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Abstract

A series of di- and triorganotin 3,6-dioxaheptanoates and 3,6,9-trioxadecanoates were synthesized and
characterized by 'H, 13C and !17Sn NMR, electrospray mass and !19MmSn Mgssbauer spectroscopy, as well as
elemental analysis. Their in vitro antitumour activity against seven tumoural cell lines of human origin, two
breast cancers (MCF-7, EVSA-T), a colon carcinoma (WiDr), an ovarian cancer (IGROV), a melanoma (M 19
MEL), a renal cancer (A 498) and a non small cell lung cancer (H 226), is reported. They are characterized by
similar inhibition doses IDsq as the analogous di- and triorganotin derivatives of 4-carboxybenzo-15-crown-5
and -18-crown-6 and in some cases by much lower IDs values than clinically used reference compounds such
as doxorubicine and methotrexate.

Introduction

Many di-n-butyl, tri-n-butyl and triphenyltin carboxylates display interesting antitumour activities in vitro
against tumour cell lines of human origin [1:2], As early as 1985, Atassi suggested that the usually low water
solubility of organotin compounds might be the major drawback to the improvement of their antitumour
properties [3]. One possibility to increase water solubility is to replace methylene groups in a polymethylenic
chain by oxygen atoms [4], Accordingly, some new organotin derivatives of 3,6-dioxaheptanoic and 3,6,9-
trioxadecanoic acid were synthesized. This report presents their synthesis, characterization and in vitro
antitumour activity.

Results and discussion

Synthesis

For the triorganotin polyoxaalkanoates, the condensation is carried out in benzene using triphenyltin hydroxide
restecsti]vely tri-n-butyltin acetate and either 3,6-dioxaheptanoic or 3,6,9-trioxadecanoic acid (equations 1 and
2) 142l

(C¢Hs)3SnOH + RCOOH =~ ————— (C¢Hs)3SnOCOR + H,0 )
Bu3SnOCOCH3 + RCOOH ~————3»  Bu3SnOCOR + CH;COOH @

For the diorganotin polyoxaalkanoates, di-n-butyltin oxide first reacts with n-propanol to form
tetrabutyldipropoxydistannoxane (equation 3) (61,

2 BupSnO + 2 PrOH EE—— (PrOSnBu3),0 + H,O 3)
Subsequently, the polyoxaalkanoic acid is added at room temperature to the tetrabutyldipropoxydistannoxane
in the desired molar ratio. A molar ratio 1/1 generates the corresponding bis[di-n-

butyl(polyoxaalkanoato)tin]oxide (equation 4); a molar ratio 2/1 leads to the di-n-butyitin
bis(polyoxaalkanoate) (equation 5).

2 (PrOSnBu;),0 + 4 RCOOH

{[Buy(RCOO)Sn},0}, + 4 PrOH 4)
(PrOSnBu,),0 + 4 RCOOH

2 BuySn(OCOR), + 2PrOH + H,0  (5)
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Sephadex LH-20 chromatography proved to be very efficient to separate the bis[di-n-
butyl(polyoxaalkanoato)tinJoxides and tributyl- or triphenyltin polyoxaalkanoate from the starting material.
The di-n-butyltin bis(polyoxaalkanoates) were hydrolyzed on Sephadex LH-20 into bis[di-n-
butyl(polyoxaalkanoato)tin]oxides (equation 6). Hydrolysis was also observed in the presence of wet ethanol,
diorganotin dicarboxylates often undergoing partial hydrolysis to form the dimeric distannoxanes [7].

4 BuSn(OCOR); + 2 HO  ——— {[Buy(RCO0)Sn],0}, + 4 RCOOH 6)
The compounds synthesized are depicted in figure 1.
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figure 1
1 2 3 4
CH(o) 77718 m  [65] - - -
CH(m)(p) 7.4-7.5 m - - -
CH,(2) 425 s 4.09 s 416 s 395 s
CHj(4) 3.7-3.8 m 3.6-3.7 m 3.6-3.8 m 3.6-3.7 m
CH,(5) 3.5-3.6 m 3.5-3.6 m 3.5-3.6 m 3.5-3.6 m
CH;3(7) 335 s 3.36 s 336 s 3.34 s
HOH - ~2.2 bs - ~2.0 S
CH,(B) - 1.5-1.6 m 1.6-1.7 m 15-1.7 m
CHy(at) - 1.2-14 m 1.6-1.7 m  [100] 13-15 m
CH(y) 1.2-14 m 1.3 wq (7.7) 130 g (7,7)
CH;(8) - 08 t (D 087 t (D 0.8-0.9 m

Table 1: 'H NMR data in CDCl; of compounds 1 to 4; chemical shifts in ppm with respect to TMS; coupling
constants in Hz, "J('H -'H) in parentheses, "J('H -!17/119Sn) between square brackets. Abbreviations: s = singlet; m
= complex pattern; b = broad; t = triplet; tq = triplet of quartets.

Characterization
NMR spectroscopy

All compounds were characterized by 'H, 13C, and !!7Sn NMR in CDCIl;. The 'H NMR data are listed in
tables 1 and 2. The proton chemical shifts of the carboxylate moiety were assigned by !H-!13C HMBC and
HMQC experiments. The methylenic H(4), H(5) and H(7) proton resonances of compounds 1-5 appear as non
overlapping patterns, those of compounds 6-8 do not. 3J(*H-!17/1198n) coupling constants could be determined
for compounds 1 and 5, and 2J('H-!17/1198n) coupling constants, for compounds 3 and 7.

The '*C NMR data are given in tables 3 and 4. Signal assignment was carried out by 'H-13C HMQC and
HMBC experiments. !3C resonances of tri-n-butyltin and triphenyltin moieties were assigned straightforwardly
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from the nJ(13C-117/1198n) coupling constants [8:91. Compounds 4 and 8 show pairs of 13C resonances for
each carbon type of the di-n-butyltin moieties. These are broad, precluding the observation of
ny(13c 117/119gp) satellites.

5 6 7 8
CH(o) 7.7-7.8 m  [60] - - -
CH(m)(p) 7.4-7.5 m - - -
CH,(2) 4.22 s 4.09 s 4.15 s 3.96 s
CHy(4) 37-3.8 m 3.6-3.8 m 3.6-3.8 m 3.6-3.7 m
CHy(5) 3.6-3.7 m 3.6-3.8 m 3.6-3.8 m 3.6-37 m
CH,(7) 35-3.6 m 3.6-3.8 m 3.6-38 m 3.6-3.7 m
CH,(8) 34-35 m 3.5-3.6 m 35-36 m 35-36 m
CHj3(10) 3.34 s 336 s 3.35 s 3.34 s
HOH - ~19 b - ~1.9 b
CH(B®) - 1.5-1.7 m 0.6-0.8 m 1.57 tw  (7,7)
CHj(o) - 1.2-14 m 0.6-0.8 m [102] 1.4-1.5 m
CHa(y) - 1.2-14 m 1.35 q (7,7 127 q (7,7
CH;(9) - 089 t @) 0.88 t @) 0.8-0.9 m

Table 2: 'H NMR data in CDCl; of compounds 5 to 8, see legend table 1.

The !17Sn NMR data are reported in table 5. Compounds 1,2, 3,5, 6 and 7 exhibit one single !!7Sn
resonance. Compounds 4 and 8 exhibit two !17Sn resonances of equal intensities, resulting from the dimeric
structure characterized by endocyclic and exocyclic tin atoms (see figure 1).

1 2 3 4
C(1) 176.5 175.2 178.3 174.9
CH(i) 137.7 - - -
CH(o) 136.8  [49] - - -
CH(p) 130.2  [13] - - -
CH(m) 128.9 [62/65] - - -
CH,(5) 72.0 71.9 71.8 71.8
CHj(4) 70.6 70.4 70.7 70.2
CH,(2) 69.0 69.0 68.6 69.8
CH3(7) 59.0 59.0 59.0 58.9
CH(®) - 27.8  [20] 26.5 [34] 27.5
27.2
CH,(y) . 27.1  [64/67] 263 [98/102] 26.8
26.7
CHy(a) - 16.6  [338/355] 257 [538/567]  29.0
26.3
CH3(8) - 13.7 134  [5] 13.57
13.55

Table 3: 13C NMR data in CDCI; of compounds 1 to 4; chemical shifts in ppm with respect to TMS;
nj(13C 117/119gn) coupling constants in Hz between square brackets.

Mossbauer spectroscopy

The Mossbauer parameters are shown in Table 6. The quadrupole splittings QS are found in the range 3.49-
3.90 mm/s. Since Mgssbauer spectroscopy is less sensitive to small variations of the tin environment than tin
NMR spectroscopy, the two different tin atoms in 4 and 8 could not be discriminated. The Mossbauer
parameters are in agreement with a polymeric structure for the triorganotin polyoxaalkanoates, in which tin is
five-coordinate with a trans-O, configuration [2). For the diorganotin polyoxaalkanoates, the QS values
conform the structures of figure 1.

Electrospray mass spectroscopy

The monoisotopic mass spectra (!H, 12C, 160, 1208n) in the cationic mode of water/acetonitrile solutions are
reported in Table 7. All compounds are easily complexed by normal or hydrolyzed fragments, or solvent
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molecules. The hydrolyzed species give an indication about stability inside the spectrometer [10], They are
observed for all compounds, but only fragments providing straightforward characterization of M are listed.

5 6 7 8
c() 176.4 175.1 175.8 175.1
CH() 137.8 - - -
CH(o) 136.9 [47/50] - - -
CH(p) 130.2 [13] - - -
CH(m) 128.9 [62/66] - - -
CH,(8) 72.0 72.0 71.8 72.0
CH,(4)(5)and (7) 70.7 70.6 71.1 70.60
70.7 70.5 70.6 70.55
70.5 70.5 70.4 70.4
CH,(2) 69.0 69.0 68.7 69.9
CH5(10) 59.0 58.9 59.0 59.0
CHy(B) - 278 [20] 26.6  [38] 27.6
27.3
CH,(y) - 27.0 [63/66] 26.3  [99] 26.9
26.7
CH,(ov) - 16.6 [339/355] 25.6  [540/567] 29.1
25.8
CHj;(5) - 13.6 13.5 13.6
Table 4: '3C NMR data in CDCl3 of compounds 5 to 8, see legend table 3.
1 2 3 4 5 6 7 8
-100.0 120.7 -124.7 -204.8 -103.2 120.7 -124.1 -204.9
-215.8 -217.6
[n.o.] [119]

Table 5: ''7Sn NMR data in CDCl; of compounds 1 to 8; chemical shifts in ppm with respect to (CHs)4Sn; coupling
constants 2J(1178n-117/1198n) in Hz in square brackets; n.o.: not observed.

QS IS I I
1 3.60 1.24 0.85 0.79
2 3.81 1.47 1.15 1.14
3 3.90 1.44 1.28 1.02
4 342 1.34 1.22 1.18
5 3.44 1.29 0.91 0.87
6 3.84 1.47 1.07 1.02
7 3.77 1.42 1.36 1.18
8 3.49 1.32 0.90 0.90

Table 6: 119mSn Mossbauer parameters: QS (mm/s) quadrupole splitting, IS (mm/s)
isomer shift relative to Cal!°Sn03, I'; and T, (mm/s) line width.

Elemental analysis

C and H elemental analysis was achieved for all compounds (see table 8).

Compounds 2 and 6 contain water in a (2/1) tributyltin carboxylate/water ratio. The dimeric compounds 4 and
8 are found to contain two molecules of water per dimeric distannoxane unit. The presence of water is
confirmed by the proton NMR spectra (see Tables 1 and 2).

In vitro antitumour screening

All compounds were screened against seven tumoural cell lines of human origin.

The IDs values are reported in Table 9 and compared to those of some drugs with clinical applications and of
organotin carboxylates containing crown ether moieties: di-n-butyl, tri-n-butyl and triphenyltin derivatives of
4-carboxybenzo-18-crown-6 and -15-crown-5 [11] of which the structures are depicted in figure 2. The two
series (1 to 4 and 5 to 8) show pairwise comparable activities.
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fragment 1 5
M + H* 485; 2% 529; 6%
M + Ph3Sn* 835; 100% 879; 100%
2 6
M + H* 425; 2%
M + BujSn* 715; 100% 759; 100%
3 7
[RCOOSnBu,J* 367; 9% 411; 13%
M + H* 501; 5% 589; 23%
4 8
[RCOOBu,SnOSnBu,]* 617; 100% 661; 100%
[RCOOBu,;SnOSnBuy;OSnBuy J* 867; 62% 911; 70%
RCOOBu»SnOSnBu,OCOR + [Bu,SnOH]* 1001; 40% 1089; 33%
Table 7: Characteristic electrospray fragment-ions for compounds 1 to 8.
structure C H
1 C3H24Sn0y4 57.2 [57.39] 5.0 [4.67]
2 C7H36Sn04 1/2H,0 47.3 [47.35] 8.6 [8.57]
K] C1gH36Sn0g 43.3 [43.40] 7.3 [7.48]
4 Cs2H | 0gSn4032H,0 40.8 [40.72] 7.4 [7.21]
5 Cy5H,8Sn0s5 57.0 [57.06] 5.4 [5.36]
6 C9H4pSnO51/2H,,0 47.9 [47.70] 8.7 [8.78]
7 CyHgaSnO g 45.0 [44.80] 7.6 [7.76]
8 CgoH124Sn40595,2H,0 42.2 [42.15] 7.6 [7.44]
Table 8: Elemental analysis of compounds 1 to 8 (found [calculated]).
MCEF-7 EVSA-T WiDr IGROV MI19MEL A 498 H 226
1 13 12 34 37 31 32 33
2 32 40 82 84 90 153 61
3 60 62 379 128 115 134 161
4 <3 <3 6 <3 <3 <3 5
5 9 9 19 33 24 21 25
6 36 25 40 89 78 93 56
7 86 66 495 178 167 145 280
8 <3 <3 3 <3 <3 <3 <3
9 15 12 13 30 16 43 37
10 35 6 11 30 70 97 100
11 155 128 781 260 219 282 281
12 36 46 239 82 68 126 73
13 <3 <3 <3 <3 <3 <3 <3
14 <3 <3 <3 <3 <3 <3 <3
15 273 237 332 321 286 49 854
cisplatin 699 422 967 169 558 2253 3269
doxorubicine 10 8 11 60 16 90 199
etoposide 2594 317 150 580 505 1314 3934
5-fluorouracil 750 475 225 297 442 143 340
methotrexate 18 5 <3 7 23 37 2287

Table 9: In vitro inhibition doses IDsq (in ng/ml) against seven cancer cell lines of human origin,
MCE-7 and EVSA-T, two breast cancers; WiDr, a colon carcinoma; IGROV, an ovarian cancer; M19
MEL, a melanoma, A 498 a renal cancer and H 226, a non small cell lung cancer. The structures of
compounds 9 to 15 are depicted in figure 2.
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Compounds 4 and 8 exhibit exceptionally low inhibition doses and are comparable to those of
compounds 13 and 14. Activities of 3 and 7 are very different from those of 4 and 8. The
former can easily be hydrolyzed into the latter as was already announced previously. Hydrolysis
of 4 and 8 has no determinant effect on in vitro antitumoural activity.

R’ (6] R
\s /O 0
S n Bu 0
"‘\\ ‘ R Bu ." /
R’ R 0 “u, 0
R' (I;. Hs,R=R; 9 /Sn J
=LeHs, R =K]
R'=CgHs, R=Ry 13 Bu sy Sp —— / \ e

R'=Bu,R=R; 10 B \ Sn Bu
R'=Bu,R=R; 14 f

ot S &
ZEN

R 0 0 R R 0
Bu R=Rj12
R=R;11
R=Ry15

N Y

o
figure 2

Experimental part

Synthesis

Triorganotin carboxylates

Compounds 1 and 5 are typically prepared by mixing equimolar quantities of triphenyltin hydroxide and the
desired polyoxacarboxylic acid in 250 ml benzene in a 500 ml flask equipped with a Dean-Stark funnel. The
mixture is refluxed for 8 to 12 hours. The binary azeotrope benzene/water is distilled off up to 50% to the
initial solvent volume. The remaining solution is evaporated under vacuum.

The synthesis with tri-n-butyltin acetate yielding 2 and 6 is analog.

m.p. yield purification method
1 100-102°C 95% recystallization from hexane/chloroform
2 liquid 95% Sephadex LH-20; elution with methylene chloride
3 liquid 98% no purification
4 liquid 80% Sephadex LH-20; elution with methylene chloride
5 109-111°C 92% recrystallization from diethylether/methylene chloride
6 liquid 92% Sephadex LH-20; elution with methylene chloride
7 liquid 95% no purification
8 liquid 80% Sephadex LH-20; elution with methylene chloride

Table 10: Synthesis data for compounds 1 to 8.
Diorganotin carboxylates

Di-n-butyltin oxide is allowed to react with 1-propanol (typically 1g of di-butyltin oxide and 4 ml of 1-
propanol) in benzene (250 ml) in a 500 ml three-necked flask. The reaction mixture is refluxed for 3 hours
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under elimination of the ternary azeotrope benzene/water/1-propanol (Dean-Stark). After cooling to room
temperature, the appropriate amount of polyoxaalkanecarboxylic acid (1/1 molar ratio polyoxaalkanecarboxylic
acid / di-n-butyltin oxide for 3 and 7; 2/1molar ratio for 4 and 8) is added slowly and the mixture is stirred
overnight. The solvent is then evaporated and the product treated as indicated in Table 10 in which all
experimental synthesis details are summarized.

NMR measurements

All 2D NMR spectra and some of the 1D spectra were recorded on a Bruker AMXS500 spectrometer interfaced
with a X32 computer and operating at 500.13 and 125.77 MHz for the 'H and !3C nuclei, respectively. All
NMR spectra except 'H and !3C of compound 4 were acquired on a Bruker AC250 instrument equiﬁ)ped with a
Quattro probe tuned to 250.13, 62.93 and 89.15 MHz for 'H, 13C and !!7Sn nuclei respectively. !H and !13C
chemical shifts were referenced to the standard Me,4Si scale from respectively residual 'H and !3C-2H solvent
resonances of chloroform (CHCl3, 7.23 and CDCl3, 77.0 ppm for 'H and !3C nuclei, respectively). The 117Sn
resonance frequencies were set from the absolute reference Z(117Sn) = 35.632295 MHz[!2.13], 2D gradient
enhanced 'H-13C HMQC!!4] and HMBC!!5] correlation spectra were acquired using the pulse sequences of the
Bruker program library, adapted to include gradient pulses,[!6-19] as described recently(20],

Mossbauer spectroscopy
The Mossbauer spectra were recorded as described elsewherel(21],

Mass spectrometry

The electrospray mass spectra were recorded in the cationic mode on a Micromass Quattro II instrument
coupled with a Masslynx system (ionisation in an electric field of 3,5 kV; source temperature: 80°C; source
pressure: 1 atm; analyzer pressure: 10~ mbar)[22-23], Cone voltages were 30 V for compounds 1 to 3 and 5 to
7, and 70 V for compounds 4 and 8.

Antitumour screening
The protocol followed for the antitumour screenings has already been reported(24-25],
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