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Abstract

The polarizationof the fluorescencespectraof papaverineand isoquinolinewasstudied.The electronicstructureof
groundandexcitedstatesof papaverine,isoquinoline,and 5,6-dimethoxy-1-methylisoquinolinewerestudiedby MNDO-
PM3-C1 and CNDO-CI methods. Resultsof spectral investigations,concerning the mechanismof excitation and
emissionof papaverinearepresentedalongwith theoreticalconsiderations.Theresultsstronglysuggestthe existenceof
couplingbetweenthe isoquinolineand benzenering in the papaverinemolecule.

1. Introduction (isoquinoline and benzene),separatedby a CH2
group.Thesetwo singlebondspreventthe conjuga-

Papaverine (6,7-dimethoxy-1-[3,4-dimethoxy tion across the molecule. The distancebetween
benzyl]-isoquinoline)is an organicmolecule(ben- thesetwo ring systemsis not too large, and the
zylisoquinolinealkaloid)with no symmetry,having papaverinemay exhibit the behaviorof a molecule
substitutedisoquinolineand benzenerings linked with two interactinggroups.Ourgoal wasto eluci-
by a CH2 group. It has a wide clinical use as datethe mechanismof excitationandrelaxationof
a vasodilator[1—3],and as an inhibitor of patho- this complexstructure.
logical spasmsin smooth muscles. The crystal In examining the excitation mechanismit was
structureof papaverinewasdetermined[4], andits assumedthat:
conformationin solution wasstudiedby NMR [5]. — thereis a coupling of the electronicdensitiesof
The fluorescenceof papaverinehasbeensubjected the two rings and
to veryfew investigations[6]. It is obviousthat two — there is energy transfer between the chromo-
chromophorescan be identified in this molecule: phoresupon excitation.
6,7-dimethoxy isoquinoline and 3,4-dimethoxy Theseassumptionswere testedby investigating
phenylgroups,seeFig. 1. the spectralpropertiesand comparingthesewith

The structure of papaverineis interesting,be- theoreticalcalculations.The determinationof the
causethe moleculeconsistsof two conjugatedrings excitedstatesof themoleculecanbedoneby exam-

ination of absorption and fluorescencespectra.

* Correspondingauthor. To understandthe mechanismof excitation and
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CH3O __. ..~ line (DMMIQ) and papaverine.The calculations
wereperformedusingthe all valenceelectronap-

~- N proximationby the CNDO method [9] (included
CH3O in program CNDUV [10]) and MNDO-PM3

OCH method[11] (includedin programMOPAC [12]).

O
The geometriesof all moleculesused in CI calcu-
lations was obtainedby use of the MNDO-PM3

Papaverin e oc H3 method.Calculationsof variouselectronicstatesof
moleculeswere performedwith a multi-electron

Fig. 1. Structureof papaverine. configuration interaction facility (MECI) in
MOPAC,andwith the extensiveconfigurationin-

relaxationit is useful to determinethe transition teractionmethodin CNDUV. The numberof elec-
momentdirections(polarizations)of the electronic tronic configurations(microstates)usedin CI was
transitions.A major point in this study was the 36 in MOPAC and 250 in CNDUV. Programs
correlationof the transitionmomentdirections,as wereinstalledby us on IBM 3090 andIBM AT 386
microscopicvalues, with the fluorescencepolariza- computers.Calculatedresultswere comparedwith
tion, as macroscopicvalue, theobservedspectrafor isoquinolineandpapaverine.

Angles (~)betweenthe directionof the transition
momentof the lowest energysinglet transitionand

2. Material andmethods directionsof othersinglet transitionmomentswere

calculatedfrom degrees(extent)of polarization(P).
Commercial papaverineand isoquinolinewere Thesecalculationswerebasedon the assumption

used without further purification. Concentrations that Eq. (1) canbe appliedto a quantummechan-
of samples in ethanol (Merck, p.a.) were 4 and ical value-transitionmoment.
10 mmol/l for papaverineandisoquinoline,respec- 2

tively. Absorption spectra were measuredusing ~ = 3 cos ~ — 1 (1)
a PYE Unicam SP8-100 spectrophotometerat 3 + cos

2~
room temperature.Fluorescenceexcitation •and Eq. (1) relates the degreeof polarization and the
emission spectrawere measuredon an Aminco anglebetweenthe absorptionandemissiondipoles
Bowman spectrophotofluorimeter,equippedwith in classicaltheory [7].
a 150W xenon lamp andR446-Sphotomultiplier
tube.Theinstrumentwasinterfacedto an IBM AT
286 microcomputerfor dataacquisitionand pro- 3. Resultsanddiscussion
cessing.Polarized fluorescencewas measuredat
77 K (liquid nitrogen) by using a pair of Glen’s Fig. 2 presentsthe absorption,the fluorescence
prisms. The degreeof polarization(P) was deter- excitation and emission spectraof papaverine,as
mined accordingto [7]: well as polarizationspectrafor fluorescenceemis-

P = (1 — I f)/(I + J f) sion and excitation. Emissionspectrawere meas-
p p ~ ‘ uredby exciting the peakof the nearUV bandat

whereI~andI~arecomponentsof the vector(elec- 280nm. Theexcitationspectrawereobtainedat the
tric field vector) of emissionfluorescenceparallel emissionwavelengthof 375 nm.
and perpendicular,to the vector of the incident The excitation spectrumof papaverineclosely
light, respectively,andf is a correctionfactor, as resemblesits absorptionspectrum,and has near
definedby Azumi et al. [8]. All spectraldataare the andfar UV electronic transitionsat 330, 285 and
averageof two or morespectra. 243 nm. An emissionbandmaximumwasobserved

Theoreticalself-consistentfield calculationswith at 350nm.
configurationinteraction(SCFCI) werecarriedout The excitation (absorption) spectrum of
for isoquinoline,6,7-dimethoxy-1-methylisoquino- papaverinehas roughly the same shape as the
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Fig. 2. Absorption(Abs),excitation(Ex) andemission(Em)fluorescencespectraof papaverine.Fluorescencepolarizationof excitation
(Pex)wasmonitoredatanemissionwavelengthof 360nm.Emissionpolarizationspectrawereproducedby excitationat320(Pem1) and
300nm (PemII). Fluorescencepolarizationwas measuredat 77K. The long-wavelengthsegmentof the absorptionand excitation
spectrais scaledby a factorof 10.

excitation (absorption) spectrum of isoquinoline. verine is. Calculated energies of transitions
Comparingthe papaverinespectrawith the pub- of 6,7-dimethoxy-1-methylisoquinolineand papa-
lishedspectrumof isoquinoline[13] thered shift has verineare comparablein bothMO methodsused.
beenobserved.The closeresemblanceof spectraof Therefore,methoxyandmethyl substituentson the
thesetwo compoundssuggeststhat it electronsin isoquinolinemoietyhavea majorinfluenceon the
the isoquinoline ring in the papaverinemolecule degreeof red shift of bandsin the papaverineexci-
could be involved in the excitation of papaverine. tation (absorption)spectra.Hence,the influenceof
The same similarity has been found in emission the 3,4-dimethoxyphenyl groupon the transition
spectraof papaverineandisoquinoline.Corollary,in energiescould be neglected.
literaturetheisoquinolineringcouldbe identifiedas In the polarization spectra of excitation for
the chromophorefor emission, too. papaverinepresentedin Fig. 2, threeregionswith

Assignmentof the bands in excitation (absorp- different degreesof polarization,can be identified.
tion) spectrumof the papaverineis basedon the They correspondto threebandsin the excitation
similarity with absorptionspectrumof isoquino- (absorption)spectra.The degreeof polarization
line. Since,Babaet al. [14] haveassignedbandsin andanglesç~calculatedby Eq. (1) are presentedin
the isoquinolinespectrumwith tLb, ‘La andiBb in Table2 for all threemolecules.
increasing order of band energy, we decided to Polarizationsof the secondandthird electronic
assignbandsin the sameway. transitions of papaverine reveal that their

Calculatedenergiesof electronic transitionsfor transitionmomentsare not parallelor perpendicu-
all moleculesaswell asobservedresultsarelistedin lar to the transition moment of the lowest eJec-
Table 1. Comparisonbetweenthe results of cal- tronic transition. Comparing the experimentally
culatedandexperimentaldatashowsthat the elec- determinedvaluesof the degreeof polarizationfor
tronic transitionsare well describedby the theory bandsin papaverineandisoquinolinespectra(that
(maximaldifferenceis 7%). matchthepreviouspublishedvalues[15]), onecan

It is well known that alkyl- and alkyloxy-sub- observethe difference(oppositesigns)in the short
stituents on the isoquinoline ring cause the red wavelengthbands.This observationproves that
shift, but it is notknown how strongthe influence substituentsinfluence the excitation andemission
of the 1-[3,4-dimethoxybenzyl] group in papa- mechanismin papaverine.Variation of excitation
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Table I
Calculatedandobservedelectronictransitionenergies(eV) for isoquinoline,DMMIQ andpapaverine

Molecule 5~[Lb] S
2[La] S3[B5]

exp CNDO PM3 exp CNDO PM3 exp CNDO PM3

Isoquinoline 3.91 4.07 4.01 4.66 4.69 4.61 5.74 5.80 5.77
DMM1Q -- 3.91 3.90 — 4.51 4.07 -- 5.31 5.49
Papaverine 3.76 3.88 3.88 4.35 4.41 4.06 5.11 5.25 5.16

Table 2
Calculatedandobservedanglesbetweenelectronictransitionmoments,and observedpolarizationsfor isoquinoline, 6,7-dimethoxy-
1-methylisoquinoline(DMMIQ) andpapaverine

Molecule S1:S1 S2:S1 S3:S1

P Angle P Angle P Angle

Exp CNDO Exp CNDO Exp CNDO

Isoquinoline 0.30 33.0 0 0.05 51.3 122.1a — 0.10 61.6 59.0
DMMIQ — — 0 — l29.0a — — 126.8C
Papaverine 0.33 30.3 0 0.05 51.3 44.2 0.10 47.9 40.2

C Tocomparetheoverall directionsof transitionmomentsthe valuesof 180°— ~couldbe used.Forexamplethedirection givenin the

last cell in thesecond row in the tableis actually 180°— l26.8~= 53.2°.

wavelength(PemI and PemII in Fig. 2) doesnot provesthe couplingof electrondensitiesof two the
changethe emissionpattern. This indicates that unconjugatedring systems. It also explains the
photoemissionresultsfrom joint actionof two aro- differencein experimentallydeterminedpolariza-
matic moietiesin papaverine. tions.

Sinceonly minor differencesbetweencalculated Coupling of electron densities cannot be ex-
angles~ (CNDO-CI method)of isoquinolineand plained by mono-determinantmolecular orbitals
DMMIQ (consideringonly orientations,notdirec-
tions of transition moments)were found, one can
concludethat 6,7-dimethoxyand 1-methyl groups L~

do not changethe orientation of transition mo- Bb

ments. Fig. 3 shows that all transitions in both ~
molecules lie in the plane of isoquinoline ring, Lb

a characteristicfeatureof pureir~~— it transitionsin
the planarconjugatedsystems. ~

The calculatedangle~for the third transitionof . .~

papaverineis considerablydifferent from thoseof .Oaton~ —

isoquinolineand DMMIQ The benzyl grouphas — Tlt~PI La

a profoundeffect on the orientationof transition Lb~

momentsof papaverine.This is the reasonfor the
existence of the out-of-isoquinoline-ring-plane Fig. 3. Calculatedtransition momentsfor the main excitation

componentof transitionmoments(Fig. 3), which (absorption)bandsof isoquinoline, DMMIQ andpapaverine.
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Fig.4. The SCFmolecularorbitals (obtainedby CNDO-C1method)ofpapaverine,involved in UV—VIS spectraltransitionsareshown.

Table 3
Microstatecontributionsto theexcited stateof papaverine,calculatedby CNDO-Cl method

Excited states(in ascendingorder ofenergy)
Microstate
(single excitations) l[Lb] b II III [La] IV V[Bb]

LUMO.-HOMO 0.641 —0.269 0.431 0.415 0.195
LUMO — HOMO — 1’ 0.132 0.173 0.281 — 0.643
LUMO — HOMO — 2 — 0.410 — 0.133 0.244 0.290 — 0.141
LUMO—HOMO— Y 0.116 0.169 0.166
LUMO + I — HOMO 0.493 0.247 — 0.338 — 0.397
LUMO+14_HOMO_la 0.153 —0.157
LUMO + 1 — HOMO — 2 0.305 0.157 — 0.244
LUMO+2—HOMO’ 0.312 0.176
LUMO + 2.- HOMO — 1 — 0.648 — 0.257
LUMO + 2.- HOMO -3 - 0.130

‘Thesemicrostatesinvolve theelectrontransferbetweenchromophores.
b Transitionsfrom thegroundstateto theseexcited statesarefound in electronspectrumof papaverine.

that spread over the entire molecule. The SCF excitationsinvolve theelectronpromotionfromthe
calculationsresult in molecular orbitals that are filled molecularorbital localized on the isoquino-
localized either on the isoquinoline ring or on line ring to unfilled molecularorbitals localizedon
the benzyl group (Fig. 4). However, coupling is the benzyl groupandvice versa.
confirmed through configuration interaction. In In Table 3 the results of CI calculationson
thesecalculationsof excitedstatesthelargenumber papaverineare presented.Every excited state is
of single excitations is included. Many of these composedfrom a numberof electronicmicrostates.



32 AD]. Aleksic~et al. / Journalof Luminescence59 (1994) 27—32

The microstate is defined as the promotion of References
an electron from one filled orbital to an empty
(unoccupied)orbital. Numbersin the tablespecify [I] E. Lindner, in: TheChemistryandBiology of Isoquinoline

the contribution of a particular microstateinto Alkaloids, eds. J.D. Philipson, M.F. Robertsand M.H.

a realexcitedstateof the system. Zenk (Springer,Berlin, 1985)p. 43.
[2] L.S.GoodmanandA. Gilman,ThePharmacologicalBasisInspection of the CI matrix reveals that the of Therapeutics,4th edition (Macmillan, New York, 1970).

matrix elements,relatingto exchangeof electrons [3] V. Preininger,in: Alkaloids, Vol. 15, ed. R.H.F. Manke

betweenchromophoresin papaverine,are relat- (Academic Press,New York, 1975)p. 207.

ively large.It meansthat significant charge-transfer [4] R.F. Baggioand S. Baggio, An. Asoc. Quim. Argent. 62

betweenchromophoresoccurs during excitation. (1974) 213.
[5] ID. Rae and P.M. Simmonds,Aust. J. Chem. 40 (1987)

This mixing adds the out-of-plane componentto 915.

the correspondingtransitionmoments. [6] L. Masotti, M. Avitabile, M.L. Barcellona, J. Von Berger,

N. Manca and A. Turano, Microbiologica (Bologna)
8 (1985) 3.

[7] UV Atlas of OrganicCompounds(Verlag Chemie,Wein-
4. Conclusion heim, London,1966).

[8] T. Azumi andS.P.McGlynn, J. Chem.Phys.37 (1962) 2413.

In this study, the initial assumptionabout the [9] J.A. Pople, D. Santryand G.A. Segal,J. Chem.Phys.43

coupling of electronicdensities of two non-con- (1965)S129.
[10] H. Baumann, CNDUV, Computation of Electronic

jugated chromophoresin papaverinewas con- Transitions(SCFCNDOCl MethodIncludingSingly and
firmed. There is no experimental or theoretical Doubly Excited Configurations)QCPE* 333.

evidencefor the energy transfer in a secondary [II] ii. Stewart,J. Comp.Chem. 10 (1989)221.
photophysical process,between two it electron [12] ii. Stewart,MOPAC, A GeneralMolecularOrbital Pack-

moietiesupon excitation. Every excitation affects age (Version 5.11)QCPE’t’455.[13] PP.Feofilov, PolarizovanayaLuminescentsiyaAtomov,
both chromophoresin the primary photophysical Molekul i Kristalov (Gazistad,Moscow, 1959).

process,i.e. the papaverinemolecule behavesas [14] H. Baba and I. Yamazuki, J. Mol. Stuct. 44 (1972) 213.

a singlechromophore. [15] J. Zimmermann and N. Joops, Z. Electrochem. 65 (1961)61.


