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Abstract: A facile 3-step synthesis of 5,6-dihydroxyindole (4a) is
reported, featuring the Zn(II)-controlled regioselective nitration of
3,4-dihydroxynitrostyrene (2) with tetranitromethane at pH 8.0, and
the reductive cyclization of the resulting 4,5-dihydroxy-2,b-dini-
trostyrene (3a) with Na2S2O4/Zn(II) at pH 4. The latter procedure
was successfully extended to the conversion of the 2,b-dinitrosty-
renes 3b and 3c to 5,6-dibenzyloxyindole (4b) and 5,6-diac-
etoxyindole (4c) in good-to-high yields. 

Key words: 5,6-dihydroxyindoles, 2,b-dinitrostyrenes, regioselec-
tive nitration, tetranitromethane, Zn(II) ions, sodium dithionite

5,6-Dihydroxyindole (4a) and its congeners currently rep-
resent an attractive synthetic focus because of their central
role in mammalian melanin pigmentation1 and their in-
creasing exploitation as active ingredients in innovative
dermocosmetic formulations.2 Additional impetus for
studies of 5,6-dihydroxyindoles has stemmed from the re-
cent recognition of their outstanding free radical scaveng-
ing and (photo)protective capabilities,3 warranting
ranking among the most potent endogenous antioxidants.4

To fully exploit the expanding range of opportunities of-
fered by 4a and its derivatives, e.g. 5,6-dibenzyloxyindole
(4b) and 5,6-diacetoxyindole (4c), requires access to syn-
thetic methodology capable of circumventing difficulties
posed by the marked instability of 4a and its derivatives to
acids, alkali and oxidants,5 which hampers chromatogra-
phy, crystallization and other purification procedures, and
accounts for extensive polymerization during preparation
and workup.

Of the several strategies that have been devised for the
preparation of 4a and its congeners,6–15 the most conve-
nient ones hinge on the classical 2,b-dinitrostyrene ap-
proach exemplified by the popular Benigni and Minnis8

scheme. In spite of substantial modifications and
refinements10–12,14 available, 2,b-dinitrostyrene-based
routes to 5,6-dihydroxyindole derivatives still suffer from
a number of drawbacks, including tedious and cumber-
some protection/deprotection steps, lengthy synthetic se-
quences (up to 2 days), poorly reproducible cyclization
yields, and need for product purification, e.g. by HPLC or
column chromatography, which discourage application to
routine laboratory preparations. In this paper we report the
realization of a straightforward 3-step synthesis of 4a
(Scheme 1) in which protection-deprotection steps have
been circumvented for the first time through expedient use
of catalysts and careful selection of reaction conditions.
The novel methodology capitalizes on the Zn(II)-assisted

regioselective nitration of 3,4-dihydroxy-b-nitrostyrene
(2) and features an improved procedure for the reductive
cyclization of 4,5-dihydroxy-2,b-dinitrostyrene (3a),
which has been conveniently extended to the syntheses of
4c and 4b from the appropriate 2,b-dinitrostyrene precur-
sors.

Scheme 1 

The first intermediate in the process, the nitrostyrene 2,
was readily prepared in excellent yield by Henry conden-
sation of 3,4-dihydroxybenzaldehyde (1) with ni-
tromethane. Regioselective nitration of 2 to 3a, however,
was anticipated to be difficult because of the presence of
the sensitive o-dihydroxy functionality, which accounts
for a marked susceptibility of the substrate to oxidative
polymerization and orients attack of nitrating agents
largely ortho to the hydroxyl groups.11 Indeed, under clas-
sical nitration conditions,16 tarry materials were invariably
obtained, and the main isolable product was 3,4-dihy-
droxy-2,b-dinitrostyrene,17 the desired regioisomer 3a be-
ing formed in comparably low amounts.

The problems accompanying nitration of 2 have long been
known11 and have traditionally been overcome by deriva-
tization with suitable alkyl groups to protect the catechol
functionality. As an expedient alternative to this time-con-
suming O-alkylation step, we envisaged the possibility
that engaging 2 in chelate formation with transition metal
ions under mild alkaline conditions could hinder electro-
philic attack of nitrating agents ortho to the phenolic
groups and direct reactivity to the distal 6-position. In line
with this expectation, reaction of 2 with tetranitromethane
(TNM)18 in ethanol/0.1 M NaHCO3 buffer (pH 8) at 0°C
for 40 minutes in the presence of Zn(II) ions resulted in
the smooth formation of 3a in 70% yield. As obtained, the
product was sufficiently pure for further use without puri-
fication. In the absence of Zn(II) ions, 3,4-dihydroxy-2,b-
dinitrostyrene was again the main regioisomer. Other met-
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al ions, including Ni (II), Cu (II), Co (II), proved also ca-
pable of promoting nitration of 2 to 3a, although less
efficiently than Zn(II). The regiochemical control induced
by Zn(II) is apparently unprecedented in the field of phe-
nol/catechol nitration, and its actual scope and generality
are currently under investigation.

Reductive cyclization of 3a to 4a, the last step in the
planned synthetic sequence, required likewise use of re-
agents compatible with the marked instability imparted to
substrate and product by the catechol functionality. Rul-
ing out the Fe/HOAc8 and other harsh reductive proce-
dures,19 the only attractive methodology for preparation of
4a was catalytic hydrogenation over Pd/C.10 In our hands,
however, this procedure proved not entirely satisfactory,
leading to poorly reproducible yields of 3a often in a rath-
er impure form. An additional limitation was envisioned
in the incompatibility with hydrogenolyzable functional-
ities, such as benzyl groups, which precluded application
to the reduction of 4,5-dibenzyloxy-2,b-dinitrostyrene
(3b).8 In seeking a more general reductive procedure, we
therefore considered reagents operating at slightly acidic
pH, with the dual scope of increasing susceptibility of ni-
tro groups to reduction and limiting autoxidation of the re-
sulting indole. After extensive screenings, we eventually
found that 4a could be obtained in 52% yield by treatment
of 3a with sodium dithionite in 0.1 M phosphate buffer
(pH 4) at 40°C under Ar in the presence of Zn(II) ions, to
form in situ ZnS2O4.

20 Use of Zn(II) ions proved critical,
since little or no 4a was formed at slightly acidic pH in the
absence of added metal. Attempts to improve the yields of
4a were thwarted by intrinsic difficulties in the cyclization
of the unprotected dihydroxy compound, nor could we
find other reagents effective enough to compete with the
Na2S2O4/Zn(II) system. The method was reproducible
from a 100 mg scale to a 20 g scale and afforded a product
of remarkable purity, within the limitations posed by its
pronounced instability.

Interestingly, the Na2S2O4/Zn(II) reduction procedure
could conveniently be extended to the synthesis of some
derivatives of 4a, i.e. 4b and 4c, from the corresponding
2,b-dinitrostyrenes 3b and 3c (Scheme 2) in moderate-to-
excellent yields (Table).

The described formation of pure 4b from 3b represents a
considerable improvement compared to the Fe/HOAc
procedure of the Benigni and Minnis scheme, 8 because of
the substantially increased product yield and alleviated
time-consuming chromatographic purification. The effi-
cient reductive cyclization of 3c was likewise of practical
interest, since it allowed a shorter access to 4c in 4 steps
and 44% overall yield.21 In this case, use of a biphasic sys-
tem consisting of 0.1 M phosphate buffer (pH 4) and
dichloromethane was essential to prevent deacetylation of
both substrate and product by the nucleophilic S2O4

2–

ions.

In summary, we have developed a streamlined 2,b-dini-
trostyrene route to 4a which represents a considerable
achievement in terms of rapidity and product purity, two
most critical problems in available syntheses of 4a. The
methodology is superior to previously reported proce-
dures in that it: a) leads to pure product in only 3 steps and
in 35% overall yield, against, e.g., a 21% overall yield by
the Benigni and Minnis procedure; b) does not require
troublesome protection-deprotection steps, lengthy reac-
tion sequences or tedious chromatographic purifications;
and c) is suitable for relatively large scale preparations.
Chemical highlights of the work reported herein include
exploitation of Zn(II) ions to achieve regiochemical con-
trol over TNM nitration of a catechol substrate and to en-
hance reactivity of Na2S2O4 toward 2,b-dinitrostyrenes
under acidic conditions.

All commercial reagents and solvents were used without further pu-
rification. Tetranitromethane (TNM) was purchased from Aldrich.
NMR spectra were recorded in acetone-d6 or in CD3OD on a 200
MHz spectrometer. Mps were determined on a hot stage apparatus
without correction.

Table Reductive Cyclization of 2,b-Dinitrostyrenes 3a–c with the Na2S2O4/Zn(II) System.

a Isolated yield, mean of 3 preparations (S.D ± 4 %).
b Not crystallized.

Substrate Solvent Reaction time (min) Product Yielda 
(%)

mp (°C)

Temp (°C) Time (h) found reported

3a 0.1 M phosphate buffer, pH 4 40 20 4a 52 141–142b 141–1428

3b EtOH / 0.1 M phosphate 
buffer, pH 4

50 180 4b 90 114 1158

3c CH2Cl2 / 0.1 M phosphate 
buffer, pH 4

45 240 4c 70 132b 134–13612

Scheme 2

D
ow

nl
oa

de
d 

by
: C

hi
ne

se
 U

ni
ve

rs
ity

 o
f H

on
g 

K
on

g.
 C

op
yr

ig
ht

ed
 m

at
er

ia
l.



PAPER Expedient Synthesis of 5,6-Dihydroxyindole 795

Synthesis 1999, No. 5, 793–796 ISSN 0039-7881 © Thieme Stuttgart · New York

(E)-3,4-Dihydroxy-b-nitrostyrene (2) 
A mixture of 1 (20 g, 0.145 mol), NH4OAc (44.6 g, 0.57 mol),
MeNO2 (53 g, 0.87 mol) in HOAc (200 mL) was refluxed for 25
min. The solvent was then evaporated in a vacuum to give a dark red
oily residue, which was taken up in H2O (50 mL) and repeatedly ex-
tracted with Et2O (3 î 100 mL). Evaporation of the organic phase
gave 2 as bright orange crystals (25 g, 95%), mp 131.9–132.2oC. 
1H NMR (acetone-d6): d = 6.96 (d, 1 H, J = 8.4 Hz), 7.25 (dd, 1 H,
J = 8.4, 2.0 Hz), 7.31 (d, 1 H, J = 2.0 Hz), 7.77 (d, 1 H, J = 13.6 Hz),
7.98 (d, 1 H, J = 13.6 Hz). 
13C NMR (acetone-d6) d = 116.4, 116.7, 123.3, 124.7, 135.8, 140.4,
146.7, 150.6. 

HRMS (FAB): m/z calcd for C8H8NO4 (M+H+) 182.0453, found
182.0460. 

Anal. calcd for C8H7NO4: C, 53.04; H, 3.95; N, 7.72. Found: C,
53.09; H, 3.89; N, 7.75.

(E)-4,5-Dihydroxy-2,b-dinitrostyrene (3a) 
To a mixture of 2 (10 g, 0.055 mol) and ZnSO4 (79 g, 0.275 mol) in
0.1 M NaHCO3 buffer, (pH 8, 400 mL) and EtOH (80 mL) at 0°C
(ice bath) was added dropwise a solution of TNM (16.2 g, 0.08 mol)
in EtOAc (300 mL). The mixture was stirred in an ice bath for 40
min and then was concentrated under reduced pressure at r.t. to re-
move most of the EtOH. The residue was acidified to pH 4 and re-
peatedly extracted with Et2O (3 î 200 mL). Hexane was added to
the dried (Na2SO4) organic phase to precipitate an orange solid
which was recrystallized from H2O to yield 3a (8.75 g, 70%) as
bright yellow needles, mp 171–172oC (Lit.11 mp 169–171oC). 
1H NMR (CD3OD): d = 7.27 (s, 1 H), 7.69 (s, 1 H), 7.75 (d, 1 H, J
= 13.4 Hz), 8.50 (d, 1 H, J = 13.4 Hz). 

HRMS (FAB): m/z calcd for C8H7N2O6 (M+H+) 227.0304, found
227.0301. 

Anal. calcd for C8H6N2O6: C, 42.48; H, 2.68; N, 12.39. Found: C,
42.56; H, 2.71; N, 12.33.

CAUTION: adviceable use of TNM suggests handling under an ef-
ficient hood.

5,6-Dihydroxyindole (4a) 
A stirred mixture of 3a (8.0 g, 0.035 mol) in 0.1 M phosphate buffer
(pH 4, 100 mL) in a three-necked round-bottom flask, and a solution
of Na2S2O4 (60.9 g, 0.35 mol) and ZnSO4 (50.3 g, 0.175 mol) in 0.1
M phosphate buffer (pH 4, 100 mL) were fluxed with Ar separately
for 1 h. The latter solution was then rapidly added to the former via
a dropping funnel and the resulting mixture was stirred under Ar for
20 min at 40°C. Eventually, it was extracted with EtOAc (3 î 100
mL) under Ar and the combined extracts were carefully dried
(Na2SO4). Addition of benzene caused precipitation of 4a as a pale
yellow solid (2.7 g, 52%; > 98 % purity as determined by TLC and
NMR); mp 141–142oC (Lit.8 mp 141–142 oC). 
1H NMR (acetone-d6) d = 6.23 (m, 1H), 6.89 (d, 1 H, J = 1 Hz), 6.98
(s, 1 H), 7.06 (dd, 1 H, J = 8.0, 6.0 Hz). 

HRMS (EI): m/z calcd for C8H7NO2 (M+) 149.0477, found
149.0489. 

Anal. calcd for C8H7NO2: C, 64.42; H, 4.74; N, 9.39. Found: C,
64.51; H, 4.79; N, 9.33.

NOTE: Failure to thoroughly deoxygenate and/or desiccate the or-
ganic extracts often resulted in darkening and more or less extensive
polymerization of the product with markedly decreased yield.

5,6-Dibenzyloxyindole (4b) 
To a stirred mixture of 3b8 (10 g, 0.025 mol) in EtOH (200 mL) at
50oC was added a solution of Na2S2O4 (65.2 g, 0.375 mol) and

ZnSO4 (57.5 g, 0.2 mol) in 0.1 M phosphate buffer (pH 4, 200 mL).
The mixture was stirred for 3 h at 50°C and then was concentrated
under reduced pressure at r.t. to remove most of the EtOH. The res-
idue was extracted with EtOAc (3 î 100 mL), dried (Na2SO4) and
treated with hexane to precipitate 4b as a pale yellow solid which
was recrystallized from benzene/hexane (7.4 g, 90%); mp 114°C
(Lit.8 mp 115°C). 
1H NMR (acetone-d6) d = 5.10 (s, 2 H), 5.12 (s, 2 H), 6.29 (m, 1 H),
7.08 (s, 1 H), 7.12 (m, 1 H), 7.19 (s, 1 H), 7.33 (m, 6 H), 7.50 (m, 4
H). 

HRMS (EI): m/z calcd for C22H19NO2 (M+) 329.1417, found
329.1420. 

Anal. calcd for C22H19NO2: C, 80.21; H, 5.82; N, 4.25. Found: C,
80.29; H, 5.85; N, 4.21.

5,6-Diacetoxyindole (4c) 
To a solution of 3c12 (10 g, 0.032 mol) in CH2Cl2 (500 mL) was add-
ed a solution of Na2S2O4 (83.5 g, 0.48 mol) and ZnSO4 (73.6 g, 0.26
mol) in 0.1 M phosphate buffer (pH 4, 500 mL). The mixture was
stirred under Ar at 45°C for 4 h. After cooling to r.t., the organic
phase was separated and the aqueous layer was extracted with
EtOAc (3 î 200 mL). The combined organic phases were dried
(Na2SO4), concentrated under reduced pressure at r.t. and treated
with hexane to precipitate 4c as a chromatographically homogenous
greyish solid (5.2 g, 70 %); mp 132°C (Lit.12 mp 134–136°C). 
1H NMR (acetone-d6) d = 2.20 (s, 3 H), 2.22 (s, 3 H), 6.43 (m, 1 H),
7.23 (br s, 1 H), 7.32 (s, 1 H), 7.33 (m, 1 H). 

HRMS (EI): m/z calcd for C12H11NO4 (M+) 233.0868, found
233.0869. 

Anal. calcd for C12H11NO4: C, 61.79; H, 4.76; N, 6.01. Found: C,
61.81; H, 4.73; N, 6.06.
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