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ABSTRACT: Herein, we report a double deprotonation method used for
the preparation of ynolates starting from nonbrominated 2,6-di-tert-
butylphenyl esters. The current method is superior to the previously
described double lithium/halogen exchange approach because easily
accessible starting materials are used. This method will be especially useful
for preparation of ynolates bearing functional groups in organic synthesis.

Highly reactive, stable, energy-rich reagents or species are
very useful and attractive for synthetic organic chemists

because they are potential key players for sequential reactions
and unprecedented bond formations. Ynolates, which contain
an electron-rich triple bond, are highly reactive, long-lived, less-
basic, and compact nucleophiles.1 Among several preparation
methods reported so far, Kowalski’s homologation2 and Julia’s
oxidation3 have been used (Scheme 1). These methods have
some limitations. The former one needs excess amounts of
strong bases and several operations, and the latter one requires
hazardous anhydrous tert-butylhydroperoxide in spite of simple
operation. We have developed a convenient and efficient
preparation method via cleavage of ester dianions derived from

α,α-dibromoesters.4 Utilizing this method, we reported various
new synthetic reactions starting from ynolates, which were
used as dianion equivalents.5 This is a convenient method
starting from α,α-dibromoesters, which can be prepared via a
double Hell−Volhard−Zelinsky reaction of carboxylic acids or
double α-bromination of esters (Scheme 1).6 However, these
methods used to prepare α,α-dibromoesters have some
drawbacks, especially on a large scale. The former method is
limited to the preparation of only a few substrates, such as
methyl or tert-butyl substituted ynolates, and require long
reaction times under harsh conditions. The latter, which is
more general, requires two steps from the nonbrominated ester
precursor. Therefore, one may hesitate to prepare function-
alized ynolates due to these preparative drawbacks. If more
readily available starting materials can be directly converted
into ynolates, this carbanion species will be more widely used
in organic synthesis.
A double elimination reaction is commonly used for the

formation of a triple bond. Therefore, double deprotonation of
nonbrominated esters to induce a double elimination step is a
promising protocol for the generation of ynolates rather than a
double lithium−halogen exchange approach. Herein, we report
the preparation of ynolates via the double deprotonation of
nonhalogenated esters.
In the first deprotonation step, to give an ester enolate, a

sterically hindered non-nucleophilic lithium amide base, such
as LDA, is not preferable because a secondary amine, such as
diisopropylamine, is generated. This amine will be reconverted
into the lithium amide base upon treatment with a strong base
in the second deprotonation step. To avoid the residual amine
species, alkyllithium reagents are the preferred base in the first
step to form the ester enolate. However, alkyllithium reagents
are also strong nucleophiles and thus undergo an addition
reaction to the carbonyl group instead of deprotonation. To
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Scheme 1. Formation of Ynolates
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suppress the addition reaction, the ester carbonyl should be
sterically blocked.
Therefore, we selected 2,6-disubstituted phenol esters as

promising precursors. This class of phenol ester, where BHT
esters7,8 are representative examples, has been known to
efficiently block the carbonyl group. The second deprotonation
step of the resulting ester enolate requires a stronger base to
generate the ynolate via the elimination of lithium phenoxide.
On the basis of this concept, we screened several 2,6-

disubstituted phenol ester derivatives of propionic acid (1)
(Figure 1). The yields of the corresponding ynolates were

evaluated by those of the olefination product 2a formed upon
reaction with benzophenone, which itself is a high yielding
reaction.9 The initial screening reactions were performed at
−78 °C upon treatment with an excess amount (7.5 equiv) of
tert-butyllithium, allowing the reaction mixture to warm up to
0 °C and the addition of benzophenone. As shown in Figure 1,
2,6-di-tert-butylphenol ester 1ea provided a relatively good
yield of the desired olefin product (2a), which confirmed the
generation of the ynolate using this protocol. Less sterically
hindered esters (1aa−1da) gave lower yields, along with the
adducts formed upon the addition reaction between the
alkyllithium reagent and ester moiety. The reaction of 1fa
afforded some side products, which were attributed to the
generation of the benzyl anion. In the case of 1ha, the modest
yield was attributed to the poor leaving group. Other
commercially available alkyllithiums were less efficient than t-
BuLi (not shown).
Subsequently, we optimized the reaction conditions using

1ea as the ynolate precursor. To confirm the efficiency of the
ynolate generation, an excess amount (3.0 equiv) of the
trapping reagent (benzophenone) was reacted with the
ynolates generated in the reaction (Table 1). The use of 3
equiv of tert-butyllithium, which is 1.5 times the required
amount of base, provided the best yield (44%) among entries
1−3 and 9, suggesting that the efficiency of ynolate generation
was approximately 40−50%. The use of lower temperatures (T
= −20 to −60 °C) in the second step did not lead to an
improvement in the reaction yield (entries 4−6). Ether or
toluene−TMEDA, which are expected to be more stable in the
presence of alkyllithium reagents,10 were not effective (entries
7 and 8).

We then tried to determine the actual amount of ester (1)
required for benzophenone (Table 2). As shown entries 1−3,

when 2.5 equiv of ester were used, the best yield (84%) was
obtained. As the side products included the tert-butyl adduct of
benzophenone, an excess of t-BuLi was found to be present in
the solution of the prepared ynolate, although t-BuLi should be
decomposed by THF at room temperature. Therefore, we
decided to add 1,2-dibromoethane to the reaction mixture after
generating the ynolate in order to deactivate the excess
alkyllithium reagent. As a result, the yield of the product
significantly improved (up to >99%) (entries 4−6) upon the
addition of 0.5−2.0 equiv of 1,2-dibromoethane. Furthermore,
the amount of ester and t-BuLi can be reduced to 2.2 and 6.6
equiv, respectively (entry 7). Conducting the deprotonation
step at temperatures lower than −50 °C worked well, but
higher temperatures did not give better results (entries 9 and
10).
To check that the enolate was formed as an intermediate,

the enolates derived from esters 1ea and 1ei were trapped with
benzaldehyde to provide aldol adducts 3a and 3i (Scheme 2).
The relative stereochemistry of the major adduct was
confirmed to be anti upon conversion into diols 4a11 and
4i12 via LiAlH4 reduction. This suggests the quantitative
formation of the (Z)-enolate based on the Zimmerman−
Traxler six-membered transition model.13 The (Z)-enolate will

Figure 1. Screening of sterically hindered esters used as an ynolate
precursor.

Table 1. Optimization of the Ynolate Generation Step

entry
t-BuLi
(equiv) T (°C) t (h)

benzophenone
(equiv) yield (%)a

1 2.0 −78 1 3.0 24
2 2.5 −78 1 3.0 31
3 3.0 −78 1 3.0 44
4 3.0 −20 1 3.0 30
5 3.0 −50 1 3.0 44
6 3.0 −60 1 3.0 43
7b 3.0 −78 2 3.0 5
8c 3.0 −78 2 3.0 25
9 3.5 −78 2 3.0 40

aNMR yield based on 1ea. bIn ether. cIn toluene−TMEDA (1:2).

Table 2. Optimization of the Ynolate Generation Step

entry
1ea

(equiv)
t-BuLi
(equiv)

T
(°C)

1,2-dibromoethane
(equiv) yield (%)a

1 2.0 6.0 −78 none 68
2 2.5 7.5 −78 none 90 (84)b

3 3.0 9.0 −78 none 58
4 2.5 7.5 −78 0.5 99
5 2.5 7.5 −78 1.0 >99 (95)b

6 2.5 7.5 −78 2.0 >99
7 2.2 6.6 −78 1.0 >99 (97)b

8 2.2 5.5 −78 1.0 85
9 2.2 6.6 −50 1.0 >99
10 2.2 6.6 −30 1.0 58

aNMR yield based on benzophenone. bIsolated yield.
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easily undergo an anti-elimination reaction upon treatment
with base.
To show the generality of this method for the preparation of

ynolates, various kinds of ynolates were prepared from 1ea−
1eq as shown in Table 3. Ynolates containing a primary alkyl

group (R) were generated in good yield, but secondary and
tertiary alkyl groups gave poor yields (2c and 2d), which may
be attributed to steric hindrance inhibiting the second
deprotonation step. Ynolates bearing phenylethyl (2j) and
phenylpropyl (2k) groups can be prepared. We successfully
synthesized a variety of functionalized ynolates bearing alkene
(2l and 2m), alkyne (2n), and siloxy (2o) groups. It is

noteworthy that the ynolate precursors were easily prepared via
reacting the acid chloride with lithium 2,6-di-tert-butylphen-
oxide, and 2,6-di-tert-butylphenol was recovered quantitatively
after the reaction.
As synthetic applications, a tandem [2 + 2] cycloaddition-

Dieckmann condensation initiated by the as-prepared
ynolates5a was performed to give the desired cyclohex-2-
enone products 5a and 5m in good yield (Scheme 3).

Torquoselective olefination using acylsilane5c also provided
vinyl silanes 6a and 6m in good yield. Furthermore, 1,3-dipolar
cycloaddition of the ynolates5b with nitrone afforded trans-
isoxazolidinones 7a and 7m in satisfactory yield.
When compared with the dibromoester method, this

protocol afforded several kinds of side products, which were
found to be tert-butyl ketones formed in 5−10% yield based on
the starting ester (Scheme 4). Lithium ester enolates are

known to decompose via the elimination of alkoxide at higher
temperatures (>−20 °C) to give a ketene intermediate,7 which
immediately reacts with a nucleophile. In this protocol, these
pathways will be a critical issue to be overcome in future
studies.
In conclusion, we have developed a double deprotonation

method used for preparation of ynolates starting from simple
and readily available nonbrominated esters. The current
method is superior to the previously reported double

Scheme 2. Aldol Reaction of the Enolates Derived from 2,6-
di-tert-Butylphenylesters 1ea and 1ei

Table 3. Synthesis of Various Ynolates

aNot examined. bCondition A: Ester 1 (2.5 equiv), and t-BuLi (7.5
equiv) were used. cCondition B: Ester 1 (2.2 equiv), t-BuLi (6.6
equiv), and 1,2-dibromoethane (1.0 equiv) were used.

Scheme 3. Synthetic Applications of Ynolates

Scheme 4. β-Elimination vs Ketene Formation (Side
Reaction)
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lithium−halogen exchange strategy because readily accessible
starting materials bearing functional groups are used. It is
noteworthy that no lithium alkoxide coexists in the reaction
because the leaving group is the less basic lithium 2,6-di-tert-
butylphenoxide. This method will be especially useful for the
preparation of functionalized ynolates in organic synthesis.
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