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SHOOLERY''s rules

appendix b. effect on chemical shifts

of two or three functional groups
(Y-CH2-Z,and Y - (IZH -Z)

W

Shoolery’s rules (B.P. Dailey and J. W. Shoolery, J. Am. Chem. Soc., 77, 3977 (1955)
permit calculation of a shift position of a methylene group attached to two functional
groups by the additive effect of the shielding constants in Table 1, below. The sum of
the constants is added to & 0.23, the position for CHy .
Thus, to calculate the shift for the —CH,— protons of
CéHsCHQBf:

C&Hs = 1.85 0.23
Br =233 4.8

4,18  4.41 = § value for the —CH,— group.

Table I. Shielding Constants

Shielding Shielding
YorZ Constants YorZ Constants
—CHj 0.47 ~C(=0)NR, 1.59
-C=C 1.32 -C=N 1.70
-C=C 1.44 —NR, |
-0 1.85 ~NHC(=0)R 2.27
=CHy 1.21 —N3j 1.97
—CF3, 1.14 —SR 1.64
=il 2.53 —0S0,R 3.13
—Br 2.33
- 1.82
—0OH 2.56
-0OR 2.36
=09 3.23
—-0C(=0)R 3:13
—~C(=0)R 1.70
~C(=0) 1.84
~C(=0)OR 1.55

The shielding constants have been used to prepare the chart on page 224. Several
values have been added to the original set of constants.

Alternatively, Chart 1 can be used to find the shift position of a methylene group
attached to two functional groups from the & values in the box at the intersection of the
horizontal and diagonal groups (“mileage chart™). The upper number in each box is an
experimental value; the lower number is calculated from Shoolery’s constants.
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188 CHAPTER3 PROTON NMR SPECTROMETRY

CHART A.1 CHEMICAL SHIFTS OF PROTONS ON A CARBON
ATOM ADJACENT (« POSITION) TO A FUNCTIONAL GROUP
APPENDIX A IN ALIPHATIC COMPOUNDS (M—Y)

rl
= methyl
= methylene
= methine 5

o 00 =
LTI

=
|
-
ele

—
M- OH . $

M-OR 1; i

M—OPh . o

M- 0C{=0IR ™ o

M —OC(=O)Ph o 1

M-0OC{= OJCF,

M—OTs* . °

M—C(=OH o2

[ ]
Qo
—

M-C{=0}R °

M -C({=0}Ph

M-C(=0)OH

M-C{=0JOR

oolool|9°

M~C{=0INR,

M-C=N

_ o o
M—NH, o I

M-NR, b 21

-

M—NPhR

.
00|00

M=-N*R,

M-NHC{=0}R ° o I

L o
M~NO, ‘F ol
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APPENDIXA 189

APPENDIX A (Continued)

4 2 5 8B 6 4 2 4 B 8 4 2 3 B 6 4 2 2 8 6 4 21 8 6 4 20

M-N=C .

M-N=C=0

oo0o|oo0O

M-0O-C=N
M-N=C=8§ b

M-S~C=N =1 X

M-0-N=0
M-SH ®

L]
M-SR " i |

00

M~SPh - |

M—SSR a

M-SOR

0|00

M-SO,R

M-S0, R

M-PR, :f
M—P*Cl, ;“

M—P(=0O}R, 3

M- P(=SIR, ;F

4 2 B B 6 4 2 4 B 6 4 2 3 8 6 4 2 2 8 6 4 21 86 4 20

*OTS is —O—I

ls: cH,
0
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190 CHAPTER3 PROTON NMR SPECTROMETRY

CHART A.2 CHEMICAL SHIFTS OF PROTONS ON A CARBON
ATOM ONCE REMOVED (8 POSITION) FROM A FUNCTIONAL

APPENDIX A GROUP IN ALIPHATIC COMPOUNDS (M—C—Y)
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194 CHAPTER3 PROTON NMR SPECTROMETRY

CHEMICAL SHIFTS IN UNSATURATED

APPENDIX D AND AROMATIC SYSTEMS

(See Table D.1)

are calculated:

R.-,-.r\ H H, CoHs g 135
/C= C\ ORrr.rms —-1.28
R:mm Rgcm 6” = 525 + ngr = £< is =¥ éﬂ"aw!! 0‘07
H, OR,, 1.18
For example, the chemical shifts of the alkene CeHs trans "(1}£
protons in ’
CﬁHs\c—c JOCH,
bt X
H, H,
TABLE D.1 Substituent Constants (Z) for Chemical Shifts of Substituted Ethylenes.
A V4
Substituent R gem cis trans Substituent R gem cis trans
—H 0 0 0 H
—Alkyl 0.44 —0.26 -0.29 _C/_o 1.03 0.97 1.21
— Alkyl-ring” 0.71 -0.33 —0.30 o
—CH,0, —CH,l 0.67 -0.02 -0.07 N
—CH,S 053  -015 015 Lo 1.37 0.93 0.35
—CH,Cl, —CH,Br 0.72 0.12 0.07
—CH,N 066 005 023 A 110 141 0.99
—E=C 0.50 0.35 0.10 —E=0
—C=N .23 0.78 0.58 —OR, R:aliph 118 —1.06 —1.28
—C=C 0.98 -0.04 —-0.21 —OR, R: conj? 1.14 —0.65 —1:.05
—C==C conj” 1.26 0.08 -0.01 —OCOR 2.09 —-0.40 —0.67
—C=0 1.10 E13 0.81 — Aromatic 1.35 0.37 —(.10
—C=0 conj* 1.06 1.01 0.95 —E] 1.00 0.19 0.03
—COOH 1.00 1.35 0.74 —Br 1.04 0.40 0.55
R
—COOH conj 0.69 0.97 0.39 N Raliph 069 -L19  -131
~
p R
—COOR 0.84 1.15 0.56 —N\ R:conjb 2.30 —0.73 —0.81
R
—COOR conj® 0.68 1.02 0.33 —SR 1.00 -0.24 —0.04
—S0, 1.58 1.15 0.95

/C
“ Alkyl ring indicates that the double bond is part of the ring l{_ Il .
C

b The Z factor for the conjugated substituent is used when either the substituent or the double bond is further conjugated

with other groups.
Source: Pascual C., Meier, J., and Simon, W. (1966) Helv, Chim. Acta, 49, 164,

5.25
0.07

§5.32

5.25
1.08

56.33
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CHART D.1

196 CHAPTER3 PROTON NMR SPECTROMETRY

CHEMICAL SHIFTS OF PROTONS ON MONOSUBSTITUTED

BENZENE RINGS

Benzene?

9 8 6 4 28 8 6 4 27T 8 6 4 26

CH; (omp)

CH,CH; (omp)

(CH;),CH (omp)

(CH;),C o,m,p

.
-

C=CH; (omp)

C=CH o, (mp)

-
e

Phenyl o, m, p

CF; (omp)

CH,C] (omp)

CHCl, (omp)

CCl, o, (mp)

s

CH,0H (omp)

CH,0R (omp)

CH: OC(=0 X:HQ (Omp)

CH; NH 2 (Omp}

F m,p.o

-
-

Cl (omp)

Br o, (pm)

e
-

To,p,m

OHm,p,0

OR m, (op)

-
.

OCt - OiCH3 m.P.O

-
-
-

OTs" jmp), o

CH(=0)o,p,m

-

-
-

C(=0)CH, o, (mp)

C(=0)OH o, p,m

C(=0)OR o,p, m

C(=0Xlo,p,m

-
-

C=N (omp)

NH; m,p,0

N(CH;), m(op)

NHC(=0O)R o,m,p

NH; o (mp)

-

e

NO; o,pm

-

SR (omp)

N=C=0 (omp)

9 8 6 4 2 8 8

6 4 27 8 6 4 2 6

“ The benzene ring proton is at 4 7.27, from which the shift increments are calculated as shown at the end of Section 3.4.
b OTS = p-toluenesulfonyloxy group.
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198 CHAPTER3 PROTON NMR SPECTROMETRY

APPENDIX F PROTON SPIN-COUPLING CONSTANTS

Type Jan (Hz) J., Typical Type Ja (Hz) J,, Typical
H, H, H,
>c< 0-30 12-15 C=C 6-12 1
H, CH CH,
. . ™~ e
CH,—CH, (free rotation) 6-8 7 /Cﬁ( N 0-3 1-2
|
CH,—C—CH, 0-1 0 N CH,
| L=C 4-10 7
JH, H,
N CH,
C=C 0-3 1.5
. /
H, H,
ax-ax 6-14 8-10 AN /CHh 0-3 -
ax-eq 0-5 2-3 PN
eq-eq 0-5 2.3 C=CH,—CH,=C 9-13 10
H l{ 3 mCI’I’]bCI’ US "2-0
H, . N . 4member  2.5-4.0
cis 5—10 C=C
trans 5—10 s 5 member 5.1-7.0
“H, o (ring) 6member  8.8-11.0
(cis or trans) 7 member 9-13
8 member  10-13
-.."‘Hﬂ CH”_CECH{, 2-3
cis 4-12 —CH,—C=C—CH,—
- trans 2- 10 2-3
‘}‘Ih
(cis or trans) H,
H H,” "0 °
AP‘” ! cis 7-13 4
trans 4-9 H, H, .
“H, "<
(cis or trans) H
no~<g7< ' 25
CH,—OH, (no exchange) 4-10 5 “
O H, J (ortho) 6-10 9
J (meta) 1-3 3
\C‘H —(“‘H 2.1 J (para) 0-1 ~0
/ = b 1 _3 - Hb
C=CH,—CH, 5-8 6 J(2-3) 5-6 5
, J(3-4) 7-9 8
J(2-4) 1-2 1.5
e / T Y 1(3-5)  1-2 L5
C=C_ 2~ 7 sl 2 7 (2-5) 0-1 1
H, N J(2-6) 0-1 ~0
H ) . J(2-3)  13-20 1.8
Ne ) T J(3-4)  3.1-38 3.6
L=€ 0-3 0-2 I J J-4) 0~ ~0
H, O J(2-5  1-=2 L5
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APPENDIX F (Continued)

APPENDIXF 199

Type J. (Hz) J., Typical Type Jay (Hz) J.» Typical
J(2-3) 4.9-6.2 54 Proton-Carbon-13
4 | 2 J(3-4) 34-50 4.0 (See Tables 5.17,5.18)
5 2 J(2-4) 1.2-17 1.5 Profon—Flaorine
S F-5) 32-37 34 £ 4481
4 3 J(1-3) 2-3 N
: | i 1(2-3) g5 /7N
N J(3-4) 3-4 E,
[ J(2-4) 1-2
H J(2-5) 15-2.5 NCH —CF
o gl )
4 4 | 3-25
/ I (4-5) 4.6
; 1|‘1 1 (2-5) 12 < | 0-4
ol )z 1 (2-4) 0-1 /CH.»—‘f—(fFa
N I (4-6) 2.3
[ VO
T 1|\I J(4-5) 3-4 C=C_
5 )2 J(2-4) ~0 H, F, 1-8
S 1 (2-5) 1-2
H"\ i
P
F, 12-40
F
o 6-10
H.; mS5-6
p2
0
I ay 4.3
e« H.C—C—CH,Fy By 48
_ CH,

Proton-Phosphorus

0

B

_-PH
(CH,),P

(CH;CH,).P
(CH;CH,);P=0

I
CH.P (OR),
o)

[
CH3C|T P (OR),
CH-OP (OR),

P[N(CH;),];
O=P[N(CH3),];

630-707

27
13.4

0.5 (HCCP) 13.7 (HCP)
11.9 (HCCP) 163 (HCP)

10-13

15-20

105-12
88
9.5

Source: Complied by Varian Associates. Absolute values. Reproduced with permission.
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apPENDIXC 193

APPENDIX C CHEMICAL SHIFTS IN ALICYCLIC AND HETEROCYCLIC RINGS

TABLE C.1 Chemicals Shifts in Alicyclic Rings.

022 1.96 5 ok Q O
A ém
T 202 ~18 ~1.94
~1.527 ~1.52
TABLE C.2 Chemical Shifts in Heterocyclic Rings,
2.54
0 1.85 1.51
Y  aml |
e} 22473 375 3.52
(0} 0]
1.50
H 2.38
1.62
N 1.59 1.50
VAR
N 2.23—354 2.75 _J274
H 0.03 N N
H 2.01 H 1.84
% —$ 1.93 223 s 20 CHE 10
S 3.17—3.43 [ ]2.82 [ ]3.(}0 [ ]3.70
S S S
0, 0,
0 0
jmo
:|3 9-4.1 90< 3.55
1.68 e}
475 4‘)0 1.80 O
0 1.62
< 2.08 438 162 4.06
3.01 0
ﬂ 2.31 O 227 O
(¢}
0 0
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APPENDIX D

TABLE D.2 Chemical Shifts of Miscellaneous Alkenes

195

R = C(=0)0CH; R = C(=0)CH;4 R = OC(=0)CH;
LANE
7 1.97 22 D 2.06 165
H>” R H,C R H,C R H,C R H,C R
HC CH, 1 CH, H.C H H,C H H,C H
1.73 1.95 5.98 1.93 1.84 562 .86 597 1.65 6.67
OSi(CH
CH, 392 H.C, H6.19 43s5H H 5.97 Hess
H
b C“‘CH 0SiM - o 5
1.06 Pk Ha90 OSi(CH,), H,C, OSi(CH,),
i 5.02 h};“ r ‘6 45, ros 2,57 \m;
0
R\%YCHJ H C/ I /C\ OC,H. A\ I;I I.%Q
171 c N 0.92 595 228
570H H 6.50 .08 sﬁ,
2 2.20 77
650 |4 i il
o2 361
290 _//6 79 CI I‘
O a0
578 253 482 ' b0 3.3 6.15 ?63
6.05 } T \aaa \622 | 4(}1
672 4 L ) 5
6.75 ’s i o 2 i Jo3 O 19
CH.Ph
2 0 H
6.94 753 172 0 s 3 b 5.60
-
ad] o o) 5.05.5.25
0 piperitone linalool a-terpinene
TABLE D.3 Chemical Shifts of Alkyne Protons
HC=CR 1.73-1.88 HC=C—COH 223
HC=(C—C=CR 1.95 HC=CH 1.80
HE=C—Ph 2.71-3.37 HC=C—CH=CR, 2.60-3.10
TABLE D.4 Chemical Shifts of Protons on Fused Aromatic Rings
8. UU 7.61 8.64

7.81 7.60
7.89 7.65 i
7.46
8.69
7.74
8.31 7.91
e ‘
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