13C NMR

Setup 13C 1d NMR experiment : (See as well manual experiment setup)

- Load your sample

* Start by acquiring a *H spectrum (useful 1) to check your samples 2) to cross reference the spectrum)

- Command : newnmr (create a H dataset)
- Command : atma (tuning) ; rsh (read standard shim file); lock (solvent); topshim (shim)
- Command : zg (start the experiment)

* Setup 13C experiment

- Command : edc (create a new dataset); rpar refe* (read pre-set experiment) > choose refe_13Ccpd in user
- Command : atma (13C tuning as it was not done before)
- Command : zg (start the experiment)

You can eventually change some parameters:

- ns : change number of scans.
Rem : The signal to noise (SNR) accumulate proportionally to the square root of the number of scans (ns)
Ex: if 1024 scans are needed to have a SNR of 5, 4096 scans will be needed to have a SNR of 10
-> Consider using cryoprobes if your SNR is still too small within a decent acquisition time
SW = 240 ppm (default)

- O1P and SW : the centre and the width (in ppm) of the spectral window ;0 T ;o [ppm]

O1P = 100 ppm (default)

Baseline correction : (using left shift and linear backward prediction)

In topspin 4: command apbk - correct the baseline ‘ ‘
To open processed data in MestreNova: —

- Do not drag and drop the entire exp i ol Ly I
- Go in expname /expno/pdata/1/1r - i e

-> drag and drop this file in MestreNova

Quantitative 13C :

The default 13C experiment is NOT quantitative (fast repetition time, NOE transfer)

It is possible to make 13C quantitative for protonated carbons :
-> change pulse sequence to zgig, change d1 for 60 s (ask us if this sequence is needed)

If quantitative integration on quaternary carbons is needed
- One can eventually add relaxing agents such as Cr(acac); 0.1M or MgCl, 3M
- change pulse sequence to zgig, change d1 for 10 s (ask us if this sequence is needed)

13Cchemical shifts :

- See next table for general chemical shift
- See next tables for 13C chemical shifts estimations

sources: - Balci, M. (2005).
13C Chemical Shifts of Organic Compounds. Basic 1H- and 13C-NMR
Spectroscopy, 293-324.
doi: http://dx.doi.org/10.1016/B978-044451811-8.50013-9

- Dr. Hans J. Reich. University of Wisconsin, Madison: page


http://dx.doi.org/10.1016/B978-044451811-8.50013-9
https://www.chem.wisc.edu/areas/reich/nmr/c13-data/cdata.htm

13C general chemical shifts table :

(source: ...

)
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Estimating 13C chemical shifts :

source: Balci, M. (2005).
13C Chemical Shifts of Organic Compounds. Basic 1H- and 13C-NMR Spectroscopy, 293-324.
doi: http://dx.doi.org/10.1016/B978-044451811-8.50013-9

A. Substituted Alkanes

'*C-NMR chemical shift values of some hydrocarbons Shift parameters of the substituents [87]
Compound Chemical shifs of the carbon atoms Substituent Position of the substituent
o o Cs Cq Cs o B . 8
E‘I;:hanc - é; -F 70.0 7.8 ~6.8 0.0
thane 5 -Cl 31.0 10.0 -5.1 -0.5
glm:c :g-i ;g; ~Br 18.9 11.0 -3.8 -0.7
n-Pentane 13.9 2738 347 -1 -2 109 ~ Lo 0.9
n-Hexa -0H 49.0 10.1 —6.2 0.0
ne 14.1 231 322
n-He -0R 58.0 7.2 —58 0.0
ptane 14.1 232 326 29.7
n-Octane 142 232 326 299 -0COR 54.0 6.5 =60 0.0
n-Nonane 14.2 233 326 30.0 30.3 -COOH 20.1 2.0 —2.8 0.0
n-Decane 14.2 232 32.6 31.1 30.5 -COOR 226 20 -28 0.0
i-Butane 245 25.4 -COCl 331 23 —36 0.0
2-Methylbutane 222 31.1 32.0 11.7 -CN 31 24 -33 -05
2,2-Dimethylbutane 29.1 30.6 36.9 89 ~CHO 299 —-0.6 -27 0.0
2,3-Dimethylbutane 19.5 34.3 -COR 225 3.0 —3.0 0.0
2,2,3-Trimethylbutane 274 33.1 383 16.1 —-CH=CHR 20.0 6.9 —-21 0.4
2-Methylpentane 22.7 28.0 420 209 14.3 _C=C- 4' 4 5' 6 —34 —0.6
3-Mel'hylpcntanc 11.5 29.5 369 18.8 (Cg) —l::h } 22;} 9i3 _ 2:6 0:3
3,3-Dimethylpentane 7.7 334 322 25.6 (Cs) ~NH, 283 1.2 —-5] 0.1
-NO, 61.6 3.1 —4.6 -1.0
-SH 10.6 114 =36 =04
-SCH,4 204 6.2 =27 0.0
EXaml )le CHQ_CHE —'CHz_'_CHz'_CHz_CHz_CHQ—CHZ_OH
8 7 6 5 4 3 2 1
Octane 139 229 322 295 205 322 229 139
Subst. Effect - — - - 00 ~62 101 490
Calculated 13.9 229 322 295 295 260 33.0 629
Experimental 139 228 321 296 297 261 329 61.9
B. Substituted Cycloalkanes
5C_NMR chemical shifts of some cycloalkanes Shift parameters of the substituents attached to cyclohexane ring
Number of the ring 5 Substituent Shift parameters (cyclohexane 8c = 27.6 ppm)
carbon atoms n Qx C Cie Css Cs
3 —38 -F 62.9 55 ~4.1 -16
4 22.10 —cl 322 9.6 —24 —20
5 26.30 -Br 250 103 ~15 -20
6 27.60 -1 4.2 12.2 -02 —21
e 28.20 ~OH 42.4 8.4 ~26 —12
8 26.60 Tococw, w4 PR A
9 25.80 ~COOH 16.1 2.0 —14 -10
10 25.00 -CHO 19.6 -1.0 -24 —14
11 25.40 ~COCH, 15.8 2.0 -16 -12
12 23.20 -C0C1 278 2.1 —2.1 —17
~-CN 0.7 2.5 —3.0 —1.8
13 25.20 —NH, 235 10.1 —1.8 -1.1
14 24.60 ~NHT 23.9 58 -20 -16
15 26.60 -NO» 57.0 3.8 —2.9 —-2.1
16 26.50 -SH 10.9 10.9 -0.8 -1.7
-Ph 17.5 73 -0.2 —-09
17 26.70 ~CH; 5.8 8.4 —-0.5 —-0.6
18 27.50 ~C,Hs 126 6.1 —05 —02
-C4Ho 10.8 6.5 -0.5 —0.3
~C(CHa)s 21.2 0.5 0.1 -0.5



http://dx.doi.org/10.1016/B978-044451811-8.50013-9

C. Substituted Alkenes

!3C-NMR chemical shift in some selected alkenes

Shift parameters in substituted alkenes

Compounds Chemical shifts (ppm} Substituent Shift parameters Z,
C C, Cs Gy Cs Cs 1 2 C, C,
Ethene 123.5 X —CH=—CH,
Propene 115.9 1334 19.4
1-Butene 1135 140.5 27.4 13.4 -H 0.0 0.0
1-Pentene 114.5 139.0 36.2 224 13.6 —CH; 10.6 —8.0
1-Hexene 114.2 139.2 338 315 225 14.0 —C,H, 15.5 —97
cis-2-Butene 114 124.2 _ _ _ —
trans-2-Butene 16.8 1254 _ggfcg}:z CH; égg _ l?g
trans-2-Pentene 17.3 1235 1332 258 13.6 372 : 3'
cis-3-Hexene 14.1 259 131.2 ~C(CHy)s 253 —133
1,3-Butadiene 166 1372 ~CH=CH, 13.6 —~70
2 4-Hexadiene 2.9 124.9 125.3 -Ph 12.5 —11.0
2,3-Dimethyl-1,3-butadiene 113.0 143.8 —CH,OR 13.0 —8.6
—CHO 13.1 127
—COCH; 15.0 59
"*C-NMR chemical shift in some selected cyclic alkenes —-COCH 4.2 8.9
—-COOR 6.0 7.0
108.7 137.2 130.8 1328 1248 oo —CN —15.1 142
D 23 D 314 IO 233 @ 416 @;—: 1234 -0OR 28.8 —39.5
-0COR 18.0 -27.0
28 1322 1343 -NR; 16.0 —-29.0
-NO, 223 -09
234 297 :‘Iggg -F 249 —343
127.4 1265 1261 HaC - —Cl ) —6.1
@ 230 @ 23 133@ 22 358 _Br _%g —14
120.9 288 ) :
228 -1 —38.1 7.0
254 260 1246 250 26.9
1304 1310 130.4 1285
@ 268 281 20.8
0 20 s 260 270 285 1315
485 755 85
| % 28
135%& 1435£b 1418y 1430 7
248
419 509 53.5 558
D. Substituted Aromatics
1271.7 126.2 128.1 . . .
Shift parameters in substituted benzenes [87]
= 2 1256 = 253
128,
| ) s P P @—X Shift parameters (ppm)
133.3 131.8
X= ipso ortho meta para
-H 0.0 0.0 0.0 0.0
—-CH;, 9.3 -0.1 0.7 -3.0
-CH{CHj3), 20.3 -02 -0.1 —-2.6
—-CH=CH, 9.1 -24 -02 -0.9
-C=CH —5.8 39 0.1 0.4
—Ph 13.0 —-1.1 0.5 -1.0
-F 35.0 —14.4 0.9 —4.4
-Cl 6.4 0.2 1.0 -2.0
-Br -59 3.0 1.5 -15
-1 -323 9.9 2.6 -04
-0OH 26.6 —-12.8 1.6 -7.1
-0CH; 314 - 144 1.0 -7.8
-0OCOCH; 23.0 —~64 1.3 -23
—SH 2.0 0.6 0.2 -33
-NH; 20.0 —-14.1 0.6 -9.6
—N(CH3), 222 —158 0.5 —-11.8
-NO, 20.6 -43 1.3 6.2
-COoCl 48 2.9 0.6 6.9
348 HC CH. 125 187 -COOH 29 1.3 0.4 4.6
1287 : ﬁ@@t 288 130.0 —COOCH; 2.1 1.2 0.0 4.4
e e e 1258 [T [ —-CHO 8.2 0.5 0.5 5.8
LN gy, ~ = :@7'2’0 ~COCH 8.9 ~01 ~0.1 45
1146 1331 1312 1199 1277 -CN -15.5 1.4 14 5.0
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