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ABSTRACT

An intramolecular-dehydrogenative-coupling (IDC) using “transition-metal-free” oxidation conditions has been achieved to synthesize a variety
of 2-oxindoles bearing an all-carbon quaternary stereogenic center at the benzylic position. The methodology involves a one-pot C-alkylation of
β-N-arylamido esters (3, 6) with alkyl halides using potassium tert-butoxide concomitant with a dehydrogenative coupling. A radical-mediated
pathway has been tentatively proposed for the oxidative process.

Efficient strategies to convert C�H bonds directly to
other functionalities remains an important goal of modern

synthetic organic chemistry.1 In this context, construction

of carbon�carbon (C�C) bonds via the oxidative cross-

coupling of two carbon�hydrogen (C�H) bonds has gained

intense interest resulting in the development of numerous

new synthetic methods.2�4

Recently, an intramolecular oxidative coupling (intramo-
lecular dehydrogenative coupling, IDC) of Csp2�H and
Csp3�H in the context of 2-oxindole synthesis was reported
independently by Kundig5 and Taylor6 in the presence of
Cu(II) complexes (Scheme 1). These pioneering efforts led to
the synthesis of a wide range of 2-oxindoles7 bearing all-
carbon quaternary stereocenters at the benzylic position.8
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This subset of oxindoles constitutes a common structural
motif inmanybiologically activealkaloidsand is thereforean
attractive synthetic target.We envisioned an IDC strategy to
these oxindole motifs that involves a C-alkylation step
concomitant with an oxidative construction of the C�C
bond via tandem activation of two C�H bonds (Scheme 1)
under transition-metal-free conditions.

Because of well-established precedent in its use as an oxi-
dant in organic chemistry,9 we thought of using iodine as the
oxidant for our 2-oxindole formingmethodology.We selected
β-N-arylamido ester (3a) and methyl iodide as the substrate
and electrophile, respectively, for our initial studies (Table 1).

Following extensive optimization, it was found that
methylation can be carried out with KtOBu (1.2 equiv)
andmethyl iodide followedby IDCusingKtOBu (1.2 equiv)
and iodine (1.2�1.5 equiv) yielding 65% of the desired

2-oxindole (entries 1 and 2). Optimization focused on the
solvent revealed that the desired product could be ob-
tained in good yield i.e. 85%, 88%, and 90% in THF,
dioxane, and DMSO, respectively (entries 3, 5, and 8).
However, in aromatic nonpolar solvents like xylene,
benzene, and toluene, poor yield of the desired products
(∼43�49%; entries 4, 6, and 7) is obtained along with a
multitude of byproducts.4e Among the different bases
employed, KtOBu was found to be superior over NaH,
NaOMe, K2CO3, Cs2CO3, and NatOBu (entries 9�13).
Oxidants including iodosobenzene diacetate (PIDA)9e

were found to be more efficient as compared to DBDMH
(entries 17 and 18) for this reaction. No products were
detected in the absence of iodine, or PIDA. Our studies
indicated that 1.2 equiv of iodine was sufficient in order to
obtain high yields (entry 14).

As shown inFigure 1, our optimized conditions could be
extended to various β-N-arylamido esters and nitriles
(3) and alkyl halides.10 A wide range of 2-oxindoles
(4a�s; Figure 2) are obtained in good to excellent yields.

Scheme 1. Previous Approaches

Table 1. Optimization of 2-Oxindole Synthesis

entry solvent base

alkylation

(min) oxidant equiv time

yielda,b

(%)

1 DMF KtOBu 20 I2 1.5 6 h 65

2 DMF KtOBu 20 I2 1.2 3 h 62

3 THF KtOBu 30 I2 1.2 3 h 85

4 xylene KtOBu 45 I2 1.2 60 min 49c

5 dioxaneKtOBu 20 I2 1.2 2 h 88

6 benzeneKtOBu 50 l2 1.2 2 h 43c

7 toluene KtOBu 45 l2 1.2 60 min 45c

8 DMSO KtOBu 20 l2 1.5 30 min 90

9 DMSO NaH 20 l2 1.5 30 min 33d

10 DMSO NaOMe 120 l2 1.5 30 min d

11 DMSO K2CO3 60e

12 DMSO Cs2CO3 120 I2 1.5 30 min 26f

13 DMSO NatOBu 30 I2 1.5 30 minf

14 DMSO KtOBu 15 I2 1.2 30 min 88

15 DMSO KtOBu 15 I2 0.6 60 min 54

16 DMSO KtOBu 15 I2 0.3 60 min 29

17 DMSO KtOBu 15 PIDA 1.2 30 min 82

18 DMSO KtOBu 15 DBDMHg 1.2 30 min 16f

aReactions were carried out on a 0.25 mmol of 3a with 0.275 mmol of
methyl iodide in the presence of 0.30mmol of base in 1mLof solvent at 25 �C
for alkylations and 0.30 mmol of oxidant in presence of 0.30 mmol of base
underheatingat110�Cforoxidativecouplings. b Isolatedyieldsof3a. cMixture
of products for the rest of themass balance. dC-Methylation asmajor product.
eStartingmaterialwas recovered (92%). fDecompositionof startingmaterials.
gDBDMH (1,3-dibromo-5,5-dimethylhydantoin) as oxidant.

Figure 1. Substrates scope of transition-metal-free IDC.
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The prevalence of prenylated, reverse-prenylated, and ger-
anylated hexahydropyrrolo[2,3-b]indole natural products,
which exhibit a broad spectrum of biological activities drew
our interest.7,11 To construct these compounds, we envi-
sioned a direct incorporation of the prenyl, reverse-
prenyl, or geranyl group at the 3-position of 2-oxindole
products via Pd-catalyzed decarboxylative allylation
of related β-amidoesters such as 7.12 Thus, the method-
ology was extended to a variety of β-N-arylamido allyl,
methallyl, dimethylallyl, and geranyl esters (6) (Figure 2).
We were also able to directly install the geranyl group at the
3-position of the 2-oxindoles using geranyl bromide as an
alkylating agent to afford products 8a�c (Figure 2) in good
yields.

The IDC can be extended to a substrate having β-N-
arylamido geranyl esters to afford compounds 9a�c

(Figure 2). These compounds may serve as the starting

point of Tsuji�Trost decarboxylative geranylations/
reverse-geranylations in order to access geranylated and
reverse-geranylated hexahydropyrrolo[2,3-b]indoles.12,13

Abundant literature reports are there for indole natural
products bearing a 3-arylated 2-oxindole moiety.14 In a
quest for such structures, compound 10 was subjected to
standard reaction conditions to afford compound 11

smoothly in 85% yields (Scheme 2).

Themethodology also provides an access to spiro-fused
oxindole compound13, resembling the coreof coerulescine
(14a) and horsfiline (14b) (Scheme 3).15

Next, we explored the possibility of carrying out direct
IDC without alkylations of compounds 3a and 15a,b
(Scheme 4). Initially, these attempts simply led to decom-
position.However, changing the solvent toTHF,we found
that 3a,b leads to dimerization16 at room temperature in
5min to provide 16a,b as the sole product in 91�93%yield
and in up to>20:1 dr (Scheme 4), indicating that the IDC
process is probably facilitated by formation of a tertiary
radical. To our delight, under the optimized conditions,
β-N-arylamidoester 3a,b undergoes one-pot dimerization
(on treatment with 1.2 equiv ofKtOBu and I2) followed by
double IDC (on treatment with 1.2 equiv ofKtOBu and I2)
to afford moderate yields (up to 45% yield and 2:1 dr)

Figure 2. Substrates scope for transition-metal-free IDC.

Scheme 2. Oxidative Coupling of Compound (()-10

Scheme 3. Spirocyclic Products through IDC
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of compounds (17a,b along with 15�18% of (16a,b
(Scheme 4). This transformation constructs three consec-
utive C�C bonds in one-pot operation. The X-ray crystal
structure of (()-17b provided unambiguous proof of this
process (see, Supporting Information).
In all cases, the intramolecular dehydrogenative cou-

pling is feasible when the reaction was carried out either
after alkylation (Figures 1 and 2) or when the carbon atom
R to the amidesbears two substituents (Schemes 2�4).This
observation led us to postulate a radical-mediated process
(Scheme 5) involving a single electron transfer (SET).

An initial SETwould lead to 18a, which in turn can form
an intermediate aryl radical 18b. The aryl radical 18b could
transfer one electron to the oxidant to form intermediate
aryl carbocation 18c, which is probably stabilized by the
amide nitrogen (see 18d). Eventually, rearomatization of
18d, in the presence of base, would afford the final oxida-
tive coupling product. A radicalmechanism has previously
been proposed byKundig et al. in their oxidative coupling
process using 2.2 equiv of CuCl2.

5

Alternatively, the reaction may proceed through in situ
formation of tert-butyl hypoiodite (t-BuOI), which could
be responsible for the oxidative process.17 To validate this
possibility, we carried out the IDC with C-methylated
β-amidoester 5a (Scheme 4) in the presence of freshly pre-
pared t-BuOI.17,18 We found that 5a underwent a smooth
IDC in presence of 1.2 equiv of KtOBu followed by treat-
ment with 1.2 equiv of t-BuOI to afford product 4a in 62%
yield, which further supports our hypothesis of radical-
mediated pathway (see the Supporting Information for
details).18 Noticeably, the IDC can be carried out in presence
of stoichiometric Mn(OAc)3 to afford 69% yield of 4a.19,20

It is interesting to observe that, the iodinating agents such

as NIS and ICl also afforded IDC products in 72%, and
69% yields, respectively, without the formation of C-io-
dinated product.21

Ultimately, a few substrates were tested under well-
knowndecarboxylative allylation.Oxidative couplingprod-
ucts (7j) with dimethylallyl esters underwent smooth
decarboxylative prenylation leading to the C-prenylated
and C-reverse-prenylated structures in a moderate 2:1 dr
(see the Supporting Information for details). Thesemotifs
are common in many hexahydropyrrolo[2,3-b]indole-based
alkaloids.12

In conclusion, we report a transition-metal-free intra-
molecular dehydrogenative coupling (IDC) for the synthe-
sis of a variety of 2-oxindoles bearing an all-carbon quatern-
ary stereocenter at the pseudobenzylic position. The strategy
involves a facile one-pot C-alkylation concomitant with
oxidative coupling in the presence of stoichiometric I2. Pre-
liminary results suggest that a radical process (SET)mightbe
involved in theoxidationprocess. Further explorationof this
strategy as well as its application toward the synthesis of
complex indole alkaloids is currently underway.
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