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Synthesis and spectroscopic properties of diorganotin(IV) derivatives
of 2,6-diacetylpyridine bis(thiosemicarbazone). Crystal structure of
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Abstract

The reaction of the title ligand (H,DAPTSC) with SnR,O0 (R=Me, Ph) in DMF afforded the complexes
[SnR(DAPTSC)]. The phenyl derivative crystallizes as [SnPh,(DAPTSC)]-2DMEF in the P2,/n space group, with
lattice constants: a=9.753(1), b=18.962(1), ¢=17.923(3) A, B=97.93(1)°, Z=4 and R=0.035. The molecular
complex is pentagonal bipyramidal, with the five donor atoms of the ligand in the pentagonal plane and the
two phenyl groups in the axial positions. A comparative study based on the spectral properties (IR, Mdssbauer
and 'H, "*C and °Sn NMR spectroscopy) of the two complexes suggests a similar structure for [SnMe,(DAPTSC)].
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Introduction

Thiosemicarbazones were the first true antiviral sub-
stances to be synthesized {1] and have a wide range
of pharmacological [1] and analytical applications [2].
The observed influence of certain metals on the bio-
logical activity of these compounds and their intrinsic
interest as multidentate ligands, have led to extensive
investigation of their coordination chemistry [3]. In
particular, much research has been done on N-het-
erocyclic thiosemicarbazones, including 2-formylpyri-
dine and 2-acetylpyridine thiosemicarbazones and their
derivatives [3]. Surprisingly, little attention has been
paid to related bis(thiosemicarbazones) [3] with prom-
ising coordination properties such as 2,6-diacetylpyri-
dine bis(thiosemicarbazone) (H,DAPTSC) [4].
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As part of a research programme devoted to the
exploration of the chemistry and the pharmacological
activity of diorganotin(IV) derivatives of thiosemicar-
bazones [5], in this work we synthesized the complexes
[SnR,(DAPTSC)] (R =Me, Ph), the structures of which
were characterized by X-ray diffraction (R=Ph) and
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IR, Méssbauer and 'H, *C and '*Sn NMR spectroscopy.
These derivatives are the first complexes of 2,6-diace-
tylpyridine bis(thiosemicarbazone) with organometallic
compounds to be reported, and [SnPh,(DAPTSC)]
seems to be the only DAPTSC?~ complex other than
[Bi(DAPTSC)(N,)] [4a] to have been studied by X-ray
crystal analysis. Since structural data are available for
organotin(IV) [6] and tin(IV) [7] derivatives of 2,6-
diacetylpyridine bis(semicarbazone) and closely related
ligands the present report allows evaluation of the
electronic and steric effects obtained by substituting
sulfur for oxygen in the coordination sphere of the tin
atom. Finally, note that this appears to be the first
report of the Mossbauer and **Sn NMR behaviour of
seven-coordinated diorganotin(IV) complexes with an
equatorial S,N,N,N.S kernel.

Experimental

Thiosemicarbazide (Merck), 2,6-diacetylpyridine
(Aldrich), dimethyltindichloride and diphenyltindichlor-
ide (Aldrich) were used as supplied. Dimethyltin(IV)
and diphenyltin(IV) oxides were obtained from di-
methyl- and diphenyltindichloride by using a procedure
similar to that outlined in ref. 8 for SnMe,O. H,DAPTSC
was prepared by the procedure of Mohan et al. [4e]
using EtOH as solvent. Elemental analyses were per-
formed with a Carlo Erba 1108 analyser. Melting points
were determined with a Biichi apparatus. IR, NMR
and Mossbauer spectra were recorded as before [5].

Synthesis of [SnMe,(DAPTSC)]

0.25 g (1.5 mmol) of dimethyltin(IV) oxide was added
to a solution of H,DAPTSC (0.47 g, 1.5 mmol) in DMF
(50 ml). The mixture was stirred until a clear solution
was obtained, and then left standing for slow evaporation
of the solvent, which gave a microcrystalline or-
ange-yellow solid. M.p. 238 °C (decomposition). Anal.
Found: C, 34.3; H, 4.2; N, 21.2. Cale. for C,;H,,N,S,Sn:
C, 34.2; H, 4.2; N, 21.5%.

Synthesis of [SnPh,(DAPTSC)]-2DMF

0.37 g (1.3 mmol) of diphenyltin(IV) oxide was added
to a solution of H,DAPTSC (0.40 g, 1.3 mmol) in DMF
(50 ml). The mixture was heated at 80 °C for 3 h.
After cooling and filtering, the clear solution was left
standing and a crystalline orange-yellow solid formed.
M.p. 300 °C (decomposition). Anal. Found: C, 47.6; H,
5.0; N, 16.9. Calc. for C,;H4,N,0,S.Sn: C, 47.8; H, 4.6;
N, 17.2%.

X-ray data collection and reduction
A crystal of [SnPh,(DAPTSC)]-2DMF was mounted
on a glass fibre and used for data collection in an

Enraf-Nonius CAD4 four-circle diffractometer [9]. Cell
constants and an orientation matrix for data collection
were obtained by least-squares refinement of the dif-
fraction data from 25 reflections in the range of
18.96 < #<23.96°. Data were collected at 293 K using
Cu Ka radiation (A=1.54056 A) and the /26 scan
technique, and they were corrected for Lorentz and
polarization effects. An empirical absorption correction
was made [10]. A summary of the crystal data, ex-
perimental details and refinement results is listed in
Table 1.

Structure solution and refinement

The structure was solved by direct methods [11],
which revealed the positions of all non-hydrogen atoms,
and refined on F by a full-matrix least-squares procedure
using anisotropic displacement parameters for all non-
hydrogen atoms. The hydrogen atoms of DAPTSC?*~
were located on a difference Fourier map and those
of the DMF methyl groups were calculated; all the
hydrogens were then included in the structurc factor
calculations as fixed contributions (B, =4.0 AZ), but
their positional parameters were not refined. A sec-
ondary extinction correction [12] was applied. When
all shift/e.s.d. ratios were less than 0.001, the refinement
converged to the agreement factors listed in Table 1.
Atomic scattering factors were taken from ref. 13.
Molecular graphics were by SCHAKAL [14].

@)

Fig. 1. Perspective view of [SnPh,(DAPTSC)]-2DMF showing
the atom numbering scheme (DMF not shown).
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TABLE 1. Crystal data, data collection and structure refinement parameters of [SnPh,(DAPTSC)]-2DMF

Crystal shape
Size (mm)
Chemical formula
Formula weight
Crystal system
Space group
Unit cell dimensions
a (A)
b (A)
c (A)
B ()
Volume of unit cell (A%
VA
D, (g em™)
F(000)
Linear absorption coefficient (cm™")
Absorption corrections: min./max./av.
Max. value of (sin 6)/A reached in
intensity measurement (A1)
Range of h, k, |
Standard reflections
Interval standard reflections measured (s)
Total no. reflections measured, 6 range (°)
No. unique reflections; Riy,,.
No. observed reflections
Criterion for observed reflections
Weighting scheme
Parameters refined
Value of R
Value of R,
Ratio of max. LS shift to e.s.d. (A/o)
Max. Ap in final difference electron density map (e A")
Error in an observation of unit weight
Secondary extinction coefficient

Prismatic
0.40x0.05x<0.10
CzoH37N30,8,5n
726.50
monoclinic
P2 /n

9.753(1)
18.962(1)
17.923(3)
97.93(1)
3282.8(6)

4

1.470

1488

78.384
0.876/1.271/1.002

0.605

011, 022, —21-21
0, -9, —1;0, =9, 1; 3, -3, 0
3600

6309, 5-69

5617; 0.022

4501

I>30(1)

1/0*(F)

389

0.035

0.038

0.001

0.554

2.115

3.700x 1077

Results and discussion

Crystal structure of [SnPh,(DAPTSC)]-2DMF

Figure 1 shows the pentagonal bipyramidal nature
of the complex. Atomic positions, interatomic distances
and angles are given in Tables 2, 3 and 4. The tin
atom is surrounded equatorially by the DAPTSC*~
anion, and the two phenyl groups occupy the axial
position. The DAPTSC?~ anion is approximately planar
(x*=40.6 when the two phenyl groups are not con-
sidered) and the Sn atom lies only 0.021(1) A out of
the least-squares plane through S(1), N(3), N(4), N(5)
and S(2) which have an average deviation of 0.027(7)
A from this plane. These donors do not, however, form
a regular pentagon as is evidenced by the lengths
S(1)-N(3) (2.9668(6)), N(3)-N(4) (2.670(5)), N(4)-N(5)
2.664(6)), N(5)-S(2) (2.967(5)) and S(2)-S(1) (3.350(4)

); the non-linearity of the fragment C(11)-Sn—-C(21)
(166.9(2)°) constitutes further distortion from a regular
pentagonal bipyramidal coordination polyhedron. The
phenyl groups are planar (x*=10.1 and 5.4 for C(11),
C(12), C(13), C(14), C(15), C(16) (Ph(1)) and C(21),
C(22), C(23), C(24), C(25), C(26) (Ph(2)), respectively),

and the dihedral angle between them is 28.8(2)°. Ph(2)
is nearly normal to the ligand plane (dihedral angle
87.1(1)°), but Ph(1) forms a dihedral angle of 78.8(1)°
with it.

As in [Fe(H,DAPTSC)(NCS),] [4h] the coordination
of the ligand is more symmetric than in
[Bi(DAPTSC)(N3)] [4a]. The two S-Sn distances are
similar, as are the N(3)-Sn and N(5)-Sn distances.
Only the N(4)-Sn bond is clearly shorter than the other
two nitrogen~tin bonds, pulling the metallic centre
towards the pyridine ring along a hypothetical line
bisecting the equatorial girdle. This symmetry is also
apparent in the distances and angles of the two thio-
semicarbazone arms (Tables 3 and 4). Differences in
these parameters are, in general, inside or close to the
e.s.d. range. Sn-S and Sn—Ny, 4,..inic boOnd distances are
longer than in [SnR,(L)] (R=Me, Ph; L=salicylal-
dehydethiosemicarbazonate) [5], probably due to the
increase in the number of donor atoms coordinated to
the metallic centre and to the steric limitations imposed
by DAPTSC?*~ on its pentacoordination geometry.
Nevertheless, the influence of the latter factor must
be slight because some flexibility of the ligand backbone
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TABLE 2. Positional parameters for [SnPh,(DAPTSC)]-2DMF,
with e.s.d.s in parentheses

Atom x y z B (A
Sn 0.18864(3)  0.72212(1)  0.01541(2)  2.310(5)
s1 0.2847(1)  0.82666(6) ~—0.05495(7)  3.43(2)
s2 0.1093(1) 0.82686(6)  0.09309(7)  3.33(2)
030 0.5950(6)  0.4718(3)  03245(3)  7.9(1)
040 0.5300(5) 0.0299(2) 0.1491(3) 6.6(1)
N1 0.4228(4)  08228(2) —0.1691(2)  3.24(8)
N2 03640(4)  07127(2) —0.1350(2)  2.83(8)
N3 0.3053(4) 0.6733(2)  —0.0840(2)  2.50(7)
N4 0.1866(4)  0.5973(2)  0.0150(2)  2.54(7)
N5 0.0653(4)  0.6735(2)  0.1119(2)  2.67(8)
N6 —0.0016(4)  0.7132(2) 0.1605(2)  2.83(8)
N7 ~0.0552(5)  0.8229(2) 0.1960(2)  3.80(9)
N30 0.4095(6)  0.5370(3)  03403(4)  6.7(2)
N40 0.5859(5) —-0.0732(2) 0.0999(3) 4.6(1)
cl1 0.3598(5)  0.7819(3) —0.1231(2)  2.72(9)
c2 0.3213(5)  0.6050(3) —0.0879(3)  2.85(9)
C3 02597(5)  05627(2) —00317(3)  2.80(9)
c4 0.2778(6)  0.4899(3) —0.0259(3)  3.6(1)
Cs 0.2172(6) 0.4537(3)  0.0281(3)  4.2(1)
c6 0.1435(6)  0.4901(3)  0.0755(3)  3.8(1)
c7 0.1296(5)  0.5628(3)  0.0680(3)  2.80(9)
c8 0.0551(5)  0.6053(3)  0.1188(2)  2.81(9)
9 0.0128(5)  0.78253)  0.1521(2)  2.78(9)
cl1 0.3800(5) 0.7040(2) 0.0911(3)  2.60(9)
c12 03811(5)  0.7001(3)  0.1680(3)  3.7(1)
C13 0.5046(6) 0.6876(4) 02156(3)  4.8(1)
Cl4 0.6275(6)  0.6804(3)  0.1872(3)  4.5(1)
cis 0.6279(5)  0.6854(3) 0.1115(3)  4.3(1)
Cl16 0.5054(5) 0.6976(3) 0.0627(3)  3.4(1)
C20 0.3987(7)  05711(3) —0.14393)  5.3(1)
C21  -00061(5)  0.7141(2) —0.0600(2)  2.57(9)
€22 -0.1266(5)  0.7401(3) —0.0368(3)  3.2(1)
C23  -02540(5)  0.7362(3) —00840(3)  3.8(1)
C24  —02605(5)  0.7049(3) —0.1540(3)  3.8(1)
C25  —0.1432(6)  0.6793(3) ~0.1772(3)  4.0(1)
C26  —00156(5)  0.6842(3) —0.1305(3)  3.5(1)
C30 0.5353(9)  0.5186(4)  03527(6)  8.5(2)
c31 0.330(1) 0.4998(7) 0.2778(7)  11.9(4)
c32 0.345(1) 0.5915(6) 0.3695(7)  17.9(4)
C40 0.5853(7)  —0.0045(3)  0.1044(3)  5.1(1)
c41 0.6549(8)  —0.1105(4)  0.0457(4)  6.6(2)
c42 0.526(1)  —0.1147(4)  0.1516(5)  8.9(2)
C80  —00238(6)  0.5706(3)  0.1744(3)  4.0(1)

Anisotropically refined atoms are given in the form of the
isotropic equivalent displacement parameter defined as: (4/3)-
[a’B(1,1) +b*B(2,2) + ¢*B(3,3) +ab(cos y)B(1,2) +ac(cos B)B(1,3)
+bc(cos a)B(2,3)].

is indicated by the structural data for the complex
[Sn(DAPSC)Cl,]-2H,O (DAPSC?*~ =2,6-diacetylpyri-
dine bis(semicarbazonate)) [7], in which the apical Ph
groups of [SnPh,(DAPTSC)]:-2DMF are replaced by
two Cl atoms and its two sulfur atoms by oxygen atoms:
not only are the Sn—X distances (X=0, S) shorter in
the semicarbazone complex, but also all the other
equatorial Sn-ligand distances, in spite of which, the
angles subtended at the tin atom are fairly similar in

TABLE 3. Bond distances (A) in [SnPhy(DAPTSC)]-2DMF

Sn-S1 2.593(1) C2-C3 1.480(7)
Sn-S2 2.603(1) C2-C20 1.483(9)
Sn-N3 2.427(4) C22-C23 1.406(7)
Sn-N4 2.368(3) C23-C24 1.380(8)
Sn-N5 2.421(4) C24-C25 1.360(8)
Sn—Cl11 2.178(4) C25-C26 1.403(7)
Sn—C21 2.179(4) C3-C4 1.394(7)
S1-Cl 1.731(5) C4-Cs 1.384(9)
$2-C9 1.729¢5) C5-C6 1.373(8)
N1-C1 1.341(6) C6-C7 1.390(7)
N2-N3 1.365(5) C7-C8 1.479(7)
N2-C1 1.331(7) C8-C80 1.493(7)
N3-C2 1.307(6) C11-C12 1.380(7)
N4-C3 1.343(6) C11-Cl16 1.393(8)
N4-C7 1.337(6) C12-C13 1.398(7)
N5-N6 1.381(5) C13-C14 1.372(9)
N5-C8 1.306(7) C14-C15 1.361(8)
N6-C9 1.333(6) C15-C16 1.400(7)
N7-C9 1.338(6) C21-C22 1.391(7)

C21-C26 1.377(7)

TABLE 4. Bond angles (°) in [SnPhy(DAPTSC)]-2DMF

S$1-Sn-S2 80.26(5) S2-C9-N7 115.9(4)
$1-Sn-N3 72.4(1) N6-C9-N7 115.5(4)
S1-Sn-N4 140.0(2) C12-C11-C16 118.3(4)
S1-Sn-N5S 152.49(9) C11-C12-C13 120.4(5)
S1-Sn-Cl1 95.0(1) C12-C13-C14 121.0(5)
S1-Sn—C21 95.4(1) C13-C14-C15 119.0(5)
S2-Sn-N3 152.60(9) C14-C15-C16 121.1(5)
S2-Sn-N4 139.7(2) C11-C16-C15 120.2(5)
$2-Sn-N5 72.23(9) N2-N3-C2 116.3(4)
S2-Sn-C11 94.6(1) C3-N4-C7 120.8(4)
S2-Sn-C21 95.1(1) N6-N5-C8 115.6(4)
N3-Sn-N4 67.8(1) N5-N6-C9 113.5(4)
N3-Sn-N5 135.2(1) $1-C1-N1 115.2(4)
N3-Sn-Cl1 87.1(1) S$1-C1-N2 128.5(4)
N3-Sn-C21 88.5(1) N1-C1-N2 116.4(4)
N4-Sn-N5 67.5(1) N3-C2-C3 116.1(4)
N4-Sn-C11 81.5(1) N3-C2-C20 122.8(4)
N4-Sn-C21 85.5(1) C3-C2-C20 121.1(4)
N5-Sn—C11 87.9(1) N4-C3-C2 117.3(5)
N5-Sn-C21 86.6(1) N4-C3-C4 120.7(4)
C11-Sn-C21 166.9(2) C2-C3-C4 122.0(5)
N3-N2-C1 114.0(4) C3-C4-C5 118.9(5)
N4-C7-C6 120.6(5) C4-C5-C6 119.5(5)
N4-C7-C8 117.3(5) C5-C6-C7 119.5(5)
C6-C7-C8 122.1(4) C22-C21-C26 118.0(5)
N5-C8-C7 115.6(4) C21-C22-C23 121.0(4)
N5-C8-C80 123.6(4) C22-C23-C24 119.7(5)
C7-C8-C80 120.9(4) C23-C24-C25 119.8(5)
S2-C9-N6 128.6(4) C24-C25-C26 120.6(5)

C21-C26-C25 121.1(5)

the two complexes (as expected, the maximum dis-
crepancy is for the X-Sn—-X angle which is 2.3° wider
in [SnPh,(DAPTSC)]-2DMF). This is achieved by the
‘internal’ angles of the DAPTSC?~ backbone being
wider than those of DAPSC?~, the only exceptions
being C(1)-N(2)-N(3) and C(9)-N(6)-N(5) for which



Fig. 2. Stereoview of the unit cell packing.

the sp® lone pairs on N(2) and N(6) may hinder the
widening of the angle.

DMF molecules are linked to the amino groups by
the following hydrogen bonds (Fig. 2): N(1)...O0(40)' =
2.847(6) A, N(1)-H(10)...0(40)'=1.92(9) A, N(1)-
H(10)-0(40)'=158.9(8)° (i=1—x, 1—y, z); N(7)...
O(30)" =2.867(7) A, N(7)-H(70)...0(30)" = 1.986(5) A,
N(7)-H(70)-0(30)*=153.7(6)° (ii=0.5—x, y—0.5,
0.5-2).

Infrared spectroscopy

Table 5 lists the main IR bands of the ligand and
its complexes (the former assigned following previous
work [4c-e] and by comparison with pyridine-2-car-
baldehyde thiosemicarbazonates) [15].

The IR spectrum of DAPTSC? ™ in[SnPh,(DAPTSC)] -
2DMEF differs in several respects from that of the free

TABLE 5. Main IR bands of the ligand and its complexes (cm™")
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ligand. Coordination of the pyridine ring [16] shifts one
of the ring stretching bands to lower frequencies (though
the position of the other is practically unchanged) and
¥(C-H), &(ring) and y(ring) are all shifted to higher
wavenumbers. Coordination of the azomethine N atom,
as in other thiosemicarbazonates [17], slightly shifts the
ligand »(C=N) band to higher frequencies while S-
coordination dampens the ligand »(C=S) bands and
shifts then to lower frequencies. (Mohan et al. [4e]
attributed to »(N-N) the H,DAPTSC band at 1090
cm ', 1080 cm " in their spectrum, and suggested that
its shift to lower wavenumbers upon complexation was
due to coordination of the azomethine nitrogen atom).
Finally, »(N-H) is shifted to slightly lower frequencies.

The spectrum of the methyl derivative lacks the DMF
bands present in that of the phenyl derivative (not
shown in Table 5), but has a similar ligand vibration

H,DAPTSC [SnMe,(DAPTSC)] [SnPh,(DAPTSC)] - 2DMF Assignment

3430m 3360m 3360m »WNH)

3340m 3260m, b 3300m, b

3270m 3120m, b 3180m, b

3160m

1600vs 1610vs 1620vs 8(NH)

1570m 1585m 1580m W C=N)

1490s 1450s, b 1470sh ¥(ring)
1460s

1440s 1440sh 1430m v(ring)
1420m

1100s 1100w HC=S)

1090sh 1040m 1060m ¥ C=S)

830m 780m 780m W C=S)

770m

725m 735m 735m WC-H)

615m 640m 660m 5(ring)
640m

420m 450m 460m, b y(ring)
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pattern. Thus in [SnMe,(DAPTSC)] the ligand must
have the same pentadentate coordination as in
[SnPh,(DAPTSC)]-2DMF. Note that »(N-H) also ap-
pears at similar positions in the two spectra, so the
methyl derivative probably has intermolecular hydrogen
bond involving the NH, group. Both spectra show bands
attributable to the C-Sn—C fragment (at 270 (m) and
220(sh) cm ™" in the phenyl derivative and 490(s) cm ™'
in the methyl derivative) and others that are probably
contributed to by »(Sn—-N(azomethine)), »{(Sn-S) or
»(Sn-N(py)) (in the proximity of 370, 300 and 230

cm ™, respectively).

Mossbauer spectroscopy

The Maossbauer spectra of the two [SnR,(DAPTSC)]
complexes present a single quadrupole split doublet;
the two peaks are slightly asymmetric, but the linewidths
are narrow enough to exclude a second component.
The quadrupole splitting values (Table 6) indicate a
trans arrangement of the two R groups, with C-Sn-C
angles less than 180°.

The PQS values proposed [6b] for the R groups of
seven-coordinated diorganotin(IV) complexes on the
basis of X-ray and Méssbauer data for [SnEt,(dapt)]
(Hzdapt = 2,6-diacetylpyridine bis(2-thenoylhydra-
zone)) [6b], [SnPry(daps)] (H,daps=2,6-diacetylpyri-
dine bis(salicyloylhydrazone)) [6b] and [SnPh,(dapa)]
(H,dapa=2,6 diacetylpyridine bis(2-aminobenzoylhy-
drazone)) [6b] were used to quantify the deviation of
the C-Sn—C bond angles from the ideal 180°. The angle
calculated for the phenyl derivative, 152°, is approxi-
mately 15° narrower than the value obtained by X-ray
diffraction (vide supra), and a similar value (154°) was
obtained for the methyl complex. The only differences
between DAPTSC?~ and the hydrazone complexes that
might account for this discrepancy is that the hydrazone
complexes have oxygen instead of sulfur as terminal
donating atoms and bulky lipophilic benzene rings
instead of small hydrophilic amino groups. The dif-
ference in electronegativity between oxygen and sulfur
can alter both the electron density at the tin nucleus
(see the discussion of NMR results below) and the
distribution between the s and p orbitals (with con-
sequences on the isomer shift and quadrupole splitting),
while the difference in size and lipophilicity of the
terminal organic group may influence its position in

TABLE 6. 'Sn Méssbauer data® for the complexes

Compound Is® os r
(mm s71) (mm s~

[SnMe,(DAPTSC)] 1.41 3.58 0.88

[SnPh(DAPTSC)]-2DMF  1.22 2.84 0.88

3Collected at 80.0 K. °Relative to room temperaturc SnQO,.

the crystal structure of the compounds and may also
contribute to the observed decrease in the values of
the isomer shift. If the influence of substituent elec-
tronegativity on the quadrupole splitting is also sig-
nificant, the applicability of previously reported [6b]
PQS values for seven-coordinated diorganotin(IV) com-
plexes must be limited (in fact, the PQS value obtained
for {aryl} when the structural and Mdssbauer data for
[SnPh,(DAPTSC)] are used (—0.88 mm s~ ') clearly
differs from the value previously calculated (—0.78 mm
s~ 1) using [SnPh,(dapa)] data [6b]). It is evident that,
as Carini et al. [6b] pointed out, more data are necessary
before confidence can be placed in this approach to
the estimation of the C-Sn-C angle in diorganotin(1V)
complexes with very large coordination numbers.

'H, PC and ""°Sn spectroscopy

The complexes are soluble in DMSO and in DMF.
Their NMR signals in DMSO (or DMSO-d,) are listed
in Table 7. The corresponding data for the ligand part
of the spectra in DMF (or DMF-d,) are similar (dif-
ferences <0.1 ppm in the proton spectra and <1.25
ppm in th *C NMR spectra) and are not included in
Table 7.

The changes in the spectra of H,DAPTSC under
complexation are closely related to those observed when
pyridine-2-carbaldehyde thiosemicarbazone (PyTSC)
becomes S, N(3), N(4)-coordinated [15, 18]. In the 'H
NMR spectrum the following modifications are observed
when the complexes [SnR(DAPTSC)] form: (i) the
N(2)/N(6)-H signal disappears as a consequence of
double deprotonation of the ligand; (ii) the protons of
the -NH, groups arc shielded and mcrge in a single
signal; (iii) only the proton C(5)-H is deshielded in
the complexes in accordance with the trend observed
for pyridine protons under nitrogen protonation [19],
C(4)-H and C(6)-H being shielded by complexation.
As has been suggested for other pyridine-related thio-
semicarbazonates [15, 18], this dissimilar behaviour of
the pyridine ring hydrogens may be related to changes
in the conformation of the thiosemicarbazone ‘arms’
of the ligand when complexes form, different magnetic
environments being created for the protons closer to
thc arms.

Regarding the C NMR spectra, C(1)/C(9), unlike
C(1) in the cadmium(II) complex of PyTSC, are more
shielded in [SnR,(DAPTSC)] than in H,DAPTSC. In
this case, the shielding influence of the tautomeric
(thione-thiol) rearrangement of the ligand thiamide
group upon deprotonation and metallation overcomes
the inductive effect of the sulfur-metal bond which
seems to be weaker than in [Cd(PyTSC),]. All the
other carbon signals behave in the same way as for
the cadmium compound [15]: C(2)/C(8) and C(3)/C(7)
are shielded upon complexation and C(4)/C(6) and C(5)



5(119511)
—393
—453

J(3C-Sn)
1169.8/
11220

35.70

162.37

2.89, s(6)
30.71

2.72, s(6)
7.94, 5(2)

DMF
DMF

2J(*H-Sn)
115.3/110.5
Sn-C
26.36
160.27(i)
131.52(o0)
127.43(m)
126.69(p)

7.00(m, p), m(6)

0.49, s(6)
7.23(0), m(4)
C(20)/C(80)

11.96
13.82
14.10

Sn-R

C(20)H,/C(80)H,

2.43, s(6)
2.55, s(6)

2.49, s
C)

136.64
141.01
141.14

776, t(1)
8.17, 1(1)
8.04, t(1)
C(4)/C(6)
120.84
121.89
122.13

CAH/C(6H C(5)H

8.42, d(2)
C(2)/C(8)
148.20
143.88
144.68

7.07, sb(4) 7.89, d(2)
737, sb(4) 7.82, d(2)

N(1)H,
8.41, 5(2)
8.16, s(2)
C3)/C(7)
153.58
148.65
148.06

N(2)H
10.32, s(2)
C(1)/C(9)
179.20
177.04
177.20

[SnMe,(DAPTSC)]
[SnPh,(DAPTSC)] - 2DMF
[SnMe,(DAPTSC)]
[SnPh,(DAPTSC)]- 2DMF

TABLE 7. More significant 'H, **C and "°Sn NMR data

Compound
H,DAPTSC
H,DAPTSC
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deshielded. Note that the signals of the pyridine ring
atoms, whose magnetic environment is unlikely to be
significantly affected by conformational changes in the
thiosemicarbazone arms, behave in the same way as
when the pyridine nitrogen atom becomes protonated
(ortho carbons becoming shielded and meta and para
carbons deshielded [19]).

With regard to the ligand signals, the spectral be-
haviour of [SnMe,(DAPTSC)] is similar to that de-
scribed above for the phenyl derivative, suggesting that
the coordination mode of DAPTSC?~ is the same in
the two complexes in solution as well as in solid state.
However, the simpler spectrum of the methyl derivative
allows observation of satellite peaks flanking the signal
for C(2)/C(8) with separation of 24.2 Hz. These satellites
may plausibly be attributed to Sn—C coupling via the
Sn-N(3)/N(5) bonds.

To summarize, in spite of the donor character of
the solvents used in this study, the ligand signals suggest
that DAPTSC?~ maintains its pentadentate behaviour
in DMSO and DMF solutions. This conclusion is
supported by the value of Z(*H-'°Sn) in
[SnMe,(DAPTSC)] (Table 7), which is in the range
considered typical for seven-coordinate species [20].
Substitution of this coupling constant in the Lock-
hart-Manders equation [21] leads to prediction of an
impossible C-Sn—C angle (197°), but the large J value,
like those of other seven-coordinated dimethyltin(IV)
complexes [22] measured in DMSO, is taken to indicate
an approximately linear C-Sn—C fragment.

Though all the 'H and '*C NMR information points
to the structural characteristics of the complexes in the
solid state being maintained in DMSO (or DMF)
solution (and hence, in particular, to the heptacoor-
dination of the tin atom being conserved), the tin
nuclide is less shielded in DAPTSC?~ compounds than
in seven-coordinate diorganotin(IV) derivatives pos-
sessing 3N, 20- or 2N, 30-pentadentate ligands [6, 20,
22], 8(*"°Sn) lying as much as c. 100 ppm farther
downfield in the case of the phenyl derivative. These
differences are probably due to the sulfur atoms having
a smaller shielding effect on the tin nuclide than oxygen
atoms; a similar difference between the effects of S
and O atoms has been reported for the Cd nuclide
[23], among others. Five- and six-coordinate dialkyl-
tin(IV) mono- or bis(thiosemicarbazonates) also have
relatively deshielded *Sn signals, though shielding rises
steadily, as expected [24], as coordination number
increases (e.g. for five-coordinate tin in [SnMe,(salicyl-
aldehydethiosemicarbazonate)], 8(*'*Sn)= —123 ppm
[25]; for six-coordinated tin in [SnEt,{benzyl} bis-
(thiosemicarbazonate)] 8(***Sn)= —305 ppm [25]; for
seven-coordinated tin in [SnMe,(DAPTSC)], 8(*'°Sn)
= —393 ppm). Thus the chemical shift of tin in dior-
ganotin complexes appears to depend not only on
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coordination number, but also on the identity of the
donor atoms in the coordination sphere.

Finally, note that the carbon atoms of the tin-bonded
methyl groups in [SnMe,(DAPTSC)] and the ipso car-
bons of the phenyl groups in [SnPh,(DAPTSC)]-2DMF
are strongly deshielded (the identity of the Sn-Me
signal was confirmed using a heteronuclear COSY
experiment), possibly due to some deshielding influence
of the wcharge delocalized along the DAPTSC?™ ligand.
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