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The methods of synthesis, elemental analysis, IR
and NMR spectroscopic data and fungicidal
activity against Ceratocystis ulmiare reported
for a series of triorganotin esters ofN-arylidene-
w-amino acids of general formula RSnhO-
CO(CH,),N=CHAr (R=Ph, n-Bu; Ar=2-
HOCgH,4, 2-HOC Hg; n=1, 2, 3 and 5). The
crystal structures for two of the compounds,
tributyltin - N-2-hydroxynaphthalidene glycinate
(1) and tributyltin N-2-hydroxynaphthalidene-
B-alaninate (2), have been determined. Although
both of these compounds have #@rans-RsSnO,
structure, in compound 1 the carboxylate group
is monodentate and the fifth coordination posi-
tion around the tin atom is taken up by a
coordinated phenolic group, whereas in 2 the
carboxylate group is bridging. These two exam-
ples thus correspond to the two different
structures reported for trans-R;SnO, complexes.
Both compounds were found to be active against
Ceratocystis ulmi but there was no significant
difference in their levels of biological activity
against this particular fungus. Apart from
compound 1, the other tributyltin compounds
reported are believed to adopt the carboxylate
bridging mode shown by compound (2).

Crystal data: for 1, crystals monoclinic, space
group P2,/c,a=12.9435(11) Ab=13.5769(10) A
c=15.7715(12) Ap =108.919(6), Z = 4,R; = 0.046
and R, =0.058 for 1448 significant reflections;
for 2, crystals, monoclinic, space groupC 2/c,
a=24.588(14) Ab=9.733(3) Ac=27.611(12) A
B =113.49(4), Z=8, Rf=0.053 andR,, = 0.069
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INTRODUCTION

Organotin carboxylates have been observed to have
a variety of biocidal activities®>3and an interesting
range of structural variatioisvhich have led to the
proposal of some structure—activity relationships.
The structure—activity relationship studies suggest
that triorganotin carboxylates with either an
isolated tetrahedral tin centre orteansR;SnG,
geometry about the tin atom show significantly
greater biocidal activity than compounds of the
monomeric cis-R3SnQ, structural type®> How-
ever, two types of bridging are known for ttrans
R3sSnG, configuration of organotin carboxylates.
The most commonly encountered structure is
polymeric, where the carboxylate groups behave
as bridging bidentate ligands and the pentacoordi-
nated tin atoms have distorted trigonal bipyramidal
geometries. Alternatives to carboxylate bridging
for the transR3SnG, structural moiety have been
reported, however, for triorganotin carboxylates
ontaining either donor substituent groﬁgsor a
nrhe
relative biocidal activities of these two different
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N-2-hydroxynapthalideneglycine
Ligand 1

N-2-hydroxynapthalidenc-B-alanine
Ligand 2

Structures (1) and (2).

structuralconfigurationshave not previouslybeen
compared.

As acontinuatiorof our studiesonthefungicidal
activities of organotincompoundsagainstCerato-
cystisulmi,’ we now reportthe synthesischarac-
terization and biocidal activity of a range of
tributyltin and triphenyltin esters of some N-
arylidenew-amino acids (2-OHArCH= N(CH,)..
C:OOSHB@/Phg> [Ar = ClOHG or C6H4; n= 1,2,3])
In addition,the crystaland molecularstructuresof
the tributyltin derivativesof tributyltin N-2-hydro-
xynaphthalidenglycinate (1) andtributyltin N-2-

hydroxynaphthalideng-alaninate (2) have been
determined. The results of the X-ray structural
investigationsshow that while both these com-
poundshave a transRsSnQO, structure,in 1 the
carboxylate group is monodentateand the fifth
coordinationpositionaroundthe tin atomis taken
up by a coordinatedphenolicgroup, whereasn 2
the carboxylate group is bridging. These two
examplesthus correspondto the two different
structuresreported for transR;SnQ, complexes
mentionedabove.Both compoundswvere found to
bebiologically activeagainstCeratocystisulmi, but

Tablel Crystaldataandrefinemendetailsfor 2-OHC,;HgCH = N(CH,)COOSnBy (1) and2-

1 2
Formula CasH3NOsSn C**H3NO’Sn1/4GH;,
Formulawieght 518.25 553.33
Cell dimensiongmm?®) 0.2x 0.04x 0.04 0.30x 0.30x 0.25
Crystalsystem Monoclinic Monoclinic
Spacegroup P 2,/c C2lc
a(A) 12 9435(11) 24.588(14)
b (A) 13.5769(10) 9.733(3)
c(A) 15.7715(12) 27.611(12)
e 108.919(6) 113.49(4)
Volume (A% 2621.8(4) 6060(5)
Z (molecules/cell) 4 8
Deaic (Mg m~3) 1.310 1.213
p(mm—) 8.10 0.87
F(000) 10708 1151.86
20max 90 55
Indexrangeh —11to 11 —31to0 39
k Oto11 O0to 12
I 0to14 0to 35

Reflectionsmeasured 3350 7123
Uniquereflections 2059 6962
Reflectionswith |,,e> 2.50 1448 3822
R: (significantreflections) 0046 0.053
Ry (significantreflections) 0.058 0.069
Rs (all reflections) 0.079 0.115
Ry (all reflections) 0.064 0.072
Goodness-of-fit 1.79 2.10
LastD-map R

Deepestole (e eﬁz) —041 —-0.37

Highestpeak(e A™) 0.55 0.77

© 1998JohnWiley & Sons,Ltd.

Appl. OrganometalChem.12, 457-466(1998)



TRIORGANOTIN(IV) ESTERSOF ARYLIDENE AMINO ACIDS

459

Table 2  Final fractional coordinatesof non-hydrogeratomsand equivalentisotropic thermal

parametergCompoundl)
X y z Beq’

Sn 0.64543(73 0.81433(6) 0.22902(6) 4.63(6)
0(@1) 0.5401(7) 0.9068(6) 0.1213(5) 5.3(5)
0(2) 0.4586(7) 0.9810(7) 0.2090(7) 5.9(6)
0(3) 0.7527(8) 0.7020(6) 0.3403(6) 5.5(5)
N 0.3098(9) 1.0715(7) 0.0701(7) 4.1(6)
C(1) 0.4680(11) 0.9645(11) 0.1376(11) 4.4(9)
C(2) 0.3910(11) 1.0089(10) 0.0508(8) 4.8(8)
C(3) 0.7926(14) 0.5760(9) 0.4841(8) 3.9(8)
C(4) 0.8774(13) 0.6344(10) 0.4723(10) 3.6(9)
C(5) 0.9852(13) 0.6283(12) 0.5365(10) 4.1(9)
C(6) 1.0133(14) 0.5687(11) 0.6125(12) 5.6(9)
C(7) 1.1171(17) 0.5661(12) 0.6691(9) 6.4(10)
C(8) 1.2000(14) 0.6238(16) 0.6528(14) 7.4(12)
C(9) 1.1733(14) 0.6825(13) 0.5801(14) 6.4(11)
C(10) 1.0659(14) 0.6855(13) 0.5205(12) 5.4(11)
Cc(11) 1.0395(16) 0.7485(13) 0.4416(16) 7.1(12)
C(12) 0.9390(18) 0.7538(11) 0.3846(11) 6.4(11)
C(13) 0.8523(13) 0.6983(11) 0.3979(10) 4.6(9)
C(14) 0.7146(11) 0.7581(11) 0.1339(9) 6.3(9)
C(15) 0.7185(18) 0.6487(19) 0.1295(15) 13.3(7)
C(16) 0.7716(22) 0.6120(22) 0.0589(18) 16.7(8)
C(17) 0.794(3) 0.503(3) 0.0634(23) 23.6(12)
C(18) 0.5117(10) 0.7412(10) 0.2516(9) 5.3(8)
C(19) 0.4927(12) 0.7732(11) 0.3379(11) 6.9(10)
C(20) 0.3932(14) 0.7219(15) 0.3532(16) 11.3(14)
C(21) 0.3716(20) 0.7540(20) 0.4341(17) 16.6(21)
C(22) 0.7300(11) 0.9345(10) 0.3082(8) 5.4(8)
C(23) 0.7980(14) 0.9957(12) 0.2622(10) 7.3(11)
C(24) 0.8604(15) 1.0809(14) 0.3164(12) 9.5(13)
C(25) 0.9190(17) 1.1436(14) 0.2662(16) 13.4(17)

2 E.s.Ds.(in parenthesegkeferto the last digit printed.

Beq — Biso

therewasno significantdifferencein their levelsof
activity.

EXPERIMENTAL

Reagents

Bis(tributyltin) oxide, bis(triphenyltin) oxide and
other chemicalswere purchasedrom the Aldrich
Chemical Company, and used without further
purification.

Instrumentation

IR spectra
The IR spectraof the complexeswererecordedin
theregion4000-30&m* with a BeckmaniR 20A

© 1998JohnWiley & Sons,Ltd.

b Begis themeanof the principalaxesof thethermalellipsoidexceptfor C15,C16andC17where

spectrophotometewith sampleseither as Nujol
mulls or KBr discs.

NMR spectra

The *H NMR spectrawere recordedin CDCly/
DMSO-g; on eithera CFT-20 Varian or a Bruker
AC-P300spectrometer.

Elemental analysis

Tin was determined gravimetrically as SnGO..
Carbonhydrogerandnitrogenmicroanalysesvere
performedin the ChemistryDepartmentNational
University of Singapore Singapore.

Mo ssbauerspectroscopy

The Mossbhauespectraveremeasure@dt80K ona
RangerScientific modelMS-900 M&ssbauespec-
trometerin the acceleratiormodewith a moving-
sourcegeometryusing a liquid-nitrogen cryostat
(CRYO Industriesof America, Salem,NH, USA).

Appl. OrganometalChem.12, 457-466(1998)
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n-butyl (C14-C17)

Figure 2 An ORTEPplot of compound?.

© 1998JohnWiley & Sons,Ltd. Appl. OrganometalChem.12, 457-466(1998)
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Table 3 Bond Iengths(,&) for compound1®

Sn-0(1) 2.195(8) C(6)-C(7)  1.35(3)
Sn-0(3) 2.399(9) C(7)-C(8)  1.42(3)
Sn-C(14)  2.123(13)  C(8)-C(9)  1.35(3)
Sn-C(18)  2.123(13)  C(9)-C(10)  1.40(3)
Sn-C(22)  2.129(13) C(10)-C(11)  1.46(3)
O(1)-C(1)  1.305(21) C(11)-C(12) 1.32(3)
0(2)-C(1)  1.193(22) C(12)-C(13) 1.422(25)
O(3)-C(13) 1.316(19) C(14)-C(15)  1.49(3)
N-C(2) 1.459(18) C(15)-C(16)  1.57(4)
N-C(3)a 1.325(20) C(16)-C(17)  1.50(5)
C(1)-C(2) 1.532(19) C(18)-C(19) 1.522(23)
C(3)-C(4)  1.415(23) C(19)-C(20)  1.550(24)
C(4)-C(5)  1.436(22) C(20)-C(21)  1.46(4)
C(4)-C(13) 1.411(23) C(22)-C(23)  1.552(23)
C(5)-C(6)  1.39(3) C(23)-C(24)  1.51(3)
C(5)-C(10)  1.39(3) C(24)-C(25)  1.52(3)

2 Atomsflagged'a’ aresymmetryequivalentyseeTable4).

The samplewas mountedin a Teflon holder. The
sourcewas 15 mCi CaSr*°™0,, and the velocity
was calibrated at ambient temperatureusing a
composition of BaSn@ and tinfoil (split-
ting=2.52mm s 1). The resultant spectrawere
analysedby a least-squardit to Lorenzian-shaped
lines. All isomershifts were calculatedrelative to
BaSnQ.

Table 4 Bondangles(deg)for compoundl

Preparation of tributyl- and
triphenyl-tin esters of N-arylidene-w-
amino acids

Tributyltin(IV) estersf N-arylidenew-aminoacids
were preparedoy refluxingin absoluteethanol(ca

90ml) a mixture of bis(tributyltin) oxide

(10mmol), w-aminoacid (20 mmol) and salicylal-

dehyde or 2-hydroxynaphtaldehyde (20 mmaol).

After refluxing for 6-8h, the reactionmixture was

cooledandthe product(if therewas precipitation)
was isolated by filtration; otherwisethe reaction
mixture was concentratedunderreducedpressure
beforeeithertolueneor petroleumether(60-80°C)

was addedto induce precipitation. The isolated
solid was recrystallized from either benzene,
petroleum ether or ethanol to give the pure

tributyltin carboxylateswhose melting points are

listedin Table2 (below).

The triphenyltin(IV) esterswere preparedin a
similar mannerasdescribedoreviously:.

A slowly evaporating solution (cyclohaxane,
30ml) of tributyltin(IV) N-2-hydroxynaphthalidee
glycinate(1) (1.69) yieldedyellow crystals(1.2g),
m.p. 120-121°C, from which a thin yellow plate
of dimensions0.2mm x 0.04mm x 0.04mm was
selectedor X-ray analysis.

Tributyltin(IV) N-2-hydroxynaphthalidee$-ala-

0O(1)-Sn-0(3) 175.4(3) C(6)-C(5)-C(10) 118.7(15)
0(1)-Sn-C(14) 87.6(4) C(5)-C(6)-C(7) 120.6(15)
O(1)-Sn-C(18) 93.5(4) C(6)-C(7)-C(8) 121.0(15)
0O(1)-Sn-C(22) 95.0(4) C(7)-C(8)-C(9) 118.8(14)
0(3)-Sn-C(14) 90.7(4) C(8)-C(9)-C(10) 120.8(16)
O(3)-Sn-C(18) 83.7(4) C(5)-C(10)-C(9) 120.2(18)
0(3)-Sn-C(22) 89.6(4) C(5)-C(10)-C(11) 120.2(16)
C(14)-Sn—C(18) 120.3(6) C(9)-C(10)-C(11) 119.7(18)
C(14)-Sn—C(22) 115.8(5) C(10)-C(11)-C(12) 121.2(15)
C(18)-Sn—C(22) 123.5(6) C(11)-C(12)-C(13) 121.4(16)
Sn-0(1)-C(1) 119.7(9) 0O(3)-C(13)-C(4) 120.5(15)
Sn-0(3)-C(13) 137.3(9) 0(3)-C(13)-C(12) 121.5(15)
C(2)-N-C(3)a 122.0(11) C(4)-C(13)-C(12) 117.9(15)
0(1)-C(1)-0(2) 126.6(12) Sn—-C(14)-C(15) 114.9(12)
0(1)-C(1)-C(2) 111.1(14) C(14)-C(15)-C(16) 112.3(19)
0(2)-C(1)-C(2) 122.3(14) C(15)-C(16)-C(17) 113.5(24)
N-C(2)-C(1) 110.3(11) Sn—C(18)-C(19) 113.2(9)
Nb—C(3)-C(4) 126.7(12) C(18)-C(19)-C(20) 113.2(15)
C(3)-C(4)-C(5) 119.5(14) C(19)-C(20)-C(21) 114.0(20)
C(3)-C(4)-C(13) 118.3(14) Sn—C(22)-C(23) 113.5(9)
C(5)-C(4)-C(13) 122.1(14) C(22)-C(23)-C(24) 115.2(13)
C(4)-C(5)-C(6) 124.3(16) C(23)-C(24)-C(25) 113.5(15)
C(4)-C(5)-C(10) 117.1(16)

2 Atoms flagged‘a’ are symmetryequivalents:
C(3)%0.207431.075970.015891.000— x 0.500+ y 0.500— z.

© 1998JohnWiley & Sons,Ltd.
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Table 5 Final fractional coordinatesof non-hydrogeratomsand equivalentisotropic thermal

parametergcompound?)
X y z Beq’

Sn 0.269027(25) 1.09028(5) 0.230906(21) 4.79(3)
N 0.2557(4) 0.9030(7) 0.4294(3) 6.0(4)
0(1) 0.2518(3) 0.9017(5) 0.27802(21) 5.4(3)
0(2) 0.21378(24) 0.7556(5) 0.31664(20) 5.0(3)
0O(3) 0.3502(3) 0.9516(6) 0.5067(3) 8.8(5)
C(1) 0.2278(4) 0.8772(7) 0.3090(3) 4.6(4)
C(2) 0.2140(4) 0.9935(7) 0.3384(3) 5.6(5)
C(3) 0.2024(4) 0.9502(8) 0.3865(4) 6.2(5)
C(4) 0.2627(4) 0.7738(8) 0.4407(3) 5.3(5)
C(5) 0.3156(4) 0.7235(9) 0.4830(3) 5.2(5)
C(6) 0.3580(5) 0.8214(11) 0.5149(4) 6.7(6)
C(7) 0.4091(5) 0.7709(13) 0.5562(5) 8.3(7)
C(8) 0.4207(5) 0.6373(14) 0.5663(4) 7.7(7)
C(9) 0.3793(5) 0.5333(11) 0.5352(4) 6.6(6)
C(10) 0.3888(5) 0.3883(13) 0.5448(5) 8.6(8)
C(11) 0.3466(7) 0.2935(11) 0.5138(6) 9.2(10)
C(12) 0.2952(6) 0.3374(12) 0.4742(5) 8.6(9)
C(13) 0.2840(5) 0.4747(10) 0.4638(4) 6.6(6)
C(14) 0.3250(4) 0.5774(9) 0.4934(3) 5.1(5)
C(15) 0.3038(4) 0.9404(8) 0.1948(4) 6.0(5)
C(16) 0.3603(4) 0.9751(10) 0.1883(4) 7.1(6)
C(17) 0.3855(5) 0.8641(10) 0.1652(5) 8.4(7)
C(18) 0.4401(6) 0.8988(12) 0.1582(6) 10.6(9)
C(19) 0.1747(4) 1.1118(8) 0.1964(3) 5.6(5)
C(20) 0.1461(5) 1.1222(13) 0.1378(4) 8.8(7)
C(21) 0.0793(5) 1.1353(16) 0.1141(5) 11.1(9)
C(22) 0.0528(6) 1.164(3) 0.0609(6) 20.9(19)
C(23) 0.3295(4) 1.1771(9) 0.3039(3) 5.7(5)
C(24) 0.3730(5) 1.0764(12) 0.3420(4) 8.3(6)
C(25) 0.4144(7) 1.1475(18) 0.3938(7) 15.3(11)
C(26) 0.4443(12) 1.068(3) 0.4347(8) 26.3(26)
CC(1) 0.5101(10) 0.2817(22) 0.2278(8) 8.5(5)
CC(2) 0.5132(10) 0.5240(23) 0.2308(9) 8.8(6)
CC(3) 0.5426(10) 0.4006(25) 0.2301(9) 8.9(6)

N. K. GOHETAL.

2 e.s.Ds referto the lastdigit printed.

b Beq is the meanof the principal axesof the thermalellipsoid for atomsrefinedanisotropically.
ForCC(1),CC(2)andCC(3),Beq= Biso- Notealsothatthesethreeatomshaveoccupanciesf 0.5.

ninate (2) (1.0 g) was recrystallizedfrom cyclo-
hexane (50ml) at room temperatureto yield
crystals (0.7 g), m.p. 72—74°C, from which one
with dimension®.3mm x 0.3mm x 0.25mmwas
selectedor X-ray analysis.

X-ray crystallography of 1 and 2

The crystallographicdata and refinementdetails
from both crystal structure determinationsare
summarizedn Table 1. For both determinations,
scatteringfactorswere takenfrom the literature®
All  computation was performed using the
NRCVAX sgstem of crystal structure solving
programmes?

© 1998JohnWiley & Sons,Ltd.

Compound 1

The intensity data were collected at 295K on a
Nonius diffractometer run by the NRCCAD
diffractometer control program? using the 6/260
scanmode and profile analysist® Cuy, radiation
(A=1.54056A) was used.No absorptioncorrec-
tions were made since the maximum/minimum
transmissionratio was found to be 1.046:1.The
structurewas solvedby direct methods Hydrogen
atomswerecalculatedThefinal least-squaresycle
wascalculatedwith 66 atoms,256 parametersnd
1448 out of 2059 reflections. Weights basedon
countingstatisticavereused FigurelisanORTEP
plot illustrating the coordination around the tin
atom. The final fractional coordinatesof non-
hydrogenatomswith equivalentisotropic thermal
parametersare listed in Table 2 while the bond

Appl. OrganometalChem.12, 457-466(1998)
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Table 6 Bond Iengths(,&) for compound2?

Sn-0(1) 2.383(5) C(9)-C(10)  1.437(15)
Sn-0(2)a  2.221(5) C(9)-C(14)  1.440(14)
Sn-C(15)  2.129(8)  C(10)-C(11)  1.398(21)
Sn-C(19)  2.139(8)  C(11)-C(12)  1.368(21)
Sn-C(23)  2.145(8)  C(12)-C(13)  1.372(15)
O(1)-C(1)  1.239(9)  C(13)-C(14)  1.424(13)
O(2-Snb  2.221(5)  C(15)-C(16)  1.508(13)
0(2-C(1)  1.273(9)  C(16)-C(17)  1.509(13)
O(3)-C(6)  1.288(12) C(17)-C(18)  1.468(16)
N-C(3) 1.446(13) C(19)-C(20)  1.488(13)
N-C(4) 1.291(11) C(20)-C(21)  1.513(15)
C(1)-C(2)  1.510(11) C(21)-C(22)  1.377(19)
C(2)-C(3)  1.525(12) C(23)-C(24)  1.520(14)
C(4)-C(5)  1.443(13) C(24)-C(25)  1.550(20)
C(5)-C(6)  1.428(13) C(25)-C(26)  1.33(3)

C(5)-C(14) 1.451(12) C(1c)-C(lc)c 1.50(4)

C(6)-C(7) 1.407(18) C(1c)-C(3c)  1.39(3)

C(7)-C(8)  1.336(19) C(2c)-C(2c)c  1.44(4)

C(8)-C(9)  1.449(17) C(2c)-C(3c)  1.41(3)

@ Atoms flagged‘a’, ‘b’ or ‘c’ are symmetryequivalents(see
Table7).

lengths and bond anglesfor the complex are in

Tables 3 and 4 respectively. Calculated and
observedstructure factors, calculated hydrogen-
atom parametersand anisotropic thermal par-
ametershave beendepositedas Tables S-1, S-2

Table 7 Bondangles(deg)for compound2?

andS-3,respectivelyTheatom-numberingcheme
anda stereopair showingthe packingarrangement
in the unit cell havebeendepositedasFigs S-1and
S-2.

Compound 2

The intensity data were collected at 295K on a
Rigaku model AFC6S diffractometerrun by the
TEXRAY (MolecularStructureCorp.,Woodlands,
Tx, USA) diffractometercontrolprogram usingthe
w-scanmodeand Moy, radiation(/ =0.70930A).
Absorption correctionswere made from four -
scan curves'® The minimum and maximum
transmissiorfactorsare0.787and0.821.The final
least-squaresycle was calculatedwith 78 atoms,
292 parametersand 3822 out of 6962 reflections.
Weightsbasedn countingstatisticsvereused.The
structure was solved from a Pattersonsynthesis
which gavethe positionof thetin atom.Othernon-
hydrogenatomswere locatedin differencemaps.
All hydrogensveregiven calculatedpositions.All
other atoms, except the solvent carbons, were
refined anisotropically. The crystal structure in-
cludesasolventcyclohexanenolecule modelledat
50% occupancywhich is centredat the twofold

0(1)-Sn-0(2)a 176.07(17)
O(1)-Sn—C(15) 85.4(3)
0(1)-Sn—C(19) 85.5(3)
0(1)-Sn—-C(23) 89.9(3)
0(2)a—Sn—-C(15) 90.8(3)
0(2)a—Sn—C(19) 95.4(3)
0(2)a—Sn-C(23) 92.6(3)
C(15)-Sn—C(19) 115.2(3)
C(15)-Sn—C(23) 116.9(4)
C(19)-Sn—C(23) 127.1(3)
Sn-0(1)-C(1) 139.6(5)
Snb-0(2)-C(1) 116.5(4)
C(3)-N-C(4) 119.8(8)
0(1)-C(1)-0(2) 121.9(7)
0(1)-C(1)-C(2) 119.8(7)
0(2)-C(1)-C(2) 118.2(7)
C(1)-C(2)-C(3) 115.0(6)
N-C(3)-C(2) 112.3(7)
N-C(4)-C(5) 121.1(8)
C(4)~C(5)-C(6) 118.3(8)
C(4)-C(5)-C(14) 120.9(8)
C(6)-C(5)-C(14) 120.8(9)
0(3)-C(6)-C(5) 121.8(10)
0(3)-C(6)-C(7) 120.6(9)
C(5)-C(6)-C(7) 117.6(9)

C(6)-C(7)-C(8) 123.8(10)
C(7)-C(8)-C(9) 121.0(10)
C(8)-C(9)-C(10) 123.5(11)
C(8)-C(9)-C(14) 118.3(9)
C(10)-C(9)-C(14) 118.1(10)
C(9)-C(10)-C(11) 120.6(11)
C(10)-C(11)-C(12) 120.5(10)
C(11)-C(12)-C(13) 121.1(11)
C(12)-C(13)-C(14) 121.8(10)
C(5)-C(14)-C(9) 118.4(8)
C(5)-C(14)-C(13) 123.6(8)
C(9)-C(14)-C(13) 118.0(8)
Sn—C(15)-C(16) 117.6(6)
C(15)-C(16)-C(17) 116.3(8)
C(16)-C(17)-C(18) 116.3(9)
Sn—C(19)-C(20) 116.6(6)
C(19)-C(20)-C(21) 115.9(8)
C(20)-C(21)-C(22) 116.8(10)
Sn—C(23)-C(24) 115.4(6)
C(23)-C(24)-C(25) 111.9(10)
C(24)-C(25)-C(26) 117.6(16)
C(1c)c—C(1c)-C(3c) 109.5(18)
C(2c)c—C(2c)-C(3c) 113.2(19)
C(1c)-C(3c)-C(2c) 114.9(20)

2 Atomsflagged'a’, ‘b’ or ‘c’ aresymmetryequivalents:
0(2)a0.286221.255640.183361/2— x 1/12+y 1/2—z
Snb0.230970.590280.269091/2 — x —1/2+y 1/2—z
C(1c)c0.489910.281690.272221 — xy 1/12—z
C(2¢)c0.486850.524040.269171 — x y 1/2—z
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Table 8 Analytical datafor ArCH=N(CH,),COOSnBy

Compound

Elementalanalysis:Found(Calcd) (%)

Yield M.p.
Ar n (%) (°C) C H N Sn
2-OHC,Hs 1 55 117-118 57.75(57.93) 7.25(7.21) 2.62(2.70) 22.75(22.90)
2-OHCHs 2 66 76-78 58.79(58.66) 7.41(7.40) 2.34(2.63) 23.00(22.39)
2-OHC,Hs 3 82 80-81 58.90(59.36) 7.45(7.56) 2.44(2.56) 22.00(21.73)
2-OHGH, 2 65  82-84 55.05(54.78) 7.89(7.75) 2.61(2.90) 24.16(24.61)
2-OHGH, 3 79 48-50 55.37(55.66) 7.84(7.94) 2.92(2.82) 24.00(24.12)

axis at 1/2, y, 1/4). Figure 2 is an ORTEP plot
illustrating the coordinationaroundthe tin atom.
The final fractional coordinatesof non-hydrogen
atomswith equivalentisotropicthermalparameters
are listed in Table 5 while the bond lengthsand
bondanglesfor the complexarein Tables6 and7
respectively. Calculated and observed structure
factors, calculatedhydrogen-atonparametersand
anisotropidhermalparameterbavebeendeposited
asTablesS-4,S-5andS-6,respectivelyTheatom-
numberingschemeand a stereopair showingthe
packing arrangementn the unit cell have been
depositedasFiguresS-3andS-4.

Tests for fungicidal activity

The preparation and usage protocols of the
organotin carboxylate stock solutions for the
fungicidal act|V|ty studies have been described
previously™® A stocksuspensiofil.0ml) of cellsof
Ceratocystisulmi (concentration10® cellsml™2),
strain 32437, obtainedfrom the American Type
Culture Collection, Rockville, MD20852, USA,
was addedto amendedpotato dextrosebroth and
theresultingsuspensiomnvasshakerfor sevendays
in anincubatorshaker(22 °C). The contentsof the
flask were then filtered and rinsed with distilled
water. The fungal growth was dried and weighed
until a constant weight was obtained. Three
replicateswere usedfor eachconcentratioriested.

The inhibitory concentrationwas obtained by
plotting the percentaggrowthof the fungusversus
the concentratiorof organotincompoundpartsper
million) added.The concentratiorat which 50% of
the fungusis inhibited is taken as the inhibitory
concentratiorvalue.

RESULTS AND DISCUSSION

The tributyltin carboxylates, 2-OHC,gHgCH =
N(CH,),CO0SnBy and2-OHGH,CH = N(CH,),

© 1998JohnWiley & Sons,Ltd.

COOSNnBy (n=1,2,3)canbepreparedy refluxing
amixture of bis(tributyltin) oxide,anw-aminoacid
andthe approprlateo-hydoxyaroman aldehydein
absoluteethanol® Themeltingpointsandanalytical
datafor the rangeof carboxylatesynthesizedare
shown in Table 8. Correspondingdata for the
trlphenyltln complexeshave been reported pre-
viously 2 All thecarboxylatedistedin Table8 were
isolated as yellow solids that were stablein air.
Tributyltin N-salicylideneglycinte wasisolatedas
a liquid which decomposedn distillation under
reducedpressurg188—240°C/0.06mm Hg) andis
not includedin thetable.

The NMR signalfrom the azomethineprotonin
eachof thefreeligandsé = 8.40-8.8Qpm) did not
shift significantly on complexformation: For all
the complexesa broadsignal observedat 6 = 11—
14ppmwas assignedo the phenolicproton. This
assignmenwvassubstantiatethy the broadlnfrared
absorptionsin the region 2600-340@&m™* which
arereportedto be dueto intramolecularhydrogen
bonding between the phenolic proton and the
azomethinenitrogen?®

The quadrupole splitting (g.s.), isomer shift
(c.s.)) and the p (= q.s/c.s) values from the
Mdossbauespectraof BusSNOCO(CH),N = CHAr
andPhSnOCO(CH),N = CHAr arelistedin Table
9. For all examplesof both triphenyltin and
tributyltin carboxylatestherecordedp ratio values
(rangingfrom 2.21to 2.53)in Table 9 aregreater
than2.1,indicatingthatthe coordlnatlonof thetin
atom is greater than four*”*® This is further
substantiatedoy the X-ray structural determina-
tions, wherea trans-RsSn0O, moiety with phenolic
bridging was found for PhkSNOCO(CH),,NCH =
CHAr, n=52 TheobservedMéssbaueguadrupole
splitting values(3.49-3.6Imm s 1) andthe p ratio
values(2.41-2.53)for tributyltin carboxylatesare
in the range commonly found for trans trlgonal
bipyramidal triorganotin compounds.’™*° Thus a
transRsSnQO, structure would infer a bridging
participation from either the phenolic or the
carboxylatecarbonyloxygenpresentn theligand,
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Table 9 Mossbauedata,carboxylatelR frequenciesandthe inhibitory concentrationglCsq values)againstCeratocystisulmi for

ArCH = N(CH,),COOSnBy and ArCH = N(CH,),COOSnPh

Compound Mossbauefmm s~%)? Carboxylatefrequenciefcm™ )

Ar n g.s. C.s. Vasyr{OCO)  veyn{OCO)  Av ICs0 (Mg 17Y)

Tributyltin carboxylates
2-OHC,gHg 1 3.494+0.02 1.40+0.01 2.49 1655 1305 305 0.5
2-OHC,Hg 2 3.61+ 0.02 1.43+0.01 2.52 1575 1405 170 0.5
2-OHC,gHg 3 3.594+0.02 1.444+0.01 2.49 1550 1400 150 1.0
2-OHGH,4 2 3.52+0.02 1.46+0.01 2.41 1595 1405 190 0.8
2-OHGH,4 3 3.574+0.02 1.414+0.01 2.53 1590 1395 195 1.0

Triphenyltincarboxylate8
2-OHC,gHg 1 2.72+0.04 1.18+0.01 2.31 1640 1355 285 0.6
2-OHC,Hg 2 2.154+0.09 0.934+0.02 2.31 1645 1295 350 0.4
2-OHC,gHg 3 2.644+0.04 1.194+0.01 2.22 1635 1405 230 0.4
2-OHGsH, 1 2.74+ 0.05 1.204+0.01 2.28 1640 1325 315 0.4
2-OHGH,4 2 2.6940.02 1.184+0.01 2.28 1640 1350 290 1.8
2-OHGH,4 3 2.414+0.04 1.09+0.01 2.21 1630 1370 260 0.7

2 g.s.,Quadrupolesplitting; c.s.,isomershift; p = q.s./c.s.
b |R datafrom Ref. 8.

resultingin the formation of a five-coordinatetin
geometry.

Theobservednfraredabsorptiorfrequenciegor
the carboxylate antisymmetric, v45,,{OCO), and
symmetric, vs,{OCO), stretching vibrations for
BusSNOCO(CH),NCH = CHAr are shownin Ta-
ble 9. The assignmenbf the v,5,,{OCO) bandis
complicated by the presenceof the v(C=N)
stretching vibration which is observedin the
1615-162%m ! region. Neverthelessthe magni-
tude of the Va5 {OCO)=5,(OCO) (i.e. Av)
separationis of interest. With the exception of
compoundl, for which Av=305cm %, the ob-
servedvaluesof Av, which arein the range150—
195cm™?, indicatea bridging or chelatingcarbox-
ylate moiety?° This is widely observedin the
infrared spectraof triorganotincarboxylates* For
a unidentatebonding mode for the carboxylate
groupAv would be expectedo be >200cm *[22]
as observedfor PhhSNOCO(CH),NCH = CHAr,
n =58 Thusthe infrared spectroscopidata,when
consideredogethemwith the Méssbauedatawhich
suggesta transR3;SnQ, moiety for all the com-
plexesin Table9, would indicatethatthe structure
for the tributyltin carboxylateslisted in Table 9
would be carboxylate-bridgedxceptfor 1, which
may involve bridging by phenolic oxygen. This
conclusionwas confirmedby the resultsof the X-
ray structuralanalysedor compoundsl and2.

Screening

The toxicity results for the tributyltin and tri-
phenyltin carboxylatesagainst Ceratocystisulmi,

© 1998JohnWiley & Sons,Ltd.

the causativeagentof DutchElm diseasearelisted
in Table9. As is evidentfrom the data,both series
of carboxylatesare effective inhibitors of the
fungus since the observedresultsare lower than
for commerciallyknowntributyltin andtriphenyltin
fungicides® This is consistentwith the fact that
organotin carboxylates are known to possess
biocidal properties:™ Furthermore,a comparison
of the activity of 1, which hasa phenolicoxygen
bridged structure, against the rest of the com-
pounds, with the carboxylate bridged structure
foundin both seriesof carboxylatesindicatesthat
there is no significant difference in the toxicity
results. While tributyltins are known to induce
phytotoxic effectson plantswhen usedat concen-
trations where they are effective?® this particular
seriesof tributyltin carboxylatediasbeenshownto
be different. Previousphytotoxic studieson elm
seedlingsusing four out of the five tributyltin
carboxylatesindicated that no phytotoxic effects
were observed,evenat a concentrationof 20mg
|-, whichis far abovetheinhibitory concentration
for thesecompoundsThis suggestshat this series
of compoundsaswell asthe triphenyltin carboxy-
lates, can be consideredas candidatesfor the
control of Dutch EIm disease.
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