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An effective “one-pot” synthesis of disubstituted thiophene derivatives employing 3-bromo-2-silyl thiophenes has been developed. A solvent-
controlled [1,4] C sP2—0 silyl migration was involved as the key step in this process.

Substituted thiophenes are of interest in drug discovery and  Anionic C—O silyl migratiort is a mild way to generate

material sciencé Although a number of methods have been
developed for their synthesésurrent methods to prepare

multisubstituted thiophenes still rely on multistep manipula-
tions to install substituents one by one, which is inefficient
and time-consuming. A “one-step” strategy to install multiple
substituents on a thiophene ring is still a challenging goal.
We envisioned that the silyl group on a thiophene ring could

synthetically useful carbanions, and significant progress has
been made in the utility of this migration in tandem
reactions These tandem reactions usually involve the silyl
migration from an spcarbon to oxyge#.In contrast, there
has been very limited synthetic application of silyl migration
from an sp carbon to oxygen. Takeda reported the copper-
(I)—alkoxide promoted €-O silyl migration of vinylsilanes

serve as a carbanion precursor if triggered by the anionic and subsequent reaction of the resulting vinylcopper spécies.

C—O silyl migration to precipitate tandem - bond
formations. Hence, multisubstituted thiophenes could be
prepared from silylthiophenes in a “one-pot” fashion.
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Moser investigated the addition of organolithium species to
ano-trimethylsilylbenzaldehyde—Cr(C@omplex and the
reactions of aryl anions generated by silyl migrafidterein,

we report that silylthiophenes can be used to carry out silyl-
migration mediated tandem reactions to introduce multiple
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substitutents on a thiophene ring in “one-pot”. To the best have caused a limitation in this coupling step. To our delight,
of our knowledge, this is the first synthetic application of after several attempts we were able to find a suitable
the solvent-controlled €>—0O silyl migration. condition for this step: when the 3-thienyllithium df
The silylthiophenes employed in our study were 3-bromo- generated via lithiumbromine exchange was treated with
2-silyl-thiophenesl. Our design is described in Scheme 1. 1.0 equiv of aldehydes in B at —78°C, desired products
3a—3f were obtained in very high yields (Scheme 3 and
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Table 1). No ring-opening product was observed. Silyl
subsitutents and aldehyde varients had little effect on the
yields of the coupling reaction. This set up a good base for
the designed tandem reaction.

the carbanion2 generated froml via metal—bromine
exchange will react with an aldehyde to provide alkoxX3de
which in turn will undergo a [1,4] €>—0O silyl migration to
result in a new carbaniod. Finally, 4 will be trapped by
electrophiles to furnish disubsituted thiopheheAs such,

Table 1. Alkylation of 3-Bromo-2-silylthiophene with

3-bromo-2-silyl-thiophene4& could serve as 2,3-thienyldi-  Aldehydes
anion equivalents for the assembly of two different sub- Product Product  Yield
situtents on the thiophene ring in one step. Ph i-Pr
3-Bromo-2-silyl-thiophene substrates were prepared from (fOH OH 92%
3-bromothiophené via 2-lithiation and subsegent quenching /s\ ™S /s\ ™S
with chlorosilanes (Scheme 2). In order to study the effect 3a o 3b g
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With a series of 3-hydroxyalkyl-2-silylthiophene3)(in

of silyl subsitutents on each step of the tandem reaction, threehand, we next examined thes®€-O silyl migration and
silyl variants, 1a, 1b, and 1c, were prepared in almost subsequent coupling reactions. In fact, Keay et al. did some
quantitive yield. pioneering work in this ared. They studied the silyl

The first step of the tandem reaction is the coupling migration of several silylthiophene substrates and found the
reaction betweenl and aldehydes. Organolithiums and use of lithium bases resulted in the recovery of starting
organomagnesiums have been used to promote the reactiongaterial. Silyl migration occurred only when sodium or
of some 3-bromothiophenes with aldehydes to form 3-hy- potassium bases were used. However, they were not able to
droxyalkylthiophene8 We are particularly interested in using trap the carbanion formed by the migration with any
organolithiums in our design since lithium counterions can €lectrophiles except protons. They concluded that any
be transmetalated to other metals such as Mg, Zn, Cu, etcreactive species at the arene ring formed by silyl migration
Such process could either facilitate the silyl migration or will be rapidly protonated during the reaction, which
expand the reaction scope of carbanions generated from thedrecluded further C—C bond formation.

silyl migration. However, the silyl group at the 2-position
has been reported to markedly increase the tendency towardire shown in Scheme 4 and Table 2. CompaBewas used
ring-opening of the 2-silyl 3-thienyllithium¥, which may

The results of €>—0 silyl migration using our substrates

to investigate the migration conditions. Similar to the Keay’s
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With these results in hand, we then examined the silyl

Scheme 4 migration—alkylation of3 with a series of electrophiles
R R (Scheme 5 and Table 3). As such, a solutiorBah THF/
OH OSi
/A Cond. Y
s~ S S Scheme 5
3 4

R
OH _ 0Si
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results, the [1,4] silyl migration proceeded nicely when s S 2)E* E
3

S
NaHMDS and KHMDS were used as the base, whereas the THF/DMPU
migration completely stopped when a lithium base such as
t-BuLi was used in a series of solvents: THF,&t and

DMPU was treated with-BuLi at —30 °C, followed by the

addition of electrophiles and warming to rt. In constrast to
Keay's results} the carbanion intermediates formed under
our conditions were able to react with alkyl halides,

Table 2. Silyl Migration of 3-Hydroxyalkyl-2-silylthiophenes

Entry SM Base Sol./Add. % Yield of 4

1 NaHMDS THF 98

2 KHMDS THF 95 Table 3. Silyl Migration/Alkylations of

3 t-Buli THF 0 3-Hydroxyalkyl-2-silylthiophenes

4 FBuL ELO 0 sM_E Product (yield) | SM  E Product (yield)
5 3e +-BuLi DME 0

6 #BuLi THF/TMEDA 0 -Pr OTMS TES
7 +-BuLi THF/HMPA ~20 b Mol [ﬁ 3d -PrCHO 4{(, Pr
8 t-BuLi THF/12-crown-4 <10 S Me

9 t-BuLi THF/DMPU 98 5a (67%) 59 (55%

10 3b t-BulLi THF/DMPU 98 pr

11 3c t-BuLi THF/DMPU 95 OTMS OTES
12 3d t-BuLi THF/DMPU 98 3b PhcHo ¢/ W ph | 3d proHo / \

13 3f t-BuLi THF/DMPU 98 S

OH
5b (90%) 5h (62%

0TMs oTBS
Ph 3e / \

Crossover experiment
i-Pr.

OH OTBS OTES
({ tBuLi 4{ ({ 3b (Ph),CO
.
TES THF/DMPU

i-Pr

~
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—

95% OH 51 (55%
5¢ (77%)
-Pr TBS
OTES
DME. Since we were particularly interested in using lithium 3¢ Mel 4{ 3e EtCHO &/\
base in the first step of the tandem reaction, we tested a series s~ Me
of solvent additives to explore the solvent-controlled condi- - 5d(56%) . 6%
tions for the migration. The addition of TMEDA, HMPA, -Pr OTES oTBS
or crown ether to the reaction mixture did not help the 3f  PhCHO
migration as only the starting material was recovered (entry 3c AllylBr [sﬁA [ﬁ

6) or a small amount of migration product was obtained
(entries 7, 8). Surprisingly, when DMPU was added to the
mixture, the silyl migration occurred smoothly at low PhCHO

temperature{30—0°C) and the desired migration product Ph 3f  (Ph),CO OTBS
was obtained in almost quantative yield (entry 9). This O / \
condition was then applied to other substrates inclu@ing 5f (84%)

3c, 3d, and3f. All gave excellent results (entries 1Q3).

To establish the mode of silyl migration under this condition,
we carried out a crossover experiment, wherein an equimolar.
mixture of 3eand3cwas treated witlt-BuLi in THF/DMPU
solvent (Scheme 4). No crossover products were observedaldehydes, and ketones to introduce substituents at the
Thus, the silyl migration occurred intramolecularly. 2-position of the thiophene. As shown in Table 3, both

5e (36%)

Q,
OTES 5k (65 %)

w
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Table 4. “One-Pot” Synthesis of 2,3-Disubstituted Thiophenes

Ph

ketone carbonyl groups in these cases. It is worth noting that
the silyl subsitutents on the thiophene have little effect on
the reaction, since TMS, TES, and TBS substrates all gave

SM RCHO E Product (yield) similar yields.
e OTMS Encouraged by these results, we turned to the development
. of a one-flask three-component coupling protocol, employing
1a FPICHO PhCHO Qﬁph 3-bromo-2-silyl-thiophened, aldehydes, and a series of
OH 5b (74%) electrophiles (Scheme 6 and Table 4). Optimal conditions
i-Pr,
OTMS
1a i-PrCHO FPrCHO /N ipr Scheme 6
S R
OH 5m (60%) Br O-Li R _
i-Pr ores @ 1) £BuLi [{ 3 E </__\fos:
1b i-PrCHO Mel [{ S1 s 7 }E%go ST JTHERMPU RS 5°
§~ "CHs
5d (85%)
i-Pr
) OTES entail Li—Br exchange ofl in Et,0 at —78°C for 30 min,
1 FPICHO PhCHO 73R\ Ph followed by the addition of a solution of an aldehyde inCEt
S Completion of the first alkylation was achieved in ca. 60
OH 5t (75%) min at —78 to —20 °C (TLC). Addition of the second
Et OTES electrophile, premixed with THF/DMPU, completed the
1b EtCHO i-PrCHO reaction sequence. In general, the yields of desired three-
/A i-Pr component coupling products are good (Table 4). Alkyl
S OH halides, aldehydes, and nonenolizable ketones served as
o9 (57%) suitable electrophiles in this reaction sequence.
OTBS In summary, an effective one-pot synthesis of disubstituted
1c PhCHO EtCHO Y £ thiophene derivatives employing 3-bromo-2-silyl thiophenes
s as 2,3-thienyldianion equivalents has been developed. A [1,4]
OH 5§ (50%) CsP>—0 silyl migration was involved as the key step in this
i-Pr process. To the best of our knowledge, this is the first
OTBS example of solvent-controlledse2—0 silyl migration. Given
1c i-PrCHO (Ph).CO [ﬁ’/h the potential to extend this tactic to other mono- or
S

OH 51 (80%)

multisubstituted silyl thiophenes and other arylheterocycles,
this “one-pot” strategy will greatly enhance our capability
to synthesize polyfunctionalized heterocycles. Studies di-
rected at these applications continue in our laboratory.

alkyl aldehydes and aryl aldehydes were good electrophiles )
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