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Abstract - A simple and regioselective one pot synthetic 

method of 4-methoxy-, 4-benzyloxy-, and 4-ethoxy-3-formylindoles 

from 3-formylindole is described. 

In our continuing work on regioselective synthesis of 4-substituted indoles,2 we 

have developed a practical one pot synthetic method from 3-formylindole (1) for 4- - 
alkoxy-3-formylindoles (2_a-5). which are useful building blocks for the alkaloids 

of Mitragyna species3 and psilocin analogues. 4 

The one pot synthetic method consists of the fallowing sequential three operations 

: 1) thallatlon of 1 to form (3-formylindol-4-y1)thallium (1111 bis-trifluoroace- - 
tate (3) ,5 2) conversion of 3 into 3-formyl-4-iodoindole (4) , 5  3) alkoxylation of - - - 
4. In the examination of each operations, the following new results were disclosed. 
* 

Thus, in the first operation, we found that the thallation of 1 was attained com- - 
pletely within 2 h at 25-30°C when 1.5 mol eq of thallium (111) trifluoroacetate 

(TTFA) in trifluoroacetic acid (TFA16 was used and without isolation of 3 the res- - 
idue obtained after evaporation of the solvent was sufficient to use for the next 

step. The dlrect treatment of 3 with sodium alkoxide did not afford the desired - 
products. In the second operation, we have newly found that the combination of 

molecular iodine and cuprous iodide (CuI) is a reagent of choice for effective 

conversion of 3 into 4 in N,N-dimethylformamide (DMF) at room temperature. Treat- 
-" * 

ment of 3 either with molecular iodine7 or CuI gave poor yield of 4 and the results 
* - 

are summarized in Table I. In the third operation, it should be noted that without 

rearrangement of the substituent at the 3-position8 the compound (4) was success- - 
fully converted to 2a in 83.2% yield by the treatment with CuI (2 mol eq) and sodi- - 
um methoxide (16 mol eq) in DMF at 100-120°C. 



When the above three operations were carried out successively without isolation of 

the ~roducts formed in each operation, a one pot synthesis of 4-alkoxy-3-formyl- 

indoles (2a-c) was attained. In the one pot procedure, the relative amount of mo- - - 
lecular iodine, CuI, and sodium alkoxide to the starting material (1) was found to - 
be a decisive factor in varying the yield of 2a-c. The best overall yield was - - 
achieved by using three mol eq of molecular iodine, four mol eq of CuI, and thirty 

eight mol eq of sodium alkoxide. 

The structures of 2a and 2_b were established unequivocally by the alternative - 
synthesis. Thus, the compounds (2a) and (2b) were prepared in 71.3% and 55.7% - - 
yields, respectively, by Vilsmeier-Haack reaction of authentic 4-methoxy- (5a) 9 - 
and 4-benzyloxyindole (5b). 10 - 
Now, 4-alkoxy-3-formylindoles are readily accessible, since the one pot synthetic 

reaction could be carried out in a multi-gram scale. We are further investigating 

the direct introduction of alkylthio and alkylamino groups into the 4-position of 

indole ring. Further investigation for applying the method to benzene derivatives 

is in progress. 

Table. I. Preparation of 3-Formyl-4-iodo- 
indole (4) from (3-furiylindole-4-y1) - 
thalliwn"(II1) Bis-trifluoroacetate (3) 

Iodinating Yield ( % )  

Reagent (mol eq to J) 
Solvent Of 4 

CuI (2) DMF 31.8 

I2 (3) DMF 31.5 

CuI (2) and I2 (3) DMF 94.0 

KI* (5.5) H2° 70.7 

A11 experiments were carried out for 1 h 
at 25.5. 
* See also the data obtained by R.A 
Hollins et al.: reference 5. 

Melting points were determined on a Yanagimoto micro melting point apparatus and 

are uncorrected. IR spectra were determined with a Shimadzu IR-420 spectrophoto- 

meter, and NMR spectra with a JEOL JNM-C-60H spectrometer with tetramethylsilane 

as an internal standard. Mass spectra (MS) were recorded on a Hitachi M-80 spectro- 

meter. Preparative thin-layer chromatography (p-TLC) was performed on Merck Kiesel- 

gel GF254 (Type 60, Si02). Column chromatography was performed on silica gel (SiO2. 

100-200 mesh), purchased from Kanto Chemical Co., Inc. 
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3-Formyl-4-iodoindole (4) --- i) from (3-formylindol-4-yljthallium (111) bis- 
trifluoroacetate (3) : A solution of 3 (572.7 mg), I2 (787.8 mg, 3.1 mol eq), and 
CuI (380.6 mg, 2 mol eq) in DMF (6 ml) was stirred for 1 h at 18OC. After addition 

of 5% MeOH in CH2C12 (100 ml) to the reaction mixture, the precipitates were re- 

moved by filtration through celite. The filtrate was washed with 10% aq. sodium 

thiosulfate, brlne, and dried over Na2S04. The solvent was evaporated off under a 

reduced pressure to leave a crystalline solid, which was subjected to p-TLC on 

Si02 with 1% MeOH in CH2C12-Et20 (5:l. v/v) as a developing solvent to afford 4 
(254.1 mg, 94.1%). 4: mp 184-186-C (colorless prisms from MeOH-H 0, lit.5 mp 182- 

1 2 
183OC). IR (KBr) Cmrl: 3165, 1628. H-NMR (10% CD30D in CDC13) S :  6.83 (1H. t, J= 
8.0 Hz), 7.37 (lH, d, J=8.0 Hz), 7.62 (lH, d, 34.0 Hz), 7.96 (lH, s )  , 10.88 (lH, 

+ 
5 ) .  MS m/e: 271 (M ) .  

ii) from 4-iodoindole A solution of 4-iodoindole5 (63.0 mg) in abs. DMF 

(1.0 ml) was added to a mixture of POCl3 (130 mg) and abs. DMF (0.5 ml) and stir- 

ring was continued for 9 h at 25'C. After addition of ice and H20, the whole was 

extracted with 5% MeOH in CH2C12. The extract was washed with brine, dried over 

Na2S04, and evaporated to leave a crystalline solid, which was purified by column 

chromatography on Si02 with 5% MeOH in CH2C12 as an eluent to afford 4 (70.0 mg, - 
99.6%). Melting point and all spectral data were identical with those of the sam- 

ple obtained by the ahove procedure (i). 

3-Formyl-4-methoxyindole (2a) i) from 3-formyl-4-iodoindole (4) : A solu- 

tion of 4 (61.0 mg) and CuI (86.7 mg, 2 mol eq) in DMF (3 ml) was added to a solu- - 
tion of sodium (81.8 mg, 15.8 mol eq) in abs. MeOH (1 mll and the whole was heated 

for 0.5 h at 110-120ci. After removal of the solvent wder a reduced pressure, H20 

and 5% MeOH in CH2C12 were added to the residue. The whole was filtered through 

celite and the organic layer was separated. The water layer was further extracted 

with 5% MeOH in CH2C12. The combined organic layer was washed with brine, dried 

over Na2S04, and evaporated to leave a crystalline solid, which was subjected to 

p-TLC on Si02 with 3% MeOH in CH2CL2-Et20 (2:l. v/v) as a developing solvent to 

afford 2a (32.8 mg, 83.2%). 2a: mp 162-163OC (colorless prisms from MeOH). IR (KBr) - - 
cm-l: 3220, 1635. 'H-NMR (10% CD30D in C D C ~ ~ I S :  3.90 (3H, a ) ,  6.56 (1H. dd, J=6.0 

and 2.2 Hz), 6.70-7.23 (2H, m) , 7.77 (lH, br s ) ,  10.17 LlH, 5 ) .  High resolution MS 

m/e: Calcd for CloH9N02: 175.0632. Found: 175.0635. 

ii) from 4-methoxyindole (5a) - A solution of 4-methoxyindole9 (%a, 92.5 

mg) in abs. DMF (2 ml) was added to a mixture of POC13 (0.1 ml) and abs. DMF (0.4 

ml). After stirring for 0.5 h at 21DC, the whole was made alkaline by adding 10% 

aq. NaOH and extracted with 5% MeOH in CH2C12. The extract was washed with brine, 

dried over Na2S04, and evaporated under a reduced pressure to leave a crystalline 

solid, which was subjected to p-TLC on Si02 with 3% MeOH in CH2C12-Et20 (5:1, v/v) 

as a developing solvent to afford La (78.5 mg, 71.3%). Melting point and all spec- 

tral data were identical with those of the sample obtained by the above procedure 

(i) . 
4-Benzyloxy-3-formylindole (2b) from 4-benzyloxyindole (5b) A solution of 

4-ben~yloxyindole~~ (5b, 530.5 mg) in abs. DMF (4 ml) was added to a mixture of - 
POC13 (1 ml) and abs. DMF (4 ml). After stirring for 2 h at 31DC, the whole was 

made alkaline by adding 40% aq. NaOH and extracted with 5% MeOH in CH2C12. The 



extract was washed with brine, dried over Na2S04, and evaporated to leave an oil, 

which was subjected to column chromatography on Si02 with 1% MeOH in CH2C12 as an 

eluent to give 2_b (332.3 mg, 55.7%). 2:: mp 164-169'C (colorless prisms from MeOHl. 

IR (KBr) cm-l: 3080, 1608. 'H-NMR 110% CD30D in CDCl31 S:  5.16 (ZH, s ) ,  6.66 (1H. 

dd, J=5.5 and 2.8 Hz), 6.79-7.58 (7H, ml , 7.81 (1H. br sl , 10.26 (1H. sl . High 

resolution 1.1s m/e: Calcd for C16H13N02: 251.0944. Found: 251.0944. 

A One Pot Synthetic Procedure of 4-Alkoxy-3-formylindoles ---------- General 
Procedure: A 0.88 mol solution of TTFA in TFA' (1.5 mol eql was added to 3-formyl- 

indole (1, 0.7 moll and the mixture was stirred for 2 h at 30°C. After evapora- - 
tlon of the solvent under a reduced pressure, I2 (3 mol eql, CuI 14 mol eq), and 

DMF (5 ml) were added to the residue. Stirring was continued for 1 h at 25'C and 

freshly prepared sodium alkoxide (38 mol eql was added. The whole was heated at 

100-llOaC for 1 h. The reaction mixture was cooled and 5% MeOH in CH2C12 (50 mll 

was added. The precipitates were removed by filtration through celite and the fil- 

trate was washed with brine, dried over Na2S04, and evaporated to dryness in vacuo. 

The crude product was purified by p-TLC on Si02 with 1% MeOH in CH2C12 as a devel- 

oping solvent to afford 4-alkoxy-3-formylindoles. 

il 3-Formyl-4-methoxyindole (2al In the general procedure, 104.1 mg of 1 
and sodium methoxide were used. After work-up and subsequent p-TLC, as described 

above, 2a - ~ (108.2 mg, 86.1%) was obtained. Melting point and all spectral data were - 
identical wrth those of the sample obtained from 4-methoxyindole (La). 

iil 4-Benzyloxy-3-formylindole (2bl --- In the general procedure, 99.4 mg of 1 - 
and sodium benzyl oxide were used. After work-up and subsequent p-TLC, as described 

above, 2b 1100.0 n:g, 58.1%) was obtain&. Melting pomt and all spectral data were - 
identical with those of the sample obtained from 4-benzyloxyindole (5bl. - 
iiil 4-Ethoxy-3-formylindole 12cl In the general procedure, 104.2 mg of - 1 
and sodium ethoxide were used. After work-up and subsequent p-TLC, as described 

above, 2_c (67.3 mg, 49.6%) was obtained. 2:: mp 124-126°C (colorless prisms from 
1 

MeOH) . IR (KBr) cm-l: 3160, 1640. H-NMR (10% CD30D in CDCl31 g :  1.49 13H, t, J= 

7.0 Hz), 4.17 (ZH, q, J=7.0 Hz), 6.56 (lH, dd, J=6.0 and 2.5 Hz), 6.79-7.26 (ZH, 

m), 7.80 (1H. s), 10.30 11H. sl. High resolution MS m/e: Calcd for C11H11N02: 

189.0788. Found: 189.0783 
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