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1. General information

Analytical grade solvents and commercially available reagents were used as received. Unless
otherwise noted, materials were obtained from commercial suppliers and used without further
purification. Thin layer chromatography (TLC) employed glass 0.25 mm silica gel plates. Flash
chromatography columns were generally performed on silica gel (200-300 mesh) in petroleum (bp.
60-90°C) and reactions were monitored by thin layer chromatography (TLC) using silica gel GF254
plates with UV light to visualize the course of reaction. All new compounds were characterized by
'H NMR, 13C NMR, IR, HRMS. 'H and 3C NMR data were recorded with Bruker 300 MHz with
tetramethylsilane as internal standard. All chemical shifts (3) are reported in ppm and coupling
constants (J) in Hz. All chemical shifts are reported relative to tetramethylsilane (0 ppm for 'H) and
CDCl; (77.00 ppm for '3C). IR spectra were obtained with neat thin films on a sodium chloride disk
and were recorded on an FT-IR spectrometer. Data are represented as follows: frequency of
absorption (cm™!), intensity of absorption (s = strong, m = medium, w = weak). High-resolution

mass spectra were recorded using electrospray ionization (ESI).

2. Experimental section
2.1 General procedure for a-dithianyl aldehydes 3a-3s
» CuCl, (5 mol %) S/j
NCS (1.2 eq) R
ZJ\/OR?’ + m —_— >8\S
R SN DCE, rt R? ‘CHO
1a-1s 2 3a-3s

To a flame-dried 10 mL flask 1,3-dithiane 2 (24 mg, 0.2 mmol) and NCS (32 mg, 0.24 mmol),
DCE (2 mL), after dissolved the mixture was stirred at 0 °C for 40 min. Then 1a-1s (0.3 mmol) and
CuCl, (1.3 mg, 0.01 mmol) were added at room temperature. Reaction mixture was stirred at rt for
1-8 h until the reaction was complete (as determined by TLC analysis). Reaction mixture was diluted
with ethyl acetate (10 mL) and H,O (1 mL). The organic layer was separated, and the aqueous phase
was re-extracted with ethyl acetate (3x3 mL). The combined organic extracts were washed with
brine (10 mL), and dried over anhydrous Na,SO,. The solvent was removed under vacuum, and
then the residue was purified by column chromatography on silica gel with petroleum/ethyl acetate

(EA/PE = 1: 50~2: 50) to yield the product 3a-3s.

2.2 General procedure for 2-substituted dithiane derivatives 4

S2



FeCl3 (15 mol %)

R1 //\
RZJ\/OR3 ¥ e e

1 2

To a flame-dried 10 mL flask 1,3-dithiane 2 (24 mg, 0.2 mmol) and NCS (32 mg, 0.24 mmol),
DCE (2 mL), after dissolved the mixture was stirred at 0 °C for 40 min. Then 1 (0.3 mmol) and
FeCl; (4.9 mg, 0.03 mmol) were added at reaction temperature. Reaction mixture was stirred at 50
°C for 8 h until the reaction was complete (as determined by TLC analysis). Reaction mixture was
diluted with ethyl acetate (10 mL) and H,O (1 mL). The organic layer was separated, and the
aqueous phase was re-extracted with ethyl acetate (3x3 mL). The combined organic extracts were
washed with brine (10 mL), and dried over anhydrous Na,SO,. The solvent was removed under
vacuum, and then the residue was purified by column chromatography on silica gel with

petroleum/ethyl acetate (EA/PE = 1: 100~1: 50) to yield the product 4.

3. Optimization of the Reaction Conditions”

NCS (1.2 eq)

DCE, 50 °C

R2

S

<

S

oxidant/cat.
©/\/OMG m NCS (1.2eq) ©;[CHO o ©/\(\J
+ S<_-S solvent, temp
1a 2

Entry  Oxidant/Cat (x mol %) Temp (°C) Solvent 3a (%)’ 4a (%)
1 none DCE 38 -
2 none rt THF - -
3 CuCl (5) rt DCE 43 -
4 Cul (5) rt DCE 60 -
5 CuBr (5) rt DCE 73 -
6 Cu(OAc); (5) rt DCE 51 -
7 CuBr; (5) rt DCE 47 -
8 Cu(OTo), (5) rt DCE 55 -
9 CuCl (5) rt DCE 90 -
10 CuCl, (15) rt DCE 88 -
11 CuO (5) rt DCE 64 -
12 CuCl; (5) rt THF - -
13 CuCl;, (5) rt toluene 32 -
14 CuCl, (5) rt CHCl; 84 -
15 CuCl, (5) rt CCly 43 -
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16 CuCl, (5) rt DMF - -

17 DTBP (200) rt DCE 44 -
18 TBHP (200) rt DCE trace -
19 FeCl; (15) 50 DCE - 89
20 FeCl,4H,0 (15) 50 DCE - 43
21 Fe(acac); (15) 50 DCE - 52
22 MsOH (80) 50 DCE - 75
23 TsOH (80) 50 DCE - 63
24 BF; Et,0 (20) 50 DCE - 55

@Reaction conditions: 1,3-dithiane (2, 0.2 mmol), NCS (0.24 mmol), vinyl ether (1a, 0.3 mmol) and
Oxidant/Cat (x mol %) in 2 mL of solvent at 50 °C or room temperature for 1-8 h. ®Isolated yield.
“Not detected or isolated.

4. General Procedure for the Gram Scale Experiment

M

S__S
CuCl, (5 mol %)

©/\/OMG m NCS (1.2 eq) CHO
* 8 S Tm’
3a,79 %

To a flame-dried 100 mL flask were sequentially added 1,3-dithiane (1.2 g, 10 mmol) and NCS
(1.6 g, 12 mmol), DCE (60 mL), after dissolved the mixture was stirred at 0 °C for 40 mins. Then
la (2.0 g, 15 mmol) and CuCl, (67.2 mg, 0.5 mmol) were added at room temperature. Reaction
mixture was stirred at rt for 12 h until TLC analysis showed the reaction was completed. Reaction
mixture was diluted with ethyl acetate (120 mL) and H,O (40 mL). The organic layer was separated,
and the aqueous phase was re-extracted with ethyl acetate (3%x50 mL). The combined organic
extracts were washed with brine (30 mL), and dried over anhydrous Na,SO,, and purified by the

flash chromatography to afford the desired product in 79% yield.

5. Mechanistic Experiments

. _OMe CuCl; (5 mol %)
©/\/ m NCS (1.2 eq ©/U
+ S S
~ ROH (3.0 eq)
1a 2 DCE, rt 4a,74 % 5a, not observed

To a flame-dried 10 mL flask 1,3-dithiane 2 (24 mg, 0.2 mmol) and NCS (32 mg, 0.24 mmol),

DCE (2 mL), after dissolved the mixture was stirred at 0 °C for 40 min. Then ROH (R = Me, ¢-Bu;
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0.6 mmol), 1a (40 mg, 0.3 mmol) and CuCl, (1.3 mg, 0.01 mmol) were added at room temperature.
Reaction mixture was stirred at rt for 8 h. Then reaction mixture was diluted with ethyl acetate (3
mL) and H,O (1 mL). The organic layer was separated, and the aqueous phase was re-extracted with
ethyl acetate (3%3 mL). The combined organic extracts were washed with H,O (10 mL), and dried
over anhydrous Na,SOy, and purified by the flash chromatography to afford 4a product (R = Me,

74% vield; R = +-Bu, 65% yield).

s
CuCl, (5 mol %) /j
Z SOMe m NCS (1.2 eq) ons
+ S\/S
H,0 (2.0 eq)

1q 2 DCE, rt 3q,34 %

To a flame-dried 10 mL flask 1,3-dithiane 2 (24 mg, 0.2 mmol) and NCS (32 mg, 0.24 mmol),
DCE (2 mL), after dissolved the mixture was stirred at 0 °C for 40 min. Then H,O (7.2 puL, 0.4
mmol), 1q (38 mg, 0.3 mmol) and CuCl, (1.3 mg, 0.01 mmol) were added at room temperature.
Reaction mixture was stirred at rt for 8 h. Then reaction mixture was diluted with ethyl acetate (3
mL) and H,O (1 mL). The organic layer was separated, and the aqueous phase was re-extracted with
ethyl acetate (3%3 mL). The combined organic extracts were washed with H,O (10 mL), and dried

over anhydrous Na,SO,, and purified by the flash chromatography to afford 3q product in 34%

S
0,
CHO CuCl; (5 mol %) /Sj
O/ ) m NCS (1.2 eq) s
s._$S x >

DCE, rt

yield.

6q 2 39,0%

To a flame-dried 10 mL flask 1,3-dithiane 2 (24 mg, 0.2 mmol) and NCS (32 mg, 0.24 mmol),
DCE (2 mL), after dissolved the mixture was stirred at 0 °C for 40 min. Then 6q (34 mg, 0.3 mmol)
and CuCl; (1.3 mg, 0.01 mmol) were added at room temperature. Reaction mixture was stirred at rt
for 8 h. Then reaction mixture was diluted with ethyl acetate (3 mL) and H,O (1 mL). The organic
layer was separated, and the aqueous phase was re-extracted with ethyl acetate (3x3 mL). The

combined organic extracts were washed with HO (10 mL), and dried over anhydrous Na,SO,.
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S S
X _OMe CuCl, (5 mol %)
©/\/ m NCS (1.2 eq)
+ S S
~ TEMPO (2.0 eq)
DCE, rt
1a 2 3a, trace

To a flame-dried 10 mL flask 1,3-dithiane 2 (24 mg, 0.2 mmol) and NCS (32 mg, 0.24 mmol),
DCE (2 mL), after dissolved the mixture was stirred at 0 °C for 40 min. Then TEMPO (62 mg, 0.4
mmol), 1a (40 mg, 0.3 mmol) and CuCl, (1.3 mg, 0.01 mmol) were added at room temperature.
Reaction mixture was stirred at rt for 8 h. Then reaction mixture was diluted with ethyl acetate (3
mL) and H,O (1 mL). The organic layer was separated, and the aqueous phase was re-extracted with
ethyl acetate (3%3 mL). The combined organic extracts were washed with H,O (10 mL), and dried
over anhydrous Na,SO,.

X -OMe m FeCI3 (15 mol %) WJ
©/\/ ' SYS DCE, 50°C
1a c 42,80 %

To a flame-dried 10 mL flask 2-chloro-1,3-dithiane (31 mg, 0.2 mmol), 1a (40 mg, 0.3 mmol)
and FeCl; (4.9 mg, 0.03 mmol) were added at reaction temperature in solvent (2 mL). Reaction
mixture was stirred at 50 °C for 8 h until the reaction was complete (as determined by TLC analysis).
Reaction mixture was diluted with ethyl acetate (10 mL) and H,O (1 mL). The organic layer was
separated, and the aqueous phase was re-extracted with ethyl acetate (3x3 mL). The combined
organic extracts were washed with brine (10 mL), and dried over anhydrous Na,SO,, and purified

by the flash chromatography to afford the desired product in 80% yield.

6. Characterization of synthesized compounds

A 2-(1,3-Dithian-2-yl)-2-phenylacetaldehyde (3a): Yellow solid; R,= 0.25 (EA/PE

S S = 1:10); mp (°C) 125-126; isolated yield 90% (43 mg); '"H NMR (300 MHz, CDCl5)

89.72 (d, J=2.7Hz, 1H), 7.43 — 7.32 (m, 3H), 7.31 — 7.23 (m, 2H), 4.69 (d, J=9.6

CHO Hz 1H),3.91 (dd, J=10.2, 2.4 Hz, 1H), 2.94 — 2.77 (m, 4H), 2.19 — 1.77 (m, 2H);

3C NMR (75 MHz, CDCl;) & 196.5, 132.7, 129.2, 128.8, 128.3, 62.3, 45.7, 29.4,

3a 29.3, 25.1; IR (neat, cm™') 3055 (w), 2927 (m), 2853 (w), 1673 (s), 1598 (w), 1579

(w), 1558 (m), 1443 (m), 1421 (m), 1355 (w), 1265 (s), 1195 (w), 1027 (w), 895

(w), 871 (w), 736 (m), 704 (w); HRMS (ESI): m/z: calcd for C,H;50S, [M+H]": 239.0564, found:
239.0565.
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A 2-(4-Chlorophenyl)-2-(1,3-dithian-2-yl)acetaldehyde (3b): Yellow oil; Ry=

S S 0.21 (EA/PE = 1:10); isolated yield 87% (47 mg); "H NMR (300 MHz, CDCl5)

89.73 (d, J=2.7 Hz, 1H), 7.37 (d, J = 7.5 Hz, 2H), 7.20 (d, J = 7.5 Hz, 2H),

CHO 467 (d, J=8.4 Hz, 1H), 3.89 (dd, J = 9.3, 2.4 Hz, 1H), 2.96 — 2.79 (m, 4H),

cl 2.14 - 1.88 (m, 2H); 3*C NMR (75 MHz, CDCl;) § 196.3, 134.5, 131.2, 130.7,

3b 129.2, 61.6, 46.0, 29.7, 29.6, 25.2; IR (neat, cm!) 3054 (w), 2928 (m), 2720

(w), 1722 (m), 1678 (s), 1572 (w), 1552 (w), 1489 (s), 1421 (w), 1357 (W),

1264 (w), 1197 (w), 1093 (m), 1014 (m), 909 (w), 872 (m), 838 (m), 759 (w), 737 (m), 569 (w); HRMS
(ESI): m/z: caled for C1,H4CIOS, [M+H]*: 273.0175, found: 273.0179.

K\ 2-(1,3-Dithian-2-yl)-2-(4-methoxyphenyl)acetaldehyde (3¢): Green solid,;

S S R,=0.16 (EA/PE = 1:10); mp (°C) 127-128; isolated yield 89% (48 mg); 'H

NMR (300 MHz, CDCl3) 6 9.69 (d, J=2.7 Hz, 1H), 7.17 (d, /= 8.7 Hz, 2H),

CHO  6.92 (d, J=8.7 Hz, 2H), 4.67 (d, J= 9.6 Hz, 1H), 3.85 (dd, J = 9.6, 2.7 Hz,

MeO 1H), 3.79 (s, 3H), 2.92 — 2.79 (m, 4H), 2.11 — 1.85 (m, 2H); *C NMR (75

3c MHz, CDCly) 6 196.6, 159.5, 130.4, 124.4, 114.3, 61.6, 55.1, 46.0, 29.6,

29.5,25.2; IR (neat, cm™') 3035 (w), 3001 (w), 2934 (m), 2904 (s), 2835 (m),

2720 (w), 1717 (s), 1669 (m), 1582 (w), 1510 (s), 1422 (m), 1304 (m), 1180 (m), 1030 (m), 907 (w), 830

(m), 735 (m), 656 (w), 607 (w), 543 (m); HRMS (ESI): m/z: calcd for C{3H;;,0,S, [M+H]*: 269.0670,
found: 269.0673.

A 2-(3-Chlorophenyl)-2-(1,3-dithian-2-yl)acetaldehyde (3d): Yellow oil; R,=

S.__S 0.19 (EA/PE = 1:10); isolated yield 84% (46 mg); 'H NMR (300 MHz, CDCl5)

89.71 (d, J=2.7 Hz, 1H), 7.35 — 7.24 (m, 3H), 7.18 — 7.10 (m, 1H), 4.64 (d, J

CHO =9.6Hz, 1H), 3.88 (dd, J=9.6, 2.4 Hz, 1H), 2.93 — 2.78 (m, 4H), 2.11 — 1.86

(m, 2H); 13C NMR (75 MHz, CDCl3) & 196.1, 134.8, 134.7, 130.1, 129.3,

3d 128.6, 127.5, 61.8, 45.7, 29.5, 29.3, 25.1; IR (neat, cm'!) 3056 (w), 2904 (m),

2828 (m), 2721 (w), 1723 (m), 1668 (s), 1594 (m), 1421 (m), 1298 (w), 1264

(m), 1196 (w), 1082 (w), 999 (w), 876 (m), 792 (m), 735 (s), 692 (m), 480 (w); HRMS (ESI): m/z: calcd
for C,H4,ClOS, [M+H]*: 273.0175, found: 273.0180.

Cl

K\ 2-(1,3-Dithian-2-yl)-2-(3-methoxyphenyl)acetaldehyde (3e): Yellow oil;

S S R;=0.15 (EA/PE = 1:10); isolated yield 87% (47 mg); 'H NMR (300 MHz,

CDCl3) 6 9.70 (d, J=2.4 Hz, 1H), 7.35 - 7.27 (m, 1H), 6.90 — 6.78 (m, 3H),

CHO 468 (d, J=9.9 Hz, 1H), 3.87 (dd, J = 8.1, 2.1 Hz, 1H), 3.80 (s, 3H), 2.93 —

2.77 (m, 4H), 2.11 — 1.87 (m, 2H); C NMR (75 MHz, CDCl;) § 196.4,

3e 159.8, 134.1, 129.9, 121.4, 115.1, 113.6, 62.3, 55.2, 45.7, 29.5, 29.3, 25.2;

IR (neat, cm) 3052 (w), 3001 (w), 2935 (s), 2834 (m), 1721 (m), 1672 (s),

1487 (m), 1429 (m), 1317 (w), 1257 (m), 1167 (m), 1099 (w), 995 (w), 908 (w), 858 (m), 783 (w), 736
(m), 698 (w); HRMS (ESI): m/z: calcd for C;3H;,0,S, [M+H]*: 269.0670, found: 269.0674.

MeO

2-(1,3-Dithian-2-yl)-2-(2-fluorophenyl)acetaldehyde (3f): Yellow oil; R, = 0.22
S S (EA/PE = 1:10); isolated yield 85% (44 mg); '"H NMR (300 MHz, CDCl3) 6 9.82 (d,

J=2.1Hz, 1H), 7.40 — 7.30 (m, 1H), 7.29 — 7.22 (m, 1H), 7.20 — 7.07 (m, 2H), 4.70
CHO
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(d, J=9.9 Hz, 1H), 4.21 (dd, J=9.9, 2.4 Hz, 1H), 2.95 — 2.73 (m, 4H), 2.13 — 1.92 (m, 2H); 3C NMR
(75 MHz, CDCls) 6 196.2, 130.9, 130.2, 130.1, 124.5,116.0, 115.7, 56.1, 44.7, 28.9, 28.7, 25.2; IR (neat,
cm™) 3055 (w), 2916 (m), 2829 (w), 1723 (m), 1673 (s), 1568 (m), 1487 (m), 1450 (m), 1354 (w), 1265
(m), 1225 (m), 1187 (w), 1082 (m), 910 (w), 872 (m), 825 (m), 757 (m), 736 (s), 702 (m), 680 (w);
HRMS (ESI): m/z: caled for C1,H4FOS, [M+H]": 257.0470, found: 257.0472.

M

S._S

CHO

OMe
39

2-(1,3-Dithian-2-yl)-2-(2-methoxyphenyl)acetaldehyde (3g): Yellow oil; Ry =
0.18 (EA/PE = 1:10); isolated yield 88% (47 mg); 'H NMR (300 MHz, CDCl;)
9.81 (d, /J=2.1 Hz, 1H), 7.34 — 7.26 (m, 1H), 7.17 (dd, J=7.5, 1.8 Hz, 1H), 6.98 —
6.88 (m, 2H), 4.80 (d, /= 9.9 Hz, 1H), 4.12 (dd, /= 9.9, 2.1 Hz, 1H), 3.82 (s, 3H),
2.91-2.76 (m, 4H), 2.10 — 1.87 (m, 2H); *C NMR (75 MHz, CDCl;) 4 197.8, 157.1,
130.9, 129.5, 122.6, 120.6, 110.9, 57.2, 55.4, 44.6, 29.0, 28.8, 25.2; IR (neat, cm™!)
3049 (w), 3004 (w), 2936 (s), 2902 (m), 2836 (m), 2724 (w), 1721 (s), 1672 (m),

1598 (m), 1422 (w), 1333 (w), 1247 (m), 1026 (m), 938 (w), 908 (m), 870 (w), 752 (m), 702 (w), 508
(w); HRMS (ESI): m/z: calcd for Ci3H;70,S, [M+H]": 269.0670, found: 269.0675.

M

S._S
Cl

2-(3-Chlorophenyl)-2-(1,3-dithian-2-yl)propanal (3h): Colorless oil; R, =
0.24 (EA/PE = 1:10); isolated yield 81% (46 mg); "H NMR (300 MHz, CDCl5)
8 9.61 (s, 1H), 7.50 — 7.11 (m, 4H), 4.82 (s, 1H), 3.10 — 2.70 (m, 4H), 2.17 —

CHO  1.76 (m, 2H), 1.68 (s, 3H); 3C NMR (75 MHz, CDCl;) & 198.1, 139.2, 134.8,

3h

129.9, 128.1, 127.7, 125.6, 57.3, 54.4, 31.3, 25.5, 16.0; IR (neat, cm™') 3075
(W), 2983 (W), 2937 (w), 2902 (m), 2828 (w), 1729 (s), 1593 (m), 1570 (m),
1479 (m), 1421 (m), 1266 (m), 1196 (w), 1100 (w), 998 (w), 933 (W), 907 (m),

788 (m), 737 (s), 691 (m), 668 (w), 441 (w); HRMS (ESI): m/z: caled for Ci3H,(ClIOS, [M+H]*:
287.0331, found: 287.0333.

M

S._S

CHO

3i

Ci3H,,08, [M+H]*

M

S._S

2-(1,3-Dithian-2-yl)-2-phenylpropanal (3i):! White solid; R, = 0.28 (EA/PE =
1:10); mp (°C) 107-108; isolated yield 95% (48 mg); 'H NMR (300 MHz, CDCls) &
9.62 (s, 1H), 7.47 — 7.24 (m, 5H), 4.87 (s, 1H), 3.05 — 2.75 (m, 4H), 2.15 - 1.77 (m,
2H), 1.70 (s, 3H); 3C NMR (75 MHz, CDCl;) 6 198.6, 136.9, 128.7, 127.9, 127.3,
57.4,54.5,31.3,31.2,25.6,15.8; IR (neat, cm'') 3067 (w), 2979 (m), 2951 (m), 2885
(s), 2825 (m), 2723 (w), 1727 (s), 1493 (m), 1443 (m), 1391 (w), 1279 (m), 1246
(w), 935 (m), 904 (m), 879 (m), 781 (w), 698 (m); HRMS (ESI): m/z: calcd for

: 253.0721, found: 253.0726.

2-(1,3-Dithian-2-yl)-2-(p-tolyl)propanal (3j): White solid; R,= 0.27 (EA/PE =
1:10); mp (°C) 88-89; isolated yield 90% (48 mg); 'H NMR (300 MHz, CDCl;)
8 9.73 (s, 1H), 7.49 — 7.33 (m, 4H), 5.01 (s, 1H), 3.28 — 2.83 (m, 4H), 2.49 (s,

CHO  3H), 2.33 — 1.87 (m, 2H), 1.83 (s, 3H); *C NMR (75 MHz, CDCl;) & 198.5,

3j

137.6, 133.7, 129.4, 127.1, 57.0, 54.5, 31.2, 31.2, 25.5, 20.9, 15.6; IR (neat, cm-
1) 3025 (w), 2981 (m), 2900 (m), 2826 (m), 2715 (w), 1723 (s), 1670 (w), 1512
(m), 1421 (m), 1372 (m), 1276 (m), 1186 (w), 1068 (w), 906 (m), 812 (m), 779

(w), 701 (W), 634 (w), 544 (w), 514 (m); HRMS (ESI): m/z: caled for C1H,40S, [M+H]*: 267.0877,
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found: 267.0872.

S

s
/O/\FCHO
cl
3k

2-(4-Chlorophenyl)-2-(1,3-dithian-2-yl)propanal (3k): White solid; R, =
0.28 (EA/PE = 1:10); mp (°C) 112-113; isolated yield 87% (50 mg); 'H NMR
(300 MHz, CDCl;) 6 9.59 (s, 1H), 7.49 — 7.19 (m, 4H), 4.82 (s, 1H), 3.08 —
2.71 (m, 4H), 2.22 — 1.73 (m, 2H), 1.67 (s, 3H); 1*C NMR (75 MHz, CDCl;) &
198.2, 135.5, 133.9, 128.8, 128.7, 57.0, 54.3, 31.2, 25.4, 16.0; IR (neat, cm")
3020 (w), 2935 (w), 2900 (w), 2825 (w), 1726 (s), 1669 (w), 1493 (m), 1421
(w), 1276 (w), 1097 (m), 1011 (m), 928 (w), 906 (w), 822 (w), 723 (w), 517

(w); HRMS (ESI): m/z: calcd for C;3H;cC10S, [M+H]": 287.0331, found: 287.0334.

M

S._S

CHO

Br
3l

904 (m), 814 (m), 703

2-(4-Bromophenyl)-2-(1,3-dithian-2-yl)propanal (31): White solid; R,=0.25
(EA/PE = 1:10); mp (°C) 116-117; isolated yield 85% (56 mg); "H NMR (300
MHz, CDCl5) 8 9.59 (s, 1H), 7.52 (d, J=7.2 Hz, 2H), 7.24 (d, /= 7.2 Hz, 2H),
4.81 (s, IH), 3.21 —2.73 (m, 4H), 2.17 — 1.76 (m, 2H), 1.67 (s, 3H); *C NMR
(75 MHz, CDCl) 6 198.2, 136.0, 131.8, 129.1, 122.3, 57.1, 54.4, 31.2, 25.5,
16.1; IR (neat, cm™!) 3014 (w), 2987 (w), 2948 (w), 2902 (s), 2817 (m), 2710
(w), 1724 (s), 1491 (m), 1458 (w), 1399 (m), 1277 (m), 1083 (m), 1008 (m),
(w), 654 (m), 522 (m); HRMS (ESI): m/z: caled for C{3H;(BrOS, [M+H]":

330.9826, found: 330.9831.

()
S._$S
/©/\FCHO
F
3m

(m), 946 (w), 832 (m),

2-(1,3-Dithian-2-yl)-2-(4-fluorophenyl)propanal (3m): White solid; R,= 0.26
(EA/PE = 1:10); mp (°C) 89-90; isolated yield 84% (45 mg); '"H NMR (300
MHz, CDCl3) 8 9.59 (s, 1H), 7.58 — 7.19 (m, 2H), 7.19 — 7.02 (m, 2H), 4.82 (s,
1H), 3.03 — 2.75 (m, 4H), 2.14 — 1.79 (m, 2H), 1.68 (s, 3H); *C NMR (75 MHz,
CDCl3) 6 198.4, 163.8, 160.5, 132.7,129.2, 115.8, 115.5, 56.9, 54.5, 31.2, 31.2,
25.5, 16.2; IR (neat, cm') 3071 (w), 2980 (w), 2896 (m), 2833 (w), 1725 (s),
1598 (m), 1509 (s), 1455 (w), 1410 (m), 1373 (w), 1277 (m), 1200 (m), 1167
778 (w), 737 (m), 703 (w), 532 (m); HRMS (ESI): m/z: calcd for C13H;sFOS,

[M+H]*": 271.0627, found: 271.0630.

)
S__S
CHO
3n

2-(1,3-Dithian-2-yl)-2-(naphthalen-2-yl)propanal (3n): White solid; R, =
0.24 (EA/PE = 1:10); mp (°C) 138-139; isolated yield 91% (55 mg); '"H NMR
(300 MHz, CDCl3) 6 9.70 (s, 1H), 7.92 — 7.75 (m, 4H), 7.55 — 7.43 (m, 3H),
4.99 (s, 1H), 3.11 —2.76 (m, 4H), 2.23 — 1.84 (m, 2H), 1.81 (s, 3H); 3*C NMR
(75 MHz, CDCl3) 6 198.7, 134.4, 133.1, 132.6, 128.5, 128.2, 127.5, 127.1,
126.6, 126.4, 124.6, 57.6, 54.5, 31.3, 25.6, 16.2; IR (neat, cm™') 3056 (w),
2982 (w), 2935 (w), 2899 (w), 2825 (w), 1725 (s), 1597 (w), 1506 (w), 1421

(w), 1276 (m), 1183 (w), 947 (w), 908 (w), 748 (m), 658 (w), 477 (m); HRMS (ESI): m/z: calcd for
C17H,40S, [M+H]*: 303.0877, found: 303.0880.

2-(1,3-Dithian-2-yl)-2-phenylbutanal (30): Colorless oil; Ry = 0.38 (EA/PE =
1:10); isolated yield 84% (45 mg); 'H NMR (300 MHz, CDCl;) 6 9.83 (s, 1H), 7.62

)
S.__S

—6.
30

92 (m, 5H), 4.70 (s, 1H), 3.20 — 2.63 (m, 4H), 2.31 — 2.04 (m, 2H), 2.02 — 1.52
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(m, 2H), 0.83 (t, J = 7.5 Hz, 3H); 3*C NMR (75 MHz, CDCl;) 6 200.8, 135.7, 128.7, 128.3, 127.8, 61.1,
52.5,31.3,31.1, 26.0, 25.5, 8.4; IR (neat, cm') 3057 (w), 3025 (w), 2968 (m), 2935 (s), 2829 (m), 1724
(), 1668 (m), 1495 (m), 1421 (m), 1276 (m), 1181 (w), 1002 (w), 909 (m), 758 (m), 700 (s), 555 (m);
HRMS (ESI): m/z: caled for C14H40S, [M+H]": 267.0877, found: 267.0875.

M)

S._S
CHO

b

(0]
w

CHO

b

S._S

]

3r

CHO

1-(1,3-Dithian-2-yl)cyclopentane-1-carbaldehyde (3p): Yellow oil; R,= 0.32 (EA/PE
= 1:10); isolated yield 83% (36 mg); '"H NMR (300 MHz, CDCl5) § 9.63 (s, 1H), 4.44 (s,
1H), 2.99 — 2.83 (m, 4H), 2.22 — 2.00 (m, 2H), 1.97 — 1.77 (m, 4H), 1.69 — 1.49 (m, 4H);
3C NMR (75 MHz, CDCls) § 201.3, 61.4, 54.4, 31.1, 30.4, 25.8, 25.7; IR (neat, cm™)
2952 (s), 2902 (m), 2868 (m), 2827 (w), 2726 (w), 1722 (s), 1449 (m), 1422 (m), 1390
(W), 1276 (m), 1183 (w), 1001 (w), 909 (m), 882 (w), 866 (w), 778 (m); HRMS (ESI):
m/z: caled for C;oH,;0S, [M+H]": 217.0721, found: 217.0724.

1-(1,3-Dithian-2-yl)cyclohexane-1-carbaldehyde (3q):? Colorless oil; R,= 0.45 (EA/PE
= 1:10); isolated yield 86% (40 mg); '"H NMR (300 MHz, CDCl;) 6 9.63 (s, 1H), 4.26 (s,
1H), 3.11 = 2.69 (m, 4H), 2.17 — 2.00 (m, 2H), 1.95 — 1.49 (m, 6H), 1.46 — 1.05 (m, 4H);
13C NMR (75 MHz, CDCl;) 6 204.5, 55.3, 53.1, 31.4, 29.0, 25.9, 25.2, 22.3; IR (neat,
cm) 3053 (w), 2936 (s), 2857 (m), 2711 (w), 1724 (s), 1671 (w), 1451 (m), 1423 (m),
1348 (w), 1265 (s), 1192 (w), 963 (w), 907 (m), 832 (w), 737 (s), 704 (m), 660 (w); HRMS
(ESI): m/z: caled for C;H;50S, [M+H]*: 231.0877, found: 231.0872.

2-(1,3-Dithian-2-yl)acetaldehyde (3r):* Yellow oil; R,= 0.21 (EA/PE = 1:10); isolated
yield 93% (30 mg); '"H NMR (300 MHz, CDCls) 6 9.75 (t, J= 1.8 Hz, 1H), 4.52 (t, J =
6.9 Hz, 1H), 3.02 —2.92 (m, 2H), 2.90 — 2.80 (m, 4H), 2.21 — 1.80 (m, 2H); 3*C NMR (75
MHz, CDCl;) 8 198.0, 48.1, 40.0, 29.9, 24.9; IR (neat, cm!) 2900 (m), 2828 (m), 2731
(w), 1722 (s), 1422 (m), 1336 (w), 1277 (w), 1244 (w), 1175 (w), 1029 (w), 908 (m), 772

(W), 659 (), 534 (w); HRMS (ESI): m/z: caled for CgH, 0S, [M+H]*: 163.0251, found: 163.0254.

M)

S._S

/\[CHO

3s

2-(1,3-Dithian-2-yl)propanal (3s):* Colorless oil; R, = 0.34 (EA/PE = 1:10); isolated
yield 85% (30 mg); '"H NMR (300 MHz, CDCl;) 6 9.70 (d, /= 1.8 Hz, 1H), 4.41 (d, J =
5.7 Hz, 1H), 3.05 — 2.80 (m, 4H), 2.79 — 2.66 (m, 1H), 2.24 — 1.77 (m, 2H), 1.27 (d, J =
7.2 Hz, 3H); 3C NMR (75 MHz, CDCl3) § 201.1, 50.2, 48.0, 30.1, 30.0, 25.3, 11.3; IR
(neat, cm™!) 3052 (w), 2935 (m), 2904 (m), 2830 (m), 2727 (w), 1724 (s), 1670 (w), 1423

(m), 1375 (w), 1266 (w), 1185 (w), 946 (w), 908 (m), 736 (s), 703 (m), 658 (w); HRMS (ESI): m/z: caled
for C;H,308, [M+H]*: 177.0408, found: 177.0405.

S 2-Benzyl-1,3-dithiane (4a):° Yellow oil; R,= 0.53 (EA/PE = 1:10); isolated yield
©/\S( 89% (37 mg); 'H NMR (300 MHz, CDCls) & 7.33 — 7.21 (m, 5H), 4.24 (t, J="7.5

4a

Hz, 1H), 3.02 (d, J = 7.5 Hz, 2H), 2.91 — 2.72 (m, 4H), 2.18 — 1.71 (m, 2H); 3C
NMR (75 MHz, CDCl3) § 137.2, 129.1, 128.3, 126.9, 48.6, 41.7, 30.5, 25.7; IR

(neat, cm™) 3061 (w), 3027 (w), 2932 (m), 2899 (s), 2847 (w), 2826 (w), 1603 (w), 1496 (m), 1453 (m),
1421 (m), 1275 (m), 1242 (w), 1075 (w), 1029 (w), 941 (w), 907 (m), 740 (m), 698 (s), 663 (W), 510 (w);
HRMS (ESI): m/z: caled for CH;5S, [M+H]": 211.0615, found: 211.0611.
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CDCl3) 8 7.28 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 421 (t, J= 7.2

Hz, 1H), 2.99 (d, J = 7.2 Hz, 2H), 2.90 — 2.77 (m, 4H), 2.14 — 1.81 (m, 2H);
13C NMR (75 MHz, CDCl3) § 135.7, 130.5, 128.5, 48.4, 41.0, 30.5, 25.6; IR (neat, cm') 3077 (w), 2933
(m), 2899 (s), 2852 (W), 2827 (W), 1491 (s), 1422 (m), 1241 (w), 1177 (w), 1092 (m), 1015 (m), 907 (m),
867 (w), 803 (W), 765 (W), 519 (m); HRMS (ESI): m/z: caled for C,H,4CIS, [M+H]*: 245.0225, found:
245.0222.

S 2-(4-Methoxybenzyl)-1,3-dithiane (4c):” White solid; R,= 0.43 (EA/PE
/©/\S(\J = 1:10); mp (°C) 71-72; isolated yield 87% (42 mg); 'H NMR (300 MHz,
MeO
4c

S 2-(4-Chlorobenzyl)-1,3-dithiane (4b):® Yellow solid; R, = 0.48 (EA/PE =
/©/\S(\J 1:10); mp (°C) 65-66; isolated yield 86% (42 mg); 'H NMR (300 MHz,
Cl
4b

CDCl3) 3 7.16 (d,J = 8.7 Hz, 2H), 6.85 (d, J = 8.7 Hz, 2H), 4.21 (t, J=7.2

Hz, 1H), 3.78 (s, 3H), 2.96 (d, J = 7.2 Hz, 2H), 2.88 — 2.75 (m, 4H), 2.16

~ 1.80 (m, 2H); 13C NMR (75 MHz, CDCl;) § 158.5, 130.1, 129.2, 113.6, 5.1, 48.9, 40.8, 30.5, 25.7; IR

(neat, cm!) 3030 (w), 2996 (w), 2931 (m), 2901 (m), 2932 (w), 1611 (m), 1512 (s), 1437 (m), 1276 (s),

1246 (s), 1178 (m), 907 (w), 868 (m), 822 (m), 782 (W), 729 (W), 545 (m); HRMS (ESI): m/z: calcd for
C1,H,,0S, [M+H]*: 241.0721, found: 241.0722.

s 2-(1-Phenylethyl)-1,3-dithiane (4i):* Colorless oil; R, = 0.53 (EA/PE = 1:10);
isolated yield 91% (41 mg); 'H NMR (300 MHz, CDCl;)  7.37 — 7.24 (m, 5H),
S 424 (d,J=7.5Hz, 1H), 3.17 - 3.03 (m, 1H), 2.88 —2.69 (m, 4H), 2.12 — 1.71 (m,

4i

2H), 1.47 (d, J= 7.2 Hz, 3H); '3C NMR (75 MHz, CDCls) § 142.9, 128.1, 127.6,

126.9, 54.8, 44.8, 30.9, 30.5, 25.7, 18.6; IR (neat, cm!) 3059 (w), 3026 (m), 2968
(m), 2896 (s), 2827 (w), 1601 (w), 1421 (m), 1276 (m), 1179 (w), 1014 (w), 905 (w), 797 (w), 754 (m),
698 (m); HRMS (ESI): m/z: calcd for Ci,H;7S, [M+H]*: 225.0772, found: 225.0775.

s 2-(1-(p-tolyl)ethyl)-1,3-dithiane (4j):° Colorless oil; R, = 0.57 (EA/PE =
1:10); isolated yield 90% (43 mg); 'H NMR (300 MHz, CDCl;) & 7.24 — 7.11
S (m, 4H), 4.23 (d, J = 7.5 Hz, 1H), 3.13 — 2.99 (m, 1H), 2.86 — 2.71 (m, 4H),
4

2.32 (s, 3H), 2.13 — 1.70 (m, 2H), 1.45 (d, /= 7.2 Hz, 3H); 13C NMR (75 MHz,

CDCly) 5 139.8, 136.5, 128.9, 127.4, 55.0, 44.3, 30.9, 30.5, 25.8, 21.1, 18.6; IR
(neat, cm™) 3020 (m), 2968 (m), 2896 (s), 2826 (w), 1514 (m), 1421 (m), 1276 (m), 1183 (w), 1046 (),
904 (w), 816 (m), 719 (w); HRMS (ESI): m/z: caled for C13H,oS, [M+H]*: 239.0928, found: 239.0933.

s 2-(1-(4-Chlorophenyl)ethyl)-1,3-dithiane (4k): Colorless oil; Ry = 0.49

(EA/PE = 1:10); isolated yield 87% (45 mg); '"H NMR (300 MHz, CDCl;) &

Cl S 7.28 (d, J= 8.7 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 4.21 (d, /= 7.2 Hz, 1H),
4k

3.18 = 3.00 (m, 1H), 2.92 — 2.73 (m, 4H), 2.09 — 1.71 (m, 2H), 1.45 (d, J =

7.2 Hz, 3H); 3C NMR (75 MHz, CDCl;) 6 141.3, 132.7, 129.0, 128.3, 54.7,
44.2,30.9,30.6,25.7, 18.6; IR (neat, cm') 3031 (w), 2969 (m), 2931 (m), 2898 (m), 2827 (w), 1713 (w),
1492 (s), 1451 (m), 1421 (m), 1376 (w), 1275 (m), 1178 (m), 1094 (m), 1012 (m), 904 (w), 823 (m), 772
(w), 724 (w), 568 (w), 536 (m); HRMS (ESI): m/z: caled for C,H;cCIS, [M+H]*: 259.0382, found:
259.0380.
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2-Cyclohexyl-1,3-dithiane (4q):' White solid; R, = 0.59 (EA/PE = 1:10); mp (°C) 46-47;
isolated yield 84% (34 mg); 'H NMR (300 MHz, CDCl;) § 4.04 (d, /= 5.4 Hz, 1H), 2.99 -
2.80 (m, 4H), 2.19 — 2.04 (m, 1H), 1.95 — 1.87 (m, 2H), 1.86 — 1.56 (m, 6H), 1.23 (m, 4H);
BCNMR (75 MHz, CDCl;) § 55.3, 43.1, 30.9, 30.4, 26.4, 26.2, 26.1; IR (neat, cm™') 2926 (s),
2851 (s), 2662 (w), 1709 (w), 1687 (w), 1448 (s), 1421 (m), 1348 (w), 1276 (m), 1183 (m),
4q 1112 (w), 1040 (w), 964 (w), 909 (m), 870 (w), 790 (w), 760 (m), 684 (w), 606 (w); HRMS
(ESI): m/z: caled for CigH;9S, [M+H]*: 203.0928, found: 203.0931.

)

7. Refrences

1. 1. Paterson and L. G. Price, Tetrahedron Lett., 1981, 22, 2829.

2. S. Bezzenine-Lafollée, F. Guibé, H. Villar and R. Zriba, Tetrahedron, 2004, 60, 6931.
3.L. Zand K. AG, J. Org. Chem., 2003, 68, 8236.

4. E. C. Taylor and J. L. LaMattina, Tetrahedron Lett., 1977, 18, 2077.

5. M. Hut’Ka, T. Tsubogo and S. Kobayashi, Organometallics, 2014, 33, 5626.

6. S. Bhadra and B. C. Ranu, Can. J. Chem., 2009, 87, 1605.

7.N. Abidi and J. R. Schmink, J. Org. Chem., 2015, 80, 4123.

8. G. A. Epling and Q. Wang, Tetrahedron Lett., 1992, 33, 5909.

9. H. Yutaka, S. Mitsuru and T. Gen-ichi, Chem. Lett., 1985, 14, 1153.

10. B. Roy, D. Sengupta and B. Basu, Tetrahedron Lett., 2014, 55, 6596.

S12



8. 'H NMR and 3C NMR spectra data of products

vZ'L
9z’L
9z’ L
LZ'L
9e°L
ge’L
LEL
6e°L

(Y] V.

zl's

CHO

~

Ts <

T%,:

Freo

‘_‘VQM 0

£1 (ppm)

sz~
8z'6e
Lad mNV

€LSY —

9’29 —

1592
oo,hnW
AN

ve8zL N
va'scl W
ve va\\.
69zZElL

1S961L —

100

110
£1 (ppm)
S13

0

140 130

a

S

160

70

180 7

T
190

CHO

200




a
r
-
re
-
e
- §1'6Z ~
re 5662
8862 V.
98t L e
88l -
06'L
o —
90 w/
10T - | @
pe NW //J».A To T [
e _
fagd [ £9'19
z8Z e
€82 o
98T F I Feov LS 859\
68'c 00°LL 7
16T £¥LL
262 K]
€6 w
v6'Z
88'c — Heo | @
28 ¥
16
16 o
Mo
MM.MV — Froo El
2
-
Fag
"
Fd
916zl
° 89°0eL
[¢ szIeL
rSYeEL
61°L |
i S —_
98 L 7 — 561 | w
8eL 7 [+
°
Fa
-
Fa
o
g :
n O
HS o R 1E°061 — A
2 [ 3
zLB “ ] = w b
—
e — oo R
e
o - [§]
re

S14

£1 (ppm)




a8’
06’1
S0°2
S0°2
L0e
Lz
08'e
182
4: ¥4
68'2
68'C
6L°€E
€8¢
ra'c
a8't
i8¢

N W W

SO~
69%

069~
€69
9L
6L s

a9'6 V.

696

2 60E

= Fere

CHO

ms
" &

MeO

4.0

4.5

5.0

5

6.0

6.

8.0

8.5

o

£1 (ppm)

¥2'52 ~

Ly mNV.

£9'62

668'Gv —

bb§s —

G518 —

1591
00 NMW
ZviL

e —

e vl —

croel —

€5'6G1L —

95961 —

J'{

MeO

£1 (ppm)

S15



88l

ers
YL
SHL
SLL
ab'L
9z'L
9z'L
9z'L
L
LeL
(4]
[45)

1L'6 V.

L8

cl

Fror

Fe
-

Fee0
Fore

0

1.0 9

10.

£1 (ppm)

B0'SE =
ze'6e
B8¥'62 V.

89S —

8L9 —

21592
00°LL W
ZvLL

bgLZL
65821 W
veeelL
sooct /.

IR %

L8 vEL

0L'96L —

Cl

-10

60

110

170

£1 (ppm)

S16



68°1L
06°1L
[4:0 %

902 M
a0z
oLz
e
Z8'2
£8°C
€8¢
v8'e
062
og'¢
S8't
98'¢
ag'c
68t

99~
89y~

08’9
08’9
€89
189~
069
LZL
az’L
62°L
LeL
e’

0L'6 >

L6

MeO

TE z

£1 (ppm)

2T'ST -
€E'62
Ls'62 v

696Gy —
SHes —
6229 —

85'9L
00°LL W
ev'LL

9sel—
crei
orLzL —

L6'6ZL —
LEPEL

8L65L —

L2961

C

w

CHO

MeO

10

50 40 30

60

150 140 130 120 110 100 90 80
£1 (ppm)

160

200 190 180

210

S17



96°L
s0°C
902
a0e
a0z
¥8'e
18’2
262
£6°C

R

a1y
6LF
zer
€y \
69'% -
Ly

80°L

Wi
viL
gL’L
LVL
614
6LL
€Z°L
SZT°L
IV
9z’L
LZ'L
gL
ve'L

9e°L
e’

28’6 v

€86

L

CHO

oot

Foot

H\NHN

L1
E0" 1

£1 (ppm)

SL6Z
898z
Nm,mmv

L9 vr —

€198 —

859/
oo,\LW
ZviL

LESLE S,
009LL

0S¥el
LLoEL
zz08l
se0et <

€Z96L —

-10

50 40

60

80

110

T
120

T
00 190

210

°
L&
&

£1 (ppm)

S18



0%

2671 /,
vo'e

S0°C
90c
6.2
a8’z
06'2
(X x4
1682

4: X+
o_v.v/
:.Q%.
ek
vy

8L~
gy

689
68°9
269
S68'9
96°9
96’9
9L°L
1)
=1
614 Mn
9z’L
8z’L
G624
(3
Ze'L
veL

18’6 v.

186

CHO

OMe

Tx_ z

Frer

-xTt

o1

oo

Free
60T
Forl

Foor

5

S

£1 (ppm)

€262~
Ll'8e
v0'62 v

oYy —
L8865 ™~

1zas

85'9L
oo,th
erLL

980k —
29021 —
6522

$S'6TI
6g'0el

B80LSE —

0881 —

G

CHO

OMe

160

130 120 110
f1 (ppm)

140

150

S19



89’1
08’1 ./.
boi: A
802
602
ere \
£8'C
68'2
06'C
[4: 54
€62
16T
Lo'e

8y

L
(S
Les
el
SEL

9L

196 —

CHO

Cl

K

T:_._

oo

0.5

4.0

4.5

£1 (ppm)

€09l —

8¥' G2z —

az'e —

Zr ¥s —
€L —

85 mh./

00°LL 7
¥ il /

PoGZL "
1948V 7
gy
98621

8.vEL x\
czeel 7

€L'86L —

C

0

CHO

Cl

30

110
£1 (ppm)

200

210

La

520



e

18y —

€eL
SeL
SEL
9e'L
gL
8e'L
68 L
oL
(S

296 —

w

CHO

1.
i

= Fres

o

8.

o 8.5

a.

9.5

£1 (ppm)

8L'GE—

6562 —

vz —nV.

LZ1E

PSPs —
BE LS —

8g'aL
00 NNW
eviL

ceLel N\
68°L2L —F
LLgzl v

€69EL —

65861

110
£1 (ppm)

S21



ca't
161
vE' L
98') ~
z0Z
ize ﬂ
92z,
6v'Z
162 ./.
(X
562
L6¢
Loe

so'e
90t
L0°€
oL'e
ri'e
aL'e

L0's —

ve'L
LEL

6E°L
or'L
or'L
(3
VL
eFL

€L6 —

£1 (ppm)

[T
26102 ~
€562
aL'le
A

LG'PS —
86'95

LS'9L
0042 W
v LL

60 L2l
erezL
pIEEL—
€9LEL —

St'86L —

P

- —_—

T T T T
170 160 150 140

T
180

£1 (ppm)

S22



L2971
al’L
z8’L
£€8°L

902 H
80z
602
o'z

gLe
3: x4
4:¥4

182
[1:x4
96'2
oo'e

ey —

824
62°L
el
SE'L [
9e’L
182
8es
8E°L

656 —

cl

0.0

n

6.0

6.5

a

-

8.

9.0

£1 (ppm)

€09l —

BESZ —

SLLE —

rers —
6695

LS'9L
00 NNW
Z¥LL

vr8zL
a8zl

lgeel —
aveet

91’861 —

i/

.H[

cl

-10

10

30

70

T
140

T
150

T
160

£1 (ppm)

S23



a0'e

Lz
4% W
€re
ege
v8'e
18T F
68'c
[1:X4
26'C
S6°C
ao'e

L9°L
6171
-
€8'L
s8°L
WQ.N/

18y —

€Z'L
szl
052~
e

656 —

CHO

Br

o€

r

Fere
ooz

3.

0

4.5

5.

8.0

8.5

£1 (ppm)

9091 —

9¥'SZ —

re Le —

SEPS —
LA R

85 WN./

00°LL 7
Z¥LL /

L2722 —
rrezL —

LgieL
Y09EL —

61861 —

C

CHO

Br

110
£1 (ppm)

T T
150 140

T
160

200

210

S24



89'L
€8} ./
el
02
80¢
602
[4x4
zg N/
18'C
mw.NW
162
S6'C
96'C
0o0'c

Z8'F —

80'L
60°L
WL
19
ZELN,
veL
SEL
SE'L
-

656 —

J

T

T

|

E)

5

9.0

9.5

£1 (ppm)

2zol —

0562 —

m_a_.nV.

€Z'1E

PGPS —
£6'95 —

1592
ao,:W
v LL

0S°'SLL~
851

Skezl —
89°zel —

08091 —
6L€91L —

9£'861 —

CHO

C
¥ L -

10

0

110
£1 (ppm)

T T
00 190

210

°
Lo

S25



66 —

0L'6 —

Meowdi

ray
0T

T

or

-

001

Fooe
e

£1 (ppm)

aLaL —

losz —

EELE —

6V FS —
€948 —

85 EN./

00°LL —F
¥ il /

6svet
er9ZL
95924
90°L21
€GLEL —F
Lz'sziL *-
[3-§: 148
ascel
LLEEL
agveEl

L9'861 —

30

<
@

T
120

T
130

200

210

£1 (ppm)

S26



08'0
mm.D\V\
580
z9'}
eL'L
vLL
8L~
861~
00T F
¥0'Z
90T

%4 —

9l
[:1%4
81z
19z
vz
[5:x4
S6C
60'E

oLy —

8z'L
cﬂ.hW K
LeL

SeL
8L
or'L

€86 —

C

12}

CHO

o

8.

8.5

£1 (ppm)

SE'8 —

652
1662~
S0'tE
62'I€

lges —

4018 —

859L
004L V
TP LL

¥8LZL
hN.meW
59'821
LLSEL —

64002 —

C

w

CHO

10 -10

30

80

110
£1 (ppm)

7!

T
200 190

210

S27



vy —

€96 —

TM— r
M\m—,m

£1 (ppm)

69 mNV.

8L'sZ
L oe =
0L’ LE

SEPS —
FE 19—
85'9L 5

00°LL —F
ev Ll n\v

€E€10Z —

30

50 40

60

100 90 80

110
£1 (ppm)
S28

120

150 140 130

160

180

e
190

CHO
200

A

10

0




9Ty —

€96 —

C

CHO

s

£1 (ppm)

1222~
1262~
z6'52 <
zo62 7
9t 1E

€LE8
1268

859,
00 NNW
E¥LL

St'v0Z —

C

CHO

s

T
100

£1 (ppm)

S29



98t
161
e
44
ri'e
gL’z

18C
ege —
£8'C
¥8'e
882
08’z
§6'2

vL'6
SL'6 Wv

SL'6

60'F
'z

CHO

0.

0

o

3.5

4.0

6.0

6.5

5

9.0

£1 (ppm)

98'¥z —
€662 —

00 0¥ —

gLer —

85’9z
oo,..LW
eviL

€0'861 —

|

CHO

@
T

30 0

40

80 70

90

T
120

T
130

200

£1 (ppm)

S30



9z’

0L'6
0L'6

Feso

T@ (]

3.

0

6.0

6.5

£1 (ppm)

€L

2€'62 ~
z00¢e
2L 0¢e V-

66 LF —
8L 0S8

85°9L
0042 W
v Ll

50102 —

C

CHO

i

|

T
120

T T
0 140 130

T
15

T T
180 170 160

T
190

£1 (ppm)

S31



st
871

902
102
802
602 “-

zre
1454
o8'e
18z
18z
€82
va'e
582
Lo'e
€0’

Firs

3.5

o

6.0

6.5

£1 (ppm)

4962 —
aF'0E —

L9V —

i6'8F —

1592
oo,._.hW
eriL

26'921
SZ'8ZL
zrez

0z'LeL —

T
110
£1 (ppm)

T T T
0 140 130 120

T
15

T
160

170

S32



gL'L
m-.nW
9z'L
mNh\.

Cl

4b

Fre

Toov
Fset

Foot

Fooc
Pz

£1 (ppm)

o6z —
aroc —

2o —

6E'8r —

859,
00°LL AY
v Ll

SP'8ZL
ZG0EL —
zazel
19seL <

cl

110
£1 (ppm)

T
5

S33



8L
€8l
S8’
181
ag't
0z
a0z
60T
oLz
454
ere
riL'e
08’z
18z
[4: ¥4
£8'C

582
562
86z
gre”
aL'v
1Z% W
gy

£8'9°
989~
TR
gre

MeO'

4c

w:,m

Foow
ot

Hoe

oot

ke

Fsot

0.0

0.5

5.5

6.0

6.5

8.5

9.0

9.

£1 (ppm)

vl 62—
05'0€ —

£8°0F —

vear —

Lgs —

85’9z
no.hhw
eviL

roeLL —

zz6eL
vLoEL <

8r'8GL —

MeO

T T T T T T
170 180 150 140 130 120 110 100
£1 (ppm)

T
180

T
190

S34



@
~
P

z0'e
€0z
a0z
ez
e
9l
Lz
08’z
[3-¥4
3: X4
Z8'2

e

vec
90'e
60°¢
e

ﬂN.V\

9z

ve'L
sZ’L
SZT'L
SZ'L
LeL
az’L
6Z°L
Les
el
zeL

Fusz

e

Feov
Feso

Fses

£1 (ppm)

9581 —
vLGT

0% onv

060€

SL¥Y —

28'bs —

859/
1o FNW
€V LL

¥6'9ZL
mm‘hN(W
€L'8Z1L

06°CFL —

-

10

90

£1 (ppm)

S35



oL

(2
4]
€L
vLL
SLL
9LL
VA
L

£1 (ppm)

1981~
90'1z —
5162 -
£5°08
2608 <

EE¥F

96'¥s —

8592
00 ._.NW
v LL

T LT~
88’8zl =~

L¥9EL —
¥a'6eL —

-10

T T T
0 140 130 120 110
£1 (ppm)

T
15

T
160

T
00 190

T
210

S36



€0'€
S0t
80'¢
60'€
or'e
e
zhe
0z,
zzy"

aLs
—N.FW
2L
0L \.

Cl

Feo

961
e

0.0

0.5

0

3.5

o

4.

4.

£1 (ppm)

8.0

8.5

9.0

8581 —
69'GZ ~~
§5°0€

[1:) DnVn

LZrr —

SOFS —

85 WH./

00°LL 7
¥ LL /

Pe8ZL
ooezL <
9gzeL -

€EIFL —

cl

-10

£1 (ppm)

S37



C

O

10,0

10.

£1 (ppm)

€9z
m—.wNW.
or'9c p
6E'0E
06'0¢ .\w

90'€r —
6265 —
859/, /

00°LL F
vLL s

C

O

o

-10

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

210

230

£1 (ppm)

S38



