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HYDRIDE ABSTRACTION AND REGIOSELECTIVE INSERTION REACTION AT 8 C-H
BOND OF ALKYLLITHIUM BY ETHYL(PHENYLTHIO)METHYLENE CARBENOID

Toshiro Harada, Hisatomo Maeda, and Akira Oku*
Department of Chemistry, Kyoto Institute of Technology
Matsugasaki, Sakyo-ku, Kyoto 606, Japan

Abstract: Study on the reaction of alkyllithium with I-chloropropyl phenyl sulfide showed two
novel reactions, the regioselective insertion and the hydride abstraction, at the
R C-H bond of alkyllithium by ethyl (phenylthio)methylene carbenoid.

Recent reports from this laboratory disclosed an enhanced reactivity of
the a C-H bond of alkoxides in the carbenic insertion reactions (Scheme I,
Z = 0).l We showed that the insertion by alkylidenemethylene carbenoid
(R1R20=C:---MX) proceeds through a concerted mechanism (path a) or a hydride
abstraction-recombination mechanism (path b), depending on the nature of
alkoxides.ld We are interested in a possible reaction of alkyllithium with
carbenes or carbenoids at its B C-H bond since alkyllithium that possesses an
isoelectronic structure with alkoxides (Secheme I, Z = CH2, M = Li) is expected
to show an enhanced reactivity analogous to that of alkoxides in both C-H inser-
tion and hydride abstraction reactions. In this reaction, the hydride abstrac-
tion cannot be followed by the recombination reaction and, therefore, it could
be readily defferentiated from the insertion. Reported here is our novel
observation that both C-H insertion and hydride abstraction reactions proceed
regioselectively at the 8 C-H bond of alkyllithium in the reaction with ethyl-

(phenylthio)methylene carbenoid (Et(PhS)C:-‘-MX).2
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Table I Reactions of 1-Chloropropyl Phenyl Sulfide with Alkyllithium

Alkyllithjum Products (Yield %)a

n-CHgL 2a  (21) 3 (7.2) 4 (23) 5 (8.5) 6a --® 72 --P
n-Cgh gL 26 (21) 3 (12) 4 (22) 5 (5.9) 6b (22)° 7 (s8)
n-CH COCH,Li  2b-d, (16) 3b-a, (4.1) 4-a; (20) 5 (6.0) 6b-g, (21) 7b-a, (89)

b
aYie]ds were determined by capillary GC (0V-101, 30 m) analysis based on 1. Formation of
6a and 7a was not analyzed. cVa]ues are corrected by subtracting a small quantity of l-nonene
which was contained in the reagent.

In contrast to the efficient addition of organolithium to alkylidene-
methylene carbenoid3or cyclopropylidene carbenoid,4 a treatment of 1-chloro-
propyl phenyl sulfide (1) with 3 equiv of n-butyllithium (hexane solution) or
n-nonyllithium (ether solution) in THF at -90 ~ -85 °C yielded several products
besides addition product 2a or 2b (eq 1).5 Yields of products are listed in
Table 1.0:7

As being evidenced by the formation of 3a,b, the insertion reaction into B8
C-H bond of n-butyl- or n-nonyllithium proceeded regioselectively. This clear-
ly demonstrates that the reactivity of the B C-H bond of alkyllithium is en-
hanced against the carbenic insertion reaction. While the regioselective inser-
tions into B C-H bond of the less polarized organometallics such as organotin,8
silicon,8 and mercury compounds9 have been reported, the study on the C-H inser-

10 To our knowledge, this is the first observation

tion of alkyllithium is rare.
of the intermolecular regioselective insertion into B C-H bond of simple alkyl-
lithium compounds.

More noteworthy is the formation of phenyl propyl sulfide (4) whose yield
is approximately equivalent to that of l-nonene (6b) in the reaction with n-
nonyllithium. This result together with the observation that 4 was absent in

11

the reaction of 1 with MelLi suggests that the carbenic species generated

under the present reaction conditions undergoes hydride abstraction at the B8

position of n-nonyllithium to give 4 and 6 (path a in Scheme II). The alterna-
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tive path b (Scheme II) which involves halogen-lithium exchange was explicitly
excluded b; the following deuterium labeling experiment: When 1 was treated
with n-nonyllithium-Z,Z-d2 (d2 content 942)12 under the same reaction condi-
tions, propyl sulfide-l—d1 (4-a,) was obtained with 827 deuterium incorporation
(eq 2).1[4 Thus, another example of the hydride abstracting reactivity of
carbenoids is clarified in the reaction with alkyllithium.15 The reactivity is
indicative of a highly electrophilic character of the carbenoid that has been

17 and recently

suggested on the basis of 13C NMR1® and theoretical studies
demonstrated by the addition reaction of alkyllithium to a carbenoid.3P

In summary, we have shown here two novel reactions of ethyl(phenylthio)-
methylene carbenoid at the B C-H bond of alkyllithium, i.e., the regioselective
insertion and the hydride abstraction reaction. The observed reactivity of the
B C-H bond of alkyllithium, together with the oxyanionic effect on the o C-H
bond of alkoxides, suggests that a negatively charged atom can generally acti-

vate the adjacent C-H bond in the reaction with carbenoids.
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