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2,3-Di-(2-thienyl)-2,3-butanediol (1)

Ned D. Heindel

Certain pinacolones and indenes, derived from
the mono~-dehydration (pinacol-pinacolone rearrange-
ment) and double-dehydration of methyl pyridyl gly-
cols, have been reported to function as specific in-
hibitors of 11-B-hydroxylase in the biosynthesis of
corticoid hormones (3, 4).

Since the methyl pyridyl glycols required in the
previous work were readily available from the bi-
molecular photoreduction of the parent methyl py-
ridyl ketones, an attempt was made to synthesize
the glycol analogs of the five-membered hetero-
cyclic systems in this fashion. We have previously
reported a general indene cyclodehydration of sim-
ilar diols in the methyl phenyl series (5).

2-Propanol solutions of the 2-acetyl and 3-acetyl
thiophenes, 2-acetylpyrrole and 2-acetylfuran were
irradiated at a high pressure mercury arc for 48-
hour periods. Unreacted starting materials were
recovered in 90% or greater yield. Similar results
have been reported in the irradiation of 2-benzoyl-
furan (6).

Following the suggestion of Porter (7) that carbon-
yls substituted on strongly electron releasing rings
sometimes show a lack of photoreductive activity
in alcoholic medium due to the intercession of an
intramolecular charge - transfer state, we carried
out irradiations in cyclohexane, a solvent reported
to assure that the required n-7* triplet is the lower
encrgy state (8). These irradiations were likewise
unsuccessful in producing the desired diols.

An interesting reflection of the reported influence
of electron density on the carbon adjacent to a
carbonyl as responsible for elevating the energy
required for an n-7* excitation (9) is observed in
these heterocyclic ketones. Molecular orbital and
valence bond calculations of 7 densities in hetero-
cycles show that all of the five-membered systems
(pyrrole, furan, and thiophene) have values greater
than unity for the ring carbons (10). Similar calcu-
lations for the pyridine ring show that although
all ring carbons show 7 densities less than unity,
the B carbon is the most electron rich.

Bencze, Burckhardt and Yost (4) have reported
that the ease of photoreduction of the methyl pyridyl
ketones was inversely related to these known ring
densities. This observation, coupled with our re-
sults that the m-excess heterocyclic ketones are non-
photoreductive, points to the possibility that in furan,
thiophene, and pyrrole carbonyl compounds the w-m*
triplet may be of lower energy than the n-m* triplet
required for photoreductions (11).

The aluminum amalgam bimolecular reduction
technique (12) was employed on 2-acetylthiophene.
None of the desired 2, 3-di-(2-thienyl)-2,3~butane-
diol could be isolated from the reaction mixture.
Its presence as an intermediate was indicated by
the fact that 56% of the isolated product was identi-
fied as its pinacolone, 3,3-di-(2-thienyl)-~2-butanone.
The authentic diol, prepared by the Grignard method,
was observed to yield the pinacolone by refluxing
with a benzene suspension of the amalgamating agent,
mercuric chloride.

The desired glycol was synthesized in 6.5% yield
by the addition of 2-thienylmagnesium iodide to 2, 3-
butanedione. Rearrangement in dilute sulfuric acid
led to its quantitative conversion to 3, 3-di-(2-thien-
yl)-2-butanone. Gas chromatographic analysis re-
vealed the absence of the other possible pinacolone
isomer. Product assignment was facilitated by the
single non-conjugated ketone carbonyl at 1735 cm™t
in the infrared and by the non-equivalent methyl
resonance singlets at 1.52 and 2.10 ppm (CCly sol-
vent, TMS reference) in the nmr.

Efforts to employ the polyphosphoric acid dehy-
dration method (5) led to tarry residues from which-
no indene product could be isolated.

In keeping with previous reports that diols which
could not be prepared by photoreduction methods
could sometimes be photooxidized by irradiation in
acetone, the photooxidizability of the thiophene gly-
col was explored (13). Irradiation in acetone for 48
hours gave approximately 40% yield of 2-acetyl-
thiophene.

EXPERIMENTAL

Combustion analyses were performed by Dr. Alfred Bernhardt at
the Max-Planck-Institut ftir Kohlenforschung, Mtilheim, Ruhr. In-
frared spectra were scanned as Nujol muils on a Perkin Elmer 237
spectrophotometer and peak positions are reported as calibrated
against the polystyrene standard., Gas chromatographic separations
were carried out on an Aerograph A-350 on ten foot GE-SF 96 on
firebrick.

2,3-Di-(2-thienyl)~2, 3-butanediol.

To the Grignard reagent prepared from 0.35 g. atom of magnesium
turnings and 0.35 mole of 2-iodothiophene in 200 ml. of dry ether was
added a solution of 0.10 mole of 2,3-butanedione and 10 ml. of dry
ether. The mixture was stirred at room temperature for 12 hours
and hydrolyzed by pouring over chopped ice containing 6 N hydro-
chloric acid. The etier extraction layer was washed with 10% sodium
hydrogen sulfite solution and then with saturated sodium chloride so-
lution and dried over magnesium sulfate. s,
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Evaporation produced a green-blue oil which could not be induced
to crystallize. By chromatography on a 2.5 x 25 cm. column of ac-
tivated alumina using successive hexane-benzene-methanol eluants,
three distinct fractions could be isolated. The first fraction was
a yellow oil whose infrared spectrum showed it to be a mixture of
2,3 -butanedione and 2-iodothiophene. The second fraction was a
viscous green-blue oil that deposited white crystals on standing. Three
recrystallizations from benzene gave 1.63 g. (6.5%) of the diol, m.p.
117°.

Anal. Calcd. for CypH40,8,: C, 56.65; H, 5.55. Found: C, 56.81;
H, 5.55.

The infrared spectrum revealed a strong -OH absorption band at
3600 cm™! and thiophene ring bands at 710 em™.

The third fraction from the chromatographic separation was a
viscous sulfurous smelling oil, Vacuum distillation at 26 mm. of Hg
gave 8.2 g. of 2-acetylthiophene, b.p. 110-112° and 1.8 g. of 3,3-di-
(2-thienyl)-2-butanone, b.p. 199-201°. These substances were identi-
fied by peak enhancement gas chromatography and infrared spectral
comparigson with authentic samples (14).

3,3-Di-(2-thienyl)-2-butanone.

A solution of 150 mg. of the diol, 5.0 ml. of glacial acetic acid,
and 1.0 ml. of concentrated sulfuric acid was warmed for one hour on
a steam bath. After hydrolysis with cold water, neutralization with
aqueous sodium carbonate solution and extraction with ether, the
ethereal layer was washed with saturated sodium chloride solution
until neutral. The dried and concentrated organic phase was examined
by infrared spectroscopy and revealed no unreacted diol. Gas chroma-
tography displayed a single component. An oxime prepared by the
pyridine method melted at 171-172°,

Anal. Caled. for Cy3HygNOS,: C, 57.34; H, 5.21; N, 5.57. Found:
C, 57.65; H, 5.19; N, 65.61.

Irradiation of Heterocyclic Ketones.

One molar solutions of 2-acetylthiophene (Columbia Organic Chem-
icals), 2-acetylpyrrole (15), 2-acetylfuran (16), and 3-acetylthiophene
(17) were dissolved in reagent grade 2-propanol, degassed, and sealed
in quartz tubes. The tubes were positioned at 6.5 cm. from an Han~
ovia SH-616A mercury vapor lamp provided with a vycor heat shield
and a blower for heat exhaust. After 48 hours the tubes were cooled
and opened; vpc analysis showed that no reaction had occurred.

Irradiation of 2,3-Di-(2~thienyl)-2, 3-butanediol.

A solution of 100 mg. of the diol in 2.5 ml. of freshly distilled re-
agent grade acetone was prepared as described above and exposed for
48 hours. Gas chromatographic analysis demonstrated the presence
of approximately 40% of 2-acetylthiophene. The remaining material
was identified by infrared spectroscopy as unreacted diol.

Aluminum Reduction of 2-Acetylthiophene.

A paste formed from 4.5 g. of 30 mesh aluminum, 1.8 g. of mer-
curic chloride and 5.0 ml. of anhydrous benzene was heated and
stirred for 5 minutes in a 3 neck round bottom flask. Freshly dis-
tilled 2-acetylthiophene, 31.5 g. in 25 ml. of benzene, was added
dropwise and heating was continued for 3 more hours. The mixture
was cooled, diluted with 18 ml. of benzene and hydrolyzed by drop-
wise addition of water. The precipitated solids were filtered, washed

Vol. 3

well with ether, and the organic layer of the filtrate was dried over
sodium sulfate. Removal of solvents gave an oil which was vacuum
distilled to recover unreacted 2-acetylthiophene (9.0 g.), b.p. 60-61°
at 1.5 mm, of Hg and 3,3-di-(2-thienyl)-2-butanone (17.8 g.) b.p.
138-140° at 1.5 mm. of Hg. Even in the absence of distillation, no
diol could be detected spectrally in the reaction product.

When the authentic 2,3-di-2-(thienyl)-2, 3-butanediol (50 mg.) was
refluxed with 10 ml. of benzene and 50 mg. of mercuric chloride for
24 hours, it was converted quantitatively into 3,3-di-(2-thienyl)-2-
butanone. Evaporation of the benzene filtrate, after removal of the
suspended mercuric chloride, gave an oil which was spectrally identi-
cal with the pinacolone.

REFERENCES

(1) This investigation was supported in part by a Sigma Xi Re-
search Grant-in-Aid. Funds provided by the Research Corporation
were used to purchase the photochemical irradiation equipment.

(2) Current address, Department of Chemistry, Lehigh University,
Bethlehem, Pennsylvania.

(3) J. J. Chart, H. Sheppard, M. J. Allen, W. L. Bencze, and
R. Gaunt, Experientia, 14, 151 (1958).

(4) W. L. Bencze, C. A. Burckhardt, and W. L. Yost, J. O7g.
Chem., 27, 2865 (1962).

(5) N. D. Heindel, S. M. Lemke, and W. A. Mosher, J. Org.
Chem., 31, 2680 (1966).

(6) M. R. Kegelman and E. V. Brown, J. Am. Chem. Soc., 75,
5961 (1953).

(7) G. Porter and P. Suppan, Proc. Chem. Soc., 191 (1964).

(8) For an excellent review on the subject of photoreduction see,
N. J. Turro, ''Molecular Photochemistry,”" W. A. Benjamin, Inc.,
New York, N. Y., 1965, pp. 137-161.

(9) M. Kasha, "A Symposium on Light and Life," B. Glass and
W. McElroy, Eds., John Hopkins University Press, Baltimore, Md.,
1961, pp. 31-64.

(10) These data have been collected and summarized in G. M.
Badger, '""The Chemistry of Heterocyclic Compounds," Academic
Press, New York, N. Y., 1961, pp. 14, 107, 150, and 236.

(11) Discussion of certain cases in which lower lying m-7* triplets
inhibit photoreduction is found in J. N. Pitts, Jr., H. W. Johnson,
Jr., and T. Kuwana, J. Phys. Chem., 66, 2456 (1962).

(12) H. J. Backer, W. Stevens, and J. R. Van der Bij, Rec. Trav.
Chim., 59, 1146 (1940),

(13) Examples of photooxidizable diols are found in A. Schdnberg,
"Priparative Organische Photochemie," Springer-Verlag, Berlin,
1958, pp. 109-1186.

(14) Grignard additions to diketones in the preparation of similar
heterocyclic diols have been reported to lead to ketonic cleavage prod-
ucts. M. R. Kegelman and E. V. Brown, J. Am. Chem. Soc., 76,
2711 (1954).

(15) R. Schiff, Ber., 10, 1500 (1877).

(16) H. Hartough and A. Kosak, J. Am. Chem. Soc., 69, 1012
(1947).

(17) Provided by Professor Denis W. H. MacDowell, Department of
Chemistry, West Virginia University.

Received April 29, 1966 Huntington, West Virginia 25701



