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The synthesis of the title compound is described through
original and tailored synthetic protocols. The addition of
vinylmagnesium bromide to CFs-N-aryl and N-alkyl aldi-
mines was efficient and did not require an activating
N-substituent. The resultant CFj-allylamines were con-
verted in an efficient and completely stereoselective route
to syn CFs-epoxides 3 via formation of bromhydrins 8. The
same sequence performed from the aldimine substituted
with the methyl ether of the (R)-phenylglycinol provided the
homochiral (R,R)-amino epoxide (de >98%). This study has
allowed access to the novel racemic and homochiral triflu-
oromethyl f-amino epoxides, analogues of key precursors of
various HIV protease inhibitors.

Introduction

Peptidomimetic binding units 1a or 1b where R is a
benzyl or an isopropyl group are present in most HIV-1
protease inhibitors used in advanced clinical trials or in
tritherapies! and in inhibitors of other proteases such as
cathepsin D? and plasmepsins.?

Both types of diamino alcohols 1 can be easily accessed
from a common precursor, the amino epoxides 2, which
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are versatile intermediates for the synthesis of a variety
of highly functionalized compounds (Scheme 1).

The need still exists to find new protease inhibitors to
improve selectivity toward homologous proteases, fight
against problems associated with the development of
drug-resistant strains, and limit secondary effects.

While structural diversity can be easily introduced
through combinatorial libraries based on core units 1, a
modulation of the central unit has still to be explored.

Considering that strategies using specific properties
of fluorine have resulted in the production of effective
biomedical tools or drugs for numerous therapeutic
targets,” the design of new inhibitors based upon a
fluorinated hydroxyethylamine scaffold could be of ben-
efit. Fluorinated amino acids® and peptidomimetic units®?
can exhibit attractive features: a higher resistance to
oxidative® and proteolytic degradation,® a better bioavail-
ability, conformational restrictions on the peptide chain,
and modification of binding properties through modula-
tion of the pK, of adjacent functionalities.!® These specific
properties have been largely exploited for the design of
fluorine-containing protease inhibitors.!!
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Furthermore, fluoroalkyl groups can mimic the side
chain (phenyl, benzyl, or isopropyl) of hydrophobic amino
acids,? and this can be a powerful tool for optimizing the
binding properties with proteases that exhibit a prefer-
ence for a large hydrophobic P'-residue. Difficulty in this
case resides in the synthesis of a novel class of peptido-
mimetics containing a fluoroalkyl stereogenic center.

Our efforts have thus been focused on the preparation
of trifluoromethyl epoxides 3, which could undergo ring
opening leading to various central units based on triflu-
oromethyl amino alcohols, analogues of 1.

Results and Discussion

Extensive literature has been devoted to the synthesis
of non-fluorinated o-amino epoxides 2. Among them, the
ring closure of diols is a versatile method to provide
different stereomers of epoxides 2.! However, these
classical approaches could not be applied to dihydroxyl
trifluoromethylamines, which are easily accessible from
the known ethyl 3-trifluoromethyl-isoserinates 4.!3 For
example, intramolecular mesylate displacement, or Mit-
sunobu reaction, led to mixtures of products, which we
were unable to elucidate (Scheme 2).14

We thus turned to a direct epoxidation of double bond,
which first required an easy access to allylamines 5
(Scheme 3).

Allylamines were previously prepared by reaction of
vinylmagnesium bromide with the activated N-acyl-1-
chloro-2,2,2-trifluoro ethylamine.'® Recently, a similar
approach involving the addition of a vinyl trifluoroborate
to a trifluoromethyl iminium salt was reported.’® An
alternative approach is the trifluoromethylation of un-
saturated N-sulfinimines or N-tosyl imines.!” Otherwise,
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SCHEME 4. Allylation Reaction on
Trifluoroaldimines 6a,b
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the unsaturation could also be indirectly introduced from
fluorinated f-amino sulfones by a desulfonylation reac-
tion.'® Our objective was to perform a direct addition of
an organometallic agent, a process that, so far, has not
been explored for nonactivated trifluoromethyl aldimines
6.

The reaction of vinylmagnesium bromide (1.2 equiv)
was investigated with the trifluoromethyl aldimines 6a
(N-benzyl) and 6b (N-para-methoxyphenyl) (Scheme 4).

As already observed with non-fluorinated imines,
diethyl ether was found to be the best solvent for this
reaction: with 1.2 equiv of the vinyl Grignard, in ether
at 0 °C, the allylamines 5a and 5b were isolated in 95%
yield. In toluene, the reaction rate was slower, and in
THEF, the reaction was incomplete. The next step involved
protection of the nitrogen in order to attempt epoxidation
reaction with mCPBA.2° The usual protection conditions
with BocyO or CbzCl failed with amines 5. Finally,
N-acylamines 7a,b could be obtained in good yield after
treatment of 5a,b with acetic anhydride at reflux (Scheme
5).

However, trifluoromethyl allyl amides 7 were found to
be completely unreactive toward epoxidation with mCP-
BA in CHCl; at 0 °C, even at reflux. This poor reactivity
of the double bond can be explained by the presence of
the amide group and the [ effect of the electron-
withdrawing CF3 group.

At this stage, we had to explore again indirect forma-
tion of epoxides, through ring closure of bromhydrins.
Treatment of the allylamine 7a with Bry in CHCly,
followed by hydrolysis, resulted in a clean reaction,
providing remarkably only one bromhydrin 8a as a single
regio- and stereoisomer (1°F NMR analysis) in an excel-
lent yield (98%). 'H NMR and '3C NMR data indicated
that bromine was located at the terminal position, which
corresponds to the ring opening of the bromonium ion A
at the more hindered center (Scheme 6), expected in a
Sn1-type reaction. However, such a process was assumed
to be unfavorable because of S-electron-withdrawing
substituents. Furthermore, an Sy1 reaction may proceed

(17) (a) Prakash, G. K. S.; Mandal, M.; Olah, G. A. Org. Lett. 2001,
3, 2847—2850. (b) Kumadaki, I.; Jonoshita, S.; Harada, A.; Omote, M.;
Ando, A. J. Fluorine Chem. 1999, 97, 61—63. (c) Nelson, D. W.; Owens,
J.; Hiraldo, D. J. Org. Chem. 2001, 66, 2572—2582.
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Galvez, J. A. Eur. J. Org. Chem. 2003, 2268—2275.

(20) Epoxidation reaction from nonprotected amine 5a with mCPBA
was attempted but afforded a mixture of products.
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without a high level of stereoselectivity. An alternative
Sn2-type ring opening would occur at the least hindered
carbon. The opposite regioselectivity suggests an inter-
mediate that involves the intramolecular ring opening
of the bromonium ion by the N-acyl group. Under
hydrolysis, it is likely that an addition to the iminium
salt occurred, rather than substitution. Similar halolac-
tonizations are known for N-Cbz and N-Boc groups?! and,
to a lesser extent, for amides.2? In these reactions, the
trans isomer is preferentially formed. It is assumed that
the unsuccessful preparation of epoxides 3 from the
corresponding diols (Scheme 2) was the result of a similar
side reaction, among others. This mechanism easily
explains the regioselectivity, with the formation of a five-
member ring intermediate B (5-exo-tet), more favored
than that of a six-member ring (6-endo-tet). The genera-
tion of a single stereomer is the result of a stereoselective
formation of the initial bromonium ion, which was not
anticipated, and a stereoselective bromonium ring open-
ing, by an anti addition of the acyl group. A concerted
process generating directly the intermediate B from the
amine 7a cannot be ruled out.

Further experiments allowed us to assign the syn
configuration to 8a (vide infra). It can thus be assumed
that the initial bromine attack to 7a occurred opposite
to the hindered amide substituent (Newman’s view in
Scheme 6). The same reaction performed with the allyl-
amine 7b also provided the bromhydrin 8b in good yield
and with an excellent regio- and stereoselectivity.

The cyclization of bromhydrins 8a,b into epoxides was
performed under basic conditions, with £BuOK in THF
at 0 °C offering the best conditions. With 8a, a partial
deacetylation occurred, and 2.2 equiv of base was used
to achieve a complete deprotection leading to the CFs-
epoxide 3a, which was isolated in 80% yield. From 8b,
the epoxide was obtained without any deacetylation
(Scheme 7).

(21) Agami, C.; Couty, F. Tetrahedron 2002, 58, 2701—2724.
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SCHEME 8. Synthesis of the Chiral
Trifluoromethyl Epoxide 3¢
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The overall sequence was then applied to the chiral
imine 6¢, prepared from the fluoral and the methyl ether
of the (R)-phenylglycinol. We have recently shown that
this chiral N-substituent induced high diastereoselectiv-
ity in allylation reactions with trifluoromethyl aldi-
mines.?? The addition of the vinyl reagent to the imine
6¢ proceeded smoothly at 0 °C in 1 h and provided the
allylamine 5¢ in good yield (86%) and with an excellent
diastereoselectivity (>98%): only one diastereomer was
detected in 'H and F NMR spectra of the crude product
(Scheme 8).

The N-acylamine 7¢ was obtained by treatment of 5¢
with acetic anhydride and 10% of InCls, at reflux (52%).
Formation of bromhydrin 8¢ and its further cyclization
were performed under the above-described conditions and
led to epoxide 3¢ in 65% yield and with high diastereo-
selectivity (>98%). In this experiment, the intermediate
B could be observed and characterized by NMR before
hydrolysis.

The configuration of chiral compounds could not be
established at this stage. Epoxide 3¢ was thus converted,
by heating, into the azetidinol 9¢, quantitatively obtained
as a single diastereomer (one signal in °F NMR) (Scheme
9). Its crystallization (84% yield) afforded a suitable
crystal for X-ray diffraction analysis,?* which revealed the
syn configuration between carbons 2 and 3 (2R,3S).
Hence, the configuration of 3¢ is syn R,R.

The stereochemical course of the vinylation reaction
can now be rationalized: from the cis-aldimine 6¢, the
trifluoromethylamine was obtained with creation of an
R chiral center, thus confirming that, after coordination
of N and O with the metal, the vinyl moiety was delivered
from the face opposite to the phenyl group, as already
observed in the non-fluorinated series.?

(22) (a) Bongini, A.; Cardillo, G.; Orena, M.; Sandri, S.; Tomasini,
C.dJ. Chem. Soc., Perkin Trans. 1 1985, 935—939. (b) Rozners, E.; Liu,
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Conclusion

In conclusion, this study has allowed access to the
novel racemic and homochiral trifluoromethyl f-amino
epoxides, analogues of key precursors of various HIV
protease inhibitors. Classical routes giving access to these
epoxides in the non-fluorinated series could not be
applied to the trifluoromethyl compounds, and new
routes had to be developed. We have shown that the
addition of vinylmagnesium bromide to CFs-N-aryl and
N-alkyl aldimines was efficient and did not require an
activating N-substituent. The resultant CFs-allylamines
were converted in an efficient and stereoselective route
to novel syn-CF3-epoxides 3 via formation of bromhydrins
8. The same sequence performed from the aldimine
substituted with the methyl ether of the (R)-phenylgly-
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cinol provided the homochiral (R,R)-epoxide (de > 98%).
Synthetic applications of this epoxide are under develop-
ment in our laboratory.
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