
C
89

53
N

M
R

st
ru

ct
ur

al
an

al
ys

is
se

m
in

ar
C

O
S

Y
+

N
O

E
S

Y

Ja
n

N
ov

ot
ný

n
o
v
o
t
n
y
j
a
n
@
m
a
i
l
.
m
u
n
i
.
c
z

M
ar

ch
19

,2
01

5



N
A

D
+

-D
Q

F-
C

O
S

Y
in

D
2O

1010

99

88

77

66

55

44

δ 2
- 1 H

 (
pp

m
)

9
9

8
8

7
7

6
6

5
5

4
4

δ1- 1H (ppm)

N
ic

A
de

1
23

4
5 6

7
8

1´

2´
3´

4´

5´

1´

2´
3´

4´

5´

1 2

3
45

6
7

8

9

10



N
A

D
+

-D
Q

F-
C

O
S

Y
in

D
2O

9.
5

9.
5

9.
0

9.
0

8.
5

8.
5

8.
0

8.
0

δ 2
- 1 H

 (
pp

m
)

9.
4

9.
4

9.
2

9.
2

9.
0

9.
0

8.
8

8.
8

8.
6

8.
6

8.
4

8.
4

8.
2

8.
2

δ1- 1H (ppm)

N
ic

A
de

1
23

4
5 6

7
8

1´

2´
3´

4´

5´

1´

2´
3´

4´

5´

1 2

3
45

6
7

8

9

10



N
A

D
+

-D
Q

F-
C

O
S

Y
in

D
2O

6.
5

6.
5

6.
0

6.
0

5.
5

5.
5

5.
0

5.
0

4.
5

4.
5

4.
0

4.
0

δ 2
- 

1 H
 (

pp
m

)

6.
0

6.
0

5.
5

5.
5

5.
0

5.
0

4.
5

4.
5

4.
0

4.
0

δ1- 1H (ppm)

N
ic

A
de

1
23

4
5 6

7
8

1´

2´
3´

4´

5´

1´

2´
3´

4´

5´

1 2

3
45

6
7

8

9

10



N
O

E
S

Y
-t

he
or

et
ic

al
ba

ck
gr

ou
nd

N
uc

le
ar

O
ve

rh
au

se
rE

ffe
ct

�
co

ns
eq

ue
nc

e
of

di
po

l-d
ip

ol
in

te
ra

ct
io

n
vi

a
sp

ac
e:

E
D

D
∝

µ
Iµ

S
(3

co
s2
θ
−

1)
r3 IS

�
re

la
xa

tio
n

of
a

pe
rt

ur
be

d
sp

in
m

od
ul

at
es

th
e

po
pu

la
tio

n
of

cl
os

e
sp

in
s

=
cr

os
s-

re
la

xa
tio

n

R
D

D
∝

γ
2 I
γ

2 S
τ

c
r6 IS



2D
-N

O
E

S
Y

a
cq

t1
t2

9
0

9
0

9
0 P

E
M

D

tm
ix

�
co

rr
el

at
es

nu
cl

ei
in

th
e

pr
ox

im
ity

of
cc

a
5

Å
�

P
:e

xc
ita

tio
n

of
sp

in
s

by
π
/
2

pu
ls

e
�

E
:e

vo
lu

tio
n

of
m

ag
ne

tiz
at

io
n

du
rin

g
t 1

⇒
en

co
di

ng
of

m
ag

ne
tiz

at
io

n
by

its
ow

n
fre

qu
en

cy
�

M
:π

/
2

pu
ls

e:
ro

ta
tio

n
of

tra
ns

ve
rs

al
m

ag
ne

tiz
at

io
n

in
to

z−
ax

is
⇒

tra
ns

fe
ro

f
m

ag
ne

tiz
at

io
n

vi
a

cr
os

s-
re

la
xa

tio
n

du
rin

g
t m

ix

�
D

:π
/
2

pu
ls

e
⇒

ac
qu

is
iti

on
(t 2

)o
fs

ig
na

lw
ho

se
am

pl
itu

de
is

m
od

ul
at

ed
by

fre
qu

en
cy

of
in

te
ra

ct
in

g
sp

in
s



N
O

E
vs

.s
iz

e
of

th
e

m
ol

ec
ul

e

C
or

re
la

tio
n

tim
e
τ c

�
th

e
av

er
ag

e
tim

e
it

ta
ke

s
th

e
m

ol
ec

ul
e

to
ro

ta
te

th
ro

ug
h

on
e

ra
di

an
τ c

=
1r

ad
ω

m
ol

⇒
ra

tio
of

ω
m

ol
an

d
ca

rr
ie

rf
re

qu
en

cy
ω

0
:

�
ω

0
τ c

<
1

(s
m

al
lm

ol
ec

ul
es

)
�

po
si

tiv
e

N
O

E
(W

2
>

W
0
)

�
sl

ow
re

la
xa

tio
n
⇒

lo
ng

m
ix

in
g

pe
rio

d
�

in
N

O
E

S
Y

sp
ec

tr
um

cr
os

sp
ea

ks
of

op
po

si
te

ph
as

e
re

la
tiv

e
to

di
ag

on
al

on
es

�
ω

0
τ c

>
1

(la
rg

e
m

ol
ec

ul
es

)
�

ne
ga

tiv
e

N
O

E
(W

2
<

W
0
)

�
fa

st
re

la
xa

tio
n
⇒

sh
or

te
rm

ix
in

g
pe

rio
d

�
cr

os
sp

ea
ks

of
th

e
sa

m
e

ph
as

e
as

th
e

di
ag

on
al

�
ω

0
τ c

≈
1

(c
ca

1
kD

a)
�

N
O

E
≈

0
�

no
cr

os
sp

ea
ks

⇒
R

ot
at

in
g

fra
m

e
nO

E
S

pe
ct

ro
sc

op
y

(R
O

E
S

Y
)



N
O

E
S

Y
-P

al
m

at
in

e
in

D
M

S
O

-d
6

99

88

77

66

55

44

33

δ 2
- 

1 H
 (

pp
m

)

9
9

8
8

7
7

6
6

5
5

4
4

3
3

δ1- 1H (ppm)

4

1

3
2

6 N
+

5

8

13

9

10

11
12

O

O

C
H
3

C
H
3

O

OC
H
3 C
H
3



D
Q

-C
O

S
Y-

E
se

rin
e

in
D

M
S

O
-d

6

77

66

55

44

33

22

11

δ 2
- 1 H

 (
pp

m
)

7
7

6
6

5
5

4
4

3
3

2
2

δ1- 1H (ppm)

8 7

9 12

10 11

4
5

N6

3
2

N 1

C
H
3

19

C
H
3

18

O1
3

14
NH 15

O

C
H
3
16

C
H
3
17

H



N
O

E
S

Y
60

0m
s

-E
se

rin
e

in
D

M
S

O
-d

6

66

44

22

δ 2
-
1 H

(p
pm

)

7
7

6
6

5
5

4
4

3
3

2
2

δ1-1H(ppm)



N
O

E
S

Y
60

0m
s

-E
se

rin
e

in
D

M
S

O
-d

6

4.
0

4.
0

3.
5

3.
5

3.
0

3.
0

2.
5

2.
5

2.
0

2.
0

1.
5

1.
5

δ 2
-
1 H

(p
pm

)

4.
0

4.
0

3.
5

3.
5

3.
0

3.
0

2.
5

2.
5

2.
0

2.
0

1.
5

1.
5

δ1-1H(ppm)



D
Q

-C
O

S
Y

-C
ol

ch
ic

in
e

in
D

M
S

O
-d

6

88

66

44

22

δ 2
-
1 H

(p
pm

)

8
8

6
6

4
4

2
2

δ1-1H(ppm)

5
4

6

3

1

2

11
10

16 141
5

7
8

9
N
H

1718
C

H
3
19

O

O

O
O
C

H
3
22

C
H
3
21

C
H
3

20

O C
H
3

23O

12
13



N
O

E
S

Y
60

0m
s

-C
ol

ch
ic

in
e

in
D

M
S

O
-d

6

88

66

44

22

δ 2
-
1 H

(p
pm

)

8
8

6
6

4
4

2
2

δ1-1H(ppm)

5
4

6

3

1

2

11
10

16 141
5

7
8
9
N
H

1718
C

H
3
19

O

O

O
O
C

H
3
22

C
H
3
21

C
H
3

20

O C
H
3

23O

12
13


