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Chiral organofluorine compounds containing a fluorine
atom bonded directly to a stereogenic center have been
utilized in studies of enzyme mechanisms and as inter-
mediates in asymmetric syntheses.! The development of
effective methodologies for the preparation of new selec-
tively fluorinated, stereochemically defined compounds is
critical to further advances of fluorine chemistry.” Fluori-
nated amino acids are becoming increasingly important in
pharmaceuticals and other biological applications® such as
the development of anticancer drugs for the control of tumor
growth, drugs for control of blood pressure and allergies,”
enzyme inhibitors.> One of the important approaches toward
the asymmetric synthesis of a-amino acids is enantio-
selective electrophilic amination of carbonyl compounds.®*
Recently, Togni reported hydrazination of o~fluoro-/-keto-
esters using chiral Cu-bisoxazoline complexes afforded o~
fluoro- a-hydrazino- f-ketoesters.”

Bifunctional organocatalysts possessing a combination of
thiourea and amine groups have been developed for activa-
tion of both electrophilic and nucleophilic components.
They have emerged as powerful tools for the enantioselec-
tive formation of carbon-carbon bond and carbon-hetero-
atom bonds.'’ Nonetheless, substrate dependence still remains
an important issue in asymmetric reactions using bifunc-
tional organocatalysts. Therefore, the development of highly
efficient chiral amine-thiourea catalysts, which show high
enantioselectively for a broad scope of substrate, is still in
great demand. Recently, we reported a new class of bifunc-
tional organocatalyst I which is assembly of a structurally
well-defined chiral 1,2-diamine and binaphthyl scaffold with
thiourea motif."

As part of research program related to the development of
synthetic methods for the enantioselective construction of
stereogenic carbon centers,'? we report the catalytic enantio-
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Figure 1. Structures of bifunctional organocatalysts.

selective amination of ester derivatives promoted by organo-
catalyst'' or chiral palladium complexes.” In this communi-
cations, we wish to report the direct a-hydrazination of o-
fluoro-ketoesters 1 catalyzed by bifunctional organocata-
lysts with azodicarboxylates 2 as the electrophilic nitrogen
source.

To determine suitable reaction conditions for the catalytic
enantioselective electrophilic amination of a-fluoro-£
ketoesters, we initially investigated the reaction system with
o-fluoro benzoylacetate 1 using #-butyl azodicarboxylates
(2) as the electrophilic aminating agent in the presence of 10
mol% of catalyst in toluene for 36 h at —30 °C. We first
examined the nature of ester group of [ketoesters on
enantioselectivity (Table 1, 73-93% ee, entries 1-5). When
employing synthetically attractive, but sterically encumber-
ed, #-butyl ester of o-fluoro benzoylacetate le, the corre-
sponding aminated adduct 3e was isolated with high
enantioselectivity of 93% ee (entry 5). We examined the
impact of the structure of catalysts on enantioselectivity
(Table 1, entries 5 and 6). The high selectivity was obtained
with catalysts I, which is prepared from 1,2-diaminocyclo-
hexane as a new organocatalyst. Lower selectivity was
observed in the presence of 9-epi-aminoquinine thiourea
catalyst (IT)."> At room temperature, enantioselectivity goes
down into 30% ee (entry 7). Varying the structure of the
azodicarboxylates had an impact on asymmetric induction
(entries 5 and 8). The best results have been obtained with #-

Table 1. Optimization of the reaction conditions

- CO2t-Bu HN’Cozt'B“
9 * ~
Ph OR + ,lll cat. (10 mol %) Ph N CO,t-Bu

F t-BuO,C” PhMe, -30 °C F CoRr
1 2 3
entry 1,R cat. yield (%) ee’ (%)

1 1a, Me I 85 73
2 1b, Et I 84 81
3 1c, i-Pr I 92 77
4 1d, Bn I 86 77
5 le, -Bu I 95 93
6 le, -Bu I 84 75
7 le, -Bu I 96 30
8¢ 1le, +-Bu | 90 10

“Yield of isolated product. *Enantiopurity of 3 was determined by HPLC
analysis with Chiralpak AD-H column. “Reaction carried out at 21 °C.
“9Reaction carried out using DEAD as nitrogen source.
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Table 2. Catalyic enantioselective amination of a~fluoro-/-ketoesters

u N,COZ,«_BU . jj>;E/COﬂ‘ Bu
R OtBu * N _(10mol%) R “COqt-Bu
F t-BuO,C PhMe, -30 °C F CO,t-Bu
1 2 3

entry 1 time (h) yield“ (%) ee® (%)

1 1le, Ph 36 3e, 95 93

2 1f, 4-CI-Ph 12 3f, 92 91

3 1g, 3-Br-Ph 20 3g, 93 80

4 1h, 4-NO,-Ph 24 3h, 90 81

5 1i, 2-thienyl 12 3i, 89 95

6 1j, Me 20 3j, 90 70

“Yield of isolated product. ’Enantiopurity of 3 was determined by HPLC
analysis with Chiralpak AD-H column.

butyl ester of azodicarboxylates.

To examine the generality of the catalytic enantioselective
amination of a-fluoro-fketoesters 1 by using new bifunc-
tional organocatalyst I, we studied the amination of various
a-fluoro-ketoesters 1e-j.'* As it can be seen by the results
summarized in Table 2, the corresponding c-aminated S
ketoesters 3e-j were obtained in high to excellent yields and
enantioselectivities. The a-fluoro benzoylacetates 1e-i, and
a-fluoro acetoacetate 1j reacted with #-butyl azodicarboxyl-
ates (2) to give the corresponding o-aminated a-fluoro-/4
ketoesters 3e-j in 89-95% yields and 70-95% ee. Although
the reason for the observed enantioselectivity is still unclear,
we believe that a carbonyl group of the azodicarboxylate is
activated by a thiourea moiety through hydrogen bonding,
and o-fluoro-Sketoester is activated by the basic nitrogen
atom in tertiary amine (Fig. 2). These interactions control the
stereochemical outcome of the reaction and accelerate the
reaction rate.

In conclusion, we have developed a highly efficient cata-
lytic enantioselective a-amination of a-fluoro-/-ketoesters
using new bifunctional organocatalyst I. The desired o-
aminated products were obtained in good to high yields, and
excellent enantioselectivities (up to 93% ee) were observed.
We believe that this method provides a practical entry for the
preparation of chiral a~fluoro-a-amino acid derivatives, and
the availability of these compounds should facilitate medi-
cinal chemical studies in various fields. Further details and
application of this amination will be presented in due course.
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Figure 2. Proposed stereochemical model.
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General procedure for the arhydrazination of orfluoro-5
ketoesters 1: A mixture of a-fluoro-fketoester 1 (0.2 mmol) and
catalyst I (13.24 mg, 0.02 mmol) in toluene (0.12 mL) was stirred
for 10 min and then was cooled to =30 °C. A solution of #-butyl
azodicarboxylate (2, 46.05 mg, 0.4 mmol) in toluene (0.2 mL)
was added dropwise over a period of 5 min. The reaction mixture
was stirred for 12-36 h at =30 °C. After completion of the reaction,
the resulting solution was allowed to warm to room temperature,
concentrated and purified by flash chromatography (hexane/ethyl
acetate = 5/1) to afford the a~aminated a-fluoro-S-ketoester 3.



