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The stereoselective thermal rearrangement of chiral
lophine peroxides
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Abstract—The thermal reaction of chiral 2-phenyl-4-(p-X-phenyl)-5-(p-Y-phenyl)-4-tert-butyldimethylsilylperoxy-4H-isoimidazoles
(5b: X = CF3, Y = OMe; 5c: X = CF3, Y = F) was carried out in DMSO. The chiral 2-phenyl-5-(p-X-phenyl)-5-(p-Y-phenyl)-5H-
imidazol-4-ones (4b: X = CF3, Y = OMe; 4c: X = CF3, Y = F) were quantitatively obtained in 50–60% enantiomer excess (ee). The
mechanism for the reaction was proved to be stereoselective 1,5-phenyl migration. Although the sigmatropic 1,5-phenyl migration
should be thermally allowed according to the Woodward–Hoffmann rule, the migration actually includes a stepwise process.
� 2007 Published by Elsevier Ltd.
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Since 4-hydroperoxy-2,4,5-triphenyl-4H-imidazole (1a)
was identified as the intermediate of the chemilumines-
cence (CL) of lophine (2a) by Sonnenberg et al.,1 White
et al.,2 and Kimura et al.,3 the CL reaction of lophine-
peroxides has been gradually revealed. Recently, we
reported that lophineperoxide (1a) underwent three
different but simultaneous reactions upon treatment
with base to provide the corresponding amidine (3a)
accompanied with chemiluminescence, imidazole (2a)
with singlet oxygen, and a trace of imidazolone (4a)2b

as illustrated in Scheme 1. The peroxides, after protec-
tion as silyl peroxide, 2,4,5-tirphenyl-4-tert-butyldimeth-
ylsilyl-peroxy-4H-iso-imidazole (5a), underwent an
exclusive 1,5-phenyl migration in DMSO to give solely
imidazolone (4a) in excellent yield (Scheme 2).

We became aware of two reports which suggested impor-
tant meanings of this type rearrangement. It had been
demonstrated that tetrahydrobenzimidazoles rearrange,
on treatment with base, an alkyl halide and the singlet
oxygen, to provide 4-imidazolonespirocyclopentane.4

Further, Lovely et al.5 reported that tetrahydrobenzimi-
dazoles, on treatment with dimethyldioxiane (DMDO),
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rearranged to provide 5-imidazolones exclusively with
good to excellent levels of diastereoselectivity. This kind
of stereochemistry is a key for the synthesis of natural
compounds including imidazolone moieties.4–6 Further,
the sigmatropic migration of an aryl group is known

mailto:kimuram@ cc.okayama-u.ac.jp
mailto:kimuram@ cc.okayama-u.ac.jp


5
4

a: X = H,      Y = H
b: X = CF3,  Y = OCH3
c: X = CF3,  Y = F

heat

*

N
H

N
Ph

*

O

Y

X

32

+ Ph
N

NH
O

O

X

Y

base

N

N
H

Ph

X

Y

N

N
Ph

X

Y

OO
Si

DMSO

DMSO

4+

trace

main

Scheme 2.

3110 M. Kimura et al. / Tetrahedron Letters 48 (2007) 3109–3113
for 1,2,3,4,5-pentaphenylcyclopentadienol,7 which is a p
analogue of 5, but its stereochemistry has not been
tested.

We thought that two chiral peroxides 5b and c (Scheme
2) could straightforwardly contribute to elucidate the
stereochemistry of the migration. When the chiral per-
oxides (5b and c) were subjected to the thermal reaction,
the corresponding imidazolones 4b and c were exclu-
sively obtained in 50–60 ee % in DMSO.

The Assignment of the absolute configuration by compari-
son between the CD spectra and the calculated CD spec-
tra. Chiral peroxides 5-I (HPLC: the first fraction) and
5-II (HPLC: the second fraction) were prepared in five
steps as shown in Scheme 3.3,8,9 In order to determine
the absolute configuration, the CD spectra were
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recorded, and the calculation of CD spectra were carried
out based on the GAUSSIANGAUSSIAN 03w software package,10 as
show in Figure 1. A geometry optimization was per-
formed using the B3LYP functional with 6-31G* basis
sets. The absolute configurations of 5-I and 5-II were
assigned as S-5 and R-5, respectively, as illustrated in
Figure 1. The absolute configurations of products 4-I
(HPLC: the first fraction) and 4-II (HPLC: the second
fraction) were also assigned to R-4 and S-4, respectively,
as illustrated in Figure 2.

Thermal rearrangement of chiral lophine peroxides. The
chiral peroxides R- and S-5b and R- and S-5b (about
0.001 mmol) were dissolved in DMSO (1 ml), and
refluxed for 10 min. The reaction mixture was subjected
to HPLC analysis using a chiral column. The results are
summarized in Tables 1 and 2. Figure 3 shows the
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Figure 2. The CD spectra (above) of 4b,c recorded in EtOH and the calculated CD spectra (below) of 4b,c using the TDDFT-B3LYP method.
Rotational strengths (R) are given in cgs (10�40 erg esu cm/G).

Table 1. The ee % for the rearrangement of S-5 (reaction time = 10 min)
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Temperature (�C) Yielda,b (%)

R-4b S-4b ee (%) R-4c S-4c ee (%)

100 75.5 24.5 51 80 20 60
130 75 25 50 79.5 20.5 59
160 75 25 50 79 21 58
180 74.5 25.5 49 78 26 52
200 74.5 25.5 49 75.5 24.5 51

a Yields calculated on the basis of HPLC integral quantity.
b The conversion was estimated to be 100% because of no other peak appearing in the 1H NMR spectra.
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Figure 1. The CD spectra (above) of 5b,c recorded in EtOH and the calculated CD spectra (below) of 5b,c using the TDDFT-B3LYP method.
Rotational strengths (R) are given in cgs (10�40 erg esu cm/G).
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relation between the ee % and reaction temperature for
chiral imidazolones 4b and c as products. In DMSO, the
ee % slowly decreased as the temperature increased. It is
noteworthy that the ee % was found to be rather low
compared to the expected results of thermally allowed
1,5-sigmatropic rearrangement. To find a reason, we



Table 2. The ee % for the rearrangement of R-5 (reaction time = 10 min)

MainMinorb: X = CF3, Y = OCH3
c: X = CF3, Y = F
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100 25 75 50 20.5 79.5 59
130 25 75 50 21 79 58
160 25 75 50 21.5 78.5 57
180 26.5 73.5 47 22.5 77.5 55
200 27 73 46 23 75 52

a Yields calculated on the basis of HPLC integral quantity.
b The conversion was estimated to be 100% because of no other peak appearing in the 1H NMR spectra.

40

45

50

55

60

65

75 100 125 150 175 200 22 5

Temp. / ºC

E
na

nt
io

m
er

ic
 e

xc
es

s 
%

R-4b

S-4b

R-4c

S-4c

Figure 3. Relation between the ee % of 4b,c and the reaction
temperature in DMSO (reaction time = 10 min).
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took the isomerization of R- and S-4 into account. Opti-
cally pure chiral compounds 4 were dissolved in DMSO,
and an excess of base (tetrabutyl ammonium fluoride in
THF, or KOH/methanol) was added. The solution was
heated for 10 min at 100 �C (Scheme 4). The HPLC
analysis showed the conversions of the isomerization
were less than 2%. It was much less than the decreases
of ee % in the thermal rearrangement reactions of 5.

We can draw a mechanism for the stereoselective 1,5-
phenyl migration of the chiral peroxides (4b and c) as
shown in Scheme 5. It is reasonable to imagine the for-
mation of alcohol anion 6� as an intermediate. Fortu-
nately, alcohol 6a was available from hydroperoxide
1a. Smooth rearrangement to 4a, on the treatment of
base, was confirmed even at the room temperature, as
shown in Scheme 6.

Further the byproducts tert-butyldimethylsilanol (7) and
dimethyl sulfone (DMSO2, 8) were confirmed by 1H
NMR spectroscopy. The 1H NMR spectra of these
byproducts were identified by comparison with those
of authentic samples. Silanol 7 was further isolated by
sublimation of the reaction mixture, and the IR, 1H
NMR and 13C NMR were identical with those of the
product prepared from the hydrolysis of tert-butyldi-
methylsilyl chloride. In DMSO, the thermal reaction
of peroxides (5) solely provided imidazolones (4) in
excellent yield. The mechanism for the reaction was
proved to be substantially stereoselective 1,5-phenyl
migration by use of chiral peroxides 5. It is noteworthy
that although the sigmatropic 1,5-phenyl migration
should be thermally allowed according to the Wood-
ward–Hoffmann rule, the migration actually includes a
stepwise process.
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