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A Synthesis of Ynolates via the Cleavage of Ester Dianions
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Abstract: A new method for ynolate synthesis via the cleavage of ester dianions has been developed.
The key intermediates, ester dianions, generated from o-bromocarboxylic acid ester enolates via lithium-
halogen exchange turned out to be so labile that they were cleaved rapidly to give ynolates.

© 1997 Elsevier Science Ltd.

Enolates are important, widely used, and well-established carbanions.! On the other hand, ynolates have

received little attention in synthetic organic chemistry, although their chemistry should be no less interesting

than that of enolates. Synthetic methods for ynolates have been reported by several groups,? but these have

not been established well as general methodology. In view of the highly useful properties of ynolates,

development of a more conventional synthetic approach to these species is highly desirable. Herein we

describe a new method for ynolate synthesis via the cleavage of ester dianions derived from o-

bromocarboxylic acid ester enolates.
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Lithium ynolates are regarded as lithiated ketenes. The thermally-induced cleavage of lithium ester

enolates has been reported to provide the corresponding ketenes and lithium alkoxides.3 On the basis of these

facts, if ester dianions (e.g., 3a), where ester enolates are metalated at the vinylic position, can be generated,
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they would provide metalated ketenes (i.e., ynolates) via the thermally induced cleavage. Since the ester
dianions are considered as vinyllithium bearing alkoxy groups, they would be generated via lithium-halogen
exchange from the a-bromocarboxylic acid ester enolates and tert-BuLi.

The ynolate forming process is exemplified by the following (Scheme 1): To a solution of lithium enolate
(2a), prepared from the phenyl 2-bromocaproate (1a, 1.0 mmol) and LDA (1.0 mmol) in THF (5 ml), was
added tert-BuLi (3.2 mmol, 1.4 M in pentane)* at -78 °C to undergo metal-halogen exchange. After the
mixture was stirred at -78 °C for 1.5 h and then 0 °C for 30 min, it was treated with triisopropylsily! chloride
(TIPSCI, 10 mmol) at 0 °C for 3 h. Usual workup, followed by bulb-to-bulb distillation (bp. 200 °C/1.5
mmHg), afforded TIPS ynol ether (5a) in ca. 60% yield together with minor amounts of by-products. While
we were encouraged by this successful result, 5a could not be further purified because of its sensitivity
towards silica gel. In order to trap ynolates efficiently as stable products which can be easily purified for
subsequent studies, we selected B-lactones?a:b.d as targets for testing the generality of this new synthetic
approach. Thus, the lithium ynolates were reacted with benzaldehyde (4 eq) at -78 °C for 15 min to give j3-
lactones (6).6 As shown in Table, 6a~c were obtained in good yields. It is noteworthy that not only phenyl
esters but also ethyl esters gave 6 in good yields, although ethoxide is a poorer leaving group than phenoxide.
Phenyl o-bromophenylacetate (1f) did not give 6d but a complex mixture (entry 6) since carbenes might be

formed, while the bromoenolate monoanions of the other alkyl esters appear to be not prone to loss of

bromide.
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Table Trapping of 4 with Benzaldehyde to Form 62
1 6
entry R R yield, %°
1 ia Bu Ph 6a° 69
2 ib Bu Et 6a° 74
3 1c  Me Ph 6b° 81
4 id Me Et 6b° 69
5 1e cyclohexyl Et 6c 85
6 1f Ph Ph 6d 0

a) The reaction procedure is described in the text. b) Yields refer to purified
product by column chromatography. c) Mixture of diastereomers (~1:1).

The ester dianions (3), which have not been reported so far to the best of our knowledge, would be the
key intermediates in the course of this process. We attempted to trap 3a with TMSCI at -78 °C before warming
to 0 °C. But this reaction resulted in a complex mixture which could not be separated because of its high
sensitivity to silica gel. Based on the 1H-, 13C-NMR, IR, and MS spectra of this crude mixture, it can be
presumed that it consists of keteneacetal (7),” TMS ynol ether (8) (IR: 2279 cm-1), TMS substituted ketene (9)
(IR: 2087 c¢m-1) and other products (Scheme 2). The existence of 7 suggests the generation of an ester
dianion, albeit in small amount.8 It should be noted that the ynolate, precursor of 8 and 9, also exists together
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with the dianion at -78 °C. This means that the electron-rich ester dianions decompose rapidly even at -78 "C to
give the ynolates,® while ketene formation from ester enolates (monoanions) requires warming above -20 °C.
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7 8 9
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Scheme 2.

In order to confirm the stereochemistry of the B-lactones, 6b was converted to an alkene via thermal
decarboxylation, which is known to proceed via a stereospecific cis-elimination.10 From the result, since only

(E)-alkene (10)!! was produced, the relative configuration of 6b was confirmed as shown in Scheme 3.12
On the basis of this, we assigned the other B-lactones (6a, 6¢) as having the same relative configuration.!3
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Scheme 3.

In conclusion, we have developed a new and convenient method for lithium ynolate synthesis via the
cleavage of ester dianions from readily available a-bromoesters. The ester dianions, novel intermediates, are so
labile that they are rapidly cleaved to give ynolates. Further studies on this method and synthetic application of
ynolates are in progress.
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Since LDA was regenerated by ter-BuLi, 3.2 equivalents of rer+-BuLi was required.

1H-NMR (400 M, CDCI3) 8: 0.89 (1), 1.13 (d), 1.26 (m), 1.40 (m), 2.07 (t). IR (neat) 2280 cm™1.
CI-MS (NH3) m/z: 255 (MHH).

Under these conditions, lithium ynolates reacted with two equivalents of benzaldehyde to give 6.
Since B-lactone enolates would be more reactive than ynolates, no disubstituted -lactone (11) was

observed, even if only one equivalent of benzaldehyde was added.
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EI-MS spectra (m/z: 336 (M1)) is identical with this compound.
Attempts at quenching 3a with AcOD at -78 °C gave a small amount of o,0-dideuterioester, 30 % of
a-bromo-a-deuterioester derived from the monoanion of a ester enolate, and complex products.
This result also indicates the generation of the dianion.
The cleavage of ester dianions can also be considered as b-elimination of alkoxy (phenoxy)
vinyllithium. With this regard to this kind of reactions, Schlosser reported that while (Z)-2-
ethoxyvinyllithium and 2,2-diethoxyvinyllithium were stable, (E)-2-ethoxyvinyllithium decomposed
to afford lithium ethoxide and acetylene at -80 °C: (a) Lau, K. S. Y., Schlosser, M. J. Org. Chem.
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Chem. Int. Ed. Engl. 1982, 21, 777-778, and references cited therein.
The possibility of the formation of (E)-alkene (10) from one of the diastereomers (6b) via the silica
gel-mediated translactonization (internal transesterification) followed by decarboxylation cannot be

ruled out.
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