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On-line HPLC —Exciton CD Analysis Using a Chiral Table 1. On-line HPLG-Exciton CD Data of 1,2-Diols and
Benzoyl Agent, §)-TBMB Carboxylic Acid: A 1,2-Diamines as Their Dig)-TBMB Carbonyl Derivatives
Promising Approach toward Selective Identification HPLC peak signs
of Enantiomeric Diols and Diamines diols or diamines  conditiong Kk ° (215/225 nm)
cyclohexane diols (A)
- - . . . . trans(1S529)-1 0.98 negative/positive
i -
Ypsh|h_|ro N|sh|iia, Jeong-Hwan Kim, Hiroshi Ohrui,* and (IR2R)-1 133 positive/negative
Hiroshi Meguro mesol 4.19
cyclohexane diamines  (B)
Department of Applied Biological Chemistry trans-(1S,29-2 1.66 negative/positive
Faculty of Agriculture, Tohoku Unersity (IR2R)-2 2.30 positive/negative
Tsutsumidohri-Amamiyamachi 1-1, Sendai 981, Japan  mese2 _ 11.99
cyclopentane diols (A)/(C)
i trans(1S29)-3 1.21/15.52 negative/positive
Receied September 13, 1996 (1IR2R)-3 1.21/15.03 positive/negative

The circular dichroism monitoring HPLC [on-line HPEC mese3 8.15
CD] system allows selective identification of those asymmetric  2HPLC conditions: flow rate= 0.6 mL/min; (A) Develosil 60-3
compounds in a crude matrix that give Cotton effects in the (50 cm x 4.6 mm i.d.), eluentsr-hexanetBuOH = 250/1; (B)
UV wavelength regiod. This convenient method is, however, Develosil 60-3 (25 cmx 4.6 mm i.d.), eluentsi-hexaneBuOH =
invalid for the analysis of nonchromophoric compounds such 20/1. (C) Develosil 60-3 (50 cnx 4.6 mm i.d.), eluents-hexanet
as alcohols and amines. For this purpose, either precolumn orBUOH= 750/1.> Capacity factor.
postcolumn derivatization with a pertinent CD chromophoric
agent must be used. According to the well-known “dibenzoate
chirality method” of Nakanishi and Haradatrong exciton CD
curves result from benzoylation of asymmetric diols or
diamines2~1° The bisignate CD peaks reflect the absolute
geometry between the two functional groups and appear at a
particular position characteristic of the benzoyl chromophore.
These CD phenomena established by the exciton CD chirality
rule? suggest that the on-line HPLECD analysis using pre-
column benzoylation will become a convenient method not only
for the selective detection of asymmetric compounds bearing
vicinal diols and diamines but also for the determination of their
absolute configuration. In the present study, we apply a chiral
benzoyl agent to this method, calleor-line HPLC-exciton CD
analysi$, to propose a promising method for the selective
identification of enantiomeric diols and diamines.

(S9-TBMB carboxylic acid [§-2-tert-butyl-2-methyl-1,3-
benzodioxole-4-carboxylic acitf}!? is a new type of chiral
benzoic acid with a 1,3-benzodioxole skeleton. Its strong
fluorescence [excitation 310 nm, emission 380 nm] and high
potential to separate enantiomeric alcohols and amines have bee
conveniently applied to the enantiomer analyses of acyl
glycerides, carbohydrates, and amino acids based on fluores

cence-monitoring HPL@® This agent is also designed to
function as a benzoate CD chromophore to determine the
absolute configurations of asymmetric alcohols and amines
based on the exciton CD chirality meth¥dIn the present on-
line HPLC—exciton CD analysis, all of these functions &+
TBMB carboxylic acid cooperate to provide a simultaneous
method to separate and identify enantiomeric diols or diamines
in both selective and sensitive manners.

As in the typical models, a series of stereoisomeric 1,2-diols
and 1,2-diamined—3 were employed (Table 1). They were
derivatized with §-TBMB carboxylic acid in an established
manne}® and subjected to the off-line and/or on-line HPEC
CD analyses. The off-line CD studies of @{TBMB carbonyl
derivatives of (R 2R)-cyclohexane diol [(R,2R)-1] and diamine
[(1IR2R)-2] indicated that strong exciton CD curves were
induced by the derivatization (Figure 1). The bisignate CD
peaks matched with the “dibenzoate chirality rdlethe
anticlockwise helicity of the vicinal -OH and -NHjroups gave
a negative peak ata. 225 nm and a positive one at. 215
nm. The above CD data as well as those of sugar derivatives
th our previous repott support the conclusion that th&){
TBMB carbonyl chromophoreq—axa* transition atca. 220 nm]

‘can be used for the dibenzoate chirality method in a similar

T Present address: Department of Molecular Design and Engineering, @nner to symmetricap-substituted benzoyl chromophores.
Graduate School of Engineering, Nagoya University, Chikusa-ku, Nagoya Moreover, the much smaller CD of the agent itseff]fpo <

464-01, Japan. o , _ -+3000] compared with the strong exciton CD will not disturb
(1) For recent applications of on-line HPLC-CD, see: (a) Berutcci, C.; the CD analysis seriousl
Salvadori, P.; Lopes Guimaraes, L. JF.Chromatogr A 1994 666, 535. Yy Y- .
(b) Zerbinati, O.; Aigotti, R.; Daniele, P. G. Chromatogr, A 1994 671, HPLC analyses of a mixture of 1{Pansandcis-isomers of
ggg-o (%()j)TTrarll, tC.,Dk; GTrishko, VS- IF H_l_lagg,KG\_nal. Chrrr]: 19?3?1 66, 1, derivatized with §)-TBMB carboxylic acid, showed that the
. akatorl, K.; Ioyama, S.; FuUjil, S5.; Kajlwara, Mnem arm H H
Bull, 1995 43, 1797. (¢) Casarini, B.; Lunazzi, L.; Gasparrini, F.; Villani, 11€€ possible stereoisomers could be well separated on a normal
C.; Cirilli, M.; Gavuzzo, E.J. Org. Chem 1995 60, 97. phase silica gel column (Figure 2 and Table 1). By using the

(2) Harada, N.; Nakanishi, KCircular Dichroic Spectroscopy-Exciton  fluorescence detector [excitation at 315 nm and emission at 380
$oupling in Organic Stereochemistiyniversity Science Books: Calfornia,  nm}, these stereoisomers could be detected in amounts less than

(3) Wiesler, W. T.; Nakanishi, KJ. Am Chem Soc 1989 111, 3446. 0.05 p mol per injection onto the column. When each of the
(4) Wiesler, W. T.; Nakanishi, KJ. Am Chem Soc 1990 112, 5575. HPLC eluents was monitored by the on-line CD fixing the
55(?)1%123""&' H.; Nishida, Y.; Ohrui, H.; Meguro, H. Org. Chem 1999 wavelength at either 215 or 225 nm, each showed unique CD

(6) Harada, N.; Saito, A.; Ono, H.; Garronski, J.; Garrinska, K.; Sugioka, f€sponse reflecting their absolute structures (Figure 2). The
T.; Uda, H.; Kuriki, T.J. Am Chem Soc 1991, 113 3842. (1S29)-isomer and its antipodal R2R)-isomer showed nega-
(7) Zhou, P.; Berova, N.; Nakanishi, K.; Knani, M.; Rohmer, MAm
Chem Soc 1991, 113 4040. (13) For the analysis of enantiomeric acyl glycerides, see: (a) Kim, J.-
(8) Cai, G.; Bozhkova, N.; Odingo, J.; Berova, N.; NakanishiJkAm H.; Nishida, Y.; Ohrui, H.; Meguro, HJ. Chromatogr, A 1995 693 241.
Chem Soc 1993 115 7192. (b) Kim, J.-H.; Nishida, Y.; Ohrui, H.; Meguro, Hl. Carbohydr Chem
(9) Uzawa, H.; Noguchi, T.; Nishida, Y.; Ohrui, H.; Meguro, Biochim 1995 14, 889. For enantiomeric carbohydrates, see: (c) Nishida, Y.; Bai,
Biophys Acta 1993 1168 253. C.; Ohrui, H.; Meguro, HJ. Carbohydr Chem 1994 13, 1003. (d) Bai,
(10) Uzawa, H.; Ohrui, H.; Meguro, H.; Mase, T.; Ichida, Biochim C.; Nishida, Y.; Ohrui, H.; Meguro, HJ. Carbohydr Chem 199§ 15,
Biophys Acta 1993 1169 165. 217. For enantiomeric amino acids, see: (e) Itoh, E.; Nishida, Y.; Horie,
(11) (9-TBMB carboxylic acid can be prepared easily from commercial H.; Ohrui, H.; Meguro, HBunseki KagakuJapan Society for Analytical
sources (ref 12) or may be ordered from our group. Chemistry: Tokyo, 1995; Vol. 44, p 101. (f) ltoh, E.; Nishida, Y.; Togashi,
(12) Nishida, Y.; Itoh, E.; Abe, M.; Ohrui, H.; Meguro, Hnal. Sci Y.; Ohrui, H.; Meguro, HAnal Sci 1996 12, 551.
1995 11, 213 and related references cited therein. (14) Nishida, Y.; Ohrui, H.; Meguro, Hletrahedron Lett1989 30, 5277.
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Figure 1. CD spectra of di-§-TBMB carbonyl derivatives of [&,2R)-
cyclohexane dioll and (IR,2R)-diamine2 in ethanol.
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Figure 2. On-line HPLG-exciton CD analysis of 1,2-cyclohexane
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Figure 3. On-line HPLC-exciton CD analysis of 1,2-cyclopentane
diols 3.

1,24ransisomers could not be simply achieved. Figure 3
shows, however, that the overlapping peaks of thetrh2s
isomers are split into two peaks with opposite signs. This means
that the CD detection can catch a slight difference in the elution
order. When the polarity of the HPLC solvents is decreased,
the two isomers can be better separated (separation factor
1.03, Table 1), keeping the same elution order as that shown in
Figure 3. Here, it is also worth mentioning tha§@9)-3 elutes

after (1IR,2R)-3, while (1S529)-1 elutes before [&,2R)-1 under
nearly the same HPLC condition, although compoubdsd3

have structures analogous to each other. This unexpected result
shows that the elution order of an enantiomeric pair may be
reversed from that of the authentic compounds due to the slight
difference in the structure and/or in the HPLC condition. Thus,
the use of elution orders to determine the absolute configuration
should be approached very cautiously and confirmed by an
independent method such as CD, as is carried out in the present
method.

In conclusion, we have demonstrated an on-line HPLC
exciton CD method employing the versatile chiral benzoyl agent,
(S-TBMB carboxylic acid. This new approach allows us to
determine both the absolute configurations and the enantiomeric
compositions of asymmetric 1,2-diols and 1,2-diamines in a
simultaneous manner. Thus, this method represents a powerful
tool for screening natural or synthetic compounds bearing these
functional groups. Moreover, similar approaches will be
possible also for the other types of asymmetric alcohols and
amines such as acyclic polydisiCallylic alcohols!516and the
other unsaturated alcohols for which exciton CD chirality
methods are applicable. The extension of the present method

tive and positive CD response, respectively, at 215 nm, and theis underway.
signs were reversed by switching the wavelength between 215

and 225 nm. The CD response of the symmetrical 1,2-

cis(mesg-isomer as well as that of the reagen§BMB ( ) } I
carbonyl chloride] was negligibly small, and their HPLC peaks, in organic chemistry. A part of this study was supported by a Grant-

observable by the fluorescence detector, completely disappeare@
on the HPLC-CD chromatogram. The on-line HPECD
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analyses oR showed similar results except that a much better JA963229G

separation among the three stereoisomers was obtained (Table

1).

Another notable result was obtained in the analysis of 1,2-
cyclopentane dioB. In this case, HPLC separation of the two
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