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was purified chromatographically.? Simultaneous removal
of the benzyl and cyclohexylidene groups was accomplished
by hydrogenation of 6 (10% palladium on carbon, ambient
temperature and pressure, 24 h) in 15:4:1 methanol-
water—concentrated hydrochloric acid. After filtration,
neutralization with Amberlite IR-45 (OH form), and re-
moval of solvent, the residue was directly treated with 1:1
acetic anhydride—pyridine at room temperature. Standard
processing (chromatographic purification) after 24 h af-
forded 47% of a single product, 2, mp 177-178 °C (needles,
ethanol). Synthetic 2 was indistinguishable from 2 pre-
pared from hikizimyecin in terms of melting point (lit.° mp
180.5-181.5 °C; mixture melting point undepressed),
specific rotation [synthetic 2, [a]%p +90° (¢ 0.58, CHCl,);
2 from natural sources, [«]®p +85° (¢ 1.0, CHCl,)"],
thin-layer chromatographic data, and 400-MHz 'H NMR
data,?® where spectra of 2 from synthesis and natural
sources were superimposable.

Thus, the Wittig reaction produced exclusively the Z
olefin and the cis hydroxylation (of the E olefin) produced
only one of the two possible diastereoisomeric diols, pre-
sumably due to steric effects, whose configuration was
demonstrated by conversion exclusively to methyl per-
acetyl-a-hikosaminide (2). The methodology demonstrated
in this synthesis opens the way for the preparation of many
highly complex long-chain carbohydrates.
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Dianions of Methylated Thiophene-2-carboxylic
Acids: Their Formation and Reactivity

Summary: Methylated thiophene-2-carboxylic acids can
be readily homologated by treatment with LDA (2 equiv)
followed by the addition of carbon-containing electrophiles.

Sir: The use of the thiophene nucleus as a template for
the construction of a wide variety of compounds (e.g.,
hydrocarbons, fatty acids, and amino acids) has been well
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documented.! The general utility of this procedure could
be improved markedly if a simple method was available
for the preparation of a variety of substituted thiophene
derivatives. Recently, we examined the dilithiation of
methylated thiophene-2-carboxylic acids and the reactiv-
ities of the resultant dianions toward several electrophiles.
Our initial findings from studies using acids 1-4? are
summarized in Table L}

The reactions of 5-methylthiophene-2-carboxylic acid
(entries 1-3) clearly support the intermediacy of dianion
6. The ease of generation of this dianion is attributable

to resonance stabilization. In contrast, when 2,5-di-
methylthiophene was treated under more stringent con-
ditions with n-BuLi-TMEDA, rather limited metalation
was observed.* Direct homologation of acid 1 as shown
here represents a route which is apparently superior to the
classical Wynberg approach?® for the synthesis of 2,5-di-
substituted thiophenes.

In the case of 4-methylthiophene-2-carboxylic acid, the
result recorded in entry 4 indicates that dianion 7 instead
of 8 is the reactive intermediate. This result is not sur-

CHs “CHy
|| Pl
- =S CO; S ols P
7 8

prising, since in 7 the sulfur atom, owing to its polariza-
bility,®? presumably helps stabilize the adjacent negative
charge, whereas in 8, significant inductive and resonance
stabilization is lacking.

To our surprise, the reactions of 3-methylthiophene-2-
carboxylic acid were more complex. The reaction of entry
5 gave the single ester 9,8 whereas, that of entry 6 led to
a mixture of products 11 and 12 (38:62). Azeotropic reflux
of this mixture in toluene in the presence of a trace of
PTSA gave a mixture of acid 13 and lactone 14. The
identities of both 11 and 13 were confirmed by inde-

(1) For a comprehensive review, see Meyer, A. 1. “Heterocycles in
Organic Synthesis”; Wiley: New York, 1974.

(2) Acid 1 was purchased from Aldrich Chemical Co. Treatment of
3-methylthiophene in ether with ¢t-Buli at ~70 °C followed by carbona-
tion gave a mixture of 2 and 3 in a ratio of 88:12. Pure 2 was obtained
after two recrystallizations from acetonitrile, mp 118-120 °C [lit. 116-117
°C (Goyte, V. N.; Tilak, D. B.; Gadekarand, K. N.; Sahasrabudhe, M. B.
Tetrahedron 1967, 23, 2443)]. Acid 3 was prepared from 3-methyl-
thiophene-2-carboxaldehyde (supplied by Aldrich) by Jones’ oxidation.
Compound 4, mp 169-170 °C [lit. 171-172 °C (Gatterman, L. Justus
Liebigs Ann. Chem. 1888, 244, 29)] was synthesized from 3-methyl-
thiophene by sequential treatment with ¢-BuLi and iodomethane in ether
at =70 °C and then lithiation with n-BuLi in ether at room temperature
followed by carbonation.

(3) A typical procedure, exemplified by the preparation of 5, is de-
scribed in the supplementary material.

(4) Clarke, A. I.; McNamara, S.; Meth-Cohn, Q. Tetrahedron Lett.
1974, 2373.

(5) Wynberg, H.; Logothetis, A. J. Am. Chem. Soc. 1956, 78, 1958,

(6) Streitwieser, A., Jr.; Ewig, S. P. J. Am. Chem. Soc. 1975, 97, 190.

(7) Bernardi, F.; Csizmadia, J. G.; Mangini, A.; Schlegel, H. B.;
Whangbo, M.-H.; Wolfe, S. J. Am. Chem. Soc. 19765, 97, 2209.

(8) The GC analysis (1% OV-210 on Chromosorb @, 100 °C) of the
predistillation material indicated the presence of <2% of ester 10.°

(9) The authentic sample of this product was conveniently provided
from the reaction of entry 9.
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Table I. Reactions of Dilithiated Dianions? of Methylated Thiophene-2-carboxylic Acids with Electrophiles
entry acid electrophile product (yield, %)? bp or mp, °C
|l . | c,d -
1 CH}/[J\COZH n-C;H, Br - Cetrs J: s 1 coscHs (65) 80-88 (0.05 mm)
1
Q Br
) m e 47 0.
1 [O>/\/ [ e, ¢ 142-147 (0.1 mm)
CHg ! [
f -
3 1 CH,COCH, CHs/i:/Q\COZH (61) 116-118
CH3 CHs
4 I L n-CH, Br I (48)°¢ 82-88 (0.05 mm)
S N ooun n-CsHyy~ 87 CO.CH3
2
CH3y n-Cghyz
5 ] n-C,H, Br I (66)%4 80-90 (0.05 mm)
°S COzH S COaCH3
3 9
CHy CHy
6 3 CH,COCH, SHy T [ ][ o (38:62)°
CH3 OHS COzH S cozH
CHaD
7 3 D,0 l (26 74)e
CHaCH3
8 3 CH,I (35:65)°
COgH
_CH3 CH3
9 | n-C H,Br [ 1 (72)¢4 83-85 (0.05 mm)
chy” ST TcogH n-CsHy~ 7 CO,CH3
4 10
CH3 CH3
10 4 CH,COCH, || (60) 119-120
CHy CO2H

OH

@ LDA (2 equiv), THF, 0°C, 1 h.

b Isolated yield, not optimized.
by esterification with CH,I (or CH,CH,I)-K,CO,-DMF and was purified by distillation.
consists of a variable amount of the dialkylated product and polymers.

¢ The ester was obtained from the corresponding acid
d The dlstlllatlon residue usually
€ Estimated by NMR analysis. 7 The NMR analysis

of the crude product indicated the presence of >80% of the desired adduct.

pendent syntheses.!® The results recorded for entries 7
and 8 are similar to that of entry 6.

13

14

A possible explanation for the above observations fol-
lows. Treatment of 3 with LDA (2 equiv) affords an
equilibrium mixture of 15 and 16 in which the latter

_CH3 CHap
1 = |l |
$7 Sc—o” $7 >N¢c—o0"
I [
0 0
15 16

predominates, possibly due to resonance stabilization. The

(10) Compound 11 was prepared from 3-methylthiophene in two steps:
(a) t-BuLi, Et;0, -70 °C, then CH;COCHj and (b) n-BuLi (2 equiv), Et,0,
room temperature, then CO,. Azeotropic reflux of 11 in toluene in the
presence of PTSA gave compound 13.

addition of a highly reactive electrophile (e.g., acetone,
deuterium oxide, or methyl iodide) to the above mixture
of dianions presumably gives a product mixture reflecting
the equilibrium ratio of 15 and 16. In the instance where
a less reactive electrophile (e.g., n-pentyl bromide) was
used, a higher proportion of the product derived from
dianion 16 was observed. We reason that the electronic
charge centered around the reactive site in 16 bears higher
P character than does its counterpart in 15; consequently,
dianion 16 is more effective than 15 toward less reactive
electrophiles. In view of these observations, direct ho-
mologation of acid 3 (entry 5) can be regarded as a method
complementary to that recently reported by Vlattas,!! for
the preparation of 3-substituted thiophene-2-carboxylic
acids.

The last two reactions in Table I (entries 9 and 10) were
designed to determine the relative regioselectivities of the
3- and 5-methyl groups of 4. The results from both entries
support the predominance of 17 rather than 18. While
similar resonance stabilization forms can be written for 17
and 18, the preference for reaction at the 5-methyl group
(17) may be explained by the principle of separation of
charges.

(11) Della Vecchia, L.; Vlattas, I. J. Org. Chem. 1977, 42, 2649.
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17 18

In conclusion, we have shown that methylated thio-
phene-2-carboxylic acids can be easily dilithiated with LDA
(2 equiv). Treatment of the resulting dianions with car-
bon-containing electrophiles provides a variety of homo-
logues of the starting acids. It should be noted that acids
1-4, used in this study, are either commercially available
or are readily accessible.? Therefore, direct homologation
of the appropriate methylated carboxylic acid offers a
convenient and efficient method for the synthesis of var-
ious substituted thiophene-2-carboxylic acids which, in
turn, can be transformed into a variety of substituted
thiophenes by virtue of the inherent versatility of the
carboxy group. It is therefore anticipated that our pro-
cedure will lead to an even broader use of the thiophene
nucleus as a template in organic synthesis.
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Aluminum Oxide Assisted Stereoselective
Rearrangement of a Cyclopropyl Ketone to
4,5-Dihydrofuran

Summary: Contrary to the general observation that
thermally and photochemically induced cyclopropyl ketone
to dihydrofuran arrangements take place with partial loss
of the stereochemical identity of the starting cyclopropane,
a characteristic shared by the closely related vinylcyclo-
propanes and vinyloxiranes, a case of totally stereospecific,
alumina-assisted cyclopropyl ketone to dihydrofuran re-
arrangement at room temperature was observed.

Sir: The thermal and photochemical isomerization of
cyclopropyl ketones and imines to dihydrofurans and di-
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hydropyrroles has been known since Cloke! first described
the irreversible rearrangement of phenylcyclopropanimine
to 2-phenyl-4,5-dihydropyrrole at 170 °C. Ever since the
extension of this discovery to cyclopropyl aldehydes and
ketones was reported by Wilson,? only a limited number
of reports have appeared in the literature,3* in contrast
to the extensive kinetic, stereochemical, and theoretical
studies of the closely related vinylcyclopropane to cyclo-
pentene’ and vinyloxirane to dihydrofuran® rearrange-
ments. These three processes share in common the fact
that the stereochemical identity of the starting cyclo-
propane derivative is not reflected in the five-membered-
ring product (see Scheme I),%° presumably due either to
the intervention of diradical species!” free to rotate, to what
has been termed by Doering as continuous diradical
transition states,!! or to the combination of four concerted
[1,3] sigmatropic shifts,” although the issue remains at
present under intense debate.

In addition, the stereomutation of cyclopropanes'? and
cyclopropyl ketones® that would tend to randomize even
further the stereochemistry of rearranged products has
been shown to take place under the same thermal and
photochemical conditions. In the present communication

(1) Cloke, J. B. J. Am. Chem. Soc. 1929, 51, 1174.

(2) Wilson, C. L. J. Am. Chem. Soc. 1947, 69, 3002. Armitage, D. M.
A.; Wilson, C. L. Ibid. 1959, 81, 2437.

(3) Dauben, W. G.; Shaffer, G. W. J. Org. Chem. 1969, 34, 2301.

(4) Zimmerman, H. E.; Boettcher, R. J.; Braig, W. J. Am. Chem. Soc.
1973, 95, 2155.

(5) Doering, W. v. E,; Birladenau, L. Tetrahedron 1973, 29, 499.

(6) McGreer, D. E.; McKinley, J. W. Can. J. Chem. 1973, 51, 1487.

(7) Andrews, G. D.; Baldwin, J. E. J. Am. Chem, Soc. 1976, 98, 6705,
6708.
(8) Vogel, E.; Gunther, D. Angew. Chem., Int. Ed. Engl. 1967, 5, 385.
Pomelet, J. C.; Manisse, N.; Chuche, J. C. R. Hebd. Seances Acad. Sci.,
Ser. C 1970, 270, 1894, Paladini, J. C.; Chuche, J. Tetrahedron Lett. 1971,
4383.

(9) Wilcott, M. R., III; Cargle, V. H. J, Am. Chem. Soc. 1967, 89, 723.

(10) Mazzocchi, P, H.; Tamburin, H. J. J. Am. Chem. Soc. 1975, 97,
554,

(11) Doering, W. v. E.; Sachdev, K. J. Am. Chem. Soc. 1975, 97, 5512.

(12) Berson, J. A.; Pedersen, L. D.; Carpenter, B. K. J. Am. Chem. Soc.
1976, 98, 122. Baldwin, J. E.; Carter, C. G. Ibid. 1979, 101, 1325 and
references cited therein.
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