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Alkyllithiums are well-known to decompose ethyl
ethers to generate ethylene, which inserts into the Li-C
bond of the still unreacted alkyllithiums (Scheme 1).1,2

We found an interesting extension of the reactions while
we attempted to optimize the reaction conditions of the
functionalization of indoles via the C,N-dianions in
diethyl ether.3 The ethylene generated from ethyl ethers
by a complex of organometallic bases (RM) was found to
transfer to the carbanions (AM) generated in the same
pot, but not to the unreacted organometallics (RM)
(Scheme 2). Here we report the ethylation of hydrocy-
cloalk[b]indoles by ethyl ethers in the presence of orga-
nometallic complex bases (eq 1).

During the optimization of the deprotonation condi-
tions of the indoles in diethyl ether, we obtained the
ethylated product when the reaction mixture was not
treated with any ethylating reagents. For example,
treatment with 1,2,3,4-tetrahydrocarbazole 2b4 with
BuLi and subsequently with t-BuOK5 at room tempera-
ture in diethyl ether 1a produced the ethyl derivative

3b.6 The reaction was regioselective. Further elongation
by the sequential insertion of ethylene was not observed.
The use of a large excess of the bases improved the yield
to 80%.7 The ethylation similarly occurred in the other
ethyl ethers (1b, 1c). A variety of hydrocycloalk[b]indoles
(2a-d) were ethylated irrespective to the methylene
length of the side chain of the indole ring. The alkylli-
thiums employed in the ethylation include MeLi/LiBr,
n-, s-, and t-BuLi, and PhLi. Each ethylation reaction
proceeded in fair to good yields and with high regio-
selectivity. The results were summarized in Table 1.

Labeling experiments were performed to probe the
reaction mechanism. Quenching of the reaction in diethyl
ether by deuterium oxide or methanol-OD gave no
deuterated products. This result suggests that the â-met-
alloethyl group of the first insertion product should be
transformed into the ethyl group by M-H exchange8

possibly with the unreacted ethyl ether or N-metallo-
1,2,3,4-tetrahydrocarbazole (Scheme 3) prior to the quench-
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Table 1. Ethylation by Ethyl Ethers

entry ether indole RLi product yield/%

1 2a 2a BuLi 3a 55
2 1a 2b BuLi 3b 80
3 1a 2b MeLi/LiBr 3b 45a

4 1a 2b s-BuLi 3b 66a

5 1a 2b t-BuLi 3b 60a

6 1a 2b PhLi 3b 38a

7 1b 2b BuLi 3b 62
8 1c 2b BuLi 3b 75
9 1a 2c BuLi 3c 46

10 1a 2d BuLi 3d 44a

a The reaction time was 4 h.
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ing. This is consistent with the single ethylation. The
reaction of 1,2,3,4-tetrahydrocarbazole in diethyl ether-
d10 afforded the product with the deuterated ethyl group.
GC-MS and 1H and 13C NMR analyses showed that the
introduced ethyl group was a mixture of CD2CD2H and
CD2CD3.9 The third â-deuterium in CD2CD3 and the
hydrogen in CD2CD2H should be transferred from the
ether and the carbazole, respectively.

The mechanism of the reaction is illustrated in Scheme
3. First the C,N-dianions of the indole are generated by
a sequential treatment of BuLi-t-BuOK in diethyl ether.
The deprotonation occurs exclusively at the R-position of
the 2-alkyl side chain due to the stability of the cross-
conjugated C,N-dianions (six π-electron/four p-orbital
systems) relative to the linear-conjugated ones.3,10 Sub-
sequently, the ethylene generated in situ by â-elimination
from diethyl ether inserts itself into the C-M bond of
the dianions.11 The reaction is terminated by the abstrac-
tion of a proton from the unreacted diethyl ether of

N-metallocarbazole. The ethylation occurs at the R-posi-
tion of the 2-alkyl side chain in a highly regioselective
manner. No multiple insertion of ethylene molecules
takes place.

Experimental Section

General Methods. Hydrocycloalk[b]indoles were prepared
by a manner similar to that described in the literature.4 Diethyl
ether was distilled from sodium benzophenone ketyl. The other
reagents were commercial products and used as received.

Typical Procedure for the Ethylation: Preparation of
1-Ethyl-1,2,3,4-tetrahydrocarbazole 3b. To a solution of
1,2,3,4-tetrahydrocarbazole 2b (0.34 g, 2.0 mmol) in diethyl ether
(30 mL) was added BuLi (1.6 M in hexane, 15 mL, 22 mmol),
followed by t-BuOK (2.2 g, 20 mmol) under Ar. The mixture
turned bright orange. After being stirred for 5 h at rt, the
resulting suspension was poured into saturated aqueous NaH-
CO3 and extracted with ether. The combined extracts were
washed with water and dried over Na2SO4. Concentration in
vacuo and purification by column chromatography on silica gel
(Merck 9385, eluent: hexane-ethyl acetate 6:1) afforded 3b
(0.32 g, 1.6 mmol, 80%).
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should be CD2H with NOE enlargement by proton saturation. No
significant change was observed in the aromatic region.
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