SYNTHESIS OF 4,5-DIHYDROXYBENZOFURANS AND 4,5-DIHYDROXYINDOLES
BY DEHALOGENATION OF HALO DERIVATIVES
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A preparative method for the synthesis of derivatives of 4,5-dihydroxybenzofuran
and 4,5-dihydroxyindole by dehalogenation of 4,5~dihydroxy~6~chloro(or bromo)
and 4,5-dihydroxy-6,7~dichloro derivatives of benzofuran and indole with heating
in aqueous ethanol over Raney nickel has been proposed.

4,5-Dihydroxy derivatives of benzofuran and indole without halo substituents in the
benzene ring are practically inaccessible, Derivatives of 4,5-dihydroxyindole form with
very low yields when p-benzoquinone is condensed with N-arylaminocrotonic esters [1]. The
synthesis of derivatives of 4,5-dihydrobenzofuran from benzoin derivatives is likewise not
preparative [2]. 4,5-Dihydroxy derivatives of benzofuran and indole are of interest as
starting compounds for the synthesis of biologically active substances; therefore, out task
was to develop preparative methods for their synthesis,

Owing to the availability of 6-~halo-4,5-benzofuranquinones, 6-halo-, and 6,7-dihalo—4,5-
indolequinones, and the possibility of their reduction to the corresponding halo-4,5~
dihydroxy derivatives [3-5], we selected the dehalogenation of the 6-halo or 6,7-dihalo
derivatives as the main preparative method for the synthesis of 4,5~dihydroxybenzofurans and
indoles.

In the case of the dehalogenation of compounds Ia-e, g, and h with the aid of Raney
nickel in aqueous ethanol, we obtained a number of derivatives of 4,5-dihydroxybenzofuran
(ITa-c) and 4,5~dihydroxyindole (Ile, g,® and h). It should be noted that the bromo deri-
vatives of benzofuran are dehalogenated more rapidly than are the chloro derivatives, while
the dehalogenation of the benzofuran derivatives is considerably faster than in the case of
the indole derivatives. The use of a large excess of catalyst makes it possible to eliminate
the halogen in the indole derivatives as well.
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The preparative method proposed in the present work for the synthesis of derivatives of
4 ,5-dihydroxybenzofuran and 4,5-dihydroxyindole without halo substituents in the benzene ring
was also usedto obtain 4-methoxy— 5-hydroxy derivatives of benzofuran and indole, which are
inaccessible by the direct methylation of the corresponding dihydroxy derivatives. The

*Compound Iig was previously obtained [1] by methylating l-phenyl-2-methyl-3-carbethoxy-4,5-
dihydroxyindole.
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TABLE 1. Proton-Magnetic~Resonance Spectra of Compounds Ie,
g, k, 7, Tla-c, e, g, and k
- . - . -OCH;,
com 5 on R or h 3-COOCH:CHy| 5'00H, | 2:CHs
pound
Ie 7,69 (c) — — 1,43 (1) — 2,74 (5)
4,44 (q)
18 — 7,72—746 (m) 6,54 (8) 144 (1Y)
( 446 (q) 382 6)[250 (5)
1k — 7,38—7,59 (m) 757 (s) 140 (0 [396 (9|25 (5)
5,03 (m) 4,40 (q)
11 — 7,35—7,66 (m) 6,93 (8) 141 (v 1400 ) ]241 (o
5,03 (s) 439 (q)
Ila 7,15 (¢ — 6,84 (8) (2H) | 1,45 (1) — 2,70 (s)
447 (q)
1Th* — — 7,0 (d) 146 (©)
7,03(d 446 (a) 391 (3)]2,38 (%)
Tic* — - 7.11 (&) 143 (1) |39t (s) 2,64 (3)
7,91 (d) 4,40 (CS) 3,89 (s)
e — — 6,75 {d) 1,45 (¢ — 1266 (s)
6,79 Ed) 4,32 (q))
118 - 7,42—7,69 (m) 6,87 d; 143 (D 1380 (550250 (8)
629 (d 4,45 ()
11k - — 7,12 (d) 140 (D 1381 (5) 1240 (s)
6,90 (d) 4,37 (q)

*The spectra were recorded in CDCls,

benzylation of Ia and it gives the corresponding 5-benzyloxy derivatives Ii and Ij, whose
methylation affords 4-methoxy-5-benzyloxy derivatives Ik and IZ. When Raney nickel acts
on Ik and I7 under the conditions indicated, benzylation takes place along with debromina-
tion, and 2-methyl-3-carbethoxy-4-methoxy-5-hydroxybenzofuran (IIk) and 1l-phenyl-2-methyl-
3-carbethoxy-4-methoxy-5~hydroxyindole (IIm), respectively, form.
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C.H.CH.O _>_ ,CUQC“HS
CgH5CH,CL 67572 [// 7= - —-1 g 2 CH,I
Ta,f I J |
Br” T CH,
1, j
OCH ' ?CH3
CeH.CH,0 /L\ _.CO0C,H, HO. . _COOC.H,

— . - i

NS N

Br X CH, S~ X7 TCHy

Ik, 1 Ik, 1
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The PMR spectra of compounds IIb, ¢, e, g, and k in the 6.54-7.7-ppm region do not show
singlet signals characteristic of protons in position 7 of the original halo derivatives I,
but they do show doublet signals at 6.29-7.91 ppm, which are assigned to protomns in positions
6 and 7. The signals of the 6~H and 7-% protons in the spectrum of compound IIa are dis-
played in the form of a singlet at 6.84 ppm (2H).

EXPERIMENTAL

The PMR spectra were obtained on a Varian XL-100 spectrometer in acetone-de with TMS as
an internal reference.

The course of the reactions was monitored chromatographically on Silufol-254 in a 9:1
benzene—methanol solvent system with development in UV light,

1,2~-Dimethyl-3~carbethoxy-4,5-dihydroxy~6,7-dichloroindole (Ie). A suspensiocn of 3.16 g
(0.01lmole) of 1,2-dimethyl~3-carbethoxy-4,5-dioxo-6,7~dichloroindole [4] in 65 ml of methanol
is given an addition of a solution of 2.1 g (0.02 mole) of sodium hydrosulfite in 9 ml of
water with stirring at room temperature, and the mixture is stirred for 1 h. The precipitate
is filtered out, washed with methanol and water, and dried. This gives 2.8 g of Ie.

The characteristics and yields of the compounds obtained are given in Tables 1 and 2.
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TABLE 2, Characteristics of Compounds Obtained

Com- . Found, % Calculated, % Yield,
pound| ™P, C Empirical %
C | H[Br(€) | N | forrula c | H [Brch | N
1e |231—232  |487]42[(223)|44 | CuHuCLNO, |49,114.1 |(223)]44 ] s8
1f |9295-997 |553|42) 205 [36]| CisHiBINO, |554141) 205 |36] 82
1g 233—235 57,01 48] 19,7 133 ] CiH,BrNO, 56,5145 198 135 ] 69
h 117119 |578{48 | 190 33| CnHxBrNO, |[574)48] 191 {33 28
1} 144—146 56,4(42] 19,6 | — | CypH7BrOs 5631421197 | — | 32
0 |211—213  |624]49 28| CuHwBrNO, [625|46( 166 |29] 26
k [69,5—71 5731471192 | — | CyH sBrOs 57.3|46| 191 [ — | 81
1 |100—102 [632]52] 161 |26] CxHaBrNO, [632[49] 162 |28 ]| 68
178 195—197 61,2149 — | — | Ci2HiOs 61,01 5,1 — | — | 67
1ib [140—142 |623]56] — | — | CiHiOs 62456 — | — 1 92
e 180 T 636]61 | — | —| CiHOs 636[61] — | —| 86
Ie |184—186 1624|60] — |56 CiHigNO, 626|161 — [56]| 67
I1g {179—181F 702160 ] — (43| CiHNO, 70,1159 — (43| 96
ITh 93—95 70,762 — |41| CyxHyNO, 708162 — |4, 31
11k 116—118 62,3156 — | —| CisHuOs 624158 — | —| 88
318 202—204 700157 — |43 CHeNO; 70,1591 — [43] 78

*Compounds Ie, g, and ITle were recrystallized from acetone,

If was recrystallized from ethyl acetate, Ih, i, 7, Ilb, g,

k, and . were recrystallized from benzene, Ik was recrystal-
lized from petroleum ether, and ITh was recrystallized from

Thp at 8 mm Hg.

tAccording to the data in [1], mp 181°C.

1~Phenyl-2-methyl-3-carbethoxy—4,5-dihydroxy-6-bromoindole (If). A suspension of 5 g
(0.013 mole) of l-phenyl-2-methyl—-3-carbethoxy-4,5-dioxo~6~bromoindole [5] in 250 ml of
methanol is given in addition of 40 ml of concentrated hydrochloric acid and 35 g (0.535
mole) of zinc fillings at the boiling point with stirring over the course of 40 min, and
then the mixture is boiled for 15 min. The reaction mass is filtered, and the deposit on
the filter is washed with 100 ml of dioxane. The combined filtrates are diluted with 1
liter of water. The precipitate is filtered out, washed with water, and dried. This gives
4,1 g of 1If,

General Procedure of the Alkylation of Ta, f, i, and j. A solution of 0.1 mole of the
hydroxy derivative in 500 ml of acetone 1s given an addition of 0.1 mole of anhydrous potas-
sium carbonate, the mixture is boiled for 1 h, then given an addition of 0.1 mole of methyl
iodide or benzyl chloride,* and boiled until the TCL spot of the original compound disappears.
The reaction mixture is filtered, the filtrate is evaporated, and the residue is recrystal-
lized. This gives compounds Ig-~Z.

General Procedure for the Dehalogenation of Compounds Ia-e, g, h, k, and 7. A suspension
of 10 g of the halo derivative in 500 ml of 50% aqueous ethanol is given an addition of 50.0
g of freshly prepared Raney nickel (W-7) (100 g for halo derivatives Id, e, g, h, and 1),
and the mixture is boiled for 2-3 h (15-30 h in the case of compounds Id, e, g, h, and 1)
until the TLC spot of the original compound disappears. The reaction mixture is filtered,
and the catalyst on the filter is washed with hot ethanol. The combined filtrates are
evaporated, and the residue is recrystallized.* This gives compounds Ila, c, e, g, h, k,
and Z.
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%*For the synthesis of Th 0.5 mole of anhydrous potassium carbonate and 0.2 mole of methyl
iodide are taken.

+Compound IIc is vacuum-distilled.
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