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Synthesis of Enynoindoles Via Vinyl and Ethynyl Indoles

L eticia Pérez-Serrano, L uis Casarrubios, Gema Dominguez, Patxi Gonzalez-Pérez, Javier Pérez-Castells*
Departamento de Quimica, Facultad de CC, Experimentalesy delaSalud, Universidad San Pablo-CEU, Boadilladel Monte 28668-Madrid,

Spain
Fax +34(913)510475; E-mail: jpercas@ceu.es
Received 13 May 2002; revised 17 June 2002

Abstract: A convenient synthesis of indoles bearing alyl, ethynyl,
and/or propargyl moieties is described starting from indole or in-
dole-2-carboxylic acid.
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Suitable functionalised indoles are essential blocks in the
synthesis of many natural products containing this nucle-
us. Indoles bearing unsaturated moi eties are excellent pre-
cursors for cyclization reactions.! We have shown the use
of these compounds in Pauson—K hand? and metathesis re-
actions.® The synthesis of vinylindoles, which have been
used in Diels-Alder reactions,* has been reported al-
though 2-vinylindole is described normally in moderate
yields.®> On the other hand 2-ethynylindole, another inter-
esting starting material, has not been described. We herein
report the syntheses of agroup of indoles bearing unsatur-
ated substituents in good global yields and from non-ex-
pensive commercial indoles. The methodology involves
the use of reactions which most times do not need purifi-
cation.

Wefirst describe the synthesis of 2-vinylindole (2), which
we intended to develop to both a 1-allyl and 1-propargyl
derivative. Thus, from indole-2-carboxylic acid, a quanti-
tative esterification was achieved with boiling methanol
saturated with HCI. The reduction of the ester was carried
out with DIBAL-H and gave a so quantitatively the alco-
hol. None of the tested reaction conditions (slow addition
at —78 °C of the hydride or keeping the reaction at low
temperature) gave directly the aldehyde. Other reduction
conditionswith LiAlH, asdescribed in theliterature® gave
poor yields in our hands (<20%). The subsequent oxida-
tion was done with MnO, which gave the aldehydein 80%
overall yield (three steps) and after purification. Other re-
agentslike PCC gave 50% yield in the oxidation step. The
synthesis of thisadehyde has been thoroughly reportedin
the literature although we believe these tandem reactions
in which no intermediates are purified are very efficient.
Then, a Wittig reaction was used to obtain compound 2.
Theylide was generated using KHMDS at room tempera-
ture and then was cannul ated to a solution of the aldehyde.
These conditions were essential to obtain quantitative
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yields. 2-Vinylindole can be chromatographed and stored
in the fridge without any tendency to decomposition.

For the alkylation of the indole nitrogen we used two dif-
ferent conditions: a phase transfer method using NaOH
(30% solution)—toluene and Bu,NlI, or treatment with the
alkyl bromide using CsCO; as the base. With propargy!
bromide, the first conditions gave dipropargylated com-
pound 3 in 50% yield. The desired compound 4 was ob-
tained with thelatter conditionsin 70% yield. On the other
hand both conditions gave decomposition products when
using alyl bromide (Scheme 1).
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Therefore, the synthesis of 1-allyl-2-vinylindole was car-
ried out following Scheme 2. Thus, alylation of the ester
using the phase transfer conditions, followed by the same
reduction—oxidation sequence gave compound 6 in 70%
yield after 4 stepsfrom indole-2-carboxylic acid. The sub-
sequent Wittig reaction finally gave the desired com-
pound 7 with 75% yield.

Finally, we carried out the synthesis of 1-allyl-2-ethynyl
indole starting from indole. We followed Bergman’'s
work” to obtain 2-iodoindole (8), which, without purifica-
tion, was submitted to Sonogashira coupling with trimeth-
ylsilylacetilene to give 9 in 85% yield. This compound
was air stableand can be kept in the fridge without decom-
position. Allylation of 9 using CsCO; as base led directly
to product 10 with loss of the trimethylsilyl group in the
same reaction (Scheme 3).
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Melting points were taken on a Buchi 530 apparatus and are uncor-
rected. 'H NMR and *C NMR spectra were recorded on a Bruker
AM-300 instrument at 300 MHz and 75.43 MHz, respectively.
NMR spectrawere registered in CDCl; and chemical shiftsare giv-
en in ppm relative to TMS (*H, 0.00 ppm) or CDCl, (**C, 77.00
ppm). IR spectra were recorded on a Perkin—Elmer 1330 infrared
spectrophotometer. Elemental analyses were performed in the
UCM Microanalysis Service (Facultad de Farmacia, Universidad
Complutense de Madrid, Spain). For purification of crude reaction
mixtures flash chromatography was applied in al cases. Silica gel
(230400 mesh) and basic alumina were used as the stationary
phase.

1H-Indole-2-car baldehyde (1)

A solution of indole-2-carboxylic acid (10.0 g, 62.1 mmol) in
MeOH (200 mL) was saturated with HCI (g). The mixture was heat-
ed under reflux for 24 h. The solvent was evaporated under vacuum.
Without further purification, a solution of DIBAL-H (1.5 M in tol-
uene;103.5 mL, 0.15 mol) in anhyd THF (400 mL) and under argon
was added dropwise to a solution of this 1H-indole-2-carboxylic
acid methyl ester in anhyd THF (300 mL) at —78 °C. The mixture
was stirred for 24 h. The reaction was then quenched by addition of
sat. ag sodium tartrate (700 mL) and extracted with EtOAc (3 x 500
mL ). The combined organic extracts were dried (MgSO,) and evap-
orated under vacuum. This alcohol was dissolved in MeCN (300
mL) without further purification and manganese oxide (54.0 g, 0.62
mol) was added to the sol ution. The reaction mixture was stirred for
24 h. The solution was filtered through Celite and the solvent evap-
orated under vacuum. The crude product was purified by flash chro-
matography (hexane-EtOAcC, 4:1) to obtain 1.

Yield: 7.2 g (80%, three steps); yellow solid; mp 141-143 °C (hex-
ane-EtOAc) (lit.2 139-140 °C).

IR (KBr): 3200, 2920, 1670 cm™.

IHNMR (CDCl,): §=7.18(t,1H,J=7.7Hz),7.28(d, 1H,J=16
Hz), 7.42 (m, 2 H), 7.75(d, 1 H, J= 7.7 Hz), 9.03 (br 5, 1 H), 9.85
(s, 1H).

13C NMR (CDCl,): 5 = 182.6, 138.3, 127.3, 127.2, 1233, 121.1,
115.3, 115.3, 112.6.

2-Vinyl-1H-indole (2)

To a solution of methyltriphenylphosphonium bromide (5.54 g,
15.51 mmoal) in anhyd THF (75 mL) under argon, KHMDS (0.5 M
in toluene; 26.9 mL, 13.44 mmol) was added. The mixture was
stirred at r.t. for 0.5 h. The ylide formed was added dropwise to a
solution of 1 (1.5 g, 10.34 mmol) in anhyd THF (50 mL). The reac-
tionwas stirred at r.t. for 2 h. The resulting suspension was poured
into Et,0—H,0 (1:1, 200 mL). The organic layer was separated and
the aq layer extracted with Et,O (3 x 50 mL). The combined organic
phases were dried (MgSO,) and the solvent was evaporated under
vacuum. The crude was purified by flash chromatography (hexane—
EtOAc, 5:1) to obtain 2.

Yield: 1.46 g (quantitative); pae yellow solid; mp 85-86 °C (hex-
ane-EtOAC).

IR (KBr): 3380, 3020, 1450 cm™.,

IH NMR (CDCly): 5 = 5.26 (d, 1 H, J=11.0 Hz), 554 (d, 1 H,
J=18.0Hz),651(d, 1H,J = 1.6 Hz), 6.74(dd, 1H, J = 18.0, 11.0
Hz), 7.08 (t, 1H, = 8.2 Hz), 7.18 (t, 1 H, J= 7.7 Hz), 7.33(d, 1 H,
J=7.7Hz),756(d, 1H,J=8.2Hz), 8.16 (br s, 1 H).

13C NMR (CDCly): 3 = 136.5, 136.2, 128.6, 127.4, 122.7, 120.7,
120.0, 112.2, 110.7, 102.9.

1,3-Di-(2-propynyl)-2-vinyl-1H-indole (3)

Toasolution of 2 (0.75 g, 5.24 mmol) in toluene (25 mL), ag NaOH
(30%; 25 mL ), propargyl bromide (0.68 mL, 0.86 mmol) and tetra-
butylammonium iodide (0.19 g, 0.52 mmol) were added. The reac-
tion mixture was vigorously stirred at r.t. for 5 h. The organic layer
was dried (MgSO,) and the solvent evaporated under vacuum. The
crude product was purified by flash chromatography (hexane) to ob-
tain 3.

Yield: 0.57 g (50%); white solid; mp 100101 °C (hexane-EtOAcC).
IR (KBr): 3250, 3040, 2910, 2100 cm™.

IH NMR (CDCl,): =2.04(t, 1H,J=2.8Hz),2.30(t, 1H,J =22
Hz),3.72(d, 2H, J = 2.8 Hz), 4.86 (d, 2 H, J = 2.2 Hz), 5.67 (dd, 1
H,J =115,1.1 Hz), 578 (dd, 1H, J =17.6, 1.1 Hz), 6.86 (dd, 1
H,J =17.6,11.5Hz), 7.17 (t, 1H,J=7.7Hz), 7.27(t, 1H, J = 8.2
Hz), 7.38(d, 1H, J=8.2Hz), 7.73(d, 1 H, J= 7.7 Hz).

13C NMR (CDCly): 5 = 136.4, 134.1, 127.3, 124.9, 122.8, 120.7,
120.1, 119.1, 109.3, 109.0, 82.6, 78.4, 72.5, 68.2, 33.3, 14.6.

Anal. Calcd for CigHy5N: C, 87.64; H, 5.98; N, 6.39. Found: C,
87.79; H, 6.09; N, 6.52.

1-(2-Propynyl)-2-vinyl-1H-indole (4)

Toasolution of 2 (0.44 g, 3.08 mmol) in anhyd DMF (100 mL) was
added under argon caesium carbonate (3.01 g, 9.24 mmol) and pro-
pargyl bromide (1.02 mL, 9.24 mmol). The mixture was heated at
60 °C for 24 h. The solution was diluted with EtOAc (50 mL) and
washed with water (2x 50 mL). The combined organic extracts
were dried (MgSO,) and evaporated under vacuum. The crude
product was purified by flash chromatography (hexane-EtOAc,
24:1) to obtain 4.

Yield: 0.37 g (70%); yellow solid; mp 77-78 °C (hexane—EtOAC).
IR (KBr) 3250, 3040, 2910, 2100 cm ™.

IHNMR (CDCl,): §=2.31(t,1H,J=2.7Hz), 491 (d, 2H,J= 2.7
Hz), 5.43 (dd, 1 H, J =11.0,1.1 Hz), 5.87 (dd, 1 H, J =17.6, 1.1
Hz), 6.71 (s, 1 H), 6.85 (dd, 1 H, J = 17.6, 11.0 Hz), 7.12 (t, 1 H,
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J=82Hz),7.23(t, 1H,J=7.7Hz), 7.37(d, 1H, J = 8.2 Hz), 7.58
(d,1H,J=7.7 H).

13C NMR (CDCly): 3 = 137.6, 136.9, 127.9, 125.4, 122.2, 120.7,
120.3, 117.0, 109.2, 100.2, 78.2, 72.5, 32.6.

Ana. Calcd for C;3H;N: C, 86.15; H, 6.12; N, 7.73. Found: C,
86.30; H, 6.28; N, 7.85.

1-Allyl-1H-indole-2-car boxylic Acid Methyl Ester (5)
Following the same procedure used for the synthesis of 3, from 1H-
indole-2-carboxylic acid methyl ester (1.0 g, 5.71 mmol), aqg NaOH
(30%; 65 mL), allyl bromide (0.74 mL, 8.56 mmaol) and tetrabutyl
ammonium iodide (0.21 g, 0.57 mmol) and after purification by
flash chromatography (hexane-EtOAc, 9:1), 6 was obtained.

Yield: 1.1g (90%); colourless ail.
IR (neat): 3040, 2940, 1710, 1515 cm™.

H NMR (CDCl): 6 = 3.90 (s, 3H), 4.88 (m, 1 H), 5.11 (m, 1 H),
5.24 (m, 2 H), 5.99 (m, 1 H), 7.20 (m, 2 H), 7.34 (m, 2 H), 7.69 (m,
1H).

13C NMR (CDCly): & = 162.3, 139.1, 133.8, 126.9, 125.9, 125.1,
122.6,120.7, 115.9, 110.7, 110.6, 51.6, 46.7.

1-Allyl-1H-indole-2-car baldehyde (6)*®

Following the same procedure empl oyed for the synthesisof 1, from
5(1.0 g, 4.65 mmol), DIBAL-H (1.5M in toluene; 7.75 mL, 11.63
mmol) and then by treatment of the crude product with manganese
oxide (3.97 g, 46.5 mmol) and purification by flash chromatography
(hexane-AcOEt, 9:1), 6 was obtained.

Yield: 0.67 g (78%); colourless ail.
IR (neat): 2800, 1665, 1515 cm™.

IH NMR (CDCl,): & =4.91 (dd, 1 H, J = 17.0, 1.1 Hz), 5.11 (dd, 1
H,J =10.0, 1.1 Hz),5.23 (m, 2 H), 5.93-6.05(m, 1 H), 7.19 (td, 1
H,J =8.2,2.2Hz),7.30(s, 1H), 7.41(m, 2H), 7.75(d, 1H,J = 8.2
Hz), 9.89 (s, 1 H).

13C NMR (CDCly): 3 = 182.7, 140.3, 133.4, 133.3, 127.0, 1234,
121.0, 118.1, 118.0, 116.3, 110.8, 46.7.

1-Allyl-2-vinyl-1H-indole (7)

Following the same procedure used for the synthesis of 2, from me-
thyltriphenyl phosphonium bromide (0.87 g, 2.43 mmol), KHMDS
(0.5M intoluene; 4.22 mL, 2.1 mmol) and 6 (0.3 g, 1.62 mmol) and
after purification by flash chromatography (basic alumina; hexane),
7 was obtained.

Yield: 0.22 g (75%); colourless ail.
IR (neat): 3060, 2920, 1630 cm™.

IH NMR (CDCl,): § = 4.73-4.75 (m, 2 H), 487 (dd, 1H, J, = 18.1,
1.1Hz), 5.12 (dd, 1 H, J =10.4, 1.1 Hz), 5.32 (dd, 1 H, J = 11.0,
1.6 Hz),5.81 (dd, 1H,J = 17.6, 1.6 Hz), 5.88-5.99 (m, 1 H), 6.66—
6.75(m, 2 H), 7.08 (td, 1H, J = 7.7, 1.1 Hz), 7.16 (td, 1 H, J = 8.2,
1.1Hz) 7.24(d, 1H, J=82Hz), 7.58 (d, 1 H, J= 7.7 H2).

13C NMR (CDCl,): 3 = 138.1, 137.3, 133.2, 127.8, 125.7, 121.8,
120.5, 119.9, 116.4, 116.3, 109.4, 99.2, 45.4.

Anal. Calcd for C;3HgN: C, 85.21; H, 7.15; N, 7.64. Found: C,
85.39; H, 7.29; N, 7.78.

2-Trimethylsilanylethynyl-1H-indole (9)

The crude product obtained in the reaction of indole (1.17 g, 10.0
mmol) with BuLi (2.5 M in hexane; 4.2 mL), t-BuLi (1.7 M in pen-
tane; 6.2 mL) and 1,2-diiodoethane (2.82 g, 10.0 mmol) following
the method described by Bergman and Velemalm’ was dissolved in
toluene (25 mL). Then, a solution of Pd(PPh;),Cl, (0.34 g, 0.56

mmol), butylamine (3.6 mL, 44.88 mmol), trimethylsilylacetylene
(3.2 mL, 22.44 mmol) and copper(l) iodide (0.43 g, 2.24 mmol) in
toluene (25 mL) was added and the mixture was stirred at r.t. for 4
h. The solvent was evaporated under vacuum and the crude was
purified by flash chromatography (hexane) to obtain 9.

Yield: 1.82 g (85%); yellow solid; mp 92-93 °C (hexane-EtOAC).
IR (KBr): 3490, 3040, 2140 cm™,

IH NMR (CDCly): 5 =0.29 (s, 9 H), 6.79 (d, 1 H, J = 1.1 Hz), 7.13
(td, 1H,J =7.7,1.1Hz), 7.24 (td, 1 H, J =8.2, 1.1 Hz), 7.31 (dd,
1H,J =82, 1.1Hz), 759 (d, 1 H, J= 7.7 Hz), 8.18 (br s, 1 H).

13C NMR (CDCly): & = 135.8, 127.4, 123.6, 120.9, 120.4, 118.5,
110.7, 109.2, 98.4, 96.9, —0.19.

1-Allyl-2-ethynyl-1H-indole (10)

Following the same procedure used for the synthesis of 4, from 9
(0.5 g, 2.7 mmol), caesium carbonate (0.88 g, 2.70 mmol) and alyl
bromide (4.77 mL, 5.4 mmol) and after purification by flash chro-
matography (hexane), 10 was obtained.

Yield: 0.352 g (70%); pae yellow oil.
IR (neat): 3280, 3040, 2090 cm2.

IH NMR (CDCl,): = 3.46 (s, 1 H), 4.85-4.88 (m, 2 H), 4.97 (dd,
1H,J =17.0, 1.6 Hz), 515 (dd, 1 H, J = 9.9, 1.6 Hz), 5.90-6.02
(m, 1H), 6.85 (s, 1 H), 7.09-7.15 (m, 1 H), 7.21-7.29 (m, 2 H), 7.59
(d,1H,J=7.7 Hz).

13C NMR (CDCl,): 3 = 136.4, 132.9, 126.9, 123.3, 121.1, 120.2,
116.6, 109.9, 108.7, 108.6, 83.4, 75.3, 46.4.

Ana. Cacd for C;3Hy;N: C, 86.15; H, 6.12; N, 7.73. Found: C,
86.33; H, 6.26; N, 7.87.
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