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Palladium-catalyzed IBX-induced intramolecular oxidative amination of alkenes has been utilized for the
synthesis of pyrrolocoumarin and pyrroloquinolone derivatives in excellent yields in a short reaction
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The prominence of five-membered nitrogen-containing hetero-
cycles in natural products and biologically active molecules' has
evoked considerable interest toward their synthesis. Natural prod-
ucts possessing coumarin and quinolone sub-units show broad-
spectrum biological activities.?~® Various pyrrolocoumarins possess
anti bacterial, monoamine oxidase (MAO) inhibitory, and anthel-
mintic activities.” They have also been used as fluorogenic probes.®
A number of synthetic methodologies®¢ have been developed for
the synthesis of coumarin- and quinolone-fused pyrroles by ring-
closing reaction. The intramolecular addition of nitrogen functional-
ity to an alkyne or an alkene is an important strategy. This often
needs harsh reaction conditions if the carbon-carbon multiple bond
is not sufficiently polarized.!® Intramolecular oxidative amina-
tion'"12 of olefins represents a powerful synthetic strategy for the
synthesis of nitrogen heterocycles. Among the various metal-cata-
lyzed (Ag, Cu) synthetic protocols developed, palladium is one of
the widely used and accepted metal that is employed in different
types of intramolecular oxidative amination of olefins. In principle,
the reaction may be initiated by palladium-amine interaction fol-
lowed by simultaneous transfer to the alkene, which may also be
considered as alkene insertion into the amine-palladium bond
(Fig. 1).13

Stahl and co-workers reported the palladium-catalyzed inter-
molecular'#? aerobic oxidative amination of alkenes to synthesize
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different terminal enimides and intramolecular'*® oxidative ami-
nation of olefins to produce pyrrolidine and pyrroline heterocycles
efficiently using molecular oxygen. Liu and co-workers reported!®
a Bronsted base-modulated regioselective Pd-catalyzed intramo-
lecular aerobic oxidative amination of alkenes for the formation
of seven-membered amides. Palladium-catalyzed intramolecular
amination of olefins has been reported for the formation of
2-methyl-1-tosyl indole under different conditions!® in only
21-28% yields in a complex mixture. But there is no such report
on the synthesis of pyrrolo-fused heterocycles by Pd-catalyzed oxi-
dative amination starting from unactivated olefinic amine precur-
sors. This has prompted us to undertake a study on the synthesis of
pyrrolocoumarins and pyrroloquinolones by the intramolecular
oxidative amination.

The starting materials 1a-f, 2(a,b), 3 for this study were pre-
pared according to our earlier published procedure.!”'® We had
earlier demonstrated® the gold (IIl)-catalyzed amination of al-
kynes to synthesize pyrrolo-pyridine derivatives. Therefore, ini-
tially we have attempted Au(Ill) catalyst for the alkene-amine
coupling. However, when 5-allyl-6-(ethylamino)-1-methylquino-
lone 1a was subjected to react with AuCls; in acetonitrile, the de-
sired cyclization to give pyrroloquinolone derivative did not
occur even after refluxing for 14 h. The catalyst system was chan-
ged and Pd(OAc), was tried in anhydrous DMF in the presence of
Na,COs3 as base at 100 °C for 10 h. Pleasantly the cyclized product
pyrrolo[3,2-flquinolinone was obtained in good yield (71%)
(Scheme 1).
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Figure 1. Mechanistic background of aminopalladation for heterocycle synthesis.
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Scheme 1.

In order to improve the yield of the reaction we have then used
IBX as an oxidant in the reaction. In the presence of IBX (2-iodoxy-
benzoic acid) surprisingly the yield of the product, pyrroloquino-
lone 4a'®, was increased to 95% at 70 °C in only 1.5 h. We have
carried out a series of experiments by sequential changes of cata-
lyst, solvent, base, and oxidant. The results are summarized in
Table 1.

From Table 1 it is clear that Pd(OAc), is much more efficient
than Pd(PPhs), and Cu(OAc),. In the absence of any catalyst the
reaction did not proceed at all (entry 8). Among the different sol-
vents tried, DMF is the best choice compared to CH;CN and DMA.
In aqueous medium the reaction was sluggish (yield 15%, entry
13). IBX is preferable to iodobenzenediacetate (IBD) and benzoqui-

Table 1
Study under different conditions

none (BQ) as areoxidant. When the reaction was carried out at 70 °C
for 1.5 h without IBX the product obtained was just 28% (entry 4)
and on increasing the reaction time up to a stage that the reaction
hardly proceeded anymore, the yield was 69% (entry 5). So the opti-
mized reaction conditions are 10 mol % Pd(OAc),/1 equiv IBX/
3 equiv Na,CO3/DMF/70 °C. All the other starting materials 1(b-f),
2(a,b), and 3 were treated under the optimized reaction conditions
to afford the corresponding cyclized products 4(b-f), 5(a,b), and 6 in
85-97% yields. The results are given in Table 2.

We have been particularly interested in the oxidative amination
reactions, and a simplified catalytic cycle for a representative reac-
tion is shown in Scheme 2: aminopalladation of the alkene, fol-
lowed by B-hydride elimination, generates the heterocyclic
product 4a’, which subsequently isomerizes to form the desired
product 4a and the reduced Pd catalyst (step IV, Scheme 2). The re-
duced catalyst then gets reoxidized directly by the oxidant IBX to
regenerate the catalyst Pd" (step V).

The past few years have seen an explosive growth in the dem-
onstration and use of IBX as a selective reagent for unique oxida-
tive transformations?° including oxidation of benzylic carbons,
oxidation of amines, dehydrogenation of carbonyl to the corre-
sponding o,B-unsaturated analogues, dehydrogenation of N-het-
erocycles to heteroaromatics, and oxidative cleavage of
dithioacetals and dithioketals. But its use as a reoxidant [Pd(0) to
Pd(II)] is perhaps the first report.

It is relevant to mention that we failed to get the corresponding
pyrroloquinolone and pyrrolocoumarin derivatives by the radical
cyclization.’“ It is interesting to note that here we have succeeded
in developing a more generalized approach which overcomes the

\ p—
5 NHEt NEt
—_—
(6) N N
Me la 0 Me 4a

Entries Catalyst? Solvent Base® Oxidant® Temp (°C) Time (h) Yield? (%)

1 Pd(OAc), DMF Na,COs = 100 10 71

2 Pd(OAc), DMF Na,COs3 — 100 15 48
3¢ Pd(OAc), DMF Na,CO; IBX 70 1.5 95

4 Pd(OAc), DMF Na,CO; = 70 15 28

5 Pd(OAc), DMF Na,CO3 — 70 16 69

6 Pd(OAc), DMF Na,COs3 IBDf 70 1.5 79

7 Cu(OAC), DMF KOAc IBX 90 5 70

8 — DMF Na,CO3 IBX 100 12 NR®

9 Pd(OAc), DMA KOAc IBX 100 12 15
10 Pd(OAC), CH5CN Na,COs IBX 80 4 73
11 Pd(OAc), DMF Na,CO3 IBX 80 5 90
12 Pd(OAc), DMF Na,COs3 BQ" 80 2.5 80
13 Pd(OAc), H,0 Na,COs3 IBX 70 1.5 15
14 d(PPhs), DMF Na,CO3 IBX 80 5 77

a = catalyst used 10 mol %, b = base used 3 equiv, c = oxidant used 1 equiv; d =
h = benzoquinone.

isolated yield; e = optimized reaction condition; f=iodobenzenediacetate; g = no reaction;
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Table 2
Intramolecular oxidative amination of olefinic substrates
Entries Starting Product Time (h) Yield® (%)
NEt
=
1 1.5 95
(0) N
Me
NMe
2 = 2 91
(0] N
4p Me
NEt
3 Zz 1.5 97
(0] O
4c
NMe
4 7 1.5 95
(0] 4d (6]
NH
5 = 2 96
(0] (6]
4e
=
6 2.5 89
0™ 0 NMe
af e
Et
N
7 / 3 91
Sa
NMe
8 oC 3 :
(0]
H
MeN o
9 Py L, 15 96
(0] N

6l7¢ Me

a = isolated yield.

earlier drawbacks and limitations. The protocol has also been uti-
lized for the transformation of 2 and 3 to 5 and 6, respectively.

It has been mentioned earlier that intramolecular oxidative
amination was also achieved by aerobic oxidation.'*>!> The reac-
tions when carried out in air is very slow giving a lower yield of
the product. However, the yield of the reaction can be improved
by passing molecular oxygen into the reaction mixture giving a
60% yield of the N-tosylindole in 16 h'*® and in some cases mix-
tures of exo-methylene and internal olefin products were obtained.

It is remarkable that we could achieve 85-97% yield of the internal
olefin products regioselectively by simply using Pd(OAc), with IBX
as additives within a much shorter reaction time.

In conclusion, we have developed a novel protocol catalyzed by
palladium (II) under mild conditions using IBX as a reoxidant. By
the successful implementation of this protocol, a variety of pyrrol-
o-fused heterocycles and carbocycles have been prepared in excel-
lent yields from the unactivated olefins. The starting materials for
these reactions can readily be obtained via aza-Claisen rearrange-
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Scheme 2. Probable mechanistic pathway of the oxidative cyclization.

ment in excellent yields. Therefore, we provide a concise, high
yielding, atom-economic methodology for the synthesis of pyrrol-
o-fused carbocycle and heterocycles.
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5-Allyl-6-(ethylamino)-1-methylquinolin-2(1H)-one (1a): This substrate was
prepared according to earlier published procedure.!” Compound 1a obtained
as a solid; mp 102-104 °C; yield 85%. IR (KBr): 3358, 1648, 1304 cm™'. 'H
NMR(CDCl;, 300 MHz): 6y =1.29 (t, 3H, J=6.9 Hz, NCH,CHs), 3.21 (q, 2H,
J=6.9Hz, NCH,CH3), 3.57 (d, 2H, J = 4.5 Hz, CH,), 3.71 (s, 3H, NCH3), 4.91 (d,
1H, J = 17.1 Hz, =CH,H,,), 5.10 (d, 1H, J = 10.2 Hz, =CH,H,,), 5.90-6.01 (m, 1H,
=CH), 6.70 (d, 1H, J = 9.9 Hz, C3-H of quinolone), 7.04 (d, 1H, J = 9.3 Hz, ArH),
7.25(d, 1H,J = 9.3 Hz, ArH), 7.81 (d, 1H, J = 9.9 Hz, C4-H of quinolone) ppm. >C
NMR (CDCls, 100 MHz): 6¢ = 15.0, 29.5, 30.1, 39.1, 113.5, 115.6, 116.4, 119.0,
120.0, 121.7, 133.1, 134.4, 134.8, 141.7, 161.3 ppm. HRMS (ESI): Calcd:
265.1317 (M+Na)*. Found: 265.1317 (M+Na)".
3-Ethyl-2,6-dimethyl-3H-pyrrolo[3,2-f]quinolin-7(6H)-one (4a): Typical proce-
dure: A mixture of 1a (100 mg, 0.41 mmol), Pd(OAc), (9.2 mg, 10 mol %),
anhyd Na,COs3 (130.4 mg, 1.23 mmol), and IBX (115 mg, 0.41 mmol) was taken
in dry N,N-dimethylformamide (DMF) (10 mL) and was stirred at 70 °C for
1.5 h. The reaction mixture was cooled, water (20 mL) was added, extracted
with ethyl acetate (3 x 20 mL), and the ethylacetate extract was washed with
water (4 x 10 mL), brine (10 mL), dried (Na,SOy), and the solvent was distilled
off to furnish a viscous mass which was purified by column chromatography
over silica gel. Elution of the column with 45% (ethyl acetate/pet) afforded the
product 4a as a solid; mp 126-128 °C, yield 95%. IR (KBr): 2922, 1643,
1360 cm™~'. "H NMR (CDCls, 300 MHz): 8 = 1.37 (t, 3H, J = 7.2 Hz, NCH,CH3),
2.50 (s, 3H, CHs), 3.81 (s, 3H, NCH3), 4.19 (q, 2H, J = 7.2 Hz, NCH,CH3), 6.55 (s,
1H, =CH), 6.77 (d, 1H, J = 9.6 Hz, C3-H of quinolone), 7.17 (d, 1H, J = 9 Hz, ArH),
7.49 (d, 1H, J = 9 Hz, ArH), 8.09 (d, 1H, J = 9.3 Hz, C4-H of quinolone) ppm. '>C
NMR (CDCls, 100 MHz): §c = 12.7, 15.5, 30.1, 38.1, 98.0, 107.4, 112.4, 119.8,
125.2, 131.2, 134.9, 1354, 137.7, 150.1, 162.5 ppm. HRMS (ESI): Calcd:
241.1335 (M+H)". Found: 241.1328 (M+H)".
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