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NMR	  Spectra	  for	  compounds	  13–15,	  17a,	  18–19,	  21–29,	  31–35	  are	  given	  below:	  

	   	  

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2015



	  

	  

N
Boc

CO2Et

13

CO2Et



	  

	  

N
Boc

14

OH

OH



	  

	  

N
Boc

O

OH

O

15



	  

	  

N
Boc

17a

H

OPMB

OH



	  

	  

N
Boc

18

O

OH

I

H



	  

	  

	  

N
Boc

19

O

OPMB

I

H



	  

	   	  

N
Boc

CHO

21



	  	  

	  

N
Boc

CO2Et

22

H

OH



	  

	   	  

N
Boc

CO2Et

23

H

OH



	  

	   	  

N
Boc

CO2Et

24

H

O

O

Br



	  	  

	  

N
S
O2

CO2Et

25

H

O

O

Br



	  

	  

	  

N
Boc

CO2Et

26

H

OPMB



	  

	  

	  

N
Boc

27

H

OPMB

I



	  

	  

28

N
Boc

EtO2C

H

OPMB

S

S



	  

	  

29

N
Boc

H

OPMB

OH

S

S



	  

31

N
Boc

CHO
OMe

OMe

H

OPMB



	  

	  

	  

N

N

EtO2C

H

H

OMeBoc

32

OPMB



	  

	  

C
u
r
r
e
n
t
 
D
a
t
a
 
P
a
r
a
m
e
t
e
r
s

N
A
M
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a
p
0
5

E
X
P
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5
0
8

P
R
O
C
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

F
2
 
-
 
A
c
q
u
i
s
i
t
i
o
n
 
P
a
r
a
m
e
t
e
r
s

D
a
t
e
_
 
 
 
 
 
 
 
 
 
 
2
0
0
7
0
4
0
7

T
i
m
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
3
.
0
6

I
N
S
T
R
U
M
 
 
 
 
 
 
 
 
 
 
d
r
x
5
0
0

P
R
O
B
H
D
 
 
 
5
 
m
m
 
B
B
I
 
1
H
-
B
B

P
U
L
P
R
O
G
 
 
h
s
q
c
e
t
g
p
s
i
s
p
2
.
2

T
D
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
0
4
8

S
O
L
V
E
N
T
 
 
 
 
 
 
 
 
 
 
 
 
D
M
S
O

N
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4

D
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4

S
W
H
 
 
 
 
 
 
 
 
 
 
 
 
2
9
9
7
.
6
0
2
 
H
z

F
I
D
R
E
S
 
 
 
 
 
 
 
 
 
1
.
4
6
3
6
7
3
 
H
z

A
Q
 
 
 
 
 
 
 
 
 
 
 
 
0
.
3
4
1
6
0
6
4
 
s
e
c

R
G
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
2
4

D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
6
6
.
8
0
0
 
u
s
e
c

D
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6
.
0
0
 
u
s
e
c

T
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
9
8
.
5
 
K

C
N
S
T
2
 
 
 
 
 
 
 
1
4
5
.
0
0
0
0
0
0
0

C
N
S
T
1
7
 
 
 
 
 
 
 
-
0
.
5
0
0
0
0
0
0

d
0
 
 
 
 
 
 
 
 
 
 
 
0
.
0
0
0
0
0
3
0
0
 
s
e
c

D
1
 
 
 
 
 
 
 
 
 
 
 
2
.
0
0
0
0
0
0
0
0
 
s
e
c

d
4
 
 
 
 
 
 
 
 
 
 
 
0
.
0
0
1
7
2
4
1
4
 
s
e
c

d
1
1
 
 
 
 
 
 
 
 
 
 
0
.
0
3
0
0
0
0
0
0
 
s
e
c

D
1
6
 
 
 
 
 
 
 
 
 
 
0
.
0
0
0
2
0
0
0
0
 
s
e
c

D
2
4
 
 
 
 
 
 
 
 
 
 
0
.
0
0
0
8
6
2
0
7
 
s
e
c

D
E
L
T
A
 
 
 
 
 
 
 
 
0
.
0
0
1
2
1
9
0
0
 
s
e
c

D
E
L
T
A
1
 
 
 
 
 
 
 
0
.
0
0
1
2
0
8
0
0
 
s
e
c

D
E
L
T
A
2
 
 
 
 
 
 
 
0
.
0
0
1
4
7
0
1
4
 
s
e
c

D
E
L
T
A
3
 
 
 
 
 
 
 
0
.
0
0
0
5
5
8
0
7
 
s
e
c

D
E
L
T
A
4
 
 
 
 
 
 
 
0
.
0
0
0
2
7
0
1
4
 
s
e
c

I
N
0
 
 
 
 
 
 
 
 
 
 
0
.
0
0
0
0
3
3
1
5
 
s
e
c

S
T
1
C
N
T
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

=
=
=
=
=
=
=
=
 
C
H
A
N
N
E
L
 
f
1
 
=
=
=
=
=
=
=
=

N
U
C
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
H

P
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8
.
5
0
 
u
s
e
c

p
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
7
.
0
0
 
u
s
e
c

P
2
8
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
0
0
.
0
0
 
u
s
e
c

P
L
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
3
.
0
0
 
d
B

S
F
O
1
 
 
 
 
 
 
 
 
5
0
0
.
1
3
2
0
0
0
5
 
M
H
z

=
=
=
=
=
=
=
=
 
C
H
A
N
N
E
L
 
f
2
 
=
=
=
=
=
=
=
=

C
P
D
P
R
G
[
2
 
 
 
 
 
 
 
 
 
 
 
g
a
r
p

N
U
C
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
3
C

P
3
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
4
.
7
5
 
u
s
e
c

P
1
4
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5
0
0
.
0
0
 
u
s
e
c

P
2
4
 
 
 
 
 
 
 
 
 
 
 
 
 
2
0
0
0
.
0
0
 
u
s
e
c

P
C
P
D
2
 
 
 
 
 
 
 
 
 
 
 
 
 
7
2
.
0
0
 
u
s
e
c

P
L
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
2
0
.
0
0
 
d
B

P
L
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
3
.
0
0
 
d
B

P
L
1
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
.
7
7
 
d
B

S
F
O
2
 
 
 
 
 
 
 
 
1
2
5
.
7
6
4
7
0
5
7
 
M
H
z

S
P
3
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
7
8
 
d
B

S
P
7
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
7
8
 
d
B

S
P
N
A
M
[
3
]
 
C
r
p
6
0
,
0
.
5
,
2
0
.
1

S
P
N
A
M
[
7
]
 
 
 
 
C
r
p
6
0
c
o
m
p
.
4

S
P
O
A
L
3
 
 
 
 
 
 
 
 
 
 
 
 
0
.
5
0
0

S
P
O
A
L
7
 
 
 
 
 
 
 
 
 
 
 
 
0
.
5
0
0

S
P
O
F
F
S
3
 
 
0
 
H
z

S
P
O
F
F
S
7
 
 
0
 
H
z

=
=
=
=
=
=
 
G
R
A
D
I
E
N
T
 
C
H
A
N
N
E
L
 
=
=
=
=
=

G
P
N
A
M
[
1
]
 
 
 
 
 
 
 
S
I
N
E
.
1
0
0

G
P
N
A
M
[
2
]
 
 
 
 
 
 
 
S
I
N
E
.
1
0
0

G
P
N
A
M
[
3
]
 
 
 
 
 
 
 
S
I
N
E
.
1
0
0

G
P
N
A
M
[
4
]
 
 
 
 
 
 
 
S
I
N
E
.
1
0
0

G
P
Z
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8
0
.
0
0
 
%

G
P
Z
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
0
.
1
0
 
%

G
P
Z
3
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
1
.
0
0
 
%

G
P
Z
4
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
5
.
0
0
 
%

P
1
6
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
0
0
.
0
0
 
u
s
e
c

P
1
9
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6
0
0
.
0
0
 
u
s
e
c

F
1
 
-
 
A
c
q
u
i
s
i
t
i
o
n
 
p
a
r
a
m
e
t
e
r
s

T
D
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
5
6

S
F
O
1
 
 
 
 
 
 
 
 
 
 
 
1
2
5
.
7
6
4
7
 
M
H
z

F
I
D
R
E
S
 
 
 
 
 
 
 
 
5
8
.
9
1
7
7
9
7
 
H
z

S
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
1
9
.
9
3
0
 
p
p
m

F
n
M
O
D
E
 
 
 
 
E
c
h
o
-
A
n
t
i
e
c
h
o

F
2
 
-
 
P
r
o
c
e
s
s
i
n
g
 
p
a
r
a
m
e
t
e
r
s

S
I
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
2
4

S
F
 
 
 
 
 
 
 
 
 
 
5
0
0
.
1
3
0
0
1
8
4
 
M
H
z

W
D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q
S
I
N
E

S
S
B
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2

L
B
 
 
 
 
 
 
 
0
 
H
z

G
B
 
 
 
 
 
 
 
0

P
C
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
4
0

H
SQ

C
 2D

 H
-1/X correlation using shaped pulses for all 180degree pulses on f2 - channel

B
en D

obson  D
76  Sam

ple ref. C
A in C

D
C

l3

1.5
2.0

2.5
3.0

3.5
4.0

4.5
ppm

101520253035404550556065707580 ppm

N

N

EtO2C

H

H

OMeBoc

32

OPMB



	  

	  

C
u
r
r
e
n
t
 
D
a
t
a
 
P
a
r
a
m
e
t
e
r
s

N
A
M
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a
p
0
5

E
X
P
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5
0
5

P
R
O
C
N
O
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

F
2
 
-
 
A
c
q
u
i
s
i
t
i
o
n
 
P
a
r
a
m
e
t
e
r
s

D
a
t
e
_
 
 
 
 
 
 
 
 
 
 
2
0
0
7
0
4
0
5

T
i
m
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
2
.
3
2

I
N
S
T
R
U
M
 
 
 
 
 
 
 
 
 
 
d
r
x
5
0
0

P
R
O
B
H
D
 
 
 
5
 
m
m
 
B
B
I
 
1
H
-
B
B

P
U
L
P
R
O
G
 
 
 
 
 
 
 
 
c
o
s
y
g
p
q
f

T
D
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
0
4
8

S
O
L
V
E
N
T
 
 
 
 
 
 
 
 
 
 
 
 
D
M
S
O

N
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

D
S
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
6

S
W
H
 
 
 
 
 
 
 
 
 
 
 
 
4
0
0
6
.
4
1
0
 
H
z

F
I
D
R
E
S
 
 
 
 
 
 
 
 
 
1
.
9
5
6
2
5
5
 
H
z

A
Q
 
 
 
 
 
 
 
 
 
 
 
 
0
.
2
5
5
5
9
0
4
 
s
e
c

R
G
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
6

D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
2
4
.
8
0
0
 
u
s
e
c

D
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6
.
0
0
 
u
s
e
c

T
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
9
8
.
0
 
K

d
0
 
 
 
 
 
 
 
 
 
 
 
0
.
0
0
0
0
0
3
0
0
 
s
e
c

D
1
 
 
 
 
 
 
 
 
 
 
 
1
.
5
0
0
0
0
0
0
0
 
s
e
c

d
1
3
 
 
 
 
 
 
 
 
 
 
0
.
0
0
0
0
0
4
0
0
 
s
e
c

D
1
6
 
 
 
 
 
 
 
 
 
 
0
.
0
0
0
2
0
0
0
0
 
s
e
c

I
N
0
 
 
 
 
 
 
 
 
 
 
0
.
0
0
0
2
4
9
6
0
 
s
e
c

=
=
=
=
=
=
=
=
 
C
H
A
N
N
E
L
 
f
1
 
=
=
=
=
=
=
=
=

N
U
C
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
H

P
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8
.
0
5
 
u
s
e
c

P
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8
.
0
5
 
u
s
e
c

P
L
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
3
.
0
0
 
d
B

S
F
O
1
 
 
 
 
 
 
 
 
5
0
0
.
1
3
2
0
0
0
5
 
M
H
z

=
=
=
=
=
=
 
G
R
A
D
I
E
N
T
 
C
H
A
N
N
E
L
 
=
=
=
=
=

G
P
N
A
M
[
1
]
 
 
 
 
 
 
 
S
I
N
E
.
1
0
0

G
P
N
A
M
[
2
]
 
 
 
 
 
 
 
S
I
N
E
.
1
0
0

G
P
Z
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
.
0
0
 
%

G
P
Z
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
.
0
0
 
%

P
1
6
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
0
0
.
0
0
 
u
s
e
c

F
1
 
-
 
A
c
q
u
i
s
i
t
i
o
n
 
p
a
r
a
m
e
t
e
r
s

T
D
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
2
8

S
F
O
1
 
 
 
 
 
 
 
 
 
 
 
 
5
0
0
.
1
3
2
 
M
H
z

F
I
D
R
E
S
 
 
 
 
 
 
 
 
3
1
.
3
0
0
0
7
9
 
H
z

S
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8
.
0
1
1
 
p
p
m

F
n
M
O
D
E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q
F

F
2
 
-
 
P
r
o
c
e
s
s
i
n
g
 
p
a
r
a
m
e
t
e
r
s

S
I
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
2
4

S
F
 
 
 
 
 
 
 
 
 
 
5
0
0
.
1
3
0
0
1
8
4
 
M
H
z

W
D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S
I
N
E

S
S
B
 
 
 
 
 
 
0

L
B
 
 
 
 
 
 
 
0
 
H
z

G
B
 
 
 
 
 
 
 
0

P
C
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
0
0

F
1
 
-
 
P
r
o
c
e
s
s
i
n
g
 
p
a
r
a
m
e
t
e
r
s

S
I
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
2
4

M
C
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q
F

S
F
 
 
 
 
 
 
 
 
 
 
5
0
0
.
1
3
0
0
1
8
4
 
M
H
z

W
D
W
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S
I
N
E

S
S
B
 
 
 
 
 
 
0

L
B
 
 
 
 
 
 
 
0
 
H
z

G
B
 
 
 
 
 
 
 
0

B
en D

obson  D
76  Sam

ple ref. C
A in C

D
C

l3
G

R
ASP C

O
SY 5ppm

 w
ith O

1P = 3.5ppm

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
ppm

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

ppm

N

N

EtO2C

H

H

OMeBoc

32

OPMB



	  

	  

	  

N

N

H
H

H

EtO2C

OMe
OMe

Boc

33

OPMB



	  

	  

N
Boc

CO2Et

34

H

OMOM



	  

	  

N
Boc

35

H

OMOM

OH


