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INTRODUCTION

Many di- and tri-organotin carboxylates, some of

which are derived from natural bio-organic deriva-
tives, exhibit interesting antitumour propertigs
vitro.*™** In the same line of investigation, the

RESULTS AND DISCUSSION

Di-n-butyltin digibberellate 1, Fig. 1) was synthe-
sized by condensidd*° di-n-butyltin oxide with
gibberellic acid in a molar ratio of 1:2. Attempts to
obtain the corresponding dimeric distannoxane
from a molar ratio of 1:1 invariably resulted in
the generation of the same compound

The Mssbauer parameters bfare I.S. (relative
to CaSnQ)=1.42; Q.S.=3.34'1=0.94; T',=
0.96 mm s*. The quadrupole splitting observed is
characteristic for a six-coordinate distorted trape-
zoidal-bipyramidal geomet™y2 with two long
=0- Sn coordination bonds and two shorter -O-Sn
ones!?%°

The tri-n-butyl- and triphenyl-tin analogues
and3 (Fig. 2) were synthesized similarly from tri-n-
butyltin acetat&"?2or triphenyltin hydroxide>2*

The Messbauer parameters & (1.S.=1.29;
Q.S8.=2771',=1.27,T',=1.02mm §") are char-
acteristic of a monomeric structure with or without
a C=0- Sn coordination bond whereas those3of
(.S.=143; Q.S.=3.60; I'1=0.94, T,=

] ) .
present paper reports the synthesis and charactef-/9 mm s°) are typical for a polymeric structure

ization of three organotin gibberellates prepared fo
the same purpose from gibberellic a&%and the
results of their antitumour screeniimgvitro against

a panel of tumour cell lines of human origin.

with

intermolecular G0O-Sn coordination
bonds®2025

The three compounds were characterized in
CDCl; solution by 1D*H, **C and *’sn NMR
spectroscopy, and heteronucle®d—°C HMQC

(heteronuclear multiple-quantum correlation) and
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spectroscopy.

k The IH NMR data of1, 2and3 are described in

Table 1. The proton NMR spectrum tifhas been
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resonances and from the two-dimensional HMQC
and HMBCH-'3C correlations. The resonances of
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complex patterns in the one-dimensional spectrum;
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CaHg
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Figure 1 Di-n-butyltin digibberellate(1).

asingletripletis observedor theterminalo-methyl
group of 1, in agreementwith a monomericsix-

coordinatedistorted trapezoidal-bipyramidafjeo-
metry proposedor analogouglerivative$®>°and
evidencedn the solid stateby Méssbauespectro-
scopy. The Hg, Hy4 and Hys resonanceof 1-3,

appearingas complex overlappingpatternsin the
one-dimensionaNMR spectrum,are assiclJnecby
the chemical shift of the middle of the TH-**C

HMQC cross-peakslhesameholdsfor H, of 1 and
Hg of 1 and3.

The *C NMR dataof 1, 2 and 3 are given in
Table2.

The 1J(**®11%n23C) coupling constants
(CDCls) of 1 confirm the distorted trapezoidal-
bipyramidal structure proposedabove, which is
characteristic for  diorganotin  dicarboxy-
lates?” 262930 Estimation of the C-Sn-C bond
anglesfrom the *C NMR parametersf n-butyltin
compounds, using the empirical relationship

R

@ n,

HO “OH
CH3
o o CHa
SnR's
2 R'=CgHs
3 R= n-C4Hg

Figure 2 Tri-n-butyltin gibberellate (2) and triphenyltin
gibberellate(3).

© 1998JohnWiley & Sons,Ltd.

Table1 *H datd for 1

1 2 3

Hi d: 6.29[9] d: 6.24[9] d: 6.28[9]
H, dd: 5.87[9,4] dd: 5.83[9,4] dd: 5.86[9,4]
Ha d: 4.12[4] ud: 4.05 ud: 4.10
Hs d: 3.14[11] d: 3.13[11] d: 3.11[11]
He d: 2.82[11] d: 2.85[11] d: 2.76[11]
Hg 1.90 1.92 1.90
Hiq s:1.25 s:1.07 s:1.25
His d: 1.79[1] d: 1.75[1] d: 1.75[1]

d: 1.99[1] d: 2.02[1] d: 2.01[1]
Hig 1.78,2.02 1.68,2.02 1.78,2.02
His 1.65,1.90 1.60,1.90 1.65,1.90
Hie d: 2.36[2] d: 2.34[2] d: 2.32[2]

d: 2.20[2] d: 2.21[2] d: 2.16[2]
Hig s:5.26 s:5.13 s:5.24

s:4.94 s:4.67 s:4.91

H, 1.62 t: 1.24[7]
Hg 1.63[7, 7] 1.63[7, 7]
H, tq: 1.33[7, 7] tq: 1.34[7, 7]
Hs t: 0.88[7] t: 0.90[7]
Ho m: 7.68—7.71{ 58}
Hmip m: 7.42-7.47

@ Chemical shifts in ppm, "J*H-'H) coupling constants
betweenbracketsand "J(*H, 11°n)in bold, in Hz. Abbrevia-
tions: d, doublet;s, singlet;t, triplet; g, quartet;u, unresolved.

113(9sn23C)| =9.9960 — 7463 yields a value of
132 for 1, in the standardvalue rangefound for
such distorted bipyramidal-trapezdal struc-
tures32:33

The *C resonancesof the BusSn and
Ph§Sn moieties have been assignedfrom the
N8N 13C) (n < 3) couplingconstants.

The **’SnNMR chemicalshifts 5(**’Sn) of 1, 2
and 3 are respectively —132.8, —103.1 and
119.4ppm. For compoundsl and 2 they are as
expectedfor the structuresproposedfrom Moss-
bauerdata.By contrast3 hasa*’Snchemicalshift
characteristicfor tetrahedralfour coordinationin
solution as opposedto the five coordination
suggestedby the Méssbauedatadifferent coordi-
nations in solution and the solid state are not
uncommorf:®

The compoundswere screenedagainst seven
human cancercell lines, two mammarycancers,
(MCF-7, EVSA-T), a colon carcinoma(WiDr), an
ovariancancefIGROV),amelanomgM19 MEL),
a renal cancer(A 498) and a non-small-celllung
cancer(H226). The IDsg valuesobservedaregiven
in Table 3 and comparedwith those of some
reference compoundsused clinically**32 doxo-
rubicin (DOX), cisplatin (CPT), 5-fluorouracil
(5-FU), methotrexatdMTX) andetoposiddETO).

Surprisingly,exceptfor H226 (againstwhich it
wastotally inactive), 2 exhibiteda much stronger

Appl. OrganometalChem.12, 855-859(1998)
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Table 2 *3C datd for 1,2 and3

Compound 1 2 3
C: 132.7 132.7 132.9
C, 132.6 132.7 132.6
Cs 69.8 69.9 70.0
Cs 53.6 53.6 53.6
Cs 534 53.5 534
Cs 50.6 51.0 51.1
C; 50.5 50.5 50.1
Cs 50.9 51.2 51.6
Co 90.7 90.5 90.5
Cio 178.7 178.8 178.8
Cu1 14.7 14.3 14.5
Ciz 45.0 45.0 45.0
Cis 78.1 78.2 78.2
Cia 385 38.3 38.5
Cis 17.1 17.1 17.1
Cis 43.1 43.0 43.1
Ci7 156.7 157.2 157.6
Cig 107.5 107.0 107.0
Cio 181.4 178.3 177.0
C,/GilC, 25.8 137.8 16.7
[576/557]  [648/620]  [355/338]
CylCo/Cy 26.8[31] 136.8[48] 27.8[21]
C,/Cy/C, 26.6[103]  129.0[63] 27.0[64]
C,IC/Cs 13.5 130.4 13.6

2 (Chemicalshiftsin ppm,"3(*3C, 1***1%5n) couplingconstants
betweenrbracketsin bold, in Hz.

activity thanthe othertwo compoundsgspecially
againstthe two mammarytumour and the colon
carcinomacell lines. Its activity was comparable
with thatof methotrexatendwasevenbetterthan
that of doxorubicin, two very active drugs in
clinical use.

EXPERIMENTAL

Syntheses

Di-n-butyltin gibberellate (1)
Di-n-butyltin oxide (0.36g, 1.45mmol) and an
excesg4.0ml) of propanoererefluxedin 200mi

of dry benzenefor 3h. The ternary azeotrope
benzene—water—propanalas removed using a

Dean-Starkapparatus.The reaction mixture was
cooledto room temperaturea solution of gibber-
ellic acid (1.00g, 2.90mmol) in 15ml of chloro-

form was added dropwise and the mixture was
stirred for one night at room temperature.The

solventwasremovedunderreducedpressureThe

solid residue obtained was recrystallized from

acetone—hexangyield 82%; m.p. 145-147C).

Triphenyltin and tributlytin gibberellates(2 and
3)

Reactionof stoichiometricamountsof gibberellic
acid (1.00g, 2.9mmol) andtriphenyltin hydroxide
(1.06g, 2.9mmol) or tributyltin acetate(1.01g,
2.9mmol) was effected as above. Compounds2
and 3 were recrystallizedfrom dichloromethane—
hexang2: m.p.109-111°C, yield 85%;3: m.p.65—
66°C; yield 78%).

NMR measurements

All two-dimensionaNMR spectraandsomeof the
one-dimensionapectravererecordednaBruker
AMX500 spectrometerinterfaced with an X32
computer and operating at 500.13, 125.77, and
186.50MHz for the 'H, °C, and **%Sn nuclei,
respectively. Other spectrawere acquired on a
Bruker AC250instrumentequippedwith a Quattro
E)robetuned to 250.13,62.93 and 89.15MHz for
H, °C and**’Snnuclei, respectively*H and**C
chemical shifts were referencedto the standard
Me,Si (TMS) scale from the residual *H— and
13C—H solventresonancesf chloroform (CHCly
7.23 and CDCl; 77.0ppm for 'H and **C nuclei,
respectively). The * %n and ''’Sn reference
frequencieswere calculated from the absolute
references E(*'°Sn)=37.290665MHz  and
=2(**"Sn)=35.632295MHz.%%%" 13C and '%n
BB proton-decoupledone-dimensional spectra,
13C DEPT spectra,as well asthe proton-detected

Table 3 Inhibition dosesiDs, in vitro (ngml~1) of compoundsl, 2 and3 andfive drugsusedclinically asreferences

MCF-7 EVSA-T WiDr IGROV M19 MEL A 498 H 226
1 262 244 401 245 247 327 306
2 <3 <3 <3 7 5 20 >60000
3 102 53 74 116 111 170 146
DOX 10 8 11 60 16 90 199
CPT 699 422 967 169 558 2253 3269
5-FU 750 475 225 297 442 143 340
MTX 18 5 <3 7 23 37 2287
ETO 2594 317 150 580 505 1314 3934

© 1998JohnWiley & Sons,Ltd.
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one- and two-dimensional*H-3C HMQC®® and
HMBC3°° correlation spectra, were acquired
using the pulse sequence®f the Bruker program
library, the latter beingadaptedo includegradient
pulses*~**asdescribedecently?®

Mossbauer spectroscopy

The Mossbauespectravererecordedasdescribed
previously*®

Antitumour screening

The protocol followed for the antitumourscreen-
ings hasbeenreportedpreviously>*3°
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