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Solid-state NMR Characterization of Molecular Conformation in Disordered Methyl a—
L-rhamnofuranoside.

Abstract.

A combination of solid-state **C NMR tensor data and DFT computational
methods are utilized to predict conformation in disordered methyl a—L—
rhamnofuranoside. This previously uncharacterized solid is found to be crystalline and
consists of at least six distinct conformations that exchange on the kHz timescale. A total
of 66 model structures were evaluated and six were identified as being consistent with
experimental *C NMR data. All feasible structures have very similar heavy atom
positions and differ most significantly in OH hydrogen orientations. A concerted
rearrangement of OH hydrogens is proposed to account for the observed dynamic
disorder. This rearrangement is accompanied by smaller changes in ring conformation
and is slow enough to be observed on the NMR timescale due to severe steric crowding
among ring substituents. The relatively minor heavy atom differences in the final
structures suggest that characterization of a complete crystal structure by x-ray powder

diffraction may be feasible.
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Introduction.

For the past century the insights provided by crystallography have help guide the
development of science in a remarkably wide range of disciplines. Several well-
established diffraction techniques are now available for determining structure in materials
that form crystals and, to a lesser extent, microcrystalline powders. Recently, the
methods of solid-state NMR have been directed toward the problem of crystallographic
characterization and the prospect of performing “NMR crystallography” has become
feasible.! Presently, most NMR crystallographic studies emphasize the NMR
characterization of the molecular structure of an individual molecule or the repeating unit
in framework materials.? The longer-range lattice order needed to identify a space group
is usually obtained independently from x-ray powder diffraction methods that rely on the
NMR determined structure as a starting model. However, alternative methods? including
theoretical crystal structure prediction methods have also been found to be capable of
also providing the lattice structure.®*

Crystallographic analysis by NMR spectroscopy is appealing because NMR is
capable of characterizing a diverse variety of solids that can be difficult to treat by
conventional diffraction methods. A key early development in the pursuit of crystal
structure by NMR was the ability to characterize molecular conformation by solid-state
NMR.® Such structural characterizations can now be achieved using a variety of methods

2a,2b,2h,2i,21,2
a, i,21,2m and

and have been used to elucidate structure in proteins,® inorganic materials
smaller organic molecules.” Presently, these studies have largely been limited to well-
ordered crystalline solids and extension to more challenging materials is desirable. For

example, many materials form solids containing molecules that are partially disordered or



that consist of mixtures of several lattice types (i.e. mixed phase materials). In these
cases NMR has the potential to provide molecular conformation for each unique structure
found in the solid because several resonances are usually observed for each atomic
position due to the multiple distinct conformations present in the solid.

Solid-state NMR is remarkably sensitive to even minor differences in structure
and such variations, when present, often result in new resonances for a given site. Thus,
disordered or mixed phase solids usually exhibit several resonances for each atom in the
molecule. Conformational characterization for each unique structure in these solids is
valuable because such structures provide the initial models needed for crystal structure
determination by powder diffraction methods. Accordingly, the aim of the present study
is to characterize the molecular conformations of one such disordered solid, namely,
methyl o—L-rhamnofuranoside (Figure 1). Presently, there is no known crystal structure
for methyl a—L-rhamnofuranoside and this study will provide the structure of the
crystallographic asymmetric unit for each conformation present. Inspection of the **C
NMR spectrum of solid methyl a—L-rhamnofuranoside shows disorder at several of the
carbons and narrow lines characteristic of a crystalline solid. Here, *C tensor principal
values are measured for all sites. Assignment of conformation is accomplished using a
previously described approach® that evaluates a wide variety of possible conformations

and retains structures having computed tensors that agree with experimental data.



Figure 1. Schematic of methyl a—L—-rhamnofuranoside including the numbering used
herein.
Experimental and Theoretical Methods.

Methyl a-L-rhamnofuranoside was synthesized by dissolving L-rhamnose (5.00 g,
30.5 mmol) in MeOH (15 mL) and adding Dowex-50 (H* form). The mixture was kept at
reflux for 2 h and then left to cool. After filtering, the solvent was evaporated under
reduced pressure, leaving a sticky residue that was purified by flash chromatography with
gradient elution (50% — 0% toluene in EtOAc followed by 10% MeOH in EtOAC).
Fractions containing the earliest eluting product were pooled and evaporated under
reduced pressure, yielding the title product (477 mg, 2.67 mmol, 8.8%) which upon
recrystallization from Et,O gave clear needles (87 mg, 0.5 mmol, 1.6%). *"H NMR
recorded on a Bruker Avance 400 MHz spectrometer equipped with a5 mm BBO probe
in D,O at ambient temperature reported in ppm and referenced to internal sodium 3-
trimethylsilyl-(2,2,3,3-2H4)-propanoate (84 0.00): &4 1.29 (d, 3H, J = 6.3 Hz, H7), 3.47
(s, 3H, H8), 3.90 (dd, 1H, J = 8.1, 3.0 Hz, H5), 4.04 (dg, 1H, J = 8.1, 6.3 Hz, H6), 4.15
(dd, 1H, J =4.6, 4.6 Hz, H3), 4.33 (dd, 1H, J = 4.6, 3.0 Hz, H4), 4.96 (d, 1H, J = 4.6 Hz,
H2). 3C NMR in D,O at ambient temperature reported in ppm and referenced to external
1,4-dioxane in D,O (S¢ 67.40): 8¢ 19.9 (C7), 57.0 (C8), 65.7 (C6), 71.8 (C4), 77.5 (C3),

84.3 (C5), 109.2 (C2)



Double-quantum filtered COSY data was acquired on a Varain 500 MHZ INOVA
spectrometer using a 5 mm probe and approximately 37 mg of methyl a-L-
rhamnofuranoside dissolved in 0.7 mL of CDsOD. A *H 90° pulse width of 5.55 ps was
used together with a recycle time of 1 s and F1 and F2 spectral widths of 2.34 kHz. A
total of 256 evolution increments of 8 scans each were acquired. Total acquisition time
was 1.5 h.

All solid-state 1D **C spectra were acquired on a Chemagnetics CMX400
spectrometer using a 7.5 mm probe. Operating conditions included a spectral width of
13.228 kHz, a *C operating frequency of 100.615993 MHz, a *H decoupling frequency
of 400.11960 MHz, a *H 90° pulse width of 3.9 ps and a cross polarization time of 3.0
ms. Proton decoupling employed the TPPM sequence® with a *H 180° pulse of 8.1 ps
and a phase angle difference of 8° between adjacent pulses. A pulse delay of 7.0 s was
used and the digital resolution was 12.9 Hz/point for all spectra. Data were acquired at
spinning speeds of 2.3 kHz, 3.0 kHz, 4.0 kHz and 4.8 kHz. All spectra were externally
referenced to the methyl resonance of hexamethyl benzene at 17.35 ppm.

The FIREMAT*® data was acquired at a spinning speed of 575 Hz using evolution
and acquisition spectral widths of 13.227 and 72.464 kHz, respectively. A total of 23
evolution increments of 768 scans each were acquired. All other acquisition parameters
were identical to those used for 1D **C data acquisition. The final data was rearranged
and processed according to a scheme described elsewhere.'® A digital resolution of 17.7
Hz per point was obtained in the acquisition dimension. An evolution dimension digital
resolution of 17.7 Hz per point was obtained after the data rearrangement.

The conformational analysis considered only staggered structures since such



conformations are nearly always found in diffraction structures of related carbohydrates.
Because the chemical shift is influenced primarily by local structure,® it is possible to
further simplify the conformational analysis by initially considering molecular sites that
are somewhat isolated from other flexible moieties. In practice, an isolated site is one
that is at least three bonds removed from any other flexible moiety.® More distant sites
are allowed to assume arbitrary conformations since they are too far removed to influence

the site of interest. This process has been used previously®®™

and allows a stepwise
determination of structure that significantly reduces the number of conformations that
must be considered. Accordingly, initial conformational analysis focused solely on
rotations about the C2—OCHg; bond since the methyl can be considered to be isolated.
Three staggered conformation about the C2-OCHj3 bond were prepared and relaxed using
Gaussian at the B3LYP/D95* level of theory.™® The bulky methoxy group was found to
always reorient to a position with the methoxy group oriented as shown in Figure 7 (see
below) regardless of the initial starting position. Of equal importance, the C2 **C tensor
data computed using this conformation was found to agree well with experimental data.
Thus, only this C2-OCHj3; conformation was considered in subsequent calculations.
Selection of best fit conformations at C3-0 involved creation of all combinations of
staggered conformations about C3-O and the only neighboring site, C4-O (9 total),
relaxing each structure and comparing computing *3C tensor principal values with
experimental data. One conformation at C3 was eliminated by this comparison. To
further establish conformations, all combinations of conformations about C4-O, C5-C6

and C6-0 had to be considered because none can be considered isolated from the other

sites. A total of 27 structures are possible and each was prepared and relaxed. Since



each of these structures had to be combined with one of the two possible orientations at
C3-0, atotal of 54 structures were evaluated. Overall, this process required
consideration of 66 conformations rather than the 243 structures that would have been
evaluated if isolated regions had not been utilized. A total of 20 structures failed to
converge due to steric crowding that could not be alleviated. The remaining structures
converged based on energy considerations and all structures were found to lie within 26.4
kJ mol™ of the lowest energy structure. NMR shift tensors were calculated for all
energetically feasible structures at the B3PW91/D95** level of theory.'*** This
theoretical treatment was chosen because the error in computed tensor data is known
from previous work to be 1.79 ppm.* A comparison of these computed NMR data to the
experimental shift tensor data revealed that six of the model structures agreed with
experimental data. All tensor comparisons were done in the icosahedral representation*?
to allow equal weighting of all data points. Two figures of merit were used to compare
calculated and experimental tensor data. First, the fit at all positions was considered and
feasible structures selected according to a method described elsewhere.*® This
comparison eliminated all but 15 of the model structures. A second comparison removed
any structure having an unacceptably large error in any principal value. Here large errors
were defined as errors larger than three times the expected error (i.e. roughly 6 ppm).
This second standard eliminated all but the 6 structures illustrated in Figures 5 & 6 (see

below).



Results and discussion.
Characterizing disorder.

Methyl a—L-rhamnofuranoside is typical of solids that contain disorder with
multiple **C resonances observed for atoms in the molecule (Figure 2). Such NMR
spectra can arise from either static or dynamic disorder of the individual molecules.
Many of the features observed in spectra of disordered solids are also seen in solids
containing two or more molecules in the crystallographic asymmetric unit (i.e. Z* > 1).
Fortunately, solids with Z* > 1 can usually be distinguished from disordered materials
since they contain resonances that are relatively insensitive to temperature variations and
that occur in approximately 1:1 ratios. The methyl a—L-rhamnofuranoside studied here

has a **C spectrum characteristic of a disordered solid.

& 13C PPM

Figure 2. The **C CP/MAS spectrum of methyl a—L-rhamnofuranoside. Each atomic
position displays multiple resonances, reflecting the dynamic disorder present in the
powder. As many as six resonances are observed for each carbon, indicating the presence
of six rapidly interconverting conformations in the solid. Regions of the spectrum
containing no resonances have been omitted.



A series of 1D **C spectra were collected to determine whether the disorder in
methyl o—L—rhamnofuranoside is static or dynamic. The disorder was found to be
dynamic based upon spectra acquired over a range of spinning speeds from 2.3 - 4.8 kHz
(Figure 3). In these experiments, the number of resonances per position was found to
vary with spinning speed. These changes were reproducible at all spinning speeds
regardless of sample spinning history, eliminating the possibility that the changes in
chemical shift were caused by a pressure induced phase change. This result is consistent
with conformational exchanges that occur at rates comparable to the spinning speed with
significant differences observed at C2, C3, C4, and C8. To create the observed changes
in the spectrum, the exchange must occur within the rotor period to alter the rotor echo.
Thus, in the methyl a—L-rhamnofuranoside phase studied here, conformational exchange
at C2, C3, C4, and C8 occurs in the kHz range. No effort was made to more accurately
quantify dynamics since the focus of the present study was to determine which
conformations are present in the solid and to evaluate the magnitude of the

conformational differences.
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Figure 3. A comparison of *C CP/MAS spectra of methyl o—L-rhamnofuranoside
acquired at four spinning speeds. The changes in the spectra are consistent with dynamic
disorder in the kHz range. The C7 methyl resonance is omitted to allow splitting at other
frequencies to be more clearly observed.
Assignment of *H and *C chemical shifts.

Accurate structural studies require that all chemical shifts be correctly assigned to
the corresponding nuclei. The *H and **C shift assignments of methyl o—L—
rhamnofuranoside in solution have been reported previously.** Since these assignments
were based exclusively on 1D data, new solution phase analyses were performed to verify
all assignments. These new data were conducted in CD3OD and rely primarily on DQF-
COSY data (see experimental). All assignments reported previously were found to be

correct and only minor changes in frequency were observed in CD3;OD. All assignments

and important DQF-COSY correlations are listed in Table 1.
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Table 1. Proton and **C chemical shift assignments (ppm) for methyl o—L—
rhamnofuranoside.

D,0O? CD30D DQF-COSY
position H B¢ 'H ¢ 'H — H correlations

2 496(494) 1092(109.7) 480 11020 4.80 - 3.99

3 4.15 (4.12) 77.5 (77.8) 3.99 78.35 3.99 - 4.80 &4.27

4 4.33 (4.31) 71.8 (72.3) 427 7264 427 — 3.99&3.69

5 3.90 (3.85) 84.3 (84.7) 3.69 84.70 3.69 > 4.27 &4.02

6 4.04 (4.03) 65.7 (66.4) 4,02 6691 4.02—>369&1.25

7 1.29 (1.28) 19.9 (20.4) 1.25 2051 1.25—>4.02

8  347(345) 57.0(57.2) 336 55.98

Chemical shifts shown in parentheses are those reported previously.** AII other
chemical shifts in D,O were independently acquired in the present study to verify the
stereochemistry of the material evaluated herein.

All chemical shift assignments in solid methyl a—L-rhamnofuranoside were made
by comparison to those in solution. A comparison of tensor principal values (described

below) shows a close agreement between all experimental and calculated chemical shifts,

further validating the assignments shown.

Conformational predictions.

Prior work has demonstrated that accurate conformations can be predicted from
13C chemical shift tensor information.*®> Accordingly, tensor data was collected for
methyl o—L-rhamnofuranoside using the FIREMAT?™® experiment. All tensor values are
listed in Table 2. At a spinning speed of 2.3 kHz up to six resonances per position were
observed indicating the presence of six distinct conformations present in rapid exchange.
Slower spinning did not alter the spectrum, thus the FIREMAT analysis was acquired at

575 Hz to yield the maximum number of resonances per position while simultaneously

allowing a large number of sidebands to be observed for each tensor powder pattern. A
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sample of the resolution and signal-to-noise obtained from the FIREMAT analysis is
shown in Figure 4.

Table 2. The 3C principal value chemical shifts (ppm) for solid methyl o—L—
rhamnofuranoside.

position d11 022 033 diso

C2 1275 101.7 994 1095
1276 101.0 101.0 109.8
127.7 1040 99.8 1105
128.1 1059 994 1111
1291 106.2 995 1116
129.3 107.2 1000 112.2

C3 104.5 77.4 55.9 79.3
103.5 78.2 57.3 79.7
103.2 80.1 56.6  80.0
102.2 80.0 58.1 80.1
103.4 79.2 58.6  80.4
104.8 78.1 59.1  80.7

C4 96.2 67.9 51.2 71.7
94.8 68.7 92.7 72.0
95.1 70.4 53.3 72.9

C5 117.0 82.2 546  84.6
115.6 82.7 56.1  84.8
120.5 81.5 544 855

C6 87.9 81.2 29.1 66.1
89.4 82.3 28.6 66.8
87.6 84.1 29.9 67.2
89.7 83.7 28.9 67.4
91.0 83.7 28.5 67.7

C7 33.7 27.4 2.5 21.2
33.3 29.1 2.4 21.6
31.3 31.2 2.8 21.8
34.9 27.7 3.7 22.1
31.3 31.3 4.4 22.3

C8 85.3 73.5 7.9 55.6
87.3 74.2 6.2 55.9
86.7 75.4 5.9 56.0
86.7 73.9 8.9 56.5
87.4 76.8 6.8 57.0
87.8 74.2 104 574

13
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Figure 4. The FIREMAT data from carbon 2 illustrating the high resolution and signal-
to-noise data obtained from the analysis. All other positions provided comparable high
quality data.

A total of 243 conformations are possible if only staggered conformations about
the C2-OCHjs, C3-0, C4-0, C5-C6, and C6-0O bonds are considered. Only staggered
conformations were evaluated because such conformations, or small deviations from
these conformations, are invariably found in diffraction structures of related
carbohydrates. Calculation of relaxed geometry and **C principal values for all 243
conformations was considered impractical and thus a previously described process® was
employed that allows significantly fewer structures to be considered while retaining
accuracy. Overall, a total of 66 conformational models were considered and each of
these was evaluated to identify energetically favorable structures. A more detailed

description of how structures were selected and the relaxation of initial model structures
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is included in Experimental Methods. Tensors were computed for each of the optimized
structures and those agreeing with experimental tensor data were retained as viable
conformations. It is now possible to include lattice fields in theoretical tensor
computations. However, in the case of carbohydrates, it has been demonstrated that
inclusion of such lattice fields corrects the calculations by less than 1 ppm.*’ In contrast,
conformational variations due to the rotation of a single OH hydrogen are known to cause
changes in C principal values as large as 10 ppm.*® Moreover, the error in experimental
3C principal values from FIREMAT is roughly 1 ppm.?® Thus, for carbohydrates, use of
gas phase calculations introduces a negligible error much smaller than the changes due to
conformational variations. Accordingly, gas phase calculations were used for all
structural predictions described herein.

In disordered samples, comparison between experimental and calculated tensor
shift values is challenging because multiple resonances are observed for each *3C site in
the molecule and identifying one particular set of lines arising from a single conformation
can be difficult. Assigning all lines to individual conformations has been accomplished
by van Rossum®® and others?® using *H/**C correlation data. However, in methyl a—L—
rhamnofuranoside most experimental principal values from a given position in the
molecule show only minor differences of ca. + 1 ppm. Errors in calculated *C tensor
data for similar carbohydrates are known from prior work to be roughly 1.8 ppm.* Thus,
most of the experimental values for a given position display differences less than the
error in the calculated values. Accordingly, principal values for many positions were
averaged for comparison purposes. This approach recognizes that experimental principal

values having differences smaller that the error in calculated shifts will inevitably be
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assigned to the same conformation. Nevertheless, some differences in experimental
chemical shifts larger than the error in calculated values were observed at C2 (5,,), C5
(811), and C8 (d33). At these sites, two populations of principal values could be
distinguishable. All averaged experimental data used for conformational predictions is

summarized in Table 3.

Table 3. The averaged **C NMR shift tensor principal values used for comparison with
calculated model structures.

position tensor principal values (ppm)
C2 d11 128.6 + 0.8 127.6 +0.1
322 105.8+1.3 1015+ 05
333 99.7+£0.3 100.2+1.1
C3 d11 103.6 +0.9
322 78.8+1.1
B33 57.6+1.2
C4 d11 954 +0.7
322 69.0+1.3
033 524+1.1
C5 d11 116.3+£1.0 120.5%
322 824+04 81.5°
033 554+11 54.4°
C6 d11 89.1+14
322 83.0+1.2
333 29.0+£0.6
C7 d11 329+16
322 29.3+1.9
333 3.2+0.9
C8 d11 86.6 + 1.3 87.1+04
322 73.9+0.4 75.5+1.3
d33 9.1+13 6.3+0.5

80nly a single isotropic resonance at 85.5 ppm had principal values with the higher
frequency 611 component shown. Accordingly, no standard deviation was obtained for
this resonance.

A total of eight unique combinations of experimental principal values can be

made from the data from table 3. When each of these experimental datasets was

16



compared to the model structures, six conformations were found to be compatible with
the experimental data. All other models were rejected with > 90% confidence. The
selected conformations are shown superimposed in Figure 5 with only heavy atom
positions displayed. Differences showing both hydrogens and heavy atoms positions are
shown in Figure 6. It is noteworthy that rapid dynamics would be expected to reduce the
span of the chemical shift tensor (i.e. 811 — d33). The fact that experimental and computed
spans closely match at all positions independently confirms that the exchange is slow on

NMR timescale.

NMR

—_—
selection

Figure 5. A wide variety of molecular conformations were initially evaluated (left). Of
these, six structures (right) were found to be compatible with all **C shift tensor principal
values data.
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Figure 6. All conformations of methyl a—L-rhamnofuranoside evaluated are shown with
hydrogen atoms included in the left figure. Those conformations consistent with the **C
chemical shift tensor data are shown at the right. The structures retained as feasible
(right) can be seen to differ most significantly in OH hydrogen positions and are thought
to interconvert via a concerted OH reorientation.

The six structures agreeing with the *3C shift tensor data were analyzed in detail.
All degrees of freedom are reported in Table 4. The flexibility is largely described by
four ring conformations; *Ta, °To, °E and Eo, described quantitatively by their respective
Cremer-Pople puckering parameters.”* For the 05-C2-08-C8 and 05-C5-C6-06

dihedral angles, all models have similar conformations, with approximately —65° for the

former and approximately 180° for the latter.

Table 4. Conformational descriptors of the six model structures agreeing with **C
chemical shift tensor principal values.

model  ring 05-C2-08-  05-C5- H-C-O-H (°)

no. conf. 02 2(°) C8 (% C6-06 (°) 3 4 6

23 E 0.375 136.8 -66.6 183.8 36.7 -109.2  190.9
24 E 0374 1379 -66.0 185.1 36.4 -110.4  311.0
26 T, 0385 852 -70.6 165.2 -59.3 56.7 1894
27 T, 0385 854 -70.4 166.2 -58.9 572 2858
35 "To 0.383 156.3 -66.2 184.8 58.7 -147.9  190.2
36 Eo 0.332 184.9 -63.9 169.5 40.3 -152.8  50.9

The hydroxyl torsions have roughly staggered conformations and for the hydroxyl

18



groups at carbons 3 and 4, essentially the same values are found for each ring
conformation. The only degree of freedom that shows different conformations with
maintained ring conformation is the hydroxyl torsion at position 6, which shows two
different values for the *T, and the °E ring conformations, hence giving rise to the two
additional structures needed to explain the six different sets of *C shift tensors. Figure 7

provides a visual comparison of structures described in Table 4.

Figure 7. A comparison of the four ring conformations found to agree with **C tensor
principal value data. The °E and T structures consist of two superimposed
conformations that differ primarily in the OH orientation at C6.

The hydroxyl group at position 4 is acting as a hydrogen bond donor in all of the
model structures, with either O3 or O6 as the acceptor (Table 5). In the Eq conformation
two hydrogen bonds are formed, creating the hydrogen bond chain O6-H---O4-H---O3.
However, it is anticipated that if hydroxyl groups as donors were to be refined in an X-

ray crystallographic analysis, intermolecular hydrogen bond networks would also be

found, since the Ogonor—H: - -Oacceptor INteractions identified here all have angles < 135°,
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which is the lower limit commonly used to identify hydrogen bonds by geometric criteria.

Table 5. Hydrogen bonds found in the six model structures agreeing with **C NMR
tensor data.

model no. hydrogen bond fon...o (A) HoH...0 (°)

23 O4H---03 2.0 123.2
24 O4H---03 2.0 123.5
26 O4H---06 2.2 126.1
27 O4H---06 2.2 125.9
35 O4H---03 2.1 111.5
36 O4H---03 2.0 114.9

O6H---04 2.1 131.3

The structures selected show that the disorder in methyl a—L-rhamnofuranoside
consists primarily of disorder in hydrogen positions. This disorder most likely consists of
a dynamic reordering in hydrogen bonding in which the OH hydrogens rearrange on the
kHz timescale to form new conformations that are nearly isoenergetic. This process is
well known in other carbohydrates in the solid state® but usually occurs at rates of 10** -
10" jumps per second, allowing only averaged resonances to be observed by SSNMR. In
the case of methyl a—L-rhamnofuranoside, this process is much slower and allows
distinct resonances from the individual contributing structures to be observed. One
possible explanation for this slower reorientation is that methyl a—L-rhamnofuranoside
has severe steric crowding. Thus, any rearrangement of an OH hydrogen would require a
concerted rearrangement in adjacent OH positions. The concerted reordering of several
positions in the molecule would likely be a slower process than a simple rotation of a
single hydroxyl.

In contrast to the large hydrogen disorder, the heavier atom positions show only
minor disorder as illustrated by the structures shown in Figure 5. This observation is

consistent with minor heavy atom rearrangements from changes in ring conformations
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that accompany the OH reorientations. The disorder in non-hydrogen sites is comparable
to the thermal disorder observed in many single crystal x-ray diffraction structures and
we therefore consider methyl a—L-rhamnofuranoside to be a good candidate for
structural characterization by x-ray powder methods. The present study gives a detailed
structural description of the crystallographic asymmetric unit and provides the initial

model needed for a complete crystal structure determination.

Conclusions.

In this study, solid-state NMR *3C tensor data are paired with computational
methods to establish molecular conformation in a small carbohydrate that is dynamically
disordered in the solid state and unsuitable for conventional single crystal diffraction
techniques. The solid consists of at least six conformations that interconvert on the kHz
timescale. An evaluation of dozens of candidate structures by computational methods
identifies six conformations that are consistent with the NMR data. These structures
differ primarily at OH hydrogen positions with heavier atoms exhibiting only minor
differences that appear to arise from changes in ring conformation that accompany the
OH hydrogen reorientations. This study serves to define the structure in the
crystallographic asymmetric unit and to identify favorable intramolecular hydrogen

bonding arrangements.
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Supporting Information.
Coordinates for the six conformations of methyl a—L-rhamnofuranoside found to
be consistent with *C NMR shift tensor data. This material is available free of charge

via the internet at http://pubs.acs.org.
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