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As part of a program to design selective inhibitors for various pathways of signal ~ansduc- 
tion, we required a simple, high-yield synthesis that would provide multigram quantities of 4,7- 
dimethoxy- 1 H-indole (7). The preparation of this compound has been described previously through the 
reductive cyclization of readily derived (E)-l,4-dimethoxy-2-nitro-3-(2-ni~oethenyl)benz.ene (6) either 
with iron in acetic acid’2 or via transfer hydrogenation? In our hands, neither of these methods was 
suitable for scale-up operations. We now q o r t  a improved sequence to nitrostyrene 6 and its clean 
conversion to 7 utilizing high pressure hydrogenation over Pearlman’s catalyst (10% Pd(0H)JC). 

Two routes to target 7 were explored as shown in the scheme. In the first, condensation of 
commercially available 2.5-dimethoxybenzaldehyde (1) with nitromethane under conditions described 
by Dallacker and Bemabei4 proceeded cleanly to give the known nitrostyrene z 5 s 6  in 71 % yield. Nitra- 
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tion of 2 under standad conditions did not give desired 6 but the previously unreported nitrostyrene 3 
in 72% yield. The possibility that nitration gave the known isomer 47 instead was ruled out on the 

i) C&NO,, NH,,OAc, HOAc ii) HNO,, HOAc iii) 4, Pd(OH)& THF-HOAc 

basis of comparative melting point and proton NMR data. Synthesis via the second path proceeded by 
reversal of these steps. Hence, nitration of 1 was performed by a modification of the literature proce- 
dure* to provide the tetrasubstituted benzaldehyde 5 in 58% yield in a process carried out with a 
considerably simplified work-up. A small amount of isomeric 2,5-dimethoxy-4-nitrobenzaldehyde 
was isolated from the mother liquor and characterized spectroscopically. Condensation of 5 with 
niaomethane as described above gave nitrostyrene 6 in 73% yield. Reductive cyclization of 6 with 
iron in acetic acid as previously describedl2 or via a m d i e d  methodg proceeded satisfactorily on 
small scale, but was cumbersome and gave low yields upon scale-up. Similarly, attempts to duplicate 
an efficient reductive cyclization of 6 to 7 via transfer hydrogenation as recently rep0xted3 resulted in 
only a partial conversion to product in our hands. Based on previous literature procedures for the 
synthesis of substituted indoles,lo*" we decided to subject nitrostyrene 6 to reductive cyclization via 
standard conditions of hydrogenation. Hence, atmospheric hydrogenation of 6 over Pearlman's cata- 
lyst in 1O:l THFacetic acid at 50" proceeded with only 30% conversion to an unidentified interme 
diate. However, when this same reaction was carried out at a pressure of 150 psi hydrogen, a clean 
conversion took place to give the target indole 7 in 75% yield after a simple silica gel chromatography 
to remove small amounts of baseline impurity. While the THF:acetic acid medium was chosen for our 
large-scale runs, we found on one small-scale run that ethyl acetate:acetic acid was equally suitable 
for this transformation. 

In summary, we have developed an operationally simple, medium- to large-scale synthesis 
of 4,7-dimethoxy- 1 H-indole in 32% overall yield from commercially available 2,5-dimethoxyben- 
zaldehyde. While we have not generalized this process to other examples, we feel that it has broad 
applicability for the synthesis of other substituted indoles. 
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Melting points were taken on a Thomas-Hoover Unimelt capillary melting point apparatus and are 
uncorrected. Infrared (IR) spectra were determined on a Bruker IFS 66 instrument coupled to an 
Aspect 1000 computer. 'H Nuclear magnetic resonance ('H NMR) spectra were determined at 
300 MHz on a Bruker Aspect 3000 instrument. Chemical shifts are reported as a units downfield from 
internal tetramethylsilane on samples of ca. 1% w/v. Combustion analyses were performed on a 
Control Equipment Corp CEC 440 Microanalyzer. 

(E)-1,4-Dimethoxy-2-(2-nitroethenyl)benzene (2).- A mechanically stirred solution of 41.6 g 
(250 mmol) of 2,5-dimethoxybenzaldehyde (l), 65 ml of nitromethane, 32.8 g (425 mmol) of ammo- 
nium acetate, and 150 ml of glacial acetic acid was heated at gentle reflux for 0.5 hr. The mixture was 
maintained at 25" for 3 days, the mixture was diluted with 150 ml of 2-propanol, and the solid was 
collected. The filwte was concentrated to near dryness, then diluted with 200 ml of ethyl acetate. The 
solution was washed twice with water, dried (MgSOJ, and concentrated to a solid that was crystal- 
lized from hot 2-propanol. The two crops of solid were combined and boiled as a suspension in hot 
ethanol. The suspension was cooled in ice for 30 min, and the solid was collected, washed with 2- 
propanol, and dried to leave 37.3 g (71%) of 2 as a yellow-orange solid, mp. 117-1 19", lit.5 mp. 118- 
I 19". The 'H NMR spectrum was the same as previously reported: 
Cautionary Note: We caution about the known thermal instability of nitromethane which could lead to 
a runaway reaction at the temperuture used in this preparation. While we never observed an exotherm 
in any of our runs for the preparation of 2 or 6, we advise extreme caution in scale-up operations. 
(E)-l,4-Dimethoxy-2-nitro-5-(2-nitroethenyl)benzne (3).- To a 3-necked 500 ml RB flask fitted 
with a thermometer, a mechanical stirrer, and an addition funnel, was added an ice-cold suspension of 
37.3 g (178 mmol) of 2 in 178 ml of glacial acetic acid. The mixture was mated dropwise over 1 hr 
with 103.3 ml of conc. nitric acid (d = 1.49) while the temperature was maintained at 10-15" during 
the addition. The cooling bath was removed and the temperature was allowed to rise to 25" over 1 hr. 
The suspension was poured carefully into ice-cold water and the precipitated solid was collected, 
washed thoroughly with water, then air dried. The solid was boiled as a suspension in 2-propanol for 
10 min, then the mixture was ice-cooled. The solid was collected, washed with 2-propanol, and dried 
to give 33.2 g (72%) of 3 as an orange solid, mp 193-196"; R, = 0.18 (SiO,, 2:l CH2C1,,:cyclo- 
hexane). 'H NMR (CDCl,): a 3.98 (s, 6H), 7.18 (s, lH), 7.49 (s, lH), 7.92 (d, J = 14 Hz, IH), 8.07 (d, 
J = 14 Hz, 1H); IR (KBr): 1524,1497,1344,1224,1027,972 cm-'. 
A m l .  Calcd for C,,H,,N,O,: C, 47.25; H, 3.97; N, 11.02. Found: C, 47.07; H. 3.88; N, 10.92 
3,6-Dimethoxy-2-nitrobenzaldehyde (S).- To a 3-necked 500 ml RB flask equipped as above was 
added an ice-cold suspension of 49.9 g (300 mmol) of 2,5-dimethoxybenzaldehyde (1) in 300 ml of 
glacial acetic acid. The suspension was mated dropwise over a 30 min period with 30 ml of conc. 
nitric acid (d = 1.49) while the temperature was maintained at 5-10". The suspension was then 
warmed to 15" and maintained there for 1.5 hr. The viscous mixture was filtered and the collected 
solid was washed sparingly with glacial acetic acid, then air dried. The solid was boiled in 200 ml 
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of ethanol for 15 min, then the mixturn was ice-cooled for 1 hr. The solid was collected, washed 
with 2-propan01, and dried to leave 36.7 g (58%) of 5 as a yellow solid, mp. 161-163", lit! mp, 164- 
165"; R, = 0.10 (SiO,, 3:2 cyc1ohexane:ethyl acetate). IH NMR (CDCLJ: a 3.88 (s, 3H), 3.95 (s 
3H), 7.10 (d, J = 9.4 Hz, IH), 7.29 (d, J = 9.4 Hz, IH), 10.38 (s, IH); IR (KBr): 1694, 1542, 1493, 
1282,1273,951 cm-'. 
Anal. Calcd for C&,NO,: C, 51.19; H, 4.30; N, 6.63. Found: C, 50.94; H, 4.15; N, 6.43 
Upon standing at 25", a small amount of solid crystallized from the ethanol filtrate. This was collected 
as above to give analytically pure 4-nitro isomer as a solid, mp. 167-168", lit.8 mp. 163-165'; 
R,= 0.38. 'H NMR (CDCS): a 3.98 (s, 6H), 7.45 (s, IH), 7.55 (s, lH), 10.48 (s, 1H); IR (KBr): 1699. 
1526,1291,1223,1030~m-~. 
(E)-1,4-Dimethoxy-2-nitro-3-(2-nitroethenyl)ben~ne (6).- A mixture of 28.2 g (133 mmol) of alde- 
hyde 5 3 5  ml of nittomethane, 17.7 g (230 mmol) of ammonium acetate, and 70 ml of glacial acetic 
acid was heated at 80" for 4 hr. 2-Propanol (150 ml) was added to the mixture and heating was 
continued for 0.5 hr. The suspension was cooled to 25" over a 2 hr period, then the solid was 
collected, washed with 2-propanol, and dried to leave 24.7 g (73%) of 6 as a yellow solid, mp. 188- 
190", lit., mp. 191°; R,= 0.27 (SiO,, 2:l C~C~:cyclohexane). 'H NMR (CDCIJ: a 3.90 (s, 3H), 3.98 
(s, 3H), 7.04 (d, J = 8.5 Hz, IH), 7.15 (d, J = 8.5 Hz, lH), 7.72 (d, J = 13.5 Hz, lH), 7.95 (d, J 
= 13.5 Hz, 1H); IR (KBr): 1529,151 1,1344,1296.1280,967 cm-I. 
Arul. Calcd for C1,,H1,,N20; C, 47.25; H, 3.97; N. 11.02. Found: C, 47.27; H. 3.93; N, 10.97 
4,7-Dirnethoxy-lH-indole (7).- To a 5-L autoclave was added a mixture of 65.6 g (258 mmol) of 6, 
10 g of 10% palladium hydroxide on carbon (50% water), 2.5 liters of THF, and 42 ml of glacial 
acetic acid. "he autoclave was pressurized to 150 psi with hydrogen, then heated at 50'. After 1.5 hr, 
the theoretical uptake of hydrogen had taken place. The autoclave was cooled, I g of additional cata- 
lyst was added, and the mixture was further hydrogenated for 1 hr under the same conditions. The 
cooled mixhm was filteml through Celite, then concentrated to an oily residue that was diluted with 
C%C& The solution was washed sequentially with water and 5% aq NaHCO,, dried (MgSO,), then 
loaded onto a flash SiO, column (20 x 7 cm). After adsorption of material onto the column, it was 
eluted with 2.5 liters of CqCl, to strip off the product. Product fractions were combined and concen- 
trated to leave a solid residue that was triturated in 100 ml of hot 2-propanol to give 29 g (63%) of 7, 
mp. 124-126O. lit.1 mp. 131"; 4 = 0.41 (SO,, 2:l cycl0hexane:ethyl acetate). The mother liquor was 
concentrated to leave a crude solid that was dissolved h minimal 2:1 C~Cl+cyclohexane. This was 
purified over flash SiO, eluting first with 500 ml of 3:2 then 250 ml of 4:1 CH.+3+cyclohexane. 
Product fractions were combined and processed as above to leave 5.35 g (12%) of a second crop, mp. 

lH), 6.61-6.65 (m, IH), 7.05-7.08 (m, IH), 8.41 broad s, IH, exchanges with D,O): IR (KBr): 3367. 
1526,1264,1087,976 cm-I. 
Anal. Calcd for C,,H,,NO,: C, 67.78 H, 6.26; N, 7.90. Found: C, 67.68; H, 6.24; N, 7.89 

124-126'. 'HNMR(CDClJ:3.90(s,3H),3.91 (~,3H),6.37(d,J=8.OHz, IH),6.50(d,J=8.0Hz, 
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LARGE-SCALE PREPARATION OF THE SULFUR-TRANSFER REAGENT 

3H-192-BENZODITHIOL-3-0NE 1,l-DIOXIDE 
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The fhiosulfonate 3H-1,2-benzodithiol-3-one 1,l-dioxide (4) is a powerful sulfur-transfer 
reagent for the synthesis of oligodeoxyribonucleoside phosphorothioates via the phosphoramidite 
approach.' These oligonucleotide analogues exhibited antiviral activity in cell cultures2 and have been 
effective in the control of gene expression by inhibiting the translation of specific messenger RNAs.3 

A detailed concentration study revealed that the sulfurization of oligonucleotidic phosphite 
triesten can be effected consistently to near quantitative yields, within 30 s, with a 0.05 M solution of 
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