Exercise plus Solution — Quick PDF overview

It is recommended to use this PDF version only for a quick overview of the NMR challenge. All animations of the
PowerPoint version are missing, under certain circumstances quality deficiencies may also occur.
The higher quality PowerPoint files are freely available for download at any time.
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Problem of the Month:

March 2022
10.33 C,;HgO in CD;,CN
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Deduce the structure of this

small molecule and measure as

many homonuclear coupling
constants as possible.
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analysis.

q
Lo

1. °gagy 3V ¢35
16'29GY =

o
—

ZH 6E29SY

G/ 96y BV 495
00896y = —=
¢ 898Y ~=—=
86'895V " 26951

89°L/LSY
6.°8LSY

ZH

18'689Y ——

'H NMR spectrum

recorded at 600.66 MHz

reib
-91U|

[9°€GGy — ——
€6'€55V ) T GG
0Tl
'6GGY —
956557 _OC 000 J/
18095y — o 0TI
88 TISY _ O
129Gk — -

S50y @ ———— o= g

|

ppm

7.70 7.68 766 'H 7.64 7.62 7.60 7.58

7.72

7.74



1H/1H COSY
recorded at 600.66 MHz

-7.6 J T]) 3 ]
-7.8 , -
_é 3 L]
0no - 7.7

.A@M
|

8 w i
L g 2 - 7.8
1
-8.4 H
- 7.9

[y — * col
. 3.8 X % 8 - 8.0

-9.0 i
— % 8¢ 8.1

—_—— L] . -9.2 ]

0.2 9.0 8.8 1y 84 82 80 7.8 7.6  ppm 81 80 791478 7.7 7.6  ppm



193.88

BC{*H} NMR spectrum
recorded at 151.05{600.66} MHz
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1H/13C HSQC

recorded at 600.66/151.06 MHz
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1H/13C HMBC
recorded at 600.66/151.06 MHz
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Basic conS|derat|ons C11H80 in CD3CN
Double bond equivalents,

: : 4 )
Integration There are 8 distinguishable signal groups in the proton spectrum
10.33 with one proton per signal group. The two highest-field signal groups
pr;m are easily distinguishable in the enlarged part of the spectrum.
o R §_ 83. We have 8 double bond equivalent.
35 E o = § Apparently there are only sp? hybridized carbon atoms.
RS0 RN J
N~ ol
3o R ~ )3y &
@ (| © % 5 Let us start to create a list with the chemical shifts of all 8 proton
AR o[B8 multiplets.
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Basic considerations
Proton chemical shifts

The first chemical shift is obvious.

In the case of the second multiplet (moving from low to high

10.33 field / from high chemical shift values to low chemical shift
ppm values) we have to calculate the chemical shifts from the peak
o R g_ 83. labels provided in Hz.
© 5 N 3 3 10.33 ppm (5,)
hgl T 0o .33 ppm (3,
'-‘I’,\- o 3 9.18 ppm (5,)
3 2 18 &
o o I~
— — — o
AR B8
I | ! |
5519.30 Hz 4+ 5507.88 Hz
9.18 ppm =
2 *600.66 MHz
A 14 Ml'
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— 1 1 | — 1 S S — 1
10.5 10.0 9.5 9.0 1 8.5 8.0 ppm



Basic considerations
Proton chemical shifts

- U

The procedure is the same for the next two

ON O~ Ol ©O© multiplets.
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Basic considerations

Proton chemical shifts DG U RS
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Basic considerations
Proton chemical shifts

— 4585.81
Hz
4578.79
4577.58
4570.55
4568.98
= 4568.72
— 4568.00
4567.75

4569.24

4567.49

7.62 ppm

7.59 ppm

And finally, the two highest-field multiplets
mentioned in the basic considerations..

Hz
— 4560.84

— 4559.56

4559.30
4552.97
4552.71

= N

4553.93
4553.67

o1y

— —4562.14
~4561.88

—4559.82

4554.1
4552.45

10.33 ppm (0,)
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8.11 ppm (d3)
7.99 ppm (95,)
7.95 ppm ()
7.69 ppm (d¢)
7.62 ppm (0,)
7.59 ppm (dg)
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Basic considerations
Proton chemical shifts

Now we have to search for the connectivity
between the protons with these chemical

N > shifts.
% o © L0 mE Of course our method of choice is the COSY.
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Proton spin systems
Two chains and a singlet

As is often done, one could also start in
this case with the HSQC for the
evaluation.

Here, however, it is much easier to first
extract three independent spin systems
from the COSY.

Having these spin systems, adding the
carbon atoms using the HSQC would
result in three structural fragments.

10.33 ppm (9,)
9.18 ppm (9,)
8.11 ppm (93)
7.99 ppm (0,)
7.95 ppm (o)
7.69 ppm (0)
7.62 ppm (05)
7.59 ppm (0,)

n

9.2 9.0 8.8 1|'_| 8.4 82 8.0 7.8 7.6

- 7.6
- 7.8
- 8.0
-8.2
- 8.4
- H
- 8.8
-9.0

-9.2

ppm



Proton spin systems
Two chains and a singlet

The proton signal at 10.33 ppm is a
singlet. There is no correlation at all
visible in the COSY.

At the moment, we can't do anything

with this signal. Let's take a sticky note

and keep the value for later use. 10.33 ppm (§,)
9.18 ppm (9,)
8.11 ppm (93)
7.99 ppm (0,)
7.95 ppm (o)
7.69 ppm (0)
7.62 ppm (05)
7.59 ppm (0,)

—_— % %

9.2 9.0 8.8 1|'_| 8.4 82 8.0 7.8 7.6

10.33
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-8.2
- 8.4
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-9.0
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10.33
Proton spin systems

Two chains and a singlet

A first correlation is easy visible 769% ] - a‘u':
between the protons with the chemical ' -7.8
shifts of 9.18 ppm and 7.69 ppm. i . 4" K 50
We note this connectivity using a . N | g 2
simple line.
- 8.4
9.18 ppm (d,) L 1H
8.11 ppm (93)
7.99 ppm (3,) -8.8
7.95 ppm (o) 90
7.69 ppm (o) 7 9.18
7.62 ppm (3,) e = -9.2

7.59 ppm (0,)

9.2 9.0 8.8 1y 8.4 8.2 80 7.8 7.6  ppm



Proton spin systems
Two chains and a singlet

For all other correlations it is better to
use a smaller part of the COSY. This
makes the separation of some
multiplets, especially those at highest
field, easier.

Coming from the proton with the
chemical shift of 7.69 ppm, we see a
clear connectivity to the proton with
the chemical shift of 7.59 ppm.

Once again we note this connectivity
using a simple line.

9.18 ppm (9,)
8.11 ppm (93)
7.99 ppm (0,)
7.95 ppm (o)
7.69 ppm (o)
7.62 ppm (05)
7.59 ppm (dg)

7.59 ‘

7.69
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10.33
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Proton spin systems
Two chains and a singlet

There is one more correlation.

Once again we note this connectivity
using a simple line.

7.59 ‘

 —

3

—=

9.18 ppm (3,) | /7>

8.11 ppm (93) é
7.99 ppm (5,)
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7.62 ppm (05)
7.59 ppm ()
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Proton spin systems
Two chains and a singlet

Now we repeat the procedure with the
three remaining multiplets.

9.18 ppm (3,)
8.11 ppm (d;)
7.99 ppm (9,)
7.95 ppm (o)
7.69 ppm (&)
7.62 ppm (d,)
7.59 ppm (8,)
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10.33
Adding carbon atoms

Two chains
9.18
9.18
H 124.43 0 i
| wo ||
124.43 -126
C - _— M .
” 9.18 -128
——— H 0 " _
. | 1130
13
From this point it’s rather simple. — 124'43C - T C
9.18 5 e
: m
From the HSQC we take the chemical 311 ppm ((82)) ”
shifts of the carbon atoms attached to =~ PPM 19, Bl -134
: 7.99 ppm (0,)
the protons. We still neglect one proton ] 0
: . 7.95 ppm (o)
signal (see the sticky note at the upper L 136
right corner) and get two chains of CH 7.69 ppm (O¢) — 0
fragments. 7.62 ppm (3,) e

7:59 ppm (55) 92790 88 14 84 82 80 7.8 7.6  ppm



10.33
Adding carbon atoms .
Two chains

7.69 h
9.18 ] u

| : 000 -
124.43 -126
C— — -
7.69 || . -128
128.93 el 130
| . 7.69 ” _ 13C
S -132
9.18 ppm (9,) |_1|2 93C
The next CH please. 8.11 ppm (5.) : | .
e s . 134
7.99 ppm (0,)
7.95 ppm (ds) 00 e
7.69 ppm (9g) . 00
7.62 ppm (d,)

7.59 ppm (& 1138
At 810 800 7.90 1, 7.70 7.60  ppm




Adding carbon atoms
Two chains

9.18

|

124.43
C —

7.69 ||

128.93 |
126.91

H—C

7.59 ||

One CH more.

9.18 ppm (6,)
8.11 ppm (d;)
7.99 ppm (0,)
7.95 ppm (ds)
7.69 ppm ()
7.62 ppm (d,)
7.59 ppm (dg)

[
[ se—
| —

10.33 ;‘

7.59

00

00

-126
-128
-130
. 13C
-132

-134

-136

-138

8.10 8.00 7.90 14

7.70 7.60

‘ppm



Adding carbon atoms
Two chains

9.18

|

124.43
C —

7.69 ||

And finally the last CH of this spin

126.91

H—C

7.59 ||

128.63 |

H

7.95

9.18 ppm (3,)
8.11 ppm (d;)
7.99 ppm (0,)
7.95 ppm (ds)
7.69 ppm (&)
7.62 ppm (d,)
7.59 ppm (0,)

7.95

10.33 j

00

000

128.63 |

H

7.95

000

000

-126
-128
-130
. 13C
-132

-134

-136

-138

' 8.10 8.00 7.90 iH' 7.70 7.60

‘ppm



10.33
Adding carbon atoms 7.99 —
Two chains

Let’s repeat the same procedure ﬁL jU J “

9.18
H with the three remaining proton i
| signals. j 000 '
124.43 -126
C T I 000 L
7.69 || “ 7.99 o 128
—_ — 000 .
|_1|28—.93(|: %36-74H - 130
|_1|26.91C - _ 13C
—_ -132
759 || 8.11 ppm (3;) - I o .
- 7.99 ppm (9,) -
128.63C 4 D 90 C—H |
| N |136.74 -136
7.95 H LGy L 1138

8.10 8.00 7.90 iH' 7.70 7.60 ppm



10.33 j

Adding carbon atoms 7.62
Two chains
S Let’s repeat the same procedure ﬁL Jl
H with the three remaining proton
| signals. — -
124.43 125.19 126
C T — |125.19 000 :
7.69 || ” 7.99 00 C—H -128
_ S — 7.690 -
128.93 | LEIS — ” -130
— — -132
7.59 ” ” 762 8.11 ppm (3,) s '_134
C— 7.99 ppm (0,)
128.63 | < D 0 | a6
— 00 _
H 7.62 ppm (5,)
7.95 L— 1138

8.10 8.00 7.90 iH' 7.70 7.60 ppm



Adding carbon atoms

Two chains
S Let’s repeat the same procedure
H with the three remaining proton
| signals.
124.43
C —_
7.69 ” “ 7.99
o o
126.91 '
H—C  C—H
7.59 ” ” 762 8.11 ppm (8,)
C— — C 7.99 ppm (0,)
128.63 | | 135.11 <
. H H 8.11 ' 7.62 ppm (3;)

135:11

|

|

8.11

10.33 j

000
000

L 000

| 135.11

00 H 8.11

-126
-128
-130
. 13C
-132

-134

-136

-138

- 8.10 8.00 7.90 iH' 7.70 7.60

‘ppm



. 130.18| [131.29( 13370 10.33
Adding carbon atoms

Two chains
As a last piece of information from
9.18
the HSQC we extract the three sp? ! |
H hybridized quaternary carbon atoms. j i
| : : : 000 '
194.43 We note their chemical shifts e
' —— using sticky notes again. .
7.69 || “ 7.99 -128
- — 00 000 _
128.93 | 136.74 130.18 — -130
125.19 | 13
|_1|26.91C C H 131.29 — C
— - -132
759 ” ” 7.62 |
128.63 | | 135.11 B 00 a6
H - . .
H 8.11
7.95 — -138

8.10 8.00 7.90 iH' 7.70 7.60 ppm



Linking the chains

Exclude oxygen link

10.

33

A

9.18

Let us now recall our third spin
system consisting of one single
proton (sticky note at the upper
right corner ...).

“ 7.99

136.74
125.19

193.88 (l:

193.88

130.18 131.29 133.70 10.33
— 130
140
That s c‘IearIy a 150
containing the’only oxygen e
from the mrolecular formula. C
There i¥no oxygen anwhere 160
elsevithin the final molecule
ept this aldehyde group. 170
180
40
190
-
105 100 95 9.0 1y 85 80  7.5ppm



10.33

Linking the chains H

O ~

130.18 131.29) 133.70

b

10.33

Exclude oxygen link 10.33
193.88
9.18 Let us now recall our third spin - l:
H system consisting of one single — . ;—130
| proton (sticky note at the upper ——] . g
194.43 right corner ...). ;_140
That’s clearly an aldehyde
7.69 || 7.99 s -150
: : containing the only oxygen 13
—— - from the molecular formula. g C
128.93 | 136.74 There is no oxygen anwhere ;_160
126.91 125.19 else within the final molecule g
H_ C T H except this aldehyde group. 170
7.62 10.33 :
e || | H O 180
- — DY 5
128.63' | 135.11 193.88 C _190
H H 193.88 .. | | 5
7 95 8.11
0.5 100 95 901485 80 7.5ppm



Intermediate
summary

9.18

10.33 130.18 131.29 133.70
He _O
193.88 (l:

Let us count.

We have:
C,H, (left chain)
C,H; (right chain)
CHO (aldehyde)
3 x quaternary C atoms (see sticky notes)

7.99

126.91
H_ (”: - 7|_6|2 C,,HgO (alltogether)
7.59
(l_lj— . Molecular formula:
128.63 | [ 13511 110

No atom is missing. We have to connect everything in the right order.



10.33

Linking the chains

Three quaternary C atoms

9.18

H What about these two HMBC
| cross peaks?

124.43
C —

7.69 || “ 7.99

o o
126.91 '
H—C C—H
759 ” ” 7.62
128.63| s N | 135.11
.95 H H 8.11

A .~
193.88 (|:

130.18

131.29

133.70

il

_ QO
128.63
w0 N e
— Do ad oo e
— L[
—_ 6cdpoo
— @ oo
135.11
— 0 0
8.20 8.10 8.00 7.901H7.8O 7.70 7.60

- 126
- 128
- 130
_ 13C
- 132

- 134

- 136

L 138

ppm



) ) ) 10.33 130.181 13129/ (133.70
Linking the chains

g H< 40
Three quaternary C atoms 193 88 C

LN |

|
9.18 _C C
H [— C

Let us display our three quaternary sp? hybridized carbon

7.69 ” “ 799 atoms, although we don‘t know their assignment just now.

—_— _ Of course, the carbon atoms with the chemical shifts of 128.63
128.93 | 136.74 ppm and 135.11 ppm cannot be linked directly. That would
126.91 125.19 require a cross peak in the COSY between the protons with the

H— C C _ H chemical shifts of 7.95 ppm and 8.11 ppm, and there was no
759 ” ” ” 7.62 such cross peak.
C C C There has to be something between the two carbon atoms and

12863 | | 135.11 the only possibility is one of the quaternary carbon atoms.



. . . 10.33 130.18 131.29 133.70
Linking the chains H O

Three quaternary C atoms 193 88 C

9.18 | _C C

'ﬁ [

124.43
C o Now our molecula fragment shows two open double bonds.
7.69 || 7.99 We might think about closing a ring.

128—.93 136.74 The result is not totally impossible, but very, very strange. We
126.91 | 125.19 should look for simpler solutions before we continue with this
H_ C C —_ H strange partial structure.
759 || | R

128.63| | 135.11

H H 8.11

7.95



. . . 10.33 130.18 131.29 133.70
Linking the chains H O

Three quaternary C atoms 193 88 C

9.18 | _C C

124.43 C
C Instead we might try to attach the remaining two quaternary
7.69 ” “ 799 carbon atoms to the open double bonds.
128.93 136.74




Linking the chains

Three quaternary C atoms

9.18

|_1|28_93C ? 7 C136.74H
196 o1 125.19
¢’ CEH

H—
o |l

128.63 | | 135.11

H H 8.11

7.95

10.33

130.18 131.29/ 133.70

H. O
193. gcl:

7.99

7.62

Finally we have to attach the aldehyde group.

The aldehyde group cannot be attached to the carbon with the
chemical shift of 124.43 ppm, because that would require a
cross peak in the COSY between the protons at 9.18 ppm and
10.33 ppm. There is no such cross peak.

But what about connecting the aldehyde group to one of these
bonds?

Let us try.

After attaching the aldehyde group to one of these bonds,
there remains only one — slightly strange - possibility to
finalyze the whole molecule.



10.33 130.18| [131.29| [133.70

Llnklng the Chalns H N\ 40 Of course, coming to this 3D structure looks a little bit

Three quaternary C atoms 193 .88 C confusing. Let us add some of the chemical shifts
already assigned to identify parts of the structure.
Not impossible, but what about attaching the aldehyde

9.18 P group here?

|
CC

” 7.99 7.69

124.43

O—I

7.69 ||

H—C Q3§4H

128.93 | B 128.93

126911 N\ .~ 12519

— C C—H
7H-59 CII: [ —

128.63(|: (A:\ | 135.11

H 8.11

I

7.95




10.33 130.18| [131.29| [133.70

Linking the chains H Q
Three quaternary C atoms 193 88 C
10.33
Not impossible, but what about attaching the aldehyde
2.18 H N O group here?

ITI 193.88 cl:
124.43C C

7.69 || “ 7.99

128.93 136.74
126.91 | \ / 125.19

H—C C C—H

O | N

128.63 | | 135.11

H H 8.11

7.95



Linking the chains

Three quaternary C atoms
10.33

9.18 H O
H 193 gcl:

|
124.43C C

7.69 || “ 7.99

|_1|28_93C ? 7 (:13;4H

126 91| 125.19
H—C ~c” C—H

O | N

128.63 | | 135.11

H H 8.11

7.95

130.18 131.29/ 133.70

Not impossible, but what about attaching the aldehyde
group here?

We cannot introduce a bond here, because we would
finish up with two remaining open bonds?

Our alternative to connect the open bonds is ...



Linking the chains

Three quaternary C atoms

He_O
H 1000 C7

7.69 124.43 | 7.99

i %cl:/c\c”:/C*ﬁ:éi

9.18

126.91
C C C 125.19
Pt e G
128 63C C?S 11
7.59 ’ | | ’ 7.62

H H s

7.95

130.18 131.29/ 133.70

Our alternative to connect the open bonds is ...

... which looks like the best alternative so far.
1-Naphthaldehyde is a very common substance.

If this structure is correct, the assignment of the
qguaternary carbon atoms using the HMBC should also
be very simple.



Linking the chains

Assign the quaternary C atoms

These are the signals of the three quaternary carbon atoms.

10.33
And these cross peaks shoul

pieces of mformgtglcgwlj_!I
3 193.88 C

7. 6% H \ 7.99
18 H 43 @3»@ H
7|_6|9 13&49a% |C C7 996.74
2 C ~ / C 125.19
128.93 \ / ~ /G

CIBE]JP 7. 62

SH

7.62

ntaln aII n sary

/7@§ /C\

128.63(7|.:95 H | J_I
H H 8.11

7.59

7.95

130.18

[T

131.29) 133.70

il

- 126
- 128
- 130
_ 13C
- 132

- 134

- 136

QO
_ €000 0T 10e
_ ca00
— (=11 o oo Qe
__{ @b
] 1cdpoo
_— @» oo
— P 0
8.20 8.10 8.00 7.901H7.8O 7.70 7.60
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ppm



Linking the chains

Assign the quaternary C atoms

There are two cross peaks between the carbon with
the chemical shift of 133.70 ppm and two different
proton signals.

We have three 10.33
assignment choices. H 10.33 O

9.18
H 193.88 C

7.69 124.43 | 7.99

N %cl:/c\c”:/c*clzéi

126.91 125.19
/C%C/C\C4C\ H

128.63 | | 135.11 7.62

H H 8.11

7.59

7.95

133.70 &=

—

130.18 131.29

)L

133.70

8.20

DO a® oo

0 0

- 126
- 128
- 130
_ 13C
- 132

- 134

- 136

8.10 8.00 7.901H7.8O

L 138

ppm



Linking the chains

Assign the quaternary C atoms

If we assume the chemical shift of 133.70 ppm at
this carbon atom, one of the cross peaks would
correspond to a five bond correlation.

HlO .33 O

9.18
ITI 193.88 ?
7.69 124 .43 7.99
128. 93? ﬁ cl: 136.74
126.91 125.19
/C% /C\ 4(:\ H
7 59 128.63 | | 135.11 7.62
7 95 H H 8.11

- 126
- 128
- 130
_ 13C
- 132

- 134

- 136

130.18 131.29
M 7.62 7.59
—_— Qe
I 6000 010
_— oo
— (=11 a® oo Qe
__{ a s
133.70 — sedpoo
_— @ oo
— A0 0 Voee
8.20 8.10 8.00 7.70 7.60

7.901H7.8O

- 138
ppm



Linking the chains

Assign the quaternary C atoms

If we assume the chemical shift of 133.70 ppm at
this carbon atom, both cross peak would correspond
to a four bond correlation (one of them is shown).

HlO .33 O

9.18
ITI 193.88 cl:
7.69 124443 7.99
128. 93? % ? 136.74
126.91 125.19
/C% /C\ 4(:\ H

7 59 128.63 | | 135.11 7.62

7 95 H H 8.11

- 126
- 128
- 130
_ 13C
- 132

- 134

- 136

130.18 131.29
M 7.62 7.59
—_— Qe
I 6000 010
_— oo
— (=11 a® oo Qe
__{ a s
133.70 — sedpoo
_— @ oo
— A0 0 Voee
8.20 8.10 8.00 7.70 7.60

7.901H7.8O

- 138
ppm



Linking the chains

Assign the quaternary C atoms

If we finally assume the chemical shift of 133.70 ppm
at this carbon atom, both cross peaks would
correspond to a three bond correlation (one is
shown), which is by far the most likely possibility.

H1033 O

9.18
I_ll 193.88 ?
7.69 124.43 7.99
128. 93C C C 136.74

126.91 133.70 125.19
/C§ /C\C¢C\
o 128.63| | 135.11 7.62
. H H s

- 126
- 128
- 130
_ 13C
- 132

- 134

- 136

130.18 131.29
M 7.62 7.59
—_— Qe
I 6000 010
_— oo
— (=11 a® oo Qe
__{ a s
133.70 — sedpoo
_— @ oo
— A0 0 Voee
8.20 8.10 8.00 7.70 7.60

7.901H7.8O

- 138
ppm



130.18 131.29
Linking the chains ol B

Assign the quaternary C atoms 8.11 M 7.95
The HMBC shows two cross peaks between the ] LU
protons with the chemical shifts of 7.95 ppm and .
8.11 ppm and the quaternary carbon atom at 130.18 - 126
ppm.
10.33 - 128
ois, A O -
ITI 193.88 C ) .
7.69 124.43 7.99 . | 130
128, 93(|3 (”3 (|3 136.74
] 6cdpoo
- 134
126.91C C 133.70 C 125.19 .
[+
“ NN C” TH
Jcg 12863 | [ 13511 762 —|  eoo

H H8.11 e~ 138

7.95 8.20 8.10 8.00 7.901H7.80 7.70 7.60 ppm



Linking the chains

Assign the quaternary C atoms

Using this assignment both cross peaks are the result
of heteronuclear coupling across three bonds, which
is very common.

One pathway is shown here.

HlO .33 O

9.18
ITI 193.88 (|:
7.69 124.43 7.99
128. 93C C 130.18 C 136.74

126.91 133.70 125.19
/C% /C\C4C\
o 128.63 | | 135.11 7.62

H H 8.11

7.95

S.MJU\

131.29

7.95

20 0

«QQo

- 126

- 128

©axN 1

- 130

I 13C
- 132

q @5

eaner 1l 13g

- 136

~-138

8.20

8.10

8.00

7.901H7.8O 7.70 ppm



Linking the chains

Assign the quaternary C atoms

But what about the pathway shown here or that to
the proton with the chemical shift of 7.69 ppm?

In theory there should be at least two more cross

peaks. Let us try.
H 10.33 O

9.18
ITI 193.88 (|:
7.69 124.43 7.99
128. 93C C 130.18 C 136.74

126.91 133.70 125.19
/C% /C\C4C\
o 128.63 | | 135.11 7.62

H H 8.11

7.95

8.11M

7.99

131.29

7.69
7.95

20 0

«QQo

- 126

- 128

QU1

- 130

I 13C
- 132

e Xne
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ever 1l 13g

- 136

~-138

8.20 8.10

8.00

7.901H7.8O 7.70 ppm



Linking the chains

Assign the quaternary C atoms

There is one more cross peak between the carbon at

130.18 ppm and the proton at 10.33 ppm, which is

not visible in this enlarged part of the HMBC.

The assignment of the last quaternary carbon atom

should be not that difficult ..

H1033 O

9.18
|T| 193.88 (|:
769 17443 131.26 ]

128. 93C C

| ” 130.18 |
126.91 133.70 125.
/C% /C\C4C\
. 128.63 | | 135.11
wH  H e

H
C 15674

19

7.62

4
>

7.99™

[ ]
L/

131.29

T

—_—
I Let us now try to measure some of the
homonuclear coupling constants.
There are a lot of long-range coypling
* constants, e?h across six bonds!
— (=11 a® oo Qe
That’s too much for this challenge.
__{ a GIpo
For that reason the evaluation here is
restricted to coupling constants across
e three or four bonds. VLU
A good p'gl'nffo start is the multiplet of
the proton with the chemical shift of
. *289 ppm. e
8.20 8.10 8.00 7.70 7.60

7.901H7.8O
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- 130
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- 134
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Coupling constants
Right six-membered ring

For the sake of clarity let us remove all carbon
chemical shifts and, for the moment, even the
proton chemical shifts of the left side six-membered

ring.
H 10.33 O
H 193.88 C

9.18

7.69 | 799

124.43 131. 29.

Ho O 0 H

XX
128. 93C C 130.18 C 15674

126.91 133.70 125.19
/C% /C\C¢C\ H
128.63 | | 135.11 7.62

H H 8.11

7.95

7.59




Coupling constants
Right six-membered ring

We expect three different coupling constants, one
vicinal and two four bond coupling constants.

The sign of the four bond coupling constants is
unknown, but we are able to estimate the magnitude.

HlO .33 O

H \Cf; ....... ,
B 11...2 Hz| 7.99%,

=~ 8 Hz

bpa #enﬂ%‘ﬁes PloHE ARG e% Suplin ng
assu P& on, T e str ctur he aldehyde
constants are en in e dirc e areas

group proton 5|gnal is not known here.

The:largen yvicing!icouplingcanstant ds theing
difference between the two circled areas.

lllllll

lllll




Coupling constants
Right six-membered ring

_ (4806.40Hz + 4804.77Hz) (4799.40Hz + 4797.76Hz)

| o 2 ’
Doing the calculation in detail we get ... J = 7.01Hz
Ho3 O 28 8R S5 SR
N % OO ;< QD 0~
H C 32 85 5% &8
| \'\ SRS S S
H Czll...2H2|C I_7I-99 11 11 I{\I '
N o o ol \ N :
#.0HHEz
| 7.99 ppm | \ |




Coupling constants
Right six-membered ring

To measure the smaller coupling constants, one half
of the multiplet is sufficient.

10.33
HI* _O

H \Cf/\
|z|1...2Hz| 7.99

Ho _C _Cs _H

7.01 Hz

4806.40
4805.06
4804.77

180612 = 4806.12

4806.40
4805.06
4804.77

7.99 ppm

- 4799.40

— = 4799.11
— 4798.06

— 4797.76

I




Coupling constants
Right six-membered ring

There are clearly two doublets with the same coupling
constant.

HlO .33 O

|J| = 0.39Hz

4806.40

7.01 Hz

>

4806.12

4805.06

4804.77

7.99 ppm




Coupling constants
Right six-membered ring

We got a new doublet. To get the chemical shifts of
both lines of this multiplet we average the chemical
shifts of each of the blue doublets.

Now it is easy to calculate the coupling constant.

HlO .33 O

2
I_|I|1 $C':\\ 7.99

Ho _C _Cs _H

7.01 Hz

|J| = 1.34Hz
|J| = 0.39Hz
o
#
o
o
o0
#

4806.26

4806.12

4804.92

4805.06

4804.77

7.99 ppm




Coupling constants
Right six-membered ring

From these two values an absolute value of |1.34 Hz| means

clearly the four bond coupling constant between the protons at

7.99 ppm and 8.11 ppm. Even more, the sign of such coupling
constants is always negative, although we cannot measure the

sign here.

H

HlO .33 O

C/

H

7.01 Hz

|J| = 1.34Hz

/1

= 0.39Hz

4806.40

4806.26

4806.12

4804.92

4805.06

4804.77

7.99 ppm




Coupling constants
Right six-membered ring

We cannot verify, whether the second value is really the four
bond coupling shown here. Without more specific (i.e. selective
decoupling) measurements we have to neglect this value.

10.33

X 040

J| =0.39H
|:|1...M\\ 7.99 ] ‘
11 11

Ho _C~_ _C H

\C/ C %C/ /\
| || | 7.01 Hz |
C C C 7.99 ppm
H N \Cyg/wm
H H 8.11HZ

4806.26
4804.92

>

4806.40
4806.12
4805.06
4804.77




Coupling constants
Right six-membered ring

To get the second vicinal coupling constant we have to
analyze the multiplet of the proton signal with the
chemical shift of 8.11 ppm.

7.01 Hz




Coupling constants
Right six-membered ring

We cannot deal with the fine structure (which has to
be twice a doublet of doublet of doublets with a total

of 8 lines each), but we are able to measure the (4876.14Hz + 4873.44Hz) (4867.95Hz + 4865.21Hz)
vicinal coupling constant as done before. ] = 5 — 5

] = 8.21Hz

H1033 O
H Cc7

— 4874.80

- 4874.11

— 4873.44

- 4866.57

- 4865.88

- 4867.30
— 4865.21

— 4875.51

7.01 Hz

— 4867.95

- 4876.14

8.11 ppm




Coupling constants
Right six-membered ring

We should see the coupling constants of 7.01 Hz
and 8.21 Hz in the multiplet of the proton with the
chemical shift of 7.62 ppm.

Let us check (without additional explanation).

H1033 O
H Cc7

_ (4876.14Hz + 4873.44H (4867. + 4865.21Hz)
B ~ 8.23 Hz i
] = 8.21Hz N
Lo
N~
LN
o
7.02 Hz 7.08Hz
= SN
: L
. < ™~ To)
SE BT a8 | 2
™~ 00 oo |
7.01 Hz o I||R!3 o o ¥ ¢ |
| I gLl ppp A ! LN
<< <<
7.2 ppm




Coupling constants
Left six-membered ring

Let us now extract the coupling constants from the
left six-membered ring.

First we need to restore all the proton chemical
shifts we previously removed for the sake of clarity.

9.18 H1033 O
H ¢

7.01 Hz

The structure of the multiplets at 9.18 ppm and 7.95 ppm is
essentially the same as for the multiplets at 7.99 and 8.11
ppm.

We see a dominating doublet with g coupling constant of
about 8 Hz and a fine structure of bpth doublet lines due to
homonuclear couplings across fo more bonds.

4585.81
4578.79
4577.58
4570.55




Coupling constants
Left six-membered ring

We start with the multiplet with the chemical shift
of 9.18 ppm. We already used the calculation

method to get the vicinal coupling constant twice. (5519.30Hz + 5516.48Hz) (5510.72Hz + 5507.88Hz)
] =

2 B 2
J = 8.59Hz
9.18 HlO?’3 O
8.59 Hz H C/
/ . 5 3
7.69 7o B N o)) o0
0 N S 3
H S S mgm
wn O un N !
o) T I 9@
IDI 8
7.01 Hz LN
LN

- 5519.30
— 5516.48
— 5510.72
=
— 5507.88

9.18 ppm




Coupling constants
Left six-membered ring

Using the same procedure again, we get the vicinal
coupling constant between the protons with the
chemical shifts of 7.95 ppm and 7.59 ppm.

8.59 Hz 9|%|8 Hg?él:¢0
H\$¢C\%/C%$/
_C

H 7o *C/C\cf

8.19Hz | 211 |
T

7.95

7.01 Hz

_ (8318.28Hz + 8376.86Hz) (3370.03Hz + 3367.83Hz)

2

J] = 8.39Hz

55146/48.50

Hz Hz

4:92 BBM

)

= 25086994

— 350488 37




Coupling constants
Left six-membered ring

In the multiplet of the proton at 7.69 ppm we
should see the already known vicinal coupling

constant of 8.59 Hz and the still missing vicinal (477823HZ + 477550HZ) (477003HZ + 476732HZ)
coupling constant between this and the proton at = 5 — 5
7.59 ppm. J = 8.19Hz

918 H 1\0-33 /O

859Hz . H C/ _ . o g
)] o0 (o} (@ < . .
7.69 | | 7.99 < L3 = T LS
~ 5 R - T ¥ <
AN Ao S50 h8 2nSlana 3 | |FIEN
C C C AR jTin 2@ DR R® S )
P ~ oS8 R §L°
| | | 701Hz  §% 3 Yo EEE § A
CaC_C AT It
IR TN
H7se ~C C H 7.6
‘Q:'Z | 511 | _i,'234 9%
H H VALV

7.95



Coupling constants
Left six-membered ring

Which homonuclear coupling constants could we
expect in the multiplet of the proton with the
chemical shift of 7.69 ppm?

HE2 0

7.01 Hz

A doublet of 8.59 Hz.
Another doublet of about 7 Hz.

A doublet of about -1 ... -2 Hz.

And there remains a tiny coupling constant of about
0.28 Hz (4624.85 Hz — 4624.57 Hz). This has to be a
long-range coupling constant via six bonds!

There are two possible coupling pathways, but no
detailed analysis will be done here.

(o}
N
O
o
q
D
i~ Q0 SO W TN
Q= N ~DS WO N P
R - = = ) oo
SANND ©L Qi1 S0Q0
© Lo < || =TS O =20
SeTY < o SIL<
< < e ~
I < 90 L
. T f|<r<r |
\ A 7 T

LS
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Coupling constants

Left six-membered ring
Since we do not evaluate the coupling across six
bonds, we can virtually decouple by averaging (see
examples). One gets about the same result if one

simply searches for the peak maxima - without line
shape analysis.

a8 H 1\033 /O

8.59 He | | C/

7.69 |

Ho o _C _C

\(lz/
_C

HT o NG~

8.19Hz |
N |

7.95

7.01 Hz

= w64{7is;

— whdd’

f
\

Hz

7.69 ppm

-
-l

—A6851.826

-4616.58

———

4617.97

——— 2ab1£%9
45

4609

4R

—— -~ 4p07.30

—_—

— _

—-

<_



Coupling constants
Left six-membered ring

The “reduced” multiplet now is a doublet of doublet
of doublets with altogether 8 lines. Apparently the
center line is an overlay of two lines.

918 H 1\0-33 /O

8.59 Hz H C/

7.69 |

Ho _C~_ _C

\(lz/
_C

HT o SC7

8.19Hz |
N [

7.95

7.01 Hz

— 4624.71
—> 4623.29

Hz

— 4617.83

4616.25

4616.25

4614.66

— 4609.24

— 4607.85




Cou pling constants This is clearly the already mentioned coupling constant

Left six-membered ring between the protons with the chemical shifts of 7.69
ppm and 7.95 ppm.
The coupling constant of the doublet with the small
coupling constant is easy to measure. There is no
overlay at the left and at the right side of the
multiplet.

Of course there is no possibility here to get the sign, but
such coupling constants in six membered aromatic rings
are always negative.

918 H 1\033 /O

850Hz__ H C/

799 J=1.41Hz

8 ~ N
=8 T oNg| @ 2
7.01 Hz 5 9 28| 3 2
2 < ﬂ ~ ﬂ
\ [ |
7.69 ppm
JV J J

— 4607.85




Coupling constants
Left six-membered ring

The same doublet appears two more times within
the multiplet but we cannot measure the coupling

constant there, because we cannot see the degree
of overlap.

018 |H1033
8.59Hz . \C¢ O
7.69 | | 799 J=1.41 Hz
H_ _C._ _Cs _H
N AN IR
C” C C
| | |
_C
75

H 7o *C/C\cf

8.19 Hz | 8.11
SRR

-1.41 Hz
7.95

7.01 Hz

— 4624.71
—> 4623.29

Hz

— 4617.83

4616.25

4614.66

— 4609.24

— 4607.85




Coupling constants
Left six-membered ring

Now we have four lines which makes it easy to
finalize the coupling tree.

8.59 Hz 9|i|8 H QZ¢O
7.69 | | 799 J=1.41Hz
H\$4C\ﬁ/cx$/H
_C C._C

HTw SC7 NC7

7.01 Hz

— 4624.71
—> 4623.29

‘Q‘f | 8.11 i
H “'H -

-1.41 Hz
7.95

Hz

— 4617.83

4616.25

4614.66

— 4609.24

— 4607.85




Coupling constants
Left six-membered ring

The value of one of the two unlabeled coupling
constants is 8.59 Hz, the sum of all three coupling J = 8.59 Hz

constants is 16.86 Hz (4624.71 Hz — 4507.85 Hz),
which means the value of the remaining coupling

J=6.86 Hz
Ho3 O
N~

C/

constant is 6.86 Hz.

799 J=1.41Hz

7.01 Hz

— 4624.71
—> 4623.29

Hz
— 4617.83

4616.25

4614.66

— 4609.24

— 4607.85




Coupling constants
Left six-membered ring

There is another way to get the missing coupling

constant. Simply follow the way along the coupling J = 8.59 Hz
path as shown here. You have two possibilities,

resulting in slightly different values of the coupling

constant.
J=6.86 Hz
H 10.33

8.59Hz C/
7.69 | | 799 J=1.41Hz

Ho O G H

— 4624.71
—> 4623.29

6.86 Ha| | | 7.01 Hz
C C C
RN /
H 7.5 \C/ \C/ H 7.
‘Qﬁz | 311 | i
H TR .

-1.41 Hz 821 Hz

7.95

6.88 Hz

Hz

— 4617.83

4616.25

4614.66

6.81 Hz

— 4609.24

— 4607.85




Coupling constants
Left six-membered ring

We get our last four-bond coupling constant from

the multiplet at 7.59 ppm. Its nearly the same J =8.59 Hz
multiplet as just described, that’s why the

explanation is reduced to a few numbers.

9.18 H 10.33 O J=6.86 Hz
8.59 Hz

7.69 /

H 123Hz

C/

799 J=1.41 Hz 6.88 Hz 6.81 Hz

7.01 Hz

=
N
(0]
AB17.83
4@225
4614.66

7.3%Bmppm

4609.24
4607.85
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