
APPLIED ORGANOMETALLIC CHEMISTRY. VOL. 9. 357-364 (1995) 

Biocidal Organotin Compounds: Part I. 
Preparation and Characterization of 
Triorganotin(1V) 4-Pyridyl- and 
2-Pyrimidyl- thioacetates and 
the Crystal Structure of 
Triphenyltin(2-pyrimidylthioacetate) 
A. Chakrabarti," Sk. Kamruddin," T. K. Chattopadhyaya," A. Roy,* B. N. 
Chakraborty,t K. C. MolloyS and E. R. T. Tiekinkg 
* Department of Chemistry and t Plant Pathology Laboratory, Department of Botany, University of 
North Bengal, Darjeeling-734430, India, $ School of Chemistry, University of Bath, Claverton 
Down, Bath, Avon BA2 7AY, UK, and 9 Department of Chemistry, The University of Adelaide, 
Adelaide, South Australia 5005, Australia 

The preparation and spectroscopic character- 
ization of [R3Sn(O2CCH,SC5H,N-4)], R = Ph, 
benzyl (Bz), cyclohexyl (c-Hex) and n-Bu, 
and of [R,Sn(02CCH2SC,H,N2-2,6)J, R =Me, Ph 
and n-Bu, are reported. The 2-pyrimidyl 
compounds feature trigonal bipyramidal tin 
centres with trans-R,SnO, geometries as was 
confirmed by X-ray crystallography for 
[Ph3Sn(02CCH2SC4H3N2-2,6].fi By contrast the 4- 
pyridyl compounds have trigonal bipyramidal geo- 
metries in the solid state (arising from intermole- 
cular Sn-. .N interaction) and tetrahedral geome- 
tries in solution. The biocidal activity of these 
compounds against the fungi Helminthosporium 
muydis (ITCC 2675) and H. oryzue (ITCC 2537), 
both of which damage crops such as maize and 
rice, shows promise. Encouraging is the obser- 
vation that the compounds show no adverse phyto- 
toxicity at concentrations to M. 
Keywords: triorganotin; carboxylate; crystal 
structure; fungitoxicity; Mossbauer 

INTRODUCTION 

The biocidal properties of organotin carboxylates 
are very rich'-3 and in addition these compounds 
show an interesting range of structural variations4 

I Author to whom correspondence should be addressed. 
1 Supplementary material is held at the Crystallographic Data 
Centre, Cambridge, UK. 

leading to structure-activity relationships.s These 
latter studies have shown that triorganotin car- 
boxylates that have either isolated tetrahedral tin 
centres or truns-R3Sn02 tin atom geometries (aris- 
ing from bridging carboxylate ligands) possess 
significantly greater biocidal activity than the 
compounds with the monomeric cis-R,Sn02 struc- 
tural type, i.e. compounds with chelating carbox- 
ylrlre ligands spanning both equatorial and axial 
sites. 

The above has led to a study of the biocidal 
activity of a new series of organotin 
thiocarboxylates,' R3Sn(02CCHZSR'), with vary- 
ing R groups (R=alkyl or aryl) and containing 
the biologically important 4-pyridyl and 2- 
pyrimidyl groups incorporated into the carboxy- 
late ligands. This paper details the preparation, 
spectroscopic characterization and biocidal ac- 
tivity of these compounds and the single-crystal 
structure determination of a representative 
compound. During the preparation of this 
manuscript the crystal structure of 
[ Ph,Sn(02CCH,SC,H,NZ-2,6)] was reported by 
others.' 

EXPERIMENTAL 

General 
4-Pyridylthioacetic acid and 2-pyrimidylthioacetic 
acid were procured from Aldrich. The triorgano- 
tin halides Me,SnCI, n-Bu,SnCI and Ph,SnCI 
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Table 1 
(R') acetates" 

Analytical and UV data for the triorganotin 4-pyridylthio- (R') and 2-pyrimidylthio- 

Elemental analysis 
Yield M. pt A',., - 

Compound (Yo) ("C) (nm)a C H N Sn 

PhlSn(OlCCH2R1) 90 160 214 57.10 

BzSn(O,CCH?R') 92 154 209 59 22 

(c-Hex)Sn(02CCH,R') 88 200 217 55 SO 

(n-Bu)3Sn(02CCHzR') 94 85 264 49.71 

PhSn(02CCHlR') 60 142 228 55.20 

Me7%( O2CCH2R') 90 137 248 31.93 

(n-Bu)$n(02CCH2RZ) 90 53 247 47.30 

(57.94) 

(60.00) 

(56.00) 

(49.81) 

(55 52) 

(32.46) 

(47 08) 

3.59 2.58 
(4.05) (2.70) 
4-10 2.30 
(4.82) (2.50) 
7.12 2.52 
(7.28) (2.61) 
7.49 3.06 
(7.20) (3.05) 
3.74 5.36 
(3.85) (5.39) 
4.15 7.98 
(4.20) (8.41) 
6.82 5.98 
(6.97) (6.10) 

23.48 
(22.92) 
20.65 
(21.23) 
20.87 
(22.15) 
25.38 
(25.93) 
22.91 
(22.83) 
35.26 
(35.67) 
25.68 
(25.87) 

~ 

Abbreviation: Ph, phenyl; Bz, benzyl; c-Hex. cyclohexyl; n-Bu, n-butyl; Me, methyl. 
~' Spectra recorded in methanol solution. Calculated values in parentheses. 

were purchased from Aldrich/Fluka AG and 
were used after crystallization or distillation 
where necessary. Tribenzyltin chloride was pre- 
pared following the literature method.8 All sol- 
vents were purified and dried before use. The 
reactions were carried out under an inert atmos- 
phere; however, other manipulations were per- 
formed under aerobic conditions. 

Instrumentation 

The IR spectra were recorded on a Pye-Unicam 
SP-300s spectrophotometer using CsI optics both 
for solid and solution spectra. 'H NMR spectra 
were recorded on a VA-EM-390 90 MHz spectro- 
meter. The UV spectra were recorded on a 
Shimadzu-240 spectrophotometer. Microanalyses 
were performed at the National Chemical 
Laboratory, Pune, India. Tin was estimated gra- 
vimetrically as SnOz. 

Syntheses 
The sodium salts of 4-pyridylthioacetic acid and 
2-pyrimidylthioacetic acid were prepared by 
titrating a methanolic solution/suspension of the 
acid with 0.5 M methanolic sodium hydroxide in 
the presence of an indicator. The sodium salts 
were isolated as crystals upon concentration of 
their respective solutions. 

The triorganotin(1V) carboxylates were 
obtained in good yields by refluxing (4-6 h) the 

appropriate triorganotin chloride with the sodium 
salts of the carboxylates in methanol solution. 
The air-stable products were precipitated along 
with sodium chloride and were purified by recrys- 
tallization from acetonitrile. Tables 1-4 summar- 
ize the analytical and spectroscopic data for these 
compounds. The [Ph,Sn(02CCH2SC4H3N2-2,6)] 
compound was also investigated crystallographi- 
cally. 

Crystallography 

Intensity data for a colourless crystal 
(0.16 mm x 0.19 mm X 0.32 mm) were measured 
at room temperature on a Rigdku AFC6R dif- 
fractometer fitted with graphii e monochroma- 
tized MoKa radiation, A = 0.71073 A, up to Om,, 
27.5" employing the w : 28 scan technique. The 
data were corrected for Lorentz and polarization 
effects' and for absorption employing the 
DIFABS program"' which resulted in a range of 
transmission coefficients of 0.856-1.031. Of the 
11 442 data measured, 10 906 were unique and 
6823 satisfied the 1 2  3.00(1) criterion of observa- 
bility and were used in the subscquent analysis. 

Crystal data for C24H23N20zSSn: M =  522.2, 
monoclinic, space group P2Jc, a = 21.341(7), 
b= 11.688(6), c =  19.004(4) A, p= 110.53(2)", 
V=4439(5)A', Z=8,  Dlnld= 1.563gcm-', 
F(000) = 2104, p = 12.68 cm-I. 
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The structure was solved by direct methods" 
and refined by a full-matrix least-squares pro- 
cedure based on F.' Non-hydrogen atoms were 
refined with anisotropic thermal parameters and 
hydrogen atoms were included in the model at 
their calculated positions (C-H 0.97 A). At con- 
vergence R = 0.037 and R,  = 0.043 (sigma 
weights'). The analysis of variance showed no 
special features and the maximu? residual in the 
final difference map was 0.52 e A-'. The crystal- 
lographic numbering scheme used is shown in Fig. 
1 (drawn with ORTEP'') and selected interatomic 
parameters are listed in Table 5. Other crystallo- 
graphic details comprising fractional atomic co- 
ordinates, thermal parameters, H-atom para- 
meters, all bond distances and angles, and tables 
of observed and calculated structure factors are 
available on request from ERTT. 

Biological studies 

Virulent cultures of Helminthosporium maydis 
(ITCC 2675) and H .  oryzae (ITCC 2537), causal 
agents of brown spot of maize (Zea mays) and 
rice (Oryzae satiua), respectively, and Bacillus 
cereus (IMI no. 359387) were obtained from the 
Plant Pathology Laboratory, Department of 
Botany, University of North Bengal. Fungi were 

grown on potato-dextrose-agar (PDA) medium 
at 28+ 1 "C, whereas B.  cereus, isolated from tea 
leaves (CP-l), were grown on nutrient agar (NA) 
supplemented with 2 vg ml-' nystatin. 

In uifro fungitoxicity was ascertained following 
spore germination assay as described by Rouxel et 
a[.'? Purified eluents (10 PI) were placed separa- 
tely at two points 3cm apart on a clean, grease- 
free slide. The solvent was allowed to evaporate. 
One drop of spore suspension (0.02 ml per drop), 
prepared from 15-day-old cultures of either H .  
maydis or H .  oryzae, were mounted separately on 
the glass slide. The slides were incubated on moist 
Petri plates for 24 h at 25k 1 "C. Finally, one drop 
of a lactophenol-Cotton Blue mixture was added 
to each spot to fix the germinated spores. The 
number of spores germinated compared with the 
control was calculated considering an average of 
500 spores per treatment. The percentage of inhi- 
bition over the control was calculated using the 
Vincent equation: l4 

C -  T 
T Inhibition = - x 100% 

where C is the number of spores germinated in 
control and T is the total number of spores germi- 
nated after treatment. From these, the effective 

Table 2 Selected IR data (cm- ') for the triorganotin 4-pyridylthio- (R') and 2-pyrimidylthio- (R2) acetates" 

Solid Solution 

Compound v,,(OCO) v,(OCO) Avh v,,(SnC) v,,(OCO) v,(OCO) Avh v,,(SnC) v,(SnC) 
~ ~~ ~~ 

Na(OICCH,R') 1590 1420 170 
(vs) (s) 

PhlSn(0,CCH2R') 1625 1320 305 515 1640 1320 320 550 490 
(m) 6) (w) (m) (m) (m) (m) 

BzpSn(02CCH2R') 1628 1355 273 520 1650 1320 330 545 490 
(s) 6 )  (m) (m) (m) (m) (m) 

(c-Hex)lSn(02CCHzR') 1615 1355 260 515 1640 1315 325 545 500 
(s) 6) (m) (s) (m) (m) (m) 

(s) (m) (m)  (s) (s) (m) (m) 
Na( 02CCH2RZ) 1570 1410 160 

6) (s) 
PhSn( 02CCH2R2) 1575 I380 195 515 1635 1325 310 542 485 

( s )  6) (m) (m) (m) (m) (s) 
Me&( 02CCH2R') 1570 1380 190 515 1650 1325 325 555 475 

(s) (s) (m) (m) (m) (m)  (s) 
(n-Bu)$n(02CCH2R') 1590 1400 190 520 1630 1315 325 550 495 

(vs) ( s )  (4 (s) (s) (m) (m) 

(n-Bu),Sn( O,CCH,R') 16 15 1335 280 515 1645 1320 -325 545 490 

Abbreviations: vs, very strong; s, strong; m, medium; w, weak. Spectra recorded in CsI optics, solids in a Nujol mu1 and 
solutions in CCI,. A v =  [v,,, (OCO) - v, (OCO)] cm-'. 
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Table 3 'H NMR data (ppm) for the triorganotin 4-pyridylthio- (R')  and 2-pyrimidylthio- (R') acetates".h 

Compound b(Sn-aromaticlligand ring) b-(CH.-Y b-(CH-)O d-(Sn.-alkyl) 

Ph$n(02CCHIR') 8.01 (d)' (2H) 3.62 (s) (2H) 
J = S H z  
7.52 (m) (l7H) 

J = 5  Hz 
7.33 (m) (17H) 

J = S H z  (33H) 

Bz,Sn( OICCH2R') 8.43 (d)' (2H) 3.62 (m) (2H) 2.61 ( s )  (6H) 
'J("'Sn--CH) = 63 Hz 
'J(1 '7Sn-CH) = 57 Hz 

(c-Hex)Sn(02CCHIR') 8.55 (d) (2H) 3.55 ( s )  (2H) 1.53(rn, b) 

7.44 (d) (2H) 
J = 5  Hz 

(n-Bu)lSn(02CCH,R') 8.52 (d) (2H) 3.54 (s) (2H) 1.31 (m, b) 
J = 5  Hz (27H) 
7.56 (d) (2H) 
J = 5 H z  

PhlSn(OICCH2RL) 8.62 (d) (2H) 2.72 (s) (2H) 
J = 4 H z  
7.37 (m) (16H) 

J = 4 H z  'J("'Sn--CH) = 64 Hz 
7.51 (t) (1H) 'J("'Sn-CH) = 61 Hz 
J = 4 H z  

J = 4 H z  (27H;i 
7.65 (t) (1H) 
J = 4 H z  

Mc,Sn(O?CCHIR') 8.65 (d) (2H) 2.63 ( s )  (2H) 0.55 (s) (9H) 

(n-Bu)3Sn(02CCHIR') 8.34 (d) (2H) 2.62 (s) (2H) 1.34 (rn, b) 

" Spectra recorded in saturated solutions of CDC13 using internal TMS as reference. All shifts are in ppm downfield to 
TMS. Proton integration in parentheses. hAbbreviations: s, singlet; d, doublet; m, complex multiplet pattern centred at 
the given d value; b, broad; t ,  triplet centred at the given b value. ' Ligand. Benzyl. 'The expected second doublet due 
to ligand protons is masked by the complex multiplet signal patterns of tin-aromatic protons. 

doses for 50% inhibition, EDS,,, were calculated in 
units of pg I - ' .  

The fungicidal activity of the compounds was 
compared with that of triphenyltin acetateIs (com- 
mercially marketed as Fentin acetate). 

The bactericidal activity of these compounds 
was tested following the agar cup bioassay 
method. Bacterial suspension (1 ml) was mixed 
with sterilized NA (2 ml per Petri plate) at 45 "C 
and plated. The plates were chilled for 30 min and 
then, with the aid of a sterile cork borer, an 8 mm 
diameter cup was made. The same volume of the 

Table4 "'Sn Mossbauer (mms-I) data for selected 
Compounds" 

Compound IS QS F 

Ph,Sn(02CCH2SC5H,N-4) 1.20 2.91 0.91, 0.91 
Bz3Sn(02CCH2SC5H,N-4) 1.37 2.76 0.92, 0.93 
Ph3Sn(OlCCHISC,H,NI-2,6) 1.26 3.43 0.93, 0.93 

Data recorded at 78 K; relative to CaSnO,. 

solution of the compound was added to each cup 
and incubated at 37 "C for 24 h. The diameters of 
the inhibition zones were recorded. 

For the study of the phytotoxicity of these 
compounds, healthy rice seeds of the PUSA-2-21 
variety were collected from Chinsurah Rice 
Research Institute, Hooghly, West Bengal, and 
were used in the present investigation. 

Initially the compounds were dissolved in ace- 
tone (2-3 drops), then water suspensions of these 
compounds were prepared at concentrations of 
200, 100, 50 and 25 vg ml-'.  Acetone controls for 
each treatment and one set of water controls were 
arranged. 

Healthy seeds were dipped in the range of 
water suspensions for each of the compounds 
tested for 1, 4 and 8 h. The treated seeds were 
then allowed to germinate, sown over a mat of 
moist filter papers arranged in covered Petri 
plates. One hundred seeds were treated for each 
experiment. After seven days, the germinated 
seeds were counted; seeds producing a root or 
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Figure 1 Molecular structure and crystallographic numbering scheme for the two mole- 
cules comprising the asymmetric unit in [Ph3Sn(02CCH2SC4H3N2-2,6)]. The lower view 
shows the polymeric structure; the R' and all but the ips0 carbon atoms of the phenyl rings 
have been omitted for clarity. 

coleoptile were considered as germinated. Each 
experiment (i.e. four concentrations, three time 
regimes per compound) was repeated in tripli- 
cate. All apparatus and materials were sterilized 
where necessary using standard procedures. 

DISCUSSION 

Synthesis and spectroscopy 
The triorganotin(1V) carboxylates (Table 1) were 
obtained in good yield via the metathetical reac- 
tion between the triorganotin halide and the 

sodium salts of 4-pyridylthioacetic acid and 2- 
pyrimidylthioacetic acid. 

Infrared data for the compounds are presented 
in Table 2. The difference in v,,(OCO) and 
v,(OCO) (i.e. Av) in the solid state for the 4- 
pyridylthioacetates is quite large, i.e. 
260-305cm-', whereas Av is quite low for the 
2-pyrimidylthioacetates, i.e. 190-195 cm- ' . These 
results indicate that the 4-pyridylthioacetate 
ligands coordinate via one oxygen atom only, as 
confirmed by an independent crystal structure 
analysis of [Ph3Sn(02CCH2SC,H4N-4)]. In this 
structure, a trigonal bipyramidal tin centre was 
observed owing to the presence of weak inter- 
molecular S n . . . N  interactions. By contrast, a 
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bidcntate bridging mode is indicated for the 
2-pyrimidylthioacetates. as revealed by the X-ray 
analysis of a representative compound, 
[Ph,Sn(02CCH,SC,H3N2-2,6)] (see below). In 
solution, the Av values for the triorganotin 4- 
pyridylthioacetate complexes are comparable 
with those observed in the solid state, suggesting 
a similar coordination mode. In the case of the  2- 
pyrimidylthioacetates, the rise in the Av values 
suggests a change in coordination about the tin 
atom, i.e. from a trigonal bipyramid (solid state) 
to a tetrahedral geometry (solution). In  the solid- 
state spectra the planarity of the C,Sn moiety is 
also indicated by the appearance of only one 
v(Sn-C) whereas in solution both v,,,(Sn-C) 
and v,(Sn-C) are observed. 

The'H NMR data are summarized in Table 3 .  
The observed shifts and splittings confirm the 

stoichiometries of the compounds. For all the 
compounds studied, the &Sn anti the signal due 
to the protons of the heterocyclic rings appear as 
complex patterns in the region 8.01 to 7.33 ppm. 
In the 4-pyridyl series, the d(Sn-C&) for 
the Bz,Sn derivative appeared as a singlet at 
2.61 ppm [2J("ySn-Ck12) = 63 Hz and 
'J("'Sn-CH,) = 57 Hz], whereas the 6(Sn- 
cyclohexyl) and 8 (Sn-butyl) protons appeared as 
complex patterns centred about 1.53 and 
1.31 ppm, respectively. For the 2-pyrimidyl com- 
pounds, Sn-CH, resonance appeared as a singlet 
at 60.55 ppm with 2J("ySn-C~j-1) = 64 Hz and 
'J("7Sn-CH,) = 61 Hz. 

The 6(CH,) of the carboxylate ligands merit 
special comment. The signals for the CH2 protons 
of the 4-pyridylthioacetates appeared at approxi- 
mately 6 3.4-3.6 pprn whereas the corresponding 

Table5 Selected bond distances (A) and angles (") for 
[ PhiSn(O,CCH,SCaH,NI-2.6)] 

Atoms Distance Atoms Distance 

Sn( 1)-0( I )  
Sn( 1)-O(3) 
Sn( I)-C(3 I )  
Sn( 1)-C(4 1 ) 
Sn( I )-C( 5 I ) 
S( 1)--c(2) 
S(I)-C(Il) 
O( 1 )--c( 1) 
0(2)-C( 1) 
N( 12)-C( 1 1 )  
N (  12)-C( 13) 
N( 16)-C( 1 1 )  
N (  16)-C( 15) 
C( 1 )-C(21 

C( 14)-c( 15) 

O( I)-Sn(l)-0(3) 
O( I)-Sn( l)-C(31) 
O( I)-%( I)-C(4I) 
O( I)-%( l)-C(SI) 
0(3)-Sn( 1 j-C(31) 

O(3)-Sn( 1)-C(5 1 )  
C(31)-Sn( I)-C(41) 
C(3 l)-Sn( 1 )-C(5 1) 
C(41)-Sn( 1)-C(5 I )  
C(2)-S( I)-C(l 1) 
Sn( I)-O( I)-C( I )  
Sn(l)-0(2)-C( 1 )  

C( l3)-C( 14) 

0(3)-Sn( I)-C(41) 

C( 1 I)-N( 12)-C( 13) 
C( I I)-N( 16)-C( 15) 

2.196 (4) 
2.326 (4) 
2.1 I6 ( 5 )  
2.1 I4 ( 5 )  
2.098 ( 5 )  
1.772 (6)  
1.726 (7) 
1.254 (6) 
1.235 (6) 
1.286 (9) 
1.35(1) 
1.324(9) 
1.34(1) 
1.504(7) 
1.32 (2) 
1.31 (2) 

178.7 ( I )  
90.7 (2) 
89.8 (2) 
94.1 (2) 
88.9 (2) 
91.5 (2) 
85.3 (2) 

116.5 (2) 

108.6 (2) 
134.7 (2) 

103.3 ( 3 )  
124.7 (3) 
136.7 ( 3 )  
114.6 (9 )  
114.7(X) 

Sn(2)-0( 4) ' ' 
Sn(2)-0(2) 
Sn(2)-C(61) 
Sn( 2)-C( 7 1 ) 
Sn(2)-C(81) 
W - - C ( 4 )  
S( 2)-C( 2 I ) 

0(4)--c(3) 
0 ( 3 ) 4 3 )  

N (  22)-C( 2 I ) 
N (22)-C(23) 
N(26)-C(2 1 ) 
N (26)-C(25) 
C(31-44) 
C(23)--C(24) 
C(24)--C(25) 

0(2)-Sn(2)-C(hl) 

0(2)-Sn(2)-C(XI) 
0(4)'-Sn(2)-C(61) 
0(4)'-Sn(2)-C(71) 
0(4)'-Sn(2)-C(81) 
C(hl)-Sn(2)-C(71) 

c(4)-s(2)-c(2 1 ) 
Sn(2)-0(4)'-C(3)' 
Sn(2)-0(3)-C(3) 

0(2)-Sn-0(4)' 

0(2)-Sn(2)-C(71) 

C(h1 )-Sn(2 j-C(81) 
C(7 1 )-Sn(2)-C(X 1) 

C(21)-N(22)-C(23) 
C(21)-N(26)-C(25) 

2.143 (4) 
2.323 (4) 
2.109 ( 5 )  
2.099 ( 5 )  
2.098 (6) 
1.768 (6) 
1.730 (6) 

I .298 (7) 

1.321 (8) 

1.237 (6) 
1.240 (6) 

1.321 (8) 

1.35 (1) 
1.506(7) 
1.34(1) 
1.35(1) 

174 I1 ( I )  
90.0 (2) 
x9.4 (2) 
84.8 (2) 
88.1 (2) 
96.6 (2) 
91.3 (2) 

114.4 (2) 
120.7 (2) 
124.5 (2) 

131.2(4) 
138.0 ( 3 )  

113.8 (6) 

102 l (3)  

115.5 (6) 

"Atom related by thc symmetry operation: 5 ,  1.5-y. - -0.5+2 
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Table6 Comparative study of thc effect of 
RISn(O:CCHzSC,H,N - 4) on Helrninrhosporiurn rnuydii 
fungus 

Gemination (%) 
Concentration 
(MI ( n-Bu)lSn(OZCCHIR')" Ph,Sn( 02CCH2R')" 

Control 92 
10 0 
10 3 
10 , 61 
10 84 

92 
0 
5 

40 
76 

ED,,,(pgI '1 13 3 

" R' = pyridylthio 

signals for the 2-pyrimidylthioacetates appeared 
at 62.6-2.7ppm. The downfield shift for the 
former complexes is probably due to the fact that 
the pyridine residue is more electron-withdrawing 
than the pyrimidine residue, which correlates 
with the enhanced basicity of the 4- 
pyridylthioacetates. 

A selection of the compounds were also sub- 
jected to a tin-119 Mossbauer study. Details of 
the experimental techniques have been reported 
previously17 and data are summarized in Table 4. 
The slight increase in the isomer shift (IS) value 
for [Bz,Sn(02CCH2SC5H,N-4)] compared with 
[Ph3Sn(O2CCH2SCSH,N-4)] is due to the reduced 
electron-withdrawing ability of the benzyl substi- 
tuents compared with the phenyl groups. The 

[Ph,Sn(O2CCH2SC4H3N2-2,6)] (3.43 mm SKI) is 
typical of five-coordinate organotin carboxylates 
incorporating a bridging CO, moiety, e.g. 
[Me3Sn(02CMe)]'X."' has QS = 3.68 mm s-' .  The 
lower QS values for [Ph3Sn(0,CCH,SCsH,N-4)] 

quadrupole splitting (as) of 

Table7 Comparative study of the effect of 
R7Sn(O?CCHzSC,HlN2-2,6) on Helrninrhosporiurn oryzue 

Concentration Germination 
Compound (M) ( O h  1 

Ph,Sn(O,CCH,R')' 10 ' 
10 
10 ' 
10 

Ph?Sn(O,CCH?R').' 10 ' 
10 
10 
10 

(1 
32 
46 
80 

5 
67 
86 
97 

EDi,, = 60 pg I ~ ' 

ED,,, = 2OU pg I ~ ' 

'' R'= pyrimidinylthio 

and [Bz,Sn(02CCH2SC5H,N-4)] (2.91 and 
2.76 rnm s - ' ,  respectively) reflect the asymmetric 
C,SnON coordination sphere evident in the struc- 
ture of [Ph3Sn(02CCH2SCSH4N-4)], for which the 
Sn-..N interaction is weak." The similarity of QS 
values for each of [Ph3Sn(02CCH2SC5H,N-4)] 
and [Bz,Sn(O2CCH2SC,H,N-4)] suggests similar 
structures featuring a C,SnON core in contrast to 
a C3Sn02 core in the structure of 
[Ph3Sn(02CCH2SC4H3N2-2,6)]. 

Crystal structure 

The structure of [Ph,Sn(O,CCH,SC,H,N?-2,6)] is 
shown in Fig. 1, and selected interatomic para- 
meters are listed in Table 5 .  The structure 
reported here for [Ph3Sn(OZCCH2SC,H3N2-2,6)] 
is in essential agreement with that reported by 
 other^.^ The crystallographic asymmetric unit 
comprises two independent 
[Ph7Sn(O2CCH2SC,H3N,-2,6)] units which associ- 
ate as a result of intermolecular Sn- 0 contacts, 
afforded by bidentate bridging carboxylate 
groups, as shown in Fig. 1. The resultant structure 
is therefore polymeric, as shown in the lower view 
of Fig. 1. There is no evidence of coordination to 
tin by either the heterocyclic nitrogen atoms or 
the thioether atoms. Each of the tin atoms exists 
in a distorted trigonal bipyramidal geometry with 
the axial positions occupied by the oxygen atoms 
and the equatorial plane defined by the thre? 
phenyl groups. The Sn(1) atom lies 0.0607(4) A 
out of the trigonal plane in the direction of 0 ( 1 )  
atom and the correspoonding distance for the  
Sn(2) atom is 0.0751(4) A,  in the direction of the 
O(4)' atom (symmetry operation: x, 1.5 - y ,  
-0.5+z).  The difference in the Sn-0 bond 
distances about each of the tin atoms is relatively 
small, but experimentally significant, at 0.13 and 
0.18A for the Sn(1) and Sn(2) atoms, respecti- 
vely, indicating a relatively symmetrical bridging 
mode for the carboxylate ligands. The near- 
equivalence in the Sn-0 bond distances is ref- 
lected in the narrow range of C-0 bond dis- 
tances of 1.235(6)-1.254(6) A. There is a notable 
difference in the C-Sn-C angles about the two tin 
centres, with the range of angles about the Sn(1) 
atom being 108.6(2)-134.7(2)0 and that about the 
Sn(2) atom being smaller at 114.4(2)-124.5(2)". 
The expansion of the C(31)-Sn( 1)-C(51) angle to 
134.7(2)" and concomitant contraction of the 
other two angles from the ideal trigonal values 
may be traced to the relatively close approach of 
the O(2) atom, i.e. 3.280(5)t%. The weak 



364 A. CHAKRABARTI E T A L .  

Sn( I ) . .  .0(2)  contact does not represent a signifi- 
cant bonding interaction, however. Whereas the 
tin atom geometries are in essential agreement 
with each other, there are some significant differ- 
ences in the relative orientations of the tin-bound 
phenyl substituents and of the pyrimidine resi- 
dues. The dihedral angles between the 
C(31)-C(36), C(41)-C(46) and C(51)-C(56) 
rings of 67.7, 100.6 and 100.4", respectively, i.e. 
about the Sn(1) atom, may be compared with the 
angles of 53.7, 102.7 and 147.8" for the 
C(61)-C(66), C(71)-C(76) and C(81)-C(86) 
rings, respectively. For the carboxylate ligands, 
the C( 1)/C(2)/S( 1)/C( 11) and C(2)/S( l)/C( 11)/ 
N(12) torsion angles of 74.5(5) and 17.8(6)", 
respectively. are significantly different from 
the comparable C(3)/C(4)/S(2)/C(21) and 
C(4)/S(2)/C(2l)/N(22) angles of -64.2(5) and 
- 1.1 (6)", respectively. 

The structure reported here for 
[ Ph,Sn( 0,CCH2SC,H7N,-2,6)] corresponds to 
one of the major structural motifs found for 
compounds with the general formula 
[R,Sn(O,CR')J.' The other main motif for this 
formula has a monomeric structure in which the 
tin atom is four-coordinate (i.e. where the car- 
boxylate ligand is monodentate) or approaching 
five-coordinate (where the carboxylate ligand is 
coordinating in an asymmetric mode). There are 
severa1 other [R,Sn(OZCR')] structures available 
in which an additional atom that is incorporated 
in the carboxylate residue, e.g. oxygen or nitro- 
gen, is also coordinated to the tin atom giving rise 
to different motifs;" however, as mentioned 
above, no such intra- or inter-molecular interac- 
tions are found in the structure of 
[Ph7Sn(OZCCH2SC4H3NI-2,6)]. 

Fungicidal activity 

The results of the fungitoxicity and phytotoxicity 
tests are summarized in Tables 6 and 7, respecti- 
vely. No fungitoxicity was found for the 4- 
pyridylthio- and 2-pyrimidylthio-acetic acids at 
the M level, whereas their triorganotin com- 
plexes showed increased activity. For the 4- 
pyridylthioacetates tested against H .  muydis, the 
triphenyl derivative was more active than the 
tributyl species. By contrast, the tributyltin 2- 
pyrimidylthioacetate compound has greater ac- 
tivity than the triphenyltin derivative at different 
concentrations against H .  oryzae. However, the 
activity of the butyl compound decreases mar- 
kedly at lower concentrations. 

The 100 ppm concentration of Fentin acetate 
was found to inhibit the growth of the fungi when 
treated in uirro and hence it is encouraging to find 
that the newly synthesized compounds are poten- 
tially more active (see Tables 6 and 7). Further 
testing, in oiuo, is required to confirm these 
results. 

The bactericidal activity of all the compounds 
was such that they killed over 95% of the bacter- 
ial Bacillus cereus under the conditions of the 
experiment (results not shown). 
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