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Abstract -A novel and efficient one-pot preparation of 1-tosylindeline and
indole derivatives from N-tosylaniline derivatives (1) and activated olefin
derivatives (2) using a hypervalent iodine(IIl) reagent, phenyliodine(IIl)
bis(trifluorcacetate) (PIFA), is described.

Hypervalent iodine reagents have been used extensively in organic syntheses due to their low texicity,
ready availability and easy handling.! In particular, phenolic oxidation reactions using
{(diacyloxyiodo)benzenes such as phenyliodine(Ill} diacetate (PIDA) and phenyliodine(IlI)
bis{trifluoroacetate) (PIFA} have provided a variety of useful transformations in organic synthesis and have
been applied to total syntheses of biologically active natural products by our group and others.2 In contrast
to the phenolic oxidations, there have been relatively few reports concerning hypervalent iodine oxidation
of aniline derivatives. These include the well-known diazo coupling of anilines, 4 acetoxylation of N-
acetylaniline derivative,S recently developed azidation,6-7 amidation® and cyanation® reactions of N,N-
dialkylanilines and the oxidation of N-protected aniline derivatives to quinone-imine derivatives.1?
_ Recently, much attention has been paid to facile and efficient syntheses of heterocyclic compounds using
hypervalent iodine reagents because of their mild and versatile reactivities.!! Since indole core is especially
important in many pharmacologically active compounds, we planned to investigate a new facile
methodology for synthesizing useful indole derivatives from aniline derivatives using a hypervalent iodine
reagent.

Prior to our research, the few reported preparative methods for indoline derivatives were stepwise
procedures via the oxidation of aniline derivatives. Dalidowicz and Swenton reported the anodic oxidation
of N-acylaniline derivatives to quinone imine ketals followed by treatment with B-methylstyrene derivatives
under acidic conditions to give indoline derivatives only in low yields with several by-products.!2
Similarly, Lewis acid catalyzed preparation of indoline derivatives from 4-(N-phenylsulfonyl1)-2-alkoxy-
1,4-benzogquinone monoimine was reported by Engler ef al.13 In the latter reaction, the quinone carbonyl
group of the substrates requires an adjacent alkoxy group for a bidentate coordination to the Lewis acid
center, leading to higher yields of indolines at the expense of substrate generality. On the other hand, the
only intermolecular approach to indole derivatives using hypervalent iodine species was reported by
Feldman et al. They developed an efficient route to pyrrole and indole derivatives by intermolecular
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addition/cyclizations of sulfonamide anions with alkynyliodonium salts.!4 However, this method still has
room for improvement with regioselectivity of the products. As a continuation of our studies concerning
hypervalent rodine(lIl) chemistry, we have developed several preparative methods to synthesize
heterocyclic compounds from phenol and phenol ether derivatives.!3 We report herein a novel and facile
one-pot preparation of indoline or indole derivatives by intermolecular addition followed by cyclization
between N-tosylaniline derivative (1) (N-tosyl 4-anisidine)!'® and activated olefin derivative (2) using
PIFA.

It is well-known that olefins as well as N-protected aniline derivatives are very reactive toward hypervalent
iodine species.! However, the slightly higher reactivity of 1 than that of 2 enabled 2 to be used as a
suitable carbon nucleophile for this reaction.!” The present method is applicable to preparations of a
variety of 2,3-disubstituted indoline and indole derivatives (Table 1).18

Table 1. One-pot Preparation of 5-Methoxy-1-tosylated Indoline and Indole Derivatives
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¥ieids in the parenthesis indicate the conversion yields based upon the
consumed starting material. "No indoline derivative (3) was obtained.

Interestingly, the reaction of 1 with phenyl vinyl sulfides (2d-g) predominantly and directly yielded indole
derivatives (4). This reaction was accompanied by the spontaneous e¢limination of thiophenol, which was
then readily oxidized to dipheny!l disulfide by excess PIFA (Table 1; entries 3-9). On the other hand, when
olefins such as allyl bromide, an electron-deficient 3-nitrophenylstyrene, or an electron-rich a-butyl vinyl
ether were used, coupling to compenent (1) was not observed, but rather, the hydroxylated product (5)
was mainly formed.

A plausible mechanism of the present reaction is depicted in Scheme 1. That is, PIFA initially reacts with
N-tosylaniline (1), then nucleophilic attack by olefin (2) followed by cyclization reaction to give 1-tosyl-
indoline (3)!9 or 1-tosylindole (4). Another mechanism involving the iodine-olefin complex also seems
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possible. However, on the basis of the high reactivity of 1 toward PIFA even in the presence of excess

amount of 2, the mechanism described in Scheme 1 seems more likely.
OGOCF,
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In summary, we developed a novel and efficient one-pot preparation of indoline and indole derivatives
using N-tosylaniline, activated olefin, and PIFA. This method provides a facile preparative method for a
variety of substituted indoles because all starting materials are readily available 20 The optimization of this
reaction and its application to the total syntheses of biologically active indole alkaloids are now underway.
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