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Indole derlvatrves having substltuents at the 4- and 6-posltlons are of 

interest because of their significant biological activities. However, their 

synthesis by hitherto used methods is time-consuming and requires a series of re- 

actlon steps from a starting material having the necessary substltuents in the 

benzene moiety. 

We wish to describe here' the direct lntroductlon of various kinds of side 

chain units into the 3-, 4-, and 6-posltlons of the lndole ring by Fries type 

photochemical rearrangement of readily available 1-substituted indoles. 

I) Rearrangement of Carbon Unlts2 

1) Non-Substituted Indoles 

Irradiation of an ethanol solution of 1-ethoxycarbonyllndole (Ia) with a 

Hanovla 450-W high-pressure mercury lamp In nitrogen atmosphere' afforded 3-, 4-, 

and 6-ethoxycarbonyllndole (IIa, IIIa, IVa) and dllnclolylmethane in 46.55, 23.16, 

8.8%, and 1.4% yields, respectively, In adaltlon to a low yield of lndole and many 

minor unknown products. The structural proof of IIa, IIIa, and IVa was easily ob- 

tanned by inspection of the nmr spectra of the corresponding N-acetyl derivatives. 

In these compounds, the C-7 proton was clearly discernible from other protons be- 

cause of the deshleldlng effect of the acetyl group. Thus, it appeared as a multi- 

plet In the 3-substituted lndole, but as a doublet and singlet in the 4- and 6- 

substituted lndoles, respectively. The structures of the products shown in Table I 

were determined slmllarly. When the compound If was lrradlated In benzene, IIf, 

IIIf, and IVf were obtarned, though deketallzation of the products occurred to a 

significant extent to afford additional products, 4- and b- acetoacetyllndole, 
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Table I. Photochemlcal Rearrangements of Various 1-Substituted In(Loles. 

Startlng 
Proiucts 

Yield ( %) 
materials 

@-$'hY- qR +R@--J"' +m&zJ+ po;;;;cts 

0 II ’ IIP , IV6 
al R=COOEt 46 5 % 23 1 % 0 0 % dilnddylmethane 

R'= H 1245-125 5" 72-73O 69-71" 14 % 163-165O 

R=COCH3 65 20 00 2-acety[ deriv 
b1 R'= H 190-1910 122-12259 163-164O 1.2 % 153-154O 

0 8 
c) R= CKH2)2COMe 356 240 77 

RLH 116-1170 1075-10850 1015-102° 
Indole 

d)R=CH2@ 361 5.0 67 
RI=H 100-109~ Q 790-600° - 

,)R=-SOBMe 237 17 6 16 
R'=H 176-1765" 176-1765O 189-1900 

mdole 

5, o? 
294 180 

R=CCH.@H3 

f)R',H - $Vg;;oO i;;;,200 J;: 

Irradiated 350 137 44 2/:/. 
bedcene 1555-1565O 1385-13950 115-1160 134-1350 

,jR=COCH3 200 - 20 Zfxetyl skutole 
RI, Me 167-16B" 153-15350 15% 143-1440 

300 Z-acetylderlv 
214-215O 

- 
12% 145-146O 

,jR=COCH3 244 unknown - 
&COOEt 

- 
167-166O Oil 

9 9 % 

R= Me 31,o 
j)iy'C'Me , 

Y\ 
A9-5000 

The +benLyl compound was detected as 1,3- 

k$$+COCHp 
121 dlacetyl-6-benzylindole (mp 135. J-13b.J’). 

144-1450 9j.W Lthanol was used JS a solverlt rn d11 

R= .Me 21 5 the experiments shown III this table. 

')~~~"'%fei 1365-138O 
& 
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when ethanol was used as a solvent. From the results of the rearrangement of the 

1-substituted lndoles (Ia-If) we have establlshed the general order of positional 

reactlvlty of the lndole molecule as 3>6>4>2.?hanges in concentration, tempera- 

ture, light source, solvent, and the addltlon of either metal salts or sensitizer 

did not affect this preferred order. 

These results could be explained ~nterms of concerted l-3, l-5, and l-7 sigma- 

tropic rearrangements, although the mechanism of the reaction is still under In- 

vestlgatlon. With l-(3,3-dlmethylallyl)-, 1-acetoacetyl, and 1-(3,3-dimethylacryl- 

oyl)-lndoles (IJ, Ik, I&), however, the corresponding 3-substituted lndoles (IIJ, 

IIk, 111) were obtained In 34.0%, 12.146, and 21.5% yrelds, respectively, and 4- 

and 6-substituted lndoles could not be isolated. This suggests homolytic cleavage 

of the N-C bond, followed by recombination of the generated radicals in a solvent 

cage, the unstable radicals being unable to undergo rearrangement to other po- 

sitions other than the most reactive 3-position. 

11) 3-Substituted Indoles 

With the 3-substituted lndoles (Ig, Ih, 111, rearrangement to the 3-position 

1s blocked. Further, the Increased sterlc hindrance due to the 3-substltuent led 

to decreased yields of 4- and 2-substituted lndoles, the 6-substituted lndole 

being obtained as the maJor product. 

111) Indoles Substituted in the Benzene Ring 

With the expectation that substituents in the benzene ring might change the 

preferred order of rearrangement, 1-acetyl-2-methyl-3-ethoxycarbonyl-5-methoxy- 

lndole (V) was irradiated, affording the 7-acetyl compound (VII) and the 6-acetyl 

compound (VII in 15.3% and 36.0% yields, respectively. 

II) Rearrangement of a Substltuent connected through Sulfur 

We expected that this photochemical reaction could also be applied to substl- 

tuted indole derivatives In which the 1-substltuent 1s connected to the ring 

through an element other than carbon, and this was confirmed by the following 

experiment. 

Irradlatlon of 1-tosyllndole (Ie) in ethanol with a Hanovia 450-W hlgh- 

pressure mercury lamp resulted In the formatlon of 3-, 4-, and 6-tosyllndole (IIe, 

IVe, IIIe) in 23 . 7%, 17.6%, and 1.6% yields, respectively. 
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III) Rearrangement of a Substituent connected through Oxygen 

Slmllar rearrangement of methoxy and ethoxy groups was observed. Photolysls 

of I-ethoxy-2-phenylindole (VIIIa) In methanol gave 2-phenyl-3-ethoxylndole (IXa, 

11.546 yield), and a compound (XIa), mp 119.5-120.5°, containing an ethoxy group in 

the benzene ring, the position of substltutlon of which is still under investi- 

gation. Upon photolysis In ethanol, 1-methoxy-2-phenyllndole (VIIIb) gave 2- 

phenyl-3-methoxyindole (IXb) in 17.8% yield, an unknown product (mp 145.5-146.5') 

in 0.8% yield, and bls(2-phenyl-3-1ndolyl)methane (XII) whose methylene group was 

apparently derived from the methoxy moiety. 

Satisfactory elemental analyses were obtained for all the compounds described 

here. Melting points are not corrected. 

WI. a)R=Et 

b) R=Me 

D(. ‘k5 % o x. 347 % XI ,,9’;_-;;050 w. - 

17 8 % 
105-106° 

19 0 % 5 2% 
167-1880 

1. 

2. 

3. 

unknown product(OS% mp1455-1465*)was Isolated in the caseof Wb. 
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