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∗ To check on the instrumental status and reservation system,
and find tutorials, links and more, visit our website
www.chem.utk.edu/nmr

∗ New student operator in the NMR Facilities.
The NMR Committee has selected Mr. Brian LeCroix as student
operator of the Varian 600 spectrometer. He will be in charge of
running samples for users that are not trained and/or checked out
on the instrument. The procedure to request NMR experiments
on the Varian 600 is quite simple. Just fill out a V600-form and
send it to Chad (blecroix@ion.chem.utk.edu).
∗ Varian Mercury 300 MHz new computer and software
As you probably have already noticed, we have upgraded the
Varian 300 instrument. It has a brand new computer, running on
Linux and a new Varian software, VnmrJ2.2C.

∗ Measuring dihedral angles by NMR
J coupling constants contain structural information. For
example, the 3JHH magnitude is related, through the Karplus
equation, to the dihedral angle between the two 1H.

In a similar way, a 3JHC coupling is related to the torsion angle
between the 1H and the 13C as shown in the figure below. A Jmodulated HMBC pulse sequence can be used to measure these
coupling constants and thus, calculate the corresponding torsion
angle.
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This experiment was used by Brad O’Dell, Dr. Baker’s group,
for his research work. A summary of the work follows.
Determination of Inter-glycosidic Coupling Constants from
J-modulated HMBC spectra
The Baker group, in collaboration with Dr. Sylvia McLain of Oxford University, is currently
investigating the structure of the disaccharide cellobiose, a model cellulose compound shown
below, in aqueous solution. A crucial property of any oligosaccharide structure in either the
solid state or in solution is the conformation of the glycosidic linkage, also demonstrated below.

Figure 2: Glycosidic conformation
Figure 1: Cellobiose ( -Dand , angles for cellobiose.
glucopyranosyl-(1 4)- -Dglucopyranose
Measuring two sets of coupling constants across a glycosidic linkage allows for the application
of Karplus type relationships to determine the time average conformation. Application of this
approach to cellobiose in water solvent has been reported with time average conformations in the
range of (40°,-30°) for , .1, 2 Each of these measurements were performed at "standard" NMR
concentrations of ~20 mM. However, the Baker group has recently performed neutron
diffraction measurements on the cellobiose–water system at a concentration of 0.88 M and needs
supplementary information from NMR experiments to guide the model-based structure
refinement now in progress. Therefore, it was necessary to perform coupling constant
measurements on this system to rule out any conformational effects resulting from concentration.
Numerous methods for measuring coupling constants across the glycosidic linkage have been
reported in the literature, but many require specific isotopic labeling of the linkage. In this case,
the most straightforward approach was to perform the J-modulated HMBC experiment reported
by Willker and Leobfritz3 and applied to the cellobiose–water system by Sugiyama et al.1 This
pulse sequence yields a conventional HMBC spectrum with the height of the cross-peaks
dependent upon the relationship sin( nJX,H ) where represents a mixing time for polarization
transfer. By performing a series of experiments with varied times and applying a non-linear
curve fit to the intensities observed, it was possible to extract the coupling constants across the
glycosidic linkage for two samples, one at the objective concentration of 0.88 M and a standard
of 15 mM concentration for verification against the literature results. Below is shown a graph of
cross peak intensity versus for both samples.
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Figure 3: Intensity plot for determining 3JH,C related to the

conformation angle.

From the non-linear curve fits, it was determined that the inter-glycosidic coupling constants,
and therefore the time average conformation, of cellobiose in water solvent does not change from
that reported even at the high concentration of 0.88 M.
NOTE: The Baker group sincerely thanks Dr. C. A. Steren for performing the necessary pulse
sequence programming that made this investigation possible.
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Work by Julia Abbott was reported on in Chem Eng News:
Formation Of Famous Tantalum Complex Is Nailed Down

Chemical & Engineering News
(June 15, 2009, Vol. 87, No. 24, p. 27)
http://pubs.acs.org/isubscribe/journals/cen/87/i24/html/8724scic5.html
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Carbene compounds are extensively used
as olefin metathesis catalysts to make polymers,
pharmaceuticals, foodstuffs, and chemical
feedstocks. The work led to the 2005 Nobel
Prize in Chemistry to Chauvin, Grubbs and
Schrock. The pathway to the archetypical
carbene (RCH2)3Ta=CHR has been a long
standing issue and discussed in textbooks.
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Dr. Xue’s research group reported earlier the
observations of short-lived Ta(CH2R)5 as an
intermediate.1 Julia Abbott has recently
prepared deuterium-labeled Ta(CD2R)5 with a
longer lifetime, providing unambiguous
evidence that Ta(CH2R)5 is a precursor to the
carbene.2 Chemical & Engineering News
reported the work [Formation of the Famous
Tantalum Complex is Nailed Down, June 15,
2009, 87(24), p. 27].3
In both the earlier and current work, VT NMR
was extensively used to characterize Ta(CH2R)5
and Ta(CD2R)5 and to obtain kinetics of their
conversions. VT NMR studies were conducted
on the Bruker AM400 instrument.

J. Am. Chem. Soc. 1995, 117, 12746.
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