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6 Assignment of Proton and Carbon Signals
Proton NMR Spectroscopy

Emperical Correlations for Predicting
Chemical Shifts

Alkanes
Shoolery's Rule

fof (= g(.(;mLJ]t;'{‘w‘\‘ed me‘H«a.v\.L,

X—Chly,-Y

S(CHZ): 0.23 + S,L‘f' Stﬁ CPF""‘]
]

Sl e e 1 = C- 7 o
[ Uu,ﬁ‘.w{ ._//(_:-/’u’ ‘Vw C'//Jw’ ‘_/_)'(//; #_.U...a_d)j‘ X
Em Pgri'Cﬂ(

e 1ua-.t,'o“



st boww (5lae 9l 2uSuling 3y Sle y (s

Table 6-1.

Substituent increments § for estimating 'H chemical shifts in
disubstituted methanes X-CHo-Y using Shoolery’s rule:

0(CHz) = 0.23 + S, + S, [ppm] (6-1)
Substituent S Substituent S
—CH; 047 —NRR'’ 1.57
—CF 1.14 —-SR 1.64
—CR=CR'R" 1.32 -1 1.82
—C=CH 1.44 —Br 2.33
—~COOR 1.55 —-0OR 2.36
—CONH: 1.59 -Cl 2.53
—COR 1.70 —OH 2.56
—C=N 1.70 —0OCOR 3.13
—CeHs 1.83 —OCeHs 3.23
Alkenes

Table 6-2.

Olnl (2o 5 (ole iy Glojlw

@}- CH;_*E:--CHJ

'Si*z-nnl = 153
SNHR: \. S+
Z_ S =340

JLCH,): 0-23+7.90=3.43

' Lﬂd/uﬁcd/,)_‘:/
= 295

Pascual-Meier-Simon rule

substitvent increments 5" for estimating 'H chemical shifts in alkenes 0(H) = 528 + Sgem + Scis + Spans [ppm) (6-2)
using the expression:

5(H) = 5.28 + Sgem + Seis + Sirans [ppm] (62)

H
substituent Sgem Sei Saa _ \C C/Seb
= =
. P N\
: VI g it
~CHj (alkyl) 0.44 -0.26 -0.29 e ns
L)

-F 1.51 -0.43 -1.05 Ve

-q 1.00 0.19 0.03 f/t_f/_ o

—Br 1.04 0.40 0.55 o

-1 L1 0.78 0.85 g LJ/,{

~NR: (aliph. 0.69 -1.19 -131 - =

g 4 118 106 —128 !

-0COCH» 209 —0.40 -0.67
-CiHs 1.35 037 -0.10
~CH=CH; (conj.) 1.26 0.08 -0.01
~COOH (conj.) 0.69 0.97 0.39
-NO: 1.84 1.29 0.59

' Data from [1] and [2].



EY A - - . . “_e &
LN ERY LY XISHETS ) ooy Oy Olnl 2o g ools SRyl (ylojlw

b SO
Example 1: trans-crotonic acid (1) Lo J e spectos!

6(1_1—2) = 5.28 + Sgent (COOH) =4 Scz's (CH3) /
= 5.28 + 0.69 -026 =5.71(5.83)

experimental value: 5.82 4
Hsc\ 3 2 /H
5(H-3) = 5.28 + Sgem (CH3)  + Sais (COOH) 5 N
= 5.28 + 0.44 +097 =6.69(6.68) 1
experimental value: 7.04
Also: 6 (CH3) = 1.89; 6 (COOH) = 12
""‘../__" ’-{/L},/'/}/Jl:;‘_{}
~ o’ S 'sF[do.l
cis-stilbene (2): /% H—H
0(H) = 5.28 + Sgem (Ph) + Sirans (Ph) ,C=C_
=528+135 —01 =6.53(6:56) AT
experimental value: 6.55 e
trans-stilbene (3): PRSI
8(H) = 5.28 + Sgem (Ph) + Seis (Ph) 4 i O
=528+135  +037 =7.00(699 .

experimental value: 7.1
)/{//C/;/d’//-’ 3J(H,H) {)L}/)'L’J’J(/U”J—"/é-// )J/LJ/;/)

i e, L Ay = 2 .
”’?z/_,ﬂ:f-/u-:g :—-L/,,./—/C-J‘;fc/fjﬂ'd/;(n/tﬂﬂfﬂ
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Benzene Derivatives

Table 6-3.
Substituent increments § for estimating 'H chemical shifts in arenes S
using the expression: = 727 +L o
3(H) = 73;??;“ {ppm] (63) o QH) i 7 ¢2 x [ppm] (6-3)
e sl
Substituent 5. S S SRS ;f :/;'/
~CHy -0.17 —0.00 —0.18 0N+ LocHs; 7 e _:" v _‘_.//f"f/":’cﬂ
~CH:CH, -0.15 ~0.06 ~0.18 ] al s J sf.;d..t 5
-F ~0.30 —0.02 -0.22 4
-Cl +0.02 ~0.06 —0.04
-B 0.22 =013 -0.03 q .
i 00 -0.26 ~0.03 Example: p-nitroanisole (4)
-OH ~0.50 ~0.14 -0.4
~OCH; -043 =0» G 8(H-2,6) = 7.27 + S, (OCH3) + S (NO2)
—-0OCQCH; -0.21 -0.02 0.0 ! 2
: =7.27 - 043 + 0.17 = 7.01 (7.04)
~NH; -0.75 -0.24 -0.63 :
—N (CH3)» —0.60 —0.10 —0.62 expenmental value: 6.88
~CaHs +0.18 0.0 +0.08
-gggﬂ +g.g +3.3; +0.27 d(H-3,5) = 7.27 + S, (NO2) + Sm (OCHz)
= 3 +0, +0, +0.3 = 1
—COOCH; o o oo =17.27+0.95 i 0.09 = 8.13 (8.12)
~NO: +0.95 +0.17 +0.33 experimental value: 8.15
" Data from [3]. Also: 6 (OCH3) = 3.90

». _n A - -
. Yy ot A g Ay 7 L, 8
2 y;/{,)//ll "_/_/{/V; ,/--/ V{JU g ._,_‘Lﬁ /,_,(/(j(_;,/

Q‘JT///A;L})‘)/_
’:)(/t..-f(»-;}-l.._
(_’e‘/t-.'uj"’; _
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Assignment of Proton and Carbon Signals
Carbon-13 NMR Spectroscopy

Emperical Correlations for Predicting
Chemical Shifts
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Alkanes

Linear and Branched Alkanes
( Grant % P wl )

5=—23+9.1n,+94n5—25n,+03n;+0.1n,+ LS [ppm|
(6-4)
where:
o; = chemical shift of the carbon nucleus of interest
n = numbers of carbon atoms in the a-, f-, y-, 0- and

e-positions relative to this nucleus
§j; = steric correction terms taking account of branching.
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Table 6-4.

Steric correction factors ;") for estimating '3C chemical shifts in
branched alkanes by the method of Ref. [5].

\

i
: primary secondary tertiary quaternary
i
primary 0 0 A — 34
secondary 0 0 RIS ]
tertiary 0 =3.7 =:9.5 -15.0
quaternary —1.5 -84 —-15.0 -25.0

i = observed nucleus; J = neighbor nucleus

) from [6].

5=-23+91n,+94n;—2.5n,+03n; +0.1n, +ZS; [ppm]

Example: 2-methylbutanc (6)

Cling=l,ng=2,n,=1

Steric corrections: primary with adjacent tertiary — — 1.1
Si = - 1.1

A(C1)==23+(91x1) + (94x2)-(25x1)-1.1 = 220
@3

C2n,=3,n5=1

Steric corrections: 1. tertiary with adjacent primary - 0
2. tertiary with adjacent seccondary —» — 3.7
Sy = —-37
6(C-2)==23+(9.1x3)+(94x1)-37 = 307

(30.1)

.C"3'="¢'2.Plﬁ=2
1. secondary with adjacent tertiary — — 2.5

Steric corrections: r
2. secondary with adjacent primary — 0
Sy = =25
8(C-3) = —23+(9.1x2) +( 4x2)—-25 = .32_2
i 4 (320)
Can,=1l,ng=1,n,= 9, :
Steric :orreni::ns: i {ﬁmary with adjacent sccondl;ry - 00
=

= = 11.2
3(C4)=-23+(9.1x 1)+ (94x1) (2.5x2) '(i:.s):

CH;,
Hlé — CH - éH; — (‘:H;
21.9 299 316 11.5
6

,Huﬂ-'/’i,(};_,,o,*
' 4
-

Srocc‘\'nn] ’
ol endars
% Cq L C-l e Lx
Ire
I
C-3,02 JdZ e, x
C«J(é:.,;;c‘,{ s s WL
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Tuble 6-5. A S
Substituent increments 8" for estimating 1°C chemical shifts in

substituted alkanes X = Cq = Cp = C; = Ca

Substituted Alkanes T A R [ s

=D -0.4 -0.12 -0.02 =

/ e, o 2 ool ~CH; 0.1 9.4 -2.5 0.3
s oo "/ «. L9 . 5 sl —CH=CH, 23 6.9 -22 0.2
- - 7 - -C=CH 4.5 5.5 =35 -
2 2 = ~ ~CeHs 23 8.6 =23 0.2
o Al s — 3 : o
Lj“; _ %’.ﬂ (2 s -CHO 319 0.7 -23 -
/ 7 - a5 —COCH; 30.9 23 -0.9 2.7
») lr éfd My ~ Sy —COOH 20.8 27 -23 1.0
7Y ? e > S /e —cN 36 20 -3.1 -0.5
~MH: 28.6 1.5 -4.9 03
—NO; 64.5 3.1 -4.7 -1.0
h==23+91n,+94n;—25n,+03n;+01n,+55; . —OH (prim.) 483 102 -538 03
=R . ’ y i GiESpipem "o, (sec.) s 9.7 % 02
(6-4)  —OH (tert) 39.7 73 -18 03
where: -0R 58.0 8.1 -4 1.4
§; = chemical shift of the carbon nucleus of interest ~OCOCH, 511 7.1 —4.8 1.1
n = numbers of carbon atoms in the a-, f-, -, é- and ~SH 11.1 1.8 -29 0.7
¢-positions relative to this nucleus —g] ;?11. 1;': -g.: -
§j = steric correction terms taking account of branching. o= 54 0 =2 g::
& -6.0 1.3 -1.0 02

1) Adapied from [4] and [6].

Example: isobutanol (7)

2 1
(CHy):CH - CH: - OH
204 320 70.2

We treat this as being formally derived from isobutane (8) by substitu-
tion of a hydroxyl group.

(CH3):CH - CH; 8
246 233 M6

For 8, by the method used in the example of 2-methylbutane (6), we
calculate the following d-values:

J(CHj) = 24.5

$(CH) =250

Using the values S, = 48.3, 55 = 10.2and §, = —5.8, as given in Table
6-5 for a (primary) OH group. we obtain

(C-1) =245+ 483=T728

§(C2) =250+ 102 =352

$(C-3)=245— 58=187
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Unsaturated hydrocarbons: The chemical shifts of alkenes
can be calculated from Equation (6-5) [7].

ey —ChmCm C=CA= =G, Alkenes
Unsaturated
13C nucleus
being observed Hydrocarbons

5(C-1) = 1233 +10.6n, +72n5 — 1.5n,

6-5
=791, —1.8np+15ny' +ELS [ppm] (63)

where n is the number of neighbor carbon atoms of each type

and S is a steric term given by:

S= 0 ifC,andCg areinthe E-configuration (aa', trans)
= — 1.1 ifC,and Cg are in the Z-configuration (ad’, cis)
= —4.8 for two alkyl substituents at C-1 (aa?

§=+25 for two alkyl substituents at C-2 (aa')

S=+23 for twoor three alkyl substituents at Cp.

6(C-1)=123.3 +10.6n, +7.2n5 — 1.5n,
~79n, —1.8np+1.5ny' +L S [ppm]

Example: 2-methylbut-1-ene (9) 22.5

Cling =2, ng=1, S=+25 (I:HJ
8(C-1) = 1233 = (7.9x2) - (18 x 1) + 2.5 = 108.2 =& - u - &
(108.2) 109.1 1470 311 D

C2ng=2, ng=1, §=-48

6(C2) = 1233 + (10.6x2) + (7.2x 1) — 4.8 =146.9 9
(146.9)
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Table 6-6. ; !
Substituent increments S for estimating 1C chemical shifts for the .
double-bonded carbon nuclei in alkenes using the expression: SU bSt |tUtEd
0=1233+LS; [ppm] Alk

X - CH = CH, enes
Substituent Sy S, Substituent 51 S2

-H 0 0 —OCH3 294 389

—CH; 106 =179 —OCOCH3 18.4 —26.7

—CH,CH3 15.5 - 97

—CgHs 12.5 -11.0

-F 249 =343 —-CH=CH, 136 -17.0

-Cl 2.6 =:6.1 —COOH 4.2 8.9

—Br -79 -—-14

| —-38.1 7.0 -NO; 22350 5=2.09

) Data from [6].

Example: crotonic aci :

p nic acid (10) H,C — CH = &H — ooy
18 47 12 !
(16.4) (170.0)

10

0(C-2) = 123.3 + $1(COOH) + 55(CHs)
=123 +4.2 =7.9 = 119.6 (120.5)

6(C3) = 123.3 Si(CH;)  + $»(COOH)
= 1233 + 10.6 +89 = 142.8 (142.5)
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T
gubstiuent increments 1 for estimating '*C chemical shifts in
jited benzenes using the expression:

Benzene Derivatives s+ £ [ppm) i

substituent 5 Se S5n s,

O N L OH S U ST T

2 -F M8 -13.0 16 - 44

- 6.3 0.4 14 - 19

—Br -'58 32 16 =1

1" o -3 59 L6 LA

-0H 26.9 =128 14 - 74

—OCH; 34 —144 Lo - 13

-0COCHs 24 =71 0.4 - 32

Example: p-nitrophenol (11) _NH: 182 —13d 0s 100

=N (CHa): .S =154 0e =115

3(C-1)= 128.5 + Si(OH)  + 5,(NO2) Gl : S ; =5

(ch= REii2600%  Hel = 161.5 Exp.: 161.5(163.4) " B hFaet i

% L 2 0.5 5.7

B(C2)= 128.5 + So(OH) + Sm(NO2) i o e T ¥

=185+ M) Lo s SSMeH R5E R L Li

3)= 128.5 + Sm(OH) + So(NO2) Z - _ ;

N 128.5 + 1.4 -49 =125.0 126.4 (125.0) L____‘“_"____i__l_m__——j‘—

B(C-4)= 128.5 + SH(OH) + 5i(NO2) np; :
( }‘ o {: MER3 =141.0 1417 (141.0) Data from [4]
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