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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. 'H and '*C NMR data were recorded with
Bruker 300 MHz or 400 MHz with tetramethylsilane as internal standard. '’F NMR data was
recorded with Bruker 400 MHz with tetramethylsilane as internal standard. All chemical shifts (d)
are reported in ppm and coupling constants (J) in Hz. All chemical shifts () are reported in ppm
and coupling constants (J) in Hz. All chemical shifts are reported relative to tetramethylsilane (0
ppm for 'H) and CDCI; (77.00 ppm for '3C), respectively. MS were measured on a HP-5988
spectrometer by direct inlet at 70 eV.
2. Experimental section

2.1 General procedure for the synthesis of Markovnikov dithianes

m NCS

s s S S
~ DCE/DCM

Cl
4 2

To a flame-dried 10 mL flask were sequentially added 1,3-dithiane 4 (300 mg, 2.5 mmol) and
N-chlorosuccinimide (NCS) (400 mg, 3 mmol), 1,2-dichloroethane (DCE) or dichloromethane
(DCM) (3 mL), after dissolved the mixture was stirred at 0 °C for 40 mins. The mixture was allowed
to stir at room temperature for 2 h. Then the reaction mixture can be used directly for
dithioacetalization with a variety of alkynes in DCE/DCM solutions. Alternatively, the reaction
mixture in DCE can be used directly for the dithioacetalization in a one-pot procedure without

purification.!

MsOH (1 equiv)
m MeOH (2 equiv)

Ry R, -
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To a flame-dried 10 mL flask 2-chloro-1,3-dithiane 2 (31 mg, 0.2 mmol), 1a-1p (0.18 mmol)
and MsOH (19 mg, 0.2 mmol), MeOH (13 mg, 0.40 mmol) were added successively via syringe at
room temperature. Reaction mixture was stirred at 50 °C for 8-24 h until TLC analysis showed the
reaction was completed. The mixture was concentrated under reduced pressure, and then purified
by column chromatography on silica gel with petroleum/ethyl acetate (EA/PE = 1: 50~2: 50) to
yield the product 3a-3p.

2.2 The synthesis of dithiane 3q

[e) K\l MsOH (1.0 eq)
/J\ ROH (2.0 eq) S (o]
- * ° ° o o )\/U\
(o]
Z Y DCE, 50 °C s o
cl
1q 2 3q

R = Me, Et, t-Bu,

To a flame-dried 10 mL flask 2-chloro-1,3-dithiane 2 (31 mg, 0.2 mmol), 1q (15 mg, 0.18
mmol), MsOH (19 mg, 0.2 mmol), ROH (R = Me, Et, #-Bu; 0.40 mmol) were added successively
via syringe at reaction temperature. Reaction mixture was stirred at 50 °C for 12 h until TLC analysis
showed the reaction was completed. The mixture was concentrated under reduced pressure, and then
purified by column chromatography on silica gel with petroleum/ethyl acetate (EA/PE = 2: 50) to
yield the 3q product.

2.3 Optimization of acid, and temperature

©/// m conditions S

(7]

Cl MeOH (2.0 eq)

1a 2 3a
To a flame-dried 10 mL flask 2-chloro-1,3-dithiane 2 (31 mg, 0.2 mmol), 1a (0.18 mmol), acid
(x equiv) and MeOH (13mg, 0.40 mmol) were added successively via syringe at reaction
temperature. Reaction mixture was stirred at 50~100 °C for 8-24 h until TLC analysis showed the
reaction was completed. The mixture was concentrated under reduced pressure, and then purified
by column chromatography on silica gel with petroleum/ethyl acetate (EA/PE = 1: 50) to yield the
3a product.

Table S1. Optimization of acid, and temperature

entry acid (x equiv) temp (°C) time (h) yield (%)
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1 HCI (1.0) 50 24 trace
2 HBF, (1.0) 50 24 trace
3 BF; Et,0 (1.0) 50 10 82
4 FeCl; (0.2) 50 10 68
5 TsOH (1.0) 50 10 50
6 MsOH (1.0) 50 8 84
7 MsOH (0.2) 50 8 32
8 MsOH (0.6) 50 8 46
9 MsOH (0.8) 50 8 76
10 MsOH (2.0) 50 8 40
11 MSsOH (1.0) 25 12 45
12 MsOH (1.0) 80 12 55
13 MsOH (1.0) 100 12 50
14 MsOH (0.8) 80 12 64
15 MSsOH (0) 50 24 trace
2.4 Optimization of solvent and alcohol
©/// m conditions S
. SYS

1a

To a flame-dried 10 mL flask 2-chloro-1,3-dithiane 2 (31 mg,0.2 mmol), 1a (0.18 mmol),
MsOH (19 mg, 0.2 mmol) and MeOH (x equiv) were added successively via syringe at reaction
temperature in solvent (2 mL). Reaction mixture was stirred at 50 °C for 8-24 h until TLC analysis
showed the reaction was completed. The mixture was concentrated under reduced pressure, and then

purified by column chromatography on silica gel with petroleum/ethyl acetate (EA/PE = 1: 50) to

yield the 3a product.

Cl
2

MsOH (1 equiv)

Table S2. Optimization of solvent and alcohol

50°C

3a

entry

1
2
3

ROH(x equiv)
H,O
MeOH (1.0)
MeOH (2.0)
MeOH (3.0)
C,H;0H (2.0)
n-PrOH (2.0)

i-PrOH(2.0)

Solvent

DCE

DCE

DCE

DCE

DCE

DCE

DCE

yield (%)

trace

76

84

69

82

80

32
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8 +-BuOH (2.0) DCE 56

9 MeOH (2.0) DCM 79
10 MeOH (2.0) THF 46
11 MeOH (2.0) CH;NO, 48

3. Characterization of synthesized compounds 3a-3q

2-methyl-2-phenyl-1,3-dithiane(3a)?

%
e

3a
TH NMR (300 MHz, CDCl3) 4 7.93 (m, 2H), 7.40 — 7.29 (m, 2H), 7.25 (d, J= 7.5 Hz, 1H), 2.75 - 2.65
(m, 4H), 1.97 — 1.87 (m, 2H), 1.78 (s, 3H). 13C NMR (75 MHz, CDCl;) 6 143.6, 128.4, 127.6, 126.9,
53.8,32.6,27.9, 24.5.

2-(4-methoxyphenyl)-2-methyl-1,3-dithiane(3b)3

)

o
~o
3b

'"H NMR (300 MHz, CDCl;) é 7.77 (d, J = 9.0 Hz, 2H), 6.83 (d, J = 9.0 Hz, 2H), 3.75 (s, 3H), 2.71 —
2.65 (m, 4H), 1.91 — 1.85 (m, 2H), 1.74 (s, 3H). 1*C NMR (75 MHz, CDCl;) § 158.3, 135.5, 128.8,
113.5,55.0, 53.2,32.4,27.9, 24.5.

2-methyl-2-(p-tolyl)-1,3-dithiane(3c)?

)

jon
3c

'H NMR (300 MHz, CDCl;) § 7.81 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.1 Hz, 2H), 2.72 (m, 4H), 2.35 (s,
3H), 1.94 (m, 2H), 1.79 (s, 3H). 3C NMR (75 MHz, CDCLy) 5 140.7, 136.7, 129.2, 127.6, 53.7, 32.7,
28.0,24.7,20.9.

2-(4-fluorophenyl)-2-methyl-1,3-dithiane(3d)?

)
e

3d
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H NMR (400 MHz, CDCl;) § 7.91 (m, 2H), 7.04 (t, J = 8.8 Hz, 2H), 2.96 — 2.57 (m, 4H), 2.08 — 1.87
(m, 2H), 1.79 (s, 3H). 3C NMR (100 MHz, CDCl;) 5 161.7 (d, J = 246.8 Hz), 139.5, 129.6 (d, J = 8.0
Hz), 115.1 (d, J=21.2 Hz), 53.3, 32.8, 28.0, 24.5. F NMR (376 MHz, CDCL;) & -116.0 (s, 1F).

2-(4-chlor0phenyl)-2-methyl—l,3-dithiane(3e)2

o
Cl
3e

H NMR (300 MHz, CDCl;) § 7.88 (d, J = 8.7 Hz, 2H), 7.32 (d, J = 8.7 Hz, 2H), 2.74 — 2.62 (m, 4H),

1.99 — 1.87 (m, 2H), 1.75 (s, 3H). 13C NMR (75 MHz, CDCl;) 5 142.4, 132.7, 129.2, 128 .4, 53.2, 32.6,
27.9, 24.3.

2-(4-brom0phenyl)-2-methyl-1,3-dithizme(3f)4

0
O

3f

TH NMR (300 MHz, CDCLy) § 7.83 (d, J = 9.0 Hz, 2H), 7.48 (d, J = 8.7 Hz, 2H), 2.78 — 2.61 (m, 4H),

2.00 — 1.88 (m, 2H), 1.75 (d, J= 0.9 Hz, 3H). 3C NMR (75 MHz, CDCl;) 5 143.0, 131.5, 129.8,
121.1, 53.5, 32.8, 28.0, 24.4.

2-methyl-2-(4-nitrophenyl)-1,3-dithiane(3g) 5

(M

S._S

OzN/©><

3g

'H NMR (300 MHz, CDCl;) 3 8.23 (d, /= 9.0 Hz, 2H), 8.16 (d, /= 9.0 Hz, 2H), 2.79 — 2.61 (m, 4H),
1.99 (m, 2H), 1.78 (s, 3H). 3C NMR (75 MHz, CDCl;) § 151.6, 146.7, 129.0, 123.7, 53.3, 32.7, 27.9,
24.1.

2-methyl-2-(o-tolyl)-1,3-dithiane(3h)*

()

S S

L,

3
3h
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H NMR (300 MHz, CDCl;) § 7.98 — 7.90 (m, 1H), 7.24 — 7.12 (m, 3H), 2.84 (m, 3H), 2.75 (s, 3H),
2.74 - 2.69 (m, 1H), 2.02 (s, 3H), 1.94 (m, 2H). 3C NMR (75 MHz, CDCl;) § 139.8, 137.6, 133.5,
129.2, 1274, 125.5, 53.1, 29.4, 28.2, 24.4, 23 4.

2-(2-ﬂu0r0phenyl)—2-methyl-l,Z’;-dithiane(?;i)4

)

Si :S
F
3i

'H NMR (400 MHz, CDCl;)  7.96 — 7.81 (m, 1H), 7.34 — 7.21 (m, 1H), 7.17 — 6.99 (m, 2H), 2.89 —
2.72 (m, 4H), 2.06 — 1.95 (m, 2H), 1.95 (s, 3H). *C NMR (100 MHz, CDCL;) § 160.7 (d, J = 250.5
Hz), 131.1 (d, J= 2.2 Hz), 130.7 (d, J = 8.1 Hz), 129.3 (d, J= 9.0 Hz), 123.4 (d,J= 3.7 Hz), 117.2 (d,
J=24.4Hz),50.1,29.5, 28.4, 24.4. F NMR (376 MHz, CDCl;) 5 -103.8 (s, 1F).

2-(2-bromophenyl)-2-methyl-1,3-dithiane(3j )4

o

S-S

CL,

3
H NMR (300 MHz, CDCl;) § 8.23 (dd, J = 8.1, 1.7 Hz, 1H), 7.66 (dd, J = 7.8, 1.5 Hz, 1H), 7.38 —

7.24 (m, 1H), 7.17 — 6.9 (m, 1H), 2.93 — 2.59 (m, 4H), 2.07 (s, 3H), 2.01 — 1.79 (m, 2H). 3C NMR
(75 MHz, CDCLy) § 140.3, 136.8, 132.1, 128.6, 126.9, 122.5, 53.7, 28.8, 28.6, 24.2.

2-methyl-2-(m-tolyl)-1,3-dithiane(3k)*

M

\©S><S
3k

H NMR (300 MHz, CDCl;) § 7.82 — 7.68 (m, 2H), 7.30 — 7.22 (m, 1H), 7.13 — 7.01 (m, 1H), 2.85
2.60 (m, 4H), 2.38 (s, 3H), 2.00 — 1.89 (m, 2H), 1.80 (s, 3H). 3C NMR (75 MHz, CDCly) & 143.7,
138.1, 128.4, 128.3, 127.8, 124.7, 53.8, 32.6, 28.1, 24.7, 21.6.

2-methyl-2-(thiophen-3-yl)-1,3-dithiane(31)®

M

(/j)<
S

3l
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H NMR (300 MHz, CDCl;) § 7.42 (d, J = 1.2 Hz, 1H), 7.27 — 7.20 (m, 2H), 2.76 — 2.65 (m, 4H), 1.94

—1.81 (m, 2H), 1.74 (s, 3H). 3C NMR (75 MHz, CDCl;)  146.2, 127.6, 125.8, 123.3, 50.0, 32.1, 27.8,
24.6.

2-methyl-2-pentyl-1,3-dithiane(3m)’

L
S

H NMR (300 MHz, CDCl;) § 2.80 — 2.75 (m, 4H), 1.89 (m, 2H), 1.85 — 1.79 (m, 2H), 1.55 (s, 3H),

1.47 — 1.36 (m, 2H), 1.29 — 1.20 (m, 4H), 0.83 (m, 3H). 3C NMR (75 MHz, CDCl;) § 49.3, 41.7, 32.0,
27.7,26.5,25.4,24.1,22.5, 14.0.

2-benzyl-2-phenyl-1,3-dithiane(3n)®

H NMR (300 MHz, CDCl) § 7.66 — 7.60 (m, 2H), 7.21 — 7.12 (m, 3H), 7.05 — 6.94 (m, 3H), 6.66

6.58 (m, 2H), 3.17 (s, 2H), 2.58 — 2.50 (m, 4H), 1.83 — 1.75 (m, 2H). 3C NMR (75 MHz, CDCl;) 5
140.3, 134.1, 130.7, 129.3, 128.1, 127.1, 126.8, 126.7, 59.6, 51.4, 27.3, 24.9.

2-benzyl-2-(4-methoxyphenyl)-1,3-dithiane(30)°

H NMR (300 MHz, CDCl;) § 7.63 — 7.45 (m, 2H), 7.02 (m, 3H), 6.78 — 6.62 (m, 4H), 3.72 (s, 3H),

3.16 (s, 2H), 2.61 — 2.46 (m, 4H), 1.89 — 1.76 (m, 2H). 3C NMR (75 MHz, CDCLy) § 158.3, 134.3,
132.2, 130.8, 130.7, 127.2, 126.7, 113.3, 59.2, 55.1, 51.5, 27.3, 25.0.

2-benzyl-2-(p-tolyl)-1,3-dithiane(3p) '’

Sie

3p

H NMR (300 MHz, CDCly) § 7.58 (d, J = 8.1 Hz, 2H), 7.12 (m, SH), 6.74 (d, J = 8.1 Hz, 2H), 3.24 (s,

2H), 2.77 - 2.51 (m, 4H), 2.34 (s, 3H), 1.96 — 1.83 (m, 2H). 3C NMR (75 MHz, CDCl;) 5 137.3,
136.4, 134.3, 130.8, 129.3, 128.9, 127.2, 126.7, 59.5, 51.4, 27.4, 25.0, 20.9.
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methyl 2-(1,3-dithian-2-yl)acetate(3q)"!

Cs o)
S)\/U\O/
3q

H NMR (300 MHz, CDCl;) § 4.42 (t, J = 7.5 Hz, 1H), 3.74 (s, 3H), 3.00 — 2.86 (m, 4H), 2.81 (d, J =
7.5 Hz, 2H), 2.18 — 2.05 (m, 1H), 2.01 — 1.88 (m, 1H). 3C NMR (75 MHz, CDCl;) 5 169.9, 51.9, 41.6,
40.2,29.3, 25.0.

4. Refrences

1. (a) K. Arai and M. Oki, Chem. Soc. Jpn.1976, 49, 553-538. (b) K. Arai and M. Oki, Tetrahedron
Lett.1975,7,2183-2186. (¢) S. Ladislav, Z. Jozefina and P. Nadezda, Molecules 1997, 2, 7-10.

2. A. R. Hajipour, S. A. Pourmousavi and A. E. Ruoho, Synth. Commun., 2008, 38, 2548-2566.

3. R. Miranda, R. Osnaya, R. Gardud, F. Delgado, C. Alvarez and M. Salmon, Synth. Commun., 2001, 31, 1587-
1597.

4.Y. Wu, F. Mao, F. Meng and X. Li, Adv. Synth. Catal., 2011, 353, 1707-1712.

5. B. M. Lamb and C. F. Barbas III, Chem. Commun., 2015, 51, 3196-3199.

6. N. C. Ganguly and P. Mondal, Synth. Commun., 2011, 41, 2374-2384.

7. S. K. De, Tetrahedron Lett., 2004, 45, 2339-2341.

8. M. Hut’ka, T. Tsubogo and S. Kobayashi, Organometallics, 2014, 33, 5626-5629.

9. J. Farag6 and A. Kotschy, Synthesis, 2009, 1, 85-90.

10. R. B. Kothapalli, R. Niddana and R. Balamurugan, Org. Lett., 2014, 16, 1278-1281.

11. H. Kuroda, I. Tomita and T. Endo, Synth. Commun., 1996, 26, 1539-1543.

S9



5. TH NMR and *C NMR spectra data of products

7.95
7.95
7.82
7.92
7.38
7.36
7.36
7.36
7.33
7.33
7.26
724

|

S: :S
Ja

I Ja
= a3 So
] - - e
T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 1.0 0.5 @0 &5 80 7.5 1.0 &5 60 55 50 45 40 35 30 5 20 15 10 O -0.
f1 {(ppm
© o @
8 a88 ©ow o o=
o @@ T . = @@
-+ IR [ ™ ot
- g [Ny @ oo
| <l NP i AR
S: S
3a
]
1
1
T T T T T T T T T T T T T T T T T T T T
200 130 180 170 160 150 140 130 120 110 100 E 5o 70 60 0 40 30 20 10

£1 (ppm)

S10



LI
mm.r/.
98’1
881
06k
59°2
192
892
69°¢
0LE

SLE—

Lga~
re9

Sl
8Ld

C

o0

—-L0€
e

FRIv

a3

(ppm)

f1

rsrz
6822
BE°ZE ~

0Zes ~
€085 7

8582
o:.hmv

£b'LL

LPELL—

(774

S 5EL —

Le85L —

T T T T T T
160 150 140 130 120 110

17

T T
180

T
190

T
200

(ppm)

f1

S11



AL~ —_—
[IVEe

622 -
Wl

o)
MS o

5

g
et
T e m

",

00T

0T

(ppm)

f1

980z <
99°v7 =
£0'8z —
S0'ZE

TLES —

15°97
oa.nnv

erLd

T9UTE ~
GLBZLT

L99gl —
£L0FL—

C

Ls]

10

a

(ppm)

f1

S12



2 S

20°L
68°L

i —

£6°L

G

Foo
ks

o

f1 (ppm)

esvz
108z
08'2€

625 —

88'9Z
00°LL W
ZeLL

FO'SLL
SZ'GHL

09'6Z1
89’621

1S6EL —

091 —
06291 —

G

150

160

190

00

140

170

180

210

£1 (ppm)

S13



LOghE-—

T
-210

T
-200

-190

o
@
T

T T T
-80 -90 -100 -110 =120 =130 -140 -150
f1 (ppm)

-70

T
-50

T
-40

SLL
6L
€61
€671
£6°L
G6'L
561
992
69°C
69°¢
0LT
ZLT

0E L™
£EL

98 L
[Vl

R0t
e

Cl

B

f1

S14



verz
LT
£9°ZE~

tEES T

£5°9L
oa.th
[

LPBTL =
ee6zL <
0rzeL ="

eeTrL —

G

Cl

T T
160 130 140

0

T
190

T
200

{ppm}

£1

£6°1
6L
S
SE'L
961
1I9°E
69'¢
0Le
(¥4
TL'T

TR
05
PN
ras

C

U

Br

=€
Figt

Rz
Fooe

{ppm?

f1

S15



[ Rl
96722 7
84'2€

ar'es —

8591
aa.hnLV..w
(A

s0° L2 —

LB ™
£5°LEL

LOErE —

C

o)

Br

|

{ppn}

f1

BLL
671
86°1
ooc
e
99z
69°¢
[ YA
£LC
LT
94T

L8
a1
[}
2’8

Py

G

39

O:N

©

31
81

pom

f1

S16



60 vZ"
rE LT
L9ZE~

oges—

B85S 9.
00 .E_.W
(473

SOEZI—
6682l —

ggarl—
rolsl—

G

o,N

T
80

T
100
£l (ppa)

T
110

T
130

T
140

T
210

40
6L
G861
ELNY
e
gi¢
[4: 34
€8T
8
98'C

SLL
9L
A
aLs
[
T6L
LS
6L

ade L
g =R
R =R

Fosz

f1 (ppm)

S17



EFET
oFte
6197 ~—
66067

zhes—

85'9.L
oo.mhw
TFLL

9r GEL —
BE UL T4
veez s
ZseEL
EDLEL =~
LLBELT

'I'[

1 {ppm!

130

140

150

-

170 160

180

3i

150

T
00

s

Feov

Tost
Fort

Foor

S18

£1 (ppm)




@ D NCOMWTLRON~®
o< —rROMAmO NS Nowe - ]
- =0 oD OO NN~ Q99 - < o w
©ow POAONNNN - - ~ e o 2w
- e e oo M~ I NN
Vi Ty ~- | \Ya
S._S
F
3i
]
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80 70 80 50 40 30 10 o
f1 (ppm)
I3
~
@
5
S8
F
3i
T T T T T T T T T T T T T T T T T T T T T T T
10 0 -6 -20 -30 -406 -50 -60 -70  -80  -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

S19



802
80°L 1|
oreL
1y
e1L
€L
L
08'L 1
1L
ze L
£ L
seLf
9L
oL
S9L
L9l
197
128
e

ve's

I

Foot
= e

Too
T.. 1

5.0

5.5

6.0

6.5

f1 (ppm)

8L ¥Z ~
29'82
z8'8z V.

G9'€S —

95'9L
00 LL W
VLl

0szzL —
£8'921L ~~
zo'gzL
weer
€8'9el —
ogorl —

Br

G

o

10

110 a0 80 70 60 50 40 30
£1 (ppm)

120

150 140 130

160

190 180

200

210

250

230

S20



08’1
€61
6L
ve'L
56°1
96°L
961
1871
8ET
Le
Le
€L'2
vL'z
vie
SLZ
SL'Z
9Lz

90°L
90°L
L0°L
80°L
6072
€L
LA
2L
9z'L
eTL
6Z°L
aLL
aLL
viL
SL'L
SLL
SLL
9Ll

fl"J

C

w

Freo

o

Fret

3.5

4.0

5

5.0

5.5

£1 (ppm)

09'kz
99'vZ
8082
19'Ze ~

£8'€5 —

85'9L ./

00 \LM-

Z¥LL

vLvEL
OQ.hNe”
12'821 M‘
8e'gzL
60°8EL —

S9ebL —

G
w 4

130

140

150

£1 (ppm)

S21



[:13
mr.h/
€L

vl
veL S
A
vl

0T
001

8.5

2.0

9.5

09'vz
6642 —
80°2E ~

€005 —

85'9L
00°LL W
ev il

£1 (ppm)

BZ2°€ZL ~~
#8521 —
2oL

LL9VL —

200

180 170 160 150 140

190

£1 (ppm)

S22



$TT
'z

Eaad

3.0

3.5

4.0

5.0 4.5

£1 (ppm)

5.5

5

<

0oL —
3:-x44

60've M
Lse

MQ.DN*
vLLZ Vs
96°1E

99’y —

g6y —

Z¥LL

130

180

S

160 150 140

170

190

200

£1 (ppm)

S23



L't
6L
08’ —_—
og'L
[4: 3%
sz
zs'T

€52
sz

e — —_

86'9
00°L
2oL
L I
v —_—
ozs

1oL

192 W S
€9°L

ooz

Free
Fsre

00T

4.5

5.0

5.5

6.0

6.5

9.5

5

98've —
eele—

8€'1G —
9665 —
L1891

00LL
eviL 7/

£1 (ppm)

69921
rm,wﬂ_‘W.
LLLZL

80821 -
Lz'6eL %
69°0€L
ZLveL
EE0¥L —

150

130 21 110

140

190 180 170 160

200

£1 (ppm)

S24



gL
z8L —_ e
cel
68l
€5

96z — B
9527
652

are — E—— -

zie— _— —

+9'9

199
zro~> T ——
sro’
L7 T
oed
052y
0sLy —

€52

i= k4

Fere
oz

4.5 40 3.5
f1 (ppm)

8.0

8.5

2062 —
veLZ

R
zrss —
¥Z 6S ~-

95'9L
QQRNW
ZriL

LZek —

0L9zZL
aLLzL V..
99°0€L
18°0€L V.

BLZEL
_.n.vﬂ.-\

Le'8sL —

200

180 170 160 150 140 130 120

190

10

£1 (ppm)

S25



Ly
881
681
06t
(1%
YT

lg'ez
€92
r92Z
192
e —

zre-,
519
80°L
60,
WL
eLL
sLL
95,

6S°L

E—

oe

Fegn
T rr
Fes1

4.0 3.5

4.5

5.0

f1 (ppm)

6802 —
96°FZ ~
9€°Lg —

LS —

0568 —

859/
00°2L W
¥ LL

Lrez)
w—‘hwwk
£8°821L
92621 %
6rock,
LeveEL

rrock W
LeLEL

T T T
170

190

150 140 130 26 110

160

180

200

£1 (ppm)

S26



'y
S¥'Y /

Frot
Fsot

e 1T
16'E

8.5

9.0

£1 (ppm)

2o'se —
ze'62 —

81°0F ~
z9Lr

Se1s —

1592
00°LL W
ZrLL

06691 —

AY i

T T T T
160 150 130

190

200

140

170

180

£1 (ppm)

S27



