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ABSTRACT: A tunable copper-catalyzed azide—alkyne cycloaddition (CuAAC)-initiated multicomponent reaction strategy for
the construction of 3-functionalized indolin-2-ones is reported. Upon controlling the ring opening of four-membered O-
heterocyclic intermediates, this unique method enables the divergent derivatization of N-protected isatins to give three-

component (3-CR) and four-component (4-CR) adducts, respectively.

C onstruction of molecular diversity, especially those
involving privileged scaffolds in natural products and
biologically active molecules, is of great interest." The rational
employment of sulfonyl azide in the CuAAC reaction,”
pioneered by Chang and co-workers in 2005, has led to the
establishment of CuAAC-initiated three-component reactions
toward the synthesis of complex molecules via electrophilic
ketenimines I (Scheme 1a).*® As an alternative to forging
electrophilic ketenimine, we have reported a mild and direct
access to nucleophilic ynamido-metal intermediates® by using
stoichiometric inorganic bases in CuAAC reactions.” The
resulting alkali metal ynamidates II proved sufficiently effective
to accomplish a formal alkyne—carbonyl metathesis®” with
aldehydes that yielded (E)-N-sulfonylacrylamides”*° probably

Scheme 1. Copper-Catalyzed Multicomponent Reactions of
Ketenimines I or Ynamidates II
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through the intermediacy of an oxetene intermediates IIL
Based on these results, we have envisioned that the oxetene
species III might be capable of converting to oxetane IV via
tautormerization or protonation, as a result, providing extra
potentiality in generating versatile molecules upon the
subsequent transformation of species IV (Scheme 1b).

Unfortunately, whereas oxetanes constitute versatile elements
in drug discovery and organic synthesis,' the construction and
evolution of a-iminooxetanes, particularly of those bearing an
electron-withdrawing group at the nitrogen atom, has rarely
been accomplished.'" Furthermore, to the best our knowledge,
the nucleophilic ring-opening reaction of 2-sulfonyliminoox-
etanes remains uncovered despite the apparent merits in greatly
expanding the diversity of products.'” Herein, we wish to
present our preliminary results on a tunable base-mediated
CuAAC-triggered multicomponent strategy for the divergent
derivatization of isatins," resulting in the formation of two
sorts of 3-functionalized oxindole compounds. Notably, both
oxindole'* and acylsulfonamide'® are privileged scaffolds in
natural products and biologically active molecules.

The reaction of isatin la, ethynylbenzene (2a), and tosyl
azide (3a) was initially investigated in the presence of Cul (10
mol %), Et,NI (10 mol %), and a base (1.2 equiv) in anhydrous
CH,Cl, at 30 °C under N, (Table 1). To our delight, (2)-3-
alkenyloxindole 4a was afforded in 77% yield with high Z-
selectivity by using LIOH as the base (Table 1, entry 1) because
the stereoselective construction of tetrasubstituted alkenes
remains a challenging task in organic synthesis by classical
carbonyl olefination.'® While a relative low yield of 4a was
found using Cs,CO; or K,COj; instead, some tertiary amines
like DBU and Et;N turned out to be completely ineffective in
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Table 1. Optimization of Reaction Conditions”

base, H,0 (x equiv) /o Ph
©EN€:O * I | = Tshs solvent, Ny, 30 °C N o N %
\_y/ Ph workup with NH,CI / /
1a 2a 3a 4a 5a
entry base solvent H,0O (equiv) yield 4a/ 5a” (%)
1 LiOH CH,Cl, 77/-
2 Cs,CO,  CH)CL 66/—
3 K,CO;  CH,CL 61/
4  DBU CH,CI, <3/-
¢ ELN CH,Cl, <3/-
6 LiOH DCE 68/—
7 LiOH THEF 56/—
8 LiOH CH,CN 17/-
9 LiOH CH,Cl,:+-BuOH? 92/—
10  LiOH CH,Cl,:t-BuOH? 10 76/5
11 LiOH THF 10 65/5
12 LiOH DMEF 10 62/11
13 K;PO, DMF 10 18/4S
14 Na,CO; DMF 10 31/51
15 NaOAc DMF 10 29/38
16 Na,CO; DMF 30 <3/72
17 Na,CO; DMF 60 16/56
18¢ DBU DMF 10 -/=

“Unless otherwise noted, the reactions were carried out on a 0.3 mmol
scale of 1a with 2a (0.45 mmol), 3a (0.45 mmol), base (1.2 equiv),
Cul (0.03 mmol), and Et,NI (0.03 mmol) in anhydrous solvent (3.0
mL) under N, at 30 °C; quenched by saturated aqueous NH,CL
PIsolated yield. “50% of la was recovered. /v = 10:1. “la was
recovered in 80% yield.

yielding the targeted product (Table 1, entries 2—S5). It was
found that solvent had a dramatic effect on reaction outcomes.
When CH,Cl, was switched to DCE or THF, respectively,
alkene 4a was isolated in 68% and 56% vyield; however,
acetonitrile led to a sharply decreasing yield (Table 1, entries
6—8). Among those solvents examined, a mixed solvent of
CH,Cl,/+BuOH (10:1) proved to be optimal and gave 4a in
92% yield (Table 1, entry 9). On the other hand, when 10 equiv
of H,O was added to the reaction mixture, a four-component
adduct Sa (5%) was isolated besides 4a, and a slight increase in
the yield of Sa was achieved in DMF (Table 1, entries 11 and
12). Given the possible effect of their basicity as well as the
oxophilicity and coordination ability of alkali metal cations,"”
we tested a set of alkali metal salts in DMF to improve the
reaction selectivity to Sa (Table 1, entries 13—17). It appeared
that not only the base used but the amount of H,0O was critical
to selectively completing this conversion. The use of Na,CO;
and 30 equiv of H,O enabled the formation of Sa in 72% yield
(dr = 1:8), along with less than 3% of 4a; while further
increasing the amount of H,O to 60 equiv resulted in a reduced
yield (entries 16 versus 17). Nevertheless, DBU still could not
afford any desired products, and the substrate 1a was recovered
in 80% yield after 6 h (Table 1, entry 18).

The substrate scopes of the reaction to 3-alkenyloxindoles 4
were investigated (Scheme 2). A variety of N-protected isatins
1 carrying different substitution partners at the benzene moiety
or the nitrogen atom all reacted with ethynylbenzene (2a) and
tosyl azide (3a) efficiently, giving the corresponding products
4b—j in high yield. Installation of a protecting group at the
nitrogen atom of isatins appeared indispensable to this
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Scheme 2. Substrate Scopes in the Synthesis of 4“
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“Reaction conditions: 1 (0.3 mmol), 2 (0.45 mmol), 3 (0.45 mmol),
Cul (0.03 mmol), Et,NI (0.03 mmol), and LiOH (0.36 mmol) in
CH,CL/+-BuOH (v/v = 10:1) under N, at 30 °C; quenched by
saturated aqueous NH,Cl. The yields are of the isolated products. For
all products 4, Z/E > 95:5 of newly formed C=C bond, detected by
the 'H NMR spectra.

transformation; otherwise, no any desired products 4 were
detected. Variation of sulfonyl azides 3 (R* = 4-AcNHCH,, and
Me) was also tolerated to form the desired 4k and 41 in 89 and
76% yield, respectively. Next, a set of terminal alkynes 2 was
examined for this formal metathesis reaction. Aryl acetylenes
bearing both electron-donating (—OMe and —Me) and
electron-withdrawing (—NO,) groups as well as a bromine
atom at either the para or ortho position of the benzene ring
achieved the reaction easily, delivering products 4m—q with
consistently high stereoselectivities. However, 1-ethynyl-4-
nitrobenzene was found to be less efficient and gave 40 in
lower yield, probably due to the poor nucleophilicity of related
ynamido metal intermediates. 2-Ethynylthiophene was also a
tolerable substrate, leading to the formation of 4r (58%). In
addition, these reaction conditions were completely compatible
with various aliphatic alkynes like alkyl-, alkenyl-, and alkynyl-
substituted substrates and produced tetrasubstituted alkenes
4s—v in good yields. Pleasingly, methyl propiolate could also be
employed in this reaction to construct 4w with a retained ester
group.

Next, the substrate scopes for the synthesis of oxindoles
were examined (Scheme 3). Whereas nonprotected isatins (R =
H) could not conduct this reaction, variation of the substituent
at the nitrogen atom of isatins 1 was tolerable to give oxindoles
Sa—c. A set of available 1-allylindoline-2,3-diones 1 underwent
this reaction smoothly, delivering the targeted products Sd—f in
reasonable good yields. The scope of terminal alkynes 2 was
also examined. Aryl alkynes bearing electron-donating groups
(—OMe and —NHAc) and a fluorine atom performed this
reaction readily, affording 5g—k in 52—77% yields. Whereas
this reaction proceeded with varying dr values,"® some positive
effect of steric hindrance arising from the alkyne component
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Scheme 3. Substrate Scopes in the Synthesis of 5%
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“Reaction conditions: 1 (0.3 mmol), 2 (0.45 mmol), 3 (0.45 mmol),
Cul (0.03 mmol), Et,NI (0.03 mmol), H,0 (9 mmol) and Na,CO;
(0.36 mmol) in anhydrous DMF under N, at 30 °C; quenched by
aqueous NH,Cl. The yields are of the isolated products. The dr values
were determined by 'H NMR spectra. The phenyl and hydroxyl
groups of the major diastereoisomer of Sa were arranged in an anti-
configuration according to X-ray crystallographic analysis.

(R*) was found. While 1-ethynyl-2-methylbenzene gave Sg in
62% with a good dr value (1:10), the 4-methyl counterpart
furnished i in a similar yield but with poor diastereoselectivity
(dr = 1:3). Unfortunately, a strongly electron-deficient alkyne
(R* = NO,) only forged some N-tosylacetamide compounds
dermng from the coupling of alkyne, sulfonyl azide, and
H,0,”" and the isatin substrate was recovered in 80% yield.
This result demonstrated the differentiating reactivity of the
corresponding intermediates rendered by Na,CO; or LiOH,
respectively. Pleasingly, 2-thienyl-substituted acetylene and
aliphatic terminal alkynes could be used to assemble the
desired products Sl—m; switching tosyl azide to methanesul-
fonyl azide formed So, albeit in lower yield compared with the
tosyl product Sa.

The (Z)-3-alkenyloxindoles 4 represented a useful platform
for further manipulations.'® Treated by PPh;AuCl/AgCO,CF;,
the cycloisomerization of 4u proceeded smoothly along with
the E/Z configuration interconversion of the enyne scaffold,
giving furan 6, an analogue of isoindigo,'” in 88% yield (eq 1).

Ph
N\ 9 10 mol % PPhsAUCI
10 mol % AgCO,CF
/' “NHTs
DCE, Ny, 60 °C, 24 h M
88 %
N
(7
4u

While subjecting oxindole Sa to H,'O (30 equiv) under
standard conditions did not give obvious '*O-labeled products,
the reaction in the presence of H,'®O led to [**0]-5a as
detected by HRMS (eq 2). These isotopic-labeling results
clearly indicated that the oxygen atom in the newly created
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NHT:
10 mol % Cul *o. s
o 10 mol % Et4NI HO o
Na,COj3 (1.2 equiv,
o + I + TsNg + K0  NaxC0, (1.2 equi) 5 @
N DMF, 30 °C, N, N
.y workup with NH,CI Y.
1a 2a 3a ['%0]-5a
10 mol % Gul 0Ox NHTS
o o 10 mol % EtNI HO
Na,CO;3 (1.2 equiv) Ph
Ph\)J\N/Ts + . - 0 ®
N DMF, 30 °C, N, N
\\/ waorkup with NH,CI M
5a
7 1a not observed

carbonyl group of Sa is from H,O. Furthermore, the exposure
of 2-phenyl-N-tosylacetamide (7) and isatin la to the standard
conditions could not yield any detectable Sa, thus excluding
imide 7 or its conjugated base as the possible intermediate for
the synthesis of oxindole § (eq 3).

A proposed reaction pathway is depicted in Scheme 4. Initial
Cul-catalyzed reaction of terminal alkyne 2 and azide 3 in the

Scheme 4. Proposed Reaction Pathway

R? NSOZR3
m +  R°SO,N3
2
2 3 4
cat. Cu
base (M®X©) ring- openmg
® Rl o N-SOR?
o i
R°0:8. M NSOR® ZN R A
i 1 R N O
- — 1 .
@e”\ = || R1—:/ o}
M R? R? N
n m
H,0
3
M NSOZR3 N-SOR
s O-nucleophiic oH®
ring-openg o /HyO

presence of stoichiometric amounts of inorganic base forges
metal ynamidate II, which undergoes stepwise cyclization with
isatin 1 to form [2 + 2] cycloadduct III. When LiOH was used
as the base, the torquoselective electrocyclic ring opening of
oxetene III followed by acidification afforded alkene product 4.
On the other hand, Na,CO; allowed the conversion of III to
oxetane species IV via tautomerization or a protonation
sequence. A subsequent O-nucleophilic ring-opening cascade
of IV triggered by the attack of hydroxide ion or water at the
imidate group gave 3-hydroxyindole §

In summary, we have developed a new, flexible protocol for
the construction of 3-functionalized oxindoles from accessible
isatins by a distinct CuAAC-initiated multicomponent reaction
strategy. This tandem process can be manipulated to proceed in
three-component and four-component fashion, respectively,
yielding a range of (Z)-3-alkenyloxindole or 3-substituted 3-
hydroxyoxindole compounds. Investigations aimed at exploring
the synthetic application of this method as well as the detailed

mechanism are currently underway.
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