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Recap of Lecture 6

IR Spectroscopy
Useful for identifying functional gropus present in organic molecules

The X-H region ( > 2500cm™) contains diagnostic absorptions from N-H and O-H stretches. On occasion C-H stretches
may also be a useful diagnostic tool

O-H stretches are broadened by H-bonding: intermolecular and intramolecular H-bonding are distinguished by taking
spectra at different concentrations

The triple bond region (2000-2500 cm™) contains diagnostic information from e.g. nitriles and alkynes

The double bond region (1600-2000 cm™") contains absorptions from C=C (albeit weakly, around 1650) and from C=0
(strongly, around 1700)

Carbonyls are strengthened by a neighbouring EWG and weakened by a neighbouring EDG
Conjugation weakens carbonyls (approx. minus 30cm™)

Ring strain stiffens carbonyls (approx. 40cm™ for successively smaller rings)



Solving Structures

Double-bond equivalents (DBE):
If the molecular formula has been obtained from the mass spectrum, the number of double-bond equivalents (DBE) may be
calculated. If the molecule contains only C, H, N and O atoms and is neutral, then:

2a+2)-(b-
CHNO, pBE = 28%2) - (b-9

The DBE is the number of double bonds and rings in the molecule (it is useful to remember that benzene has a total of four
double-bond equivalents: three C=C double-bonds and one ring).

The above formula works since (2a + 2) is the number of hydrogens in a saturated hydrocarbon and so subtracting b, the
actual number of hydrogens present and dividing by two gives the total number of double bonds and rings. The number of
divalent atoms (e.g. O, S, etc) does not affect the DBE, but the number of mono- and trivalent atoms does. All monovalent
atoms (e.g. F, Cl, Br, etc) count as hydrogens so should be added to b, whilst all trivalent atoms (e.g. N, trivalent P, etc) count
towards c.

CeH12 CsHiN CgHgNOCI

\
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Solving Structures
Worked Problem: Determine the structures of seven isomers of C;H,,0 using the following 'H, "*C (broadband decoupled and DEPT-
edited) NMR spectra:

Compound A: "H NMR 3CNMR
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Solving Structures

Compound A: C.H,,0

"H NMR data:
H, 2.38 2H ¢

H, 21 3H s

Ho 1.58 2H sext
Hy 09 3H ¢

Structural Fragments:

. . c
@) H2 H2 j 2
C
C _Ci P c Nc Y SCH
vy v WO wCey AR
2 d a
c

Structure of A: 3C NMR Assignment (DEPT in parentheses):

0 c 5206 O 010

- CH

Hy (absent - no H) (d- CHy)
pd C\
E'3C CH3 C'él3 § 27 S 42 8 11

2 (u-CHs) (d - CH>) (u- CHaj)




Solving Structures

Compound B: "H NMR 3CNMR
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Solving Structures

Compound B: C.H,,0

"H NMR data:
Hy, 9.8 1H ¢

H, 2.32 dd
H, 2.23 m

Hy 1.0 6H d

Structural Fragments:

DBEs = 1
j’\ CH3
H C/‘Z'T /I\
a H 1"‘ CH3
Structure of B: 3C NMR Assignment (DEPT in parentheses):
d 0
CH3 8 22
)]\ 5203 (u-CH)
u-CH
/ CH ( ) 523
5 5 52 o
(d - CHy) (- CHy)




Solving Structures

Compound C: "H NMR 3CNMR
UI
IL
I E— T T 1 r T T 1 | ——
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200
234 PP
0.92 1.96 1.98 3.00




Solving Structures

Compound C: C,H,,0

"H NMR data:
H, 9.78 1H t

H, 2.452H td
H, 1.64 2H quin

Hqy 1.38 2H sext
He 0.95 3H ¢

Structural Fragments:

b d d
O
D O - T
H” NC H” NC7 o~ ~ENCT N ~~-C+
a H Ho * L‘!' Ho ¥ Elz CHs
b c
Structure of C: 3C NMR Assignment (DEPT in parentheses):
n o Ci (d i ?;?4 ) 515
Ha e 5 200 A
)J\ /C\ /CH3 (u-CH) (u- CHa)
H C C
a H2 H2 045 0 23
b d (d-CHz)  (d-CHy)




Solving Structures

Compound D: "H NMR 3CNMR

0 200 180 160 140 120 100 80 60 40 20 ppm 0
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Solving Structures

Compound D: C.H,,0

"H NMR data:
Hy, 243 4H ¢

H, 1.056H ¢

Structural Fragments:

0 iy
&5)1\.1“ "',/C\C|5|3

Structure of D: 3C NMR Assignment (DEPT in parentheses):
0212
b 9 b Il (absent-no CH)
HsC C CHs 59 \/C
N N (u - CH3)

C C
H, H, 5 36
a a (d - CHy)




Solving Structures

Compound E: "H NMR 3CNMR
9.65 ' 2.3 ' 16 1.4 1.2 11 1.0
| L
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0.91 1.00 1.07 3.14
1.10 3.52
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Solving Structures

Compound E: C.H,,0

'H NMR data:

H, 964 1H d

Hy 2.29 1H sextd

H. 1.47 1H complex multiplet
Hq 1.77 1H complex multiplet
He 111 3H d

He 097 3H t

Structural Fragments:

O O
7y A8 b
H H - h
a g a C '7‘; CfH3

Structure of E: 3C NMR Assignment (DEPT in parentheses):

524
0 b 1 248 (d-CHy)
& c 5205 (U -CH
ZI, \C/ \C:' (u-CH) §12
o \ 3 (u - CHs)
b
CH, 514
(U - CHy)
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Solving Structures

Compound F: 'TH NMR 3CNMR
)mL L
2I.6 | é.4l I2.2I 2I.0 1I 8 I 1I.6 | ‘II 4I ‘I|.2
1.00 3.07 6.23
! LA___L..JL____ l
9 8 7 6 5 4 3 o q pp;n 0 200 180 160 140 120 100 80 60 40 20, O
|
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Solving Structures

Compound F: C.H,,0

"H NMR data:
Hy, 2.59 1H sept

H, 214 3H s
Ho 1.1 6H d

Structural Fragments:

c
3, B
c..¢c CH
et 3
YN % CHy
a
Structure of F: 3C NMR Assignment (DEPT in parentheses):
0 5212 O 518
c (absent - no CH) (u- CHs)
/CH3
H3C .C § 27 S 41
b H
C } (u-CH)
A \CH3 (u - CHg)




Solving Structures

Compound G: '"H NMR 3C NMR
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
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0.95 9.13
1
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Solving Structures

Compound G: C;H,,0

"H NMR data:
Hy 95 1H s

H, 1.1 9H s

Structural Fragments:

CH3
/ I CH
J\FE % £cHs
Structure of G: 13C NMR Assignment (DEPT in parentheses):
@) 0 206
” Clt-)|3 (u-CH) \042
g \ / / \ (absent - no CH)
/
H,C \ 522
b (u-CHj)




Solving Structures

Worked Problem: Determine the structure of X, C,5H,50, given the following spectroscopic data:

DBEs:
(13x2+2)-18/2=5

IR spectrum:

60

55+

50

45

40—

Transmittance (%)

35+

30+

1730

4000 3500 3000

Diagnostic absorptions:

1730 (s) : aldehyde / carboxylic acid
3000-3400 (br) : OH or CO,H
Various around 1500 : aromatic

2500 2000
Wavenumber (cm™)

1500

1000

500
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Solving Structures

'"H NMR spectrum (500 MHz): d 0.86 (6H, d, J= 6.6 Hz), 1.34 (3H, d, J=7.1 Hz), 1.81 (1H, 9lines, J=6.6 Hz), 2.41 (2H, d, J=6.6 Hz),
3.63(1H,q,J=7.1Hz),7.10(2H,d, 8.1 Hz), 7.19 (2H, d, J = 8.1 Hz) 12.25 (1H, broad s)

______/;

T T =] 14
; ppm
123 122 ppm

~3
(3]
-~
L -}
g
w
a
=~
L -}
Q\
e
- -]
17 ]
~
~
B

"H NMR spectrum: (8 peaks, so 8 proton environments)

Ha 0.86 6H d J=6.6 Hz
Ho 1.34 3H d J=71Hz
Hec 1.81 TH 9 lines J=6.6Hz
Hda  2.41 2H d J=6.6 Hz
He 3.63 1H q J=71Hz
Hf 710 2H d J=8.1Hz
Hg 7.19 2H d J=8.1Hz
Hh  12.25 TH broad
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Solving Structures

3C NMR spectrum (125 MHz, proton decoupled)

3¢
194
23.0
30.5
45.1
45.15
128.0
129.8
139.35

140.4
176.3

13C DEPT spectrum (125 MHz, proton decoupled):

|

T I

=

455 45.0 44.5 ppm
s 40 pom l
60 40 10 100 80 60 4 2 Ippm 0 1 10 100 s s 70 s 40 30 20 ppm
Structural fragments:
a a b “W,
HsC. _CHs H3C E fH E O
cH CH»d H O-H
| e gH h
vV
5305
Structure of X (U-CH) 512098 51280 8230
a c f g (u-CH) (u-CH) (u - CHa)
H H H b 519.4 CHj
H3C CH (u-CHjs) 3 45.15
H3C >0 (u - CH)
H,C ‘Hh 545.1
d H O (d - CHy) COH
A 5176.3
H H 5139.35  §140.4 (absent - no CH)
(noCH)  (no CH)
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Solving Structures

Worked Problem: Determine the structure of Y, CgH O given the following spectroscopic data:

DBEs:
(8x2+2)-6/2=06

IR spectrum:

£
1

wn
7]
|

Transmittance (%)

1684 — |

Diagnostic absorptions:

1684 (s) : conjugated carbonyl

2803 & 2852 : CH of aldehyde
Various around 1500 : aromatic

A L} L

3000 2500 2000 1500 1000 500
Wavenumber (cm™!)
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Solving Structures

TH NMR spectrum (500 MHz): 6 6.04 (2H, s) 6.89 (1H, d, J=7.95 Hz), 7.28 (1H, d, J=1.6 Hz), 7.37 (1H, dd, J=7.95
S).

UL
I ¥ T Y T I R | o ™ T ™ 1
7.40 7.35 7.30 7.25 7.20 ppm 6.9 6.8 ppm r_
—
_J J
A " - .
N e i = - e
10.0 9.5 9.0 85 8.0 « 75 7.0 6.5 6.0 ppm

"H NMR spectrum: (5 peaks, so 5 proton environments)

, 1.6 Hz), 9.77 (1H,

Ha  6.04 2H S

Hbo  6.89 TH d J=795Hz

He  7.28 TH d J=1.6Hz

Ha  7.37 TH dd J=7.95,1.6Hz
He  9.77 TH S
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Solving Structures

3C NMR spectrum (125 MHz, proton decoupled):

13C DEPT spectrum (125 MHz, proton decoupled):

¢
1025
106.6
108.7
129.1
132.2 L
149.1
1535
190.7 i [
T 1 T 1 T T T T T T T 1 T T T 1 T 1 T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 ppm 200 190 180 170 160 150 140 130 120 110 100 ppm
Structural fragments:
W\
b o. O
0 H %, W G N
H
PN 2
e ’sr |a’ H a
c
JVWN
Structure of Y
b 5108.7
(u-CH)
d H 5129.1 5153.5
H u-CH (absent)
o\ a ( )
CH,
eH O, §132.2 §102.5
(rll)early (d _ CH2)
absent
O H ) o)
C
$190.7
(u - CH) 23

(0]

$106.6
(u - CH)



Solving Structures

Worked Problem: Determine the structure of Z, CgH,,0 given the following spectroscopic data:

DBEs:
(8x2+2)-14/2=2

IR spectrum:
60
R
3!
< 40 -
S
g
220 A
& 1718
0 L v Al L L Ll v L}
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™!)

Diagnostic absorptions:

1718 (s) : ketone
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Solving Structures

'"H NMR spectrum (300 MHz): 8 1.59 (3H, d, J=1.4 Hz) 1.67 (3H, d, J=1.4 Hz), 2.09 (3H, s), 2.24 (2H, q, J=7.2 Hz), 2.41 (2H, t, J=7.2
Hz), 5.05 (1H 3 x 7 lines, J=7.2, 1.4Hz)

|

I g — I ~ I | I I 1 v 1 L RS R O

5.10 5.05 — 24 2.3 - 1.7 16  ppm
— e — g g fompemit S u—
5.0 45 4.0 35 3.0 25 2.0 1.5 —

"H NMR spectrum: (6 peaks, so 6 proton environments)

Ha
Hb
Hc
Hd
He
Hf

1.59
1.67
2.09
2.24
2.47
5.05

3H
3H
3H
2H
2H
TH

d J=1.4Hz

d J=1.4Hz

S

q J=72Hz

t J=72Hz
3x7 lines J=7.2,14Hz
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Solving Structures
3C NMR spectrum (75 MHz, proton decoupled):

13C DEPT spectrum (125 MHz, proton decoupled):

¢
17.9
22.8
25.9
30.4
44.2
123.5
133.1
209.2
' 200 180 160 140 120 100 80 60 4 20 ppm 130 120 10 10 % 8% 0 6 S 4 0 20 g
Structural fragments:
b d
CHg H
0] a ""L, C 2
X Co /‘."1
PN H3C)Y H3C\"’_ )Y G
“O Hy
H H
f fo©
Structure of Z
b
CHj; H, @)
a NS C\ Jj\ c
H3C C CHs;
H»
H e
f .
(u - CH3) §123.5 044.2 (absent) (u-CHj)
26

(absent) (d - CHy)



