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An experiment that excites exclusively coupled nuclei pairs spins is achieved by a double quantum filtéB); The spin
is presented. It involves the biselective defocusing and refocus-  pinging procedure can be replaced with profit by excitatior
ipg of coqpled transverse ma_g_netization _und_er double pulsed sculpting (4), resulting in the gradient-enhanced doubly
fl_eld gradient spin echo conditions. Appllcatloq to the extrac-  gg|ective spin echo sequence, as shown in Fig. 1b. Th
tion of subspectra fmr.n CrOWqu COSY spectra is presented, as advantages are the elimination of spin pinging subtractiol
well as a doubly selective version of the homonuclear J-resolved . . .
EXPEriment. o 1998 Acadermic Press artn‘acts, _the reducno_n of.phase cycle length, a neat invelr
Key Words: excitation sculpting; selective excitation; pulsed field sion proflle,_ and a simplified control of the_ phase of the
gradients; scalar coupling; spectral analysis. produced signals. If an unknown phase difference exist
between hard and soft pulse channels, the magnetizatic
produced by the sequence in Fig. la ends up with al
The effect produced by simultaneous soft Gaussian pulgé¥efined position in the transverse plane, making it diffi-
to a pair of scalar coupled spins depends on the relatioelt to manipulate it subsequently. The double spin ech
strengths of the coupling interaction and of the excitatiosequence takes advantage of inherent refocusing properti
field. The deviation from the effect produced by hard pulsde alleviate this problem. The desired selectivity may be
was observed for inversion pulse$) (and later given the incompatible with the overall sequence length, causing un
name TSETSE (twin spin effect) for excitation puls&y. ( acceptable signal loss by relaxation. Then, a single spi
General analytic solutions of the underlying spin physicgdcho can be used, keeping in mind that the phase of a sc
equations were reported3)( A practical application of refocusing pulse is defined at its middle point.
TSETSE is the spectral “fishing out” of pairs of coupled The optimum durationA of coupling action can be ad-
proton signals from crowded spectral regions. Heteronuclggsted by recording an array of spectra according to puls
TSETSE was applied to the measurement of long-rangequence 1b in which is systematically incremented. The
heteronuclear coupling constantd).( A related scheme correctA value produces a maximum of antiphase magne
named TSETSE-25) combines spin pingings) and Gauss- tization and should be aboutr{2+ 1)/2] (5). An incorrectA
shaped 7) refocusing pulses instead of E-BURP puls8f ( value causes a signal loss without phase distortion. Th
Whatever the scheme is, the magnetization of the selecteidse sequence in Fig. 1c incorporates a second biselecti
nuclei appears with an antiphase pattern that reveals gheuble spin echo period, leading to multiplets completely
mutual coupling constant. This leads to its accurate mei@i-phase, as in refocused homonuclear INEPS)(Quadru-
surement through th&-doubling technique 9, 10. The ple multiselective spin echoes were already used in th
present communication shows how the TSETSE-2 expefiexside” experiment, designed for the measurement of
ment can be improved and extended in order to build heteronuclear long-range coupling constarits).( Experi-
coupled nuclei pair selective, pure in-phase excitation sgental results for gradient-enhanced antiphase and in-pha
quence. Applications to 1D TOCSYL{) and 2D TOCSY- double selective excitation of coupled spins are presented |
COSY (12) are presented. Fig. 2. The test compound is the peracetylated derivative c
The TSETSE-2 experiment (Fig. 1a) relies on spin pingnelezitosel, a trisaccharide present in honey and swee
ing for the elimination of signals from unselectively excitegxudates of many plants. The signals of the methyl group
spins that are not subjected to selective refocusing. Thege highly rejected.
discrimination between the spin pair of interest and other The pulse sequence in Fig. 1b was used wvéitregularly
incremented, like for a 2D experiment. It produces the

1To whom correspondence should be addressed. Fax: 33 3 26 05 35 SiBECtrum in Fig. 3 after a 2D Fourier transformation, tilting
E-mail: jm.nuzillard@univ-reims.fr. and symmetrization. This is a biselective version of a fil-
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@nt1y2J 4k use of the building block in Fig. 1c to be incorporated as ar

I /\ excitation sequence in other experiments. Excitation sculpt
mv%w—— ing has been already reported as a useful tool in the cor
struction of singly and doubly selective 1D NMR experi-

ments (9). The pulse sequence in Fig. 1d produces the
“COSY cross-peak selective” version of the TOCSY ex-

- 4 periment, which formally extracts a 1D trace from a 3D
AL A S RS COSY-TOCSY experiment. The selected in-phase magne
b tization is spread along the spin systems by means of a
MLEV-17 isotropic mixing sequence2(). Starting it with
G G G G antiphase magnetization would lead to signal cancellatior
The double selectivity advantage apatrt, this pulse sequen:
involves the initial magnetization of two nuclei, resulting in
@2 & a theoretical improvement of the signal-to-noise ratio by &
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FIG. 1. Thin vertical bars are 9Q%ard pulses, unless otherwise specified. 65 60 55 50 45 40 35 30 205 20 ppm‘

Arrows symbolize gradient pulses. (a) The TSETSE-2 pulse sequence with double
quantum filtering according to Reb)( (b) DPFGSE-enhanced version of (¢).

X, =Y, =X, yanddg = X, y, —X, —V,. (C) In-phase excitation of coupled nuclei

pairs. The second double echo sequence is identical to the first one. (d) Biselective

2D TOCSY—COSY sequence. Phases are as in (d) ddtk X, —X.

) H-4 H-5
1D TOCSY.$;, = X, =Y, =X, y,andg, = X, y, =X, =y, =X, =Y, X, y,and¢g =
=X, Y,—X, —y.Phases of MLEV pulses follow the variationsdy. (e) Biselective l ‘
Ll W

tered homonuclead-resolved spectrum, which could have ? S 11 e
been produced by the SERF experimeht)( The H-4/H-5 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5ppm
pair in the Glc residue is excited and only its coupling

constant appears alorfg,. The passive coupling constants

(if any) are visible alond=,. The introduction of a recent H-4 H-5
filtering scheme could lead to narrower 2D peaks and there-
fore to accurate measurements of coupling constalfls ( k

The selection of a single frequency in a spectrum require$
a well-separated multiplet. The biselective scheme pre- r—m—m————————1——T—— 77
. 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5ppm
sented here requires only a cross peak of a COSY spectrum
to be well separated, as far as the parameters of interest amG. 2. (a) The 1D spectrum of peracetylated melezitbsgo) DPFGSE-

a

pair of frequencies and the coupling constant of thahanced TSETSE-2 spectrum yfshowing antiphase patterns for H-4 and

corresponding nuclei. Finding an isolated 2D cross peakl'li'SG in Glc. Gradient strengtls, andG, are 38 and 10 G cit, respectively.

ignal-to-noise ratio is optimum with = 162.4 ms. (c) is as (b) but with

n pnnmplg ea5|§r than fl.ndlng an isolated ,1D peak due_ E%Iective refocusing. The second double echo sequence is identical to the fi
the spreadln'g of mformatl.on onto asurfacg |n§tead of a linghe. The number of scans is 32, 8, and 8 for spectra (a), (b), and (c
The production of purely in-phase magnetization allows thespectively.



IN-PHASE DOUBLE EXCITATION SCULPTING 175

Gradient pulses are sine-bell shaped, their duration is 1 m
and they are followed by a 10Qs recovery delay.

The pulse sequences presented here are practical dev
opments of TSETSE, a phenomenon that was initially con
sidered as a nuisance, making it difficult, for example, to us
template excitation 41) in proton NMR. The presented
experiments are easy to set up once a selective refocusi
Gaussian pulse has been properly calibrated. They shou
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FIG. 3. The biselectiveél-resolved spectrum of the H-4/H-5 protons pair in 5.5 -5 4.0 ppm

1 (8 scans, 64 experiments). The debais incremented in steps of 5 ms. The
top trace is the biselective 1D TOCSY spectrum (32 scans) of the Glc unit. An
attenuated signal from H'4s visible atF, = 0.

factor of 2 over the usual 1D TOCSY.]) pulse sequence.
The improvement is effective only if the transverse magne-
tization does not vanish by relaxation during the defocus-
ing-refocusing process.

A further extension of the pulse sequence in Fig. 1d
consists in building a COSY experiment that displays all
coupling relationships between the nuclei within a doubly

selected spin system. Formally, the pulse sequence in Fig.

le extracts a plane from a 4D COSY-TOCSY-COSY ex-
periment. From the COSY spectrum df(Fig. 4a) such a
plane is presented in Fig. 4b, using the H-4/H-5 cross peak
as a starting point. The 1D spectrum at the top of Fig. 4b is
the corresponding 1D-TOCSY spectrum recorded by meaits
of the pulse sequence in Fig. 1d.
All spectra were recorded on a Bruker DRX 500 instru-

ment, fitted with an inverse modeaxis gradient probe. The

;
;

4.0
o0 LN J
<% @
-4.5
o &
5.0
a
[ ] -
. ] <] 8
F5.5
T T
5.5 .5 4.0 ppm

sample is made of 25 mg dfin 0.7 ml of CDCL (37 mM).

FIG. 4. (a) The gradient-enhanced N-type magnitude-mode COSY spec

The shape of Gaussian biselective pulses is produced usiy of 1. The box encloses the correlation H-4/H-5 from which spectrum (b)

the standard Bruker shape tool utility program. They last 5;@

inates. (b) The N-type magnitude-mode COSY spectrum (16 scans, 2-
periments) of the Glc spin systemlinlsotropic mixing and trim pulses last

ms and are trur_lcated at the ]_-% level, and no absolute _ph@§@ms B, = 8.6 kHz) and 2.5 ms, respectively. Gradient strer@glis 7 G
control is required when using a double echo techniquen. The top trace is the biselective 1D TOCSY spectrum of the Glc unit.
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find applications in the field of the structural analysis of7.

C. J. Bauer, R. Freeman, T. A. Frenkiel, J. Keeler, and A. J. Shaka,

complex molecules, as carbohydrates or secondary metabo-J- Magn. Reson. 58, 442-457 (1984).

lites. 8.
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