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ABSTRACT

A simple yet efficient approach to various functionalized quaternary r-alkynyl r-fluoro esters and γ-iodoallenoates from readily available
allenoates through an alkynyl enolate intermediate generated by LDA is presented. Reaction of this alkynyl enolate with NFSI gives the
r-product (r-alkynyl-r-fluoro ester), whereas the reaction of the silyl ether of alkynyl enolate with I2 gives solely the γ-product (iodoallenoate).

The regioselective synthesis of substituted γ-iodoallenoates
or R-fluoropropargyl esters from a common, readily available
precursor is a sought after strategy because the resulting
products are either useful synthons or possess important
biological properties. An example of the former is the recent
surge of interest in the synthetic applications of γ-iodoal-
lenes.1 Examples of the latter are the extensive therapeutical
ramifications of R-fluoro esters,2 used in the synthesis of
fluorinated amino acids,3 anticancer reagents,4 antiviral

agents,5 antibiotics,6 and other pharmaceutically attractive
molecules.7 Because of the versatility of the triple bond,8

an alkyne-substituted R-fluoro ester would enhance the range
of R-fluoro carboxylic acids and derivatives. But unlike their
nonfluorine counterpart, which is easy to obtain and has
found numerous applications in synthesis,9 the synthesis of
R-alkyne-substituted R-fluoro esters10 has a limited scope
and utilizes CHCl2F, an ozone-depleting reagent.

Recently, we reported the regioselective synthesis of
carbinol allenoates,11 R,R-disubstituted R-alkynyl esters,12
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and 2-alkynyl-substituted glutaric acid derivatives.13

Because an alkynyl enolate anion could, in theory, react
with an electrophilic halide source to produce regioisomers
2 or 3, through either an R- or γ-attack, the thrust of this
work was to make this reaction regioselective. We are
now pleased to report that when a readily available
allenoate 1 was deprotonated with LDA and trapped with
a fluorinating agent, it reacted exclusively at the R-carbon
forming R-alkynyl-R-fluoro ester 2 (Scheme 1). Con-
versely, iodination at the γ-carbon of allenoate 1sa
hitherto difficult feat1swas readily accomplished when
the silyl ketene acetal 4 reacted with I2. We first
investigated the fluorination of alkynyl enolates derived
from allenoate 1 (Table 1) because allenoates are widely
used in synthesis,14 and can be prepared easily using
standard methodologies.15 Upon treatment of allenoate 1a
with LDA at -50 °C, followed by addition of a solution
of NFSI in THF, then the reaction mixture was warmed
to room temperature, it was observed that the consumption
of 1a was accompanied by the appearance of a complex
mixture (Table 1, entry 1). When the reaction was
conducted at lower temperature (-80 °C) for shorter times,
and quenched also at low temperature, the desired 2a was
isolated in 80% yield (Table 1, entry 2). More importantly,
no traces of the regiosomeric fluoroallene were found.

Use of other amide bases like NaHDMS and LiHMDS
gave less satisfactory results (Table 1, entries 3 and 4).
Selectfluor was not an efficient fluorination reagent under
our reaction conditions (Table 1, entry 5).

Next, we examined the scope of this regioselective
fluorination. The results are shown in Table 2. The yields in
some entries are moderate due to the volatile nature of
products (Table 2, entries 2, 4, and 8), but both aryl- and
alkyl-substituted allenoates give good to very good yields.
The steric nature of substituents on the allenoate 1 had an

Scheme 1. Reaction Paths of an Alkynyl Enolate with a
Halogenation Reagent

Table 1. Fluorination of Allenoate 1a

entry base (equiv) [F+] (equiv)
T (°C)/time

(h)
yielda

(%)

1 LDA (1.3) NFSI (1.4) -50 to rt/3 complex
2 LDA (1.3) NFSI (1.4) -80/0.5 80
3 NaHMDS (1.3) NFSI (1.4) -80/0.5 61
4 LiHMDS (1.3) NFSI (1.4) -80/0.5 no reaction
5 LDA (1.3) Selectfluor (1.4) -80/0.5 no reaction
a Isolated yields.

Table 2. Regioselective Fluorination of Allenoates

a Isolated yields. b LDA (1.5 equiv), NFSI (1.5 equiv), -80 °C for 40
min, then -40 °C for 1 h. c -80 °C for 0.5 h, then 0 °C for 0.5 h.
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effect on the reaction rate; for example, allenoates with a
bulky R1 group needed an excess of NFSI and higher
temperature/longer times to complete the reaction (Table 2,
entries 5 and 6). Using similar conditions with other common
halogenation reagents like NCS, NBS, Br2, or I2 did not give
the desired products (Scheme 2, top). This may due to the
unstable nature of the propargylic or allenylic products under
the strong basic conditions used.

To avoid the use of a strong base, we switched to using
the silyl alkynyl ketene acetal 411 and investigated its
reactivity toward halogenation. The reaction with NFSI
(Scheme 2, bottom) using dichloromethane produced 2a in
84% yield. This reaction could be regarded as an alternative
way to synthesize R-alkynyl-R-fluoro ester 2. Then we
examined the reaction of 4 with other halogenation reagents.

With NBS, NCS, and Br2, this reaction did not give a clean
transformation but the reaction of 4 with I2 was very
successful (Table 3).

Because the iodoallene 3a is relatively unstable, longer
reaction times and high temperatures promoted the formation
of byproduct (Table 3, entries 1-6). At -80 °C, EtOH was
found to be the best solvent, compared with DCM, THF, or
MeOH. Using less than stoichiometric amounts of iodine
boosted the yield because the product 3a may react with
excess amount of I2 creating a complex mixture of products.

The opposite behavior of the lithium alkynylenolate vis à
vis the alkynyl silyl ketene acetalsin terms of regioselectivity
toward NFSI and I2scould be accounted for by the higher
electron density at the R-position of the former.11

In summary, we have developed a simple, practical, and
regioselective approach to various highly functionalized
R-alkynyl-R-fluoro ester and γ-iodoallenoates starting from
readily available allenoates 1. An expansion of this reaction
to other venues of organic chemistry is currently under
investigation.
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Scheme 2. Fluorination of 1 through the Intermediacy of Silyl
Ketene Acetal 4

Table 3. Iodination of Silyl Alkynyl Ketene Acetal 4

entry I2 (equiv) solvent T (°C) time yield (%)a

1 1.2 DCM 0 1.5 h complex reaction
2 0.40 DCM 0 1.5 h complex reaction
3 0.95 DCM -80 10 min unknown allene
4 0.95 MeOH -80 5 min 47
5 0.95 EtOH -80 5 min 50
6 0.95 THF -80 5 min complex mixture
7 0.8 EtOH -80 5 min 75
8 0.8 DCM -80 5 min 70
9 0.8 THF -80 5 min 63
a Isolated yields.
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