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B-keto ester function may possibly be duplicated by an amide
or hydroxyl group of the reaction center lipoprotein com-
plex.

We have thus fully specified the role of the ring V g-keto
ester group in the photosystem I primary light reaction. The
expected® conformation change in B during reaction 2 may
provide the mechanism for the energization of the photosyn-
thetic membrane.!” Experiments are underway to confirm the
above interpretations by an NMR spectroscopic determination
of the proposed photoenolization process under conditions
comparable to those of the present study. We are aware of the
fact that our present conclusions appear to be generally con-
sistent with the recognized role of the cyclopentanone ring in
the epimerization of Chl a to Chl a’ involving the C-10 hy-
drogen in protic solvents.'® We have also begun a parallel series
of studies on pyrochlorophyll photoactivity in order to delineate
water enhancement effects other than the photoenolization
interpretation given above. In pyroChl the C10 carbomethoxy
group in Chl a has been replaced by a hydrogen atom, and no
photoenolization in ring V is possible.
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Synthesis and Thermal Reactivity of Some
2,3-Dioxabicyclo[2.2.1}heptane Models of
Prostaglandin Endoperoxides
Sir:

Prostaglandin (PG) endoperoxides!' (e.g., 1), the immediate
biological precursors of prostaglandins (e.g., 2, 3, 4) and
thromboxanes? (e.g., 5), are generally considered to be deriv-

atives of the otherwise unknown 2,3-dioxabicyclo[2.2.1]hep-
tane (8) heterobicyclic ring system. Recently, solutions con-

0 HQ HQ
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taining PG endoperoxides, PGG; and PGH,, were prepared
enzymatically.? However, studies of the chemical reactions of
these key biomolecules are beclouded by the instability* and
uncertain purity® of samples obtained by bioconversion. We
now report: (1) the first nonenzymatic synthesis of bona fide,
fully characterized derivatives of the bicyclic ring system 8,
(2) thermal fragmentation of 10, a derivative of 8, to a 1,3-
dione and olefin, which is reminiscent of the in vitro frag-
mentation of PG endoperoxides, and (3) thermochemical data
for decomposition of this model endoperoxide which show
unexpectedly great thermal stability consistent with a homo-
lytic mechanism rather than a concerted electrocyclic frag-
mentation.

The unsaturated analogue of 8, 2,3-dioxabicyclo[2.2.1]-
heptene, and substituted derivatives thereof are readily
available, though thermally labile.® Thus, the unsaturated
peroxide 9 is readily prepared by cycloaddition of singlet
oxygen’ with 1,4-diphenyl-1,3-cyclopentadiene (Scheme II).8
We now find that diimide? selectively reduces the C-C r-bond
of 9 to give 1,4-diphenyl-2,3-dioxabicyclo[2.2.1]heptane
(10).'° The upfield portion of the 'H NMR spectrum of 10
(Figure 1) in perdeuteriobenzene solution exhibits four mul-
tiplets centered at 6 1.90, 2.17, 2.40, and 2.64 which correspond
to Hy, H,, Hy, and H, respectively. Geminal coupling J,, =
8 Hz, J,; = 10 Hz, and long range W-plan!! coupling J s = 2.5
Hz support these assignments. Reduction of 9 with dideuter-
iodiimide occurs stereospecifically cis-exo to give 11 (Scheme

Scheme I

+

7

mo\\
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Figure 1. Upfield region of 100-MHz '"H NMR spectra of 10 (top) and
11 (bottom).
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I1). The multiplet at § 1.90 and 8 Hz coupling of H, with H,
are absent in the '"H NMR spectrum of 11 (Figure 1). The
mass spectrum of 11 (m/e (relative intensity) 254 (9), 224 (23),
222 (39), 221 (100), 105 (99), 77 (71), 30 (2)) shows frag-
mentation into C;D,H; and 1,3-diphenyl-1,3-propanedione.
In the mass spectrum of 10 there is no fragment of m/e 30 and
the parent peak appears at 252.

Two products from the chlorination of 9 in CCls were iso-
lated by chromatography on silica gel. The 'H NMR spectra
of these compounds support the structures 12!¢ and 13!°
(Scheme 11): 60-MHz 'H NMR (C¢Dg) for peroxide (12) &
7.12 (10H),4.66 (t, 1 H,J =28 Hz),4.55(d, 1 H,J =238
Hz),2.96 (d,1 H,J =11 Hz),2.58 (dd, 1 H,J = 2.8, 11 Hz);
and for peroxide (13) 6 7.13 (10 H), 542 (d, 1 H,J = 4.3 Hz),
488 (dd,1 H,J =24,43Hz),4.56(d, 1 H,J = 2.4 Hz).

Decomposition of purified PG-endoperoxides is a complex
process involving disproportionation, reduction, and frag-
mentation.'-> The bridgehead substitution in 10 prohibits
PG-endoperoxide-like reactivity involving abstraction of a
bridgehead proton such as disproportionation to 2 or 4 (Scheme
I). This simplifies examination of reactions involving reor-
ganization of C-O and C-C ¢-bonds such as rearrangement
to S or fragmentation to 6 and 7. Fragmentation of PG-endo-
peroxides can be the major reaction pathway accompanying
bioconversion of eicosapolyenoic acids in the absence of glu-
tathione,'? or accompanying thrombin-induced aggregation
of human platelets.!* A fragmentation of the model endo-
peroxide 10 was observed upon heating a solution in C¢Dg in

+ \\ Br, BI‘

_.,0

Table I. First-Order Rate Constants for Decomposition of 10

Temp (°C) 105k (s71) Temp (°C) 103k (s~1)
120.0 1.39 135.0 7.87
130.8 5.55 140.0 14.99
Scheme III
Ph Ph
X . X CH,
0 Ph Cl
\ — 0 +
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a sealed NMR tube. The 'H NMR spectrum of the reaction
product mixture from 10 exhibits sharp singlets at 6 6.56 and
5.27 corresponding to 1,3-diphenyl-1,3-propanedione (14) and
ethylene (15), respectively, in approximately 10% yield each.
The presence of ethylene was confirmed by addition of bromine
to the thermolysis product mixture and mass spectral identi-
fication after gas-liquid phase chromatographic isolation of
the 1,2-dibromoethane produced. In contrast, 12, gives neither
14, nor dichloroethylene. Rather, acetophenone (16) is pro-
duced in 26% yield by the thermolysis of 12. Acetophenone was
characterized by 'H NMR and gas-liquid phase chromato-
graphic comparison with an authentic sample.

A preliminary study of the thermolysis kinetics for 10 was
made by monitoring the integrated area of the 'H NMR ab-
sorptions of the reaction products in the region § 8.0-7.5.
First-order kinetics are followed. The rate constants listed in
Table I give £, = 39 kcal/mol. The same Arrhenius activation
energy was reported for thermal decomposition of di-terz-butyl
peroxide.!# Thus, a rate determining, homolytic splitting of
the O-O bond in 10 is indicated for the thermolysis. Two
subsequent S3-fissions give 14 and 15.'2 Production of aceto-
phenone from 12 can also be understood in terms of an initial
homolysis of the O-O bond followed by two 3-fissions. How-
ever, the second B3-fission involves bond b rather than bond a
(Scheme III).!5 An alternative mechanism involving a con-
certed reorganization of three bonds is apparently not opera-
tive. This is noteworthy since such a process could take ad-
vantage of a [205 + 20 + 20] orbital symmetry allowed
pathway,'® and a high overall exothermicity. These observa-
tions suggest that the in vitro fragmentation of PG-endo-
peroxides, which is often pictured as a concerted bond shift
process,!” is not a simple unimolecular rearrangement. The

R r
VAT o= + /f’
6 7

1

activation energy for a stepwise homolytic decomposition of
PG-endoperoxides should not differ very greatly from that
observed for 10, and should, thus, be inaccessible under
physiological conditions. Therefore, the reaction is probably
a catalyzed process.® Inhibition of the fragmentation of 1 by
glutathione!2 may well involve deactivation of the catalyst.
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Book Reviews

The World of Quantum Chemistry. Edited by R. DAUDEL (Centre de
Mécanique Ondulatoire Appliquée) and B. PULLMAN (lnstitut de
Biologie Physico-Chimique). R. Reidel Publishing Co., Dordrecht/
Boston. 1974. xiv + 316 pp. $37.00.

The proceedings of the First International Congress of Quantum
Chemistry held at Menton, France, in 1973 are reported. Five sym-
posia, chaired by P.-O. Lowdin, J. Kouteck§, R. Daudel, R. Parr, and
A. Pullman, deal with methods of quantum chemistry, the electronic
structure and conformations of molecules, theory of chemical reac-
tivity, the formation and evolution of molecular excited states, and
environmental effects on molecules. These symposia are riot intended
to provide a comprehensive treatise of each subject; rather, they should
be viewed as a perspective provided by several distinguished scientists
and experts. Contributions range from a reporting of calculated results
to an exposé of powerful theoretical methods and interpretive remarks.
One is introduced to methods and learns of their successful application;
however, the lectures are not generally a source for details and alter-
native approaches are often not discussed.

Professor J. C. Slater sets a discussion of the X« method in an in-
teresting and informative historical perspective. The excitement about
the unfolding applicability of quantum mechanics during the past 50
years is conveyed by one who held much of it in his own hands. E.
Davidson discusses the configuration interaction description of elec-
tron correlation and some of his own very significant work on the use
of natural orbitals in the development and analysis of CI expansions.
Some recent developments and current problems of the theory of in-
termolecular interactions are presented by W. Kolos who discusses
perturbation theory, Cl and SCF applications.

The second symposium is introduced by Professor J. Koutecky who
remarks on simple theories for the calculation of electronic structure.
J. Pople reports on the application of the ab initio SCF method using
modest basis sets to the problem of internal rotation about single
bonds. Results are reported for several molecules, and some discussion
of an adequate level of treatment, the effect of polar substituents, and
coupled interactions is included. B. Pullman lectures on recent con-
formational studies using the PCILO method (localized orbitals and
local excitations to antibonding orbitals applied at the CNDO level).
Implications of preferred conformational space calculations on pro-

teins are discussed with reference to. X-ray data, and applications to
torsion angles in polynucleotides and conformations of acetylcholine
are described.

Professot R. Daudel introduces the third symposium on the theory
of chemicadl reactivity and discusses the use of static and dynamical
indexes of reactivity. M. Karplus considers the importance of quantum
corrections to classical trajectory calculations of reaction attributes
using the hydrogen exchange reaction to illustrate different levels of
approximation. Charge and spin transfers in chemical reactions are
discussed by K. Fukui with emphasis on orbital interactiors. Illus-
trative reactions are interpreted using highest occupied and lowest
unoccupied molecular orbital concepts.

The fourth symposium deals with the formation and evolution of
molecular excited states. J. Jortner and S. Mukamel provide a unified
theoretical scheme for the description of the diverse decay channels
of excited electronic states of polyatomic molecules. This symposium
is a much more toward a self-contained development of the subject.
The basic principles of relaxation phenemena are presented in terms
of a Green’s function formalism for the determination of decay am-
plitudes of the system; interstate coupling schemes and the time evo-
lution of excited molecular states are carefully discussed. E. Heil-
bronner begins his lecture on UV photoelectron spectroscopy by
pointing out possible misunderstandings in the interpretation of data
in terms of the theoretical construct of molecular orbitals and Koop-
mans’ theorem. Limitations of the theory, correlations of data with
theoretical calculations, and correlations involving closely related
compounds are discussed.

The last symposium on environmental effects on molecules is in-
troduced by A. Pullman who considers nonpolar and polar solvents
and crystal environmental effects on hydrogen-bonded systems like
valinomycin; a supermolecule approach utilizing possibly simple
models for nearest neighbor molecules is advocated. A. D. Bucking-
ham lectures on intermolecular forces and the electric and magnetic
properties of molecules, concisely setting forth the fundamentals of
polarizability and dipole moment effects with brief reference to
magnetic susceptibility and nuclear magnetic shielding. O. Sinanoglu
expounds on three types of potentials needed to predict conformations
of molecules in solution. The adiabatic potential for molecules in
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