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A practical method for the determination of the absolute configuration of aliphatic secondary alcohols, based on the circular dichroism of the
readily available N-(1,8-naphthaloyl)-2-aminobenzoyl (NAB) derivative, is presented. The origin of the induced Cotton effects is traced by ab
initio calculations to the dominant helicity of the NAB s-electron system.

Current stereochemical studies employ two methods for thedicarboxylic acid or 5,5-dinitrodiphenic aciéi have been
absolute configuration determination: either the X-ray dif- recently introduced by Hosoi, Ohta, and co-workers. Harada
fraction method (Flack paramet&or the circular dichroism  and co-workers used for this purpose esters of di(1-naphthyl)-
(CD) method. In the latter case, exciton-coupled circular acetic acic. An entirely different approach was demonstrated
dichroism (ECCD} is of particular value, as it allows the by Nakanishi, Berova, and co-workéand relies on chiral
determination of absolute configuration on a microscale, recognition by a CD-sensitive dimeric zinc porphyrin host.
often without the need to perform tedious theoretical model The guest molecule forms a complex with the zinc porphyrin
calculations. The method requires the presence of two host in solution, but the chiral alcohol (or amine) has to be
chromophores with the allowed—7* transitions; these can  derivatized with an achiral carrier molecule.

be introduced, when necessary, through suitable derivatiza- The field of chromophoric derivatives of monoalcohols
tion of diols, amino alcohols, hydroxy acids, etc. with a has not matured yet and new derivatives with broad sensitiv-
chromophoric derivative, the typical representative being the ity to the structural variations of the alcohol molecule and a
benzoate group. Alcohols are among the most abundant chirakconvenience of preparation are needed. We reasoned that
compounds of synthetic and natural origin. If the absolute the bichromophore, consisting of the benzoate substituted
configuration of a chiral nonchromophoric alcohol is to be in theortho position with the naphthalimide group (the NAB
determined by the ECCD method, a bichromophoric mol-
ecule has to be attached to the hydroxy group. Derivatives (3) Hosoi, S.; Kamiya, M.; Ohta, TOrg. Lett. 2001, 3, 3659-3662.

of this type bearing axially chiral 2:Dinaphthalene-3:3 gy e 0g .5 amya: M Kiuehi, F.; Ohta, Tretrahedron Let2001

(5) Ishiya, F.; Ehara, H.; Yoshida, N.; Goto, H.; Monde, K.; Harada, N.

(1) Flack, H. D.Acta Crystallogr 1983 A39, 879-881. 40th Symposium on the Chemistry of Natural Produstsposium papers,
(2) (@) Harada, N.; Nakanishi, KCircular Dichroic Spectroscopy 1998; pp 85-90.
Exciton Coupling in Organic Stereochemisttyniversity Science Books: (6) (a) Kurtan, T.; Nesnas, N.; Li, Y.-Q.; Huang, X.; Nakanishi, K.;
Mill Valley, CA, 1983. (b) Nakanishi, K.; Berova, N. IrCircular Berova, N J. Am. Chem. So2001, 123 5962-5973. (b) Kurta, T.;
Dichroism—Principles and ApplicationBerova, N., Nakanishi, K., Woody, Nesnas, N.; Koehn, F. E.; Li, Y.-Q.; Nakanishi, K.; BerovaJNAm. Chem.
R. W., Eds.; Wiley-VCH: New York, 2000; pp 337382. Soc 2001 123 5974-5982.
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chromophore), will act as a sensor of the alcohol chirality,
by conformationally induced Cotton effects within its-sz*
absorption bands.

N-(1,8-Naphthaloyl)-2-aminobenzoates of primary and
secondary alcohol2{-15) are readily available from NAB
chloride @) (Scheme 1).

The UV spectra of the NAB derivatives display two
intense maxima at 332 nma (3500-14000) and at 232 nm
(e 45000-50000) in acetonitrile solution. These absorption
maxima are clearly associated with the s* transitions of
the 1,8-naphthalimide chromophdrthe benzoate absorption

polarizedr—s* transition in the naphthalene ring of the 1,8-
naphthalimide chromophore, and the other at below 226 nm
and presumably due to the benzoatesx* charge-transfer
transition. The signs of these Cotton effects are solvent-
independent.

These Cotton effects form a couplet, the sign of which is
clearly related to the difference in size of thé &d R
substituents, i.e., to the absolute configuration at the carbinol
atom (Figure 1).
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Figure 1. Correlation between the size of'RR? (absolute
configuration) and the sign of the NAB Cotton effect.

The size of R, R? according to the CD data increases in
the order Me< COOR < CH;R < CH(OH)R < CHRR,
which does not exactly follow the differences in conforma-
tional energies of substituents in monosubstituted cyclohex-
anes. It is of importance to note that the NAB chromophore
has high sensitivity to relatively small differences in sub-
stituent size. The chromophore differentiates two homologous
substituents, the methyl and the ethyl grouB.i€omparable

is apparently hidden under the envelope of the absorptionSensitivity in chirogenesis was reported for a supramolecular
bands between 240 and 200 nm. The 232 nm band is cDSYstem based on a complex formation between chiral amines

active: in the CD spectra of derivativ8s 15 (Table 1) there

and the ethane-bridged bis(zincporphyfilNoteworthy also

are observed two opposite-sign Cotton effects (see alsols the sensitivity of the NAB chromophore fesubstitution

Figure 4), one at 248- 5 nm, associated with the long-axis

Table 1. CD Data for NAB Derivatives3—15 in Acetonitrile
Solution

R R2 Ae (nm)

3 Me Et +5.7 (240), —2.4 (226)
4 Me CH,COOEt +7.0 (243), —5.6 (226)
5 Me COOEt +4.8 (235)2

6 Me (S)-CH.CH(OH)Me +12.5 (240), —4.3 (222)
7 Me (S)-CH(OH)Me +7.0 (243), —1.9 (220)
8 CHyPh COOMe —5.5 (240), +3.5 (216)
9 CH,COOMe COOMe —1.8 (244), +4.3 (224)
10 (S)-CH(OH)- COOMe —7.9 (241), +10.9 (213)

COOMe

11 —6.1 (243), +1.4 (224)
12 —22.8 (239), +6.0 (225)
13 —11.0 (242), +2.7 (225)
14 +4.0 (235)2

15 +18.3 (238), —13.2 (204)

aNo distinct second Cotton effect observed.
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in the cyclohexane skeleton. Thus, NAB derivatives of
cholesteroll4 and 3-epicholesterd3 differ in the sign and
magnitude of the Cotton effects. The structural differences
between Rand R groups in these molecules appear between
substituents at C1 and C5. The Cotton effectsldfare
stronger, as the axial G30 bond brings the NAB chro-
mophore closer to the two stereodifferentiating C1 and C5
groups, compared to the equatorial -3 bond in 14.
Finally, the strongest Cotton effect& ¢a. 30) are observed
for two NAB derivatives significantly differentiated in the
size of substituents in thg position: 12 (CH, vs CH-Pr)
and15 (CH; vs CMe). The sensitivity rangeAel/e) for the
series of NAB derivative—15is 1 x 104 to 6 x 1074,
i.e., well within the range easily measured by commercial
dichrographs.

To provide an insight into the induction of optical activity
of the NAB chromophore we carried out extensive confor-
mational modeling of the chromophore as well as semiem-

(7) Gawrdrski, J.; Gawrdska, K.; Skowronek, P.; Holhme A. J. Org.
Chem 1999 64, 234-241.

(8) Borovkov, V. V.; Lintuluoto, J. M.; Inoue, YJ. Am. Chem. Soc.
2001, 123 2979-2989.
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Figure 2. Extended Q) and folded B) conformers of the NAB
chromophore.

pirical and ab initio computation of rotational strength of
the chiral conformers o2.

Conformation of the NAB moiety is described by the two
torsion anglesa (Clor CI-N—C2-C3) andf (C2—C3—
C4=0), Figure 2. Angleo. determines nonplanarity of the
phenyl and the imide ring system and is within the range 0,
+90°. Angle 8 determines nonplanarity of the benzoyl group,
and it changes between @r the extendedA) conformer
and 180 for the folded B) conformer.

The conformers oR were fully optimized by the DFT
b3lyp/3-31g(d) method. At the b3lyp/6-31g/(d) level non-
planar conformersA and B were obtained as the energy
minima. The minimum-energy conformérwas found for
o = 80°, B = 10° the energy of the molecule raised
significantly for|a| < 75° and|j3| > 20° (Figure 3). Folded

Energy
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Figure 3. Molecular energy of the extended) conformer of2
as a function of angles andp. Insert shows the energy minimum
(oo =80, g = 10°).

conformersB are of higher energy, but their energy profile
as a function ofa and g (not shown) is quite similar: a
minimum obtained for|a| = 85%°, 18¢° is 0.66
kcalmol™! above the conformeA energy minimum (the
energy difference betwedd and A conformers rises with
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the size of the alkyl ester group). An important conclusion
emerged from the computational study: the anglesdp
are correlated, i.e., they have the same sign for conformers
A and opposite sign for conformeBs Other combinations
lead to a sharp increase of the energy2of

Analysis of the X-ray diffraction of crystal3'° provides
additional insight into the structure of the real NAB
molecules. Compound crystallizes in the space groufi
with four independent molecules in the asymmetric unit. This
result is apparently due to molecular flexability &f The
four molecules of3 in the crystal are in the extended A
conformation and differ in the conformation of thg){2-
butyl chain as well as in the helicity (torsion angtes3) of
the NAB chromophore (Table 2).

Table 2. Torsion Angles (degy and/ of NAB Chromophore
in Four Independent Molecules 8fin Crystal

(S)-2-butyl chain

conformation o p
trans —75.3 —41.6
gauche () —73.7 —29.6
gauche (+) +71.1 +44.2
gauche (+) +79.7 +34.4

The NAB chromophores form either &hhelix (negative
o and 3 values) or aP helix (positivea andf3), from the
carbonyl group of the benzoate to the carbonyl group of the
imide, but there is no preference toward one or the other in
the crystal of3.

The excited states of the NAB chromophore have been
initially computed by the ZINDO method for a number of
chromophore geometries &) systematically varying mag-
nitudes of anglee. andg. Variations of the oscillator strength
(f) and of the electronic transition energies were observed,
but the salient features, i.e., the presence of an allowed
transition at 306-350 nm and a set of strongly allowed
transitions at below 250 nm, were present in all of the
computed spectra. The spectrum computed by the ZINDO
and the ab initio CIS/6-31g(#) methods foro. = 70°, f =
10° is shown in Figure 4.

The computed pattern of the most intense transitions
correlates reasonably well with the experimental UV spec-
trum of the NAB chromophore. The computed rotational
strengths of the transitions for= 70°, 5 = 10° are in good
agreement with the CD spectrum df2. The allowed
transition at 350 nm does not show significant rotational
strength. On the other hand, the 240 nm transition displays
a large negative rotational strength forPahelical NAB
chromophore, just as is observed in the CD spectrudof
(Figure 4). According to computations, variations of angle
p between ©and 40 had little effect orR; negativeR values

(9) Additional conformational parameter is the spatial relation of the
carbinol C-H bond to the benzoyl €0 bond; this is invariablgyn as in
Figure 2.

(10) Rychlewska, U. Unpublished data; e-mail: urszular@amu.edu.pl.

(11) The computed wavelengths of the transitions were multiplied by a
factor 1.35 to account for electron correlation.
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Figure 5. ZINDO method computed rotational strendg®of the
-0.5 1 240 nm transition of the NAB chromophore Zhas a function of
anglesa andp.
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220 240 260 280 300 320 340 360 380nm as observed experimentally for the alcohol of ieonfig-

Figure 4. Computed oscillator strengtfisupper panel, vertical uration (Figure 1).

bars) and rotational strengtR(lower panel, vertical bars) for the In summary, we have developed a sensitive and practical
electronic transitions of the NAB chromophoredifa. = 70°, f = method for determination of the absolute configuration of
10°). Overlaid are the UV and CD spectra b aliphatic secondary alcohols. The method is based on the

induced helicity of the NAB chromophore, which in turn
) determines the sign of the observed Cotton effects in the
were computed for atk values between 9Gand 60 (Figure 250-200 nm range. The NAB derivatives are readily

5). The computed rotational strength of the shorter- jniained from the cheap commercial substrates.
wavelength transitions (below 230 nm) were positive, again

in agreement with the signs of the Cotton effectd below
230 nm.

The computations provide a model of induction of optical
activity of the NAB chromophore. For R> R! in an
extendedA conformation (Figure 2) angle is negative as
a result of the interaction between &d the nearest carbonyl
group of the 1,8-naphthalimide chromophore. To release the
strain due to the imide€0/benzoyl G=O group interaction,
the latter is rotated in the direction of negative angle
resulting in the NAB chromophore of dominakt helicity. 0L0268079

Acknowledgment. This work was supported by the
Committee for Scientific Research (KBN), grant PBZ 6.06.

Supporting Information Available: Experimental pro-
cedure for the preparation of NAB derivatives and charac-
terization of compounds, details of computation procedures,
and numerical data. This material is available free of charge
via the Internet at http://pubs.acs.org.

4188 Org. Lett., Vol. 4, No. 24, 2002



