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ABSTRACT

OH‚‚‚OH hydrogen bond mediated scalar couplings have been observed in acyclic syn- and anti -1,3-diols using a 2D 1H COSYLR NMR experiment
and quantified with an uncertainty of ±0.02 Hz with a selective-excitation spin-echo NMR experiment. A theoretical investigation confirmed the
importance of the hydrogen bond in mediating the spin-spin coupling in these systems.

Hydrogen bond mediated scalar (Jor spin-spin) couplings
measured using nuclear magnetic resonance (NMR) spec-
troscopy have been shown to provide an unambiguous means
for establishing hydrogen bond connectivity in nucleic acid
and protein biomolecular systems.1,2 Less is known about
such couplings in hydroxyl-containing substances, other than
qualitative estimates of small (<0.5 Hz) OH‚‚‚OH couplings
in several rigid cyclic diol systems.3,4 Herein, we show that

OH‚‚‚OH scalar couplings can be qualitatively detected in
acyclic 1,3-diols with a 2D COSY experiment and quanti-
tatively measured using a selective 1D NMR pulse sequence.
We have used this latter methodology to probe the stereo-
chemical dependence of hydrogen bond mediated couplings
in conformationally flexible acyclic 1,3-diols. Our studies
show that OH‚‚‚OH scalar couplings are a reliable means
for establishing intramolecular hydrogen bonds in these
motifs, which are commonly found in natural products.

Although OH‚‚‚OH scalar couplings insyn- andanti-1,3-
diols are usually too small to be observed directly as splittings
in 1D NMR spectra, cross-peaks due to these couplings can
be readily observed in a 2D COSY experiment modified with
a refocusing delay (COSYLR).5 Representative spectra are
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shown in Figure 1. These measurements require sharp
hydroxyl resonances free of intermolecular proton exchange.
This is readily accomplished by recording spectra with dilute
(1-3 mM) samples containing a small quantity of neutral
alumina to scavenge soluble exchange catalysts.6

Determining the magnitude of the coupling constant on
the basis of the COSYLR experiment, however, is difficult
because the intensity of a cross-peak may depend on the re-
laxation rates and coupling constants of a number of nuclei
within the molecule. To circumvent this difficulty, the pulse
sequence shown in Figure 2 was used to directly measure
OH‚‚‚OH scalar couplings. In this sequence, cosine-modu-
lated Gaussian pulses selectively excite and refocus two spins
at a time. Because of the selective nature of the spin-echo,
couplings from unselected spins are refocused at timet (the
end of the echo); the only evolution during the spin-echo
period is due to coupling between the selectively excited
spins. This is essential as, otherwise, the myriad of potential
long-range couplings makes it difficult to interpret how the
peak intensities vary as a function oft. By integrating peaks
from a series of experiments with different values oft, we
were able to observe the evolution of the magnetization and
fit the resulting data to determine the scalar coupling
constant.

Although it is possible to derive a theoretical equation for
the selective spin-echo experiment to describe the variation
of the peak integrals for the case of two isolated spins, real
systems are somewhat more complicated to fit as the
variation will depend on several relaxation times. In practice,
it is easier to fit the integrals from each OH peak (S) as a
function of the spin-echo time (t) to an exponentially damped
cosine function:

In the fitting process, the initial (t) 0) peak integral (S0),
the empirical decay constant (T), and the scalar coupling

constant (J) are allowed to vary independently. Shown in
Figure 2 are the results from a series of selective spin-echo
experiments forsyn-diol3. The fit of the data to eq 1 resulted
in an estimate of 0.26( 0.02 Hz for the coupling constant.
The uncertainty is based on the standard deviation in the
measured coupling constants from a series of experiments
performed at different temperatures and using different delay
times. Additionally, the inset graph in Figure 2 illustrates
that fits outside of the(0.02 Hz range do not adequately
match the zero-crossing (which is entirely due to the cosine
term in eq 1).8 For compounds where zero-crossings were
not observed, we report the maximum coupling constant,
consistent with our observations (diols6 and7, for example).
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(8) Elaborate ways to more accurately include relaxation in the damping
of the signal can be derived, but such approaches are fraught with
uncertainties because of the multiple relaxation times involved and the
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fitting the data, we focus on the sinusoidal component due to the coupling
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as a single exponential damping term. By focusing on where the signal
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Figure 1. 400 MHz 1H 2D COSYLR data forsyn-diol 9 (A;
200 ms delay) andanti-diol 1 (B; 400 ms delay). Off-diagonal
cross-peaks correlate OH groups via OH/OH scalar coupling.
Note: OH/OH scalar couplings are not resolved in the 1D spectra;
OH peaks are doublets due to3JH-O-C-H.

S) S0 exp(- t
T) cos(πJt) (1)

Figure 2. (A) One-dimensional selective spin-echo experiment for
measuring small scalar couplings. Thez-filter renders antiphase
coherences unobservable, thereby ensuring a purely absorption-
phase signal.7 (B) Experimental data from diol3 from a series of
selective spin-echo experiments. The integrals of the two OH
resonances as a function of the spin-echo time (t) are shown as
blue squares and red diamonds; the lines indicate the best fits of
the data to eq 1. The shaded regions in the inset graph indicate fits
for both resonances withJ values ranging from 0.24 to 0.28 Hz.
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Experimental results are compiled in Figure 3 for a number
of diols and one triol sample. The polyacetate data show
that 1,3-synisomer 3 can be distinguished from 1,3-anti
isomers1 and2 by its larger coupling constant (0.26 vs 0.16
and 0.15 Hz). Among polypropionates, the 1,3-syn- (1,2-
anti-) diols8 and9 gave coupling constants (0.25, 0.33 Hz)
comparable with thesyn-diacetate3. However, 1,3-syn-
polypropionates6 and7 bearing the 1,2-synstereochemistry
were found to have a reduced coupling constant (<0.17,
<0.15 Hz) compared to all othersyn-diols. Likewise, 1,3-
anti-polypropionates4 and5 also exhibited reduced coupling
constants (0.18, 0.20 Hz). The coupling constants are
measurably larger in triol10, where the interacting 1,4- and
1,3-OH groups have fewer degrees of freedom and are in
closer proximity than in the acyclic examples.

Calculations identified several factors that affect the
magnitude of OH‚‚‚OH coupling constants insyn- andanti-
2,4-pentanediol (Table 1). First, the computed mole fraction
of conformations containing intramolecular hydrogen bonds
was found to be greater for thesynisomer (xsyn ) 0.94,xanti

) 0.66).9,10 This compositional difference is important
because the couplings tend to be dominated by the Fermi
contact (FC) mechanism, which is largest in conformations
containing intramolecular hydrogen bonds (e.g., compare
conformer12ewith 12a-d). Two additional issues involve
(i) the number of unique hydrogen-bonded conformations
(more for theanti stereoisomer) and (ii) the sign of the
coupling constant. The experimental value is therefore
predicted to arise from a weighted average of terms of
opposite sign. Because the conformer populations were found

to have a pronounced basis set dependence, we are reluctant
to present an averaged coupling constant based upon theory.9

In summary, we have qualitatively observed hydrogen
bond mediated scalar couplings in acyclic 1,3-diols using a
standard 2D COSYLR pulse sequence. We have developed
a method for quantitatively measuring very smallJ-couplings
and have applied it to these systems for the purpose of
investigating the coupling as a function of 1,3-diol relative
configuration. Although the largest couplings were measured
for a subset of diols containing the 1,3-synstereochemistry,
we observed that couplings are measurable for all of the
acyclic 1,3-diol stereoisomers.11 These couplings thus provide
a new means for identifying intramolecular hydrogen bonds
in polyacetate- and polypropionate-derived natural products.
Future work will examine purely carbohydrate-derived
systems for OH‚‚‚OH couplings, and these results will be
communicated in due course.
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Figure 3. OH‚‚‚OH scalar couplings ((0.02 Hz) inanti- andsyn-
polyacetate and polypropionate model compounds and triol10,
measured from 300 MHz1H NMR spectra using the pulse sequence
shown in Figure 2.

Table 1. Selectedsyn-andanti-2,4-Pentanediol Conformations
and Their Partial Mole Fractions (x) at 298 K Based Upon
MP2/6-311G(d,p) Relative Energies Using a Polarizable
Continuum Model (PCM, CH2Cl2)a

syn entry x 2hJFC (Hz) anti entry x 2hJFC (Hz)

11a 0.61 -0.32 12a 0.09 -0.66
11b 0.33b +0.21 12b 0.18 +0.22

12c 0.19 -0.57
12d 0.07 +0.16
12e 0.12c -0.002

aFermi contact term of the OH‚‚‚OH coupling constant (2hJFC) computed
with (PCM, CH2Cl2) UB3PW91/6-311G(d,p) model chemistry.b Remainder
(0.06) consists of non-H-bonded conformations.c Remainder (0.35) consists
of non-H-bonded conformations (0.21) and H-bonded conformations (0.14).

Org. Lett., Vol. 8, No. 23, 2006 5323


