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A concise synthesis of both enantiomers of  a-Tfm-proline and ( S)-a-Tfm-prolinol from ethyl trifluoropyruvate is reported. The key step is a
diastereoselective allylation reaction of ethyl trifluoropyruvate and ( R)-phenylglycinol-based oxazolidines or imine. The lactone obtained by
cyclization of the resulting hydroxy ester proved to be a valuable intermediate for the synthesis of ( S)-o-Tfm-allylglycine and ( S)-a-Tfm-
norvaline in enantiopure form.

Substituted prolines have gained considerable interest inprolyl bond$ and, very recently, for the design enzyme
recent years. These conformationally constrained amino acidsinhibitors2® There are a number of methods describing the
constitute one of the most powerful tools to control the synthesis of fluoro-substituted prolines in various positions
conformation of the peptide backbone for investigating of the pyrrolidine ring} but very little is known about the

structure—activity relationship's.

i i i (2) (a) Golbik, R.; Yu, C.; Weyher-Stingl, E.; Huber, R.; Moroder, L.;
Particularly, fluorinated analogues of proline have attracted o o8\ s bt 2 Tt P00 44, 1602616034, (b)
special interest to control the eitrans isomerization of the  |mprota, R.; Benzi, C.; Barone, \J. Am. Chem. So@001,123, 12568—
12577. (c) Renner, C.; Alefelder, S.; Bae, J. H.; Budisa, N.; Huber, R;
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Quancard, J.; Lavielle, S.; Chassaing, Targets Heterocycl. Sys2004, (3) (&) Chen, L.; Kim, Y. M.; Kucera, D. J.; Harrison, K. E.; Bahmanyar,
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Scheme 1. Synthesis of Ethyl Trifluoropyruvate Based Imine
1 and Oxazolidine®
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introduction of a fluorinated group in the-position® The
formation of racemic ethyd-difluoromethylproline ester was
recently reported.

However, despite their potential interest, thdfm-proline
and the corresponding-Tfm-prolinol have never been

reported even in the racemic series. We present here th

Table 2. Allylation Reaction of Oxazolidine2

Ph, N
AllyITMS o CFs
HN O 3
Lewis acid, N CO,Et
F3C><COzEt CH,Cly, 1t H 2
OH
2 4
entry dr of 2¢ Lewis acid yield (%)? of 4 dr¢
1 60:40 TMSOTS (0.1 equiv) no reaction
2 65:35  TiCl4 (2 equiv) 87 63:37
3d 65:35  BF3-OEt; (2 equiv) 86 73:27
4 100:0 BFs5-OEtq (2 equiv) 92 69:31
5¢ 75:25  BF3-OEtz (2 equiv) 91 75:25

aMeasured by'F NMR after chromatographic separatidrisolated
yield. ¢ Measured by!F NMR of the crude reaction mixturé A low
conversion of the oxazolidinoccurred when Snglvas used as the Lewis
acid. ® Reaction performed on 5.79 g scale with 2 equiv of allylITMS.

2 Were obtained as a 75:25 diastereomeric mixture from (R

synthesis of these promising compounds in enantiopure form,Phenylglycinol under PPTS catalysis in 65% yi€ldoth

Among the various methods reported in the literafittes

oxazolidine diastereomers could be easily separated by

addition of organometallic species to trifluoropyruvate-based chromatography on silica gel.

chiral imines proved to be a valuable approach for the
synthesis ofx-trifluoromethyla-amino acids (effm AAs).8
In the course of our studies, we recently reported thei

The allylation reaction with allyltrimethylsilane under
Lewis acid activation was first investigated starting from the

¢ imine 1 (Table 1).

stereoselective synthesis using a Strecker-type reaction on Conversely to the Strecker-type reactfonp reaction

chiral CR-oxazolines or imines as the key stej/e now
report a complementary strategy involving the allylation
reaction of trifluoropyruvate and (R)-phenylglycinol-based
imines and oxazolidines which would constitute a straight-
forward route toa-Tfm-proline. The R)-phenylglycinol
chiral auxiliary was chosen because of its versatility. It can
be removed either by hydrogenolysis or Pb(QAmatment.
Moreover, both diastereomers of phenylglycinol are com-
mercially available. The starting iming was very con-
veniently prepared from ethyl trifluoropyruvate ar@-
TBDMS (R)-phenylglycinol (Scheme 1). The oxazolidines

Table 1. Allylation Reaction of Iminel

Ph
N/_\/OTBDMS CFs
| AllyITMS (3 equiv.) :
FaC” "COEt Lewis acid, COEt
CH,Cl, tt OX
1 X=TBDMS, 3
X=H, 4
entry Lewis acid product yield (%)* dr?
1 Yb(OTf)s (0.1 equiv) no reaction
2 BF3-OEt; (2 equiv) 3+4 38 (3) 85:15
40 (4) 84:16
3 SnCly (1.25 equiv) 3 72 77:23

a|solated yield? Measured by°F NMR. The §R) configuration of the

major diastereomer was assigned by correlation with the coresponding amino

acid configuration (vide infra).

occurred in the presence of a catalytic amount of Yb(@TT)
However, the allylation reaction was efficiently promoted
by 2 equiv of BR-Et,O to give the expected silylated allylic
amino esteB in 38% yield (85:15 dr) along with unprotected
product4 in 40% yield (84:16 dr) (Table 1, entry 2). The
protected compoun8was obtained in 72% yield (77:23 dr)
when the reaction was carried out in the presence of 1.25
equiv of SnCj (Table 1, entry 3).

In a similar manner, the allylation reaction was performed
starting from the oxazolidine® (Table 2).

In opposition to the Strecker-type reaction, no allylation
occurred in the presence of a catalytic amount of TMSOTf
(Table 2, entry 1). However, the allylation reaction from the
oxazolidine diastereomeric mixtuie proceeded smoothly
at room temperature when TiCbr BR;Et,O was used as
the Lewis acid. The expected allylic amino estdrgvere
obtained in 87—92% vyield (Table 2, entries 2—5). It should
be noticed that almost the same diastereomeric mixture of
compounds} was achieved whatever the initial oxazolidine

Scheme 2. Cyclization of 3 and4 into Lactone5
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Scheme 3. Configurationnal Assignments and Synthesis of
(S)-o-Tfm-a-allylglycine and (S)-a-Tfm-norvaline in
Enantiopure Form
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2 ratio was. This observation strongly suggests that the same

iminium is formed starting from both oxazolidine and,
consequently, their separation is useless. &) config-

a-allylglycine (§-6 obtained after saponification and removal
of the (R)-phenylglycinol side chain (Scheme 3). The optical
rotation of (S)-6was consistent with the literature data
reported for the R)-enantiomef. Additionally, the hydro-
genolysis of §,R)-5provided a very convenient access to
the novel G)-Tfm-norvaline (S)-8in enantiopure form
(Scheme 3). To our knowledge, this constrainettifluo-
romethyl amino acid has never been reported before in
nonracemic form.

With the chiral allyl morpholinonés in hand, we then
investigated its transformation into our synthetic targets
o-Tfm-prolines anda-Tfm-prolinol in a few steps. The
morpholinoneb was first subjected to a 9-BBN hydroboration
reaction to give the alcoh@in 90% vyield (Scheme 4). The
cyclization of9 building the pyrrolidine five-membered ring
was conveniently achieved by means of iodine substitution
or mesylate activation of the hydroxy group. It should be
noticed that, at this stage, the two bicyclic diastereorirs
were very conveniently separated by silica gel chromatog-
raphy'? to give R,S)-10in 64% isolated yield andR,R)-10
in 14% isolated yield.

The clean removal of theR)-phenylglycinol chiral aux-
iliary of diastereomerically pureR,S)-10with standard

uration assignment of the major diastereomer (vide infra) is hydrogenolysis condition% furnished the expected enan-

in agreement with the less hindereel face attack of the
intermediate iminium we already proposgdit this point
the chromatographic separation &,8)-4and (R,R)-4vas
quite difficult. Fortunately this separation was easier after
cyclization into morpholinones (Scheme 2).

The (R,S) configuration of the pure mafdiastereomer
was assigned by correlation with the correspondingrfsh-

tiopure (S)-a-Tfm-proline (S)-1in 70% vyield. Following
the same procedure, enantiopuR)-o-Tfm-proline (R)-11
was obtained from the diastereomerically puReR)-10. As
(S)-phenylglycinol is also commercially availabld?){11
could be alternatively prepared from the correspond®lg (
imine or oxazolidine. Furthermore, the enantiomerically pure
(S)-a-Tfm-prolinol (S)-12was efficiently obtained in 84%

Scheme 4. Concise Synthesis of Both Enantiomersooflfm-
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yield from the lithium aluminum hydride reduction of the
(S)-a-Tfm-proline (S)-11.

Supporting Information Available: General experimen-
tal methods, complete experimental procedures, and char-

In conclusion, we have successfully developed a straight- acterization data for all compounds. This material is available

forward synthetic route for the synthesis of novel highly
constrainedx-trifluoromethylo-amino acids in enantiopure
form from chiral trifluoropyruvate-based imine or oxazo-
lidines. Further investigations about synthetic applications
of enantiopureo-Tfm-proline anda-Tfm-prolinol are un-
derway and will be reported in due course.
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