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General Considerations

All manipulations were carried out by using standard Schlenk techniques. Unless otherwise
stated, analytical grade solvents and commercially available reagents were used to conduct the
reactions. Thin layer chromatography (TLC) employed glass 0.25 mm silica gel plates. Flash
chromatography columns were packed with 200-300 mesh silica gel in petroleum ether (bp. 60—90
C). Gradient flash chromatography was conducted eluting with a continuous gradient from
petroleum ether to the ethyl acetate. All Co-complexes were prepared following literature
procedures.! All new compounds were characterized by *H NMR, 13C NMR and HRMS. The known
compounds were characterized by *H NMR and *C NMR. The *H and *C NMR spectra were
recorded on a Bruker 400 MHz NMR spectrometer. The chemical shifts (&) were given in part per
million relative to internal tetramethyl silane (TMS, 0 ppm for *H), CDCls (77.3 ppm for 3C). High
resolution mass spectra (HRMS) were measured with a Waters Micromass GCT instrument and
accurate masses were reported for the molecular ion + Hydrogen (M+H). Hydrogen gas content was
analyzed by gas chromatography (7890-11, Tianmei, China, TCD, argon as a carrier gas and 5 A

molecular sieve column, a thermal conductivity detector).
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Experimental Procedures

1. Preparation of Thiobenzamides?:

A mixture of the aniline (1.0 g), NEts (1.3 mol equiv) and CH>Cl, (10 mL) was added into a
50 mL flask equipped with a stir-bar. Then benzoyl chloride (1.1 mol equiv) was added slowly at
room temperature for 3 h. Later, the reaction mixture was washed with water and extracted with
CH2Cl; (20 mL x 2). The organic layers were combined, dried over Na;SO4, and concentrated under
reduced pressure to obtain pure benzamide. A mixture of the benzamide (1.0 g) and Lawesson’s
reagent (0.6 mol equiv) in dry toluene (40 mL) was heated at reflux under an atmosphere of nitrogen
for 2 h, after which it was concentrated, purified by column chromatography (EtOAc/hexanes 1:4)
and recrystallized from hexane /ethyl acetate.

2. Preparation of Co(dmgH)2(4-NMezPy)CI*:

A 500mg (1.48 mmol) sample of [Co(dmgH).Cl;] was suspended in 50 mL of methanol. 4-
(dimethylamino)pyridine (361 mg, 2.96 mmol, 2 equiv) was then added to the flask, after which the
complex dissolved within 1 h, changing from a green suspension to a brown precipitate. The
suspension was filtered and the precipitate washed with water (10 mL), ethanol (10 mL), and diethyl
ether (10 mL) to give [Co(dmgH)2(4-NMe2Py)CI].

3. General Procedure for Benzothiazoles Synthesis:

Condition A: A mixture of N-phenylbenzothioamide 1a (0.2 mmol), sodium glycinate (0.2
mmol), Ru(bpy)s(PFs)2 (0.006 mmol, 3 mol %), Co"'(dmgH).(4-NMe2Py)CI (0.016 mmol, 8 mol %)
and DMAP (4-dimethylaminopyridine) (0.08 mmol, 40 mol %) in degased dry CH3CN (2 mL)
was stirred under an argon atmosphere and irradiation of a commercially available blue LED for 12
h. After completion of the reaction, the solid was filtered off and washed with ethyl acetate. After
removal of the solvent of the filtrate, the pure product was obtained by flash column chromatography
on silica gel (eluent: petroleum ether/ethyl acetate= 10:1) to afford 2a in 99% vyield.

Condition B: A mixture of thioamides 1 (0.2 mmol), Ru(bpy)s(PFs)2 (0.006 mmol, 3 mol %),
Co"'(dmgH)2(4-NMePy)CI (0.016 mmol, 8 mol %) and TBAOH (1 M solution in MeOH) (0.02
mmol, 10 mol %) in degased dry CHsCN (2 mL) was stirred under an argon atmosphere and

irradiation of a commercially available blue LED for 12 h. After removal of the solvent, the pure
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product was obtained by flash column chromatography on silica gel (eluent: petroleum ether/ethyl
acetate= 10:1) to afford corresponding benzothioazoles.
4. Preparation of N-(phenyl-ds)Benzothioamide:

A mixture of the benzen-2,3,4,5,6-ds-amine-dz (1mL) and triethylamine (2.08 mL) was added
in dichloromethane (20 mL), and benzoyl chloride was slowly added in the reaction. Then the
mixture was heated at reflux for 2 h then poured into water (100 mL) and extracted with
dichloromethane. The organic layer was dried (Na>SOa), and concentrated in vacuo to obtain pure
benzamide. A mixture of the benzamide (1.0 g) and Lawesson’s reagent (0.6 mol equiv) in dry
toluene (40 mL) was heated at reflux under an atmosphere of nitrogen for 2 h, after which it was
concentrated, purified by column chromatography (EtOAc/hexanes 1:4) and recrystallized from
hexane/ethyl acetate. *H NMR (400 MHz, CDCls) 8 =9.05 (s, 1H), 7.84 — 7.74 (m, 2H), 7.59 — 7.32 (m,
3H). HRMS (ESI) calcd for C13H7DsNS*, [M+H]* 219.0999, found 219.0992.

5. Preparation of 1g-D
(0]
NHe o 1:3equivNE @D o Lawesson,s reagent @D $
@[D @* o u*(;( — HJ\(;(

1q-D

To a 50 mL flask equipped with a stir-bar was added deuterated aniline (0.4744 g, 5.0 mmol),
NEt; (0.6868 g, 6.5 mmol) and 10 mL of CHCl,. Then 3,5-dimethylbenzoyl chloride (0.9555 g, 5.5
mmol) was added slowly. After 12 h, the reaction mixture was washed with water and extracted
with CH2Cl, (20 mL x 2). The organic layers were combined, dried over Na,SO., and concentrated
under reduced pressure to obtain the crude benzamide. A Schlenk flask equipped with a stir-bar was
charged with benzamide (0.9012 g, 4.0 mmol) and Lawesson’s reagent (0.8720 g, 2.1 mmol). After
that, the reaction flask was purged with nitrogen. Then 5 mL of anhydrous toluene was added to the
reaction tube via a syringe. The resulting mixture was stirred at 120 °C for 3 h. After cooling to
room temperature, the reaction mixture was directly purified by neutral alumina column
chromatography (ethyl acetate/petroleum ether = 1 : 4) to obtain the 1g-D 0.8024 g (yield 83%).

Comparing the *H NMR spectra of 1g-D (Figure S1) and 1q, 70% deuterium was contained.
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Figure S1. 'H NMR (400M, ds-DMSO) spectrum of 1g-D.
6. Table S1. Optimizing the Reaction Conditions?

O\Nj\Ph

x mol % Ru(bpy)s(PFg),
x mol % Catalyst

S
@E/)—Ph + H,
N

H Solvent
1a Base, Blue LEDs 2a

Entry  Solvent  Photocatalyst (x mol%) Catalyst (x mol%) Base Yield® H,°
1 CH;CN Ru(bpy)s(PFe)a(1) Co(dmgH),PyCI(8) Na,COs(1.2eq) 69%  20%
2 CH3CN Ru(bpy)s(PFs)2(2) Co(dmgH),PyCI(8) Na,CO3(1.2eq) 73%  12%
3 CH3CN Ru(bpy)s(PFg)2(3) Co(dmgH),PyCI(8) Na,CO3(1.2eq) 75%  25%
4 CH,;CN Ru(bpy)s(PFg)a(3) Co(dmgH),PyCI(6) Na,COs(1.2eq) 72%  18%
5 CH,CN Ru(bpy)3(PFg)2(3) Co(dmgH),PyCI(10) Na,CO3(1.2eq) 74% 17%
6 CH3CN Ru(bpy)sCla(3) Co(dmgH),PyCI(10) Na,CO3(1.2eq) 58% 7%
7 CH3CN Ir(ppy)3(3) Co(dmgH),PyCI(8) Na,CO3(1.2eq) 0% 0%
8 CH;CN Ru(bpy)s(PFe)2(3)  Co(dmgH)o(p-NMe,Py)CI(8)  Na,COs(1eq.)  99%  70%
9 CH,;CN Ru(bpy)s(PFe)2(3)  Co(dmgH)s(p-NMe,Py)CI(8)  Na,CO5(0.8eq) 90%  43%
10 CH,;CN Ru(bpy)s(PFg)2(3)  Co(dmgH)s(p-NMe,Py)CI(8) Na,CO4(0.6eq) 89%  47%

2 Conditions: 1a (0.20 mmol), photocatalyst (x mmol), Catalyst (x mmol) and base (1.2 eq.) in
solvent (2 mL) under an argon atmosphere and irradiation of 3W blue LEDs, RT, 12h; ? isolated

yields; ¢ GC yields using pure methane as an internal standard.
7. Table S2. Control Experiments?
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s 3 mol % Ru(bpy)s(PFg)>
©\ 8 mol % Co(dmgH),(p-NMe,Py)ClI S
: L0 -
H 1.0 equiv. sodium-Gly N

0.4 equiv. DMAP

] CH4CN
a blue LEDs 2a

entry visible Light PS PRC base yield® H2°
1 - + + + 0% 0%
2 + - + + trace 0%
3 + + - + 0% 0%
4 + + + - 0% 0%
5 + + + + 99% 99%
6d + + + + 0% 0%

@ Conditions: 1a (0.20 mmol), Ru(bpy)s(PFs)2 (3 mol%), Co(dmgH)2(4-NMezPy)CI (8 mol%) ,
sodium-Gly (1.0 equiv) and DMAP (0.4 equiv) in CHsCN (2 mL) under an argon atmosphere,
irradiation of 3W blue LED for 12 h at rt. ? Isolated yields. ¢ GC yields using pure methane as an
internal standard. 9 without 1a; PS: photosensitizer, PRC: proton reducing catalyst.

Mechanism Studys

1. Cyclic Voltammetry (CV) Experiments:

1.1 Preparation of Sodium N-phenylbenzimidothioate
A mixture of N-phenylbenzothioamide 1a (0.1 mmol) and sodium hydride (0.83 mmol) was added
in CH3CN (1 mL). Then the mixture was stirred for 1 h.

_CHCN

gy 2 B

1.2eq

1.2 CV experiments

The cyclic voltammetry (CV) was used to study the oxidation potential of substrate N-
phenylbenzothioamide. As shown in the Figure S2, an obvious oxidative peak was detected with
Epa= 0.90 V (vs Ag/AgCl). This means N-phenylbenzothioamide 1a first experienced an electron
transfer to form a radical cation. Through the conversion of standard electrode potential, we
obtained the potential of this oxidative peak is 0.94V vs SCE. Therefore it is difficult to be oxidized
by *Ru(bpy)s®* (Eu2 red [*Ru(bpy)s?*/ Ru(bpy)s*] = +0.77 V vs SCE). Then in the presence of
sodium N-phenylbenzimidothioate (sodium 1a) in MeCN (Figure S3), a new oxidative peak was
detected (Epa1=0.49 V (vs Ag/AgCI)), Figure S3), we proposed that this peak can be ascribed to an
electron transfer of the anion of 1la to form the S-radical. Through the conversion of standard
electrode potential, we obtained the potential of this oxidative peak is 0.53V vs SCE. Therefore, we
can obtain that the anion intermediate of thioamide is much easier to be oxidized. Then the same
oxidative peak at Epa2 = 0.90 V would be found, we proposed this peak can be ascribed to an electron
transfer of excess N-phenylbenzothioamide 1a experienced an electron transfer to form a radical
cation.

General condition: solvent CH3CN 4 mL, supporting electrolyte NBusBF4 0.1 M, under Na.
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Figure S2. CV spectra in 0.1 M NBusPFs under N2. 0.1 mM 1a in degased CHsCN at a steady
glassy carbon disk electrode, d = 5 mm, scan rate 100 mV/s, range from -3.0V to 2V.
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Figure S3. CV spectra in 0.1 M NBu4PFs under N2. 0.1 mM sodium N-phenylbenzimidothioate in

degased CH3CN at a steady glassy carbon disk electrode, d =5 mm, scan rate 20 mV/s, range from
-3.0Vto 2V.

2. Deuterium Experiments for Reaction

3 mol % Ru(bpy)s(PFe)s D
D Dy 8 mol % Co(dmgH),(p-NMe,Py)Cl D s

D NJ\© 1.0 equiv sodium-Gly D N
H

0.4equiv DMAP

CH4CN D
1a-D blue LEDs 2a, yleld
92%
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A mixture of N-(phenyl-ds)benzothioamide 1a-D (0.2 mmol), sodium glycinate (0.2 mmol),
Ru(bpy)s(PFs)2 (0.006 mmol), Co"'(dmgH)2(4-NMezPy)CI (0.016 mmol) and DMAP (0.08 mmol)
in degased CH3CN (2 mL) was stirred under an argon atmosphere and irradiation of blue LED for
12 h. After completion of the reaction, D, or HD was analyzed by gas chromatography (7890-1l,
Tianmei, China, TCD, helium as a carrier gas and 5 A molecular sieve column, a thermal
conductivity detector, oven temp. 90, TCD temp. 100<€, injection temp. 100<€€, CURR: 70).
Under this condition, a negative peak would be found, it was belong to HD or D, while H, was
shown as a positive peak. However, the ratio of Hy: HD: D> could not be get through this method.
Then the solid was filtered off and washed with ethyl acetate. After removal of the solvent of the
filtrate, the pure product was obtained by flash column chromatography on silica gel (eluent:
petroleum ether/ethyl acetate= 10:1) to afford 2a-D in 92% yield. *H NMR (400 MHz, CDCls) 6 =
8.10 —8.07 (m, 2H), 7.50 — 7.47 (m, 3H).

HD or D,

CH4

2 1,027

N ’ Z 3 B 3 e 7 Hin
Figure S4. GC data of deuterium experiments.
3 mol % Ru(bpy)s(PFg)>

©\ S 8 mol % Co(dmgH),(4-NMe,Py)Cl s

N OO v o
H 1.0 equiv sodium-Gly N
1a

0.4equiv DMAP

-CH3CN
d3-CH3CN, blue LEDs 2a 70%

A mixture of N-(phenyl-ds)benzothioamide 1a-D (0.2 mmol), sodium glycinate (0.2 mmol),
Ru(bpy)s(PFs)2 (0.006 mmol), Co"'(dmgH)2(4-NMe2Py)ClI (0.016 mmol) and DMAP (0.08 mmol)
in degased CH3CN-ds (2 mL) was stirred under an argon atmosphere and irradiation of blue LED
for 12 h. After completion of the reaction, D, or HD was analyzed by gas chromatography (7890-
I, Tianmei, China, TCD, helium as a carrier gas and 5 A molecular sieve column, a thermal
conductivity detector, oven temp. 90<€, TCD temp. 100<€, injection temp. 100€, CURR: 70).

3. Kinetics of Isotopic Effect Experiments

3.1 Intermolecular KIE Experiment

3 mol % Ru(bpy)s(PFg)2 H(D)
D:<>:D s ©\ S 8 mol % Co(dmgH),(p-NMe,Py)ClI (D)H s
: aY
N i jum-
b H)K@ H)K@ 1.0 equiv sodium-Gly (O)H N

0.4 equiv DMAP

CH5CN H(D)
1a-D 1a blue LEDs
1a-D:1a=1:1 th 2a, yield 60%

K(H)/K(D) = 1.27
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A Schlenk tube equipped with a stir-bar was charged with Ru(bpy)s(PFe)2 (5.2 mg, 0.01 mmol),
Co'"'(dmgH)2(4-NMezPy)CI (7.2 mg, 0.016 mmol), 1a-D (21.8 mg, 0.10 mmol) and 1a (21.3 mg,
0.1 mmol), sodium-Gly (19.4 mg, 0.20 mmol) and DMAP (9.8 mg, 0.08mmol). After that, the
reaction tube was purged with argon. Then 2 mL of CH3CN was added to the reaction tube via a
syringe. Finally, the Schlenk tube was under irradiation of blue LED and stirred for 15 min. Then
the solid was filtered off and washed with ethyl acetate. After removal of the solvent of the filtrate,
the pure product was obtained by flash column chromatography on silica gel (eluent: petroleum
ether/ethyl acetate= 10:1) to afford a mixture of the products deuterium-2a (2a-D) and 2a in 40%
combined yields. Comparing the *H NMR spectra of 2a-D and 2a (Figure S5), we found the ratio
of 20-D : 20 was 3 : (6.29-4) or 2 : (4.53-3). So the intermolecular KIE value was 1.31 (Figure
S6).
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Figure S5. Comparison of the *H NMR of 2a-D and 2a.
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Figure S6. 'H NMR of a mixture of the products deuterium-2a (2a-D) and 2a.

3.2 Intramolecular KIE Experiment

A mixture of N-phenylbenzothioamide 1g-D (0.2 mmol), sodium glycinate (0.2 mmol),
Ru(bpy)s(PFs)2 (0.006 mmol, 3 mol %), Co"!'(dmgH)2(4-NMezPy)CI (0.016 mmol, 8 mol %) and
DMAP (4-dimethylaminopyridine) (0.08 mmol, 40 mol %) in degased dry CH3CN (2 mL) was
stirred under an argon atmosphere and irradiation of a commercially available blue LEDs for 12 h.
After completion of the reaction, the solid was filtered off and washed with ethyl acetate. After
removal of the solvent of the filtrate, the pure product was obtained by flash column chromatography
on silica gel (eluent: petroleum ether/ethyl acetate= 10:1) to afford a mixture of the products
deuterium-2q (29-D) and 29 in 99% yield. As Shown in the 'H NMR spectra (Figure S7), we found
the ratio of 2q : 29-D was 66 : 34. Because the 70% deuterated substrate 1g-D was used, the real
ratio of 2q : 2g-D (only generate from 1g-D) was 36:34. Therefore, the intramolecular KIE value
was 1.06.

T T T
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Figure S7.'H NMR of a mixture of the products deuterium-2q (29-D) and 2q

S11




4. Emission Quenching Experiments For Ru(bpy)s(PFes)2
Emission intensities were recorded using a HITACHI F-4500 Fluorescence Spectrometer. Al

Ru(bpy)s(PFs)2 solutions were excited at 450 nm and the emission intensity at 615 nm was observed.

CH3CN was degassed with a stream of N for 30 min and then moved to glove box. All the solutions
were prepared in the glove box. In a typical experiment, the emission spectrum of a 5x10° M

solution of Ru(bpy)s(PFs)2 in CH3CN was collected. Then, appropriate amount of quencher was

added to the measured solution and the emission spectrum of the sample was collected.
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Figure S8: Ru(bpy)s(PFs)2 Emission Quenching by Co(dmgH)2(p-NMezPy)CI
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Figure S9: Ru(bpy)s(PFs)2 Emission Quenching by DMAP
5. Monitoring the Reaction Using Condition A
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The reaction was detected during different time to monitor the kinetic profile of 1a under the
condition A. A mixture of 1a (0.20 mmol), Ru(bpy)z(PFs)- (3 mol%), Co(dmgH).(4-NMePy)CI (8
mol%), sodium-Gly (1.0 equiv) and DMAP (0.4 equiv) in CH3CN (2 mL) under an argon
atmosphere was irradiated by 3W blue LEDs, the isolated yield was shown. As shown in Figure 10,
under the irradiation of blue LED, 1a was converted completely only in 1-2 hours. And in the
meantime, corresponding benzothiazole 2a and H., was detected.

100 -
S

< 504
©
o
>

0

0 1 2 3 4
Time (h)

Figure S10. The kinetic profile of the reaction over time; isolated yields were shown.

6. Kinetic order investigation by in-situ IR.

General Procedure for the investigation of kinetics monitored by in-situ IR: A three-neck tube
equipped with a stir-bar, Ru(bpy)s(PFs)2, Co(dmgH)2(4-NMe2Py)Cl and 1a was fixed on the in situ
IR and purged with nitrogen gas. At 30 €, 10 mol% TBAOH (1M solution in MeOH) and 5 mL of
degassed CH3sCN was added to the reaction tube via a syringe, and then the tube was irradiated by
blue LED. 1 h later, the reaction was then cooled to room temperature and the yield was determined
by GC.

Order in Substrate. The order in a substrate 1a was determined by studying the initial rate of
reaction with different concentration of 1a. Using the above mentioned general procedure, 1a (0.3
~ 0.5 mmol), Ru(bpy)s(PFs)2 (10.4 mg, 0.012 mmol), Co(dmgH)2(4-NMezPy)CI (14.4 mg, 0.032
mmol) was added. Product yield from the corresponding reaction was monitored by GC-FID using
an internal standard (diphenyl). Finally, the profiles of relative concentrations vs time for product
2a could be obtained to analyse the initial rate of reaction. As shown in Figure S11, the reaction rate
was unvaried when using different concentrations of the substrate la. Therefore, these result
indicated a zero order reaction dependence on [1a].

Order in Ru(bpy)s(PFe)2. The order in photosensitizer Ru(bpy)s(PFs). was also determined by the
same method. Using the above mentioned general procedure, la (85.2 mg, 0.4 mmol),
Ru(bpy)s(PFs)2 (0.008 ~ 0.02 mmol), Co(dmgH).(4-NMezPy)Cl (14.4 mg, 0.032 mmol) was added.
Product yield from the corresponding reaction was monitored by GC-FID using an internal standard
(diphenyl). From Figure S12, the initial rate of reaction was changeless when using different
concentrations of the photosensitizer. Therefore, these result indicated a zero order reaction
dependence on [Ru(bpy)s(PFe)2].
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Order in Co(dmgH)2(4-NMe2Py)CI. The order in Co(dmgH)2(4-NMezpy)Cl was determined by
studying the initial rate of reaction with different concentration of cobalt catalyst. Using the above
mentioned general procedure, la (0.4 mmol), Ru(bpy)s(PFe)2 (10.4 mg, 0.012 mmol),
Co(dmgH)2(4-NMe,Py)CI (0.008 ~ 0.0032 mmol) was added. Product yield from the corresponding
reaction was monitored by GC-FID using an internal standard (diphenyl). Finally, the profiles of
relative concentrations vs time for product 2a could be obtained to analyse the initial rate of reaction
(Figure S13). A log plot of initial rate (A[2a]/At) versus [Co(dmgH).(4-NMezpy)CI] gave a straight
line (R? = 0.96846), indicative of a 1st order dependence on [Co(dmgH)2(4-NMezpy)CI]. Kobs =
0.29165 min.
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Figure S11, the profiles of relative concentrations of 2a vs time in different [1a].
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Figure S12. The profiles of relative concentrations of 2a vs time in different [Ru(bpy)s(PFe)2].
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Figure S13. The profiles of relative concentrations of 2a vs time in different [Co(dmgH).(4-
NMezpy)CI].
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Figure S15. The limitation of the meta- substitution on the N-aryl ring of substrates.
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Characterization of Products

S
Y,
N
2-phenylbenzothiazole (2a);? condition A: 41.6 mg (yield: 99%, 0.2 mmol scale), condition B: 95%,
white solid. *H NMR (400 MHz, CDCls) 6 = 8.10 — 8.07 (m, 3H), 7.88 (d, J = 8.0 Hz, 1H), 7.50 —

7.47 (m, 4H), 7.37 (t, J = 7.6 Hz, 1H); *C NMR (100 MHz, CDCls) & = 168.09, 154.18, 135.11,
133.67, 130.99, 129.05, 127.60, 126.35, 125.22, 123.28, 121.65.

C-O

6-methyl-2-phenylbenzothiazole (2b);? 43.2 mg (yield: 96%, 0.2 mmol scale), white solid. *H NMR
(400 MHz, CDClz) 6 = 8.07 — 8.05 (m, 2H), 7.94 (d, J = 8.4 Hz, 1H), 7.65 (s, 1H), 7.46 — 7.45 (m,
3H), 7.28 (d, J = 8.4 Hz, 1H), 2.47 (s, 3H); **C NMR (100 MHz, CDCl3) 3 = 167.03, 152.28, 135.38,
135.25, 133.78, 130.78, 129.00, 127.95, 127.46, 122.75, 121.39, 21.57.

6-chloro-2-phenylbenzothiazole (2c);® 49.2 mg (yield: 99%, 0.2 mmol scale), condition B: 99%,
white solid. *H NMR (400 MHz, CDCls) = 8.04 — 8.02 (m, 2H), 7.94 (d, J = 8.8 Hz, 1H), 7.82 (d,
J=2Hz, 1H), 7.48 — 7.47 (m, 3H), 7.42 (dd, J = 8.7, 1.9 Hz, 1H); *3C NMR (100 MHz, CDCls) §
=168.54, 152.69, 136.23, 133.23, 131.26, 131.10, 129.10, 127.56, 127.14, 123.95, 121.23.

6-bromo-2-phenylbenzothiazole (2d);? 57.7 mg (yield: 99%, 0.2 mmol scale), condition B: 99%,
white solid. *H NMR (400 MHz, CDCls) & = 8.06 — 8.04 (m, 2H), 8.01 (d, J = 2.0 Hz, 1H), 7.90 (d,
J=8.4Hz, 1H), 7.57 (dd, J = 8.8, 2.0 Hz, 1H), 7.45 — 7.47 (m, 3H); *3C NMR (100 MHz, CDCls)
8 =168.58, 153.00, 136.68, 133.16, 131.32, 129.85, 129.13, 127.57, 124.31, 124.17, 118.76.
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TH-O

6-iodo-2-phenylbenzothiazole (2e);? 65.9 mg (yield: 98%, 0.2 mmol scale), white solid. *H NMR
(400 MHz, CDCls) 6 = 8.22 (s, 1H), 8.07— 8.05 (m, 2H), 7.77 (q, J = 8.5 Hz, 2H), 7.49 (d, J = 4.9
Hz, 3H); 1*C NMR (100 MHz, CDCl3) 6 = 167.48, 152.45, 136.08, 134.42, 132.06, 130.30, 129.07,
128.07, 126.58, 123.64, 88.43.

O

4-methyl-2-phenylbenzothiazole (2f);? 45.0 mg (yield: 99%, 0.2 mmol scale), white solid. *H NMR
(400 MHz, CDCl3) 8 =8.11 — 8.09 (m, 2H), 7.72 - 7.70 (m, 1H), 7.49 — 7.46 (m, 3H), 7.26 — 7.23
(m, 2H), 2.81 (s, 3H); 3C NMR (100 MHz, CDCls) & = 166.62, 153.55, 135.03, 134.00, 133.40,
130.74, 128.98, 127.57, 126.82, 125.11, 119.00, 18.44.

0

4-bromo-2-phenylbenzothiazole (2g);2 58.0 mg (yield: 99%, 0.2 mmol scale), white solid. *H NMR
(400 MHz, CDCl3) 6 =8.14 -8.12 (m, 2H), 7.83 (d, J = 8.0 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.56
—7.43 (m, 3H), 7.23 (t, J = 8.0 Hz, 1H); *C NMR (100 MHz, CDCls3) & 168.60, 152.33, 135.91,
133.27, 131.36, 129.80, 129.03, 127.80, 125.96, 120.79, 116.94.

2-phenylnaphthothiazole (2h);? 51.8 mg (yield: 99%, 0.2 mmol scale), yellow solid. *H NMR (400
MHz, CDCl3) 6 =8.94 (d, J = 8.4 Hz, 1H), 8.20 (d, J = 7.6 Hz, 2H), 7.94 (d, J = 8.0 Hz, 1H), 7.90
(d, J=8.4Hz, 1H), 7.80 (d, J = 8.8 Hz, 1H), 7.69 (t, J = 7.6 Hz, 1H), 7.59 (t, J = 7.6 Hz, 1H),
7.54 —7.48 (m, 3H); *C NMR (100 MHz, CDCl3) 6 = 167.13, 150.39, 133.97, 132.11, 131.67,
130.65, 129.06, 128.79, 128.09, 127.39, 126.99, 126.18, 125.97, 124.09, 118.97.
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2-phenyl-6-(trifluoromethyl)benzothiazole (2i);* 50.7 mg (yield: 91%, 0.2 mmol scale), condition
B: 91%, white solid. *H NMR (400 MHz, CDCls) § 8.23 — 8.02 (m, 4H), 7.73 (dd, J = 8.6, 1.5 Hz,
1H), 7.58 — 7.47 (m, 3H); *C NMR (100 MHz, CDCl3) § = 171.13, 156.03, 135.08, 132.99, 131.69,
129.17, 127.75, 127.24 (q, J = 201 Hz), 123.48, 123.32 (q, J = 3.4 Hz), 122.82, 119.31 (q, J = 4.2
Hz).

MeO S
T~
N

6-methoxy-2-phenylbenzothiazole (2j);? 21.0 mg (yield: 45%, 0.2 mmol scale), condition B: 76%,
white solid. *H NMR (400 MHz, CDCls) 6 = 8.05 — 8.03 (m, 2H), 7.96 (d, J = 8.8 Hz, 1H), 7.49 —
7.46 (m, 3H), 7.35 (d, J = 2.3 Hz, 1H), 7.09 (dd, J = 8.9, 2.4 Hz, 1H), 3.88 (s, 3H); 1*C NMR (100
MHz, CDCl3) 6 = 165.57, 157.80, 148.69, 136.43, 133.76, 130.56, 128.99, 127.26, 123.73,
115.66, 104.19, 55.81.

L0

2-(p-tolyl)benzothiazole (2k);5 43.3 mg (yield: 96%, 0.2 mmol scale),white solid. 'H NMR (400
MHz, CDCls) 6 = 8.05 (d, J = 8.0 Hz, 1H), 7.97 (d, J = 8.0 Hz, 2H), 7.86 (d, J = 8.0 Hz, 1H), 7.46
(t, J=8.0 Hz, 1H), 7.34 (t, J= 7.6 Hz, 1H), 7.27 (d, J = 8.0 Hz, 2H), 2.40 (s, 3H); *C NMR (100
MHz, CDCl3) 6 = 168.26, 154.19, 141.44, 134.98, 130.99, 129.74, 127.52, 126.26, 125.02,
123.07, 121.58, 21.53.

S
N

2-(4-methoxyphenyl)benzothiazole (2I);2 47.2 mg (yield: 98%, 0.2 mmol scale), white solid. *H
NMR (400 MHz, CDCls3) 6 = 8.03 —8.00 (m, 3H), 7.84 (d, J = 8.0 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H),
7.33 (t, J = 7.6 Hz, 1H), 6.97 (d, J = 8.8 Hz, 2H), 3.84 (s, 3H); 1*C NMR (100 MHz, CDCl3) 6 =
167.88, 161.96, 154.25, 134.89, 129.14, 126.46, 126.22, 124.81, 122.84, 121.53, 114.39, 55.46.

CLrOre
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2-(4-chlorophenyl)benzothiazole (2m);? 49.0 mg (yield: 99%, 0.2 mmol scale), white solid. *H
NMR (400 MHz, CDCl3) 6 =8.06 (d, J = 8.4 Hz, 1H), 8.01 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 8.0 Hz,
1H), 7.51 - 7.44 (m, 3H), 7.38 (t, J = 7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) & = 166.65, 154.05,
137.08, 135.06, 132.12, 129.30, 128.74, 126.51, 125.44, 123.32, 121.67.

O

2-(4-bromophenyl)benzothiazole (2n);? 58.0 mg (yield: 99%, 0.2 mmol scale), condition B: 98%,
white solid. *H NMR (400 MHz, CDCls3) = 8.08 (d, J = 8.0 Hz, 1H), 7.97 (d, J = 8.4 Hz, 2H), 7.91
(d, J=8.0 Hz, 1H), 7.63 (d, J = 8.4 Hz, 2H), 7.51 (t, J = 7.6 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H); 13C
NMR (100 MHz, CDCl3) 6 = 166.78, 153.94, 134.98, 132.47, 132.28, 128.96, 126.57, 125.52,
123.31, 121.69.

CL—~Or

2-(4-iodophenyl)benzothiazole (20);? 53.8 mg (yield: 80%, 0.2 mmol scale), white solid. *H NMR
(400 MHz, CDCls) 6 =8.05 (d, J = 8.2 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.82 — 7.76 (m, 4H),
7.48 (t, J = 7.6 Hz, 1H), 7.38 (t, J = 7.6 Hz, 1H); 13C NMR (100 MHz, CDCls) § = 166.84, 154.05,
138.18, 135.00, 133.08, 128.93, 126.51, 125.48, 123.35, 121.68, 97.53.

-0

2-(o-tolyl)benzothiazole (2p);® 45.2 mg (yield: 99%, 0.2 mmol scale), white solid. *H NMR (400
MHz, CDCl3) 6 =8.10 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.49
(t, J = 7.6 Hz, 1H), 7.40 — 7.27 (m, 4H), 2.65 (s, 3H); 3C NMR (100 MHz, CDCl3) 6 = 168.02,
153.85, 137.30, 135.64, 133.14, 131.58, 130.58, 130.03, 126.16, 126.14, 125.12, 123.42, 121.39,
21.39.

Cr-

2-(3,5-dimethylphenyl)benzothiazole (2q);” 47.7 mg (yield: 99%, 0.2 mmol scale), white solid. *H
NMR (400 MHz, CDCl3) 6 = 8.06 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.70 (s, 2H), 7.48
—7.41 (m, 1H), 7.34 (t, J = 7.3 Hz, 1H), 7.10 (s, 1H), 2.38 (s, 6H); *C NMR (100 MHz, CDCls) &
168.59, 154.14, 138.74, 135.03, 133.47, 132.79, 126.27, 125.38, 125.07, 123.14, 121.60, 21.26.
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2-(4-(tert-butyl)phenyl)benzothiazole (2r);® 53.4 mg (yield: 99%, 0.2 mmol scale), condition B:
96%, white solid. *H NMR (400 MHz, CDCls3) & = 7.99 (d, J = 8.0 Hz, 1H), 7.94 (d, J = 8.4 Hz,
2H), 7.80 (d, J = 7.6 Hz, 1H), 7.43 (d, J = 8.8 Hz, 2H), 7.39 (d, J = 8.0 Hz, 1H), 7.28 (t, ) = 7.6 Hz,
1H), 1.28 (s, 9H); *3C NMR (100 MHz, CDCls) 5 168.17, 154.58, 154.20, 134.99, 130.91, 127.39,
126.25, 126.01, 125.02, 123.10, 121.59, 35.01, 31.21.

s
)—@—coonﬂe
N

methyl 4-(benzothiazol-2-yl)benzoate (2t);? 45.2 mg (yield: 84%, 0.2 mmol scale), white solid.*H
NMR (400 MHz, CDCl3) 6 = 8.16 (s, 4H), 8.10 (d, J = 8.0 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.57
—7.48 (m, 1H), 7.42 (t, J = 7.6 Hz, 1H), 3.96 (s, 3H); *C NMR (100 MHz, CDCl3) & = 166.01,
165.83, 153.64, 136.98, 134.80, 131.59, 129.70, 126.91, 126.03, 125.14, 123.10, 121.15, 51.72.

[es5s

2-(tert-butyl)benzothiazole (2u);? 37.5 mg (yield: 99%, 0.2 mmol scale), colorless oil; *H NMR (400
MHz, CDCls) § = 8.00 (d, J = 8.4 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.46 — 7.42 (m, 1H), 7.33 (t, J
= 7.6 Hz, 1H), 1.52 (s, 9H); 3C NMR (100 MHz, CDCl3) & = 181.91, 153.23, 134.96, 125.76,
124.53, 122.66, 121.47, 38.33, 30.77.

O

2-cyclohexylbenzothiazole (2v);? 28.0 mg (yield: 65%, 0.2 mmol scale), colorless oil; *H NMR (400
MHz, CDCl3) 6 =7.97 (d, J=8.4 Hz, 1H), 7.85 (dd, J = 8.0, 0.4 Hz, 1H), 7.49 — 7.40 (m, 1H), 7.38
—7.30 (m, 1H), 3.14 - 3.07 (m, 1H), 2.23 - 2.19 (m, 2H), 1.93 - 1.85 (m, 2H), 1.79 — 1.75 (m, 1H),
1.66 —1.59 (m, 2H), 1.51 — 1.31 (m, 3H); *3C NMR (100 MHz, CDCls) 6 = 177.69, 153.08, 134.53,
125.82, 124.52, 122.55, 121.58, 43.46, 33.46, 26.09, 25.80.

2-(tert-butyl)-6-methylbenzothiazole (2ua);?> 28.5 mg (yield: 70%, 0.2 mmol scale), colorless oil;
'H NMR (400 MHz, CDCl3) 6 =7.86 (d, J = 8.4 Hz, 1H), 7.63 (s, 1H), 7.28 — 7.22 (m, 1H), 2.47 (s,
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3H), 1.51 (s, 9H); 3C NMR (101 MHz, CDCls) 6 180.81, 151.28, 135.09, 134.52, 127.29, 122.12,
121.23, 38.23, 30.77, 21.49.

MeO S
N

2-(tert-butyl)-6-methoxybenzothiazole (2ub);? 26.0 mg (yield: 59%, 0.2 mmol scale), colorless
oil; 'H NMR (400 MHz, CDCls) & = 7.86 (d, J = 8.8 Hz, 1H), 7.31 (d, J = 2.4 Hz, 1H), 7.04 (dd, J
=8.8, 2.8 Hz, 1H), 3.86 (s, 3H), 1.50 (s, 9H); 3C NMR (100 MHz, CDCl3) & = 179.34, 157.19,
147.66, 136.19, 123.09, 114.85, 104.16, 55.80, 38.18, 30.76.

2-(tert-butyl)-6-chlorobenzothiazole (2uc);'° 42.3 mg (yield: 94%, 0.2 mmol scale), colorless oil;
1H NMR (400 MHz, CDCl3) 8 =7.88 (dd, J = 8.8, 0.8 Hz, 1H), 7.84 — 7.79 (m, 1H), 7.41 — 7.38 (m,
J=8.7, 1H), 1.51 (s, 9H); 3C NMR (100 MHz, CDCl3) § = 182.46, 151.79, 136.20, 130.36, 126.52,
123.42,121.07, 38.43, 30.68.

6-bromo-2-(tert-butyl)benzothiazole (2ud);!° 44.6 mg (yield: 83%, 0.2 mmol scale), white solid; 'H
NMR (400 MHz, CDCl3) 8=28.00 (d, J=1.6 Hz, 1H), 7.86 (d, J = 8.8 Hz, 1H), 7.58 — 7.55 (m, 1H),
1.54 (s, 9H); *C NMR (100 MHz, CDCl3) & = 182.51, 152.13, 136.70, 129.22, 124.00, 123.81,
118.01, 38.43, 30.68.

2-(tert-butyl)benzothiazole-6-carbonitrile (2ue), 38.9 mg (yield: 90%, 0.2 mmol scale), white solid;
'H NMR (400 MHz, CDCls) 6 8.20 (d, J = 1.6 Hz, 1H), 8.05 (d, J = 8.6 Hz, 1H), 7.70 (dd, J = 8.4,
1.6 Hz, 1H), 1.54 (s, 9H); *C NMR (100 MHz, CDCls) 8 = 186.66, 155.72, 135.55, 129.05, 126.34,
123.45,118.92, 107.97, 38.84, 30.62; HRMS: (ESI+) m/z calcd. for C12H13N2S* [M+H]*: 217.0794,
found: 217.0791.

FsC S
¢
N

2-(tert-butyl)-6-(trifluoromethyl)benzothiazole (2uf), 44.5 mg (yield: 86%, 0.2 mmol scale),
colorless oil; *H NMR (400 MHz, CDCls) § = 8.15 (s, 1H), 8.07 (d, J = 8.6 Hz, 1H), 7.69 (dd, J =
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8.6, 1.5 Hz, 1H), 1.54 (s, 9H); 3C NMR (100 MHz, CDCls) § = 185.29, 155.27, 135.10, 126.74 (q,
J=32.0Hz), 125.64, 122.99, 122.78 (q, J = 3.5 Hz), 119.17 (q, J = 4.3 Hz), 38.68, 30.66; 1°F NMR
(377 MHz, CDCls) § -61.28; HRMS: (ESI+) m/z calcd. for C1oHisFsNS* [M+H]*: 260.0715, found:
260.0711.

OMe
S
/ OMe
N
F

2-(3,4-dimethoxyphenyl)-4-fluorobenzothiazole (2w),!* white solid; *H NMR (400 MHz, DMSO-
de) 5=8.11-7.91 (m, 1H), 7,65 - 7,59 (m, 2H), 7.55 - 7.35 (m, 2H), 7.12 (dd, J = 8.7, 2.0 Hz, 1H),
3.91 (s, 3H), 3.86 (s, 3H), 1°F NMR (377 MHz, DMSO-ds) & -122.70.
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NMR Spectra of Products

S

N

2a

|||||l”umr_..._n_._.

3
Loy
— o0’k

Tooe

1.0 0.5 0.0 05 -0

15

70 B5 BOD 55 50 45 40 35 30 25 20
f (ppm)

7.5

8.0

S9'lChy

82EChy
€Sl
sg'ggif
09'C)
sOeehf
o608
2988 H

LSEL

BLFSlL—

60891 —

T
-10

10

20

50

T T
M0 100 90 80 70
1 {ppm)

T
120

T
200

T
210

S24




LY T—

2b

L

180°1
Wo'e
00’1
86°0
5661

4.0

4.5

5.0

£1 (ppm)

LSTCT—

6¢°1C1
sL'eel
ov'LTI
S6°LTT /
00°6CI W
8L0CT
8Leel f
STSEl
8¢'¢el
8T TSI —

£€0°L9T —

32-2

S
4

N
2b

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
£1 (ppm)

210

S25




Cl

6071
m.mn_.m
g
‘€L

1.0 s 0.0 0.5 A0

1.5

0 65 60 55 50 45 40 35 30 25 20
1 (ppm)

V.5

9.0 8.5 80

ps

PS'891 —

32-3

Cl

N

2c

200 190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

210

S26




69F°L1
ELF 11
61k 11
PaF L
Z6b L
16741
0954+
#9521
L85 .@
985,
068°.
:mi
¥00'8-
60081
8508
9k0 '8
6108
08
0°g

S

Br

N

2d

7.0 B.S B.0 55 50 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 4.5 -1.0
1 (ppm)

7.5

ow.w:
E.wﬁ /
1evel
LS'LTI
e€recl V
S8'6Cl

I
Nm.ﬁmﬁ\
f.mmﬁ\
89°9¢1
00°€ST —

86891 —

ling-4-2

S

Br

2d

50 40 30 20

60

200 190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

210

S27




MMR

:10g
6L
¥00Z
T260

1.0 05 0o 05 -0

15

4.0 35 30 25 20

4.5
1 ([ppm)

50

5.5

9.5 9.0

froo

7’88 —

v9°€Cl
85°9T1 /
L0'8TI /
LO'6T1 V
0€°0€T
90°CEl )
el
80°9¢1

Sy TSl —

8V°LIT —

32-4

S

2e

10

60 50 40 30

70

90

T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

£1 (ppm)

S28




a8~

S

—reze]

Ya6°1
‘90°g
00}
4y

.0

0.5

0.0

4.0
il {ppm)

9.0 85 80 7.5 7.0 B.5 B0 5.5 5.0 4.5

9.5

P81 —

00611
11621
891
LSLT]
86'8CI ~t
YLOET
0y el
00¥€l
€0°S¢El

SSEST —

79991 —

33-7

S

e

2f

200 190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

210

S29




A A7A
Lgg L
a5z "/
el ¥R
5052
015
9192
S69°2
Ml
Sha s
5L g
6218
8218
Zbl 6

33-8

S

Br

10}
-
001
2001
10072

1.0 0.5 0o 05 <o s

15

90 85 80 75 70 &5 60 55 50 45 40 35 30 25 20
l (ppm)

p.s

6911
6L°0C1 /
96'sT1 /
08°LTI /
£0'671 V
08'6T1 7

0m.~m_\
hm.mm_\
l6'sel

€CCsl —

09891 —

33-8

29
‘1

Br
|

50 40 30 20

60

200 190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

210

S30




¥: (1
v
5157
0ES™L1
L1E5°11
295771
585/ 1
G032
24971
L69Z1
QLL 2
28072
608°L1
168 L1
AL A
5E672
le
8818
20T8’
9268
s’

24-3

2h

-1.5

10 05 00 05 -0

1.5

7.0 6.5 &0 5.5 50 4.5 4.0 3.5 30 25 20
1 (ppm)

V.5

100 95 90 85 30

10.5

L6811
60'vCl1
L6'STI
81°9C1
66'9C1
6€°LT1
60°8C1
6L8C1
90°6C1
S9°0€l ¢
L9TET
11°eel
L6'EE]
6€°0ST —

€IL9T —

34-3

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
£1 (ppm)

210

S31




!

FaC

1.0 0.5 0.0 -0.5

15

4.5 4.0 35 30 25 20
#l [ppm)

B.0 5.5 5.0

B.5

85 3.0 7.5 7.0

4.0

S

FiC

=z

2i

OT'ILT —

2GT-CH-4-3

50 40 30 20

60

200 190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

210

S32




20

30

40

50

60

7

90 80

100
£1 (ppm)

S33

110

120

L5
= 18°§S —
[0
a
] o
8B E— —Toze| o
L 28
2
Lws 61701 —
) 99'S11 2
e Q.mﬁz =
9T'LTI
A o g.wm_V -
9/0°27 X2 g _osoel—
€80°Z re oLty
8607 €vocl
POl 24 Lo
S¥e 4 9 _ eosn/
058 'L 2 YZOL TR O8'LSI~
vmw; : A
A - 00’ LSSO1 /
mhvh.v _ el n
68F2- Tpogr
LR - k| o
9%5°L T == pe[®
Nmoi .
5108 3
508"
LS
e
3

34-1

200 190 180 170 160 150 140 130

210




86E¢—

0.0 0.5 =10

0.5

10

1.5

20

30 25

3.5

| (pm)

2k
5.0 4.5

S
N

6.0 5.5

B.5

7.0

85 8.0 7.5

ba

€S 10—

97891 —

35-1

50

60

70

2k
80

N

90

100
£1 (ppm)

S34

110

120

130

200 190 180 170 160 150 140

210




orBE—

85601
08694
80E"41
9zE /1
GhE"L T
VeV Lo
0Sk'Z
posledy
Zeg s+
zse
1008
£108
£20'8
£e0°g!

)
=
o

Isie

poz
LS00}
Tz

00k
867

n
<

35 30 25 20 15 1.0 0.5 0.0

4.0

90 85 80 75 70 B5 60 55 50
1 (ppm)

4.5

9Y'SS —

6511
€517
¥8°TTl /
184T1
[az4!

97971 \
Y1621

68°F€1 \
STYSI

96 191 ~
88°L9T ~

35-2

OMe

21

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
£1 (ppm)

210

S35




A
1682

DLFZ

b i
B9F 2+
Gip i
I¥A o hy
96k'24
als°74
£98°24
£08°24
600°8
0g0'g

pS0'8

806

Cl

S
£
N

2m

0o 0.5 =10

0.5

1.0

1.5

5 60 55 50 45 40 35 30 25 20
1 (pom)

7.0

L9°1T1
ceetl
12471
16921 V
YL8CL 7
0€6CI *
creel
90°s€l
80°LET
SOPST —

§9°991 —

Cl

S
/.
N
2m

200 190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

210

S36




Br

Y’
N
2n

3.0 25 2.0 1.5 10 0.5 0.0 05 -0

35

4.5

9.0 8.5 8.0 75 70 6.5 50 5.5 50

9.5

35-4

Br

S
Y
N

2n

200 190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

210

S37




60 50 40 30 20

7

20

S
N
80

90

100
£1 (ppm)

S38

110

120

5
=
L
i
L5
oF .
3 g esLe-
o Y= =
=
89'121
| = mmmm_/
“ xw.mﬁy
| o 1s9TLZ
S 68Tl
. wo.mm@
rE  00°SEl
81°8€1
(= cops1—
. 8991 —
W 7O
5 TR
' 00F
E kS
i 20k | =
[ RG] ”
L
a
-3

130

200 190 180 170 160 150 140

210




PS8e—

82241
GIT i
£6¢ 41
E1EL
LEE"LT
EPEL 7
L9E"
%E.W
90b'i%
Pl i
6k L
2182
BEL L
8GL4
968'4 1
9162
§80°81
6018

N

2p

1.0 0.5 0.0 05 -0

1.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 {ppm)

9.0

68 1C—

66121
et
zrszl
p1'9z1
91°9Z1
£0°0€T
85051
8SIE1 x
pIieet
po'sel
0€'LET
$8'€ST —

20'891 —

2p

200 190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

210

S39




FeET—

=009

860
00k
0’
6k
200}
ooy

4.0 8.5 3.0 7.5 70 5.5 B0 5.5 5.0 4.5 4.0 35 3.0 25 20 1.5 1.0 0.5 0.0 0.5

9.5

H {ppm)

9T Ic—

09121
vIetl
LO°STI
xm.mﬁw
LT9T1
6LTEL
tu.mm_\
€0°S€1
YL €1
PIpST—

65891 —

38-2

2q

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
£1 (ppm)

210

S40




S8¢°L—

29 I
L8e 2
00821
82E "2
968 "L
aipF
seb 2
V622
018°2
£E6 2
156°2
LI62
£66°L°

S,

tBu

N

F0Z6

2r

s 1T1€~
1056 —

80 75 b 85 B0 55 50 45 40 35 30 25 20 15
1 {ppm)
~ — =
- o > =
o0 S~ o
2 oo a
I B

85

.|

tBu

S
V
N

2r

50

70

80

110

130

T
140

150

T
160

210

£1 (ppm)

S41




LG6E—

COOMe

N
2t

FioE

Wmm.c
001
960
£0°1
6€

| 35 3.0 2.5 2.0 1.5 1.0 ns 0.0 0.5
1 (ppm)

4.5

5.5 5.0

5.0

8.5 80 7.5 70 6.5

9.0

B}

LLLLS—

-10

&0 50 40 30 20 10

70

gsklel
SOLECLY
A RTARN
0EDGZL~E
805'92L 7

664 PEL
088'9gL-
CFIEGL—

9¢8'99L
_‘B.mm_‘v,

2g-54-1

a0 a0

100
1 (ppm)
S42

COOMe
120 110

140 130

2t
150

N
190 180 170 160

200

g0




(450

1eL
€EL
€e’L
SEL
WL
YL
YL
'L
'L
8L
98°'L
66'L
10°8

L

zgt-3-171-1

17!

S

N
2u

=06

160
fo1
#86°0
}00'T

-1.0

35 30 25 20 15 10 05 00

4.0

55 5.0

6.0

90 85 80 75 70

9.5

LL0OE
€8¢ —

£TEST —

16'181 —

2gt=3-171-1

2u

-10

190 180 170 160 150 140 130 120 110“1(00 )90 80 70 60 50 40 30 20 10
ppm

210 200

S43




———

N

2v

10°1

01
#8670
5001

-1.0

-0.5

0.0

5.5

6.0

f1 (ppm)

sr1——

LY'T—

v
YT'L _
orL/
€9'L—

] -

J

=~ v
xR x
~ o~

7GT-3-205-1

S

N
2ua

=0l'6

Hre

8T'1
/660
00T

15 10 05 00 -05 -1.0

2.0

75 70 65 60 55 50 45 40 35 30
f1 (ppm)

8.0

8.5

s44




6v'1g/
LLOE~
€T'8€

€TIel
rTen
6TLT1—
TSHEl ~
60'ss1/

8CTIST—

18081 —

7GT-3-205-1

S
/4

N
2ua

-10

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

190

210 200

08’1 —

98¢ —

2gt-3-171-X

S

MeO

N
2ub

Foo's

Feo1

=760

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

8.5

S45




9L°0€ —
81'8¢€—

08'SS —

o1v01
SSVIT ~
60°€TL
61°9€T —

99°Ly1 —

61°LST —

yeoLl —

2gt-3-171-3

MeO

2ub

-10

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

190

210 200

sr-—

8¢€'L
6€°L
6€°L
6€°L
ov'L
'L
V'L
IvL
18°L
18°L
L8L
L8'L

66'L

2gt-3-1

/f

S

Cl

N
2uc

=90'6

HO'I

Jrel

H0'1

30 25 20 15 10 05 00 -05

3.5

90 85 80 75 70 65 60 55 50

9.5

S46




89°0¢€ —
V'8¢ —

L01TT
Tt —
s9T1
9g0er /.
0z 9etr/

6L 16T —

981 —

2gt-3-171-4

S

Cl

N
2uc

-10

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

190

210 200

IS 1T—

2gt-mb—1-28;

A

S

Br

N
2ud

=T6

HO'T
4101
20'1

90 85 80 75 70 65 60 55 50 4.5f1(4.0)3.5 30 25 20 15 10 05 00 -05 -10 -15
ppm

9.5

S47




89°0€ —
€V'8¢ —

10811~
18°€71

00217
et/
0L9€1 -

eresl —

[67C81 —

zgt-mb-1-28-2

S

Br

N
2ud

-10

190 180 170 160 150 140 130 120 110“1(00 )90 80 70 60 50 40 30 20 10
ppm

210 200

120

69°L

A

S

NC

N
2ue

=16

F50'1
0T
H00'

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

9.5

S48




Lo
L o
| o |
. LR
79°0€ — -3 %
be'9E — ) o pST — =1°6
L3
L3
FR
L2
L&
g
L6'LOT — — I mm WSz s
T6'811~ ] 3
SPETT~ ) re
y€971 - - = o
so'6c1/ ] P <
ssser/ g
w vz 2 s
o~
L B
TLSST— — g
o - LYL i
= S 89°L
- 0L'L - i
18 oL'L _ oot
99981 — . o 90'8 = =01
Lo 80'8
o ST'8
FQ -
= ) g

30 25 20 15 10 05 00 -05

3.5

90 85 80 75 70 65 60 55 50
S49

9.5




99°0¢€ —
89°8¢ —

0r611
PI611
61°611 1
€T611
€£L°TT ]
9L°TTl
08°TC1 |
€8°7C11
£6'7T1 1
66'TT1
po'sTI
STITI
85971

0691

NSS\
01'SEl

26'TST~
LTSS

6T 81 —

2gt-3-204-7

S

F5C

N
2uf

-10

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

190

210 200

8C19-—

2gt-3-204-7

S

Fs;C

N
2uf

-30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
f1 (ppm)

-20

-10

10

S50




8L
0t'LA
0t'L 1
WL |
V'L A
€L
StLA
StL-
09°Lf
19°L
19'L 4
L]
€9
$9°L ]
S9°LA
16'L
16'L
€6'L
€6°L
'8
a's’

zgt—

OMe
OMe

0°¢
0°¢

501
80T

Tﬁﬂ

0.0

0.5

)

2.0

5.5

6.0

10.0 9.5 9.0 8.5

10.5

f1 (ppm)

oL'cel-—

2gt-4-18-1

w Nz

2w

60 0 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

-50

-30

-20

10

S51




99" 2
994
E2r L
8L
£40'8
608
880’8
260°8

2a-D

=

Foote

Fsoz

90 8.5 8.0 7.5 70 65 6.0 55 5.0 4.5 4.0 3.5 30 25 2.0 15 1.0 0.5 00 05 A0

9.5

# (ppm)

2g-10-07-1

1a-D

00%
ch_._.

Tooz

1.0 0.5 oo 05 -0

1.5

30 25 20

35

a5 4.0 8.5 8.0 7.5 70 5.5 5.0 5.5

10.0

S52




