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Reaction-Pathways and 
Synthetic Applications of 
3-1 ndolyl-methyl-ethoxycarbenium 
Tetrafluoroborates**

Ludwig Pfeuffer, Johann Müller, and Ulf Pindur*

Abstract: The 3-unsubstituted indoles la, lb, and 1c react with triethyl orthoacetate in 
dichloromethane by means of proton catalysis to form the stable 3-indolyl-methyl- 
ethoxycarbenium tetrafluoroborates 2a, 2b, and 2c, respectively. The cationic species 
represent key compounds for interesting subsequent reactions including further functio­
nalization of the indole skeleton.

methanol) dealkylates 2 smoothly in a pe­
ripheral reaction, producing the 3-acetyl- 
indoles 3 in excellent yield (Schemes 1,2; 
route a). This reaction sequence is particu­
larly favoured in the case of highly stabi­
lized alkoxycarbenium ions, the cations 2 
being a particularly good case in point. 
This mild procedure, which can also be 
carried out in situ, without isolating the 
cations 2, makes it possible to derive 
simply, highly regioselectively, and almost 
quantitatively the acetylated indoles 3. 
Acetylation in the case of C-3-unsubsti- 
tuted indoles is indeed possible with other 
acetylation equivalents too, e.g. acetic an­
hydride16-81 acetyl chloride171, 2-methyl-4,5- 
dihydroimidazole/Ac2OP1, 2-methyl-4,5- 
dihydrooxazole/Ac2O tl0), or Vilsmeier- 
Haack reagent1“1. However, in the Ac2O 
medium, when use is made of indoles 
which are unsubstituted at N-l, a compet­
ing A-acetylation can occur.

Acetyl chloride as a reagent leads, fur­
thermore, by way of the 3-acetylindole 
step, to the formation of indolenine 
dyes17,12,131 which generally are responsible 
for surface colouration in acetylated in-

Regioselective acylations of the indole 
nucleus continues to command most atten­
tion in synthon chemistry concerned with 
deriving indole alkaloids and pharmacolo­
gically active compounds11-31. After a cri­
tical perusal of the literature141 it seems to 
us that the search for further acylation pro­
cesses, especially mild ones and regioselec­
tive ones, is well worth pursuing. In the 
present communication we now describe 
the acetylation of some indoles with tri­
ethyl orthoacetate, and we discuss some 
synthetically useful reaction paths of key 
compounds, viz. 3-indolyl-methyl-ethoxy- 
carbenium ions 2 (Scheme 1).

The reactive (3-unsubstituted) indoles 
la, lb, and 1c react almost quantitatively 
with triethyl orthoacetate, when HBF4- 
ether is added as catalyst, in dichlo­
romethane to form the stable carbénium 
tetrafluoroborates 2a, 2b, and 2c. The cat­
ions possess « ambidental» electrophilic 
reactivity151 and should thus be adapted to 
trigger subsequent reactions along two se­
parate paths (Scheme 1, route a and route 
b). The direction preferred is kinetically or 
thermodynamically controlled first of all 
by the conditions under which the reaction 
takes place and by the nature of the nucleo­
philic partner. A nucleophilic solvent (e.g.

la: R1=H, R2 - H 
1b : R1- Me, R?-H
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Scheme 1. Reagents and conditions: i: MeC(OEt)3, HBF4Et2O, CH2C12, 1 h, 20°C; ii: MeOH, 1 h, 20°C; iii: 
tBuNH2, CH2C12, 3 h, 20 °C; iv: la or lb, CH2C12 or MeCO2Et or MeOH, 2 h, 20 °C; v: 2a, A,lV-dimeth- 
ylaminobenzene or JV-methylpyrrole, EtNO2, 12 h, 70 °C. Compounds 2-5 gave satisfactory elemental analyses 
and NMR-, IR-, and mass spectra.
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doles. Our method, then, had to be supe­
rior to the acetylation of indoles with Ac:O 
or AcOCl. It should also provide a valu­
able addition, from the point of view of 
synthesizing, to the newer procedures 
which make use of 5-ring heterocycles as 
acetylation equivalents19101. However, the 
great advantage of our present reaction is 
the simplicity of the procedure, with its 
high degree of regioselectivity, its short 
reaction time and mild conditions under 
which it works.
The electrophilic reagent 2 is ambidentally 
reactive and therefore nucleophilic substi­
tution reactions should also be possible at 
the carbenium centre (Scheme 1, route b). 
In fact. The TV-protected cation 2b reacts 
smoothly in a kinetically controlled way 
with primary amines, e.g. tert-butylamine, 
to form the benzoanellated trimethine dye 
4. If the highly nucleophilic starting com­
pounds la or lb are offered as reaction 
partners to 2a or 2b, then the reaction pro­
duces the 3,3'-bisindolylethenes 6a and 6b 
(Scheme I)1”1. When dichloromethane or 
ethyl acetate are the solvent used, this 
sequence takes the form of a direct addi­
tion and (ethanol) elimination reaction. 
When pure methanol is used, however, this 
condensation leads to the formation of 6a 
or 6b by way of 3a or 3b, which should in 
this case be regarded as intermediates. In 
both of these reactions the protons re­
leased exhibit an autocatalytic effect which 
on the whole results in an acceleration of 
the rate of reaction.

The cations 2a and 2b, as also the syn­
thetically equivalent acetylindoles 3a and 
3b, are also useful building blocks for the 
derivation of l(3-indolyl)-l-phenyl(or het- 
eroaryl)-ethenes 51’41. These compounds as 
3-vinylindole equivalents are potential pre­
cursors for the formation of selectively 
functionalized carbazoles1141. We used the 
highly nucleophilic reagents TV,TV-dimeth­
ylamino benzene and A-methy [pyrrole and 
2b as a model synthesis and in this way 
established an example of this reaction 
step, which is certainly capable of further 
experimental application. Access to the 3- 
vinylindoles 5a and 5b is by way of rela­
tively simple reaction with yields of 25 and 
30%. Extending the synthetic potential to 
analogues of 5 is currently under investiga­
tion.

The cation 2c is a N-vinylogous 
(ethoxy)aminocarbenium ion which is 
highly stabilized by double hyper­
conjugation. In terms of route b its reactiv­
ity is somewhat anomalous. As a result of 
its higher thermodynamic stability, com­
pared to 2a or 2b, no significant direct 
reaction at the carbenium centre takes 
place with electron-rich arenes, hetero­
arenes or primary amines (Scheme 2). The 
cation 2c merely reacts in a peripheral way 
as a good alkylation reagent (route a)151. 
Here a reaction sequence typical of 2c is 
described. In methanol, a SN2-type dealky­
lation sets in spontaneously, forming 3c. 
This, being a vinylogous acetamide, is to 
some extent subject to proton catalyzed

route 
a)

bf4 0

Arene, Hetarene
RUXN

Scheme 2. Reagent and conditions: i: MeOH. 1-2 h, 60°C; compound 6d see also lit.1151

methanolytic cleavage to 1c under mild re­
flux condition. After a reaction lasting ap­
proximately 1-2 h it is possible to isolate 
both the 3-acetylindole 3c and also the 
condensation product 6c113,151 formed from 
3c and the reactive indole 1c. In order to 
derive also unsymmetrical bisindolyl- 
ethenes of type 6 from 2c we offered the 
indoles la or lb to the cation 2c as a nu­
cleophilic reaction partner in methanol. 
An analysis of the product of this reaction, 
however, documents the fact that the main 
product of this competing reaction re­
mains undoubtedly the ethene 6c. This re­
sult is a striking example of the contrasting 
indole reactivity of, on the one hand la 
and lb, and on the other hand 1c1151. The 
relatively fast rate of methanolytic cleaving 
of 3c to 1c and the far higher nucleophilic­
ity of the indole 1c thus formed in the me­
dium, compared to la or lb, are responsi­
ble for the preponderant formation of the 
symmetrical ethene 6c. Further work on 
the unusual reactivity and applications of 
2c is in progress.
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