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Abstract*Ionic compounds\ ðQŁ ðR1SnX"dmit#Ł ðdmit�0\2!dithiole!1!thione!dithiolate^ Q�0\3!dime!
thylpyridinium or tetraalkylammonium^ R�Ph or alkyl^ X�Cl\ Br\ I\ NCS\ NCSe\ or N2Ł have been obtained
by "a# from R1SnX1 and ðQŁ1ðZn"dmit#1Ł in the presence of excess QX\ "b# from halide exchange reactions in
acetone solution between ðQŁ ðR1SnCl"dmit#Ł and a halide or pseudohalide source\ or "c# by addition of QX to
ðR1Sn"dmit#Ł[ Crystal structure determinations of ðNEt3Ł ðPh1SnI"dmit#Ł and ð0\3!Me1pyridiniuml
ðPh1SnBr"dmit#Ł as well as of the mixed halides\ ð0\3!Me1pyridiniumŁ ðPh1SnClnI0−n"dmit#Ł "n�9[46\ 9[31 or
9[11#\ indicated that the tin atoms have distorted trigonal bipyramidal geometries in the anions\ with the X
ligand and a dithiolato atom in the axial sites[ The ðR1SnX"dmit#Ł− anions remain essentially intact in organic
solvents\ but lose X− on extraction with H1O to give the neutral species\ R1Sn"dmit#[ Þ 0887 Elsevier Science
Ltd[ All rights reserved
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INTRODUCTION

Complexes of the 0\2!dithiole!1!thione!3\4!dithiolato
ligand\ "0\ dmit\ C2S4

1−# attracted considerable atten!
tion in recent years ð0Ł[ While much of the interest has
centred on transition metal compounds\ main group
metal complexes have not been neglected and indeed
have featured in a number of synthetic and structural
studies ð1Ð4Ł[

$Author to whom correspondence should be addressed[
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While bis"0\2!dithiole!1!thione!3\4!dithiolato#zinc!
ate salts\ ðQŁ1ðZn"dmit#1Ł\ as precursors of other metal
dmit complexes\ are clearly of general importance ð1Ł\
tin dmit complexes have arguably enticed more struc!
tural study than those of any other main group metal
ð2Ł[ Mono!\ bis! and tris!dmit complexes\ e[g ðR1Sn"d!
mit#Ł[ "1] R�alkyl or aryl# ð2Ł\ ðQŁ ðRSn"dmit#1Ł "2# ð2Ł\
ðQŁ1ðSnX1"dmit#1Ł "3] X�I or Br# ð2Ł and ðQŁ1ðSn"d!
mit#2Ł "4# ð2Ł\ can be obtained\ with the synthesis and
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structural details for 1Ð3 being fully reported[ Some
limited information on the ionic species\ ðQŁ
ðR1SnX"dmit#Ł "5] Q�onium cation^ X�halide#\ ð2Ł
has been provided in earlier communications^ we now
wish to report more fully on 5[

RESULTS AND DISCUSSION

Synthesis

The syntheses of ðQŁ ðR1SnX"dmit#Ł "5] R�un!
functionalised alkyl or aryl group# have been achieved
in three ways] "a# from a reaction between R1SnX1

and ðQŁ ðZn"dmit#1Ł in the presence of an excess QX\

Table 0[ Analytical and physical data for ðQŁðR1SnX"dmit#Ł

Analysis[ )\
Preparative "calcd:"found#")##
methoda\

Compound "Yield\ )# m[p[ ">C#\ recryst[ solvent Colour C H N

ðNBu3Ł ðMe1Sn"dmit#ClŁ a^ "60# 004 PriOH:CHCl2 deep! orange 39[4 5[7 1[2
"39[2# "5[7# "1[1#

ðNBu3Ł ðMe1Sn"dmit#IŁ b 098Ð000 MeOH redÐbrown
ðNEt3Ł ðBu1Sn"dmit#BrŁ c orange
ðNEt3Ł ðPh1Sn"dmit#ClŁ a^ "68# 046Ð047 MeOH orange 32[4 3[4 1[1

"32[5# "3[5# "1[2#
ðNBu3Ł ðPh1Sn"dmit#ClŁ a\ "50# 090Ð092 Me1CO:EtOH orange 38[7 5[1

"38[2# "5[4#
ð0\3!Me1pyrŁ ðPh1Sn"dmit#ClŁ a^ "67# 039Ð031 MeOH orange 32[0 2[2 1[2

"32[9# "2[1# "1[1#
ðFcCH1NMe2Ł ðPh1Sn"dmit#ClŁ a^ "67# 086Ð199 orangeÐred
ðmethylviologenŁ c^ "43# 014Ð016 CH1Cl1:Me1CO black 31[1 1[8 1[2
ðPh1Sn"dmit#ClŁ1 "31[0# "1[7# "1[1#
ðPPh2EtŁ ðPh1SnCl"dmit#Ł a^ 003Ð005 MeOH:PriOH redÐorange
ðNEt3Ł ðPh1Sn"dmit#BrŁ b^ "72# 63Ð66 MeOH yellowÐorange 39[6 3[4 1[0

"30[0# "3[5# "1[1#
c^ "39# 66Ð8 "39[4# "3[2# "0[8#

ðNBu3Ł ðPh1Sn"dmit#BrŁ c^ "67# 008Ð011 CHCl2:petrol orange
ð0\3!Me1pyrŁ ðPh1Sn"dmit#BrŁ b^ "68# 028!039 MeOH:Me1CO orange 39[1 2[0 1[0

"39[1# "2[9# "1[0#
ðNEt3Ł ðPh1Sn"dmit#IŁ c^ "68# 023Ð025 MeOH orange 27[9 3[1 0[8

"27[9# "3[1# "0[5#
ðNBu3Ł ðPh1Sn"dmit#IŁ b 004Ð006 CHCl2:EtOH yellow: orange
ð0\3!Me1pyrŁ ðPh1Sn"dmit#IŁ c 023Ð025 MeOH:petrol orange 27[0 1[6 1[9

"26[4# "1[8# "1[9#
ðNEt3Ł ðPh1Sn"dmit#NCSŁ b^ "73# 018Ð29 MeOH orange 32[7 3[5 3[2

"32[6# "3[2# "3[1#
ð0\3!Me1pyrŁ ðPh1Sn"dmit#NCSŁ b^ "66# 023Ð024 MeOH:Me1CO orange 32[4 2[1 3[3

"32[9# "2[0# "3[1#
ðNEt3Ł ðPh1Sn"dmit#NCSeŁ b^ "67# 098Ð09 MeOH:Me1CO orange 39[8 3[2 2[6

"39[8# "3[2# "3[9#
ð0\3!Me1pyrŁ ðPh1Sn"dmit#NCSeŁ b^ "76# 026Ð027 Me1CO:petrol orange 39[4 2[9 3[0

"28[6# "1[8# "2[7#
ð0\3!Me1pyrŁ b 029Ð023 MeOH:petrol orange 28[8 2[9 1[0b

ðPh1SnCl9[11I9[67"dmit#Ł "27[6# "1[6# "1[9#

aFor preparative methods a\ b and c\ see Section 1[0
bI found 03[2)\ calc[ 03[4)[

"b# from halide exchange reactions in acetone solution
between ðQŁ ðR1SnCl"dmit#Ł and either NaX or QX\
or "c# by addition of QX to ðR1Sn"dmit#Ł\ see Scheme
0[

Tables 0 and 1 list the compounds\ 5\ with analyti!
cal\ melting point and selected IR and NMR spectral
data[ The work!up of all products involved the mini!
mum use of aqueous extractions to reduce the risks of
loss of QX from ðQŁ ðR1SnX"dmit#Ł to give polymeric
ðR1Sn"dmit#Ł\ "reaction d in Scheme 0 ð2aŁ[ The use of
R1SnX1 with functionalised R groups able to complex
intramolecularly to tin\ such as R?O1CCH1CH1\ led
directly to ðR1Sn"dmit#Ł species on reactions with
ðQŁ1ðZn"dmit#1Ł ð2aŁ[

The halide "or pseudohalide# exchange reactions
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Scheme 0[

Table 1[ spectral data for ðQŁ ðR1Sn"dmit#XŁ

Compound IR"KBr\ cm−0# d02C"CD2COCD2# d008Sn"CD2COCD2#

C1S C1C C1S

ðNBu3Ł ðMe1SnCl"dmit#Ła 0946\ 0921 020[6 ð014[2\ 027[6Łb 196[8 ð197[5Łb −13[6"CDCl2# ð−22[1Łb

ðNBu3Ł ðMe1SnI"dmit#Ł 0944\0923 197[5 −6[7
ðNEt3Ł ðBu1SnBr"dmit#Ł −25[0
ðNEt3Ł ðPh1SnCl"dmit#Ł 0952\0925 −032[1
ðNBu3Ł ðPh1SnCl"dmit#Ł 0944\0925 196[6 −024[4
ð0\3!Me1pyrŁ ðPh1SnCl"dmit#Ł 0944 197[0 −034[0
ðFcCH1NMe2Ł ðPh1SnCl"dmit#Ł 0944 018[6 197[5 −034[7\−035[2

"CDCl2#
ðmethylviologenŁ ðPh1SnCl"dmit#Ł 0944\ 0925 197[0 −033[1
ðPPh2EtŁ ðPh1SnCl"dmit#Ł 0942\ 0921
ðNEt3Ł ðPh1SnBr"dmit#Ł 0950\ 0925 020[1 197[2 −038[5
ðNBu3Ł ðPh1SnBr"dmit#Ł 0946\ 0925 020[4 195[1 −049[3
ð0\3!Me1pyrŁ ðPh1SnBr"dmit#Ł 0944 −038[7
ðNEt3Ł ðPh1SnI"dmit#Ł 0950\ 0924 029[6 196[8 −047[1
ðNBu3Ł ðPh1SnI"dmit#Ł 196[1 −025[7
ð0\3!Me1pyrŁ ðPh1SnIdmit#Ł 0942\ 0921 020[1 196[7 −059[2
ð0\3!Me1pyrŁ ðPh1SnI9[47Cl9[31"dmit#Ł 0944 −041[5
ðNEt3Ł ðPh1Sn"NCS#"dmit#Ł 0944\ 0925\ 1936 197[4 −051[8

"NCS#
ð0\3!Me1pyrŁ ðPh1Sn"NCS#"dmit#Ł 0944\ 1935 018[6 197[4 −052[2

"NCS#
ðNEt3Ł ðPh1Sn"NCSe#"dmit#Ł 0944\ 0924\ 1940 −037[3

"NCSe#
ð0\3!Me1pyrŁ ðPh1Sn"NCSe#"dmit#Ł 0954\ 1940 −038[0

"NCSe#
ð0\3!Me1pyrŁ ðPh1SnN2"dmit#Ł 0951\0926\ 1093

"N2#

a d0H"Me 0[05 "J008\006SnÐ0H�63[1\ 60[9 Hz#^ d02C"Me# 02[0 "J008\006SnÐ02C�458\ 436 Hz#[
b solid state values[
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"reaction b in Scheme# proceeded readily in Me1CO
solution for most ðQŁ ðR1SnCl"dmit#Ł complexes\ using
NaX or QX "X�Br\ I\ NCS or NCSe# in moderate
excess "i[e[ 1 to 3 mole equivalents#] with these
excesses\ halide exchanges were generally complete[
However\ for the NaI:ð0\3!Me1pyridiniumŁ ðPh1SnCl
"dmit#Ł exchange reaction\ a larger excess of NaI was
required to drive the exchange to near completion[
Products with mixed chloride:iodide contents\ ð0\3!
Me1pyridiniumŁ ðPh1SnClnI0−n"dmit#Ł\ could be iso!
lated from incomplete exchanges[ Examples of such
mixed halide products had I]Cl mol ratios of 9[32]
9[46^ 9[47] 9[31 and 9[67] 9[11\ as deduced from X!ray
and elemental analyses\ e[g[ iodine analysis in the three
mixed chloride:iodide complexes were 7[1\ 00[3 and
03[2)\ compared to calculated values of 7[3\ 00[0 and
03[4)\ for ð0\3!Me1pyridiniumŁ ðPh1SnClnI0−n"dmit#Ł
with n�9[32\ 9[46 and 9[67\ respectively[

A simple exchange reaction was not obtained
between ðNEt3Ł ðPh1SnCl"dmit#Ł and a large excess of
NH3F "mol ratio 0]11# in MeOH^ the product isolated
analysed for the ~uorine bridged dinuclear species\
ðNEt3Ł ðPh1"dmit#SnFSn"dmit#Ph1Ł[

Organotin!dmit complexes undergo ready dis!
proportionation reactions in solution\ with products
showing suitable losses and gains of organic and dmit
groups[ Tris"dmit#stannate salts\ ðQŁ1ðSn"dmit#2Ł\ are
ubiquitous materials\ appearing as unwanted coprod!
ucts in various tin!dmit preparations and solutions\
e[g[ crystals of ðNEt3Ł1ðSn"dmit#2Ł were deposited\
albeit in a low yield\ from a dilute solution of ana!
lytically pure ðNEt3Ł ðPh1Sn"NCSe#"dmit#Ł in MeOH[
The isolation of a product bearing a greater number
of organic groups than the original organotin com!
pound is a strong indication of a disproportionation
reaction^ such an example is ðNEt3Ł ðPh2Sn"NCS#1Ł\
isolated ð5Ł as a minor product\ from a reaction mix!
ture containing Na1"dmit#\ Ph1Sn"NCS#1 and
ðNEt3ŁBr[ Disproportionations of diorganotin com!
pounds\ R2SnX\ to di! and tetra!organotin species\
are also well!established processes\ especially for com!
pounds with chelating X groups ð6Ł[

Holmes et al[ reported the isolation of ðNEt3Ł1ðSn"o!
SC5H3O#2Ł\ "6#\ from solutions of ðNEt3\ SnF"o!
SC5H3O#1Ł in organic solvents ð7Ł^ rather than dis!
proportionation\ Holmes et al[ suspected hydrolysis
was responsible for the formation of 6 and suggested
the intermediacy of ðNEt3Ł1ðSn"HO#1"o!SC5H3O#1Ł ð7Ł[
Hydrolysis of carbonÐtin bonds was also invoked for
the formation of ðNEt3Ł ðNaŁ ðSn"mnt#2Ł\ from
PhSnCl2\ Na1"mnt# and NEt3Cl in Me1CO solution
"mnt�0\1!dicyanoethylene!0\1!dithiolate#Ł ð8Ł and for
the preparation of ðSn"catecholato2Ł1− in the reaction
of ðPhSn"O#OHŁ with catechol in the presence ð7Ł of
NEt2 and Me1C"OMe#1[ However\ our experience with
the dmit complexes suggests that disproportionations
are more probable causes of the unexpected products
than are hydrolyses[ The mobility of dmit group
between tin centres has been additionally shown in

exchange reactions between R1SnX1 and R?1Sn"dmit#
ð2aŁ[

A limited number of other ðQŁ ðR1SnX"dithiolate#Ł
complexes have been previously reported^ these
include ðNEt3Ł ðPh1SnCl"2\3!toluenedithiolate#Ł\ pre!
pared by addition of NEt3Cl to Ph1Sn"2\3!tol!
uenedithiolate# ð09a\ 09bŁ and ðPh3AsŁ
ðMe1SnX"mnt#Ł\ from00 Me1SnX1 "X�Cl\ Br or I#\
Na1"mnt# and ðPh3AsŁNO2 ð00Ł[

Crystal structure determinations

In addition to the previously reported structures of
ðNBu3Ł ðMe1SnCl"dmit#Ł ð2fŁ and ð0\3!Me1pyridiniumŁ
ðPh1Sn"NCS#"dmit#Ł ð2gŁ\ the crystal structures of the
single halide species\ ðNEt3Ł ðPh1SnI"dmit#Ł and ð0\3!
Me1pyridiniumŁ ðPh1SnBr"dmit#Ł have been deter!
mined[

Unfortunately\ suitable crystals of the bridged ~u!
oride complex\ ðNEt3Ł ð"dmit#Ph1SnFSnPh1"dmit#Ł
could not be obtained for an X!ray di}raction study[

As well as those of the single halide species\ the
structures of the mixed halide species\ ð0\3!Me1

pyridiniumŁ ðPh1SnClnI0−n"dmit#Ł "n�9[46\ 9[31 and
9[11# have been determined[ The structure of ð0\3!
Me1pyridiniumŁ ðPh1SnC9[46I9[32"dmit#Ł was solved
with a R factor of 9[938^ although much less sat!
isfactory R values "ca[ 9[09# were obtained for the
other mixed I:Cl species\ the data is su.cient to allow
useful comparisons to be made with those of the other
compounds[ The mixed halide species can be con!
sidered to be solid solutions\ obtained by crys!
tallisation from solutions containing both halides\
with structures in which an axial site in the trigonal
bipyramidal array is randomly occupied by either of
the di}erent halide ligands[ In the cases of the ð0\3!
Me1pyridiniumŁ ðPh1SnClnI0−n"dmit#Ł "n�9[46 and
9[31#\ the positions of both ligands\ as well as their
occupancy factors\ could be resolved[ However[ only
a single site could be determined for the halides in
ð0\3!Me1pyridiniumŁ ðPh1SnCl9[11I9[67"dmit#Ł[

Selected bond lengths and angles in these ionic com!
pounds\ including data for the previously published
ðNBu3Ł ðMe1SnCl"dmit#Ł ð2fŁ and ð0\3!Me1pyridiniumŁ
ðPh1Sn"NCS#"dmit#Ł ð2gŁ are listed in Table 2[ Figs 0Ð
provide the atom arrangements in ð0\3!Me1

pyridiniumŁ ðPh1SnBr"dmit#Ł\ ðNEt3Ł ðPh1SnI"dmit#Ł\
ð0\3!Me1pyridiniumŁ ðPh1SnCl9[46I9[32"dmit#Ł and ð0\3!
Me1pyridiniumŁ ðPh1SnCl9[31I9[47"dMit#Ł\ respectively[
The atom numbering system used for ð0\3!Me1

pyridiniumŁ ðPh1SnCl9[11I9[67"dmit#Ł is the same as that
used for ð0\3!Me1pyridiniumŁ ðPh1SnCl9[31I9[47"dmit#Ł
although for the latter only a single halide site was
determined[

There are no interactions between the cations and
anions of the ðQŁ ðR1SnX"dmit#Ł species\ however\ in
general there are SÐS contacts between anions just
within the sum of the van der Waals radii "2[56 A� # ð7Ł[
In all cases\ the structures of the anions are basically
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Fig[ 0[ The atom arrangement in the anion of ð0\3!Me1!
pyridiniumŁ ðPh1SnBr"dmit#Ł[ Displacement ellipsoids are

shown at the 49) probability level[

trigonal bipyramidal with some distortions towards
rectangular pyramidal structures[ In the distorted trig!
onal bipyramidal anions of each compound\ a thiolato
sulfur and the halide or thiocyanate ligand occupy the
axial sites\ with the SaxÐSnÐX angle in the narrow
range of 051[0"0# to 056[8"6#>^ the equatorial atoms in
each case being the other thiolato sulfur and the two
carbon atoms of the organic groups[ There is a par!
ticularly narrow range of values for the equatorial
SnÐSeq bond lengths ð1[328"6# to 1[343"4# A� Ł^ a much
greater variation is found for the SnÐSax bond lengths

Table 2[ Selected bond lengths "A� # and angles "># for ðQŁ ðR1SnX"dmit#Ł

Q Bu3N C6H09N Et3N C6H09N C6H09N C6H09N C6H09N
ð2fŁ ð2gŁ

R Me Ph Ph Ph Ph Ph Ph
X Cl Br I NCS Cl"9[46#g Cl"9[31# Cl"9[11#

I"9[32# I"9[47# I"9[61#

S"eq# S1 S0 S0 S1 S8 S0 S0
S"ax# S0 S3 S4 S0 S2 S1 S1
C"A# C4 C3 C00 C6 C06 C8 C8
C"B# C3 C09 C10 C0 C00 C04 C04
X Cl Br I N Cl or I Cl or I Cl:I

SnÐX 1[445"2# 1[6028"09# 1[874"1# 1[150"2# 1[762"7#a\ 1[51"1#b 1[748"02#a\ 1[613"2#b 1[815"2#
SnÐC"A# 1[020"09# 1[042"4# 1[03"0# 1[026"3# 1[031"4# 1[05"1# 1[01"1#
SnÐC"B# 1[021"00# 1[057"4# 1[07"0# 1[028"3# 1[036"5# 1[19"2# 1[07"2#
SnÐS"eq# 1[340"2# 1[342"1# 1[343"4# 1[3288"09# 1[337"1# 1[328"6# 1[333"6#
SnÐS"ax# 1[551"2# 1[485"1# 1[440"3# 1[4806"09# 1[489"1# 1[481"7# 1[482"7#
XÐSnÐS"ax# 056[2"0# 054[68"3# 051[0"0# 053[47"7# 053[8"0#a\ 056[7"3#b 0532"2#a\ 056[8"6#b 054[9"1#
XÐSnÐC"A# 80[1"3# 81[23"02# 78[5"2# 77[64"01# 81[7"1#a\ 80[2"3#b 81[8"7#a\ 86[2"09#b 81[9"5#
XÐSnÐC"B# 81[4"3# 84[2"1# 84[6"2# 80[34"02# 84[8"1#a\ 83[2"3#b 87[9"09#a\ 89[5"00#b 83[6"7#
XÐSnÐS"eq# 72[0"0# 79[13"3# 67[3"0# 67[42"7# 68[4"0#a\ 71[4"3#b 68[6"2#a\ 71[2"6#b 79[0"1#
C"A#ÐSnÐC"B# 019[8"5# 005[5"1# 009[4"2# 008[25"02# 005[2"1# 004[9"8# 006[0"8#
C"A#ÐSnÐS"eq# 019[7"3# 012[68"02# 016[9"2# 010[80"09# 012[6"0# 013[0"6# 012[1"5#
C"B#ÐSnÐS"eq# 007[1"3# 008[49"03# 010[8"2# 006[31"09# 019[9"0# 019[8"6# 008[4"6#
C"A#ÐSnÐS"ax# 82[9"3# 81[19"02# 82[6"2# 85[60"09# 81[2"1# 89[8"6# 81[7"5#
C"B#ÐSnÐS"ax# 84[5"3# 83[6"1# 88[4"3# 87[22"09# 83[4"1# 83[0"09# 84[7"8#
S"eq#ÐSnÐS"ax# 73[4"0# 75[93"4# 74[5"1# 75[26"2# 74[72"5# 74[6"1# 74[3"1#

aX�I[
bX�Cl[

ð1[440"3# to 1[551"2# A� Ł[ The dithiolato bite angles\
SaxÐSnÐSeq\ vary over the range 73[4"0# to 75[26"2#>[
The bond angles and lengths within the dmit moiety
vary little in the various ionic complexes^ the average
geometric parameters of the dmit units are provided
in Fig[ 4[

The SnÐCl\ SnÐBr\ SnÐI and SnÐN"CS# bond
lengths in ð0\3!Me1pyridiniumŁ ðPh1Sn"NCS#"dmit#Ł\
ðNBu3Ł ðMe1SnCl"dmit#Ł\ ð0\3!Me1pyridinium\
Ph1SnBr"dmit#Ł and ðNEt3Ł ðPh1SnI"dmit#Ł are
1[150"2#\ 1[445"2#\ 1[6028"09# and 1[874"1# A� \ respec!
tively^ these values are ca[ 4\ 6\ 6 and 8) longer\
respectively\ than the appropriate sums of the covalent
bond radii ð01Ł of 1[04\ 1[28\ 1[43 and 1[62 A� [ Very
few compounds of a similar nature have been
reported[ The SnÐCl bond length in ðNBu3Ł
ðMe1SnCl"dmit#Ł is similar to that determined of
1[445"2# A� in the trigonal bipyramidal anion of ðNEt3Ł
ðPh1SnCl"2\3!toluenedithiolateŁ ð09aŁ[ The SnÐI bond
length\ 2[114"0# A� \ in ðPPh3\ Me1SnI"o!OC5H3S#Ł is
considerably longer than the SnÐI bond length in
ðNEt3Ł ðPh1SnI"dmit#Ł\ however the anions in ðPPh3Ł
ðMe1SnI"o!SC5H3O#Ł are linked via SnÐO bridges into
centrosymmetric dimers02 to give six coordinate tin
centres ð02Ł[

The SnÐCl and SnÐI bond lengths\ determined for
the mixed halide complexes\ ð0\3!Me1pyridiniumŁ
ðPh1SnClnI0−n"dmit#Ł\ are 1[51"1# and 1[762"8# A� for
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Fig[ 1[ The atom arrangement in the anion of ðNEt3Ł ðPh1SnI"dmit#Ł[ Displacement ellipsoids are shown at the 49) probability
level[

n�9[46 and 1[613"2# and 1[748"02# A� for n�9[31\ i[e[
the SnÐCl and SnÐI bond lengths are longer and shor!
ter respectively\ than values determined for single hal!
ide complexes[ As already indicated\ only an average
tinÐhalide bond length ð1[815"2# A� Ł could be extracted
from the X!ray data for ð0\3!Me1pyridiniumŁ
ðPh1SnCl9[11I9[67"dmit#Ł[ Yoon and Parkin have clearly
demonstrated that bond lengths obtained from dis!
ordered structures can be incorrect\ when judged
against values in pure compounds ð03Ł[ Our results are
in agreement with the conclusion of Yoon and Parkin\
that while satisfactory re_nement of a disordered
structure be taken as evidence for the nature of the
disorder and therefore a good indication of the molec!
ular structure\ attempts to extract the true bond
lengths from such a structure must be treated with
caution[

Spectra

All isolated compounds are orange to redÐbrown in
colour] lmax in Me1CO solution for ðQŁ ðR1SnX"dmit#Ł
"e[g[ Q�NEt3\ NBu3or PPh2Et^ R�Me or Ph^ X�Cl
or Br# is 34424 mm\ compared to values of 32224 mm

for the corresponding iodides[ The asymmetry of the
C1C unit in the dmit group\ as established by X!ray
crystallography\ is observed in the solid state 02C
NMR spectra\ d02C"C1C# values for ð0\3!Me1

pyridiniumŁ ðPh1SnI"dmit#Ł being 016[6 and 025[3 ppm
and for ðNBu3Ł ðMe1SnCl"dmit#Ł 014[2 and 027[6 ppm[
In solution\ the ethylenic carbons of each anion are
equivalent\ with d02C values in the range
029[429[7 ppm[ The d02C"C1S# values are grouped
around 196 ppm^ the solid state d02C"C1S# value for
ð0\3!Me1pyridiniumŁ ðPh1SnI"dmit#Ł is 194[1 ppm[ In
the IR spectra in KBr discs\ the n"C1S# values are in
the ranges 0944Ð0954 and 0921Ð0924 cm−0[

Acetone was generally used as the NMR solvent in
order to obtain reasonable concentrations[ Such a
coordinating solvent could in~uence the structure of
the anions^ however\ essentially the same d008Sn values
for ðFcCH1NMe2Ł ðPh1SnCl"dmit#Ł were obtained in
Me1CO and CDCl2 solutions suggest that this is not
the case\ at least not for this complex[ The d008Sn
values could also be e}ected by dissociation\ as shown
in eq[ "0# a process readily realised in aqueous systems
"cf[ step d in Scheme#[

ðQŁ¦ðR1SnX"dmit#Ł−�ðQŁ¦X−¦R1Sn"dmit#[ "0#
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Fig[ 2[ The atom arrangement in the anion of ð0\3!Me1!pyridiniumŁ ðPh1SnCl9[46I9[32"dmit#Ł[ Displacement ellipsoids are shown
at the 49) probability level[

Fig[ 3[ The atom arrangement in the anion of ð0\3!Me1!pyridiniumŁ ðPh1SnCl9[31I9[47"dmit#Ł[ Displacement ellipsoids are shown
at the 39) probability level[
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Fig[ 4[ The average geometric parameters within the dmit units in ðQŁ ðR1SnX"dmit#Ł[

The d008Sn values in Me1CO solution for ðQŁ
ðR1SnX"dmit#Ł and R1Sn"dmit# show considerable
di}erences^ e[g[ d008Sn for Ph1Sn"dmit# is −14 ppm\
compared to the values for ðQŁ ðPh1SnCl"dmit#Ł of
−032[1\ −034[0\ −035[2\ −033[1 and −024[4 for
Q�NEt3\ 0\3!Me1!pyridinium\ FcCH1NMe2\ methyl!
viologen "1ðQŁ# and NBu3\ respectively[ Signi_cant
di}erences in d008Sn values are also realised between
the pairs Me1Sn"dmit#:ðQŁ ðMe1SnX"dmit#Ł and
Bu1Sn"dmit#:ðQŁ ðBu1SnX"dmit#Ł^ d008Sn for Me1Sn"d!
mit# and Bu1Sn"dmit# Me1CO!d5 are 024[1 and
050[4 ppm\ respectively ð2aŁ[

Only a single d008Sn value was observed for each
solution of ðQŁ ðR1SnX"dmit#Ł suggesting either a sin!
gle tin species was present in solution\ or a rapid
equilibrium process was at hand[ The d008Sn values
for ðQŁ ðR1SnX"dmit#Ł do not vary with changes in
concentration or Q[ This suggests that dissociations\
as shown in eq[ "0#\ can be generally ignored^ fur!
thermore\ the cations and anions must be essentially
independent in solution[ Exception could be some
NBu3 salts\ e[g[ of ðPh1SnX"dmit#Ł− "X�Cl or I#
which do show lower _eld values than do salts of other
cations\ Q¦[ Of interest\ the mixed halide compounds\
ð0\3!Me1pyridiniumŁ ðPh1SnClnI0−n"dmit#Ł\ exhibit a
single d008Sn value between those expected for the
simple chloride and iodide[ The similarity in the solid

state and CDCl2 solution d008Sn values for ðNBu3Ł
ðMe1SnCl"dmit#Ł\ −22[1 and −13[6 ppm\ respec!
tively\ also points to no change in structure on dis!
solution[

The average d008Sn values for ðPh1SnX"dmit#Ł− vary
slightly in the sequence Cl\ NCSe\ Br\ I and NCS^
−033[5\ −037[2\ −038[8\ −048[2 and −052[2 ppm\
respectively[ These values indicate that the X group
has little in~uence on the tin centres in the
ðPh1SnX"dmit#Ł− anions[ The J"008\006SnÐ02C# values
for the ipso aryl carbon in the ðPh1SnX"dmit#Ł− anions
also show little variation with X\ being ca[ 799 Hz[

Reactions

The complexes\ ðQ\ R1SnX"dmit#Ł can act as dmit
sources\ as shown by the reactions with iodine\ to give
the dmit dimer\ C5S09 and with 1!O1NC5H3SCl "see
equations 1 and 2#[

EXPERIMENTAL

Melting points were measured using a Ko~er hot!
stage microscope and are uncorrected[ NMR spectra
were obtained on a Bruker 149 MHz instrument[ Ten
second pulse delays were utilised in the acquisition of
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the 02C NMR spectra of the dmit compounds[ IR
spectra were recorded on Phillips Analytical PU899
and Nicolet 194 Fourier!transform instruments[ Solid
state NMR spectra were obtained by the EPSRC ser!
vice at the University of Durham[

Zincate salts\ ðQŁ1ðZn"dmit#1Ł\ ðQ�NEt3\ NBu3\ 0\3!
dimethylpyridinium or ferrocenylmethyl"trimethyl#
ammoniumŁ ð04Ł and R1Sn"dmit# "R�Me or Ph# were
prepared by published routes ð2aŁ[ Onium salts were
commercial samples\ except 0\3!dimethylpyridinium
iodide\ which was obtained from 3!methylpyridine
and methyl iodide[

Preparation of ðQŁ ðR1SnX"dmit#Ł complexes

The ðQŁ ðR1SnX"dmit#Ł complexes were produced
by three reactions] "a# from reaction between R1SnX1

and ðQŁ1ðZn"dmit#1Ł in the presence of excess QX^ "b#
from halide exchange reactions in acetone solution
between ðQ\ R1SnCl"dmit#Ł and either NaX\ KX or
QX^ or "c# by addition of QX to ðR1Sn"dmit#Ł[ Each
of these routes is illustrated below[ Melting points\
solvents used for recrystallisation\ colours\ yields\
analyses and selected spectral data for ðQŁ
ðR1SnX"dmit#Ł complexes are listed in Tables 0 and 1[

Reaction "a#^ preparation of ðNEt3Ł ðPh1SnCl"dmit#Ł

A solution of Ph1SnCl1 "4[9 g\ 03[4 mmol# in MeOH
"09 ml# was added to a solution of ðNEt3Ł ðZn"dmit#1Ł
"4[11 g\ 6[16 mmol# in Me1CO "49 ml#[ After stirring
the reaction mixture for 29 min\ it was _ltered and the
volume of the _ltrate was reduced to ca[ 14 ml[ Orange
coloured crystals were formed[ These were collected
and washed successively with a little water and petrol
"39Ð59>C#[ The title compound was recrystallised
from MeOH[

Reaction "b#^ preparation of ð0\3!Me1!pyridiniumŁ
ðPh1Sn"NCSe#"dmit#Ł

A solution of KSeCN "9[61 g\ 4[9 mmol# in MeOH
"09 ml# was added to a solution of ð0\3!Me1

pyridiniumŁ ðPh1SnCl"dmit#Ł "0[42 g\ 1[4 mmol# in
Me1CO "49 ml#[ The reaction mixture darkened in col!
our on reaction and a precipitate of KCl formed[
The reaction mixture was _ltered and the _ltrate was
rotary evaporated to leave an orange coloured solid
residue[ This was washed successively with a little
water\ propan!1!ol and petrol "39Ð59>C# and was
recrystallised from Me1CO:petrol "39Ð59>C#[

Reaction "c#^ preparation of ðNEt3Ł ðPh1SnNCS"dmit#Ł

The compound ðPh1Sn"dmit#Ł "9[36 g\ 0 mmol# was
mixed with NEt3Br "9[10 g\ 0 mmol# and an excess of
NaSCN[1H1O "9[35 g\ 3 mmol# in MeOH "19 ml# and
agitated on an ultrasonic bath for 1 h[ The reaction

mixture was _ltered and the solid recrystallised from
MeOH:Me1CO to give orange needles[

Preparation of ðmethylviologen\ Ph1SnCl"dmit#Ł1

A solution of Ph1Sn"dmit# "9[64 g\ 0[5 mmol# and
methylviologen dichloridehydrate "9[34 g\ 0[7 mmol#
in Me1CO "64 ml# was agitated in an ultrasonic bath
for 04 min[ The reaction mixture was _ltered and the
_ltrate evaporated under vacuum[ The solid residue
was recrystallised from CH1Cl1:Me1CO as black crys!
tals[

General NMR spectral data for ðQŁ ðPh1SnX"dmit#Ł
complexes in Me1CO!d5 solutions are as follows]

ðNEt3Ł¦] 0H NMR "Me1CO!d5\ 149 MHz#] d]
0[2329[91 ð01H\ tt\ J 6[2 and 0[8 Hz#\ 2[3929[92 ð7H\
q\ J 6[2 HzŁ 02C NMR "Me1CO!d5\ 52 MHz#] d] 6[6
ðMeŁ\ 41[8 ðCH1\ J 5[1 HzŁ

ðNBu3Ł¦] 0H NMR "Me1CO!d5\ 149 MHz#] d]
9[8229[91 ð01H\ t\ J 6[2 HzŁ\ 0[2029[92 ð7H\ m\
CH1CH1SnŁ\ 0[4529[92 ð7H\ m\ CH1CH1CH1SnŁ\
2[0529[92 ð7H\ t\ J 6[2 Hz\ CH1NŁ 02C NMR"Me1CO!
d5\ 52 MHz#] d] 02[4\ 08[1\ 12[0 and 46[4[

ð0\3!Me1pyridiniumŁ¦] 0H NMR "Me1CO!d5\
149 MHz#] d] 1[5829[91 ð2H\ s\ MeÐCŁ\ 3[4029[92
ð2H\ s\ MeÐNŁ\ 6[3029[92 ð1H\ d\ J 6 HzŁ and
7[9129[944 ð1H\ d\ J 7 HzŁ "aryl#[ 02C NMR "Me1CO!
d5\ 52 MHz#] d] 10[8 ðMeÐCŁ\ 37[2 ðMeÐNŁ\ 018[2
ðC2¦C4Ł\ 034[2 ðC1¦C5Ł\ 059[1 ðC3Ł[

ðPh1SnX"dmit#Ł−] 0H NMR "Me1CO!d5\ 149 MHz#]
d] 6[3129[93 ð5H\ m\ m!¦p!HŁ\ 7[9529[95 ð3H\ m\
o!HŁ 02C NMR "Me1CO!d5\ 52 MHz#] d] 018[229[92ðJ
008SnÐ02C 72 Hz\ CmŁ\ 029[929[2 ðJ008SnÐ02C 06 Hz\
CpŁ\ 025[829[4 J008SnÐ02C 5020 Hz\ CoŁ\ 037[929[4
ðJ008SnÐ02C 799209 Hz\ CiŁ\ 029Ð020 ðC1Cl\
197[129[4 ðC1SŁ[

Reaction between ðNEt3Ł ðPh1SnCl"dmit#Ł and
ammonium ~uoride^ formation of ðNEt3\ "Ph1Sn
"dmit##1FŁ

A solution of ðNEt3\ Ph1SnCl"dmit#Ł "9[523 g\
0[99 mmol# and NH3F "9[79 g\ 11 mmol# in MeOH
"64 ml# was stirred for 09 min[ The solution was con!
centrated under vacuum and cooled to yield an orange
coloured solid\ which was recrystallised from
MeOH:Me1CO^ m[p[ 084>C "dec[#[

IR "KBr\ cm−0#^ 2934\ 1873\ 1871\ 0367\ 0320\ 0314\
0289\ 0950\ 0935\ 0918\ 886\ 782\ 616\ 583[

0H NMR "149 MHz\ Me1CO!d5#] d] 0[30 "01H\ tt\ J
6[1 and 0[8 Hz\ Me#\ 2[40 "7H\ q\ J 6[1 Hz\ CH1#\ 6[30
"01H\ m\ m!H¦p!H#\ 6[71 "7H\ m\ o!H#[

Found] C\ 31[9^ H\ 2[6^ N\ 0[4[ C27H39FNS09Sn1

requires] C\ 31[9^ H\ 2[6^ N\ 0[2)[

Reaction of ðNEt3Ł ðPh1SnCl"dmit#Ł with o!nitro!
benzenesulfenyl chloride^ preparation of 3\4!bis"o!nitro!
benzenethiolato#!0\2!dithiole!1!thione

Solutions of ðNEt3Ł ðPh1SnCl"dmit#Ł "9[206 g\
9[499 mmol# in MeOH "09 ml# and o!nitro!
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benzenesulfenyl chloride "9[089 g\ 0[99 mmol# in
MeOH "09 ml# were mixed and stirred for 09 min[ A
yellow precipitate formed\ which was collected\
washed with MeOH and recrystallised from EtOH^
yield 9[986 g\ 55)\ m[p[ 047Ð059>C[

IR "KBr\ cm−0#] 2983\ 0489\ 0457\ 0409\ 0340\ 0223\
0296\ 0094\ 0954\ 0939\ 0911\ 742\ 674\ 626[

UVÐVIS "Me1CO\ mm#] 256[
Found] C\ 24[0^ H\ 0[6^ N\ 4[3[ C04H7N1O3S6

requires] C\ 24[6^ H\ 0[5^ N\ 4[5)[

Reaction of ðNEt3Ł ðPh1SnCl"dmit#Ł with iodine^ prep!
aration of "dmit#1MeOH

To a stirred suspension of ðNEt3Ł ðPh1SnCl"dmit#Ł
"9[206 g\ 9[499 mmol# in MeOH "09 ml# was added a
solution of I1 "9[016 g\ 9[499 mmol# in MeOH "09 ml#[
The solution was _ltered and the solid was collected
and dried under vacuum^ m[p[ 044Ð047>C[

IR "KBr\ cm−0#] 0950[
Found] C\ 08[4^ H\ 9[5^ S\ 64[2[ C6H3OS09 requires]

C\ 08[7^ H\ 0[9^ S\ 64[4)[

Treatment of ðNEt3Ł ðPh1SnCl"dmit#Ł with water^ prep!
aration of ðPh1Sn"dmit#Ł

A solution of ðNEt3Ł ðPh1SnCl"dmit#Ł "9[402 g\
9[798 mmol# in Me1CO "09 ml# was shaken with H1O
"29 ml#[ Addition of petrol "b[p[ 39Ð59>C\ 19 ml# led to
the formation of an orange solid[ This was collected\
re~uxed for 0 h in H1O:MeOH "1]0#\ _ltered and dried
under vacuum at 099>C^ m[p[ 193Ð195>C "Ref[ð2aŁ^
value 195Ð196>C#[ NMR and IR spectra were identical
with those of an authentic sample[

Crystal structure determinations

ð0\3!Me1pyridiniumŁ ðPh1SnBr"dmit#Ł[ The unit cell
and intensity data were collected on a Delft Instru!
ments FAST di}ractometer using the routines
ENDEX\ REFINE and MADONL in the madness
programme ð05Ł and processed using ABSMAD ð06Ł^
detailed procedures have been described ð07Ł[ Absence
of crystal decay in the X!ray beam was con_rmed by
checking equivalent re~ections at the beginning and
end of data collection\ which lasted ca[ 7 h[ The struc!
ture was solved with SIR81 ð08Ł and re_ned with
SHELXL86 ð19Ł[ Attempts to solve the structure in
the super group C1110 with a�04[284\ b�23[635 and
c�8[368 A� were unsuccessful[ Crystal data and struc!
ture re_nement details are listed in Table 3[ The Sn\ Br\
S and C atoms were re_ned with anisotropic thermal
displacement parameters[ The hydrogen atoms were
allowed to ride on their attached atoms with common
isotropic temperature factors which converged at
9[909 A� 1[ Molecular diagrams were obtained by the
program ZORTEP ð10Ł[

The cation is disordered with an inversion centre in

the middle of the ring[ The asymmetric unit of the
monoclinic cell contains the anion and two half
cations\ C"05#ÐC"08# and C"19#ÐC"12#[ See Fig[ 0^ the
remaining atom positions in the cation are generated
by the inversion centre[ The positions 06 and 10 are
each shared by a carbon and nitrogen atom con!
strained to have identical population parameters "9[4#
and identical thermal parameters[

ðNEt3Ł ðPh1SnI"dmit#Ł[ The data were collected on a
CAD!3 instrument[ The structure was re_ned by full
matrix least squares[ All nonhydrogen atoms\ except
the phenyl and ethyl carbons\ were re_ned aniso!
tropicially[ Restraints were applied to the re_nement
of the phenyl and tetraethylammonium groups[ The
hydrogen atoms were placed in calculated positions
with CÐH�0[99 A� [ The _rst phasing model was
obtained and the structure completed using SIR81
ð08Ł[ Structure re_nement used CRYSTALS!PC ð11Ł[
Computations were performed on a Viglen Genie
P489 Pentium PC with CRYSTALS!PC running
under the Salford Software Services memory manager
DBROS[ Crystal data and structure re_nement details
are listed in Table 3[

ð0\3!Me1pyridiniumŁ ðPh1SnCl9[46I9[32"dmit#Ł[ The
structure was solved using direct methods\ SIR81 ð08Ł\
followed by CRYSTALS!PC ð11Ł for Fourier and least
squares re_nement[ A di}erence Fourier synthesis
yielded a peak\ which was identi_ed as Cl[ This was
added to the cell contents and the I and Cl occupancies
re_ned as a limited pair[ The hydrogen atoms were
placed in calculated positions with CÐH�0[99 A� [

Restraints were applied to the re_nement of the
cation\ which were on two inversion centres and the
phenyl groups which were regulised before re_nement[
Computations were performed on a Viglen Genie
P489 Pentium PC with CRYSTALS!PC running
under the Salford Software Services memory manager
DBROS[ Crystal data and structure re_nement details
are listed in Table 3[

ð0\3!Me1pyridiniumŁ ðPh1SnI9[67Cl9[11"dmit#Ł and
ð0\3!Me1pyridiniumŁ ðPh1SnI9[47Cl9[31"dmit#Ł[ Cell
dimensions were determined using 03 re~ections at
7[4Ð7[6> in u for ð0\3!Me1pyridiniumŁ ðPh1SnI9[67

Cl9[11"dmit#Ł and at 7[5Ð8[0> in u for ð0\3!Me1

pyridiniumŁ ðPh1SnI9[47Cl9[31"dmit#Ł[
Data collection and cell re_nement employed Nic!

olet P2 software ð12Ł[ Data collection used 1u scan
rates of 4[22 "Ip³049# to 47[5 "Ip×1499#>min−0\ where
Ip was the prescan intensity[ Scan widths were 1[3 to
1[6> 1u[ Re_nement was by full matrix least squares[
The asymmetric unit consists of a single anion in one
of the 3e general positions of P10:c and half of each
of the two independent cations in the centrosymmetric
1b and 1c sites respectively[ The cations are therefore
disordered in terms of the position of the nitrogen
atoms and all their constituent atoms were treated as
C[ In the _nal stages of re_nement\ the site occupancy
factors of I and Cl were re_ned to give the best values
of R[

The disorder of the cations and the partial occu!
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Table 3[ Crystal data and structure re_nement for ðQ\ R1SnX"dmit#Ł

Q 0\3!Me1pyr Et3N 0\3!Me1pyr 0\3!Me1pyr 0\3!Me1pyr
R Ph Ph Ph Ph Ph
X Br I Cl9[46:I9[32 Cl9[31:I9[47 Cl9[11:I9[67

Empirical formula C11H19BrNS4Sn C12H29INS4Sn C11H19Cl9[46I9[32NS4Sn C11H19Cl9[31I9[47NS4Sn C11H19Cl9[11I9[67NS4Sn
Formula wt 546[18 615[39 541[99 554[60 573[99
Temperature "K# 182"1# 187"1# 182 187 187
Wavelength "A� # 9[60962 9[60962 9[60962 9[60962 9[60962
Crystal system monoclinic monoclinic monoclinic monoclinic monoclinic
Space group P10:n P10:c P10:c P10:c P10:c
Unit cell dimensions
a "A� # 08[991"4# 05[503"4# 04[251"5# 04[243"00# 04[38"1#
b "A� # 8[368"4# 8[5611"01# 8[386"1# 8[493"4# 8[519"09#
c "A� # 04[284"4# 07[7994"5# 07[806"6# 08[859"01# 08[09"1#
b "># 002[89"4# 86[53"3# 002[59"2# 002[68"5# 003[92"09#
Volume "A� 2# 1424[1"06# 1883[2 1413[4 1421"2# 1487"5#
Z 3 3 3 3 3
Density "calc[# "mg:m2# 0[611 0[500 0[61 0[616 0[799
Absorption coe.cient "mm−0# 2[996 1[112 1[90 1[97 1[45
F"999# 0185 0317 0174[8 0296[4 0225[2
Crystal size "mm# 9[104×9[961×9[00 9[33×9[31×9[95 9[5×9[1×9[0
Colour orange orange orange orange orange
Theta range for data colln "># 1[19Ð14[91 9 to 12[6 0[ 06 to 12[88 max[ 14 max 14
Index ranges
h −19²h²08 −11²h²10 −05²h²05 −05²h²05 −04²h²04
k −09²k²09 9²k²02 9²k²09 9²k²00 9²k²09
l 9²l²06 9²l²14 9²l²10 9²l²11 9²l²10
Re~ections collected 6005 04238 3309 3855 4945
Independent re~ections 3921 6418 2847 2417 2628
Observed re~ections 1746 ðI×1s"I#Ł 0126 ðI×2s"I#Ł 1895 ðI×2s"I#Ł 0743 ðF×3s"F#Ł 1009 ðF×3s"F#Ł
Rint 9[9634 9[09 9[923 9[948 9[975
Re_nement method Full!matrix l[s[ Full!matrix l[s[ Full!matrix l[s[ Full!matrix l[s[ Full!matrix l[s[
Number of parameters 162 079 170 165 161
Goodness!of!_t "S# 0[914 0[015 0[036
Final R indices R0�9[9360^ ðI×1s"I#Ł wR1�9[0932 R�9[936\ wR�9[937 R�9[938\ wR�9[943 R�9[099\ Rw�9[096 R�9[090\ Rw�9[096
R indices "all data# R0�9[9557\ wR1�9[0098
Final weighting scheme a b c w�0ðs1"F#¦9[900961 F1# w�0:s1"F#¦9[994008 F1#
Residual di}raction 0[178 "at Sn#\ −9[358 0[14\ −9[81 9[84\ −9[61 1[91\ −0[67 0[60\ −0[36

aw�0:ðs1"F9
1#¦"9[9602 P#1Ł where P�"F9

1¦1Fc
1#:2[ bW�wð0−DF:5s"F#1Ł1 where w is calculated using a three term Chebychev series with coe.cients] 01[6\ −6[52 and 7[65 ð17Ł[

cW�wð0−DF:5s"F#1Ł1 where w is calculated using a three term Chebychev series with coe.cients] 4[83\ −0[28 and 3[46 ð17Ł[
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pancy of the halide sites\ taken with the marginal
quality of the crystals as evidenced by the poorly deter!
mined unit cells are all considered to be contributory
factors to the relatively high R values for both com!
pounds[ No attempt was made to position or re_ne
H[ All computations were performed on the SUN
SpARCserver "UNIX operating system# of the Com!
puting Centre of Aberdeen University\ SHELXS75
ð13Ł and SHELX65 ð14Ł were used for structure solu!
tion and re_nement\ respectively[ Molecular graphics
used are] PLOTAID ð15Ł and ORTEX ð16Ł[ Crystal
data and structure re_nement details are listed in
Table 3[
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