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1. General Methods?

NMR: Monodimensional nuclear magnetic resonancegxents, proton, carbon and fluorine spectkh (
NMR, 3C NMR and'®*F NMR), were acquired on a Bruker AC-300 spectr@mné800 MHz for'H, 75.5
MHz for 3C and 282 MHz fof°F) and a Bruker AC-500 spectrometer (500 MHz¥dgrand 125.7 MHz
13C) at the indicated temperature in each case. @amshifts §) are reported in ppm relative to residual
solvent signal$;and coupling constants)(in hertz (Hz). The following abbreviations areedgo indicate
the multiplicity in®H NMR spectra: s, singlet; d, doublet; t, triplgt;quartet; m, multiplet; bs, broad signal;
appt t, apparent triplet’C NMR spectra were acquired on a broad band deeduplode using DEPT
(Distortionless Enhancement by Polarization Tramséxperiments and/or HSQC (Heteronuclear Single
Quantum Correlation) and HMBC (Heternuclear Mu#tifdond Correlation) experiments for assigning
different types of carbon environment. Correlat8pectroscopy*td-‘H COSY) experiments were acquired
to confirm precise molecular connectivity and teistsin deconvoluting complex multiplet signéls.

IR: Infrared spectra were measured in a Jasco FF1B0 apparatus in the interval between 4000 aid 40
cnt! with a 4 cntt resolution, using Attenuated Total Reflection (ATtBchnique. Only characteristic bands
are given in each case.

MS: Mass spectra were recorded on an Agilent 78§&\chromatograph coupled to an Agilent 5975 mass
spectrometer under electronic impact (EI) condgiah70 eV. The obtained data is presented in mnats
(m/z) and the values found in brackets belong ¢oréiative intensities comparing to the base p2ak%o).
HRMS: High-resolution mass spectra were recordedaonAcquity UPLC coupled to a QTOF mass
spectrometer (SYNAPT G2 HDMS) using electrosprayzation (ESt or ESI).

M.p.: Melting points were measured in a Biuchi B-B4gparatus in open capillary tubes and are undedec
HPLC: High performance liquid chromatography trage=re recorded on a chiral stationary phase was
performed in a Waters 2695 chromatograph coupled\iéaters 2998 photodiode array detector or Waters
600 chromatograph coupled to a Waters 996 photedamdhy detector. Daicel Chiralpak AD-H, AS-H, IA,
IC, ID-3, IE-3, AY-3 and Chiralcel OD-3, OZ-3 colums (0.46 cm x 25 cm) were used. Specific conditions
are indicated for each case.

X-ray data collections were performed in an Agil8apernova diffractometer equipped with an AtladDCC
area detector, and a CaKnicro-focus source with multilayer optics € 1.54184A, 250m FWHM beam
size). The sample was kept at 120 K with an Oxforgbsystems Cryostream 700 cooler. The qualityef t
crystals was checked under a polarizing microscapd,a suitable crystal or fragment was mounted on
Mitegen MicromountM using Paratone N inert oil and transferred todiffeactometer.

Miscellaneous: Analytical grade solvents and conuma#ly available reagents were used without further
purification. Anhydrous solvents were purified aided with activated molecular sieves prior to“use
using standard procedures described in the litexatior reactions carried out under inert conditiahs,
argon was previously dried through a column gdfand a column of KOH and CaCRll the glassware
was dried for 12 hours prior to use in an oven 40°C, and allowed to cool under a dehumidified
atmospheré.Reactions were monitored using analytical thiretaghromatography (TLC), in pre-coated
silica-backed plates (Merck Kieselgel 60 F254). Sehaevere visualized by ultraviolet irradiation apd
anisaldehyde dipsFor flash chromatography Silicycle 40-63, 230-406sh silica gel was usédcor the
removal of solvents under reduced pressure Bldies®&-2 rotary evaporators were used. Reaction at
reduces temperatures were carried out using a Telaa&e EK9O0 refrigerator.

The racemic standards for HPLC separation of sigveters were prepared using diphenyl phosphate as
catalyst.

1 SGlker technical support (MEC, GV/EJ and Europ8anial Fund) is gratefully acknowledged (NMR anday
analysis).
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2. Optimization of Reaction Conditions

Optimization of reactions conditions with differeBINOL-based chiral phosphoric acids amd
triflylphosphoramides are presented in table Sieteening of different solvents are presentedbiet&l-2
and screening of temperature and drying agentsumnenarized in table SI-3.

Table SI-1. Chiral BINOL-derived Brgnsted acahtalyst survey

OMe QMe
NH . Roc 3 (10 mol%) b n-NH
)k (J Toluene, rt N "‘\H\CO Et
EtO,C” H @ 2
1a 2a 4a

R R
OO 3a: R = 2,4,6-(IPr)3CeH; OO
o] 0. P

(O NI, 3b: R = anthracenyl L 0 3e: R =2,4,6-(iPr)3CeH,
0" “OH 3c: R = 9-phenanthryl o P\Nféf(;,:3 3f: R = 9-phenanthryl
OO 3d: R = 3,5-(CF3),CgH3 O‘ H 3
R R
Entry Catalyst Yield® e.et

1 3a 54 68
2 3b 52 23
3 3c 53 25
4 3d 53 15
5 3e 61 8
6 3f 74 0
7d 3f 48 2

aThe reaction was performed in 0.26 mL of toluené @13 mmol oRa, using 1.2 eq. ofaat rt.? Yield of pure product
isolated after flash chromatograpkipetermined by HPLC analysis of the pure prodti&eaction carried out at -78°C.

Table SI-2. Screening of different solverits

Y
o. 0

g7

O~ "OH
0
R

R: 2,4,6-(iPr)3CgH2

Boc 3a (10 mol%)
N~ NH * U Solvent, rt Boc "‘J‘;NH
N o
EtO2C)LH @ COEt
1a 2a 4a
Entry Solvent Yield® e.et
1 Toluene 54 68
2 Benzene 53 65
3 o-Xylene 43 67
4 CH2Cl> 52 49
5 CHCls 27 26
6 EtOAc 83 57

aThe reaction was performed in 0.26 mL of toluené @13 mmol ofa, using 1.2 eq. ofaat rt.? Yield of pure product
isolated after flash chromatograpfipetermined by HPLC analysis of the pure product.
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Table SI-3.Influence of temperature and drying agents inédaetiort?

I
o. /P

OMe OO R OMe
R: 2,4,6-(iPr)3CsHa
3a (10 mol%
Roc a,&ddi::/z ) L
N’NH * (J Toluene, T (°C) Boc "I
N
EtOZC)kH Q CO,Et

1a 2a 4a
Entry T (°C) Additive Yield ® e.et
1 rt - 54 68
2 -5 - 43 74
3 -15 - 30 71

4 -20 - - -

5d -5 MgSO4 45 76
6° -5 4 AMS 40 82
74 -5 4 AMS 42 86
gdef -5 4 AMS 60 86

aThe reaction was performed in 0.26 mL of toluené @&ri3 mmol scale dfa, using 1.2 eq. ofafor 14h.?Yield of pure
product isolated after flash chromatographpetermined by HPLC analysis of the pure prod@i@7 mg of additive was

added® Reaction carried out with dry tolueridReaction carried out for 24h.
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3. Experimental Procedures and Characterizations

3.1. General structures of Hydrazones la-t

la: R = 4-MeOC gH4; R? = CO,Et  1k: R = Ph; R? =4-CNCgH,
1b: R' = 4-MeSC¢H,; R? = CO,Et  1l: R* = Ph; R? = 4-F ,CCgH,

1c: R' = Ph; R? = COEt 1m: R = Ph; R? = 4-Me0,CCgHy
'31 1d: R1 = 4-NO,CgH,s; R2= CO,Et  1n: R'= Ph; R2= 4-BrCgH,
RINHNH, HN- le: R' ='Bu; R? = CO,Et lo: R'= Ph; R? = 4-CICgH,
IJ\ 1f: Rt = Ph; R2=CO,'Pr 1p: R'= Ph; R? = 4-FC¢H,
R? 1g: R!= Ph; R? = COMe 1q: R = Ph; R?2= 3-FC¢gH,
1h: R1= Ph; R2 =CF4 1r: R = Ph; R2 = 2-FCgH,
1i: R'=R?= Ph 1s: Rl = Ph; R? = 4-MeC¢H,
1j: R = Ph; R? = C¢Fs 1t: R' = Ph; R? = 4-MeOC gH4

Scheme SI-1Structure of hydrazondsa-t

Hydrazonelg is commercially available. Hydrazonés,® 1¢,9 1d,9 1h'°, 1j*! and 1s'2 were synthesized
according to the literature procedures, and spsobic data were in agreement with those reportetid
literature.

General Procedures for the Synthesis of Hydrazondd, 1e-f, 1j-r and 1t

Ar

o Et;N w
3
AINHNH, +H)S(0Et - . HN\,‘q
THF
o) kcozEt
1b, 1e

Scheme SI-2Synthesis of hydrazondd, le

General Procedure A (GP-A) Hydrazone derivativedb and 1e were prepared according to literature
procedure as followed. A suspension of the corresponding&side hydrochloride (28.65 mmol, 1.0 eq.) in
anhydrous tetrahydrofuran (40 mL) was treated withthylamine (28.65 mmol, 1.0 eq.) before the
corresponding aldehyde (28.65 mmol, 1.0 eq.) wakeadiropwise to the reaction mixture at 0 °C. The
mixture was stirred at this temperature for 30 eswand then for 12 h at room temperature. Theecwak
filtered under vacuum and the filtrates were cotregedin vacuo. The resulting solids were dissolved in
dichloromethane (~30 mL) and washed with H®M {2 x 20 mL) and water (2 x 20 mL). The resulting
organic layer was dried over P8O, and concentrateth vacuo. The resulting solids were triturated with
diethyl ether or purified by flash column chromatgghy to obtain the desired hydrazone.

Ph

O |
EtOH HN-,
PhNHNH; + 4 ‘\ R T |
T A
P reflux ‘ /*R
1j-q, 1t

Scheme SI-3Synthesis of hydrazondgq, 1t

General Procedure B (GP-B).Hydrazone derivativedj-r and 1t were prepared according to literature
procedure with some modificatiohsThe corresponding aldehyde (9.25 mmol, 1.0 eq9 added to a
solution of hydrazine (9.25 mmol, 1.0 eq.) in ethlg@®.25 mL). The mixture was stirred and heaterettux

for 3 hours. The precipitated hydrazone was filenwashed with EtOH, dried and used without further
purification.

9 Fernandez, M.; Uria, U.; Vicario, J. L.; Reyes, Carrillo, L.J. Am. Chem. Soc. 2012 134, 11872.
10 Wojciechowska, A.; Jasski, M.; Kaszyiski, P.Tetrahedron, 2015 71, 2349.
1 Chang, M.-C.; Otten, E2hem. Commun. 2014 50, 7431.
2 Xu, P.; Wang, G.; Zhu, Y.; Li, W.; Cheng, Y.; IS,; Zhu, CAngew. Chem., Int. Ed. 2016 55, 2939.
B Chen, Z.; Li, H.; Dong, W.; Miao, M.; Ren, i@rg. Lett. 2016 18, 1334
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Procedures for the synthesis of hydrazones 1f and 1i. Individual procedures are indicated in each case.

SMe Ethyl (E)-2-{2-[4-(methylthio)phenyl]hydrazono}acetate (1b)Following GP-A, 1b (936 mg,
3.9 mmol) was isolated by FC (hexanes/EtOAc gradiemnm 19:1 to 7:3) in 75% vyield as a
yellow solid starting from ethyl glyoxylate (509@v solution in toluene, 1.04 mL, 5.24 mmol),

HN. triethylamine (0.73 mL, 5.24 mmol) and 4-(methydfuhenylhydrazine hydrochloride (1.0 g,

1§ 5.24 mmol) in anhydrous tetrahydrofuran (10 mL).0R59 (hexanes/EtOAc 7:3H NMR (300

COEt  MHz, CDCh): 6 8.45 (bs, 1H, NH), 7.24 (d, = 8.7 Hz, 2H, &-H), 7.11 (d,J = 8.7 Hz, 2H,

Car-H), 7.06 (s, 1H, CH), 4.31 (d4,= 7.1 Hz, 2H, CH), 2.45 (s, 3H, SC¥k), 1.35 (t,J = 7.1 Hz, 3H, ChH).
13C NMR (75 MHz, CDCJ): 6 164.3 (COO), 140.8 ((=C), 131.2 (G-C), 129.4 (G,-H), 126.0 (CH), 114.8
(Ca-H), 61.1 (CH), 17.6 (SCH), 14.5 (CH). IR (ATR) cm* 3253 (NH), 2959 (C-H), 1692 (C=0), 1537
(C=N). MS (El) m/z (%): 238 (M, 61), 164 (22), 138 (100), 122 (12). HRMS: Calteda for
[C11H15N20,S]*: 239.0854 [(M-H)*]; found: 239.0853. M.p. (CiLIl,): 130-132 °C.

Ethyl (E)-2-[2-(tert-butyl)hydrazono]acetate (1e)Following GP-B, 1e (315 mg, 1.83 mmol)
‘ was isolated by FC (hexanes/EtOAc gradient fronl 18:7:3) in 81% yield as a yellow solid
"1 starting from ethyl glyoxylate (50%w/v solution in toluene, 0.445 mL, 2.25 mmol),
co.Et triethylamine (0.314 mL, 2.25 mmol) andrt-butylhydrazine hydrochloride (380 mg, 2.25
mmol) in anhydrous tetrahydrofuran (10 mL): ®77 (hexanes/EtOAc 7:3H NMR (300 MHz, CDCY): &
6.85 (s, 1H, CH), 6.29 (s, 1H, NH), 4.24 {o= 7.1 Hz, 2H, CH), 1.31 (t,J = 7.1 Hz, 3H, CH), 1.27 (s, 9H,
C(CHg)3). °C NMR (75 MHz, CDCJ): § 164.6 (COO), 123.3 (CH), 60.3 (GH 54.9 C(CHs)s), 28.8
(C(CHs)3), 14.4 (CH). IR (ATR) cm': 3264 (NH), 2977 (C-H), 1691 (C=0), 1533 (C=MS (El) m/z (%):
172 (M, 29), 157 (100), 115 (94), 87 (81), 83 (46), 72)(B7 (67).HRMS: Calculated for [€H17N202]*:
173.1290 [(M+H])]; found: 173.1286M.p. (CH.Cl>): 60-62 °C.

Ph Isopropyl-(E)-2-(2-phenylhydrazono)acetate (1f9. To a suspension of phenylhydrazine (1.4
HN. g, 12.9 mmol) in anhydrous tetrahydrofuran (12.9 isbpropyl! glyoxylate (1.5 g, 12.9 mmol)
Moo b WS added dropwise at 0 °C. The mixture was stiatetthis temperature for 30 minutes and
o Pr

then for 12 hours at room temperature. Solvent& wemovedn vacuo and the resulting solid
was purified by flash column chromatography (hesdEEOAc gradient from 19:1 to 7:3) to affatéi(1.4 g,
6.8 mmol, 53%) as a light brown solid: R.55 (hexanes/EtOAc 7:3H NMR (300 MHz, CDC)): (8:1E/Z
ratio, *denotes minor isomer resonanc@$).61 (bs, 1H, NH), 7.32-7.23 (m, 2Ha€H), 7.22-7.11 (m, 2H,
Car-H), 7.07 (s, 1H, NCH), 6.97 (8, = 7.3 Hz, 1H, G-H), 5.30-5.02 (m1H, CH(CHas).), 1.32 (d,J = 6.3
Hz, 6H, CH(GH3)2). 13C NMR (75 MHz, CDCJ): § 163.6 (COQO), 143.1 (&C), 142.7* (G-C), 129.5 (G-
H), 126.4* (NCH), 122.7 (&-H), 122.5* (G-H), 119.1 (NCH), 114.1* (w%-H), 114.0 (G-H), 68.5*
(CH(CHg)), 68.3 CH(CHs)z), 22.1* (CH(CHa)2), 22.0 (CHCH?3)2). IR (ATR) cm: 3255 (NH), 3052 (C-
H), 1689 (C=0), 1539 (C=N). MS (EI) m/z (%): 206 (Nb4), 164 (56), 118 (100), 91 (94), 77 (22), 65)(4
51 (9). HRMS: Calculated for jgH1sN2O,]*: 207.1134 [(M+H])]; found: 207.1136. M.p. (EtOH): 124-126
°C.

Ph (E)-1-benzylidene-2-phenylhydrazine (1i}* To a solution of phenylhydrazine (0.91 mL, 9.25
HN. mmol) in MeOH (8 mL) was added benzaldehyde (0.9 88 mmol) slowly. The mixture was
I stirred at room temperature for 6h. MeOH was evaigorin vacuo, and the residue was
Ph recristallized from MeOH to affords)-1-benzylidene-2-phenylhydrazide (1.36 g, 6.9 mmol) in
79% yield as a light yellow solid.;R0.9 (hexanes/EtOAc 7:3 NMR (300 MHz, CDCJ): § 7.73-7.64 (m,
3H, CH + Gy-H), 7.59 (bs, 1H, NH),7.44-7.25 (m, SHa&H), 7.14 (d,J = 7.7 Hz, 2H, G-H), 6.90 (t,J =
7.3 Hz, 1H, G,-H). 3C NMR (75 MHz, CDCJ): & 144.8 (G,-C), 137.4 (CH), 135.4 (&C), 129.4 (Gr-H),
128.7 (G-H), 128.6 (Gr-H), 126.3 (G-H), 120.2 (Gi-H), 112.9 (Gi-H). IR (ATR) cm*: 3313 (NH), 2924
(C-H), 1592 (CN). MS (El) m/z (%): 196 (M100), 103 (51), 92 (43), 77 (41), 65 (30), 51)(HRMS:
Calculated for [GH13N2]™: 197.1079 [(M+H])]; found: 197.1078. M.p. (EtOH): 155-157 °C.

¥ Yyatham, V. R.; Harnying, W.; Kootz D.; Neudorfl,M.; Schlorer, N. E.; Berkessel, &.Am. Chem. Soc. 2016
138, 2670.
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Ph (E)-4-[(2-phenylhydrazono)methyl]benzonitrile (1k). Following GP-B, 1k (1.7 g, 7.7
HN\N mmol) was isolated in 83% yield as a yellow soti@ting from 4-formylbenzonitrile (1.27

\ g, 9.25 mmol) and phenylhydrazine (0.91 mL, 9.25alf)rin ethanol (9.25 mL). R0.36

‘\©\ (hexanes/EtOAc 7:3fH NMR (300 MHz, CDCY): § 7.69 (bs, 1H, NH), 7.77-7.69 (m, 2H,

CN Car-H), 7.68-7.59 (m, 3H, CH + &H), 7.31 (dddJ = 8.5, 5.5, 1.7 Hz, 2H, &H), 7.18-

7.10 (m, 2H, G-H), 6.99-6.90 (m, 1H, &-H). *3C NMR (75 MHz, CDCJ): & 143.9 (G,-C), 139.9 (G,-C),
134.4 (CH), 132.5 (&-H), 129.5 (Gr-H), 126.4 (Gr-H), 121.2 (G-H), 119.2 (CN), 113.2 (&-H), 111.1
(Car-C). IR (ATR) cmt: 3273 (NH), 3038 (C-H), 222p{CN), 1577 (C=N). MS (EI) m/z (%): 221 (M66),
207 (38), 128 (100), 102 (13), 92 (66), 77 (13),(8%), 51 (14). HRMS: Calculated for {fE12N3]*:
222.1031 [(MH)*]; found: 222.1021. M.p. (EtOH): 151-153 °C.

Ph (E)-1-phenyl-2-[4-(trifluoromethyl)benzylidene]hydrazine (1l). Following GP-B, 1l
HN. (1.35 g, 5.1 mmol) was isolated in 55% yield adghtl yellow solid starting from 4-
‘ (trifluoromethyl)benzaldehyde (1.3 g, 9.25 mmol)}daphenylhydrazine (0.91 mL, 9.25
‘\©\ mmol) in ethanol (9.25 mL).R0.68 (hexanes/EtOAc 7:3H NMR (300 MHz, CDCJ): §
CFs  7.79-7.70 (m, 3H, NH + G-H), 7.67-7.57 (m, 3H, CH + &H), 7.32 (ddd,]) = 8.6, 5.7, 2.2
Hz, 2H, G-H), 7.18-7.10 (m, 2H, £-H), 6.94 (t,J = 7.3 Hz, 1H, G-H). *C NMR (75 MHz, CDCJ): §
144.2 (G-C), 138.9 (G-C), 135.3 (CH), 129.9 (dfJcr = 32.1 Hz,CCF), 129.5 (Gr-H), 126.2 (Gi-H),
125.7 (9,Jcr = 3.9 Hz, G-H), 122.9 (9,"Jcr = 272.5 Hz, CF), 120.9 (Gi-H), 113.1 (G-H). *%F NMR
(300 MHz, CDC¥): 6 -62.5 (CR). IR (ATR) cm®: 3292 (NH), 1594 (C=N). MS (El) m/z (%): 264 (M
100), 207 (13), 171 (78), 152 (36), 121 (44), 98)(&5 (20), 65 (37), 51 (17). HRMS: Calculated for
[C1aH1oNoF3)*: 265.0953 [(M-H)*]; found: 265.0948. M.p. (EtOH): 132-134 °C.

Ph Methyl (E)-4-[(2-phenylhydrazono)methyl]benzoate (1m)Following GP-B, 1m (1.9
HN. g, 7.5 mmol) was isolated in 80% vyield as a yells@lid starting from methyl 4-
| formylbenzoate (1.53 g, 9.25 mmol) and phenylhyidi20.91 mL, 9.25 mmol) in
‘\©\ ethanol (9.25 mL). R0.42 (hexanes/EtOAc 8:2H NMR (300 MHz, CDCJ): 6 8.03
CoMe (d,J = 8.4 Hz, 2H, G-H), 7.82 (bs, 1H, NH), 7.78-7.63 (m, 3H, CH #-l), 7.36-7.24

(m, 2H, Gy-H), 7.19-7.09 (m, 2H, &-H), 6.91 (t,J = 7.3 Hz, 1H, G-H), 3.93 (s, 3H, Ch. 13C NMR (75

MHz, CDCk): § 167.0 (COO), 144.2 (&C), 139.9 (G-C), 135.7 (CH), 130.0 ((&=H), 129.5 (G-H),
125.9 (Gr-H), 120.7 (Gr-H), 113.0 (G-H), 52.2 (CH). IR (ATR) cm® 3288 (NH), 3042 (C-H), 1690
(C=0), 1578 (C=N). MS (El) m/z (%): 254 (M83), 207 (28), 161 (26), 130 (100), 102 (40),(92), 77
(19), 65 (26), 51 (18). HRMS: Calculated fori1§81sN2.O]": 255.1134 [(M-H)*]; found: 255.1132. M.p.

(EtOH): 142-144 °C.

Ph (E)-1-(4-bromobenzylidene)-2-phenylhydrazine (1n)Following GP-B, 1n (1.1 g, 3.99
HKLN mmol) was isolated in 49% yield as a light yelloolid starting from 4-bromobenzaldehyde
\ (1.52 g, 8.1 mmol) and phenylhydrazine (0.8 mL, @hol) in ethanol (8.1 mL). R0.56
K@\ (hexanes/EtOAc 7:3fH NMR (300 MHz, CDCJ): & 7.64 (s, 1H, NH), 7.60 (s, 1H, CH),
Br 7.56-7.46 (m, 4H, &-H), 7.33-7.24 (m, 2H, £-H), 7.11 (d,J = 8.5 Hz, 2H, &-H), 6.95-
6.86 (m, 1H, G-H). 1*C NMR (75 MHz, CDCJ): § 144.5 (G-C), 136.0 (CH), 134.4 (&C), 131.9 (Gr-
H), 129.5 (Gi-H), 127.7 (Gr-H), 122.3 (G,-C), 120.5 (G-H), 113.0 (G-H). IR (ATR) cm®: 3308 (NH),
3051 (C-H), 1591 (C=N). MS (El) m/z (%): 274 {M1), 207 (93), 183 (100), 102 (69), 92 (95), 3B)( 65
(47), 51 (27). HRMS: Calculated for {€112N2Br]*: 275.0184 [(M-H)*]; found: 275.0185. M.p. (EtOH):
120-122 °C.

Ph (E)-1-(4-chlorobenzylidene)-2-phenylhydrazine (1o)Following GP-B, 10 (1.35 g, 5.9
Hl‘\LN mmol) was isolated in 63% yield as a white solattstg from 4-chlorobenzaldehyde (1.32
\ g, 9.25 mmol) and phenylhydrazine (0.91 mL, 9.25af)rm ethanol (9.25 mL). R0.64
‘\©\ (hexanes/EtOAc 8:2YH NMR (300 MHz, CDCJ): § 7.66-7.54 (m, 4H, NH + CH +45H),
cl 7.38-7.24 (m, 4H, &-H), 7.11 (d,J = 7.6 Hz, 2H, G-H), 6.90 (t,J = 7.3 Hz, 1H, G-H).
13C NMR (75 MHz, CDCJ): & 144.5 (G,-C), 135.9 (CH), 134.1 (&C), 134.0 (G-C), 129.5 (G-H),
129.0 (Gi-H), 127.4 (Gi-H), 120.5 (Gi-H), 112.9 (Gi-H). IR (ATR) cmt: 3312 (NH), 3055 (C-H), 1598
(C=N), 747 (CCI). MS (El) m/z (%): 230 (M66), 207 (57), 137 (100), 102 (30), 92 (54), B8)( HRMS:
Calculated for [GsH12N>CI]*: 231.0689 [(M-H)*]; found: 231.0689. M.p. (EtOH): 126-128 °C.
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Ph (E)-1-(4-fluorobenzylidene)-2-phenylhydrazine (1p).Following GP-B, 1p (1.28 g, 5.97
HKLN mmol) was isolated in 65% yield as a white solattatg from 4-fluorobenzaldehyde (1.32 g,
\ 9.25 mmol) and phenylhydrazine (0.91 mL, 9.25 mminl)ethanol (9.25 mL). R 0.64
‘\©\ (hexanes/EtOAc 8:2}H NMR (300 MHz, CDCJ): § 7.70-7.49 (m, 4H, NH + CH + 45H),

F7.29 (t,J=7.9 Hz, 2H, G-H), 7.16-7.00 (m, 4H, £-H), 6.89 (t,J = 6.8 Hz, 1H, G-H). 1*C
NMR (75 MHz, CDC}): 6 163.0 (d,Jc.r = 248.2 Hz, CF), 144.7 (&C), 136.3 (CH), 131.7 (dJ)cr = 3.2
Hz, Car-C), 129.5 (Gi-H), 127.9 (d3Jcr = 8.1 Hz, G-H), 120.4 (Gr-H), 116.0 (d2Jcr = 21.9 Hz, G-H),
112.9 (Gr-H). *F NMR (282 MHz, CDGJ): § -112.7 (CF). IR (ATR) cnt 3311 (NH), 3053 (C-H), 1597
(C=N), 1230 (CF). MS (El) m/z (%): 214 (M87), 121 (100), 92 (52), 77 (11), 65 (27), 51 ARMS:
Calculated for [GH12N2F]": 215.0985 [(M-H)*]; found: 215.0988. M.p. (EtOH): 145-147 °C.

(E)-1-(3-fluorobenzylidene)-2-phenylhydrazine (1q)Following GP-B, 1q (1.4 g, 6.5 mmol)
HNL was isolated in 81% yield as a light yellow solidréng from 3-fluorobenzaldehyde (0.88 mL,
N 8.1 mmol) and phenylhydrazine (0.8 mL, 8.1 mmol) ethanol (8.1 mL). R 0.86

(hexanes/EtOAc 7:3fH NMR (300 MHz, CDCJ): § 7.68 (bs, 1H, NH), 7.63 (s, 1H, CH), 7.49-
7.25 (m, 5H, G-H), 7.20-7.08 (m, 2H, £-H), 7.04-7.95 (m, 1H, £-H), 6.91 (t,J = 7.3 Hz,
F 1H, Gy-H). 3C NMR (75 MHz, CDCJ): § 163.3 (d\Jc.r = 245.3 Hz, CF), 144.4 (&C), 137.8
(d, ®Jce = 8.0 Hz, G,-C), 135.8 (d*Jcr = 3.2 Hz, CH), 130.2 (fJcr = 8.4 Hz, Gi-H), 129.5 (G-H),
122.3 (d,"Jc.k = 2.7 Hz, G-H), 120.6 (Gi-H), 115.3 (d2Jcr = 21.7 Hz, G-H), 113.0 (G-H), 112.4 (d,
2Jcr = 22.8 Hz, G-H). 1F NMR (282 MHz, CDQJ): 6 -113.2 (CF). IR (ATR) cnk 3311 (NH), 3008 (C-
H), 1594 (C=N), 1262 (CF). MS (El) m/z (%): 214M.00), 121 (88), 107 (11), 92 (75), 75 (18), 6B)(3
51 (14). HRMS: Calculated for fgH1oNoF]": 215.0985 [(M+H)]; found: 215.0981. M.p. (EtOH): 115-117

Ph (E)-1-(2-fluorobenzylidene)-2-phenylhydrazine (1r)Following GP-B, 1r (1.7 g, 7.9 mmol)
HN- was isolated in 98% vyield as an orange solid siftiom 2-fluorobenzaldehyde (0.88 mL, 8.1

\ mmol) and phenylhydrazine (0.8 mL, 8.1 mmol) inagtbl (8.1 mL). R 0.78 (hexanes/EtOAc

‘jij 8:2). 'H NMR (300 MHz, CDCJ): & 8.01 (td,J = 7.6, 1.8 Hz, 1H, &-H), 7.94 (s, 1H, CH),

F 7.77 (bs, 1H, NH), 7.36-7.22 (m, 3Ha&H), 7.20-7.10 (m, 3H, £-H), 7.10-7.00 (m, 1H, &-
H), 6.89 (t,J = 7.3 Hz, 1H, &-H). °C NMR (75 MHz, CDCJ): § 160.6 (d,"Jcr = 249.5 Hz, CF), 114.5
(Car-C), 130.2 (d3Jcr= 4.9 Hz, CH), 129.7 (FJcr = 8.2 Hz, G-H), 129.5 (G-H), 126.3 (dJcr = 3.1
Hz, Car-H), 124.4 (d3Jcr = 3.4 Hz, G-H), 123.3 (d2Jcr = 10.2 Hz, G-C), 120.5 (Gr-H), 115.7 (d2Jcr
= 21.0 Hz, Gr-H), 112.9 (G/-H). F NMR (282 MHz, CDQ): § -122.5 (CF). IR (ATR) cnx 3307 (NH),
3055 (C-H), 1598 (C=N), 1258 (CF). MS (El) m/z (%2ax4 (M, 99), 121 (100), 107 (11), 92 (65), 75 (21),
65 (35), 51 (13). HRMS: Calculated forf81-N2F]*: 215.0985 [(M+H]]; found: 215.0982. M.p. (EtOH):
86-88 °C.

Ph (E)-1-(4-methoxybenzylidene)-2-phenylhydrazine (1t)Following GP-B, 1t (2.05 g, 8.0
Hl‘\LN mmol) was isolated in 99% vyield as a white solidrtgtg from 4-methoxybenzaldehyde
\ (0.99 mL, 8.1 mmol) and phenylhydrazine (0.88 mLL, 8imol) in ethanol (8.1 mL).R
‘\©\ 0.64 (hexanes/EtOAc 8:2% NMR (300 MHz, CDCY): § 7.71-7.56 (m, 3H, &-H), 7.48

OMe  (bs, 1H, NH), 7.33-7.23 (m, 2H,acH), 7.10 (d,J = 7.6 Hz, 2H, &-H), 6.98-6.81 (m, 3H,
CH + Gu-H), 3.84 (s, 3H, OCH). 13C NMR (75 MHz, CDCJ): § 160.1 (G,-C), 145.1 (G-C), 137.5 (CH),
129.4 (G-H), 128.3 (Gr-C), 127.7 (Gr-H), 119.9 (Gr-H), 114.3 (Gr-H), 112.8 (Gr-H), 55.5 (OCH). IR
(ATR) cnit: 3314 (NH), 3024 (C-H), 1594 (C=N). MS (El) m/z 9226 (M', 100), 207 (41), 133 (58), 107
(11), 92 (37), 77 (31), 65 (24), 51 (13). HRMS: cddited for [GsH1sN20]": 227.1184 [(M+H])]; found:
227.1188. M.p. (EtOH): 145-147 °C.

3.2. General structures of Dihydropyrroles 2a-e anéa-c
Cyclic enecarbamat@a is commercially available. Cyclic enamid'® and cyclic enaminec'® were

synthesized according to the literature procedusmes, spectroscopic data were in agreement withethos
reported in the literature.

15 Gerard, B.; O'shea, M. W.; Donckele, E.; Kesa®nAkella, L. B.; Xu, H.; Jacobsen, E. N.; Maraglle, L. A.
ACS Comb. Sci. 2012 14, 621.
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2a: R: = Boc; R = H . 5a: R' = C(S)NHAr; R® = 3-Me
2b: R = Fmoc; R? = H R 5b: R = C(S)NHAr; R? = 3-Et
2e: R' = C(S)NHAT, R? = H X Ar: 3,5-(CFa)2Cel

ﬁ/\fo
O,N RN

1) Hyp, Pd/C, AcOH
2) EtOH, EtsN, reflux
3) AINCS, NaH, THF

2 R?
R HN._S
\ General Procedure E
) HN
‘ RZNCS %S (GP-E) T
(0]
R{_f General 1{1\/40 for 2d-e and 5¢ R1§ /Z
Procedure C R R3
(GP-C)
lc-e R2 2d-e and 5a-c
|
HN S
General \f General
Procedure D | IR® N__o Procedure E
(GP-D) (GP-E)
5 for 5a-b
R
Il a-b

Scheme Sl-4General Overview of the Synthesis2af-e and5a-c

General Procedure C (GP-C)Lactamslc-e were prepared according to literature procedwe followed.

To a stirred solution of pyrrolidin-2-one (13.4 mind.0 eq.) in THF (60 mL) at 0 °C, was added
portionwise NaH (60%, 20.1 mmol, 1.5 eq.). Afteirrtg at 0 °C for 30 min, the corresponding
isothiocyanate (20.1 mmol, 1.5 eq.) was slowly adate-78 °C and the reaction was stirred and alkbtee
warm to room temperature overnight. Then a solutibsaturated NEC| was added to quench the reaction,
and the mixture was extracted with EtOAc, and tigawic layer was dried over b8 and concentrateith
vacuo. The crude product was then purified by flash swiuchromatography on silica gel. Spectroscopic
data for lactantd " was in agreement with the literature.

General Procedure D (GP-D).3-substituted lactamsa-b were prepared according to an adapted literature
procedur® as followed. To a stirred solution bfsubstituted-pyrroldin-2-one (9.82 mmol, 1.0 eq.)THF

(47 mL) at -78 °C, was added dropwise a solutioltlolum bis(trimethylsilyl)amide (LHMDS) (20.6 mnho

2.1 eq.), followed by stirring for 1 hour. Thend@mnethane or iodoethane (9.82 mmol, 1.0 eq.) was
dropwise added. Thereafter, the temperature wakighy raised to -30 °C for 2 hours. 50 mL of EtO&as
added to the solution, and the reaction solutios washed with aqueous MNE, and the organic layer was
dried over anhydrous MaQ,. The solvent was evaporated under reduced preshae the residue was
purified by flash column chromatography on silied. g

General Procedure E (GP-E)Cyclic enethioureagd-e and 5a-c were prepared in two steps according to
an addapted literature proceddras followed. I step: A solution oN-substituted-lactams (6.4 mmol, 1.0
eq.) in tetrahydrofuran (15 mL) was cooled to —Z8uhder argon atmosphere. Then super-hydritie il
THF, 14.1 mmol, 1.1 eq.) was slowly added and #aetion was stirred for 30 min at —78 °C and 2 sa@ir
room temperature. Then, a saturated aqueous solftilaHCQ was added and the mixture was extracted
with EtOAc (3 x 20 mL). The organic layer was dreeker anhydrous N&Q;, filtered and concentrated
vacuo to give the crude pyrrolidinol derivative which svapurified by column chromatography
(hexanes/EtOAc gradient from 19:1 to 7:3f &ep: To a solution of previously synthesizedrimediates
(3.33 mmol, 1.0 eq.) in a mixture of tetrahydrofutaluene (8 mL/16 mL) and cooled to -78 °C. Then,
DMAP (0.128 mmol, 0.02 eq.), and trifluoroacetichgdride (7.7 mmol, 1.2 eq.) were added. After 5
minutes EiN (35.2 mmol, 5.5 eq.) was slowly added during 3@utes and the reaction mixture was

16 For the synthesis, see: Hyeok, S.; Sanders, .e®,;C. W.; Grubbs, R. H. Am. Chem. Soc. 2005 127, 17160;
For the spectroscopic data, see: Seto, Y.; Guartgdfi P.J. Biol. Chem. 1993 268, 9986.
17 Dagousset, G.; Retailleau, P.; Masson, G.; ZhGhdm. Eur. J. 2012 18, 5869.
8 Dieter, R. K.; Sharma, R. R. Org. Chem. 1996 61, 4180.
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allowed to warm to room temperature for 2 hourserfhwater was added, and the organic layer wad drie
over NaSO4 and concentrateth vacuo. The crude product was then purified by flash owiu
chromatography on silica gel. Spectroscopic datéaftiam2d'” was in agreement with the literature.

Procedure for the synthesis of lactam I ¢ is indicated.

N-[3,5-bis(trifluoromethyl)phenyl]-3-methyl-2-oxopyrrolidine-1-carbothioamide  (la).
Following GP-D, la (3.5 g, 9.45 mmol) was isolated by FC (petroletinegEtOAc gradient
from 19:1 to 7:3) in 96% vyield as a colorless aiditarting from N-3,5-
HNYS bis(trifluoromethyl)phenylpyrroldin-2-one (3.5 g, .82 mmol), lithium
N__o bis(trimethylsilyllamide (20.6 mL, 20.6 mmol) anadomethane (0.62 mL, 9.82 mmol) in
(_f THF (47 mL). R 0.78 (hexanes/EtOAc 7:3H NMR (300 MHz, CDCJ): 6 12.92 (bs, 1H,
NH), 8.20 (s, 2H, @-H), 7.72 (s, 1H, &-H), 4.39 (dddJ = 11.5, 8.9, 2.5 Hz, 1H,H,),
3.99 (dddJ = 11.5, 9.5, 7.5 Hz, 1H,sHs), 3.03-2.79 (m, 1H, £Hy), 2.41-2.16 (m, 1H, £Hy), 1.81-1.64
(m, 1H, G-H), 1.32 (d,J = 7.0 Hz, 3H, ChH). *C NMR (75 MHz, CDCJ): 5 179.9 (CS), 179.5 (4, 139.8
(Ca-C), 132.2 (q2Jcr = 33.7 Hz,CCR), 124.2 (q.2Jce = 2.9 Hz, Gr-H), 123.1 (qJcr = 272.8 Hz, CB),
119.7 (9,3Jcr = 3.6 Hz, Gi-H), 49.2 (G), 40.6 (G), 25.6 (G), 15.5 (CH). **F NMR (282 MHz, CDQ): § -
63.0 (CR). IR (ATR) cm®: 2978 (NH), 2925 (C-H), 1703 (C=0), 1276 (C=S)261C-N).MS (El) m/z
(%): 271 (100), 252 (23), 213 (24), 202 (10), 163)( 143 (7), 99 (13), 56 (8HRMS: Calculated for
[C14H13N2OSK]*: 371.0653 [(M-H)*]; found: 371.0649.

FsC CF3

N-[3,5-bis(trifluoromethyl)phenyl]-3-ethyl-2-oxopyrr olidine-1-carbothioamide (Ib).
Following GP-D, Ib (0.84 g, 2.19 mmol) was isolated by FC (petroleether/EtOAc
gradient from 19:1 to 8:2) in 52% vyield as a whielid starting from N-3,5-
HNYS bis(trifluoromethyl)phenylpyrroldin-2-one 1.5 g, .22 mmol), lithium
N__o bis(trimethylsilyl)amide (8.84 mL, 8.84 mmol) anddbethane (0.342 mL, 4.22 mmol) in
&C THF (20 mL). R 0.83 (hexanes/EtOAC 8:2H NMR (300 MHz, CDCY): 5 12.94 (bs, 1H,
NH), 8.20 (s, 2H, @-H), 7.72 (s, 1H, &-H), 4.39 (dddJ = 11.8, 8.9, 3.1 Hz, 1H,Ha),
4.02 (dddJ=11.7, 9.0, 7.6 Hz, 1H,5Hy), 2.79 (dddJ = 18.5, 8.8, 4.8 Hz, 1H,4H,), 2.45-2.15 (m, 1H,
Cs-H), 2.11-1.87 (m, 1H, £Hy), 1.87-1.68 (m, 1H, BaH,CHs), 1.68-1.47 (m, 1H, Ci#H,CHs), 1.05 (t,J =
7.5 Hz, 3H, CH). 3C NMR (75 MHz, CDC)): § 179.5 (G), 179.3 (CS), 139.8 ((=C), 132.2 (q2)ck =
33.5 Hz,CCR), 124.3 (G-H), 123.1 (qJck = 272.7 Hz, CB), 119.7 (qJ = 3.2 Hz, G-H), 49.4 (G), 47.0
(Cs), 23.8 (G), 22.9 CH2CHs), 11.4 (CHCHa). *F NMR (282 MHz, CDQ): § -63.0 (CR). IR (ATR) cm*:
2977 (NH), 2877 (C-H), 1699 (C=0), 1274 (C=S), 11€5N). MS (El) m/z (%): 271 (100), 252 (25), 213
(26), 202 (12), 163 (13), 83 (35), 69 (10). HRMSalcTlated for [GsH1sN.OSF]*: 385.0809 [(M-H)';
found: 385.0808. M.p. (Ci€l): 77-79 °C.

F3C CF3

N-[3,5-bis(trifluoromethyl)phenyl]-4,4-dimethyl-2-oxopyrrolidine-1-carbothioamide (Ic).

1) Hp, PAIC FsC CFs
CH;COOH
2) EtOH, EtzN \Q/
ﬁ/\]//o reflux HN. _S
\(
OzN O 3) ArNCS, NaH, THF N

g
Scheme SI-5Synthesis ofc

Pd/C (53.2 mg, 10wt%) was added to a solution ofhgie3,3-dimethyl-4-nitrobutanoate(1.86 g, 10.6
mmol) in acetic acid (26.5 mL) and the mixture wsisred under a hydrogen atmosphere at room
temperature for 12 hours. After that, the mixturswiltered through celite and the solvent was exatpd.
Then, the crude product was dissolved in EtOH (20 emd EtN was added to maintain basic pH. The
solution was stirred at reflux overnight. Thenyvsolt was evaporated and the crude mixture was|dessm
Et,O and M HCI was added. Aqueous phase was extracted with & x 20 mL), organic phases were

9 Bunce, R. A.; Drumright, R. Ethe New Journal for Organic Synthesis, 1987, 19, 471.
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collected, dried over anhydrous J$&, filtered and concentrated vacuo. Then, to a stirred solution of the
crude product in THF (48 mL) at 0 °C, NaH (0.646§%, 15.9 mmol) was added portionwise. After stgri
at 0 °C for 30 min, 3,5-bis(trifluoromethyl)pherigbthiocyanate (3.0 mL, 15.9 mmol) was slowly added
78 °C and the reaction was stirred and allowed damwto room temperature overnight. Then a solutibn
saturated NEC| was added to quench the reaction, and the naixivas extracted with EtOAc, and the
organic layer was dried over pBO: and concentrateth vacuo. The crude product was then purified by
column chromatography on silica gel (Hexanes/EtOwxcafford 2.7 g ofic (7.0 mmol, 66%) as a white
solid. R: 0.88 (hexanes/EtOAc 8:2H NMR (300 MHz, CDCJ): § 12.79 (s, 1H, NH), 8.18 (s, 2HaEH),
7.72 (s, 1H, &-H), 4.01 (s, 2H, €H), 2.62 (s, 2H, &H), 1.23 (s, 6H, 2 x CHl. *C NMR (75 MHz,
CDCly): § 179.7 (CS), 176.7 (&}, 139.8 (G-C), 132.2 (q2Jc.r = 33.7 Hz, 2 *CCR), 123.2 (qlJcr = 272.8
Hz, 2 x CR), 124.5 (G,-H), 124.4 (G,-H), 119.8 (q.2Jc.r = 3.8 Hz, Gi-H), 63.6 (G), 49.1 (G), 31.2 (G),
27.2 (2 x CH). %F NMR (282 MHz, CDQJ): 6 -63.0 (2 x CB). IR (ATR) cm: 2960 (NH), 1709 (C=0),
1276 (C=S), 1127 (C-NMS (EI) m/z (%): 271 (100), 252 (24), 213 (25), A03), 163 (15), 143 (8), 113
(10), 69 (10).HRMS: Calculated for [@H1sN.OSF]*: 385.0809 [(M-H)']; found: 385.0808. M.p.
(CH,CIy): 93-95 °C.

FiC cr,  N-[3,5-bis(trifluoromethyl)phenyl]-2-oxopyrrolidine- 1-carbothioamide (le). Following
GP-C, le (2.15 g, 6.0 mmol) was isolated by FC (petrolethegEtOAc gradient from 19:1
to 8:2) in 98% vyield as colorless cristals starfirgm pyrrolidin-2-one (0.47 mL, 6.15 mmol)

"Ny®  and 3,5-bis(trifluoromethyl)phenyl isothiocyanate68 mL, 9.2 mmol) and NaH (0.37 g, 9.2
N._o mmol) in tetrahydrofuran (28nL). R: 0.53 (hexanes/EtOAc 7:3}H NMR (300 MHz,
<_/V/ CDCl): 6 12.86 (bs, 1H, NH), 8.18 (s, 2Ha€H), 7.72 (s, 1H, @-H), 4.35-4.20 (m, 2H,

Cs), 2.83 (t,J = 8.1 Hz, 2H, GH), 2.18-2.04 (m, 2H, £H). 1*C NMR (75 MHz, CDCJ): § 179.5 (CS),

177.3 (Q), 139.7 (G-C), 132.2 (qZJcr = 33.7 Hz,CCF), 124.4 (93Jce= 3.8 Hz, G-H), 123.1 (q.Ncr =

272.8 Hz, CB), 119.8 (9,%Jcr = 3.9 Hz, Gi-H), 51.4 (G), 34.7 (G), 16.6 (G). **F NMR (282 MHz,

CDCl): 6 -63.0 (CR). IR (ATR) cm* 2992 (NH), 1704 (C=0), 1276 (C=S), 1120 (C-N). ¥E3) m/z (%):

271 (100), 252 (24), 213 (25), 202 (13), 163 (1B34 (8), 85 (13), 69 (9). HRMS: Calculated for

[C13H11N2OSFK]*: 357.0496 [(M-H)*]; found: 357.0500. M.p. (CiLl2): 101-103 °C.

F.C cr, N-[3,5-bis(trifluoromethyl)phenyl]-2,3-dihydro-1H-pyrrole-1-carbothioamide (2e).
Following GP-E, 2e (862 mg, 2.53 mmol) was isolated by FC (petroleetiner/EtOAC
gradient from 19:1 to 8:2) in 76% vyield as a whiselid starting from N-(3,5-
HN\fs bis(trifluoromethyl)phenyl)-2-oxopyrrolidine-1-casthioamidele (1.19 g, 3.3 mmol) and
N LiEtsBH (7.0 mL, 7.0 mmol) in tetrahydrofuran (7 mL),dathen, using DMAP (8.2 mg,
U 0.067 mmol), TFAA (0.57 mL, 4.0 mmol) and 3Bt (2.57 mL, 18.4 mmol) in
tetrahydrofuran/toluene mixture (4 mL/8 mL): B.46 (hexanes/EtOAc 7:3H NMR (300 MHz, CDCJ): §
7.89 (s, 2H, &-H), 7.64 (s, 1H, @-H), 7.13 (s, 1H, &H), 5.53 (s, 1H, &H), 4.14-3.99 (m, 2H, &£H),
2.93-2.78 (m, 2H, £H). 1*C NMR (75 MHz, CDCJ): § 174.5 (CS), 140.5 (&C), 131.2 (G), 131.9 (q2Jc.
r = 33.6 Hz,CCF), 124.4 (G-H), 123.2 (9,"Jcr = 272.8 Hz, CF), 118.7 (G-H), 115.2 (G), 53.6 (G),
29.8 (G). F NMR (282 MHz, CDGJ): 6 -63.0 (CR). IR (ATR) cm: 3197 (NH), 2910 (C-H), 1537 (C=C),
1277 (C=S), 1125 (C-N). MS (El) m/z (%): 271 (10232 (26), 213 (24), 202 (12), 163 (16), 143 (B, 8
(34), 69 (10)HRMS: Calculated for [GH11N2SFs]*: 341.0547 [(M-H)*]; found: 341.0554. M.p. (CKLL,):
142-144 °C.

FsC CFs  N-[3,5-bis(trifluoromethyl)phenyl]-4-methyl-2,3-dihydro-1H-pyrrole-1-carbothioamide

(5a). Following GP-E, 5a (868 mg, 2.45 mmol) was isolated by FC (petrolaiher/EtOAc

un. s Qgradient from 19:1 to 8:2) in 57% yield as a whiselid starting from N-(3,5-

Y bis(trifluoromethyl)phenyl)-3-methyl-2-oxopyrrolide-1-carbothioamidella (1.6 g, 4.3
N/ mmol) and LiE{BH (9.0 mL, 9.0 mmol) in tetrahydrofuran (10 mLpdathen, using DMAP
Q (10.5 mg, 0.086 mmol), TFAA (0.73 mL, 5.17 mmol)dagtN (3.3 mL, 23.7 mmol) in
tetrahydrofuran/toluene mixture (5.5 mL/11 mL): B.69 (hexanes/EtOAc 7:3}H NMR

(500 MHz, DMSOsds, 100 °C):6 9.36 (bs, 1H, NH), 8.24 (s, 2Ha€H), 7.65 (s, 1H, @-H), 7.08 (s, 1H,
Cx-H), 4.23-4.05 (m, 2H, &€H), 2.73-2.65 (m, 2H, £H), 1.82 (s, 3H, Ch). **C NMR (125 MHz, DMSO-
ds, 100 °C):3 172.3 (CS), 142.3 ((C), 129.4 (q2Jcr = 32.9 Hz,CCFR), 125.2 (G), 123.2 (Gi-H), 122.9
(9, YUcr = 272.8 Hz, Ch), 115.6 (92Jcr = 4.1 Hz, G-H), 49.7 (G), 32.7 (G), 13.0 (CH). *F NMR (282
MHz, DMSO<g): 6 -61.5 (CR). IR (ATR) cm*: 2930 (NH), 2820 (C-H), 1540 (C=C), 1274 (C=S)231C-
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N). MS (El) m/z (%): 271 (100), 252 (22), 213 (22), 20®), 163 (12), 143 (7), 83 (31), 69 (6)RMS:
Calculated for [GH13N2SFK]*: 355.0704 [(M-H)*]; found: 355.0712. M.p. (CKl,): 144-146 °C.

FsC cr,  N-[3,5-bis(trifluoromethyl)phenyl]-4-ethyl-2,3-dihydro-1H-pyrrole-1-carbothioamide
(5b). Following GP-E, 5b (244 mg, 0.66 mmol) was isolated by FC (petrolether/EtOAc
gradient from 19:1 to 8:2) in 51% vyield as a whielid starting from N-(3,5-
"N-z®  bis(trifluoromethyl)phenyl)-3-ethyl-2-oxopyrrolidéal-carbothioamidellb (500 mg, 1.3
N mmol) and LIiEtBH (2.7 mL, 2.7 mmol) in tetrahydrofuran (3.0 mayd then, using DMAP
% (3.2 mg, 0.026 mmol), TFAA (0.219 mL, 1.55 mmol)daBtN (0.99 mL, 7.12 mmol) in
tetrahydrofuran/toluene mixture (1.7 mL/3.4 mL): B.58 (hexanes/EtOAc 8:2%1 NMR
(500 MHz, DMSO€s, 100 °C):5 9.38 (bs, 1H, NH), 8.24 (s, 2HaAEH), 7.65 (s, 1H, &-H), 7.08 (s, 1H,
Cz-H), 4.16-4.09 (m, 2H, &H), 2.75-2.64 (m, 2H, £H), 2.19 (qJ = 7.4 Hz, 2H, G.CHs), 1.10 (tJ=7.4
Hz, 3H, CHCH3). *C NMR (125 MHz, DMSQds, 100 °C):$ 172.4 (CS), 142.3 (&C), 131.4 (G), 129.5
(9, 2cr = 32.8 Hz,CCR), 124.4 (Q), 123.2 (Gi-H), 122.9 (9, JcF = 272.6 Hz, CF), 115.6 (G,-H), 49.6
(Cs), 30.8 (G), 20.9 CH:CHg), 11.5 (CHCHj3). %F NMR (282 MHz, DMSOQdg): § -61.6 (CR). IR (ATR)
cntt 2971 (NH), 1537 (C=C), 1274 (C=S), 1126 (C-MS (El) m/z (%): 271 (100), 252 (25), 213 (26),
202 (10), 163 (11), 83 (10), 69 (12). HRMS: Caltedhafor [GsHisN2SFs]*: 369.0860 [(M-H)*]; found:
369.0863. M.p. (CkCl2): 133-135 °C.

FiC cr, N-[3,5-bis(trifluoromethyl)phenyl]-3,3-dimethyl-2,3-dihydro-1H-pyrrole-1-
carbothioamide (5c). Following GP-E, 5c (465 mg, 1.26 mmol) was isolated by FC
(petroleum ether/EtOAc gradient from 19:1 to 8r2PR% yield as a white solid starting from
MN-7®  N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-opyrrolidine-1-carbothioamidéc (530
N mg, 1.372 mmol) and LigBH (2.88 mL, 2.88 mmol) in tetrahydrofuran (3 miand then,
éj using DMAP (3.4 mg, 0.0274 mmol), TFAA (0.23 mL6%.mmol) and EN (1.05 mL, 7.55
mmol) in tetrahydrofuran/toluene mixture (1.5 m&/8aL). R: 0.80 (hexanes/EtOAc 8:2H
NMR (500 MHz, DMSO¢k): 6 9.53 (s, 1H, NH), 8.26 (s, 2H,ACH), 7.69 (s, 1H, &-H), 7.21 (dJ=4.2
Hz, 1H, G-H), 5.46 (d,J = 4.6 Hz, 1H, GH), 3.86 (s, 2H, &H), 1.21 (s, 6H, 2 x C¥l. °C NMR (125
MHz, DMSO-d): & 174.2 (CS), 142.0 (&C), 129.5 (9, 2Jcr = 32.9 Hz,CCFy), 128.4 (G), 124.1 (G),
123.6 (G-H), 122.8 (q,"Jc-r = 273.0 Hz, CB), 116.0 (Gi-H), 62.9 (G), 42.0 (G), 27.5 (CCHa)2). F
NMR (282 MHz, DMSO¢k): 6 -63.0 (CE). IR (ATR) cmt: 2960 (NH), 2931 (C-H), 1534 (C=C), 1274
(C=S), 1125 (C-N)MS (El) m/z (%): 271 (100), 252 (23), 213 (23), 402), 163 (14), 143 (7), 83 (35), 69
(8). HRMS: Calculated for [€H1sN2SF]*: 369.0860 [(M-H)*]; found: 369.0866. M.p. (CKl,): 123-125
°C.

3.3. Preparation of catalysts 3
Catalyst 3a, 3b, 3c and 3d are commercially available. Catalys3&?® and 3f** have been previously
synthesized and used in the literature.

20 D. Nakashima, H. Yamamotd, Am. Chem. Soc. 2006 128, 9626.
21 M. Rueping, B. J. Nachtsheim, R. M. Koenigs, WawsuwanChem. Eur. J. 201Q 16, 13116.
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3.4. Preparation of hydrazono pyrrolidines 4a-z andba-c (Table 1, 2 and Scheme 2)

X
O~ 0

%

0" “oH 4a: R = CO,Et R? = 4-OMeCgHy; R® = Boc; R* = H
OO 4b: R' = CO,Et; R? = 4-SMeCgHy4; R® = Boc; R* = H
R R? | 4c:R'=CO,Et; R? = Ph; R®=Boc; R* = H
R® R? R:2,4,6-(iPr)3CeH, s nNH | 4d:R'=COsEt R?= 4-NO,CeHy; R® = Boc; R* = H
N N (5 or 10 mol%) R 1L 4e: R' = CO,Et; R? = 'Bu; R® = Boc; R = H
JI§ @R4 AMS. Tol oc QN)\L R' | 4f: R'=COEt R?= Ph; R® = Fmoc; R* = H
R H 4 AMS, Toluene, -5 R* 4g: R'= CO,Et, R? = Ph; R®= Ph; R* = H
General Procedure F 4h: R' = CO,Et; R? = Ph; R® = C(S)NHBn; R* = H
1a-t 2a-e and 5a-c (GP-F) 4a-z and 6a-c 4i: R" = CO,Et; R? = Ph; R® = C(S)NHAr; R*= H

4j: R' = CO,Et; R? = 4-OMeCgHy4; R® = C(S)NHAr; R* = H

Ar: 3,5-(CFa)oCeHs 4k: R' = CO,Et; R? = Bu; R® = C(S)NHAr, R* = H

41: R' = CO,Pr; R? = Ph; R® = C(S)NHAr; R* = H 4u: R = 4-CICgH,; R? = Ph; R® = C(S)NHAr; R* = H
4m: R" = Ac; R? = Ph; R®= C(S)NHAr; R*=H 4v: R" = 4-FCgH4; R2 = Ph; R® = C(S)NHAr; R* = H

4n: R' = CF3; R? = Ph; R® = C(S)NHAr; R*=H 4w: R" = 3-FCgH,4; R? = Ph; R® = C(S)NHAr; R* = H

40: R' = Ph; R? = Ph; R®= C(S)NHAr; R* = H 4x: R' = 2-FCgH4; R?2 = Ph; R® = C(S)NHAr; R* = H

4p: R' = C4F5; R2 = Ph; R® = C(S)NHAr; R*=H 4y: R' = 4-MeCgHy; R? = Ph; R® = C(S)NHAr; R*=H
4q: R" = 4-CNCgH,; R? = Ph; R® = C(S)NHAr; R* = H 4z: R" = 4-OMeCgH,; R? = Ph; R® = C(S)NHAr; R* = H
4r: R' = 4-CF43CgH4; R2 = Ph; R® = C(S)NHAr; R* = H 6a: R' = CO,Et; R? = Ph; R® = C(S)NHAr; R* = 3-Me
4s: R" = 4-Me0,CCgHy4; R? = Ph; R® = C(S)NHAr; R* = H 6b: R" = CO,Et; R? = Ph; R® = C(S)NHAr; R* = 3-Et

4t: R" = 4-BrCgHy4; R? = Ph; R® = C(S)NHAr; R* = H 6c: R' = CO,Et; R? = Ph; R® = C(S)NHAr; R* = 4,4-(Me),

Scheme SI-61,2-Addition reaction of hydrazones to enamides

General procedure F(GP-F). An ordinary vial equipped with a magnetic stirrihgr was charged with
catalyst(R)-TRIP (0.009 mmol, 0.01 eq.), dry toluene (0.18 mL) anchsimed molecular sieves (4A, 27
mg). The reaction was cooled to -5 °C and the spmeding enecarbamte/enethiourea (0.135 mmol,dL)5 e
and the corresponding hydrazone (0.09 mmol, 1.0vegre added. The reaction mixture was stirred &C-
until completion of reaction. The crude reactioxtmie was directly charged onto silica gel and scigid to
flash chromatography, affording the correspondidduats4a-zand6a-c

The!H NMR and'*C NMR spectra of productth-z and6a-cwere performed in DMS@s and at 100 °C to
get rid of rotamers and simplified the spectrashibuld be pointed out th&{C NMR for these compounds
were assigned by 2D NMR experiments (HSQC, HMBQE tb the low signal intensities in thi&€ NMR
spectra.

(S)-N-Boc-(2)-2-{2-ethoxy-1-[2-(4-(methoxyphenyl))hydrazono]-2xoethyl}pyrrolidine
(4a). Following GP-F with slight modification4a (30.8 mg, 0.079 mmol) was isolated by FC
(hexanes/EtOAc gradient from 19:1 to 7:3) after 2460% yield as a yellow oil starting
from ethyl €)-2-(2-(4-(methoxy)phenyl)hydrazono)acetate(34.4 mg, 0.156 mmol) ard-

Bo ‘N’NH Boc-2,3-dihydro-H-pyrrole 2a (23.2 mg, 0.13 mmol) in the presence of cataliBtTRIP

N .»LCOZEt (9.8 mg, 0.013 mmol), MS (4A, 38 mg) and using tiiyene (0.26 mL) as solvent;:R.72
Q (hexanes/EtOAc 7:3¥H NMR (300 MHz, CDCJ): (1.45:1 rotamer ratio, *denotes minor
rotamer resonance&jenotes overlapped signais)2.0¥ (bs, 1H, NH), 11.98*(bs, 1H, NH), 7.08 (d) =
8.5 Hz, 2H, G-H), 6.84 (dJ = 8.5 Hz, 2H, G&-H), 5.03-4.90* (m, 1H, &H), 4.81 (ddJ = 7.8, 3.2 Hz, 1H,
Co-H), 4.27 (q,J = 7.2 Hz, 2H, ®,CHs), 3.77 (s, 3H, OCEk), 3.68-3.33 (m, 2H, &£H), 2.30-1.68 (m, 4H,
Cs-H + Csi-H), 1.58-1.23 (m, 12H, C#H3 + C(CHs)s). 13C NMR (75 MHz, CDCJ): § 163.1 (COO), 155.2
(Car-C), 154.4 (NCOO), 137.4 (CN), 127.7 NE&), 114.8 (G-H), 114.8 (Gi-H), 79.1 C(CHa)s), 60.6
(CH2CHa), 58.0 (@), 55.7 (OCH), 46.6 (G), 32.5 (G), 28.6 (CCHsa)3), 22.8 (G), 14.4 (CHCHa). IR
(ATR) cntt: 2977 (NH), 2930 (C-H), 1691 (C=0), 1548 (C=N). NEH) m/z (%): 281 (16), 207 (57), 149
(100), 134 (62), 108 (50), 93 (14), 78 (52), 52)(4ARMS: Calculated for [&H30N3Os]": 392.2185
[(M+H)"]; found: 392.2188. The ee was determined by HPISthgt a Chiralcel OD-3 columnn]
hexandPrOH (95:05)]; flow rate 1.00 mL/MiRmajor = 5.295 MiN Tminor = 6.207 min (86% ee)a]p?®: -88.5
(c=1.0, CHCL).

OMe
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SMe  (S)-N-Boc-(2)-2-{2-ethoxy-1-[2-(4-(methylthio)phenyl)hydrazonoj2-
oxoethyl}pyrrolidine (4b). Following GP-F with slight modification,4b (28.1 mg, 0.069
mmol) was isolated by FC (hexanes/EtOAc gradiemfd9:1 to 7:3) after 24h in 53% yield

N-NH as a yellow olil starting from ethyEf-2-(2-(4-(methylthio)phenyl)hydrazono)acetate(37.2
Boc I[_ mg, 0.156 mmol) andN-Boc-2,3-dihydro-H-pyrrole 2a (23.2 mg, 0.13 mmol) in the
G' COEt  presence of catalysR[-TRIP (9.8 mg, 0.013 mmol), MS (4A, 38 mg) and using tifyene
(0.26 mL) as solvent. {R0.52 (hexanes/EtOAc 8:2%4 NMR (300 MHz, CDCJ): (1.25:1
rotamer ratio, *denotes minor rotamer resonanges}.02 (bs, 1H, NH), 7.24 (d,= 8.5 Hz, 2H, &-H),
7.09 (d,J = 8.5 Hz, 2H, G&-H), 5.01-4.92* (m, 1H, &H), 4.86-4.77 (m, 1H, £H), 4.29 (qJ = 7.1 Hz, 2H,
CH>CHj), 3.68-3.35 (m, 2H, £H), 2.45 (s, 3H, SC¥J, 2.25-2.07 (m, 1H, £€Ha), 2.02-1.77 (m, 3H, €H, +
Cs-H), 1.52-1.27 (m, 12H, C#€H3 + C(CHs)s). 3C NMR (75 MHz, CDCJ): § 163.0 (COO0), 163.0* (COO),
154.3 (NCO), 142.1* (&-C), 141.6 (Gr-C), 130.5* (G:-C), 129.7* (G-H), 129.6 (G-H), 129.0 (G:-C),
127.9 (CN), 114.4 (&-H), 114.4* (Gy-H), 79.2* (C(CHs)s), 79.1 C(CHg)s), 60.8 CH.CHs), 58.1 (G),
57.7* (), 47.0* (G), 46.6 (G), 32.4 (G), 31.3* (G), 28.8* (CCHs3)3), 28.5 (CCHs3)3), 22.9* (C), 22.8
(Cs), 17.9* (SCH), 17.7 (SCH)), 14.4 (CHCHj3), 14.3* (CHCHa). IR (ATR) cm: 2976 (NH), 2820 (C-H),
1693 (C=0), 1551 (C=N). MS (Efjvz (%): 281 (20), 238 (16), 207 (89), 191 (11), 166Q), 150 (61), 138
(37), 124 (53), 106 (27), 78 (29), 69 (33), 56 (2BRMS: Calculated for [&sH30N3OS]": 408.1957
[(M+H)™]; found: 408.1938; The ee was determined by HPL<hagi a Chiralcel OD-3 columnn{
hexanePrOH (95:05)]; flow rate 1.00 mL/MiAinajor = 5.036 MiNTminor = 5.915 min (92% ee)a]p?® -158.7
(c=1.0, CHCL).

Ph (S)-N-Boc-(2)-2-[2-ethoxy-1-(2-(phenyl)hydrazono)-2-oxoethyl]psrolidine (4c).

5 n-NH Following GP-F with slight modification,4c (45.1 mg, 0.125 mmol) was isolated by FC

NS o (hexanes/EtOAc gradient from 19:1 to 7:3) aften 2#96% yield as an orange oil starting
G * from ethyl E)-2-(2-phenylhydrazono)acetatec (25.0 mg, 0.13 mmol) andN-Boc-2,3-
dihydro-1H-pyrrole 2a (6 x 5.9 pL every 1h 30 min, 0.195 mmol) added dmtipns in the presence of
catalyst R)-TRIP (9.8 mg, 0.013 mmol), MS (4A, 38 mg) and using tilpene (0.26 mL) as solvents:R
0.79 (hexanes/EtOAc 8:2JH NMR (300 MHz, CDCJ): (1.5:1 rotamer ratio, *denotes minor rotamer
resonancegoverlapped signals) 12.02 (s, 1H, NH), 11.99%, 1H, NH), 7.43-7.22 (m, 2H,GH), 7.22-
7.07 (m, 2H, G-H), 7.05-6.83 (m, 1H, £-H), 5.02-4.94* (m, 1H, &H), 4.82 (ddJ=7.5, 3.3 Hz, 1H, &
H), 4.29 (g,J = 6.9 Hz, 2H, CHCHj3), 3.72-3.30 (m, 2H, &£H), 2.30-1.73 (m, 4H, €H + G-H), 1.45* (s,
9H, C(CHy)s), 1.40-1.19 (m, 12H, CHCH3 + C(CH)3). *3C NMR (75 MHz, CDCJ): § 163.0 (COO), 154.3
(NCO), 143.7* (CN), 143.4 (CN), 129.4 (cH), 129.2* (G-H), 128.8 (G,-C), 127.6* (G,-C), 122.1 (G-
H), 121.9* (G-H), 113.8 (Gr-H), 79.2* (C(CHza)s), 79.1 C(CHa)3), 60.8 CH2CHs), 58.1 (G), 57.6* (G),
46.6 (G), 32.4 (G), 31.3* (G), 28.7* (CCHoa)s), 28.4 (CCHa)3), 22.9* (G), 22.7 (G), 14.3 (CHCHj),
14.3* (CHCHa). IR (ATR) cmi:: 2976 (NH), 2920 (C-H), 1694 (C=0),1550 (C=N). NB) vz (%): 281
(16), 207 (57), 149 (100), 134 (62), 108 (50), 94}M)( 78 (52), 52 (40). HRMS: Calculated for
[C19H26N304]*: 362.2080 [(M-H)]; found: 362.2081The ee was determined by HPLC using a Chiralcel
OD-3 column p-hexanefPrOH (90:10)]; flow rate 1.00 mL/MiRimajor = 4.754 MiNTminor = 3.825 min (93%
ee). p]p?% -177.8 £ = 1.0, CHCL).

gy (S)-tert-Butyl-(Z2)-2-[1-(2-¢ert-butyl)hydrazono)-2-ethoxy-2-oxoethyl]pyrrolidine-1-
n-NH  carboxylate (4e).Following GP-F with slight modification4e (38.6 mg, 0.113 mmol) was
Roe Il isolated by FC (hexanes/EtOAc gradient from 19:7:®) after 5h in 87% vyield as a light
Q COE yellow oil starting from ethyl £)-2-(2-(tert-butyl)hydrazono)acetatée (26.9 mg, 0.156
mmol) and N-Boc-2,3-dihydro-H-pyrrole 2a (23.6 pL, 0.13 mmol) in the presence of
catalyst R)-TRIP (9.8 mg, 0.013 mmol), MS (4A, 38 mg) and using tilpene (0.26 mL) as solvents:R
0.70 (hexanes/EtOAc 7:3JH NMR (300 MHz, CDCJ): (1.3:1 rotamer ratio, *denotes minor rotamer
resonances) 9.99 (s, 1H, NH), 9.92* (s, 1H, NH), 4.88* (@= 7.1 Hz, 1H, &H), 4.75 (ddJ = 7.5, 2.9 Hz,
1H, G-H), 4.19 (q,J = 7.2 Hz, 2H, ®,CH3), 3.58-3.22 (m, 2H, £H), 2.16-1.73 (m, 4H, €H + Cs-H),
1.43* (s, 9H, OC(CH)3), 1.33 (s, 9H, OC(Ch)s), 1.31-1.24 (m, 3H, C¥CHs), 1.20 (s, 9H, C(CHs). *C
NMR (75 MHz, CDC}): 8 162.9 (COO), 162.8* (COO), 154.3 (NCO), 154.1* @) 125.4 (CN), 124.0*
(CN), 78.6 (QC(CHg)3), 59.9* (CH:CHs), 59.8 CH2CHs), 57.5 (G), 57.2* (G), 54.5 C(CHs)3), 54.4*
(C(CHa)3), 46.5 (@), 32.7 (G), 31.5* (G), 28.9 (OCCHs3)3), 28.8* (OCCHa)3), 28.7* (CCHs)s), 28.6
(C(CHy)3), 22.8* (Cy), 22.6 (G), 14.5 (CHCHa), 14.4* (CHCHa). IR (ATR) cmt: 2977 (NH), 2876 (C-H),
1695 (C=0), 1537 (C=N). MS (Eijvz (%): 341 (M, 8), 184 (40), 169 (38), 156 (30), 114 (47), 9B)(¥0
(38), 57 (100). HRMS: Calculated for {f132N304]*: 342.2393 [(M+H]]; found: 342.2394. The ee was

SI-14



determined by HPLC using a Chiralpak IC columshgxanePrOH (90:10)]; flow rate 1.00 mL/mirmajor
= 5.957 MiNminor = 7.067 min (72% ee)a]p?% -42.5 € = 1.0, CHCI,).

Ph (9)-(9H-Fluoren-9-yl)methyl-(2)-2-[2-ethoxy-2-0x0-1-(2-
N phenylhydrazono)ethyl]pyrrolidine-1-carboxylate (4f). Following the GP-F with slight
Rmo_?\'kco g Modification, 4f (58.2 mg, 0.120 mmol) was isolated by FC (hexdtt€hc gradient from
G 1911 to 7:3) after 72h in 93% vyield as an orangk starting from ethyl E)-2-(2-
phenyl)hydrazono)acetatie (24.9 mg, 0.13 mmol) and-Fmoc-2,3-dihydro-H-pyrrole 2b
(5%x9.5mg + 1 x 9.3 mg every 1h 30 min, 0.195 mradded in portions in the presence of catali®t (
TRIP (9.8 mg, 0.013 mmol), MS (4A, 38 mg) and ugiing toluene (0.26 mL) as solvent at 10 3& NMR
(300 MHz, CDC¥): (1.2:1 rotamer ratio, *denotes minor rotameoresicesp 12.05* (s, 1H, NH), 11.93 (s,
1H, NH), 7.78 (dJ = 7.5 Hz, 1H, G-H), 7.72-7.61 (m, 2H, £-H), 7.50-7.27 (m, 5H, £-H), 7.23-7.06 (m,
4H, Car-H), 7.01-6.85 (m, 1H, £-H), 5.09* (dd,J = 7.5, 2.3 Hz, 1H, £€H), 4.89-4.77 (m, 1H, £H), 4.58-
4.44 (m, 1H, GICH;0), 4.40-4.00 (m, 4H, CHE,0O + CH,CHs), 3.85-3.44 (m, 2H, £H), 2.30-1.80 (m,
4H, G-H + Cs-H), 1.38-1.32 (m, 3H, CHCH3); *C NMR (75 MHz, CDCJ): § 164.4 COO0), 162.9* (NCO),
162.6 (NCO), 154.9 (CN), 154.7* (CN), 144.5* €C), 144.2 (G-C), 144.2 (G-C), 144.2* (G-C),
143.5* (Gi-C), 143.3 (G-C), 142.8* (G-C), 141.4 (G-C), 141.2 (G-C), 129.5 (Gr-H), 129.4 (Gi-H),
129.3* (Ga-H), 127.7 (Gi-H), 127.5 (Gi-H), 127.5* (G-H), 127.1* (G-H), 127.1 (Gi-H), 127.0 (Gi-H),
126.9* (Gu-H), 125.8 (Gi-H), 125.3 (Gi-H), 124.8* (Gy-H), 122.3* (G-H), 122.2 (Gi-H), 122.1 (G-H),
120.1 (Gs-H), 120.0* (Gi-H), 119.8 (Gr-H), 114.0 (Gi-H), 113.8 (Gi-H), 113.7* (Gy-H), 67.3*
(CHCH20), 66.6 (CHCH20), 60.9 CH2CHs), 60.8* (CH.CHs), 58.0* (G), 57.7 (G), 47.6* (CHCH,0),
47.4 CHCH:0), 47.0 (G), 46.6* (G), 32.2 (G), 31.4* (G), 23.2* (C), 22.0 (G), 14.4* (CHCHs), 14.3
(CH,CH3); R 0.54 (hexanes/EtOAc 7:3); IR (ATR) dm2980 (NH), 2810 (C-H), 1695 (C=0), 1551
(C=N); MS (EI) m/z (%): 178 (100), 152 (12), 88 (9), 76 (13); HRMSal€lilated for [GoH30oN304]*:
484.2236 [(M+H)]; found: 484.2238; The ee was determined by HPki@gia Chiralcel OD-3 columm{
hexanePrOH (80:20)]; flow rate 1.00 mL/MiRjnajor = 21.319 MiNZminor = 61.500 min (92% ee)u]p?®: -5.5
(c=1.0, CHCL).

Ph (9)-Ethyl-(2)-2-[1-(benzylcarbamothioyl)pyrrolidin-2-yl]-2-(2-

BnHN\/(S n-NH phenylhydrazono)acetate (4h).Following GP-F, 4h (35.3 mg, 0.086 mmol) was

N COLEl isolated by FC (petroleum ether/EtOAc gradient frb@nl to 7:3) after 2h in 95% yield

Q as a yellow solid starting from ethyE)-2-(2-phenylhydrazono)acetate (17.2 mg, 0.09
mmol) andN-benzyl-2,3-dihydro-H-pyrrole-1-carbothioamid2d (29.5 mg, 0.135 mmol) in the presence of
catalyst R)-TRIP (6.8 mg, 0.009 mmol), MS (4A, 27 mg) and using tifpene (0.18 mL) as solvents:R
0.35 (hexanes/EtOAc 7:3fH NMR (500 MHz, DMSOds, 100 °C): (ZE ratio: 5.8:1, *denotesE
diastereoisomer resonancés)1.68 (s, 1H, NNH), 9.70* (s, 1H, NNH), 7.56* (&1, CSNH), 7.48 (s, 1H,
CSNH), 7.35-7.13 (m, 7H, &oH + Car-H*), 7.13-7.01 (m, 2H, @&-H + Ca-H*), 6.95 (dd,J = 6.5, 1.2 Hz,
1H, Gu-H), 6.90-6.85* (m, 1H, @&-H), 5.49* (dd,J = 8.2, 5.8 Hz, 1H, €H), 5.45-5.38 (m, 1H, £H),
4.88-4.66 (m, 2H, NH8;, + NHCH>*), 4.38-4.20 (m, 2H, €,CHs), 4.15* (q,J = 7.1 Hz, 2H, E,CHjy),
3.81 (dddJ = 11.8, 8.7, 3.3 Hz, 1H,£Ha), 3.85-3.61 (m, 1H, &£&H* + Cs-Hp + G-Hp*), 2.37-2.27* (m,
1H, G-Hj), 2.27-2.18 (m, 1H, £€H,), 2.18-2.12* (m, 1H, &€Hy), 2.12-1.92 (m, 3H, £€Hy, + CG-H + Cs-

&%), 1.92-1.81* (m, 2H, GHy), 1.33 (t,J = 7.1 Hz, 3H, Ch), 1.24* (t,J = 7.1 Hz, 3H, ChH). *C NMR

(125 MHz, DMSO#€k): 6 179.0 (CS), 178.5* (CS), 162.8* (CO), 161.4 (CD34.2 (CN), 143.1 (&-C),
139.4 (G-C), 139.4* (G-C), 128.6 (Gr-H), 128.3* (Gi-H), 127.3* (G-H), 127.3 (Gr-H), 126.5* (G-
H), 126.4 (G.-H), 125.8* (G-H), 125.7 (Gi-H), 121.1 (G,-H), 120.2* (G-H), 113.3* (G-H), 113.2
(Car-H), 60.3 (G), 60.1 CH2CHs), 59.2* (CH2CHj3), 57.5* (G), 48.9 (G), 48.4* (G), 47.5 (NHCH), 30.4
(Cy), 28.4* (G), 23.9% (C), 22.0 (G), 13.6* (CHCHj3), 13.4 (CHCHs3). IR (ATR) cm*: 3264 (NH), 2977
(NH), 2820 (C-H), 1679 (C=0), 1530 (C=N), 1236 (§~8L49 (C-N). MS (Eln/z (%): 149 (17), 91 (100),
83 (10), 65 (16), 51 (5). HRMS: Calculated fopf27N4O.S]": 411.1855 [(M+H]]; found: 411.1858; The
ee was determined by HPLC using a Chiralpak IC roalyn-hexane/iPrOH (85:15)]; flow rate 1.00
ML/MiN; Tmajor = 18.766 MiNTminor = 27.998 min (92% ee)a]p?® -119.9 ¢ = 1.0, CHCL,). M.p. (CHCL):
124-126 °C.

Ph (S)-Ethyl-(2)-2-{1-[(3,5-
S N,NH bis(trifluoromethyl)phenyl)carbamothioyl]pyrrolidin -2-yl}-2-(2-
FSCQ 1 \ phenylhydrazono)acetate (4i).Following GP-F, 4i (47 mg, 0.088 mmol) was

ZT

KN
@' CO:Et jsolated by FC (petroleum ether/EtOAc gradient frit@nl to 7:3) after 2h in 98%
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yield as a light yellow solid starting from eth¥)(2-(2-phenyl)hydrazono)acetate (17.2 mg, 0.09 mmol)
andN-(3,5-bis(trifluoromethyl)phenyl)-2,3-dihydroktpyrrole-1-carbothioamidge (45.9 mg, 0.135 mmol)
in the presence of cataly®R)(TRIP (3.4 mg, 0.0045 mmol), MS (4A, 27 mg) and using tilgene (0.18
mL) as solvent. R 0.67 (hexanes/EtOAc 7:3% NMR (500 MHz, DMSOeds, 100 °C):(Z E ratio: 5.0:1,
*denotesE diastereoisomer resonancés}1.68 (s, 1H, NNH), 9.83* (s, 1H, NNH), 9.31* (&1, CSNH),
9.20 (s, 1H, CSNH), 8.18* (s, 2H,aGH), 8.13 (s, 2H, &-H), 7.64*(s, 1H, G.-H), 7.63(s, 1H, G-H),
7.30-7.20 (m, 4H, &-H), 6.97-6.92 (m, 1H, £-H), 6.91-6.86* (m, 1H, &-H), 5.58-5.5qQm, G-H), 4.41-
4.25 (m, 2H, €G:CHs), 4.18* (q,J = 7.1 Hz, 2H, EG.CHzs), 4.02-3.94m, 1H, G-Ha), 3.92-3.84m, 1H, G-
Hp), 2.45-2.37* (m, 1H, €Ha), 2.37-2.27 (m, 1H, £Hy), 2.27-2.17* (m, 1H, &Hy), 2.17-2.00 (m, 3H, &£
Hp, + Cs-H), 2.00-1.90* (m, 2H, &H), 1.35 (t,J = 7.1 Hz, 3H, CH), 1.26* (t,J = 7.1 Hz, 3H, CH). 13C
NMR (125 MHz, DMSOes, 100 °C):5 177.7 (CS), 176.7* (CS), 162.7* (CO), 161.3 (CD}4.1 (G:-C),
143.0 (CN), 142.5 (6-C), 142.4* (G-C), 129.4 (q2Jcr = 32.9 Hz,CCF), 128.6 (G-H), 128.4* (G-H),
124.0 (9,3Jck = 3.9 Hz, Gr-H), 123.3* (G-H), 122.8 (q,'Jc.e = 272.7 Hz, CF), 121.3 (G,-H), 120.5*
(Car-H), 115.9 (9,%)cr = 3.9 Hz, Gi-H), 115.7* (G-H), 113.5* (G-H), 113.2 (G-H), 61.1 (G), 60.2
(CH2CHs), 59.3* (CH.CHs), 57.8* (G), 50.1 (G), 30.6 (G), 28.5* (G), 24.0* (C), 22.2 (G), 13.5*
(CH,CHj3), 13.4 (CHCHs3). %F NMR (282 MHz, DMSOd): 6 -61.3* (CR), -61.7 (CR). IR (ATR) cm:
3262 (NH), 2983 (NH), 2830 (C-H), 1683 (C=0), 158*N), 1277 (C=S), 1132 (C-N). MS (Etyz (%):
271 (100), 252 (25), 213 (24), 202 (13), 163 (B3 (9), 83 (29), 69 (10); HRMS: Calculated for
[C2sH23N4O:SH]*: 533.1446 [(M+H]]; found: 533.1451. The ee was determined by HPLlghqi a
Chiralpak AD-H column ji-hexangPrOH (90:10)]; flow rate 1.00 mL/Mingmajor = 15.395 mMin,tminor =
5.896 min (>99% ee)a]p?® -157.6 ¢ = 1.0, CHCI,). M.p. (CHCl,): 127-129 °C.

The reaction was carried out with 1 mol% of catalyst loading: Following GP-F, 4i (41 mg, 0.077 mmol)
was isolated by FC (petroleum ether/EtOAc gradiearh 19:1 to 7:3) after 2h in 86% vyield (>99% es)aa
light yellow solid starting from ethylH)-2-(2-phenyl)hydrazono)acetale (17.2 mg, 0.09 mmol) ani-
(3,5-bis(trifluoromethyl)phenyl)-2,3-dihydroHtpyrrole-1-carbothioamid@e (45.9 mg, 0.135 mmol) in the
presence of catalysR(-TRIP (0.68 mg, 0.0009 mmol), MS (4A, 27 mg) and using tdtuene (0.18 mL) as
solvent. R 0.67 (hexanes/EtOAc 7:3).

The reaction was carried out in a bigger scale: Following GP-F, 4i (199 mg, 0.37 mmol) was isolated by
FC (petroleum ether/EtOAc gradient from 19:1 to) @aBer 2h in 93% vyield (>99% ee) as a light yellow
solid starting from ethyl K)-2-(2-phenyl)hydrazono)acetatéc (76.4 mg, 0.40 mmol) andN-(3,5-
bis(trifluoromethyl)phenyl)-2,3-dihydroH-pyrrole-1-carbothioamide2e (204 mg, 0.60 mmol) in the
presence of catalysR(-TRIP (15.1 mg, 0.002 mmol), MS (4A, 120 mg) and using tdtuene (0.82 mL) as
solvent.

OoMe  (S)-Ethyl-(2)-2-{1-[(3,5-bis(trifluoromethyl)phenyl)carbamothioyl]pyrrolidin-
2-yl}-2-[2-(4-methoxyphenyl)hydrazono]acetate (4j)Following GP-F, 4j (43.1
mg, 0.0766 mmol) was isolated by FC (petroleumré#t@®Ac gradient from 19:1
N\.\//S N-NH to 7:3) after 2h in 85% yield as a yellow solidrstey from ethyl E)-2-(2-(4-
N WL (methoxy)phenyl)hydrazono)acetatela (20.0 mg, 0.09 mmol)and N-(3,5-
G' COEt  pis(trifluoromethyl)phenyl)-2,3-dihydroH-pyrrole-1-carbothioamide 2e  (45.9
CF3 mg, 0.135 mmol) in the presence of cataly®tTRIP (3.4 mg, 0.0045 mmol), MS
(4A, 27 mg) and using dry toluene (0.18 mL) as esotvR: 0.59 (hexanes/EtOAc 7:3H NMR (500 MHz,
DMSO-ds, 100 °C):(Z:E ratio: 6.7:1, *denotek diastereoisomer resonancés)1.67 (s, 1H, NNH), 9.71*
(s, 1H, NNH), 9.28* (s, 1H, CSNH), 9.17 (s, 1H, G9IN8.18* (s, 2H, G&-H), 8.13 (s, 2H, &-H), 7.63 (s,
1H, Ga-H), 7.18 (d,J = 8.7 Hz, 2H, &-H), 6.88 (d,J = 8.7 Hz, 2H, G-H), 5.55-5.49 (m, 1H, £H), 4.39-
4.22 (m, 2H,CH2CHs), 4.16* (q,J = 7.1 Hz, 2H,CH.CHj3), 4.00-3.81 (m, 2H, &£H), 3.73 (s, 3H, OCHj,
2.44-2.26 (m, 1H, €Hy), 2.26-1.91 (m, 3H, £€Hy, + G-H), 1.34 (t,J = 7.1 Hz, 3H, CHCH3), 1.25* (t,J =
7.1 Hz, 3H, CHCH3). *C NMR (125 MHz, DMSOds, 100 °C):5 177.7 (CS), 176.7* (CS), 162.8* (CO),
161.4 (CO), 154.7 (&-C), 154.0* (G-C), 142.5 (CN), 142.4* (CN), 138.0* ¢C), 136.9 (G-C), 132.5
(Car-C), 129.4 (92Jc.r = 32.7 Hz,CCFs), 124.0 (93Jcr= 3.8 Hz, Gi-H), 123.9* (G-H), 122.8 (q.1Jcr =
273.1 Hz, CE), 115.9 (g3Jcr = 3.8 Hz, G,-H), 115.6* (Gy-H), 114.6* (G-H), 114.5 (G-H), 114.4 (G-
H), 114.2* (G-H), 61.1 (G), 60.0 CH2CHzs), 59.2* (CH.CHs), 57.7* (G), 55.1 (OCH), 50.1 (G), 30.7
(Cs), 28.5* (G), 24.0* (Cy), 22.1 (G), 13.5* (CHCHs), 13.4 (CHCHs3). F NMR (282 MHz, DMSOdg): §
-61.6 (CR). IR (ATR) cm: 3231 (NH), 2955 (NH), 2830 (C-H), 1679 (C=0), 058=N), 1275 (C=S),
1131 (C-N).MS (El) vz (%): 149 (17), 91 (100), 83 (10), 65 (16). HRMSclilated for [GaH2sN4OsSFs] "
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563.1552 [(M+H]J]; found: 563.1566The ee was determined by HPLC using a Chiralpak-A&slumn p-
hexanePrOH (90:10)]; flow rate 1.00 mL/MiRinajor = 14.567 MiNgminor = 9.426 min (98% ee)a]p?% -96.0
(c=1.0, CHCI). M.p. (CHCI): 128-130 °C.

(9)-Ethyl-(2)-2-{1-[(3,5-bis(trifluoromethyl)phenyl)carbamothioyl]pyrrolidin-

H 2-yl}-2-[2-(tert-butyl)hydrazono]acetate (4k). Following GP-F, 4k (36.9 mg,
\\// 0.072 mmol) was isolated by FC (petroleum etherAtt@radient from 19:1 to
Q COzEt 7:3) after 2h in 80% yield as a white solid staytirom ethyl E)-2-(2-tert-butyl)

hydrazono)acetate le  (15.5 mg, 0.09 mmol) and N-(3,5-

bis(trifluoromethyl)phenyl)-2,3-dihydroH-pyrrole-1-carbothioamide 2e (45.9
mg, 0.135 mmol) in the presence of cataly@tTRIP (3.4 mg, 0.0045 mmol), MS (4A, 27 mg) and using
dry toluene (0.18 mL) as solvent;: R.69 (hexanes/EtOAc 7:3% NMR (500 MHz, DMSOes, 100 °C):

(Z:Eratio: >20:1)6 9.75 (bs, 1H, NH), 9.03 (bs, 1H, CSNH), 8.12 (3, €a-H), 7.64 (s, 1H, &-H), 5.44-

5.37 (m, 1H, GH), 4.30-4.13 (m, 2HCH>CHz), 3.88-3.73 (m, 2H, £H), 2.29-2.17 (m, 1H, £H3), 2.05-

1.92 (m, 3H, GHy, + Cs-H), 1.29 (t,J = 7.1 Hz, 3H, CKCH3), 1.19 (s, 9H, C(CHs). *C NMR (125 MHz,

DMSO-ds, 100 °C):3 177.4 (CS), 161.2 (CO), 142.6 (CN), 130.5.(C), 129.3 (q2Jcr = 33.0 Hz,CCFR),

123.9 (Gi-H), 122.9 (9,"Jcr = 272.1 Hz, CF), 115.7 (Gi-H), 60.8 (G), 59.3 CH2CHs), 53.6 C(CHs)s3),

50.2 (G), 30.8 (G), 27.8 (CCHz3)s), 21.8 (G), 13.5 (CHCHa). **F NMR (282 MHz, DMSQds): & -61.6

(CR). IR (ATR) cmi': 3266 (NH), 2976 (NH), 2850 (C-H), 1678 (C=0), I5&=N), 1275 (C=S), 1126 (C-

N). MS (El) m/z (%): 271 (100), 252 (23), 213 (23), 202 (9), 162)( 83 (13).HRMS: Calculated for

[C21H27N4O-SFe] *: 513.1759 [(M+H])]; found: 513.1779. The ee was determined by HP&@gia Chiralcel

OD-3 column p-hexanefPrOH (92:08)]; flow rate 1.00 mL/Mifmajor = 3.761 MiNTminor = 4.230 min (91%

ee). pJo?% -46.9 € = 1.0, CHCIy). M.p. (CH.CI,): 76-78 °C.

'Bu

pn (S)-Isopropyl-(2)-2-{1-[(3,5-
N \\//S N _NH bis(trifluoromethyl)phenyl)carbamothioyl]pyrrolidin  -2-yl}-2-(2-
FsC _phenylhydrazono)acetate (4l)Following GP-F, 4l (42.8 mg, 0.078 mmol) was
G Sco isolated by FC (petroleum ether/EtOAc gradient frb®nl to 7:3) after 2h in 87%

CF3 yield as a light vyellow solid starting from isopydp (E)-2-(2-
phenylhydrazono)acetatd (18.6 mg, 0.09 mmol) ani-(3,5-bis(trifluoromethyl)phenyl)-2,3-dihydro-t
pyrrole-1-carbothioamid@e (45.9 mg, 0.135 mmol) in the presence of cata®{TRIP (3.4 mg, 0.0045
mmol), MS (4A, 27 mg) and using dry toluene (0.18) s solvent. R0.67 (hexanes/EtOAc 7:3H NMR
(500 MHz, DMSOeds, 100 °C): Z:E ratio: 7.8:1, *denote& diastereocisomer resonancésyl1.72 (s, 1H,
NNH), 9.77* (s, 1H, NNH), 9.2(s, 1H, CSNH), 8.18* (s, 2H,45H), 8.14 (s, 2H, &-H), 7.65*(s, 1H, G-
H), 7.63(s, 1H, G-H), 7.34-7.13 (m, 4H, £-H), 6.98-6.92 (m, 1H, £-H), 6.91-6.86* (m, 1H, &-H),
5.56-5.49 (m, 1H, &€H), 5.19-5.09 (m, 1H, B(CHs)2), 5.04-4.96* (m, 1H, E(CHa),), 4.05-3.77 (m, 2H,
Cs-H), 2.46-2.38* (m, 1H, &Ha), 2.38-2.27 (m, 1H, £€Ha), 2.26-2.18* (m, 1H, &Hy), 2.18-1.90 (m, 3H,
Cz-Hp + Cs4-H), 1.35 (d,J = 6.1 Hz, 6H, CH(El3),), 1.27* (d,J = 6.3 Hz, 3H, CH(El3)), 1.25* (d,J=6.3
Hz, 3H, CH(CH3)). *C NMR (125 MHz, DMSOds, 100 °C):5 177.7 (CS), 176.6* (CS), 162.2* (COO),
160.9 (COO0), 144.2* (£-C), 143.0 (G-C), 142.5 (CN), 142.3* (CN), 134.5 42C), 129.4 (q2Jcr = 32.9
Hz, CCFR), 128.6 (Gr-H), 128.3* (Gi-H), 124.0 (Gr-H), 123.4* (Gv-H), 123.9 (CB), 121.3 (Gi-H),
120.3* (Ga-H), 115.9 (tt,J = 6.9, 3.3 Hz, @-H), 113.4* (G-H), 113.2 (G:-H), 68.3 CH(CHj3)2), 66.7*
(CH(CHs)2), 61.3 (G), 57.9* (G), 50.0 (G), 30.6 (G), 28.4* (G), 24.0* (C), 22.3 (G), 21.0 (CHCHa)2),
21.0 (CHCHs3)2). *F NMR (282 MHz, DMSQOde): 6 -61.6 (CR). IR (ATR) cm': 3227 (NH), 2985 (NH),
2924 (C-H), 1676 (C=0), 1551 (C=N), 1273 (C=S),318-N). MS (El)nV/z (%): 271 (100), 252 (23), 213
(22), 202 (10), 163 (12), 83 (20WMRMS: Calculated for [€H2sN4O.SKs]*™: 547.1602 [(M+H])]; found:
547.1588. The ee was determined by HPLC using &lphk IA column p-hexanefPrOH (90:10)]; flow
rate 1.00 mL/min;tmajor = 9.683 MiN,tminor = 5.086 min (99% eeJo]p?® -84.3 € = 1.0, CHCL,). M.p.
(CHxCIy): 139-141 °C.

CF, (S,E)-N-[3,5-Bis(trifluoromethyl)phenyl]-2-[2-ox0-1-(2-
Ph phenylhydrazono)propyl]pyrrolidine-1-carbothioamide (4m). Following GP-F,
FsC s HN< 4m (39.4 mg, 0.078 mmol) was isolated by FC (petnmieather/EtOAc gradient

HN M _o from 19:1 to 7:3) after 1h in 87% vyield as a yellsolid starting from pyruvic
b ‘\f aldehyde 1-phenylhydrazonelg (14.6 mg, 0.09 mmol) andN-(3,5-
bis(trifluoromethyl)phenyl)-2,3-dihydroH-pyrrole-1-carbothioamide 2e (45.9
mg, 0.135 mmol) in the presence of cataly@tTRIP (3.4 mg, 0.0045 mmol), MS (4A, 27 mg) and using
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dry toluene (0.18 mL) as solvent;: R.49 (hexanes/EtOAc 6:4% NMR (500 MHz, DMSOes, 100 °C):
(Z:E ratio: 1:10, *denoteg diastereocisomer resonancés)3.24* (s, 1H, NNH), 9.98 (s, 1H, NNH), 9.27 (s,
1H, CSNH), 8.20 (s, 2H, 4&5H), 8.15* (s, 2H, G-H), 7.64* (s, 1H, G-H), 7.62 (s, 1H, @-H), 7.36-7.22
(m, 4H, Gi-H), 7.02-6.96* (m, 1H, &-H), 6.96-6.85 (m, 1.6 Hz, 1H,,EH), 5.61-5.56* (m, 1H, &H),
5.49-5.41 (m, 1H, &H), 3.99-3.76 (m, 2H, £H), 2.40-2.29 (m, 4H, €Ha+ CHs), 2.24-2.14 (m, 1H, £
Ha), 2.06-1.95 (m, 1H, £Hp), 1.92-1.83 (m, 1H, €Hp). *3C NMR (125 MHz, DMSOds, 100 °C):5 194.8
(CO), 176.1 (CS), 143.9 (&C), 142.4 (G-C), 141.1 (CN), 129.4 (¢fJcr = 32.9 Hz,CCF), 128.7* (G-
H), 128.6* (Gv-H), 128.5 (G.-H), 123.0 (q2Jcr = 3.5 Hz, Gi-H), 122.9 (9 Jck = 272.8 Hz, CB), 121.1*
(Car-H), 120.9 (Gi-H), 115.5 (q,*Jcr = 3.9 Hz, Gi-H), 113.7* (Gi-H), 113.6 (Gr-H), 57.3 (G), 57.1*
(C2), 51.7* (G), 50.0 (G), 28.3 (G), 24.6 (CH), 24.2 (G). F NMR (282 MHz, DMSOds): 6 -61.6 (CR).
IR (ATR) cntt: 3296 (NH), 2968 (NH), 2850 (C-H), 1645 (C=0), 956&=N), 1269 (C=S), 1127 (C-N).
MS (El) m/z (%): 271 (100), 252 (23), 213 (21), 202 (11), 182), 83 (25).HRMS: Calculated for
[C22H21N4OSK]*: 503.1340 [(M+H]]; found: 503.1341. The ee was determined by HP&i@gua Chiralcel
OD-3 column f-hexanePrOH (92:08)]; flow rate 1.00 mL/Mintmajor = 4.522 mMiN,tminor = 14.340 min
(>99% ee)[a]p?®% +287.1 ¢ = 1.0, CHCI,). M.p. (CHCI,): 190-192 °C.

(S,E)-N-[3,5-Bis(trifluoromethyl)phenyl]-2-[2,2,2-trifluor 0-1-(2-
Ph phenylhydrazono)ethyl]pyrrolidine-1-carbothioamide (4n). Following GP-F,
FaC S HN‘N 4n (34.9 mg, 0.066 mmol) was isolated by FC (petnmeather/EtOAc gradient
in—< L from 19:1 to 7:3) after 20h in 73% vyield as a widtdid starting from E)-1-
b CF;  phenyl-2-(2,2,2-trifluoroethylidene)hydrazirh (16.9 mg, 0.09 mmol) andl-
(3,5-bis(trifluoromethyl)phenyl)-2,3-dihydroHkpyrrole-1-carbothioamide  2e
(45.9 mg, 0.135 mmol) in the presence of catal{TRIP (3.4 mg, 0.0045 mmol), MS (4A, 27 mg) and
using dry toluene (0.18 mL) as solvent. @37 (hexanes/EtOAc 7:3H NMR (500 MHz, DMSOes, 100
°C):(Z:E ratio: 1:16, *denoted diastereoisomer resonancé®.86 (s, 1H, NNH), 9.70* (s, 1H, NNH), 9.53
(s, 1H, CSNH), 9.37* (s, 1H, CSNH), 8.22 (s, 2H,-8), 8.16* (s, 2H, &-H), 7.69 (s, 1H, &-H), 7.66*
(s, 1H, G-H), 7.27 (appt tJ = 7.8 Hz, 2H, G&-H), 7.21 (dJ = 7.8 Hz, 2H, G&-H), 6.90 (appt tJ = 7.2 Hz,
1H, Ga-H), 5.83-5.70 (m, 1H, £H), 5.51-5.44* (m, 1H, &H), 4.00-3.90 (m, 1H, £H,), 3.83-3.70 (m, 1H,
Cs-Hp), 2.51-2.39 (m, 1H, £Ha), 2.23-2.12 (m, 1H, £Ha), 2.11-2.01 (m, 1H, £Hy), 2.00-1.92 (m, 1H, £
Hp). *C NMR (125 MHz, DMSOds, 100 °C):6 178.8 (CS), 143.9 (&C), 142.2 (CN), 129.6 (FJcr =
33.0 Hz,CCR), 128.4 (Gi-H), 123.6 (Gi-H), 122.8 (9, Ncr = 272.8 Hz, CF), 122.1 (9 cr = 274.1 Hz,
CR), 120.5 (G-H), 116.1 (9,%Jcr = 3.5 Hz, Gi-H), 113.2 (G:-H), 57.1 (G), 49.9 (G), 28.3 (G), 23.8
(Cs). F NMR (282 MHz, DMSOQOdg): 6 -61.6 (CR). IR (ATR) cm®: 3285 (NH), 2924 (NH), 2853 (C-H),
1536 (C=N), 1276 (C=S), 1175 (C-F), 1124 (C-N). MSB) m/z (%): 271 (100), 252 (24), 213 (24), 202
(10), 163 (12), 83 (29). HRMS: Calculated for{fisNsOSk]*: 529.1108 [(M+H)]; found: 529.1119. The
ee was determined by HPLC using a Chiralpak AS-Himo [n-hexandPrOH (95:05)]; flow rate 1.00
mML/Min; Tmajor = 59.265 MiNgminor = 15.983 min (99% ee)a]p?® +125.7 ¢ = 1.0, CHCI,). M.p. (CHCL):
129-131 °C.

CF3

pn (SE)-N-[3,5-Bis(trifluoromethyl)phenyl]-2-[phenyl(2-

. N\\//S \NH phenylhydrazono)methyl]pyrrol|.d|ne-1-carboth|pam|de (40). FoIIowmg_ GP-F,
3 AL 40 (45.6 mg, 0.085 mmol) was isolated by FC (petmolether/EtOAc gradient from
Q' Ph19:1 to 7:3) after 20h in 94% vyield as a white galiarting from [E)-1-benzylidene-

CFs 2-phenylhydrazind.i (17.7 mg, 0.09 mmol) and-(3,5-bis(trifluoromethyl)phenyl)-
2,3-dihydro-H-pyrrole-1-carbothioamid@e (45.9 mg, 0.135 mmol) in the presence of catali&tTRIP
(6.8 mg, 0.009 mmol), MS (4A, 27 mg) and using dofuene (0.18 mL) as solvent.s:R0.58
(hexanes/EtOAc 7:3YH NMR (500 MHz, DMSO¢ds, 100 °C):(E:Z ratio: 4.3:1, *denoteZ diastereoisomer
resonancesy 9.28 (s, 1H, CSNH), 9.11* (s, 1H, NNH), 8.27 (81, NNH), 8.20 (s, 2H, &-H), 7.98-7.89*
(m, 2H, G-H), 7.64 (s, 1H, &-H), 7.63* (s, 1H, G-H), 7.58-7.50 (m, 2H, £&-H), 7.51-7.45 (m, 3H, &-
H), 7.35-7.28* (m, 2H, @-H), 7.24-7.15* (m, 3H, ®&-H), 7.14-7.08 (m, 2H, £-H), 7.08-7.03 (m, 2H,
Car-H), 6.81-6.76* (m, 1H, &-H), 6.75-6.69 (m, 1H, £-H), 5.76-5.72* (m, 1H, &H), 5.51-5.43 (m, 1H,
Co-H), 3.98-3.88 (m, 1H, £Ha), 3.88-3.75 (m, 1H, £Hyp), 2.66-2.55* (G-H), 2.23-2.12 (m, 1H, £HJ),
2.12-1.94 (m, 3H, &Hy + Cs-H). 3C NMR (125 MHz, DMSOds, 100 °C):6 178.2* (CS), 178.0 (CS),
145.6* (CN), 145.2 (CN), 143.7 (&C), 142.4 (G-C), 142.2* (G-C), 132.4 (G-C), 129.4 (q?Jcr = 32.9
Hz, CCR), 128.7 (Gr-H), 128.5* (G-H), 128.2* (G-H), 128.1 (Gr-H), 127.6 (Gr-H), 127.2* (G-H),
126.8* (Ga-H), 126.7 (Gi-H), 123.7 (G-H), 123.5* (G-H), 122.8 (q,cF = 272.7 Hz, CF), 118.8* (G-
H), 118.6 (G,-H), 116.1* (Gy-H), 115.8 (93Jc-r = 4.0 Hz, G-H), 112.7* (G-H), 112.4 (G-H), 65.3 (G),
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50.0 (G), 29.2 (G), 28.9* (G), 22.9* (G), 22.1 (G). %F NMR (282 MHz, DMSOQdg): § -61.5 (CR). IR
(ATR) cnm’: 3335 (NH), 2924 (NH), 2810 (C-H), 1602 (C=N), 52C=S), 1126 (C-N). MS (Elwz (%):
271 (100), 252 (23), 213 (22), 202 (10), 163 (B3 (11). HRMS: Calculated for peH23N4SFs]*: 537.1548
[(M+H)]; found: 537.1543. The ee was determined by HP&i@gia Chiralpak IC columm{hexanefPrOH
(92:08)]; flow rate 1.00 mL/Mintmajor = 4.825 MiNn,tminor = 5.576 min (90% ee)a]p?® +158.0 ¢ = 1.0,
CH:CI2). M.p. (CHCI): 56-58 °C.

(S,2)-N-[3,5-Bis(trifluoromethyl)phenyl]-2-[(perfluorophen yl)(2-
Ph phenylhydrazono)methyl]pyrrolidine-1-carbothioamide (4p). Following
s HI‘\LN GP-F, 4p (44.0 mg, 0.070 mmol) was isolated by FC (petnwiezither/EtOAC

| ] ¢ gradient from 19:1 to 7:3) after 20h in 78% yiefdaawhite foam starting from
N
SRy
F

CF3

FsC
HN
(B)-1-((perfluorophenyl)methylene)-2-phenylhydrazing (25.8 mg, 0.09
mmol) and N-(3,5-bis(trifluoromethyl)phenyl)-2,3-dihydroHtpyrrole-1-
carbothioamidee (45.9 mg, 0.135 mmol) in the presence of catdiRs{TRIP
(6.8 mg, 0.009 mmol), MS (4A, 27 mg) and using doluene (0.18 mL) as solvent.:R0.49
(hexanes/EtOAc 7:3)H NMR (500 MHz, DMSOds, 100 °C): ZE ratio: >20:1, *denotesk
diastereoisomer resonancés).66* (s, 1H, NNH), 9.43* (s, 1H, CSNH), 9.31 {44, CSNH), 9.12 (s, 1H,
NNH), 8.21* (s, 2H, G-H), 8.13 (s, 2H, @-H), 7.64 (s, 1H, @-H), 7.23-7.16 (m, 2H, £-H), 7.11 (dJ=
7.9 Hz, 2H, Gi-H), 6.86-6.79 (m, 1H, £-H), 5.88-5.82* (m, 1H, &H), 5.73-5.66 (m, 1H, £H), 3.98-3.75
(m, 2H, G-H), 2.37-2.30 (m, 1H, £Ha), 2.26-2.08 (M, 3H, £Hp + Cs-H). °C NMR (125 MHz, DMSOQOdb,
100 °C):6 178.6 (CS), 144.4 (,&5C), 143.4 (dmJcr = 245.9 Hz, GFs), 142.4 (CN), 142.3 (&-C), 137.1
(dm, Jcr = 249.8 Hz, GFs), 129.5 (q2Jcr = 32.8 Hz,CCRs), 128.3 (Gr-H), 123.1 (G-H), 123.1 (9 cr
= 272.8 Hz, CF), 119.7 (Gr-H), 115.7 (Gi-H), 112.7 (Gr-H), 107.3 (dm, &-C), 63.8 (G), 49.4 (G), 28.4
(Cs), 22.4 (G). F NMR (282 MHz, DMSOdg): 5 -61.6 (CR), -137.4 (m, GFsm-F), -154.3 (m, & p-F), -
162.1 (m, GFso-F). IR (ATR) cmt: 3269 (NH), 2926 (NH), 1520 (C=N), 1277 (C=S), 1{T-F), 1132 (C-
N). MS (El) mz (%): 271 (100), 252 (23), 213 (22), 202 (10), 1@3). HRMS: Calculated for
[CoeH1sN4SF4]*: 627.1077 [(M+H])]; found: 627.1086. The ee was determined by HPEi@gua Chiralpak
AD-H column |p-hexanefPrOH (98:02)]; flow rate 1.00 mL/Mingmajor = 47.899 MiNTminor = 57.949 min
(97% ee). ¢]o°° +15.7 € = 1.0, CHCI,). M.p. (CHCl,): 157-159 °C.

’ Ph (S,E)-N-[3,5-Bis(trifluoromethyl)phenyl]-2-[(4-cyanophenyl)(2-
N\(S nNH phenylhydrazono)methyl]pyrrolidine-1-carbothioamide (4q). Following
FaC N GP-F, 49 (45.6 mg, 0.081 mmol) was isolated by FC (petnolaiher/EtOAC
Q gradient from 19:1 to 7:3) after 20h in 90% yiekl a yellow solid starting
CFs CN from (E)-4-((2-phenylhydrazono)methyl)benzonitril& (19.9 mg, 0.09 mmol)

andN-(3,5-bis(trifluoromethyl)phenyl)-2,3-dihydroHtpyrrole-1-carbothioamidge (45.9 mg, 0.135 mmol)
in the presence of cataly®R)(TRIP (6.8 mg, 0.009 mmol), MS (4A, 27 mg) and using tiiyene (0.18 mL)
as solvent. R 0.43 (hexanes/EtOAc 8:2YH NMR (500 MHz, DMSOds, 100 °C):(E:Z ratio: 1.3:1,
*denotesZ diastereocisomer resonancés).37* (s, 2H, NNH + CSNH), 9.31 (s, 1H, CSNH), 8.6, 1H,
NNH), 8.19 (s, 2H, &-H), 7.99-7.86 (m, 2H, £-H), 7.74-7.59 (m, 2H, £-H), 7.26-7.20* (m, 4H, &-H),
7.16-7.10 (m, 2H, &-H), 7.10-7.06 (m, 2H, £-H), 6.87-6.79* (m, 1H, @-H), 6.77-6.70 (m, 1H, &-H),
5.72-5.66* (m, 1H, &H), 5.48-5.42 (m, 1H, £H), 4.05-3.78 (m, 2H, £H), 2.69-2.60* (m, 1H, &Ha),
2.27-1.90 (m, 3H, &H + Cs-H). 13C NMR (125 MHz, DMSQds, 100 °C):8 178.4* (CS), 178.0 (CS),
145.2* (Gu-C), 145.1 (G-C), 142.4 (CNNH), 142.1* (CNNH), 141.8 4C), 141.3* (G,-C), 137.8 (G-
C), 132.4 (Gi-H), 131.0* (Gy-H), 129.4 (9,2Jcr = 32.5Hz,CCR), 128.9 (G-H), 128.3* (G-H), 128.1
(Car-H), 127.0* (Gu-H), 123.9 (Gi-H), 123.5* (Gv-H), 119.4* (G-H), 118.8 (G-H), 118.2* (CN), 117.9
(CN), 116.0 (Gr-H), 112.9* (Gv-H), 112.5 (Gi-H), 111.3 (G:-C), 111.2* (G:-C), 65.2 (Q), 59.4* (G),
50.9 (G), 49.8* (G), 29.2 (GQ), 28.6* (G), 23.9* (Cy), 22.2 (G). F NMR (282 MHz, DMSOde): & -61.5
(CR). IR (ATR) cm* 3308 (NH), 2928 (NH), 2231{CN), 1600 (C=N), 1276 (C=S), 1128 (C-N). MS (El)
m/z (%): 271 (100), 252 (22), 213 (22), 202 (11), 163), 83 (17) HRMS: Calculated for [&H2oNsSFs]
562.1500 [(M+H]]; found: 562.1495. The ee was determined by HPk{@gia Chiralpak IC columm{
hexandgPrOH (90:10)]; flow rate 1.00 mL/Mirgmajor = 17.194 Min tminor = 11.594 min (88% ee]a]p?"
+47.0 €= 1.0, CHCI). M.p. (CHCI): 97-99 °C.
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Ph (S,E)-N-[3,5-Bis(trifluoromethyl)phenyl]-2-{(2-phenylhydra zono)[4-

N \\//s N,NH (trifIuor_omethyl)phenyl]methyl}pyrrolidine-l-carboj[ hioamide (4r).
FaC N Following GP-F, 4r (32.7 mg, 0.054 mmol) was isolated by FC (petnwieu
Q ether/EtOAc gradient from 19:1 to 7:3) after 20160% yield as a white solid

CF3 CFs starting from E)-1-phenyl-2-(4-(trifluoromethyl)benzylidene)hydrag 1l

(23.8 mg, 0.09 mmol) anl-(3,5-bis(trifluoromethyl)phenyl)-2,3-dihydroHtpyrrole-1-carbothioamid@e
(45.9 mg, 0.135 mmol) in the presence of catalHTRIP (6.8 mg, 0.009 mmol), MS (4A, 27 mg) and
using dry toluene (0.18 mL) as solvent. @56 (hexanes/EtOAc 8:2H NMR (500 MHz, DMSOeds, 100
°C): (E:Z ratio: 2.0:1, *denoteg diastereocisomer resonancésy.33* (s, 1H, NNH), 9.30 (s, 1H, CSNH +
CSNH?*), 8.58 (s, 1H, NNH), 8.20 (s, 2Ha€H), 7.89* (s, 2H, &-H), 7.86 (d,J = 8.0 Hz, 2H, &-H),
7.75-7.68 (m, 2H, &-H), 7.65 (s, 1H, &-H), 7.63* (s, 2H, G&-H), 7.26-7.17* (m, 4H, &-H), 7.17-7.03
(m, 4H, Gi-H), 6.86-6.77* (m, 1H, &-H), 6.77-6.70 (m, 1H, §-H), 5.76-5.68* (m, 1H, &H), 5.51-5.44
(m, 1H, G-H), 4.05-3.73 (m, 2H, £H), 2.75-2.59* (m, 1H, &Hy), 2.29-1.94 (m, 4H, €H + Cs-H). 3C
NMR (125 MHz, DMSOsdg, 100 °C):3 178.4* (CS), 178.0 (CS), 145.2 4€C), 142.4* (G-C), 142.1 (CN),
141.3 (CN), 137.1 (£-C), 129.6 (q2Jcr = 32.9 HzCCR + p-CCF), 128.7 (G-H), 128.3* (G-H), 128.0
(Ca-H), 127.1* (Gy-H), 125.4 (q,3)cr = 3.9 Hz, Gi-H), 123.9* (G-H), 123.8 (Gi-H), 123.6* (Gy-H),
123.7 (q,%9¢c¢ = 272.2 Hz, CF), 122.9 (q,'Jc.r = 272.2 Hz, C), 121.7 (G-C), 121.6* (G,-C), 119.2*
(Car-H), 118.7 (Gi-H), 115.9 (Gi-H), 112.8* (Gi-H), 112.6 (Gi-H), 65.2 (G), 59.4* (G), 50.8* (G), 49.9
(Cs), 29.2 (G), 28.7* (G), 23.9* (C), 22.2 (G). F NMR (282 MHz, DMSOdg): 6 -61.2 (CE), -61.6
(CR). IR (ATR) cm®: 3340 (NH), 2981 (NH), 1601 (C=N), 1276 (C=S), 2Y€-F), 1124 (C-N). MS (EI)
m/z (%): 271 (100), 252 (23), 213 (23), 202 (10), 163), 83 (6). HRMS: Calculated for §&2:N4SF]*:
605.1421 [(M+H]]; found: 605.1434. The ee was determined by HPk@gia Chiralpak IA columnnf
hexane/PrOH (90:10)]; flow rate 1.00 mL/MiMtmajor = 6.290 MIN,Tminor = 6.940 min (86% ee)o]p®":
+125.9 € = 1.0, CHCI). M.p. (CH.CI,): 81-83 °C.

- (S)-Methyl-(E)-4-{{1-[(3,5-

N_s N,NH bis(trifluoromethyl)phenyl)carbamothioyl]pyrrolidin -2-yl}(2-
FsC \i J phenylhydrazono)methyltbenzoate (4s)Following GP-F, 4s (34.7 mg,
Q Q 0.058 mmol) was isolated by FC (petroleum etherAst@radient from
CFs coMe 19:1 to 7:3) after 20h in 65% vyield as a light gell solid starting from

methyl  E)-4-((2-phenylhydrazono)methyl)benzoatdm (229 mg, 0.09 mmol) andN-(3,5-
bis(trifluoromethyl)phenyl)-2,3-dihydroH-pyrrole-1-carbothioamide2e (45.9 mg, 0.135 mmol) in the
presence of catalysR-TRIP (6.8 mg, 0.009 mmol), MS (4A, 27 mg) and using tidgene (0.18 mL) as
solvent. R 0.45 (hexanes/EtOAc 8:2H NMR (500 MHz, DMSOds, 100 °C):(E:Z ratio: 2.1:1, *denotes
minor Z resonances,overlapped signals) 9.32* (s, 1H, NNH), 9.3Qbs, 1H, CSNH), 8.48 (s, 1H, NNH),
8.19 (s, 2H, &-H), 8.08 (d,J = 8.0 Hz, 2H, G&-H), 7.90 (d,J = 8.3 Hz, 1H, &-H), 7.66-7.56 (m, 2H, £&-
H), 7.25-7.18* (m, 4H, &-H), 7.16-7.03 (m, 4H, £-H), 6.85-6.78* (m, 1H, @-H), 6.75-6.71 (m, 1H, £&-
H), 5.75-5.68* (m, 1H, &H), 5.49 (ddJ = 7.8, 2.0 Hz, 1H, £€H), 4.05-3.82 (m, 5H, G-H + OCH), 2.71-
2.59* (m, 1H, G-HJ), 2.26-1.97 (m, 4H, €H + Cs-H). 3C NMR (125 MHz, DMSQds, 100 °C):5 178.3*
(CS), 178.0 (CS), 165.6* (COO), 165.5 (COO0), 145€%-C), 145.1 (G-C), 142.4 (CN), 137.5 (&C),
129.8 (G,-C), 129.6 (q2Jcr = 33.0 Hz,CCRs), 129.4 (G-H), 128.3* (G-H), 128.1 (G-H), 128.1* (G-
H), 128.0 (G/-H), 126.5* (G-H), 123.8 (q,Jcr = 3.3 Hz, Gi-H), 123.5* (G-H), 122.8 (q,1Jcr = 273.1
Hz, CR), 119.2* (Gv-H), 118.7 (G-H), 115.9 (q,3)cr = 2.9 Hz, Gr-H), 112.8* (Gv-H), 112.5 (Gi-H),
65.0 (@), 59.5* (G), 51.5 (OCH), 51.2* (OCH), 50.9* (G), 50.0 (@), 29.2 (G), 28.7* (G), 23.9* (C),
22.2 (G). F NMR (300 MHz, DMSOdg): & -61.6 (CR). IR (ATR) cm* 3308 (NH), 2959 (NH), 1717
(C=0), 1601 (C=N), 1275 (C=S), 1129 (C-N). MS (Bl (%): 271 (100), 252 (23), 213 (24), 202 (11), 163
(13), 83 (25)HRMS: Calculated for [€sH2sN4O.SFs]*: 595.1602 [(M+H])]; found: 595.1607. The ee was
determined by HPLC using a Chiralpak IC columshgxanePrOH (90:10)]; flow rate 1.00 mL/mirmajor

= 10.350 MiNgminor = 12.245 min (83% ee)a]p? +102.4 ¢ = 1.0, CHCI). M.p. (CH.Cl,): 77-79 °C.

Ph (S,E)-N-[3,5-Bis(trifluoromethyl)phenyl]-2-[(4-bromophenyl)(2-
N \\//s N,NH phenylhydrazono)methyl]pyrrolidine-l—_carbothioamide (4t). Following
FaC N GP-F, 4t (43.9 mg, 0.071 mmol) was isolated by FC (petnoieather/EtOAC
G' gradient from 19:1 to 7:3) after 20h in 79% yietdaalight yellow solid starting
CF3 Br from (E)-1-(4-bromobenzylidene)-2-phenylhydraziie (24.8 mg, 0.09 mmol)

andN-(3,5-bis(trifluoromethyl)phenyl)-2,3-dihydroktpyrrole-1-carbothioamidge (45.9 mg, 0.135 mmol)
in the presence of cataly®R)(TRIP (6.8 mg, 0.009 mmol), MS (4A, 27 mg) and using tiiyene (0.18 mL)
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as solvent. R 0.58 (hexanes/EtOAc 7:33H NMR (500 MHz, DMSOds, 100 °C):(E:Z ratio: 3.2:1,
*denotesZ diastereoisomer resonancésd.32* (s, 1H, CSNH), 9.28 (s, 1H, CSNH), 9.18* {$], NNH),
8.47 (s, 1H, NNH), 8.20 (s, 2H,aCH), 7.96* (s, 2H, G&-H), 7.71 (d,J = 8.4 Hz, 2H, &-H), 7.65 (s, 1H,
Car-H), 7.52-7.47* (m, 2H, @&-H), 7.47-7.40 (m, 2H, £&-H), 7.25-7.17* (m, 4H, @-H), 7.16-7.05 (m, 4H,
Car-H), 6.82-6.77* (m, 1H, &-H), 6.75-6.69 (m, 1H, £-H), 5.74-5.66* (m, 1H, &H), 5.47-5.40 (m, 1H,
C>-H), 4.01-3.76 (m, 2H, £H), 2.66-2.56* (G-HJ), 2.27-1.93 (M, 4H, €H + Cs-H). 13C NMR (125 MHz,
DMSO-ds, 100 °C):6 178.3* (CS), 178.0 (CS), 145.4* (CN), 145.2 (CN%2.4 (Gi-C), 142.1* (G-C),
136.6 (G-C), 131.8 (G-C), 131.7 (Gr-H), 130.1* (Gi-H), 129.9 (Gi-H), 129.4 (q,2Jcr = 33.6 Hz,
CCFs), 128.6* (Gy-H), 128.3* (Gy-H), 128.0 (Gi-H), 123.8 (Gi-H), 123.6* (Gv-H), 123.0 (9,%dcr =
272.3 Hz, CEk), 123.8 (Gi-H), 121.7 (G:-C), 119.0* (Gi-H), 118.6 (Gi-H), 115.9 (9, Jcr = 4.3 Hz, G-
H), 112.7* (G-H), 112.5 (Gi-H), 65.3 (G), 59.5* (G), 49.9 (G), 29.2 (G), 28.7* (&), 23.9* (C), 22.1
(Cs). *F NMR (282 MHz, DMSOde): 6 -61.5 (CR). IR (ATR) cm®: 3341 (NH), 2971 (NH), 2930 (C-H),
1591 (C=N), 1276 (C=S), 1129 (C-N). MS (EWz (%): 271 (100), 252 (27), 213 (24), 202 (10), 163),
83 (25), 69 (9)HRMS: Calculated for [&eH22N4SFBr]*: 615.0653 [(M+H)]; found: 615.0647. The ee was
determined by HPLC using a Chiralpak IC columshgxanePrOH (92:08)]; flow rate 1.00 mL/mirmajor
= 4.597 MiNTminor = 4.956 Min (92% ee)u]p?% +114.7 ¢ = 1.0, CHCI,). M.p. (CHCIy): 88-90 °C.

Ph (S,E)-N-[3,5-Bis(trifluoromethyl)phenyl]-2-[(4-chlorophenyl)(2-
N\(S N,NH phenylhydrazono)methyl]pyrrolidine-1-carbothioamide (4u). Following
FsC Ne GP-F, 4u (42.3 mg, 0.074 mmol) was isolated by FC (petnolether/EtOAc
Q Q gradient from 19:1 to 7:3) after 20h in 82% yietdaayellow solid starting from
CFs ¢ (E)-1-(4-chlorobenzylidene)-2-phenylhydrazide (20.8 mg, 0.09 mmol) and

N-(3,5-bis(trifluoromethyl)phenyl)-2,3-dihydroHtpyrrole-1-carbothioamid@e (45.9 mg, 0.135 mmol) in
the presence of cataly®R)(TRIP (6.8 mg, 0.009 mmol), MS (4A, 27 mg) and using iyene (0.18 mL) as
solvent. R 0.55 (hexanes/EtOAc 8:2H NMR (500 MHz, DMSOes, 100 °C): E:Z ratio: 3:1, *denote¥
diastereoisomer resonancésy.32*(s, 1H, CSNH), 9.29 (s, 1H, CSNH), 9.17* (s, 1H, ININ8.46 (s, 1H,
NNH), 8.20 (s, 2H, @-H), 7.96* (s, 2H, G-H), 7.65 (s, 1H, &-H), 7.57 (d,J = 8.5 Hz, 2H, &-H), 7.52-
7.47 (m, 2H, G-H), 7.34* (d,J = 8.5 Hz, 2H, &-H), 7.25-.716 (m, 1H, £-H), 7.15-7.02 (m, 3H, £-H),
6.82-6.77* (m, 1H, &-H), 6.75-6.70 (m, 1H, £-H), 5.74-5.69* (m, 1H, &H), 5.47-5.39 (m, 1H, £H),
4.02-3.74 (m, 2H, &H), 2.65-2.57* (G-HaJ), 2.28-1.94 (m, 4H, £€H + Cs:-H). 13C NMR (125 MHz, DMSO-
ds, 100 °C):6 178.3* (CS), 178.0 (CS), 145.4* 4C), 145.2 (G&-C), 142.4 (CN), 142.2* (CN), 136.2 4
C), 133.4 (G-C), 131.4 (Gr-C), 129.6 (G-H), 129.4 (q,2JcF = 33.0 Hz,CCF), 128.7 (G,-H), 128.3*
(Car-H), 128.0 (Gi-H), 127.2* (Gy-H), 123.8 (Gi-H), 123.5* (Gy-H), 122.8 (q,"Jcr = 272.9 Hz, Ch),
119.0* (Gu-H), 118.6 (Gi-H), 115.9 (q,2Jcr = 3.3 Hz, Gr-H), 112.7* (G-H), 112.5 (G,-H), 65.3 (G),
59.5* (G), 50.7* (G), 50.0 (G), 29.2 (G), 28.7* (G), 23.9* (C), 22.1 (G). *F NMR (282 MHz, DMSO-
de): 8 -61.5 (CR). IR (ATR) cm: 2984 (NH), 1601 (C=N), 1278 (C=S), 1134 (C-N). MB) mVz (%): 271
(100), 252 (24), 213 (23), 202 (11), 163 (14), 1#B, 83 (34), 69 (9). HRMS: Calculated for
[C26H22N4SKCI*: 571.1158 [(M+H]]; found: 571.1157. The ee was determined by HPki@gia Chiralcel
OD-3 column p-hexanePrOH (95:05)]; flow rate 1.00 mL/Mifmajor = 9.354 MiNgminor = 11.676 min (90%
ee). p]p?% +145.3 ¢ = 1.0, CHCIl,). M.p. (CHCl,): 81-83 °C.

Ph (S,E)-N-[3,5-Bis(trifluoromethyl)phenyl]-2-[(4-fluoropheny I)(2-
N\\//s N/NH phenylhydrazono)methyl]pyrrolidine-1-carbothioamide (4v). Following GP-
FsC Ne F, 4v (47.8 mg, 0.086 mmol) was isolated by FC (petnuleether/EtOAC
Q Q gradient from 19:1 to 7:3) after 20h in 95% yieklaawhite solid starting from
CF3 F (E)-1-(4-fluorobenzylidene)-2-phenylhydrazihp (19.3 mg, 0.09 mmol) ang-

(3,5-bis(trifluoromethyl)phenyl)-2,3-dihydroHtpyrrole-1-carbothioamid@e (45.9 mg, 0.135 mmol) in the
presence of catalysR(-TRIP (6.8 mg, 0.009 mmol), MS (4A, 27 mg) and using tipiene (0.18 mL) as
solvent. R 0.52 (hexanes/EtOAc 7:3H NMR (500 MHz, DMSOsds, 100 °C)(E:Z ratio: 3.7:1, *denote&
diastereoisomer resonancé<).30* (s, 1H, CSNH*), 9.28 (s, 1H, CSNH), 9.12* {4, NNH), 8.37 (s, 1H,
NNH), 8.20 (s, 2H, &-H), 7.95* (s, 2H, G-H), 7.65 (s, 1H, @-H), 7.57-7.48 (m, 2H, £-H), 7.36-7.29
(m, 2H, Gy-H), 7.25-7.15 (m, 1H, £-H), 7.15-7.02 (m, 3H, £-H), 6.81-6.76* (m, 1H, &-H), 6.75-6.69
(m, 1H, G-H), 5.75-5.68* (m, 1H, &H), 5.47-5.40 (m, 1H, £H), 4.01-3.72 (m, 2H, &H), 2.67-2.57*
(Cs-H), 2.26-1.95 (m, 4H, £H + Cs-H). 13C NMR (125 MHz, DMSQOds, 100 °C):5 178.2* (CS), 178.0
(CS), 161.9 (dNcr = 246.4 Hz, CF), 145.5* ((C), 145.2 (G-C), 142.4 (CN), 142.2* (CN), 130.0 (-
F = 8.4 Hz, Gi-H), 129.4 (q,2)cr = 32.8 Hz,CCRs), 128.6 (G/-C), 128.2* (G-H), 128.0 (Gi-H), 123.8
(Car-H), 123.5* (Gy-H), 122.8 (q,"Jcr = 272.6 Hz, CE), 118.8* (G-H), 118.6 (G-H), 115.9 (G-H),
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115.6 (d,2Jcr = 21.6 Hz, Gr-H), 113.9* (d,2Jcr = 21.2 Hz, G-H), 112.7* (G-H), 112.5 (G.-H), 65.3
(C2), 59.5* (G), 50.7* (G), 49.9 (G), 29.1 (G), 28.7* (G), 22.1 (G). *F NMR (282 MHz, DMSOd): 5 -
61.5 (CR), -112.4 (CF). IR (ATR) cnk 2930 (NH), 1600 (C=N), 1276 (C=S), 1172 (C-F)281C-N). MS
(El) m/z (%): 271 (100), 252 (24), 213 (22), 202 (10), 1@3), 83 (33).HRMS: Calculated for
[C26H22N4SF]": 555.1453 [(M+H]]; found: 555.1453. The ee was determined by HPki@gia Chiralpak
IC column p-hexanaPrOH (92:08)]; flow rate 1.00 mL/MiRmajor = 4.716 MiNTminor = 5.079 min (94% ee).
[a]p?®% +169.4 € = 1.0, CHCI,). M.p. (CHCl,): 77-79 °C.

The reaction was carried out in a onepot procedure starting from phenylhydrazine and p-
fluorobenzaldehyde:

Phenylhydrazine (8.9 pL, 0.09 mmol) apdluorobenzaldehyde (9.9 pL, 0.09 mmol) were heatedry
toluene (0.18 mL) at 55°C for 3h. After cooling tleaction to -5°CN-[3,5-bis(trifluoromethyl)phenyl]-2,3-
dihydro-1H-pyrrole-1-carbothioamid@e (45.9 mg, 0.135 mmol) was added to the mixturesttogr with
catalyst3a (6.8 mg, 0.009 mmol) and 4A MS and the mixture akmwved to stir at this temperature for 20h.
The crude reaction mixture was directly chargedoasitica gel and subjected to flash chromatography
(petroleum ether/EtOAc gradient from 19:1 to 7@)afford4v (45.5 mg, 0.082 mmol, 91%, 94% ee) as a
white solid.

(S,E)-N-[3,5-Bis(trifluoromethyl)phenyl]-2-[(3-fluoropheny 1) (2-

H s \n phenylhydrazono)methyl]pyrrolidine-1-carbothioamide (4w). Following GP-
N ’ .
FsC R |N F, 4w (39.8 mg, 0.072 mmol) was isolated by FC (petnwleather/EtOAC
Q <Nj gradient from 19:1 to 7:3) after 20h in 80% yieklalight yellow solid starting
CFs from (E)-1-(3-fluorobenzylidene)-2-phenylhydraziriey (19.3 mg, 0.09 mmol)

Fand N-(3,5-bis(trifluoromethyl)phenyl)-2,3-dihydroHtpyrrole-1-carbothioamide
2e (45.9 mg, 0.135 mmol) in the presence of catgRsTRIP (6.8 mg, 0.009 mmol), MS (4A, 27 mg) and
using dry toluene (0.18 mL) as solvent. ®58 (hexanes/EtOAc 8:2H NMR (500 MHz, DMSOeds, 100
°C): (E:Z ratio: 2.7:1, *denoteZ diastereocisomer resonancésy.36* (s, 1H, CSNH), 9.29 (s, 1H, CSNH),
9.20* (s, 1H, NNH), 8.47 (s, 1H, NNH), 8.19 (s, 2B-H), 7.96* (s, 2H, G-H), 7.65 (s, 1H, &-H), 7.61-
7.51 (m, 1H, G-H), 7.39-7.15 (m, 3H, £-H), 7.15-7.04 (m, 4H, £-H), 6.84-6.77* (m, 1H, &-H), 6.77-
6.69 (m, 1H, G&-H), 5.75-5.68* (m, 1H, &H), 5.48-5.41 (m, 1H, £H), 4.02-3.73 (m, 2H, &H), 2.66-
2.55* (m, 1H, G-HJ), 2.27-1.96 (m, 4H, £€H + Cs-H). 3C NMR (125 MHz, DMSQds, 100 °C):5 178.3*
(CS), 178.0 (CS), 162.1 (tlcF = 245.6 Hz, CF), 145.3* (&C), 145.2 (G-C), 142.4 (CN), 142.2* (CN),
134.8 (G-C), 130.7 (d3Jcr = 8.5 Hz, Gi-H), 129.4 (qJcr = 33.2 Hz,CCR), 128.3* (Gi-H), 128.0 (G-
H), 123.8 (Gi-H), 123.6* (Gy-H), 122.5 (d,Jcr = 2.5 Hz, Gi-H), 122.9 (9,"crF = 272.7 Hz, Ck), 119.6
(d, 3Jce = 5.5 Hz, G-C), 119.1* (G,-H), 118.7 (Gr-H), 116.0* (Gv-H), 115.9 (G-H), 115.4 (d,2Jcr =
20.9 Hz, G-H), 114.7 (dAJcr = 22.0 Hz, Gi-H), 113.5% (d,2Jc.r = 21.1 Hz, G-H), 113.2* (d,2Jcr = 22.4
Hz, Ca-H), 112.8* (Gy-H), 112.5 (Gi-H), 65.2 (G), 59.5* (G), 50.7* (&), 49.9 (G), 29.2 (G), 28.7* (G),
23.8* (G)), 22.1 (G). F NMR (282 MHz, DMSQd): 6 -61.5 (CFk), -112.0 (CF). IR (ATR) cnt 3335
(NH), 2974 (NH), 1601 (C=N), 1275 (C=S), 1170 (G-E)26 (C-N). MS (El)Wz (%): 271 (100), 252 (23),
213 (23), 202 (10), 163 (13), 83 (HRMS: Calculated for [eH22NsSF]*: 555.1453 [(M+H])]; found:
555.1459. The ee was determined by HPLC using aalpak AD-H column fi-hexaneéPrOH (90:10)];
flow rate 1.00 mL/Min;tmajor = 20.990 MiNTminor = 6.946 min (84% ee)a]p?% +124.6 ¢ = 1.0, CHCL,).
M.p. (CHCly): 73-75 °C.

Ph (S,E)-N-[3,5-Bis(trifluoromethyl)phenyl]-2-[(2-fluoropheny 1) (2-
S _NH phenylhydrazono)methyl]pyrrolidine-1-carbothioamide (4x). Following GP-F,

N
FsC \ﬁ |N 4x (47.2 mg, 0.085 mmol) was isolated by FC (petnolezther/EtOAc gradient
G' from 19:1 to 7:3) after 20h in 94% yield as a ywilsolid starting from E)-1-(2-
CF3 F fluorobenzylidene)-2-phenylhydrazingr (19.3 mg, 0.09 mmol) andN-(3,5-

bis(trifluoromethyl)phenyl)-2,3-dihydroH-pyrrole-1-carbothioamide2e (45.9 mg, 0.135 mmol) in the
presence of catalysR(-TRIP (6.8 mg, 0.009 mmol), MS (4A, 27 mg) and using tirlpiene (0.18 mL) as
solvent. R 0.54 (hexanes/EtOAc 8:2H NMR (500 MHz, DMSOsds, 100 °C): E:Z ratio: 9.1:1, *denote&
diastereoisomer resonancés®.28 (s, 1H, CSNH), 8.48 (s ,1H, NNH), 8.20 (s, ZA-H), 8.01* (s, 1H,
CSNH), 7.64 (s, 1H, &-H), 7.59-7.47 (m, 2H, £-H), 7.35 (t,J = 7.5 Hz, 1H, G-H), 7.30 (t,J = 9.0 Hz,
1H, Gar-H), 7.17-7.05 (m, 4H, £-H), 6.80-6.76* (m, 1H, @-H), 6.76-6.71 (m, 1H, £-H), 5.88-5.77* (m,
1H, G-H), 5.52-5.45 (m, 1H, &£H), 3.99-3.77 (m, 2H, £H), 3.58-3.51* (m, 1H, &H,), 3.42-3.35* (m,
1H, G-Hp), 2.67-2.59* (m, 1H, &Ha), 2.24-1.91 (m, 4H, €H + C-H). °C NMR (125 MHz, DMSOQdb,
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100 °C):5 178.3* (CS), 178.1 (CS), 158.7 (dcr = 246.6 Hz, CF), 145.0 (&C), 142.4 (CN), 137.3 (&

C), 130.9 (d3Jce = 8.1 Hz, Gi-H), 129.8 (d,*Jcr = 4.3 Hz, G,-H), 129.4 (q,°Jcr = 33.1 Hz,CCR),
128.2* (Gy-H), 128.1 (Gi-H), 124.6 (dJcr = 2.5 Hz, G-H), 123.6 (G,-H), 122.8 (g,}JcF = 272.3 Hz,
CR), 119.9 (d2cr = 19.3 Hz, G-C), 119.0* (G,-H), 118.7 (Gi-H), 115.8 (G-H), 115.7 (dJcr=22.1

Hz, Car-H), 112.7* (Gv-H), 112.5 (G-H), 65.1 (G), 50.0 (G), 28.9 (G), 22.0 (G). F NMR (282 MHz,
DMSO-ds): & -61.5 (CR), -112.2 (CF). IR (ATR) cnt 3331 (NH), 2963 (NH), 1601 (C=N), 1276 (C=S),
1172 (C-F), 1128 (C-N). MS (Ehvz (%): 271 (100), 252 (23), 213 (23), 202 (10), 163), 83 (8). HRMS:
Calculated for [@sH22N4SF]™: 555.1453 [(M+H])]; found: 555.1467. The ee was determined by HPLC
using a Chiralpak AD-H columm{hexanefPrOH (90:10)]; flow rate 1.00 mL/Miftnajor = 11.820 MiNZminor

= 7.849 min (82% ee)u]p?% +100.7 ¢ = 1.0, CHCI,). M.p. (CHCI,): 73-75 °C.

Ph (S,E)-N-[3,5-Bis(trifluoromethyl)phenyl]-2-[(2-phenylhydra zono) -
N s N,NH tolyl)methyl]pyrrolidine-1-carbothioamide (4y). Following GP-F, 4y (41.2
FsC \i | mg, 0.075 mmol) was isolated by FC (petroleum éHI€Ac gradient from
Q Q 19:1 to 7:3) after 20h in 83% yield as a yellowiddltarting from E)-1-(4-
CFs methylbenzylidene)-2-phenylhydraziries (18.9 mg, 0.09 mmol) antl-(3,5-

bis(trifluoromethyl)phenyl)-2,3-dihydroH-pyrrole-1-carbothioamide2e (45.9 mg, 0.135 mmol) in the
presence of catalysR(-TRIP (6.8 mg, 0.009 mmol), MS (4A, 27 mg) and using tipiene (0.18 mL) as
solvent. R 0.70 (hexanes/EtOAc 8:2H NMR (500 MHz, DMSO¢ds, 100 °C)(E:Z ratio: 5.2:1, *denote&
diastereoisomer resonancés®.27 (s, 1H, CSNH), 9.06* (s, 1H, NNH), 8.24 ($#,INNH), 8.20 (s, 2H,
Car-H), 7.93* (s, 2H, G&-H), 7.64 (s, 1H, &-H), 7.40-7.29 (m, 4H, £-H), 7.23-7.14* (m, 4H, @&-H),
7.14-7.01 (m, 4H, &-H), 6.81-6.75* (m, 1H, &-H), 6.74-6.68 (m, 1H, £-H), 5.75-5.68* (m, 1H, &H),
5.50-542 (m, 1H, &H), 3.98-3.79 (m, 2H, &H), 2.64-2.55* (m, 1H, &HJ), 2.39 (s, 3H, Ch), 2.32* (s,
3H, CH;), 2.23-2.12 (m, 1H, £HJ), 2.11-1.95 (m, 3H, £Hp + Cs-H). 3C NMR (125 MHz, DMSQds, 100
°C): & 178.2* (CS), 178.0 (CS), 145.7* 4C), 145.2 (G:-C), 143.8 (G-C), 142.5 (CN), 142.2* (CN),
138.0 (G-C), 136.2 (Gr-C), 129.3 (q2Jcr = 33.2 Hz,CCR), 129.3 (Gi-H), 128.2* (Gy-H), 128.0 (G-
H), 127.8* (Gv-H), 127.4 (Gi-H), 126.5* (G-H), 123.6 (G,-H), 123.6* (G-H), 122.8 (q,'Jc.r = 272.9
Hz, CR), 118.7* (Gv-H), 118.5 (G-H), 115.8 (9,Jcr = 3.6 Hz, Gi-H), 112.7* (Gy-H), 112.4 (G-H),
65.2 (G), 59.4* (G), 50.9* (G), 50.0 (G), 29.2 (Q), 28.9* (G), 23.7* (C), 22.0 (G), 20.3 (CH), 20.0*
(CHg). F NMR (282 MHz, DMSOdk): 6 -61.5 (CR). IR (ATR) cm: 3336 (NH), 2972 (NH), 2830 (C-H),
1602 (C=N), 1275 (C=S), 1127 (C-N). MS (BWz (%): 271 (100), 252 (23), 213 (22), 202 (11), 163),
83 (16). HRMS: Calculated for p@H2sN4sSF]™: 551.1704 [(M+H)]; found: 551.1698. The ee was
determined by HPLC using a Chiralpak AD-H colunmrhgxandfPrOH (97:03)]; flow rate 1.00 mL/min;
Tmajor = 19.741 MiNgminor = 22.974 min (91% ee)a]p?® +163.7 € = 1.0, CHCI,). M.p. (CHCl,): 68-70 °C.

Ph (S,E)-N-[3,5-Bis(trifluoromethyl) phenyl]-2-[(4-methoxyphenyl)(2-
N_s N,NH phenylhydrazono)methyl]pyrrolidine-1-carbothioamide (4z). Following
FsC \i A GP-F, 4z (31.0 mg, 0.055 mmol) was isolated by FC (petnolether/EtOAc
Q Q gradient from 19:1 to 7:3) after 20h in 60% yiekl ayellow solid starting
CFs omMe from (E)-1-(4-methoxybenzylidene)-2-phenylhydrazid¢ (20.4 mg, 0.09

mmol) andN-(3,5-bis(trifluoromethyl)phenyl)-2,3-dihydroHtpyrrole-1-carbothioamid2e (45.9 mg, 0.135
mmol) in the presence of cataly®){TRIP (6.8 mg, 0.009 mmol), MS (4A, 27 mg) andngsiry toluene
(0.18 mL) as solvent. {R0.40 (hexanes/EtOAc 8:2%H NMR (500 MHz, DMSO¢ds, 100 °C): E:Z ratio:
6.2:1, *denote<Z diastereoisomer resonancésyerlapped signalsy 9.26 (s, 1H, CSNH), 9.01* (s, 1H,
NNH), 8.25 (s, 1H, NNH), 8.20 (s, 2HaGH), 7.97* (s, 2H, G-H), 7.64 (s, 1H, &-H), 7.47-7.35 (m, 2H,
Car-H), 7.23-7.14* (m, 4H, @-H), 7.14-7.02 (m, 6H, £-H), 6.89* (d,J = 8.7 Hz, 2H, &-H), 6.80-6.74*
(m, 1H, Gy-H), 6.74-6.68 (m, 1H, £-H), 5.74-5.67* (m, 1H, &H), 5.47-5.42 (m, 1H, £H), 4.00-3.88 (m,
1H, G-HJ), 3.88-3.80 (m, 4H, G-Hy, + OCH;), 3.79* (s, 4H, GHy, + OCH), 2.66-2.56* (m, 1H, &Hy),
2.24-1.90 (m, 4H, &H + Cs-H). 1*C NMR (125 MHz, DMSQds, 100 °C):5 178.2* (CS), 177.9 (CS), 159.4
(Car-C), 158.6* (G-C), 145.8* (Gi-C), 145.2 (G+-C), 143.7 (G-C), 142.4 (CN), 142.2* (CN), 129.4 (q,
2Jcr = 33.3 Hz,CCR), 129.0 (G-H), 128.2* (Gy-H), 128.0 (G,-H), 127.9* (G-H), 124.4 (G,-C), 123.7
(Car-H), 123.5* (G-H), 122.9 (g,'Jc.r = 273.3 Hz, CF), 118.6* (Gv-H), 118.5 (G,-H), 115.8 (q,2Jcr =
4.0 Hz, G-H), 114.4 (Gi-H), 112.9* (Gy-H), 112.6* (G-H), 112.4 (Gi-H), 65.3 (G), 58.9* (G), 54.8
(OCHg), 54.7* (OCH), 50.8* (G), 50.1 (G), 29.2 (G), 28.8* (G), 22.0 (G). *F NMR (282 MHz, DMSO-
des): & -61.5 (CR). IR (ATR) cm®: 3334 (NH), 2973 (NH), 2820 (C-H), 1602 (C=N), 82(C=S), 1134 (C-
N). MS (EI) m/z (%): 271 (100), 252 (23), 213 (22), 202 (11), 163), 83 (6), 69 (7). HRMS: Calculated for
[CorH25N4OSK]*™: 567.1653 [(M+H)]; found: 567.1668. The ee was determined by HP&i@gua Chiralpak
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AD-H column [n-hexanePrOH (90:10)]; flow rate 1.00 mL/MiMgmajor = 12.553 Min,tminor = 9.783 min
(83% ee)[a]p®® +135.3 ¢ = 1.0, CHCI,). M.p. (CHCI,): 76-78 °C.

Ph (25/3R)-Ethyl-(Z)-2-{1-[(3,5-bis(trifluoromethyl)phenyl)carbamothioyl]-3-
NS MH methylpyrrolidin-2-yl}-2-(2-phenylhydrazono)acetate (6a). Following GP-F

FsC X A with slight modification6a (29.8 mg, 0.054 mmol) was isolated by FC (petnoieu
Q' CO:El  ether/EtOAC gradient from 19:1 to 7:3) after 72h60% yield as a light yellow

CFy “ solid starting from ethyl K)-2-(2-phenylhydrazono)acetatec (17.2 mg, 0.09
mmol) andN-(3,5-bis(trifluoromethyl)phenyl)-4-methyl-2,3-ditiyo-1H-pyrrole-1-carbothioamidéa (5 x
7.9 mg + 1 x 8.3 mg every 14 h, 0.135 mmol) addgabrtions and in the presence of cataliBtTRIP (6.8
mg, 0.009 mmol), MS (4A, 27 mg) and using dry tole:€0.18 mL) as solvent.sR0.81 (hexanes/EtOAc
7:3).'H NMR (500 MHz, DMSOds, 100 °C): (3.2:1 diastereoisomer ratio, *denot@somdiastereoisomer
resonances) 11.82 (s, 1H, NNH), 11.67* (s, 1H, NNH), 9.16 (i$], CSNH), 8.18 (s, 2H,4H), 8.13* (s,
2H, Ga-H), 7.65* (s, 1H, G-H), 7.63 (s, 1H, &-H), 7.34-7.24 (m, 2H, £-H), 7.24-7.13 (m, 2H, &-H),
6.99-6.91 (m, 1H, &-H), 5.72-5.63 (m, 1H, £H), 5.13-5.07* (m, 1H, &H), 4.39-4.24 (m, 2H, B.CHj),
4.07-3.99 (m, 1H, &Ha), 3.97-3.92* (G-H), 3.85-3.70 (m, 1H, &Hy), 2.72-2.54 (m, 1H, £H), 2.30-2.13
(m, 1H, G-Hj), 2.13-1.90 (m, 1H, £Hy), 1.77-1.66* (m, 1H, GHy), 1.34 (t,J = 7.0 Hz, 3H, ChKCH3),
1.19* (d,J = 6.8 Hz, 3H, CHEl3), 0.98 (d,J = 6.8 Hz, CHEl3). *3C NMR (125 MHz, DMSOds, 100 °C)3
CS not detected 161.8 (CO), 161.4* (CO), 143.0 (CNR.4 (G,-C), 129.3 (g, 2Jcr = 33.1 Hz,CCR),
128.7 (G-H), 128.6* (Gy-H), 128.4 (G-C), 122.8 (q;Jcr = 272.6 Hz, CF), 123.8 (Gr-H), 121.4 (Gi-H),
121.3* (Gu-H), 115.8 (9.2Jcr = 4.0 Hz, Gi-H), 113.2* (Gy-H), 113.2 (G-H), 68.4 (G), 64.0* (G), 60.1
(CHxCHs), 49.1 (G), 36.2 (G), 30.6 (G), 18.0* (CHCHs), 13.6 (CHCH3), 13.4 (CHCHs), 13.4*
(CH2CHg). **F NMR (282 MHz, DMSOde): 6 -61.5 (CR). IR (ATR) cm*: 3253 (NH), 2966 (NH), 2830 (C-
H), 1681 (C=0), 1603 (C=N), 1277 (C=S), 1132 (CNp (El) m/z (%): 271 (100), 252 (26), 213 (26), 202
(11), 163 (13), 83 (84), 69 (16). HRMS: Calculafed [C4H2sN4sO,SF]*: 547.1602 [(M+H)]; found:
547.1613. The ee was determined by HPLC using &alphk IA column p-hexanefrOH (90:10)]; flow
rate 1.00 mL/mMingmajor = 11.179 minminor = 8.525 min (For the major diastereisomer: 97% Ry -
87.7 €= 0.75, CHCI,). M.p. (CHCl,): 190-192 °C.

9y Ph (29/3R)-Ethyl-(2)-2-{1-[(3,5-bis(trifluoromethyl)phenyl)carbamothioyl]-3-
N\(S NN ethylpyrrolidin-2-yl}-2-(2-phenylhydrazono)acetate (6b). Following GP-F, 6b

FsC N _\\chozEt (44.8 mg, 0.080 mmol) was isolated by FC (petrolather/EtOAc gradient from
Q,,// 19:1 to 7:3) after 68h in 89% yield as a light gellsolid starting from ethylH)-
CFs 2-(2-phenylhydrazono)acetatelc (17.2 mg, 0.09 mmol) andN-(3,5-

bis(trifluoromethyl)phenyl)-4-ethyl-2,3-dihydro-tpyrrole-1-carbothioamid&b (49.7 mg, 0.135 mmol) in
the presence of catalyR)¢TRIP (6.8 mg, 0.009 mmol), MS (4A, 27 mg) and using idiyene (0.18 mL) as
solvent. R 0.59 (hexanes/EtOAc 8:2H NMR (500 MHz, DMSOds, 100 °C):(2.5:1 diastereoisomer ratio,
*denotes minor diastereoisomer resonanée&).81 (s, 1H, NNH), 11.70* (s, 1H, NNH), 9.20* (5H,
CSNH), 9.14 (s, 1H, CSNH), 8.20 (s, 2Hs®), 8.13* (s, 2H, G&-H), 7.63 (s, 1H, &-H), 7.32-7.23 (m,
2H, Ga-H), 7.22* (d,J = 7.9 Hz, 2H, &-H), 7.18 (d,J = 7.9 Hz, 2H, G-H), 6.98-6.924m, Car-H), 5.76-
5.68 (m, 1H, @H), 5.30-5.22* (m, 1H, &H), 4.33 (q,d = 7.3 Hz, 2H, OE.CHs), 4.23-4.12* (m, 2H,
OCH:CHs), 4.08-4.02 (m, 1H, £Hy), 3.97-3.88* (m, 2H, €H), 3.83-3.73 (m, 1H, £Hy), 2.46-2.37 (m,
1H, G-H), 2.32-2.21 (m, 1H, £H,), 2.12-1.97 (m, 1H, £Hy), 1.85-1.74* (m, 1H, GHy), 1.66-1.43 (m,
1H, CHGHHLCHg), 1.33(t, J = 7.3 Hz, 3H, OCECH3), 1.21-1.07 (m, 1H, CHC#i,CHs), 1.03* (t,J = 7.3
Hz, 3H, CHCHCHj3), 0.95 (t,J = 7.3 Hz, 3H, CHCEKCH3). *C NMR (125 MHz, DMSOds, 100 °C):3
177.1 (CS),161.8 (COO0), 142.9 (&C), 142.4 (CN), 129.3 ((fJcr = 29.7 Hz,CCF), 128.7 (G:-H),
128.6* (Gar-H), 128.4 (G-C), 122.7 (qNcr = 272.8 Hz, CE), 123.8 (G,-H), 121.4 (Gr-H), 121.3* (G-
H), 115.8 (G:-H), 113.2 (Gi-H), 66.3* (G), 63.3 (G), 60.1 (CCH2CHs), 59.3* (CCH2CHs), 49.0* (G),
48.5 (G), 45.2* (&), 44.0 (G), 28.3 (G), 21.7 (CHCH2CHg), 13.4 (OCHCHs3), 11.7 (CHCHCHs), 11.1*
(CHCH.CHg). F NMR (282 MHz, DMSOQdg): 6 -61.5 (CR). IR (ATR) cmi': 3257 (NH), 2966 (NH), 2872
(C-H), 1682 (C=0), 1603 (C=N), 1276 (C=S), 1129NEL-MS (El)nV/z (%): 271 (100), 252 (23), 213 (27),
163 (12), 83 (63), 69 (11). HRMS: Calculated fopsfz7/N4sO-SFs]*™: 561.1759 [(M+H])]; found: 561.1769.
The ee was determined by HPLC using a ChiralpakrFA&elumn p-hexangPrOH (90:10)]; flow rate 1.00
mML/Min; Tmajor = 20.686 MiNgminor = 4.110 min (For the major diastereoisomer: >9%% o] p?°: -254.2 € =
1.0, CHCI). M.p. (CHCI,): 185-187 °C.
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Ph (9)-Ethyl-(2)-2-{1-[(3,5-bis(trifluoromethyl)phenyl)carbamothioyl]-4,4-
NH dimethylpyrrolidin-2-yl}-2-(2-phenylhydrazono)acetate (6¢). Following GP-F,
6¢ (45.0 mg, 0.080 mmol) was isolated by FC (petroleather/EtOAc gradient
Q ﬁg “con: from 19:1 to 7:3) after 20h in 89% yield as a ligbtlow solid starting from ethyl

(E)-2-(2-phenylhydrazono)acetatdc (17.2 mg, 0.09 mmol) andN-(3,5-
bis(trifluoromethyl)phenyl)-3,3-dimethyl-2,3-dihyak1H-pyrrole-1-carbothioamide5¢c (49.7 mg, 0.135
mmol) in the presence of cataly&){TRIP (3.4 mg, 0.0045 mmol), MS (4A, 27 mg) and using tiiyene
(0.18 mL) as solvent. fR0.67 (hexanes/EtOAc 7:3%1 NMR (500 MHz, DMSOds, 100 °C):(Z:E ratio:
3.1:1, *denote<E diastereocisomer resonanceésl1.63 (s, 1H, NNH), 9.97* (s, 1H, NNH), 9.37* (&H,
CSNH), 9.27 (s, 1H, CSNH), 8.19* (s, 2Hx@1), 8.11 (s, 2H, &-H), 7.62* (s, 1H, &-H), 7.59 (s, 1H,
Car-H), 7.29-7.17 (m, 4H, £-H), 6.97-6.84 (m, 1H, £-H), 5.73-5.62* (m, 1H, &H), 5.50-5.40 (m, 1H,
CxH), 4.34-4.26 (m, 2H, B2CHs), 4.22-4.12* (m, 2H, €,CHj3), 3.93-3.82 (m, 1H, £H,), 3.74-3.62* (m,
2H, G-H), 3.62-3.54 (m, 1H, &£Hp), 2.27 (ddJ = 12.3, 8.2 Hz, 1H, £HJ), 2.22-2.15* (m, 1H, &H,), 1.95
(dd,J=12.5, 8.1 Hz, 1H, &€Hy), 1.91-1.84* (m, 1H, &Hy), 1.34 (t.J = 7.1 Hz, 3H, CHCH3), 1.25* (t,J =
7.1 Hz, 3H, CHCH3), 1.21* (s, 3H, CH), 1.19 (s, 3H, Ch), 1.15* (s, 3H, CH), 1.14 (s, 3H, Ch). *C
NMR (125 MHz, DMSO+ds, 100 °C):5 178.4 (CS), 161.3 (COOQ), 144.14€C), 142.9 (G-C), 142.4 (CN),
129.4 (q,2Jcr = 32.4 Hz,CCR), 128.6 (G-H), 128.3* (Gy-H), 123.0 (G-H), 122.7 (q,Jcr = 271.5 Hz,
CR), 122.6* (G-H), 121.4 (Gr-H), 120.5* (Gy-H), 115.5 (Gi-H), 113.5* (G-H), 113.3 (Gi-H), 63.4
(Cs), 61.3 (@), 60.2 CH2CHs3), 59.3* (CH2CHz3), 45.4 (G), 36.5 (G), 26.2 (CH), 25.8* (CH), 25.5 (CH)),
25.0* (CHy), 13.6* (CHCHz3), 13.4 (CHCH?3). F NMR (282MHz, DMSOd): § -61.6 (CE). IR (ATR) cm
1: 3248 (NH), 2962 (NH), 2820 (C-H), 1681 (C=0), 3C=N), 1276 (C=S), 1127 (C-NYIS (El) 'z (%):
271 (100), 252 (23), 213 (23), 202 (10), 163 (83)(8). HRMS: Calculated for peH>7/N4O,SFs]*: 561.1759
[(M+H)"]; found: 561.1769. The ee was determined by HPIlsthgu a Chiralpak AD-H columnn{
hexandgPrOH (90:10)]; flow rate 1.00 mL/Mirkmajor = 4.858 Min,tminor = 10.813 min (>99% ee)a]p?":
+258.3 € = 1.0, CHCI). M.p. (CH.CI,): 110-112 °C.

3.5. Oxidative cleavage of hydrazone moiety (Scher3g

3 Ar
ArHN\(S VR s N__O onc O
Lol NaH T NHR®  PIFA N ,\“\WNHAF 8a:R'=H;R2=H

.‘\\ X, .- e —— . T )
Q COEt  CH,Cl, H N CH3CN/H,0 Q ,0 gb ;{1 I\I-/|IeRR2 M:

IR2 uant. “, rt R c:
R' Rt R ! R’ , R R' Rt

R
4i-k, 6a, 6¢ General 7a-7e General 8a-c
Procedure G Procedure H
(GP-G) (GP-H)

7a: R'=H; R2=H; R®=Ph
7b: R'= H; R? = H; R® = 4-OMeCgH,
7¢:R'=H;R?=H; R®='Bu
7d: R'=H; R? = Me; R® = Ph
7e: R'=Me; R2 = H; R® = Ph

Scheme SI-7Synthesis ofi-ketoamidesa-c

General Procedure G (GP-G).Under inert atmosphere, to a stirred solution afragone (0.38 mmol, 1.0
ed.) in CHCI» (4.2 mL), sodium hydride (0.46 mmol, 1.2 eq.) wdded. The reaction mixture was allowed
to stir at room temperature until completion of tleaction. Then, water was added and the mixture wa
extracted with CkLCl,, washed with brine, dried over }s0, and concentrateoh vacuo and was used for
the next step without further purification.

General Procedure H (GP-H).PIFA (0.696 mmol, 3 eq.) was added to a cooledt®oly(0 °C) of7a-e
(0.232 mmol, 1 eq.) in G&EN/HO (5/1). The reaction was allowed to stir at ro@mperature for 10 min
and then the mixture was diluted with &Hb, washed with saturated NaHE&blution and water, dried over
NaSQO; and concentrateth vacuo. The crude mixture7@’-e’) was redissolved in GEN/H;O (5/1) and
cooled to 0 °C. PIFA (0.27 mmol, 1.2 eq.) was added the reaction was allowed to stir at room
temperature for 10 min and then the mixture waatedl with CHCl,, washed with saturated NaHgO
solution and water, dried over PO and concentrateih vacuo. The crude residue was purified by flash
column chromatography on silica gel. After purifioa, the product racemizes with time.
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(5,2)-2-[3,5-Bis(trifluoromethyl)phenyl]-4-(2-phenylhydrazono)-1-
FoC CFs  thioxohexahydropyrrolo[1,2-c]pyrimidin-3(4 H)-one (7a).Following GP-G, 7a (116
\@/ mg, 0.238 mmol) was isolated after 30 min in >99@tdyas a yellow solid starting from
N. _O (9-ethyl-(2)-2-{1-[(3,5-bis(trifluoromethyl)phenyl)carbamothifjpyrrolidin-2-yl}-2-
Y 3 H (2-phenylhydrazono)acetadiée (129 mg, 0.24 mmol, >99% ee) and Né&H..6 mg, 0.29
2~ N"Ph mmol, 60% in mineral oil) in CkCl> (3.0 mL). R: 0.8 (hexanes/EtOAc 8:2%1 NMR
6 5 (300 MHz, CDCY¥): 6 12.56 (s, 1H, NH), 7.94 (s, 1HAGH), 7.73 (s, 2H, &-H), 7.34
(appt t,J = 7.7 Hz, 2H, &-H), 7.20 (d,J = 8.0 Hz, 2H, G-H), 7.07 (appt tJ = 7.2 Hz,
1H, Gs-H), 4.71 (ddJ = 9.8, 5.9 Hz, 1H, &H), 4.15-4.02 (m, 1H, £HJ), 3.99-3.82 (m, 1H, £Hy), 2.80-
2.68 (M, 1H, GHy), 2.45-2.06 (m, 3H, £H, + Gs-H). 1*C NMR (75 MHz, CDJ): § 175.5 (G), 158.5 (G),
142.3 (G,-C), 139.5 (G), 132.3 (q,2)c.r = 34.0 Hz,CCF), 131.0 (Gr-H), 129.7 (Gr-H), 124.0 (G-H),
123.1 (q,Y)c.r = 272.6 Hz, CE), 122.7 (9,2Jcr = 3.5 Hz, G-H), 120.8 (G,-C), 114.6 (Gr-H), 61.1 (Ga),
53.5 (G), 31.1 (G), 22.6 (G). **F NMR (282 MHz, CDQ): § -62.7 (CR). IR (ATR) cm': 2930 (NH), 1660
(C=0), 1548 (C=N), 1277 (C=S), 1122 (C-N). MS (E¥y (%): 486 (M, 100), 381 (19), 252 (11), 207 (16),
77 (45), 69 (11). HRMS: Calculated forE1;N4OSFK]*: 487.1027 [(M+H])]; found: 487.1026. The ee was
determined by HPLC using a Chiralpak AD-H colunmrhpxandfPrOH (98:02)]; flow rate 1.00 mL/min;
Tmajor = 6.439 MiNTminor = 7.654 min (>99% ee)u]p?": -186.5 € = 0.8, CHCI,). M.p. (CHCl,): 176-178 °C.

FiC CFs (S5,2)-2-[3,5-bis(trifluoromethyl)phenyl]-4-[2-(4-methoxyphenyl)hydrazono]-1-
thioxohexahydropyrrolo[1,2-c]pyrimidin-3(4 H)-one (7b).Following GP-G, 7b (91.7
\@( mg, 0.177 mmol) was isolated after 30 min in >99¥%dyas a yellow solid starting
Sy N3e© y from  (9-ethyl-(2)-2-{1-[(3,5-bis(trifluoromethyl)phenyl)carbamothifipyrrolidin-2-
&N,N\PMP yI}-2-[2-(4-methoxyphenyl)hydrazonp]acgtaaga (1OQ mg, 0.177 mmol, 98% ee) and
H NaH (8.5 mg, 0.21 mmol, 60% in mineral oil) in @&, (2.0 mL). R 0.51
(hexanes/EtOAc 8:2fYH NMR (300 MHz, CDCY): 6 12.63 (s, 1H, NH), 7.93 (s, 1H,
Car-H), 7.73 (s, 2H, @-H), 7.15 (d,J = 9.0 Hz, 2H, G&-H), 6.89 (d,J = 9.0 Hz, 2H, &-H), 4.70 (ddJ =
9.9, 5.9 Hz, 1H, &H), 4.14-4.02 (m, 1H, £Ha), 3.98-3.78 (m, 4H, £Hy, + OCH), 2.79-2.66 (m, 1H, &
Ha), 2.42-2.05 (m, 3H, €Hp + Gs-H). *C NMR (75 MHz, CDCJ): § 175.5 (G), 158.6 (G), 156.6 (G-C),
139.6 (G), 136.1 (G,-C), 132.3 (q2Jcr = 33.9 Hz,CCF), 131.0 (Gi-H), 123.1 (gcF = 271.9 Hz, CB),
122.6 (9,3Jcr = 3.8 Hz, G-H), 119.5 (G,-C), 115.9 (G-H), 115.0 (Gi-H), 61.0 (Gg), 55.7 (OCH), 53.5
(C7), 31.2 (G), 22.6 (G). °*F NMR (282 MHz, CDQ)): 6 -62.7 (CR). IR (ATR) cm™: 2917 (NH), 2847 (C-
H), 1741 (C=0), 1514 (C=N), 1279 (C=S), 1124 (CM}p (El) m'z (%): 271 (100), 252 (31), 213 (27), 202
(14), 163 (16), 108 (10), 83 (100), 69 (15). HRMIculated for [@GH1oN4OSFe]*: 517.1133 [(M+H)];
found: 517.1122. The ee was determined by HPLCgusinChiralpak AD-H columnnfhexanePrOH
(95:05)]; flow rate 1.00 mML/Minfmajor = 6.642 MiN,tminor = 7.732 min (96% ee)a]p?% -191.3 € = 1.0,
CH:Cl»). M.p. (CHCl,): 178-180 °C.

7¢ 4
6 5

FoC CFs (S,2)-2-[3,5-Bis(trifluoromethyl)phenyl]-4-[2-(tert-butyl)hydrazono]-1-
thioxohexahydropyrrolo[1,2-c]pyrimidin-3(4 H)-one (7¢). Following GP-G, 7c (121

Q/ mg, 0.261 mmol) was isolated after 30 min in 91%¥d/as a light yellow solid starting
SYNs 0 from  (9-ethyl-(2)-2-{1-[(3,5-bis(trifluoromethyl)phenyl)carbamothijpyrrolidin-2-

N_ 4 ,Ht yl}-2-[2-(tert-butyl)hydrazono]acetaték (147 mg, 0.287 mmol, 91% ee) and NaH

“ary N Bu (13.8 mg, 0.43 mmol, 60% in mineral oil) in &€&, (1.8 mL). R 0.68
6 ° (hexanes/EtOAc 8:2YH NMR (300 MHz, CDCJ): § 10.88 (s, 1H, NH), 7.90 (s, 1H,
Car-H), 7.71 (s, 2H, &-H), 4.59 (ddJ = 9.2, 6.1 Hz, 1H, &H), 4.08-3.96 (m, 1H, £Ha), 3.94-3.78 (m,
1H, G-Hy), 2.66-2.52 (m, 1H, £Ha), 2.29-1.97 (m, 3H, &H, + Gs-H), 1.28 (s, 9H, C(CH}s). 13C NMR (75
MHz, CDCk): 6 175.7 (G), 158.3 (G), 139.9 (G), 132.1 (q,2Jcr = 33.7 Hz,CCF), 131.2 (G,-H), 123.1
(9, YJcr = 272.8 Hz, Ck), 122.4 (92Jcr = 3.7 Hz, Gi-H), 116.6 (G-C), 61.0 (G, 56.0 C(CHa)s), 53.3
(C7), 31.1 (G), 28.7 (CCHs3)3), 22.6 (G). °F NMR (282 MHz, CDGJ): 6 -62.7 (CR). IR (ATR) cm*: 2925
(NH), 2883 (C-H), 1658 (C=0), 1538 (C=N), 1274 (§=8L20 (C-N). MS (Eln/'z (%): 466 (M, 100), 451
(45), 381 (22), 252 (12), 213 (12), 152 (16), 8Z)(169 (12), 57 (35). HRMS: Calculated for
[C1oH21N4OSK]*: 467.1340 [(M+H])]; found: 467.1348. The ee was determined by HP&i@gua Chiralcel
0Z-3 column p-hexanePrOH (95:05)]; flow rate 0.70 mL/Mirtiajor = 5.416 MIN Tminor = 4.948 min (87%
ee). p]o?: -20.8 € = 1.0, CHCI,). M.p. (CH:Cl,): 197-199 °C.

7
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(48S,5R,Z)-2-[3,5-bis(trifluoromethyl)phenyl]-5-methyl-4-(2-phenylhydrazono)-1-
FoC CFs thioxohexahydropyrrolo[1,2-c]pyrimidin-3(4 H)-one (7d).Following GP-G, 7d (46.7
\(;/ mg, 0.093 mmol) was isolated after 30 min in >99%#dyas an orange solid starting
o from a mixture of diasterecisomers 3.2:1 of S@R)-ethyl-(2)-2-{1-[(3,5-

SaN
Tﬁj § bis(trifluoromethyl)phenyl)carbamothioyl]-3-methyipolidin-2-yl}-2-(2-

74K, NP phenylhydrazono)acetata (51.2 mg, 0.094 mmol, 97% ee) and N&#6 mg, 0.14
. 5 mmol, 60% in mineral oil) in CKCl, (0.6 mL).*H NMR (300 MHz, CDCJ): (3.0:1

diastereoisomer ratio, *denotes minor diastereossamsonances) 12.90 (s, 1H, NH),
12.57* (s, 1H, NH), 7.94 (s, 1H,A6H), 7.73 (s, 2H, @-H), 7.34 (appt tJ = 7.8 Hz, 2H, G&-H), 7.20 (d,J
= 8.0 Hz, 2H, G-H), 7.08 (appt tJ = 7.3 Hz, 1H, G&-H), 4.78 (d,J = 4.6 Hz, 1H, G«H), 4.69* (d,J=4.2
Hz, 1H, Ga+H), 4.17-4.08* (m, 1H, €H), 4.01 (ddJ = 10.5, 4.4 Hz, 1H, £H), 3.25-3.12* (m, 1H, €H),
3.10-2.98 (m, 1H, €H), 2.34-2.17 (m, 1H, £Ha), 2.01-1.90 (m, 1H, £Hy), 1.13 (d,J = 6.9 Hz, 3H, Ch),
1.02* (d,J = 6.9 Hz, 3H, Ch). °C NMR (75 MHz, CDCJ): 5 175.8 (G), 158.7 (G), 142.3 (G-C), 139.7
(Cs), 132.4 (98cr = 33.4 Hz,CCF), 130.9 (Gi-H), 129.7 (Gi-H), 124.1 (G-H), 123.1 (q,1Jcr = 273.1
Hz, CR), 122.7 (92Jcr = 3.7 Hz, Gi-H), 118.6 (G,-C), 114.7 (Gr-H), 114.6* (G-H), 65.5% (G, 64.5
(Cs9), 51.8 (G), 36.4 (G), 29.8 (G), 14.3* (CH;), 14.0 (CH). %F NMR (282MHz, CDCJ): § -62.8* (CR), -
62.7 (2 x CB). IR (ATR) cm*: 2973 (NH), 2876 (C-H), 1665 (C=0), 1552 (C=N)75ZC=S), 1124 (C-N).
MS (EIl) m/z (%): 500 (M, 100), 395 (10), 252 (15), 207 (31), 92 (22), 39)( 65 (17) HRMS: Calculated
for [Co2H1dN4OSK]™: 501.1184 [(M+H)]; found: 501.1186. The ee was determined by HPIsihgia
Chiralpak IE-3 columnri-hexanePrOH (95:05)]; flow rate 0.70 mL/MiMmajor = 6.953 MiN,tminor = 7.400
min (For the major diastereoisomer: 96% ee)s?: -55.7 € = 1.0, CHCl,). M.p. (CHCl,): Decomposition
before melting.

o oF (S,2)-2-[3,5-Bis(trifluoromethyl)phenyl]-6,6-dimethyl-4-(2-phenylhydrazono)-1-
° : thioxohexahydropyrrolo[1,2-c]pyrimidin-3(4 H)-one (7e).Following GP-G, 7e (104
mg, 0.20 mmol) was isolated after 30 min in >99#d/as an orange solgdarting from
SYNs 0 (9-ethyl-(2)-2-{1-[(3,5-bis(trifluoromethyl)phenyl)carbamothi}-4,4-
N 4 K. dimethylpyrrolidin-2-yl}-2-(2-phenylhydrazono)acéts6e (114 mg, 0.20 mmol, >99%
" N Phee) and NaH9.8 mg, 0.24 mmol, 60% in mineral oil) in @&, (1.4 mL). R 0.67
5 (hexanes/EtOAc 8:2)'H NMR (300 MHz, CDC)): (ZE ratio: 8.9:1, *denotes
diastereoisomer resonancés)2.52 (s, 1H, NH), 8.47* (s, 1H, NH), 7.95 (s, 1F;-H),
7.92* (s, 1H, G-H), 7.76 (s, 2H, &-H), 7.72* (s, 2H, G-H), 7.40-7.30 (m, 2H, £-H), 7.24-7.17 (m, 2H,
Car-H), 7.07 (appt tJ = 7.3 Hz, 1H, &-H), 4.92 (ddJ = 10.2, 6.1 Hz, 1H, £&H), 3.86 (dJ = 12.9 Hz, 1H,
Cr-Ha), 3.70 (dJ = 12.9 Hz, G-Hy), 2.46 (ddJ = 12.8, 6.1 Hz, &Ha), 2.30 (ddJ = 12.8, 10.2 Hz, &Hy),
1.31 (s, 6H, 2 x Ck. 13C NMR (75 MHz, CDCJ): 5 175.5 (G), 158.5 (G), 142.3 (G,-C), 139.4 (G), 132.3
(9, Ycr = 34.0 Hz,CCRs), 131.0 (Gi-H), 129.6 (Gr-H), 123.9 (Gi-H), 123.1 (q,Jcr = 272.9 Hz, CF),
122.6 (9Jcr = 3.7 Hz, Gi-H), 120.9 (G:-C), 114.5 (Gi-H), 66.1 (G), 60.0 (Gy), 44.4 (G), 36.4 (G), 27.7
(CHg), 27.5 (CH). F NMR (282 MHz, CDGJ): § -62.7 (CR). IR (ATR) cm* 2962 (NH), 2872 (C-H),
1659 (C=0), 1543 (C=N), 1275 (C=S), 1127 (C-Mp (El) m/z (%): 514 (M, 100), 409 (52), 252 (13), 207
(15), 135 (19), 123 (37), 92 (33), 77 (64), 65 (HRMS: Calculated for [&H.1N4OSF]*: 515.1340
[(M+H)*]; found: 515.1348. The ee was determined by HPISthgu a Chiralcel OD-3 columnn{
hexanePrOH (95:05)]; flow rate 0.70 mL/Mirtmajor = 6.344 MiNTminor = 15.231 min (>99% ee)a]p?% -
63.6 €= 1.0, CHCI,). M.p. (CHCI,): 184-186 °C.

Ar (5,2)-N-[3,5-bis(trifluromethyl)phenyl]-2-(1-formylpyrroli din-2-yl)-2-(2-
OHCHN\iO y phenylhydrazono)acetamide (7a’)PIFA (309 mg, 0.696 mmol) was added to a cooled
N wSyNp, (0 °C)  solution  of  Z)-2-[3,5-bis(trifluoromethyl)phenyl]-4-(2-phenylhyazono)-1-
Q thioxohexahydropyrrolo[1,2}pyrimidin-3(4H)-one 7a (113 mg, 0.232 mmol, >99% ee)
in CH:CN/H20O (0.9/0.2 mL). The reaction was allowed to stiraim temperature for 10 min and then the
mixture was diluted with CkCl,, washed with saturated NaHE6blution and water, dried over ¥, and
concentratedn vacuo. The crude product was used for the next stepowttfurther purification, in this case
affording 108 mg offa’ (0.23 mmol, 99%) as an orange solid.NMR (300 MHz, CDC{): § 12.84 (s, 1H,
NNH), 11.74 (s, 1H, NHAr), 8.27 (s, 3HaGH + CHO), 7.64 (s, 1H, L&-H), 7.35 (appt tJ = 7.5 Hz, 2H,
Car-H), 7.20 (d,J = 7.5 Hz, 2H, G-H), 7.03 (appt tJ = 7.5 Hz, 1H, G-H), 5.23 (ddJ = 8.3, 2.7 Hz, 1H,
Cz-H), 3.85-3.63 (m, 2H, &H), 2.70-2.61 (m, 1H, £Ha), 2.54-2.42 (m, 1H, £HJ), 2.25-2.14 (m, 1H, &
Hp), 2.14-2.04 (m, 1H, £Hy). **C NMR (75 MHz, CDCI3)3 163.6 (CO), 162.7 (CHO), 143.3 (CN), 140.1
(Ca-C), 132.3 (q2Jcr = 33.4 Hz,CCFs), 129.6 (Gi-H), 128.1 (Gi-C), 123.2 (q\Jcr = 272.7 Hz, CB),
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122.7 (Gi-H), 120.3 (Gi-H), 117.5 (Gr-H), 114.0 (Gi-H), 55.0 (G), 46.5 (G), 30.4 (G), 24.0 (G). °F
NMR (282MHz, CDC4): § -62.9 (CR). IR (ATR) cm*: 2962 (NH), 1635 (C=0), 1534 (C=N), 1123 (C-N).
HRMS: Calculated for [€2H1aN4O2F¢]*: 473.1412 [(M+H)]; found: 473.1411. The ee was determined by
HPLC using a Chiralpak AD-H columm+hexanePrOH (95:05)]; flow rate 1.00 mL/Mirgmajor = 5.106
MIN, Tminor = 5.663 Min (>99% ee)u]p?% -261.9 € = 0.57, CHCI,). M.p. (CHCl,): 140-142 °C.

H O (9)-N-[3,5-bis(trifluoromethyl)phenyl]-2-(1-formylpyrrol idin-2-yl)-2-
\i ‘\? N cF, oxoacetamide(8a). Following GP-H, 8a (43.2 mg, 0.11 mmol) was isolated by FC
Q" Sof \Q/ (petroleum ether/EtOAc gradient from 8:2 to 1:1)6ir% vyield as a white foam
starting from §2)-2-[3,5-bis(trifluoromethyl)phenyl]-4-(2-phenylhyazono)-1-

CFs thioxohexahydropyrrolo[1,2}pyrimidin-3(4H)-one 7a (80 mg, 0.164 mmol, >99%
ee) and PIFA (218 mg, 0.492 mmol + 87.5 mg, 0.197othin CHCN/H,O (0.7/0.2 mL).*H NMR (300
MHz, CDCk): (3.7:1 rotamer ratio, *denotes minor rotameorencesp 9.36* (bs,1H, NH), 9.21 (bs, 1H,
NH), 8.28 (s, 1H, NCHO), 8.21* (s, 2H,aCH), 8.16 (s, 2H, &-H), 8.13* (s, 1H, NCHO), 7.69* (s, 1H,
Car-H), 7.65 (s, 1H, @-H), 5.42* (dd,J = 9.2, 4.2 Hz, 1H, &H), 5.33-5.23 (m, 1H, £H), 3.78-3.69 (m,
2H, G-H), 2.64-2.56* (m, 1H, &Ha), 2.55-2.40 (m, 1H, £Ha), 2.15-1.95 (m, 3H, £Hp + Cs-H). 3C NMR
(75 MHz, CDC¥}): 6 194.8* (CO), 194.1 (CO), 161.9* (NCHO), 160.7 (NOH 157.8 (CONH), 157.3*
(CONH), 138.0 (&-C), 137.8* (G,-C), 133.6* (q,%Jc-F = 33.4 Hz,CCF), 132.7 (9,2Jcr = 33.8 Hz, 2 x
CCR), 123.1 (9,YJck = 272.8 Hz, CB), 119.9 (q.2Jcr = 3.8 Hz, G-H), 118.7 (q.2Jcr = 3.8 Hz, G-H),
61.0* (&), 58.5 (G), 46.7 (G), 44.4* (G), 29.3* (&), 28.9 (G), 24.7 (G), 22.8* (C). *F NMR (282MHz,
CDCl): 6 -63.1 (CR). IR (ATR) cm': 2961 (NH), 2886 (C-H), 1653 (C=0), 1126 (C-N). NB) m/z (%):
255 (56), 207 (17), 98 (100), 83 (12), 69 (31). HRMCalculated for [GH13N20OsF¢]*: 383.0830 [(M+H]];
found: 383.0833. The ee was determined by HPLCgusinChiralpak AD-H columnnfhexanePrOH
(90:10)]; flow rate 1.00 mL/Mintmajor = 6.548 MiN,Tminor = 5.993 min (99% ee)o]p?® -40.7 € = 1.0,
CH.Cl,).

H© o (S)-N-[3,5-bis(trifluoromethyl)phenyl]-2-[(2 S,3R)-1-formyI-3-
\i LR cr. Methylpyrrolidin-2-yl]-2-oxoacetamide (8b). Following GP-H, 8b (17.2 mg,
Q" SOT ° 0.043 mmol) was isolated by FC (petroleum etherAget@radient from 8:2 to 1:1)

in 60% vyield as a vyellow foam starting from §BRZ2)-2-[3,5-

CFs bis(trifluoromethyl)phenyl]-5-methyl-4-(2-phenylhsakzono)-1-
thioxohexahydropyrrolo[1,2}pyrimidin-3(4H)-one7d (36.3 mg, 0.073 mmol, 96% ee) and PIFA (96.4 mg,
0.22 mmol + 38.6 mg, 0.087 mmol) in EN/HO (0.4/0.1 mL).*H NMR (300 MHz, CDCJ): (7.0:1
diastereoisomer ratio, *denotes minor diastereo&saesonances)9.17 (bs, 1H, NH), 8.20 (s, 1H, NCHO),
8.15 (s, 2H, &-H), 7.64 (s, 1H, @-H), 4.75 (d,J = 7.0 Hz, 1H, &H), 3.82-3.70 (m, 2H, &£H), 2.58-2.42
(m, 1H, G-H), 2.28-2.13 (m, 1H, £H.,), 1.82-1.65 (m, 1H, £Hy), 1.33* (d,J = 7.0 Hz, 3H, ChH), 1.27 (d,

J = 7.0 Hz, 3H, Ch). 3C NMR (75 MHz, CDCJ): § 195.2 (CO), 160.8 (NCHO), 158.1 (CONH), 138.1
(Car-C), 137.7* (Gi-C), 132.7 (q2Jc¢ = 33.6 Hz,CCR), 123.0 (g,}Jcr = 273.1 Hz, CE), 119.9 (G/-H),
118.7 (9.2Jcr = 3.6 Hz, G-H), 62.9* (G), 60.6 (G), 45.7 (G), 43.7* (G), 38.1* (G), 36.7 (G), 32.4 (G),
30.8* (Cy), 15.2* (CH), 14.9 (CH). **F NMR (282MHz, CDd): 6 -63.1 (CR). IR (ATR) cm* 2973 (NH),
2887 (C-H), 1652 (C=0), 1126 (C-N). MS (Eijz (%): 255 (68), 236 (30), 207 (29), 112 (100), 83)( 69
(37).HRMS: Calculated for [€H1sN2OsF¢]*: 397.0987 [(M+H]]; found: 397.0988; The ee was determined
by HPLC using a Chiralpak AD-H column-hexanePrOH (95:05)]; flow rate 1.00 mL/minmajor = 10.119
MmN, Tminor = 9.370 min (For the major diastereisomer: 96% [eg)?° -15.7 € = 0.85, CHCI,).

h O (9)-N-[3,5-bis(trifluoromethyl)phenyl]-2-(1-formyl-4,4-d imethylpyrrolidin-2-
\i ? H oF yl)-2-oxoacetamide (8c)Following GP-H, 8c (50.1 mg, 0.122 mmol) was isolated
S( * by FC (petroleum ether/EtOAc gradient from 8:2 tb)in 63% yield as a yellow
ﬁg ° foam starting from $2)-2-[3,5-bis(trifluoromethyl)phenyl]-6,6-dimethyl-@-
CFy phenylhydrazono)-1-thioxohexahydropyrrolo[L]pyrimidin-3(4H)-one 7e (100
mg, 0.194 mmol, >99% ee) and PIFA (258 mg, 0.582h#11.03 mg, 0.233 mmol) in G&N/H.O (0.8/0.2
mL). *H NMR (300 MHz, CDCJ): (3.0:1 rotamer ratio, *denotes minor rotameoresicesp 9.21 (bs, 1H,
NH), 9.11* (bs, 1H, NH), 8.27 (s, 1H, NCHO), 8.2&" 1H, NCHO), 8.21* (s, 2H, &zH), 8.17 (s, 2H, @-
H), 7.70* (s, 1H, G-H), 7.66 (s, 1H, @-H), 5.46-5.38* (m, 1H, &H), 5.33-5.24 (m, 1H, £H), 3.78-3.68
(m, 2H, G-H), 2.52-2.41 (m, 1H, £Hy), 2.07-2.04 (m, 1H, £Hyp), 1.91* (s, 6H, C(CH)2), 1.34 (s, 6H,

C(CHs)). 13C NMR (75 MHz, CDCJ): 5 194.8* (CO), 194.0 (CO), 169.9* (NCHO), 161.7* (R6), 160.7
(NCHO), 157.7 (CONH), 138.0 (5C), 137.7* (G,-C), 132.7 (q2Jcr = 33.7 Hz,CCR), 123.1 (qXcr =
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272.7 Hz, CB), 119.9 (93Jcr = 3.3 Hz, G,-H), 118.7 (q.3Jcr = 4.0 Hz, G,-H), 60.9* (G), 58.5 (G), 51.5
(Cs), 46.7 (G), 44.4* (G), 28.9 (C(CH)2), 24.7 (G), 24.6* (C(CH)2), 22.8* (G). 'F NMR (282MHz,
CDCl): 8 -63.1 (CE). IR (ATR) cm*: 2965 (NH), 2877 (C-H), 1658 (C=0), 1128 (C-N). NE8) m/z (%):
380 (17), 281 (16), 255 (72), 236 (41), 207 (386 115), 152 (57), 108 (100), 81 (23), 69 (ZRH)e ee was
determined by HPLC using a Chiralpak AD-H colunmrhpxanePrOH (90:10)]; flow rate 1.00 mL/min;
Tmajor = 6.502 MiNminor = 5.960 min (90% ee)a]p?% -27.5 € = 1.0, CHCI,).

3.6. Chemical manipulation of adducts 4 (Scheme 4)

F3C

Ph

! CF
. “\(s - NH PIFA O 3 K,COs ArN}/S NHPH
\ s, Y

N .»MR CHyCN/H,0 N N-Ph EtOH, t N N
G 06 —= 1t Y- ] (R=CO,Et) "
CF3 N
General H R

Procedure |
4i, 40 (GP-I) 9a (R=CO,Et) 10
9b (R=Ph)

Scheme SlI-8Derivatization of adduct#i and4o

General Procedure | (GP-1). To a stirred solution of hydrazone (0.43 mmol, &dq) in CHCN/H.O
(1.4/0.25 mL) at 0 °C, was added [bis(trifluoroacg)iodo]benzene (0.86 mmol, 2.0 eq.). The reaction
mixture was allowed to stir at room temperature ¥6rmin. Then, the mixture was diluted with £Hp,
washed with saturated NaHg@@queous solution and water, dried ovepIa and concentrateih vacuo.
The crude product was purified by flash column altography on silica gel.

FaC Ethyl (1S,7aS,2)-3-{[3,5-bis(trifluoromethyl)phenyllimino}-1-[( E)-
@,CFS phenyldiazenyl]tetrahydro-1H,3H-pyrrolo[1,2-c]thiazole-1-carboxylate (9a).
Following GP-1, 9a (72.8 mg, 0.137 mmol) was isolated by FC (petnoiether/EtOAC
N gradient from 19:1 to 7:3) after 15min in 73% yiaklan orange solid starting fro)-(
>\3_3 ,[\J’Ph ethyl-2)-2-{1-[(3,5-bis(trifluoromethyl)phenyl)carbamothifjpyrrolidin-2-yl}-2-(2-
N_ B=N phenylhydrazono)acetatéi (100 mg, 0.188 mmol, >99% ee) and PIFL66.5 mg,
5@2,:@025 0.376 mmol) in CHCN/HO (0.7/0.12 mL). R 0.7 (hexanes/EtOAc 8:2JH NMR
6 7 (300 MHz, CDCY): 6 7.82-7.69 (m, 2H, £-H), 7.60-7.50 (m, 4H, £-H), 7.46 (s, 2H,

Car-H), 5.04 (appt tJ = 6.8 Hz, 1H, @H), 4.43-4.16 (m, 2H, B,CHs), 3.77-3.58 (m,
1H, G-Ha), 3.56-3.36 (m, 1H, £Hyp), 2.26-1.88 (m, 4H, £H + C-H), 1.28 (t,J = 7.1 Hz, 3H, CHCH3).
13C NMR (75 MHz, CDCJ): § 166.7 (COO), 155.1 (&=C), 152.5 (G-C), 150.8 (CN), 132.6 (H), 132.2
(9, 2Jcr = 33.0 HZ,CCR), 129.5 (Gr-H), 123.6 (q,XJc.F = 272.8 Hz, CE), 123.3 (G-H), 122.7 (93Jcr =
3.4 Hz, G,-H), 116.5 (q,%)cr = 3.8 Hz, G-H), 88.5 CCOO), 70.2 (@), 63.0 CH.CHs), 46.1 (G), 27.6
(Cs), 24.5 (G), 14.2 (CHCHz3). F NMR (282 MHz, CDGJ): 5 -62.9 (CR). IR (ATR) cm®: 2887 (C-H),
1737 (C=0), 1602 (C=N), 1125 (C-N). MS (Etyz (%): 502 (29), 429 (58), 387 (10), 194 (26), 183)(
121 (100), 77 (6). HRMS: Calculated for2j8-1N4O,SFs]*: 531.1289 [(M+H)]; found: 531.1312. The ee
was determined by HPLC using a Chiralcel OD-3 calymhexanefPrOH (98:02)]; flow rate 1.00 mL/min;
Tmajor = 5.707 MiNTminor = 5.306 min (>99% eeja]p?®: -275.9 € = 1.0, CHCI,). M.p. (CHCl,): 127-129 °C.

FsC (1R, 78S,Z)-N-[3,5-bis(trifluoromethyl)phenyl]-1-phenyl-1-[( E)-
Oca phenyldiazenyl]tetrahydro-1H,3H-pyrrolo[1,2- cJthiazole-3-imine (9b). Following
GP-I, 9b (37.6 mg, 0.07 mmol) was isolated by FC (petroleatirer/EtOAc gradient
from 19:1 to 7:3) after 15min in 90% yield as aarge solid starting fromS|-(Z)-N-

N>3_S ,,N":’h [3,5-bis(trifluoromethyl)phenyl]-2-[phenyl(2-pherytdrazono)pyrrolidine]-1-

N_ B=N carbothioamideto (41.8 mg, 0.078 mmol, 90% ee) and PI@R.1 mg, 0.156 mmol) in
5(_7672; Ph CH:CN/H,O (1.2/0.24 mL).Rr: 0.57 (hexanes/EtOAc 8:2)H NMR (300 MHz,
6 7 CDCls): 8 7.90-7.80 (m, 2H, &-H), 7.69-7.60 (m, 4H, £-H), 7.60-7.50 (m, 4H, &-

H), 7.49-7.33 (m, 3H, §-H), 5.04 (appt tJ = 7.1 Hz, 1H, GrH), 3.63-3.49 (m, 1H, £H,), 3.49-3.34 (m,

1H, Gi-Hp), 2.48-2.29 (m, 1H, EH.), 2.26-1.85 (m, 3H, EHy + C-H) 13C NMR (75 MHz, CDCJ): § 156.8

(Ca-C), 152.7 (G-C), 151.0 (G), 136.8 (G-H), 132.0 (G-H), 131.9 (q2Jcr = 32.9 Hz,CCFs), 129.4

(Car-H), 128.9 (Gi-H), 127.5 (Gr-H), 123.6 (qlJcr = 272.7 Hz, CB), 123.2 (Gi-H), 122.8 (q2Jcr = 2.9

Hz, Ga-H), 116.3-115.9 (m, §-H), 91.4 (G), 74.5 (GJ), 45.7 (G), 27.2 (G), 23.8 (G). F NMR (282
SI-29



MHz, CDCk): 6 -62.8 (CR). IR (ATR) cm*: 2877 (C-H), 1595 (C=N), 1125 (C-N). MS (Efyz (%): 502
(73), 398 (24), 330 (100), 213 (12), 115 (24), 8B)( 69 (24). HRMS: Calculated for {€121NsSFs]*:
535.1391 [(M+H]]; found: 535.1400. The ee was determined by HPEiGgua Chiralcel OD-3 columm{
hexandPrOH (90:10)]; flow rate 1.00 mL/Mintmajor = 4.544 MiNgminor = 5.694 min (90% ee)a]p?* -193.9
(c= 1.0, CHCI). M.p. (CHCI): 50-52 °C.

C (5,12,32)-N-[3,5-bis(trofluoromethyl)phenyl]-1-(2-phenylhydrazono)tetrahydro-

OCFS 1H,3H-pyrrolo[1,2-c]thiazol-3-imine (10). K2COs (14.7 mg, 0.107 mmol) is added to
a cooled solution (0] °C) of ethyl $YaSE/2)-3-{[3,5-

N bis(trifluoromethyl)phenyl]imino}-1-[E)-phenyldiazenyl]tetrahydroH, 3H-

3 H pyrrolo[1,2<]thiazole-1-carboxylat®a (56.5 mg, 0.107 mmol, >99% e#) ethanol
(0.9 mL). The reaction was allowed to stir at rommperature for 6 hours and then
H guenched with NECI. The crude product was extracted withCH (3 x 2 mL). The

combined organic layers were dried overn3@, filtered and concentratad vacuo.
The residue was subjected to flash column chromapty on silica gel to afford 43.4 mg @0 (0.095
mmol, 88%) as an orange solid: B.81 (hexanes/EtOAc 8:2H NMR (300 MHz, CDCJ): § 7.60 (s, 1H,
Car-H), 7.41 (s, 2H, @-H), 7.31-7.19 (m, 2H, £-H), 6.99 (dJ = 7.7 Hz, 2H, &-H), 6.91 (appt tJ = 7.3
Hz, 1H, Gi-H), 6.45 (bs, 1H, NH), 4.85 (dd,= 9.9, 5.9 Hz, 1H, &H), 3.98-3.83 (m, 1H, &H,), 3.60-
3.46 (m, 1H, GHy), 2.46-2.14 (m, 3H, EHa + Cr-H), 1.98-1.80 (m, 1H, &€Hy). **C NMR (75 MHz,
CDCl): 6 154.8 (G), 152.2 (G), 144.7 (G-C), 137.6 (G:-C), 132.5 (g2Jcr = 33.2 Hz,CCR), 129.4 (G-
H), 123.4 (qc.r = 272.8 Hz, CF), 122.5 (q2Jcr = 3.8 Hz, Gi-H), 121.2 (G-H), 117.1 (q3Jcr = 4.0 Hz,
Car-H), 113.5 (Gi-H), 69.1 (G), 47.9 (G), 30.4 (G), 26.4 (G). 1%F NMR (282 MHz, CDGJ): § -62.9 (CE).
IR (ATR) cntt: 2989 (NH), 1601 (C=N), 1121 (C-N). MS (Et)z (%): 458 (96), 353 (10), 271 (100), 252
(30), 213 (35), 202 (10), 163 (19), 143 (11), 93)(477 (52), 69 (22). HRMS: Calculated for
[C2ooH17N4SFe]™: 459.1078 [(M+H]]; found: 459.1088. The ee was determined by HPki@gia Chiralpak
ID-3 column p-hexanePrOH (98:02)]; flow rate 0.70 mL/MiNgmajor = 8.310 MiNn,tminor = 11.439 min
(>99% ee). §]p** +253.5 € = 0.46, CHCI,). M.p. (CHCl,): 86-88 °C.

Ph

NHPh SMe Ar N
ArHN__S _NHPh 0 r N
N )nan AN NBS SN
Nl = g L — /
@ Ph 2) Mel @ Ph Acetone/MeOH N Ph
H
40 1 12

Scheme SI-9Derivatization of adducto

Methyl-(S,Z2)-N-[3,5-bis(trifluoromethyl)phenyl]-2-[( E)-phenyl(2-
phenylhydrazineylidine)methyl]pyrrolidine-1-carbimi dothioate (11).To a solution
of 40 (100 mg, 0.186 mmol, 90% ee) in &b (2.0 mL) at 0 °C, sodium hydride (9.0
N.__SMe N,P: mg, 0.224 mmol, 60% in mineral oil) was added. Afteing stirred for 30 min at 0 °C,
N /E' methyl iodide (12.8 pL, 0.205 mmol) was added dredreaction was stirred 3 hours at
(_7 ph  room temperature. Then, the reaction mixture washed with water and brine, and
extracted with EtOAc (3 x 2 mL). The organic layeass dried over N&Q,, filtered
and concentrateith vacuo. The residue was purified by flash column chromgegphy on silica gel to afford
76.3 mg of11 (0.139 mmol, 75%) as a yellow solidi: .89 (hexanes/EtOAc 8:23H NMR (300 MHz,
CDCl): 6 7.59-7.44 (m, 3H, &-H), 7.44-7.34 (m, 6H, £-H + NH), 7.32-7.20 (m, 2H, &-H), 7.05-6.99
(m, 2H, Gi-H), 6.86 (appt tJ = 7.3 Hz, 1H, G&-H), 5.23-5.14 (m, 1H, £H), 3.97-3.85 (m, 1H, £Hy),
3.81-3.67 (m, 1H, €Hp), 2.25-1.98 (m, 4H, €H + C4-H), 1.89 (s, 3H, SCh. °C NMR (75 MHz, CDCJ):
8 155.5 (NCN), 151.4 (£-C), 145.2 (G,-C), 145.0 (CNN), 132.6 (&C), 131.9 (q2Jcr = 32.7 HzCCR),
129.8 (Gi-H), 129.6 (Gi-H), 129.3 (G-H), 128.0 (Gi-H), 123.7 (q,Jcr = 272.8 Hz, CFk), 121.9 (G-H),
120.1 (Gi-H), 114.1 (93Jcr = 4.0 Hz, Gi-H), 112.7 (Gi-H), 64.9 (G), 49.9 (G), 30.2 (G), 22.8 (G), 16.0
(SCHs). F NMR (282 MHz, CDQJ): § -62.9 (CR). IR (ATR) cm*: 2976 (NH), 2875 (C-H), 1601 (C=N),
1124 (C-N). MS (El)m/z (%): 502 (71), 398 (25), 330 (100), 207 (15), 2258), 77 (81), 69 (23). HRMS:
Calculated for [GH2sN4SK]*: 551.1704 [(M+H]]; found: 551.1711. The ee was determined by HPLC
using a Chiralcel OD-3 columm+{hexanefPrOH (99:01)]; flow rate 0.70 mL/MiRmajor = 10.461 MiNminor
=11.362 min (88% ee)a]p?% -93.3 € = 1.0, CHCI,). M.p. (CHCl,): 82-84 °C.

FsC CF,
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F.C (1S,7aS,E)-2-[3,5-bis(trifluoromethyl)phenyl]-1-phenyl-1-
(phenyldiazenyl)hexahydro-3-pyrrolo[1,2-c]imidazol-3-one  (12). Powered N-
QCFS bromosuccinimide (52.3 mg, 0.291 mmol) was addd€t°& to an stirred 50% acetone-
O>_N MeOH (0.2 mL-0.2 mL) solution of1 (40.0 mg, 0.073 mmol, 88% ee). The reaction
NS =N mixture was allowed to stir at room temperature3ormin and water was added. The
5@2;’%"1’% crude product was extracted with €Hb (3 x 1 mL). The organic layer was dried over
6 7 NaSQ;, filtered and concentratéd vacuo. The residue was purified by flash column
chromatography on silica gel to afford 22.0 mdL2f(0.042 mmol, 58%) as an orange
oil. Rr: 0.43 (hexanes/EtOAc 8:2H NMR (300 MHz, CDCY): 8 7.85-7.79 (m, 2H, &-H), 7.79-7.73 (m,
2H, Gar-H), 7.56-7.49 (m, 3H, £-H), 7.48-7.38 (m, 3H, £-H), 7.35 (bs, 3H, &-H), 4.43 (appt tJ = 6.8
Hz, 1H, G«H), 3.66 (dddJ = 11.0, 7.8, 5.1 Hz, 1H,5H,), 3.23-3.10 (m, 1H, £Hp), 1.90-1.70 (m, 3H, &£
Ha + G-H), 1.59-1.47 (m, 1H, £Hy). 1*C NMR (75 MHz, CDCJ): § 159.2 (G), 151.0 (G,-C), 139.2 (G-
C), 132.3 (Gi-H), 131.2 (q2Jcr = 33.3 Hz,CCF), 129.5 (G-H), 129.5 (Gi-H), 129.1 (G,-H), 127.1 (G-
H), 123.2 (q,%Jcr = 273.2 Hz, CF), 123.1 (G-H), 122.5 (Gi-H), 116.4 (9, Jcr = 4.0 Hz, G,-H), 91.2
(C1), 71.0 (Gy), 45.4 (G), 25.9 (G), 24.2 (G). %F NMR (282 MHz, CDQJ): § -63.2 (CR). IR (ATR) cm:
1722 (C=0), 1128 (C-N). MS (Elm/z (%): 412 (100), 316 (28), 253 (14). HRMS: Calcethtfor
[C26H21N4OF]*: 519.1620 [(M+H)]; found: 519.1612. The ee was determined by HPki@gia Chiralpak
AD-H column p-hexanaPrOH (98:02)]; flow rate 1.00 mL/MiNmajor = 7.107 MiNTminor = 7.926 min (88%
ee). p]p?% -113.7 € = 0.66, CHCIL,).
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4.1. X-Ray Analysis of Compound 4m

Crystal Data for C22H2QN.OS M =502.48 g/mol) 4m): triclinic, space group P1 (no. 1 =

12.62193(18) Ab = 13.55916(19) Ac = 20.6596(3) A,a = 92.8838(11)°,f = 91.5768(11)°y =

94.1281(11)°V = 3520.38(8) A Z = 6,T = 149.99 (10) Ku(Cu Ka) = 1.866mm™, Dcalc = 1.422 g/crhy

72604 reflections measured (6.54420 < 139.998°), 25823 uniqudf; = 0.0426, Bgma = 0.0555) which
were used in all calculations. The firlwas 0.0550 (I>=2u(l)) andR, was 0.1532 (all data).

CF;
F3C

4m

Figure SI-1. ORTEP diagram for compour{8,Z)-4m

Table SI-4 Crystal data and structure refinement4or.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o

af
pr°

y/°

Volume/A3

Z

Pcaltglcrrﬁ

p/mnrt

F(000)

Crystal size/mm

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on+

Final R indexes [I>=& (1)]
Final R indexes [all data]
Largest diff. peak/hole / e R
Flack parameter

NZ906
@2H20FsN4OS
502.48
149.99(10)
triclinic
Pl
12.62193(18)
13.55916(19)
20.6596(3)
92.8838(11)
91.5768(11)
94.1281(11)
3520.38(8)
6
1.422
1.866
1548.0
0.699 x 0.186 x 0.058
Cuke (A = 1.54184)
6.544 to 139.998
-15h<15,-16<k<16,-25<1<24
72604
25823fR: 0.0426, Bgma = 0.0555]
25823/363/2075
1.066
R1 = 0.0550, wRR= 0.1507
1R 0.0567, wRR=0.1532
0.41/-0.36
-0.013(13)
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Table SI-5 Fractional Atomic Coordinates (x%tand Equivalent Isotropic Displacement Parameters

Atom
S1A
F10A
F11A
F12A
O1A
N1A
N2A
N3A
N4A
Cl1A
C2A
C3A
C4A
C5A
C6A
C7A
C8A
C9A
C10A
Cl1A
C12A
C13A
Cl4A
C15A
C16A
C17A
C18A
C19A
C20A
C21A
C22A
F1A
F4A
F7A
F3A
F6A
FOA
F2A
F5A
F8A
S1F
O1F
N1F

X

12961.8(9)
11100(3)
11321(4)
12434(3)
11075(4)
11895(3)
12208(3)
10335(3)
9649(3)
11975(4)
11650(5)
10876(5)
11315(4)
12321(4)
12632(4)
13620(4)
13996(5)
13418(5)
12454(4)
12049(4)
15036(6)
11828(4)
11278(4)
11662(5)
12788(5)
8659(4)
8039(5)
7054(5)
6666(5)
7282(5)
8282(4)
15006(15)
15456(12)
15791(8)
15114(15)
15860(14)
15181(14)
14910(14)
15684(12)
15572(12)
-330.2(8)
-1810(3)
-117(3)

y
8792.0(8)

8889(3)
7339(3)
8386(4)
9497(3)
7073(3)
7412(3)
8049(3)
8719(3)
7286(4)
6281(4)
5786(4)
6117(4)
7698(3)
7926(3)
8450(4)
8925(5)
8864(4)
8310(3)
7849(3)
9509(6)
8228(4)
8103(4)
8870(4)
8906(6)
8659(4)
9465(4)
9431(5)
8626(5)
7824(4)
7836(4)
10435(11)
9669(15)
9048(10)
10157(15)
8908(15)
10120(14)
10461(13)
9197(15)
9508(15)
1773.9(8)
2664(3)
207(3)

SI-33

VA
-785.2(6)
2370(2)
2373.7(19)
2873.0(18)
-2561(2)
-1066(2)
23(2)
-1691(2)
-1813(2)
-1763(2)
-2100(3)
-1649(3)
-973(3)
-605(2)
593(2)
622(3)
1195(3)
1760(3)
1736(2)
1154(2)
1229(3)
2332(3)
-1942(2)
-2380(3)
-2591(3)
-1526(3)
-1582(3)
-1318(4)
-995(4)
-944(3)
-1199(3)
1524(13)
641(6)
1570(8)
753(9)
1148(16)
1788(7)
1083(13)
724(9)
1754(8)
9084.1(6)
11000(2)
9773.0(19)

(A?x10%) for 4m. Ueqis defined as 1/3 of of the trace of the orthodjerd U tensor.

U(eq)
38.0(2)
60.2(9)
64.5(10)
73.7(12)
52.9(10)
34.0(8)
33.6(8)
37.0(8)
38.2(9)
39(1)
47.9(12)
49.1(12)
41.2(11)
32.7(9)
33.5(9)
43.9(12)
53.4(14)
48.4(12)
36.6(10)
31.8(9)
80(3)
42.9(11)
35.8(10)
44.3(12)
59.0(16)
39(1)
46.6(12)
55.8(15)
57.0(15)
49.3(13)
41.9(11)
90(5)
63(3)
56(3)
79(4)
114(6)
76(4)
88(4)
76(4)
72(4)
32.7(2)
47.7(9)
32.1(8)



N2F
N3F
N4F
CIF
C2F
C3F
C4F
C5F
C6F
C7F
C8F
C9F
C10F
C11F
C12F
C13F
C14F
C15F
C16F
C17F
C18F
C19F
C20F
C21F
C22F
F7F
F11F
FOF
F6F
F2F
F4F
F8F
F10F
F12F
F5F
F1F
F3F
s1C
01C
N1C
N2C
N3C
N4C
cic
ca2c
c3c

1269(3)
-170(3)
15(3)
-1139(4)
-1406(4)
-327(4)
377(4)
307(3)
1968(4)
3041(4)
3785(4)
3467(5)
2401(4)
1640(4)
4942(5)
2031(6)
-1034(4)
-1881(4)
-2841(5)
928(4)
1185(5)
2076(6)
2713(5)
2461(5)
1571(4)
1850(50)
2570(30)
1030(30)
5250(4)
5166(4)
5582(4)
1511(8)
1406(12)
2858(6)
5390(30)
5100(40)
5300(30)
-1131.4(8)
-4779(3)

-2116(3)
-375(3)

-3669(3)
-4178(3)

-3100(3)
-3742(4)
-3417(4)

560(3)
1343(3)
2087(3)
383(4)
-604(4)
-974(4)
-658(4)
802(3)
1121(3)
1173(3)
1678(4)
2151(4)
2102(4)
1570(3)
1748(5)
2630(5)
1270(3)
1966(4)
1803(5)
2132(4)
2991(5)
3047(6)
2268(6)
1422(5)
1331(4)
3470(40)
2460(40)
2150(30)
2647(4)
1097(7)
1613(7)
3432(6)
2071(8)
2990(7)
2540(30)
1560(40)
960(30)
4740.3(8)
3487(3)
6169(3)
6109(3)
4911(3)
4162(3)
5844(3)
6757(4)
7221(4)

SI-34

9119(2)
10919.7(19)
11359(2)
10075(2)
10395(3)
10572(3)
10018(3)
9335(2)
8731(2)
8913(2)
8546(3)
8007(3)
7833(3)
8181(2)
8762(4)
7258(3)
10550(2)
10599(3)
10146(4)
11762(2)
12141(3)
12557(3)
12587(3)
12208(3)
11790(3)
7370(30)
6693(18)
6920(20)
9051(4)
9202(4)
8287(3)
7445(4)
6874(5)
6923(4)
8570(30)
9300(20)
8215(19)
5793.3(5)
5325.4(18)
5244.4(19)
4986.1(19)
4591.7(19)
4239(2)
5564(2)
5534(3)
4907(3)

32.9(8)
34.1(8)
37.1(8)
35.4(10)
44.4(12)
45.6(12)
40.0(11)
29.9(8)
30.4(9)
34.3(9)
42.1(11)
46.7(12)
40.6(11)
34.4(9)
60.8(17)
54.6(14)
32.1(9)
40.1(11)
58.5(15)
39.1(10)
47.9(13)
61.9(19)
57.8(17)
55.2(15)
43.1(11)
95(17)
91(11)
54(8)
78(2)
71.3(18)
83(2)
60.4(18)
79(3)
75(3)
91(13)
76(12)
79(11)
32.7(2)
39.8(7)
31.1(7)
32.1(8)
32.5(8)
34.4(8)
31.9(9)
40.8(11)
42.5(11)



c4cC
C5C
CceC
Cc7C
Cc8C
caoC
c10C
C1li1C
C1l2C
C13C
C14C
C15C
C1leC
C17C
c18C
C19C
ca0C
c21C
c22C
Fi1C
F3C
F5C
F8C
F10C
F12C
F2C
F4C
F6C
F7C
FoC
F11C
S1D
FOOl
FOO0O
FOO7
01D
N1D
N2D
N3D
N4D
CiD
C2Db
C3D
C4D
C5D
ceD

-2237(4)
-1212(3)
669(4)
1162(4)
2219(4)
2784(4)
2286(4)
1231(4)
2751(5)
2920(4)
-3666(3)
-4226(3)
-4092(4)
-4165(3)
-4492(4)
-4495(4)
-4183(4)
-3872(5)
-3855(4)
1987(7)
3039(10)
3479(9)
2409(14)
3811(9)
3269(19)
2199(12)
3677(12)
3273(10)
2280(20)
3578(17)
3527(18)
-2937.6(9)
-2037(3)
-841(3)
-942(3)
-571(3)
-1828(3)
-2197(3)
-156(3)
604(3)
-1810(3)
-1516(4)
-778(4)
-1247(4)
-2292(3)
-2574(3)

7047(4)
5721(3)
5791(3)
5803(3)
5577(3)
5336(4)
5337(3)
5561(3)
5624(4)
5137(4)
4932(3)
4178(3)
4231(4)
4141(4)
3245(4)
3181(5)
4005(5)
4882(5)
4971(4)
5372(9)
6551(6)
5038(10)
5186(17)
5733(13)
4215(11)
5783(13)
6276(10)
4748(8)
4929(19)
5980(12)
4367(15)
1154.8(8)
1846(3)
2676(3)
1093(3)
306(2)
2823(3)
2649(3)
1824(3)
1198(3)
2485(3)
3454(4)
4047(4)
3800(3)
2268(3)
2199(3)

SI-35

4865(3)
5320(2)
4971(2)
4374(2)
4340(3)
4882(3)
5473(3)
5525(2)
3707(3)
6059(3)
5223(2)
5605(2)
6327(2)
3565(2)
3226(3)
2559(3)
2216(3)
2549(3)
3225(3)
3189(4)
3566(4)
3588(6)
6615(7)
6130(8)
5965(11)
3204(6)
3783(7)
3619(7)
6560(11)
6285(10)
6049(15)
4181.7(6)
7830.7(16)
7323.6(19)
7251.7(17)
2521.1(17)
3947.3(18)
5015.9(19)
3520.3(18)
3464.8(19)
3261(2)
2928(2)
3429(2)
4081(2)
4394(2)
5579(2)

38.5(10)
29.2(8)
30.0(9)
35.2(9)
39.7(11)
41.1(11)
36.6(10)
31.6(9)
59.5(17)
49.1(13)
29.7(8)
31.6(9)
40.3(10)
33.9(9)
41.5(11)
50.2(13)
50.1(13)
48.1(12)
42.4(11)
58(2)
80(3)
65(3)
46(3)
60(4)
65(4)
69(4)
83(4)
42(3)
49(5)
65(4)
61(5)
34.5(2)
62.3(10)
65.4(10)
53.0(8)
37.2(7)
28.5(7)
30.4(7)
30.0(7)
30.2(7)
29.9(9)
35.0(9)
36.6(10)
32.9(9)
27.5(8)
29.6(8)



C7D
c8b
CaoD
C10D
C11D
C12D
C13D
C14D
C15D
C1e6D
C17D
C18D
C19D
C20D
C21D
C22D
F212
F213
F214
F215
F216
F217
S1B
F7B
F8B
Fo9B
01B
N1B
N2B
N3B
N4B
CiB
C2B
C3B
C4B
C5B
ceB
C7B
C8B
C9B
c10B
Cl1B
C12B
C13B
C14B
C15B

-1908(4)
-2274(4)
-3287(4)
-3951(4)
-3602(4)
-1525(4)
-5057(5)
-1018(3)
-1230(4)
-2273(4)
1558(3)
2289(4)
3268(4)
3521(4)
2784(4)
1798(4)
-5804(9)
-5257(16)
-5274(13)
-5717(13)
-5460(16)
-5213(17)
10322.0(9)
4918(3)
4627(3)
4895(3)
11468(4)
10142(3)
8810(3)
9871(3)
9540(4)
11093(4)
11416(4)
10358(4)
9669(4)
9729(3)
8157(4)
8559(4)
7846(5)
6756(5)
6380(4)
7072(4)
8275(5)
5207(5)
10828(4)
11645(5)

2257(3)
1873(3)
1439(4)
1384(4)
1756(4)
1881(4)
967(4)
1707(3)
911(3)
852(4)
1390(3)
670(4)
856(5)
1744(4)
2452(4)
2286(4)
1579(14)
216(16)
608(17)
1698(11)
527(19)
250(20)
8055.6(8)
8200(4)
7733(3)
9265(3)
7487(3)
9727(3)
9358(3)
8697(3)
8055(3)
9519(3)
10539(3)
10993(4)
10631(3)
9096(3)
8802(3)
8340(4)
7846(4)
7829(4)
8311(4)
8793(3)
7329(5)
8359(5)
8725(3)
8085(4)

SI-36

6127(2)
6697(2)
6736(2)
6186(3)
5606(2)
7275(3)
6214(3)
3149(2)
2639(2)
2262(3)
3828(2)
3807(2)
4129(3)
4469(3)
4503(3)
4182(3)
6062(14)
5764(11)
6791(6)
6357(16)
5657(6)
6641(14)
4116.1(6)
3871(2)
2868(2)
3153(2)
6306(2)
4811.7(18)
4052.0(19)
5894.2(19)
6327(2)
5196(2)
5537(2)
5643(2)
5048(2)
4337(2)
3571(2)
3031(2)
2571(3)
2644(3)
3178(3)
3649(2)
1998(3)
3269(3)
5678(2)
5881(3)

31.1(9)
34.1(9)
39.2(10)
39.9(10)
34.6(9)
41.6(11)
54.5(14)
28.1(8)
31.4(9)
44.0(11)
31.8(9)
37.5(10)
46.1(12)
47.6(13)
44.1(12)
36.6(10)
85(4)
87(5)
70(4)
72(5)
67(5)
77(6)
35.0(2)
83.5(15)
68.2(11)
68(1)
54.2(10)
28.1(7)
32.2(8)
37.2(9)
44.9(10)
31.5(9)
35.3(9)
36.9(10)
31.5(9)
29.4(8)
32.2(9)
38.3(10)
44.6(12)
45.9(12)
41.2(11)
35.7(10)
61.2(17)
51.5(13)
37.1(10)
44.3(12)



CleB
C17B
C18B
C19B
C20B
C21B
Cc22B
F2B
F4B
F6B
F1B
F3B
F5B
S1E
F1E
F2E
F3E
O1E
N1E
N2E
N3E
N4E
C1E
C2E
C3E
C4E
C5E
C6E
C7E
C8E
C9E
C10E
C1l1E
C12E
C13E
Cl4E
C15E
C16E
C17E
C18E
C19E
C20E
C21E
C22E
F5E
F7E

12705(5)
8519(5)
7886(6)
6864(6)
6495(6)
7147(6)
8146(6)
8730(30)
8990(20)
7469(16)
8391(9)
9262(7)
7669(7)
769.6(8)
-2897(3)
-3555(3)
-4164(3)
4402(3)
1783(3)
211(3)
3447(3)
4044(3)
2006(4)
3147(4)
3268(4)
2629(3)
925(3)
-789(3)
-1496(4)
-2479(4)
-2765(4)
-2057(4)
-1066(4)
-3264(4)
-2366(4)
3305(3)
3792(3)
3515(4)
4218(3)
3982(5)
4180(5)
4601(5)
4831(4)
4647(4)
-3057(14)
-2887(13)

8160(5)
8089(4)
8846(4)
8856(5)
8126(5)
7382(5)
7346(5)
6483(16)
7979(18)
6910(20)
6365(6)
7660(8)
7370(9)
5404.7(8)
5148(3)
6064(3)
4553(3)
6456(2)
3802(3)
3885(3)
5038(3)
5763(3)
2876(3)
2716(4)
3230(3)
4150(3)
4310(3)
4240(3)
4538(3)
4822(4)
4828(4)
4514(3)
4210(3)
5146(5)
4521(4)
5031(3)
5774(3)
5682(4)
5751(3)
4920(4)
4970(5)
5838(5)
6652(4)
6619(4)
5206(11)
3666(8)

SI-37

5568(4)
6565(2)
6436(3)
6688(4)
7081(3)
7220(3)
6960(3)
2170(20)
1750(13)
1604(11)
2087(7)
1823(4)
1449(4)
10750.5(6)
11056.7(18)
10343(2)
10408(2)
11034.5(18)
10444.2(18)
9891(2)
10084.2(19)
9838.0(19)
10096(2)
10308(2)
10981(2)
10925(2)
10345(2)
9709(2)
10171(2)
9961(3)
9313(3)
8860(3)
9053(2)
10445(3)
8160(3)
10702(2)
11193(2)
11889(2)
9173(2)
8759(3)
8108(3)
7860(3)
8270(3)
8924(3)
8043(5)
7933(7)

59.5(15)
45.6(12)
57.1(16)
62.6(18)
59.7(16)
58.7(17)
54.8(15)
84(3)
73(2)
86(2)
84(3)
73(2)
86(2)
34.6(2)
64.2(10)
61.3(9)
61.5(9)
39.4(7)
28.1(7)
31.8(8)
29.3(7)
31.6(8)
34.1(9)
35.8(10)
34.2(9)
28.2(8)
29.2(8)
30.8(9)
33.9(9)
37.3(10)
40.3(11)
38(1)
34.3(9)
46.9(12)
50.6(13)
27.3(8)
30.3(9)
41.7(11)
31.5(9)
44.5(12)
52.3(13)
50.0(13)
46.3(12)
40.2(11)
69(4)
68(3)



FOE
FAE
F6E
F8E

-1529(9)

-2530(30)
-3199(18)
-1585(16)

4666(15)
5461(10)
3880(20)
4270(20)

SI-38

7777(6)
7982(7)
7980(14)
7757(9)

69(3)
66(6)
79(6)
58(5)



4.2. X-Ray Analysis of Compound 7a’

Crystal structure determination o&

Crystal Data for @HisFsN4O, (M =472.39 g/mol) Ta’): monoclinic, space group I2/a (no. 1%),=
23.7773(15) Ab = 5.4608(3 A, c = 31.7244(19) Ap = 92.002(6)°V = 4116.7(5) A 2= 8,T = 150.01(10)
K, w(CuKa) = 1.202 mri, Dcalc = 1.524 g/crfy 15208 reflections measured (7.4420 < 139.94°), 3904
unigue Rn = 0.0508, Bgma= 0.0374) which were used in all calculations. Tihal R, was 0.057Z> 25(1))

andwR, was 0.1679 (all data).
F3C\©/CF3 '§
HN._O : &S
OQ\ \E H ¢ ¢ ( ?‘Qv
<“j~“‘\N’N‘Ph L -

7a'

Figure SI-2. ORTEP diagram for compour{8,2)-7a’

Table SI-6 Crystal data and structure refinementfat.

Identification code a20170014 Nz1259
Empirical formula GiH18FsN4O2

Formula weight 472.39

Temperature/K 150.01(10)

Crystal system monoclinic

Space group 12/a

alA 23.7773(15)

b/A 5.4608(4)

c/A 31.7244(19)

of° 90.00

pB/° 92.002(6)

v/° 90.00

Volume/A? 4116.7(5)

z 8

pcal(,g/CI'T? 1.524

w/mnr? 1.202

F(000) 1936.0

Crystal size/mrh 0.51 x 0.047 x 0.044
Radiation Cul& (A = 1.54184)

20 range for data collectior 7.44 to 139.94

Index ranges -28 <28, -6<k<3,-36<1<38
Reflections collected 15208

Independent reflections 3904;{R 0.0508, Bgma= 0.0374]
Data/restraints/parameters ~ 3904/72/354
Goodness-of-fit on 1.042

Final R indexes [I>=2 (I)] R:1=0.0572, wR=0.1565
Final R indexes [all data] 1R 0.0717, wR=0.1679
Largest diff. peak/hole / e R0.70/-0.29

SI-39



Table SI-7 Fractional Atomic Coordinates (x)Gnd Equivalent Isotropic Displacement Parameters

Atom
0001
F002
F003
0004
FO05
F006
NOQ7
NO08
NO09
NOOA
FOOB
coocC
C0ooD
CO0E
COOF
C00G
COOH
FOOl
C00J
COOK
CooL
CooM
COON
C000
CooP
C00Q
COOR
C00s
cooT
coou
coov
coow
C00X
F2
F4
F5
FOAA
F1AA

(A?x10%) for 7a’. Ueqis defined as 1/3 of of the trace of the orthodjerd U tensor.

X
-3369.3(8)
-3504(7)
-2937(4)
-4698.5(10)
-2287(7)
-3806(6)
-3886.0(9)
-4291.5(9)
-3818.3(9)
-5032.6(9)
-1857(6)
-3813.3(11)
-3498.6(11)
-4311.5(10)
-3807.9(11)
-4895.8(10)
-3624.1(11)
-1774(5)
-3273.3(11)
-3017.9(11)
-4267.9(11)
-2681.1(12)
-3302.0(12)
-2795.9(12)
-4216.2(12)
-5381.2(11)
-3253.8(13)
-3711.0(13)
-3391.1(13)
-5510.1(12)
-4953.9(12)
-5430.0(14)
-2167.0(14)
-3043(8)
-3911(4)
-3341(7)
-1733(2)
-2229(4)

y
-7638(4)
2600(20)
70(20)
-6591(5)
-350(30)
-860(30)
-5717(4)
-10807(4)
-11392(4)
-9600(4)
840(30)
-7414(5)
-3951(5)
-8987(5)
-13351(5)
-8387(5)
-2753(5)
-2820(30)
-945(5)
-3293(5)
-14863(5)
-1422(6)
-13806(6)
-240(5)
-16829(6)
-9261(5)
-15793(6)
-17327(6)
236(6)
-11841(6)
-8529(6)
-11664(6)
-732(7)

-500(30)
-230(30)
2690(30)
-1930(17)
-1016(16)

SI-40

A
-5948.6(6)
-7513(4)
-7788(4)
-7088.4(6)
-5832(6)
-7764(3)
-6468.4(7)
-5808.5(6)
-5598.6(7)
-6668.8(7)
-6400(4)
-6154.3(8)
-6592.1(8)
-6071.4(8)
-5314.9(8)
-6259.6(8)
-6975.1(8)
-6226(4)
-7115.9(8)
-6356.8(8)
-5255.0(8)
-6502.7(9)
-5091.7(9)
-6880.1(9)
-4984.7(9)
-5992.7(9)
-4824.2(9)
-4768.7(9)
-7535.7(9)

-6153.3(10)

-7038.2(9)

-6623.5(10)
-6243.8(12)

-7818(4)
-7690(5)
-7515(5)
-6338(3)
-5834(3)

U(eq)
31.6(4)
51(2)
44(2)
48.7(6)
47(3)
52(2)
27.9(5)
25.6(5)
29.3(5)
31.0(5)
68(3)
25.2(5)
26.9(5)
25.1(5)
27.1(5)
25.6(5)
28.2(6)
60(3)
30.1(6)
31.2(6)
29.9(6)
34.4(6)
35.0(6)
34.0(6)
35.7(6)
31.2(6)
39.4(7)
38.2(7)
36.2(6)
36.8(7)
38.2(7)
41.8(7)
49.1(9)
58(3)
49(2)
51(2)
78.3(19)
60.8(19)



5. NMR Spectra
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Figure SI-3. NMR spectra for compounth
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Figure SI-103.HPLC traces of compourtD
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Figure SI-104.HPLC traces of compouriil
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