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The synthesis of indoles has occupied organic chemists for well Table 1. Synthesis of 2,n-Substituted Indoles®
over a century.The combination of traditional and modern methods

has provided accessibility to a wide variety of structural variations sl szfb:gf 1 leigi\c
of this important class of heterocycl&?. Still, a general, mild, NN o —— 2 : MR,
. + U Phenol, 35°-80°C EtOH, it g~Z N
and efficient method to access 4-, 5-, 6- as well as 5,6- and other = RE e ena7h '
polysubstituted indoles from simple and readily accessible (non- — === ndoe TeOt Vel %)
aryl iodide) precursors has proved elusive. Herein we disclose a o
method, based on the Pd-catalyzed arylation of ketone enolates, 1 /@[ h} Ph 50/15 78
that concatenates simple ketones with widely available chloro- and F NO; F A e
bromoaromatic& to provide a wide range of polysubstituted indole QB’ N Me 50/24 63
derivatives. The success of the method is due to an unexpected 2 F NO, F N
effect of an additive in the ketone arylation process: the inclusion cl '1 on
of a catalytic quantity of a phenol in the enolate arylation of 3 FaC/GENOZ FiC N 50/18 75
o-halonitroarenes effects a remarkable increase in the efficiency F\C cl FsC
of the transformation. 4 \@ ; Ph 50/25 79
The Pd-catalyzed arylation of ketone enolates has recently ';?2 H
emerged as a useful method in organic synthésisowever, to 5 /@ m% 35/24 44
our knowledgep-halonitroarenes have never appeared as coupling NC NO, Ne N
partners in this reaction. In our preliminary studies toward this goal, /@EC' \Meo 024 .
we found that along with trace product, we observed the persistent 6 cl NO, <:| 64
formation of 2-nitrophenol. Any attempts to lessen the quantity of Br i
this phenolic impurity also resulted in suppression of product 7 O: Meom"&‘ 50/24 67
formation, indicating that the phenol might be performing a Meo ';?2 "
beneficial role. In fact, we found that addition of 20 mol % phenol, o /@ m"&l 35/27 65
in combination with phosphinéa, led to the development of a EtO,C e No, EO:C ve "
highly efficient process. With the ability to couple ketones with Br
9 @ N e 80/25 710f
NMe, NMe, Ph ’;,02 N
: NaSolYate o U, e o
FCy, PtBu; PiBu, NO; N
Cl
o-halonitroarenes, we were then able to synthesize substituted " EtOzC/CENOZ E(OZC/CEH\Q %6120 o
indoles in a straightforward manner following previously described Br N
reductive cyclization procedur3? The substrate scope of this 12 @:N 5 ©;>_'Pr 50721 64°
reaction was found to be quite broad, as is depicted in Table 1. . o : . :
Both electron-rich and -deficiem-bromo oro-chloro nitroarenes “ jij[ mnBu 50/23 71
were effective coupling partners under mild reaction conditions. Me NO; Me N
The reactions were carried out at-350 °C (save entry 9) in toluene Meojg[B‘ Meomnm 5023
using KsPO, as the base in the presence of 20 mol % of a phenol " eo NO,  MeO N e

(4-methoxyphenol was found to be optimum in most cases).

Acetophenone derivatives, as well as alkyl methyl ketones, including

acetone, were viable substrates in this process. However, the current , . Reaction conditions: 1.0 equiv of ArX, 2.2 equiv of ketone, 0.2 equiv
of phenol (see Supporting Information for exact phenol used), 2.5 equiv of

reaction conditions are successful only when arylating either methyl k,po, 1 mol % Pd(dba), 4 mol % 1a, toluene. Isolated yields (average
or cyclic ketones. Mitigating this limitation was that the arylated of two runs) of compounds estimated to b85% pure as determined by

ketones! could be deprotonated and efficiently alkylated with *H NMR and GC or combustion analysis4 mol % Pd, 8 mol %d.a. ©2.0
. . . . _equiv of ketoned6 equiv of ketone®1.2 equiv of ketone’ 1c used as

several electrophiles, and subsequently reductively cyclized to give ligand.

2,3-substituted indoles in moderate to excellent yields (Table 2).

In our first alkylation protocol, the ketone arylation process was Carried out followed by aqueous workup and isolation of the crude
product. Without purification, this was alkylated with the electro-

* To whom correspondence should be addressed. E-mail: sbuchwal@mit.edu. phile (1.1 equiv) using NaH (1.2 equiv) as the base in THF.
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Table 2. Synthesis of 2,3,n-Substituted Indoles? Br Pds(dba)s , 1a NO:
o .
NO; R —
j’\ Pd,(dba)s, 12 T Nam et " MedNpr  Toluene, 50°C, 1ah o
Me KqPOy, 35-50°C A THF, RT Base / Additive iPr
e - . c "
BriCl 20 mol% ntry Base Additive Result
NO, pmethoxyphen::llo /r ) E*, THF 50°C 1 2.2 equiv K3POy none ’I:lowDConvgrgior;j .
St 2 o Desired Produc
' TC'S \ . 2 2.2 equiv K3PO4 0.2 equiv phenol %%‘;A?rgglxgﬁiocrp
af=/ Moo EWOH/ NHOAc NH4OAc . ) : u
! 3 2.2 equiv KsPQOy 0.2 equiv KOPh 50% Conversion
- Desired Product
Entry  AnHalide  Electrophile Indole Yield (%) 4 2.2 equiv KsPOs 1.2 equiv KOPh Low Conversion
e Me No Desired Product
5 none 1.2 equiv KOPh Low Conversion
1 Elozc,@“% Mel Y—ph 61 No Desired Product
EtO H c 6 none 0.2 equiv KOPh 10-20% Conversion
o OMe Desired Product
2 Br-_COsMe A 71¢ R | R
Eﬂzﬁ’@mz L0l . Me 1 O;N\Q | OQN\Q
H L. i N m
MeO. Br MeO C0:Me =Pd y 3 . ,Pd(\o
3 Kj[ Br._COzMe N —pp 65 ot : o
MeQ NOz MeO' N Rk/HPGO—@fOMe ! & I~
HMe OMe

Mel N\ pn a4 Figure 1. Role of the phenol additive.
Me type Ill , as a dramatic decrease in efficiency is seen as more
mm 76° hindered phenols are used with the same substrate combination. In
N summary, we have described a procedure for the arylation of methyl
Br e and cyclic ketone enolates withhalonitroarenes. This process has
Mel m—"‘- 90° provided for the regioselective synthesis of a wide variety of
N substituted indoles from commercially available materials.
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aReaction conditions: 1.0 equiv of ArX, 2.0 equiv of ketone, 2.5 equiv
of KzPQy, 0.2 equiv of 4-methoxyphenol, 1 mol % fdba), 4 mol %1a, . . . . .
1 mL of toluene, 22 h. Isolated yields (average of two runs) of compounds ~ Supporting Information Available: Preparation and characteriza-
estimated to be>95% pure as determined bH NMR and GC or tion of all substrates and products (PDF). This material is available
combustion analysi¢. 1.1 equiv of ketone, 2.0 equiv ofR0y. © 6.0 equiv free of charge via the Internet at http:/pubs.acs.org.
of ketone.d 1.5 equiv of iodomethane, 1 mL of THF added upon completion
of ketone arylation.
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