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In the course of the routine use of NMR as an aid for
organic chemistry, a day-to-day problem is the identifica-
tion of signals deriving from common contaminants
(water, solvents, stabilizers, oils) in less-than-analyti-
cally-pure samples. This data may be available in the
literature, but the time involved in searching for it may
be considerable. Another issue is the concentration
dependence of chemical shifts (especially 'H}; results
obtained two or three decades ago usually refer to much
more concentrated samples, and run at lower magnetic
fields, than today’s practice.

We therefore decided to collect 'H and *C chemical
shifts of what are, in our experience, the most popular
“extra peaks” in a variety of commonly used NME
solvents, in the hope that this will be of assistance to
the practicing chemist.

Experimental Section

NMR spectra were taken in a Bruker DFX-300 instrument
(300.1 and 75.5 MHz for 'H and C, respectively), Unless
otherwise indicated. all were run at room temperature (24 + 1
°C). For the experiments in the last section of this paper, probe
remmperatures were measured with a calibrated Eurotherm 8400
digital thermometer, connected to a thermocouple which was
introduced Into an NMRE tube flled with minetal oil to ap-
proximately the same level as a typical sample. At each
temperature, the D0 samples were left to equilibrate for at least
10 min before the data were collected.

In prder to ayoid having to obtain hundreds of spectra, we
prepared seven stock solutions conlaining approximately egual
amounts of several of our entries, chosen in such a way as (o
prevent intermolecular interactions and possible ambiguities in
assignment. Solution 10 acetone, fert-butyl methyl ether, di-
methylformamide, ethanol, toluene. Solution 2: benzene, di-
methyl sulfoxide, ethyl acetate, methanol.  Selurtion 3: acetic
acid, chloroform, diethyl ether, Z-propanol, tetrahydreofuran.
Solution 4; acetonitrile, dichloromethane, dioxane, r-hexane,
HMPA. Solution 5 1 2-dichlorpethane, ethyl methyl ketone,
rrpentane, pyridine. Solution & fert-butyl alcobol, BHT, cyelo-
hexane, 1,2-dimethoxyethane, mitromethane, silicone grease,
triethylamine. Solution 7: diglyme, dimethylacetamide, ethyl-
ene glycol, "grease” (engine oil), For D20, Solution 1: acetone,
rerebutyl methyl ether, dimethylformamide, ethanel, 2-propancl.
Solution 2: dimethyl sulfoxide, ethyl acetate, ethylene glycal,
methanol. Solution 3; acetonitrile, diglyme, dioxane, HMPA,
pyridine. Solution 4: 1,2-dimethoxyethane, dimethylacetamide,
ethyl methyl ketone, triethylamine, Solutlon 5: acetic acid, fere-
butyl alcohol, diethyl ether, tetrahydrofuran. In D0 and
CD:0D nitromethane was run separately, as the protons
exchanged with deuterium in presence of triethylamine,

Results

Proton Spectra (Table 1). A sample of 0.6 mL of the
solvent, containing 1 ul. of TMS,' was first run on its
owr. From this spectrum we determined the chemical
shifts of the solvent residual peak® and the water peak.
It should be noted that the latter is quite temperature-

(1} For recormmendations on the publication of NME data, see:
TUPAC Commission on Melecular Structure and Spectroscopy, Pure
App! Chern. 1072, 29, 627, 1976, 45, 217.
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Figure 1. Chemical shift of F/D0O as a function of tempera-
fure.

dependent (vide infral. Also, any potential hydrogen-
bond acceptor will tend to shift the water signal down-
field; this is particularly true for nonpolar solvents. In
contrast, in eg DMSO the water is already strongly
hydrogen-bonded to the solvent, and solutes have only a
negligible effect on its chemical shift. This is also true
for D0, the chemical shift of the residual HDO is very
temperature-dependent (vide fnfra) but, maybe counter-
intuitively, remarkably solute (and pH) independent.

We then added 3 uL. of one of our stock solutions to
the NMR tube. The chemical shifts were read and are
presented in Table 1. Except where indicated, the
coupling constants, and therefore the peak shapes, are
essentially solvent-independent and are presented only
once.

For D:0 as a solvent, the accepted reference peak (4
= 0) is the methyl signal of the sodium salt of 3-(trimeth-
ylsilyl)propanesulfonic acid; one crystal of this was added
to each NMR tube. This material has several disadvan-
tages, however: it is not volatile, so it cannot be readily
eliminated if the sample has to be recovered. In addicion,
unless one purchases it in the relatively expensive
deuterated form, it adds three more signals to the
spectrum (methylenes 1, 2, and 3 appear at 2.91, 1.76,
and 0.63 ppm, respectively). We suggest that the re-
sidual HDO peak be used as a secondary reference; we
find that if the effects of temperature are taken into
account (vide infra), this is very reproducible. For D0,
we used a different set of stock solutions, since many of
the less polar substrates are not significantly water-
soluble (see Table 1). We also ran sodium acetate and
sodium formate (chemical shifts: 1.90 and 8.44 ppm,
respectively),

Carbon Spectra (Table 2). To each tube, 50 uL of
the stock solution and 3 #L of TMS! were added. The
solvent chemical shifts® were obtained from the spectra
containing the solutes, and the ranges of chemical shifts

(2) L., the signal of the proton for the setopomer with one less
deuterium rhan the perdeuterated material, eg, CHCly in CDCly or
Cell:aHin CaDg. Fxcept for CHCL:, the splitting due to & is typically
observied (o a pood approximation, it is 1065 of the value of the
corresponding Ay, For CHD; Er:up-i (dewterated acetone, DME0,
acetomitrile), this signal Is a [:2:3:2:1 quintet with a splitting of ca. 2
Hz.

(3) In contrast to what was said in note 2, in the 20 spectra the
solvent signal is due to the perdeuterated lsotopomer, and the one-
hond couplings to deuterium are always observable (ca. 20—30 Haz).
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Tahle 1. 'H NMR Data

proton mult CDCly (D) C0 (CIa)xS0 Cplg COsCM CD:0D jin]
solvent residual pealk T.26 2.03 250 T.16 1.94 33 479
H:D A 1.56 2.844 3.334 .40 213 4.87
acetic acid CHa 5 2.10 1.96 1.91 1.55 1.56G 1.99 2.08
acerone CHa 5 217 Z2.09 2.09 1,55 .08 2.15 222
acetonitrile CHa 5 2.10 2.05 2.07 1.53 1.86G 2,03 2.06
benzene CH 5 7.36 7.36 73T T.16 737 .33
tert-butyl alcohol CHa 5 1.28 1.18 1.11 1.05 1.16 1.40 1.24
(OH* 5 4.19 1.55 218
rerr-huryl methyl ether CCHy 3 1.19 1.13 111 1.a7 1.14 1.15 1.21
OCHa3 s 322 3.13 3.08 a0 413 3.20 322
BHT® ArH 5 658 6.96 6,87 T 6.4a7 6492
OH~ s 5.01 6.65 4.79 i
ArCHs 5 2.27 222 2.18 2.24 2.22 2,21
ArC(CHa)s L3 1.43 L.41 1.36 1.38 1.39 1.40
chioroform CH 5 T.26 B.02 B.32 B.15 T.58 7.00
cyclohexane CH:z 5 1.43 1.43 I.40 1.40 1.44 1.45
1,Z-dichloroethane CHz 5 373 3.87 3.90 2,30 381 3.78
dichloromethane CHz 5 5.30 3.63 5.76 1.27 .44 5,48
diethyl ether CH; (o 1.21 1.11 1.09 1.11 1.12 1.18 117
CH: 0.7 348 341 3.38 326 342 3.49 3.56
digtyme CH: m 363 3.56 3.4l 3.46 453 .61 36T
CH: m 3.57 347 3.38 3.34 345 3.58 361
OCHs 5 339 3.28 3.24 3.11 3.28 3.34 aar
1, 2-dimethoxyethane CHs s 3.40 3.28 3.24 312 3.28 3.35 3.ar
CH: 5 3.55 3.46 3.43 333 345 3.52 A0
dimethylacetamide CHaCO 5 2.09 1.87 1.96 1.60 1.97 2.07 2.08
NCHa 5 02 a.00 2.54 2.57 2.96 331 3.06
MCHa S 294 2.83 2.78 2.05 2.83 202 2.90
dimethylformamide CH 5 B.02 7.96 7.85 T.63 7.92 7.97 T.A2
CHas 5 296 2.594 Z2.B9 2.36 2.89 2.09 3401
CHa 5 2.88 2.78 2.73 1.86 2.7 2.8 2.85
dimethyl sulfoxide CHa 8 2.62 2.52 2.3 1.68 2.50 2.63 2.71
dioxane CH: 5 a7 3.59 3.57 3,35 3.60 3.66 375
ethanol CHaj r T 1.25 1.12 1.06 0.86 1.12 L.18 P17
CHa q. 7 3.72 357 344 3.34 3.54 3.60 3.65
OH g+ 1.32 339 4.63 247
ethyl acetate CHaCO 5 2,06 1.87 1.95 1.63 1.97 2.01 2.07
CHCHa a7 4,12 4.05 4.03 3.B9 4.06 4.09 4.14
CHzCH; L} 1.26 1.20 117 0.82 1.20 1.24 1.24
ethyl methyl ketone CH:CO 5 2.14 2.07 2.07 1.58 2.06 2.12 219
CH:CHa q.7 246G 245 2.43 1.81 2.43 2.50 3.18
CHaCHA 7 1.0 0.96 0.91 0.83 0.56 1.01 1.26
ethylene glyeol CH 8" 3.76 128 354 341 351 3.59 3.65
“grease” 0 CHz m 0.86 0.87 0.92 086 0.88
CHz brs 1.26 1.29 1.36 1.27 1.29
rrhexans CHz I 0.88 (LE8 (.86 0.89 085 050
CH;z 11 1.26 1.28 1.25 1.24 1.28 1.29
HMPA#® CHs d, 8.5 2.65 2.59 2:53 2.40 2.57 2.64 2.61
methanal CH; sf 3.48 i KR 307 328 3.34 3.34
OH geh 1.08 312 4.m 216
nitromethane CHsz & 1.33 4.43 4.42 2.94 4.31 4.34 4.40
repEntane CHsz ET 0.58 .88 .86 0.87 0.89 0.90
CHz 1 1.27 1.27 127 1.23 1.28 1.29
2-propanol CHs d. & 1.22 1.10 1.04 0.85 1.08 1.50 1.17
CH sep, B 4.04 1.90 A.78 A67 38T 34582 4.02
pyridine CHi2) m B.62 BAH 858 B.A53 B.AT B.53 852
CH(Z) m 7.29 7.35 7.39 G.66 733 744 T.45
CHi4) m 7.68 7.76 7,79 698 T.73 7.85 7.87
silicone prease’ CHs 5 0.07 0.13 029 (.08 (.10
tetrabydrofuran CHz m 1.85 1.79 1.76 1.40 1.80 1.87 188
CHz0 m 3.76 3.63 3.60 a.57 a.64 3n 374
toluere CHs 5 2.36 2.32 2.30 2,11 2.33 2.32
CHiosp) m 77 7.1-T7.2 7.18 702 T1-T7.3 T.16
CHam) m 7.25 T1-T.2 7.25 7.13 1.1-T.3 T.16
triethylamine CH; t.7 1.03 0.96 0,03 06 (.96 1.05 0.99
CH; G. 7 2.53 245 243 240 245 258 257
2 [n these solvents the intermolecular rate of exchange is slow enough that a peak due to TIDO is usually also ohserved; it appears at
2.81 and 3.30 ppm in acetone and DMSO, respectively. In the former solvent, it is often seen as a 1:1:1 triplet, with *5p = 1 Hz,

&2 B-Dimethyl-4-tert-butylphenol. ¢ The signals from exchangeable protons were not always identified. ¥ In some cases (see note a), the
coupling interaction between the CHz and the OH protons may be observed (= 5 Hz. * In CD;CN, the OH proton was seen as a multiplet
at & 2,69, and extra coupling was also apparent on the methylene peak. ! Leng-chain, linear aliphatic hydrocarbons, Their solubility in
DMS0 was oo low to give visible peaks. # Hexamethylphosphoramide. i In some cases (see notes a, o), the coupling interaction between
the CH; and the OH protons may be observed (7= 5.5 Hz). ! Poly(dimethylsilooane). Its solubility in DMS0 was too low to give visible
peaks.

show their degree of variability. Occasionally, in order ambiguous, a further 1—2 ul. of a specific substrate were
to distinguish between peaks whose assignment was added and the spectra run again.
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Table 2. "C NMR Data®
CDCly (CD):C0 [CD) S0 CeDg CaCM ChDy00D D0
solvent signals 7716006 2984001 39524006 128.06+0.02 1.32 £ 0002 49.00+=0.01
206,26 £0.13 118.26 & D.02
acetic acid CO 175.88 172.31 171.93 175.82 173.21 175.11 177.21
CH; 20.81 20.51 2085 20.37 20.73 20.56 21.03
Acelone Co 207.07 20587 20631 20443 207 .43 209.67 215894
CH3 3092 30,60 3056 3014 3091 30.67 KILR, i)
acetonitrile CN 116.43 117.60 11791 116.02 11B.26 118.06 119.68
CH; 1.89 1.12 1.03 0.20 1.7T9 .85 1.47
benzene CH 12837 129.15 128.30 12B.62 129,32 129.34
fert-butyl alcohol C 69.15 68.13 GE.HB GB.19 GB.74 69.40 T0.36
CH3 31.25 30.72 3038 30.47 3068 30.91 30,29
tert-butyl methyl ether (OCH;y 4945 49,35 48.70 49.19 49.52 49,66 49,37
C 72.87 T2.81 72,04 7240 7317 74.32 75.62
CCH= 2699 2724 26.79 27.09 27.28 27.22 26,60
BHT C{1L) 151.55 152.51 151.47 152.05 152.42 152.85
Ci{2) 135.87 138.19 139.12 136.08 138.13 139.04
CH{3) 125.55 129.05 127.97 128.52 129.61 129,49
C{4) 12B.27 126,03 124.85 125.83 126.38 126.11
CH3Ar 21.20 21.31 2097 21.40 21.23 21.38
CHAC 30.33 31.61 31.25 31.34 31.50 3115
[12} 34.25 35.00 34.33 34.35 35.05 35.36
chloroform CH 77.36 79.19 79.16 T7.79 79.17 79.44
cyclohexane CH; 26.94 27.51 26.33 27.23 27.63 27.96
1. 2-dichloroethane CH; 43.50 45.25 45.02 43.59 45.54 43.11
dichloromethane CH; 53.52 54.95 54.84 53.46 5532 54.78
diethyl ether CHa 15.20 15.78 1512 15.46 15.63 15.46 14.77
CH; 6591 66.12 62,05 65.94 G6.32 G6.88 G642
diglyme CHj 50.01 58.77 57.98 56, 58.90 59.06 58.67
CH; 70.51 T1.03 64954 7087 70595 T1.33 T0.05
CH; T1.90 T2.63 7125 7235 T2.63 T2.92 T1.63
I 2-dimethoxyethane  CHj 58.08 5845 hE.01 S8 6B 58.89 59.06 HB.6T
CH; T1.84 T2.47 17.07 T2.21 T2.47 T2.72 71.49
dimethylacetamide CHa 21.53 21.51 21.29 21.16 21.76 21.32 21.08
cCO 171.07 17061 164.54 169.95 171.31 173.32 174.57
MNCH; 3528 34.89 37.38 3467 3517 35.50 35.03
MNCH; 38.13 37.82 3442 37.03 3826 38.43 3B.76
dimethylformamide CH 162.62 162.79 162.29 162.13 163.31 164.73 165.53
CHs 36.50 36.15 30,73 3525 36.57 36.89 37.54
CH; 31.45 31.03 30.73 3072 3132 31.81 32.03
dimethyl sulfoxide CHj3 40.76 41.23 4045 40.03 41.31 40.45 39.39
dioxane CH; G7.14 67.60 . 36 G67.16 G7.72 BB.11 G7.19
ethanol CH; 1B.41 1589 1851 18.72 18.80 18.40 17.47
CH; 5B.28 57.72 56.07 57.8B6 57.96 58.26 L8.05
ethyl acetate CHzCO 21.04 20,83 20.68 2056 21.16 20.88 21.15
[ 171.36 170.96 17031 170.44 171.68 172.89 175.26
CH; 60,49 60,56 08,74 G021 G098 G61.50 G62.32
CHs 14.19 14.50 14.40 14.19 14.54 14.49 13.92
ethyl methyl ketone CH;CO 29 49 29,30 29.26 28.56 29.60 29.39 29.49
[818] 209.56 208.30 208,72 206.55 209 B8 212.16 21B.43
(H:CH; 3689 36.75 36,83 36.36 37.09 37.34 3727
CHzCH;s 7.86 B.03 T.61 7.91 B.14 B.09 T.B7
ethylene glycol CH; B63.79 64.26 G2.76 64.34 G4.22 64.30 B63.17
"grease” CH; 20.76 30,73 20.20 30.21 30.B6 31.29
rrhexane CHa 14.14 14.34 13,868 1432 14.43 14.45
CHz(2) 22.70 23.28 22,08 23.04 23.40 23.68
CHz(3) 31.64 32.30 30.85 31,96 32.36 32.73
HnPAY CHa 36,87 37.04 36.42 36.88 3710 37.00 36.46
methanol CHz 50,41 49.77 48,50 49 97 49.90 49 86 459,50
nitromethans CHs 62.50 63.21 63,28 G116 .G 63.08 f3.22
rrpentans CHs 14.08 14.29 13.28 14.25 14.37 14,39
CHal#) 2238 2298 21.70 2272 23.08 23.38
CHa(3) 34.16 34.83 33.48 34.45 34.89 35.30
Z-propanal CH3 25.14 25,67 2543 25.18 25.55 25.27 2438
CH 64.50 63.8B5 4,92 54,23 6430 64,71 G4.88
pyridine CHi2Z) 148.90 15067 149.58 150.27 150.76 150.07 148,18
CHi3) 123.75 124.57 123.84 123.58 127.76 125.53 12512
CHi4) 135.96 136.56 136.05 135.28 136,559 138.35 138,27
silicone prease CHjs 1.04 1.40 1.28 210
tetrahydrofuran CH: 25.62 26.15 25.14 25.72 26.27 26,48 25.67
CH:z0 67.97 68.07 67.03 G780 G8.33 G8.83 G868
toluene CHa 21.46 21 .46 20.99 21.10 21.50 21.50
Cih 137.88 13848 137.35 137.91 138.80 138.85
CHig) 1249.07 129.76 12888 129.33 129.84 129.91]
CHimg 128.26 1289.03 12818 128.56 129.23 129.20
CHig) 125,33 126.12 125.29 12568 126.28 126.29
triethylamine CHs: 11.61 12.49 11.74 12.35 12.38 11.08 a9.07
CH: 46.25 47.07 45.74 46.77 47.10 16.96 47.18

“ Sep footnotes for Table 1, ¥2 0k = 3 Hz. © Reference material; see text.
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For D:0 solutions there is no accepted reference for
carbon chemical shifts. We suggest the addition of a drop
of methanol, and the position of its signal to be defined
as 49.50 ppm; on this basis, the entries in Table 2 were
recorded, The chemical shifts thus obtained are, on the
whole, very similar to those for the other solvents.
Alternatively, we suggest the use of dioxane when the
methanol peak is expected to fall in a crowded area of
the spectrum. We also report the chemical shifis of
sodium formate (171.67 ppm), sodium acetate (182.02 and
23.97 ppm), sodium carbonate (168.88 ppm), sodium
bicarbonate (161.08 ppm), and sodium 3-(trimethylsilyl)-
propanesulfonate [54.90, 19,66, 15.56 (methylenes 1, 2,
and 3. respectively), and —2.04 ppm (methyls)], in D:0.

Temperature Dependence of HDO Chemical
Shifts. We recorded the 'H spectrum of a sample of D:0,
containing a crystal of sodium 3-{trimethylsilyl)propane-
sulfonate as reference, as a function of temperature. The
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data are shown in Figure 1. The solid line connecting
the experimental points corresponds to the equation

8=>5060—-0.0122T+ (2.11 x 10797 (1)

which reproduces the measured values to better than 1
ppb. For the 0 - 50°C range, the simpler

d=5051—-0.0111T (2)

gives values correct to 10 ppb. For both equations, Tis
the temperature in "C.
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