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This study presents a simple method for measuring long-range heteronuclear coupling constants between
protons and proton-bearing carbons. The approach involves recording two conventional 1D-TOCSY
experiments in which the offset of the selective proton pulse is set on the low- and high-fredé@ncy
satellites of an isolated proton signali. Hong-range heteronuclear coupling values between3bie

bonded to Hand the protons Lk...nthat belong to the same spin system were easily determined from

the relative displacement of the relayed kd.n signals in the satellite-selective TOCSY spectra. The
sense of the displacement indicated the sign of the coupling constants.

Introduction H—C couplings and structure. As a consequence, the application
of this NMR parameter to the configurational and conforma-

1 i . . . .
HeteronucleatH—*C coupling constants over more than one 5| assignment of small organic compounds is not frequently
bond (Jcw; n > 1) are extremely useful for solving stereo- iijized.

chemical problem$.A method, denoted as)*based configu- A number of two-dimensional (2D) NMR experiments
ration analysis”, has been developed to elucidate the Stereo'designed for measuring long-randéc ;i values have been
chemical conflgurgtlon of ?‘CVC"C organic comgounds based on o iewed! Two-dimensional experimeﬁts have long acquisition
carbowprotonlspln-cogplmg constantd=c.). _The use of times imposed by their requirement for high digital resolution
Iong-rangéH— 3C coupI!ng cpnstants to determine the structure in F., however, and are not suited for the task of measuring
of oLgam_c moflehcules IS|S$(|] uncorg;rplc())né h_oweverl,l and (tjhe specific couplings to a given carbon. Since the solution to a
com |28atllon %d. omonucie bIHH an =S 'Z us_u;’il yhusf particular stereochemistry problem for small to medium mol-
Instead: In a ltion to problems assoclated with the oW = e often lies in a limited number of heteronuclear coupling
sensitivity of*C nuclei, this is probably due to the absence of ,siants 1D NMR experiments acquired in a shorter time and
a standard and convenient method for correlating Iong'r"’mgeproviding higher resolution are therefore more attractive. Most

1D pulse sequences for measuring long-range heteronuclear

lSgi’:}ggsggt'R‘G?;‘ggrﬁg“é'é”gémelona couplings are inverse experiments that usually include at least
(1) Eberstadt, M.; Gemmecker, G.: Mierke, D. F.; Kessler Afgew. one selective carbon pul8dJnfortunately, these nonstandard
Chem., Int. Ed. Engl1995 34, 1671-1695. pulse sequences are often only used by specialists and seldom

(2) Matsumori, N.; Kaneno, D.; Murata, M.; Nakamura, H.; Tachibana, p racticing organic chemists. Thus. a simple approach for
K. J. Org. Chem1999 64, 866—876. yp 9 019 ’ ’ P PP

(3) (a) Eberstadt, M.; Mierke, D. F.; Kock, M.; Kessler, Helv. Chim.
Actal1992 75, 2583-2592. (b) Koeck, M.; Junker, J. Org. Chem1997, (4) Marquez, B. L.; Gerwick, W. H.; Williamson, R. TMagn. Reson.
62, 8614-8615. Chem.2001, 39, 499-530.
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FIGURE 1. Schematic representation of the spectrum in the model
system, H+C1-C2—H2. The signals are color coded according to
the isotopomer to which they correspond. The thick and thin lines of
the minor isotopomers represef€ in its 5 or a state, respectively.
For simplicity, the intensity of each signal is not scaled and the small
13C/*2C isotopic effect on théH chemical shifts that prevents the
satellites from being symmetrically placed around the main peak is
neglected. The isotopomer with & atoms is not considered because
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satellite-selective 1D-NOESY experiment to elucidate symmetric
isomers, inspired our approach. The selective inversion of the
13C satellites in a 1D-NOESY experiméryielded NOE effects
on the spatially clos€C-bonded proton of the same isotopomer,
resulting in the unambiguous structural assignment of config-
uration in symmetric molecules. Rather than simultaneous
irradiation of both satellites, we examined the individual
selective inversion of each satellite resonance followed by a
spin-lock period in two individual 1D-TOCSY experiments. The
1D-TOCSY is a standard NMR pulse sequence that yields 1D
subspectra of protons that are part of the same spin system.
Let us consider the effect of this approach on a model spin
system, H+C1—-C2—H2, in which H1 is coupled to H2 and
8Ju1n2 > 0. For simplicity, the'?C/A3C isotopic effect on the
chemical shifts is neglected and a first-order analysis is assumed.
Ten doublets are expected in thé spectrum: two doublets at
On1 and oy, for the most abundant isotopomer, HBC1—
12C2—H2 (ca. 98% natural abundance), four doublets for the
minor isotopomer, H+13C1-12C2—H2 (ca. 1% natural abun-
dance), two aty; + e 4y/2 that are ascribed to H1 and two
at oy £ 2Jc1nA2 that are ascribed to H2, and four doublets for

the minor isotopomer, H12C1-13C2—H2 (ca. 1% natural
abundance) (Figure 1). Minor signals that are separated by one-
measuring’Jc 4 values would be highly beneficial to extend bond H-C coupling, commonly denoted as th€ satellites,
the use of these couplings to the structural elucidation of organic are often observed in th#H spectrum. Other minor signals
compounds. separated by the two-bond H,C couplings cannot be detected
In this study, we develop a satellite-selective 1D-TOCSY because they are obscured by the strong signal dé@weonded
experiment that would measure the sign and the magnitude ofprotons in the predominant isotopomer. The selective excitation
"Jc 1 in small organic molecules in a fast, sensitive, and accurate of each H1 satellite followed by magnetization transfer to the
way. Lunazzi and Mazzantiwho demonstrated the use of a coupled H2 proton in the 1D-TOCSY experiments would give

of its low abundance (approximately 0.01%).
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FIGURE 2. 500 MHz spectra of isoleucine in;D. (a) ConventionatH spectrum; (b-d) 1D-TOCSY spectra with selective inversion of the
12C-bonded H2 resonance (b), the low-frequency H2 satellite (c), or the high-frequency H2 satellite (d). Displacement of the signals is illustrated
by expansion of the methyl region. The acquisition time of each satellite-selective 1D-TOCSY was 17 min.
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rise to signals adw. =+ 2Jc1,142 in the absence of a major signal  TABLE 1. Long-Range H,C Couplings between thex-Carbon and
at oz, allowing 2Jc 4 to be measured by comparing the two the Side-Chain Protons in 1

highly resolved 1D spectra. IH—13C distance long-range
1H—13C pair (bonds) coupling (Hz)
Results and Discussion H3—-C2 two —4.2
H4—-C2 three +5.0
As a proof of concept, we tested the methodology on a natural H5—C2 three +3.4
amino acid isoleucinelj. The heteronuclear coupling constants H5'-C2 three +3.1
between then-carbon andy-protons of amino acids and the H6=C2 four ~0.0
homonuclear coupling constants betweenghandy-protons
help to characterize the side-chain dihedral aggie peptides.
The IH spectrum of isoleucine showed tR&C-bonded H2 ‘
4 5 wfmmwuw—-llﬂm R el I‘I:W-'J" "I'!w_"a"-v«u-—-".l{f‘wi J-'. I'-M ———
Q 4 6
6 \/3‘;\2H1LOH 3(5\ O
s © L 27 1 OH N d ill NI
: AL | f SR N ST Y.
1 2 3
signal at 3.54 ppm and it§C-bonded satellite peaks at car2 |
Hz (Figure 2a). The conventional 1D-TOCSY spectrum in which ¢ I
the 12C-bonded H2 resonance was selectively inverted and its ——————— e - : v et
magnetization transferred to the remaining protons on the
isoleucine side chain is shown in Figure 2b. When the low- or \'
the high-frequency satellite was used as the starting point for | i
magnetization transfer, the resulting TOCSY spectra exhibited )
signals which arose from the proton bonded¥02 in itsa or
/3 spin state, respectively (Figure 2c and d). These signals were
displaced with respect to their position in the conventional 1D- |
TOCSY experiment. Displacement between the TOCSY peaks
was clearly observed for the doublet that corresponded to _ ‘M ‘1
y-methyl H4 protons that are three bonds away from C2. In a &ll jll A A #l L"lm.
contrast, no displacement was detected for the triplet corre- — S [
sponding to th&-methyl H6 protons that are four bonds away 4.0 35 3.0 25 2.0 1.5 1.0 ppm

from C2 because the H,C coupling constants between nuclei

that are separated by more than three bonds in nonCyCIICIH spectrum; (b-e) selective excitation of the high-frequency (b,d) or

allpha}tlc molecules are close to zéfdrhe Value§ of thé‘]CZ'H low-frequency (c,e) satellites and subsequent acquisition with (d,e) or
couplings were then measured from the relative displacementyithout (b,c) a spin-lock period between satellite excitation and

between the signals of the two satellite-selective 1D-TOCSY acquisition. The acquisition time of each satellite-selective 1D-TOCSY
experiments (Table 1). The sign of the coupling was deduced was 3 min.
from the sense of the displacement. Thus, if the displacement
exhibited the same sense as that of the large one-bond coupling
the coupling constants were positive, while if the displacement
exhibited the opposite sense, the constants were negative.

To provide a second example, we measured the long-range
heteronuclear coupling constants between the C1 of menthol

FIGURE 3. 500 MHz spectra of menthol in CDEl(a) Conventional

(2) and the rest of its protons using the satellite peaks of H1 as
the source of magnetization transfer. In this case, the spectra
were acquired using a high-sensitive cryoprobe. This technology
is 4-fold more sensitive than conventional probes and dramatic-
ally reduces acquisition times. The spectra recorded for menthol
are shown in Figure 3a. H1 appeared at 3.43 ppm, and its
(5) () Nuzillard, J.-M.; Freeman, R. Magn. Reson. A994 110, 262— satellite peaks, not yisiblg at the inte_nsity level shown in Figure
265. (b) Fukushi, E.; Kawabata, J. Magn. Reson. A994 108 103- 3a, could be selectively inverted (Figure 3b and c). We found
105. (c) Bazzo, R; Barbato, G.; Cicero, D. 0.Magn. Reson. A995 that a 60 ms 180Gaussian pulse was suitable for inverting the

117, 267-271. (d) Yang, D.; Nagayama, K. Magn. Reson. A996 118 : ; ; ;
117-121. (e) Fake, T.. Berger, SJ. Magn. Reson. A998 119, 260~ satellites without affecting the central peak. When this block

263. (f) Parella, T.; Belloc, J. Magn. Resor2001, 148 78—87. (g) Parella, was followed by a spin-lock period, the correspondinando

T.; Belloc, J.; Sachez-Ferrando, AVagn. Reson. Cher2004 42, 852— 1D-TOCSY subspectra were obtained with only 64 scans (Figure
862. ) "

6) Lunazzi, L; Mazzanti, AJ. Am. Chem. So@004 126 12155- 3d and e) from WhICh the heteronucle_ar coupllng constants could
12157, be measured in the manner described TofFigure 4). The

(7) Stott, K.; Stonehouse, J.; Keeler, J.; Hwang, T.-L.; Shaka, 4. J.  values were similar to previous values reported for merfthol.
Aﬂzéf(h‘;fg- S_Odggg 1é7v 4%&}:20& Sod985 107 7197-7198 We also examinectis-stilbene oxide3 to illustrate the

a) bavis, D. G.| bax, . AM. em. S0 f — . : . :

(b) Adell, P.; Parella, T.; Sanchez-Ferrando, F.; VirgiliJAMagn. Reson. appllcatlc_)n of our methOdQIOgy t8Jc measurements in
B 1995 108 77—80. (c) Fzke, T.; Berger, STetrahedronl995 51, 3521— symmetric molecules. The signal of the chemically equivalent
3524. o H1 and H1 protons of the predominant isotopomer, with two
114(19)1?2"1391&2'\4-? Schwalbe, H.; Griesinger, €. Am. Chem. S0d992 12C atoms in the epoxide ring, appeared as a singlet at 4.37

(10) Breitmaier, E.; Voelter, WCarbon-13 NMR Spectroscapy ed.; ppm, Wh”e_the satellite S|g_nals arising from the minor iso-
VCH: Weinheim, Germany, 1989; pp 13447. topomer, with one'®C atom in the epoxide ring, appeared as

3168 J. Org. Chem.Vol. 72, No. 9, 2007
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C1-Héeq Cl1-Hdeq Cl-H3eq | C1-H5ax Cl-H2ax |
-4.8 Hz -0.5Hz +9.7Hz | +1.5Hz -6.3Hz i
2.1 2.0 1.9 1.8 1.7 16 1.5 14 1.3 1.2 ppm

FIGURE 4. Measurement of the long-range C,H couplings between C1 andithekiprotons of2 by comparing the 1D-TOCSY spectra.
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FIGURE 5. 500 MHz spectra o8 in CDCl. (a) Expansion of the conventiorial spectrum; (b,c) satellite-selective 1D-TOCSY spectra. Measurement
of the 2Jc1 11 coupling is represented. The acquisition time of each satellite-selective experiment was 5 min.

doublets due to the coupling to the viciddC-bonded proton ring. In contrast, comparison of the satellite-selective TOCSY
(Figure 5a). The heteronuclear two-bond coupling between C1 subspectra yielded the coupling of interest in a faster and more
and HI may be derived from the coupling pattern of the epoxide accurate manner (Figure 5b and c). The coupling was equal to
carbon signal in a coupledC spectrum. However, in addition ~ —2.2 Hz, which was close to its previously reported valug.@

to the longer acquisition times required for tH€-detected Hz)6

experiments, measurement of the coupling of interest was In addition to its tremendous simplicity, the satellite-selective
complicated because the epoxide carbon signal exhibited anTOCSY experiment is advantageous over the existing 1D
extra three-bond H,C coupling with the H3 protons of the phenyl experiments that are based on HSQC or HMQC blocks. Since

J. Org. ChemVol. 72, No. 9, 2007 3169
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this experiment only uses proton pulses and gradients, pulsesogy, it constitutes an attractive option for organic chemists who
on the 33C channel are not involved, and so no previous are not necessarily NMR specialists who wish to use long-range
knowledge of13C frequencies is required. As thgi—13C H,C couplings for the configurational assignment of organic
couplings are measured from signal displacement in 1D-TOCSY molecules. Our methodology would be especially useful for
spectra, the precision of the values depends on the accuracycases in which the homonuclear couplings in tandem with NOE
with which frequency measurements can be made, which is data are not sufficient to solve the problem at hand.

given by the digital resolution of the 1D spectra. A limitation

of the methodology is that it can only be applied to signals that Experimental Section

are far enough apart from other resonances inlIEhspectrum |soleucine 1), menthol 2), and cis-stilbene oxide :3) were

in order to achieve selective inversion of tR&C-bonded purchased from a commercial source and used without further
satellites without affecting?C-bonded resonances. Since a purification. The compounds (ca. 10 mg) were dissolved in 0.6 mL
significant number of proton signals from small organic 0f D-O (1) and CDC} (2 and3) and transferred into an NMR tube.
compounds, such as methine and methylene protons attached "€ NMR experiments were acquired on a 500 MHz spectrometer
to heteronuclei, olefinic protons, and aromatic resonances of @t 25 °C with a 5 mm, inverse, broadband probe head and a
heterocycles, may appear in clear regions of #Hespectrum, z-gradient coil { and3) or with a 3-channels 5 mm cryoprob®) (

it is likelv that thi hodol b lied The spectra were referenced to the residual solvent signal at 4.79
Itis likely that this methodology can be applied to many cases. ppm (D;0) or 7.26 ppm (CDG). The transients of the 1D-TOCSY
Finally, it should also be mentioned that coupling constants to experiments were 8 when théC-bonded signal was inverted and
unprotonated heteronuclei are not accessible because of theig12 64, and 128 fot, 2, and3 respectively, wheR3C satellites

reliance on TOCSY transfer. were inverted. The gradient version of the 1D-TOCSY experiment
provided by the vendor was used. The pulse sequence was
Conclusions comprised of an initial hard 90'H pulse to excite all the proton

resonances followed by the [gradierselective 180 'H pulse-

We showed that the comparison of two 1D-TOCSY spectra gradient] sandwich that retained only the magnetization of the
generated by selective inversion of ed#d satellite of a certain ~ chosen proton, which was then transferred to the protons of the
proton signal, K allows for measurement of long-range same spin system using a MLEMnixing scheme. The length of
heteronuclear couplings between protons of the same spinthe selectiveH pulse (1% truncated Gaussian shape) was 60 ms
system as Hand the carbon bonded td.Hhe"Jc ; couplings to achieve the desired selectivityR,/2r = 20 Hz). A mixing time
are easily determined from the signal displacement, and values®f 60 ms was used.
smaller than the line width can be measured with excellent  gypporting Information Available: A users guide to the
accuracy. The usefulness of this method was shown for an aminoprocedure that provides the parameter set used for recording the
acid (isoleucine), a natural product (menthol), and a symmetric spectra and a basic step-by-step protocol to perform the experiment.
compound ¢is-stilbene oxide). This material is available free of charge via the Internet at

To the best of our knowledge, this is the simplest scheme http://pubs.acs.org.
that uses proton-(_jetecteq NMR experiments to determine long- ;00621120
range H,C couplings. Since the standard 1D-TOCSY pulse
sequence provided by the vendor can be used in this methodol- (11) Bax, A.; Davis, D. GJ. Magn. Resonl985 65, 355—-360.
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