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Abstract: A variety of 3-(silyloxycarbonyl)furans and -thiophenes
undergo 1,4 O-C silyl migration to provide the corresponding 2-
silvlated 3-carboxy heterocycles in moderate to good yield when
treated with a mixture of lithium diisopropylamide and hexa-
methylphosphoric triamide in tetrahydrofuran at -78° C.

We recently required 2-(¢-butyldimethyl)silyl-3-furoic acid 3 as
astarting material for the synthesis of some furan containing natural
products. Knight! has reported that 2-substituted 3-furoic acids 2 can
be simply prepared by treating 3-furoic acid 1 with two equivalents of
LDA (THF, -78°C) followed by a quench with a suitable electrophile
(Scheme 1). In our hands, employing t-butyldimethylsilyl chloride as
the electrophile, the desired acid 3 was only formed in 5% yield.
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Lsilylated 3-(hydroxymethyl)furans § from 3-(silyloxymethyl)furans 4
involving a 1,4 O—C silyl migration (Scheme 2).2 Swern oxidation of
5 provided the corresponding aldehyde 6 (85%).3 Unfortunately the
oxidation of aldehyde 6, employing mild oxidation reagents such as
sodium  hypochlorite4 AgO/NaCN.J’ Ag,0/NaOH® or nickel
peroxide,7 provided furoic acid 3 in poor yields (0-15%).

OSi(t-Bu)Me, _/_OH
d n-BuLi, HMPA, THF
-78% —r.t. (87%) » ( »\ )
fo) Si(t-Bu)Me,
4 5

0
Swern [O] (85%)
CO,H \/ CHO
0 Si(t-Bu)Me, fo) Si(t-Bu)Me,
3 6
SCHEME 2

Since the above procedures did not produce compound 3 in
explored the  possibility that
2silylated 3-carboxylic acid heterocycles 8 could be produced via a

sufficient  quantities  we
14 O—C silyl migration of 3-(silyloxycarbonyl)heterocycles 7
(Scheme 3).2 The synthetic approach was based on the fact that furan
4 provided compound § via a 1,4 O—C silyl migration in good yield
(87%, Scheme 2). The results from this study are reported herein.

CO,SiRRRy o CO,H
/ \ —_— [\
X .
XOorS X SiR;R,R;
! 8
SCHEME 3

A variety of silyl esters of both 3-furoic acid and
3-thiophenecarboxylic acid were prepared (Table 1) in moderate to
good yield by heating (60°C) a mixture of the acid, silyl chloride (1.2
eq.) and imidazole (2.5 eq.) in dimethylformamide (2 mL/g of acid) for
48 hours.>!1® A standard DMF workup followed by a flash silica gel
column and distillation afforded the silyl esters 9-16 (Table 1),!112

TABLE 1. 1,4 O—C Sllyl Migrations of Sllyl Esters

CO,SiR,R,R, COH
0§ —mme o
X X 1R2Ry
Entry  Silyl Ester (% Yield) Product (% Yield)
1 9(84)  X=0;R,=Rpy=methyl; Ry=t-butyl 3 (72)2
2 10 (63) X=0; Ry=R,=Rg=i-propyl 17 (56)2
3 11(61) X=0; Ry=R,=Rz=n-butyl 18 (51)2
4 12(57) X=0;R,=R,=R,=ethyl 19 (57)
5 13(76)  X=0; Ry=R,=phenyl; Ry=t-butyl 20 (43)
6 14 (74)  X=S; R,=R,=R4=i-propyl 21 (57)°
7 15(60)  X=S; R,=R,=methyl; Ry=t-butyl 22 (47)°
8 16 (89)  X=S; Ry=R,=phenyl; Ry=t-butyl 23 (64)°

a) 3-Furoic acid was also isolated.
b) 3-Thiophene carboxylic acid was also isolated.

Addition of the (s-butyldimethyl)silyl ester 9'* to a mixture of
LDA (1.2 eq.) and HMPA (1.2 eq.) in THF at -78°C resulted in an
immediate deep green colouration. Acidic workup (1 N HCl) after 15
minutes at -78°C afforded 2-(t-butyldimethyl)silyl-3-furoic acid 3 in
72% yield}* The loss of an o-furan proton coupled with the
appearance of a carboxylic acid proton and the presence of the
t-butyldimethylsilyl group in the 'H NMR spectrum indicated a
disubstituted furoic acid had been prepared. A coupling constant of
1.76 Hz between the two furan protons indicated they were vicinal.
Further proof that a 2,3-disubstituted compound had been produced
was obtained when the spectra of the compound from the reaction with
LDA/HMPA were compared with the spectra from the compound
obtained via Knight’s procedure (Scheme 1); both sets of spectra were
identical. To our knowledge, this is the first example of a 1,4 O—C
silyl migration involving silyl esters.
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The silyl migration is a general reaction and is not limited to
either the t-butyldimethylsilyl group or furans. Table 1 summarizes
our results to date. A variety of silyl ester furans 10-13 (entries 1-5)
afforded the migrated products 17-20 respectively in moderate yields
(43-72%) when treated under the optimized conditions developed for
compound 9.5 Concomitant formation of 3-furoic acid reduced the
yields. This was not unexpected since earlier nucleophilic studies with
silyl esters had shown that nitrogen nucleophiles can attack the silicon

atom of sily! esters.!6

The migration reaction with thiophene silyl esters 14-16
provided the expected rearranged acids 21-23 respectively in moderate
yields (entries 6-8).

Crossover experiments indicated that the silyl migration occurs
by an intramolecular process. Thus an equimolar mixture of
compounds 10 and 15 when subjected to the migration conditions
provided acids 17 and 22; no crossover products were detected (by 'H
NMR) or isolated. Similar intramolecular mechanisms have been

proposed recently for other 1,4 O—C silyl migrations.>"’

We have therefore shown that 3-substituted silyl esters of
furans and thiophenes undergo a 1,4 O—C silyl migration in moderate
to good yields when treated at -78°C with a mixture of LDA/HMPA.
Synthetic applications of this methodology are currently being
explored.

Acknowledgement: We thank the Natural Sciences and Engineering
Research Council of Canada (NSERC) and the University of Calgary
for financial support and NSERC for a Summer Scholarship (to G.B.).

References and Notes

(1) Knight, D.W.; Nott, A.P. J. Chem. Soc., Perkin Trans. I 1981,
1125.
Knight, D.W. Tetrahedron Lett. 1979, 20, 469.

(2) Bures, E.J.; Keay, B.A. Tetrahedron Lett. 1987, 28, 5965.
For other examples involving 1,4 O—C silyl migrations, see:
Kim, K.D., Magriotis, P.A. Tetrahedron Lett. 1990, 31, 6137
and references therein.

3) Mancuso, A.J.; Huang, S.L.; Swern, D. J. Org. Chem. 1978, 43,
2480.

@) Ho, T.-L.; Hall, T.W. Synthetic Comm. 1975, 5, 309.

5) Corey, E.J.; Gilman, NW.; Ganem, B.E. J. Am. Chem. Soc.
1968, 90, 5616.

(6) Campaigne, E.; LeSuer, W.M. Organic Syntheses, 1963, 4, 919.

)

®)

€))

(10)

(11

(14)

(15)

(16)

a7

SYNLETT

Nakagawa, K.; Konaka, R; Nakata, T. J. Org. Chem. 1962, 27,
1597.

Previous work with silyl esters has involved the following
reactions: a) Reductions: Corriu, R.J.P.; Lanneau, G.F.; Perrot,
M. Tetrahedron Lett. 1987, 28, 3841,

Larson, G.L.; Ortiz, M.; Rodriguez de Roca, M. Synthetic
Comm. 1981, 11, 583.

(b) Protection of carboxylic acids: Borgulya, J.; Bernauer, K.
Synthesis 1980, 545.

Hart, T.W.; Metcalfe, D.A.; Scheinmann, F. J.C.S. Chem.
Comm. 1979, 156.

Corey, E.J.; Kim, C.U. J. Org. Chem. 1973, 38, 1233.

Corey, EJ.; Venkateswarlu, A. J. Am. Chem. Soc. 1972, 94,
6190.

For an alternative preparation of silyl esters via a thermal
rearrangement of (acyloxymethyl)diorganylsilanes, see: Tacke,
R.; Lange, H. Chem. Ber. 1983, 116, 3685.

The following silyl esters could not be isolated via this
procedure: (a) dimethylisopropyl; (b) dimethylphenyl; (c)
triethyl; (d) tribenzyl; and (e) methyldiphenyl.

All new compounds provided analytical and/or spectroscopic
data consistant with their structures.

Compound 9: oil; bp 40-45°C (0.09 mm Hg); IR (neat) 1713,
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