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[27_TD$DIFF]A B S T R A C T

Generation of 3-sulfonated 2H-pyrrol-2-ones through a three-component reaction of allenoic amides,
sulfur dioxide, and aryldiazonium tetrafluoroborates under metal-free conditions is achieved. This
transformation proceeds under mild conditions without the addition of catalysts or additives, giving rise
to 3-sulfonated 2H-pyrrol-2-ones in moderate to good yields. Good functional group compatibility is
observed. A plausible mechanism is proposed, which is initiated by aryl radicals formed in situ from
aryldiazonium tetrafluoroborates and DABCO[18_TD$DIFF]�(SO2)2. Additionally, excellent chemoselectivity and
regioselectivity are presented in this transformation.
© 2020 Chinese Chemical Society and Institute ofMateriaMedica, Chinese Academy ofMedical Sciences.
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It is known that 2H-pyrrol-2-ones are the unsaturated
conjugated derivatives of [28_TD$DIFF]g-lactams that are the core structure
in numerous bioactive natural products [1]. Additionally, there are
many 2H-pyrrol-2-one derivatives showing assorted pharmaco-
logical activities such as FPR1 antagonists [2a], antivirals HIV-1
[2b], antitumorals [2c] [29_TD$DIFF]or anticancer VEGF-R enzyme inhibitors
[2d]. Thus, continuous efforts have been given to the preparation of
2H-pyrrol-2-one derivatives [3]. As part of our program for the
generation natural product-like compounds for diverse biological
evaluations [4], we are interested in the method development and
library construction of 2H-pyrrol-2-one derivatives.

Due to the importance of sulfonyl-containing compounds in
pharmaceuticals and agrochemicals [5], we have focused on
the synthesis of sulfonyl-containing compounds with the
insertion of sulfur dioxide, using DABCO·(SO2)2 and inorganic
sulfites as the sulfur dioxide surrogates [ [30_TD$DIFF]6–8]. For instance, we
have developed a copper-catalyzed three-component reaction
of O-acyl oximes, DABCO[18_TD$DIFF]�(SO2)2, and 2H-azirines under mild
conditions, providing an efficient route for the construction of
various tetrasubstituted [31_TD$DIFF]β-sulfonyl N-unprotected enamines in
moderate to good yields with excellent stereoselectivity and
regioselectivity [8c]. Synthesis of sulfonyl compounds via a radical
process has been demonstrated through the combination of
aryldiazonium tetrafluoroborate and DABCO·(SO2)2 [7]. This
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transformation proceedsmild conditions through a single electron
transfer (SET), and arylsulfonyl radical is generated in situ as a key
intermediate. Encouraged by these results using sulfur dioxide as
the source of sulfonyl group [ [32_TD$DIFF]6–9], we envisioned that formation of
sulfonated 2H-pyrrol-2-ones would be feasible by using the
strategy of sulfur dioxide inertion. The design is shown in
Scheme 1. We conceived that allenoic amides would be the
choice for reaction development. After generation of arylsulfonyl
radical from aryldiazonium tetrafluoroborate and DABCO·(SO2)2
[7], allenoic amides would react with arylsulfonyl radical. It is
expected that the reaction would proceed with excellent chemo-
selectivity and regioselectivity, thus leading to allylic radical
intermediate. Under suitable conditions, the subsequent oxidative
single electron transfer would occur giving rise to allylic cation,
which would undergo intramolecular nulceophilic attack to
provide the corresponding 3-sulfonated 2H-pyrrol-2-ones. Herein,
we describe the generation of 3-sulfonated 2H-pyrrol-2-ones
through a three-component reaction of allenoic amides, sulfur
dioxide, and aryldiazonium tetrafluoroborates under metal-free
conditions. This transformation proceeds under mild conditions
without the addition of catalysts or additives, giving rise to 3-
sulfonated 2H-pyrrol-2-ones in moderate to good yields. Good
functional group compatibility is observed. A plausiblemechanism
is proposed, which is initiated by aryl radicals formed in situ from
aryldiazonium tetrafluoroborates and DABCO[18_TD$DIFF]�(SO2)2. Additionally,
excellent chemoselectivity and regioselectivity are presented in
this transformation.

Initially, a model reaction of N,4-diphenylpenta-2,3-dienamide
1a, 4-methylphenyldiazonium [18_TD$DIFF]tetrafluoroborate 2a and
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Scheme 1. Generation of 3-sulfonated 2H-pyrrol-2-ones.

[(Scheme_2)TD$FIG]

K. Zhou et al. / Chinese Chemical Letters 31 (2020) 2996–2998 2997
DABCO�(SO2)2 was selected and explored. At the beginning, this
reactionwas performed in THF at [33_TD$DIFF]60 �C (Table 1, entry 1). However,
only a trace amount of product was detected after 12 h. A similar
result was observed when the solvent was changed to 1,4-dioxane
(entry2).Toourdelight, thedesiredproduct3-sulfonated2H-pyrrol-
2-one 3awas obtained in [34_TD$DIFF]12% yield when the reaction occurred in
MeCN (entry 3). The yield was dramatically increased to [35_TD$DIFF]53% when
DCE was used as a replacement (entry 4). Since copper catalyst
mightassist thesingleelectrontransfer fromradical intermediate to
cation, thus several copper salts were added in the reaction system
(entries [36_TD$DIFF]5–8). However, the results were inferior. Subsequently,
other sulfur dioxide surrogates were evaluated. The corresponding
product 3a was afforded in [37_TD$DIFF]43% yield when sodium metabisulfite
was used as the source of sulfur dioxide (entry 9). A trace amount of
product was generated when potassiummetabisulfite was utilized
(entry 10). The reaction temperaturewas further screened (entries [38_TD$DIFF]
11–14). Itwas foundthat the temperatureaffectedthefinaloutcome
obviously. The reaction proceeded efficiently at [39_TD$DIFF]35 �C, giving rise to
the desired product 3a in [40_TD$DIFF]82% yield (entry 13). Additionally, we
examined the reactions by using sodium/potassium metabisulfite
as the replacement of DABCO[18_TD$DIFF]�(SO2)2. However, the yieldswere low [41_TD$DIFF]

(<10%).
Table 1
Initial studies for the reaction of N,4-diphenylpenta-2,3-dienamide 1a, 4-
methylphenyldiazonium tetrafluoroborate 2a and sulfur dioxide.a

Entry Solvent Catalyst T [19_TD$DIFF](�C) Yield (%)b

1 THF [20_TD$DIFF]– 60 trace
2 1,4-dioxane [20_TD$DIFF]– 60 trace
3 MeCN [21_TD$DIFF]– 60 12
4 DCE – 60 53
5 DCE Cu(OAc)2 60 14
6 DCE CuCl2 60 39
7 DCE CuBr2 60 47
8 DCE Cu(OTf)2 60 31
9c DCE [22_TD$DIFF]– 60 43
10d DCE – 60 trace
11 DCE – 80 39
12 DCE – 50 43
13 DCE – 35 82
14 DCE – 25 53

a Reaction conditions: N,4-diphenylpenta-2,3-dienamide 1a [18_TD$DIFF](0.2mmol),
DABCO�(SO2)2 (0.3mmol, 1.5 equiv.), 4-methylphenyldiazonium tetrafluoroborate
2a (0.3mmol, 1.5 equiv.), solvent (2.0mL), catalyst (10mol%), N2, 12 h.

b Isolated yield based on N,4-diphenylpenta-2,3-dienamide 1a.
c In the presence of Na2S2O5 (0.3mmol).
d In the presence of K2S2O5 (0.3mmol).
With the optimized conditions in hand, we further explored the
substrate scope of this three-component reaction of allenoic
amides 1, sulfur dioxide, and aryldiazonium tetrafluoroborates 2
under metal-free conditions. The results are summarized in
Scheme 2. A range of allenoic amides 1 and aryldiazonium
tetrafluoroborates 2 was examined. It seemed that all reactions
proceeded smoothly under the conditions, giving rise to the
corresponding 3-sulfonated 2H-pyrrol-2-ones 3 in moderate to
good yields. Additionally, various functional groups were compat-
ible. For example, compound 3g was afforded in [42_TD$DIFF]67% yield when
aryldiazonium tetrafluoroborate with ethoxy group attached on
the aromatic ring was employed as the substrate. Reaction of 3-
iodophenlydiazonium tetrafluoroborate worked smoothly as well,
leading to the desired product 3h in [37_TD$DIFF]43% yield. Reactions of other
allenoic amides with 4-methylphenyldiazonium tetrafluoroborate
2a and DABCO[18_TD$DIFF]�(SO2)2 were explored subsequently. As expected,
the corresponding 3-sulfonated 2H-pyrrol-2-ones 3were generat-
ed, albeit in low yields in some cases.

Since the formation of arylsulfonyl radicals by treatment of
aryldiazonium tetrafluoroborates and DABCO[18_TD$DIFF]�(SO2)2 has demon-
strated [7], we therefore examined the reaction of N,4-diphenyl-
penta-2,3-dienamide 1a, 4-methylphenyldiazonium
tetrafluoroborate 2a and DABCO[18_TD$DIFF]�(SO2)2 in the presence of
2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) under the standard
conditions. As expected, the reaction was completely hampered.
On the basis of this control experiment and previous reports [7,8],
we therefore proposed a possible mechanism as shown in
Scheme 3. We reasoned that initially, the combination of
aryldiazonium tetrafluoroborates and DABCO[18_TD$DIFF]�(SO2)2 would pro-
vide aryl radical, sulfur dioxide, nitrogen, and tertiary amine
(DABCO) radical cation. Then aryl radical would be trapped by
sulfur dioxide, leading to arylsulfonyl radical. The arylsulfonyl
Scheme 2. Scope exploration for the reaction of 2,3-dienamides 1, DABCO�(SO2)2,
and aryldiazonium tetrafluoroborates 2. Isolated yields based on allenoic amides 1.
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Scheme 3. Plausible mechanism.
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radical would attack the central carbon of allenoic amide 1,
affording allylic radical intermediate A, which would undergo a
single electron transfer (SET) to provide allylic cation B by the
assistance of DABCO radical cation. Finally, in the presence of base
(DABCO), the amide would act as a nucleophile to attack the allylic
cation B, giving rise to the corresponding 3-sulfonated 2H-pyrrol-
2-one 3.

In conclusion, we have developed a facile route to 3-sulfonated
2H-pyrrol-2-ones through a three-component reaction of allenoic
amides, sulfur dioxide, and aryldiazonium tetrafluoroborates
under metal-free conditions. This transformation proceeds
smoothly under mild conditions without the addition of any
catalysts or additives, giving rise to 3-sulfonated 2H-pyrrol-2-ones
in moderate to good yields. Good functional group compatibility is
observed. A plausiblemechanism is proposed, which is initiated by
aryl radicals formed in situ from aryldiazonium tetrafluoroborates
and DABCO[18_TD$DIFF]�(SO2)2. Additionally, excellent chemoselectivity and
regioselectivity are presented in this transformation.
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