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Abstract: The circular dichroism (CD) of the naturally occurring biaryls ancistrocladine and hamatine — the
most important representatives of naphthylisoquinoline alkaloids - has been studied. Semiempirical all valence
electron calculations using the CNDO/2S method have been applied to reproduce the experimental CD spectra
of the two alkaloids with known absolute configuration at the biaryl axis. Based upon the good agreement
of experimental and calculated data, a more reliable assignment of axial chirality for so far undetermined
structures of natural as well as synthetic compounds may be expected.

INTRODUCTION

During the past 20 years, the rapidly growing group of naphthylisoquinoline alkaloids, structurally
unusual biaryls of plant origin, has been investigated intensively.® The structures e.g. of ancistrocladine
(1a) and its naturally occurring atropisomer hamatine (1b) have been elucidated by Govindachari, who
did pioneering work in this field.**

H3CQO OCH; HsCO OCH;j

The configurations at the biaryl linkages of 1a and 1b have been established by application of
the exciton chirality method® to the corresponding fully aromatized, merely axially chiral naphthyliso-
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quinolines 2a and 2b, as obtained by dehydrogenation of 1a and 1b, respectively. For this empirical
procedure, biaryl systems like 2a and 2b constitute nearly ideal substrates, because of the close structural
and electronical similarity between the two molecular “halves” — a naphthalene and an aza-naphthalene,
which are characterized by nearly identical predominant B;—transitions according to the Platt notation.”
Such a far-reaching similarity of the two chromophores is the fundamental precondition for the exciton
chirality approach.®

H3CO OCH; HsCO OCHj
s CH3 R CHS
HO - CHs HO - CHs
/N /N
H3CO  CHs HsCO  CHj;
2a 2b

Consequently, the application of the exciton chirality method to 2a and 2b led to the correct
attribution of the configuration at the axis, which has later fully been confirmed by an X-ray structure
analysis.* For a direct treatment of the corresponding tetrahydroisoquinolines, e.g. of the genuine,
naturally occurring alkaloids 1a and 1b, the above mentioned electronic precondition for the two aryl
moieties (the similarity of the By—transitions) is not given, so that the exciton chirality method is not
applicable to these compounds. This, however, would be highly desirable, since in many cases the often
anyhow tedious and substance-consuming dehydrogenation procedure can not be realized, either because
of the presence of an N-methyl substituent or because of the too low atropisomerization barrier at the
axis, which may lead to a complete racemization under the required reaction conditions.?

Hence, the availability of a theoretical method for the unambiguous calculation and thus prediction
of CD spectra even for biaryls with largely different chromophores is required. Recently, we have deve-
loped a procedure for the prediction of CD spectra by semiempirical calculations, exemplarily starting
with the dehydrogenated systems 2a and 2b,® since these allow the direct comparison with the results of
the “classical” exciton chirality method. Encouraged by the good agreement between the calculated and
the experimental CD spectra for these naphthylisoquinolines, we have now embarked on the extension of

this procedure also to the hitherto critical tetrahydroisoquinoline derivates, 1a and 1b, themselves.

CALCULATIONS

The calculations of the chiroptical properties of 1a and 1b were performed by means of the program
package DZDO/MCD3SP.1° It allows the calculation of excitation energies and rotational strengths for a
given molecular geometry. We chose the semiempirical method CNDQ/2S,!! which has been successfully
applied to similiar problems by other authors.!? Details like the amount of single excited configurations

and the parameters are described in the appendix.
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The geometries of 1a and 1b were calculated by energy optimization with the AM1 method,'
as contained in the MOPAC 6.0 program package.!* Starting with a half-chair conformation for the
tetrahydroisoquinoline moiety with a methyl group in an equatorial position at C-3,'* ancistrocladine
(1a) and hamatine (1b) revealed only one minimum with respect to the dihedral angle at the axis
(Fig. 1). This is in contrast to other biaryl compounds,'® where we have found two minima with different
torsion angles for each atropisomer. Due to the fact that transition energies and especially the rotational
strengths of biaryl compounds strongly depend on the dihedral angle 9 (defined by the atoms 2',1',5,6)
of the two aromatic chromophores,!? we performed a variation of this angle and an energy optimization

for each chosen angle using AM1. Figure 1 shows the results.
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Fig. 1. AM1 energies in dependence of the biaryl angle ¥ (2',1',5,6) for ancistrocladine (1a) and
hamatine (1b).

Despite the above mentioned fact that there is only one minimum for ancistrocladine (9 = —80.2° and
A Hp = —97.16 kcal/mol) and for hamatine (¢ = 80.7° and A Hp = —97.15 kcal/mol), the flatness
of the graphs near the minima indicates an unexpected flexibility of the molecules. Furthermore, these
curves are not symmetric with respect to the minima. Therefore, we did not only consider the CD con-
tribution of the minimum structure, but rather took into account a whole series of other conformations,
by calculating the excitation energies and the rotational strengths for all angles 9, for which an energy
optimization had been done. Finally, we performed a Boltzmann weighting based on the AM1 energies
(see Figure 2).

For the visualization of the results, the A curves were constructed with Gaussian functions.'” Other
representations, e.g. bars with a length proportional to the corresponding rotational strength, would be
too confusing, because for each of the nearly 40 structures, about 20 transitions were found to exist in
the range of the experimental spectra.

The procedure of superimposing the single CD spectra according to the Boltzmann factors is de-
monstrated in Figure 2. It is impressing how the strongly different angle-depending single spectra add

up to give a calculated overall spectrum so closely related to the experimental one.
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Fig. 2. Schematic procedure for calculating the CD spectrum of ancistrocladine (1a) — Left top:
Energy profile — left bottom: Single calculated CD spectra s;, description of the axes are as follows:
a) intensity {DBM/100], b) wavelength [nm], ¢) dihedral angle ¥(2',1',5,6), right: Experimental CD
{ ) and calculated Boltzmann weighted overall CD spectrum ( ). I; is the width of
the 9-interval of the ith structure. The theoretical CD has been scaled by a factor of 3.

COMPARISON OF EXPERIMENTAL AND CALCULATED SPECTRA

Preparation and Measurements. Ancistrocladine (1a) and hamatine (1b) were available by total
synthesis,’®19 as well as by isolation from Ancistrocladus abbreviatus.® Their CD spectra {from 350 to
200 nm) were measured on a JOBIN YVON Model CD6 Spectrograph at room temperature, in ethanol as
the solvent, and are shown in Figures 2 and 3 (together with the calculated spectra, which are discussed
below).

The two compounds exhibit first CD effects in the near UV at 239 nm and 226 nm (signs: ancis-
trocladine +/-, hamatine ~/+, see Figure 2 and 3).

In the UV spectra,® only one single band at 231 nm corresponds to both CD effects. At about 211
nm only hamatine (1b) exhibits one further significant transition (sign: +), whereas in the ancistrocladine
spectrum only a shoulder (sign: —) appears in this region. Here the diastereomeric character distorts the
mirror image behavior of the two CD curves. At 200 nm, the CD ends with a large negative Ae value in
the case of hamatine, for ancistrocladine with opposite sign. Further UV transitions in the region 270 -

330 nm have no characteristic counterparts in the CD.
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Fig. 3. Calculated (——) and experimental (—— — ——) CD spectra of hamatine (1b).

Theoretical Resuits. The large bands in the calculated CD spectra of both compounds at 261, 232,
226 (only for hamatine), and 207 nm (Figure 2 and 3) can be assigned directly to the experimental bands
at 239, 226, 211 (again only for hamatine) and the behavior near the end of the spectrum at 200 nm.
In analogy to the measured spectrum around 211 nm, the calculations produce a shoulder at 226 nm.

Although there to a red shift of about 7 to 22 nm, the calculated CD bands do not only show the
correct sign, but also the same relations between each other as in the experimental spectra. A little draw
back is the fact that the calculated intensities are too small (30% of the measured intensity). But this does
not diminish the value of this procedure for an unambiguous assignment of the absolute configuration at
the biaryl axis.

The importance of taking into account also structures with higher energies is illustrated by the
good agreement of experimental and calculated data particularly for wavelengths from 270 to 330 nm.
The small intensities experimentally found in this region, can be reproduced in the calculations by

superposition of significant calculated bands, yet of opposite signs that add up to values near zero.

FURTHER PERSPECTIVES

CNDO/2S calculations with doubly excited configurations are in progress, which might correct the
intensities and the red shift of the energies.

Furtheron we will repeat our investigations with the Tinoco theory?' and the so—called matrix
method.?* Both are implemented in the program package MATMAC.? These methods allow an easier

analysis of intrachromophoric transitions.

APPENDIX

Rotational Strength. For the calculation of the rotational strength Ry, of an electronic transition

0 — a we used instead of the equation

Ry, = Im{< "/’0'/2“[’4 > < 1/’a,7?"|¢0 >}7 (1)
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as first derived by Rosenfeld,?* the equivalent expression:

Ry, = Im{-

13
angj_—Eo) < YolPltba > - < Ya|Ti|tho >} @)

In contrast to formula (1), this expression is origin-independent also for approximative wavefunc-
tions 1 and 9, for the ground state and the excited states.?® i, i and § are the operators of the electric
dipole, the magnetic dipole moment and the linear momentum. Im in eq. (1) and (2) represents the
imaginary part.

In order to obtain the wavefunctions of the ground state and the excited states, we used the semi-

empirical CI method CNDQ/2S, since our alkaloids are far too large to apply ab initio methods.

CNDO/2S. The complete parameter set from Ridley and Zerner?® is listed in Table 1. The two center

electron repulsion integrals y4p are calculated by an extended Mataga~Nishimoto?’ approximation:

YaB = 1/(Rap/fy +2/(7aa + 7BB)), (3)

where Ridley and Zerner? introduced the parameter f, = 1.2. Rap is the distance between the atoms A
and B, and y44, v85 are the one center electron repulsion integrals. For the calculation of the nondiagonal
Heore integrals, the scaling parameters f, = 0.585 (Jaffé et al.!) and f, = 1.267 (according to Ridley
and Zerner?®) are used. In our calculations the CI expansion included the ground state determinant and

100 singly occupied configurations.

Table 1. Parameter set of the CNDO/2S program (Slater exponent a, one center electron repulsion
integral 4 in eV, A° in eV, ionization potential I and electron affinity A for s— and p-orbitals)

Atom X H C N (0)
Oy 1.2 1.625 1.95 2.275
Yoz 12.85 11.11 12.01 13.00
0 -12.0 -17.0 -26.0 -34.0
%(I + A), 7.176 14.051 19.316 25.390
L1+ 4), - 5.572 7.275 9.111

Gaussian Bandshapes. In order to get Ae curves from the calculated rotational strength values, we

used the following formula:!?

1672 AN 4 Roa00a())
- 4
AN =3 3(2303)hc )
where N, is Avogadro’s number and 0g,(A) a Gaussian band shape function:
1 A=A
70sV) = gz enl=( 5V, ®)

where Am is the exponential half-width. The calculated CD spectra in Figure 2 and 3 were generated

with Am = 5 nm.
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