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Molecular structure and crystallographic data of 3ab
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Figure S1. X-ray crystal structure of 3ab

Table S1. Crystal data and structure refinement for 3ab

Empirical formula C7H 14N, S,
CCDC number 1960652
Formula weight 310.42
Temperature/K 170.00(10)
Crystal system monoclinic
Space group P2,

a/A 7.3669(2)
b/A 5.94050(10)
c/A 17.4582(4)
a/° 90

pre 91.628(2)
v/° 90
Volume/Ad 763.72(3)
Z 2
pcalcg/cm? 1.350
wmm-! 0.342
F(000) 324.0

Crystal size/mm3

0.4 x0.15%0.05

Radiation

MoKa (%= 0.71073)

20 range for data collection/°

4.668 to 60.728

Index ranges

-9<h<10,-8<k<8,-24<1<24

Reflections collected

21477

Independent reflections

4069 [Rin= 0.0433, Ryigma= 0.0284]

Data/restraints/parameters

4069/1/190

Goodness-of-fit on F2

1.063

Final R indexes [[>=2c (I)]

R, =0.0446, wR,=0.1175

Final R indexes [all data]

R;=0.0480, wR, =0.1198

Largest diff. peak/hole / e A3

1.01/-0.52

Flack parameter

H-0.02(4)
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Molecular structure and crystallographic data of 4b
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Figure S2. X-ray crystal structure of 4b

Table S2. Crystal data and structure refinement for 4b

Empirical formula

C19H15BI'N282

CCDC number 1960653
Formula weight 415.36
Temperature/K 169.99(11)
Crystal system monoclinic
Space group P2:/n

a/A 9.8886(2)
b/A 16.8537(2)
c/A 11.1408(2)
a/° 90

pB/° 108.661(2)
y/° 90
Volume/A3 1759.11(6)
Z 4
pcalcg/cm? 1.568
wmm-! 5.413
F(000) 840.0

Crystal size/mm3

0.18 x0.15 x 0.1

Radiation

CuKa (A = 1.54184)

20 range for data collection/®

9.888 to 152.018

Index ranges

-12<h<12,-20<k<20,-13<1<13

Reflections collected

32094

Independent reflections

3544 [Riy = 0.0469, Ryigma = 0.0200]

Data/restraints/parameters

3544/0/217

Goodness-of-fit on F?

1.048

Final R indexes [[>=2c (I)]

R; =0.0326, wR, = 0.0852

Final R indexes [all data]

R, =0.0365, wR, = 0.0890

Largest diff. peak/hole / e A3

0.58/-0.48
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General information

All the reactions were carried out under an air atmosphere using glassware without being
predried. Acetonitrile, ammonium thiocyanate, ammonium tetrabutyl hexafluorophosphonate,
graphite rod, platinum sheet, graphite felt were obtained from commercial sources. The
electrochemical instrument is HONGSHENGFENG DPS-305BM. Column chromatography
was performed on silica gel (200-300 mesh) using analytical pure ethyl acetate, and
petroleum ether. NMR spectra were recorded in CDCl; on 500 MHz spectrometers. 'H NMR
chemical shifts (J) are reported in parts per million relative to tetramethylsilane (0 ppm) or
residual CHCl; (7.26 ppm). 3C NMR chemical shifts are reported relative to the center line
signal of the CDCIl; triplet at 77.0 ppm. The following abbreviations are used for
multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, and dt
= doublet of triplets, ddd = doublet of doublet of doublets m = multiplet. HRMS were
obtained on an Ultima Global spetrometer with an ESI source. The X-ray single crystal
diffraction was performed on Saturn 724+ instrument. Melting points are uncorrected.

Preparation of starting materials 1
The starting materials 1a-1i!, 1j%, 1k-1o!, 1p-lam? were prepared according to literature
procedure.

General procedure for the synthesis of 3
R3

s
JJ\ CHI|C()E=2V SCN
3 + NH4SCN S
ﬂ/\/\R CHACN, RT rR— R
N

R
R2
1 2 3

To a 10 mL three-necked flask was added thioamide 1 (0.2 mmol), ammonium thiocyanate 2
(0.4 mmol, 2.0 equiv.) and CH;CN (4 mL). The flask was equipped with two graphite rods (®
5 mm, 1.5 cm depth) as anode and cathode. The whole cell was undivided cell. The reaction
mixture was stirred and electrolyzed at a constant voltage of 2 V at room temperature for 5 h.
After completion of the reaction (monitored by TLC), the solvent was removed under vacuum.
The pure product 3 were obtained by flash chromatography on silica gel using petroleum
ether and ethyl acetate as the eluent.

General procedure for the synthesis of 4
R1 R1
S

NCS
N + NHsCN C(ICE)LE=2V N
| H 4 |
X R2 CH4CON, RT X )\©\
R2

n=01:X=C, O,S
1 2 4

To a 10 mL three-necked flask was added thioamide 1 (0.2 mmol), ammonium thiocyanate 2
(0.4 mmol, 2.0 equiv.) and CH;CN (4 mL). The flask was equipped with two graphite rods (®
5 mm, 1.5 cm depth) as anode and cathode. The whole cell was undivided cell. The reaction
mixture was stirred and electrolyzed at a constant voltage of 2 V at room temperature for 8 h.
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After completion of the reaction (monitored by TLC), the solvent was removed under vacuum.
The pure product 4 were obtained by flash chromatography on silica gel using petroleum
ether and ethyl acetate as the eluent.

Figure S3 Reaction equipment

Characterization data for products 3 and 4

2-phenyl-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3a)

S SCN
O~
N

Following the general procedure, 3a was isolated as a light yellow oil from N-
allylbenzothioamide 1a (36 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4 mmol).
R/=0.2 (PE: EA = 8: 1 v/v); 39 mg, 85% yield.

'H NMR (CDCl;, 500 MHz): 6 7.85-7.78 (m, 2H), 7.46 (m, 3H), 4.64 (dd, /= 16.4, 2.2, 1H),
4.41 (dd, J = 16.5, 7.8, 1H), 4.27-4.18 (m, 1H), 3.16 (dd, J = 13.4, 6.5, 1H), 3.05 (dd, J =
13.4,8.2, 1H).

13C NMR (CDCl;, 125 MHz): ¢ 166.8, 132.6, 131.7, 128.7, 128.4, 111.3, 68.5, 50.1, 38.9.
HRMS (ESI-TOF, [M + H*]): calcd for C;;H{;N>S,, 235.0364, found 235.0369.

5-(thiocyanatomethyl)-2-(p-tolyl)-4,5-dihydrothiazole (3b)
S SCN
\
N
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Following the general procedure, 3b was isolated as a light yellow oil from N-allyl-4-
methylbenzothioamide 1b (39 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,= 0.3 (PE: EA = 4: 1 v/v); 34 mg, 70% yield.

'H NMR (CDCl;, 500 MHz): 6 7.70 (d, /= 8.2, 2H), 7.23 (d, /= 7.9, 2H), 4.62 (dd, J = 16.4,
2.1, 1H), 4.39 (dd, J=16.4, 7.8, 1H), 4.20 (m, 1H), 3.15 (dd, J = 13.4, 6.5, 1H), 3.04 (dd, J =
13.4, 8.2, 1H), 2.40 (s, 3H).

13C NMR (CDCl;, 125 MHz): 0 166.7, 142.2, 129.9, 129.4, 128.4, 111.4, 68.4, 49.9, 38.9,
21.5.

HRMS (ESI-TOF, [M + H*]): calcd for C;,H3N,S,, 249.0520, found 249.0524.

2-(4-methoxyphenyl)-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3¢)

S SCN
MeO \
N

Following the general procedure, 3¢ was isolated as a light yellow solid from N-allyl-4-
methoxybenzothioamide 1¢ (42 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,= 0.3 (PE: EA = 8: 1 v/v); 38 mg, 72% yield. Mp: 78-80 °C.

'H NMR (CDCl;, 500 MHz): 6 7.76 (d, J = 8.8, 2H), 6.92 (d, J = 8.8, 2H), 4.60 (dd, J = 16.3,
2.1, 1H), 4.37 (dd, J=16.2, 7.7, 1H), 4.20 (m, 1H), 3.85 (s, 3H), 3.16 (dd, /= 13.4, 6.5, 1H),
3.04 (dd,J=13.4,8.2, 1H).

13C NMR (CDCl;, 125 MHz): ¢ 166.0, 162.3, 130.1, 125.3, 114.0, 111.3, 68.3, 55.4, 50.1,
38.9.

HRMS (ESI-TOF, [M + H*]): calcd for C,H;3N,08,, 265.0469, found 265.0475.

2-([1,1'-biphenyl]-4-yl)-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3d)

S SCN
Ph \
N

Following the general procedure, 3d was isolated as a light yellow solid from N-allyl-[1,1'-
biphenyl]-4-carbothioamide 1d (51 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,=0.4 (PE: EA = 4: 1 v/v); 46 mg, 74% yield. Mp: 80-82 °C.

'H NMR (CDCl;, 500 MHz): ¢ 7.80 (d, J = 8.3, 2H), 7.57 (d, J = 8.3, 2H), 7.50-7.51 (m,
2H), 7.38 (t, J = 7.6, 2H), 7.33-7.28 (m, 1H), 4.56 (dd, J = 16.4, 2.2, 1H), 4.33 (dd, J =16 .4,
7.8, 1H), 4.15 (m, 1H), 3.08 (dd, J=13.4, 6.5, 1H), 2.96 (dd, /= 13.4, 8.2, 1H).

13C NMR (CDCl;, 125 MHz): 0 166.4, 144.4,139.9, 131.4, 129.0, 128.9, 128.1, 127.3, 127.2,
111.4, 68.5, 50.1, 38.9.

HRMS (ESI-TOF, [M + Na™]): calcd for C;;H4N,NaS,, 333.0496, found 333.0499.

2-(4-chlorophenyl)-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3e)

S SCN
Cl \
N

Following the general procedure, 3e was isolated as a light yellow oil from N-allyl-4-
chlorobenzothioamide le (42 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
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mmol). R,= 0.4 (PE: EA = 4: 1 v/v); 43 mg, 81% yield.

'H NMR (CDCl;, 500 MHz): 6 7.75 (d, J= 8.4, 2H), 7.40 (d, J = 8.4, 2H), 4.63 (dd, /= 16.5,
2.1, 1H), 4.40 (dd, J = 16.5, 7.9, 1H), 4.29-4.21 (m, 1H), 3.16 (dd, J = 13.4, 6.5, 1H), 3.05
(dd,J=13.4,8.1, 1H).

13C NMR (CDCl;, 125 MHz): ¢ 165.6, 137.8, 131.0, 129.7, 128.9, 111.2, 68.5, 50.4, 38.8.
HRMS (ESI-TOF, [M + H*]): calcd for C;;H;(N,S,Cl, 268.9974, found 268.9977.

2-(4-bromophenyl)-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3f)

S SCN
Br \
N

Following the general procedure, 3f was isolated as a light yellow solid from N-allyl-4-
bromobenzothioamide 1f (51 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4 mmol).
R;=0.2 (PE: EA =8: 1 v/v); 51 mg, 82% yield. Mp: 98-100 °C.

'H NMR (CDCl;, 500 MHz): 6 7.75 (d, J = 8.5, 2H), 7.63 (d, J = 8.5, 2H), 4.69 (dd, J = 16.5,
2.2, 1H), 4.46 (dd, J=16.6, 7.9, 1H), 4.32 (m, 1H), 3.23 (dd, J = 13.4, 6.5, 1H), 3.12 (dd, J =
13.5,8.1, IH).

13C NMR (CDCl;, 125 MHz): ¢ 165.7, 131.9, 131.5, 129.8, 126.3, 111.1, 68.5, 50.4, 38.8.
HRMS (ESI-TOF, [M + H*]): calcd for C,H;(N,S,Br, 312.9469, found 312.9474.

5-(thiocyanatomethyl)-2-(4-(trifluoromethyl)phenyl)-4,5-dihydrothiazole (3g)

S SCN
FsC \
N

Following the general procedure, 3g was isolated as a light yellow oil from N-allyl-4-
(trifluoromethyl)benzothioamide 1g (50 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg,
0.4 mmol). R,= 0.3 (PE: EA = 8:1 v/v); 48 mg, 80% yield.

'H NMR (CDCl;, 500 MHz): 6 7.93 (d, /= 8.1, 2H), 7.69 (d, J = 8.2, 2H), 4.67 (dd, J = 16.7,
2.3, 1H), 4.45 (dd, J=16.7, 7.9, 1H), 4.30 (m, 1H), 3.18 (dd, J = 13.5, 6.6, 1H), 3.07 (dd, J =
13.5, 8.0, IH).

13C NMR (CDCl;, 125 MHz): 0 165.5, 135.7, 133.2 (q, J = 32.9), 128.7, 125.6, 125.6, 123.6
(q,J=272.6), 111.1, 68.7, 50.5, 38.8.

HRMS (ESI-TOF, [M + H*]): calcd for C,,H;(N,F;S,, 303.0237, found 303.0244.

Methyl 4-(5-(thiocyanatomethyl)-4,5-dihydrothiazol-2-yl)benzoate (3h)

S SCN
MeOOC \
N

Following the general procedure, 3h was isolated as a light yellow solid from methyl 4-
(allylcarbamothioyl)benzoate 1h (47 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg,
0.4 mmol). R,= 0.4 (PE: EA = 4: 1 v/v); 49 mg, 84% yield. Mp: 89-91 °C.

'H NMR (CDCl;, 500 MHz): 6 8.08 (d, /= 8.4, 2H), 7.87 (d, J = 8.4, 2H), 4.67 (dd, J = 16.7,
2.2, 1H), 4.44 (dd, J=16.7, 7.9, 1H), 4.27 (m, 1H), 3.94 (s, 3H), 3.17 (dd, J = 13.5, 6.5, 1H),
3.06 (dd, J=13.5, 8.1, 1H).
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13C NMR (CDCl;, 125 MHz): 6 166.3, 166.1, 136.3, 132.8, 129.8, 128.4, 111.2, 68.6, 52.4,
50.4, 38.8.
HRMS (ESI-TOF, [M + H*]): calcd for C;3H;3N,0,S,, 293.0418, found 293.0425.

2-(3-chlorophenyl)-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3i)
Cl

S SCN
\
N

Following the general procedure, 3i was isolated as a light yellow oil from N-allyl-3-
chlorobenzothioamide 1i (42 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4 mmol).
R;=0.4 (PE: EA = 4: 1 v/v); 45 mg, 84% yield.

'H NMR (CDCl;, 500 MHz): 6 7.76 (t, J= 1.9, 1H), 7.60 (dt, J = 7.7, 1.3, 1H), 7.39 (dt, J =
8.2, 1.4, 1H), 7.29 (t, J = 7.9, 1H), 4.56 (dd, J = 16.5, 2.2, 1H), 4.34 (dd, J = 16.6, 7.9, 1H),
4.18 (m, 1H), 3.08 (dd, J=13.5, 6.5, 1H), 2.98 (dd, J = 13.5, 8.1, 1H).

13C NMR (CDCl;, 125 MHz): 6 165.5, 134.8, 134.2, 131.6, 129.9, 128.3, 126.6, 111.2, 68.5,
50.4, 38.8.

HRMS (ESI-TOF, [M + H*]): calcd for C,;H;(N,S,Cl, 268.9974, found 268.9977.

2-(2-chlorophenyl)-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3j))
Cl

S SCN
\
N

Following the general procedure, 3j was isolated as a light yellow oil from N-allyl-2-
chlorobenzothioamide 1j (42 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4 mmol).
R;=0.4 (PE: EA =4: 1 v/v); 48 mg, 88% yield.

'H NMR (CDCl;, 500 MHz): 6 7.60 (dd, J = 7.6, 1.8, 1H), 7.44 (dd, J = 8.0, 1.3, 1H), 7.37
(td, J=17.7, 1.8, 1H), 7.31 (td, J = 7.5, 1.4, 1H), 4.64 (dd, J = 16.5, 2.1, 1H), 4.40 (dd, J =
16.5,7.8, 1H), 4.25 (m, 1H), 3.20 (dd, J=13.4, 6.4, 1H), 3.09 (dd, /= 13.4, 8.2, IH).

13C NMR (CDCl;, 125 MHz): J 164.7, 132.5, 132.2, 131.5, 130.6, 126.9, 111.3, 68.1, 51.1,
38.7.

HRMS (ESI-TOF, [M + H*]): calcd for C,;H;(N,S,Cl, 268.9974, found 268.9979.

2-(3,5-dimethylphenyl)-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3k)

S SCN
\

N
Following the general procedure, 3k was isolated as a light yellow oil from N-allyl-2-
chlorobenzothioamide 1k (41 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,= 0.5 (PE: EA = 4: 1 v/v); 36 mg, 68% yield.
'H NMR (CDCl;, 500 MHz): 6 7.43 (s, 1H), 7.43 (s, 1H), 7.12 (s, 1H), 4.62 (dd, J = 16.4,
2.1, 1H), 4.39 (dd, J=16.4, 7.8, 1H), 4.20 (m, 1H), 3.15 (dd, /= 13.4, 6.5, 1H), 3.04 (dd, J =
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13.4, 8.2, 1H), 2.35 (s, 6H).

13C NMR (CDCls, 125 MHz): § 167.2, 138.4, 133.4, 132.4, 1262, 111.3, 68.3, 49.9, 38.9,
21.1.

HRMS (ESI-TOF, [M + H*]): calcd for C,3H,sN,S,, 263.0677, found 263.0683.

2-(naphthalen-1-yl)-5-(thiocyanatomethyl)-4,5-dihydrothiazole (31)

S SCN
\
N

Following the general procedure, 31 was isolated as a light yellow oil from N-
allylnaphthalene-1-carbothioamide 11 (46 mg, 0.2 mmol) and ammonium thiocyanate 2 (30
mg, 0.4 mmol). R,= 0.4 (PE: EA = 4: 1 v/v); 35 mg, 63% yield.

'H NMR (CDClL;, 500 MHz): ¢ 8.82 (d, J = 8.5, 1H), 7.96-7.81 (m, 3H), 7.62— 7.45(m, 3H),
4.80 (dd, J=16.4,2.2, 1H), 4.60 (dd, J=16.4, 7.9, 1H), 4.23 (m, 1H), 3.23 (dd, J=13.4, 6.4,
1H), 3.12 (dd, J=13.4, 8.1, 1H).

13C NMR (CDCl;, 125 MHz): 6 166.3, 133.8, 131.7, 130.4, 129.6, 129.3, 128.5, 127.6, 126.5,
125.7,124.7, 111.4, 69.6, 49.6, 39.0.

HRMS (ESI-TOF, [M + H*]): calcd for C;sH;3N,S,, 285.0520, found 285.0524.

2-(furan-2-yl)-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3m)

meSCN

Following the general procedure, 3m was isolated as a yellow oil from N-allylfuran-2-
carbothioamide 1m (34 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4 mmol), and
electrolyzed for 8 hours. R,= 0.3 (PE: EA = 4: 1 v/v); 28 mg, 63% yield.

'H NMR (CDCl;, 500 MHz): 6 7.56 (d, J= 1.6, 1H), 6.94 (d, /= 3.5, 1H), 6.52 (dd, J = 3.6,
1.8, 1H), 4.61 (dd, J = 16.4, 2.0, 1H), 4.37 (dd, J=16.5, 7.7, 1H), 4.26 — 4.18 (m, 1H), 3.14
(dd, J=13.5, 6.6, 1H), 3.04 (dd, J=13.5, 8.1, 1H).

13C NMR (CDCl;, 125 MHz): 0 156.2, 147.3, 1454, 114.5, 112.1, 111.2, 68.2, 50.1, 38.7.
HRMS (ESI-TOF, [M + H*]): calcd for CoHgN,0,S,, 225.0156, found 225.0161.

5-(thiocyanatomethyl)-2-(thiophen-2-yl)-4,5-dihydrothiazole (3n)

msjﬁsm

Following the general procedure, 3n was isolated as a yellow oil from N-allylthiophene-2-
carbothioamide 1n (37 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4 mmol). R,=
0.5 (PE: EA =4:1 v/v); 36 mg, 76% yield.

'H NMR (CDCl;, 500 MHz): 6 7.51 (dd, J=5.2, 1.1, 1H), 7.45 (dd, J= 3.8, 1.1, 1H), 7.11
(dd, J=5.1, 3.7, 1H), 4.59 (dd, J = 16.3, 2.0, 1H), 4.38 (dd, J = 16.3, 7.6, 1H), 4.27 (m, 1H),
3.18(dd, J=13.4, 6.6, 1H), 3.08 (dd, J=13.4, 8.1, IH).

13C NMR (CDCl;, 125 MHz): ¢ 159.9, 136.2, 131.3, 130.5, 127.7, 111.2, 67.9, 51.0, 38.7.
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HRMS (ESI-TOF, [M + H*]): calcd for CoHgN,S,, 240.9928, found 240.9931.

2-(pyridin-2-yl)-5-(thiocyanatomethyl)-4,5-dihydrothiazole (30)

72\ \Sj/\SCN

=N N
Following the general procedure, 30 was isolated as a yellow oil from N-allylpyridine-2-
carbothioamide 10 (36 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4 mmol). R,=
0.5 (PE: EA =1: 1 v/v); 37 mg, 79% yield.
'H NMR (CDCl;, 500 MHz): 6 8.64 (m , 1H), 8.05 (dd, /= 7.9, 1.2, 1H), 7.78 (m, 1H), 7.38
(m, 1H), 4.71 (dd, J = 16.9, 2.3, 1H), 4.49 (dd, J=16.9, 8.1, 1H), 4.16 (m, 1H), 3.18 (dd, J =
13.4, 6.3, 1H), 3.04 (dd, J=13.4, 8.4, 1H).
13C NMR (CDCl;, 125 MHz): J 169.4, 150.5, 149.4, 136.7, 125.8, 121.6, 111.4, 68.9, 48.5,
39.0.
HRMS (ESI-TOF, [M + Na*]): calcd for C;,HyN;NaS,, 258.0136, found 258.0139.

(E)-2-styryl-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3p)

PhMSj/\SCN

N
Following the general procedure, 3p was isolated as a yellow solid from (E)-N-allyl-3-
phenylprop-2-enethioamide 1p (41 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,=0.2 (PE: EA = 2: 1 v/v); 23 mg, 44% yield. Mp: 118-120 °C.
'H NMR (CDCl;, 500 MHz): 6 7.54-7.36 (m, 5H), 7.11 (d, J=16.2, 1H), 7.01 (d, J = 16.2,
1H), 4.55 (dd, J = 16.7, 2.2, 1H), 4.34 (dd, /= 16.7, 7.7, 1H), 4.22-4.12 (m, 1H), 3.13 (dd, J
=134, 6.6, 1H), 3.02 (dd, J=13.4, 8.1, 1H).
13C NMR (CDCl;, 125 MHz): 6 166.2, 142.2, 134.9, 129.8, 128.9, 127.6, 122.1, 111.3, 68.1,
49.5, 38.9.
HRMS (ESI-TOF, [M + Na*]): calcd for C;3H;3N,S,, 261.0520, found 261.0526.

2,5-diphenyl-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3q)

S SCN
aee
N

Following the general procedure, 3q was isolated as a yellow oil from N-(2-
phenylallyl)benzothioamide 1q (48 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,= 0.4 (PE: EA = 4: 1 v/v); 38 mg, 61% yield.

'H NMR (CDCl;, 500 MHz): 6 7.89-7.77 (m, 2H), 7.51 (t, J = 7.4, 1H), 7.48-7.41 (m, 4H),
7.41-7.35 (m, 3H), 4.92 (d, J=16.1, 1H), 4.56 (d, J = 16.1, 1H), 3.70 (d, J = 13.3, 1H), 3.65
(d, /=133, 1H).

13C NMR (CDCl;, 125 MHz): 0 167.4, 138.8, 132.7, 131.8, 129.2, 128.7, 128.6, 128.3, 127.1,
111.6,73.4, 69.3, 46.9.

HRMS (ESI-TOF, [M + H*]): calcd for C;H;sN,S,, 311.0677, found 311.0683.
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5-phenyl-5-(thiocyanatomethyl)-2-(p-tolyl)-4,5-dihydrothiazole (3r)

C jS SCN
\ Ph
N

Following the general procedure, 3r was isolated as a yellow solid from 4-methyl-N-(2-
phenylallyl)benzothioamide 1r (54 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,=0.2 (PE: EA = 8: 1 v/v); 44 mg, 65% yield. Mp: 108-110 °C.

'H NMR (CDCl;, 500 MHz): 0 7.78-7.70 (m, 2H), 7.44-7.34 (m, SH), 7.24 (d, J = 8.0, 2H),
4.88 (d, J=16.0, 1H), 4.53 (d, J = 16.0, 1H), 3.68 (d, J = 13.3, 1H), 3.62 (d, J = 13.2, 1H),
2.40 (s, 3H).

13C NMR (CDCl, 125 MHz): 0 167.3, 142.4, 138.9, 130.0, 129.4, 129.2, 128.6, 128.2, 127.2,
111.7,73.3,69.1, 46.9, 21.6.

HRMS (ESI-TOF, [M + H*]): calcd for CsH;7N,S,, 325.0833, found 325.0834.

2-(4-methoxyphenyl)-5-phenyl-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3s)

S SCN
MeO \ Ph
N

Following the general procedure, 3s was isolated as a yellow soild from 4-methoxy-N-(2-
phenylallyl)benzothioamide 1s (57 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,=0.2 (PE: EA = 4: 1 v/v); 45 mg, 67% yield. Mp: 110-112 °C.

'H NMR (CDCl;, 500 MHz): 6 7.84-7.76 (m, 2H), 7.45-7.32 (m, 5H), 6.96-6.91 (m, 2H),
4.86 (d, J=15.8, 1H), 4.50 (d, J=15.9, 1H), 3.85 (s, 3H), 3.68 (d, J = 13.3, 1H), 3.62 (d, J =
13.2, 1H).

13C NMR (CDCl;, 125 MHz): 6 166.7, 162.5, 138.9, 130.0, 129.2, 128.6, 127.2, 125.4, 114.0,
111.7,73.2,69.2, 55.5, 46.9.

HRMS (ESI-TOF, [M + H*]): calcd for C4H;sN,0S,, 341.0782, found 341.0782.

2-(4-chlorophenyl)-5-phenyl-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3t)

S SCN
CI4©—<\ Ph
N

Following the general procedure, 3t was isolated as a yellow solid from 4-chlor-N-(2-
phenylallyl)benzothioamide 1t (57 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,=0.5 (PE: EA = 4: 1 v/v); 47 mg, 69% yield. Mp: 118-120 °C.

'H NMR (CDCl;, 500 MHz): 6 7.85-7.71 (m, 2H), 7.50-7.30 (m, 7H), 4.90 (d, /= 16.2, 1H),
454 (d,J=16.2, 1H), 3.68 (d, J=13.4, 1H), 3.62 (d, /= 13.3, 1H).

13C NMR (CDCl;, 125 MHz): 0 166.2, 138.7, 138.0, 131.1, 129.5, 129.3, 129.0, 128.7, 127.1,
111.6, 73.4, 69.8, 46.9.

HRMS (ESI-TOF, [M + H*]): calcd for C,;H4N,S,Cl, 345.0287, found 345.0295.

2-(4-bromophenyl)-5-phenyl-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3u)

S SCN
Br N Ph
N
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Following the general procedure, 3u was isolated as a yellow solid from 4-bromo-N-(2-
phenylallyl)benzothioamide 1u (67 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,= 0.4 (PE: EA = 4: 1 v/v); 53 mg, 68% yield. Mp: 120-122 °C.

'H NMR (CDCl;, 500 MHz): 0 7.74-7.65 (m, 2H), 7.61-7.54 (m, 2H), 7.46-7.32 (m, SH),
490 (d,J=16.2, 1H),4.54 (d, J=16.2, 1H), 3.68 (d, /= 13.4, 1H), 3.63 (d, J=13.3, 1H).
13C NMR (CDCl;, 125 MHz): 0 166.3, 138.7, 131.9, 131.6, 129.7, 129.2, 128.7, 127.1, 126.5,
111.5,73.5, 69.8, 46.9.

HRMS (ESI-TOF, [M + H*]): calcd for C;;H4N,S,Br, 388.9782, found 388.9778.

4-(5-phenyl-5-(thiocyanatomethyl)-4,5-dihydrothiazol-2-yl)benzonitrile (3v)

S SCN
NC \ Ph
N

Following the general procedure, 3v was isolated as a yellow solid from 4-cyano-N-(2-
phenylallyl)benzothioamide 1v (56 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,=0.3 (PE: EA = 4: 1 v/v); 41 mg, 62% yield. Mp: 114-116 °C.

'H NMR (CDCl;, 500 MHz): 6 7.96 (d, J = 8.3, 2H), 7.74 (d, J = 8.4, 2H), 7.46-7.33 (m,
5H), 4.96 (d, J = 16.5, 1H), 4.60 (d, J = 16.5, 1H), 3.68 (d, J = 13.5, 1H), 3.64 (d, J = 13.5,
1H).

13C NMR (CDCl;, 125 MHz): 0 165.8, 138.5, 136.4, 132.5, 129.3, 128.9, 128.8, 127.0, 118.0,
115.2,111.5, 73.6, 70.3, 46.8.

HRMS (ESI-TOF, [M + H*]): calcd for C sH;4N3S,, 336.0629, found 336.0628.

5-phenyl-2-(pyridin-2-yl)-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3w)

N
7N \S](P\hSCN
— N
Following the general procedure, 3w was isolated as a yellow oil from N-(2-
phenylallyl)pyridine-2-carbothioamide 1w (51 mg, 0.2 mmol) and ammonium thiocyanate 2
(30 mg, 0.4 mmol). R,= 0.5 (PE: EA = 1: 1 v/v); 41 mg, 67% yield.
'H NMR (CDCl;, 500 MHz): ¢ 8.71 (dt, J=4.9, 1.3, 1H), 8.14 (d, /= 7.9, 1H), 7.85 (td, J =
7.7, 1.8, 1H), 7.51-7.37 (m, 6H), 5.06 (d, J = 16.5, 1H), 4.70 (d, J = 16.5, 1H), 3.74 (d, J =
13.3, 1H), 3.70 (d, /= 13.3, 1H).
13C NMR (CDCl;, 125 MHz): 0 169.9, 150.5, 149.4, 139.2, 136.8, 129.2, 128.5, 127.1, 125.9,
121.4,111.7,73.7, 67.2,47.2.
HRMS (ESI-TOF, [M + H*]): calcd for C¢H4N3S,, 312.0629, found 312.0633.

2-phenyl-5-(thiocyanatomethyl)-5-(p-tolyl)-4,5-dihydrothiazole (3x)
S SCN
\
N

Following the general procedure, 3x was isolated as a yellow oil from 4-methyl-N-(2-
phenylallyl)benzothioamide 1x (54 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
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mmol). R,= 0.4 (PE: EA = 8: 1 v/v); 39 mg, 60% yield.

'H NMR (CDCl;, 500 MHz): 0 7.78-7.70 (m, 2H), 7.44-7.34 (m, 5H), 7.25-7.23 (m, 2H),
4.88 (d, J=16.0, 1H), 4.53 (d, J = 16.0, 1H), 3.68 (d, J = 13.3, 1H), 3.62 (d, J = 13.2, 1H),
2.40 (s, 3H).

13C NMR (CDCl;, 125 MHz): 0 167.3, 142.4, 138.9, 130.0, 129.4, 129.2, 128.6, 128.2, 127.2,
111.7,73.3,69.1, 46.9, 21.6.

HRMS (ESI-TOF, [M + H*]): calcd for CgH7N,S,, 325.0833, found 325.0836.

5-(4-chlorophenyl)-2-phenyl-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3y)

S SCN
\
N

Cl
Following the general procedure, 3y was isolated as a yellow oil from N-(2-(4-
chlorophenyl)allyl)benzothioamide 1y (57 mg, 0.2 mmol) and ammonium thiocyanate 2 (30
mg, 0.4 mmol). R,= 0.4 (PE: EA = 4: 1 v/v); 42 mg, 62% yield.
'H NMR (CDCl;, 500 MHz): ¢ 7.86-7.82 (m, 2H), 7.53-7.39 (m, 5H), 7.34-7.30 (m, 2H),
488 (d,J=16.1, 1H),4.52 (d, J=16.1, 1H), 3.68 (d, J=13.4, 1H), 3.63 (d, J = 13.4, 1H).
13C NMR (CDCl;, 125 MHz): 0 167.3, 137.4, 134.7, 132.5, 132.0, 129.4, 128.8, 128.5, 128.3,
111.5,73.5, 68.8, 46.5.
HRMS (ESI-TOF, [M + H*]): calcd for C,;,H;4N,S,Cl, 345.0287, found 345.0290.

5-methyl-2-phenyl-5-(thiocyanatomethyl)-4,5-dihydrothiazole (3z)

S SCN
\
N

Following the general procedure, 3z was isolated as a yellow oil from N-(2-
methylallyl)benzothioamide 1z (38 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,= 0.4 (PE: EA = 4: 1 v/v); 38 mg, 76% yield.

'H NMR (CDCl;, 500 MHz): 0 7.73-7.67 (m, 2H), 7.43-7.37 (m, 1H), 7.37-7.32 (m, 2H),
438 (d, J=16.2, 1H), 4.07 (d, J = 16.2, 1H), 3.34 (d, J = 13.5, 1H), 3.28 (d, J = 13.4, 1H),
1.70 (s, 3H).

13C NMR (CDCl;, 125 MHz): ¢ 167.5, 132.8, 131.6, 128.6, 128.2, 112.5, 74.5, 62.4, 45.5,
24.6.

HRMS (ESI-TOF, [M + H*]): calcd for C;,H 3N,S,, 249.0520, found 249.0525.

2-(4-bromophenyl)-5-(thiocyanatomethyl)-5-(4-(trifluoromethyl)phenyl)-4,5-
dihydrothiazole (3aa)

S SCN
Br \
N

CF3
Following the general procedure, 3aa was isolated as a yellow oil from 4-bromo-N-(2-(4-
(trifluoromethyl)phenyl)allyl)benzothioamide 1aa (80 mg, 0.2 mmol) and ammonium
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thiocyanate 2 (30 mg, 0.4 mmol). R,= 0.5 (PE: EA = 4: 1 v/v); 65 mg, 72% yield.

'H NMR (CDClL;, 500 MHz): 6 7.74-7.67 (m, 4H), 7.63—7.56 (m, 2H), 7.51 (d, J = 8.2, 2H),
491 (d,J=16.2,1H),4.53 (d, J=16.3, 1H), 3.70 (d, J = 13.6, 1H), 3.66 (d, J = 13.5, 1H).
13C NMR (CDCl;, 125 MHz): 6 166.0, 142.8, 132.0, 131.3, 131.0 (q, J = 33.0), 129.7, 127.6,
126.7,126.2 (q, J=3.7), 123.7 (q, J = 272.3), 111.2, 73.7, 69.5, 46.3.

HRMS (ESI-TOF, [M + H*]): calcd for C;gH;3N,F5S,Br, 456.9654, found 456.9656.

(S)-2-phenyl-5-((R)-phenyl(thiocyanato)methyl)-4,5-dihydrothiazole (3ab)

Ph
C :S/J/‘SCN

\

N
Following the general procedure, 3ab was isolated as a yellow solid from N-
cinnamylbenzothioamide 1ab (48 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,=0.3 (PE: EA = 8: 1 v/v); 40 mg, 66% yield. Mp: 85-87 °C.
'H NMR (CDCl;, 500 MHz): 0 7.82-7.76 (m, 2H), 7.55-7.51 (m, 1H), 7.50-7.42 (m, 7H),
491 (dd, J = 16.3, 3.6, 1H), 4.79 (ddd, J = 10.7, 8.1, 3.6, 1H), 4.68 (dd, J = 16.3, 8.1, 1H),
4.36 (d, J=10.5, 1H).
13C NMR (CDCl;, 125 MHz): 6 166.9, 137.8, 132.5, 131.6, 129.4, 129.2, 128.6, 128.3, 127.7,
110.2, 68.4, 56.5, 54.6.
HRMS (ESI-TOF, [M + H*]): calcd for C;H;sN,S,, 311.0677, found 311.0680.

(S)-5-((R)-phenyl(thiocyanato)methyl)-2-(p-tolyl)-4,5-dihydrothiazole (3ac)
Ph

S~ SCN
\
N

Following the general procedure, 3ac was isolated as a yellow solid from N-cinnamyl-4-
methylbenzothioamide lac (54 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,=0.5 (PE: EA = 4: 1 v/v); 40 mg, 63% yield. Mp: 88-90 °C

'H NMR (CDCl;, 500 MHz): 6 7.61 (d, J = 8.0, 2H), 7.42-7.33 (m, 5H), 7.18 (d, J = 7.9,
2H), 4.82 (dd, J = 16.2, 3.6, 1H), 4.69 (ddd, J = 11.0, 8.1, 3.6, 1H), 4.59 (dd, J = 16.3, 8.1,
1H), 4.28 (d, J=10.6, 1H), 2.37 (s, 3H).

13C NMR (CDCl;, 125 MHz): 0 166.8, 142.1, 137.9, 129.9, 129.4, 129.3, 129.2, 128.2, 127.7,
110.2, 68.3, 56.5, 54.5, 21.5.

HRMS (ESI-TOF, [M + H*]): calcd for CgH7N,S,, 325.0833, found 325.0836.

(S)-2-cyclohexyl-5-((R)-phenyl(thiocyanato)methyl)-4,5-dihydrothiazole (3ad)
Ph
Si.YSCN
\
N

Following the general procedure, 3ad was isolated as a yellow oil from N-(3-
phenylallyl)cyclohexanecarbothioamide 1ad (52 mg, 0.2 mmol) and ammonium thiocyanate 2
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(30 mg, 0.4 mmol). R,= 0.2 (PE: EA = 8: 1 v/v); 20 mg, 32% yield.

'H NMR (CDCl3, 500 MHz): 6 7.39 (d, J= 7.0, 3H), 7.31 (dd, J = 7.5, 2.1, 2H), 4.66-4.45
(m, 2H), 4.43-4.29 (m, 1H), 4.18 (d, /= 10.0, 1H), 2.40 (td, /= 11.3,9.4, 5.5, 1H), 1.88-1.63
(m, 5H), 1.37-1.17 (m, 5H).

13C NMR (CDCl;, 125 MHz): ¢ 175.0, 137.8, 129.3, 129.1, 127.7, 110.3, 67.6, 56.7, 54.0,
43.3,31.3,31.2,25.7.

HRMS (ESI-TOF, [M + H*]): calcd for C;H;N,S,, 317.1146, found 317.1151.

(S)-5-((R)-phenyl(thiocyanato)methyl)-2-((E)-styryl)-4,5-dihydrothiazole (3ae)
Ph
S/ YSCN

N

Following the general procedure, 3ae was isolated as a yellow solid from (E)-N-cinnamyl-3-
phenylprop-2-enethioamide 1ae (56 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,= 0.3 (PE: EA = 2: 1 v/v); 24 mg, 36% yield. Mp: 128-130 °C.

'H NMR (CDCl;, 500 MHz): 6 7.44-7.40 (m, 5H), 7.38-7.34 (m, 5H), 6.94 (d, J = 4.3, 2H),
4.74 (dd, J=16.5, 3.8, 1H), 4.70—4.63 (m, 1H), 4.56 (dd, J = 16.5, 7.9, 1H), 4.26 (d, J = 10.5,
1H).

13C NMR (CDCl;, 125 MHz): 6 166.3, 141.8, 137.8, 134.9, 129.7, 129.4, 129.2, 128.9, 127.7,
127.5,122.0, 110.1, 68.1, 56.5, 54.0.

HRMS (ESI-TOF, [M + H*]): calcd for C;oH{7N»S,, 337.0833, found 337.0837.

2-phenyl-5-(2-thiocyanatopropan-2-yl)-4,5-dihydrothiazole (3af)

S SCN
\
N

Following the general procedure, 3af was isolated as a yellow oil from N-(3-methylbut-2-en-
1-yl)benzothioamide 1af (41 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4 mmol).
R;=0.2 (PE: EA =15: 1 v/v); 30 mg, 58% yield.

'H NMR (CDCl;, 500 MHz): 6 7.84-7.77 (m, 2H), 7.50-7.39 (m, 3H), 4.69 (dd, J = 17.0,
3.2, 1H), 4.46 (dd, J = 17.0, 9.1, 1H), 4.32 (dd, J = 9.1, 3.2, 1H), 1.61 (s, 3H), 1.45 (s, 3H).
13C NMR (CDCl;, 125 MHz): ¢ 166.9, 132.5, 131.6, 128.6, 128.3, 110.7, 67.0, 60.5, 58.4,
27.0, 23.6.

HRMS (ESI-TOF, [M + H*]): calcd for C,3H;sN,S,, 263.0677, found 263.0681.

(4aR,10bS)-10b-isothiocyanato-3-phenyl-4a,5,6,10b-tetrahydro-1H-naphtho|1,2-
e][1,3]thiazine (4a)

L
"’S)\©
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Following the general procedure, 4a was isolated as a yellow solid from N-((3,4-
dihydronaphthalen-1-yl)methyl)benzothioamide 1ah (56 mg, 0.2 mmol) and ammonium
thiocyanate 2 (30 mg, 0.4 mmol). R,= 0.5 (PE: EA = 4: 1 v/v); 36 mg, 44% yield, Mp: 112-
114 °C.

TH NMR (CDCl;, 500 MHz): 6 7.87-7.83 (m, 2H), 7.63 (dd, J= 7.6, 1.6, 1H), 7.52-7.41 (m,
3H), 7.34 (m, 2H), 7.20-7.14 (m, 1H), 4.39 (dd, J = 17.5, 2.2, 1H), 4.09 (d, J = 17.5, 1H),
3.85 (ddd, J = 12.6, 3.4, 2.1, 1H), 3.15-2.90 (m, 2H), 2.52 (ddt, J = 14.3, 6.0, 3.1, 1H), 2.18
(m, 1H).

13C NMR (CDCl;, 125 MHz): 0 158.5, 138.5, 137.2, 134.4, 130.8, 129.2, 128.6, 128.4, 127.3,
127.1, 126.6, 57.9, 57.3,46.2, 31.2, 28.3.

HRMS (ESI-TOF, [M + H*]): calcd for C;oH{7N»S,, 337.0833, found 337.0833.

(4aR,10bS)-3-(4-bromophenyl)-10b-isothiocyanato-4a,5,6,10b-tetrahydro-1H-
naphtho[1,2-e][1,3]thiazine (4b)

o
g
B

Following the general procedure, 4b was isolated as a yellow solid from 4-bromo-N-((3,4-

r

dihydronaphthalen-1-yl)methyl)benzothioamide 1ai (71 mg, 0.2 mmol) and ammonium
thiocyanate 2 (30 mg, 0.4 mmol). R,= 0.4 (PE: EA = 10: 1 v/v); 43 mg, 52% yield, Mp: 115-
117 °C.

'H NMR (CDCl;, 500 MHz): 6 7.70 (d, J = 8.5, 2H), 7.58 (dd, J = 7.7, 1.6, 1H), 7.57-7.52
(m, 2H), 7.35-7.27 (m, 2H), 7.13 (d, J = 7.3, 1H), 4.35 (dd, J = 17.6, 2.3, 1H), 4.03 (d, J =
17.6, 1H), 3.82 (dt, J = 12.5, 2.8, 1H), 2.99 (m, 2H), 2.48 (ddt, J = 14.3, 6.0, 3.1, 1H), 2.20—
2.05 (m, 1H).

13C NMR (CDCl;, 125 MHz): 0 157.4, 137.6, 135.3, 134.3, 131.6, 129.2, 128.7, 128.1, 127.3,
127.1,57.8, 57.3,46.3, 31.3, 28.3.

HRMS (ESI-TOF, [M + H*]): calcd for C;oH4N,S,Br, 414.9938, found 414.9931.

(4aR,10bS)-10b-isothiocyanato-3-(4-(trifluoromethyl)phenyl)-4a,5,6,10b-tetrahydro-1H-
naphtho[1,2-e][1,3]thiazine (4c)

L
'/’S)\©\
CF

Following the general procedure, 4¢ was isolated as a yellow solid from N-((3,4-

3

dihydronaphthalen-1-yl)methyl)-4-(trifluoromethyl)benzothioamide 1aj (69 mg, 0.2 mmol)
and ammonium thiocyanate 2 (30 mg, 0.4 mmol). R,= 0.4 (PE: EA = 10: 1 v/v); 44 mg, 54%
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yield, Mp: 114-116 °C.

'H NMR (CDCl;, 500 MHz): 6 7.94 (d, J = 8.1, 2H), 7.68 (d, J = 8.2, 2H), 7.60 (dd, J = 7.5,
1.6, 1H), 7.39-7.27 (m, 2H), 7.20-7.10 (m, 1H), 4.40 (dd, J=17.7, 2.2, 1H), 4.07 (d, J = 17.7,
1H), 3.85 (dt, J=12.5, 2.8, 1H), 3.01 (m, 2H), 2.50 (ddt, J = 14.2, 5.9, 3.0, 1H), 2.21-2.10 (m,
1H).

13C NMR (CDCl;, 125 MHz): 0 157.4, 141.5, 137.7, 135.2, 134.3, 132.5 (d, J=32.5), 129.2,
128.8, 127.3, 127.2, 127.0, 125.4, 123.9 (d, J = 272.3), 57.7, 57.4, 46.4, 31.3, 28.3.

HRMS (ESI-TOF, [M + H*]): calcd for CyH;sN,S,F3, 405.0707, found 405.0705.

(4aS,10bS)-10b-isothiocyanato-3-phenyl-1,4a,5,10b-tetrahydrochromeno|(4,3-
e][1,3]thiazine (4d)

NCS

!
O ‘1
’S)\©

Following the general procedure, 4d was isolated as a yellow oil from N-((2H-chromen-4-
yl)methyl)benzothioamide 1ak (56 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,= 0.4 (PE: EA = 10: 1 v/v); 39 mg, 58% yield.

'H NMR (CDCl;, 500 MHz): ¢ 7.80 (dd, J=7.2, 1.8, 2H), 7.57-7.35 (m, 4H), 7.29-7.25 (m,
1H), 7.05 (td, J = 7.6, 1.1, 1H), 6.86 (dd, J = 8.3, 1.1, 1H), 4.51-4.43 (m, 2H), 4.26 (t, J =
11.7, 1H), 4.17 (d, J=17.3, 1H), 4.10 (ddd, /= 11.3, 4.1, 2.2, 1H).

13C NMR (CDCl;, 125 MHz): 6 157.8, 152.8, 139.5, 138.0, 131.1, 130.5, 128.5, 127.3, 126.6,
121.9, 121.3, 117.3, 67.9, 56.9, 53.8, 43.0.

HRMS (ESI-TOF, [M + H*]): calcd for C,3H;4N,0OS,, 338.0548, found 338.0550.

(4aS,10bS)-10b-isothiocyanato-9-methyl-3-phenyl-1,4a,5,10b-
tetrahydrothiochromeno[4,3-e][1,3]thiazine (4e)

Following the general procedure, 4e was isolated as a yellow solid from N-((6-methyl-2H-
thiochromen-4-yl)methyl)benzothioamide 1al (62 mg, 0.2 mmol) and ammonium thiocyanate
2 (30 mg, 0.4 mmol). R,= 0.4 (PE: EA = 10: 1 v/v); 44 mg, 60% yield, Mp: 120-122 °C.

'H NMR (CDCl;, 500 MHz): 0 7.80 (d, J = 7.5, 2H), 7.51-7.33 (m, 4H), 7.08-6.94 (m, 2H),
4.35-4.21 (m, 2H), 4.06 (ddd, /= 12.1, 3.9, 1.8, 1H), 3.46 (dd, /= 13.7, 12.0, 1H), 3.30 (dd, J
=13.7,3.7, 1H), 2.35 (s, 3H).

13C NMR (CDCl;, 125 MHz): 0 156.8, 138.4, 138.1, 135.1, 131.7, 131.0, 130.0, 129.0, 128.5,
127.1, 126.6, 126.3, 57.6, 56.7, 44.9, 31.0, 21.0.

HRMS (ESI-TOF, [M + H*]): calcd for C;oH{7N,»S3, 369.0554, found 369.0555.
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(4aS,9aR)-4a-isothiocyanato-2-phenyl-4,4a,9,9a-tetrahydroindeno[1,2-e][1,3]thiazine (4f)

NCS

Following the general procedure, 4f was isolated as a yellow solid from N-((1H-inden-3-
yl)methyl)benzothioamide 1am (53 mg, 0.2 mmol) and ammonium thiocyanate 2 (30 mg, 0.4
mmol). R,= 0.4 (PE: EA = 10: 1 v/v); 24 mg, 38% yield, Mp: 109-111 °C.

'H NMR (CDCl;, 500 MHz): ¢ 7.92-7.87 (m, 2H), 7.57-7.27 (m, 7H), 4.50 (dd, J = 14.5,
2.3, 1H), 4.04 (dddd, /=9.1, 7.9, 2.6, 1.0, 1H), 3.63 (dd, J=16.0, 7.9, 1H), 3.42 (dd, J = 14.5,
1.0, 1H), 3.02 (dd, J=15.9, 9.3, 1H).

13C NMR (CDCl;, 125 MHz): 6 162.1, 141.3, 138.5, 138.0, 131.1, 129.4, 128.5, 128.2, 127.0,
125.2,123.3, 64.7, 55.9, 49.2, 40.8.

HRMS (ESI-TOF, [M + H*]): calcd for CsH4N,S,, 323.0677, found 323.0682.

Procedure for gram scale synthesis

S
NN C(H#)|C(-)E=2V S SCN
N +  NH4SCN N
CH4CN, RT N
1a 2 3a

To a 250 mL three-necked flask was added N-allylbenzothioamide 1a (1.77 g, 10 mmol),
ammonium thiocyanate (1.52 g, 20 mmol) and CH;CN (100 mL). The flask was equipped
with two graphite rods (® 10 mm, 3 cm depth) as anode and cathode. The whole cell was
undivided cell. The reaction mixture was stirred and electrolyzed at a constant voltage of 2 V
at room temperature for 24 hours. After completion of the reaction (monitored by TLC), the
solvent was removed under vacuum. The residue was purified by flash chromatography (PE:
EA =8: 1) to afford product 3a (1.66 g, 71%).

Control experiments

NNF C(+)|C(),E=2V S SCN
H + NH4SCN > \
TEMPO, CH3CN, RT N

1a 2 3a

To a 10 mL three-necked flask was added N-allylbenzothioamide 1a (36 mg, 0.2 mmol),
ammonium thiocyanate (30 mg, 0.4 mmol) TEMPO (90 mg, 0.6 mmol) and CH;CN (4 mL).
The flask was equipped with two graphite rods (® 5 mm, 1.5 cm depth) as anode and cathode.
The whole cell was undivided cell. The reaction mixture was stirred and electrolyzed at a
constant voltage of 2 V at room temperature for 10 hours. After completion of the reaction
(monitored by TLC), the solvent was removed under vacuum. The residue was purified by
flash chromatography (PE: EA = 8: 1) to afford product 3a (31 mg, 68%).
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N C(+)|C()E=2V S~"TscN
™ + NH,SCN N
BHT, CH3CN, RT N
1a 2 3a

To a 10 mL three-necked flask was added N-allylbenzothioamide 1a (36 mg, 0.2 mmol),
ammonium thiocyanate (30 mg, 0.4 mmol), BHT (130 mg, 0.6 mmol) and CH;CN (4 mL).
The flask was equipped with two graphite rods (® 5 mm, 1.5 cm depth) as anode and cathode.
The whole cell was undivided cell. The reaction mixture was stirred and electrolyzed at a
constant voltage of 2 V at room temperature for 8 hours. After completion of the reaction
(monitored by TLC), the solvent was removed under vacuum. The residue was purified by
flash chromatography (PE: EA = 8: 1) to afford product 3a (27 mg, 57%).

S
) IC(),E=2V

)J\ = SC c
Ph NW + NH,SCN S SCN
H CH4CN, RT Ph—
N

1ag 2 3ag

To a 10 mL three-necked flask was added (E)-N-(3-cyclopropylallyl)benzothioamide 1ag (44
mg, 0.2 mmol), ammonium thiocyanate (30 mg, 0.4 mmol) and CH;CN (4 mL). The flask
was equipped with two graphite rods (® 5 mm, 1.5 cm depth) as anode and cathode. The
whole cell was undivided cell. The reaction mixture was stirred and electrolyzed at a constant
voltage of 2 V at room temperature for 10 hours. After completion of the reaction (monitored
by TLC), the solvent was removed under vacuum. The residue was purified by flash
chromatography (PE: EA = 8: 1) to afford product 3ag (38 mg, 72%).
5-(cyclopropyl(thiocyanato)methyl)-2-phenyl-4,5-dihydrothiazole (3ag)

yellow oil, R,= 0.4 (PE: EA = 4: 1 v/v); 38 mg, 72% yield.

'H NMR (CDCl;, 500 MHz): ¢ 7.84-7.80 (m, 2H), 7.51-7.46 (m, 1H), 7.43 (dd, J = 8.3, 6.6,
2H), 4.61-4.48 (m, 3H), 2.74-2.65 (m, 1H), 1.26-1.18 (m, 1H), 0.94-0.88 (m, 1H), 0.83-0.78
(m, 1H), 0.72-0.67 (m 1H), 0.51-0.46 (m, 1H).

13C NMR (CDCl;, 125 MHz): ¢ 167.1, 132.7, 131.5, 128.6, 128.3, 110.9, 68.5, 60.8, 56.4,
14.7,9.7, 5.6.

HRMS (ESI-TOF, [M + H*]): calcd for C4H;sN,S,, 275.0677, found 275.0677.

Follow-up transformations

General procedure for the synthesis of 5
x
©_<SJ/\SCN H,SO, ©_<st NH,
\ — \
N N
3a 5
To a 25 mL round-bottom flask was added 3a (47 mg, 0.2 mmol) and sulfuric acid (1 mL,
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95%). The reaction mixture was stirred at room temperature for 2 h. After completion of the
reaction (monitored by TLC), the mixture was diluted with EtOAc (5 mL) and saturated
NaHCOj; (10 mL), then extracted with EtOAc (3 x 5 mL). The organic layer was separated,
dried over MgSO, and concentrated under vacumm. The residue was purified by flash
chromatography (PE: EA = 2: 1) to afford product 5 (44 mg, 87%)).
S-((2-phenyl-4,5-dihydrothiazol-5-yl)methyl) carbamothioate (5)

White solid, R;= 0.4 (PE: EA = 2: 1 v/v), 44 mg, 87% yield. Mp: 138-140 °C.

'H NMR (CDCl;, 500 MHz): 6 7.84-7.76 (m, 2H), 7.48-7.38 (m, 3H), 5.56 (s, 2H), 4.53 (dd,
J=16.3,2.7, 1H), 4.31 (dd, J=16.2, 8.0, 1H), 4.13 (m, 1H), 3.21-3.00 (m, 2H).

13C NMR (CDCl;, 125 MHz): ¢ 168.0, 167.4, 133.1, 131.3, 128.5, 128.3, 68.8, 51.0, 35.8.
HRMS (ESI-TOF, [M + H*]): calcd for C,;H;3N,08,, 253.0469, found 253.0469.

General procedure for the synthesis of 6
HN—N

S NaNs3, ZnCl
Oy e A
: .

'PrOH

3a

To a 10 mL oven-dried Schlenk-tube was added 3a (47 mg, 0.2 mmol), ZnCl, (27 mg, 0.2
mmol), NaN; (16 mg, 0.24 mmol), and ‘PrOH (1 mL). The resulting mixture was heated to 50
°C and stirred vigorously for 4 h. After completion of the reaction (monitored by TLC), the
mixture was diluted with EtOAc (5 mL), after the usual workup with 5% aq NaOH (10 mL),
then extracted with EtOAc (3 x 5 mL). The organic layer was separated, dried over MgSO,
and concentrated under vacumm. The residue was purified by flash chromatography (DCM:
MeOH = 5: 1) to afford product 6 (50 mg, 91%).
5-(((1H-tetrazol-5-yl)thio)methyl)-2-phenyl-4,5-dihydrothiazole (6)

White solid, R,= 0.4 (DCM: MeOH = 5: 1 v/v), 50 mg, 91% yield. Mp: 94-96 °C.

'H NMR (DMSO, 500 MHz): ¢ 7.77-7.70 (m, 2H), 7.53-7.42 (m, 3H), 4.48 (d, J = 14.0,
1H), 4.37-4.16 (m, 2H), 3.27 (d, /= 6.9, 2H).

13C NMR (DMSO, 125 MHz): ¢ 170.2, 161.7, 137.9, 136.6, 134.0, 133.2, 73.8, 55.5, 43.1.
HRMS (ESI-TOF, [M + H*]): calcd for C;;H3NsS,, 278.0534, found 278.0535.

General procedure for the synthesis of 7
©—<SJ/\SCN HP(O)(Phy), ©_< j/\S/P Ph
\
N DBU, toluene
3a

To a 25 mL round-bottom flask was added 3a (47 mg, 0.2 mmol), HP(O)(Ph,), (60 mg, 0.3
mmol), DBU (45 mg, 0.3 mmol), and toluene (2 mL). The reaction mixture was stirred at

room temperature for 3 h. After completion of the reaction (monitored by TLC), the solvents
were removed under vacuum. The residue was purified by flash chromatography (PE: EA = 1:
1) to afford product 7 (67 mg, 82%).

S$-((2-phenyl-4,5-dihydrothiazol-5-yl)methyl) diphenylphosphinothioate (7)

520



Yellow solid, R,= 0.3 (PE: EA = 1: 1 v/v), 67 mg, 82% yield. Mp: 114-116 °C.

'H NMR (CDCl;, 500 MHz): 6 7.93-7.74 (m, 6H), 7.60-7.35 (m, 9H), 4.55 (dd, J = 16.3,
2.6, 1H), 4.26 (dd, J=16.3, 8.0, 1H), 4.15 (m, 1H), 3.00 (dt, J = 12.6, 7.7, 2H).

13C NMR (CDCl;, 125 MHz): 0 167.0, 133.5, 133.3, 133.0, 132.6, 131.6, 131.5, 131.4, 128.8,
128.8, 128.5, 128.3, 68.9, 51.3, 34.6.

HRMS (ESI-TOF, [M + H*]): calcd for Cp,H; NOS,P,, 410.0802, found 410.0800.

General procedure for the synthesis of 8

\ N\
N CH5CN N
8

3a

To a 25 mL round-bottom flask was added 3a (47 mg, 0.2 mmol), Cs,COs3 (65 mg, 0.2 mmol),
and CH;CN (1.6 mL). Then trifluoromethyltrimethylsilane (57 mg, 0.4 mmol) was added at O
°C. The mixture was stirred at room temperature for 8 h. After completion of the reaction
(monitored by TLC), the resulting mixture was filtered through a short pad of celite and
extracted with DCM (3 x 5 mL). The organic layer was washed with water (10 mL) and brine
(10 mL), dried over MgSQO,, and concentrated under vacuum. The residue was purified by
flash chromatography (PE: EA = 15: 1) to afford product 8 (43 mg, 78%).
2-phenyl-5-(((trifluoromethyl)thio)methyl)-4,5-dihydrothiazole (8)

Colorless oil, R,= 0.3 (PE: EA = 15: 1 v/v), 43 mg, 78% yield.

'H NMR (CDCl;, 500 MHz): 6 7.84-7.73 (m, 2H), 7.49-7.43 (m, 1H), 7.40 (dd, /= 8.3, 6.7,
2H), 4.58 (dd, J=16.4, 2.4, 1H), 4.34 (dd, /= 16.3, 7.8, 1H), 4.14-4.06 (m, 1H), 3.10 (dd, J
=14.1, 6.7, 1H), 3.00 (dd, /= 14.1, 8.4, 1H).

13C NMR (CDCl;, 125 MHz): 6 166.9, 132.8, 131.5, 130.8 (q, J = 306.6), 128.6, 128.4, 68.7,
50.0, 35.3.

HRMS (ESI-TOF, [M + H*]): calcd for C,H;|NS,F;, 278.0285, found 278.0292.

General procedure for the synthesis of 9
S SCN DDQ S SCN
O axe
N DCE, 80°C N
3a 9

To a solution of 3a (47 mg, 0.2 mmol) in DCE (1.2 mL) was added 5 A MS (50 mg). After 10
min, DDQ (90 mg, 0.4 mmol) was added at room temperature. The reaction mixture was

stirred at 80 °C for 6 h. After completion of the reaction (monitored by TLC), the mixture was
quenched with 10% NaOH (10.0 mL) and extracted with DCM (3 x 5 mL). The separated
organic layer was dried over MgSO,4 and concentrated under vacuum. The residue was
purified by flash chromatography (PE: EA = 10: 1) to afford product 9 (42 mg, 92%).
2-phenyl-5-(thiocyanatomethyl)thiazole (9)

White solid, R,= 0.5 (PE: EA = 4: 1 v/v), 42 mg, 92% yield. Mp: 90-92 °C.

'H NMR (CDCl;, 500 MHz): 6 7.96-7.86 (m, 2H), 7.80 (s, 1H), 7.48-7.41 (m, 3H), 4.43 (s,
2H).

13C NMR (CDCl;, 125 MHz): 6 170.3, 144.2, 133.1, 131.3, 130.7, 129.1, 126.6, 111.0, 30.7.
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HRMS (ESI-TOF, [M + H*]): calcd for C,;HyN,S,, 233.0207, found 233.0207.

Cyclic voltammetry experiment
Cyclic voltammetry (CV) was taken using a CS300H in COM3 potentiostation

Glass carbon as working electrode, Pt wire as counter electrode, Ag/AgCl as reference,
"BuyNPFg (0.05 M) as electrolyte in CH;CN (4 mL), 1a (0.05 M), 2 (0.05 M), scan rate: 100
mV/s, ranging from -0.5 Vt0o 2.0 V.

0.0012

) background
132V .. = - 33

o.000F

0.0008

0.0006~

0.0004

I {Ajem®)

0.0002-

s -0.01V

.0.0004 I I " 1 1 " 1 " 1

Figure S4. Cyclic voltammetry experiment

The cyclic voltammetry experiments of 1a and 2 were performed, and the oxidation peaks
were observed at 1.67 V and 1.15 V, respectively. This result indicated that NH,;SCN was
easier to oxidize under electrochemical conditions. In addition, the peak of the SCN anion
oxidation (E£,°* = 1.15 V) was non-reversible owing to the formation of (SCN), fixed by its
reduction peak (E,¢ = -0.01 V). When 1a and 2 were added to the system at the same time,
the reduction peak of 2 disappeared, which indicated that the generated (SCN), is consumed
by 1a as shown in the mechanism.

References

1. P.Ricci, T. Khotavivattana, L. Pfeifer, Chem. Sci., 2017, 8, 1195.
2. P.D. Morse, D. A. Nicewicz, Chem. Sci., 2015, 6, 270.

S22



€0°¢
S0'¢
90°¢
LO'E
vie

or'€
:.mx
81°€

0Tt

_N.L
€7 ]
YTt

6€t

mv.wg

99t

SCN

—==| 7C0'l
— o'l

—] ¥66°0

- 0T

(ppm)

1

16'8¢€ —

S0°0S —

91'89 —
8L'9L
mo.th

8CTLL

90

(gpm)

1

110

140

130

0

" T~SCN

1L

b ]
8L |
6L 1
15,
18°L
182
8L

S

3a

S

3a

T
150

160

T
170

T
180

T
190

S23



SCN

S wo'l

—= 1001
—=== N01
— ko1

(ppm)

1

€S 1T —

30

168 —

S6'6v —

9€'89 —
089L
wo.hhw

|

9¢ 1T —

110

T
120

(ppm)

1

S

3b

8.0

8.5

8€'8C1
wm.mﬁW
16°6C1

1oyl —

99'991 —

SGN

S

3b

ﬂ.

T
140

150

T
160

170

T
180

T
190

S24



j/\SCN

S

e e
MeO@—<
3c

(ppm)
S25

1

SCN

130

S
\

140

3c

150

160

\| 7/

MeO

180

re
-
| e
K 90°05 —
Lo €75 —
N R .
e H/mc.— T€'89 —
9L'9L
[ S.EW
~00°¢ | LTLL
— 00 | T
== FC01 |, 2
— €01 [T -
€111~
° 96°€11
SESTI—
Trogt —
5
——907T | 2
———==00c | _
|“ €€T91 ~
. $6'S91 —
o

190




¥6'C
96'C
L6'C
86'C

7h0'1
r ot

001

10

20

168 —

€108 —

8%'89 —
£R'9L

10

50

6f

70

wo‘hhw

80

s
& 77

6L°L

08°L
18°L

SCN

S

Ph

3d

50T
0’1

10°1
+=90'C
L0°C
L0'C

0'C

(ppm)

1

90

9ETTT~
LrLet
QSN;

100

110

(ppm)

60 3CT
m@.mm;ﬁ

130

6-5Ct

96°9Z1
IV 1€l /

06’681 —

" TSCN
]

vl —

150

6f

991 —

70

180

190

S26



€0°¢
0°¢
90°¢
LO'E
vl'e
w_.mV
:.m\
8I'¢
wy
£CY

| 70071

e

€8'8¢ —

o
b
=
w
|

05'89 —

18°9L
wo.th
CeLL

ViV
vov f
scvf
97+
LTY
LTV
€Y
6€
174 |
b ]
19 1
19t
Yo't
S9't
6€°L
or'L
or'L
'L
vLL
SLL
9LL

SCN

Cl

3e

17001
MMM\H/WOA
—— 301

=0T

| 0'C

(ppnp)

1

(ppm)

1

VoI —

CN

T6'8TI
L9621 T

130

(i

COLET
5 =t

esLel”

65°S91 —

S—

3e

T
140

150

T
160

170

T
180

0

S27



ILy
Ly

a
©
~

o

€9°L
v9°L
4oL |
S9°L
€LL
vL L
vLL
seL
oL

SCN

S

Br

3f

—==| J00'L
10°1

—3 180'1
10'1

4 00T
1 ot

-o.

0.0

0.5

(ppm)

1

88—

€708 —

PS589\
LLOL
0°LL
LT’

SULIL—

6T92I
mw.aﬁw
LYIEL
sgier/

0L'S91 —

SCN

S

Br

3f

110

T
120

130

140

150

T
160

170

T
180

T
190

(ppm)

1

S28



€91 —
S0'¢
LO'€
80°¢
60°¢
3
9l'e
LI'E
w_.mN
0T'e
LTY
T 171

v<0'l

= ¢0'1

788 —

¥$0S —

$9'89 .
9L 9L

::.hk

LTLL

8Tt
8Tt

6T
6Tt
0cy
€'Y |
1€ 1
ey ]
e
b ]
v ]
Shp
g
Nad
99
99
69t
69t
89°L
oLL
6L
YL

SCN

S

FsC

39

001
201

F0c
00T

4.5

9.5

(ppm)

1

(ppm)

1

80 I1T—

6£0T1
mmdmﬁy
IRTAEN
_owmﬁ%
mvmuﬁ

]/\SCN

130

6891 ]
YL '8TT
v8'TET ]

S\

140

OTgeT
SEEET
79°€€l

69°CC1
a2

16°691 —

170

B 3C4<

T
190

T
200

S29



v0'€
90°€
L0°€
80°€
sT'E
91°€
31°€
61°¢
v6'€
STy
STy
9Tt ]
9Tt
LY
8Tt
8TV ]

6Tt |

98°L
L8'L
88°L
88°L
LO'8
808
608
608

SCN
3h

MeOOC

2 F80'C
<—90'C

18'8¢ —

6€°0S ~

524

09°89 ~
8L9L
€0°LL

6C LT

(ppm)

ST —

8E€'8TT

S 6L —

]/\SCN

110

30

1

9LzE1 7
ogroc1 7

3

140

150

90991~
979917

@D%

170

T
180

T
190

S30



SCN

S
\
N

L 4501
2501

200°1
2601
€0°1

C b0l
Mot

(ppm)

1

09°L
19°L 1
19°L
SLLA
911

oh.h;

o

20°1L
01

9.5

10

20

30

008 —

50

60

LY'89 —

7o

18°9L
@OSBV
CELL

80

(ppm|

11—

110

29921y

14o

08T

CN

T

0

€6-6Ct

feMamens
€Tt

.ﬁ.wmé\ﬂ

LLPEI L

]/\ S

6v'S91 —

170

180

0

S31



LO'E
80°¢
60°'¢
e
81°¢ 1

0CT
1T°¢
°TE
[fag
€Y
€TY
Y'Y
YTv
mm.jW
STV
9TY
LTV
LTV
LEY A
6€Y
:\.v*
wy

R4

R4

€9y

99

WNHJ

€L
zeL
€E°L
SELA
9€°L A
LE LA
LEL
6€°L
6€L ]
v
L]
StL
StL ]
65°L1
09,
19°L
19°L

Cl

SCN

S

P

01
M\ 01
—_— H/_o._

0°1

(ppm)

1

30

0L'8€ —

or'rs—

40

50

60°89 —

70

8 9L
bo‘hhw
€ELL

80

(ppm)

1

110

130

L'Y91 —

T
190

S32



seT

10°¢

€0°€

v0'€

90°¢

€re

PIE
S.m\
L1€E

81y

w_.v/
61 ]
611
ozt
0Tt
17
177
Ty
s
9¢v |
€Y 1
or'y
1+t
09
09
€9t
Y9y
L
€L
€L

SCN

S

3k

=019

¥50°'1
01

00'1
290'1
01

— 0

oo

(ppm)

1

yIic—

76'8¢ —

L6y —

€€'89 —
8L'9L
YO'LL~f
wm&n*
6T'LL

(ppm)

1

€T —

T
120

6191 —

OV TEI
6£7€E1

Se VLT —

\K‘SCN

S
\
N

T
160

9I'L9T —

T
170

T
180|

0

S33



60°¢
e
e
1483
1T¢
€T°¢
vTe
sT¢e
Yy
Yy
€Ty
{94
{94
hm.vg
om.j
_o.,j
97
8LY
8LV
18 1
81
LY'L
8Y'L
0s'L
SL
SL
€S°L
€S°L
wm.:
$S°LT
SS'LA
LS'L
LSL
8SL
6SL
6SL
09°L A
09°L A
€8°L
€8°L

V8L A
S8°L
L8'L
L8'L
88°L
68°L
€6°L
S6'L
8’8
£8'8

SCN

3l

 —— 1071

8.5

9.0

(ppm)

1

30

€0°6€ —

96 —

40

LS°69

9L
€0'LL
6zLL”

80

0

1

(ppm)

8E 111 —
99°+T1
L9°'stl
991

110

T
120

6S5°LT1 %

L'8T1

ce6Tl
19'621
8€°0¢€1 ]
cLTE ]
esreerd

Ye991 —

1

T
190

T
200

S34



'€
0'¢
S0'¢
90°¢
N_.m/

vi'e—r
mﬁ.m\
9l'e

61y
ON.V/

65

—

1579

€6'9 |

957

SCN

S

N

90°1
M 01

—=1 F00°I

—

—] H/mo._

J oot

Foo't

Feot

8.0

8.5

9.0

(ppm)

1

0L'8¢ —

0108 —

S1'89 —
hh‘ch/

.

70

€b

8TLL

(ppn)

6y’ vIlL

"SCN

130

LESTT~
1€°Lr1 7

r

S
\
N

150

9
cTI95T

3m

[

1

T
190

S35



90°¢
80°¢
60°¢
1re
9l'e
81°¢ ¢
m_.m\
0C'e

9Ty

cm;u/
LTV L

ser |
8TY
9¢y
8V
6€Y
17 ]
LSV
85t ]
19
19'%
or'L
1L
e

L)
vyL
StL
cvL ]
S
1S°L1
157,
zsL ]
s

——

SCN

e YO
0'1

$00°1
M 2901

ko

— o1
— €01

[ F00°I

5

0.0

5

(ppm)

1

10

20

30

VL8€

L6'0S —

€6'L9 —
<8'9L
LO'LL—F

70

CYLL

90

(gpm)

CCIIT—

110

X

0L°LTI~
or'0cl ~

CN

130

eIel
szoer

10

06°6ST —

150

160

170

180

190

S36



10°¢
€0°¢
v0'€
90°€
91°¢
L1E
81°¢
0T'e
vy
vy
SI'y
Si'y
o:j
:;j
L1Y1
817
SI't
LYY
St
oSt
S
mc;j
mo.v;
LY A
Nn.vF

hmﬁg
hm.hg
wm.hg
8L
8SE°LT
6€°L
6€L
(I
9L LA
9L'L
SL'LA
8L°LA
oh.b;
08°LA
v0's |
v0'8 H’.

0'8
co.w\
90°8
£€9'8
9'8
79'8
9'8
$9'8
$9'8

SCN

) P01
—— H/vo.ﬁ

—= R0t
et V0T
— —— ¥E0'T

Moot
] Y20'1

- ot

— hio1

5.5

6.0

6.5

7.0

(ppm)

1

S0'6€ —

S8y —

€6'89 \

€8°9L
60°LL
veLL’

sy o

T
120

dtd

130

9€° 671~
9051~

140

T
150

w69l —

T
1160

170

T
180

T
190

S37



oo.mg
10°¢ ]
T0°€ ]
Y0°€ |
11°¢
ey
1€
S1°€7
P
Y1
SI'b 1
9I'¥ 7 W
91'¥

AR
LTt
ST
61t é
AN
vEyF
Sy

LEY

€S

€Sy

95y

LS

669

€0°L

60°L

AW

9€°L7
9€'LA
LELA
LEL \ﬂ
LEL

€]
6¢L]
ot
0p'L
'L
6L
6tL ]
oL
os°L |
1L

SCN

S

Ph

.

m

—

3p

o'l
0°L

T00°L

- B0l

£66°0

860
H/h@.o

Foes

(ppm)

1

60°R9 —

6L9L

Y0'LL

(oo

(ppm)

1

€ETIT —

s0°CCl —
9GS LTI~
¥6'8T1 T

110

130

cQrezy
£8-6<t \
06 $€1

orevi —

N/
p

150

61991 —

70

Ph—u S\T/\SCN
3
|

0

i

Wiy

S38



4]
69°¢
_h.m\

Sy

k0T

16'9v —

LT'69
LEEL
9.9

COLL

8SY
06'v ~
o'y

LELY
8E€°L
8€°L1
6€°L Y
(I
or'L
LA
€7 LA
L
Sa
S.»;
0s'L 1
15
€S°L

S8°L
S8°L
98,1

=001

0'¢
0t

0'L
M/oo.m

(ppm)

1

90

(ppm)

110

1

T
120

130

SCN
Ph

5
N

T
140

150

YyL9T —

g
\

160

170

¢

T
180

T
190

S39



ovy'c—

19°¢
Ea%
L9cf
%%

&.LW
L8t

om.v/
€T
sTL
ST'LA
SELA
SELA
SELA
9¢L
9¢L 1
LEL
LELY
8€°LA
8¢ L

3r

=00°¢

iz

Forr

MIT

(ppm)

1

QC 17—

6'9v —

1169

8TEL
08°9L

SO'LLT

0€LL

(o)

1

hc._:/
L1'LT1

€7'821 ¢

098¢t

81'6Cl %
o¥'6cl —~
10°0¢l /
[RRET ~

(SCN
Ph

10

ot'L
oL
1L ;
L]
L
L
€L
€L L
€L L]
v
v

€rs
¥10°C

8ETrl —

J

S
\
N

3r

1€°L91 —

5S40



19°¢
€9°€
99°¢
69°¢1
S8°¢
Nad
SY
S8'Y
88t 1
269
€69
€69
¥6'9
¥6'9
v6'9
S6'9
wW:
mm.:
SELY
SEL
9¢€'L
9¢°L
LE L
LE L
SE€L
8¢°L Y
8€'L

SCN

Ph

—== HoT

= ¥50°¢

—— o1

— ko1

(ppm)

1

88°9% —

67'6S —

60
616

91'€EL

C3 9L
wo‘hhw
€ELL

(ppm)

1

VLTI
mo.w:/

CN

D
D

11

0F'STI 4

™~
v

OSS /
09°8ZI

Fon

T
120

6¢ 'L
0F’L

S
N

<

ovL
1%L
1L
WL
WL
€vL
€L
vpL]
SLL
6L L]
08'L

_—

Meo@

08'L

3s

81°6C1 —~
00°0¢1 /
88l —

S
\
N/
3s

ol —
69001 —

Me )—<

T
180

T
190

T
200

S41



19°¢

%.m%
99°¢
383

95t

68t

Niu/
vm.hg
vEL
SE'L
SELA
9¢°L |
9¢°L |
8€°L
6€°L1
o¥'L A
ov'L
1YL A
LA
WL

a
N
~

o

o

8L

6L°L)

Cl

—= Hhot¢

== Foo'l

—= oot

— Hot

(ppm)

1

989y —

8L°69

LEEL

089L

SO'LL
0€LL

(ppm)

1

9T 6CT “w

AT YA

T

Trrer’
66°LEL
L9'8€E1

STO91 —

542



19°¢
vw.m%

L9¢

8&F

mm&/
881

67\
vm.hg
s€L
seLy
SEL
9€°L
9¢°L
6EL
0t
(I
(U
(4
L7

<S PhscN

3u

F00'C

o1
Feo1

710's
¥20'C

5

0.0

2.0

o

(ppm)

1

889y —

6L'69
ow.mn”
LL9L \
c0'LL
8TLL

S —

SPoTl
L0°LT1

1L°8T1 A
vT 6Tl ]
9671 \“

SCN
Ph

110

T
120

130

(ppm)

1

€vL
€v'L
St
Lo
8S°L
65°L1
65°L 1
oL
1]
1L
e
L]

Br

€0T

wm.fﬂ%
wo._m_\

vL8ET

1€991 —

S

Br

N/
3u

T
140

T
150

T
160

T
170

T
180

T
190

S43



29°¢
Ga%
L9€’
oLe

8S°t

S.v%
S6'%

861\
vELY
SELT
SELT
9¢L 1
9¢°L T
8€°L1
ov'L
Ov"L
T+L Y
T+ A
LA
€L
€L
L]
v
stL]
9L
9L ]
YL
suL]
see]
s6'L]
o6°L

SCN

S

NC

3v

— HIC

—

— 50'1

— 0’1

—= s

ML »C0'C
S l +00°C

(ppm)

1

€89 —

0€'0L
8G°€L

8L9L \
€0°LL
6C'LL

"

(ppm)

1

6V 111~
LI'STT ~
€0°811
€0°LT1
08'8C1
LR'QTT W

™SSCN

110

re6ecl

E«.Nﬂ%\

I¥9¢€l

S
N

8Y° 8¢l

3v

C8'S91 —

e

S44



89y
Ly
0's
LO'S
6€°L
6€°L
or'L
ov’L
L
L
WL

— =0T

(ppm)

YoLy —

€TLY
mm.mn/
08'9L

SOLL~F
Tm&h\

— 0]

Km.m
—al 860

] H\mo‘o

— 60

1

89111 —

9e'ICl
wm.wﬁ/
SI'LTI~

110

120

130

(ppm)

1

L A

oy

g6t

LLOET w
61°6€1

LE6YT~
s 0s1

68691 —

140

T
150

T
160

170

T
180

T
190

S45



or'c—

19°¢
v9'¢
L9€T
02f

vm.w/
L8V

06’7~
€TL
STLA
ST'LA
SEL Y
SEL
SELA
9€°L A
9€°L A
LE LA
LELA
8€L
wm.iﬁ
ov'L ]
otL]
1L
L
L]
L]
€bL]
€L
e
L]
vLL

SCN

\

Ph

3x

e —]

kot
o'l

=I1'C
Rprg
—=S6'1L

(ppm)

1

91T —

6'9% —

1169
8T'EL
089L
wo.hh/

oc
0L

L9°ITL

(ppm)

1

:.bmﬁy

cZ°QZ1

tCSECH

09'8C1
81°6C1
ov'6C1 —~
10°0¢1 /
88'8¢1 ~
8eTYl —

SCN

3x

150

T
1160

1€°L91 —

170

Ph—<

T
180

0

T
200

S46



19°€
X
99°¢
69°€
0S¥
€St
98¢
68
0€'L
€L
€L
€L
€€L
€€L
65L
65°L
65°L
orL
1L
vl
L
'L
mw.hg
V'L
e
ShLT
ShLA
9L
Ly LA
0S°L 7
0S°L Y
0S°L A
15°L
TsL
zsL]
€L

€8°L 1
€8°L 1

v8L
v8°L
$8L
S8'L

SCN

Ph—

Cl

3y

— HO0'1

=

(49

——] =00'C

(ppm)

1

€59 —

8L'89
SS'ELA

:Gh//
90°'LLF

TELL

(ppm)

1

oy 111l —

6C'8C1
¥S°8TI
LLSTI
9€°6T1 7

B~

96 T¢et
8v'Cel

140

vevet

ryLEL

=

51

9T'L91 —

170

T
180

T
190

S47



oLl —

LT€

om.m%
cee ]
se'e

907\
60t —
LY~
or'y

€€°L1
€611
€€°LA
YEL
vEL
SELA
9¢L
9g°L
6€°L Y
6€°LA
ow.Tf
0F'L
19°L ]
1L %
L]

WL

69°L
69°L 1
oL
12
e
1LL
wi

SCN

S

3z

§

] -00°€

—— ot

J 01

———— 70T
01
E— V(4

8.

9.0

(ppm)

1

-10

SOV —

€SS —

€T —

8Y' YL
ﬁw‘ohy
90°LL
CELL

ISl —

12°8¢C1

9°8C1 =
Y9 1€l T
S8'Cel \

6¥'L91 —

SCN

n__zZ

3z

140 130

150

T T T T
200 190 180 170

210

S48



¥9°€
»Qm%
wqm\
Le

42N

SSv
687~

———= H0C

Ho'1

001

(ppm)

1

€€
mm.mmV
L9EL

6L'9L
SO'LL Y

40

50

0ELL
€TI11

10Tl 1

ST
YLYTL
0T'92I
€291 |
9T9T1 {
6T°9C1 §
1L°9T1

80

(ppm)

1

[ a4

0s’L
<S'L
8S°L
8S°L
6S°L
09°L
69°L
oL’L
oLL
oLL
1L
1L

CF3

3aa

S SCN
Br \
N

\*Avan s

Jeoc
2661
H/g.m

069CTH

¥97LTT
L6l |
19°0€1
L8'0OET

™SSCN

—

CF3

110

ETTET |
SATIR\
6 1EL T
€0°TEl

6L TVl —

S

3aa

130

140

150

60

107991 —

T
180

T
190

549



£1 (ppm)
S50

100

110

Ph
SCN

140

Lo
Fes
-
3 =
4
SEP | = 1975 ~
LEVA s 769~
99 1 R
89'% 1 LS
@C:VQ 8¢€°'89 —
L Le 8L9LY
LLY T vo.hhw
LLY B 6T LL
8LV E
oL —— 00T [ F
6L Y 01 <7
6L% = %34 by
08v/f = 501 |2
18t
06t ] L= 91011 —
omi
€6’ ° 69°LT1
mwwg m [< LT'8T1
. 85'8T1
€L - 0 ba 0T6C1
ph'L o 6Tl
vy e 96 I€1
Sv'LY : SszTel
MWM 1 w__z — I 6L LET?
w:m w 0’1
S ™ | M00T |-
6v'L L=
o @
1L
_W.L 88°991 —
L ?
€5°L1 .
€5 Lo
8L L
6LL T L
08'L

S//,
N
3ab

180 170 160

190




LE'T

LT
6T¥ 1
hw.vg
8511
097 1
197 7
L9V
891§
697 1
69°Y 7
oLy
1LY
1Ly ;W
08V —+
08t

€87

v8'v

LULy
61°L 1
s€'L
SELY
SEL Y
9¢°L A
9g°L
oL
ov Y
obL]
L]
vl
09°L ]
9L

Ph

SCN

S//.

3ac

— =S0°¢

1 00[

0’1
wwo;
R50'1

S

=907
2¢0'¢
00T

8.5

9.0

(ppm)

1

Is'1c—

0S'¥S ~

VsY

AT°R9 —

6L9L
wo.hhw
6C'LL

(ppm)

1

8101 —

69°LT1
vT8Cl

Rh

TYSCN

5
8T 6CT
yaliYat

6€6Cl

/
hw.oﬁ\
ow.hmﬁ\
80241

B

S//.
\
N

140

150

3ac

6L991 —

-

170

T
180

T
190

00

S51



mm.:
YTl
ST
9T'1 1
9T'1 1
LT
LT
8T'1
6T'1 7
6T 1
01 ]
€1
e
€1
bel
o1 ]
S9'1 1
99°1 |

INE

in

Fsos
Frrs

60

L 1860

Y9 L9 —

QLQ

YO'LL—F
mm.nn\

1€°L ]
e

6€°L
@m.h;

om.h;

Ph

SCN

S/l,

3ad

1
TOT

Tvo.m

61
6'C

(ppi)

1

62011 —

(ppm)

1

110

89°LT1

T
120

11621 ~

30

€e6cl
SLLEL —

0

Ph

H\'SCN

»

D/,

150

q
Ru

N
3ad

T
160

€0°SLT —

iy

T
180

T
190

S52



ST
LTV
vSY
SSY
LSV
65V 1
97
SS9
99t
99°%
L9V

69
Wy

SL'Y
ILY
v@.og
$6'91
v.m.hg
9¢€'LA
LEL

Ph

SCN

Wl

00T
20T
01
0’1

(ppm)

1

66°€S ~

0596 —

LO'89 —
9L9L

TO L

(ppm)

1

€01l —

L6'1T1
8¥'LT1 /
S9°LTI

68'8T1
12621

CN

(€ VAl

D

D

q
N

N

€7
8E LA
ov'L]
1%L
L
L]
€L
€vL
YL
ppL?

S/l,

\
/ N/

Ph

3ae

[
0'S

wwomﬁvs
68'vE1
J
J

LLLEL
781Vl

Ph

S//,

3ae

T
140

<

6991 —

S53



SY L~
191 —

1€y
1€y
€ey
€ey
1Al
il

6Vt
L9V
L9V
oLy
IL'Y
1¥'LY
1L
1L A
€L
VLA
YL A

i

hw.wx

~SCN

A

=v1'E

€re

=200°1
201
BT

(ppm)

1

LS €T~
Y0'LT—

6585 —
6v°097
1029 —
6L9L

EEV

0€'LL

(ppm)

1

L 0T —

110

_m.wm_
9°8¢C1 V

SSIET 7
cseel \

130

e
LV

Lyl

Ly'L ]
8t ]
6tL ]
6v'L
0S°L 1
0S°L 1
0sL
18°L
187
18°L

[4:95

3af

—¥0'C

SCN

150

—~

3af

987991 —

170

T
180

T
190

S54



LY07
8770 1
67701
610
6770
0570
89°0
690
690
0,70
0,70
1L°0
1870
7801
£8°0 1
060 1
160 ]
160
171
aat
AT
69°C
0LT
1LZ
e
05t
1St
S
vt ]
SS ]
S
96t
LSp
L

L

L

L

V'L

YhL
vbL
L]
LrL]
S.L
Sv'L

1872
18°L 1
8L
8L
€L
€8°L

—

SCN

3ag

290°1
240°1
YA

0’1

A1l

F00°1

- Foo'€

1'c
0'1
1T

5

5.

(ppm)

1

19°¢ —
L6 —
9%l ~

40

T
50

8E°9§ —
9L°09 —
£#C°89

08'9L
co.hn/

eLL—

70

(ppm)

1

1joo

6011 —

Qzy
6T 3Tt

¥9°8C1 —

30

YSIEL T

69°CET

1110

T
150

j SCN

5
N

3ag

T
160

80°L91 —

T
170

T
180

/>_<\

T
190

T
200

S55



1$°C
1$°C
00°¢
10°¢
0°¢
0°¢
€0°¢
S0°¢
8¢
8¢
8¢
98¢ 1
98¢ |
807 1
Iy
LEY
8¢V 1
17
vt q
9I°L
91°L
L1'L
L
L
€C°L ﬁ
vEL

vEL
seL
9L |
€L
€L
YL
YL
SPL A
9L
ow.hg
LYLA
8L
8L A
6L~
oL

Fsot
Fso'1

Friz

Roo't
Fo'1

— 01

01
50T
I 5¢o¢
20'1

(ppm)

£1

8T~
yoie—

1797 —

0€°LS~\

06°LS

70

(ppm’

£1

19°9¢T7

TTLCT
9T'LT1
€v'8T1
¥9'8T1
91'6T1
6L°0€1
Ov'bET

v SEl

CTLET

140

QEQcyJ

9L
€9°L
9L
8]
8L
S8°L
98°L |
98°L |
98,

NCS

N

|
//S/

4a

6’1

SVstt

16°861T —

1L

T
160

T
170

T
180

0

T
200

S56



9'C
Ly'T
Lr'T
6v'T
05T
05T
L6T
86T
86T
66T
00°€

CE8T~

10°€ 1
20°€ 1
18°¢
18°€
8¢
£€8°¢ 1
8¢
8¢
107y
SOt
mm;j
£€Y
9€Y

Lev

mﬁ\\g
wﬁhg
hN&;
8TL
6T'L
67°L1
0€L 1
1€°L A
1€°LA
TELA
CEL
PELA
€C /A

MM J‘LM I

£1 (ppm)

Foo'1
£80°1

Roo1
R20'1
L2801

u\@ou_

TeE—

69 —

TELS
8Ls 7

LLOL
C0'LL V
8TLL

9E°STI
vi'LTl
9z°LTl
1°8T1

0CsTT
L1621

09°I¢T

YSLA

H\No [
£l

PEPEl %
zesel

ss'L )
ssL
LS°L
8S°L
6S°L
65°L
69°L
oLL
1L

NCS

ﬂh.h;

|N
"/S)\\[\
= Br

4b

200°1
c0'C

9TLET
SeLel

Yy LST —

5

9.

10

20

30

40

60

70

90

1 (ppm)

S57

18 170 160 150 140 130 120 0 100

190




1T
91T
LT
81T
6v'C
05°T |
157
ST
ST
861
66T
661
00°€ |
10°€ |
20°€ |
€0°€

e —

20’1
60

Hoz

Midbhil

10

20

€ele "

30|

65L]

09°L ]

6L ]

6L

NCS

g

CF3

To;
F66°0
V0L

FI0'L

— —F10°C

4c

=C0°1L
10°C
20T

£1 (ppm)

LEOY —

8E LS~
sris”

L

70

LLOL

TU L

8TLL

80

90

(ppm)

wh.NN:
mm.vN:
€Y'STL

100

r1

+$0-LZ]
VoGt

81°LTI

o

20

Tt
9L"8TI A
61°6CI ~
SETEL T

CF3

130

19°7€1
1eper
zTsend

—————y

140

TLLET ]
sl
9€°LST —

ey

™

?

170

180

I

190

S58



o'y
(4
Iy re
[A8Y
9y - L2
61t
YTy
9T
8T'Y
Sty -

Sty
9 |
Lv'y €0'cr—
8t -
mw.*j 78°€S ~
6 ] - .
i 88°95 —
$8'9
$8'9 e 1629 —
L89 LL9L

10

60

L89 0

. Lo T0°LL
vo'L 8TLL
v0'L

80

SO'L a\oowﬁ Lo

90|

(ppm)

SO'L nme/ o.o
LO'L H/Mo I Lo

1

(prm)
S59

1

L0 6’1l
9TL | -

Lci STLII
LTLY w cc 1z

cerveiy
LT LA e k/

) 68°1C1
6T'L 1 ) TeorTt

6T°L] [ 6TLTT~
0t'L €871 %

130

. [ /
ov.h 1 o 8¥0¢T
rLA

. Iy
Cv'L Y — Too'1 | o mo.mm_\
V'L = R0l 1561

9°L A i
oL \M Q_U.,W 6LTST—

Ly'L] 6L 1C] —

140

150

o —— 300T
SpL ] < o

160

g
)
NCS

oL

NCS

6LL |

17

180

6L°L 1

90

08°L ] "
18°L




s€T
@Nj/
67°¢

1€°€ |
Tee
a2
opel
Ip'E~+

LR
SoOv-f

ot

Foo¢

FO0'1

Feot

=101

—————= M0z

S0t
L0t ]
L0V ]
LOY ]
30t |
€Ty ]
LTY]
167 ]
1€y
rey
se'r]
sey

L69
669
2oL
0]
vO'L]
YO'L

0p'L ]
1%L
€L
StL
v
6L L]
6LL
08°L

————n

L

NCS

yoo;
FHee

mﬁo.ﬁ

(pprp)

£1

Y0 1T —

-10

0TE—

L8 Yy —

40

W vy
Y’

60

L9t

cO'LLF
wm&n\

80

§€'921

110

(ppm)

£1

wwoi Jy
60°LT1 1

6v'8T1 /w
A

€0'6C1

130

140

0

160

T
170

60

S60



66T
10°€
€0°¢
S0°¢
or'e
or'e
€v'e
€v'e
09°¢
79°¢
v9°€ |
S9°€ 1
v0'¥ |
Y0t |
SOV
6t7 1
6v°t 1
ST
S
ST'L
6T'L
og'L
SE'L
SE'L
9€'L
9€'L
LeL
LEL]
LELT
SE°L
1+
1+'L 1
L
€L
€L
LA
b LA
9L
LyL]
LyL]
Sv'L
1521
1S°L |
TS'L
€5 ]
88°L 1
88°L |
68°L ]

06'L
06°L]

4f

mwﬁf
'l

—

E—— =

|ﬁmo.~

01
001

m\.vo.ﬂ

Fere

=0T

6.0

6.5

7.0

(ppm)

£1

LLOY —

16y —

68°6S —

30

60

ELV9—

8L9L

Y0'LL

| pu

80

6CLL

90

(ppm)

100

£1

0m4m§/

110

TCeCTT

S.R;%

T

'8zl
6+'8T1 7|
€671 \

130

90°I€l ]
10°8¢1
SS8El
LTIv]

60°C91 —

140

150

160

1

180

190

200

S61



wo.mg
oo.mg
L07€7
60°€ 1
e

10

20

v
S1°€
L1E
119
1
[ARE
€1'% 1
It W
Y1y

ST'H
91'¥ 1
@N.jﬁ
0€¥
zev
cer
ISt

AR

Ss't

Ssy

95's —
6€'L1
6€°L1
6€°L 1
0b'L
1%L
LA
YL
SHLA
SvL
oL
9L ]
LyL]
Ly'L ]
8L

18°L
18°L1
78°L
gL

———

NH,

o[

o€ |

—F00'C

9.0

9.5

(ppm)

1

186 —

30

10

L6°0S —

50

6f

€330~
LL9Ly

70

TOLL
8TLL”

"

80

90

PE8TI

o
I

100

110

120

(gpm)

1

S ¥CT
1€1€1 77

90 €€

Z
o~
[2)

S

150

6€°L9T~
66'L917

170

180

190

S62



30

10

50

60

70

80

100
£1 (ppm)
S63

110

0

150

160

170

180

200

-
e
90°€t 1
Lo TThE
6€ b
B 95 bt 1
] - wt
E . cm.vt
M- 86+t
90°5t
LS ST oh
st
| Le P
97°€ [
R.mw H\L 20T|[ 6L EL—
LY -
oy [~
o't —— ko =
Mm.w\ Foort <2
LY Lo
oSy
VL) 0
LA |-
mwuj - 9T eel /
StLA [s 86°€€T ~ =
ShLA 099¢1 7 Z=5
9L Y be T6'LET z
9L
LYL () L
6v°L °
6L Cor —
@.Tf e o1 | zL191 /
) © N : .
0s'L Kﬁ =] ¥60'C TCoLT—
O [7p] Z M
1S°L 7 Lo I\
157 0w __zZ
1L Lo
TS'L
€LL ] ° 74
vLL] |- _
vl - ¢
sLL [
o’ B

210

el



L6'T
66'C
66'C
00°¢
10°¢
0°¢
vy
9y
9’y
vy
9Ty
LTV
6CT'Y
wm.j
vwcj
LSY
LSV
LEL
8¢L
ov’L
€v'L
YrL
vy'L
LY'L
LY'L
8Y'L

6v'L
6v'L
0s°L
1S°L ]
15°L 1
€571
vS'L
YS'LA
SSL
5L
95°L 1
95°L
9L°L
LLLA

SL'L~

8L
S8°L ]
98°L
98, ]
L8°L
L87L
88°L 1

68°L ]
06'L

=

—= 190l

— his

—— I

1.

5

-0.

(ppm)

1

[ 4%

8T'IS —

$8'89 \
LL9LA

TOLLA,

LTLL

ce'8el
05°8C1
vL'8C1
G8'8CI1
6T'1¢
LETE
8Y'IEl
8S'I€l
LS'TEL
66°CEl
ogeel

110

130

140

150

(ppm)

1

pSeer?

L6991 —

T
180

T
190

S64



L6°C
66'C
00°¢
€
L0°¢
60°€ 1
or°¢
TIe
ho;j
wo;j
60 1
0l
0l
11t
117

e vSO']

30

[ese—

S0°0S —

50

60

Tt

otL
ov'L
1PL ]
L]
P LA
v LA
Q.Tf
ShL ]
9L
oL
LrL]

—

8L
6LL
6L°L 1
08°L
18]
18°L
18°L

SCF3

S

—]

01

00°1

—— 150

0l

01

0'C

ooz

8.

8.

9.0

(ppm)

1

89'89 —

70

80

100

(ppm)

vI'LTT
8¢€'8CI
09°8¢C1

—

110

120

¢

8ST6CT ~
1671¢€1

cocel
6L'TEL
el

——

140

150

SCF;

160

68991 —

170

0

S

—<

200

210

S65



ey —

€L
v LA
St'LA
St'L
SHL
9L
9L A
08°'L

_3/
16'L ]
z6°L
6L
€6°L]
€6°L
¥6°L
veL?

]/\SCN

n__z

80°¢
JO0'1

6’1

(ppm)

1

SLOE—

18°9L
ho‘hhw
A

YOIl —

(ppip)

1

09°9C1
LO'6C1 M

1Bo

t9oct
re1el \
oreet
0Tyl —

CE0LT —

SCN

S

Z

140

150

T
160

170

T
180

T
190

S66



