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A Facile Synthesis of Tetrakis(trimethylsilyl)butatriene

Properties and Cycloadditionsl)
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Tetrakis(trimethylsilyl)butatriene was readily prepared by
flash vacuum pyrolysis of hexakis(trimethylsilyl)-2-butyne. The
physical and chemical properties of the butatriene are described.

Recently we have reported unusual chemical and physical properties of tetra-
kis(trimethylsilyl)ethylene (1) due to sigma(Si-C)-pi mixing resulting from the

2) In connection with our con-

distorted nonplanar structure in the ground state.
tinuous studies on silyl substituted alkenes, it is interesting to us to investi-
gate the physical and chemical properties of 1,1,4,4-tetrakis(trimethylsilyl)-

1,2,3-butatriene (2) because of its unique structure.
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The butatriene has two sp-hybridized central and two spz-hybridized terminal
carbon atoms and it is expected that the central pi-bond strongly interact with
the sigma(Si-C) bonds, giving unique properties similar to 1. Although the buta-

triene has been briefly mentioned 1in 11teratures,3)

the chemical and physical
properties remained unexplored as well as the effective method of the synthesis.
During the course of our investigation, Kusumoto and Hiyama have reported the
synthesis of 2 via palladium catalyzed double silylation of bis(trimethylsilyl)-

butadiyne followed by methylation.4)

Being prompted by the report, we wish to
communicate herein an entirely different facile synthesis of 2 together with some
physical and chemical properties including cycloaddition reactions with hexaflu-
oro-2-butyne, disilene, silene, and butadiene.

Hexakis(trimethylsilyl)-2-butyne (3, 1.38 mmol) was pyrolyzed by passing
through a quartz tube heated at 650 °C under reduced pressure (ca. 1073 mmHg), and

the pyrolysates were collected in a receiver cooled by liquid nitrogen.
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To the pyrolysates, hexane was added and unreacted 3 was filtered off, and
then the solution was concentrated. The residue was crystallized from ethanol to
give pure 2 as pale orange crystals (41%).5) Since the acetylene 3 is readily
available from hexachloro-1,3-butadiene and trimethylchlorosilane by the reaction

6)

with magnesium, the present pyrolysis provides a very simple and facile method

of preparing the butatriene.
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The pyrolysis reaction may proceed via homolytic bond cleavage of the Si-C
bond of 3, to give the trimethylsilyl radical and the butatriene. Indeed, GLC
analysis of the pyrolysates revealed the formation of a variety of products (4 -

9) along with 2. Products 7, 8, and 9 are evidently derived from the trimethyl-
silyl radical.7) Compounds 5 and 6 are the thermal reaction products of the
butatriene.

The butatriene exhibits absorption bands (log €) in hexane at 507 (1.96), 463
(1.58), 298 (4.60), 283 (4.34), and 211 nm (4.59), whereas 1,1,4,4-tetra-t-butyl-
1,2,3-butatriene (10) has absorptions at 268 (4.56), and 228 nm (4.02). The ex-
tremely large bathochromic shift of 2 compared with 10 is a result of the strong
interaction of the central pi-bond with the sigma(Si-C) bonds.

CNDO/2 calculation also sup- > 6 I
ports that the orbital interaction <L
between the central pi and sigma- gﬂ 2.82 1.47 LUMO
(Si-C) bonds causes the remarkable = 0 F
destabilization of the HOMO level =
and slight stabilization of the -6
LUMO as shown in Fig. 1. Conse- ~—+—— -8.16 HOMO
quently, it is interesting to see | " —t
whether the cycloaddition of 2 -12 |- 4?33:j:t::f: """"""" oz
occurs at the central double bond T
or the terminal ones. H M Hysl SiH3
We studied the reactions of 2 } H>==—\H }Qﬂ>===<&H3

with hexafluoro-2-butyne, disilene,
Fig. 1. Energy diagram of butatriene.
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silene, and butadiene. The reaction of 2 with hexafluoro-2-butyne did not take
place at room temperature probably due to the steric bulkiness around the double
bonds. However, when a mixture of 2 with an excess amount of hexafluoro-2-butyne
was heated at 200 °C for 24 h in a sealed tube, an adduct (11)8) was obtained in
45% yield along with recovered 2. A regioisomer of 11, the adduct at the central
double bond, was not found in the reaction mixture. Adducts 12, (13%) and 13,
(11%)8) of tetramethyldisilene or 1,1-dimethyl-2-trimethylsilyl-1-silaethylene at
the terminal double bonds were also produced in thermolysis with 7,7,8,8-tetra-
methyl-1-phenyl-7,8-disilabicyclo[2.2.2]octa-2,5-diene or ©pentamethyldisilanyl-
diazomethane.

2,3-Dimethyl-1,3-butadiene also reacted with 2 at the terminal position to
afford the product 14 in 52% yield.s) Product 12 may be formed from the [2 + 2]
adduct of MeZSi=SiMe2 at the terminal double bond of 2 followed by rearrangement
similar to that reported by Ishikawa et a1.9)

The regiochemistry of these cycloadditions, which may be rationalized on both

electronic and steric grounds, is summarized below.
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