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Abstract

Herein are studied new aspects of enantioselective (1,3) proton transfer of ethyl-4,4,4-trifluoroacetoacetate (ETFAA) amino derivatives. When
catalyzed by an appropriate chiral base, ee’s as high as 71% are observed. Special emphasis is given to mechanistic insights of the reaction by use of
deuterated derivative. All results converge on a deprotonation as both rate and asymmetric determining step. This study opens a new route to

trifluoromethylated chiral building blocks.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Special features of the fluorine atom make it attractive for
the design of analogs of biologically important compounds. It is
well known that the introduction of fluorine atom strongly
modifies the biological and pharmacological activity in a
molecule [1]. The isosteric and isoelectronic nature of the
fluorine to the hydroxyl group renders fluorinated analogs as
useful pharmacological lead compounds. Today, it is estimated
that about 20-25% of drugs contain at least one fluorine atom
[2].

To obtain fluorinated compounds, two main strategies can be
followed: the first one consists in the synthesis of an
unfluorinated precursor of the target molecule, followed by
introduction of fluorine at a late stage of the synthesis using
fluorinating methodologies. The other strategy is to use fluorine
containing starting materials. In this respect, ethyl-4,4.4-
trifluoroacetoacetate (ETFAA) is a good candidate since it is
easy to handle and readily available.
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B-Amino acids are of great importance because of their
biological properties, their occurrence in natural products and
as convenient precursors for 3-lactams [3].

Taking into account the potential of both fluorinated
compounds and [(3-amino acids, it is of great interest to
synthesize B-fluorinated (3-amino acids in an asymmetric way
[4]. The base-catalyzed 1,3-proton shift reaction ((1,3)PSR)
allows the isomerization of imines 1 to imines 2 to take place
(Fig. 1).

As stated by Soloshonok et al. [S], the overall process
leading to B from A consists in a biomimetic transamination, in
which there is no need for any added reducing agent (Fig. 1). By
conducting this reaction with 3-keto esters as starting materials,
[B-amino acids are synthesized. This reaction was intensively
studied by Soloshonok et al. firstly in its non-asymmetric
version for which high yields were obtained [5,6]. Then, the
diastereoselective version of the (1,3)PSR gave good results
when chiral amine was used (Fig. 2) [7]. However, the
enantioselective (1,3) proton transfer catalyzed by a chiral base
was almost unexplored with only three chiral bases tested [8].
In the case of ETFAA derivative, the best enantiomeric excess
was then obtained with (—)-cinchonidine but was only 16%
(Fig. 2). As our group is interested in enantioselective methods
for the access to fluorinated building blocks [9], we decided to
re-examine the enantioselective version of the (1,3)PSR, a
problem that remains unsolved. If successful, this approach
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Fig. 1. Biomimetic transamination via (1,3) proton shift reaction.
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Fig. 2. General strategies for asymmetric biomimetic transamination.

would be more ““chirally economic” than the diastereoselective
version, in which the inherent drawback is the self-immolation
of the chiral auxiliary (Fig. 2).

2. Results and discussion

A first set of experiments was conducted with enamine 3a,
product of the condensation of ETFAA with benzylamine.

Synthesis of 3a from ETFAA was performed according to
Soloshonok’s conditions [10], and yielded directly the enamine
instead of imine la, because of internal stabilization by
hydrogen bond formation, but (1,3)PSR proceeds via the
tautomeric imine form 1a (Scheme 1).

Reaction conditions were optimized and several chiral bases
derived from cinchona alkaloids tested (Fig. 3). The reaction
rate is very dependent on both the temperature and the nature of
the solvent. The higher the temperature, the faster the
isomerization rate. In the same way, the reaction time is
greatly shortened in a polar solvent. However, we observed that
the enantiomeric excess evolved in the opposite way and is
lowered in those conditions (high temperature, polar solvent).

The screening of chiral bases was therefore performed in
toluene at 110 °C (Table 1).

Worthy of note is that with 3a as starting material, reaction
times are quite long. Among the four cinchona alkaloids, the
best enantiomeric excess (20%) is obtained with cinchonine as
chiral base (Table 1, entry 4). The bis-alkaloid (DHQ),PYR
leads to higher enantiomeric excess (entry 5) and finally the
best result is obtained with an ether derivative, the hydroquinine
4-methyl-2-quinolylether (MQE-DHQN) and reaches 43%
(entry 8).

The best enantiomeric excess obtained here is much better
than the best one in the literature for the enantioselective
(1,3)PSR (43% versus 16%) [8]. However, in order to improve
this promising result, a better understanding of the mechanism
of the reaction was needed. Therefore, we decided to conduct
the reaction with deuterated enamine d-3a, prepared by
reducing benzonitrile with LiAID, and condensing the resulting
deuterated benzylamine with ETFAA following the usual
procedure.

With d-3a as starting material, the (1,3)PSR is performed in
three different kinds of solvents: toluene, acetonitrile and
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Scheme 1. First set of experiments.
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Fig. 3. Chiral bases tested.

butan-1-ol. In all cases, imine d-2a is the only product (Scheme
2); this observation supports a suprafacial deprotonation-
reprotonation mechanism. On the other hand, each time, the
reaction rate is about two times slower with d-3a than with the
hydrogenated starting material 3a: an isotopic effect is
observed and the deprotonation step of the imine d-la is
considered to be the rate determining step. Thus the observation
that the reaction proceeds faster in a polar solvent is rather

Table 1

Screening of chiral bases

Entry  Chiral base Reaction time  Conv. (%)* ee (%)° Conf.°
1 QN 46 h 92 10 S
2 QD 46 h 89 3 R
3 CD 46 h 100 12 R
4 CN 46 h 49 20 S
5 (DHQD),PYR) 5d 14 36 R
6 (DHQ)>,AQN) 25d 67 20 S
7 (DHQ),PHAL) 5d 0 -

8 (MQE-DHQN)  5d 20 43 s

* Conversion was determined by '°F NMR.

° Enantiomeric excess measured by HPLC on chiracel OD-H column with
hexane/iPrOH (99.9/0.1) as eluent.

¢ Absolute configuration determined by hydrolysis into the corresponding
amino acid hydrochloride and comparison of optical rotation with literature data
(see Section 4) [11].

obvious since polarity is expected to favour the deprotonation
step. The fact that a similar result is obtained in protic and in
aprotic solvents suggests that the asymmetric step is based on
an enantioselective discrimination of prochiral benzylic
protons.

As we assumed that the reaction rate depends on the acidity
of the benzylic proton, we decided to study the influence of the
nature of the amine moiety. Increasing the acidity of the
benzylic proton would allow the reaction to be performed in
less drastic conditions in hope of increasing the enantiomeric
excess.

Soloshonok et al. studied this effect for the transamination of
fluorinated [-keto carboxylic ester but only in a non
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Scheme 2. (1,3)PSR with deuterated enamine.
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Table 2

Screening of enamines 3 and chiral bases; best results obtained

Entry Enamine Chiral base Reaction conditions Conv. (%)* ee (%)° Conf.¢
1 3b MQE-DHQN 110°C, 16 h 100 53 S
2 3b MQE-DHQN 80°C, 16 h 100 56 S
3 3b MQE-DHQN 50 °C, 5d 100 56 S
4 3b (DHQD),PYR 80°C, 16 h 100 33 R
5 3b (DHQ),AQN 80°C, 16 h 87 26 S
6 3b (DHQ),PHAL 80°C, 24 h 100 71 S
7 3c MQE-DHQN 50 °C, 48 h 40 54 -
8 3d CN or MQE-DHQN 50 to 110 °C, up to 4 days - - -
9 3e MQE-DHQN 80°C, 20 h 44 21 R

10 3e (DHQD),PYR 80°C, 48 h 15 24 S

11 3e (DHQ),AQN 80°C, 20h 61 33 R

* Conversion was determined by '°F NMR.

® Enantiomeric excess measured by HPLC on chiracel OD-H column with hexane/iPrOH (98/2) as eluent.
¢ Absolute configuration determined by hydrolysis into the corresponding amino acid hydrochloride and comparison of optical rotation with literature data (see

Section 4) [11].

asymmetric way [12]. We decided to perform the (1,3)PSR with
enamines obtained by condensation of ETFAA and p-NO,-
benzylamine (enamine 3b), pentafluorobenzylamine (enamine
3c), benzhydrylamine (enamine 3d), and 9-aminofluorene
(enamine 3e) (Scheme 3).

We first conducted the reaction with the enamine 3b at
different temperatures. The reaction rate, as it was predicted, is
accelerated in comparison with the enamine 3a derived from
benzylamine. The screening of chiral bases revealed quite good
results concerning enantiomeric excess. With the ether
derivative of quinine (MQE-DHQN) a 56% enantiomeric
excess is obtained (Table 2, entry 2) and moreover, the bis-
alkaloid (DHQ),PHAL leads to a 71% enantiomeric excess
(Table 2, entry 6).

With 3b as starting material, we also studied the effect of the
concentration in chiral base on reaction rate. (1,3)PSR is
therefore conducted with 5, 10 and 20 mol% of MQE-DHQN at
80 °C in toluene (Fig. 4).

70
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Fig. 4. Effect of the base concentration on reaction rate.

It seems that the reaction rate depends linearly on the
concentration of base and this result is also in accordance with
the deprotonation being the rate determining step.

Having those promising results, we continued our study with
the other enamines at different temperatures and with different
chiral bases. Best results are summarized in Table 2.

For 3¢, after 48 h, the conversion was only 40% and a 54%
enantiomeric excess was observed (Table 2, entry 7). With 3d,
the reaction did not occur (Table 2, entry 8). In comparison,
with 3e, the isomerization took place. These data can be
rationalized by the fact that in the benzhydrylamine moiety, the
two phenyl rings are allowed to rotate whereas in the
aminofluorene moiety they are blocked. Enamine 3d is
therefore more hindered than 3e and that could explain its
lack of reactivity. With 3e, best enantiomeric excesses were
obtained with (DHQ),AQN but reached only 33% (Table 2,
entry 11). Moreover, for 2b and 2e, configuration of major
isomer, obtained with a same chiral base, is opposite (Table 2:
entry 1 versus entry 9; entry 4 versus entry 10; entry 5 versus
entry 11), whereas the same configuration is obtained for 2b
with 2a when a same chiral base is used (Table 1, entry 8 versus
Table 2, entry 1; Table 1, entry 5 versus Table 2, entry 4). To
explain this observation, we assume that two different kinds of
enantiotopic discrimination can arise. In the case of imine 1a or
1b, bearing a benzyl moiety, there are two prochiral benzylic
protons and therefore, enantiotopic atoms discrimination takes
place (Fig. 5). In the case of imine 1e there is only one acidic
proton and the chiral base leads to enantiotopic face
discrimination (Fig. 5). It should be noted that this observation
is in accordance with the deprotonation being the asymmetric
determining step as stated above.
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3. Conclusion

We studied enantioselective (1,3) proton transfer of ETFAA
derivatives catalyzed by a chiral base. Special emphasis was
placed on the mechanistic aspect of the reaction by use of a
deuterated enamine and all results support a deprotonation step
as both rate and asymmetric determining step.

Both reaction conditions and influence of the nature of the
starting material were considered; the best enantiomeric excess
was obtained with (DHQ),PHAL as chiral base and reaches
71% which is far better than previous results reported in the
literature up to now for organocatalytic enantioselective
(1,3)PSR. This study opens a new route to trifluoromethylated
chiral building blocks. We are currently exploring transforma-
tions of the obtained B-trifluoromethylated B-amino acids for
the construction of various fluorinated targets [13].

4. Experimental
4.1. General

Toluene was distilled from sodium and benzophenone under
argon atmosphere. Acetonitrile and butan-1-ol were distilled on
calcium hydride. Thin layer chromatography was performed
using silica TLC plates (silica gel 60 F254, Merck). Products
were visualized under UV light (254 nm) and then revealed by
potassium permanganate aqueous solution. Flash chromato-
graphies were performed on silica gel column (silica gel Si60
0.040-0.063 mm, Merck).

Infra Red spectra were recorded on a Perkin-Elmer 16PCFT-
IR and wave numbers are given in cm~'. NMR Spectra were
performed on a Bruker Avance 300. Chemical shifts of 'H
NMR (300 MHz) were expressed in parts per million downfield
from tetramethylsilane external standard (6 =0) in CDCls.
Chemical shifts of >C NMR (75.5 MHz) were expressed in
parts per million downfield from CDCI; as internal standard
(8 =77.16). Chemical shifts of '’F NMR (282 MHz) were
expressed in parts per million downfield from CFClj as internal
standard (6 = 0). Coupling constants are reported in hertz (Hz).
Abbreviations used for signals observed are: s for singlet, d for
doublet, t for triplet, q for quartet, dd for double doublet, dt for

double triplet, m for multiplet and b for broad. HPLC analyses
were carried out on either a HP series 1100 using a HP 3395
integrator or a Waters 600 with a Waters 486 UV detector and a
Waters 746 integrator. Chiral columns used are Chiralcel OD-H
and Chiralpak AD-H. Gas chromatography (GC) was
performed on a Hewlett Packard HP 5890A series II using a
Hewlett Packard HP 3396 series II integrator. Mass spectro-
metry was performed on a Shimadzu GCMS-QP2010 in EI or
CI mode. Elementary Analyses were realised on a CE
instruments EA 1110.

4.2. General procedure for the synthesis of enamines,
typical example with enamine 3b: (Z)-ethyl 3-(4-
nitrobenzylamino)-4,4,4-trifluorobut-2-enoate (3b)

A solution of 4-nitrobenzylamine hydrochloride in aqueous
Na,COj; was extracted with dichloromethane. Organic layers
were combined, dried over MgSQ,, filtrated and evaporated
under vacuum. 4-Nitrobenzylamine thus obtained (1.06 g,
7 mmol) was added at room temperature to a solution of glacial
acetic acid (0.42 g, 7mmol) in chloroform (2 mL). After
stirring for 5Smin at room temperature, ETFAA (1.16g,
6.3 mmol) diluted in chloroform (1 mL), was added. The
resultant mixture was refluxed for 2 h followed by evaporation
of the solvent in vacuum. The residue was placed on a silica gel
column and eluted with a mixture of cyclohexane/ethyl acetate
(5/1) to afford the desired product (1.80 g, 90%) as pale yellow
solid.

Ci3Hi3FsN, O, MW =318.25, pale yellow solid,
Mp =68 °C; IR (cm™'): 3275 (NH); 3109, 3083 (CHa);
2997, 2962, 2856 (CH3, CHy); 1676 (dbcys); 1630 (CO); 1605
(dbae); 1516, 1351 (NO,); RMN '°F (CDCls): —66.9 (3F, s);
RMN 'H (CDCl3): 1.28 (3H, t, J=7.2), 4.17 2H, q, J = 7.2),
4.58 (2H, d, J=6.7), 5.24 (1H, s), 7.45 (2H, d, J=8.7), 8.22
(2H, d, J = 8.7), 8.59 (1H, bb); RMN °C (CDCls): 14.3, 47.3,
60.2,87.0(q,J =5.6),120.3(q, J = 277.0), 124.2, 127.7, 145.6,
147.6, 147.9 (q, J=31.0), 169.9; HPLC (Chiracel OD-H,
Hexane/i-PrOH, 98/2, 1 mL min_l, 254 nm): 9.03 min; GC-
MS (EI): 271(100), 245(49), 289(61), 318(M*"); Anal. Calcd.
for C13H 3F3N,04: C,49.06; H, 4.12; N, 8.80; Found: C, 49.05;
H, 4.02; N, 8.74.

4.3. (Z)-Ethyl 3-(benzylamino)-4,4,4-trifluorobut-2-enoate
(3a)

Ci3H14F5NO,, MW = 273.25, yellow oil; IR (cm™'): 3283
(NH); 3031 (CHayo); 2982 (CHs3); 2936 (CH,); 1672 (dbeys);
1632 (CO); RMN 'F (CDCl3): —67.0 (3E, s); RMN 'H
(CDCl5): 1.18 (3H,t, J = 7.1),4.05 2H, q, J = 7.1), 4.39 (2H, d,
J=6.4),5.08 (1H, s), 7.21 (5H, m), 8.37 (1H, bb); RMN 3C
(CDCly): 14.3, 48.1, 59.8, 853 (q, J=5.9), 1204 (q,
J=277.0), 127.3, 127.9, 128.9, 137.8, 148.2 (q, Jc.r = 31.0),
169.9; HPLC (Chiracel OD-H, Hexane/i-PrOH, 99.9/0.1,
1 mL min~!, 254 nm): 14.4 min; GC (BPX5, 23 m, 40 °C
(5 min), 8 °C/min, 280 °C): 16.6 min; GC-MS (EI): 91(100),
200(52), 273(M*"); Anal. Calcd. for C 3H4F5NO,: C, 57.14;
H, 5.16; N, 5.13; Found: C, 57.06; H, 4.98; N, 5.39.
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4.4. (Z)-Ethyl 4,4,4-trifluoro-3-(perfluorobenzylamino )but-
2-enoate (3c)

C13HoFgNO,, MW = 363.20, yellow oil; IR (cm™): 3288,
3232 (NH); 2985 (CH;); 2941, 2901 (CH,); 1675 (dbcys); 1636
(CO); RMN F (CDCl3): —66.9 (3F, s), —143.6 (2F, m),
—153.9 (IE, t, J=20.6), —161.5 (2F, m); RMN 'H (CDCl5):
126 3H,t,J=7.2),4.14 2H, q, J = 7.2),4.54 (2H, d, J = 6.4),
5.19 (1H, s), 8.45 (1H, bs); RMN '*C (CDCl5): 14.3, 35.9, 60.3,
87.5, 110.0, 120.2 (g, J = 276.5), 136.1, 139.6, 143.8, 147.1 (q,
J =131.6), 169.8; HPLC (Chiracel OD-H, Hexane/i-PrOH, 99.5/
0.5, 1 mL min~ ', 254 nm): 7.01 min.

4.5. (Z)-Ethyl 3-[(1-°H) benzylamino]-4,4,4-trifluorobut-
2-enoate (d-3a)

C13H1,D,F3NO,, MW = 275.26, colourless oil; IR (cm_l):
3277, 3232 (NH); 3064, 3030 (CHaso); 2980 (CH3); 2929
(CHy); 1672 (dbcys); 1630 (CO); RMN '°F (CDCly): —67.1
(3F, s); RMN 'H (CDCl): 1.16 (3H, t, J = 7.2), 4.04 (2H, q,
J=17.2),5.08 (1H,s), 7.17-7.29 (5H), 8.35 (1H, bs); RMN '3*C
(CDCl5): 14.4, 47.6 (m), 59.8, 85.3, 120.4 (q, J=277.0),
129.0,128.0, 127.4,137.7, 148.3 (q, J = 31.1), 170.0; GC-MS
(ED): 93(100); 227(26); 246(41); 275(M*"); Anal. Caled. for
C,3H;,D,F3NO,: C, 56.72; H, 5.86; N, 5.09; Found: C, 56.71;
H, 5.91; N, 5.19.

4.6. (Z)-Ethyl 3-(benzhydrylamino)-4,4,4-trifluorobut-2-
enoate (3d)

CoH;gF3NO,, MW = 349.35, white solid, Mp = 76-78 °C;
IR (cmfl): 3198 (NH); 2985 (CHp,,); 1667 (CO); 1625 (cdb);
1493-1446 (CH,-CH;); RMN '“F (CDCls): —66.3 (3F, s);
RMN 'H (CDCls): 1.19 (3H, t, J =7.1), 4.09 (2H, q, J =7.1),
5.23 (1H, s), 5.84 (1H, d, J =10.9), 7.35-7.37 (10H, m), 9.0
(1H, bd, J = 10.9); RMN '3C (CDCl5): 14.4, 60.0, 62.0, 86.6 (q,
J=5.6),1204 (q,J =277.7), 127.1,127.7, 128.9, 142.0, 147.6
(q, Jc.g=31.8), 169.9; HPLC (Chiracel OD-H, Hexane/i-
PrOH, 99.9/0.1, 1 mL min ™", 254 nm): 6.6 min; Anal. Calcd.
for C19HgF5NO,: C, 65.32; H, 5.19; N, 4.01; Found: C, 65.54;
H, 5.13; N, 4.04.

4.7. (Z)-Ethyl 3-(9H-fluoren-9-ylamino)-4,4,4-trifluorobut-
2-enoate (3e)

CioH¢F3NO,, MW =347.33, white solid, Mp = 100-
102 °C; IR (cm™Y): 3226 (NH); 3064 (CHa,o); 2981 (CH,-
CH,); 1673 (CO); 1628 (cdb); RMN '°F (CDCl5): —65.2 (3F,
s); RMN 'H (CDCl5): 1.23 (3H, t,J = 7.1), 4.06 (2H, q,J=17.1),
5.27 (1H, s), 5.64 (1H, d, J=11.3), 7.32 2H, t, J=17.5), 7.41
2H,t,J=17.5),7.53 2H, t,J=17.5),7.7 2H, t, J=17.5), 8.26
(1H, bd); RMN '3C (CDCl5): 14.3, 59.8, 59.9, 86.0 (q,J=5.6),
120.8 (q, J =277.0), 120.2, 125.1, 128.0, 129.1, 140.3, 144.0,
148.4 (q, J =30.4), 169.6; HPLC (Chiracel OD-H, Hexane/i-
PrOH, 99.5/0.5, 1 mL min~', 254 nm): 15.6 min; Anal. Calcd.
for C19HcF3NO,: C, 65.70; H, 4.64; N, 4.03; Found: C, 65.54;
H, 4.61; N, 3.96.

4.8. General procedure for the (1,3) enantioselective
proton shift reaction using cinchona alkaloids as chiral
base: typical example with enamine 3b

In a flask were introduced, (DHQ),PHAL (20 mg,
0.025 mmol), enamine 3b (79.6 mg, 0.25 mmol) and distilled
toluene (1 mL). The resultant mixture was stirred and heated.
Reaction was followed by '°F NMR. After 24 h at 80 °C,
solvent was evaporated in vacuum, the residue was put on a
short silica gel column and eluted with cyclohexane/ethyl
acetate (10/1) to afford desired product, imine 2b (18 mg,
90%) as yellow oil. The chiral base could be recovered
by eluting it with a mixture of dichloromethane/methanol
(97/3).

4.9. (E)-Ethyl 3-(4-nitrobenzylideneamino)-4,4,4-
trifluorobutanoate (2b)

Ci13H13F3N,0,4, MW = 318.25, yellow oil; IR (cm™1): 3083
(CHa); 2986 (CHs); 2937 (CH,); 1637 (CO); 1650 (CN);
1526, 1348 (NOsa,o); RMN 'F (CDCly): —75.4 (3F, d,
J=6.8); RMN 'H (CDCls,): 1.20 (3H, t, J =7.2), 2.93 (2H, d,
J=7.2),4.11 (2H, m), 4.30 (1H, m), 7.96 (2H, d, J = 8.7), 8.28
(2H, d, J=8.7), 8.52 (1H, s); RMN 3C (CDCl,): 14.2, 34.2,
61.4, 67.9 (q, J=28.3), 124.0, 1248 (q, J=279.9), 129.7,
140.4, 149.8, 165.3, 169.8; HPLC (Chiracel OD-H, Hexane/i-
PrOH, 98/2, 1mLmin"', 254 nm): (S): 10.3 min, (R):
12.7 min; Anal. Calcd. for C;3H;3F5N,O4: C, 49.06; H,
4.12; N, 8.80; Found: C, 49.13; H, 4.17; N, 8.80.

4.10. (E)-Ethyl 3-(benzylideneamino)-4,4,4-
trifluorobutanoate (2a)

C3H4FsNO,, MW =273.25, colourless oil; IR (cmfl):
3064 (CHa,o); 2985 (CHs); 2890 (CH,); 1739 (CO); 1647
(CN); RMN '°F (CDCl3): —75.5 (3F, d, J=6.8); RMN 'H
(CDCl5): 1.09 3H,t, J=7.1), 2.81 (2H, d, J=6.4), 3.99 (2H,
2q,J=17.1),4.15 (1H, m), 7.34 (3H, m), 7.68 (2H, m), 8.32 (1H,
s); RMN *C (CDCl,): 14.1,34.6, 61.1, 68.1 (q,J=29.0), 124.6
(q, J =280.6), 131.8, 130.6, 128.7, 135.2, 167.4, 169.8; HPLC
(Chiracel OD-H, Hexane/i-PrOH, 99.9/0.1, 1 mL min~!,
254 nm): (S): 12.6 min, (R): 23.3 min; Anal. Calcd. for
C13H14F3N02: C, 5714, H, 516, N, 513, Found: C, 5706,
H, 5.23; N, 5.27.

4.11. (E)-Ethyl 3-(3-*H)-[(1-°H) benzylideneamino]-4,4,4-
trifluorobutanoate (d-2a)

C3H2D,F3NO,, MW = 275.26, colourless oil; IR (cm_l):
3064 (CHa); 2980 (CHs); 2907 (CH,); 1737 (CO); 1630
(CN); RMN "°F (CDCl;): —75.7 (3E, s); RMN 'H (CDCls): 1.2
(3H, t, J=17.1), 2.90 (2H, s), 4.10 (2H, q, J=7.1), 7.39-7.49
(3H, m), 7.77-7.80 (2H, m); RMN '3C (CDCl5): 14.2, 34.6,
61.2,125.1 (q, J = 279.9), 128.5, 128.8, 131.9, 135.1, 167.2 (t,
J=24.8), 170.0; GC-MS (CI, CH,): 276 (M +1); 304
(M + 2CH,); GC-MS (EI): 105 (100); 202 (26); 246 (36);
275 (M™).
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4.12. (E)-Ethyl 4,4,4-trifluoro-3-
(perfluorobenzylideneamino)butanoate (2c)

C13HoFgNO,, MW = 363.20, yellow oil; IR (cm™'): 2985
(CH3); 2935, 2907 (CH,); 1637 (CO), 1653 (CN); RMN '°F
(CDCl3, 282 MHz, §): —75.5 (3F, d, J =6.8), —141.6 (2F, m),
—149.3 (1F, J=21.8, J=3.4), —161.8 (2F, m); RMN 'H
(CDCl3, 300 MHz, §): 1.26 (3H, t, J=17.2), 4.14 (2H, q,
J=7.2),4.152H, m),4.25 (1H, m), 5.19 (1H, s), 8.55 (1H, s);
RMN '*C (CDCls, 75.5 MHz, §): 14.2, 34.2, 61.4, 69.1 (q,
J=29.0), 108.8, 109.1, 124.5, 124.8 (q, J =279.9), 136.2,
139.5, 144.7, 156.3, 157.8, 169.6; HPLC (Chiracel OD-H,
Hexane/i-PrOH, 99.5/0.5, 1mL min~!, 254 nm): 5.4,
14.2 min.

4.13. Ethyl 3-(9H-fluoren-9-ylideneamino)-4,4,4-
trifluorobutanoate (2e)

CoH;6F3NO,, MW = 347.33, white solid, Mp = 88-90 °C;
IR (cm™"): 3053 (CHayo); 2985 (CH,-CHj); 1734 (CO); RMN
F (CDCls): —75.7 (3F, d, J = 6.8); RMN 'H (CDCl5): 1.12
(3H,t,J=17.1),2.76 (1H, dd, J = 16.2, J = 6.03), 3.02 (1H, dd,
J=16.2,7=17.2),4.06 2H,q,J=7.1),5.49 (1H, m), 7.22 (2H,
m), 7.36 (2H, m), 7.46, 7.56 (2H, d, J = 7.5), 7.74, 7.98 (2H, d,
J =7.5); RMN 3C (CDCl5): 14.1, 35.8, 59.4 (q,J=28.9),614,
119.5, 120.7, 123.6, 127.4, 128.6, 131.9, 132.4, 131.2 (q,
J=1296.1), 138.1, 141.3, 144.5, 166.7; HPLC (Chiracel OD-H,
Hexane/i-PrOH, 99.5/0.5, 1 mL min "', 254 nm): (R): 12.5, (S):
18.1 min; Anal. Calcd. for C;oH;,F3NO,: C, 65.70; H, 4.64; N,
4.03; Found: C, 65.46; H, 4.53; N, 3.97.

4.14. General procedure for hydrolysis of imines: 3-amino-
4,4,4-trifluorobutanoic acid hydrochloride

Mixture of imine diluted in a solution of HCI 6 M was
refluxed during 3 h. Organic layer was extracted with
dichloromethane. Aqueous layer was recovered and water
was evaporated in vacuum. Hydrochloride of desired amino
acid was obtained.

C4H,CIF;NO,, MW =193.55, white solid, Mp = 168-
170 °C; IR (cm™'): 3400 (OH); 2907 (NH); 1731 (CO);
1418 (C-0); RMN '°F (CD;0D): —74.3 (3F, d, J = 6.8); RMN
"H (CD;0D, 300 MHz, 8): 2.88 (1H, dd, J = 8.7, J = 17.7), 3.05
(1H, dd, J=4.1,J=17.7), 4.52 (1H, m), 5.25 (4H, bb); RMN
13C (CD;0D, 75.5 MHz, d): 31.9, 50.7 (q, J = 32.5), 125.1 (q,
J=279.9), 171.2; Anal. Calcd. for C4H,CIF5NO,: C, 24.82; H,
3.65; N, 7.24; Found: C, 24.84; H, 3.73; N, 7.18.
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