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ABSTRACT
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A series of styrene oxides in the presence of a 1:1 mixture of n-butyllithium (n-BuLi) and lithioacetonitrile (LiCH,CN) in THF are converted into one-

carbon homologated allyl alcohols in an unusual regioselective manner.

A lithiated acetonitrile (LiCH,CN), first introduced by
Kaiser' and Seebach? independently in 1968, is a readily
available chemical species that can be prepared from
acetonitrile (CH3CN) and n-butyllithium (#-BuLi) in tet-
rahydrofuran. Due to the simplicity of use as well as
functional versatility, the species has now been widely
employed as a useful multipurpose reagent in the synthetic
community.**

Recently, our group conducted a simple ring-opening
addition of LiCH,CN to styrene oxide due to the need of
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4-hydroxy-4-phenylbutanenitrile 1 as an authentic sample
(Scheme 1). Based on a literature procedure (Scheme 1,
eq 1),> we performed the reaction under essentially the
same conditions, but at a lower temperature (—78 °C).°
The reaction mixture was then gradually warmed up to
room temperature (Scheme 1, eq 2). Strangely, the reaction
proceeded poorly and a significant amount of starting
material was recovered. Although desired alcohol 1 was
obtained in modest yield (less than 10%), a non-negligible
amount of allyl alcohol 2a (13%) was also unexpectedly
isolated. Another allyl alcohol 3a, presumably an elimina-
tion product of 1, was detected as well, but only in a trace
amount. To confirm this curious observation, we then
tested the exact literature condition (i.e., 0 °C). As antici-
pated, only product 1 was obtained nearly quantitatively
and allyl alcohol 2a was not observed at all. Therefore,
our incidentally applied lower reaction temperature (i.e.,
—78 °C) seemed to be important to lead to 2a.

Although it is known that the allylic alcohols 2a and
3a can be directly prepared from styrene oxide by using
dimethylsulfonium methylide, Me,S=CH, (Scheme 2),’
the regioselectivity (2a vs 3a) is opposite to ours. Also,
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Scheme 1. Ring-Opening Addition of LiCH,CN to Styrene
Oxide
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bis(trimethylstannyl)methane can alternatively lead to
allylic alcohol 2a as a major product (65%) from styrene
oxide,®? but no synthetic generality of this class of trans-
formation has been studied/established yet. Herein, we report
an unusual, regioselective transformation of styrene oxide
into a one-carbon homologated conjugated allyl alcohol.

Scheme 2. Me,S=CH, Mediated Transformation of Epoxide
into One-Carbon Homologated Allyl Alcohol
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As to the reaction mechanism, a simple anionic path
(mechanism I) as illustrated in Scheme 3 was initially
proposed. That is, a nucleophilic attack of LiCH,CN to
the benzylic carbon of styrene oxide, followed by either
intramolecular or intermolecular S-elimination from oxy-
anion intermediate 4, seemed to be reasonable. Based on
the mechanism, various reaction conditions were subse-
quently examined (i.e., reaction time, temperature, con-
centration, amount of LiCH,CN reagent, solvent, and
additive); however, the yield of 2a was hardly improved,
and even worse, the reaction was poorly reproducible.

Prior to further optimization, we then proposed a
carbenoid mediated mechanism (Scheme 4). The oxiranyl
anion 5, generated upon deprotonation of the acidic
o-hydrogen of styrene oxide, often exhibits carbene-like
reactivities via a presumed intermediate 6 (or a hybrid of 5
and 6).'° Subsequent nucleophilic addition of LICH,CN to
carbene 6, followed by elimination of a cyanide ion from
dianion 7, should afford alcohol 2a. It should be noted that
anion 5 is typically formed at a very low temperature
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Scheme 3. Plausible Mechanism I

anionic path

(below —78 °C) due to the thermal instability.!! Thus, this
alternative path seemed to be more reasonable to explain
why alcohol 2a was not produced at 0 °C, but —78 °C (see
Scheme 1).

Scheme 4. Plausible Mechanism I1
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Based on these assumptions, we hypothesized that, if the
carbenoid path (mechanism II) was mainly involved, the
use of a stronger base than LICH,CN (e.g., n-BuLi) could
more efficiently deprotonate the o-hydrogen and generate
the key intermediates 5 and 6 for subsequent transforma-
tion. Hence, we treated styrene oxide with a 1:1 mixture of
n-BuLi as a base and LiCH,CN as a nucleophile, which
was simply prepared by exposing 1 equiv of CH3CN to
2 equiv of n-BuLi in THF at —78 °C for 15—20 min.'* To
our delight, this attempt (Scheme 5) dramatically im-
proved the yield of 2a (13%—80%)."* The protocol was
also reproducible.

Scheme 5. Synthesis of Allyl Alcohol 2a from Styrene Oxide
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Accordingly, substrate generality of the protocol to
various aryl epoxides was examined (Table 1). Styrene ox-
ides that are ortho-, meta-, and para-alkylated (entries 1—3)
as well as an arylated one (entry 4) were converted into the
corresponding alcohols in fair to good yields (51—-81%).

(12) To confirm the existence of n-BuLi and LiCH,CN, the 1:1
mixture was treated with benzaldehyde and both addition products
were observed by NMR (~80% conversion).

(13) Attempts to examine the effect of TMEDA led to inferior yields
(~45%).
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Scheme 6. Modified Addition Sequence
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Scheme 7. Trapping Carbene Species

one-carbon homologation vs. cyclopropanation
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Naphthalene-based aromatic epoxides (entries 5 and 6)
also smoothly underwent the transformation (71% and
77%, respectively). More substituted epoxides such as di-
and trisubstituted epoxides (entries 7 and 8) provided
desired products with similar efficiency (65%). Other than
the simple styrene oxides, functionalized epoxides were
further investigated. Chlorinated styrene oxide (entry 9)
gave a slightly inferior result (44%) presumably due to the
susceptibility of the halogen group to n-BuLi. A methoxy
group (entry 10) and an acetal protecting group (entry 11)
were compatible under the conditions (60% and 65%,
respectively).

For operational simplicity, a modified condition without
prior preparation of LiCH,CN was subsequently tested;
viz., n-BuLi (2 equiv) was directly added into a solution of
aryl epoxide (1 equiv) and CH3;CN (1 equiv) in THF at
—78 °C (Scheme 6). This concise protocol yielded essentially
identical results as our original stepwise procedure.

Lastly, to provide support for the presence of a proposed
carbene intermediate in the reaction, an epoxide having an
alkene moiety 8 was examined (Scheme 7). Along with allyl
alcohol 2m (40%), an intramolecular cyclopropanation
adduct 9 (27%) was also isolated as a competitive side
product. This observation implies that the carbene species
is at least generated under the reaction conditions and
possibly supports the carbenoid mechanism as well.

In summary, we reported our serendipitous discovery
which involves a novel carbene-mediated transformation
of styrene oxide into 2-phenyl-2-propen-1-ol. A 1:1 mix-
ture of n-butyllithium and lithiated acetonitrile in tetrahy-
drofuran converted aryl epoxides into one-carbon ho-
mologated allyl alcohols in a highly regioselective manner.
Further synthetic applications of this protocol are cur-
rently under study in our group.
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Table 1. Synthesis of Allyl Alcohol 2 from Aryl Epoxide”

i) n-BuLi, THF, -78 °C, ~20 min
CH4;CN OH
ii) aryl epoxide, -78 °C - rt, overnight Ar

entry aryl epoxide allyl alcohol (2) yield (%)
CHj CHj3
\d OH
1 2b 80
H4C \i HaC OH
2 2c 72
? OH
3 2d 51
t-Bu t-Bu
? OH
4 2e 64
Ph Ph
i OH
oo ANe s atEl
6 io [ OH 2g 77
? CH3 OH
7 2h 65
CHj
\} CH3 OH
8 2i 65
CHs HsC CHg
i OH
9 2j a4
Cl Cl
o
MeO MeO. OH
10 2k 60
o_ O lo}
2| 65

T

“CH3CN (2.1 mmol), n-BuLi (4.1 mmol), aryl epoxide (2.0 mmol),
dry THF (3.0 mL).
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