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Communications

Formation of Metal-Chalcogen Bonds by the Reaction of
Metal Alkyls with Silyl Chalcogenides

Mild chemical reactions that result in the formation of met-
al-non-metal bonds are important to the synthesis of both mo-
lecular and solid-state compounds. The longer the list of reactions
that form covalent bonds between inorganic elements, the more
versatile and general the synthesis methodology will be. This will
lead in turn to its application to a wider variety of practical
problems. Recently, we have been studying metal chalcogenides
as model systems, hoping to find new reactions that will be useful
in materials synthesis.! The simplest of the solid-state metal
chalcogenides are the so-called II-VI materials, the one-to-one
binary compounds containing a group IIB metal and a group VIB
non-metal. These materials not only are technologically important
but also are chemically and structurally simple and are therefore
attractive as synthesis targets in model studies.

A number of reactions that give bonds between group IIB metals
and chalcogens have been known for quite some time. Three of
these (in which the solid-state compound CdSe is used as the
example product) are shown in eq 1-3.2* All of these reactions

CdSO4 + NapSe ——————» CdSe (1)
—N02304
CdMe, +H,Se —— CdSe (2)
-ZCH4

CdClp + Se(SiMez), ————— CdSe (3)
-2MezSiCl

are very useful and are of widespread importance, but there are
some limitations to their utility. Reactions 1 and 3 use ionic
reagents. This limits the media in which the reactions can be
conducted; they can generally not be run in organic solvents or
in the gas phase. Reaction 2 does not suffer from this restriction,
but the hydrogen chalcogenides are quite dangerous, being gaseous
(at standard temperature and pressure) and highly toxic. In this
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communication, we report the use of an alternative reaction. In
the dealkylsilylation reaction (an example of which is shown in
eq 4), a simple metal alkyl and a silyl chalcogenide react to form
CdMe;, + Se(SiMez), ————> CdSe (4)
-2Si Me4
a metal—chalcogen covalent bond and a carbon-silicon bond. All
of the reagents are organic derivatives that are reasonably volatile;
therefore, these reactions can be run in organic solvents or adapted
to the vapor phase. The silyl chalcogenides, while still probably
as toxic as the hydrogen chalcogenides, are liquids and are
therefore safer. Using this method, we have been able to prepare
I1-VI solid-state compounds as well as metal-chalcogenide mo-
lecular compounds.

The solid-state compound CdSe can be prepared easily from
the reaction of dimethylcadmium with bis(trimethylsilyl)selenium
(hereafter, Se(TMS),) in toluene, heptane, THF, or dichloro-
methane.* Combination of the two reagents leads to the pre-
cipitation of a red-brown solid. When this solid is heated to 400
°C under vacuum, it quickly turns black. This black solid is
identified by powder X-ray diffraction as polycrystalline CdSe.
On the basis of the facts that no intense X-ray diffraction is seen
and that no volatile materials evolve on heating, and on its color,®
we believe that the red-brown solid is either amorphous CdSe or
nanocrystalline CdSe in which the crystallite size is on the order
of 50-75 A.

In toluene, the rate of the reaction of CdMe, with Se(TMS),
is slow enough that the process can be followed by proton NMR
spectroscopy. As the resonances due to the starting materials
recede, one and only one new peak appears, and that peak is
coincident with that due to SiMe,. (Subsequent GC/MS analysis
confirms the identification of this product as tetramethylsilane.)
It is encouraging that no other proton-containing species are seen
at any time during this reaction.

We have extended this synthesis to include the other II-VI
materials ZnSe and CdTe (eq 5 and 6, Table I). This shows that

ZnEt, + Se(SiMez), ———» ZnSe (5)
-2SiEtMeg

CdMe, + Te(Si'PrMe,), CdTe (86)

———
-2SilPrMey

(5) CdMe, (88 mg, 0.62 mmol; used as purchased from Alfa) and Se-
(SiMe,), (140 mg, 0.62 mmol; prepared as in ref 7) were combined in
dry dichloromethane (1.0 mL). There was an immediate reaction to
give a red-brown solid. The mixture was stirred at room temperature
for 4 h and then filtered to give 109 mg of dry powder. This powder
was annealed in vacuo (400 °C, 4 h) to give polycrystalline CdSe (108
mg, 0.56 mmol, 91%). The X-ray powder diffraction pattern shown by
this material was recorded on a Rigaku Miniflex diffractometer. This
pattern is identical with that shown by commercially available CdSe.
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C.; Brus, L. E. J. Am. Chem. Soc. 1988, 110, 3046.
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Table I
reaction annealing
product reagents solvent time temp time temp yield®
CdSe CdMe, + Se(TMS), CH,Cl, 4h b 4h 400 °C 91 %
CdTe CdMe, + Te(IPDMS), CH.Cl, 15 min b 2h 400 °C 88 %
ZnSe ZnEt, + Se(TMS), Cl,CCH, 45 min 75 °C 18 h 400 °C 97 %

4 Based on molecular starting materials. ®Room temperature.

Scheme 1
Me SiMes Mes SiMes
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Cd +Se &= (Cd+—:Se— Cd—Se + SiMey
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zinc alkyls are as useful in this process as those of cadmium, and
that the tellurium compound, Te(Si(iPr)Me,), (hereafter, Te-
(IPDMS),)’ is as useful in this sense as is Se(TMS),.
Dealkylsilylation is also useful in molecule synthesis. Our initial
results are summarized in eq 7. The reaction of CdMe, with 2

CdMep + 2PhESiMey ———— Cd(EPh), (7)
-2SiMe, 1

(E=S,Se,Te)

equiv of PhESiMe; gives Cd(EPh), (1).! The S and Se com-
pounds are identical with those prepared by independent routes.>!!

We are not aware of previous reports of dealkylsilylations of
the sort described above (although they bear some resemblance
to the reaction of methyllithium with trimethylsilyl chloride to
give tetramethylsilane and lithium chloride). The dealkylsilylation
is a hybrid of the metathetical reactions 2 and 3, and arguing
strictly by analogy, the process may be viewed either as protolytic
(eq 2) with the trimethylsilyl group acting as the acid, or as a
nucleophilic displacement at Si (eq 3) with the methyl group
replacing chloride as the nucleophile.

The solvent has a dramatic effect on the rate of dealkylsilylation.
The formation of CdSe in dichloromethane is instantaneous at
room temperature. At comparable concentrations in toluene, the
reaction is fairly slow, taking days to go to completion. In sat-
urated hydrocarbons, the reaction is very slow, having a half-life
of weeks at room temperature. Finally, there is no observable
reaction between CdMe, and Se(TMS), when the two are com-
bined as neat liquids. Rates for the analogous reactions with
PhSeSiMe; follow a similar trend. On the basis of these obser-
vations, we support a pathway in which the fundamental chemical
step is that shown in Scheme 1. We suggest that the reaction
partners (MeCdR and Me;SiSeR’ in Scheme I, where R and R’
are Me and SiMe;, respectively, for the initial step and are
fragments of the growing CdSe array in subsequent steps) form
a coordination complex (A in Scheme I) which then eliminates
the silane in a unimolecular way through a dipolar transition state.
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Although we have no direct proof for this proposal, the simplicity
of the reaction (as indicated by the NMR study) argues against
a less selective process such as one involving radicals.

The thermochemistry of these reactions is worth comment. We
estimate that the Se-Si bond in Se(TMS), is roughly 35 kcal/mol
weaker than the C-Si bond in SiMe,.!? Since the average Cd—C
bond in CdMe, is 33 kcal/mol,'* the dealkylsilylation must be
quite exothermic. An additional consideration is that while the
central atoms in both CdMe, and Se(TMS), are two-coordinate,
they are up to four-coordinate in the products. The strong do-
nor—acceptor interactions (which are responsible for the insolubility
of the products) further promote metal—chalcogen bond formation.

In bulk form, the II-VI compounds are all available in arbi-
trarily high purity via a number of simple routes, and for that
reason, we made no attempt to optimize the dealkylsilylation for
the preparation of the simple solid-state compounds. The utility
of the general reaction will be in molecular synthesis and in
vapor-phase processing. As mentioned above, all of the reagents
in these reactions are volatile, and since the byproduct alkylsilanes
are fairly inert, the dealkylsilylation is potentially applicable to
the preparation of thin films of II-VI compounds by vapor-phase
epitaxy. The attraction of the liquid source compounds is in their
safety. Although the toxicity of the silyl chalcogenide compounds
has not been established, they are safer if only because of their
lower vapor pressure—an accident with these liquid sources is more
easily contained than a similar accident with a pressurized toxic
gas.

The use of the silyl tellurides highlights a particularly useful
side of dealkylsilylation. Hydrogen telluride and tellurols (RTeH)
are much less stable than the analogous sulfur and selenium
compounds' and are therefore inconvenient for either materials
or molecular synthesis. Silyl tellurides are easily prepared, purified,
and handled, making them attractive synthesis reagents.
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