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13C Chemical Shifts of Methyl Groups (6 in ppm relative to TMS)

N
/ N\ Substituent X 8CH3—X Substituent X 5CH3-X

-H -2.3 -3-indolyl 9.8

C —CHj 7.3 —4-indolyl 21.6
-CH,CH; 15.4 —5-indolyl 215
-CH(CH3), 24.1 —6-indolyl 217
-C(CHj);3 313 —7-indolyl 16.6
—(CH,)gCH3 14.1 g F 71.6
—CH,-phenyl 15.7 a -Cl 25.6
~CH5F 15.8 1 _Br 9.6
-CH,Cl1 18.7 -1 -24.0
—CH,Br 19.1 O -OH 50.2
—~CHj,l 20.4 ~OCHj3 60.9
—CHCl, 31.6 -OCH,»CH;3 57.6
-CHBr;, 31.8 ~OCH(CH3)y 54.9
-CCl 46.3 -OC(CH3)3 494
—CBr3 49.4 ~OCH,CH=CH» 57.4
-CH,0H 18.2 ~-O—cyclohexyl 55.1
-CH,OCH; 14.7 -OCH=CH, 52.5
-CH,0CH,CH3 15.4 ~O-phenyl 54.8
-CH,OCH=CH, 14.6 ~OCOCH3 51.5
—~CH,O-phenyl 14.9 ~OCO-—cyclohexyl 51.2
-CH,0COCH3; 14.4 -OCOCH=CH, 51.5
-CH,NH, 19.0 ~OCO-phenyl 51.8
~CH,NHCH;3 14.3 -OCOOCH3 54.9
—-CH,N(CH3), 12.8 -080y—4-tolyl 56.3
-CH,;NO, 12.3 -0S0,0CH;3 59.1
-CH,SH 19.7 N -NH; 28.3
-CH,S0,CH3 6.7 ~NH3+ 26.5
-CH,SO3H 8.0 ~NHCH3 38.2
-CH,CHO 5.2 ~NH-cyclohexyl 335
-CH,COCH; 7.0 ~NH-phenyl 30.2
-CH,COOH 9.6 -N(CH3), 47.5
—cyclopentyl 20.5 ~N-pyrrolidinyl 42.7
—cyclohexyl 23.1 ~N-pyperidinyl 47.7
—CH=CH, 18.7 -N(CH3)phenyl 399
-C=CH 3.7 —N-pyrrolyl 359
—phenyl 21.4 —N-imidazolyl 32.2
—1-naphthyl 19.1 —N-pyrazolyl 384
—2-naphthyl 215 ~N-indolyl 32.1
—2-pyridyl 242 ~-NHCOCH; 26.1
—3-pyridyl 18.0 -N(CH3)CHO 31.5; 36.5
—4-pyridyl 20.6 -N(CH3)COCH3  35.0; 38.0
—2-furyl 13.7 -NOy 61.2
—2-thienyl 14.7 -CN 1.7
—2-pyrrolyl 11.8 -NC 26.8

~2-indolyl 13.4 -NCS 29.1
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Substituent X dcH3-X Substituent X ScH3-X

S -SH 6.5 -COO- 24.4
~-SCHj3 19.3 ~COOCH;3 20.6
~S-n-CgH17 15.5 -COOCOCH3 21.8
—S—phenyl 15.6 —CONHy 223
~SSCH3 22.0 ~CON(CH3), 21.5
-SOCHj3 40.1 ~-COSH 32.6
-SO,CH3 42.6 ~COSCHj3 30.2
-SO,CH,CH3 39.3 ~COCOCH; 232
-S0,C1 52.6 -COCl1 33.6
-SO3H 39.6 —COBr 39.1
~SO3Na 41.1 —COSi(CH3)3 35.7

o -CHO 31.2

Il -COCHj 30.7

C -COCH,CH3 27.5

/\ -COCCl3 21.1
-COCH=CH» 25.7
—CO-cyclohexyl 27.6
—CO-phenyl 25.7
-COOH 21.7
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13C Chemical Shifts of Monosubstituted Alkanes
(6 in ppm relative to TMS)

Substituent Methyl Ethyl 1-Propyl
-CH, -CH, -CH; -CH, -CH, -CHj
-H -2.3 7.3 7.3 154 159 154
C -—CH=CH, 18.7 274 134 36.2 224 136
-C=CH 3.7 123 138 206 222 134
—phenyl 214 29.1 158 383 248 138
g F 71.6 80.1 15.8 852 236 9.2
a —Cl 25.6 39.9 189 468 263 11.6
I _Br 9.6 276 194 356 264 13.0
-1 -24.0 -1.6 20.6 9.1 27.0 153
O -OH 50.2 57.8 18.2 642 259 103
-OCHj3 60.9 67.7 147 745 232 105
-OCH,CH; 57.6 66.0 154 72,5 232 107
-OCH(CH3), 54.9
-0OC(CH3z)3 494 56.8 164
—O-phenyl 54.8 63.2 149 69.4 228 10.6
-OCOCH; 51.5 604 144 66.2 224 105
—OCO-phenyl 51.8 60.8 144 664 222 105
-080,5—4-tolyl 56.3 66.9 14.7 722 223 10.0
N -NH, 28.3 369 190 446 274 115
-NHCH; 38.2 459 143 54.0 232 125
~-N(CH3), 47.6 536 128 61.8 206 119
-NHCOCH; 26.1 344 146 40.7 225 11.1
-NO, 61.2 70.8 123 774 212 10.8
-CN 1.7 10.8 10.6 193 190 133
-NC 26.8 364 153 434 229 110
S -SH 6.5 19.1  19.7 264 276 126
~SCH3 19.3
~-SSCHj3 22.0 31.8 147
-SOCHj3 40.1
~-SO,CH3 42.6 48.2 6.7 563 163 13.0
~-S0,Cl 52.6 60.2 9.1 67.1 184 121
-SO,0H 39.6 46.7 8.0 53.7 188 13.7
o -CHO 31.3 36.7 5.2 4577 157 133
[[ -COCH, 30.7 35.2 7.0 452 175 135
C -CO-phenyl 25.7 31.7 8.3 404 177 138
/ \ -COCH 217 28.5 9.6 362 187 137
-COOCH;3 20.6 27.2 9.2 356 189 13.8
—CONH, 22.3 29.0 9.7
—COcCl 33.6 41.0 9.3 489 188 130
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13C Chemical Shifts of Monosubstituted Alkanes (contd.)

(8 in ppm relative to TMS)

Substituent Isopropyl tert-Butyl
-CH -CH; -C -CHj;
-H 159 154 250 241
C —CH=CH, 323 221 33.8 294
-C=CH 203 228 274 311
—phenyl 343 240 346 314
g F 87.3 226 935 283
a -Cl] 53.7 273 66.7 34.6
1 Br 448 285 62.1 364
-1 209 312 430 404
-OH 640 253 689 312
-OCHj; 726 214 727 27.0
—-OCH,CH; 72.6 277
-OCH(CH3), 68.5 23.0 73.0 285
—-OC(CH3);3 635 252 763  33.8
—O-phenyl 69.3 220
—OCOCH; 67.5 219 799  28.1
—OCO-pheny! 68.2 219 80.7 28.2
N -NH, 43.0 265 472 329
-NHCH; 505 225 504  28.2
-N(CH3), 555 18.7 53.6 254
~-NHCOCH; 405 223 499 286
-NO, 78.8  20.8 852 269
-CN 198 19.9 28.1 285
-NC 455 234 540 307
S -SH 299 274 41.1 350
-SCH,CHj; 344 234
-SO,CH; 535 152 576 227
-S0,Cl 676 17.1 742 245
-SO,0OH 529 16.8 559 250
o —CHO 41.1 15.5 424 234
I -COCH;3 416 182 443 265
C —-CO-phenyl 352 191 435 279
/ \ -COOH 34.1 18.8 38.7 27.1
~COOCH; 34.1 19.1 38.7 273
~CONH, 349 195 386 27.6
~COCl1 46.5 19.0 494 271
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13C Chemical Shifts of 1-Substituted n-Octanes
(6 in ppm relative to TMS)

Substituent 1 2 3 4 5 6 7 8
-CH, -CH, -CH, -CH, -CH, -CH, -CH, -CHj
-H 141 228 321 295 295 321 228 14.1
C -CH=CH, 345 ~29.6 ~29.6 ~29.6 ~29.6 322 23.0 13.9
—phenyl 36.2 31.7 ~29.6 ~296 ~296 32.1 228 14.1
H-F 842 306 253 293 293 319 227 14.1
a —Cl 45.1 328 270 290 292 319 228 14.1
1 _Br 33.8 33.0 283 288 292 318 227 14.1
-1 69 337 306 286 29.1 318 226 14.1
0O -OH 63.1 329 259 295 294 319 228 14.1
-0-n-CgHy;7 711 300 263 296 294 320 228 141
-ONO 683 292 260 293 293 319 227 14.0
N -NH, 424 341 270 296 294 319 227 14.1
-N(CH3), 60.1 29.5*% =27.9% =27.7% 29.7* 320 228 144
-NO, 75.8 262 279 =296 =29.6 314 226 14.0
—CN 17.2 255 =299 =299 =299 318 227 14.0
S -SH 2477 342 285 292 29.1 319 227 14.1
—SCHj; 345 290 294 294 294 319 228 14.1
-SO-n-CgH;7 52.6 =29.1 =29.1 =29.1 =29.1 31.8 227 141
o CHO 44,0 222 =293 =293 =293 319 227 14.1
|| -COCH3 437 24,1 =295 =295 =295 320 228 14.1
C -CO-phenyl 386 244 295 295 295 319 227 140
/\ -COOH 342 248 =293 =293 =293 319 227 14.1
—-COOCH;3 342 251 293 293 293 319 228 14.1
—CONH, 355 254 29.1 291 291 316 223 14.0
-COCl 472 251 285 2911 291 31.8 227 14.1

* assignment uncertain
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Estimation of 13C Chemical Shifts of Aliphatic Compounds
(in ppm relative to TMS)

The chemical shifts of sp3-hybridized carbon atoms can be estimated with the help
of an additivity rule using the shift value of methane (-2.3 ppm) and increments
for substituents in o-, B-, v-, and 8-position (see next pages) Some substituents
occupy two positions. Thus, the quaternary carbon atom c in the example given
below is in d-position relative to the carbon atom a since the sp -hybridized
oxygen of the B-COQ group occupies the y-position. This simple linear model
needs corrections in case of strong branching of the observed C atom and/or its
neighbors (steric corrections, S). Substituents for which such corrections are
necessary are those with varying branching, i.e., a varying number of directly
bonded H atoms. They are marked with an asterisk (*) in the Table of Increments.
Further correction terms are needed if y-substituents are in a sterically fixed
position (conformational corrections, K).

The chemical shifts estimated with this additivity rule differ in general by less
than about 4 ppm from the experimental values. Larger discrepancies may be
expected for highly branched systems (particularly for quaternary carbon atoms).
For carbon atoms bearing several halogen, oxygen, and/or other strongly
deshielding substituents, additional correction terms are needed [1]. Without such
corrections, deviations can be so large as to render the rule useless.

Example: Estimation of chemical shifts for N-tert-butoxycarbonylalanine

NP
e II\Ia OH

H

a Dbase value -2.3 b base value -2.3
1 o-C 9.1 1 a-C 9.1
1 a-COOH 20.1 1 B-COCH 2.0
1 o-NH 28.3 1 B-NH 11.3
1 B-COO 2.0 1y-COO -2.8
18-C 0.3 1 S(prim,3) -1.1
1 S(tert,2) -3.7 estimated 16.2
estimated 53.8 exp 17.3
exp 49.0

¢ base value -2.3 d base value 2.3
3a-C 27.3 1a-C 9.1
1 a-0OCO 56.5 2B-C 18.8
1 v-NH -5.1 1 B-0CO 6.5
18-C 0.3 1 8-NH 0.0
3 S(quat,1) -4.5 1 S(prim,4) -3.4
estimated 72.2 estimated 28.7

exp 78.1 exp 28.1
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Estimation of 13C Chemical Shifts of Aliphatic Compounds
(8 in ppm relative to TMS)

0=-23+2Z; +X8;+ XKy
i j k
Substituent Increment Z; for substituents in position

o B Y é

-H . 0.0 0.0 0.0 0.0
—C< 9.1 9.4 2.5 0.3
—C*=C 19.5 6.9 2.1 0.4
-C=C- 4.4 5.6 -3.4 -0.6
—phenyl 22.1 9.3 -2.6 0.3

g -F 70.1 7.8 -6.8 0.0
a -Cl 31.0 10.0 -5.1 0.5
1 _Br 18.9 11.0 -3.8 -0.7
-1 1.2 10.9 -1.5 -0.9

0 -O-* 49.0 10.1 6.2 0.3
-0CO- 56.5 6.5 -6.0 0.0
—ONO/* 54.3 6.1 -6.5 -0.5

N N 28.3 11.3 -5.1 0.0

o

—N=} 30.7 5.4 7.2 -1.4
-NH;* 26.0 7.5 -4.6 0.0
-NO, 61.6 3.1 -4.6 -1.0
-CN 3.1 2.4 3.3 -0.5
~-NC 31.5 7.6 3.0 0.0

S -S*- 10.6 11.4 3.6 0.4
-SCO- 17.0 6.5 3.1 0.0
-S$*0O- 31.1 7.0 3.5 0.5
-S*0Oy- 30.3 7.0 3.7 0.3
-S0,Cl 54.5 3.4 3.0 0.0
-SCN 23.0 9.7 3.0 0.0

o -CHO 29.9 -0.6 2.7 0.0
| -co- 22.5 3.0 -3.0 0.0
C -COOH 20.1 2.0 2.8 0.0
/ \ -COO" 24.5 3.5 2.5 0.0
-COO- 22.6 2.0 2.8 0.0
-CO-N¢ 22.0 2.6 3.2 -0.4
-COCl 33.1 2.3 3.6 0.0
—C=NOH syn 11.7 0.6 -1.8 0.0
—C=NOH anti 16.1 4.3 -1.5 0.0
—~CS-N< 33.1 7.7 2.5 0.6
—Sn -5.2 4.0 -0.3 0.0
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Steric Corrections, S

Observed 13C-center S, for number of substituents at the o-atom?
1 2 3 4
primary (CHj3) 0.0 0.0 -1.1 -3.4
secondary (CHp) 0.0 0.0 -2.5 -6.0
tertiary (CH) 0.0 -3.7 -8.5 -10.0
quaternary (C) -1.5 -8.0 -10.0 -12.5

2 To be applied to each of the neighboring atoms, which may have a variable number of
non-hydrogen substituents (marked with an asterisk (*) in the Table of Increments).

Conformational Corrections, K, for y-Substituents

Conformation K

. CX
synperiplanar i‘ 4.0
synclinal X 1.0

anticlinal i 0.0
X
antiperiplanar éi 2.0

X
not fixed 0.0

One can also use the chemical shifts of a reference compound as the base value if
its structure is closely related to that assumed for the unknown. The increments
corresponding to the structural elements missing in the reference compound are
then added to the base value, while those of structural elements present in the
reference but absent in the unknown are subtracted.



80 4 '3C NMR

Example: Estimation of the chemical shifts for the carbon atoms a and b in N-
tert-butoxycarbonylalanine using the chemical shifts of valine as base values (a',
b'"):

Target: Reference:
ol L I§
b’ OH
o rwja\r"‘* Y\m
H O 0]

a base value 61.6 b base value 30.2
1 B-COO 2.0 1y-COO -2.8
16-C 0.3 1 S(prim,3) -1.1
1 S(tert,2) -3.7 -20-C -18.2
-2B-C -18.8 - 1 S(tert,3) 8.5
- 1 S(tert,3) 8.5 estimated 16.6
estimated 499 exp 17.3
exp 49.0

4.1.2

Coupling Constants
13c.1g Coupling Constants
Coupling through one bond ( IJCH in Hz)

The !3C-1H coupling constant of 125 Hz in methane increases in the presence of
electronegative substituents and can be estimated by using the following additivity
rule:

) =1250+XZ,

Substituent Increments Z; Substituent Increments Z;
-H 0.0 -Br 27.0
~CH; 1.0 -1 26.0
—-C(CHj)3 -3.0 -OH 18.0
-CH,Cl1 3.0 —O-phenyl 18.0
—CH,Br 3.0 -NH, 8.0
—-CH,I 7.0 -NHCH; 7.0
-CHCl, 6.0 -N(CH3), 6.0
-CCl, 9.0 ~-CN 11.0
—-C=C 7.0 -SOCH; 13.0
—phenyl 1.0 —CHO 2.0
~F 24.0 -COCH; -1.0
-Cl 27.0 -COOH 5.5

Example: Estimation of 13C-1H coupling constant of CHCl5:
J=125.0 +3 % 27.0 = 206.0 Hz (exp: 209.0 Hz).
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Coupling through more than one bond (|Jcyl|in Hz) N_s

The coupling constants can be estimated from the corresponding IH-1H coupling
constants [2]:

JCH = 062 JHH
2 P 1- 6 IH-CH,-13CH;,4 4.5
ey~ 0-10 IH-CH,-CH,-13CH; 5.8

The 13C-1H coupling constants for coupling across three bonds depend on the
dihedral angle in the same way as the vicinal IH-1H coupling constants (see
Chapter 5.1):

13¢ 3¢ 13
H
~6 H =0 =9
H
13¢.13C Coupling Constants (|Jq¢|in Hz)

b b d 2. 46
H,C—CH, 17346 7 U346 S Sop 3.y 46
a c aa =
2de <1

2J,p 0.5
S S R ¥ . /ﬁ\ o gy 161 a/& b “ab

H N7 21,49

The 13C-13C coupling constants for coupling over three bonds depend on the
dihedral angle in the same way as the vicinal !H-1H (see Chapter 5.1) and 13C-1H
coupling constants. Maximum values of ca. 4-6 Hz are observed for dihedral
angles of 0° and 180° and minimal values around 0 Hz at 90°.

4.1.3
References

[1] A. First, E. Pretsch, W. Robien, A comprehensive parameter set for the
prediction of the 13C NMR chemical shifts of sp3 -hybridized carbon atoms in
organic compounds, Anal. Chim. Acta 1990, 233, 213.

[2] J.L. Marshall, Carbon-carbon and carbon-proton NMR couplings, Verlag
Chemie International, Deerfield Beach, FL,, 1983.



82 4 '3Cc NMR

4.2
Alkenes

4.2.1
Chemical Shifts

13C Chemical Shifts of Alkenes (8 in ppm relative to TMS)

The 13C chemical shifts of the carbons of C=C double bonds typically range from
ca. 80-160 ppm; a wider range of 40-210 ppm is observed with O- and N-
substituents. In unsaturated acyclic hydrocarbons, they can be predicted with high
accuracy (see below). To estimate the 13C chemical shifts in all other substituted
alkenes, one can use the substituent effects listed for chemical shifts in vinyl
groups. However, since no configuration-dependent parameters are available, the
values thus estimated are less accurate than those for unsaturated acyclic
hydrocarbons.

The 13C chemical shifts of sp3-hybridized carbon atoms in the vicinity of
double bonds can be estimated using the additivity rule given on page 78. The
conformational correction factors, K, for y-substituents of cis- vs. trans-
disubstituted alkenes differ by 6 ppm because the relative position of these
substituents is fixed by the double bond.

Estimation of the 13C Chemical Shifts of sp?-Hybridized Carbon
Atoms in Unsaturated Acyclic Hydrocarbons
(6 in ppm relative to TMS)

c-Cc-Cc-C=cCc-Cc-Cc-C
Y B o T a B v
Base value: 123.3

Increments for C-substituents:

at C-atom under consideration (C) at neighboring C-atom (C')
o 10.6 o -7.9
B 4.9 B -1.8
04 -1.5 v 1.5

Steric corrections:

e for each pair of cis-a,0'-substituents -1.1
¢ for a pair of geminal o,0-substituents -4.8
e for a pair of geminal o',0'~substituents 2.5

if one or more [B-substituents are present 2.3
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Example: Estimation of chemical shifts of cis-4-methyl-2-pentene
a b
a base value 1233 b base value 123.3
1 a-C 10.6 1o-C 10.6
1 a-C -7.9 2 B-C 9.8
2p-C -3.6 1 a-C -7.9
cis-0, 0 -1.1 cis-o,0! -1.1
estimated 121.3 1 B-substituent 2.3
exp 121.8 estimated 137.0
exp 138.8
Effect of Substituents on the 13C Chemical Shifts of Vinyl
Compounds (in ppm relative to TMS)
X
\
CH=CH, 3§, =1233+7Z
1 2 !
Substituent X Z, 7, Substituent X Zy Z,
-H 0.0 0.0 O -OH 257 -353
C —CHjy 129 -74 -OCH; 294 -38.9
-CH,CH; 172 -98 -OCH,CHj3 28.8 -37.1
-CH,CH,CH; 157 -8.8 —O(CH,)3CHj3 28.1 -404
—-CH(CH3), 22.7 -12.0 -OCOCH; 184 -26.7
—(CHy); 14.6 -8.9 N -N(CHj3), 28.0% -32.0*
—-C(CHj3); 26.0 -14.8 ~N+(CH3)3 19.8 -10.6
—-CH,Cl 10.2 -6.0 —N-pyrrolidonyl 6.5 -29.2
—CH,Br 109 45 -NO, 223 -0.9
-CH5,l 142 -4.0 -CN -15.1 142
-CH,0OH 142 -84 -NC -39 27
—-CH,OCH,CH; 12.3 -8.8 S -SCH,CHj3 9.0 -12.8
~CH=CH, 13.6 -7.0 -S0O,CH=CH, 14.3 7.9
—C=CH -6.0 59 o —CHO 153 145
—phenyl 12.5-11.0 [{ -COCH3 13.8 4.7
H F 24.9 -34.3 C —-COOH 5.0 9.8
a -Cl 2.8 -6.1 /\ —-COOCH,CH3; 6.3 7.0
I B -8.6 -0.9 -COCl1 8.1 140
-1 -38.1 7.0 -Si(CH3);3 16.9 6.7
-SiCl; 8.7 16.1

* estimated values
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The values listed on the preceding page can also be used to estimate the 13¢
chemical shifts of sp2-hybridized carbon atoms in alkenes with more than one
substituent (note that the cis/trans configuration is not taken into account):

1

Example: Estimation of chemical shifts of 1-bromo-1-propene

a b
Br—C=C-CH;
H H
a base value 123.3 b base value 123.3
Z,(Br) -8.6 Z,(Br) -0.9
Z,(CHjy) -7.4 Z{(CH3y) 12.9
estimated 107.3 estimated 135.3
exp 108.9 (cis) exp 129.4 (cis)
104.7 (trans) 132.7 (trans)

The following examples show some larger deviations between measured and
estimated (in parentheses) chemical shifts. This is usually to be expected when
several substituents are present that strongly interact with the n-electrons of the
double bond:

NCa pN(CH3z); a 391 H, N(CHy; a 692
I

. b 163.0

NC N(CH)2 (207.7) H N(CHs)2 (179.3)
H, yNO; a 1510 Ha 1b,0CH; a 547
A N 1 =G b 1679

. H OCH .

HON - H (113.6) 3 (182.1)

13C Chemical Shifts of cis- and trans-1,2-Disubstituted Alkenes
(6 in ppm relative to TMS)

Substituent R R R R H

= =

H H H R
-CHj3 123.3 124.5
-CH,CHj3 131.2 131.3
-C1 118.1 119.9
-Br 116.4 109.4
-1 96.5 79.4
~CN 120.8 120.2
-OCH; 130.3 135.2
-COOH 1304 134.2

—COOCH,4 130.1 133.5
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13C Chemical Shifts of Enols (8 in ppm relative to TMS)

The carbon atom bonded to the enolic OH group is strongly deshielded so that its
shift is close to that of a carbonyl carbon. The other carbon atom is strongly
shielded.

C=C
Enol: Ketone:
_H a 22.5 (0] 0] a 28.5
b 1905 MM v 20m
N c 99.0 b c 56.6
b a C
a c
a a 28.3 a a 28.3
c b 32.8 c b 31.0
c 46.2 C 54.2
HO o da 1911 d 203.6
d o e 1033 R S

13¢ Chemical Shifts of Aliphatic Dienes (8 in ppm relative to TMS)

Conjugated Dienes

Allenes

213.5 74.8
CH,=C=CH,

Estimation of the chemical shifts of sp2-hybridized carbon atoms in substituted
allenes: see [1].
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13C Chemical Shifts of Substituted Allenes

(8 in ppm relative to TMS)

a b cR3
Risc=c=c”
Ry ’
Rl R2 R3 a b C
-H -H -H 74.8 2135 74.8
~CH; -H -H 84.4 2104 74.1
—CHj3 -CHj -H 934 207.3 72.1
—CHy -H —CHj4 85.4 207.1 854
-CH,CH; -H -H 91.7 208.9 75.3
-C(CH3)3 -C(CHj3); -H 119.6 207.0 75.8
-CH=CH, -H -H 93.9 211.4 75.1
-C=CH -H -H 74.8 217.7 77.3
—phenyl -H -H 94.4 210.0 78.8
~-F -H -H 129.8 200.2 93.9
-Cl -H -H 88.8 207.9 84.5
-Br -H -H 72.7 207.6 83.8
-1 -H -H 353 208.0 78.3
~OCH3 -H -H 123.1 202.0 90.3
-N(CH3); -H -H 113.1 204.2 85.5
-CN -H -H 67.4 218.7 80.7
-SCH3 -H -H 90.0 206.1 81.3
—COOH -H -H 88.1 217.7 80.0
4.2.2
Coupling Constants
13c.1H Coupling Constants (|J cglin Hz)
Coupling through one bond
CHy=CHy licy 1564 CH=C=CHy ljoy 167.8

Coupling through two bonds (typical range: 0-16)

H H
= gy 24
H H

H H
=1C 2jcy 6.9
Cl H

Additivity rule for the estimation of ZJCH of alkenes: see [2].
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Coupling through three bonds:

The trans-'H-C=C-13C coupling constant of alkenes is always larger than the
corresponding cis coupling constant so that an assighment is possible if both
isomers are available: see [3].

Cc=C
a 13 [ a 13 [Y
H "CH; e 76 H CH; 31, 4.1
Cc=C 35 c=cC 3 8.1
’ N 12.6 4 \ J .
H H be H 1 be
b b
H 13EOOH 35 f} 135001{ 3
\ ’ ac 76 \ ) Jac 7.6
C=C 3Jpe 141 C=C 35, 14.1
H H be % H CH;, be
b b
Cc
H PO00H 35, 4, CHy PCOOH 35, 69
c=q 35 74 £=G 3 132
CH; CH ac H CH; ac
b a b

13¢.13C Coupling Constants (\!Jqc| in Hz)

c
a _bCHy 15, 700

CH,=CH 1 CH,=
2T Jec 676 74 1J,. 41.9
CH=C=CH; ljoc 987 b 13,, 688
a/\/
Z 7 d Jpe 537
2, <1
35,4 90
4.2.3
References

[1] R.H.A.M. Janssen, R.J.J.Ch. Lousberg, M.J.A. de Bie, An additivity relation
for carbon-13 chemical shifts in substituted allenes, J. R. Neth. Chem. Soc.
1981, 100, 85.

[2] U. Vogeli, D. Herz, W. von Philipsborn, Geminal C,H spin coupling in
substituted alkenes, Org. Magn. Reson. 1980, /3, 200.

[3] U. Vogeli, W. von Philipsborn, Vicinal C,H spin coupling in substituted
alkenes. Stereochemical significance and structural effects, Org. Magn. Reson.
1975, 7, 617.
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4.3
Alkynes

4.3.1
Chemical Shifts

C=C 13C Chemical Shifts of Alkynes (8 in ppm relative to TMS)

a b
X-C=C-H
Substituent X a b
-H 71.9 71.9
C -CHj4 80.4 68.3
-CH,CH3 85.5 67.1
-CH,CH,CHj; 84.0 68.7
-CH,CH,CH,CH; 83.0 66.0
—-CH(CH3), 89.2 67.6
—C(CH3)3 92.6 66.8
—cyclohexyl 88.7 68.3
-CH,OH 83.0 73.8
-CH=CH, 82.8 80.0
—C=C-CH; 68.8 64.7
—phenyl 84.6 78.3
O -OCH,CHj3 90.9 26.5
S -SCH,CHj 72.6 814
0 -CHO 81.8 83.1
|| —COCHj3 81.9 78.1
C -COCOH 74.0 78.6
/\ —COOCH; 74.8 75.6

Additivity rule for estimating the chemical shifts of sp-hybridized carbon atoms in
alkynes: see {1].
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4.3.2
Coupling Constants

13C.1H Coupling Constants (|Jcyl in Hz) [2]

a b ¢ 1. 249
H-C=C-H 2J,.  49.3 (in substituted acetylenes: 40-60)

a b ¢ de 2y 50.1 37 3.4

H-C=C—CH; ,.2¢ = ad -
2. -104 3pe 4.7

a b ¢

CHs—C=C—CH; 2Jg -10.3 pe 43

With acetylenes, the results of multipulse experiments (such as DEPT, INEPT,
SEFT, or APT) to determine the number of protons attached to the carbon atoms
must be interpreted with care. As a consequence of the unusually large 13¢.1H4
coupling constants through one and two bonds, the sign of the signals may be
opposite to the expected one.

13¢.13¢C Coupling Constants (|IJCC| in Hz)

_ a boc 17, 190.3
H-C=C—H  ljc 1715 H-C=C-C=C-H 1y 1534
4.3.3

References

[1] W. Hobold, R. Radeglia, D. Klose, Inkrementen-Berechnung von 13¢.
chemischen Verschiebungen in n-Alkinen, J. Prakt. Chem. 1976, 318, 519.

[2] K. Hayamizu, O. Yamamoto, 13C,IH Spin coupling constants of
dimethylacetylene, Org. Magn. Reson. 1980, 13, 460.
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4.4
Alicyclics

4.4.1
Chemical Shifts

Saturated Monocyclic Alicyclics (6 in ppm relative to TMS)

n d
\V -28 27.1 9 26.0
O 10 25.1

11 26.3

12 23.8

D 229 O 28.8 13 26.2
(CHy), 14 25.2

15 27.0

20 28.0

O 25.6 26.8 30 29.3
40 29.4

72 29.7

13C Chemical Shifts of Monosubstituted Cyclopropanes
(6 in ppm relative to TMS) [1]
R—<]

Substituent X a b other
-H -2.8 -2.8
C —CHj 4.9 5.6 CH;194
-CH,CH; 12.8 4.1 CH, 27.8, CH;3 13.6
~CH,CH,CH,CHj3 10.9 44 1-CH, 34.7, 2-CH, 32.0
—C(CHjy)3 22.7 0.3 C29.3,CH;y 282
~CH,Cl 13.6 5.5 CH, 503
-CH,0OH 12.7 2.2 CH, 66.5
-CH=CH, 147 6.6 CH 1424, CH; 111.5
—phenyl 15.3 9.2 C 1439, CH 125.3-128.2
H -Cl 27.3 8.9
a -Br 14.2 9.1
I g -20.1 10.4
O -OH 457 6.8
N -NH, 24.0 7.4
-NO, 54.3 11.7
—-CN -4.5 6.2 CN 121.5
o —-CHO 22.7 7.4 CO 202.1
{| -COCH 20.1 9.6 CO 207.3, CH3z 29.1
C -COOH 12.7 89 CO 181.6
/\ -COOCHjy 12.2 7.7 CO 174.7, CH; 51.1
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13¢C Chemical Shifts of Monosubstituted Cyclopentanes
(6 in ppm relative to TMS) [2]

C
Ss

Substituent X a b ¢ other
-H 255 255 255
C —CHj 348 348 254 CH3214
—CH,CH; 423 326 254 CH,29.2,CH; 132
-CH(CH3), 474 300 247 CH 33.9, CH;21.7
-C(CH3); 503 265 251 C 325, CH;z276
—CH,0H 412 283 245 CH, 670
g -F 95.5 328 225 lyop173.5, 20cg 221, 3Jcp <15
a —Cl 61.8 375 233
1 Br 53.1 384 237
-1 287 407 249
O -OH 725 345 227
~OCHj3 822 314  23.1 CHj56.0
-OCOCH; 777 338 249 CO’170.8, CH;3 21.7
N -NH, 525 355 230
-NO, 870 326 2438
-CN 270 305 242 CN 1234
S —SH 383 37.7 246
~-COOH 430 292 251 CO 1838
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13C Chemical Shifts of Equatorially and Axially Monosubstituted
Cyclohexanes (8 in ppm relative to TMS)

X
d d
Substituent X a b [ d a b c d
-H 27.1 27.1 27.1 27.1 27.1 27.1 27.1 27.1
C -CHj3 33.2 36.0 27.1 27.0 28.4 324 20.6 269
-CH,CH3 40.1 334 269 272 35.5 30.0 214 27.1
-CH,CH,CH; 40.0 33.6 26.6 26.9
—CH(CH3), 44.6 30.0 26.8 27.3 41.1 30.2 21.6 27.1
-CH,CH,CH,CH; 384 34.1 27.1 27.3
-C(CH3)3 48.8 28.1 27.7 27.1
~cyclohexyl 443 30.8 274 27.4
-CH=CH, 42.1 32.3 26.0 27.1 37.0 30.0 21.2 27.1
—-C=CH 28.7 32.1 252 244 28.0 30.0 21.2 25.7
—phenyl 45.1 349 274 26.7
g F 91.0 32.8 23.6 25.3 88.1 30.1 19.8 25.0
a —Cl 59.8 374 26.1 254 60.1 33.9 20.4 26.0
1 _Br 524 383 273 256 55.4 349 21.5 26.4
-1 31.2 40.1 28.3 254 38.3 36.0 22.8 26.1
O -OH 70.4 35.8 25.1 26.3 65.5 33.2 205 27.1
—-OCHj 79.2 322 24.5 26.4 749 30.0 21.1 26.6
-OCOCH; 72.3 322 244 26.1
~OCO—-phenyl 72.8 31.5 24.1 247 69.0 29.3 20.3 24.7
-OSi(CH3); 70.5 36.0 247 25.0 66.1 33.1 19.8 25.0
N -NH, 51.1 37.6 258 263 474 33.8 20.0 27.1
-NHCH;3 58.7 327 257 26.8
-N(CH3), 64.3 29.2 26.5 26.9
-NH3*+CI 51.8 32.2 248 25.2
-N=C=N-cyclohexyl 55.7 35.0 24.8 25.5
-NO, 84.6 31.4 247 255
-N3 59.5 31.5 245 245 56.8 29.0 20.1 25.2
—CN 28.0 29.6 24.6 25.1 264 274 219 250
~-NC 519 337 244 252 50.3 30.5 20.1 25.2
-NCS 55.3 339 245 248 50.3 30.5 20.1 25.2
S -SH 38.3 38.1 26.6 25.3 359 33.1 194 257
o -CHO 50.1 26.0 25.2 26.1 46.4 24.7 22.7 -27.1
|| -COCH3 51.5 29.0 26.6 26.3
C -COOH 43.7 29.6 26.2 26.6
/\ -COO- 47.2 309 26.9 269
—COOCH;3 434 29.6 26.0 264 39.1 27.7 24.1 267

—-COCl1 554 29.7 255 259
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Estimation of 13C Chemical Shifts of Alicyclic Compounds
(in ppm relative to TMS)

The chemical shift of the parent compound (e.g., 22.9 for cyclobutane, 25.6 for
cyclopentane, and 27.1 ppm for cyclohexane) and the same increments as for
alkanes (see Chapter 4.1) can be used to estimate the chemical shifts of sp3-
hybridized carbon atoms of alicyclic compounds. Appropriate use of the
conformational correction terms, K (page 79), is especially important with axial
and equatorial substituents in cyclohexanes. The additivity rule is, however, not
suitable for estimating chemical shifts of substituted cyclopropanes.

13C Chemical Shifts of Unsaturated Alicyclics
(6 in ppm relative to TMS)

\V4 108.7 lj 137.2 130.8 132.7
23 314 @ 32.8 @ 132.7
23.3 41.6
124.9 127.4 @ 126.1
15123‘6‘-3 25.4 124.5 124.6
: 23.0 26.0 22.3
123.4
130.4 134.1
@ 26.0 @ 129.8
27.0 123.3
20.8 28.8
130.2 132.8 128.5 131.5
25.7 34.3 28.5
26‘4 34.4’
29.5 28.7
cis cis, cis

trans
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13C Chemical Shifts of Condensed Alicyclics
(6 in ppm relative to TMS) -

216 167 B9 281H 333
215 . =

20.2 O> 5.8 O> 103 %9 Oj 24.6
H

413 24.4
é@ 28.4
28.8
143.5
143.9 136.8
123.6
1259 / 328 § 391 1255 / 29.5
124.5
124.2 25.3 133.8 129.0 23.6
126.1
oo | 1321

144.7
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4.4.2
Coupling Constants

13c.1H Coupling Constants

Coupling through one bond (|!J -yl in Hz)

/\ 160 [] 134 Q 128 O 125

Coupling through two bonds (|2Jcylin Hz)

/\ 2.6 [[]3s Q 3.0 O 3.7

Coupling through three bonds ( I3JCH| in Hz)

H 2.1

13
M\H 8.1

13¢.13¢ Coupling Constants (|1Jqc|in Hz)

ap e
/A Hec 124 [>—cH, U 134 O e 327

15, 44.0

4.4.3
References
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4.5
Aromatic Hydrocarbons

4.5.1
Chemical Shifts

13C Chemical Shifts in Aromatic Hydrocarbons
(8 in ppm relative to TMS) [1]

133.7 131.8
\ 1280 126.2 | 128.1

126.0 125.3

137.4
143.5 1416 1197
123.6
} 39.1 N 126.5
. 133.8 . 126.5
1208 T 132.1 36.8143 ;248
144.7 .
136.8 137.3 292 1347
125.5 / 29.5 |
127.5
129.0 23.6 .
37.7 1280 1373 1239 1275

o gom (QX)
128.2 127.9 O
132{‘1 1527 ek 1174 \.’
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Effect of Substituents on 13C Chemical Shifts of
Monosubstituted Benzenes (in ppm relative to TMS)

Oc; = 1285+ Z;

Substituent X Zl 22 Z3 Z4
-H 0.0 0.0 0.0 0.0
-CHj 9.2 0.7 -0.1 -3.0
-CH,CHj; 11.7 -0.6 -0.1 -2.8
-CH,CH,CHj; 10.3 -0.2 0.1 2.7
-CH(CH3), 20.2 -2.2 -0.3 -2.8
—CH,CH,CH,CH3 109 -0.2 -0.2 -2.8
-C(CH3);3 18.6 -3.3 -0.4 -3.1
—cyclopropyl 15.1 -3.3 -0.6 -3.6
—cyclopentyl 17.8 -1.5 -0.4 -2.9
—cyclohexyl 16.3 -1.8 -0.3 -2.8
—l-adamantyl 222 2.9 -0.5 -3.1
—CH,F 8.5 -0.7 . 0.4 0.5
-CF; 2.5 -3.2 0.3 3.3
-CH,C1 9.3 0.3 0.2 0.0
-CHCl, 11.9 -2.4 0.1 1.2
-CCl, 16.3 -1.7 -0.1 1.8
-CH,Br 9.5 0.7 0.3 0.2
-CH,I 10.5 0.0 0.0 -0.9
-CH,OH 12.4 -1.2 0.2 -1.1
-CH,OCH; 8.7 -0.9 -0.1 -0.9
-CH,;NH, 14.9 -1.4 -0.2 -2.0
-CH,NHCH; 12.6 -0.3 -0.3 -1.8
—-CH,N(CH3), 7.8 0.5 -0.3 -1.5
—-CH,NO, 2.2 2.2 2.2 1.2
-CH,CN 1.6 0.5 -0.8 -0.7
-CH,SH 12.5 -0.6 0.0 -1.6
-CH,SCH3 9.8 0.4 -0.1 -1.6
-CH,S(0)CH; 0.8 1.5 0.4 -0.2
-CH,S0,CH3 -0.1 21 0.6 0.6
-CH,CHO 7.4 1.3 0.5 -1.1
-CH,COCH; 5.8 0.8 0.1 -1.6
-CH,COOH 6.5 1.4 0.4 -1.2
-CH,Li 322 -22.0 -0.4 -24.3
-CH=CH, 8.9 23 -0.1 -0.8
-C(CH3)=CH, 12.6 -3.1 -0.4 -1.2
-C=CH -6.2 3.6 -0.4 -0.3
—phenyl 8.1 -1.1 0.5 -1.1
—2-pyridyl 11.2 -14 0.5 -14
—4-pyridyl 9.6 -1.6 0.5 0.5
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Substituent X Zy Z, Zs Zy
g -F 33.6 -13.0 1.6 -4.4
a -Cl 5.3 0.4 1.4 -1.9
1 B -5.4 3.3 2.2 -1.0
-1 -31.2 8.9 1.6 1.1
O -OH 28.8 -12.8 1.4 -7.4
—ONa 39.6 -8.2 1.9 -13.6
—OCH; 33.5 -14.4 1.0 7.7
-OCH=CH, 28.2 -11.5 0.7 -5.8
~O-phenyl 27.6 -11.2 -0.3 -6.9
-OCOCH; 224 -7.1 0.4 -3.2
-0Si(CHj3); 26.8 -8.4 0.9 -7.1
—OPO(O-phenyl), 219 -8.4 1.2 -3.0
-OCN 25.0 -12.7 2.6 -1.0
N -NH, 18.2 -134 0.8 -10.0
-NHCH;3 15.0 -16.2 0.8 -11.6
-N(CHj3), 16.0 -154 0.9 -10.5
—NH-phenyl 14.7 -10.6 0.9 -10.5
-N(phenyl), 13.1 -7.0 0.9 -5.6
-NHz* 0.1 -5.8 2.2 2.2
-NH,*CH(CH3), 5.5 -4.1 1.1 0.7
-N*(CH3)3 19.5 -7.3 2.5 2.4
-N(O)(CHj3), 26.2 -8.4 0.8 0.6
-NHCOCH;3 9.7 -8.1 0.2 -4.4
-NHOH 21.5 -13.1 2.2 -53
-NHNH, 22.8 -16.5 0.5 -9.6
-N(NO)CH; 13.7 -94 0.9 -1.3
~N=CH-phenyl 24.7 -6.5 1.3 -1.5
-N=NCHj 22.2 -6.2 0.5 -3.0
-NO 374 -7.6 0.8 7.1
-NO, 19.9 -4.9 0.9 6.1
-CN -16.0 3.5 0.7 4.3
-NC -1.8 2.2 1.4 0.9
-NCO 5.1 -3.7 1.1 -2.8
-NCS 3.0 -2.7 1.3 -1.0
-N*=N -12.7 6.0 5.7 16.0
S -SH 4.0 0.7 0.3 3.2
~SCH3 10.0 -1.9 0.2 -3.6
~SC(CHj3); 4.5 9.0 -0.3 0.0
—-S(CH3),* -1.0 3.1 2.2 6.3
-SCH=CH, 5.8 2.0 0.2 -1.8
~S—phenyl 7.3 2.5 0.6 -1.5
—S—-S—phenyl 7.5 -1.3 0.8 -1.1
-S(O)CH3 17.6 -5.0 1.1 2.4
-50,CH; 12.3 -14 0.8 5.1
-SO,0H 15.0 -2.2 1.3 38
-S0,0CHj3 6.4 -0.6 1.5 5.9
-SO,F 4.6 0.0 1.5 7.5
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Substituent X Z, Zy Zy Zy
-S0,Cl1 15.6 -1.7 1.2 6.8
—SO,;NH, 10.8 -3.0 0.3 32
-SCN -3.7 2.5 2.2 2.2
O -CHO 8.2 1.2 0.5 5.8
|| -COCHj3 8.9 0.1 -0.1 44
C -COCF;3 -5.6 1.8 0.7 6.7
/\ -COC=CH 7.4 1.0 0.0 59
—~CO-phenyl 93 1.6 -0.3 3.7
—-COOH 2.1 1.6 -0.1 5.2
—COONa 9.7 4.6 2.2 4.6
-COOCH; 2.0 1.2 -0.1 4.3
-CONH, 5.0 -1.2 0.1 34
—CON(CHj3), 6.0 -1.5 -0.2 1.0
~COF 4.2 1.6 -0.7 53
—-COC1 4.7 2.7 0.3 6.6
~-COSH 6.2 -0.6 0.2 5.4
—CH=NCHj3 8.8 0.5 0.1 2.3
—CS-phenyl 18.7 1.0 -0.6 2.4
~CS—(1-piperidyl) 15.0 -3.1 -0.2 -0.2
-Li -43.2 -12.7 24 3.1
~MgBr -35.8 -11.4 2.7 4.0
Si -SiHj -0.5 7.3 -0.4 1.3
~SiH,CHj; 4.8 6.3 -0.5 1.0
-Si(CH3)3 11.6 49 -0.7 0.4
—Si(phenyl)3 5.8 7.9 -0.6 1.1
-SiCl3 3.0 4.6 0.1 4.2
~Ge(CH3)3 13.7 4.5 -0.5 -0.2
—Sn(CHj3); 13.2 7.2 -0.4 -0.4
-Pb(CH3); 20.1 8.0 -0.1 -1.0
P -P(CHjy), 13.6 1.6 -0.6 -1.0
—P(phenyl), 8.9 5.2 0.0 0.1
-P*(phenyl),CH; -9.7 5.2 2.0 6.7
-PO(CH3), 2.5 1.1 0.1 3.0
—PO(-phenyl), 5.8 39 -0.1 3.0
-PO(OH), -1.9 3.6 1.5 5.6
-PO(OCH,CH3), 1.6 3.6 -0.2 34
-PS(CHj3), 6.7 2.0 0.2 2.9
-PS(OCH,CHj3), 6.1 2.8 -0.4 34
-AsH, 1.7 7.9 0.8 0.0
—As(phenyl), 11.1 5.0 0.1 -0.1
—-AsO(OH), 3.8 1.6 0.8 4.5
-SeCH=CH, 0.7 4.7 0.4 -1.4
-SeCN -5.3 5.1 2.9 2.1
—Sb(phenyt), 9.8 7.7 0.3 0.0
—Hg-phenyl 41.6 9.3 -0.9 -1.6
-HgCl 22.5 8.0 -0.6 -0.9
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Effect of Substituents in Position 1 on the 13C Chemical Shifts
of Monosubstituted Naphthalenes (in ppm relative to TMS)

X for X:H 8¢, =128.0
8 1

OO 8¢, = 1259

6 Y10 8y = 1336
Substituent X Cl C2 C3 C4 C5 C6 C7 C8 C-9 C-10
C -CH; 60 05 06 -1.8 03 -07 -05 -41 -11 -02
-C(CH3)3 179 -28 -09 -06 16 -14 -14 -12 -16 22
~CH,Br 40 11 -09 13 05 -01 03 -46 -2.8 0.1
~CH,0H 82 -09 -06 01 05 -03 01 -45 26 00
-CF; -13 -18 50 1.0 0.8 20 -34 10 -39
g -F 31.5-161 0.1 -38 01 14 07 -71 93 2.1
a -Cl 39 02 -02 09 02 31 08 -36 -28 10
I Br 54 36 -02 05 -01 04 10 -1.3 -20 06
-1 284 123 17 17 14 16 26 44 13 13
0 -OH 23.5 -17.2 -01 -73 -04 05 03 -66 -93 1.0
~OCHj; 273 -223 -02 -79 07 03 -09 -61 -81 08
~OCOCH; 186 -79 -06 -21 00 04 04 -69 -69 09
N -NH, 140 -165 03 -93 03 -03 -13 -73-102 0.6
~-N(CHj), 23.7 -112 06 -46 10 04 -03 -32 -39 2.1
~-NH;+ 38 46 -09 34 14 21 28 90 -74 12
-NO, 185 -2.1 -20 65 05 1.3 34 -51 -87 06
-CN -192 51 -24 38 07 02 1.2 -45 -28 -22
O -CHO 29 108 -14 67 02 06 27 -35 -36 -03
|| ~COCH, 69 29 -17 49 03 04 20 -20 -35 0.2
C -COOH -15 36 -24 43 06 -09 06 -32 -32 -08
/\ ~COOCH; 09 45 -12 54 07 05 19 -18 -19 05
~CON(CHj3), 6.8 -2.1 -08 09 04 04 10 0.1 -41 -02
~COCl 1.2 106 05 93 19 21 45 -2.1 -21 1.0
~Si(CH3)3 98 51 -04 17 12 -08 -07 01 38 02
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Effect of Substituents in Position 2 on the 13¢C Chemical Shifts

of Monosubstituted Naphthalenes (in ppm relative to TMS)

8 1 x forX:H 8C1 = 128.0

9
6 3 Ca2 = 22

5104 8cg = 1336
Substituent X C1l1 C2 C3 C4 C5 C6 C7 C8 C9 C-10
C —CH, -13 93 20 -08 -05 -1.1 -02 -06 -0.1 -2.0
~C(CH3), -33 225 -30 -04 00 -07 -02 06 04 -13
—CH,Br 1.7 9.0 19 -04 -05 07 03 06 -06 -07
—CH,0H 2.7 123 -44 -0.1 -04% -0.2* 0.1* -02* -03 -0.8
—CF; 2.0 42 1.1* 0.1* 24* 15 1.1 -1.1 1.3
g -F -170 349 96 24 00 -07 1.1 -06 07 -3.0
a —Cl -14 57 08 15 -02 02 1.1 -1.1 07 -19
I Br 18 62 31 15 -03 02 08 -11 -20 07
-1 9.2 -341 90 23 05 13 15 -06 2.1 -08
0 -OH -186 273 -83 1.8 -03 24 0.5 -1.7 09 -47
-OCH; 222 318 -7.1 1.5 -03 22 05 -1.2 1.0 -43
-OCOCH; 95 225 -48 13 -04 -03 0.6 -04 0.1 -2.2
N -NH, 2206 167 -89 -02 -16 -48 -09 -35 -0.1 -7.0
-N(CH3),  -21.1 236 -88 1.2 00 -34 07 -1.1 24 -59
-NH;* 59 03 -65 32 02 23 20 02 01 -03
-NO, 34 200 67 17 01 40 22 21 -11 24
-CN 58 -167 0.1 10 -02 30 16 02 -16 0.7
O -CHO 62 79 -36 08 -03 29 09 18 24 -14
|| -COCH,4 19 83 -22 02 -04 23 07 14 18 -13
C -COOH 27 24 -06 02 -03 24 09 13 -13 15
/\ -COOCH; 30 18 -05 02 -01 24 09 14 -10 19
-COC1 25 9.1 -07 02% -04 22% 0.8 1.2 -1.4
-Si(CH3)3 58 119 39 -10 01 03 -02 0.1 -05 02

* assignment uncertain
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Estimation of 13C Chemical Shifts of Multiply Substituted
Benzenes and Naphthalenes

The 13C chemical shifts of multiply substituted benzenes and naphthalenes can be
estimated using the substituent effects in the corresponding monosubstituted
hydrocarbons.

Example: Estimation of the chemical shifts for 3,5-dimethylnitrobenzene

C-1 base value 128.5 C-2 base value 128.5
Z;(NOy) 19.9 Z»(NO,y) -4.9
2Z5(CHjy) -0.2 Z,(CHj3) 0.7
estimated 148.2 Z4(CHy) -3.0
exp 148.5 estimated 121.3

exp 121.7

C-3 base value 128.5 C-4 base value 128.5
Z{(CH3) 9.2 2 Z,(CHjy) 1.4
Z5(CHj3) -0.1 Z4(NO,) 6.1
Z3(NO») 0.9 estimated 136.0
estimated 138.5 exp 136.2
exp 139.6

Larger discrepancies between estimated and experimental values are to be expected
if the substituents are ortho to each other or if strongly electron-donating and
electron-accepting groups occur simultaneously.

4.5.2
Coupling Constants

13c.1g Coupling Constants (|J| in Hz)

131[12 Inbenzene:  In derivatives:
e Uy, 159.0
» 21, 1.0 14
He 35 7.6 7-10
Hg eny -1.3
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13¢-13C Coupling Constants (HIcel in Hz)

a . ;Jab 57.0 acgig ;Jab 44.2
©c 3Jac 2.5 . 3Jac 3.1
: J.g 100 d 4;ad (3).3
e ae :
4.5.3
References

[1] P.E. Hansen, 13C NMR of polycyclic aromatic hydrocarbons. A review, Org.
Magn. Reson. 1979, 12, 109.
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4.6
Heteroaromatic Compounds

4.6.1
Chemical Shifts

13¢C Chemical Shifts of Heteroaromatic Compounds

(6 in ppm relative to TMS)

109.9 107.7 126.4
! N30 ! VNi1s0 ! VY1249
o N S
) 125.4 N—>122 3 ) 143.2
15064 D138.1 1362 1223 15274 D186
0" ’
N
150.0; \100.5 133.3 \104.7 157.07 \123.4
158.9 N, V1333 147.8
No N N
H
N—N 147.4 — 1304
U Siare 14740 N N N
N N N’
H H
120.1 109.0 126.8
134.6 4@5 HN@ 135.0 145.1@
N N N
H H
135.9 148.4 146.0 135.6
@ 123.7 @ 129.0 O 128.6 O 1280
NP 149.8 N 142.5 146.0 139.6

I CH;498 CrOH
in ethanol in DMSO

X 126.5 121.4
m I‘i/j [ 11449
Ne. 2 151.4 156.4

N 1580 N

128.8

/N 131.0
Se

137.6

[\ 126.2
Te

147.3
1 \
N\S 135.8

M143.3
N N

N

H

103.4
M@ 138.5

125.7
@ 127.2
N 139.4

0]

W 166.5 I\{'N\W 160.9
kazN
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Effect of Substituents on the 13C Chemical Shifts of Mono-
substituted Pyridines (in ppm relative to TMS)

8C-2 =149.8 + Zi,2

4 8c.3=1237+7Z;5

5 N3 8cg=1359+Z,
6 N/ 2 Sc_s =123.7 + Zi,S
8C—6 = 149.8 + Zi,6

Substituent in 222 = 266 223 = Z65 224 = Z64 Z25 = 263 226 = 262
position 2 or 6
-H 0.0 0.0 0.0 0.0 0.0
C —CH3 8.6 -0.5 0.3 -3.0 -0.7
—CH2CH3 13.7 -1.7 0.4 -2.8 -0.6
—CH=CH2 5.9 -1.3 1.1 2.5 -0.3
—phenyl 7.7 -1.6 0.8 -3.2 0.2
H -F 13.9 -14.0 54 -2.5 -2.0
a —Cl 1.8 0.8 2.8 -1.4 0.0
1 _Br 15 4.6 2.6 -1.1 0.5
-1 -31.6 11.3 1.7 -0.8 1.0
O -OH 15.5 -3.6 -1.1 -17.0 -8.2
—OCH3 14.3 -12.7 2.6 -7.1 -29
~O-phenyl 13.9 -12.2 3.5 -5.3 -2.0
—OCOCH3 7.6 -7.3 34 -1.8 -1.6
N —NH2 8.4 -15.1 1.8 9.7 -1.6
—-NHCH3 10.9 -16.2 1.5 -11.3 -1.3
—N(CH3)2 9.6 -17.9 1.2 -12.3 -1.9
~NHCOCH; 1.4 -9.8 2.6 -39 2.1
—N02 6.9 -5.7 3.9 5.4 -0.8
-CN -15.8 4.8 1.1 3.2 1.4
S -SH 30.4 10.7 2.1 -10.6 -12.1
—SCH3 10.2 -4.6 0.0 -2.2 -0.5
——S(=O)CH3 16.2 -4.4 2.2 0.9 -0.2
—S(=O)2CH3 8.5 -2.6 2.4 3.7 0.3
O -CHO 3.0 - -2.0 1.2 4.2 04
” —COCH3 3.8 -2.1 0.9 34 -0.8
C -COOH -3.7 0.0 2.5 4.2 -1.7
/\ —COOCH3 -1.7 1.5 1.1 3.3 0.0
—CONH, -0.3 -1.2 1.4 2.8 -1.5
—Si(CH3)3 18.6 5.0 -2.0 -1.1 0.3
—Sn(CH3)3 23.3 7.6 -2.7 -1.7 0.6
—Pb(CH3)3 334 9.2 -2.6 -2.3 1.1
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Substituent in Z32 = 256 Z33 = 255 Z34 = 254 Z35 = Z53 236 = 252
position 3 or §
-H 0.0 0.0 0.0 0.0 0.0
C —CHj 1.3 8.9 0.0 -0.9 -2.3
~CH,CHj, 0.4 15.4 0.8 0.5 2.7
_phenyl 1.4 12.8 1.8 -0.3 1.3
H -F -11.5 36.1 -13.2 0.8 -3.9
a -Cl -0.3 8.1 -0.4 0.6 -1.4
1 _Br 2.1 2.7 2.7 1.1 -0.9
-1 7.1 -28.5 8.9 2.3 0.3
O -OH -10.7 31.3 -12.4 1.2 -8.6
~-OCH; -12.5 31.5 -15.9 0.1 -84
~OCOCH; -6.5 234 -7.0 -0.1 -3.2
N -NH, -11.9 21.4 -14.4 0.8 -10.8
-NHCHj3 -13.6 23.1 -18.2 0.6 -11.9
-N(CHj3), -14.0 23.3 -17.1 0.1 -11.6
~CN 3.6 -13.8 4.2 0.5 4.2
S -SH -12.8 26.1 -11.3 7.3 -2.8
-SCH; -13.6 24.6 -11.7 10.6 -3.0
O -CHO 2.4 7.8 -0.2 0.5 54
Il —COCH3 3.5 8.5 -0.7 -0.2 0.0
C -COOH -6.4 13.0 11.1 4.3 -6.0
/\ —-COOCH;3 -0.6 1.0 -0.5 -1.8 1.8
—CONH2 2.7 5.9 1.1 1.2 -1.5
—Si(CH3); 2.7 9.1 3.0 2.3 12
—Ge(CHs)s 3.9 12.8 4.2 -0.4 -0.1
—Sn(CH3)s 5.9 13.0 7.1 0.1 0.3
—Sn(n-CyHg)s 6.6 12.6 7.7 0.0 -0.4

—Pb(n-C4Ho); 7.1 217 8.5 0.9 1.8
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Substituent in

Zyp=246 Zy3=245 Zyy

position 4
-H 0.0 0.0 0.0
C —CHjz 0.5 0.7 10.6
-CH,CHj3 -0.1 -0.5 16.8
-CH(CHj3), 0.4 -1.9 21.2
—C(CHj3);3 0.9 -2.6 23.9
-CH=CH, 0.3 -3.0 8.4
—phenyl 04 -2.2 12.2
u -F 2.7 -11.9 32.8
a -Br 3.0 33 -3.2
e 0.2 9.1 -30.8
O -OCHj 0.9 -13.9 29.0
~OCOCH; 1.7 -6.7 23.9
N -NH, 0.7 -13.8 19.3
-NHCH3 0.5 -15.9 19.8
-N(CH3), 0.6 -16.3 19.2
-CN 2.1 2.1 -15.9
S -SH -16.9 5.9 54.3
-SCH3 0.1 -33 14.6
O -CHO 1.7 -0.7 53
|| -COCH3 1.6 -2.7 6.6
C —COOCHj3 1.0 -0.8 1.4
/\ —CONH, 0.4 -0.9 6.2
—-Si(CH3);3 -2.8 2.4 11.9
—-Ge(CH3)3 -1.1 4.4 16.8
—-Sn(CHj3); -1.1 7.3 16.2
-Pb(CHj)3 -0.5 9.1 24.6
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Estimation of 13C Chemical Shifts of Multiply Substituted
Pyridines

The 13C chemical shifts in multiply substituted pyridines can be estimated using
the substituent effects in the monosubstituted parent compound.

Example: Estimation of the chemical shifts for 2-amino-5-methylpyridine

4
CHj; A\ 3
1
6 NS
N 2 NH;

C-2 base value 149.8 C-3 base value 123.7
Z,7(NH») 8.4 Z,3(NHy) -15.1
Zs57(CH3) -2.3 Z53(CHj) -0.9
estimated 155.9 estimated 107.7
exp 156.9 exp 108.4

C-4 base value 135.9 C-5§ base value 123.7
Z,4(NH») 1.8 Z,5(NH,) 9.7
Zs54(CH3) 0.0 Zs55(CH3) 8.9
estimated 137.7 estimated 122.9
exp 138.6 exp 122.5

C-6 base value 149.8
Z,6(NHy) -1.6
Z54(CH3) 1.3
estimated 149.5
exp 147.6

Larger discrepancies between estimated and experimental values are to be expected
if the substituents are ortho to each other and if strongly electron-donating and
-accepting groups occur simultaneously. Also, tautomerization and zwitterion
formation have large effects on 13C chemical shifts.
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13C Chemical Shifts of Condensed Heteroaromatic Rings
(6 in ppm relative to TMS)
127.9 127.6 139.8
123 2121 S F 1069 119 6120.5 N 124 ;23'8 N
‘ 1450 N124.1 : N 126.4
124.6 N¢] 121.7 \ N 124.4 S
1118 555 111.0 13;; 1226 1399
125.4 122.9 125.1*
@[]\\S 152.6 @[% 1415 M 15s.5
124.4 ¢} 122.9 125.8% S
1108 {500 11541379 122.7% 53 5
1222 122.8
1243 5L o 1204 %5y
123.0 e 120.1 N
130.6 d 125.8 N
1099 1427 110.01§913
118.4 134.5
1244 y_. 1553 1221 /_. 1445
120.0 o 124.1
131.1 \\N’ 128.6 \\N’
1147 {564 1216 {15
1112 1/44.4 119.3 145.5 1216 1552
127.2 /1‘{0 123.4 I‘\{N 129.0 /Ns
=N 126.SOSSf N =N
108.
1331 CH 33.7
9.6 1334 129.0 1'120.71005 144.8 1284
AR5 (1567 :
1172 Di1aa ' I Si2ss l\l \>1479
1105 N 1421y ~N 1520
1256 1130 'R
148.9 154.9

* assignment uncertain
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128.0 135.5 126.9
1276 | 1357 1262 | 1202 1280 | 1247
126.3 X120.8 130.1 NX1427 1322 NX146.1
1292 1500 127.0 _N 132.1 _N
1202 | N 1273 | 1522 1205 | N
148.1 128.5 151.0
1252 142.8 126.7
1274} 1559 1296 | 1267 | 152 0
127.9 jsr 129.4 1448 1331
134.1 160.7
1286 |
150.1
1242 120.6 1226 120.0 1349 121.9
122 6 118.4 124 6
127.0 125.4 127.0
f 111.6 } 1108 f 122.9
\ 156.2 139_6
142 7 126.6 116 8
114.5 1358 129.5 126.7%
120.0 128 3 121.3
123.0 f 125.5 125.6*
112.8 130.3 113.8
131 8 149.1 141 7
142.2 144.0 119 9
| 162 | 1309 127.4%
123.6 130.2 124.2
126.5%
117.5
151 9

* assignment uncertain
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4.6.2
Coupling Constants

13c.1H Coupling Constants (|J] in Hz)

/\“)/ \ab Ue,Ha 175 i—/\/ \ab IJCaHa IZ/——\ UcaH, 206
1 2 Y Ucpnp 189

H H
a
1JCaHa N/—\, \N IJCaHa 194 417~I§ 17 e, 209
[ N epy 177 TNy N *
H H

a
Np ?CaHa 161
| o Jcomy 163

N Ueen, 178

13¢.13C Coupling Constants (|J-c| in Hz)

a 1y 69,1 a Iy 65.6 a |y 64.2
( \ CaCp 0 / \ CaC / \ CaC

N S
© H

a i
Ny Jcacs 337

1 lJCbCc 54.3

7

N
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4.7
Halogen Compounds

The additivity rules for estimating the 13C chemical shifts of various skeletons
can be applied to those haloalkanes that do not have more than one halogen atom
at a given carbon atom. In all other cases, the simple linear models fail but
correction terms for non-additivity are available for halomethanes and derivatives
(see [1, 2]).

4.7.1
Fluoro Compounds

Fluorine in nature occurs 100% as 19F, which exhibits a spin quantum number,
I = 1/2. The signals of carbon atoms up to a distance of about four bonds are split
by coupling to 19F.

13¢ Chemical Shifts and 19F-13C Coupling Constants of Fluoro
Compounds (6 in ppm relative to TMS, |J| in Hz)

71.6 109.0 116.4 118.5
CHsF Jop161.9 CHF, Jop 2348 CHF; Jop 2743  CFy Jog 2592

2Jcp 19.5 2ep 22.4 283 o
80.1 92 852 Y87-3
3ep 6.7 Uep 163.3
4cp~0 2 cpl8.3 (1:;6-2 o g 248
14.1 31.9 29.3 30.6 313 88.5

N & xF
g 271 -
22.7 29.3 253 84.2 147.7

2J g 48.1
3JcE 6.2 Ucp 164.8 CF e 267.2
Yep 177 Ucr 239 Ucr 2832
78.9 108.1 115.0
CH,F.__OH CHFx~__OH CF; H
\[]/173.5 i 167.2 163.0

0 2.2 2Jcp 28 025, 436
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F F
91.0; Yep 171 163.3; cp 245.1 184 9 JCF1;66
32.8; Ucp 22 115.5; 2cp 21.0 31.0; JCF
23.6; %I g 5 3 127.8; Jcp
s Jcr 130.1; 3Jcp 7.8 128.9: 4o 1
25.3: =0 124.1; 410p 3.2 .
¢ " SCF 129.0; *J g 3
CF; 124.5; JCF272 F o 1687; 112618
21310, Ucp 32 ~ 5
111.8; 2cp 16.1
125.3; 3Jcp 4 < Miss 64
128.8; “Icr 1 N T oTeEE
131.8; S o =0
122.7; % cp 17.7 141.3; 3£ 7.5
F 4
.3 121.2; “Tcp 42(7 ) 109.7; 2 37.6
0 “JeF
145.9: 40 3.7 N7 138.3; JCF225 Nf
163.7; U 236.3

Estimation of 13C Chemical Shifts of Linear Perfluoroalkanes
(8 in ppm relative to TMS) [3]

5=1248+3Z

i

Increments Z; for the CF,- or CF5-substituent in

position:
o B Y
-8.6 1.8 0.5
Example: Estimation of the chemical shifts in perfluorobutane
/CFZ\ /CF3
F3C CF2
CFj3 base value 124.8 CF, base value 124.8
1 o CF, -8.6 1 o CF, -8.6
18 CF, 1.8 10 CF, -8.6
1yCF;3 0.5 1B CF; 1.8
estimated 118.5 ‘ estimated 109.4

exp 118.5 exp 109.3

Hal
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4.7.2

Chloro Compounds

13C Chemical Shifts of Chloro Compounds (8 in ppm relative to TMS)

25.6
CH;Cl

18.9
¢l
39.9

Hal

40.7

CH,Cl_ O

H
\ﬂ/l73.7
0]

1
- 59.8
374
26.1
25.4

cCl; 97.7
« 1448

126.8
128.4

130.3

54.0 77.2 96.1
CH,Cl, CHCIl; ccly
26.3 27.3 34.6
L« Cl cl

11.6 46.8 53.7 66.7
51.7 46.3 105.3
Cl Cl
a 96.2 T~Cl CCl3~CCly
Cl
Cl Cl Cl 119.9
1133 = 127.1 \—=/ e
118.1
Cl

cL. ¢l cl cl
\=(125.1 =121

1176 ¢ c’

63.7 88.9
CHCl,._ _OH CCl;. _OH
\[1/170-4 \[]/167.0
0 o)
Cl CH,CI 46.2 CHCl, 71.9
~1338 1378 1404
129.9 128.7 128.6
126.6 128.5 129.7
135.5 c1 138.7
=
124.3 @{31'8 122.3 @24.5
N
148.4 N7 149.5 1498 SN Pa

151.6
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4.7.3

Bromo Compounds

13C Chemical Shifts of Bromo Compounds (8 in ppm relative to TMS)

9.6
CH3BI‘

19.
9\4/Br
27.6

31.8 Br

r

+~52.4
38.3
27.3

25.6

Br

1327
Z ] 127.0
SN 152.8

21.4
CHzBr2

26.4
B
13.0 35.6

324
Br/\/Br

Br
127.2 =< 97.0
Br

B Br
I>=< 93.7

Br Br

L1231
131.8

130.7
127.5

138.6

Br
7
124.8 (TZI'O

x>
1489 "N~ 1519

12.1 287
CHBI’3 CBI’4
. 36.4
283 Br Br
Y44.8 62.1
49.4 53.4
Br CBr,—CBr,
315 [Br
Br
Br Br 109.4
\:_/ \ Br
116.4 Br~
Hal
25.9 31.3
CH,Br._ _OH CHBr,_ _OH
1720 Y 169.7
o) 0
H,Br 33.4
1380
129.2
128.8
128.7
138.5
122.6 @\128.3
150.3 \N Br

142.3
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4.7.4

lodo Compounds

13C Chemical Shifts of lodo Compounds (8 in ppm relative to TMS)

-24.0
CHjyl

20.6
\/I
-1.6

3.0

312
40.1
28.3

254

I
-« 105.1
l 132.8
150.0

N

4.7.5

References

-54.0
CH,l,

27.0
/\/I
153 9.1

130.3
\/I
85.2

I
973
@ 1374
130.1
127.4

144.8

12600/952

150.1 156.9

-139.9
CHI,

312

I
Yo

122.9
150.8

9

CH,I 59
1385

128.5
128.5
127.6

137.6

QK

|
NP

118.2

135.0

-292.5
cly

40.4

I
>ﬁ&o

I/\/I

[1] G.R. Somayajulu, J.R. Kennedy, T.M. Vickrey, B.J. Zwolinski, Carbon-13
chemical shifts for 70 halomethanes, J. Magn. Reson. 1979, 33, 559.
[2] A. Fiirst, W. Robien, E. Pretsch, A comprehensxve parameter set for the

prediction of the

organic compounds, Anal. Chim. Acta 1990, 233, 213.
[3] D.W. Ovenall, J.J. Chang, Carbon-13 NMR of fluorinated compounds using

wide-band fluorine decoupling, J. Magn. Reson. 1977, 25, 361.

3C NMR chemical shifts of sp -hybndlzed carbon atoms in



4.8 Alcohols, Ethers, and Related Compounds 117

4.8
Alcohols, Ethers, and Related Compounds

4.8.1
Alcohols

13C Chemical Shifts of Aliphatic Alcohols (8 in ppm relative to TMS)

50.2 18.2 25.9 25.3
CH;0H ~_-CH _~_-OH OH
57.8 103 64.2 \(64-0
15.2 36.0 31.2 23.8 33.6 32.7
\/\/OH OH /\/\/OH 7 OH
203 62.9 %/68'9 153 29.4 63.2
262 733
142 31.9 329 H 143 394 305
O R _on 143 282 672 o1
< .
23.0 25.8 62.1 232 392 235 19.2 OH 72.2

13C Chemical Shifts of Aliphatic Glycols and Polyols
(8 in ppm relative to TMS)

OH 36.4 » OH
o~ 68.22,72.7
63.4 HOL A~ OH =l _on

60.2 18.72,23.0° 6772, 71.6°

2 in CDCly, ® in D,0

oH | OH
HO_ AN OH HO—"A\—0H 661\ 1/

OH

onl oul 638
743 745

66.0 H
OH Hi OH
Ho/\@ 015 HOV&V/OH 83.3
OH " 63.4 755 91.2 OH

~
OH
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13C Chemical Shifts of Alcohols (8 in ppm relative to TMS)

125.1 99.1 63.4 o OH
CF;._ OH CCli_OH _ =
61.4 75.9 1149 1375 738 83.
Wlcp 278 Hz
g 35Hz
H OH H
65.1
703"5‘ . L 140.9 1517i-°; , ém 6
) 127.3 ' 157.7
2 1287 1299 1316
26.3
1274 121.1 108.5

13C Chemical Shifts of Enols (8 in ppm relative to TMS)

OH H.
= 2 S
83.0 149.0 190.5 )| ___L 1905

225 990 225 28.5
32.8
28.3 28.3

46.2 46.2 54.2
191.1 191.1 2036
HO (o

103.3
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4.8.2
Ethers

13C Chemical Shifts of Ethers (8 in ppm relative to TMS)

60.9 576 67.7 59.1 745 105

NA NATN N~ 54.9 72.6
0 0O o ~o
14.7 23.2 514
59.1 73.4 20.5 S~
S0 494 k 27.0 O 23 584
32.9 15.0 07y ‘ '
72.7
52.5 152.7 574 731 1164 14.2
\O/\ 84.4 \O/\/ \/0\9\09
: 134.4 146 XN 265
55.1 54.8
e O/
79.2 159.9
114.1
32.2 156.1
26.4 120.8 128.2

121.6

13C Chemical Shifts of Cyclic Ethers (8 in ppm relative to TMS)

A 39.5 <O> 726

229
0 68.1
[ j46.7
N
H
/o) 0
145.6 <\ 768.6 < 7 75.3

98.4 285 1263

Sk

O

(Oy 68.4 @ 69.5
26.5 271
24.9

68.5
27.0

144.1 | 64.8 I 0 | 1411
99.4 22.6 101.1

19.4
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13C Chemical Shifts of Acetals, Ketals and Ortho Esters
(8 in ppm relative to TMS)

0— 537 999 95.0 los.g 1478

N\
109.9 <o— 24.9 l O— 48.1 0\_/0 121.8 ©/:0>100.7
>< _ 64.5 0
%\8 070 o— SL.1 o_/
0 ™So L J o3z /0—< o<
v67.5 0 / o— —/ /02
il 115.0 112.9 _\
15.2
121.0
—0 lo-—50.4
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4.9
Nitrogen Compounds

4.9.1
Amines

13C Chemical Shifts of Amines (8 in ppm relative to TMS) as well as
Shifts Induced b_)j Protonation (in parentheses: 8,in, hydrochloride -

S mine » measured in D50)

The protonation of amines causes a shielding of the carbon atoms in the vicinity
of the nitrogen. This shielding amounts to -2 ppm for an a-carbon atom, -3 to -4
for a B-carbon, and -0.5 to -1.0 ppm for a y-carbon. The most frequent exceptions
occur in branched systems: Tertiary and quaternary carbon atoms in the o-position
are generally deshielded by protonation of the nitrogen (A§ = +0.5 to + 9 ppm)

[11.

28.3 38.2 47.6 56.5
-18) (-2.0) (-1.2) {
/ /
NH 544 95

19.0 ~o 2 -\ A\
(:5.0) 36.9 M N AN

(-0.2) 157 445 129 Sl4 — N\

(32) (-06) (17) +1.3)

74 N N

SN NH» 24.0 NH

115 446 (-2.6 21.3 16.0 ‘\_I\
(-04) (-1.8) /524 56.8 / 604

(1_%-%) 19 10 10.9
26.5 32.9
(-4.9) -4.7)

NH, NH;
\ﬁ_o,.o 472
(+2.2) +5.7)
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14.3 23.2 22.5 28.2
(-26) H (29 H (3.1) H -12) H
~M AN NC >(N\
459 352 125 540 361 505 33.9 / 28.5
(-04) (-1.8) (-09) (-2.1) (-2.0) (+1.9) (-2.5) o 2.7)
(+6.6)
12.8 20.6 8.7 25.4
2.1 | (-2.0) l -1.3) (-0.8) |
~N \( I~ NC
53.6 446 119 618 45.2 40.9 38.7
(+0.5) (-1.3) (-0.8) (-1.6) (-1.2) (+3 8) (-0.8) 53{ (+0.2)
(+8.9)
ﬁ 36.6 | 44.8 NH
~ /\/ N R 2
N o2 e SNy =/
30, 09 | 572 (10 113.6  139.9
el (-2.6; -02%
2.7%) Y )

*doubly protonated form

64.2

-54)

/\/
HO 44, 6
N 19

NH,
51.1 (+0.7)
37.6 (-5.4)
25.8 (-1.0)
263 (-1.1)

NH,
146.7

115.1
129.3
118.5

*doubly protonated form

HCK_\
605 NH

ug 513

33.5(-1.5)
~

58.7 (+0.6)
32,7 (-2.7)
25.7 (-0.3)
26.8 (-0.7)

41.1 (-0.7)
N

64.3 (+2.4)
29.2 (-1.6)
26.5 (-0.9)
26.9 (-1.2)

39.9
N

151.0
113.1
129.4

117.0
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123

H,N_ 46.3
143.4 /©
127.1 1433
128.3 117.9
126.5 129.4
118.0

L L

141.6
121.5

1294
122.9

13C Chemical Shifts of Cyclic Amines (8 in ppm relative to TMS)

| 48.6 H
A N <> 453
18.2 VAN 28.5 :
19.3
H | 42.7 H
< 747.1 N 567 Q ;1;.:
25.7 : 24.4 '
25.9
| 459 H H
N

N. N.
51.7 O 54.2 E j 46.7 [
68.1
26.2 N\~ 1250 o N
124.3 H

4.9.2
Nitro and Nitroso Compounds

| 46.4

<> 57.7

17.5

| 47.7
N

57.2
O 26.4
26.4
H
N 492
Q 31.3

27.2

13C Chemical Shifts of Nitro and Nitroso Compounds

(8 in ppm relative to TMS)

61.2 12.3 21.2 20.8
CH;3NO, \/N02 /\/N02 NO,
708 108 77.4 78.8
26.9 0,
NO, 1% 85.0
85.2

28.6 187

13.3 29.6
\/\/N02
19.8 75.6

14.0 31.4 =29.6 26.2
\/\/\/\/NO2
22.6 =29.6 27.9 75.8

N
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NO, NO, NO
84.6 148.4 165.9
31.4 123.6 120.8
24.7 129.4 129.3
25.5 134.6 135.5
4.9.3

Nitrosamines and Nitramines

13C Chemical Shifts of Nitrosamines (8 in ppm relative to TMS)

32.1 o 115 384 o 113 45.4
\ Y \_452 o 191 P
N—N N—N 20.3 Y N—N
/ —/ N—N

39.9 14.5 47.0 22.5 237 —<
54.2 511
11.8

13C Chemical Shifts of Nitramines (8 in ppm relative to TMS)

325 415 NO, CH, 400
CH;NH-NO;  CH3N( “N-NO,

NO, CHy”
4.9.4

imines and Oximes

13C Chemical Shifts of Imines (8 in ppm relative to TMS)

22.6 29.3
154.?: 297 163.4>= 23.6

56.6 17.8 j 50.6
128.6_129.0 137 3 129.8 130.2 137 4122.0 129.8

130.8 @L/C:N— 132.4 £ 127.0
H H [/
153.2
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13C Chemical Shifts of Oximes (& in ppm relative to TMS)

OH
147, SB—N

15.0

13.6

H 13.9

4.9.5

Hydrazones and Carbodiimides

148.2/==N

. OH
/
196 27.1 /OH o ;52.3 =N
151.9)~—N 31.5

/OH 15.0 /OH
155.4>:N
21.7
JOH -OH
159.4 1559 [ 1365
32.3 27.5 126.0
26.3 26.1 128.5
24.6 129.1

13C Chemical Shifts of Hydrazones (8 in ppm relative to TMS)

306 53\%09_1596

18.0\ 164.6
)=
25.1 T,—47.1

13.7
405 1672
20.1 Z—l‘{
16.2

TL‘46.5

13C Chemical Shifts of Carbodiimides (8 in ppm relative to TMS)

248

140.2
>— 49.0

35.0 24.8

139.9
<:>— 255

55.7
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4.9.6
Nitriles and lsonitriles

13¢C Chemical Shifts of Nitriles (8 in ppm relative to TMS)

CH3CN \/CN /\/CN CN
10.8 13.3 19.3% \ﬁ9.8
* assignment uncertain
119.8 125.1 110.5 118.0
132 219 28.5
168 27.4 28.1 8.6
1375 1172 122.4 118.7
xCN N N
107.8 28.3 112.5
30.1 132.0
24.6 129.2
25.8 132.8

13C Chemical Shifts of Isonitriles
(8 in ppm relative to TMS, |J|cy in Hz)

Because of the symmetrical electron dlstrlbuuon around the nitrogen atom, the

13c_14N- -coupling can be observed in the 13C NMR spectra of 1somtnles
triplets with relative intensities of 1:1:1 (spin quantum number of 14N: I =1,
natural abundance 99.6%).

2575 1158 3o J53 3j~0 150 165.715 5.2
26.8 1582 153 156.8 120.6 165.7 NC
CH3NC ~_NC o NC 126.7 15 13.2
36.4 119.4 1263 7 =~0
2565 5117 129.9%1=~0

129.4 4=0
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4.9.7
Isocyanates, Thiocyanates and lIsothiocyanates

13C Chemical Shifts of Isocyanates (0 in ppm relative to TMS)

26.3 121.5 13.6 342 125 (broad) 1107 1242
CH3;NCO \/\/NCO \/NCO
204 433 124.7

13¢ Chemical Shifts of Thiocyanates and Isothiocyanates
(6 in ppm relative to TMS)

15.4 111.8 1333 293 1287 .. o, 131 (broad)
~_-SCN SCN CH;NCS '\/'\/NCS
28.7 20.0 45.0

4.9.8

References

{11 J.E. Sarneski, H.L. Surprenant, F.K. Molen, Ch.N, Reilley, Chemical shifts
and protonation shifts in carbon-13 nuclear magnetic resonance studies of
aqueous amines, Anal. Chem. 1975, 47, 2116.
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4.10

Sulfur-Containing Functional Groups

4.10.1
Thiols

13C Chemical Shifts of Thiols (8 in ppm relative to TMS)

6.5
CH;SH

12.0 35.7

\/\/SH

21.0 237

140 314 341
NN SH

22.6 28.1

H
38.5
385

26.8
25.9

4.10.2
Sulfides

~SH

SH
%/41.1

27.6 27.4
~_SH SH
126 264 29.9
222 339 31.8
SH
140 306 24.6
28.1 38.8
SH 64.2
HS™
28.7 o > SH
27.3
28.8~SH H
1410 13&6 )
127.9 122‘8
128.5 '
eg 125.3

13C Chemical Shifts of Sulfides (8 in ppm relative to TMS)

19.3
\S/

34,1 22.0
NN

/ 45.6
K R

34,3 13.7
/k J{;A
S

23.6

50.1 289
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155 341 22.0 54.8 43.1
\S/\31/4\137 SN S S-S
o 232 >r 28.0 30.9
304
254 1323 141.8 —\ 726 814

/\S/\ S/\ =
14.2 110.5 106.9
_ 15.6
138.5

128.7 131.0

124.9 129.1
127.0

13C Chemical Shifts of Cyclic Sulfides (8 in ppm relative to TMS)

A 18.7 <S> 26.0 <S> 18.6

S
28.0
(b 31.7 C=X,, Cﬁ 34.4
31.2 = 128.8 381 S
@ 203 [/ 31.9 [Sj 29.1
28.2 6.6 S S
26.9 29.8

27.9@ 69.2 [ j 27.0
26.4 o 68.5

69.7
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4.10.3
Disulfides and Sulfonium Salts

13C Chemical Shifts of Disulfides and Sulfonium Salts
(6 in ppm relative to TMS)

22.0 32.8 136.0

~S\g” oSS s\i© 127.4
14.5 Q—S/
1272 1293

27.5

\

—$*r

/

4.10.4

Sulfoxides and Sulfones

13C Chemical Shifts of Sulfoxides and Sulfones
(6 in ppm relative to TMS)

40.1 43.9
. i o
b 54.3 146.1
0 ra 123.5
: 129.6
130.9
42.6 39.3 482 403 563 13.0
\S\/ \S\/\ \S\/\/
do §o 67 o 163
37.1 )\53.5 342 |70 QAP
\/5\\ \S\ < 7 51.1
0o 152 do 227 22.7

127.6 Oy /0

S
129.3 ©{\ \©
133.2

141.6
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4.10.5
Sulfonic and Sulfinic Acids and Derivatives

13¢ Chemical Shifts of Sulfonic and Sulfinic Acids and
Derivatives (8 in ppm relative to TMS)

39.6 8.0 25.0
CH3SO3H \/SO3H /\/ O3H SO3H
46.7 37 337 \rsz 9 >|/55.9
52.6 9.1 18.4 X 24.5
CH350,C1  ~_SO0:Cl ~ SO,C1 S0,Ci SO,Cl
60.2 12.1 67.1 67.6 74.2
42.7 48.7
AN\ 182
3137 A
PH / Cl NH,
0, ¢ 0, 0,
143.5 6)) 144.1 139.3
126.3 134.9 126.8 125.5
129.8 gg?) 129.7 128.8
132.3 ‘ 135.3 131.7
134.4
4.10.6

Sulfurous and Sulfuric Acid Derivatives

13¢C Chemical Shifts of Sulfurous and Sulfuric Acid Derivatives
(8 in ppm relative to TMS)

15.4 o 26.0
~~ ﬁ/o\/ (\57.1
583 [ 5

O\S/
1
0
0. O 14.5
591 /A OO~
O 0 69.6 6/\\
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4.10.7

Sulfur-Containing Carbonyl Derivatives

13C Chemical Shifts of Sulfur-Containing Carbonyl Derivatives

(6 in ppm relative to TMS)

The chemical shifts of thiocarbonyl groups are higher by about 30 ppm than those
of the corresponding carbonyl groups:

8cas = 1.5 8¢=p - 575

Carbonyl groups of thiocarboxylic acids and their esters are deshielded by about 20
ppm with respect to the corresponding oxygen compounds.

278.4

-~ 33.0
53.7

(0]
)J\ 284 292
30.1 SN

1941 321 13.6

44.3
32.7 /ﬁ\N/

199.4]
42.3

K,

194.5

39.2/ﬁ\8/ 20.6

234.1

11.
30.2/ﬁs/ 3

195.4

33.3/ﬁ\NH2

205.6

32.6

202.1
NH;
140.1
128.1
128.8
132.1
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4.11

Carbonyl Compounds

4.11.1
Aldehydes

Additivity Rule for Estimating the 13C Chemical Shifts of
Aldehyde Carbonyl Carbon Atoms (0 in ppm relative to TMS)

13C Chemical Shifts of Aldehydes (8 in ppm relative to

197.0
CH,=0

155 2046
CHO
\’/41.1

194.4
CHO
ﬁ
137.8 138.6

Boog =193.0+ 37,

1

—C—Cxr—CHO
Substituent i Zy ZB
—C= 6.5 2.6
~CH=CH, -0.8 0.0
~-CH=CH-CH; 0.2 0.0
—phenyl -1.2 0.0

13.8 243
N _~_-CHO

31.3 2005
CH;—~CHO

22.4 436

176.8
=CHO
83.1 81.8

201.3

s, 2027

~_~CHO
36,7

734 205.6
CHO
>ﬁ:\2.4

204.7
HO
50.1
26.1

25.2
25.2

TMS)

15.7 201.6

_~_-CHO
133 45.7

953 1769
CCl,—CHO

192.0
HO
136.7

129.7
129.0

134.3

C
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4.11.2
Ketones

Additivity Rule for Estimating the 13C Chemical Shifts of
Ketone Carbonyl Carbon Atoms (6 in ppm relative to TMS)

8C=0 = 1930 + ZZ[
i
i
_CB_CEx_C_Ca_CB_

Substituent i Zy, ZB
—C= 6.5 2.6
—-CH=CH, -0.8 0.0
—CH=CH-CHj3 0.2 0.0
—phenyl -1.2 0.0

13C Chemical Shifts of Aliphatic Ketones (8 in ppm relative to TMS)

206.7 O 207.6 206.6
> )k/ )k/\

452 135
211.8 /Uw/ 2068 319 14.0 213,5\0 2.5
294 435 23.8 245 |\

443

210.7 215.1 2180 O
\ \ ~ 28.6
C-': X \
45.6

13C Chemical Shifts of Halogenated Ketones
(6 in ppm relative to TMS)

2035 O 1875 O 1156

\)j\/F U LF

25.1 849 23.1
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200.1 1936 __ 186.3 96.5
™~ cl C1 >l La
272 494 702 Cl

C1 21.1 Cl

199.0 203.5 187.5 115.6
> Br > Br b r/ Br
25.1 84 9 Br
270 355 81 L
175. aiz 2
Cl

13C Chemical Shifts of Unsaturated and Alicyclic Ketones
(6 in ppm relative to TMS)

197. .
9 5/ﬁ\/280 )K 2079\ 03
29. '

25.7 1371 % 9.9

819  78.1 21.1
2094 1969
276 266 2577 »
26.3 137.4

137.8

13¢ Chemical Shifts of Diketones (8 in ppm relative to TMS)

197.7 201.1
\iﬂ/ M 206.9\}1/\”/ C
23.2
(@)

28.5 56.6 296 370 5
Enol form: see Chapter 4.8
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13C Chemical Shifts of Cyclic Ketones and Quinones
(6 in ppm relative to TMS)

208.9 219.1 209.7 2149
9.9 23.4 26.6 24.5
24.6 30.6

0]

AISS.I 209.8 199.0 185.8
158.3 34.0 1342 382 129.9 127.3
29.1 1653 22.9 150.6

1567
25.8
2.7 319
18 180.4 13184
7.0 4
136.4 130.8 1262 | J184.7
133.7 138.5
139.7
0 0
4.11.3

Carboxylic Acids and Carboxylates

Additivity Rule for Estimating the 13C Chemical Shifts of
Carboxyl Carbon Atoms (8 in ppm relative to TMS)

8C=0 = 1660 + ZZI

1

Substituent 1 Z ZB ZY
—C= 11.0 3.0 -1.0
—CH=CH, 5.0

—phenyl 6.0 1.0
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13C Chemical Shifts of Carboxylic Acids (8 in ppm relative to TMS)

166.3 217 176.9 ' 180.4
H—COOH CH;—COOH ~_-COOH
28.5
18.8 184.1 142 277 180.6
COOH o~ COOH
\7341 227 34.8
171.7 156.5 182.1
COOH == COOH OOH
=/ 78.6 74.0 437
133.1 128.3 29.6
26.2
26.6
1150 163.0 407 1737 637  170.4
CF,—COOH CH,Cl1—COOH CHCl,—COOH
160.1 169.2 173.9 166.1
. COOH COOH
(OOH 28.9
4a9< :
COOH COOH
COOH

13¢C Chemical Shifts of Carboxylate Anions

COOH
1304.6: 134fﬂT/

COOH HOOC

13.7 36.2

271 185.9
COOH
:>T§&7

172.6
OOH
130.6

130.1
128.4

133.7

88.9 167.1
CCl,—COOH

166.6
COOH

(8 in ppm relative to TMS; measured in water unless indicated otherwise)

171.3 244 182.6 11.1  185.1
H—CoO" 20.8% 177.6* 10.6* 181.3*
CH5—COO" ~_-C00
* solvent: CDCl, 31.5
28.4%*
* solvent: CDCl,/DMSO
174.5 COO™ 1854
COO 47.2
=/ 30.9
126.7 134.3 26.9
26.9
45.0 175.9 65.6 171.8
CH,CIl—COO CHCL,—COO0

188.6

:j/COO'

00" 177.6
138.2
133.1
130.7

133.1
96.2 167.6

CCl,—COO0"
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4.11.4
Esters and Lactones

Additivity Rule for Estimating the 13C Chemical Shifts of Ester
Carbonyl Carbon Atoms (8 in ppm relative to TMS)

8c=0 = 166.0 + ZZI

i

—CyCp—Cy—COO0—Cq—

Substituent i Zy, Zﬁ ZY Zy
—C= 11.0 3.0 -1.0 -5.0
~CH=CH, 5.0 9.0
—pheny! 6.0 1.0 -8.0

13C Chemical Shifts of Acetic Acid Esters (8 in ppm relative to TMS)

171i 515 170}& 60.4 170/@\ J\75
o~ o

20.6 20.9 14.4 213 21.9
79 9 26.1 125.3
o S A | 169)1
o 128.9
223 281 210 °f 3 20.8 ot
72.3

13C Chemical Shifts of Methyl Esters (8 in ppm relative to TMS)

161.6 171.3 sis 173.3 1722
\j)\ /49~1 ™~ o ' 9\>& 18.9°\
H O 20.6

13.8 35.6

1774, 1734, 1788,
101 \] 515 15,1 28.5\] 516 273 N 515 1753] 433 L
239 349 296

C=X

26.0
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167.8 165.1 162.5
a\\}ﬁ\ 53.0 NS a N\ 557
o~ o~ o~
40.7 . a1~
Cl1 64.1 Cl 89.6
166.5 153.4 0518
130.4\\;&\ 51.5 /\ﬁ\ 166.8 | 130.5
v 7~ ’
0 75.6 0
128.8 & Tas 129.7
: 128.4
132.8

0— 53.1 52.3 0
/
OI158.4 167.6 )—0 29113‘1 o 13
0~ "0— 41.2 :
Q N
© 0

(ONg 5
3.6
165.8 o/ 52.1 165.3 O/ 522 152.3
130.1{| | Il 7+¢
O_ - 133.5
0 o~

o O

13C Chemical Shifts of Lactones (8 in ppm relative to TMS)

168.6 178.1 171.2
39.1 27.8 29.2
58.7 68.8 22.3 69.3 19.1
22.3
176.0 161.6
O 34.6 117.0
69.2 23.1%

1521 1429
28.9% 20.5% 106.0

* assignment uncertain
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4.11.5
Amides and Lactams

Additivity Rule for Estimating the 13C Chemical Shifts of Amide
Carbonyl Carbon Atoms (8 in ppm relative to TMS)

8C=O = 1650 + ZZI

1

il LaCp
Cy—Ca-Co——N

CaCp
Substituent i Zy ZB ZY Zy Zg
—C= 7.7 4.5 -0.7 -1.5 -0.3
-CH=CH, 33
—phenyl 4.7 -4.5

13C Chemical Shifts of Amides (8 in ppm relative to TMS)

Formamides:
167.6 163.3 o 166.5 162.6
N N N g
24.8
Sl alypms— g Bl
| | 282 |36 s
=~ 90% ~ 10% '
161.8 164.9 162.6
\j)\ 33.0 \i \ﬁ 36.7
H I1}1/\146‘_ H NH H N N1238
36.9k16-8 41.9K 14.9
=90 % ~10 % '
Primary and Secondary Acetamides:
173.4 171.7 171.0
177.0% N N 26.1 \}i 34.4
v /\
N
2237 NH 27 H 228 B 146

* in water
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169.8 168.6 169. 0 28.6
>ﬁ’\ 407 111 /ﬁ\ )\0 s J<
25 H 225 w6 H 223 26 H
138.2
168 \ 25.4 169.5 124.1
24.7 N \ 128.7
2.7 N '
27 H 326 241 H 1204

Tertiary Aliphatic Amides:

170.0 169.6 170.1
\)ﬁ\ 35.0 \)(])\ 40.0 >ﬁ\ 474 11.4
N/ : N/\ Y

N
215 T, 21.4 131 215 21.0
‘ 429N 145 50.6 N 22.2
11.2
172.2
189 \ j%
14.0 35.1 I]\’\ 13.2
420™ 144
13C Chemical Shifts of Lactams (8 in ppm relative to TMS)
179.4 175.5 171.9
HN™ Y 303 HN' ) 1276 HN 31.5
424 208 49.5 147.6 42.0 20.9
22.3
o}
34.4 169.4 165.0 177.5
N
N 32.3 HN 120.8 HN 36.5
49.9 21.6 136.1 142.0 420 232
233 106.6 20.9% 30.7%

* assignment uncertain
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4.11.6
Miscellaneous Carbonyl Derivatives

13C Chemical Shifts of Carboxylic Acid Halides
(6 in ppm relative to TMS)

/&70.4 ﬁl65.’7 /&58.9
Cl Br 1

33.6 39.1
176.
1373 {1656 76 3(:1
X cl
131.4 55.4
29.7
25.5

25.9

13C Chemical Shifts of Carboxylic Acid Anhydrides

(6 in ppm relative to TMS)

JL, K e

158.5 167.4

169.6 372 134

. 0 0
=X 282 4 1725 137.4 165.9

0 | o 136.1

0]

174.7
Cl

9.3

-

41.0

168.0

133.2
131.2
128.8

135.1
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13C Chemical Shifts of Carboxylic Acid Imides
(6 in ppm relative to TMS)

0
/E /ﬁ\241 /E /(“)\260 1836 27.9 177.6
N_

N
171.6 173.0 31 3 24.0
o)
o) 1315,
135.5_A 1730 1224 | [ 1615
| NH 1337 N— 23.2
0 o
13C Chemical Shifts of Carbonic Acid Derivatives
(6 in ppm relative to TMS)
CO181.3 CO, 124.2 CO;% 168.2 51928
i fooam R
\O O/ 54.9 /\/\O O/\/\ ~ / 20.2
156.5 155.9 309 13.6 226 2
65.1 68.1
[O> 15(6)-7 %28.7 27.4 /ﬁ)\ 60.7
. 21.7¢ o) SN o N
0 H 578 147
j\163'5 165.4 1938
H,N” ~NH, \1|\1 I N~ 385 \IT II\I/ 43.0
156.7
161.3
ﬁ ~N & 356

N N 312

\'—1/5‘0 K) 48.1

22.5
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4.12
Miscellaneous Compounds

4.12.1
Derivatives of Group IV Elements

13C Chemical Shifts and Coupling Constants of Derivatives of
Group IV Elements (& in ppm relative to TMS, |J| in Hz)

+ OFO + OFO
s

136.4 —Z
1362 135.4
127.9 128.3
129.6 129.1
*Jesa 11 4119

h .
Jesn 52 3180
es, 531
Csn @ 2Jcsa 38 2y 67
| -9 | 42
—Tn-’ —-—l:l’b - b
@ 2

1375 137.2 1503 137.6
128.6 129.5
129.1 128.5
1 2.0 N
162 Flog 1296 | Z co
e : 136.3
26.7 16.6 138.7 1357 m \4; CO—21.6
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4.12.2

Phosphorus Compounds

13C Chemical Shifts and 31p-13¢C Coupling Constants of
Aliphatic Phosphorus Compounds (3 in ppm relative to TMS, |J| in Hz)

5111 12 35125 17-109 126.0: 17 12
245 326 1y 248 286 ~pi
/\/\T/ 14.4 AP 7?208 i
13.9 283 140 279 K/\
50 214 0 %15
3710 2114 10.7 Np? o 12.3: 17 49
27.0 289 155 /N 63 N7
/113 s R I
26.0 P 17 15
410 39.3\
118
3515 1748 3711 1744 3711 320
241 187 234 429 247 336
P T N S T PV TN
133 237 L/\ 13.7 25.1 140 248 & 53,4
50 214 0 T4 o 16 2y,
3113 1166 1143 o 614,257

24.4 27.8(\/

/\/\_O
13.6 24.0 E/\

1
190 _p o™ 165
! 35 6
6.6 O~

2
70 s 17
488 13.7 334 | , 339
2 5 3 2
Q. 712 510 355 N 719
O 19.1 61.9 N
A . . N
316 13.6 326
162 07N 510 317 A~
l  ——
\/O\P:_O S0 ?_O
63.6 CI) 4] 0 2] 6 O\/\/
216 189 67.2

Misc.



146 4 13C NMR

3716 154 1554 3516 1351 §/;4.9
14

23.9 346| 20.8 24.0 30.9(\/ 538 /O\F:S

13.6 24.8 T_ 13.6 24.6 K/\ ol

5o %34 40 24

13¢ Chemical Shifts and 31P-13C Coupling Constants of
Aromatic Phosphorus Compounds (8 in ppm relative to TMS, |J| in Hz)

3 2120 l312 2510 104
I7 1336 1372 35112 1323 1356

128.4~ 128.8™~ /9
w0 b 2 O40
128.5 D 132.3

1
o _114 J 145
P\ 120.5;31 4

fl
HO~P -OH
-133.0; 12J 182 ©/ 504 \© 129.8,4 0

2
128.1;%7 15 AR
130.5;450
70 357 U4 7o s 1J84
129.5 124.1 151.5 129.7 120. 1/5%

124.1

Misc,

Q/CH’QQ 10 OO
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13C Chemical Shifts and 31P-13C Coupling Constants of
Phosphoranes (8 in ppm relative to TMS, |J| in Hz)

259 1783 )\
132.9 133.3 9§/

0 VU N \ O~p-0
. x

1285 Q_ 110 ¢ O—<68.5;2J 13
1306 2
4 N U4 24.1;%7 6
1 3.2

3111

4.12.3
Miscellaneous Organometallic Compounds

13¢ Chemical Shifts and Coupling Constants of Miscellaneous
Organometallics (8 in ppm relative to TMS, |J| in Hz)

L -16.6 \ 148 | 6.2 \ 63
— B— —B— Li* In—
/ | /
\ 112 l8.4
As— —Agt— T
/ AS I
Q1337 128.6 Q 6.8 129.4
128.4 Q Sb 129.1
7 Cp o
@ 139.6 120.2 1328
131.3
134.8
2 3
185 31104 .
Misc.
Q 138.1 131.0 137.4 1283
OOt
170.3
131 1 17 1275

(couplings with 199Hg)
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4.13

Natural Products

4.13.1
Amino Acids

13C Chemical Shifts of Amino Acids
(6 in ppm relative to TMS; solvent: water)

41.5

OH
*H3N

171.2
o)
(pH 0.45)

36.6
+
H;N OH
322 O175.7

(pH 0.49)

16.5
oH

+

H3N%ﬁﬁ74.o

501 O
(pH 0.43)

18.0 18.5

30.3
. oH
HN /1729

598 O

25.1
40.1 227
Natural OH
Products B3N/ O174.0

(pH 0.37)

428
+
H3N/\|C1)/173.6
(pH 4.53)

38.8

*H3N_ o~ _O"
348 1794
(pH 5.03)

17.5

o
+
N/ Y1770

51.9

(pH 4.96)
178 192
03
"H3N"# [175.4

61.9

(PH 5.64)

21.8

25.1
40.7

+ o
H3N 7 176.3
54.4
(pH 7.00)

22.9

46.0

H)oN ©

51827
(pH 12.01)

39.3

H)oN. (0}
ms2.7
(pH 12.56)

21.7

HzNj\ﬂ/gs 7
L 18s.

52.7
(pH 12.52)

179 20.3

29[
HoN'7 Y184,

632 O
(pH 12.60)

22.5
256] .-
455 '
o
HN 7/ 185.4

559 O
(pH 13.00)
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12.1
15.3 25.9

37.1
OH

+

HN /708

58.7 O
(pH 0.28)

OH
60.4
OH
THN"/ 11713

56.0 O
(pH 1.12)

Ho, 202
66.;];(01{
+
HN A (1917
508 O

(pH 1.36)
SsH
25. 1/;(
oM
+
HN 7 (1719
559 0
(pH 1.75)
152

1
31.3&(30
o

"HN'2 1753

553 O

HO
66.9
+ o
HN 7 1736
0

61.5
(pH 5.87)

25.5
*H3N /4

56.7
(pH 5.14)

173.1

O:g_\m
- T

NH;*

jus
o
w —m\_?:o

39.0
OH
+
H3N /1756
547 O

62.9/[[(

o
HN 7 176.1
578 O
(pH 9.28)

HO 203

68.6
HzN/l

62.1
(pH 9.27)

177.3

SH
32.0

5

o
HN7 Y 182.1

607 O
(pH 11.02)

44.1

HN/ (1807

558 O
(in D20)

Natural
Products
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174.4

350 OH
OH

HiN"/ Y1720

506 O
(pH 0.41)

OH
1724

26.17" 30.7

. OH
HN 7 (1726

534 O
(pH 0.32)

THIN 402
24.0

OH
172.8

28.1

*H;N 7
53.7 O
(pH 0.46)

NH;

+
40-5 27.6
22,
30.5 6
Products . OH
H3N /
173.2

Natural
540 O

(pH 0.50)

130.7

129.5

+H3N/4
573 ©

178.7
37.8 gfl
+
HaN 7 17525

535 O
(pH 6.73)

OH
182.4

2827 34.7

+ o
H3N 7 1758

560 O
(pH 6.95)

+
H3NQ 403

287 24.0

HoN'/
555 O
(pH 5.02)

0]
175.3

NH3*

40.5 277

31.2 226

HN#
559 O
(pH 6.03)

o
175.8

117.5

+H3N/4
573 O

0
181.3
was( 7
HaN"7 Y1834

553 O
(pH 12.73)

0O
184.0
33.0¢” 35.3
o
HN7 1839

572 O
(pH 12.51)

HoN 419
a3 294
o

HaN/ Y1846

572 O
(pH 13.53)

2
41.8 33.0
357 23.6
o
HaN'/ 1846

573 O
(pH 13.85)
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+H2N NH; +H2N NH2 HN ﬁ)\JHZ
157.8 157.9 157.8
415 416 HN 421
25. 25.6
2800 240 28.8 0 32.7
OH OH .
THN'/ Y1728 HN/ 1754 HaN'/ 83,9
539 O 554 O 56.6 O
(pH 1.33) (pH 7.87) (pH 11.52)
244 294 248 30.0 248 30.0
61.00H 62.30° 62.40
H, Hy" o H o
(PH 1.27) (pH 7.26) (PH 9.8)
HO_ = 382
70.9 6070
339N 174.9
H,* ©
118.9 NH,* 117.7 NH5* 118.2 NH,
172.1 4, 176.9
350N 2.2} o 137.2%129-0T piras 137.1%130-11 0
127.7 53.6 133.1 55.7 133.5 56.1
(pH 1.74) (pH 7.82) (PH 9.21)
56.1 NHs*
N0

122.9

120.3
119.3

174.8

N 125.8

1127 V H

137.3

(in D20, sat., 80 °C)

Natural
Products
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4.13.2
Carbohydrates

13C Chemical Shifts of Monosaccharides

(6 in ppm relative to TMS)
Ribose

68.1 63.8
HO ©

70.1 YoH
H 708 OH

62.1

HO 0_97.1
83.8 “OH

H(ﬂ fu"OH
70.8 71.7

67.4 60.8

NN
100.4
70.4 f OH

OH 69.2 O 567

68.6 63.9

HO
68.6] {YoH™ A 570

OH 71.0 103.1

Glucose

Natural 70'661 QOH 72.3
Products o> e
HO 92.9

738 1OH
72.5 OH

94.3

HO

68.2 63.80

69.7 4 OoH
. OH
OH 719 94.7

63.3
HO 0 OH
83.3 101.7

no! Yon
712 76.0

61.9
HO 103.1
84.6 “"0— 55.5

ot You
69.8 71.1

HO 629 — 553
83.0 108.0

wo! VYou
70.9 74.3

HO OH
76.7 Fon 96.7
75.1
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AcO OAc

72.8 Foac 91.8
70.5

Fructose

HO g

HO 65.9
7137 70.9 OH
H  OH

in water and in DMSO: traces

in water: 75%; in DMSO: 25%

61.9 105.5 63.2 102.6

63.8
HO 0 ¢ o HO 0 ‘ OH
82.2 ""OH o 81.6 “, OH
s - s 63.6
wo! tou ao'l fon
77.0 829 754 76.4
in water: 4%; in DMSO: 20% in water: 21%; in DMSO: 55%

13¢.1H Coupling Constants through one Bond (IJCH in Hz)

KO,; Ko,g
c-H c-OR

| [
OR H

oy 169-171 gy 158162

Natural
Products
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4.13.3

Nucleotides and Nucleosides

13C Chemical Shifts of Nucleotides and Nucleosides

(8 in ppm relative to TMS)

NH,
/171 0
*669

(in DMSO/water, 1:2)

NH,
- 165.5
93.8(
141.4 155 4

HO__60.6

158.1

84.0 89.2

69.3 73.9
OHOH

(in D,0)

1191
4
1403( Jisaa

151 7
(in DMSO)

164 4
100. 3

1422 N/Kﬂ .

(in DMSO)

163.1

NH
N/J\lgm

101.7
140.6

HO__60.8

84.4 87.6

69.8 73.5
OHOH

(in D,0)

150. 1</

11.9 1650

107.8}| /&51 6

137.8 N

(in D,0)

123 1638
109.5|

NH
/KISO.S
136.2 >N 0O

HO_ 614

87.3 83.9

70.5 395
OH

(in D,0)

119.6 1688

/Qsoo
H AN

162.2
(in D,0)
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119.6 NH
9\ /1563

1402</ J1526

HO__61.9 149 3

86.2 88.2

70.9 73.8
OHOH

(in DMSO)

NH,
197 /156 1

1411</ )1530

HO _62.6 149 0

88.3 85.5

72.1 40.0
OH

(in D,0)

He7 «—157.1

N NH
136.1¢ || 153.8
S,

HO_ 61.6| 151.5

85.5 86.7
70.6 73.9
OHOH
(in DMSO)
117.4
7\ / 159 6
7
1385 < )\154 6
NH,
H 62.5 152 0
88.0 84.8
72.0 39.6
OH
(in D,0)
Natural

Products
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4.13.4
Steroids

13C Chemical Shifts of Steroids (8 in ppm relative to TMS)

Natural
Products
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4.14
Spectra of Solvents and Reference Compounds

4.14 .1

13C NMR Spectra of Common Deuterated Solvents
(125 MHz, 6 in ppm relative to TMS)

Acetone-dg
206.0

= T T T Y T T T

200 180 160 140 120 100 80 60 40 20
Acetonitrile-d3

oA

118.3

200 180 160 140 120 100 80 60 40 20 0
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BIH 128.0

| e e e e |
129 128 127

200 180 160 140 120 100 80 60 40 20 0

Bromoform-d
ﬂrﬂ 10.3

200 180 160 140 120 100 8 60 40 20 0
Chloroform-d

Solvents

o

200 180 160 140 120 100 80 60 40 20
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Cyclohexane-dj,

l A l 26.4

YTt T

27 26

v 1 — 1 v T M 1 M \J N T

200 180 160 140 120 100 8 60 40 20

Dimethyl sulfoxide-dg
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—rTTrrrrTTTT

40 39
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200 180 160 140 120 100 80 60 40 20

Pyridine-ds
149.9 123.5
A A ﬂ 135.5 n A A A
4Tt —Tr r———rT
151 150 149 136.0 135.0 124.0 123.0

— T T o T M T

200 180 160 140 120 100 8 60 40 20
Tetrahydrofuran-dg

Solvents "oy " 180 160 140 120 100 80 60 40 20



4.14 Spectra of Solvents and Reference Compounds 159

4.14.2
13C NMR Spectra of Secondary Reference Compounds

Chemical shifts in 13C NMR spectra are usually reported relative to the peak
position of tetramethylsilane (TMS), which is added as an internal reference. When
TMS is not sufficiently soluble in the sample, use of a capillary containing TMS
as external reference is recommended. Owing to the different volume
susceptibilities, the local magnetic fields differ in the solvent and reference.
Therefore, the position of the reference must be corrected. For a D,O solution in a
cylindrical sample and TMS in a capillary, the correction amounts to +0.68 and
-0.34 ppm for superconducting and electromagnets, respectively. These values
must be subtracted from the shifts relative to external TMS if its position is set to
0.00 ppm. Alternatively, secondary references with (CH3)3SiCH, groups may be
used. The following spectra of two secondary reference compounds in D,O were
measured at 125 MHz with TMS as external reference. Chemical shifts are reported
in ppm relative to TMS upon correction for the difference in the volume
susceptibilities of D5O. As a result, the peak for the external TMS appears at 0.68
ppm.

3-(Trimethylsilyl)-1-propanesulfonic acid sodium salt (sodium 4,4-dimethyl-4-
silapentane-1-sulfonate; DSS)

0.68 TMS
H.c. CHs (external reference) 19
X AN
Si_~_SO;3Na 551
HC ' 198 158

200 150 160 140 120 100 8 60 40 20 0
2,2,3,3-D4-3-(Trimethylsilyl)-propionic acid sodium salt

HiCpp
Csi X 0.68 TMS
HyC 55 COONa ol Mtemal reference)
186.3 187 186 33 32 31 173 12 319 127

i

-2.0

T T N T

© 200 180 160 140 120 100 80 60 40 20

[l

Solvents
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4.14.3

13C NMR Spectrum of a Mixture of Common Nondeuterated
Solvents

This broad band-decoupled 13¢ NMR spectrum of a CDCl3 sample with 20
common solvents (0.05-0.4 vol%) is shown as a guide for the identification of
solvent impurities (125 MHz, 3 in ppm relative to TMS). Chemical shifts of
signals marked with an asterisk (*) may change up to a few ppm if the sample
contains solutes with functional groups that can form hydrogen bonds. DMF:
dimethyl formamide; THF: tetrahydrofuran; EGDME: ethylene glycol dimethyl
ether.

149.9* pyridine
ethyl acetate DMF
206.8* acetone  192.6 Cs, 1711 162.5
1 i n
[DOASSNAABRRAALS AR SUABSNAERAN IR S SU N SR MMM S S|
210 205 200 195 190 185 180 175 170 165 160 155 150 145 140
pyridine 129.1 toluene CDCl, 77.1* (toR part

136.0 128.4, 128.3 toluene, benzene
125.3 toluene
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| 116.3* acetonitrile

CHCI, 77.3*

137.9

toluene
l 96.2* CCl,

140 135 1307 1257 120 115 110 105 100 95 90 85 80 75

534 CHCL
71.9EGDME 071 dioxane 60.4 ethy] acetate methanol
THF 68.0 65.9 diethyl ether 59.1* ethanol 50.7%

’ 58.4 EGDME '

2 65 60 55 50

DMF 31.3 27.0 cyclohexane

30.9 acetone
; ; hexane 31.6
dimethyl sulfoxide 41.1 25.6

DMF 36.4 THF
— [ .

50 45 40 35 30 25
22.7 hexane 15.3 diethyl ether
21.4 toluene 14.2 ethyl acetate 1.8 acetonitrile
21.0 ethyl acetate 14.1 hexane
18.5 ethanol ™S
ol } e
— T ~—r r r r I r . T 1T Tt T 1 T 1
25 20 15 10 5
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