Carbon NMR essentials
You Should Know:

1. For CyH,O,N, IHD = 2N+2 - (#hydrogens+#halogens) + (#Ns)
2

2. How to identify symmetry and use it.

3. Proton Inventory. ldentify if any protons are attached to non-carbon atoms by
Summing the number of C-attached protons and comparing to molecular formula

4. Typical *C chemical shifts = | 0
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(" Table 5.3 Incremental Substituent Effects (ppm) on
Replacement of H by Y in Alkanes. Y is Terminal or
Internal® (+ left, — right)

Y
Y 47 Y o Y
NNy
B B B
Terminal Internal
o B Y
Y Terminal Internal Terminal Internal
CH, + 9 + 6 +10 +8 -2
CH=CH, +20 + 6 -05
C=CH + 4.5 + 55 -35
COOH +21 +16 + 3 + 2 -2
COO- +25 +20 + 5 + 3 -2
COOR +20 +17 + 3 + 2 -2
Ccocl +33 +28 + 2
CONH, +22 + 25 -0.5
COR +30 +24 + 1 + 1 -2
CHO +31 0 -2
Phenyl +23 +17 + 9 +7 =2
OH +48 +41 +10 + 8 =3
OR +58 +51 + 8 + 5 —4
OCOR +51 +45 + 6 + 5 -3
NH, +29 +24 +11 +10 =5
NH,* +26 +24 + 8 + 6 =5
NHR +37 +31 + 8 + 6 —4
NR, +42 + 6 -3
NR,* +31 +5 -7
NO, +63 +57 + 4 + 4
CN + 4 + 1 + 3 + 3 -3
SH +11 +11 +12 +11 —4
SR +20 + 7 -3
F +68 +63 + 9 + 6 -4
Cl +31 +32 +11 +10 -4
Br +20 +25 +11 +10 -3
\ I -6 + 4 +11 +12 -1
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base values
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3-methylpentane

ethane H;C-CHj;

2,3-dimethylbutane

2,2,3-trimethylbutane
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Cycloalkanes > [ O etc...
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Table 12.2 Saturated Heterocyclics
Unsubstituted
H
0 S N
[ \395 [ \1g7 L\1g2
0 S
22.9 D72.6 29.7 |—‘—|27.5
26.5 31.2 25.7
68.4 31.7 47.1
0 N
H
24.9 26.6 25.9
277 027.8 027.8
69.5 g~29] T 47.9
H
Substituted
o 24.4
wa 56.7
473 CH;, N
18.1 |
. CH, 48.0 )

(Table 12.3 Alkene and Cycloalkene Chemical Shifts (opm from TMS)
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(ble 124 Chemical Shiffs of Substituted Alkenes (ppm from TMS) |
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Table 12.7 Chemk_:al Shifts of Ethers, Acetals, and Epoxides
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Table 12.8 Ketones and Aldehydes
206.7 354 7
30.6 7.9% 208. 2 78 379 ? ;':] 4185
0 o} 219.6 209.7
0
30.6 128.2
244 128.4}\ i £7~5 307 199.7
4.9 137.1263 128.6/\|]1/96.9 CH;—CHO
Sy 132.9 0
0
128. 9}\ 192.4
202. 5 129.5/>>~__CHO 136.4
15.8 CCI3CHO
1 8/\/C 1364 13607 “CHO *175.3
S 459 134.2 192.1
H.
7N
L, — =01
203.5 = 1926
%
s§7 309 2487 01.1
0 0
197.1 206.9 key: o
224 29.6 37.0 CHO = )k
() (0] ‘171 H
-




184.8 128.0 89.1  168.0
CH3;—COOH >3——COOH 13197 SCOOH  CCl;—COOH

4.1
06 11 gy 1732
0
0 0
168.5 0
172.6 NH [ ( 172.9
1150  163.0 181.5 Cl I 28.6 :
COOH 133.1
i 133.7 130.2 5 17.2 . 128.9 167.3
176.5 c . c
1284 :
a d a
i 2 1 i s ] I
60.0 27.2 234 25.5 72 165.9 28.7 27.7 177.9
S N B4 23 _21s 0 CH;CH,C 40 I o HCNH CH,CNH
20077030 T 138 9271733 S08 1437 335 339 © | g 22 - i
a 0 ' : 68.6 - :
a a o a P c c
Py 1287 D 1417
170.0%6.8 7 0 167.7 : 31.1 162.4 0 0
" : S~ ; [ 170.8
2147 707 204 12997 Y1643 0" 964 HiC ) NH, ~ 157.8)| 609
e /\Ior ' B \W—c? 1703 NI HN ’lLo’\m.s
¢ He”  H 0 a
36-2 { - (4
0 166.8 51.0 ¢
[|158.1 COOCH 1119 117.9
1153 C. 647 ’ | [ 159.0 518
BEs 07 133 146.4 COOCH;
a 144.8 o o O
10'0\1)]\6 3/4< 4)% 5.9 329
ooy N Tis0 230 T7TON” 2057169 ’l“
key: H
CO,H 0 CO,Me j)\ 379
2 = 2 =
”’*LL)]\OH %7 “OMe

129.4 132.2
y y 1186 130 —188 +

\
133.0 \CEN 196 C=N

112.6




