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In the reaction of MBH-carbonated with 1,3-dicarbonyls, formation of the furans was clearly the major pathway, whereas no lactonization of 4a
was observed. On the other hand, the latter pathway was dominant in the case of f+cyano ketone 2j to produce a-pyrone 5. Enolate E
underwent 1,3-H transfer leading to the transesterification via enolate F to G and subsequent reverse polarization facilitated the regeneration of
DABCO to provide the lactone H, which rapidly isomerized to pyran-2- one 5 (Scheme 1).! The formation of 5 from 1a was accomplished using

only catalytic amount of DABCO.

Ph

Ph
O — —_
NC~>o >|\0)J\ Co, NCAO
é @) COZMe ( A
Ph = T Ph Y ToMe
5 T1 3-H shift P~ 1a 7 N
o 7 NC o |Ph N/’ﬁ
.o . N
NG N 2j B A |
@ =)
P o ? ‘BuOH
Ph ~
H - Ph Ph Ph ~
NC NC- /7O 1,3-H o)
Z>0 Q
MeOH& O transfer H) (3)
o é(H ):\/O // 1 . OMe N // ) OMe
Ph

Scheme 1. Possible reaction pathway for the formation of 5

1. Liua, W.; Zhao, G. Org. Biomol. Chem. 2014, 12, 832 — 835.
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General procedure for the preparation of MBH-carbonates (1a to 1i): To a stirred solution of the corresponding MBH-alcohol (1
equiv.) in 10 mL of CH,CIl, was added di-fert-butyl dicarbonate (1.2 equiv.) and DMAP (0.05 equiv.) at 0° C and stirred for given
time. After completion of the reaction, the mixture was diluted with water (50 mL) and extracted with CH,Cl, (3 x 30 mL). The
combined organic layer was dried over anhydrous Na,SO, and concentrated in vacuo. The crude was purified by flash column
chromatography on silica gel (EtOAc:hexanes) to afford the corresponding MBH-carbonate. All these carbonates were fully
characterized and spectral data is given below.

Methyl-3-((tert-butoxycarbonyl)oxy)-2-methylene-5-phenylpent-4-ynoate (1a): 1.02 g, 70%, White solid; R, = 0.6 (petroleum ether
: EtOAc = 9:1); M.P.: 37-39 °C; '"H NMR (500 MHz, CDCls): 6 7.46 (dd, J = 7.4, 1.4 Hz, 2H), 7.33 (t, J = 7.8 Hz, 3H), 6.53 (s, 1H),
6.38 (s, 1H), 6.36 (s, 1H), 3.81 (s, 3H), 1.52 (s, 9H); 13C NMR (75 MHz, CDCl;): ¢ 164.9, 152.2, 136.5, 131.9, 129.4, 128.9, 128.3,
121.9, 87.7, 83.6, 83.2, 64.9, 52.3, 27.7; IR (KBr): v,.. = 2981, 2234, 1748, 1274, 1253, 1156, 1076, 849, 759 cm'!; MS (ESI): m/z 339
(M+Na)*; HRMS (ESI): m/z calcd for C;3sH,,0OsNa [M+Na]: 339.1203, found: 339.1224.

Methyl-3-((tert-butoxycarbonyl)oxy)-5-(4-chlorophenyl)-2-methylenepent-4-ynoate (1b): 1.0 g, 72%, Yellow solid; R, = 0.4
(petroleum ether : EtOAc = 9:1); M.P.: 65-67 °C; 'H NMR (500 MHz, CDCls): ¢ 7.41 — 7.37 (m, 2H), 7.31 — 7.28 (m, 2H), 6.52 (s, 1H),
6.36 (s, 1H), 6.32 (s, 1H), 3.82 (s, 3H), 1.52 (s, 9H); 3C NMR (75 MHz, CDCl;): 6 164.8, 152.1, 136.3, 135.0, 133.1, 129.3, 128.6,
120.4, 86.4, 84.6, 83.3, 64.7, 52.3, 27.4; IR (KBr): v,,oc =2979, 2240, 1745, 1720, 1491, 1252, 949, 844, 791 cm!; MS (ESI): m/z 373
(M+Na)*"; HRMS (ESI): m/z calcd for C3gH;oClOsNa (M-+Na)*: 373.0813, found: 373.0819.

Methyl-3-((tert-butoxycarbonyl)oxy)-2-methylene-5-(4-nitrophenyl)pent-4-ynoate (1c¢): 1.18 g, 86%, Yellow solid; R, = 0.3
(petroleum ether : EtOAc = 9:1); M.P.: 59 - 61 °C; '"H NMR (300 MHz, CDCls): ¢ 8.20 (d, J = 8.8 Hz, 2H), 7.61 (d, J = 8.8 Hz, 2H),
6.55 (s, 1H), 6.39 (s, 1H), 6.31 (s, 1H), 3.84 (s, 3H), 1.53 (s, 9H); '*C NMR (125 MHz, CDCl;): ¢ 164.6, 152.0, 147.5, 135.9, 132.7,
129.4, 128.4, 123.5, 88.8, 85.3, 83.6, 64.5, 52.4, 27.7; IR (KBr): v, = 2982, 2292, 1745, 1522, 1346, 1274, 1157, 1081, 855, 771 cm™!;
MS (ESI): m/z 384 (M+Na)*; HRMS (ESI): m/z calcd for C,;sH;yNO;Na (M+Na)*: 384.1054, found: 384.1088.

Methyl-3-((tert-butoxycarbonyl)oxy)-5-(4-methoxyphenyl)-2-methylenepent-4-ynoate (1d): 1.29 g, 92%, Yellow solid; R, = 0.4
(petroleum ether : EtOAc = 9:1); M.P.: 63 — 64 °C; '"H NMR (500 MHz, CDCls): 6 7.40 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H),
6.51 (s, 1H), 6.36 (d, J = 7.6 Hz, 2H), 3.81 (s, 6H), 1.51 (s, 9H); *C NMR (125 MHz, CDCl,); ¢ 164.9, 160.0, 152.2, 136.6, 133.5,
129.3, 113.9, 87.8, 83.0, 82.2, 65.0, 55.3, 52.2, 27.7; IR (KBr): v,.. = 2934, 2230, 1746, 1681, 1271, 1159, 1075, 848, 760 cm™'; MS
(ESI): m/z 369 (M+Na)*; HRMS (ESI): m/z calcd for C;0H,,0OsNa (M+Na)*: 369.1308, found: 369.1315.

Methyl-3-((tert-butoxycarbonyl)oxy)-2-methylene-5-(thiophen-2-yl)pent-4-ynoate (le): 1.23 g, 85%, Yellow solid; R, = 0.5
(petroleum ether : EtOAc = 9:1); M.P.: 75-77 °C; '"H NMR (500 MHz, CDCl): ¢ 7.29 (dd, J = 5.1, 1.1 Hz, 1H), 7.27-7.25 (m, 1H),
6.98 (dd, J= 5.1, 3.7 Hz, 1H), 6.52 (s, 1H), 6.38 (s, 1H), 6.32 (s, 1H), 3.81 (s, 3H), 1.52 (s, 9H); 3C NMR (75 MHz, CDCl;): 6 164.8,
152.1, 136.2, 133.1, 129.4, 128.0, 126.9, 121.7, 87.4, 83.2, 81.0, 64.9, 52.3, 27.7; IR (KBr): v,,..= 2981, 2227, 1741, 1255, 1152, 1077,
956, 709 cm'; MS (ESI): m/z 345 (M+Na)*; HRMS (ESI): m/z caled for C,sH,;30sNaS (M+Na)*: 345.0767, Found: 345.0766.
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Methyl-3-((tert-butoxycarbonyl)oxy)-5-(2-iodophenyl)-2-methylenepent-4-ynoate (1f): 1.01 g, 78%, Yellow liquid; R, = 0.4
(petroleum ether : EtOAc = 9:1); 'H NMR (500 MHz, CDCl;): 6 7.76 (dd, J = 8.0, 1.0 Hz, 1H), 7.39 (dd, /= 7.7, 1.6 Hz, 1H), 7.23 (td,
J=717.6, 1.1 Hz, 1H), 6.95 (td, J = 7.8, 1.6 Hz, 1H), 6.49 (s, 1H), 6.44 (s, 1H), 6.36 (s, 1H), 3.75 (s, 3H), 1.45 (s, 9H); 3C NMR (75
MHz, CDCL): 6 164.9, 152.1, 138.7, 136.0, 133.2, 130.0, 128.6, 127.7, 100.6, 89.3, 87.3, 83.2, 64.9, 52.3, 27.8; IR (KBr1): V0, = 2921,
2234, 1748, 1254, 1156, 1079, 954, 771 cm'';MS (ESI): m/z 465 (M+Na)"; HRMS (ESI): m/z calcd for C;sH;oOsINa (M+Na)*:
465.0169, found: 465.0169.

tert-Butyl-3-(3-((tert-butoxycarbonyl)oxy)-4-(methoxycarbonyl)pent-4-en-1-yn-1-yl)-1 H-indole-1-carboxylate (1g): 1.28 g, 82%,
Pale yellow liquid; R, = 0.5 (petroleum ether : EtOAc = 8:2); 'H NMR (500 MHz, CDCL): ¢ 8.13 (d, J = 8.2 Hz, 1H), 7.80 (s, 1H),
7.64 (d,J="7.7 Hz, 1H), 7.39 — 7.33 (m, 1H), 7.32 — 7.27 (m, 1H), 6.56 (s, 1H), 6.44 (s, 1H), 6.41 (s, 1H), 3.83 (s, 3H), 1.67 (s, 9H),
1.53 (s, 9H); 13C NMR (125 MHz, CDCl): ¢ 164.9, 152.2, 148.9, 136.5, 134.5, 130.3, 129.8, 129.3, 125.3, 123.3, 120.0, 115.3, 102.1,
87.2,84.4, 83.1, 79.9, 65.1, 52.3, 28.1, 27.7; IR (KBr): v,... = 2980, 2234, 1743, 1371, 1274, 1155, 852, 752 cm!; MS (ESI): m/z 478
(M+Na)*; HRMS (ESI): m/z calcd for C,sH,00;NNa (M+Na)*: 478.1836, found: 478.1815.

Methyl-3-((tert-butoxycarbonyl)oxy)-2-methyleneoct-4-ynoate (1h): 1.16 g, 75%, Pale yellow liquid. R, = 0.7 (petroleum ether :
EtOAc =9:1); 'TH NMR (500 MHz, CDCl5): 8 6.45 (s, 1H), 6.26 (s, 1H), 6.12 (s, 1H), 3.78 (s, 3H), 2.22 (td, /= 7.0, 2.1 Hz, 2H), 1.57 —
1.51 (m, 2H), 1.50 (s, 9H), 0.97 (t, J = 7.4 Hz, 3H); 3C NMR (75 MHz, CDCl;): 8 165.0, 152.5, 136.9, 128.9, 88.9, 82.8, 74.9, 64.8,
52.1,27.7,21.7,20.7, 13.4; IR (KBr): v,,0 = 2966, 2935, 2238, 1748, 1273, 1254, 1154, 1078, 953 cm™'; MS (ESI): m/z 305 (M+Na)™;
HRMS (ESI): m/z caled for C;5sH»,0OsNa (M+Na)*: 305.1359, found: 305.1357.

Dimethyl-5,5'-(1,3-phenylene)bis(3-((tert-butoxycarbonyl)-oxy)-2-methylenepent-4-ynoate) (1i): 1.21 g, 81%, Yellow liquid; R,= 0.4
(petroleum ether : EtOAc = 9:1); 'H NMR (300 MHz, CDCl): 6 7.57 (s, 1H), 7.47 — 7.41 (m, 2H), 7.30 (d, /= 10.1 Hz, 1H), 6.55 (s, 2H), 6.37 (s,
2H), 6.35 (s, 2H), 3.83 (s, 6H), 1.54 (s, 18H); 3C NMR (75 MHz, CDCl3): 6 164.8, 152.1, 136.2, 135.2, 132.2, 129.5, 128.4, 122.2, 86.5, 84.3,
83.3, 64.7,52.3, 27.7; IR (KBr): v, = 2982, 2239, 1746, 1273, 1255, 1157, 1079, 955, 772 cm™'; MS (ESI): m/z 577 (M+Na)*; HRMS (ESI): m/z
calcd for C;oH340,0Na (M+Na)*: 577.2044, found: 577.2024.

S4



2T

€T+

8¢ —

969~
ge'9 "
€59 —

€L
mmx/
veL-\
Sb'L
9L
L
e

A

CO,Me

1a

=Z

L

H NMR, 500 MHz, CDCl,

0]
>‘\O)J\O

=780
ezo
£.96'0

Tsoz |

18T

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5
S5

4.0
f1 (ppm)

4.5




Lo

LLLe

8¢'CS —

06'v9 —

¥6'1CT —

0€"8CT ~_
26’871 -1
Tv'6¢T .\.
b6'1ET

0S9€T

T¢°Z8T —

€6'v9T —

@)
j\OJ\O

CO,Me

Z

1a
13C NMR, 75 MHz, CDCl;

Ll

!

L

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

200

S6



ST —

3|'e—

€9 —
99"
759 —

8¢'L
8C’L
6C°L
0€L
0€L
1€L
LE°L
8€L
8€L
6€°L
ob'L
0b*L

@)
>I\OJ\O

CO,Me

=

1b
H NMR, 500 MHz, CDCl;

Cl

=60 |

\1g0
=960

=88'T [

68T

7.5 7.0 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 0.0
f1 (ppm)

8.0

S7



Sb'LC—

0€'cS —

9L'v9 —

67°€8 ~_
65'¥8 —
Y98 "

0p"0CT —

£9'8TT ~_
£€°62T —
9T EET ~
$0'SET —
SE9eT "

ST'¢ST —

€891 —

O
>I\OJ\O

CO,Me

=

1b

13C NMR, 75 MHz, CDCl,4

C
!

190 180 170 160 150 140 130 120 110 f1(()0 ) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S8



5 ﬂ
beE— _ JL
©
= -
N
Q a
Q 3)
¥
O (8] M
o
OHA / o
o \ a —
o
=
4
I
Z
N
1e9— © = -M
69" - -
559 — —
09°L _
mo.mv — IL
> —

Fese

=60 |

580
E96°0

7.5 7.0 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 0.0 -0.5
f1 (ppm)

8.0

8.5

S9



YLl —

s —

£5'Y9 —

79'€8 —
[43E
$8'88 —

L5 €er "
SH"8TT ~_
ov'62T —
PLTET ~—
L6'SET ~_

bS'LPT —

S0¢ST —

S9'P9T —

COzMe

1c
13C NMR, 125 MHz, CDCl,

O,N

190 180 170 160 150 140 130 120 110 f1(00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S10



18T —

18'€—

€9'v —

SE'9~
99"
159 —

€8'9~_
89"

6€°L~_
e

M

[0) =
: B
O
5 S
T
o z =
OHA // 3
O o
=
MA Z
I
O
/
,/.
/
—

Bl

Fise

6T
50T

66T

1.5

0.0

0.5

1.0

2.0

2.5

3.0

7.0 6.5 6.0 5.5 5.0 4,5 4,0 3.5
f1 (ppm)

7.5

8.0

S11



9'(C—

S¢S —
6¢°'SS —

$0'59 —

1278 —
90eg
818~

C6'ETT —

6t
LY EET ~
b9'9ET ~_

SCeST —

£0°09T —

86'¥9T —

o)
>‘\O)J\O

COzMe

=Z

1d

o

13C NMR, 125 MHz, CDCl,

110 flé(i%m) 90

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120

200



ST —

18'€ —

€9 —
8€9 "
59—

69
69
869
669

9L
9L
L
8¢'L
8¢'L
6C°L
6C°L

COgMe

1e
H NMR, 500 MHz, CDCl,

J

M

—

——

=80 |

S 74
=980

T L

80

2.5 2.0 1.5 1.0 0.5 0.0

3.0

7.5 7.0 6.5 6.0 5.5 5.0 4,5 4.0 3.5
f1 (ppm)

8.0

S13



€LLt—

8¢S —

16'v9 —

018"
sTes "
€ /8~

0L 12T —
86'97T —
10821 -

€b'6CT v
ET'EET "
SC9ET —

E€T°¢ST —

18'v9T —

COQMG

1e

13C NMR, 75 MHz, CDCl,

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S14



SLE—

9€'9 ~_
P9 —

637

969
69
169

€C°L
€CL
8€°L
6€L

9L
9L

LLL

O
>I\O)J\O

COZMG

Z

1f

H NMR, 500 MHz, CDCl,

Hee

2260 [

=£T'T
1T

ESTT O}

=90'T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

S15



08'LC—

€€°CS —

88'v9 —

TTe8 —
8718 ~_
PE'68 ~

£9°00T —

9L LTT ~_
65'82T ~~
c0oer
61°€sT "
L0°9ET
9/'8€T —

9T'¢ST —

69T —

(0]

o)
N

o)

>l

COzMe

=Z

1f

13C NMR, 75 MHz, CDCl,4

190 180 170 160 150 140 130 120 110 f1(()0 )90 80 70 60 50 40 30 20 10
1 (ppm

200

S16



€5'T—
L9'T —

€8¢ —

TH'9~_
b9 "
&9
6L
1€,
1€°L
vE'L
vE'L
9L ~X

€9°L~
e
08—

€18~
18"

@)
>‘\OJ\O

COzMe

=

|

N

/

Boc

19
H NMR, 500 MHz, CDCl;

/!

I

/

=89'6

=816

V0T

560
p0°T

Tl T

ozt

0T

E960 [

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4,5
f1 (ppm)
S17

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0



9L LT ~_
01’8z ~"

62'CS —

P1°59 —

666 —
PTE8 ~
Lb'¥8 —
8148 —

80°C0T —

8T'STT—
10021~
zeeet

0£'STT -
S€'62T \
8L762T ~\
YEOET —
9STPET ~_
SG'9ET ~_

16'8YT —
9C'¢ST —

06'+9T —

LU

[0) = _ |
2, a
o) o
Q N

o) gw N
n
o - g
HAO // ?
A= 3
z.,, 9 -

Boc
|
L)

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

200

S18



S6'0
60 W
86°0

0s'1
Nm.ﬁ/
€5\
S T-F
om.ﬁ\.
(s
12T
12t
et
e
£t
ve'

8L'€ —

w9

9z'9
S9-_

COzMe

o
PN
Z

0]

>l

0
1h
H NMR, 500 MHz, CDCl,

=6
B9z

A1g0

00T

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

S19



LEET — -

TL00~ —
9L 1T~

L —

TT'es —

WWWULMWWMM

08'¥9 —

6'vL — -

6,78 — -

16’88 — -

o =
= a
N

(o) (&)

o N

I
= £
O = :7.. 1

-

OHA -

14
¥6'82T — o // = 2
N 1
m M C -

(2]

68'9ET — 2 I .
ST'TST — E—
m
10°59T — —_—_

Wi

Y

190 180 170 160 150 140 130 120 110 f1(20 ) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S20



PS'T— Fso81

W)

CO,Me

-
(@] g
o a
/ (&)
N
£8e — / W — _—  Foo9 |
: )
= o
- ®
o
\ =
74 z
I
O -
o=
O O
N
A 8
9]
=
se'9— — M 61 |
££9 1
559 — — - b6

= R |
—= /81
_ = €80

Xl;\
/)
|

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.5 6.0 5.5 5.0 4,5 4.0
f1 (ppm)
S21

7.0

7.5

8.0

8.5




i
€€

1€¢8 —

69'v9 —

8C'€8 ~_
9E'¥8 —
[y'98 "

YT —

TH'82T ~_
Lb'62T —
e —
6T'SET ~
€291~

CresT —

89T —

COZMe
=

A

MeOzC

1i

13C NMR, 75 MHz, CDCl,4

)8

190 180 170 160 150 140 130 120 110 f1(00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S22



ST
9C'T V

wm.ﬁ.\.

€57 —

bl —
16'c —
8Tt

o?V

wy

o)

CO,Me

EtO

7\

O

Ph

3a
"H NMR, 500 MHz, CDCl;

|

Fo0’e

0T

Feoz |

2.0 1.5 1.0 0.5 0.0

2.5

3.0

7.0 6.5 6.0 5.5 5.0 4,5 4.0 3.5
f1 (ppm)

7.5

8.0

S23



00°pT
484"

98'1€ —

§S0'CS —

0709 —

TLETT—
79811 —
5921

4t V
£T°8CT “n

6S'8¢CT
TLEET —

b6'LET —

85'6vT —

8¢'8ST —

°6'€9T —
90°£9T —

O

COzMe

EtO

7\

O

13C NMR, 75 MHz, CDCl,4

TS PRI RO VRN

190 180 170 160 150 140 130 120 110 f1?0 ) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S24



€€ —

SS'C—

SL'E—
06'c —

| O

0O

CO,Me

[\

Ph

o)

3b
H NMR, 500 MHz, CDCl;

J_

TR
ot

7.5 7.0 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 0.0
f1 (ppm)

8.0

S25



R 8 K3 8 8 EREASS ° o8 2
8 8 8 ¢ B3 E3884E % Sa 5
I I e \
0
CO,Me
O
Ph
3b
13C NMR, 75 MHz, CDCl,4
|
| |
|
|
SR SRTIN ATRY WRRPTRTTE i Wy L.m.ll.ru.l . IRV P
B aliel i i i s L e ) (L ) Rhed Al b L b LGl L L ) g
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

S26



L' —

80" —

LL°S

99
9>

COzMe
Ph

0]
3c

[\
H NMR, 300 MHz, CDCl;

Ph
Ph

—

Fv6'C

—  F-00¢

- -—_ 2 Tty

- _— 860

8¢

Tm.:

FS8T [

4,5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
S27

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5



€' —

981§ —

6v°0CT
9S'T¢T
99°9¢T
SELTT
L1°8CT
0p'8¢T
€5°8¢CT
89'8¢CT

PE6LT
Tv'6¢T W
LL°6CT
€8'TET
9T'CET
T16°CET
6E°LET
T9°LET

PTIST —
9T'eST —

96°G9T —

167261 —

CO,Me

Ph

[\

Ph

0]
3c
13C NMR, 100 MHz, CDCl;

Ph

e

—

-10

200 190 180 170 160 150 140 130 120 110 ; %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

210

S28



6T'C—

£5°€ —

L6'€ —

LS
LS

8€'9
6€9
1L

0€L
€L

vLL

CO,Me

@)
3d

7\

Ph

Ph

H NMR, 500 MHz, CDCl,

Jode e e

g

L

Wﬁnm 3

M/N

16T |

2.0 1.5 1.0 0.5 0.0 -0.5

2.5

3.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4,0 3.5
f1 (ppm)

8.0

S29



€0'PT —

9T’z —

16'1S —

L1°99T —

LT°T6T —

o)

COzMe

/\
0

Ph

Ph

3d
13C NMR, 75 MHz, CDCl,4

190 180 170 160 150 140 130 120 110 f1(00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S30



bLE——
80'Y
0’y
€y
44

o

TH NMR, 500 MHz, CDCl,

=Te |

=90'C

60C |

=5L°C

bege [

=0T |

860

9.0 8.5 8.0 7.5 7.0 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 0.0
f1 (ppm)

9.5

S31



T16'€T —

LTe—

s —

§8'09 —

00°ZTT
T1°0CT NS

(g€e
98zt W
€9'921~

6€'8¢CT
$9'8¢1 W
04'8¢T

sgzer
0T'9€T -~

CSTLET va

PEBPT ~_
Ly'6YT —
12251 —
SpesT "

99°€9T —
86991 —

13C NMR, 125 MHz, CDCI3

0 N

190 180 170 160 150 140 130 120 110 f10(0 ) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S32



6T'T
AN
T

LS'S
LS'S

6€9
0b'9

€8'9
€89 V.

[4 w4
x.mV

mﬁ.n“\n
LT,
1L
€L
YL

S€'L
S€'L
9€°L

0c'8
om.wv.

BV e

TH NMR, 500 MHz, CDCl,

F98°C

Re61 |

=880

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)

4.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

S33



L0'PT —

90'2€ —

80'¢S —

0509 —

13C NMR, 125 MHz, CDCl

W i

z€'60T "
LOETT —
9E°9TT ~
L9'6TT~_

$9°92T —
L1 -F
62'8C1 \
99'8ZT

89°€€T

srier-"
29T ~_
SLEPT —

80°0ST ~_
YO TST

€5°€9T —
0699T —

190 180 170 160 150 140 130 120 110 f1(00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S34



bS'C—

we— —

16'€ —

¥9'p
P9'p
S9'v
99t
99'v

i3

ve's
ve's
Pe'S
pe'S

29'S
g3-c
5

€6'S .\.
16S

w9
w9

ST'L
JAYA
8T,
1L
€L
€L
9L —¢
8¢'L
6¢'L
1€L
€L
€L

CO,Me

0
/\
3¢9

"H NMR, 300 MHz, CDCl,

F00€ |

E10c

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5
f1 (ppm)

4.0

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

S35



60'PT —

06'T€ —

80'¢S —

6'v9 —

8SETT —

9T'8TT
89°8TT V

£5°9CT
Ly [TT V

19'8¢T
LTTET \
69°€ET
16°LET /

cLerT —

05851~
PSEQT ~_
S6'99T~_

T T W ———

COQMG

3g
13C NMR, 75 MHz, CDCl,

190 180 170 160 150 140 130 120 110 f1(00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S36



P9'€ —

16'€ —

COzMe
7/ \
@)

Ph

3nh Ph

H NMR, 300 MHz, CDCl;

ot

Foot

7.5 7.0 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 0.0 -0.5
f1 (ppm)

8.0

S37



6£CE —

s —

PPOTT ~_
ETBTT ~_
€L'61T
bb'9CT
29'9¢T

€5°LTT —¢
T8¢t
9b'8¢T
§S'8¢CT
68°6C1T
86°0€T
€8'EET

8T°8ET

00°60T —
18°0ST —

96991 —

COzMe
7\
@)
sh D
13C NMR, 75 MHz, CDCl;

Ph

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S38



8€€ —

S0t —

$9'S
vm.mv

6€9
0b'9

ST'L
8T,
T¢L
€

A

L
8¢,
0€L

7
Hm.nn\
ob'L
WL

'L

COzMe

Ph

7\
0
3i

Ph

Ph

H NMR, 300 MHz, CDCl,

|

860

Fs60

Tw.Nﬁ F

0T

7.5 7.0 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 0.0 -0.5
f1 (ppm)

8.0

S39



L8°CE —

641§ —

COzMe

Ph

7/ \
0

Ph

Ph

3i
13C NMR, 75 MHz, CDCl,4

FRTRYWRI ¥ S—

CC'8ET

beLYT —
bE'0ST —

8991 —

190 180 170 160 150 140 130 120 110 f1(20 )90 80 70 60 50 40 30 20 10
1 (ppm

200

540



€87 —

bL'E—
18—
[T

QQV
wy -7
Ee\

8S'S

9
N¢.©V.

80'L~_
e
YL~
wL"

COgMe

EtO

J.

Cl

3j
'H NMR, 300 MHz, CDCl;

|

/

Froe

o6 |

Hire

Eo0'T

Fee61

Fs9z +

0.0

7.5 7.0 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
f1 (ppm)
S41

8.0



10T
9T'vT

LT1e—

T1es —

8109 —

€8°ETT —

16'81T —

WA
£2°801
§9'62T -
£bTET 7
R EAA
6crocT

€0°6vT —

p'8ST —

€8°€9T —
£699T —

=3
:
s
un
X
=
E
T X
[
2
= 3
e C 11
: :
= 3
3 5 N ,
O I ;
=
wn
— 2 =
NS ) ﬂl., um
14 £
s 3
Q 2 w
L ($) -
™
~
—
£
E
o F
—_—
-
..—-
£
LT
E
i
4

190 180 170 160 150 140 130 120 110 f1(20 )90 80 70 60 50 40 30 20 10
1 (ppm

200

542



ST
LT V

om.ﬁ.\.

PSC—

9e—
20y
8Ty
ON.¢W
=

€y
STy .\.

09°S
09°S

2]
b9 V.

L~
s€L"

PT'8~_
18"

LA JLLJJ“L* |

|

|

CO,Me
3k NO;
"H NMR, 300 MHz, CDCl,
4.5

EtO

I

86T

Fere |

=160

=160

-0.5

0.0

0.5

2.0 1.5 1.0

2.5

3.0

3.5

4.0
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

543



f[AR4) —
3
wteE— - —
b1'¢s — - =
£€C°09 — —

g

a

o

p= o J
Y N N =

e) orT

~

— % -

O -

@) ~ 14

=

S Z

i &
86°CTT — —_—

99'61T "
v8'ECT —
£6°/TT ~_
17621 —
6S°EET ~_

TH'ShT~_
18°9pT — —
sewt

69'85T "
09°€9T ~_ o

SL'99T ~_

-10

200 190 180 170 160 150 140 130 120 110 ; %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

210

S44



ST
91>

wN.ﬁ.\.

ST —

19'S

9
NT@V.

89~
€89~
L0°L~_
60'L~"

P JL__,J'JL-__M

I

COQMe

EtO

/

o)

/
H NMR, 500 MHz, CDCl,

3l

0e |

Agoe

0.5

1.0

1.5

2.5 2.0

3.0

6.5 6.0 5.5 5.0 4,5 4.0 3.5
f1 (ppm)
S45

7.0

7.5



00°pT
LT'PT

20 TE —

vo'es "
ST'56 "

uhuL. Lo Jt

i mndod

0T°09~_
g
) (&)
s [a]
o © B
N
(@) O T
N\ =
Te)
-
=
mw P4
L (&)
)
-~
bLETT —
T0vIT
9£'8TT — _—_
TELTT ~ ]
(7671 — — M
100e1 "
6L°€ET —
50°0ST —
LT85T
0£°'85T __
£6°€9T — - —

60°/9T —

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

200

546



vt
91
6C'T /

ST —

vLE—
80y
hﬁ;ﬁ”
mﬁ.¢v
wy
¢N.¢.\.

69°S
69°S

St'9
89
mwb/.
16'9
26'9
69 N
¥6'9

P1TL
ST'L
9T,
9T,

L

|

|

JMULJLL@ L

CO,Me
S

2

0
7/ \
0

3m
H NMR, 300 MHz, CDCl,

EtO

o |

Froe

86T

Fovz |

060 |

E160

2.5 2.0 1.5 1.0 0.5 0.0

3.0

3.5

S47

4.0
f1 (ppm)

7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.0




€0'PT
ST'PT

6v'9¢ —

60°CS —

81°09 —

—-

I8°ETT —

8p'8TT —

6T'vCT

9€'S¢CT V
96°9¢T —
v9'/2T a

C¢SEET —

0y’ 0rT —

€L°8VT —

Ch'8ST —

98'€9T —
§699T —

o)

COzMe

EtO

/

0]

7 S

3m
13C NMR, 125 MHz, CDCl,4

WWWWMWWWWWWWWW

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

548



PS¢ —

€L'€—
00t

mﬁ.v./.
HN.¢”/

wy—F
vm.v.\.

85'S
wm.mvu

&3

69
869
oo.m%
00°Z
YL
STL
i1
LeL
€8°L
€8,

8L
8L

o)

COzMe

EtO

/\

6]

3n
H NMR, 500 MHz, CDClI;

=19 [

3.5

f1 (ppm)

4.5

549



bpLE—

20'cSs —

L1°09 —

61°00T —

b6'ETT —

S9'6TT —

LY LT~
82T -~
ST6CT .\.
9y EET

LP'6ET ~
€5°0bT

18°8YT —

€6'85T —

S8°€9T —
£8°99T —

0]

COzMe

EtO

/

O

3n
13C NMR, 75 MHz, CDCl,

W\«IML

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S50



9t —

Ly —

89'€ —
8L'€ —

bS'S
SS°S

U

COzMe

/ \

Cl

30
H NMR, 500 MHz, CDCl,4

L

M

E00°€

60T [

88T

=l |

7.5 7.0 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 0.0 -0.5
f1 (ppm)

8.0

S51



60°'ST —

L6'6C ~
oT'TE—"

€0 —

L9°8TT —
ereet

89'421
vL'821 /
98'62T -
LYTET ~_
96'€ET —
TT9ET —

0€'6vT —

¥8'9ST —

9,991 —

T19°€6T —

CO,Me

[\

Cl

30
13C NMR, 125 MHz, CDCl,4

190 180 170 160 150 140 130 120 110 f1(00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S52



S€C—

9§'Cc—

LLe—

0t —

€9'S

99
99 V.

€L~
seL-"

ST'8
ST'8
ST'8
91’8
LT'8
LT'8

CO,Me

| R

NO,

]\
3p
H NMR, 500 MHz, CDCl;

.

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

6.0 5.5 5.0 4.5

6.5

8.0 7.5 7.0

8.5

9.0

S53



0T'ST—

66'6C ~—
19'T€ —

1€¢6 —

o 61T~
8T €CT —
8g'czt
€LLTT—
967t
S8EET ~_

9T'SHT ~_
£8°9pT —
08bT "

0C'L8T —

$9'99T —

8b'E6T —

COzMe

[\

NO,

3p
13C NMR, 125 MHz, CDCl,

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

200

S54



9Tt —

Ly'T—

89°€
RIS
ore"

LS'S
nm.mv

LE9
8¢9

SL9~_
19"
0072 ~_
WL

COzMe

[\

3q
1H NMR, 500 MHz, CDCl,

i

0.0

Lo

M\.wmnm

=56'C |

Agre

-0.5

7.5 7.0 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
f1 (ppm)
S55

8.0



0T'sT—

L6~
16'0€ —

61°¢S —
6C°'SS —

0€°0ST —
99°9ST ~—
0€'8ST —

16°99T —

8L°€6T —

30 20 10

90 80 70 60 50 40

100
f1 (ppm)
S56

)
110

/

COZMG
13C NMR, 75 MHz, CDCl,4

[\
3q
130 120

b
140

"
VRN TNTHRERY

150

190 180 170 160

200




pe'C—

L§CT—

9'€ —

90y —

s
s

COzMe

ay

[\

)

S

—

4

3r
TH NMR, 300 MHz, CDClj

L

680 |

€60

0.0 -0.5

0.5

2.0 1.5 1.0

2.5

3.0

7.5 7.0 6.5 6.0 5.5 5.0 4,5 4.0 3.5
f1 (ppm)

8.0

S57



st —

€€°9¢ —
S6'6C —

vTes —

€T8TT ~_

L0°€TT

vever W
R TARN
86'97T —
v6 et

EL'EET —

9T 0pT —

20'6vT —

€6'9ST —

8/'99T —

8'€6T —

COzMe

[\

o)

S

—

2

3r
13C NMR, 125 MHz, CDCl,

190 180 170 160 150 140 130 120 110 ] (100 ) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S58



L8 —

86'C —

9L’ —

100 —

v9'Ss —

b9 —

26'9
¥6'9
16'9
002 ~3
0L
STLA~_

8C'L—F
0e’L .\.

¥8°L ~_
(8L~

COzMe

/ \
0

3s
H NMR, 300 MHz, CDCl,

I8

4.0 3.5

f1 (ppm)

4.5

S59



60°'ST —

L6'67 —

0€LE —

9T'¢s —

00T —

9€'6TT
1T°€CT —
¥8'LTT

(A TAENS
1€°62T "
89°€ET ~_

0S"6ET ~_
8E0rT

LL8YT —

¥6'9ST —

§9'99T —

TL°€6T —

COQMG

[\

3s
13C NMR, 75 MHz, CDCl,

MDA

190 180 170 160 150 140 130 120 110 ; (100) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S60



8p'€ —

PO’y —

SL'S
SL'S

1r9~
fad4
612
wt
9zt
[Te
87,
67'L
€L
51
8e'L
65,
vt
L
vb'L
55
wie
60t

COzMe

Ph

[\

Ph

Cl

3t
H NMR, 300 MHz, CDCl;

JL . wa .

10T

-0.5

0.0

0.5

2.0 1.5 1.0

4.0 3.5 3.0 2.5

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

S61



88'T€ —

61 —

1,021
S9'T¢CT
veLaa
bC8er
§9'8¢T
+8'8¢1
€p'6CT
0L°6CT
18°6CT
P8'0ET —

LTCET~F
09°C€ET
86°CET

90'PET
90°9€T
TP LET
¥S'0ST —
LTEST —

68°G9T —

0v'Z6T —

COgMe

Ph

[ \

Ph

Cl

3t
13C NMR, 75 MHz, CDCl,

WIwE——

-10

200 190 180 170 160 150 140 130 120 110 ; %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

210

S62



0S'€ —

8Ty —

SL'S
mm.mv

8v'9
89~

61°L

L
6C'L
9€'L
wm.n/

AN
oL~
9L
Y
8LL~"

61'8
0c'8
18
18

_

CO,Me
[

Ph
Ph

NO,

3u
H NMR, 500 MHz, CDCl,

-

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

S63



8€'CE —

$0'CS —

9€'TCT
89°T¢CT

00°vCT
€L
6C'8¢CT
0€'8¢T

98'8¢T
[4N4)
LE°6CT

€9°6¢CT
9L'6CT
€0°CET
:.mmﬁ;\‘

LTLET
20°SHT —
66'9vT
(66T~
79'€ST ~

9,'S9T —

96T —

L

COzMe

Ph

[\

Ph

NO,

3u
13C NMR, 75 MHz, CDCl,

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S64



Ly'E—

6L'€ —

0t —

LL°S
LL°S

99
99

§8'9~_

6827

A A
8T°L
8T,

9T,

mm.m.\.
LLL
mm.mV.

6L°L
6L

A

/

CO,Me
0
H NMR, 500 MHz, CDCl,

|\
3v

Ph
Ph

L

g

4

5

2.0 1.5 1.0 0.5 0.0

2.5

3.0

7.5 7.0 6.5 6.0 5.5 5.0 4,5 4,0 3.5
f1 (ppm)

8.0

S65



91—

L8°'TS —
1€'65 —

COQMG

Ph

[\

h

/O

3v
13C NMR, 75 MHz, CDCl;

TP —

TT0TT ~
09°TZT —
L8121
61°82T ~\
78821 ~F
£€°621
£v°621
69°621
18'62T
YT TET
26°CET
o' LET

T9' 18T —
80°€ST —
0p'8ST —

€0°99T —

95°Z6T —

190 180 170 160 150 140 130 120 110 f1(20 )90 80 70 60 50 40 30 20 10
1 (ppm

200

S66



op'€ —

8Ty —

CO,Me

Ph

[\

)

Ph

A

u

S

—

4

3w
TH NMR, 500 MHz, CDCl;

JU

160 |

6°0

=0,'¢

Ree L

=08'C

1.0 0.5 0.0 £

1.5

7.5 7.0 6.5 6.0 5.5 5.0 4,5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

8.0

8.5

S67



0L —

06'1S —

ot
8S'T¢CT
LEPCT
€9°SCT
oo.mwﬁ/
| At %

8T~

59'821 +fF
9€°621
€9°62T

6L°6CT

ozeT
96°CET
i LET
T8'6ET
9T°0ST —

SCEST —

68°'G9T —

0v'Z6T —

CO,Me

Ph

[\

o)

Ph

S

—

4

3w
13C NMR, 75 MHz, CDCl,

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

200

S68



6€'€ —

STy —

COzMe

Ph

[\

0]

Ph

3x
H NMR, 300 MHz, CDCl;

S

Feee

Free

90T

207

Foot
Tm.mﬁ I

Foot

1.0 0.5 0.0 -0.5

1.5

2.5 2.0

3.0

7.5 7.0 6.5 6.0 5.5 5.0 4,5 4.0 3.5
f1 (ppm)

8.0

8.5

S69



£0'8€ —

98'1S —

CO2Me

Ph

[\

0]

Ph

3x
13C NMR, 75 MHz, CDCl,4

18'99T —

0S°¢6T —

-10

200 190 180 170 160 150 140 130 120 110 ] %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

210

S70



8T'T—

65T —

W'C—

£9°€ —

68'¢ —
ay
mﬁfk

9T’y

8S'S
85'S

LE°9
8¢9

€T°L
ET°L
pI'L
9T,
9T,
L
L
ve'L
S¢'L
S¢'L
8C°L
ob'L
'L
08—

o)

CO,Me

EtO

7\

O

7
N

/
Boc

3y
H NMR, 500 MHz, CDCl,4

L

N

J

1

v

d oL

=911

T L

11
AZ0'T

e |

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

S71



10T
oT'vT V.
L0t —

€08 —

$0'¢S —

ST'09 —

TL°€8 —

w'P0T —

beETT
97'sTT %
ETLIT "
81T —
20611/
257er -~
vWMNﬁk\
05bet

6521 7

66°'6CT
CLEET *
h'SET

TL8PT —

T¢'8ST —

26'€9T —
10°49T —

O

COzMe

EtO

/\

O

2

N

/
oC

B

3y
13C, NMR, 125 MHz, CDCl;

J. o ..UMJMWWM

J I

I

-

A

.

W

190 180 170 160 150 140 130 120 110 f1(00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S72



ST'T
54%
LT'T
6T'T
0C't
1T

1T —
1€ —

S56'S —
€09 —

€9~
ve9 "

6T°L
NN.N/
N
67'L
0€'L

0

O

OEt

/

CO,Me

Z

Ph

4a
H NMR, 300 MHz, CDCl,

/

/

|

M

e |

Eere |

ooz

6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7.0

7.5

8.0

S73



TPl —

ce0eE —
PIpe —

bT'es —

PLT9 ~
679

€68 ~—
6v°98 —

§6°7TT ~_
61°8CT
£€'8eT
66'87T -
19T€T "

8b'LET —

£099T ~
9" L9T —

00°T0C —

-10

40 30 20 10

50

60

70

100 90 80
f1 (ppm)
S74

110

Lad)

130

140

150

COzMe

OEt
—_———— A MMW'L

160

4a
13C NMR, 75 MHz, CDCl,4

Z
Ph
|
MJ‘ILMV
190 180 170

200

210




6'S —
109 —

€9~
ge9"

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

f1 (ppm)
S75

4.0

4.5

o)
OFEt
CO,Me
4b
'H NMR, 300 MHz, CDCl;
5.0

5.5

O

Z

6.0

[/

6.5

7.0

7.5

8.0



9EET ~
T

TL00~
9T'ce—

ST'0€ —
0L'€€ —

T1'es —

9519 —
0T'€9 —

JWWJLHWM

0€°'68 —

16°82T —

E€T'8ET —

€T°99T ~—
09°£9T —

SE'T0C—

(0]

0]

OEt

COZMG

=

4b
13C NMR, 75 MHz, CDCl,

Ll

190 180 170 160 150 140 130 120 110f (100) 90 80 70 60 50 40 30 20 10
1 (ppm

200

S76



or'c— —

(A

H NMR, 500 MHz, CDCl;

8T
16T
16T

=16'T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

S77



0S°'ST—

1078 —

5876 —

TT°L0T —

6T'STT —
68021

0z'sel

67871 /
Q.mﬁ/
S0'62T -\
89'621

/

8G°0€T
8p'CET
¢LTET
T'€EET

¥8'65T —

¢S°S9T —

Ph

=
NS

NC

0]

Z

Ph

5
13C NMR, 75 MHz, CDCl,

190 180 170 160 150 140 130 120 110 f1(()0 )90 80 70 60 50 40 30 20 10
1 (ppm

200

S78



ST
LT v
8C'T

sTc—

vLE—
[8'€—

8T’y
om.vw
1 Y44
v

8S'S

0v'9
0b'9 V.

669
oo.nH/
L

No.mw.

61'L—F
ANN\
€CL

JKLAJ‘\ J\__JJL_L

H NMR, 500 MHz, CDCl;

E=I19°S

L89S |

8e

Fooy |

2.0 1.5 1.0 0.5 0.0

2.5

3.0

6.5 6.0 5.5 5.0 4,5 4.0 3.5
f1 (ppm)

7.0

7.5

S79



T0'vT
9T'vT

18'1€ —

£L07S —

ST'09 —

9L ETT —

69°8TT —

05°92T —
Se /T /F
€821 \
06'82T

wesi/
€£'86T —

ShevT —

LT85T —

16°€9T —
¥0'L9T —

W’Mﬂwhllm

13C NMR, 125 MHz, CDCl,4

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S80



|

T
S\ _ )
o' T — —_— - = Feoe

o1/
897 — - 6T |
967 — - JU Ts6C
ob'y
1344 V / _ _ Mlﬁo.N
St W - —
e o
(m]
(&)
N
O I
=
©
~S
™
(@) o
O s
=2
Q T
E -
bp'L
9L W
L= —_
89°L
S8, N D
(8L —_
68,
ST'8
L1'8 > T
61'8

2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

2.5

3.0

3.5

4.0
f1 (ppm)
S81

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

9.0




€609 —

80T —

SS'0TT —

8T'HCT
TEvCT /.
96'PCT ~&

XA TA R
1TTn \
414 .\.

ST'0€T \
Ob'TET

SP'eST —

08°€9T ~—
€T°59T —

O

490
@)

EtO

7a
13C NMR, 75 MHz, CDCl,

L

200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S82



90'8

A

O

Ph

74
H NMR, 500 MHz, CDCl,

Ph

@)

7b

.

87
ooy
00T

e
o6
88

=00'T

8.0 7.5 7.0 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 0.0 -0.5
f1 (ppm)

8.5

S83



86'ST —

0]

Ph

/
13C NMR, 125 MHz, CDCl,

Ph

O

7b

PC'S0T —

Wett
wN.vNﬁ/.
vz'ser
0gL2T N
75821
51821
96'821
89'621
£6'621
81°7€T
OT'bET

E€T°¢ST —
T16'vST —

81'G6T —

-10

200 190 180 170 160 150 140 130 120 110 ] %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

210

S84



10¢—

W'C—

196~
9L —
¥8'€ —
0T'v

N?V
a8 272
D.T\.

106 —

bS'S
¥S'S

i

J I JUL

COzMe
OAc

3a+ X

|

H NMR, 300 MHz, CDCl,

EtO,C
|
| ||

=00°€

69

6T

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

f1 (ppm)
S85

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

8.0




