Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2015

Supporting Information

H-p  -Zeolite  Catalyzed Transamidation  of
Carboxamides, Phthalimide, ¥ Formamides and
Thioamides with Amines under neat Conditions

Sadu Nageswara Rao, Darapaneni Chandra Mohan and Subbarayappa
Adimurthy *

Central Salt & Marine Chemicals Research Institute, Council of Scientific & Industrial Research,
G.B. Marg, Bhavnagar-364 002. Gujarat (INDIA); Fax: +91-278-2567562

adimurthy@csmcri.org

Table of Contents

General Experimental section S2
General experimental procedure S2
Characterization data of the compounds S3-S22
!H & BC- NMR Spectra of products $23-S73

S1


mailto:adimurthy@csmcri.org

I. General Experimental Section:

General: All commercially available chemicals and reagents were used without any further
purification unless otherwise indicated. *H and **C NMR spectra were recorded at 500/200, and
125/50 MHz, respectively. The spectra were recorded in CDCls as solvent. Multiplicity was
indicated as follows: s (singlet); d (doublet); t (triplet); m (multiplet); dd (doublet of doublets),
etc. and coupling constants (J) were given in Hz. Chemical shifts are reported in ppm relative to
TMS as an internal standard. The peaks around delta values of *H NMR (7.2), and **C NMR
(77.0) are correspond to deuterated solvents chloroform. Mass spectra were obtained using
electron impact (EI) ionization method. Progress of the reactions was monitored by thin layer
chromatography (TLC). All products were purified through column chromatography using silica
gel 200-400 mesh size using dichloromethane (DCM)/ethyl acetate as (80:20) eluent unless

otherwise indicated.

General experimental procedure: A mixture of amide (4 mmol), amine (4 mmol) and H-

B Zeolite (20 wt. %) was stirred in sealed tube at indicated temperature for indicated reaction
time (See Table 1 and Schemes 2-4). After being cooled to room temperature, the reaction
mixture was dissolved with DCM (20 mL). After removal of solvent, the crude reaction mixture
left out was purified by silica gel (200-400mesh) column chromatography (dissolved in
dichloromethane, eluted with dichloromethane and ethyl acetate). The yields are mentioned in
tables 2-4. The catalyst H-p Zeolite (SiO2/Al.O3 = 24) was procured from zeochem, Switzerland.
The catalyst recycling experiment

The transamidation reaction was repeated up to four consecutive cycles with the H- Zeolite
catalyst, which was recovered after each reaction. Reactions were carried out for 24-36 h. After
completion of the reaction, the catalyst was filtered off, washed with dichloromethane and then

dried in oven for 20-30 min and catalyst was reused accordingly.
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Figure S1: The XRD pattern of fresh and used H-f3 Zeolite
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Figure S2: The FT-IR Spectrum of before and after used H-p Zeolite

Characterization data of the compounds

N-benzylacetamide (3a)
H
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(Eluent: 20% EtOAc in DCM); white solid; 97% vyield (578mg); *H NMR (500 MHz, CDCI3) 6
7.57-7.27 (m, 5H), 6.19(br s, 1H, NH), 4.46(d, J = 4.5 Hz, 2H), 2.02 (s, 3H).3C NMR (125
MHz, CDCI3) 6 170.1, 142.4, 127.8, 125.5, 43.1, 23.1.

N-(4-methylbenzyl)acetamide(3b)

0]
H
(Eluent: 20% EtOAc in DCM); white solid; 83% yield (541mg); *H NMR (500 MHz, CDCI3) ¢
7.18-7.15 (m, 4H), 5.70(br s, 1H, NH), 4.39 (d, J = 5.5 Hz, 2H), 2.33 (s, 3H), 2.00 (s, 3H).1*C

NMR (125 MHz, CDCI3) ¢ 163.7, 131.2, 129.1, 123.3, 121.8, 37.5, 17.2, 15.0.

N-(4-fluorobenzyl)acetamide(3c)

X,
L

(Eluent: 20% EtOAc in DCM); white solid; 81% yield (538mg); *H NMR (500 MHz, CDCI3) ¢
7.26-7.23 (m, 2H), 7.02(t, J = 8.5 Hz,2H), 5.86 (br s, 1H, NH), 4.39 (d, J = 6.0 Hz, 2H), 2.01 (s,
3H).1*C NMR (125 MHz, CDCI3) § 163.8, 157.1, 155.1, 128.0, 123.4, 109.5, 109.3, 36.9, 17.1.

N-(4-chlorobenzyl)acetamide (3d)

3,

(Eluent: 20% EtOAc in DCM); white solid; 92% yield (674mg); *H NMR (500 MHz, CDCI3) ¢
7.26-7.17 (m, 4H), 5.62 (br s, 1H, NH), 4.42 (d, J = 5.5 Hz, 2H), 2.32 (s, 3H).13C NMR (125

MHz, CDCI3) 6 169.3, 136.0, 135.4, 130.1, 128.2, 127.4, 125.8, 41.4, 22.7, 18.5.
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N-(4-methoxybenzyl)acetamide (3e)

H
0
|
(Eluent: 20% EtOAc in DCM); white solid; 78% yield (559mg); *H NMR (500 MHz, CDCI3) §
7.21(d, J = 8.0 Hz, 4H), 6.86(d, J = 8.5 Hz,2H), 5.81 (br s, 1H, NH), 4.35 (d, J = 5.5 Hz, 2H),
3.79 (s, 3H), 1.99 (s, 3H).13C NMR (125 MHz, CDCI3) § 169.8, 159.0, 130.3, 129.2, 114.0, 55.3,
43.2,23.2.

N-(3-methoxybenzyl)acetamide(3f)
H
O\

(Eluent: 20% EtOAc in DCM); white solid; 84% vyield (601mg); *H NMR (500 MHz, CDCI3) 6
7.24 (t, J = 8.0 Hz, 1H), 6.84 (m, 3H), 6.23 (br s, 1H, NH), 4.36 (d, J = 5.5 Hz, 2H), 3.77 (s, 3H),
1.98 (s, 3H).13C NMR (125 MHz, CDCI3) § 169.7, 159.4, 139.4, 129.2, 119.5, 113.0, 112.4,
54.8,43.2,22.7.

N-(3-chlorobenzyl)acetamide(3g)

Ay
G

Cl
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(Eluent: 20% EtOAc in DCM); white solid; 86% yield (631mg);*H NMR (500 MHz, CDCI3) §
7.19-7.09 (m, 4H), 7.08 (br, s, 1H, NH), 4.27 (s, 2H), 1.92 (s, 3H).13C NMR (125 MHz, CDCI3)
6 170.1, 140.0, 133.7, 129.3, 127.0, 126.8, 125.1, 42.3, 22.3. HRMS calcd for CisH1sNO:

256.1338, found: 256.1336.

N-(2-chlorobenzyl)acetamide(3h)

Ay

(Eluent: 20% EtOAc in DCM); white solid; 89% yield (655mg); *H NMR (500 MHz, CDCI3) ¢
7.39-7.36(m, 2H), 7.26-7.23 (m, 2H),5.89 (s, br, 1H, NH), 4.53 (d, J = 6.0 Hz, 2H), 2.02 (s,
3H).1*C NMR (125 MHz, CDCI3) § 170.1, 135.6, 133.5, 130.0, 129.4, 128.8, 127.0, 41.4, 23.1.

N-hexylacetamide (3i)

)kNw

H

(Eluent: 20% EtOAc in DCM); colorless liquid; 81% vyield (461mg); *H NMR (500 MHz,
CDCI3) 6 6.12 (s,1H, NH), 3.23-3.19 (q, J = 6.5Hz,3H), 2.45 (s,1H), 1.97 (s,3H), 1.50-1.47

(m,2H), 1.29 (s,4H), 0.89 (m, 3H).23C NMR (125 MHz, CDCI3) § 170.2, 39.6, 31.4, 29.4, 26.5,

22.5,13.9.

N-(1-phenylethyl)acetamide(3j)
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(Eluent: 20% EtOAc in DCM); white solid; 85% yield (557mg); *H NMR (500 MHz, CDCI3) §
7.35-7.26 (m,5H),5.85 (br, s,1H, NH), 5.15-5.09 (q, J=7.0Hz,1H), 1.97 (s,3H), 1.48 (d, J = 7.0
Hz, 3H).1*C NMR (125 MHz, CDCI3) & 168.6, 142.8, 128.2, 126.9, 125.7, 48.3, 47.5, 22.9, 21.2.

N-(furan-2-ylmethyl)acetamide (3k)

(Eluent: 20% EtOAc in DCM); colorless liquid;78% yield (432mg); 'H NMR (500 MHz,
CDCI3) § 7.33 (br,1H), 6.46 (br, s,1H, NH), 6.31-6.30 (m, 1H),6.21 (br,1H), 4.39 (d, J = 5.5 Hz,
2H), 1.98 (s, 3H).2*C NMR (125 MHz, CDCI3) § 170.2, 151.3, 142.1, 110.4, 107.3, 36.5, 22.9.
N-phenethylacetamide(3I)
0
1L
(Eluent: 20% EtOAc in DCM); white solid; 75% yield (492mg); *H NMR (500 MHz, CDCI3) §
7.32-7.18 (m, 5H), 5.68 (br, 5,1H, NH), 3.52 (q, J = 7.0 Hz, 2H), 2.82 (t, J = 7.0 Hz,2H), 1.92 (s,
3H).:*C NMR (125 MHz, CDCI3) § 170.1, 138.9, 128.7, 128.6, 126.5, 40.6, 35.6, 23.2.

N-octylacetamide (3m)
0
H
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(Eluent: 20% EtOAc in DCM); white solid; 78% vyield (536mg); *H NMR (500 MHz, CDCI3) 6
5.82 (br, s, 1H, NH), 3.24 (q, J = 7.0 Hz, 2H), 1.97 (s, 3H), 1.29-1.26 (br, 12H), 0.89 (t, J = 7.0
Hz, 3H).13C NMR (125 MHz, CDCI3) § 170.2, 39.6, 31.7, 29.5, 29.2, 29.1, 26.9, 23.1, 22.5,
14.0.
N-phenylacetamide (3n)

0 /@
AN
(Eluent: 20% EtOAc in DCM); white solid; 60% vyield (326mg); *H NMR (500 MHz, CDCI3) 6
7.51 (d, J = 8.0 Hz, 2H), 7.41 (br, s, 1H, NH), 7.33 (t, J = 7.5 Hz, 2H), 7.12 (t, J = 7.5 Hz, 1H),
2.17 (s, 3H).*C NMR (125 MHz, CDCI3) § 168.4, 137.8, 128.9, 124.3, 119.9, 24.5.

N-(m-tolyl)acetamide (30)

(Eluent: 20% EtOAc in DCM); white solid; 63% vyield (374mg); *H NMR (500 MHz, CDCI3) 6
7.74 (br, s, 1H, NH), 7.34 (s, 1H), 7.28 (d, J = 8.0 Hz,1H), 7.18 (t, J = 7.5 Hz, 1H), 6.91 (d, J =
7.5 Hz, 1H), 2.30 (s, 3H), 2.13 (s, 3H).2*.C NMR (125 MHz, CDCI3) & 168.2, 138.4, 137.5,
128.3, 124.6, 120.3, 116.7, 24.0, 21.0.

N-benzylbutyramide (3p)

K
0
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(Eluent: 20% EtOAc in DCM); white solid; 50% vyield (355mg); *H NMR (500 MHz, CDCI3) 6
7.31-7.25 (m, 5H), 5.95 (br, s, 1H, NH), 4.42 (d, J = 5.5 Hz,2H), 2.19 (t, J = 7.5 Hz, 2H), 1.69
(9, J = 7.5 Hz, 2H), 0.95 (t, J = 7.5 Hz, 3H) .3C NMR (125 MHz, CDCI3) & 172.8, 138.4, 128.6,
127.7,43.5, 38.6, 19.1, 13.7.

N-benzyl-2-phenylacetamide (3q)
QLR

N/\©

H

(Eluent: 20% EtOAc in DCM); white solid; 80% yield (724mg); *H NMR (500 MHz, CDCI3) ¢
7.36-7.16 (m, 10H), 5.70 (br, s, 1H, NH), 4.41 (d, J = 5.5 Hz, 2H), 3.62 (s, 2H).1*C NMR (125
MHz, CDCI3) 6 170.8, 138.1, 134.7, 129.4, 129.0, 1128.6, 127.48, 127.42, 43.8, 43.5.

N-(4-methoxybenzyl)-2-phenylacetamide(3r)
AL
L
H
o)
|
(Eluent: 20% EtOAc in DCM); white solid; 86% vyield (882mg); *H NMR (500 MHz, CDCI3) 6
7.35-7.25 (m, 7H), 7.11 (d, J = 8.5 Hz, 2H), 6.83 (d, J = 8.5 Hz, 2H), 5.61 (br, s, 1H, NH), 4.34

(d, J = 5.5 Hz, 2H), 3.78 (s, 3H).13C NMR (125 MHz, CDCI3) § 170.7, 134.7, 129.5, 129.4,

129.1, 129.0, 128.8, 127.3, 114.0, 99.9, 55.2, 43.8, 43.1.

N-benzylbenzamide (4a)

0]

A
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(Eluent: 20% EtOAc in DCM); white solid; 77% yield (647mg); *H NMR (500 MHz, CDCI3) §
7.79 (d, J = 7.5 Hz, 2H), 7.50-7.30 (m, 8H), 6.51 (br, s, 1H, NH), 4.63 (d, J = 5.0 Hz, 2H).1*C
NMR (125 MHz, CDCI3) 8 167.3,138.2,134.3, 131.5, 128.7, 128.5, 127.9, 126.9, 44.1.

N-(4-(trifluoromethylbenzyl)benzamide(4b)

L

(Eluent: 20% EtOAc in DCM); white solid; 68% yield (681mg); *H NMR (500 MHz, CDCI3) ¢

3

7.81 (d, J = 8.5 Hz, 2H), 7.61 (d, J = 7.5 Hz, 2H), 7.54-7.43 (m, 5H), 6.53 (br, s, 1H, NH), 4.71
(d, J = 4.0 Hz, 2H).2*C NMR (125 MHz, CDCI3) § 167.5, 142.3, 134.0, 131.8, 128.7, 127.9,
126.9, 125.7, 43.5.

N-benzyl-4-methylbenzamide (4c)

fsans

(Eluent: 20% EtOAc in DCM); white solid; 76% vyield (682mg); *H NMR (500 MHz, CDCI3) 6
7.69 (d, J = 8.0 Hz, 2H), 7.35-7.21 (m, 7H), 6.38 (br, s, 1H, NH), 4.64 (d, J = 5.5 Hz, 2H), 2.39
(s, 3H).2*C NMR (125 MHz, CDCI3) § 167.2, 141.9, 138.3, 131.5, 129.2, 128.7, 127.9, 127.5,
126.9, 44.0, 21.4.

4-chloro-N-(4-methylbenzyl)benzamide (4d)

0]

I
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(Eluent: 20% EtOAc in DCM); white solid; 71% vyield (741mg); *H NMR (500 MHz, CDCI3) 6
7.72 (d, J = 8.5 Hz, 2H), 7.40 (d, J = 8.5 Hz, 2H), 7.26-7.23 (t, J = 6.5 Hz, 2H), 7.17 (d, J = 8.0
Hz, 2H), 6.32 (br, s, 1H, NH), 4.59 (d, J = 5.5 Hz, 2H), 2.34 (s, 3H).3C NMR (125 MHz,
CDCI3) 6 166.1, 137.7, 137.4, 134.8, 132.8, 129.4, 128.8, 128.3, 127.9, 44.0, 30.8, 21.0.

N-octylbenzamide(4e)

Saab

(Eluent: 20% EtOAc in DCM); white solid; 85% vyield (796mg); *H NMR (500 MHz, CDCI3) 6
7.76 (d, J = 6.0 Hz, 2H), 7.47-7.41 (m, 3H), 6.29 (br, s, 1H, NH), 3.43 (br, 2H), 1.60 (br, 2H),
1.28 (br, 10H), 0.87 (s, 3H).*3C NMR (125 MHz, CDCI3) § 167.5, 134.8, 131.2, 128.5, 126.8,
40.1, 31.7, 29.6, 29.29, 29.21, 27.0, 22.6, 14.0.

4-chloro-N-hexylbenzamide (4f)

Jona®

(Eluent: 20% EtOAc in DCM); white solid; 72% vyield (689mg); *H NMR (500 MHz, CDCI3) 6
7.70 (d, J = 8.5 Hz, 2H), 7.40 (d, J = 8.5 Hz, 2H), 6.17 (br, s, 1H, NH), 3.45 (g, J = 7.0 Hz, 2H),
1.72-1.57 (m, 3H), 1.37-1.31 (m, 5H), 0.89 (s, 3H).23C NMR (125 MHz, CDCI3) & 166.5, 137.4,
133.2,128.7, 128.3, 40.2, 31.4, 29.5, 26.6, 22.5, 14.0.

N-phenylisonicotinamide (4g)

? O
o N
N__~ H

S12



(Eluent: 20% EtOAc in DCM); Grey solid; 55% yield (433mg); *H NMR (500 MHz, CDCI3) §
8.78 (s, 2H), 8.02 (br, s, 1H, NH), 7.71 (d, J = 5.5 Hz, 2H), 7.65 (d, J = 8.0 Hz, 2H), 7.41 (t, J =
7.5 Hz, 2H), 7.21 (t, J = 7.5 Hz,1H).3C NMR (125 MHz, CDCI3) 5 163.8, 150.7, 142.1, 137.2,
129.2,125.2, 120.8, 120.4.

N-cyclohexylisonicotinamide(4h)

? ()
Y N
N__~ H

(Eluent: 20% EtOAc in DCM); white solid; 67% vyield (552mg); *H NMR (500 MHz, CDCI3) 6
8.72-8.71 (m, 2H), 7.59 (d, J = 4.5 Hz, 2H), 6.14 (br, s, 1H, NH), 4.00-3.94 (m, 1H), 2.04 (br,
2H), 1.79-1.65 (m,4H), 1.46-1.39 (m, 2H), 1.28-1.22 (m, 2H).23C NMR (125 MHz, CDCI3) &
164.6, 150.5, 142.1, 120.8, 49.0, 33.0, 25.4, 24 8.

N-octylthiophene-2-carboxamide(4i)

(Eluent: 20% EtOAc in DCM); white solid; 71% vyield (682mg); *H NMR (500 MHz, CDCI3) 6
7.52 (br, 1H), 7.44 (d, J = 5.0 Hz, 1H), 7.06 (t, J =5.0 Hz,1H ), 6.24 (br, s, 1H, NH), 3.43 (g, J
= 6.5 Hz, 2H), 1.62 (q, J = 7.0 Hz, 2H), 1.35-1.26 (m, 10H), 0.88 (t, J = 6.0 Hz,3H).3C NMR
(125 MHz, CDCI3) 6 161.5, 138.9, 129.1, 127.4, 127.1, 39.6, 31.3, 29.2, 28.8, 28.7, 26.5, 22.1,
13.6.

N-benzylthiophene-2-carboxamide (4))

S13



0]
*any

(Eluent: 20% EtOAc in DCM); white solid; 63% yield (550mg); *H NMR (500 MHz, CDCI3) §
7.50-7.47 (br, 2H), 7.40-7.25 (br, 5H), 7.07-7.06 (m, 1H ), 6.26 (br, s, 1H, NH), 4.63 (d, J = 6.0
Hz, 2H).1*C NMR (125 MHz, CDCI3) § 161.7, 138.7, 138.0, 130.0, 128.8, 128.1, 127.9, 127.69,
127.64, 44.0.

(2-benzylisoindoline-1,3-dione(4k)

N

(Eluent: 20% EtOAc in DCM); white solid; 83% yield (786mg); *H NMR (500 MHz, CDCI3) ¢
7.85-7.83 (m, 2H), 7.70-7.69 (m, 2H), 7.44 (d, J = 7.0 Hz, 2H), 7.33-7.26(m, 3H), 4.84(s,

2H).13C NMR (125 MHz, CDCI3) § 168.0, 136.3, 133.9, 132.1, 128.6, 128.5, 127.8, 123.3, 41.5.

2-(pyridin-2-ylmethyl)isoindoline-1,3-dione (4l)

N
:E/N\

)

(Eluent: 20% EtOAc in DCM); Yellow solid; 82% yield (777mg); *H NMR (500 MHz, CDCI3)
o 852(d,J=45Hz 1H), 7.89-7.88 (m, 2H), 7.74-7.72 (m, 2H ), 7.65-7.63 (t, J = 7.5 Hz,
1H), 7.28 (t, J = 8.0 Hz, 1H), 7.17 (g, J = 5.0 Hz, 1H), 5.02 (s, 2H).*C NMR (125 MHz, CDCI3)

0 168.1, 155.3, 149.6, 136.6, 134.0, 132.2, 123.4, 122.4, 121.5, 42.9.
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2-(1-phenylethyl)isoindoline-1,3-dione (4m)
0

@QN

)

(Eluent: 20% EtOAc in DCM); white solid; 91% yield (910 mg); *H NMR (500 MHz, CDCI3) §
7.80-7.78 (m, 2H), 7.68-7.66 (M, 2H ), 7.51 (d, J = 7.5 Hz, 2H), 7.34 (t, J = 7.5 Hz, 2H), 7.26 (t,
J=7.0Hz, 1H), 5.59 (g, J = 7.5 Hz, 1H), 1.93 (d, J = 7.5 Hz, 3H).23C NMR (125 MHz, CDCI3)
0 168.1, 140.3, 133.9, 132.0, 128.4, 127.6, 127.4, 123.1, 49.6, 17.5.
2-(m-tolyl)isoindoline-1,3-dione(4n)
-
o]

(Eluent: 20% EtOAc in DCM); yellow solid; 50% yield (478mg); *H NMR (500 MHz, CDCI3) 6
7.96-7.94 (m, 2H), 7.79-7.78 (m, 2H ), 7.40 (t, J = 7.5 Hz, 1H), 7.25 (t, J = 7.5 Hz, 3H), 2.42 (s,
3H).°C NMR (125 MHz, CDCI3) § 167.4, 139.1, 134.3, 131.8, 129.0, 128.9, 127.2, 123.7, 21.4.

N-benzylformamide (40)

o]
H)J\N/\©
H
(Eluent: 20% EtOAc in DCM); white solid; 99% yield (532mg); *H NMR (500 MHz, CDCI3) §

8.19 (s, 1H), 7.32-7.27 (m, 5H ), 6.27 (br, s, 1H, NH), 4.44 (d, J = 6.0 Hz, 2H).13C NMR (125

MHz, CDCI3) 6 160.6, 138.9, 137.2, 128.3, 127.3, 41.7.
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N-(4-methylbenzyl)formamide(4p)

aaet

(Eluent: 20% EtOAc in DCM); white solid; 82% yield (491mg); *H NMR (500 MHz, CDCI3) §
8.24 (s, 1H), 7.19 (g, J = 8.0 Hz, 4H ), 5.81 (br, s, 1H, NH), 4.44 (d, J = 6.0 Hz, 2H), 2.33 (s,
3H).B°C NMR (125 MHz, CDCI3) § 160.8, 137.4, 134.5, 129.4, 127.8, 45.3, 41.9, 30.9, 21.0.
N-phenylformamide (4q)

o) @
HJLH
(Eluent: 20% EtOAc in DCM); white solid; 64% vyield (310mg); *H NMR (500 MHz, CDCI3) 6
8.69 (s, 1H), 7.55 (d, J = 7.5Hz, 1H), 7.35-7.08 (m, 5H).23C NMR (125 MHz, CDCI3) & 163.1,
159.6, 137.0, 136.8, 129.7, 129.0, 125.2, 124.7, 120.1, 118.8.

N-o-tolylformamide(4r)

O
5,0

(Eluent: 20% EtOAc in DCM); white solid; 65% yield (353mg); *H NMR (500 MHz, CDCI3) ¢
8.54 (s, 1H), 8.16 (br, s, 1H, NH), 7.22-7.14 (m, 4H), 2.31 (s, 3H).2*C NMR (125 MHz, CDCI3)

0 163.3,159.1, 135.0, 131.2, 130.5, 129.7, 127.1, 126.8, 126.0, 125.5, 123.0, 120.7, 17.6.

N-(4-methoxybenzyl)ethanethioamide (5a)
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)J\N/\©\
H
(@]

|
(Eluent: 5% EtOAc in DCM); yellow solid; 74% yield (577mg); *H NMR (500 MHz, CDCI3) §
7.47 (br, s, 1H, NH), 7.26 (d, J = 8.5 Hz, 2H) 6.89 (d, J = 8.5 Hz, 2H), 4.72 (d, J = 5.0 Hz, 2H),
3.80 (s, 3H), 2.55 (s, 3H).2*C NMR (125 MHz, CDCI3) & 200.4, 159.4, 129.8, 128.0, 114.2,
60.4, 55.3, 50.1, 34.0.

N-(3-fluorobenzyl)ethanethioamide (5b)

S

Ay
%

F

(Eluent: 5% EtOAc in DCM); yellow liquid; 70% yield (514mg); *H NMR (500 MHz, CDCI3) §
7.63 (br, s, 1H, NH), 7.34-7.27 (m, 1H) 7.11 (d, J = 8.0 Hz, 1H), 7.04-6.99 (m, 2H), 4.83 (d, J =
5.5 Hz, 2H), 2.58 (s, 3H).13C NMR (125 MHz, CDCI3) § 201.3, 163.9, 161.9, 138.56, 138.51,
130.5, 130.4, 123.8, 115.1, 115.0, 114.9, 60.4, 49.7, 34.0.

N-hexylethanethioamide (5c), (hew compound).

Ay
H/I)

(Eluent: 5% EtOAc in DCM); yellow liquid; 63% yield (401mg); *H NMR (500 MHz, CDCI3) §
3.65 (q, J = 7.0 Hz, 2H), 2.55 (s, 3H), 1.68-1.58 (m, 2H) 1.38-1.31 (m, 7H), 0.89 (s, 3H) .°C
NMR (125 MHz, CDCI3) 6 199.5, 45.5, 33.1, 30.3, 26.9, 25.6, 21.4, 12.9. HRMS calcd for

CgH1sNS: 160.1160, found: 160.1160.
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N-benzylbenzothioamide(5d)

Saas

(Eluent: 10% EtOAc in DCM); yellow solid; 89% yield (805mg); *H NMR (500 MHz, CDCI3) §
7.75 (d, J = 8.0 Hz, 2H), 7.46-7.34 (m, 8H), 4.99 (d, J = 5.0 Hz, 2H) 1.57 (s, 1H).1*C NMR (125
MHz, CDCI3) & 193.1, 135.6, 130.1, 125.1, 123.0, 122.4, 122.3, 122.2, 120.6, 45.0.

N-benzyl-4-chlorobenzothioamide (5e)

Fenas

(Eluent: 10% EtOAc in DCM); yellow solid; 80% yield (839mg); *H NMR (500 MHz, CDCI3) &
7.73 (d, 3 = 7.5 Hz, 2H), 7.44 (d, J = 7.5 Hz,1H), 7.36-7.30 (m, 3H), 6.90 (d, J = 6.5 Hz, 2H)
4.89 (d, J = 5.0 Hz, 2H), 3.80 (s, 2H).13C NMR (125 MHz, CDCI3) §198.7, 159.5, 141.6, 131.1,
129.8, 128.5, 126.6, 114.3, 55.3, 50.6.

N-(4-methylbenzyl)benzothioamide (5f)

saast

(Eluent: 10% EtOAc in DCM); yellow solid; 86% yield (831mg); *H NMR (500 MHz, CDCI3) §
7.75-7.58 (m, 3H), 7.54-7.43 (m, 1H), 7.40-7.35 (m, 2H), 7.29-7.25 (m, 2H) 7.20-7.15 (m, 2H),
4.94 (d, J=5.0 Hz, 2H), 2.36 (s, 3H).1*C NMR (125 MHz, CDCI3) § 198.9, 141.6, 138.1, 133.1,

131.1, 129.7, 128.5, 128.4, 126.6, 50.9, 21.1.
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N-(4-methoxybenzyl)benzothioamide (59)

S

saasl

(Eluent: 10% EtOAc in DCM); yellow solid; 76% yield (779mg); *H NMR (500 MHz, CDCI3) §
7.74 (d, 3 = 7.0Hz, 2H), 7.66 (br, s,1H, NH), 7.45 (t, J = 7.5 Hz, 1H), 7.37 (t, J = 8.0 Hz, 2H)
7.33(t, = 9.0 Hz, 2H), 6.92 (d, J = 8.5 Hz, 2H), 4.91 (d, J = 5.0 Hz, 2H), 3.81 (s, 3H).23C NMR
(125 MHz, CDCI3) 6 198.8, 159.5, 141.6, 131.1, 129.8, 128.5, 126.6, 114.3, 55.3, 50.6.

N-(3-fluorobenzyl)benzothioamide (5h)

S
SRS
H
F

(Eluent: 10% EtOAc in DCM); yellow solid; 82% yield (806mg); *H NMR (500 MHz, CDCI3) 6
7.81 (br, s, 1H, NH), 7.75 (d, J = 7.5Hz, 2H), 7.47 (t, J = 7.0 Hz, 1H), 7.39-7.34 (m, 3H), 7.16-
7.01 (m, 3H) 5.00 (d, J = 5.5 Hz, 2H).23C NMR (125 MHz, CDCI3) § 199.5, 163.9, 162.0,
141.4, 138.68, 138.62, 131.3, 128.5, 126.6, 123.7, 115.2, 115.0, 50.1.

N-phenethylbenzothioamide (5i), (hew compound).
i /\Q
©)J\N
H

(Eluent: 10% EtOAc in DCM); yellow solid; 85% yield (817mg); *H NMR (500 MHz, CDCI3) ¢

7.62 (d, J = 7.5Hz, 2H), 7.56 (br, s, 1H, NH), 7.43 (t, J = 7.5 Hz, 1H), 7.35 (q, J = 7.0 Hz, 4H),
S19



7.26 (d, J =8.0 Hz, 3H) 4.10 (7, J = 7.0 Hz, 2H), 3.08 (t, J = 7.0 Hz, 2H).13C NMR (125 MHz,
CDCI3) 6 199.2, 141.8, 138.2, 131.0, 128.8, 128.7, 128.4, 126.5, 47.4, 33.8. HRMS calcd for

CisH16NS: 242.1003, found: 242.1005.

N-(1-phenylethyl) benzothioamide (5j), (new compound).

Saae

(Eluent: 10% EtOAc in DCM); yellow solid; 72% yield (693mg); *H NMR (500 MHz, CDCI3) &
7.72 (d, J = 7.5Hz, 3H), 7.44-7.25 (m, 8H), 5.92 (t, J = 7.5 Hz, 1H), 1.71 (d, J = 7.0 Hz, 3H).23C
NMR (125 MHz, CDCI3) & 192.0, 136.0, 135.3, 125.0, 122.8, 122.4, 121.8, 120.6, 120.5, 49.0,
14.1. HRMS calcd for C1sH1sNS: 242.1003, found: 242.0993.

4-chloro-N-phenethylbenzothioamide (5k), (new compound).

o

(Eluent: 10% EtOAc in DCM); yellow solid; 79% yield (872mg); *H NMR (500 MHz, CDCI3) ¢
7.57 (d, J = 8.5Hz, 2H), 7.49 (br, s, 1H, NH), 7.36-7.25 (m, 7H), 4.11 (q, J = 7.0 Hz, 2H), 3.09
(t, J = 6.5 Hz, 2H).*.C NMR (125 MHz, CDCI3) § 191.7, 134.0, 132.0, 131.2, 122.8, 122.68,

122.60, 121.8, 120.9, 41.4, 27.7.

4-chloro-N-(4-chlorophenethyl)benzothioamide, (51) (new compound).

S20



(Eluent: 20% EtOAc in DCM); yellow solid; 70% yield (871mg); *H NMR (500 MHz, CDCI3) §
7.58 (d, J = 8.5Hz, 2H), 7.52 (br, s, 1H, NH), 7.33 (t, J =8.0 Hz, 4H), 7.19 (d, J = 8.5 Hz, 2H),
4.08 (q, J = 7.0 Hz, 2H), 3.07 (t, J = 7.0 Hz, 2H).13C NMR (125 MHz, CDCI3) § 191.9, 133.9,

131.3, 130.5, 126.7, 124.0, 122.9, 122.6, 121.7, 41.2, 27.0. HRMS calcd for CisH14NSCl2:

310.0224, found: 310.0238.

morpholino(phenyl)methanethione(5m)

SA®

(Eluent: 10% EtOAc in DCM); yellow solid; 68% yield (561mg); *H NMR (500 MHz, CDCI3) ¢
7.30-7.25 (m, 3H), 7.21-7.18 (m, 2H), 4.37 (t, J = 5.0 Hz, 2H), 3.81 (t, J = 4.5 Hz, 2H), 3.56-
3.51 (m, 4H).23C NMR (125 MHz, CDCI3) & 201.0, 142.4,128.5, 125.8, 66.7, 66.5, 52.4, 49.5.

N-hexylpyridine-4-carbothioamide (5n),(new compound).

S
oy N
N~ H

(Eluent: 10% EtOAc in DCM); yellow liquid; 69% yield (610mg); *H NMR (500 MHz, CDCI3)
0 8.51 (d, J =5.0 Hz, 2H), 8.43 (br, s, 1H, NH), 7.51 (d, J = 6.0 Hz, 2H), 3.81 (9, J = 7.5 Hz,

2H), 1.78 (g, J = 7.5 Hz, 2H), 1.43-1.32 (m, 6H), 0.91 (t, J = 7.0 Hz, 3H).13C NMR (125 MHz,

S21



CDCI3) 6 195.2, 148.8, 147.7, 119.7, 45.9, 30.3, 26.8, 25.7, 21.4, 12.9. HRMS calcd for
C12H19N2S: 223.1269, found: 223.1263.

N-octylbenzothioamide (50), (new compound).

S
N
©)LH

(Eluent: 10% EtOAc in DCM); Brown liquid; 68% yield (675mg); *H NMR (500 MHz, CDCI3)
§7.72 (d, J = 8.0 Hz, 2H), 7.59 (br, s, 1H, NH), 7.45 (t, J = 7.5 Hz, 1H), 7.38 (t, J = 7.5 Hz,
2H), 3.81 (g, J = 7.5 Hz, 2H), 1.77 (g, J = 7.5 Hz, 2H), 1.41-1.28 (m, 10H), 0.89 (t, J = 6.0 Hz,
3H).°C NMR (125 MHz, CDCI3) & 198.0, 141.0, 127.4, 125.5, 45.9, 30.7, 28.2, 28.1, 27.1,

26.0, 21.6, 13.0. HRMS calcd for C1sH24NS: 250.1629, found: 250.1621.

References: 1. Lillian, B-F.; Andrea, O-P.; Diego, G.-S, J. Org. Chem., 2014, 79, 4544.
2. JW.Wu, Y.D. Wu, J.J. Dai, H.J. Xua, Adv. Synth. Catal., 2014, 356, 2429.

3. O.P. Andrea, G.S. Diego, Tetrahedron Letters., 2015, 56, 4308.

Copies of *H and *C NMR spectra

S22



&3 ® 3
[ | \
| | |
SNR-357
THNMR INCDOLY
SOOMHZ
Q
Ho |

e

P , ! v
T :‘ T T T T T "'4‘ ‘ Y T Y T Y T T h"l T ] T T T T Y Y Y -I T
ro 60 =0 a0 a0
'H NMR of 3a
2 g 55 588 g &
g 3 &8 KEE g ]
SNR-357
13C NMR IN CDCI3
S00MHZ
i
o]
)LN
H
|
|
| |
{ . LA - I o

13C NMR of 3a

S23



T8

13C NMR of 3b

S24

4 2 ¥ N
||)
SNR- 285
THNMER IN ChOn
SONTHYZ
0 ?
P e
NN
H
)
\
l |
!I l
L A A J).J LA )
v ] ] '
1:.]"“7111 ||'l‘|" Y1|V .,}1 '?rvv"
1H NMR of 3b
5 gcasE = & &8
= R R R & =2
SNR-285
13 CNMR IN CDCI3
S00MHZ
0]
H
1
| Il
Il
T T I T T T T I T T T T I T
150 100 50
HY



L)
- 43
S—

SNR-284
THNMR IN CDCLY
SOONTHZ.

o)

)LN PR

H I/s
F

2015

1H NMR of 3¢

g 22 22% 53 REZ 5 3
e 28 8 a8 28 re e 8 =
SNR-284
13CNMR IN CDCI3
S00MHZ
o
.
H
F
|
|
|
|
I
L. | \
T | T T T T | T T T T T T
150 100 0

t1)

13C NMR of 3¢

S25



13C NMR of 3d

S26

ENER2=s: ) 5z
V% ’
SNR-289
1H NMR IN CDC13
S00NMHZ
0
H CLN TN
3 b
il
Pl < |
|
I |
Li X l Ak
\ i’ ¥
T ] T T T T T .l T I T T T I T T T T T L
) [ 84 40 3
1H NMR of 3d
L] 5 oW — o [} O 7 w oM
g §EE8 LN
SNR-289
13C NMR IN CDCI3
S00MHZ
Jiy
HaC N
H
Cl
[N 1 o
| 1] || I
T T I T T T T | T T T | T T
150 100 50



E: 8 % E3 E é
SNR-3M47
THNMRINCDOLY |
SOONHZ |
(o]
A~
!
P
! y
. T
A A ¢ |
Y - ¥ ¥ ¥
s 8 2 B = g
™ ' ™ T l T T T l T T T ] T L4 T l ;
Vo 60 0 a0 20
1H NMR of 3e
] g &8 B B3I ] ] 1
'
SNR-347
13C NMR IN CDCI3
SOONHZ
9]
H
O/
|
| | |
T T I T T T T | T T |
100 50

13C NMR of 3e

S27



| |
WU | ‘
SNR-348
TH NMR IN CDCR
SONMHZ
0 |
HaC” Hl = T OscH,
| ]
. |
|
__;L;IL A A A JLJ\ 1
y .'l Iyl ‘D J '
eSS e = ———
0 il a2 $3 1) 00
1H NMR of 3f
[ ¥ L ] - HFC":\.i 5 = E
SNR-348 !
13C NMR IN CDCI3
SO0MHZ,

100

13C NMR of 3f

S28



SNR-286
TH NMR.CDCI3
SOONTHZ
(@]
)\N/\©/CI
H
|
|
|
|
(|
|1, | /|
\A ||
— | S S ._J‘ N ~ ~
—_ = L‘] T ‘ T T T ; T T T l:' T T I
1H NMR of 3g
g g BRNEY g g 8
SNR-286
13C NMR,CDCI3
S00MHZ

I

Cl

13C NMR of 3¢

S29



Jen‘e

1ES ——
ESY

lee'L
EaL
ral
A
BEL
BEL
S8EL
ilE'L

L
IBE"L

00OMHZ
N
H

Cl

1H NMR IN CDCI13
A

SNR-290
5

3~ 3.00

1= 2.02]

1H NMR of 3h

sue —

OIS ——
S0 L ——2
BlEyY —

W@
e
ay ez
o =
gseel
MG

)

||

a8l —

e
S30

100

13C NMR of 3h

BOCNMRINOCDOL

SOONTHZ

SNR-290




GREE¥ % 5 G4SA HES
SNR-346
1H NMR IN CDCI3
SOUNTHZ
B
/I) |
.4 y, AN J\/
e - Y Wy v
= & ... 2 = & i
[ T T L3 ]' T T T I T T T I T L S T I T I T I
&0 s 40 30 20 10 o0
1H NMR of 3i
8 3849 B 3358 B
R RRE g s8N o
SNR-346 4 )))
13C NMR IN CDCI3
500MHZ
0

>
c

150 100

13C NMR of 3i
S31



SNR-297
THNMR IN CDC13
SOONHZ

19

proc >-—
D0 £ —

1 4%
140

Ly y Y

(5 ~ w

= B =

T T I 1 T ] ‘ T 1] T L] T l T T I l i I
&) 6.0 a0 X 20 1.0

1H NMR of 3j

SNR-297
13C NMR in CDC13
500MHZ

O

Ay

48.38

T~ 475

22,99

TT— 2129

150 100

13C NMR of 3j
S32



7a
S 7,334

T— G2

—— GAS
——— 630

 62%

159132
(LR ]

SNR-287

g% g
I/.‘
SNR-287
1H NMR IN CDC13
SOOMHZ.
X
N —
1
H o /
|
! ¥
z g
T l T T L L T L 1 l Ll L2 T T l T L]
50 a0 30 20
1H NMR of 3k
s 33 8
-2 ER &= B
|‘u‘:/'
1

13C NMR IN CDC13

SOONHZ

100

13C NMR of 3k

S33




Est

oo

1.0

LT —
18—
BT —

Bre
N
st

28—

WL —
nes
zeL

20

a0

4c

SNR-288
TH NMR IN CDCI3
SO0MIZ

1H NMR of 3|

60 52

0

T T vl ol s Lok UF o o Fav o T8 o F & & T Lot ol T
-
7

Eoose
aLe0y

02guL
vioLL W
BEELL

SR

M —
LRy —

DEW

Loy

13C NMR of 3|
S34

LICNMRIN CDCIR
N
H

S00MHZ
O

A

SNR-288




THNMR IN €CDC13

SNR-292
SOOMHZ

Io
L=
- WP ——_
B B —— -
ne —,
3 I~ (L /» - —
= 136 - e =
s e —> -
- B — -
3 123 e —r’
3 1968 -
- 200||-2
£ T YR—
B E—
| o BE'LL w——
e O
> pa0|f W
I
- —
E o
- =
.
- &
- aEN
AT = <=
; 248 o<
[~ " 7o
Joes|| ToL -
&
I

13C NMR of 3m
S35



SNR-293
THNMR IN CDCI3
S00MHZ

2,0

217

H
|
po
I
' JL_Jt
e b
pon £
oD o =]
T T T | T | T T T T T T T T | T T T T | T T T T | T T T T | T T T T |
7.0 6.0 4.0 3.0 2.0 1.0 0.0
- & $ & 2
3 B ® 32 -
SNR-293

13O NMR IN CDO13

S0OMH7Z

1,0

13C NMR of 3n

S36



tTI852=2:q
W
\. '”' / ~
W& / SNR-307
THNMR in CDO13
SOONHZ
2 2
HiL™ N CH;,
H
|
|
|
B B
o
2 B8 B
]’ T T T 1 3 [ 1 3 T T L3 l T T T L3 ] T T T T I T T 1 3 T ] L] T
a0 70 &0 ED 40 30
1H NMR of 30
) it
SNR-307
13CNMRIN CDC13
SOONHZ

P Ll
ch/”\n CH,

13C NMR of 30

S37

@ -]



-2 ww o o -
= & Se
~ = b= x -
N I
SNR-294

TH NMRIN CDCLI3
SOMHZ
e}

A l\. A
g

- bged Iy [ (] o
- S = r - (9
F 2 g 2 %
e rrrr el T
70 &0 &0 1.0

17288
138.4€
128.6€

SNR-294
13C NMR IN CDC13
S00MHZ

43.514
38,638

19.168

13.77¢8

100

13C NMR of 3p

S38




-

36C
7o
T30
729
720
TN
12%

]
@
-

WY

SNR-2935
HI-NMR IN CDCI3

oy

 /
7

7

728

T2

181

166

S700

aan
— A
3606

.
-

-

'
!
I 1
N
Y ¥
° ©
2

402 <=

) LT ) LI N S D) e S B i ey L EET LI LI Y LS J A ST WL TEUISAR AT S NLETIL N e EV L

&0 70 80 50 40 a0 20 10 00

1H NMR of 3q

708

1547

1204

weo

1286

1274

1274
e TV
e 7 28
T

4308

— 4338

SNR-295
13C NMRIN €DO13
SOOMHZ

13C NMR of 3q

S39



:
SNR-350
THNMR in CDC13
SOONTHZ.

~ 454
S—— 4300
78l

A J
Wy y Y v !
B2 s g P %
lYmﬂAIYU"l’l‘vr[vvv‘l]‘l&vval!vvlYlvl!vvll
o 8.0 5.0 40 Lo 20 10 0.0
1H NMR of 3r
= FEFI=3TH &S iEE -
: 18%888RE 3 mE 3 55
\..\."\:}L'/./ ¥ /

SNR- 330
13C NMR IN CDCL3
SOOMHZ

13C NMR of 3r

sS40




7. 7ﬂ

'\

O
v
~r~

TAT
TAX

TANM

2y

ﬁ!ll
A&
A

NN

gy

SNR-9
TH NMRIN CDC1Y
SOONHZ

]

L
A L
§ o ¥
- 0w - »
R g 2
T I T LN T ‘[ Ll T L] L I Ll T L L | l L T T I LI T L " T T Ll T ' L | OO | T l Ll T T Ll ]
80 70 60 30 40 30 2.0 10 0.0
1H NMR of 4a
x R ERES X 3 ¥
R HEzBER & gg%‘o Y
- - - - - "~ r~ -
Kkk ))/ .
SNR-309
13C NMR in CDCI3
SOOMHZ
N
H
h
1 |
' I
l _]v e o Y
l T T Ll T I T L3 Ll ] T T
150 100 50

13C NMR of 4a

S41



cR2UsLTICR <§ -
| N SN N LS l»IVT>1VlLv3 -
L) l |
SAR-296
THNMRIN CDOLS
SOOMHZ

o i
T f
Eﬁ—-_—-
L

-

: 3
S

9

13C NMR of 4b
S42

o s ¥
s 58 2 8
T — — - I e L ™ T T
80 [ X S a0 350 )
1H NMR of 4b
I HoodrE & R EE B z
B Y 3858 4 I S o
- - - o =~ ~ A2
\"\)) '
SNR-296
13C NMR IN CDCI13
S00MHZ
0]
N
F
F
F
I
|
i |
o 1II.. :J’; 1 S PO _“JL - " PIEpe— b
T | T T T T | T T T T | T T |
150 100 50 0



2]
(5]
35
34
7.3
7.30
7.8

B B3 s8R0 gRaS 23 a
[ [ N S < < o
SNR-310
HINMR IN CDCI3
S00MHZ
@]
N
H
! H 1
|
I e
i A dly
P . ¥ Y
g 3 z 3 2
L L L L L L L L L T T
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
Y b 3
@ 3 &
SNR-310
13C NMRIN CDCI3
SOONTHZ

0
Jegae

13C NMR of 4c
$43



1
A
7.0m
7.2
T
T2z
17
718
(%]
s
204

S~—— s

SNR-311
THNMR IN CDCLY
S00NMHZ

Foaast -

AA i

R ——

)
k A

Y W L Y

N .- e [

T 38 2 s
8
&80 70 B0 50 40 30 20 10 20

1H NMR of 4d
LB B R:E. Py
g TEELEEE g i 8
Q //) ’
SNR-311
IJCONMRIN CDC1
SOONTHZ

150 100 50 0

13C NMR of 4d

S44



T——17.75
7.46
7.42
741
6.29
3.43
3.42
1.60
1.28
1.27
0.87

JE— T

_—— 776

SNR-319
ITHNMR IN CDCI3
S00MHZ

B L
| ﬁ I

e

o

-
P60 | >|—

8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0

1H NMR of 4e

| ) 1)) ]
' “‘.“.. \ I' f p ’,’
SNR-319
13C NMR in CDCL3
SIONHZ
L L
//§‘ J.L'N
J i1
F
il
|
| 1 1! '
|
]

Ay

|

| _l L

M " PP T PR ey a TP 2

w —— s w

T T I T T T T | T — T Y T Y T
150 W0 S0

13C NMR of 4e

$45



i
=]
7.40
o
14

342
im

|

SNR-281
TH NMR IN CDCI3
SOONHZ

— o
— 14X

v (] ™~

B o @

|

|
._Jdl__‘__jlk_. — ._. | SRR I .Jm

EGREEL &
J )1

(
|

ho

LL\_JJL__

L ]
() w [~

L

L. 4
L L B B A

L1 0 &0 50 £0 X0

wn + o M@ @ T o
w s g wg NG
(= o= T o Y ) P P~ o
- -_— o = I‘--|II‘--I‘--

SNR-281
13C NMR in CDC13
S00MHZ

0]

E

Cl

0

40.22

D RIS
"'l'[V'l"'l"]llllllll']'!’

31.48

T 2957

S 2666

14.00

13C NMR of 4f

546



SESRRRBSRSASES
SNR-332
1 NMR IN CDCLS
<00 MHZ

@*"ug

AJ S|

4 o
B B B8
B g s
l L) L] T ' L 1 T T l T T ¥ s ] T T L) L4 | 1 T T T l T T ) T I T L L L) ' T | K3 L} l T T T T l
20 80 70 80 50 a0 30 Fi 10 00
1H NMR of 4g
-~ - ~ = - =
g § §f 2¥id RS g
SNR-332
IBCNMRINCDO1IA
300 MHZ
e
=
| N
N._ .z

13C NMR of 4g

S47



LAE )

SNR- 333
THNMRIN CDCL3
SOONHZ.

-~

0

l |
wvad N .JL—l - J\__ -)\;_
¥ 1 o by
-:v U i : Yy — ?"’ T T Tv
&0 70 &0 50 490
1H NMR of 4h
I n - Q dz2
i & = S NI

SNR-333
13C NMR IN CDCI13
S00MHZ

l

49.04

168
5

187

e 1,88

ll'l |,_ Wiy

I.'— 144

,'— "

— 122

JUM‘

e Rl b vI‘I
»

3 ‘LI , s

?!1]!11!'1'!1’!!'{]

20 1.0 0.0

33.05
25.45

24.83

13C NMR of 4h
S48



198'0 ——
80—
1880 \
=l /
=4}

f:=

{=-

-

188" | —— 2
6eh ———
195"}
-4
165"k
=4}
29

IBE'E
e
e
IEV'E

VR

e’

0L
S0L

a0 L ——2
EF L

i L ——,
gL ——
252 |\

ZT

1TH NMR IN CDCI3
00MHZ
(0]

SNR-338
5
\

S

/

0.0

1.0

1H NMR of 4i

5.0

6.0

7.0

8.0

n i

(=

18188 ——
W0 ——
aee W\
S o
2R — =

196" 1§ —

[FUNCS

[
129 9L ——

|9 — |
ezt
Wizt N 5 ll\l _
ezl v = -
16901 ~ >

;= O

5 % — v

G

S - I

13C NMR of 4i

100

SNR-338
IZCNMRIN CDCLI3
SIMNTHZ,

150

549



F=l
2EAP

=]
1807 L
59074 —\
LLrL |
W
A

0L
552 L
Log'L
D1EL
aleL
BsEL
Lops —

rovs —f
FoF L

A
28FL
1052

305, —

SNR-339

1H NMR in CDCI3
S00MHZ

S

== 2.00

T o0eq

T 0.99

F 544

= 08¢

1H NMR of 4

B0y

BN ——

[2el

nEesl
10084 —

Ltoe)

e —

00

PRSI —

150

1\

SONHZ

7

13C NMR IN CIO13

SNR-3W

13C NMR of 4j

S50



$2UQRREIIURSREN 2
NKN'\RN ~~ - NN’\ -

i

SNR-MI
TH NMR IN CDCLI3
SOONHZ

iy,

o

.
—
b

Yy vw |
- e e
=
T 7T T I T rr 1 ] T T T T I T L221 | T I T T T T [ LA A | T l T T r I ] T 1 T T r T T I
-1 70 EO 50 40 30 20 10 00
1H NMR of 4k
3 EEFEE AN x
: §ENEH RES :
SNR-M1
I3CNMR in CDC13
SOONMHZ

22e8

13C NMR of 4k

S51



A

nﬁnnlIJ

AL —

Ob' £ =
4L =

an-||4
LB'L /
=L

NG L ey

e
1S8°L
L2
ﬁhullllw

L TE

0L —
L

L
wi—)

L —

&5y —
&ﬂaAIII\

HINMRIN CDCI3

SNR-329
SOOMHZ

- 2,00}

00

1H NMR of 4l

vazy

B

Ll —

sz
P
P EZ R m—
R —
NI —
B9l

Berl

eS| —

HBEE ———

13C NMR of 4l
S52

13C NMR in CDCL3

S00MHZ

SNR-329

T T



REENALNE R ANz RN DARY
L) )
SNR-534
TH NMR IN CDCI3
SOONHZ
O

o

28

1.930

— 192!

LA

|

|

Ty w
23R 2

pOE <

¥ TR T B S
80 e 60

—————

18815
o
< < ]

SNR-534
I3C NMR IN CDCI3
SOONHZ

0

LI L L

50 40

1H NMR of 4m

HEE
ERE
|

a0

20

10

| B ELIEY IR SRR LR

7=

00

13C NMR of 4m

S53



Jdtiadd i d R E L
| l} [
4 yre L _——
SNR-342
TH NMR in CDCI3
SOMHZ
O |
o)
|
I
l |
EN—— \ IL i
FY Yy y
2= b= S
'rv]:‘vvv‘uv —

8.0 T.0 £0 50 49 30

TYYVYTYY?YTTVTY]YY“IIY?VY'[YY‘VYTY"YVT
1

20 0 20
1H NMR of 4n
= TH 8 S HR M -
B g3 s Q85 g e & z
— - -{ — w L o
SNR-342
13C NMRIN CDCI3
500MHZ
0]
N
o]
I
|
|
i ] ”
T | T T T T | T T T T | T T
150 100 50

13C NMR of 4n

S54



LAk ]
2
am
R4
2

Ay

—— a4

SNR-352
TH NMRIN CDC13
S0ONHZ

(8]

H

H N/©
H

¥ | IS
" o L W
(=] <> -] ~n
i »® - =
T L] T ] T L T T ' L] T Al T T v T T I T T T T I T L] T T l v T T T I T T T ng I T T . T r
80 70 60 50 40 A0 20 10 0o
1H NMR of 40
& ¥ & Ha S 8 5 i
F it g8 L :
‘ .y \ J/J
SNR-352
TMONMRINODOIA
SOONTHZ
(o]

X

gae
H

13C NMR of 40

S55



8.24¢
719
7.7
715
7.4

SNR-353
1H NMR IN CDCI13
S00MHZ

O

M

0L
H

100 = %—
a9y — -

5.81!
4 44!
4.43

2.33

Y
w
g
T T T T |
0.0
& T4 Y9 ¥ : 1 2
2 %3 &R ¢ = 2 !
]
[/
SNR-353
I3ONMRIN €DCLS
SOONHZ
i
H” N
H
h
o |
J 1 J | K o J 4 P R
v . - v var et
T T T T T T T T ™
o 100

13C NMR of 4p

S56



7.55!
7.53¢
7.35(
7 .33«
7.31%
7.30
7.28¢
7188
7.7
7.15¢
7.12!

\\_ 7.
7 oe

SNR-354

1HNMR IN CDCI3
S00MHZ

HJ(J)\H/O

\
: L
T LJJ T 3 8 T T | T T T T |
o 5.0 0.0
1H NMR of 4q
| \,I 1)) |])
SNR-354
I3CNMR IN CDCI3
SOOMHZ

20

150 00 <0

13C NMR of 4q

S57



¥ = NEEs=EES

o = L L N
J

SNR-355

THNMRIN CDCRY

SIONHZ

b5 ]

T e oy o g e e

SNR-355
13 CNMR IN CDCI3
SO0MHZ

(o]
HJLN/Q
H

13C NMR of 4r

S58

1769



)
[=]
{ L=
[ -
.|_ F 0w -
002 —. J_ B
202 |\L| e V0§ ——
| r (43
B voe
i - |u._ = 3.08L
||n_ e
_ o [ —
- B e
YN > o] u
e\ _ L ..._.m
e / i r o
e y _ =1 I 359
.__uo..v_|/ 1 | = R
0% - A S
o —7 I .
L | L T vil
Nn_wu - 21| —
/ [=]
o 821
m O L B2l ——
m L
> L
=] L
SoE K
|3 L -,
m “ m ZzT i o5 ——— m
199 o H w, SHA L U ~N
%.@% | L Sz E
. II"J_ = §,63 el
vZL = =
szl N | ~ GhE \
&L — = 224 TN s
17— [-{ Foed n={
Wi - \
. wor ——
P

S59

13C NMR of 5a

s J —~ p

] |
150

‘\/\0/
v 17 -

=

nm

00



s

SNR-22

TH NMRIN CDCI2

S500NHz
N
H

A

/\/F
»
|

= 300

2 2m

=
119
Jom

22

1H NMR of 5b

SOFE

ELEY

i}

619U
WwoLL v
BZLL

R E—

J6'E91L

®10Z

SNR-22

13CNMR IN CDCI3

S500MHz

ZI

|

I
100

I
150

I
200

13C NMR of 5b

S60



28%
L]
&n
857
642

ol
B1E
s
s
384
n
as?
3=
316

R

P2
SNR-374

TH-NMR-CDC13
S00MHZ

S

A
0
N JA‘J_ oy,

L o [ R —
N ~N Lad - J -
2 3 I = 2
T l T LS Ll T l Al T L] T '
3o 20 10
1H NMR of 5¢
3 88 # 3REFE
a gge ) gRe 8RY
SNR-374
13CNMR-CDCI3
S00MHz
/ILN/\/\/\
H
|
]
=
T L T T
1%0 100 50

13C NMR of 5¢

S61




xsessasnras 232 s
L S S Sl S -Tw .-
WL ,1
NV |
SNR-$86
1H NMR In CDCI3
SOONHZ
S
N
H
I
1
| |
|4
S 1 I
L SR o ¥ Y
~ -~ ~ o
= @ 2 ~
II L} L L} l LI lil |||I ]l L L] L 1 I L |l|||||l '
° 7.0 &0 50 T 30 20 10 00
1H NMR of 5d
= BENS YRR B HES 5
g SEEQNNNE FRE g
L)) [
\ \K// W
SNR-886
13C NMR IN CDCI3
SOONIHZ
s
= N RS
| W ||
= =
| |
I ! L
-i- ‘——...-..U:.. AR, AT VOt St
L] Ll I L3 L L [ T L2 T l T T T l
150 100 =0 2

13C NMR of 5d

S

62



S63

CE3IQTRAAAIRES B 8
L R S R N S S R - R T -
(W[
(P22
SNR-36
ITHNMR IN CDCIA
’ SO00NHz
N
H
Cl
| 1 |
,JJ l__ -[.__ e i —lL — l_
L o b ) !
- o.p - - ~
g & B 3 8
lllll L] T L] I T L L L ' L L T L] ' L L L L] I T L] L T I T L] L L] ' T L T L l L] L] L T '|
80 70 60 50 40 30 20 10 00
1H NMR of 5e
B b g oRRER © -]
. § FaRREz REE 33
| || ‘
\I Vv
SNR-36
13C NMR IN CDCI3
SO00MHz
N/O
H
n! =
(
| |
| ! '
by o Wh—-ﬂjtl WA Statena e o]
‘I T T T ] Ll Ll L] T l T T Ll Ll I T T T Ll " L
200 150 100 50 ]
13C NMR of 5e



o) 2
1"
4947

s —

SNR-382
TH NMR IN CDCLS
SOOMHZ

SERASY

20

‘€
/
W J JL
P ey iy Yy

8 e

:

T T T T T T

[

60 50 40

3.0

1H NMR of 5f

T T T T T T T T T T T T T T T T T T T T
. : 20 10

5 EECER TR geg g e
- sz a8% 8 - : 3
SNR-382
13C NMR IN CDCI13
S00MHZ
I
N
H
|
n
T T T T T T T T T T T T T T T T T
200 150 100 50

13C NMR of 5f
S64



BESACHFHIN
< T T nOoomn
» ~ o o~

— 00
4491
400
261

SNR-35
1H NMR in CDCI3
SO00NMHz

S

~ N/-\ -
L J " T L
N N o/

W Yy \ \ \
?0 ’R. ot y -
1] T I Jrord T 1] l T T l L] T 1 ' T ] l A B T I T T l T Ll L} I T
L] 50 5 40 30 o 10 oo
1H NMR of 5¢
2 2 @ TEoed ggE 38
& 8 Tedgds K e 8 8
SNR-35
13C NMR in CDCI3
500MHz

S

I=
O
\

13C NMR of 5¢

S65



-"";s: AERIT B2 REXIRE

e T

SNR-18
1H NMR in CDCI3
S00MHz

S

I
M il | 4 l

Wi Y
R g A
8 Rge 8

A B e o A e L B e BRRARamas sua S
50 7a &0 50 40 ig 20 10 0.0

1H NMR of 5h

8 g g s8-8 £489¢ Nok =
- - e e e e [Ny I

) W2 Y

1HNMR IN CDC13
500MHz

SRRey

200 150 100 50 o

13C NMR of 5h
S66



TE YT ZIXATRE Zg¥B BER
[N N N A AR O N N wewSw mmnm
| | [ 1‘
'.“‘ /:/,‘ |y
W W
SNR-29
1H NMR IN CDC13
S00MHz
| S Z
| \/lL 1
| S N .
| | ®H
] 7
1
1]
i A 4
. _/" " | g A\ A.-’I_ o oo =i i n
(VP L H—‘
N 8 8
R et i s S i i S
80 70 60 S0 20 30 20 10 Q0
1H NMR of 5i
& BN oB~TFH = ipE i =
E 8 5REEE ERe S o3
l
SNR-29
13C NMR IN CDCI3
S00MHz
i 0
N
H III
|
| |
i h s st T B et
T | T T T T | T T T T | T T T T | T T T
200 150 100 50

13C NMR of 5i
S67



SNR-51
1H NMR IN CDCIX
SOONHZ

L
CY ¥ 1)

-

=2

~a

NF NF
|
|
} I
[l (
.__,/“‘..l '1__ .r‘_ o i o -4I" —— I
[ v (T
3 & 8%
r T T LS T T T l T T T T I T T T T l T T T T l T T T T 1 T T T T ' T Ll | T ‘{
¢ 0 50 0 a0 30 20 10 oe
1H NMR of 5j
8 23 85985 223 5 g
8 88 &8s 88 g g <
- —_—e e e [ -+ -
SNR-51
13C NMR IN CDCI13
S00MHZ
S
N
H
|
|
Hh
I I
- J O
T T T T T T T T T T T T

13C NMR of 5j

S68



o) — A 13 L

=] iy
o

NG
~IER
)

Ladd
[
1

LL'F

23
W
I
I.IJ
5
I4|DI
1H NMR of 5k

S
T

1H NMR IN CDCI3

SNR-45
S00MHZ

Cl

STL—
STl
az'L
aTL
0gL
be'L —= -

e rp— | T34
SEL
9e'L
§6L
L5

I
6.0
13C NMR IN CDCI3

T
SNR45
500 MHZ

[l R

=S

S69

13C NMR of 5k




== 221 CE-X-!
- L M
l // \/
SNR-44
TH NMR IN CDCI3
SOONMHZ

et —_ =R, U pp— . x5 S
LY Y ¥
N R » .
8 ¢ x ]
T ™TrT ] T ™TrT rrrre I L | T }' ™ ] rTTTTTTY T T
0 o0 50 a0 A 20
1H NMR of 5l
2 pussusor X58 g
> ESn88388a =SS -
- m e e e e e =~ A
SNR-44
13C NMR in CDCI3
S00MHZ
Cl
LT
N
H
Cl

L e )

2703

- h wllJH, oo -

I T T T T I T T I T T T T I T
200 150 100

13C NMR of 51

S70



BALLQG aRe2 88 58R8BRAL
N L I L A R

iy ooy
N = P
= 2 28
| T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T
8.0 7.0 6.0 50 40 3.0 2.0 1.0
1H NMR of 5m
5 -+ SEIRT 83
& g &8 FEEER ue
/ \ J/ ll k‘l
SNR-46
13C NMR IN CDC13
SO0ONHZ
S
| \//U\N/\
/J K/O
[} |
) |
| | \ I L
A A J
] T 2 ) T ] T T T v ] T T T LS ] T T T
200 150 1% %

13C NMR of 5m

S71



13C NMR of 5n
S72

S8 9 88 =8REE ELEERSIIST IARNESESR
oo o -~ mHee e et " K = L~
"A'I"'Iv.’.v ‘y}lz ' ‘f:";/ s
SNR-283
THNMR.CDC3
SOONIH2Z
S
S 'LLN-/\/"\/\
| .
Nz
1
{ |
J
| ! l
{
i ill
I J 1 | S -*»JMJ‘_ |
w Y Y Y W ¥
T - T — T ' T T T = lc l T
59 0.0
1H NMR of 5n
g 35 8 538 AP EET
& Ea o [ R ] wi [= W |
= - - [ =g ~ e el —
SNR-383
13CNMR-CDCI3
S00MHz
=
~ N/\\/\/\.
H
=
|
I I
|
| ) J
| T T T T | T T | T T T T | T T T T
200 150 100 50



| 1] )
SNR-380
HI-NMR
CDCL3- S00MHz
N7 NS
H
1
. ]
/
j |
| 1}
)
f
K |
1““. JJ_ | U . __“n.! ) " - _l
Vi w Yoy
LS e B e e o s e e B s e e L R e e e e -
a0 70 5.0 s0 40 3z 20 10 oo
1H NMR of 50
s s =2 R3E 3 983
= oo gee ¢ B288k&x2
SNR-380
13CNMR-CDCI13
S00MHz
S
N
N
H
1
11
cier
| |
] I !
| T T T T | T T T | T T T | T T T T |
200 150 100 50 0

13C NMR of 50

S73



