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Abstract--In the series of the heterocycles X[(CH2)3]2SnR2 (16 newly synthesized compounds and two taken 
from the literature) and in the germanium analog Buq'4[(CH/)3]2GeCI~, the donor group X ( = NMe, NBz, 
NBu i, NPt a, O, S) intramolecularly attacks the Lewis acidic atoms Sn or Ge. Eight structure determinations 
(and, in addition, 2 taken from the literature) are compared. The nucleophilic attack at Sn is stronger for the 
ligands R2 = C12 than for the more electronegative R2 = (OSiPh3)2. Overall the familiar trans influence holds : 
simultaneous approach of X and weakening of the ligand R(trans). In three cases of subtly graded donor 
strength a slight inversion or ceasing is observed: shorter distances X ' "  Sn and simultaneously shorter 
distances Sn--R(trans) .  Also in a series of 8 compounds with O ' " S i - ( H a l )  interaction, taken from the 
literature, the dominant trans influence ceases to zero in the central part of the oxygen approach. Actually, the 
discussed ranges of inversion or ceasing of the trans influence are small and in terms of e.s.d.s at the borderline 
of statistical significance. Despite this objection, the existence of  four alike cases is noticeable. As an explanation 
for this secondary effect, a bonding scheme is discussed in which the electronegativity of the ligands inhibits 
the nucleophilic attack and in which its drive originates from the n-basicity of the ligands into a tr*-LUMO at 
Sn or 'Ge. This bonding scheme is supported by semi-empirical MO calculations on the extended Htlckel level 
for the Ge compound and its tetrahedral analogue C12GeBu~. In addition, a qualitative discussion of llgSn 
N M R  chemical shifts is given, which uses the same line of arguments as applied above on the basis of 
interactions of  frontier orbitals. © 1997 Elsevier Science Ltd 

Keywords: tin ; germanium ; bimolecular nucleophilic attack ; structural trans influence ; frontier orbitals. 

It is generally taken for granted that the attack of a 
donor atom at a Lewis acidic center simultaneously 
weakens the ligand in trans position. This structural 
trans influence is one of  the basic facts from which 
Btirgi and Dunitz created their method of structure 
correlation [2]. By means of this method, it is possible 
to conclude chemical reaction pathways from crystal 

* Author to whom correspondence should be addressed. 

structure data. This approach was used to obtain a 
view of  various reactions and it was especially exten- 
sively applied to follow the course of  the bimolecular 
nucleophilic substitution (Sr~2) [2]. The latter reaction 
is one of the most frequently investigated basic reac- 
tions in organic chemistry. Nevertheless, many details 
concerning this reaction are still uncertain [3]. 

With regard to the question of which properties of 
a molecule control a SN2 reaction, we have recently 
synthesized the 27 heterocycles I (Scheme 1) [4]. Crys- 
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tal structure analyses, vibrations at the tin atom and 
ll9Sn N M R  data outlined a step by step nucleophilic 
attack of X at the tin center [4]. To explain the results, 
the model of a four-electron, three-center interaction 
X ' - "  Sn-R(ax) was created [4a], which originated in 
principle from a paper of Musher [5]. The a-donor 
X attacks at the a*-LUMO of the acceptor Sn. A 
continuous transition from a tetrahedral into a trig- 
onal-bipyramidal geometry occurs, and, simul- 
taneously, a change of the hybridization takes place 
[4a,6]. The new LUMO of the pentacoordinate 
geometry [6] is located at lower energy than the 
LUMO of the starting geometry [4b,7]. The control 
of  this path is affected by an interaction of the frontier 
orbitals at the acceptor, in which both kinds of 
ligands, axial and equatorial, are involved. The results 
lead to the unexpected thesis that an enhanced elec- 
tronegativity of the ligands inhibits the formation of 
a pentacoordinate structure. The drive for pen- 
tacoordination results from the n-basicity of the 
ligands. 

The series of compounds 2 shows especially clearly 
the mutual interaction of the polarity of the HOMO 
and of the occupation of the LUMO [8]: 
d ( N ' "  Sn) --- 2.38 A for R = C! and I ; = 2.28 : t  for 
R -- Br. With regard to the sequence of strength of 
the donor atoms O and S [4], and with regard to the 
negative ligand F [9], the results were contradictory. 
For  clarification, we synthesized and investigated 17 
of the 18 compounds 3 and the Ge analog 4. These 
compounds contain donors X of graded strength and 
the bulky ligand R = OSiPh3, whose electronegativity 
is higher than that of R = CI and for which no increase 
of coordination is to be expected. 

RESULTS 

Syntheses 

To obtain the C12 or C1Ph substituted heterocycles 
3 or 4, the diGrignard reagent X[(CH2)3MgC1]2 was 
reacted with SnCI4, PhSnC13 or GeC14. The first exam- 
ples of this diGrignard reaction, to obtain the com- 
pounds 3 (NMe/C12, O/C12 and S/C12), had been 
carried out by Jurkschat [11]. The heterocycles with 
(OSiPh3)2 and Ph2 substitution have been obtained 
from those with C12 substitution by reaction with 
Ph3SiONa or PhLi. 

Molecular structures 

Table 1 summarizes some distances at Sn and at 
Ge. Eight structure determinations have been carried 
out in this work; the data for the compounds 3 
(NMe/C12 and S/C12) have been taken from ref. [1 lb]. 
The structure described for the compound 3 (O/C12) 
in ref. [1 lb] is actually the structure of a mixed crystal 
with chlorine/bromine content [12]. The structural 
data of both pure compounds 3 (O/C12 and O/Br2) are 
given in Table 1. 

The cores of all ten molecular structures discussed 
in this work look similar. Figure 1 shows exemplarily 
a plot of the compound 4 [N(Bui)/C12], the plot of the 
compound 3 [N(Bui)/C12] is nearly the same. In all ten 
structures, the geometry around tin or germanium and 
the twisting of the eight-membered rings [14] are very 
similar ; i.e. distinct steric differences between the ten 
compounds do not exist. In addition, none of the 
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Table 1. Distances d and Pauling bond orders BO a for the heterocycles 3 and 4 (e.s.d.s in parentheses) 
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Sn'-" X Sn--R(ax) Sn--R'(eq) 

Compound d (,~) BO d (A) BO d (A) BO 

3 (NMe/C12) b 2.441(8) 0.320(8) 2,455(3) 0.735(8) 2.382(2) 0.94 
3 (NMe/C1Ph) 2.435(5) 0.326(5) 2,550(1) 0.540(2) 2.134(6) 1.05 
3 (NBz/C12) 2.470(5) 0.291(5) 2.487(2) 0.662(4) 2.420(1) 0.82 
3 (NBz/(OSiPh3)2) 2.530(7) 0.240(6) 2.017(5) 0.95(1) 1.965(5) 1.12 
3 (NBuTC12) 2.462(3) 0.299(3) 2.474(i) 0.691(2) 2.379(1) 0.94 
3 (NBu~/(OSiPh3)2) 2.494(3) 0.269(3) 2.026(2) 0.92(1) 1.969(2) 1.11 
3 (O/C12) 2.448(8) 0,234(6) 2.465(2) 0.711(5) 2.410(3) 0.85 
3 (O/Br2) 2.421(7) 0.255(6) 2.574(1) 0.786(3) 2.509(1) 0.97 
3 (S/C12) b 2.851(3) 0.231(3) 2.449(3) 0,749(7) 2.375(3) 0.95 
4 (NBu~/CI2) " 2.389(4)' 0.180(2) 2.319(2) c 0.559(3) 2.186(2) c 0.86 

a See ref. [15]. 
b Data taken from ref. [11 b] ; the compound 3(S/CI~) has not been 
' G e " .  N and Ge--C1. 

synthesized in this work. 
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Fig. 1. Ortep plot of the compound 4(NBui/CI2) ; thermal ellipsoids are at the 50% probability level. Hydrogen atoms are 
omitted for better clarity. The plot of the compound 3(NBui/CI2) looks nearly the same. The Pauling bond orders BO [15] 
at Ge and Sn are compared : three-times long distances for the germanium compound, and three-times short distances for 

its tin analogue. 

molecules of Table 1 is involved in short inter- 
molecular interactions which would disturb the dis- 
tances given in Table 1. 

In order to obtain a comparability of the distances 
between atoms of different kinds, all distances d in 
Table 1 have been transformed into Pauling bond 
orders BO [15], which change inversely to d. 

1195n NMR data 

Table 2 contains the l l9Sn N M R  chemical shifts and 
the one-bond spin-spin coupling constants between 
J JgSn and the aliphatic ~3C of the methylene groups in 
equatorial position for all compounds of the series 3. 
Both figures are indicative for a pentacoordinated tin 
atom [17], In addition, Table 2 contains the equivalent 
figures of some related compounds with tetra- 

coordinated tin and (methyl, n-butyl or phenyl)-sub- 
stitution. The 29Si N M R  chemical shifts of  the 
equatorial and axial OSiPh3 groups are given in foot- 
note b of Table 2. A full set of  the 13C N M R  chemical 
shifts of  the compounds 3 and 4 has been deposited 
with the Editor as supplementary material. 

DISCUSSION 

Electronegat&ity 

By comparing the S n " .  X bond orders of Table 1, 
it is evident that the interaction between Sn and X 
generally increases with decreasing electronegativity 
of the ligands [19]. The polarity of the HOMOs and 
the occupation of the L U M O  (vide infra) are counter- 
active [4a]. 
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Table 2. lJ9Sn NMR chemical shifts 6(HgSn) and one-bond 
coupling constants IJ(Hgsn--13C) to the equatorial meth- 
ylene groups of the compound series 3 (ambient temperature, 
CDCI 3 solution) and, for comparison, of some related com- 

pounds with 4-coordinated tin 

Compound & (ppm) i j  (Hz) 

3 (NMe/CI2) ° - 14.3 609.7 
3 (NMe/(OSiPh3)2) b - 123.9 682.3 
3 (NMe/CIPh) - 54.8 535.5 
3 (NMe/Ph2) - 103.4 459.0 
3 (NBz/C12) - 6.7 598.2 
3 (NBz/(OSiPh3)2) b - 117.1 671.6 
3 (NBz/C1Ph) - 42.2 528.3 
3 (NBz/Ph2) - 94.6 448.6 
3 (NBui/CI2) - 1.5 601.2 
3 (NBui/(OSiPh3)2) h - 114.3 673.3 
3 (NBu'/CIPh) - 35.4 527.8 
3 (NBui/Ph2) - 91.4 447.8 
3 (NPf/C12) - 2.9 592.2 
3 (O/C12)" + 5.1 599.0 
3 (O/Br2) - 28.8 566.5 
3 (O/(OSiPh3) 2)b - 115.8 670.5 
3 (O/Ph2) - 86.0 430.2 
3 (S/C12) d + 19.8 561.0 
BugSn e - 11.5 313.7 
But SnPh~ - 65.9 
Bu~ SnC~ + 122.0 424.0 
Me4Sn ~ 0.0 337.8 g 
Me3SnPh e - 28.6 347.5 g 
Me2SnPh~ - 60.0 365.0 g 
MeSnPh~ - 93.0 377.00 
SnPh] - 128.1 - -  

a This work; ref. [1 lb] : - 14.8 and 612.4. 
b fi(29Si ) : O(SiPh3)2 - 18.45 ; 3NMe/(OSiPh3)2 - 19.66 (eq) 

and -24.61 (ax);NBz/(OSiPh3)2-19.51 (eq)and -24.29 
(ax); N(iBu)/(OSiPh3)2 -19.42 (eq) and -24.59 (ax); 
O/(OSiPh3)2 -21.80 (one broad signal only). 

CThis work; ref. [llb] : -28.46 and 571.0, see ref, [12]. 
dRef. [llb], toluene-d8 solution; the compound has not 

been synthesized in this work. 
eRef. [17b]. 
fRef; [18]. 
g One-bond coupling to methyl. 

Structural trans influence 

and simultaneously the distances between tin and the 
axial ligand Cl(ax) decrease. Actually, the inversion 
is small and in terms of  e.s.d.s at the borderline of 
statistical significance: distance range merely 0.03 A 
in d ( S n " ' N )  (4 e.s.d.s) and d(Sn--C1) (11 e.s.d.s), 
respectively. The inversion becomes only significant if  
the germanium case 4 is included (Fig. 1) : ranges of  
bond order differences Ge/Sn about  0.12 (15 e.s.d, s in 
BO). The inversion is a secondary effect which over- 
rides the dominant  normal trans influence only 
slightly. 

An equivalent inversion of  the trans influence holds 
for the sequence of  halide substituted compounds 3 
(O/C%)-3 (O/Br2) with B O ( S n ' " O )  0.23-0.25 and 
BO(Sn- -C1/Sn- -Br )  0.71-0.79. Fo r  the sake of  clar- 
ity, this relation is not  indicated in Fig. 2. Also in this 
case, the inversion range is small : 0.03/k in d(Sn" • • O) 
(3 e.s.d.s) and 0.08 in BO(Sn-halide) (15 e.s.d.s). 

No  difference of  the donor  strength exists between 
the atoms O and S in the case of  constant C12 sub- 
stitution (Fig. 2); the counteractive effects, normal 
and inverted trans influence, cancel each other. This 
is the reason for the contradictory results, which were 
found for the sequence of  the donor  atoms O and S 
in the series o f  compounds  I [4]. 

In a related series o f  eight fl-lactams an O . . . S i  
approach influences Si-(halide) distances [20]. Overall  
the structural trans influence is active. However  in the 
central part of  this series, the change of  the S i - -CI  
distances almost ceases. The given results for five 
O " -  Si--C1 pairs are [20] : 2.425/2.148, 1.990/2.309, 
1.954/2.307, 1.950/2.315, 1.918/2.348 A. Over a 
S i " -  O range of  0.04 A the Si--C1 distance is almost 
constant. 

In each of  the mentioned four cases, the objection 
'none full statistical significance' is valid. Never- 
theless, the existence of  four alike cases is noticeable. 
An inversion or ceasing of  the overall trans influence 
can be caused by a charge flow from the ligand Cl(ax) 
into the L U M O  of the molecule. The graded donor  
strength of  the nitrogen donors or the change from 
germanium to the more acidic tin reveals the 7t-basic 
charge flow as a controlling factor of  the nucleophilic 
attack at group 14 atoms. 

Figure 2 compares the bond orders B O ( S n " ' X )  
with the bond orders to the axial ligand R(ax).  With 
regard to the sequence of  the ligands (OSiPh3)2-C12- 
C1Ph and a general nitrogen donor  NR,  the normal  
trans influence of  a a -donor  attack is valid. The bond 
to the axial ligand expands uniformly with an 
approach of  the donor  NR.  The same holds for con- 
stant substitution C12 if the donors O or S are changed 
into NR.  

The normal trans influence inverts in the cases of  
constant C12 substitution if a sequence of  nitrogen 
donors N R  is followed. Along the series of  the com- 
pounds 4 (NBu~/C12)-3 (NBz/C12)-3 (NBui/C12)-3 
(NMe/C%), the donor  N R  approaches the tin a tom 

Extended Hiickel calculations 

The question which of  the two counteracting 
properties of  a ligand, electronegativity or n-basicity, 
inhibits and which promotes a nucleophilic attack at 
Ge or Sn depends crucially upon the energetical pos- 
ition of  the L U M O  of the molecule : location in the 
bonding or in the antibonding region. In ref. [4b], the 
sequence of  bond orders B O ( S n ' " X )  for the axial 
and equatorial  ligands halide and methyl in the series 
of  compounds 1 offered evidence that the L U M O  is 
located in the bonding region. To aid in making a 
direct decision, semi-empirical M O  calculations on 
the extended Httckel level for the compound  4 and its 
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Fig. 2. Graph of the Pauling bond orders BO(Sn--R(ax)) vs BO(Sn"" X) for the compounds 3 and 4. 

tetrahedral analogue C12GeBu~ were undertaken [21]. 
For  4 the geometry of  the crystal structure deter- 
mination has been fixed [21a], for CI2GeBu~ a tetra- 
hedral geometry has been chosen by means of the 
internal force field parameters of the program [21b]. 
The results are shown in Fig. 3 [22]. 

The extended Htlckel approximation results only in 
a qualitative sequence of the MO's, and the absolute 

values of the energy scale of Fig. 3 should be con- 
sidered with caution. Nevertheless, the overall view of 
Fig. 3 is in accord with the bonding scheme of ref. 
[4a]. The two HOMO's  of the 4-electron, 3-center 
interaction and the tr*-LUMO of the penta- 
coordinated geometry are distinctly separated from 
the sequence of the other occupied and empty MO's. 
In addition, the LUMO of the pentacoordinated 

Sequence of MO's on the extended Hiickel level 
(fixed geometry of the crystal structure analysis) 
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Fig. 3. Sequence of the MO's for the compound 4 in terms of CACAO-graphs [21 a]. The LUMO and HOMO energies for 
the tetrahedral analogue C12GeBu] are given for comparison [21b]. For the used nomenclature see ref. [6], for the extended 

H0ckel parameters see ref. [22]. 
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geometry is noticeably lower in comparison to the 
LUMO of the tetracoordinated geometry. With 
regard to the question, location of the LUMO of 
pentacoordination in the bonding region or not, the 
calculated value of -0 .86  eV should not be inter- 
preted too literally. The same reservation holds for 
a comparison of the numerical energy values of the 
HOMO's of the pentacoordinated state with those of 
the tetrahedral state. 

Hgsn N M R  chemical shifts 

Generally, NMR parameters depend upon a rather 
subtle interplay of several factors [23]. Chemically and 
structurally strongly related systems must be chosen 
for any discussion of a specific factor. Such a condition 
is fulfilled in the series of compounds 3 of this work, 
and the factors which will be discussed in the following 
are on the one hand the polarity and the alignment of 
the HOMO's  and on the other hand the occupation 
of the LUMO. 

Figure 4 visualizes the spreading of the data of 
Table 2. According to the ligands at the tin atoms, 
four well-separated groups of signals are discernible. 
With regard to 6(119Sn), the main influence arises from 
the number of phenyl groups at the tin atom; a 
roughly linear upfield shift upon an increase of this 
number exists. An equivalent linear upfield shift holds 
along the tetra-coordinated series Me4_.SnPh. 
(n = 0 ~ )  (Table 2). An increasing charge flow from 
the aromatic phenyl groups into the a*-LUMO results 
in a more and more shielded H9Sn nucleus [24]. 

The deshielding electronegativity of ligands at tin 
acts opposite to the shielding by phenyl groups [25]. 

M. Beuter et al. 

In contrast, the shielding pentacoordination acts in 
the same direction as a phenyl group. This effect is 
known for a long time [17a]. An explanation was given 
in ref. [4a] in terms of higher electron densities due to 
the 4-electron, 3-center interaction and due to the 
occupation of the a*-LUMO. For  this explanation, 
an especially high population of the LUMO should 
be assumed for the compounds 3 with (OSiPh3)2 sub- 
stitution, as the "9Sn signals are at the highest field of 
all compounds in Fig. 4. The occupation of the 
LUMO cancels the strong electronegativity of oxygen, 
which on the one hand inhibits the pentacoordination 
and on the other hand gives rise to a downfield shift. 
In summary, it can be concluded from Fig. 4 that, 
irrespective of all other influences, the occupation of 
the LUMO is the predominant promoter of an upfield 
shift. 

l l g s n  N M R  spin-spin coupling 

For the equatorial one-bond coupling constants, 
the common discussion is based on the percentage of 
s-electron density at both involved nuclei in terms of 
different states of hybridization [17a]. An equivalent 
discussion in terms of the alignment of the HOMO's  
was given in ref. [8] for the severely strained com- 
pounds 2. However, if the goodness of the trigonal 
bipyramids [26] in the series of the three compounds 
3 (NMe/CI2)-3 [NMe/PhCI)-3 (NBui/(SiOPh3)2], 61- 
70-61°, is compared with the sequence of ~J in Fig. 4, 
it is evident that such a one-dimensional argu- 
mentation is too much of a simplification, and that 
additional factors must be involved. 
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General procedures 

The starting ligands X[(CH2)3C1]2 and 
O[(CH2)3Br]2 and the related diGrignard reagents 
were prepared as described previously [13]. The use 
of the Grignard starter dibromo ethane must be avo- 
ided as otherwise the final product is inevitably con- 
taminated with bromine [13]. The reagent Ph3SiONa 
was obtained by reaction of Ph3SiOH with sodium in 
toluene. Elemental analyses were carried out by the 
Microanalyticai Laboratory of the Institut f~ir Organ- 
ische Chemie, Universit~t Mainz. E1 mass spectra 
were taken on a Finnigan 8230 spectrometer. NMR 
spectra were recorded on a Bruker WP-80/DS FT- 
NMR spectrometer at 20,15 (~3C), 28.88 (119Sn) and 
15.92 (29Si) MHz (solvent CDCl3; ambient tem- 
perature ; external standards SiMe4 and SnMe4). 

Preparations of  3 and 4 

The diGrignard reaction must be carried out in a 
highly diluted solution. 0.05 mol of the diGrignard 
reagent in 125 ml THF and 0.05 tool SnCI4 (or SnBr4, 
PhSnC13, GeCI4) in 125 ml toluene were added sim- 
ultaneously and dropwise into 1 L toluene contained 
in a three-necked 2 L flask with vigorous stirring over 
a period of 1.5 h. The stirring was continued in the 
case of 3 with reflux for 2 h and in the case of 4 at 
room temperature for 24 h. The reaction mixtures 
were filtered several times, still hot in the case of  3, to 
remove the formed MgClz as completely as possible. 
The solvent was removed under vacuum, and the 
products were recrystallized from ethanol until no 
MgC12 was left. All compounds are solid and colour- 
less. To obtain the compounds with (OSiPh3)2 sub- 
stitution, a clear solution of 0.02 mol Ph3SiONa in 
100 ml toluene was added dropwise and under reflux 
into a vigorously stirred suspension of 0.01 mol 
3(X/C12) in 100 ml toluene. A local excess of 
Ph3SiONa must be avoided as otherwise O(SiPh3)2 
forms. The refluxing was continued for 3 h and the 
mixture was filtered still hot. The solvent was removed 
under vacuum and the products were recrystallized 
from ethanol. All compounds are solid and colourless. 
To obtain the compounds with Ph2 substitution, a 
solution of 0.02 mol PhLi in 15 ml n-hexane was added 
with stirring at - 7 0 ° C  into a suspension of 0.01 mol 
3(X/C12) in I00 ml ether. The stirring was continued 
for 1 h, and subsequently the mixture was slowly 
warmed to room temperature. 30 ml H20 was added. 
The organic phase was separated and dried over 
Na2SO 4. The solvent was removed under vacuum and 
the residue was distilled in vacuo. The compounds are 
light yellow oils of high viscosity ; only 3(O/Ph2) could 
be solidified. Table 3 summarizes the yields and the 
analytical data for the 18 synthesized compounds. 

Single crystals were obtained from ethanol 
[3(NBz/CI2, NBui/Cl2, NBz/(OSiPh3)2, NBu;/(OSi 
Phi)2) and 4], from CHC13 [3(O/C12 and O/Br0] and 
from toluene [3(NMe/CIPh)]. A summary of the crys- 
tal data, of the intensity data collections and of  the 
refinements is given in Table 4. The densities were 
determined by flotation in aqueous polytungstate 
solution. The quality and the symmetry of the crystals 
were examined by Weissenberg exposures. Integrated 
intensities were measured by means of  ~/20 scans on 
an Enraf-Nonius CAD4 diffractometer. The struc- 
tures were solved by Patterson syntheses (Sn, Hal, 
Ge;  program SHELX-86) and completed by Fourier 
syntheses (C, N, O; SHELX-76). The refinements, 
partly on IF] by program SHELX-76, partly on [FI 2 
by program SHELX-93, resulted in good con- 
vergences and in even distributions of the variances. 
Hydrogen atoms were calculated and refined as riding 
on their carbon atoms. The compound 3(NBz/(O- 
SiPh3)2) crystallizes in the noncentrosymmetric space 
group P2~2~2v The ratio of the weighted Rs invert- 
ed/chosen structure is 1.057, which corresponds to a 
significance level on 99.9%. Details of crystal data 
and structure determinations, ORTEP views, tables 
of  positional and thermal parameters, bond lengths, 
bond angles and torsion angles have been deposited 
with the Editor as supplementary material. 

CONCLUSIONS 

Both results, the experimental ones of the structure 
determinations and the calculations on the extended 
H~ickel level, support the view that the n-basicity of 
the ligands at germanium or tin promotes the nucle- 
ophilic attack on these atoms, and that the elec- 
tronegativity of the ligands inhibits this attack. 
However, the crystallographic effects are at the bor- 
derline of statistical significance, and more exper- 
imental evidence and an ab initio calculation are 
needed. 

In view of the discussed bonding scheme, both 
atoms, Ge and Sn, own two different types of acidity : 
a-acidity with regard to the donor and n-acidity with 
regard to the ligands. It can be considered that the 
sequence of both types of acidity must not necessarily 
change in a fully parallel manner in Group 14, and 
that at least some of the known irregular trends in 
chemical reactivity along the series S i -Ge-Sn-Pb can 
be attributed to such an effect. 
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Table 3. Preparation and analytical data for 3 and 4 

Method 
Compound yield (%) 

Formula M.p. (°C) 
Mr m/e a (%) 

Anal. found (calcd) 

%C %H %N %Hal 

3 (NMe/C12) diGrignard 
60 b 

3 (NBz/C12) diGrignard 
34 

3 (NBu~/C12) diGrignard 
35 

3 (NPd/C12) diGrignard 
7 

3 (O/Clz) diGrignard 
7 

3 (NMe/(OSiPh3)2) Ph3SiONa 
76 

3 (NBz/(OSiPh3)2) Ph3SiONa 
73 

3 (NBu'/(OSiPh3)9 Ph3SiONa 
71 

3 (O/(OSiPh3)2) Ph3SiONa 
70 

3 (NMe/CIPh) diGrignard 
25 

3 (NBz/ClPh) diGrignard 
9 

3 (NBui/CIPh) diGrignard 
15 

3 (NMe/Ph2) PhLi 
43 

3 (NBz/Ph2) PhLi 
63 

3 (NBu//Ph2) PhLi 
65 

3 (O/Ph2) PhLi 
37 

3 (O/Br:) diGrignard 
9 

4 (NBu~/C12) diGrignard 
3 

C7HIsC12NSn 158 27.73 4.83 4.63 22.29 
302.82 268 c (16) (27.76) (4.99) (4.63) (23.42) 
CI3HIgCIzNSn 212 41.15 4.99 3.69 17.53 
378.92 379 (1) (41.21) (5.05) (3.70) (18.71) 
C10H21CIENSn 154 34.53 6.10 3.90 19.15 
344.90 346 (9) (34.82) (6.14) (4.06) (20.56) 
C9H19CI2NSn 112 31.55 5.60 4.12 21.38 
330.87 296 c (22) (32.67) (5.79) (4.23) (21.43) 
C6H12CIzOSn 150 23.58 4.17 22.97 
289.78 292 (2) (24.87) (4.17) (24.47) 
C43H45NO2Si2Sn 147 66.56 6.54 1.89 
782.72 508 a (65.98) (5.80) (1.79) 
C49H49NO2Si2Sn 152 69.80 6.33 1.68 
858.82 53U (68.53) (5.75) (1.63) 
C46Hs~NO2SizSn 164 67.84 6.89 1.98 
824.89 783 e (66.99) (6.23) (1.70) 
C4zH4203Si2Sn 114 65.56 5.37 
769.68 694 h'' (16) (65.54) (5.50) 
C13H2oCINSn 179 43.38 5.85 3.77 10.35 
344.47 310 ~ (21) (45.33) (5.85) (4.07) (10.29) 
C19Hz4CINSn 190 52.80 5.03 3.35 9.37 
420.57 421 (1) (54.26) (5.75) (3.33) (8.43) 
C16H26C1NSn 123 47.52 6.58 3.81 10.31 
386.55 388 (1) (49.72) (6.78) (3.62) (9.17) 
C19H2sNSn 198 (0.05) g 59.31 6.51 3.56 
386.13 310 h (100) (59.10) (6.53) (3.63) 
C25H=gNSn 220 (0.05) g 64.96 6.70 3.09 
462.22 387 h (100) (64.96) (6.32) (3.03) 
C2~H31NSn 212 (0.05) g 60.42 8.97 3.30 
428.21 353 h (100)  (61.71) (7.30) (3.27) 
C18H22OSn 69 57.44 5.82 
373.08 373 (3) (57.95) (5.94) 
C6HI2Br2OSn 172 18.50 3.50 41.42 
378.67 299 j (100) (19.03) (3.19) (42.20) 
CIoH21CI2NGe 114 39.02 6.84 4.63 - -  
298.79 299 (7) (40.13) (7.02) (4.68) (23.75) 

aM+ " 
°Ref. [llb] : 60%. 
c M +-C1. 
d M+---OSiPh3. 
e M + - - B u  i. 

YPh6Si20. Highest fragment with tin content : SnO2. 
g B.p. (Torr) (°C). 
h M + - P h .  
~FD mass spectrum. 
JM+--Br. 
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