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2[Cu'(16Se4)]* + [16Sed]2*. The reaction likely proceeds via
the radical cation [16Se4]** (Apax 318 nm). In support of this
contention, oxidation of the free ligand with NOBF,? leads to the
appearance of an absorbance band at 318 nm.

Finally, dissolution of 1 in CH,Cl,/CH;CN (1/1) for 5 min
at room temperature followed by cooling gave yellow crystals?
that were identified crystallographically as the salt [16Se4]2*-
([CF,S05]7), (3).° The structure of 3 contains the [16Se4]%*
cation shown in Figure 2. The two transannular Se~Se bonds
are nearly collinear. This configuration permits greater charge
delocalization than would a single Se—Se transannular bond similar
to the S-S bond in the recently published structure of the di-
thiacyclooctane dication.'® The bonds to the central Se atom
(Se(1)) have a y-trigonal-bipyramidal arrangement typical of
tetracoordinate Se(1V), with the more electron withdrawing
substituents (Se’*) in the axial positions and the nonbonding
electron pair in the equatorial plane. Similar nearly linear Se~
Se-Se arrangements, displaying comparable Se-Se bond lengths,
have been observed previously in the triselenourea dication!!
(Se~Se, 2.664 (2) A) and 6a-selenaselenophthene and its deriv-
atives (2.548 (3)-2.583 (3) A).12 The Se(1)---Se(3) distance,
which is significantly less than twice the accepted van der Waals
radius of Se (3.8 A), suggests a weak secondary interaction be-
tween these atoms, although this could merely represent a con-
straint of the ring size. A few Se---O distances, which are slightly
shorter than the sum of the van der Waals radii, 3.42 A (the
shortest being 3.152 (7) A to Se(2)), are consistent with reasonable
dipolar electrostatic attraction between cation and anion. These
interactions are clearly weaker than the S---O interactions in the
dithiacyclooctane dication!? (S-- -0, 2.682(6) A; cf. sum of van
der Waals radii, 3.32 A) where the positive charge is more
localized.

While the formation of radical monocations and dications of
polythia ethers is documented,'* and Musker et al.'* have reported
the oxidation of dithiacyclooctane derivatives by Cu(II) complexes,
the present study reports the first selenium coronand dication
resulting from an electron-transfer reaction of a metal-selenium
coronand complex. The structures of other cyclic selena cations
have also been reported, e.g., the radical monocation and dication
of 1,2,4-triselena-3,5-diazacyclopentane,!® Seg?*, and Se,o2*. 1617
We note also that the dication of 1,5-diselenacyclooctane has
recently been prepared.'®

Further studies of the redox chemistry of metal-selenium
coronand complexes and of the free ligands! themselves are
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currently in progress, and the results will be reported in due course.
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Advances in NMR technology and computational methods have
made it possible to determine the three-dimensional structures
of small proteins in solution on the basis of distance constraints
from interproton nuclear Overhauser effects (NOEs).1"* Most
of the structures determined have been calculated with the as-
sumption that the structure is static. While in most cases good
agreement with X-ray structures supports the validity of this
assumption, 249 there are cases where violation of this assumption
can lead to structures of poor quality or even misrepresentation
of the state of the system. Errors are most likely to occur when
conformers interconvert rapidly enough to show a single set of
resonances but slowly enough to average NOEs observed in each
state (103-107 s71).

Recently we have introduced a structure determination pro-
cedure that takes account of averaged NOE:s in the limit where
two discrete conformers are involved, and we have applied this
procedure in a structure determination of Escherichia coli acyl
carrier protein (ACP, 8847 Da (daltons)).” However, other than
some improvement in the fit of the structural model to experi-
mental data, and a general improvement in the quality of the
structure, there is little direct evidence for the existence of two
and only two conformers for this protein. In the rapid exchange
limit, only a single set of resonances would be observed, regardless
of the number of conformational states. Here we present data
on a closely related protein, ACP-I from spinach (9173 Da).
While the NMR spectrum has not been completely assigned, it
is clear that in this protein there are more resonances than can
be assigned to protons from a single structural species.? We are
now able to demonstrate, using rotating frame NMR experiments,
that the extra resonances arise from a second conformer in dy-
namic equilibrium with the first. This clear demonstration un-
derscores the importance of considering dynamic equilibrium
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Figure 1. '"H NMR spectra (500 MHz) of the aromatic region of spinach
ACP-1 in D,O showing the effects of varying pH, temperature, and
divalent ion content. Spectra were collected under the following condi-
tions: (a) pH 6.0, 303 K; (b) 6.0, 313 K; (¢) pH 6.0, 303 K, with 2 equiv
of Mg?*. Sample concentration was approximately 1 mM, and acqui-
sitions required approximately 2 min.

effects in the structure determination of other proteins.

The CAMELSPIN?® or ROESY!%12 (rotating frame Over-
hauser enhancement spectroscopy) experiment provides a useful
tool for demonstrating exchange between conformational states.
The ROESY experiment has most frequently been used as an
alternative to the NOESY experiment for the measurement of
magnetization transfer by cross relaxation when the product of
spectrometer frequency and the rotational correlation time for
the molecule is near | and leads to very small NOEs.13-15
However, magnetization can transfer between sites by both cross
relaxation (NOEs) and chemical exchange mechanisms. Unlike
the NOESY experiment, the ROESY experiment on a macro-
molecule can distinguish exchange transfers from cross relaxation
transfers because, in a phase-sensitive mode, cross peaks due to
NOE:s have a sign opposite to that of chemical exchange cross
peaks S-12.14.16

The upper spectrum in Figure 1 shows a one-dimensional
spectrum of the aromatic-ring region of spinach ACP-I in D,0O
at pH 6.0, 303 K. The NMR sample was prepared as described
in ref 8, and spectra were acquired in the pulsed FT mode on a
Bruker 500-MHz spectrometer. Spinach ACP-I has resonances
from only two phenylalanines in this region, each with an A,B,C
five-spin system. Therefore, there should be only 10 protons in
this region. Peaks labeled C1, C2, and D correspond to ortho,
meta, and para protons of one phenylalanine spin system (Phe
31) as demonstrated by RELAY and NOESY spectra.? However,
the integral of these peaks, if referenced to what must be the
remaining five protons in peaks A, B1, and B2 (Phe 52), is low
by more than 10%.
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Figure 2. ROESY spectrum (500 MHz) of the aromatic region of
spinach ACP-1 in D,O at pH 5.9, 303 K. Exchange cross peaks are
indicated by dotted lines to the lower right of the diagonal, and NOE
cross peaks are indicated by solid lines to the upper left of the diagonal.
The solid—dotted lines correlate cross-peak positions with the positions
of each peak in the 1D spectrum.

The remaining spectra show the effect of varying temperature
and divalent ion content. Shifts in peak positions are not large,
but the peak B1 clearly gains intensity at the expense of peaks
Cl, C2, and D as divalent metals are removed (a) or temperature
is raised (b). These entirely reversible changes are characteristic
of seeing discrete resonances for two conformers in slow exchange
and assignment of B! and possibly peaks underlying B2 to the
minor conformer.

The two-dimensional spectrum in Figure 2 shows the aromatic
region of a ROESY spectrum of a sample at pH 5.9, 303 K in
D,O. 1t was recorded in a pure absorption mode by the time
proportional phase incrementation method,'”!® and data were
processed with the FTNMR software program.!® The carrier
frequency was set 1000 Hz upfield from peak D, and a weak
spin-lock field (2200 Hz) was used to suppress Hartmann-Hahn
type transfers.?2! The data were acquired with a spin-lock time
of 160 ms. The cross peaks with negative intensities (those due
to NOEs) have been plotted to the upper left of the diagonal, and
those with positive intensities (those due to exchange) have been
plotted to the lower right of the diagonal. NOESY spectra in
this region show cross peaks at exactly the same positions except
that the signs of the cross peaks are all positive and no selective
plotting of one set is possible.® Therefore, in the NOESY spec-
trum, it is not easy to tell whether extra cross peaks come from
remote interresidue connectivities between Phe 31 and Phe 52 or
from exchange between two conformers. In the ROESY spectrum,

(17) Bodenhausen, G.; Vold, R. L.; Vold, R. R. J. Magn. Reson. 1980, 37,
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the distinction is clear. Cross peaks in the lower part of this
ROESY spectrum show exchange of peaks C! and C2 with a peak
under B2 and with the peak B1, respectively, and the peak D with
the small shoulder just downfield of B2.

Thus, spinach ACP exists in at least two conformationally
discrete forms in slow exchange. It is possible that related proteins
that show a single set of resonances, such as E. coli ACP, do this
more by virtue of a shift in time scales of interconversion than
by elimination of one of the discrete conformational forms.” This
possibility suggests caution in the indiscriminate application of
a rigid model in the determination of protein structures from NMR
data for ACPs as well as for other proteins,

Acknowledgment. This work was supported by a research grant
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The potential for 252Cf plasma desorption mass spectrometry
(PDMS) to be used in the study of the relative complexation of
crown ethers and other ligands with different alkali-metal cations
has been investigated. In the PD spectra of different ligands after
exposure to a mixture of alkali-metal salts (LiCl, NaOAc, and
KOAC), it was found that the ratio of molecular ion abundances
reflected the relative complexation trends.

Crown compounds and cryptands have many applications in
analytical chemistry, Variable ring sizes as well as type, number,
and position of the donor atoms in the ring permit a selective
adaptation to specific cations. Monomeric cyclic polyethers are
used mainly in the separation and determination of elements of
the first and second main groups of the periodic table.! Several
methods have been employed for the determination of the com-
plexation constants of crown ethers, and these have been discussed
in a number of reviews.?

32Cf PDMS has previously been employed for the determi-
nation of molecular weights of large involatile molecules. It has
hitherto found extensive use in studies of peptides, proteins, and
related compounds as well as porphyrins and related compounds;’
its use for the characterization of polyethers has also been de-
scribed.® Recently it has been shown’ that fast atom bom-
bardment mass spectrometry (FAB-MS) can be used in deter-
mination of the crown ether-alkali cation stability constants. Here
we report the use of 252Cf PDMS for analysis of crown ethers and
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Figure 1. Positive-ion Pd spectra of 15-crown-5 (2): (a) The commercial
sample dissolved in 100% TFA. (b) After complexation with a 0.1 M
solution of LiCl. (c) After complexation with a 0.1 M solution of KOAc.
(d) After complexation with a 0.1 M (1:1:1) solution of LiCl-NaOAc~
KOAc.

their relative complexation with alkali-metal cations. The tech-
nique takes advantage of the nonsolubility of the studied com-
pounds in aqueous solutions when these are fixed on a nitrocellulose
matrix and thereby the possibility of including the cation by
washing a sample with an alkali-metal salt solution.

The positive-ion 252Cf Pd spectra of compounds 1-7 are sum-
marized in Table I. All spectra were obtained® without attempts
to remove the cations already present in the sample. For com-
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(8) The samples of compounds 1-7'? were applied on a nitrocellulose
matrix prepared by electrospraying 25-50 uL of a 2ug/L solution of nitro-
cellulose (Bio-Rad Laboratories, Richmond, CA) in acetone onto an alu-
minized Mylar foil. The samples were dissolved in 100% trifluoroacetic acid
(TFA) to a concentration of 1 ug/uL. Between 2 and 3 uL of this solution
was slowly deposited on the nitrocellulose matrix with simultaneus evaporation
of the solvent. For exchange of the cation or for determination of the relative
complexation, 2 uL of a 0.1 M solution of LiCl, NaOAc, or KOAc or an
equimolar mixture of all three was applied directly on the nitrocellulose-bound
sample. After a few minutes (to allow the ion-exchange reaction), the matrix
was dried by spinning of the target. The plasma desorption mass spectra were
obtained on a Bio-ion Bin 10k plasma desorption instrument (Bio-ion AB,
Uppsala, Swedcn? The instrument and data handling procedures have been
described earlier.’* The spectra were accumulated for 500000 fission events.
A smooth background has been subtracted from all spectra.
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