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ABSTRACT: The amine-catalyzed cascade (3 + 2) annula-
tion and aromatization sequence between f#’-acetoxy allenoates
and 1,2-bisnucleophiles has been developed. When 1,4-
dithane-2,5-diol is used as the bisnucleophile partner, the
corresponding reaction affords fully substituted thiophene-2-
carbaldehyde, which might proceed via the amine-catalyzed (3
+ 2) annulation and subsequent oxidative aromatization. The
reaction protocol is also applicable to a 2-tosylamino-carbonyl
bisnucleophile, wherein the (3 + 2) annulation is followed by
1,2-elimination of a tosyl group and isomerization to give a
1H-pyrrole product.

he thiophene structure is a privileged five-membered

hetreocycle, which presents as a subunit in numerous
natural products and pharmaceuticals.1 In addition, due to
their unique structural rigidity and electronic properties,
thiophene derivatives are also highly attractive in the field of
organic materials.” Thiophene derivatives also serve as
versatile intermediates in organic synthesis.” Therefore, it is
unsurprising that a wide range of processes have been
developed for the synthesis of thiophene structures with
diverse substitution patterns." Among these established
methods, the strategy using commercially available 1,4-
dithane-2,5-diol 1 as a three-atom component has received
extensive attention (Scheme la). In this manner, compound 1
serves as mercaptoacetaldehyde synthon, which contains both
a sulfydryl nucleophile and an aldehyde electrophile. This
unique feature eventually facilitates the sulfa-Michael—aldol
cascade reaction with an electron-poor alkene, leading to the
tetrahydrothiophen-3-ol intermediacy.” Upon treatment with
an oxidant, 1,2-disubstituted thiophene is finally obtained
(Scheme 1a). The more convenient way to 1,2-disubstituted
thiophene is to alternatively use an electron-poor alkyne as
the other reactant, in which the similar sulfa-Michael—aldol
sequence is followed by the facile dehydration step (Scheme
la).° Despite these achievements, the employment of 1,4-
dithane-2,5-diol 1 as a two-atom component in the thiophene
synthesis, to the best of our knowledge, is rare.” Herein, we
report a tertiary amine-catalyzed (3 + 2) annulation between
1,4-dithane-2,5-diol 1 and f’-acetoxy allenoate 2, which
unexpectedly results in the formation of thiophene 3. In
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Scheme 1. Applications of 1,4-Dithiane-2,5-diol 1 in
Thiophene Synthesis (E = Electron-Withdrawing Group)
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this way, compound 1 serves as a two-atom component while
allenoate 2 is a three-atom component (Scheme 1b).
Recently, our group has realized several Lewis base
catalyzed annulations of readily available f’-acetoxy allenoates
2, which features the involvement of either 1,3-diene-2-
phosphonium or 1,3-diene-2-aminium intermediate via 1,4-
addition of a catalyst and subsequent 1,2-elimination of an
acetate group (Scheme 1b).*” These inherently bis-electro-
philic intermediates have been proven to exhibit excellent
reactivity with various bis-nucleophiles to furnish annulation
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reactions. As an extension of our study on the Lewis base
catalyzed annulations of allenoates 2, we were particularly
interested in 1,4-dithane-2,5-diol 1 due to its two apparent
nucleophilic sites, sulfthydryl group, and a-carbon of aldehyde.
Herein, we report the amine-catalyzed reactions of allenoates
2 and compound 1, which provide a facile and straightforward
access to fully substituted thiophene-2-carbaldehyde (Scheme
1b).

To validate the feasibility of the reaction between allenoate
2a and compound 1, we commenced our study with the
screening of the Lewis base catalyst (for details, see the
Supporting Information). To our disappointment, no reaction
was observed when PPhy (10 mol %) was used as the catalyst
with the assistance of Na,CO; (1.2 equiv) in toluene (Scheme
2). However, tertiary amine DABCO (10 mol %) was found

Scheme 2. Preliminary Results and Plausible Mechanism
for the Formation of 3a
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to trigger the reaction of 2a and 1, delivering product 3a in
46% vyield (Scheme 2). The structure of 3a was determined
on the basis of X-ray analysis (Figure 1)."°

On the basis of our previous findings and the structure of
3a, a plausible mechanism for the DABCO-catalyzed (3 + 2)
annulation between 1 and 2a was depicted in Scheme 2. The
reaction is triggered by the 1,4-addition of DABCO to
allenoate 2a followed by 1,2-elimination of acetate, resulting

s
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Figure 1. X-ray structure of 3a (thermal ellipsoids are shown at the
50% probability level, T = 100 K).
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in the formation of 1,3-diene-2-aminium intermediate A. On
the other hand, 1,4-dithane-2,5-diol 1 releases mercapto-
acetaldehyde under basic conditions. Then, an Sy2'-type
reaction between mercaptoacetaldehyde and intermediate A
occurs to produce intermediate B and regenerate the DABCO
catalyst."" According to the Baldwin rules,'” intermediate B is
able to undergo the intramolecular Michael addition in a S-
endo-dig manner, which is followed by resonance to give
intermediate C.'> When the reaction of 1 and 2a was
conducted in the presence of D,0 (5 equiv), 3a—d were
isolated with the incorporation of deuterium (27%) into the
3-methyl group (eq 1). This result was in line with the

5 equiv D,0 D,;C COMe
9,
1 4 2a 10mol%DABCO. B M
1.2 equiv Na,CO; OHC g~ ~Ph
toluene, rt, 12 h
3a-d: 27% D

formation of carboanion intermediate C. After abstraction of a
proton, C is converted into 2,5-dihydrothiophene D, which
underwent oxidative aromatization to give thiophene 3a via
the process shown in Scheme 2.

Further evaluation of reaction parameters rapidly disclosed
that the use of EtOAc as the solvent was optimal, improving
the yield of product 3a to 83% (see the Supporting
Information). Under the optimal reaction conditions, the
reaction scope of allenoate 2 was investigated and the results
are shown in Scheme 3. Allenoates 2a—2k with a substituted
phenyl group at the f’-position are proven to be suitable
substrates for (3 + 2) annulations with compound 1,
delivering the corresponding products 3a—3k in moderate
to good yields. The reaction efficiency is strongly affected by
both the electronic and steric nature of the phenyl group. For

Scheme 3. Scope of (3 + 2) Annulations of 1 and 2
10 mol % DABCO

E
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3¢ (R'=R? = H, R® = Me): 80% yield
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OHC g 3f (R =R2=H, R® = CI): 55% yield
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R? 3h (R' =R3=H, R? =Br): 67% yield

3i (R" = R% = H, R? =NO,): 69% yield
3j (R"=R%=ClI, R® = H): 59% yield
3k (R' = R® = Me, R? = H): 50% yield

3m (X = 0): 78% yield
3n (X = S): 90% yield

30 (R="Pr): 47% yield
3p (R =Pr): 41% yield

3q (R = Ph): 79% vyield
3r (R = H): 51% vyield
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instance, allenoates 2b—2d with an electron-rich phenyl group
give the corresponding products in ~85% yields while 2e—2i
with an electron-poor phenyl group afford relatively lower
yields. Likely due to the steric hindrance, the reactions of
allenoates 2j and 2k bearing a 2,4-disubstituted phenyl ring
offer the corresponding products only in moderate yields.
Moreover, heteroatom aromatic rings, such as furan and
thiophene, are well tolerated, affording products 3m and 3n in
78% and 90% yields, respectively. Although allenoates 20 and
2p with an alkyl group at he f'-position also smoothly react
with 1, their yields are somewhat lower. Benzyl allenoate 2q
exhibits similar reactivity to that of 2a, giving product 3q in
79% vyield. Additionally, the reaction of allenoate 2r with 1
produces tertiary-substituted thiophene 3r in 51% yield.
Then, we attempted to explore the use of 2-mercapto-1-
phenylethanone 4 as the 1S,2C-bisnucleophile partner.
However, the reaction of compound 4 with 2r was found
to be very complicated and no desired thiophene product was
observed (eq 2). This result clearly indicated the advanta-

CO,Bn CO.Bn
Bz

AcO S

not detected

Ph

-
SH

geous reactivity of compound 1, which might slowly release
mercaptoacetaldehyde. Likely due to the strong nucleophilicity
of the sulfydryl group, a low concentration of mercapto-
acetaldehyde was supposed to be beneficial for the reaction
with allenoate 2 under the standard conditions.

In contrast to 2-mercapto-phenylethanone 4, 2-tosylamino-
phenylethanone Sa was found to be the suitable 1,2-
bisnucleophile partner for the (3 + 2) annulation (Scheme
4). Indeed, the reaction of Sa with 2r smoothly occurred to

10 mol % DABCO
1.2 equiv Na,CO4

EtOAc, 1t, 12 h

2r

Scheme 4. Reaction of Sa and 2r
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give 1H-pyrrole product 6a albeit only in 37% yield. The yield
of 6a could be improved to 63% when dioxane was instead
used as the solvent at an elevated temperature (S0 °C).
Following a similar reaction pathway as that depicted in
Scheme 2, intermediate E would be produced. With the
assistance of Na,CO; E is capable of undergoing 1,2-
elimination of the Ts™ group to form intermediate G,'* which
is followed by the isomerization process to give pyrrole
derivative 6a (Scheme 4).

As shown in Table 1, a wide range of 2-tosylamino-ketones
S could serve as 1N,2C-bisnucleophile partners for the
reaction with allenoate 2r. However, the reaction efficiency
was somewhat lower, affording pyrrole products 6 only in
moderate yields, which might arise from the relatively lower

2242

Table 1. Scope of (3 + 2) Annulation of 2r and 5

R CO,B
o CO,Bn 250
2: + R 7\
N
H

10 mol % DABCO
1.2 equiv Na,CO3

dioxane, 50 °C, 12 h

NHTs AcO o

5 2r 6

entry 5 (®R) 6/yield (%)°
1 Sa (R = C¢Hy) 6a/63
2 b (R = 4-F-CiH,) 6b/53
3 5c (R = 4-Cl-C¢H,) 6¢/47
4 5d (R = 4-Br-CgH,) 6d/51
5 Se (R = 4-CE;-C4H,) 6e/44
6 S (R = 3-NO,-C;H,) 6f/52
7 5g (R = 4-Me-CH,) 6g/68
8 Sh (R = 4MeO-C¢H,) 6h/75
9 Si (R = 2,4-(Me),-C¢H,) 6i/67
10 Sj (R = 2-furan) 6j/71
11 Sk (R = 2-thiophene) 6k/69
12 51 (R = Me) 61/37
13 Sm (R = cyclopropane) 6m/43

“Reaction conditions: § (0.2 mmol), 2r (0.2 mmol), DABCO (0.02
mmol), Na,CO; (0.24 mmol), dioxane (2 mL), 50 °C. “Isolated yield.

nucleophilicity of compounds $. In line with these results, no
reaction of Sa and 2a was observed.

To showcase the scalability of this process, a gram-scale
reaction of allenoate 2a and 1 was conducted. Gratifyingly, 3a
could be still obtained in 80% vyield under the identical
conditions (Scheme 4). Upon the treatment of NaBH,, 3a
was reduced to give thiophen-2-ylmethanol 7 in 92% yield,
which could be further converted into 2-(azidomethyl)-
thiophene 8 (Scheme $).

Scheme S. Scale Up and Synthetic Transformations
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In summary, we have developed the DABCO-initiated (3 +
2) annulation and aromatization cascade sequence between
f'-acetoxyl allenaotes 2 and 1,2-bisnucleophiles. The tetrasub-
stituted thiophene-2-carbaldehydes 3 are readily obtained
when 1,4-dithane-2,5-diol 1 is used as the 1S,2C-bisnucleo-
phile partner, which proceed via the (3 + 2) annulation and
subsequent aerobic oxidation. On the other hand, 2-
aminoketone derivatives S are able to serve as the 1N, 2C-
bisnucleophile partner for the reaction with allenoate 2r,
providing facile access to tertiary substituted 1H-pyrroles 6, in
which the aromatization process consists of 1,2-elimination of
a tosyl group and isomerization. Both of the reactions feature
mild reaction conditions and readily available starting
materials."*
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