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a b s t r a c t

Ethyl 3-nitro-2-alkenoates can be generated starting from nitroalkanes and ethyl 2-oxoacetate under
heterogeneous conditions that minimize work-up procedures, avoid any purification step and direct
manipulation of the nitroalkene system. Reaction of ethyl 3-nitro-2-alkenoates, formed in situ from their
acetoxy precursors, with indoles in the presence of basic alumina affords ethyl 2-(3-indolyl)-3-nitro-
alkanoates that are central intermediates for the preparation of tryptamines and carboline alkaloids. A
base promoted elimination of nitrous acid from these nitroindolyl derivatives readily produces ethyl
2-(3-indolyl)-2-alkenoates with high E stereoselectivity. The latter compounds can be used as Michael
acceptors in intra- and intermolecular reactions with nucleophilic reagents.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

The addition reaction of indole derivatives to electron-poor
olefins represents a useful procedure to introduce functionalized
substituents at the 3-position of this heterocyclic ring. Activation of
the alkene moiety toward this addition can be realized using
Brønsted or Lewis acid catalysts, in a process that can be regarded
as a Friedel–Crafts reaction.1 Conversely, deprotonation of the ni-
trogen atom in indoles by basic reagents, affords the corresponding
anion that is nucleophilic enough to undergo a conjugate addition
to Michael acceptors.2 The latter option is particularly effective
when strong electrophilic olefins such as nitroalkenes are used in
the conjugate addition.3 The interest in such adducts is widely
justified by their role as central intermediates for the synthesis of
many pharmacologically active compounds.4 Among different
nitroalkenes, 3-nitro-2-alkenoates 1 occupy an intriguing position
since the nitro and the carboxylic groups activate both termini of
the carbon–carbon double bond. The superior electron-withdraw-
ing aptitude exerted by the nitro group usually leads to an anti-
Michael addition of nucleophiles to these derivatives (resulting in
3).5 The obtained products, besides the usual transformations of the
nitro and ester groups, may enjoy an additional synthetic option
x: þ39 0737 402297.
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involving a base promoted elimination of nitrous acid leading to
a,b-unsaturated esters 4 (Scheme 1).6
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Recently, we have devised a new procedure for the conjugate
addition of indoles 5 to nitroalkenes 6 in the presence of basic
alumina under solventless conditions (Scheme 2).7 Basic alumina is
also able to promote the nitroaldol condensation8 between
a nitroalkane 8 and an aldehyde 9 leading to the corresponding
nitro alcohol 10, which upon heating under the same conditions
dehydrates to the parent nitroalkene 6.9

Therefore, using basic alumina as the single promoter, it is
possible to avoid direct manipulation of nitroalkenes 6 that often
are toxic and lachrymatory compounds, generating them directly in
the reaction vessel from their remote precursors.10 This appealing
procedure is not applicable to 3-nitro-2-alkenoates 1 since their
nitro alcohol precursors are not efficiently dehydrated under the

mailto:alessandro.palmieri@unicam.it
mailto:marino.petrini@unicam.it
mailto:marino.petrini@unicam.it
www.sciencedirect.com/science/journal/00404020
http://www.elsevier.com/locate/tet
www.sciencedirect.com/science/journal/00404020
http://www.elsevier.com/locate/tet


N
H

EtO2C NO2

7k

5cO2N
CO2Et

11k

OAc basic Al2O3, 2 h, 60 °C
90%

Ph
N
H

MeO

MeO Ph

Scheme 3.

N
H

R3

R2
R

R1

NO2

basic Al2O3, 60 °C

R1

NO2
+

R H

O

R1 R
NO2

OH
basic, r.t.

60 °C [-H2O]

Al2O3

5

6

7

8 9 10

N
H

R2

R

R1

NO2

R3

Scheme 2.

R. Ballini et al. / Tetrahedron 64 (2008) 5435–54415436
usual reaction conditions. Keeping in mind that organic reactions
on solid supports represent a crucial feature for the development of
environmentally friendly chemical processes,11 a study has been
undertaken with the aim to realize an efficient conjugate addition
of indole derivatives to 3-nitro-2-alkenoates produced in situ from
their forerunners. In this paper, we present the results of our syn-
thetic efforts and, in addition, we demonstrate that a base-induced
elimination of nitrous acid from 2-(3-indolyl)-3-nitroalkanoates
provides a rapid entry into the corresponding a,b-unsaturated
esters.
2. Results and discussion

Direct utilization of 3-nitro-2-alkenoates in the reaction with
indoles in the presence of basic alumina has been previously tested
only for a single example,7 and therefore we decided to verify its
applicability for a selected combination of substrates. As shown in
Table 1, conjugate addition of indoles 5 to 3-nitro-2-alkenoates 112

occurs with a satisfactory degree of efficiency to give excellent
yields of the obtained adducts 7.

The observed failure in direct dehydration of nitro alcohols 10
often stems from a retro aldol reaction that shifts the equilibrium
toward the starting materials.13 Acylation of the hydroxy group in
compound 10 would represent a doubly favorable issue since it
avoids the retro aldol process and makes the ester a better leaving
group for the elimination reaction.14 As a possible acyl moiety for
this process, we preferred the acetyl group since it is easily in-
troduced using acetic anhydride under heterogeneous conditions
and upon elimination produces non-toxic acetic acid salts.15 This
solution proved to be successful since acetylated nitro alcohol 11k
undergoes addition to indole 5c via the corresponding nitroalkene
leading to 3-substituted indole 7k (Scheme 3).
Table 1
Basic alumina promoted conjugate addition of indoles 5 to ethyl 3-nitro-2-alke-
noates 1
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basic Al2O3

2 h, 60°CR1

NO2

CO2Et
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Entry R1 R2 R3 Product 7 Yielda (%)

1 Me H H 7a 90
2 n-Pr H OMe 7b 88
3 CH3(CH2)3 H H 7c 94
4 CH3(CH2)3 Me H 7d 92
5 AcO(CH2)3 H OMe 7e 91

a Yield of pure isolated product.
Further studies aimed at optimization of the overall procedure
gave the results displayed in Table 2. The nitroaldol condensation of
nitroalkanes 8 with ethyl 2-oxoacetate 9a is carried out under
heterogeneous conditions using Amberlyst A21 as basic promo-
ter.12c,16 After the appropriate time (see Table 2), the solution
containing the nitro alcohol 10 is filtered and to this solution are
added acetic anhydride and Amberlyst 15, a macroreticular resin
endowed with acid character which is able to promote the acety-
lation process.

Once the esterification is complete, the solvent and excess of
acetic anhydride are removed at reduced pressure and compound
11 thus obtained can be used for the next step that simply involves
addition of indole 5 and basic alumina and heating the solid mix-
ture at 60 �C. Reaction on solid support avoids any work-up pro-
cedure at the end of the process since direct application of the
mixture to the head of a chromatographic column and elution with
an appropriate solvent system affords pure 3-substituted indoles 7.
The whole procedure is thus effected using a limited amount of
ethyl acetate,17 and executing a single purification step as regards
the final product. The yields of the obtained 3-substituted indoles 7
are particularly good given that they refer to four synthetic oper-
ations. The diastereomeric ratio for compounds 7 is generally rather
modest in most of the prepared products. Ethyl 2-(3-indolyl)-3-
nitroalkanoates 7 obtained by this procedure find several applica-
tions as pivotal intermediates for the synthesis of tryptamine
derivatives 12 easily obtainable by simple reduction of the nitro
group (Scheme 4). Tryptamines are, in turn, starting materials for
the preparation of tetrahydro b-carbolines 13 exploiting a Pictet–
Spengler reaction with carbonyl derivatives.18 Compounds 13 can
be easily conveted into b-carboline alkaloids 14 by a final oxidative
aromatization.7b

However, we were attracted by the possibility, offered by the
presence of the nitro group at the b-position, of introducing a fur-
ther unsaturation in the alkyl framework thus generating an a,b-
unsaturated ester. Elimination of nitrous acid from 3-nitro esters is
a common practice in many synthetic processes and can be easily
carried out under basic conditions.19 As testified by the high yields
obtained in the conjugate additions of indoles 5 to ethyl 3-nitro-2-
alkenoates 1, basic alumina is practically unable to provide this
elimination (Table 1). The basic character of alumina can be en-
hanced upon addition of KF but this operation provides only
a modest result in the elimination of nitrous acid from indole 7h
(Table 3, entry 1).20

A survey of other base/solvent combinations running under
homogeneous conditions, allowed us to identify tetramethylgua-
nidine (TMG) as the best promoter for elimination of nitrous acid
from 3-substituted indoles 7h (Table 3, entry 3). This base gives
satisfactory results with most of the nitro esters 7 leading to the
corresponding a,b-unsaturated esters 15 in good yields (Table 4).
The only disappointing result is obtained using ethyl 2-(3-indolyl)-
3-nitropropanoate 7g. Since it is unsubstituted at the 3-position it
probably gives a rather unstable alkenoate 15g that is difficult to
recover in pure form. A considerable level of diastereoselectivity is
also observed in compound 15 with the E stereoisomer largely
prevalent. The E stereochemistry of the double bond has been
assigned by evaluating the NOE effect by irradiation of the methyl



Table 4
Synthesis of ethyl 2-(3-indolyl)-2-alkenoates 15 by TMG promoted elimination of
nitrous acid from ethyl 2-(3-indolyl)-3-nitroalkanoates 7

2 eq. TMG
MeCN, r.t.N
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Entry Nitro ester 7 Product 15 Reaction time (h) Yielda (%) E:Zc

1 7a 15a 4 85 94:6
2 7b 15b 4.5 93 94:6
3 7c 15c 6 97 92:8
4 7d 15d 14 80 95:5
5 7e 15e 2 91 95:5
6 7f 15f 2 95 96:4
7 7g 15g 2 20b d

8 7h 15h 17 84 96:4
9 7i 15i 12 76 93:7
10 7j 15j 7 90 93:7
11 7k 15k 2 96 95:5

a Yield of pure isolated product.
b Extensive product decomposition is observed soon after isolation.
c Diastereomeric ratio was evaluated by 1H NMR spectroscopy.

Table 2
Synthesis of ethyl 2-(3-indolyl)-3-nitroalkanoates 7 by conjugate addition of indoles 5 to ethyl 3-nitro-2-alkenoates obtained from their remote precursors under hetero-
geneous conditions
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Entry R1 R2 R3 Reaction time (h) Yielda (%) Diastereomeric ratioc

10 11 7

1 Me H H 17 1 5.5 7a 56 1:1
2 n-Pr H OMe 16 1 6.5 7b 57 3:2
3 CH3(CH2)3 H H 16 1.5 5 7c 55 3:1
4 CH3(CH2)3 Me H 16 1.5 2 7d 56 3:1
5 AcO(CH2)3 H OMe 16 1 3 7e 55 1:1
6 Me H OMe 18 1 6 7f 55 3:1
7 H H H d d 1.5 7g 80b d

8 Et Me H 18 1 1.5 7h 53 4:1
9 CH3(CH2)4 H H 17 1.5 8 7i 51 3:1
10 Ph(CH2)2 Me H 17 1 2.5 7j 55 3:2
11 Ph(CH2)2 H OMe 17 1 5 7k 56 3:2

a Yield of pure isolated product after three steps.
b Yield of pure isolated product 7g (methyl ester) starting from compound 11g (methyl ester) and indole.
c Diastereomeric ratio was evaluated by 1H NMR spectroscopy.
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signal in compound 15a. The enhancement of the peak intensity of
protons at C-2 and C-4 of the indole ring reveals a proximity effect
with the methyl group that is compatible with the E stereochem-
istry. The chemical shift of the vinyl protons for the E stereoisomer
is always downfield relative to those of the Z in compounds 15 and
this correlates with the values reported for a similar derivative
bearing a phenyl group instead of the indole ring.21 Finally, these
Table 3
Screening of different base/solvent combinations for elimination of nitrous acid
from ethyl 2-(3-indolyl)-3-nitroalkanoates 7

base

N
H

EtO2C

N
H

EtO2C
NO2

7h 15h

Entry Reaction conditions Reaction time (h) Yielda (%)

1 KF/basic Al2O3, THF, refluxb 2.5 44
2 2 equiv DBU, MeCN, rt 1.5 52
3 2 equiv TMG, MeCN, rt 17 84
4 2 equiv Bu3P, MeCN, rt No reaction

a Yield of pure isolated product.
b 1.2 g of solid base/mmol of substrate was employed.
results are consistent with those obtained in a related process
involving a tandem conjugate addition of nitroalkanes to dialkyl
2-butenedioates followed by elimination of nitrous acid.19 Un-
saturated esters of type 15 are rather uncommon, but according to
their structural features these derivatives are possible candidates
for conjugate additions with external nucleophiles or involved in
intramolecular processes.

As a matter of fact, ethanolysis of the acetoxy group in
compound 15e is followed by a ring closure leading to the forma-
tion of a tetrahydrofuran derivative 16 by an oxy-Michael process
(Scheme 5).

Alternatively, chemoselective hydrolysis of the acetoxy group in
compound 15e leads to ester 17 in which the free hydroxy group is
amenable to further synthetic transformations. A further synthetic
option concerning compounds 15 could involve their utilization as
dienes in Diels–Alder reactions. Indeed, the modest aromaticity
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level of the pyrrole nucleus in the indole system usually makes 3-
vinylindole derivatives suitable substrates in the inter- or intra-
molecular reaction with reactive dienophiles.22

3. Conclusions

Organic reactions working under heterogeneous conditions are
usually featured by reduced solvent consumption, simplified work-
up procedures, and waste minimization. Application of these
principles to the preparation of ethyl 2-(3-indolyl)-3-nitro-
alkanoates involves a three-step procedure in which two macro-
reticular resins and a solid base are employed to produce four
synthetic transformations. The same solvent is used for the first
two synthetic operations, while the third one is carried out under
solventless conditions. Filtrations and solvent evaporation are the
only work-up procedures required until column chromatography
leading to pure ethyl 2-(3-indolyl)-3-nitroalkanoates that are im-
portant intermediates for the synthesis of tryptamines and carbo-
line alkaloids. A stereoselective base promoted elimination of
nitrous acid from these nitro esters allows a direct access to ethyl
(E)-2-(3-indolyl)-2-alkenoates that are amenable to further syn-
thetic transformations.

4. Experimental

4.1. General

1H NMR spectra were recorded at 400 MHz on a Varian Mercury
Plus 400 in CDCl3 as solvent. 13C NMR spectra were recorded at
75 MHz in CDCl3 as solvent. Microanalyses were performed with
a CHNS-O analyzer Model EA 1108 from Fisons Instruments. IR
spectra were recorded with a Perkin–Elmer Paragon 500 FT-IR. All
chemicals used are commercial. b-Nitroacrylates 112 and 4-nitro-
butyl acetate 8j23 were prepared as previously reported. Commer-
cial basic alumina (Fluka) was activated by heating at 150 �C/
1 mmHg for 5 h before utilization. Potassium fluoride on basic
alumina was prepared using commercial basic alumina (Baker)
following the Bergbreiter’s procedure.24

4.2. General procedure for the preparation of ethyl
2-(3-indolyl)-3-nitroalkanoates 7

To a stirred solution of ethyl oxoacetate 9a (50% in toluene,
3 mmol, 0.6 mL) and nitroalkane 8 (3.3 mmol) in EtOAc (1 mL),
Amberlyst A21 (0.825 g) was added at room temperature. The
heterogeneous solution was stirred for the appropriate time (see
Table 2) and the catalyst was then filtered off and washed with
EtOAc (3�4 mL). The combined organic solutions were treated with
Ac2O (5 mmol, 0.51 g, 0.47 mL) and Amberlyst 15 (1.5 g). The
resulting mixture was stirred at room temperature for the appro-
priate time (see Table 2) and the resin was filtered off and washed
with EtOAc (3�6 mL). The crude product 11 obtained after removal
of the solvent and excess of Ac2O was mixed with indole 5
(2.5 mmol) and activated basic alumina (3 g) and then vigorously
stirred at 60 �C. After the reaction was complete (see Table 2), the
solid mixture upon cooling was directly charged on a chromatog-
raphy column and eluted (hexanes/ethyl acetate 9:1) to afford pure
product 7.

4.2.1. Ethyl 2-(1H-3-indolyl)-3-nitrobutanoate, 7a
Yield: 56% (diastereomeric ratio 1:1). Viscous red oil. IR (cm�1,

neat): 1360, 1557, 1732, 3410. 1H NMR (CDCl3, 400 MHz) d: 1.17 (t,
1.5H, J¼7.3 Hz), 1.21 (t, 1.5H, J¼7.3 Hz), 1.40 (d, 1.5H, J¼6.8 Hz), 1.73
(d, 1.5H, J¼6.4 Hz), 4.01–4.27 (m, 2H), 4.45–4.53 (m, 1H), 5.29–5.40
(m, 1H), 7.09–7.27 (m, 3H), 7.28–7.32 (m, 0.5H), 7.34–7.38 (m, 0.5H),
7.66–7.74 (m, 1H), 8.68 (br s, 0.5H), 8.82 (br s, 0.5H). 13C NMR
(CDCl3, 100 MHz) d: 14.2, 14.3, 18.4, 18.6, 47.4, 48.0, 61.9, 62.0, 83.7,
85.0, 107.8, 108.2, 111.8, 112.0, 119.0, 119.1, 120.3, 120.5, 122.7, 122.9,
124.0, 124.1, 126.1, 126.2, 136.3, 136.6, 170.7, 171.8. GC–MS (70 eV):
m/z: 276 (Mþ), 229, 202, 174, 157 (100), 130. Anal. Calcd for
C14H16N2O4 (276.29): C, 60.86; H, 5.84; N, 10.14. Found: C, 61.04; H,
5.89; N, 10.12.

4.2.2. Ethyl 2-(5-methoxy-1H-3-indolyl)-3-nitrohexanoate, 7b
Yield: 57% (diastereomeric ratio 3:2). Yellow solid; mp 87–

91 �C. IR (cm�1, Nujol): 1377, 1556, 1728, 3402. 1H NMR (CDCl3,
400 MHz) d: 0.77 (t, 1.8H, J¼7.3 Hz), 0.98 (t, 1.2H, J¼7.3 Hz), 1.12–
1.51 (m, 5H), 1.58–1.78 (m, 1H), 1.83–1.94 (m, 0.4H), 2.03–2.19 (m,
0.6H), 3.86 (s, 1.8H), 3.87 (s, 1.2H), 4.00–4.26 (m, 2H), 4.39 (d, 0.4H,
J¼10.7 Hz), 4.47 (d, 0.6H, J¼11.5 Hz), 5.21–5.32 (m, 1H), 6.84 (dd,
0.4H, J¼2.2, 8.6 Hz), 6.89 (dd, 0.6H, J¼2.2, 8.6 Hz), 7.10–7.17 (m,
2H), 7.19 (d, 0.4H, J¼9.0 Hz), 7.27 (d, 0.6H, J¼8.6 Hz), 8.32 (br s,
0.4H), 8.46 (br s, 0.6H). 13C NMR (CDCl3, 100 MHz) d: 13.4, 13.5,
14.1, 14.2, 18.6, 19.5, 33.8, 34.9, 46.4, 47.4, 56.0, 56.1, 61.8, 88.0, 89.9,
100.6, 100.8, 107.9, 108.1, 112.3, 112.6, 113.0, 113.3, 124.3, 126.6,
126.7, 131.3, 131.5, 154.6, 154.7, 170.7, 171.5. GC–MS (70 eV): m/z:
334 (Mþ), 287, 232 (100), 214, 186, 160, 115, 29. Anal. Calcd for
C17H22N2O5 (334.37): C, 61.07; H, 6.63; N, 8.38. Found: C, 60.93; H,
6.80; N, 8.16.

4.2.3. Ethyl 2-(1H-3-indolyl)-3-nitroheptanoate, 7c
Yield: 55% (diastereomeric ratio 3:1). Yellow solid; mp 70–

75 �C. IR (cm�1, Nujol): 1365, 1552, 1733, 3405. 1H NMR (CDCl3,
400 MHz) d: 0.74 (t, 2.4H, J¼7.3 Hz), 0.92 (t, 0.6H, J¼7.3 Hz), 1.00–
1.49 (m, 7H), 1.61–1.78 (m, 1.8H), 1.89–2.01 (m, 0.1H), 2.06–2.21
(m, 0.1H), 3.99–4.27 (m, 2H), 4.44 (d, 0.2H, J¼10.7 Hz), 4.53 (d,
0.8H, J¼11.1 Hz), 5.24–5.34 (m, 1H), 7.10–7.28 (m, 3H), 7.33 (d,
0.2H, J¼8.1 Hz), 7.40 (d, 0.8H, J¼8.1 Hz), 7.68–7.76 (m, 1H), 8.26
(br s, 0.2H), 8.36 (br s, 0.8H). 13C NMR (CDCl3, 100 MHz) d: 13.8,
13.9, 14.1, 14.2, 22.0, 22.1, 27.2, 28.2, 31.6, 32.6, 46.4, 47.5, 61.8,
88.2, 90.2, 108.3, 108.6, 111.6, 111.8, 119.1, 119.2, 120.4, 120.6, 122.8,
123.0, 123.7, 123.8, 126.1, 136.2, 136.4, 170.7, 171.5. GC–MS (70 eV):
m/z: 318 (Mþ), 271, 242, 225, 202 (100), 156, 130. Anal. Calcd for
C17H22N2O4 (318.37): C, 64.14; H, 6.96; N, 8.80. Found: C, 64.20;
H, 7.02; N, 8.74.

4.2.4. Ethyl 2-(2-methyl-1H-3-indolyl)-3-nitroheptanoate, 7d
Yield: 56% (diastereomeric ratio 3:1). Yellow oil. IR (cm�1, neat):

1369, 1554, 1730, 3399. 1H NMR (CDCl3, 400 MHz) d: 0.77 (t, 2.25H,
J¼6.8 Hz), 0.93 (t, 0.75H, J¼6.8 Hz), 1.00–1.51 (m, 7H), 1.56–1.68 (m,
1.75H), 1.97–2.16 (m, 0.25H), 2.36 (s, 0.75H), 2.48 (s, 2.25H), 3.97–
4.25 (m, 2H), 4.31 (d, 0.25H, J¼11.1 Hz), 4.49 (d, 0.75H, J¼11.1 Hz),
5.42–5.53 (m, 1H), 7.05–7.32 (m, 3H), 7.61 (d, 0.75H, J¼7.7 Hz), 7.70–
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7.74 (m, 0.25H), 7.94 (br s, 0.25H), 8.07 (br s, 0.75H). 13C NMR
(CDCl3, 100 MHz) d: 11.9, 12.3, 13.8, 14.0, 14.2, 14.3, 22.1, 22.2, 27.3,
28.3, 31.6, 33.1, 46.1, 47.4, 61.7, 87.0, 88.9, 103.9, 104.0, 110.7, 110.9,
118.8, 119.0, 120.2, 120.4, 121.7, 122.0, 126.7, 134.1, 134.4, 135.3, 135.5,
170.5, 171.2. GC–MS (70 eV): m/z: 332 (Mþ), 286, 216 (100), 170, 146.
Anal. Calcd for C18H24N2O4 (332.39): C, 65.04; H, 7.28; N, 8.43.
Found: C, 65.00; H, 7.25; N, 8.47.

4.2.5. Ethyl 6-(acetyloxy)-2-(5-methoxy-1H-3-indolyl)-3-
nitrohexanoate, 7e

Yield: 55% (diastereomeric ratio 1:1). Yellow viscous oil. IR
(cm�1, neat): 1370, 1551, 1727, 3416. 1H NMR (CDCl3, 400 MHz) d:
1.17 (t, 1.65H, J¼7.3 Hz), 1.22 (t, 1.35H, J¼7.3 Hz), 1.48–1.61 (m,
0.55H), 1.63–1.86 (m, 2.45H), 1.83 (s, 1.65H), 1.97–2.10 (m, 0.45H),
2.06 (s, 1.35H), 2.13–2.26 (m, 0.55H), 3.86 (s, 1.65H), 3.87 (s, 1.35H),
3.91 (t, 1.10H, J¼6.4 Hz), 4.00–4.26 (m, 2.90H), 4.40 (d, 0.45H,
J¼10.7 Hz), 4.47 (d, 0.55H, J¼11.1 Hz), 5.21–5.32 (m, 1H), 6.85 (dd,
0.45H, J¼2.6, 9.0 Hz), 6.89 (dd, 0.55H, J¼2.4, 8.8 Hz), 7.09 (d, 0.55H,
J¼2.2 Hz), 7.12–7.17 (m, 1.45H), 7.21 (d, 0.45H, J¼8.5 Hz), 7.27 (d,
0.55H, J¼9.0 Hz), 8.22 (br s, 0.45H), 8.32 (br s, 0.55H). 13C NMR
(CDCl3, 100 MHz) d: 14.1, 14.2, 20.8, 21.1, 24.5, 25.4, 28.3, 29.5, 46.2,
47.3, 56.0, 61.9, 62.9, 63.2, 87.4, 89.6, 100.5, 100.7, 107.6, 107.9, 112.3,
112.6, 113.1, 113.5, 124.3, 124.4, 126.5, 131.3, 131.5, 154.6, 154.8, 170.5,
171.1, 171.2. GC–MS (70 eV): m/z: 392 (Mþ), 345, 273, 232 (100), 212,
186, 160, 43. Anal. Calcd for C19H24N2O7 (392.40): C, 58.16; H, 6.16;
N, 7.14. Found: C, 58.34; H, 6.20; N, 7.12.

4.2.6. Ethyl 2-(5-methoxy-1H-3-indolyl)-3-nitrobutanoate, 7f
Yield: 55% (diastereomeric ratio 3:1). Viscous yellow oil. IR

(cm�1, neat): 1372, 1550, 1733, 3409. 1H NMR (CDCl3, 400 MHz) d:
1.18 (t, 1.05H, J¼7.3 Hz), 1.23 (t, 1.95H, J¼7.3 Hz), 1.42 (d, 1.05H,
J¼6.8 Hz), 1.73 (d, 1.95H, J¼6.8 Hz), 3.86 (s, 1.05H), 3.87 (s, 1.95H),
4.02–4.27 (m, 2H), 4.41–4.46 (m, 1H), 5.25–5.35 (m, 1H), 6.82–6.93
(m, 1H), 7.09–7.28 (m, 3H), 8.29 (br s, 0.65H), 8.39 (br s, 0.35H). 13C
NMR (CDCl3, 100 MHz) d: 14.1, 14.2, 18.3, 18.5, 47.3, 47.9, 56.0, 56.1,
61.8, 61.9, 83.5, 84.9, 100.6, 107.7, 108.2, 112.4, 112.6, 113.1, 113.3,
124.3, 124.4, 126.6, 131.3, 131.5, 154.6, 154.7, 170.6, 171.5. GC–MS
(70 eV): m/z: 306 (Mþ), 259, 232, 204, 187 (100), 172, 160, 144, 115,
29. Anal. Calcd for C15H18N2O5 (306.31): C, 58.82; H, 5.92; N, 9.15.
Found: C, 58.63; H, 5.86; N, 9.07.

4.2.7. Methyl 2-(1H-3-indolyl)-3-nitropropanoate, 7g
Yield: 80%. Yellow oil. IR (cm�1, neat): 1368, 1554, 1733, 3401. 1H

NMR (CDCl3, 400 MHz) d: 3.74 (s, 3H), 4.65 (dd, 1H, J¼5.1, 14.5 Hz),
4.74–4.80 (m, 1H), 5.21 (dd, 1H, J¼9.8, 14.5 Hz), 7.13 (d, 1H, J¼3.0
Hz), 7.16–7.21 (m, 1H), 7.23–7.28 (m, 1H), 7.36–7.40 (m, 1H), 7.65
(dd, 1H, J¼0.9, 7.7 Hz), 8.32 (br s, 1H). 13C NMR (CDCl3, 100 MHz) d:
40.8, 53.0, 75.4, 108.0, 111.8, 118.7, 120.7, 123.1, 123.2, 125.8, 136.4,
171.9. GC–MS (70 eV): m/z: 248 (Mþ), 201, 160, 143 (100), 115. Anal.
Calcd for C12H12N2O4 (248.23): C, 58.06; H, 4.87; N, 11.29. Found: C,
58.21; H, 4.95; N, 11.24.

4.2.8. Ethyl 2-(2-methyl-1H-3-indolyl)-3-nitropentanoate, 7h
Yield: 53% (diastereomeric ratio 4:1). Yellow oil. IR (cm�1,

neat): 1375, 1340, 1551, 1731, 3400. 1H NMR (CDCl3, 400 MHz) d:
0.87 (t, 2.4H, J¼7.3 Hz), 1.04–1.24 (m, 3.6H), 1.56–1.89 (m, 1H),
2.02–2.26 (m, 1H), 2.32 (s, 0.6H), 2.45 (s, 2.4H), 3.93–4.30 (m, 2H),
4.36 (d, 0.2H, J¼11.7 Hz), 4.55 (d, 0.8H, J¼10.6 Hz), 5.39–5.56 (m,
1H), 7.05–7.34 (m, 3H), 7.57–7.69 (m, 0.8H), 7.72–7.82 (m, 0.2H),
8.18 (br s, 0.2H), 8.38 (br s, 0.8H). 13C NMR (CDCl3, 100 MHz) d: 9.7,
10.6, 11.5, 11.9, 14.0, 14.1, 25.2, 26.7, 45.6, 47.1, 61.6, 88.2, 90.4, 103.5,
103.6, 110.8, 110.9, 118.5, 118.8, 119.9, 120.2, 121.4, 121.8, 126.5,
126.6, 134.3, 134.5, 135.3, 135.4, 170.4, 171.3. GC–MS (70 eV): m/z:
304 (Mþ), 216, 185, 170, 146 (100), 128, 115. Anal. Calcd for
C16H20N2O4 (304.34): C, 63.14; H, 6.62; N, 9.20. Found: C, 63.41; H,
6.72; N, 9.16.
4.2.9. Ethyl 2-(1H-3-indolyl)-3-nitrooctanoate, 7i
Yield: 51% (diastereomeric ratio 3:1). White solid; mp 98–

104 �C. IR (cm�1, Nujol): 1362, 1557, 1729, 3417. 1H NMR (CDCl3,
400 MHz) d: 0.77 (t, 2.1H, J¼6.8 Hz), 0.90 (t, 0.9H, J¼6.8 Hz), 0.98–
1.50 (m, 9H), 1.60–1.78 (m, 1.7H), 1.89–2.01 (m, 0.15H), 2.07–2.22
(m, 0.15H), 4.00–4.26 (m, 2H), 4.44 (d, 0.3H, J¼10.7 Hz), 4.54 (d,
0.7H, J¼11.1 Hz), 5.25–5.35 (m, 1H), 7.11–7.29 (m, 3H), 7.32 (d, 0.3H,
J¼8.1 Hz), 7.39 (d, 0.7H, J¼8.1 Hz), 7.68–7.77 (m, 1H), 8.30 (br s,
0.3H), 8.40 (br s, 0.7H). 13C NMR (CDCl3, 100 MHz) d: 14.0, 14.1, 14.2,
14.3, 22.4, 22.5, 24.9, 25.8, 31.0, 31.2, 31.9, 33.0, 46.5, 47.6, 61.9, 88.3,
90.3, 108.3, 108.5, 111.7, 111.9, 119.2, 120.4, 120.6, 122.8, 123.0, 123.8,
123.9, 126.2, 136.2, 136.5, 170.8, 171.6. GC–MS (70 eV): m/z: 332
(Mþ), 285, 239, 212, 202 (100), 156, 130, 29. Anal. Calcd for
C18H24N2O4 (332.39): C, 65.04; H, 7.28; N, 8.43. Found: C, 64.88; H,
7.21; N, 8.32.

4.2.10. Ethyl 2-(2-methyl-1H-3-indolyl)-3-nitro-5-
phenylpentanoate, 7j

Yield: 55% (diastereomeric ratio 3:2). Viscous yellow oil. IR
(cm�1, neat): 1372, 1552, 1727, 3402. 1H NMR (CDCl3, 400 MHz) d:
1.11–1.17 (m, 3H), 1.88–2.03 (m, 1H), 2.29–2.83 (m, 3H), 2.36 (s,
1.8H), 2.37 (s, 1.2H), 3.97–4.08 (m, 1H), 4.10–4.21 (m, 1H), 4.34 (d,
0.4H, J¼11.1 Hz), 4.55 (d, 0.6H, J¼11.1 Hz), 5.44–5.58 (m, 1H), 6.89–
6.94 (m, 1H), 7.03–7.38 (m, 7H), 7.52 (d, 0.6H, J¼7.7 Hz), 7.62–7.67
(m, 0.4H), 7.96 (br s, 0.4H), 8.06 (br s, 0.6H). 13C NMR (CDCl3,
100 MHz) d: 11.8, 12.2, 14.1, 14.2, 31.4, 32.4, 33.4, 35.0, 45.9, 47.3,
61.7, 86.2, 88.3, 103.6, 103.7, 110.7, 110.8, 118.6, 118.9, 120.2, 120.4,
121.7, 122.0, 126.5, 126.6, 126.7, 128.5, 128.6, 128.8, 134.0, 134.4,
135.3, 135.4, 139.6, 139.9, 170.3, 171.1. GC–MS (70 eV): m/z: 380
(Mþ), 260, 216, 170 (100), 146, 129, 91. Anal. Calcd for C22H24N2O4

(380.44): C, 69.46; H, 6.36; N, 7.36. Found: C, 69.79; H, 6.46; N, 7.38.

4.2.11. Ethyl 2-(5-methoxy-1H-3-indolyl)-3-nitro-5-
phenylpentanoate, 7k

Yield: 56% (diastereomeric ratio 3:2). Yellow waxy solid. IR
(cm�1, Nujol): 1372, 1548, 1731, 3414. 1H NMR (CDCl3, 400 MHz) d:
1.14–1.21 (m, 3H), 1.96–2.11 (m, 1H), 2.20–2.31 (m, 0.6H), 2.38–2.57
(m, 1H), 2.62–2.78 (m, 1.4H), 3.83 (s, 1.8H), 3.85 (s, 1.2H), 3.99–4.23
(m, 2H), 4.42 (d, 0.4H, J¼10.7 Hz), 4.51 (d, 0.6H, J¼11.1 Hz), 5.23–
5.31 (m, 1H), 6.82–7.35 (m, 9H), 8.17 (br s, 0.4H), 8.22 (br s, 0.6H).
13C NMR (CDCl3, 100 MHz) d: 14.2, 14.3, 31.5, 32.3, 33.5, 34.5, 46.4,
47.5, 56.0, 56.1, 61.9, 87.1, 89.4, 100.6, 100.7, 107.7, 108.1, 112.4, 112.6,
113.3, 113.6, 124.2, 124.3, 126.6, 126.7, 128.6, 128.7, 128.8, 128.9,
131.3, 131.5, 139.6, 139.7, 154.7, 154.8, 170.5, 171.3. GC–MS (70 eV):
m/z: 396 (Mþ), 349, 276, 258, 232 (100), 186, 154, 117, 91. Anal. Calcd
for C22H24N2O5 (396.44): C, 66.65; H, 6.10; N, 7.07. Found: C, 66.91;
H, 6.19; N, 7.01.
4.3. Ethyl 2-(acetyloxy)-3-nitro-5-phenylpentanoate, 11k

To a stirred solution of nitro alcohol 10k12c (1 mmol, 0.25 g) in
ethyl acetate (4 mL), Ac2O (1.5 mmol, 0.15 g, 0.14 mL) and Amber-
lyst 15 (0.45 g) were successively added at room temperature. The
resulting mixture was stirred at the same temperature for 1 h and
then the resin was filtered off and washed with EtOAc (3�3 mL).
The crude product obtained after removal of the solvent and excess
of Ac2O was purified by column chromatography (hexanes/ethyl
acetate 8:2) leading to 0.3 g of acetoxy derivative 11k as a yellow oil
(yield 97%). IR (cm�1, neat): 1369, 1553, 1621, 1726. 1H NMR (CDCl3,
400 MHz) d: 1.96 (t, 1.5H, J¼7.3 Hz), 1.96 (t, 1.5H, J¼7.3 Hz), 2.00–
2.15 (m, 1H), 2.12 (s, 1.5H), 2.13 (s, 1.5H), 2.40–2.52 (m, 0.5H), 2.54–
2.87 (m, 2.5H), 4.10–4.29 (m, 2H), 4.75–4.82 (m, 0.5H), 4.83–4.90
(m, 0.5H), 5.37 (d, 0.5H, J¼6.0 Hz), 5.59 (d, 0.5H, J¼3.4 Hz), 7.11–7.18
(m, 2H), 7.19–7.33 (m, 3H). 13C NMR (CDCl3, 100 MHz) d: 14.0, 14.1,
20.4, 20.5, 30.3, 31.0, 31.8, 32.0, 62.6, 62.7, 71.6, 71.7, 85.3, 85.5,
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126.8, 126.9, 128.5, 128.6, 128.9, 129.0, 139.1, 139.3, 166.0, 166.4,
169.5, 169.7.

4.4. General procedure for the preparation of ethyl 2-(3-
indolyl)-2-alkenoates 15

To a stirred solution of product 7 (2 mmol) in acetonitrile
(10 mL), TMG (4 mmol) was added and the solution was stirred at
room temperature for the appropriate time (see Table 4). After
removal of the solvent at reduced pressure, the crude product was
purified by flash chromatography (hexanes/ethyl acetate 95:5)
affording the pure product 15.

4.4.1. Ethyl (E)-2-(1H-3-indolyl)-2-butenoate, 15a
Yield: 85%. Yellow oil. IR (cm�1, neat): 1628, 1695, 3401. 1H NMR

(CDCl3, 400 MHz) d: 1.28 (t, 3H, J¼7.3 Hz), 1.81 (d, 3H, J¼6.9 Hz),
4.25 (q, 2H, J¼7.3 Hz), 7.03 (d, 1H, J¼2.6 Hz), 7.09–7.22 (m, 2H), 7.26
(q, 1H, J¼7.3 Hz), 7.32 (d, 1H, J¼7.7 Hz), 7.40 (d, 1H, J¼7.7 Hz), 8.38
(br s, 1H). 13C NMR (CDCl3, 100 MHz) d: 14.5, 16.3, 61.0, 110.0, 111.5,
119.8, 120.2, 122.0, 124.7, 127.2, 127.7, 135.9, 140.5, 168.2. GC–MS
(70 eV): m/z: 229 (Mþ), 200, 183, 155 (100), 154, 129, 77. Anal. Calcd
for C14H15NO2 (229.27): C, 73.34; H, 6.59; N, 6.11. Found: C, 73.56; H,
6.51; N, 6.16.

4.4.2. Ethyl (E)-2-(5-methoxy-1H-3-indolyl)-2-hexenoate, 15b
Yield: 93%. Yellow oil. IR (cm�1, neat): 1626, 1700, 3402. 1H NMR

(CDCl3, 400 MHz) d: 0.87 (t, 3H, J¼7.7 Hz), 1.23 (t, 3H, J¼7.3 Hz),
1.39–1.52 (m, 2H), 2.15 (q, 2H, J¼7.3 Hz), 3.81 (s, 3H), 4.23 (q, 2H,
J¼7.3 Hz), 6.79–6.87 (m, 2H), 7.03 (d, 1H, J¼2.6 Hz), 7.14 (t, 1H,
J¼7.7 Hz), 7.21 (d, 1H, J¼8.5 Hz), 8.40 (br s, 1H). 13C NMR (CDCl3,
100 MHz) d: 14.1, 14.6, 22.5, 32.3, 56.0, 61.0, 101.7, 110.3, 112.2, 112.5,
125.3, 126.8, 127.9, 131.1, 145.9, 154.4, 168.4. GC–MS (70 eV): m/z:
287 (Mþ), 258, 212 (100), 198, 184, 172, 154, 142, 128, 115, 29. Anal.
Calcd for C17H21NO3 (287.35): C, 71.06; H, 7.37; N, 4.87. Found: C,
71.15; H, 7.41; N, 4.90.

4.4.3. Ethyl (E)-2-(1H-3-indolyl)-2-heptenoate, 15c
Yield: 97%. Yellow oil. IR (cm�1, neat): 1633, 1694, 3404. 1H NMR

(CDCl3, 400 MHz) d: 0.82 (t, 3H, J¼7.3 Hz), 1.21–1.48 (m, 4H), 1.27 (t,
3H, J¼7.3 Hz), 2.18 (q, 2H, J¼7.3 Hz), 4.24 (q, 2H, J¼7.3 Hz), 7.04 (d,
1H, J¼2.6 Hz), 7.09–7.23 (m, 3H), 7.33 (d, 1H, J¼8.1 Hz), 7.40 (d, 1H,
J¼8.1 Hz), 8.30 (br s, 1H). 13C NMR (CDCl3, 100 MHz) d: 14.1, 14.5,
22.6, 30.0, 31.4, 61.0, 110.6, 111.4, 119.9, 120.2, 122.1, 124.4, 126.5,
127.5, 135.9, 146.1, 168.3. GC–MS (70 eV): m/z: 271 (Mþ, 100),
242, 225, 196, 182, 168, 154, 142, 127, 115, 29. Anal. Calcd for
C17H21NO2 (271.35): C, 75.25; H, 7.80; N, 5.16. Found: C, 75.54; H,
7.89; N, 5.11.

4.4.4. Ethyl (E)-2-(2-methyl-1H-3-indolyl)-2-heptenoate, 15d
Yield: 80%. Yellow solid; mp 55–57 �C. IR (cm�1, Nujol): 1624,

1688, 3347. 1H NMR (CDCl3, 400 MHz) d: 0.80 (t, 3H, J¼7.3 Hz), 1.17–
1.30 (m, 2H), 1.24 (t, 3H, J¼7.3 Hz), 1.33–1.46 (m, 2H), 1.97–2.11 (m,
2H), 2.21 (s, 3H), 4.20 (q, 2H, J¼7.3 Hz), 7.03–7.14 (m, 2H), 7.19–7.30
(m, 3H), 8.04 (br s, 1H). 13C NMR (CDCl3, 100 MHz) d: 12.6, 14.0, 14.5,
22.5, 29.8, 30.9, 60.8, 107.7, 110.5, 119.1, 119.6, 121.1, 126.3, 128.8,
133.3, 135.4, 147.7, 168.1. GC–MS (70 eV): m/z: 285 (Mþ), 212, 196
(100), 168, 154, 29. Anal. Calcd for C18H23NO2 (285.38): C, 75.76; H,
8.12; N, 4.91. Found: C, 75.61; H, 8.41; N, 4.91.

4.4.5. Ethyl (E)-6-(acetyloxy)-2-(5-methoxy-1H-3-indolyl)-2-
hexenoate, 15e

Yield: 91%. Yellow oil. IR (cm�1, neat): 1622, 1701, 1730, 3422. 1H
NMR (CDCl3, 400 MHz) d: 1.27 (t, 3H, J¼7.3 Hz), 1.72–1.81 (m, 2H),
1.91 (s, 3H), 2.26 (q, 2H, J¼7.3 Hz), 3.81 (s, 3H), 3.99 (t, 2H, J¼6.4 Hz),
4.23 (q, 2H, J¼7.3 Hz), 6.77 (d, 1H, J¼2.6 Hz), 6.84 (dd, 1H, J¼2.6,
9.0 Hz), 7.03 (d, 1H, J¼2.6 Hz), 7.11 (t, 1H, J¼7.7 Hz), 7.22 (d, 1H,
J¼8.6 Hz), 8.37 (br s, 1H). 13C NMR (CDCl3, 100 MHz) d: 14.6, 21.0,
26.8, 28.1, 56.0, 61.2, 64.0, 101.5, 110.0, 112.2, 112.6, 125.2, 127.7,
127.8, 131.0, 144.0, 154.4, 168.1, 171.4. GC–MS (70 eV): m/z: 345
(Mþ), 299, 272, 257, 228, 212 (100), 198, 184, 154, 128, 43. Anal.
Calcd for C19H23NO5 (345.39): C, 66.07; H, 6.71; N, 4.06. Found: C,
66.27; H, 6.69; N, 4.10.

4.4.6. Ethyl (E)-2-(5-methoxy-1H-3-indolyl)-2-butenoate, 15f
Yield: 95%. Yellow oil. IR (cm�1, neat): 1624, 1697, 3400. 1H NMR

(CDCl3, 400 MHz) d: 1.13 (t, 3H, J¼7.3 Hz), 1.68 (d, 3H, J¼7.3 Hz), 3.66
(s, 3H), 4.08 (q, 2H, J¼7.3 Hz), 6.61 (d, 1H, J¼2.6 Hz), 6.67 (dd, 1H,
J¼2.6, 8.6 Hz), 6.97 (d, 1H, J¼2.6 Hz), 7.06 (q, 1H, J¼7.3 Hz), 7.14 (d,
1H, J¼8.9 Hz), 9.68 (br s, 1H). 13C NMR (CDCl3, 100 MHz) d: 14.2,
16.0, 55.5, 60.4, 101.3, 108.8, 111.6, 112.1, 125.5, 127.2, 127.7, 130.9,
139.4, 153.6, 167.8. GC–MS (70 eV): m/z: 259 (Mþ), 185, 170, 154,
142, 128, 115, 29. Anal. Calcd for C15H17NO3 (259.30): C, 69.48; H,
6.61; N, 5.40. Found: C, 69.33; H, 6.53; N, 5.36.

4.4.7. Ethyl 2-(1H-3-indolyl)acrylate, 15g
Yield: 20%. GC–MS (70 eV): m/z: 201 (Mþ), 142 (100), 115, 88, 70.

4.4.8. Ethyl (E)-2-(2-methyl-1H-3-indolyl)-2-pentenoate, 15h
Yield: 84%. Red waxy solid. IR (cm�1, Nujol): 1622, 1686, 3340. 1H

NMR (CDCl3, 400 MHz) d: 0.99 (t, 3H, J¼7.7 Hz), 1.25 (t, 3H,
J¼7.3 Hz), 1.98–2.12 (m, 2H), 2.18 (s, 3H), 4.22 (q, 2H, J¼7.3 Hz),
7.03–7.14 (m, 2H), 7.16–7.31 (m, 3H), 8.14 (br s, 1H). 13C NMR (CDCl3,
100 MHz) d: 12.5, 13.3, 14.4, 23.5, 60.8, 107.5, 110.5, 118.9, 119.5,
121.1, 125.9, 128.7, 133.4, 135.4, 148.8, 168.2. GC–MS (70 eV): m/z:
257 (Mþ), 182, 168 (100), 154. Anal. Calcd for C16H19NO2 (257.33): C,
74.68; H, 7.44; N, 5.44. Found: C, 74.64; H, 7.46; N, 5.46.

4.4.9. Ethyl (E)-2-(1H-3-indolyl)-2-octenoate, 15i
Yield: 76%. Yellow oil. IR (cm�1, neat): 1628, 1700, 3410. 1H NMR

(CDCl3, 400 MHz) d: 0.84 (t, 3H, J¼7.3 Hz), 1.16–1.30 (m, 4H), 1.27 (t,
3H, J¼7.3 Hz), 1.37–1.49 (m, 2H), 2.17 (q, 2H, J¼7.3 Hz), 4.24 (q, 2H,
J¼7.3 Hz), 7.03 (d, 1H, J¼2.6 Hz), 7.09–7.22 (m, 3H), 7.33 (d, 1H,
J¼8.1 Hz), 7.40 (d, 1H, J¼7.7 Hz), 8.31 (br s, 1H). 13C NMR (CDCl3,
100 MHz) d: 14.2, 14.5, 22.7, 29.0, 30.3, 31.7, 61.0, 110.6, 111.5, 119.9,
120.2, 122.1, 124.5, 126.5, 127.5, 135.9, 146.3, 168.4. GC–MS (70 eV):
m/z: 285 (Mþ, 100), 256, 239, 228, 212, 196, 182, 168, 154, 142, 130,
115, 41, 29. Anal. Calcd for C18H23NO2 (285.38): C, 75.76; H, 8.12; N,
4.91. Found: C, 75.77; H, 8.20; N, 4.96.

4.4.10. Ethyl (E)-2-(2-methyl-1H-3-indolyl)-5-phenyl-2-
pentenoate, 15j

Yield: 90%. Yellow foam. IR (cm�1, neat): 1620, 1683, 3345. 1H
NMR (CDCl3, 400 MHz) d: 1.23 (t, 3H, J¼7.7 Hz), 2.16 (s, 3H), 2.28–
2.48 (m, 2H), 2.73 (t, 2H, J¼7.7 Hz), 4.20 (q, 2H, J¼7.3 Hz), 7.00–7.33
(m, 10H), 7.99 (br s, 1H). 13C NMR (CDCl3, 100 MHz) d: 12.6, 14.5,
31.8, 35.0, 60.9, 107.6, 110.5, 119.1, 119.7, 121.2, 126.1, 127.0, 128.4,
128.5, 128.6, 133.3, 135.3, 141.3, 146.1, 167.9. GC–MS (70 eV): m/z:
333 (Mþ), 242 (100), 214, 168, 154, 91. Anal. Calcd for C22H23NO2

(333.42): C, 79.25; H, 6.95; N, 4.20. Found: C, 79.47; H, 6.99; N, 4.23.

4.4.11. Ethyl (E)-2-(5-methoxy-1H-3-indolyl)-5-phenyl-2-
pentenoate, 15k

Yield: 96%. Viscous yellow oil. IR (cm�1, neat): 1619, 1702, 3410.
1H NMR (CDCl3, 400 MHz) d: 1.23 (t, 3H, J¼7.3 Hz), 2.47 (q, 2H,
J¼7.3 Hz), 2.72 (t, 2H, J¼7.3 Hz), 3.77 (s, 3H), 4.19 (q, 2H, J¼7.3 Hz),
6.73–6.83 (m, 2H), 6.89 (s, 1H), 7.06 (d, 2H, J¼7.3 Hz), 7.13 (t, 2H,
J¼7.3 Hz), 7.17–7.24 (m, 3H), 8.88 (br s, 1H). 13C NMR (CDCl3,
100 MHz) d: 14.5, 31.9, 35.3, 55.9, 60.9, 101.5, 109.8, 112.2, 112.3,
125.2, 126.1, 127.4, 127.7, 128.4, 128.5, 131.1, 141.2, 144.1, 154.2, 168.1.
GC–MS (70 eV): m/z: 349 (Mþ), 258 (100), 184, 91. Anal. Calcd for
C22H23NO3 (349.42): C, 75.62; H, 6.63; N, 4.01. Found: C, 75.93; H,
6.69; N, 4.07.
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4.5. Ethyl 2-(5-methoxy-1H-3-indolyl)-2-tetrahydro-2-
furanylacetate 16

Sodium metal (5 mmol, 0.115 g) was dissolved in dry EtOH
(7 mL) and then diester 15e (1 mmol, 0.34 g) dissolved in 2 mL of
EtOH was added dropwise at room temperature. After stirring for
3 h at room temperature, 1 M HCl (7 mL) was added and the solu-
tion was concentrated under reduced pressure. The resulting
aqueous layer was extracted with CH2Cl2 (3�15 mL), and the
combined organic extracts were dried over Na2SO4. The crude
product obtained after removal of the solvent at reduced pressure
was purified by flash chromatography (hexanes/ethyl acetate 95:5)
giving 0.25 g of ester derivative 16 as a white solid (yield 84%), mp
132–135 (d.r¼93:7, major diastereomer): IR (cm�1, Nujol): 1217,
1621, 1715, 3350. 1H NMR (CDCl3, 400 MHz) d: 1.23 (t, 3H, J¼7.3 Hz),
1.50–1.62 (m, 1H), 1.74–1.95 (m, 3H), 3.73–3.89 (m, 2H), 3.87 (s, 3H),
3.93–4.00 (m, 1H), 4.08–4.26 (m, 2H), 4.54–4.69 (m, 1H), 6.86 (dd,
1H, J¼2.6, 9.0 Hz), 7.16–7.27 (m, 3H), 8.12 (br s, 1H). 13C NMR (CDCl3,
100 MHz) d: 14.4, 25.7, 30.1, 49.4, 56.1, 61.1, 68.7, 80.7, 101.2, 110.8,
112.3, 112.8, 123.7, 127.4, 131.4, 154.4, 173.6. GC–MS (70 eV): m/z:
303 (Mþ), 233 (100), 204, 187, 160, 71, 43, 29. Anal. Calcd for
C17H21NO4 (303.35): C, 67.31; H, 6.98; N, 4.62. Found: C, 67.59; H,
7.05; N, 4.55.

4.6. Ethyl (E)-6-hydroxy-2-(5-methoxy-1H-3-indolyl)-2-
hexenoate 17

A solution of diester 15e (0.5 mmol, 0.17 g) in THF/water (11 mL,
1:10) was cooled at 0 �C and 0.25 N NaOH (4 mL) was added under
stirring. After stirring for 7 h at 0 �C, 1 M HCl was added dropwise
until pH¼4 and then the solution was extracted with EtOAc
(3�20 mL). The combined organic extracts were dried over Na2SO4

and the crude product obtained after filtration and removal of the
solvent at reduced pressure was purified by flash chromatography
(hexanes/ethyl acetate 95:5) giving 0.083 g of hydroxyester de-
rivative 17 as a yellow waxy solid (yield 55%, d.r¼94:6, major di-
astereomer): IR (cm�1, Nujol): 1621, 1701, 3420. 1H NMR (CDCl3,
400 MHz) d: 1.26 (t, 3H, J¼7.3 Hz), 1.59–1.70 (m, 2H), 1.79–1.99 (br s,
1H), 2.23 (q, 2H, J¼7.3 Hz), 3.51 (t, 2H, J¼6.4 Hz), 3.79 (s, 3H), 4.23
(q, 2H, J¼7.3 Hz), 6.78 (d, 1H, J¼2.6 Hz), 6.81 (dd, 1H, J¼2.6, 9.0 Hz),
6.95 (d, 1H, J¼2.6 Hz), 7.11 (t, 1H, J¼7.7 Hz), 7.16 (d, 1H, J¼9.0 Hz),
8.58 (br s, 1H). 13C NMR (CDCl3, 100 MHz) d: 14.5, 26.5, 31.9, 56.0,
61.1, 62.1, 101.5, 109.7, 112.3, 112.4, 125.3, 127.3, 127.6, 131.0, 144.7,
154.2, 168.3. GC–MS (70 eV): m/z: 303 (Mþ), 257 (100), 230, 212,
198, 184, 154, 128, 115, 29. Anal. Calcd for C17H21NO4 (303.35): C,
67.31; H, 6.98; N, 4.62. Found: C, 66.98; H, 6.89; N, 4.54.
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