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Backbone-homologated amino acids have been synthesized, containing three vicinal fluorine atoms placed stereospecifically along the carbon
chain. Different trifluoro sterecisomers are found to have contrasting conformations, consistent with known stereoelectronic effects associated

with C—F bonds.

The incorporation of fluorine atoms into organic mole-
cules can have a dramatic impact on the substances’
physical and chemical properties.! For example, fluorine
substituents can lead to higher hydrophobicity and greater
metabolic stability, and they can affect the pK, of nearby
functional groups. These effects have been put to good use
in the pharmaceuticals arena: so much so that approxi-
mately 20% of drugs currently on the market are organo-
fluorine compounds.? Fluorine atoms can also affect the
conformations of organic molecules, since the highly
polarized C—F bond participates in a variety of stereoelec-
tronic interactions with adjacent functional groups (1-3,
Figure 1).° This concept has been applied to optimize the
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properties of a variety of organofluorine molecules in which
conformation influences function, such as peptides,*
organocatalysts,” liquid crystals, and bioactive small
molecules.” For example, we have synthesized a,f-
difluoro-y-aminobutyric acids (4, Figure 1);® the different
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Figure 1. Fluorination affects molecular conformation (1-3);
this concept is exploited by 4a/b which have shape-dependent
biological activity. Structure 5 is a target of this work.
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stereoisomers of 4 have different preferred conformations,
and this has led to applications of 4a/b as subtype-selective
GABA receptor ligands and as components of shape-
controlled peptides.”

In a conceptual extension of this work, we recently
became interested in the hypothetical a.f,y-trifluoro-o-
aminopentanoic acid structure (5, Figure 1). We recog-
nized that if such a d-amino acid were incorporated into a
peptide, it would preserve the same backbone length as
a dipeptide of o-amino acids. At the same time, a peptide
containing 5 could showcase all of the stercoelectronic
effects outlined in Figure 1 (i.c., structures 1—3) within the
same molecule. The presence of three vicinal stereocenters
should allow several different isomers (and hence, several
different molecular shapes) to be created, with potential
applications as, for example, S-turn elements in bioactive
peptidomimetics. For these reasons, we were motivated to
attempt a synthesis of some of the stereoisomers of S.

We reasoned that the trifluoro moiety of 5 could poten-
tially be created via a sequential nucleophilic deoxyfluor-
ination approach (Figure 1), based on methods developed
by O’Hagan and co-workers for the synthesis of other
multivicinal fluoroalkane systems in which the fluoroalkyl
moieties are flanked by alkyl, arylalkyl, or tosylate
groups.'®!"! Thus, an epoxy alcohol (7) could be subjected
to deoxyfluorination, followed by epoxide opening with
fluoride, followed by deoxyfluorination of the newly formed
alcohol group, to deliver the required vicinal trifluoro
moiety (6). Meanwhile, we reasoned that the amino group
of 5 should be protected throughout, and that an aryl group

Scheme 1. Synthesis of anti,syn Trifluoroamino Acid 15
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could serve as a latent carboxylic acid until the end of the
synthesis.**®!2 Finally, variation of the stereochemistry of 7
should allow different isomers of 5 to be created.

We initially targeted the anti,syn diastercoisomer 15
(Scheme 1). Cross-metathesis of the enantiopure allylic
alcohol 8'* with excess N-allylphthalimide delivered the
disubstituted alkene 9 in good yield and exclusively as the
E isomer. Asymmetric epoxidation'® of 9 then furnished
the epoxy alcohol 10 in good yield and with a diastereoiso-
meric ratio of greater than 99:1. The stage was now set for
10 to undergo three sequential nucleophilic fluorination
reactions.'® The first fluorination was performed by treat-
ing 10 with bis(2-methoxyethyl)aminosulfur trifluoride
(DeoxoFluor), and this delivered the benzylic fluoride 11
in excellent yield. Benzylic deoxyfluorination reactions are
often challenging due to competing Sy2 and Sy reaction
mechanisms, but in this case the presence of an aryl nitro
group, along with the additive TMS-morpholine,'® ensured
that the Sy1 mechanism was suppressed and the fluorina-
tion occurred with clean inversion of stereochemistry.

The second fluorination reaction (11—12, Scheme 1)
was also challenging, due to the forcing conditions re-
quired to effect epoxide ring-opening. After considerable
optimization, we found that treatment of 11 with neat tri-
ethylamine trihydrofluoride under microwave irradiation
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Scheme 2. Synthesis of all-syn Trifluoroamino Acid 20
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delivered the desired difluoro alcohol 12, along with the
regioisomeric  a,3-difluoro-y-hydroxy compound (not
shown), in moderate combined yield. The regioisomers
of 12 were inseparable, but this was inconsequential be-
cause when both compounds were subsequently treated as
a mixture with neat DeoxoFluor, they converged to deliver
the desired anti,syn trifluoro product 13 in good yield. The
aryl nitro group played another important role during the
conversion of 12 into 13: it suppressed neighboring group
participation of the aryl group, a process which has caused
undesired 1,2 aryl migration in related homobenzylic
deoxyfluorination reactions with systems lacking a nitro
group.®!?

With the trifluoro compound 13 in hand, the final task
was to oxidize the aryl moiety to give the target carboxylic
acid 15. However the nitro group of 13, having served a
valuable purpose to this point, now posed a complication
because only electron-rich aromatic groups are readily
oxidized to carboxylic acids.'? Therefore, we resolved to
convert the nitro group of 13 into the corresponding
aniline via hydrogenation. Isolation of the aniline deriva-
tive was not possible because it was susceptible to benzylic
defluorination,'® but performing the hydrogenation reac-
tion in acetic anhydride as solvent allowed us to trap the
hydrogenated product as the corresponding acetanilide 14
in good yield. Finally, we were gratified to discover that 14
could be readily converted into the target carboxylic acid
15, albeit in moderate yield due to difficulties associated
with the chromatographic purification of 15.

Having successfully completed the synthesis of the anti,
syn trifluoro amino acid 15 (Scheme 1), we next turned our
attention to the all-syn target 20 (Scheme 2). This required
as the starting material the all-syn epoxy alcohol 17.
We discovered that 17 could not be obtained directly via
a Sharpless asymmetric epoxidation reaction,'* due to
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Figure 2. Crystal structures of the diastereoisomeric trifluoro
compounds 13 and 19 and selected coupling constants from the
corresponding '"H NMR spectra.

a substrate—catalyst mismatch effect. However, we were
able to employ 16 as an alternate starting material
(Scheme 2), and inversion of the alcohol stercocenter via
a Mitsunobu hydrolysis sequence'” successfully delivered
the requisite compound 17. The first fluorination reaction
provided fluoroepoxide 18 in good yield, along with a
small quantity of the Sn1 product (not shown). The
fluoroepoxide 18 was then carried through a four-step
sequence analogous to that described in Scheme 1, to
eventually deliver the all-syn target 20.

Having completed our synthetic efforts, we were inter-
ested to compare the conformational behavior of the newly
created, isomeric trifluoro motifs. We initially focused our
attention on the precursors 13 and 19, since both of these
compounds are crystalline solids that were amenable to
X-ray crystallographic analysis (Figure 2). A clear contrast
is immediately evident in the overall backbone conforma-
tions of 13 and 19 in the solid state. The anti,syn isomer 13
adopts an extended zigzag conformation, which places the
B-C—F and y-C—F bonds gauche to one another (64°) and
the y-C—F bond gauche to the vicinal C—N bond (63°).
These observations accord with the known preference
of C—F bonds to align gauche to vicinal electronegative
substituents (e.g., 3, Figure 1).* The o-C—F and p-C—F
bonds of structure 13 are aligned anti (177°), but this is
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unsurprising because the other possible staggered confor-
mers about the Ca—Cf bond of 13 would incur dipolar or
steric repulsions (e.g., 2, Figure 1).

The solid-state conformation of the all-syn isomer 19
(Figure 2) is very different from that of 13. The carbon
backbone of 19 has a bent geometry, which places all of the
vicinal C—F and C—N bonds gauche to their neighbors
(59°,72°, 66°) while avoiding parallel 1,3-C—F alignments.
The bent structure of 19 is reminiscent of geometries pre-
viously observed in other all-syn multivicinal fluoroalka-
nes,®! ¥ and is fully consistent with the known conforma-
tional effects associated with C—F bonds (Figure 1).?

To confirm that the observed conformations of 13 and
19 (Figure 2) are intrinsically preferred by the fluoroalkyl
chains rather than being an artifact of crystal packing
forces, we analyzed the "H NMR solution spectra of 13 and
19 (Figure 2). The vicinal H,H and H,F coupling constants
of 13 all clearly fall within ranges typically associated with
either gauche or anti alignments,'” and in every case the
suggested dihedral angle is fully consistent with the solid-
state structure. This confirms that the extended structure
is the intrinsically preferred conformation of 13, and that
there is relatively little conformational disorder even in
solution. For compound 19, the overall pattern of larger
and smaller coupling constants once again suggests that
the crystal structure accurately represents the minimum
energy conformation. However, the coupling constants
of 19 are somewhat more intermediate in magnitude than
those of 13, suggesting that more conformational aver-
aging may be occurring for 19.

Elucidating the conformational behavior of amino acids
15 and 20 is not straightforward because they are not
crystalline solids and their NMR spectra contain broad
and overlapping NMR signals. However, a preliminary
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J-based analysis suggests that the different trifluoro amino
acid isomers also have contrasting conformations: the anti,
syn trifluoro amino acid 15 seems to adopt an extended
geometry while the all-syn isomer 20 prefers a bent shape.*”
Further work is ongoing in our laboratory to more com-
prehensively investigate the conformations of these amino
acids and their analogs.

In summary, we have synthesized two novel d-amino
acid derivatives (15, 20), each of which contains three
vicinal fluorine atoms placed stereospecifically along the
backbone. Notable features of our synthetic approach to
these small but densely functionalized targets include
the successful stereochemical control throughout, and an
expedient method for converting a nitroaryl moiety into a
carboxylic acid group. The conformations of two precur-
sor trifluoro compounds (13, 19) have been compared
in the solution and solid states, and it emerges that the
different diastereoisomers have strikingly different confor-
mations, consistent with known stereoelectronic effects
associated with C—F bonds. This suggests that the amino
acids 15 and 20 may have valuable applications as compo-
nents of shape-controlled bioactive peptides in the future.
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