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Photoelectron spectroscopy of natural products. Part 1.
Polypodanes
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ABSTRACT: He | UV photoelectron spectra of four naturally occurring polyenes were measured. The spectra were
interpreted on the basis of empirical arguments and semiempirical MO calculations. The results show that through-
bond interactions betweetorbitals are discernible in spite of the non-rigid molecular geometry. This work shows
that natural products have electronic structures which are of interest to a wider circle of chemists than just those who
specialize in natural products. Copyright1999 John Wiley & Sons, Ltd.
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INTRODUCTION Finally, many natural products contain numerous func-
tional groups, which give rise to overlapping spectral
Many natural products have unusual molecular structuresbands, thus rendering such molecules unsuitable for UPS/
and, as a consequence, they may also have interesting/O analysis.
electronic structures. The interest in the electronic  This paper is the firstin a series of studies dedicated to
structure of natural products may stem from either the the electronic structure of natural products. The selection
relationship between the electronic structure and biolo- of the polypodaned—4 originates from our interest in
gical function of the compound or the uniqueness of the intramolecular, through-bond (TB) interactions and from
electronic structure from the point of view of basic the availability of these compounds in relatively large
research. One of the best examples is artemisinin, whichquantities following our work on the phytochemistry of
contains an unusual endoperoxide functional gtcanm Asian plants* We have demonstrated previously that
this group may be related to its biological (anti-malarial) TB interactions in non-rigid, monocyclic, non-conju-
function. The polypodanes discussed in this work are gated polyenes can be studied successfully by the UPS
major components of the bark resin which is used in method®
ethnomedicine for the treatment of skin diseases and
other ailments.

The molecular structures of natural products have been
extensively investigated by NMR techniques; indeed,
such studies are essential for the identification of new
compounds. On the other hand, very few studies of the
electronic structures of natural products have been
reported® Several reasons can be put forward for the
scarcity of electronic structure data. The standard method
for electronic structure analysis (UV photoelectron
spectroscopy in combination with MO calculations;
UPS/MO) requires that natural product compounds be
isolated in quantities (0.5—1 g) which are often unavail-
able. Furthermore, many natural products decompose at F F Z
elevated temperatures that are required to produce
sufficient vapour pressures for UPS measurements.

(1) R=a-H, p-OH
)R=0
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Figure 1. He | photoelectron spectra of polypodanes 1-4

EXPERIMENTAL

Spectrawere recordedusing a modified Perkin-Elmer
PS16 UV photoelectronspectrometerusing the He |
line. The platesof the 127 cylindrical analyserwere
scanned,producing a resolution as indicated by the
FWHM of the Art ?P5,, peakof about25 meV. Spectra
were calibratedusingN,O assuminghe sharpfeature$
at 12.89,16.39and 20.11eV, and were recordedat (1)
143, (2) 115, (3) 135and (4) 74°C. AM1 calculations
were performed with the HyperChem 5 program
packagé and included full geometry optimization.
The conformer space searchwas achievedusing the
Spartanprogram®

The stembark of CratoxylumcochinchinenséLour.)
B1. was collectedin SouthVietham and Singapore.n
eachcase,the ground plant material was continuously
extracted by percolation with hot hexane. Column
chromatographyof the crude extracts(silica gel, ethyl
acetate—hexanstep gradient)followed by gel permea-
tion chromatographySephadex_H-20, CHCl;-MeOH
(2:1)] andreversed-phaseolumnchromatographyCis,
acetone—acetonitrilegradient) gave polypoda-7,13,17,
21-tetraen-B-o0l (1) from the Vietnamesematerialand
polypoda-8(26),137,21-tetraen3-01 (3) from the
Singaporematerial. Oxidation of 1 and 3 with Jones
reagentaffordedthe ketones2 and 4, respectively>*

Copyright0 1999JohnWiley & Sons,Ltd.

Table 1. lonization energies (/E) and AM1 orbital energies (¢)
for compounds 1-4

Compound  IE (eV) ¢ (eV) MO charactet
1 8.53 9.13 T13—T17 + o1
920 1w,
9.26 713+ To1
9.30 9.27 T13+ T17 + 721
2 8.70 9.16 13717 + o1
933 %4 —+ T2
9.48 713+ T21
9.74 T13+ T17 + 721
10.06 No
3 8.70 9.05 T13-TM17 + T21
9.31 13721
9.55 g
9.65 T13+ T17 + 721
4 8.45 9.14 T13-T17 + 21
8.85 9.40 T13~T21
971 T17 + T2
9.76 g
10.06  no

& The r, labelsdesignateC=C bondsoriginatingat C,, carbons.

RESULTS AND DISCUSSION

The UPS spectraof 1-4 are shownin Fig. 1. The most
interesting part of the spectracomprisesbands with
ionizationenergy(lIE) <10eV. Thesebandscorrespond
to ionizationsfrom n-orbitalsandoxygenlone pairs(ng)
of the keto group. The hydroxyl groupoxygenlone pair
Non appearsabove 10eV. The rest of the bandsare
poorly resolved; they belong to ionizations from o-
orbitals and are of minor interest. The assignmentof
spectra is usually achieved with the aid of MO
calculations.We selectedthe AM1 methodas the best
compromisebetweencomputationalcostand accuracy.
However AM1 results(Tablel) arenotveryusefulin the
presentstudy becauseof the high density of n-ioniza-
tions. It is well knownthatin suchcasedMO resultsare
generally unreliable. The only useful prediction from
AM1 calculations concernsthe ng energy, which is
suggestedo be higherthanthat of n-orbitals. The = and
no orbitalscaninteractvia a TB mechanism.
Suchintramolecularinteractionsare the main interest
in this work and will be discussedn somedetail. The
interactionsn our moleculescanbe classifiedasbeingof
1,4n,%, 1,5n,m and1,6-nzx type. The largerthe energy
separatiorbetweennon-conjugatedrbitals, the weaker
their interaction becomesunlessthere is an efficient
‘relay’ in theform of interveningos-orbitals.Inspectiorof
the number of resolvable = bands can reveal such
interactionsthemorebandghereare thestrongerarethe
orbital interactionsTakingthis argumeninto considera-
tion, we canconcludethatr,n interactionsarestrongelin
1 than in its A®®® isomer (3), as evidencedby the
appearancef a singler bandfor 3 (at8.7eV) vstwo n
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Figure 2. HOMO electron density in 1 indicating TB
interactions

bands (at 8.53 and 9.3eV) for 1. Furthermore,the
averagdE of the r-manifoldis lowerin 1 than3, which

alsosuggestenhanced B interactionsThe destabiliza-
tion of the manifold is causedby =, ¢ interactions
betweerdoublebondsandtheos skeletonLong-rangerB

interactionshave been studied and discussedin great
detaif° but usually on examplesof rigid bicyclic or

monocyclicsystemsTheinterestingpointis thatwe can
distinguishTB interactionsevenin non-rigid molecules.
Why are interactionsmore pronouncedn 1 thanin 3?

The explanationcan be soughtin the ‘all-trans effect™

which favoursinteractionsin moleculeswith a greater
numberof trans C=C configurations(1). The through
spacgTS)andTB interactionsarecompetitiveandoften
occur simultaneouslyin a particular molecule® They
can, however, be distinguishedon the basis of their
spatial range; TB interactions can have long ranges
whereasTS interactionsrely on direct overlap and are
often shortrange'® In the polypodanesTS interactions
areunlikely owing to the molecularstructure which has
spatiallywell separatedioublebonds.

The presenceof a keto groupin 2 and4 significantly
modifiesthe appearancef the z-manifold. Compoun4
now hasobservablesplitting whereas2 doesnot. The ng
orbital energyis lower (more negative) than the z-
manifold which (in the simple perturbation theory
picture) leadsto selectivedestabilizationof n-orbitals.
The extent of destabilization will depend on the
proximity (on the energyscale)of ng to eachrn orbital.
The destabilisatioris reflectedin the changesf = band
contoursthebandwhichis splitin 1 cease$o besoin 2,
while the compactbandin 3 exhibitsa smallsplitting (at
8.45eV) in 4.

The possibility that the measuredspectrumrefersto
the superpositionof conformer spectrashould also be
consideredThe presencef a conformermixture would

Copyright0 1999JohnWiley & Sons,Ltd.

be significant only if conformers have noticeably
different electronic structures.One can calculate MO

levels for eachconformerand comparethe levels with

bandshapesHowever,in view of the unreliability of the
AM1 method in predicting closely spaced orbital

ionizations, we instead performed a conformational
spacesearchin order to establishwhat would be the
population of higher energy conformers (assuminga
Boltzmanndistribution).Thepopulationof higherenergy
conformersat the temperatureof the experimentturned
out to be lessthan 17% (for 1 and 4) and thus cannot
influencebandshapesppreciablyThe partially resolved
featuresin the lowestIE bandsof 1 and4 canhencebe
attributed to orbital interactions rather than to the
superpositiorof conformerspectra.

Finally, it is interestingto comparethe spectraof the
polyenesl—4with thatof all-cis-1,4,7,10-cyclododecate-
traene'! The dodecatetraenéwvhich also containsfour
unconjugatedr-bonds)can serveas a referencefor the
analysisof variousintramolecularinteractions.The first
interestingobservationis that = ionization energiesare
higher in dodecatetraen€8.9 and 9.3eV) than in the
polypodanes,in spite of the presenceof formally
electron-withdrawig hydroxyl or keto groupsin the
latter. Thisis to beexpectedecausef thelargerdensity
of g-orbitalsin the polypodanesand subsequenstrong
TB interactionsbetweenr- and o-orbitals. The second
notable observationconcernssplitting of = bands.In
dodecatetraenghe splitting is approximately 0.4eV,
whichis similar to 4 but smallerthanin 1. Thechangéan
n bondsplitting on goingfrom 3 to 4 andfrom 1 to 2 has
already been rationalized by the of the keto groups.
Similarity of 7= bond splitting is an indication that TB
interactionshavesimilar effectiveness.

CONCLUSION

We have demonstratedwo important points, first that
natural productsoften haveinterestingelectronicstruc-
tureswhich canbe studiedby the UPS/MOmethodand
secondhat TB interactionscanbe observedn non-rigid
polyenecompoundsBoth conclusionshouldencourage
furtherstudiesof suchcompoundsAn exampleintended
to give a clearerpicture of TB interactionsis shownin
Fig. 2, which displaysthe HOMO electrondensityof 1.
The orbital has most of its electron density localized
alongthe side-chainOne canseethreedoublebond (r-
orbital) moietieswhicharelinked via ‘bridges’ composed
of g-electron densities. The MO densities in other
compoundsexhibit very similar typesof interactions.
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