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1. GENERAL INFORMATION

Reagents were obtained from commercial sources and were used as received. 'H-NMR, 3C-NMR spectra
of isolated products were recorded on a Bruker AV 300 spectrometer. All chemical shifts (8) are reported
in parts per million (ppm) and coupling constants (J) in Hz. For 'H-NMR all chemical shifts are reported
relative to tetramethylsilane (8 0.0 ppm in CDCl;3) or d-solvent peaks (8 77.16 ppm CDCl3) for 3C-NMR.

The GC yields were determined by GC-FID using n-hexadecane as an internal standard. GC-FID
analyses were performed on a Bruker 430-GC System equipped with a 25 m capillary column of 5%
phenylmethylsilicone. Mass determination was carried out on a GC-Mass Agilent 6890 Network
equipped with the same column as the GC and a mass selective detector. The H, formation was analyzed
using an Agilent 490 MicroGC equipped with two columns (Pore Plot Q and MolSieve 5A) and one
thermal conductivity detector (TCD).

Powder X-ray diffraction (XRD) measurements were performed in a HTPhilips X Pert MPD
diffractometer equipped with a PW3050 goniometer using CuKa radiation and a multisampling handler.
Samples for electron microscopy studies were prepared by dropping a suspension of the nanolayered Co-
Mo-S-based catalysts in CH,Cl, directly onto the holey-carbon-coated nickel grids. All measurements
were performed in a JEOL 2100F microscope operating at 200 kV both in transmission (TEM) and
scanning-transmission modes (STEM). STEM images were obtained using a high-angle annular dark-

field detector (HAADF), which allows Z-contrast imaging.

2. PREPARATION OF UNSUPPORTED CATALYSTS

All unsupported catalysts were prepared by a one-pot hydrothermal synthesis in a 130 mL Parr stirred
reactor accordingly to literature methods.! Briefly, ammonium molybdate [(NH,)sMo070,4-4H,0] (750
mg), elemental sulphur (283.4 mg), and variable amounts of cobalt acetate [Co(OAc), 4H,0O] (see Table
S1) were placed in a stainless steel autoclave vessel. Then, distilled water (57 mL) and hydrazine
monohydrate (64-65%, 5.5 mL) were added, and the autoclave was closed tightly and purged twice with

nitrogen for leak testing. The mixture was heated and stirred until the internal temperature (180 °C) was
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reached (approximately 60-90 min) and then maintained under static conditions at this temperature. After
22 h, the autoclave was naturally cooled down to room temperature, and the generated gas was carefully
released. The resulting nanolayered catalyst was recovered by filtration and washed with distilled water,
ethanol, and diethyl ether. Finally, the black solid catalyst was dried under vacuum for 1 h and stored
under a nitrogen atmosphere.

Catalyst Mo-free Co,S, was synthesized by the above described preparation methodology but

without adding the molybdenum salt precursor.'®

Table S1. Preparation details, phase composition (PC) and hydrogenation activity (HA) of unsupported

catalysts (data reported in ref. 1).

Catalyst (NH4)¢Mo07,024-4H,0 (mg)  Co(OAc),'4H,0 m(g) PC Order of HA®
Co-Mo-S-0.393> 780 295.6 MoS,;; CoS, 3
Co-Mo-S-0.58*> 780 471.6 MoS,; CoS, 4
Co-Mo-S-0.832 780 1100.4 MoS,; CozS4; CoS, 1
Co-Mo-S-0.912 780 1650.7 MoS;; CoySg 2
Mo-free Co,S, - 1100.4 CoS,; Co3Sy; CogSg 5
MoS, 780 - MoS, 6

2 All of them display Co-Mo-S-like structures which are highly active but poorly stable. ® Apart from their Co/(Mo + Co) mole
ratio, differences between both catalysts rely on the distribution/interaction of MoS, and CoS, phases: catalyst Co-Mo-S-0.39
displays more interlaced phases than catalyst Co-Mo-S-0.58, thus promoting a presumably higher formation of active Co-Mo-

S-like structures. ¢ Hydrogenation activity (HA) for the regioselective hydrogenation of quinoline.

3. EXTENSION DATA FOR REACTION PROFILES INVESTIGATION
General procedure for the reaction profile determination

Reaction profiles for the alkylation of thiols with alcohols and for the thioetherification with H,S were
performed following the general procedure described in the manuscript. Before taking each aliquot at
different reaction times, the magnetic stirring was switched off for 1 min to collect the catalyst on the

bottom, and then 50 pL of the reaction mixture was taken out for GC analysis.

S3



N

Catalyst

_ +
Ph—SH © Ph OH Toluene, 180 °C
1a 2a N, atmosphere
a) MoS b)
100 4
80 | —=—1a
. —e— 3aa
B N A 4a
m.
.
40 4 o
Tl
%@ . I
W A4 & g 4 A A 4 A
.
-
L
0= T T T T
0 2 4 6 8
Time (h)

S Ph
*pPhT s

4a

Mo-free CoS,
100 4
= 1a
—e— 3aa
80 —A—4a |
[ .
."'I.,_ .
e, B ‘-
60 i
) |
40 4
_A
20 4 ke A A — A& A
& B ]
e
'Y ol
o &
= .7-.7
0 x T T T T
0 2 4 6 8
Time (h)

Figure S1. Yield-time diagram of benzyl phenyl sulphide (3aa) and diphenyl disulphide (4a) produced

during alkylation of benzenethiol (1a) with benzyl alcohol (2a) in the presence of catalyst a) MoS, and b)

Mo-free Co,S,. Reaction conditions: 1a (0.25 mmol), 2a (0.5 mmol), catalyst (13.1 mg), toluene (1.6

mL), 3.5 bar N,, 180 °C.
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Figure S2. Yield-time diagram of benzyl phenyl sulphide (3aa) and diphenyl disulphide (4a) produced

during alkylation of benzenethiol (1a) with benzyl alcohol (2a) in the presence of catalyst Co-Mo-S-0.83

with an extra supply of hydrogen gas pressure. Reaction conditions: 1a (0.25 mmol), 2a (0.5 mmol),

catalyst (13.1 mg), toluene (1.6 mL), 2 bar N, and 1.5 bar H,, 180 °C.
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As shown in Figure S2, during the alkylation reaction of benzenethiol (1a) with benzyl alcohol (2a) in the
presence of catalyst Co-Mo-S-0.83 with an extra supply of hydrogen gas pressure, the concentration of
benzyl phenyl sulphide (3aa) increased parallel to benzenethiol (1a) conversion. Traces (5%) of diphenyl
disulphide (4a) are also formed, but it is rapidly consumed in 2 h. After reaching a maximum, the
concentration of 3aa starts to decrease with the concomitant formation of 1a as result of the C-S bond
cleavage, which is not surprising considering the extended used of MoS,-based catalysts in HDS

processes.
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Figure S3. Yield-time diagram of benzyl phenyl sulphide (3aa) and diphenyl disulphide (4a) produced
during alkylation of benzenethiol (1a) with benzyl alcohol (2a) in the presence of catalyst Co-Mo-S-0.83
when the catalyst is removed by hot filtration. Reaction conditions: 1a (0.25 mmol), 2a (0.5 mmol),

catalyst (13.1 mg), toluene (1.6 mL), 3.5 bar N,, 180 °C.

4. GENERAL PROCEDURES FOR THE CATALYST RECYCLING EXPERIMENTS

For the recycling experiments, the general procedures for the alkylation of thiols with alcohols and
thioetherification with H,S were followed as described in the manuscript. After reaction time (10 or 18 h),
the reactor was naturally cooled down to room temperature and the pressure was carefully release. The

reaction mixture was diluted with ethyl acetate and an aliquot was taken to be analysed by gas
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chromatography. Then, the catalyst was separated by centrifugation, washed with n-Et,O and dry under
vacuum before using for the next run. The combined solutions were taken to dryness and analysed by
ICP-MS after each catalytic run. Table S2 summarized the ICP-MS results normalized to the initial

volume used in the reaction (1.6 mL).

Table S2. Leaching experiments: ICP-MS analysis after each catalytic run.

Catalytic Run Co content (ppm) Mo content (ppm)
1 12.4 0.3

2 0.4 <0.1

3 <0.1 <0.1

4 <0.1 <0.1

5 <0.1 <0.1

6 <0.1 <0.1

5. MORPHOLOGICAL CHARACTERIZATION OF REUSED Co-Mo-S CATALYSTS

Cdas:a €oS;
d5,5=0:28 nm’~ dy0e=0-27-nM 7%

i

Figure S4. High-resolution transmission electron microscopy micrographs of catalyst Co-Mo-S-0.83.
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Figure S5. High-resolution transmission electron microscopy micrographs of recycled catalyst Co-Mo-S-

0.83 after six runs (Co-Mo-S-0.83-R6) for the alkylation of benzenethiol (1a) with benzyl alcohol (2a).

Figure S6. (a-b) STEM-HADDF images of recycled catalyst Co-Mo-S-0.83 after six runs (Co-Mo-S-
0.83-R6) for the alkylation of benzenethiol (1a) with benzyl alcohol (2a). (c-h) Elemental mapping of

cobalt, molybdenum and sulphur.
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Figure S7. High-resolution transmission electron microscopy micrographs of recycled catalyst Co-Mo-S-

0.83 after six runs (Co-Mo-S-0.83-R6-S) for the thioetherification of benzyl alcohol (2a) with H,S.

STEM 250 nm .. 5

Figure S8. (a-b) STEM-HADDF images of recycled catalyst Co-Mo-S-0.83 after six runs (Co-Mo-S-

0.83-R6-S) for the thioetherification of benzyl alcohol (2a) with H,S. (c-h) Elemental mapping of cobalt,

molybdenum and sulphur.
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6. REACTION PAHTWAY DETERMINATION

SH Co-Mo-S-0.83 (13.1 mg) S S /©
+ OH + S
1.6 mL Toluene, 180 °C
3.5bar Ny, 18 h 3ab 4a

eqn. (S1)
1a 2b
0.25 mmol 2 equiv. 79 % Conv. 8 % yield 70 % yield
(0}
S
eqn. (S2a)*

SH H Co-Mo-S-0.83 (55 mg)
+
©/ 1.6 mL Toluene, 180 °C ©/
1a 2" 3.5barN,, 10 h 3aa 4a

0.25 mmol 2 equiv. >99 % Conv. 1 % yield 95 % yield

i o !
3 Catalyst (55 m SV@ s /© :
: H yst (55 mg) . ~s eqn. (S2b)*t ;

SH
+
©/ 1.6 mL Toluene, 180 °C ©/ ©/
3.5barNy, 10 h

1a 2a' 3aa 4a
0.25 mmol 2 equiv. >99 % Conv. 17 % yield 65 % yield
*In both reactions (ean. S2a and S2b) a,a-bis(phenylthio)toluene (5a) was detected as by-product.

TCatalyst used for this reaction (eqn. S2b) was pre-treated as follows: Catalyst Co-Mo-S-0.83 (55 mg) was reacted with benzylalcohol (2a; 218 L) under
N, atmosphere (3.5 bar) at 180 °C and in the absence of any solvent. After 8 h, catalyst was washed with ethyl acetate, diethyl ether and dry under

Co-Mo-S-0.83 (13.1 mg) SH S\/©
+ OH +
1.6 mL Toluene, 180 °C

4a 2a 3.5bar Ny, 18 h 1a 3a2a

eqn. (S3)

0.125 mmol 4 equiv. 89 % Conv. 4 % yield 83 % yield

L

aa

L

Co-Mo-S-0.83 (13.1 mg) SH S
+ OH + eqn. (S4)
1.6 mL Toluene, 180 °C
1a 3

5a 2a 3.5barN,, 10 h

S\
' ©/ S
4a

Scheme S1. Control experiments for the reaction pathway determination.
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7. EXTENSION OF TABLE 3

F
F
SH Co-Mo-S-0.83 (13.1 mg) S S
+ OH + S eqn. (S5)
1.6 mL Toluene, 180 °C E
F

3.5barNy, 18 h
1a 2w 3aw 4a

0.25 mmol 2 equiv. >99 % Conv. 38 % yield 57 % yield

Scheme S2. Co-Mo-S catalysed alkylation of benzenethiol (1a) with (2,6-difluorophenyl)methanol (2w).

SH OH  Co0-Mo-5-0.83 (13.1 mg) NPZ S /©
+ + S eqn. (S6)
1.6 mL Toluene, 180 °C
1a x 3.5bar Ny, 18 h 4a

0.25 mmol 2 equiv. 20 % Conv. <2 % yield 18 % yield

SH \/\/\/OH Co-Mo-S-0.83 (13.1 mg) S
+ S eqn. (S7)
1.6 mL Toluene, 180 °C
1a 2y 3.5barN,, 18 h 4a
0.25 mmol 2 equiv. 11 % Conv. 10 % yield

Scheme S3. Co-Mo-S catalysed alkylation of benzenethiol (1a) with 2-phenylethanol (2x) and 1-hexanol

@2y).

8. CHARACTERIZATION DATA AND EXPERIMENTAL DETAILS OF THE ISOLATED

PRODUCTS

S\/ Ph
3aa

Benzyl(phenyl)sulphane (3aa): Product purified by silica gel column chromatography (n-hexane/ethyl
acetate mixture = 99.5:0.5 — 99:1 — 98:2). Yield: 91 % (The NMR spectrum is consistent with the
reported data).? "H NMR (300 MHz, CDCl3) 8 7.40 — 7.18 (m, 10H), 4.16 (s, 2H). 3C NMR (75 MHz,
CDCly) 6 137.61, 136.53, 129.99, 128.95, 128.60, 127.28, 126.46, 39.21. MS (EI): m/z (rel. int.) 200.
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S\/ Ph
3ba

Benzyl(naphthalen-2-yl)sulphane (3ba): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5 — 99:1). Yield: 85 % (The NMR spectrum is consistent with the reported
data).? "H NMR (300 MHz, CDCl3) § 7.62 — 7.54 (m, 1H), 7.54 — 7.37 (m, 3H), 7.31 — 7.16 (m, 3H), 7.16
—7.08 (m, 2H), 7.13 — 6.96 (m, 3H), 4.01 (s, 2H). 3*C NMR (75 MHz, CDCl;) 6 137.72, 134.29, 134.08,
132.25, 129.19, 128.87, 128.65, 128.08, 128.03, 127.57, 127.50, 126.81, 126.07, 39.30. MS (EI): m/z (rel.
int.) 250.

S\/ Ph
3ca

Benzyl(p-tolyl)sulphane (3ca): Product purified by TLC plate of silica gel (n-hexane/ethyl acetate
mixture = 99.5:0.5). Yield: 90 % (The NMR spectrum is consistent with the reported data).* 'H NMR
(300 MHz, CDCl3) 6 7.28 — 7.10 (m, 7H), 6.99 (d, J = 7.9 Hz, 2H), 4.00 (s, 2H), 2.24 (s, 3H). *C NMR
(75 MHz, CDCl;) & 138.15, 136.86, 132.85, 131.04, 129.92, 129.15, 128.74, 127.37, 40.12, 21.34. MS
(ED): m/z (rel. int.) 214.

S\/ Ph
3da

Benzyl(3,5-dimethylphenyl)sulphane (3da): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5). Yield: 78 % (The NMR spectrum is consistent with the reported data).’ 'H
NMR (300 MHz, CDCl3) & 7.35 — 7.16 (m, 5H), 6.93 (s, 2H), 6.81 (s, 1H), 4.10 (s, 2H), 2.25 (s, 6H). 13C
NMR (75 MHz, CDCl;) 6 138.53, 137.75, 136.14, 129.00, 128.57, 128.28, 127.44, 127.24, 39.12, 21.31.
MS (EI): m/z (rel. int.) 228.

S\/ Ph
3ea

Benzyl(4-isopropylphenyl)sulphane (3ea): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5). Yield: 73 %. '"H NMR (300 MHz, CDCl;) & 7.28 — 7.11 (m, 7H), 7.11 — 7.00
(m, 2H), 4.03 (s, 2H), 2.80 (hept, J= 6.9 Hz, 1H), 1.17 (d, J= 7.0 Hz, 6H). 3C NMR (75 MHz, CDCl;) $
147.61, 137.91, 133.22, 130.57, 128.97, 128.57, 127.21, 127.13, 39.78, 33.84, 24.04. MS (EI): m/z (rel.
int.) 242.
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S\/ Ph
3fa
o :

Benzyl(4-methoxyphenyl)sulphane (3fa): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5 — 99:1). Yield: 93 % (The NMR spectrum is consistent with the reported
data).'"H NMR (300 MHz, CDCl;) 8 7.32 — 7.14 (m, 7H), 6.85 — 6.73 (m, 2H), 3.98 (s, 2H), 3.77 (s, 3H).
3C NMR (75 MHz, CDCl;) & 159.34, 138.26, 134.16, 129.00, 128.47, 127.08, 126.25, 114.56, 55.40,
41.33. MS (EI): m/z (rel. int.) 230.

/O S\/Ph

o 392
Benzyl(2,5-dimethoxyphenyl)sulphane (3ga): Product purified by TLC plate of silica gel (n-
hexane/ethyl acetate mixture = 99:1 — 98:2 — 97:3). Yield: 76 %. '"H NMR (300 MHz, CDCls) 8 7.40 —
7.10 (m, 5H), 7.06 — 6.63 (m, 3H), 4.13 (s, 2H), 3.87 (s, 3H), 3.72 (s, 3H). 3*C NMR (75 MHz, CDCl;) 3
153.88, 151.88, 137.45, 129.03, 128.56, 127.24, 125.92, 116.26, 111.93, 111.57, 56.54, 55.87, 37.32. MS
(EI): m/z (rel. int.) 260.

S._-Ph
3ha
F

Benzyl(4-fluorophenyl)sulphane (3ha): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5). Yield: 96 % (The NMR spectrum is consistent with the reported data).” 'H
NMR (300 MHz, CDCls) 6 7.20 (dqd, J = 8.1, 5.5, 2.2 Hz, 7H), 6.96 — 6.84 (m, 2H), 3.99 (s, 2H). 13C
NMR (75 MHz, CDCl;) 8 [163.85, 160.58 (d, 'Jc.r = 246.8 Hz)], 137.64, [133.60, 133.49 (d, *Jc.r = 8.1
Hz)], [130.88, 130.83 (d, *Jc.r = 3.3 Hz)], 128.97, 128.59, 127.32, [116.17, 115.88 (d, 2Jc.r = 21.8 Hz)],
40.57. MS (ED): m/z (rel. int.) 218.

S._-Ph
/[ j 3ia
Cl

Benzyl(4-chlorophenyl)sulphane (3ia): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5). Yield: 93 % (The NMR spectrum is consistent with the reported data).® 'H
NMR (300 MHz, CDCl3) 6 7.34 — 7.17 (m, 9H), 4.07 (s, 2H). *C NMR (75 MHz, CDCl3) & 137.47,
135.04, 132.83, 131.78, 129.27, 129.12, 128.87, 127.63, 39.67. MS (EI): m/z (rel. int.) 234.
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S._-Ph
/[ j 3ja
Br !

Benzyl(4-bromophenyl)sulphane (3ja): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5). Yield: 94 % (The NMR spectrum is consistent with the reported data).” 'H
NMR (300 MHz, CDCls) 6 7.29 — 7.19 (m, 2H), 7.19 — 7.07 (m, 5H), 7.06 — 6.96 (m, 2H), 3.95 (s, 2H).
BC NMR (75 MHz, CDCl;) 6 137.17, 135.59, 131.97, 131.60, 128.90, 128.67, 127.44, 120.44, 39.22. MS
(ED): m/z (rel. int.) 279.

S._Ph
[ I —~ 3ka

(0]
1-(2-(Benzylthio)phenyl)ethan-1-one (3ka): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5 — 99:1 — 98:2 ——90:10). Yield: 92 %. 'H NMR (300 MHz, CDCl;) & 7.63
(dt,J=17.7,1.0 Hz, 1H), 7.31 — 7.18 (m, 5H), 7.18 — 7.09 (m, 2H), 7.08 — 6.97 (m, 1H), 3.98 (s, 2H), 2.43
(s, 3H). 3C NMR (75 MHz, CDCl;) 6 199.55, 140.71, 136.40, 135.83, 132.14, 130.72, 129.17, 128.67,

127.39, 126.98, 124.31, 37.93, 28.55. MS (EI): m/z (rel. int.) 242.

S._-Ph
3la
NC

4-(Benzylthio)benzonitrile (31a): Product purified by TLC plate of silica gel (n-hexane/ethyl acetate
mixture = 99.5:0.5 — 99:1 — 98:2 — 97:3). Yield: 90 %. '"H NMR (300 MHz, CDCl;) 8 7.58 — 7.49 (m,
2H), 7.46 — 7.26 (m, 7H), 4.25 (s, 2H). 3C NMR (75 MHz, CDCl;) 8 144.55, 135.81, 132.29, 128.86,
128.79, 127.79, 127.41, 118.89, 108.65, 37.16. MS (EI): m/z (rel. int.) 225.

Methyl 2-(benzylthio)benzoate (3ma): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5 — 99:1 — 98:2 — 97:3). Yield: 89 %. 'H NMR (300 MHz, CDCls) 6 7.89
(ddd, J=12.8, 7.8, 1.6 Hz, 1H), 7.39 — 7.13 (m, 7H), 7.11 — 6.99 (m, 1H), 4.07 (s, 2H), 3.80 (s, 3H). 13C
NMR (75 MHz, CDCl;) & 166.91, 141.87, 136.14, 132.35, 131.23, 129.10, 128.61, 128.38, 127.36,
126.08, 124.11, 52.08, 37.38. MS (EI): m/z (rel. int.) 258.
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N /*Ph
H—s
s 3na

2-(benzylthio)benzo|d]thiazole (3na): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5 — 99:1 — 98:2). Yield: 82 % (The NMR spectrum is consistent with the
reported data).® 'H NMR (300 MHz, CDCls) 6 7.87 — 7.78 (m, 1H), 7.70 — 7.61 (m, 1H), 7.44 — 7.13 (m,
7H), 4.52 (s, 2H). *C NMR (75 MHz, CDCl;) 8 166.65, 153.15, 136.26, 135.38, 129.26, 128.84, 127.90,
126.22, 124.45, 121.65, 121.13, 37.89. MS (EI): m/z (rel. int.) 257.

s >ph
3oa

S-benzyl benzothioate (30a): Product purified by TLC plate of silica gel (n-hexane/ethyl acetate mixture
=99.5:0.5 — 99:1). Yield: 65 % (The NMR spectrum is consistent with the reported data).'® 'H NMR
(300 MHz, CDCl3) & 7.77 (dt,J=7.2, 1.4 Hz, 2H), 7.42 — 7.31 (m, 1H), 7.30 — 6.97 (m, 7H), 4.13 (s, 2H).
3C NMR (75 MHz, CDCls) 8 191.42, 137.60, 136.91, 133.57, 129.11, 128.78, 128.76, 127.46, 127.43,
33.46. MS (EI): m/z (rel. int.) 228.

o}
Mo~

3pa
S-benzyl ethanethioate (3pa): Product purified by TLC plate of silica gel (n-hexane/ethyl acetate
mixture = 99.5:0.5 — 99:1). Yield: 45 % (The NMR spectrum is consistent with the reported data).!! 'H
NMR (300 MHz, CDCl3) § 7.24 — 7.10 (m, 5H), 4.02 (s, 2H), 2.24 (d, J = 0.8 Hz, 3H). '3C NMR (75
MHz, CDCls) 6 195.29, 137.73, 128.94, 128.77, 127.41, 33.59, 30.47. MS (EI): m/z (rel. int.) 166.

S._-Ph

3qa
Benzyl(phenethyl)sulphane (3qa): Product purified by TLC plate of silica gel (n-hexane/ethyl acetate
mixture = 99.5:0.5). Yield: 89 % (The NMR spectrum is consistent with the reported data).'> 'H NMR
(300 MHz, CDCls) 6 7.35 — 7.12 (m, 8H), 7.16 — 7.07 (m, 2H), 3.68 (s, 2H), 2.80 (dd, J = 9.7, 6.5 Hz,
2H), 2.63 (dd, J=9.1, 6.0 Hz, 2H). *C NMR (75 MHz, CDCl;) 6 140.66, 138.53, 129.00, 128.62, 128.56,
127.11, 126.44, 36.57, 36.16, 32.90. MS (EI): m/z (rel. int.) 228.
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S\/ Ph
3ra

Benzyl(cyclohexyl)sulphane (3ra): Product purified by TLC plate of silica gel (n-hexane/ethyl acetate
mixture = 99.5:0.5 — 99:1). Yield: 78 % (The NMR spectrum is consistent with the reported data).!> 'H
NMR (300 MHz, CDCl3) & 7.27 — 7.06 (m, 5H), 3.70 — 3.60 (m, 2H), 2.46 (dtq, J=11.1, 7.9, 3.3 Hz, 1H),
1.87 (d, J=11.4 Hz, 2H), 1.72 — 1.58 (m, 2H), 1.22 — 1.10 (m, 6H). 13C NMR (75 MHz, CDCl;) & 139.09,
128.87, 128.55, 126.88, 43.06, 34.73, 33.51, 26.11, 26.00. MS (EI): m/z (rel. int.) 206.

A h S P
6 3sa

Benzyl(octyl)sulphane (3sa): Product purified by TLC plate of silica gel (n-hexane/ethyl acetate mixture
=99.5:0.5). Yield: 70 % (The NMR spectrum is consistent with the reported data).!* 'H NMR (300 MHz,
CDCly) 6 7.37 — 7.16 (m, 5H), 3.72 (s, 2H), 2.43 (t, J = 7.4 Hz, 2H), 1.65 — 1.49 (m, 2H), 1.29 (d, /= 8.5
Hz, 10H), 0.90 (t, J = 6.6 Hz, 3H). 13C NMR (75 MHz, CDCl;) 3 138.85, 128.96, 128.56, 126.98, 36.438,
31.95, 31.58, 29.39, 29.32, 29.30, 29.03, 22.78, 14.22. MS (EI): m/z (rel. int.) 236.

/OYVS\/Ph
3ta

(0]
methyl 3-(benzylthio)propanoate (3ta): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5 — 99:1 — 98:2). Yield: 83 % (The NMR spectrum is consistent with the
reported data).'* 'TH NMR (300 MHz, CDCl;) 8 7.30 — 7.07 (m, SH), 3.65 (s, 2H), 3.59 (s, 3H), 2.60 (t, J
= 6.4 Hz, 2H), 2.54 — 2.41 (m, 2H). *C NMR (75 MHz, CDCl;) 6 172.43, 138.18, 128.95, 128.67, 127.21,
77.58,77.16,76.74, 51.88, 36.45, 34.43, 26.35. MS (EI): m/z (rel. int.) 210.

ph/3v~00

(Naphthalen-2-ylmethyl)(phenyl)sulphane (3ac): Product purified by TLC plate of silica gel (n-
hexane/ethyl acetate mixture = 99.5:0.5 — 99:1 — 98:2). Yield: 88 % (The NMR spectrum is consistent
with the reported data).> "TH NMR (300 MHz, CDCls) 6 7.70 — 7.57 (m, 3H), 7.52 (s, 1H), 7.36 — 7.23 (m,
3H), 7.22 — 6.96 (m, 5H), 4.11 (s, 2H). 3C NMR (75 MHz, CDCl;) & 136.36, 135.01, 133.42, 132.70,
130.12, 128.97, 128.41, 127.82, 127.77, 127.52, 127.09, 126.55, 126.24, 125.93, 39.53. MS (EI): m/z (rel.
int.) 250.
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Ph/s\/©/

3ad
([1,1'-Biphenyl]-4-ylmethyl)(phenyl)sulphane (3ad): Product purified by TLC plate of silica gel (n-
hexane/ethyl acetate mixture = 99.5:0.5 — 99:1 — 98:2). Yield: 89 % (The NMR spectrum is consistent
with the reported data).!’> 'TH NMR (300 MHz, CDCl;) & 7.57 — 7.38 (m, 4H), 7.38 — 7.02 (m, 10H), 4.07
(s, 2H). 3C NMR (75 MHz, CDCl;) 6 140.87, 140.22, 136.70, 136.50, 130.04, 129.36, 129.00, 128.89,
127.41, 127.34, 127.15, 126.53, 38.94. MS (EI): m/z (rel. int.) 276.

Ph/s\/©/

(4-Methylbenzyl)(phenyl)sulphane (3ae): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5 — 99:1). Yield: 96 % (The NMR spectrum is consistent with the reported
data).* '"H NMR (300 MHz, CDCl;) 8 7.35 - 7.11 (m, 7H), 7.08 (d, /= 7.8 Hz, 2H), 4.08 (s, 2H), 2.30 (s,
3H). BC NMR (75 MHz, CDCl;) & 136.93, 136.79, 134.44, 129.73, 129.30, 128.92, 128.82, 126.30,
38.80, 21.22. MS (EI): m/z (rel. int.) 214.

Ph/s\/©)\

(4-Isopropylbenzyl)(phenyl)sulphane (3af): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5 — 99:1). Yield: 95 %. '"H NMR (300 MHz, CDCl5) 6 7.34 — 6.94 (m, 9H), 4.02
(s, 2H), 2.79 (hept, J = 6.9 Hz, 1H), 1.15 (dd, J = 6.9, 0.7 Hz, 6H). 3C NMR (75 MHz, CDCl;)  148.00,
136.98, 134.76, 129.59, 128.94, 128.89, 126.71, 126.25, 38.77, 33.91, 24.10. MS (EI): m/z (rel. int.) 242.

(4-(tert-Butyl)benzyl)(phenyl)sulphane (3ag): Product purified by TLC plate of silica gel (n-
hexane/ethyl acetate mixture = 99.5:0.5 — 99:1). Yield: 91 % (The NMR spectrum is consistent with the
reported data).! 'TH NMR (300 MHz, CDCl;) 8 7.30 — 7.21 (m, 4H), 7.21 — 7.12 (m, 4H), 7.12 — 7.03 (m,
1H), 4.03 (s, 2H), 1.22 (s, 9H). 13C NMR (75 MHz, CDCl3) & 150.30, 137.05, 134.39, 129.52, 128.95,
128.63, 126.24, 125.59, 38.63, 34.63, 31.48. MS (EI): m/z (rel. int.) 256.
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3ah

Phenyl(2,4,6-trimethylbenzyl)sulphane (3ah): Product purified by TLC plate of silica gel (n-
hexane/ethyl acetate mixture = 99.5:0.5). Yield: 82 % (The NMR spectrum is consistent with the reported
data).’ 'TH NMR (300 MHz, CDCl;) 6 7.35 — 7.27 (m, 2H), 7.26 — 7.18 (m, 2H), 7.17 — 7.07 (m, 1H), 6.77
(s, 2H), 4.06 (s, 2H), 2.27 (s, 6H), 2.18 (s, 3H). *C NMR (75 MHz, CDCl3) 8 137.73, 137.37, 137.00,
130.03, 129.87, 129.18, 128.99, 126.30, 33.83, 21.08, 19.65. MS (EI): m/z (rel. int.) 242.

Jon
Ph/s

(4-Methoxybenzyl)(phenyl)sulphane (3ai): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5 — 99:1 — 98:2). Yield: 84 % (The NMR spectrum is consistent with the
reported data).® 'TH NMR (300 MHz, CDCl;) 6 7.37 — 7.12 (m, 7H), 6.86 — 6.75 (m, 2H), 4.07 (s, 2H),
3.76 (s, 3H). 13C NMR (75 MHz, CDCl;) 6 158.89, 136.69, 130.03, 129.88, 129.50, 128.92, 126.35,
114.02, 55.35, 38.56. MS (EI): m/z (rel. int.) 230.

Joh
Ph/s

Methyl(4-((phenylthio)methyl)phenyl)sulphane (3aj): Product purified by TLC plate of silica gel (n-
hexane/ethyl acetate mixture = 99.5:0.5 — 99:1 — 98:2). Yield: 81 %. '"H NMR (300 MHz, CDCl;)
7.34 — 7.11 (m, 9H), 4.06 (s, 2H), 2.45 (s, 3H). 13C NMR (75 MHz, CDCl;)  137.39, 136.35, 134.52,
130.10, 129.40, 128.98, 126.88, 126.55, 38.82, 16.05. MS (EI): m/z (rel. int.) 246.

Ph/s

3ak
Phenyl(4-(trifluoromethyl)benzyl)sulphane (3ak): Product purified by TLC plate of silica gel (n-
hexane/ethyl acetate mixture = 99.5:0.5). Yield: 51 % (The NMR spectrum is consistent with the reported
data).® '"H NMR (300 MHz, CDCls) & 7.53 (d, J = 8.2 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 7.34 — 7.15 (m,
5H), 4.13 (s, 2H). 3*C NMR (75 MHz, CDCl;) 6 142.01, 135.50, 130.61, [130.21, 129.77, 129.35, 128.92
(q, 2Jer = 32.5 Hz)], [129.68, 126.08, 122.48, 118.87 (q, 'Jc.r = 271.6 Hz)], 129.22, 129.13, 127.03,
[125.63, 125.58, 125.53, 125.48 (q, *Jc.r = 3.8 Hz)], 39.02. MS (EI): m/z (rel. int.) 268.
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Phenyl(4-(trifluoromethoxy)benzyl)sulphane (3al): Product purified by TLC plate of silica gel (n-
hexane/ethyl acetate mixture = 99.5:0.5). Yield: 80 %. 'H NMR (300 MHz, CDCl3) 8 7.28 — 7.11 (m, 7H),
7.11 = 7.01 (m, 2H), 4.03 (s, 2H). 3C NMR (75 MHz, CDCl;) & 148.45, 136.53, 135.78, 130.48, 130.28,
129.08, 126.89, 121.08, [125.72, 122.31, 118.91, 115.50 (q, 'Jc.r = 257.1 Hz)], 38.63. MS (EI): m/z (rel.
int.) 284.

Cl
Ph/s\/©/

3am
(4-Chlorobenzyl)(phenyl)sulphane (3am): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5). Yield: 93 % (The NMR spectrum is consistent with the reported data).® 'H
NMR (300 MHz, CDCl3) 6 7.31 — 7.12 (m, 9H), 4.03 (s, 2H). *C NMR (75 MHz, CDCl;) & 136.28,
135.81, 133.06, 130.40, 130.24, 129.04, 128.72, 126.80, 38.68. MS (EI): m/z (rel. int.) 235.

S\/©\
Ph” Br

(3-Bromobenzyl)(phenyl)sulphane (3an): Product purified by TLC plate of silica gel (rn-hexane/ethyl
acetate mixture = 99.5:0.5). Yield: 76 %. '"H NMR (300 MHz, CDCl;) 6 7.50 (t, J = 1.9 Hz, 1H), 7.47 —
7.13 (m, 8H), 4.12 (s, 2H). *C NMR (75 MHz, CDCl;) $ 140.08, 135.71, 131.94, 130.47, 130.39, 130.08,
129.06, 127.52, 126.89, 122.56, 38.85. MS (EI): m/z (rel. int.) 279.

(2-Iodobenzyl)(phenyl)sulphane (3a0): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5 — 99:1). Yield: 73 %. 'H NMR (300 MHz, CDCl;) § 7.92 (dd, J = 7.6, 1.0 Hz,
1H), 7.48 — 7.21 (m, 7H), 6.99 (ddd, J=17.8, 5.6, 3.4 Hz, 1H), 4.27 (s, 2H). 3C NMR (75 MHz, CDCl;) $
140.02, 139.81, 135.75, 130.93, 130.14, 129.00, 128.39, 126.91, 100.72, 44.83. MS (EI): m/z (rel. int.)
326.
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3ap
(E)-phenyl(4-styrylbenzyl)sulphane (3ap): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5 — 99:1 — 98:2 — 97:3). Yield: 79 %. 'H NMR (300 MHz, CDCl3) & 7.45 —
7.32 (m, 4H), 7.28 — 7.09 (m, 10H), 6.99 (s, 2H), 4.03 (s, 2H). 3C NMR (101 MHz, CDCl;) § 137.45,
137.09, 136.46, 136.37, 130.19, 129.30, 128.99, 128.81, 128.40, 127.76, 127.04, 126.75, 126.63, 126.57,
39.11. MS (EI): m/z (rel. int.) 302.

Methyl 4-((phenylthio)methyl)benzoate (3aq): Product purified by TLC plate of silica gel (n-
hexane/ethyl acetate mixture = 99.5:0.5 — 99:1 — 98:2 —— 95:5). Yield: 86 % (The NMR spectrum is
consistent with the reported data).!” "TH NMR (300 MHz, CDCl3) 6 7.91 — 7.79 (m, 2H), 7.28 — 7.05 (m,
7H), 4.03 (s, 2H), 3.81 (s, 3H). 3C NMR (75 MHz, CDCls) & 166.95, 143.14, 135.51, 130.62, 129.88,
129.10, 129.03, 128.91, 126.93, 52.17, 39.20. MS (EI): m/z (rel. int.) 258.

0
Ph/sv<:[0>

3ar
5-((Phenylthio)methyl)benzo[d][1,3]dioxole (3ar): Product purified by TLC plate of silica gel (n-
hexane/ethyl acetate mixture = 99.5:0.5 — 99:1). Yield: 86 % (The NMR spectrum is consistent with the
reported data).!® "TH NMR (300 MHz, CDCl;) 6 7.24 (qt, J = 4.9, 2.3 Hz, 3H), 7.21 — 7.07 (m, 2H), 6.77
(d, J= 1.4 Hz, 1H), 6.65 (d, J = 1.7 Hz, 2H), 5.87 (s, 2H), 3.99 (s, 2H). 3C NMR (75 MHz, CDCl;) 6
147.86, 146.87, 136.42, 131.31, 130.00, 128.96, 126.49, 122.16, 109.32, 108.20, 101.14, 39.16. MS (EI):
m/z (rel. int.) 244.

3as
2-((Phenylthio)methyl)thiophene (3as): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5). Yield: 81 % (The NMR spectrum is consistent with the reported data).® 'H
NMR (300 MHz, CDCl3) & 7.31 — 7.23 (m, 2H), 7.23 — 7.04 (m, 4H), 6.87 — 6.75 (m, 2H), 4.22 (s, 2H).
BC NMR (75 MHz, CDCl;) 6 140.98, 135.81, 130.47, 129.02, 126.87, 126.83, 126.35, 125.04, 33.88. MS
(ED): m/z (rel. int.) 206.
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ph/s\/\/©

Cinnamyl(phenyl)sulphane (3at): Product purified by TLC plate of silica gel (n-hexane/ethyl acetate
mixture = 99.5:0.5). Yield: 87 % (The NMR spectrum is consistent with the reported data).'® "H NMR
(300 MHz, CDCl3) § 7.45 — 7.35 (m, 2H), 7.35 — 7.12 (m, 8H), 6.51 — 6.36 (m, 1H), 6.26 (dt, J = 15.6, 7.0
Hz, 1H), 3.71 (dd, J = 7.0, 1.1 Hz, 2H). 3C NMR (75 MHz, CDCls) & 136.84, 135.98, 130.35, 128.94,
128.62, 127.66, 126.49, 126.44, 125.16, 37.20. MS (EI): m/z (rel. int.) 226.

Ph/sp

Phenyl(1-phenylethyl)sulphane (3au): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5 — 99:1). Yield: 81 % (The NMR spectrum is consistent with the reported
data).? '"H NMR (300 MHz, CDCl;) & 7.32 — 7.23 (m, 5H), 7.18 (dtd, /= 9.1, 4.1, 2.5 Hz, 5H), 4.31 (q, J
= 7.0 Hz, 1H), 1.60 (d, J = 7.0 Hz, 3H). *C NMR (75 MHz, CDCl;) & 143.36, 135.27, 132.62, 128.80,
128.51, 127.40, 127.25, 127.23, 48.14, 22.46. MS (EI): m/z (rel. int.) 214.

Benzhydryl(phenyl)sulphane (3av): Product purified by TLC plate of silica gel (n-hexane/ethyl acetate
mixture = 99.5:0.5 — 99:1). Yield: 82 % (The NMR spectrum is consistent with the reported data).> 'H
NMR (300 MHz, CDCl3) 6 7.38 — 7.28 (m, 4H), 7.26 — 6.96 (m, 11H), 5.46 (s, 1H). 13C NMR (75 MHz,
CDCl;) 6 141.17, 136.28, 130.71, 128.85, 128.67, 128.56, 127.37, 126.72, 57.63. MS (EI): m/z (rel. int.)
276.

(2,6-Difluorobenzyl)(phenyl)sulphane (3aw): Product purified by TLC plate of silica gel (n-
hexane/ethyl acetate mixture = 99.5:0.5 — 99:1). Yield: 38 % (The NMR spectrum is consistent with the
reported data).” "H NMR (300 MHz, CDCl;) & 7.35 (dq, J = 6.6, 3.0, 2.5 Hz, 2H), 7.28 — 7.18 (m, 3H),
7.14 (tt, J= 8.4, 4.8 Hz, 1H), 6.86 — 6.72 (m, 2H), 4.09 (d, J= 1.3 Hz, 2H). 13C NMR (75 MHz, CDCl;) 6
[163.07, 162.97, 159.77, 159.66 (dd, 'Jcr = 249.5, 7.8 Hz)], 135.20, 132.00, [129.06, 128.92, 128.79 (t,

520



3er=10.2 Hz)], 128.96, 127.44, [114.80, 114.55, 114.29 (t, 2Jc.» = 19.2 Hz) ], [111.50, 111.48, 111.40,
111.26, 111.18, 111.16 (m)], [26.98, 26.94, 26.91 (t, 3Jc. = 2.6 Hz)]. MS (EI): m/z (rel. int.) 236.

Q. L)

7a

Dibenzyl sulphide (7a): Product purified by silica gel column chromatography (n-hexane/ethyl acetate
mixture = 99.5:0.5 — 99:1 — 98:2). Yield: 66 % (The NMR spectrum is consistent with the reported
data).?? 'TH NMR (300 MHz, CDCl3) 6 7.46 — 7.26 (m, 10H), 3.68 (s, 4H). 3C NMR (75 MHz, CDCl;) 6
138.28, 129.12, 128.59, 127.08, 35.76. MS (EI): m/z (rel. int.) 214.

W LT

Te

Bis(4-methylbenzyl)sulphane (7e): Product purified by TLC plate of silica gel (n-hexane/ethyl acetate
mixture = 99.5:0.5 — 99:1). Yield: 75 % (The NMR spectrum is consistent with the reported data).?! 'H
NMR (300 MHz, CDCls) § 7.26 — 7.07 (m, 8H), 3.57 (s, 4H), 2.34 (s, 6H). '3C NMR (75 MHz, CDCl;) &
136.66, 135.28, 129.27, 129.03, 35.43, 21.23. MS (EI): m/z (rel. int.) 242.

7i
Bis(4-methoxybenzyl)sulphane (7i): Product purified by TLC plate of silica gel (n-hexane/ethyl acetate
mixture = 99.5:0.5 — 99:1 — 98:2 —— 96:4). Yield: 70 % (The NMR spectrum is consistent with the
reported data).?> 'TH NMR (300 MHz, CDCl3) & 7.21 — 7.05 (m, 4H), 6.87 — 6.72 (m, 4H), 3.72 (s, 6H),
3.48 (s, 4H). 3C NMR (75 MHz, CDCls) 8 158.59, 130.20, 130.03, 113.87, 55.28, 34.95. MS (EI): m/z
(rel. int.) 274.

7j
Bis(4-(methylthio)benzyl)sulphane (7j): Product purified by TLC plate of silica gel (n-hexane/ethyl
acetate mixture = 99.5:0.5). Yield: 64 % (The NMR spectrum is consistent with the reported data).?3 'H
NMR (300 MHz, CDCLy) § 7.27 — 7.13 (m, 8H), 3.55 (s, 4H), 2.48 (s, 6H). 3C NMR (75 MHz, CDCl;) §
137.14, 135.10, 129.61, 126.93, 35.24, 16.12. MS (EI): m/z (rel. int.) 306.
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Bis(2-iodobenzyl)sulphane (70): Product purified by TLC plate of silica gel (n-hexane/ethyl acetate
mixture = 99.5:0.5 — 99:1 — 98:2). Yield: 54 % (The NMR spectrum is consistent with the reported
data).?! "TH NMR (300 MHz, CDCl3) 8 7.76 (dd, J = 7.9, 1.2 Hz, 2H), 7.33 — 7.16 (m, 4H), 6.85 (td, J =
7.6, 1.9 Hz, 2H), 3.72 (s, 4H). 13C NMR (75 MHz, CDCl;) & 140.28, 139.84, 130.10, 128.78, 128.35,
100.86, 41.46. MS (EI): m/z (rel. int.) 466.

7q
Dimethyl 4,4'-(thiobis(methylene))dibenzoate (7q): Product purified by TLC plate of silica gel (n-
hexane/ethyl acetate mixture = 99.5:0.5 — 99:1 — 98:2 —— 90:10). Yield: 56 %. '"H NMR (300 MHz,
CDCly) 6 7.91 (dq, J= 8.4, 1.9 Hz, 4H), 7.30 — 7.13 (m, 4H), 3.84 (d, J= 1.5 Hz, 6H), 3.54 (d, /= 1.7 Hz,
4H). 13C NMR (75 MHz, CDCl3) 8 166.96, 143.28, 129.99, 129.50, 129.13, 52.26, 35.45. MS (EI): m/z
(rel. int.) 330.

0] (0]
<oj©vsv<:[o>
Tr
Bis(benzo[d][1,3]dioxol-5-ylmethyl)sulphane (7r): Product purified by TLC plate of silica gel (n-
hexane/ethyl acetate mixture 99.5:0.5 — 99:1 — 98:2 —— 96:4). Yield: 70 %. '"H NMR (300 MHz,

CDCl3) § 6.82 (d, J = 1.6 Hz, 2H), 6.78 — 6.65 (m, 4H), 5.95 (s, 4H), 3.53 (s, 4H). 3C NMR (75 MHz,
CDCLy) § 147.81, 146.59, 131.91, 122.10, 109.28, 107.95, 101.00, 35.50. MS (EI): m/z (rel. int.) 302.

9. REFERENCES

1 (a) I. Sorribes, L. Liu and A. Corma, Acs Catal., 2017, 7, 2698-2708; (b) 1. Sorribes, L. Liu, A.
Doménech-Carb6 and A. Corma, Acs Catal., 2018, 8, 4545-4557.

2 X.-S. Zhang, Q.-L. Zhu, Y .-F. Zhang, Y .-B. Li and Z.-J. Shi, Chem. Eur. J., 2013, 19, 11898-
11903.
K. Colas, R. Martin-Montero and A. Mendoza, Angew. Chem. Int. Ed., 2017, 56, 16042-16046.

4 T. Garnier, M. Danel, V. Magné, A. Pujol, V. Bénéteau, P. Pale and S. Chassaing, J. Org. Chem.,

2018, 83, 6408-6422.
S22



10
11

12
13

14
15

16
17
18
19

20
21

22
23

S. S. Badsara, Y.-C. Liu, P.-A. Hsieh, J.-W. Zeng, S.-Y. Lu, Y.-W. Liu and C.-F. Lee, Chem.
Commun., 2014, 50, 11374-11377.

M. Gholinejad, Eur. J. Org. Chem., 2015, 2015, 4162-4167.

Y. Zhang, Y. Li, X. Zhang and X. Jiang, Chem. Commun., 2015, 51, 941-944.

F.-H. Cui, J. Chen, S.-X. Su, Y.-1. Xu, H.-s. Wang and Y.-m. Pan, Adv. Synth. Catal., 2017, 359,
3950-3961.

X.Ma, L. Yu, C. Su, Y. Yang, H. Li and Q. Xu, Adv. Synth. Catal., 2017, 359, 1649-1655.

Y .-S. Liao and C.-F. Liang, Org. Biomol. Chem., 2018, 16, 1871-1881.

T. C. Pijper, J. Robertus, W. R. Browne and B. L. Feringa, Org. Biomol. Chem., 2015, 13, 265-
268.

D. Limnios and C. G. Kokotos, Adv. Synth. Catal., 2017, 359, 323-328.

Y. Yang, Z. Ye, X. Zhang, Y. Zhou, X. Ma, H. Cao, H. Li, L. Yu and Q. Xu, Org. Biomol. Chem.,
2017, 15, 9638-9642.

G. L. Khatik, R. Kumar and A. K. Chakraborti, Org. Lett., 2006, 8, 2433-2436.

P. A. Champagne, J. Pomarole, M.-E. Thérien, Y. Benhassine, S. Beaulieu, C. Y. Legault and J.-F.
Paquin, Org. Lett., 2013, 15, 2210-2213.

S. Kim, S. Kim, N. Otsuka and I. Ryu, Angew. Chem. Int. Ed., 2005, 44, 6183-6186.

X. Pan and D. P. Curran, Org. Lett., 2014, 16, 2728-2731.

S. Banerjee, L. Adak and B. C. Ranu, Tetrahedron Lett., 2012, 53, 2149-2152.

D. Crich, V. Krishnamurthy, F. Brebion, M. Karatholuvhu, V. Subramanian and T. K. Hutton, J.
Am. Chem. Soc., 2007, 129, 10282-10294.

X. Zhao, X. Zheng, B. Yang, J. Sheng and K. Lu, Org. Biomol. Chem., 2018, 16, 1200-1204.

T. Miyazaki, K. Nishino, S. Yoshimoto, Y. Ogiwara and N. Sakai, Eur. J. Org. Chem., 2015, 2015,
1991-1994.

R. Matake, Y. Niwa and H. Matsubara, Tetrahedron Lett., 2016, 57, 672-675.

T. Miyazaki, M. Katayama, S. Yoshimoto, Y. Ogiwara and N. Sakai, Tetrahedron Lett., 2016, 57,
676-679.

10. '"TH NMR, 3C NMR AND "F NMR SPECTRA OF THE ISOLATED PRODUCTS

S23



€100D 9T°L

OQH 85'T — -

b~ —
8Ty~

e

ST'L7
6T°L A
0L
0L 1
17
[
€'
vzl
vzl
sTLA
9TL

1T
87
LI §

6L

0L —IJ
0€ 7
o€,
1€,
e
[
2eL ]
€€ ]
e ]
v
sez ]
ses ]

A (m)
7.31
|

S._-Ph
3aa

Es6'T

TN.OH

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

).5

10

20

30

TT6E —

40

50

60

70

£PA3 L9,

€1Dad 9T°LL —F

€000 8574L

90

100

110
f1 (ppm)

1p0

9b'9zT
87'L21 V
09'821 ~
S6'821 \
66'621

130

€579ET ~
19°LET

140

150

160

17p

180

210}

S\/ Ph
3aa

200

210

S24



10

20

30

50

60

80

90

100

11p
1 (ppm)

S25

1

40

50

170

80|

Ph

3bal
19i

200

Al o q—
Fo asealb auodl|IS 8¢'T
¥9°0 i
99°0 L
[uexay-u 990 . °
69'0 7 ==
107/
10T~ _ L2
auexay-u 90'T —= — —
80'T
60'T auexay-u 400 —
60'T [ »©
oaH 117 sl
L, L1135}
, N
Y
{
n
[~
<
al
H n
| o €00 ¥6'9L \
] E0AD LELL
€100D 6£°LL
o
wr— T — E86T [
66'9 1 !
00°Z 1
1072 q ]
102 -
20°, 1 |
€0 {
€0 ] L e o
$0°L 1 0
v0°Z @
0] =
"L 1 wn
[ w £0°92T 7
1892+ !
05°£2T
[S) S'/z1
re £0'82T &
{ 86°8TT
; 59'821 7
o971 J
] n
ro 61°62T
seest
80ET
To = ~ o 6CHET
coe | eN = _ F~ T
RIS ||Ea = 0'€
- an~|led — 61
L)
\m, - = © |W boﬁm
o0l ER I e | 1
) e =
o N M\ ~ Mw 60 ~
Q
H [~ oo
€002 927, {
ey ]
872 ] i | v
ov.& ; ®
ov'L = !
€L o :
v/ ] © | e
9L 32 : o
8v'L
6L 2
052 1 | v
15°2 o
[ VR
€57
s5°2 e
952 re
157
85°£
65°L- 1
L~

21D

bl




10

20

30

40

60

80

90

100

S26

f1 (ppm)

120

130

14

150

160

17

80

190

3ca

S\/Ph

200

2
asealb uodIIs 00 — 7 | ©
n
=]
auexay-u 080 —
| @ pETZ—
-
auexay-u 1Z°T — ’«J
n
OQH ¥§'T — ) -
oy —
<
_ N
O L
. =9 EsTe
n
re
<
sl
wn
- 3 £0add #679,
€Dad 9€LL —F
eom eczs”
o
. _ F0ET [
1
r<
SPN
FaE
a
a
&
-
e
o
. Ak /
. Fo bL8TI\
5091 srezt—
o] 62177
] " £0'TET
] Fo sazer 7
] 98 9ET
i _ ST'8ET
: o
912 29 — R
7 DOTER Lo
o = \Wb Tor
0C'L ] =< ’
.
0z R
1L "
1272
1z
[
- A 0
MNN ] 1
€TL
€nad 9z -
n
r o
i <
< ro
©
o
) &
y 1
ro
Q
Lo
=
wn
L~

210

i




10

20

30

40

50

6p

10p

110
1 (ppm|

S27

0

2

1

1B0|

140

150

160

17(

180

90

200

o
@sealb auodI|IS 800 — - °
1
[ o
auexay-u g0 — - F3 e
—
auexay-u 97’1 — \1¢
n
]
ree —
<
e
O J
e FoT1'9
see Bl \n
[~
<
[ e
n
F e £5a3-+L5,
€DAd 9T LL—F
1D08S
<
[ <
otp— \'AJ E6tT
1
[ <
S~
FoE
a
a
=
=
ne
[
YE£EE
| © bbLTT /
© 8'8CT
c-gz3L.
00°6¢F
| PT9ET ~_
© SLLET ~
esger
Ezot
—_— 8T | 2
N
. Tm.m
1
N~
<
o
tn
[ o
< - 3
o ” =
o aicq
s °
3 ™
» o i
—
2 A\ /v‘
Lo —
2 \l
n
L~

210




9seaub suodIIS £0°0 —

auexay-u £8'0 —

auexay-u 1z'1 s

85T —
LT —

90—

9T
8L'C %

08'C /
£€8'C x
S8'C

10%
mo.vw
S0y

S0z

mo.L
20°2
L0°L
80
oL

8L —

N—BIL
mEkWJ
0z,

occ I

y

L
€zL]
xay
€L
€100 92°Z
e

=
o
v ©
o
™
SNHW‘

D (hept)
2.80

B (m)
7.06

A (m)
7.21

\w Tm.o

—
1L

0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

).5

YOy —

b8EE —

10

20

30

A0

50

60

€100D ¥L°9L
€10aD 91°4L AN

70

£PE5-85

oo

110

f1 (ppm)

120

£1°/21

TeLer

75°8CT

180

a
76321
S'0ET x\\w

CTEET J

16°LET

140

19 4bT —

15

16D

170

180

R00

5 Ph
‘ j/ 3ep

210

S28



10

20

30

40

50

60

70

80

90

0

1

110
1 (ppm)

S29

120

130

40

150

160

170

18

3fa
190

] /Ph

200

N

L < asealb auodlIS §T'T —
. o
9sea.b auodI|IS 60°0 — -
5
=]
auexay-u 680 — I 3
-
[uexay-u /Z'T — i
1
-
i 0 €T
Y
n
M
0FSS—
0.
al
wn
F o €100D v£9L
. o €10aD 9T°2L W
R.mw. - =z =4 Eooe €100D 85°LL
8L'€ [— o2 ¢
_ P —
e/, oo —— Eg0C &
n
<
SP
FAE
a
a
N
bl
| v 95 bTT —
wn
o sz'ozt
Fo 80°/ZT V
L8717
» 00°62T /
scs | M ITHET —
ws == 97'8ET —
609 Ex =
ow.w\ f m © —= Tm T
18'9 R
JATAN EXN 7 "
LN Ex == T
8T°Z = :
072 R
0z'2 " s
o] PE6ST
2
€TL 3
€zs |
ves
E.&
S22 p
€100D 9T°L [
e
@el s
8T &
8T°L ol <
6TL- “®
[}
Bt
o
e
v B
wn
L~

210




80
L8°0
3sealn 68°0
68°0

260 \
¥6°0

asealn 67T —

OQH S9'T —

B (m)

6.77

J‘UL

Ez
9

0°'E
T'€

0'E

0.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

7.0

f1 (ppm)

cELE —

10

20

30

50

18'SS~
$5'95 ="

60

€100D ¥/"9L

€DADTLL=F
€10aD 85°LL /

7Q

80

90

b

00

LSTIT —

setrr/

110
f1 (ppm

9Z'9TT —

0

°6°STT
YT L2T M

9S8CT —F

66CF

SPTLET —

140

150

€02 922

9z,

9T, |
LTL]
rze ]
szs
62
QM.L
59

e ]
TE€L
€€/
€L

S\/Ph

_©

3ga
o~ g

A[m)
7132

A,

9.5 9.0 8.5 8.0 7.5

10.0

).5

TST
88°€ST —

160

170

180

190

2po

210

S30



10

20

30

40

50

60

70

110 100 S0 80

f1 (ppm)
S31

120

130

o
252216 OIS $0'0 — -—— ro
o
60 "
080 | v
Quexay-u pue aseals 18°0 e auexay-u /7'pT —
280
580~ ==
N o
80 F o suexeu-u 8Tz —
STT~ B
ot _ e
8T'T ¥ - 250219 $8'6T —
suexay-u pue aseals zz'T | w SUBKBY-U £0'ZE —
szt N -
A \
0e'T ob —
0aH £5°T o i
e~
0
[~
<
™
1
F e €002 $£90 N
€202 91'LL
€000 85°24
» o
66T J 90T «
1
F <
S~ | |
FAE l2
a R =
: i
n% . =
2 88'STT ~, 5
- [ — =i P —
n ot ) S
98'9 7 f | I
£8'91 ’ ]
8894 o e / Ul
689 Fo 65871\ —_— -
. J _ ~ E
069 § £6'8CT 3
' S -
169 €80ET -7 &
26'9 n wm,oﬂ > < =t 7 | m
€6'9 ro mw.mnﬁ | 1= )\
¥6'9 — 09°€€T \ =E
9T’L ER v9'LET [RE
. _ =
oTL B — o6 = — Fost | o s
L To ) S a
— e SN — For | 13
07 = N v 'L s
07’2 n b
Z.ﬁ F N
Ly 85091 — ¢ 1o
-1 S8'€91 — {18
I ° 2
vz ] Fo —_— g
szs m '3
szs [
2 r |eF
€000 922 i | qE
e a3 3 (g8
® P olen
LM
P
< o = i [e
& E & —— I
]
) & )
[} n %]
[ o
<
Fo
S
w w
wn
L=

200 190 180 170 160 150 140

210




9sealb auodI|IS 800 —

£8'0
£8°0
80
auexay-u G8'0
980
ww.o\
060
suexay-u 971
D

OQH 09'T —

L0 — —

0T’L
1L
wwL
YL
STL

€12aD 9T°L
9T'L
8T°L
8C'L
8C'L
6C°L

S._-Ph
3ia

Cl

A (m)
7.24

i

.

M

0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

auexay-u 6y bT —

auexay-u 50z —

auexay-u £0°0€ —

gree—

10

20

30

40

50

60

70

a3 6°9£
€1Dad 9€°LL —F
€10aD 6£°LL s

80

90

100

110
f1 (ppm)

12i

£9/71

18'82T
fattal

Lzect

1B0

T/

(423
vo'ser

140

IV LET

15

6D

170

180

S\/ Ph
3ia

J

Cl

210

S32



asealb auodl|is 9T'T —

0.0

aseab auodyis £0°0- -

[7A0)
vL0
SL°0

[uexay-u /0
L0
LL0 B
8.0
60 i
T — B
ST'T y -

auexay-u /T1°T mmmm_mwm.mw'

0.5

[uexay-u §Z'pT —

1.0

auexay-u 18'¢¢ —

1.5

10

20

30

mﬁ.ﬂ \ L suexay-u 50z —
€T \\‘ |
OdH 8¥'T

°TeE —

2.0

40

2.5

60

n
F e €10a2 +£°9,

€0aD 9T'LL
/

BO

D (s)
3.95

S6°€— -

4.0

H €100D 85°/L
\l‘ Erre |2

T
4.5

90

5.0

1Q0

f1 (ppm)

5.5

66'97 |

110
f1 (ppm)

S33

669
00 i 02T —
10

120

A | L _r\v” ZF
@] ! £9'8CT

6.0

s | 06821

6021 61T
6021 [
] 65°SET 7

6.5

i £HLET
LA

140

7.0

il o

6
8T

}

}

7.23
C (m)
7.02
|
Yy

B (m)
7.15

e
YL

15

A (m)

ST'L

E.&
orL
e

7.5

160

AVE
1T,
172
[
vz's ]
E.&
szz |

8.0

8.5

170

mNN;
€10ad 9°L

9.5

3ja
200 19

X

10.0

<
o
©
o
S W
@

).5

210

A




0.0

0.5

690
69°0 ro 5
950219 1£°0 auexay-u £7'pT —

L0 =
vL0 N
9.0

aseaun 11T — -

1.0

auexay-u 6/°77 —

s5'8e
orer
_ aseai 6£'6 /-

auexay-u z0°ze s

1.5

OQH LpP'T —

€6/ —

10

20

30

2.0

|
(S
43
A_/Lb
y

2.6

50

60

70

1
[ o £120D £/°9,

£NAad 9T // —

80|

€000 85°LL
- EsTe :

4.0

4.5

IN
5.0

100

o
IN
f1 (ppm)

a
~
5.5

110
f1 (ppm)

S34

or's i TEbTT
] wm.oﬁﬂ
6€°£TT ~\L

T
6.0

12p

o1 ! 19821 —~
07z | : LT6TT
2L 0T %

130

6.5

122 i r PTCET”
@A £8'SET

0&'9CT

140

TL0bT

(m)
1.05
7.0

Fcor
rs
— CC

— /'

r

B (m
7.2B
Cl(m)
7014

ST’L

150

€00aD 972
29t
2L —
29,
v9'L

A (dt)
7.63
Y
T
7.5

160

8.0

S9°L =
S9°L

170

8.5

180

3ka

Bka
190

£
o
v 0
i [ o S5'66T —
(%} i

s _Iph

200

).5

210

C




680
852319 16°0 V

€60

60 7

asealn 16T —

STy — S

€00AD 92°L
672
0€°L A
0€°L
°EL A
€E€°L A
YEL
bELA
SELA

B (m)
7.36

7e7
6L
S.&
WL

134 J
[
£v°L ]
[V
€57 ]
¥5°L
55z

S._Ph
3la

NC

0.0

0.5

1.0

1.5

958319 8£°67 —

oT’LE —

2.0

€100D ¥£'9L

€A 9T ZL —F

€10aD 85°4L

T T T
.5 4.0 3.5 3.0 /.5

4

5.0

f1 (ppm)

§9'80T —

5.5

68°8TT —

30 20 10

40

70 60

80

il

110
f1 (ppm)
S35

RO

6.0

6L LT —
64'821 \
98821

6.5

6CCET

T8*SET

7.0

A (M)
7.3

T

8.0

SSYPT

8.5

9.0

9.5

10.0

).5

130

170 160 150 14

180

T Ph
N 3la
2p0 190

210

.




0.0

000 — — L

0.5

SL°0
SL°0 /.
sealn /L0 —F =
080 \
080
25020 8T'T — -

1.0

asealn 1/°67 —

1.5

OQHTS'T— | L

Aundwi £0'2 .
08°€ 8€'LE
78°€

£L0'%

2.0

30 20 10

wh

40

Aundwi 9z°s

20

20 -

€02 L 8025 —

2.5

+¥0°L
+0°L
S0°Z
90°Z =

3.0

60

90°21 Aundwr $8'99 —
90

902§
20 - €0AD 9992\
Lo €000 8022

3.5

80

E (s)
3.80

80°Z .
60 ﬁ b7 €10dD 15°4L
€T
€T 7,

D (s)
4.07
|
g

T
4.0

Y14
Y1,
9T°L
9T,
YAWA
AVE
8T°L

T
4.5

5.0

9(

100

8T°L

6T 7y
0z’
0Z°L A
1L

|
!
f1 (ppm)

T
5.5

114
f1 (ppm)

S36

wL 1T'H2T

12Q

7T LA 80°9¢T /

6.0

€CLy 9€°LTT
8€°8TT A\

vl 19°821

ST'L 01°62T
€TTET \
9T'L r SETET \
m_un_uNNNJ .Lﬁﬂ

6.5

1

140

€L I v
9T,
L8°'THT —

7.0

7.06

/.
C(m)

150

B (m)
7.25

7.5

160

7.89

S
A (ddd)

16901 —

!

A
o
o
=)

8.0

170

8.5

80

3ma

190

9.5

] T
6L
mm.h; v O\ L
w

200

).5

210




10

20

30

4D

50

60

70

B0

DD

10

S37

114

f1 (ppm)

120

140

150

160

17Q

180

3na
190

/*Fh

2
=]
SL°0 L
R.OW i
asealn mR.O e
080 N ==
18°0 1S)
780 w -
asealn g1’ T — —_—
n Isealn 78'6¢ —
OQH 1§'T — | L
68/ —
o
e
n
[~
<
sl
n
F e €000 $2°9L
€0ad 91'LL —
epa sz’
Q
r<
2R
or'L / n
re ~ —| Ez6T [ ¢
81/
81°/
61°L o~
02°L FuwE
072 2
o o
i =
wn
we [ w ET' 1T
€T S9TETN
€cL AGRN
MN ¢ | @ czott
L] © 06 72T~
€0aD 972 e Srl—F
e 9T 6ct
7L n oot
1L re 9T'9ET
€L
bEL A
vEL A °
— r~
ER - = _
on — 'L ST'EST —
wn
— .
EQ [~
= =
a~N|EY J Fot
N\ ~ _— Fzo1
L3 §9'99T —
n
[~
<
[ o
1
[ o
<
I
S
wn
L=

200

210




0.0

0.5

¥9°0
99°0 L
99°0 ——
asealn £9°0 ==
69°0 \
L0

asealn 90'T — -

1.0

9sealn £8°67 —
o'eE —

OQH 0p'T — -

1.5

10

20

30

40|

2.0

50

2.5

3.0

70

n
£0°L ) €100 YL'9L~\
80°Z €DAd 9T LL —F

80°Z 128588

10

90

4.5

5.0

100

2
N
f1 (ppm)

]
~
5.5

110
f1 (gpm)

S38

12

wL
] VZTT

s

T
6.0

9b° 2T ~\_

vTL

n scact
€120D 9T°L

1T°62T

13

LT,
YEL A

LS'EET

6.5

T6°9€T
09°LET

PE'L A

14(

SELA

gj(m)
7.16
I
7.0

150

7.36
Jm
|

A (do)| § (m
7.5

7.77
g

160

8.0

70

8.5

180

po

rTel —

s > pPn

3o0a
9.5

).5

200

210




' o S 1
aseaub auodllis £0'0- 7 < Fa asealb auodlIS 9T°T
00
€L°0 o
€20 n 2
A Fo L -
2sealb pue auexay-u §/°0 auexay-u £z'bT 3
ot - .
o
080 u F o SUeXaY-U $8'7T — —
oT'T-Z =
(4 \\ = aseald +8°67 / °
asea.b pue auexay-u GT'T " Lb'0E — —=== At
8T'T F o auexay-u £0°z€ M _ —3
0zt 6S°€EE
€T
<
e
. =y
NAAY T ] =
P o~ — 41T
FTard
\n
r e
(]
©
<
)
(=]
~
n 4
e £12AD +£°9,
€A LZL—F
epa> o5t =
O] .
= S - A
&
n
— L9
o
S
S~
FAE
a
a
-]
—
n=
[
o
~
—
= W et AN
LL°8TT V. - — m
+6°82F
1
r o
j4 %4 M
STL
ST'L o
oL T® r o
- Y - L Fevs i)
8T°L < =
6T°L n
0L N o
1L m
€10ad 9L
o
Fa °
5
tn
F o 3
-
@ =3
F o g
n 62°G6T — —3
F o S
N

3pa
3pa

).5

210




asealb auodI|IS S0°0 AN L
180

180

80

€80

asealn £8°0

+8°0

98'0
mw.oW L
88°0

aseaIn £7°1 — \‘A

\lk\
0.5

1.0

1.5

06'2€ ~
9T9E ~_
1595~

10

20

30

L6'T — — L

2.0

€T — I

40

50

09°C
09°C

2.5

=== Tore

E (dd)
2.63

D (dd)
2.80

/]

=== Toez

60

£€9°C
+9'C
§9°C

8L'C

08'C

70

18T
£€8'C

€A VLY

_ . €00Q0 9T°LL —F
ST
¢ eoa ssic

€8T
mm.m* —
89'¢

80

4.0

90

T
4.5

100

5.0

f1 (ppm)

114
1 (pam

540

T
5.5

Oﬁ.hg
or's
T vb'oTT

120

6.0

(A% [ T A\Y
€1 95821
ers 29'821

v1°L A 00°6CT

130

ST'LA L

6.5

ST'LA €5°8ET —

140

9T, 99°0bT —

8T°L A

6T°L —
—g
0z'L- —J

7.0

B (m)
7.12

7.24
|

A (m)

JAVA
—== 0°C
— 8",
-

150

0z,
7L
122
zzL]

7.5

160

X
€z, ]
veL ]

8.0

170

sz
mN.NL

8.5

€10ad mNNA
wN.n;
6C°L

180|

S\/Ph
T
9.0

190

3ga
9.5

3qa

™~ S~_-Fh

200

210

9

m




€0°0-
10°0-
000

N
[7A0)
SL°0 o
Quexay-u g/ 0 3

0.5

080
18°0
80

1.17
A
T
1.0
-

G (m)

S . 0092
e —— Fees 1ree 3
oT'T m\}& n E
81T - Foa 16°€€ ~
0z'1

10

el
20

30

F(m)
1.66
\Y

~—| L vt ——
ST — TM.N
auexay-u gz'T

LALEN L ]
D (d)
1.87

90 Ch—

40

2.0
"

"

ze'T
OQH 15T ]

19T

791
€97
+9'7 |

-

C (dtq)
2.46

=] TFeso |

2.5

50

mw.ﬂ_

6D

nu..l

89T

69T |

18T
S8°T

1
[ o £00D /9,

68T

— —| et EREIFLE— S
£10dD 8S"

B (m)
3.65
L

80

€0°C

061 ﬁ —

90°C

W

Q
80°Z ﬁ - <
£5°C

90

v
S+

T
4.5

Ly
8v°C 1

10p

6v°C
0S°C r
18T

5.0

8T

f1 (ppm)

11p
f1 (Apm)

S41

£€9°€
99°€ r

5.5

£9°€ 3
€0y -

120

BEOCT_
, S5'871 ~
66'9 | 8871
2

T
6.0

130

LA
TrLA
pTL

6.5

60°6ET — I—

140

ST,

7.0

Elwas § — L
e S ! I S L

A (m)
V.20

150

6T°L -
0z, | n
e i [~ E
e
€zL ]

160

v
YTl r
€10aD 92°£
6v'2-

8.0

Cabt i b}

170

8.5

18

Ph

190

S\/Ph
3ra
T
9.5
3ra

).5

20

210




010 —
auexay-u 98'0
88°0
06°0
60
auexuay-u /z'T
8¢'T
8T
€T

we—

8T°L
wL
€L
voL
ST'L
€12aD 9T°L
7L
8T°L
6C°L
€L
vE'L

A (m)
7.31

T

S._Ph

3sa

—

Ese

TN.S
Foer

Fest

E o081

W 00'S

0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

).5

asealb suodIS 61°T —

iyt —

8L —

£0'62
0€'62
45074
6567 \

10

20

30

85T
S6°'TE \

40

87 9T

60

70

€100D ¥L9L
€10aD 9T°LL AN

1000 85 Z.

80

100

110

fit| (ppmp

20

69T

95°82T ~

968CT

180

Gg'8ET —

140

150

160

170

19

200|

210

S42



0.0

SL°0
SL°0
SL°0
LL°0
asealn £L0
8L°0

080 N

080

80 [
9Se3UD LT'T — \IA seor

9seRU 18°6C —
E°PE N\

A
1.0

1.5

10

20

30

vz Sb'9€ U

L4

40

2.0

8815 —

E (m)
2.47
(
60

|

]

\
2.5

50

D (t)
2
A

6t°C A\
t
097

3.0

60

157~ —
oy
e

7o

9
1T r
[y —

vS'T

€97

65°C

n
Foed 1565+,

OE3+£94

8b°2
61 |
'
bsz
79e~\

C(s)
3.59

B (s)
3.65
)

—— 6T DD L7
zre €00 85°2L

£

6v'C |

852 =
S9°E

69°€ 7

4.0

80

90

T
4.5

100

5.0

f1 (ppm)

110
f1 (ppm

S43

T
5.5

120

1z /Tt

T
6.0

19871 ~
se'8z1
€r's

E.L L

6.5

130

ST'L 81°8€T —

140

ST'LA
9L
AVA\

7.0

81"

A (m)
7.21
\‘k
g

1150

o

17
e
vee

7.5

160

€002 922

-
9z

8.0

L
TUT —

8.5

170

180

190

3ta

9.5

200




asealb auodI|IS 50°0- — B

00
[7A] %
9sealn §/°0 ==
9,0 N
LL°0
asealn Z1°T =~

OQH 0S'T — \L

0.0

0.5

1.0

1.5

10

20

30

TP
669 1
66'9 1
669
00°Z i
10724
20,
€0°L
0L
+0°L
S0°Z
S0°Z
90°Z

2.0

3.0 2.5

3.5

4.0

£5°6€ —

40

50

60

PIEVENIIY

70

€1DAd 9T°LL —F

EDJD 85

8D

B (s)
4.11

907
£0°L
L0°2 1
80°L
60°L 1
60°
oT°£ 1
(W
VR
L
ST°L
9T°L
LTL A
AW
81/ 1
611
0L
vT'L
€000 97°L |
zL
e
8L

-

67

D (m)
7.10
|

C (m)
7.31

B (s)

7.52
Al(m)
7.62

:E

6"
— 10°€

0'1
[9€°E

7.0 6.5 6.0 5.5 5.0 4.5

7.5

f1 (ppm)

90|

10Q

corczy

110
f1 (ppm)

¥

jza148

55°921

60°£21 &
257221
LLLTT
28'Le1 7

ez

SN

120

180

16821 7

CT0ET y
0L°2ET

140

[42 mmﬁ;
S.mmﬂ\\
9€'9€T

150

3ac

9.5 9.0 8.5 8.0

10.0

).5

16

170

e

19

=

NS

3ac

200

Ph”

210

S44



@sealb auodIIS 00°0 —

sco
L0

2sealn 8/'0
080~
0

RSN

——
11T - Iu
[N =
€11
ST'T -
252219 81'T ﬁ
61'T ]
_

0T'T |
[4a%

0.0

0.5

1.0

1.5

2.0

958319 $8'67 —

¥6'8€ —

10

30

E
OQH 15'T
L0
£0°2
£0°2A
80°Z
60"
0T°ZA
11
[AVE
LA
€12
ST
ST'ZA
912
e
8T, —
81
81
61°L
07,
072
1L
(<R
2T
€T,
ve's
ve'L
vT'LA
9z'L
9z'L
LT A
L
87'L
8L :
0£'2 !
1€ i
z€'L
z€L

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

7.0

f1 (ppm)

50

€100D ¥L9L
€10a0 9T°LL W
€100D 85°LL

60

po

T
100

mm.wwﬁa

T
110
f1 (ppm

S45

STZCT
vE' LT
et
68'8CT \

00621
T
9€'6CT 1

T
120

PO-OET

B59EF
0L'9€T

OhT

B|(m)
7.23

A (m)
7.46

9g°2 7] _/
e
iys i 1
e 4
R
L]
YL
vb'L ]
bz ]
ovs
e
1L
8t/ |
6t ]
05°2 1 !
05°2 1 i
[ i

Ph

75
€5
vS'L i
95°2 » i
59'¢ 1
S9°LA
89'2° i

3ad

Ph”

9.5 9.0 8.5 8.0 7.5

10.0

).5

govt

1y0

Ph

h—
W,

k-]

3a

Ph”




- s
9sealb suodI|IS 80°0 — °

€80
+8°0
580
asealn 98°'0

880
ww.oN i
06'0

asealn 97’1 —
IsedI €8°67 —

1.0

wie—

1.5

OQH €£'T— N osse—

10

20

30

#0

2.0

D (s)
2.30

ogg——"———

50

2.5

60

0

n
e €100D 9L ~\
€10a0 9T°LL w
€100 89"

80

4.0

80y — T

. Eere

D0

T
4.5

100

5.0

f1 (ppm)

90°Z

5.5

110
f1 (ppm

S46

60°Z |
LA

120

E€T°L
e 0€'9CT

6.0

:_: [° =ty
ST

s 0g'62T W
o £2°671

130

D.T L P rET
re 6L'9€T \.
o €6'9€T

6T

6.5

140

0T°L
TN T——

B (d)
7.08
7.0

7.23

;
J

172

150

€L
€L

7.5

vz

16D

2L

STL]

8.0

9z'L]

L7

972
7]

wN.&
67t

8.5

67°L]
0€°L

180

T€LA

9.0

T€L- i

9.5

3ae

19i

ae
200

Ph”

).5

Ph”
210




SL°0
LL0
8L°0
asealn 08°0
180
g0’
AN
T T
€11
9T'T
Eld
2sealn gT'T

SLT
RRHN /
it ™

¥8'C

w0y — —

002
50°2q
S0°Zq
10°2 9
80°2
o1z
o1°s
T
€1°2
vTLA
b2
oT°L

VR §

D (dd)
1.15

C (hept)
2.79

— = Fert

0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

6.0 5.5 5.0 4.5
f1 (ppm)

6.5

7.0

0T'vz —

3se3ID $8°6C s
T6°€E —
LL78EN

10

20

30

40

50

60

€100D ¥L9L
€10a0 9T°LL W
€100D 85°LL

80

PO

100

110

fil (ppm)

120

§T°9TT /

H92F
68'8¢T N

¥6'8CT
65°6CT /

9L YET —

130

86'9€T —

00°8T —

140

(1L )
81'2 )
61°L7
612
61
1L
L]
7L ]
A
vz's
ves]
wNNA
stL

(m)
7.16
|
|
J'L
Hr

3af

Ph”

9.5 9.0 8.5 8.0 7.5

10.0

).5

150

160

170

80

190

200

210

S47



s v
LL°0 )
LL0
8.0
6,0
6470 r
asealn 08°0
180
80

0.5 0.0

L

1.0

258219 8T'T ~\

oo
vt 7

‘\A E19'8
| 9sealn 48°67 ~_
sv1e

1.5

10

20

30

€9'vE
£9'8€ ~

2.0

40

2.5

60

70|

wn
re €DAD ¥2'9L N\
E0AD 914,
€100 85°£L

80

D (s)
4.03

€0t — —

90

T
4.5

5.0

S48

f1 (ppm)

5.5

90°L 7 L
904
904

1 (ppm)

120

02 ;
80°2 65'SZT ~\_

60 | YTt —

T
6.0

. £9'8e1 —
WMM ] S6'82T \
] 25621

180

ey 6EbET

6.5

ST A "
ST'L S0°LET

40

LT°L A
LT7LA

7.0

C (m)
7.09

8T/ \§ Ny

8T/ —%

10'T
= oc

B (m)
7.17

150

A (m)
7124

0€°0ST —
B = T

0zL
oz's

7.5

]
17

7]
L]

8.0

160

ez L

17Q

€7 ]
€0ad vzs

vN&
szL H

8.5

mN.N;

180

wNNH“
'L

190

9.5

3ag

20D

Ph”

21Q




0.0

0.5

9.0
8.0 W

sea.n 80 S9'6T ~
180 \ > 8017
€80 [

asealn gT'T — —

1.0

-

1.5

€8°€€ —

2.0

10

20

30

40

r
4 (s)
.18
s)
7

IS

N
N
Fi
203
o
|

Mo

2.5

60

Vo

1
o €000 b£'9L N\

€0ao 9T
€100D 85°4L /

80

90t — —

90

T
4.5

10p

5.0

f1 (ppm)

T
5.5

110
f1 (ppm)

549

120

T
6.0

668CT
816t /.

WL

78'6CT
€0°0€T
00°ZET

6.5

€ZET
E€LLET /

D (s)
6.77
L

L9 — —
60°L
0T°Z ~\

7.0

0T°L 4

/
B (m)
7.22

7.30
C (m)
7.14
s

E 1T
e/ " 16°T
AV 281

A (m)

7.5

€T/ i | -
b1
s

16

ST
9T, =
oz
e
61, ]

8.0

170

mﬁn_ =

8.5

ﬂN.n;
1L

18p

L

£T°L L
YL

9.0

190

vl
€10aD ST°L
8¢°L

9.5

gl

200

2
N
3ah

3ah

S
2
Ph”

).5

Ph”
210




0.0

958919 BUOIIIS 80'0 — -

0.5

+8'0
S8'0
asealn 98'0
98'0
880

!
asealn 97’1 — \A

1.0

9se’u 18°6C —

1.5

10

20

30

0aH €21 — - 9588 —

2.0

2.5

40

50

SEeS

wn
re €000D vL9L
£100D0 91" V

60

70

Fece €100D 85°LL

D (s)
3.76
i

UE—T—~

80|

L0 — —

T
4.5

90

100

5.0

110

S50

f1 (ppm)

fil] (ppm

0vTIT —

T
5.5

Ll

SE°9CT
26'8CT /
0S'6CT W

T
6.0

88°6CT

8.9 €0°0€T

69 g —
089 69°9€T
89

z8'9 —

6.5

6.81

140

7.0

== Ixot
537
g = T..

8TZ v T

A (m)|| B (m)

7.25
11
w

150

81, L

7.5

61°2 68'85T —

6T'L ]
1L
L] L
L]

8.0

160

170

e ]
vz's ]
VN.N\;

8.5

vNN;

1180

ST,

9L \

9T,
LT
8L
8T,

o

190

9.5

62°L
62°L

20

i

3ai

62°L

0L 1)

T€L

Ph~

T€LA
L

).5

210

AL
P T




asealb auodl|iS £0°0 —

€80
mw.oW
950319 58°0
880
060
9seaun 57T —

OQH $5'T —

ST~
oz

90y —

PTL
STLA
912
(129
81'2
6T
0L
17,
2L
e\
27"

S

ESTC

0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

6.0 5.5 5.0 4.5
f1 (ppm)

6.5

7.0

YOI
veL
szL
9z, |
9z's
el
87'L]
8z, ]
622
ez
om.&
1€°L

Ph”

3aj

jm.m

9.5 9.0 8.5 8.0 7.5

10.0

).5

5091 —

7886 —

10

20

30

40

50

70

€1DAD 9T°LL —F

€10aD 85°4L

8Q

:10)

1do

120

1 ((ppm)

§5°9CT
88°9CT W
86'8CT V
0b°6CT
01°0€T \

130

Ny

ceoer L

6E°LET

14D

150

160

170

180

190

200

210

S51



10

20

30

40

50

60

70

80

S0

100

110
f1 (ppm)

S52

120

<
6 _J Mo
2sealb auodl|IS 80°0 . |
vm.o/
¥8'0
S8'0 L M
98'0
180
asealn /80 =
68'0 = L2
68'0
06'0
T6°0 - asealn 58’6 —
sc1-f | w©
asealn /T'T .J -
87’1 o
om.ﬁ\ 20'6E
OQH 79'T )
B [a\]
1
; [ .
m ™ =z
i = o
= 3
; ] = [’
i L — (9
” =_lo
| = |2
~N
= |4
i n =2
~
i o £1200 vm.wh./ = |
£000D 9122 —_— ==
€10aD 8544 fJWIF B
= |~
7 =|ef
™) [ < — g
da 10T = [N&
oy — ———— 0¥ ! =|ac
3 n e~
1 r< H%I“ o
i = |$
| 48811 - — = [ n
8b'eeT W o Hm.
: < o 86°STT | — m o8
| [0 €5°52T 1 = |3 e
=3 ]
; a 85°521 1 = |z e
H . £9°521 =13 e
! n® 80°971 = |2 8
[ w Lyzan | o & N
L9 26°821 Y
8T°L = J
81°L AN 3 » i
612 i o [<47a g
611 i o SE'6TT
: ; 671 —¢
0cs I 89'621 —¢
122 LL6T1
T¢L n TZ'0€T
: re T9°0€T e
Mwﬁ 05'5€T I
YL 10°2¢T — 3 o
YT'LA o |3
ST'LA F = B
ST'LA = [ =
57L =~ Ex| B e Wm.w 3
J_uaw.om.min S0 =™ [ T | in L
L T o™ 3T [ F60T [N m
e — <N J 2
L] |
8z ° o
87, o [RE
67, g
e’z i 1=
. i Lo
0e'L | | " g
€L Lo |
. ® @
1€ 2
434 - 'q
. I 3
9€' 1 . o b s
664 W L2 -
] Q &
25 |
S5 "
wn =
F oo L]
x L
]
z ™
2 (%}
0 g
2 re \
L
\ "N
£
= wn
L~

200 190 180 170 160 150 140 130

210




5 1250 1235

<
asealb auodI|IS £0°0 — \4 -
8L°0
820 L3
080 5}
asealn 180
180 ==
€80 o
80 [
80
osealn 1¢°'T — @sealo p8'6g —
wn
]
€9'88 —
N
e~
0
e~
<
™
=
—tp JMW”
1 . = |
P ED02 b9 =
£000D 9122 =
€000 854 =\
o =
] = |
oyr— 1 Fooz WH
=
n =3
F o =
SPN
F3E
aQ
=y
&
.- — 05°STT
b0 | n* 16°811 A
502 ) .
S0 80 dﬁy
] (4
MM.M zosel W
mo.ﬂ LS 68'971 ~\\
] © 80°621
NH.Z 820€1
:4 8b°0ET
MﬂNU wn 8L°SET ~
o - e
P2 £5°9€1
P2
ST = \¥
. o
ST'L £ % — _ S .
oL o~ |ER — Wmo.N Sb'gPT —
S— T ~ 299
yAwA = J wn
8T, [ w©
8T, "
612
61°L ]
0z'L] L2
0z, ] e
ﬁ.&
L
2z [ v
€z o -
€22 g 3
vT'L \C 4
st o o o
€10ad 92°L - | <
n
o
= @
© < (%]
2 re \
/h T
< o
wn
L=

60 50 40 30 20 10

70

116.0

117.5
80

119.0
S0

122.0 1205
f1 (ppm)
100

110
f1 (ppm)

S53

120

200 190 180 170 160 150 140 130

210




10

20

30

40

50

60

70

80

100

110
f1 (ppm)

S54

1p0

130

144

150

60

170

1‘80

Cl

190

2
4 o
n
80 [ o
£8°0
¥8'0
asealn 8’0 = o
98'0 \ LS
68'0
asealn 7’1 — _—
n  seeoeser —
]
—e9'ge—
<
N
n
[~
<
sl
n
b re €000 $L9L N\
€DA 9T'LL
€000 85°LL
o
€0y — — y Foor [
1
<
S~
FaE
aQ
=y
&
-
e
o
. 08°9CT
v L [ 24148
PTLA PO 6T
ST PTOET
9T°L A OR0CT
9T°L n 90°EET
LUL [ © T8°SET
8T'L 8T'9€ET
6T
6T°L [S)
07 T s
,.m/mbf/, =0 -—— = W :
wef Ed = 79'8
€L n
szL N
€z'L
vz
stz o
s L g
97’z
ze
mN.& n
8T'L F o
o o
[ o
1
[ o
£
©
©
A =
\ =
e
o
wn
L~

3am
400

Ph”
210




asealb auodIIS 9T°0 — —_—
T6°0
60
€60
958319 $6°0
S6°0

a:f -
—
.

aseau0 HE'T —

OQH £L'T—

oy — S

9T'L 7
8T°LA
0z,
€z,
vT'LA
sz
sz

€000 92°L
7L
rzs
8T,
62
0e°L o
€L
€L
€L
[ |
££L§

B (m)
7.31
1

—10'8

0.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

7.0

f1 (ppm)

asealb auodl|IS £T'T —

95B3ID £8°67 —

10

20

30

588 —

40

50

60

€DQD $2°9L N\

1939 917,

€100D 85°LL

8(

90

10

110
f1 (ppm)

9s'zer
68'9CT 1

12p

[TIRY
90°62T ~°
R0°0ET —=

30

6£°0ET \\

ZV0ET
wm.ﬂmﬂ\\
TLSET

140

80°0vT

150

z

vesF S —

¢m.ﬁ
se'L

e
o/ ]
9e's
e
ez
6c 4
:u.&
12

L
L]
L]
St/ A
6b°L
05°L 1
05° -

Br

3an

Ph”

=20 F

9.5 9.0 8.5 8.0 2.5

10.0

160

Vo

180

190

3an

20

s AU
Ph” M er

210

S55



asealb auodl|is £T1°0 —

60
v6'0
asealn 46'0
460
460
66°0 7
0E'T
€T V.
vE'T
33e3908 |AYI3 pue aseals pE'T
9€'T
LET \\‘
OQH ¥L'T
aePde |AY3 21T —
LT'P
6TV
21e3908 |AUI3 6T 4
T
LTV
S6'9
969
869
86'9
669
669
00°Z
T0°L
20,
STLA

€10aD ST°L
9z' 44!

9L
Lz
62L
62°L 1
67
0£°L
0£'Z
1e'
e
T LA
€L
€L
e
YELA
vl
sez
seL
oL
9€°L
€L
£
6L

e

0.5

1.0

2.0

2.5

6.0 5.5 5.0 4.5 4.0 3.5 3.0

6.5

f1 (ppm)

asealb auodl|is 8T'T —

e3ede A3 HEHT —

o308 |Ayia L1712 —

e 7867 —

-10

20 10

30

40

12844

50

213928 Ay 05709 —

€10aD ¥L9L N
€10a0 9T°LL 7
€100D 85°LL

2,001 —

90 80 70

100

T6'9CT

110

120

f1{(ppm)

00621 —
PTOCT i

130

Bt ~

ob'L

~—

C (ddd)
6499

B (m)
7.35

g
57
€L
06°L
06°L

g
€62
6L

3ao

Ph”

A (dd)
7.92

7.0

60EF
SL'SET 4

140

F8-6EF

C00PT

7.5

9.5 9.0 8.5 8.0

10.0

).5

150

160

70

180

190

20

21Q

S56



0.0

SL°0
S0

9.0 L
LL°0 auexay-u §ZpT —

LL0 —
asealn 8/°'0

080 \ L

280

asealn /T'T —
-

\rv asealn $8'67 —

= auexay-u £0'7E —

0.5

1.0

auexay-u €877 —

OQH L¥'T —

1.5

11°6€ —

L
2.0

10

20

30

40

50

2.5

6Q

3.0

70

3.5

€10dD 892

€1DAd 9T°LL —F

80

1DE3-8t "2

4.0

E 06T [

90

~
)
S

T
4.5

100

o
&
<

5.0

bu.mn-
mw.wmﬁuﬁ
§L°9TT

f1 (ppm)

110
f1 (ppm

S57

o
&
v

T

5.5

Y0221

9/ /TT

20

0L o0r-82F

18°92T

~
S
~
T
6.0

66'8CT \

60°Z 6T°0ET 7

1

ZE9ET

6.5

140

9P'9ET %
[AVE mm Nﬂ_
£T°L =
P2 ?

6.99

7.0

J

Bl (m)
7.19

— B,
== Teppe
— Lm.\m:

g
|

A (M| C(s)

~ o
N
~N

|

150

n
[ J ~
czs ]
vz 9

160

ST,
€10aD 92°£
Lze ]

8.0

170

8zs
62

Ph
T
8.5

om.&
€€

180

]
e 1

9.0

19

200

I
~
3ap

3ap

2110

N
N
Ph”

:::/\ P
P ~




9,0
8L°0
8L°0
asealn 8/'0
180 \
£€8°0

osealn gT'T —

A

D (s)
3.81

L

C(s)
4.03

1.0 0.5 0.0

1.5

sealn 18°67 —

oo

2.0

1726 —

2.5

3.0

3.5

€A L9,

€1DaD 9T°LL —F

€100D 85°LL

4.0

4.5

5.0

f1 (ppm)

5.5

£6°92T

6.0

16°92F

£0'671
oveet f

88°671 7]

6.5

T90ET

et

7.0

ST'L
STL N
€10ad 9T°L

v8'L
s8'L W.
s8'L —

L8°L
(8L
88°L

B (m)
7/18

A (m)
7.86

3aq

Ph”

YL EPT —

7.5

8.0

§6'99T —

8.5

9.0

9.5

10.0

).5

o
g
pr S

10

20

30

40

50

60

7o

90 80

100

110
f1 (ppm)|

S58

120

160 150 140 130

170

190

20Q

3aq

210




10

20

30

40

50

60

70

8(

90

190

S59

f1 (ppm)

120

180

140

150

160

170

180

(0]

190

200

ar

o
9sea.b auodI|IS £0°0 — D [ °
n
8L'0 °
S.OW <
asealn 180 =
mw.o\ =
98°0 B
@seal 1¢'T — -
- 958210 €8'67 —
OQH 1§'T — - -
oT'6€ —
<
N
n
Y
<
sl
n
F o e[ O f 744°T4
€0Q0 9T ZL—F
- L €000 85°LL
@
OF) EX 2
- - J v
1
<
FTTOT—
S~
[wnE .
a 02'80T ~
o) ZE60T
e
o
. o
o~ 25 _ TTeT —
e udhud = VO F "
s S 6v'9T
2 re 96'821T W
00°0ET ~=
o TETET —
59'9 = é
99'9 oy F o TH9ET —
2 g S IN )
> Telsn Fse1
99 7 (SR 60
LL9 2
229 e N 18'9KT ~
. 53 : =
. € SES wm.m 98'LbT
T <" -
e 2
e : |~
€T, :
yT°L !
ST | i 2
STL] { [
8T'L
81
ON.J
0z'L i %
17
127 o~
Tz
] @ © -
€27 °
ves]
veL
ST - o
€000 92°L °
£TL H]
e S
g =
3 =
T
wn
L~

210

L




€L0
SL°0
LL0
8.0
auexay-u pue aseals 870
60
080
180
180
€80
asealn g1°'T —

A

D (s)
4.22

C (m)
6.79

0.0

0.5

1.0

1.5

auexay-u 9z'pT —

auexay-u €87z —

95099 £8°67 ~
auexay-u §0°z€ —
88°€E

2.0

2.5

3.0

3.5

€10aD ¥L9L
£10a0 91" V

4.0

c5a3-85-
DE3-85%

4.5

5.0

f1 (ppm)

5.5

HOSZTY

5£'921

6.0

€8°9¢T
48921 D

20'671

Lb'0ET

6.5

18°GET —

86°0bT —

7.0

B (m)
7.14

A (m|
7.24

3as

7.5

8.0

8.5

9.0

9.5

10.0

).5

110 100 90 80 [70 60 50 40 30 20 10

1 (ppm)

S60

120

190 180| 170 160 150 140

s

D

200

Ph”
21




@sealb suodI|IS T1°0 —

980
880
160
€60
80'T
i
Y1
ST
9aTTF
8¢'T
6C'T
0E'T
[4 3
LE'T
@je3908 |AYI3 S0°T —
0L'€
on.my
e
e

Py
ASE
L1°9
L1'9

© 1
N
[N
—

—

0.0

0.5

1.0

1.5

ajeyede A3 TEHT —

31e3908 AT $T° 17 ~
auexay-u 18'zz —

asealn 84'6¢ e
auexay-u 10°€E —
0T°LE ~_

2.0

2.5

a1e3908 A3 81" 09 —

3.0

3.5

€10aD vL9L

E (dd),
3.71

4.0

€A 9T'LL—F
€10aD 85°4L 7

4.5

5.0

f1 (ppm)

5.5

9T°STT
b 9CT
6+°9CT

6.0

D (dt)
6.26

9972T\E
29'82T ~-
v6'821

C (m)
6.43

6.5

SE0ET
86'SET ~
$8'9ET -

7.0

B (m)
7.26

A (m)
7.39

7.5

8.0

8.5

9.0

Ph”
3at
10.0 9.5

).5

20 10

30

PO 90 80 70 60 50

110
f1 (ppm)
S61

120

130

=4
200 100 180 17p 160 150 140

3at

210

Ph/s\/\/[




0.5

9SealH aU0dI|IS SO°0 L AU
N - e

080

180
180 | @

asealn £€8°0

€80

10

20

30

40

50

70

80

90

100

110
f1 (ppm)

S62

120

130

¥8'0 =
ey =
98'0 < 7p —
ww.o\ d e 9v'ze
9sealn €71 — —_—
asealn 86 —
= W
S o [ v
65'T ~ e T -
9+ Al T = LJ:. b3
oaHz1"
o
e
pI'8y —
n
[~
<
sl
wn
- 3 SIDad- L9,
€00aD 9T°LL —F
ena>eszz”
Q
[ <
e A= IL
0E'y ~ M _ —
v ~ O+ === To60 -
bEY F <
SPN
FaE
aQ
=y
&
—
e
o
(YA
1L .
ere ) €Lzt
1 S s
G
ST'Z A .
9T'L in cw.mﬁ\
9T/ F 3 (4433
oA ZTSET
8T'L
6T1°L

7.0

1#

L 9€"EPT —
'S

6T°L A\

7.18

A (m)
7.25
|
J

!
|

——" &
€S

12°2 J
12, r

7.5

16

8.0

170

80

D0

3au
9.5

3au
200

Ph”

210

]
Ph/ST X




aseaub auodlis 00°0 -
vL0
SL°0
9,0
L0
840
asealn 8/'0
640
080
180
Nw.Ox\\ .
asealo 81'1 958210 €8'6C —

1.0

U@

|

1.5

2.0

10

20

30

40

2.5

€9°48 —

60

0

|G 7474
€10a0 9T°LL W
€100D 85°LL

80

—
T
4.0

T
4.5

90

10D

5.0

110

1 (ppm)

S63

i
f
5.5
f1 (ppm)

mmmf ©

wohg

mm_ﬁ 29Tt
oos ] L PVeat

6.0

120

S T
90°Z IS8T~

L0°L 8 \\‘
80°2 §8°8¢T

80°L L
80°Z
60°Z LT TPT —

6.5
&
bl

[

140

Bl|(m)
7115
7.33
|
‘L"
i
1
b
° T
7.0

s f T——

Ve

A(m

§

7.5

150

ROE
b1,
Ve
ST

16

8.0

STz
oz ]

17Q

Rox

YAWAY

8.5

8T°L]

8o

8T°L]
0z,

0z°L

1L

1P

L
€T,
€T

9.5

20

>
©

TELA ©®

z€L

z€L

€€ 7

ves \
veL ©
sgzd o

210

Ph/s |
3a
\




Ry
6L°0
080
080
180

asealn z8'0 r
280
€80
580 =
mw.oﬂ -

16'92
95319 77T — ¥6'9C W

86'9¢
L eseaso bg6e e

0.5 0.0

1.0

OQH 19T — =

2.0

2.5

\n
o 100D bL9L

10

20

30

40

50

60

70

€000 9T LL —F
jaslee) wm,hn\

"
2
)

T
4.5

L9 i 9T I11

80

f1 (ppm)
90

A

i

100

8491 i 8 TT1
m.w. ! r 9z111

' i 0pTIT
289 ! b 111
£8'91

o] i ) 05111
mw.w. | r 62°H11
90 ! SSPTT

6021 0811

5.0
f1 (ppm)

5.5

2.0 111.5 111.0 110.5

S

110
f1 (ppm)

S64

5.0114.7 114.4 1

120

T .
498 vrLTl
€1

T
6.0

6£'821
. 26'821
YL | om.wﬁw > —
St'ZA 90°621 \ {
9L = 00°ZET ‘\

Lt 0T'SET
- =1 T+oe

6.5

128.5

D (m)
6.80

128.8

C (tt)
7.14
L
T
7.0

B (m)

7122
A (da)
7.3%

LTL
e f T
— Fse0 .
s = e—
L T————— 26'T =~

|
129.1

756
f1 (ppm)

mz
mﬂ.h/m
BEL—
s 99°65T
P L0651 >
€L £6°291
ez L0°E9T 7
E.&
sTL
sz

€000 92°2
1T
1€ ]
zeL
ees
bE'L r
ve's
sez
seA
9g°L -
9€',
172 w

RPN

129.4

9.0 8.5

9.5

3aw
F
3aw

Ph”

Ph”

).5

130

140

150

f1 (ppm)
170 160

‘&-».;-»‘.d-wmm%ﬂmwww

PRI

164.0 163.0 162.0 161.0 160.0 159.0 1
180

200 190

210




OQH 65T —

89°€ — —

€10dd 9T°L Y
674
0£°Z
0€°L
LA
LA
LA
€€/
€€7L A
YELA

A\

2 S
seL ww

LEL
g7t
8,
6
6€°L ]
ov°L ]
T,
2
2
g

7a

(s)
3.68

A (m)
7.36

b

A

0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

9£'GE —

€100D ¥L°9L
€10aD 9T°LL W
€100D 85°4L

80°£TT ~\_

65°82T ~—
1621

8C°8ET —

7a

S65



10

20

30

40

60

70

i

100

S66

11

f1 (ppm

120

130

140

15Q

160

]

180

AN
N

190

Te

2Q0

2
o =]
280
80 n
S8°0 [ © U T —
QUEXdY-U pue eI 98°0 auexay-u §z'yT
980 _
180 = o £TIT~
680 r— suexay-u £8'7¢ —
160
auexay-u pue asealn 9z'T —
" osealn $8'67 —
F o [uexay-u £0'zE —
£b'5E —
<
N
—pee————— —  Toss "
[~
<
sl
me— _ -
_ e €000 v2'9L
=] TFsse £nad ot AN
10A08S 7T
Q
r<
1
F <
EPN
FaE
(=%
=N
o
=
ne
o
<
© £0°62T ~_
Lz621
n 8T'SET ~
[ © 99 IET
L
L
39 = )
wn |
AYA EX _ lnL ~
D ———" =~ — Toog
— T
F19
61 L
0zL ~
sTL
Q
[~ oo
n
[~
<
[ o
o &
1
[ o
<
I
S
wn
L=

210

RN




10

20

30

Ao

50

60

8p

90

100

11q

S67

f1 (ppm)

120

13p

14

15Q

160

170

180

7i
190

pop

o
_ 2
€40
90 L3
)
auexay-u pue aseald 8/ "0
wu.o\ =,
18°0 <
- [uexay-u " —_
€80 - U-u 6922
QueXay-u pue dseals 8T T — —
358219 0£'67 7
n pehelVa
OQH IS’ T — . F oo auexay-u §0°0€
\ S5
- <
Bl Y
i
n
N 82'55 —
<
sl
=
n
= A - T
v = = cpas-09'0
. TN bl
15e @R pe-0-4s
— et O m — Fozo DAJ ST
Q
r<
1
r<
SPN
FaE
aQ
=y
&
—
in% L8'€TT —
[ wn
2
[ o
O O0ET
0705 T
n
o
=
ER
£ _ )
o o —— Tm.m
80°L =~ N
€0Q 0T°L / ER _ T F~
(3 —~ I T -
[49
€T, 1A
YL = T —
ooy 65'8ST
8T'L
8T, / o
(] o
n
[~
<
) ~ [ o
1
[ o
e
o) re
wn
L=

2110

. O




10

20

30

Ao

50

80

9q

1po

110
f1 (pgm

S68

120

130

140

150

16

S
170

180

190

200

2
=]
£8°0
£8'0 1n
¥8'0 Fa
S8'0 T —
2seals 98°0
180 MA [S)
88'0 e
06'0
asealn 97' T — —
n 2sealn €867 —
T — _ ]
OQH 95°T PTSE—
e -
] F o AINAW €0°EF —
W'z
LT OF: n
e o E209 F N
8v'z
0s'C
<
al
n
S5'E— —_ - ooy [ £€100D 29,
3 €00 0T 22—
€10aD 85°LL
Q
1 [ <
1
[ <
S~
FaE
aQ
=y
&
-
e
o
<
[ © £6'92T —
19°'621T —
| v 0T'SET —
N PILET —
O.
ES - "
~ L == .
< == Tmh
= n
[~
Q
[~ oo
n
[~
<
[} ~ [ o
1
[ o
<
S/ ra

210

/STj\ St




00°0- —

€0
9L°0
L0
8L°0

8L°0
180 \
€8°0
8T'T—

OQH 8b'T —

UE~

vre”"

q (td)

6.85

B{(m)
7124

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

7.0

f1 (ppm)

958319 0£'67 — -3

10

20

30

40

ST

60

70

€10aD 199

DA E0ZL—F

€10ad Sv°LL

90

98°00T — =

1q

119
f1 (ppm

20

SE'R7T 3

q

£8CF

orost }

13

PBEET ~O

14

Cleaias

YTL ]
€10ad 9z°2
7L
e
62,
ez
see]
see]
e
8s4
182

A (dd)
7.76

9.5 9.0 8.5 8.0 7.5

10.0

).5

15D

140

170

180

190

200

QIR

21

S69



S70

2
veu (R
9,0
220 ] =
8.0 -
8L°0 Fo . _3
asealb pue suexay-u 6/°0 auexay-u 9z°pT .
08'0 } S
18°0 = o _
180 - auexay-u €877 —
asealb pue suexay-u 8T'T 1/ . —- __] m
T~ = o 1
ey osea19 £8°67 —3
€t \ L auexay-u 90°ze — _
9T'T = - i
o Sb'6E —
0aH 1T -7 o
OQH ST
o T
L3 Aundw /62y
(=]
n
n 9775 —
[~
o
O
<
sl
o
N
= n
o ¥ E o IaYen W)
. i B A . o
bS'E am Feee 19699 ££
bS'E S
T .
~ . o™ =— Fezo o
-3 -
(=)}
1
Fa o
=
€
o
FBE S a
a =5
= pud
b
wn
Lo 2
~
<
[ o £1'6271 =1
05621~ -
61'L 66°62T
6T'L in N
oz's F o e
17°L . ] ~ ]
L Aundwr 0LThT ~ —==
472 o 8z-cbT -
€T'L — F 5
ve'L R .
. _sTL W\ ~ _ Tn 4
€000 9¢'Z —== .
7L / r~ o) =1
. O i
= = : (o] I
2 = o
© AN \uﬂ Foov | 2 96'99T — S
n 1 %
b N =
o
n ~
o
[N =) v &
For -
8
In
r o / \ ~
o o=( S
o LS o ~
=
Vi /




€80
+8°0
580
980
aueXay-u pue aseals) 98'Q

88°0
68°0 N
06°0

auexXay-u pue 9sealn 9z’ —

OQH 95'T —

€10ad 97°L —

o Mo
2E S
o._°

D (s)
3.53

B (m)
6.72

A(d)
6.82

e

184
16'T

2.5 2.0 1.5 1.0 0.5 0.0

3.0

4.0

4.5

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

auexay-u OT'HT — —3

auexay-u 89'77 — —

10

20

o
6967 — 4 @
auexay-u ze'1€ ~ 3
0S°SE ~
=
<
“Aunduly THchE — ———

50

£00265°9¢

70

€1Dad 10°LL —F
€10ad ev'LL \

80

90

00 10T —

100

S6°£0T ~

D
PTN)

120 f wg}

oreer—

T6'TET — =

14

65°9PT ~ —.
8LbT

.l

150

160

(0]
(0]

170

180

7r

190

gRieis

=
NS

200

G

210

S71



