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A Facile One-Pot Synthesis of 3-Dialkoxyphosphoryl- and 3-[ Alkoxy(phenyl)phosphoryl]-1-

hydroxyindoles
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The one-pot reaction of dialkyl phosphites or alkyl phenylphos-
phonites with equimolecular amounts of 1-aryl-2-nitro-1-alkenes in
an alcohol in the presence of solid potassium carbonate give the
title compounds, i.¢., 1-hydroxyindole-3-phosphonic or -3-phos-
phinic esters, respectively, in 5788 % yield.

Since the isolation of 1-hydroxyindole derivatives from
plants and microorganisms,' ~'? intense efforts have
been focused on their synthesis.'*~'® However, only few
reports deal with the synthesis of phosphorus-containing
indole derivatives. A mixture of 1-acetyl-2,5-dimethyl-3-
(diphenylphosphinyl)indole and 1-acetyl-5-methyl-2-
(diphenylphosphinylmethyl)indole has been obtained
from N-acetyl-N-(4-methylphenyl)hydroxylamine and
(diphenylphosphinyl)allene, via Michael addition and
Cope-rearrangement.'® 3-Phosphoryl-substituted 1 -hy-
droxyindoles were synthesized by the reaction of nitro-
styrenes with in situ formed dialky! trimethylsilyl phos-
phites under carefully controlled reaction conditions,2°

but a large excess of reagents and long reaction time are
required.

We now report a simple and practical synthesis of 3-
dialkoxyphosphoryl- (3a-e) and 3-[alkoxy(phenyl)-
phosphoryl]-1-hydroxyindoles (3f,g) by the one-pot
reaction of dialkyl phosphites or alkyl phenylphospho-
nites 1 with equimolecular amounts of 1-aryl-2-nitro-
alkenes 2 in an alcohol in the presence of solid potassium
carbonate.
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The alcohol used as solvent should correspond to the
alkoxy group of 1 to avoid transesterification. The reac-
tion is complete within 6 h at 60~70°C, compounds 3
being obtained in 57-88 % yields. The structure of the
products was established by microanalyses, IR, and 'H-
NMR spectrometry (Table).

Product 3a was converted into the corresponding 1-
methoxyindole by reaction with methyl iodide under the
conditions given in Lit.!®

Downloaded by: Simon Fraser University Library. Copyrighted material.



802 Papers

SYNTHESIS

Table. 3-Dialkoxyphosphoryl- and 3-[ Alkoxy(phenyl)phosphoryl]-1-hydroxyindoles 3 Prepared

Product Yield® mp® Molecular Formula® IR (KCD) 'H-NMR (CCl,/TMS)
(%) 0 or Lit. mp (°C) v(em ™) 8, J(Hz)
3a 82 104-105 99-1012° 3100, 1510, 1200, 1.02 (t, 6H, J = 7, 20CH,CH,;), 1.96 (s, 3H, CH;),
1050 (br) 3.67 (qd, 4H, J =7, 10, 20CH,), 7.2 (m, 4H,om),
10.5 (s, 1H, OH)
3b 82 108-109 C,4H,,NO,P 3050, 1500, 1210, 1.10 (t, 6H, J = 7, 20CH,CHj;), 1.96 (s, 3H, CH,),
(297.3) 1030 (br) 2.38 (s, 3H, CH,), 3.75 (qd, 4H, J = 7, 10, 20CH,),
7.0 (m, 3H,,,.), 11.8 (s, 1H, OH)
3c 87 112-113 C,sH,,NO,P 3050, 1520, 1200, 1.2 [m, 12H, 20CH(CH3;),], 2.20 (s, 3H, CHj), 4.38
(311.3) 1010 (m, 2H, 20CH), 7.2 (m, 4H,,), 10.5 (s, 1 H, OH)
3d 88 110-111 C,¢H,4NOLP 3100, 1520, 1200, 1.1 [m, 12H, 20CH(CHj;),], 2.05 (s, 3H, CH,), 2.37
(325.4) 1010 (s, 3H, CH3;), 4.3 (m, 2H, 20CH), 7.0 (m, 3H,om).
11.1 (s, 1H, OH)
3e 78 133-134 C,,H,cNO,P 3050, 1510, 1210, 1.1 [m, 15H, 20CH(CH;), + CH,CH;], 2.40 (s,
(339.4) 1010 3H, CH;), 2.75 (m, 2H, CH,), 4.30 (m, 2H, 20CH),
7.0 (m, 3H,,om), 11.15 (s, 1 H, OH)
3f 60 172-173 C,gH,oNOsP 3050, 1510, 1190, 1.3 (m, 9H, 3CHj;), 4.5 (m, 1H, OCH), 7.4 (m,
(329.3) 1025, 990 9H,,om), 11.3 (br s, 1H, OH)
3g 57 190-191 C,4H;,NO;P 3050, 1510, 1200, 1.25 (m, 9H, 3CHj), 2.40 (s, 3H, CH;), 4.4 (m, 1H,
(343.4) 1030, 990 OCH), 7.3 (m, 8H,,om), 11.0 (br s, 1H, OH)

* Yield of isolated pure product.
® Uncorrected.

Diethyl phosphite was purchased from Fluka Chemical Co. Diiso-
propyl phosphite was prepared according to Lit.2! Isopropyl
phenylphosphonite was synthesized according to Lit.>* 1-Aryl-2-
nitroalkenes were prepared from the nitroalkanes and benzalde-
hydes under the conditions given in Lit.2* Solvents were dried by
standard methods. Potassium carbonate was of commercial grade.
IR spectra were recorded on a Shimadzu 440 Infrared spectro-
photometer, 'H-NMR spectra on a Varian EM 360 L (60 MHz)
spectrometer.

3-Dialkoxyphosphoryl- and 3-[Alkoxy(phenyl)phosphoryl]-1-hy-
droxyindoles 3; General Procedure:

A mixture of the dialkyl phosphite or alkyl phenylphosphonite 1
(15 mmol), 1-aryl-2-nitroalkene 2 (15 mmol), and K,CO; (5.53 g,
40 mmol) in the alcohol R*—OH (60 mL) is vigorously stirred at
60~70°C for 6 h. The mixture is then cooled and filtered, and the
filtrate is evaporated under reduced pressure. The residue is dis-
solved in EtOAc (40 mL) and this solution is neutralized with 1 N
aq HCl (12-15mL). The organic phase is separated, dried
(Na,S0,), and evaporated. The remaining product is purified by
column chromatography on silica gel using EtOAc/petroleum ether
(1:1) as eluent, and recrystallized from EtOAc (Table).

3-(Diethoxyphosphoryl)-1-methoxy-2-methylindole:

A stirred solution of 3a (0.284 g, 1 mmol) and Mel (1.4 g, 10 mmol)
in MeOH (10 mL) was treated with 2N NaOH (5 mL), and stirring
is continued for 10h at r.t. Then, H,O (20mL) and CH,Cl,
(20 mL) are added, the organic layer is separated, and the water
layer is extracted with CH,Cl, (2 x 20 mL). The combined extracts
are washed with H,O (15 mL), dried (Na,SO,), and evaporated
under reduced pressure. The crude product is chromatographed on
a silica gel column using EtOAc/petroleum ether (1:1) as eluent;
yield: 0.27 g (91 %); yellow oil.

C,,H,oNO,P cale. C36.56 H6.78 N471 P 1042
(297.3) found 56.76 6.92 4.69 10.40

IR (film): v = 1530, 1455, 1390, 1330, 1245, 1225, 1050, 1025 cm”™ L

IH-NMR (CDCl,/TMS): = 1.30 (t, 6 H, J = 7 Hz, 20CH,CH,),
2.72 (s, 3H, CH,), 4.06 (m, 7H, OCH; + OCH,), 7.2 (m, 4 Hyron).
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¢ Satisfactory microanalyses: C £0.19, H +0.25, N £0.14, P £ 0.17.
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