Estimating Chemical Shifts for 'H NMR

ROH —— Table 13.1 Approximate chemical shift ranges for protons bonded to
ArOH I aliphatic carbon atoms.
CH;—R
RS:' -. Methy! protons 8 Methylene protons o Methine protons
RNHZ - CHTC 0.9 —CH)-C 1.3 —CH—C T.S
G - CHy-C-C=C 1.1 ~CHy-C-C=C 1.7 ~CH-C-C=C 1.9
CHy-C-0 1.4 ~CH-C-0 1.9 -CH-C-O 2.0
N k
S - CHy-C=C 16 —CHp-C=C 2.3 ~CH-C=C 2.2
CHy;—CO— | CH3-Ar 2.3 —CH-Ar 2.7 ~CH-Ar 3.0
CH;—AR ] CH3-CO-R 2.2 =CH,-CO-R 2.4 -CH-CO-R 2.7
—(€=(r [ ] CH3-CO-Ar 2.6 ~CH,-CO-Ar 29 -CH-CO-Ar 3.5
ArsH e CH3-CO-O-R 2.0 —CH,-CO-O-R 2.2 ~CH-CO-O-R 25
CH;—OR - CH;—CO—O—-AI 2.4 -CH;—CO—O—Ar 2.7 -CH-CO-0-Ar 2.9
CH3-0O-R 3.3 ~CH,~-0-R 3.4 ~CH-O-R 3.7
N’ - CH3-O-H 3.5 ~CH,-O-H 36 ~CH-O-H 3.9
/N CH3-OAr 3.8 ~CH,-OAr 43 ~CH-OAr 45
(non-conjugated) CH3-0-CO-R 3.7 ~CHy-0-CO-R 4.1 ~CH-O-CO-R a8
< CHy-N 23 ~CHy-N 2.5 ~CH-N 28
/C=C\ B CH3:-NO; 4.0 -CH,-NO, 4.4 -CH-NO; 47
(conjugated) CH3-C-NO; 1.6 =CHy-C-NO; 2.2 -CH-C-NO; 2.6
— NH—CO — CH3-C=C-CO 2.0 ~CH-C=C-CO 2.1 ~CH-C=C-CO 2.4
ArH CH;-C-Cl 14 ~CH,-C-Cl 1.8 -CH-C-CI 2.0
(benzenoid) . CH3—C-Br 1.8 ~CHp-C-Br 1.8 ~CH-C-Br 1.9
ArH CHy-Cl 3.0 ~CHy-Cl 3.4 -CH-CI 4.0
] i F—— s 2
(honsbehzenoic) CHy-Br 2.7 ~CH,-Br 3.3 ~CH-Br 3.9
H—CO—OR [ |
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2. Pavia, Lampman and Kriz “Introduction to Spectroscopy” 2™ Edition (1996)



Calculating Chemical Shifts for Methylene (CH,) Groups

X—CH;—X

X—CH5—Y

Oy = (0.23 + z constants ) ppm

Substituent Constant
-R (alkyl) 047
“e=¢” 132
Iy ~
C=C- 1.44
SAr 1.85
-F 4 00
-Cl 253
-Br 233
- 1.82
-C=N 1.70
-NO2 3.80
-NH- 1.57
-OH 2.506
OR 236
-OAr 3.23
SR 1.64

Substituent Constant
O
o7
—C. 1.70
R
ft‘J
_ci 1.684
Ar
#D 1.55
_E.‘ .
OR
(]
L
—C, 1.59
NR,
AN ID
N—C~ 227
H R
0
“o-¢’ 313
R

Data and Tables (with minor adaptations) from:
1. Sorrel “Organic Chemistry 2™ Edition (2006)

2. Pavia, Lampman and Kriz “Introduction to Spectroscopy” 2™ Edition (1996)




Calculating Chemical Shifts for Alkenes Calculating Chemical Shifts for Benzenes

RQ"?E /Rgem H
c—cC Rortho _
/ N 8, =727+>Z) ppm
cis H
- Rrﬁera
5,=0525+Z_ +Z_+Z,. )ppm
_ = — — Rpars
Substituent Zam ZC:-S mes Substituent Zcr."f.‘lcr Zmefa me
H 0 0 0
R (alkyl) 0.44 -0.26 -0.29 R (alkyl) 20.14 20.06 017
-CH;-OR 0.67 -0.02 -0.07 “CH,-OH 20.07 20.07 0.07
AT 1.35 0.37 010
ClI 0.03 -0.02 -0.09
-Cl 1.00 0.19 0.03 Br 018 -0.08 -0.04
Br 1.04 0.40 0.55
_C=N 0.36 0.18 0.28
_C=N 0.23 0.78 0.58 “NO; 0.95 0.26 0.38
NO; 187 1.30 0.62 “NH; 0.75 0.25 0.65
NR2 0.69 119 -1.31
“OH -0.56 012 0.45
OR 178 106 o8 -OCHog 0.48 0.00 0.44
[@] i
'll JR—
—c 110 113 0.81 C\H 0.56 0.22 0.29
R
o 7 0.62 0.14 0.21
—c 100 135 0.74 — : : -
OH
o s 0.85 0.18 0.27
& 0.84 1.15 0.56 o ' ' '
OR 0
.0 & 0.71 0.10 0.21
o-¢’ 2.09 -0.40 -0.67 'OR
R 0
“o-¢ -0.25 0.03 -0.13
CH,

Data and Tables (with minor adaptations) from:
1. Sorrel “Organic Chemistry 2™ Edition (2006)
2. Pavia, Lampman and Kriz “Introduction to Spectroscopy” 2™ Edition (1996)



Estimating _Coupling Constants for 'TH NMR

TYPICAL PROTON COUPLING CONSTAN?S

Type
H 2
&
\
H
H H J
c—C
A /H ‘.'
| J
N 3

H Ar

gem

H i

: trans
S
\
H
H ]
—
Cc—H
\: a’! 3 I
N,
H H

geminal

vicinal

a,a
a,e
e.e

cis (HyH,)
trans (HH.)
gem (HH,)

cis (HyH,)

trans (H,H,.)
gem (H,Hy)

Typical Vaiue

(Hz)

<]

10

wn

10

Alkanes and Substituted Alkanes

Typical Value
(Hz)

12

10

L)

=,

L
n

Alkenes and Cycloalkenes (*/ and /)

Range
(Hz)
0-5

6-15

11-18

4-10

Range
(Hz)
12-15

4-6

0-7

Type
H
5’ 4
H
Fd
L1
H
H

fH

X,

H

8!

~

X

(for a 109° H—C—H angle)

in conformationally rigid systems
(in systems undergoing inversion,
all J = 7-8 Hz)

Typical Value
(Hz)

2

6

10

(depends on HCCH dihedral angle)

(W-configuration obligatory—strained
systems have the larger values)

fHz)

0-2

(¥
|
&

Type
L
—C—OH

ortho
meta
para

af

aa'
BB’
aff
aff

BB’

Alcohols

Typical Value
(Hz)
5

(no exchange occurring)

Typical Value

(Hz)

8
3
<1

Range
(Hz)
4-10

Range
(Hz)
6-10

1-4
0-2

1.6-2.0
0.3-0.8
1.3-1.8
32-38

2.0-2.6
1.0-1.5
1.8-2.3
2.8-4.0

Aromatics and Heterocycles

Type

Type
Hg oaB
/ \\ i ap
\ 41 aa’
s” He 3y gg
H, 3B
Hg i oay
e 5T ap’
3 '
U J o
N Ho 37 By
1 BB

Aldehydes

-

Typical Value
(Hz)

"

Range
(Hz)
4.6-5.8
1.0-1.5
2.1-33
3.0-4.2

49-57
1.6-2.0
0.7-1.1
0.2-0.5
7.2-85
1.4-1.9

Range
(Hz)

1-3

4] for terminal alkynes (H-C=C-C-H) typically 2 Hz (range 2-3 Hz)
3] for other alkynes (H-C-C=C-C-H) typically 2 Hz (range 2-3 Hz)

2. Pavia, Lambman and Kriz “Introduction to Spectroscopy” 2™ Edition (1996)
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IR

o)
Acid chloride g
RT al
i & 3 @ Aldehyd I
enyde C
R H
T T T Anhydride g g
4000 3000 2000 1000 RT S07 R
Wavenumbers, cm™ o
1° Amide ﬂ
R” NH,
Region  Frequency range, (cm™") Bond types Functional groups o
® Ar I
1 3500 - 3200 O—H Alcohol, phenol EAmide Ot
N—H Amine, amide H
2 2300 - 2100 c=c Alkyne _ T
C=N Nitrile Amide, 3 L
3 1800 - 1650 c=0 Aldehyde F\z
Amide o
Anhydride (2 bands) Carboxylic acid [
Carboxylic acid AN
Acid chloride R OH
Ester 16)
Ester I
4 1650 — 1500 c=c Alkene T
Cc=C Arene
C=N Imine Katons ﬁ)
N=0 Nitro compound C
R/ \R/
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Data and Tables (with minor adaptations) from:
1. Sorrel “Organic Chemistry 2" Edition (2006)
2. Pavia, Lampman and Kriz “Introduction to Spectroscopy” 2™ Edition (1996)

1800

(]

’:I

1700

1600

Wavenumbers, cm™

1

1815-1790
1790-1750

1730-1710
1715-1680

1850-1800
1830-1780

1790-1740
1770-1710

1700-1685 1605-1595

(N-H bend)

1700-1670 1550-1510

(N-H bend)

1670-1630

1725-1700
1715-1680

1750-1735
1730-1715

1725-1705
1700-1660

1500
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