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Abstract: Polyfunctionalized alkyl indole 2-carboxylates can be
easily synthesized starting form B-nitroacrylates and o-bromoani-
lines through an addition—elimination process followed by an intra-
molecular palladium-catalyzed Heck reaction.
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Over the years, several synthetic methods have been pro-
posed that can be used to access functionalized indole sys-
tems.! This continuous interest reflects the importance of
this heterocyclic system due to its presence in numerous
synthetic and naturally occurring molecules.? The main
synthetic tactics used for preparing functionalized indoles
can be classified as: (i) construction of a pyrrole system
onto a benzene precursor,® (ii) benzannulation of pyr-
roles,* and (iii) derivatization of a preformed indole core,
usually by C-3 Friedel-Crafts reaction in combination
with electron-poor alkenes (a),> or by the functionaliza-
tion of the benzylic position via alkylideneindolenine in-
termediates (b)® (Scheme 1).

In this context, pathway (i) has been the most investigated
and, recently, efforts have been directed towards metal-
catalyzed ring construction, which ensures mild reaction
conditions and the possibility of introducing a variety of
functionalities into the indole ring.” Although some im-
portant goals have been reached, further drawbacks need
to be overcome, and the identification of new substrates
that can be easily converted into functionalized indoles re-
mains a research topic of great interest.

In this regard, following our ongoing studies on B-nitro-
acrylate chemistry,® we have disclosed a novel and simple
one-pot synthesis of a-enamino esters 4 that can be direct-
ly transformed into alkyl indole-2-carboxylates 5 by
palladium-catalyzed Heck reaction (Scheme 2).

The thus-obtained indole derivatives 5, or their acid form
(R? = H), belong to an important sub-class of indoles that
are widely used as strategic intermediates for the synthesis
of important biologically active molecules,'” however, de-
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spite their importance, only a few synthetic methods have
been reported. Among them, the Japp—Klingemann reac-
tion followed by Fischer rearrangement (A),!' and the
Hemetsberger—Knittel indole synthesis (B) (Scheme 3)!?
are two of the most well-known methods; however, both
these approaches have important limitations. The former
approach is rather complex, requiring the preparation of
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Scheme 1 Common synthetic approaches for the synthesis of func-
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the appropriate B-keto esters and the arendiazonium salts,
and harsh acidic reaction conditions are needed to pro-
mote the Fischer cyclization. On the other hand, the
Hemetsberger—Knittel synthesis entails the use of hazard-
ous azidoacetates, restricting functionalization to the ben-
zene ring and usually furnishing the indoles in very low
yields.
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Scheme 3 Japp—Klingemann/Fischer (A) and Hemetsberger—Knittel
(B) approaches

In this regard, our synthetic strategy, which exploits the
high reactivity of B-nitroacrylates 1 in combination with
o-bromoanilines 2, represents a novel, convenient and al-
ternative strategic approach.

Table 1 Optimization Studies

\[ @ SOIFC
COOEt 70 C

To optimize our protocol, we first studied the aza-Michael
reaction and were pleased to observe complete conversion
of 1a and 2a into 3a at 70 °C (24 h), under solvent-free
conditions (Table 1). We then treated crude 3a with a
range of bases and solvents, obtaining the best yield of 4a
(87%) by using two equivalents of TBD on polymer!?
MeCN (Table 1, entry 3).

Having optimized the synthesis of 4a, we extended our
protocol to prepare title compounds Sa—j by submitting
crude 4a—j, which were readily obtained by TBD-filtra-
tion and solvent evaporation, to the Kondo reaction con-
ditions,” obtaining, in all cases, good overall yields of
indoles (Table 2).

In conclusion, our approach provides simple access to
functionalized alkyl indole-2-carboxylates, which are
useful synthetic intermediates.'* By the appropriate selec-
tion of B-nitroacrylate and o-bromoaniline precursors, it is
possible to introduce different substituents onto the ben-
zene ring, modify the ester moiety, and introduce several
functionalities onto the C-3 alkyl chain. Furthermore,
thanks to the simple conditions used to prepare intermedi-
ates 4, the whole process involves just one aqueous work-
up and a single chromatographic purification.

Acknowledgment

The authors thank the Universities of Camerino and Parma and
MIUR-Italy (FIRB National Project ‘Metodologie di nuova genera-
zione nella formazione di legami carbonio-carbonio ¢ carbonio-
eteroatomo in condizioni eco-sostenibili”) for financial support.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.

B base Br _Et
(;[ INOZ solvent @[ i
COOEt HN02 H COOEt

4a

Entry Base (equiv) Solvent Time (h) Yield of 4a (%)*
1 TBD on polymer (1) MeCN 9 41
2 TBD on polymer (1.5) MeCN 9 67
3 TBD on polymer (2) MeCN 5 87
4 KF/AlL,O5 (2) MeCN 5 31
5 carbonate on polymer (2) MeCN 5 43
6 TMG (2) MeCN 3 77
7 TBD on polymer (2) CPME 5 -
8 TBD on polymer (2) CH,Cl, 5 81
9 TBD on polymer (2) EtOAc 5 9

2Yield of pure isolated product.
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Table 2 Preparation of Indole-2-carboxylic Acid Esters 5

: Br 1)70°C,24h
OaN_R | = 2) MeCN, TBD, rt., 5 h
| v U/ 5a-]
coorz RS~ NHz 3)Pdy(bdag, EtsN, P(0-Tol)s
DMF, 120 °C, 12 h

1 2
Indole 5 Yield (%)*
Et
N~ COOEt
H
< 2 \;
Sb N~ COOEt 36
H
< 2 \;
Se N~ ~COOPr 50
H
5d 44
\
N~ ~COOMe
H
CN
5e 59
@{ﬂ
N~ COOEt
H
Et
5f \ 51
N coo—<:|
H
Ph
N~ ~COOEt
H
MeQ, O/w
o)
5h Wh 51
N~ COOEt
H
MeO OAc
N~ COOEt
H
5i MGO/Q{/\/ 47
COOEt

Iz

* Yield of pure isolated product.
b Heck reaction conditions: Microwave, 190 °C, MeCN, 1.5 h.
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The 1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD) bound to
polystyrene (3 mmol/g) was purchased from Sigma—Aldrich
(01961-5G-F) and used directly without any manipulation.
Synthesis of Indoles 5; General Procedure: o-
Bromoaniline 1 (0.5 mmol) and B-nitroacrylate 2 (0.5 mmol)
were stirred at 70 °C for 24 h, then MeCN (3 mL) and TBD
(1 mmol, 333 mg) were added and the resulting solution was
stirred at r.t. for 5 h. Finally, after TBD filtration (washing
with EtOAc) and solvent evaporation, the crude material 4
was dissolved in DMF (4 mL), treated with Pd,(dba); (32
mg, 0.034 mmol), P(o-Tol); (42 mg, 0.138 mmol), Et;N
(0.96 mL, 6.9 mmol), and heated at 110 °C for 12 h. After
cooling, the reaction was quenched with 2 M HCI (10 mL),
extracted with Et,O (3 x 30 mL) and the organic extracts
were dried over Na,SO,. After filtration and solvent
evaporation at reduced pressure, the crude indole 5 was
purified by flash chromatography (hexane—EtOAc).

Ethyl 3-Ethyl-1H-indole-2-carboxylate (Sa): White solid;
mp 91-93 °C. IR (Nujol): 747, 1257, 1673, 3329 cm™'. 'H
NMR (400 MHz, CDCl): 6 =1.29 (t,J=7.7 Hz, 3 H), 1.44
(t,J=73Hz,3H),3.14(q,J=7.7Hz,2 H),4.43 (q, J=
7.3 Hz,2 H),7.14 (t,J=7.7Hz, 1 H), 7.32 (t, /= 8.1 Hz,

1 H),7.38(d,J=7.7Hz,1H),7.70 (d,/=8.1 Hz, | H), 8.78
(br's, 1 H). 3C NMR (100 MHz, CDCl,): § = 14.7, 15.7,
18.3,60.9, 111.9, 120.1, 121.0, 123.0, 125.7, 127.1, 127.9,
136.2, 162.7. MS (EI, 70 eV): m/z (%) =217 (100) [M]",
202, 188, 171, 170, 156, 143, 128, 115, 101, 89, 77, 63, 51,
39, 29. Anal. Calcd for C5H,sNO, (217.26): C, 71.87; H,
6.96; N, 6.45. Found: C, 71.91; H, 7.00; N, 6.41.

Ethyl 3-Methyl-1H-indole-2-carboxylate (Sb): Pale-
orange solid; mp 128-130 °C. IR (Nujol): 744, 780, 1257,
1683, 3326 cm™.. 'H NMR (400 MHz, CDCl,): = 1.45 (t,
J=173Hz,3H),2.63(s,3H),4.44 (q,J=7.3 Hz, 2 H),
7.08-7.44 (m, 3 H), 7.68 (d, /= 8.1 Hz, 1 H), 8.73 (brs,

1 H). 3C NMR (100 MHz, CDCly): & = 10.1, 14.7, 60.9,
111.8, 120.1, 120.4, 121.0, 123.6, 125.8, 128.8, 136.0,
162.9. MS (EI, 70 eV): m/z (%) =203 [M]", 174, 157 (100),
129,102,77,51,29. Anal. Calcd for C,,H,5;NO, (203.24): C,
70.92; H, 6.45; N, 6.89. Found: C, 70.98; H, 6.48; N, 6.86.
Propyl 3-Methyl-1H-indole-2-carboxylate (5c): Pale-
yellow solid; mp 102—105 °C. IR (Nujol): 744, 780, 1242,
1682, 3328 cm™!. 'H NMR (400 MHz, CDCl,): § = 1.06 (t,
J=17.3Hz,3 H), 1.77-1.89 (m, 2 H), 2.62 (s, 3 H), 4.33 (t,J
=6.8 Hz,2 H), 7.14 (t, J="7.3 Hz, 1 H), 7.29-7.40 (m, 2 H),
7.67 (d,J=8.1 Hz, 1 H), 8.70 (br s, 1 H). 3C NMR (100
MHz, CDCl5): 6 =10.2, 10.9, 22.4, 66.6, 111.8, 120.1,
120.3, 121.0, 123.7, 125.8, 128.8, 136.1, 163.1. MS (EL 70
eV): miz (%) =217 [M]*, 174, 157 (100), 129, 102, 77, 51,
41, 29. Anal. Calcd for C,3H5sNO, (217.26): C, 71.87; H,
6.96; N, 6.45. Found: C, 71.84; H, 6.93; N, 6.47.

Methyl 3-Nonyl-1H-indole-2-carboxylate (5d): White

© Georg Thieme Verlag Stuttgart - New York

solid; mp 65-67 °C. IR (Nujol): 749, 1250, 1675, 3326 cm™'.
"H NMR (400 MHz, CDCl,): 6 = 0.88 (t, J= 6.8 Hz, 3 H),
1.07-1.43 (m, 12 H), 1.62-1.73 (m, 2 H), 3.06-3.14 (m,
2H),3.95(s,3 H),7.11-7.16 (m, 1 H), 7.28-7.40 (m, 2 H),
7.69 (dd,J=0.9, 9.0 Hz, 1 H), 8.75 (brs, 1 H). 3C NMR
(100 MHz, CDClL,): 6 = 14.4,22.9, 24.9, 29.6, 29.8, 29.9,
30.0,31.3,32.2,51.9,111.9, 120.1, 121.2, 123.0, 125.8,
126.0, 128.2, 136.2, 163.1. MS (EI, 70 eV): m/z (%) =301
[M]*, 242, 188 (100), 156, 128. Anal. Calcd for C,,H,,NO,
(301.42): C, 75.71; H, 9.03; N, 4.65. Found: C, 75.74; H,
9.05; N, 4.64.

Ethyl 3-(4-Cyanobutyl)-1H-indole-2-carboxylate (5e):
White solid; mp 115-117 °C. IR (Nujol): 752, 1021, 1250,
1697, 2248, 3374 cm™!. 'H NMR (400 MHz, CDCl,): § =
1.44 (t,J=7.3 Hz,3 H), 1.67-1.78 (m, 2 H), 1.81-1.92 (m,
2 H),2.36(t,J=6.8 Hz,2 H),3.17 (t,/J=7.3 Hz,2 H), 4.43
(q,J=7.3 Hz,2 H), 7.12-7.18 (m, 1 H), 7.29-7.42 (m, 2 H),
7.66 (d, J=8.1 Hz, 1 H), 8.81 (br s, 1 H). 3C NMR (100
MHz, CDCl,): 6 =14.7,17.3,23.9,25.3,29.9, 61.1, 112.1,
120.0, 120.5, 120.8, 123.5, 124.0, 125.9, 128.0, 136.1,
162.4. MS (EL, 70 eV): m/z (%) =270 [M]*, 224, 202, 197,
156 (100), 128, 101, 77, 29. Anal. Calcd for C,;H3N,O,
(270.33): C, 71.09; H, 6.71; N, 10.36. Found: C, 71.06; H,
6.70; N, 10.40.

Cyclopentyl 3-Ethyl-5-methyl-1H-indole-2-carboxylate
(5f): White solid; mp 113-115 °C. IR (Nujol): 783, 799,
1255, 1679, 3314 cm™!. '"H NMR (400 MHz, CDCl,): § =
1.26 (t,J=7.7 Hz, 3 H), 1.58-2.06 (m, 8 H), 2.45 (s, 3 H),
3.06 (q,J=7.7 Hz, 2 H), 5.44-5.50 (m, 1 H), 7.14 (dd, J=
1.3,8.5Hz, 1 H), 7.24-7.28 (m, 1 H), 7.45 (s, 1 H), 8.61 (br
s, | H). 3C NMR (100 MHz, CDCl,): § = 15.8, 18.4, 21.8,
24.0,33.2,77.8,111.6, 120.2, 123.5, 126.1, 127.6, 128.1,
129.4, 134.5, 162.7. MS (EI, 70 eV): m/z =271 [M]", 203,
188, 186, 185 (100), 170, 142, 115, 41 Anal Calcd. for
C,;H,NO, (271.35): C, 75.25; H, 7.80; N, 5.16. Found: C,
75.29; H, 7.82; N, 5.13.

Ethyl 5-Methyl-3-phenethyl-1H-indole-2-carboxylate
(5g): White solid; mp 132—-134 °C. IR (Nujol): 755, 779,
798, 1601, 1678, 3309 cm™'. 'TH NMR (400 MHz, CDCl,):
8=144(t,J=73Hz, 3 H),2.47 (s, 3 H), 2.91-2.99 (m,

2 H), 3.34-3.41 (m, 2 H), 4.41 (q, /= 7.3 Hz, 2 H), 7.13—
7.33 (m, 7 H), 7.41 (s, 1 H), 8.75 (brs, 1 H). *C NMR (100
MHz, CDCl;): 6 =14.8,21.8,27.4,37.6,60.9, 111.7, 120.2,
123.6, 123.8, 126.1, 127.7, 128.2, 128.5, 128.8, 129.6,
134.5,142.6, 162.7. MS (EL 70 eV): m/z (%) = 307 [M]",
216 (100), 170, 142, 115, 91, 65, 39, 29. Anal. Calcd for
C,oH,NO, (307.39): C, 78.15; H, 6.89; N, 4.56. Found: C,
78.19; H, 6.91; N, 4.53.

Ethyl 5-Methoxy-3-[(2-phenyl-1,3-dioxolan-2-
yl)methyl]-1H-indole-2-carboxylate (Sh): White solid; mp
144-146 °C. IR (Nujol): 752, 762, 779, 1022, 1258, 1539,
1668, 3326 cm™'. '"H NMR (400 MHz, CDCl): § = 1.37 (t,
J=17.3Hz, 3 H), 3.68-3.85 (m, 9 H), 4.27 (q, /= 7.3 Hz,

2 H), 6.96 (dd, J=2.5,8.5Hz, 1 H), 7.11 (d, J=2.5 Hz,

1 H), 7.22-7.30 (m, 4 H), 7.36-7.42 (m, 2 H), 8.72 (br s,

1 H). 3C NMR (100 MHz, CDCl,): § = 14.6, 36.5, 55.9,
60.8,64.9,102.9,110.7,112.4,117.0, 117.7, 125.8, 126.2,
127.9, 129.5,131.2, 142.9, 154.4, 162.5. MS (EI, 70 eV):
m/z (%) =381 [M]", 232, 186, 149 (100), 105, 77. Anal.
Calcd for C,,H,;NOs5 (381.42): C, 69.28; H, 6.08; N, 3.67.
Found: C, 69.32; H, 6.10; N, 3.66.

Ethyl 3-(3-Acetoxypropyl)-5-methoxy-1H-indole-2-
carboxylate (5i): Pale-yellow solid; mp 74-76 °C. IR
(Nujol): 782, 1220, 1674, 1732, 3327 cm!. 'H NMR (400
MHz, CDCly): 6 = 1.42 (t,J= 7.3 Hz, 3 H), 1.97-2.07 (m,
2 H),2.05(s,3 H),3.11-3.18 (m, 2 H), 3.87 (s, 3 H), 4.12 (t,
J=6.8 Hz,2 H), 4.41 (q,J=7.3 Hz, 2 H), 6.97-7.04 (m,
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2 H),7.27 (d, J=8.5Hz, 1 H), 8.73 (br s, 1 H). 3*C NMR
(100 MHz, CDCl,): 6 = 14.7,21.3, 21.4,29.7, 56.0, 61.0,
64.5,101.0,113.0, 117.3,123.2,124.1, 128.4, 131.4, 154.6,
162.4,171.4. MS (EL 70 eV): m/z (%) =319 [M]*, 259, 231,
213, 186 (100), 158, 115, 43. Anal. Calcd for C,;H,;NO;
(319.35): C, 63.94; H, 6.63; N, 4.39. Found: C, 63.98; H,
6.65; N, 4.37.

Ethyl 6-Methoxy-3-pentyl-1H-indole-2-carboxylate (5j):
White solid; mp 108110 °C. IR (Nujol): 781, 1247, 1671,
3311 cm!. 'TH NMR (400 MHz, CDCly): § =0.89 (t,J =
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6.8 Hz, 3 H), 1.33-1.39 (m, 4 H), 1.41 (t, /=7.3 Hz, 3 H),
1.61-1.71 (m, 2 H), 3.02-3.07 (m, 2 H), 3.85 (s, 3 H), 4.40
(q,J=7.3 Hz,2 H), 6.76-6.82 (m, 2 H), 7.52-7.55 (m, 1 H),
8.61 (brs, 1 H). 3*CNMR (100 MHz, CDCl;): §=14.3, 14.7,
22.8,25.0,31.0,32.2,55.7,60.6,93.7, 111.5, 122.0, 122.2,
122.8,126.3, 137.1, 159.2, 162.2. MS (EIL, 70 eV): m/z (%)
=289 [M]*, 243,232, 216,204, 186 (100), 160, 158, 115, 89,
41, 29. Anal. Calcd for C,;H,;NO; (289.37): C, 70.56; H,
8.01; N, 4.84. Found: C, 70.60; H, 8.00; N, 4.82.
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