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Abstract: An S—N variant of the N-N-based Fischer indole synthesis
has been developed. Treatment of sulfonanilides and ketene
dithioacetal monoxides with a powerful acid anhydride provides N-
sulfonyl-2-methylsulfanylindoles. The initial interrupted Pummerer
reaction would yield the key S—N-tethered precursor in situ that then
undergoes [3,3] sigmatropic rearrangement, after which the endgame
to the indole ring follows the Fischer manner.

Introduction

The indole ring system constitutes an extremely important class
of heterocycles that are found in a broad range of natural sciences
and industries. Unsurprisingly, development of new methods for
the synthesis of indoles has been a pivotal topic in organic
synthesis. Since its discovery in 1883, the Fischer indole
synthesis has been the preeminent method.['*#3l This reliable
reaction is composed of (1) condensation of arylhydrazine with
ketone under acidic conditions, (2) tautomerization of the
hydrazone to the corresponding N—N-tethered protonated alkenyl
aryl hydrazine as the key intermediate, (3) charge-accelerated
[3,3] sigmatropic rearrangement, (4) rearomatization via proton
shift and cyclization to construct a dihydroindole skeleton, and (5)
elimination of ammonia to aromatize into indole (Scheme 1a).
The key unstable intermediate is characterized by the weak N-N
bond that links the two m-systems, the phenyl and 1-alkenyl
groups. We envisioned that a new alternative method to generate
a similar key intermediate would lead to taking a new twist in the
Fischer indole technology.

Having been interested in the modern Pummerer chemistry,”! we
designed a modified Fischer indole synthesis by means of the
reaction of protected aniline with alkenyl sulfoxide in the presence
of acid anhydride. A presumed mechanism is shown in Scheme
1b. Instead of arylhydrazine and ketone, protected aniline and
ketene dithioacetal monoxide (KDM) are used as starting
materials. The reaction would consist of the following steps: (1)
Treatment of a mixture of these two components with acid
anhydride (A20) results in the formation of an unstable
alkenylsulfonium intermediate. (2) The subsequent interrupted
Pummerer reaction with the protected aniline affords an S—N-
tethered intermediate. (3) Charge-accelerated rearrangement, 7]
(4) rearomatization and cyclization, and (5) elimination of

methanethiol should similarly yield an indole framework. This
mechanistic picture would be supported by our previous success
in the synthesis of benzofurans from phenols and KDM.E
However, differences between phenols and protected anilines
would complicate this putative indole synthesis. One can easily
imagine that the protective group in the aniline substrates would
have a significant impact on the outcome of the reaction. This
was indeed the case in the synthesis of biaryls from N-protected
anilines and aryl sulfoxides by means of trifluoroacetic anhydride,
wherein sulfonyl protections are crucial.®'®  Given these
circumstances, here we report our endeavors to achieve a
modified Fischer indole synthesis from protected anilines and
KDM.['1
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Scheme 1. The Fischer Indole Synthesis and the New Variant. PG = protective
group.
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Results and Discussion

According to the previous successes,®%! the reaction of p-
anisylsulfonyl-protected p-toluidine 1a with aryl KDM 2a by means
of trifluoroacetic anhydride was chosen as a model reaction.
Treatment of 1a and 2a (1.5 equiv) with (CF3CO)20 (1.8 equiv) in
toluene at —40 °C for 15 h provided the expected indole 3aa in
77% yield (Table 1, entry 1). To our delight, the yield of 3aa was
improved up to 87% by using a stronger activator,
pentafluoropropanoic anhydride (entry 2). A higher temperature
did not improve the yield of 3aa (entry 3). Methanesulfonic and
toluenesulfonic anhydrides did not promote the reaction while the
starting materials were recovered (entries 4 and 5). Triflic
anhydride is likely to be too reactive, providing a complex mixture
albeit with a full conversion of 2a (entry 6). Toluene was the best
solvent although halogenated solvents, dichloromethane and
benzotrifluoride, also worked (entries 7 and 8). Polar solvents
such as acetonitrile and nitromethane were inferior to nonpolar
solvents, decomposition of 2a taking place. (entries 9 and 10).
Sulfonyl protective groups are suitable in this reaction; Tosyl and
mesyl groups were compatible in the indole synthesis albeit with
lower yields (entries 11 and 12). A more electron-withdrawing
trifluoromethanesulfonyl group is not suitable (entry 13).
Acetanilide 1e did not react under the conditions and only
decomposition of 2a was observed (entry 14).

Table 1. Optimization of Reaction Conditions.

ARG R
NH

Ar acid anhydride Ar

~._.SMe 1.8 equivA,0O Q
Ao SMe
N

_SMe solvent (0.2 M)

\ o~ —40°C,15h PG
1 PG 2a Ar = p-tBuCgH,4 3
1.5 equiv

entry 1 PGEl A0 solvent 3 yield /%!
1 1a Ans (CFsCO)20 toluene 3aa 77
2 1a  Ans (C2F5CO)20 toluene 3aa 87 (779)
3 1a  Ans (C2F5CO)20 toluene 3aa 739
4 1a Ans Ms20 toluene 3aa O
5 1a Ans Ts20 toluene 3aa O
6 1a Ans T20 toluene 3aa 7
7 1a Ans (C2FsCO)0 CHzCl2 3aa 81
8 1a Ans (C2FsCO)0 PhCF3 3aa 75
9 1a Ans (C2F5C0O)0 CH3CN 3aa 14
10 1a  Ans (C2FsCO)20 CH3NO2 3aa 13
11 1b Ts (C2F5C0O).0 toluene 3ba 58
12 1c Ms (C2FsCO)20 toluene 3ca 71
13 id Tf (C2FsCO).0 toluene 3da O
14 1e Ac (C2FsCO)20 toluene 3ea O

[a] Ans = p-methoxybenzenesulfonyl. [b] NMR yield. [c] Isolated yield. [d]
Performed at —20 °C for 2 h. KDM 2a was fully consumed.

WILEY-VCH

The reaction scope with respect to KDM 2 was surveyed and the
results are summarized in Table 2. A range of para-substituted
aryl substituents in 2 including an ester group and a cyano group
were found to be compatible (entries 1-7), except for a p-
methoxyphenyl group (entry 8). The strongly electron-donating p-
methoxy group would significantly influence the stability and
reactivity of the sulfonium species that the activation of 2h by the
acid anhydride generates, leading to the formation of a complex
mixture. The m-methoxy group in 2i should not affect the nature
of the corresponding sulfonium species, and the expected product
3ai was obtained in 80% yield (entry 9). A substituent at the ortho
position showed a detrimental effect, leading to the formation of a
complex mixture containing a trace amount of product 3aj and the
recovered sulfonanilide (entry 10), probably because the ortho
substituent would hamper effective conjugation over the entire
KDM. Alkyl-substituted KDM 2k was also converted to a complex
mixture with the sulfonanilide mostly untouched (entry 11).

Table 2. Reaction Scope with Respect to KDM.
R R

. _SMe 1.8 equiv (CstCO)zo
1a + D—sMe
N

toluene (0.2 M)

o-SMe —40°C,15h N
2 1.5 equiv
entry 2 R 3 isolated yield /%
1 2a p-tBu-CeHa 3aa 77
2 2b  CeHs 3ab 76
2c p-Br-CsHa 3ac 73
4 2d  p-CF3-CeHa 3ad 68
2e p-MeOCO-CsHa 3ae 72
6 2f p-CN-CsHa 3af 60
7 2g  p-NO2-CeH4 3ag 46
8 2h  p-MeO-CeHa 3ah 0
9 2i m-MeO-CeHa 3ai 80
10 2j 0-CF3-CeH4 3aj <5
11 2k nC11Hzs 3ak 0

Examination about the scope with respect to sulfonanilides 4
revealed that the reaction is very sensitive to the substituents in
4. Sulfonanilide 4a, the methoxy analogue of 1a, was converted
to the corresponding indole 5a in only 9% NMR yield together with
a complex mixture under the optimized conditions (Table 3, entry
1). To improve the yield of 5a, a temperature as low as —-78°C
was effective to afford 5a in 58% isolated yield (entry 2). In
contrast, simple sulfonanilide 4b can be expected to be only a little
more electron-deficient than 1a, and a higher temperature of —20
°C was necessary to obtain a reasonable yield of product 5b
(entries 3 and 4). The reaction of p-chloro sulfonanilide 4c was
sluggish even at —20 °C (entries 5 and 6). Alternatively, the Ans
group was replaced with a less electron-withdrawing sulfamoyl
group to make the nitrogen atom in 4d more nucleophilic (entries
7 and 8), and the reaction of 4d at —40 °C for 40 h afforded the
expected indole 5d in 70% isolated yield. A strongly electron-
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withdrawing cyano group in 4e had a totally detrimental effect
(entry 9). After extensive re-screening of protective groups and
reaction conditions, we found that the trifluoromethanesulfonyl
protection in 4f is helpful (entry 10) and that the reaction of 4f in
the presence of (CF3CO)20 in nitromethane at room temperature
gave a satisfactory result (entry 11). These results in Table 3
indicate that an optimization of reaction conditions including a
protective group, a temperature, and a reaction time, is necessary
for each sulfonanilide of interest.

Table 3. Reaction Scope with Respect to Sulfonanilides.

R 1.5 equiv 2a CeHy-p-tBu
1.8 equiv (CoF5C0),0 R A
SMe
NH toluene (0.2 M) N
| .
4 PG temp., time 5 PG
entry 4 R PGE  Temp/C time/h 5 yield /%!
1 4a MeO Ans -40 15 5a 9
2 4a MeO  Ans -78 15 5a 58
3 4b H Ans -40 15 5b 7
4 4b H Ans -20 15 5b 58l
5 4c Cl Ans -40 15 5¢c 17
6 4c Cl Ans -20 15 5¢c 37
7 4d Cl Pip -40 15 5d 56
8 4d Cl Pip -40 40 5d 76 (700°)
9 de CN Ans -40 15 5e 0
10 4f CN Tf -40 15 5f 29 (25[)
110 4f CN Tf 20 3 5f (581)

[a] Ans = p-methoxybenzenesulfonyl. Pip = piperidinosulfamoyl. [b] NMR yield.
[c] Isolated yield. [d] With 2.5 equivalents of (CF3CO)20 and 2b in nitromethane
at room temperature.

Finally, several transformations of one of the indole products were
investigated (Scheme 2). Removal of the Ans group in indole 3af
proceeded smoothly according to Bajwa’s protocoll' using
cesium carbonate in hot methanol/THF to provide 6 in 88% yield.
Attempts to remove the 2-methylsulfanyl group in 3af resulted in
incomplete reduction even under harsh conditions to yield the
expected product 7 along with the 46% recovery of 3af.
Alternatively, the 2-methylsulfanyl group in deprotected 6 could
be reduced to yield 8 under the Nakada conditions.["®!

WILEY-VCH
Ar
3.0 equiv Cs,CO3 A\
3af THF/MeOH = 2:1 N Ve
rt.t060°C,24 h H 6 88%

10 mol% PdCl,
4.2 equiv Et3SiH

5 mol% PdCl,
2.1 equiv Et3SiH

THF, 60 °C, 4d THF, rt.,1h
* Ar Ar
Ty w0
N N
Ans H

7 50% (3af 46%) 8 91%

Scheme 2. Transformations of Indole 3af. Ar = CeHs-p-CN

Conclusion

The modern Pummerer chemistry has allowed the development
of a new route to indoles from sulfonanilides and ketene
dithioacetal monoxides. Upon activation of the sulfoxide with
pentafluoropropanoic anhydride, an interrupted Pummerer
reaction with sulfonanilide yielded an S—N variant of the N—N-
based Fischer indole intermediate. The S-N-tethered
intermediate follows a pathway that resembles the Fischer indole
mechanism to the corresponding N-sufonyl-2-
methylsulfanylindole. The scope with respect to the aryl-
substituted KDMs is reasonably broad, while the use of different
sulfonanilides requires re-optimization of reaction conditions. The
products are expected to undergo a series of transformations. The
development of strategies to overcome the sensitivity with regard
to sulfonanilides in order to increase the synthetic utility of this
new repertoire of indole synthesis remains to be accomplished.

Experimental Section

General procedure for the synthesis of indoles from KDMs and N-
protected anilines

Synthesis of 3aa is representative. A Schlenk tube was charged with
sulfonanilide 1a (139 mg, 0.50 mmol), KDM 2a (201 mg, 0.75 mmol), and
toluene (2.5 mL). The solution was cooled to —-40 °C, and
pentafluoropropionic anhydride (171 pL, 0.90 mmol) was added slowly.
The resulting solution was stirred at the same temperature for 15 h. The
reaction was then terminated with saturated aqueous NaHCO3 (2 mL), and
the resulting biphasic solution was extracted with EtOAc (15 mL x 3). The
combined organic layer was washed with brine, dried over Na2SQO4, and
concentrated under reduced pressure. The residue was purified by
chromatography on silica gel (eluent: Hexane/EtOAc = 5/1) to provide 3aa
(184 mg, 0.38 mmol, 77%) as a white solid.
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The modern Pummerer chemistry has allowed the development of a new route to indoles from sulfonanilides and ketene dithioacetal
monoxides. Upon activation of the sulfoxide with acid anhydride, an interrupted Pummerer reaction with sulfonanilide yielded an S—N
variant of the N-N-based intermediate in the Fischer indole synthesis. The S—N-tethered intermediate follows a Fischer-like pathway
to the corresponding N-sufonyl-2-methylsulfanylindole of synthetic use.
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