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A. Saturated Hydrocarbons
1. Normal Alkanes

Normal Alkanes
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This section contains the carbon-13 NMR chemical shifts of the straight chain alkanes.

The aliphatic additivity constants presented in many of the section heading discussions are usually very useful when

utilized with these parent alkane chemical shifts in the calculation of theoretical chemical shifts for straight aliphatic

compounds.

Alkanes

Compound



142 | 228 | 348 | 228 | 142 | " " cDCl;

142 | 230 | 321 | 321 | 230 | 14.2 | o~ cDCl,

141 | 231 | 324 | 295 | 324 | 231 | 141 | o o cDCl,
R2- | 323 | 298 | 298 | 32.3 | 281 | 141 | o o e T CDCl;
R5- | 301 | 301 [ 29.7 | 323 | 23.0 | 14.2 | oo o e e cDCl,
R12- | 299 | 299 | 296 | 322 | 229 | 14.2 | o™ o™ ™o o e | CDCly
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This section contains the carbon-13 NMR chemical shifts of the branched alkanes.

The aliphatic additivity constants presented in many of the section heading discussions are usually very useful when
utilized with these parent alkane chemical shifts in the calculation of theoretical chemical shifts for branched aliphatic

compounds.

2-Methyl Alkanes

11.8 32.0 30.1 22.3 CDCls

141 23.2 29.9 39.0 28.2 22.7 CDCls

14.2 23.0 32.5 27.3 39.3 28.3 22.8 CDCls

R2- 323 29.9 27.7 39.4 28.3 22..8 CDCls




3-Ethyl Alkanes

C-1 Solvent

18.9 36.6 29.5 11.6 CDCls

1.1 25.5 42.5 255 1.1 CDCls

14.2 234 29.3 32.8 40.7 257 11.0 CDCls

2,2-Dimethyl Alkanes

1

7 3 3, %Hs

MCIJCH3

C-1 Solvent
8.9 36.7 30.5 29.0 CDCls
14.1 22.9 33.1 24.4 44.5 30.4 29.5 CDCl3
R2- 32.3 30.6 24.8 44.6 30.4 29.6 CDCls
3[Cyclic Alkanes
Cyclic Alkanes
20.90
. 3510
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This section contains the carbon-13 NMR chemical shifts of cyclic hydrocarbons.



The chemical shift tables presented below illustrate the carbon resonances of both the ring carbons of substituted forms

and the shifts of the side chain carbons of alkyl cycloalkanes.

Cyclopropanes

C-2,3 ‘ C-1 -X Solvent ‘
7.1 -3.5 -C=N CDCl;
4.7 11.9 CDCl,
9.1 15.5 CDCl,

Cyclobutanes

3 2
471
C-3 C-2,4 C-1 -X Solvent
18.7 25.5 38.5 o CDCls

,

/C,K e

o}

15.6 27.8 46.2 [-NH, HCI D,O
121 33.41 67.0 [-OH CDCl,

Cyclopentanes



Solvent

23.9 39.8 28.1 -1 CDCls

25.6 351 35.1 -CHs CDCls

25.5 33.1 40.6 -R5 CDCls
234 38.0 53.0 -Br CDCls
23.2 37.3 61.8 -Cl CDCls

Cyclohexanes

2
X
3
4 B
g
C4 C35 C26 Ct 4 Solvent
254 | 242 | 2097 | 281 -C=N cDCly
260 | 249 | 326 | 289 -C=C-H CcDCly
25.2 271 39.5 32.0 -1 CDCl,
267 | 267 | 358 | 33.1 -CH, cDCly
27.0 26.7 34.0 35.6 CDCls,
f/n\“‘;c —CHg
HaC

271 | 267 | 337 | 379 -R7 cDCly
255 | 263 | 380 | 383 -SH CcDCly
271 | 268 | 333 | 399 ~CH,CH, cDCly
248 | 242 | 304 | 50.1 -NH, HCI Polysol
260 | 253 | 371 | 505 -NH, cDCly
260 | 251 | 334 | 515 | _NH CcDCly

253 25.9 37.6 52.9 -Br CDCls




26.6 29.2 34.0 56.9 -NH-CH,CHj,3 CDCl,
25.1 24.0 27.6 59.5 -NH-NH, HCI Polysol
25.8 24.0 32.0 72.2 0 CDCl,
Y
C—Fy
“‘*Oj
25.2 24.4 31.3 84.8 s} CDCl,
® g
\Q
o]

Alkyl Cyclopentanes; Alkyl Shifts

20.9 -C5 CDCls
14.2 23.3 315 36.4 -C5 CDCls
14.2 23.0 32.6 28.9 36.6 -C5 CDCl;

Alkyl Cyclohexanes; Alkyl Shifts

229 -C6 CDCls

11.4 30.4 -C6 CDCls

14.4 20.1 40.2 -C6 CDCls

14.2 233 29.4 37.6 -C6 CDCls

14.2 23.0 32.6 26.8 37.8 -C6 CDCls




14.1 22.9 32.3 30.0 271 38.0 -C6 CDCl,
14.1 22.9 322 29.6 30.2 27.1 37.9 -C6 CDCl,
B[ Unsaturated Hydrocarbons
1. Acyclic Alkenes
Acyclic Alkenes
114.20 341 291 22480
. 13810 293 321 1410

The carbon-13 NMR chemical shifts of alkenes that are contained in this section illustrate the low field chemical shifts of
the alkenyl carbon atoms (100-150ppm) and the weakly deshielding effect of alkene linkages on the chemical shifts of

adjacent aliphatic groups. The aliphatic additivity constants for two forms are given below.

Cc-4 c3 c-2 C-1 X

0.4 25 65 19.9 CH,=CH-

04 24 5.1 24.0 cH,
\c— /
AN

The Alkenes; Alkyl Chemical Shifts

w
7 3 1

C-6 C-5 C-4 C-3 C-2 C-1 -X Solvent
14.0 225 31.6 33.8 -CH=CH, CDCl;

14.1 22.8 31.7] 29.0 34.1 -CH=CH, CDCl;

14.1 22.9 32.1 291 293 34.1 -CH=CH, CDCls




R2- 32.2 29.4 294 294 | 341 -CH=CH, CDCl;
R7- 29.9 29.9 29.6] 29.3 | 34.0 -CH=CH, CDCl,
The CIS Alkenes; Alkyl Chemical Shifts
C-5 C-4 c3 c-2 C-1 X Solvent
12.7 -CH=CH-R5 CDCl;
12.7 -CH=CH-R3 CDCl,
137 231 | 292 -CH=CH-CH, CDCl;
14.2 22.9 31,9 297 | 27.1 -CH=CH-CH, CDCl,
The TRANS Alkenes; Alkyl Chemical Shifts
C-5 C-4 (0%} c-2 C-1 X Solvent
17.8 -CH=CH-R3 CDCly
14.0 17.9 -CH=CH-R5 CDCl,
13.7 23.1 35.0 -CH=CH-CH3 CDCl,
14.1 225 32.2 32.6 -CH=CH-R4 CDCl;
14.2 22.9 31.9 29.7 33.0 -CH=CH-CH3 CDCl,




2,2-Disubstituted Ethenes; Alkyl Chemical Shifts

4 2
/\H/\/\.‘
C-5 (o} (X} C-2 c-1 -X Solvent
17.5 21.6 H CH; CDCl,
J?P =C
CH 3
125 29.0 R, H CDCl,
£
t=c
r,r’ N
H
12.6 29.3 R. H CDCl,
< £
=
z'/ M,
H
14.1 22.8 305 36.3 R. H CDCl;
< £
t=c
Sy
14.1 22.8 31.9 277 38.1 H4C H CDCly
h=c
.r"') Y
H
R4- 229 31.9 29.7 33.0 HAC H CDCl,
t=c
7 y
H
Alkenyl Chemical Shifts
2 1
CH,=CH-X
C-2 (o] -X Solvent
130.7] 128.2 0 CDCl;
)J\O
130.4| 128.8 0 CDCly
)'I\O AH




116.5 136.0 /\[<CH3 CDCl;
CHy- 3
113.5] 137.0 \@ CDCly
115.0 137.7 [-CHx-OH CDCl3
115.5 137.8 YCHS CDCly
CH;
137.8] 138.6 0 CDCl3
114.3] 139.2 |R4 CDCly
97.00 1415 o CDCl;
T )l\
) Rq
97.2 141.6 o CDCly
S /”\
] CH;
114.4] 143.1 /(/ CDCls
110.7] 146.5 CDCl;
OH
/*\cm
CH;
100.00 149.8 \]<CH3 CDCly
cHy s
86.1] 152.3 [-O-R4 CDCl3

Alkenyl Chemical Shifts

10



Solvent
112.3 143.2 21.8 CDCls
112.0 144.9 22.0 CDCl,
109.7 146.0 22.4 -R9 CDCls
109.9 146.0 22.4 -R5 CDCl3
108.8 147.5 22.3 -R2 CDCl,

E (CIS) Isomers

H H
H \d
X- ‘ C-2 C-1 ‘ -Y Solvent
Br- 107.1 107.1 -Br CDCl;
CHs- 123.9 130.7 -CH,CH,CHj5 CDCl,
CH;- 123.7 131.0 -R5 CDCl;
HsC \( 135.2 135.2 \rc Hs CDCl3
CHz CH;

Z (TRANS) Isomers

H N
hd H

11



X- C-2 C-1 -Y Solvent
Br|{ 1133 | 1133 |Br cDCly
CHy| 1249 | 131.6 FCH,CH,CH; cDCl;
CHy| 1246 | 1318 [R5 cDCls
R4 1306 | 130.6 [R4 cDCl
H.C 134.7 | 134.7 \rCHS cDCly
CH, CH,
o 1260 | 137.6 ﬂ cocl,
H)J\ )
HO-N=CH| 1163 | 137.7 \O Polysol
o 122.6 | 147.5 [CH; cDCly
HOJ\
o 131.8 | 148.8 \@\ cDCl
=
H)J\ N";}O
|
ag
N=c| 964 | 150.3 \O cDCly
o 121.2 | 1520 [R3 cDCl
HOJ\
o 1311 | 1523 CcDCl;
H)J\
o 1333 | 158.2 [R3 cDCly

2(]Alkynes

Alkynes

12



i 1830 18.30 E3.40
] W

0.5+ 1370 304 g4.50

The alkynyl (C=C) carbons resonate in the chemical shift range from 68-92ppm. Because of their relatively long

relaxation times, they tend to be "weak" peaks overlapping in many cases with the CDCI; solvent bands.

The alkynyl functional group has only a very weak deshielding effect on the C—1 and C—2 carbons (C1=+4.4ppm,

C2=+6.0ppm). It displays a similar shielding effect on the alpha carbon of the alkynyl benzenes.

The aromatic additivity constants are given below.

cC4 C3 C2 C X
03 | -01 | 38 | 60 H-C=C-
03 | 02 | 32 | 51 S

The chemical shifts of selected alkynyl compounds are presented in the following tables.

Alkyl Acetylenes: Alkyl Chemical Shifts

34 o o CDCl;
\\S;:f
.f"h\"?%\_/
CHy
41 ’;-{_.’ CDCl;

13



13.5 22.9 21.0 -C=C-R5 CDCl;

13.7 22.1 30.9 18.3 -C=C-H CDCls;

14.0 22.4 31.3 29.1 18.6 -C=C-R4 CDCl;
14.1 22.5 31.4 29.2 18.9 -C=C-R3 CDCls
R2- 31.4 28.6 27.7 18.7 5 CDCl,

\/\"(Q M'CH3
o]

R3- 29.1 29.4 29.1 18.9 -C=C-CHs CDCl;
R12- 29.3 29.0 28.8 18.5 -C=C-H CDCls;

Ethynylcyclohexane: Cyclohexyl Chemical Shifts

26.0

24.9

32.6

28.9

Solvent

-C=C-H CDCls

Alkynyl Benzenes; Phenyl Chemical Shifts

4
C-4 C-3 C-2 C-1 -X Solvent
128.7 128.3 132.2 122.4 -C=C-H CDCl,
1291 128.4 132.4 121.8 _,;;. __:-:, CDCl,
127.6 128.3 131.7 124.4 -C=C-CH3 CDCl,




128.1

128.2

131

.6

123.3
I

CDCl3

Alkynyl Carbons Chemical Shifts

1

H%

H- C-2 C-1 -X Solvent
H- 68.4(84.5 -R4 CDCl;
H- 68.2/84.4 -R12 CDCl;
H- 68.1/88.5 \O CDCl,
H- 77.483.8 \@ CDCl,
CHgs- 75.2[79.4 -R7 CDCl,
CHs- 75.6/78.9 N\O CDCl;
CH;s- 80.1[85.9 \O CDCl,
CH;-CH,- 81.9[79.2 CDCl;,
Wﬁﬁ

R3- 80.0[80.4 -R5 CDCl;,
R4- 80.0[80.0 -R4 CDCl,

Alkynyl Benzenes; Alkynyl Chemical Shifts

15



=

X Solvent
O/ 81.5 74.1 | | CDCls
@/ 85.9 80.1 -CHs CcDCl,
O/ 85.2 84.7 OR 5 CDCls

|
CH
s R 5
O/ 91.8 87.3 CcDCl,
—C—an
90.0 88.4 o CDCl,
O/ g,
O/ 89.6 89.6 CDCly
ClAromatic Hydrocarbons
1. Monocyclic (Benzenes) and Polycyclic
Monocyclics and Polycyclics
15.80

| 2910

i 144.20
0.5+ 127.90 127 .90

. 12540 125.40

| 12570

T T T LI N B B UL I Y I L N B L B
240 220 200 1s0 160 140 120 100 20 &0 an 20 0
ppm
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This section contains the carbon-13 NMR chemical shifts of a selection of aromatic hydrocarbons. The chemical shifts

of benzenes substituted by other than hydrocarbon groups are included in the section.

As a substituent, the phenyl group exerts an intermediate deshielding effect on adjacent aliphatic carbon nuclei.

Aliphatic additivity constants for the phenyl group are given below.

0.3 -2.5 8.8 22.0

The following tables provide aliphatic and aromatic chemical shifts for a selected variety of aromatic hydrocarbon

compounds.

Alkyl Benzenes; Alkyl Carbon Chemical Shifts

Solvent

21.43 \O CDCls

15.6 291 \O CDCls

14.4 22.6 33.8 35.9 - : CDCls

R7- 298 29.8 29.6 31.6 36.1 \O CDCls

Substituted Ethyl Benzenes; Ethyl Carbon Chemical Shifts

17



C-2 C-1 -X Solvent

15.6 29.1 \O CDCl;

153 | 256 R. CDCly

15.7 29.1 - : R CDCls

15.7 28.7 \O\ CDCl,
RE

Phenyl Carbon Chemical Shifts

Alkyl Benzenes

Solvent
125.6 129.2 130.0 137.7 -CH; CDCls
125.7 128.4 127.9 144.2 -R2 CDCls
125.7 128.5 128.3 142.6 -R3 CDCls
125.6 128.4 128.4 142.9 -R17 CDCl,
126.0 128.4 128.4 140.0 CDCls
_—F\C =C
Hz"
125.9 129.3 128.8 141.0 CDCls3

18



125.9 | 1285 | 1285 | 1415 PN CDCls
1259 | 1284 | 1284 | 1419 cH CDCly
/W 3
125.7 | 1283 | 1283 | 1421 CDCly
1258 | 1283 | 127.0 | 1475 \[/Hﬁ CDCly
CH;
125.8 | 1284 | 1264 | 148.8 CH, CDCls
CH5
126.2 | 1294 | 1282 | 1438 CDCly
CH
1259 | 1312 | 1275 | 146.8 CDCls
Alkenyl Benzenes
2
3
El
c-4 c-3 c-2 C-1 -X Solvent
127.8 | 1285 | 1262 | 1377 H CDCly
4
Y=c
/
H H
128.7 | 128.7 | 1265 | 137.3 CDCly
H
P
H

19



1255 | 128.8 | 128.0 | 1388 CHy CDCls
e
/ \
H CH,
1274 | 1282 | 1256 | 1414 H CDCls
\C /
PN
H4C H
128.2 | 1282 | 127.7 | 1416 CDCls
H
R,
C=C
b
H
1255 | 1285 | 128.0 | 1388 \ CDCls
C=CH-CH,
£
HiC
Biphenyls
2
3
4
c-4 c-3 c-2 c-1 -X Solvent
1271 128.7 | 1271 141.2 \O CDCls
126.9 | 1286 | 126.9 | 1411 : CHj CDCls
127.0 | 128.6 | 127.0 | 1409 CDCls
1273 | 1298 | 127.8 | 1406 CDCls

20



127.2

128.7

127.2 141.2

CDCl3

Alkynyl Benzenes

Solvent
128.7 128.3 132.2 122.4 -C=C-H CDCl,
1276 | 1283 | 131.7 | 1244 Ty cDCl;
128.1 128.2 131.6 123.3 ,;-f.f CDCl,
1291 | 1284 | 1324 | 1218 e cDCl;
Il. Halogenated Hydrocarbons
A. Fluorinated Hydrocarbons
1. Aliphatic
Aliphatics
1 3080 2970 2940 3220 1420
] FW
0.5 B400 2550 2990 2970 2240
T T T T T T | | I T T I I |
240 220 200 120 1AD0 140 120 100 =1 &0 40 20 O
ppm
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This section contains the carbon-13 NMR chemical shifts of fluorinated hydrocarbons. The chemical shifts of these
compounds illustrate not only that fluorine is one of the most strongly deshielding substituents in its effect on the alpha
carbon (alkanes: F-aC =+69.9ppm, benzenes: F-aC = +34.9ppm) but that fluorine with | = /2, couples with nearby
carbons through as many as four bonds. As the coupling constant tables indicate, the magnitude of J decreases with

the increase in intervening bonds, i.e. F-aC > F-C > F-6C > F-oC.

In addition, the spectra of fluorobenzenes illustrate that coupling across substituted carbons or to substituted carbons
tends to be smaller in magnitude than the corresponding coupling constant to or across carbons that possess bonded

hydrogens.

The following tables present the observed chemical shifts and coupling constant information for this group of

compounds.

Fluorodecane

Solvent

29.9 29.7 25.5 30.8 84.0 -F CDCls

Aliphatic Additivity Constants

sigma gamma beta alpha Solvent
0.2 -6.6 8.0 69.9 -F CDCls
2] Aromatic
Aromatics
F
1 163.30
1 115.5
0.5 1302
] 124.2
T T T T T T T T T T T T T

22



This section contains the carbon-13 NMR chemical shifts of fluorinated hydrocarbons. The chemical shifts of these
compounds illustrate not only that fluorine is one of the most strongly deshielding substituents in its effect on the alpha
carbon (alkanes: F-aC =+69.9ppm, benzenes: F-aC = +34.9ppm) but that fluorine with | = /2, couples with nearby
carbons through as many as four bonds. As the coupling constant tables indicate, the magnitude of J decreases with

the increase in intervening bonds, i.e. F-aC > F-BC > F-86C > F-oC.
In addition, the spectra of fluorobenzenes illustrate that coupling across substituted carbons or to substituted carbons
tends to be smaller in magnitude than the corresponding coupling constant to or across carbons that possess bonded

hydrogens.

Fluorinated Aromatic Hydrocarbons

2
hd
3
4
C-4 C-3 C-2 C-1 -X Solvent
124.2 130.2 115.5 163.3 -F CDCl;
132.1 129.0 125.5 131.5 -CF3 CDCl,

Aromatic Additivity Constants for Fluorine

sigma gamma beta alpha -F Solvent
-4.2 1.8 -12.9 34.9 -F CDCly
3.7 0.5 -3.0 2.7 -CF; CDCl3

Selected Para-Substituted Fluorobenzenes

Solvent

23



F- 156.4115.7 [116.1 [143.1 NH, cDCly
F- 15771163 1166 [151.1 _OH Polysol
F- 150.4116.7 [116.7 [150.4 F cocl,
F- 161.4/115.0 [130.5 [133.5 -CH3 CDCls
F- 161501161 [131.9 [1252 -SH cocl,
F- 161.7|116.8 [130.2 [129.5 -Cl CDCl;
F- 161.90117.2 [1325 [1167 Br cocl,
F- 162.00115.4 [1305 [134.0 _CH,-CH,-Cl cDCly
F- 162501156 [1286 [137.4 \O cocl,
F- 165.21116.9 [134.8 [108.8 _C=N Polysol
F- 165.51115.4 132.3 [127.6 0 CDCl;
)J\OH
F- 165811157 [131.1 [133.9 & cocl,
)J\c H,
F- 166.00115.6 [132.3 [126.8 o cDCly
AOCH .
F- 166.71116.6 [126.6 [144.9 o, . cocl,

Fluorine-Carbon Coupling Constants

R+—CH,CH,—CH.—F

J'°F-a = 4.9 Hz CDCl;

J'°F-b =19.8 Hz CDCl,

J'®F-c = 125.5 Hz CDCl;

24



a 4]
CF3—CH,—OH

J'°F-a =125.5 Hz H,0

J'®F-b = 60.7 Hz H,0

F—S0;—CH,

J19F_CH2=16.9 Hz CDCl;

F—S0,

J'°F-80,-C= 22 Hz CDCl,

50,

Ha

J¥F-S0,-C=21.2 Hz CDCl,

2-Fluoropyridine

J®F-C2 = 239.2 Hz CDCl,

25



J'F-C3 = 36.7 Hz CDCl,

J'®F-C4 = 7.3 Hz CDCl3

J'®F-C5 = 4.8 Hz CDCl;

J'°F-C6 = 14.5 Hz CDCl;

Fluorobenzene

Solvent

245.7 21.7

7.3

21.7

-H CDCl3

Ortho-Substituted Fluorobenzenes

Solvent

238.3 14.7 6.4 17.0 -OH CDCls

2441 17.5 6.3 23.3 -CHs CDCls

248.7 16.8 7.0 4.0 211 -Cl CDCls

2491 16.7 7.4 22.0 -CH,-C=N CDCls

2541 12.6 8.8 24.2 0 CDCls
)J\C Hs

26



Meta-Substituted Fluorobenzenes

241.7 24.4 12.2 9.7 22.0 -NH; CDCls
2442 23.6 11.7 10.0 211 -OH CDCls
246.2 22.3 7.3 7.9 21.7 CDCls
246.6 22.0 7.3 7.3 26.8 -CH,C=N CDCls
249.1 24.4 7.4 7.3 19.5 o CDCls
)I\CI
249.1 24.4 7.3 22.0 o CDCls
5 =
H—o
Fe

Para-Substituted Fluorobenzenes

Solvent

239.2 22.0 7.3 7.3 22.0 -OH Polysol

2423 21.1 7.3 7.3 21.2 -CH; CDCls

244 .4 23.1 7.0 7.0 231 -SH CDCls

248.3 23.2 9.3 9.3 23.2 -Br CDCl,

252.9 23.3 8.9 3.5 8.9 23.3 o Polysol
AJ\OH

27



255.1 21.4 9.4 9.4 21.4 0 CDCl,
/H\C .
256.1 23.6 1.1 111 23.6 0 CDCl,
5 =
T
Ja
256.3 23.3 9.1 3.5 9.1 23.3 -C=N CDCl,

FsC

Solvent

291.1 Hz 35.1 Hz CDCls

B IChlorinated Hydrocarbons

1. Aliphatic
Aliphatics

E Cl
05 44 .90

1 33.00 3140 14.00

2690 2280

This section contains selected chlorinated hydrocarbons. As a substituent in alkyl structures the chlorine atom

possesses a moderately strong deshielding effect, i.e. Cl-aC = +30.6ppm.

As a substituent on aromatic rings, chlorine has a weakly deshielding effect, i.e. Cl—aC=+6.0ppm.

1-Chloroalkanes

28



C-6 C-5 C-4 C-3 C-2 C-1 -Cl Solvent

13.4 20.3 35.0 44.6 -Cl CDCl;
14.0 22.8 31.4 26.9 33.0 44.9 -Cl CDCls
R2- 32.0 28.8 27.2 33.0 44.8 -Cl CDCls3

2-Chlorobutane

Solvent

1.1 33.6 25.0 60.1 -Cl CDCls

Chlorocyclopentane

Solvent

23.2 37.3 61.8 -Cl CDCls

Chlorocyclohexane

Solvent

29



254 25.0 36.9 59.9 -Cl CDCls

3-Chloropropene

3oz o1
CH,=CH-CH,-CI

118.3 134.3 45.1 -Cl CDCls

1,4-Dichloro-2-butene

Solvent
Cl- 437 | 1302 | 130.3 | 437 -l CDCl,
2 Aromatic
Aromatics
i Cl
. 134.40
1 128.90
0.5
] 1297
| 126.40

This section contains selected chlorinated hydrocarbons. As a substituent in alkyl structures the chlorine atom

possesses a moderately strong deshielding effect, i.e. Cl-aC = +30.6ppm.

As a substituent on aromatic rings, chlorine has a weakly deshielding effect, i.e. Cl—aC=+6.0ppm.

30



Chlorinated Aromatic Hydrocarbons

2
Cl
3
4 5
5
C-4 C35 C-2,6‘ c-1 -X Solvent
126.8 | 129.7 |128.63| 134.4 -Cl CDCl;
128.2128.6|128.6 | 137.5 -CH,-Cl CDCly
129.8128.6 | 126.0 | 140.2 -CH-Cl, CDCl;
130.1|128.1]125.3 | 144.1 -CCl; CDCl,
127.5|129.5|127.5|145.2 Cl CDCl;
|
C
4-Substituted Chlorobenzenes
2
3 1 X
o
Cl- C-4 [02] ‘ C-2 (o] -X ‘ Solvent ‘
Cl- 122.8 | 129.0 | 116.3 | 145.2 -NH, CDCl,
Cl- 126.2 | 129.7 | 116.9 | 153.6 -OH CDCl,
Cl- 1295 | 130.2 | 116.8 | 161.7 -F CDCl;
Cl- 1326 | 129.8 | 129.8 | 132.6 -Cl CDCl,
Cl- 133.2 | 130.1 | 1326 | 120.2 -Br CDCl;
Cl- 134.1 | 130.3 | 1386 | 91.1 -l CDCl,
Cl- 1381 | 1285 | 1315 | 135.7 0 Polysol
Cl- 138.3 | 1285 | 1311 | 129.8 o Polysol
AJ\OH




Cl- 139.3 | 129.6 | 133.4 | 111.0 -C=N CDCls

Cl- 1414 | 129.6 | 125.0 | 147.0 0 CDCl3

C(lIBrominated Hydrocarbons
1. Aliphatic

Aliphatics

2740

| Br 19.50

This section contains bromine containing hydrocarbons. As a substituent, bromine exerts a weakly deshieiding effect

on the adjacent carbon atom. The aliphatic additivity constants for bromine are:
Br- C1=+19.4,C2=+10.2, C3 =-3.8, C4 =-0.6 ppm

In aromatic molecules, bromine has the effect of actually shielding the C1 carbon atom. The aromatic additivity

constants for bromine are:
Br- C1=-5.9,C2,6=+3.0,C3,5=+1.4,C4=-1.7ppm
The tables shown below illustrate the chemical shifts of a selected variety of bromine containing organic compounds.

N-Alkyl Bromides

S

C-6 C-5 (o) C-3 C-2 C-1 -Br Solvent
19.5 27.5 -Br CDCls

13.0 26.5 35.5 -Br CDCls

13.2 21.5 35.0 33.1 -Br CDCls

13.9 22.0 30.5 32.8 33.4 -Br CDCl3

14.0 22.7 31.2 28.1 33.1 33.4 -Br CDCls
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R2- 31.7 28.5 28.2 33.0 33.7 -Br CDCls

R13- 29.9 29.0 28.4 33.2 33.2 -Br CDCl3

Branched Alkyl Bromides
2-Bromobutane
3 2

A

Br

Solvent

121 34.3 26.1 52.8 -Br CDCls

2-Bromopentane

C-4 ‘ C-3 ‘ C-2 Solvent

13.4 21.0 43.3 26.5 50.9 -Br CDCls

2-Bromohexane

Solvent

13.9 221 29.9 41.0 26.5 51.0 -Br CDCls




Alicyclic Bromides

Bromocyclopentane

Solvent
23.4 38.0 53.0 -Br CDCl;
Cyclohexanes
2 r
3
4 B
5

26.6 26.2 32.9 36.5 -CH,CH,Br CDCl;
2531 | 259 376 52.9 -Br CDCl;
2 Aromatic
Aromatics
1 Br
i 122 50
i 131 40
D'S__ 129 80
. 126.70
LI D LI | 1T LI | rrrr1rYrrrrerTre T T T T T T
240 220 200 180 160 140 120 100 =0 &0 40 20 0
PR
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This section contains bromine containing hydrocarbons. As a substituent, bromine exerts a weakly deshieiding effect

on the adjacent carbon atom. The aliphatic additivity constants for bromine are:

Br- C1=+19.4, C2 = +10.2, C3 = -3.8, C4 = -0.6 ppm

In aromatic molecules, bromine has the effect of actually shielding the C1 carbon atom. The aromatic additivity

constants for bromine are:

Br-C1=-5.9,C2,6=+3.0,C3,5=+1.4,C4 =-1.7ppm

Aromatic Bromides

2
®
3
£
g
c-4 C-3,5 C-2,6‘ @1 X Solvent
126.7 | 1298 | 1314 | 1225 -Br CDCl;
128.1 | 1285 | 1288 | 1376 -CH,-Br CDCl,
128.9 | 1286 | 1275 | 1385 _Br CDCl;
~cH
I
CHoBr
1273 | 1283 | 127.3 | 1423 B CDCl;
ToH

4-Substituted Bromobenzenes

Br

C-2,6 C-3,5 C-4 Solvent

Br- 106.9 131.8 113.4 146.7 I\K_ CDCls

35



B- | 1098 | 1319 | 1167 | 1456 NH, CDCly
B- | 1132 | 1325 | 117.2 | 1539 -OH CDCly
B- | 1148 | 1312 | 1210 | 1385 o Polysol
TuH /U\CH i
B- | 1167 | 1326 | 117.2 | 1619 -F CDCly
B- | 1191 | 1312 | 1307 | 1365 -CHs CDCly
B- | 1202 | 1326 | 1301 | 1332 -l CDCly
B- | 121.0 | 1330 | 1330 | 121.0 -Br CDCly
B- | 1214 | 1322 | 1203 | 1357 CDCly
"M-\_\_S,__JS
B | 1221 | 1333 | 139.0 | 919 - CDCly
B- | 1271 | 1315 | 1312 | 1302 o Polysol
AJ\OH
B- | 1278 | 1325 | 1333 | 1112 -C=N cDCl
B- | 1278 | 1316 | 1311 | 1295 o CDCly
0~
B- | 1278 | 1318 | 1295 | 136.0 o cDCl
)\R*
Br- | 1204 | 1323 | 1308 | 1352 o CDCly

Dl lodinated Hydrocarbons

Aliphatics

1.

Aliphatic
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The carbon-13 NMR chemical shifts of the iodinated hydrocarbons are distinguished by the unusually high field
chemical shifts observed for carbon atoms bonded to the iodine substituent. These shifts appear as negative shifts

resonating above TMS.

CHI; -146.5 ppm

CHal, ~61.6 ppm

CHsl  -22.5ppm

The aliphatic additivity constants for iodine are:

- C1=-76, C2=+109, C3=-15 C4=-0.9ppm

A similar shielding effect is noted in the spectra of the iodinated benzenes. The aromatic additivity constants for

iodobenzenes are:

- C1=-341, C2=+86, C3=+14, C4=-1.4ppm

Alkyl lodides

4 2
/W
5 3 i
C-5 C-4 ‘ C-3 ‘ C-2 C-1 -l Solvent
-22.5 -l CDCls
20.6 -1.3 -l CDCl,
15.3 26.9 9.2 -l CDCls
12.9 23.6 35.6 6.2 -l CDCl,
13.8 21.6 32.7 33.2 6.5 -l CDCl,
R2- 31.6 28.2 30.4 33.7 6.4 -l CDCl;
R5- 29.5 28.6 30.5 33.7 6.5 -l CDCl;
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CHa

2 CHA
Haf

31.2 20.9 -l CDCl3
3
CHay
b 2 1
3}CH
HaC

22.5 30.3 181 -l CDCls

33.7 15.4 28.8 40.4 10.9 -1 CDCls3
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3.0

CDCls

33.6

52

CDCls

I- 6.7

32.9

29.0

32.9

6.7

Solvent

CDCls

Alicyclic lodides

Cyclopentyl lodide

23.9 39.8

28.1

CDCl3

Cyclohexyl lodide
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Solvent
25.2 27.1 39.5 32.0 -l CDCl,
2 Aromatic
Aromatics
1 [
1 94301 13740
0.5
_ 129 &0
| 127.00

The carbon-13 NMR chemical shifts of the iodinated hydrocarbons are distinguished by the unusually high field
chemical shifts observed for carbon atoms bonded to the iodine substituent. These shifts appear as negative shifts

resonating above TMS.

CHI; -146.5 ppm

CHal, ~61.6 ppm

CHsl  -22.5 ppm

The aliphatic additivity constants for iodine are:

-C1= -76, C2=+109, C3=-15 C4=-0.9ppm

A similar shielding effect is noted in the spectra of the iodinated benzenes. The aromatic additivity constants for

iodobenzenes are:

I- C1=-341, C2=+86, C3=+14, C4=-14ppm

lodinated Aromatic Hydrocarbons
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Solvent
127.0 | 129.8 | 1371 94.3 -l CDCly
126.0 | 128.3 | 128.3 | 140.1 -(CHy)s-1 CDCl,
126.5 | 1283 | 128.0 | 140.2 | -CH,CHyl CDCly
4-Substituted lodobenzenes
H
5
3
I
I- (o] C-2 C-3 C-4 ‘ -X Solvent
I- 76.8 | 137.1 | 116.7 147.4 -NH, Polysol
I- 80.4 | 137.7 | 118.1 157.1 -OH Polysol
I- 90.1 | 137.1 | 131.0 1371 -CH; CDCl,
I- 91.1 | 138.6 | 130.3 134.1 -Cl CDCl;
I- 91.9 | 139.0 | 133.3 122.1 -Br CDCl;
I- 93.0 | 137.7 | 128.8 139.8 CDCl,
I- 96.5 | 137.0 | 127.5 144.7) -S0,-OH Polysol

M
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lll. Nitrogen Containing Compounds

A. Amines
1.Primary

a. Aliphatic

Aliphatics
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This section contains the carbon-13 NMR chemical shifts of the primary amines. Other functional groups containing an
-NH; group include the hydrazines, amine salts and primary amides. The additivity effect of the primary amine group on

adjacent aliphatic carbon atoms is that of a moderately strong deshielding group, i.e.

HzN- C1=+28.3,C2=+11.3,C3 =-5.0, C4 = + 0.3ppm

The aromatic additivity values of the aniline -NH, are:

H2N-C1=+18.3,C2=-13.3,C3=+0.8, C4 =-10.2ppm

Frequently the carbon-13 NMR spectra of primary amines display a singlet near 79 ppm which represents the

resonance of chloroform that is formed by reaction with the solvent:

-NH; + CDCl3; — -NHD + CHCl3

Aliphatic Amines

Solvent

11.3 271 443 -NH, CDCls,

14.0 20.2 36.1 42.0 -NH, CDCl;

14.1 22.8 29.5 33.9 425 -NH, CDCls,
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14.0 22.7 31.9 26.7 33.7 421 -NH; CDCls
R3- 29.5 29.7 27.2 34.0 42.3 -NH; CDCls
R5- 29.8 29.8 27.2 34.1 42.4 -NH, CDCls

tert-Butylamine

32.7 47.3 -NH., CDCls

2-Aminobutane

-NH, Solvent

10.7 33.3 23.8 48.7 -NH; CDCls

3-Aminopentane

C-3 C-2 C-1 -NH, Solvent
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10.4 30.4 54.4 -NH; CDCls

2-Aminoheptane

T

fH-

C-4 ‘ C-3 ‘ C-2 Solvent

32.2 26.3 40.6 24.2 47.2 -NH; CDCls

Alicyclic Amines

Cyclopentylamine

24.0 36.3 53.4 -NH; CDCls3

Cyclohexylamine

2
H
3 2
4
5
C-4 C-3,5 C-2,6 ‘ C-1 -NH, Solvent
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26.0 253 37.1 50.5 -NH; CDCls

Cycloheptylamine

C-3,6 C-2,7 C-1 Solvent
28.4 24.3 38.8 52.8 -NH, cDCl,
b1 Aromatic
Aromatics
MH.,
i 14670
- 115.10
0.5
i 129.20
] 118.20

This section contains the carbon-13 NMR chemical shifts of the primary amines. Other functional groups containing an
-NH; group include the hydrazines, amine salts and primary amides. The additivity effect of the primary amine group on

adjacent aliphatic carbon atoms is that of a moderately strong deshielding group, i.e.

H:N- C1=+283,C 2=+113, C3=-5.0, C4=+0.3ppm

The aromatic additivity values of the aniline -NH, are:

H:N-  C1=+183, C$62=-133, C3=+08,C 4=-10.2ppm

Frequently the carbon-13 NMR spectra of primary amines display a singlet near 79 ppm which represents the

resonance of chloroform that is formed by reaction with the solvent:

-NH; + CDCl3; — -NHD + CHCl3
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Primary Aromatic Amines

Solvent
126.9 128.9 128.2 139.0 CDCl;,
CH3
Ha
CH;
126.1 128.2 126.3 139.0 H CDCls,
126.0 128.7 128.3 140.0 CDCl;
WH:
126.6 128.3 127.0 1434 -CH,-NH, CDCl;
118.2 129.2 115.1 146.7 -NH, CDCl,
126.6 128.3 125.7 148.0 CH, CDCl;
)\NH:

4-Substituted Anilines

G 2 *
3
Hal 3
Compound Solvent
HoN- 138.8 | 116.1 116.1 138.8 -NH, Polysol
HoN- 139.6 | 1157 | 115.9 149.1 -OH Polysol
HoN- 140.5 | 116.3 | 114.9 152.6 -O-CH; CDCls
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HN- | 1420 | 1150 | 1281 | 1336 _nn cDCly
H,N- 142.7 116.1 121.0 148.5 lu] CDCly
-
HN- | 1431 | 1164 | 1157 |  156.4 F cDCl
H,N- 143.9 114.9 125.8 140.9 HL CDCly
—i—CH,
H,C
HN- | 1443 | 1152 | 1297 | 1272 -CHs CcDCl;
HN- | 1444 | 1153 | 129.1 | 1327 R4 cDCl
H,N- 144.6 115.3 127.0 138.7] CDCly
HaC
|
—CH
!
Hat
HN- | 1452 | 1163 | 1290 | 1228 Cl cDCl
HN- | 1456 | 1167 | 131.9 | 109.8 -Br CcDCl;
H,N- 147.4 116.7 1371 76.8] -l Polysol
H,N- 151.1 114.5 133.8 99.5 -C=N CDCly
HN- | 1531 | 1132 | 1314 | 1172 4 Polysol
)LOCH s

2[1Secondary
a. Aliphatic
Aliphatics
] 070 5220 3650
o5 PN

1410  32.40

This section contains the carbon-13 NMR chemical shifts of several types of secondary amine compounds (R'— NH—
R"). The secondary amine groups exert a moderately strong deshielding effect on adjacent aliphatic carbons. Aliphatic

additivity constants for the secondary amine groups are:
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R4-NH- C1=+363, C2=+77, C3=-44, C4=+0.4ppm

C1=+299, C2=+70, C3=-47, C4=+0.3ppm

The additivity constants for the N-substituted anilines vary significantly in magnitude depending on the type of

substituent bonded to the — NH— group:

NH,- C1=+183, C$2=-133, C3=+0.8, C4=-10.2ppm

C1=+14.7,C2=-10.6,C3=+0.8, C4 =- 7.6 ppm
R5-NH- C1=+20.2, C2=-157, C3=+0.7, C4=-11.4ppm
CHs-NH- C1=+212, C2=-16.0, C3=+08, C4=-11.4ppm

Aliphatic Secondary Amines

N

CH;s -NH-R Solvent
29.4 -NH-R Polysol
30.4 CDCl;

/NH
..
|
Che)
0

315 CDCls
334 CDCl;
/N H\@\
OCH,
35.9 -NH-C6 CDCl;
36.3 -NH-R18 CDCl;
36.5 -NH-R4 CDCls
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Solvent

14.8 38.3 /N H CDCls
14.8 38.7 /NH CDCls
CH;
15.9 41.2 -NH-C6 CDCls
15.3 43.6 \-\N CDCls
H
11.8 23.3 51.4 -\\N CDCls
H
11.9 23.6 52.3 -NH-R3 CDCls
13.9 20.3 31.7 43.6 /N H CDCl3
14.0 20.5 324 49.2 K\N CDCls
H
141 20.8 327 49.8 -NH-CH,CH; CDCls
141 20.7 32.6 50.0 -NH-R12 CDCls
141 20.7 324 52.2 -NH-CHjs CDCls
14.0 22.5 29.3 29.3 43.9 /N H CDCls;
14.0 22.8 321 27.3 30.5 50.4 -NH-R6 CDCls
R8- 29.9 29.9 271.7 30.5 50.4 -NH-R4 CDCls

Secondary Cyclohexylamines
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Solvent
26.0 25.1 334 51.5 M CDCl,
26.5 254 34.6 53.2 -NH-C6 CDCly
26.6 25.2 34.0 56.9 -NH-R2 CDCl,
26.5 25.2 33.3 58.7 -NH-CHs CDCly
b JAromatic
Aromatics
— 14 80
>3s.3u
] MH
0.5 145 50
i 11250
] 12910
117.10
LA BN L BN L BN NN B NN LY L B RN LI N B (LA NN NN B I L NN B LA B N
240 220 200 180 1é0 140 120 100 =0 &0 40 20 ]
ppm

This section contains the carbon-13 NMR chemical shifts of several types of secondary amine compounds (R'— NH—

R"). The secondary amine groups exert a moderately strong deshielding effect on adjacent aliphatic carbons. Aliphatic

additivity constants for the secondary amine groups are:

R4-NH- C1=+36.3, C2=+77, C3=-44, C4=+0.4ppm

C1=+29.9, C2=+70, C3=-47, C4=+0.3ppm

The additivity constants for the N-substituted anilines vary significantly in magnitude depending on the type of

substituent bonded to the — NH— group:

NH,- C1=+183,C 2=-133, C€C3=+0.8, C4=-10.2ppm
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C1=+147, C2=-106, C3=+0.8, C4=-7.6ppm

R5-NH- C1=+20.2, C2=-157,

CHs-NH- C1=+21.2, C2=-16.0,

Secondary Benzylamines

C-4 C-35 C-2,6 C-1

C3=+0.7, C4=-11.4ppm

C3=+0.8, C4=-11.4ppm

-X Solvent
126.9 128.4 127.2 139.5 CDCly
H
126.8 128.3 128.0 140.5 -CH,-NH-CH, CDCly
126.7 128.4 128.0 140.8 -CH,-NH-R2 CDCl,
N-Substituted Anilines
z
3 1 H'x
4 &
g
C-4 C-35 C-2,6 c-1 -NH-R Solvent
128.1 128.1 119.0 | 1414 s Polysol
o
TMH
1208 | 129.2 | 117.8 | 143.1 __MH CDCly
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1186 | 1290 | 1155 | 145.0 . Polysol
TNH

1180 | 1289 | 1158 | 1458 i Polysol
OH

1188 | 1201 | 1160 | 1459 P cDCl,
Ha

1167 | 1202 | 1132 | 1475 -NH-C6 cocly

1169 | 1203 | 1134 | 1477 o cDCls

7 \.\/
1173 | 1201 | 1127 | 14821 cDely
K\NH

1170 | 1201 | 1127 | 1486 -NH-R5 coCl,

1171 129.1 112.8 148.6 -NH-CH,CH3 CDCls

1170 | 1202 | 1124 | 1496 -NH-CH cocl

4-Substituted Secondary Anilines

133.6 | 123.1

115.0 | 142.0

CDCls

134.5| 121.8

114.6 | 152.3

Polysol
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136.8 | 120.1 | 120.1 | 136.8 Polysol
H,. _AH y
CHa-NH- 143.9 | 1136 | 115.0 | 152.1 -O-CHs CDCl,
R2-NH- 146.3 | 113.0 | 129.6 | 126.0 CH, CDCly
CHa-NH- 147.4| 1125 | 120.7 | 125.9 -CH, CDCly
CHa-NH- 1475|1125 | 126.9 | 1375 CH, CDCly
|: H
TH,
CHa-NH- 1553 | 110.4 | 126.1 | 136.3 o Polysol
o [=3
T —0
Ja
3 Tertiary
a. Aliphatic
Aliphatics
] 4500 5370
1 ﬁmnn
0.5 | :
1 45 .00
T T [T T T [T [T [T [ T [T [T [T [ T [ T "]
240 220 200 180 1AD 140 120 100 =1 &0 40 20 0
Fpm

This section contains the carbon-13 NMR chemical shifts of selected tertiary amine and nitroso amine compounds. The
tertiary amine groups exert a stronger deshielding effect on adjacent aliphatic carbons than the primary or secondary

amine groups. A comparison of the aliphatic additivity constants follows:

H,N-  C1=+283, C2=+113 C3=-50, C4=+0.3ppm
CHsNH-C1=+379, C2=+6.7, C3=-48C4=0.0ppm
HC
EREN
N_
H t:Hr
3 C1=+46.0, C2=+49, C3=-41, C4=+0.3ppm

A similar comparison is provided below to illustrate the deshielding/shielding properties of the primary, secondary and

tertiary amine groups on the carbon resonances of benzene. The aromatic additivity constants are:
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H,N-  C1=+183, $62=-132, C3=+0.8, C4=-10.2ppm

CHs-HN-C1=+212, C2=-16.0, C3=+0.8, C4=-11.4ppm

C1=+223, C2=-157, C3=+06, C4=-11.8ppm

The chemical shift data for a variety of tertiary amine compounds is presented in the following tables.

Alkyl Tertiary Amines

1 R
CH —N/
3 =,
R
C-1 -N(R)2 Solvent
38.1 /@ CDCl;
40.3 Ha CDCl;
l
ﬂ '| Ry
F e
41.6 HaC CDCls
b —Cg
424 } CDCl;
i
y—NK
Ry
45.0 Ha2 CDCl;
M —F 5
45.7 Hao CDCl,
/N\\/\\NKR
I
R
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46.6 CDCl;
(\IH
\)
R.
P
2 \
R
C-2 C-1 -N(R)2 Solvent
17.4 40.2 Logh CDCl3
-
s,
Cg
14.4 43.9 Cq CDCls
e
™,
Cg
12.5 44.3 R; CDCl;
“u -
Br
12.7 44.4 CDCls
N }2
CHy
12.0 46.7 ﬁ CDCls
-
R,
11.8 46.8 CDCl;
R,
Vs ﬂH
11.9 46.9 . CDCl3
S
11.9 471 : \/@ CDCl,
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119 | 475 R. cDCly
|
K\N /\/N HRE
I
Rz
12.7 48.0 CDCl;
I
R,  CHj
13.0 53.7 CH; CDCl,
!
—
,
CHy
3 1 /R 2
Y\N .
R,
c-3 ‘ 2 c-1 N(R)2 Solvent
111 19.8 453 \\ CDCl3
b T,
| o}
F3 (SYN)
1.1 20.1 46.0 \\N ] CDCl,
s)\
11.9 20.8 56.8 Fs CDCl3
&
—H
n,
i
12.0 20.8 57.2 CDCI
|
3
.,
Ry

‘ Solvent




14.1 20.9 29.8 54.1 R CDCl;
Pl
—
w?IE
14.1 20.9 29.8 54.3 R CDCl,
[
—
‘NR*
14.1 20.9 29.8 57.9 R, CDCly
4
.
CH,
Cyclohexylamines
3
3
El
g
c-4 C35 C-26 C-1 Solvent
26.6 26.6 32.0 58.2 Ra CDCly
i
__~N\
CE\
26.7 26.5 29.7 60.0 R CDCl3
L
‘\R:
26.6 25.9 29.2 63.9 CH; CDCly
{
——H
CH4
b1Aromatic
Aromatics
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This section contains the carbon-13 NMR chemical shifts of selected tertiary amine and nitroso amine compounds. The
tertiary amine groups exert a stronger deshielding effect on adjacent aliphatic carbons than the primary or secondary

amine groups. A comparison of the aliphatic additivity constants follows:

H,N-  C1=+283, C2=+113 C3=-5.0, C4=+0.3ppm

CHs-NH- C1=+37.9, C2=+6.7,C 3=-48, C4=0.0ppm

C1=+46.0, C2=+49, C3=-41, C4=+03ppm

A similar comparison is provided below to illustrate the deshielding/shielding properties of the primary, secondary and

tertiary amine groups on the carbon resonances of benzene. The aromatic additivity constants are:

H:N-  C1=+183, C$62=-132, C3=+08, C4=-10.2ppm

CHz-HN- C1=+212, C2=-16.0, C3=+0.8, C4=-11.4ppm

C1=+223, C2=-157, C3=+06, C4=-11.8ppm

The chemical shift data for a variety of tertiary amine compounds is presented in the following tables.

Benzylamines

Solvent
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126.7 128.4 126.7 138.9 CHy CDCl3
o
126.9 128.1 127.8 139.1 CH 5 CDCl3
il
ZHy
126.7 128.6 128.1 139.9 Ry CDCl3
—

Tertiary Anilines

(ANTI)

119.6 129.2 126.8 136.7 o CDCl,
M K\N ,[ ]
| (SYN)
125.4 129.4 120.2 140.7 /@ CDCl3
1271 129.3 119.0 142.3 CDCl,
CH3
[
/’N \“*N"”'O
119.6 129.6 127.3 142.5 CDCl;
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1226 | 1201 | 1241 | 1478 CcDCl
M
1158 | 1292 | 1124 | 1480 r CDCly
"
R,
1165 | 1291 | 1124 | 1496 CH, CcDCly
|
1166 | 1290 | 1127 | 150.7 CH, cDCly
{
Y
™,
CH,

4-Substituted Tertiary Amines

Solvent
144.0 115.3 115.3 144.0 CHs CDCls;
-
\CH3
149.0 113.2 129.6 125.8 -CH3 CDCls
149.3 1131 126.9 129.8 CDCls
149.5 114.1 131.7 108.5 -Br CDCls
150.1 1124 125.9 125.9 CDCls
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153.1 110.6 | 131.1 117.4 Polysol
\\\CF’H

1533 | 1107 | 1312 | 117.3 CcDCl,
D
S

3

2 g

Ra 5

7‘|' 5

R:

(o] C-2,6 C-3,5 C-4 -X Solvent

146.0 | 112.8 | 129.8 | 124.7 -CHs CDCl;

146.7 | 1134 | 131.8 | 106.9 -Br cDCl,

151.0 | 1103 | 1315 | 1167 CDCl;
]
S

152.2 | 1107 | 132.0 | 124.9 CDCl,
S _H

B[ Pyridines

Pyridines

i 1430

0.5

This section contains the carbon-13 NMR chemical shifts of monosubstituted pyridines. The spectra display

characteristically very low chemical shifts for positions 2 and 6 carbon nuclei.



The chemical shift tables presented below contain a selected listing of carbon-13 resonances for a variety of pyridine

compounds.

Alkyl Chemical Shifts

-Pyridine-R- Solvent
17.9 o CDCl3
=
CH5
23.7 CDCl,
o CH5
=N
24.3 5 CDCly
=
CH5
14.3 23.6 CDCl3
CHy
=
T
15.3 26.1 = CDCl,
e
14.3 28.2 CDCl,
=
|
M
14.0 22.6 31.8 29.5 14.2 o CDCl,
e
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‘ -4-Pyridine Solvent
30.3 34.4 CDCls
=
.
M

Pyridine Ring Carbon Chemical Shifts

2-Substituted Pyridines

4
57 3
By |
Cc-6 Cc5 c4 C3  C2 X Solvent
1512 [128.8 1374 | 127.3 [133.8 -C=N cDCly
1501 [122.7 1385 | 1282 [142.1 -Br CcDCly
1492 [127.0 1376 | 1248 [148.4 o Polysol
%
; —0OH
1498  [122.4 138.9 | 1245 [1515 -cl CcDCly
1491 [127.1 1368 | 1214 [153.8 o cDCly
y
;;t:—cH3
1475  [114.3 1371 | 109.9 [156.2 _AH Polysol
1495  [122.1 136.9 | 1235 [156.9 CcDCly




149.6  [122.0 136.6 | 120.3 [157.3 CDCl,
1477  [111.4 136.9 | 105.7 [159.3 CDCl,
M—CH,
e

147.6  [112.6 137.3 | 108.5 [159.7 -NH, Polysol
1411 [120.2 135.0 | 105.7 [163.8 -OH Polysol
147.8  [121.3 141.2 | 109.7 [163.8 F CDCl,
1471 [116.6 138.3 | 111.1 [164.4 -O-CHs CDCl,
3-Substituted Pyridines

4
-
(e

C-6 C-5 C-4 c-3 C-2 X Solvent
147.8  [125.0 143.9 93.6 [155.6 | CDCl,
153.4  [123.6 135.4 1325 [149.9 |, CDCl,

;‘c—cm
1389 [123.9 121.3 1437 [137.2  |NH, CDCls
152.7  [123.2 137.0 132.9 [150.9 o CDCl,
j:c

147.8  [124.7 138.5 120.8 [151.0 |Br CDCl,
149.6  [123.3 135.2 139.2 [147.3  |-CH»-CHs CDCl,
147.6  [124.3 135.6 1321 [1489 |Cl CDCl,
139.9  [122.7 124.1 154.3 [138.1 | OH Polysol
147.8  [123.6 133.1 129.1 [1455 | CH=N-OH Polysol
150.4 [123.5 133.2 128.7 [145.1  |CH=N-O-R3 CDCls
147.3  [123.3 134.0 133.2 [150.1 o\\ CDCl,
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4-Substituted Pyridines

c-4 ‘0-3,5 c26 X Solvent
150.8 | 121.3 [142.9 o cocl,
Y
;t:—t:H3
150.3 | 122.8 [144.3 o CDCls
W
;’C‘I: j
149.5 | 123.9 [149.5 @ cocl,
149.8 | 124.0 [149.8 cocl,
149.6 | 120.6 [159.5 Hao cocl,
5
——{C—CH
/ 3
H4C
149.8 [ 123.4 [152.8 -CH,-CH; CDCls
149.7 | 121.9 [157.4 CH, cocl,
!
—cCH
CHy
149.3 [ 109.2 [154.4 -NH; Polysol
140.7 | 120.7 [149.9 —cH=N Polysol
\
OH
139.5 | 120.8 [150.1 cbCly
—CH=
y
O
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CLJAmine Salts

Amine Salts

1120 4140

WHQ Hel

20.50

The amine salts formed with inorganic acids display intermediate aliphatic chemical shifts similar in magnitude to those

of the free amine forms. The aliphatic additivity constants are:
Freeamine C1=+283, C2=+113, C3=-5.0ppm
Amine salt C1=+26.1, C2=+4.06, C3 =-5.6ppm

As with the free amine forms, the aliphatic primary amine salts resonate at higher fields than corresponding secondary

amines and the secondary amine salts resonate at higher fields than the corresponding tertiary amine salts.

HCI HM

CH; 35.7ppm

HC,
HCl  M—CH;
;

HsC 45.8ppm

Alkyl Amine Salts

Solvent
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26.0 D,O
/H
_N\H HCl
35.7 H D,0
AP, Ho
458 _CH; D0
—~M HCl
TH;
47.4 CH; D,0
P
Hl
13.3 36.3 _H H,O
—N\H Hicl
1.5 428 MH D,O
SRy HRPOy
9.5 47.6 R H,0
-~ 2
—n
\R HCl
2z
11.2 20.8 414 _H Polysol
_N\H HCl
11.3 19.5 49.7 H cDCl,
/N R HCI
13.6 19.7 29.2 39.3 H CDCl;
_N\H HCl
13.4 19.5 27.8 47.2 MH Polysol
S R, HASFs
13.5 20.3 27.8 446 N CcDCl,
A0 T H
14.0 22.5 31.3 26.5 27.6 40.3 _H CDCl;
_N\H HCl
R3- 29.1 29.1 23.5 27.0 52.7 R CDCl,
- ]
—n
\R HCl
2

Cyclobutylamine, Hydrochloride
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Compound Solvent

15.6 27.6 46.2 D,O

Cyclohexylamine Salts

Hz

HX

Solvent
24.8 24.2 30.4 50.1 /H Polysol
—N\H HCI
24.6 24.6 29.0 58.1 MH CDCl,
A0 TTTRe H
25.1 24.0 27.6 59.5 /H Polysol
—MH \1—1 HiZl

Aniline Salts

Solvent



130.1 131.0 | 123.8 | 131.0 _H D,0
—N\H HCI
128.9 | 129.7 | 1232 | 135.9 H Polysol
AR el
122.8 | 1293 | 119.0 | 1416 _MH Polysol
Ho50,
124.8 | 130.6 | 1165 | 144.3 _H D.0
_NH_N\W-« HiCl
125.6 | 129.2 | 1222 | 1458 MH Polysol
“"\.._N,-' 2
Hl
1205 | 128.8 | 1154 | 1505 ':ers Polysol
Ho50y
A TNH,
N-Substituted Pyrrolidine Hydrochlorides
4 3
5£ 52 HCl
C-34 C25 -NH,(HX) Solvent
23.3 52.8 Q D,0
HCl
HCl
H
221 56.8 Polysol
~ _MH,
| HCl
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Substituted Pyridine Salts

4
g |3
B 5 HCI
C-6 C-5 C-4 C-3 C-2 Compound Solvent
149.5 131.7 143.6 128.8 141.3 D,O
OYOH :
HCl
149.0 128.6 143.0 128.3 151.1 ol D;O
R
CHy;  HCI

D1Oximes (-CH=N-OH)

Oximes

i 137.70 14720
e -
1 116.30

This section contains the chemical shifts of the oximes and derivatives which contain the -CH=N- group. The carbon-13
spectra usually display resonance bands for both the syn- and anti- forms. The oxime -CH=N- resonance is found in the

chemical shift range from 137 to 158 ppm depending upon its environment.

Alkyl Chemical Shifts

2
OH
Ty
3 q H\N
C-3 C-2 ‘ C-1 -CH=N-OH Solvent
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11.1 147.9 (syn) cDCl;

15.0 148.2 (anti) CDCls
13.9 19.5 271 152.5 (syn) CDCl3
13.5 20.1 31.5 152.1 (anti) CDCls

Alkenyl Chemical Shifts

M;’OH

Solvent

137.7 116.3 147.2 Polysol

Aromatic Chemical Shifts

-CH=N-OH Solvent

130.0 128.7 127.2 131.9 150.6 CDCl3

Chemical Shifts of the -CH=N-OH Group

Solvent

1371 CDCls
0
-




140.3 ﬂ CDCls
o
0 (anti)
144.0] Polysol
|
CIj i
146.4] Polysol
K"‘\\.
P
M
146.8 CiZHS CDCls
147.2 \/\O Polysol
147.7| Cl CDCls
147.9-CH; (syn) CDCls
148.2]-CH; (anti) CDCls
149.3] o, Polysol
=
149.8 T, Polysol
=
150.3 CDCl;
RS : :OC Hs
DCHS
150.6| ™. : CDCls
152.0] “H CH CDCl;
- _f' 3
-~ "CH,
(syn)
152.5 CH 2 /CHs CDCls
CH-
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(anti)

152.6 CDCls
156.7 CHy CDCls
—CH
I‘:H3(anti)
157.6] CH; CDCl;
—CH
“M3syn)
E1Quaternary Ammonium Salts
Quaternary Ammonium Salts
I 740
B
] 51 90 ( Br
i -’fﬂ\“x
0.5 \/ﬁ>
240 280 200 180 1é0 140 120 100 &0 &0 40 20 O
Ppm

The carbon-13 NMR chemical shifts of the quaternary ammonium compounds contained in this section display the

strongly deshielding effect of the N(+) group. Additionally, they illustrate the spin-spin coupling that exists between

Nitrogen-14 and adjacent carbon atoms. With methyl groups (N(+ - CH3), the coupling may result in the formation of a

narrow triplet (J = 3.5Hz) for the -CHj; resonance. In other cases, the coupling is too narrow to be resolved resulting in

only a distinctly broadened resonance for the adjacent carbon nuclei.

Alkyl Chemical Shifts

Solvent

CDCl;
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53.4 CDCl;
HaC
.-;_/Rlz
S 3
Br CH,
56.2 H,O
Iy
CH
| 3
@ el
cl CH;
57.0 a Polysol
Br
f_,CH\3
.
{ “cH,
7.4/51.9 Polysol
R R
& 2
L a
) Br
Fz
8.6/53.0 = CDCl,
Br
® R,
.,
Ra
10.754.2 CDCl,
R
",
g
R?,/ L
MO,
8.7|56.9 R CDCl,
TRz
e @
|
11.0 16.1(60.9 < CDCl,
R, BEr
j‘i\HR 5
R3 a
10.7 15.4/59.8 CDCl,
Fa
",
—N-"’RE
Rg/ L
MO,
13.6 [19.4 23.6/58.0 Ry Polysol
:f' .,-'-"RJ_
~ @ (=]
Fo ™ hz0,
13.5 [19.6 23.8/58.5 R CDCl,
4
T4
-
R4 & a
EF 4
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R10- 287 [25.6 31.5/60.8 | Polysol
(=3
| e Cl
=
R12- 29.8 [26.2 32.0[62.1 | @ CDCl,
Br
B
L
RS- 293 [26.2 23.266.8 CDCls,
HL o /CHz
.,-'-"'"_FN &
"\ Br
Hat
Aromatic Chemical Shifts
Benzyl Ammonium Salts
a R
’ @
| ™R X
R
(o} C-3 C-2 C-1 CH, -X Solvent
|
1304 | 1291 | 1326 | 127.4 | CH;, CDCly
R4 Rs
R
\,l Br
Fa
1305 | 129.0 | 1331 | 1279 | CH, CDCly
HEL o /CHz
.,-'-"'"_FN
 Cl
Hat

Phenyl Ammonium Salts
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Solvent
130.3 [130.7 [|122.7 [141.0 R CDCls
Sy Pz
s
R, ®
130.2 [130.2 [|119.6  [146.2 cH Polysol
H
\EIr
HaC
1315 [131.5 [120.8 [147.6 D,0
ch\@
.,-'-"'"_FN
Hais
Pyridinium Salts
4
£ e g
£ ® 2
[=]
| H
C-4 C-3,5 C-2,6 -X Solvent
1456  [128.3  [|145.1 ® Polysol
T /R14
]
cl#
146.9  [129.1 1455 2 D,0
& Cl
/N\/W/NH:
o]
1453 [128.7 [145.6 ® CDCls
T /Rw
]
cl#
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1476 [1289 |146.7 @ D,O

cl
\\N /W/NH:
2]
Q
Coupling Constants (**N-CH,)
=]
H:’C\ cl
Hat ——CH;
Y
HaC 3.5 Hz H,0
CH; =
/\Ji !
HO \,\ CH,
“Hs 4.8 Hz D,0
CH; =
/K:'N{m F
Br \.\ CH5
e 4.9 Hz D,0

F[INitriles (-C=N)
1.Aliphatic

Aliphatics

" 1740 3100 1380
] =Y
0.5- 11970 2540 2200

T | I
240 220 200 1s0 1&0 140 120 100 80 &0 40 20 a
pprm

The carbon-13 NMR chemical shifts of the carbonitrile compounds contained in this section display the

characteristically weak resonance of the C=N carbon over the chemical shift range from 111 to 126 ppm. The long

7



relaxation time exhibited by the nitrile carbon often requires the utilization of relatively small pulse widths and/or the

addition of a relaxation agent to the sample solution.

The C=N group exerts a very weakly deshielding effect on the adjacent aliphatic carbon and a strongly shielding effect

on C-1 of aromatic ring systems.

The aliphatic additivity constants for the nitrile groups are:

N=C- C1=+3.0, C$62=+28, C3=-3.3, C4=0.0ppm

The tables presented below illustrate the chemical shifts of a variety of selected nitrile compounds.

Alkyl Chemical Shifts

1.7 117.4 CDCls

10.9 10.6 121.0 CDCls

13.2 19.0 19.4 119.8 CDCls

13.2 22.0 27.6 16.7| 119.9 CDCls3

13.8 22.0 31.0 25.4 171 119.7 CDCls

R4- 29.7 29.5 28.9 25.6 17.1 119.6 CDCls3
R9- 29.8 29.5 28.8 25.6 171 119.5 CDCls

Alicyclic Carbonitriles

Cyclopropanecarbonitrile

71 -3.5 122.3 CDCls
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Cyclohexanecarbonitrile

25.4

C-3,5

24.2

C-2,6 C-1

29.7 28.1

122.4

Solvent

CDCls

Chemical Shifts of the -C=N Group

N=C- -X Solvent
111.7] o o Polysol
\\Sf;’f
T
112.9 0 CDCls
113.7] a CDCl,
/./'J'I\O/HE
114.5| el CDCls
/]\//f
114.8 o Polysol
H
115.9 \“\_,-f'CH"C = CDCl;
1171 DCI
CH; CDCls
Hscjij
117 .4] -CH; CDCl;
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118.3 CDCls

118.8 CDCl;

119.7 CDCl;
[:::T/C&T:::]

119.9 R4 CDCly

121.0 _CHy cDCl;

122.3 i‘j CDCls

122.4 CDCl3
123.9 CHg cDCl;
—CH
CH,
125.6 HiZ CDCl3
—Ep—ﬂHs
HLC
2[10lefinic
Olefinics
| 11750 12630
73] A 2150 113.50

The carbon-13 NMR chemical shifts of the carbonitrile compounds contained in this section display the
characteristically weak resonance of the C=N carbon over the chemical shift range from 111 to 126 ppm. The long
relaxation time exhibited by the nitrile carbon often requires the utilization of relatively small pulse widths and/or the

addition of a relaxation agent to the sample solution.

80



The C=N group exerts a very weakly deshielding effect on the adjacent aliphatic carbon and a strongly shielding effect

on C-1 of aromatic ring systems.

The aliphatic additivity constants for the nitrile groups are:

N=C-C1=+3.0,C2=+2.8,C3=-3.3,C4 = 0.0 ppm

Alkenyl Nitriles

Solvent

24.2 29.7 28.1 122.4 CDCls

Solvent

131.2 | 118.5(20.6) | 119.3 CDCls

- =

Cl

131.8 110.8 114.5 CDCl;
2
\\'\\1\.-”": =
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150.3 96.4 118.3 CDCls

30Aromatic
Aromatics
| 115805
. 1124
. 132.10
0.5
] 12920
| 132.80
T T

The carbon-13 NMR chemical shifts of the carbonitrile compounds contained in this section display the
characteristically weak resonance of the C=N carbon over the chemical shift range from 111 to 126 ppm. The long
relaxation time exhibited by the nitrile carbon often requires the utilization of relatively small pulse widths and/or the

addition of a relaxation agent to the sample solution.

The C=N group exerts a very weakly deshielding effect on the adjacent aliphatic carbon and a strongly shielding effect

on C-1 of aromatic ring systems.

The aromatic additivity constants for this group are:

N=C- C1=-16.0,C2,6 =+ 3.7, C3,5 =+ 0.8, C4 = + 4.4ppm

The tables presented below illustrate the chemical shifts of a variety of selected nitrile compounds.

Aromatic Niltriles

Solvent
132.8 129.2 132.1 112.4] -C=N CDCl,
127.9 127.9 129.0 130.5 CDCl,
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1272|1204 1272 132.5 = cDCl,
)\/CEN

1311 1274 [129.0 1335 CDCls
TN

1284|1201 1276 136.1 c=n cDCl,

1288  |1284  [127.1 138.5 CDCls
]

4-Substituted Benzonitriles

C=N

Solvent
117.0 116.2 132.9 132.9 116.2) -C=N Polysol
117.9 111.2 133.3 132.5 127.8 -Br CDCls
117.8 116.4 133.3 126.5 134.2 -CF; Polysol
118.1 115.5 132.2 130.0 135.1 0 Polysol

’flLOH

117.8 111.0 133.4 129.6 139.3 -Cl CDCls
119.0 109.5 131.9 130.0 143.7 -CHs CDCls
118.8 111.0 132.5 129.1 145.6 CDCl;
120.5 99.5 133.8 114.5 1511 -NH, CDCls
119.6 101.9 134.0 116.5 161.4 -OH Polysol
118.0 108.8 134.8 116.9 165.2 -F CDCl;
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Gl Thiocyanates (-S-C=N)

Thiocyanates

The thiocyanate group (S-C=N) exerts a relatively weak chemical effect on adjacent aliphatic carbon atoms. The

aliphatic additivity constants for the thiocyanate group are shown below.

N=C-S- C1=+20.0, C2=+6.7, C3=-4.1, C4=-0.5ppm.

The carbon resonance of the S-C=N group of thiocyanate esters absorbs over a narrow chemical shift range from 110
- 114 ppm compared to 111 - 126 ppm for the nitrile (R-C=N) group. The thiocyanate salts show a C=N resonance near

133 ppm in D,0O solution.

A selection of thiocyanate chemical shifts are show in the tables presented below.

Alkyl Thiocyanates

Solvent

16.5 113.4 CDCls

15.4 28.7 112.1 CDCl,

13.8 221 30.1 29.7 34.1 1121 CDCls

R7- 29.5 29.0 28.0 29.5 34.1 111.7 CDCl,

Isopentyl Thiocyanate
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Solvent

22.0 26.9 38.8 32.2 112.0 CDCls

Benzyl Thiocyanate

C-3,5 C-2,6 C-1 CH»-

128.7 128.9 128.9 134.6 37.9 112.0 CDCl3

Chemical Shifts of the (S-C=N) Group

1
N g
C-1 -X Solvent
110.9 CDCl3
Cl
CIj i
111.7 -R12 CDCls

112.0 CDCls




1121 -R5 CDCls
112.8 CDCls
CHy
H
113.4 -CH3 CDCls

Thiocyanate Salts

1
N7 g
C-1 -X Solvent
132.9 K D;0
133.4 -NH, D,0
H[) Nitro Compounds (-NO;)
1.Aliphatic
Aliphatics
] ©y 5300
0.5 oI
] o &
i .M-n-—m...-q.—.....—.lllltwuw-" v—M,A—p‘,-LoqL_’l—«
I:I I T T T T T T T T T

As the carbon-13 NMR chemical shifts in this section illustrate, the - NO, group has a strongly deshielding effect on the

adjacent carbon (C-1) of both aliphatic and aromatic compounds. The additivity constants for nitrobenzenes are:

NO- C1=+19.9, C2=-4.9, C3=+11, C4 =+ 6.4ppm

The C-1 carbons of the nitrobenzenes tend to have an abnormally long relaxation time requiring short pulse widths

and/or the addition of relaxation agents.
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Nitro Alkanes

L} {f_o
CH;—HNZ @
0

Solvent

63.0 -NO, CDCls

Solvent

124 70.9 -NO, CDCls

20.8 79.2 -NO; CDCl;

Solvent

27.8 85.2 -NO; CDCls

Nitrocyclohexane
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252 244 31.3 84.8 -NO; CDCls

2 JAromatic
Aromatics
. =]
] o] ﬁ:/t)
1 145,30
b 123.50
0.5+
h 12950
b 134 .80

As the carbon-13 NMR chemical shifts in this section illustrate, the - NO, group has a strongly deshielding effect on the

adjacent carbon (C-1) of both aliphatic and aromatic compounds. The additivity constants for nitrobenzenes are:

NO2- C1=+19.9, C2=-4.9, C3=+11, C4 =+ 6.4ppm

The C-1 carbons of the nitrobenzenes tend to have an abnormally long relaxation time requiring short pulse widths

and/or the addition of relaxation agents.

Aromatic Nitro Compounds

2
b4
3
4 =]
4
C-4 C-35 C-2,6 C-1 -X Solvent
128.3 128.7 128.3 1311 Q CDCls
o B
*-“\::N,f
134.8 129.5 123.5 148.5 0 CDCls
”x‘;
a0
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4-Substituted Nitrobenzenes

NO- | 1506 | 1235 | 130.7 | 136.1 o CcDCly
)‘l\o A2
NO- | 147.0 | 1250 | 129.6 | 141.4 -Cl CDCly
NO- | 1504 | 123.7 | 1294 | 141.7 o CcDCly
CH,
NO- | 1475 | 1238 | 129.8 | 144.9 -CH-CI CDCl;
NO- | 146.4 | 1235 | 120.9 | 146.1 -CHs CDCly
NO- | 1369 | 126.3 | 1128 | 155.1 -NH, CcDCly
NO- | 1363 | 126.1 | 110.4 | 1553 -NH-CH; CDCly
NO- | 1414 | 1258 | 1145 | 1643 | -O-CH.CH, CcDCly
NO- | 1409 | 1266 | 1163 | 1645 -OH CDCl
NO- | 1449 | 1266 | 1166 | 166.7 -F cDCly

[10Silicon Containing Compounds (Except Si-O) 0[]

1 [1 Phosphorus Containing Compounds (Except P-O and
P(=0)-0)

Phosphorus Compounds
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2780 2780

- M M

The carbon-13 NMR chemical shifts of organic compounds containing phosphorus characteristically display *'P - °C

coupling across as many as 4 intervening bonds.

The chemical shift effect exerted by all of the different valence states in which phosphorus can exist varies from that of
a weakly deshielding substituent on adjacent aliphatic carbons to either a weakly shielding or weakly deshielding

substituent on aromatic phenyl C-1 carbons.

The aliphatic additivity constants for compounds in this group are:

R
F

Y
R C1=+135, C2=+30, C3=+0.6, C4=-0.4ppm

5

II

R’“Pr“ﬂ

C1=+17.0, C2=-07, C3=-14, C4 =-0.6ppm

The aromatic additivity constants are:

.,

O/ ¢

C1=-109, C2,6=+6.0, C3,5=+21 C4=+7.1ppm
@\szo

i C1=+53, C2,6=+3.5, C3,5=0.0, C4=+32ppm
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The tables that are presented below illustrate the chemical shifts and coupling constants for a variety of phosphorus

containing organic molecules.

Alkyl Chemical Shifts

R
/
1/P\R
C-1 -P(R)n Solvent
5.8 CDCl;
R
!
H:f‘a—Rz
R3 | o
124 CDCl,
R
5 |
“\_,/P\
1 R
C-2 C-1 -P(R)n Solvent
7.6 10.0 I CDCl,
N
/ﬂ Cﬁ
5.6 11.0 Polysol
Rs /Rz o Yy
“p [
/ﬂ Rg




6.9 17.0 Q CDCl;
T
]
[=]
6.6 19.1 0 CDCl,
I
R0 —F|‘ —0OR
9.9 20.5 CDCl,
R
/2'\/'1:!
3 1 "R
c-3 ‘ c-2 C-1 -P(R), Solvent ‘
15.5 15.7 213 | R, o CDCl,
"\ Br
—p
e
RS
15.2 15.6 227 | R, a CDCl,
\ I
—b
.-"'r " CHy
R 3
R
2 |
W -
3 1 R
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c-4 c-3 Cc-2 c-1 -P(R), Solvent
13.7 23.6 24.5 22.7 Q CDCl,
T
o
[=]
Br
136 | 248 | 231 | 262 o CcDCly
RO -J-or,
138 | 279 | 246 | 278 R, CDCly
|
""‘xR .

R4- 29.4 31.7 26.1 27.6 RS CDCls
|
-
/P RS
RS- 293 | 201 | 223 | 305 CDCly
0
oﬁ_"j;,ﬂo
R4- 29.2 30.9 22.5 31.1 = CDCls
Il
R; | Ry

Allyl Phosphorus Compounds



c-3 c-2 C-1 -P(R), Solvent

1232 | 126.2 28.9 Q CDCls
T

Br
125.3 1241 21.7 Cq a CDCls
\ Br
—p
et
Ce

Vinyl Chemical Shifts

135.1 126.8 0 CDCls

Phenyl Group Chemical Shifts

c-4 c-3 c-2 C-1 -P(R), Solvent



135.5 130.5 134.4 1175 Q Polysol
™
[}
=]
135.1 130.6 | 1336 | 117.9 CDCls
.
1‘@
]
a
Br
135.1 130.6 | 1335 | 1182 . CDCls
[}
|©
[}
a
Br
1316 | 1285 | 1319 | 1328 5 Polysol
1316 | 1284 | 1319 | 1337 : 0 CDCls
131.2 | 128.0 | 1305 | 134.1 0 Polysol
Il
Ho’P|“W:3H
1347 | 129.3 | 130.1 134.3 0 CDCls
Il
t:|/P|“\C|
1315 | 1292 | 1317 | 1386 0 NaOD
Il
|“\::H
1332 | 128.9 | 1312 | 1429 0 CDCl;
Il
| vy
128.6 | 1284 | 1336 | 137.2 CDCls
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1284 | 1283 | 1326 | 1385 \ cDCly
b

1301 | 1284 | 1316 | 1386 \ cDely
 C

128.4 128.2 132.0 1401 \ CDCly
CHy
b

C

Aliphatic Coupling Constants (*'P-">C)

C-1 S'P(R), Solvent
14.0 Hz CDCl;
50.7 Hz CDCl,
Fa
!
TP
£
R3 | o
C-2 c-1 S'P(R), Solvent
16.4 Hz | 10.0 Hz CDCls
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59Hz [47.6 Hz R Polysol
Rz / i =]
“p [
/ﬂxﬁz
48Hz | 51.3 Hz CDCl,
~p
]
=
Br
6.6 Hz |144.1 Hz O CDCl,
Il
R0 —P| —0OR,
c-3 c-2 ‘ C-1 *P(R)n Solvent
134 Hz | 14.4Hz | 11.9Hz R CDCl,
|
e
./P RS
7.7Hz | 11.5Hz | 335 Hz R, CDCl,
|
S
./P R*
146 Hz | 49Hz |46.8 Hz R, o CDCl,
\l Br
-—
Je T
RS
12.0Hz | 42Hz |485Hz R CDCl,
3
™,
—F —CH;
£
Fa
146 Hz | 3.9Hz |50.4 Hz S CDCl,
I
R R
16.2Hz | 45Hz | 53.0 Hz Q CDCls
T
® =]
Br
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Alkenyl Coupling Constants (*'P-°C)

183.1 Hz o CDCls

C-3 C-2 ‘ C-1 -X Solvent

9.7Hz [ 13.0Hz | 49.6 Hz CDCls3

Br

Phenyl Coupling Constants (*'P-'*C)

C-3Hz C-2Hz C-1Hz -P(R)n Solvent
6.8 19.5 11.9 CDCls
6.5 15.9 12.0 CDCl3

Rz
W
[
=]
Br
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5.0 18.7 12.8 cDCl
% _CHs o
P
5.5 24.2 33.3 cDCl
Y cl g
p
12.3 9.8 85.5 CDCl;
RE
o
]
a
Br
12.2 9.9 86.4 CDCl;
Rl
|
1]
=]
Br
13.7 9.7 89.4 Polysol
1]
[=]
Br
14.7 12.2 85.4 o Polysol
Il
18.3 145 | 1174 5 CDCl;
Il
ci=y ¢l
12.1 8.9 63.2 o CDCl;
Il
14.4 9.8 118.4 Q Polysol
II
HO’P|“\::|H
1.8 8.9 131.3 o NaOD
Il
|““ONa
14.1 122 | 1416 Q CDCls
I
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21.5

16.9

155.1

t:|/P|"?:|

CDCl3
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1JSulfur Containing Compounds
A. Sulfides (R-S-R)

1. Aliphatic
Aliphatics

g 2560
0.5 14.90 /\5/\

T T
240 220 200 180 10 140 120 1000 80 &0 40 20
pprm

[l

This section contains the carbon-13 NMR chemical shifts of the alkyl and aromatic sulfides and the thiophenes. As expected,
the deshielding effect of the various sulfide groups on the adjacent carbon is significantly stronger than that of the thiols. A

comparison of their additivity constants is shown below.

The aliphatic additivity constants are:

HS- C1=+10.5, C2-+114, C3=-3.6, C4=-0.2ppm

C1=+18.7, C2=+9.2, C3=-41, C4=0.0ppm

CH3-S- C1=+204, C2=+6.2, C3=-27, C4=+0.3ppm

The assignment of thiophene resonances based on chemical shifts is complicated by the fact that the chemical shift of C-2 and
C-5 is very similar to that of C-3 and C-4 (125.0 vs. 126.7 ppm). In general, it is found that there is a rough correlation between

a substituent's shielding effect on benzene carbon atoms and its effect on the corresponding thiophene ring positions.

Alkyl Sulfides

Solvent
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14.7 -\'S /\‘O CDCl3
15.5 -S-R12 CDCl;
15.6 e CDCls
143 25.1 g /\O CDCl;
14.9 25.6 -S-R2 CDCl3
14.1 26.1 -S-R4 CDCls
14.2 26.7 0 CDCl;
=
- OH
13.7 22.2 32.2 32.2 -S-R4 CDCls
14.1 22.7 317 28.8 29.9 324 -S-R6 CDCls
R2- 31.9 291 29.1 29,9 324 -S-R7 CDCl3
R11- 29.4 29.1 28.7 31.6 328 5 H. Polysol
__/_.f' 2
R7- 29.8 29.8 294 29.0 34.5 -S-CHj3 CDCl;
Alkyl Group Chemical Shifts
o
\z/\k_
C-3 C-2 ‘ C-1 -2-Thiophene Solvent
14.9 \@ CDCls
=
16.1 23.7 \@ CDCls
=
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\@ CDCl3

2 Aromatic
Aromatics
0.5 =
i 135 .70
] 126.80 30,80
- 128.90

| T
240 2320 200 180 1e0 1400 120 100 20 all 40 20 0

This section contains the carbon-13 NMR chemical shifts of the alkyl and aromatic sulfides and the thiophenes. As expected,
the deshielding effect of the various sulfide groups on the adjacent carbon is significantly stronger than that of the thiois. A

comparison of their additivity constants is shown below.
The aliphatic additivity constants are:

HS- C1=+10.5, C2-+114, C3=-36, C4=-0.2ppm

C1=+18.7, C2=+92, C3=-41, C4=0.0ppm

CH;-S- C1=+204, C2=+6.2, C3=-27, C4=+0.3ppm

The assignment of thiophene resonances based on chemical shifts is complicated by the fact that the chemical shift of C-2 and
C-5 is very similar to that of C-3 and C-4 (125.0 vs. 126.7 ppm). In general, it is found that there is a rough correlation between

a substituent's shielding effect on benzene carbon atoms and its effect on the corresponding thiophene ring positions.

Benzyl Sulfides

3 S/R
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126.9 129.5 128.3 137.3 38.7 - CDCl3
127.3 129.3 128.4 137.3 43.2 \\“S CDCl3
126.9 128.8 128.4 138.4 38.3 -S-CH3 CDCl3
126.7 128.8 128.3 138.6 35.8 -S-R2 CDCl3

Phenyl Sulfides

Solvent
126.8 128.9 130.8 135.7 CDCl3
126.0 128.7 128.3 136.5 K\S CDCls
124.9 128.7 126.7 138.6 -S-CHs; CDCl;

Thiophene

Solvent

125.0 126.7 126.7 125.0 CDCl3




2-Substituted Thiophenes

5
C-4 C-3 C-2 C-1 -X Solvent
131.0 128.4 136.4 73.2 -l CDCl3
133.1 127.9 137.6 109.6 -C=N CDCl3
124.0 126.0 126.5 130.1 -Cl CDCl3
132.3 127.8 133.3 134.9 0 Polysol
)I\OH
129.9 127.7 127.7 138.0 0 Polysol
-y —MH2
125.1 126.6 123.9 142.9 /\@ CDCl3
5
131.7 128.2 133.2 144.3 0 CDCl3
)kﬁz
122.8 126.6 124 1 145.3 -R3 CDCl3

Alkyl Group Chemical Shifts

A

-2-Thiophene Solvent

14.9 \@ CDCl3
=

16.1 23.7 \U CDClg
=
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13.7 25.1 32.0 CDCl3

B Disulfides (R-S-S-R)

Disulfides

33.00

1 14.50/\/Sv

L LA LN WL B DU LN WL S L SO UL SR (L S (UL B IR B N L S L I L I
240 220 200 1B0 1800 140 120 100 B0 Al 4n 20 1l
pprm

The chemical shift effect of the disulfide functional group displayed by the carbon-13 NMR chemical shifts in this section is that
of a moderately strong deshielding substituent in relation to adjacent aliphatic carbons. A comparison of the aliphatic additivity
constants for the sulfide and disulfide groups is given below.

The aliphatic additivity constants are:

R-S-S-C1=+25.2,C2=+6.6,C3 =-3.4,C4 =-0.1 ppm

R-S-C1=+17.9,C2=+7.1,C3 =-3.0, C4 =-0.1 ppm

A similar moderately strong deshielding effect is noted in the chemical shift of aromatic C-1's. The aromatic additivity constants

are:

O/S \"3 -~
C1=+75, C26=-10, C3,5=+04, C4=-1.5ppm

The following tables contain representative chemical shifts for a variety of disulfide compounds.

Alkyl Disulfides

Solvent

22.2 -S-S-CHjs CDCl3
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14.5 33.0 -S-S-R2 CDCl3

13.1 22.6 41.2 -S-S-R3 CDCls

13.7 217 314 38.9 -S-S-R4 CDCl3

13.9 22.4 30.8 291 39.4 -S-S-R5 CDCl3

R5- 29.7 29.4 28.7 29.4 39.3 -S-S-R10 CDCl3

tert-Butyl Disulfide

Solvent

30.5 45.8 CDCl3

Isobutyl Disulfide

Solvent

21.8 28.3 48.7 CDCl3

sec-Butyl Disulfide
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Solvent

1.5 29.1 20.2 48.2 CDCl3

Isopentyl Disulfide

Solvent

223 27.2 37.2 38.4 CDCl3

Aromatic Disulfides

= R
3 1 ""‘xS/
4
C-4 C-3 C-2 C-1 -R Solvent
127.2 129.3 128.3 137.3 CDCl3
126.9 128.8 127.4 136.9 ____,S CDCl3
s
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CHs- 1271 129.6 128.5 133.9 3 CDCl3

Br- 1214 | 1322 | 1293 | 1357 Polysol
---.,_S/S
Br
CThiols
1.Aliphatic
Aliphatics

J 34.30 31 .50 1410
i HS W

0.3+ 2470 2320 2270

The spectra of the thiol containing compounds in this section indicate that the -SH group exerts a very weak deshielding

effect on both aliphatic and aromatic position 1 carbons.

The aliphatic additivity constants are:

HS- C1=+10.5, C2=+114, C3=-36, C4=-0.2ppm

The aromatic additivity constants are:

HS- C1=+23, C2,6=+09, C3,5=+05, C4=-3.0ppm

A selection of thiol chemical shifts is presented in the tables below.

N-Alkyl Thiols

5 3 1
EWSH

Solvent

19.7 191 -SH CDCls
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13.5 21.6 36.3 243 -SH CDCls

141 22.7 315 28.2 34.3 24.7 -SH CDCls
R4- 29.7 29.4 28.6 34.3 246 -SH CDCls
R13- 29.8 29.2 28.5 34.2 24.6 -SH CDCls

Cyclohexanethiol

SH

255 26.3 38.0 38.3 -SH CDCls
21 Aromatic
Aromatics
] 12930 oy
] 128.490 i
0.5+ 12540

The spectra of the thiol containing compounds in this section indicate that the -SH group exerts a very weak deshielding

effect on both aliphatic and aromatic position 1 carbons.

The aliphatic additivity constants are:

HS- C1=+105, C2=+114, C3=-36, C4=-0.2ppm

The aromatic additivity constants are:

HS- C1=+23, C2,6=+09, C3,5=+05, C4=-3.0ppm
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Aromatic Thiols

=H

Solvent
125.4 128.9 129.3 130.7 -SH CDCl,
126.8 128.5 127.9 141.0 -CH,-SH CDCl,
126.9 128.4 126.3 145.7 CHj CDCl,
—cf
“sH
126.8 129.3 127.7 147.2 CDCl,
!
H=

4-Substituted Benzenethiols

=H

Solvent
HS- 119.9 132.3 114.7 158.4 -O-CH3 CDCls
HS- 125.2 | 1319 | 116.1 161.5 -F CDCl,
HS- 126.7 129.8 129.8 135.3 -CHs CDCls
HS- 126.8 | 129.6 | 126.0 | 148.7 HLC . CDCl,
——C—CH
H3Cf ’
HS- 129.0 130.7 129.0 131.6 -Cl CDCls
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DJSulfones (R-SO2-R)

Sulfones

0.5

254

o
o [ 5.10
%Iﬁv

o 4410

The wide variety of functional groups containing the —SO,- group displays differing deshielding effects ranging from moderately

to strongly deshielding depending upon the type of substituent involved. The aliphatic deshielding observed follows the general

sequence shown below for increasing chemical shift effect.

-S0,-0-R < -80,-F < -§0,-OH < -S02-NH; < -SO,-Cl

A similar range of values is noted for the ipso carbon chemical shifts of aromatic - SO,- compounds as shown in the following

tables.

Alkyl Chemical Shifts

C-6 C-5 C-4 C-3 ‘ C-2 C-1 Compound Solvent
37.0 CDCls
o
g
71 OR,
375 CDCl3
o}
g
“N™F
o
431 Polysol
o
g
=11 "NH,
o
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443 CDCls
o)
g
ll
o]
52.6 o CDCl3
g
1
o
0.81 44.1 CDCls
0
g
“ N ™0CH,
0.81 46.7 CDCl3
o
g
N ™oH
0.84 491 Polysol
O
g
=1 ™NH,
O
0.92 60.3 5 cocl
g
<1
13.2 15.9 54.4 o CDCl3
g
1R,
]
14.2 22.6 31.1 24.6 51.9 o D,O
g
“ 1 0ONa
R6- 30.5 29.5 25.2 30.1 52.1 o D,O
g
<1 oM
R7- 29.5 29.2 28.4 22.0 53.6 o CDCl3
g
e,
0
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Phenyl Group Chemical Shifts

=
s}

Solvent
135.9 130.0 128.5 133.3 o CDCl3
g
“1™F
0
134.1 128.0 129.5 135.2 o CDCl3
g
N ™0CH,
]
133.0 128.3 128.7 137.3 o Polysol
I
s oH
1™ MH
133.6 129.3 127.2 140.6 o CDCl3
d
1 ™CH;
0
133.2 129.3 127.6 141.6 o CDCl3
g
=
0
131.9 128.7 125.7 143.5 o Polysol
g
~1 ™ HH,
0
132.2 129.8 126.3 143.7 o H,O
g
=1 T 0Ma
130.6 128.5 125.7 144 .1 o Polysol
g
=11 ™ oH
0
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135.5 129.8 126.8 144.2 CDCl3

e

Vil. Oxygen Containing Compounds (Except -C(=0)-)

A. Ethers
1. Aliphatic Ethers (R-O-R)

Aliphatics

| 1410 2880 7140

- T o e
027 2280 2080

This section deals with the carbon-13 NMR chemical shifts of aliphatic ethers.

The very strong deshielding effect of the oxygen linkage of the ethers is second only to that of fluorine in the chemical shifts

observed for adjacent carbon nuclei. The aliphatic additivity constants for several ether groups are:

C1=+538, C$2=+6.3, C3=-6.1, C4=0.0ppm

R10-O C1=+570, C2=+73, C3=-56, C4=-0.3ppm

The tables presented below illustrate representative chemical shifts for a variety of selected spectra of ethers.

Alkyl Chemical Shifts

M © \\R
& 3 1
C-6 C-5 C-4 C-3 ‘ C-2 C-1 Compound Solvent
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49.4 CDCI
0. /CH3 3
o
He™ Y
CH;
53.1 5 CDCl3
o,
KO
54.8 0 : CDCl,
55.1 _,-*O : OCH; CDCl;
55.8 CDCl3
/__0
[ 1 CHy
H
57.8 CDCl3
Ko /\O
58.8 CDCI
] i 3
-~ WO/ HG
14.9 63.2 o : CDCls
14.6 63.6 0 CDCl3
g
15.2 65.7 e CDCl3
o]
15.3 66.2 -O-R4 CDCl3
13.9 19.4 31.8 68.3 o CDCl3
-
OR,
13.9 19.5 31.5 67.9 o CDCl3
o
14.0 19.7 32.3 70.6 -O-R2 CDCl3
14.0 19.7 32.2 729 -0O-CH3 CDCl3
14.1 22.8 28.8 29.8 711 -O-R5 CDCl3
14.1 22.9 32.0 26.1 30.0 711 -O-R6 CDCl3
R5 29.8 29.8 26.5 30.1 711 -0O-R10 CDCl3
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2[0Alicyclic Ethers

Alicyclics

)
1 S 1820

0.5+ 70 4500

This section deals with the carbon-13 NMR chemical shifts of alicyclic ethers.

The very strong deshielding effect of the oxygen linkage of the ethers is second only to that of fluorine in the chemical shifts

observed for adjacent carbon nuclei.

The aliphatic additivity constants for several ether groups are:

C1=+538, C2=+6.3, C3=-6.1, C4=0.0ppm

R10-O C1=+570, C2=+73, C3=-56, C4=-0.3ppm

Alicyclic Ethers

1,2-Epoxides

o

EQ—H

C-2 C-1 -R Solvent

47.7 48.0 - CHs CDCl3

44 .4 50.1 wo CDCl3

441 50.8 o CDCl;
Mo e Ry
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50.8 52.0 CDCls
46.5 53.2 P CDCl,
Tetrahydrofurans
4 3

5[;>2

1

Solvent
68.0 26.0 26.0 68.0 O CDCly
o]
68.2 25.8 28.3 66.5 o CDCly
0 e H,
67.7 26.2 33.5 75.3 -CHs CDCly
67.8 25.2 31.2 75.4 O CDCl3
\)l\OH
67.6 25.8 32.2 79.4 P CDCly
CH
30Aromatic Ethers
Aromatics
i 54 &0
| 1599
11410
0.5
| 1289.50
i 12070
LI D LI L DL | T | b L L T |
240 220 200 180 10 140 120 100 80 &0 40 20 0
PR
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This section deals with the carbon-13 NMR chemical shifts of aromatic ethers.

The very strong deshielding effect of the oxygen linkage of the ethers is second only to that of fluorine in the chemical shifts

observed for adjacent carbon nuclei.

The aromatic additivity constants for certain ethers are:

C1=+290, C$2,6=-95 C3,5=+13, C4=-53ppm

R2-O- C1=+309, C2,6=-13.8, C3,5=+1.1, C4=-7.8ppm

Aromatic Chemical Shifts

Furan and 2-Substituted Derivatives

4 3
5 @\
o]
C-5 C-4 C-3 C-2 -R Solvent
142.8 109.7 109.7 142.8 @ CDCl;
o]
148.0 111.9 122.5 126.5 -C=N CDCl3
146.7 112.0 118.1 145.0 B CDCls
)J\O {__,CH 3
146.5 1121 118.0 145.3 0 Polysol
)J\OH
145.7 112.2 116.3 149.5 CDCl3
f\\\\N M ﬂ
A -
o]
145.9 112.9 116.7 150.6 0 CDCl;
140.9 110.4 105.6 152.2 -CH3 CDCl3
142.3 110.3 107.7 154.4 CDCls
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1415 110.2 104.8 157.4 CDCls
/ANH:
Phenyl Ethers
z
3 OKR
4 fi
5
C-4 C-3 C-2 C-1 Compound Solvent
122.1 129.4 116.2 157.1 cDcCl
[P B : 3
123.1 129.7 118.9 157.4 O CDCls
~
122.0 129.5 117.2 158.9 o CDCls
~
H2
120.6 129.5 1146 159.3 -0-R2 CDCls
120.7 129.5 1141 159.9 -O-CH; CDCly
B[ Alcohols (R-OH)
1.Primary
a. Aliphatic and Alicyclic
Aliphatics and Alicyclics
| 250 25.40 1440
_' HO/W
0.3 | 3260 2270
T T T T LI T LN DL L T
240 220 200 120 160 140 120 100 20 &l 40 20
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This section contains the carbon-13 NMR chemical shifts of the primary alcohols. The -OH group produces a strongly

deshielded chemical shift for the adjacent carbon of both aliphatic and aromatic compounds.

The aliphatic additivity constants are:

HO- C1=+484, C2=+10.1, C3=-6.0, C4=0.0ppm

The tables that are provided below illustrate typical chemical shifts observed for a variety of selected compounds containing the

-OH group.

Alkyl Chemical Shifts

N AL,
4 3 1
C-6 (o C-4 ‘ c3 (o) C-1 ‘ -OH Solvent
498 -OH CDCls
18.2 57.7 -OH CDCl;
10.3 25.9 64.2 -OH CDCls
13.9 19.2 35.0 62.2 -OH CDCl;
14.1 22.7 28.4 326 62.5 -OH CDCl,
R7- 29.9 295 26.1 329 62.5 -OH CDCl;
Isobutanol

Solvent

19.1 30.9 69.4 -OH CDCl3

Alicyclic Alcohols
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Cyclobutanol

Solvent

121 334 67.0 -OH CDCl3

Cyclopentanol

Solvent
235 35.4 736 -OH CDCl,
Cyclohexanol
3
4
=
& OH

Solvent
25.9 245 355 70.1 -OH CDCls
Cycloheptanol
3
4
3 OH
6

Solvent

28.3 22.9 37.6 72.5 -OH CDCl3

Cyclooctanol
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oH

Solvent
254 276 229 34.8 72.0 -OH CDCl;
Cyclododecanol
4 3 o
6
7 2
g 0

c678 C59 C410  C311 C212  C- Solvent
235 24.4 24.0 21.0 325 69.1 -OH CDCly
b Aromatic
Aromatics

] M58, 0 oH

i 12980
0.5

i 121.0

This section contains the carbon-13 NMR chemical shifts of the phenols. The -OH group produces a strongly deshielded

chemical shift for the adjacent carbon of both aliphatic and aromatic compounds.

The aromatic additivity constants are:

HO- C1=+26.6, C2,6=-128, C3,5=+14, C4=-7.3ppm

The tables that are provided below illustrate typical chemical shifts observed for a variety of selected compounds containing the

-OH group.

123



Aromatic Alcohols

Solvent
128.7 128.5 126.4 136.8 -OH CDCl3
126.2 130.5 127.9 138.2 -OH CDCls
127.2 128.3 126.9 141.0 -OH CDCl3
127.2 128.2 126.5 143.8 -OH CDCly
1271 128.3 125.5 146.1 -OH CDCl3
121.1 129.8 115.6 155.0 -OH CDCly

4-Substituted Phenols

HC

Solvent

HO- 157.1 118.1 137.7 80.4 -l Polysol

HO- 161.4 116.5 134.0 101.9 -C=N Polysol

HO- 153.9 117.2 132.5 113.2 -Br CDCl3

HO- 161.8 115.4 1321 121.3 0 Polysol
)l\OH

HO- 153.6 116.9 129.7 126.2 -Cl CDCl3

HO- 155.6 116.3 130.4 127.2 -S-CHg3 Polysol

HO- 162.2 1154 130.8 129.0 0 Polysol
AJ\ CHy

HO- 153.1 115.6 130.2 130.2 -CHs3 CDCl3
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HO- 157.2 | 1159 127.8 [ 1317 CDCly
HO- 1606 | 115.4 1280 |[133.9 o Polysol
g
“1 ™NH,
o]
HO- 152.3 | 114.6 121.8 [ 1345 _AH Polysol
HO- 1491 | 115.9 1157 | 139.6 -NH, Polysol
HO- 164.5 | 1163 1266 | 140.9 o Polysol
AL
g 0O
HO- 154.7 | 114.9 1259 (1416 KC/CHS Polysol
He b
CHy
HO- 1511 | 1166 1163 | 157.7 F Polysol
2[1Secondary
a. Aliphatic and Alicyclic
Secondary Alcohols
i 23 920 4380  23.90
0.5] 2490 B5 .80
! 2250 OH
LI R S I B DL B LA B | T LI L | L (N T
240 220 200 180 l1s0 140 120 100 80 &0 40 20 0
ppm

The -OH group produces a strongly deshielded chemical shift for the adjacent carbon of both aliphatic and aromatic

compounds.

5-Nonanol
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OH

3
4

Solvent
141 23.0 28.2 374 71.8 -OH CDCly
3l Tertiary
a. Aliphatic
Tertiary Alcohols
| 3060 OH
o5 780 7470

The -OH group produces a strongly deshielded chemical shift for the adjacent carbon of both aliphatic and aromatic

compounds.

3-Ethyl-2-Pentanol

oH

Solvent
7.8 30.6 74.7 -OH CDCl;
41Phenols
Phenols
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1531 DOH

130:20 1580

20.40 13020

T T UL AL B LA I T T ] T T I T
240 2320 200 180 1e0 140 120 100 20 all 40 20 0
ppm

This section contains the carbon-13 NMR chemical shifts of the phenols. The -OH group produces a strongly deshielded

chemical shift for the adjacent carbon of both aliphatic and aromatic compounds. The aliphatic additivity constants are:
HO- C1=+484, C2=+10.1, C3=-6.0, C4=0.0ppm

The aromatic additivity constants are:

HO- C1=+26.6, C2,6=-128, C3,5=+14, C4=-7.3ppm

The tables that are provided below illustrate typical chemical shifts observed for a variety of selected compounds containing the

-OH group.

4-Substituted Phenols

Solvent

HO- 157.1 118.1 137.7 80.4 -l Polysol

HO- 161.4 116.5 134.0 101.9 -C=N Polysol

HO- 153.9 117.2 132.5 113.2 -Br CDCls

HO- 161.8 115.4 132.1 121.3 0 Polysol
)J\OH

HO- 153.6 116.9 129.7 126.2 -Cl CDCl3

HO- 155.6 116.3 130.4 127.2 -S-CHj; Polysol

HO- 162.2 115.4 130.8 129.0 0 Polysol
CH;

HO- 153.1 115.6 130.2 130.2 -CHs3 CDCls

HO- 157.2 115.9 127.8 131.7 CDClj
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HO- [|1606 [1154  [1280  [133.9 o Polysol
g
=1 ™NH,
o]
HO- 1523 [1146  [121.8  [1345 _MH : Polysol
HO-  |149.1 115.9 115.7 139.6 -NH, Polysol
HO- [|1645 [1163  [1266  [140.9 a Polysol
=0
-l\:a
o/
HO- 1547 1149 [1259  [141.6 HC Polysol
s
—iC—CH,
Hao
HO- [|151.1 |1166  [1163  [157.7 F Polysol
The Sadtler Handbook of Carbon NMR Spectral 14
Vill. Compounds Containing Carbon To Oxygen Double

Bonds
A. Ketones (R-C(=0)-R)
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1.Aliphatic and Alicyclic

Aliphatics
] o)
0.5 1340 4480

Depending upon their structural environment, the carbonyl (C=0) resonance appears over a chemical shift range of more than

48 ppm (167.8 - 216.7ppm).

As a substituent, the ketone carbonyl group exerts a moderately strong deshielding effect on adjacent C-1 carbons.

The aliphatic additivity constants are:

0

)J\ C1=+296, C2=+12, C3=-26, C4=0.0ppm

Ris C1=+28.7,C 2=+13, C3=-28 C4=0.0ppm

C1=+245,C2=+16,C3=-24,C4=0.0 ppm

A selection of ketone chemical shifts is provided in the following tables.

Solvent

255 199.6 = CDCls
e

26.3 197.4 CDCls
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274 197.6 \/\@ CDCly
29.3 208.7 P CDCl3
82 317 200.1 \O CDCly
7.9 36.8 208.7 -CH, CDCly
13.9 17.9 405 199.7 \O CDCls
13.8 1740 423 2135 CDCly
_AoHs
C
ST,
CHy
13.4 17.6] 44.8 210.2 -R3 CDCly
13.9 225 26.5 382 199.7 \O CDCls
14.0 226 26.3 435 208.2 -CH, CDCly
14.0 227 317 23.8 427 210.3 -R5 CDCls
R3- 29.5 29.3 241 428 210.5 -R7 CDCly

Branched Alkyl Ketones

2-Methyl-3-Hexanone

Solvent

18.3 40.8 213.5 -R3 CDCl3

2,6-Dimethyl-4-Heptanone
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22.6 245 52.4 209.3 CDCl3

Alicyclic Ketones

Cyclopropyl Ketones

2 0

Solvent
11.2 16.8 199.8 CDCI
CHy 3
11.6 17.0 200.4 CDCl;
10.3 211 208.0 -CHs; CDClg

Cyclobutyl-4-Fluorophenyl Ketone

Solvent

18.2 251 42.2 199.2 CDCl3

Cyclopentyl Phenyl Ketone

131



Solvent

26.4 30.0 46.4 202.5 CDCl3

Dicyclohexyl Ketone

Solvent

26.2 25.9 28.8 49.2 215.7 CDCl3

Cyclooctanone

249 27.3 25.8 41.9 216.7 CDCl3

Carbonyl Chemical Shifts

Solvent

167.8 -C=N CDCl3
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180.8 CF; CDCly
183.8 Ll CDCly
—CHL,
Cl
194.5 | Polysol
C5- 199.2 CDCly
CHs- 199.6 o CDCly
T
199.7 -R3 CDCly
202.5 -C5 CDCly
CHs- 208.2 -R4 CDCl;
R3- 210.2 -R3 CDCly
R7- 210.5 -R7 CDCly
C6- 215.7 -C6 CDCly
216.7 CDCly
21 Aromatic
Aromatics
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The carbon-13 NMR chemical shifts presented here illustrate typical band intensities of the aromatic ketones. Depending upon

their structural environment, the carbonyl (C=0) resonance appears over a chemical shift range of more than 48 ppm (167.8 -

216.7ppm).

As a substituent, the ketone carbonyl group exerts a moderately strong deshielding effect on adjacent C-1 carbons.

The aromatic additivity constants are:

R4-C(=0)- C1=+89, C$26=-04, C3,5=0.0 C4=+43ppm

o

C1=+9.2, C2,6=+14, C3,5=00, C4=+3.8ppm

A selection of ketone chemical shifts is provided in the following tables.

Phenyl Ketones

e
1326 | 1276 | 1269 | 12904 | 1838 -CHCl; CDCly
1358 | 1205 | 1304 | 1304 | 180.8 -CF3 CDCly
1369 | 1206 | 1303 | 1334 | 167.8 C=N CDCly
1327 | 1285 | 1296 | 1370 | 1945 ol Polysol
1327 | 1285 | 1285 137.1| 2025 -C5 CDCl,
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132.7 128.5 128.0 137.3] 199.7 -R4 CDCl;
132.2 128.2 129.8 137.6] 196.1 CDCl,
132.5 128.4 128.4 138.2] 189.9 o CDCly
Carbonyl Chemical Shifts
R- -C(=0) -R Solvent
O/ 167.8 -C=N CDCl3
O/ 180.8 CF; CDCly
@/ 183.8 -CHCl, CDCly
O/ 194.5 | Polysol
C5- 199.2 CDCly
CHs- 199.6 o CDCl,
T
199.7 -R3 CDCly
202.5 -C5 CDCl,
CHy- 208.2 -R4 CDCl,
R3- 210.2 -R3 CDCls
R7- 210.5 -R7 CDCl,
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C6- 215.7 -C6 CDCl3

216.7 CDCl3

B Aldehydes (R-C(=0)-H)

Aldehydes
] 4410 2910 2280
J H

0.5 “

This section deals with the carbon-13 NMR chemical shifts of the carboxaldehydes.

The chemical shifts of adjacent carbon atoms indicate that the carboxaldehyde group exerts a weak to intermediate deshielding

effect on both aliphatic and aromatic carbons.

The aliphatic additivity constants are:

C1=+30.0, C2=-05, C3=-25 C4=+03ppm

The phenyl additivity constants are:

C1=+82, C$2,6=+13, C3,5=+0.6, C4=+6.0ppm

The tables presented below contain the chemical shifts for a variety of carboxaldehyde compounds.

N-Alkyl Chemical Shifts
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Solvent

13.8 225 245 43.7 202.0 CDCl3

14.1 22.8 31.9 29.1 22.4 441 201.9 CDCl3
R6- 29.8 29.8 29.6 22.3 441 201.9 CDCls

2-Ethylbutyraldehyde

Solvent

1.5 21.7 55.2 204.7 CDCl3

Cyclohexanecarboxaldehyde

Solvent

26.1 251 26.1 50.0 204.5 CDCl3

Alkenyl Aldehyde Chemical Shifts

Solvent
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137.8 138.6 194.4 CDCl3

E\E)I\H

c-3 c2 Cc-1 -C(=0)-H ‘ Solvent

R3- 158.2(133.3 193.5 CDCl,

: - 152.3[131.1 193.2 CDCl,

/@/ 148.8[131.8 192.8 CDCl,
=3
OQ‘N
|
%]

Solvent
R2- 148.4 | 127.9 | 1527 | 1303 193.4 CDCls
R3- 146.7 | 129.0 | 1525 | 130.2 193.2 CDCls
R4- 147.0 | 128.8 | 1525 | 130.2 193.2 CDCl3
Aromatic Aldehydes
Benzaldehyde
o]
2
3
4 g
a

Solvent

134.4 129.0 129.7 136.6 192.0 CDCl3
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4-Substituted Benzaldehydes

Solvent
189.2 124.9 132.0 110.7 152.2 w R. CDCl3
-2
|
R
189.5 125.2 131.6 111.0 154.2 “M.N,/CH3 CDCl3
|
CH,
190.8 128.7 132.2 116.1 163.5 -OH Polysol
190.5 130.2 131.9 114.5 164.6 -O-CHs; CDCl3
191.4 134.4 129.6 129.6 145.3 -CH; CDCl;
191.3 134.9 129.9 1271 155.9 CDCI
. ,.-‘C H3 3
|
CH,
190.5 134.9 130.8 129.4 140.7 -Cl CDCl;
190.6 135.2 130.8 132.3 1294 -Br CDCl3
191.3 135.2 130.0 127.3 146.6 CDCl3
Aldehydic Carbons
H-C(=0) -X Solvent ‘
160.1 _MH CDCly
161.0 -0-R4 CDCl3
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161.6 CDCl3
161.9 -NH-CH,CH3; CDCl3
162.5 CDCI
"""\xN .-f'R i :
|
i

163.2 -NH-CH3 CDCl3
175.9 Br CDCls

—Br

Br
178.9 ﬂ CDCl3
189.2 CDCl3
Rz
I
Fa
190.6 \@\E CDCl;
¥
192.0 \O CDClg
193.2 \/\@ CDCl;
194.4 H H CDCly
'\t !
=

T’

198.2 CDCl3
“eH

201.9 -R11 CDCl3
204.5 -C6 CDCl3
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204.7 R. CDCl3

TH

|
Ro

CUAcid Halides (R-C(=0)-X)

Acid Halides

] 4730 2390 3180 44410

] cl
04 173.40 2540 2900 2270
o

This section contains carbon-13 NMR chemical shifts which are representative for this class of compounds. Although most of
the chemical shifts available are of acid chlorides, the chemical shifts observed for several acid bromides indicate that the

C(=0)-Br group has a more strongly deshielding effect on adjacent aliphatic groups than does the C(=0)-CI group.
All members of this class react rapidly with traces of moisture to form the corresponding carboxylic acids.
Additivity constants for the acid chloride group are given below.

The aliphatic additivity constants are:

cl C1=+331, C2=+25 C3=-35 C4=0.0ppm

The aromatic additivity constants are:

o

N

C1=+49, C2,6=+29, C3,5=+08, C4=+7.0ppm

Alkyl Chemical Shifts

A
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C-1 -X Solvent

33.7 CDCl3

39.1 CDCl3

Solvent

R2- 31.8 29.0 28.7 254 47.3 0 CDCl3

R4- 29.4 29.4 28.7 25.4 47.2 CDCl3

R7- 29.6 29.3 28.6 253 47.2 CDCl3

Aromatic Chemical Shifts

Benzoyl Chloride

3 il

Solvent

135.4 129.2 131.3 133.3 168.0 CDCl3

Phenyl Acetyl Chlorides
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1

Solvent
128.1 1289 | 1295 | 1314 A“/C' CDCl;
s]
1302 | 1284 | 1203 | 1332 | CDCls
)\H/CI
8]
1283 | 1291 | 1283 | 136.0 R CDCly
cl
R
s]
1267 | 1284 | 1282 | 139.4 Polysol
cl
s]
Carbonyl Halide Chemical Shifts
X- C(=0) -R Solvent
Br- 165.3 -CH; CDCl;
Cl- 167.1 ; : F CDCly
Cl- 167.1 CH; CDCl;
Cl- 167.7 CDCly
C_,_CH3
TCH,
CH,




Cl- 168.0 CDCl3
Cl- 168.9 —CH-Cl CDCl3
Cl- 170.3 -CH3 CDCl3
Cl- 173.2 -R12 CDCl3
Cl- 173.4 -R7 CDCl3

DUJAnhydrides (R-C(=0)-0-C(=0)-R)

Anhydrides

] 0 0

_ 850 {Dﬂl\@){\/
|:|_5_- 28.80

) WU S WL B (UL LA LA B (UL LN UL B JULI B WL S N I NN S S L L B B
240 220 200 120 160 140 120 100 20 &l 40 20 ]
ppi

This section deals with the chemical shifts of the carboxylic anhydrides. As a group, the anhydrides are very reactive and
readily decompose to the corresponding carboxylic acid in the presence of the traces of water found in DMSO-dg, polysol and

acetone-de. In general, the carbonyl chemical shift of the anhydride resonates at a higher field than that of the carboxylic acid.

The deshielding effect of the anhydride group in relation to adjacent aliphatic carbons is that of a weakly deshielding

substituent.

The aliphatic additivity constants are:

R)J\O)J\

The anhydride group exerts an intermediate additivity effect on the C1 carbon of phenyl ring carbons as indicated below.

C1=+211, C2=+13, C3=-36, C4=-03ppm

The aromatic additivity constants are:
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] ]

N

The chemical shifts of a selection of anhydride molecules are presented in the tables which follow.

C1=+6.1, C26=+21, C3,5=+05 C4=+6.1ppm

Alkyl Anhydrides

-C(=0)-0-C(=0)-R Solvent

21.9 166.9 CDCls3

8.5 288 170.5 CDCl3

13.9 225 31.2 241 353 169.6 CDCls3

-C(=0)-0-C(=0)-CH(CHs), Solvent

18.3 35.2 172.7 CDCl3

-C(=0)-0-C(=0)-CH(R2), Solvent

11.5 246 49.9 171.6 CDCl3

Benzoic Anhydride
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Solvent
134.5 128.9 130.5 134.5 162.3 CDCl;
Carbonyl Chemical Shifts
R-C(=0)-0-C(=0) Compound Solvent
161.8 o B CDCl3
//\\)J\Q M
166.3 CDCls
o] o] o]
166.9 0 B CDClg
)J\O JJ\
167.1 CDCl;
o] o] o]
169.6 O a CDClg
PN N A
170.5 0 0 CDCl;
171.6 0 0 CDCl,
/j)‘\o )L‘{\
171.7 o} 0 CDCl;
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173.3 ) CDCl3

EJAmides
1.Primary (R-C(=0)-NH,)

Primary Amides

]
176 .60 2ryo 13F0

| HNT 2tn 2530

This section concerns itself with the carbon-13 NMR chemical shifts of compounds containing the primary amide group (-

C(=0)-NH,).

The primary amide group exerts an intermediate deshielding effect on the adjacent aliphatic and aromatic carbons as shown by

the additivity constants provided below.

The aliphatic additivity constants are:

HﬂN)J\

= C1=+216, C2=+31, C3=-24, C4=0.0ppm

The phenyl additivity constants are:

HﬁNJ\

= C1=+56, C26=-07, C3,5=-0.2, C4=+29ppm

As indicated in the following chemical shift tables, the primary amide compounds are not readily soluble in CDCI3 and usually

require the use of DMSO-ds or DMSO-de/CDCl3 mixture (polysol) in order to obtain high quality carbon-13 spectra.
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Alkyl Chemical Shifts

Solvent
22.3 o Polysol
A
9.7 29.0 0 CDCl3
A
13.7 22.3 277 35.8 s CDClg
A
R3- 291 291 291 254 355 o Polysol
A
Crotonamide

Solvent

Polysol

2-Furamide

4 3

i

1
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C-2 -C(=0)-NH, Solvent

144.6 11.7 113.9 148.0 160.1 Polysol

Phenyl Amides

3 Hs

Solvent
126.3 129.0 128.2 136,2 0 Polysol
\)J\NHz
131.3 128.2 127.7 134.0 0 Polysol
)J\N H.

Carbonyl Chemical Shifts

o}
H )J\R
H.N-C(=0) ‘ R Solvent ‘
160.1 /ﬂ Polysol
o]
167.2 H Polysol
!
/C %C {__,C Ha

|

H
172.6 -CH; Polysol
175.3 -R8 Polysol
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176.5 -R6 CDCly
177.5 -R2 CDCls
181.3 HLC Polysol
A
C—0CH;
;
HsC
2[1Secondary (R-C(=0)-NH-R)
Secondary Amides
2950
] 2620 MH
] 175 .51:7”/\ 10.20

0.5 o

The data contained in this section deal with the N-substituted secondary amides (R-C(=0)-NH-R'). Due to the presence of the

N-substituent, the range of chemical shifts is larger than that observed for the primary amides.

The additivity effect of either side of the -C(=0)-NH- group is that of an intermediate deshielding group as they also are with the

adjacent carbons of phenyl groups.

The alkyl additivity constants are:

o

o

C1=+227, C2=+31, C3=-26, C4=0.0ppm
o}
)LN P
H

The phenyl additivity constants are:

C1=+258, C2=+66, C3=-49, C4=0.0ppm

0

M-

C1=+10.8, C2,6 =-8.7, C3,5 =+ 0.1, C4 = -5.1ppm
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SN

C1=+6.2,C2,6=-1.2,C3,5=-0.1,C4 = + 2.8ppm

The tables provided below display the chemical shifts for a selection of secondary amide compounds.

Alkyl Chemical Shifts

C-1 ‘ -NH-C(=0)-R Solvent
22.8 0 CDCl3
Ry
.
10.2 29.5 0 CDCl3
-
H
9.9 30.4 o CDCl3
)}\ H@
13.7 191 39.1 o Polysol
)}\1 H/O
R12- 29.7 295 29.5 25.9 36.8 0 CDCl3
-
H

-NH-C(=0)-R Solvent

26.3 0 CDCly
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26.7 o] CDCl3
TH
146 344 o CDCl
TuHT eH,
1.5 23.00 414 0 CDCl3
\‘NHJLR,,
13.6 20.3 31.6] 39.6 0 CDCl3

Aromatic Chemical Shifts

N-Substituted Benzamides

-C(=0)-NH-R Solvent
131.2 128.3 127.2 134.6 0 CDCl;
-
H
131.2 128.2 127.7 135.3 o /@ Polysol
)}\N ¥
130.9 128.3 126.8 136.0 CDCl;
©HL iH 3
)J\NH CH,

N-Phenyl Amides
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Solvent

125.1 128.9 118.7 137.0] 0 CDCls

\‘NHJ\H )

1247 | 1296 | 1203 137.2 o CcDCly
\\NHJ\" (anti)

1242 | 1288 | 1205 138.4 o CDCly
N
MH R

1233 | 1285 | 1197 139.2 o Polysol
e cH,

1236 | 1284 | 1206 139.3 0 Polysol
TWH

Carbonyl Chemical Shifts

R- C(=0)-NH -R Solvent
H- 160.1 CDCls
165.8 Polysol

168.8 -CH3 CDCls

CHs- 171.0 -R2 CDCl3
CHs- 171.2 -R4 CDCl3

153



R2- 173.3 CDCl3

R17- 174.0 -CH3 CDCl3

30 Tertiary (R-C(=0)-N-R,)
Tertiary Amides

]

| 1400 35.30 |

] e 17220

0.5 18.70 #10

With a wider range of possible substituent combinations, the chemical shift ranges observed for the tertiary amides are

generally larger than those of the secondary amides.

A selection of additivity constants for aliphatic and aromatic tertiary amides is provided below.

The aliphatic additivity constants are:

C1-+19.1, C2=+29, C3=-24, C4=+0.2ppm

The aromatic additivity constants are:

o
HC )K
£H 3 C1=+81, C2,6=-14, C35=-03, C4=+0.9ppm
0
H /LN
(syn) | C1=+114, C26=-23, C35=+1.2, C4 =-1.6ppm
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(anti) | C1=+134, C2,6=-33, C35=+07 C4=-1.4ppm

| C1=+150, C26=-02, C35=+12 C4=-0.7ppm

The following tables contain the chemical shifts from a selection of aliphatic and aromatic compounds.

Alkyl Chemical Shifts

Solvent
21.4 A CDCly
)J\Nf
214 o cDCl
)]\N 3
|
R
22.6 /TLN CDCl3
|
R
9.6 262 o cDCl
)]\N Pz
|
Fo
14.0 18.7] 35.2 o CDCl3
)J\Nf
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R4-

29.7

29.7

29.7

257 33.2

CDCl3

Higher Field (syn) Isomers

Solvent
31.1 0 CDCl;
|
CH5
34.8 0 CDCl;
""x,_r\lj )i\c H 5
CHy
35.2 0 CDCl3
|
CHy
13.240.2 0 CDCl;
-, )I\R:
I
Rz
13.5{40.2 CDCl3
o}
\w P
I
R e
11.2 21.047.4 e} CDCl3
I
Fs
114 21.2/47.6 0 CDCls
~ )l\Rg
R 3
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29.

7141.9

CDCl3

Lower Field (anti) Isomers

N(R)-C(=0)-R’ Solvent
36.1 e} CDCl3
[
CH,
37.9 o CDCly
‘\T\lj )J\C Hs
CH;
38.9 o CDCly
[
CHy
13.541.0 o] CDCl3
H"N CH
I
R
14.442.0 o CDCly
S )I\R:
|
R
13.542.5 CDCl3
o}
\M-N o
|
R o
11.4 22.649.8 0 CDCl3
M )I\Rg
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1.2 22.250.6 0 CDCl3

13.8 20.3 31.147.1 e} CDCl3

Phenyl Chemical Shifts

Solvent
130.1 128.4 127.6 135.4 0 CDCl3
)'RN/OH
129.3 128.1 |127.0 136.5 0] CDCls
’_,CH3
|
CH3
129.1 128.3 |126.7 136.6 o CDCl;
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Compound

126.8 | 129.6 126.1] 139.8 Q CDCl3

127.0 | 1291 125.1 141.8 Q CDCl3

127.7 | 129.6 128.2 143.4 R3 CDCl3

Carbonyl Chemical Shifts

R- C(=0) -N(R,R’) Solvent
H- 161.6) CDCl3
H- 162.5 CDCI
"H-..\_hN __fR [} 3
|
R [
e 168.3] \\N;R: CDCls
|
T R,
CHa- 169.4 CDCl3
I
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CHs- 1701 CDCI
3 ‘_w /RS 3
|
R 3
171.0f CDCI
HC gy 2 3
|
R 2
RO 172.4 \\N /HS CDCl3
|
R 3
R2- 172.5 R CcDCly
"H-w -
|
R 2
R34 172.8] "“H.N ’___E Hy CDCl3
|
CH4

Fl1Carboxylic Acids (R-C(=0)-OH)
1.Aliphatic and Alicyclic

Aliphatics
] 3430 #3500 1390
] o] W
] 130}(/ 2470 2250
0.5 OH

The carbon-13NMR chemical shifts covered in this section contain the carboxylic acid group (- C(=0)- OH) as a common
denominator. Because many of these compounds present solubility problems, a significant difference in chemical shifts of the

carboxylic acid group is observed depending upon the solvent employed in preparing the spectrogram.

The chemical shift effect of the carboxylic acid group is that of an intermediate deshielding substituent in its effect on aliphatic

groups and a weakly deshielding moiety in its effect on adjacent aromatic carbons.

The aliphatic additivity constants are:

Ho C1=+202, C2=+21, C3=-28 C4=00ppm

The aromatic additivity constants are:
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HOJ\

C1=+11, C2,6=+19, C3,5=+0.1C 4=+54ppm

The overall chemical shift range for the carbonyl resonance is more than 29ppm (156.5- 185.8ppm) as shown in the chemical

shift tables given below.

Alkyl Chemical Shifts

-C(=0)-OH Solvent

20.7 177.7 CDCls

89 277 181.2 CDCl3

13.7 18.6] 36.3 180.5 CDCls

13.7 225 271 34.0 180.5 CDCls

13.9 225 31.5 2471 343 180.5 CDCl3

14.0 227 31.7 28.9 249 343 180.8 CDCls
R3- 295 295 29.3 249 343 180.6 CDCl3
R9- 29.7 29.7 29.4 25.0 34.2 175.8 Polysol
R11- 29.7 29.7 29.3 25.00 343 176.3 Polysol

Alicyclic Chemical Shifts

Cyclopropanecarboxylic Acid

2 0

; E C-i-’

2 q \
OH

C-1 -C(=0)-OH Solvent

9.2 131 181.9 CDCls

Cyclobutanecarboxylic Acid
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Solvent

18.6 25.4 38.4 181.9 CDCl3

Solvent

26.0 30.1 43.9 183.5 CDCl3

Solvent

25.9 255 29.0 43.1 183.0 CDCl3

Solvent

26.3 26.2 33.2 34.9 42.0 179.7 CDCl3

3
4 < ;}fo
C\
3 oH
G

Solvent

28.5 26.5 30.7 45.0 183.8 CDCl3
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Carbonyl Chemical Shifts

HO-C(=0)- -R Solvent
156.5 -C=C-H CDCl3
166.2 \O\ Polysol

C=h
166.9 \@\E Polysol
r
167.1 \O\; Polysol
168.2 Polysol
~Hs
I
CH3
169.1 \@\ Polysol
OH
170.4 MH D,O
)\/SH
(HCI)
172.3 PNy CDCls
172.4 H CDCl3
Fj
H (trans)
172.7 \@ CDCl3
175.5 MH D,O
175.8 -R15 Polysol
178.4 CDCls

a
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180.6 -R8 CDCl3

181.2 CDCl3

183.0 CDCl3

i
183.8 O CDCl3
l@

185.8 CDCl3

20 Aromatic
Aromatics
1 0
| 13110 _ 129.80]1 6650
1 128.50 CH
0.5
] “Wagzap

T T LI UL IR I R T T T
240 2320 200 180 1e0 140 120 100 20 all 40 20 0
ppm

The carbon-13NMR chemical shifts covered in this section contain the carboxylic acid group (- C(=0O)- OH) as a common
denominator. Because many of these compounds present solubility problems, a significant difference in chemical shifts of the

carboxylic acid group is observed depending upon the solvent employed in preparing the spectrogram.

The chemical shift effect of the carboxylic acid group is that of an intermediate deshielding substituent in its effect on aliphatic

groups and a weakly deshielding moiety in its effect on adjacent aromatic carbons.

The aliphatic additivity constants are:

HO C1=+20.2, C2=+21, C3=-28, C4=0.0ppm

The aromatic additivity constants are:
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HC

C1=+1.1,

C2,6=+1.9,

C3,5=+0.1 C4=+54ppm

The overall chemical shift range for the carbonyl resonance is more than 29ppm (156.5- 185.8ppm) as shown in the chemical

shift tables given below.

Phenyl Chemical Shifts

OH

Solvent
133.8 130.3 129.5 o CDCly
)J\OH
135.6 130.8 129.0 131.8 o CDCl3
\”)}\OH
o}
127.3 129.4 128.6 133.3 o CDCly
\)l\OH
127.4 128.7 127.7 139.9 a CDCl;
\])\OH
CH;
126.5 130.1 127.5 1433 o Polysol
OH

4-Substituted Benzoic Acids

165



HC

Solvent
168.2 131.1 1106 | 153.1 Polysol
. _H; Y
117.4 |
CH;
169.1 1213 132.1 1154 | 161.8 -OH Polysol
167.4 123.3 131.5 1135 | 162.9 -O-CHj Polysol
167.1 127.6 132.3 115.4 165.5 -F Polysol
166.8 129.8 131.1 1285 | 138.3 Cl Polysol
166.9 1302 131.2 1315 | 1271 -Br Polysol
171.4 129.3 129.3 | 134.6 0 Polysol
134.6 )J\
OH
166.2 135.1 130.0 1322 | 1155 -C=N Polysol
166.8 130.1 129.3 | 139.0 o Polysol
136.0 J\(
Carbonyl Chemical Shifts
HO-C(=0)- R Solvent
156.5 -C=C-H CDCl;
166.2 \O\ Polysol
C=h
166.9 \@\E Polysol
r
167.1 \@\F Polysol
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168.2 Polysol
CHs
I
CH3
169.1 \@\ Polysol
OH
170.4 NH. D0
)\/SH
(HCIl)
172.3 P e CDCls
172.4 H CDCl3
Ry
H (trans)
172.7 \@ CDCl;
175.5 DO
175.8 -R15 Polysol
180.6 -R8 CDCl3
181.2 T CDCls
183.0 \O CDCl3
183.8 O CDCl3
185.8 o] CDCl3
Gl Esters

1.Aliphatic Esters of Aliphatic Acids
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Aliphatics

T
b 950 51.40

The carbon-13 chemical shifts contained in this section display the chemical shifts and spectrum patterns produced by the

carboxylic acid ester functional group (R-C(=0)- O-R"). The carbonyl side of the bond exerts a weak to intermediate deshielding

effect on the adjacent (C1) carbons of both aliphatic and aromatic compounds. The oxygen side of the bond, on the other hand,

has a strongly deshielding effect on these carbons.

The aliphatic additivity constants are:

0
CHY m/
0

C1=+20.1, C2=+24, C3=-26, C4=0.0ppm

o]

A

HC O G1=+505 C2-+60, C3=-60, C4=00ppm

The aromatic additivity constants are:

o)
CHY Y
o]

Ci1=+21, C$2,6=+13, C3,5=+01, C4=+45ppm

]

A

HC O G1=+227, C26=-67, C3,5=+10, C4=-2.8ppm

The chemical shift tables presented below contain the shifts for a selected group of carboxylic acid esters.

Alkyl Chemical Shifts
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19.4 170.6 -R4 CDCl3
204 | 1677 H H CDCl;
/
m=0
Y
H
207 | 169.1 cocl
CH,
22.3 170.0 H3C CDCl3
g
£ CH
HC 3
8.8 27.3 171.3 H H CDCl3
/
=0
%,
H
9.3 27.6 174.6 -CH3 CDCl3
9.0 27.7 172.6 \O CDCl3
9.0 278 | 1731 CH, cocl
13.6 18.4) 35.9 170.5 H H CDCl3
N
m=0
*
H
13.7 186 361 | 173.9 CH, cocl
13.7 18.7] 36.6 172.7 CH3 CDCl3
C
- TCHy
13.7 18.8] 36.7 172.5 -C6 CDCl3
13.8 225 273 342 | 1735 Py cocl,
13.7 22.5 27.2| 344 172.6 -3-Cholesterol CDCl3
R5- 29.4 29.3 24.8] 34.0 170.4 H H CDCl3
/
=0
%,
H
R15- 29.5 29.5 252 34.2 1741 -CH3 CDCl3
R9- 29.5 29.3 25.2| 347 172.8 CDCl3
CHy
C
- ™CH
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Solvent
51.2 173.8 -R5 CDCl3
515 166.5 H H CDCl3
=
H
51.6 171.6 /\O CDCl3
52.0 165.9 \O\ CDCls
il
144 59.9 175.7 -C6 CDCl3
14.3] 60.4 170.7 -CHs CDCl3
14.3 62.0 164.5 \O\ CDCl3
& 0
hllfff
ad
144 637 155.5 -0-R2 CDCl3
14,0, 68.6 150.5 Cl CDCl3
10.4 224 656 161.2 -H CDCl3
10.5 222 664 166.4 \O CDCl3
10.4 224 66.9 154.2 /N H : CDCl3
13.7 19.4 31.00 63.7 161.0 -H CDCl3
13.8 19.5 311 64.7 166.3 CDCl3
13.7 19.1 307 724 150.6 -Cl CDCl3
R14- 29.5 26.1 28.8| 64.6 170.8 -CHs CDCl3
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Cyclohexyl Ester Chemical Shifts

(8]

Solvent
26.0 257 29.2 432 176.2 -CH3 CDCl;
26.1 25.7 29.2 43.5 175.3 CHs CDCly
~HC TCHy
26.1 25.8 29.3 435 175.7 e CDCls
2
3 © \r“
4 o}
5

Solvent
25.8 24.0 32.0 72.7 172.5 -R3 CDCl;
256 23.7 31.7 72.3 167.6 MH, CDCl3
25.7 23.9 31.9 72.5 170.1 -CH3 CDCl3

Carbonyl Chemical Shifts

Solvent

Cl- 149.3 CDCl3
Cl- 150.6 -R4 CDCl;
o} - 152.0 CDCls
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H-C=C- 152.8 Py CDCl3
H 154.2 -R3 CDCl,
R6-0- 155.6 -R6 CDCl3
R, 156.5 Py CDCls
W—
s
R i
CH3-0- 157.1 -CHs CDCls
NH,. 157.6 -R12 CDCl3
NH»- 158.4 -CH3 Polysol
H- 161.2 Py CDCl,
H- 161.9 -CHs CDCl3
H p 165.9 CDCl3
\
C=C
£ A
H H
166.3 Py CDCl3
166.4 -R3 CDCl3
H 166.5 -CHs, CDCl3
*, e
C=C
£ s,
H H
167.0 -CH3 Polysol
H M
CHs- 167.7 H H CDCls
5
=
',
H
CH;- 170.0 H4o CDCl3
g
77 TTCH
HC 3
H - 170.4 -R6 CDCl3
Y
C=
£ A
H H
C6- 172.5 -R3 CDCls
R3- 172.7 CH4 CDCl3
[
ey
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R2- 173.1 CHy CDCl3

R5- 173.8 -CH; CDCly
C4- 175.4 PNy CDCls
C6- 175.7 Py CDCl,
178.6 -CHs CDCls
/CHg
Hef e
| "
CHy

2[0lefinic Esters of Aliphatic Acids

Olefinics
] 128.80
_ /.;;1 66.5 \\M\
0.5 151.50 130 .40

T T T T T T
240 230 200 180 1la0 140 1X0 100 20 all 40 20 0
ppm

The carbon-13 chemical shifts contained in this section display the chemical shifts and spectrum patterns produced by the
carboxylic acid ester functional group (R-C(=0)- O-R'). The carbonyl side of the bond exerts a weak to intermediate deshielding
effect on the adjacent (C1) carbons of both aliphatic and aromatic compounds. The oxygen side of the bond, on the other hand,

has a strongly deshielding effect on these carbons.
The aliphatic additivity constants are:
o
CHY Y
© C1=+20.1,C2=+24,C3=-2.6,C4=0.0 ppm
o}

HC O C1=+ 505, C2=+6.0, C3=-6.0, C4 = 0.0 ppm

The aromatic additivity constants are:
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o)
CHY Y
o]

o]

A

HC 0

C1=+21,C2,6=+1.3,C3,5=+0.1,C4 =+ 4.5 ppm

T .C1=+227,C2,6=-6.7,C3,5=+1.0,C4 =-2.8 ppm

The chemical shift tables presented below contain the shifts for a selected group of carboxylic acid esters.

Acrylate Chemical Shifts

1304 | 12838 166.5 -CH, cDCl;
1307 | 128.2 165.9 CDCl;
1298 | 129.2 165.9 -R4 cDCl;
Vinyl Ester Chemical Shifts
o]
1 )J\
27 0 R
CHy- CH ‘ -C(=0)-0 R Solvent
97.0 1415 | 170.4 -R9 CDCl;
97.0 1417 | 1713 Py CDCl;
97.2 1416 | 167.7 -CH;, CDCl;
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Carbonyl Chemical Shifts

Solvent
Cl- 149.3 CDCl;
Cl- 150.6 -R4 CDCl,
152.0 cDCl
o} - 3
H-C=C- 152.8 Py CDCl,
H 154.2 -R3 CDCly
-
R6-0- 155.6 -R6 CDCls
R, 156.5 Py CDCl;
W—
£
Ry
CH3-0- 157.1 -CHs CDCls
NH,. 157.6 -R12 CDCl,
NH»- 158.4 -CH3 Polysol
H- 161.2 Py CDCl,
H- 161.9 -CH3 CDCly
H 165.9 CDCls
*
C=C d
£ .,
H H
166.3 P CDCl,
166.4 -R3 CDCly
H - 166.5 -CHs CDCls
.,
C=C
£ .,
H H
167.0 -CHs Polysol
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CHs- 167.7 H H CDCly
Cc=C
5
H
CHjs- 170.0 H3C CDCl3
¢
£ ™CH
HaC 3
H 170.4 -R6 CDCl3
N,
c=c’/f
£ N,
H H
C6- 1725 R3 CDCly
R3- 172.7 H 4 CDCl3
Cz’
M TCHy
R2- 1731 C H3 CDCl3
R5- 173.8 -CHj; CDCl3
C4- 175.4 Py CDCly
C6- 175.7 P CDCly
178.6 -CHj; CDCl3
/CHg
HiC
|\
CH;
3Aromatic Esters of Aliphatic Acids
Aromatics
0.5
LI WL L (L B L N | II|'|I DL LI UL N I S I B N B L B
240 220 200 180 160 140 120 100 &0 &0 40 20 0
o

The carbon-13 chemical shifts contained in this section display the chemical shifts and spectrum patterns produced by the

carboxylic acid ester functional group (R-C(=0)- O-R"). The carbonyl side of the bond exerts a weak to intermediate deshielding
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effect on the adjacent (C1) carbons of both aliphatic and aromatic compounds. The oxygen side of the bond, on the other hand,

has a strongly deshielding effect on these carbons. The aliphatic additivity constants are:

o)
CHY Y
o]

C1=+20.1,C2=+24,C3=-2.6,C4=0.0 ppm

&

A

HC 0 C1=+ 505, C2=+6.0,C3=-6.0, C4 = 0.0 ppm

The aromatic additivity constants are:

o}
CH3 m/
0 C1=+21,C2,6=+1.3,C3,5=+0.1,C4 =+ 4.5 ppm

o]

A

HL O C1=4227,C2,6=-67,C3,5=+1.0, C4 =- 2.8 ppm

The chemical shift tables presented below contain the shifts for a selected group of carboxylic acid esters.

Aromatic Chemical Shifts

Benzyl Compounds

Solvent
1271 129.4 128.6 134.4 0 CDCl;
AL en,
ok
128.5 128.5 128.2 136.0 0 CDClg
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127.8

128.5

126.1

142.2

CDCl3

Benzoates

QR

Solvent
1334 [128.5 129.7 130.0 164.8 CDCls
132.8 [1284 129.6 130.9 166.3 -CH,CH3; CDCl3
132.7 [128.3 129.6 130.9 166.4 -R3 CDCls

Phenyl Esters

Solvent
1256 [12904 (1217 1511 [169.2 -CHs CDCl,
125.7 [1204 1217 [151.1  [|164.8 CDCls
1249 |1200 1218  [1512  [1553 -NH, Polysol
1272 [1299 {1205 [151.8  [149. -Cl CDCl,
Carbonyl Chemical Shifts
R- -C(=0)-0 R ‘ Solvent
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Cl- 149.3 CDCly
Cl- 150.6 R4 CDCly
O.._ 152.0 CDCls
H-C=C- 152.8 Py CDCly
H 154.2 -R3 CDCls
R6-0- 155.6 -R6 CDCly
R, 156.5 P CDCl,
W—
£
Ry
CH3-0- 157.1 -CH3 CDCl;
NH,. 157.6 -R12 CDCly
NH- 158.4 -CH; Polysol
H- 161.2 Py CDCl;
H- 161.9 -CH, CDCly
H p 165.9 CDCly
Y
C=C
£ i
H H
166.3 Py CDCly
166.4 -R3 CDCls
H 166.5 -CHs CDCl;
i3 -~
C=C
s \
H H
167.0 -CH3 Polysol
H4M
CHs- 167.7 H H CDCl;
5 s
o=
Y
H
CHs- 170.0 H4C CDCly
¢
/7 CH
HLC 3
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H ,zf 170.4 -R6 CDCly
*
C=C
£ .,
H H
C6- 1725 -R3 CDCly
R3- 1727 CHg CDCly
Cz"
~ TCH,
R2- 173.1 CH; CDCly
R5- 173.8 -CHs, CDCls
C4- 175.4 PNy CDCls
C6- 175.7 P CDCl,
178.6 -CHs CDCls
CH5
H o
| "
CHy
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