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Summary: Free stannylenes Me2Sn and (CD3)ZSn, generated thermally from the

cyclic hexamers or by microwave discharge from Mezanz,

gon matrix technique. All IR bands could be attributed to the important

are isolated by Ar-

molecular vibrations by normal coordinate analysis. As shown by ab initio
SCF calculations, MeZSn has a singlet ground state, the angle C-Sn-C is
95.3°, the C-Sn bond length is 2.203 2.

The concept of carbenes was - and still is - one of the most fruitful in or-
ganic chemistry. In recent years, it has given considerable impetus to the

field of the heavy carbene analogues, R,M, M = Si, Ge, Sn!

2

Now we wish to report the matrix isclation of MeZSn and its IR spectroscopy
with complete identification of all relevant vibrations. For this purpose, an
adequate Mezsn generation had to be found, giving no volatile interfering by-
products. First, we photolysed dimethylbenzyltin hydride. In THF at 20°C we
detected, as expected, toluene and a polymer (MeZSn)n. But, in benzene matrix
at -750C, and in THF matrix at ca. -230°C the hydrogen abstraction no longer
occurred, presumably prevented by its activation energy, ca. 4 kcal/mol?. In-
stead, only recombination could be observed needing no activation energy and
therefore being preferred at low temperatures (an adamantane matrix at 20°¢
was found to be too soft in this case, allowing diffusion, since only poly-
stannanes have been found):

©CH2\S M ©' HZ X 200,
€ T _SnMe, 22, <<—_—>>-CH3 * Me,Sn — 5, (Me,Sn),

A promising source of free stannylenes MeZSn was the thermolysis of (MeZSn%
since this cyclostannane, formerly believed to be stable up to 150°C showed
splitting off of MeZSne in the mass spectrometer above 70°C, and rapidly at
120°C. Ditin fragments, e.g. Me3Sn2e, appear only above 130°. Also in solu-

tion (Me,Sn) depolymerises at 80°%¢c?.
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(MeZSn)6 (1H—NMR in benzene, § = 0.53 ppm), very sensitive towards oxygen,
is prepared best by condensation at 0°c. It contains small amounts of the hep-
tamer (6§ = 0.63 ppm) and is built up exclusively by Mezsn units as shown by
degradation with iodine (Me3Sn, MeSn units < 0.1%):

Mneat0’C
3 Me,SniNEL), + 3 Me,SnH, JiSisimar (Me,Sn)y + 6 HNEL,

130°C llzlbenzene

Me,Sn 6 Me,Snl, -E™B5, 6 Me,SnE,

{in Ar matrix) (>0.98 equiv.) (GC)

Using a special matrix technique and experience of other work" we recorded in
an Argon matrix at 5 K well resolved IR spectra of good intensity. All bands

could be attributed to a monomeric,strongly bent particle Me,Sn, i.e. the free

2
stannylene, see table.
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The observed IR bands were assigned to molecular vibrations by means of a
normal coordinate analysis®. To minimize difficulties of assignments of cal-
culated frequencies to observed ones, we have measured and considered in our
calculations, see table, also (CD3)25n. Satisfying IR spectra of the latter

could be obtained by thermolysis of its hexamer and matrix technique:

4L CDJl g5~ 4 COMgl —"% (CD),Sn ~353&= 2 (CD,),SnCl,

LuNEtz/ \nB‘uzAlH
(CD,),Sn «BEE 11Dy, Sl «iie— (CDyJ,SNINEL,), + (CD,),SnH,
(in Ar matrix)

There are 2 Sn-C stretching vibrations, as to be expected for Me

2Sn, at 518
and 504 cm |6

Ab initio SCF calculations for MeZSn using the pseudopotential method of
Durand and Barthelat’ yielded a singlet ground state with a C-Sn bond length

of 2.203 R, a C-Sn~C bond angle of 95.30, and a dipole moment of 0.43 D. That
the singlet is the ground state is deduced from CI calculations for SnH2e re-

sulting in a singlet-triplet separation of 22 kcal/mol.
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Table: Observed and calculated IR frequencies (cm_1) of the matrix-isolated

molecules
Assignment (CD3)2Sn (CH3)ZSn
X =D or H Obs.? Calc. Obs.? Calc. Notes:
v (c-x) | 2240 2231 2990 3008 symmetry: Copy
v (C-X) 2123 2114 2924 2923 §: deformation vibration
s . . .
6, (xex) | 1032 1038 -- 1425 : rocking vibration
8 (XCX) 932 921 1187 1181 a: average value of
927sh 916 1182sh® 1179 12 measurements
o (CX.) 596 561b 774 755b b: deviation of this type
3 569sh 560 745sh 759 of vibration is obs. in
565 553 739 751 other compounds, too?,
v (SnC) 476 470 518 522 c: visible only by abscissa
as .
Vg (snC) 462 458 504 509 expansion

It has to be discussed whether the measured IR spectra are really those of
Me2Sn. In principle there might be a very rapid dimerization forming the di-

stannene: 2 MeZSn'——DMeZSn=SnMe2. Corresponding disilenes R,Si=SiR., have been

generated by dimerization of silylenes!® and other ways!'!. ée haveztempered
the Ar matrix up to 30 K, without any change of the IR spectra. When we heated
the Mezsn source to above 13OOC, new IR C-Sn bands in the matrix grew up at
518 and 531 cm—1 possibly belonging to the dimer, since at these temperatures
ditins appear in the MS, see above. Therefore, it is unlikely that the values
given in the table do not represent the stannylene. Moreover, we got identical
results, especially strong bands at 518 and 505 cm—1, with an independent
stannylene source, using the technique of microwave activation of Argon!?,

and again an Argon matrix at 10 K*. The occurence of H2 is established by a

decrease of the high vacuum:

Me,SnH, *+ Ar® —p— Me,SnH," —— Me,Sn + H,

The number of encounters of two Mezsn particles in the gas phase under these
conditions (6'10_6 Torr, 4 cm flight vath) is certainly less than 1 and pro-
bably ~ 0.01. Again, the occurrence of the dimer, Me4Sn2, is guite unlikely,
and the IR spectra recorded can certainly be regarded as those of the free

stannylene Me,Sn.
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