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Exciton-coupled circular dichroism (ECCD), which is based
on the spatial interaction of two or more chromophores in a
chiral environment, is a nonempirical submicrogram scale
method for determining absolute configurations and conforma-
tions of organic molecules in solution. The interacting chro-
mophores include those preexisting in the substrate and/or those
introduced through O- or N-acylation. The interchromophoric
coupling yields a bisignate CD curve, the signs of which
establish the absolute sense of twist of the electric transition
moments in a nonempirical manner.! Recent studies have
focused on extending the applicability of ECCD to unexplored
areas by developing (i) chromophores with red-shifted absorp-
tion maxima in order to avoid interactions with preexisting
chromophores;? (ii) chromophores with intense absorptions,
which result in strong interactions over a large distance (e.g.,
porphyrins with € = 350 000 at 400 nm strongly couple at ~50
A apart);? and (iii) fluorescent chromophores to scale down the
operation to nanogram levels.* However, the methods devel-
oped so far are not applicable to tertiary amines such as
quinuclidine alkaloids. In the following, we describe the
extension of ECCD to encompass such compounds through the
preparation of quaternary ammonium salts, as shown by
application to a class of important hypocholesterolemic quinu-
clidines, exemplified by 1, and to (R)-(—)-3-quinuclidinol (3)
of known absolute configuration.

Conversion of farnesyl diphosphate into squalene in the
biosynthesis of cholesterol offers an attractive point for thera-
peutic intervention for the treatment of hypercholesterolemia.
This transformation, involving a number of intermediates, is
catalyzed by a single enzyme, squalene synthase, which is
believed to have a single active site.> The report by Poulter et
al.5 on ammonium ion mimics of proposed carbocation inter-
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Scheme 1. Chromophoric Derivatization of Quinuclidines
1A B and (R)-(—)-3-Quinuclidinol (3).
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mediates in this transformation’ that also function as inhibitors
of squalene synthase leads to the synthesis of a number of
quinuclidines with various lipophilic aromatic moieties.? A
representative member, 3-[p-(6-quinolinyl)phenyl]-3-quinucli-
dinol (1), which was synthesized as a racemate, was a potent
inhibitor of squalene synthesis and an effective hypocholester-
olemic agent in animals (preclinical trials). The chiral separation
of the racemate was achieved using chiralcel OD (Diacel)
column, which contains dimethylphenyl carbamate-derivatized
cellulose as the chiral stationary phase and anhydrous ethanol
as the mobile phase. The isomers eluting first and second were
named 1A and 1B, respectively (Scheme 1).

It was sought to determine the absolute configuration by
ECCD because of the difficulties in securing initially crystals
for X-ray studies. However, application of ECCD requires the
introduction of an additional chromophore suitable for coupling
with the existing p-(6-quinolinyl)phenyl chromophore, Ay =
256 nm, € = 44 000. Apart from the difficulty of introducing
an ester chromophore at a tertiary hydroxyl group, derivatization
of 1 at this hydroxyl group cannot fulfill the requirement for a
chiral exciton coupling because the electric transition moments
of the two geminal chromophores, namely the 6-phenylquino-
linyl and the ester moieties, do not form a chiral array.® Salt
formation with an acidic chromophore is also unsuited since
the position and/or direction of the introduced anionic chro-
mophore would be undefined.

However, formation of quaternary ammonium salts presents
new and suitable possibilities for the introduction of a coupling
chromophore. The p-phenylbenzyl chromophore with Amax =
256 nm, € = 21 500,'° similar to the absorption maximum of
1, was selected as the most favorable chromophore to form the
quaternary salt and exhibit an exciton couplet (Scheme 1). A
solution of quinuclidine 1A (1.0 mg, 3.0 umol) and p-
phenylbenzyl chloride (0.6 mg, 3.0 umol) in toluene was
refluxed for 6 h, leading to partial precipitation. The reaction
mixture was concentrated, and product 2A was purified by RP-
HPLC (MeOH/H,O/TFA, 65.5:34.4:0.1, YMC-Pack ODS-AM,
250 x 4.6 mm, 5 um), yield 93%.!!

In Figure la are shown the experimental CD spectra of the
bis-TFA salt of 1A and 2A, together with the difference CD
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Figure 1. CD spectra of (a) bis-TFA salt 1A and 2A and difference CD (2A — 1A) in MeOH,; (b) difference CD (2A — 1A) (—) and (2B — 1B)

(---)in MeOH, A2A — 1A) = +123,A2B — 1B) =

—13.1; (c) derivatized (R)-(—)-3-quinuclidinol 4 in MeCN. UV spectra of (a) 2A in MeOH

and (c) derivatized (R)-(—)-3-quinuclidinol 4 in MeCN. The Apax (A€) and Ama (€) values are also shown.
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Figure 2. Three most stable conformers of 2A. 2A-I gives negligible
CD coupling; 2A-II has strong negative coupling; 2A-III corresponds
to weak positive coupling.

(2A — 1A), the latter being a more accurate representation of
the exciton-coupled contribution between the two chromophores
in 2A. The overall negative sign of the exciton-split CD is due
to contribution of the various conformers arising from the
rotation around the C-1"—N bond. The three most stable
conformers of 2A assuming an R configuration are shown in
Figure 2. The directions of the electric transition moments of
the quinolinylphenyl and biphenyl chromophores are ap-
proximately parallel to the C—C bonds connecting them to the
quinuclidine nucleus and C-3, respectively. Because of the
symmetric nature of the quinuclidine nucleus, the energy
differences between 2A-I, 2A-II, and 2A-III should be very
small (<0.3 kcal/mol). The small twist angle (~3°) between
the two transition moments of the chromophores in conformer
2A-I should give negligible CD coupling; in 2A-II, the twist
(~65—70°) corresponds to strong negative coupling, whereas
in 2A-III the twist angle is ~120—125°, and moreover, the
chromophores are farther apart than in 2A-II,'? which leads to
much weaker positive coupling. Thus, for enantiomer 2A
depicted in Figure 2, the resulting exciton couplet will be of
negative sign. Based on this conclusion and the observation
that 2A displays a negatively split exciton couplet (Figure 1a),
it follows the R configuration of 1A and 2A at C-3. This
assignment has since been confirmed by anomalous dispersion
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single crystal X-ray of the dihydrochloride of 1A.'3 Similarly,
the enantiomer 1B was derivatized to give TFA salt 2B. The
antipodal CD spectra of (R)-2A and (S)-2B are shown in Figure
1b.

The employment of quaternary ammonium salt formation as
a CD chromophoric derivatization protocol for tertiary amines
was further tested with the model (R)-(—)-3-quinuclidinol (3)'4
of established absolute stereochemistry (by X-ray).!S The
hydroxyl group was derivatized with p-methoxycinnamoyl
chloride (Amax = 311 nm, € = 23 800), and the cinnamate ester
was treated with p-phenylbenzyl chloride (Amax = 256 nm, € =
21500) to yield quaternary ammonium salt 4. The CD
spectrum of 4 (Figure 1c) shows a negatively split exciton
couplet, A = —10, due to the coupling between the cinnamate
and phenylbenzyl chromophores. This is in agreement with the
R configuration of (—)-3.

The present one-step derivatization provides a general mi-
croscale method for absolute configurational assignments of
quinuclidine tertiary amines, including the numerous synthetic
analogs of hypocholesterolemic quinuclidines. Further extension
of this ECCD method to tertiary amines other than quinuclidines
is under investigation.
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