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Scheme S1. Synthesis of Fmoc-m-Abc2K(Boc)-OH (1a) and Fmoc-o-Abc2K(Boc)-OH (1b) 
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* Diether 6 was prepared in a previous publication.1 
 

                                                 
1 Gothard, C. M.; Rao, N. A.; Nowick, J. S. J. Am. Chem. Soc. 2007, 129, 7272-7273. 

Supporting Information C. M. Gothard and J. S. Nowick

S4



0
1

2
3

4
5

6
7

8
pp

m

Integral

 1.916

 1.053

 1.985

 1.075

 1.014
 0.936
 0.949
 0.888
 0.904
 0.979

 1.012

 1.945

 1.953

 2.145

 2.112

 1.657

 4.093

 4.000

16.860

ppm

8.04052
8.02607

7.73060
7.71581
7.70095
7.60587
7.59024
7.57490
7.45049
7.09636
7.08081
7.06525
7.03021
6.89973
6.85194
6.80428
6.72883
6.71351
6.59434
6.57846

5.71611

5.15246

4.06398
4.05200
4.03977
3.93950
3.92712
3.91476

3.33923

3.12207
3.10977
3.06591
3.05388

2.50649
2.50296
2.49940

1.98995
1.82450
1.81172
1.79874
1.77881
1.76595
1.75303

1.36829
1.32229

1.07201

0.00013

Cu
rr
en
t 
Da
ta
 P
ar
am
et
er
s

US
ER
  
  
  
  
  
  
 c
go
th
a 
  
  
  
  
  
  

 
NA
ME
  
  
  
  
  
cg
-1
0-
11
3 
  
  
  
  
  
  

 
EX
PN
O 
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 
PR
OC
NO
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 

F2
 -
 A
cq
ui
si
ti
on
 P
ar
am
et
er
s

Da
te
_ 
  
  
  
  
 2
00
60
80
9 
  
  
  
  
  
  

 
Ti
me
  
  
  
  
  
  
  
 6
.2
2 
  
  
  
  
  
  

 
IN
ST
RU
M 
  
  
  
  
cr
yo
50
0 
  
  
  
  
  
  

 
PR
OB
HD
  
 5
 m
m 
CP
TC
I 
1H
- 
  
  
  
  
  
  

 
PU
LP
RO
G 
  
  
  
  
  
 z
g3
0 
  
  
  
  
  
  

 
TD
  
  
  
  
  
  
  
  
81
72
8 
  
  
  
  
  
  

 
SO
LV
EN
T 
  
  
  
  
  
 D
MS
O 
  
  
  
  
  
  

 
NS
  
  
  
  
  
  
  
  
  
  
8 
  
  
  
  
  
  

 
DS
  
  
  
  
  
  
  
  
  
  
2 
  
  
  
  
  
  

 
SW
H 
  
  
  
  
  
 8
01
2.
82
0 
Hz
  
  
  
  
  

 
FI
DR
ES
  
  
  
  
 0
.0
98
04
3 
Hz
  
  
  
  
  

 
AQ

  
  
  
  
  
  
5.
09
98
77
4 
se
c 
  
  
  
  

 
RG
  
  
  
  
  
  
  
  
  
7.
1 
  
  
  
  
  
  

 
DW
  
  
  
  
  
  
  
 6
2.
40
0 
us
ec
  
  
  
  

 
DE
  
  
  
  
  
  
  
  
 6
.0
0 
us
ec
  
  
  
  

 
TE
  
  
  
  
  
  
  
  
29
8.
0 
K 
  
  
  
  
  

 
D1
  
  
  
  
  
 0
.1
00
00
00
0 
se
c 
  
  
  
  

 
MC
RE
ST
  
  
  
 0
.0
00
00
00
0 
se
c 
  
  
  
  

 
MC
WR
K 
  
  
  
 0
.0
15
00
00
0 
se
c 
  
  
  
  

 

==
==
==
==
 C
HA
NN
EL
 f
1 
==
==
==
==

NU
C1
  
  
  
  
  
  
  
  
 1
H 
  
  
  
  
  
  

 
P1
  
  
  
  
  
  
  
  
 8
.0
0 
us
ec
  
  
  
  

 
PL
1 
  
  
  
  
  
  
  
 1
.6
0 
dB
  
  
  
  
  

 
SF
O1
  
  
  
  
50
0.
22
35
01
5 
MH
z 
  
  
  
  

 

F2
 -
 P
ro
ce
ss
in
g 
pa
ra
me
te
rs

SI
  
  
  
  
  
  
  
  
65
53
6 
  
  
  
  
  
  

 
SF
  
  
  
  
  
50
0.
22
00
11
6 
MH
z 
  
  
  
  

 
WD
W 
  
  
  
  
  
  
  
  
 E
M 
  
  
  
  
  
  

 
SS
B 
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
LB
  
  
  
  
  
  
  
  
 0
.3
0 
Hz
  
  
  
  
  

 
GB
  
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
PC
  
  
  
  
  
  
  
  
 4
.0
0 
  
  
  
  
  
  

 

1D
 N
MR
 p
lo
t 
pa
ra
me
te
rs

CX
  
  
  
  
  
  
  
  
22
.8
0 
cm
  
  
  
  
  

 
CY
  
  
  
  
  
  
  
  
11
.7
9 
cm
  
  
  
  
  

 
F1
P 
  
  
  
  
  
  
  
9.
00
0 
pp
m 
  
  
  
  

 
F1
  
  
  
  
  
  
  
45
01
.9
8 
Hz
  
  
  
  
  

 
F2
P 
  
  
  
  
  
  
 -
0.
50
0 
pp
m 
  
  
  
  

 
F2
  
  
  
  
  
  
  
-2
50
.1
1 
Hz
  
  
  
  
  

 
PP
MC
M 
  
  
  
  
  
0.
41
66
7 
pp
m/
cm
  
  
  

 
HZ
CM
  
  
  
  
  
20
8.
42
50
0 
Hz
/c
m 
  
  
  

 

1 H
 N

M
R

 (5
00

 M
H

z,
 2

98
 K

, C
D

3S
O

C
D

3)
 s

pe
ct

ru
m

 o
f 7

a

C
O

2C
H

2C
O

Ph

O
C

H
2C

H
2C

H
2N

H
Bo

c

O
C

H
2C

H
2C

H
2N

H
Bo

c

H
2N

H
-m

-A
bc

2K
(B

oc
) -O

C
H

2C
O

Ph
 (7

a)

TM
S

impurity

H
2O

Supporting Information C. M. Gothard and J. S. Nowick

S5



0
20

40
60

80
10

0
12

0
14

0
16

0
18

0
20

0
pp

m

ppm

192.78

164.34

155.59
155.49
152.56

148.83
148.16

137.47
136.69
133.89
133.85
128.82
128.43
127.73

117.72
116.87
116.55
115.24
114.75
113.32

 77.43
 77.30

 73.40

 67.17
 66.77
 66.15

 39.99
 39.90
 39.82
 39.73
 39.66
 39.56
 39.49
 39.40
 39.23
 39.06
 38.90
 37.01
 36.68
 29.28
 29.03
 28.14
 28.09
 24.85

  0.00

Cu
rr

en
t 

Da
ta

 P
ar

am
et

er
s

US
ER

  
  

  
  

  
  

 c
go

th
a 

  
  

  
  

  
  

 
NA

ME
  

  
  

  
  

cg
-1

0-
11

3 
  

  
  

  
  

  
 

EX
PN

O 
  

  
  

  
  

  
  

  
3 

  
  

  
  

  
  

 
PR

OC
NO

  
  

  
  

  
  

  
  

1 
  

  
  

  
  

  
 

F2
 -

 A
cq

ui
si

ti
on

 P
ar

am
et

er
s

Da
te

_ 
  

  
  

  
 2

00
60

80
9 

  
  

  
  

  
  

 
Ti

me
  

  
  

  
  

  
  

 6
.2

5 
  

  
  

  
  

  
 

IN
ST

RU
M 

  
  

  
  

cr
yo

50
0 

  
  

  
  

  
  

 
PR

OB
HD

  
 5

 m
m 

CP
TC

I 
1H

- 
  

  
  

  
  

  
 

PU
LP

RO
G 

  
  

  
  

 z
gd

c3
0 

  
  

  
  

  
  

 
TD

  
  

  
  

  
  

  
  

65
41

8 
  

  
  

  
  

  
 

SO
LV

EN
T 

  
  

  
  

  
DM

SO
  

  
  

  
  

  
 

 
NS

  
  

  
  

  
  

  
  

 2
02

4 
  

  
  

  
  

  
 

DS
  

  
  

  
  

  
  

  
  

  
4 

  
  

  
  

  
  

 
SW

H 
  

  
  

  
  

30
30

3.
03

1 
Hz

  
  

  
  

  
 

FI
DR

ES
  

  
  

  
 0

.4
63

22
2 

Hz
  

  
  

  
  

 
AQ

  
  

  
  

  
  

1.
07

94
47

0 
se

c 
  

  
  

  
 

RG
  

  
  

  
  

  
  

  
 8

19
2 

  
  

  
  

  
  

 
DW

  
  

  
  

  
  

  
 1

6.
50

0 
us

ec
  

  
  

  
 

DE
  

  
  

  
  

  
  

  
 6

.0
0 

us
ec

  
  

  
  

 
TE

  
  

  
  

  
  

  
  

29
8.

0 
K 

  
  

  
  

  
 

D1
  

  
  

  
  

 0
.2

50
00

00
0 

se
c 

  
  

  
  

 
d1

1 
  

  
  

  
 0

.0
30

00
00

0 
se

c 
  

  
  

  
 

MC
RE

ST
  

  
  

 0
.0

00
00

00
0 

se
c 

  
  

  
  

 
MC

WR
K 

  
  

  
 0

.0
15

00
00

0 
se

c 
  

  
  

  
 

==
==

==
==

 C
HA

NN
EL

 f
1 

==
==

==
==

NU
C1

  
  

  
  

  
  

  
  

13
C 

  
  

  
  

  
  

 
P1

  
  

  
  

  
  

  
  

15
.0

0 
us

ec
  

  
  

  
 

PL
1 

  
  

  
  

  
  

  
-1

.0
0 

dB
  

  
  

  
  

 
SF

O1
  

  
  

  
12

5.
79

42
54

8 
MH

z 
  

  
  

  
 

==
==

==
==

 C
HA

NN
EL

 f
2 

==
==

==
==

CP
DP

RG
2 

  
  

  
  

wa
lt

z1
6 

  
  

  
  

  
  

 
NU

C2
  

  
  

  
  

  
  

  
 1

H 
  

  
  

  
  

  
 

PC
PD

2 
  

  
  

  
  

 1
00

.0
0 

us
ec

  
  

  
  

 
PL

2 
  

  
  

  
  

  
  

 1
.6

0 
dB

  
  

  
  

  
 

PL
12

  
  

  
  

  
  

  
23

.5
4 

dB
  

  
  

  
  

 
SF

O2
  

  
  

  
50

0.
22

25
01

1 
MH

z 
  

  
  

  
 

F2
 -

 P
ro

ce
ss

in
g 

pa
ra

me
te

rs
SI

  
  

  
  

  
  

  
  

65
53

6 
  

  
  

  
  

  
 

SF
  

  
  

  
  

12
5.

78
04

94
2 

MH
z 

  
  

  
  

 
WD

W 
  

  
  

  
  

  
  

  
 E

M 
  

  
  

  
  

  
 

SS
B 

  
  

  
  

  
  

  
  

  
0 

  
  

  
  

  
  

 
LB

  
  

  
  

  
  

  
  

 1
.0

0 
Hz

  
  

  
  

  
 

GB
  

  
  

  
  

  
  

  
  

  
0 

  
  

  
  

  
  

 
PC

  
  

  
  

  
  

  
  

 2
.0

0 
  

  
  

  
  

  
 

1D
 N

MR
 p

lo
t 

pa
ra

me
te

rs
CX

  
  

  
  

  
  

  
  

22
.8

0 
cm

  
  

  
  

  
 

CY
  

  
  

  
  

  
  

  
31

.0
9 

cm
  

  
  

  
  

 
F1

P 
  

  
  

  
  

  
22

0.
00

0 
pp

m 
  

  
  

  
 

F1
  

  
  

  
  

  
 2

76
71

.7
1 

Hz
  

  
  

  
  

 
F2

P 
  

  
  

  
  

  
 -

5.
00

0 
pp

m 
  

  
  

  
 

F2
  

  
  

  
  

  
  

-6
28

.9
0 

Hz
  

  
  

  
  

 
PP

MC
M 

  
  

  
  

  
9.

86
84

2 
pp

m/
cm

  
  

  
 

HZ
CM

  
  

  
  

 1
24

1.
25

48
8 

Hz
/c

m 
  

  
  

 

C
O

2C
H

2C
O

Ph

O
C

H
2C

H
2C

H
2N

H
Bo

c

O
C

H
2C

H
2C

H
2N

H
Bo

c

H
2N

H
-m

-A
bc

2K
(B

oc
) -O

C
H

2C
O

Ph
 (7

a)

13
C

 N
M

R
 (1

25
 M

H
z,

 2
98

 K
, C

D
3S

O
C

D
3)

 s
pe

ct
ru

m
 o

f 7
a

impurity

impurity

TM
S

Supporting Information C. M. Gothard and J. S. Nowick

S6



1
2

3
4

5
6

7
8

9
pp

m

Integral

0.9627

2.0534

2.0141
1.9836
1.0809
0.9561
2.1012
1.9510
2.0757
3.0098
0.9666

0.9382

1.5991

1.9597

1.9526

1.0000

2.0358

1.9889

2.0905
1.9908

4.2379

9.1737
8.9537

ppm

 9.6333

 8.0241
 8.0098
 8.0072
 7.8945
 7.8794
 7.7536
 7.7387
 7.7141
 7.6993
 7.6867
 7.6844
 7.6820
 7.6565
 7.5931
 7.5772
 7.5621
 7.4676
 7.4340
 7.4191
 7.4042
 7.3575
 7.3555
 7.3426
 7.3407
 7.3260
 7.3105
 7.2172
 7.2018
 7.0504
 6.6629

 5.6764

 4.4969
 4.4835
 4.3238
 4.3104
 4.2971
 4.0665
 4.0543
 4.0420
 4.0277
 3.9550
 3.9424
 3.9298
 3.1862
 3.1348
 3.1216
 3.1095
 3.0963
 3.0386
 3.0258
 3.0136
 3.0009
 2.6272
 2.5312
 2.4997
 2.4960
 2.4923
 2.4886
 2.4849
 1.9792
 1.8483
 1.8355
 1.8226
 1.8097
 1.7966
 1.7900
 1.7769
 1.7639
 1.7509
 1.7378
 1.4617
 1.4413
 1.4202
 1.4008
 1.3751
 1.3720
 1.3664
 1.3563
 1.3369
 1.3166
 1.2493
 1.2086
 1.1883
 1.1764
 0.9519
 0.9386
 0.8607
 0.8551
 0.8484
 0.8336
 0.8197
 0.0065
-0.0001
-0.0067 Cu

rr
en
t 
Da
ta
 P
ar
am
et
er
s

US
ER
  
  
  
  
  
  
 c
go
th
a 
  
  
  
  
  
  

 
NA
ME
  
  
  
  
  
cg
-1
0-
30
9 
  
  
  
  
  
  

 
EX
PN
O 
  
  
  
  
  
  
  
  
2 
  
  
  
  
  
  

 
PR
OC
NO
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 

F2
 -
 A
cq
ui
si
ti
on
 P
ar
am
et
er
s

Da
te
_ 
  
  
  
  
 2
00
70
42
6 
  
  
  
  
  
  

 
Ti
me
  
  
  
  
  
  
  
22
.1
5 
  
  
  
  
  
  

 
IN
ST
RU
M 
  
  
  
  
  
gn
50
0 
  
  
  
  
  
  

 
PR
OB
HD
  
 5
 m
m 
br
oa
db
an
d 
  
  
  
  
  
  

 
PU
LP
RO
G 
  
  
  
  
  
 z
g3
0 
  
  
  
  
  
  

 
TD
  
  
  
  
  
  
  
  
81
72
8 
  
  
  
  
  
  

 
SO
LV
EN
T 
  
  
  
  
  
 D
MS
O 
  
  
  
  
  
  

 
NS
  
  
  
  
  
  
  
  
  
 1
6 
  
  
  
  
  
  

 
DS
  
  
  
  
  
  
  
  
  
  
2 
  
  
  
  
  
  

 
SW
H 
  
  
  
  
  
 8
01
2.
82
0 
Hz
  
  
  
  
  

 
FI
DR
ES
  
  
  
  
 0
.0
98
04
3 
Hz
  
  
  
  
  

 
AQ

  
  
  
  
  
  
5.
09
98
77
4 
se
c 
  
  
  
  

 
RG
  
  
  
  
  
  
  
  
40
6.
4 
  
  
  
  
  
  

 
DW
  
  
  
  
  
  
  
 6
2.
40
0 
us
ec
  
  
  
  

 
DE
  
  
  
  
  
  
  
  
 6
.0
0 
us
ec
  
  
  
  

 
TE
  
  
  
  
  
  
  
  
32
0.
0 
K 
  
  
  
  
  

 
D1
  
  
  
  
  
 0
.1
00
00
00
0 
se
c 
  
  
  
  

 
MC
RE
ST
  
  
  
 0
.0
00
00
00
0 
se
c 
  
  
  
  

 
MC
WR
K 
  
  
  
 0
.0
15
00
00
0 
se
c 
  
  
  
  

 

==
==
==
==
 C
HA
NN
EL
 f
1 
==
==
==
==

NU
C1
  
  
  
  
  
  
  
  
 1
H 
  
  
  
  
  
  

 
P1
  
  
  
  
  
  
  
  
12
.0
0 
us
ec
  
  
  
  

 
PL
1 
  
  
  
  
  
  
  
-3
.0
0 
dB
  
  
  
  
  

 
SF
O1
  
  
  
  
49
9.
93
34
99
5 
MH
z 
  
  
  
  

 

F2
 -
 P
ro
ce
ss
in
g 
pa
ra
me
te
rs

SI
  
  
  
  
  
  
  
  
65
53
6 
  
  
  
  
  
  

 
SF
  
  
  
  
  
49
9.
93
00
15
8 
MH
z 
  
  
  
  

 
WD
W 
  
  
  
  
  
  
  
  
 E
M 
  
  
  
  
  
  

 
SS
B 
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
LB
  
  
  
  
  
  
  
  
 0
.3
0 
Hz
  
  
  
  
  

 
GB
  
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
PC
  
  
  
  
  
  
  
  
 4
.0
0 
  
  
  
  
  
  

 

1D
 N
MR
 p
lo
t 
pa
ra
me
te
rs

CX
  
  
  
  
  
  
  
  
22
.8
0 
cm
  
  
  
  
  

 
CY
  
  
  
  
  
  
  
  
46
.0
2 
cm
  
  
  
  
  

 
F1
P 
  
  
  
  
  
  
 1
0.
00
0 
pp
m 
  
  
  
  

 
F1
  
  
  
  
  
  
  
49
99
.3
0 
Hz
  
  
  
  
  

 
F2
P 
  
  
  
  
  
  
 -
0.
10
0 
pp
m 
  
  
  
  

 
F2
  
  
  
  
  
  
  
 -
49
.9
9 
Hz
  
  
  
  
  

 
PP
MC
M 
  
  
  
  
  
0.
44
29
8 
pp
m/
cm
  
  
  

 
HZ
CM
  
  
  
  
  
22
1.
46
02
5 
Hz
/c
m 
  
  
  

 

C
O

2C
H

2C
O

Ph

O
C

H
2C

H
2C

H
2N

H
B

oc

O
C

H
2C

H
2C

H
2N

H
B

oc

Fm
oc

H
N

Fm
oc

-m
-A

bc
2K

(B
oc

) -O
C

H
2C

O
P

h 
(8

a)

1 H
 N

M
R

 (5
00

 M
H

z,
 3

20
 K

, C
D

3S
O

C
D

3)
 s

pe
ct

ru
m

 o
f 8

a

TM
S

H
2O

Supporting Information C. M. Gothard and J. S. Nowick

S7



0
20

40
60

80
10

0
12

0
14

0
16

0
18

0
pp

m

ppm

192.74

164.32

155.54
155.50
153.35
152.54

148.79

143.66
140.70
138.75
137.39
135.58
133.88
128.83
128.34
127.74
127.59
127.02
125.04
123.49
120.09
119.15
118.33
117.55
116.75
115.21

 77.38
 77.29

 67.25
 66.84
 66.28
 65.51

 46.51
 39.99
 39.90
 39.83
 39.73
 39.66
 39.57
 39.49
 39.40
 39.23
 39.07
 38.90
 36.97
 36.59
 29.26
 29.05
 28.10
 28.08

  0.00

Cu
rr

en
t 

Da
ta

 P
ar

am
et

er
s

US
ER

  
  

  
  

  
  

 c
go

th
a 

  
  

  
  

  
  

 
NA

ME
  

  
  

  
  

cg
-1

0-
30

9 
  

  
  

  
  

  
 

EX
PN

O 
  

  
  

  
  

  
  

  
6 

  
  

  
  

  
  

 
PR

OC
NO

  
  

  
  

  
  

  
  

1 
  

  
  

  
  

  
 

F2
 -

 A
cq

ui
si

ti
on

 P
ar

am
et

er
s

Da
te

_ 
  

  
  

  
 2

00
70

42
8 

  
  

  
  

  
  

 
Ti

me
  

  
  

  
  

  
  

21
.4

0 
  

  
  

  
  

  
 

IN
ST

RU
M 

  
  

  
  

cr
yo

50
0 

  
  

  
  

  
  

 
PR

OB
HD

  
 5

 m
m 

CP
TC

I 
1H

- 
  

  
  

  
  

  
 

PU
LP

RO
G 

  
  

  
  

 z
gd

c3
0 

  
  

  
  

  
  

 
TD

  
  

  
  

  
  

  
  

65
41

8 
  

  
  

  
  

  
 

SO
LV

EN
T 

  
  

  
  

  
DM

SO
  

  
  

  
  

  
 

 
NS

  
  

  
  

  
  

  
  

 5
00

0 
  

  
  

  
  

  
 

DS
  

  
  

  
  

  
  

  
  

  
4 

  
  

  
  

  
  

 
SW

H 
  

  
  

  
  

30
30

3.
03

1 
Hz

  
  

  
  

  
 

FI
DR

ES
  

  
  

  
 0

.4
63

22
2 

Hz
  

  
  

  
  

 
AQ

  
  

  
  

  
  

1.
07

94
47

0 
se

c 
  

  
  

  
 

RG
  

  
  

  
  

  
  

  
 8

19
2 

  
  

  
  

  
  

 
DW

  
  

  
  

  
  

  
 1

6.
50

0 
us

ec
  

  
  

  
 

DE
  

  
  

  
  

  
  

  
 6

.0
0 

us
ec

  
  

  
  

 
TE

  
  

  
  

  
  

  
  

29
8.

0 
K 

  
  

  
  

  
 

D1
  

  
  

  
  

 0
.2

50
00

00
0 

se
c 

  
  

  
  

 
d1

1 
  

  
  

  
 0

.0
30

00
00

0 
se

c 
  

  
  

  
 

MC
RE

ST
  

  
  

 0
.0

00
00

00
0 

se
c 

  
  

  
  

 
MC

WR
K 

  
  

  
 0

.0
15

00
00

0 
se

c 
  

  
  

  
 

==
==

==
==

 C
HA

NN
EL

 f
1 

==
==

==
==

NU
C1

  
  

  
  

  
  

  
  

13
C 

  
  

  
  

  
  

 
P1

  
  

  
  

  
  

  
  

15
.0

0 
us

ec
  

  
  

  
 

PL
1 

  
  

  
  

  
  

  
-1

.0
0 

dB
  

  
  

  
  

 
SF

O1
  

  
  

  
12

5.
79

42
54

8 
MH

z 
  

  
  

  
 

==
==

==
==

 C
HA

NN
EL

 f
2 

==
==

==
==

CP
DP

RG
2 

  
  

  
  

wa
lt

z1
6 

  
  

  
  

  
  

 
NU

C2
  

  
  

  
  

  
  

  
 1

H 
  

  
  

  
  

  
 

PC
PD

2 
  

  
  

  
  

 1
00

.0
0 

us
ec

  
  

  
  

 
PL

2 
  

  
  

  
  

  
  

 1
.6

0 
dB

  
  

  
  

  
 

PL
12

  
  

  
  

  
  

  
23

.5
4 

dB
  

  
  

  
  

 
SF

O2
  

  
  

  
50

0.
22

25
01

1 
MH

z 
  

  
  

  
 

F2
 -

 P
ro

ce
ss

in
g 

pa
ra

me
te

rs
SI

  
  

  
  

  
  

  
  

65
53

6 
  

  
  

  
  

  
 

SF
  

  
  

  
  

12
5.

78
04

94
2 

MH
z 

  
  

  
  

 
WD

W 
  

  
  

  
  

  
  

  
 E

M 
  

  
  

  
  

  
 

SS
B 

  
  

  
  

  
  

  
  

  
0 

  
  

  
  

  
  

 
LB

  
  

  
  

  
  

  
  

 1
.0

0 
Hz

  
  

  
  

  
 

GB
  

  
  

  
  

  
  

  
  

  
0 

  
  

  
  

  
  

 
PC

  
  

  
  

  
  

  
  

 2
.0

0 
  

  
  

  
  

  
 

1D
 N

MR
 p

lo
t 

pa
ra

me
te

rs
CX

  
  

  
  

  
  

  
  

22
.8

0 
cm

  
  

  
  

  
 

CY
  

  
  

  
  

  
  

  
81

.7
4 

cm
  

  
  

  
  

 
F1

P 
  

  
  

  
  

  
20

0.
00

0 
pp

m 
  

  
  

  
 

F1
  

  
  

  
  

  
 2

51
56

.1
0 

Hz
  

  
  

  
  

 
F2

P 
  

  
  

  
  

  
 -

5.
00

0 
pp

m 
  

  
  

  
 

F2
  

  
  

  
  

  
  

-6
28

.9
0 

Hz
  

  
  

  
  

 
PP

MC
M 

  
  

  
  

  
8.

99
12

3 
pp

m/
cm

  
  

  
 

HZ
CM

  
  

  
  

 1
13

0.
92

11
4 

Hz
/c

m 
  

  
  

 

CH2Cl2

TMS

13
C

 N
M

R
 (1

25
 M

H
z,

 2
98

 K
, C

D
3S

O
C

D
3)

 s
pe

ct
ru

m
 o

f 8
a

C
O

2C
H

2C
O

Ph

O
C

H
2C

H
2C

H
2N

H
B

oc

O
C

H
2C

H
2C

H
2N

H
B

oc

Fm
oc

H
N

Fm
oc

-m
-A

bc
2K

(B
oc

) -O
C

H
2C

O
P

h 
(8

a)

Supporting Information C. M. Gothard and J. S. Nowick

S8



0
2

4
6

8
10

12
pp

m

Integral

 0.943

 0.922

 1.993
 2.031
 0.996
 2.954
 3.982
 1.056

 1.000
 1.752

 1.950
 1.022

 2.135
 1.995

 2.023
 1.999

 2.020
 2.015

18.054

ppm

12.6530

 9.7722

 7.9188
 7.9038
 7.7684
 7.7537
 7.6440
 7.4442
 7.4295
 7.4146
 7.3679
 7.3529
 7.3436
 7.3251
 7.1955
 7.1806
 6.9956
 6.8808
 6.8703
 6.8574
 6.8447
 6.8340

 4.4955
 4.4831
 4.3295
 4.3163
 4.3031
 4.0310
 4.0194
 4.0077
 3.9405
 3.9284
 3.9161
 3.1258
 3.1131
 3.1010
 3.0883
 3.0254
 3.0134
 3.0015
 2.5074
 2.5043
 1.9904
 1.8236
 1.8110
 1.7983
 1.7527
 1.7399
 1.7272
 1.3473
 1.2420
 1.1753

 0.8588

-0.0001

Cu
rr
en
t 
Da
ta
 P
ar
am
et
er
s

US
ER
  
  
  
  
  
  
 c
go
th
a 
  
  
  
  
  
  

 
NA
ME
  
  
  
  
  
cg
-1
0-
31
0 
  
  
  
  
  
  

 
EX
PN
O 
  
  
  
  
  
  
  
  
5 
  
  
  
  
  
  

 
PR
OC
NO
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 

F2
 -
 A
cq
ui
si
ti
on
 P
ar
am
et
er
s

Da
te
_ 
  
  
  
  
 2
00
70
30
5 
  
  
  
  
  
  

 
Ti
me
  
  
  
  
  
  
  
22
.2
0 
  
  
  
  
  
  

 
IN
ST
RU
M 
  
  
  
  
cr
yo
50
0 
  
  
  
  
  
  

 
PR
OB
HD
  
 5
 m
m 
CP
TC
I 
1H
- 
  
  
  
  
  
  

 
PU
LP
RO
G 
  
  
  
  
  
 z
g3
0 
  
  
  
  
  
  

 
TD
  
  
  
  
  
  
  
  
81
72
8 
  
  
  
  
  
  

 
SO
LV
EN
T 
  
  
  
  
  
DM
SO
  
  
  
  
  
  
 

 
NS
  
  
  
  
  
  
  
  
  
  
8 
  
  
  
  
  
  

 
DS
  
  
  
  
  
  
  
  
  
  
2 
  
  
  
  
  
  

 
SW
H 
  
  
  
  
  
 8
01
2.
82
0 
Hz
  
  
  
  
  

 
FI
DR
ES
  
  
  
  
 0
.0
98
04
3 
Hz
  
  
  
  
  

 
AQ

  
  
  
  
  
  
5.
09
98
77
4 
se
c 
  
  
  
  

 
RG
  
  
  
  
  
  
  
  
 2
2.
6 
  
  
  
  
  
  

 
DW
  
  
  
  
  
  
  
 6
2.
40
0 
us
ec
  
  
  
  

 
DE
  
  
  
  
  
  
  
  
 6
.0
0 
us
ec
  
  
  
  

 
TE
  
  
  
  
  
  
  
  
29
8.
0 
K 
  
  
  
  
  

 
D1
  
  
  
  
  
 0
.1
00
00
00
0 
se
c 
  
  
  
  

 
MC
RE
ST
  
  
  
 0
.0
00
00
00
0 
se
c 
  
  
  
  

 
MC
WR
K 
  
  
  
 0
.0
15
00
00
0 
se
c 
  
  
  
  

 

==
==
==
==
 C
HA
NN
EL
 f
1 
==
==
==
==

NU
C1
  
  
  
  
  
  
  
  
 1
H 
  
  
  
  
  
  

 
P1
  
  
  
  
  
  
  
  
 8
.0
0 
us
ec
  
  
  
  

 
PL
1 
  
  
  
  
  
  
  
 1
.6
0 
dB
  
  
  
  
  

 
SF
O1
  
  
  
  
50
0.
22
35
01
5 
MH
z 
  
  
  
  

 

F2
 -
 P
ro
ce
ss
in
g 
pa
ra
me
te
rs

SI
  
  
  
  
  
  
  
  
65
53
6 
  
  
  
  
  
  

 
SF
  
  
  
  
  
50
0.
22
00
10
7 
MH
z 
  
  
  
  

 
WD
W 
  
  
  
  
  
  
  
  
 E
M 
  
  
  
  
  
  

 
SS
B 
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
LB
  
  
  
  
  
  
  
  
 0
.3
0 
Hz
  
  
  
  
  

 
GB
  
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
PC
  
  
  
  
  
  
  
  
 4
.0
0 
  
  
  
  
  
  

 

1D
 N
MR
 p
lo
t 
pa
ra
me
te
rs

CX
  
  
  
  
  
  
  
  
22
.8
0 
cm
  
  
  
  
  

 
CY
  
  
  
  
  
  
  
  
27
.2
9 
cm
  
  
  
  
  

 
F1
P 
  
  
  
  
  
  
 1
4.
00
0 
pp
m 
  
  
  
  

 
F1
  
  
  
  
  
  
  
70
03
.0
8 
Hz
  
  
  
  
  

 
F2
P 
  
  
  
  
  
  
 -
0.
50
0 
pp
m 
  
  
  
  

 
F2
  
  
  
  
  
  
  
-2
50
.1
1 
Hz
  
  
  
  
  

 
PP
MC
M 
  
  
  
  
  
0.
63
59
6 
pp
m/
cm
  
  
  

 
HZ
CM
  
  
  
  
  
31
8.
12
24
1 
Hz
/c
m 
  
  
  

 

C
O

2H

O
C

H
2C

H
2C

H
2N

H
B

oc

O
C

H
2C

H
2C

H
2N

H
B

oc

Fm
oc

H
N Fm

oc
-m

-A
bc

2K
(B

oc
) -O

H
 (1

a)

1 H
 N

M
R

 (5
00

 M
H

z,
 2

98
 K

, C
D

3S
O

C
D

3)
 s

pe
ct

ru
m

 o
f 1

a

TM
S

H
2O

Supporting Information C. M. Gothard and J. S. Nowick

S9



0
20

40
60

80
10

0
12

0
14

0
16

0
pp

m

ppm

166.77

155.53

153.34
151.68

148.80

143.66

140.70
138.71
137.59

134.29

128.29
127.59
127.02
125.04
123.45
120.93
120.09
119.13
117.36
116.70
115.00

 77.38
 77.34

 67.22
 66.21
 65.50

 46.51
 39.99
 39.90
 39.82
 39.73
 39.65
 39.56
 39.49
 39.40
 39.23
 39.06
 38.90
 36.87
 36.62
 29.21
 29.06
 28.11

  0.00

Cu
rr

en
t 

Da
ta

 P
ar

am
et

er
s

US
ER

  
  

  
  

  
  

 c
go

th
a 

  
  

  
  

  
  

 
NA

ME
  

  
  

  
  

cg
-1

0-
11

3 
  

  
  

  
  

  
 

EX
PN

O 
  

  
  

  
  

  
  

  
9 

  
  

  
  

  
  

 
PR

OC
NO

  
  

  
  

  
  

  
  

1 
  

  
  

  
  

  
 

F2
 -

 A
cq

ui
si

ti
on

 P
ar

am
et

er
s

Da
te

_ 
  

  
  

  
 2

00
60

80
9 

  
  

  
  

  
  

 
Ti

me
  

  
  

  
  

  
  

20
.2

6 
  

  
  

  
  

  
 

IN
ST

RU
M 

  
  

  
  

cr
yo

50
0 

  
  

  
  

  
  

 
PR

OB
HD

  
 5

 m
m 

CP
TC

I 
1H

- 
  

  
  

  
  

  
 

PU
LP

RO
G 

  
  

  
  

 z
gd

c3
0 

  
  

  
  

  
  

 
TD

  
  

  
  

  
  

  
  

65
41

8 
  

  
  

  
  

  
 

SO
LV

EN
T 

  
  

  
  

  
DM

SO
  

  
  

  
  

  
 

 
NS

  
  

  
  

  
  

  
  

 3
00

3 
  

  
  

  
  

  
 

DS
  

  
  

  
  

  
  

  
  

  
4 

  
  

  
  

  
  

 
SW

H 
  

  
  

  
  

30
30

3.
03

1 
Hz

  
  

  
  

  
 

FI
DR

ES
  

  
  

  
 0

.4
63

22
2 

Hz
  

  
  

  
  

 
AQ

  
  

  
  

  
  

1.
07

94
47

0 
se

c 
  

  
  

  
 

RG
  

  
  

  
  

  
  

 7
29

8.
2 

  
  

  
  

  
  

 
DW

  
  

  
  

  
  

  
 1

6.
50

0 
us

ec
  

  
  

  
 

DE
  

  
  

  
  

  
  

  
 6

.0
0 

us
ec

  
  

  
  

 
TE

  
  

  
  

  
  

  
  

29
8.

0 
K 

  
  

  
  

  
 

D1
  

  
  

  
  

 0
.2

50
00

00
0 

se
c 

  
  

  
  

 
d1

1 
  

  
  

  
 0

.0
30

00
00

0 
se

c 
  

  
  

  
 

MC
RE

ST
  

  
  

 0
.0

00
00

00
0 

se
c 

  
  

  
  

 
MC

WR
K 

  
  

  
 0

.0
15

00
00

0 
se

c 
  

  
  

  
 

==
==

==
==

 C
HA

NN
EL

 f
1 

==
==

==
==

NU
C1

  
  

  
  

  
  

  
  

13
C 

  
  

  
  

  
  

 
P1

  
  

  
  

  
  

  
  

15
.0

0 
us

ec
  

  
  

  
 

PL
1 

  
  

  
  

  
  

  
-1

.0
0 

dB
  

  
  

  
  

 
SF

O1
  

  
  

  
12

5.
79

42
54

8 
MH

z 
  

  
  

  
 

==
==

==
==

 C
HA

NN
EL

 f
2 

==
==

==
==

CP
DP

RG
2 

  
  

  
  

wa
lt

z1
6 

  
  

  
  

  
  

 
NU

C2
  

  
  

  
  

  
  

  
 1

H 
  

  
  

  
  

  
 

PC
PD

2 
  

  
  

  
  

 1
00

.0
0 

us
ec

  
  

  
  

 
PL

2 
  

  
  

  
  

  
  

 1
.6

0 
dB

  
  

  
  

  
 

PL
12

  
  

  
  

  
  

  
23

.5
4 

dB
  

  
  

  
  

 
SF

O2
  

  
  

  
50

0.
22

25
01

1 
MH

z 
  

  
  

  
 

F2
 -

 P
ro

ce
ss

in
g 

pa
ra

me
te

rs
SI

  
  

  
  

  
  

  
  

65
53

6 
  

  
  

  
  

  
 

SF
  

  
  

  
  

12
5.

78
04

93
7 

MH
z 

  
  

  
  

 
WD

W 
  

  
  

  
  

  
  

  
 E

M 
  

  
  

  
  

  
 

SS
B 

  
  

  
  

  
  

  
  

  
0 

  
  

  
  

  
  

 
LB

  
  

  
  

  
  

  
  

 1
.0

0 
Hz

  
  

  
  

  
 

GB
  

  
  

  
  

  
  

  
  

  
0 

  
  

  
  

  
  

 
PC

  
  

  
  

  
  

  
  

 2
.0

0 
  

  
  

  
  

  
 

1D
 N

MR
 p

lo
t 

pa
ra

me
te

rs
CX

  
  

  
  

  
  

  
  

22
.8

0 
cm

  
  

  
  

  
 

CY
  

  
  

  
  

  
  

  
57

.8
1 

cm
  

  
  

  
  

 
F1

P 
  

  
  

  
  

  
17

2.
91

2 
pp

m 
  

  
  

  
 

F1
  

  
  

  
  

  
 2

17
48

.9
5 

Hz
  

  
  

  
  

 
F2

P 
  

  
  

  
  

  
 -

4.
25

0 
pp

m 
  

  
  

  
 

F2
  

  
  

  
  

  
  

-5
34

.5
6 

Hz
  

  
  

  
  

 
PP

MC
M 

  
  

  
  

  
7.

77
02

6 
pp

m/
cm

  
  

  
 

HZ
CM

  
  

  
  

  
97

7.
34

67
4 

Hz
/c

m 
  

  
  

 

TMS

C
O

2H

O
C

H
2C

H
2C

H
2N

H
B

oc

O
C

H
2C

H
2C

H
2N

H
B

oc

Fm
oc

H
N Fm

oc
-m

-A
bc

2K
(B

oc
) -O

H
 (1

a)

13
C

 N
M

R
 (1

25
 M

H
z,

 2
98

 K
, C

D
3S

O
C

D
3)

 s
pe

ct
ru

m
 o

f 1
a

Supporting Information C. M. Gothard and J. S. Nowick

S10



0
1

2
3

4
5

6
7

8
pp

m

Integral

2.0844

1.0704

2.1150

1.0000

1.0796
1.0439
1.0111

1.8257
1.0386

1.0061

1.9614

2.0085

2.1074

2.2364

2.1435

2.0707

2.2123

2.2839

9.4870
9.5198

ppm

8.04022
8.02570
7.72963
7.71481
7.69991
7.60494
7.58932
7.57405
7.45595
7.07475
7.07201
7.05788
7.04417
7.04141
6.99117
6.97624
6.94684
6.82969
6.81867
6.80780
6.74834
6.73255
6.62215
6.60747
6.59270

5.71830

4.72394

4.03286
4.02083
4.00859
3.93316
3.91984

3.31324
3.12357
3.11054
3.09822
3.08546
3.00913
2.99700

2.54070
2.50399
2.50052
2.49699
1.82225
1.80965
1.79679
1.78385
1.77085
1.69377
1.68151
1.66924
1.48092
1.44265
1.39690
1.37422
1.35606
1.31820
1.27697
1.26229
1.24481
1.18997
1.07016
1.00994
0.95322
0.93991
0.87388
0.86050
0.85375
0.84746
0.84049
0.83328
0.81853

0.00013

Cu
rr
en
t 
Da
ta
 P
ar
am
et
er
s

US
ER
  
  
  
  
  
  
 c
go
th
a 
  
  
  
  
  
  

 
NA
ME
  
  
  
  
  
cg
-1
0-
30
7 
  
  
  
  
  
  

 
EX
PN
O 
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 
PR
OC
NO
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 

F2
 -
 A
cq
ui
si
ti
on
 P
ar
am
et
er
s

Da
te
_ 
  
  
  
  
 2
00
70
22
0 
  
  
  
  
  
  

 
Ti
me
  
  
  
  
  
  
  
15
.0
2 
  
  
  
  
  
  

 
IN
ST
RU
M 
  
  
  
  
  
gn
50
0 
  
  
  
  
  
  

 
PR
OB
HD
  
 5
 m
m 
br
oa
db
an
d 
  
  
  
  
  
  

 
PU
LP
RO
G 
  
  
  
  
  
 z
g3
0 
  
  
  
  
  
  

 
TD
  
  
  
  
  
  
  
  
81
72
8 
  
  
  
  
  
  

 
SO
LV
EN
T 
  
  
  
  
  
 D
MS
O 
  
  
  
  
  
  

 
NS
  
  
  
  
  
  
  
  
  
 1
6 
  
  
  
  
  
  

 
DS
  
  
  
  
  
  
  
  
  
  
2 
  
  
  
  
  
  

 
SW
H 
  
  
  
  
  
 8
01
2.
82
0 
Hz
  
  
  
  
  

 
FI
DR
ES
  
  
  
  
 0
.0
98
04
3 
Hz
  
  
  
  
  

 
AQ

  
  
  
  
  
  
5.
09
98
77
4 
se
c 
  
  
  
  

 
RG
  
  
  
  
  
  
  
  
40
6.
4 
  
  
  
  
  
  

 
DW
  
  
  
  
  
  
  
 6
2.
40
0 
us
ec
  
  
  
  

 
DE
  
  
  
  
  
  
  
  
 6
.0
0 
us
ec
  
  
  
  

 
TE
  
  
  
  
  
  
  
  
29
8.
0 
K 
  
  
  
  
  

 
D1
  
  
  
  
  
 0
.1
00
00
00
0 
se
c 
  
  
  
  

 
MC
RE
ST
  
  
  
 0
.0
00
00
00
0 
se
c 
  
  
  
  

 
MC
WR
K 
  
  
  
 0
.0
15
00
00
0 
se
c 
  
  
  
  

 

==
==
==
==
 C
HA
NN
EL
 f
1 
==
==
==
==

NU
C1
  
  
  
  
  
  
  
  
 1
H 
  
  
  
  
  
  

 
P1
  
  
  
  
  
  
  
  
12
.0
0 
us
ec
  
  
  
  

 
PL
1 
  
  
  
  
  
  
  
-3
.0
0 
dB
  
  
  
  
  

 
SF
O1
  
  
  
  
49
9.
93
34
99
5 
MH
z 
  
  
  
  

 

F2
 -
 P
ro
ce
ss
in
g 
pa
ra
me
te
rs

SI
  
  
  
  
  
  
  
  
65
53
6 
  
  
  
  
  
  

 
SF
  
  
  
  
  
49
9.
93
00
11
5 
MH
z 
  
  
  
  

 
WD
W 
  
  
  
  
  
  
  
  
 E
M 
  
  
  
  
  
  

 
SS
B 
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
LB
  
  
  
  
  
  
  
  
 0
.3
0 
Hz
  
  
  
  
  

 
GB
  
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
PC
  
  
  
  
  
  
  
  
 4
.0
0 
  
  
  
  
  
  

 

1D
 N
MR
 p
lo
t 
pa
ra
me
te
rs

CX
  
  
  
  
  
  
  
  
22
.8
0 
cm
  
  
  
  
  

 
CY
  
  
  
  
  
  
  
  
24
.1
9 
cm
  
  
  
  
  

 
F1
P 
  
  
  
  
  
  
  
8.
50
0 
pp
m 
  
  
  
  

 
F1
  
  
  
  
  
  
  
42
49
.4
1 
Hz
  
  
  
  
  

 
F2
P 
  
  
  
  
  
  
 -
0.
10
0 
pp
m 
  
  
  
  

 
F2
  
  
  
  
  
  
  
 -
49
.9
9 
Hz
  
  
  
  
  

 
PP
MC
M 
  
  
  
  
  
0.
37
71
9 
pp
m/
cm
  
  
  

 
HZ
CM
  
  
  
  
  
18
8.
57
01
1 
Hz
/c
m 
  
  
  

 

TMS

solvent impurities

impurity

C
O

2C
H

2C
O

P
h

O
C

H
2C

H
2C

H
2N

H
B

oc

O
C

H
2C

H
2C

H
2N

H
B

oc

N
H

2

H
2N

-o
-A

bc
2K

(B
oc

) -O
C

H
2C

O
Ph

 (7
b)

1 H
 N

M
R

 (5
00

 M
H

z,
 2

98
 K

, C
D

3S
O

C
D

3)
 s

pe
ct

ru
m

 o
f 7

b

H
2O

Supporting Information C. M. Gothard and J. S. Nowick

S11



0
20

40
60

80
10

0
12

0
14

0
16

0
18

0
pp

m

ppm

192.79

164.48

155.50
155.48
152.48

149.18

145.59

134.61
133.89
133.85
130.46
128.82
128.43
127.74

122.07

118.06
117.56
115.93
114.93
114.79

 77.34
 77.29

 73.40

 67.12
 66.77
 65.83

 39.99
 39.90
 39.82
 39.73
 39.66
 39.57
 39.49
 39.40
 39.23
 39.07
 38.90
 37.02
 36.34
 36.10
 35.31
 34.09
 33.83
 30.86
 29.26
 29.17
 28.38
 28.13
 28.09
 24.85
 24.68
 24.18
 21.97
 20.51
 18.54
 13.87
 11.16

  0.00

Cu
rr

en
t 

Da
ta

 P
ar

am
et

er
s

US
ER

  
  

  
  

  
  

 c
go

th
a 

  
  

  
  

  
  

 
NA

ME
  

  
  

  
  

cg
-1

0-
30

7 
  

  
  

  
  

  
 

EX
PN

O 
  

  
  

  
  

  
  

  
4 

  
  

  
  

  
  

 
PR

OC
NO

  
  

  
  

  
  

  
  

1 
  

  
  

  
  

  
 

F2
 -

 A
cq

ui
si

ti
on

 P
ar

am
et

er
s

Da
te

_ 
  

  
  

  
 2

00
70

22
5 

  
  

  
  

  
  

 
Ti

me
  

  
  

  
  

  
  

 0
.2

2 
  

  
  

  
  

  
 

IN
ST

RU
M 

  
  

  
  

cr
yo

50
0 

  
  

  
  

  
  

 
PR

OB
HD

  
 5

 m
m 

CP
TC

I 
1H

- 
  

  
  

  
  

  
 

PU
LP

RO
G 

  
  

  
  

 z
gd

c3
0 

  
  

  
  

  
  

 
TD

  
  

  
  

  
  

  
  

65
41

8 
  

  
  

  
  

  
 

SO
LV

EN
T 

  
  

  
  

  
 D

MS
O 

  
  

  
  

  
  

 
NS

  
  

  
  

  
  

  
  

 2
41

2 
  

  
  

  
  

  
 

DS
  

  
  

  
  

  
  

  
  

  
4 

  
  

  
  

  
  

 
SW

H 
  

  
  

  
  

30
30

3.
03

1 
Hz

  
  

  
  

  
 

FI
DR

ES
  

  
  

  
 0

.4
63

22
2 

Hz
  

  
  

  
  

 
AQ

  
  

  
  

  
  

1.
07

94
47

0 
se

c 
  

  
  

  
 

RG
  

  
  

  
  

  
  

  
 6

50
2 

  
  

  
  

  
  

 
DW

  
  

  
  

  
  

  
 1

6.
50

0 
us

ec
  

  
  

  
 

DE
  

  
  

  
  

  
  

  
 6

.0
0 

us
ec

  
  

  
  

 
TE

  
  

  
  

  
  

  
  

29
8.

0 
K 

  
  

  
  

  
 

D1
  

  
  

  
  

 0
.2

50
00

00
0 

se
c 

  
  

  
  

 
d1

1 
  

  
  

  
 0

.0
30

00
00

0 
se

c 
  

  
  

  
 

MC
RE

ST
  

  
  

 0
.0

00
00

00
0 

se
c 

  
  

  
  

 
MC

WR
K 

  
  

  
 0

.0
15

00
00

0 
se

c 
  

  
  

  
 

==
==

==
==

 C
HA

NN
EL

 f
1 

==
==

==
==

NU
C1

  
  

  
  

  
  

  
  

13
C 

  
  

  
  

  
  

 
P1

  
  

  
  

  
  

  
  

15
.0

0 
us

ec
  

  
  

  
 

PL
1 

  
  

  
  

  
  

  
-1

.0
0 

dB
  

  
  

  
  

 
SF

O1
  

  
  

  
12

5.
79

42
54

8 
MH

z 
  

  
  

  
 

==
==

==
==

 C
HA

NN
EL

 f
2 

==
==

==
==

CP
DP

RG
2 

  
  

  
  

wa
lt

z1
6 

  
  

  
  

  
  

 
NU

C2
  

  
  

  
  

  
  

  
 1

H 
  

  
  

  
  

  
 

PC
PD

2 
  

  
  

  
  

 1
00

.0
0 

us
ec

  
  

  
  

 
PL

2 
  

  
  

  
  

  
  

 1
.6

0 
dB

  
  

  
  

  
 

PL
12

  
  

  
  

  
  

  
23

.5
4 

dB
  

  
  

  
  

 
SF

O2
  

  
  

  
50

0.
22

25
01

1 
MH

z 
  

  
  

  
 

F2
 -

 P
ro

ce
ss

in
g 

pa
ra

me
te

rs
SI

  
  

  
  

  
  

  
  

65
53

6 
  

  
  

  
  

  
 

SF
  

  
  

  
  

12
5.

78
04

94
2 

MH
z 

  
  

  
  

 
WD

W 
  

  
  

  
  

  
  

  
 E

M 
  

  
  

  
  

  
 

SS
B 

  
  

  
  

  
  

  
  

  
0 

  
  

  
  

  
  

 
LB

  
  

  
  

  
  

  
  

 1
.0

0 
Hz

  
  

  
  

  
 

GB
  

  
  

  
  

  
  

  
  

  
0 

  
  

  
  

  
  

 
PC

  
  

  
  

  
  

  
  

 2
.0

0 
  

  
  

  
  

  
 

1D
 N

MR
 p

lo
t 

pa
ra

me
te

rs
CX

  
  

  
  

  
  

  
  

22
.8

0 
cm

  
  

  
  

  
 

CY
  

  
  

  
  

  
  

  
55

.1
3 

cm
  

  
  

  
  

 
F1

P 
  

  
  

  
  

  
20

0.
00

0 
pp

m 
  

  
  

  
 

F1
  

  
  

  
  

  
 2

51
56

.1
0 

Hz
  

  
  

  
  

 
F2

P 
  

  
  

  
  

  
 -

5.
00

0 
pp

m 
  

  
  

  
 

F2
  

  
  

  
  

  
  

-6
28

.9
0 

Hz
  

  
  

  
  

 
PP

MC
M 

  
  

  
  

  
8.

99
12

3 
pp

m/
cm

  
  

  
 

HZ
CM

  
  

  
  

 1
13

0.
92

11
4 

Hz
/c

m 
  

  
  

 

hexanes

hexanes

hexanes
impurity

impurity

impurity

impurity

TMS

impurity

13
C

 N
M

R
 (1

25
 M

H
z,

 2
98

 K
, C

D
3S

O
C

D
3)

 s
pe

ct
ru

m
 o

f 7
b

C
O

2C
H

2C
O

P
h

O
C

H
2C

H
2C

H
2N

H
B

oc

O
C

H
2C

H
2C

H
2N

H
B

oc

N
H

2

H
2N

-o
-A

bc
2K

(B
oc

) -O
C

H
2C

O
Ph

 (7
b)

Supporting Information C. M. Gothard and J. S. Nowick

S12



0
1

2
3

4
5

6
7

8
pp

m

Integral

 0.910

 2.005

 2.062

 1.099

 4.142

 1.924
 3.258
 3.081
 1.091

 0.929

 0.869
 0.845

 1.946

 1.942
 1.076

 1.849

 2.043

 2.038

 1.992

 2.091

 2.090

18.419

ppm

 8.5077
 8.0571
 8.0428
 8.0402
 7.8861
 7.8709
 7.7323
 7.7175
 7.7027
 7.6103
 7.5947
 7.5792
 7.4817
 7.4234
 7.4085
 7.3928
 7.3743
 7.3579
 7.3249
 7.3099
 7.2946
 7.2591
 7.2439
 7.2282
 6.9562
 6.7938
 6.7341

 5.7487

 4.3060
 4.2919
 4.2370
 4.2229
 4.2087
 4.0514
 4.0371
 4.0229
 4.0087
 3.9700
 3.8656
 3.8531
 3.8405

 3.3209

 3.0880
 3.0759

 2.8628
 2.8509

 2.5089
 2.5053
 2.5017
 2.4981
 2.4946

 1.9885
 1.7916
 1.7788
 1.7659
 1.6167
 1.6038
 1.5908
 1.3745
 1.3471
 1.3160
 1.3074
 1.1891
 1.1748
 1.1606

-0.0003

Cu
rr
en
t 
Da
ta
 P
ar
am
et
er
s

US
ER
  
  
  
  
  
  
 c
go
th
a 
  
  
  
  
  
  

 
NA
ME
  
  
  
  
  
  
cg
-1
1-
4 
  
  
  
  
  
  

 
EX
PN
O 
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 
PR
OC
NO
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 

F2
 -
 A
cq
ui
si
ti
on
 P
ar
am
et
er
s

Da
te
_ 
  
  
  
  
 2
00
70
22
4 
  
  
  
  
  
  

 
Ti
me
  
  
  
  
  
  
  
22
.5
2 
  
  
  
  
  
  

 
IN
ST
RU
M 
  
  
  
  
  
gn
50
0 
  
  
  
  
  
  

 
PR
OB
HD
  
 5
 m
m 
br
oa
db
an
d 
  
  
  
  
  
  

 
PU
LP
RO
G 
  
  
  
  
  
 z
g3
0 
  
  
  
  
  
  

 
TD
  
  
  
  
  
  
  
  
81
72
8 
  
  
  
  
  
  

 
SO
LV
EN
T 
  
  
  
  
  
DM
SO
  
  
  
  
  
  
 

 
NS
  
  
  
  
  
  
  
  
  
  
8 
  
  
  
  
  
  

 
DS
  
  
  
  
  
  
  
  
  
  
2 
  
  
  
  
  
  

 
SW
H 
  
  
  
  
  
 8
01
2.
82
0 
Hz
  
  
  
  
  

 
FI
DR
ES
  
  
  
  
 0
.0
98
04
3 
Hz
  
  
  
  
  

 
AQ

  
  
  
  
  
  
5.
09
98
77
4 
se
c 
  
  
  
  

 
RG
  
  
  
  
  
  
  
  
  
12
8 
  
  
  
  
  
  

 
DW
  
  
  
  
  
  
  
 6
2.
40
0 
us
ec
  
  
  
  

 
DE
  
  
  
  
  
  
  
  
 6
.0
0 
us
ec
  
  
  
  

 
TE
  
  
  
  
  
  
  
  
29
8.
0 
K 
  
  
  
  
  

 
D1
  
  
  
  
  
 0
.1
00
00
00
0 
se
c 
  
  
  
  

 
MC
RE
ST
  
  
  
 0
.0
00
00
00
0 
se
c 
  
  
  
  

 
MC
WR
K 
  
  
  
 0
.0
15
00
00
0 
se
c 
  
  
  
  

 

==
==
==
==
 C
HA
NN
EL
 f
1 
==
==
==
==

NU
C1
  
  
  
  
  
  
  
  
 1
H 
  
  
  
  
  
  

 
P1
  
  
  
  
  
  
  
  
12
.0
0 
us
ec
  
  
  
  

 
PL
1 
  
  
  
  
  
  
  
-3
.0
0 
dB
  
  
  
  
  

 
SF
O1
  
  
  
  
49
9.
93
34
99
5 
MH
z 
  
  
  
  

 

F2
 -
 P
ro
ce
ss
in
g 
pa
ra
me
te
rs

SI
  
  
  
  
  
  
  
  
65
53
6 
  
  
  
  
  
  

 
SF
  
  
  
  
  
49
9.
93
00
10
9 
MH
z 
  
  
  
  

 
WD
W 
  
  
  
  
  
  
  
  
 E
M 
  
  
  
  
  
  

 
SS
B 
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
LB
  
  
  
  
  
  
  
  
 0
.3
0 
Hz
  
  
  
  
  

 
GB
  
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
PC
  
  
  
  
  
  
  
  
 4
.0
0 
  
  
  
  
  
  

 

1D
 N
MR
 p
lo
t 
pa
ra
me
te
rs

CX
  
  
  
  
  
  
  
  
22
.8
0 
cm
  
  
  
  
  

 
CY
  
  
  
  
  
  
  
  
26
.5
7 
cm
  
  
  
  
  

 
F1
P 
  
  
  
  
  
  
  
9.
00
0 
pp
m 
  
  
  
  

 
F1
  
  
  
  
  
  
  
44
99
.3
7 
Hz
  
  
  
  
  

 
F2
P 
  
  
  
  
  
  
 -
0.
10
0 
pp
m 
  
  
  
  

 
F2
  
  
  
  
  
  
  
 -
49
.9
9 
Hz
  
  
  
  
  

 
PP
MC
M 
  
  
  
  
  
0.
39
91
2 
pp
m/
cm
  
  
  

 
HZ
CM
  
  
  
  
  
19
9.
53
34
9 
Hz
/c
m 
  
  
  

 

EtOAc

TMS

EtOAc

EtOAc

H2O

1 H
 N

M
R

 (5
00

 M
H

z,
 2

98
 K

, C
D

3S
O

C
D

3)
 s

pe
ct

ru
m

 o
f 8

b

C
O

2C
H

2C
O

P
h

O
C

H
2C

H
2C

H
2N

H
B

oc

O
C

H
2C

H
2C

H
2N

H
B

oc

Fm
oc

H
N

Fm
oc

-o
-A

bc
2K

(B
oc

) -O
C

H
2C

O
P

h 
(8

b)

Supporting Information C. M. Gothard and J. S. Nowick

S13



0
20

40
60

80
10

0
12

0
14

0
16

0
18

0
pp

m

ppm

192.74

170.24

164.50

155.46
155.44
154.06
152.27

149.02

143.58
140.60
135.45
133.89
133.87
133.52
131.62
130.60
128.83
128.15
127.75
127.56
126.96
125.12
124.56
120.01
119.76
118.66
117.65
114.94

 77.35
 77.29

 67.14
 66.85
 66.34
 65.89

 59.65

 46.35
 39.99
 39.90
 39.82
 39.73
 39.66
 39.57
 39.49
 39.40
 39.23
 39.07
 38.90
 37.08
 36.32
 29.19
 29.03
 28.07
 27.91
 24.18
 20.66

 13.98

 -0.00

Cu
rr

en
t 

Da
ta

 P
ar

am
et

er
s

US
ER

  
  

  
  

  
  

 c
go

th
a 

  
  

  
  

  
  

 
NA

ME
  

  
  

  
  

  
cg

-1
1-

4 
  

  
  

  
  

  
 

EX
PN

O 
  

  
  

  
  

  
  

  
4 

  
  

  
  

  
  

 
PR

OC
NO

  
  

  
  

  
  

  
  

1 
  

  
  

  
  

  
 

F2
 -

 A
cq

ui
si

ti
on

 P
ar

am
et

er
s

Da
te

_ 
  

  
  

  
 2

00
70

22
5 

  
  

  
  

  
  

 
Ti

me
  

  
  

  
  

  
  

21
.3

2 
  

  
  

  
  

  
 

IN
ST

RU
M 

  
  

  
  

cr
yo

50
0 

  
  

  
  

  
  

 
PR

OB
HD

  
 5

 m
m 

CP
TC

I 
1H

- 
  

  
  

  
  

  
 

PU
LP

RO
G 

  
  

  
  

 z
gd

c3
0 

  
  

  
  

  
  

 
TD

  
  

  
  

  
  

  
  

65
41

8 
  

  
  

  
  

  
 

SO
LV

EN
T 

  
  

  
  

  
DM

SO
  

  
  

  
  

  
 

 
NS

  
  

  
  

  
  

  
  

 8
30

2 
  

  
  

  
  

  
 

DS
  

  
  

  
  

  
  

  
  

  
4 

  
  

  
  

  
  

 
SW

H 
  

  
  

  
  

30
30

3.
03

1 
Hz

  
  

  
  

  
 

FI
DR

ES
  

  
  

  
 0

.4
63

22
2 

Hz
  

  
  

  
  

 
AQ

  
  

  
  

  
  

1.
07

94
47

0 
se

c 
  

  
  

  
 

RG
  

  
  

  
  

  
  

  
 6

50
2 

  
  

  
  

  
  

 
DW

  
  

  
  

  
  

  
 1

6.
50

0 
us

ec
  

  
  

  
 

DE
  

  
  

  
  

  
  

  
 6

.0
0 

us
ec

  
  

  
  

 
TE

  
  

  
  

  
  

  
  

29
8.

0 
K 

  
  

  
  

  
 

D1
  

  
  

  
  

 0
.2

50
00

00
0 

se
c 

  
  

  
  

 
d1

1 
  

  
  

  
 0

.0
30

00
00

0 
se

c 
  

  
  

  
 

MC
RE

ST
  

  
  

 0
.0

00
00

00
0 

se
c 

  
  

  
  

 
MC

WR
K 

  
  

  
 0

.0
15

00
00

0 
se

c 
  

  
  

  
 

==
==

==
==

 C
HA

NN
EL

 f
1 

==
==

==
==

NU
C1

  
  

  
  

  
  

  
  

13
C 

  
  

  
  

  
  

 
P1

  
  

  
  

  
  

  
  

15
.0

0 
us

ec
  

  
  

  
 

PL
1 

  
  

  
  

  
  

  
-1

.0
0 

dB
  

  
  

  
  

 
SF

O1
  

  
  

  
12

5.
79

42
54

8 
MH

z 
  

  
  

  
 

==
==

==
==

 C
HA

NN
EL

 f
2 

==
==

==
==

CP
DP

RG
2 

  
  

  
  

wa
lt

z1
6 

  
  

  
  

  
  

 
NU

C2
  

  
  

  
  

  
  

  
 1

H 
  

  
  

  
  

  
 

PC
PD

2 
  

  
  

  
  

 1
00

.0
0 

us
ec

  
  

  
  

 
PL

2 
  

  
  

  
  

  
  

 1
.6

0 
dB

  
  

  
  

  
 

PL
12

  
  

  
  

  
  

  
23

.5
4 

dB
  

  
  

  
  

 
SF

O2
  

  
  

  
50

0.
22

25
01

1 
MH

z 
  

  
  

  
 

F2
 -

 P
ro

ce
ss

in
g 

pa
ra

me
te

rs
SI

  
  

  
  

  
  

  
  

65
53

6 
  

  
  

  
  

  
 

SF
  

  
  

  
  

12
5.

78
04

94
2 

MH
z 

  
  

  
  

 
WD

W 
  

  
  

  
  

  
  

  
 E

M 
  

  
  

  
  

  
 

SS
B 

  
  

  
  

  
  

  
  

  
0 

  
  

  
  

  
  

 
LB

  
  

  
  

  
  

  
  

 1
.0

0 
Hz

  
  

  
  

  
 

GB
  

  
  

  
  

  
  

  
  

  
0 

  
  

  
  

  
  

 
PC

  
  

  
  

  
  

  
  

 2
.0

0 
  

  
  

  
  

  
 

1D
 N

MR
 p

lo
t 

pa
ra

me
te

rs
CX

  
  

  
  

  
  

  
  

22
.8

0 
cm

  
  

  
  

  
 

CY
  

  
  

  
  

  
  

  
53

.2
3 

cm
  

  
  

  
  

 
F1

P 
  

  
  

  
  

  
20

0.
00

0 
pp

m 
  

  
  

  
 

F1
  

  
  

  
  

  
 2

51
56

.1
0 

Hz
  

  
  

  
  

 
F2

P 
  

  
  

  
  

  
 -

5.
00

0 
pp

m 
  

  
  

  
 

F2
  

  
  

  
  

  
  

-6
28

.9
0 

Hz
  

  
  

  
  

 
PP

MC
M 

  
  

  
  

  
8.

99
12

3 
pp

m/
cm

  
  

  
 

HZ
CM

  
  

  
  

 1
13

0.
92

11
4 

Hz
/c

m 
  

  
  

 

EtOAc

EtOAc

EtOAc

EtOAc

TM
S

C
O

2C
H

2C
O

P
h

O
C

H
2C

H
2C

H
2N

H
B

oc

O
C

H
2C

H
2C

H
2N

H
B

oc

Fm
oc

H
N

Fm
oc

-o
-A

bc
2K

(B
oc

) -O
C

H
2C

O
P

h 
(8

b)

13
C

 N
M

R
 (1

25
 M

H
z,

 2
98

 K
, C

D
3S

O
C

D
3)

 s
pe

ct
ru

m
 o

f 8
b

Supporting Information C. M. Gothard and J. S. Nowick

S14



2
4

6
8

10
12

pp
m

Integral

0.3864

0.9284

2.0000

2.0140
1.0248
2.0896
1.1620
3.9109
1.0593

1.0030
0.8084

0.7950

1.9038
1.0378

1.9817
2.0201

2.1347

1.9645

2.2127

2.3271

8.8948
8.7128

 8.1053
 7.8600
 7.8449
 7.5652
 7.5503
 7.4959
 7.4806
 7.4042
 7.3893
 7.3744
 7.3490
 7.3458
 7.3315
 7.3184
 7.3151
 7.3018
 7.2998
 7.2948
 7.2870
 7.2851
 7.2722
 7.2700
 7.2574
 7.2544
 7.2186
 7.2037
 7.1889
 6.8353
 6.7704
 6.5504
 6.2514
 4.3000
 4.2858
 4.2210
 4.2070
 4.1931
 3.9621
 3.9499
 3.9376
 3.8552
 3.8424
 3.8295
 3.1907
 3.1064
 3.0936
 3.0814
 3.0685
 2.8617
 2.8493
 2.5309
 2.4996
 2.4959
 2.4922
 2.4885
 2.4848
 2.4481
 2.0605
 1.8001
 1.7870
 1.7742
 1.7613
 1.7486
 1.6345
 1.6214
 1.6082
 1.5950
 1.5819
 1.4436
 1.3730
 1.3609
 1.3564
 1.3429
 1.3202
 1.2797
 1.2648
 1.2407
 1.1921
 1.0929
 1.0162
 0.8039
 0.0064
-0.0001
-0.0067 Cu

rr
en
t 
Da
ta
 P
ar
am
et
er
s

US
ER
  
  
  
  
  
  
 c
go
th
a 
  
  
  
  
  
  

 
NA
ME
  
  
  
  
  
 c
g-
11
-6
2 
  
  
  
  
  
  

 
EX
PN
O 
  
  
  
  
  
  
  
  
2 
  
  
  
  
  
  

 
PR
OC
NO
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 

F2
 -
 A
cq
ui
si
ti
on
 P
ar
am
et
er
s

Da
te
_ 
  
  
  
  
 2
00
70
42
5 
  
  
  
  
  
  

 
Ti
me
  
  
  
  
  
  
  
22
.0
2 
  
  
  
  
  
  

 
IN
ST
RU
M 
  
  
  
  
  
gn
50
0 
  
  
  
  
  
  

 
PR
OB
HD
  
 5
 m
m 
br
oa
db
an
d 
  
  
  
  
  
  

 
PU
LP
RO
G 
  
  
  
  
  
 z
g3
0 
  
  
  
  
  
  

 
TD
  
  
  
  
  
  
  
  
81
72
8 
  
  
  
  
  
  

 
SO
LV
EN
T 
  
  
  
  
  
 D
MS
O 
  
  
  
  
  
  

 
NS
  
  
  
  
  
  
  
  
  
 1
6 
  
  
  
  
  
  

 
DS
  
  
  
  
  
  
  
  
  
  
2 
  
  
  
  
  
  

 
SW
H 
  
  
  
  
  
 8
01
2.
82
0 
Hz
  
  
  
  
  

 
FI
DR
ES
  
  
  
  
 0
.0
98
04
3 
Hz
  
  
  
  
  

 
AQ

  
  
  
  
  
  
5.
09
98
77
4 
se
c 
  
  
  
  

 
RG
  
  
  
  
  
  
  
  
45
6.
1 
  
  
  
  
  
  

 
DW
  
  
  
  
  
  
  
 6
2.
40
0 
us
ec
  
  
  
  

 
DE
  
  
  
  
  
  
  
  
 6
.0
0 
us
ec
  
  
  
  

 
TE
  
  
  
  
  
  
  
  
32
0.
0 
K 
  
  
  
  
  

 
D1
  
  
  
  
  
 0
.1
00
00
00
0 
se
c 
  
  
  
  

 
MC
RE
ST
  
  
  
 0
.0
00
00
00
0 
se
c 
  
  
  
  

 
MC
WR
K 
  
  
  
 0
.0
15
00
00
0 
se
c 
  
  
  
  

 

==
==
==
==
 C
HA
NN
EL
 f
1 
==
==
==
==

NU
C1
  
  
  
  
  
  
  
  
 1
H 
  
  
  
  
  
  

 
P1
  
  
  
  
  
  
  
  
12
.0
0 
us
ec
  
  
  
  

 
PL
1 
  
  
  
  
  
  
  
-3
.0
0 
dB
  
  
  
  
  

 
SF
O1
  
  
  
  
49
9.
93
34
99
5 
MH
z 
  
  
  
  

 

F2
 -
 P
ro
ce
ss
in
g 
pa
ra
me
te
rs

SI
  
  
  
  
  
  
  
  
65
53
6 
  
  
  
  
  
  

 
SF
  
  
  
  
  
49
9.
93
00
15
8 
MH
z 
  
  
  
  

 
WD
W 
  
  
  
  
  
  
  
  
 E
M 
  
  
  
  
  
  

 
SS
B 
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
LB
  
  
  
  
  
  
  
  
 0
.3
0 
Hz
  
  
  
  
  

 
GB
  
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
PC
  
  
  
  
  
  
  
  
 4
.0
0 
  
  
  
  
  
  

 

1D
 N
MR
 p
lo
t 
pa
ra
me
te
rs

CX
  
  
  
  
  
  
  
  
22
.8
0 
cm
  
  
  
  
  

 
CY
  
  
  
  
  
  
  
  
34
.8
8 
cm
  
  
  
  
  

 
F1
P 
  
  
  
  
  
  
 1
3.
00
0 
pp
m 
  
  
  
  

 
F1
  
  
  
  
  
  
  
64
99
.0
9 
Hz
  
  
  
  
  

 
F2
P 
  
  
  
  
  
  
 -
0.
10
0 
pp
m 
  
  
  
  

 
F2
  
  
  
  
  
  
  
 -
49
.9
9 
Hz
  
  
  
  
  

 
PP
MC
M 
  
  
  
  
  
0.
57
45
6 
pp
m/
cm
  
  
  

 
HZ
CM
  
  
  
  
  
28
7.
24
05
1 
Hz
/c
m 
  
  
  

 

1 H
 N

M
R

 (5
00

 M
H

z,
 3

20
 K

, C
D

3S
O

C
D

3)
 s

pe
ct

ru
m

 o
f 1

b

C
O

2H

O
C

H
2C

H
2C

H
2N

H
B

oc

O
C

H
2C

H
2C

H
2N

H
B

oc

Fm
oc

-o
-A

bc
2K

(B
oc

) -O
H

 (1
b)

Fm
oc

H
N

Supporting Information C. M. Gothard and J. S. Nowick

S15



0
20

40
60

80
10

0
12

0
14

0
16

0
pp

m

ppm

166.89

155.49
155.44
154.00

151.45

148.97

143.57

140.60

135.38
132.20
131.75
130.64
128.03
127.53
126.92
125.09
124.55
121.15
120.01

117.57

114.73

 77.34

 67.10
 66.31
 65.86

 46.35
 39.98
 39.89
 39.82
 39.73
 39.65
 39.56
 39.48
 39.39
 39.23
 39.06
 38.89
 36.97
 36.35
 29.13
 29.04
 28.11
 28.08

 -0.00

Cu
rr

en
t 

Da
ta

 P
ar

am
et

er
s

US
ER

  
  

  
  

  
  

 c
go

th
a 

  
  

  
  

  
  

 
NA

ME
  

  
  

  
  

 c
g-

11
-6

2 
  

  
  

  
  

  
 

EX
PN

O 
  

  
  

  
  

  
  

  
7 

  
  

  
  

  
  

 
PR

OC
NO

  
  

  
  

  
  

  
  

1 
  

  
  

  
  

  
 

F2
 -

 A
cq

ui
si

ti
on

 P
ar

am
et

er
s

Da
te

_ 
  

  
  

  
 2

00
70

42
9 

  
  

  
  

  
  

 
Ti

me
  

  
  

  
  

  
  

 0
.0

5 
  

  
  

  
  

  
 

IN
ST

RU
M 

  
  

  
  

cr
yo

50
0 

  
  

  
  

  
  

 
PR

OB
HD

  
 5

 m
m 

CP
TC

I 
1H

- 
  

  
  

  
  

  
 

PU
LP

RO
G 

  
  

  
  

 z
gd

c3
0 

  
  

  
  

  
  

 
TD

  
  

  
  

  
  

  
  

65
41

8 
  

  
  

  
  

  
 

SO
LV

EN
T 

  
  

  
  

  
 D

MS
O 

  
  

  
  

  
  

 
NS

  
  

  
  

  
  

  
  

 3
11

0 
  

  
  

  
  

  
 

DS
  

  
  

  
  

  
  

  
  

  
4 

  
  

  
  

  
  

 
SW

H 
  

  
  

  
  

30
30

3.
03

1 
Hz

  
  

  
  

  
 

FI
DR

ES
  

  
  

  
 0

.4
63

22
2 

Hz
  

  
  

  
  

 
AQ

  
  

  
  

  
  

1.
07

94
47

0 
se

c 
  

  
  

  
 

RG
  

  
  

  
  

  
  

 5
79

2.
6 

  
  

  
  

  
  

 
DW

  
  

  
  

  
  

  
 1

6.
50

0 
us

ec
  

  
  

  
 

DE
  

  
  

  
  

  
  

  
 6

.0
0 

us
ec

  
  

  
  

 
TE

  
  

  
  

  
  

  
  

29
8.

0 
K 

  
  

  
  

  
 

D1
  

  
  

  
  

 0
.2

50
00

00
0 

se
c 

  
  

  
  

 
d1

1 
  

  
  

  
 0

.0
30

00
00

0 
se

c 
  

  
  

  
 

MC
RE

ST
  

  
  

 0
.0

00
00

00
0 

se
c 

  
  

  
  

 
MC

WR
K 

  
  

  
 0

.0
15

00
00

0 
se

c 
  

  
  

  
 

==
==

==
==

 C
HA

NN
EL

 f
1 

==
==

==
==

NU
C1

  
  

  
  

  
  

  
  

13
C 

  
  

  
  

  
  

 
P1

  
  

  
  

  
  

  
  

15
.0

0 
us

ec
  

  
  

  
 

PL
1 

  
  

  
  

  
  

  
-1

.0
0 

dB
  

  
  

  
  

 
SF

O1
  

  
  

  
12

5.
79

42
54

8 
MH

z 
  

  
  

  
 

==
==

==
==

 C
HA

NN
EL

 f
2 

==
==

==
==

CP
DP

RG
2 

  
  

  
  

wa
lt

z1
6 

  
  

  
  

  
  

 
NU

C2
  

  
  

  
  

  
  

  
 1

H 
  

  
  

  
  

  
 

PC
PD

2 
  

  
  

  
  

 1
00

.0
0 

us
ec

  
  

  
  

 
PL

2 
  

  
  

  
  

  
  

 1
.6

0 
dB

  
  

  
  

  
 

PL
12

  
  

  
  

  
  

  
23

.5
4 

dB
  

  
  

  
  

 
SF

O2
  

  
  

  
50

0.
22

25
01

1 
MH

z 
  

  
  

  
 

F2
 -

 P
ro

ce
ss

in
g 

pa
ra

me
te

rs
SI

  
  

  
  

  
  

  
  

65
53

6 
  

  
  

  
  

  
 

SF
  

  
  

  
  

12
5.

78
04

94
7 

MH
z 

  
  

  
  

 
WD

W 
  

  
  

  
  

  
  

  
 E

M 
  

  
  

  
  

  
 

SS
B 

  
  

  
  

  
  

  
  

  
0 

  
  

  
  

  
  

 
LB

  
  

  
  

  
  

  
  

 1
.0

0 
Hz

  
  

  
  

  
 

GB
  

  
  

  
  

  
  

  
  

  
0 

  
  

  
  

  
  

 
PC

  
  

  
  

  
  

  
  

 2
.0

0 
  

  
  

  
  

  
 

1D
 N

MR
 p

lo
t 

pa
ra

me
te

rs
CX

  
  

  
  

  
  

  
  

22
.8

0 
cm

  
  

  
  

  
 

CY
  

  
  

  
  

  
  

 1
00

.4
4 

cm
  

  
  

  
  

 
F1

P 
  

  
  

  
  

  
17

0.
00

0 
pp

m 
  

  
  

  
 

F1
  

  
  

  
  

  
 2

13
82

.6
8 

Hz
  

  
  

  
  

 
F2

P 
  

  
  

  
  

  
 -

5.
00

0 
pp

m 
  

  
  

  
 

F2
  

  
  

  
  

  
  

-6
28

.9
0 

Hz
  

  
  

  
  

 
PP

MC
M 

  
  

  
  

  
7.

67
54

4 
pp

m/
cm

  
  

  
 

HZ
CM

  
  

  
  

  
96

5.
42

04
7 

Hz
/c

m 
  

  
  

 

12
4.

85

13
C

 N
M

R
 (1

25
 M

H
z,

 2
98

 K
, C

D
3S

O
C

D
3)

 s
pe

ct
ru

m
 o

f 1
b

C
O

2H

O
C

H
2C

H
2C

H
2N

H
B

oc

O
C

H
2C

H
2C

H
2N

H
B

oc

Fm
oc

-o
-A

bc
2K

(B
oc

) -O
H

 (1
b)

Fm
oc

H
N

Supporting Information C. M. Gothard and J. S. Nowick

S16



 

O
N

NH2
N

O

ORRO

OR

OR

H

H
N

ORO

OR

O

N

N
O

N

O

H2N

O
N

ORRO

ORRO

OR

OR

OR

OR

H

H
H H

H

O

N

O

O
N

ORRO

ORRO

OR

OR

H

H

H

N

O
N

ORRO
H

N

O
N

NH2

O
N

O

N
OO

OR

O

OR

RO

OR

RO

OR

H

H

R
RH

H

N O

RO

OR

N

O

NH2

O

N

NO

O

N

O

N

NO

O
R

RO

O
R

RO

OR

RO

OR

RO
R
O

OR

R
O

OR

H

H

H

H

H

H

H

N

O

N

O

N

O

O

RO

OR

RO
O

OR

H

R

H

R

H

H2N
N

O

N
O

N

O

OR

OR

OR

RO

ORRO

O
N

O
N

OR

RO

RO OR

RO

RO

O

N

N

O

OR

OR

H

H

H

H

H
H

H

O

N
N

H2N

O

N
O

O
N

N

O

RO

RO

RO OR

OR

OR

OR

RO

ORRO
H

H

H

H

H

 linear trimer 9La
H-(o-Abc2K)3-CO2H linear hexamer 9Lb

H-(o-Abc2K-Abc2K)3-CO2H
linear nonamer 9Lc

H-(o-Abc2K-Abc2K-Abc2K)3-CO2H

linear tetramer 10La
H-(m-Abc2K-o-Abc2K)2-CO2H linear octamer 10Lb

H-(m-Abc2K-Abc2Ko-Abc2K-Abc2K)2-CO2H
linear hexamer 11La
H-(m-Abc2K)6-CO2H

linear octamer 11Lb
H-(m-Abc2K-m-Abc2K-m-Abc2K-Abc2K)2-CO2H

CO2HRO

OR

OR

RO CO2H

CO2HRO

OR

NH2

OR

RO CO2H

CO2HRO

OR

CO2HRO

OR

CO2H
OR

RO

 

HN

CO2H

N
O OR

RO

ORRO

OR

RO

O

N

ORRO

OR

OR

OR

RO O
N

N
O OR

RO

H

H

H

N

O

OR

OR

N

O

N

RO

RO

O

N
H

H

H
H

O

N

O

N

O

OR

RO OR

H

H

H

RO
O

N
N

O

O

N

O

RO

RO

OR

OR

OR

RO

ORRO

O
N

OR

RO

RO OR

H

N

O

OR

OR

H

H
H

N
O

RO OR

N

O
N

RO OR

O
N

H

H

H

H

H

linear dodecamer 11Ld
H-(m-Abc2K-Abc2K)6-CO2H

linear decamer 11Lc
H-(m-Abc2K-m-Abc2K-Abc2K-m-Abc2K-Abc2K)-CO2H

CO2H
OR

RO

NH2

O

NH2

RO

OR

 

Figure S1. Linear Abc2K oligomers (9La-c, 10La-b, and 11La-d) showing the amino and 

carboxylic acid groups (red) used in macrocyclization. (R = CH2CH2CH2NHBoc) 
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trimer H-(o-Abc2K)3-CO2H (9La)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (0-30% acetonitrile with 0.1% TFA over 10 min, λ = 214)

(b) ESI Mass spectrum. (Calcd exact mass for C57H71N9O10
 [M] = 1041.53)

R = CH2CH2CH2NH2TFA
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linear hexamer: H-(p-Abc2K-o-Abc2K)3-CO2H (9Lb)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 10 min, λ = 214)

(b) ESI Mass spectrum. (Calcd exact mass for C114H140N18O19
 [M] = 2065.05)

R = CH2CH2CH2NH2TFA
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linear tetramer: H-(m-Abc2K-o-Abc2K)2-CO2H (10La)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (0-30% acetonitrile with 0.1% TFA over 10 min, λ = 214)

(b) ESI Mass spectrum. (Calcd exact mass for C76H94N12O13
 [M] = 1382.71)
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linear dodecamer: H-(m-Abc2K-p-Abc2K)6-CO2H (11Ld)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 10 min, λ = 214)

(b) ESI Mass spectrum. (Calcd exact mass for C228H278N36O37
 [M] = 4112.10)

R = CH2CH2CH2NH2TFA
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Det 166 Results
Time Area Area % Height Height % Pk #

3.680 111117 10.46 27894 11.15 1
5.645 93691 8.82 22120 8.84 2
6.502 857708 80.72 200092 80.00 3

Totals
1062516 100.00 250106 100.00

TOF MS ES+ 
1.02e3

ESI-MS of crude cyclohexamer triangle 9b
(Exact MS for C114H138N18O18 = 2047.04)
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Det 166
Pk #

RP-HPLC of crude cyclohexamer triangle 9b
(5-90% acetonitrile with 0.1% TFA over 20 min, λ = 214)
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Characterization of crude (unpurifed) cyclohexamer 9b
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(o-Abc2K-p-Abc2K)3
R = CH2CH2CH2NH2TFA
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Macrocycle Symmetry (9a, 9b)
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cyclotrimer triangle: cyclo(o-Abc2K)3 (9a)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (0-30% acetonitrile with 0.1% TFA over 10 min, λ = 214)

(b) ESI Mass spectrum. (Calcd exact mass for C57H69N9O9
 [M] = 1023.52)
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cyclohexamer triangle: (o-Abc2K-p-Abc2K)3 (9b)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 10 min, λ = 214)

(b) ESI Mass spectrum. (Calcd exact mass for C114H138N18O18
 [M] = 2047.04)
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cyclononamer triangle: (o-Abc2K-p-Abc2K-p-Abc2K)3 (9c)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 20 min, λ = 214)

(b) ESI Mass spectrum. (Calcd exact mass for C171H207N27O27
 [M] = 3070.57)
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cyclotetramer: (m-Abc2K-o-Abc2K)2 (10a)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (0-30% acetonitrile with 0.1% TFA over 10 min, λ = 214)

(b) ESI Mass spectrum. (Calcd exact mass for C76H96N12O12
 [M] = 1364.70)
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cyclooctamer: (o-Abc2K-p-Abc2K-m-Abc2K-p-Abc2K)2
parallelogram (10b)

Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 20 min, λ = 214)

(b) ESI Mass spectrum. (Calcd exact mass for C152H184N24O24
 [M] = 2729.39)
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cyclohexamer ring: (m-Abc2K)6 (11a)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 20 min, λ = 214)

(b) ESI Mass spectrum. (Calcd exact mass for C114H138N18O18
 [M] = 2047.04)
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cyclooctamer ring: (m-Abc2K-m-Abc2K-m-Abc2K-p-Abc2K)2 (11b)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 10 min, λ = 214)

(b) ESI Mass spectrum. (Calcd exact mass for C152H184N24O24
 [M] = 2729.39)

342.1

285.1

261.1

456.0

455.8

343.1

391.0

456.2

547.0456.3

546.8

456.5

512.7

547.2

683.3
547.4

547.6

568.8

683.8
911.0

684.0 910.7

689.0

918.3

1366.5933.3 1388.0

R = CH2CH2CH2NH2TFA

A
U

0.0

0.1

0.2

Minutes
0 2 4 6 8 10

0.0

0.1

0.2

Det 166

0

100

%

300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
m/z

TOF MS ES+ 
2.91e3

[M+2H]2+

[M+3H]3+

[M+4H]4+

[M+5H]5+

[M+6H]6+

O

N
N

O

N
O

N

O

RO

RO

OR

OR

OR

RO

ORRO

O
N

O
N

OR

RO

RO OR

RO

RO
H

O

N

N

O

OR

OR

H

H

H

H

H
H

H

Supporting Information C. M. Gothard and J. S. Nowick

S121



0
1

2
3

4
5

6
7

8
pp

m

Integral

48.191

29.288

35.029

36.351

 7.240

ppm

7.69298
7.55984
7.53409
7.51878
7.34047
7.32613

7.02420

6.91763

6.80417

6.66828

6.38551

4.83649
4.79508
4.75589
4.71700

4.19398

4.03341

3.69674

3.33377

3.20745

3.06611
3.00498
2.96123
2.84928

2.45538

2.12431
2.05255
1.98638

1.25895

0.14807

Cu
rr
en
t 
Da
ta
 P
ar
am
et
er
s

US
ER
  
  
  
  
  
  
 c
go
th
a 
  
  
  
  
  
  

 
NA
ME
  
  
  
  
  
 c
g-
7-
23
8 
  
  
  
  
  
  

 
EX
PN
O 
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 
PR
OC
NO
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 

F2
 -
 A
cq
ui
si
ti
on
 P
ar
am
et
er
s

Da
te
_ 
  
  
  
  
 2
00
60
20
1 
  
  
  
  
  
  

 
Ti
me
  
  
  
  
  
  
  
21
.4
9 
  
  
  
  
  
  

 
IN
ST
RU
M 
  
  
  
  
cr
yo
50
0 
  
  
  
  
  
  

 
PR
OB
HD
  
 5
 m
m 
CP
TC
I 
1H
- 
  
  
  
  
  
  

 
PU
LP
RO
G 
  
  
  
  
  
 z
g3
0 
  
  
  
  
  
  

 
TD
  
  
  
  
  
  
  
  
81
72
8 
  
  
  
  
  
  

 
SO
LV
EN
T 
  
  
  
  
  
  
D2
O 
  
  
  
  
  
  

 
NS
  
  
  
  
  
  
  
  
  
12
8 
  
  
  
  
  
  

 
DS
  
  
  
  
  
  
  
  
  
  
2 
  
  
  
  
  
  

 
SW
H 
  
  
  
  
  
 8
01
2.
82
0 
Hz
  
  
  
  
  

 
FI
DR
ES
  
  
  
  
 0
.0
98
04
3 
Hz
  
  
  
  
  

 
AQ

  
  
  
  
  
  
5.
09
98
77
4 
se
c 
  
  
  
  

 
RG
  
  
  
  
  
  
  
  
81
2.
7 
  
  
  
  
  
  

 
DW
  
  
  
  
  
  
  
 6
2.
40
0 
us
ec
  
  
  
  

 
DE
  
  
  
  
  
  
  
  
 6
.0
0 
us
ec
  
  
  
  

 
TE
  
  
  
  
  
  
  
  
29
8.
0 
K 
  
  
  
  
  

 
D1
  
  
  
  
  
 0
.1
00
00
00
0 
se
c 
  
  
  
  

 
MC
RE
ST
  
  
  
 0
.0
00
00
00
0 
se
c 
  
  
  
  

 
MC
WR
K 
  
  
  
 0
.0
15
00
00
0 
se
c 
  
  
  
  

 

==
==
==
==
 C
HA
NN
EL
 f
1 
==
==
==
==

NU
C1
  
  
  
  
  
  
  
  
 1
H 
  
  
  
  
  
  

 
P1
  
  
  
  
  
  
  
  
 8
.0
0 
us
ec
  
  
  
  

 
PL
1 
  
  
  
  
  
  
  
 1
.6
0 
dB
  
  
  
  
  

 
SF
O1
  
  
  
  
50
0.
22
35
01
5 
MH
z 
  
  
  
  

 

F2
 -
 P
ro
ce
ss
in
g 
pa
ra
me
te
rs

SI
  
  
  
  
  
  
  
  
65
53
6 
  
  
  
  
  
  

 
SF
  
  
  
  
  
50
0.
22
00
06
9 
MH
z 
  
  
  
  

 
WD
W 
  
  
  
  
  
  
  
  
 E
M 
  
  
  
  
  
  

 
SS
B 
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
LB
  
  
  
  
  
  
  
  
 0
.3
0 
Hz
  
  
  
  
  

 
GB
  
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
PC
  
  
  
  
  
  
  
  
 4
.0
0 
  
  
  
  
  
  

 

1D
 N
MR
 p
lo
t 
pa
ra
me
te
rs

CX
  
  
  
  
  
  
  
  
22
.8
0 
cm
  
  
  
  
  

 
CY
  
  
  
  
  
  
  
22
62
.3
8 
cm
  
  
  
  
  

 
F1
P 
  
  
  
  
  
  
  
9.
00
0 
pp
m 
  
  
  
  

 
F1
  
  
  
  
  
  
  
45
01
.9
8 
Hz
  
  
  
  
  

 
F2
P 
  
  
  
  
  
  
 -
0.
10
0 
pp
m 
  
  
  
  

 
F2
  
  
  
  
  
  
  
 -
50
.0
2 
Hz
  
  
  
  
  

 
PP
MC
M 
  
  
  
  
  
0.
39
91
2 
pp
m/
cm
  
  
  

 
HZ
CM
  
  
  
  
  
19
9.
64
92
3 
Hz
/c
m 
  
  
  

 

O N
N

O

N
O

N O

R
O

R
O

O
R

O
R

O
R

R
O

O
R

R
O

O
N

O
N

O
R

R
O

R
O

O
R

R
O

R
O

H

O N

N O

O
R

O
R

H

H

H

H

H
H

H

cy
cl

oo
ct

am
er

 ri
ng

 1
1b

(m
-A

bc
2K

-m
-A

bc
2K

-m
-A

bc
2K

-p
-A

bc
2K

) 2

1 H
 N

M
R

 (5
00

 M
H

z,
 2

98
 K

, D
2O

) s
pe

ct
ru

m
 o

f c
yc

lo
oc

ta
m

er
 ri

ng
 1

1b
 

Supporting Information C. M. Gothard and J. S. Nowick

S122



0
1

2
3

4
5

6
7

8
pp

m

Integral

48.220

16.000

16.224

17.061

16.133

16.570

17.613

ppm

 8.1645
 8.1437
 7.9615
 7.9502
 7.9306
 7.8480
 7.8309
 7.7533
 7.7365
 7.7271
 7.6447
 7.6142
 7.5971
 7.5576
 7.5480
 7.5409
 7.5362
 7.5180
 7.5125
 7.5034
 7.4882
 7.4277
 7.4120
 7.3982
 7.3832
 7.1797
 7.1718
 7.1681
 7.1587

 5.3397

 4.8755
 4.3382
 4.3282
 4.1888
 4.1781
 4.1508
 4.1393
 4.1276
 3.4453
 3.4421
 3.4389
 3.3436
 3.3274
 3.3113
 3.3081
 3.3048
 3.3016
 3.2984
 3.2256
 3.2116
 3.2054
 3.1922
 3.1791
 3.1694
 3.1660
 3.1628
 3.1596
 3.0745
 3.0617
 3.0505
 3.0371
 3.0288
 3.0134
 2.2735
 2.2611
 2.2476
 2.2350
 2.1881
 2.1724
 2.1572
 2.1187
 2.0854
 2.0691
 2.0306
 1.6009
 1.3307
 1.2867

 0.9111
 0.8979
 0.8836

 0.1165
 0.0955
-0.0001
-0.0065 Cu

rr
en
t 
Da
ta
 P
ar
am
et
er
s

US
ER
  
  
  
  
  
  
 c
go
th
a 
  
  
  
  
  
  

 
NA
ME
  
  
  
  
  
 c
g-
7-
28
1 
  
  
  
  
  
  

 
EX
PN
O 
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 
PR
OC
NO
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 

F2
 -
 A
cq
ui
si
ti
on
 P
ar
am
et
er
s

Da
te
_ 
  
  
  
  
 2
00
60
30
5 
  
  
  
  
  
  

 
Ti
me
  
  
  
  
  
  
  
22
.5
3 
  
  
  
  
  
  

 
IN
ST
RU
M 
  
  
  
  
cr
yo
50
0 
  
  
  
  
  
  

 
PR
OB
HD
  
 5
 m
m 
CP
TC
I 
1H
- 
  
  
  
  
  
  

 
PU
LP
RO
G 
  
  
  
  
  
 z
g3
0 
  
  
  
  
  
  

 
TD
  
  
  
  
  
  
  
  
81
72
8 
  
  
  
  
  
  

 
SO
LV
EN
T 
  
  
  
  
 C
D3
OD
T 
  
  
  
  
  
  

 
NS
  
  
  
  
  
  
  
  
  
 2
9 
  
  
  
  
  
  

 
DS
  
  
  
  
  
  
  
  
  
  
2 
  
  
  
  
  
  

 
SW
H 
  
  
  
  
  
 8
01
2.
82
0 
Hz
  
  
  
  
  

 
FI
DR
ES
  
  
  
  
 0
.0
98
04
3 
Hz
  
  
  
  
  

 
AQ

  
  
  
  
  
  
5.
09
98
77
4 
se
c 
  
  
  
  

 
RG
  
  
  
  
  
  
  
  
  
 5
7 
  
  
  
  
  
  

 
DW
  
  
  
  
  
  
  
 6
2.
40
0 
us
ec
  
  
  
  

 
DE
  
  
  
  
  
  
  
  
 6
.0
0 
us
ec
  
  
  
  

 
TE
  
  
  
  
  
  
  
  
29
8.
0 
K 
  
  
  
  
  

 
D1
  
  
  
  
  
 0
.1
00
00
00
0 
se
c 
  
  
  
  

 
MC
RE
ST
  
  
  
 0
.0
00
00
00
0 
se
c 
  
  
  
  

 
MC
WR
K 
  
  
  
 0
.0
15
00
00
0 
se
c 
  
  
  
  

 

==
==
==
==
 C
HA
NN
EL
 f
1 
==
==
==
==

NU
C1
  
  
  
  
  
  
  
  
 1
H 
  
  
  
  
  
  

 
P1
  
  
  
  
  
  
  
  
 8
.0
0 
us
ec
  
  
  
  

 
PL
1 
  
  
  
  
  
  
  
 1
.6
0 
dB
  
  
  
  
  

 
SF
O1
  
  
  
  
50
0.
22
35
01
5 
MH
z 
  
  
  
  

 

F2
 -
 P
ro
ce
ss
in
g 
pa
ra
me
te
rs

SI
  
  
  
  
  
  
  
  
65
53
6 
  
  
  
  
  
  

 
SF
  
  
  
  
  
50
0.
22
00
21
6 
MH
z 
  
  
  
  

 
WD
W 
  
  
  
  
  
  
  
  
 E
M 
  
  
  
  
  
  

 
SS
B 
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
LB
  
  
  
  
  
  
  
  
 0
.3
0 
Hz
  
  
  
  
  

 
GB
  
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
PC
  
  
  
  
  
  
  
  
 4
.0
0 
  
  
  
  
  
  

 

1D
 N
MR
 p
lo
t 
pa
ra
me
te
rs

CX
  
  
  
  
  
  
  
  
22
.8
0 
cm
  
  
  
  
  

 
CY
  
  
  
  
  
  
  
 3
71
.5
2 
cm
  
  
  
  
  

 
F1
P 
  
  
  
  
  
  
  
9.
00
0 
pp
m 
  
  
  
  

 
F1
  
  
  
  
  
  
  
45
01
.9
8 
Hz
  
  
  
  
  

 
F2
P 
  
  
  
  
  
  
 -
0.
10
0 
pp
m 
  
  
  
  

 
F2
  
  
  
  
  
  
  
 -
50
.0
2 
Hz
  
  
  
  
  

 
PP
MC
M 
  
  
  
  
  
0.
39
91
2 
pp
m/
cm
  
  
  

 
HZ
CM
  
  
  
  
  
19
9.
64
92
3 
Hz
/c
m 
  
  
  

 

O N
N

O

N
O

N O

R
O

R
O

O
R

O
R

O
R

R
O

O
R

R
O

O
N

O
N

O
R

R
O

R
O

O
R

R
O

R
O

H

O N

N O

O
R

O
R

H

H

H

H

H
H

H

cy
cl

oo
ct

am
er

 ri
ng

 1
1b

(m
-A

bc
2K

-m
-A

bc
2K

-m
-A

bc
2K

-p
-A

bc
2K

) 2

1 H
 N

M
R

 (5
00

 M
H

z,
 2

98
 K

, C
D

3O
D

) s
pe

ct
ru

m
 o

f c
yc

lo
oc

ta
m

er
 ri

ng
 1

1b
 

Supporting Information C. M. Gothard and J. S. Nowick

S123



6.
5

7.
0

7.
5

8.
0

8.
5

pp
m

Integral

48.220

8.16453
8.14370

7.96147
7.95015
7.93060

7.84799
7.83089

7.75333
7.73646
7.72714
7.64475
7.61417
7.59709
7.55764
7.54802
7.54086
7.53621
7.51803
7.51253
7.50344
7.48823
7.42775
7.41204
7.39815
7.38316

7.17972
7.17181
7.16806
7.15867

Cu
rr
en
t 
Da
ta
 P
ar
am
et
er
s

US
ER
  
  
  
  
  
  
 c
go
th
a 
  
  
  
  
  
  

 
NA
ME
  
  
  
  
  
 c
g-
7-
28
1 
  
  
  
  
  
  

 
EX
PN
O 
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 
PR
OC
NO
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 

F2
 -
 A
cq
ui
si
ti
on
 P
ar
am
et
er
s

Da
te
_ 
  
  
  
  
 2
00
60
30
5 
  
  
  
  
  
  

 
Ti
me
  
  
  
  
  
  
  
22
.5
3 
  
  
  
  
  
  

 
IN
ST
RU
M 
  
  
  
  
cr
yo
50
0 
  
  
  
  
  
  

 
PR
OB
HD
  
 5
 m
m 
CP
TC
I 
1H
- 
  
  
  
  
  
  

 
PU
LP
RO
G 
  
  
  
  
  
 z
g3
0 
  
  
  
  
  
  

 
TD
  
  
  
  
  
  
  
  
81
72
8 
  
  
  
  
  
  

 
SO
LV
EN
T 
  
  
  
  
 C
D3
OD
T 
  
  
  
  
  
  

 
NS
  
  
  
  
  
  
  
  
  
 2
9 
  
  
  
  
  
  

 
DS
  
  
  
  
  
  
  
  
  
  
2 
  
  
  
  
  
  

 
SW
H 
  
  
  
  
  
 8
01
2.
82
0 
Hz
  
  
  
  
  

 
FI
DR
ES
  
  
  
  
 0
.0
98
04
3 
Hz
  
  
  
  
  

 
AQ

  
  
  
  
  
  
5.
09
98
77
4 
se
c 
  
  
  
  

 
RG
  
  
  
  
  
  
  
  
  
 5
7 
  
  
  
  
  
  

 
DW
  
  
  
  
  
  
  
 6
2.
40
0 
us
ec
  
  
  
  

 
DE
  
  
  
  
  
  
  
  
 6
.0
0 
us
ec
  
  
  
  

 
TE
  
  
  
  
  
  
  
  
29
8.
0 
K 
  
  
  
  
  

 
D1
  
  
  
  
  
 0
.1
00
00
00
0 
se
c 
  
  
  
  

 
MC
RE
ST
  
  
  
 0
.0
00
00
00
0 
se
c 
  
  
  
  

 
MC
WR
K 
  
  
  
 0
.0
15
00
00
0 
se
c 
  
  
  
  

 

==
==
==
==
 C
HA
NN
EL
 f
1 
==
==
==
==

NU
C1
  
  
  
  
  
  
  
  
 1
H 
  
  
  
  
  
  

 
P1
  
  
  
  
  
  
  
  
 8
.0
0 
us
ec
  
  
  
  

 
PL
1 
  
  
  
  
  
  
  
 1
.6
0 
dB
  
  
  
  
  

 
SF
O1
  
  
  
  
50
0.
22
35
01
5 
MH
z 
  
  
  
  

 

F2
 -
 P
ro
ce
ss
in
g 
pa
ra
me
te
rs

SI
  
  
  
  
  
  
  
  
65
53
6 
  
  
  
  
  
  

 
SF
  
  
  
  
  
50
0.
22
00
21
6 
MH
z 
  
  
  
  

 
WD
W 
  
  
  
  
  
  
  
  
 E
M 
  
  
  
  
  
  

 
SS
B 
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
LB
  
  
  
  
  
  
  
  
 0
.3
0 
Hz
  
  
  
  
  

 
GB
  
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
PC
  
  
  
  
  
  
  
  
 4
.0
0 
  
  
  
  
  
  

 

1D
 N
MR
 p
lo
t 
pa
ra
me
te
rs

CX
  
  
  
  
  
  
  
  
22
.8
0 
cm
  
  
  
  
  

 
CY
  
  
  
  
  
  
  
 3
71
.5
2 
cm
  
  
  
  
  

 
F1
P 
  
  
  
  
  
  
  
9.
00
0 
pp
m 
  
  
  
  

 
F1
  
  
  
  
  
  
  
45
01
.9
8 
Hz
  
  
  
  
  

 
F2
P 
  
  
  
  
  
  
  
6.
00
0 
pp
m 
  
  
  
  

 
F2
  
  
  
  
  
  
  
30
01
.3
2 
Hz
  
  
  
  
  

 
PP
MC
M 
  
  
  
  
  
0.
13
15
8 
pp
m/
cm
  
  
  

 
HZ
CM
  
  
  
  
  
 6
5.
81
84
3 
Hz
/c
m 
  
  
  

 

O N
N

O

N
O

N O

R
O

R
O

O
R

O
R

O
R

R
O

O
R

R
O

O
N

O
N

O
R

R
O

R
O

O
R

R
O

R
O

H

O N

N O

O
R

O
R

H

H

H

H

H
H

H

cy
cl

oo
ct

am
er

 ri
ng

 1
1b

(m
-A

bc
2K

-m
-A

bc
2K

-m
-A

bc
2K

-p
-A

bc
2K

) 2

1 H
 N

M
R

 (5
00

 M
H

z,
 2

98
 K

, C
D

3O
D

) s
pe

ct
ru

m
 o

f c
yc

lo
oc

ta
m

er
 ri

ng
 1

1b
 

Supporting Information C. M. Gothard and J. S. Nowick

S124



0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

pp
m

Integral

16.000

16.224

17.061

16.133

16.570

17.613

ppm

 4.3382
 4.3282

 4.1888
 4.1781
 4.1508
 4.1393
 4.1276

 3.4453
 3.4421
 3.4389
 3.3436
 3.3274
 3.3113
 3.3081
 3.3048
 3.3016
 3.2984
 3.2256
 3.2116
 3.2054
 3.1922
 3.1791
 3.1694
 3.1660
 3.1628
 3.1596
 3.0745
 3.0617
 3.0505
 3.0371
 3.0288
 3.0134

 2.2735
 2.2611
 2.2476
 2.2350
 2.1881
 2.1724
 2.1572
 2.1187
 2.0854
 2.0691
 2.0306

 1.6009

 1.3307
 1.2867

 0.9111
 0.8979
 0.8836

 0.1165
 0.0955

-0.0001
-0.0065

Cu
rr
en
t 
Da
ta
 P
ar
am
et
er
s

US
ER
  
  
  
  
  
  
 c
go
th
a 
  
  
  
  
  
  

 
NA
ME
  
  
  
  
  
 c
g-
7-
28
1 
  
  
  
  
  
  

 
EX
PN
O 
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 
PR
OC
NO
  
  
  
  
  
  
  
  
1 
  
  
  
  
  
  

 

F2
 -
 A
cq
ui
si
ti
on
 P
ar
am
et
er
s

Da
te
_ 
  
  
  
  
 2
00
60
30
5 
  
  
  
  
  
  

 
Ti
me
  
  
  
  
  
  
  
22
.5
3 
  
  
  
  
  
  

 
IN
ST
RU
M 
  
  
  
  
cr
yo
50
0 
  
  
  
  
  
  

 
PR
OB
HD
  
 5
 m
m 
CP
TC
I 
1H
- 
  
  
  
  
  
  

 
PU
LP
RO
G 
  
  
  
  
  
 z
g3
0 
  
  
  
  
  
  

 
TD
  
  
  
  
  
  
  
  
81
72
8 
  
  
  
  
  
  

 
SO
LV
EN
T 
  
  
  
  
 C
D3
OD
T 
  
  
  
  
  
  

 
NS
  
  
  
  
  
  
  
  
  
 2
9 
  
  
  
  
  
  

 
DS
  
  
  
  
  
  
  
  
  
  
2 
  
  
  
  
  
  

 
SW
H 
  
  
  
  
  
 8
01
2.
82
0 
Hz
  
  
  
  
  

 
FI
DR
ES
  
  
  
  
 0
.0
98
04
3 
Hz
  
  
  
  
  

 
AQ

  
  
  
  
  
  
5.
09
98
77
4 
se
c 
  
  
  
  

 
RG
  
  
  
  
  
  
  
  
  
 5
7 
  
  
  
  
  
  

 
DW
  
  
  
  
  
  
  
 6
2.
40
0 
us
ec
  
  
  
  

 
DE
  
  
  
  
  
  
  
  
 6
.0
0 
us
ec
  
  
  
  

 
TE
  
  
  
  
  
  
  
  
29
8.
0 
K 
  
  
  
  
  

 
D1
  
  
  
  
  
 0
.1
00
00
00
0 
se
c 
  
  
  
  

 
MC
RE
ST
  
  
  
 0
.0
00
00
00
0 
se
c 
  
  
  
  

 
MC
WR
K 
  
  
  
 0
.0
15
00
00
0 
se
c 
  
  
  
  

 

==
==
==
==
 C
HA
NN
EL
 f
1 
==
==
==
==

NU
C1
  
  
  
  
  
  
  
  
 1
H 
  
  
  
  
  
  

 
P1
  
  
  
  
  
  
  
  
 8
.0
0 
us
ec
  
  
  
  

 
PL
1 
  
  
  
  
  
  
  
 1
.6
0 
dB
  
  
  
  
  

 
SF
O1
  
  
  
  
50
0.
22
35
01
5 
MH
z 
  
  
  
  

 

F2
 -
 P
ro
ce
ss
in
g 
pa
ra
me
te
rs

SI
  
  
  
  
  
  
  
  
65
53
6 
  
  
  
  
  
  

 
SF
  
  
  
  
  
50
0.
22
00
21
6 
MH
z 
  
  
  
  

 
WD
W 
  
  
  
  
  
  
  
  
 E
M 
  
  
  
  
  
  

 
SS
B 
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
LB
  
  
  
  
  
  
  
  
 0
.3
0 
Hz
  
  
  
  
  

 
GB
  
  
  
  
  
  
  
  
  
  
0 
  
  
  
  
  
  

 
PC
  
  
  
  
  
  
  
  
 4
.0
0 
  
  
  
  
  
  

 

1D
 N
MR
 p
lo
t 
pa
ra
me
te
rs

CX
  
  
  
  
  
  
  
  
22
.8
0 
cm
  
  
  
  
  

 
CY
  
  
  
  
  
  
  
 3
71
.5
2 
cm
  
  
  
  
  

 
F1
P 
  
  
  
  
  
  
  
4.
70
0 
pp
m 
  
  
  
  

 
F1
  
  
  
  
  
  
  
23
51
.0
3 
Hz
  
  
  
  
  

 
F2
P 
  
  
  
  
  
  
 -
0.
10
0 
pp
m 
  
  
  
  

 
F2
  
  
  
  
  
  
  
 -
50
.0
2 
Hz
  
  
  
  
  

 
PP
MC
M 
  
  
  
  
  
0.
21
05
3 
pp
m/
cm
  
  
  

 
HZ
CM
  
  
  
  
  
10
5.
30
94
8 
Hz
/c
m 
  
  
  

 

O N
N

O

N
O

N O

R
O

R
O

O
R

O
R

O
R

R
O

O
R

R
O

O
N

O
N

O
R

R
O

R
O

O
R

R
O

R
O

H

O N

N O

O
R

O
R

H

H

H

H

H
H

H

cy
cl

oo
ct

am
er

 ri
ng

 1
1b

(m
-A

bc
2K

-m
-A

bc
2K

-m
-A

bc
2K

-p
-A

bc
2K

) 2

1 H
 N

M
R

 (5
00

 M
H

z,
 2

98
 K

, C
D

3O
D

) s
pe

ct
ru

m
 o

f c
yc

lo
oc

ta
m

er
 ri

ng
 1

1b
 

Supporting Information C. M. Gothard and J. S. Nowick

S125



cyclodecamer ring 
(m-Abc2K-m-Abc2K-p-Abc2K-m-Abc2K-p-Abc2K)2 (11c)

Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 20 min, λ = 214)

(b) ESI Mass spectrum. (Calcd exact mass for C190H230N30O30
 [M] = 3411.74)
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cyclododecamer ring: (m-Abc2K-p-Abc2K)6 (11d)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 10 min, λ = 214)

(b) ESI Mass spectrum. (Calcd exact mass for C228H276N36O36
 [M] = 4094.09)
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Molecular Modeling Studies 
 

Macrocycles 9a-c, 10a,b, and 11a-d were modeled as simplified homologues in which 

the propyloxyammonium (OCH2CH2CH2NH3
+) side chains were replaced with methoxy (OMe) 

groups (9a'-c', 10a',b', and 11a'-d'). Each molecule was modeled using Maestro/MacroModel 

v8.5 with the MMFFs implementation of the MMFF force field and MCMM conformational 

searching. The Ar–Ar and Ar–N bonds were rotated during the search procedure. Rotations 

about the Ar–CO and Ar–O bonds were not performed. Amide linkages were assumed to adopt 

trans conformations and were not allowed to adopt cis conformations (except where noted 

otherwise). 1000 Monte-Carlo search steps were performed for each structure, and no effort was 

made to assure that all of the lowest-energy conformers or the global minimum were identified. 

(Thorough identification of all low-energy conformers is not practical for the larger structures, 

and is only marginally practical for the smaller structures.) For each molecule, the lowest energy 

conformer and an overlay of the conformers found within the lowest 5.00 kJ/mol are shown. 
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cyclododecamer ring 11d' (R = Me)
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The modeling should be interpreted with several caveats: (1) The MMFF and MMFFs 

force fields lack good parameters for some of the stretches, bends, and torsions associated with 

the structures. (2) The MMFFs force field is designed to enforce planarity of the amide nitrogen 

atoms and may therefore overemphasize the conformational regularity of the structures. (3) The 

absence of H2O solvation in the modeling should decrease the effect of hydrophobic interactions 

in structures. (4) Conformers with cis-amide linkages will not be identified; those lacking 
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intramolecular hydrogen bonds between the ortho-methoxy group and the amide NH group, or 

with alternative rotations about the Ar–OMe bonds may not be identified. 

 
Cyclotrimer Triangle 9a' 

 
 

lowest energy conformer found superposition of conformers found  
within lowest 5.00 kJ/mol (39 conformers). 

 
 

Cyclohexamer Triangle 9b' 

  
lowest energy conformer found superposition of conformers found  

within lowest 5.00 kJ/mol (51 conformers). 
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Cyclononamer Triangle 9c' 

  
lowest energy conformer found superposition of conformers found  

within lowest 5.00 kJ/mol (80 conformers). 
 

 
Cyclotetramer Parallelogram 10a' 

  
lowest energy conformer found superposition of conformers found  

within lowest 5.00 kJ/mol (15 conformers). 
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Cyclooctamer Parallelogram 10b' 

  
lowest energy conformer found superposition of conformers found  

within lowest 5.00 kJ/mol (3 conformers). 
 

 
Cyclohexamer Ring 11a' 

  
lowest energy conformer found superposition of conformers found  

within lowest 5.00 kJ/mol (19 conformers). 
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Cyclooctamer Ring 11b' 

  
lowest energy conformer found superposition of conformers found  

within lowest 5.00 kJ/mol (21 conformers). 
 

 
 

Cyclodecamer Ring 11c' 

  
lowest energy conformer found superposition of conformers found  

within lowest 5.00 kJ/mol (173 conformers). 
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Cyclododecamer Ring 11d' 

  
lowest energy conformer found superposition of conformers found  

within lowest 5.00 kJ/mol (235 conformers). 
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Cyclohexamer Ring 11a' (cttctt- and tttttt-conformers) 

A model of the cttctt-conformer of 11a' was generated using Maestro/MacroModel v8.5 with the 

MMFFs implementation of the MMFF force field and is shown next to the tttttt-conformer. 

 

 

 
 

tttttt-conformer of 11a' cttctt-conformer of 11a' 
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