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Abstract

Two series of stannylated thiophenes of formula (Z-C,H,S)SnR , X (Z = 3-(2-pyridyl) and 2-(4,4-di-
methyl-2-oxazolinyl); R = Me, "Bu, Ph, p-tolyl and °Hex; X = Cl, Br, I, OH, SO(S)NMe, and 8-quino-
linolyl) have been prepared and their structures established by ''9”Sn Massbauer and NMR (**C and
119gn) spectral analyses. A pronounced C,N-chelate bonding mode is inferred for the 3-(2-pyridyl)-2-
thienyl ligand in the first series, the tin atoms thus being essentially five-coordinate with trans-C,SnNX
trigonal bipyramidal geometries. Crystal structure determinations on two products in the second series,
namely [2-(4,4-dimethyl-2-oxazolinyl)-3-thienyl]dimethyltin N, N-dimethyldithiocarbamate (1) and [2-
(4,4-dimethyl-2-oxazolinyl)-3-thienylldiphenyltin chloride (2), confirmed the spectroscopic indications of
pentacoordinate trigonal bipyramidal tin environments and revealed that the oxazolinyl nitrogen is the
intramolecularly coordinated donor atom in each case and is located in an apical position with respect
to the C;Sn trigonal girdle; the Sn-N bond length in 2 (2.580(8); 2.525(7) A) is relatively shorter than in
1 (2.720(3) A). The apical angle for 1 (162.12(7)°) shows the molecule to be more distorted than 2
(168.4(2) and 169.9(2)°).

Introduction

C-Stannylated heterocyclic compounds have, in general, been little studied
compared with their carbocyclic analogues [1,2], and there are only few examples
of such triorganotin species; these include tris(quinolinyltin chloride (2- and
6-substituted), bis(2-thienyl)phenyltin chloride, bis(2-thienyl)vinyltin chloride [3],
divinyl(2-thienyDtin chloride [3,4], tris(thienyl)tin halides (2- and 3-substituted)
[5,6], and tris(furyDtin halides (2- and 3-substituted) [5].
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Previously we used alkyl- and heteroaryl-substituted thienyl groups as C-bonded
ligands in the preparation of some structurally novel thienyl tetraorganotin com-
pounds [7-9]. These studies have now been extended to thienyl triorganotin
species in which the heterocycle contains 3-pyridyl or 2-oxazolinyl substituents that
can potentially coordinate to the tin atoms (I and II).

S—2
\ R
s \ 3 Sn<
4 | R
X
(I1)

Experimental

The following commercial chemicals of reagent-grade quality were used in the
syntheses: n-butyllithium (15% in hexane), thiophene, 2-(3-thienyl)pyridine, 8-hy-
droxyquinoline and sodium N, N-dimethyldithiocarbamate.

Synthesis

Published procedures were used to prepare 2-bromo-5-methylthiophene [10]
(b.p., 40-42°C), 4,4-dimethyl-2-(2-thienyl)-2-oxazoline [11] (b.p.,, 71-73°C), di( p-
" tolyDtin dibromide [12] (m.p. 72-73°C), chloro(N,N-dimethyldithiocarbamato)di-
methyltin [13] (m.p. 138-140°C), diphenyitin dichloride [14] (m.p. 40-41°C),
diphenyltin dibromide [15] (m.p. 39°C), chlorodi(n-butybtin acetate [16] (m.p.
61-62°C), tris(2-thienyDphenyltin [7] (m.p. 168-170°C), and [3-(2-pyridyl)-2-thi-
enyl]tricyclohexyltin [8] (m.p. 88—90°C).

[3-(2-Pyridyl)-2-thienyl]di( p-tolyl)tin bromide

To a solution of 2-(3-thienyl)pyridine (1 mL, 7.2 mmol) in diethyl ether (30 mL)
was added dropwise at room temperature 5 mL of 15% n-butyllithium in hexane.
The resulting yellow solution was stirred for 2 h and was then treated dropwise at
0°C with an ethereal solution of di( p-tolyDtin dibromide (1.6 g, 3.5 mmol). The
mixture was stirred at room temperature for 4 h and then filtered. The precipitate
(LiBr) was washed with two portions of diethyl ether (20 mL) and the solvent
removed from the combined filtrates in vacuo to give 1.5 g (79% yield) of a yellow
solid, m.p. 218-220°C. This was recrystallised from toluene to give white crystals,
m.p. 221-223°C. Anal. Found: C, 50.68; H, 3.67; N, 2.20. C,;H,,BrNSSn calc.: C,
51.11; H, 3.70; N, 2.59%. 'H NMR (CDCl,), §: 2.40 (s, 6H), 6.95-8.25 (m, 14H)
ppm. IR (Nujol mull, 2000-400 cm™'): 1600s, 1570m, 1495m, 1485m, 1430s,
1190m, 1150m, 1070m, 1060m, 1010m, 880m, 800s, 790m, 740s, 720s, 485s, 460s
cm™ L

[3-(2-Pyridyl)-2-thienyl]di( p-tolyl)tin oxinate
(3-(2-Pyridyl)-2-thienyl]di( p-tolyD)tin bromide (0.1 g, 0.18 mmol) and 8-hydroxy-
quinoline (0.025 g, 0.18 mmol) were dissolved separately in 15 mL of ethanol (95%)
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and the solutions mixed to give a yellow solution. The solution was warmed for 5
min and cooled to give 0.08 g of yellow crystals, m.p. 220-221°C. Anal. Found: C,
63.67; H, 3.90; N, 4.93. C;,H,;SN,Sn calc.: C, 63.37; H, 4.29; N, 4.62%. A, (in
CHCI,): 387 nm (log € = 3.711).

[3-(2-Pyridyl)-2-thienyl]di( p-tolyl)tin N,N-dimethyldithiocarbamate
[3-(2-Pyridyl)-2-thienyl]di( p-tolyDtin bromide (0.15 g, 0.22 mmol) and thallous
N, N-dimethyldithiocarbamate (0.09 g, 0.27 mmol) were dissolved separately in 15
mL of ethanol (95%) and the solutions mixed to give an immediate precipitate of
thallous bromide. After 1 h stirring the thallous bromide was filtered off and the
filtrate concentrated to give 0.1 g of a white solid, m.p. 214-215°C. Anal. Found:
C, 53.3; H, 4.96; N, 4.61. C,cH,xN,S;Sn calc.: C, 53.6; H, 4.47; N, 4.81%. 'H
NMR (CDCl,) &: 2.23 (s, 6H), 3.38 (s, 6H, N-Me,), 6.75-7.73 (m, 14H) ppm. IR
(Nujol mull, 600-200 cm ~1): 575m, 483, 465m, 450w, 435w, 410w and 395m cm ™.

[3-(2-Pyridyl)-2-thienyl]dimethyltin N,N-dimethyldithiocarbamate

To a solution of 2-(3-thienyl)pyridine (1 mL, 7.2 mmol) in diethyl ether (30 mL)
was added dropwise with stirring at room temperature 5 mL of 15% n-butyllithium
in hexane. The resulting brown solution was stirred for a further 2 h and then
treated dropwise at —30°C with a benzene solution (30 mL) of chloro(N,N-di-
methyldithiocarbamato)dimethyltin (1.8 g, 6 mmol). The mixture was stirred for 4 h
while being allowed to warm to 0°C. The lithium chloride formed was filtered off
and the filtrate concentrated. Addition of hexane to the concentrated filtrate
afforded a white solid, which was recrystallised from a 1/1 (v/v) chloroform/
hexane mixture. Yield 1.2 g, m.p. 148-150°C. Anal. Found: C, 38.45; H, 4.08; N,
6.11. C,,H 4N,S,Sn calc.: C, 38.30; H, 4.20; N, 6.57%. 'H NMR (CDCl,) §: 0.90
(s, 6H, Sn-Me), 3.45 (s, 6H, N-Me), 7.05-8.50 (m, 6H) ppm; J(***Sn-CH ,): 76 Hz.
IR (Nujol mull, 2000-400 cm™!): 1600s, 1570m, 1500s, 1440s, 1270m, 1250s,
1180m, 1160m, 1130m, 1050m, 1010m, 985s, 790s, 780s, 740s and 450s cm ™.

Aduventitious preparation of [3-(2-pyridyl)-2-thienyl]diphenyltin hydroxide

To a solution of 2-(3-thienyl)pyridine (2 mL, 14 mmol) in diethyl ether (30 mL)
at room temperature was added 1.5 mL of 10.2 M n-butyllithium in hexane. The
resulting brown solution was stirred for 2 h, then added from a syringe to an
ethereal solution of diphenyltin dibromide (3.13 g, 7 mmol) at —70°C. After 2 h
stirring the lithium bromide was filtered off and the filtrate concentrated. Addition
of hexane then afforded 0.2 g of a white solid, which was identified as bis[3-(2-
pyridyl)-2-thienyl]}diphenyltin(IV), m.p. 180-182°C. The mother liquor was filtered
and concentrated to leave a viscous liquid, which was cooled to —30°C and
triturated with ethanol (95%) to give a white solid, m.p. 338-340°C; this analysed
for [3-(2-pyridyl)-2-thienyl]diphenyltin hydroxide rather than the expected bromide.
Yield 1.2 g. Anal. Found: C, 56.05; H, 3.87; S, 3.81. C,;H;NOSSn calc.: C, 56.63;
H, 3.55; S, 3.11%. 'H NMR (CDCl5), &: 7.05-8.15 (m) ppm. IR (Nujol mull,
4000-400 cm™!): 3045s, 3035m, 1590m, 1490m, 1435s, 1305m, 1207m, 1080s,
1035m, 1010m, 970m, 880m, 730s, 700s, 580s, 480s and 450s cm ..

2-Thieny! di-(n-butyl)tin chloride
To a solution of thiophene (3.2 mL, 42 mmol) in diethyl ether (20 mL) at room
temperature was added 27 mL of n-butyllithium solution (15% in hexane). After
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1 h stirring the resulting 2-lithiothiophene reagent was added from a syringe to a
stirred suspension of cuprous iodide (7 g, 36 mmol) in diethyl ether (30 mL) at
—70°C. During the addition the colour changed from grey to white and then to
olive. The mixture was maintained at —70°C for 2 h then treated with chlorodi —
(n-butyDtin acetate (10 g, 30 mmol) in dry ether (20 mL). After 18 h stirring the
cuprous acetate was filtered off and the filtrate was concentrated then vacuum
distilled to give the pure product, b.p.g4 110-115°C. Yield 5 g (47%). Anal.
Found: C, 39.51; H, 5.99; S, 9.13. C,,H,,CISSn calc.: C, 40.35; H, 5.96; S, 9.08%.
'H NMR (CDCl,) 8: 0.61-2.12 (m, 18H), 6.72-7.60 (m, 3H).

5-Methyl-2-thienyl di(n-butyl)tin chloride

A two-necked round-bottomed flask fitted with a dropping funnel and a
condenser carrying a nitrogen inlet tube was charged with magnesium turnings
(0.36 g, 15 mmol) and dry ether (20 mL). A solution of 2-bromo-5-methylthiophene
(2.65 g, 15 mmol) in dry ether (10 mL) was added dropwise from the dropping
funnel with stirring. When reaction had subsided stirring was continued for 2 h.
The Grignard solution was then transferred under nitrogen to a dropping funnel
and slowly added dropwise to an ethereal solution (20 mL) of chlorodi(n-butyDtin
acetate (3 g, 9 mmol) at — 70°C. The mixture was subsequently allowed to warm up
to room temperature and stirred for 1 h. The magnesium salt formed was filtered
off and the filtrate was concentrated and then distilled under reduced pressure to
yield the product, b.p.,,s 135-142°C. Yield 1 g (30%). Anal. Found: C, 42.61; H,
6.21; S, 8.89. C,;H,;SCISn calc.: C, 42.56; H, 6.27; S, 8.73%. 'H NMR (CDCl,) é:
0.60-1.95 (m, 18H), 2.35 (s, 3H), 6.60-7.15 (m, 2H).

Bis(2-thienyl)phenyltin iodide

A solution of tris(2-thienyDphenyltin (0.9 g, 2 mmol) and iodine (0.5 g, 2 mmol)
in ether (200 mL) was stirred at room temperature for 15 min, during which the
brown solution turned yellow, TLC analysis showed that almost all the tetraorgan-
otin had been converted into the triorganotin compound along with a trace amount
of the diorganotin derivative. The solvent was removed completely under aspirator
pressure to give a brown solid, which was dissolved in 20 mL of petroleum ether
(60~80°C). Filtration followed by concentration gave a viscous yellow liquid, which
yielded colourless crystals upon cooling. Yield 0.6 g (60% yield), m.p. 72-74°C.
Anal. Found: C, 35.95; H, 2.25. C,,H,,S,ISn calc.: C, 34.29; H, 2.24%.
[3-(2-pyridyl)-2-thienyl]di(cyclohexyl)tin iodide was prepared similarly from [3-(2-
pyridyl)-2-thienyl]tricyclohexyltin. Yield 0.7 g (64%). Anal. Found: C, 44.14; H,
4.89; N, 2.21. C,;H,gINSSn calc.: C, 43.98; H, 4.89; N, 2.44%. 'H NMR (CDCl,),
8: 1.20-2.15 (m, 22H), 7.10-8.00 (m, 5H), 8.60—8.90 (m, 1H).

[(2-C,H,S),PhSn(Ph;AsO),] * [BPh ] -

To a solution of 0.2 g (0.4 mmol) of (2-C,H,S),PhSnl in ethanol (10 mL) was
slowly added an ethanolic solution of NaBPh, (0.15 g, 0.44 mmol) and Ph;AsO
(0.3 g, 0.93 mmol). A white solid formed immediately, and was filtered off and
dried under vacuum. Yield 0.4 g (69%), m.p. 205-208°C. Anal. Found: C, 66.19; H,
4.57. C,,Hg As,BO,S,Sn calc.: C, 67.05; H, 4.61%. IR (Nujol mull, 2000-400
cm™1Y): 1590m, 1450s, 1320m, 1270m, 1220m, 1190m, 1150w, 1090s, 1075m, 1040m,
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1030m, 1010s, 965m, 850s, 750s, 740s, 710s, 700s, 630m, 620s, 485s, 470s and 465
~1
cm

[2-(4,4-Dimethyl-2-oxazolinyl)-3-thienyl]dimethyltin N,N-dimethyldithiocarbamate
(1)

To a stirred ethereal solution (50 mL) of 4,4-dimethyl-2-(2-thienyl)-2-oxazoline
(5 g, 28 mmol) cooled to —70°C under nitrogen was added during 15 min, 18.1 mL
of 15% n-butyllithium in hexane. The resulting yellow solution was then stirred for
a further 0.5 h at 0°C and then cooled to —70°C to yield the lithio derivative of the
oxazolinylthiophene [17]. To this was added dropwise an ethereal solution (50 mL)
of chloro( N, N-dimethyldithiocarbamato)dimethyltin (4.3 g, 14 mmol), and after 1
h stirring the solvent was completely removed under aspirator pressure. The
residue was taken up in 30 mL of chloroform and the solution filtered. Concentra-
tion of the filtrate afforded 1.0 g of white solid, m.p. 200-203°C, which was
identified as Me,Sn(S,CNMe,),. Subsequent addition of petroleum ether (60—
80°C) to the filtrate gave the title product, yield, 0.67 g, m.p. 160-161°C. Single
crystals suitable for an X-ray study were obtained by recrystallisation of the
product from a 1/1 (v/v) chloroform/ petroleum ether (60-80°C) mixture. Anal.
Found: C, 37.10; H, 4.84; N, 6.13. C,,H,;,N,08,5n calc.: C, 37.44; H, 4.90; N,
6.24%.

A second product was also obtained from the remaining filtrate and identified
as bis[2-(4,4-dimethyl-2-oxazolinyl)-3-thienyl]dimethyltin. Yield 0.8 g, m.p. 154-
157°C. Anal. Found: C, 47.10; H, 5.20; N, 5.59. C,yH 4N,0,S,8n calc.: C, 47.18;
H, 5.11; N, 5.50%.

A similar procedure was used to give [2-(4,4-dimethyl-2-oxazolinyl)-3-thienyl] di-
phenyltin chloride (2) as the sole product from 2-(4,4-dimethyl-2-oxazolinyl)-3-
thienyllithium and diphenyitin dichloride. Yield 2.1 g, m.p. 194-197°C. Anal.
Found: C, 51.68; H, 4.06; N, 2.54. C,;H,,NSOCISn calc.: C, 51.62; H, 4.10; N,
2.53%.

Physical measurements

Melting points were determined in open capillaries. Elemental analyses were
carried out by the Microanalytical Service, University College, London (UK) and
Analytical Services, Polytechnic of North London, London (UK). The IR spectra
were recorded as Nujol mulls on a Perkin-Elmer 1300 spectrometer calibrated
with polystyrene.

The !'"Sn Méssbauer spectra (Table 1) were obtained at 80 K using a
Cryophysics constant acceleration spectrometer with a 512 channel data store and
a 15 mCi Ca'®SnO, source at room temperature. The velocity range was cali-
brated with CaSnO; and the spectra were fitted with a Lorentzian curve-fitting
program [18] supplied by the manufacturer.

The '"*Sn NMR spectra (Table 2) for the compounds were recorded in CDCl,
on the JEOL-FX60Q and JEOL JNM GX270 instruments operating at 22.24 and
100.55 MHz, respectively. 'H and *C NMR spectra (Tables 3 and 4) of the
compounds were recorded at 30°C on a JEOL JNM-FX 100 spectrometer operat-
ing at 99.55 MHz for 'H and at 25.00 MHz, in the completely decoupled
irradiation mode, for *C, with CDCl; as solvent and internal lock.
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Table 1

119mgn Méssbauer data for thienyl triorganotins ¢ and related compounds at 80 K
Compound ° A os r, r,
LSn( p-tolyl), Br 1.17 2.94 0.99 1.02
LSn( p-tolyl),(S,CNMe.,) 1.16 2.47 0.90 1.00
LSn( p-tolyl),(oxin) 1.20 2.92 0.89 0.90
LSnPh,OH 1.28 2.82 0.85 0.84
LSn(°C Hy,),1 1.38 3.26 1.16 1.19
LSnMe ,(S,CNMe,) 131 271 0.93 0.96
L'SnMe,(S,CNMe,) 1.27 2.59 0.87 0.87
L’,SnMe, 1.16 1.06 0.94 0.94
L'SnPh,Cl 1.19 3.01 1.00 1.00
L'SnPh, ¢ 1.05 0.51 1.00 1.10
(2-C,H,S),PhSnl 122 2.08 1.00 1.02
[(2-C4H,S), PhSn(Ph; AsO),]*[BPh,} - 1.00 2.90 0.92 0.94
Ph,SnI ¢ 1.20 2.25 1.28 1.24

¢ Error +0.03 mms~', L = 3-(2-pyridyl)-2-thienyl; L’ = 2-(4,4-dimethyl-2-oxazolinyl)-3-thienyl.
€ Relative to CaSnQ, or BaSnO,. ¢ Unpublished results. ¢ Ref. 25.

Crystallographic studies of the title compounds 1 and 2 were carried out on an
automated Enraf—Ngnius CAD4 diffractometer with graphite-monochromated
Mo-K (A =0.71703 A) radiation, and determination of crystal class, orientation
matrix and accurate cell-parameters were performed by standard procedures [19].
Intensities were recorded at the laboratory temperature of 27°C up to a 26,,, of
50°. Unit-cell constants for the triclinic lattice for 1 and 2 were derived from the
angular settings of 25 strong random reflections. Crystal decay was monitored by
using three reflections. The MuLTAN [20] and simpEL [21] direct-methods programs

Table 2

1195n NMR data

Compound ¢ concentration (w/v%) 8(1%Sn) (ppm) ®
LSn( p-tolyl), Br 4.6 —228.5
LSn( p-tolyl),(S,CNMe,) 45 -2109
LSn( p-tolyl),(oxin) 4.1 -214.1
LSnPh,OH 6.0 —234.5
L’'SnPh,Cl 10.9 —-211.5
LSnMe (S,CNMe,,) 27 ~173.9
L'SnMe,(S,CNMe,) 45 ~1389
LSn( p-tolyl), 8.0 —-176.3
LSnPh; ¢ 6.2 —181.6
L'SnPh, ¢ 11.5 —1539
L’,SnMe, 45 -101.3
(2-C,H,5),5nMe, ¢ 26.7 -627
(2-C,H;S)SnPh; ¢ 15.4 -1355
(2-C4H,9),5n ¢ 7.0 ~147.0

¢ L = 3-(2-pyridyl)-2-thienyl; L’ = 2-(4,4-dimethyl-2-oxazolinyl)}-3-thienyl. ® Relative to Me,Sn. ¢ Ref.
8. 4 Unpublished results. ¢ Ref. 7.
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Table 3

13C NMR spectral data ? for the heterocyclic moiety in thienyltriorganotin compounds

Compound ¢ C2 C3 C-4 C-5 cC6 C7 C8 C9 C10
LSn( p-tolyl), Br 1455 1403 131.0 1245 1519 1227 1360 119.7 1471

- ) (349 (64D
LSn(p-tolyD,(S,CNMe,) ¢ 1457 1412 1294 1236 1519 1219 1347 1189 147.1
- 7 (324 (86.6)

LSn( p-tolyl); 1474 1413 1339 1255 1524 1217 1386 1189 1480
-9 -7 (290) 455)

LSnPh,0H 1414 1403 1313 1245 1521 1227 137.5 1197 1472
(CR) - (333 741

LSnPh, 147.4 1423 1342 1255 1521 1217 1373 1188 147.1
- ) (G22) @54

LSnMe,(5,CNMe,) / 1451 1389  -f 1241 1526 1219 1338 1196 1464
- 9 ) @D

LSn(°C¢H,,),1 1453 1386 1313 1262 1541 1222 1366 1202 1492
) ) 129 @56

LSn(°C4H,,); 1475 1392 1317 1265 1546 1209 1365 1198 1482

- <9 a3 @1y
L'SnMe,(S,CNMe,) * (1) 1327 1536 1300 1353 1612 669 812 283
(-7) (491.0) (61.3) (40.5)

L’,SnMe, * 1309 1473 1282 1347 1584 675 792 279
(-7) (452.6) (60.2) (50.8)

L'SnPh,Cl (2) 1417 1494 1322 1332 1632 671 826 277
(-7) (6958) (91.5) (67.9)

L’SnPh, ¢ 1400 1419 1293 1356 1580 678 792 278
(-7 (5005) (634) (54.9)

(2-C,H,S),PhSnl 1305 1379 1332 1284
(-’) (488 (287 (68.4)

(2-C,H,S);SnPh 131.4 1376 1325 1283

(-’ 415 (44 (58.6)

@ In ppm (CDCl, solution). Values given in parentheses refer to "J(11°Sn-'3C) values (Hz). ? L = 3-(2-
pyridyl)-2-thienyl; L' = 2-(4,4-dimethyl-2-oxazolinyl)-3-thienyl. ¢ C-2—-C-10 refer to ring carbon atoms of
the substituted thienyl ligands as per numbering scheme illustrated in I and II (see Introduction).
4 5(N-Me) 44.9 ppm.  Ref. 8. 7 8(N-Me) 44.7, 5(Sn-Me) 4.7 ppm. # Chemical shift not discernable
from spectrum. % 8(N-Me) 44.7 ppm; 3(C=S) 200.7 ppm; 5(Sn-Me) 4.3 ppm, 'J(119Sn-13C,,,) 576.1 Hz.
' 8(Sn-Me) —4.7 ppm, J(1?Sn-13C,,,) 459.5 Hz. ’ Coupling constant cannot be estimated from data.
k Ref. 7.

were used to solve the structures. The non-H atoms were refined anisotropically,
and the weighting scheme w =[o(F)?+ (PWTF)?+ QWT]! [22] with PWT =
0.02, QWT = 1.0, was used. Refinement was discontinued when the shift/error
ratio was less than 0.01. The H atoms were included in calculated positions (C-H
0.95 A) in the structure factor calculations. Refinement based on F converged to
values listed in Table 5. Computations were performed with the MOLEN structure
determination programs [23] on a DEC MicroVax II minicomputer. The structure
of 1 is shown in Fig. 1. Figure 2 is a pLuTo drawing of one of the two symmetry-in-
dependent molecules of 2. Atomic coordinates are listed in Tables 6 and 7.
Structure factor tables, anisotropic temperature displacement parameters, hydro-
gen coordinates and complete tables of bond distances and angles are available
from the authors on request.
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Results and discussion

Synthesis

The unsymmetrical triorganotin compounds containing the 3-(2-pyridyl)-2-thienyl
ligand are stable, crystalline solids which can be obtained in reasonable yields by a
one-step synthesis involving the reaction of the lithiated heterocycle with a
diorganotin dihalide, R,SnX, (eq. 1a). Monodehalogenation is also achieved if
R,SnXY is used, where Y is an anionic residue such as dithiocarbamate (eq. 1b).

{a)R ZSnX 2

l l MBulli, ether
e P A
R = p-tolyl, X = Br

S
(1
®  RySnXY
R=Me, X=Cl
Y = $,CNMe,
| N
—
S$7 TSnR,Y
Table 4
13C NMR spectral data ¢ for the non-heteroaryl ligand fragments
Compound ¢ C,/C, C,/C, C,./Cs C,/C, other
LSn( p-tolyl), Br 137.7 1356 1289 1393 21394
(894.8) (56.2) (80.4) (13.9)
LSn( p-tolyD),(S,CNMe,) 138.1 135.6 129.0 1388 2150 ¢
(1052.8) (51.3) (77.5) (<10)
LSn( p-tolyl), € 137.2 136.9 128.9 137.8 21.50 ¢
(647.5) @1.n (56.4) 117
LSnPh,OH 135.9 135.7 128.7 129.5
N (53.1) (75.7) (<7
LSnPh, © 1373 136.8 128.0 128.2
(726.6) (39.6) (43.2) a1.n
LSn(°C4H ), 1 323 26.7 28.8 32.1
(296.7) 7.9 (65.9) (16.5)
LSn(°C4H,,); € 30.3 272 29.5 322
(374.8) (<D 62.3) (15.9)
L'SnPh,Cl (2) 135.4 135.6 128.6 129.5
N (50.1) (73.3) 14.7)
L’SnPh, 136.9 137.0 128.2 128.6
-Nn (26.9) (51.3) 12.2)
(2-C,H,S),PhSnl 136.0 135.7 129.2 130.9
(715.3) (54.9) (74.5) (18.3)
(2-C ,H,S),SnPh 136.0 136.5 128.9 129.9
(615.5) (46.4) (61.0) (12.1)

@ In ppm (CDCI, solution). Values given in parentheses refer to "J{1°Sn-1>C) values (Hz). * L = 3-(2-
pyridyl)-2-thienyl; L' = 2-(4,4-dimethyl-2-oxazolinyl)-3-thienyl.  i(ipso), o(ortho), m(meta), p(para)
refer to phenyl ring carbons, while 1-4 designate the corresponding carbons of the cycloalkyl ring.
4 Ar-CH,. ¢ Ref. 8. / Coupling constant could not be estimated from data. # Ref. 7.
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Crystal data and refinement details for compounds 1 and 2
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Crystal 1 2
Formula C14H 2, N,0S3Sn C,1HCINOSSn
Molecular weight 449.23 488.61
Crystal system triclinic triclinic
Space group P1 P1

a, A 8.8817(7) 9.093(2)
b, A 9.235%8) 9.395(2)
¢ A 11.9582(7) 24.296(8)
a,® 96.060(5) 92.83(2)
B,° 101.066(7) 92.64(3)
Y, ° 89.913(7) 92.23(2)
v, A3 957.1(1) 206%(1)
V4 2 4

Dy ray, gcm™> 1.559 1.568
w,em! 16.5 147

No. of unique reflections 3351 5390

No. of I > 3a(I) reflections 3001 3583

R, Ry, 0.026, 0.033 0.038, 0.043
Esd of an observation of unit weight 0.715 0.479
No. of variables 190 469
Residual extreme, e A3 0.44(3) 0.61(6)

The above strategy was employed with limited success in preparing [2-(4,4-di-
methyl-2-oxazolinyl)-3-thienyl]dimethyltin N, N-dimethyldithiocarbamate from the
lithio derivative of 2-oxazolinylthiophene and Me,SnCI(S,CNMe,) (eq. 2); use of

Fig. 1. Asymmetric unit of [2-(4,4-dimethyl-2-oxazolinyl)-3-thienyl]dimethyltin N,N-dimethyldithio-

carbamate with atomic labelling.
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Fig. 2. Molecular geometry and atom numbering of molecule a of [2-(4,4-dimethyl-2-oxazolinyl)-3-
thienylldiphenyltin chloride.

Table 6

Positional and thermal parameters for [2-(4,4-dimethyl-2-oxazolinyl)-3-thienyl]dimethyltin N, N-dimeth-
yldithiocarbamate (1)

Atom x y z B, (AH)“
Sn 0.74215(3) 0.09074(3) 0.23332(2) 3.271(5)
S 0.6766(1) 0.2940(1) 0.3737(1) 4.84(2)
82 0.9260(1) 0.4044(1) 0.2668(1) 4.81(2)
$3) 0.4022(1) —0.2836(1) 0.25356(9) 4.43(2)
o) 0.6065(3) —0.3810(3) 0.0826(2) 4.27(6)
N 0.7981(4) 0.5577(4) 0.4229(3) 4.38(8)
N(2) 0.7399(3) ~0.1701(3) 0.1034(3) 3.43(6)
c 0.9675(5) 0.0316(5) 0.3093(4) 5.1(D
C2) 0.6731(5) 0.1664(5) 0.070%(4) 4.3%(9)
C(3) 0.5670(4) —0.0489(4) 0.2718(3) 3.30(7)
8.0)) 0.4603(5) —0.0234(5) 0.3453(3) 4.28(9)
C(5) 0.3660(5) ~0.1383(5) 0.3438(4) 4.9(1)
(6) 0.5471(4) -0.1871(4) 0.2167(3) 3.17%(7)
(7) 0.6368(4) —0.2442(4) 0.1331(3) 3.18(7)
c(8) 0.8035(4) -0.2622(4) 0.0146(3) 4.02(8)
c9 0.9722(5) —0.2855(6) 0.0584(5) 5.9(1)
Cc(10) 0.7764(7) —0.1900(6) —0.0948(4) 6.8(1)
can 0.7097(5) —0.4044(5) 0.0026(4) 5.4(1)
Cca2) 0.803%(5) 0.4326(4) 0.3580(3) 3.83(8)
c(13) 0.6985(6) 0.5829(6) 0.5066(4) 6.1(1)
(14 0.8959(6) 0.6839(5) 0.4131(5) 5.8(1)

“ Anisotropically refined atoms are given in the form of the isotropic equivalent displacement
parameter defined as: (4/3Ya’B; , + b2B,, + ¢2B; 3 + ab(cos y)B, ; + ac(cos B) B, ; + bc(cos a)B, 5].
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the more reactive Me,SnCl, yielded essentially the unsymmetrical tetraorganotin
product, while with Me,Sn(S,CNMe,), no perceptible reaction occurred under the
same conditions.

Li

| | "BuLi, THF | |
—_—
S N ~70°C (15 min), S N )
then 0°C (30 min) [17]
5 < o;J<
Me,SnCI(S;CNMe,)
—-70°C
SnMe,(S,CNMe,)
S N
§ <

Reaction 2 is accompanied by the formation of an almost equal amount of the
tetraorganotin product, bis[2-(4,4-dimethyl-2-oxazolinyl)-3-thienylldimethyltin,
along with dimethyltin bis(N, N-dimethyldithiocarbamate). Formation of these
products is explicable in terms of the partial disproportionation of
Me,SnCI(S,CNMe,) to Me,SnCl, and Me,Sn(S,CNMe,), during the reaction,
and subsequent reaction of the dichloride to yield the tetraorganotin. In the case
of 2-thienyllithium and 5-methyl-2-thienyllithium the attempted monodehalogena-
tion reactions with R,SnX, or R,SnXY proved especially difficult to control, and
yielded exclusively the unsymmetrical tetraorganotins, (Het),SnR ,. However, use
of the less reactive 2-thienylcopper (eq. 3) and 5-methyl-2-thienylmagnesium
bromide (eq. 4) as the transmetallating agents allowed the synthesis of the
triorganotin products in low to moderate yields.

| Cul, ether | | "Bu,SnCI(OAc) |
TR A wther, —70C. N, (3)
S . —=70°C,N, S ether, —70°C, N, S

Li Cu Sn("Bu),Cl
| | "Bu,SnCI(OAc) I ‘
—_— +MgBr(OAc) (4)
Me S MgBI' ether, —70°C, N, Me S Sll(n BU)ZCI

With "Bu,SnCI(OAc) these reagents preferentially cleaved the acetato group. The
resulting triorganotin chlorides were yellow liquids which decomposed when kept
for a week, giving a mixture of di-, tri- and tetra-organotin products.

An attempt was also made to synthesize the unsymmetrical triorganotin halides
from the corresponding tetraorganotin compounds by controlled cleavage of the
tin—carbon bond with iodine. In general, such reactions are seldom achieved
satisfactorily when the tin atom carries relatively labile hydrocarbon groups, but we
did observe a selective removal of the heteroaryl group in tris(2-thienyl)phenyltin
and, unexpectedly, of the cyclohexyl group in [3-(2-pyridyl)-2-thienylltricyclohexyl-
tin (eq. 5).

I,, ether, rt I I
_

(5)
S$7 “Sn(°C4H,,), S 7Sn(°C¢H,y),1
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Table 7
Positional and thermal parameters for {2-(4,4-dimethyl-2-oxazolinyl)-3-thienyl]diphenyltin chloride (2)

Atom x y z B(A%)“
Sn(la) 0.21692(8) 0.25481(7) 0.39622(3) 3.31(1)
Cl(1a) —0.0138(3) 0.3716(3) 0.4141(1) 5.42(7)
S(1a) 0.5260(4) 0.3199(4) 0.5501(1) 6.14(8)
0O(1a) 0.6579(8) 0.1236(9) 0.4601(3) 5.1(2)
N(1a) 0.4766(9) 0.1534(8) 0.3971(3) 3.5(2)
C(1a) 0.2666(9) 0.369(1) 0.3254(4) 3.1(2)
C(2a) 0.302(1) 0.295(1) 0.2773(4) 4.4(2)
C(3a) 0.330(1) 0.371(D 0.2300(5) 5.3(3)
C(4a) 0.330(1) 0.519(1) 0.2338(5) 5.9(3)
C(5a) 0.295(1) 0.593(1) 0.2811(6) 5.9(3)
C(6a) 0.262(1) 0.518(D) 0.3285(5) 4.42)
C(7a) 0.127(1) 0.043(1) 0.3844(4) 3.4(2)
C(8a) 0.055(1) —0.005(1) 0.3352(5) 4.7(3)
C(9a) —-0.012(1) —-0.143(1) 0.3293(5) 5.7(3)
C(10a) -0.007(1) -0.229(1) 0.3738(6) 6.1(3)
C(11a) 0.062(1) —-0.181(1) 0.4236(6) 6.1(3)
C(12a) 0.131(1) —0.042(1) 0.4289%(5) 4.8(3)
C(13a) 0.317(1) 0.311(1) 0.4756(4) 3.7(2)
C(14a) 0.453(1) 0.263(1) 0.4863(4) 3.6(2)
C(15a) 0.368(2) 0.411(1) 0.5627(5) 6.4(3)
C(16a) 0.264(1) 0.397(1) 0.5195(4) 4.8(3)
C(17a) 0.528(1) 0.178(1) 0.4467(4) 3.402)
C(18a) 0.695(1) 0.033(1) 0.4114(5) 5.03)
C(19a) 0.587(1) 0.073(1) 0.3659(4) 4.1(2)
C(20a) 0.661(1) 0.178(1) 0.3283(5) 5.4(3)
C(21a) 0.513(1) —0.056(1) 0.3337(5) 5.7(3)
Sn(1b) 0.27020(8) 0.23132(7) 0.89189(3) 3.22(D)
CI(1b) 0.5233(3) 0.3351(3) 0.9073(1) 4.62(6)
S(1b) 0.0023(4) 0.3321(4) 1.0426(1) 5.29(7)
O(1b) —0.1652(8) 0.1155(9) 0.9558(3) 5.2(2)
N(1b) 0.0055(8) 0.1403(8) 0.8934(3) 3.402)
C(1b) 0.332(1) 0.015(1) 0.8871(4) 3.6(2)
C(2b) 0.359(1) —-0.051(1) 0.9362(5) 4.9(3)
C(3b) 0.395(1) —-0.195(1) 0.934%6) 6.1(3)
C(4b) 0.400(1) -0.270(1) 0.8849(6) 6.3(3)
C(5b) 0.372(1) —0.204(1) 0.8353(6) 6.9(4)
C(6b) 0.338(1) —-0.060(1) 0.8366(5) 5.003)
C(7b) 0.221(1) 0.346(1) 0.8215(4) 3.3(2)
C(8b) 0.095(1) 0.430(1) 0.8197(5) 5.13)
C(9b) 0.068(1) 0.511(1) 0.7735(6) 6.13)
C(10b) 0.159(1) 0.510(1) 0.7310(5) 5.8(3)
C(11b) 0.282(1) 0.427Q1) 0.7326(5) 6.1(3)
C(12b) 0.313(1) 0.342(1) 0.7765(4) 4.8(3)
C(13b) 0.196(1) 0.307(1) 0.9691(4) 3.5(2)
C(14b) 0.055(1) 0.264(1) 0.9802(4) 3.72)
(15b) 0.172(1) 0.418(1) 1.0546(5) 5.2(3)
C(16b) 0.265(1) 0.398(1) 1.0124(4) 4.2(2)
C(17b) —0.036(1) 0.172Q1) 0.9411(4) 3.5(2)
C(18b) -0.21%(1) 0.016(1) 0.9109(5) 5.4(3)
C(19b) —-0.114(1) 0.049(1) 0.8643(4) 4.0(2)
C(20b) —0.0491) —-0.087(1) 0.8377(5) 5.403)
C(21b) —-0.190(1) 0.135(1) 0.8190(5) 5.8(3)

% Anisotropically refined atoms are given in the form of the isotropic equivalent displacement
parameter defined as: (4/3{a’B, ; + b*B,, + c¢?B; 3+ ab(cos y)B, ; + ac(cos BBy 3+ be(cos @) By 3.
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We attribute the cleavage of the tin—cyclohexyl bond in the last case to the strong
coordinative interaction at tin of the pyridyl substituent and the relief of steric
strain in the molecule accompanying the loss of a bulky cyclohexyl group.

The products of the iodination are solids stable at room temperature in the
dark. Although attempts to prepare adducts of these with neutral oxygen-donor
ligands were not successful, the acceptor property of the bis(2-thieny)phenyltin
system was clearly demonstrated by the isolation of its cationic complex, [(2-
C,H,S),SnPh(Ph;AsO),]*[BPh,]” (eq. 6), which is formally five-coordinate at
tin.

(2-C,H,S),PhSnl + 2Ph,AsO + Na[BPh,] <%
[(2-C,H.,S),PhSn(Ph,AsO),] * [BPh,] ™+ Nal (6)

Spectroscopic studies

The 1'°"Sn Mdssbauer data of the thienyl triorganotin derivatives, together with
those of some related complexes are listed in Table 1. The Mdssbauer spectra are
well-resolved quadrupole split doublets with the isomer shift (IS) values lying in
the range of 1.17-1.31 mm s~'. The IS values for the series, LSn(p-tolyl),X,
where L = 3-(2-pyridyl)-2-thienyl and X = Br, S,CNMe, and 8-quinolinolyl are
invariant at 1.17 + 0.03 mm s, suggesting a negligible influence of the anionic
ligands on the s-clectron density at the tin atom. In contrast, LSnMe (S,CNMe,),
LSn(°C¢H,;),I and L’SnMe,(S,CNMe,) [L' = 2-(4,4-dimethyl-2-oxazolinyl)-3-
thienyl] have higher IS values (1.31, 1.38 and 127 mm s~ !) than LSn(p-
tolyl),(S,CNMe,) (1.16 mm s~!), and this is attributable to the electronegativity
difference between aryl and alkyl/ cycloalkyl groups.

The large quadrupole splitting (QS) values (2.47-3.26 mm s~ !) for the triorga-
notin compounds containing the 3-(2-pyridyl)-2-thienyl and 2-(4,4-dimethyl-2-
oxazolinyl)-3-thienyl ligands are specifically diagnostic of higher-than-four coordi-
nation at tin. This conclusion is well supported by the large p values defined by the
ratio QS/IS. A p value of > 2.1 is often associated with higher-than-four
coordination at tin [24]. In contrast, bis(2-thienyl)phenyltin iodide, which has a QS
value of 2.08 mm s~! and a p value of 1.70, is assigned a tetrahedral structure,
similar to that of Ph,SnI (QS = 2.25 mm s~ !; p = 1.88 [25]). Not unexpectedly, the
cationic complex, [(2-C,H,S),SnPh(Ph;AsO),]* [BPh,]”, derived from bis(2-
thienyl)phenyltin iodide, shows Mdossbauer parameters consistent with five-fold
coordination at tin. It is noteworthy that the tetraorganotin derivatives L',SnMe,
(isolated as a side-product in the preparation of L'SnMe,(S,CNMe,)) and L'SnPh,
(prepared for purposes of comparison) gave resolvable doublet spectra with QS
values of 1.06 and 0.51 mm s~ !, respectively. Such splittings are unusual for R +Sn
compounds, for which variations in the Sn—C bond polarities are usually too small
to generate an electric field gradient at the Mossbauer nucleus, and the quadrupole
splitting in the above two tetraorganotin compounds is probably the result of an
additional coordinative interaction at tin.

Information on the solution state structures of the title compounds was next
sought for selected cases from '”Sn chemical shift data (Table 2), and for a wider
range of compounds from measurements of the time-averaged one-bond coupling
constants J(1"Sn—13C), from >C NMR spectra (Tables 3 and 4). The *'?Sn NMR
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spectra of LSn(p-tolyl),Br, LSnPh,OH, LSn(p-tolyl),(S,CNMe,), LSn(p-
tolyD),(oxin) (L = 3-(2-pyridyl)-2-thienyl) and L'SnPh,Cl (L' =2-(4,4-dimethyl-2-
oxazolinyl)-3-thienyl) at ambient temperatures in CDCl, show in each case a single
sharp resonance at -228.5, —234.5, —210.9, —214.1 and —211.0 ppm, respec-
tively, relative to Me,Sn. These resonances are located at significantly higher fields
than those for tetrakis(2-thienyl)tin and the mixed thienyl tetraorganotins listed in
Table 2. A similar upfield shift was also observed for LSnMe,(S,CNMe,) and
L’SnMe,(S,CNMe,) [6(**Sn) —173.9 and —138.9 ppm, respectively] relative to
that of (2-C,H,S);SnCl [6(**Sn) —64.4 ppm] or (3-C,H,S);SnCl [6('°Sn) —70.3
ppm] [5]. It is also noteworthy that L’,SnMe, and L'SnPh, gave 8(''°Sn) values of
—101.3 and —153.9 ppm, respectively, which are at significantly higher fields
relative to that of (2-C,H;S),SnMe, [6('**Sn) —62.7 ppm] and (2-C,H,S)SnPh,
[6(1'°Sn) —135.5 ppm] [7]. In view of the strong dependence of 8(1'°Sn) on
coordination number [26-28], these results suggest that the compounds containing
the 3-(2-pyridyl)-2-thienyl and 2-(4,4-dimethyl-2-oxazolinyl)-3-thienyl ligands effec-
tively retain a pentacoordinate or pseudo-pentacoordinate environment at tin in
solution.

The *C NMR spectral data obtained for selected thienyl triorganotin com-
pounds are given in Tables 3 and 4. For comparison the chemical shift data of a
few related thienyl tetraorganotin compounds are also shown. In the 3-(2-pyridyl)-
2-thienyltin series there are no systematic variations in the chemical shift values of
the aryl or heteroaryl ring carbons when the relevant cycloalkyl or aryl group in the
parent tetraorganotin is replaced by the more electronegative Br, I or S,CNMe,
ligands, except for a slight upfield shift in the thienyl ipso-carbon (C-2). On the
other hand, upfield shifts are observed for all the thienyl ring carbons in [3-(2-py)-
2-C,H,SISnPh,OH, but most conspicuously for C-2 (48 6 ppm) relative to
(3-(2-py)-2-C,H,S]SnPh, [8]. A similar trend is observed for the 2-oxazolinyl-
thienyltin compounds, 1 and 2, relative to their parent tetraorganotins. Thus, the
replacement of a heteroaryl group by the S,CNMe, moiety in L’,SnMe, results in
an upfield shift of all the thienyl carbons, with the ipso-carbon (C-3) shifted the
most (48 6.3 ppm). The tin-bound methyl carbons also suffer an upfield shift (A6
9 ppm), with a concomitant increase in the one-bond coupling constant J(*'°Sn-
BC ) from 459.5 to 576.1 Hz. The one-bond coupling associated with the thienyl
ipso-carbon is similarly increased from 452.6 to 491.0 Hz. The signals from thienyl
ring carbons C-2 to C-4 of 2 also show a similar shift to higher field relative to
those from corresponding carbons in L'SnPh;, but the C-5 signal curiously under-
goes a downfield shift. It is instructive that the one-bond coupling associated with
the thienyl ipso-carbon is substantially higher in 2 (695.8 Hz) than that in L'SnPh,
(500.5 Hz) or 1 (491.0 Hz). It is generally accepted that the Fermi contact term is
dominant for organometallics [29], and that the value of the one-bond coupling
constant J(1'°Sn-13C) may reflect the amount of s-character in the Sn—-C bond
[29,30]. While caution must be exercised in the use of coupling constants [31], they
are strongly indicative of the coordination state of the tin atom, and indeed such a
classification has been made for a number of alkyl- and aryl-tin compounds [32,33].

As indicated in Table 4, [3-(2-py)-2-C,H,S]Sn( p-tolyl), Br and the correspond-
ing dithiocarbamato derivative have J(*'°Sn-'3C,)) values of 894.8 and 1052.8
Hz, respectively, relative to 647.5 Hz for [3-(2-py)-2-C,H,S]Sn( p-tolyl); [8] and
536.9 Hz for (2-C,H,S)Sn( p-tolyl), [7]. These results indicate that in contrast to
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the last-mentioned compound, which is unequivocally four-coordinate at tin, the
solution structures of pyridyl-substituted thienyltins show varying extents of pyridyl
coordination to tin, the tendency being especially pronounced for both of the
thienyl trioganotins. For (2-C,H;S),SnPhl, the 'J(**8n-C, . ) value is 715.3
Hz. Although this is about 100 Hz higher than that for (2-C,H;S),;SnPh, assump-
tion of a higher coordination state for tin in the iodide, which might conceivably
arise through autocomplexation, appears to be unjustified since from the Mssbauer
spectrum there is no evidence for this feature even in the solid state. By contrast,
(3-py-2-C,H,S)Sn(°C¢H,,),I, which is clearly five-coordinate from Mdssbauer
evidence, appears to be four-coordinate in solution, with a 'J value of 296.7 Hz,
which is less than that for the parent tetraorganotin, (3-py-2-C,H,S)Sn(°C,H )5
(374.8 Hz), for which a distorted 5-coordinate tin structure has been proposed [8].

For the compounds L’,SnMe, and L'SnMe,(S,CNMe,) (1), the combined
spectral observations for the solid (M&ssbauer) and solution (*'°Sn and *C NMR)
states support the presence of intramolecular bonding, which is more pronounced
in 1 than in L',SnMe,. The spectral data contrast markedly with those for
(2-C,H,5),SnMe,, which is unequivocally four-coordinate at tin [7]. A similar
conclusion may be drawn in respect of the pair of compounds, L’SnPh, [§(!°Sn)
—153.9 ppm; 'J("Sn-"C ;..,y) 500.5 Hz] and L'SnPh,Cl [6(''*Sn) —211.5 ppm;
J(Sn~Ceny) 695.8 Hz], whose spectroscopic data in the solution state are
different from those for (2-C,H,;S)SnPh, [8('"”Sn) —135.5 ppm} [7].

Whereas the spectroscopic studies described above on the substituted thienyltins
strongly indicate the presence of pentacoordination at tin, these studies, however,
do not reveal which of the heteroatoms (N or O) is involved in intramolecular
coordination in the case of the oxazolinylthienyltin compounds. This prompted the
X-ray diffraction study of compounds 1 and 2, discussed below.

Crystallography

The structure of [2-(4,4-dimethyl-2-oxazolinyl)-3-thienylldimethyltin N,N-di-
methyldithiocarbamate, 1 is shown in Fig. 1, in which the atomic numbering
scheme differs from that depicted in structure II (see Introduction). The tin atom
has a trigonal bipyramidal coordination geometry as a result of C,N-chelate
bonding by the 2-(4,4-dimethyl-2-oxazolinyl)-3-thienyl group. The carbon ligands
are in equatorial sites and the more electronegative nitrogep and sulphur atoms in
the axial positions. The tin—-nitrogen distance of 2.720(3) A is appreciably longer
than that in, for example, [2-(4,4-dimethyl-2-oxazolinyl)phenylldimethyltin bromide
(§n—N 2.414(4) A) [34] and bis{3-(2-pyridyl)-2-thienyl]diphenyltin (Sn—-N 2.580(8)
A) [9]. The Sn-S(1) bond distance of 2.526(1) A is only slightly longer than that in
"BuPh,SnS,CNMe, [35](2.466 A) and Me;SnS,CNMe, [36] (2.47 A). The Sn-S(2)
distance of 3.276(1) A is, however, appreciably longer than that in the above and
other triorganotin dithiocarbamato compounds having essentially tetrahedral ge-
ometries [37,38]. The title compound thus constitutes an unusual example of a
five-coordinate triorganotin dithiocarbamate. The distortion from the ideal trigo-
nal bipyramidal geometry in 1 is evident from the magnitude of S(1)-Sn-N(2)
apical angle (162.12(7)°) and the sum of the C-Sn—C angles in the trigonal girdle
(350.4°). The largest carbon—-tin—carbon angle is the Me-Sn—-Me angle, which is
opened to 126.5(2)° in order to minimize steric interactions with the dimeth-
yldithiocarbamato group. For similar reasons, the S(1)-Sn—C(1) and S(1)-Sn-C(2)
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Table 8

Selected bond lengths (A) and bond angles (°) in compounds 1 and 2

Compound 1

Sn-5(1) 2.526(1) Sn—C(1) 2.135(4) Sn-C(2) 2.127(4)
Sn-Q(3) 2.163(4) Sn-S(2) 3.2767(1) Sn-N(2) 2.720(3)
S(1)-Sn-CX(1) 104.0(1) S(1)-Sn-N(2) 162.12(7)
S(1)-Sn—-(2) 104.6(1) N(2)-8n-C(1) 83.9(2)
S(1)-Sn-C(3) 90.7(1) N(2)-Sn-C(2) 82.3(2)
C(1)-Sn-C(2) 126.5(2) N(2)-Sn-C(3) 71.5(1)
C(1)-Sn-C(3) 112.5(2) C(N-N@2)-C(8) 107.8(3)
C(2)-Sn-C(3) 111.4(1) Sn-N(2)-C(8) 148.2(2)
Sn-N(Q2)-C(7) 104.0(2)

Compound 2 (molecule a)

Sn(1a)-C(11a) 2.451(3) Sn(1a)-N(1a) 2.580(8) Sn(1a)~C(1a) 2.13(1)
Sn(1a)-C(7a) 2.12(9) Sn(1a)-C(13a) 2.13(1)

Cl(1a)-Sn(1a)-N(1a) 168.4(2) Cl(1a)-Sn(1a)-C(1a) 96.1(2)
Cl(1a)-Sn(12)-C(7a) 97.4(3) Cl(1a)-Sn(1a)-C(13a) 94.9(3)
N(1a)-Sn(1a)-C(1a) 89.7(3) N(1a)-Sn(1a)-C(7a) 88.7(3)
N(1a)-Sn(1a)-C(13a) 73.5(3) C(1a)-Sn(1a)-C(13a) 122.2(4)
C(1a)-Sn(1a)-C(7a) 118.4(4) C(7a)-Sn(1a)-C(13a) 116.0(4)
Compound 2 (molecuie b)

Sn(1b)-Cl(1b) 2.46%3) Sn(1b)-N(1b) 2.525(7) Sn(1b)-C(1b) 2.128(9)
Sn(1b)-C(7b) 2.10(1) Sn(1b)-C(13b) 2.12(1)

CI(1b)-Sn(1b)-N(1b) 169.9(2) CI(1b)-Sn(1b)-C(1b) 95.8(3)
CI(1b)-Sn(1b)-C(7b) 95.1(3) CI(1b)-Sn(1b)-C(13b) 95.3(3)
N(1b)-Sn(1b)-C(1b) 87.9(3) N(1b)-Sn(1b)-C(7b) 90.7(3)
N(1b)-Sn(1b)-C(13b) 74.6(3) C(1b6)-Sn(1b)-C(7b) 122.7(4)
C(1b)-Sn(1b)-C(13b) 115.8(4) C(7b)-Sn(1b)-C(13b) 118.9(4)

angles of 104.0(1) and 104.6(1)°, respectively, are widened relative to the S(1)-Sn—
C(3) angle of 90.7°. The thienyl and oxazolinyl rings are virtually coplanar, with
little torsional twist between them (torsional angle C(3)-C{(6)-C(7)-N(2) —0.8°),
unlike the situation in, for example, bis[3-(2-pyridyl)-2-thienylldiphenyltin (tor-
sional angle, —2.6°) [9] and [3-(2-pyridyl)-2-thienyl]tri( p-tolyl)tin (torsional angle,
—6.2°) [8]. The tin atom is seen to lie in the plane of the oxazolinyl ring (sum of
angles subtended at N(2) by C(7), C(8) and Sn equals to 360.0°); the bisector of the
C(7)-Sn—-C(8) angle, however, makes an appreciable angle of 22.3° with the Sn—-N
bond.

The crystal of [2-(4,4-dimethyl-2-oxazolinyl)-3-thienyl]diphenyltin chloride, 2,
has two symmetry independent molecules, a (see Fig. 2) and b, in the unit cell.
Both tin atoms are five-coordinate in a distorted trans-C,SnCIN trigonal bipyrami-
dal environment as a result of intramolecular bonding to tin by the oxazolinyl
nitrogen. The axial angle (Cl-Sn—N) is 168.4(2)° in molecule a and 169.9(2)° in
molecule b, the deviation from ideality being on account of the small bite angle of
the 2-oxazolinylthieny! ligand (73.5(5)° in molecule a and 74.6(3)° in molecule b)
spanning the axial-equatorial positions of the trigonal bipyramid. The correspond-
ing bite angle in 1 is 71.5(1)°. In both molecules a and b the tin atoms lie out of the
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equatorial plane defined by the ipso-carbon atoms of the aromatic rings in the
direction of the axial chlorine occupant, as indicated by the sum of C-Sn-C bond
angles of 356.6 and 357.4°, respectively. The tin—nitrogen distances in 2 (Sn(1a)-
N(1a) 2.580(8) A, Sn(1b)-N(1b) 2.525(7) A) are shorter than in 1, and comparable
with those in the six-coordinate bis[3-(2-pyridyl)-2-thienyl}diphenyltin (Sn-N
2.560(2) A) and the five-coordinate triphenyltin 3-quinolinylthiolate (Sn—N 2.592(9),
2.611(8) A [39].
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