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A new 2D-heteronuclear correlation pulse sequence for solids
under MAS has been developed, which enables the correlation
of spectra of two different nuclei through their weak heteronuclear
dipolar coupling. The sequence provides an alternative to other
2D-correlation techniques'»? for establishing through-space cor-
relations, and employs a coherence transfer pulse sequence
somewhat similar to the TEDOR experiment.’

Figure 1 displays the rotor-synchronized pulse sequence. The
preparation period is a REDOR pulse sequence* which (partly)
transfers [, magnetization into 2/,S; antiphase coherence. During
the evolution period, the 2I,S, coherence evolves under the
Hamiltonian #(¢) for a time ¢;:

7{(') = w,I, + w,(t)Iz + wSS, + ws(t)S, + UD(I)ZIZSZ

where the time-dependent terms are due to the effect of spinning
on the chemical shift (w,(f), wg(f)) and the dipolar coupling
(wp(?)). The remaining antiphase magnetization is then stored
as £2IS. coherence and converted into *27.S, antiphase
magnetization at the completion of a rotor period. A second
REDOR pulse sequence then produces observable S-spin
magnetization, £S,. The S-spin FID is now modulated with the
intensity of the I-spin FID at ¢ = ¢,.

This pulse sequence was applied to the hydrated form of alu-
minophosphate molecular sieve VPI-5.> VPI-5 contains 18-
membered rings, made from 6-membered and 4-membered rings.
The framework symmetry of hydrated VPI-5 (space group P6)®
gives rise to three different crystallographic sites (Figure 2). All
is octahedrally coordinated to four oxygens and two water mol-
ecules, whereas Al2 and Al3 are tetrahedrally coordinated to four
oxygens. The 2?’Al NMR spectrum shows two lines with an
intensity ratio of 2:1 for, respectively, the tetrahedral peak at 40
ppm and the octahedral peak, All, at =15 ppm. The Al DOR
spectrum’ reveals that the tetrahedral peak consists of two lines
with an intensity ratio of 1:1. Grobet et al.® assigned the tetra-
hedral peak at 30.6 ppm (4.7 T) to Al2 since this peak is much
more affected by the second-order quadrupole effect than the peak
at 40.5 ppm (Al3). Engelhardt,’ however, concluded that this
assignment should be interchanged. The *'P spectrum shows three
lines of equal intensity, at —23.7, -=27.5, and at —33.2 ppm. Various
authors have assigned the phosphorus peak at —33.2 ppm to the
PI site,'®'* while Derouane et al.'>'® assigned the peak at —23.7
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Figure 1. Pulse scheme used in the 2D-correlation experiment. The
narrow blocks represent 90-deg pulses, the wide ones 180-deg pulses.

Figure 2. Schematic drawing of a part of the VPI-5 structure. The
phosphorus atoms are represented by open circles, the aluminum by
hatched circles. The oxygen atoms are not shown here for clarity.
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Figure 3. 2D-heteronuclear correlation spectrum of VPI-5. The F1
dimension was multiplied with a phased sine bell squared prior to Fourier
transformation. The projection of the aluminum spectrum is displayed
on the right of the 2D spectrum, the phosphorus spectrum at the top. For
each subsequent experiment 10000 scans were recorded, with a recycle
delay of 0.25 s,

ppm to P1, The P2 and P3 sites have been assigned to, respec-
tively, the 3'P line at -23.7 and -27.5 ppm.'*!4

The 27Al-*'P double-resonance experiments were performed
on a Bruker CXP-300 NMR spectrometer. The spinner speed
was held constant at 3332 £ 1 Hz. The magnetization was
transferred from 2’Al to 3'P since the aluminum T, is the shorter
one. The 3'P FID was measured after 15 rotor periods, of which
4 rotor periods were reserved for the REDOR pulse sequences.
TPPI was applied to allow phase-sensitive detection in the F1
dimension.

Figure 3 displays the 2D spectrum of hydrated VPI-5. It shows
that each phosphorus is connected with both tetrahedral aluminum
and octahedral aluminum. However, the intensities of the
cross-peaks differ. The three different phosphorus sites have a
different surrounding of aluminum atoms: P1, 2All, Al2, Al3;
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P2, All, 2A12, Al3, and P3, All, Al2, 2Al3. Pl is the only
phosphorus that is coordinated with two, instead of one, octahedral
aluminum. Thus, the *'P peak at -33.6 ppm must be assigned
to P1.

Figure 3 also shows that the cross-peaks of the phosphorus lines
at -23.3 and -27.5 ppm with the tetrahedral aluminum have
different 2’Al chemical shifts, 38.3 and 40.3 ppm, respectively.
From ?’Al DOR experiments,® it can be derived that the line at
38.3 ppm corresponds to the 2’Al with the largest quadrupolar
interaction. This is further substantiated by the larger line width
in the F1 dimension. Bearing in mind that the P2 cross-peak with
tetrahedral aluminum arises from the dipolar coupling to two Al2
and one Al3, and the P3 cross-peak from coupling to one Al2 and
two Al3, we now have two possibilities. If the Grobet assignment
for Al2 and Al3 is correct, then P2 resonates at =23.3 ppm and
P3 at -27.5 ppm. This must be reversed when the Engelhardt
assignment is correct. We conclude that this new type of 2D
experiment is a useful tool for the correlation of NMR spectra.
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There are various naturally occurring and artificial porphyrins
with enantiotopic faces (prochiral) due to specific arrangements
of the peripheral substituents, and they can be converted into chiral
porphyrins.'# From a biological viewpoint, chiral N-substituted
porphyrins with asymmetric nitrogen atoms are the most at-
tractive.> Ortiz de Montellano et al. have demonstrated that iron
protoporphyrin IX is denatured into the N-substituted derivatives
during the metabolic processes mediated by hemoproteins. Since
protoporphyrin IX has enantiotopic faces, the N-substituted de-
rivatives are chiral. In fact, some optically active N-substituted
protoporphyrins IX have been isolated from metabolic systems.’
However, to date, there are no chiral N-substituted porphyrins
whose absolute structures have been defined by X-ray crystal-
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Figure 1. Circular dichroism spectra (CHCl,, 4.3 X 105 M) of the
chlorozinc complexes of the isomers of chiral N-(2-hydroxyethyl)etio-
porphyrin I (2b) and N-[2-hydroxy-2-phenylethyl]etioporphyrin I (4b).
The arrows in the schematic illustrations of the isomers indicate the Me
— Et sequence in each pyrrole unit.

lography. The present communication describes the first crys-
tallographic determination of the absolute configuration of a chiral
N-(2-hydroxyalkyl)etioporphyrin I derivative (5b), related to the
products of the inactivation of cytochrome P-450 with olefins,®
and provides a clear correlation with circular dichroism.
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For the synthesis of a series of N-(2-hydroxyalkyl)etioporphyrins
1,° a novel, efficient route was used, which involves nucleophilic
ring opening of epoxides with lithiated etioporphyrin I (1b).!® For
example, the reaction of 1b with ethylene oxide followed by
metalation afforded the chlorozinc complex of N-(2-hydroxy-
ethyl)etioporphyrin I (2b)!' in 96% yield. When monosubstituted
epoxides such as propylene oxide and styrene oxide were reacted
with 1b, they were cleaved exclusively at the O—CH, bonds with
retention of configuration, to give 3b and 4b, respectively, in 78
and 76% yields.'" 1In all these cases, no N, N’-disubstituted
porphyrins were formed.

Due to the enantiotopic structure of etioporphyrin I (1a), 2
should be racemic, while 3 and 4 should be mixtures of diaster-
eoisomers. The isomers of 2a—4a in the free-base forms'' were
resolved by chiral HPLC.! For example, racemic 2a showed two
elution peaks with comparable peak areas (fraction I, 2a-[FI];
fraction II, 2a-[FII]). On the other hand, for diasterecisomeric
N-[(R)-2-hydroxy-2-phenylethyl]etioporphyrin I ((R)-4a) derived
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