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Figure 2. Gas chromatogram of trans,lrans-2A-kexad\ene at 50-yu pressure 
after irradiation with 3000 pulses of the R( 18) CO2 laser transition. The 
unirradiated sample contained 99% f/\ms\r/-a/K-2,4-hexadiene with <1% 
r/.?./ra«i-2,4-hexadiene as an impurity. (1) 1,3-hexadiene, (2) tran-
.v,//-a«5-2,4-hexadiene, (3) m,rra«.s-2,4-hexadiene, (4) a's,m-2,4-hexa-
diene, (5) cyclopentadiene. 

Table I. Composition after Irradiation (Percent)" 

parent species 

1,3* 
U-2,4* 
Ct-2Ab 

c,c-2Ab 

c,c-2Ac 

1,3 

99.42 
0.86 
0.62 
0.00 
0.61 

/./-2,4 

0.12 
97.21 

0.55 
0.00 
0.00 

<r,/-2,4 

0.25 
1.24 

97.80 
0.00 
0.29 

c,c-2A 

0.08 
0.15 
0.69 

98.69 
97.67 

" Impurities present in the parent species have been subtracted out 
in reporting product compositions. They were 1,3-hexadiene (0.03% 
/,/-2,4, 0.06% c,r-2,4, 0.04% cc-2,4), //ww,/ra/w-2,4-hexadiene (0.5% 
c.t-2A, 0.04% c,c-2,4), m,/ra«j-2,4-hexadiene (0.35% /,/-2,4), 
w,m-2,4-hexadiene (0.66% 1,3, 0.03%/,/-2,4, 1.62%c,/-2,4). * After 
irradiation on the R(18) transition of the 10.6-/* laser branch. c After 
irradiation on the P(38) transition of the 10.6-jU laser branch. 

isomeric hexadienes (lOO-^i pressure, uncorrected for irradi
ated volume) are given in Table I. The R(18) laser radiation 
is absorbed by all isomers with trans or terminal double bonds, 
but not by m,cw-2,4-hexadiene. The absence of cis,cis isom-
erization upon R(18) irradiation is thus the consequence of 
insufficient excitation of this compound. However, cis.cis-
2,4-hexadiene does isomerize when irradiated using the P(38) 
laser line. Several features of the single pulse results merit 
comment. Under reported conditions, excitation of cis,trans 
isomer produces more cis,cis isomer than the thermodynami-
cally more stable trans,trans isomer.7 Furthermore in all cases 
substantial amounts of products are formed which would be 
expected to require two successive isomerization processes.8 

Additionally product ratios can be made to vary as a function 
of fluence level and quencher pressure implying that the 
isomerization process occurring in this system is not a simple 
one. Rather it is a process which may involve multiple com
petitive steps. The alteration of isomeric branching ratios as 
a function of irradiation conditions is currently being studied 
via variation of power and fluence levels as well as the addition 
of selected quenchers. We also plan to initiate time-resolved 
double-resonance studies of isomeric product formation in the 
near future. 

A gas chromatogram of the product mixture resulting from 
3000-pulse R(18) irradiation of/ra«j,/ran^-2,4-hexadiene (50 
û) is shown in Figure 2. Even though a true photostationary 

state is not attained, over 98% of the thermodynamically most 
stable hexadiene isomer has been converted into less strongly 
absorbing and/or less efficiently isomerizing species. This 
experiment again clearly indicates that simple equilibrium 
thermal chemistry cannot be occurring. Moreover the mass 
balance in this reaction is >85%, with the major dissociation 
product being cyclopentadiene. It is thus apparent that, under 
carefully controlled conditions, the extensive fragmentations 
observed in investigations of monoalkene isomerization can 
be avoided.3 While product mixtures of the type shown in 
Figure 2 are not as of yet synthetically useful, they serve to 
illustrate the potential of nondestructive isomer selective laser 
chemistry. We are currently seeking to improve the selectivity 

of formation of a single hexadiene isomer (e.g., cis,cis) via si
multaneous irradiation with two different laser frequencies. 
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Magnetic Field Effects on the Thermolysis of 
Endoperoxides of Aromatic Compounds. Correlations 
with Singlet Oxygen Yield and Activation Entropies 

Sir: 

An interesting consequence of radical reactions involving 
singlet-triplet interconversions is the possibility of observing 
a variation in product distribution and/or reaction rate with 
the application of a steady external magnetic field, / / . ' In the 
absence of significant hyperfine interactions, the external field 
may accelerate singlet-triplet evolution in a singlet radical pair. 
The rate of singlet-triplet conversion is expected to increase 
proportionally to AgH (or to some power of H).2 However, an 
appreciable effect of an external field is expected only if the 
pertinent radicals possess markedly different g factors or if 
extremely high external fields are involved. As an order of 
magnitude approximation,3 if Ag a* 10 - 2 and / / ^ 1 0 000 G, 
the rate of magnetic field induced singlet-triplet conversion 
will approach values of ~10 8 S - ' . Diradical intermediates 
possess decay rates of this order,4 so that a magnetic field effect 
on diradical reactions should be demonstrable in favorable 
cases. Since the products of a chemical reaction involving di-
radicals may depend on the presence or absence of magnetic 
nuclei that can interact with the diradical centers, a magnetic 
isotope effect5 is also possible. We report here an investigation 
and demonstration of magnetic field effects on the thermolysis 
of endoperoxides of aromatic hydrocarbons. We show corre
lations of our observations with other experimental informa
tion, and we find that our results are in good qualitative 
agreement with theoretical predictions. 

The endoperoxides studied were 1, 2, 3, and 4 (Table I). In 
an earlier study of 1-4, it was found that6 (a) each undergoes 
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Table I. Correlation of Activation Entropies, Singlet Oxygen Yield, and Magnetic Field Effect in Endoperoxide Thermolyses"* 
1O2, % 

endoperoxide AS*, eu 0.5 Gf 4500 G 9500 G 11 500 G 13 500 G 15 500 G 17 000 G 

Ph CH1 

- 2 92 ± 1 93 ± 2 91 ± 4 

+ 2 76 ± 1 76.5 ±0.5 73 ± 1 71.3 ±0.5 70.5 ±0.5 

+ 3 69 ± 1 66.0 ± 0.6 

+ 10 32 ± 1 30 ± 3 27 ± 2 23 ± 2 

" Singlet oxygen determinations for 1 and 4 were described in ref 6. Typically, the conversions of 1 and 4 are 12 and 45%, respectively. The 
data represent the average of eight or more independent measurements. The conversions were measured by a Gilford spectrophotometer with 
an accuracy of 0.002 in OD reading. * For 2 and 3, the experiments were carried out in CDCI3 at 40 0C, 9,10-Dimethylanthracene was used 
as a singlet oxygen acceptor. Typically, the initial concentrations of 2 (or 3) and 9,10-dimethylanthracene are 2 X 10-2 and 3 X 10-2 M, re
spectively. The appearances of alkylnaphthalene and 9,10-dimethylanthracene 9,10-endoperoxide are measured by NMR (Brucker WP-80 
with built-in data processing). Typically, the data provided were the averages of four or more independent measurements. Conversions of 2 
and 3 are larger than 90%. The use of 2,5-dimethylfuran as an 1O2 acceptor led to experimentally indistinguishable results. c Earth's magnetic 
field. 

quantitative thermolysis to produce molecular oxygen and the 
associated aromatic hydrocarbon; (b) these compounds display 
a range of yields of singlet oxygen relative to the total oxygen 
yields; and (c) the yield of singlet oxygen correlates with ac
tivation entropies for thermolysis, a more positive entropy 
corresponding to a lower yield of singlet oxygen. If the mech
anism of endoperoxide thermolysis involves initial formation 
of a diradical intermediate with a structure such a s ' D (Scheme 
I), then at readily available field strengths (~10 000 G) a 
magnetic field effect on the yield of singlet oxygen is imag
inable because Ag ^ 1O-2 for the radical centers (g for benzyl 
radical ^ 2.001; g for peroxy radical ^ 2.01 ).7 

In order to test for this possibility, the absolute yields of 
singlet oxygen produced from thermolysis of 1, 2, 3, and 4 were 
measured in the earth's magnetic field and in laboratory 
magnetic fields varying up to ~14 000 G. If, as proposed,6 4 
undergoes decomposition predominantly via a diradical, the 
situation is optimal for observation of magnetic field effect on 
the '02/Oa yield for this compound. In fact (Table I), in the 
thermolysis of 4 the yield of singlet oxygen (relative to the yield 
in the earth's magnetic field) decreased ~30% when the re-

Scheme I. Diradical Mechanism for Thermolysis of Endoperoxides 
of Aromatic Compounds 

action was conducted in a magnetic field of ~14 000 G. Indeed, 
the yield of 'O2 is very sensitive to an increase in magnetic field 
for 4 (Table I). On the other hand, if it is true, as proposed,6 

that 1 undergoes decomposition predominately via a concerted 
fragmentation (no diradicaloid character along the reaction 
coordinate), the external magnetic field should have no sig
nificant effect on the singlet oxygen yield from 1. In fact, in the 
thermolysis of 1, the singlet oxygen yield is essentially un
changed within experimental error in the presence and absence 
of a strong magnetic field (Table I). Compounds 2 and 3 are 
postulated to represent an intermediate case mechanistically,6 

and indeed the observed decrease in singlet oxygen yield is 
consistent with this postulate. Theory2 predicts a proportion
ality between the yield of singlet oxygen produced from the ' D 
and H1/2 at high magnetic fields.9 The data listed in Table I 
confirm this prediction and provide support for the following 
mechanistic interpretation. 

The decomposition of 4 may be formally viewed (Scheme 
I) as occurring via an initial singlet diradical intermediate ' D, 
which fragments to '02 and 9,10-diphenylanthracene (DPA) 
in competition with intersystem crossing to 3D, which frag
ments to 302 and DPA. In this mechanism, step b (and its re
versal) should be magnetic field dependent. In the case of 1, 
the (major) pathway of reaction may be concerted (or zwit-
terionic), or may involve a diradical singlet that is too short
lived to allow the magnetic field to assist in singlet-triplet ev
olution. The low value of AS* for thermolysis of 1 favors, in 
our view, the concerted mechanism. The behaviors of 2 and 3 
are intermediate to the behaviors of 1 and 4. Thus, for 2 and 
3 either a mixture of concerted and diradical mechanisms is 
operating or the derived singlet diradical undergoes a different 
partitioning to singlet and triplet products. 

In conclusion, we have shown that a significant magnetic 
field can be observed in the thermolyses of aromatic endo-
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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-

5 IO 
PRO-LYS-LEU-GLU-GLU-LEU-LYS-GLU-LYS-LEU-LYS-

/5 20 
GLU-LEU-LEU-GLU-LYS-LEU-LYS-GLU-LYS-LEU-ALA 

19 GLU 
PRO 

GL U 8 _ ' _ / 2 GLU 

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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