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Abstract—Induced circular dichroism (CD) was observed with dinitrodiphenic esters of chiral secondary alcohols. The CD spectra
of the esters prepared from a pair of antipodal alcohols were symmetrical to each other relative to the x-axis, indicating the
enantiomeric nature of the esters. The sign of the Cotton effect at around 270 nm was found to reflect the absolute configuration
of the original alcohol. In the case of aliphatic mono-alcohols, negative Cotton effect was observed for the esters of (R)-alcohols
and a positive effect for the esters of (S)-alcohols. On the contrary, unsaturation or an oxygen atom at the vicinal position
reversed the sign of the Cotton effect. © 2001 Elsevier Science Ltd. All rights reserved.

CD spectroscopic analysis has been regarded as a reli-
able tool as the X-ray diffraction method for stereo-
chemical elucidation, and the exciton-coupled CD has
been extensively applied to various organic compounds
to determine their absolute configurations in a nonem-
pirical manner.! However, application of this method
has been limited to chiral compounds with two or more
functional groups.”> Recently, Harada and co-workers?
reported a new CD spectroscopic method to determine
the absolute configuration of mono-functional chiral
alcohols. They employed an achiral carboxylic acid
with two chromophores, di(1-naphthyl)acetic acid, as a
CD auxiliary to derivatize chiral alcohols, and showed
that the chirality of the substrates induced exciton-cou-
pled CD arising from an interaction of the two chro-
mophores on the auxiliary, which, coupled with
conformational analysis of the derivatives, can be used
for determining the absolute configuration of the sub-
strates. It occurred to us that if the two chromophores
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Scheme 1. Derivatization of chiral alcohols.

O,N NO,

on the auxiliaries were directly bound, a more effective
exciton couplet could be expected. Here we describe
that induced CD was observed for the dinitrodiphenic
esters of chiral secondary alcohols. The sign of the
Cotton effect at around 270 nm was found to reflect the
absolute configuration of the alcohol moieties.

5,5-Dinitrodiphenic anhydride 1* was selected as a CD
chromophoric reagent based on its relatively large tran-
sition moment and low transition energy® (Scheme 1).
Condensation of 1 with /- and d-menthol followed by
methylation gave methyl esters 2b and 3b in good
yields, respectively.

Although the esters 2b and 3b could exist as a mixture
of diastereomers arising from the chiral center of the
alcohol part and the axial chirality of the biphenyl
system, they showed completely identical 'H NMR
spectra. This indicates that 2b and 3b are enantiomeric

COzR" 0+_0._0

O,N NO,

1

Keywords: absolute configuration; alcohols; asymmetric induction; axial chirality; circular dichroism; Cotton effect.
* Corresponding authors. Fax: +81 76 234 4417; e-mail: hosoi@kenroku.kanazawa-u.ac.jp

0040-4039/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.

PII: S0040-4039(01)01241-2



6316 S. Hosoi et al. / Tetrahedron Letters 42 (2001) 6315-6317

to each other in a solution. In spite of the achiral
nature of the dinitrodiphenyl chromophore, the CD
spectra of 2b and 3b in cyclohexane showed symmetri-
cal CD curves relative to the x-axis, indicating that the

Table 1. UV and CD data of dinitrodiphenyl derivatives

chirality of the substrates was effectively transmitted to
and induced axial chirality on the dinitrodiphenyl chro-
mophore (Fig. 1).° Other types of chiral alcohols 4a—
18a were similarly converted to the corresponding
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Group  Product Yield (%)™ UV ax (€) nm® CD Xy (Ag) nmed Sign of Cotton effect® Absolute config.
A 2b 74 206.5 (26000)" 272.9 (—5.6)" — R
83 (A) 261.5 (21700)
3b 77 204.5 (27200)" 271.8 (+6.0) + S
97 (A) 260.5 (22500)
4b 70 208.0 (24200)" 271.7 (=29 — R
88 (A) 260.5 (21200)
5b 68 206.0 (25200)" 271.9 (+3.)fF + S
87 (A) 261.0 (21200)
6b 71 203.0 (27700) 271.5 (—2.5) — R
79 (B) 262.5 (19100)
7b 62 204.0 (29000) 273.1 (+2.4) + S
76 (B) 262.5 (20700)
8b 58 202.5 (20200) 271.2 (+2.2) + S
93 (A) 262.5 (13100)
9b 69 205.5 (27000) 270.5 (—2.9) — R
96 (A) 263.0 (16200)
10b 64 205.5 (27300) 273.9 (+3.0) + S
96 (A) 263.0 (16700)
B 11b 79 203.0 (22600)" 272.6 (+1.8) + R
24 (A) 260.0 (16900)
12b 74 203.0 (23200)F 272.6 (—1.7)f — S
19 (A) 260.0 (17000)
13b 78 203.5 (30800) 271.4 (+4.1) + R
66 (A) 262.0 (20400)
14b 87 203.0 (27900) 270.5 (—3.7) — S
70 (B) 262.5 (18000)
15b 80 202.5 (15800) 273.5 (+0.4) + R
62 (B) 262.5 (9900)
16b 84 203.0 (25600) 272.1 (—0.7) — S
71 (B) 262.5 (16400)
17b 79 210.0 (28000)" 271.2 (+6.2)f + R
85 (A) 261.0 (20300)
18b 75 208.5 (26600)" 270.7 (—=5.4) — S
85 (A) 260.5 (18300)

2 In the first step, an alcohol was reacted with the anhydride 1 (1.0 equiv.) in the presence of 4-dimethylaminopyridine (DMAP) (3.0 equiv.) in
THF at room temperature. In the second step, either of the following reaction conditions were employed: (A) CH,N, in MeOH-Et,0; (B)

CICO,Me, Et;N, DMAP/CH,Cl,, 0°C-rt.
® Isolated yield.
¢ Measured in MeOH.
4 Only the data at around 270 nm are shown.
¢ At around 270 nm.
f Measured in cyclohexane.
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Figure 1. CD spectra of dinitrodiphenyl derivatives 2b and 3b
in cyclohexane.

derivatives 4b-18b. Their '"H NMR and CD spectra
clearly indicated that the derivatives prepared from a
pair of antipodes are enantiomeric to each other. Con-
sidering the relationship between the observed Cotton
effect at around 270 nm and the absolute configuration
of the substrate, the derivatives could be classified into
two groups (Table 1). In group A, comprised of com-
pounds having no unsaturation nor an oxygen atom on
the wvicinal carbons, negative Cotton effect was
observed for the esters of (R)-alcohol and a positive
effect for the esters of (S)-alcohols. In contrast, unsatu-
ration or an oxygen atom at the vicinal position in
group B reversed the sign of the Cotton effect.

In summary, we have found that the chirality of sec-
ondary alcohols induced axial chirality in their dini-
trodiphenic esters. The CD spectra of the esters
prepared from antipodal pairs of alcohols employed
were symmetrical relative to the x-axis. The sign of the
Cotton effect at around 270 nm was shown to have
good correlation to the absolute configuration of the
substrate alcohols. Further studies on the factors con-
trolling the chiral transmission mentioned above are
currently under way.
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