Organometallics 1985, 4, 1041-1044 1041

atmosphere was irradiated for 75 min in the photochemical reactor
(temperature 25 °C).

Exchange Reactions between the Organotin Adducts and
Me;SnCl. C. Reaction of Methyl 2-Methyl-3-phenyl-3-
(trimethylstannyl)propanoate (Isomer 3) with Me;SnCl.
Synthesis of Methyl 2-Methyl-3-phenyl-3-(dimethylchloro-
stannyl)propanoate (Isomer 11). Adduct 3 (5.42 g, 0.015 mol)
was added to Me;SnCl (3.58 g, 0.018 mol) with stirring under
nitrogen. The reaction mixture was (a) left at room temperature
for 20 h and (b) left for 12 h in the photochemical reactor. The
!H NMR spectrum showed that under both reaction conditions
a quantitative yield of compound 11 was obtained; solid; mp 88-90
°C (ethanol).
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Radical cations derived from stannane and its alkyltrimethy! derivatives (MesSnR; R = Me, Et, i-Pr,
t-Bu) have been studied, using MNDO. The calculated structures agree with experiment. Fragmentations

of the radical cations have also been studied.

Introduction

ESR studies®?® of stannane radical cation 1 and its
tetraalkyl derivatives have been reported in recent years.
The results® for the tetramethyl derivative 2a seemed to
indicate a rather unusual C,, structure (3b) with the tin
and one methyl on the threefold axis of symmetry and the
other three methyl groups coplanar with the tin. In the
case of 1 both the C,, structure 3a and the C,, structure
4a have been observed.® No theoretical calculations seem
as yet to have been reported for species of this kind other
than some early ones for 1 by Hartmann et al.,® which,
however, were based on an assumed geometry.

SnHe™ MezSnR*e
1 2a, R=Me
2b, R:Et
2¢, Ra/-Pr
2d, R=#-Bu

According to the Jahn-Teller theorem, 1 should undergo
distortion from tetrahedral symmetry, like the analogous
carbon species.” Here the distortion can be regarded in
another light, as a way to maximize the bonding in an
electron-deficient system where there are not enough
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electrons to form the requisite number of electron-pair
bonds. In a molecule MX,, M being a group 14! element,
eight electrons are needed to form the four MX bonds. In
the corresponding radical cation MX,*-, only three such
bonds can be formed. In cases of this kind, the optimum
structure can usually be deduced by first forming the best
possible set of two-electron bonds and then considering
how the odd electron can best be used to bond the extra
group. In the case of MX,*., six of the seven electrons will
be used to form normal o bonds to three of the ligands (X).
Since a ¢ bond is stronger, the greater the s character of
the AQO’s used to form it, the best arrangement is to use
sp® hybrid AOs of M, the odd electron being left in a p AO.
The fourth ligand (X*) now has to be attached in the best
way possible to the radical -MX,.

There are two possible solutions.

In the first type of structure 5, the singly occupied AO
of M is used to form a one-electron bond to the fourth
ligand, leading to a triangular pyramid of the kind 3b

R
R-.. | + R_ ¢ /R
Re=Sn—R RV:Sn\‘l
3a R=H 40 R=H
b R=CHz b R=CHz

postulated by Walther et al.’ for 2a. M should in fact lie
above the base of the pyramid because this distortion will
reduce the repulsions between the ligands and also
strengthen the bond to the apical group by introducing s
character into the p AO of M used to bind it. While an
increase in s character of the apical AO of M will lead to
a corresponding decrease in the s character of the three
basal AQs, this should not significantly weaken the bonds
formed by the latter.

The second alternative is to fuse the fourth ligand (X*)
into one of the existing CX bonds, interaction of the empty
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AO of X* with the two-center MX bond MO leading to
a three-center two-electron bond and a C,, (or C,.-like)
structure. The resulting structure can be regarded as a
o complex proper® (6) between X, acting as the donor and
X,Mt. as the acceptor.

If the apical (acceptor) group in a o complex has an
occupied p or 7 orbital available, back-coordination may
further stabilize it, just as in the case of a = complex.®
However, back-coordination is likely to be much less im-
portant in ¢ complexes than in = complexes because an-
tibonding (¢*) MOs are usually much higher in energy than
analogous m MOs and should therefore be much less ef-
fective acceptors of electrons. Forward coordination is also
more difficult in the case of a o complex because ¢ elec-
trons cannot easily interact with AOs of other atoms, being
tucked away between the nuclei they are bonding. At least
one of the basal atoms in a ¢ complex is therefore usually
hydrogen, this being the smallest atom.

Which type of structure, 5 or 6, is the more stable will
depend on whether or not the difference in bond energy
between the three-center {(MX,) bond in 6 and a normal
two-center bond (MX) is greater than the bond energy of
the one-electron MR bond in 5. Since hydrogen is adept
at forming three-center bonds, it is not surprising to find
type 6 structures in methane and stannane. Steric con-
siderations, on the other hand, would seem to preclude the
formation of such a structure in 2a, and therefore it seems
reasonable that a type 5 structure is preferred.

I s
+
X____M—X X?‘M I
X/

5 6

Recent work!! has led to the development of parameters
for tin in the MNDO SCF MO procedure.!? These have
been used successfully in calculations for a variety of or-
ganotin compounds.!® We have now used this approach
to study the radical cation 1, derived from stannane, and
also alkyltrimethyl derivatives of 1 where the alkyl group
is methyl (2a), ethyl (2b), isopropyl (2¢), or tert-butyl (2d).

Procedure

The calculations were carried out by using the spin-unrestricted
version'® (UMNDO) of MNDO as implemented in the MOPACH
package of computer programs. The geometries were fully op-
timized by the derivative procedures included in MOPAC.
Transition states were located by the reaction coordinate method®
and refined by minimizing the scalar gradient of the energy.!® All
stationary points were characterized by calculating force con-
stants,1

Results and Discussion

In agreement with experiment,® two minima 3a and 4a
were found for 1, corresponding, respectively, to the
structures 5 and 6 considered above. Their calculated
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Table I. UMNDO Calculated AH /s of SnH,;* (kcal/mol)

struct AH;
3a 291
4a 287
SnH,*-H, 242

Table II. UMNDO Calculated AH,'s (kcal/mol) of
Tetraalkyltin Radical Cations

struct AH; struct AH,
3b 206 8b 189
8a 194 9b 201
9a 201

Table III. UMNDO Calculated Geometric Parameters for
3b, 8a, and 8b

bond lengths®®

bond angles®

struct R,-Sn Me,-Sn = Me,—Sn-Me, Me,-Sn-Me,
3 2.34 2.07 101 117
8a 2.37 2.07 101 116
8b 2.47 2.07 103 117

¢ The subscripts a and b stand for apical and basal, respectively.
®In angstroms. ¢In degrees.

heats of formation are shown in Table I and their geom-
etries in Figure 1.

The C,, structure 4a is predicted to be the more stable
of the two by ~4 kcal/mol. As expected and as Figure
1 (4a) shows, the two hydrogen atoms involved in the
three-center two-electron bond are close together (1.31 A),
the corresponding HSnH bond angle is small (46°), and
the corresponding SnH bonds are long (1.69 vs. 1.59 A in
stannane). As in the case of the analogous radical cation
from methane, this structure can be regarded as being
derived from stannyl radical (H;Sn+) by replacing one
hydrogen atom by the pseudoatom H,*.

In the less stable structure 3a, the bond to the apical
H is lengthened by 31% (2.01 vs. 1.59 A) relative to that
in stannane. As the arguments above suggest, the angle
(92°) between the apical hydrogen atom and each basal
hydrogen atom is slightly greater than 90°.

UMNDO predicts 4a to decompose readily to SnH2
and H,, the reaction being very exothermic (AH = -46
kcal/mol) and requiring virtually no activation (AH# ~
0.1 kcal/mol).}” The Cg, structure 3a may also decompose
with expulsion of H, via 4a. The conversion of 3a to 4a
occurs through a transition state of C; symmetry (Figure
2) with a calculated enthalpy of activation of less than 0.1
kcal/mol.

It is of course true that no treatment of this type can
claim accuracy to within the small values (0.1 keal/mol)
obtained above for the activation barriers. We may con-
clude, however, that these results are consistent with a low
barrier for interconversion of 3a and 4a and that the C;,
structure 3a is likely to decompose via the C,, structure
4a. The experimental (ESR) evidence® indicates, however,
that 3a and 4a are both reasonably stable species, at least
in a freon matrix, irradiation of stannane leading initially
to a mixture of the two. Since the decomposition of 4a
must have a large positive volume of activation, it may take
place less readily in a rigid matrix. Our calculations refer
of course to the gas phase.

As expected on the basis of the arguments given above,
no minimum corresponding to a C,, (type 6) structure

(17) Though 4a has been shown to be a minimum on the UMNDO
surface by a force constant calculation, The very low energy of activation
and the extremely small (probable) geometric displacement has made it
difficult to locate. The activation energy was estimated from a reaction
path calculation.
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Table IV. UMNDO Calculated Geometric Parameters for 9a and 9b

bond lengths bond angles
struct Me,-Sn Me,-Sn R-Sn Me,—Sn—-Me, Me,—Sn-Me, R-Sn-Me, R-Sn-Me,
9a 2.35 2.07 2.10 100 116 99 117
9b 2.35 2.07 2.14 99 114 103 116

4q

Figure 1. UMNDO calculated geometries for the C;, (3a) and
C,, (4a) structures of the stannane radical cation.

Figure 2. The UMNDO transition state (C, symmetry) for in-
terconversion of 3a and 4a.

could be found on the potential energy (PE) surface for
2a. In agreement with experiment, the only stable species
was a pyramidal C;, (type 5) structure, 3b, analogous to
the structure attributed to the neopentane radical cation
on the basis of its ESR spectrum.’® The calculated heats
of formation and geometry of 3b are shown in Tables II
and ITI. As expected, the apical Sn—C bond is much longer
than the basal ones (2.33 vs. 2.07 A). The bond angle
(100°) between the apicals and basal bonds is greater than
in the case of the parent ion 3a, as would also be expected,
because the repulsions between the apical and axial methyl
groups in 3b must be greater than those between the apical
and axial hydrogen atoms in 3a. The angles (117°) be-
tween the axial bonds in 3b are correspondingly less than
120°.

Similar conclusions follow from our calculations for the
triethyl (2b) and triisopropyl (2¢) derivatives of 2a. The
only stable species found were again of type 5. Here,
however, two isomers of this kind are possible, one (8) with
alkyl and the other (9) with methyl, in the apical position.
Since the strengths of C-alkyl bonds fall in the order Me
> Et > i-Pr > t-Bu, the rule indicated above predicts 8
to be more stable and this indeed is what we found. The
heats of formation calculated for 8a and 8b (Table II) are
less positive than those for 9a and 9b. Their geometries
are shown in Tables Il and IV. Note that the apical bond
lengths and the apical-axial bond angles increase along the

(18) (a) Iwasaki, M.; Toriyama, K.; Nunome, K. J. Am. Chem. Soc.
1981, 103, 3591. (b) Toriyama, K.; Nunome, K.; Iwasaki, M. J. Chem.
Phys, 1982, 77, 5891.

(19) In this paper the periodic group notation is in accord with recent
actions by IUPAC and ACS nomenclature committees. A and B notation
is eliminated because of wide confusion. Groups IA and ITA become
groups 1 and 2. The d-transition elements comprise groups 3 through 12,
and the p-block elements comprise groups 13 through 18. (Note that the
former Roman number designation is preserved in the last digit of the
new numbering: e.g., III — 3 and 13.)

Table V. UMNDO Calculated Heats (kcal/mol) for the
Products of the Fragmentation of 3b, 8a, and 8b

struct AH; struct AH;
MeySnt 187 CH,CH, 11
CH, 25 (CH;),CH -1
Table VI. Heats (kcal/mol) of Reaction and Activation for
- Reaction 1
R AH ., AH
CH, 6 8
CH,CH, 4 6
(CH,),CH -3 1

series 3b > 8a > 8b. This of course would be expected
because the repulsions between the apical and axial groups
will increase with their size.

R Chs
CHy |+ CH3y l +
~-Sn-—CH3 %‘Sn—R
CH3/ CHz
8a R=CHpCH3 940 R=CH2CH3
b R=HC(CH3)s b R=HC(CHz)p

As noted above, 4a is predicted to decompose by loss
of H,. Type 5 species, when conversion to type 6 does not
occur, are expected to decompose by loss of the apical
group as a radical, the bond linking this to tin being formed
in effect by only one electron; i.e.

R’;SnR* — R’;Sn* + ‘R )

Table V shows the calculated (UMNDO) heats of forma-
tion of trimethylstannyl cation (7) and the methyl, ethyl,

CH3\

.+
*s8n—CH3
CHz

7

and isopropyl radicals. The corresponding heats of reac-
tion for dissociation of 3b, 8a, and 8b into them are given
in Table VI. As expected, the heats of reaction, corre-
sponding to the bond strengths of the apical bonds, are
quite small.

Symons has found* that upon slight warming of a freon
matrix containing 2a, the ESR signal of the radical cation
disappeared and was replaced by that of methyl radical
(CHy-), presumably generated by fragmentation (eq 1).
The calculated (UMNDO) activation energy for this re-
action is indeed only 8 kcal/mol, explaining nicely the
experimental observations.

Table VI also shows the activation energies calculated
for loss of the apical group in reaction 1. Again as ex-
pected, the values decrease with increase in the size of the
axial group, Me > Et > i-Pr. Extrapolation suggests that
the value for 8c should be negative and indeed no mini-
mum could be found on the potential surface for the tri-
methyl-tert-butylstannane radical cation 2d. Curiously
enough Walther et al.’ obtained ESR signals for 2d in a
freon matrix although none were observed for the analo-
gous ethyl (2b) and isopropyl (2¢) derivatives. On any
basis, 2d would be expected to be the least stable of the
three. This seems to support our suggestion that disso-
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ciation reactions of this kind may be greatly retarded in
solid matrices. The degree of retardation could well de-
pend greatly on the experimental conditions.
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Four trimethylstannyl-substituted alkenes, Mes;SnCR=CH, (R = Ph, t-Bu, Me;Si, Me;Sn), were hy-
drostannated by trimethyltin hydride. Though all four olefins reacted, that with R = ¢-Bu was consumed
only very slowly. The major product was, as expected, the 1,2- dlstannylalkane RCHSnMe,CH,SnMes;
however, for R = Me;Sn 40% of the regioisomer (Megsn)gcRCHa was obtained compared with at most
5% in the other cases. On the basis of NMR data (*H, 13C, #Si, 1198n) for distannylalkanes and for
MezSnCH,C 3281Me3 the preferred rotamers in solution (CDCl) at room temperature have been determined.
The value of %J(Sn-Sn) corresponding to a dihedral angle of 180° is ca. 1100 Hz, while an angle of 90°
apparently corresponds to a value near zero: values of this magnitude are shown by allene-hexamethylditin
adducts. First results on bromodemethylated derivatives show that the effect of i 1ncreasmg the electro-
negativity of the tin moiety is not straightforward.

Introduction

Though the hydrostannation of alkynes and olefins
containing only organic substituents was subject to ex-
tensive study some 20 years ago,! organotin-substituted
alkynes and alkenes were at that time neglected. In 1976,
Bulten? reported that the hydrostannation of vinyltri-
methyltin with trimethyltin hydride gave a mixture of 1,1-
and 1,2-distannylalkanes (eq 1). The corresponding tri-

Me;SnCH=CH, + Me;SnH —

Me;SnCH,CH,SnMe + (Me;Sn),CHCH (1)
60 % 40%

ethyltin compounds gave 23% of the 1,1 and 77% of the
1,2 compound. At that time the formation of the 1,1
compounds was described by the authors as “unexpected”.
We were later able to show that hydrostannation of
stannylalkenes, RCH=CHSnMe;, generally leads to 1,1-
distannylalkanes,® that hydrostannation of stannylalkynes
RC=CSnMe, normally gives 1,1-distannyl-1-alkenes, and
that these in turn undergo hydrostannation to give 1,1,1-
tristannylalkanes (eq 2-4).* In the course of this work,

RCH=CHSnMe; + Me;SnH — RCH,CH(SnMej), (2)

RC=CSnMe; + Me;SnH — RCH=C(SnMej), (3)
RCH=C(SnMej), + Me;SnH — RCH,C(SnMey); (4)
we were able indirectly to prepare the simplest 1,1-di-
stannylalkene, 1,1-bis(trimethylstannyl)ethylene for the

first time. We report here on its hydrostannation and that
of some closely related stannyl olefins.
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Work in recent years has shown that a Karplus-type
dependence of three-bond coupling constants on the sub-
tended dihedral angle is quite normal;® in the field of
organotin chemistry, Doddrell, et al.® established such a
dependence for 2J(SnCCC) some years ago, while Quintard
et al.” have recently proposed an equation for the angle
dependence of 3J(SnCCD) and thus indirectly for °J-
(SnCCH). The lack of experimental data has previously
precluded a search for an angle dependence of 3J-
(SnCCSn), but the present work has provided some tin
data which can, in combination with proton and carbon-13
data, be used for this purpose.

Spectral Data

These were obtained by using a Bruker AM-300 NMR
spectrometer (*H 300 MHz, other nuclei at corresponding
frequencies) and are presented in Tables I-IV. Table I
contains proton chemical shifts, Table II proton—proton
and tin—-proton coupling constants, Table III carbon-13
data, and Table IV tin-119 data.

With two exceptions, measurements were made at room
temperature with solutions (*H 5% v/v; other nuclei 50%
v/v) of the compounds in CDCly; for #®Si the DEPT
technique® was used and for 1%n inverse gated decoupling.
While the data contained in Tables III and IV could be
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