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Fréquences Absorptions IR Caractéristiques des Principaux Groupements Fonctionnels

Armmettic stretch Agymimetric stretch Hrigsoting
Rocking Wagaing Twristing

| Characteristic IR Absorption Frequencies of Organic Functional Groups
Functional Group Type of Vibration Characterl(sé;trlg_f)\bsorptlons Intensity
| Alcohol |
| O-H |(stretch, H-bonded)|| 3200-3600 [ strong, broad
| O-H | (stretch, free) || 3500-3700 [ strong, sharp
| C-0 | (stretch) || 1050-1150 | strong
| Alkane H
| C-H | stretch | 2850-3000 | strong
| -C-H | bending || 1350-1480 [ variable
| Alkene |
| =C-H [ stretch | 3010-3100 [ medium
| =C-H |  bending || 675-1000 [ strong
|

C=C [ stretch I 1620-1680 [ variable




Alkyl Halide ||

| |
| C-F [ stretch | 1000-1400 [ strong |
| C-Cl | stretch | 600-800 [ strong |
| C-Br | stretch | 500-600 [ strong |
| C-l | stretch | 500 | strong |
| Alkyne | |
| C-H | stretch | 3300 I strong,sharp |
| oo [ stretch I 2100-2260 [ variable, not present in symmetrical alkynes |
| Amine H \
| N-H | stretch | 3300-3500 Imedium (primary amines have two bands; secondary have one band, often very weak)|
| C-N | stretch | 1080-1360 [ medium-weak |
| N-H | bending || 1600 [ medium |
| Aromatic | |
| C-H [ stretch | 3000-3100 [ medium |
| c=C | stretch | 1400-1600 [ medium-weak, multiple bands |
| Analysis of C-H out-of-plane bending can often distinguish substitution patterns \
| Carbonyl H \
| C=0 | stretch | 1670-1820 [ strong |
| (conjugation moves absorptions to lower wave numbers) \
| Ether H \
| C-0 I stretch | 1000-1300 (1070-1150) || strong |
| Nitrile I |
| CN | stretch | 2210-2260 | medium |
| Nitro H \
| N-O [ stretch | 1515-1560 & 1345-1385 | strong, two bands |




IR Absorption Frequencies of Functional Groups Containing a Carbonyl (C=0)

|
IFunctional Group|[Type of Vibration|[Characteristic Absorptions (cm-1))| Intensity |
\ Carbonyl H \
| C=0 [ stretch [ 1670-1820 | strong |
\ (conjugation moves absorptions to lower wave numbers) \
| Add | |
| C=0 I stretch I 1700-1725 I strong |
| O-H | stretch | 2500-3300 | strong, verybroad |
| C-0 | stretch | 1210-1320 I strong |
| Aldehyde | |
| C=0 | stretch | 1740-1720 I strong |
| =C-H | stretch | 2820-2850 & 2720-2750 | medium, two peaks |
T Amide | |
| C=0 | stretch | 1640-1690 I strong |
| N-H | stretch | 3100-3500 lunsubstituted have two bands|
| N-H | bending | 1550-1640 | |
| Anhydride | |
| C=0 | stretch | 1800-1830 & 1740-1775 | two bands |
| Ester | |
| C=0 I stretch I 1735-1750 I strong |
\ C-0 H stretch H 1000-1300 H two bands or more \
\ Ketone H \
| acyclic | stretch | 1705-1725 I strong |

4-membered - 1780
cyclic stretch 5-membered - 1745 strong
6-membered - 1715

‘ a,B-unsaturated H stretch H 1665-1685 H strong \
| arylketone | stretch I 1680-1700 I strong |




Table Infra-rouge
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Echelles de déplacement chimiqgue en RMN !H
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Déplacements chimiques de CH, CH. et CHs diversement substitués

CHs CH: CH
proton é Proton 3 proton 5
CHs-C 09 -C-CHz2-C 1,3 -C-CH-C 15
CH3-C-C= 11 -C-CHz2-C-C=C 1,7
CH3-C-0 14 -C-CH2-C-0 19 -C-CH-C-0 2
CHs - C=C 16 -C-CHz-C=C 2,3
CHs - Ar 2,3 -C-CHz- Ar 27 -C-CH-Ar 3
CH3 -CO-R 2,2 -C-CH2-CO-R 24 -C-CH-CO-R 2,7
CHs3 - CO - Ar 2,6
CH3 - CO - OR 2,0 - C - CH2-CO-OR 2,3
CHs - OR 3.3 -C-CHz2-0R 34 -C-CH-O0R 37
CHs - OH 34 -C-CHz2-0OH 36 -C-CH-OH 39
CH3-0- Ar 3,8 -C-CH2-0-Ar 43
CH3-0-CO-R 37 -C-CH2 -O-CO-R 4.1 -C-CH -0O-CO-R 4,8
CHs3 - N - 2,3 -C-CH2-N- 25 -C-CH-N- 2,8
CHs - C - NO2 16 C-CHz - NO: 44 C-CH - NO: 47
CHs - C=C-CO 2,0 -C-CHz -C=C-CO 24
CHs - Cl 30 -C-CHz-¢l 34 -C-CH-¢l 40
CHs - Br 2,7 -C-CHz-Br 3.3 -C-CH-Br 36
CH3-C-Br 17 -C-CHz2-C-Br 17 -C-CH-C-Br 17
CHs-I 2,2 -C-CHz-I 31 -C-CH-I 4,2
CH3-C-1I 19 -C-CH2-C-I 18 -C-CH-C-TI 19
CHs - CN 2,0 -C-CHz-CN 2,3 -C-CH-CN 2,7




B = CH;3|8= CH:|8= CH
A 2 5 B B A4 2 4 -‘-‘.‘;3."»‘.‘?2 A & 4 2 1 B & A4 29 7 A 5 A 32 2 4 2 8% B T 8 B _4‘);,1 1 8 & F & 5 A 3 32 4 0
M- GHyR s I M-C-CHy . |
s p M-C-C=C . o
M-CZC b4 I M=C=C=C
M—Ph [| o
i o M-C-Ph = 1
M- : : 1 M-C~F . ° |
M- M 1 M=C O = I
-1 : a " M-C-Br 2
M=0H i M=C-1 |
M-0OR 8 M=C-OH o
M- OPh H a1 M=C=0R :
M-0CI=0IR .: H I M—C—0Pn °
M —0C{= 0P o I M-C-0C(=0IR
M-0Ci= 0IcFy ol | M= G —OEt = OFPh HEHL
M=OTy* . HL M-C - 0Cl=0ICF, o
M-Cl=0H 13 M-C-Cl=0H °
M=Cl=0IR FRHL M-C-Cl=0IR 5 ° !
M=C(=0)Ph . M—C—g(=0)Ph : !
M=Cl=0j0H : : I M-C~-Ci=0I0R I
ll—'cl-ﬂ}ﬂll *| o M=C =Cl=0INR,
M-Cl=DINR, 5 r
M-C-CZN = I
M=CEN = o It o
M=C=NR, = 1
M—NH, -BHL
M —C —NPHR
M=NR, d n . o
M—C—NR} . o
M—NPhR P
M-C-NHCI=0IR
M=N'R, o a
B M-C-ND, =
M= NHC{= 0IR H I
M-C-5H .
M-NOy M|
M-C-SR |
M-N=C M of I
M-N=C=0 °
M-0-C=N
M-N=-C=5 H
M-§-CZN . 1
M-0-N=0 x - CHZ - y
M-S H T
M-SR . I —
— | Bppm =023 + 0, +0,
::: 1 Substituant Substituant
— : (XouY) N (XouY) N
et ° —-CR=CR;
M-S0, R —ClI 2.53 (R = H ou alkyle) 1.32
M- PR, —Br 2.33 |—CgHs 1.85
M=P*Cly | —C=C—R
M=P(=OIR, - 1.82 (R = H ou alkyle) 144
M-P(=SIR, —C(:O)R
-OH 2.56 (R = alkyle) 1.70
_OR (Alkyle)  [2.36 (‘Ff(;g)kai) 155
1p2p3 —C(=O)NR
R'R°R°CH ~OAr (Aryle)  [3.23 (R(: H)Ou alkyle) | 150
oy =1.50+3 z -O(C=0)R 3.13 [-C=N 1.70
_SR 1.64 |-CF3 1.14
R' R' z R' z -
z NR; 157 |-CH; 0.47
H— —0.3 HC=C— 09 MeO— 1.5 | [(R=Houalkyle)
alkyl— 0.0 OHC— 1.2 PhO— 2.3 ~NH(C=0)R 2.27 |—-Ns 1.97
CH,=CHCH,— 0.2 MeCO— 1.2 AcO 2.7
MeCOCH,— 0.2 RO,C— 0.8 Cl— 2.0
HOCH,— 0.3 NC— 1.2 Br— 1.9
CICH,— 0.5 H,N— 1.0 I— 1.4
CH,=—CH— 0.8 O,N— 3.0 MeS— 1.0 7
Ph— 1.3 HO— 1.7 Me,Si— —-0.7




Table de déplacement chimique d’un proton éthylénique en
fonction des substituants porté par la double liaison

8ppm = 5,25 + dem + Zcis + erans

Jem trans
AN
C=C
H/ \cis
R Ty Zgs - SO
H— 0 0 0
C alkyl— 0.45 -0.22 -0.28
ring-alkyl— 0.69 -0.25 -0.28
CO—CH,—or NC—CH,— 0.69 —0.08 -0.06
Ar—CH,— 1.05 -0.29 -0.32
N=CH,— 0.58 -0.10 -0.08
O—CH,— 0.64 -0.10 -0.02
Hal-CH,— 0.70 0.11 -0.04
S—CH,— 0.71 —0.13 -0.22
isolated C=C— 1.00 -0.09 -0.23
conjugated C=C— 1.24 0.02 -0.05
Ar— 1.38 0.36 -0.07
OHC— 1.02 0.95 1.17
isolated RCO— 1.10 1.12 0.87
conjugated RCO— 1.06 0.91 0.74
isolated HO,C— 0.97 1.41 0.71
conjugated HO,C— 0.80 0.98 0.32
isolated RO,C— 0.80 1.18 0.55
conjugated RO,C— 0.78 1.01 0.46
N=—CO— 1.37 0.98 0.46
CH=C0O— 4 1.46 1.01
—C=C— 0.47 0.38 0.12
N=C— 0.27 0.75 0.55
N alkyl-N— 0 R]0 =126 —-1.21
conjugated alkyl or aryl-N— 1.17 -0.53 -0.99
== N— 2.08 —0.57 -0.72
O,N— 1.87 1.30 0.62
O alkyl-O— 1.22 —-1.07 -1.21
conjugated alkyl or aryl-O— 1.21 —0.60 -1.00
==L)=0== 2.11 —0.35 ~0.64
Hal F— 1.54 -0.40 -1.02
Cl— 1.08 0.18 0.13
Br— 1.07 0.45 0.55
I— 1.14 0.81 0.88
Other R,Si— 0.90 0.90 0.60
RS— 1.11 -0.29 -0.13
RSO— 1.27 0.67 0.41
RSO,— 1.55 1.16 0.93

Use the ‘conjugated’ values when either the substituent or the double bond is further
conjugated. Use the ‘ring-alkyl’ values when the double bond and the alkyl group are part of a
five- or six-membered ring.



Table de déplacement chimique d’un proton aromatique en
fonction des substituants porté par le cycle

H
ortho ortho
. . 0= 7,26 + Zortho + Zmé‘ra + Zpar'a
meta meta
para
R Zortho Zmeta zpara
H— 0 0 0
& Me— —-0.20 —-0.12 —0.22
Et— -0.14 —0.06 —-0.17
Pr— -0.13 —0.08 —0.18
Bu'— 0.02 —0.08 -0.21
H,NCH,—or HOCH,— -0.07 —0.07 —-0.07
CICH,—  0.00 0.00 0.00
F,C— 0.32 0.14 0.20
Cl;C—  0.64 0.13 0.10
CH,=CH— 0.06 —0.03 —-0.10
Ph— 0.37 0.20 0.10
OHC— 0.56 0.22 0.29
MeCO— 0.62 0.14 0.21
H,NCO— 0.61 0.10 0.17
HO,C— 0.85 0.18 0.27
MeO,C—  0.71 0.1 0.21
ClO0— 0.84 0.22 0.36
HC=C— 0.15 -0.02 —0.01
N=C— 0.36 0.18 0.28
N H,N— -0.75 —-0.25 —0.65
Me,N— —0.66 —0.18 —0.67
AcNH— 0.12 —0.07 —0.28
O,N— 095 0.26 0.38
(0] HO— -0.56 -0.12 —0.45
MeO— -—-0.48 —0.09 —-0.44
AcO— -=0.25 0.03 -0.13
Hal F— —=0.26 0.00 —-0.04
Cr— 0.03 —0.02 —0.09
Br— 0.18 —0.08 —0.04
= 0.39 —-0.21 0.00
Other Me,Si— 0.22 —0.02 —0.02
(MeO),P(=0)— 0.48 0.16 0.24

MeS— 0.37 0.20 0.10




Constantes de couplage H-1H les plus fréguemment rencontrées

Type J,(Hz)  J, typique Type 1, (Hz) 1, typique
H. CH,
N
P s .
H, Hs
CH,—CH, irotation libre) 68 T CH,
, s
EH'_T(::—(:[-],r 0-1 1] /C—C\‘ 0-3 1.5
H.
[ - SN
H, EC-C\ 0-3 2
ax—eq 0-5 2-3 H, H, 4sommets 0,520
£q-=q 0-5 -3 s v 5 sommets 2540
H, C=C fsommets  75,1-7,0
Q" cis  5-10 o) sommets  88-11,0
(clt cutrmm) $sommets 1013
E[‘H' cis 412 CH,—Ca=CH, o
Ha trans 2-10 —CH,—Ca=C—CH,— 3
lis gu trans) H.>w<
]_L H' U ﬁ
H, H,
A elr T-13 >¢-7< ;
H, trans 49 0 .
(cls outrans) ¥
CH.—OH, (pas d'échange) 10 5 H,: 0 : 25
LN ? f- J (ortho) 6-10 9
CH.—CH, 1-3 2-3 J (meta) 1-3 3
'y H, Jipara) 0-1 ~0
Jiz-3) 5-6 5
C=CH,—CH, 58 6 4 J(3-4) -9 8
Hl‘ / 5 3 -f [2—4'] 1-2 ]-.5
ALY J(3-5) 1-2 15
C=C_ 12-18 17 6 M p 5% !
H, J (2-6) 0-1 ~0
H.
- J2-3) 1,320 1.8
C=C 0=3 0-2 4 ! 3 704 T by
H. 3 ] J(2-4) 0-1 -0
H, Hs J(2=5) 1-2 1
N, -
J/i.:—'t:\H 6-12 10 J(2-3) 4962 24
4 3 J(3-4) 34-5,0 40
CH"\ fi:l-[.. s[l Hz J(2-4) 1.2-1,7 1.5
C—C\ 0-3 1-2 5 J12-5) 3237 ia
H H

Y.

1.3 Hz

o

I

H
e
H

increase of «

2.8 Hz 5.1 Hz

8.8 Hz
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Courbes de Karplus

_ [85c0s*¢—0,28 for 0 S$= 90°
9,6 cos?¢ —0,28 for 90°.5¢ < 180°
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Constantes de couplage 1H-1°F et 1H-31P

Table 3.30 'H-!°F coupling constants (Hz)
Structure J Structure J
Jue H)i 45-52
F
H F 60-65 ortho 6-11
{ —H meta 3-9
para 04
H F 72-90
3 ey
Jur CHj CF\ 20-24
ScH—CF( 0-45¢
CH,
cissHC=CF— 3-20
— CF— ortho 2.5
trans-HC=CF 12-53 - meta 1.5
| para 0
AN /
Jur / HC—(ll“CF\ 0-9%
cis-FC=C—CH{ 2-4
trans-FC=C—CH{ 0-6
+ 012 when gauche and 10-45 when anti-periplanar.
1 The higher end of the range (> 3.5) when the atoms are held in a W conformation.

Table 3.31 3!'P-'H coupling constants (Hz)}
Type of Class of compound
cospling Phosphines Phosphonium Phosphine
salts oxides
'Jeu (150) 185-220 (250)  400-900 200-750
en (=5)0-15227) (0) 10-18 5-25
461 303 40t
3 Jocen (10) 13-17 (20) (0) 1020 (57) 14-30
L - trans (5) 12-41 trans 28-50 (80)
cis§ 6-20 cis§ 10-20 (35)
Phosphites Phosphates
3 JpocH (0) 5-14 (20) (0) 5-20 (30)
All compounds
“Jou 0-305)1

t The coupling constants are often strongly dependent upon the groups attached to
phosphorus, and therefore values outside the quoted ranges may occasionally be
observed; values in parentheses are ‘extreme’ values so far reported.

(o
Il

1 Values observed in P—C—H systems.

§ Trans coupling is usually about twice that of cis coupling.

9 In the system P—C=C=CH.

O
~U

_PH

(CH,),P

(CH,),P=0

(CH,CH,),P

(CH,CH.)yP==0
0

|
CH,P(OR),

0

|1
CH,i‘i‘.‘P(DRh

CH,OP (OR),
P[N(CH,)],
O=PN(CH,);},

Proton-Phosphore

630-707

27
134
13,7 (HCCP)
16,3 (HCCP)

10-13

15-20

10,5-12
8.8
9.5

0,5 (HCP)
11,9 (HCP)
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NMR Chemical Shifts of Common
Laboratory Solvents as Trace Impurities (RMN 1H)

Takle 1. 'H NMR Data

proton mult CDClg [CDglCO (CDg)z50 CgDlg CDeCN CDeOD
solvent residual peak T.26 2.05 2.50 7.16 1.94 2.321
H:O 5 1.56 2,842 3.33= 0.40 2.13 4.87
acetic acid CHz 5 2.10 1.96 1.81 1.55 1.96 1.98
acetone CHz 5 2.17 2.09 2.09 1.55 2.08 2.15
acetonitrile CHz 5 2.10 2.05 2.07 1.55 1.96 2.03
benzene CH 5 7.36 7.36 7.37 7.15 7.37 7.33
tart-butyl alcohol CH; 5 1.28 1.18 1.11 1.05 1. 16 1.40
CHe 5 4.19 1.55 2.18
tart-butyl methyl ether CCH;g 5 118 1.13 1.11 1.07 1.14 1.15
COCH:z 5 322 3.13 3.08 3.04 3.13 3.20
BHT* ArH 5 695 §.96 8.87 7.05 6.97 §.92
CHe 5 501 6.65 4.79 5.20
ArCHg 5 2.27 2.22 2.18 2.24 2.22 2.21
ArC(CHg)e 5 1.43 1.41 1.26 1.38 1.39 1.40
chloroform CH 5 726 .02 8.32 6.15 7.58 7.80
cyclohexane CHz s 142 1.43 1.40 1.40 1.44 1.45
1,2-dichloroethane CH: 5 373 3.87 3.80 2.80 3.81 3.78
dichloromethane CH; 5 530 5.63 5.76 4.27 5.44 5.49
diethyl ether CH;: t, 7 121 1.11 1.09 1.11 112 1.18
CH; q.7 348 241 3.38 3.26 3.42 3.49
diglyrme CH; m 365 2.56 3.51 3.46 2.53 361
CH:z m 3.57 3.47 3.38 3.34 3.45 3.58
OCHe 5 3.39 3.28 3.24 3.11 3.28 3.35
1,2-dimethoxyethane CH; 5 340 3.28 3.24 312 3.28 3.35
CH: 5 355 3.46 3.43 3.33 3.45 3.52
dimethylacetamide CH,CO 5 2.09 1.97 1.56 1.60 1.87 2.07
MNCH; 5 3.02 3.00 2.54 2.57 2.96 3.31
MNCH; 5 2.94 2.83 2.78 2.05 2.83 2.92
dirnethylformarnide CH 5 &.02 .96 7.95 T.62 T.82 T.97
CH; 5 2.96 2.94 2.89 2.36 2.89 2.89
CH: 5 288 278 2.73 1.26 2.77 2.86
dirnethyl sulfoxide CH: 5 262 2.52 2.54 168 2.50 2.65
dioxane CH: 5 371 2.59 3.57 3.35 2.680 3.66
ethanol CHs t, 7 1.25 1.12 1.06 0.96 112 1.18
CH; q.7¢ 372 3.57 3.44 3.34 3.54 3.60
COH sod 1.32 2.39 4.62 2.47
ethryl acetate CH,CO 5 2.05 1.897 1.89 1.65 1.87 2.01
CH;CH; q.7 4.12 4.05 4.02 3.80 4.08 4.09
CH:CH; t, 7 1.26 1.20 1.17 0.82 1.20 1.24
ethry] methyl ketone CH.CO 5 2.14 2.07 2.07 1.58 2.08 2.12
CH;CH; q.7 2.46 2.45 2.43 1.81 2.43 2.50
CH:CH: t, 7 1.06 0.26 0.81 0.85 0,96 1.01
ethylene glyeol CH 5 378 3.28 2.34 341 3.51 2.59
‘grease” £ CH: m 026 087 0.92 0,26 0.28
CHz brs 1.26 1.29 1.36 1.27 1.28
1-hexane CH; t 088 0,88 0.86 0.29 0.29 0.80
CH: m 1.26 1.28 1.25 1.24 1.28 1.28
HMFEAS CH: d, 9.5 265 2.59 2.52 2.40 2.87 2.64
methanol CH;: s 349 2.21 3.16 307 3.28 3.34
OH god 1.0g 312 4.01 2,18
nitromethane CH: 5 4.33 4.43 4.42 2.94 4,31 4.34
1-pentane CH: t, 7 0838 0,83 0.26 0.87 0,29 0.80
CH: m 127 1.27 1.27 1.23 1.29 1.28
2-propanaol CH: d, 6 122 1.10 1.04 0.85 1.0 1.50
CH sep, f 4.04 3.80 3.78 387 3.87 3.2
pyridine CHI(2) m 8262 2.58 2.58 8.53 B.87 8.52
CHI(3) m T.29 7.25 7.30 5 .66 7.33 T.44
CHI4) m TEE T.76 7.7 6.98 T.73 T.B5h
silicone grease’ CH- 5 0,07 0,13 0,258 0,08 0.10
tetrahydrofuran CH: m 1.85 1.79 1.76 1.40 1.80 1.87
CHzO m 376 3683 3.80 3.87 3.64 371
toluene CH: 5 2,36 2.32 2.20 2.11 2,33 2.32
CHio 1 m 717 7.1=72 718 .02 T.1-7.2 T.16
CH{m) m T.25 7.1-=72 7.258 .12 T.1-7.2 T.16
triethylamine CH: 7 1.0z 0.26 0.82 0.96 0,96 1.05
CH: q. 7 2.52 2.45 2.42 2.40 2.45 2.58
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RMN 13C : Alcanes

Tableau 2
Tableau 1 (Incrémenter les 6 du tableau 1)
Composé C-l1 C2 C3 C4 C-5 Y
. B — « y . y
Meéthane -2,3 ../\/\\Y
Ethane 5, B P B
Propane 158 163 158 Terminal Interne
Butane 134 252 252 =
Pentane 139 228 34,7 228 139 « B Y
Hexane 14,1 23,1 32,2 3222 23,1 Y Terminal Interne Terminal Interne
Heptane 14,1 23,2 32,6 29,7 326 CH, +9  +6 +10 +8 =2
Octane 142 232 326 299 299 CH=CH, +20 +6 -0,5
Nonane 142 233 326 30,0 303 C=CH =~ +45 +5.5 -3,5
Décane 142 232 326 31,1 305 COOH +21 +16 +3 +2 =2
COO- +25 +20 +5 +3 —%
. COOR +20 +17 +3 +2 =
Isobutane 245 254 CoCI 133 128 2
Isopentane 222 31,1 32,0 11,7 CONH, +22 +2,5 -0,5
Isohexane 22,7 28,0 42,0 20,9 143 COR +30 +24 R +1 -2
Néopentane 31,7 28,1 CHO +31 0 -2
2,2-Diméthylbutane 29,1 30,6 369 89 Phényle +23 +17 +9 +7 -2
3-Méthylpentane 11,5 295 36,9 (18.8; OH +48 +41  +10 +8 -5
3-CH,) OR +58 +51 +8 +5 4
2,3-Diméthylbutane 19,5 34,3 OCOR +51 +45 +6 +5 =3
2,2,3-Triméthylbutane 27,4 33,1 383 16,1 ﬁ?ﬁ :gg :%3 *ié 12 -g
2,3-Diméthylpentane 7,0 253 363 “4E§6.b o NHR 137 131 18 6 4
3 NR, +42 +6 -3
NR,* +31 +5 -7
NO, +63 +57 +4 +4
CN +4 +1 +3 +3 -3
SH +11 +11 +12 +11 -
SR +20 +7 -3
F +68 +63 +9 +6 -4
Cl +31 +32 +11 +10 4
Br +20 +25 411 +10 -3
1 -6 +4 +11 +12 -1

*C'CQ'CB'CY ‘ 0=-23+A+B

-2,3 : déplacement chimique du *C du méthane

A :terme de blindage B :terme de correction stérique ou de ramification
Tableau 1 : Incréments nécessaire au calcul de A

Tableau 2 : Incréments nécessaire au calcul de B

The number of substituents (other than H)

Increments Increments
Substituent  « B 0% Substituent  a B 0%
—C.sp® 91 94 —-25 —NC 283 113 —5.1
—C=C— 44 56 —34 —N< 307 54 —7.2
—C=C— 195 69 —21 —NO, 616 3.1 —46
—CéHs 221 93 -26 —S— 106 11.4 —3.6
—Cl 31.0 100 —51 —CHO 299 —0.6 —27
—F 701 7.8 —-68 —CO— 225 3.0 —3.0
—Br 189 110 —-38 —COOH  20.1 20 —2.8
= -7.2 109 —15 —COO~ 245 35 —25
o’ 214 28 —-25 —COO— 226 20 —28
—0— 49.0 101 —-62 —CONT 220 26 —3.2
—0—CO— 565 65 —60 —CN 3.1 24 —33

13C atom on the a-substituents.

observed 1 2 3 4
primary e [ | —3.4
secondary i —2:8 -T2
tertiary - —-3.7 —-9.5 —15.0
quaternary =15 —8.4 —15.0 —25.0

Carbon equivalent

Functional group

primary
secondary
tertiary

—CO,H, —CO2R, —NO,
—CgHs, —CHO, —CONHp, —CHX*

—COR

Remarques : pour les amines et les éthers, pour déterminer B, considérer les hétéroatomes comme des carbones.
Pour les esters et les amides, pour le calcul de A, le radical R (¥*C-CO-X-R, X = N ou O) doit étre considéré comme un

substituant.
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RMN 13C : Alcénes

150,7

1261
e G
1280

1732

1319 COOH
153

Br CH;
108,9>=1294
H H

84.2

128,7

1299

532

OCH, o4

COOCH, .4,

137.5 OH

1149 634

1417

167.,6

OCCH,
| 20,2
0

1223

COOCH,

136,2 1133 121 1260
H,C=CH,
122 VAN AV VAN
187 1159 140,2 1246 176
\\/\;4,3 140 13271232 1333 \/\/I3§ 137 294 12,6
138.5 205 123 1237 114.5 226 1372 1240
137 353 1251 131,2 1313
232 1317 172
17,5 1159 1144 1295 165 1309 1264 180 1302 13.0
172
1372 1373 137,8 1332 1325 1283 1274 1231
109,3
0 1316
1493 118.7 1266
mJ nw 260 126,1
1308 162
m,z[]lm.:
326 23
2.1
CH,=C=CH,
748 2135

156=122,8+A+B

122,8 : déplacement chimique des 3C de I'éthéne

Incréments A et B pour les alcénes alkylés de structure
Cp-Co-*C=C-Cy-Cp'

Incréments A pour les alcénes de structure
X-CH(a)=CH(pB)

X

Substituent Increments Increments
X a B Substituent a B
Position of Increments Type of Increments
substitution A disubstitution B —Cl 3.3 —56  —CHyY* 12 -5
. —NCOR, 72 —285  —CH,COH 69  —46
al 108 s =i —NO, 22.8 —04  —CHON 59  —21
B 7.2 a0 gem —4.8 —N= 189  —262  —CeHs 130 —105
7 —15 0 g es —OCHs 310 -382  —C=N -156 151
e =79 B.B gem e —OCOCH; 189  —264  —COR 6.0 8.0
B —1.8 —CHy 134 =69  —COCHs 149 6.7
Y +1.5 —tBu 26.9 —-13.0 —CHO 15.8 14.8
—CONZ 9.6 3.1
RMN 13C : Halogénures d’alkyle
Composé C-1 C-2 C-3
RMN 13C : Alcynes CH, 23
. CH,F 754
Composé Cl G2 C3 C4 G5 C-6 CH,CI 249
But-1-yne 67,0 84,7 CH,(:I2 54,0
But-2-yne 73,6 E}CIICI ;;g
Hex-1-yne 674 828 174 299 21,2 129 CH.Br 10,0
Hex-2-yne 1,7 737 769 196 21,6 12,1 CH,Br, 214
Hex-3-yne 144 120 799 CHBx, 12,1
CBr, -28.5
CH,l -20,7
CH L -54,0
CHI -139,9
8=79,1+A cl, 2925
—Cg—C,— 'C=C—C,1—C—p1
| . CH,CH,F 79,3 14,6
ncrements .
CH,CH,CI 399 18,7
s -, r U ] 2 » .
ubstituents a a B g CH,CH,Br 283 20,3
—C.sp? 6.9 =5.7 4.8 2.3 CH.CH.I -02 21,6
—CH,0H 11.1 1.9 S
—COCHs 31.4 4.0
G, e a4 CH,CH,CH,Cl 467 265 115
—CH=CH, 10.0 11.0 CH,CH,CH,Br 357 26,8 13,2
CH,CH,CH, I 100 276 162 |




RMN 13C : Hétéroaromatiques

Composé C-2 C-3 C-4 C-5 C-6 Substituant

Furane 142.7 109,6

2-Méthylfurane 1522 106,2 110,9 141.2 13.4

2-Carboxaldéhydfurane 1533 121,7 112,9 148,5 178,2

2-Méthylfuroate 144.8 117.9 111,9 146.4 159,1 (C=0)

51,8 (CH,)

Pyrrole 118.4 108,0 '

2-Méthylpyrrole 127,2 105,9 108,1 116,7 12,4

2-Carboxaldéhydpyrrole 1340 1230 112,0 129.0 178,9

Thiophéne 1244 126,2

2-Méthylthiophéne 139,0 124,7 126,4 122,6 14,8

2-Carboxaldéhydthiophéne 143.3 136.4 128,1 134.6 182,8

Thiazole 152,2 1424 118,5

Imidazole 136,2 122,3 1223

Pyridine 150,2 1239 135,9

Pyrimidine 159,5 1574 122,1 157.4

Pyrazine 145.6

2-Méthylpyrazine 154,0 141,8* 143,8* 144,72 21,6

: -\llﬂhulml'h”l:\rr;-a;nr\_ - -
RMN 13C : Amines

Composé C-1 C-2 C-3 C-4

CH,NH, 26,9

CH,CH,NH, 359 17,7

CH,CH,CH,NH, 449 27,3 11,2

CH,CH,CH,CH,NH, 423 36,7 204 14,0

(CH,);N 47,5

CH,CH,N(CH,), 58,2 13,8

Cyclohexylamine 50,4 36,7 25,7 25,1

N-Méthylcyclohexylamine 58,6 33,3 25,1 26,3 (N—CH, 33,5)

RMN 13C : Aromatiques
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o= 128.5 + ZAS;

OCH >
OCOCH 5
OC.H=
NH:
H(Me):
N(Ph)z
NHCOCH s
HOz
NCO

F

Cl

Br

1

- 6.

L+ 4+ + 4+ ++
0 en D 0L OO B 1
wa O b s O = DD

+

+ 4+ + + + + ++
Ll el A R
= D L0 00 W W DM n

+20

+
o
by @0 =

+34.
+ B.
- 5.
-32

Pk ek

ortho

e B ) e O ) s e e W R R W D DO

I N E E R E NI N
[ e B W« Qg

]
-
@

-9

ol O Mmoo

cn wo B3 = 0o Q0

[

LI O . B

h e

]
o
[ 0 TS TEN TR =]

LI I I I . R
S WLO@map

HEEBRNOADORRDOONN DWW D R NI WO =00 =W O

-
Q
w
o

+-
[y
L+ 0 81
[y

=3 i B D
|
O w o m

18



RMN 13C : Aldéhydes et cétones

A = somme des incréments

—C,—Cpg—Co— ’C-—Ca—Cg—C«,—

Increments
Substituent Ay Ag Ay’
—C.sp? 6.5 2.6 1.0
—CgHs —=1.2 0.0 .

—CH=CH, —-0.8 0.0
—2-furanyl —12.0 .

* When C,Cg = CH=CH—

RMN 13C : Acides carboxyliques et esters

0

]
—C,—Cp—C,—C—0—X

Increments
Substituents « B Y X
—C.sp® 11 3 -1 -5
—CgHs 6 1 o -8
—CH=—CH, 5 e . -9

RMN 13C : Amides

0 Cy—Cpg
| 4
—Cg—C,—C—N
Cor—Cpe
Substituents a B % o B’
—C.sp® 7.7 45 -0.7 -1.5 -0.3

—CgHs 4.7 i - —4.5
—vinyl 3.3 oo

RMN 13C : Nitriles

R-C=N
0 0 0
Substituent  value Substituent value Substituent value
—Me 117.7 —CH,CI 115.7 —p-CgHsNO,  112.2
—Et 120.8 —vinyl 117.2 —2-furanyl 111.7

—-Pr 123.7 —CgHs 118.7 —cinnamyl 118.3




Constantes de couplage Jcc, Jen, Jcr et Jex

'I{(C.C)
HyC—CHs 346 CH3  X=CHy 36.9
H,C=CH, 67.6 3 I - OH 195
HC =CH 1715 CHsy  =Cl 400
= 40.2
CgHg—H,C—CHj 34 =
CEHg—HC =CH2 70 4 Y
0 HoC” Y 1
_ 2 cl ¢l 15.5
H,C-C=N 573
LI(C.H) ’I(C H)
spt p?
CH,CH, 124.9 CH.CH, —45
CH,CH,CH, 119.2 CH.CCl, 59
(CH,),CH 114.2 CH.CH=0 26.7
CH,NH, 133.0 '
CH,0H 141.0 CH.=CH. -24
CH,Cl 150.0 (CH,),C=0 55
CH,CI, 178.0 CH.=CHCH=0 26.9
CHCl, 209.0 *CH, 1.0
sp
CH=CH 49.3
<:>—H k=0 C.H,OC=CH " 610
1) = 16 (>7)
O_H 1280
| *Tex
D\ 1340 1T = 20 Hz
H 1T ¢ = -160 Hz
1T = 6-8 Hz
[>—H 161.0 1T, = >600 Mz
H
A 205.0
sp’ .lc|:
CH:=CH= 156.2 21 A
gg’gjg{m’}: i;’g: Il values (Ha) c»4]-cu:-cuz-é?4z-cuﬁ j[\]m
= : 5167 N
NH,CH=0 1883
Cell, 159.0
sp
CH=CH 2490 20
C,.II;C‘=‘-CII 2510
HC=N 269.0




NMR Chemical Shifts of Common

Laboratory Solvents as Trace Impurities (RMN 13C)

Tahle 2. 1*C NMR Data=
CDClg (CDg):C0 (CDg)z0 CsDg CDCIN CDeOD
solvent signals 7716 £ 0.086 29.84 &+ 0.01 3852 £ 006 128.06 £0.02 1.32 £ 002 49,00+0.01
208.26 £ 0.13 112,26 & 0.02
acetic acid cCo 17589 172.31 171.83 175.82 173.21 175,11
CHe 2081 20.51 20.85 20.37 20,73 20,56
acetone cCo 207.07 205 .27 206,31 204 .43 207.43 208.67
CHe 3082 30,60 30.56 30.14 3081 30,87
acetonitrile CIN 116.43 117.860 117.81 116.02 112.26 118,08
CHe 1.29 1.12 1.03 0.20 1.78 0.85
benzene CH 128.37 129.15 122.30 128.562 125.32 125.34
tart-butyl aleohol C 69,15 53,13 66,288 52.19 63,74 59,40
CHs 31.25 30,72 30.38 30.47 30.68 30,91
tart-butyl methyl ether OCH; 49 .45 459,35 48,70 45,19 49,52 49,66
C 72.87 72.81 72.04 72.40 73.17 74.32
CCHe 26.99 27.24 26.79 27.08 27.28 27.22
EHT Zi1) 151.55 152.51 151.47 152.08 152.42 152.85
C(2) 135.87 138.19 135.12 136.08 132.13 135,00
CHI(3) 125.55 129.058 127.97 128.52 125.461 125.49
C(4) 128.27 126.03 124 .85 125.83 126.38 126.11
CHeAr 21.20 21.31 20.87 21.40 21.23 21.38
CH:C 30.33 31.61 31.25 31.34 321.50 31.15
C 34.25 35.00 34.33 34.35 35.08 35,38
chloroform CH 77.36 79.19 79.16 7779 79.17 79.44
cyclohexane CH;z 26.94 27.51 26.33 27.23 27.63 27.96
1,Z2-dichloroethane CH;z 43 .50 45.25 45,02 43.59 45,54 45,11
dichloromethane CHsz 53.52 54 .85 54 .24 53.48 55.32 54,78
diethyl ether CHe 15.20 15.78 15.12 15.46 15.63 15.486
CH;z 65.91 66,12 52.05 55.94 66,32 56,288
diglyme CHe 58.01 b8.77 57.98 58.66 5&.80 55,08
CH;z 70.51 71.03 59.54 70.87 70,59 71.33
CH; 71.80 T2.63 71.25 72.35 72.63 72,82
1.2-dimethoxyethane CHe 58,08 52.45 5&.01 58.68 hHE.20 55,08
CH;z 71.84 T2.47 17.07 72.21 72.47 72,72
dimethylacetamide CHs 21.53 21.51 21.29 21.16 21.76 21.32
cCo 171.07 170.61 165.54 165.85 171.31 173.32
MNCHg 35.28 34,80 37.38 34.67 35.17 35,50
MNCHz 38.13 37.92 34 .42 37.03 38.26 38.43
dimethylformamide CH 16262 162.79 162.29 162.13 163.31 164.73
CHe 36.50 36.15 35.73 35.25 36.57 36,89
CHe 31.45 31.03 30.73 30.72 31.32 31.81
dimethyl sulfoxide CHe 40,786 41.23 40.45 40.03 41,31 40,45
dioxane CHsz G7.14 G7 .60 66.36 G7.16 G7.72 5a.11
ethanol CHe 18.41 18.89 18.51 18.72 18,20 18.40
CH;z 58.28 57.72 B&.07 57.86 h7.06 5&.26
ethyl acetats CHCO 21.04 20,83 20.68 20.56 21,16 20,88
cCo 171.36 170.96 170.31 170.44 171.68 172.89
CH;z 50,459 50,56 58,74 50.21 60,58 51,50
CHe 14.19 14 .50 14 .40 14.15 14.54 14.49
ethyl methyl ketone CHCO 28,459 29,30 28.26 28.56 28,60 29.39
cCo 208 .56 208.30 208.72 206.55 208,28 212,16
CHzCH: 3620 36.75 35.83 36.36 37.00 37.34
CHz:CH: 7.26 2.03 7.81 7.01 2.14 2,00
ethylene glycol CHz 5379 G4 .26 G2.76 G4.34 64,22 54,30
“greass” CH;z 28,76 30,73 28.20 30.21 30,86 31.29
1-hexane CHe 14.14 14.34 13.28 14.32 14.43 14.45
CH:(2) 2270 23.28 22.05 23.04 23.40 23.68
CHz(3) 2164 32.30 20.95 31.98 32.36 32.73
HMF A% CHe 36.87 37.04 36.42 36.88 37.10 37.00
methanol CHe 5041 49 77 48,59 49,97 49,50 49,826
nitromethane CHe 52.50 63.21 53.28 51.16 63.66 53,08
r-pentane CHs 14.08 14,28 13.28 14.25 14,37 14,39
CHzl(2) 22.38 22.98 21.70 22.72 23.08 23.38
CHz(3) 34.186 34 .83 33.48 34.45 34,80 35,30
2-propancol CHs 25.14 25 .67 25 .43 25.18 25,55 25,27
CH 64,50 53.85 64 .92 54.23 64,30 54.71
pyridine CH(2) 145890 150.67 145.58 150.27 150.76 150,07
CHI(3) 12375 124 57 123.84 123.58 127.76 125.53
CHI4) 13586 136.56 136.05 135.28 136,20 138.35
silicone grease CHs 1.04 1.40 1.38 2.10
tetrahydrofuran CH;z 25.862 26.15 25.14 25.72 26.27 26.48
CH;;O 67.97 53,07 67.03 57.80 68,33 53,83
toluene CHe 21.486 21.48 20,89 21.10 21.50 21,50
Cid 137.89 138,48 137.35 13751 132.80 138.85
CHia 125.07 129.78 128.88 129.33 125.54 125.91
CHm) 122.26 129.03 128.18 122.56 125.23 1259.20
CHig) 125.33 126.12 12520 125.68 126.28 126.29
triethylamine CHe 1161 12.458 11.74 12.35 12.38 11.09
CHsz 46.25 47 .07 45,74 46.77 47,10 46,96
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Abondance isotopique de différents éléments

Element Isotope Accurate Natural
Mass Abundance
Bromine 79Br 78.918336 50.69%
81Br 80.916289 49.31%
Carbon 12C 12.000000 98.90%
13C 13.003355 1.10%
Chlorine 35CI 34.968852 75.77%
37Cl 36.965903 24.23%
Fluorine 19F 18.998403 100.00%
Hydrogen 1H 1.007825 99.985%
2H 2.014102 0.015%
lodine 1271 126.904473 100.00%
Iron 54Fe 53.93961 5.80%
56Fe 55.93494 91.72%
75Fe 56.93540 2.20%
Nitrogen 14N 14.003074 99.63%
15N 15.000108 0.37%
Oxygen 160 15.994915 99.76%
170 16.999131 0.04%
180 17.999160 0.20%
Phosphorus 31P 30.973762 100.00%
Silicon 28Si 27.976927 92.23%
29Si 28.976495 4.67%
30Si 29.973770 3.10%
Sodium 23Na 22.989767 100.00%
Sulfur 32S 31.972070 95.02%
33S 32.971456 0.75%
34S 33.967866 4.21%
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Les fragmentations les plus courantes

en spectrométrie de masse

Alcanes :
Perte d’'un méthyle : M** — M* + CH3" (15)
Suivi d’une perte d’un éthyléne : M* — M* + CH,=CH, (28)

Alcénes :
Obtention d’un carbocation allylique : R-CH,-CH=CH;** — *CH»-CH=CH, (41) + R

Alcools :
Primaire : R-CH,-OH** — R* + CH,=0H" (31)

Ethers :
Rupture en a : R-O-CH,-R** — R-O=CH;* + R®

Amines :
Rupture en o : R-NH-CH;-R** — R-NH=CH,* + R*

Aldéhydes :
Perte d’un radical hydrogene : R-CO-H** — R-C=0*+ H* (1)
suivi d’un perte de CO : R-C=0*" — R* + CO (28)
Perte de la chaine principale : R-CO-H** — R* + HC=0" (29)
Rupture en 3 : R-CH,-CO-H** — R* + CH,=CHO" (43)
Réarrangement de Mclafferty : RCH,CH,CH,CHO* * — RCH=CH; + CH,=CHOH"" (44)

Cétones :
Rupture en o, : R-CO-R’** — R* + R’C=0"
Réarrangement de McLafferty (voir aldéhydes)

Acides, esters et amides :

Réarrangement de McLafferty (voir aldéhydes)
Rupture en o (voir cétones)
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