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ABSTRACT

The synthesis of diorganotin(IV) derivatives of thio-

salicylic acid, of 3-aza-2-thiosalicylic acid, and of sev-
eral related compounds is reported. Their character-
ization by 'H, '3C, and ''°Sn NMR, Méssbauer, and
mass spectrometry is described. The in vitro antitu-
mor activity of selected derivatives against two human
tumoral cell lines is discussed.

INTRODUCTION

We recently reported the synthesis and character-
ization of a series of substituted 2,2-di-butyl-4-oxo-

*To whom correspondence should be addressed at first ad-
dress.

© 1991 VCH Publishers, Inc.

benzo-1,3,2-dioxastannines [1]. These compounds
exhibit promising in vitro antitumor activities
against P388 and L1210 leukemia [2] or against
human tumors [1]. Therefore we prepared a series
of similar compounds in which the aromatic ligand
is a pyridine instead of a benzene ring and/or the
functional group is thiophenol instead of phenol.
Our goal is to determine the effect of such structural
and functional modifications on the anti-tumor ac-
tivity of these types of compounds. We present new
diorganotin(IV) derivatives of thiosalicylic acid and
3-aza-2-thiosalicylic acid, prepared, as described [1],
by the reaction of thiosalicylic acid and 3-aza-2-
thiosalicylic acid, respectively, with the suitable
diorganotin oxide in the molar ratio 1:1. Some other
related compounds were synthesized in an analo-
gous way. Their characterization by 'H, '*C, and
'°Sn NMR, Mossbauer, and mass spectroscopy is
presented, together with the results of in vitro
antitumor tests.
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RESULTS AND DISCUSSION
Synthesis and Mdssbauer Spectroscopic Data

Table 1 gives an overview of the synthesized deriv-
atives of 3-aza-2-thiosalicylic acid (compounds 1 to
6), of thiosalicylic acid (compounds 7 to 9), and of
two related compounds, 10 and 11.
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Table 1 shows that the IS values are almost
insensitive to the replacement of -N= by ~-CH=
in the aromatic ring; as expected, the two diphen-

yltin compounds, 3 to 8, exhibit lower IS and QS
values than their dialkyltin homologs, in good cor-
relation with their much more negative ''*Sn NMR
chemical shifts [4]. QS values of compounds 1 to 4
are in general smaller than those of the diorganotin
derivatives of salicylic acid (3.23 mm/s) [2] and of
substituted salicylic acids (3.09-3.79) [1], and com-
parable to those of 2-thiosalicylic acid (compounds
7 to 9). An important difference is, however, vis-
ible at the level of the preparation of salicylic
vs. thiosalicylic compounds: 1:2 tin/substrate
[R,Sn(OOCC.H;(OH)Y),] and 2:2 tin/substrate [R,-
(Y(OH)C4H3-CO00)SnOSn(00C-C.H;(OH)Y)R, ],
condensation compounds [1] can easily be obtained
when (substituted) salicylic acids Y(OH)CsH3;—~COOH
react with diorganotin(IV) oxides R,SnO. In con-
trast, the reaction of (3-aza)-2-thiosalicylic acids
only yield 1:1 condensation derivatives
[R,Sn(00C-CsNH;(S)], even in reactions with mo-
lar ratio acid:diorganotin oxide higher than 1:1.
This is interpreted by the fact that the thiol is con-
densed to tin whereas the phenol is not.
Compound 10 gives broad absorption lines that
could not unambiguously be deconvoluted in an
additional doublet splitting. The coexistence of sev-
eral tin configurations or coordinations in the ana-
lyzed solid is probably the reason for this broad-
ening. The rather high QS value observed for
compound 11 (3.39 mm/s) should be attributed to
the carboxylate groups acting as bidentate ligands
and sulfur being not coordinated to tin. This results
in a trans-hexacoordinated structure with two ap-
ical butyl groups and four equatorial oxygen atoms.

NMR Data

The 'H NMR data of compounds 1 to 4 are sum-
marized in Table 2a. Those of compounds 7 to 11
are compiled in Table 2b. We have numbered the

TABLE 1 Melting Points, Recrystallization Solvents, Yields, and Mossbauer Parameters (isomer shift IS, quadrupole

splitting QS, and line widths I') of Compounds 1 to 11

mp yield IS QS r, I
Cpd Y R R’ °C solv. % mm/s mm/s mm/s mm/s
1 N Bu Bu 275-277 CHCl; 90 1.39 2.96 0.84 0.94
2 N Oct Oct 241-243 CHCl, 89 1.37 2.91 1.05 0.97
3 N Ph Ph >350 CHCl, 70 1.19 2.55 0.85 0.83
4 N Et Ph >350 CHCIl, 64 1.33 2.80 0.86 0.85
5 N Me Me 325-326 ¢ 76 1.37 3.10 0.90 0.88
6 N Et Et >350 c 48 1.35 3.08 0.85 0.85
7 CH Bu Bu 205-206° CHCls/hexane 75 1.37 3.13 1.02 0.96
8 CH Ph Ph >350° d 82 1.19 275 0.85 1.02
9 CH Et Ph 240-241 d 77 1.39 3.20 1.06 1.06
10 220 (dec) CHCI; 86 1.34 3.73 1.45 1.17
11 113-115 CHCl3 89 1.37 3.39 1.04 0.92

2 1it. [3): 185—-186.

o Lit. [3]: 295—-296.

¢ Insoluble.

? Oniy soluble in DMSO.
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TABLE 2a 'H NMR Chemical Shift in ppm (multiplicity, coupling constant in Hz) of Compounds 1 to 4 (solvent: CDCly)

1 2 3 4
CH; 0.88 (t,7) 084 (t,7) — 1.45 (t, 8)
'J(H~-C): 127 'J(H-C): 133 3J(H-Sn) = 141
(CHy), 1.41 (tq, 7, 7) 1.22 (m) — —
1.38 (m) — —
SnCH, 1.63-1.89 (m) 1.73 (m) — 1.98 (q, 8)°
2J(H-Sn) = 70
CeHs-0 — — 7.8-7.9 (m) 7.72-7.74 (m)
3J(H-Sn): 78 3J(H-Sn): 70
CesHs-m,p — — 7.3-7.5 (m) 7.2-7.4 (m)
4H 7.96 (dd, 5, 2) 7.94 (dd, 5, 2) 7.79 (dd, 5, 2) 7.93 (d, 5)
5H 712 (dd, 7, 5) 7.10 (dd, 7, 5) 7.04 (dd, 7, 5) 7.11 (dd, 7, 5)
6H 8.46 (dd, 7, 2) 8.45 (dd, 7, 2) 8.45 (dd, 7, 2) 8.49 (d, 7)

d: doublet; g: quartet; m: unresolved pattern; t: triplet.
@ Overlapping signals of two diastereotopic protons.

TABLE 2b 'H NMR Chemical Shift in ppm (multiplicity, coupling constant in Hz) of Compounds 7 to 11 (7, 10, and 11 in
CDCl5; 8 and 9 in de-DMSOQ); The Positions in the Alkyl Substituents Are Numbered with 8 for the a-Position with Respect
to Tin and Onward

Proton 7 8 9 10 1
CH; 080 [t 7 — 1.19 [t, 8] 0.88 [t, 7] 0.91 [t, 7]
0.83[t, 7] 3J(H-Sn): 142 J(C-H) = 116
0.85 [t, 7]
CH.* 8, 10H: 1.1-1.8 (m) — 1.53 [q, 8] 10H: 1.36 [tq, 7, 7] 10H: 1.45 [tq, 7, 7]
2J(Sn—H): 83 2J(Sn—H): 79
1.4-1.6 (m) 9H: 1.8-1.9 (m)
8, 9H
9H: 1.34 [q, 7] 1.6-1.7 (m) 8H: 1.9-2.0 (m)
2J(Sn—H) = 60
Ce¢Hs-0 — 7.7 (m) 7.57-7.62 (m)
CeHs-m,p — 7.4 (m) 7.34—7.43 (m)
12H 2.40
7H 4.89 [J(Sn~—H): 43]
6H 7.95-7.99 (m) 7.85[d, 7] 7.76 [dd, 2, 8] 6.97° [8] 8.21 [dd. 2, 8]
5H 7.26—7.32 (m) 7.29 [t, 7] 7.15 [dt, 2, 8] 6.94° [8] 7.25 [t, 8]
4H 7.16-7.22 (m) 7.20 [t, 7] 7.24 [dt, 2, 8] — 7.43 [dt, 2; 8]
3H 7.60~-7.70 (m) 7.53 [d, 7) 7.48 [dd, 2; 8] — 7.77 [d, 8]

? Intensities: 1:2:2.
> AB spectrum.

carbons of compounds 1 to 4 as in salicylic acid so
as to allow an easier comparison between the NMR
data of these compounds and of compounds 7, 8, 9,
and 11.

Proton 6 in compound 1 is the most deshielded
among the aromatic protons. Indeed, it undergoes
cumulative deshielding from the ring nitrogen in
para and from the C=0 double bond in ortho. This
is confirmed by the coupling constant of 7 Hz to its
neighbor, a value typical for 3/ eta, para cOuplings in
pyridine. The other proton, 4, coupled with only
one ortho proton therefore corresponds to the res-
onance at § = 7.96. The assignment of proton 5 is
straightforward because it is coupled to two ortho
protons and therefore displays a different multiplet
pattern.

The assignments for compounds 2, 3, and 4 are
performed as for 1, thanks to strong chemical shift
analogies. For compounds 7, 8, and 9, proton 6 is
also the most deshielded one and the other signals
can be assigned using similar arguments.

The methyl protons of compound 7 exhibit three
triplets of different intensities. The reason for this
is not yet clear. A mixture of monomer and oligo-
mers could explain this result, in analogy to Lock-
hart’s proposal [5].

For compound 10 the 'H NMR data are com-
patible with a 1:1 or 2:2 composition. There is no
evidence of any dimer formation as in bis(car-
boxylatodiorganotin) oxide.

The proton NMR spectrum of compound 11 is
very similar to those of 2:1 condensation products
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of salicylic acids with dibutyltin oxide. These data
are compatible with the trans-hexacoordinated
structure containing two apical butyl groups and
two equatorial bidentate carboxylates as proposed

from the Méssbauer parameters.

The !3C data are compiled in Tables 3a and 3b.

TABLE 3a

For compound 1, the assignment of the carbon
signals has been done from a 2D '*C-{1H} HET-
EROCOSY spectrum. This is confirmed by the fact
that 'H irradiation at the frequency of the reso-
nance at lowest field in the proton spectrum trans-
forms the doublet at 8 = 142.0 in the undecoupled

are Calculated Values Obtained by Using the Aromatic Chemical Shift Increment Rules [9, 10]

3C NMR Data Chemical Shifts of Compounds 1 to 4 (solvent: CDCl,); Figures in Jtalics between Parentheses

1 2 3 4

C-15,p 14.1 130.2 129.8 (128.2)
C-14,m 226 128.9, 3)(Sn-C) = 82  128.6, %J(Sn—C) = 69 (128.3)
C-13,0 31.9 136.0, 2J(Sn—C) = 58  135.7, 24(Sn-C) = 44 (135.9)
C-12,i 29.1 139.7 140.6 (141.9)
c-11 135 29.2
C-10 26.6 33.6

3)(Sn-C) = 113 3/(Sn-C) = 81
c-9 27.9 25.8 10.3

2J(Sn—C) = 34 2(Sn—C) = 33 2J(Sn-C) = 38
c8 222 226 14.6

1J(1191178n—C) 1J(1191178n—C) Y(1191178n—C) = 612/574

= 616/581 = 475/447

7 168.302 168.3° 167.3° 167.7°
2 168.33° 168.3° 167.3 167.6° (153.7)
6 142.0 142.0 142.8 1423 (138.4)
5 118.9 118.9 119.8 119.4 (120.7)
4 147.1 147.0 1475 147.5 (154.5)
1 129.6 129.7 129.3 129.3 (126.6)

2 Double irradiation experiment, see text.
® Jsochronous.
¢ Nearly isochronous, not assigneable.

TABLE 3b

Calculated Values Obtained from the Aromatic Chemical Shift Increment Rules [9, 10]

3C NMR Chemical Shifts of Compounds 7 to 11 (solvent: CDCl,); Figures in ftalics between Parentheses are

7 8 9 10 1

C-p 129.8 129.3 (128.2)
c12,m 128.4 128.1 (128.3) 22.0

3J(Sn~C) = 83 3J(Sn—C) = 75
C-11, o- 13.8 135.2 135.2 (136.0) 135 13.6

24(Sn—C) = 32 2J(Sn—C) = 54
C-10,i 26.3, 26.6 140.4 142.1 (141.9) 26.8 26.3

3J(Sn~C) = 103 3J(Sn—C) = 100
c9 27.7;27.0 9.3 27.1 26.8
2J(Sn—C) = 44 2J(Sn—C) = 55 24(Sn—C) = 52
c-8 23.1,23.2, 23.6 156 23.1 26.0
1J(119/117Sn_C)
= 707/671
c7 175.0; 175.1; 175.3; 168.5 168.6 68.7 175.6
175.5
c-2 138.3 135.3 135.7 (132.5) 147.6 (149.2) 140.7 (137.9)
c-3 131.47; 131.67 130.0 129.6 (128.9) 125.4 (126.9)
C-4 132.1; 132.3; 132.4; 133.3 133.5 (134.0) 155.7 (151.7) 132.8 (133.8)
132.6; 132.7

C-5 125.3; 125.4 125.2 124.9 (125.0) 127.4 (125.2) 125.8 (127.1)
c-6 138.6 131.4 131.2 (130.7) 124.0 (123.5) 133.2 (131.2)
C-1 135.8 132.7 2 (130.9) 145.7 (146.8) 127.8 (128.9)

@ Probably isochronous with another signal.
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13C spectrum into a singlet, leaving the two doub-
lets at & = 147.1 and 118.9 unchanged. Further-
more, in the undecoupled spectrum of compound
1, the signal at 8 = 168.3 is a complex pattern with
two 3J(13C-'H) coupling constants equal to 6.6 and
3.5 Hz. Upon double irradiation at the frequency of
the resonance at lowest field in the proton spec-
trum, the doublet with the 6.6 Hz splitting in this
complex pattern is transformed into a singlet at
& = 168.33, the remainder of the pattern being a
doublet at § = 168.30 with a coupling constant of
3.5 Hz [11]. Because the coupling constant between
proton 6 and carbon 5 should be about 1 Hz, as in
pyridine, and because the coupling constant be-
tween proton 6 and carbons 2 and 4 should be about
6 Hz, the remaining doublet found upon irradiation
of proton 6 cannot arise from carbon 2 and should
be carbon 7. The chemical shifts calculated with
the increments [9] fit reasonably well with the as-
signed ones. On the other hand, each type of aro-
matic carbon having the same chemical shift within
less than § = 1 and sometimes even less than 0.5
in compounds 1 to 4, the assignment achieved for
1 can safely be transposed to 2, 3, and 4.

Multiple resonances for most carbons of com-
pound 7 are to be explained by several conglom-
erates observed in chloroform for such compounds
[9]. Only single resonances are found for each car-
bon of compounds 8 and 9 in the very nucleophilic
solvent DMSO.

Solid state CP-MAS '*C NMR spectra have been
recorded for the two insoluble compounds 5 and 6.
The data are given in Table 4. These assignments
are to be paralleled with those of compounds 1 to
9 in solution. The presence of more than the ex-
pected number of signals for the methyl and ethyl
groups is likely to be due to structural nonequi-
valences related to crystal packing.

The "?Sn NMR data of compounds 1, 3, 4,7, 8,
9, 10, and 11 in solution are summarized in Table
S. The '"Sn signals in the diphenyltin compounds

(3 and 8) are much more shifted to high field than
in the dibutyltin compounds (resp. 1 and 7). This
upfield shift in diphenyltin compounds is well known
in diorganotin dichlorides [4].

In compound 4 the organic groups bound to tin
are different. The presence of several chiral tin at-
oms in an oligomer leads to diastereomerism that
is likely to explain the large number of resonances
in the '*Sn NMR spectrum of compound 4.

The '*?Sn NMR spectrum of compound 7 ex-
hibits three resonances, which is in agreement with
the proton spectrum. The '”Sn chemical shift of
compound 10 corresponds to a coordination num-
ber of five or six [6]. X-ray structural studies on
stannylene derivatives of sugars [7] have shown that
these compounds are dimeric in the solid state and
that the tin atom is pentacoordinated in some of
the compounds and hexacoordinated in others.

The tin chemical shift observed for compound
11 lies in the typical range (6 = —121.7 to —150.5)
of trans-hexacoordinated 2:1 condensation com-
pounds of substituted salicylic acids with dibutyl-
tin oxide [6], which confirms our proposal from 'H
and Mdéssbauer data.

Mass Spectroscopic Data

The 70 eV mass spectra of compounds 1 to 10 are
described in Table 6.

For compound 4, fragment-ions are also present
at m/z = 285 (90%), 256 (94%), 211 (79%), 195 (72%),
179 (89%), and 136 (98%). Compound 5 also exhibits
fragment-ions at m/z = 241 (33%), 209 (59%), 193
(50%), 179 (23%), 166 (53%), 165 (59%), and 151
(40%), while compound 6 also shows fragment-ions
at m/z = 209 (31%), 193 (41%), 179 (19%), and
165 (52%). Fragment-ions are also present at m/z =
293  (80%), 255 (C¢HsSnBuH":30%), 241
(C¢HsCOOSNn *:26%), and 211 (CcHsCH,Sn ™ :65%)
for compound 7, at m/z = 306 (13%) for compound
8 at m/z = 317 (CoH4SSnC.Hs*:40%), 211

TABLE 4 Solid State CP-MAS’3C NMR Shifts of Compounds 5 and 6

C-9 orland 8 c-7 Cc-6 C-5 C-4 c-2 C-1
5 41,74 170.1 141.5 120.0 150.9 165.6 127.8
6 3.9 49, 6.8 170.0 142.8 121.2 150.5 166.2 127.3

TABLE 5

11980 NMR Spectra of Compounds 1, 3, 4, 7, 8, 9, 10, and 11 (in CDCl, except for 8 and 9 that are

recorded in de-DMSQO); Between Parentheses for Compound 7: Relative Integrated Areas

1 3 4 7 8 9 10 1
5 ~95.2 -234.6 -163.8 —124.5 (1.4) —207.1 —276.4 -198.4 ~133.5
~164.0 ~126.3 (5.6)
—164.1 ~127.8 (8.9)
-164.4

-164.9
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TABLE 6 70 eV Mass Spectra of Compounds 1 to 10, Condensation Productions of ArYH(CXOH) and

RR'SNO (X = H,, O)

Cpd 1 2 3 4 5 6 7 8 9 10
RR’ Bu, Octz Ph, PhEt Mez Et, BUQ Ph2 PhEt BU2
Ar HsCsN  HizCsN HzCsN HisCsN HsCsN HaCsN HiCs HaCe HiCs HsC-N
Y S S S S S S S S
X 0] 0] 0] 0] O 0] 0] 0] H.
Fragment-ion
Sn-* (m/z = 120) 17 8 65 — — — — 58 — 19
HSn* (m/z = 121) 9 6 — — — — — 19 — 27
HOSn* (m/z = 137) 16 9 6 — — — — 6 — 21
RSn* — 74 — 57 — — 13 51 — —
ArYSnH+* 68 53 — 95 32 27 47 34 65 —
ArYSnR+ 5 — 20 — — — —_ 100 — —
ArY(CXO)SnH* 100 100 30 100 33 27 100 21 91 81
ArY(CXO)SnR+ — 20 — — — — — 5 — 9
ArY(CX0O)SnRH-* 15 — 100 — — — — — — —
M-+ 7 2 6 — — — — 46 — 100
M+ H)* 3 1 1 42 100 — 70 8 100 17

(Et,SnSH*:33%), and 199 (Et,SnOH*:24%) for
compound 9 and at m/z = 256 (93%) and 228 (86%)
for compound 10.

The molecular ion loses one of the organic groups
R or R’ linked to tin yielding ArY(CX0)SnR ™. The
latter loses the alkene (R minus H) yielding
ArY(CXO)SnH* or CXO yielding ArYSnR"*. The
fragment-ions RSn*, SnOH*, SnH*, and Sn-*,
commonly observed in the mass spectra of organ-
otin compounds [8], are also present here. For all
compounds except 6, the (M + H)™ ion is also ob-
served. It loses an alkene (R minus H) to yield
ArY(CXO)SnRH-*.

In Vitro Anticancer Screening

The soluble compounds 1-4 and 7-11 were sub-
mitted to in vitro tests against two human tumor
cell lines, MCF-7 (mammary tumor) and WiDr (co-
lon carcinoma). The results are given in Table 7.
For compound 10, additional IDs, values of 80, 43,
and 530 ng/mL have been obtained for A204 (rhab-
domyosarcoma), T24 (bladder carcinoma), and IgR-
37 (melanoma), respectively.

From Table 7, it is quite clear that compounds
1 and 10 exhibit interesting [12] in vitro antitumor
activities especially against MCF-7. Many others are
more active than or comparable to cis-platin against
MCF-7, but less than the other nonmetallic refer-
ence compounds.

EXPERIMENTAL
Syntheses

The synthesis of compounds 1 to 10 is analogous to
that of the substituted or unsubstituted salicylic
acids [1, 2].

For compounds 1 to 4, 0.01 mole of diorganotin
oxide is suspended in a solution of 0.01 mole of the
appropriate 3-aza-2-thiosalicylic acid in 200 mL of
benzene and refluxed for 20 h. One half of the sol-
vent is distilled off with a Dean-Stark apparatus.
The remaining homogeneous solution is then cooled
and filtered. The solvent is evaporated under vac-
uum. The solid obtained is recrystallized from chlo-
roform.

For compound 7, 0.01 mole of dibutyltin oxide
is added to a solution of 0.01 mole of thiosalicylic
acid in 70 mL ethanol and 280 mL toluene and re-
fluxed for 4 h. The solvent is evaporated under re-
duced pressure and the light yellow oil obtained is
crystallized from hexane/chloroform.

For compounds 8 to 9, the reaction mixture re-
mains heterogeneous even after 24 h at reflux. After
filtration, the solid is washed several times with hot
chloroform and dried under reduced pressure.

TABLE 7 1Ds, Values in Vitro (in ng/mL) Against the
Human Tumor Cell Lines MCF-7 and WiDr
MCF-7 WIiDR
1 23 430
2 761 1221
3 353 2964
4 959 3469
7 92 334
8 585 15800
9 3585 12140
10 37 212
1 653 1488
“Cis-platin” [12] 850 624
Doxorubicin [12] 63 31
Etoposide [12] 187 624
Mitomycin C [12] 3 17
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For compound 10, 0.01 mole of dibutyltin oxide
is added to a solution of 0.01 mole of 2-hydroxy-
methyl-3-hydroxy-6-methylpyridine in 70 mL
ethanol and 280 mL toluene and refluxed for 4 h.
The ternary azeotrope water/ethanol/toluene is dis-
tilled off with a Dean-Stark apparatus and the vol-
ume of the solvent is then reduced to 50%. The
homogeneous solution obtained is kept in the re-
frigerator for one night. The precipitate generated
is vacuum filtered, washed several times with pe-
troleum ether (light fraction), and recrystallized from
chloroform.

For compound 11, 0.01 mole of dibutyltin oxide
is added to a solution of 0.01 mole of the corre-
sponding diacid in 70 mL ethanol and 280 mL tol-
uene and refluxed for 4 h. The solvent is evaporated
under reduced pressure and the brownish oil ob-
tained is precipitated by petroleum ether. The solid
is dried and crystallized from chloroform.

Estimation of ID50 Values

Drug activity was determined using an automated
in vitro technique described previously [13].

Equipment

The Mossbauer spectra were recorded with the con-
stant acceleration mode on an Elscint MVT4 Pro-
meda counting instrument, with a Ca!'®*™SnQ; source
from Amersham. The probe is maintained at the
temperature of liquid nitrogen, whereas the source
is kept at room temperature. The digital data are
treated with a least squares iterative program de-
convoluting the spectrum as a sum of lorentzians.

The '"H NMR spectra were recorded on a Bruker
AM 270 instrument equipped with an Aspect 2000
computer; the solution '*C NMR spectra were taken
on a Bruker SF 250 instrument equipped with an
Aspect 3000 computer. The ''°Sn NMR spectra were
recorded on a Bruker WM 500 instrument equipped
with an Aspect 3000 computer. The CP-MAS !3C
solid state NMR spectra were recorded on a Varian
200 instrument. The mass spectra were recorded on

a V.G. Micromass 7070 F instrument (source tem-
perature: 200°C).
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