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Abstract 

Reaction of bis(dichlorophenylstannyl)propane (PhCI2Sn)z(CH2) 3 with Na2S gives the dimeric compound [(PhSSn)2(CH2)3] 2 
(1) which has been shown by X-ray crystallography to contain six-membered SnC3SnS rings as well as eight-membered Sn4S 4 
rings. NMR studies show that 1 is stable in toluene solution with the same structure as that in the solid state, but addition of 
chloride ion brings about exchange, resulting in the formation of other geometrical isomers. The compound 
[PhSn(SzCNEtz)]2(S)(CH2) 3 (2) exists as the cis-isomer and contains six-membered SnC3SnS rings in the solid state. In solution, 
2 exists as a mixture of cis-and trans-isomers. 

Keywords: Tin; Diorganotin sulphides; Crystal structure; Isomerism 

1. Introduction 

Structural studies of diorganotin(IV) sulphides show 
that a variety of structures exist in the solid state 
depending on the organic groups bonded to the tin 
atom. For example, (MezSnS) 3 [1] and (PhSnS) 3 [2] are 
cyclic trimers containing a six-membered Sn3S 3 ring, 
whereas (tBuzSnS) 2 and (tAm2SnS) 2 [3,4] are cyclic 
dimers containing a four -membered  SnzS 2 ring. Four- 
membered  rings can also be stabilized by incorporation 
of an intramolecular functionality into the ligand [5,6]. 
Adamantane-l ike structures containing six-membered 
SnSSnCSnS rings have been observed for several 
diorganotin(IV) sulphides [(RSSn)2CH2] 2 in which two 
tin atoms are bridged by a single methylene carbon 
atom [7]. Different structural possibilities exist ( I -VI)  
for the propylene-bridged analogues [(RSSn)2(CH2)3] 2 
depending on the stability of various rings sizes and on 
the degree of oligomerization. We now report  the 
synthesis, N M R  studies and molecular structures of 
[PhSSn)2(CH2)3] 2 (1) and [(PhSn(S2CNEt2)]z(S )- 
(CH2)  3 (2). 

* Corresponding author. 

Elsevier Science S.A. 
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2. Results and discussion 

Trea tmen t  of bis(dichlorophenylstannyl)propane 
(PhCIzSn)z(CH2) 3 with two molar equivalents of 
sodium sulphide at 0°C in ace tone /wa te r  gave a white 
solid product with an elemental analysis consistent 
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with the empirical formula (PhSSn)2(CH2) 3. The X-ray 
structural determination showed it to be a dimeric 
species [(PhSSn)2(CH2)3] 2 (1). 

2 ( P h f l s S n ) e ( f H 2 )  3 + 4Na2S 

[(PhSSn)2(CH2)3]2 + 8NaC1 

(1) 

Trea tment  of bis(dichlorophenylstannyl)propane 
(PhC12Sn)2(CH2) 3 with two molar equivalents of 
sodium diethyldithiocarbamate at room temperature in 
d i c h l o r o m e t h a n e / e t h a n o l  yielded [PhCISn(S 2 
CNEt2)]2(CH2) 3 as an oil which upon treatment with 
one molar equivalent of sodium sulphide at 0°C in 
ace tone /wate r  gave a white solid product with satisfac- 
tory elemental analyses for [PhSn(S2CNEt2)]2(S)- 
( C H 2 )  3 (2). 

(PhC12Sn)2(CH2) 3 + 2NaS2CNEt 2 

[Ph(C1)Sn(S2CNEt2) ] 2(CH2)3 + 2NaC1 

[Ph(CI)Sn(S2CNEt2)]  2(CH2)3 + Na2S 

[PhSn(S2CNEtz)]z(S)(CH2)3 + 2NaCi 

(2) 

The ltgSn NMR spectrum at room temperature of a 
toluene solution of 1 (recrystallized from toluene) con- 
sists of a single resonance at 6 53.9 ppm with 2 j ( l 1 9 S n -  

S-117Sn) = 183 Hz. It is interesting that a solution of 
the same product in dichloromethane solution shows 
additional, weak, 119Sn r e s o n a n c e s  at 6 64.0, 69.0, 74.0 
and 74.5 ppm. Moreover the 119Sn NMR spectrum in 
dichloromethane solution is very similar to that of the 
compound in toluene solution to which has been added 
a catalytic amount of C1- as Bu4NC1. These observa- 
tions indicate that the single isomer of 1 isolated from 
toluene is stable in toluene solution but that other 
structural isomers may be formed in dichloromethane 
solution. Furthermore,  it appears that the addition of a 
Lewis base such as chloride ion may catalyze the for- 
mation of other structural isomers (I, II, IV-VI) in 
solution. We have found earlier that the addition of 
chloride ion also catalyzed exchange reactions between 
stannaadamantanes, possibly via formation of a hyper- 
valent tin intermediate [7]. The 119Sn MAS NMR spec- 
trum of 1 displays a broad resonance at 6 68 ppm 
which is close to the signal observed for the toluene 
solution. 

The Xl9Sn NMR spectrum of [PhCISn(S2CNEt2)] 2 
( C H 2 )  3 in dichloromethane shows only one singlet 
resonance at a -272 .6  ppm, which is assigned to a 
five-coordinated tin atom [9-11]. The 1~9Sn NMR spec- 
trum of 2 in dichloromethane shows two resonances of 
equal intensity at 8 -144 .5  p p m  [ 2 j ( l 1 9 S n - S - 1 1 7 S n ) =  

C 3 ~  C4 

clo'~,.-a~ W..~"-m~2 / ci c6 

Fig. 1. The molecular structure of [(PhSSn)z(CH2)3] 2 showing the 
numbering scheme. 

117 Hz] and at 6 - 147.5 p p m  [ 2 j ( l l 9 S n - S - l l 7 S n )  = 105 
Hz]. The 119Sn MAS NMR spectrum of 2 shows two 
signals at 6 - 1 4 9  and - 1 6 9  ppm. The molecular 
structure of 2 (see below) shows a cis-configuration 
containing a Sn2C3S six-membered ring and the two 
119Sn resonances are assigned to c/s- and trans-iso- 
mers, respectively. This assignment is confirmed by the 
~3C NMR spectrum, which shows that the resonances 
attributed to S n - C H  2, - C H 2 - ,  N - C H  2, - C H  3 and 
CS 2 all appear as pairs. For the phenyl groups, only 
the resonance attributed to o-C is split. Furthermore,  
~H NMR data are also consistent with the presence of 
cis- and trans-isomers in solution. 
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2.1. The molecular structure of  I and 2 

The molecular structure of 1 is depicted in Fig. 1. 
Selected bond distances and bond angles are listed in 
Table 1, and selected torsion angles in Table 2. The 
molecule contains a n  S n 4 S  4 eight-membered ring and 
two SnSSnC 3 six-membered rings. The C 3 parts of 
these six-membered rings are trans with respect to 
each other. The SnaS 4 eight-membered ring shows a 
twisted-chair conformation that is comparable to that 
observed in 1,3,5,7-tetrathiocane [8a]. A six-membered 
SnSSnC 3 ring is also found in the tristannaadamantane 
C4HT(PhSnS) 3 [8b]. The shorter Sn-C distance (2.143 
A) and larger S n - S - S n  angle (99.62 °) in [(PhSSn) 2- 
(CH2)312 compared with those in CaH7(PhSnS) 3 (2.154 
A and 94.3 °) may indicate less strain in the former 
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Table 1 
Selected bond distances (~,) and bond angles (°) in 1 

Sn l -S1  2.407(1) S n l - S 2  2.397(1) 
Sn l -C1  2.135(5) S n l - C 7  2.142(4) 
Sn2-S1 2.407(1) Sn2-$2 2.402(1) 
Sn2-C9 2.144(5) Sn2-C10 2.129(4) 
C7-C8A 1.549(9) C7-C8B 1.534(13) 
C8B-C9 1.372(15) C8A-C9 1.415(9) 

S 1 - S n l - S 2  108.26(4) S1-Sn2-S2  109.47(4) 
S1 -Sn l -C1  107.00(13) $1 -Sn2-C9  113.01(14) 
S 1 - S n l - C 7  114.92(12) S1-Sn2-C10 105.25(11) 
S 2 - S n l - C I  100.71(12) $2 -Sn2-C9  108.94(19) 
$ 2 - S n l - C 7  113.66(13) S2-Sn2-C10 103.18(11) 
C 1 - S n l - C 7  111.17(18) C9-Sn2-C10 116.42(20) 
S n l - S 1 - S n 2  99.62(4) S n l - S 2 - S n 2  105.89(4) 
S n l - C 7 - C 8 A  112.18(35) S n l - C 7 - C 8 B  123.53(50) 
C7-C8A-C9  116.92(51) C7-C8B-C9 120.78(78) 
Sn2-C9-C8 120.70(60) Sn2-C9-C8A 123.50(41) 

compound. The propyl chain is disordered at atom C8 
(ratio 0.65 : 0.35). The elongation of C8 from the plane 
of the five-membered ring S n l - C 7 - C 8 - C 9 - S n 2  re- 
suits in relief of strain. Because an inversion of C8 
through this plane is very unlikely, a statistical disorder 
can be assumed. 

The molecular structure of 2 is presented in Fig. 2. 
Selected bond distances and bond angles are listed in 
Table 3 and selected torsion angles in Table 4. The 
molecular structure of 2 shows a cis-configuration with 
a boat S n - S - S n - C H 2 - C H 2 - C H  2 six-membered ring. 
Each tin atom in the molecule is penta-coordinated, 
with a trigonal-bipyramidal geometry, owing to the 
bidentate bonding of the diethyldithiocarbamate ligand 
to the tin atom, with two C[C1, C4 for Snl; C3, C10 for 
Sn2] and one S[$2 for Snl; $4 for Sn2] occupying the 
equatorial positions and two S[S1, $3 for Snl; $1, $5 
for Sn2] the axial ones. The Sn-S bond distances for 

Table 3 
Selected bond distances (~,) and bond angles (°) in 2 

Snl -S1  2.434(2) Sn l -S2  2.465(2) 
Sn l -S3  2.957(2) Snl -C1 2.141(6) 
Sn I -C4  2.146(6) Sn2-S1 2.447(1) 
Sn2-$4 2.459(2) Sn2-$5 2.894(2) 
Sn2-C3 2.145(6) Sn2-C10 2.132(5) 
$2-C16 1.760(6) $3-C16 1.668(6) 
$4-C21 1.764(6) $5-C21 1.688(7) 
N1-C16 1.398(9) N1-C17 1.587(12) 
N1-C19 1.549(9) N2-C21 1.326(8) 
N2-C22 1.478(9) N2-C24 1.477(11) 
C1-C2 1.539(8) C2-C3 1.514(8) 

S 1 - S n l - S 2  95.54(5) S 1 - S n l - S 3  160.60(5) 
S1 -Sn l -C1  108.23(16) S 1 - S n l - C 4  98.02(16) 
S 2 - S n l - S 3  65.41(5) S2 -Sn l -C1  113.42(16) 
S 2 - S n l - C 4  117.80(16) S3 -SnI -C1  84.07(16) 
S 3 - S n l - C 4  88.48(16) C1 S n l - C 4  118.81(22) 
$1-Sn2-$4  93.90(5) S1-Sn2-S5 160.42(5) 
S1-Sn2-C3 105.82(16) S1 -Sn2-CI0  99.06(14) 
$4-Sn2-$5  66.67(5) $4-Sn2-C3 117.01(16) 
S4-Sn2-C10 115.09(15) $5-Sn2-C3 82.39(16) 
S5-Sn2-C10 91.83(14) C3-Sn2-C10 119.52(21) 
S n l - S 1 - S n 2  101.45(5) Sn l -S2 -C16  94.71(21) 
S n l - $ 3 - C 1 6  80.43(22) Sn2-$4-C21 93.21(21) 
Sn2-$5-C21 80.69(21) 

Table 4 
Torsion angles (°) for the six-membered ring in 2 

S 1 - S n l - C 1 - C 2  - 7.3(4) 
S n l - C 1 - C 2 - C 3  73.5(5) 
C 1 - C 2 - C 3 - S n 2  82.3(4) 
C 2 - C 3 - S n 2 - S l  19.4(4) 
C 3 - S n 2 - S 1 - S n l  29.6(2) 
Sn2-S 1 -Sn l -C 1  - 34.6(2) 

SnI-S3 and Sn2-$5 (average 2.925 A) are longer than 
the sum of the covalent radii of Sn and S (2.44 A) but 
shorter than the sum of van der Waals radii (3.97 ,~) 

Table 2 
Torsion angles (o) for the eight-membered Sn4S 4 
bered Sn2SC 3 rings in 1 

and the six-mem- 

S 2 - S n l - S 1 - S n 2  133.66(5) 
S n l - S 1 - S n 2 - S 2 '  - 115.13(5) 
S 1 - S n 2 - S 2 ' - S n l '  29.40(5) 
Sn2 -S2 ' -Sn l '  -SI '  54.05(5) 
$ 2 ' - S n l ' - S I ' - S n 2 '  - 133.66(5) 
Sn I ' -S  1 ' -Sn2 ' -$2  115.13(5) 
SI' -Sn2 '  - S 2 - S n  1 - 29.40(5) 
Sn2 ' -S2 -Sn  1-S 1 - 54.05(5) 

S 1 - S n 2 - C 9 - C 8 A  17.4(6) 
S1 -Sn2-C9-C8B - 44.6(8) 
S n 2 - C 9 - C 8 A - C 7  - 66.3(6) 
Sn2 -C9-C8B-C7  69.6(9) 
C 9 - C 8 A - C 7 - S n  1 78.6(7) 
C 9 - C 8 B - C 7 - S n l  - 50 (1) 
C 8 A - C 7 - S n l - S 1  - 43.3(4) 
C 8 B - C 7 - S n l - S  1 8.4(8) 
C 7 - S n l - S 1 - S n 2  5.4(2) 
S n l - S 1 - S n 2 - C 9  6.5(2) 

~C5 C!~ 

C18 C20 C25 C23 

Fig. 2. The molecular structure of [Ph(Et2NCS2)SnCH2]2CH 2 show- 
ing the numbering scheme. 
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[12]. The longer bond distances for Snl-S3 and Sn2-$5 
compared with Snl-S2 and Sn2-$4 (average 2.462 .A) 
are attributed to their axial bonding positions, and are 
in agreement with a general structural principle con- 
cerning trigonal-bipyramidal molecular geome!ry [13- 
16]. The Sn-S bond distances [Snl-S1, 2.434 A; Sn2- 
S1, 2.447 A] involved in the Sn-S-Sn-CH2CH2-CH 2 
six-membered ring are longer than the corresponding 
Sn-S bond distances (2.403 A) in the six-membered 
ring of the tetracoordinated compound 1. 

3. Experimental details 

3.1. Physical measurements 

Tin-119 NMR spectra were recorded at 100.75 MHz 
with broad-band proton-decoupling an a JEOL GX 
270 MHz spectrometer, and referenced against exter- 
nal Me4Sn. Phosphorus-31 spectra were recorded at 
109.38 MHz and referenced against external 85% 
phosphoric acid. Carbon-13 spectra were recorded at 
67.94 MHz and referenced against internal TMS. Tem- 
peratures were maintained using a JEOL GTV3 con- 
trol system. Solid-state 119Sn NMR spectra were 
recorded by Dr. T.J. Bastow (CSIRO Division of Mate- 
rials Science and Technology) using a Bruker MSL-400 
at 149.21 MHz. The pulse width was 2.5 jxs and spin- 

ning frequencies for MAS ranged between 4.1-4.8 
kHz. 

3.2. Preparation of  compounds 

3.2.1. Synthesis of  1,3-bis(triphenylstannyl)propane, 
(Ph 3 Sn) 2 (CH2)3 

A solution of 1,3-dichloropropane (22.0 g, 0.12 mol) 
in 30 ml of dry THF, was added dropwise to a mechan- 
ically stirred solution of 0.39 mol of Ph3SnNa in 500 ml 
of liquid ammonia at -78°C. The mixture was stirred 
for 1 h and the ammonia then allowed to evaporate 
slowly. Ether (200 ml) was added, the mixture stirred 
for 10 min, and the solution filtered to remove the 
NaC1. The filtrate was evaporated, the oily residue 
dissolved in ether and Ethanol added. Slow evapora- 
tion of the solvent yielded colourless crystals of 
(Ph3Sn)2(CH2)3, m.p. 80-85°C; yield, 92 g. 1H NMR 
(CDC13)6:1.66 (SnCH2); 2.14 (CH2); 7.45 (o-Ph) 7.33 
(m,p-Ph) ppm. lWSn NMR (CH2CI2)& -103.3 ppm. 
Anal. Calc. for C39H36Sn 2 (742.14): C, 63.12; H, 4.89%. 
Found: C, 62.4; H, 4.80%. 

3.2.2. Synthesis of  [(PhSSnCH2)2CH2] 2 (1) 
A solution of 1,3-bis(dichlorostannyl)propane, 

(PhCI2SnCH2)2CH2, (2.0 g, 3.48 mmol) (prepared from 
1,3-bis(triphenylstannyl)propane and mercuric chlo- 
ride) in 15 ml acetone was added dropwise to a mag- 

Table 5 
Summary of crystallographic data for compound 1 and 2 

Compound 
Mol. formula 
Mol. wt. 
Cryst. system 
Space group 
CAD4 diffractometer 

radiation 
temp., 0 range, scan 

a (,~) 

b (~,), fl(°) 

c (M 
V (~3) 

Z 
Doric (g cm 3) 
F(000) 
Range of hkl 
Ref. reflns. 
Loss of intensity (%) 
Correction 
No. of reflns.: measd. 
Indep. (int R) 

no. of reflns, used, limit 
Ix, (cm- l) 
Trans. factors 
Variables, ratio refl./var. 
Final R, R w 
Weighting scheme 

1 2 

C30H3252Sn4 C25H36N255Sn2 
931.17 762.22 
monoclinic monoclinic 
P21/c P21/n 

o 
Mo Ka radiation (0.71069 A), graphite monochromator 
298 K, 1.5-30.0 °, to/20 

13.009(5) 15.330(2) 

9.039(1), 105.70(2) ° 9.8123(8), 89.68(2) ° 

15.238(2) 21.202(7) 

1725.0(8) 3189(1) 
2 4 
1.800 1.594 
880.0 1528 
+19, +13, +22 +22, -13,  _+30 
3, every 4000 s 
10 20 
linear fit cubic spline fit 
5516, 4318 (0.017) 12474, 7944 (0.011) 

3351, I > 1.96o'1 5857, I > 1.96o-1 
27.8 (num. abs. corr.) 17.62 (num. abs. corr.) 
0.736, 0.549 0.789, 0.719 
185, 18 303, 19 
0.0288, 0.0296 0.0484, 0.0413 
1/(o'2(Fo) + 0.000311F 2) 1/(o" 2(Fo)) 
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net ica l ly  s t i r red,  ice-cooled ,  so lu t ion  of  N a 2 S ' 9 H 2 0  
(1.67 g, 6.96 mmol )  in a mixture  of  10 ml m e t h a n o l  and  
5 ml water .  T h e  mix ture  was slowly w a r m e d  to room 
t e m p e r a t u r e  and  s t i r red  overnight .  T h e  solvent  was 
r emoved  in vacuo,  20 ml of  d i c h l o r o m e t h a n e  were  
added ,  and  the  mix ture  was s t i r red  for  15 min and  the  
so lu t ion  was then  f i l t e red  to r emove  sod ium chlor ide .  
The  f i l t ra te  was e v a p o r a t e d  and  the r e s idue  recrysta l -  
l ized f rom to luene  to give 1 (1.47 g, 85%) as co lour less  

crystals ,  m.p.  190°C. Anal .  Calc. for  C30H32S4Sn 4 
(995.69): C, 36.19; H, 3.24%. F o u n d :  C, 36.24; H, 
3.14%. 

3.2.3. Synthesis o f  [PhSn] (E t2NCS2) (CH2)  3 (2) 
A solu t ion  of  E t 2 N C S 2 N a - 3 H 2 0  (0.87 g, 3.86 

mmol )  in 25 ml e thano l  was a d d e d  dropwise  to a 
magne t ica l ly  s t i r red  solut ion of  (PhC12SnCHE)2CH 2 
(1.11 g, 1.93 mmol )  in 30 ml of  d i ch lo rome thane .  The  
mixture  was s t i r red  for  2 h and  the  solvent  then  evapo-  
ra ted .  The  r e s idue  was s t i r red  for  15 min  with 25 ml of  
d i c h l o r o m e t h a n e  and  the  so lu t ion  was f i l t e red  to re-  
move the  sod ium chlor ide .  The  f i l t ra te  was e v a p o r a t e d  

in vacuo  to yield [PhCISn(Et2NCS)2]2(CH2)  3 as a 
co lour less  oil. 13C N M R  (CDC131 ( j ( l l 9Sn-13C) ,  Hz)  ~: 

32.4 ( S n C H  2, (597)); 22.5 (CH2,  (31)); 50.4 (NCH2) ;  
11.8 (CH3);  142.2 (Ci);  135.7 (C o, (62)); 129.8 (Cm, 
(68)); 128.5 (Cp); 194.8 (CS 2) ppm.  

A solu t ion  of  Na2S  • 9 H 2 0  (0.46 g, 1.93 mmol )  in 15 
ml of  wa te r  was a d d e d  d ropwise  to  a magne t i ca l ly  
s t i r red,  ice-cooled ,  so lu t ion  of  [PhCISn(Et2NCS)2]  2- 
(CH2)  3 (1.54 g, 1.93 mmol )  in 30 ml of  d i ch lo rome thane .  
T h e  mixture  was a l lowed to warm to room t e m p e r a t u r e  
and s t i r red  for a fu r the r  3 h. The  solvents  were  re- 

Table 6 
Fractional atomic coordinates and estimated standard deviations for 
1 

Atom x y z 

Sn 1 0 . 3 6 0 1 6 ( 2 )  0 . 1 1 8 4 9 1 3 )  0.06463(2) 
Sn2 0.36777(2) - 0.24582(3) - 0.04095(2) 
S1 0.3378(1) 0.0102(1) - 0.08369(7) 
$2 0.47335(9) 0.3311(1) 0.0767(1) 
C1 0.2122(4) 0.22123(5) 0.0639(3) 
C2 0.115714) 0.1705(7) 0.0096(3) 
C3 0.0200(5) 0.2386(8) 0.0139(41 
C4 0.0220(6) 0.3537(7) 0.0712(51 
C5 0.1156(6) 0.4051(6) 0.1250(51 
C6 0.2119(5) 0.3394(51 0.1228(4) 
C7 0.4102(4) - 0.0324(5) 0.1764(3) 
C8A 0 . 3 4 9 5 ( 8 )  -0.1816(81 0.1577(51 
C8B 0.445(1) - 0.192(1) 0.1661(81 
C9 0.3834(6) - 0.2838(5) 0.1009(3) 
CI0 0.2439(3) - 0.3640(5) - 0.1348(31 
Cll  0.2422(4) - 0.5164(5) - 0.1337(3) 
C12 0 . 1 6 4 7 ( 5 )  -0.5940(6) -0.1981(4) 
C13 0.0885(5) - 0.5174(8) - 0.2627(4) 
C14 0.0884(4) - 0.3679(8) - 0.2634(4) 
C15 0.1666(4) - 0.2900(6) - 0.2005(3) 

Table 7 
Fractional atomic coordinates and estimated standard deviations for 
2 

Atom x y z 

Snl 0 . 4 4 4 3 3 ( 2 )  0 . 2 1 5 2 5 ( 4 )  0.22008(2) 
Sn2 0 . 2 6 5 6 3 ( 3 )  / I . 0 8 5 9 8 ( 4 )  0.11365(2) 
S 1 0.3597( 1 ) /I. 2847( 1 ) 0.12879(7) 
$2 0.5511(1) 0.0785(2) 0.15998(71 
$3 0.5869(1 ) 0.0993(2) 0.29664(8) 
$4 0.3693(1 ) (I.0295(2) 1/.(/4264(8) 
$5 0.2072(I ) -/1.1806(2) 0.07357(9) 
N1 11.6921(41 - 0.0308(7) 0.2097(3) 
N2 0.346114) - 0.2919(51 1/.0175(2) 
C1 0.3620(4) 0.0956(6) 0.2803(3) 
C2 0.2649(4) 0.0878(6) 0.2625(3) 
C3 0.2472(4) - 11.001116) 0.2056(3) 
C4 0.4836(4) 11.4143(6) 0.251013) 
C5 0.4788(5) 0.521617) 0.2086131 
C6 0.4948(5) 0.6532(7) 11.2284(4) 
C7 0.5135(5) 0.6766(8) 0.2910151 
C8 11.5197141 11.5734(91 11.332314) 
C9 //.5046(41 11.4384171 0.3124(3) 
C10 0.1588(41 0.1833(51 11.0681(31 
C 11 0.1334(4) 11.3112(6 ) 0.0905(31 
C12 0.0599(5 ) 0.3746(7) 0.0671 (4) 
C13 0.0123(51 /I.3154181 11.0200(41 
C14 0.0376(5) 0.1912(8) - 0.0033(3) 
C15 0.1100(41 0.1249(61 0.0208(3) 
C16 0.6173(41 0.0436(6) 11.2255(31 
C17 0.7596(7) - 0.0456(9) 11.2658151 
C18 0.7394(7) -0.165(11 0.2914151 
C21 0.3086(4) -/).1821161 0.042113) 
C22 0.3026(6) 0.4261161 0.0208(4) 
C23 0.2570(7) - 0.461819) - 0.0403(4) 
C24 0.4346(6) - 0.2894(7) 0.0104(31 
C25 0.5047(6) -/).3145181 0.0389(4) 

moved  u n d e r  r e d u c e d  p re s su re  and the  res idue  s t i r red  
with 30 ml of  d i c h l o r o m e t h a n e  for  15 min. The  mixture  
was f i l t e red  to remove  sod ium ch lor ide  and diethyl  
e t h e r  (30 ml) was a d d e d  to the  f i l t rate .  Slow evapora-  
t ion of  the  solut ion y ie lded  2 (1.32 g, 90%) as colour-  
less crysta ls ;  m.p .  169-170°C.  A n a l .  Calc .  for  

C25H36N2SsSn2 (762.32): C, 39.39; H, 4.76; N, 3.67%. 
F o u n d :  C, 39.45, H, 5.11; N, 3.54%. IH N M R  (CDC13) 
6: 2.57, 2.61 (SnCH2) ;  2.03, 2.08 (CH2);  3.61, 3.72 
(NCH2) ;  1.15, 1.24 (CH 3) ppm.  13C N M R  (CDCI 3) 
( j ( l l 9 S n - 1 3 C ) ,  Hz)  6: 28.7, 28.8 (SnCH2,  (538)); 22.9, 

23.2 (CH2);  50.4, 50.5 (NCH2) ;  12.0, 12.1 (CH3);  145.2 
(C (694)); 135.9, 136.2 (Co); 129.5 (Cm); 128.5 (Cp); 
191i.1, 196.4 (CSO ppm.  

3.3. Crystal structure determinations 

Colour less  crystals  of  1 (hexagonal  p r i smat ic )  and  2 
( r ec tangu la r )  were  o b t a i n e d  f rom to luene  solut ion.  
Crys ta l lograph ic  and  r e f i ne me n t  da t a  a re  given in Table  
5. F ina l  f rac t ional  a tomic  coo rd ina t e s  a re  given in 
Tab les  6 and 7. D a t a  were  co r r ec t ed  for  Loren tz  polar -  
izat ion.  The  Pa t t e r son  me thods  op t ion  f rom SHELXS6 
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[17] revealed the locations of all non-hydrogen atoms. 
The structures were refined by full-matrix least-squares 
methods, including positional and anisotropic displace- 
ment parameters for non-H atoms. The H atoms were 
located in difference Fourier maps and refined as 
riding atoms isotropic displacement parameters. The 
ethylenic group C19-C20 in compound 2 and the C8 
atom in compound 1 are disordered. 
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