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mass spectrometry. The derivative substituted
in the meta position by a methyl group has been
further characterized by X-ray crystallogra-
phy. This compound exhibits a distorted trigonal
bipyramidal geometry at tin. The NMR data in
solution, as well as other spectroscopic results in
the solid state, confirm this structure for all the
compounds. Evidence is provided to show that
the compounds are more highly associated in
concentrated solution than in the solid state.
Their in vitro antitumour activity is reported.
Copyright © 2001 John Wiley & Sons, Ltd.
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1. INTRODUCTION

Many org

anotin(IV) compounds exhibit antitumour
activity.'

However, diorganotin(IV) derivatives
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Ib: R'=H R= CHQ(CHQ)GCH3
Ie: R'=H  R=CH,CgHs
1d: R'=CH; R=CH;
le: R'= CH3 R= CHzCH3
If: R'= CH3 R= CHz(CHz)QCHj,
Ig: R'=CH; R=C(CH3);
Ih: R'= CH3 R= CHz(CH2)6CH3
li R'=CH; R=CH,CONH,
lj R'=CH; R=CH,CH,OH

Scheme 1

of bis(carboxymethyl)amines and some N-substi-
tuted analogues have been investigated only to a
limited extent.®” This is probably due to the fact
that only some ligands are commercially available
and methods for their preparation are not numer-
ous.® ' Several papers deal with complexes of
various metals containing the carboxylates of
iminodiacetic acid, N-methyliminodiacetic acid
and some other N-substituted iminodiacetic acids
as main 1igands.7’”’19

Among the compounds of Scheme 1,%”-'° Ia and
Ib did not exhibit any activity in vivo against P388
leukaemia.® Compounds Ia, If, Th, Ii and Ij have
been tested in vitro against two human cell lines,
MCF-7, a mammary tumour, and WiDr, a colon
carcinoma. Except for Ih, these compounds display
a high antitumour activity since they have sig-
nificantly lower inhibition doses IDsq than cis-
platin against both cell lines.”*°

We are interested in the chemistry and antitumour
activity of tin complexes derived from ligands of this
type. In this paper, we report the synthesis, structure
and properties of a novel di-n-butyltin(IV) deriva-
tive of bis(carboxymethyl)benzylamine and its three
analogues substituted by a methyl group on the
phenyl moiety, compounds 1-4 (Scheme 2).%!

The X-ray crystal structure of 3 has been
determined. The solution- and solid-state structures
of these compounds have been further addressed by

Copyright © 2001 John Wiley & Sons, Ltd.

CH;
I: X =H;2: X=0-CHj3; 3: X=m-CHj; 4: X = p-CHj

Scheme 2

'H, 13C and "'7Sn NMR spectroscopy, as well as by
119mgy  Mossbauer, IR spectroscopy and mass
spectrometry. Their in vitro antitumour activity is
reported.

2. RESULTS AND DISCUSSION

2.1 Synthesis

Compounds 1-4 were synthesized from the corre-
sponding dicarboxylic acid and di-n-butyltin oxide
with elimination of water. Crystals of 3 suitable for
X-ray diffraction analysis were obtained by slow
evaporation of a methylene chloride/heptane solu-
tion.

2.2 NMR data and structure

The "H NMR spectra of compounds 1-4 exhibit the
expected resonances (Table 1), with an anisochrony
for the diastereotopic CH,H,COO protons. This
finding shows that the tin atom is involved in a rigid
and non-planar bicyclic framework (Scheme 2)
due to the transannular nitrogen to tin coordination
bond, with the tin atom adopting a distorted tri-
glcz)r/lfall7 bipyramidal geometry. In all cases, “J('H—

Sn) coupling satellites are observed for the
H8a but not for the H8b protons. No *J('H-
19711791y coupling satellites were observed for the
H7 ?roton in the standard "H NMR spectrum, but
"H-"""Sn correlation peaks were observed in the
"H-'""Sn HMQC (Heteronuclear Multiple Quan-
tum Coherence) spectrum for the H7 proton and

Appl. Organometal. Chem. 2001; 15: 593-603
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Table 1 'H NMR data of compounds 1-4 in CDCls

1 2 3 4
7.19 (d, 6): 7.16-7.43 (m): 7.02 (*): H2, H6 7.17 (d, 6): H2, H6
H2, H6 H3, H4, H5, H6 7.25 (d, 7): H4 7.06 (d, 6): H3, HS
7.32-7.44 (m): 7.31 (dd, 7, 7): H5
H3, H4, HS
H7 4.03 (s) 4.13 (s) 3.99 (s) 3.98 (s)
HSa 3.94 (d, 16) 3.94 (d, 16) 3.97 (d, 16) 3.93 (d, 16)
[58/55] [58] [59/57] [59]
HSb 2.98 (d, 16) 2.99 (d, 16) 2.98 (d, 16) 2.96 (d, 16)
CH; - 2.40 (s) 2.40 (s) 2.39 (s)
Ho, HB 1.53-1.77 (m) 1.54-1.78 (m) 1.52-1.75 (m) 1.55-1.75 (m)
1.80-1.95 (m) 1.83-1.92 (m) 1.82-1.91 (m) 1.81-1.90 (m)
Hy 1.33-1.55 (m) 1.32-1.54 (m) 1.33-1.55 (m) 1.32-1.50 (m)
Ho 0.94 (t, 7) 0.94 (t, 7) 0.94 (t, 7) 0.94 (t, 7)
0.98 (t, 7) 0.98 (t, 7) 0.98 (t, 7) 0.98 (t, 7)

Data obtained at 250.13 MHz. Chemical shifts in ppm with respect to TMS; coupling constants in hertz, "J('H-"H) in parentheses;

“J("H="""""7Sn) coupling constants between square brackets.

Abbreviations: s = singlet; d = doublet; t = triplet; m = complex pattern. (*): expected doublet (H6) hidden by overlapping with a
broad singlet (H2). Compound 1 (500.13 MHz): n-butyl 1: Ho: 1.87; Hf: 1.87; Hy: 1.49; Ho: 0.98; n-butyl 2: Ho': 1.62; Hf': 1.68;
Hy": 1.38; Ho": 0.94 as obtained from 2D NOESY and TOCSY NMR spectra.

with much lower intensity for the H8b one. For
compound 1, the H8b and the H7 proton resonances
exhibit intense cross-peaks with o and f n-butyl
CH, resonances in the 2D NOESY (Nuclear
Overhauser Enhancement Spectroscopy) spectrum,
whereas those of the H8a protons do so with much
lower intensity. This assigns spatially the H8b
protons to a closer position with respect to the n-
butyl groups’ protons of the tin atom than the H8a
protons. The value of the dihedral angle between
the H8b and tin atoms obtained by molecular
mechanics and semi-empirical methods?* showed a
value between 80 and 90 °, which explains why the
coupling constant 3J(H8b-"""""178n) is negligibly
small. In addition, the 2D NOESY> and off-
resonance ROESY (Rotatin% Frame Overhauser
Enhancement Spectroscopy)2 spectra exhibit pair-
wise exchange cross-peaks between n-butyl proton
resonances, indicating chemical exchange of the n-
butyl groups. This observation is in agreement with
a mechanism in which the nitrogen—tin bond is
broken, the pyramidal nitrogen inverted, and the
nitrogen—tin bond regenerated,19 and which even-
tually results in the chemical environments of the n-
butyl groups being permutated. The assignment of
the aromatic and n-butyl proton resonances was
based on 'H-"C HMQC and HMBC (Hetero-

Copyright © 2001 John Wiley & Sons, Ltd.

nuclear Multiple Bond Correlation) experiments. In
standard "H spectra, the n-butyl protons exhibit a
complex pattern for the diastereotopic n-butyl
groups. Because of overlapping and broad lines
related to the exchange, no unambiguous spatial
assignment can be proposed for the protons of these
groups. However, for compound 1 the NOESY and
TOCSY (Total Correlation Spectroscopy) spectra
at 500 MHz enabled an n-butyl-specific assignment
of the protons (see Table 1). The latter should also
apply to compounds 2-4, given the high 'H
chemical shift similarity. The chemical shifts of
the aromatic protons of compound 1 are similar to
those of N-protonated benzylamines.25

The '>)C NMR data of compounds 1-4 are
reported in Table 2. For all compounds the
assignment of the n-butyl and aromatic moieties
are again based on the "H-'*C HMQC and 'H-"3C
HMBC experiments. The assignments were cross-
checked with aromatic '*C chemical shifts calcu-
lated using the increments deduced from the '*C
NMR data of 1 and toluene. The a-carbon atoms of
the two n-butyl groups as well as the y and ¢ carbon
atoms in 3 and 4 have pairwise different '*C
chemical shifts, confirming that they are diaster-
eotopic, in conformity with the structure proposed,
with the f '*C resonances being accidentally

Appl. Organometal. Chem. 2001; 15: 593-603
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Table 2 '*C NMR data in CDCly

1 2 3 4
Cl1 126.9 126.3 (b)(127.6) 126.8 (126.8) 123.9 (124.0)
2 133.3 139.7 (b)(142.6) 133.8 (134.0) 133.2 (133.2)
C3 130.0 130.7 (b)(130.7) 140.1 (139.3) 130.7 (130.7)
C4 130.9 132.4 (b)(130.8) 131.8 (131.6) 141.2 (140.3)
C5 130.0 127.2 (127.1) 129.9 (129.9) 130.7 (130.7)
C6 133.3 134.0 (133.1) 130.4 (130.4) 133.2 (133.2)
C7 57.8 56.4 57.8 57.5
C8 55.9 54.6 (b) 55.9 55.9
9 169.4 [18] 170.2 169.4 [18] 169.5 [18]
CH, - 20.2 21.9 21.8
Cu 22.8 [604/581] 23.1 (b) 22.8 [583/560] 22.7 [602/579)
Co! 22.4 [ca 540] 23.1 (b) 22.4 [539/517) 22.4 [557/532]
Cp, 27.4 [25] 27.5 [26] 27.4 [27] 27.4 [25]
cp
Cy 27.3 [96] 27.3 [98] 27.4 [102/96] 27.3 [99]
(&% 27.3 [95/91] 27.2 [90]
Co 14.0 14.0 14.0 14.0
Co’ 13.9 13.9

Chemical shifts in ppm with respect to TMS; "J('*C-'""""Sn) coupling constants between square brackets. Chemical shifts
calculated from aromatic chemical shift increments of compound 1 and toluene are given in parentheses; b = broad.

isochronous. The 'J('*C-"""''7Sn) coupling con-  conform to the structure proposed.”® The ''’Sn
stants, significantly different for the diastereotopic = NMR data reveal interesting structural features
n-butyl groups, have orders of magnitude that also (Table 3). The ''’Sn isotropic chemical shifts in the

Table 3 ''7Sn chemical shifts (CDCls)

Solution (303 K)

concentrated

Solid state diluted Solution (213 K)

1 —109 —118.3 —127.5 —115.0; —282.5
-322.9
—324.7
—330.2
—333.6
2 —108 —-117.9 —129.4 —110 (b); -321.3
—318.5
—321.3
—327.1
—329.8
3 —108 —117.5 —124.1 —115 (b); —281.4
—321.5
—323.0
—328.7
—332.0
4 —108 —118.0 —128.4 —117 (b); —283.4
—323.3
—325 (sh)
—330.0
—334.1

Diluted: 20 mg/O,S ml; concentrated: 100 mg/0.5 ml; b = broad; sh = overlapping shoulder; ''’Sn NMR chemical shifts in ppm with
respect to ='7Sn = 35.632295.

Copyright © 2001 John Wiley & Sons, Ltd. Appl. Organometal. Chem. 2001; 15: 593-603
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Table 4 ''"™Sn Mossbauer parameters of compounds
14

Compound IS (mm s™") QS (mm 571)

1 1.34 3.30

2 1.35 3.48

3 1.33 3.11

4 1.33 3.05

QS (quadrupole splitting), IS (isomer shift) relative to

Ca'! SnOg

solid state, around —108 ppm for all compounds,
are characteristic for five-coordination, as are the
"7Sn chemical shifts for the diluted solution at
hardly lower frequency. These data are in agree-
ment with the monomeric structure as shown in
Scheme 2 and exclude aggregation in the solid
state. This conclusion was confirmed subsequently
on the basis of a single-crystal X-ra ray diffraction
study presented below. The solution ''’Sn chemical
shifts move slightly to lower frequency upon
fivefold concentration increase, which indicates a
dynamic equilibrium, fast on the NMR time scale,
between the above monomeric form and some
aggregated species. 27 Lowering the temperature
from 303 to 213 K confirms this proposal, as the
single ''’Sn resonance decoalesces into several
signals. For all four compounds, the low-tempera-
ture spectrum, from either the diluted or the
concentrated solution, comprises: (i) a residual
signal (ca 15%) in the range —110 to —117 ppm,

characteristic for the five-coordinate species of
Scheme 2; (ii) a more intense signal (ca 35%)
around —282ppm (—321ppm for 2), which
indicates a coordination expansion through aggre-
gation to a structure with only one type of tin; th1s
suggests a dimer of the type previously described,?’
where the O—Sn oxygen coordinates a neighbour-
ing tin with generation of a four-membered Sn,0,
cyclic core; (iii) a set of four equally intense
resonances (ca 50% in total) in the range —320 to
—335 ppm, suggesting the existence of an addi-
tional species in more aggregated form, necessarily
at least a tetramer, with four diastereotopic tin
atoms, probably due to the low symmetry of the
monomeric unit. These temperature-dependent
changes observed in the spectra are fully reversible.
Note the shielding effect (40 ppm) of the ortho
methyl groups of 2 on the ''’Sn chemical shift of
the dimeric species.

2.3 Mossbauer data

The Mossbauer parameters of compounds 1-4 are
given in Table 4. Quadropole Splitting (QS) values
are in the range 2.1-24mm s~ for tetrahedral
diorganotin compounds, 3.0-4.1 mm s~ for trigo-
nal b1pyram1dal compounds 1.7-22mm s~ and
3.5-42mm s~ for cis and trans octahedral Six-
coordinate compounds respectively.”® A compar-

ison of these value ranges with the experimental
data (Table 4) leads to the conclusion that, in the
solid state, com7p0unds 1-4 are five-coordinate, in
line with the

Sn cross-polarization—-magic angle

Figure 1 Molecular structure of 3 showing the crystallographic numbering scheme employed.

Copyright © 2001 John Wiley & Sons, Ltd.
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Table 5 Selected interatomic parameters (10\, deg) for 3

Atoms Parameter Atoms Parameters
Sn—O(1) 2.144(3) Sn—O(3) 2.129(3)
Sn—N(1) 2.228(3) Sn—C(13) 2.114(5)
Sn—C(17) 2.129(5) C(1)—O(1) 1.288(5)
C(1)—0(?2) 1.217(5) C(4)—0(3) 1.301(5)
C(4)—04) 1.210(5) N(1)—C(2) 1.480(5)
N(1)—C(3) 1.490(5) N(1)—C(5) 1.525(5)
O(1)—Sn—0(3) 150.9(1) O(1)—Sn—N(1) 75.4(1)
O(1)—Sn—C(13) 93.9(2) O(1)—Sn—C(17) 95.8(2)
O(3)—Sn—N(1) 75.9(1) 0(3)—Sn—C(13) 96.5(1)
O3)—Sn—C(17) 97.0(2) N(1)—Sn—C(13) 119.7(2)
N(1)—Sn—C(17) 107.9(2) C(13)—Sn—C(17) 132.3(2)
Sn—O(1)—C(1) 117.6(3) Sn—O0O(3)—C4) 117.92)
Sn—N(1)—C(2) 104.7(2) Sn—N(1)—C(3) 106.4(2)
Sn—N(1)—C(5) 107.4(2)

spinning (CP- MAS) NMR spectra. The QS values
below 3.5 mm s~ ' and above 2.2 mm s~ exclude a
dimeric structure with trans or cis octahedral
geometry in the solid state, confirming that the
solid-state structures are similar to those at room
temperature in solution (Scheme 2) and in the
crystalline state. As pointed out in Table 4, a
monotonous decrease of the QS values is observed
when putting a methyl group in ortho, meta or para
position of the phenyl moiety. Two main reasons
may be invoked to account for this behaviour: a
modification of the electronic density imbalance
around the tin nucleus, due to the donor effect of the
methyl group, or a steric effect affecting the
geometry of the tin centre. The steric contribution
determining the C7—N—Sn angle distortion seems
larger than the electronic influence, because the
latter would lead to a sequence ortho, para, meta
rather than the observed ortho, meta, para one for
the QS values. The most remarkable structural
feature in compounds 1-4 is their tendency to
aggregate at high concentration in solution, whereas
the structure remains monomeric in the solid state.

2.4 X-ray crystallography

The molecular structure of 3 is shown in Fig. 1 and
selected interatomic parameters are collected in
Table 5. The structure determination confirms the
spectroscopic results showing a distorted trigonal
bipyramidal geometry about the tin atom. In this
description the axial positions are occupied by
oxygen atoms derived from two monodentate
carboxylate groups and the trigonal plane is defined
by the tertiary amine nitrogen and two carbon

Copyright © 2001 John Wiley & Sons, Ltd.

atoms. The tin atom lies 0.0293(3) A above the NG,
plane in the direction of the O(3) atom. The
distortion from the ideal axial angle for O—Sn—O
may be traced to a significant extent to the strain
induced by the formation of the bicyclic arrange-
ment introduced by the tridentate mode of co-
ordination adopted by the dianion. This effect is
manifested in the acute O—Sn—N angles (Table
5). There is no evidence for additional interactions,
either intra- or inter-molecular, to the tin atom. The
closest intermolecular interactions involving tin,
ie. Sn—O(2)' and Sn—O(4)“ interactions are
4, 297(4)A and 4433(4)A respectively, lie well
outside the sum of the van der Waals radii for these
atoms; symmetry operations (i) —x, —y, 1—z and
(i) —x, —y, —z2.

Within the lattice the closest intermolecular
interactions do indeed involve the non-coordinating
carbonyl oxygen atoms. Thus, each of O(2) and
O(4) exists in a pocket defined, in the first instance,
by three methylene-type hydrogen atoms. The
closest of these separations is found for the O(2)
atom such that O(2—H—C(3)" is 2.30 A and
O(2)—C(3)111 is 3.130(5) A; symmetry operation
(iii) x, 3 — y, 3 + z. For the O(4) carbonyl atom, the
closest interaction is 3.210(5) A for O(4)—C(2)1V
corresponding to a O(4)—H" contact of 2.4 A;
symmetry operation (iv) x, i—y, —1 + Z.

2.5 Mass spectrometric data

The 70eV electron impact (EI) mass spectra of
compounds 1-4 show a fragmentation pattern
involving loss of n-Bu, and subsequently of CO,,
C4Hg, R and H. The proposed fragmentation is

Appl. Organometal. Chem. 2001; 15: 593-603
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0]
/O B / O\
n-Bu - -CO
R—N-> in/ By, RN iﬁ—n—Bu - Sn—n-Bu
O\n-Bu
0] 0]
M (abs.)
m/z m/z m/z
1: 455 1: 398 (15%) 1: 354 (13%)
2-4: 469 2: 412 (10%) 2: 368 (9%)
3: 412 (15%) 3: 368 (12%)
4: 412 (10%) 4: 368 (10%)
o
0] 0 \
A\ RH AW
Sn - Sn—H
H” T R* R”
m/z = 206 m/z m/z
1: (9%) 1: 91 (100%) 1. 298 (23%)
2. (6%) 2: 105 (100%) 2: 312 (15%)
3. (%) 3: 105 (100%) 3: 312 (23%)
4 (7%) 4: 105 (100%) 4: 312 (14%)

Scheme 3

shown in Scheme 3 and is comparable to those
proposed for analogous compounds.®'?

2.6 Antitumour activity in vitro

The compounds 1-4 were screened in vitro against
seven human cancer cell lines of human origin,
MCF-7 and EVSA-T (mammary cancers), WiDr
(colon cancer), IGROV (ovarian cancer), M19
MEL (melanoma), A498 (renal cancer) and H226
(lung cancer),”*? as well as against six more cell
lines, two of astrocytic origin (U-87MG and U-

Copyright © 2001 John Wiley & Sons, Ltd.

373MG), two of colorectal origin (HCT-15 and
LoVo) and two of pulmonary origin (A549 and A-
427), according to a different protocol.31’32

The ICs( values of compounds 1-4 (Table 6) for
the seven first cell lines are provided together with
those of Some clinically used reference com-
pounds % doxorubicin (DOX), cisplatin (CPT),
5-fluorouracil (5-FU), methotrexate (MTX) and
etoposide (ETO), given for comparison. The
screening results of Table 6 indicate that the
compounds 1-4 are more active in vitro than
cisplatin, 5-fluorouracil and etoposide. They are
globally less active than doxorubicin except for

Appl. Organometal. Chem. 2001; 15: 593-603
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Table 6 In vitro inhibition concentrations ICsy (UM) of compounds 1-4 against seven tumour cell lines of human

origin

MCF-7 EVSA-T WIDR IGROV M19 MEL A 498 H226
1 0.12 0.10 0.45 0.15 0.18 0.15 0.16
2 0.11 0.10 0.64 0.13 0.18 0.13 0.18
3 0.12 0.10 0.59 0.16 0.17 0.15 0.16
4 0.11 0.10 0.38 0.13 0.12 0.10 0.13
DOX 0.02 0.01 0.02 0.10 0.03 0.16 0.35
CPT 2.3 1.4 32 0.6 1.9 7.5 10.9
5-FU 5.8 3.7 1.7 23 34 11 2.6
MTX 0.04 0.01 <0.005 0.02 0.05 0.08 5.0
ETO 4.2 0.52 0.24 0.96 0.83 22 6.5

MCF-7 (mammary cancer), EVSA-T (mammary cancer), WiDr (colon cancer), IGROV (ovarian cancer), M19 (melanoma), MEL
A498 (renal cancer) and H226 (lung cancer). Reference compounds: DOX (doxorubicin), CPT (cisplatin), 5-FU (5-fluorouracil),

MTX (methotrexate), ETO (etoposide).

IGROV, A498 and H226, for which they score
comparably or even slightly better. They are also
globally less active than methotrexate except for
H226, against which the latter reference compound
is, in comparison, strikingly less active. The
substitution pattern of the aromatic ring has
obviously no significant influence on the antitu-
mour activity against these cell lines.

Table 7 shows that compounds 1-4 also decrease
significantly to highly significantly the mean
cellular Proliferation of the six other cell lines
studied.*"*? They do not exhibit any cell specifi-
city, even if compound 4 appears to be somewhat
more active against A549, the other three com-
pounds being less active against A549 than against
the other five cell lines.

3. EXPERIMENTAL

3.1 Syntheses and
characterization

Reagents were purchased from Aldrich Co.

The procedure used for the synthesis of com-
pounds 1-4 consists of suspending bis(carboxy-
methyl)benzylamine (4.48 mmol) and di-n-butyltin
oxide (4.48 mmol) in 200 ml of a refluxing ethanol/
benzene 1/4 mixture for 6 h. The mixture becomes
finally completely dissolved. The solvent mixture
was evaporated under vacuum. The residue was
dissolved in chloroform and precipitated with
hexane to yield a white solid. Yields, m.p.: 98%,
169-171 °C (1); 85%, 176-178 °C (2); 93%, 167—
168 °C (3); 95%, 172-174 °C (4). The IR spectra
(KBr) show pairs of carbonyl stretching bands at
1638 and 1558 cm ™', 1638 and 1576 cm ™', 1640
and 1540 cmfl, and 1640 and 1538 cm™ ! for
compounds 1 to 4 respectively, in agreement with
literature data for similar compounds.'® Elemental
analysis data: Found (calc.) 1: C, 50.22 (50.24); H,
6.52 (6.44); N, 3.23 (3.08). 2: C, 50.83 (51.30); H,
6.87 (6.68); N, 3.14 (2.99). 3: C, 51.04 (51.30); H,
6.62 (6.68); N, 3.11 (2.99). 4: C, 49.84 (49.41); H,
6.74 (6.84); N, 2.98 (2.88). The presence of water in
crystals of 4 has been evidenced by thermogravi-
metric analysis (TGA) coupled to mass spectro-
metry (MS) with a heated capillary transfer line.

Table 7 In vitro inhibition concentrations ICs, (UM) of compounds 1—4 against six tumour cell lines of human origin

U-87TMG U-373MG HCT-15 LoVo A549 A-427
1 0.9 0.9 0.5 1 3 0.5
2 1 1 0.5 0.9 2 0.7
3 0.8 0.4 0.4 0.4 2 0.4
4 0.9 0.5 0.7 0.8 0.2 0.4

Cell lines of astrocytic origin: U-87MG and U-373MG; cell lines of colorectal origin: HCT-15 and LoVo; cell lines of pulmonary

origin: A549 and A-427.

Copyright © 2001 John Wiley & Sons, Ltd.
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Table 8 Fractional atomic coordinates and U, values (Az) for non-hydrogen atoms in 3

Atom x y b4 Ueq

Sn 0.13928(2) 0.09733(2) 0.28387(2) 0.02989(6)
O(1) 0.0917(2) 0.0998(2) 0.4533(2) 0.0413(7)
0(2) —0.0345(2) 0.1452(2) 0.5522(2) 0.0446(9)
0(3) 0.1032(2) 0.0881(2) 0.0991(2) 0.0317(7)
0O4) —0.0104(2) 0.1335(2) —0.0542(2) 0.0373(8)
N(1) —0.0351(2) 0.1061(2) 0.2489(2) 0.0240(7)
c(l) 0.0008(3) 0.1338(3) 0.4617(3) 0.034(1)
C(2) —0.0641(3) 0.1618(2) 0.3464(3) 0.0292(9)
C(3) —0.0621(3) 0.1503(2) 0.1322(3) 0.030(1)
C4) 0.0139(3) 0.1215(2) 0.0496(3) 0.029(1)
C(5) —0.0774(3) 0.0075(2) 0.2498(3) 0.0243(9)
C(6) —0.1957(3) 0.0013(2) 0.2251(3) 0.0256(9)
C(7) —0.2466(3) ~0.0155(3) 0.1124(3) 0.034(1)
C(8) —0.3545(3) —0.0220(3) 0.0907(3) 0.043(1)
C©) —0.4137(3) —0.0095(3) 0.1796(4) 0.043(1)
C(10) —0.3656(3) 0.0067(3) 0.2922(3) 0.035(1)
c11) ~0.2570(3) 0.0119(2) 0.3139(3) 0.0287(9)
C(12) —0.4302(3) 0.0167(3) 0.3904(4) 0.050(1)
C(13) 0.2127(3) —0.0335(3) 0.3098(4) 0.041(1)
C(14) 0.2537(3) —0.0760(3) 0.2078(4) 0.038(1)
C(15) 0.3060(3) —0.1691(3) 0.2341(5) 0.054(1)
C(16) 0.3437(5) —0.2147(4) 0.1307(5) 0.077(2)
c(17) 0.1997(4) 0.2348(3) 0.2910(5) 0.055(1)
C(18) 0.2681(4) 0.2564(3) 0.1989(6) 0.074(2)
C(19) 0.3606(4) 0.1993(4) 0.1945(5) 0.070(2)
C(20) 0.4299(4) 0.2288(4) 0.1067(5) 0.073(2)

* Ugq is defined as one-third the trace of the orthogonalized Uj; tensor.

The TGA curve was obtained from a 2950 TGA-TA
instrument purged with 120 ml min of helium. The
MS instrument was a Balzers Thermostar. From the
start of the measurement up to 70 °C, mass loss was
exclusively due to water, as assigned by MS,
whereas at higher temperatures both H,O and CO,
losses were evidenced.

3.2 Spectroscopy

The NMR spectra were acquired on a Bruker
Avance DRX250 instrument equipped with a
Quattro probe tuned to 250.13 MHz, 62.93 MHz
and 89.15MHz for 'H, "’C and '""Sn nuclei
respectively. Some other NMR data were acquired
on Jeol GLX-270, Jeol Eclipse-400, Bruker Avance
DPX300 and Bruker AMX500 spectrometers. 'H
and '>C chemical shifts were referenced to the
standard Me,Si scale from respectively residual 'H
and '*C—*H solvent resonances of chloroform
(CHCls, 7.23 ppm, and CDCls, 77.0 ppm, for 'H
and "*C nuclei respectively). The ''’Sn resonance
frequencies were referenced to ZM7Sn) 35.632

Copyright © 2001 John Wiley & Sons, Ltd.

295 MHz*”** 2D 'H-"C HMQC and HMBC
correlation spectra as well as the 2D NOESY?
and 2D off-resonance ROESY?* spectra were
acquired using the pulse sequence of the Bruker
program library adapted to include gradient
pulses,* as described recently.** The ''’Sn solid
state CP-MAS NMR spectra were obtained as
previously;*® however, on a Bruker DRX250
instrument the ''’Sn rather than ''°Sn nucleus is
used in order to overcome local radio interferences
in the resonance frequency of the latter. Mass
spectra were obtained on a Hewlett-Packard 59940-
A instrument, and infrared spectra, on a Perkin-
Elmer 16F PC FT-IR spectrometer.

Mossbauer data were acquired as described
previously.35

3.3 Crystallography

Data for a colourless, thin plate (0.03 x
0.24 x 0.37 mm>) were collected at 173K on a
Rigaku AFC7R diffractometer with Mo -Ku radia-
tion and the w-26 scan technique such that 6,

Appl. Organometal. Chem. 2001; 15: 593-603
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was 27.5° The 5331 data were corrected for
Lorentz and polarization effects®® and an empirical
absorption correction was applied.37 Of the 5092
unique data, 3080 that satisfied the I=3.00(])
criterion were used in the subsequent analysis.

Crystal data: C,oH3;NO4Sn, M =468.2, mono-
clinic, P2/c, a=12.895(3), b=14.44(1), c=
11.598(7) A, f=98.55(3)°, V=2135(2) A°, Z=4,
D,=1.456gcm ™, p=12.19 cm™", F(000) = 960.

The structure was solved by heavy-atom meth-
o0ds®® and refined by a full-matrix procedure based
on F.*¢ Non-hydrogen atoms were refined with
anisotropic displacement parameters and hydrogen
atoms included in the model at their calculated
positions. The refinement converged after the
application of a weighting scheme of the form
w = 1/[¢*(F) + 0.00021|F|*] with R=0.032 and
Ry, =0.037. The maximum_residual in the final
difference map was 0.63 e A—>. Fractional atomic
coordinates are listed in Table 8 and the numbering
scheme used is represented in Figure 1, which was
drawn with ORTEP.*

3.4 Antitumour screening
protocols

The compounds were first screened against seven
human cancer cell lines, from aqueous solutions
containing 1% of DMSO or ethanol according to a
protocol described previously (Table 5).>**7 The
ICsy values of some clinically used reference
compounds, doxorubicin (DOX), cisplatin (CPT),
5-fluorouracil (5-FU), methotrexate (MTX) and
etoposide (ETO), are given for comparison.

The screening method used for the data of Table
6 is that reported by Mosman®' and modified by
Carmichael er al.** It is based on the measurement
of the number of living, metabolically active cells
capable of transforming the yellow 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl-tetrazolium bro-
mide into the blue formazan by mitochondrial
reduction.**~*
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