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Laurie J. Hasbrouck and John M. Risley*

Department of Chemistry, The University of North Carolina at Charlotte, Charlotte, North Carolina 28223-0001, USA

Received 19 February 1998; accepted 30 March 1998

Abstract: Solvent effects on the magnitude of the 130 isotope shift in 13C NMR for the carbon
bonded to the hydroxyl group in rers-butyl alcohol were investigated using an array of deuterated
solvents and a more accurate measurement of the isotope shift at natural abundance 13C. For the first
time, a solvent effect on the magnitude of the isotope shift was detected, which was smallest in
pyridine, and incrcascd in the following order: pyn'dine < acetone/p-dioxane < nitromethane <
benzene < water. These results indicate that assignments of carbon signals based on the magnitude of

isotope shifts must take into account the possibility of a solvent effect. © 1998 Elsevier Science Ltd. All
rights reserved.

INTRODUCTION

Oxygen-18 isotope shifts in 13C NMR spectroscopy have been widely used in a variety of mechanistic
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chemistry, enzyme mechanisms) and in biosynthetic studies (e.g., onigin of the oxygen in natural products).
The properties of the isotope shifts have been studied extenswely.‘ The magnitudes of the 180 isotope shifts in
13C NMR for nearly all of the compounds have been reported in only one solvent, generally either deuterium
oxide (or water/deuterium oxide mixtures) or chloroform-d.2 In the few studies of the shifts in various
solvents, only negligible solvent effects, if any, have been observed.2 These observations contrast with the
significant solvent effects for oximes seen in the 180 isotope shifts in 15N NMR spectroscopy.2 We thought
that is was likely that there could be solvent effects on the 180 isotope shift in 13C NMR that may be

i nitude of the 180

detectable. Therefore, we have investi
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solvents.
EXPERIMENTAL

[180]Water (95 + atom % 180, normalized, EG & G Mound), deuterium oxide (99.9 atom % 2H,
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Sigma), and pyridine-ds, acetone-dg, p-dioxane-dg, nitromethane-d3, and benzene-dg (CIL) were used in the
study. All other reagents were analytical or spectrometric grade. [iSO]tert-Butyl alcohol was synthesized and
purified as previously described.3 The 180 content was 35% as determined by the 180 isotope shift in 13C
NMR 4

Natural abundance 13C NMR spectra were recorded on a GE-300 spectrometer operating at 75.5 MHz at
ambient temperature (4000-Hz sweep width, 90° pulse angle, 65K data block, and protons broad-band
decoupled) to a final resolution of 8 points/Hz; a line-broadening factor was applied to the FID. The

Ly
concentration of the alcohol in each solvent was less than 100 mM., The error in the measured isotope shift was
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RESULTS AND DISCUSSION

The natural abundance 13C NMR signal for the hydroxyl carbon in [1801tert-butyl alcohol in three of the
solvents is shown in Fig. 1. The 180 isotope induces an upfield shift in the 13C NMR signal that is well
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Fig. 1. The 180 isotope-induced shift for the 13C NMR signal of the hydroxyl carbon in [180]tert-butyl

alcohol in upfield (A) 26.6 ppb in pyridine-ds, (B) 29.0 ppb in acetone-dg, and (C) 35.0 ppb in deuterium
oxide. The 130 content is 35%.

resolved.5 The smallest isotope shift of 26.6 ppb is observed in pyridine-ds (Fig. 1A), a mid-range isotope shift
of 29.0 ppb is observed in acetone-dg (Fig. 1B), and the largest isotope shift of 35.0 ppb is observed in
deuterium oxide (Fw 1C). The 1803 isotone shift for the hydroxyl carbon in I'IS()Ttert-butvl alcohol at natural
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abundance 13C in the six different solvents used in this study is given in ppb upfield in Table 1. These are the
Table 1. 180 Isotope Shift for the 13C NMR Signal of the Hydroxyl Carbon in |
Solvent: pyridine-ds  acetone-dg p-dloxane-dg nitromethane-d3 benzene-dg water-dp
Isotope Shift (ppb): 26.6 29.0 29.1 299 30.7 35.0



most accurate isotope shifts measured as a function of solvent that have been reported for this alcohol. There is
a significant increase in the magnitude of the isotope shift as the solvent is changed from pyridine-ds to
acetone-dg/p-dioxane-dg to nitromethane-d3 to benzene-dg to deuterium oxide.

The solvent dependence on isotope shifts in NMR has not been widely reported.2.6 A few studies of a
salvent dependence on the 180 isotope shift in 13C NMR have been reported. The magnitude of the isotope
shift in primary alcohols is 18-21 ppb whether in HZO/DZO or CDCl3; for example, the isotope shift of the
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or CDCI3;% however, the hydroxyl carbons in 2-cyciohexyl-2-propanol (32+1 ppb) and l-methylcyclohexanol
(31.2+0.6 ppb) show isotope shifts in CDCI37-8 marginally greater than in benzene-dg observed in this study
(30.7 ppb). The isotope shifts for the carbonyl carbon in acetone and for the carboxyl carbon in benzoic acid
are the same in both CDCl3 and Dy0.2 The isotope shifts for the carboxyl carbons in the monoanions of
dicarboxylic acids are the same in THF-dg, Me3SO-dg, CD3CN, CDCl3, CD7Clp, and D20.%:10 Finally, the
isotope shift for the carboxyl carbon in n-propyl [carbonyl-180]benzoate (33£1 ppb) is identical in pyridine-ds,

Me;SO-dg, benzene-dg, CDCl3, and methanol-ds.7
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MepS0O-dg.6 Also, the 18O isotope shift in 15N NMR for oximes shows a significant solvent dependence
where the magnitude of the isotope shift increases as the solvent is changed from pyridine-ds to Me;SO-
dg/CDCl3 (1:4, v:v)/THF-dg to CD3CN to CDClz/benzene-dg.12 Finally, while the 130 isotope shift in 13C
NMR shows a correlation with 170 NMR chemical shifts,13 there are apparently no solvent dependence studies
on 170 NMR chemical shifts with which to compare our results.14

Our data for a solvent dependence on the 180 isotope shift in 13C NMR for the hydroxyl carbon in
[180]zert-butyl alcohol are consistent with the observations for 1-phenylethanol, 2-cyclohexyl-2-propanol, 1-
methylcyclohexanol, deuterated sugars, and oximes outline above. Taken together, these data indicate a
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< benzene/CHCi3 <H»O. An interesting point is that this generai trend for soivent effects appears to correlate
with no known physical parameter of the solvents, such as dielectric constant, dipole moment, polarizability, H-
bonding, pK,, etc.15 However, a model has been described that provides a mechanism for nonspecific solvent
effects on NMR isotope shifts that involves site factors.16 The model expectation is that the solvent effects on
isotope shifts in NMR are generally small because the differences in site factors for two isotopomers are small
for most isotopic substitutions, The data presented in this study support the expectation of the model. The
solvent effect on the isotope shift for the hydroxyl carbon in tert-butyl alcohol is <8.4 ppb, while the solvent
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effect on the isotope shift for he oxime nitrogen in oximes is <16 ppb. In those instances where no solvent
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isotope shifts to make assignments of carbon signals due to the possibility of a solvent effect. We are not aware
at this time of an error in the assignment of a carbon signal based on the magnitude of an observed isotope shift
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due to a solvent effect, but the results that we have reported here require caution in the selection of solvents for

the measurement of isotope shifts.
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The apparent increase in peak widths with isotope shifts in the three solvents shown is not a general

observation. Because the 13C NMR spectra were recorded at various times in the different solvents, and

because the magnitudes of these isotope shifts are small, variations in peak widths can occur with minor

differences in shim adjustments on the NMR and can also arise from using NMR tubes that are slightly

different; however, the magnitudes of the isotope shifts are not affected by either of these.
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A referee suggested that, while the changes in the magnitudes of the isotope shifts do not appear to
correlate with any solvation parameter, the differences in the magnitudes of the isotope shifts in the
various solvents may be correlated with hydrogen bonding. No study has been reported on the
concentration dependence if any, of the 180 isotope shift in 13¢ NMR; however, t'ne isotope shift for the
hydroxyl carbon in [ 180]teri-butyi aicohoi is 35.0 ppb in HpO/D,O at 1.88 M 3 and at <0.1 M (this
study). One study18 has been reported for terz-butyl alcohol on the chemical shift of the proton and
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hydrogen bonding in 12 inert and proton-acceptor solvents; only three solvents (acetone, dioxane, and
nitromethane) are the same in both studies. Unfortunately, there are insufficient data to draw any
conclusions at the moment. However, if the proton chemical (association) shift for ferz-butyl alcohol is

comparable to that of phenol in pyridine, acetone, dioxane, and benzene,1? then a correlation would be
strongly indicated. It has been shown that the magnitude of the 180 isotope shift for carbonyl carbons is
decreased upon intramolecular hydrogen bonding in o-hydroxyl aromatic ketones, 20 and therefore
hydrogen bonding has been shown to affect 180 isotope shifts in 13C NMR. There is sufficient
circumstantial evidence to indicate that this possible correlation is worth pursuing.
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