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The reaction of RSnGI(R = Me, Ph, or Bll) and SnX acceptors (X= Cl, Br, or I) with equimolar amounts of
tris(pyrazol-1-yl)methane ligands L (£ HC(pz), HC(4-Mepz}, HC(3,5-Mepz)s, HC(3,4,5-Mgpz)s, or HC(3-
Mepz)(5-Mepz) yields ionic 1:1{LSnRChE} "][{ SNRCLE} 7] or [{LSnX3} T][{SnXs} ] and 2:1 [LSnRCh} T][{ Sn-
RClg}27] or [{LSnX3} ]2[{ SnXe} 27] complexes, depending strongly on the number and position of the Me groups
on the azole ring of the neutral ligand. These complexes, stable in air, have been characterized in the solid state
(IR, MS-FAB) as well as in solutiontd- and*°Sn-NMR, conductivity, and molecular weight determinations).

The crystal and molecular structure pHC(4-Mexpz)sSBUCL} T1,[{ STBUCls} 27, [{ HC(3,5-Mepz):SnMeCh} -
[{MeSnCl} -], and [HC(3,4,5-Mepz):SnBr} "[{SnBk} ] was determined by X-ray crystallography. The
structures of the cations are very similar, the Sn atom being in a strongly distorted octahedral environment with
the Sn-N bonds in the range 2.22.33 A, whereas in the anions the Sn atoms are five-coordinate (trigonal-
bipyramidal) in [MeSn{]]~ and [SnBg]~ and six-coordinate (octahedral) in [BuCls]?".

containing N-donor ligands exhibited antitumor activity. More
recently, this preliminary examination of such complexes has
been extended to a systematic study of the antitumor properties
of tin compounds,demonstratingthat the coordinated N-donor

) - - ligands favor in some way the transport of the drugs into cells;
Lyl)borate-tin(IV) complexes have appearée driving force e.g., in the case of the diorganotin(lVV) compounds, the antitumor

for much of the chemistry in this area stems from its biological activity arises from SniIV) moieties released by slow hy-
relevance: in the 1970s, while some research was undertaken Yy Y Yy

to study the biological properties and applications of organotin drolysis of the complexes. In addition organotin(IV) halides

compounds, it was discovered that certain organotin derivatives exhibit strong L.eW'S aC|d|ty: an_d their c.omplexat|or_1 chemistry
has been a subject of growing interest; these species have been
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Introduction

Since poly(pyrazol-1-yl)borate ligands were discovered and
used by Trofimenko in the synthesis of main group and
transition metal derivativespnumerous reports of poly(pyrazol-
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Figure 1. Molecular structure of the tris(pyrazol-1-yl)methane ligands
employed in this work.

HC(3-Mepz),(5-Mepz)

with that previously developed for anionic poly(pyrazol-1-yl)-
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multiplet, mc; broad, br. FAB mass spectra were obtained on a Finnigan-
MAT TSQ70 triple-stage quadrupole instrument equipped with an lon
Tech (Teddington, U.K.) atom gun using Xe as bombarding gas. The
emission current was typically set at 2 mA with an accelerating voltage
of 8 keV. For all experiments the source was kept at room temperature,
using Csl for mass calibration. Samples were directly dissolved in an
m-nitrobenzyl alcohol matrix. Melting points are uncorrected and were
carried out using an IA 8100 Electrothermal Instrument and on a
capillary apparatus. The electrical conductance of the solutions was
measured with a Crison CDTM 522 conductimeter at room temperature.
The osmometric measurements were carried out &C40@ver a range
of concentrations, with a Knauer KNA0280 vapor pressure osmometer
calibrated with benzil using Baker Analyzed spectrophotometric grade
chloroform as solvent, the results being reproducible-&%6.
Preparation of the Ligands. (a) Tris(pyrazol-1-yl)methane,
HC(pz)s. The ligand HC(pz) (44% yield) was obtained according to
a published methot: mp (n-hexane), 104106 °C. *H NMR (CDCls,
300 MHz): 6 6.37 (pt, 3H, 4-®), 7.58 (d, 3H, 3- or 5-€l), 7.68 (d,

borates. In our previous papers, we described the interaction3H: 3- or 5-G), 8.43 (s, 1H, &). 'H NMR (acetone, 300 MHz):0

between several tin(IV) and organotin(lV) acceptors and the

N,-donors HC(pz),” H.C(3,5-Mepz),t Me,C(pz),2° H,C(4-
Mepz),10 H,C(3,4,5-Mepz),1° (HoC)a(pz), 10 and (HC)x(3,5-

6.40 (pt, 3H, 4-El), 7.63 (d, 3H, 3- or 5-€&), 7.86 (d, 3H, 3- or 5-&),
8.74 (s, 1H, ©l). *H NMR (CDs0D, 300 MHz): 6 6.43 (t, 3H, 4-C1),
7.67 (d, 3H, 3- or 5-€l), 7.74 (d, 3H, 3- or 5-€@), 8.70 (s, 1H, El).
Anal. Calcd for GoHioNe: C, 56.1; H, 4.7; N, 39.2. Found: 56.3; H,

Mezpz),'° showing that different reaction patterns can take place 4 g. N 39.0. IR (cmY): 3147 w, 3123 w §(C—H)].

depending on the nature of the donor and of the tin(IV) acceptor.

(b) Tris(3,5-dimethylpyrazol-1-yl)methane, HC(3,5-Mepz);. The

To gain insight into the factors controlling the structure and ligand HC(3,5-Mepz)s (42% vyield) was obtained according to a
bonding in these complexes, we have also determined the X-raypublished method* mp (n-hexane), 133134 °C. *H NMR (CDCl,

crystal structure of [HC(4-Mepz}SnMeCl,].10

300 MHz): ¢ 2.01 (s, 9H, 3- or 5-63), 2.18 (s, 9H, 3- or 5-85),

As an extension of our research, we have now decided to 5.88 (s, 3H, 4-€l), 8.09 (s, 1H, €l). Anal. Calcd for GeHzaNe: C,

investigate the donor ability of neutral, tris-chelating, flexible
and stable Mdonor tris(pyrazol-1-yl)methanes toward tin(1V)

and organotin(IV) acceptors. With the aim of evaluating the
influence of the substituents on the structure and properties of
the tin(IV) complexes, we have prepared a series of ligands

64.4; H, 7.4; N, 28.2. Found: 64.3; H, 7.5; N, 28.0. IR (&jn 3165
w [v(C—H)].

(c) Tris(3,4,5-trimethylpyrazol-1-yl)methane, HC(3,4,5-Mgpz)s.
To a stirred chloroform solution (200 mL) of 3,4,5-trimethylpyrazole
(9.6 g, 0.086 mol), prepared according to a published méethaicioom
temperature and under nitrogen,CGO; (60.0 g, 0.436 mol) and

containing methyl groups in the 3-, 4-, and 5-positions of the n_g,NHSQ, (1.5 g, 0.004 mol) were added. The reaction was carried

pyrazole ring: HC(pz) HC(4-Mepz), HC(3,5-Mepz),
HC(3,4,5-Megpz)s, or HC(3-Mepz)(5-Mepz) (Figure 1) report-

out at 40°C, under nitrogen and with stirring for 3 days, until the
solution became orange-red. The residue was filtered off and washed

ing here the syntheses and properties of 27 new complexeswith hot chloroform (2x 80 mL). The organic layer was collected,

For the derivatives{HC(3,5-Mepz)sMeSnCh} *][{ MeSnCl} ],
[{HC(4-Mepz)SBuClh} 2 [{ STBuUCIs} 2], and [HC(3,4,5-
Mespz):SnBr} T][{ SnBEi} 7], the crystal and molecular struc-
tures have been determined by X-ray crystallography.

Experimental Section

General Procedures.The organotin(IV) halides were purchased

from Alfa (Karlsruhe) and Aldrich (Milwaukee) and used as received.

the chloroform was removed under reduced pressure, and then diethyl
ether (100 mL) was added to the residue. The colorless precipitate
formed was separated by filtration, washed with diethyl ether, and
recrystallized fromn-hexane to give 3.9 g (40% yield) of HC(3,4,5-
Mespz): mp (n-hexane), 156157 °C. 'H NMR (CDCl;, 300 MHz):

0 1.88 (s, 9H, 3- or 5-83), 1.93 (s, 9H, 3- or 5-83), 2.13 (s, 9H,
4-CHs), 8.05 (s, 1H, @l). *H NMR (CD3OD, 300 MHz): 6 1.92 (s,

18H, 3- and 5-El3), 2.12 (s, 9H, 4-El3), 8.09 (s, 1H, El). Anal. Calcd

for CigH26Ne: C, 67.0; H, 8.3; N, 24.7. Found: 66.6; H, 8.6; N, 24.6.

Solvent evaporations were always carried out under vacuum using a|R (cm3): 3168 br p(C—H)].

rotary evaporator. The samples for microanalysis were dried in vacuo

to constant weight (20C, ca. 0.1 Torr). All syntheses were carried

(d) Tris(4-methylpyrazol-1-yl)methane, HC(4-Mepz}. The ligand
HC(4-Mepz} (94% yield) was prepared as HC(3,4,5-de); by using

out under a nitrogen atmosphere. Hydrocarbon solvents were dried by4-mepzH (20.3 g, 0.247 mol), §CO; (165.8 g, 1.200 mol), and
refluxing with sodium, dichloromethane with calcium hydride, and .By,NHSO, (4.1 g, 0.012 mol): mpr¢hexane), 149151 °C. H
tetrahydrofuran with sodium and benzophenone and then distillated. NMR (CDCl;, 300 MHz): & 2.06 (s, 9H, 4-@l3), 7.30 (s, 3H, 3- or

Prior to use all solvents were degassed under dry nitrogen.

5-CH), 7.46 (s, 3H, 3- or 5-8)), 8.17 (s, 1H, ©l). H NMR (CD:OD,

Elemental analyses (C, H, N, S) were performed in house using a 300 MHz): 6 2.07 (s, 9H, 4-€ls), 7.44 (s, 3H, 3- or 5-8), 7.47 (s,
Carlo-Erba model 1106 instrument. IR spectra were recorded from 4000 34, 3- or 5-CH), 8.36 (s, 1H, ©). Anal. Calcd for GsHieNg: C, 59.6;

to 100 cntt with a Perkin-Elmer system 2000 FT-IR instrumet.
and °Sn NMR spectra were recorded on a VXR-300 Varian
spectrometer operating at room temperature (300 MH#and 111.9
MHz for 11°Sn). The chemical shift®)} are reported in parts per million
(ppm) from SiMe (*H calibration by internal deuterium solvent lock)
and SnMe (*°Sn). Peak multiplicities are abbreviated as follows:
singlet, s; doublet, d; triplet, t; multiplet, m; pseudotriplet, pt; complex

(7) Gioia Lobbia, G.; Cingolani, A.; Leonesi, D.; Lorenzotti, A.; Bonati,
F. Inorg. Chim. Actal987 130 203.
(8) Gioia Lobbia, G.; Bonati, F.; Cingolani, A.; Leonesi D.; Lorenzotti,
A. J. Organomet. Chen1989 359, 21.
(9) Pettinari, C.; Cingolani, A.; Bovio, BPolyhedron1996 15, 115.
(10) Pettinari, C.; Lorenzotti, A.; Sclavi, G.; Cingolani, A.; Rivarola, E.;
Colapietro M.; Cassetta, Al. Organomet. Chen1.995 496, 69.

H, 6.4; N, 32.0. Found: 60.0; H, 6.7; N, 31.7. IR (cthh 3158 w,
3128 w, 3095 w, 3074 wifC—H)].

(e) Bis(3-methylpyrazol-1-yl)(5-methylpyrazol-1-yl)methane, HC(3-
Mepz),(5-Mepz). To a stirred chloroform solution (240 mL) of
3-MepzH (16.0 g, 0.195 mol), at room temperature and under nitrogen,
K2CO; (134.7 g, 0.975 mol) and-BusNHSC, (3.3 g, 0.010 mol) were
added. The reaction was carried out at’@) under nitrogen and with
stirring for 4 days, until the solution became orange-red. The residue
was filtered off and washed with hot chloroform 280 mL). The
organic layer was collected and the solvent removed under reduced

(11) Trofimenko, SJ. Am. Chem. S0d.97Q 92, 5118.
(12) Pettinari, C.; Lorenzotti, A.; Pellei, M.; Santini, €olyhedron1997,
16, 3435 and references cited therein.
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pressure. After the addition of diethyl ether a colorless precipitate
formed. It was filtered off, washed with diethyl ether, and recrystallized
from n-hexane to give 2.9 g (17% yield) of HC(3-Mep@&-Mepz):
mp (n-hexane), 114115°C. *H NMR (CDCl;, 300 MHz):6 2.27 (s,
6H, 3-CH3), 2.39 (s, 3H, 5-E13), 6.10 (s, 3H, 4-€l), 7.31 (s, 2H, 5-@),
7.54 (s, 1H, 3-E), 8.21 (s, 1H, ®). Anal. Calcd for GsHieNs: C,
60.9; H, 6.3; N, 32.8. Found: 60.9; H, 6.6; N, 32.7. IR (d&n 3143
br, 3120 m p(C—H)].

Synthesis of the Complexes. (af HC(pz)sSnMeCl} *1,[{ SnMe-
Cls}?7, 1. To a stirred diethyl ether solution (30 mL) of HC(p£).070
g, 0.330 mmol) at room temperature and under nitrogen, SnMeCl

Inorganic Chemistry, Vol. 38, No. 25, 199%779

isotopic cluster), 295 ([Sn@]l", 35%, center of isotopic cluster). Anal.
Calcd for GgH3sClgN12Srs: C, 34.2; H, 2.6; N, 12.6. Found: C, 34.8;
H, 2.9; N, 12.3. IR (cm'): 3129 w, 3111 w{(C—H)], 264 s p(Sn—
C)], 311 s p(Sn—=Cl)], 399 m [p(Ph)].

(d) [{HC(4-Mepz);SnMeCly} 1[{ SnMeCls} 2], 4. Compound4
(78% yield) was obtained similarly to compouthdmp (CH.Cl,, diethyl
ether), 126-132°C.H NMR (CDCl, 300 MHz): ¢ 1.44 (s, 6H, Sk
CHs, 2J(*°Sn—1H) = 113.9 Hz,2)(**'Sn—'H) = 108.7 Hz), 1.92 (s,
3H, Sn—CHa, 2J(19Sn—1H) = 126.9 Hz,2J(*¥'Sn—1H) = 121.1 Hz),
2.13 (s, 9H, 4-El3), 2.16 (s, 9H, 4-El3), 7.80 (s, 4H, 3- or 5-8),
8.09 (s, 2H, 3- or 5-8), 8.85 (s, 2H, 3- or 5-8), 8.97 (s, 4H, 3- or

(0.120 g, 0.500 mmol) was added. After ca. 1 h, the colorless precipitate 5-CH), 10.19 (s, 2H, €l). 1°Sn NMR (CDC}, 111.9 MHz): 6 —455.5.

formed was filtered off and washed with diethyl ether to give (88%
yield) the analytical samplé: mp (CHCl,, diethyl ether), 256°C
(dec.).*H NMR (CDCls, 300 MHz): 6 1.50 (s, 6H, SaCHa, 2J(**°Sn—

1H) = 125.0 Hz,2J(**'Sn—*H) = 115.3 Hz), 1.91 (s, 3H, SnCHs,
2J(*9Sn—1H) = 119.6 Hz,2J(**"Sn—1H) = 110.0 Hz), 6.40, 6.58, 6.62
(3, 6H, 4-H), 7.62, 7.71, 8.03, 8.32, 9.25, 9.36 (6 d, 12H, 3- and
5-CH), 8.53, 10.44 (2 s, 2H, B). *H NMR (acetone, 300 MHz):0
1.57 (s, 6H, SACHs, 2J(**°Sn—'H) = 120.3 Hz,2J(**'Sn—1H) = 114.7
Hz), 1.62 (s, 3H, SACHs, 2J(*°Sn—1H) = 120.7 Hz, 2J(*''Sn—1H) =
115.5 Hz), 6.40, 6.86 (2 t, 6H, 4H), 7.63, 7.86 (2 d, 6H, 3- or 540),
8.56, 8.78 (2 s br, 6H, 3- or 54, 8.74, 10.21 (2 s, 2H, ). 11°Sn
NMR (CDCls, 111.9 MHz): 6 —448.6. Cond. (CkCl,, concentration

= 1.09 x 10% M): A 0.30 Q7' cn? mol™t. Cond. (acetone,
concentration= 1.01 x 103 M): A 57.8Q1 cn? mol™t. MS (FAB-
positive): m/z 419 ([HC(pzkSnMeCh}]", 85%, center of isotopic
cluster). MS (FAB-negative):m/z 295 ([SnCi]~, 50%, center of
isotopic cluster), 275 ([SnMe@l, 25%, center of isotopic cluster).
Anal. Calcd for GsH2oClgN1,Sns: C, 24.0; H, 2.5; N, 14.6. Found: C,
24.1; H, 2.6; N, 14.4. IR (cnt): 3152 w, 3128 w{(C—H)], 545 m,
525 m p(Sn—C)], 315 s p(Sn—Cl)].

(b) [{HC(pz)sSnBUCI} T12[{ SM"BUCls} 2], 2. To a stirred diethyl
ether solution (30 mL) of HC(pz)(0.073 g, 0.340 mmol), at room
temperature and under nitrogen,"BaCl; (0.147 g, 0.521 mmol) was
added. After ca. 6 h, a colorless precipitate formed which was filtered
off and washed with diethyl ether to give (86% yield) the analytical
sample2: mp (CHCl,, diethyl ether), 139141°C.*H NMR (CDCls,
300 MHz): 6 0.98, 1.00 (2 t, 9H, Sn"Bu), 1.4-1.6, 1.8-2.0 (mc,
14H, Sn-"Bu), 2.47 (t, 4H, Sr-"Bu), 6.37, 6.56, 6.58 (3 t, 6H, 444),
7.59, 7.69, 8.00, 8.32, 9.23, 9.34 (6 d, 12H, 3- andHy;3B.45, 10.33
(2 s, 2H, @H). 'H NMR (acetone, 300 MHz):d 0.95, 0.98 (2 t, 9H,
Sn—"Bu), 1.49 (ps, 6H, Sa"Bu), 1.8-2.0 (mc, 6H, SA"Bu), 2.1—
2.4 (mc, 6H, Sa"Bu), 6.40, 6.85 (2 t, 6H, 4-B), 7.63, 7.86, 8.54,
8.81 (4 d, 12H, 3- and 54@), 8.73, 10.19 (2 s, 2H, ). 11%Sn NMR
(CDCls, 111.9 MHz): 6 —453.3. Cond. (CkLl,, concentratior= 1.21
x 103 M): A 0.40Q7! cm? mol~%. Cond. (acetone, concentratien
1.04 x 103 M): A 31.9Q7! cn? molt. MS (FAB-positive): m/'z
461 (fHC(pz)SMBuUCL}]*, 90%, center of isotopic cluster). MS (FAB-
negative): m/iz 317 ([SHBuCly] ~, 70%, center of isotopic cluster), 295
([SnCk]~, 20%, center of isotopic cluster). Anal. Calcd fog B4
ClgN12Sns: C, 30.1; H, 3.7; N, 13.2. Found: C, 30.5; H, 3.9; N, 13.3.
IR (cm™): 3131 w, 3107 mif(C—H)], 590 m (Sn—C)], 300 s p(Sn—
CI)].

(c) {HC(pz)sSNPhChL} M1,[{ SNPhCE}?7], 3. To a stirred diethyl
ether solution (30 mL) of HC(pz)(0.073 g, 0.340 mmol), at room
temperature and under nitrogen, SnRPh0I150 g, 0.496 mmol) was
added. After 2 h, the colorless precipitate afforded was filtered off and
washed with diethyl ether to give (88% yield) the analytical sar8ple
mp (CHCl,, diethyl ether), 204206 °C. *H NMR (CDCl;, 300
MHz): ¢ 6.40, 6.53, 6.59 (3 t, 6H, 44d), 7.3-7.5, 7.7-8.0 (mc, 15H,
SrPh), 7.61, 7.70, 8.19, 8.40, 9.35, 9.45 (6 d, 12H, 3- andH);®B.55,
10.62 (2 s broad, 2H, K&). *H NMR (acetone, 300 MHz):6 6.40,
6.88 (2 t, 6H, 4-¢l), 7.38-7.60, 8.16-8.20 (mc, 15H, SRh), 7.65,
7.90, 8.85, 8.90 (4 d, 12H, 3- and 34(; 8.62, 10.32 (2 s, 2H, i8).
11950 NMR (CDC}, 111.9 MHz): 6 —503.3. Cond. (CkLl,, concen-
tration= 1.06 x 1073 M): A 0.11Q7* cn? mol™L. Cond. (acetone,
concentration= 0.75x 103 M): A 69.2Q~1 cn? mol~*. MW (CHCls,
concentration= 3.19 x 10° M, room temperature): 643. MS (FAB-
positive): m/z 523 ([HC(pzkSnPhC}}]", 100%, center of isotopic
cluster). MS (FAB-negative):m/z 337 ([SnPhC]~, 40%, center of

Cond. (CHCI,, concentration= 0.99 x 1073 M): A 15.0Q7* cn?
mol~1. Cond. (acetone, concentratien0.96 x 1073 M): A 73.0Q7!
cn? mol~L. Anal. Calcd for GgH41ClgN12Srs: C, 28.3; H, 3.3; N, 13.6.
Found: C, 28.6; H, 3.5; N, 13.3. IR (ci): 3150 w, 3112 m(C—
H)], 536 m p(Sn—C)], 326 s, 310 shif(Sn—Cl)].

(e) [HC(4-Mepz);Sn'BuCly} 1[{ Sn"BuCls}?7], 5. Compound5
(85% yield) was obtained similarly to compoudmp (CH.CI,, diethyl
ether), 97-100 °C. *H NMR (CDCls, 300 MHz): 6 0.98, 1.01 (2 t,
9H, Sn—"Bu), 1.55 (m, 12H, SA"Bu), 1.80-2.03 (mc, 4H, Sr"Bu),
1.91 (s, 6H, 4-El3), 2.12 (s, 6H, 4-@3), 2.15 (s, 6H, 4-El3), 2.48 (t,
2H, Sn—"Bu), 7.30, 7.47, 7.77, 8.09, 8.84, 8.96 (6s, 12H, 3- ort$)C
8.16, 10.24 (2s, 2H, B). Cond. (CHCI,, concentration= 1.11x 1073
M): A 3.2Q71 cn? molt. Cond. (acetone, concentratien0.92 x
103 M): A 64.4Q71 cm? molt. Anal. Calcd for GgHsoCloN12Srs:
C, 33.6; H, 4.4; N, 12.4. Found: C, 33.7; H, 4.6; N, 12.1. IR (&n
3120 w, 3104 m}(C—H)], 602 s p(Sn—C)], 312 s p(Sn—Cl)].

(f) [{HC(4-Mepz):SnPhCk} 1[{SnPhCE}?7], 6. Compound 6
(76% yield) was obtained similarly to compoudmp (CHCl,, diethyl
ether), 128-130 °C. *H NMR (CDCl;, 300 MHz): 6 2.08 (s, 12H,
4-CH3), 2.14 (s, 6H, 4-@l3), 7.30-7.60 (mc, 12H, SRh), 7.52 (s, 4H,
3- or 5-CH), 8.16 (s, 2H, @), 8.32 (d, 3H, SRh), 8.92 (s, 2H, 3- or
5-CH), 9.03 (s, 4H, 3- or 5-8), 10.36 (s, 2H, €l). 1**Sn NMR (CDC},
111.9 MHz): 6 —469.5. Cond. (CkLCl,, concentration= 1.02 x 1073
M): A 3.5Q71 cn? mol%. Cond. (acetone, concentratien 1.07 x
103 M): A 68.7Q1 cm? mol~t. MW (CHCls, concentration= 2.32
x 10° M, room temperature): 464. MW (CHglconcentration= 4.90
x 10° M, room temperature): 560. Anal. Calcd fok&47ClgN12Sns:
C, 37.2; H, 3.3; N, 11.8. Found: C, 37.6; H, 3.6; N, 11.3. IR (&m
3123 w, 3112 m, 3068 w, 3048 w(C—H)], 292 m y(Sn—C)], 325
s [»(Sn—=Cl)], 460 s, 451 sy(Ph)].

(9) {HC(3,5-Mezpz)sSnMeCly} T][{ SnMeCls} 7], 7. Compound?
(95% yield) was obtained similarly to compoutdmp (CHCl,, diethyl
ether), 226-223°C.*H NMR (CDCl;, 300 MHz): 6 1.62 (s, 3H, Sk
CHa, 2J(*19%Sn—1H) = 116.8 Hz,2J(*¥’Sn—!H) = 115.1 Hz), 1.64 (s,
3H, Sn—CHs, 2J(*1%Sn—1H) = 111.6 Hz,2J(**’Sn—!H) = 110.0 Hz),
2.63 (s, 6H, 3- or 5-8), 2.79 (s, 3H, 3- or 5-83), 2.82 (s, 9H, 3- or
5-CHs), 6.21 (s, 1H, 4-@), 6.27 (s, 2H, 4-@), 8.09 (s, 1H, @).
11950 NMR (CDC}, 111.9 MHz): 6 —244.0,—469.7. Cond. (CkLCly,
concentration= 1.02 x 1073 M): A 19.6 Q™! cn? mol~%. Cond.
(acetone, concentratios 0.95 x 103 M): A 74.7 Q7! cnm? mol™.
Anal. Calcd for GgH2sClgNeSp: C, 27.8; H, 3.6; N, 10.8. Found: C,
28.0; H, 3.8; N, 10.7. IR (cmt): 3132 w, 3095 w§(C—H)], 539 m,
533 sh p(Sn—C)], 308 s p(Sn—ClI)].

(h) [{HC(3,5-Mezpz)sSn'BuCly} H][{ SM"BuCl 4} ~]-2H,0, 8. Com-
pound 8 (85% vyield) was obtained similarly to compour&d mp
(CH,CI,, diethyl ether), 59-61 °C. *H NMR (CDCls, 300 MHz): ¢
0.95 (t, 3H, SA-"Bu), 0.98 (t, 3H, Sr-"Bu), 1.48 (ps, 4H, Sr"Bu),
1.7-1.9 (mc, 4H, SrR"BU), 2.04 (t, 2H, SrR"Bu), 2.19 (t, 2H, Sr-
"Bu), 2.43, 2.61, 2.78, 2.81, 2.85 (5 s, 18H, 3- and133)C 4.80 (br,
4H, H,0), 6.19 (s, 1H, 4-8), 6.26 (s, 2H, 4-@), 8.13 (s, 1H, El).
11950 NMR (CDC}, 111.9 MHz): 6 —108.5,—467.5. Cond. (CkCly,
concentration= 0.76 x 107° M): A 16.1 Q! cn? mol™. Cond.
(acetone, concentration 0.75 x 1073 M): A 7.84Q~! cn? mol™.
Anal. Calcd for G4HasClsNeO2Sn: C, 32.1; H, 4.9; N, 9.4. Found:
C, 31.9; H, 5.1; N, 8.8. IR (cr#): 3164 w [y(C—H)], 608 m, 594 m
[v(Sn—C)], 304 s, 278 sif(Sn—Cl)], 3400 br (H20)].

(i) [{HC(3,5-Mezpz)sSnPhChL} f][{ SnPhCL} 7], 9. Compound9
(76% yield) was obtained similarly to compougdmp (CH.CI,, diethyl
ether), 176-179°C. *H NMR (CDCls, 300 MHz): ¢ 1.95 (s, 6H, 3-
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or 5-CHs), 2.79 (s, 3H, 3- or 5-83), 2.87 (s, 9H, 3- or 5-8), 6.16
(s, 2H, 4-QH), 6.23 (s, 1H, 4-©l), 7.40-7.48 (mc, 8H, SRh), 8.20
(s, 1H, CH), 8.25 (d, 2H, SRh). 1°5n NMR (CDC}, 111.9 MHz): ¢
—320.2,—424.8. Cond. (CKCl,, concentration= 0.96 x 1072 M): A
17.7 Q71 cn? mol™%. Cond. (acetone, concentratien 1.02 x 1073
M): A 76.8 Q271 cm? mol~t. MW (CHCls, concentration= 3.06 x
10° M, room temperature): 556. Anal. Calcd fopgB3,ClgNeSmp: C,
38.3; H, 3.8; N, 9.3. Found: C, 37.9; H, 3.8; N, 9.5. IR (¢jn 3138
w, 3102 w, 3054 w(C—H)], 283 s p(Sn—C)], 320 s p(Sn—Cl)],
447 s p(Ph)].

() [{HC(3,4,5-Mezpz)sSnMeClp} T][{ SnMeCly} ~], 10. Compound
10 (82% yield) was obtained similarly to compoutid mp (CH.Cl,,
diethyl ether), 128129 °C. *H NMR (CDCl;, 300 MHz): ¢ 1.59 (s,
6H, Sn—CHs, 2J(11%Sn—1H) = 115.4 Hz,2)(*"Sn—H) = 110.3 Hz),
1.99 (s, 9H, 3- or 5-83), 2.52 (s, 6H, 3- or 5-83), 2.69 (s, 3H, 3- or
5-CHs), 2.73 (s, 9H, 4-€l3), 8.16 (s, 1H, El). **Sn NMR (CDC},
111.9 MHz): 6 —259.6,—474.6,—475.7. Cond. (CkLCl,, concentration
= 0.97 x 10° M): A 21.2 Q7' cn? mol™. Cond. (acetone,
concentratior= 0.97 x 10°M): A 105.5Q~1 cn? mol~*. MS (FAB-
positive): m/z 545 ({HC(3,4,5-Mgpz)sSnMeCh}]*, 100%, center of
isotopic cluster). MS (FAB-negative)m/z 275 ([SnMeCl]~, 40%,
center of isotopic cluster). Anal. Calcd for#3,ClegNeSrp: C, 30.7;
H, 4.2; N, 10.2. Found: C, 31.1; H, 4.4; N, 10.4. IR (Ch 3124 w
[v(C—H)], 544 m p(Sn—C)], 312 s p(Sn—Cl)].

(k) [{HC(3,4,5-Meypz)sSn'BuCly} f][{ Sn"BuCl,} 7], 11. Compound
11 (79% vyield) was obtained similarly to compoutid mp (CHCl,,
diethyl ether), 138 139°C. 'H NMR (CD3;0OD, 300 MHz): 6 0.94 (t,
6H, Sn—"Bu), 1.3—-1.6 (mc, 8H, SA"Bu), 1.73 (t, 4H, SA-"Bu), 1.92
(s, 9H, 3- or 5-Cl3), 2.03 (s, 6H, 3- or 5-83), 2.11 (s, 3H, 3- or
5-CHj3), 2.35 (s, 9H, 4-El3), 8.09 (s, 1H, El). **Sn NMR (CDC},
111.9 MHz): 6 —271.0,—472.7. Cond. (CkLCl,, concentratior= 0.97
x 1073 M): A 18.9Q~ cnm? mol~L. Cond. (acetone, concentratien
1.02 x 10°% M): A 79.0Q7* cn? mol~t. MS (FAB-positive): m/'z
587 ({HC(3,4,5-Mepz):Si'BuCh} ], 100%, center of isotopic cluster).
MS (FAB-negative): mz 317 ([Si'BuCls]~, 60%, center of isotopic
cluster). Anal. Calcd for @H4eCleNeSn: C, 35.8; H, 5.1; N, 9.3.
Found: C, 36.1; H, 5.4; N, 9.5. IR (ct®): 3132 w /(C—H)], 608 w
[v(Sn—C)], 318 s p(Sn—Cl)].

() [{HC(3,4,5-Mezpz)sSnPhChL} T][{ SnPhCL} ~]-H20, 12. Com-
pound 12 (58% yield) was obtained similarly to compou®d mp
(CH,CI,, diethyl ether), 213-214C. *H NMR (CD;OD, 300 MHz): ¢
1.87, 1.93, 2.01, 2.67, 2.69, 2.79 (6 s, 27H, 3-, 4-, andB}C2.36
(br, 2H,H,0), 7.30-7.60 (mc, 8H, SRh), 7.80-7.95 (mc, 2H, SRH),
8.28 (s, 1H, El). **Sn NMR (CDC}, 111.9 MHz): 6 —529.7. Cond.
(CH:ClIy, concentration= 1.08 x 1072 M): A 11.79Q~* cn? mol.
Cond. (acetone, concentratien 1.08 x 1073 M): A 58.9Q7! cn?
mol~. MS (FAB-positive): m'z 607 ([ HC(3,4,5-Mepz):SnPhCJ} |+,
100%, center of isotopic cluster). MS (FAB-negativeiyz 337
([SnPhCI]~, 20%, center of isotopic cluster). Anal. Calcd fo51840-

ClgNeSnO: C, 38.7; H, 4.2; N, 8.7. Found: C, 39.0; H, 4.5; N, 8.6.

IR (cm™): 3124 w p(C—H)], 290 sh p(Sn—C)], 310 br p(Sn—Cl)],
454 m p(Ph)].

(m) [{HC(3-Mepz)(5-Mepz)SnMeCh} *][{ SnMeCls} 7], 13. Com-
pound 13 (53% yield) was obtained similarly to compourdd mp
(CH.Cl,, diethyl ether), 208C (dec.).H NMR (CDCls;, 300 MHz):

0 1.67 (s, 3H, SACHj, 2J(*°Sn—'H) = 117.7 Hz,2J(**'Sn—*H) =
112.5 Hz), 1.78 (s, 3H, SACH3, 2J(*1%Sn—1H) = 121.2 Hz 2)(**'Sn—
1H) = 115.7 Hz), 2.63, 2.82, 2.91, 2.95 (4 s, 9H, 3- andi:)-6.39
(s, 3H, 4-®), 8.33 (s, 1H, 3- or 5-8), 8.99 (s, 2H, 3- or 5-8),
10.00 (s, 1H, ). 2%Sn NMR (CDCh, 111.9 MHz): 6 —422.9,
—463.8. Cond. (CkLCl,, concentration= 1.03 x 1073 M): A 0.83
Q% cn? mol™. Cond. (acetone, concentratien0.98 x 102 M): A
34.1Q7! cn? mol~1. MS (FAB-positive): m/z 461 ([ HC(3-Mepz)-
(5-Mepz)SnMeCl]t, 20%, center of isotopic cluster). MS (FAB-
negative): m'z 295 ([SnCi]~, 20%, center of isotopic cluster), 225
([SnCk]~, 20%, center of isotopic cluster). Anal. Calcd foisE,-

ClgNeSnp: C, 24.5; H, 3.0; N, 11.4. Found: C, 25.0; H, 3.2; N, 11.4.

IR (cm™): 3133 br, 3119 mif(C—H)], 533 w »(Sn—C)], 316 s p(Sn—
CI)].

(n) [{HC(3-Mepz)x(5-Mepz)SnPhCh} ].[{ SnPhCE}27]-H0, 14.
Compoundl4 (70% yield) was obtained similarly to compou8d mp
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(CH.ClI,, diethyl ether), 203C (dec.).*H NMR (CDCl;, 300 MHz):

0 1.62 (br, 2H,H,0), 1.98, 2.17, 224, 2.27 (4s, 12H, 3- or 5,
2.88, 2.95, 3.03 (3s, 6H, 3- or 5H3), 6.12, 6.27, 6.39, 6.40 (4s, 6H,
4-CH), 7.20-7.50 (mc, 12H, SRh), 8.21 (d, 3H, SRh), 8.39, 9.23 (2
d, 6H, 3- or 5-CG1), 10.50, 10.60 (2 s, 2H, ). 11°*Sn NMR (CDC},
111.9 MHz): 6 —516.7,—518.8. Cond. (CkCl,, concentratior= 1.02

x 1073 M): A 1.51Q7*cn? molL. Cond. (acetone, concentratien
0.85 x 103 M): A 103.3Q7! cn? molL. Anal. Calcd for GsHar
ClgN1;Sns: C, 37.2; H, 3.3; N, 11.8. Found: C, 37.3; H, 3.6; N, 11.9.
IR (cm™Y): 3125 br p(C—H)], 292 sh p(Sn—C)], 309 s p(Sn—Cl)],
456 m p(Ph)].

(0) {HC(pz)3SnClg} *12[{SnClg}?"]-H,0O, 15.To a stirred dichlo-
romethane solution (10 mL) of HC(p#)0.073 g, 0.340 mmol), at40
°C and under nitrogen, a 1.0 M solution of Sa@l the same solvent
(1.0 mL) was added. After ca. 3 h, the colorless precipitate obtained
was filtered off and washed with diethyl ether to give (97% vyield) the
analytical samplel5: mp (CHCl,, diethyl ether), 286'C (dec.).*H
NMR (CDs;OD, 300 MHz): 6 1.86 (br, 2HH,0), 6.43 (pt, 6H, 4-E),
7.67, 7.73 (2 d, 12H, 3- and 5HJ, 8.69 (s, 2H, E). 119n NMR
(CDCl;, 111.9 MHz): 6 —611.8. Cond. (acetone, concentratiori.04
x 1073 M): A 58.9Q71 cn? mol~%. Anal. Calcd for GoH2:ClioN1o-
OSn: C, 19.8; H, 1.7; N, 13.9. Found: C, 19.5; H, 1.8; N, 13.4. IR
(cm™Y): 3110 w p(C—H)], 349 s p(Sn—Cl)], 3429 br (H,0)].

(p) [{HC(pz)3SnBrs} T1,[{SNBre}?7], 16. To a stirred dichloro-
methane solution (10 mL) of HC(pz{0.070 g, 0.330 mmol), at40
°C and under nitrogen, a 1.0 M solution of SnBr the same solvent
(1.0 mL) was added. After 4 h, the yellow precipitate formed was
filtered off and washed with diethyl ether to give (97% vyield) the
analytical samplel6: mp (CH.Cl,, diethyl ether), 282°C (dec.).*H
NMR (CDsOD, 300 MHz): 6 6.44 (pt, 6H, 4-Cl), 7.68, 7.74 (d, 12H,
3- and 5-C¢H), 8.69 (s, 2H, E). Cond. (acetone, concentratien0.99
x 1073 M): A 85.1 Q7! cn? mol™t. MS (FAB-positive): n/z 573
([{HC(pz)SnBr}]", 15%, center of isotopic cluster). MS (FAB-
negative): m/z 518 ([SnBg]~, 35%, center of isotopic cluster), 359
([SnBr3]~, 100%, center of isotopic cluster). Anal. Calcd fofl@e-
BrizN1,Srg: C, 13.8; H, 1.2; N, 9.7. Found: C, 14.1; H, 1.3; N, 9.4.
IR (cm™Y): 3107 w p(C—H)], 249 s p(Sn—Br)].

(@) [{HC(pz)sSnl3} T[{Snle}?"]-H0, 17. To a stirred dichloro-
methane solution (10 mL) of HC(pz§0.068 g, 0.320 mmol), at room
temperature and under nitrogen, §i®.310 g, 0.495 mmol) was added.
After 10 h, the brown precipitate formed was filtered off and washed
with diethyl ether to give (91% yield) the analytical samfe mp
(CH.Cl,, diethyl ether), 168169 °C. *H NMR (CDs;OD, 300 MHz):

0 1.30 (s, 2HH,0), 6.44 (s br, 6H, 4-8), 7.68, 7.75 (s br, 12H, 3-
and 5-H), 8.70 (d, 2H, &1). Cond. (CHClI,, concentratior= 0.86 x
103 M): A 0.76 Q7! cn? mol™. Cond. (acetone, concentratien
0.84x 10°3M): A 235.0Q1cnm? mol. Anal. Calcd for GoHaol 12N12-
OSn: C, 10.3; H, 1.0; N, 7.2. Found: C, 10.7; H, 1.0; N, 6.8. IR
(cm™1): 3124 w p(C—H)], 151 s p(Sn—1)], 3429 br p(H.0)].

() [{HC(4-Mepz);SnCls} T12[{ SnCls} 27]-H,0, 18. Compoundl8
(66% yield) was obtained similarly to compourdd: mp (CHCl,,
diethyl ether), 239C (dec.).*H NMR (CDClz, 300 MHz): 6 2.21 (s,
18H, 4-H3), 2.30 (br, 2H,H;0), 8.05 (s, 6H, 3-8, 3J(Sn—1H) =
10.4 Hz), 9.05 (s, 6H, 5-8), 10.08 (s, 2H, ). °%Sn NMR (CDC},
111.9 MHz): 6 —615.4. Cond. (CkCl,, concentratior= 0.90 x 1072
M): A 0.16 27* cn? mol™. Cond. (acetone, concentratien0.98 x
103 M): A 37.9Q~1cn? mol~%. Anal. Calcd for GeHz4ClioN1,0Sns:

C, 23.8; H, 2.6; N, 12.8. Found: C, 23.4; H, 2.5; N, 12.3. IR {(&m
3097 w (C—H)], 351 s p(Sn—Cl)], 3453 br (H20)].

(s) [HC(4-Mepz)sSnBrs} 112[{ SnBre}27], 19. Compoundl9 (61%

yield) was obtained similarly to compourid: mp (CH.CI,, diethyl
ether), 263°C (dec.).'H NMR (CDCls, 300 MHz): 6 2.23 (s, 18H,
4-CH3), 8.08 (s, 6H, 3-€l), 9.26 (s, 6H, 5-€l, 3J(Sn—'H) = 12.2 Hz),
10.12 (s, 2H, €l). Cond. (CHCI,, concentratior= 1.01 x 1072 M):
A 0.18 Q1 cn? mol™. Cond. (acetone, concentratien1.01 x 102
M): A 79.4 Q7 cn? mol~L. Anal. Calcd for GeHzzBrioNi,:Sns: C,
17.1; H, 1.8; N, 9.2. Found: C, 16.8; H, 1.7; N, 8.9. IR (&jn 3065
w [v(C—H)], 247 sh p(Sn—Br)].

(t) [{HC(4-Mepz):Sniz} 1[{Snlg}?7], 20. Compound20 (25%
yield) was obtained similarly to compouri: mp (CH.CI,, diethyl
ether), 209°C (dec.).'H NMR (CDCls, 300 MHz): 6 2.24 (s, 18H,
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Table 1. Crystallographic Data and Details of Structure Refinements for Compdindsand25

5 7 25
formula Q;gHsgClgN]_gSﬂg ClgHzgcleNesnz'O.chl‘kclz ClgHngrgNGSQ‘O.86C|‘bC|2
fw 1053.51 873.05 1290.17
cryst syst orthorhombic monoclinic monoclinic
space group P2,2:2; P2:/c P2i/c

, 0.71073 0.71073 0.710 73
alA 12.476(4) 18.917(5) 9.456(1)
b/A 23.363(6) 9.888(3) 26.452(5)
c/A 23.540(6) 17.858(4) 14.758(2)
pldeg 90 110.75(3) 92.17(2)
VIA3 6861(3) 3123.7(14) 3688.8(9)
VA 4 4 4
deard(g-cm) 1.489 1.780 2.324
ulem™ 15.88 22.50 101.66
cryst dimens/mm 0.%0.3x0.3 0.4x 0.2x 0.2 0.64x 0.24x 0.08
type of diffractometer STADI-4(Stoe) IPDS-4(Stoe) IPDS-4(Stoe)
TIK 293 190 190
Omaddeg 22.2 23.3 26.2
reflns collected 8433 17398 29032
reflns unique 7634 4349 7219
reflns withl > 20(1) 4230 3869 4632
data/params 5544/589 4349/328 6188/353
wR2 (F2)? 0.1704 0.1112 0.0815
R1° 0.0818 0.0452 0.0387
largest peak and hole iNF/(e:A—3) 0.62/-0.48 0.95+0.92 1.19/-1.08

*WR2 = {Z[W(Fe® — FA/ZW(F?)T}H2 P R1 = X[|Fo| — [Fell/|Fol.

4-CHjy), 8.09 (s, 6H, 3cH, 3J(Sn—1H) = 12.8 Hz), 8.68 (s, 6H, 5-8),
10.36 (s, 2H, €l). Cond. (CHClI,, concentratior= 1.00 x 1073 M):
A 2.34Q71 cn? mol™. Cond. (acetone, concentratien0.85 x 1073
M): A 247.0Q71 cn? mol~t. (FAB-negative):m/z 1270 ([lho] ~, 20%,
center of isotopic cluster), 888 {[I, 55%, center of isotopic cluster),
507 ([l ~, 100%, center of isotopic cluster), 3815{[l, 50%, center of
isotopic cluster). Anal. Calcd for fHz2l12N12Sns: C, 13.1; H, 1.4; N,
7.0. Found: C, 13.6; H, 1.5; N, 6.9. IR (cA): 3166 w [(C—H)],
132 s p(Sn-1)].

(u) [{HC(3,5-Mexpz)s:SnClg} 15[{ SnClg} 27]-H -0, 21. Compound
21 (26% yield) was obtained similarly to compoute: mp (CH.CI,
diethyl ether), 248C (dec.).!H NMR (CDs;OD, 300 MHz): ¢ 2.17
(br, 2H,H20), 2.75 (s, 18H, 3- and 543), 2.77 (s, 18H, 3- and 545),
6.47 (s, 6H, 4-@), 8.21 (s, 2H, @). **Sn NMR (CD:OD, 111.9
MHz): 6 —577.1,—583.2. Cond. (CkLl,, concentration= 0.92 x
103 M): A 7.87 Q71 cn? mol™L. Cond. (acetone, concentration
0.74x 103 M): A 58.1Q % cn?molL. Anal. Calcd for GoHaeClioN1-

OoSn: C, 27.5; H, 3.3; N, 12.0. Found: C, 27.7; H, 3.4; N, 11.9. IR

(cm™Y): 3122 w p(C—H)], 344 s, 280 shif(Sn—ClI)], 3483 br p/(H,0)].

(V) [{HC(3,5-Mezpz)sSnBra} 12[{ SnBre} 2], 22. Compound22
(98% vyield) was obtained similarly to compourd®:. mp (CHCl,,
diethyl ether), 242C (dec.).*H NMR (CDsOD, 300 MHz): 6 2.75 (s,
18H, 3- or 5-GH3), 2.86 (s, 18H, 3- or 5-83), 6.44 (s, 6H, 4-@),
8.20 (s, 2H, @i). Cond. (acetone, concentratien0.98 x 1073 M):
A 90.9Q7 cn? mol™. Anal. Calcd for GoHasBri2N1,Sns: C, 20.1;
H, 2.3; N, 8.8. Found: C, 19.7; H, 2.4; N, 8.3. IR (ch1 3086 w
[v(C—H)], 237 s p(Sn—Br)].

(w) [{HC(3,5-Mezpz)sSnls} T1[{ Snlg}?7]-H,0, 23. Compound23
(57% vyield) was obtained similarly to compoudd: mp (CHCl,,
diethyl ether), 166167 °C. *H NMR (CDCls, 300 MHz): 6 2.05 (s,
18H, 3- or 5-CGH3), 2.18 (s, 18H, 3- or 5-83), 2.42 (br, 2H,H.0),
7.26 (s, 6H, 4-@®), 8.09 (s, 2H, E1). Cond. (CHCI,, concentratior~
0.80 x 103 M): A 48.6 Q27! cn? mol~1. MS (FAB-negative): m/z
1270 ([ho] ~, 30%, center of isotopic cluster), 888A[t, 60%, center

of isotopic cluster), 507 (§]~, 100%, center of isotopic cluster). Anal.

Calcd for GoHael12N120Sn: C, 15.4; H, 1.9; N, 6.7. Found: C, 15.6;
H, 1.8; N, 6.5. IR (cm'): 3078 w /(C—H)], 159 m [(Sn—1)], 3565
br [v(H,0)].

(X) [{HC(3,4,5-Mespz):SnClg} T1[{ SnClg} 27]-2H,0, 24.Compound
24 (78% yield) was obtained similarly to compouté: mp (CH.CI,,

(CH.ClI,, concentratior= 1.07 x 102 M): A 5.31Q~! cn? mol™.
Cond. (acetone, concentratien0.96 x 1073 M): A 117.2Q7! cn?
mol-1. MS (FAB-positive): m/z 565 ([HC(3,4,5-Mepz)%:SnCk}]*,
100%, center of isotopic cluster). MS (FAB-negativelvz 295
([SnCk]~, 100%, center of isotopic cluster). Anal. Calcd fosgl@so-
Cl12N120Sns: C, 30.5; H, 4.0; N, 11.2. Found: C, 30.7; H, 4.2; N,
10.9. IR (cnmt): 3036 w y(C—H)], 341 s p(Sn—Cl)], 3574 s p(H:0)].

(y) [{HC(3,4,5-Mespz)sSnBra} ][{ SnBrs} -], 25. Compound25
(97% vyield) was obtained similarly to compoud®:. mp (CHCl,,
diethyl ether), 227C (dec.).'H NMR (CDCl;, 300 MHz):  2.02,
2.45,2.79,2.82 (4 s, 27H, 3-, 4-, and 5§}, 8.24 (s, 1H, ©). Cond.
(CH.Cl,, concentration= 1.20 x 102 M): A 16.13Q"* cn? mol™.
Cond. (acetone, concentratien 0.97 x 103 M): A 80.9Q! cn?
mol~L. MS (FAB-positive): m/z 699 ([HC(3,4,5-Mepz):SnBr}]+,
100%, center of isotopic cluster). MS (FAB-negativehvz 519
([SnBrs] ~, 100%, center of isotopic cluster), 438 ([SaBr 60%, center
of isotopic cluster), 359 ([SnBJr, 100%, center of isotopic cluster).
Anal. Calcd for GoHogBrsNeSMne: C, 18.5; H, 2.4; N, 6.8. Found: C,
18.4; H, 2.4; N, 6.5. IR (cmb): 3089 w [(C—H)], 246 br p(Sn—
Br)].

(2) [{HC(3-Mepz)(5-Mepz)SnCE} 15[{ SNCls} 27]-2H,0, 26.Com-
pound 26 (47% yield) was obtained similarly t@5: mp (CHCI,,
diethyl ether), 248C (dec.).'H NMR (CD3;OD, 300 MHz): § 2.20
(br, 4H,H,0), 2.46, 2.80, 3.10 (3 s, 18H, 3- and %€}, 6.46, 6.50 (2
s br, 6H, 4-®), 7.27 8.24, 9.35,9.52 (4 s, 6H, 3- and 51C11.3 (br,
2H, CH). 12950 NMR (CDC}, 111.9 MHz): 6 —629.1. Cond. (CkLly,
concentration= 0.99 x 107% M): A 0.37 Q™! cn? mol~. Cond.
(acetone, concentration 1.00 x 1073 M): A 113.7Q* cn? mol™.
Anal. Calcd for GgHzsCl1oN120,Sns: C, 23.5; H, 2.7; N, 12.6. Found:
C, 23.0; H, 2.7; N, 12.2. IR (cnt): 3103 br p(C—H)], 341 s p(Sn—
Cl)], 3454 br p(H20)].

(aa) [HC(3-Mepz)(5-Mepz)SnBrz} *1,[{ SnBrg} 7], 27. Compound
27 (35% yield) was obtained similarly t&6: mp (CHCl,, diethyl
ether), 143-142°C. 'H NMR (CDCl;, 300 MHz): 6 2.47, 2.51, 2.89,
3.10 (4 s, 18H, 3- and 54d3), 6.45 (br, 6H, 4-@l), 8.33, 9.31 (2 s br,
6H, 3- and 5-€l), 9.89 (s, 2H, ). Cond. (CHCI,, concentratior=
0.46x 103M): A 2.46Q~1cn? molL. Cond. (acetone, concentration
=0.48x 10 M): A 76.5Q1 cn? mol~% Anal. Calcd for GeHsz-
BrioNioSne: C, 17.1; H, 1.8; N, 9.2. Found: C, 16.7; H, 1.8; N, 8.9.
IR (cm™1): 3104 m p(C—H)], 237 s p(Sn—Br)].

diethyl ether), 22#228°C. 'H NMR (CD3;0OD, 300 MHz): 6 2.03 (s,
18H, 3-, 4-, or 5-Cl3), 2.36 (br, 4H,H.0), 2.67 (s, 18H, 3-, 4-, or
5-CHs), 2.69 (s, 18H, 3-, 4-, or 543), 8.26 (s, 2H, E). Cond.

X-ray Diffraction Studies. The details of crystal data collection
and refinement for complexé&s 7, and25, collected at low temperatures
on an IPDS (Stoe) diffractometer, are given in Table 1. Graphite-
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Table 2. Selected Bond Distances (A) and Angles (deg) for Compodnds and 25

5 7 25
Sn(1)-C(14) 2.17(2) Sn(BC(1) 2.214(5) Sn(B)Br(1) 2.4823(8)
Sn(1)-N(1) 2.30(2) Sn(1yN(1) 2.259(6) Sn(1)Br(2) 2.5598(9)
Sn(1)-N(3) 2.27(2) Sn(1¥N(3) 2.310(5) Sn(1)Br(3) 2.5616(9)
Sn(1)-N(5) 2.33(2) Sn(13N(5) 2.282(5) Sn(1Br(4) 2.505(1)
Sn(1)-Cl(1) 2.379(8) Sn(B-CI(2) 2.387(2) Sn(1)Br(5) 2.5108(8)
Sn(1)>-Cl(2) 2.406(7) Sn(1-ClI(2) 2.372(2)
Sn(2)-C(31) 2.26(2) Sn(2)C(18) 2.167(6) Sn(2YN(2) 2.234(5)
Sn(2-N(7) 2.22(2) Sn(2-Cl(3) 2.486(2) Sn(2XN(1) 2.225(5)
Sn(2)-N(9) 2.32(2) Sn(2)-ClI(4) 2.455(2) Sn(2yN(5) 2.242(4)
Sn(2)-N(11) 2.23(2) Sn(2)}CI(5) 2.349(2) Sn(2)Br(6) 2.5057(9)
Sn(2)-CI(3) 2.393(9) Sn(2)}Cl(6) 2.319(2) Sn(2)Br(7) 2.5128(9)
Sn(2)-Cl(4) 2.35(1) Sn(2)-Br(8) 2.5185(10)
Sn(3)-C(35) 2.21(2)
Sn(3)-CI(5) 2.466(6)
Sn(3)-CI(6) 2.483(6)
Sn(3)-ClI(7) 2.510(6)
Sn(3)-Cl(8) 2.503(6)
Sn(3)-Cl(9) 2.499(6)
C(14)y-Sn(1)-N(3) 166.7(9) N(1)-Sn(1)-N(3) 77.7(2) N(1)}-Sn(2)-N(3) 80.6(2)
N(3)—Sn(1)-N(5) 75.8(7) N(1)}-Sn(1)-CI(2) 87.7(2) N(1}-Sn(2)-N(5) 79.4(2)
N(3)-Sn(1)-Cl(2) 85.4(5) C(1)-Sn(1)-N(5) 92.3(2) N(3}-Sn(2)-N(5) 79.9(2)
CI(1)-Sn(1)-ClI(2) 98.6(3) C(1)-Sn(1)-CI(2) 100.3(2) N(1}-Sn(2)-Br(7) 90.61(12)
CI(14)-Sn(1)-CI(1) 103.1(7) CI(1)-Sn(1)-CI(2) 99.51(8) Br(6)-Sn(2)-Br(7) 97.40(3)
CI(6)—Sn(3)-CI(8) 171.6(3) CI(5)-Sn(2)-CI(6) 118.09(7) Br(2)-Sn(1)-Br(3) 174.84(3)
Scheme 1
— 1®
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6: R=Ph,R’=Me

monochromated M&a radiation was used for the measurements. The Meypz)s, and HC(3,4,5-Mgpz); with R,SnCh acceptors (R=
lattice parameters of compoubdvere optimized from a least-squares  Me, "Bu, or Ph) in diethyl ether or C}€l, solution, no products
calculation on 24 carefully centered reflections at-16" (6). The were obtained, even if the reaction was carried out under forcing
lattice parameters of bothand25 were calculated from positions of  ~;nditions (i.e. strong excess of the donor and refluxing solvent).
5000 scanned reflections in the range-Z (). No absorption —\ypen this reaction was carried out fishexane (suspension)
correction was applied fd and7. A numerical absorption correction an oil was obtained which seemed to be a mixture of the start,in
\(/vsas ";pp“ed for25 after crystal shape optimization using X-SHAPE reagents, without evidence of any bonding interaction. In factg

toe). ’ : ’

Structure solutions and refinements were carried out by using the IR and NMR spectra of the oil obtained are almost identical
SHELXS-973 and SHELXL-93“ programs. Non-hydrogen atoms were ~ t0 those found for the free ligand and the organotin(lV) acceptor.
refined anisotropically by full-matrix least-squares techniques based  On the other hand the interaction between monoorganotin(IV)
on F2. Hydrogen atoms were placed at the calculated positions and acceptors RSngl(R = Me, "Bu, or Ph) and HC(pz) HC(4-
were included in the final refinements in a riding mode. Occupancies Mepz)g, HC(3,5-Mepz)s, HC(3,4,5-Mepz)s, or HC(3-Mepz)-
of the solvated CKCl, molecules in the structures @fand 25 were (5-Mepz) in diethyl ether resulted in compourids14 (Schemes
refined to 0.689(9) and 0.860(9), respectively. Selected bond lengths ; _ 3y i jenendently of the reaction conditions and acceptor:
and angles fob, 7, and25 are listed in Table 2. ligand ratio employed. The analytical and spectral data of

Results and Discussion complexesl—14 are listed in the Experimental Section. The
Syntheses and PropertiesErom the interaction of the tris-  Stoichiometries of compounds-14 differ from those reported
(pyrazol-1-yl)methane donors HC(pzHC(4-Mepz}, HC(3,5- in the literature for other poly(pyrazol-1-yl)alkanergano-

- . tin(IV) derivatives? 1% the tris(pyrazol-1-yl)methane ligands are

(13) Sheldrick, G. MSHELXL-93. Program for crystal structure refine-  pntentially tridentate and usually tend to bind a metal as
ment University of Gdtingen: Gitingen, Germany, 1993. . o .

(14) Sheldrick, G. MSHELXS-97. Program for crystal structure refine-  tridentates, the presence of only two free coordination sites on

ment University of Gdtingen: Gitingen, Germany, 1997. the RSnC{ acceptor in this case inducing a charge separation,
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with formation of 1:1 or 2:1 ionic complexes in the solid state. and [LSnPhC}} *]2[{ SnPhCd}27] (14) were isolated, inde-
The presence of methyl groups in the 3,5-positions of the azole pendently of the acceptor:ligand ratio used (Scheme 3); no
rings influences the stoichiometry of produgts14, the ligands adduct was obtained under the same conditions WBa&nC}
HC(pz) and HC(4-Mepz), without any substituent in the 3- as acceptor was employed.

and 5-positions, yielding, independently of the nature of the From the interaction of HC(pz) HC(4-Mepz}, HC(3,5-
acceptor and of the reaction conditions, the 2:1 ionic derivatives Meypz)s, HC(3,4,5-Mgpz);, or HC(3-Mepz)(5-Mepz) with the
1-6 with general formula {LSnRChE} ] [{SnRCE}?7] as tetrahalidetin(lV) acceptors SnXX = Cl, Br, or 1), in CHCl;
shown in Scheme 1, whereas the interaction of the ligands solution, in nitrogen atmosphere, &40 °C, adductsl5—27
HC(3,5-Mepz); and HC(3,4,5-Mgpz); with RSnX; acceptors were obtained (Schemes 4 and 5). Independently of the nature
gave ionic compound3—12 [{LSnRCE} ][{SnRCl} 7] with of the acceptor and from these reaction conditions the 2:1 ionic
1.1 stoichiometry (Scheme 2). adducts {LSnX3} T][{SnXs}?"] were isolated for HC(pz)

To demonstrate that the steric effects of Me groups in a HC(3,5-Mepz), HC(4-Mepz), or HC(3-Mepz)(5-Mepz) ligands
position near the coordination site influence the stoichiometry (Scheme 4). The only exception is represented by the ligand
of the final product, we synthesized a new tridentate ligand, HC(3,4,5-Mgpz);, which gives the 2:1 adductlLSnCE} *],[{ Sn-
HC(3-Mepz)(5-Mepz), according to literature procedutés. Clg}?7] (24) for X = Cl and the 1:1 adduc{ [SnBrs} M][{Sn-
From the interaction of HC(3-MepZp-Mepz) with RSnd (R Brs} 7] (25) for X = Br (Scheme 5). It is interesting to note
= Me or Ph), the adductd [SnMeCb} T][{SnMeCl} ] (13) that no derivative was afforded from the interaction of HC-
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(3,4,5-Mepz); and HC(3-Mepz)5-Mepz) with Snj under the All of these tin(IV) and organotin(lV) complexes at room

conditions indicated in the Experimental Section. temperature are colorless solids, very soluble in chlorinated
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ti

Figure 2. PLUTO representation of the molecular structure of complex

5 Figure 3. PLUTO representation of the molecular structure of complex

7.

solvents and acetone. They can be handled in air for a short
time without any significant decomposition. However, prolonged
storage in air at room temperature or in solutions leads to slow
decomposition.

The conductivity measurements (see Experimental Section)
indicated that among the HC(pand HC(4-Mepz)derivatives,
only [{HC(pzkSnk} 12[{Snl}?7]-HO and [HC(4-Mepz}-
Snk} T12[{Snlk} 2] are electrolytes in CkCl, and acetone. A
similar behavior has been previously observed for analogous
organotin(lV) complexes containing N-donor ligands: generally,
the chloro and bromo derivatives are not electrolytes in@H
and acetone, whereas the corresponding iodo derivatives exhibifrigure 4. PLUTO representation of the molecular structure of complex
in the same solutions a conductivity typical of a strong 25.
electrolyte!®15The derivatives of HC(3,5-Mpz);CH are partly
ionized in CHC, and acetone solutions. The complexes of distances, lying in the range 2.22.33 A, are not greatly
HC(3,4,5-Mepz):CH, the most basic and the most sterically influenced by the nature of the other ligands in the coordination
hindered ligand, exhibit a value of conductivity in @&, and environment of the tin. Nevertheless, as previously observed
acetone typical of a 1:1 electrolyte. Finally, the derivatives of @lso in poly(pyrazol-1-yl)boratemonoorganotin(lV) deriva-
HC(3-Mepz)(5-Mepz) are nonelectrolytes in GEl,, whereas tives? those SA-N bonds trans to carbon atoms are slightly
they are partly ionized in acetone. The vaporimetric molecular shorter than those trans to halides. In derivafiGewith three
weight determinations, carried out only for sufficiently soluble bromine atoms in trans positions, there is practically no
and stable compounds, gave values always greater than thosélifference in Sr-N and, as a consequence of the small tripod

expected for the ionic 1:1 and 2:1 formulas, in accordance with ligand “bite”, all N—Sn—N angles are appreciably less thar1.90
formation of ion-pairing compounds, as resulted from the Similar Sn=N bond distances have been found in complexes

conductivity data. containing an anionic tris(pyrazolyl)borate ligand {&iB(3,4,5-
The tin(IV) derivativesl—3 and 15-17 are generally less ~ MespzsMeCh] (Sn—N = 2.24-2.25 A)2¢ By contrast, the Sn
soluble and more dissociated in chloroform solution with respect € Sn~N, and Sr-Cl distances are ,""” markedly d|fferent+from
to all the other derivatives containing a methyl-substituted those found in H_)‘e cation of (2,2,2"-terpyridy)SnMeCl} 7]-
ligand. The total or partial lack of conductivity observed.in9, [{SnMeCls} 71,** presumably due to the lower Lewis acidity
11-16, 18-19, 21, 25 and 27 can be attributed to ion-pair ~ ©f the [SnRCI]" moiety with respect to that of the [SnR{
couple formation or else to dissociation of the-Sbond and ~ &cceptor. In the crystal structures ofb{E{4-MepzjMe,SnCh] *°
re-formation of the starting reagents, as is clear from NMR data. 2d [(C(3,5-Mepz)PhSnCt] *"the Sn-N bond distances are
Solid State Structures of [ HC(4-Mespz)sSMBUCIs} 1o substantially longer (in the range of 2:42.50 A) because of

[{STBUCI5} 2] (5), [{HC(3,5-Mexpz)sSnMeCh} ][{ SnMe- the electroneutrality of this type of compound.

_ ¥ i - In the anionic components of these complexes, the tin is five-
g:;}gr]ag)s’ gp %g Ezgtl(c?niinl\ge;?ﬁ?ns sgi,EYr,g}ar]l[al{ZSSna%E}pr]O\(/?c% 4  coordinate (trigonal-bipyramidal) inand25and six-coordinate

in Figures 2-4. All three compounds are ionic: in the cation, (octahedral) in derivativé. In 7, the axial distances StC|

the tin atom is always situated in a pseudooctahedral environ-(2'46’ 2.49 A) are longer than equatorial ones (2235 A).

: . : These values can be compared to those found AsPhy} ]-
ment coordinated by a tridentate tris(pyrazol-1-yl)methane, an e . . )
alkyl and two chloride groupss(and7), or a tridentate tris- [{SnMeCl} 7J: Sn—Cl (axial), 2.49 A; Sr-Cl (equatorial), 2.27

: A.18 The Sn-C bond distances are also similar: 2.15 A7in
(pyrazol-1-yl)methane and three bromine ato2%.(The Sr-N and 2.17 A in { AsPh) “][{ SnMeCl} 1.8 As observed in other

(15) (a) Petinari, C.. Marchetti, F.. Cingolani, A.: Bartolin Bolyhedron examples of trigonal-bipyramidal structures with two different
1996 8, 1263. (‘b) Pettina}i, C M%rcheiti, F PeIIei,‘M.;yCingoIYani, ligand types coordinated to a tin(IV) center, the more elec-
A.; Barba, L.; Cassetta, Al. Organomet. Chen1996 515 119. (c)
Pettinari, C.; Pellei, M.; Miliani, M.; Cingolani, A.; Cassetta, A.; Barba, (16) Einstein, F. W. B.; Penfold, B. R. Chem. Soc. A969 3019.
L.; Pifferi, A.; Rivarola, E.J. Organomet. Chenl998 553 345. (d) (17) Cox, J. M.; Rainone, S.; Siasios, G.; Tiekink, E. R. T.; Webster, L.
Holecek, J.; Licka, Alnorg. Chim. Actal986 118 L15. (e) Lockhart, K. Main Group Met. Chem1995 18, 93.
T. P.; Manders, W. K. Am. Chem. So&987 109, 7015. (f) Lockhart, (18) Webster, M.; Mudd, K. R.; Taylor, D. Inorg. Chim. Actal976 20,
T. P.; Manders, W. FJ. Am. Chem. Sod.986 108 892. 231.
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tronegative ligands (Cl in our case) are linked preferentially in a strengthening of the SrCl bond and then a weakening of
the axial positiong? In 25, the distribution of the axial and  the Sr-N bond.

equatorial bonds is also similar: SBr (axial) 2.56 A, Sr-Br TheH NMR spectra of derivative$—6 contain signals not
(equatorial) 2.482.51 A. As expected, the StBr distances  only due to the complex but also attributed to the uncoordinated
in [{SnBi} ] are shorter than in octahedra{ §nBr}?] ligand; the dissociation is minimal in chloroform and greater
compounds such as, for example, {iVle;NHz} *12[{ SnBrs} 2] in acetone solutions. Near the signals of the free ligand, it is
(2.60 A)20 In the anion of5 [{SMBuCls}2-], the tin is always possible to detect at least two different absorptions for

octahedrally coordinated with the shorter-S2l distance (2.43 each pyrazole proton, and one absorption for the bridged CH
A) situated trans to the SrC bond (2.21 A). The other four  group. This excludes the existence of different isomers in
Sn—Cl distances are in the range 24851 A. It is worth noting solution, indicative of inequivalence of the three pyrazole rings,
that, due to the increase of tin coordination number, the@n in accordance with the solid-state data. The-finoton coupling
equatorial distances i{ $M"BuCls}?] are very close to the  constants are different from those observed for the starting
equatorial Sa-Br distances in{{SnB} ~]. Similar relationships organotin(lV) derivative$? being of the same order of magni-
between the SACI and Sr-C distances in octahedral anions tude as those observed in six-coordinated tin(IV) compléXes.
[{SnRCE}?7] can be found in {SnPhCi}?7] 2! and in TheH NMR spectra ofl—6 exhibit also two different sets of
[{SnEtCE}?7].22 signals for the alkyl and the aryl groups linked to the tin, in
Another interesting feature is that, in the cations of com- accordance with the presence of two different organotin(lV)
pounds5, 7, and25, there is very little torsion of the pyrazolyl — centers. In thé1°Sn NMR spectra ofl—6 a signal typical of
rings with respect to th€s, axis of the molecule; the SriN— six-coordinated organotin(lV) derivatives only was found.
N—C torsion angles of the pyrazolyl rings average®24£8, The spectra o7—12 exhibit at least two different groups of
and 3.4 for 5, 7, and25, respectively. The lack of twist contrasts  signals for each heterocyclic proton and one signal for the
with recent results on ¥ and Cd* complexes but is in good  bridged G-H group, suggesting an inequivalence of the three
agreement with the data on Agand Cd® complexes. Appar-  pyrazole rings in accordance with the solid-state structure, the
ently in these tris(pyrazol-1-yl)methanén(IV) complexes, no  downfield shifts clearly indicating the existence of complexes
distortion of the ligand is required, the size of tin(IV) matching 7—12 in solution. The tir-proton coupling constants are
the bite of the ligand. different from those observed for the starting organotin(lV)
Spectroscopy.The most important IR data of the free donors derivatives and of the same order of magnitude as those
and their corresponding tin(lV) complexes are listed in the observed in six- or five-coordinated tin(IV) complexX@g5.30
Experimental Section. The ligand absorptions are not markedly The 115n NMR spectra off—12 are in accordance with the
shifted upon coordination to tin(IV), suggesting a weak influence solid-state structure: in CDg$olution, two signals, typical of
of the complexation on the absorptions within the donor. The a five- and six-coordinate tin(lV) site, respectively, were
Sn—C?7 and Sr-CI?8 stretching vibrations agree well with the  generally found.
trends previously observed in similar complexes containing In the spectra of the Srpderivatives15—27, the A values
N-donor chelating ligand¥:?° In compoundsl5, 18, 21, 24, (A = difference in chemical shift for the same type of proton
and26, the Sn-Cl stretching frequencies are shifted to higher in the free base and in its tin(IV) complex) are strongly
fields with respect to those reported in tri- and tetrachlorotin(IlV) dependent on the nature of the-donor, on the halide, and on
derivatives; an increase of the stretching frequencies suggestshe structure of the complex.

The derivativesl5—17 are partially dissociated in solution.

(19) ("Zf'#e“elfggz £ L Mahler, W.; Packer, K. J.; Schmultzer)org. In the spectra of complexez4 and 25 the A values of the
em. s . . . . .
(20) Dilton, K. B.; Halfpenny, J.; Marshall, Al. Chem. Soc., Dalton Trans. mgthyl_s of the py_razole rng are 'n_determmate’ due to uncer
1983 1091. tainty in the assignment of the signals, whereador the
(21) Storck, P.; Weiss, Adcta Crystallogr. C199Q 46, 767. bridging C—H proton is in the range 0.390.21 ppm.
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—455 ppm, respectively) and those of the isoelectronic [MeSnCl In conclusion both 1:1 and 2:1 ionic tin(IV) and organotin(lV)
{HB(pz)s}] 2 and [MeSNnC}{HB(4-Mepz)}] 22 (—478 and compounds can be synthesized by modifying the steric properties
—486 ppm, respectively) clearly indicate that the bonding is of the tris(pyrazol-1-yl)methane ligands: for example, the

dominated by ther-donating ability of the ligand. donors having a Me in a position near the coordination site allow
Positive and negative fgst atom bomt_)ardment (FAB) mass e preparation of 2:1{ LSnRCb} *]J[{ ShnRCk} 2] or [{LSn-
spectrometric data for the tin and organotin(lV) complekes, X3} *15[{ SnXe} 2-], whereas those without Me in the 3 position

10—-13, 16, 20, and 23—25 are reported in the Experimental
Section. The fragment ions containing tin(IV) and halide atoms
are identified by the presence of the characteristic clusters of ) - . .
isotopic peaks, corresponding to the relative abundance of tin prepare new tin(lv) complexes cont_alnlng a tr_|dentate tn_s-
and halide isotopes. In the FAB-MS analysis of our tin(lv) (Pyrazol-1-ymethane and two organic groups linked to a tin
complexes, the intact cation and anion are often the major Center. Studies are in progress to evaluate the coordinating ability
fragment ions, and with the exception of the protonated ligand Of tris(pyrazol-1-yl)methane ligands toward tin(IV) and orga-
molecule the other diagnostic fragments are generally very poor.notin(lV) centers containing different counterions.
In some cases in the high-mass region of the ligands and their
complexes there are also a few characteristic peaks due to
interaction with them-nitrobenzyl alcohol matrix.

The initial fragmentation pathway of the tin(1V) halide anions
[{SnXs} 1 and [RSNnX;} ~] generally consists of sequential loss
of the radicals X and R. In the negative-FAB spectra of
[{LSNRCL} *12[{ SNRCE} 7] and [ LSnXa} *12[{ SnXe} 2] com- Supporting Information Available: Three X-ray crystallographic
plexes, no peak attributable to the intact dianidr&nRCk} > files, in CIF format. This material is available free of charge via the
or [{SnXg}27] is present: the most important fragment ions are |nternet at http://pubs.acs.org.
those obtained by the subtraction of one halide or one R radical
from these ionic species. 1C9906252

allow the 1:1 {LSnRCh} T][{ SnRCH} 7] or [{ LSnXz} T][{ SnXs} 7]
species to be obtained. To date it has not proven possible to
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