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Well-resolved *’O NMR spectra of D-mannopyranose in a plication under the condition of truncated relaxati@®) liave
mixture of solvents were obtained. The 'O NMR signals of  proven very efficient for water signal suppression. In previou
DMSO and water have been successfully suppressed by incor- 170 NMR investigations a combination of inversion recovery
porating two sequential inversion recovery steps, tuned to the it the RIDE sequencel() for the elimination of the acoustic
relaxation of the two solvent signals, into the RIDE pulse ringing responsel(l) facilitated an easy observation of the

sequence. The heights of the solvent signals are decreased by a .
_ signals of the substrate, even when the resonances were cl
factor greater than 1000. © 1998 Academic Press .
to the solvent signal;, 12.
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inversion recovery; RIDE. If the suppression of more than one signal is desirec

however, a single inversion recovery sequence will nc
completely eliminate all signals due to differences in thei
In YO NMR spectroscopy at natural abundance one fré, relaxation times. This incomplete cancellation may be
quently encounters the problem that one or more solvent siglerable (3), when the relaxation times differ by less than
nals cover or at least obscure signals in the region of inter&%, but it will be insufficient for thé O nucleus, since the
(1, 2). Since these signals are usually several orders of mag#éadrupolar relaxation of the water molecule is severs
tudes larger than the solute signals the dynamic range of tHees slower than that of most organic solvents})( In
receiver is limited by their intensitie) studies of stationary and flowing samples, i.e., in LC-NMF
This is particularly bothersome during the observation 6 in in vivo NMR, the problem of multiple solvent or
compounds, which carry hydroxyl and ether functioB)s EFor background signals has been solved by the combination
solubility reasons water and dimethyl sulfoxide (DMSO) arfequency selective pulses on the solvent resonances fc
often the only choices as solvents and a combination of botH@ved by dephasing gradient pulses (CHESS, WET
frequently used to study the hydration and hydrogen bondif§p, 16 and by multiple inversion recoveryl{, 18. The
of small organic moleculest). With the*’O NMR signals of first two techniques, however, require gradient pulses ar
neat water at 0 ppm and neat DMSO at 12.5 ppm the redberefore equipment that may not be available on all spe
nances for OH and ether oxygen atoms in the region betweé@meters, whereas the latter methods do not require spec
—30 and+100 ppm are difficult to observe. In particular, thdardware.
Signa|s of the non-anomeric hydroxy| groups of sugar mole- This Communication presents an extension of the originé
cules (-10 to +20 ppm) are covered or distorted by thénversion recovery/RIDE combinatioi?) by a second inver-
overwhelming solvent signals. All these factors might prevefton recovery step. This technique is intended to simulte
detection or lead to a misassignment:&d NMR resonances. Neously reduce the size of the t#f© solvent signals of a 0.25
Solvent suppression techniques that rely on avoiding theé D-mannopyranose solution in 50 vol.% DMSO and 5C
excitation Ofafrequency region around the solvent S|gﬁ}a'yx vol.% water and also to minimize the effects of acoustic
are frequently used ifH NMR spectroscopy, because theyinging. The'’O T, relaxation times in this solution are ap-
have well-defined excitation maxima and minima. HoweveRroximately 6 ms for HO, 2.5 ms for DMSO, and less than 1
they are unsuitable fol’O NMR studies of carbohydrates inms for the oxygen atoms in the monosaccharide molecule.
aqueous solutions, because they attenuate and eliminate aliih the pulse sequence
signals close to the solvent signa) (
More promising i; the application_ of t(_achniques, which take T,~180—7,~7p—18C—1o—9E~AQ(+)
advantage of the differeri, relaxation times of solvent and
solute molecules. Inversion recovery (WEFB) @nd its ap- T+—180—-7,~15—18C—1,—180—7,—9%-AQ(—)
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2,3,4-|OH nuclei can be truncate®) and driven into a steady state

with 8 dummy scans.

Experimentally it is advantageous to first optimize the re
covery delay for the faster relaxing specieg)( followed by
the delay for the slower relaxing species.

Figure 1 shows’O NMR spectra oD-mannose, obtained
with three different techniques. To give a visual comparison c
the efficiency of the solvent suppression techniques all spect
were printed with identical intensities of the biggest signals
Spectrum l1a shows the result, when no solvent suppression
used. An intensity ratio of 300:1 ¢@:1-OH) makes it difficult
to distinguish the substrate signals from the baseline and tl
expanded insert shows that the solvent signals cover some
DMSO — the sub_strate_ signals. The application pf t_he p_reviously pul
lished inversion recovery/RIDE combination improves the
spectrum (Fig. 1b), however, it is apparently insufficient tc

b) completely suppress the NMR signals of both solvents. Th
best result is achieved when both solvent signals have eqt
size, but opposite signs.

The introduction of a second inversion recovery step into th
\HQO pulse sequence allows a nearly complete suppression of bc
the water and the DMSO signals (Fig. 1c), and even the signe
of the primary alcohol functions 2-, 3-, and 4-OH and the
X150 secondary 6-OH of the mannopyranose molecule, which a
hidden underneath the solvent signals in the other spectra, c
be easily assigned.

It was found thatr,, in the new pulse sequence needs to b
longer than the recovery delay in the original inversion recov
ery/RIDE sequencer{,). This can be explained with the ex-

50 0 ' a ponential behavior of thd; relaxation. Since the decay of
PPM L negative longitudinal magnetization—-Mz — 0) happens
faster than the build-up of the same amount of positive mag
T L ' T " T T T - netization (0— +M2z), the delay between the first two 180°
100 50 0 -50 . . "
PPM pulses must be extended in order to satisfy the condition

FIG. 1. 40.6 MHz natural abundanc€O NMR spectra of a 0.2/
solution of D-mannopyranose in a 1:1 mixture of DMSO and water at 80°C, Mz(ry + 7p) = _MZ(TS\/ — o), [1]
obtained with a 10-mm broadband probe on a Bruker AC300 NMR spectrom-
eter. (a) Without solvent suppression (RIDE, = 20 us). (b) Solvent . . . .
suppression with inversion recovery/RIDE; the parameters were optimized Wh'Ch describes the magnetization of the solvent signal of tf
minimum solvent signalst(, = 3.3 ms,t, = 20 ps). (c) Double solvent Slower relaxing species ¢@) prior to and immediately after
suppression (sequential inversion recovery/RIBg,= 4.6 ms,, = 1.6 ms, the second 180° pulse. Using a formulB) describing the
7a = 20 pus.) All spectra were recorded wihy = 1 ms,AQ = 8.192 ms, 90° pjjld-up of magnetization after 180° inversion under condi

pulse = 22 s. No deuterium lock was used. “l0ansitions with 1K data v\ o 4 ncation of the relaxation period this equation can b
points were averaged, followed by apodization with a shifted sine bell function

(SSB = 3) and zero filling to 8K prior to the Fourier transformation. The'€Written as
chemical shifts are referenced against the internal water signal.

1-—axexg—(ry + m)/T]=axexd—(m — m)T]—1,

two consecutive 180°%segments are used to eliminate two [2]
signals with different relaxation times,,, 7o, andr, have . .

to be optimized to suppress the water signal, the DMS\eﬂth a=2-exp(~(AQ + T.d)/Tl)’ an_dTl as fche relaxation
signal, and the acoustic ringing response, respectively. Ttrln e for the slower relaxing species. This allows us ic
recovery delays have to be applied in decreasing Ien'gjth.Ca culater, as

andAQ need only be long enough to satisfy the condition 5

T, for the substrate molecule. The relaxation of the solvent  Tw = —7p — T1In((2/a) — exp(—(yy — 70)/T1)). [3]
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