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ABSTRACT

A new, simple route for the synthesis of fluorinated â-alkyl γ-amino alcohols in optically pure form in only two steps and featuring proline
catalysis from inexpensive and readily available starting materials is described. The applied strategy allows for the introduction of diversity
into both the â-fluoroalkyl and r-alkyl groups of these compounds.

One of the most important goals for organic chemists in the
last few decades has been the development of new stereo-
selective methods for the synthesis of optically pure mol-
ecules that bear diversity in their structures. This search has
been driven in part by the growing demand for chiral drugs
due, in turn, to the increased control of the enantiopurity of
drug candidates. In this context, enantiopureâ-amino acids
have received a great deal of attention because they are either
present in or can be used as fundamental building blocks for
a number of compounds with potential therapeutic properties.1

In fact, many of these compounds have already been shown
to display antifungal, antibiotic, and cytotoxic activity.2

Organocatalysis,3 for its part, has become one of the key
research areas in synthetic organic chemistry due to its
unquestionable utility in asymmetric synthesis when applied

to Mannich reactions,4 among many others.3 From a wide
variety of known organocatalysts, perhaps the most remark-
able is proline. Not only has this compound been studied
more extensively than the others, as the first example of an
organocatalyst,5 but it is also an abundant and inexpensive
chiral molecule available in both enantiomeric forms. Proline
has thus become one of the most widely used organocatalysts
today.
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At the same time, organofluorine compounds have become
increasingly more important in the past few years because
the presence of fluorine atoms in a potentially bioactive
molecule can dramatically change not only its physical but
also its chemical properties.6,7

In recent years, several helpful approaches toR-alkyl
â-amino acids1e,8 have been reported, but surprisingly little
work has been done onR-alkyl â-(fluoroalkyl) â-amino
acids.9 In fact, only two main strategies have been developed
thus far for the synthesis of derivatives of these compounds
in a chiral, nonracemic fashion (Scheme 1). Thus, Solo-

shonok10 described in 1998 a chemoenzymatic two-step
approach toR-alkyl â-fluoroalkyl â-amino acids that relies
on a diastereoselective biomimetic transamination [proton
shift reaction, or PSR] of fluorinatedR-alkyl â-keto car-
boxylic esters followed by enantioselective biocatalytic
resolution in the presence ofpenicillin acylase. More
recently, our group published an effective and highly
diastereoselective route to enantiopure syn-R-alkyl-γ-
fluorinatedâ-amino acid derivatives based on a chemo- and
diastereoselective reduction of chiral fluorinatedâ-enamino
esters derived from (-)-8-phenylmenthol.11

In connection with our ongoing investigations into the
development of new routes to the synthesis of organofluorine
nitrogen-containing compounds,12 and on the basis of our

previous experience in the synthesis ofR-alkyl â-amino acid
derivatives,11 we report here a highly diastereo- and enan-
tioselective approach to fluorinatedsyn-R-alkyl γ-amino
alcohols by means of an indirect Mannich-type reaction of
fluorinated aldimines and aliphatic aldehydes catalyzed by
proline (Scheme 2).13

We first decided to explore the feasibility of using
fluorinated aldehydes as substrates for proline catalysis of
three-component, one-pot asymmetric Mannich-type reac-
tions. Since these compounds lack enolizable hydrogens, they
do not undergo self-aldol condensations, making their
behavior similar to that of aromatic aldehydes.4 However,
the results from our first reaction, which involved propanal,
p-anisidine, and trifluoroacetaldehyde ethyl hemiacetal at
-20 °C in N-methylpyrrolidone (NMP) as a solvent and in
the presence ofL-proline (20 mol %) as a catalyst, followed
by NaBH4 reduction of the initially formedâ-amino alde-
hyde,14 were disappointing, as the reaction did not afford
the desired fluorinatedγ-amino alcohol. Instead, we were
only able to isolate byproducts corresponding to the self-
Mannich reaction of propanal.4e

This negative result prompted us to modify our strategy.
Since fluorinated aldehydes are stable as hydrates or hemi-
acetals, losing their characteristic reactivity in those forms,
we decided to try an indirect version of the condensation
described above, this time using a preformed fluorinated
aldimine 1. Indeed, when fluorinated aldimines1 and
propanal were initially reacted in the same conditions as those
used by Hayashi and co-workers4f [NMP as a solvent at-20
°C in the presence ofL-proline (20 mol %)], followed by
the reduction of the amino aldehyde with NaBH4 in MeOH
at 0 °C, the desiredsyn-γ-amino alcohol2 was obtained,
albeit in only 17% yield, with a large quantity of starting
material left unreacted.

We then attempted to optimize the reaction conditions in
order to improve the chemical yield. Thus, when the reaction
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temperature was allowed to increase stepwise from-20 to
0 °C, significantly better yields were obtained (entries 1-4,
Table 1). On the other hand, when the reaction was
performed at room temperature, only ill-defined products
were formed and no defined compound could be isolated
from the crude reaction mixture. Although other reaction
conditions involving different times, amounts of aldehyde,
solvents (DMF, DMSO, and DMPU), temperatures, and
proportions of catalyst were tried, they did not provide better
results.15

Interestingly, increasing the catalyst proportion to 100 mol
% did not improve the yield, but actually produced lower
yields compared to the same reaction in which only 20 mol
% L-proline was used (entries 5 and 3, respectively, Table
1). Although we also tried three other proline-related
organocatalysts under similar conditions,16 they did not
provide the desired fluorinatedγ-amino alcohols; the only
isolable reaction product was the amine derived from imine
reduction.

Our next objective was to examine the scope of this
methodology. We thus tried the reaction with several other
fluorinated aldimines [RF ) C2F5 (1b), CF2Cl (1c), PhCF2

(1d)], successfully demonstrating its efficacy in indirect
Mannich-type reactions. Although the reaction yields here
were not substantially higher than in our earlier attempts,
we found the selectivity in the formation of reaction products
to be outstanding in all cases (syn/anti dr> 19:1, ee 99%,
entries 6-8, Table 1). Additionally, between 10 and 20%
of the amine derived from the reduction of unreacted imine
was consistently isolated in all cases.

To determine the absolute configuration of the condensa-
tion products,γ-amino alcohols2 were isolated and purified
by means of flash chromatography. Their structures were
corroborated through spectroscopic analyses (1H, 19F, 13C
NMR) and compared with previous results.17 A suitable
single crystal of2c was thus obtained, and its relative and
absolute configuration was assigned as (2S,3S).18 The
absolute configuration of compounds2 was confirmed by
means of chemical correlation with the corresponding
γ-fluorinated â-amino ester of (-)-8-phenylmenthol3,11b

which was reduced with LiAlH4 at low temperature (-45
°C) followed by aqueous treatment to yield a compound
identical in all respects to (2S,3S)-2a(Scheme 3).

The stereochemical outcome of the reaction can be easily
understood by taking into account the model proposed in
the case of nonfluorinated aldimines (Figure 1).4,19

Finally, to conclude our investigation of the scope of this
reaction, we decided to introduce diversity into theR-alkyl
chain through the reaction of trifluoroacetaldimine1a with
different aldehydes. When the reaction was carried out under
the same optimized conditions as for propanal (see Table 2)
with other aldehydes such as butanal, 3-phenylbutanal, and
4-pentenal, the corresponding amino alcohols2e-g were
successfully isolated with high diastereoselectivities (syn/

(15) It is worth noting that the alternative preparation of compounds2
through a Mannich-type addition of lithium ester enolates to trifluorom-
ethylimines1 led only to a racemic mixture ofâ-amino esters in moderate
yield (38%) and with low diastereoselectivity (de 28%). See ref 11b.
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synthesized in racemic form as described in ref 11. For details, see
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Table 1. Preparation of Fluorinatedγ-Amino Alcohols2 from
Propanal and Aldimines1

entrya RF time (days) 2 yieldb (%) syn/antic ee (%)

1d CF3 6.5 2a 45 96:4 99e,f

2 CF3 3 2a 41 96:4 99e,f

3 CF3 6.5 2a 50 96:4 99e,f

4g CF3 6.5 ent-2a 48 96:4 99e,f

5h CF3 3 2a 12 96:4 99e,f

6 C2F5 3 2b 32 97:3 99e

7 ClCF2 3 2c 35 96:4 99e,f

8 PhCF2 3 2d 40 95:5 99e

a Reaction conditions: 1 M solution of1 in NMP, 2 equiv of propanal,
20 mol %L-proline,-20 to 0°C. b Isolated yield.c Determined by means
of 19F NMR. d Performed with 5 equiv of propanal.e Determined by means
of chiral HPLC (Chiracel OD column, hexane/2-propanol 95:5 eluent, flow
rate 1 mL/min).f Determined by means of chiral GC-MS (Ciclodexâ
column, 3 min at 130°C, then 1°C/min increase to 210°C). g D-Proline
instead ofL-proline was used.h Performed with 100 mol %L-proline.

Scheme 3

Figure 1.
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anti dr> 24:1), excellent enantioselectivities (99% ee), and
moderate yields after NaBH4 reduction and flash chroma-
tography purification of the crude reaction mixtures.20

We also decided to check how easy it would be to obtain
a fluorinatedâ-amino acid derivative instead of the corre-
spondingγ-amino alcohol. Thus, imine1a was condensed
with propanal in the same conditions as in entry 1, Table 2,
to yield a crude Mannich condensation product, which was
first dissolved in aqueoust-BuOH and then treated with
NaClO2, 2-methyl-2-butene, and NaH2PO4 to yield the crude
fluorinated â-amino acid after standard aqueous workup
(Scheme 4).21 This acid, in turn, was dissolved in MeOH

and treated with TMS-diazomethane to give crude ester4,
which was present in a syn/anti dr 97:3. Flash chromatog-
raphy purification allowed for the isolation of puresyn-4in

47% yield. This compound showed an ee of 98% in chiral
HPLC analysis. In conclusion, our method can be used to
obtain syn-γ-fluorinated,R-alkyl â-amino esters easily and
with high diastereo- and enantioselectivities.

The results for our proline organocatalyzed cross-Mannich
reactions between aliphatic aldehydes and fluorinated imines
cannot be directly compared with those for nonfluorinated
aliphatic imines, because they have not been described for
the reasons discussed above. When compared with similar
reactions in which imines from aromatic aldehydes were
used, both higher diastereo- and enantioselectivities are
observed in our case, albeit with lower yields.22 Finally, the
stereochemical outcome is the same: in both cases, the
condensation is very predominantly syn, and the enantiomer
with the same configuration is obtained whenL-proline is
used as a catalyst.

In summary, we have developed the most direct and
convenient strategy to date for the synthesis of chiral,
nonracemic acyclic fluorinatedR-alkyl â-amino acid deriva-
tives. Our approach involves a convenient Mannich conden-
sation of fluorinated aldimines with aliphatic aldehydes in
the presence ofL- or D-proline, followed by reduction of
the crude reaction mixture with NaBH4. In this way,
γ-fluorinated â-amino alcohols are obtained with high
diastereo- and enantioselectivity. This synthetic approach
greatly improves upon previous results11 and allows for the
introduction of diversity not only into theγ-fluoroalkyl chain
but also into theâ-alkyl group. Although the reaction yields
are only moderate, we believe that the ease of preparation,
along with the immediate availability and low cost of the
starting products, makes this reaction the procedure of choice
for the preparation of chiral, nonracemic fluorinatedγ-amino
alcohols.
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Table 2. Preparation of Fluorinatedγ-Amino Alcohols2 from
Aldimines 1 and Other Aldehydes

entrya R3 2 yield (%)b syn/antic ee (%)

1 Me 2a 41 96:4 99d,e

2 Et 2e 31 >99:1 99e

3 PhCH2 2f 35 >99:1 99d

4 CH2dCHCH2 2g 40 96:4 99d

a Reaction conditions: 1 M solution of1a in NMP, 2 equiv of propanal,
20 mol %L-proline,-20 °C for 1 day,-10 °C for 1 day, 0°C for 1 day.
b Isolated yield.c Determined by means of19F NMR. d Determined by means
of chiral HPLC (Chiracel OD column, hexane/2-propanol 95:5 eluent, flow
rate 1 mL/min).e Determined by means of chiral GC-MS (Ciclodexâ
column, 3 min at 130°C, then 1°C/min increase to 210°C).

Scheme 4. Preparation of the Fluorinatedâ-Amino Estersyn-4
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