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Abstract

Effective, one-pot syntheses of 2,3-disubstituted furans and thiophenes, exploiting 2-t-
butyldimethylsilyl-3-formyl furan and thiophene as the respective bifunctional linchpins, have been
developed. The synthetic protocol involves multicomponent Type II Anion Relay Chemistry (ARC)
mediated by a solvent-controlled C(sp2)→ O 1,4-Brook Rearrangement. Simple organolithiums and
α-disubstituted ester enolates prove effective as the initiating nucleophiles.

Functionalized furans and thiophenes comprise important synthetic targets given their
application in natural product total synthesis, drug discovery, and materials science.1,2 Thus
methods to assemble quickly such diverse substituted heterocycles are of considerable
importance. Although a few one-step strategies have been recently reported,3 most methods
to access poly-substituted furans and thiophenes rely upon multiple-step manipulations to
install each substituent sequentially.4 Given the potential utility of multicomponent Anion
Relay Chemistry (ARC),5 we anticipated that this tactic would constitute an effective protocol
to access such heterocycles. Precedent for this approach derives from our recent one-pot ARC
constructions of both 2,3-disubstituted thiophenes exploiting 3-bromo-2-silyl-thiophene (1b)
6 and ortho disubstituted benzene derivatives employing ortho-trialkylsilyl benzaldehyde
(Scheme 1). 7

We reasoned that the same 2-trialkylsilyl-3-alkoxy modular anion derived from 1, generated
via lithiation and reaction with an aldehyde or ketone (Scheme 1, Path A), could also arise
upon addition of various nucleophiles to 2-trialkylsilyl-3-formyl- furans (2a) and thiophenes
(2b) (Path B). From the perspective of synthetic planning, it is important to recognize that these
linchpins (1 and 2) are fundamentally different; linchpin 1 comprises a dianion synthon, while
2 entails a synthon possessing an electrophilic and nucleophilic site. Recognition of this
difference, also apparent in linchpins 35a and 4,5d foreshadows significant additional chemical
versatility of the multicomponent Type II ARC tactic (Figure 1). With these considerations in
mind, we report here the use of organolithiums and lithium enolates derived from α-
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disubstituted esters as nucleophiles to generate, in a single flask, a series of 2,3-disubstituted
furans and thiophenes via the multicomponent Type II ARC tactic.

The requisite linchpins 2-TBS-3-formyl-furan (2a) and thiophene (2b) are readily prepared in
excellent yield (Scheme 2): linchpin 2a via PCC oxidation8 of 2-TBS-3-(hydroxymethyl)-furan
59 and linchpin 2b via formylation of 2-TBS-3-bromothiophene (1b),6 involving t-butyllithium
metalation followed by reaction with DMF.

Based on our earlier studies,6,7 we reasoned that the reaction of 2a or 2b with alkyllithium
would form alkoxide intermediate 6 (Scheme 3), which upon addition of either DMPU or
HMPA would trigger a C(sp2)→O 1,4-silyl migration to furnish carbanion 7, which in turn
could be captured by various electrophiles to provide disubstituted furans and thiophenes (cf.,
8). Earlier studies by Keay and coworkers9 demonstrated the viability of C(sp2)→O 1,4-silyl
migration with a series of silyl furan and thiophene substrates when sodium or potassium bases
were used. However, no attempts to extend these reactions to a solvent-controlled multi-
component union have been reported.

We began with linchpin 2a employing the solvent conditions of DMPU and THF (1:4) which
were previously effective at triggering 1,4-silyl migration when applied to 3-bromo-2-silyl-
thiophene (1b; Scheme 1, Path A).6 Surprisingly, silyl migration proved problematic,
furnishing only trace amounts of the desired product. However, when the electrophile was
added in a mixture of HMPA and Et2O (1:2) to the alkoxy anion initially derived at −78 °C,
the desired 1,4-Brook process ensued to furnish 2,3-disubstituted furans in moderate to good
yield. A series organolithium reagents (i.e., n-BuLi, PhLi, and 3-thienyllithium) served to
initiate the multicomponent ARC reaction (Table 1). Aldehydes and ketones proved effective
electrophiles for the Type II ARC process, providing the 2,3-disubstituted furans (9a–9g) in
yields ranging from 62 to 83%. When isobutyraldehyde was employed as the electrophile, the
Brook rearrangement took place to afford 9h without capture of the aldehyde (Entry 8).
Presumably, the basicity of the C(2) furan anion in the presence of HMPA, the latter known
to increase the basicity of organolithium agents,10 leads to aldehyde deprotonation faster than
reaction with the carbonyl group. Also, of interest, use of reactive alkyl halides such as methyl
iodide furnished only oxygen alkylation 9i (Entry 9).

Brook and retro-Brook rearrangements are known to be reversible processes proceeding via a
pentacoordinate silicon intermediate (Scheme 4).11 Given such an equilibrium exists between
alkoxide 10 and the Brook rearranged organolithium 11, product formation would be based on
the relative rate of the 1,4-Brook/retro-Brook rearrangement in conjunction with the stability
of two anions (oxy anion vs carbanion). When MeI was employed as an electrophile, the result
of irreversible O-methylation 13 is faster than Brook rearrangement in this system. On the other
hand, when either an aldehyde or ketone is used, 14 was obtained. In essence, 12 serves as
reservoir of the carbonyl electrophile.

Encouraged by the viability of the Type II ARC process employing 2-TBS-3-formyl-furan
2a, we turned to the use of 2-TBS-3-formyl thiophene 2b as the bifunctional linchpin (Table
2). In this case, when DMPU and THF (1:4)6 was employed as the solvent system, 2b provided
the 2,3-disubstituted thiophenes in moderate to good yield. Aldehydes, non-enolizable ketones,
and in this case methyl iodide proved competent as electrophiles for the 1,4-Brook rearranged
anion, with isolated yields of 15a–15h ranging from 45 to 87%. Unlike the reaction with 2a,
enolizable aldehydes (cf., isobutyraldehyde) furnished 15a and 15g in moderated yield (Entries
1 and 7), presumably due to the decreased basicity of the thiophene anion. Interestingly, use
of HMPA was not an effective agent to trigger the 1,4-Brook process with 2b.6
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We next turned to the possibility of using ester enolates as the initiating nucleophile in the
ARC process (Scheme 5). We reasoned that intramolecular capture after silyl migration might
occur to form 5-membered cyclic products (cf., 18).

As illustrated in Table 3, enolates derived from a series of methyl esters, generated upon
treatment with LDA were reacted with linchpins 2a and 2b. After initial generation of the
intermediate 16, addition of either HMPA or DMPU triggered the C(sp2)→O 1,4-Brook
rearrangement. In the case of the thiophene linchpin (2b), cyclization occurred. Good to
excellent yields of 18a–18c (Entries 1–3) were obtained employing esters possessing α-
disubstitution. However, only trace amounts of cyclized products were observed when enolates
derived from α-unsubstituted esters were employed as the initiating nucleophiles (Entry 4).
Again, acidic protons present on the initially derived adducts are presumably sufficiently acidic
to be protonated by the intermediate carbanion. In the case of the enolate derived from isopropyl
acetate, β-elimination product 18d was isolated in moderate yield. Also of interest, when 2-
TBS-3-formyl-furan 2a was used as the linchpin, 1,4-Brook rearranged products (19a–19c)
not having gone intramolecular cyclization were obtained as the major product (Entries 1–3).
The latter results presumably derived either from the reactivity (i.e., geometry) and/or basicity
differences of the C(2) anion of the furan and thiophene.12

In summary, a multicomponent one-pot synthesis of 2,3-disubstituted furans and thiophenes
exploiting Type II Anion Relay Chemistry (ARC) has been developed employing 2-TBS-3-
formyl-furan and thiophene as the bifunctional linchpins. Central to this process is a solvent
mediated C(sp2)→O 1,4-Brook rearrangement. As such, this study foreshadows the use of
other nucleophiles (cf., organozincates, organocuprates, etc.) as well as the use of cross-
coupling reactions as recently demonstrated with ortho-TMS benzaldehyde,7 to access a wide
variety of diverse polyfunctionalized heterocycles. Progress towards this end will be reported
in due course.
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Figure 1.
Linchpin Synthon
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Scheme 1.
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Scheme 2.
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Scheme 3.
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Scheme 4.
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Scheme 5.
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Table 3

Synthesis of 3- and 2,3-disubstituted furans and thiophenes from 2a and 2b employing ester enolates.

Entry Enolate Product(yield)

1
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Entry Enolate Product(yield)

2

3
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Entry Enolate Product(yield)

4

a)
Condition A: Step 1: 2b (1.0 eq.), ester enolate (1.1 eq.), THF, −78 °C, 25 min;

Step 2: DMPU, −78 °C to RT, 19 h

b)
Condition B: Step 1: 2a (1.0 eq.), ester enolate (1.2 eq.), Et2O, −78 °C, 30 min;

Step 2: HMPA, −78 °C to RT, 19 h.

c)
Condition C: Same as the condition A except for the amount of DMPU.

d)
Condition D: Step 1: silyl enol ether (1.36 eq.), MeLi (1.28 eq.), Et2O, RT, 1 h;

Step 2: 2a (1.0 eq.), Et2O, −78 °C, 30 min;
Step 3: HMPA, −78 °C to RT, 19 h.
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