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Besides conventional named routes such as the Fischaable 1 Ruthenium-catalyzed reactionXd with 2a under various

Madelung, Bischler, and related syntheses for the formatiopondition$
of indoles, homogeneous transition metal-catalyzed syn- Dioxane/HO Pco Time Conv. (%) Yield (%)

thetic methods have been attempted recently because of thun 1a2a MmUmL) (am) (h) ofla 3a 4 5
facility and efficiency of reaction and wide availability of
substraté. During the course of our continuing studies on 6 9/1 20 40 100 36 21 17
homogeneous ruthenium catalysis, we recently developed an? 6 9/1 5 20 100 12 36 28
alkyl group transfer from alkylamines to aniliféss well 3 6 91 2 40 100 6 0 5
as a-carbon atom of ketonésThe former transformation 4 6 9/1 0 20 ” 1 0 1
leads to indolés’ and quinoline¥” and is well known as © 6 91 50 40 100 0 0 O
amine exchange reaction (amine distribution reaction or amine® 6 10/0 20 40 100 8 0 1
scrambling reactior?).However, except for our reports, a 3 9/1 20 40 100 36 21 6
clear-cut example for the synthesis of N-heterocycles using 3 9/1 20 20 100 17 0 O
the amine exchange reaction seems to be limited to palla-% 2 9/1 20 40 100 21 28 4
6 9/1 20 40 100 30 3 5

dium-catalyzed synthesis of pyrimidines and imidaztles.

Herein, we describe a rutheium-catalyzed reductive cyclizae-‘ContliitngSé 56}3 élLCmm(I)cli)b Ru(é:oﬁ)lz C(|0.0r? mt:nol), SnfGéZHzO c(>l

tion of nitroarenes with trialkanolamines using water gaigﬂglzy(PPb)s (005 r):’:(renol).%;?b(goa)lz r(‘ot_le rf‘mf;')]_cfgr?q_gﬁgb ©

shift reaction system (CO#B) via an amine exchange reac- mmol).

tion.

We attempted the reductive cyclization between nitroben-

zene {a) and triethanolamine2f) to obtain an optimized the formation oBaas has been observed in our recent ruthe-

reaction condition for indole8@), and several representative nium-catalyzed synthesis of inddlésand quinolines’ (run

results are summarized in Table 1 (Eqg. 1). The reaction wés).As described above, SBAH,0 seems to play a decisive

generally performed under water gas shift reaction systenole as both the reduction d&to aniline and the formation

(CO/H0) and the molar ratio dfa/’2a (3-6) in the presence of 3a'? However, the use of increased amount of $nCl

of a catalytic amount of a ruthenium catalyst at 380  2H,O did not give any significant change on the yiel@af

However, upon using the molar ratiolaf2a=3, the product (run 10).

yield and distribution were not changed significantly com- Given these results, several reactions of nitroareméth

pared tola/l2a=6. The absence of eithep®l or CO proved 2awere screened using the above optimized conditions. As

to be not effective for the formation 8 and indole precur- shown in Table 2, the indole yield was not considerably

sors4 (R=R'=H)and5 (R=R'=H) (runs 4 and 6). However, affected by the position of the substituent on nitroarene (runs

the startingla was converted into aniline, which might be 2-4). In the case of 3-methylnitrobenzefe)(the product

derived by SnGI2H0 as reducing agehtThe yield of3a  (3c) was obtained as a regioisomeric mixture (run 3). Inter-

increases with the increase in the pressure of CO up to Zstingly, treatment df with triisopropanolamine2p) under

atm (runs 1-4). The presence of S#2ELO was essential for the employed system afforded almost exclusively 2-methyl
substituted regioisomer3g and 3h (runs 7, 8). We have

5% Ru3(CO)1p

o @\ . R SnCly * 2H,0 already shown that 2-methylindoles are selectively formed
N No, (HOEHCH%N 1cg()),ocgoxane/Hzo m__the ruthenlum-cata_lyzed reaction of anilines véthand
1 2 triisopropanolammonium chlorid€.
aR =H 1) As concerns the reaction pathway, it seems to be pro-
hR'=Me ceededvia a ruthenium-catalyzed sequence involving etha-

nol group transfer fronRa to aniline to form4 (amine

R R
~ . \ /__< + d N\ /_< — . ) . - .
R @Q\R‘ QNH OH @—NH HN@ exchange reactid)) N-alkylation of aniline with4 to form
H R R R
3 4 5

5,1 and N-heteroannulation bfto give3a. We have already
been proposed a similar catalytic cycle in the synthesis of
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Table 2. Ruthenium-catalyzed synthesis3f

Run Nitroarend 2 Indole3 \((;Z')S 2.
1 R=H(a) 2a R=H; R'=H @a) 30 3
2 R=4-Me (Lb) 2a R=5-Me; R'=H 8h) 30
3 R=3-Me (¢ 2a R=4- and 6-Me; R'=H3¢) 3¢
4 R=2-Me (Ld) 2a R=7-Me; R'=H 8d) 33 4
5 R=3,5-Me (¢ 2a R=4,6-Me; R'=H 8¢ 51
6 R=2-OMe, 4-Me1f) 2a R=4-Me, 7-OMe; R'=HZf) 30
7 1la 2b R=H: R'=Me 8g) 27 S
8 1b 2b R=5-Me; R'=Me 8h) 31

#Conditions:1 (3 mmol),2 (1 mmol), RY(CO)> (0.05 mmol), SnGl
2H,0 (1 mmol), CO (20 atm), dioxanef® (9 mL/1 mL), 18CC, 40 h.
Plsolated yield based oh “Regioisomeric distribution was determined
by 'H NMR (300 MHz): 4-methyindole/6-methylindole=1/1.2.

indoles from anilines and alkanolamines (or alkanolammo-
nium halidesf:>

Typical experimental procedure is as follows. A mixture
of 1a (3 mmol), 2a (1 mmol), RY(CO)» (0.05 mmol),
SnCh-2H,0 (1 mmol), and dioxaned® (9 mL/1 mL) was
placed in a pressure vessel. After the system was flushed and
then pressurized with carbon monoxide (20 atm), the mix-
ture was stirred at 18€ for 40 h. The reaction mixture was
poured into aqueous 5% HCI solution and extracted with
CHCl; and dried with Ng8Qw. Removal of the solvent under
reduced pressure left a solid which was separated by column
chromatography (ethyl acetate/hexane) to give indole (0.035
0, 30%).

In summary, we have demonstrated that nitroarenes were
found to be reductively cyclized with trialkanolamines in the
presence of a ruthenium catalyst and $2EbO under
water gas shift reaction system to give indaefi@san amine
exchange reaction.
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It is well documented that transition metal-catalyked
alkylation of amines by primary alcohols proceeidsa
seguence involving oxidation of the alcohol to form alde-
hyde, condensation of the aldehyde with amine to form
imine, and reduction of imine. This methodology has been
successfully applied for the synthesis of N-heterocycles.
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In contrast to our recent reports on the ruthenium-cata-
lyzed synthesis of indoles (refs 2 and 3), the present reac-
tion clearly revealed the formation of intermediatesnd

5.




