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Abstract

Aim. To develop a preparative method for the synthesis of N-trimethylsilylimine of trifluoropyruvate, and study its interac-
tion with acetone under organocatalytic conditions.

Results and discussion. A simple preparative approach to the first representative of N-silylimines of trifluoropyruvate was
developed based on the interaction of triphenylphosphinimide and trifluoropyruvic acid methyl ester by the aza-Wittig re-
action. It was found that the addition of acetone to N-silylimine occurred in the presence of L- or D-proline and led to the
formation of enantiomerically enriched a-amino-y-oxocarboxylates. The hydrolysis of the ester function resulted in (R)-a-
trifluoromethyl aminocarboxylic acid, and the cyclocondensation with isocyanates or 2,5-dimethoxytetrahydrofuran yielded
nitrogen-containing heterocycles containing pyrimidine or pyrrolizine nuclei.

Experimental part. The synthetic procedures for the N-silylimine of trifluoropyruvate and its reaction with acetone are
provided, along with the transformations of obtained a-amino-y-oxocarboxylates (hydrolysis, cyclocondensations with iso-
cyanates and 2,5-dimethoxytetrahydrofuran). The structures of the compounds synthesized were proven by *H, 3C, °F NMR
spectroscopy methods, as well as by the elemental analysis.

Conclusions. A convenient method for the synthesis of N-silylimine of trifluoropyruvate has been developed. Using the ex-
ample of the Mannich reaction with acetone, it has been demonstrated that N-silylimine of trifluoropyruvate is a convenient
substrate for the synthesis of optically active 3,3,3-trifluoroalanine derivatives.
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N-cuninimin Tpudroponipysaty B acCMUMeTPUYHOMY CUHTE3i NOXiAHUX TPUPTOPOANAHIHY

AHoTauifA

Merta. Po3pobuTn npenapatmBHuini metog cuHTesy N-TpumeTuacuniniminy TpudtoponipysaTty Ta 4OCAIANTM 3aKOHOMIPHOCTI
oro B3aeMogii 3 aLLeTOHOM B OpraHOKaTaniTMYHUX YMOBaXx.

Pe3ynbTaty Ta iXx 06roBopeHHA. Po3pobieHo NpocTuii npenapaTUBHUIA Niaxig A0 neploro npeactaBHuKa N-cuninimiHis
TpudTOopONipyBaTy, AKMI NonAarae y B3aemogii TpudeHindocoiHimigy i metnnosoro ectepy TpudTOpONipOBMHOrPaALHOI KUC-
NIOTW 3a cxemoto peakuii a3a-BitTira. BuasneHo, wo npuegHaHHA auetoHy Ao N-cuninimiHy BiabyBaeTbca B NPUCYTHOCTI
L- abo D-nponiHy i npu3BoAMTb A0 YTBOPEHHA €HAHTIOMEpPHO 36aravyeHunx a-aMiHo-y-oKcoKapbokcunaris. ligponizom ectep-
HOT QYHKL,i OCcTaHHiX ogeprKaHo (R)-a-TpudTopomeTn amiHOKapbOHOBY KMCNOTY, a LIMKIOKOHAEHCALLIE 3 i30LiaHaTamM Ta
2,5-aMmeToKcuTeTparigpodypaHom CUHTE30BaHO HITPOreHOBMICHI FreTePOLMKAM, WO MICTATL NipumignHose abo niponisu-
HOBe AApPO.

EKcnepumeHTasibHa YacTUHA. HaBeaeHO ekcnepumeHTanbHi MeToguKkm cuHTesy N-cuninimiHy TpudtoponipysaTy, NpoAyKTiB
Oro peakLii 3 aLueTOHOM, a TaKOXK NepeTBOPEHHA OTPMMaHUX -aMiHO-Y-OKCOKapboKcuaaTis (riaponis, LMKAoKoHAeH caL,i
3 i3oujiaHaTamm Ta 2,5-gumeTokcuTeTparigpodypaHom). CTpyKTypM yCix OTPUMaHUX Cnonyk aosegeHo metogamu AMP Ha
aapax H, 3Ci °F, a TaKoX enemeHTHUM aHani3oM.

BuUcHOBKU. Po3po6aeHO 3pyyHUit metog cuHTesy N-cuniniminy TpudToponipysaty. Ha npuknaai peakuii MaHHixa 3 aueTo-
HOM NPOAEMOHCTPOBAHO, Lo N-cuAinimiH TpudTOopONipyBaTy € 3pY4HNM CYBCTPATOM ANA CUHTE3Y ONTUYHO aKTUBHUX MOXIiAHUX
3,3,3-TpudTopoanaHiHy.

Kntoyoei cnosa: acumeTpuuHuiA cnHTes; N-cuninimiH; peakuis MaHHixa; ToudpTopomeTnn; a-amiHo-y-okcokapbokeunat

ISSN 2308-8303 (Print) / 2518-1548 (Online) m



MypHan opeaHiyHOi ma gpapmayesmuyHoi ximii 2023, 21 (2)

Citation: Cherednichenko, A. S.; Rassukana, Yu. V. N-Silylimine of Trifluoropyruvate in the Asymmetric Synthesis of Trifluoroalanine
Derivatives. Journal of Organic and Pharmaceutical Chemistry 2023, 21 (2), 29-35.

https://doi.org/10.24959/ophc;j.23.284819

Received: 15 May 2023; Revised: 31 May 2023; Accepted: 2 June 2023
Copyright© 2023, A. S. Cherednichenko, Yu. V. Rassukana. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0).
Funding: The authors received no specific funding for this work.

Conflict of interests: The authors have no conflict of interests to declare.

B Introduction

The development of new synthetic approaches
to fluorine-containing derivatives of a-aminocar-
boxylic acids has remained an urgent task over
the past few decades, considering the wide spec-
trum of their biological action and, as a result,
their increasingly expanding application in drug
design [1-4]. However, modern requirements for
the design of biologically active molecules con-
taining a stereogenic center demand the synthe-
sis of both enantiomeric forms. Therefore, the de-
velopment of synthetic methods for non-racemic
fluorinated amino acids derivatives is a particular
task. Imines of trifluoropyruvate have already
proven themselves as convenient precursors of
acyclic and heterocyclic amino acids, including
enantiomerically enriched ones [5—7]. Thus, we
have recently demonstrated that asymmetric func-
tionalization of enantiomerically pure N-(teri-
butylsulfinyl)imines of trifluoropyruvate allows
obtaining non-racemic derivatives of trifluoroala-
nine [8]. However, for synthesizing optically ac-
tive compounds, it is also possible to apply the
strategy of functionalization of non-chiral imines
using the asymmetric catalysis. The organocata-
lytic Mannich reaction of acetone with acyclic and
heterocyclic polyfluoroalkyl imines has already
become a convenient tool for constructing a C-C
bond near the stereogenic azomethine carbon atom,
and obtaining optically active compounds.
Moreover, we previously showed that the orga-
nocatalytic addition of acetone to NH-imino-
phosphonates, phosphorus analogs of iminocar-
boxylates, proceeds with high chemo- and enan-
tioselectivity [9, 10].

At the same time, in recent years, the use of
silyl derivatives in organic synthesis has expanded,

and “silyl” strategies for the synthesis of many
classes of compounds have been developed.
N-Silylimines are synthetic equivalents of un-
protected NH-imines and can serve as conveni-
ent synthons for obtaining amino acids deriva-
tives with a free amino function. An important
advantage of N-silylimines is the ease of their
conversion into N-unprotected amino acids deri-
vatives since the silyl group is usually removed
while treating the reaction mixture. Neverthe-
less, as far as we know, N-silylated imines of tri-
fluoropyruvate have remained unknown to date.
In this work, we proposed a simple method for
the synthesis of N-trimethylsilylimine of trifluo-
ropyruvate and studied its behavior in the pro-
line-catalyzed Mannich reaction with acetone.

B Results and discussion

To develop a synthetic approach to methyl
a-(N-trimethylsilylimino)trifluoropropionate (4),
we employed a strategy that was previously suc-
cessfully used to obtain the “parent” NH-imine
of trifluoropyruvate [11]. The method consists in
the interaction of commercially available methyl
trifluoropyruvate (1) with N-(trimethylsilyl)tri-
phenylphosphinimine (2) yielded from silyl azi-
de and triphenylphosphine by the Staudinger re-
action (Scheme 1).

Condensation of ketone 1 with phosphinimi-
de 2 proceeds in several steps, resulting in the
formation of the desired iminocarboxylate 4.
Spectral monitoring of the reaction mixture by
NMR on the fluorine and phosphorus nuclei in-
dicated that initially nucleophilic addition of the
=NSiMe, group of compound 2 to the highly po-
larized C=0 bond of ketoester 1 occurred, giving
phosphazacarboxylate 3. Thus, the signal in the

' PhaP + Me3SiNs |
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| Et,0
FaCm)kOMe * PhP=N-SiMe; — = FaC——

O
1 2

COOMe o MeO.__O
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Scheme 1. Synthetic approach to N-trimethylsilylimine of trifluoropyruvate 4
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Scheme 2. Proline-catalyzed Mannich reaction of imine 4 with acetone

3P NMR spectra of compound 3 appears in the re-
gion expected for iminophosphoranes (3.5 ppm),
and the chemical shift in °F NMR (-80.04 ppm)
indicates the location of the trifluoromethyl group
and the siloxy function at the sp3-hybridized car-
bon atom. Iminophosphorane 3 is stable at room
temperature, but when heated or distilled it easily
eliminates triphenylphosphine oxide and trans-
forms into imine 4 — the first representative of
N-silylimines of trifluoropyruvate. It is most like-
ly that the rearrangement 3 — 4 involves 1,3-O,N
migration of the trimethylsilyl group followed by
the elimination of triphenylphosphine oxide from
the classical intermediate of the aza-Wittig re-
action — oxazaphosphetane A (Figure).

Imine 4 is a yellow liquid that can be easily dis-
tilled at atmospheric pressure (b. p. 126-128 °C),
and is stable in an inert atmosphere. The most
characteristic for the structural identification of
iminocarboxylate 4 is the position and multipli-
city of the signal of azomethyne carbon atom in the
13C NMR spectrum (150.7 ppm, q, %Jz = 37.3 Hz),
which confirms the presence of the CF,C=N frag-
ment, along with the presence of a singlet signal of
the CH,Si-group carbons (0.1 ppm). Noteworthy,
in contrast to NH-imine of trifluoropyruvate, which
exists as a mixture of K- and Z-isomers, there is
only one set of signals observed in the 'H, '?F NMR
spectra for its N-silylated analogue 4 [11, 12].

It was found that iminocarboxylate 4 also un-
derwent the Mannich reaction with acetone in
the presence of L- or D-proline (Scheme 2).

Addition of acetone to the C=N bond of imine
4 proceeded at room temperature in DMSO and
was completed within 24 hours.

Enantiomerically enriched a-amino-y-oxocar-
boxylates (R)-5 and (S)-5 with a free amino group
were isolated after treating the reaction mixture
with water; further treatment with the hydro-

gen chloride solution in diethyl ether allowed to
obtain the corresponding hydrochlorides, which
were more suitable for storage.

Considering the fact that the interaction of
iminocarboxylate 4 and iminophosphonates [9]
with acetone occurs under the same conditions, it
can be assumed that the absolute configuration
of the newly formed stereocenter of compound 5
is identical to the structure of (R)-2-amino-1,1,1-
trifluoro-4-oxopentyl-2-phosphonate determined
in our laboratory earlier [9, 10].

A separate task in the asymmetric synthesis
is to determine the enantiomeric purity of the
non-racemic compounds obtained. Previously, we
found that the chiral solvating agent (CSA) —
tert-Bu(Ph)P(S)OH — was effective in identifying
the ee of phosphoryl analogues of compounds 5
[9, 10]. It was determined that this CSA could
also be applied to aminocarboxylates 5. Thus, in
the ratio of 3:1 of carboxylate (R)-5 and CSA, a
clear separation of the signals was observed in
the F NMR spectra (C,Dy) (Ad ~0.1 ppm), which
allowed to detect ee of optically active ketocar-
boxylates 5. It turned out that the enantioselec-
tivity of the acetone addition to iminocarboxy-
lates was significantly lower compared to imino-
phosphonates, and reached about 35%. Unfortu-
nately, our attempts to improve the enantiomeric
excess of the products by increasing the amount
of proline (1 equiv) or by performing the reaction
at lower temperatures (5 °C) in no way affected
the stereochemical result of the interaction.

v-Ketoester 5 contains several functional groups,
which make it an attractive synthon for the syn-
thesis of non-racemic trifluoroalanine derivatives,
both acyclic and heterocyclic.

The presence of an amino acid fragment in
the molecule also allows applying compound 5
to the peptide synthesis; therefore, it is of great

MeOOC
FoC i
O-PPh;
A

Figure. Possible intermediate of iminophosphorane 3
transformation into imine 4

,SiMej

NH, * HCI 1 NaOH NH; * HCI
'CF3 2. HCI - 'CF3
CO,Me CO,H
Me 0] Me @)
(R)-5*HCI (R)-6 *HCI, 92 %

Scheme 3. Synthesis of a-aminocarboxylic acid (R)-6
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Scheme 4. Synthetic approach to dihydropyrimidinones (R)-7
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Scheme 5. The synthesis of trifluoromethylated pyrrolizine (R)-9

importance to perform hydrolysis of the ester
function. It is worth noting that compounds con-
taining a carboxylate group near the quaternary
carbon atom often undergo decarboxylation dur-
ing hydrolysis. However, it was found that hy-
drolysis of the ester function of aminocarboxy-
late (R)-5 proceeded smoothly by the sequential
treatment with sodium hydroxide and a diluted
hydrochloric acid solution (1 M), leading to the
formation of amino acid (R)-6 isolated as hydro-
chloride (Scheme 3).

The presence of the amino group and the keto
function in carboxylates 5 is a prerequisite for the
design of various heterocyclic systems on their
basis. Hence, the cyclocondensation of carboxy-
late (R)-5 with aryl isocyanates occurs when
heating the substrate/reagent mixture at 125 °C
(Scheme 4). As a result, optically enriched 4-tri-
fluoromethyl dihydropyrimidinones (R)-7 were
obtained with moderate yields. Further hydro-
lysis of the ester group was carried out at room
temperature by the treatment with LiOH and se-
quential treatment of the reaction mixture with
1 M hydrochloric acid solution.

Cyclocondensation of aminoketone (R)-5 with
2,5-dimethoxytetrahydrofuran led to non-racemic
trifluoromethylated pyrrolizine (R)-9. The reaction
proceeded under heating in acetic acid within 8
hours (Scheme 5).

B Conclusions

A convenient method for the synthesis of
N-silylimine of trifluoropyruvate has been deve-
loped based on the aza-Wittig reaction of methyl

trifluoropyruvate with N-silyl triphenylphosphin-
imide. It has been determined that N-trimethyl-
silylimine of trifluoropyruvate undergoes an or-
ganocatalytic Mannich reaction with acetone in
the presence of L- or D-proline, which leads to
the enantiomerically enriched multifunctional
aminoketones. Their utility for obtaining non-
racemic derivatives of trifluoroalanine was dis-
closed.

B Experimental part

NMR spectra were recorded on a Bruker Avan-
ce DRX 500 spectrometer [operating frequencies
500 MHz (*H), 125 MHz (**C), and 470 MHz (**F)];
a Varian Unity Plus 400 instrument [operating
frequencies 400 MHz (*H), 100 MHz (**C) and
376.5 MHz (**F)]; a Mercury Varian Unity Plus
300 instrument [operating frequencies 300 MHz
(*H) and 76 MHz (*3C)]; a Mercury VX 200 Va-
rian instrument [operating frequency 188 MHz
(**F)]. Chemical shifts were reported relative to
the internal TMS (*H, **C) or CFCl, (**F) stand-
ards. The optical rotation was measured on an
Anton Paar MCP 300 polarimeter (the sample
cell path length 100 mm, wavelength 589 nm).
The solvents were dried according to the standard
procedures. The starting materials were purchased
from Merck, Fluka, and Enamine Ldt. Melting
points were uncorrected. TLC was performed us-
ing silica gel Kieselgel Merck 60 (400—630 mesh)
as the stationary phase. The elemental analy-
sis was performed in the analytical laboratory
of the Institute of Organic Chemistry of the Na-
tional Academy of Sciences of Ukraine.

ISSN 2308-8303 (Print) / 2518-1548 (Online)



Methyl 3,3,3-trifluoro-2-((trimethylsilyl)-
imino)propanoate (4)

To the solution of triphenylphosphine (25 g,
95 mmol) in anhydrous toluene (50 mL), trime-
thylsilyl azide (16.5 g, 19 mL, 0.14 mol) was add-
ed while stirring. The mixture was refluxed until
evolution of gas ceased (approx. 6 h, monitored
by 3P NMR), then the solvent was removed un-
der reduced pressure. The residue was dissolved
in Et,0 (140 mL) and cooled to 0°C, then methyl
trifluoropyruvate (14.8 g, 9.7 mL, 95 mmol) was
added dropwise, and the mixture was allowed to
warm to room temperature. According to 3'P and
YF NMR data, there are signals of imine 4 and
phosphinimide 3 in a ratio of ~1:12. The spectro-
scopic characteristics of imide 3 (Et,0) are as fol-
lows: F NMR, &, ppm: —80.04; 3'P NMR, 6, ppm:
3.5. The solvent was evaporated in vacuo, the
residue was distilled at atmospheric pressure to
obtain imine 4 as a yellow oil.

Yield — 10.3 g (48%). B. p. 126—128 °C. Anal.
Caled for C,H,,F.NO,Si, %: C 37.00; H 5.32;
N 6.16. Found, %: C 37.12; H 5.30; N 6.09. '"H NMR
(300 MHz, C,Dy), 6, ppm: 0.35 (9H, s, SiCH,);
3.37 (3H, s, OCH,). *C NMR (100 MHz, C,Dy),
0, ppm: —0.1 (s, SiCH,); 52.3 (s, OCH,); 117.8
(q, *Jop = 284 Hz, CF,); 150.7 (q, ?J.z = 37.3 Hz,
C=N); 159.4 (s, C=0). ¥F NMR (376.5 MHz, C,D,),
0, ppm: —72.6 (s). IR (neat), v, ., cm™": 1720; 1750
(C=N, C=0).

(R)-methyl 2-amino-4-oxo0-2-(trifluorome-
thyl)pentanoate ((R)-5)

To a solution of iminocarboxylate 4 (1 g,
4.4 mmol) and acetone (1.3 g, 1.6 mL, 22 mmol)
in anhydrous DMSO (3.5 mL), L-proline (0.051 g,
0.44 mmol) was added, and the mixture was stirred
at room temperature for 24 h. Then the mixture
was diluted with water (10 mL) and extracted
with Et,O (4%X20 mL). The organic phases were col-
lected and mixed with 15% HCI solution (15 mL)
while stirring, the aqueous layer was separa-
ted and neutralized with NaHCO,. The product
was extracted with Et,O (3x15 mL), dried over
Na,SO, and concentrated in vacuo to give 5 as a
yellowish oil.

Yield - 0.7 g (75%). [a],?°* =—3.63 (¢ 0.25, CH,CL,).
Anal. Caled for C.H,,F.NO,, %: C 39.44; H 4.73;
N 6.57. Found, %: C 39.51; H 4.70; N 6.52. '"H NMR
(400 MHz, CDCL,), 6, ppm: 2.18 (3H, s, CH,); 2.35
(2H, br. s, NH,); 2.86 (1H, d, %2J44; = 18 Hz, CH,);
3.37 (1H, d, *Jy,; = 18 Hz, CH,); 3.76 (3H, s, OCH,).
3C NMR (100 MHz, CDCl,), 6, ppm: 30.34 (s, CH,);
45.28 (s, CH,); 53.54 (s, OCH,); 62.69 (q, 2Jop =
27.3 Hz, CCF,); 124.11 (q, 'Jr = 284.6 Hz, CF,);

max?
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169.77 (s, COOMe); 207.91 (s, C=0). ¥F NMR
(376.5 MHz, CDCl,), 6, ppm: —78.92 (s).

(R)-methyl 2-amino-4-oxo0-2-(trifluorome-
thyl)pentanoate hydrochloride ((R)-5*HCI)

To the solution of amine (R)-5 (1.5 g, 7 mmol)
in Et,0 (10 mL), a saturated solution of HCI in
Et,0 (5 mL) was added dropwise at room tem-
perature. After the precipitate was formed, the
solution was decanted; the precipitate was tritu-
rated with a mixture of Et,O/hexane (3:1, 15 mL)
and collected by filtration to obtain compound 5
as a hydrochloride.

Yield — 1.2 g (68%). M. p. 146-147 °C.
[a]p?® = —18.05 (c 0.25, MeOH). Anal. Calcd for
C.H,,CIF,NO,, %: C 33.68; H 4.64; CI 14.20; N
5.61. Found, %: C 33.71; H 4.60; C1 14.51; N 5.56.
'H NMR (300 MHz, DMSO-d,), 6, ppm: 2.21 (3H,
s, CH,); 3.57 (1H, d, 2J;;; = 18.5 Hz, CH,); 3.65 (1H,
d, 2J,; = 18.5 Hz, CH,); 3.81 (3H, s, OCH,); 7.42 (3H,
br. s, NH,*HCI). *C NMR (125 MHz, DMSO-dy), 6,
ppm: 29.55 (s, CH,); 43.37 (s, CH,); 54.31 (s, OCH,);
61.2 (q, %Jp = 28 Hz, CCF,); 122.64 (q, J, = 286 Hz,
CF,); 164.78 (s, COOMe); 203.5 (s, C=0). YF NMR
(188 MHz, DMSO-d,), 6, ppm: —73.61 (s).

(S)-methyl 2-amino-4-oxo0-2-(trifluorome-
thyl)pentanoate hydrochloride ((S)-5*HCI)
was obtained from amine (S)-5 (0.4 g, 1.9 mmol).
Yield — 0.3 g (64%). [a]p?° = +14.26 (c 0.25, MeOH).
Other physicochemical characteristics are iden-
tical to (R)-5*HCI.

(R)-2-amino-4-oxo0-2-(trifluoromethyl)pen-
tanoic acid hydrochloride ((R)-6*HCI)

To the solution of aminocarboxylate (R)-5*HCI
(0.4 g, 1.6 mmol) in MeOH (8 mL), the solution
of NaOH (0.1 g, 4 mmol) in H,O (4 mL) was add-
ed in one portion. The mixture was stirred at room
temperature overnight, and then 1 M hydrochlo-
ric acid solution was added dropwise until pH 1-2.
The mixture was concentrated in vacuo to dry-
ness, and triturated with MeOH (10 mL). The inor-
ganic precipitate was filtered off. The filtrate was
concentrated under reduced pressure to give car-
boxylic acid (R)-6*HCI as an ivory powder.

Yield — 0.35 g (92%). M. p. 201-202 °C (dec.).
[a]p?® = =7.28 (¢ 0.5, MeOH). Anal. Calcd for
C.H,CIF,NO,, %: C 30.59; H 3.85; C1 15.05; N 5.95.
Found, %: C 30.52; H 3.90; C1 15.30; N 5.82. 'H NMR
(300 MHz, DMSO-d,), 6, ppm: 2.19 (3H, s, CH,);
3.48 (1H, d, %J;;; = 20.2 Hz, CH,); 3.54 (1H, d, %Jyy; =
20.2 Hz, CH,); 7.9 (3H, br. s, NH,*HC]). *C NMR
(125 MHz, DMSO-dy), 6, ppm: 29.92 (s, CH,); 43.65
(s, CH,); 61.41 (q, %J . = 26 Hz, CCF,); 124.1 (q, 'Jp
=285 Hz, CF,); 166.68 (s, COOH); 204.11 (s, C=0).
¥F NMR (188 MHz, DMSO-d,), 6, ppm: —73.68 (s).
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(R)-Methyl 1-(4-chlorophenyl)-6-methyl-
2-0x0-4-(trifluoromethyl)-1,2,3,4-tetrahydro-
pyrimidine-4-carboxylate ((R)-7a)

A mixture of aminocarboxylate (R)-5 (0.5 g,
2.3 mmol) and 4-chlorophenylisocyanate (0.36 g,
0.3 mL, 2.3 mmol) was heated at 120-125°C for
24 h. Then the mixture was cooled down to room
temperature and the residue was purified by TLC
(R;=0.35 MeOH/CH,C], 1:25)), triturated with
Et,O (5 mL), and the precipitate was collected by
filtration to obtain 7a as a light brown powder.

Yield — 0.29 g (36%). M p. > 175 °C (dec.).
[a]p?® = +6.1 (c 0.25, MeOH). Anal. Calcd for
C,,H,,CIF,N,O,, %: C 48.22; H 3.47; N 8.03.
Found, %: C 48.12; H 3.39; N 8.11. 'H NMR
(400 MHz, CDCL,), §, ppm: 1.64 (3H, s, CH,); 3.91
(3H, s, OCH,); 5.03 (1H, s, CH); 5.91 (1H, s, NH);
7.13 2H, d, *Jy; = 8 Hz, ArH); 7.40 (2H, d, *Jy4 =
8 Hz, ArH). 3C NMR (125 MHz, CDCl,), 6, ppm:
19.96 (s, CH,); 53.59 (s, OCHy,); 63.68 (q, 2Jp =
30.8 Hz, CCF,); 89.65 (s, CH); 122.51 (q, 'Jop =
288.4 Hz, CF,); 129.02; 130.31; 134.15; 134.88 (s,
C,); 140.09 (s, H,CC=); 150.52 (s, C=0); 165.67 (s,
COOMe). F NMR (376.5 MHz, CDCl,), 6, ppm:
—80.54 (s).

Methyl (R)-1-(4-methoxyphenyl)-6-methyl-
2-0x0-4-(trifluoromethyl)-1,2,3,4-tetrahydro-
pyrimidine-4-carboxylate ((R)-7b)

A mixture of aminocarboxylate (R)-5 (1 g,
4.7 mmol) and 4-methoxyphenylisocyanate (0.69 g,
0.6 mL, 4.7 mmol) was heated at 120-125 °C for
24 h. Then the mixture was cooled down to room
temperature and triturated with Et,O (5 mL).
The precipitate was collected by filtration to ob-
tain carboxylate 7b as a brown powder.

Yield — 0.64 g (40%). M. p. 145-146 °C. [a],*°
= +17.6 (¢ 0.25, MeOH). Anal. Caled for
C;H,;F.N,0,,%: C 52.33; H 4.39; N 8.14. Found, %:
C52.38; H 4.36; N 8.18. 'H NMR (300 MHz, CDCl,),
6, ppm: 1.64 (3H, s, CH,); 3.81 (3H, s, OCH,); 3.90
(3H, s, OCH,); 4.98 (1H, s, CH); 5.98 (1H, s, NH);
6.91 (2H, d, %J,; = 8 Hz, ArH); 7.09 (2H, d, *Jy =
8 Hz, ArH). 3C NMR (125 MHz, CDCl,), 6, ppm:
19.84 (s, CH,); 55.06; 55.23 (s, OCH,); 64.39 (q,
%Jor = 29 Hz, CCF,); 88.54 (s, CH); 113.99 (s, C,,);
123.45 (q, 'J = 288 Hz, CF,); 129.74; 130.57 (s,
C,); 141.48 (s, H,CC=); 151.23 (s, C,,); 158.62 (s,
C=0); 166.51 (s, COOMe). YF NMR (188 MHz,
CDCL), 6, ppm: —80.05 (s).

(R)-1-(4-chlorophenyl)-6-methyl-2-ox0-4-
(trifluoromethyl)-1,2,3,4-tetrahydropyrimi-
dine-4-carboxylicacid ((R)-8a)

A solution of LiOH (20 mg, 0.8 mmol) in H,O
(2.5 mL) was added in one portion to a solution of

carboxylate (R)-7a (0.13 g, 0.4 mmol) in MeOH
(5 mL). The resulting mixture was stirred at room
temperature overnight, the solvent was evapo-
rated, and the aqueous layer was washed with
MTBE (2x5 mL), neutralized with 1 M hydro-
chloric acid solution and extracted with EtOAc
(3x15 mL). Organic layers were dried over Na,SO,
and concentrated in vacuo to give carboxylic acid
(R)-8a as a pale yellow powder.

Yield — 0.11 g (92%). M. p. 109-110 °C.
[a]p?® = +30.25 (¢ 0.25, MeOH). Anal. Calcd for
C,;H,,CIF,N,0O,, %: C 46.65; H 3.01; Cl 10.59;
N 8.37. Found, %: C 46.57; H 3.11; C1 11.12; N
8.35. 'H NMR (300 MHz, DMSO-d,), 6, ppm: 1.57
(3H, s, CH,); 4.96 (1H, s, CH); 7.21 (2H, d, ?Juy4
= 8.4 Hz, ArH); 7.48 (2H, d, *Jy; = 8.4 Hz, ArH);
8.43 (1H, s, NH). C NMR (125 MHz, CDCl,), 6,
ppm: 19.63 (s, CH,); 63.09 (q, %J» = 31 Hz, CCF.,);
91.71 (s, CH); 122.68 (q, 'J.z = 288 Hz, CF,);
129.03; 130.21; 134.34 (s, C,,); 139.44 (s, H,CC=);
153.77 (s, C=0); 167.91 (s, COOH). *F NMR
(188 MHz, DMSO-d,), 6, ppm: —76.95 (s).

(R)-1-(4-methoxyphenyl)-6-methyl-2-oxo-
4-(trifluoromethyl)-1,2,3,4-tetrahydropyrimi-
dine-4-carboxylic acid ((R)-8b)

To a solution of carboxylate (R)-7b (0.16 g,
0.46 mmol) in MeOH (6 mL), a solution of LiOH
(22 mg, 0.93 mmol) in H,0 (3 mL) was added in
one portion. The mixture was stirred at room tem-
perature overnight, the solvent was evaporated,
and the aqueous layer was washed with MTBE
(2x5 mL), neutralized with 1M hydrochloric acid
solution and extracted with EtOAc (3X10 mL).
Organic layers were dried over Na,SO, and con-
centrated in vacuo to give carboxylic acid (R)-8b
as a light brown powder.

Yield — 0.135 g (88%). M. p. 115-116 °C.
[a]p?® = +5.8 (¢ 0.25, MeOH). Anal. Calcd for
C. H;F,N,0,, %: C 50.92; H 3.97; N 8.48. Found, %:
C 51.05; H 3.92; N 8.54. 'H NMR (300 MHz,
DMSO-d,), 6, ppm: 1.55 (3H, s, CH,); 3.78 (3H, s,
OCH,), 4.90 (1H, s, CH); 6.95 (2H, d, ®J;; = 9.3 Hz,
ArH); 7.06 (2H, br. s, ArH); 8.27 (1H, s, NH).
13C NMR (125 MHz, DMSO-d,), 6, ppm: 19.79 (s,
CH,); 55.26 (s, OCH,); 64.0 (q, 2J ., = 29 Hz, CCF,);
89.50 (s, CH); 113.95 (s, C,,); 123.78 (q, 'Jop =
287 Hz, CF,); 129.93; 130.59 (s, C,,); 140.85 (s,
H.,CC=); 151.43 (s, C,,); 158.54 (s, C=0); 167.36
(s, COOH). F NMR (188 MHz, DMSO-d,), 6,
ppm: —77.02 (s).

Methyl (R)-1-methyl-3-(trifluoromethyl)-
3H-pyrrolizine-3-carboxylate ((R)-9)

To a solution of amine (R)-5 (1 g, 4.7 mmol)
in AcOH (20 mL), 2,5-dimethoxytetrahydrofuran
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(0.62 g, 0.61 mL, 4.7 mmol) was added. The mix-
ture was heated at 125—130 °C for 8 h. Acetic acid
was evaporated in vacuo, the residue was dissol-
ved in EtOAc (40 mL), washed with a saturated
solution of NaHCO, (10 mL) and brine (2x10 mL),
dried over Na,SO, and concentrated in vacuo to
obtain a crude product, which was purified by
TLC (R;= 0.2 MeOH/CHCI, 1:100)) to give 9 as
a brown oil.

Yield — 0.64 g (56%). [a]p?° = +111.26 (c 0.5,
CH,CL). Anal. Calcd for C,,H,,F,NO,, %: C 53.88;
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H 4.11; N 5.71. Found, %: C 53.72; H 4.05; N 5.79.
'H NMR (300 MHz, CDCL,), §, ppm: 2.11 (3H, d,
*Jun = 1.5 Hz, CH,); 3.86 (3H, s, OCH,); 5.86 (1H,
s, =CH); 6.06 (1H, dd, ®J;;;; = 3.4 Hz, *J;;;; = 0.9 Hz,
ArH); 6.32 (1H, m, ArH); 7.06 (1H, dd, ?J;;; = 2.1 Hz,
tJun = 0.9 Hz, ArH). *C NMR (125 MHz, CDCl,),
8, ppm: 11.99 (s, CH,); 53.99 (s, OCH,); 73.12 (q,
2J» = 31.4 Hz, CCF,); 99.52 (s, CH); 112.81; 117.94;
118.52 (s, CH,); 122.23 (q, 'Jop = 283.9 Hz, CF,);
138.65; 141.17 (s, C,,); 164.15 (s, C=0). F NMR
(188 MHz, CDCl,), 6, ppm: —74.46 (s).
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