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Delayed-acquisition methods, namely, echo and constant-time-acquisition approaches, allow a significant improvement
in resolution in the proton solid state NMR spectra of surface organometallic catalysts such as [syn-(SiO)Mo-
(=NAr(=CHBu)(CH,Bu)] and [(=SiO)Re(=CBu)(=CHBU)(CH,Bu)] (syn/anti ratio = 1:1). This enables the
observation of all of the proton resonances, which is not possible with the simple proton single-pulse technique
under magic-angle spinning. For example, the methylene protons of the neopentyl ligands, buried in the large peak
associated with all of the methyls in the 'H MAS spectrum, can easily be identified by recording a delayed-
acquisition spectrum (resolution enhancement of a factor of 3 is obtained). Moreover, combining constant-time
acquisition with heteronuclear carbon—proton correlation spectroscopy also improves the resolution of the 2D HETCOR
spectra.

Introduction deuteriun®® and CRAMPS (combined rotation and multiple-

Proton NMR spectroscopy is an extensively used tool for pulse sequences) techniques, which combine the rotation of
the sample at the magic angle with the application of a

structure determination of molecules in solution. In liquids, homonuclear decounling seauedanith the recent develon-
highly resolved proton spectra are obtained because of fast pling seq P

molecular tumbling, which, in most cases, fully average out ment of new, efficient protonproton decoupling schemes

—9 10,11 2
the anisotropic interactions. In contrast, the proton spectraSUCh as PMLG,® DUMEO, and eDUMBOI the .
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For complex molecular systems, the rotation of the sample (4) Pembleton, R. G.; Ryan, L. M.; Gerstein, B. Rev. Sci. Instrum.
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of less than 0.2 ppm in model powdered compounds. Despiteprecursorl, we show that dramatic enhancement in resolu-
the introduction of these sophisticated techniques, dipolartion, up to a factor 3, is observed when the proton spectrum
broadening still seriously limits the resolution of proton is acquired over a constant-time period. A comparison with
spectra of solid molecules and, therefore, the use of protondelayed acquisition is provided. Although, as reported for
NMR spectroscopy as a routine technique for the structural powdered solids, this approach suffers from relatively poor
characterization of medium-sized molecules in solids. sensitivity, we show that a constant-time carbqmnoton

In this article, we investigate the resolution of proton NMR  correlation experiment is feasible on this type of compound
spectra of well-defined single-site surface organometallic and provides a significant gain in resolution compared to
compounds supported on silica. These surface complexesstandard heteronuclear correlation spectroscopy (HETCOR).
constitute an important class of heterogeneous catalysts,The enhancement in proton resolution using constant-time
designed and synthesized following a molecular approachacquisition is finally investigated for a Re-based catalyst
(called surface organometallic chemistfy}* We have  precursor [ESIiO)Re&CBuU)(=CHBuU)(CH;Bu)] (2)161°
recently shown that one- and two-dimensional solid state (Synanti ratio = 1:1) to illustrate the generality of the
NMR spectroscopy can be used to characterize in detail theapproach. In both casdsand 2, this approach allows for
structure of these surface complexe¥ the identification of more resonances than does the conven-

The challenging question of how to obtain higher- tional method.
resolution proton NMR spectra is posed in a relatively . .

i Results and Discussion
different way for molecules grafted onto a surface as
compared to ordinary molecular solids. Indeed, for molecules  Figure 1 shows a comparison between the (a) single-pulse,
on surfaces, magic-angle spinning alone at moderate fre-(b) delayed-acquisition, and (c) constant-time-acquisition
guencies (10 kHz) is usually sufficient to obtain fairly well- MAS proton spectra of complek The single-pulse spectrum
resolved proton spectra. This is because (i) these compounds(Figure 1a) consists of four well-resolved resonances, as-
although covalently linked to the surface, still have several signed to the following protonssyn[Mo](=CH'Bu) (Hs,
degrees of motional freedom that partially average out the 11.7 ppm), AH (Hs, 6.8 ppm), & (Pr) (Hs, 3.5 ppm) and
dipolar interactions (such as rotation about the oxygeetal CH3 (Hg;Hy';Hy"", 0.9 ppm), as described recentlyThe one-
bond in the case of a mono-grafted species) and (ii) single- dimensional (1D) delayed-acquisition spectrumf(Figure
site catalysts are usually dispersed on the surface, typicallylb) was recorded using the pulse sequence shown in Figure
separated by more than 10 A, which significantly reduces 2a. The delayed-acquisition experiment, which was first
the proton density at a given site. Proton line widths of 1 proposed in the mid-1990s as an alternative approach for
ppm are typically observed under MAS conditions. The observing narrow proton line widths in solid sampies;
observed residual broadening is assigned to both chemicalonsists of a 90 proton pulse followed by a spirfecho
shift distributions (corresponding to a continuum of very period before direct acquisition of the NMR signal. In the
slightly different molecular structures over the surface) and resulting spectrum, the intensities of the proton resonances
residual anisotropic interactions. are attenuated through the transverse dephasing of coherences

We have recently shown forsyn(SiO)Mo(=NAr)- during the spir-echo period, the signal attenuation being
(=CHBu)(CH,Bu)] (1) (Ar = 2,6-di-isopropylphenyl) that dependent on the magnitude of the so-called refocused
a slight, but significant, improvement in proton resolution transverse coherence lifetimg;',2>"2" of the proton spins.
can be observed by applying DUMBO homonuclear decou- As described in previous reports;' corresponds to the
pling during the acquisition of the proton spectrum, the line time constant characterizing the decay of the proton signal
width of the CH proton being thus reduced from 390 to intensity, as observed in a sptecho experiment. The
260 Hz. In this article, we investigate an alternative “high- pulse applied in the middle of the echo period refocuses some
resolution” approach to the proton spectroscopy of surface interactions, such as the chemical shift distributions or the
catalysts, namely constant-time (CT) acquisition of proton refocusable terms of the residual dipolar coupling interac-
spectra. This approach has been previously shown by us tdions, but some residual dipolar terms remain unrefocusable.
provide a significant improvement in the resolution bf Thus, T can be much longer than the apparent transverse
spectra of powdered rigid solid&For the Mo-based catalyst ~dephasing timdz*, which is the inverse of the apparent line
width A* measured in the single-pulse 1D spectrum, i.e.,

(13) Copeet, C.; Chabanas, M.; Petroff Saint-Arroman, R.; Basset, J.-M.
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(15) Petroff Saint-Arroman, R.; Chabanas, M.; Baudouin, A.; Cep€.; (20) Ding, S.; McDowell, C. AJ. Magn. Reson. A994 111, 212-214.
Basset, J.-M.; Lesage, A.; Emsley, L.Am. Chem. So@001, 123 (21) Ding, S.; McDowell, C. AJ. Magn. Reson. A995 115 141-144.
3820-3821. (22) Ding, S.; McDowell, C. AJ. Magn. Reson. A995 117, 171—-178.
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W.; Lesage, A.; Hediger, S.; Emsley, 0. Am. Chem. So2003 (24) Fung, B. M.; Tong, T.-H.; Dollase, T.; Magnuson, M. L. Magn.
125 492-504. (b) Lesage, A.; Emsley, L.; Chabanas, M.; Coperet, Reson. A1996 123 56—63.

C.; Basset, J.-MAngew. Chem., Int. EQR002 41, 4535-4538. (25) Lesage, A.; Bardet, M.; Emsley, U. Am. Chem. Sod999 121,
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45, 1216-1220. 376, 259-267.
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Figure 2. Pulse sequences used for (a) the 1D delayed-acquisition
experiment, (b) the 2D constant-time experiment, and (c) the 2D hetero-
nuclear constant-time experiment. In b and c, quadrature detection in
was achieved using the States mefffday incrementing the phase of the
second 90 proton pulse. The pulse programs are available from our web
site” or upon request to the authors.

oriented so as to yield shortés' will decay more than those
oriented so as to yield lond,'. Therefore, the delayed
spectrum will be dominated by the molecules with IoRg
and thus smaller dipolar interactions. This will lead to
narrower lines and, therefore, increased in resolution. Second,
e ———— we expect intensity variations from site to site, reflecting
12 10 8 6 4 2 0 the longerT,' values expected for mobile methyl groups,
Proton Chemical Shift (ppm) for example, as compared to rigid methylene groups. Both
Figure 1. Molecular structure and one-dimensional proton MAS spectra of these effects are apparent in Figure 1b, where we first
of [syn(=SIO)Mot=NAN(=CHBU)(CHBU)] (11" (&) Single-pulse spec- remark that the most intense resonance, which is labeled H
trum (8 scans). (b) Delayed-acquisition spectrum (32 scans) acquired using ’ ) £
the pulse sequence of Figure 2a with an echo perio@f210 ms. (c) Hy', and H" and corresponds to the methyl protons, is now
Constant-time proton spectrum. This spectrum was constructed from a 2D clearly split into two components at 1.0 {Hand 0.8 (H'
spectrum (acquired using the pulse sequence of Figure 2b and shown in d H" Th 1.0 b . dt
Figure S1) by summing; traces extracted along, at the relevant proton and H") ppm. The resonan(_:e_ at 1.0 ppm Can_ e a55|g_ne 0
frequencies (see text for details). The constant fihveas setto 10 ms. A the methyl protons of the di-isopropylphenylimido moiety,

total of 196t; points with 8 scans each were collected. Asterisks indicate \yhereas that at 0.8 ppm likely corresponds to the methyl
small artifacts present in the 2D spectrum. (d) Constant-time proton spectrum

of 1 obtained by grafting [MGENAF)(=CH'Bu)(CH,Bu);] onto deuterated  Protons qf both the neopentyl [.MO](QB(CHS)S) and
silica. The experimental conditions were the same as in c. Insets above theneopentylidene [MofCHC(CHy)3) ligands, in agreement

spectra show expanded details between 1 and 3 ppm. with previous works on similar molecular systefisit An
additional weak resonance giwhich was not observed in
the single-pulse spectrum of Figure 1a, is now clearly visible
at 2.0 ppm. It might correspond to either methylene protons
[Mo](CH2Bu) or to (unreacted) silanols present on the
surfacé?32 (see below).

As mentioned above, the resolution enhancement observed
in the methyl region is likely due to differences in transverse
refocused coherence lifetim&s, combined with the selec-
tion of molecules with lond?' species. Table 1 reports, for
the five distinct proton resonances bf the characteristic
refocused and apparent transverse dephasing tifaean(d
T,*). The decays of proton magnetization as a function of

T,* = 1/zA*.*? In the delayed-acquisition experiment, an
enhancement in the resolution of proton spectra is mostly
expected for the following reasons. The observed spectrum
is, in fact, the sum of spectra resulting from each surface
molecule. These molecules can vary very slightly in chemical
shift as a result of variations in the local environment (silica
is amorphous)® This produces a spectral broadening due
to chemical shift. The molecules are all different because
they are oriented in the powder in random directions. The
dipolar broadening, which is the primary source Tf,
depends on orientation, and so, it is expected to vary
somewhat from one molecule to another. Also dipolar
interactions depend on local proton density and vary from

(29) Sinha, A.; Schrock, R. ROrganometallics2004 23, 1643-1645.

one chemical group to another. (30) Pilyugina, T. S.; Schrock, R. R.; Hock, A. S.; Mueller, ®xgano-
Thus, we expect two effects in the delayed-acquisition metallics2005 24, 1929-1937.
spectrum. First, during the delay, protons in molecules GV glrggibﬁétlécﬁ?fébbépé;Iflczrlrfflz(é? R.; Hock, A. S.; Mueller, P.
(32) Legrand, A. P.; Hommel, H.; Tuel, A.; Vidal, A.; Balard, H.; Papirer,
(28) Rataboul, F.; Baudouin, A.; Thieuleux, C.; Veyre, L.; Coperet, C; E.; Levitz, P.; Czernichowski, M.; Erre, Rdwv. Colloid Interface Sci.
Thivolle-Cazat, J.; Basset, J.-M.; Lesage, A.; Emsleyl.lAm. Chem. 199Q 33, 91-330.
S0c.2004 126, 12541-12550. (33) Morrow, B. A.; Gay, |. D.Surf. Sci. Ser200Q 90, 9—33.
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Table 1. Proton Chemical Shifts and Corresponding Assignments
for the Surface Complexesyn(=SiO)Mo(=NAr)(=CHBu)(CH,'Bu)]
(1) and [ESiO)ReECBU)(=CHBuU)(CH,'Bu)] (2)16 (synanti
Ratio= 1:1p

IH chemical Tz*P  Tof  Txf
site assignment shift (ppm) (ms) (ms) (ms)
[syn(=SiO)Mo(=NAr)(=CHBu)(CH,'Bu)] (1)

Hi, Hy' CH3 (IBU) 0.8 :|..4J 53 0.2

Hy CHs (Pr) 1.0 14 51 1.1°

Hoa Hap  [Mo]—CH2Bu 2.0 —f 56 1.1

Ha CH (Pr) 35 3.4 3.6 0.5

Hs ArH 6.8 1.4 4.9 0.5

Hs syn[Mo]=CH!Bu 11.7 17 47 09

[(=SiO)ReEC'Bu)(=CH'Bu)(CH,'Bu)] (2) (synanti Ratio 1:1)

Hy CHj (C'Bu) 1.1 35 58
H1' CHg3 (CH'Bu) 1.2 2.9 3.6
Hy" CH3 (CHZ'Bu) 14 2.7 3.9
Haa anti anti-[Re]—CH,'Bu 2.0 —f 4.3
Hoasyn  Syn[Rel—CH,Bu 2.6 2.6 3.6
Hab,syn syn[Re]—CH2'Bu 3.0 2.0 4.1
Hab,anti anti-[Re]—CH,'Bu 3.1 —f 3.7
Hs syn syn[ReJ=CH'Bu 11.0 1.3 6.4
Ha ani anti-[Re]=CH'Bu 12.6 19 66

aFor each resonance, tfig" value, calculated from the measured proton
line width at half-height, is indicated, together with fitted values of the
refocused dephasing tinie' as measured from spirecho experiments.
b T,* values were calculated as/A*, where A* is the apparent line width
at half-height that is measured in # single-pulse spectruni.Transverse
dephasing timed, were obtained by fitting the intensity of the proton
resonances measured in a spatho experiment as a function of the echo
length 7 using the biexponential functiop exp(—2t/Tz') + (1 — p)
exp(—2t/Ty') for 1 and the monoexponential functianexp(—2z/T2') for
2. 9Common values due to overlapping resonances (see Figure 1a).
e Different values due to resolution gain (see Figures-dband S1).
fUnresolved resonance in thd single-pulse spectrum (see Figures 1a and
4a).
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to the position of ther pulse, are active during the whole
constant timél, whereas durinty, the evolution of the proton
magnetization is modulated only by the refocusable interac-
tions. This yields a 2D spectrum correlating along the
diagonal the constant-time spectrumain with the normal
MAS spectrum inw,. The 1D constant-time proton spectrum
is simply obtained by summing the, traces extracted along
w> at the various proton frequencies.

The 1D proton constant-time spectrumlpfecorded with
aT value of 10 ms, is shown in Figure 1c. (Figure S1 in the
Supporting Information shows the full 2D spectrum from
which this spectrum was extracted.) A constant-time value
of 10 ms was found experimentally to be a good compromise
between resolution iw; (the maximum value of; cannot
exceedT) and sensitivity. The CT proton spectrum shows
an additional increase in proton resolution over the delayed-
acquisition spectrum (Figure 1b), although they are globally
similar. Thus, the hresonance is now 95 Hz broad at half
width in the CT spectrum compared to 130 Hz in the
delayed-acquisition spectrum. This corresponds to a factor
1.6-2.3 in line width reduction in comparison to the
conventional single-pulse spectrum of Figure la (214 Hz).
In particular, the Hresonance at 2 ppm is clearly resolved.
Note that we observed experimentally that very fast MAS
(up to 30 kHz) does not help to improve the resolution of
the single-pulse proton spectra (data not shown).

To obtain an unambiguous assignment of the signal at 2
ppm, which could potentially correspond to either methylene
protons or unreacted silanols, a constant-time experiment
(T = 10 ms) was conducted on compléxobtained by

the spin-echo length (observed using the pulse sequence Ofgrafting [Mo(=NAr)(=CHBU)(CH,Bu);] onto deuterated

Figure 2a with varying delays) could be properly fitted
with a biexponential function and two characteristic times
T4 and To, (as already observed for some other solid
specie¥’). Although relatively small, differences if,’ are

silica instead of protonated silica (i.e., ¥&ilanols in place

of SiOH silanols). The corresponding 1D proton spectrum
(Figure 1d) is similar to that obtained with protonated silica
(Figure 1c), indicating without a doubt that the proton

observed among the various resonances. More importantly'resonance at 2.0 ppm does not correspond to unreacted

we remark thaf,, (the longer refocused time constant) and
T,* differ by a factor ranging between 2 and 3.8. Thus, for
resonance kj for instance, the refocused line width corre-
sponding to the measuret,y value (and calculated as
1/nT,q) is 65 Hz, whereas the apparent line width in the
single-pulse proton spectrum is 227 Hz. In delayed acquisi-
tion, long T, values are favored, but the effect a%'
broadening is not removed.

Proton resonances that are entirely free of the nonrefo-
cusable broadening due t6, (65 Hz in the previous

silanols (in agreement with IR spectroscopy data, which show
the consumption of most of the surface silanols, as reported
previously)!” Note that this unambiguous assignment could
not have been drawn from camentional single-pulse spectra,
where the methylene resonance is not resd!

The resolution enhancement observed in the constant-time
experiment occurs at the expense of the signal-to-noise ratio,
given that, as reported previousfthe proton magnetization
is attenuated during the constant tinby the nonrefocusable
interactions. (Note that, in principle, the sensitivity of the

example) and that contain only the refocusable terms (notablyexperiment could potentially be improved slightly by ap-

chemical shift) can, in principle, be observed by applying a
constant-time acquisition of tHel signal*® Figure 2b shows

the pulse sequence for the constant-time experiment usecjcJ

here. This is a two-dimensional (2D) experiment, in which
acquisition of the signal ity starts at a constant timieafter

the initial 9C¢ proton pulse; ar pulse is shifted from the
middle to the end of this constant-time interval progressively
from onet; increment to another. As already described in
detail8 the nonrefocusable interactions, which are insensitive

(34) Gerbaud, G.; Ziarelli, F.; Caldarelli, €hem. Phys. LetR003 377,
1-5.
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plying homonuclear decoupling during the constant-time
eriod!® However, such experiments are significantly more
omplex to implement and can lead to the presence of
spectral artifacts that compromise the potential gain in
sensitivity. We are currently investigating ways to implement
this experiment in a robust way, and results will be presented
elsewhere.) Despite this poor sensitivity, a 2D heteronuclear
(HETCOR) constant-time experiment was feasible on com-
plex 1 using the pulse sequence described in Figure 2c. In
this experiment, the proton constant-time indirect evolution
period was followed by a cross-polarization step, which
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Single-pulse proton spectrum (8 scans). (b) Delayed-acquisition proton

spectrum (32 scans) acquired with an echo periodf20 ms. (¢) Constant-

time proton spectrum. This spectrum was constructed from a 2D spectrum

as detailed in the text. The constant tifevas set to 10 ms. A total of 196

1 points with 8 scans each were collected. Insets above the spectra show

expanded details between 1.9 and 4.2 ppm.

Figure 3. (a) 2D carbor-proton constant-time MAS HETCOR spectrum

of 1. A complex that was fully*3C-enriched at thet positions was used
(position G and G as labeled in the molecular structure shown above).
The constant tim& was set to 5 ms, and the contact time for the CP step
was 1 ms. The recycle delay was set to 1 s, and the spinning frequency
was 10 kHz. A total of 32; increments with 8192 scans each were collected
(timax= 5 ms) The total acquisition time of the experiment was 110 h. The

1D carbon-13 CP MAS spectrum (256 scans) and the 1D sing'le-pulse protongroup, the 2D spectrum shows two correlation peaks in the
spectrum (8 scans) are shown above and to the left, respectively, of the 2D . . .
spectrum. Asterisks denote spinning sidebands. (b) Proton trace extracted®rOton dimension at 0.8 and 2.0 ppm with the methylene
from the 2D spectrum along; at the methylene carbors@hemical shift carbon [Mo]CH2'Bu) C; at 56 ppm. They are respectively
(56 ppm). (c) Same trace extracted from a conventional HETCOR assigned to an indirect long-range connectivity with the
spectrund’ acquired with a total of 9, increments with 512 scans. The
recycle delay was set to 2 s, and the contact time for the CP step 1 ms. ThemethyI protons of the'Bu group and to the one-bond
total acquisition time of the experiment was 28 h. The carbon chemical correlation with the methylene protons. These two connec-
er]]gtscz:n 21;%% ;‘;f‘;{z";"lf;a%yzfegg:?éﬁq and G", 30 ppm; G, 56 ppm; tjvities have about the same intensity, as shown in Figure
' ' ' 3b in thew; trace extracted along, at the G chemical
allowed the transfer of proton magnetization to the neighbor- shift, which can be rationalized by the fact that the methyl
ing carbon spins via dipolar through-space interactions. The protons are likely less attenuated during the constant-time
carbon magnetization was then detected dutinginder period than the more strongly coupled £ptotons. Figure
heteronuclear decoupling. After a 2D Fourier transform, 3¢ shows the same proton trace extracted from a conventional
correlations were obtained between the high-resolution protonHETCOR spectrum’ for which the distinction between the
dimension inw; and the carbon spectrum im,. The 2D direct and indirect correlations was not clear. The constant-
constant-time HETCOR spectrum afrecorded with ar time experiment provides a significant gain in resolution,
value of 5 ms is shown in Figure 3a. In this experiment, for allowing in this case the unambiguous assignment of the
sensitivity reasons, we used a surface complex that was fullymethylene protons at 2 ppm.
carbon-13-labeled at the positions (carbons £and G in Figure 4 shows a comparison between (a) a single-pulse
the structure shown above the 2D spectrum). In addition to proton spectrum, (b) a delayed-acquisition spectrum, and (c)
the correlation atcg;, 11.7 ppmiw,, 279 ppm) corresponding  a constant-time-acquisition proton spectrum recorded on
to the alkylidene moiety [Mo}CH'Bu) C;, as previously another well-defined organometallic complex grafted on
assigned, and to a very weak correlation @t, (0.8 ppm; silica, namely, [ESiO)ReECBu)(=CHBuU)(CH,'Bu)] (2)
w2, 31 ppm) corresponding to the methyl ©f the neopentyl present on the surface as a mixture of two rotanmsnsand

Inorganic Chemistry, Vol. 45, No. 23, 2006 9591
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anti, in a 1:1 ratio. The synthesis and detailed structural become a routine technique to characterize grafted species,
characterization of this heterogeneous rhenium alkylidene for which the resolution provided by MAS alone is not
complex has been recently reportéd® As for the case of  always sufficient to clearly resolve all the proton resonances.
the Mo complexl, this comparison very clearly demonstrates (Note that any new resonance that is possibly observed in a
that constant-time acquisition provides a net improvement one-dimensional constant-time experiment should be con-
in resolution. This is especially true in the aliphatic part of firmed, for example, by HETCOR.) Despite the fact that the
the spectrum, where resonances between 1.9 and 4.2 ppngain in resolution is counterbalanced by a loss in sensitivity,
(see the insets in Figure 4), which are barely visible in the we have shown that the constant-time-acquisition approach
single-pulse proton spectrum (Figure 4a), are clearly observ-can also be applied in heteronuclear carbproton correla-
able in the delayed and constant-time experiments (Figuretion spectroscopy, thereby allowing for a complete high-
4b and c). They correspond to the four resonances of theresolution spectral characterization.

diastereotopic methylene protons in gymandanti rotamers
and can be potentially assigned by analogy with molecular
compounds as follows:syn[Re](CH:Hy'BU) (Haasyn 2.6 General Procedures. Sample Preparation[syn(=SiO)Mo-
ppm), syn[Re](CHHy'BU) (Hzpsyn 3.0 ppm), anti-[Re]- (=NAn)(=CHBU)(CH;Bu)] (1)*" and [ESiO)ReE=CBu)(=CHBuU)-
(CHaHuBU) (Hzaani 2.0 ppm), andanti-[Re](CH.Hy'BU) (CHZBu)] (2)*6:19 (synfanti ratio = 1:1) were synthesized as
(Hzpans 3.1 ppm). [The liquid-state NMR proton spectrum described previously.

— ; Solid State NMR Experiments.All experiments were performed
of [POSSORe£CBu)(=CHBuU)(CH,'Bu)] displays four
peaks in the 23 ppm area assigned to theyn{Re]- on a Bruker Avance 500 WB spectrometer (proton frequency 500.13

(CHHJBU) (0 = 2.56 and 3.00 ppm) andnti-[Re]- MHz) using a conventional double-resonance 4-mm CP MAS probe.

s _ Full rotors were filled in a glovebox and tightly closed. Ap-
(CHHyBU) (6 = 2.20 and 3.14 ppm) proton&].in the proximately 20 mg of each sample was used. Chemical shifts are

spectra of Figure 4, the two weak resonances at low field reported in ppm downfield from SiMeeferenced at 0.0 ppm. For
correspond to theyn[Re](=CH'Bu) (Hssyn 11.0 ppm) and  all experiments, the rotor spinning frequency was 12.5 kHz. For
anti-[Re](=CH'Bu) (Hsz ant, 12.6 ppm) protons, whereas the the constant-time HETCOR spectrum, the proton radio-frequency
methyl resonances are assigned to thi [Deopentyl, [Re]- (RF) field was set to 83 kHz for TPPM-35 heteronuclear
(CH2BuU)] (H{', 1.4 ppm), @3 [neopentylidene, [Re]- decoupling during acquisition. For the CP step, a ramped RF field
(=CHBuU)] (Hy, 1.2 ppm), and @3 [neopentylidyne, centered at 60 kHz was applied on the protons, and the carbon
[Re](=C'Bu)] (Hy, 1.1 ppm) groups as reported earfiér. field strength was matched to obtain optimal signal. A 1-ms contact
Note that, for the methyl groups, we do see a striking effect time was used. Unless otherwise specified, the recycle delay was
of the differences irT,, discussed above, because of the set to 2 s. Other experimental details are given in the figure captions.
probably highly mobile methyl group of neopentylidine, Acknowledgment. F.B. is grateful to the French Ministry
which should have a lon,' value, and the other two methyl  of Education, Research and Technology (MENRT) for a
groups of neopentylidene and neopentyl, which are probably graduate fellowship. We are indebted to the CNRS, ANR
more rigid and thus have short&s' values. This results in ~ (ANR JCO05_46372), ESCPE Lyon, ENS Lyon, and the
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the pattern being observed in Figure 4c. National Science Foundation for financial support. NMR
) spectra were recorded at the European Large Scale Facility
Conclusion for NMR in Lyon, France.

In conclusion, we have shown that, by using a simple MAS Supporting Information Available: Two-dimensional proton

scheme for the constant-time acquisition of the proton signal, constant-time MAS spectrum df This material is available free
a significant improvement in resolution can be observed in of charge via the Internet at http:/pubs.acs.org.

the NMR spectra of surface organometallic catalyst precur-
sors. In the complex syn(SiO)Mo(=NAr)(=CH'Bu)-

(CHZBuU)], this approach allowed for the unambiguous (3s) Bennett, A. E.; Rienstra, C. M.; Auger, M.; Lakshmi, K. V..: Griffin,

observation and assignment of the methylene protons. We  R. G.J. Chem. Phys1995 103 6951-6958.

believe that the constant-time-acquisition technique, which (3¢) >tates, D. J.; Haberkorn, R. A.; Ruben, DJJMagn. Reson982

can be easily implemented on modern spectrometers, might(37) http://www.ens-lyon.fr’'CHIMIE/Fr/Groupes/NMR/Pages/home.html.
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