This is the peer reviewed version of the following article: "Azizollahi, H.;
Pérez-Gomez, M.; Mehta, V. P.; Garcia-Lopez, J.-A. Adv. Synth. Catal.
2020, 362, 1899-1904", which has been published in final form at
https://doi.org/10.1002/adsc.202000111. This article may be used for non-
commercial purposes in accordance with Wiley Terms and Conditions for
Use of Self-Archived Versions.



b

DOI: 10.1002/adsc.201((will be filled in by the editorial staff))

Synthesis of

[3.4]-spirooxindoles

through cascade

carbopalladation of skipped dienes

Hamid Azizollahi,»® Marta Pérez-Gomez,* Vaibhav P. Mehta?® and José-Antonio

Garcia-Lopez®*

joangalo@um.es

®  Grupo de Quimica Organometalica, Universidad de Murcia, Campus de Espinardo, 30100, Murcia (Spain)

Department of Chemistry, Faculty of Science, Ferdowsi University of Mashhad, 91775-1436, Mashhad, (Iran)

Received: ((will be filled in by the editorial staff))

Supporting information for this article is available on the WWW under http://dx.doi.org/10.1002/adsc.20 1####.

Abstract. A synthetic route to [3.4]-spirooxindoles based on
cascade carbopalladation reactions of 1,4-dienes is
described. While carbopalladation of alkenes have been used
to access mainly [4.4]- or [4.5]-spirocycles, 4-exo-trig
carbopalladation has not been yet applied to the synthesis of
relevant [3.4]-spirooxindole scaffolds bearing a cyclobutyl
ring. In addition, the cascade reaction generates an exocyclic
double bond that can serve as a platform to further diversify
the substitution pattern of the spirooxindole nuclei.

Keywords: spirooxindole; palladium; cascade;
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Spirooxindoles are privileged scaffolds present in
numerous pharmaceuticals and natural products.!'™
One of the factors influencing the biological activity
of this type of compounds is the size of the ring that
conforms the spirocyclic structure at the 3-position of
the oxindole moiety.!"! In recent years, a plethora of
synthetic methods giving rise to spirooxindoles with
different substitution patterns has been reported in the
literature.>> ' Thus it is possible to incorporate rings
from 3 to 8 members at the 3-position of the
aforementioned nuclei. More specifically, the
introduction  of  conformationally  constrained
cyclobutyl rings confer interesting ]properties to many
bioactive molecules and drugs.'">" Some examples
of 3,3-cyclobutyl-spirooxindoles include the marine
alkaloid welwitindolinone A isonitrile which shows

antifungal properties,'” compounds with RSV
antiviral activity,'” or bromodomain!’® and p38a
inhibitors,!"”! among others (Figure 1).

Notwithstanding the relevance of [3.4]-spirooxindoles
bearing a cyclobutyl moiety in their core structure, the
studies focused on their synthesis are relatively scarce.
The main methods reported in the literature include: a)
3,3-dialkylation of the oxindole skeleton with 1,3-
dihalopropane (route a, Scheme 1);1” b) the
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Figure 1. Biologically relevant spirooxindoles bearing a
cyclobutyl unit in the spirocyclic core.

intramolecular cyclization of N'-
phenylcyclobutanecarbohydrazide at high temperature
(route b, Scheme 1);'"”! and c) [2+2] cycloaddition
reactions based on the use of activated 3-methylene
oxindole derivatives (route ¢, Scheme 1).2""?! Other
approaches based on Pd-catalyzed or mediated
intramolecular C-H  functionalization  afford
spirooxindoles where two carbons of the cyclobutyl
ring belong to an aryl group (route d, Scheme 1).[7-*¢!
In addition, several strategies have been applied to the
construction of the cyclobutyl ring present in the core
of the welwitindolinone A isonitrile.?’ >

Inspite of the available synthetic methods, a general
route which incorporates different range of
substitution patterns from readily synthesized starting
materials is highly desirable.
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Scheme 1. Routes to get 3,3-cyclobutyl-spirooxindoles.

Our group is interested in the study of cascade
reactions involving the intramolecular
carbopalladation of alkenes.”**'  Noteworthy,
carbopalladation cascade reactions are not limited to
the use of alkenes, they have also been successfully
1rnplemented in substrates bearing  alkynyl
fragments ] These reactions have been widely used
in the synthesis of [4.4]- and [4.5]-spirocycles.'*¢"]
Nevertheless, their application to get the related [3.4]-
spirooxindole derivatives has not been studied, what is
likely related to the scarce number of reported
examples dealin, with 4-exo-trig-
carbopalladations.>'*

We reported recently a ligand-controlled Pd-catalyzed
reaction taking place on 2-haloarylethers bearing a
1,4-diene tethered chain.*¥ We found that bulky
monodentate ligands such as PCys promoted a
sequential double carbopalladation of the 1,4-diene
moiety, affording interesting [3.4]-
spirodihydrofuranes. Given the importance of the 3,3-
cyclobutylspirocyclic oxindole structures, we have
now sought to apply the Pd-catalyzed cascade strategy
to their synthesis in order to enhance the variability of
the substitution pattern of these cores (Scheme 1).

The starting amide substrate la could be easily
obtained from commercially available anilines and 2-
methylenepent-4-enoic acid, prepared in turn from 2-
allyl-diethylmalonate ester (Scheme 2).°Y We
submitted the amide 1a to the cyclization reaction by
generating Pd(0) in situ from Pd(OAc), (2.5 mol%)
and PPhs (5 mol%) in toluene at 80 °C in the presence
of Cs;CO; (entry 1, Table 1). Gratifyingly, the
spirooxindole 2a, bearing a 3-methylene-cyclobutyl
ring, was the main product of the crude reaction
mixture, along with some unreacted starting material.
Different bases such as NEt;, K,CO3 or NaOAc did not
improve the yield of 2a (entries 3-5, Table 1). The
increase of the Pd(OAc), loading to 5 mol% afforded
nearly full conversion of 1la into the desired
spirocyclic product 2a. We tested different mono-
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Scheme 2. Substrate synthesis and proposed mechanistic
pathway for its cyclization reaction.

Table 1. Screening of conditions for the cascade reaction
leading to the spirooxindole 2a from 1a.

Entry Pd(OAc).  Ligand Base (equiv)  Yield
(mol%) (mol%) (%)

1 2.5 PPh; (5) Cs2C03(1.5) 85

29 2.5 PPh; (5) Cs2CO0s3(1.5) 41

3 2.5 PPh; (5) K2COs(1.5) 76

4 2.5 PPh; (5) NaOAc(1.5) 72

5 2.5 PPh; (5) EtN (1.5) 70

6 5 PPh; (10) Cs2C0O3(1.5) 98 (90)

7 5 PPh; (5) Cs2CO3(1.5) 83

8 5 PCys (5) Cs2€05(1.5) 97

9 5 DPE- Cs2C0O5 (1.5) 98

Phos (5)
10 5 - 0
11 - PPhs (5) Cs2COs(1.5) O

Unless otherwise stated, the reactions were carried out with
0.2 mmol of 1a, in toluene (3 mL) under N2 atmosphere, at
80 °C for 16 h. a) 'H-NMR yield of 2a using
trimethylbenzene-1,3,5-tricarboxylate as standard, isolated
yield in brackets. b) Reaction carried out at 60 °C. DPE-Phos
= bis-[2-(diphenylphosphino)phenyl]ether.



and bidentate phosphine ligands (entries 8-9, Table 1)
to check any possible effect on the outcome of the
catalytic process, as observed previously for related
ether derivatives.l*” Nevertheless, in this occasion the
reaction proved insensitive to the use of different
phosphines, producing the spirocycle 2a in all the
cases. Likely, the cascade process starts with the
oxidative addition of the C—Br bond to Pd(0), what
triggers the sequential double carbopalladation of the
skipped diene moiety. Final fhydrogen elimination
would generate the exocyclic alkene in the spirocyclic
structure (Scheme 2).

We proceeded to study the scope of the reaction using
Pd(OAc): (5 mol%)/PPh; (10 mol%) as a readily
available precatalyst system. Substrates 1a—e bearing
different substituents on the nitrogen atom afforded the
corresponding cyclized products 2a—e (Scheme 3).
The reaction gave good yields for N-alkylated amides
(2a, Me; 2b, Et; 2¢, Bn). Nevertheless, the generation
of the N-Boc (2d) or N-Tosyl (2e) derivatives required
higher Pd(OAc), loading (10 mol%) to reach a
moderate conversion, perhaps due to the competing
coordination of these groups to Pd. The introduction of
electron-donating groups (Me, OMe) at the 4- and 5-
position of the aromatic ring was well tolerated
(products 2f, 2g, 2j, and 2k, Scheme 3). The starting
materials bearing an electron-withdrawing substituent
(F, CI, OCF;, CO;Me, NO;) afforded the
corresponding products in good yields (2h, 2i, 21, 2m,
2n and 20, Scheme 3). The catalytic cascade reaction
also proceeded smoothly for the pyridine derivative 1p,
giving the spirocompound 2p in 85% yield.

The Pd-catalyzed cascade reaction of amides 1 leading
to the cyclized derivatives 2 offers an additional
synthetic advantage for further functionalization over
other methods to get related 3,3-cyclobutyl-
spirooxindoles. The generation of a terminal olefin
represents a useful handle that can serve as a platform
to obtain a family of derivatives through its
functionalization, what can result interesting for the
generation of libraries of compounds including the
spirocyclobutyl unit.

For instance, the compound 3, bearing a
cyclobutanone ring, could be smoothly obtained
through the Ru-catalyzed oxidation of the olefin
present in the spirooxindole 2a with NalOs.

Similarly, an epoxidation step of compound 2g was
carried out with m-CPBA, affording the [4.3.2]-
polyspirocycle 4 as a 4:1 mixture of diastereomers.
The major diastereomer of this mixture was isolated in
a 52% yield upon column chromatography separation.
A NOESY NMR experiment did not show clearly the
sterochemical configuration of the major diastereomer
(see S. I). We propose that the major diastereomer
should place the oxygen atoms (from the amide group
and the epoxy ring) in opposite sides of the plane
containing the cyclobutyl unit, since this is the
observed stereochemistry for the derivative 5 (see
below). In addition, we developed optimized 3D
molecular  structures for the two possible

diastereomers with the software Spartan 14. The
model predicted the structure proposed for the major
diasteromer of 4 to be around 5 KJ/mol more stable
than the diasteromer where the amide group and the
epoxy ring are in the same side of the plane containing
the cyclobutyl unit.

The halogenation of compound 2h with Br, afforded
the derivative 5 in 76% vyield as a 2:1 mixture of
diastereomers. In this case, the sterochemistry of the
major one could be unequivocally determined through
a NOESY NMR experiment. It located the Br atom on
the quaternary carbon in the opposite side of the amide
group. Probably, the path leading to this diastereomer
minimizes electronic repulsion of the lone pairs of the
heteroatoms, as in the case of the derivative 4.
Compound 5 could be easily transformed in the
spirocycle 6 by simple reflux in the presence of KOH.
The bromo vinyl fragment in 6 may serve as a handle
for further derivatization via transition-metal cross-
coupling reactions.
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Scheme 3. Scope of the cascade double carbopalladation
reaction. a) Products 2d and 2e were obtained using 10
mol% of Pd(OAc)2 and 20 mol% of PPhs.



Finally, regioselective hydroboration of 2a afforded
the alkylborane intermediate which could be oxidized
with H,O» to give the alcohol 7 in 49% overall yield as
a 1:0.9 mixture of diastereomers.

In summary, we have applied a Pd-catalyzed cascade
strategy to the straightforward synthesis of [3.4]-
spirooxindoles  incorporating a  3-methylene-
cyclobutyl unit. This route relies on the sequential
double carbopalladation of arylamides bearing a
skipped diene fragment. The presence of a terminal
double bond in the spirooxindole nuclei generated via
this method offers interesting opportunities for further
derivatization, broadening the accessibility to different
substitution patterns in this type of scaffolds
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Scheme 4. Further derivatization of the spirooxindole core.

Experimental Section

Representative procedure for the synthesis of [3.4]-
spirooxindoles 2. Synthesis of compound 2a. A Carius tube
was charged with the substrate 1a (280 mg, 1 mmolg
Pd(OAc): (11 mg, 5 mol%? PPh; (28 mg, 10 mol% ,
Cs2C03 (490 mg, 1 5 mmol ql) and a magnetic stirrer.
Under nitrogen atmosphere, dry toluene (3 mL) was added

and the tube was sealed. The reaction mixture was stirred in
a pre-heated oil bath at 80 °C for 16 h. After cooling the tube,
the crude was diluted with CH2Cl> (20 mL) and filtered
through a Celite pad. The filtrate was concentrated and the
crude was purified by column chromato raphy silica

n- hexane/EpOAc gradient from 0 to 10 ¢ EtOAc to aff Ord
the spirooxmdole 2a (179 mg, 0.9 mmol, 90% yield).
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