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In the course of our studies focusing on the regiose-
lective deprotonation of indole derivatives,! we have
observed a-ethyl byproducts (e.g., the tetrahydrocarba-
zole derivative 12 in the case of 1,2,3,4-tetrahydrocarba-
zole? ). At first sight, the byproducts appear to originate
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from the nucleophilic addition of the o-deprotonated
intermediate to ethylene generated in situ from diethyl
ether or tetrahydrofuran, respectively.* To our surprise,
however, the same byproducts were obtained when
methyl propyl ether, tert-butyl methyl ether, and other
alkyl methyl ethers were employed as the solvent. Thus,
a new explanation is warranted.

The yield was fair to moderate with a variety of alkyl
methyl ethers (Table 1). Longer reaction time did not
improve the yield. The ethylated products were also
obtained for the other indole derivatives that possess the
secondary center at the a-position. However, no reac-
tions have occurred in the case of the 2-methyl- and
2-isopropylindoles.

To probe the reaction mechanism, labeling experiments
were performed. Quenching by heavy water or metha-
nol-d led to no incorporation of deuterium. However,
reaction in butyl trideuteriomethyl ether gave predomi-
nantly 1-(1,1,2,2-tetradeuterioethyl)-1,2,3,4-tetrahydro-
carbazole according to '3C NMR and MS analyses.’

Ziegler reported that butyllithium reacts with dimethyl
ether to give a mixure of pentane, hexane, heptane, and
octane.® These products came from the sequential ad-
dition of carbene to the organolithiums. In our case,
however, the ethyl adduct was obtained predominantly
and the indoles with longer alkyl chains were obtained
only in small amounts.” We have performed the calcula-
tions of the thermal stabilities of the model compounds,
w-alkenyllithiums with dimethyl ether and 1-alkenes
with methoxymethyllithium at the 3-21G level.® How-
ever, no advantages in energy were observed for the C,-
elongated anion. Thus, the mechanism involving se-
quential carbene insertion to the dianion appears to be
only as a minor bypass.

The ethyl group incorporated seemed to be originated
from ethylene insersion to the anion intermediate, the
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Table 1. Ethylation by Alkyl Methyl Ethers
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same as in the cases of alkyl ethyl ethers.#® Treatment
of methyl butyl ether with BuLi—#-BuOK¥ at 0 °C for
40 min generated ethylene, which was ascertained by
trapping with Br.!!

(7) To a stirred solution of 1,2,3,4-tetrahydrocarbazole (0.17 g, 1.0
mmol) in i-BuOMe (10 mL) was added BuLi (1.7 M in hexane, 6.5 mL,
11 mmol), followed by t-BuOK (1.1 g, 10 mmol). After 5 h, the reaction
mixture was poured into saturated NaHCOj (aq) and extracted with
ether (3 x 20 mL). The combined extracts were dried over Na;SO, and
concentrated in vacuo. The residual oil was purified by column
chromatography on silica gel. There were three spots on TLC analysis
(Merck No. 5715). The second highest product (R; = 0.50, hexane—
ether, 1:1) was 1 (49 mg, 24%), and the lowest (R; = 0.44) was the
recovery of 1,2,3,4-tetrahydrocarbazole (0.10 g, 59%). The highest Ry
portion was collected (12 mg), which was subjected to GC—MS analysis
(EI, 70 eV). This fraction was separated into four major peaks. First
peak: m/e (rel int) 221 (6), 213 (10), 212 (6), 200 (7), 199 (32), 198
(18), 185 (8), 184 (24), 183 (10), 182 (8), 171 (22), 170 (100), 169 (25),
168 (36), 167 (21); second peak: 228 (16), 227 (20), 213 (17), 199 (17),
198 (100), 197 (18), 196 (7), 184 (24), 183 (11), 182 (14), 171 (10), 170
(63), 169 (25), 168 (35), 167 (23); third peak: 281 (5), 279 (5), 242 (9),
241 (29), 240 (4), 228 (5), 227 (6), 213 (17), 212 (78), 211 (12), 199 (18),
198 (100), 197 (19), 184 (13), 183 (18), 182 (22), 180 (10), 170 (41), 169
(23), 168 (35), 167 (34), 166 (10); fourth peak: 279 (8), 242 (6), 241 (8),
228 (7), 227 (18), 226 (7), 225 (5), 213 (8), 212 (23), 199 (6), 198 (24),
197 (8), 196 (7), 185 (5), 184 (11), 183 (11), 182 (10), 171 (18), 170 (100),
169 (25), 168 (31), 167 (35), 166 (10). We thus assigned the first peak
as 1-propyl-1,2,3,4-tetrahydrocarbazole, the second as 1-butyl-1,2,3,4-
tetrahydrocarbazole, and the third as 1-pentyl-1,2,3,4-tetrahydrocar-
bazole, respectively.
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(11) A mixture of s-BuLi—¢-BuOK deprotonated tert-butyl methyl
ether to afford tert-butoxymethylide,'2 which was reported as irrepro-
ducible, affording only low yields with byproducts.!?
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Scheme 1 Proposed Mechanism of the Ethylation
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Now we can-illustrate the reaction mechanism as
follows: the first deprotonation of the indole side chain
occurred by BuLi—¢-BuOK reagent.'** On the other
hand, the alkoxymethylide was generated from the
methyl ether by the superbase. It was transformed into
ethylene. Although we have no evidence for the detailed
mechanism of this transformation, it is assumed that the
dimeric alkoxymethylide should decompose heteroge-
neously to a carbenoid and alkoxide—organometallic
complex.!® The carbenoid might insert into the carbon—
metal bond to give S-alkoxyethylide, which was cleaved
into ethylene and alkoxide.!%17 Addition of ethylene led
to the Cs-elongated anion, which was terminated by
abstracting proton from the solvent. Oligomerization
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avoided due to low reactivity of primary anion to
ethylene.579

Supporting Information Available: Experimental pro-
cedure, 'H and 1°C NMR and GC—MS spectra of the products,
and calculation of the model anions (13 pages).
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