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5 'H NMR Spectroscopy

5.1
Alkanes

5.1.1
Chemical Shifts

IH Chemical Shifts of Alkanes (8 in ppm relative to TMS, J in Hz)

CHy 0.23 Jgep-124  CHy 0.86
CHj

FH:; 0.89 JViC 6.8 ?H:;a 091

CH 1.74 CHyb 131
/7N
CH3 CH3 (FHZC
CHj3

CH3 091 Iy 7.4
CHp 133
CH;

3 73

2y -12.4

3pe 5.7

3pe 8.5

In long-chain alkanes, the methyl groups at ca. 0.8 ppm typically show distorted

triplets because of second order effects:
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IH Chemical Shifts of Monosubstituted Alkanes
(8 in ppm relative to TMS)

Substituent Methyl Ethyl Propyl
-CH,3 -CH, -CHj3 -CH, -CH, -CHj
-H 0.23 0.86 0.86 091 133 091
C -CH=CH, 1.71 200 1.00 202 143 0091
-C=CH 1.80 2.16 1.15 2.10 150 097
~phenyl 2.35 263 1.21 259 165 095
g -F 4.27 436 1.24 430 1.68 0.97
a -Cl 3.06 347 1.33 3.47 181 1.06
1 _Br 2.69 3.37  1.66 335 1.89 1.06
-1 2.16 3.16 1.88 3.16 1.88 1.03
O -OH 3.39 3.59  1.18 349 153 093
~O-alkyl 3.24 337 1.15 327 155 093
-OCH=CH, 3.16 3.66 1.21
—O-phenyl 3.73 398 1.38 386 170 1.05
-OCOCH; 3.67 412  1.26 402 165 095
—-OCO-phenyl  3.88 437 138 425 176 1.07
-0SO,—4-tolyl ~ 3.70 407 130 3.94 160 0095
N -NH, 2.47 274  1.10 261 143 093
~NHCH;, 2.3
-N(CH3), 2.31 232 1.06
-NHCOCH; 2.79 326 1.14 3.18 155 096
-NO, 4.29 437 1.58 428 201 1.03
—-CN 1.98 235 1.31 229 171 1.11
-NC 2.85 339  1.28
S -SH 2.00 244 131 250 1.63 0.99
~S—alkyl 2.09 249 1.25 243  1.59 0.98
~SS-alkyl 2.30 2.67 1.35 263 171 103
-SOCHj3 2.50
-S0,CH; 2.84 294 2.80
o -CHO 2.20 246 113 242 167 0.97
[| —-COCH4 2.09 247 1.05 232 156 093
C -CO-phenyl 2.55 292 1.18 286 1.72 1.02
/ \ -COOH 2.10 236 1.16 231 1.68 1.00
—~COOCH; 2.01 232 1.15 222 165 098
—CONH, 2.02 223 1.13 2.19 1.68 0.99
~-COCl 2.66 293 1.24 287 1.74 1.00
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IH Chemical Shifts of Monosubstituted Alkanes (contd.)
(6 in ppm relative to TMS)

Substituent Isopropyl Butyl tert-Butyl
-CH -CH; -CH, CH, -CH, -CH3; -CHj3
-H 1.33 091 091 131 131 091 0.89
C —CH=CH, 206 =15 =12. 090 1.02
-C=CH 259 115 218 152 141 092 1.22

—phenyl 2890 1.25 261 1.60 134 0.93 1.32
g -F 434 1.65 0.95 1.34
a -Cl 4.14 1.55 3.42 1.68 141 0.92 1.60
1 _Br 421 1.73 1.76
-1 424 1.89 320 1.80 1.42 0.93 1.95
-OH 3.94 1.16 3.63 1.53 139 0.94 1.22
—O-alkyl 3.55 1.08 3.40 1.54 138 092 1.24
—~OCH=CH, 4.06 1.23 3.68 1.61 1.39 0.94
—O-phenyl 451 1.31 3.94 176 1.47 097
~OCOCH; 499 1.23 406 160 139 094 1.45
—OCO-phenyl 5.22 1.37 1.58
—0SO,—4-tolyl  4.70  1.25 403 1.62 136 0.88
N -NH, 3.07 1.03 268 1.43 133 0.92 1.15
~NHCOCH; 401 1.13 321 149 135 092 1.28
-NO, 444 1.53 447 207 150 1.07 1.59
-CN 2.67 1.35 234 163 150 0.96 1.37
-NC 3.87 145 1.44
S -SH 3.16 1.34 252 159 143 092 1.43
—S-alkyl 293 1.25 249 1.56 142 092 1.39
—SS-alkyl 269 1.64 142 0.93 1.32
-SO,CH; 3.13 141 1.44
o -CHO 239 1.13 242 1.59 135 0.93 1.07
|| -COCH; 2.54 1.08 1.12
C -CO-phenyl 3.58 1.22 295 172 141 0.96
/ \ -COOH 256 1.21 235 1.62 1.39 0.93 1.23
—~COOCH; 256 1.17 231 1.61 133 092 1.20
-CONH, 244 1.18 222 1.60 137 093 1.22

-COCl1 297 131 2.88 1:67 1.40 0.93
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Estimation of 1H Chemical Shifts of Aliphatic Compounds
(6 in ppm relative to TMS) [1]

CH;

CH,

CH

SCH4x =0.86+Z¢

3CH;CXYZ =0.86+ Z Zg;
i

dcH, =137+ ZZai + ZZBj
i

j

ScH =150+2XZg, + Zzﬁj
N -

J

Substituent (X, Y, Z) CHj4 CH, CH
Zy ZB Zy Z|3 Zy ZB
-C 0.00 0.05 0.00 -0.04 0.17 -0.01
-C=C 0.85 0.20 0.63 0.00 0.68 0.03
-CaC- 0.94 0.32 0.70 0.13 1.04
—phenyl 1.49 0.38 1.22 0.29 1.28 0.38
g -F 3.41 0.41 2.76 0.16 1.83 0.27
a -Cl 2.20 0.63 2.05 0.24 1.98 0.31
I _Br 1.83 0.83 1.97 0.46 1.94 0.41
-1 1.30 1.02 1.80 0.53 2.02 0.15
O -OH 2.53 0.25 2.20 0.15 1.73 0.08
-0-C 2.38 0.25 2.04 0.13 1.35 0.32
-0C=C 2.64 0.36 2.63 0.33
—O-phenyl 2.87 0.47 2.61 0.38 2.20 0.50
-O(C=0)- 2.81 0.44 2.83 0.24 2.47 0.59
N -N 1.61 0.14 1.32 0.22 1.13 0.23
N+ 2.44 0.39 1.91 0.40 1.78 0.56
-N(C=0)- 1.88 0.34 1.63 0.22 2.10 0.62
-NO, 3.43 0.65 3.08 0.58 2.31
-CN 1.12 0.45 1.08 0.33 1.00
-NCS 2.51 0.54 2.27 2.14
S -S- 1.14 0.45 1.23 0.26 1.06 0.31
-SCO- 1.41 0.37 1.54 0.63 1.31 0.19
-S(=0)- 1.64 0.36 1.25
-S(=0)y- 1.98 0.42 2.08 0.52 1.50
-SCN 1.75 0.66 1.62 1.64
o -CHO 1.34 0.21 1.07 0.29 0.86 0.22
|| —-CO- 1.23 0.20 1.12 0.24
C -COOH 1.22 0.23 0.90 0.23 0.87 0.32
/ \ -COO- 1.15 0.28 0.92 0.35 0.83 0.63
-CO-N 1.16 0.28 0.94
~-CQOCl 1.94 1.51

For other approaches: see {2]
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IH Chemical Shifts of Aromatically Substituted Alkanes
(8 in ppm relative to TMS)
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S CH; 2.74 %&
S
| N mcm 2.32 32.37
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5.1.2
Coupling Constants

Geminal Coupling Constants (2Jyy in Hz)

H
-
QH 2ycH -8to-18 Hz

Electronegative substituents cause a decrease in |J],,, While a double or triple
bond next to the CH, group causes an increase. The latter effect is strongest if one
of the C—H bonds is parallel to the & orbitals:

B

Compound Jgem Compound Jgem
CH, -12.4 CH;COCH, -14.9
CH;C1 -10.8 CH;COOH -14.5
CH2C12 7.5 CH3CN -16.9
CH3OH -10.8 CHz(CN)z -20.3

©—CH3 143 C-CN  -185
H,

Vicinal Coupling Constants (3JHH in Hz)

H H conformation not fixed: 3Jygy = 7
W N\ fixed: 3Jyy=0-18

Influence of Substituents on the Vicinal Coupling Constant

Compound Jvic Compound Jvic Compound Yyic
CH;CH-F, 45  CH3CH,-OH 69  CH3CH,CN 76
CH3;CH-Cl; 6.1  (CH3CH,)30*BF,~ 7.2  (CH3CHp),S 7.4
CH3;CHy-F 69  (CH3CH,»N 71  CHsCHy-Li 84

CH;CH,-Cl 7.2
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Vicinal coupling constants strongly depend on the dihedral angle, ¢ (Karplus
equation):

7=10cos2 ¢-03 0° < ¢ < 90°
T=J180 cos2 ¢ - 0.3 90° < ¢ < 180°

The same relationship between torsional angle and vicinal couphng constant holds
for substituted alkanes if appropriate values are used for JO and 1180, These
limiting values depend on the electronegativity and orientation of subsutuents, the
hybridization of carbon atoms, bond lengths, and bond angles.

J/Hz
15 -
] C
10 - C
5 -
0 - L

LI LI I T 1.1 17171 | T 1 1 71 T1 T 1 1 1T 71T r1 T 1 71 1 ] T 7F T T T

0 30 60 90 120 150 180

¢/ degrees

Long-Range Coupling Constants (|J|yy in Hz)

Coupling constants through more than three bonds (long-range coupling) in
alkanes are generally much smaller than 1 Hz and thus not visible in routine 1D
NMR spectra. They are, however, much larger than 1 Hz for fixed conformations
(e.g. in condensed alicyclic systems, see Chapter 5.4) and in unsaturated
compounds (see Chapter 5.2). They are also significant when electronegative
substituents are present between the coupling partners, as e.g.:

RO, /13

RO Ty 0.7

CHj
5.1.3
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5.2
Alkenes

5.2.1
Substituted Ethylenes

IH NMR Chemical Shifts and Coupling Constants of Alkenes
(6 in ppm relative to TMS, J in Hz)

H Hs528 2]gem 25 488Hp Ha573 31, 100

= 315s 116 = q Joc 168

H H 3Jirans 19.1 497H, CH;3l.72 31, 64

2. 2.1

4 -1.3

4.4 -1.8

b 4ap -1.7 Hbp H,537 31, 109
CH; Hg555 3% 2 ™

T 151 — Toc -1.8

=\ d 3.4 65 CH; CH31.54 314 6.8

He CHylS8 570 (g c d Sjey 1.2

487Hp Ha578 375,103 454 -1.3

= S 3 172 4y -1.7
494H, CHyCH; 3Jy 6.2
2.00 1.00 23, 2.0

Geminal and Vicinal Coupling of Alkenes (J in Hz)

The coupling constants strongly depend on the electronegativity of the
substituents (see Table on pp 170, 171). They decrease with increasing
electronegativity and number of electronegative substituents. The same trend holds
for the signed values of geminal coupling constants but not for the absolute values
because J .., can be positive or negative. Although the total ranges of cis and
trans vicinal coupling constants overlap, Jans > Jois always holds for given
substituents.
Typical ranges: J gem 4t0 4
Teis 4to012
Jirans 14t019
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Coupling Over More than Three Bonds in Alkenes (Long-Range
Coupling) (J in Hz)

Allylic Coupling

0

"H
Bt cisoid Ty -30to+2.0
="\ transoid: J,. -3.5 to +2.5
HI—*— ! ac
¢

In acyclic systems, |J|¢isoid > Wltransoid usually holds. The magnitudes of the
coupling constants depend on the conformation. Largest absolute values are
observed if the C—H bond of the substituents overlaps with the n-electrons (¢ =
0):

¢ Jab Jac

0° -3.0 -3.5

90° +1.8 +2.2

180° -3.0 -3.5

270° 0.0 0.8

Homoallylic Coupling

fr e
= cisoid:  {J|,p 0-3
/_ transoid: |I|,. 0-3
He

Allyhc and homoallyhc couplings with methyl groups are often comparable:
*TH_c=C-CH3 = SJCH3-C=C~CH3

In acyclic systems, | isoid < Nlransoia usually holds. Large homoallylic
coupling constants are generally observed in cyclic systems:

H R RS 0
N Ty S-11 Ha \= 2
I)-(I>/'§ f{( z(i)n,ylilt-llbstituent

Xb CH, N

R: any substituent
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IH Chemical Shifts and Coupling Constants of Monosubstituted
Ethylenes (8 in ppm relative to TMS, J in Hz)

He Hy
G=C H>_<b "

Substituent X H, H, H, Ju J,o I} Other
-H 528 5.28 528 19.1 11.6 2.5

C -CHj3 5773 497 488 16.8 10.0 2.1 CH;1.72
-CH,CH=CH, 571 495 492 169 103 22 CH,272
—CHy—phenyl 5.89 5.01 5.00 17.0 10.0 19 CH;3.19
—cyclopropyl 532 5.04 484 17.1 104 1.8
—cyclohexyl 579 495 488 176 105 1.9
~CH,F 589 5.24 5.12 17.2 106 1.5 CH,4.69
—CF3 590 5.85 556 175 11.1 0.2
-CH,C1 5.93 530 5.17 169 10.1 13 CH,391
—CH,Br 599 529 5.11 16.8 100 1.2 CH,3.87
—-CH5,I 6.04 523 595 165 9.7 13 CH,382
-CH,0OH 598 5.26 5.12 17.4 105 1.7 CH4.12
-CH,NH, 597 5.15 5.04 17.3 104 1.7 CH,3.29
—CH;NO, 6.11 546 549 16.7 10.7 0.8 CH,4.93
-CH=C=CH, 6.31 5.19 499 172 101 1.6
-C=C-CH; 5.62 5.39 524 17.0 11.1 23
—phenyl 6.72 572 520 179 111 1.0
—2-naphthyl 6.87 5.86 5.32
=2-m-xylyl 6.65 522 548 179 114 2.1 CH3227
—2-nitrophenyl 7.19 568 545 17.4 107 1.1
—3-nitrophenyl 6.74 5.86 542 175 109 04
—4-nitrophenyl 6.77 590 548 174 109 0.8
—2-pyridyl 6.84 6.22 545 185 113 14
—4-pyridyl 6.61 591 542 17.6 10.8 0.7

g F 6.17 437 403 128 4.7 -3.2

a —Cl 6.26 5.48 539 145 75 -14

1 _Br 6.44 584 597 149 7.1 -19
-1 6.53 6.57 623 159 7.8 -1.5

O -OH 6.45 4.18 3.82
—-OCHj; 6.44 403 383 14.1 7.0 -20 CHj;3.16
-OCH,CH3 646 4.17 396 144 69 -1.9
-OCH=CH, 649 452 421 140 64 -1.8
—O-phenyl 6.64 474 440 13.7 6.1 -1.6
—OCHO 7.33 496 466 139 64 -1.7 CHO 8.07
~OCOCH; 7.28 488 456 141 6.3 -1.6 CHj;2.13
~OCOCH=CH, 739 496 462 142 64 -16
~OCO-phenyl 7.52 504 4.67 138 6.3 -1.7

~-OPO(OCH,CH3), 6.58 4.91 459 138 6.0 -2.1
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171

Substituent X H, H, H, Jab Jac  Jpe  Other
N -NH, ~6.05 =4.04 ~3.99
~N+(CH3)3Br' 6.50 576 5.54 151 8.2 -43
~NHCOCH; ~7.33 =4.53 =4.68
-NO, 7.12 6.55 587 146 7.0 14
-CN 5.73 620 6.07 179 11.8 0.9
-NC 590 5.58 5.35 156 8.6 -0.5
-NCO 6.12 501 477 152 7.6 -0.1
S -SCHj3 6.35 4.84 508 164 103 -03 CHj;2.12
—S—phenyl 6.53 532 532 167 96 -02
-S(O)CH; 6.77 6.08 592 16.7 9.8 -0.6 CHj;2.61
-50,CH3 6.76 643 6.14 16.5 10.0 -0.5 CHj32.96
-SO,CH=CH, 6.67 641 6.17 164 10.0 -0.6
-S0,0H 6.73 6.41 6.13 16.8 10.2 -1.2
-SO,0CH; 6.57 643 622 169 10.1 -06 CHj;3.85
-SO,NH, 6.93 6.17 598 163 100 0.0 NH,6.7
-SO,NH-phenyl 6.56 6.18 5.8 16.7 10.1 -0.3 NH 9.07
—SF5 6.63 596 564 166 9.8 0.4
-SCN 6.19 5.66 5.70
O -CHO 6.26 6.11 6.26 17.4 10.0 1.0 CHO?9.51
1 -COCH3 6.30 6.27 590 18.7 10.7 1.3 CHj3 2.25
C -COCH=CHj 6.67 6.28 582 179 11.0 1.4
/\ —CO-phenyl 7.20 6.52 581 17.7 99 23
—-COOH 6.15 6.53 595 17.2 10.5 1.8 COOH 12.08
~COOCH;, 6.14 640 583 174 106 1.5 CH33.76
—-CONH, 648 6.17 571 173 79 50 NH,755
—CON(CHs), 6.64 6.12 555 17.0 9.8 34
-COF 6.14 6.60 6.25 17.3 10.7 0.8
-COCl 6.35 6.63 6.16 174 10.6 0.2
P -P(CHj3), 6.23 539 551 183 11.8 2.0 CH3 0.95
—-P(CH=CH;), 6.16 559 5.64 184 11.8 2.0
-PCl, 748 6.64 6.68 18.6 11.7 0.4
~PO(phenyl), 6.72 6.25 6.21 18.9 129 1.8
-PSCl, 642 6.13 590 17.5 11.0 0.3
-PS(CH3), 6.60 6.26 6.14 179 11.8 1.8
—PS(phenyl), 6.82 634 6.17 179 11.7 1.6
-Li 239 193 7.1
~MgCl 6.68 5.57 6.20 23.0 17.6 7.5
—MgBr 6.67 5.51 6.15 233 17.7 7.6
—Si(CH3);3 6.11 5.63 5.88 20.2 146 3.8 CH30.06
-Sn(CH=CH,)3; 6.39 5.75 6.21 20.7 134 3.1
~Pb(CH=CHj)3 6.70 5.46 6.19 19.8 122 2.1
-HgBr 6.45 552 592 187 11.9 3.1
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Estimation of 1H Chemical Shifts of Substituted Ethylenes
(6 in ppm relative to TMS)

Rcis H

Rirans Rgem

Sc—cH =525+ dem + Zis + Zyrans

Substituent R dem Zis Zirans
-H 0.00 0.00 0.00
C -alkyl 0.45 -0.22 -0.28
—alkyl ring! 0.69 -0.25 -0.28
—CHjy—aromatic 1.05 -0.29 -0.32
-CH,X, X: F, Cl, Br 0.70 0.11 -0.04
-CHF, 0.66 0.32 0.21
—CF; 0.66 0.61 0.32
—-CH,0 0.64 -0.01 -0.02
~CH,N 0.58 -0.10 -0.08
—-CH,CN 0.69 -0.08 -0.06
-CH,S 0.71 -0.13 -0.22
-CH,CO 0.69 -0.08 -0.06
-c=C 1.00 -0.09 -0.23
—C=C conjugated? 1.24 0.02 -0.05
-C=C 0.47 0.38 0.12
~aromatic 1.38 0.36 -0.07
—aromatic, fixed3 1.60 -0.05
—aromatic, o-substituted 1.65 0.19 0.09
g -F 1.54 -0.40 -1.02
a -Cl 1.08 0.18 . 0.13
1 _Br 1.07 0.45 0.55
-1 1.14 0.81 0.88
0 -0C (sp3) 1.22 -1.07 -1.21
-0OC (sp?) 1.21 -0.60 -1.00
-0CO- 2.11 -0.35 -0.64
—OPO(OCH2CH3)% 1.33 -0.34 -0.66
N -NR,;R: H, C (sp3) 0.80 -1.26 -1.21
~NR=; R: C (sp?) 1.17 -0.53 -0.99
-NCO-R 2.08 -0.57 -0.72
—N=N-phenyl 2.39 1.11 0.67
-NO, 1.87 1.30 0.62

~CN 0.27 0.75 0.55
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Substituent R dem Zois Zirans
S -S- 1.11 -0.29 -0.13
-SO- 1.27 0.67 0.41
-S0,- 1.55 1.16 0.93
-SCO- 1.41 0.06 0.02
-SCN 0.94 0.45 0.41
-SFs 1.68 0.61 0.49

0 -CHO 1.02 0.95 1.17
|| -co- 1.10 1.12 0.87
C —CO- conjugated? 1.06 0.91 0.74
/\ —-COOH 0.97 1.41 0.71
—COOH conjugated? 0.80 0.98 0.32
—-COOR 0.80 1.18 0.55
~COOR conjugated? 0.78 1.01 0.46
—-CON 1.37 0.98 0.46
-COCl1 1.11 1.46 1.01
—PO(OCH,CHj3), 0.66 0.88 0.67

1) The increment for "alkyl ring" is to be used if the substituent and the double bond are
part of a cyclic structure.

2) The increment "conjugated” is to be used if either the double bond or the substituent

is conjugated to other substituents.

3) The increment "aromatic, fixed" is to be used if the double bond conjugated to an
aromatic ring is part of a fused ring (such as in 1,2-dihydronaphthalene).

Iy Chemical Shifts of Substituted Isobutenes

(6 in ppm relative to TMS)

1.70 4.63
CH; H
CH; H

1.75 5.78
CH; H
CH3 Br

1.75
1.86 5.97
CH; H
CH; COCH;

2.06

1.68 5.13
CHj H

CH;

1.62

1.65 6.79
CHj; H

CHj OCOCHj3
1.65

1.84 5.62
CH; H

CH; COOCH;
2.12

1.80
CH;

fé?x\

1.91
CH;
CH;

2.11

1.97
CHj
CH;

2.12

5.63
H

CHO

6.01
H

COCl1
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1H Chemical Shifts of Enols (8 in ppm

relative to TMS, J in Hz)

~16 ~16
JH _H
Jap 97 . Jop 5.1
8.40 H:L\(E H,~93 J,. =8 7.90 H:?\H?\cm 2.11
H, H,
5.04 5.60
5.2.2
Dienes

IH Chemical Shifts and Coupling Constants of Conjugated Dienes

(6 in ppm relative to TMS, J in Hz)

6.27 3 6.21 5.61 3
5.06 Jap 102 486 J,p10.2
b Ha He U 171 b e JIr 3169
H H e
AP H, Jad 104 AN, SJad10.3
il Toe -0.9 17 Jae 04
¢ Ha 4, 0.8 He Hg 770 4y. .08
5.16 2ch 1.8 498 598 Zch 1.9
STpe 1.3 41,408
STy 0.6 6Jp -0.7
Sigs 0.7
659 172 31,102 25, 21 S5, 07
p Ha CHf 31 169 45, -08 6, -0.6
S03H A ANy g 109 Sy 07 34, 108
¢ e -1l 63 07 Ary -18
5.45 ae . bf Y- df =
He Hg 5Ilg 02 44 08 34 7.0
511 5.92

IH Chemical Shifts and Coupling Constants of Allenes
(6 in ppm relative to TMS, J in Hz)

4.67 4.89 1.56
Ha iJ ab -9 I'Rb LCHsa
L=c= Jac -6 C=C=C
H Hy, CH; H,

STps 0.7
47,4 -0.8
6J e -0.7
I 0.7
4o -1.6
3545 15.1
3¢ 6.6

3.2

6.8
-6.4



5.3 Alkynes 175

5.3
Alkynes

5.3.1
Chemical Shifts and Coupling Constants

1H Chemical Shifts and Coupling Constants of Alkynes
(6 in ppm relative to TMS, J in Hz)

1.80 1.80 1.80
H———H H—=——CH; 4JH,CH3 2.9
1.91 215112 45, 2.6 115
H—=—CHy-CH; 55, o 2-59 CHs
a b ¢ 3 H———C
Tpe 7.4 H\CH3
174 1.77 2.13 1.11
—_ 5 H;———CH,-CH
C;{3TC§3 l Jlab 2.7 Ca3 - b2 CH, ISJIab 25
}51.34 T 20
b 5 742 7.23 5
2.93___ 599 6Jac 1.0 2.93 6Jab 0.28
a C 3 7
Jpe 10.5 a Jag 0.22
CHzd pq 1.6 b ¢
1.85 g 6.5
1.7-2.4 2.7-3.4 — R
H——=—R H—
= N/
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5.4
Alicyclics

IH Chemical Shifts and Coupling Constants of Saturated
Alicyclic Hydrocarbons (0 in ppm relative to TMS, J in Hz)

\V 020,

Oos

E b7 01
V ' 3Jab

e

33

3Jtrans

cis

33

cis

In derivatives:

Jgem 43 2Jgem 310-9

9.0 3J,, 6to12

56 3Jans2t09
Throughout:
Jcis > Jirans

In derivatives:
2 gem -8 t0 -18

5to 10

3 irans 5 to 10

In derivatives:

15t020
a 092 3J,.05t0 15
d €566 2y, -12.8 4y

f a 6.53
b 6.22

Hg H¢ 585

b2.27 gjab,cis 9.3 Slpe cis

Jbe,trans

J -16.1 3y
3Jgem,b . cd

3ap 5.1 43 0.2
3T 0.5 4T -04
STpg 1.4 43, 2.0
40 1.3 204 0.1

@

[]1.94

At-100°C:
Hay 1.1
Heq 1.6

-2.3
2.1

In derivatives:
Hgem -10 0 -17

3y

cis

4 to

12

3Jirans 2 to 10

43

cis =0

4Jtrans ~-1

1.44 In derivatives:

Hgem -11 to -14

3y
3)
3
Gener

I eq,ax

eq,ax
€q.eq

c 595 2

o
d a 2.57

ax,ax

2t05
ally:
=]

eqeq ™t

8to 13
2to 6

1

-13.7

1.0
-0.3
1.8
4.6
2.8

1.3
-1.5
5.0
1.1
2.0
1.9
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a567 3],97 a__b571 35, =10
208© b 5.79 4Jac 1.0 @ ¢ 2.11 3ch 3.7
c 5
3Jad H d 2.62
d Jpe 51 e
2.49
3
a__ b650 4;ab 1 (1); Z;Cg -0.6 a_b5.56 33Jab ~10
g ¢ 609 Jac 08 “lde 6.7 €211 3Jy .53
Jhe 5.5 44 0 dls
f 4526 35, 89 Sy 0
€ 5 ¢ 2 g el.5
2.22 Jeg 0 “geme -13.0

a_b 35,113 18
¢ 5.79 41, -0.6 @ '
5Jq 0.5 1.9

d5.59 3Jad

4Ipa 12 4ye, 0S5
ZJLSH 03 :J4,6x 0.7
3;1,5)( 8-2 473 2-(15
1.6n 0.1 J47s L.
311 6x 47 sy sx-128
35170 12 3¥sn.6n 91
3107 1.6 sy ex 47
*}3n,3x‘17'(6) 4J5n,7a -0.1
3n,4 JSn,7s 2.1
:J3n,7a 4.2 J5){,6n 4.6
3J3n,7a 4.2 ZJSx,6x 12.1
Jagq4 4.8 Ten.6x -12.3
3;3x,5x (2)? 4;6n,7a -0.1

) 2.3
334’5n 4.3 2J6n’7S -10.2
4,5x : 7a,7s .
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In condensed alicyclics, couplings over four or more bonds are often observed.
Such long-range couplings are particularly large if the arrangement of the bonds
between the two protons is w-shaped:

H; Hy, 4 ac =7 Hj H;

H
Hq H H
H, CH3 signal broadened due to long-

range coupling

I1g Chemical Shifts and Coupling Constants of Monosubstituted
Cyclopropanes (8 in ppm relative to TMS, J in Hz)

Hp
Hﬁ>,R
H™: H,
[ Hd
Substituent X H, Hpg Hee 31,1 3T Moo 3pg pe e
-H 020 020 020 90 56 -43 90 56 9.0
C -CH=CH, 236 064 034 82 49 45 93 62 9.0
—phenyl 171 265 283 95 63 45 95 52 89
H -F 432 069 027 59 24 -67 108 7.7 120
a —Cl 255 087 074 7.0 36 -60 103 7.1 10.6
! _Br 2.83 09 081 7.1 38 -61 102 7.0 10.5
-1 231 104 076 7.5 44 -59 99 6.6 100
O -OH 335 059 034 62 29 -54 103 6.8 109
N -NH, 223 032 020 66 36 -43 97 62 99
~CN 136 094 093 84 51 -47 92 7.1 95
o —CO-cyclopropyl 1.70 056 1.02 7.9 46 -35 91 7.0 095
|| -COOH 1.59 091 105 80 46 -40 93 7.1 97
C -COOCH;4 195 081 085 80 46 -34 88 69 956
/ \-COF 166 120 1.11 80 46 -45 101 75 93
-COCl 211 118 128 7.9 44 45 92 7.6 10.0
-Li -2.53 043 -0.12 103 9.1 -16 7.7 32 6.5
-B(cyclopropyl); -0.25 0.66 061 89 58 -33 82 59 84
-Hg—cyclopropyl 0.00 0.75 047 96 69 -37 85 48 179
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IH Chemical Shifts of Axially and Equatorially Monosubstituted
Cyclohexanes (8 in ppm relative to TMS)

Substituent R

la 2a 2e 3a 3e

1e

2a 2e

3a 3e

Z QO =om @]

19/]

-D

—CHj3
—phenyl
-Cl

-Br

-1

—-OH
-0OCOCH;
-NH

1.12 1.12 1.60 1.12 1.60
1.27 0.81 1.57 1.15 1.60
2.47

3.63

3.81

3.98

3.38 1.09 1.78 1.19 1.61
4.46

2.52

2.08

423 22 19

257 0.7 1.3

1.60 1.12 1.60 1.12 1.60
1.37 1.40 1.39 1.34

1.93
2.98
4.34
4.62
4.72
3.89
4.98
3.15
2.70
4.43
343

1
1

35 1.5
47 2.3

1.7

8 158 1.33
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5.5
Aromatic Hydrocarbons

1H Chemical Shifts and Coupling Constants of Aromatic
Hydrocarbons (& in ppm relative to TMS, J in Hz)

In derivatives: In derivatives:

3 6.5-8.5 7.67 3. 89 3J,. =09

7.26 4orl:ho - h a 4 ab 5 6 ae _
Imeta 1.0-3.0 p732 Jac 1 Jae =0.1
SJpara 0.0-1.0 Mg =1 pg =02
f > ¢ e 5-7 4 =05
d Zbe =0.3
Tpg ~0.1
7,-!98 In derivatives: b7.61 35 84
b 7.44 iJab 8.5-9.5 8.65a ¢ 7.57 ‘S*Jac 1.2
T, 0.8-1.5 4786 J,q 0.7
¢ 51,4 0.6-0.9 3pe 7.2
g0 ¢ 51  =0.8 €770  Ypq 1.3
' 3], 6.5-8.0 f 3q 8.1
4Jde =0.4 In derivatives:

31 . =9

ef
H3a235 45, .07 51,, 0.6 CHsa3.73 3p =08 4T 2.7
515c 0.3 43¢ 2.0 3pe 8.3 3y 74
f b7.06 65 .06 34 7.5 g 1.0 4T 1.8
e €7.14 35,774, 15 ¢ b6.77 55, 0.4
d7.04 4Tpg 1.3 e c7.15

d 6.82

In routine spectra, the small long-range couplings between aromatic protons and
aliphatic substituents are not resolved. Nevertheless, they are diagnostically highly
relevant because the line broadenings caused by them are easily detected (if there is
a reference line in the spectrum, e.g. from another methyl group, or in an AA'XX’
spin system of the aromatic protons). As a confirmation, a decoupling experiment
may be useful (line sharpening on weak irradiation of the frequency of the
coupling partner) or a COSY experiment is recommended.
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H;1.21 CH3 CH31.25 CH31.32
H, 2.63 ‘CH 5,89 CHy—C—CH
7.12 7.13 7.28
7.20 7.18 7.18
7.09 7.08 7.05
2.91 c 333 ab 5.8 7.01 2.85
2.0 6.93 1.60
ac
6 3 bc 20
7.84 3 91 7 31
3.87 7.55
7. 75 7.29

a 3.34 41 1.5
(L ST 0
b7.11 6Jad 05
€731 35, 67
4

d 7.46 3;bd é?
cd ©-

537.15 4Jb0
b 7.90 SJ 0
6y dO

¢ 7.58 3Jb 7

d7.79 :de 0.6
Jed 8
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Effect of Substituents on 1H Chemical Shifts of Monosubstituted
Benzenes (in ppm relative to TMS)

3 2
4®LX By, = 7.26 + Z;

Substituent X Z, Zy Zy
-H 0.00 0.00 0.00

C -CHj -0.20 -0.12 -0.21
~CH,CHj,4 -0.14 -0.05 -0.18
-CH(CH3), -0.13 -0.08 -0.18
~C(CH3)3 0.03 -0.08 -0.20
-CF; 0.19 -0.07 0.00
-CClj 0.55 -0.07 -0.09
-CH,OH -0.07 -0.07 -0.07
~CH=CH, 0.04 -0.05 -0.12
~CH=CH-phenyl (trans) 0.16 0.00 -0.15
-C=CH 0.16 -0.03 -0.02
~C=C-phenyl 0.20 -0.04 -0.07
—phenyl 0.22 0.06 -0.04
~2-pyridyl 0.73 0.09 0.02

H -F -0.29 -0.02 -0.23
a —Cl 0.01 -0.06 -0.12
I _Br 0.17 -0.11 -0.06
-1 0.38 -0.23 -0.01

O -OH -0.53 -0.17 -0.44
-OCHj -0.49 -0.11 -0.44
~OCH,CH=CH, -0.45 -0.13 -0.43
~O-phenyl -0.34 -0.04 -0.28
-OCOCH;3 -0.19 -0.03 -0.19
~OCO-phenyl -0.11 0.07 -0.10
-0SO,CHjy -0.05 0.07 -0.01

N -NH, -0.80 -0.25 -0.64
-NHCH3 -0.83 -0.22 -0.68
~N(CH3), -0.67 -0.18 -0.66
—N"'(CH3)3I' 0.72 0.40 0.34
-NHCOCH3 0.38 -0.02 -0.26
-NHNH, -0.60 -0.08 -0.55
~N=N-phenyl 0.67 0.20 0.20
-NO 0.55 0.29 0.35
-NO, 0.93 0.26 0.39
-CN 0.25 0.18 0.30

_NCS -0.11 0.04 -0.02
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183

Substituent X Zy Z3 Zy
S -SH -0.08 -0.16 -0.22
-SCH; -0.08 -0.10 -0.24
~S—phenyl -0.06 -0.20 -0.26
~S~S—-phenyl 0.24 0.02 -0.06
-S0O,CH; 0.68 0.35 0.39
~-SO,0CH3 0.68 0.34 0.36
~-S0,C1 0.68 0.23 0.34
-SO,NH, 0.59 0.32 0.32

O -CHO 0.61 0.25 0.35
|| -COCHj3 0.60 0.11 0.19
C ~COCH,CHj 0.63 0.08 0.18
/\ =CO-phenyl 0.44 0.10 0.19
~CO-(2-pyridyl) 0.86 0.11 0.20
~COOH 0.87 0.21 0.34
—-COOCH(CH3), 0.73 0.11 0.20
—COO-phenyl 0.88 0.15 0.25
—-CONH, 0.69 0.18 0.25
-COF 0.71 0.21 0.38
~COCl1 0.81 0.21 0.37
—COBr 0.77 0.21 0.38
—CH=N-phenyl 0.64 0.24 0.24
~Li 0.77 0.26 -0.29
—MgBr 0.40 -0.19 -0.26
—Mg-phenyl -0.49 0.18 0.25
-Si(CH3)5 0.19 0.00 0.00
—Si(phenyl),Cl 0.32 0.07 0.12
-SiCl; 0.52 =0.2 =0.2

P —Pb(phenyl),Cl 0.68 0.28 0.11
—P(phenyl), -0.02 -0.33 -0.33
-PO(OCHj3), 0.46 0.14 0.22
—Zn-phenyl -0.36 0.02 0.05
—Hg—phenyl 0.00 0.00 -0.20
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Effect of Substituents in Position 1 on the IH Chemical Shifts of
Monosubstituted Naphthalenes (in ppm relative to TMS)

for X:H SHI’ 8H4’ 6H5’ SHS: 7.67

7 OO 2 8H,» OH3» SHg» SHy: 732
6 3 '

5 4

Substituent X H-2 H-3 H-4 H-5 H-6 H-7 H-8
C -CH; -022 -0.13 -0.16 -0.03 -0.03 -0.01 0.10
~CH,CHj 0.01 0.08 0.03 0.17 0.14 0.17 0.38
—-CH,C=CH 0.25 -007 -006 0.00 0.03 0.13 0.69
-CH,Cl 0.13 0.01 0.09 0.13 0.14 0.20 0.42
-CF3 0.67 0.15 0.18 0.23 0.23 0.29 0.52
H-F -0.22 0.01 -0.11 0.13 0.15*  0.17* 042
a —Cl 017 -004 -0.02 0.07 0.11 0.16 0.54
1 Br 0.38 -0.09 0.03  0.05 0.11 0.19 0.51
-1 0.10 -0.48 0.18 -020 -0.07 -0.02 0.27

O -OH -0.68 -0.15 -036 0.01 0.03 0.06 0.41
-OCH; -0.68 -0.09 -0.38 -0.01 0.04 0.03 0.50
-OCOCH; -0.15 0.11  -010 0.03 -0.07 0.07 0.16

N -NH, -077 -0.17 051 -006 -002 -0.01 -001
-N(CHj), -0.30 003 -019 0.11 0.13 0.10 0.55
-NHCOCH;3 0.40 0.17 005 026 0.20 0.24 0.44
-NO, 0.80 0.14 0.19 033 0.21 0.32 0.72
-NCO -0.29  -0.15 -0.19 -0.03 0.05 0.03 0.24
—-CN 0.48 0.12 030 0.16 0.22 0.29 0.51
O -CHO 0.44 0.10 0.21 0.06 0.14 0.23 1.52
|| -COCHj,4 0.38  -0.07 0.10 0.0t 0.04 0.13 1.08
C -COOH L.11 0.23 042 0.24 0.25 0.34 1.43
/\-COOCH; 0.80 0.05 0.22  0.08 0.10 0.20 1.30
—-COcCl1 1.17 0.17 037 0.17 0.21 0.30 1.04

* Assignment uncertain
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Effect of Substituents in Position 2 on the IH Chemical Shifts of
Monosubstituted Naphthalenes (in ppm relative to TMS)

, 8 1 X for X: H SHI’ 8H4’ 6H5’ 8H8: 7.67
6 OO 3 6H2’ 8H3’ 6H6’ 6H7: 7.32
5 4
Substituent X H-1 H-3 H-4 H-5 H-6 H-7 H-8
C CHjy -0.21 -0.14 -0.06 0.01 -0.04 -0.01 -0.03

-CH,CHj -0.05 0.02 0.09 0.12 0.08 0.12 0.10
-CH(CHj3), -0.07 0.01 0.05 0.07 0.04 0.06 0.07
-CH=CH, 0.06 0.30 0.11 0.11 0.10 0.12 0.11

—CF3 0.45 0.30 0.23 0.25 0.22

-Cl 0.13 0.08 0.07 0.12 0.13 0.15 0.05

—Br 0.23 0.14 -009 -0.08 0.05 0.07 0.01
O -OH -0.69 -035 -005 -004 -0.11 -002 -0.14

-OCHj3 -0.70 -0.28 -0.07 -003 -0.11 0.00 -0.07

-OCOCH; -0.19 -0.14 0.01 0.06 -0.04 0.11 0.08
N -NH, -0.88 -0.56 -0.16 -0.12 -023 -0.09 -0.23

-N(CH3), -090 -033 -013 -0.12 -023 -0.08 -0.16
-NHCOCH3  0.50 0.14 0.07  0.06 0.07 0.10 0.08

-NO, 0.98 0.82 0.18 0.18 0.28 0.24 0.26
—-CN 0.51 0.25 020 0.19 0.31 0.26 0.19
O -CHO 0.62 0.61 0.23 0.21 0.30 0.24 0.29
|| -COCH; 0.76 0.69 0.19 0.17 0.25 0.21 0.26
C -COCH 1.00 0.73 0.37 0.36 0.36 0.32 0.48

/\-COOCH;3 0.83 0.66 0.09 0.09 0.15 0.11 0.17
—COCl 1.02 0.74 0.39 049 0.32 0.37 0.37
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5.6

Heteroaromatic Compounds

5.6.1

Non-Condensed Heteroaromatic Rings

IH Chemical Shifts and Coupling Constants of Non-Condensed
Heteroaromatic Compounds (8 in ppm relative to TMS, |J| in Hz)

c b 6.30

d@ a7.38

c b7.12 3

31, 1.8

Top 5.4

dZ/ \>a7.70 4’Jac 1.1
S 4

e
3

Jod 2.5 7

Tpe 3.6

T, 1.9

/ \ 3ac

c a 3500
s.ssks 741 °°
8.56 I 4.7
T2 4,0<0.4
I\ks a8.723Jb 1.7
N_
U Nga7

N

H13.5

95 O 43

¢ b 6.05
d a6.62
N
(broad)

31, 2.6
45, 1.3
4aq 21
3Je 2.6
3y 3.5
e 2.3

b7.09 33, 0.8
c« \Ba 7.69 4Jac 0.5

be 0.0

8.1c5 6.28
b

77 \
No \ a
0" 839

(in CS,)

4J,c 0.3
4Tpe 1.8

810
N. _N
o)

”—\\8.58
N

Na”

7.70 N

3, 1.7 7.55 625

b7.6 41,
N ¢ 4@5 a7.6 Jad+de 4.4
S 8.6 3 2.4

c b 6.96

3
dl/ \>a7.20 Hac
S 4

4.8
1.0
2.8
3.5

b7.13 37,12

c4 \>a7.13 :Jac 1-2

Jpe =1
( values in
derivatives)

Hq 134

35, 2.1

ab <

° \5" 45.. 0.0

I\LN a755 35, 2.1
Hd 137

//——\\7.75

-

HI12

1.4

N
Hg

=12

ch

(il’l H2SO4)
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7.64 In DMSO: In deri- 9.04 31,1 6.0
c ves: 4
vatives: Joe 1.6
d b d b8.50 lac
@ 725 a839  3p 60 46 ® 514 0.8
e\~ 2 860 b77'73§ 4Jc 1.9 0-25 ey 2923 M, 1.0
c /.
(in CDCly) i]ad 0.9 0-2.5 H :ch 7.9
Je 0.4 0-0.6 (in CD5CN) Jpq 1.4
3pe 7.6 79
4Jpa 1.6 0.5-2
7.32 3,p 6.5 722 3ap 5.3

(in acetone)

c 3
Xb7.36 4Jab5'0

N Tpe 2.5

dk ~/a 8.78 4Jad 0

9.26 514 1.5

e N b8.11 3Tp4.1
| 3], 0.8
d _Ja 8.44 ac

O~z

3Jp 8.4

c 3Jab 49 854 ac L.
d(jb%ss 405 @ \1)7.835“l Lo
ac < ad
N\N/ a9.24 5_]ad 3.5 N\I;I/ a8.26 3ch 3.0
0

8.24 31 6.8
< 4. 1.6
I\{/jb 7.34 417 5 0
ad
sosall Jasas 35 49
N 55,4 1.0
P bd 1
o 4ch 0
1\1’ X\ b 948
988 ¢ k ~a 8.84

45 1.0

Tpg 25
34 6.5

N,

c[ \jb
-d ~’a 8.63
N
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Effect of Substituents on the 1H Chemical Shifts of Mono-
substituted Furans (in ppm relative to TMS)

5H-2 =738 + Zi,2

4 7 \3 8.3 =630 + Z; 3
5 2 8H-4 =6.30 + Zi,4

o 8H-5 =738 + Zi,S
Substituent in position 2 or §: in position 3 or 4:
Z33 Zyy Zys Z3 Z3y Z3s
Zsy Zs3 Zs) Zys Z43 Zy
-H 0.00 0.00 0.00 0.00 0.00 0.00
C —CHj4 -0.42 -0.12 -0.17 -0.27 -0.17 -0.15
-CH,0OH -0.11 -0.05 -0.08

-CH;NH, -024 006 -0.10
-CH=CHCHO 0.70 035 042

—Br -0.02 0.03 -0.01

-1 0.12 -0.13 -0.01 -0.13 0.04 -0.22
O -OCHj -1.34 -0.23 -0.68 -0.46 -0.28 -0.37
N -NO, 1.21 0.55 0.51

—CN 0.85 0.32 0.28 0.45 0.22 -0.02
S -SCHj -0.12 -0.06 -0.09 -0.18 -0.05 -0.15

-SCN 0.40 0.06 0.10 0.19 0.19 0.03
O -CHO 0.93 0.31 0.34 0.48 0.37 -0.07
|| <COCH3 0.81 0.23 0.19 0.46 0.36 -0.12
C —COCF;y 1.34 0.50 0.64
/\ -COOH 0.94 0.33 0.41 0.89 0.54 0.36

—COOCH; 0.85 0.22 0.25 0.45 0.33 -0.14

~COCl 1.20 0.39 0.48
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Effect of Substituents on the 1H Chemical Shifts of Mono-

substituted Pyrroles (in ppm relative to TMS)

4 3
H1

8.1 = 8 broad, solvent-dependent
8H-2 =6.62 + Zi,2
6H-3 =6.05 + Zi,3
6H-4 =6.05 + Zi,4
8H-5 =6.62 + Zi,S

Substituent in Ziy Z13
position 1 Zys Ziy
-H 0.00 0.00
-CHj3 -0.25 -0.13
-CH,CHj3 -0.16 -0.12
—CHj,—phenyl -0.12 -0.04
—phenyl 0.33 0.14
-COCH;3 0.56 0.12
—CO-phenyl 0.57 0.18
Substituent in position 2 or 5: in position 3 or 4:
Z3 Zpy Zys Z3 Z3y4 Z3s
Zsy Zs3 Zs) Zys Zy43 Zy
-H 0.00 0.00 0.00 0.00 0.00 0.00
C —CHj; -0.33 -0.16 -0.26 -0.34 -0.20 -0.20
N -NO, 1.06 0.24 0.43 1.04 0.70 0.13
-CN 0.83 0.23 0.51
S -SCH; 0.18 0.05 0.10
-SCN 0.48 0.10 0.28
O -CHO 0.93 0.27 0.61
[| -COCH3 0.78 0.10 0.44 0.79 0.63 0.15
C —-COOCH; 0.79 0.13 0.29 0.90 0.73 0.16
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Effect of Substituents on the !H Chemical Shifts of Mono-
substituted Thiophenes (in ppm relative to TMS)

8H-2 =7.20+ Zi,Z
4 3 8.3 =696 +Z; 3
54/ s \> 2 Oy4=696+Ziy

SH-S =720+ Zi,S

Substituent in position 2 or 5: in position 3 or 4:
Z3 Zra Zys Z3 Z3y Z3s
Zsy Zs3 Zsy Zys Z43 Z4o
-H 0.00 0.00 0.00 0.00 0.00 0.00
C -CHj3 -0.36 -0.24 -0.29 -0.45 -0.22 -0.14
-C=CH 0.15 -0.16 -0.12
g —Cl -0.25 -0.22 -0.22 -0.22 -0.11 -0.03
a -Br -0.05 -0.27 -0.11 -0.12 -0.08 -0.10
I g 0.13 -0.33 0.01 0.06 0.00 -0.19
O -OH* -0.72 0.59 -3.10
-OCH; -0.94 -0.43 -0.82 -1.10 -0.38 -0.20
N -NH, -0.95 -0.45 -0.85 -1.25 -0.53 -0.25
-NO, 0.82 -0.03 0.30 0.95 0.60 0.03
~-CN 0.47 0.00 0.28 0.63 0.20 0.15
S -SH 0.00 -0.20 -0.07 -0.22 -0.20 -0.10
~-SCH;3 -0.03 -0.18 -0.05 -0.33 -0.10 -0.03
-SO,CH;3 1.03 0.20 0.79 0.96 0.48 0.46
-S0,Cl 0.73 0.06 0.45
-SCN 0.30 -0.05 0.28 0.25 0.05 0.05
O -CHO 0.65 0.10 0.45 0.79 0.45 0.03
| -COCH3 0.57 0.00 0.28 0.68 0.47 -0.02
C -COOH 0.80 0.08 0.40 0.99 0.48 0.24
/\ -COOCHj,4 0.70 -0.05 0.20 0.78 0.47 -0.05
-COCl 0.88 0.06 0.44 1.05 0.50 0.03

* Present in the keto form
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Effect of Substituents on the !H Chemical Shifts of Mono-
substituted Pyridines (in ppm relative to TMS; solvent: DMSO)

8H-2 =8.59 + Zi,2

4 6H-3 =738 + Zi,3

5 N3 Sy =T7T75+Zy
Z 2 8H-5 =7.38 + Zi,5

N 8H-6 =8.59 + Zi,6

Substituent in position Zy3 Zoy Zys Zsg
2016 Zgs o Zg3 Z62
-H 0.00 0.00 0.00 0.00

C —CHj -0.11 -0.01 -0.16 0.08
-CH,CH;3 -0.09 -0.08 -0.15 0.03
~CHy-phenyl 0.12 -0.08 -0.20 0.02
~CH,OH 0.37 0.30 0.02 0.06
-CH,NH, 0.20 0.07 -0.09 0.05
—CH3S-n-C3H~ 0.04 -0.08 -0.26 -0.06
—CH7SO5—phenyl =0 =-0.3 =0 -0.2
-CH=CH, 0.11 -0.14 -0.11 0.04
—phenyi 0.16 -0.28 -0.40 -0.03
—2-pyridyl 1.12 -0.09 -0.26 0.00

g F -0.10 0.40 0.12 -0.13
a —Cl 0.32 0.29 0.29 0.20
1 Br 0.41 0.17 0.19 0.02
O -OH -0.7 0.0 -1.0 -0.9
-0-n-C4Hg -0.53 -0.03 -0.49 -0.32

N -NH, -0.68 -0.31 -0.78 -0.48
-NHCOCH; 0.94 0.16 -0.20 -0.10
-NHCOOCH,CH3 0.59 0.07 -0.24 -0.21
-NHNO, 0.34 0.31 -0.03 -0.41
-NO, 1.09 0.67 0.74 0.26
—-CN 0.88 0.38 0.55 0.39

S -SCHjy -0.09 -0.11 -0.29 -0.11
O -CHO 0.93 0.42 0.50 0.44
|| -COCH3 0.82 0.37 0.39 0.28
C —CO-phenyl 0.62 0.55 0.32 0.28
/\ -COOH 0.97 0.43 0.48 0.42
-COO0~-n-C4Hg 0.86 0.39 0.35 0.35
—CONH, 1.05 0.47 0.43 0.30
-CSNH, 1.41 0.37 0.33 0.25

~CH=NOH 0.40 0.28 0:01 0.16
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Substituent in position 3 or 5: in position 4:
Zy;  Z34 235 Z3zg  Z4n  Zgs
Zs¢  Zs4  Zs3  Zsy  Z4e  Zas
-H 0.00 0.00 0.00 0.00 0.00 0.00
C —CHj; -0.02 -006 -0.09 -0.02 0.01 -0.10
—CHy—phenyl 0.00 -0.15
-CH,OH 0.11 0.15 0.04 -0.04 0.07 0.14
-CH,NH, 0.16 0.13 0.04 0.00 0.01 0.03
—~CH,S-n-C3H4 -0.06 -0.13
-CH;SOp—phenyl -024  -0.15  -0.22 0.01 -0.09 -0.18
-CH=CH, 0.12 0.13
-CH=CH-COOH 045 0.52 0.34 0.17
H -F -0.01 0.00 0.14 -0.10 -0.07  -0.03
a -Cl 0.20 0.24 0.19 0.09 0.00 0.05
I Br 0.20 0.43 0.34 0.18 0.09 0.35
O -OH -0.03 -0.37 0.15 -0.24
-OCH; 0.02 -0.29
N -NH, -0.06  -0.49 0.02 -0.36 -0.15  -0.74
-NHCOCH; 0.37 0.50 0.06 -0.16 -0.05 0.31
-CN 0.63 0.72 0.43 0.50 0.46 0.62
S —SCH,—phenyl -0.02 0.04
—S—phenyl 0.05 -0.16
-SO3H 0.70 1.14 0.81 0.70
O -CHO 0.45 042 0.12 0.20 0.47 0.58
|| -COCHj3 0.72 0.68 0.30 0.37 0.40 0.58
C —-CO-phenyl 0.47 0.54 0.37 0.34 0.36 0.40
/\ -COOCHj3 0.62 0.60 0.23 0.34
-COO0-n-C4Hg 0.34 0.54
-CSNH, 0.68 0.67 0.24 0.26 0.35 0.68
—CH=NOH 0.39 0.43 0.19 0.15 0.24 0.37
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5.6.2

Condensed Heteroaromatic Rings

IH Chemical Shifts of Condensed Heteroaromatic Rings

(8in ppm relative to TMS, |J| in Hz)

7.49
< b 6.66
T3 @ a752
7.19e o
f
7.42

7.55

6994 ¢ b 6.45
‘ Ny a 7.26
7.09 ¢ N
f  Hg10.1
7.40

7.83
< b 7.34
7.36 d @ 2744
734 e S
f
7.88

7.77
b

7.41c 1‘\5 2 8.42
7414 o

e
7.67

7.70
b
7.26¢ ‘\\S 2 8.08
7.26d N
e H

7.70

31 25

iJac’ ZJad’ 66Jae’ gt 0
Yo "Tods “Tpet O

SJps 0.9

33,479

3,p 3.1

5Jvac’ 6Jad’ 6Jae’ 5Jaf: 0
3ag 25

e STpds Tpet 0
STps 0.7

Hpg 2.0

31,478

316 55

iJac’ ?ad’ 66Jae’5Jaf: 0
Toer Tbds et 0

5Jps 0.8

3J.4 80

ST,p 0.2
674 -0.1
6,4 0.4
37,6 0.0
3Tpe 8.2

;Jab’ 6Jac’ 6Jad’ SJae: 0
Thes 3Tge 82

Fpg Ve 1.4

STpe 0.7

3J.q7.1

N
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NP N
9 06(I \> 8.34
. N N
H =11

8.08 3T,p 0.1
J,. -0.2
7.57 ac
¢ @[I\\B a9.26 61,504
7.50d < 5,6 0.1
3
814 The 82
7.1:?5 4Jab’ 5Jac’ 6Jad 0
720 a 8.20 SJae 0.8
e ) 3pe 7.8
7.344d / 435 12
e HI124 bd ™
7.60
7.24 z_J]ab ?_3
2
7.24b =N _ac 7.45
[
e SN 3y, 64
7.a96 ZJab 9.2
7520 A NN Jac 10
/S Jad 0.8
c SN 3 ~6
d be ™
7.25 35, 27
6.50 e = P
)b 664 51,05
6.31F QN 65 Sy .45 .0
g a 7.14 3 ae’ “af* Jag-
e Jpe 3.9
’ std’ 6Jbe’ SJbg: 0
6Jps 0.5
4ch’ SJce’ 6ch: 0
7.44 3
¢ 1638 SJab 2.2
6974 6;axc gs
/ . d Y
f 4T STng, 6311 0
8.39 ber “bd: be-

3Jps 0.9

4Jpq 1.1
SJpe 0.6
35.q72
45 1.1
37 4e 8.2

STpe 1.0
35,470
4o 1.2
3J4e 7.9

d

8.89

3Jcg 1.0
3146 9.0
454¢ 1.0
Jgg 1.2
31564
Heg 1.0
3J¢g 6.8

37,489
476 1.2
556 1.0
3140 7.0
474 1.0
3]s 6.9
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751 :Jab Lo ‘S‘Jcel-o
703 47 Jacr OFad et O Je£ 1.0
b7.48  45.07 3J4e 6.8
¥ a 748 3ch, de, Jbe’ be:O 3de 1.2
8.09 Yea 23 Tef 69
6.52 31 7.9
A 4,0 15
6.71 b@[o] STT s 04
ad 0-
c 3
Tpe 79
a O bc
7.63 7.80 3 98 3y 8.6
c 2 35,485 4418
7.224d Xy2645 ed® df °
Jee 20 3585
7.45¢ ~~0 0 37 0.0
7.20
3J4e 7.0
414 1.1
3J .5 8.4
7.47
7.19 3ap 78
2 _S 40 1.3
ac -
c 3
Tpe 7.1
a1 S be
7.68 8.00 35 43 g 1.6
Y

4 5
743 e Xyb7.26 Jac 18 Hag 05
Tpe 8.3 g 6.8

7.61f > N/ a 8.81 53 . 0.8 4Jeg 1.1
8.05
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a 7.74 311 6.0
N 4, 1.1
e b 7.27 3
f Ja 8.57 be 83
N7 8 8.
g8 ¥
875 0O
771 7.50 T 08 34 8.7
5 4
7.57¢ yb84s Jac O g 11
g <0.5 SJgg 0.9
7.50€ - a/N 3Jpe 6.0 31 7.0
5 4
7.87 9.15 Teg 08 Jeg 13
Jgy 8.2
° 4 17
b .
X\b 8.14 3120 70
AN
a O
8.77
71~.57 7.b73 35 5.7 314 69
5 4
7.574d XNya9.10 bf 08 Tar 13
e N 4ch 7.8 3T 8.6
: N Sjce 1.5
8.30 Je¢ 0.8
7.cs4 9.b29 P 0 34 69
7584 XN inf 0.5 ;‘de 1.2
. Jaons g 79 et 85
. ¥ N az :Jce 1.2
8.01 T 0.8
8.07 3 1.8

C

3
7.68 d b Jeq 8.4
_ 4 1.6

e N a 8.74 Sch 0.6

f 3ge 6.9
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197

7.93 9.44
C b
7.85d ~ 1|\I
e ~N
f a
d7.84
¢7.23
b7.35
© 2748
e 8.08
d7.16
N c7.36
H b 7.49
a10.3
9.09
e d8.19

c7.64

b 7.89
a8.22

@,
A
W,

d 8.36
¢7.38
b7.73
a7.50

o

e 8.27
d7.27
c7.74

H b7.57
a11.70

2:9.

0.4
3.4 82
1.2
35 0.6
34e 6.8

31, 8.5
47, 09
STa 0.6

3T,e 0.7
3Jpe 8.2
4Jpq 0.9
STpe 0.7

3T, 9.0
4. 1.2
57,406
3Jqe 0.9

ae v

31, 8.4
47,0 11
37,4 0.5

57, 0.4
3Jpc 8.6
4Jpq 1.0
5Jpe 0.4

3Tpe 73
4Jpq 1.3
354 7.6

35,472
4 1.2
3740 78

31 6.6
4Jpq 1.4
35,482
4140 0.4

37 7.1
4Tpq 1.8
35,480

35,470

3740 82

N
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5.7
Halogen Compounds

5.7.1
Fluoro Compounds

Fluorine in nature occurs 100% as 19F, which exhibits a s9p1n quantum number

I = 1/2. The signals of !H atoms are split by coupling to 1

about four bonds.

IH Chemical Shifts and Coupling C

F up to a distance of

onstants of Fluoro

Compounds (0 in ppm relative to TMS, J in Hz)

4.10 545 6.25

CH3F 2y 46.4 CH,F, 2Jyg 50.2 CHF; 2Jyg 79.2

1. 24 2y .F 464 zJaF 573 1.34 F

“F ¥pr 252 b\g 6.1 JbF 209 ﬁ/
a 37 b 6.9 3
Hal 43 2
437Hp F 2],r 84.7 31, 12.8 1.57 3I4p 15.0
35,p20.1 31, 47 H——=—F

403H, H,6.17 3JF524 2Jb 3.2

0.27 3-69 §JaF 64.5 iJab 5.9 F 35,r 8.9 31, 8.4
HO® g Jbg 9.9 Jac 2.4 . 0697 511,1;574J
cj>/ 3J.p 21.0 ch 67 724 Jep 02 5Jad 04
H™: Ha de 10.8 Z Jac 2.7
e Hg 432 3pe 7.7 7.03 3pe 7.5

31 12,0 43,4 1.8
CF3 47,0 -0.8 31 ab 79 Hs  Couplings H, CF;
5,08 47 1.2 with CHj:
e a7.45 _bF 2% Jac ©. X
5 4

q b719 Jep 0.7 SIyq 0.6 | F %o 25
Z 45, 2.0 Z 55, 0.0
7.26 3pe 7.6 63, 1.5 53,5 2.2

4Jpg 1.3
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5.7.2
Chloro Compounds

IH Chemical Shifts and Coupling Constants of Chloro
Compounds (6 in ppm relative to TMS, J in Hz)

3.06 5.33 7.24 1.33

3112
CH,CI CH,Cl, CHCl, ~-Cl
3.47
2.07 3.67 1.81 0.92 1.68
Cl 3161 Cl 3768 Cl Cl
& 1.06 3.47 1.41 3.42
1.55 3 1.60 4 1 3
cl ] 6.4 cl 5 8Hb_ C 3Jab 14.5
\r4_14 >r = J,. 75
S39H, Ha626 25 g4
1.78
H—=—Cl
%87 3ap 70 3.63 Cl
. 3
0.74Hal ® O} Jpe 3.6 o) m'\m.u
cj>( 2ch -6.0
H H Ha 2.55 3de 10.3
e Hg 3pe 7.1
3] 106
€l 37 8.1 CCly 31, 8.1
4
€ a7.27 SJaC 1.1 e a7.81 5Jac 1.1
d b7.20 jad 9 d p7.19 ,ad 02
Z Y4y 23 Z0T A1, 24
7.14 3Tpe 7.5 7.17 3Tpe 7.5

Tpqg 1.7 45,4 1.4

Hal
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5.7.3

Bromo Compounds

IH Chemical Shifts and Coupling Constants of Bromo

Compounds (& in ppm relative to TMS, J in Hz)

2.69 4.94 6.82
CH3BI‘ CH2BI‘2 CHBI‘3
2.47 3.63 1.89

Br 3764 Br/\/Br A~ Br
5.86 1.06 3.35
Br
1.76 584H; Br 3
Br b__ 3Jab 14.9
%/ Te 7.1
597H, Ha6.44 25 .19
Hal 0.96 3, 7.1 3.81
081 B Jae 38 Br
' cj>/ ' 2Jpe -6.1
- Ha2.83 3,4 102
e Hy 3Tpe 7.0
3J.e 10.5
r 3,4 8.0
4,0 11
ac *
Z :‘)7'43 51,4 0.5
c TIS 4y 20
3y, 74

g 1.8

1.66
~_Br
3.37

Br
Y4.21

2.33
H—Br

H4.62
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5.7.4
lodo Compounds

IH Chemical Shifts and Coupling Constants of Iodo Compounds
(8 in ppm relative to TMS, J in Hz)

2.16 3.90 491 1.88 I
CH;1 CH,l, CHI,4 ~~
3.16
296 317.0 3.70 188 093 180
15-24 1.03 3.16 142 320
1.89 I 1.95 . 6.57Hp 1 3y, 159 H—==1
— J.. 7.8
s T »
\( 623H, Hy 25, -15
6.53

Hal
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5.8
Alcohols, Ethers, and Related Compounds

5.8.1
Alcohols

IH Chemical Shifts and Coupling Constants of Alcohols
(6 in ppm relative to TMS, J in Hz)

Aliphatic and alicyclic alcohols:  0.5-3.0 (in DMSO: 4-6)
Phenols: 4.0-8.0 (in DMSO: 8-12)

Hydrogen bonds strongly deshield hydroxyl protons. The position of the signal
may depend heavily on the experimental conditions. If a compound contains
several kinds of hydroxyl protons (-OH, -COOH, H,0), in general only one
signal at an average position is observed because of rapid exchange. In dimethyl
sulfoxide (DMSO) as solvent, this exchange in most cases is so slow that isolated
signals are observed. In this case, the chemical shifts of hydroxyl protons are
characteristic. However, if the sample contains strong acids or amine bases, the
exchange rate increases, and also in DMSO, a signal at an average position is
observed. Frequently, intermediate exchange rates lead to very broad signals
extending over several ppm and, therefore, sometimes not discernible in routine
spectra.

As a consequence of fast intermolecular exchange of the hydroxyl protons, their
coupling with the protons on the adjacent carbon atoms is usually not observed.
However, in very pure (acid-free) solutions or in DMSO, the exchange is
sufficiently slow so that the H-O-C-H couplings become visible. Their dependence
on the conformation is analogous to that shown by the H-C-C-H couplings
(Chapter 5.1). In case of fast rotation: SJHOCH = 5 Hz. In cyclohexanols, the
vicinal coupling constants for axial hydroxyl protons (3.0-4.2 Hz) are lower than
those of equatorial ones (4.2-5.7 Hz).

CH;0H, Wap 5.2 o~ OHa 8, 527 8, 45 ~~OH
4
(in CDCl3) 350 O 366 093 349
8. 1.19 (in CDClg)

. C
(in CDCl3) 3Jab 4.8
3Jpe 6.9
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116 216 3], 6.2 120 201 1
b~ OH liquid: OH a OH 2.96
\ar3>.94 3, 4.07 %/ Cl 415

(incDCly) O 123 (in CDCL) (in CDCl,)

8o in DMSO: 6.8

5.2 5.6 6.4
@Cﬂz-OH CH-OH C—-OH
2 3

(in DMSO) (in DMSO) (in DMSO)
034 %59 :Jab 6.2 1.88 N 7.0 ;‘be 5.2
S o Tae 29 Lemre N 1 31,4104
cj>/ 25, -5.4 \ N/ 31, 9.7
q": /Ha 3de 10.3 1.41Hg ., . 4 . 4ch -0.9
e Hd 3.35 3Jbe 6.8 ch Y
3], 10.9 2J4e-11.0
1.51 Ha3.40 For derivatives 1.90 oH For derivatives
1.50 oy in DMSO: 136 A 7> in DMSO:
H H s 8oy 4.0-4.5 H e gOH 3.8-4.2
145HS H141 3l0m42-57 146HS Hi42 T on 3042
1.45 1.17
1 ~5* 31, 8.2 H 11.1 H10.6
4
e a6.73 5;“ (l); 6.96 7.16 NO,
d b7.09 4 57 8.14 7.58 8.10
6.82 inc 7.4 NO, 700
. Tog 1.7 in CDCI
(in CCly) bd (in DMSO) ( »

*in DMSO: 8y 9.3
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1H Chemical Shifts of Enols (8 in ppm relative to TMS, J in Hz)

e =i 12.45
- - H
3 3 o
P AT Jap 51 |
H, H, 3ch ~8 Hy CH; o _-
8.40 H, =~9.3 7.90 H, 2.11 2.00 5
5.04 5.60
(in CDC13, partly
enolized)
5.8.2
Ethers
IH Chemical Shifts and Coupling Constants of Ethers
(6 in ppm relative to TMS, J in Hz)
321 2o -10.6 3.37 3.27 0.93
~A” P T X B SN
8] O ab O
1.15 1.55
alk 340 1.38
allk\O/Q55 \Omgz alk\0)<
1.08 ' ‘ 1.24
316 Hpo44 :Jab 0.3 374 646 iJab 7.0
¥ 403 Tpg 14.1 1.27 H o417 31,4 6.9
a™ 2J.q 20 e 3y 144
(in TMS) 2y 1.9
de ~*-
1H Chemical Shifts and Coupling Constants of Cyclic Ethers
(8 in ppm relative to TMS, J in Hz)
In derivatives: d a 31.. 52
CH31.47 _“ab -
&2.54 ngem 5-6 2.78H,, /\ ~-H3 3ch 4.2
Jis 45 3.07 H, Hy 3.34 35,4 3.3
3Jtrans 31 2ch 4.2
Throughout:

Jcis > Jtrans
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2 -5.
c@ a4.73 zla’gem 8
Tb,gem ~11.0

b 2.72 3Jcis 87
3Jtrans 66
39, <03

[Z]m

39, . 83
6.22 d< 7 a4.20 5 abcis >
\ 3Jab,trans 10.7

c b 3] 2.5
482 253 4 e
bd .
314 2.6
3
396" Y2 634 4;ab g-é
1.854d b 4.64 3 g
C be -
1.98 Tpy 0.6
31, 5.0
02777 e o4
633 b 6.43 5 1o
. c ad -
7.56 31 6.3
pg 1.5

3.q 94

3.75 3.65
1.85 1.59

1.59

[ ﬁ 3.67 (O] 3.88
2.87 2.57
N S

H1.92
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1H Chemical Shifts and Coupling Constants of Aromatic

Ethers

(6 in ppm relative to TMS, J in Hz)

373 O1y=08
3Jpe 8.3

4
f b6.77 Jbd 1.0

0.4
2.7
7.4
1.8

3 cd

JCC

3T 83

/@ 4, 11
0.5

4,0 26
7.4

1.7

1H Chemical Shifts and Coupling Constants of Acetals, Ketals,
and Ortho Esters (8 in ppm relative to TMS, J in Hz)

0—3.3
/o7< o/
o— O
51 _/ 7<0 3.53
5.03 _\ 1.13
O 3Jab,cis 7.3 4,80
Jab,trans 6.0 ’
b a39 68
6.81

6.81 @:% 5.00 Jgem 15
¢
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5.9
Nitrogen Compounds

5.9.1
Amines

Amine and Ammonium Protons (8 in ppm relative to TMS, |J| in Hz)
Chemical shifts of amine protons lie around 0.5-5 ppm depending on solvent,

concentration, and hydrogen bonding. Those of ammonium protons are found
between ca. 6 and 9 ppm:

aIk—NHz alk—NH3+
0.5-4.0 +
(alk),—NH (alk),—NH; 6-9
(alk)s—NH*

N N
S o
@—Nﬂ—alk > 2,550 @-—NHf—alk . 69
O] O
7 J

Coupling of amine protons with vicinal H atoms is usually not seen in aliphatic
amines because of their rapid intermolecular exchange. However, for =C-NH-CH
moieties (enamines, aromatic amines, amides, etc.), the exchange rate is slower
and splitting is often observed. The H-C-N-H coupling depends on the
conformation in a similar way as the H-C—C—H coupling (see Chapter 5.1). For
N-CHj; and N-CH, groups: 3Jycny = 5-6.

In acidic media (e.g., in trifluoroacetic acid as solvent), the exchange of the
ammonium protons is slowed down to such an extent that the vicinal coupling
H-N*-C-H generally becomes observable. In other media, signals are usually
broad owing to intermediate exchange rates.

The signals of amine and especially of ammonium protons are often broadened
additionally because the !4N—!H coupling is only partly eliminated by the
quadrupole relaxation of 14N (spin quantum number, I = 1; natural abundance,
99.6 %; IJNH = 60). This line broadening has no effect on the vicinal H-C-N-H
coupling so that sharp muitiplets can be observed for neighboring H atoms. In




N
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ammonium compounds of high symmetry, the quadrupole relaxation is slow and
the coupling with 14N leads to triplets of equal intensity for all three lines.

NH .+ Ligyg 52.8 2l,y 0.5
3N 1.6

/_)\_\ 4 0.0

1H Chemical Shifts and Coupling Constants of Amines
(8in ppm relative to TMS, J in Hz)

2.47 =23 231 25, -117 3.3
CH;NH, (CH3),NH (CH3)3N (CH3)yN*
1.10 H 3.06 —_ 0.96
~. NH; ~o N~ 1.00
2.74 2.86 -/ 243
3.27 1.27 1.43 Loz L15
TN e N N
——/I\__ 3N 1.9 . : 3.07
a b
(in D,0)
1.50 HL1.90 1.04 HI1O 0.92 143 1.77
/\/N\/\ N \/\/NH2
091 2.56 291 133 2.68
0.32 3, 6.6 H 2.52 >
tp 3pe 3.6
0.20 Hal NH, 1.59 , a¢ NH, H3.15
C Jb -4.3
H: “H,42.23 3de 9.7
e Hy 31 6.2

e 99
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2.30 2.13
1.04 2.42 122 7y
4 7 227
1.62H HVH 0.91 1.62 H TN
1.89 1.85
L16HY H L12Hy H
1.73 1.24 1.78 1.18
NH, 3T 8.0 278 35, 8.2 2.94
g | 3sSHNT 4™ ] 462HNT
e a6.46 (3 ac
d brop Jad 05 e 2643 Tag 04 6.53
z So4r. 25 d b7.04 3Jae 2.5 £.09
6.62 e 74 ¢ Tpe 7.3
4Jpq 1.6 6.58 Ppg 17 NO,

8y in DMSO: 7.32

285 3]. 84 3.09 _ 372

N Lo SN \II‘I+

5 ac
e 2 6.59 4Jad 0.4 e a7.95
d b7.08 Jae 2.8

- 3 73 d b7.62

C

6.60 4Ppq 1.8 NO, 7.57

IH Chemical Shifts and Coupling Constants of Cyclic Amines
(6 in ppm relative to TMS, J in Hz)

Hoo9 H2.38 H2.01 H1.84
b /a6l <> 3.54 ()27 O 274
ngem =1 293 1.59 ~ 1.5
3Jab,cis =6 '
3 ab,trans ~4

2.25 2.27

| H1.92 I

I
N N N N
O [ jz.s7 [ ]2.32 [ ]2-37
. 3.62 2.88

o 367 o N

H2.12
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5.9.2
Nitro and Nitroso Compounds

IH Chemical Shifts and Coupling Constants of Nitro and Nitroso
Compounds (8 in ppm relative to TMS, J in Hz)

4.29 1.58 2.01
CH3N02 ~ NO; Py NO;
4.37 1.03 4.28
1.53 1.07 2.07 1.59
NO, \/\/NOZ NO,
\ﬁ-"“ 150 4.47 >r
NO, H 4.22 NO,
~ 491 v
2.26, 2.12 aNO2 qH4
1.88, 1.70 g 1,90 26
2.2 1.6
655 7}i12 ap11.8 02 31, 8.4 NO 31, 7.9
3
>b=< a 2~}ac lg-g e 2821 :jac (1)-2 e . 7.84 ‘S*Jac 1.3
He NO, °¢ 7~ d b752 Jad 04 4 b757 Jad 06
5.87 c Jae 24 < 4J0e 2.0
' 7.64 Mpe 75 7.63 e 7.4
pg 1.5 g 1.4
5.9.3

Nitrosamines, Azo and Azoxy Compounds

IH Chemical Shifts of Nitrosamines, Azo and Azoxy Compounds
(8 in ppm relative to TMS)

Generally: 2.96 o 4.89

3.is < O¢rans for 0-CHs, 0—CH,, and \ % 1.15 P
B-CHj; protons N—N

3cis > Otrans for o-CH protons 3.76 1.52

4.26
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37 34
\ Nz
N=N N ©\ 193
\ N* \© 7.46

7.46
4.16 1.48
\ +,
N :N\ Ne=N
o / >T
3.16 O 1.28
5.9.4

Imines, Oximes, Hydrazones, and Azines

IH Chemical Shifts and Coupling Constants of Imines, Oximes,
Hydrazones, and Azines (6 in ppm relative to TMS)

7.50_7.90
©‘C=N-— 3.4
H 7.50 o=

8.40
6.8-7.9 7.2-8.6
Ha Ha
>=N—OH 7-10 >=N—-OH 7-10
alk ar

6a,syn > 8a,ami 6a,syn > 8a,anti

752 H OH 9.9 1.86
_N/ JOH 9.9
> —N
1.83 6.92 H

In aldoximes and ketoximes, the chemical shift difference between syn and anti
protons at the a-CH groups, Ad = Osyn - danti» depends on the dihedral angle,

OH-C-C=N*

o A
H \'¢ 00 1

GZN 600 0
1150 03
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6.1-7.7
Hg, >:N H 7.89 >=I\I 1.83
=N H 1\=< N=<
atk NH-ar 2.03 2.00
5a,syn > 8, anti
5.9.5
Nitriles and isonitriles
I1H Chemical Shifts and Coupling Constants of Nitriles
(8 in ppm relative to TMS, J in Hz)
1.98 1.31 CN 1.71 3y ab 70
CH;3;CN ~N i 7.6
’ 235 ANy, 74
: ¢ a4, -005
1.11  2.29
1.35 096 1.6 1.37
CN J_CN CN
267 150 2.34 >(
6.07 5.73 3] ab11.8 0.94 31 b 84 CN 33 b 7.8
H 093 H 3, 42
b a 179 b Jac 5.1 Joc 1.3
= Hal ,CN ;% e ya7.51 gac
ch 0.9 c ch -4.7 Jad 0.7
He CN 32 g, @ b7.44 424 "o
6.20 “Ha 5 .bd 7 c e
¢ Hd 1.36 *Jpe 7.1 7.56 Yoe 77
3ee 95 4Ppq 1.3

IH Chemical Shifts and Coupling Constants of Isonitriles

(6 in ppm relative to TMS, J in Hz)

Because of the symmetrical electron distribution around the N atom, the
quadrupole relaxation of the nitrogen nucleus is so slow that the 14N-1H coupling
becomes observable and leads to triplets with relative intensities of 1:1:1 (spin
quantum number of 14N: 1= 1; natural abundance, 99.6 %):

W, 1.8-2.8
Py 1.5-3.5

b a
—Cc—c-NC
H, H,
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2 .
285 Z1,N23 138 2Jab 7.3 1.45 NC 2Jab 7.0
CH3NC ~_NC “aN 2.0 \'/ v 1.8
a 3JbN 2.4 3.87 3JbN 2.6
3.89
1.44 535 590 35, 86 2y 2.3
a NC 3J, 1.4 Hp H, 3 3
%/ aN !- Y sa Pl 156 Ry 6.1
> < 2),. 05 3 3.1
Hc NC bc JCN
5.58

5.9.6

Cyanates, Isocyanates, Thiocyanates, and Isothiocyanates

IH Chemical Shifts and Coupling Constants of Cyanates,

Isocyanates,

Thiocyanates, and Isothiocyanates

(8 in ppm relative to TMS, J in Hz)

1.45
~_-0OCN
4.54

0.99 3.26

2.61
CH;SCN

3.37
CH;NCS

NCS

7.15
7.30

7.24

3.02 1.20
CH3NCO ~_-NCO
3.37
1.29 477 6.12 33. 16
ab /-
NCO Ho Ha 35 152
3.72 21 .01
He Nco “be
5.01
1.52 SCN
SN \6.48
2.98
1.40 NCS
~_NCs \ﬁ-%
3.64
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5.10
Sulfur-Containing Functional Groups

5.10.1
Thiols

IH Chemical Shifts and Coupling Constants of Thiols
(8 in ppm relative to TMS, J in Hz)

Typical ranges of SH chemical shifts:
ATy

The exchange with other SH, OH, NH, or COOH protons is generally so slow
that the chemical shift is characteristic and the vicinal coupling with SH protons
becomes visible (5-9 Hz in aliphatic systems with fast rotation).

alk—SH 1-2

2.00 1.26 37, 7.4 1.39 163 133 1.56
CH3SH ab 1 s SH 1'3{lc:rSHa
a
(in benzene) 2.44 099 2.50 3.16
31 5.7
092 159 132 143 1.82 gg 135
X _sH SH ns 2 _sH
143 2.52 ﬁ/ 2.68
1.31 H279 H 3.40 3Jab 79
161 SH151 e Na71s gac 12
H H d b710 Jad 06
2,01 Ay, 2.1
H : P ae
1.22H 175 H1.34 7.04 3Jpe 7.5

4Tpq 1.5



5.10 Sulfur-Containing Functional Groups 215

5.10.2
Sulfides

1H Chemical Shifts and Coupling Constants of Sulfides
(6 in ppm relative to TMS, J in Hz)

2.12 2.10 2.51 2.43 0.98
~o” N alk A ~_~ 2.93
S S S alk._
1.26 1.59 S
1.25
4 . 3
2(252 2 142 alk )< 2.12 36?;15 508 3Jab 10.3
1.56 0.92 \S SN b . I, 16.4
1.39 2Jp. <03
. Hc4.84
(in TMS)
247 i]ab 7.8
e 12
7.18 ZJad 0.6
J 2.0
7.16 . R
7.02 as Mbros o0 7Y
7 ' de 1.5
7.20

IH Chemical Shifts and Coupling Constants of Cyclic Sulfides
(6 in ppm relative to TMS, J in Hz)

S 2) 0 S 25 8.7 S
2\ gem c a32] , agem 2.75
2.27 chiS 7.2 Q 3Jb gem 117 L/
Jtrans 5.7 254 3Jab,c1s 8.9
4Jab,trans 6.3
Jac,cis 1.2
Jac,trans -0.2
S S 3
3.67 6.06 d<\ 7a3‘08 3iab g? @ 2.52
= bc 4 ~
5.81 548¢  b262 41 22 1.7

S S
[ jz.s7 (Sj4.2 ~5.8 | 3.19 ] 5.97
o 3.88 S-S ~5.80 _J=~538 5.55
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5.10.3
Disuifides and Sulfonium Salts

IH Chemical Shifts and Coupling Constants of Disulfides and
Sulfonium Salts (6 in ppm relative to TMS, J in Hz)

5. 230 S &6{ s 36\3/1.03
N ~ N
alk™ S k™ ST s AT T eSS
1.32
7.50 7.2 3
s b0 Jw 75 %N -
Jpe 1.4 Lo 94\
/S—©c7.20 55,4 0.5 : ‘7S+I'
@'S e d 46 2.0
3Jpe 7.2
g 1.6

5.10.4
Suifoxides and Sulfones

IH Chemical Shifts and Coupling Constants of Sulfoxides and
Sulfones (6 in ppm relative to TMS, J in Hz)

Q '(s? 46.08 ;Jac 0.3 Q Oy 264
AN2s50 NP H,5.92 ;ad O 3.0
2.61 Tpe 98

Hp677 354167 2.23
2.4 0.6

Q.0 QL 147 P 141 Q.0 144

Q .
5\ 2.84 ~ S S
2.80 2.94 2.85 |3.13

o0 Hab® U100 QO ,
P 3Jpq 16.5 3.74 0=S— 3.06
a He6.14 %0 s
2.96 Hy, 6.76 cd 7 —/6.08 7.94
7.61



5.10 Sulfur-Containing Functional Groups 217

5.10.5

Sulfonic, Sulfinic, Sulfurous, and Sulfuric Acids and
Derivatives

IH Chemical Shifts and Coupling Constants of Sulfonic,
Sulfinic, Sulfurous, and Sulfuric Acids and Derivatives
(6 in ppm relative to TMS, J in Hz)

2.68
11-12 3.0 2.5 LCHs 36
alk—S0O,—OH CH3—S0O;—0O—ak CH3;—SO—N CH;—S0,-C1
CHj
(PH 11-12 ~3.70 35 ab 8.0 ?1 3Jab 8.1
0 9 4Jac 1.2 0, 4,6 1.2
5
ad- 0.6 Jaq 0.5
7.94
a7.94 47, 20 : :739 e 2.2
b7.60 Jbc 76 20 he 75
de 1.4 760 Jpg 1.3
ll\IHz 7.37 | 2.82 Q.0 9
SO, Iigzﬂ ) @ 319 NgrShgo 358
7.85 ' 4.27 2.44
7.58
7.58
P » b‘i'g; inb--10.3 ~ %S//o/ 3.94 %<O
NN '1 o 3::ab 2; oo "0
a l. 6.
ab 4.68
5.10.6
Thiocarboxytate Derivatives
IH Chemical Shifts of Thiocarboxylic Acids and Derivatives
(8 in ppm relative to TMS, |J} in Hz)
1 »
2.41 SH 5.09 ) a 647 4J 2.0 7.1

/ﬁ\ 429 ¢ b 7.84 3pe 2.8 77 6.9
27
2.30 s~ 22 6.4
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5.11
Carbonyl Compounds

5.11.1
Aldehydes

IH Chemical Shifts and Coupling Constants of Aldehydes
(6 in ppm relative to TMS, J in Hz)

Typical ranges for chemical shifts and coupling constants of aldehyde protons:

alk—CHO 9.0-10.1  3J;. 0-3 alken—CHO 9.0-10.1 3j . ~8

vic

5_10. — CHO o. 10.2-10.5
@-cno 9.5-10.5 R@' m, p: 9.5-10.2

9.60 2.20 9.80 113 979

2
CH,=0 mgem 424 b a b _CHO
CHy—CHO 130 . a g 14

b_CHO 3 .
L CHO 3y, 20 b.CHO 5 . CHO
097 242 2.39 ab =

6.26 6.26 31, =80 Ha 1000 4y, =02 33, 7.7
He Hyp :Jac =~0.3 55, 0 454 1.3
da M=o JT,q =0.1 f b 7.87 g’Jad 0.1 ine 0.6
6.11 H. 9.51 e c 7.51 Jae 0.4-1.0 4Jpe 1.8
. a” 3

d Jog 7.5

7.61 4T 1.3
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5.11.2
Ketones

IH Chemical Shifts and Coupling Constants of Ketones
(6 in ppm relative to TMS, J in Hz)

0
/ﬁ\ /ﬁ\/ms 148 1.08
a 4
¢ 1. 05

2.14 247 1.98 232 0.85

(in benzene)
in CDClj3: ¢ 1.56
d 0.93
6.27 5.90
Hc C 3
J.p 107 J.p 11.0
= ab N = ab
255 Hy, 35, 187 H Hyp 35, 179
7 Hy 590 25, 13 H Hy 58225 14
6.30 6.67
7.86 7.89 1.18 1.72
7.37 2 55 7.34 2.92 2.86 1.02
7.45 7.44
7.8
1.22 1.3
3.58 0.7
1.8
7.5
13 C=X
4 .
i 1.65 c 2'03 4Jac,c1s 1.9 2.06 222
Jac,trans 1.0 2.02 =1.8
1.96 ~1.8
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774 9 8.01

7.38 7.33% 2.12

747 313 721 2.93

* assignment uncertain

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

Q. 3.4
/ﬁ\”/ ’ M ©
2.34 3.0 362 2.17

O
For the enol form,
see Chapter 5.8.1

Long-Range Coupling in Ketones (|J| in Hz)

Coupling over the C=0 group is often detectable for fixed conformations in W-
arrangement of the coupling path:

Ha O
R R 4 0-0.5 %b%ab 1.0

a b
Br

5.11.3
Carboxylic Acids and Carboxylates

IH Chemical Shifts of Carboxyl Protons
C=X (8in ppm relative to TMS, J in Hz)

The position of the COOH signal depends on the solvent, the concentration, and
the presence of other exchangeable protons. Intermediate rates of exchange with
other protons may induce very broad lines, which are sometimes not even detected.

8.06 11.0 210 1142 116 1173 1.06
H—COOH CH;—COOH ~_ COOH ~~COONa
2.36 2.18

(in D,0)



5.11 Carbonyl Compounds 221

1.00 2.31

1.23 11.49

>rCOOH

6.53
¢ O

3
Hp OH 12.8

595 H,
6.15

5.11.4

Esters and Lactones

31, 105
17.2

IH Chemical Shifts and Coupling Constants of Aliphatic
Carboxylic Acid Esters (6 in ppm relative to TMS, J in Hz)

H

8.07"

3.67

2.01

1 e

2.02 1.23

/& 3.76 A, 08
_CH -
o b3 ab

121 1188 093 162 1196

COOH ~_-~_-COOH
W/2-56 1.39 2.35

11.19 12.2

COOH COOH
3.45 < 243 [

(in DMSO)

OOH =12.5 3Jab 7.9

€ a 8.13 5Jac 1.4

Jaq 0.6

L8 d b747 4% g
¢ 3

7 60 4ch 7.5

Hy, 7.32 4, 0.7 3Ty, 6.4

X Hed.69 37, 1.6 3J413.9
STaq 0.8 2.4 -1.7

N

Hy SO
8.03 Hq 5.01

/ﬁ\ 412
o

2,04 1.26 205 O 165
J TS us
0NN O

1.60 0.94 1.45
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2’28 3, 63 31,582
o~ X Hb4.56 3o 14.1 51 41,0 1.1
2.13 2]y -1.6 55,405
HC 4.88 e a7.07 4Jae 2.5
d b 7.3 in¢7-5
Z Tpa 1.7
7.07
1.15 367 M 1.17 3.67
v v O/
0 o
2.32 0.98 2.22 2.56
0.92 1.61 3.66 1.20 3.66
o o
133 231

For esters of boronic, nitric, and sulfuric acid, see Chapter 5.12.

IH Chemical Shifts and Coupling Constants of Alkyl Esters
(8 in ppm relative to TMS)

441 0. b 10.6 421
o~ 5.83 Ya 3 174 Xy o~
F 1.40 B o 2ch 1.5 1.30

F
Hc O 376
6.40
0388 4.37 J{n
/\
e a 799 o 1.38 o 1.37
d b 7.37 7.46 7.99
c 7.37

7.46
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IH Chemical Shifts and Coupling Constants of Lactones
(6 in ppm relative to TMS, J in Hz)

2V -17.5 24 127

Ha 5, 31, 95 35, 79

3.56 "Hb 34 69 35 63

429 HE T =He 4. 03 2, -88
428 Hf Hq 2.23 4Jf -0.5

b 9.4
J 1.5
) &13 331 éams 5a§ o
Td 1.
492 7.63 4.09 ~16 7774 b7.56 5 o
-1 41pg 2.4
3Jeq 5.0

5.11.5
Amides and Lactams

Amide Protons (3 in ppm relative to TMS, J in Hz)

o
U reak j\ calk g alk R alk
R™ONH,  ar R” NH

5-7 6~8.5
7.5-9.5

Line Widths

The signals of the NH protons are often broad because the 14N-1H coupling is
only partly eliminated by the quadrupole relaxation of 14N (spin quantum number,
I=1; JNH 60). In primary amides, the hindered rotation around the CO-N bond
is another reason for line broadening. At slow rotation, the chemical shifts of the
two primary amide protons differ by about 0.5-1 ppm.

Vicinal Coupling H-C-N-H

Due to the slow intermolecular exchange of amide protons, their coupling to
neighboring hydrogen atoms is usually detectable. The splitting of the C—H signal
is clearly observed even in those cases where the signal of the NH proton is broad
and featureless. The H-C-N-H coupling depends on the conformation in a similar
way as the H-C-C-H coupling (see Chapter 5.1). For N-CH3 and N~CH,
groups: Jgonp = 7-

C=X
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Tertiary Alkylamides

The rotation around the CO-N bond is usually so slow that, with different N-
substituents, two separate signals are observed for the two conformers. In general,
the following relationships hold:

for NCH3, NCH2CH3, and NCH(CH3)2 Scis to O < Su.ans to O
for NCH(CH3), and NC(CH3);
for NCH,

8trams to O S 8cis to O
Seisto0 = EStrans to O

Formamides (& in ppm relative to TMS, |J| in Hz)

In the more stable conformer of monosubstituted formamides, the substituent
occupies the cis position relative to the carbonyl oxygen. In the more stable
conformer of asymmetrically disubstituted formamides, the larger substituent
occupies the trans position relative to the carbonyl oxygen.

2.74 /E ji
N~ B~ ONH7.9
8

g1 H79 1 1o 82—87 H
~90 % =10 % 5-9.5
288, o 1.10
P I S
a T =07 H H
802 'b 4.12 TI
1.19 ’
~70 % ~30 %

Acetamides (6 in ppm relative to TMS, J in Hz)

In monosubstituted acetamides, the substituent of the only observable conformer
is cis to the carbonyl oxygen. In disubstituted acetamides, the more stable
conformer has the larger substituent cis to the carbonyl oxygen.

b 2w o 326 )?\ 3.18 0.96
a N .
)J\N/ 2 3Jab 4.8 /U\N/\ 3Jab 5.9 N/\/
198 Hpyp 198 Hp 1.14 =20 H 155

6.4 6.7
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X o e I

=2.0 Hb 1.13 198 H 149 092 =20 H 128
7.05 7.3

1.03

()
/ﬁ)\ 302 55 01 2.70 J\sz
-~ ab
208 51, 0.5 )J\N/ —-— )J\

| ac
2.94 ){92
2.83
1.15
=40 % =60 %
b 8.2
¢ 7.00 41 Lo )i 3.46 3.36
ac 1
)?\ b 7.24 sde_S 505 N" Y197  ak O
=2.1 2.4 3.46 1.97 3.36
764 3ch 7.4

g 1.5

1H Chemical Shifts of Lactams (8 in ppm relative to TMS)

a 3 2.88
275 —N > 2.82 7.67 HN™ Y 2.9 Jab0-8 N Y 239
b
3.20 240 212 341 2.05
2.88
8.13HN" ™ 2.3 SNTN227  HNT N8 335 gp22
3.17 3.32 NH 8.00

0]
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5.11.6

Miscellaneous Carbonyl Derivatives

IH Chemical Shifts of Carboxylic Acid Halides

(6 in ppm relative to TMS, J in Hz)

X,

2.66

6.63 3y, 10.6

c 3y
NN 2Jb
Hb Cl ¢

6.16 H,
6.35

6.60 31, 107
He 3o 173
2Jp. 0.8
b\ F bc
6.25 H,
6.14
Cl 3T 8.0
T 1.2
5
e a 807 Jad 06
4T 2.0
d b 747 jTae
y Jpe 75
4
7.63 Tog 1.4

1H Chemical Shifts of Carboxylic Acid Anhydrides

(8 in ppm relative to TMS)

)(L j\ o o 804
0" N 22 30 E\fo 7.05 ﬁéo 7.93 ©:I<‘<O
0 o} 0
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IH Chemical Shifts of Carboxylic Acid Imides
(6 in ppm relative to TMS)

j\ j\ 0 0
allk” N Valk 2.77 [‘IéN_H - 2.97 E‘léu Br
8-12 (broad
(broad) o O

O O

2.62 d O < f /<O
2.06 1
3.83 2.50 3.48  2.36

IH Chemical Shifts of Carbonic Acid Derivatives
(6 in ppm relative to TMS)

o:<0—3'8 /ﬁ\ 4.13 1.2-1.7
0— /\/\O O/\/\
1.2-1.7 0.93
4.20[¥0 3.94[S>:S 278 4.14
~ N
N~ O
© S H 1.23
5.16
N E S SN ¥
H,N" N7 NN Y NN
H 15 H H H H 126
5.5 ~6
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5.12
Miscellaneous Compounds

5.12.1
Silicon Compounds

IH Chemical Shifts and Coupling Constants of Silanes and
Silanols (8 in ppm relative to TMS, J in Hz)

R a For R: H, SiX3: 24 17,5 -150 to -380
R—Si-H 2-6 other: 3-6 (4.7% natural abundance of 29, "Si
R satellites")

Ha3.20 b b 1 02
ao. -
Hobi g FH3 0.19 lJaSi'202‘5 H30.14 2JaSl 202.5
—Si- H—S$i-H3.58 37 44 H-$i-H,3.83 Josi 77

a ab ™ a 3y 43
H H CH; ab :
1y,qi -202.5
b a 4.35
CH3 0.08 J,g; -190 ¢H3 0.00 H Ha |
CHy—$-H 4.00 2jyg; 7.5 CH3-$i-CHj H~Si-N—Si-H Jasi -209.4
235, 38 CH L] L, 0.3
CHj ab 3 H H a
2JaSi 5.5 CH3 b
2.63
0.42 0.79 1.14
?H3 FH3 ?H:;
CH3—$iCl C$i=Cl Cl-$i-Cl
CH3 CH; Cl
558 6.11 31, 14.6 35 7.5
b_Ha 3, 20.2 7.33 7.58 oo 14
._CH;j 2y 3.8 2 55,4 0.7
Hc S\\CH . 3 a
30.06 7.38 ¢ Si-Cl 31 . 1.4
5.63 CHj 3,2¢
pard Toe 7.5
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The silanol hydrogen is exchangeable with D,O. Slow intermolecular exchange is
observed in dimethyl sulfoxide as solvent so that the vicinal coupling in
H-Si~OH is detectable.

a
) H
R—S+OH 2-7 3
¥ CH3—$1—H 3 1.8

R a
OH 4.42 ©_§1_H 5.45 31, 2.0

OH 6.78
(in DMSO) b
(in DMSO)

5.12.2
Phosphorus Compounds

IH Chemical Shifts and Coupling Constants of Phosphines and
Phosphonium Compounds (8 in ppm relative to TMS, |J| in Hz)

1.79 15,p 184.9 01;98 263 15, 186.4 106 155 191.6
a 25 4.1 CH3.,.CH3 25 3.6
PH3 CHs—PH, , PP ™ P L1
TR 35, 82 H b 35, 77
3.13

097 15,5 2.1 al20 25 137 252 25, 12.8
. P . P .

CHj. _CH; AN 3t \ a 3
}[) a L b 0_963pr 0.5 /\ +/\ 3pr 18.0
CH, Jap 7.6 138 Yo 7.6

I

IH Chemical Shifts and Coupling Constants of Phosphine Oxides
and Sulfides (6 in ppm relative to TMS, |J| in Hz)

a5 e 119 Q H672  2p 259 3y, 129
o 163 @—P—grﬂb 3p 41.8 37, 189
b 1.10 ap 78 c6.21 3J.p 223 2Ny, 1.8

6.25

Misc,
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§ 185 ,p 4.4 § 1742, 130 b L81 25,p 113

CHy—P—CHy a Lyp 14.3 CHy—p—CH \_/r_\a B 3p 181
Hy, CH; i1y a7
7.06

—P= 25pp 25.9- 3054179 Hy, 3Jyp 47.0
H,6.143]p 453 2y 1.8 6.173]p 25.5

§ H, 660 25p 13535118 S Ha682 25, 249
< > X

L78% Hy 314p 25.4 He 3y 0117
6.26 ac .
2Jy. 1.6

1H Chemical Shifts and Coupling Constants of Phosphonous Acid
Derivatives (8 in ppm relative to TMS, |J| in Hz)

1.20 23 9.7 2y 8.7
O, ¢ aP 7 aP o
\r r b 4.20 3pr 9.5 \ ( ¢ 1.01 3pr 8.0
a

N N.
4 N 47 o
Jp 6.0 1’ - 2.96 3Jcp ~1.0
1.10 2 Jpe 7.0
1.18
(in CCly)
/O\%;/O\a 349 ~_O. ,0\/b1.25 iJap 8.0 l |2 2.43
o) r a Jop 0.6 N I\K
- ~0 385 3, 71 II’
31,p 10.8 7
31,p 8.9
aP ©-

Misc.



5.12 Miscellaneous Compounds
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1H Chemical Shifts and Coupling Constants of Phosphonic and
Phosphoric Acid Derivatives (8 in ppm relative to TMS, J in Hz)

3.66 3.65 27...18.0 7.40 7.72 315 13.3
aP : aP .
ov 172 Q7% 31p 195 b2 07 45, 41
a—lfzo 3§aP ﬂg a/_szo 3j3p 100 ¢ 115:0 Siep 12
: 7.48
143 o op § O Map 75 d e O iJab 7.7
1.06 e 1.4
3Jq 0.6
4, 16
3Jpe 7.6
4Jpq 14
378 a 129 4.04 128 4.06

| b2 3J,p 85 b1 J.p 10.0
N . T~ .

—0-P=0 9] aP 0 aP

4 4

i I Jpp 0.7 s Jpp 0.7

/O LO—P:O 3bP \—O-—P=S 3bP
| Jab I Jab =

Jp 11.0 O 0

IH Chemical Shifts and Coupling Constants of Phosphorus Ylids

(6 in ppm relative to TMS, J in Hz)

; P 2
b /¢ T 12.7
Q'P—'< 21 12

@ Ha172 ¢

O

;b P2 < > 37, 15.9

3.6

- 3Jac
@ CH3 1.82
a

Misc.
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5.12.3

Miscellaneous Compounds

IH Chemical Shifts and Coupling Constants of Miscellaneous
Compounds (8in ppm relative to TMS)

O_
Li—CH; -132(inbenzene) 3.5
-1.74 (in ether) / B\O—
4.78 42
oS qN—o/
1.39 é/
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5.13
Natural Produects

5.13.1
Amino Acids

1H Chemical Shifts and Coupling Constants of Amino Acids (§in
ppm relative to TMS; J in Hz, solvent: trifluoroacetic acid (TFA) or D;0) [1]
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5.13.2
Carbohydrates [2-4]
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Fructose
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5.14
Spectra of Solvents and Reference Compounds

5.14.1
1H NMR Spectra of Common Deuterated Solvents
(500 MHz; =~1'000 data points per 1 ppm; 8 in ppm relative to TMS)
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TH NMR Spectra of Secondary Reference Compounds

Chemical shifts in IH NMR spectra are usually reported relative to the peak
position of tetramethylsilane (TMS) added to the sample as an internal reference. If
TMS is not sufficiently soluble, a capillary with TMS may be used as external
reference. In this case, owing to the different volume susceptibilities, the local
magnetic fields in solvent and reference differ, and the peak position of the
reference must be corrected. For a D50 solution in a cylindrical sample and neat
TMS in a capillary, the correction amounts to +0.68 and -0.34 ppm for
superconducting and electromagnets, respectively. These values must be subtracted
from the chemical shifts relative to external TMS if its position is set to 0.00
ppm. Alternatively, secondary references with (CH3)3SiCH, groups may be used.
The following spectra of two such secondary reference compounds in DO were
measured at 500 MHz with TMS as external reference. Chemical shifts are reported
in ppm relative to TMS upon correction for the difference in the volume
susceptibilities of D,O and TMS. As a result, the peak for the external TMS
appears at 0.68 ppm.
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silapentane-1-sulfonate; DSS)
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5.14.3
1H NMR Spectrum of a Mixture of Common Nondeuterated
Solvents

The following IH NMR spectrum (500 MHz, § in ppm relative to TMS) of
CDClj containing 18 common solvents (0.05-0.4 vol%) is shown as a guide for
the identification of possible impurities. Where the signals of several solvents
overlap, insets show signals for the individual compounds from separate spectra.
Peaks in these insets are labeled with the corresponding chemical shifts from the
main spectrum but their values may differ by up to 0.03 ppm. Signals that are
particularly prone to vary in their position are marked with *. THF:
tetrahydrofuran; EGDME: ethylene glycol dimethyl ether.
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