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Organolithium reagents have been used extensively in synthetic
organic chemistry. Considerable amount of work has been done
on the structural characterization of organolithium aggregates such
asn-butyllithium (n-BuLi).1 In particular, NMR spectroscopy has
been an invaluable tool in determining the solution structures of
aggregates of this common reagent. Experiments based on scalar
coupling,2 the Overhauser effect,3 and chemical exchange4 were
adapted to organolithium aggregates. An NMR technique not
previously utilized in the field of organolithium chemistry is
diffusion ordered NMR,5 although it has been applied to transition
metal coordination complexes6 and Seebach has recently used
this technique to demonstrate the existence of a copper catalyst
in solution.7 Direct information on aggregate size in solution was
hitherto derived from colligative property measurements, such
as cryoscopy.1e,8We are intrigued by the possibility of expanding
the wealth of information available by NMR spectroscopy with
the application of diffusion ordered NMR techniques to a variety
of organolithium reagents in solution.

To establish the usefulness of these NMR experiments, our
initial studies focused onn-BuLi in THF solution, as it is easily
accessible and its solution structure is well characterized.n-BuLi

was shown to exist in equilibrium between tetrasolvated dimeric
and tetrasolvated tetrameric aggregates in THF solutions by NMR
spectroscopy1a-d and cryoscopy.1e The solid-state structures of
the tetrameric aggregate and a TMEDA solvated dimer have also
been determined by X-ray crystallography.9

We wish to report that it is possible to distinguish these
aggregates in THF solution by diffusion ordered NMR spectros-
copy. The theoretical diffusion coefficients of then-BuLi aggre-
gates were calculated10 based on the available crystal structures,
as well as gas-phase structures optimized at the PM3 semiem-
pirical level (Figure 1),11 to evaluate the feasibility of diffusion
ordered NMR studies (Table 1). The calculated diffusion coeffi-
cients predicted a small but measurable difference in diffusion
rates.

The1H NMR spectrum of a 0.2 Mn-BuLi solution in THF-d8

at -84 °C shows two resolved multiplets in the upfield region at
-1.00 and-1.12 ppm. These resonances are assigned to the
R-CH2 groups in the tetrameric and dimeric aggregates, respec-
tively.1b 2D-TOCSY experiments allowed the assignment of all
other, partially resolved, butyl resonances. The7Li spectrum shows
two major resonances, a sharp singlet at 1.42 ppm (w1/2 ) 3.5
Hz) and a broad singlet at 1.83 ppm (w1/2 ) 12.7 Hz). These
resonances are assigned to the tetrameric and dimeric aggregates,
respectively.1b 7Li EXSY spectra indicated that interaggregate
lithium exchange is slow under the experimental conditions.

Diffusion ordered NMR experiments were performed with1H
and7Li detection. A double stimulated echo (DSTE) sequence12

with longitudinal eddy current delay13 (LED) was used, to
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Figure 1. PM3 optimized structures of [n-BuLi] 4‚THF4 and [n-BuLi] 2‚
THF4.

Table 1. Calculated and Measured Diffusion Coefficients for THF
Solvatedn-BuLi Aggregates at-84 °C (× 1011 m2 s-1)

calculated experimentala

X-ray PM3 1H 7Li

tetramer 8.89 8.54 8.83( 0.45 8.63( 0.06
dimer 9.94b 9.53 10.11(0.28 n.d.c

diff (%) 10.6 10.4 13.2( 2.2d

a Average of four experiments. Errors reported are three standard
deviations.b TMEDA solvated aggregate.c Not determined.d Deter-
mined directly from experimental data.
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suppress convection artifacts.14 For 1H-detected experiments, the
residual THF signals (3.58, 1.76 ppm) and the resonances assigned
to the butylR-CH2 groups in the tetrameric (-1.00 ppm) and
dimeric (-1.12 ppm) aggregates were integrated. In7Li-detected
experiments the signal of the tetrameric aggregate was integrated.
The7Li signal of the dimeric aggregate could not be observed in
the DSTE experiments due to its shortT1 relaxation time. The
diffusion coefficients were determined by fitting15 the peak areas
to the Stejskal-Tanner equation4a,12,16(Figure 2, Table 1). The
relative diffusion rate of dimeric and tetramericn-BuLi was also
determined from experimental data17 (Figure 3).

The experimental diffusion coefficients are close to the
theoretical values. Diffusion coefficients determined from1H- and
7Li-detected experiments were insensitive to experimental pa-
rameters and in good agreement with each other. The measured
diffusion coefficients varied with exact sample composition by
up to 12%, but the relative rates of diffusion were within 5%
over all samples. As expected, tetramericn-BuLi diffuses slower
than the dimeric aggregate and both aggregates diffuse much
slower than THF. We note that the large difference between the
diffusion coefficients of the aggregates and solvent can be
exploited to suppress solvent signals in1H spectra of lithium
aggregates by size-resolved NMR spectroscopy.18

Experimental datasets were also processed19 and presented in
a 2D Diffusion Ordered Spectroscopy (DOSY) form20 (Figure

4). The resolvedR and partially resolvedâ andγ CH2 groups in
the dimer are centered at a higher diffusion coefficient value than
the corresponding peaks in the tetrameric aggregate. Slices taken
at the diffusion coefficients of the aggregates agree well with
their respective 1H spectra. The CH3 peaks that are not resolved
in the NMR spectrum are not resolved in the diffusion dimension
either. The aggregates are very well separated from hexanes and
THF.

To the best of our knowledge, this is the first successful
application of diffusion-ordered NMR (DOSY) to distinguish
different organolithium aggregates in soultion. We are currently
pursuing the application of this methodology to the study of other
organolithium reagents in solution.
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Figure 2. 1H PFG-DSTE NMR ofn-BuLi in THF-d8 at -84 °C. A
typical Stejskal-Tanner plot of experimental peak areas: THF-d7 (R-
CDH), 9; THF-d7 (â-CDH), 0; tetramer (butylRCH2 -1.00 ppm),b;
and dimer (butylRCH2 -1.12 ppm),O. The solid lines represent linear
least-squares fits to the data.

Figure 3. 1H PFG-DSTE NMR ofn-BuLi in THF-d8 at -84 °C. A
typical plot for measuring relative diffusion rates. The solid line is the
mean and dashed lines are three standard deviations.

Figure 4. 2D diffusion ordered1H spectrum (DOSY) ofn-BuLi in THF-
d8 at -84 °C. (a)1H spectrum at 187 K, the labeled butyl resonances of
dimeric (D) and tetrameric (T)n-BuLi were assigned by 2D-TOCSY.
(b) Slice of the 2D DOSY spectrum at the diffusion coefficient of the
tetramer (- - -). (c) Slice of the 2D DOSY spectrum at the diffusion
coefficient of the dimer (-)
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