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Abstract: Long-range 1H—-15N GHMQC spectra afford
a viable means of beginning to incorporate N into
strategies to elucidate the structures of potentially novel
alkaloids. Long-range 'H—1!5N heteronuclear shift cor-
relation using a variant of the gradient-enhanced HMQC
pulse sequence is demonstrated at 5N natural abun-
dance using the indoloquinoline alkaloid cryptolepine.

Gradient-enhanced inverse-detected heteronuclear
shift correlation experiments have several noteworthy
attributes. Pulsed field gradients (PFG) can be used to
select coherence pathways, thereby eliminating phase
cycling schemes and allowing experiments to be per-
formed in far fewer transients/t; increment than is
possible with conventional pulse sequences. Gradients
can also be employed to suppress unwanted resonances,
e.g., water. For natural products chemists, gradient-
enhanced experiments also have the particularly ben-
eficial effect of eliminating #; noise, making it far easier
to observe weak (e.g., *Jcy) couplings in GHMBC
experiments. Unfortunately, gradient-enhanced NMR
experiments also have an inherent drawback—the use
of gradients leads to ~50% loss of signal. Signal losses
aside, gradient-enhanced H—15N long-range correlation
experiments (‘H—15N GHMQC) are vastly superior to
any nongradient H—15N correlation experiment of
which we are aware. The improvement derives princi-
pally through the elimination of ¢; noise afforded by the
gradients.

Our initial efforts to employ H—15N long-range
couplings in alkaloids utilized quindoline, which has an
" NH in its structure, and cryptolepine (1) as model
compounds.! This work did not employ gradients. Ina
nongradient experiment with a 10 mg sample of quin-
doline, the N10—H resonance at 108.6 ppm was readily
observed. A 10 Hz long-range optimized experiment
contained evidence of a long-range coupling from H4 at
283 ppm in F; which was a plausible chemical shift for
the quinoline N5 resonance of quindoline. No long-
range couplings were observed from either H9 or H11
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Figure 1. Gradient-enhanced HMQC-derived sequence used
for long-range *H—15N heteronuclear shift correlation. Pulsed
field gradients, gt1—gt3, had uniform rise times of 100 us and
durations of 1.5 ms; gradient pairs of 5:5:1 and 5:5:—1 were
used with tweaked DAC values of 10 000, 10 000, 2010. This
approach gave fully phase-sensitive data, although the absence
of 180° 15N refocusing pulses led to a linear phase shift across
F,, thereby allowing only data for one N resonance to be
correctly phased in F; at any given time. N refocusing pulses
on were avoided in the present work to minimize any potential
signal losses which might arise through miscalibration of the
180° 15N pulses. For the same reason, we preferred to employ
an HMQC-base pulse sequence rather than one based on an
HSQC sequence. The long-range delay for the experimental
data shown in Figures 2 and 3 was optimized for 4 Hz (see
text). Data were processed using coefficients of (1,0,0,1,0,1,1,0)
with the Varian wft2d processing command. The 'H—%N data
could also be acquired using gradients of 5:5:1 (processed with
coefficients of (1,0,0,1)) or 5:5:—1 (processed with coefficients
of (1,0,0,—1)).
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to the N10 indole resonance in the long-range optimized
experiment. Similar results were obtained with cryp-
tolepine. Using nongradient techniques, the coupling
between the N-methyl singlet and N5 was readily
observable. A much weaker coupling was also observed
between the H4 doublet and the N5 resonance, consis-
tent with the couplings observed for quindoline. Again,
however, no evidence of any coupling from either H9 or
H11 to the N10 indole resonance was observed. For this
reason, we elected to reexamine the long-range TH—15N
coupling pathways of cryptolepine using gradient-
enhanced NMR methods.

We recently reported the first application of gradient-
enhanced long-range 'H—15N (GHMQC) heteronuclear
shift correlation to ajmaline? and several Strychnos
alkaloids,? demonstrating the viability of the method.
Using a sample prepared by dissolving 6.5 mg (~20
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Figure 2. Long-range 'H-1N GHMQC spectrum of a sample
of 20 umol of cryptolepine (1) dissolved in 650 uL of DMSO-ds
showing correlations from H4, H11, and the NMe resonance
(latter not shown) to N5 resonating at 154.7 ppm and correla-
tions from H9 and H11 to the N10 indole resonance at 208.7
ppm. The data are presented as a power spectrum in both Fy
and Fs.

wumol) of cryptolepine (1) in 650 uL of DMSO-dgin a 5
mm tube, a 4 Hz long-range 'H-15N GHMQC was
acquired using the pulse sequence shown in Figure 1
on a Varian three-channel Unity 500 spectrometer
equipped with a Nalorac Z-SPEC IDTG-500-5 gradient
probe. The experiment was optimized for 4 Hz rather
than 10 Hz based on the difficulty we noted in observing
3Jxu couplings from peri-protons to the N9 amide
nitrogen in the Strychnos alkaloids.® The data were
acquired as 4096 x (96 x 2) hypercomplex files with a
total of 448 transients accumulated/t; increment. Pulse
widths were 9.8 us for 'H and 30.0 us for 15N at powers
of 56 and 63 dB (63 dB maximum). The F; spectral
window employed was set from 100—300 ppm to accom-
modate a plausible range for the N10 indole '°N chemi-
cal shift. Gradient pairs were optimized as 5:5:11
(10 000:10 000:+2010) for 3N.* Long-range correlations
observed from the aromatic resonances to the two
nitrogens in the molecule after a 42 h data accumulation
are shown in Figure 2. Correlations were observed from
H4, the N-methyl singlet, and the H11 singlet to the
dihydroquinoline N5 resonance at 154.7 ppm within 6
h of initiating data accumulation. In contrast, the
couplings from the H9 and H11 resonances to the indole
N9 resonating at 207.8 ppm were much weaker and
were still only barely visible in the spectrum after 42
h. Chemical shifts for the two °N resonances of 1 are
quite reasonable based on the reported chemical shifts
of the 5N resonances of 2.5 In a series of analogs related
to 2, pyrrole N shifts in which the double bond was
exo to the pyridine ring ranged from 199.6 to 206 ppm;
dihydropyridine N-methyl 1°N shifts were more variable
and ranged from 147.3 to 170.4 ppm.
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Figure 3. 'H reference spectrum (bottom) and slice through
F; at the chemical shift of N10 (208.7 ppm) showing the
antiphase nature of long-range 'H—15N correlations from H9
and H11.

Long-range 'H—1°N couplings were measured by zero-
filling the data to 8K points in Fy and phasing individual
15N traces in F;. Slices through Fs were then phased
to afford antiphase doublets for the resonances which
would normally appear as singlets in the proton refer-
ence spectrum as shown in Figure 3. Since 'H—15N
couplings are not refocused in the experiment following
reconversion to observable 'H magnetization,’ the 1H—
13N coupling is measured as the separation between the
antiphase limbs of the multiplet. As will be noted from
1, all of the long-range couplings to both N5 and N10
in the spectrum of cryptolepine (1) are less than 4 Hz.
Thus, it is not particularly surprising that couplings to
N10 were not observed in our earlier nongradient
experiments since those spectra were optimized for 10
Hz.

In conclusion, the acquisition of long-range 'H—15N
GHMQC spectra provides a viable means of beginning
to utilize 15N in strategies to elucidate the structures
of potentially novel alkaloids when reasonable samples
of material are available. By combining the experiment
we have described with gradient micro inverse-detection
probes, which are now available (gradient micro inverse-
detection probes (IDG-500-3 and IDTG-500-3) are cur-
rently available from Nalorac Crogenics Corp., Martin-
ez, CA), it should be possible to push sample require-
ments substantially below those utilized in the present
work making the utilization of 1°N as a structural probe
even more viable. We have already demonstrated that
it is feasible to acquire 1H—15N direct correlation spectra
with an 800 ug sample (~3.7 umol) of the alkaloid
quindolinone overnight using a nongradient experiment
(6). By employing long-range 'H—1°N GHMQC in con-
junction with a gradient micro inverse probe, we an-
ticipate that it should be possible to reduce sample
requirements by a factor of as much as 4 while still
maintaining reasonable acquisition times (over a week-
end or shorter).
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