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Diestertin(IV) complexes (CH;00CCH,CH,),Sn(Ch)Cl (1, Ch = dimethyldithiocarbamate (dtc); 2, Ch
= dihydrobis(pyrazolyl)borate (bpb)) were prepared by reaction of the diestertin(IV) chloride with al-
kali-metal salts of the corresponding ligands, and their molecular structures were determined by X-ray
analysis. The local geometry around the tin atom of 1 (P2,/n; a = 10.011 (1), b = 19.480 (2), ¢ = 10.081
(2) X, 8 =117.39 (1)°; Z = 4; R = 0.0294) adopts a distorted trigonal bipyramid with the chelating dtc
ligand whereas the geometry of 2 (Pbcn; a = 34.287 (4), b = 7.949 (2), ¢ = 14.397 (2) A; Z = 8; R = 0.0345)
approximates to an octahedral arrangement owing to a weak intramolecular carbonyl oxygen-to-tin co-
ordination of one ester group (Sn—0(1) = 2.745 (6) i) in addition to the chelating bpb ligand. The reaction
of 1 with sodium sulfide (CHCl;/H,0) in the mole ratio of 2:1 gives two different known diestertin(IV)
complexes (CH;00CCH,CHj,),Sn(S,CNMe,), and [(CH;00CCH,CH,),SnS];. In contrast, the reaction
of 2 with sodium sulfide does not give analogous chemical products but instead allows formation of a new
zwitterionic species Hbpb, CgHgN,B (Pben; @ = 15.177 (2), b = 7.397 (1), ¢ = 14.207 (1) A; Z = 8; R = 0.0368),
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along with the same trimeric sulfide.

Introduction

Diestertin(IV) compounds have attracted considerable
attention because of their applicability as nontoxic PVC
stabilizers'® and also because of their structures involving
potential intramolecular carbonyl coordination to tin™!
ever since the discovery of convenient preparative routes
by Hutton and his co-workers.1>!® It is known that the
structure and efficiency of a stabilizer strongly depends
on the Lewis acidity of tin atom.!4

With a view to expanding the chemistry of the organotin
family, we have prepared new diestertin complexes
(CH;00CCH,CH,),Sn(Ch)Cl (Ch = bpb!517 and dtci819),
in which there seem to be remarkable differences in the
electronic and steric behavior of the two chelating ligands,
which contain nitrogen and sulfur donor atoms, respec-
tively. In this paper the coordination and reactivity of the
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isolated compounds will be discussed on the basis of their
spectra and their crystal structures.

Experimental Section

Manipulations were performed under a nitrogen atmosphere,
if necessary, with the use of standard Schlenkware techniques,
and all reactions were carried out at room temperature. All
chemicals were of reagent grade and used without further puri-
fication. Solvents were used directly from freshly opened bottles
or dried by standard methods prior to use. Chemical analyses
were carried out by the Chemical Analysis Laboratory at KIST.
The molecular weight was determined cryoscopically in benzene
by using a Cryette A automatic cryoscope. The IR spectra in the
4000-400-cm™! region were measured both on KBr disks and in
chloroform solution between KBr windows with a Analect In-
strument fx 6160 FT-IR spectrometer. NMR spectra, in CDClg
or in Me,SO-dj, solution, were recorded on a JEOL JNM DMX
60 spectrometer (*H) or a Bruker AM-200 spectrometer operating
at 50.32 MHz (*C) and 74.63 MHz (}°Sn) in pulse mode with
Fourier transform at ambient temperature. The chemical shifts
were relative to internal Me,Si ('H and 3C) and external Me,Sn
(11%Sn) for the indicated nuclei.

Diestertin(IV) dichloride,'® sodium dimethyldithiocarbamate
(dtc),’® and potassium dihydrobis(pyrazolyl)borate (bpb)!® were
prepared according to literature procedures.

Preparation of (CH;O0CCH,CH,),Sn(dtc)Cl (1). A solu-
tion of Nadtc-2H,0 (1.79 g, 10 mmol) in 50 mL of ethanol was
added dropwise to an equimolar solution of (CHZOOCCH,C-
H,);SnCl, (3.64 g, 10 mmol) in 50 mL of chloroform. The reaction
mixture was stirred for 1 h and then filtered. The filtrate was
dried under reduced pressure, yielding a white solid. Recrys-
tallization of the white solid from chloroform-petroleum ether
(1:1) afforded colorless crystals (mp 68-70 °C) suitable for X-ray
study in 74% yield. Anal. Calcd for C;;HyNCIO,S,Sn: C, 29.46;
H, 4.46; N, 3.12. Found: C, 30.07; H, 4.43; N, 3.09. IR (cm™):
»(CO), 1725 (KBr); »(CO), 1723 (CHCl3). H NMR (CDCly, 8):
3.7(s,6 H); 3.4 (s,6 H); 3.0 (t,J =7 Hz,4 H); 2.1 (t,J =7 Hz,
4 H). 13C NMR (CDCl,, 8): 199.0 (CS); 176.2 (CO); 52.1 (CH30-);
45.1 (NCHj); 30.0 (-CH,-); 26.0 (-CH,Sn). 1138n NMR (CDCl,,
6): —258.6.

Preparation of (CH;00CCH,CH,),Sn(bpb)Cl (2). (CH;-
OOCCH,CH,),SnCl; (3.64 g, 10 mmol) in 40 mL of dichloro-
methane was added dropwise to a stirred suspension of K(bpb)
(1.86 g, 10 mmol) in 40 mL of dichloromethane. After being stirred
for 1 h, the reaction mixture was filtered and the filtrate was
evaporated to 10 mL. To this solution was carefully added an
excess of ethanol (50 mL), and then the solution was left overnight.
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Table I. Crystal and Experimental Details for 1, 2, and Hbpb
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1 2 Hbpb
formula C;1HyoNO,S,C1Sn C,H,,N,0,CIBSn CeHN.B
fw 448.61 475.31 147.97
space group P2,/n Pben Pben
a, 10.011 (1) 34.287 (4) 15.177 (2)
b, A 19.480 (2) 7.949 (2) 7.397 (1)

c, A 10.081 (2) 14.397 (2) 14.207 (1)

8, deg 117.39 (1)

v, A® 1745.7 (9) 3924 (1) 1601.7 (4)

VA 4 8 8

depicar 8 cM™2 1.71 1.61 1.23

cryst size, mm 0.40 X 0.44 x 0.50 0.42 X 0.44 X 0.58 0.32 X 0.38 X 0.46
i, cm™! 17.18 13.40 0.48

scan method w/20 w/26 w/20

data colled hk=xl;1<60<25 hkl;1<0=<25 hkl;1<6<25
tot. no. of observns 3358 3498 1653

no. of unique data > 34(I) 2549 2118 601

no. of params refined 183 230 136

range of trans coeff 0.932-0.998 0.907-0.997

largest shift/esd 0.009 0.007 0.07

largest peak, e A3 0.42 0.36 0.13

GOF 0.67 2,57 0.79

R 0.0294 0.0345 0.0368

R,? 0.0374 0.0461 0.0378

a1, w = 1.0/(c%(F) + 0.006567F,); 2, w = 3.3074/ (c2(F) + 0.001845F%); Hbpb, w = 1.0264/(c*F) + 0.000358F?).

Colorless crystals (mp 95-97 °C) suitable for X-ray analysis were
obtained in 60% yield. Anal. Calcd for C,;H,N,CIO,BSn: C,
35.37; H, 4.63; N, 11.79. Found: C, 35.30; H, 4.55; N, 11.70. IR
{em™): ¥(CO), 1737, 1688 (KBr): »(CO), 1730, 1689 (CHCl,). 'H
NMR (CDCl;, 6): 8.0 (d, J = 2 Hz, -CH-N-Sn, 2 H); 7.7 (d, J
= 2 Hz, -CH-N-B, 2 H); 6.3 (m, J = 1 Hz, -CH~-, 2 H); 3.8 (s,
CH,0-, 6 H); 2.9 (t, J = 8 Hz, -CHy, 4 H); 2.0 (t, J = 8 Hz,
-CH,Sn, 4 H). 13C NMR (CDCl,, 8): 177.7 (CO); 140.4, 137.3
(N-CH-); 105.3 (-CH-); 52.5 (CH30-); 29.4 (-CH,-); 27.0 (-C-
H,Sn). 11%Sn NMR (CDCly, ) -255.4.

Reaction of 1 with Sodium Sulfide. A solution of Na,S-9H,0
(1.20 g, 5 mmol) dissolved in 50 mL of water was added to 1 (4.48
g, 10 mmol) in 50 mL of chloroform, and the reaction mixture
was stirred for 1 h. The chloroform layer was separated and
evaporated under reduced pressure to obtain a white solid mixture.
The crude mixture was recrystallized from a chloroform-petroleum
ether (1:1) solvent pair to afford colorless crystals of
(CH;00CCH,CH,),Sn(S,CNMe,), (mp 119-121 °C; lit.* mp
116-117 °C), which were separated by filtration. Anal. Calcd
for C; HyN,0,S,Sn: C, 31.52; H, 4.88; N, 5.25. Found: C, 31.40,
H, 4.90; N, 5.21. 'H NMR (CDCl,, 8): 3.7 (s, 6 H); 3.5 (s, 12. H);
3.0 (t,J = 8 Hz, 4 H); 2.3 (t, J = 8 Hz, 4 H). ¥Sn NMR (CDCl,,
6): -438.7. The filtrate was evaporated to dryness and then
extracted with ethanol. The extracts were concentrated and cooled
to give colorless crystals of [(CH;OOCCH,CH,),SnS]; (mp 72-73
°C; 1it.2 mp 72-73 °C). Molecular weight: measured, 758.4 (caled,
778.2). Anal. Calcd for CoH20,08:8n,: C, 29.56; H, 4.31. Found:
C, 29.60; H, 4.39. 'H NMR (CDCl,, 8): 3.7 (s,6 H); 3.0 (t,J =
8 Hz, 4 H); 2.1 (t, J = 8 Hz, 4 H). 11%Sn NMR (CDCl,, §): -232.2.

Reaction of 2 with Sodium Sulfide. A solution of Na,S-9H,0
(1.20 g, 5 mmol) in 20 mL of water was added to a solution of
2 (4.75 g, 10 mmol) in 20 mL of chloroform, and the reaction
mixture was stirred for 1 h. A white precipitate formed in the
aqueous layer was separated by filtration. The solid product was
recrystallized from ethanol to give colorless crystals of Hbpb (mp
132-133 °C) suitable for structure determination. Anal. Calcd
for CgHoN,B: C, 48.71; H, 6.09; N, 37.89. Found: C, 48.60; H,
6.15; N, 37.30. IR (KBr disk, cm™): »(B-H), 2430. 'H NMR
(Me,S0-dg, 8): 13.6 (s, 1 H) 7.8 (m, 4 H); 6.3 (m, 2 H). The
chloroform layer was evaporated yielding an equimolar mixture
of unreacted 2 and [(CH;00CCH,CH,),SnS];. The reaction of
equimolar amounts of sodium sulfide and 2 resulted in the same
products without unreacted 2.

Crystal Structure Determinations of 1, 2, and Hbpb. All
X-ray crystallographic data were obtained by using an Enraf-
Nonius CAD4 diffractometer with graphite-monochromated Mo

(20) Jung, O. 8,; Jeong, J. H.; Sohn, Y. S. Polyhedron 1989, 8, 2557.

Table II. Positional Parameters and Equivalent Isotropic
Thermal Parameters for 1

atom x/a y/b z/c Uy,® A?
Sn 0.6504 (<1) 0,1327 (<1) 0.4583 (<1) 0.044 (<1)

Cl 0.8051 (1)  0.1858 (1) 0.7091 (1)  0.059 (1)
S(1) 0.4278 (1)  0.1651 (1) 0.4965 (1)  0.051 (1)
S(2) 0.3903 (1)  0.0965 (1) 0.2222 (1)  0.058 (1)
C(1) 0.3074 (5)  0.1405 (2) 0.3123 (5)  0.048 (3)
N(1) 0.1651 (4)  0.1551 (2) 0.2508 (4)  0.052 (2)
C(2) 0.0665 (7)  0.1383 (3) 0.0945 (7)  0.066 (4)
C(3) 0.0979 (6) 0.1938 (3) 0.3290 (6)  0.071 (4)
C{4) 07199 (6) 0.0286 (2) 0.5182 (6)  0.063 (3)
C(5) 0.8711(6)  0.0202 (3) 0.6571 (6)  0.065 (3)
C(6) 0.9956 (5)  0.0609 (3) 0.6527 (5)  0.055 (3)
O(1) 0.9861(5)  0.0927 (2) 0.5460 (4)  0.081 (3)
0(2) 11184 (4) 0.0571 (2) 0.7808 (4)  0.070 (2)
C(7) 1.2484 (6)  0.0928 (3) 0.7893 (7)  0.080 (4)
C(8) 0.7024 (6)  0.2142 (2) 0.3477 (5)  0.058 (3)
C(9) 0.6412(6)  0.2088 (3) 0.1815 (6)  0.062 (3)
C(10) 0.6651 (6)  0.1391 (2) 0.1286 (5)  0.054 (3)
0(3) 0.7018 (6)  0.0891 (2) 0.2057 (4)  0.085 (3)
O(4) 06354 (6) 0.1395(2) -0.0132(5) 0.084 (4)
C(11) 0.6515(7) 0.0753 (3) -0.0766 (7)  0.086 (4)

¢ Equivalent isotropic Uy defined as one-third of the trace of the
orthogonalized U;; tensor.

Ko radiation (A = 0.71067 A) at ambient temperature (23 (2) °C).
All crystals were mounted inside a thin-walled glass capillary,
which was sealed as a precaution against moisture and oxygen.
Accurate cell dimensions were obtained from the setting angles
of 25 well-centered reflections, 9 < § < 14 for 1,10 < § < 13 for
2, and 10 < 4 < 14 for Hbpb, by using a least-squares procedure.
During the data collection, three standard reflections monitored
after every 1 h did not reveal any systematic variation in intensity.
All space groups of the crystals were uniquely determined by
systematic absences. All calculations were performed on an IBM
3083 computer using SHELX 76,2! and atomic scattering factors were
supplied by the SHELX system. Crystal data and additional details
of data collection and refinement are summarized in Table I.

For crystals 1 and 2, the structures were solved by the con-
ventional Paterson method, followed by successive difference
Fourier synthesis. All non-hydrogen atoms were refined with
anisotropic thermal parameters, and the positions of hydrogen
atoms were calculated from the refinement. The final values of
the refined positional parameters and isotropic thermal parameters

(21) Sheldrick, G. M. SHELX 76: Program for Crystal Structure
Determination; University of Cambridge: Cambridge, England, 1976.
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Table I11. Positional Parameters and Equivalent Isotropic
Thermal Parameters for 2

atom x/a y/b z/c Uy, A2
Sn 0.1140 (<1) 0.2526 (<1) 0.3347 (<1) 0.040 (<1)
Cl 0.1219 (1) 0.0084 (2) 0.4429 (1) 0.064 (1)
N(11) 0.0526 (2)  0.2458 (6) 0.3746 (4) 0.047 (4)
N(12) 0.0290 (2) 0.3836 (7) 0.3766 (4) 0.051 (5)
C(11) -0.0071 (2)  0.3331 (10) 0.3923 (5)  0.061 (6)
C(12) -0.0077 (2) 0.1606 (11) 0.3988 (6)  0.068 (6)
C(13)  0.0306 (3) 0.1108 (9) 0.3878 (5)  0.060 (6)
B 0.0455 (3)  0.5655 (10) 0.3709 (5)  0.050 (6)
N(21) 0.0929 (2) 04775(7) 0.2464 (3) 0.044 (4)
N(22) 0.0646 (2) 0.5847 (6) 0.2739 (4)  0.046 (4)
C21) 0.1063 (2)  0.5299 (9) 0.1635 (4) 0.047 (4)
C(22) 0.0852 (3)  0.6759 (10) 0.1387 (5) 0.065 (7)
C(23) 0.0591 (2)  0.7043 (8) 0.2094 (5) 0.051 (5)
cQ) 0.1146 (2)  0.1006 (10} 0.2123 (5) 0.053 (5)
C(2) 0.1523 (2) 0.0007 (9) 0.2013 (5)  0.058 (5)
C(3) 0.1875 (2)  0.1100 (9)  0.2169 (4)  0.049 (5)
o(1) 0.1872 (2) 0.2416 (6)  0.2577 (4)  0.065 (4)
0(2) 0.2197 (2) 0.0436 () 0.1798 (3)  0.055 (3)
C) 0.2550 (2)  0.1384 (13) 0.1901 (6) 0.074 (7)
C(5) 0.1468 (2) 04111 (8) 0.4251 (4)  0.050 (5)
C(6) 0.1602 (2) 0.5759 (8)  0.3814 (4)  0.050 (5)
C(7) 0.1858 (2) 0.6781 (8) 0.4435 (5) 0.048 (5)
0(3) 0.1886 (2) 0.6659 (7)  0.5260 (3)  0.072 (5)
0(4) 0.2060 (2) 0.7892 (6)  0.3939 (3)  0.057 (3)
C(8) 0.2302 (3) 0.9080 (11) 0.4437 (7)  0.085 (7)

Table IV. Positional Parameters and Equivalent Isotropic
Thermal Parameters for Hbpb

atom x/a ¥/b z/e Uy, A2
N(11) 0.6038 (2) 0.0462 (4) 0.1183 (2)  0.049 (2)
N(12) 0.6562 (2) 0.1364 (3) 0.0577 (2) 0.043 (2)
C(11) 0.7145 (2) 0.2375 (5) 0.1057 (3)  0.059 (3)
H(11l) 0.7576 (26) 0.2992 (59) 0.0684 (24) 0.088 (15)
C(12) 0.7002 (3) 0.2120 (5) 0.1987 (3) 0.071 (3)
H(12) 0.7309 (22) 0.2507 (54) 0.2487 (26) 0.079 (12)
C(13) 0.6316 (3) 0.0923 (5) 0.2030 (3) 0.062 (3)
H(13) 0.6045 (18) 0.0430 (47) 0.2542 (24) 0.061 (11)
B 0.6440 (3) 0.1217 (6) —-0.0492 (3)  0.055 (3)

H(1) 0.7088 (18)  0.1356 (44) -0.0820 (20) 0.060 (10)
H(2) 06114 (18) -0.0079 (49) -0.0653 (22) 0.059 (10)

N(21) 0.5825 (2) 0.2778 (4) -0.0844 (2) 0.045 (2)
N(22) 0.4965 (2) 0.2665 (4) —0.1007 (2) 0.047 (2)
H(IN) 0.4652 (23) 0.1408 (53) -0.0994 (29) 0.089 (13)
C(21) 0.4610 (3) 0.4150 (5) —0.1261 (3)  0.059 (3)
H(21) 0.4005 (23) 0.4218 (47) -0.1420 (22) 0.066 (11)
C(22) 0.5251 (3) 0.5418 (5) -0.1265 (3) 0.064 (3)
H(22) 05173 (24) 0.6727 (57) -0.1409 (27) 0.097 (14)
C(23) 0.5995 (3) 0.4527 (5) -0.1004 (3)  0.060 (3)

H(23) 0.6594 (21) 0.4875 (45) -0.0915 (20) 0.057 (10)
for 1 and 2 are presented in Tables II and III, respectively.

For the crystal of Hbpb, the initial structure was found by using
the direct-methods program MULTAN 80.22 This gave a starting
set of atomic positions for four nitrogen atoms. The program
gystem SHELX 76 was used to locate other atoms. All non-hydrogen
atoms were refined anisotropically, and hydrogen atoms were
located from the difference maps and refined with isotropic
temperature factors. The final positional and isotropic thermal
parameters for Hbpb are given in Table IV.

Results and Discussion

Description of the Crystal Structures for 1 and 2.
The molecular structure and labeling scheme of 1 are
shown in Figure 1. The selected bond distances and angles
are collected in Table V. The local geometry around the
tin atom is that of a trigonal bipyramid with S(2) and Cl
in the apical positions and S(1), C(8), and C(4) in the

(22) Main, P.; Fiske, S. J.; Hull, S. E.; Lessinger, L.; Germain, G.;
Declercq, J.-P.; Woolfson, M. M. MULTAN 80: Computer Program for
the Automatic Solution of Crystal Structure; University of York: York,
England, 1980.
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Figure 1. ORTEP drawing of 1 with thermal ellipsoids shown at
the 50% probability level.

Table V. Selected Bond Distances (A) and Angles (deg) for

1and 2
1 2
Sn-Cl 2,502 (1) Sn-Cl 2.504 (2)
Sn-~S(1) 2,510 (1) Sn-N(11) 2.182 (6)
Sn-S(2) 2.691 (1) Sn-N(21) 2.310 (5)
Sn-C(4) 2140 (5) Sn-C(1) 2.136 (6)
Sn-C(8) 2,137 (4) Sn-0(1) 2.745 (6)
S(1)-C(1) 1.753 (6) Sn-C(5) 2.134 (6)
S(2)-C(1) 1.714 (5) B-N(12) 1.555 (9)
N-C(1) 1.298 (6) B-N(22) 1.549 (9)
N-C(2) 1.460 (7)  N(21)-N(22) 1.351 (7)
N-C(3) 1.460 (6)
S(1)-Sn-Cl 85.3 (0) N(11)-Sn-Cl 85.5 (2)
S(2)-Sn-Cl 151.1 (0)  N(21)-Sn-Cl 167.6 (1)
S(2)-Sn-S(1)  68.6 (0) N(21)-Sn-N(11)  82.1 (2)
C(4)-Sn-Cl 97.9 (1) C(1)-Sn-Cl 94.2 (2)
C(4)-Sn-S(1) 113.0(1) C(1)-Sn-N(11) 102.3 (2)
C(4)-Sn-S(2) 93.3 (1) C(1)-Sn-N(21) 89.2 (2)
C(8)-Sn-Cl 92.0 (1) 0(1)-8n-Cl 97.3 (1)
C(8)-Sn-S(1) 109.9(1) O(1)-Sn-N(11) 170.9 (2)
C(8)-Sn-S8(2) 959 (1) 0(1)-Sn-N(21) 95.1 (2)
C(8)-Sn-C(4) 1365 (2) O(1)-Sn—C(1) 68.9 (2)
C(5)-Sn—Cl 91.2 (2)
C(56)-Sn=-N(11) 111.3 (8)
C(5)-8Sn-N(21) 92.5 (2)
C(6)-Sn-C(1) 146.3 (2)
C(5)-Sn-0(1) 774 (2)
N(12)-B-N(22) 107.0 (5)

equatorial positions. The least-squares plane through the
trigonal arrangement (S(1), C(8), C(4)) shows that the tin
atom is displaced by only 0.0938 A out of the plane toward
S(2) (Table SX). The trigonal bipyramid is distorted, as
is seen from the axial S(2)-Sn-Cl angle (154.1 (<1)°)
partially resulting from the typical small bite angle (68.6
(<1)°) of the dtc ligand. The bond distances of Sn—-S(1)
(2.510 (1) A) and Sn~S(2) (2.691 (1) A) are proximate to
the known Sn-S distances (Sn-S(1) = 2.535 (3) A; Sn—-S(2)
= 2,635 (3) A; Sn—-S(3) = 2.540 (3) A; Sn—-S(4) = 2.599 (3)
A) in CH;00CCH,CH,Sn(8,CNMe,),C1?»® and are com-



2220 Organometallics, Vol. 10, No. 7, 1991

Figure 2. ORTEP drawing of 2 with thermal ellipsoids shown at
the 50% probability level.

parable with the typical anisobidentate lengths in most
mono- and dialkyltin dithiocarbamate compounds.?4-2°
The axial Sn-S(2) bond (2.691 (1) A) is longer than the
corresponding equatorial Sn-S(1) bond (2.510 (1) A).
Similarly, the apical Sn—Cl distance (2.502 (1) A), which
is similar to the axial distance (2.54 A) in the [(CH3),Sn-
Cl;]™ ion,* is longer than the equatorial bond (2.32 K) in
the same ion. The interesting aspect of the structure of
1 is that the two carbonyl groups are no longer coordinated
to the tin atom (Sn-0(1) = 3.154 (6) A; Sn-0(3) = 2.942
(5) A), in contrast to its starting compound (CH;00CC-
H,CH,),SnCl,, which includes two five-membered chelate
rings via carbonyl oxygen-to-tin coordination (Sn-0O(1) =
2.520 (4) A; Sn—-0(3) = 2.524 (4) A).2 The Sn-0(3) distance
(2.942 (5) A) in 1 is comparable to that of the dative Sn—
0(2) bond (2.95 A) in tricyclohexyltin(IV) acetate,® which
is not counted as a coordinative interaction, and it may
be not regarded as a bonding interaction from its IR and
1196n NMR spectra, which will be shown later. This result
shows that the dtc ligand acts as a good electron-donating
group increasing the electron density on the tin atom,
probably due to an additional =-electron flow from the
nitrogen to the sulfur atom via in-plane delocalization of
the w-orbital system. Thus, the overall geometry around
the tin atom of 1 is similar to that of the simple dimethyl
analogue Me,Sn(S,CNMe,)Cl.3?
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The molecular geometry of 2 is depicted in Figure 2,
where the atomic numbering scheme is defined. The se-
lected bond distances and angles appear in Table V.
Figure 2 shows a molecule consisting of six- and five-
membered rings formed by the bidentate bpb ligand and
the intramolecular carbonyl oxygen-to-tin coordination,
respectively. The local geometry around the tin atom
approximates to a distorted octahedral arrangement with
Cl and N(21) in trans position (C1-Sn-N(21) = 167.6 (1)°).
The atoms of N(11), C(5), O(1), C(1), and Sn form a perfect
plane (Table SX). The bpb ligand bonded in anisobi-
dentate fashion (Sn-N(11) = 2.182 (8) &; Sn-N(21) = 2.310
(5) A) in 2 is similar to that (2.164 (5), 2.339 (5) A) of the
dimethy] analogue Me,Sn(bpb)CL3® The bpb ligand is
essentially puckered in a shallow boat form to provide a
suitable bite angle while tetrahedral angles at the boron
atom are maintained. A feature of particular interest in
2 is the intramolecular Sn—0(1) interaction of one of the
ester groups in contrast to 1. The Sn—-0(1) bond (2.745
(6) A) is proximate to the Sn-O bond of (cis-3-(benzyl-
oxy)cyclohexyl)halogenodimethyltin (2.72 (2) A)* and
(2-carbomethoxy-1,4-cyclohexadien-1-yl)trimethyltin (2.78
(3) A).% However, the distance is longer than the corre-
sponding dative bonds of the starting material (CH;00-
CCH,CH,),SnCl, (2.520 (2), 2.524 (4) A)® reflecting a
weaker coordination. The angle C(1)-Sn-C(5) (146.3 (3)°)
is splayed out compared to that (137.7 (3)°) of the dimethyl
analogue, and the dihedral angle (53.49 (35)°) between the
two pyrazolyl planes is considerably smaller than the
corresponding angle (61°) in the less crowded molecule
of the dimethyl analogue probably owing to the Sn-0(1)
interaction.

The important difference between the molecular
structures of 1 and 2 is in the behavior of the ester group
bonded to the tin atom, reflecting the coordination nature
of organotin compounds. In other words, in contrast to
1 in which no carbonyl-to-tin coordination is allowed, the
presence of the carbonyl-to-tin coordination in 2 with the
bulkier bpb ligand (vs dtc ligand) clearly indicates that the
electronic effect is dominant in the determination of the
coordination structure of organotin compounds, as pointed
out earlier.%6:%

Spectroscopic Properties of 1 and 2. The infrared
spectra of 1 and 2 recorded on KBr disks and in chloroform
solutions (4000-400 cm™) indicate that their coordination
structures are essentially retained in solution. Among the
stretching modes, the »(CO) bands in the region 1650-1750
c¢m™ are known to depend on the nature of carbonyl-to-
metal bonding.®?83® The »(CO) bands of 1 both in the
solid state (1725 em™!) and in solution (1723 cm™) are in
the same region as that of the uncoordinated ester group
illustrated in CH;00CCH,CH,Sn(S;CNMe,),Cl (1724
cm™), for instance, which indicates the nonchelating nature
of the ester group both in the solid state® and in solution.®
In contrast to 1, the appearance of two strong bands in the
IR spectrum of 2 with a separation value more than 40
c¢m™ both in the solid state (1737, 1689 cm™) and in so-
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Figure 3. oRTEP drawing of Hbpb with thermal ellipsoids shown
at the 50% probability level. Selected bond distances () and
angle (deg): B-N(12), 1.540 (4); B-N(21), 1.568 (5); N(11)-N(12),
1.351 (3); N(21)-N(22), 1.335 (3); N(12)-C(11), 1.345 (3); N-
(21)-C(23), 1.338 (4); N(12)-B-N(21), 109.7 (3).

lution (1730, 1689 cm™) indicates coexistence of coordi-
nated and uncoordinated carbonyl groups in 2 in both
states. However, the coordinated carbonyl stretching band
in 2 exhibits a considerable blue shift from that (1652 cm™)
of CH;00CCH,CH,Sn(S;CNMe,)Cl,,*® indicating a
weaker coordination, as is seen in the Sn—0O bond length
(2.745 (8) A) of its crystal structure.

It is well-known that the !°Sn chemical shift §(!1°Sn)
moves upfield in proportion to the coordination number
of tin atom in the organotin(IV) compounds with ligands
of similar donating atoms.%4-4 The §(11®Sn) value of 1
(-258.6 ppm) is approximately the same as that of the
known five-coordinated analogue (¢-Bu),Sn(S;,CNMe,)Cl
(=224 ppm).% However, the remarkable upfield shift of
the 8(11%Sn) value of 2 (-255.4 ppm) compared with that
of the pentacoordinated dimethyl analogue Me,Sn(bpb)Cl
(-181.7 ppm)® implies that the tin atom in 2 is hexa-
coordinated and its coordination number is retained even
in solution, consistent with the above-mentioned X-ray
(Figure 2) and IR data.

Reaction of 1 and 2 with Sodium Sulfide. The re-
action of 1 with sodium sulfide in a 2:1 mole ratio results
in the known products {{CH;O00CCH,CH,),SnS],%47 and
(CH;00CCH,CH,),Sn(S,CNMe,),! via an intermolecular
migration of the dtc ligand, as shown in reaction 1. When

CHCly/H,0

6(CH;00CCH,CH,),Sn(dtc)Cl + 3Na,S

room
temperature

[(CH,00CCH,CH,),SnS]; +
3(CH30000H20H2)an(dtC)2 + 6Nﬂcl (1)

this reaction is carried out at -20 °C, the same products
are obtained. In contrast, the reaction of 2 with sodium
sulfide in a 2:1 mole ratio does not afford the corresponding
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products but gave instead of the (bpb),Sn analogue a new
N-protonated zwitterion Hbpb along with the same trim-
eric sulfide. Half of the reactant 2 remained unreacted in
the solution. In fact, the equimolar reaction of 2 with
sodium sulfide resulted in the same products without un-
reacted starting material, as shown in reaction 2.
CHCl,/H,0
3(CH;00CCH,CH,),Sn(bpb)Cl + 3Na,S —

temperature

[(CH;00CCH,CH,),SnS]; + 3Hbpb + 3NaCl +
3NaOH (2)

Therefore, it seems certain that the reactions of the com-
pounds 1 and 2 with sodium sulfide proceed by different
routes, which will not be discussed in this paper. The new
zwitterionic species Hbpb was investigated by elemental
analysis and X-ray structure determination (Figure 3).
Even though a large number of pyrazabole derivatives have
been studied,*®% to our knowledge, Hbpb is the first
N-protonated dihydrobis(pyrazolyl}borate zwitterion. The
local geometry around the boron atom in the zwitterion
is nearly tetrahedral, and the bond lengths and angles are
of normal values. The proton source seems to be water
from the solvent. This zwitterion could be prepared more
simply by the reaction (eq 3) of K(bpb) with hydrochloric

acid.
NQN NQN —-H
* H\B‘ HO H\B‘ Y s kal 3
K \ + HCI ;m————> (3)
H N-—=N temperature H N-=N

On the other hand, (CH;00CCH,CHj,),Sn(bpb), could
not be prepared even by the reaction of (CH;00CCH,C-
H,),SnCl, with K(bpb), but instead, only the mono-bpb
analogue 1 was obtained, probably due to the bulky bpb
ligand. Thus, the products in the reactions involving the
bpb ligand seem to be controlled by the bulkiness of the
ligand.

In conclusion, the maintenance of the Sn-0O(1) bond in
2 with the bulkier bpb ligand in contrast to 1 with the dtc
ligand may be ascribed to the inductive effect of the co-
ordinating atoms of the ligand, and thus, the inductive
factor seems to be preferentially responsible for the co-
ordination structure of the organotin compounds. On the
other hand, the reactions of 1 and 2 with sodium sulfide
seem to be controlled by the bulkiness of the chelating
ligands.
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