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The aza-Michael reaction with p-fluoroalkylated acylates
provided the corresponding fluoroalkylated P-amino acids
derivatives in up to 99% yield under catalyst- and solvent-
free conditions. An enantioriched pB-trifluoromethylated -
amino acid was obtained in good yield through a scale-up
diasteroselective aza-Michael addition, which facilitated the
installation of enantiopure trifluoromethylated analogues of
p-lactam and dihydroquinolin-4-one.

It has been well demonstrated that the incorporation of
fluoroalkylated group can effectively enhance the lipophilicity,
electronic interactions, binding selectivity and stability to
metabolic degradation of the parent compounds.' p-amino acids
are present in naturally occurring biologically active peptides,’
and have found wide spectrum of applications in organic
synthesis and medicinal chemistry.’> In view of the synthetic
application of fluorinated B-amino acids to fluorinated B-lactams,”*
or key motifs in peptides,’ peptidomimetics® and other molecules’
with various important biological activities (Figure 1), the
development of reliable methodologies for their preparation has
been a topic of great interest during the last decade.® Especially,
the asymmetric synthesis of optically pure B-trifluomethylated
(CF3) B-amino acids (TFAAs) displays a challenge for organic
chemists. The enantioselective approach remains relatively rare
and difficult to reach high enantioselectivity.” An alternative
strategy is based on diastereoselective transformation. All
diastereoselective protocols explored so far to generate TFAAs
involved reactions with trifluoromethylated ketones or imines
exclusively.'® For instance, the Fustero group described a
diastereoselective addition of chiral 2-(p-tolylsulfinyl)-benzylic
carbanions to trifluoromethylated imines followed by a
desulfuration/oxidation sequence to get optically pure TFAAs
derivatives in good yields.'” In the mean time, Saigo et al.
disclosed a highly practical asymmetric hydride reduction of a
seven-membered cyclic enamino-ester derived from 4,4,4-
trifluoro-3-oxobutanoate to form chiral TFAA.'™ In 2013,
Grellepois applied the asymmetric Reformatsky reaction with
chiral 0-CF; N-fert-butanesulfinyl hemiaminals into the
preparation of TFAAs derivatives and further incorporation into
peptides.'”” Recently, Shibata, Soloshonok and co-workers
demonstrated a practical approach to enantiomerically pure
TFAAs after hydrolysis and decarboxylation of the corresponding
B-aminomalonates obtained from diastereoselective Mannich
additions.'*
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One of the most simple and powerful tools to construct -
amino acid skeleton is the 1,4-addition of amines to unsaturated
esters (aza-Michael reaction). Over the past decades, tremendous
efforts have been devoted in the development of highly efficient
and selective aza-Michael reactions.!’ These reactions are usually
accomplished in an organic solvent with the assistance of an
organo- or organometallic catalyst. The philosophy of green
chemistry requires that all atoms are converted into the desired
products by minimizing or avoiding the use of solvents, most
ideally, in the absence of any catalyst. The aza-Michael addition
in both catalyst- and solvent-free conditions remains a challenge,
but highly desirable for the economic and environmentally benign
advantage. To the best of our knowledge, there is no literature
that describes the synthesis of TFAAs and their derivatives via
aza-Michael addition without any catalyst and solvent. In this
context, as continuing efforts on synthetic fluorine chemistry,'?
we report herein the research results on a simple and novel aza-
Michael reaction between fluorinated acrylic acids derivatives 1
and amines 2 without any solvent and catalyst. Under the same
conditions, the scale-up synthesis via diastereoselective aza-
Michael addition allows for an efficient access to enantiopure
TFAA 6, and thus to two enantioriched trifluoromethylated
heterocyclic compounds as well (see Scheme 2).

Previously, we have shown the versatility of f-
trifluoromethylated acrylate 1a in the asymmetric Friedel-Crafts
alkylation to install optically pure trifluoromethylated
heliotridane.'® In order to explore more function of la, we
initially envisioned a catalytic asymmetric aza-Michael addition
between 1a and aniline 2a to get a chiral analogue of 3aa with p-
CF; amino acid skeleton. However, even after a thorough
screening of several parameters of the model reaction, including
the 3,3’-substituents of chiral BINOL-derived phosphoric acids
catalysts, organic solvents and temperature, the efficient and
highly enantioselective transformation to 3aa was hardly
established. A control experiment revealed that the mixture of 1a
and 2a in the absence of any catalyst in CH,Cl, at room
temperature gave 3aa in 45% yield. But the yield is difficult to be
improved by prolonging the reaction time. To our delight, neat
condition enabled us to establish a novel reaction system, which
afforded the desired compound 3aa in quantitative yield after 22
h (entry 1, Table 1). Most importantly, after evaporating the very
small excess of aniline, 3aa was obtained with a satisfactory
purity. 3aa could be further purified by preparative thin layer
chromatography (PTLC). It should be noted that this is the first
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case of aza-Michael addition reaction with trifluoromethylated
electrophile under catalyst- and solvent-free conditions. Because
all acrylate substrates used herein are in solid state, all amines
selected in the aza-Michael protocol are limited to be liquid at
room temperature for guaranteeing a homogeneous reaction
process.

Table 1 Scope of different aromatic amine nucleophiles”

)]\ no catalyst HNAT QR
/\)J\ - A no solvent, rt,t  FsC N o
/
1a 2a-k (rac-)3aa-ak
entry Ar product time (h)  vield (%)°
1 Ph (2a) 3aa 22 o7
2 0-OMe-Ph (2b) 3ab 32 95
3 0,p-(OMe)2-Ph (2c) 3ac 3 99
4 m-Me-Ph (2d) 3ad 12 94
5¢ m-F-Ph (2e) 3ae 60 92
6° m-Cl-Ph (2f) 3af 56 88
7° m-Br-Ph (2g) 3ag 36 92
8° m-CF3-Ph (2h) 3ah 60 52
9 p-Et-Ph (2i) 3ai 3 99
10 p4Bu-Ph (2j) 3aj 1 97
11 p-F-Ph (2k) 3ak 3 96

“ All reactions were carried out by using 1a (0.2 mmol) and 2a-k (0.22
mmol) at room temperature for the time given. * Isolated yield after
preparative thin layer chromatography. © 0.30 mmol amine was used.

In the established reaction system, a variety of primary
aromatic amines reacted efficiently with la to form racemic
TFAAs derivatives 3 (Table 1). Methoxyl-substituted sterically
hindered amine 2b resulted in a slight drop in conversion
efficiency to furnish 3ab in 95% yield after 32 h (entry 2). To our
surprise, when one more electron-donating methoxyl group was
introduced at the 4-position of 2b, compound 1a was consumed
completely within 3 h (entry 3). The examination of meta-
substituents showed that electronic effect played a key role in the
reaction outcomes. Amine 2d featuring an electron-donating
group (-Me) worked well (entry 4), whereas electron-
withdrawing groups (-F, -Cl, -Br) yielded the adducts 3ae—3ag
with diminished levels of efficiency (entries 5—7). Notably, the
presence of a strong electron-withdrawing group like a CF3 group
was also tolerated with moderate isolated yield (entry 8).
Substituting the para- position of aniline, regardless of the
electronic and steric nature, generated the target compounds
3ai—3ak in excellent yields within 3 h (entries 9—11).

Encouraged by these results, the scope of aliphatic amine
nucleophiles was next examined. From the point of view of
nucleophilicity and steric hindrance, benzylamine should have a
higher activity than aniline in aza-Michael reaction. Treatment of
1a with 1.1 equivalent of benzylamine led to 3al in 91% yield
and a small amount of an amidolysis product 3al’ (Eq. 1, Scheme
1). Increasing the amount of benzylamine to 2.2 equivalent
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mainly gave rise to 3al’ in 93% yield after 1.5 h (Eq. 2, Scheme
1). Inspired by this result, we focused on the cascade aza-
Michael/amidolysis reaction between la and a bis-nucleophile
benzylhydrazine 2m."> As expected, small-ring heterocycles
pyrazolidinones 3am and 3am’, as core structure in many
pharmacological and biological active molecules,'* were obtained
in 66% and 25% yield, respectively. The less hindered amine part
of the hydrazine privileged the 1,4-addition to afford the major
product 3am. In addition, a variety of N-substituents (-Me, -Et, -
Bn and -(CH,),0H) of secondary benzylamine were also tested
and the corresponding products 3an—3aq were obtained
uniformly in excellent yields within a short time (entries 2—5,
Table 2). In the case of two cyclic secondary amines of
morpholine 2r and pyrrolidine 2s, comparable results were
obtained (entries 6—7). Cyclohexylamine 2t also proved to be a
perfect nucleophile in this protocol (99% yield, entry 8). It should
be mentioned that no cleavage of oxazolidin-2-one auxiliary
through amidolysis reaction occurred under the present condition
except with benzylamine 21 and benzylhydrazine 2m.

Table 2 Scope of different aliphatic amine nucleophiles”

HNRR' O o]
)k no catalyst )J\
+ RRNH —MMMM
no solvent, rt, t FsC N o
\_/ 21t (rac-)3al-at \__/
entry RR'NH product time () yield (%)?
1 BnNH, (21) 3al 1.5 91
2 Bn(Me)NH (2n) 3an 6 95
3 Bn(Et)NH (20) 3a0 4 95
4 Bn,NH (2p) 3ap 1.5 99
OH
5 BnHN" >~ 3aq 1 92
(29)
6 NH 3ar 2 94
\_/ @r
7 CNH 3as 2 91
(2s)
8 CyNH, (2t) 3at 1.5 99

“ All reactions were carried out by using 1a (0.2 mmol) and 2k-s (0.22
mmol) at room temperature for the time given. ° Isolated yield after
preparative thin layer chromatography.

As evident in Table 3, we turned our attention to the scope of
fluoroalkylated acrylates 1. The electrophiles 1b-h bearing
various fluoroalkylated groups at the B-position were synthesized
by using the same route as for 1a. Modification of B-substituent
may result in different types of B-fluoromethylated 3-amino acids
derivatives. The replacement of fluorine atom(s) with one or two
proton(s) reduces the reaction rate (entries 2-3, Table 3). For
comparison, methyl oxazolidinone 1d was also engaged in this
reaction with a markedly lower reactivity (entry 4). Other
variation on the B-carbon of 1, such as -C,Fs, -CCIF,, and -
CBrF,, slightly influences the reaction speed comparing with 1a
(entries 5-7). These results indicate that strong electron-
withdrawing action of fluorinated groups, in particular a CF;
group, plays a crucial role in the transformation. However, such
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protocol could not be extended to B-CF;3-B-phenyl disubstituted
acrylate 1h, and no desired adduct 3hk was delivered even after
long reaction time.

Table 3 Scope of various acrylate electrophiles”

R o o] NHR' O o]
as A A e o et ol A
\__ / R=pFPh

1a-g 2k (rac-)3ak-gk

entry Rf R product  tme (h)  yield (%)?
1 CF; (1a) H 3ak 3 96
2 CF,H (1b) H 3bk 18 93
3 CFH, (1c) H 3ck 24 92
4 CH; (1d) H 3dk 44 72
5 C,F5 (1e) H 3ek 18 87
6 CCIF, (1) H 3tk 6 92
7 CBrF, (1g) H 3gk 10 87
8 CF; (1h) Ph 3hk 48 0

“ All reactions were carried out by using 1 (0.2 mmol) and 2k (0.22
mmol) at room temperature for the time given. ° Isolated yield after
preparative thin layer chromatography.

The plausible mechanism of this aza-Michael reaction is
illustrated in Figure 2. Two components of the reaction are
organized through hydrogen bonding interaction between
carbonyl oxygen atom and amine NH proton. Sequentially, the
formed intermediate I undergoes intramolecular-like amine
conjugate addition to provide enolized intermediate II. The
strong electron-withdrawing nature of the CF; group in acrylate 1
plays a vital role in this smooth direct addition step. Finally, a
rapid tautomerization occurs to generate the aza-Michael adduct
3.

The development of novel synthetic methodologies for
optically pure fluorinated f-amino acids is of particular interest in
synthetic organic fluorine chemistry. The present protocol is
difficult to be performed in a highly catalytic enantioselective
manner due to the fast background reaction mentioned above.
The issue of stereo-outcome of this aza-Michael addition could
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be effectively addressed by use of a chiral oxazolidinone
auxiliary. In a scale-up reaction between the chiral acrylate 4 (4
mmol) and amine 2k (Scheme 2), the major diastereomer (S,R)-5
was obtained pure in a 68% yield, based on the recovered starting
material (brsm), after chromatographic separation of the
diastereomeric mixture (dr = 2.8). An important advantage of the
present chemistry is that the aza-Michael adduct 5 could be easily
hydrolyzed into enantioriched TFAA 6 with LiOH-H,0,. With 6
in hand, the access to two enantiomerically pure heterocycles
with a CF; group at the chiral tertiary carbon center was
elaborated. Chiral 2-CF;-2,3-dihydro-1H-quinolin-4-one 7,
serving as a building block for creating trifluoromethlyated
analogues of dihydroquinolinone or tetrahydroquinoline type
drugs,” was successfully installed via a polyphosphoric acid
(PPA)-promoted  intramolecular ~ Friedel-Crafts  reaction.'®
Furthermore, the B-CF; P-amino ester 8 derived from 6 was
cyclized in the presence of CH;MgBr to construct enantioriched
trifluoromethylated B-lactam 9 in 69% yield, which represents the
key part of Ezetimibe analogue as a potent inhibitor of cholesterol
absorption. The absolute stereochemistry of 9 was determined as
S by comparison of the optical rotation with that found in the
literature,*® so the configurations of compound 6 and 7 were both
assigned as S.

The features of the present aza-Michael addition are
summarized as follows: (1) This study represents the first
example of building TFAAs derivatives via aza-Michael addition
in a highly enviromentally benign and atom-economic fashion;
(2) Fluorinated groups at the B-position of electrophiles are
critical for the efficient transformation; (3) Benzylhydrazine as a
bis-nucleophile generated a trifluoromethylated pyrazolidinone
(5- membered ring) via a novel cascade aza-Michael/amidolysis
cyclization reaction; (4) The reported green process is a
potentially practical and generalized approach. It has been easily
and successfully scaled-up to synthesize enantioriched TFAAs
and, thereby, giving a rapid access to two structurally diverse
chiral trifluoromethylated N-heterocycles (4- and 6-membered
ring) in good yields. We will extend this green strategy to other
research  involving the  expeditious  construction  of
enantiomerically pure trifluoromethylated heterocycles. This

investigation is underway in our laboratory.

1 Electronic Supplementary Information (ESI) available: General
experimental procedures, NMR and HRMS data of all new compounds
are included. See DOI: 10.1039/b000000x/
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Partially-modified retro-
WI(NHCH(CF3)]-peptide (1I)

F N N
I j CF; O ©\
o) ? F
(;)Ac

o0 & S, /N
- > Y 7\‘
OH OBz N ~
4,4 4-trifluoro-3-(4-phenylamino)-
butanamide derivative (IV)

Trifluoromethylated Ezetimibe (1)

Trifluoromethylated Taxol (i)

Figure 1 Selected bioactive compounds containing fluorinated f-amino
8s acid scaffolds.

(Eq. 1) no catalyst HNBn O O HNBn O
and solvent )k
1a + BnNH, + _Bn
rt,1.5h F3C N O FsC N
21 3 \_/ 3ar M
1a (0.2 mmol) 2I(0.22 mmol) 3al: 91% yield (3al:3al' = 20:1, mol ratio)
1a (0.2 mmol) 21 (0.44 mmol) 3al': 93% yield
(Eq.2) no catalyst FsC
1a  + BnNHNH and solvent
2
(0.2 mmol) rt, 3 5h
2m 3am 3am
(0.22 mmol) (66%) (25%)

Scheme 1 Aza-Michael reaction between 1a and 21 or 2m.
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General methods

All reactions and manipulations involving air-sensitive compounds were
performed using standard Schlenk techniques. All reactions were
monitored by TLC. TLC analysis was performed by illumination with a
UV lamp (254 nm). All flash chromatography was packed with silica-gel
as the stationary phase. Melting points were measured on a SGW X-4

apparatus. 'H NMR (500 MHz) spectra were recorded on a Bruker
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Avance 500 instrument, and chemical shifts were reported in ppm
downfield from internal TMS with the solvent resonance as the internal
standard (CDCl;, 6 = 7.26 ppm). BC NMR (126 MHz) spectra were
recorded on a Bruker Avance 500 instrument, and chemical shifts were
reported in ppm downfield from TMS with the solvent resonance as the
internal standard (CDCl;, 6 = 77.2 ppm). "F NMR (471 MHz) spectra
were recorded on a Bruker Avance 500 instrument. Optical rotations were
measured on a Roudolph Autopl VI. Infrared spectra were recorded on a
NICOLET FT/IR-200 spectrometer. High resolution mass spectra (HRMS)

(EI+) were recorded on an AB SCIEX TripleTOF 5600 instrument.

General procedure for the aza-Michael reactions

Amine ( 1.1 or 1.5 equiv) and B-fluoroalkylated acrylate (1.0 equiv) were
added to a 1 mL test tube, followed by stirring at r.t.. The reaction process
was monitored by TLC. While some aza-Michael adducts have the same
polarity as the starting material on TLC, the reaction would be monitored
by ""F NMR. After the starting material disappeared, the residue was
directly subjected to the preparative thin layer chromatography to afford

the title product.

S2
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Characterization data of the aza-Michael reaction products

©\ 3-(4,4,4-trifluoro-3-(phenylamino)butanoyl)oxa
NH O O

zolidin-2-one (3aa): Aniline (20.5 mg, 0.22 mmol)

FsC N~ "0
\/ J and acrylate 1a (41.8 mg, 0.2 mmol) were added to

a 1 mL test tube. The mixture was stirred at r.t. for 22 h, then passed
through a plug of silica gel (PE:EA = 3:1) to afford the title compound
(58.5 mg, 97%) as a yellow solid. 'H NMR (500 MHz, CDCI;) o
7.16-7.08 (m, 2H), 6.73 (t, 7.4 Hz, 1H), 6.65 (d, 7.7 Hz, 2H), 4.64-4.59
(m, 1H), 4.27 (t, 8.1 Hz, 2H), 3.86-3.82 (m, 3H), 3.47 (dd, 15.8 Hz, 9.5
Hz, 1H), 3.20 (dd, 15.8 Hz, 4.1 Hz, 1H); °C NMR (126 MHz, CDCl;) &
168.1, 152.6, 144.6, 128.4, 124.5 (q, 284.5 Hz), 118.4, 112.9, 61.2, 51.9
(g, 30.2 Hz), 41.5, 34.3; °F NMR (471 MHz, CDCl;) & -76.0 (d, 6.9 Hz,
3F); IR (KBr): 3419.3, 3371.5, 2926.2, 1772.6, 1700.8, 1603.2, 1414.1,
1192.3, 1038.6, 752.4, 692.2 cm™; mp = 133-134 °C; HRMS calcd. for

[M+H]": 303.0957, found: 303.0953.

O 3-(4,4,4-trifluoro-3-((2-methoxyphenyl)amino)b

NH O O utanoyl)oxazolidin-2-one (3ab):

F5C N~ "o ..
\__/ | 2-methoxyaniline (27.1 mg, 0.22 mmol) and

acrylate 1a (41.8 mg, 0.2 mmol) were added to a 1 mL test tube. The
mixture was stirred at r.t. for 32 h, then passed through a plug of silica gel
(PE:EA = 3:1) to afford the title compound (63.2 mg, 95%) as a yellow

solid. 'H NMR (500 MHz, CDCl;) § 6.84-6.61 (m, 4H), 4.74-4.56 (m,

S3
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1H), 4.47 (d, 10.7 Hz, 1H), 4.31-4.27 (m, 2H), 3.87-3.86 (m, 2H), 3.76 (s,
3H), 3.47 (dd, 16.3 Hz, 9.2 Hz, 1H), 3.23 (dd, 16.3 Hz, 4.2 Hz, 1H); °C
NMR (126 MHz, CDCl3) & 168.0, 152.5, 146.0, 134.6, 124.6 (q, 283.5
Hz), 120.2, 117.5, 110.3, 109.1, 61.2, 54.6, 51.2 (q, 30.2 Hz), 41.5, 34.6;
"F NMR (471 MHz, CDCls) § -76.1 (d, 6.8 Hz, 3F); IR (KBr): 3373.4,
2925.8, 1773.1, 1705.3, 1597.2, 1396.6, 1303.8, 1174.6, 1128.0, 1034.1,
746.9, 640.7 cm’'; mp = 64-65 °C; HRMS calcd. for [M+H]": 333.1062,

found: 333.1060.

e O 3-(3-((2,4-dimethoxyphenyl)amino)-4,4,4-tri
NH O i fluorobutanoyl)oxazolidin-2-one (3ac):

FsC N O
\/} 24-dimethoxyaniline (33.7 mg, 0.22 mmol)

and acrylate 1a (41.8 mg, 0.2 mmol) were added to a 1 mL test tube. The
mixture was stirred at r.t. for 3 h, then passed through a plug of silica gel
(PE:EA = 1:1) to afford the title compound (72.0 mg, 99%) as a yellow
solid. 'H NMR (500 MHz, CDCls) & 6.67 (d, 8.6 Hz, 1H), 6.37 (d, 2.6 Hz,
1H), 6.33 (dd, 8.6 Hz, 2.7 Hz, 1H), 4.51 (dd, 9.8 Hz, 6.0 Hz, 1H),
4.35-4.24 (m, 2H), 4.12 (d, 10.7 Hz, 1H), 3.93-3.82 (m, 2H), 3.74 (s, 3H),
3.68 (s, 3H), 3.46 (dd, 16.3 Hz, 9.2 Hz, 1H), 3.19 (dd, 16.3 Hz, 4.2 Hz,
1H); °C NMR (126 MHz, CDCl3) § 168.2, 152.5, 152.2, 147.4, 128.7,
124.8 (q, 283.5 Hz), 111.6, 103.0, 98.3, 61.2, 54.7, 54.5, 52.4 (q, 30.2 Hz),
41.5, 34.5; "F NMR (471 MHz, CDCl;) & -76.0 (d, 6.9 Hz, 3F); IR (KBr):

3398.4, 2950.1, 1775.2, 1681.5, 1525.0, 1441.9, 1292.3, 1214.8, 1157.2,
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1126.4, 1041.3, 842.5, 788.1, 755.6 cm™'; mp = 116-117 °C; HRMS calcd.

for [M+H]": 363.1168, found: 363.1147.

3-(4,4,4-trifluoro-3-(m-tolylamino)butanoyl)oxaz

olidin-2-one (3ad): 3-methylaniline (23.6 mg, 0.22

\_/ | mmol) and acrylate 1a (41.8 mg, 0.2 mmol) were

added to a 1 mL test tube. The mixture was stirred at r.t. for 12 h, then
passed through a plug of silica gel (PE:EA = 3:1) to afford the title
compound (59.6 mg, 94%) as a yellow solid. 'H NMR (500 MHz, CDCl5)
6 7.01 (t, 7.7 Hz, 1H), 6.55 (d, 7.5 Hz, 1H), 6.46 (d, 7.8 Hz, 2H),
4.76-4.46 (m, 1H), 4.27 (t, 8.1 Hz, 2H), 3.90-3.75 (m, 3H), 3.46 (dd, 15.8
Hz, 9.5 Hz, 1H), 3.19 (dd, 15.8 Hz, 4.1 Hz, 1H), 2.20 (s, 3H); °C NMR
(126 MHz, CDCly) 6 168.1, 152.6, 144.6, 138.3, 128.2, 124.5 (q, 283.5
Hz), 119.3, 113.7, 110.0, 61.2, 51.8 (q, 31.5 Hz), 41.5, 34.2, 20.5; “F
NMR (471 MHz, CDCl;) & -76.0 (d, 6.9 Hz, 3F); IR (KBr): 3378.4,
2925.5, 1762.6, 1712.6, 1610.5, 1451.2, 1362.6, 1326.5, 1253.0, 1111.7,
959.1, 765.4, 634.3 cm™'; mp = 107-108 °C; HRMS calcd. for [M+H]":

317.1113, found: 317.1108.

©\NH 0

)\/IJ\ i mg, 0.3 mmol) and acrylate 1a (41.8 mg, 0.2 mmol)
FaC N~ 0
\/

3-(4,4,4-trifluoro-3-((3-fluorophenyl)amino)butan

oyl)oxazolidin-2-one (3ae): 3-fluoroaniline (33.3

were added to a 1 mL test tube. The mixture was

stirred at r.t. for 60 h, then passed through a plug of silica gel (PE:EA =

S5

Page 10 of 79



Page 11 of 79 Green Chemistry

3:1) to afford the title compound (59.0 mg, 92%) as a white solid. 'H
NMR (500 MHz, CDCl;) § 7.07-7.03 (m, 1H), 6.51-6.21 (m, 3H), 4.74 —
4.47 (m, 1H), 4.32 (t, 8.2 Hz, 2H), 4.04 (d, 10.4 Hz, 1H), 3.91-3.88 (m,
2H), 3.47 (dd, 16.3 Hz, 9.4 Hz, 1H), 3.19 (dd, 16.3 Hz, 3.9 Hz, 1H); °C
NMR (126 MHz, CDCl3) & 167.9, 162.9 (d, 244.4 Hz), 152.6, 146.5 (d,
10.5 Hz), 129.6 (d, 10.1 Hz), 124.4 (q, 283.5 Hz), 108.5 (d, 2.2 Hz),
105.0 (d, 21.4 Hz), 99.9 (d, 26.5 Hz), 61.3, 51.6 (q, 31.5 Hz), 41.5, 34.2;
F NMR (471 MHz, CDCl3) § -76.0 (d, 6.8 Hz, 3F), -112.2-112.3 (m,
1F); IR (KBr): 3366.2, 2926.1, 1770.1, 1703.5, 1619.5, 1411.8, 1258.2,
1148.3, 1039.4, 949.1, 764.9, 682.0 cm™'; mp = 103-104 °C; HRMS calcd.

for [M+H]": 321.0862, found: 321.0843.

al 3-(3-((3-chlorophenyl)amino)-4,4,4-trifluorobutan
@\ oyl)oxazolidin-2-one (3af): 3-chloroaniline (38.3
NH O O
Fsc)\/U\NJ\o mg, 0.3 mmol) and acrylate 1a (41.8 mg, 0.2 mmol)
-/

were added to a 1 mL test tube. The mixture was
stirred at r.t. for 56 h, then passed through a plug of silica gel (PE:EA =
3:1) to afford the title compound (58.9 mg, 88%) as a white solid. 'H
NMR (500 MHz, CDCl;) 6 7.02 (t, 8.0 Hz, 1H), 6.69 (d, 7.9 Hz, 1H),
6.64 (s, 1H), 6.52 (d, 8.1 Hz, 1H), 4.57-4.52 (m, 1H), 4.30 (t, 8.0 Hz, 2H),
3.97 (d, 10.3 Hz, 1H), 3.87 (t, 8.1 Hz, 2H), 3.47 (dd, 16.1 Hz, 9.3 Hz, 1H),
3.19 (dd, 16.1 Hz, 3.9 Hz, 1H); °C NMR (126 MHz, CDCL;) & 167.9,

152.6, 145.9, 134.1, 129.4, 124.3 (q, 283.5 Hz), 118.4, 112.8, 111.0, 61.3,

S6
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51.6 (q, 31.5 Hz), 41.5, 34.2; "F NMR (471 MHz, CDCl3) § -75.9 (d, 6.8
Hz, 3F); IR (KBr): 3365.6, 2989.5, 1767.4, 1725.4, 1696.5, 1603.3,
1533.5, 1411.3, 1324.9, 1254.1, 1133.6, 1044.8, 939.7, 763.9, 635.8 cm’';
mp = 108-109 °C; HRMS calcd. for [M+H]": 337.0567, found: 337.0544.

3-(3-((3-bromophenyl)amino)-4,4,4-trifluorobut

Br
@\ anoyl)oxazolidin-2-one (3ag): 3-bromoaniline
NH O O

(51.6 mg, 0.3 mmol) and acrylate 1a (41.8 mg, 0.2
FsC N” 0

mmol) were added to a 1 mL test tube. The mixture
was stirred at r.t. for 36 h, then passed through a plug of silica gel (PE:EA
= 3:1) to afford the title compound (69.7 mg, 92%) as a white solid. 'H
NMR (500 MHz, CDCl;) 6 6.97 (t, 8.0 Hz, 1H), 6.84 (d, 7.9 Hz, 1H),
6.80 (s, 1H), 6.58-6.56 (m, 1H), 4.58-4.53 (m, 1H), 4.31 (t, 8.0 Hz, 2H),
4.02 (d, 10.4 Hz, 1H), 3.89 (t, 8.0 Hz, 2H), 3.47 (dd, 16.2 Hz, 9.5 Hz, 1H),
3.18 (dd, 16.2 Hz, 3.9 Hz, 1H); °C NMR (126 MHz, CDCl;) & 167.8,
152.7, 146.1, 129.7, 124.3 (q, 283.5 Hz), 122.2, 121.2, 115.7, 111.4, 61.3,
51.5 (q, 31.5 Hz), 41.5, 34.1; "F NMR (471 MHz, CDCl;) § -75.9 (d, 6.8
Hz, 3F); IR (KBr): 3365.3, 2949.1, 1767.3, 1694.8, 1602.1, 1530.6,
1412.4, 1282.1, 1253.5, 1132.8, 762.8, 715.8, 635.5 cm™'; mp = 123-124

°C; HRMS calcd. for [M+H]": 381.0062, found: 381.0047.

CFs 3-(4,4,4-trifluoro-3-((3-(trifluoromethyl)phenyl)a

NH O mino)butanoyl)oxazolidin-2-one (3ah):

0
F3C)\/U\NJ\O
-/

3-(trifluoromethyl)aniline (48.3 mg, 0.3 mmol) and

S7
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acrylate 1a (41.8 mg, 0.2 mmol) were added to a 1 mL test tube. The
mixture was stirred at r.t. for 60 h, then passed through a plug of silica gel
(PE:DCM = 1:2) to afford the title compound (38.8 mg, 52%) as a yellow
oil. '"H NMR (500 MHz, CDCl3) & 7.22 (t, 7.9 Hz, 1H), 6.96 (d, 7.7 Hz,
1H), 6.86 (s, 1H), 6.82 (d, 8.2 Hz, 1H), 4.66 - 4.60 (m, 1H), 4.32 (t, 8.2
Hz, 2H), 4.13 (d, 10.4 Hz, 1H), 3.99 - 3.79 (m, 2H), 3.51 (dd, 16.4 Hz,
9.5 Hz, 1H), 3.20 (dd, 16.4 Hz, 3.8 Hz, 1H). °C NMR (126 MHz, CDCl;)
0 167.8, 152.7, 145.1, 130.8 (q, 29.0 Hz), 128.9, 124.4 (q, 284.8 Hz),
123.0 (q, 273.4 Hz), 115.6, 114.9 (q, 3.9 Hz), 109.4 (d, 3.9 Hz), 61.3,
51.5 (g, 30.2 Hz), 41.5, 34.1. ”F NMR (471 MHz, CDCl;) § -62.9 (s, 3F),

-75.9 (s, 3F).

/\@\ 3-(3-((4-ethylphenyl)amino)-4,4,4-trifluorob
NH O O
N

utanoyl)oxazolidin-2-one (3ai):

FsC N~ O
\ /] 4-ethylaniline (26.7 mg, 0.22 mmol) and

acrylate 1a (41.8 mg, 0.2 mmol) were added to a 1 mL test tube. The
mixture was stirred at r.t. for 3 h, then passed through a plug of silica gel
(PE:EA = 2:1) to afford the title compound (65.2 mg, 99%) as a yellow
solid. '"H NMR (500 MHz, CDCl5) § 6.95 (d, 8.4 Hz, 2H), 6.59 (d, 8.4 Hz,
2H), 4.57 (s, 1H), 4.26 (t, 8.1 Hz, 2H), 3.87-3.79 (m, 2H), 3.76 (s, 1H),
3.45 (dd, 15.8 Hz, 9.4 Hz, 1H), 3.18 (dd, 15.8 Hz, 4.1 Hz, 1H), 2.47 (q,
7.6 Hz, 2H), 1.11 (t, 7.6 Hz, 3H); °C NMR (126 MHz, CDCl;) § 168.1,

152.6, 142.5, 134.3, 127.7, 124.6 (q, 284.5 Hz), 113.1, 61.2, 52.2 (q, 30.2
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Hz), 41.5, 34.2, 26.9, 14.8; "°F NMR (471 MHz, CDCl3) 5 -76.0 (d, 6.9

Hz, 3F); IR (KBr): 3362.8, 2965.2, 1773.6, 1689.2, 1638.5, 1389.4,

1348.6, 1222.1, 1044.9, 973.9, 758.7, 707.9 cm™"; mp = 84-85 °C; HRMS

calcd. for [M+H]": 331.1270, found: 331.1261.

>l\©\ 3-(3-((4-(tert-butyl)phenyl)amino)-4,4,4-trif
NH O O luorobutanoyl)oxazolidin-2-one (3aj):

\__/ | 4-(tert-butylaniline (32.8 mg, 0.22 mmol)

and acrylate 1a (41.8 mg, 0.2 mmol) were added to a 1 mL test tube. The
mixture was stirred at r.t. for 1 h, then passed through a plug of silica gel
(PE:EA = 2:1) to afford the title compound (69.2 mg, 97%) as a yellow
solid. "H NMR (500 MHz, CDCl;) & 7.17-7.11 (m, 2H), 6.67-6.47 (m,
2H), 4.59 (s, 1H), 4.26 (t, 8.1 Hz, 2H), 3.85-3.80 (m, 2H), 3.78 (s, 1H),
3.46 (dd, 15.7 Hz, 9.4 Hz, 1H), 3.19 (dd, 15.7 Hz, 4.2 Hz, 1H), 1.20 (s,
9H); >C NMR (126 MHz, CDCl3) § 168.2, 152.6, 142.1, 141.2, 125.2,
124.6 (q, 283.5 Hz), 112.6, 61.2, 52.0 (g, 30.2 Hz), 41.5, 34.2, 32.9, 30.5;
F NMR (471 MHz, CDCl;) § -76.0 (d, 6.9 Hz, 3F); IR (KBr): 3388.9,

2963.5, 1774.7, 1679.3, 1527.9, 1401.2, 1298.2, 1161.7, 1076.1, 820.7,

755.5cm’; mp = 143-144 °C; HRMS calcd. for [M+H]": 359.1583, found:

359.1567.
F 3-(4,4,4-trifluoro-3-((4-fluorophenyl)amino)b
\C\U )OL utanoyl)oxazolidin-2-one (3ak):
FC N\_/O 4-fluoroaniline (24.4 mg, 0.22 mmol) and

S9
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acrylate 1a (41.8 mg, 0.2 mmol) were added to a 1 mL test tube. The
mixture was stirred at r.t. for 3 h, then passed through a plug of silica gel
(PE:EA = 3:1) to afford the title compound (61.4 mg, 96%) as a white
solid. '"H NMR (500 MHz, CDCl;) § 6.83 (t, 8.7 Hz, 2H), 6.69-6.54 (m,
2H), 4.54-4.47 (m, 1H), 4.32 (t, 8.1 Hz, 2H), 3.91-3.88 (m, 2H), 3.72 (d,
10.6 Hz, 1H), 3.47 (dd, 16.2 Hz, 9.5 Hz, 1H), 3.17 (dd, 16.2 Hz, 3.9 Hz,
1H); °C NMR (126 MHz, CDCL3) 5 168.1, 155.8 (d, 238.1 Hz), 152.6,
141.0 (d, 2.1 Hz), 124.5 (q, 284.8 Hz), 114.9 (d, 22.7 Hz), 114.3 (d, 7.6
Hz), 61.2, 52.8 (q, 30.2 Hz), 41.5, 34.2; "F NMR (471 MHz, CDCL;) &
-75.9 (d, 6.9 Hz, 3F), -125.2--125.3 (m, 1F); IR (KBr): 3363.8, 2932.2,
1770.3, 1704.5, 1513.5, 1356.9, 1221.3, 1124.2, 1103.9, 822.8, 665.6
cm’': mp = 144-145 °C; HRMS calcd. for [M+H]": 321.0862, found:

321.0851.

3-(3-(benzylamino)-4,4,4-trifluorobutanoyl)oxazol
Bh-nH 0 ©

F.C idin-2-one (3al): Phenylmethanamine (23.6 mg, 0.22
3

mmol) and acrylate 1la (41.8 mg, 0.2 mmol) were
added to a 1 mL test tube. The mixture was stirred at r.t. for 1.5 h, then
passed through a plug of silica gel (PE:EA = 2:1) to afford the title
compound (57.3 mg, 91%) as a clear oil. 'H NMR (500 MHz, CDCl;) 6
7.33-7.25 (m, 5H), 4.38-4.34 (m, 2H), 4.01 (d, 10.0 Hz, 1H), 3.99-3.90
(m, 2H), 3.86 (d, 10.0 Hz, 1H), 3.83-3.81 (m, 1H), 3.28 (dd, 16.1 Hz, 9.7

Hz, 1H), 3.17 (dd, 16.1 Hz, 4.0 Hz, 1H); °C NMR (126 MHz, CDCl;) &
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169.6, 153.4, 139.6, 128.4, 128.3, 127.3, 126.5 (q, 284.8 Hz), 62.1, 55.5
(q, 27.7 Hz), 51.9, 42.5, 35.5 (d, 1.9 Hz); "’"F NMR (471 MHz, CDCl;) &
-74.5 (d, 9.4 Hz, 3F); IR (neat): 3360.7, 2921.7, 1779.8, 1701.3, 1390.6,
1266.8, 1131.7, 1038.2, 755.1, 701.2 cm™'; HRMS caled. for [M+H]":
317.1113, found: 317.1107.

N-benzyl-3-(benzylamino)-4,4,4-trifluorobutanami

Bn
SNH O

M Bl de (3al’): Phenylmethanamine (47.2 mg, 0.44 mmol)
FsC

N

and acrylate 1a (41.8 mg, 0.2 mmol) were added to a
I mL test tube. The mixture was stirred at r.t. for 1.5 h, then passed
through a plug of silica gel (PE:EA = 2:1) to afford the title compound
(62.5 mg, 93%) as a white solid. 'H NMR (500 MHz, CDCl5) & 7.28-7.14
(m, 8H), 7.12-7.07 (m, 2H), 6.89 (s, 1H), 4.34 (d, 5.6 Hz, 2H), 3.93 (d,
12.7 Hz, 1H), 3.74 (d, 12.7 Hz, 1H), 3.61-3.50 (m, 1H), 2.69-2.40 (m,
1H), 2.28 (dd, 15.4 Hz, 10.5 Hz, 1H); °C NMR (126 MHz, CDCl;) &
167.9, 137.9, 136.9, 127.8, 127.6, 127.3, 126.9, 126.6, 126.5, 125.3 (q,
284.8 Hz), 55.4 (q, 29.0 Hz), 50.7, 42.7, 34.5; "F NMR (471 MHz,
CDCl;) 6 -74.3 (d, 7.1 Hz, 3F); IR (KBr): 3304.2, 2927.5, 1630.4, 1542.3,
1455.5, 1268.9, 1123.0, 1028.9, 750.4, 698.2, 506.7 cm’'; mp = 78-79 °C;
HRMS calcd. for [M+H]": 337.1528, found: 337.1529.
2-benzyl-5-(trifluoromethyl)pyrazolidin-3-one (3am):

Benzylhydrazine dihydrochloride (42.9 mg, 0.22 mmol)

was neutralized by triethylamine (44.5 mg, 0.44 mmol) in a

S11
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I mL test tube, then acrylate 1a (41.8 mg, 0.2 mmol) was added. The
mixture was stirred at r.t. for 3.5 h, then passed through a plug of silica
gel (PE:EA = 3:1) to afford the compound 3al (31.9 mg, 66%) and 3al’
respectively. 'H NMR (500 MHz, CDCl;) & 7.42-7.28 (m, 5H), 4.96 (d,
14.6 Hz, 1H), 4.62 (d, 7.8 Hz, 1H), 4.27 (d, 14.6 Hz, 1H), 3.97-3.92 (m,
1H), 3.00 (dd, 17.5 Hz, 10.0 Hz, 1H), 2.71 (dd, 17.4 Hz, 3.3 Hz, 1H); "°C
NMR (126 MHz, CDCl;) 6 168.2, 135.0, 128.9, 128.5, 128.2, 124.6 (q,
279.7 Hz), 53.9 (q, 32.8 Hz), 48.4, 31.8.
1-benzyl-5-(trifluoromethyl)pyrazolidin-3-one (3am’):

'H NMR (500 MHz, CDCl;) & 7.43-7.31 (m, 5H), 4.04 (d,

12.6 Hz, 1H), 3.94 (d, 12.6 Hz, 1H), 3.79-3.75 (m, 1H),
2.84 (dd, 17.7 Hz, 9.9 Hz, 1H), 2.46 (dd, 17.7 Hz, 2.9 Hz, 1H); °C NMR
(126 MHz, CDCl3) & 171.7, 134.3, 129.6, 128.9, 128.6, 124.6 (q, 279.7
Hz), 64.6, 61.6 (q, 31.5 Hz), 29.2; ’F NMR (471 MHz, CDCl;) & -78.1 (d,
7.3 Hz, 3F); IR (KBr): 3196.1, 3071.6, 1708.1, 1397.0, 1347.9, 1273.6,
1188.5, 1166.3, 1118.1, 1058.2, 1029.6, 963.2, 699.8 cm™; mp = 78-79
°C; HRMS calcd. for [M+H]": 245.0902, found: 245.0894.
B\ 0 © 3-(3-(benzyl(methyl)amino)-4,4,4-trifluorobutano
N

o™

\__/ | ylDoxazolidin-2-one (3an):

N-methyl-1-phenylmethanamine (26.7 mg, 0.22 mmol) and acrylate 1a
(41.8 mg, 0.2 mmol) were added to a 1 mL test tube. The mixture was

stirred at r.t. for 6 h, then passed through a plug of silica gel (PE:EA =3:1)
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to afford the title compound (62.8 mg, 95%) as a clear oil. 'H NMR (500
MHz, CDCly) 6 7.33-7.09 (m, 5H), 4.30 (t, 8.1 Hz, 2H), 4.06-3.86 (m,
3H), 3.75 (q, 13.7 Hz, 2H), 3.48 (dd, 16.3 Hz, 9.7 Hz, 1H), 3.03 (dd, 16.3
Hz, 4.3 Hz, 1H), 2.30 (d, 1.1 Hz, 3H); °C NMR (126 MHz, CDCl;) &
168.5, 152.3, 138.0, 127.4, 127.2, 126.2, 126.0 (q, 291.1 Hz), 61.1, 59.5
(g, 26.5 Hz), 58.5, 41.6, 35.9, 31.7; "F NMR (471 MHz, CDCl;) & -68.9
(d, 8.2 Hz, 3F); IR (neat): 3544.5, 2923.9, 1776.0, 1701.2, 1479.0, 1454.1,
1388.6, 1313.8, 1222.5, 1104.7, 962.1, 741.6, 683.7 cm'. HRMS calcd.

for [M+H]": 331.1270, found: 331.1259.

J 3-(3-(benzyl(ethyl)amino)-4,4,4-trifluorobutanoyl)
Bn

N0 O
)\/U\ J_ | oxazolidin-2-one (3a0):
FsC N O

N-ethyl-1-phenylmethanamine (29.8 mg, 0.22 mmol)

and acrylate 1a (41.8 mg, 0.2 mmol) were added to a 1 mL test tube. The
mixture was stirred at r.t. for 4 h, then passed through a plug of silica gel
(PE:EA = 2:1) to afford the title compound (65.7 mg, 95%) as a white
solid. "H NMR (500 MHz, CDCl;) & 7.28-7.11 (m, 5H), 4.33-4.20 (m,
2H), 4.05-3.85 (m, 3H), 3.83 (d, 13.8 Hz, 1H), 3.68 (d, 14.3 Hz, 1H), 3.32
(dd, 15.8 Hz, 9.3 Hz, 1H), 3.12 (dd, 15.8 Hz, 4.9 Hz, 1H), 2.73-2.63 (m,
2H), 0.99 (t, 7.1 Hz, 3H); °C NMR (126 MHz, CDCl;) § 168.5, 152.1,
138.6, 127.4, 127.2, 126.0, 125.9 (g, 291.1 Hz), 60.9, 55.8 (q, 26.5 Hz),
53.3,43.5, 41.5, 31.9, 12.9; "F NMR (471 MHz, CDCL;) & -69.4 (d, 8.3

Hz, 3F); IR (KBr): 2979.7, 2845.5, 1776.5, 1700.8, 1392.3, 1279.1,
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1155.5, 1107.9, 968.4, 758.9, 636.2 cm™'; mp = 33-34 °C; HRMS calcd.

for [M+H]": 345.1426, found: 345.1417.

Bn- BN o 3-(3-(dibenzylamino)-4,4,4-trifluorobutanoyl)oxaz

FgC)\/“\NJkO olidin-2-one (3ap): Dibenzylamine (43.4 mg, 0.22
/

mmol) and acrylate 1a (41.8 mg, 0.2 mmol) were
added to a 1 mL test tube. The mixture was stirred at r.t. for 1.5 h, then
passed through a plug of silica gel (PE:EA = 2:1) to afford the title
compound (80.9 mg, 99%) as a clear oil. 'H NMR (500 MHz, CDCl;) &
7.33-7.08 (m, 10H), 4.22-4.10 (m, 2H), 4.02-3.90 (m, 1H), 3.90-3.84 (m,
1H), 3.81 (d, 13.6 Hz, 2H), 3.77-3.68 (m, 1H), 3.64 (d, 14.0 Hz, 2H), 3.24
(dd, 15.0 Hz, 4.8 Hz, 1H), 3.15 (dd, 15.0 Hz, 9.6 Hz, 1H); °C NMR (126
MHz, CDCl;) 6 168.0, 151.9, 137.7, 128.2, 127.2, 126.3, 126.0 (q, 291.1
Hz), 60.8, 54.7 (q, 26.5 Hz), 53.2, 41.4, 32.0; "’F NMR (471 MHz, CDCl5)
0 -68.6 (d, 8.1 Hz, 3F); IR (neat): 3537.3, 3029.2, 2855.4, 1780.2, 1703.4,
1430.4, 1390.7, 1265.5, 1210.1, 1109.4, 1036.6, 982.8, 751.5 cm'’;

HRMS calcd. for [M+H]": 407.1583, found: 407.1568.

Bn. J/

N~ O O | butanoyl)oxazolidin-2-one (3aq):
FSC)\)J\NJKO

OH 3-(3-(benzyl(2-hydroxyethyl)amino)-4,4,4-trifluoro

\_/ 2-(benzylamino)ethanol (33.3 mg, 0.22 mmol) and

acrylate 1a (41.8 mg, 0.2 mmol) were added to a 1 mL test tube. The
mixture was stirred at r.t. for 1 h, then passed through a plug of silica gel

(PE:EA = 1:1) to afford the title compound (66.1 mg, 92%) as a white
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solid. 'H NMR (500 MHz, CDCl3) & 7.25 (t, 7.2 Hz, 2H), 7.22-7.15 (m,
3H), 4.26-4.15 (m, 2H), 3.96-3.78 (m, 3H), 3.74-3.71 (m, 1H), 3.69-3.58
(m, 2H), 3.46 (d, 8.6 Hz, 1H), 3.15 (d, 7.2 Hz, 3H), 3.06-2.96 (m, 1H),
2.85 (d, 14.0 Hz, 1H); "C NMR (126 MHz, CDCl;) § 169.1, 151.8,
137.9, 128.0, 127.4, 126.3, 125.9 (q, 291.1 Hz), 61.0, 58.8, 56.1 (q, 26.5
Hz), 53.8, 52.3, 41.4, 32.4; "F NMR (471 MHz, CDCl5) & -68.5 (d, 8.0
Hz, 3F); IR (KBr): 3471.3, 2977.5, 2974.6, 1781.8, 1681.7, 1483.1,
1390.3, 1364.9, 1246.5, 1078.4, 920.8, 761.4, 637.2 cm™'; mp = 84-85

°C; HRMS calcd. for [M+H]": 361.1375, found: 361.1359.

(Do o

FsC N\_/O and acrylate 1a (41.8 mg, 0.2 mmol) were added to a

3-(4,4,4-trifluoro-3-morpholinobutanoyl)oxazolidi

n-2-one (3ar): Morpholine (19.2 mg, 0.22 mmol)

I mL test tube. The mixture was stirred at r.t. for 2 h, then passed through
a plug of silica gel (PE:EA = 3:1) to afford the title compound (56.0 mg,
94%) as a clear oil. '"H NMR (500 MHz, CDCI5) & 4.39 (t, 8.3 Hz, 2H),
4.08-3.93 (m, 2H), 3.84-3.69 (m, 1H), 3.55-3.50 (m, 5H), 2.95 (dd, 16.6
Hz, 4.3 Hz, 1H), 2.84-2.81 (m, 2H), 2.68-2.53 (m, 2H); °C NMR (126
MHz, CDCly) & 168.7, 152.4, 125.4 (q, 290.0 Hz), 66.7, 61.2, 60.7 (q,
27.7 Hz), 49.0, 41.7, 31.1 (d, 1.2 Hz); °’F NMR (471 MHz, CDCl3) &
-69.2 (d, 8.5 Hz, 3F); IR (neat): 3542.4, 2961.4, 2853.6, 1779.6, 1702.5,
1392.1, 1316.0, 1266.0, 1156.6, 1114.7, 1036.8, 855.2, 802.5, 760.0,

684.0 cm™'; HRMS calcd. for [M+H]*: 297.1062, found: 297.1048.
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3-(4,4,4-trifluoro-3-(pyrrolidin-1-yl)butanoyl)oxa

!

N~ 0o O ¢ 3 T
zolidin-2-one (3as): Pyrrolidine (15.7 mg, 0.22
F3C)\)LNJJ\O

/

mmol) and acrylate 1a (41.8 mg, 0.2 mmol) were
added to a 1 mL test tube. The mixture was stirred at r.t. for 2 h, then
passed through a plug of silica gel (PE:EA = 2:1) to afford the title
compound (51.2 mg, 91%) as a yellow solid. 'H NMR (500 MHz,
CDCl;) 6 4.37 (t, 8.1 Hz, 2H), 4.12-4.02 (m, 1H), 4.01-3.94 (m, 2H),
3.37(dd, 17.2 Hz, 7.9 Hz, 1H), 3.09 (dd, 17.2 Hz, 5.0 Hz, 1H), 2.78 (dd,
7.5 Hz, 5.4 Hz, 2H), 2.70 (d, 6.8 Hz, 2H), 1.73-1.59 (m, 4H); °C NMR
(126 MHz, CDCl;) 6 169.1, 152.4, 125.6 (q, 288.5 Hz), 61.1, 56.1 (q,
27.7 Hz), 47.9, 41.6, 30.9 (d, 1.2 Hz), 22.9; F NMR (471 MHz, CDCl;)
o -70.8 (d, 8.5 Hz, 3F); IR (KBr): 3380.0, 2923.9, 2851.7, 1780.8,
1699.2, 1479.7, 1312.2, 1261.0, 1166.3, 1069.8, 944.5, 802.8, 760.6
cm’l; mp = 30-31 °C; HRMS caled. for [M+H]": 281.1113, found:

281.1107.

O\ 3-(3-(cyclohexylamino)-4,4,4-trifluorobutanoyl)
NH O O

oxazolidin-2-one (3at): Cyclohexanamine (21.9

FsC N O
\_/

mg, 0.22 mmol) and acrylate 1la (41.8 mg, 0.2
mmol) were added to a 1 mL test tube. The mixture was stirred at r.t. for
1.5 h, then passed through a plug of silica gel (PE:EA = 2:1) to afford
the title compound (61.3 mg, 99%) as a yellow solid. 'H NMR (500

MHz, CDCl;) & 4.37 (t, 8.2 Hz, 2H), 4.03-3.91 (m, 2H), 3.86-3.70 (m,
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1H), 3.22 (dd, 16.2 Hz, 9.0 Hz, 1H), 3.07 (dd, 16.2 Hz, 4.4 Hz, 1H),
2.60 (t, 10.1 Hz, 1H), 1.86-1.46 (m, 5H), 1.45-1.25 (m, 1H), 1.24-0.86
(m, 5H); °C NMR (126 MHz, CDCl;) & 168.8, 152.5, 125.5 (q, 284,8
Hz), 61.1, 53.4, 52.1 (q, 29.0 Hz), 41.6, 35.0 (d, 1.9 Hz), 33.1, 32.0, 24.9,
23.6, 23.4; "F NMR (471 MHz, CDCly) & -75.2 (d, 7.0 Hz, 3F); IR
(KBr): 3358.5, 2929.8, 2857.2, 1787.0, 1700.3, 1391.6, 1269.0, 1222.9,
1125.9, 1040.3, 760.2, 631.1 cm™; mp = 36-37 °C; HRMS calcd. for

[M+H]": 309.1426, found: 309.1408.

3-(4,4-difluoro-3-((4-fluorophenyl)amino)butan

F
\©\NH 0O O oyl)oxazolidin-2-one (3bk): 4-fluoroaniline (24.5

HF,C N" O
\ /| mg, 0.22 mmol) and acrylate 1b (38.2 mg, 0.2

mmol) were added to a 1 mL test tube. The mixture was stirred at r.t. for
18 h, then passed through a plug of silica gel (PE:EA =2:1) to afford the
title compound (56.3 mg, 93%) as a yellow solid. 'H NMR (500 MHz,
CDCl,) & 6.83 (t, 8.6 Hz, 2H), 6.69-6.42 (m, 2H), 5.86 (td, 56.0 Hz, 2.5
Hz, 1H), 4.34-4.27 (m, 2H), 4.25-4.21 (m, 1H), 3.87 (t, 8.1 Hz, 2H),
3.78 (d, 10.5 Hz, 1H), 3.36 (dd, 16.4 Hz, 7.9 Hz, 1H), 3.15 (dd, 16.4 Hz,
4.8 Hz, 1H); "C NMR (126 MHz, CDCl;) § 169.4, 155.6 (d, 236.9 Hz),
152.5, 141.2 (d, 2.1 Hz), 114.7 (d, 22.7 Hz), 114.1 (d, 7.5 Hz), 114.0 (t,
246.3 Hz), 61.2, 52.3 (1, 22.7 Hz), 41.5, 32.8 (d, 4.0 Hz); ’F NMR (471
MHz, CDCl;) & -125.2--1259 (m, 1F), -125.7--125.9 (m, 1F),

-128.9--129.6 (m, 1F); IR (KBr): 3350.7, 2981.8, 1772.6, 1695.9,
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1527.7, 1512.3, 1405.5, 1312.6, 1208.9, 1121.5, 1045.1, 824.0, 761.9,
680.6 cm"; mp = 127-128 °C; HRMS calcd. for [M+H]": 303.0957,

found: 303.0950.

F\Q 3-(4-fluoro-3-((4-fluorophenyl)amino)butanoyl)
NH O O

oxazolidin-2-one (3ck): 4-fluoroaniline (24.5 mg,

FH,C N

/) 022 mmol) and acrylate 1¢ (34.6 mg, 0.2 mmol)

were added to a 1 mL test tube. The mixture was stirred at r.t. for 24 h,
then passed through a plug of silica gel (PE:EA = 2:1) to afford the title
compound (52.1 mg, 92%) as a white solid. 'H NMR (500 MHz, CDCl5)
0 6.82 (t, 8.7 Hz, 2H), 6.64-6.43 (m, 2H), 4.51 (dd, 3.9 Hz, 1.3 Hz, 1H),
4.42 (dd, 3.8 Hz, 1.8 Hz, 1H), 4.36-4.26 (m, 2H), 4.17-4.02 (m, 1H),
3.93-3.87 (m, 2H), 3.85 (s, 1H), 3.33 (dd, 16.4 Hz, 6.8 Hz, 1H), 3.12 (dd,
16.4 Hz, 6.0 Hz, 1H); °C NMR (126 MHz, CDCl;) § 170.1, 155.3 (d,
238.1 Hz), 152.6, 141.5 (d, 1.9 Hz), 114.9 (d, 22.7 Hz), 114.0 (d, 7.5
Hz), 83.0 (d, 172.6 Hz), 61.1, 50.0 (d, 19.8 Hz), 41.4, 35.0 (d, 4.2 Hz);
F NMR (471 MHz, CDCl3) § -126.4--126.5 (m, 1F), -230.4--230.6 (m,
1F); IR (KBr): 3350.0, 2926.7, 1778.7, 1680.4, 1510.9, 1394.5, 1209.1,
1036.8, 928.9, 826.2, 758.5, 700.5 cm™'; mp = 112-113 °C; HRMS calcd.

for [M+H]": 285.1051, found: 285.1047.

3-(3-((4-fluorophenyl)amino)butanoyl)oxazolidi

F
: NH O O n-2-one (3dk): 4-fluoroaniline (24.5 mg, 0.22
A ¢

HsC N" 0
/] mmol) and acrylate 1d (31.0 mg, 0.2 mmol) were
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added to a 1 mL test tube. The mixture was stirred at r.t. for 44 h, then
passed through a plug of silica gel (PE:EA = 2:1) to afford the title
compound (38.6 mg, 72%) as a yellow solid. '"H NMR (500 MHz,
CDCl;) 6 6.80 (t, 8.6 Hz, 2H), 6.51-6.48 (m, 2H), 4.28 (dd, 16.0 Hz, 7.7
Hz, 2H), 3.97-3.95 (m, 1H), 3.86 (dd, 11.7 Hz, 5.0 Hz, 2H), 3.60 (s, 1H),
3.26 (dd, 15.4 Hz, 7.1 Hz, 1H), 2.91 (dd, 15.4 Hz, 5.6 Hz, 1H), 1.21 (d,
6.3 Hz, 3H); °C NMR (126 MHz, CDCl5) § 170.7, 155.0 (d, 236.9 Hz),
152.7, 142.3, 114.7 (d, 22.7 Hz), 113.7 (d, 7.4 Hz), 61.0, 46.2, 41.5,
40.3, 20.1; "F NMR (471 MHz, CDCl;) § -127.5--127.6 (m, 1F); IR
(KBr): 3356.0, 2972.6, 2925.4, 1774.9, 1681.2, 1510.9, 1393.2, 1315.6,
1210.3, 1146.4, 1036.9, 1020.5, 825.9, 702.0 cm™'; mp = 106-107 °C;

HRMS calcd. for [M+H]": 267.1145, found: 267.1132.

F 3-(4,4,5,5,5-pentafluoro-3-((4-fluorophenyl)ami
\©\NH 0O O

no)pentanoyl)oxazolidin-2-one (3ek):

C2F5 N e
\_/] 4-fluoroaniline (24.5 mg, 0.22 mmol) and

acrylate 1le (51.8 mg, 0.2 mmol) were added to a 1 mL test tube. The
mixture was stirred at r.t. for 18 h, then passed through a plug of silica gel
(PE:DCM = 1:2) to afford the title compound (64.2 mg, 87%) as a yellow
solid. '"H NMR (500 MHz, CDCl5) § 6.83 (t, 8.7 Hz, 2H), 6.67-6.50 (m,
2H), 4.77-4.59 (m, 1H), 4.26 (t, 8.1 Hz, 2H), 3.87-3.74 (m, 2H), 3.67 (d,
11.2 Hz, 1H), 3.47 (dd, 15.8 Hz, 9.1 Hz, 1H), 3.24 (dd, 15.8 Hz, 3.6 Hz,

1H); >C NMR (126 MHz, CDCl) & 168.3, 155.7 (d, 238.1 Hz), 152.6,
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140.5 (d, 2.1 Hz), 117.9 (qt, 287.3 Hz, 35.3 Hz), 114.9 (d, 22.7 Hz),
114.0 (d, 7.6 Hz), 113.2 (tq, 259.6 Hz, 36.5 Hz), 61.2, 51.2 (dd, 26.5 Hz,
21.4 Hz), 41.5, 33.7; "F NMR (471 MHz, CDCl3) & -81.4 (S, 3F), -118.5
(dd, 274.7 Hz, 6.8 Hz, 1F ), -125.2--125.3 (m, 1F), -126.7 (dd, 274.7 Hz,
18.2 Hz, 1F ); IR (KBr): 3362.1, 2935.2, 1774.3, 1702.4, 1510.2, 1347.9,
1221.6, 1120.4, 1113.2, 832.3, 664.6 cm'; mp = 110-111 °C; HRMS

calcd. for [M+H]": 371.0830, found: 371.0814.

3-(4-chloro-4,4-difluoro-3-((4-fluorophenyl)am

Q!
NH O )CL ino)butanoyl)oxazolidin-2-one (3fk):

CIF,C N -
\/} 4-fluoroaniline (24.5 mg, 0.22 mmol) and

acrylate 1f (45.1 mg, 0.2 mmol) were added to a 1 mL test tube. The
mixture was stirred at r.t. for 6 h, then passed through a plug of silica gel
(PE:DCM = 1:2) to afford the title compound (61.8 mg, 92%) as a yellow
solid. '"H NMR (500 MHz, CDCl;) § 6.83 (t, 8.6 Hz, 2H), 6.72-6.47 (m,
2H), 4.73-4.50 (m, 1H), 4.31 (t, 8.1 Hz, 2H), 3.90-3.87 (m, 2H), 3.78 (d,
10.6 Hz, 1H), 3.50 (dd, 16.0 Hz, 9.8 Hz, 1H), 3.22 (dd, 16.0 Hz, 3.5 Hz,
1H); °C NMR (126 MHz, CDCL3) § 168.1, 155.8 (d, 238.1 Hz), 152.6,
141.1 (d, 2.1 Hz), 129.1 (t, 300.0 Hz), 114.8 (d, 22.7 Hz), 114.4 (d, 7.6
Hz), 61.2, 58.1 (t, 23.9 Hz), 41.5, 35.3; "°’F NMR (471 MHz, CDCl;) §
-59.8--60.6 (m, 2F ), -125.3--125.4 (m, 1F); IR (KBr): 3358.0, 3028.9,

1775.8, 1689.1, 1512.5, 1399.0, 1312.8, 1228.8, 1067.2, 958.7, 819.8,
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758.4, 602.4 cm™; mp = 105-106 °C; HRMS calcd. for [M+H]": 337.0567,

found: 337.0543.

\©\NHO O
PN

BerC N
\ /) 4-fluoroaniline (24.5 mg, 0.22 mmol) and acrylate

3-(4-bromo-4,4-difluoro-3-((4-fluorophenyl)a

mino)butanoyl)oxazolidin-2-one (3gk):

1g (54.0 mg, 0.2 mmol) were added to a 1 mL test tube. The mixture
was stirred at r.t. for 10 h, then passed through a plug of silica gel
(PE:DCM = 1:2) to afford the title compound (66.4 mg, 87%) as a
yellow solid. 'H NMR (500 MHz, CDCl3) & 6.83 (t, 8.7 Hz, 2H),
6.68-6.59 (m, 2H), 4.61-4.46 (m, 1H), 4.31 (t, 8.1 Hz, 2H), 3.90-3.86 (m,
2H), 3.79 (d, 10.5 Hz, 1H), 3.50 (dd, 16.0 Hz, 9.8 Hz, 1H), 3.23 (dd,
16.0 Hz, 3.5 Hz, 1H); °C NMR (126 MHz, CDCl;) § 168.0, 155.8 (d,
238.1 Hz), 152.6, 141.0 (d, 2.1 Hz), 124.0 (t, 313.7 Hz), 114.9 (d, 22.7
Hz), 114.5 (d, 7.6 Hz), 61.2, 59.5 (t, 23.9 Hz), 41.5, 35.8; "F NMR (471
MHz, CDCl;) 6 -53.0--53.8 (m, 2F ), -125.2--125.3 (m, 1F); IR (KBr):
3358.1, 3023.3, 1777.2, 1689.5, 1512.2, 1401.7, 1311.3, 1230.0, 1130.0,
940.8, 819.9, 760.3 cm™; mp = 116-117 °C; HRMS calcd. for [M+H]":

381.0062, found: 381.0043.

F\©\ (R)-4-phenyl-3-((S)-4,4,4-trifluoro-3-((4-fluoro
NH O Ph

phenyl)amino)butanoyl)oxazolidin-2-one
FsC

N
O)/—O (R,S)-5: 4-fluoroaniline (0.49 g, 4.4 mmol) and

compound 4 (1.14 g, 4 mmol) were added to a 10 mL test tube. After

S21

Page 26 of 79



Page 27 of 79

Green Chemistry

stirring at rt for 15 min, the reaction was stopped. The
diastereoselective ratio was determined as 2.8:1 by the 'H NMR of the
crude mixture of diastereomers (page S66). The major isomer (R,S)-5
was purified by column chromatography (PE:DCM = 1:1) as a yellow
solid (0.56 g, 68% (brsm)). "H NMR (500 MHz, CDCls) & 7.21-7.15 (m,
1H), 7.11 (t, 7.6 Hz, 2H), 7.09-7.04 (m, 2H), 6.78 (t, 8.7 Hz, 2H),
6.53-6.42 (m, 2H), 5.37-5.33 (m, 1H), 4.58 (t, 8.8 Hz, 1H), 4.38-4.27 (m,
1H), 4.18 (dd, 8.9 Hz, 3.5 Hz, 1H), 3.90 (d, 10.5 Hz, 1H), 3.60 (dd, 15.1
Hz, 9.6 Hz, 1H), 3.10 (dd, 15.1 Hz, 4.2 Hz, 1H). °C NMR (126 MHz,
CDCl) 6 167.7, 155.8 (d, 238.1 Hz), 152.9, 140.8, 137.0, 128.1, 127.7,
124.5, 124.4 (q, 284.8 Hz), 114.8 (d, 22.7 Hz), 114.3 (d, 7.6 Hz), 69.2,
56.8, 53.4 (q, 30.2 Hz), 34.0. ”F NMR (471 MHz, CDCl;) & -76.1 (d,

6.6 Hz, 3F), -125.4--125.5 (m, 1F).

F\@ (R)-4-phenyl-3-((R)-4,4,4-trifluoro-3-((4-fluoro
NH O Ph

&)L E phenyl)amino)butanoyl)oxazolidin-2-one
F4C

N
O)—o (R,R)-5: 'H NMR (500 MHz, CDCl5) § 7.29-7.20

(m, 3H), 7.17-7.10 (m, 2H), 6.81 (t, 8.6 Hz, 2H), 6.62-6.47 (m, 2H), 5.32

(dd, 8.7 Hz, 3.9 Hz, 1H), 4.59 (t, 8.9 Hz, 1H), 4.49-4.47 (m, 1H), 4.21 (dd,
9.0 Hz, 3.9 Hz, 1H), 3.65 (d, 10.2 Hz, 1H), 3.43 (dd, 16.1 Hz, 9.8 Hz, 1H),
3.21 (dd, 16.1 Hz, 3.7 Hz, 1H). °C NMR (126 MHz, CDCl;) § 167.5,
155.8 (d, 238.1 Hz), 152.8, 140.9, 137.2, 128.2, 127.9, 124.8, 124.5 (q,

284.8 Hz), 114.9 (d, 22.7 Hz), 114.2 (d, 7.5 Hz), 69.2, 56.7, 52.5 (q, 30.2
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Hz), 34.8. "F NMR (471 MHz, CDCly) & -75.9 (d, 6.7 Hz, 3F),

-125.4--125.5 (m, 1F).

Synthesis of enantiopure trifluoromethylated N-hetereocycles

(5)-1-(4-fluorophenyl)-4-(trifluoromethyl)azetidin-2-

F
© one (9)': To the solution of compound (R,S)-5 (0.56 g,
N 1.42 mmol) in THF/H,O (4:1, 8 mL), H,O, (30%, 1 mL)
Fsc—Q\/:o

and aqueous solution of LiOH-H,O (0.10 g, 2.38 mmol)
were slowly added at 0 °C. After stirring at 0 °C for 2 h, Na,SO; was
added to consume the remained H,O,. The solution was adjusted to pH 12,
then extracted with ethyl acetate (3x5 mL). The aqueous phase was
acidified by dilute HCI to pH 2, then extracted with ethyl acetate (3x10
mL) and dried over anhydrous Na,SO,. The solvent was evaporated under
vacuum, and the residue was purified by column chromatography (PE:EA
= 2:1) to afford compound (S)-6 (0.26 g, 73%) as a yellow solid. Under
N, atmosphere, compound ($)-6 (0.16 g, 0.64 mmol) and anhydrous
CH;OH (1.44 mL) were added to a 10 mL oven-dried Schlenk tube.
SOCI, (0.07 mL, 1 mmol) was slowly added to the mixture at 5 °C, then
warmed to 60 °C. After 1.5 h stirring at the temperature, the solution was
cooled to r.t. and toluene (1.3 mL) was added. NaHCO; (0.13 g, 1.5 mmol)
was added to the above solution at 0 °C, then stirred for 1h. The resulting

solution was extracted with ethyl acetate and dried over anhydrous
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Na,SO,. Evaporating the solvent under vacuum gave compound (S)-8
(0.16 g, 95%) as a yellow solid without purification. To a solution of
compound ($)-8 (0.16 g, 0.60 mmol) in anhydrous Et,O (1.5 mL) was
slowly added a solution of MeMgBr (0.4 mL, 3M in Et,0) at -12 °C
under nitrogen atmosphere. After stirring at -12 °C for 1h, the reaction
was quenched by adding an excess amount of saturated aqueous NH,CI
solution, followed by extracting with Et,O (3x10 mL). The organic phase
was washed with brine and then dried over anhydrous Na,SO,. The
solvent was evaporated under vacuum, and the residue was purified by
column chromatography (PE:EA = 10:1) to afford the title compound 9
(96.5 mg, 69%) as a yellow solid. [a]p” = -289.2 (¢ 0.21, CHCl;); 'H
NMR (500 MHz, CDCl5) 6 7.53-7.31 (m, 2H), 7.06 (t, 8.6 Hz, 2H),
4.64-4.39 (m, 1H), 3.37 (dd, 15.5 Hz, 5.8 Hz, 1H), 3.21 (dd, 15.5 Hz, 2.4
Hz, 1H); "C NMR (126 MHz, CDCly) § 162.6, 159.7 (d, 245.7 Hz),
132.9 (d, 2.8 Hz), 124.2 (q, 180 Hz), 119.1 (d, 8.1 Hz), 116.0 (d, 22.7 Hz),

50.8 (q, 35.3 Hz), 38.6 (d, 1.7 Hz).

(8)-6-fluoro-2-(trifluoromethyl)-2,3-dihydroquino

o)
F
lin-4(1H)-one (7): Compound ($)-6 (0.1 g, 0.4
N~ YCF
H

3

mmol) and polyphosphoric acids (1.0 g) were added

to a 10 mL test tube. After stirring at 120-130 °C for 0.5 h, the viscous
solution was cooled, and ice water (4 mL) was added, followed by

extracting with ethyl acetate (3x10 mL). The organic phase was washed
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with brine and then dried over anhydrous Na,SO,. The solvent was
evaporated under vacuum, and the residue was purified by column
chromatography (PE:EA = 4:1) to afford the title compound 7 (49.8 mg,
54%) as a yellow solid.” [a]p> = -159.0 (¢ 0.3, CHCI3); '"H NMR (500
MHz, CDCl;) ¢ 7.51 (dd, 8.5 Hz, 2.9 Hz, 1H), 7.14 (td, 8.7 Hz, 3.0 Hz,
1H), 6.74 (dd, 8.9 Hz, 4.0 Hz, 1H), 4.50 (s, 1H), 4.15 (dd, 12.8 Hz, 6.8
Hz, 1H), 2.97 (dd, 16.7 Hz, 5.5 Hz, 1H), 2.88 (dd, 16.8 Hz, 8.9 Hz, 1H);
C NMR (126 MHz, CDCl5) & 189.2, 156.4 (d, 240.7 Hz), 145.3, 124.9
(q, 282.7 Hz), 123.8 (d, 23.9 Hz), 119.2 (d, 6.0 Hz), 117.5 (d, 6.9 Hz),
112.3 (d, 22.7 Hz), 54.5 (q, 31.5 Hz), 35.9; °’F NMR (471 MHz, CDCl;)
0 -77.3 (d, 6.3 Hz, 3F), -124.1--124.2 (m, 1F); IR (KBr): 3698.5, 3350.0,
2998.3, 1659.3, 1507.1, 1424.6, 1269.5, 1183.1, 1169.2, 1122.2, 918.8,
826.3, 683.2 cm'l; mp = 103-104 °C; HRMS calcd. for [M+H]":

234.0542, found: 234.0535.

References
(1) K. Tamura, T. Yamazaki, T. Kitazume, T. Kubota, J. Fluorine Chem.
2005, 126, 918-930.

(2) Y.-F. Gong, K. Kato, J. Fluorine Chem. 2004, 125, 767-773.
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Aza-Michael addition under catalyst- and solvent-free conditions worked well to
install various fluoroalkylated amino acids derivatives and three trifluoromethylated
heterocycles.

o o aaMdedAddtion gk 0 o
catalyst-free M
R-NHy ———
Rf/\)L NJ\O * 2 “solvent-free Rf N)ko
1 >—/ 2 3
R' 7 R'
Rf = CF3, CF,H, CFH,, CHa, CoF5, CCIF,, CBrFy; / 28 examples
v

R = Ar, Akyl; R"=H, Ph up to 99% yield

(0]
R Bn F
’l‘ HN\N/ m
FiC O FiC
——Q): /Q/&O o

(S)-9 (rac)-3am (S)-7 N 3




