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Met- The <:D and isoolropic electronic absorpllon sptcrra of ( )-argcmoninc arc rcpor~cd. The 

s~tra arc analysul by means of an cxclton model in which the translrion momcnrs of ihe two vcralrolc 

chromophorcs Interact 10 g~vc the hellcal charge dIsplacemenu rcsponstblc for the optical acrrvlry of the 

corrcspondmg absorprlon bands. The relative frcqucnclcs and signs of the relational strcng0u calculated 

for the (lS.5S) configurarlon of argcmoninc correspond lo the pm~r~ons and ngns of tt~ circular dlchroism 

bands ohwrhcd In the spzrum of rhc naturalI)-wcutlng 1 I-wmcr The empirical vrrmprlson 0f 

Corlon-cff&l curve is found 10 bc of Ilmid virlldlry for rclalrng srcrmhcmlcal configurallons. 

TtrE ALKALOID argemonine. C2, H2JNOI, [z]? - 187493 (CHCI,), has been shown, 
by chemical and spectroscopic’- ’ studi- to be the K-methyl dcrivativc of pavine’ 
with the annellated bicycle [3.3.1] azanonadiene structure (I). Recent preliminary 
communications report, from chemical degradations of the alkaloid*, ’ and from an 
analysis of its CD spectrum.6*7 that ( - )-argemonine has the 1 S,SS stcr~hemical 
configuration 1. In the present work the measurement and the non-empirical analysis 
of the isotropic absorption and CD spectrum of (-)-argemonine (Fig. 1, Table) is 
described. 

Argemonine contains two non-coplanar veratrole chromophores, and the optical 
activity of the alkaloid derives largely from interactions between the transition dipoles 
of the two vcratrole groups. As in other dissymmctric multiple-chromophore systems, 
such as calycanthine* and Tr6ger.s base9 (II), which each contain two non-coplanar 
aniline chromophores, the interactions have the same magnitude but opposite sign 
for the two cnantiomers. The absolute configuration of such double-chromophore 
systems is thus given by comparing the observed optical activity. measured as the 
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CD. with the theoretical rotational strengths of the two optical isomers. The experi- 
mental rotational strengths are estimated from the observed CD band areas, and the 
corresponding thcorctical quantities are obtained from the absorption spectrum of 
the monomer chromophore and the calculated transition dipole interactions between 
the two chromophores of the dimeric system (Fig. 1. Table). 
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In argemonine, as in calycanthine’ and Tr6gtr’s base,9 the two chromophores are 
related by a two-fold axis of rotation, these molecules belonging to tk point group C,. 
A given electronic transition of the veratrole chromophore is doubly degenerate in 
argemonine, to a zero-order approximation, but the degeneracy is split by Coulombic 
interactions ktween the transition charge densities of tk two chromophores. If the 
excitation dipoles of the two chromophores arc not coplanar, the two resultant 
transitions, one with A and the other with B symmetry in the group Ct. have in 
general different energies, and each involves a helical charge displacement which is 
right-handed for one interaction mode and left-handed for the other. The helic=al 
motion of an electron generates an electric (p) and a magnetic (cc) dipole moment, 
which are parallel for the right-handed and anti-parallel for the left-handed charge 
displacement (Fig. 2). The electric and the magnetic moment are vectors, and their 
scalar product represents the rotational strength of the transition. Thus the A and 
the B interaction modes of the excitation dipoles of the two vcratrole chromophores 
in argcmonine are cxFted to give a pair of adjacent CD bands with opposed signs 
in the wavclengt h region of each isotropic absorption band. In the enantiomeric 
molecule the two circular dichroism bands have the same frequencies and magnitudes 
but the signs arc interchanged. 

In the present work, as in previous studies* ‘*, the Coulombic interaction is 
approximated by the assumption that an excitation moment of the veratrole chromo- 
phorc generated by the absorption of radiation is a point electric dipolc located at 

” J* Mason (Banus) and S F. Mason I’erruJwdrm 23, 1919 ( 1967). 
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FIG. I. TIM absorption spectrum -. , ad the circular dichroism - -- at 295”. and 

.‘... ... at 80°K ofargemonine in ethanol isopentane ether (2:5:5), 
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FIG. 2. The Cartesian coordinates da doublechromophore system witi a two-fobd rotation 

axis of symmetry, ad the coupling mddcd d two excitation dipok p aqwa~al by a distance 

d giving a rc~ullanr rraasirion (a) wilb A rymmetry and (b) with B symmetry in lbt &roup Cz. 
Tht rzsultmt ekcrncdipok abd migncticdipok transition moments 1~ pn sod pk ITS- 

pcctivcly. for the A coupling mode, and h and cc, rwpecrively. for tbt B coupbg mode. The 
x-axis is defina! by the joining rbt czntrc~ d he dipole Ibd z is tht symmetry ruU. The 
radial tangential. and vertid an@ between each dipok and its loal Cartesian axes, 

x. y. and z, are r. I, and c. respectively. 
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the ccntrc of the bcnzcnc ring. On this basis the rotational strengths R of the two 
transitions resulting from the dipoledipole interaction of the excitation moments of 
the two veratrole chromophores are given by, 

R, = - R, = xidp’ cos t’ cos c (1) 

and the separation AF between the two resultant transition frequencies is 

AV = Y,, - Vr, = 2p2 (cos’ I; - cos2 t + 2 cost r) hcd’ (2) 

In Eqs (1) and (2), i is the wave number and p the dipole moment of the transition in 
the isolated veratrolc chromophore, and d is the distance between the excitation 
dipoles of the two chromophores in the dimeric system. The dipole strength, p2, of a 
given veratrole transition is obtained from the area of the corresponding absorption 
band of the molecule. Each of the two excitation dipoles p has components directed 
parallel to the Cartesian axes of the dimeric system, and the magnitudes of the 
components are determined by the cosines of the vertical, tangential, and radial 
angles, L’, t. and r, respectively, between the excitation dipole and the local Cartesian 
axes (Fig. 2). 

The angles. t’, I, and r. required for the calculation of the rotational strengths and 
the relative frequencies depend upon the orientation of the excitation dipole within 
the vcratrole chromophore as well as the mutual stereochemical disposition of the 
two chromophores in argemonine. In the quartz UV region veratrole gives absorption 
bands at 2800 and 2250 A which are termed the a- and the p-band respectively, in 
the classification of Clar.’ ’ or the ’ L,, and the IL, bands, respectivery. according to 
the nomenclature of Platt.12. The corresponding bands of benzene are forbidden, as 
the component transition dipoles mutually cancel. However, in substituted benzenes 
the component transition dipole at the position of substitution is changed in magni- 
tude, giving a non-zero resultant moment. I3 For disubstituted benzenes the resultant 
moment is the vector sum of the two component transition dipoles induced by the 
substituents, and absorption intensities predicted by this method show good agree- 
ment with experiment. I3 Vector addition of the component dipoles induced by the 
two methoxy groups givti a resultant moment orientated along the two-fold rotation 
axis of veratrole o (III, R = Me) for the longer wavelength a-band and along the in- 
plane direction perpendicular to that axis 6 (III, R = Me) for the shorter wavelength 
p-band. The circularly polarized absorption spectrum of the triscatcchyl-arsenate 
(V) ion shows” that the transitions responsible for the z- and the p-band of the 
closely-related catechol chromophore are directed along the a and h axes, respectively, 
of (III, R = H). 

Values of the stereochemical parameters, d, L’, t, and r (Eqs 1 and 2) are determined 
not only by the transition moment directions in the veratrole chromophorc but also 
by the spatial relations between the two chromophores in argemonine. The stereo- 
chemical parameters have unique values in a rigid dimeric systems, such as caly- 
canthine,’ but they have a range of values in the case of argemonine, owing to the 
conformational lability of the molecule. Models indicate that the extreme forms of 

’ l E Clnr l Ch Ber. 69,607 (1936); Polycyclic tiydrocurhts. Sprlngcr, Bcrlrn. Academtc Press. London 

t194-4. 
’ ’ J R Plart. J. Chem Ph,s. 17, 485 ( 1949). 
” J. R. Plarl. 1. Chem Ph,vs 19, 263 119511 



The cltcular dlchrolsm and abwlutc configuratwn of argemoninc 4091 

‘-.. 
3 v 

c c 

0 0 
t + 

’ 8 % 
r-4 

+ I 

m- 
A- l 

E 0 
t-4 
d 

+ I 



409’ The circular dlchroem and absolulc configuratmn of argcmonmc 

argemonine are the folded (la) and open conformation (lb), in which the two central 
rings have a twist and a half-boat stereochemistry, respectively. The folded con- 
formation (la) is probably the more stable., as the angles of the two central rings are 
strained and two pairs of C-H bonds are eclipsed in the open conformation (Ib). A 
closely analogous conformational lability obtains in Trliger’s base (II), and here the 
absorption spectrum shows’* ** that the folded conformation, in which there is the 
greater conjugation between the benzene ring and the lone-pair of the attached 
nitrogen atom, is the more stable of the two. The theoretical CD of Troger’s base is 
sensitive to the conformational form of the molecule, and the rotational strengths 
change sign on passing from the folded to the open structure.’ 

However, in the case of argemonine the qualitative form of the theoretical CD 
sptrum depends only upon the configuration and is independent of the conforma- 
tion. For the particular absolute configuration (IS:%) considered (1) the set of 
stereochemical parameters, 4 t’, t, and r, for each of the two conformations, measured 
from models of (la) and (lb), indicates that the signs of the two CD bands associated 
with either the a- or the p-absorption band system should run, from longer to shorter 
wavelengths, negative and then positive (Table). For the enantiomeric (1 R :5R) con- 
figuration the sequence of signs would be reversed. As the observed CD bands lie in 
the order negative and then positive to higher frequencies in the region of both the 
a- and the p-band system (Fig. I, Table), it is concluded that argemonine has the 
( I S :5S) stereochemical configuration (I). 

Quantitatively the two CD bands of opposite sign associated with a given absorp- 
tion band system do not have equal areas (Fig. I), and in general the experimental 
rotational strengths are smaller in magnitude than the corresponding theoretical 
value (Table). The calculated and the observed succession of rotational strengths 
shows that a given CD band is flanked on either side by dichroism bands of opposite 
sign, and where the bands overlap them is a mutual cancellation of band area. 
Accordingly the observed rotational strengths are appreciably smaller than the 
theoretical values if the frequency interval between the transitions with rotational 
strengths of opposed sign is less than twice the band width ( - 2500 cm - i). 

Additional factors responsible for the poor quantitative agreement between the 
observed and the calculated rotational strengths are the use of the point dipole 
approximation and the neglect of configurational interact ion between transitions 
of the same symmetry. The dimensions of the veratrole chromophores are of the 
same order as the distance between them in argemonine, and the excitation moments 
do not approximate at all closely to point dipoles in relation to the distanced (Fig. 2). 
However, the qualitative stereochemical conclusions are not altered by taking the 
excitation moments to be dipoles with the length or the breadth of the veratrole 
chromophorc. 

The dipole moments of the transitions responsible for the z- and p-bands of 
veratrole are orthogonal (III) and they do not mix, but in argemonine the resultant 
transitions of the same symmetry deriving from different veratrolc excitations inter- 
act, and rotational and dipole strength is redistributed between the different band 
systems to some extent. In particular the argemone transitions with A symmetry 
resulting from the a- and the p-excitations of vcratrole are closer together in energy 
than the corresponding B transitions and they should mix to the greater degree. The 
I4 R. M. Wcprtcr. Rrc Trut. Chim 7t. 661 (19531 
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isotropic absorption intensity of the p-band system of argemonine is twice that of 
the p-band of veratrole, as expected if configurational interaction is unimportant, 
but the corresponding ratio for the a-bands is 3.2, indicating that the resultant 
transitions of the a-band system of argemonine acquire additional dipole strength 
by mixing with the transitions of higher-energy band systems. In order to allow 
empirically for the anomalous ratio in the calculation of rotational strengths R 
(Eq. I) and the frequency interval AV (Eq. 2), the effective dipole strength p2 of the 
veratrole chromophorc was taken to be one-half of the observed dipole strength of 
the correspondmg band system of argcmoninc. estimated from the isotropic absorp- 
tion band arca. 

The areas of the CD bands of argemonine in a mixed ethanol-isopentane ether 
solvent increase by k30°; on lowering the temperature from 295% to 80°K (Fig. 1). 
This observation suggests that the conformation with the larger rotational strength 
in the lower frequency region is the more stable, although changes in solvation or in 
the population of vibrational energy levels with temperature may contribute to the 
increase in band area. Solvation changes are probably not important as the CD and 
absorption spectra of argemonine in ethanol and in hexane at room temperature are 
virtually identical. However. a reduction in temprature decreases the population of 
cxcitcd vibrational levels occupied in the electronic ground state of the molecule. 
resulting in a reduction of the isotropic absorption and circular dichroism band- 
width. The overlap of adjacent circular dichroism bands with opposed signs is 
dimmished by the decrease in band width and in consequence the dichroism band 
arcas are enhanced. 

The observed increase in band area is too large to be ascribed solely to the vibronic 
effect. and it is probable that a shift in the equilibrium between the conformations 
(Ia) and (lb). and possibly intermediate conformations, contributes to the increase. 
The folded form (la) is the more stable conformation not only from steric considera- 
tions but also from the CD evidence. The theoretical rotational strength of the open 
conformation (lb) is smaller than that observed from the A component of the z-band 
system (Table), whereas a larger value is to be expected from considerations of 
dichroism band-overlap. For the r-band system the folded conformation (la) has the 
larger theoretical rotational strengths. These are compatible with the corresponding 
experimental values, which increase as the temperature is lower4 so that (la) is the 
more stable conformation and is predominant at room temperature. 

In a recent communication4 reporting the absolute configuration of ( - )-argemo- 
nine from degradativc studies, it is suggested. from an empirical comparison of the 
rcsmtivc ORD curves. that the ( + )-isomer of Troger’s base has the same configura- 
tion (lS.3S) as ( - )-argemonine. This particular comparison illustrates the short- 
comings inhcrcnt in the empirical comparison of Cotton-effect curves. for the non- 
empirical analysis of the CD spectrum of Trogcr’s base at 80% shows’ that the 
( + )-isomer has the (1 R.3R) configuration (II). Although argemoninc (I) and Triigcr’s 
bax (11) arc structurally similar dimeric systems, the transition dipoles of the res- 
pective monomer chromophorez, have different orientations. The transition moment 
of lowest frequency in aniline is directed in the molecular plant perpendicular to the 
two-fold symmetry axis of the chromophore.’ I’ whereas the corresponding moment 
is orientated along the two-fold axis Q of veratrole (III. R = Me). The resultant CD 
band due to the A coupling mode is positive and that due to the B mode is negative 
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for the (1 S.SS)-configuration of argemonine and the analogous (IS.3Skonfiguration 
of Trijger’s base. However. the A coupling mode has a lower absorption frequency 
than the B mode in Triiger’s base, but it lies at a higher frequency in argcmonine, so 
that the CD spectra of ( I S.SS)-argcmoninc and of ( 1 S.3S)-Trijger‘s base in the wave- 
length region of the lowest-energy absorption band are cnantiomeric in form, 

EXPI:RIMF,h’TAL 

A sampk of ( - bargcmonine was kindly provided by Professor T. 0. Soinc ’ 
Absorptton spectra werr mtasurod with an Opt~a CF 4 grating spectrophotonuta and CD with a 

Jouan hchrograph. CD spctra were obtamcd m EtOH and hexanc at room ttmp and in an EtOH 

isopcntanc ether rntxturc (2 5 :5) at 295 , lY5-. and 80’K. The low-temp spectra were corrected for solvent 
contraction and the 195.K spectrum was found to be iatcrmcdiatc in form bc~wcen Iho= recordai(Fig 1). 
No other environmental efTccts were noted. 

The expcrimenral rotational R and dIpok rrrcngrhs D (Tabk 1) were obtainad in c.g.s units from the 

appropriate band artes through the expressions,’ 

and 

R = 22.9 x 10 ‘*[[c, - c,) i]df 

D43918 x IO-‘*l(&.$di’ 

where ttw frquency V IS UI cm - ’ and rhe dccadlc molar extinction cocfliclcnt t ts in M - ’ cm ” ’ 

Ackmwledgenm- The 

fellowship to G.W.V. 
authon the Scma RCSarctr Council fora Dlchrograph andfofa research 


