3608 J. Org. Chem., Vol. 39, No. 24, 1974

1 ul of BF3-O(CeHjz)2 to a solution of 1 mmol of tert-
butyl alcohol and 1.1 mmol of trimethylsilylketene in 1 ml
of CCly affords the ester within 2 min of mixing. Alcohol 2
could not be successfully acetylated using the standard re-
agents (benzoyl chloride, acetyl chloride, and acetic anhy-
dride with 4-dimethylaminopyridine). This material how-
ever, upon treatment with TMS-ketene in the presence of
BF3 - O(CoHs)o, afforded the trimethylsilylacetate 3 in 89%
yield after preparative-layer chromatography.*
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TMS-ketene also undergoes olefination with stabilized
phosphorus ylides. Treatment of TMS-ketene with car-
bethoxymethylenetriphenylphosphorane in methylene
chloride at —5° affords the allenic ester 4 in 85% yield.®
This material could be quantitatively deconjugated to the
acetylene 5 with triethylamine in CCly. Indeed, if the olefi-
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nation is conducted at room temperature, a mixture of al-
lene 4 and acetylene 5 is produced. Presumably the ylide is
basic enough to effect this isomerization.

- Unstabilized phosphorus ylides such as methylenetri-
phenylphosphorane give complex mixtures, while stabi-
lized sulfur ylides produce the acylated product, 6 (eq 3).
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TMS-ketene does not dimerize upon standing. Samples
kept under nitrogen at room temperature show no notice-
able decomposition after many weeks. Unfortunately, at-
tempted 2 + 2 cycloaddition with a variety of dienes and
olefins® was not successful. We are continuing to explore
the chemistry and utility of trimethylsilylketene.”

Experimental Section8

Preparation of Trimethylsilylketene, 1. Methyllithium (105
mmol, 62 ml of 1.7 M) was added dropwise via syringe to a cooled
(0°) solution of 7.0 g (100 mmol) of ethoxyacetylene in 250 ml of
anhydrous ether. A white precipitate formed during the addition
and the solution became difficult to stir. After stirring an addition-
al 0.5 hr, trimethylsilyl chloride (11.0 g, 102 mmol) was added and
the mixture stirred overnight at room temperature. The mixture
was filtered and the precipitate washed well with dry ether. Care-
ful removal of the solvent at reduced pressure afforded trimeth-
vlsilylethoxyacetylene (Amax"'™ 4.55, 8.02, 11.88 um) contaminated
with lithium chloride. The acetylene was redissolved in dry pen-
tane and filtered. After removal of the pentane, the residue was
slowly distilled (bath temperature 120°) to produce trimethysilyl-
ketene as a colorless mobile oil. A second distillation gave pure tri-
methylsilylketene: 7.37 g, 65%, bp 81-82°; Apaxi™ 4.70, 7.90, 8.00,
11.70 um; 7MmsCCH 1.5 ppm (CH, s).

(I) Acylation. BF3 - O(CyHs)g (1 ul) was added to a cooled (0°)
solution of trimethylsilylketene (120 mg 1.1 mmol) and tert- butyl
alcohol (74 mg 1 mmol) in 1 ml of CCls. After 5 min, the product
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was isolated with hexane and evaporatively distilled, bp 50° (bath
temperature, 0.1 mm), affording 179 mg (93%) of the ester: Amay! ™
5.79, 8.00, 9.15, 11.68 um; d1nsCM 1.62 (CHoC(=0)-, s), 1.15 ppm
{C(CHa)g, s).

(IT) Olefination. To a cooled (—5°) solution of carbethoxyethy-
lidenetriphosphorane (348 mg, 1 mmol) in 5 ml of CHyCls was
added 115 mg (1.02 mmol) of trimethylsilylketene. The reaction
appeared to be almost instantaneous (ir). Isolation of the product
with pentane afforded 157 mg (85%) of the allenic material con-
taminated with a trace of the deconjugated acetylene: hyq /'™ 5.18,
5.81, 8.02, 11.80 um; d1msCH 5.16 (allenic H's, AB quartet, J ap =
6.1 Hz), 4.00 (CHy, q, J = 7.0 Hz), 1.10 ppm (CHa, t, J = 7.0 Hz);
mass spectrum m/e caled for CgHyg0.8i, 184.0915; found,
184.0885. Treatment of a CCly solution of allene with a catalytic
amount of triethylamine afforded the deconjugated acetylene:
Amaxl™ 4.62 um; dmstCM 4.02 (CHy, q, J = 7.0 Hz), 3.04
(CH2C(==0)0Et, s), 1.15 ppm (CHg, t,J = 7.0 Hz).

Registry No.—1, 4071-85-6; 2, 53059-32-8; 3, 53059-33-9; 4,
53059-23-7; 5, 53059-24-8; BF3 . O(CoHjz)g, 109-63-7; ethoxyacetyl-
ene, 927-80-0; trimethylsilyl chloride, 75-77-4; trimethylsilylethox-
yacetylene, 1000-62-0; tert- butyl alcohol, 75-65-0; tert- butyl tri-
methylsilylacetate, 41108-81-0; carbethoxymethylenetriphenyl-
phosphorane, 53059-25-9.
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Recent interest by experimental physicists' and theoreti-
cians? in the organic solid state has been prompted by the
observation of electrical conductivity in such systems. One
compound which has been the subject of numerous investi-
gations is  1,4,5,8-tetrahydro-1,4,5,8-tetrathiafulvalene
(TTF) (1). Although the physical®* and electrical proper-
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ties® of 1 have been reported, only one detailed synthesis
exists in the recent literature.® Therefore, we present here
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experimental procedures for the preparation of TTF which
incorporate improvements leading to both high yields and
a high purity product.

The syntheses of substituted tetrathiafulvalenes have
been accomplished by deprotonation of 1,3-dithiolium
salts.”8 The preparation of 1 was undertaken in a like man-
ner although in one case analytically pure samples were not
reported for the product.®10 The first published outline for
the synthesis of carefully characterized 12 involved prepa-
ration of 1,3-dithiole-2-thione!! from acetylene, sulfur, and
carbon disulfide followed by oxidation of the thione to 1,3-
dithiolium hydrogen sulfate!? and finally coupling of the
salt with an appropriate base. A similar final step using
1,3-dithiolium perchlorate has also been reported;* how-
ever, another laboratory has informed us that a serious ex-
plosion was encountered in handling this perchlorate.

Various changes in this route to 1 have been effective in
substantially increasing both the yields and the quality of
1. The commercially available 2-thiomethyl-1,3-dithiolium
iodide (2)!2 was reduced with sodium borohydride giving
2-S- methyl-1,3-dithiole (3) as an oil which was not isolated
in its pure state. Upon treatment of 3 with fluoboric acid
1,3-dithiolium fluoborate (4) was formed which on deproto-
nation with excess amine resulted in a quantitative yield of
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For large scale preparations of T'TF, the method recently
described by Melby, et al.,® is the most suitable. However,
the preparation described here from the commercially
available methiodide 2 is the preferred method for small
amounts of 1.

Experimental Section

Preparation of 1,4,5,8-Tetrahydro-1,4,5,8-tetrathiaful-
valene (1). Into a 2-1. erlenmeyer flask containing a magnetic stir-
rer was placed 2-thiomethyl-1,3-dithiolium iodide (50.0 g, 0.18
mol, Strem Chemicals, Inc., Danvers, Mass.) and 500 ml of metha-
nol (absolute). The mixture was stirred and cooled in an ice bath.
While making certain that the temperature did not rise above 15°,
NaBH, (34.5 g, 0.93 mol, Metal Hydrides, Inc.) was cautiously
added in small portions. After the addition was complete, stirring
was continued for 2 hr. One liter of anhydrous ether was added to
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precipitate the Nal which had formed. The solution was stored at
—15° overnight and then decanted into a 2-l. separatory funnel,
washed three times with water (200 ml each time), dried over
MgSO0y, filtered, and concentrated on a rotary evaporator.

The resulting orange-yellow oil (3) Had an nmr spectrum in
CDCl; (TMS) (JEOL C60HL spectrometer) which consisted of
three singlets at = 7.85, 4.03, and 3.93. Integration was difficult be-
cause of the proximity of the low-field lines to each other. How-
ever, the ratio of the areas of the low-field lines to the high-field
line was 1:1. These resonances are assigned to the SCHj, olefinic,
and methine hydrogens, respectively.

To the stirred, cooled (0°) solution of 3 in 100 ml of acetic anhy-
dride in a 500-ml erlenmeyer flask was added dropwise a fluoboric
acid solution.14

When the addition was complete, anhydrous ether was added
(~200 mi). The near-white 1.3-dithiolium fluoborate salt (4) was
collected on a Biichner funnel and washed with anhydrous ether.
The salt (~28 g, 0.15 mol, 82%) was used immediately for the next
step. The nmr spectrum of 4 in CD3CN consisted of a doublet at 7
0.33 (J = 2 Hz) and a triplet at 7 — 1.65 (J = 2 Hz). The areas
were 2:1, respectively. The lines are assigned to H-4 and -5 for the
doublet and H-2 for the triplet.

The 1,3-dithiolium fluoborate was dissolved in 100 m! of aceto-
nitrile in a 500-m! erlenmeyer flask. The solution was magnetically
stirred at 0° and triethylamine was added until the formation of
vellow crystals was obvious (~50 ml). Another quantity of amine
(~10 ml) was then added. After stirring for 10 min water was
added to precipitate the product. The yellow-orange crystals were
collected, washed with water, and air-dried. The yield of crude
product was 15.0 g (100%). Recrystallization from cyclohexane-
hexane (500 ml:300 ml) (clarified with Norit and dried with
MgSO,) resulted in yellow-orange needles of 1 with mp 119.1-
119.3° (corrected) (lit. mp 118.5-119°,3 120°4).

Registry No.—1, 31366-25-3; 2, 53059-74-8; 3, 45439-65-4; 4,
53059-75-9,
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