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1. GENERAL METHODS

All the reaction was carried out via ultrasound device (UltraCleaner 1400A and 40
Hz with heating). All the temperature described for all the reactions by using of US was
determined outside of flask (bath temperature). To obtain the US at 0 °C, we filled the US
bath with crushed ice and water and maintain the temperature display off. Besides, to obtain
US bath at 80 °C turned on the temperature display.

The azlactones were synthesized as described by The respective reactions were
monitored by Thin Layer Chromatography (TLC) MACHEREY-NAGEL (SIL G / UV3sy)
and were visualized by fluorescence quenching with UV light at 254 nm. The purification
of the compounds was performed through recrystallization using solvent EtOH.

For all the compounds the *H and **C NMR spectra were recorded in CDCl; and DMSO on
Varian Inova (400 MHz or 300 MHz and 100 MHz or 75 MHz, respectively) spectrometer.
Chemical shifts (6 ppm) are relative to the resonance of the deuterated solvent as the
internal standard (CDCls, 6 7.26 ppm, DMSO 6 2.5 for proton NMR, CDCl3 & 77.00 ppm
and DMSO & 39.43 ppm for carbon NMR). *H NMR data are reported as follows: chemical
shift (8, ppm), multiplicity (s = singlet, d = doublet, t =triplet, m = multiplet), coupling
constants (J) and assignment. Data for *C NMR are reported in terms of chemical shift (5,
ppm). The infrared spectra were recorded on Jasco 4000 spectrometer. Elemental analysis
was performed using a Carlo-Erba EA-1110 instrument. The theory calculations were
performed at B3LYP/6-311G"*(d,p) using GAUSSIAN 09 package. All calculations for
compounds 2a, 2e and 2h were carried out (at 298 K) using methods and basis sets
implemented in the Gaussian package of programs (G03.E01) [1]. The hybrid Hartree—
Fock density functional B3LYP method [2] with the 6-311G""(d,p) basis set was used [3].
Full geometry optimizations were performed for the three compounds allowing complete

relaxation of all internal parameters.
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2. EXPERIMENTAL PROCEDURE

2.1 Catalyst — Synthesis of the chiral zinc (I1) bis-L-prolinate or Zn[(L)-Pro],

First we carried out the synthesis of zinc (I1) bis-L-prolinate catalyst, following the
methodology described by the literature® in order to use it in the catalytic process for the -
thio-o amino acids derivatives production.

The zinc amino complex was prepared by adding NaOH (4.34 mmol) to the amino
acid (4.34 mmol) in MeOH (10 ml) medium, followed, after 10 min, by zinc acetate (2.17
mmol). After stirring for 45 min, a white precipitate was collected by filtration (95% yield).

FTIR (v/cm'l): 3443, 2958, 1626, 1597, 1415, 1208, 937, 844, and 522.



Elem. anal. calculated for C10H16N204Zn. Calc: C, 40.91; H, 5.49; N, 9.54; Found:
C, 40.70; H, 5.73; N, 9.32.
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2.2 Synthesis of benzoyl glycine.’

Glycine (1.0 mol) was dissolved in 750 ml of 10% sodium hydroxide solution.
Posteriorly, was added benzoyl chloride (1.15 mol) in five portions with stirring until the
reaction was completed. The solution was transferred to a beaker with a few grams of ice in
the ice-bath and hydrochloric acid added. The precipitated product was filtered and washed
with ice water. The solid was collected and recrystallized from hot water. Yield (95%)

2.3 General synthesis of azlactones.’

A mixture of aldehyde (1.0 mol), benzoyl glycine (1.0 mol), acetic anhydride (3.0
mol) and sodium acetate (1.0 mol) was heated in a water bath via magnetic stirring until the
mixture is liquefied for 2 hours. After the end of the reaction was added 100 mL of ethanol
and the mixture was allowed to stand overnight. The product was separated by filtration,
washed with 25 ml of boiling water and recrystallized from acetone/water.(Yellow solid)
Yield (97%)
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3. EXPERIMENTAL PROCEDURE FOR ASYMMETRIC SYNTHESIS OF B-
THIO- a- AMINO ACIDS

The azlactone 2 (0.22 mmol) was added with the catalyst 3 (0.043 mmol) in ethanol
(5 mL) at room temperature and/or 80 °C/ 0°C, then thiophenol (1.084 mmol) was added
and the mixture was inserted into the tube in the ultrasound up to 2 hours. The reaction

product was purified by recrystallization with ketone/water to obtain products 4a-4u.



Table 1- Optimization of reactions conditions

o
&?
NH
HN 4"
s st ers
o S S
NH

SH
@ . 3 (% moal) O
N# ultrasound
Ph
1 2 4 O
Entry*  Thiol (eqg mol) Solv. Catal(%mol) Yields (%) d.r
1 2 CHCl; 10 49 64/36
2 2 CHCl; 20 44 64/36
3 2 CHCl; 30 53 64/36
4 2 THF 10 50 66/34
5 2 THF 20 52 66/34
6 5 THF 10 56 66/34
7 5 THF 20 65 66/34
8 5 EtOH® 20 100 70:30

®All the reactions were performed with (5 mL) of solvent at room temperature for 5 hours usmg
U.S 40 Hz frequency, °isolated yield, ratio syn/anti which was determined by 'H NMR, ¢ This
reaction was carried out in 2h using U.S (frequency 40 Hz).

Table 2- Asymmetric thio-Michael of 4-substituted azlactones and 4-substituted
thiophenol.

Ro
(0]
R R
1 o 1
Ry > o) 3 (20% mol)
2 N= —_— S S
ultrasound
(@)
1 2 4

R4= H, OCHg, CHs, CI, F

Ry= 4-CgHy, 4-(CH3),NCgHy, 4-CH30CgH,, 4-CICgH,, F-CgHy, 4-BrCeH.,
4-NO,CgH4,3-NO,CgHg, SCsH,, -CH=CHCgHy, 4-CF3CgH,

Entry R1/R> Yields d.r.
(%)° (%)°

1 H (1a) /Ph (2a) (4a)/100 70:30

2 4-OCHs(1b)/Ph (2b) (4b)/100 100:0

3 4-CHs (1c) /Ph (2b) (4¢)/100 100:0



4 4-Cl (1d) /Ph (2b) (4d)/100 100:0
5 4-F (1e) /Ph (2b) (4€)/100 40:60
6 H (1a) /4-FCgH, (2¢) (4f)/100 ¢

7 H (1a)/4-(CHs),NCgH, (2d) (4g)/°* de

8 H (1a)/ 4-OCH; CgH, (2€) (4h)/60° 40:60
9 H (1a) / 4-NO, CgH, (2f) (4i)100 100:0
10 H (1a) / CeHsCH=CH- (29) (4j)/100 ef

11 H (1a) / C4HsS (2h) (4K)/100 ef

12 4-OCHj (1b) /4-OCH3 CgH4 (2¢)  (41)/100 100:0
13 4-OCHs (1b) /4-NO,CgH4 (2f) (4m)/100 30:70
14 4-F (1e) /4-NO,CgH4 (2) (4n)/100 100:0
15 4-OCHjs (1b) /4-CICgH4 (2i) (40)/100 100:0
16 4-OCHj (1b) /4-Br CgH, (2)) (4p)/100 100:0
17 4-OCH; (1b)/ 3-NO,CgH4(2K) (49)/100 100:0
18 4-OCHjs (1b) /CeH4sCH=CH- (2g)  (4r)/100 ef

20 4-OCHjs (1b)/4-(CH3),NCeH4 (2d)  (4s)/® de

21 4-OCHj; (1b)/ C4HsS (2h) (41)/100 ef

22 4-OCHj;(1b) / 4-CF3CgH, (2m) 4(u)/100 100:0

®lsolated yields for reactions carried out with 1 (1.08 mmol), 2 (0.22
mmol), 2h (0.044 mmol) catalyst in ethanol (5 ml) at room temperature;
Pdiastereomeric ratio described by *H NMR analysis; °d.r. was impossible
to be determined by *H NMR; “no reaction; *Reaction performed in 5h;

fonly the compound from carbonyl attack was obtained (ring open).



Table 3- Yields and d.r. for thio-Michael between of 4-substituted azlactones and 4-
substituted thiophenol at 0° C, r.t. and 80° C

SH e
S 3 (20% mol) @\ /@
Q. vy e O

Ph EtOH

(0]
S
NH
ultrasound
(@)
1 2
4 R

R= 4-CgH,, 4-CH30CgH,,4-NO,CgH,

Azlactone® Yieldat0°C Yieldatr.t. Yieldat80°C
4-substituted

NO, (41)/100 (47)/100 (47)/100
H (4a)/100 (42)/100 (42)/100
OCHs; (4h)/60 (4h)/60 (4h)/50

%solated vyields for reactions performed with 1 (1.08 mmol),
2(0.22 mmol), 2h (0.044 mmol) catalyst in ethanol (5 ml).



# RB3LYP/6-311++G(d, p)
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4.2 Optimized structure for compound 2e
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5. 'H and *C NMR spectra analysis

S-phenyl 2-benzamido-3-phenyl-3-(phenylthio)propanethioate (4a)
Ultrasound r. t,100% vyield, dr = 70/30, *"H NMR (300 MHz,

Q CDCly): § 7.9-7.7 (m, 3H), 7.6-7.4 (m, 5H), 7.4-7.3 (m, 12H),
O S

@ 7.4-7.3 (m, 9H), 7.3-7.2 (M, 4H), 7.2-7.1 (m, 3H), 7.2-7.1 (m,
S
0 NH 3H), 5.5 (m, 2H), 5.1-4.9 (d, Jans = 4.3 Hz, 0.5H, d, Jgyn = 5.3
6 Hz, 1H); Ultrasson 80°C, 100% vyield, dr = 55/45, '"H NMR

_ (300 MHz, CDCl3): & 7.9-7.7 (t, 4H), 7.6-7,1 (m, 41H), 5.5-
Chemical Formula: CgH,3NO,S,
Molecular Weight: 469.62 5.4 (m, 2 H), 5.1-5.0 (d, J = 8.0 Hz, 1H), 5.1-5.0 (J = 4.3 Hz,
1H);

Ultrasound 0°C, 100% yield, dr = 90/10 *H NMR (300 MHz, CDCls): & 7.8-7.7 (m, 2H),
7.6-7.4 (m, 4H), 7.4-7.1 (m, 15H), 7.2-7.1 (m, 3H), 5.5-5.4 (m, 1H), 5.1-5.0 (dd, J= 4.3 Hz,
J=09.9 Hz, 1H);

3C NMR Ultrasound r. t (75 MHz, CDCls) & 197.5, 197.0, 167.1, 137.0, 134.5, 132.7,
134.5, 133.3, 132.7, 132.6, 132.2, 132.1, 129.7, 129.6, 129.4, 129.3, 129.2, 129.1, 129.05,
129.0, 129.0, 128.9, 128.82, 128.8, 128.7, 128.69, 128.61, 128.23, 128.16, 128.0, 127.9,
1275, 127.2,127.1, 126.7, 117.3, 71.5, 63.2, 61.7, 58.7, 55.5, 55.1;

IR (KBr) vmax: 3424, 3294, 3059, 2920, 2849, 1699, 1639, 1538, 1482, 1023, 740, 691
cm .

Elem. anal. calculated for CogH,3NO,S,: C 71.61, H 4.94, N 2.98; found: C 71.31, H 4.86,
N 3.15.

S-p-tolyl 2-benzamido-3-phenyl-3-(p-tolylthio)propanethioate (4b)

@( 100% vyield, dr =100/0, *H NMR (300 MHz, CDCls): &
@ o s 8.2-8.1 (m, 3H), 7.8-7.7 (M, 2H), 7.5-7.3 (m, 8H), 7.3-7.2
Sj\hﬁ@ (M, 2H), 7.2 (m, 9H), 7.1 (m, 3H), 7.0 (M, 4H), 5.4-5.3
6 (dd, J = 8.9 Hz, J = 5.0 Hz, 1H), 4.9-4.8 (d, Jyn= 5.0 Hz,
1H), 2.3 (5, 3H), 2.2 (s, 3H):

Chemical Formula: C3gH,7NO,S,
Molecular Weight: 497.67



¥C NMR (75 MHz, CDCls) & 197.5, 167.9, 139.9, 138.3, 138.1, 134.5, 134.0, 133.0,
132.1, 129.9, 128.8, 128.7, 128.6, 128.1, 127.2, 123.2, 128.1, 127.3, 123.4, 63.1, 62.9, 55.8,
21.4.

Elem. anal. calculated for CzyH»sNO,S,: C 72.40; H 5.47; N 2.81; found: C 72.15;
H 5.38; N 2.63.

S-(4-methoxyphenyl)2-benzamido-3-((4-methoxyphenyl)thio)-3-phenylpropanethioate

(40) s
oW ey

S

100% yield, dr = 100/0, '"H NMR (300 MHz, CDCls): &
O-NH 7.8-7.7 (m, 2H), 7.5-7.4 (m, 3H), 7.2-7.1 (m, 9H), 7.0- 6.9
6 (m, 2H), 6.8-6.6 (m, 4H), 5.4-5.3, (dd, J = 8.8 Hz, J = 5.3

chericafors Cuois:  Hz, 1H), 4.8- 4.7 (d, Jyn =53, 1H);

3C NMR (100 MHz, CDCl3) 8 197.9, 167.0, 160.6, 160.1, 138.2, 136.0, 135.8, 133.6,

132.1, 128.8, 128.6, 128.3, 128.0, 127.3, 123.0, 117.4, 114.8, 114.7, 77.4, 77.0, 76.6, 62.7,

56.5; IR (KBr) vmax: 3443.7, 2958.2, 2834.8, 1714.4, 1639.6, 1591.4, 1514.0, 1490.2,

1284.8, 1251.58, 1172.9, 1027.39, 825.9, 713.5cm ™.

Elem. anal. calculated for C3gH,7NO,S,: C, 72.40; H, 5.47; N, 2.81; found: C 72.15;

H 5.38; N 2.63.

S-(4-chlorophenyl) 2-benzamido-3-((4-chlorophenyl)thio)-3-phenylpropanethioate
(4d) 100% vyield, dr = 100/0, *H NMR (300 MHz, CDCls): & 8.2-

¢ 8.1 (m, 1H), 7.9-7.8 (m, 2H), 7.6- 7.5 (m, 5H), 7.3-7.2 (m,

C'@ 0 SQ 9H), 7.2-7.0 (m, 5H), 5.5-5.4 (dd, J = 8.9 Hz, J = 5.2 Hz, 1H),

2Jm 5.0-4.9 (d, Jsyn =5.0 Hz, 1H); *C NMR (75 MHz, CDCl3): &

5 196.7, 167.1, 136.3, 136.2, 135.6, 134.5, 134.3, 134.2, 133.1,
133.3,132.5, 132.4, 131.3, 131.2, 129.6, 129.3, 128.9

Chemical Formula: CgH51CI,NO,S,
Molecular Weight: 538.51

128.8, 128.4, 128.2, 127.2, 125.1, 99.9, 77.5, 77.2, 77.0, 76.6,
62.9, 55.6; IR (KBr) vmax: 3444, 3313, 3062, 2923, 1692, 1646, 1631, 1526, 1472, 1384,
1329, 1094, 1009, 978, 812, 685 cm *.

Elem. anal. calculated for C»gH»:CI,NO,S: C 62.45; H 3.93; N 2.60; found: C 62.2; H 3.82;
N 2.63.



S-(4-fluorophenyl) 2-benzamido-3-((4-fluorophenyl)thio)-3-phenylpropanethioate (4e)
. QF 100% yield, dr = not determinated, *"H NMR (300 MHz, CDCls):
\QS 7S o 7.8- 7.7(m, 2H), 7.5-7.4 m, 3H), 7.1 (m, 12H), 7.0- 6.9
O—NH (m,3H), 5.5-5.3 (dd, J = 9.5 Hz, Jsyn = 5.4 Hz, 1H) and (dd, J =
6 9.5 Hz, Jani = 4.6 Hz, 0.4H), 4.90 (dd, Jsyn = 5.4 Hz, 1H, Jani =

Chemical Formula: CygHy1FoNO5S, 4,49 HZ, 0,4H),
Molecular Weight: 505.60

B3C NMR (75 MHz, CDCls): & 197.2, 196.7, 166.9, 166.8, 163.5, 163.3, 161.5, 161.3,
134.4, 134.0, 133.8, 133.7, 133.3, 133.4, 132.9, 132.8, 132.7, 132.6, 132.5, 132.3, 132.2,
132.1, 130.3, 130.2, 129.9, 129.8, 129.7, 129.6, 129.3, 129.2, 128.8, 128.2, 128.1, 127.2,
127.1, 115.9, 115.6, 115.7, 115.5, 63.1, 61.6, 54.8, 54.4, 18.4.

Elem. anal. calculated for CysH»1FoNO,S,: C 66.52; H 4.19; N 2.77; found: C 66.23;
H 4.08; N 2.88.

S-phenyl 2-benzamido-3-(4-fluorophenyl)-3-(phenylthio)propanethioate (4f)
@ 100% vyield, d.r = not determinated, *H NMR (300 MHz,
@ Q S CDClg): & 7.8-7.7 (m, 2H), 7.6-7.4 (m, 3H), 7.4-7.2 (m, 12H),
o _NH 7.1-6.9 (m, 3H), 5.5-5.3 (m, 0.45H), 5.5-5.41 (m, 1H), 5.1-4.9
é ] (m, 1H); *C NMR (75 MHz, CDCls): & 197.2, 137.0, 134.4,
Chemical Formuls: CoHFNOLS, 132.8, 132.7, 132.3, 130.0, 129.9, 129.7, 129.6, 129.4, 129.2,
Molecular Weight: 487.61 128.9, 128.8, 128.2, 128.1, 127.4, 127.3, 127.2, 127.1, 125.5,
115.7, 115.5, 63.1, 54.8.
Elem. anal. calculated for CogH2,FNO,S,: C 68.97, H 4.55, N 2.87; found: C 68.72, H 4.43,
N 2.82.

S-phenyl 2-benzamido-3-(4-methoxyphenyl)-3-(phenylthio)propanethioate (4h)

Ultrasound r.t, 60% yield, dr =35/65 ‘H NMR: & 7.8-7.7 (m,

@ 3 3H), 7.5-7.1 (m, 17 H), 6.9- 6.7 (m, 2H), 6.5-6.4 (m, 1H), 5.43-
S
0= NH OCH, 5.3 (m, 1.49 H), 4.9-4.0 (dd, Janii=4.1 Hz, Jgn= 5.3Hz, 1.49H),
6 3.8 (s, 3H); Ultrasound 80°C, 50% yield, d.r 60/40, 'H NMR: &

7.8-7.7 (m,4H), 7.5-7.1 (m, 4H), 6.8-6.7 (m, 4H), 5.4-5.3 (m,
1.74H), 5.0-4.9 (dd, Jani=4.1 Hz, J5n=5.3Hz, 1.67H),

Chemical Formula: CygH25NO3S,
Molecular Weight: 499.64



3.8 (s, 3H), 3.7 (s, 3H); Ultrasound 0°C, 60% vield, dr = 100/0, *H NMR: & 8.1 (m, 5H), 7.8
(m, 2H), 7.5 (m, 8H), 7.2-7.1 (m, 15H), 7.0 (m, 2H), 5.5-5.4 (dd, J= 8.8 Hz, J= 5,3 Hz, 1H),
4.8 (d, Jsyn = 5.2 Hz, 1H), 3.8 (s, 3H), 3.8 (s, 3H), 3.7 (s, 1.57H); 3¢ NMR Ultrasound r. t
(75 MHz, CDCls): 6 197.7, 197.3, 197.0, 167.1, 159.6, 134.5, 133.7, 133.5, 132.7, 132.2,
129.9, 129.6, 129.5, 129.4, 129.1, 128.9, 127.9, 127.8, 127.3,127.2, 126.9, 114.3, 114.2,
63.4, 63.2, 61.7, 55.4, 54.9, 54.3. IR (KBr) vmax: 3454, 3335, 3055, 2931, 2830, 1696,
1639, 1512, 1479, 1255, 1176, 1031, 982, 747, 691 cm ™.

Elem. anal. calculated for CyH»sNO3S,: C 69.71; H 5.04; N 2.80; found: C 69.43;
H 4.96; N 2.87.

S-phenyl 2-benzamido-3-(4-nitrophenyl)-3-(phenylthio)propanethioate (4i)
@ Ultrasound r.t, 100% vyield, dr =100/0 'H NMR (300 MHz,
@ o S CDClg): 6 8.0 (d, 2H), 7.8 (d, 2H), 7.5- 7.4 (m, 5H), 7.2-7.0 (m,
2 NH o, 6H), 5.5-5.4 (dd, J = 9.1 Hz, J = 5.3 Hz, 1H), 5.0 (d, Jsn= 5.2,
5 1H): Ultrasound 80°C, 100% vyield, dr = 100/0 *H NMR (300
Chomical Formula: CatbuaOLS, MHz, CDCl3): 6 8.2-8.1 (t, 3H), 7.9-7.8 (d, J= 8.1 Hz, 3H), 7.6-
Molecular Weight: 514.62 7.5 (m, 8H), 7.4-7.3 (m, 5H), 7.3-7.2 (m, 8H), 5.1, 5.0 (d, Jsyn=
5.1 Hz, 1H), 4.4-4.4 (m, 1H);
Ultrasound 0°C, 100% yield, dr =40/60 *H NMR (300 MHz, CDCl5): & 8.4-8.1 (m, H), 7.9-
7.8 (d, J = 6.4 Hz, 1H), 7.8-7.0 (d, J = 8.2 Hz, 2H), 7.6-7.0 (m, 26H), 5.7-5.6 (m, 1H), 5.6-
5.5 (m, 0.60 H), 5.1-5.0 (m, 0.63H), 5.0-4.9 (m,1H); **C NMR (100 MHz, CDCl3): 5 196.3,
196.2, 167.0, 166.8, 147.6, 147.5, 144.3, 134.4, 134.3, 133.1, 133.0, 132.9, 132.5, 132.4,
132.2, 131.8, 130.0, 129.9, 129.6, 129.5, 129.4, 129.3, 129.2, 129.0, 128.9, 128.8, 128.5,
128.6, 127.5, 127.2, 127.1, 127.0, 126.9, 126.2, 126.0, 123.8, 62.5, 61.2, 55.3, 55.1.
Elem. anal. calculated for C,sH,,N204S,: C 65.35; H 4.31; N 5.44; found: C 65.05; H 4.13;
N 5.55.




S-phenyl 2-benzamido-5-phenylpenta-2,4-dienethioate (4j)

@gjﬁj\“@ 100% yield, *H NMR (300 MHz, CDCl3): § 7.9-7.8 (m, 1H),

7.7 (5,0.41), 7.5-7.3 (m, 6H), 7.3-7.2 (m,1.57H), 7.2 (s, 1H),
6 7.0-6.8 (M, 1H), 1,5 (s, 2.44H);

e e zeeo2S 3¢ NMR (100 MHz, CDClg): & 196.5, 166.2, 166.04 161.3,
135.8, 135.6, 134.5, 133.5, 133.3, 133.2, 133.1, 132.3, 132.1, 132.0, 131.6, 129.4, 129.3,
129.2, 129.1, 129.0, 128.9, 128.4, 127.9, 127.8, 127.6, 127.4, 127.3, 125.2, 122.5; IR
(KBr) vmax: 3447, 1785, 1755, 1647, 1636, 1494, 1449, 1333, 1299, 1191, 967, 889, 773,
683 cm ™.

Elem. anal. calculated for C,4H19NO,S: C 74.78; H 4.97; N 3.63; found: : C 74.54; H 4.86;
N 3.51.

S-phenyl 2-benzamido-3-(thiophen-2-yl)prop-2-enethioate (4k)
100% vyield, *H NMR (300 MHz, CDCls): & 8.0-7.9 (m, 1H),
@ i s 7.7-7.6 (m, 4H), 7.3-7.1 (m,2), 7.2-7.0 (m,1), 1.6 (s, 4H), 1.3
f;m (s, 1H); *C NMR (75 MHz, CDCls): & 197.6, 134.9, 134.8,
6 133.6, 132.4, 131.9, 129.5, 129.2, 128.9, 127.6, 127.5, 127.3;
IR (KBr) vmax: 3439, 3290, 3077, 3047, 1673, 1602, 1501,
1464, 1277, 1172, 971, 792, 698, 567 cm ",

Chemical Formula: C5oH45NO,S,
Molecular Weight: 365.47

Elem. anal. calculated for CooH15NO,S,: C 65.73; H 4.14; N 3.83; found: C 65.45; H 4.23;
N 3.66.

S-(4-methoxyphenyl)2-benzamido-3-(4-methoxyphenyl)-3-((4-
methoxyphenyl)thio)propanethioate (41)

OCH;

Hco o Q 100% yield, dr = 100/0, *H NMR (300 MHz, CDCl): §
OSM@L 786 (d, J = 7.1 Hz, 2H), 7.6-7.4 (m, 3H), 7.4-7.2 (m,
o™ ocHy  GH), 7.1-7.0 (d, J = 8.6 Hz, 2H), 6.8-6.7 (m, 7H), 5.4-5.3
6 (dd, J = 8.6 Hz, J = 5.4 Hz 1H), 4.9-4.8 (d, Jyn = 5.3 Hz,

e e w052 1H), 3.8 (5, 3H), 3.7 (5, 3H), 3.6 (s, 3H);



3C NMR (75 MHz, CDCly): 6 197.8, 166.9, 160.7, 159.9, 159.2, 136.0, 135.8, 133.6, 132.1,
129.4,128.7,127.2, 117.5, 114.8, 114.6, 113.9, 62.8, 55.8, 55.3, 55.3, 55.2.

Elem. anal. calculated for C3;H29NOsS,: C 66.52; H 5.22; N 2.50; found: C 66.25; H 4.10;
N 3.77.

S-(4-methoxyphenyl)2-benzamido-3-((4-methoxyphenyl)thio)-3-(4-
nitrophenyl)propanethioate (4m)

OCH,

100% vield, dr = 30/70, "H NMR (300 MHz, CDCI3): 5

H;CO o S/©/
: ‘gJ\Nﬁ\@ 8.2-8.1 (m, 3H), 7.9 (d, J = 6.9 Hz, 2H), 7.7-7.4 (m,

6 %2 10H), 7.3-7.1 (m, 9H), 6.9-6.7 (M, 7H), 5.6-5.5 (m,
1.48H), 4.9-4.8 (dd, Jyn=5.4, Jang= 6.1Hz, 1.46H), 3.8-
Chemical Formula: C3gH26N206S5
Molecular Weight: 574.67 3.7 (m1 6H)’

B3C NMR (75 MHz, CDCls): & 197.3, 197.2, 167.0, 166.7, 161.0, 160.9, 160.5, 160.4,
147.5, 147.4, 145.8, 144.5, 136.3, 136.0, 135.9, 135.9, 133.2, 133.1, 132.4, 132.3, 129.6,
129.3, 128.9, 128.8, 127.2, 127.0, 123.7, 122.0, 121.7, 116.8, 116.7, 115.1, 115.0, 114.9,
62.0, 60.6, 56.2, 55.9, 55.4, 55.3.

Elem. anal. calculated for C3H2sN206S,: C 62.70; H 4.56; N 4.87; found: C 62.49; H 4.27;
N 4.76.

S-(4-fluorophenyl)2-benzamido-3-((4-fluorophenyl)thio)-3-(4-
nitrophenyl)propanethioate (4n)
QF 100% yield, dr = 100/0, *H NMR (300 MHz, CDCls): § 8.1 (d, J

F@ o 3 = 8.4 Hz, 2H),7.8 (d, J = 7.1 Hz, 2H),7.6-7.4 (m, 6H),7.3-7.1

szNOZ (m, 6H),7.1 (t, J = 8.4 Hz, 3H), 6.9 (t, J = 8.5 Hz, 2H), 5.5-5.4

6 (dd, J = 8.8 Hz, J = 5.2 Hz, 1H),4.9 (d, Jy, = 5.2 Hz, 1H); **C
Chemical Formus: Cautars0is, MR (75 MHz, CDCly): § 1964, 167.1, 165.8, 165.0, 1617,

Molecular Weight: 550.60 161.1, 147.6, 145.2, 136.5, 136.4, 135.9, 135.8, 132.9, 132.6,

129.2, 129.0, 127.2, 126.6, 126.5, 123.9, 121.5, 121.4, 116.9, 116.8, 116.5, 116.4, 62.3,
55.9.



Elem. anal. calculated for CygHooF2N204S,: C 61.08; H 3.66; N 5.09; found: C 60.85;
H 3.46; N 5.2.

S-(4-methoxyphenyl)2-benzamido-3-(4-chlorophenyl)-3-((4-
methoxyphenyl)thio)propanethioate (40)

OCHs

oo o 2r 100% yield, x% ee, dr= 100/0, "H NMR (300 MHz, CDCly):
QSM\@L 57.9(d, J = 6.9 Hz, 2H), 7.6-7.5 (m, 3H), 7.3-7.2 (m, TH),
o™ o 7271 (m, 3H), 6.9-6.7 (m, 4H), 5.4-53 (dd, J=8.8 Hz,

6 J=5.4 Hz, 1H), 4.8 (d, J4u=5.4 Hz, 1H), 3.8 (5, 3H), 3.7 (s,

Chemical Formula: C3gH26CINO4S, .
Molecular Weight: 564.11 3H)1

B3C NMR (75 MHz, CDCl3): & 197.0, 135.9, 129.9, 129.6, 128.8, 128.7, 127.7, 127.3,
127.2,127.2,123.0, 122.9, 121.3, 114.9, 114.8, 100.0, 98.0, 96.7, 95.8, 62.5, 61.6, 55.3.
Elem. anal. calculated for C3oH2sCINO,S,: C 63.87; H 4.65; N 2.48; found: C 63.60;
H 4.48; N, 2.59.

S-(4-methoxyphenyl)2-benzamido-3-(4-bromophenyl)-3-((4-
methoxyphenyl)thio)propanethioate (4p)
QOW 100% yield, dr = 100/0, *H NMR (300 MHz, CDCl5): § 7.9-

H3CO. o s
\©L )‘Yk@ 7.8 (d, J = 8.2 Hz, 2H), 7.6-7.5 (m, 3H), 7.4-7.3 (d, J = 8.2
NH
Br

S
05 Hz, 2H), 7.3-7.2 (m, 2H), 7.2-7.1 (d, J = 8.2 Hz, 3H), 7.1-
7.0 (m, 2.5H),6.9-6.7 (dd, J = 29.7 Hz, J = 8.8 Hz, 4H), 5.4-
Chemical Formula: C3gHp6BrNO4S,
Molecular Weight: 608.57 5.3(dd, J =8.8 Hz, J,,n = 5.4 Hz, 1H),

4.8-4.8 (d, Jsyn = 5.4 Hz, 1H), 3.8 (s, 3H), 3.7 (s, 3H); **C NMR (75 MHz, CDCls): 6 197.5,
166.98 160.8, 160.2, 137.3, 135.9, 135.8, 133.4, 132.2, 131.7, 129.9, 128.8, 127.2, 122.5,
121.9, 114.9, 114.8, 62.4, 55.9, 55.3, 55.3.

Elem. anal. calculated for C3yHxBrNO4S,: C 59.21; H 4.31; N 2.30; found: C 59.01;
H 4.29; N 2.41.



S-(4-methoxyphenyl)2-benzamido-3-((4-methoxyphenyl)thio)-3-(3-
nitrophenyl)propanethioate (4q)
OCH . 1
HiCO . SO 100% yield, dr = 100/0, "H NMR (300 MHz, CDCl5): 6 8.2 (s,
OSM\@N% 1H), 8.1 (d, J = 8.1 Hz, 1H), 7.8 (d, 2H), 7.6-7.4 (m,6H), 7.3-
05 i 7.1 (m, 6H), 6.9-6.7 (m, 4.5 H), 5.5-5.4 (dd, J = 8.9 Hz, J =
5.2 Hz, 1H), 4.9-4.8 (d, Jsyn = 5.2 Hz, 1H), 3.8 (s, 3H), 3.7 (s,

Chemical Formula: C3gHgN206S, i
Molecular Weight: 574.67 3H)|

3C NMR (75 MHz, CDCls): 197.2, 167.2, 160.9, 160.4, 148.2, 140.6, 136.0, 136.0, 134.3,
133.2,132.4, 129.5, 128.9, 127.2, 123.5, 122.9, 121.7, 116.8, 115.0, 114.9, 62.3, 56.0, 55.3,
55.3.

Elem. anal. calculated for C3oHosN20O¢S,: C 62.70; H 4.56; N 4.87; found: C 62.40; H 4.48;
N 4.75.

S-(4-methoxyphenyl) 2-benzamido-5-phenylpenta-2,4-dienethioate (4r)

100% yield, *H NMR (300 MHz, CDCls): & 8.0-7.8 (m,3H),
S@OCHg 13

7.6-7.2 (m,12H), 7.1- 6.8 (m, 4H), 3.8 (s, 3H); *C NMR (75
MHz, CDCl3): 6 189.4, 165.7, 160.9, 141.7, 136.6, 136.2,
133.7, 132.3, 132.2, 129.4, 129.3, 128.8, 128.7, 127.6, 127.5,
123.7,117.4, 114.9, 114.9, 55.5, 55.4, 55.2.

Chemical Formula: Cy5H,7;NO3S
Molecular Weight: 415.50

Elem. anal. calculated for CosH,1NO3S: C 72.27; H 5.09; N 3.37; found: C 72.14; H 5.11;
N 3.25.

2-Benzoylamino-3-thiophen-2-yl-thioacrylic acid S-(4-methoxy-phenyl) ester (4s)
Hco 100% vyield, 'H NMR (300 MHz, CDCIy): 8.0 (d, 2H), 7.9 (s,
3
\G\S% 1H), 7.6-7.5 (m, 5H),7.4-7.3 (m, 3H), 7.3 (s, 1H), 7.2-7.1(dd,
o= L7 1H)7.1-6.9 (m, 2H), 3.8 (s, 3H): °C NMR (75 MHz, CDCly):
5 5 189.3, 166.8, 160.7, 136.5, 135.9, 135.3, 134.9, 134.8, 133.7,
Chemical Formula: CyyHyNOss, 133.2, 132.8, 132.6, 132.4, 131.8, 130.9, 128.8, 128.3, 128.1,
Molecular Wteigh.: 395,49
127.9, 127.6, 127.5, 127.0, 125.6, 124.8, 117.8, 114.9, 55.3.
Elem. anal. calculated for C,1H17NO3S,: C 63.77; H 4.33; N 3.54; tfound C 63.47; H 4.13;
N 3.60.



S-(4-methoxyphenyl)2-benzamido-3-((4-methoxyphenyl)thio)-3-(4-
(trifluoromethyl)phenyl)propanethioate (4u)
OCH:  100% yield, dr = 100/0, *H NMR (300 MHz, CDCls): & 7.9-

H,CO o s/©/
Q JYK@ 7.8 (m, 2H), 7.6-7.4 (m, 8H), 7.3-7.2 (m, 2H), 7.2-7.1 (d, J =
S
o) NH

s, 8.9 Hz, 1H), 7.1 (m, 2H), 6.9-6.7 (M, 4H), 5.5-5.4 (dd, J = 8.9
6 Hz, J = 5.4 Hz, 1H), 4.9-4.8 (d, J = 5.4 Hz, 1H), 3.8 (s,3H),
Chemical Formula: C31H6F3NO4S, 37 (S SH)

Molecular Weight: 597.67

C NMR (75 MHz, CDCls): & 197.5, 167.0, 160.8, 160.3, 142.4, 135.9, 133.3, 132.6,
132.3, 130.3, 129.9, 128.8, 128.6, 127.2, 125.6, 125.5, 125.5, 125.4, 122.2, 117.0, 114.9,
114.8, 114.5, 62.2, 56.2, 55.3.

Elem. anal. calculated for C31H2sF3NO4S,: C 62.30; H 4.38; N 2.34; found: C 62.10;
H 4.29; N 2.20.
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Figure 1. *H NMR spectra for the (4a) S-phenyl 2-benzamido-3-phenyl-3-(phenylthio)propanethioate in CDCls.
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Figure 2. *H NMR spectra for the S-phenyl 2-benzamido-3-phenyl-3-(phenylthio)propanethioate in CDCls.
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Figure 3. 'H NMR spectra for the S-phenyl 2-benzamido-3-phenyl-3-(phenylthio)propanethioate in CDCls.
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Figure 4. 'H NMR spectra for the S-phenyl 2-benzamido-3-phenyl-3-(phenylthio)propanethioate in CDCls.
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Figure 5. *C NMR spectra for the S-phenyl 2-benzamido-3-phenyl-3-(phenylthio)propanethioate in CDCls.
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Figure 6. FTIR spectra for the S-phenyl 2-benzamido-3-phenyl-3-(phenylthio)propanethioate in KBr.
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Figure 7. *H NMR spectra for the S-p-tolyl 2-benzamido-3-phenyl-3-(p-tolylthio)propanethioate in CDCls.
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Figure 8. *C NMR spectra for the S-p-tolyl 2-benzamido-3-phenyl-3-(p-tolylthio)propanethioate in CDCl.
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Figure 9. 'H NMR spectra for the S-(4-methoxyphenyl)2-benzamido-3-((4-methoxyphenyl)thio)-3-phenylpropanethioate in
CDCls.




/@/O\ n
/O [
QL2 ; |
s B
— 3000
Ox—NH ,
— 2000
4c -
— 1000
el a
" T T -
—-100C
\ \ \ \ \
200 150 100 50 0

ppm (f1)

Figure 10. *C NMR spectra for the S--(4-methoxyphenyl)2-benzamido-3-((4-methoxyphenyl)thio)-3-phenylpropanethioate in
CDCls.
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Figure 11. FTIR spectra for the S--(4-methoxyphenyl)2-benzamido-3-((4-methoxyphenyl)thio)-3-phenylpropanethioate in KBr.
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Figure 12. *H NMR spectra for the S-(4-chlorophenyl) 2-benzamido-3-((4-chlorophenyl)thio)-3-phenylpropanethioate in CDCls.
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Figure 13. *C NMR spectra for the S-(4-chlorophenyl) 2-benzamido-3-((4-chlorophenyl)thio)-3-phenylpropanethioate in CDCls.
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Figure 14. FTIR spectra for the S-(4-chlorophenyl) 2-benzamido-3-((4-chlorophenyl)thio)-3-phenylpropanethioate in KBr.
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Figure 15. *H NMR spectra for the S-(4-fluorophenyl) 2-benzamido-3-((4-fluorophenyl)thio)-3-phenylpropanethioate in CDCls.
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Figure 16. ** C NMR spectra for the S-(4-fluorophenyl) 2-benzamido-3-((4-fluorophenyl)thio)-3-phenylpropanethioate in CDCls.
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Figure 17. *H NMR spectra for the S-phenyl 2-benzamido-3-(4-fluorophenyl)-3-(phenylthio)propanethioate in DMSO.
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Figure 18. 3C NMR spectra for the S-phenyl 2-benzamido-3-(4-fluorophenyl)-3-(phenylthio)propanethioate in CDCl;
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Figure 19. *H NMR spectra for the S-phenyl 2-benzamido-3-(4-methoxyphenyl)-3-(phenylthio)propanethioate in CDCl5,
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Figure 20. *H NMR spectra for the S-phenyl 2-benzamido-3-(4-methoxyphenyl)-3-(phenylthio)propanethioate in CDCl5,
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Figure 21. *H NMR spectra for the S-phenyl 2-benzamido-3-(4-methoxyphenyl)-3-(phenylthio)propanethioate in CDCl5,
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Figure 22. *C NMR spectra for the S-phenyl 2-benzamido-3-(4-methoxyphenyl)-3-(phenylthio)propanethioate in CDCl,
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Figure 23. FTIR spectra for the S-phenyl 2-benzamido-3-(4-methoxyphenyl)-3-(phenylthio)propanethioate in KBr.
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Figure 24. *H NMR spectra for the S-phenyl 2-benzamido-3-(4-nitrophenyl)-3-(phenylthio)propanethioate in CDCls.
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Figure 25.'H NMR spectra for the S-phenyl 2-benzamido-3-(4-nitrophenyl)-3-(phenylthio)propanethioate in CDCls,
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Figure 26.'"H NMR spectra for the S-phenyl 2-benzamido-3-(4-nitrophenyl)-3-(phenylthio)propanethioate in CDCls,
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Figure 27 *C NMR spectra for the S-phenyl 2-benzamido-3-(4-nitrophenyl)-3-(phenylthio)propanethioate in CDCls.
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Figure 28. *H NMR spectra for the S-phenyl 2-benzamido-5-phenylpenta-2,4-dienethioate in DMSO.

7000

6000

5000

4000

3000

2000

1000

-1000




\ \ \ \
200 150 100 50
ppm (t1)

Figure 29. *H NMR spectra for the S-phenyl 2-benzamido-5-phenylpenta-2,4-dienethioate in DMSO.
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Figure 30. FTIR spectra for the S-phenyl 2-benzamido-5-phenylpenta-2,4-dienethioate in KBr.
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Figure 31. *H NMR spectra for the S-phenyl 2-benzamido-3-(4-(thiophen-2-yl)phenyl)prop-2-enethioate in CDCls.
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Figure 32. **C NMR spectra for the S-phenyl 2-benzamido-5-phenylpenta-2,4-dienethioate in CDCls.
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Figure 33. FTIR spectra for the S-phenyl 2-benzamido-5-phenylpenta-2,4-dienethioate in KBr.
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methoxyphenyl)thio)propanethioate in CDCls.
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Figure  35. ¥C  NMR spectra for the  S-(4-methoxyphenyl)  2-benzamido-3-(4-methoxyphenyl)-3-((4-
methoxyphenyl)thio)propanethioate in CDCls.
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Figure 36. 'H NMR spectra for the S-(4-methoxyphenyl) 2-benzamido-3-((4-methoxyphenyl)thio)-3-(3-

nitrophenyl)propanethioate in CDCl3,
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Figure 37. 'C NMR spectra for the S-(4-methoxyphenyl)  2-benzamido-3-((4-methoxyphenyl)thio)-3-(4-
nitrophenyl)propanethioate in CDCl;,
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Figure 38. 'H NMR spectra for the S-(4-fluorophenyl) 2-benzamido-3-((4-fluorophenyl)thio)-3-(4-nitrophenyl)propanethioate in

CDCl;,
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Figure 39. 'H NMR spectra for the S-(4-fluorophenyl) 2-benzamido-3-((4-fluorophenyl)thio)-3-(4-nitrophenyl)propanethioate in
CDCl;,
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Figure  40. BH NMR  spectra  for the  S-(4-methoxyphenyl)  2-benzamido-3-(4-chlorophenyl)-3-((4-

methoxyphenyl)thio)propanethioate in CDCls.
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Figure 41. H NMR spectra  for  the S-(4-methoxyphenyl) 2-benzamido-3-(4-bromophenyl)-3-((4-

methoxyphenyl)thio)propanethioatein

CDCls.
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Figure  42. B¢ NMR  spectra  for the  S-(4-methoxyphenyl) 2-benzamido-3-(4-bromophenyl)-3-((4-

methoxyphenyl)thio)propanethioatein CDCl;,
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Figure 43. 'H NMR spectra for the S-(4-methoxyphenyl)  2-benzamido-3-((4-methoxyphenyl)thio)-3-(3-

nitrophenyl)propanethioate in CDCl3,
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Figure 45. *H NMR spectra for the S-(4-methoxyphenyl) 2-benzamido-5-phenylpenta-2,4-dienethioate in CDCl;,
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Figure 46. *C NMR spectra for the S-(4-methoxyphenyl) 2-benzamido-5-phenylpenta-2,4-dienethioatein CDCl5,
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Figure 47. 'H NMR spectra for the S-(4-methoxyphenyl) 2-benzamido-3-((4-methoxyphenyl)thio)-5-(thiophen-2-yl)pent-4-

enethioate in CDCl;
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Figure 48. 'H NMR spectra for the S-(4-methoxyphenyl) 2-benzamido-3-((4-methoxyphenyl)thio)-5-(thiophen-2-yl)pent-4-
enethioate in CDCl3
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Figure 49. H NMR spectra for the S-(4-methoxyphenyl)2-benzamido-3-((4-methoxyphenyl)thio)-3-(4-

(trifluoromethyl)phenyl)propanethioate in CDCl;,
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Figure  50. 3 NMR spectra for the  S-(4-methoxyphenyl)2-benzamido-3-((4-methoxyphenyl)thio)-3-(4-

(trifluoromethyl)phenyl)propanethioate in CDCl;,



