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A new one-shot NMR experiment (CN-HMBC) is proposed for the simultaneous acquisition of 2D IH,13C and 'H,SN HMBC spectra. Important
sensitivity enhancements (up to 41% simultaneously for both 13C and 1°N) or time savings (about 50%) can be achieved when compared to
the separate acquisition of individual HMBC spectra. The experiment is highly recommended for the complete structural analysis and simultaneous

chemical shift assignments of protonated and nonprotonated 13C and N resonances in nitrogen-containing organic compounds.

The HMBC (heteronuclear multiple-bond correlation) experi- presence of protonated and nonprotonated nitrogen atoms
ment is an indispensable strategic NMR tool in the structural in organic, bio-organic, and organometallic compounds is
determination and chemical shift assignment of organic of particular interest.Long-range N-HMBC data can be used
molecules. With the advent of pulsed-field gradients, clean to study and resolve a great number of chemical questions
'H—13C HMBC (C-HMBC) spectra are now routinely such as the full characterization of natural and synthetic
obtained under fully automated acquisition setup conditions, products? to differentiate regioisomefso determine the site
and therefore, it can be considered the gold standard to traceyf N-protonatiorf N-oxidation? nitration® N-protection? or

out long-range heteronuclear connectivites to protonated andy-supstitution to analyze degradation products and meta-

non-protonated’C nuclei? The HMBC experiment also finds  pojic pathways, to study tautomeric equilibria and hydrogen
unlimited applicability for establishing heteronuclear cor-

relations on aV\SndelgluTgber of g)lther dlfferent Xlgleteronuclel (3) (a) Martin, G. E.; Hadden, C. E.. Nat. Prod.2000 63, 543.(b)
as reported fot*N, 19F, 2°Sn, or3'P. Particularly >N NMR Martin, G. E.; Williams, A. JAnn. Rep. NMR Spectros2005,55, 1 and
parameters are sensitive indicators of important structural references cited herein. _

and electronic arrangements and the usHof:SN HMBC (4) (a) Kéck, M.; Junker, J.; Lindel, Org. Lett 1999 1, 2041.(b) Marek,

Reson. Chen002,40, 687.

) ) R.; Marek, J.; Dostal, J.; Taborska, E.; Slavik, J.; DommisseM&gn.
(N-HMBC) spectra to get experimental evidence of the
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bonding!! or to probe metal-binding in organometallic overall duration and pulse timing design, a minimum number
chemistry*? of pulses, and easy setup protocols that yield clean C- and
Because a concerted analysisief'3C and'H,'>N HMBC N-HMBC spectra in a very simple, automated wayzor
spectra is usually required for establishing unambiguous example, CN-HMBC spectra were recorded on a natural
heteronuclear correlations or for structure verification in product (the alkaloid strychnind,), a cycloundecapeptide
nitrogen-containing compounds, an one-shot NMR experi- (cyclosporine, 2), and an organometallic ruthenium(ll)
ment (termed CNHMBC) (Figure 1) is proposed for the  complex containing several nitrogemultidentate ligands
3 (Figure 2).
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Figure 1. Basic pulse scheme of the CN-HMBC experiment

suitable for the simultaneous acquisition of absolute-mé{&EC

and H,5N 2D HMBC spectra. To discriminate correlations

originated from N and C nuclei, two datasets are recorded with a rjgre 2. Test nitrogen-containing molecules used in this study
minimum two-phase cycle: (Ap; = ¢ = x,—x and (B) ¢ =
—x,xand¢, = x,—xwith the receiver phase always setd¢iQ. =
(x,—X). After data acquisition, these two time-domain datasets are L . ) . . .
added/subtracted to afford separate C- and N-HMBC spectra after Similar signal-to-noise ratios are obtained when comparing
conventional data processing. More experimental details are the sensitivity of a single CN-HMBC spectrum (Figure 3B)

provided in the Supporting Information.

simultaneous acquisition of these two different- Gind
N—HMBC spectra under advantageous conditions. ~ ~cj§- oo oo ogpo oo oo oo =i
This approach offers important sensitivity enhancements
per time unit for botH3C and®N or, in other words, reduced i P e ey e R | S
acquisition times when compared to the separate acquisition
of individual C- and N-HMBC data. Furthermore, the new
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CN-HMBC pulse retains all features and simplicity related A) B) C)

to the traditional HMBC experiment such as the use of

pulsed-field gradients for coherence selection, a similar e sttt T ettt N[ o
(7) (a) Besse, P.; Combourieu, B.; Boyse, G.; Sancelme, J.; De Wever, £l o _l_‘_ J_ | l SRR I .

H.; Delort, A. M. Appl. Environ. Microbiol 2001,67, 1412.(b) Martin, G. e

E.; Hadden, C. E.; Blinn, J. R.; Sharaf, M. H.M.; Tackie, A. N.; Schiff, P. 40 35 30  ppm 40 35 30  ppm 40 35 30  ppm

L. Magn. Reson. Chenml999, 37, 1.(c) Hadden, C. E.; Kaluzny, B. D.;
Robins, R. H.; Martin, G. EMagn. Reson. Cheni999,37, 325.

(8) Pezzella, A.; Manini, P.; Di Donato, P.; Boni, R.; Napolitano, A.; Fi9uré 3. 1D row sections taken at C-10 (172 ppm) and N-9

Palumbo, A.; d'Ischia, MBioorg. Med. Chem2004,12, 2927. (151 ppm) of1: (A) individual slices extracted from 2D C- and
(9) Zaramella, S.; Heinonen, P.; Yeheskielyh, E.; Stromberd, Rrg. N-HMBC spectra acquired separately; (B) individual slices extracted

Chem.2003,68, 7521. from the 2D CN-HMBC spectrum acquired with the same number

616(3107)3CSémpai' A.; Keér, P.; Hajos, G.; Riedl, ZJ. Mol. Struct.2002, of scans as each individual HMBC experiment shown in A; (C)

(11) (a) Simunek, P.: Bertolasi, V.. Machacek, 3.Mol. Struct2002, In_d|V|duaI slices taken from_ the_2D CN-HMBC spect_ra acquired
642, 41. (b) Claramunt, R. M.; Lopez, C.. Garcia, M. A.; Otero, M. D.: with the same total measuring time as both spectra in A.

Torres, M. R.; Pinilla, E., Alarcén, S. H.; Alkorta, I.; Elguero,New J.
Chem.2001,25, 1061.

(12) (a) Satake, A.; Koshino, H.; Nakata,J..Organomet. Chen200Q . - .
595, 208. (b) Anderberg, P. .. Harding, M. M.. Luck, I. J.: Turnerirrg. acquired with the same number of scans and with the same

Chem.2002,41, 1365. experimental time as each individual C- and N-HMBC
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spectra acquired separately with the standard sequenceg, = x affords a relative phase inversion of the N cross-
(Figure 3A). This demonstrates that the CN-HMBC pulse peaks, although they are not visible from the corresponding
sequence does not introduce additional drawbacks, and itmagnitude-mode representation (Figure 4B). Addition and
works similarly to single-nucleus HMBC experiments in subtraction of these two time-domain data followed by the
terms of sensitivity, relaxation, and effectiveness. The main conventional data processing afford the separate clean
advantage of the CN-HMBC experiment relies in its better C-HMBC and N-HMBC spectra (Figure 4C,D). Clearly, two
sensitivity levels achieved per time unit because two different nitrogen resonances belonging of the N-19 amine (40 ppm)
spectra are obtained simultaneously. Thus, assuming that Nand the N-9 amide (152 ppm) functional groups and their
scans are needed for an individual C-HMBC and another correlation peaks can be easily distinguished and assigned
additional N scans for the N-HMBC, a total of 2N scans (Figure 4D).

should be required to dedicate the same acquisition time for  \ost of the experimental settings required to setup the
the simultaneous CN-HMBC experiment. In this way, @ cN-HMBC experiment follow similar arguments to the
theoretical 41% signal-to-noise enhancement is expected tqyragitional HMBC experimenit The initial evolutionA delay

be reached. In practice, to separate the two types of responsegany pe optimized to the same value f&C and 15N
found in the CN-HMBC experiment, two datasets are (compromise values between 680 ms can be routinely
separately stored for eachincrement with phase inversion  ;seq) pecause long-rangéCH) andJ(NH) coupling con-

of the first 90 **N pulse (N scans withh, = x (data A) and  g¢ants present similar magnitudes which rarely exceed 10
N scans fokp, = —x (data B). After linear combination (A 15 . A 13C low-passJ filter is recommended to avoid

+ B), separate N- and C-HMBC spectra are obtained with 4ccidental overlapping and ambiguous interpretation due to
an important sensitivity enhancement (compare parts A andine numerous dirediH—13C correlations due t8I(XH) in

C of Figure 3). The resulting CN-HMBC spectra are best g reqyiting C-HMBC spectrum (Figure 5B). On the other
presented in absolute value, and phase or baseline corrections

are therefore not required after Fourier transformation. _
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Figure 4. 2D CN-HMBC spectra ol showing the basic acquisition DemSiheE el R Rl sl P

and processing steps followed in this work: (A, B) Two comple-
mentary datasets are acquired with relative phases x and ¢,

= —X respectively. Appropriate linear combinations A B)
followed by conventional processing provide the two separate (C)
C-HMBC and (D) N-HMBC spectra with enhanced sensitivity as
shown in Figure 3.

Figure 5. (A) Two-dimensional CN-HMBC spectrum o2.
Separate'*C-HMBC (B) and>N-HMBC (C) are obtained after
proper time—domain data addition/subtraction, as described in
Figure 4.

hand, the presence of direct NH cross-peaks resonating as
Figure 4A shows the corresponding CN-HMBC spectrum doublets with a large splitting of about 90 Hz between 7
of 1 acquired with the same relative phaggs= x and ¢, and 8 ppm in the N-HMBC spectrum (Figure 5C) helps to
= X. Although all long-range correlations t#C and'®N are distinguish them from nonprotonated nitrogens and avoids
displayed, it is not possible to distinguish directly between the acquisition of a separate one-bond NH correlation
such C- and N-cross-peaks. The acquisition of a comple- spectrum. Furthermore, valuable two-bond correlations are
mentary CN-HMBC data with relative phas¢s= —x and also obtained for the seven nonprotonated nitrogens belong-
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ing to N-methyl groups which provide a fulH, 13C, and local environment for a given nitrogen atom, and in this case,
15N chemical shift assignment. it is a clear experimental evidence of the presence of the
The CN-HMBC experiment can also find enormous N—Ru bond. This information allows us to distinguish
interest to prove metal binding in organometallic chemistry. between linked and nonlinked connectivities in multicoor-
The diamagnetic [Ru(trpy)(bpy)(azpy)l(Rfcomplex where  dinated N-ligands and also help us to confirm the presence
the central ruthenium atom is coordinated to several piridynil- of mononuclear or dinuclear speciésFive of the six
containing multidentate ligands has been chosen as anpyridinyl nitrogens resonate in the 24@75 ppm region,
example (Figure 6). The simultaneous information extracted whereas a non-Ru-linked nitrogen appears strongly deshield-
ed at 330 ppm.
] In conclusion, a robust “get 2/pay 1” approach has been
introduced to obtain two complementary HMBC spectra with
the time usually required to record only one. The simulta-

POy e J_u._hu_l.lﬁ_..[_l_.l.l L neous acquisition of C-HMBC and N-HMBC spectra affords
AN B 240 improved sensitivity ratios than individual acquisitions

120 ' o 260 without sacrificing spectral quality, keeping minimum ac-

d =t L T quisition and processing set-ups and allowing simple imple-

mentation in automated protocols. The CN-HMBC experi-

= ' 300 ment will find a general applicability in the structural analysis
1501, ., . .., . .32 of a wide range of nitrogen-containing chemical compounds
wod o et R of diverse nature, namely synthetic organic and organome-
9.0 85 80 7.5 ppm tallic compounds, natural products, peptides, and nucleotides.
B ' = . R PV The cor_r)bined use of simultanept?@ and N data wiII.
- (e . S Ee also facilitate t'he Qevelopment oflmprqved cpmputer—asssted
f LR f structure elucidation protocot8 Of particular interest could
. ' 280 be also the application of the CN-HMBC experiment to other
Trai . = [ 300 heteronuclei allowing, for instance, simultaneous recording
- o [ of 1H,13C anle,3lPGQF) HMBC spectra in orgapo_phospho-
| :“'“;..:: \ 17 . . rus or organofluorine compounds. Much work is in progress
100100 b s 0 hes R | R I 340 on the development of improved CN-HMBC sequences and
R0 B 3 S Tt 9.0 85 80 7.5 ppm their application to structural characterization of molecules

Figure 6. (A) Two-dimensional CN-HMBC spectrum 08. at natural abundance.
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Supporting Information Available: Experimental details
and the program code (Bruker avance series) for the CN-
(13) Compared to regular C- and N-HMBC schemes, the overall duration HMBC pulse sequence described herein. This material is

of the CN-HMBC sequence is only modified f&iC due to thety' period. available free of charge via the Internet at http://pubs.acs.org.
For routine applications, a shofit;' increment is strongly recommended

in order to have a large enough spectral width covering the large dispersion OL062511H

in 15N chemical shifts and to reduce the possibi€ signal losses by

additional relaxation. Folding fof°N should be strongly avoided in the (15) Katz, N.; Parella, T. Unpublished data.
analysis of unknown structures because wrong chemical shift values could  (16) (a) Kéck, M.; Junker, J.; Lindel. TOrg. Lett.1999,16, 241. (b)
lead to wrong chemical interpretation. Blinov, K.; Elyashberg, M.; Martirosian, E. R.; Molodtsov, S. G.; Williams,

(14) There are no special sample requirements to run CN-HMBC A. J.; Tackie, A. N.; Sharaf, M. H. M.; Schiff, P. L., Jr; Crouch, R. C.;
experiments, and the sensitivity is identical to that of the standard N-HMBC Martin, G. E.; Hadden, C. E.; Guido, J. E.; Mills, K. Magn. Reson.
experiment. A triple-channel NMR system is the only hardware requirement. Chem.2003,41, 577.
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