Supporting Information

Enantioselective Synthesis of Fluoroalkyl-substituted syn-Diamines by
the Asymmetric gem-Difunctionalization of 2,2,2-Trifluorodiazoethane
Jiuling Li,™* Dan Zhang," Jianghui Chen,* Chaoqun Ma,* and Wenhao Hu™"*

T Guangdong Key Laboratory of Chiral Molecule and Drug Discovery, School of Pharmaceutical
Sciences, Sun Yat-sen University, Guangzhou 510006, China
Shanghai Engineering Research Center of Molecular Therapeutics and New Drug Development,
School of Chemistry and Molecular Engineering, East China Normal University, Shanghai 200062,

China
E-mail: huwh9@mail.sysu.edu.cn.

Table of contents

1. General information S2
2. General experimental procedures S2
3. Complete data for optimization of reaction conditions S3
4. Amine exchange reaction of imines S5
5. X-ray structure of 5b S6
6. Product derivatizations S7

7. The properties of polyfluoro-substituted diazo compounds S7

8. DFT calculations of N-H insertion of fluoroalkyl-substituted S8

diazo compounds

9. Characterization data of new compounds S30
10. References S43
11. NMR and HPLC Spectra S45

S1


mailto:huwh9@mail.sysu.edu.cn

1. General information.

Nuclear magnetic resonance spectra (*H NMR, *C NMR and '°F NMR) were recorded with Bruker
Avance 111 400 (400 MHz, *H at 400 MHz, **C at 100 MHz, °F NMR at 376 MHz) or Bruker Ascend
TM 500 (500 MHz, ! H at 500 MHz, °C at 125 MHz, F NMR at 470MHz) respectively, using
CDCl; as reference standard (8 7.26 ppm) for *H NMR and (5 77.0 ppm) for *C NMR. HRMS (ion
trap) were recorded using ESI (SHIMADZU LCMS-IT-TOF or Waters-Synapt-HDMS). Melting
points were uncorrected (METTLER TOLEDO MP50). Enantioselectivities were determined with
HPLC using Chiralpak IC, AD-H columns. The racemic standards used in HPLC studies were
prepared according to the general procedure using racemic BINOL-derived phosphoric acid catalyst

rac-PPA.

Unless otherwise noted, apart from distilled toluene, all solvents and reagents were obtained
commercially and used directly without further purification. Chiral BINOL-derived phosphoric
acids 6 were prepared according to the literature procedures.! 4 A molecular sieve was dried in a
Muffle furnace at 250 °C over 5 h. 2,2,2-Trifluorodiazoethane 1a and perfluorodiazopropane 1b
were synthesized by following literature procedure.? 2,2-Difluorodiazoethane 1d was synthesized
by following literature procedure.® Pre-coated silica gel plates GF-254 were used for analytical thin-

layer chromatography. Column chromatography was performed on silica gel (300-400 mesh).

2. General experimental procedure

General procedure for the synthesis of perfluorodiazobutane 1c:

H2N_\ HC| H2N—\ . HCl NaNO2 C3F7AN2
CsF7 CsF7 toluene/H,0O

Polyfluoroamine (5 mmol) and H2O (5 mL) were added to a 50 mL round-bottom flask and stirred
at room temperature. Then 1 mL HCI (ag, 6N) was added to the above mixture and stirred for 2h at
room temperature and then the mixture was placed at -20 °C until it was completely frozen. Then
the white solid, polyfluoride ammonium salts, was obtained in equivalent yield after the frozen
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product was treated by freeze dryer. Polyfluoride ammonium salts (5 mmol), sodium nitrite (6.25
mmol) and toluene (10 mL) were added to a 50 mL round-bottom flask and then stirred for 0.5 h at
0 °C. Then 1.5 mL of H,O was added to the above mixture and stirred for 2 h at 0 °C. After the
aqueous phase was removed, the organic phase (diazo solution in toluene) was stored in the freezer
(-20 °C) and was used directly in key reactions. The concentration of the above diazo was

determined by following literature? procedure as about 0.5 M.

General procedure for the catalytic asymmetric gem-difunctionalization of
fluoroalkyl-substituted diazo compound with aromatic amine and imine (in situ
generation).

Under Ar atmosphere, a mixture of porphyrin iron complex (3mol%, 0.006 mmol), 6a (10mol%,
0.02 mmol), aromatic amines 2 (0.42 mmol, 2.1 equiv.), aromatic aldehydes 4 (0.2 mmol, 1.0 equiv.)
and 4 A M.S. (300mg) was stirred in distilled toluene (2 mL) at -10 °C for 20min., then a solution
of 1 (0.3 mmol, 1.5 equiv.) in distilled toluene (1 mL) was added slowly to the above mixture. The
progress of the reaction was monitored by TLC. After the reaction was complete, the solvent was
evaporated under reduced pressure. The residue was purified by flash column chromatography
(petroleum ether/ethyl acetate 20/1-10/1) to give the pure product 5. Without addition of the 4 A
M.S., and toluene instead of distilled toluene, the reaction was completed in 10 min.. In contrast,
under the addition of the 4 A M.S., distilled toluene as the solvent, the reaction needed 30 min. to

be completed by TLC.

3. Reaction conditions optimization
Table S1: Screening of reaction conditions!®

N, o) NHPh
L X, ,.Ph cat (3mol% PhHN
+ PhNH, + Na N e ——— %
H™ CF, 2+ Nap 6 (10mol%) CFs
1a 2a 3a solvent, T 5a Nap

R 6a: R = 3,5-(CF3),CeHs
OO 6b: R = p-CF5CqHa
0. O 6cR=SPh

6d: R = 9-phenanthryl

o oH 6e: R = 3,5-Cl,CgH3
R 6f: R = p-MeOCgH,4

69: R = 2,4,6-iPrsCqH,

Entry Cat. 6 Solvent  T[°C] Yield[%]®™  d.r.[c e.r.ld
I Rh(OAc) - DCM 25 ] . )
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2 Rha(esp)2 - DCM 25 - - -

3 FeTPPCI - DCM 25 75 >95:5 50:50
4 FeTPPCl 6a DCM 25 87 >95:5 85:15
5 FeTPPCl 6b DCM 25 82 >95:5 70:30
6 FeTPPCl 6¢ DCM 25 79 >95:5 55:45
7 FeTPPCl 6d DCM 25 76 >95:5 55:45
8 FeTPPCl 6e DCM 25 81 >95:5 70:30
9 FeTPPCl of DCM 25 87 >95:5 75:25
10 FeTPPCI 6g DCM 25 83 >95:5 65:35
11 FeTPPCl 6a DCM 0 85 >95:5 90:10
12 FeTPPCl 6a DCM -10 83 >95:5 92:8

13 FeTPPCI 6a DCM -20 76 >95:5 88:12
14 FeTPPCl 6a DCE -10 86 >95:5 89:11
15 FeTPPCl 6a CHCI; -10 83 >95:5 80:20
16 FeTPPCl 6a toluene -10 84 >95:5 95:5

[a] A mixture of catalyst (3mol%, 0.006 mmol), chiral PPA (10mol%, 0.02 mmol), aniline 2a (0.22 mmol, 1.1 equiv.),
imine 3a (0.2 mmol, 1.0 equiv.) was stirred in the corresponding solvent (2 mL) at the corresponding temperature,
then a solution of 1a (0.3 mmol, 1.5 equiv.) in the corresponding solvent (1 mL) was added slowly to the above
mixture. [b] Isolated yields. [c] Determined by 'H NMR analysis of crude reaction mixture. [d] Determined by chiral

HPLC analysis of the major diastereomer.

Table S2: Porphyrin iron complexes screening!

N, ¢ Gmo%) NHPh
)J\ _~, .Ph cat. (3mo % PhHN,,
H™NCF, + PhNH +Nap™ N7 T— 0 tomol%e) - CF,
1a 2a 3a toluene, -10°C ~ 5a Nap
Entry Cat. Yield[%]®! d.r.[d e.r.l
1 FeTPPCI 84 >95:5 95:5
2 Fe(p-MeTPP)CI 83 >95:5 94:6
3 Fe(p-OMeTPP)CI 81 >95:5 91:9
4 Fe(p-CITPP)CI 85 >95:5 90:10
5 Fe(TPPF20)Cl 83 >95:5 88:12

[a] A mixture of porphyrin iron complex (3mol%, 0.006 mmol), 6a (10mol%, 0.02 mmol), aniline 2a (0.22 mmol,
1.1 equiv.), imine 3a (0.2 mmol, 1.0 equiv.) was stirred in toluene (2 mL) at -10 °C, then a solution of diazo 1a (0.3
mmol, 1.5 equiv.) in toluene (1 mL) was added slowly to the above mixture. [b] Isolated yields. [c] Determined by
'H NMR analysis of crude reaction mixture. [d] Determined by chiral HPLC analysis of the major diastereomer.

Table S3: Aromatic hydrocarbon solvent screening!®

N, igTF’lF:/C)' NHPh
J AN P CMOTR) L pheN
PhNH, + Nap” N
H™ O CFy * 2+ Nap 6a (10mol%) CFs
1a 2a 3a solvent, -10°C 5a Nap
Entry Solvent Yield[%]®! d.r.[d e.r.
1 toluene 84 >05:5 95:5
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2 xylene 60 >05:5 80:20
3 p-xylene 50 >05:5 80:20
4 chlorobenzene 20 >05:5 55:45
5 anisole <5 - -

6 fluorobenzene 80 >95:5 93:7
7 (trifluoromethyl)benzene 78 >95:5 86:14

[a] A mixture of FeTPPCI (3mol%, 0.006 mmol), 6a (10mol%, 0.02 mmol), aniline 2a (0.22 mmol, 1.1 equiv.),
imine 3a (0.2 mmol, 1.0 equiv.) was stirred in the corresponding solvent (2 mL) at -10 °C for 20min., then a solution
of diazo 1a (0.3 mmol, 1.5 equiv.) in the corresponding solvent (1 mL) was added slowly to the above mixture. [b]
Isolated yields. [c] Determined by *H NMR analysis of crude reaction mixture. [d] Determined by chiral HPLC
analysis of the major diastereomer.

4. Amine exchange reaction of imines:

With the optimum reaction conditions in hand, we explored the scope of the multi-component
reaction by investigating imines 3. We found the amine exchange reaction would undergo rapidly
between aniline 2a and different imines under standard conditions. Therefore, we used in situ
preparation of imine to avoid side reactions.

NHPh
N OaN PhHN,,
P PhNH FeTPPCI (3mol%) 7" “CF3
H™ “CF; * 2 + o~ — Na
N~ "Nap 6a (10mol%) p
ta 2 3b toluene, -10 °C 5a, 40%
(1.5 equiv.) (1.1 equiv.) (1.0 equiv.) d.r.>95:5
e.r=382:18
NHPh
Iy e FeTPPCI (3mol%) PhHN/"KkCF
e mol% 3
HACFs + PhNH, + e o), 0
N Nap 6a (10mol%) p
ta 2 3¢ toluene, -10 °C 5a, 45%
(1.5 equiv.) (1.1 equiv.) (1.0 equiv.) d.r.>95:5
e.r=75:25
NHPh
N NC PhHN,,
I FeTPPCI (3mol%) : CF3
H CF; * PhNH, + o~ —_— Na
N Nap 6a (10mol%) p
la 2a 3d ) toluene, -10 °C 5a, 42%
(1.5 equiv.) (1.1 equiv.) (1.0 equiv.) d.r.>955
e.r.=90:10
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5. X-Ray structure of product 5b (CCDC 1918088):
The product 5b (e.r. = 98:2) was recrystallized from n-hexane to give the colorless flaky crystal, of

which e.r. value increased to 99.2:0.8.

syn-5b, 25, 3R
e.r. =99.2:0.8

Bond precision: C-C = 0.0031 A Wavelength=1.54184
Cell: a=8.4300(1) b=11.6177(1} c=10.91801(1)

alpha=90 beta=108.357(1) gamma="50
Temperature: 100 K

Calculated Reported
Volume 1014.866(18) 1014 .885(18)
Space group P2l P1211
Hall group P Zvb P 2vb
Moiety formula C25 H19 FE N2 C25 H19 F5 N2
Sum formula C25 H19 FE N2 C25 H19 F5 N2
Mr 4432 .43 443 .43
Dx,g cm-3 l.44g 1.4448
z 2 2
Mu (mm-1} 1.004 1.004
FOoo 456.0 455.0
Fooo’ 457.69
h,k, lmax 10,14 ,13 10,14,13
Nreaf 4291 [ 2255] 417&
Tmin, Tmax 0.786,0.904 0.617,1.000
Tmin' 0.740

Correction method= # Reported T Limits: Tmin=0.617 Tmax=1.000
AhsCorr = MUOLTI-SCAN

Data completeness= 1.85/0.87 Theta (max)= 76.735
Ri{reflection=)= 0.0317( 4143) wR2 (reflections)= 0.0857( 417¢&)
£ = 1.037 Hpar= 289
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6. Product derivatizations.

H
PMPN—~CF3
H
Oé/\N "%-OBn-CeH
NHPMP NHPMP CO(COCL), PMP o
o PMPHN,, . 8r
3 3 quant, 95:5 er
Pd/ Et;N
HO <L BnO. _ =3 |
H, (1 atm), THF s CF
£aCF3
MeOH S0Cl, PMPS,N H
7r 0=
5r N” %.0Bn-CgH,
quant, 94:6 er 95:5er PMP

9r
quant, >99:1 dr, 96:4 er

General procedure for compound 7r: To a solution of 1.0 mmol 5r in 5mL of MeOH was added
10% Pd/C under hydrogen atmosphere. Then, the mixture was stirred at room temperature overnight.
After the reaction was completed, the residue was purified by silica gel chromatography to give the
product 7r in quantity yield.

General procedure for compound 8r: To a solution of 1.0 mmol 5r in 5mL of THF was added 0.5
mL EtsN. Then the 1.2 mmol triphosgene gave was added to the above mixture at 0 °C. After 0.5h,
the reaction was completed by TLC. The residue was purified by silica gel chromatography to give
the product 8r in quantity yield.

General procedure for compound 9r: To a solution of 1.0 mmol 5r in 5mL of THF was added 0.5
mL EtsN. Then the 1.2 mmol thionyl chloride was added to the above mixture at 0 °C. After 0.5h,
the reaction was completed by TLC. The residue was purified by silica gel chromatography to give

the product 9r in quantity yield.

7. The properties of polyfluoro-substituted diazo compounds.

Under the standard conditions the perfluorodiazopropane and perfluorodiazobutane remained
without any conversion, since the electron withdrawing effect by multiple fluorine atoms. Moreover,
the reaction of N-H insertion of the perfluorodiazopropane or perfluorodiazobutane didn’t work at
room temperature under FeTPPCI catalysis and the diazo compound remained. Once Fe(TPPF20)Cl
was substituted for FeTPPCI as the catalyst, the corresponding desired product 5w was obtained in

excellent yield at the same conditions.
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NHPh

N
)Ji . Fe(TPPFy)CI (3mol%) PhHNkaC E
H”NC.E. + PhNHz &+ Nap™™> 2’8
2Fs 6a (10mol%) Nap
1b 2a da toluene, -10 °C 5w, 90%
(1.5 equiv.) (2.1 equiv.) (1.0 equiv.) 4AM.S., 0.5h d.r.>955
N e.r.=94:6
2
)k FeTPPCI (3mol%)
+ PhNH, + Nap™ o f
H” > C,Fs 2 p 6a (10mol%) no reaction
b 2a da toluene, -10 °C
(1.5 equiv.) (2.1 equiv.) (1.0 equiv.) 4AM.S., 0.5h
N2
FeTPPCI (3mol%
H)kc Fs *+ PNhNH; #» no reaction
1b 2a toluene, rt, overnight
(1.5 equiv.) (2.1 equiv.)
N
FeTPPCI (3mol%
H)J\C3F7 + PhNH, #» no reaction
1c 2a toluene, rt, overnight

(1.5 equiv.) (2.1 equiv.)

8. DFT calculations of N-H insertion of fluoroalkyl-substituted diazo compounds
under FeTPPCI.

From previous work on iron porphyrin carbenes employed functionals, we will find UB3LYP
suitable to calculate these reactions. All the calculations were carried out with the Gaussian 09
package. Geometry optimization and frequency analyses were performed with the combination of
6-31G(d) and LANL2TZ(f). The LANL2TZ(f) basis set with ECP was used for Fe, and the 6-31G(d)
was used for other atoms. Frequency analysis was conducted to verify the stationary points to obtain
the thermodynamic energy corrections. Furthermore, intrinsic reaction coordinate calculations have
been employed to confirm the transition structures connecting reactants and products. Single point
energies were performed at the UB3LYP/Def2-TZVP basis set for all atoms using SMD solvation
model (solvent = dichloroethane and chloroform) with the Grimme’s D3 dispersion corrections. The
porphyrin ligand was modeled as porphine in order to simplified calculation model and the carbene
used was CHCFs.

We use the aniline to achieve the N-H insertion reaction and discuss the details of how to execute
the process of hydrogen atom transfer from the aniline to the carbene. The ammonium yelide can
be obtained easily through the nucleophilic attack as previous studies and this reaction is exergonic
by 15.5 kcal/mol. Differ from the system calculated before, the ammonium ylide cannot transfer to
the enamine intermediate owing to the —CF3 substituent. A study of the 1,2-proton shift has been
done to give the fact that the energy barrier of 35.8kcal/mol so that we use the water molecule to

facilitate the transformation. Formation of TS-2 is favored (endergonic by 18.0 kcal/mol) and we
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can assume that the iron-associated ylide via the water-assisted [1,2]-H shift may occur to some
extent. For comparison, we calculated the free ylide way which has a moderate value of 7.9 kcal/mol
dissociated from the iron porphyrin catalyst. As shown in Figure 2, the overall activation barrier of
24 kcal/mol can be calculated of the [1,2] proton shift. This well illustrates water molecular can
reduce the transition state energy. In the same way, we calculated the energy required the H,0O
associated ylide way. Therefore, the H.O plays an important role in the whole process. At the same
computer level, the metal-assisted proton shift’s relative free energy is 4.5 kcal/mol higher than the
free ylide way. Given the energy barrier of 13.5kcal/mol, the free ylide way became much easier at
room temperature.

To confirm our conjecture about the rationality of existence of free ylide, the DFT calculation of
trifluoromethyl metal carbene’s N-H insertion were conducted in detail. As shown in Figure S1, the
free ylide’s generation was a suitable path to give the N-H insertion’s product and the H,O played
an important role by hydrogen bonding to assist free ylide to produce the N-H insertion product.
Inspired by the results of the above DFT calculations, and in combination with the experimental
results, the pivotal process of the multi-component reactions might similar to the above reaction
process, and the H,O competed with chiral PPA to speed up the reaction rate and reduce

enantioselectivity of the reaction in such the asymmetric transformation.

H < Fe>
AGsol H%CF3
kcal/mol NHPh
i // TS-1
H
/H\>’®
H~0 CF;
‘H-NHPh s
- oz
Carbene\‘\ -
- >
3 ~ =155 - [\
1 CF3
b +
<’|E§> H™ ™ NH,Ph
HTCE
NH,Ph

Figure S1. Computed free energy profiles for possible pathways of the [1,2]-proton shift in DCE for the iron
porphyrin carbonid insertion into the N-H bond of aniline at room temperature. Nucleophilic attack and hydrogen
atom transfer was studied on the triplet surface.

The H20O generated from formation of imine, competed with chiral PPA to speed up the reaction
rate and reduce enantioselectivity of the reaction in such the asymmetric transformation.

S9



Nap S0 = 1-naphthaldehyde

o

H 7y, CFy \
Ny S
r /
I u-T™CF; U?
A CF3

H NH,Ph
+

PhHN
~_ 7 +8 Nap CFs

PhNH, TS rac-5a  Nap
2a

To probe the role of the unique physicochemical properties of the fluorine atoms in stabilizing the
active intermediates, N-H insertion reactions of 2,2,2-trifluorodiazoethane (la) and 2,2-
difluorodiazoethane (1d) were conducted. The corresponding computed transition state energies of
the different fluoroalkyl-substituted intermediates were determined by DFT calculations as shown
in Figure S2. Although this is not the rate-determining step of the N-H insertion reaction, the
transition state energies of the trifluoro-substituted active intermediates are clearly lower than that
of the difluoro-substituted ones. As shown in Figure S2, trifluoromethyl-substituted metal carbene’s
relative free energy is 1.5 kcal/mol lower than difluoromethyl substituted metal carbene. Besides,
trifluoromethyl substituted ammonium ylide’s relative free energy is 1.0 kcal/mol lower than
difluoromethyl substituted ammonium ylide. The results of the DFT calculations provide reasonable

support that the fluorine atoms stabilize the active intermediates specifically by the precise figures.

H7 T CRoH Ap = o
NHoAr Ar =2-CO,MePh

o Fe> i
Feo T LN
19.4 j/’“ pl N
174 | 2 17.0 CF3
/ \ —_—

AGgy -
‘kcal/:nol {QF_E) F

— s 0 N 09
T o Fe> —_— G
H%? 2 JL __Fe H’i\ CF3
NH,Ar &L.Ci NHAr
N, N, H™CFy

ArNH,
Hil‘\CFzH 2k HﬁCFa

Fe> ArHN" T CF,
CHCly, 0°C CHCI, 0°C 10123,

ArHN">CFH
11, 65%

Figure S2. Computed transition state energies for the N-H insertion of different fluoroalkyl-substituted carbenes in

CHCl; at 0°C.

The 2,2-difluorodiazoethane was very unstable in alkaline environments, which was discovered by

Mykhailiuk’s group. Due to its suitable nucleophilic and alkaline properties, methyl 2-
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aminobenzoate (2k) was selected as the best nucleophile for N-H insertion reaction of different
fluoroalkyl-substituted carbenes by screening conditions as shown in Table S5.

The 2,2-difluorodiazoethane was very unstable under FeTPPCI catalysis in alkaline environments
to release nitrogen rapidly. On the other hand, the difluoro-substituted diazo compound had been
catalytically decomposed before the nucleophilic attack of aromatic amines with weak nucleophilic

ability to the metal carbene.

Table S5: Screening of aromatic amines for N-H insertion of fluoroalkyl-substituted diazo
compounds.

N, N>
NHAr H)11a\CF3 H)1J;CF2H NHAr
- FeTPPCI o
H™ “CFy = ArNH, > H” “CF,H
N-H insertion of 1a N-H insertion of 1d
Entry Ar T[°C] Solvent N-Hinsertionof la  N-H insertion of 1d
Ph 0 CHCI3 88% -
2 4-ClCgH4 0 CHCI3 81% -
3 4-CNCsH4 0 CHCI3 <5% -
4 4-NO2CgH4 0 CHCIs 0 -
5 2,4-(COOMe),CeH3 0 CHCIs 0 -
6 3,4-(COOMe),CeH3 0 CHCIs <5% -
7 2-COOMeC¢H3 0 CHCIs 12% 65%

Reaction conditions: a mixture of 1 mmol aromatic amines and FeTPPCI 0.03mmol was stirred in CHCI3 (4mL) at
0 °C, then a solution of 1.5 mmol 1a and 1d in CHCIs (20 mL) was added slowly to the above mixture and the
mixture was stirred for overnight. Yield of the isolated product is reported.

Computational Details:

All the calculations were carried out with the Gaussian 09 package.* Geometry optimization and
transition states involved were performed at the UB3LYP functional,® with the LANL2TZ(f) basis
set® with ECP for iron and the 6-31G(d) basis set’ for all other atoms. Frequency analysis was
conducted at the same level to verify the stationary points to be an energy minimum or saddle points.
Single point energies were calculated using the Def2-TZVP basis set® for all atoms. Solvent effects
were computed by the SMD? solvation model in dichloroethane and chloroform. Dispersion

corrections were computed with the Grimme’s D3 method.°
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CFe>
I

H” CF,

0

carbene

triplet
C

T O O Z0 T OO I TTOOOZIT OO ITITOOIIOIIOOZITOoOoIIO0O0IZ

0.98571000
0.01213800
0.97240500
-1.16290800
-0.92406700
-1.69064800
0.41059700
-2.40592400
-3.25477600
-1.68903300
-2.38093900
-3.77701900
-4.52246800
-3.93967500
-4.84782200
-2.64355300
2.33580300
2.99688700
5.39527600
4.47964400
3.17329700
5.06320200
2.21657100
2.90603400
4.31326100
-1.81878900
-2.47979200
2.21898900
144671100
0.11176300
-0.44344400
-0.47076500
0.49808400
1.67945000
2.92657100
3.77542500

2.95107800
1.98186500
5.19092100
2.67604400
4.09718500
4.85078200
4.26799700
2.09896900
2.76119400
-0.24993800
-1.44232500
-1.19785400
-1.97177200
0.15316300
0.72087000
0.73536900
2.70543300
3.56156000
-0.71342500
-0.14753900
-0.73009300
1.97891300
0.25267400
1.44407200
1.20340100
-2.70421600
-3.55888800
-4.84452900
-4.09193300
-4.26505000
-5.18901000
-2.95042200
-1.97978700
-2.67105700
-2.09401700
-2.75960900

S12

-0.42167800
-0.55459100
-0.45447900
-0.73669000
-0.71875600
-0.84693500
-0.52098600
-0.93275300
-1.07065800
-0.80880200
-0.92319400
-1.16049000
-1.29079400
-1.18940400
-1.34707300
-0.96704200
-0.24279900
-0.15073800

0.13829000

0.02207400
-0.14049900

0.08457000
-0.27984100
-0.18406600
-0.00504600
-0.84351800
-0.94668800
-0.28488300
-0.38110500
-0.57877000
-0.67757300
-0.64676300
-0.49841700
-0.32974200
-0.15408700
-0.03171600



C 0.09707100
C -1.13920900
Fe 0.22269300
F -1.88124000
F -0.83473500
F -1.97902900
H 0.79907700

“CF
NHZPh

-0.51116200
0.45530200
-1.27458600
0.99470900
0.33372700
0.57448400
-0.59699300
2.06804400
2.38392700
2.56765500
3.56038900
4.45234200
5.31725100
3.98314300
4.38478400
2.81038400
-1.30273400
-2.02821000
-2.08179800
-1.69502700
-0.63752100
-2.80998600
-0.37793300
-1.23281700
-2.06097300
3.69104200
4.52330000
1.70069900
1.93493300
2.96855100
3.75623500

T OO I T OOO0OZITOoOOIIOoOIOoOIO0nOO-nozZzZITOOoIOnOOonTZOn

-0.15112300
0.00403000
0.00172900
1.08390300
0.14425900

-1.07237400

-0.85442100

-1.23841000
-1.22746800
-2.81513800
-2.49342900
-3.32563800
-4.36434900
-2.54657800
-2.90242200
-3.93745200
-0.75565800
-0.33924700
-1.43411500
-1.36201400
-2.51977100
-3.52530500
-2.08633600
-0.15009600
-0.30102800
4.29293300
3.28112400
2.80143300
2.22606500
1.47437600
1.11958900
2.24092500
0.94721700
1.13729800
5.11087400
4.06962400
3.33495600
3.64613000

S13

1.54494500
2.34493800
-0.32609000
2.00069100
3.66347300
2.26338800
1.99316800

-2.82292900
-1.83736800
-4.22644200
-1.82893500
-2.80449200
-2.99451300
-3.42548100
-1.04266100
-1.13652000
0.03780300
0.89118400
1.20112100
1.84844700
0.53010600
0.51031000
-0.19724100
-3.18176000
-3.97588800
-2.17246200
-2.17653200
-1.32099100
-3.76282000
-1.58379000
-2.61116700
-2.98085100
1.39920300
2.07054100
1.37171300
1.18741200
1.68074400
2.35537200



C 2.83416900  2.00714700  1.12552700
N 1.73669600  1.94037900  0.30272500
C 1.17455200  3.19357700  0.32350700
C 0.05837300  3.58856900  -0.40655800
H -0.26443500  4.62012600  -0.29704500
C -0.53762400  -0.10526100  1.03079100
C -0.25917400  -1.09440800  2.10280900
Fe 0.99770700  0.30918800  -0.62102500
F -0.26184600  -2.37471300  1.59783200
F -1.16013200  -1.14512500  3.14661300
F 0.93487400  -0.87501700  2.68159400
H -0.78002900  0.86325200  1.47191500
N -1.77553700  -0.55859200  0.25841000
C -3.12398000  -0.49363800  0.85360600
C -3.86205400  0.67736600  0.69485500
C -3.62910600  -1.58642400 155432100
C 513668100  0.75459700  1.25830800
H -3.44970300 151432700  0.13610900
C -4.90546100  -1.49825900  2.10984800
H -3.02712200  -2.48058700  1.68060400
C -5.65922300  -0.33110500  1.96409000
H 572133600  1.66200200  1.13881200
H 530885700  -2.34415900  2.65858000
H -6.65232500  -0.26870600  2.39937700
H -1.75505500  0.01444600  -0.59579000
H -1.56995000 -1.51111100  -0.05946400

CF,

A +
H”" NH,Ph

2
C -1.38297400  0.84490900  -0.77896800
C 229124100  -0.05710100  -0.09998900
F -251722600  0.36519800  1.20161200
F -1.92948600  -1.41690800  0.10380800
F -3.47732600  -0.15970100  -0.73300400
H -1.01750100  0.49620400  -1.74008100
N -0.23278300  1.22011600  0.11519600
C 1.08187100  0.50860900  0.06498000
C 224232500  1.27270700  -0.01669700
C 1.12056800  -0.88250500  0.07831600
C 347991700  0.62876900  -0.07794200
H 2.18856000  2.36001400  -0.03539500
C 236329300 -1.51378800  0.02733200

S14



0.19514300  -1.44584900 0.11500800
3.54063500  -0.76458100 -0.05195200
4.39008600 1.21725100  -0.14823900
240924500  -2.59886900 0.04339400
450245800 -1.26687100 -0.10066800
-0.02695900 2.21325900  -0.02841000
-0.62156900 1.16464100 1.06580200

T T T T T O T

H (Fe >

H~~CF3
“NHPh

TS-1
TS-1
0.98654400  0.97040700  2.67601200
0.21469600  -0.00356700  2.07756800
254565700  0.93911500  4.29049700
0.56148000 -1.18539400  2.69646100
1.58903500 -0.95281000  3.68359100
202622800 -1.71991800  4.31041400
1.84946700  0.38394000  3.67417000
-0.02214500  -2.41960100  2.44202100
0.35803400  -3.27393700  2.99416200
-1.69678800  -1.68601500  0.79826400
-2.69507100  -2.33837700  0.11639500
-2.71588900  -3.73474900  0.47189400
-3.41190100  -4.46283500  0.07466100
-1.71284000 -3.92587000  1.37432000
-1.41806300  -4.84215000  1.87013100
-1.08274300  -2.64501000  1.57178000
094917200  2.32415400  2.36343100
1.62274600  2.98000500  2.90740900
-1.17607900  5.41762400  -0.32800800
-0.86710400  4.49679700  0.15076800
-1.42091400  3.19771200  -0.13074100
0.69884000  5.07034100  1.59626100
-0.81640600  2.24094700  0.65070700
0.10486600  2.91462900  1.42506600
0.07707600  4.32217000  1.12045100
356099000  -1.74610900  -0.79737500
-4.30908500  -2.38244900  -1.26055000

T O OO ZITOOIITOoOOIOIOO0OZzZITOoOOOIOnO0OnTZOn
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H -4.60812000 228350900  -2.78034900
C -414025000 150817100  -2.18672600
C -4.46362800  0.19099100  -2.10624200
H -5.25132800  -0.34344800  -2.62229100
C -354306600  -0.40890900  -1.16552100
N -2.66550000 053525100  -0.68493900
C -3.02524300 171920100  -1.28930000
C -243684900 295330000  -1.05180200
H -2.82490100  3.80539200  -1.60206000
C 060482600  0.05684500  -1.16547600
C 069539900  -1.27283800  -1.82757700
Fe -1.15678000 023947500  0.58298200
F 1.26438900  -2.20410200  -1.02103000
F 141695500  -1.29737800  -2.99175200
F -0.53969300  -1.70388700  -2.16577800
H 020279400  0.81800800  -1.83275500
N 1.93075300  0.47603000  -0.49036400
C 327364800  0.19041800  -0.95299100
C 365080300  0.41820100  -2.27874800
C 420274000  -0.27468200  -0.01974200
C 496821800  0.17660300  -2.66768600
H 291675200  0.76360300  -2.99855300
C 552010800  -0.51004000  -0.41585200
H 3.88396400  -0.44617700  1.00444200
C 590448000  -0.28588200  -1.73933400
H 526332400  0.35061700  -3.69878100
H 6.24299700  -0.87388200  0.30905900
H 6.92868000  -0.47503100  -2.04864100
H 1.81474900 142519300  -0.14143500
H 1.02206200  -0.08978400  0.11976900
T
H
H
H~0’ CF3 =
‘H—NHPh
TS-2
TS-2

C 073522300  2.99727500  1.29321200
N 157111400  2.16751500  0.57405300
H 047058600 521893400  1.40546600

S16
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2.35193100
1.99836000
2.46638600
0.99588400
3.34824100
3.88558500
3.13697700
3.80261600
4.81163900
5.46877000
4.75393900
5.35415300
3.71144500
-0.22507400
-0.80584100
-2.05025000
-1.45348600
-0.44456900
-2.11027100
0.12946300
-0.49814200
-1.48463700
3.54159400
4.14224500
0.78142600
1.26687000
2.29319600
2.82586300
2.56267700
1.71111900
0.91135300
-0.09460500
-0.64748400
-1.57008800
-2.63931700
1.64920100
-3.85953500
-2.83404200
-2.30984500
-0.61794000
-1.69221000
-3.01504800
-3.75055000
-3.49326100

3.00936700
4.38400600
5.23363300
4.37672100
2.60308500
3.37494700
0.18403700
-0.90536600
-0.48075400
-1.14864200
0.87870000
1.55792100
1.28451400
2.57648000
3.34055200
-1.21973400
-0.54058600
-0.94880500
1.49071000
0.15626700
1.25138800
0.82374000
-2.23007800
-2.99189200
-4.89657200
-4.04559700
-4.03503000
-4.87615500
-2.65456200
-1.82676100
-2.67142100
-2.26791900
-3.04102800
-1.31617600
-2.21358900
0.17072400
-1.98904200
-2.14129800
-3.49883700
-1.67407000
0.12298600
0.76264800
0.87652100
1.25279000

S17

-0.18956400
0.05170900
-0.42889500
0.97339900
-1.06565100
-1.60771200
-0.69755800
-1.21789500
-2.15401900
-2.69632100
-2.20438600
-2.79631400
-1.29706200
2.20200700
2.70920300
4.08069600
3.48542000
2.54716000
4.04632100
1.94421300
2.51237300
3.46670800
-0.89961000
-1.38666600
1.65049600
1.19030600
0.29565000
-0.12934300
-0.01256400
0.68837600
1.43168000
2.29672800
2.82012100
-1.45076800
-0.94229600
0.63342000
-1.48089800
0.42575400
-1.20614500
-1.05052100
-0.92971700
-0.95960900
0.21785800
-2.17505200
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S18

-4.99647100 150468600  0.17759200
-3.36512800  0.47029700  1.14802300
-4.74236600  1.87401800  -2.19887300
-2.88560900  1.13856000  -3.06888300
-549349700  2.00274900  -1.02805100
-5.57842500 159917200  1.09008600
-5.12699500  2.26087800  -3.13830200
-6.46461700  2.48938300  -1.05513300
-1.25992000  0.23974500  -0.00577200
-1.09411200 057433200  -1.69309700
-0.88154000  0.17777300  -3.34069400
-0.00231700  -0.04055400  -3.68573100
-1.28058200  -0.81996900  -2.73349200
CF,
lEI,NHPh -
TS-3
TS-3
139618400  -0.56478900  -0.91611800
238009100  0.08815000  -0.03662000
275320800  -0.73502900  0.99004900
194534200  1.23796700  0.60131500
348599000  0.44262600 -0.71788100
098729700  0.09595600  -1.67521400
017515300  -1.13082600  -0.08245600
-1.12246400  -0.48669400  -0.03103300
-2.26536600  -1.28770400  0.02926500
-1.22688900  0.90530600  -0.06170200
-352425200  -0.68811500  0.06924500
-2.16375600  -2.36950800  0.04204100
-2.49039300 149471600  -0.02557200
-0.32640700  1.50856000  -0.09769300
-3.63952500  0.70308100  0.03897300
-4.41408200  -1.30963500  0.11612800
-2.57549000  2.57767000  -0.04375000
-4.62083000  1.16834600  0.06250000
066018500  -1.77197300  -0.89799900
052184000  -1.47741000  0.81119900
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H-N
HPh

TS-4

CF3

NHPh

-1.19915400
-2.24992500
-2.86302400
-1.79111700
-3.18863300
-0.67303700
-0.18078400
1.19201600
2.10985300
1.54749000
3.42226600
1.78974200
2.86358700
0.79935200
3.80070400
414773100
3.15496400
4.82406300
-0.26550000
-0.53640200
-0.91368800
-1.36975400
-1.63222300

1.30555600
2.35025400
2.84356600
1.85356200
3.38450800
0.98089400
0.18801000
-1.07143500

: o
e

TS-4

0.44199800
-0.52547000
-0.15084800
-1.80413600
-0.64843600

0.09032200

0.55355600

0.14366600

1.12384900
-1.20213200

0.74223200

2.15980000
-1.56821000
-1.94627200
-0.59830000

1.49641400
-2.61258800
-0.88931000

1.63539100

0.07484800

2.88012000

1.86718700

3.29334500

0.50749000
-0.10656700
0.80255100
-1.13052600
-0.58640600
-0.27232700
1.08510300
0.48082400

S19

-0.56569700
-0.17530600
0.98868500
0.08784500
-1.12710000
-1.45275200
0.58433200
0.30190200
-0.07001000
0.38127400
-0.35537600
-0.13948800
0.10137100
0.63882500
-0.26514400
-0.64597200
0.16497200
-0.48404300
0.73141000
1.41591800
0.00104400
-0.49527400
0.50476700

0.87363000
-0.05197600
-0.91509100
-0.77655300

0.67725800

1.57222900

0.16936800

0.09547300
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-2.21095600
-1.23678300
-3.47659600
-2.09677200
-2.51317900
-0.37109600
-3.64154900
-4.34115400
-2.61830700
-4.63061300

0.16916700

1.82521900

-0.34457100
-1.30906800
0.01358600
-2.17543700
-1.73514400
-2.24716600
-0.60221400
-3.33523200
-3.92285000
-3.21054600
-4.03250900
-5.19344000
-5.99455300
-5.06436300
-5.73696800
-3.82570300
0.71658500
1.39320100
2.55819800
1.94647700
0.82018400
2.74871500
0.24796400
0.97383400
2.03955300
-3.78432400

1.28837100
-0.91324000
0.71799000
2.36969300
-1.47041800
-1.56188300
-0.66681600
1.36414600
-2.55118000
-1.10984500
2.09417300
1.27512000

-2.83477000
-2.02444300
-5.04949100
-2.86895600
-4.23864900
-5.09213200
-4.21790700
-2.48172500
-3.26434600
-0.07713800
0.98715800
0.53872000
1.18338000
-0.80655200
-1.49658600
-1.18407200
-2.40661400
-3.16666000
1.37876700
0.70357400
1.10802500
-1.31906600
0.00321800
-1.08873500
-0.65547700
2.30530200

S20

-0.07356100
0.15847300
-0.16771700
-0.12511000
0.07829800
0.23084300
-0.08444800
-0.29704800
0.12972400
-0.15245600
0.15942400
1.45726200

1.18242200
0.62571500
1.17109800
-0.02919200
0.10224600
-0.32391400
0.85289500
-0.68830700
-1.15886600
-0.22981800
-0.51581400
-1.25167000
-1.59100200
-1.40675400
-1.90060500
-0.76364700
1.97148300
2.34856800
3.88108200
3.29515700
249231100
3.67608900
1.88893400
2.33053100
3.19724900
-0.15446900
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-4.51644300
-0.80362500
-1.29513200
-2.46162500
-3.12630200
-2.68576700
-1.66490900
-0.80499900
0.35420300
0.91714000
-0.19200500
-0.64998900
-1.41764200
-0.39512000
0.00099200
-0.19812600
1.21687800
244142200
2.34064800
3.69914800
3.50197200
1.36328500
4.85151500
4.75654300
3.41722800
5.82601200
5.65848300
1.27776400
1.24673400
3.79798400
3.06206600
4.76418700
5.32149500
6.28450100
4.64317900
547317800
-1.71622200

CFoH Ar = 2-cO,MePh

-0.08693200

3.04996700
5.00656400
4.15627100
4.12584600
4.94630900
2.74962500
1.95410200
2.79759400
241173000
3.19056300
0.43535400
-0.14438600
-0.01819700
-1.50753600
0.33181100
1.52546600
-0.03763500
0.58821300
1.64892100
0.10088500
2.23291600
1.97965300
0.69286200
1.75510500
3.05510800
0.29545000
2.19711800
-0.01047200
-1.04292500
-1.14447300
-2.09128900
-1.24312200
-0.08934500
0.17468700
0.76558800
-0.38043300
0.01805600

-0.05219200

S21

-0.45281200
2.10586900
1.64962200
0.95082200
0.71089700
0.57199000
1.03884700
1.70397900
2.36821000
2.87462900

-1.22283600

-2.50157900
0.69351400

-2.51916300
-3.66202100

-1.24789800

-0.93135300

-1.50197000

-2.39007800

-1.09774900

-2.90330900

-2.71398000

-1.63164800

-2.52978800

-3.60762600

-1.36687100

-2.94243800
0.09964700

-1.15438900

-0.26350000

-0.45589900
0.67418000
1.32437800
0.87815300
1.28236400
2.36538300

-2.67253300

-3.09113000
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0.90179900
-0.96947900
1.35315400
0.64087000
0.81699000
-0.25273400
2.35310600
2.61641400
2.89489000
3.87214700
4.67353800
5.50994200
417672500
4.52180100
3.07419800
-0.83955200
-1.61433700
-1.35133400
-1.02721800
0.02425700
-2.24443500
0.20995700
-0.69528300
-1.47255700
4.07538800
4.88967200
2.49458100
2.63272800
3.56799800
4.35638400
3.33337400
2.26536100
1.82340500
0.76553000
0.51658200
0.16794500
0.63502800
1.44531600
0.82586200
-0.26204300
-0.49690300
-1.61231700
-2.83272900
-2.98792100

-0.44968000
-0.94100900
-1.65506900
-2.02099200
-2.92430000
-1.02477200
-2.41608000
-3.35516400
-0.90415300
-0.92666300
-2.11976700
-2.36627200
-2.81969700
-3.76093100
-2.05466900
1.10522700
1.28476600
4.89258700
3.93209700
3.13406800
3.54140400
1.98293000
2.04581400
3.25736100
0.05733000
0.09078200
4.15048700
3.22001200
2.25350600
2.22551900
1.22513400
1.56791400
2.78934700
3.50860500
4.45518700
-0.31882800
-1.22326800
0.46416800
-2.52284500
-1.34443100
0.43947900
-1.66025100
-1.64710200
-2.40511800

S22

-2.22304200
-4.95270500
-2.69971600
-3.90254200
-4.47298200
-4.14600600
-2.10861200
-2.58588800
-0.24234600
0.72665500
0.60406200
1.24576500
-0.45060100
-0.85940000
-0.97999300
-2.95946000
-3.69683500
-0.38253000
-0.76346300
-0.18143300
-2.56290000
-0.91182300
-1.94881000
-1.85918500
1.68664300
2.38922100
3.11620300
2.58022800
2.78770200
3.52915900
1.80361300
1.00421000
1.46692300
0.93357900
1.40341700
0.82900800
1.92396900
-0.47031500
1.46120500
2.97008500
1.25998700
0.30479700
0.98354700
2.15838100
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-3.90784100
-4.18659500
-2.14647400
-5.11114200
-5.26481300
-4.28335700
-5.94469800
-6.20761500
-1.67606600
-1.03664000
-3.81299800
-3.25356200
-4.42872600
-4.57623900
-5.64025800
-4.07772700
-4.12285000

1.58867900

-0.09550600
-0.70299500
-0.84184400
-2.04592400
-2.28568500
-3.26154200
-1.07355000
-3.03762600
-4.06174800
-1.58877900
-1.85583000
-3.26255300
-3.71918100
-3.85864100
-4.90742400
-2.81756700

1.26725700

1.61704300

5.28466800

4.23139200

3.18207700

-0.82806300
-2.39347700
-2.98860500
-0.83713700
-1.61680300
-2.99946300
-0.24301800
-1.62154900
-1.39995100
-2.48038900
-0.08329100
-0.53918600

1.12036800

2.01895900

2.16844600

1.64690400

2.96647500
-0.89631200

3.07289300
1.83873400
5.18661800
2.10660800
3.52923300
3.98830300
4.12981200
1.15101300
1.49639400
-0.83525600
-2.19002200
-2.41635700
-3.39182900
-1.19176000
-0.95374300
-0.21657400
3.28249100
4.30860500
1.05399800
1.28781400
0.30811200

S23

0.55255600
2.85891300
2.51684300
1.27771900
2.41786500
3.75574800
0.91492800
2.95600700
-0.67503800
0.45730400
-0.73681200
-1.71749500
-0.85338600
0.25547800
0.46241800
1.15276400
-0.04659800
2.35168800

-0.39578500
-0.47915100
-0.43761500
-0.60859700
-0.60738500
-0.70207900
-0.47420000
-0.74770700
-0.84805600
-0.65702000
-0.75082300
-0.93811600
-1.04696200
-0.95455100
-1.07825100
-0.77626900
-0.27251100
-0.21540400

0.03170300
-0.05805900
-0.16539900



4.09179300
1.95333300
2.21902400
3.63288700
-0.90929900
-1.25789500
3.62160300
2.64316400
1.43325900
1.20857900
0.45088300
1.05333000
2.39974400
3.39417100
4.41775200
0.10638500
-1.08713600
0.15408000
-2.15984700
-0.79446200
1.04161600
-1.44048200
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-2.61502300
-1.25101600
-4.27614000
-0.98806700
-2.20977800
-2.26603200
-3.21732400
0.27190700
0.33078500
1.57158200
2.92379000
3.67627000
4.75668200
2.77216000
2.95252400
1.46461200
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3.48923900
0.92329600
2.27612600
2.51024800

-3.19924300

-4.22407200
-3.89713100

-3.43974200
-4.04275000

-5.09898000

-2.99069000

-1.75513800

-2.01932300
-1.06201600

-1.41055000

-0.11918300

-0.54922100
0.03716800
0.29199700

-0.51007000

-0.49054300
-1.56630900

-1.20473900
-1.32236100
-2.67839400
-2.67298300
-3.41544500
-4.49359500
-2.50549400
-3.24818700
-4.33036800
-1.17422000
-0.90932700
-2.13465600
-2.19009300
-3.14886600
-4.21332500
-2.54416300

S24

-0.04124300
-0.27936200

-0.22339200
-0.09488000
-0.67779400

-0.75909300
-0.23430400

-0.30891600
-0.46111500

-0.53708200

-0.51915900

-0.40635300

-0.27590300
-0.15363300

-0.05661300
1.62653900
2.40029300

-0.24925200

2.20278500
3.74785700
2.05093000
2.17623300

-0.93921200
-0.78589500
-1.23894300
-0.83734400
-1.02360200
-1.10163500
-1.09470100
-0.78559300
-0.84570300
-0.63782800
-0.65065100
-0.76286600
-0.79904800
-0.79785900
-0.87631700
-0.72402800
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-3.32180900
-4.39778400
-2.78899200
-2.60758200
-1.30853900
-4.57625800
-1.41589600
-2.75905400
-3.50448700
3.49166000
4.57512200
2.43095800
2.37304200
3.38797900
4.45507000
2.78120300
1.40834100
1.14348800
-0.12173500
-0.18454900
0.06482900
-0.13847200
-1.38053100
2.06963800
1.14739300
0.01191300
-1.38893300
-1.47963500
-2.28428400

-1.51687800
-0.30503700
-2.11094300
0.65264800
0.02972100
0.56877800
-1.31431400
2.02291500
2.66472900
1.97856000
2.97052400
4.27092400

-0.01109000
-0.06385200
4.53932500
3.47559500
2.85961900
2.54980500
1.49313200
1.24487200
247728100
0.35049300
0.41507700
4.80759600
3.73255900
2.83490600
3.01696900
1.53397300
1.64006900
2.98329100
3.55293200
4.63012200
0.14328800
0.15781900
-0.39698100
-1.24372300
-0.63864500
1.17726700
-1.76892900
-0.03055800
-0.04485300

-2.63614200
-1.97872500
-4.79683700
-2.97046600
-4.27087000
-5.20971000
-4.06377900
-2.76007200
-3.63555700
-0.30497000

0.65258300

0.02967800

S25

-0.92900100
-1.06219900
-0.40356700
-0.48946400
-0.39870600
-0.84918000
-0.55898400
-0.75106500
-0.71539200
-0.54756400
-0.55974800
-0.04419700
-0.15743500
-0.27655200
-0.27590300
-0.41285900
-0.38650500
-0.23565300
-0.21718400
-0.09879100
-0.42642600
1.55353900
2.20168900
2.37501600
2.60558200
1.92755600
2.17546000
3.52367900
1.69182500

0.00004500
-0.00001000
0.00015200
0.00005900
0.00019000
0.00027400
0.00012300
0.00006700
0.00012600
-0.00001200
0.00004600
0.00013400
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5.20979200
4.06382300
4.79689600
2.63618700
-2.76019000
-3.63583900
-4.79689600
-4.06382300
-2.63618700
-5.20979300
-1.97856000
-2.97052400
-4.27092400
2.76019000
3.63583900
-0.56877800
-0.02972100
1.31431400
2.11094300
1.51687800
0.30503700
-0.65264800
-2.02291500
-2.66472900
0.00000000

0.98571000

0.01213800

0.97240400
-1.16290800
-0.92406800
-1.69064900

0.41059600
-2.40592400
-3.25477600
-1.68903300
-2.38093900
-3.77701900
-4.52246800
-3.93967500

0.56869500
-1.31428200
-2.11090300
-1.51677900
-2.02282100
-2.66441100

2.11090300

1.31428200

1.51677900
-0.56869500

0.30497000
-0.65258300
0.02967800
2.02282100
2.66441100
5.20971000
4.27087000
4.06377900
4.79683700
2.63614200
1.97872500
2.97046600
2.76007200
3.63555700
0.00000000

2.95107800
1.98186500
5.19092100
2.67604400
4.09718500
4.85078200
4.26799700
2.09896900
2.76119400
-0.24993800
-1.44232500
-1.19785500
-1.97177300
0.15316200

S26

0.00016600
0.00018400
0.00026300
0.00006700
-0.00000400
-0.00001100
-0.00025000
-0.00017800
-0.00007000
-0.00020400
0.00001700
-0.00004900
-0.00015600
-0.00000100
-0.00000600
-0.00025300
-0.00017900
-0.00014500
-0.00019200
-0.00004600
0.00001600
-0.00006100
-0.00007000
-0.00012800
0.00001000

-0.42167800
-0.55459100
-0.45447900
-0.73669000
-0.71875600
-0.84693500
-0.52098600
-0.93275300
-1.07065800
-0.80880200
-0.92319400
-1.16049000
-1.29079400
-1.18940400



-4.84782200 0.72086900  -1.34707300
-2.64355300 0.73536900  -0.96704200
2.33580300 2.70543300  -0.24279900
2.99688600 3.56156000  -0.15073800
5.39527600  -0.71342400 0.13829000
447964400  -0.14753800 0.02207400
3.17329700  -0.73009300  -0.14049900
5.06320200 1.97891400 0.08457000
2.21657100 0.25267400  -0.27984100
2.90603400 1.44407200  -0.18406600
4.31326100 1.20340200  -0.00504600
-1.81878900 -2.70421600 -0.84351800
-2.47979100  -3.55888800 -0.94668800
2.21899000  -4.84452900 -0.28488300
144671200 -4.09193300 -0.38110500
0.11176400  -4.26505000  -0.57877000
-0.44344300 -5.18901000 -0.67757300
-0.47076500 -2.95042200 -0.64676300
0.49808400  -1.97978700 -0.49841700
1.67945000 -2.67105700 -0.32974200
2.92657100  -2.09401700  -0.15408700
3.77542500  -2.75960800 -0.03171600
0.09707100  -0.15112300 1.54494500
-1.13920900 0.00403000 2.34493800

OO IT O OZO0OIOoOOIITOoOOoZITOOO>IITOOIT

Fe 0.22269300 0.00172900  -0.32609000
F -1.88124000 1.08390300 2.00069100
F -0.83473500 0.14425900 3.66347300
F -1.97902900 -1.07237400 2.26338800
H 0.79907700  -0.85442100 1.99316800

(@]
Tl
w

-2.72432300  -0.71555800  -1.12892800
-1.40470900  -1.06029400  -0.91152900
-4.58961500 -1.88627000 -1.52886100
-1.37284700 -2.43783000 -0.96567000
-2.68958200 -2.96196700  -1.21559000
-2.92539900 -4.01484300 -1.30442200
-3.52539600 -1.89276400 -1.33078500
-0.23115800  -3.21907700 -0.86576100
-0.35385800  -4.29593000 -0.92818000

T OO I OO IT zZ2 0
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1.39037200
2.76925300
3.30910400
4.36470100
2.24966000
2.25269100
1.06095500
-3.22366200
-4.28546200
-1.97366500
-1.96688800
-0.79142000
-4.04412200
-1.11507400
-2.47120300
-3.00577600
3.53908600
4.61810100
3.21526600
2.98258300
3.84061700
4.92298100
3.03173600
1.69182400
1.64952400
0.49111800
0.60281000
0.11457000
-0.05535900
-1.20741500
2.15069300
1.33719900
-0.01431300
-1.24519000
-2.39052200
-1.15014400

-0.08965300
-1.11431600
0.44424900

-1.38934700
-1.35194400
-2.68325800
-2.91597000
-3.53609700
-4.61613700
-2.72360900
0.57733200
0.70826900
4.94309900
3.86860400
3.03935800
3.30195000
1.71832600
1.70986200
3.04540600
0.20220600
-0.31533000
4.34708100
3.30098900
2.25838200
2.27025000
1.07875700
1.39949200
2.76061400
3.52347800
4.59060100
0.14202300
0.16538100
-0.49095600
-1.19544600
-0.44394800
1.21037900
-1.82870000
0.01133700
-0.28248200

-2.74717700
-2.03758100
-4.92575900

S28

-0.69427000
-0.73983100
-0.85316800
-0.91102800
-0.86121000
-0.93592100
-0.77812100
-1.12475700
-1.30854000
-0.34413300
-0.47677500
-0.38244200
-0.95281700
-0.60771400
-0.85760000
-0.78583600
-0.66358900
-0.70082600
-0.00510300
-0.15935000
-0.33870900
-0.35588300
-0.50245800
-0.44468800
-0.23651600
-0.16933400
-0.00323400
-0.44708700
1.53170400
2.26801500
2.28633300
2.51382000
1.85041500
2.08961200
1.84623800
3.60630300

1.39630400
0.81112100
1.47075000
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-1.90546000
-1.35958100
-1.79696200
-0.23397300
-3.09163800
-3.61474800
-3.16855200
-4.08936500
-5.21478800
-6.07534500
-4.96197000
-5.57238000
-3.68562700
0.93862500
1.66839800
2.51412600
1.94902500
0.79218500
2.88832400
0.29918300
1.10181200
2.13786300
-3.96679400
-4.77274800
-1.16900100
-1.59905700
-2.78335900
-3.52308800
-2.89636300
-1.79635800
-0.99162300
0.21873400
0.72899000
-0.14820200
-0.51487100
-1.37161900
-0.36503100
0.24308000
-1.78893400
-0.20022700
1.26180200
247762300
2.37525700
3.73515400

-2.97096500
-4.29487800
-5.20275500
-4.15705100
-2.69614400
-3.53701900
-0.27565900
0.69846800
0.12808600
0.68755800
-1.20163100
-1.96315400
-1.44527200
-2.19951300
-2.88650100
1.81459300
1.06516600
1.33987900
-0.86913600
0.16448800
-0.84713700
-0.28866200
2.04374000
2.70568800
5.07520200
4.16849600
4.01401700
4.76667800
2.61153200
1.92411600
2.85982400
2.59662200
3.43890400
0.44806100
-0.12566400
-0.03429900
-1.48373400
0.29954100
0.16379300
1.53571100
0.03456200
0.68895600
1.84803000
0.12897700

S29

0.18735000
0.36908500
-0.02733800
1.12263800
-0.48603600
-0.93209200
-0.10095600
-0.40262100
-1.11048100
-1.45521600
-1.23505400
-1.70432500
-0.59860800
2.15780500
2.57500500
3.82206600
3.28099800
246831100
3.78817700
1.93060700
2.43597900
3.26577000
-0.07936400
-0.38252300
1.99083900
1.58312000
0.92854800
0.68584600
0.60387200
1.05746800
1.66263700
2.29848000
2.75752800
-1.16280800
-2.47828900
0.75214700
-2.48942400
-3.56058400
-2.80264800
-1.18710000
-0.82034300
-1.37570600
-2.13088900
-1.07926600
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3.53133800 245308800  -2.63012000
1.39931100 2.25522000  -2.35980600
4.88189400 0.74062300  -1.60404300
4.78365500 1.89626300  -2.37719900
3.44369600 3.35346800  -3.23071600
5.85248900 0.28730700  -1.43185400
5.68049500 2.35272600  -2.78493900
1.27722200 0.10833100 0.21506600
1.35576000  -0.97775600  -0.99439000
3.83270400  -1.18609100 -0.36104000
3.04797800  -2.08784500 -0.58168000
484779400  -1.39703800 0.50226500
544269800  -0.32289900 1.25219200
6.32341400 0.07463200 0.74101000
4.72432700 0.47830400 1.44171100
574780500  -0.76777100 2.20102100

9. Characterization data of new compounds

(1S, 2R)-3,3,3-Trifluoro-1-(naphthalen-1-yl)-N* N2-diphenylpropane-1,2-diamine 5a: Yield: 81%,

NHPh

66mg. White solid, m.p. 83-85 °C. Ry = 0.3 (PE:EtOAc=20:1). 'H NMR (500
MHz, CDCls): & 8.24 (d, J = 8.5 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.83 (d, J =
8.2 Hz, 1H), 7.73-7.65 (m, 2H), 7.63 (dd, J = 11.1, 3.9 Hz, 1H), 7.43-7.35 (m,

1H), 7.17 (dd, J = 8.4, 7.5 Hz, 2H), 7.04 (dd, J = 8.4, 7.5 Hz, 2H), 6.79 (t, J =

7.3 Hz, 1H), 6.76 (t, J = 7.4 Hz, 1H), 6.71 (d, J = 7.8 Hz, 2H), 6.29 (d, J = 7.9 Hz, 2H), 5.87 (d, J =

5.1 Hz, 1H), 4.71 (d, J = 6.2 Hz, 1H), 4.51-4.38 (m, 1H), 4.28 (d, J = 8.8 Hz, 1H) ppm; *C NMR

(125 MHz, CDCl3): 6 146.5, 146.3, 134.8, 134.3, 130.3, 129.7, 129.4, 129.3, 128.8, 127.1, 126.0 (q,

Jcr = 283.8 Hz), 125.9, 125.7, 124.8, 121.6, 119.8, 118.9, 114.6, 114.3, 61.0 (q, Jcr = 27.5 Hz),

52.2 ppm; F NMR (470 MHz, CDCly) & -72.7 ppm; HRMS (m/z) (ESI): calc. for CasH2F3N,

407.1730 [M+H"]; found 407.1723. HPLC: (Chiral AD-H, A= 224 nm, hexane/2-propanol = 98/2,

Flow rate = 1.0 mL/min), tminor = 13.41 min, tmajor = 16.68 min.
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(1S,2R)-3,3,3-Trifluoro-N*,N2-bis(4-fluorophenyl)-1-(naphthalen-1-yl)propane-1,2-diamine  5b:

Yield: 78%, 69mg. Colorless solid, m.p. 122-124 °C. Rt = 0.3
(PE:EtOACc=20:1). *H NMR (500 MHz, CDCl3) 5 8.15 (d, J = 8.5 Hz, 1H),

7.97 (d, J = 8.1 Hz, 1H), 7.81 (d, J = 8.2 Hz, 1H), 7.67 (t, J = 7.4 Hz, 1H),

7.60 (t, J = 6.7 Hz, 2H), 7.36 (t, J = 7.7 Hz, 1H), 6.82 (t, J = 8.6 Hz, 2H),

6.67 (t, J = 8.6 Hz, 2H), 6.58 (dd, J = 8.8, 4.3 Hz, 2H), 6.13 (dd, J = 8.7, 4.2 Hz, 2H), 5.72 (d, J =
3.5 Hz, 1H), 4.57 (d, J = 4.4 Hz, 1H), 4.23 (dd, J = 14.4, 7.2 Hz, 1H), 4.15 (d, J = 8.5 Hz, 1H) ppm;
13C NMR (125 MHz, CDClg) & 157.7 (d, Jcr = 47.5 Hz), 155.8 (d, Jcr = 46.3 Hz), 142.7 (d, Jcr =
1.25 Hz), 142.4 (d, Jcr = 1.25 Hz), 134.3, 134.2, 130.2, 129.8, 128.9, 127.2, 126.0, 125.8 (q, Jcr =
283.8 Hz), 125.6, 124.6, 121.4, 115.8 (d, Jcr = 21.3 Hz), 115.7 (d, Jcr = 22.5 Hz), 115.6 (d, Jcr =
8.8 Hz), 115.5 (d, Jcr = 8.8 Hz), 61.9 (q, Jcr = 27.5 Hz), 52.7 ppm; °F NMR (470 MHz, CDCl3) &
-72.8, -124.9, -126.0 ppm; HRMS (m/2) (ESI): calc. for CasHaoFsN, 443.1541 [M+H']; found
443.1543. HPLC: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 90/10, Flow rate = 1.0 mL/min),

tmajor = 5.57 min, tminor = 6.73 min.

(1S5,2R)-N! N2-Bis(4-chlorophenyl)-3,3,3-trifluoro-1-(naphthalen-1-yl)propane-1,2-diamine ~ 5e:

or
HN

Yield: 82%, 78mg. White solid, m.p. 94-96 °C. R, = 0.3
(PE:EtOAc=10:1). "H NMR (500 MHz, CDCl;): & 8.14 (d, J = 8.5 Hz,

1H), 7.98 (d, J = 8.1 Hz, 1H), 7.81 (d, J = 8.2 Hz, 1H), 7.72-7.65 (m,

1H), 7.61 (t,J=7.3 Hz, 1H), 7.54 (d, J=7.2 Hz, 1H), 7.38-7.30 (m, 1H),
7.07 (d, J= 8.9 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H), 6.57 (d, J = 8.9 Hz, 2H), 6.09 (d, J = 8.8 Hz, 2H),
5.76 (d, J= 6.3 Hz, 1H), 4.65 (d, J = 7.0 Hz, 1H), 4.36-4.27 (m, 1H), 4.23 (d, J = 8.7 Hz, 1H) ppm;
3C NMR (125 MHz, CDCl3): § 144.9, 144.7,134.3,133.9,130.1, 129.9, 129.2, 129.1, 129.0, 127 .4,
126.1, 125.7, 125.6 (q, Jcr = 283.8 Hz), 124.5, 123.7, 121.3, 115.7, 115.3, 61.0 (q, Jor = 27.5 Hz),
52.2 ppm; ’F NMR (470 MHz, CDCl3) & -72.8 ppm; HRMS (m/z) (ESI): calc. for C2sH20ClF3N,
475.0950 [M+H"]; found 475.0956. HPLC: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 95/5,

Flow rate = 1.0 mL/min), tmajor = 7.83 min, tminor = 10.26 min.
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(1S,2R)-N*,N2-Bis(4-bromophenyl)-3,3,3-trifluoro-1-(naphthalen-1-yl)propane-1,2-diamine  5d:

Ieg

H HN
Br O 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.81 (d, J = 8.2 Hz, 1H), 7.68 (ddd, J =
5d

Yield: 80%, 90mg. White solid, m.p. 156-158 °C. R; = 0.3

(PE:EtOAc=10:1). 'H NMR (500 MHz, CDCl3): § 8.12 (d, J = 8.5 Hz,

8.4, 6.9, 1.3 Hz, 1H), 7.63-7.57 (m, 1H), 7.52 (d, J = 7.2 Hz, 1H), 7.36-
7.27 (m, 1H), 7.19 (d, J = 8.9 Hz, 2H), 7.04 (d, J = 8.9 Hz, 2H), 6.51 (d, J = 8.9 Hz, 2H), 6.03 (d, J
=8.9Hz, 2H),5.74 (d, J = 6.2 Hz, 1H), 4.64 (d, J = 7.1 Hz, 1H), 4.35-4.26 (m, 1H), 4.21 (d, J = 8.7
Hz, 1H)ppm; *C NMR (125 MHz, CDCls): § 145.3, 145.1, 134.2, 133.8, 132.1, 132.0, 130.1, 129.9,
129.0,127.4,126.1, 125.7, 125.5 (q, Jcr = 283.8 HZz), 1245, 121.2, 116.1, 115.7,111.7, 110.8, 60.8
(9, Icr = 27.5 Hz), 52.0 ppm; *°F NMR (470 MHz, CDCly): § -72.8 ppm; HRMS (m/z) (ESI): calc.
for C25H20Br2F3N» 562.9940, 564.9921 [M+H]; found 562.9939, 565.0250. HPL.C: (Chiral AD-H,
A= 254 nm, hexane/2-propanol = 95/5, Flow rate = 1.0 mL/min), tmajor = 8.16 min, tminor = 10.93

min.

(1S,2R)-3,3,3-Trifluoro-N*,N2-bis(4-iodophenyl)-1-(naphthalen-1-yl)propane-1,2-diamine 5e:

Yield: 79%, 104mg. Light yellow solid, m.p. 76-78 °C. R = 0.3
(PE:EtOACc=10:1) *H NMR (400 MHz, CDCl5): 5 8.11 (d, J = 8.5 Hz, 1H),

7.97 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.71 — 7.64 (m, 1H),

7.60 (t, J = 7.2 Hz, 1H), 7.51 (d, J = 7.1 Hz, 1H), 7.34 (dd, J = 17.1, 8.3

Hz, 3H), 7.21 (d, J = 8.7 Hz, 2H), 6.41 (d, J = 8.8 Hz, 2H), 5.92 (d, J = 8.7 Hz, 2H), 5.73 (d, = 6.4
Hz, 1H), 4.65 (d, J = 7.0 Hz, 1H), 4.36 — 4.26 (m, 1H), 4.22 (d, J = 8.8 Hz, 1H) ppm; *C NMR
(100 MHz, CDCls): & 146.0, 145.7, 138.0, 137.9, 134.2, 133.7, 130.0, 129.9, 129.1, 127.4, 126.1,
125.7, 125.5 (q, Jor = 280.0 Hz), 124.5, 121.2, 116.6, 116.2, 81.2, 80.1, 60.6 (q, Jcr = 28.0 Hz),
51.8 ppm; *°F NMR (376 MHz, CDCls): & -72.8 ppm; HRMS (m/z) (ESI): calc. for CasHaol,F3N»
658.9663 [M+H"]; found 658.9667. HPLC: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 95/5,

Flow rate = 1.0 mL/min), tmajor = 12.04 min, tminor = 16.30 min.
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(1S,2R)-3,3,3-Trifluoro-1-(naphthalen-1-y1)-N* N2-di-p-tolylpropane-1,2-diamine 5f: Yield: 82%,

71mg. Light yellow oil. Ry = 0.4 (PE:EtOAc=20:1). *H NMR (500 MHz,

Me
HNQ CDCl): § 8.25 (d, J = 8.5 Hz, 1H), 8.00 (d, J = 8.1 Hz, 1H), 7.84 (d, J =

H
N

CF3
Me@ OO 8.2 Hz, 1H), 7.70 (dd, J = 9.6, 7.3 Hz, 2H), 7.62 (t, = 7.4 Hz, 1H), 7.41

5f

(t,J=7.7 Hz, 1H), 6.98 (d, J = 8.3 Hz, 2H), 6.86 (d, J = 8.3 Hz, 2H), 6.63
(d, J=8.4 Hz, 2H), 6.21 (d, J = 8.3 Hz, 2H), 5.83 (s, 1H), 4.65 (s, 1H), 4.43 — 4.31 (m, 1H), 4.20
(d, J = 8.6 Hz, 1H), 2.26 (s, 3H), 2.21 (s, 3H) ppm; *C NMR (125 MHz, CDCls): & 143.1, 142.9,
133.9, 133.1, 129.2, 128.7, 128.6, 128.5, 127.9, 127.5, 126.9, 125.9, 124.9 (q, Jcr = 283.8 Hz),
124.7,124.6, 123.6, 120.6, 113.5, 113.3, 60.3 (q, Jcr = 27.5 Hz), 51.2, 19.3, 19.2 ppm; *F NMR
(376 MHz, CDCI3): § -72.7 ppm; HRMS (m/z) (ESI): calc. for C27Ha6F3N2 435.2043 [M+H"];
found 435.2042. HPLC: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 98/2, Flow rate = 1.0

mL/min), tmajor = 7.80 min, tminor = 9.75 min.

(1S,2R)-3,3,3-Trifluoro-N?,N2-bis(4-methoxyphenyl)-1-(naphthalen-1-yl)propane-1,2-diamine 5g:

Yield: 85%, 79mg. Light yellow oil. R¢= 0.3 (PE:EtOAc=5:1). '"H NMR

OMe
C (500 MHz, CDCls): & 8.21 (d, J = 8.5 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H),

H HN
MeO 7.82 (d, J = 8.2 Hz, 1H), 7.70 — 7.65 (m, 2H), 7.60 (t, J = 7.5 Hz, 1H),
w OO

7.40 (t, J = 7.7 Hz, 1H), 6.73 (d, J = 9.0 Hz, 2H), 6.63 (d, J = 9.0 Hz,
2H), 6.60 (d, J = 8.9 Hz, 2H), 6.23 (d, J = 8.9 Hz, 2H), 5.74 (s, 1H), 4.52 (s, 1H), 4.27 — 4.21 (m,
1H), 4.11 (s, 1H), 3.71 (s, 3H), 3.69 (s, 3H) ppm; *C NMR (125 MHz, CDCls): § 153.5, 152.9,
140.6, 140.3, 135.0, 134.3, 130.4, 129.7, 128.6, 127.0, 126.1 (q, Jcr = 283.8 Hz), 125.8, 125.7,
124.7,121.6, 116.1, 116.0, 114.9, 114.7, 60.4 (q, Jcr = 27.5 Hz); 55.7, 55.6, 52.9 ppm; *F NMR
(470 MHz, CDCls) & -72.7 ppm; HRMS (m/z) (ESI): calc. for C27H26F3N202 467.1941 [M+H'];
found 467.1944. HPLC: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 95/5, Flow rate = 1.0

mL/min), tmajor = 11.21 min, tminor = 12.95 min.
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(1S,2R)-N* N2-Bis(4-(benzyloxy)phenyl)-3,3,3-trifluoro-1-(naphthalen-1-yl)propane-1,2-diamine

H HN
B~ OO 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 7.68 (t, J = 7.0

5h: Yield: 80%, 99mg. White solid, m.p. 138-140 °C. Rf = 0.2

(PE:EtOAc=5:1). 'H NMR (500 MHz, CDCls): & 8.21 (d, J = 8.5 Hz,

Hz, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.44 — 7.37 (m, 9H), 7.34 (dt, J = 6.8,
3.7 Hz, 2H), 6.80 (d, J = 8.9 Hz, 2H), 6.68 (d, J = 8.9 Hz, 2H), 6.63 (d, J = 8.9 Hz, 2H), 6.23 (d, J
= 8.8 Hz, 2H), 5.74 (s, 1H), 4.96 (s, 2H), 4.93 (5, 2H), 4.52 (s, 1H), 4.30 — 4.17 (m, 1H), 4.10 (d, J
=8.5Hz, 1H) ppm; BCNMR (125 MHz, CDCls): 6 152.7,152.2, 140.8, 140.5, 137.5, 137.4, 135.0,
134.3, 1304, 129.7, 128.7, 128.6, 127.9, 127.8, 127.6, 127.5, 127.1, 126.1 (q, Jcr = 283.8 Hz),
125.9,125.7,124.7,121.7,116.1, 116.0, 115.9, 115.8, 70.7, 70.6, 62.3 (q, Jcr = 27.5 HZz), 52.9 ppm;
19F NMR (470 MHz, CDCls): 5 -72.6 ppm; HRMS (m/z) (ESI): calc. for C3oH34F3N20; 619.2567
[M+H"]; found 619.2569. HPLC: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 90/10, Flow rate

= 1.0 mL/min), tmajor = 33.51 min, tminor = 38.29 min.

(1S,2R)-3,3,3-Trifluoro-N?,N2-bis(4-isopropoxyphenyl)-1-(naphthalen-1-yl) propane-1,2-diamine

or] 5it Yield: 81%, 85mg. White solid, m.p. 113-115 °C. Rf = 0.2
H HNO (PE:EtOAc=5:1). *H NMR (500 MHz, CDCls): 5 8.17 (d, J = 8.5 Hz,

No. CFg
j Q 1H), 7.95 (d, J = 8.1 Hz, 1H), 7.79 (d, J = 8.1 Hz, 1H), 7.63 (t, J = 5.8
= Q)

5i

Hz, 2H), 7.57 (t,J = 7.4 Hz, 1H), 7.37 (t, J = 7.7 Hz, 1H), 6.69 (d, J =
8.8 Hz, 2H), 6.61 — 6.52 (m, 4H), 6.18 (d, J = 8.7 Hz, 2H), 5.69 (s, 1H), 4.46 (s, 1H), 4.31 (tp, J =
12.0, 6.0 Hz, 2H), 4.24 — 4.16 (m, 1H), 4.05 (d, J = 8.3 Hz, 1H), 1.31 — 1.19 (m, 12H) ppm; *C
NMR (125 MHz, CDCl3): 6 151.6, 151.0, 140.6, 140.4, 135.0, 134.2, 130.3, 129.6, 128.5, 127.0,
126.1 (g, Jcr = 283.8 Hz), 125.8, 125.7, 124.8, 121.7, 117.6, 117.4, 116.0, 115.9, 70.8, 70.7, 62.3
(9, Jer = 27.5 Hz), 53.0, 22.2, 22.2, 22.1, 22.1 ppm; **F NMR (470 MHz, CDCl3) § -72.7 ppm;
HRMS (m/2) (ESI): calc. for C31H34F3N20, 523.2567 [M+H']; found 523.2566. HPLC: (Chiral
AD-H, A= 254 nm, hexane/2-propanol = 90/10, Flow rate = 1.0 mL/min), tmajor = 7.31 min, tminor

=10.89 min.
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(1S,2R)-N*,N2-Bis(benzo[d][1,3]dioxol-5-yI)-3,3,3-trifluoro-1-(naphthalen-1-yl)propane-1,2-

diamine 5j: Yield: 79%, 78mg. Colorless oil. Rs = 0.2 (PE:EtOAc=5:1)
'H NMR (500 MHz, CDCl3):  8.15 (d, J = 8.5 Hz, 1H), 7.96 (d, J = 8.1

Hz, 1H), 7.81 (d, J = 8.2 Hz, 1H), 7.67 — 7.60 (m, 2H), 7.58 (t, J = 7.3

Hz, 1H), 7.40 (t, J = 7.7 Hz, 1H), 6.57 (d, J = 8.3 Hz, 1H), 6.44 (d, J =
8.3 Hz, 1H), 6.29 (d, J = 2.3 Hz, 1H), 6.07 (dd, J = 8.4, 2.3 Hz, 1H), 5.80 (dd, J = 5.4, 1.2 Hz, 2H),
5.78-5.77 (m, 3H), 5.71 (dd, J = 8.3, 2.3 Hz, 1H), 5.67 (s, 1H), 4.49 (s, 1H), 4.20 — 4.12 (m, 1H),
4.06 (d, J = 8.6 Hz, 1H) ppm; °C NMR (125 MHz, CDCls): 5 148.3, 1482, 142.0, 141.7, 141.3,
140.6, 134.7, 134.3, 130.2, 129.7, 128.8, 127.1, 125.9, 125.9 (q, Jcr = 283.8 Hz), 125.6, 124.6,
121.5, 108.6, 108.4, 107.0, 106.6, 100.9, 100.7, 97.7, 97.6, 62.4 (q, Jcr = 27.5 Hz), 53.0 ppm; O
NMR (470 MHz, CDCl3): § -72.7 ppm; HRMS (m/z) (ESI): calc. for Ca7HnFsN2O4 495.1526
[M+H"]; found 495.1528. HPLC: (Chiral IC, A= 254 nm, hexane/2-propanol = 98/2, Flow rate =

1.0 mL/min), tminor = 12.10 min, tmajor = 13.31 min.

Methyl 2-((1S,2R)-3,3,3-trifluoro-1,2-bis((4-methoxyphenyl)amino)propyl)benzoate 5k: Yield:

78%, 74mg. Light yellow oil. Rf = 0.3 (PE:EtOAc=10:1). *H NMR (500
MHz, CDCls): 6 7.96 (d, J = 7.7 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.39 (t, J

= 7.6 Hz, 1H), 7.31 (t, J = 7.5 Hz, 1H), 6.70 (t, J = 6.1 Hz, 2H), 6.64 (d, J =

8.9 Hz, 2H), 6.55 (d, J = 8.9 Hz, 2H), 6.31 (d, J = 8.9 Hz, 2H), 5.74 (s, 1H),
4.47 (s, 1H), 4.35 (ddd, J = 10.4, 7.9, 2.9 Hz, 1H), 3.99 (d, J = 8.8 Hz, 1H), 3.95 (s, 3H), 3.69 (s,
6H) ppm; *C NMR (125 MHz, CDCls): § 168.2, 153.3, 152.8, 141.6, 140.8, 140.1, 132.6, 131.2,
129.0, 128.6, 127.7, 125.8 (q, Jcr = 283.8 Hz), 115.7, 115.7, 114.8, 114.7, 62.4 (q, Jcr = 27.5 Hz),
55.6, 55.6, 54.2, 52.5 ppm; °F NMR (470 MHz, CDCly): & -72.1 ppm; HRMS (m/z) (ESI): calc.
for C2sHa6F3N204475.1839 [M+H]; found 475.1837. HPLC: (Chiral AD-H, A= 254 nm, hexane/2-

propanol = 83/17, Flow rate = 1.0 mL/min), tminor = 11.95 min, tmajor = 17.80 min.
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(1S,2R)-1-(2-Ethynylphenyl)-3,3,3-trifluoro-N*,N-bis(4-methoxyphenyl) propane-1,2-diamine 5I:

Yield: 81%, 71mg. Light yellow oil. R¢ = 0.3 (PE:EtOAc=10:1). *H NMR

(500 MHz, CDCls3): 6 7.62 (dd, J = 7.0, 1.4 Hz, 1H), 7.47 (d, J = 7.1 Hz, 1H),

7.33 - 7.25 (m, 2H), 6.79 (d, J = 8.8 Hz, 2H), 6.73 (d, J = 8.8 Hz, 2H), 6.65

(d, J = 8.8 Hz, 2H), 6.41 (d, J = 8.8 Hz, 2H), 5.43 (s, 1H), 4.48 (s, 1H), 4.33
(dd, J = 10.3, 4.9 Hz, 1H), 4.06 (d, J = 8.6 Hz, 1H), 3.76 (s, 6H), 3.55 (s, 1H) ppm; *C NMR (125
MHz, CDCls): § 153.4, 152.9, 142.4,140.7, 140.0, 133.5, 129.5, 127.7, 127.3, 125.8 (g, Jcr = 283.8
Hz), 120.4, 115.9, 114.8, 114.7, 84.2, 80.9, 62.4, 62.1, 61.9, 61.7, 55.7, 55.6, 55.3 ppm; °F NMR
(470 MHz, CDCl3): & -72.6 ppm; HRMS (m/2) (ESI): calc. for CasHasF3N20,441.1784 [M+H'];
found 441.1781. HPLC: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 90/10, Flow rate = 1.0

mL/min), tmajor = 8.70 min, tminor = 10.48 min.

(1S,2R)-1-(2-Bromophenyl)-3,3,3-trifluoro-N1,N2-bis(4-methoxyphenyl) propane-1,2-diamine 5m:

oMP Yield: 75%, 74mg. Light yellow oil. Ry = 0.3 (PE:EtOAc=10:1). *H NMR

(500 MHz, CDCls): § 7.61 (dd, J = 7.9, 0.9 Hz, 1H), 7.42 (dd, J = 7.7, 1.4 Hz,

B | 1H),7.18(dd, J = 10.9, 4.0 Hz, 1H), 7.12 (td, J = 7.7, 1.6 Hz, 1H), 6.74 (d, J

= 8.9 Hz, 2H), 6.65 (d, J = 8.9 Hz, 2H), 6.56 (d, J = 8.9 Hz, 2H), 6.29 (d, J =
8.9 Hz, 2H), 5.31 (s, 1H), 4.38 (s, 1H), 4.22 — 4.12 (m, 1H), 3.92 (d, J = 8.8 Hz, 1H), 3.71 (s, 3H),
3.70 (s, 3H) ppm; *C NMR (125 MHz, CDCly): § 153.6, 153.0, 140.5, 139.7, 138.4, 133.3, 129.5,
129.1, 128.0, 125.7 (q, Jcr = 283.8 Hz), 122.9, 115.9, 115.9, 114.9, 114.7, 61.5 (q, Jcr = 27.5 Hz),
56.2, 55.7, 55.6 ppm; *°F NMR (470 MHz, CDCl3): & -72.6 ppm; HRMS (m/z) (ESI): calc. for
C23H23BrF3N20; 495.0890, 497.0872 [M+H']; found 495.0891, 497.0854. HPLC: (Chiral AD-H,
A= 254 nm, hexane/2-propanol = 90/10, Flow rate = 1.0 mL/min), tmajor = 7.24 min, tminor = 8.53

min.
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(1S,2R)-1-(2-Chlorophenyl)-3,3,3-trifluoro-N*,N2-bis(4-methoxyphenyl) propane-1,2-diamine  5n:

Yield: 77%, 70mg. Light yellow oil. Rt = 0.3 (PE:EtOAc=10:1). *H NMR
(500 MHz, CDCl3): 8 7.43 (d, J = 7.7 Hz, 2H), 7.21 (t, J = 7.5 Hz, 1H), 7.16

(t, J=7.5Hz, 1H), 6.77 — 6.71 (m, 2H), 6.70 — 6.64 (m, 2H), 6.60 — 6.54 (m,

2H), 6.36 — 6.29 (m, 2H), 5.35 (s, 1H), 4.37 (s, 1H), 4.17 (s, 1H),3.95(d, J =
7.4 Hz, 1H), 3.72 (s, 3H), 3.71 (s, 3H) ppm; **C NMR (125 MHz, CDCls): § 153.6, 153.0, 140.6,
139.7, 137.1, 132.6, 130.0, 129.2, 128.8, 127.4, 125.7 (q, Jcr = 283.8 Hz), 116.0, 115.9, 114.9,
114.7, 61.6 (q, Jcr = 27.5 Hz), 55.7, 55.6, 53.9 ppm; *°F NMR (376 MHz, CDCly): & -72.7 ppm;
HRMS (m/2) (ESI): calc. for Ca3Ha3CIF3N>0,451.1395 [M+H]; found 451.1394. HPLC: (Chiral
AD-H, A= 254 nm, hexane/2-propanol = 90/10, Flow rate = 1.0 mL/min), tmajor = 7.32 min, tminor

=8.62 min.

(1S,2R)-3,3,3-Trifluoro-1-(2-iodophenyl)-N*,N2-bis(4-methoxyphenyl)propane-1,2-diamine ~ 50:

Yield: 79%, 86mg. Light yellow oil. Rf = 0.3 (PE:EtOAc=10:1). *H NMR

_PMP
HN

(500 MHz, CDCls): §7.89 (d, J = 7.8 Hz, 1H), 7.38 (dd, J = 7.7, 0.9 Hz, 1H),

7.20 (t, J = 7.3 Hz, 1H), 6.99 — 6.92 (m, 1H), 6.73 (d, J = 8.9 Hz, 2H), 6.64

(d, J = 8.9 Hz, 2H), 6.53 (d, J = 8.9 Hz, 2H), 6.26 (d, J = 8.8 Hz, 2H), 5.15 (s,

1H), 4.40 (s, 1H), 4.16 — 4.07 (m, 1H), 3.92 (d, J = 8.7 Hz, 1H), 3.71 (s, 3H), 3.69 (s, 3H) ppm; **C
NMR (125 MHz, CDCls): 6 153.5, 153.0, 140.8, 140.5, 140.1, 139.6, 129.9, 129.0, 128.8, 125.6 (q,
Jor = 283.8 Hz), 116.0, 115.9, 114.8, 114.7, 98.6, 61.5 (q, Jcr = 27.5 Hz), 60.6, 55.7, 55.6 ppm; *°F
NMR (470 MHz, CDCls): 8 -72.2 ppm; HRMS (m/z) (ESI): calc. for Ca3H3IF3N>O, 543.0751
[M+H"]; found 543.0754. HPLC: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 95/5, Flow rate

= 1.0 mL/min), tmajor = 13.12 min, tminor = 15.52 min.

(1S,2R)-3,3,3-Trifluoro-1-(2-isopropoxyphenyl)-N* N2-bis(4-methoxyphenyl) propane-1,2-diamine

_PMP 5p: Yield: 81%, 77mg. Brown oil. Ry = 0.2 (PE:EtOAc=10:1). ‘H NMR

HN

(500 MHz, CDCls): § 7.24 (d, J = 7.5 Hz, 1H), 7.20 (t, = 7.8 Hz, 1H), 6.89

(d, J = 8.2 Hz, 1H), 6.82 (t, J = 7.5 Hz, 1H), 6.73 (d, J = 8.8 Hz, 2H), 6.69

(d, J = 8.8 Hz, 2H), 6.59 (d, J = 8.6 Hz, 2H), 6.43 (d, J = 8.8 Hz, 2H), 5.08

(s, 1H), 4.68 (dt, J = 12.1, 6.1 Hz, 1H), 4.24 — 4.18 (m, 1H), 4.03 (s, 1H), 3.84 — 3.75 (m, 1H), 3.72
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(s, 3H), 3.71 (s, 3H), 1.34 (s, 3H), 1.33 (s, 3H) ppm; **C NMR (125 MHz, CDCls): & 154.6, 153.3,
152.7, 141.4, 140.7, 128.7, 128.6, 128.4, 126.2 (q, Jcr = 283.8 Hz), 120.4, 116.0, 115.8, 114.8,
114.7,112.2, 69.6, 61.5 (q, Jcr = 27.5 Hz), 55.7, 55.6, 53.4, 22.1, 21.9 ppm; **F NMR (470 MHz,
CDCl3): & -73.0 ppm; HRMS (m/z) (ESI): calc. for CasH30F3N203 475.2203 [M+H']; found
475.2201. HPLC: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 90/10, Flow rate = 1.0 mL/min),

tmajor = 5.94 min, tminor = 10.00 min.

(1S,2R)-1-(2-Ethoxyphenyl)-3,3,3-trifluoro-N* N2-bis(4-methoxyphenyl)propane-1,2-diamine 5q:

Yield: 85%, 78mg. Brown oil. Rf = 0.3 (PE:EtOAc=10:1). *H NMR (500
MHz, CDCl3): 6 7.23 (d, J =7.5Hz, 1H), 7.19 (t, J = 7.8 Hz, 1H), 6.86 (d, J

= 8.2 Hz, 1H), 6.83 (t, J = 7.5 Hz, 1H), 6.71 (d, J = 8.8 Hz, 2H), 6.67 (d, J =

8.8 Hz, 2H), 6.58 (d, J = 8.8 Hz, 2H), 6.40 (d, J = 8.8 Hz, 2H), 5.10 (d, J =
3.4 Hz, 1H), 4.22 — 4.17 (m, 2H), 4.10 — 4.04 (m, 2H), 4.03 (s, 1H), 3.69 (s, 3H), 3.68 (s, 3H), 1.37
(t, J = 7.0 Hz, 3H) ppm; **C NMR (125 MHz, CDCly): § 155.9, 153.4, 152.8, 141.4, 140.7, 128.8,
128.3, 127.8, 126.2 (q, Jcr = 283.8 Hz),120.8, 116.0, 115.8, 114.8, 114.7, 111.4, 63.6, 61.6 (0, Jcr
= 27.5 Hz), 55.7, 55.6, 53.3, 14.7 ppm; °F NMR (470 MHz, CDCly): & -73.0 ppm; HRMS (m/2)
(ESI): calc. for CasHagF3N205 461.2047 [M+H']; found 461.2044. HPLC: (Chiral AD-H, A= 254

nm, hexane/2-propanol = 90/10, Flow rate = 1.0 mL/min), tmajor = 7.53 min, tminor = 11.71 min.

(1S,2R)-1-(2-(Benzyloxy) phenyl)-3,3,3-trifluoro-N?,N2-bis(4-methoxyphenyl) propane-1,2-

diamine 5r: Yield: 80%, 84mg. Light yellow oil. Rf = 0.3 (PE:EtOAc=10:1).
'H NMR (500 MHz, CDCls): § 7.42 —7.31 (m, 5H), 7.27 (d, J = 7.3 Hz, 1H),

7.22 - 7.17 (m, 1H), 6.96 (d, J = 8.1 Hz, 1H), 6.86 (t, J = 7.3 Hz, 1H), 6.67

(d, J = 8.5 Hz, 2H), 6.63 (d, J = 8.5 Hz, 2H), 6.51 (d, J = 8.5 Hz, 2H), 6.34
(d, J = 8.5 Hz, 2H), 5.12 (s, 3H), 4.29 (s, 1H), 4.23 (d, J = 3.9 Hz, 1H), 3.96 (d, J = 7.5 Hz, 1H),
3.68 (s, 3H), 3.67 (s, 3H) ppm; 3C NMR (125 MHz, CDCls): § 155.7, 153.3, 152.8, 141.2, 140.6,
136.6, 128.9, 128.8, 128.6, 128.2, 128.0, 127.5, 126.0 (q, Jcr = 283.8 Hz), 121.3, 115.9, 115.8,
114.8, 114.7, 112.1, 70.4, 615 (q, Jcr = 27.5 Hz), 55.7, 55.6, 53.5 ppm; °F NMR (376 MHz,

CDCl3): & -72.6 ppm; HRMS (m/z) (ESI): calc. for CsoH3oF3N2O3 523.2203 [M+H]; found
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523.2206. HPL.C: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 90/10, Flow rate = 1.0 mL/min),

tmajor = 10.86 min, tminor = 13.49 min.

(1S,2R)-1-(2-(Benzyloxy)-3-methoxyphenyl)-3,3,3-trifluoro-N*,N2-bis(4-methoxyphenyl)

propane-1,2-diamine 5s: Yield: 85%, 94mg. White solid, m.p. 136-138 °C. Rs
= 0.2 (PE:EtOAc=10:1). *H NMR (500 MHz, CDCly): & 7.46 (d, J = 5.6 Hz,

2H), 7.39 (d, J = 6.1 Hz, 3H), 6.97 (t, J = 7.8 Hz, 1H), 6.91 (dd, J = 16.0, 7.6

Hz, 2H), 6.68 (dd, J = 8.1, 5.1 Hz, 4H), 6.38 (d, J = 6.8 Hz, 4H), 5.24 - 5.15
(m, 2H), 5.09 (s, 1H), 4.25 — 4.20 (m, 1H), 3.95 (s, 1H), 3.93 (s, 3H), 3.85 — 3.77 (m, 1H), 3.72 (s,
3H), 3.72 (s, 3H) ppm; *C NMR (125 MHz, CDCl3): 5 153.3, 152.6, 144.8, 140.9, 140.5, 137.4,
133.7, 128.7, 128.6, 128.3, 125.9 (q, Jcr = 283.8 Hz), 124.2, 119.9, 116.0, 115.7, 114.8, 114.7,
112.2, 74.7, 61.9 (q, Jcr = 27.5 Hz), 55.9, 55.7, 55.6, 52.8 ppm; *°F NMR (470 MHz, CDCl3): & -
72.5 ppm; HRMS (m/2) (ESI): calc. for C3H3,F3N204553.2309 [M+H']; found 553.2305. HPLC:
(Chiral AD-H, A= 254 nm, hexane/2-propanol = 90/10, Flow rate = 1.0 mL/min), tmajor = 8.22 min,

tminor = 10.96 min.

(1S,2R)-1-(2,3-Bis(benzyloxy)phenyl)-3,3,3-trifluoro-N*, N?-bis(4-methoxyphenyl)propane-1,2-

diamine 5t: Yield: 82%, 103mg. White solid, m.p. 99-101 °C. R = 0.2
(PE:EtOAc=5:1). 'H NMR (500 MHz, CDCls): & 7.49 (d, J = 7.2 Hz, 2H),

7.42 (t, 3 = 7.2 Hz, 2H), 7.37 (dd, J = 14.0, 7.8 Hz, 6H), 6.94 (s, 3H), 6.68 (d,

J=8.5Hz, 2H), 6.65 (d, J = 8.6 Hz, 2H), 6.37 — 6.35 (m, 4H), 5.25 - 5.13 (m,

4H), 5.09 (s, 1H), 4.23 (d, J = 5.1 Hz, 1H), 3.92 (s, 1H), 3.89 — 3.76 (m, 1H), 3.71 (s, 6H) ppm; *C
NMR (125 MHz, CDCls): 6 153.3, 152.7, 151.8, 145.3, 140.9, 140.4, 137.2, 136.7, 133.9, 129.3 (q,
Jcr = 283.8 Hz), 128.8, 128.7, 128.6, 128.3, 128.2, 127.7, 124.2, 120.4, 116.0, 115.8, 114.8, 114.6,
114.0, 74.8, 71.1, 61.9 (q, Jcr = 27.5 Hz), 55.7, 55.6, 52.9 ppm; **F NMR (470 MHz, CDCls): § -
72.5 ppm; HRMS (m/2) (ESI): calc. for C37H36F3N204629.2622 [M+H']; found 629.2623. HPLC:
(Chiral AD-H, A= 254 nm, hexane/2-propanol = 90/10, Flow rate = 1.0 mL/min), tmajor = 11.37

min, tminor = 13.41 min.
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(1S,2R)-1-(2-(Benzyloxy)-4-chlorophenyl)-3,3,3-trifluoro-N*,N2-bis(4-methoxyphenyl)propane-

1,2-diamine 5u: Yield: 83%, 92mg. Light yellow oil. Rf = 0.2 (PE:EtOAc=5:1).
'H NMR (500 MHz, CDCls): 6 7.40 (s, 5H), 7.24 (d, J = 8.2 Hz, 1H), 7.01 (s, 1H),

6.88 (d, J = 8.1 Hz, 1H), 6.71 (d, J = 8.7 Hz, 2H), 6.68 (d, J = 8.7 Hz, 2H), 6.51 (d,

J =8.7 Hz, 2H), 6.38 (d, J = 8.7 Hz, 2H), 5.13 (s, 2H), 5.10 (s, 1H), 4.25 (s, 1H),

4.22 — 4.18 (m, 1H), 3.94 (d, J = 8.2 Hz, 1H), 3.74 (s, 3H), 3.72 (s, 3H) ppm: ¥C NMR (125 MHz,
CDCls): 6 156.2, 153.4, 152.9, 140.9, 140.1, 135.8, 134.3, 129.5, 128.9, 128.5, 127.6, 126.7, 125.9 (q,
Jor = 283.8 Hz), 121.4, 115.9, 115.9, 114.8, 114.7, 112.8, 70.8, 61.3 (q, Jr = 27.5 Hz), 55.7, 53.0 ppm;
19 NMR (470 MHz, CDCls): & -72.5 ppm; HRMS (/) (ESI): calc. for C3oHaoCIFsN203 557.1813
[M+H"]; found 557.1814. HPLC: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 90/10, Flow rate

= 1.0 mL/min), tmajor = 11.25 min, tminor = 13.80 min.

(1S,2R)-1-(2-(benzyloxy)-5-chlorophenyl)-3,3,3-Trifluoro-N*,N2-bis(4-methoxyphenyl)propane-

1,2-diamine 5v: Yield: 81%, 90mg. Brown oil. Ry = 0.2 (PE:EtOAc=10:1). *H

NMR (500 MHz, CDCls): § 7.42 — 7.32 (m, 5H), 7.20 (d, J = 8.2 Hz, 1H), 6.98

(d, J = 1.4 Hz, 1H), 6.84 (dd, J = 8.2, 1.5 Hz, 1H), 6.68 (d, J = 8.9 Hz, 2H),

6.65 (d, J = 8.8 Hz, 2H), 6.48 (d, J = 8.5 Hz, 2H), 6.35 (d, J = 8.8 Hz, 2H),
5.09 (s, 2H), 5.07 (d, J = 2.8 Hz, 1H), 4.23 — 4.14 (m, 1H), 3.84 — 3.79 (m, 1H), 3.78 — 3.71 (m,
1H), 3.70 (s, 3H), 3.68 (s, 3H) ppm; *C NMR (125 MHz, CDCls): § 156.2, 153.4, 152.9, 140.9,
140.2,135.8,134.3,129.5,128.9, 128.5, 127.6, 126.7, 125.9 (q, Jcr = 283.8 Hz),121.4, 115.9, 115.8,
114.8,114.7,112.9, 70.8, 61.3 (q, Jcr = 27.5 Hz), 55.7, 53.0 ppm; °F NMR (470 MHz, CDCls): &
-72.5 ppm; HRMS (m/z) (ESI): calc. for C3H29CIF3N,O3 557.1813 [M+H']; found 557.1819.
HPLC: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 90/10, Flow rate = 1.0 mL/min), tmajor =

11.58 min, tminor = 14.25 min.

(1S,2R)-3,3,4,4,4-Pentafluoro-1-(naphthalen-1-yl)-N*,N2-diphenylbutane-1,2-diamine 5w: Yield:

90%, 82mg. Colorless solid, m.p. 115-117 °C. R¢ = 0.3 (PE:EtOAc=20:1). 'H

NMR (400 MHz, CDCls): § 8.18 (d, J = 8.5 Hz, 1H), 7.98 (d, J = 8.1 Hz, 1H),

7.78 (d, J = 8.2 Hz, 1H), 7.74 — 7.68 (m, 1H), 7.61 (t, J = 7.5 Hz, 1H), 7.54 (d,

J=7.2Hz, 1H), 7.28 (dd, J = 9.9, 4.7 Hz, 1H), 7.12 (t, J = 7.9 Hz, 2H), 6.88 (t, J = 7.9 Hz, 2H),
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6.73 (t, J = 7.3 Hz, 1H), 6.65 (dd, J = 16.0, 7.7 Hz, 3H), 5.98 (s, 1H), 5.93 (d, J = 8.0 Hz, 2H), 4.75
(s, 1H), 4.50 (dd, J = 21.9, 6.6 Hz, 1H), 4.14 (d, J = 9.3 Hz, 1H) ppm; *C NMR (125 MHz, CDCl5):
0 146.0, 145.9, 134.4, 134.2, 130.3, 129.8, 129.3, 129.1, 128.6, 127.2, 125.9, 125.7, 125.0, 121.1,
119.5, 118.6, 114.3, 113.6, 58.4 (dd, Jcr = 24.6, 19.3 Hz), 51.0 ppm (Carbon with directly attached
fluorine appear as broad multiplets and are not reported); 1°F NMR (470 MHz, CDCls): § -82.2 (s),
-117.2 (d, J = 275.6 Hz), -127.0 (d, J = 275.6 Hz) ppm; HRMS (m/z) (ESI): calc. for CasH2oFsNa
457.1698 [M+H"]; found 457.1695. HPLC: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 95/5,

Flow rate = 1.0 mL/min), tmajor = 5.71 min, tminor = 6.35 min.

(1S,2R)-3,3,4,4,5,5,5-Heptafluoro-1-(naphthalen-1-yl)-N*,N%-diphenylpentane-1,2-diamine ~ 5x:

Yield: 86%, 87mg. Colorless solid, m.p. 121-123 °C. Ry = 0.3

(PE:EtOAC=20:1). 'H NMR (500 MHz, CDCls): § 8.21 (d, J = 8.5 Hz,

1H), 8.01 (d, J = 8.2 Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.74 (t, = 7.6 Hz,

1H), 7.64 (t,J = 7.5 Hz, 1H), 7.57 (d, J = 7.2 Hz, 1H), 7.30 (t, J = 7.7 Hz,
1H), 7.15 (t, J = 7.7 Hz, 2H), 6.90 (t, = 7.7 Hz, 2H), 6.76 (t, J = 7.3 Hz, 1H), 6.71 (d, J = 8.1 Hz,
2H), 6.66 (t, J = 7.3 Hz, 1H), 6.05 (s, 1H), 5.93 (d, J = 8.0 Hz, 2H), 4.80 (d, J = 5.2 Hz, 1H), 4.64
(dd, J = 22.0, 8.8 Hz, 1H), 4.21 (d, J = 9.3 Hz, 1H) ppm; *C NMR (125 MHz, CDCls): § 146.0,
145.8, 134.4, 134.2, 130.3, 129.8, 129.4, 129.1, 128.6, 127.2, 125.9, 125.8, 125.2, 121.1, 119.5,
118.6,114.3, 113.6, 58.4 (dd, Jcr = 24.7, 19.2 HZz), 51.1 (d, Jcr = 3.2 HZ) ppm (Carbon with directly
attached fluorine appear as broad multiplets and are not reported); 1°F NMR (470 MHz, CDCls): &
-80.4 (dd, J = 11.6, 9.7 Hz, 3F), -113.9 — -115.5 (m, 1F), -122.7 — -123.7 (m, 1F), -124.6 — -126.4
(m, 2F) ppm; HRMS (m/z) (ESI): calc. for C27H22F7N2507.1666 [M+H]; found 507.1665. HPLC:
(Chiral AD-H, 2= 254 nm, hexane/2-propanol = 98/2, Flow rate = 1.0 mL/min), tmajor = 8.87 min,

tminor = 10.14 min.

(R)-2-(3,3,3-Trifluoro-2-((4-methoxyphenyl)amino)propyl)phenol 7r: quantitative yield, 50mg.

NHPMP Light yellow solid, m.p. 89-91 °C. R = 0.3 (PE:EtOAc=5:1). *H NMR (500

CF
o * | MHz, CDCls): 87.56 (s, 1H), 7.15 (t, J = 7.3 Hz, 2H), 6.88 (t, J = 7.4 Hz, 1H), 6.82

7
' (d, J=7.9 Hz, 1H), 6.72 (d, J = 8.9 Hz, 2H), 6.60 (d, J = 8.9 Hz, 2H), 3.97 (dd, J

=12.7, 6.5 Hz, 1H), 3.87 (s, 1H), 3.73 (s, 3H), 3.11 — 3.03 (m, 2H) ppm; *C NMR
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(125 MHz, CDClg): 6 154.8, 154.3, 139.7, 131.4, 128.9, 126.1 (q, Jcr = 282.8 Hz), 123.3, 120.9, 117.6,
116.6, 114.8, 60.7 (q, Jcr = 27.8 Hz), 55.6, 32.1 (q, Jcr = 1.9 Hz) ppm; °F NMR (470 MHz, CDCls) § -
75.6 ppm; HRMS (m/z) (ESD): calc. for C1¢H;7F3NO2312.1206 [M+H"]; found 312.1201. HPLC:
(Chiral IC, A= 244 nm, hexane/2-propanol = 97/3, Flow rate = 1.0 mL/min), tmajor = 19.96 min,

tminor = 24.03 min.

(4S,5R)-4-(2-(Benzyloxy) phenyl)-1,3-bis(4-methoxyphenyl)-5-(trifluoromethyl)imidazolidin-2-

one 8r: quantitative yield, 88mg. Light yellow oil. R = 0.2

H
pMPN—~CFs
H

o N "’/’o-OBn—CGH4
PMP

8r

(PE:EtOAC=5:1). 'H NMR (400 MHz, CDCly):  7.44 — 7.28 (m, 9H), 7.23

~7.17 (m, 2H), 7.05 (d, J = 8.0 Hz, 1H), 6.97 (t, J = 7.5 Hz, 1H), 6.90 — 6.83

(m, 2H), 6.82 — 6.76 (m, 2H), 5.62 (d, J = 2.3 Hz, 1H), 5.24 — 5.12 (m, 2H),
4.45—4.37 (m, 1H), 3.79 (s, 3H), 3.74 (s, 3H) ppm; *C NMR (125 MHz, CDCls): § 157.9, 156.1, 155.8,
155.7, 136.1, 131.5, 130.8, 130.2, 128.7, 128.4, 127.7, 127.6, 126.5, 126.4, 124.4 (q, Jcr = 283.3 Hz),
122.0, 121.5, 114.3, 114.2, 112.7, 70.6, 63.7 (q, Jcr = 30.5 Hz), 55.5, 55.4, 54.2 ppm; °F NMR: (376
MHz, CDCls): § -75.92 ppm; HRMS (m/z) (ESI): calc. for C31H2sF3N>04 549.1996 [M+H"]; found
549.1993. HPLC: (Chiral AD-H, A= 254 nm, hexane/2-propanol = 70/30, Flow rate = 1.0 mL/min),

tmajor = 17.66 min, tminor = 56.54 min.

(3S,4R)-3-(2-(Benzyloxy)phenyl)-2,5-bis(4-methoxyphenyl)-4-(trifluoromethyl)-1,2,5-

y thiadiazolidine 1-oxide 9r: quantitative yield, 91mg. Light yellow oil.
£LCF
PMPN ’ R = 0.2 (PE:EtOAC=5:1). 'H NMR (400 MHz, CDCls): 5 8.10 (dd, J
08 7H
0-OBn-CeH, =7.7,1.6 Hz, 1H), 7.42 — 7.27 (m, 6H), 7.21 — 7.16 (m, 2H), 7.15— 7.11
9r

(m, 2H), 7.08 (td, J = 7.7, 0.7 Hz, 1H), 6.98 (d, J = 8.2 Hz, 1H), 6.90 —
6.83 (M, 2H), 6.81 — 6.74 (m, 2H), 5.91 (d, J = 3.8 Hz, 1H), 5.20 — 5.07 (m, 2H), 4.76 — 4.62 (m, 1H),
3.79 (s, 3H), 3.74 (s, 3H) ppm; *C NMR (125 MHz, CDCls): § 159.0, 156.6, 155.9, 136.5, 133.0, 130.7,
130.1, 130.0, 129.7, 128.6, 128.2, 127.6, 126.1, 124.6 (q, Jcr = 282.3 Hz), 122.2, 121.7, 114.7, 114.7,
111.8, 73.1 (q, Jcr = 29.4 Hz), 70.4, 60.5, 55.5, 55.4 ppm; °F NMR (376 MHz, CDCls): § -75.0 ppm;
HRMS (m/z) (ESI): calc. for C30H27F3N204SNa 591.1536 [M+Na']; found 591.1531. HPLC:
(Chiral AD-H, A= 254 nm, hexane/2-propanol = 70/30, Flow rate = 1.0 mL/min), tmajor = 11.97

min, tminor = 31.36 min.
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Methyl 2-((2,2,2-trifluoroethyl)amino)benzoate 10: *H NMR (400 MHz, CDCls): & 8.18 (s, 1H),

- 7.95 (d, 3= 8.0 Hz, 1H), 7.40 (t, J = 7.7 Hz, 1H), 6.79 (d, J = 8.5 Hz, 1H),
NVCF3 _ . 13

6.72 (t, J = 7.6 Hz, 1H), 3.92 — 3.83 (m, 5H) ppm: 3C NMR (100 MHz,
oV | cDCl): 5 169.0,149.9, 134.7, 131.8, 124.9 (g, Jor = 280.4 Hz), 116.6,

111.4,111.2,51.8, 44.8 (q, Jcr = 33.9 Hz) ppm; *°F NMR (376 MHz,
CDCl3): 5 -72.0 ppm; HRMS (m/2) (ESI): calc. for C1oH11F3NO,234.0742 [M+H]; found
234.0749.

Methyl 2-((2,2-difluoroethyl)amino)benzoate 11: *H NMR (400 MHz, CDCl3): 5 7.98 (d,J = 7.9

Hz, 1H), 7.77 (d, J = 8.4 Hz, 1H), 7.49 (t, J = 7.8 Hz, 1H), 7.00 (1, J = 7.6

H\/CFZH

Hz, 1H), 6.15 (tt, J = 55.5, 4.4 Hz, 1H), 4.10 (td, J = 15.2, 4.4 Hz, 2H), 3.90
COOMe
11 (s, 3H) ppm; *C NMR (100 MHz, CDCl): & 167.7, 143.8, 134.5, 131.1,

121.1, 114.5 (t, Jcr = 239.6 Hz), 114.2, 111.6, 63.1 (t, Jcr = 24.1 Hz), 52.2 ppm; *°F NMR (376
MHz, CDCls): 8 -121.3 ppm; HRMS (m/z) (ESI): calc. for C1oH2F2NO,216.0836 [M+H]; found

216.0830.

10. References

1. (a) Uraguchi, D.; Terada, M. Chiral Brensted Acid-Catalyzed Direct Mannich Reactions via
Electrophilic Activation. J. Am. Chem. Soc. 2004, 126, 5356-5357. (b) Akiyama, T.; Morita, H.;
Itoh, J.; Fuchibe, K. Chiral Brensted Acid Catalyzed Enantioselective Hydrophosphonylation of
Imines: Asymmetric Synthesis of a-Amino Phosphonates. Org. Lett. 2005, 7, 2583-2585. (c) Storer,
R. I.; Carrera, D. E.; Ni, Y.; MacMillan, D. W. C. Enantioselective Organocatalytic Reductive
Amination. J. Am. Chem. Soc. 2006, 128, 84-86. (d) Uraguchi, D.; Sorimachi, K.; Terada, M. High
Substrate/Catalyst Organocatalysis by a Chiral Brensted Acid for an Enantioselective Aza-Ene-
Type Reaction. Angew. Chem. Int. Ed. 2006, 45, 2254-2257.
2. (a) Li, F.; Nie, J.; Sun, L.; Zheng, Y.; Ma, J. Silver-Mediated Cycloaddition of Alkynes with
CF3CHN2: Highly Regioselective Synthesis of 3-Trifluoromethylpyrazoles. Angew. Chem. Int. Ed.
2013, 52, 6255-6258. (b) Li, J.; Ma, C.; Xing, D.; Hu, W. Catalyst-Free gem-Difunctionalization of
Fluoroalkyl-Substituted Diazo Compound with Diselenide or Disulfide and NFSI. Org. Lett. 2019,
21, 2101-2105.
3. Mykhailiuk, P. K. In Situ Generation of Difluoromethyl Diazomethane for [3+2] Cycloadditions
with Alkynes. Angew. Chem. Int. Ed. 2015, 54, 6558-6561.
4. Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.;
Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; Caricato, M.; Li, X;
S43



Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.; Hada, M.; Ehara, M.;
Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.;
Vreven, T.; Montgomery, J. A., Jr.; Peralta, J. E.; Ogliaro, F.; Bearpark, M.; Heyd, J. J.; Brothers,
E.; Kudin, K. N.; Staroverov, V. N.; Keith, T.; Kobayashi, R.; Normand, J.; Raghavachari, K.;
Rendell, A.; Burant, J. C.; lyengar, S. S.; Tomasi, J.; Cossi, M.; Rega, N.; Millam, J. M.; Klene, M.;
Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.;
Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Martin, R. L.; Morokuma, K.;
Zakrzewski, V. G.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Dapprich, S.; Daniels, A. D.; Farkas,
O.; Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; Fox, D. J. Gaussian 09, Rev. D.01; Gaussian, Inc.:
Wallingford, CT, 2010.

5. () Becke, A. D. A New Mixing of Hartree—Fock and Local Density-Functional Theories. J. Chem.
Phys. 1993, 98, 1372-1377. (b) Becke, A. D. Density-Functional Thermochemistry. ITI. The Role
of Exact Exchange. J. Chem. Phys. 1993, 98, 5648-5652. (c) Stephens, P. J.; Devlin, F. J.;
Chabalowski, C. F.; Frisch, M. J. Ab Initio Calculation of Vibrational Absorption and Circular
Dichroism Spectra Using Density Functional Force Fields. J. Phys. Chem. 1994, 98, 11623-11627.
6. (a) Hay, P. J.; Wadt, W. R. Ab Initio Effective Core Potentials for Molecular Calculations.
Potentials for K to Au Including the Outermost Core Orbitals. J. Chem. Phys. 1985, 82, 299-310.
(b) Roy, L. E.; Hay, P. J.; Martin, R. L. Revised Basis Sets for the LANL Effective Core Potentials.
J. Chem. Theory Comput. 2008, 4, 1029-1031. (c) Ehlers, A.W.; Bohme, M.; Dapprich, S.; Gobbi,
A.; Hollwarth, A.; Jonas, V.; Kohler, K.F.; Stegmann, R.; Veldkamp, A.; Frenking, G. A Set of F-
polarization Functions for Pseudo-potential Basis Sets of the Transition Metals Sc-Cu, Y-Ag and
La-Au. Chem. Phys. Lett. 1993, 208, 111-114.

7. (a) Ditchfield, R.; Hehre, W. J.; Pople, J. A. Self-Consistent Molecular-Orbital Methods. IX. An
Extended Gaussian-Type Basis for Molecular-Orbital Studies of Organic Molecules. J. Chem. Phys.
1971, 54, 724-728. (b) Hehre, W. J.; Ditchfield, R.; Pople, J. A. Self—Consistent Molecular Orbital
Methods. XII. Further Extensions of Gaussian—Type Basis Sets for Use in Molecular Orbital
Studies of Organic Molecules. J. Chem. Phys. 1972, 56, 2257-2261. (c) Hariharan, P. C.; Pople, J.
A. The Influence of Polarization Functions on Molecular Orbital Hydrogenation Energies. Theor.
Chim. Acta. 1973, 28, 213-222.

8. (a) Weigend, F.; Ahlrichs, R. Balanced Basis Sets of Split Valence, Triple Zeta Valence and
Quadruple Zeta Valence Quality for H to Rn: Design and Assessment of Accuracy. Phys. Chem.
Chem. Phys. 2005, 7, 3297-3305. (b) Weigend, F. Accurate Coulomb-fitting Basis Sets for H to Rn.
Phys. Chem. Chem. Phys. 2006, 8, 1057-1065.

9. Marenich, A. V.; Cramer, C. J.; Truhlar, D. G. Universal Solvation Model Based on Solute
Electron Density and on a Continuum Model of the Solvent Defined by the Bulk Dielectric Constant
and Atomic Surface Tensions. J. Phys. Chem. B 2009, 113, 6378-6396.

10. Grimme, S.; Ehrlich, S.; Goerigk, L. Effect of the Damping Function in Dispersion Corrected
Density Functional Theory. J. Comput. Chem. 2011, 32, 1456-1465.

S44



11. NMR and HPLC Spectra

NMR Spectra of all products
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