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1. Introduction  

Molecules containing the trifluoromethyl group have gained 
great importance in the fields of medicinal, agricultural and 
material chemistry, due to the significant changes that the 
introduction of fluorine atoms causes in the physicochemical 
features and biological properties of these molecules [1]. The 
trifluoromethyl group attached to a stereogenic centers is a 
structural motif present in a number of pharmaceutilcals and drug 
candidates [2], and chiral reagents [3]. Consequently, increasing 
efforts have been dedicated to the development of asymmetric 
methodologies for the generation of stereogenic centers attached 
to a trifluoromethyl group, among which, those involving the 
nucleophilic addition to prochiral trifluoromethylated carbons are 
particularly useful [4]. Besides the addition of nucleophiles to 
trifluoromethyl ketones [5] or trifluoromethyl imines [6] to give 
trifluoromethyl alcohols or imines, respectively, the conjugate 
addition to β-trilfuoromethyl alkenes conjugated with electron-
withdrawing groups such as β-trifluoromethyl-α,β-unsaturated 
carbonyl compounds [7] or β-trifluoromethyl nitroalkenes [8] 
permits the generation of trifluoromethylated stereogenic centers 
not attached to heteroatoms.  

Malonic esters have been frequently used as nucleophiles in 
enantioselective Michael additions as a way to prepare chiral acids 
bearing a stereogenic center at the β-position [9]. However, 
examples of enantioselective conjugate addition of malonate esters 
to β-trifluoromethyl-α,β-unsaturated carbonyl compound, which 

generate a trifluoromethylated stereocenter, are very scarce. Thus, 
Zhao reported in 2016 the addition of dimethyl malonate to 4,4,4-
trifluoro-1-phenylbut-2-en-1-one (single example) using a 
dipeptide-derived multifunctional phosphonium salt catalyst [10]. 
Moreover, Liu and Zhang described in 2017 the enantioselective 
addition of 2-substituted malonic esters to a variety of β-
trifluoromethyl enones catalyzed by a chiral biamide−phosphine 
multifunctional catalyst in the presence of competing methyl 
acrylate and an inorganic base [11]. Furthermore, our group has 
developed recently a procedure for the diastereo- and 
enantioselective conjugate addition of malonate esters to imines 
derived from β-trifluoromethyl enonas [12]. 

On the other hand, metal-bis(oxazoline) (BOX) complexes are 
privileged catalysts in asymmetric synthesis which have catalyzed 
a large number of reactions with high levels of stereoselectivity 
[13]. Although much less explored than other metal-BOX 
complexes, Mg-BOX complexes have found some successful 
applications in asymmetric catalysis, such as in Strecker and 
Mannich reactions [14], Diels-Alder [15], 1,3-dipolar 
cycloadditions [16], addition of isothiocyanate esters to aldehydes 
or imines [17], and the nitro-Michael reaction [18].  

In this paper we describe a new application of Mg-BOX 
complexes as catalysts in the scarcely explored enantioselective 
addition of malonic esters to β-trifluoromethyl enones and their N-
tosyl imines (Scheme 1). 
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Scheme 1. Addition of malonate esters to β-trifluoromethyl 
enones 2 and their N-Tosyl imines derivate 4. 

2. Results and discussion 

2.1.  Michael addition to β-trifluoromethyl enones 

Table 1. Enantioselective conjugate addition of dimethyl 
malonate (1a) to enone 2a. Screening of catalysts and 
solvents.a 

 

Entry M(OTf)x Ligand Solvent t (h) Yield 
(%)b 

ee 
(%)c 

1 La(OTf)3 PyBOX1 CH2Cl2 24 92 rac 
2 La(OTf)3 PyBOX2 CH2Cl2 18 89 24 
3 La(OTf)3 PyBOX3 CH2Cl2 26 41 -47 
4 La(OTf)3 PyBOX4 CH2Cl2 18 95 rac 
5 Cu(OTf)2 BOX1 CH2Cl2 41 22 rac 
6 Zn(OTf)2 BOX1 CH2Cl2 41 18 rac 
7 Mg(OTf)2 BOX1 CH2Cl2 24 99 79 
8 Mg(OTf)2 BOX2 CH2Cl2 17 99 -75 
9 Mg(OTf)2 BOX3 CH2Cl2 18 99 -80 
10 Mg(OTf)2 BOX4 CH2Cl2 17 35 rac 
11 Mg(OTf)2 BOX5 CH2Cl2 17 99 75 
12 Mg(OTf)2 BOX6 CH2Cl2 36 91 89 
13 Mg(OTf)2 BOX6 (CH2Cl)2 18 99 90 
14 Mg(OTf)2 BOX6 CHCl3 89 61 31 
15 Mg(OTf)2 BOX6 toluene 42 76 87 
16 Mg(OTf)2 BOX6 THF 41 48 Rac 
17 Mg(OTf)2 BOX6 EtOAc 89 62 17 
18 Mg(OTf)2 BOX6 CH3CN 41 64 74 
19d Mg(OTf)2 BOX6 (CH2Cl)2 44 85 93 

a Reaction conditions: 1 (0.6 mmol), 2 (0.25 mmol), ligand (0.025 mmol), 
M(OTf)x (0.025 mmol), solvent (2.1 mL). b Yield of isolated product. c 
Determined by HPLC with chiral stationary phases. d Reaction carried out at 
0 ºC in the presence of 4 Å MS. 

Following our previously work [19], in the onset of our research 
we tested several complexes of La(OTf)3 and pyridine-bis-
oxazoline (pyBOX) ligands in the reaction between dimethyl 

malonate 1 and the β-trifluoromethyl α,β-unsaturated ketone 2a 
(Table 1, entries 1-4). In the view of these results, we decided to 
perform the reaction using complexes of divalent metal salts and 
bis-oxazoline (BOX) ligands as catalysts (Table 1, entries 5-12). 
The complexes of Cu(OTf)2 and Zn(OTf)2 with BOX1 showed 
poor activity and provided racemic product 3a with low yield in 
both cases (Table 1, entries 5 and 6). Gratifyingly, the Mg(OTf)2 
complex with BOX1 lead to a quantitative yield of 3a with 79% 
ee (Table 1, entry 7). Further research was performed by testing 
several catalytic complexes of magnesium triflate and different 
BOX ligands. High yields were obtained in almost all the cases. 
The best enantiomeric excess was obtained with the BOX6 ligand 
obtaining the corresponding addition product in 91% yield and 
89% ee (Table 1, entry 12). The influence of the reaction solvent 
was also studied with the Mg(OTf)2-BOX6 complex. The best 
result was obtained using dichloroethane, the Michael adduct 3a 
obtained in quantitative yield and 90% enantiomeric excess (Table 
1, entry 13). Other solvents provided worse results compared with 
dichloroethane. A first attempt to improve the enantiomeric excess 
by reducing the temperature to 0 ºC led to a very slow reaction. 
Fortunately, the reaction could be speeded up by adding 4 Å MS. 
In this way 3a could be obtained in 85% yield and 93% ee (Table 
1, entry 19). Under these conditions we studied the addition of 
dimethyl malonate 1 to several β-trifluoromethyl enones 2 (Table 
2). 

Table 2. Enantioselective conjugate addition of malonates 1 
to enones 2. Substrate scope.a 
 

 

 

Entry 2 R1 R2 t 
(h) 

3 Yield 
(%)b 

ee 
(%)c 

1 2a Me Ph 44 3a 85 93 
2 2b Me 4-MeC6H4 48 3b 90 90 
3 2c Me 4-ClC6H4 46 3c 96 96 
4 2d Me 4-BrC6H4 48 3d 73 97 
5 2e Me 4-NO2C6H4 46 3e 96 96 
6 2f Me 4-MeOC6H4 48 3f 66 86 
7 2g Me 3-MeC6H4 46 3g 90 90 
8 2h Me 3-ClC6H4 54 3h 71 90 
9 2i Me 3-NO2C6H4 46 3i 69 94 
10 2j Me 3-MeOC6H4 46 3j 68 80 
11 2k Me 2-MeOC6H4 48 3k 87 87 
12 2l Me 2- naphthyl 48 3l 96 85 
13d 2a Et Ph 72 3m 67 85 

a Reaction conditions: 1 (0.6 mmol), 2 (0. 25 mmol), BOX6 (0.025 mmol), 
Mg(OTf)2 (0.025 mmol), 4 Å MS (220 mg), (CH2Cl)2 (2.1 mL). b Yield of 
isolated product. c Determined by HPLC with chiral stationary phases. d 
Reaction carried out at room temperature. 

The reaction could be carried out with different trifluoromethyl 
enones 2 bearing an aromatic ring attached to the carbonyl group. 
Both, electron-donating or electron-withdrawing substituents on 
this aromatic ring were allowed where excellent 
enantioselectivities were obtained in most of the cases. In general, 
for a same substituent the enantioselectivity decreased from para 
to meta and ortho substitution (entries 2 vs 7, entries 3 vs 8, entries 
5 vs 9 and entries 6 vs 10 and 11). Also, the presence of electron-
withdrawing groups gave better results than electron-donating 
groups (entry 5 vs 6 and entry 9 vs 10). A bulky naphthyl 
substituent in the carbonyl group led to a small decrease in the 
enantioselectivity of the reaction (entry 12). Substitution of the 
methoxy group in the malonate by a bulkier ethoxy group caused 
a noticeable decrease of reactivity and the reaction needed to be 

CF3 R2

O

2

R1O2C CO2R1
+

R1O2C

R1O2C
OCF3

1 3

R2

CF3 R2

NTs

4

R1O2C CO2R1
+

R1O2C

R1O2C
NHTsCF3

1 5

R2

Mg-BOX
catalysts

CF3 Ph

O

2a

CO2Me

CO2Me
+

MeO2C

MeO2C
OCF3

1a 3a

M(OTf)x
 

ligand

Solvent , rt
Ph

NO

N N

O

pyBOX1

N

N

OO

N

RR

pyBOX2: R = Ph, R'= H
pyBOX3: R = i-Pr, R'= H
pyBOX4: R = i-PrCH2, R'= H

O

N N

O

RR

BOX2, R = Ph
BOX3, R =

 
iPr

BOX4, R = tBu

O

N N

O O

N N

O
R R

BOX5, R = H
BOX6, R = Me

Ph

PhPh

Ph

BOX1

CF3 R2

O

2

CO2R1

CO2R1
+

R1O2C

R1O2C
OCF3

1 3

Mg(OTf)2
 

BOX6

(CH2Cl)2
4Å MS, 0 oC

R2



 3 
performed at room temperature to give the addition product in 
moderate yield and high enantiomeric excess (entry 13, 85% ee).  

This procedure could also be performed in a 1.25 mmol scale 
(250 mg) providing the Michael addition adduct 3a in 99% yield 
but with a slight erosion in the optical purity (86% ee). 

2.2. Michael addition to β-trifluoromethyl α,β-unsaturated N-
tosyl imines 

Previously, we have described the addition of malonate esters 
to β-trifluoromethyl α,β-unsaturated N-tosyl imines catalyzed by 
copper [12]. In the view of the results obtained with the Mg-BOX 
catalyst in the Michael addition with β-trifluoromethyl enones, we 
decided to study the application of the Mg-BOX system in the 
Michael addition with the corresponding N-tosyl imines. The 
performance of different complexes of BOX ligands and 
Mg(OTf)2 was explored (Table 3). 

Table 3. Enantioselective conjugate addition of dimethyl 
malonate (1a) to α,β-unsaturated imine 4a. Screening of 
catalysts and solvents.a 

 

 

 

Entry Ligand T (°C) t (h) 
Yield 
(%)b dr (E/Z)c 

ee 
(%)d 

1 BOX1 rt 20 99 92/8 86 
2 BOX2 rt 20 82 92/8 -51 
3 BOX3 rt 15 99 88/12 -74 
4 BOX4 rt 46 40 65/35 0 
5 BOX5 rt 5 99 91/9 68 
6 BOX6 rt 50 63 91/9 59 
7e BOX1 0 40 99 96/4 89 
8f BOX1 0 16 98 96/4 89 
9g BOX1 0 4d 56 89/11 91 
10e BOX1 -10 41 93 96/4 91 

a Reaction conditions: 1a (0.3 mmol), 4a (0.125 mmol), BOX (0.0125 mmol), 
Mg(OTf)2 (0.0125 mmol), CH2Cl2 (1.1 mL). b Yield of isolated product. c 
Determined by 1H NMR. d ee for the major E diastereomer, determined by 
HPLC with chiral stationary phases; opposite sign indicates opposite 
enantiomers. e 4 Å MS was used. f 3 Å MS was used. g 5 Å MS was used. 

In this case, the complex of Mg(OTf)2 with BOX1, instead of 
BOX 6, provided the best result in terms of yield, diastereo- and 
enantioselectivity (Table 3, entry 1). A decrease of temperature to 
0 °C almost completely stopped the reaction, which required the 
addition of 4 Å MS to proceed. In this way (Table 3, entry 7), 
compound 5a was obtained with slightly improved enantiomeric 
excess (89%) and diastereomeric ratio (96:4). 3 Å MS led to 
similar results (Table 3, entry 8). On the other hand, the reaction 
in the presence of 5 Å MS was notably slower and, although a 
slight increase of ee (91%), was observed, product 5a was obtained 
with low yield and poorer dr (Table 3, entry 9). Other solvents 
(CHCl3, DCE, acetonitrile or EtOAc) were tested but none of them 
improved the results obtained in dichloromethane (Table S1, see 
SI). 

Further decrease of temperature in the presence of 4 Å MS 
allowed increasing the ee up to 91% (Table 3, entry 10). 
Unfortunately, this low temperature was not compatible with 
many substrates, and therefore the study of the reaction scope was 
performed at 0 °C (Table 4). 

The reaction showed broad scope, being of application to 
imines having a variety of aromatic rings attached to the 
azomethinic carbon. These aromatic rings could bear either 
electron-withdrawing or electron-donating groups at either 

position of the ring. The best enantioselectivities were observed 
with imines having para substitution in the aromatic ring attached 
to the imine (Table 4, entries 2-6), especially in the cases of a 4-Cl 
or a 4-MeO substituent. Good diastereomeric E/Z ratios above 
90:10 were obtained in all the cases except with imines having 
nitrophenyl substituents (Table 4, entries 5 and 9). The reaction of 
diethyl malonate and imine 4a was also carried out to give the 
corresponding enamine with good dr and ee (Table 4, entry 13), 
although these results were inferior to those obtained with 
dimethyl malonate. Notably, copper-BOX complexes could not 
catalyze the reaction with diethyl malonate. 

Table 4. Enantioselective conjugate addition of malonate 
esters 1 to β-trifluoromethyl α,β-unsaturated N-tosyl imines 4. 
Substrate scope.a 

 

Entry 4 R1 R2 t (h) 5 Yield  
(%)b 

dr 
(E/Z)c,e 

ee 
(%)d,e 

1 4a Me Ph 68 5a 95 96:4 (90:10) 89 (95) 
2 4b Me 4-MeC6H4 16 5b 96 95:5 (89/11)  89 (94) 
3 4c Me 4-ClC6H4 18 5c 93 95:5 (87/13) 97 (97) 
4 4d Me 4-BrC6H4 72 5d 85 95:5 (89/11) 91 (95) 
5 4e Me 4-NO2C6H4 17 5e 97 84:16 (74:26) 89 (90) 
6 4f Me 4-MeOC6H4 40 5f 92 93:7 (84/16) 93 (94) 
7 4g Me 3-MeC6H4 16 5g 91 95:5 (87/13) 86 (94) 
8 4h Me 3-ClC6H4 19 5h 97 93:7 (82/18) 83 (91) 
9 4i Me 3-NO2C6H4 16 5i 97 78:22 (60/40) 79 (83) 
10 4j Me 3-MeOC6H4 16 5j 95 93:7 (83/17) 86 (87) 
11 4k Me 2-MeOC6H4 72 5k 91 94:6 (72/28) 92 (89) 
12 4l Me 2- naphthyl 20 5l 96 94:6 (87/13) 88 (93) 
13 4a Et Ph 100 5m 94 88:12 70 

a Reaction conditions: 1a (0.3 mmol), 11 (0.125 mmol), BOX1 (0.0125 
mmol), Mg(OTf)2 (0.0125 mmol), 4Å MS (110 mg), CH2Cl2 (1.1 mL), 0 °C. b 
Yield of isolated product. c Determined by 1H NMR. d Ee for the major E 
diastereomer, determined by HPLC with chiral stationary phases. e In 
brackets, values obtained with the Cu(OTf)2-BOX1 catalyst taken from ref. 
12. 

Compared with the BOX1-Cu(OTf)2 catalyst previously used 
by our group [12], the BOX1-Mg(OTf)2 system delivered 
compounds 5 with better diastereomeric ratios and only slightly 
lower enantiomeric excesses. The magnesium catalyst also 
showed higher activity and the reactions were completed within 
shorter times and with better yields. 

The configuration of the stereogenic center and the geometry of 
the double bond for the major enamines 5 (Table 4) was assigned 
as S and E, respectively, by comparison with the data of the same 
products previously prepared in our laboratory by copper catalysis 
[12]. Hydrolysis of compound 5a upon treatment with 
concentrated hydrochloric acid in THF at 40 °C gave the 
corresponding (S)-ketone ent-3a [10], which showed identical 
spectroscopic features as the compound obtained from the Michael 
addition to enone 2a catalyzed by Mg(OTf)2-BOX6 but with 
inverted retention times in HPLC (Scheme 2a). This result 
corroborated that the configuration of the stereogenic center in 
ketones 3 (Table 2) was R. Furthermore, compound 3a was 
subjected to several synthetic transformations. The carbonyl group 
was successfully removed through catalytic hydrogenation on 
Pd/C achieving product 6 in quantitative yield (Scheme 2b). 
Additionally, the carbonyl group could be reduced using NaBH4 
to give alcohol 7 in high yields almost as a single diastereomer. 
Moreover, the treatment of 7 with p-toluenesulfonic acid gave the 
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corresponding lactone 8 (Scheme 2c). Remarkably, the reactions 

afforded the desired products without any loss of optical purity.  

 

Scheme 2. Synthetic transformations of 3a and 5a. 
 

3. Conclusions 

In conclusion, we have found that magnesium(II)-BOX 
complexes are excellent catalysts for the enantioselective Michael 
addition of malonic esters to β-trifluoromethyl enones, a reaction 
that has been scarcely studied, so far. The reaction provided the 
expected ketones bearing a trifluoromethylated stereogenic center 
in the γ position with good yields and high enantiomeric excesses 
for a range of trifluoromethyl enones. Furthermore, the Mg(II)-
BOX complexes have catalyzed the Michael addition of malonic 
esteres to β-trifluoromethyl-α,β-unsaturated N-tosyl imines to give 
β-trifluoromethyl (E)-enamines. Compared to a previous example 
catalyzed by copper, the magnesium-catalyzed reaction provided 
higher reaction rates, better E/Z-enamine diastereoselectivity and 
similar or slightly lower enantiomeric excesses. Both reaction 
provide access to chiral building blocks bearing a 
trifluoromethylated stereogenic center, which are interesting for 
the pharmaceutical industry. This work also shows the synthetic 
potential of the magnesium-BOX complexes as Lewis acids in 
asymmetric catalysis, which has been little explored compared 
with other metal-BOX complexes, such as those of copper or zinc. 

4. Experimental section 

Reactions were carried out under nitrogen in round bottom 
flasks oven-dried overnight at 120 ºC. Commercial reagents were 
used as purchased. Dichloromethane was distilled from CaH2. 4 Å 
molecular sieves (8-12 mesh, beads Aldrich 208604) were dried at 
the flame under vacuum (oil pump) and stored in a closed flask 
and used before a week. Reactions were monitored by TLC 
analysis using Merck Silica Gel 60 F-254 thin layer plates. Flash 
column chromatography was performed on Merck silica gel 60, 
0.040-0.063 mm. Melting points were determined in capillary 
tubes. NMR spectra were run at 300 MHz for 1H and at 75 MHz 
for 13C NMR using residual nondeuterated solvent (CHCl3) as 
internal standard (δ 7.26 and 77.0 ppm, respectively), and at 282 
MHz for 19F NMR using CFCl3 as internal standard. Chemical 
shifts are given in ppm. The carbon type was determined by DEPT 
experiments. High resolution mass spectra (ESI) were recorded on 
a Q-TOF spectrometer equipped with an electrospray source with 
a capillary voltage of 3.3 kV (ESI). Specific optical rotations were 
measured using sodium light (D line 589 nm). Chiral HPLC 

analyses were performed in a chromatograph equipped with a UV 
diode-array detector using chiral stationary phase columns from 
Daicel or from Phenomenex. β-trifluoromethyl enones 2 and their 
N-sulfonyl imines 4 were prepared according to procedures 
described in the literature [7c,12,20].  

4.1. General procedure for the enantioselective conjugate 
addition of methyl malonate to β-trifluoromethyl enones 2  

Anhydrous Mg(OTf)2 (8.1 mg, 0.025 mmol) and BOX6 (12.2 
mg, 0.025 mmol) were introduced in a Schlenk tube that was filled 
with nitrogen. Dry dichloroethane (1.1 mL) was added via syringe 
and the mixture was stirred for 30 min. The reaction mixture was 
introduced in an ice bath and a solution of enone 2 (0.25 mmol) in 
dry dichloroethane (1.0 mL) was added via syringe, followed by 
dimethyl malonate 1a (69 µL, 0.6 mmol) and 4 Å MS (220 mg). 
The mixture was stirred at 0-4 ºC for the indicated time and 
chromatographed on silica gel eluting with hexane/EtOAc 
mixtures to give compounds 3.   

Racemic compounds 3 were prepared in a similar manner using 
La(OTf)3 in the absence of any ligand at room temperature. 

4.1.1 .  Dimethyl  (R)-2- (1,1 ,1- t r i f luoro-4-oxo-4-
phenylbutan-2-yl )malonate  (3a )  

Obtained 71 mg (85%). The enantiomeric excess (93%) was 
determined by HPLC, Chiralpak AD-H, hexane:isopropyl alcohol 
90:10, 1 mL/min. Minor enantiomer tr = 9.3 min, major 
enantiomer tr = 10.1 min. Phenomenex-cellulose 2 
hexane:isopropyl alcohol 90:10, 1 mL/min. Major enantiomer tr = 
11.6 min, minor enantiomer tr = 12.7 min (HPLC for ent-3a see 
ref. 10). White solid; M.p. 86.4-87.5 ºC; [α]D20 = +2.0 (c = 1.0, 
CHCl3);,  [α]D26 = –1.9 for the (S)-enantiomer;  1H NMR (CDCl3, 
300 MHz): δ 7.99 (dd, J = 8.4, 1.2 Hz, 2H), 7.60 (tt, J = 7.8, 1.2, 
1H), 7.48 (m, 2H), 4.04 (m, 1H), 3.88 (d, J = 4.9 Hz, 1H), 3.76 (s, 
3H), 3.74 (s, 3H), 3.66 (dd, J = 18.6, 5.1 Hz, 1H), 3.37 (dd, J = 
18.6, 6.1 Hz, 1H); 13C NMR (CDCl3, 75.5 MHz): δ 195.2 (C), 
167.5 (C), 167.3 (C), 136.1 (C), 133.5 (CH), 128.7 (CH), 128.2 
(CH), 126.6 (q, JC-F = 275 Hz, CF3), 53.2 (CH3), 52.9 (CH3), 49.1 
(q, JC-F = 2.3 Hz, CH), 38.2 (q, JC-F = 27.5 Hz, CH), 34.4 (q, JC-F = 
2.3 Hz, CH2); 19F NMR (CDCl3, 289 MHz): δ −70.6 (s, CF3); 
HRMS (ESI) m/z: 333.0957 [M+H]+, C15H16F3O5+ requires 
333.0944.  

4.1.2 .  Dimethyl  (R)-2- (1,1 ,1- t r i f luoro-4-oxo-4- (p-
to ly l )butan-2-y l )malonate  (3b )  

Obtained 78 mg (90%). The enantiomeric excess (90%) was 
determined by HPLC, Chiralcel OD-H, hexane:isopropyl alcohol 
98:02, 1 mL/min. Major enantiomer tr = 10.5 min, minor 
enantiomer tr = 12.9 min. Yellow pale solid; M.p. 57.5-60.5 ºC; 
[α]D20 = +2.9 (c = 1.0,  CHCl3); 1H NMR (CDCl3, 300 MHz): δ 
7.88 (d, J = 8.3 Hz, 2H), 7.27 (d, J = 7.8 Hz, 2H), 4.04 (m, 1H), 
3.86 (d, J = 5.1 Hz, 1H), 3.74 (s, 3H), 3.72 (s, 3H), 3.61 (dd, J = 
18.4, 5.2 Hz, 1H), 3.34 (dd, J = 18.5, 6.9 Hz, 1H), 2.41 (s, 3H); 13C 
NMR (CDCl3, 75.5 MHz): δ 194.7 (C), 167.5 (C), 167.3 (C), 144.4 
(C), 133.6 (C), 129.4 (CH), 128.3 (CH), 126.3 (q, JC-F = 280.1 Hz, 
CF3), 53.1 (CH3), 52.8 (CH3), 49.1 (q, JC-F = 2.4 Hz, CH), 38.2 (q, 
JC-F = 27.5 Hz, CH), 34.2 (q, JC-F = 1.8, CH2), 21.6 (CH3); 19F NMR 
(CDCl3, 289 MHz): δ –70.6 (s, CF3); HRMS (ESI) m/z: 347.1093 
[M+H]+, C16H18F3O5+ requires 347.1101. 

4.1.3 .  Dimethyl  (R)-2- (4- (4-chlorophenyl )-1 ,1 ,1-
t r i f luoro-4-oxobutan-2-y l)malonate  (3c )  

Obtained 88 mg (96%). The enantiomeric excess (96%) was 
determined by HPLC, Chiralpak AD-H, hexane:isopropyl alcohol 
98:02, 0.7 mL/min. Major enantiomer tr = 13.8 min, minor 
enantiomer tr = 14.9 min. Oil; [α]D20 = +6.0 (c = 0.94, CHCl3); 1H 
NMR (CDCl3, 300 MHz): δ 7.92 (d, J = 8.6 Hz, 2H), 7.44 (d, J = 
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8.4 Hz, 2H), 4.00 (m, 1H), 3.86 (d, J = 4.9 Hz, 1H), 3.74 (s, 3H), 
3.73 (s, 3H), 3,63 (dd, J = 18.5, 5.1 Hz, 1H), 3.37 (dd, J = 18.5, 
6.1 Hz, 1H); 13C NMR (CDCl3, 75.5 MHz): δ 194.1 (C), 167.5 (C), 
167.2 (C), 140.1 (C), 134.4 (C), 129.6 (CH), 129.0 (CH), 126.5 (q, 
JC-F = 280.1 Hz, CF3), 53.2 (CH3), 52.9 (CH3), 48.9 (q, JC-F = 2.4 
Hz, CH), 38.2 (q, JC-F = 27.5 Hz, CH), 34.3 (q, JC-F = 2.2 Hz, CH2); 
19F NMR (CDCl3, 289 MHz): δ –70.7 (s, CF3); HRMS (ESI) m/z: 
367.0560 [M+H]+, C15H15ClF3O5+ requires 367.0555. 

4.1.4 .  Dimethyl  (R)-2- (4- (4-bromophenyl )-1 ,1 ,1-
t r i f luoro-4-oxobutan-2-y l)malonate  (3d )  

 Obtained 75 mg (73%). The enantiomeric excess (97%) was 
determined by HPLC, Chiralpak AD-H, hexane:isopropyl alcohol 
95:05, 1 mL/min. Major enantiomer tr = 19.3 min, minor 
enantiomer tr = 20.5 min. Oil; [α]D20 = +5.0 (c = 0.93, CHCl3); 1H 
NMR (CDCl3, 300 MHz): δ 7.85 (d, J = 8.7 Hz, 2H), 7.62 (d, J = 
8.7 Hz, 2H), 4.05-3.97 (m, 1H), 3.87 (d, J = 4.8 Hz, 1H), 3.75 (s, 
3H), 3.74 (s, 3H), 3,64 (dd, J = 18.6, 5.1 Hz, 1H), 3.31 (dd, J = 
18.6, 6.2 Hz, 1H); 13C NMR (CDCl3, 75.5 MHz): δ 194.5 (C), 
167.7 (C), 167.4 (C), 135.0 (C), 132.2 (CH), 129.8 (CH), 129.0 
(C), 126.7 (q, JC-F = 279.9 Hz, CF3), 53.4 (CH3), 53.1 (CH3), 49.1 
(q, JC-F = 2.4 Hz, CH), 38.3 (q, JC-F = 27.5 Hz, CH), 34.5 (q, JC-F = 
2.2 Hz, CH2); 19F NMR (CDCl3, 289 MHz): δ –70.2 (s, CF3); 
HRMS (ESI) m/z: 411.0052 [M+H]+, C15H15BrF3O5+ requires 
411.0049. 

4.1.5 .  Dimethyl  (R)-2- (1,1 ,1- t r i f luoro-4- (4-
n i t rophenyl )-4-oxobutan-2-yl )malonate  (3e )  

Obtained 90 mg (96%). The enantiomeric excess (96%) was 
determined by HPLC, Chiralpak OD-H, hexane:isopropyl alcohol 
98:02, 1 mL/min. Major enantiomer tr = 10.6 min, minor 
enantiomer tr = 12.3 min. Oil; [α]D20 = +5.3 (c = 0.9, CHCl3); 1H 
NMR (CDCl3, 300 MHz): δ 8.29 (d, J = 9.0 Hz, 2H), 8.12 (d, J = 
9.0 Hz, 2H), 4.06-3.88 (m, 1H), 3.86 (d, J = 4.5 Hz, 1H), 3.73 (s, 
3H), 3.72 (s, 3H), 3.80-3.64 (m, 2H); 13C NMR (CDCl3, 75.5 
MHz): δ 194.1 (C), 167.5 (C), 167.2 (C), 150.6 (C), 140.5 (C), 
129.2 (CH), 126.4 (q, JC-F = 280.1 Hz, CF3), 123.9 (CH), 53.2 
(CH3), 53.0 (CH3), 48.6 (q, JC-F = 2.1 Hz, CH), 38.2 (q, JC-F = 27.8 
Hz, CH), 34.9 (q, JC-F = 2.0 Hz, CH2); 19F NMR (CDCl3, 289 
MHz): δ –70.8 (s, CF3); HRMS (ESI) m/z: 378.0778 [M+H]+, 
C15H15F3NO7+ requires 378.0795. 

4.1.6 .  Dimethyl  (R)-2- (1,1 ,1- t r i f luoro-4- (4-
methoxyphenyl )-4-oxobutan-2-y l )malonate  (3f )  

Obtained 60 mg (66%). The enantiomeric excess (86%) was 
determined by HPLC, Chiralpak AD-H, hexane:isopropyl alcohol 
80:20, 0.7 mL/min. Major enantiomer tr = 19.1 min, minor 
enantiomer tr = 20.6 min. White solid; M.p. 79.1-80.8 ºC; [α]D20 = 
+4.9 (c = 1.0, CHCl3); 1H NMR (CDCl3, 300 MHz): δ 7.96 (d, J = 
9.0 Hz, 2H), 6.93 (d, J = 8.9 Hz, 2H), 4.13-3.92 (m, 1H), 3.86 (s, 
3H), 3.85 (d, J = 4.2 Hz, 1H) 3.74 (s, 3H), 3.72 (s, 3H), 3.58 (dd, 
J = 18.4, 5.3 Hz, 1H) 3.30 (dd, J = 18.4, 6.0 Hz, 1H); 13C NMR 
(CDCl3, 75.5 MHz): δ 193.6 (C), 167.5 (C), 167.2 (C), 163.8 (C), 
130.4 (CH), 129.1 (C), 126.5 (q, JC-F = 280.1 Hz, CF3), 113.8 (CH), 
55.4 (CH3), 53.0 (CH3), 52.8 (CH3), 49.2 (q, JC-F = 2.3 Hz, CH), 
38.2 (q, JC-F = 27.5 Hz, CH), 33.9 (q, JC-F = 1.8 Hz, CH2); 19F NMR 
(CDCl3, 289 MHz): δ 70.6 (s, CF3); HRMS (ESI) m/z: 363.1058 
[M+H]+, C16H18F3O6+ requires 363.1050. 

4.1.7 .  Dimethyl  (R)-2- (1,1 ,1- t r i f luoro-4-oxo-4- (m-
to ly l )butan-2-y l )malonate  (3g )  

Obtained 78 mg (90%). The enantiomeric excess (90%) was 
determined by HPLC, Lux cellulose-4, hexane:isopropyl alcohol 
98:02, 1 mL/min. Major enantiomer tr = 13.9 min, minor 
enantiomer tr = 16.4 min. Oil; [α]D20 = +2.7 (c = 0.99, CHCl3); 1H 
NMR (CDCl3, 300 MHz): δ 8.01-7.55 (m, 2H), 7.36 (d, J = 7.7 Hz, 
2H), 4.04 (m, 1H), 3.86 (d, J = 5.0 Hz, 1H), 3.74 (s, 3H), 3.72 (s, 

3H), 3.62 (dd, J = 18.6, 5.1 Hz, 1H), 3.55 (dd, J = 18.6,6.1 Hz, 
1H), 2.40 (s, 3H); 13C NMR (CDCl3, 75.5 MHz): δ 195.4 (C), 
167.5 (C), 167.3 (C), 138.5 (C), 136.1 (C), 134.3 (CH), 128.6 
(CH), 128.6 (CH), 126.7 (q, JC-F = 280.2 Hz, CF3), 125.4 (CH), 
53.2 (CH3), 52.9 (CH3), 49.1 (q, JC-F = 2.2 Hz, CH), 38.2 (q, JC-F = 
27.7 Hz, CH), 34.4 (q, JC-F = 2.2 Hz, CH2), 21.30 (CH3); 19F NMR 
(CDCl3, 289 MHz): δ –70.6 (s, CF3); HRMS (ESI) m/z: 347.1087 
[M+H]+, C16H18F3O5+ requires 347.1101. 

4.1.8 .  Dimethyl  (R)-2- (4- (3-chlorophenyl )-1 ,1 ,1-
t r i f luoro-4-oxobutan-2-y l)malonate  (3h )  

Obtained 66 mg (71%). The enantiomeric excess (90%) was 
determined by HPLC, Chiralpak AD-H, hexane:isopropyl alcohol 
98:02, 0.5 mL/min. Minor enantiomer tr = 36.7 min, major 
enantiomer tr = 40.3 min. Oil; [α]D20 = +2.1 (c = 1.0, CHCl3); 1H 
NMR (CDCl3, 300 MHz): δ 7.96-7.83 (m, 2H), 7.56 (ddd, J = 7.9, 
2.1 Hz, 1H), 7.43 (t, J = 7.8 Hz, 1H), 4.01 (m, 1H), 3.87 (d, J = 4.8 
Hz, 1H), 3.76 (s, 3H), 3.75 (s, 3H), 3.65 (dd, J = 18.6, 5.0 Hz, 1H), 
3.32 (dd, J = 18.7,6.1 Hz, 1H); 13C NMR (CDCl3, 75.5 MHz): δ 
194.1 (C), 167.5 (C), 167.2 (C), 137.6 (C), 135.1 (C), 133.5.6 
(CH), 130.0 (CH), 128.3 (CH), 126.5 (q, JC-F = 279.4 Hz, CF3), 
126.2 (CH), 53.2 (CH3), 53.0 (CH3), 48.9 (q, JC-F = 2.3 Hz, CH), 
38.2 (q, JC-F = 27.7 Hz, CH), 34.5 (q, JC-F = 1.9 Hz, CH2); 19F NMR 
(CDCl3, 289 MHz): δ –70.7 (s, CF3); HRMS (ESI) m/z: 367.0563 
[M+H]+, C15H15ClF3O5+ requires 367.0555. 

4.1.9 .  Dimethyl  (R)-2- (1,1 ,1- t r i f luoro-4- (3-
n i t rophenyl )-4-oxobutan-2-yl )malonate  (3i )  

Obtained 65 mg (69%). The enantiomeric excess (94%) was 
determined by HPLC, Chiralpak AD-H, hexane:isopropyl alcohol 
90:10, 1 mL/min. Major enantiomer tr = 14.9 min, minor 
enantiomer tr = 15.9 min. White solid; M.p. 64.7-67.1 ºC; [α]D20 = 
+8.5 (c = 1.0, CHCl3); 1H NMR (CDCl3, 300 MHz): δ 8.77 (t, J = 
2.0 Hz, 1H), 8.42 (ddd, J = 8.2, 2.3, 1.1 Hz, 1H), 8.30 (ddd, J = 
7.8, 1.7, 1.1 Hz, 1H), 4.00 (m, 1H), 3.87 (d, J = 4.8 Hz, 1H), 3.79-
3.73 (m, 1H) 3.75 (s, 3H), 3.74 (s, 3H), 3.37 (dd, J = 18.7, 6.1 Hz, 
1H); 13C NMR (CDCl3, 75.5 MHz): δ 193.4 (C), 167.5 (C), 167.2 
(C), 148.5 (C), 137.3 (C), 133.7 (CH), 130.0 (CH), 128,3 (CH), 
127.7 (q, JC-F = 280.1 Hz, CF3), 123.0 (CH), 53.2 (CH3), 53.0 
(CH3), 48.6 (q, JC-F = 2.5 Hz, CH), 38.2 (q, JC-F = 27.7 Hz, CH), 
34.7 (q, JC-F = 2.1 Hz, CH2); 19F NMR (CDCl3, 289 MHz): δ –70.8 
(s, CF3); HRMS (ESI) m/z: 378.0790 [M+H]+, C15H15F3NO7+ 
requires 378.0795. 

4.1.10.  Dimethyl  (R)-2- (1,1 ,1- t r i f luoro-4- (3-
methoxyphenyl )-4-oxobutan-2-y l )malonate  (3j )  

Obtained 62 mg (68%). The enantiomeric excess (80%) was 
determined by HPLC, Lux cellulose-4, hexane:isopropyl alcohol 
98:02, 1 mL/min. Major enantiomer tr = 15.8 min, minor 
enantiomer tr = 18.2 min. Oil; [α]D20 = –0.4 (c = 0.97, CHCl3); 1H 
NMR (CDCl3, 300 MHz): δ 7.58-7.48 (m, 2H), 7.37 (t, J = 8.0 Hz, 
1H), 7.12 (ddd, J = 8.3, 2.7, 1.0 Hz, 1H), 4.03 (m, 1H), 3.86 (d, J 
= 5.1 Hz, 1H), 3.84 (s, 3H), 3.74 (s, 3H), 3.73 (s, 3H), 3.62 (dd, J 
= 18.3, 5.1 Hz, 1H), 3.34 (dd, J = 18.6, 6.2 Hz, 1H); 13C NMR 
(CDCl3, 75.5 MHz): δ 195.1 (C), 167.5 (C), 167.3 (C), 159.9 (C), 
137.4 (C), 129.7 (CH), 126.6 (q, JC-F = 280.1 Hz, CF3), 120.7 (CH), 
120.0 (CH), 112.4 (CH), 55.4 (CH3), 53.1 (CH3), 52.9 (CH3), 49.1 
(q, JC-F = 2.3 Hz, CH), 38.2 (q, JC-F = 27.6 Hz, CH), 34.5 (q, JC-F 
= 2.2 Hz, CH2); 19F NMR (CDCl3, 289 MHz): δ –70.6 (s, CF3); 
HRMS (ESI) m/z: 363.1062 [M+H]+, C16H18F3O6+ requires 
363.1050. 

4.1.11.  Dimethyl  (R)-2- (1,1 ,1- t r i f luoro-4- (2-
methoxyphenyl )-4-oxobutan-2-y l )malonate  (3k )  

Obtained 79 mg (87%). The enantiomeric excess (87%) was 
determined by HPLC, AD-H, hexane:isopropyl alcohol 80:20, 1 
mL/min. Major enantiomer tr = 6.9 min, minor enantiomer tr = 7.6 
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min. Oil; [α]D20 = +6.5 (c = 0.72, CHCl3); 1H NMR (CDCl3, 300 

MHz): δ 7.74 (dd, J = 7.7, 2.0 Hz, 1H), 7.47 (ddd, J = 8.3, 7.3, 1.9 
Hz, 1H), 7.02-6.95 (m, 2H), 4.05-4.00 (m, 1H), 3.91 (s, 3H), 3.82  
(d, J = 5.5 Hz, 1H), 3.75 (s, 3H), 3.71 (s, 3H), 3.55 (dd, J = 18.7, 
5.6 Hz, 1H), 3.43 (dd, J = 19.1, 6.1 Hz, 1H); 13C NMR (CDCl3, 
75.5 MHz): δ 197.0 (C), 167.4 (C), 158.8 (C), 134.0 (CH), 130.7 
(CH), 127.0 (C), 126.8 (q, JC-F = 280.1 Hz, CF3), 120.7 (CH), 111.6 
(CH), 55.5 (CH3), 53.0 (CH3), 52.7 (CH3), 49.5 (q, JC-F = 2.3 Hz, 
CH), 39.6 (q, JC-F = 1.8 Hz, CH2), 38.2 (q, JC-F = 27.3 Hz, CH); 19F 
NMR (CDCl3, 289 MHz): δ –70.0 (s, CF3); HRMS (ESI) m/z: 
363.1057 [M+H]+, C16H18F3O6+ requires 363.1050. 

4.1.12.  Dimethyl  (R)-2- (1,1 ,1- t r i f luoro-4-
(naphthalen-2-y l ) -4-oxobutan-2-yl )malonate  (3l )  

Obtained 92 mg (96%). The enantiomeric excess (85%) was 
determined by HPLC, Chiralpak AD-H, hexane:isopropyl alcohol 
80:20, 1 mL/min. major enantiomer tr = 9.8 min, minor enantiomer 
tr = 11.8 min. White Solid; M.p. 91.9-92.9 ºC;  [α]D20 = +20.6 (c 
= 1.0, CHCl3); 1H NMR (CDCl3, 300 MHz): δ 8.51 (d, J = 1.7 Hz, 
1H), 8.16-7.81 (m, 4H), 7.65-7.49 (m, 2H), 4.04 (m, 1H), 3.93 (d, 
J = 4.9 Hz, 1H), 3.86-3.78 (m, 1H), 3.77 (s, 3H), 3.75 (s, 3H), 3.53 
(dd, J = 18.5, 6.1 Hz, 1H); 13C NMR (CDCl3, 75.5 MHz): δ 195.1 
(C), 167.6 (C), 167.3 (C), 135.7 (C), 133.5 (C),132.4 (C), 129.9 
(CH), 129.6. (CH), 128.7 (CH), 128.6 (CH), 127.7 (CH), 126.9 
(CH), 126.4 (q, JC-F = 280.1 Hz, CF3), 123.7 (CH), 53.1 (CH3, 52.9 
(CH3), 49.1 (q, JC-F = 2.4 Hz, CH), 38.3 (q, JC-F = 27.5 Hz, CH), 
34.4 (q, JC-F = 2.2 Hz, CH2); 19F NMR (CDCl3, 289 MHz): δ –70.6 
(s, CF3); HRMS (ESI) m/z: 383.1119 [M+H]+, C19H18F3O5+ 
requires 383.1101. 

4.1.13.  Diethyl  (R)-2- (1 ,1 ,1- t r i f luoro-4-oxo-4-
phenylbutan-2-yl )malonate  (3m )  

Obtained 61 mg (67%). The enantiomeric excess (85%) was 
determined by HPLC, Chiralpak AD-H, hexane:isopropyl alcohol 
90:10, 1 mL/min. Minor enantiomer tr = 8.9 min, major 
enantiomer tr = 9.7 min, minor enantiomer tr = 11.8 min. White 
solid; M.p. 51.9-52.8 ºC; [α]D20 = –3.1 (c = 0.52, CHCl3); 1H NMR 
(CDCl3, 300 MHz): δ 7.99 (dd, J = 8.4, 1.5 Hz, 2H), 7.58 (tt, J = 
7.5, 1.2 Hz, 1H), 7.47 (tt, J = 8.4, 1.5 Hz, 2H), 4.24-4.16 (m, 4H), 
4.12-3.92 (m, 1H), 3.83 (d, J = 5.1 Hz, 1H), 3.64 (dd, J = 18.6, 4.8 
Hz, 1H), 3.38 (dd, J = 18.6, 6.3 Hz, 1H), 1.29-1.23 (m, 6H); 13C 
NMR (CDCl3, 75.5 MHz): δ 195.2 (C), 167.1 (C), 166.9 (C), 
136.01 (C), 133.5 (CH), 128.7 (CH), 128.1. (CH), 126.7 (q, JC-F = 
280.1 Hz, CF3), 62.3 (CH2), 52.0 (CH2), 49.5 (q, JC-F = 2.1 Hz, 
CH), 38.0 (q, JC-F = 27.5 Hz, CH), 34.4 (q, JC-F = 1.9, CH2), 14.0 
(CH3), 13.8 (CH3); 19F NMR (CDCl3, 289 MHz): δ –70.4 (s, CF3); 
HRMS (ESI) m/z: 361.1265 [M+H]+, C17H20F3O5+ requires 
361.1257. 

4.2. General procedure for the enantioselective conjugate 
addition of methyl malonate to β-trifluoromethyl α,β-usaturated 
N-sulfonylimines 4  

Anhydrous Mg(OTf)2 (8.0 mg, 0.025 mmol) was dried in a 
Schlenk tube under vacuum. BOX1 (8.9 mg, 0.025 mmol) was 
added and the tube was filled with nitrogen. Dry CH2Cl2 (1.1 mL) 
was added via syringe and the mixture was stirred for 30 min. A 
solution of imine 4 (0.25 mmol) dissolved in dry CH2Cl2 (1.0 mL), 
was added via syringe, followed by 4 Å MS (220 mg) and dimethyl 
malonate (68 µL, 0.6 mmol). The mixture was stirred at room 
temperature for the indicated time and chromatographed on silica 
gel eluting with hexane/EtOAc mixtures to give compounds 5. 
Compounds 3 were characterized by 1H NMR to determine de 
diastereomeric ratio and by HPLC to determine the enantiomeric 
excess of each diastereomer. For full characterization data of 
compounds 5 see ref 12. 

Racemic compounds for comparative purpose were prepared by 
following the same procedure, using La(OTf)3-pyBOX (rac) at 40 
°C. 

4.2.1 .  Dimethyl  (S ,E)-2- (1 ,1 ,1- tr i f luoro-4- ((4-
methylphenyl )su l fonamido)-4-phenylbut -3-en-2-
y l )malonate  (5a )  

Obtained 115.2 mg (95%), Z:E = 96:4 (1H NMR), Chiral HPLC 
analysis: Chiralpak AD-H, hexane-isopropyl alcohol 80:20, 1 
mL/min, E-diastereomer (89% ee): major enantiomer (S) tr = 8.4 
min, minor enantiomer (R) tr = 14.0 min; Z-diastereomer (75% 
ee): major enantiomer tr = 12.4 min, minor enantiomer  tr = 9.4 
min. 

4.2.2 .  Dimethyl  (S ,E)-2- (1 ,1 ,1- tr i f luoro-4- ((4-
methylphenyl )su l fonamido)-4- (p- to lyl )but -3-en-2-
y l )malonate  (5b )  

Obtained 120 mg (96%); E:Z = 95:5 (1H NMR). Chiral HPLC 
analysis: Lux Amylose-1, hexane-isopropyl alcohol 85:15, 1 
mL/min, E-diastereomer (89% ee): major enantiomer (S) tr = 13.5 
min, minor enantiomer (R) tr = 16.2 min; Z-diastereomer (61% 
ee): major enantiomer tr = 14.7 min, minor enantiomer tr = 12.0 
min. 

4.2.3 .  Dimethyl  (S ,E)-2- (4- (4-chlorophenyl )-1 ,1 ,1-
t r i f luoro-4- ((4-methylphenyl )- su l fonamido)-but -3-
en-2-y l )malonate  (5c )  

Obtained 121 mg (93%); E:Z = 95:5 (1H NMR). Chiral HPLC 
analysis: Lux Amylose-1, hexane-isopropyl alcohol 95:05, 1 
mL/min, E-diastereomer (97% ee): major enantiomer (S) tr = 38.1 
min, minor enantiomer  (R) tr = 47.1 min; Z-diastereomer (63% 
ee): major enantiomer tr = 48.2 min, minor enantiomer  tr = 31.3 
min.  

4.2.4 .  Dimethyl  (S ,E)-2- (4- (4-bromophenyl )-1 ,1 ,1-
t r i f luoro-4- ((4-methylphenyl )  su l fonamido)but-3-en-
2-y l )malonate  (5d )  

Obtained 120 mg (85%); E:Z = 95:5 (1H NMR). Chiral HPLC 
analysis: Chiralpak IC, hexane-isopropyl alcohol 95:05, 1 
mL/min, E-diastereomer (91% ee): major enantiomer (S) tr = 48.8 
min, minor enantiomer  (R) tr = 58.5 min; Z-diastereomer (43% 
ee): major enantiomer tr = 32.2 min, minor enantiomer  tr = 41.0 
min. 

4.2.5 .  Dimethyl  (S ,E)-2- (1 ,1 ,1- tr i f luoro-4- ((4-
methylphenyl )su l fonamido)-4- (4-n i t rophenyl )but-3-
en-2-y l )malonate  (5e )  

Obtained 129 mg (97%); E:Z = 84:16 (1H NMR). Chiral HPLC 
analysis: Chiralpak IC, hexane-isopropyl alcohol 90:10, 1 
mL/min, E-diastereomer (89% ee): major enantiomer (S) tr = 60.1 
min, minor enantiomer  (R) tr = 68.5 min; Z-diastereomer (78% 
ee): major enantiomer tr = 50.1 min, minor enantiomer  tr = 95.4 
min. 

4.2.6 .  Dimethyl  (S ,E)-2- (1 ,1 ,1- tr i f luoro-4- (4-
methoxyphenyl )-4- ( (4-methylphenyl )  
su l fonamido)but -3-en-2-y l )malonate  (5f )  

Obtained 119 mg (92%); E:Z = 93:7 (1H NMR). Chiral HPLC 
analysis: Chiralpak IC, hexane-isopropyl alcohol 90:10, 1 
mL/min, E-diastereomer (93% ee): major enantiomer (S) tr = 44.2 
min, minor enantiomer  (R) tr = 63.8 min; Z-diastereomer (69% 
ee): major enantiomer tr = 38.0 min, minor enantiomer  tr = 50.9 
min. 

4.2.7 .  Dimethyl  (S ,E)-2- (1 ,1 ,1- tr i f luoro-4- ((4-
methylphenyl )su l fonamido)-4- (m-to lyl )but -3-en-2-
y l )malonate  (5g )  

Obtained 102 mg (91%); E:Z = 95:5 (1H NMR). Chiral HPLC 
analysis: Lux Amylose-1, hexane-iPrOH 80:20, 1 mL/min, E-
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diastereomer (86% ee): major enantiomer (S) tr = 7.3 min, minor 
enantiomer  (R) tr = 11.2 min; Z-diastereomer (58% ee): major 
enantiomer tr = 10.0 min, minor enantiomer  tr = 8.0 min. 

4.2.8 .  Dimethyl  (S ,E)-2- (4- (3-chlorophenyl )-1 ,1 ,1-
t r i f luoro-4- ((4-methylphenyl )  su l fonamido)but-3-en-
2-y l )malonate  (5h )  

Obtained 126 mg (97%); E:Z = 93:7 (1H NMR). Chiral HPLC 
analysis: Lux Amylose-1, hexane-isopropyl alcohol 80:20, 1 
mL/min, E-diastereomer (83% ee): major enantiomer (S) tr = 7.0 
min, minor enantiomer  (R) tr = 10.8 min; Z-diastereomer (96% 
ee): major enantiomer tr = 9.7 min, minor enantiomer  tr = 8.3 
min. 

4.2.9 .  Dimethyl  (S ,E)-2- (1 ,1 ,1- tr i f luoro-4- ((4-
methylphenyl )su l fonamido)-4- (3-n i t rophenyl )but-3-
en-2-y l )malonate  (5i )  

Obtained 129 mg (97%); E:Z = 78:22 (1H NMR). Chiral HPLC 
analysis: Lux Amylose-1, hexane-isopropyl alcohol 95:05, 2 
mL/min, E-diastereomer (79% ee): major enantiomer (S) tr = 43.3 
min, minor enantiomer  (R) tr = 80.9 min; Z-diastereomer (62% 
ee): major enantiomer tr = 52.3 min, minor enantiomer  tr = 35.0 
min. 

4.2.10.  Dimethyl  (S ,E)-2- (1 ,1 ,1- tr i f luoro-4- (3-
methoxyphenyl )-4- ( (4-methylphenyl )  
su l fonamido)but -3-en-2-y l )malonate  (5j )  

Obtained 122 mg (95%); E:Z = 93:7 (1H NMR). Chiral HPLC 
analysis: Lux Amylose-1, hexane-isopropyl alcohol 90:10, 1 
mL/min, E-diastereomer (86% ee): major enantiomer (S) tr = 20.6 
min, minor enantiomer  (R) tr = 32.9 min; Z-diastereomer (62% 
ee): major enantiomer tr = 28.7 min, minor enantiomer  tr = 22.5 
min. 

4.2.11.  Dimethyl  (S ,E)-2- (1 ,1 ,1- tr i f luoro-4- (2-
methoxyphenyl )-4- ( (4-methylphenyl )-
su l fonamido)but -3-en-2-y l )malonate  (5k )  

Obtained 117 mg (91%); E:Z = 94:6 (1H NMR).  Chiral HPLC 
analysis: Chiralpak AD-H, hexane-isopropyl alcohol 90:10, 1 
mL/min, E-diastereomer (92% ee): major enantiomer (S) tr = 22.9 
min, minor enantiomer  (R) tr = 50.2 min; Z-diastereomer (11% 
ee): major enantiomer tr = 34.9 min, minor enantiomer  tr = 41.5 
min. 

4.2.12.  Dimethyl  (S ,E)-2- (1 ,1 ,1- tr i f luoro-4- ((4-
methylphenyl )su l fonamido)-4- (naphthalen-2-yl )but -
3-en-2-yl )malonate  (5l )  

Obtained 129 mg (96%); E:Z = 94:6 (1H NMR). Chiral HPLC 
analysis: Lux Amylose-1, hexane-isopropyl alcohol 80:20, 1 
mL/min, E-diastereomer (88% ee): major enantiomer (S) tr = 11.6 
min, minor enantiomer  (R) tr = 14.1 min; Z-diastereomer (49% 
ee): major enantiomer tr = 12.7 min, minor enantiomer  tr = 9.2 
min. 

4.2.13.  Diethyl  (S ,E)-2- (1,1 ,1- t r i f luoro-4- ((4-
methylphenyl )su l fonamido)-4-phenylbut -3-en-2-
y l )malonate  (5m )  

Obtained 83 mg (94%); E:Z = 88:12 (1H NMR). Chiral HPLC 
analysis: Chiralpak AD-H, hexane-isopropyl alcohol 80:20, 1 
mL/min, E-diastereomer (70% ee): major enantiomer (S) tr = 7.5 
min, minor enantiomer  (R) tr = 12.1 min; Z-diastereomer (70% 
ee): major enantiomer tr = 10.8 min, minor enantiomer  tr = 9.2 
min. Major E-diastereomer: Oil; [α]D20 +10.2 (c = 1.0, CHCl3) 
for the mixture of diastereomers; 1H NMR (300 MHz, CDCl3): δ 
7.77 (d, J = 8.2 Hz, 2H), 7.35-7.31 (m, 5H), 7.09-7.06 (m, 2H), 
6.07 (s, 1H), 5.65-5.61 (m, 1H), 4.29-4.10 (m, 4H), 3.67-3.64 (m, 
2H), 2.45 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H), 1.19 (t, J = 7.1 Hz, 3H); 
13C NMR (75 MHz, CDCl3): δ 167.7 (C), 166.9 (C), 143.9 (C), 

142.0 (C), 137.1 (C), 134.3 (C), 129.8 (CH), 129.7 (CH), 129.0 
(CH), 128.2 (CH), 127.2 (CH), 125.0 (C, q, JC-F = 278 Hz), 111.7 
(CH), 63.2 (CH2), 62.7 (CH2), 51.7 (CH), 42.0 (CH, q, JC-F = 27.8 
Hz), 21.6 (CH3), 14.2 (CH3), 14.0 (CH3); 19F NMR (282 MHz, 
CDCl3): δ  −69.7 (s, CF3) ppm; HRMS (ESI) m/z 514.1509 
[M+H]+, C24H27F3NO6S+ requires 514.1506. Minor Z-
diastereomer: 1H NMR (300 MHz, CDCl3), representative signals 
taken from the 1H NMR of the diastereomer mixture: δ 7.60 (d, J 
= 8.3 Hz, 2H), 7.44-7.41 (m, 2H), 5.20 (d, J = 10.8 Hz, 1H), 2.39 
(s, 3H); 19F NMR (282 MHz, CDCl3): δ −69.2 (s, CF3) ppm. 

4.3. Synthetic transformations of 3a and 5a 

4 .3 .1 .  Hydrolys is  of  compound 5a  to  g ive ent-3a .  
Determinat ion  of  the absolu te  conf igurat ion of  3a .  

Compound (S,E)-5a (30 mg, 0062 mmol, E/Z = 90:10, % ee = 
89/75) dissolved in THF (2.5 mL) was treated with 35% aqueous 
HCl (7 drops) and heated at 40 °C for 22 hours. The solvent was 
removed under reduced pressure, most water was removed after 
azeotropic distillation with dichlorometane and the mixture was 
chromatographed eluting with hexane:EtOAc  to give 21 mg 
(97%) of ketone (S)-3a.  The ketone obtained in this way showed 
identical spectroscopic features as the compound obtained from 
the Michael addition to enone 2a catalyzed by Mg(OTf)2-BOX6 
but with inverted retention times in HPLC. The enantiomeric 
excess (87% ee) was determined by HPLC, Chiralpak AD-H, 
hexane:isopropyl alcohol 90:10, 1 mL/min. Major enantiomer tr = 
9.7 min, minor enantiomer tr = 10.7 min.  

4.3.2 .  Dimethyl  (R)-2- (1,1 ,1- t r i f luoro-4-
phenylbutan-2-yl )malonate  (6 )  

A solution of 3a (30 mg, 0.09 mmol, 93% ee) in methanol (2 
mL) was stirred under hydrogen atmosphere in presence of 10% 
Pd/C (5 mg) for 3 h at room temperature. Then, the reaction 
mixture was filtered through a short pad of Celite® eluting with 
CH2Cl2. The solvent was removed under reduced pressure to give 
6 (28 mg, 98%). Enantiomeric excess (94%) was determined by 
chiral HPLC (chiralpak AY-H), hexane-isopropyl alcohol 90:10, 
1 mL/min, major enantiomer tr = 22.9 min, minor enantiomer tr = 
32.6 min. Oil; [α]D20 = +13.0 (c = 0.73, CHCl3); 1H NMR (CDCl3, 
300 MHz): δ 7.33-7.27 (m, 2H), 7.23-7.16 (m, 3H), 3.76 (s, 3H), 
3.74 (s, 3H), 3.10-3.03 (m, 1H), 2.80-2.72 (m, 2H), 2.09-1.93 (m, 
2H), 1.70-1.65 (m, 1H); 13C NMR (CDCl3, 75.5 MHz): δ 167.7 
(C), 167.3 (C), 140.9 (C), 128.7 (CH), 128.6 (CH), 127.2 (q, JC-F 
= 280.6 Hz, CF3), 126.4 (CH), 53.2 (CH3), 53.0 (CH3), 50.7 (q, JC-

F = 2.6 Hz, CH), 42.8 (q, JC-F = 26.3 Hz, CH), 33.9 (CH2), 28.6 
(CH2); 19F NMR (CDCl3, 289 MHz): δ –68.4 (s, CF3); HRMS (ESI) 
m/z: 319.1157 [M+H]+, C15H18F3O4+ requires 319.1152. 

4.3.3 .  Dimethyl  2- ( (2R,4R)-1,1 ,1- t r i f luoro-4-
hydroxy-4-phenylbutan-2-y l )malonate  (7 )  

A solution of 3a (30 mg, 0.09 mmol, 93% ee) in methanol (2 
mL) was stirred in presence of NaBH4 (8 mg, 0.2 mmol) and 
CeCl3·7H2O (75 mg, 0.2 mmol) for 5 h at −20 ºC. Then, the 
reaction mixture was diluted in CH2Cl2 (20 mL) and was extracted 
with HCl 1 M (10 mL) and the organic layer was dried over 
MgSO4. Removal of the solvent under reduced pressure followed 
by flash chromatography eluting with hexane:EtOAc (90:10) gave 
7 (25 mg, 82%). Enantiomeric excess (94%) was determined by 
chiral HPLC (chiralpak AD-H), hexane-isopropyl alcohol 90:10, 
1 mL/min, major enantiomer tr = 13.1 min, minor enantiomer tr = 
14.2 min. Oil; [α]D20 = –2.0 (c = 0.87, CHCl3); 1H NMR (CDCl3, 
300 MHz): δ 7.39-7.25 (m, 5H), 4.84 (dd, J = 9.2, 4.4 Hz, 1H), 
3.92 (d, J = 4.2 Hz, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.32-3.23 (m, 
1H), 2.64 (br s, 1H), 2.19-2.01 (m, 2H); 13C NMR (CDCl3, 75.5 
MHz): δ 168.8 (C), 167.5 (C), 143.6 (C), 128.7 (CH), 127.9 (CH), 
127.0 (q, JC-F = 280.0 Hz, CF3), 125.8 (CH), 70.7 (CH), 53.6 (CH3), 
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53.1 (CH3), 49.7 (q, JC-F = 2.4 Hz, CH), 40.2 (q, JC-F = 26.8 Hz, 

CH), 35.7 (q, JC-F = 1.9 Hz, CH2); 19F NMR (CDCl3, 289 MHz): δ 
–69.4 (s, CF3); HRMS (ESI) m/z: 335.1107 [M+H]+, C15H18F3O5+ 
requires 335.1101. 

4.3.4 .  Methyl  (3R,4R,6R)-2-oxo-6-phenyl -4-
( t r i f luoromethyl ) te t rahydro-2H-pyran-3-carboxyla te  
(8 )  

A solution of compound 7 (15 mg, 0.045 mmol, 93% ee) in 
toluene (1 mL) was stirred in presence of p-toluenesulfonic acid (5 
mg, 0.03 mmol) for 1 h at 50 ºC. Then, the reaction mixture was 
diluted in OEtAc (20 mL) and was extracted with NaHCO3 sat. (10 
mL) and the organic layer was dried over MgSO4. Removal of the 
solvent under reduced pressure followed by flash chromatography 
eluting with hexane:EtOAc (90:10) gave 8 (10 mg, 74%). 
Enantiomeric excess (90%) was determined by chiral HPLC (Lux 
Cellulose-3), hexane-isopropyl alcohol 90:10, 1 mL/min, major 
enantiomer tr = 23.3 min, minor enantiomer tr = 52.2 min. Oil; 
[α]D20 = +17.3 (c = 0.62, CHCl3); 1H NMR (CDCl3, 300 MHz): δ 
7.43-7.36 (m, 5H), 5.43 (dd, J = 9.1, 4.4 Hz, 1H), 3.88 (s, 3H), 
3.80 (d, J = 9.9 Hz, 1H), 3.49-3.39 (m, 1H), 2.33-2.28 (m, 2H); 13C 
NMR (CDCl3, 75.5 MHz): δ 167.6 (C), 166.1 (C), 137.1 (C), 129.3 
(CH), 129.1 (CH), 127.0 (q, JC-F = 280.0 Hz, CF3), 126.0 (CH), 
78.7 (CH), 53.6 (CH3), 45.9 (q, JC-F = 2.3 Hz, CH), 37.2 (q, JC-F = 
28.3 Hz, CH), 29.9 (CH2); 19F NMR (CDCl3, 289 MHz): δ –73.1 
(s, CF3); HRMS (ESI) m/z: 303.0836 [M+H]+, C14H14F3O4+ 
requires 303.0839. 
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