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Abstract 

A theoretical study of the electronic and molecular structure of vinylstannane SnH3CH=CH 2 and structural isomers 
CHz=SnHCH 3 and SnHz=CHCH 3 has been carried out. Ab initio Hartree-Fock calculations were performed using an effective 
core potential to describe the core electrons of tin. Vinylstannane has a propene-like structure with a Sn-C bond similar to that 
of methylstannane. As in propene, the eclipsed rotamer is more stable than the bisected one. The molecular structures of 
CH2=SnHCH 3 and SnH2=CHCH 3 are planar according to the / lEsT-  E(~ + ~-) model. The structures of allylic-type species 
SnH2CHCH 2 and CH2SnHCH 2 (cations, radicals and anions) have also been considered. 
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1. Introduct ion 

The molecular and electronic structure of organic 
derivatives of main group metals is now a topic of 
major interest. These organometallic compounds play a 
key role mainly in organic synthesis, both as precursors 
and as intermediates. Group 14 metal derivatives, in 
particular organotin compounds, are especially well 
suited for these purposes and their chemistry has been 
the subject of several reviews [1]. 

From a structural point of view, simple organotin(IV) 
compounds may be considered as hydrocarbons in 
which the central carbon atom has been replaced by 
tin. Therefore, their properties can be rationalized in 
terms of their carbon parents. However, care must be 
taken with these generalizations since they may no 
longer be valid when tin is involved in double bonds. 
For instance, the geometry of distannene Snai l  4 is not 
planar like its homologue, ethylene, but t rans -ben t  as 
shown both from experiment [2,3] and from theoretical 
calculations [3-6]. This non-classical distortion of mul- 
tiple bonds also features to a greater or lesser extent in 

* Corresponding author. 

0022-328X/95/$09.50 © 1995 Elsevier Science S.A. All rights reserved 
SSDI 0022-328X(94)05065-J 

the rest of the Group 14 metals and this topic has been 
the subject of recent theoretical work [6-10]. 

As part of our effort to elucidate the structural 
properties of simple organotin(IV) compounds, we pre- 
sent a theoretical study of the molecular and electronic 
structure of vinylstannane SnH3-CH=CH 2 and related 
open-chain isomers, SnH2=CH-CH~ and CH2=SnH-  
CH 3. Because of the multiple bond involving tin in the 
two latter compounds, we have also considered the 
molecular structure of SnH2=CH 2, the simplest model 
with a t in-carbon double bond. The possibility that 
this compound might undergo non-classical distortions 
has been analyzed in terms of the singlet-triplet gap 
versus ~ + ~- energy model [6]. Finally, allyl-like species 
having the general formula SnC2H 5 have also been 
considered. 

2. Computat iona l  detai ls  

Ab initio Hartree-Fock calculations were under- 
taken using the relativistic pseudopotential approxima- 
tion of Stevens et al. [11] to describe the tin core 
electrons. The valence basis set for tin was of double- 
zeta quality enlarged with d functions ((d = 0.2) [12]. 
For carbon and hydrogen the standard double-zeta 
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valence basis set of Dunning [13] was used. The 
Hartree-Fock calculations were of unrestricted type 
(UHF) for open-shell systems. Multiconfigurational 
SCF calculations for allylc-like compounds were of the 
CASSCF type [14], the active space being that formed 
by electrons and orbitals of the 7r-system. Stationary 
points on the potential energy hypersurface were ob- 
tained by analytical gradient techniques and character- 
ized by computation and by further diagonalization of 
the force constant matrix. All calculations were carried 
out using the HONDO-8.4 program system [15]. 

3. Results and discussion 

3.1. Vinylstannane SnI43CH=CH 2 

Rotational isomerism around the Sn -C  single bond 
of vinylstannane (1) leads to two conformations, as 
classically assumed [16] for terminal alkenes, eclipsed 
and bisected. 

H H 
k X CH2 

H ...... Sn. C H Sn 

~ H / '  
H H 

C 

CH 2 

H 

In Table 1 and Fig. 1 the molecular structures, 
energies, and selected optimized structural parameters 
for these compounds are reported. In both rotamers 
the Sn-C  and S n - H  bond distances computed at the 
HF-SCF level are close to those reported for methyl- 
stannane at the same level of calculation (2.108 and 
1.716 ,~, respectively) [17,18], showing that the 
carbon-carbon double bond has little effect. 

Fig. 1. H F - S C F  op t imized  geome t r i e s  of v iny l s t annane  S n H 3 C H = C H  2 

(1), C H 2 = S n H C H  3 (2) and  S n H 2 = C H C H  3 (3). 

Tab le  1 
Se lec ted  s t ruc tura l  p a r a m e t e r s  and  ene rg ies  of v iny l s t annane  ro- 
t a m e r s  

Ec l ipsed  Bisec ted  

E a - 82.42541 - 82.42396 
A E  b 0.91 

rsnc  c 2.1165 2.1210 
rc  c e 1.3404 1.3309 
< SnCC d 123.8 124.6 
rsnH cx 1.7057 1.7055 

1.7068 1.7064 

f s n c  f 2.635 2.620 
fCC f 10.679 10.694 

Wsn c g 495 494 
Wcc g 1417 1418 

a Har t r ee .  b R o t a t i o n a l  ba r r i e r  (in kcal  mo1-1 )  ca lcu la t ed  as the 
ene rgy  d i f fe rence  be tween  ec l ipsed  and b i sec ted  isomers.  ~ In te r -  
a tomic  d i s t ances  (,~). d Bond  angle  (deg). c The  first va lue  corre-  

sponds  to the on p lane -hydrogen ,  r Force  cons tan t s  (mdyn ~,). 
g V ib ra t i ona l  f requency  (cm 1). 

The eclipsed isomer appears to be slightly more 
stable than the bisected one, and structural characteri- 
zation of the latter shows that it is not a minimum but 
a transition state with a low imaginary frequency asso- 
ciated with a rotation around the Sn-C axis. This 
higher stability of the eclipsed form has already been 
observed in the alkene series [16] and a hyperconjuga- 
tive explanation in molecular orbital terms has been 
proposed [19]. 

The low rotational barrier, 0.91 kcal mol-1 is slightly 
higher than that of methylstannane, 0.65 kcal tool-1 
[17], although this value is considerably lower than that 
of its homologue propene (about 2 keal mol-1),  show- 
ing that the rotation around the Sn-C bond is less 
hindered than around the C-C,  consistent with chemi- 
cal intuition. 

In Table 1, the fsn-c  and the fc=c stretching force 
constants and the associated vibrational frequencies 
are also reported. The value of f sn-c  is 2.635 mdyn 
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Table 2 
Selected structural parameters and energies of CH2=SnHCH 3 iso- 
mers 

Eclipsed Bisected 

E - 82.39931 - 82.39874 
A E 0.36 
rsr= c 1.9375 1.9377 
rc Sn 2.1327 2.1359 
< CSnC 125.0 124.9 
fsn=c 4.672 4.668 
fc-sn 2.444 2.438 
COsn= c 793 792 
Wc_s, 553 552 

For units, see footnotes to Table 1. 

~ - l ,  close to that  computed  for methyls tannane  (2.780 
mdyn .~-1)  [18], and almost the same whatever  ro- 
t amer  is being considered.  

3,2. C H 2 = S n H C H  3 and S n H 2 = C H C H  3 isomers 

In te rchanging  the central  ca rbon  and tin a toms 
in vinyls tannane gives methylene(methyl )  s tannane 
C H 3 = S n H C H 3 ,  (2) for which two structures are also 
expected,  eclipsed and bisected: 

H C H  2 H CH 2 \ // \ # 
H ........... C - - S n  H ........... C - - S n  

1 \ / \ 
H H H H 

However ,  a shift of  one of  the tin hydrogen a toms of  
vinylstannane to the terminal  carbon leads to the eth- 
ylenic derivative of  s tannane S n H 2 = C H C H  3 (3) also 
with two possible rotamers.  

H SnH z H SnH 2 \ // / 
H ........... C - - C  H ........... C - - C  

1 \ / \ 
H H H H 

Opt imized structural  parameters  for these com- 
pounds  are repor ted  in Table  2 and 3. As can be seen, 
eclipsed ro tamers  are also more  stable than the bi- 
sected ones, the rotat ional  barriers being 0.36 kcal 

Table 3 
Selected structural parameters and energies of SnH2=CHCH 3 iso- 
mers 

Eclipsed Bisected 

E - 82.38311 - 82.37967 
AE 2.16 
rsn c 1.9436 1.9454 
rcc 1.5182 1.5252 
< SnCC 127.7 129.1 

fsnc 4.539 4.557 
fcc 5.171 5.136 
OJs. c 695 692 
OJcc 1185 1169 

For units, see footnotes to Table 1. 

mo1-1 for c o m p o u n d  2 and 2.16 kcal tool -1 for com- 
pound  3. The  first value essentially corresponds  to 
rota t ion a round  the S n - C  single bond and the second 
to rotat ion a round  a C - C  bond, consistent with the 
value given above for propene .  W h e n  the total energies 
of  the eclipsed isomers of  1, 2 and 3 are compared ,  it 
appears  that  vinylstannane (1) is by far the most  stable, 
the relative energies of  2 and 3 being 16.4 and 26.5 kcal 
tool 

F rom a structural  point  of  view, the most  outs tand-  
ing characterist ic  of  compounds  2 and 3 is a t i n - ca rbon  
double bond. As can be seen from Tables 2 and 3, the 
S n - C  distance is about  1.93-1.94 A, i.e. 0.2 A shorter  
than in vinylstannane,  consistent with a s t rengthening 
of  the t i n - c a r b o n  bond.  This effect is clearly observed 
in the diagonal force constants  and associated vibra- 
tional frequencies.  Thus,  both  the stretch force con- 
stant f s . = c  and the associated vibrational frequencies 
are cons iderabl j  higher than those of  vinylstannane 
(4.6-4.7 mdyn A - l  and 695-793 c m - l ) .  

The  presence  of  a multiple bond involving tin is of  
prime interest because of  its well-known tendency to 
undergo  out-of-plane distortions. To rationalize this 
behaviour,  a cri terion that relates the existence of  such 
distortions to the s ingle- t r iplet  separat ion AEsT of  its 
const i tuents  and to the double  bond energy E ( o - +  zr) 
has been  proposed  [6]. Accord ing  to these models,  the 
double bond in a compound  such as R 2 X=YR'2 should 
distort trans-bent when the sum of  the s ingle- t r iplet  
gaps of  X R  2 and YR'  z f ragments  is larger than half  the 
~r + rr X=Y bond  energy. For  the sake of  simplicity, the 
model  has been  applied here to the simplest compound  
showing a t i n - c a r b o n  double bond, S n H z C H  2. Taking 
the values repor ted  in Ref. [7], for the s ingle- t r iplet  
separat ion of  CH 2 and SnH 2 (AEsT(CH 2) = - 9  kcal 
mo1-1 and A E s v ( S n H 2 ) =  23 kcal too l - l ) ,  i.e. Y, AEsT  
= 12 kcal t oo l - l ,  and assuming that E ( o - +  ~-) is only 
slightly lower than G e H 2 = C H  z (45-52  kcal tool -1)  [6], 
the model  predicts a planar  s t ructure for the t i n - c a r b o n  
double  bond. This predict ion is fully conf i rmed by the 
calculations repor ted  in Table 4 where  results obtained 
f rom both SCF and correla ted levels (CASSCF and 
second order  M611er-Plesset per turbat ion,  MP2) are 
given [20]. By these calculations, whatever  the theoreti-  
cal me thod  the s tructure of  S n H 2 C H  2 is found to be 
planar.  Since methylat ion of  ei ther  SnH 2 or  CH z is 

Table 4 
Selected structural parameters and energies of SnH2=CH 2 

RHF-SCF CASSCF MP2 

E - 43.36339 - 43.39825 - 43.53415 
rsn c 1.9359 1.9919 1.9856 
fsnc 4.698 3.265 3.665 
Ws, c 802 681 693 

For units, see footnotes to Table 1. 
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not expected to induce significant changes in the sin- 
gle-tr iplet  separations, compounds 2 and 3 are ex- 
pected to be planar, consistent with our results. 

3.3. SnH2CHCH 2 and CH2SnHCH 2 allyl-like species 

The elimination of a hydrogen atom from com- 
pounds 1 (or 3) and 2 gives two structures closely 
related to the allyl system, CH2CHCH2, in which 
either the central or a terminal carbon atom has been 
replaced by a tin atom. Because such pseudo-allylic 
species may be in termediates  in organic and 
organometallic synthesis, a theoretical analysis has been 
performed. In order to handle properly the problem 
associated with the well-known double instability of the 
allylic radical, a multiconfigurational wavefunction has 
been used in these calculations [21]. The configurations 
included were obtained by distributing the re-system 
electrons among the three low-lying ~- orbitals: bond- 
ing, non-bonding and anti-bonding in all possible ways 
(CASSCF). The number of electrons was 2, 3 or 4 
according to the nature of the pseudo-allyl species 
considered, cation, radical or anion. 

In Tables 5 and 6, energies and selected structural 
parameters for these compounds are reported, and, in 
Fig. 2, the optimized geometries are drawn. Labels 1 or 
2 refer to a species obtained from compound 1 or 2 
(i.e. with a terminal or central tin atom). Labels e, r, 
and a refer to cation, radical and anion. 

The cations lc and 2c have their heavy atoms in a 
plane while both radicals and anions are distorted to 
some degree. The wagging angles 6sn are 55 ° and 83 ° 

Table 5 
Selected structural parameters and energies of SnH2CHCH 2 allyl- 
like species (cation, radical, and anion) 

lc l r  la 

E - 81.62244 - 81.86041 - 81.86931 

Symmetry C s C l C l 
rsn c 2.0609 2.1200 2.2409 
rcc 1.3633 1.3615 1.3463 
< SnCC 121.5 123.9 127.9 

fSnC 2.9151 2.5241 1.5491 
f c c  9.226 9.297 10.268 
WSn c 617 499 411 
Wcc 1516 1396 1401 
~5(SnH 2 ) 0 55.0 82.8 
6(CHC) 0 1.3 3.6 
Bond order (SnC) 1.029 0.877 0.666 
Bond order (CC) 1.547 1.658 1.866 

For units, see footnotes to Table 1. 
/ 

/ 

6sn . .~!¢: .~n'" 

Table 6 
Selected structural parameters and energies of CH2SnHCH 2 allyl- 
like species (cation, radical, and anion) 

2c 2r 2a 

E - 81.55533 - 81.80773 - 81.79114 
Symmetry C 2~ C s C s 
rs ,  c 2.0408 2.0477 2.0089 
< SnCC 117.8 118.1 133.5 

fsnc 3.321 2.580 3.490 
rOsn c 647 586 686 
6(SnHC) 0 35.3 19.3 
6(CH 2) 0 15.6 18.0 
Bond order (SnC) 1.105 1.159 1.399 

For units, see footnotes to Table 1. 

for radical and anion of compound 1, respectively. The 
addition of electrons to lc  leads to a clear weakening 
of the bond between the tin and carbon atoms, as 
shown by the lowering of the bond order and the force 
constant fsn-c and, the lengthening of the bond dis- 
tance. Analysis of the wavefunction shows that on 
going from le  to l a  there is a drop in s character in the 
t in-carbon bond consistent with the increase in 6sn. In 
the anion la,  the tin bonds to the carbon atom through 
almost pure p orbitals. With these considerations, and 
taking into account that there is no significant distor- 
tion about the carbon bound to tin, these structures 

q 

l c  2c 

l r  2 r  

k. 

l a  2a 

Fig. 2. MC-SCF optimized geometries of cation, radical and anion of 
allyl-like structures SnH2CHCH 2 (lc, lr,  la) and CH2SnHCH 2 (2c, 
2r, 2a). 
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could be described more as a localized (vinyl)tin 
derivatives rather  than ally-like delocalized structures. 

Concerning type 2 species, their behavior appears  to 
be quite different, since on going from 2c to 2r, there is 
a significant distortion from planarity in both the tin 
and the carbon (35 ° and 16 ° , respectively). The force 
constant f s n c  also drops considerably, although the 
Sn ~ C distance lengthens only slightly. However, pre- 
liminary results for anion 2a appeared surprising be- 
cause the wavefunction of this compound shows a 
strong instability, which tends to localize a bond on one 
side of the molecule, thus leading to structures in 
which the two tin ~ carbon bonds are inequivalent. 

In order to analyze this problem more deeply, we 
summarize the results obtained for these compounds at 
the HF-SCF and the MC-SCF levels. Compounds  Ic  
and 2c are planar at both levels of calculation. Planar 
compounds l r  and 2r, as well as la ,  are first-order 
stationary points at both the HF-SCF and MC-SCF 
levels. The normal mode associated with the imaginary 
frequency corresponds to pyramidalization of tin. Opti- 
mization of these compounds without restrictions lends 
to distorted structures whatever  is the level of calcula- 
tion. The HF-SCF optimized geometries are close to 
those reported in Tables 5 and 6 and in Fig. 2. Com- 
pound 2a in its planar form is a true minimum at the 
HF-SCF level. However,  at the MC-SCF level two 
imaginary frequencies are found one corresponding to 
tin pyramidalization (268 c m - l ) ,  and the other (1336 
cm -L) corresponding to distortion of S n - C  bond dis- 
tances and H - S n - C  bond angles, making the two CH 2 
groups non-equivalent. The calculations showed that 
the selected MC-SCF space was unstable with respect 
to substitution of one of the occupied ~r-orbitals by a 
Crsn_ c orbital. 

This, produced by the analyt ical-numerical  proce- 
dure used, l eads  a preferential  localization of elec- 
tronic density in one of the O'sn_ c bonds with addi- 
tional stabilization. This instability can be overcome, 
either by introducing into the active space of the MC- 
SCF wavefunction the two occupied O-sn_ c orbitals as 
well as their antibonding partners,  or by forcing the 
nature of the active space to remain unchanged. For 
the sake of comparison, the latter possibility seems to 
be preferable,  and with this aim, computations for 
compound 2a were performed with the First Order  
CAS-SCF (FOCAS) [15] technique with level shift that 
allowed us to retain the ~--orbitals in the active space. 

FOCAS-SCF calculations on the planar structure of 
compound 2a showed it to be a first order stationary 
point, the imaginary frequency being 213 cm i and 
effectively associated with a pyramidalization of the tin 
atom. When, a FOCAS-SCF geometry optimization of 
this compound is performed without Czv constraint, a 
true minimum of C s symmetry, moderately  distorted, is 
found (~sn = 19°, ~c = 18°)- 

A final property of these pseudo-allyl compounds 
that was examined concerns the rotation barriers of the 
terminal X H  z groups. Compounds  of type 1 have two 
possibilities depending on whether  the rotating group 
is CH 2 or SnH2. 

H H 
H = H H : H 

i 

/ G sn c c c 

i \ ," \ 
H H H H 

Compounds  of type 2 have only one rotamer,  corre- 
sponding to the rotation of a CH2. 

H =_-- 

H ---- H 
~ c / S n , ( j . o  ''" 

/ \ 
H H 

Since the interest of these rotations is the insight 
they give into the energetic cost owing to the loss of 
delocalization when the planar structure is broken, our 
analysis was limited to cations lc  and 2c. In compound 
lc the calculated barriers for rotation of CH z and 
SnH z are 63 and 8 k c a l / m o l - 1  respectively, while the 
rotation barrier  in compound 2c is 18 kcal tool-1. For 
the allyl cation, this is reported to be about 35 kcal 
mol-~ [22]. In the allylic system, rotation of a CH 2 
leads to the loss of delocalization energy and half a 
:r-bond but there is reinforcement of the remaining 
rr-system. In compound lc there is a ~--bond essentially 
localized on the vinyl group. In fact, as stated above, 
this structure can be described as a vinyl group bound 
to SnH~. When SnH z group rotates there is only a 
small loss of delocalization energy. However, when 
CH z rotates, the C - C  double bond is broken and there 
is no possibility of a significant stabilization by an 
enhancement  of the S n - C  bond because this ~--bond is 
intrinsically weak. On the other hand, in compound 2c, 
there is no effect of a localized bond and this com- 
pound seems to be more similar to allyl cation al- 
though, of course, the S n - C  bond is less strong. Thus, 
rotation of CH 2 means breaking a weak bond and loss 
of a small delocalization energy as well as a reinforce- 
ment  of a weak bond. 

4. Conclusions 

In this paper  we have analyzed the structure of 
vinylstannane SnHsCH=CH 2 and related isomers us- 
ing ab initio HF-SCF calculations. Vinylstannane shows 
a propene-like structure with a t in -carbon bond 
strength close to that of methylstannane. Like propene,  
the eclipsed ro tamer  is more stable than the bisected 
one, although the energy difference is lower and of the 
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same order  as the rota t ional  bar r ie r  connec t ing  eclipsed 
and  staggered forms of methy l s tannane .  

As in v iny ls tannane ,  in the isomers C H 3 S n H = C H  2 

and S n H 2 = C H C H 3 ,  the eclipsed ro tamers  are also 
more  stable than  bisected ones.  These  s t ructures  are 
found  to be undis tor ted ,  consis tent  with the A EsT-E(~r 
+ 7r) model .  

Allyl-like species of s t ructure  S n H 2 C H C H  2 and  
C H z S n H C H  2 have also b e e n  analyzed. The  cations of 
all these species are p lanar ,  whereas  radicals and an- 
ions prefer  dis tor ted structures.  In  S n H 2 C H C H  2 there 
is no dis tor t ion at the carbon  atom, the e thylene group 
remains  almost  unchanged ,  suggesting that  this com- 
pound  would be be t t e r  descr ibed as a localized, highly 
dis torted vinylt in derivative. 
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