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Friedel —Crafts reaction of indoles with

o-amido sulfones in the presence of montmorillonite K-10 leads unexpectedly to 3-(1-arylsulfonylalkyl)

indoles in good yield. The obtained products can be further desulfonylated under reductive or alkylative conditions giving linear and branched

3-substituted indoles.

The introduction of functionalized alkyl frameworks at the
3-position in indole systems is a common practice directed
to the synthesis of biologically active compourtd&part
from few notable exceptior’sthe vast majority of the
available methods to attain this result use a Frie@¥hfts
(F—C) reaction exploiting the electron-rich nature of the
indole nucleus.

Conversion of these nitrogen derivatives into iminium ions
ensures a rapid reaction with various indoledo give
3-indolyl methanamine8 that are pivotal intermediates in
alkaloid syntheses.

The efficiency of this process is affected by the reaction
conditions since the amino group in the benzylic position
can eliminate to give bisindoles as byprodicthis apparent

A common feature of all these procedures resides in the drawback represents a useful synthetic opportunity since

utilization of highly electrophilic reagents generated under
Lewis or Brgnsted acidic conditiofisActivation by acid

promoters is particularly needed when poor electrophiles,
such as imine2, are used for this purpose (Scheme 1).
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elimination of the amino framework fro®leads to reactive

vinylogous imino derivatived that may add nucleophilic ~ Table 1. Reaction of Indolelb with a-Amido Sulfone6a

species giving branched 3-substituted indd@és NHCO,EL Tol0,S
Compared withN-alkylimines, N-acylimines and their \ n-CeHy 17 "SOTol { st

corresponding iminium iorfsare considerably more reactive m acid promoter N

toward nucleophiles and can be profitably used in a number w1 o

of synthetic applications, including catalytic enantioselective

processe&.The poor stability ofN-acylimino derivatives acid promoter T  time  yield

makes preferable their in situ formation from suitable entry (g/mmol 1b) solvent  (°C) h) 9 (%)
a-substituted amido precursors that, by acid-promoted
elimination of a good leaving group, furnish the azomethine

TiCly (2 equiv) CHCl,  —78¢ 6 55

) ; . 3 none CH.Cl, 40 18 traces
electrophile ready to react with the appropriate indole. 3a HSZ-360 (1.7)  CH,Cly 40 4 51
Concerning the nature of the acid promoter for theQ- 40 K-10 (1.7) CH:Cl, 40 3 95

reaction, Lewis acids formerly used for this purpose can be 5 K-10 (1.7) none 20 9  traces
replaced by less hazardous and eco-friendly solid acid 6 ~— K107 none 55 3 %
compoundd® Working under heterogeneous conditions, solid ~ ~  K100.9 none 55 3. 88
SiOg (1.2) none 55 3 73

acids can be often used without any added solvent and allow
easy workup of the corresponding reaction mixture. Recently, Isaolzaetggte:bMontmo””or!“e-c'zor 0.5 h at—78 °C then 5.5 h at rt.

we have demonstrated thatamido sulfones are useful yields. Al reactions were carried out on 1 mmol scale.
precursors oN-acyliminium ions7 that, once they formed,

can react with several nucleophiles, such as allylsilanes, silyl  The absence of the acidic promoter does not produce any
ketene acetals, and electron-rich aromatics, leading to theappreciable result (Table 1, entry 2), but interestingly, solid

corresponding adduc®& (Scheme 2} acid compounds are effective in promoting the same process
With the aim of searching for a new route to 3-substituted under various conditions. Zeolite HSZ-360 gives modest
indoles, we reacted indol&b with o-amido sulfone6a in results, but less expensive montmorillonite K-10 leads to the

formation of sulfone9f in good vyield using the same
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Table 2. Synthesis of 3-Substituted Indol@sby Reaction of

Scheme 3

Indoles1 with Sulfones6 Promoted by Montmorillonite K-10 NHCO,Et " *NHCO,Et N
NHCO,Et nOS, R)\SOZAr ﬁv o * @:} —
3 H
RmRz e ® N _R? ® ArSO,H 10 1
N1 montmoril]:mite K-10 N1 EOLCHN + H
; R 55 °C g R 2 " EtO,CHN -
faR=R'=R%=H 6a R°= n-CsHq1 Ar = 4-MePh H' >
1bR=R'= H, R?= Me 6b R°= Pth;éHz, Ar = 4-MePh ©j§ T ;
1¢R=R'=H,R%= Ph 6¢c R%= c-CgHq1 Ar= Ph H ”
1dR=R%=H,R'= Me 6d R°= Ph, Ar = 4-MePh n 12
1e R=MeO, R'=R*=H 6e R°= 4-NO,Ph, Ar = 4-MePh y i
— 1_ p2_
1fR=CN,R'=R°=H O [\; R ArSOH Ar0,S .
o-amido product time yield R 41_ / N\ N
entry indole 1 sulfone 6 9 (h) (%)b { - N/+ - N
1 la 6a 9a 6 71 O N H H
2 la 6b 9b 7 70 H
3 la 6c 9c 7 72 14 13 9
4 la 6d 9d 7 80
5 la 6e 9e 15 71
6 1b 6a of 3 88 a fast and reversible process; in addition, prodficis
7 1b 6b 9g 6 90 probably thermodynamically more stable than bisindate
8 1b 6e 9h 6 7 As a matter of fact, bisindol&4 can be observed during the
13 12 g: g; ; 33 course of the reaction by TLC analysis, and its complete
11 le 6a 9k 6 46 disappearance usually announces the end of the process.
12 1d 6a 9l 6 62 Furthermore, variable amounts of bisindiecan be isolated
13 le 6a 9m 5 76 from the reaction mixture after 0.5 h at 56.1
14 1f 6b 9n 6 70 The ready availability of sulfonyl indole8 opens new
15 1f 6a 9 5 80 synthetic opportunities for a suitable functionalization of

aReaction conditions: sulfoné (3 mmol), indolel (3.2 mmol), and
montmorillonite K-10 (2.7 g) heated at 5&. P Isolated yields

indoles at the 3 position, exploiting the well-known aptitude
of the arenesulfonyl moiety to act as a good leaving gréup.
Substitution of the arenesulfonyl group with a hydrogen atom
would lead to the 3-alkyl indole derivative formally arising

between the nature of the reagent substituents and thefrom an alkylation reaction of the indole ring. Removal of
efficiency of the process, except in the case of 2-phenyl the arenesulfonyl group in benzylic and allylic positions is
indole 1c that gives a poor conversion into indoBk usually best effected under radical conditions, taking advan-
probably because of the steric hindrance exerted by thetage of the stability of the corresponding radical intermedi-

phenyl group with respect to the hydrogen or methyl group ate®

(Table 2, entry 11). The nature of the alkoxy group in the
carbamoyl moiety irc-amido sulfones is also important since
early attempts to use benzyloxy atedt-butyloxycarbamoyl
sulfones gave unreliable resulfs.

A plausible mechanism that explains the formation of
compound99 starts from theN-acyliminium ion10 that is
formed by elimination of arenesulfinic acid from theamido
sulfone6 under acid conditions (Scheme 3).

Reaction of the strong electrophil® with indole 1 gives
the FC productl1that is protonated and suffers elimination
of ethyl carbamate, leading to vinylogous iminium ib®13
At this point, the iminium ionl3 can react with indold. in
a second FC reaction giving bisindol&4 or adds ArSGH
to afford product9. Formation of compoun@ is favored
because theFC reaction leading to bisindolet is probably

(12) Extensive decomposition of tikeeamido sulfone has been observed
in this process, especially foert-butyloxycarbamoyl sulfones.

(13) Ke, B.; Qin, Y.; He, Q.; Huang, Z.; Wang, Fetrahedron Lett.
2005,46, 1751—1753.
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Therefore, reduction of sulfon@using BuSnH in toluene
at reflux gives the corresponding indole derivativigsin
satisfactory yield (Table 3, method A, entries 1, 3, 4, and
7). A comparison of this procedure with the classical
desulfonylation using 6% NaHg amalgam (Table 3, method
B) shows that the former reaction is more efficient in

(14) Under certain circumstances, the bisindole is stable enough with
respect to the sulfonyl indole that it may become the main product as in
the reaction of indolelb with imino ester precurso6f that gives
predominantly bisindold 5.

CO,Et
montr}zzrglonlte HN XS 2 NH
SO, Tol

A _ K10
. y
o 55°C, 6 h, 58% O O

15
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S.; Shirahama, HTetrahedron: Asymmetnt996, 7, 3371—3390. (c)
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Table 3. Reductive Desulfonylation of Indolélunder Various Table 4. Reaction of Indole® with Grignard Reagent$7?

Condition$ R4
R? § R®
Method A: BuzSnH, AIBN, PhMe _ ©j\</:R2 9 R*™MgX 17 A 2
Method B: Na-Hg, EtOH N THF, -35°C, 1.5h N
Method C: LIAIH,, THF 6 1 g N
time  yield Grignard reagent 17
entry indole9  product 16  method® (h) (%)b entry indole 9 R4 product 18 yield (%)®
1 9d 16a A 4 86 1 9d Me 17a 18a 75
2 9d 16a B 2 61 2 9f n-Bu 17b 18b 94
3 9f 16b A 3 85 3 9f CH=CH, 17¢ 18c 77
4 9g 16¢ A 8 77 4 9g Me 17a 18d 85
5 9g 16¢ C 2 85 5 9g n-Bu 17b 18e 91
6 93 16d B 4 62 a8 Reaction conditions: sulfonyl indol® (1 mmol) in THF (12 mL),
7 9 16e A 8 56 Grignard reagent (3 mmol) added dropwise-5 °C. P Isolated yields.

2 Reaction conditions. Method A: sulfonyl inda$e(1 mmol), BusSnH
gz(i“n":r%'g'l)f‘gg‘/oA,\'liNHgfm”;Egg'?ﬁg'gi”:ngl;a";%ﬁ'r?]fr'r‘:él-)'\i"neg;g"HB- In summary, we have devised an unprecedented procedure
(10 mL) at rt. Method C:9 (1 mmol) and LiAlH (3 mmol) in THF (12 for the synthesis of 3-(1-arylsulfonylalkyl) indoles by
mL) at rt." Isolated yields. Friedel—Crafts reaction ofi-amido sulfones with indoles
in the presence of montmorillonite K-10 under solventless
providing indolel6a (Table 3, entries 1 and 2j.Complex  conditions. These rather unknown sulfonyl indole deriva-
hydride LiAlH, is seldom used for this purpose, but the basic tivesl® can be desulfonylated under reductive conditions
character of this reagent makes possible a mechanism alreadgiving 3-alkyl indoles or alkylated upon reaction with
outlined in Scheme 1 that involves elimination to the imino- Grignard reagents giving branched 3-alkyl indoles. Further

like derivative4 followed by its reduction to compourl studies of reactions of 3-(1-arylsulfonylalkyl) indoles with

(Nu = H). Thus reduction of sulfon®g using LiAlH, in other nucleophilic systems are currently underway in our
THF affords the corresponding indole derivatii&d with a laboratory.

iderable d f effici Table 3 thod C, ent . . . .
g;)nSI erable degree of efficiency (Table 3, metho entry Acknowledgment. Financial support from University of

Camerino (National Project “Sintesi e Reattivita-atfiviia

The success of the reductive cleavage of the ArGOu . . . . ; T
. ue vag ArGIOUp Sistemi Insaturi Funzionalizzati”) is gratefully acknowledged.

by LiAIH 4 clearly suggests the possibility of using Grignard
reagents in a strictly related fashion to obtain alkylation of  Supporting Information Available: General experimen-
the indole side chain. Some preliminary results concerning tal procedures, spectroscopic data, and copiésl @nd**C

the reaction of simple Grignard reaget®with sulfones9 NMR spectra for all new compounds prepared. This material
at —35 °C show that this process is possible and leads to is available free of charge via the Internet at http://pubs.acs.org.
the corresponding substituted indofekin good yield (Table

4) 0OL061604W
(18) (a) Krasovsky, A. L.; Druzhinin, S. V.; Nenajdenko, V. G
(17) Corey, E. J.; Chaykovsky, M. Am. Chem. S0d.965,87, 1345— Balenkova, E. STetrahedron Lett2004,45, 1129—1132. (b) Licari, J. J.;
1353. Dougherty, GJ. Am. Chem. S0d.954,76, 4039—4040.

4096 Org. Lett, Vol. 8, No. 18, 2006



