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peroxides. Furthermore, these results are consistent with 
previous mechanistic interpretations of endoperoxide de­
composition.6 An important implication of these results is the 
possibility of observation of magnetic isotope effects (17O and 
13C) on the thermolyses of aromatic endoperoxides. At low 
magnetic fields a hyperfine mechanism may determine the rate 
of intersystem crossing in 1D. The results of investigations 
examining this prediction will be reported shortly. 
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A Synthetic Amphophilic Helical Docosapeptide with 
the Surface Properties of Plasma Apolipoprotein A-I 

Sir. 

Plasma apolipoprotein A-I (apo A-I) contains six highly 
homologous 22 amino acid segments.12 These domains have 
a high helix-forming potential3 and in the a-helical confor­
mation the hydrophobic and hydrophilic groups are segregated 
on opposite sides of the cylindrical segments.4 If, indeed, the 
secondary structure of these segments is responsible for the 
binding of the whole apolipoprotein to lipid surfaces, then any 
amphiphilic helical oligopeptide should also display the unusual 
surface properties of apo A-I.5-6 In order to test this hypothesis, 
we designed a docosapeptide (peptide I, see Figure 1) which 
a priori has a high potential to form amphiphilic helices (Pa 

= 1.28, Pf) = 0.77).3 The particular simple amino acid se­
quence was chosen to give an equal distribution of acidic and 
basic residues on the hydrophilic side and to be as different as 
possible from the repeating apo A-I sequence. The peptide has 
only 41% homology with the 198-219 fragment of human apo 
A-I7 and considerably less with the rest of the A-I molecule. 

The peptide was synthesized using the Merrifield solid-phase 
method8 employing the blocking groups and cleavage method 
described previously.9 Purification of the deblocked peptide 
was carried out by gel permeation chromatography (Sephadex 
G-25, 0.2 M acetic acid), followed by lyophilization and ion-
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Figure 1. Amino acid sequence of peptide I and the axial projection of the 
iv-helical peptide showing the relative location of the side chains with the 
segregation of the hydrophobic and hydrophilic residues. 

exchange chromatography on CM Sephadex C-25 (0.02 M 
sodium phosphate buffer, pH 6.5, with a sodium chloride 
gradient from 0 to 0.5 M). After lyophilization and desalting, 
peptide I was purified further by ion-exchange chromatogra­
phy on CM Sephadex C-25 (0.02 M sodium phosphate buffer, 
pH 6.6, with a stepwise sodium chloride gradient 0, 0.2, 0.3 M; 
the peptide eluted at 0.3 M). The yield of pure peptide I was 
1.5% based on the starting amount of Boc-Ala-resin. No im­
purities were detected in the final product by automated 
Edman degradation, amino acid analysis, high voltage paper 
electrophoresis, and thin layer chromatography on cellulose 
and silica. Based on the limits of detection inherent in each of 
these methods, the purity of the peptide was estimated to be 
at least 99%. 

Helical content was estimated from the molar ellipticity of 
I measured at several concentrations. From the concentration 
dependency of molar ellipticity, the peptide was found to form 
tetramers cooperatively with a /vdissoc = 9.7 X 10~16 M3 (at 
222 nm 0monomer = -4 .6 X 103 degcm2/dmol and 6Xclr:imcr = 
—6.8 X 104 deg cm2/dmol). The tetramerization of I was also 
demonstrated by gel permeation chromatography on Sephadex 
G-50. We found 61 % helicity in 50% trifluoroethanol; in 0.1 
M phosphate buffer, pH 7.0, at 1.7 X 10"4 M peptide, the 
helicity was 50%, whereas at 3 X 1O - 6M it was 30%. 

The binding of I to pure egg lecithin single bilayer vesicles'' 
was quantitated by rapid ultrafiltration sampling.12 The 
2.0-mL incubation mixtures contained 0.025 M buffer (mor-
pholinopropanesulfonic acid, MOPS, pH 7.0) and 0.16 M KCl. 
After 3-h incubation two 100-M'- aliquots were removed, and 
the remaining solution was subjected to ultrafiltration (100-A 
pore Amicon XM 100 membrane), the first 250 ûL of ultra-
filtrate being discarded and the next ~250 /uL being collected, 
followed by the removal of two 100-/uL aliquots from it for 
analysis. To each aliquot was added sequentially 250 /uL of 
2-propanol, 250 /xL of 0.4 M borate buffer (pH 9.7). and 250 
/till of 6.56 X 10~3 M o-phthalaldehyde in the same borate 
buffer. Fluorescence intensity (Xcx 340 nm, Xcm 465 nm) was 
proportional to the peptide concentration over the entire con­
centration range employed. The adsorption of the peptide to 
the outer surface of the vesicle obeys a simple Langmuir iso­
therm. The data were analyzed in the same fashion as those 
described earlier for A-I fragments,12 indicating that formally 
the binding sites are equivalent and independent.13 The surface 
of a single vesicle was found to accommodate 48 peptides with 
a dissociation constant of KD = 1.9 X 10 - 6 M. The binding of 
I to single bilayer vesicles was shown to be independent of pH 
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over the range pH 5 to 8.2, using MOPS, citrate, and phos­
phate buffers where appropriate. The binding of pure apo A-I 
to the egg lecithin single bilayer vesicles was measured under 
the same experimental conditions as the binding of I, but the 
free and bound protein were separated by rapid gel permeation 
chromatography using Sepharose 6B. A simple Langmuir 
isotherm is again sufficient to interpret the data, and it yields 
^ D = (9.4 ± 1.7) X 1O-7 M with a maximum of six apo A-I 
molecules per vesicle. Rapid gel permeation chromatography 
using Sepharose CL-4B showed that both the vesicle-peptide 
and vesicle-apo A-I complexes have the same hydrodynamic 
properties (d = 250 A) as the pure vesicle, indicating the ab­
sence of any major reorganization of the lipid structure such 
as disk formation or fusion into large liposomes. 

At the air-water interface insoluble monolayers of I form 
spontaneously by adsorption from dilute solutions or by 
spreading of concentrated solutions. The monolayers are stable 
for at least several hours at a variety of surface pressures, even 
after repeated compression and expansion. Analysis of the 
force area curve shows that the surface behavior of the mo­
nolayers can be described by the same equation as the one 
observed for apo HDL and apo A-I monolayers:5'6'14 -K[A — 
/4oo(l ~ Kir)] = C where K is the surface compressibility and 
/)oo is the limiting molecular area extrapolated to zero surface 
pressure. The compressibility seen for peptide I is K = 2.1 X 
10-2cm/dyn, the same as found for apo HDL, K= 1.8 X 10"2 

cm/dyn. Most importantly, the collapse pressure (ir = 22 
dyn/cm) of the peptide and protein monolayers appear to be 
indistinguishable. We find that the limiting area of the peptide 
extrapolated to zero surface pressure is equal to 23 A2 per 
amino acid residue, whereas AQO = 16.3 A2/amino acid for apo 
HDL.6 These values suggest that the stable form of the peptide 
at the air-water interface is a relatively compact folded con­
formation, presumably a helix. Peptide I is also able to pene­
trate phospholipid monolayers at the air-water interface to the 
same extent as apo A-I does; addition of peptide I to the sub-
phase of a 7T = 14 dyn/cm egg lecithin monolayer results in an 
increase of the surface pressure to 24 dyn/cm. 

Our results show that a docosapeptide of high amphiphilic 
helix potential does behave in solution, at phospholipid-water 
interfaces, and at the air-water interface in a manner similar 
to that of apo A-I. Since peptide I epitomizes apo A-I in its 
tendency to form an amphiphilic helix and yet reproduces the 
essential surface properties of the intact apolipoprotein, we 
conclude that the structural role of apolipoprotein A-I is ful­
filled by its helical segments, and it is not necessary to invoke 
a highly organized tertiary structure thereof. The synthesis of 
amphiphilic helical oligopeptides of simple sequence and 
well-defined surface properties opens the way to the systematic 
study of the structure-function relationship of lipid-associated 
proteins and to the construction of water-soluble lipid-peptide 
complexes of desirable and useful physical and physiological 
properties. 
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N-Phenylselenophthalimide (N-PSP) and 
N-Phenylselenosuccinimide (N-PSS). Two Versatile 
Carriers of the Phenylseleno Group. Oxyselenation 
of Olefins and a Selenium-Based Macrolide Synthesis 

Sir: 

In recent years the phenylseleno group became a very 
powerful tool in organic synthesis owing to its fertile and easily 
manipulated nature.' 3 The most useful transformations of this 
group are its oxidative and reductive removal to introduce 
unsaturation and saturation respectively. In these organo-
selenium-based operations, the first and most crucial stratagem 
is the introduction of the phenylseleno (PhSe) group into the 
organic molecule. In this communication we report on the re­
actions of yV-phenylselenophthalimide (N-PSP) and N-
phenylselenosuccinimide (N-PSS), two new, versatile and 
useful carriers of the PhSe group. These readily available and 

N-PSP N-PSS 

relatively stable reagents are highly effective for introducing 
the PhSe group into unsaturated substrates. Of particular 
importance is their utility in the oxyselenenation of olefins and 
cyclization reactions including the formation of cyclopropanes 
and macrolides. This new method of macrolide formation from 
long, open-chain, unsaturated carboxylic acids constitutes a 
new concept for the synthesis of these biologically important 
compounds.46 

N-PSP7 is readily prepared from potassium phthalimide and 
phenylselenenyl chloride and is a perfectly stable colorless 
crystalline solid. N-PSS is conveniently obtained from ally 1-
phenylselenide and A'-chlorosuccinimide by the method of 
Sharpless and Hori8 as a white crystalline solid. This substance 
is stable at —20 0C under argon for long periods of time al­
though in the air and at 25 0C it slowly decomposes turning 
increasingly yellow. The following reactions of N-PSP and 
N-PSS illustrate the versatility and effectiveness of these newly 
introduced organoselenium reagents in organic synthesis. 

I. Oxyselenation of Olefins. A'-Phenylselenophthalimide and 
/V-phenylselenosuccinimide react readily with olefins at 25 °C 
in methylene chloride in the presence of 2-3 equiv of water and 
acid catalyst (0.05-0.1 equiv, e.g., /7-toluenesulfonic, pyri-
dinium p-toluenesulfonate, camphorsulfonic) to afford hy-
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