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Abstract : Reaction of fluorinated imidoyl chlorides 1 with lithium ester enolates 2 gave N-substituted
y-fluorinated B-enamino and/or B-imino esters 4 in good to excellent yields. B-Enamino esters were
obtained exclusively as Z isomers. © 1997 Published by Elsevier Science Ltd.

B-Enamino acid derivatives, particularly B-enamino esters, represent a class of highly reactive
difunctionalized compounds, which have often been shown to be useful and versatile in the preparation of
numerous biologically active compounds, especially in the asymmetric synthesis of naturally occurring
alkaloids' and B-amino acids."? Although several routes for the synthesis of these derivatives have been
reported, most are limited, usually due to their low chemical yield and general applicability *

In contrast to the non-fluorinated derivatives, y-fluorinated-B-enamino esters have received far less
attention. A survey of the literature reveals that few methods have been developed for the preparation of -
fluorinated-B-enamino esters. They usually require the use of either alkyl o-H-perfluoro esters® or
ﬂuoroalkynes,‘"’": or alternatively fluorinated B-ketocarboxylic esters* and ammonia or amines. More recently, a
new approach that involves iminophosphoranes and organozinc compounds has also been described.* However,
in all cases, the chemical yield, nature and stereochemistry of the obtained products depend strongly both on
the nature of the starting amine and the method used. Thus, while on some occasions the reaction only works
well with primary aromatic amines,” on others the starting materials either are not easily accessible™ or can
only be use to prepare N-alkyl-B-enamino ester analogs. ™

Due to their unique properties, organo-fluorine compounds have found numerous industrial and
pharmaceutical applications.6 Although most applications refer to fluorinated oxygen derivatives, fluorine-
containing amino compounds have received increasing interest in recent years.®® Among these, fluorinated
imidoyl halides, recently synthesized by Uneyama,” are some of the most promising fluorine electrophilic
synthons, and have been successfully used as building blocks in a wide variety of synthetic processes‘8

Based on a study of their reactivity, we recently reported a simple route to N-substituted f-enamino acid
derivatives by reacting 2-alkyl-2-oxazolines and 2-alkyl-2-thiazolines with perfluorinated imidoyl chlorides.” N-
Alkyl- and N-aryl-substituted y-fluorinated-B-enamino acid derivatives can be easily synthesized via the same
strategy. We report here a new, simple and general method for preparing y-fluorinated-B-enamino esters starting
from lithium ester enolates of 2 and imidoy! chlorides 1.
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When a solution of lithium enolates of alkyl esters, conveniently prepared by reacting alkyl ester
derivatives 2 with 2.0 equiv of LDA, was cooled to -78 °C in dry tetrahydrofuran solvent, and subsequently
treated with the corresponding imidoy! chloride 1 (1.0 equiv),7 Y-fluorinated-B-enamino esters (4f) and/or -
imino tautomers (4cr) were formed as the only products (Scheme I). The reactions were complete in 2-5 h
(TLC). The described procedure provides a simple, high-yielding route to this class of derivatives 4 (see Table).
As previously indicated,*®” two equivalents of LDA should be used to ensure the presence of the intermediate
3, which results in a remarkable improvement in the chemical yield (Table, entries 1,4) and also in the
stereochemical outcome of the resulting products (see below).
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Table. Fluorinated N-substituted B-enamino esters 4 obtained from imidoy! chlorides 1 and esters 2.

Yield ratio®

Entry Rr Rl R2 R3  Product % )a,b do/4p
1 CF3 p-MeOCgHy C(CH3)3 H 4a 90 (474  30:70

2 CF3 p-MeOCgHy CH(CHs)2 H 4b 85 20:80

3 CF3 P-MeOCgHy (1R)-(-)-Menthyl H 4c 95 10:90

4 CF3 (8)-(H)-c-CeH1(Me)CH C(CH3)3 H 4de 81(51)d 10:90

5 CF3 (R)-(+)-CeHs5(Me)CH  (1R)-(-)-Menthyl H 4et 90 0:100

6 CF3CFy Pp-MeOCgHy C(CH3)3 H 4f 75 80:20

7 CF3(CF2)7 p-MeOCgHy CH(CH3); H 4g 78 75:25

3 CFCl p-MeOCgHy — (CH2)2 — 4h 81 0:100

*Isolated yields. ® Purified by flash chromatography. ¢ Tautomer ratio estimated by analysis of the 250MHz 'H NMR and 235
MHz 1°F NMR spectra of the crude reaction mixtures.® Yield using 1.0 equiv of LDA. “dc: [0]2%, -45.9" (c 1.60, HCCly); 4d:
[@]255,+245.5° (c 0.50, HCCly); de: [a]**5+318.0° (¢ 1.50, HCClL,).
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It should be emphasized that this process, in contrast to others described previously,*® works well
independent of the nature of the starting materials 1 and 2. Thus, imidoyl halides derived from alkyl and aryl
amines can be used without a decrease in the chemical yield and with the same stereochemical outcome. Indeed,
lactones, for example y-butyrolactone, react in the same manner to give the cyclic fluorinated B-enamino ester 4h
(see Table, entry 8).

The Table shows that the resulting compounds 4 were isolated, in general, as a mixture of the imino 4o
and enamino 4 tautomeric forms. The 4o /4 ratio is influenced mainly by the length of the perfluoroalkyl
chain. Thus, while in the case of trifluoro- or difluoromethyl derivatives the enamino tautomer 4f clearly
predominates (Table, entries 1-5, 8), in other perfluoroalkyl derivatives (Rr # CF3) (Table, entries 6,7) the B-
imino ester 4o appears as the major tautomer.'® Morcover, we have observed that, although fluorinated B-
enamino esters 43 may exist as E- and Z-geometric isomers (Scheme II), 4 appears exclusively as the Z-
tautomer (chelated configuration) both for N-aliphatic and N-aromatic derivatives.
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Stereochemical assignments for the enamino tautomer 4 were based on 2D HOESY NMR 1H-19F
experiments using 'H-"’F long correlations. The results showed, for example, for 4b (Table, entry 2), that the
vinylic hydrogen at 8 5.28 ppm (*H NMR) have cross peaks with the fluorine atoms at § -63.8 ppm in the PF
NMR spectrum. The signal connecting the fluorine atoms with the hydrogens of the p-anisidine ring at § 7.15
ppm unequivocally corroborates the Z configuration of the enamino tautomer 48.

*35 have indicated
that fluorinated N-aryl derivatives 4 appear exclusively in the E-configuration. A plausible explanation for these
contradictory results is that the stereochemistry of the fluorinated B-enamino esters is sensitive to the method

However, this result is not consistent with other reports in the literature. Several authors

used for their preparation.“ In our case, the lithium intermediate 3 could be responsible for stabilization of the
resulting Z-enamino tautomer.

This approach has also been successfully applied to the synthesis of other B-emamino carbonyl
substrates, such as fluorinated B-enamino amides derived from chiral non-racemic acyclic and cyclic amides 5
and 6 (Scheme III).
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Thus, for example, imidoyl chloride 1a (RF=CF3, R1=p-MeOC6H4) reacts with commercially available N-
acyloxazolidinone § under the same reaction conditions described for the esters to exclusively give compound 7
{[]?3p +60.2° (c 1.36, HCCl3)} in almost quantitative yield. Similarly, treatment of 1a with the ylactam 6
(PMB= p-methoxybenzyl), obtained in three steps from L-pyroglutamic acid, resulted in the formation of the
fluorinated 2-pyrrolidinone derivative 8 {[a}25p +261.4° (¢ 1.08, HCCl3)} in 82% yield (Scheme III). Both
derivatives 7 and 8, along with the possibility of introducing chirality at the R' and R? positions of the ¥
fluorinated-f-enamino esters 4 (Table, entries 3-5) make these systems valuable for the asymmetric synthesis
of compounds of biological interest, especially fluorinated f-amino acids.*?

In summary, we have provided a new and remarkably simple route for the synthesis of fluorinated f-
enamino and/or imino esters 4' starting from imidoyl chlorides 1. In addition, B-enamino amides 7 and 8 were
obtained following the same strategy.'? Further studies of the utility of these systems are in progress.
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