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DETERMINATION OF STEREOCONFIGURATION OF 1,2-DIARYLOXYCYCLOBUTANES BY OPTICAL
RESOLUTION AND INTRAMOLECULAR EXCIMER FORMATION OF CIS-1,2-DIPHENOXYCYCLOBUTANE

Kazuhiko MIZUNO and Yoshio OTSUJI
Department of Applied Chemistry, College of Engineering, University
of Osaka Prefecture, Mozu-Umemachi, Sakai, Osaka 591

Two enantiomers of trans-1,2-diaryloxycyclobutanes were resolved
by high-performance liquid chromatography (HPLC) using columns packed
with chiral compounds. Measurement of fluorescence indicated that
cis-1,2-diphenoxycyclobutane formed an intramolecular excimer between

two phenoxy groups at ambient temperature.

Recently, we and other groups have reported the inter- and intra-molecular

photocyclomerizations of aryl and alkyl vinyl ethers in the presence of various

1-4) The structures of cyclobutane derivatives obtained in

1

electron acceptors.

these photoreactions were assigned mainly from their “H NMR analyses. However,

conflicting conclusions have been deduced about their stereochemistry because

5)

cyclobutane compounds may have both puckered and planar conformations. We now
report that two enantiomers of trans-1,2-diaryloxycyclobutanes can be separated by
high-performance liquid chromatography (HPLC) using columns packed with chiral
compounds, thereby the structures of the products are unequivocally establishedﬁ'7)
We also report that an intramolecular excimer fluorescence is observed at ambient
temperature for cis-1,2-diphenoxycyclobutane in which two phenyl groups are
connected by a four atom chain.8’9)
Figure 1 shows chromatograms of two geometric isomers of 1,2-diphenoxycyclo-
butanes. The one geometric isomer (mp 67-68 °C) was completely resolved into two
enantiomers by HPLC using a column packed with a chiral compound (Chiralcel OB)-lo)

Both enantiomers separated by this way exhibited opposite optical rotations to one

another in polarimetric analysis. This geometric isomer was also resolved into
two enantiomers by Chiralpak OT. The other geometric isomer (mp 80-81 °C) could
not be resolved by the use of both chiral packings. We assigned the structure of
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trans-1, 2-diphenoxycyclobutane to the
optically resolved isomer and cis-1,2-
diphenoxycyclobutane to the unresolved
isomer. In a similar manner, p-sub-
stituted trans-1,2-diaryloxycyclo-
butanes 2b-d and trans-fused bicyclic
compound’é’were resolved into two
enantiomers, but the corresponding cis-
isomers 1lb-d and 3 could not be re-
solved. Recently, Farid and his co-
workers have determined the structure
of trans-1,2-diphenoxycyclobutane 23
by a X-ray diffraction analysis. The
physical properties of this compound
agreed with those of the compound
assigned above.ll) Thus, the problem
with regard to the stereochemical
assignment of the cyclobutane deriva-
tives has been solved by applying both
optical resolution and X-ray analysis.
The stereoconfiguration of the
cyclobutane compounds previously re-
ported by us on the basis of their
lH NMR data should be revised; the
trans isomers should be corrected to
the cis isomers and vice versa.lz)It is
thus worthwhile to note that the
optical resolution by means of HPLC can
serve as an attractive tool for the
assignment of the stereoconfiguration
of compounds such as cyclobutane deri-

vatives, in which the 1H NMR spectral
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Fig. 1. Chromatograms of la and

gé,on Chiralcel OB column (250 mm X
4.6 mm(d.i.)): Eluent, MeOH: Flow
rate, 0.8 ml/min: (a) la (a UV (260
nm) detector was used), (b) 2a (a

polarimetric detector was used), (c)

,23‘(a UV (260 nm) detector was

data may lead to erroneous conclusion. used) .
Table 1. lH NMR Spectral Data for the Cyclobutane Compounds in CDCl3a)
Chemical shift / §
Compd
Ha Hb Hc PhO or MeO
;3 2.31-2.38 4.92-4.95 6.85-6.95 7.22-7.26
%3 1.73-1.78 2.38-2.43 4.68-4.72 6.93-6.97 7.24-7.29
E, 1.78-1.98 3.70-3.90 3.22
ﬁf 1.02-1.50 1.70-2.05 3.39-3.62 3.18

a) Tetramethylsilane (TMS) was used as an internal standard.
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The 1H NMR spectra of ;g and 2a can now be explained on the basis of the

correct structures which have puckered conformations (Fig. 2): All the methylene
hydrogens of ;3 exhibit almost the same chemical shift due to 1,3-dipseudoaxial and
1,2-dipseudoequatorial interactions between methylene hydrogens and O-atoms of

phenoxy groups. On the other hand, two methylene hydrogens of 22 (Ha) shift to

upfield more than those of la. This is because H hydrogens in 2a are not
affected by magnetic anisotropy of O-atoms of phenoxy groups. Interestingly, cis-
1

and trans-1,2-dimethoxycyclobutanes gg/andtg) show very similar "H NMR spectral

patterns to those of ;3 and 23 (Table 1). Thus, the stereochemical structures of
geometric isomers of 1,2-dialkoxycyclobutanes, l-alkoxy-2-aryloxycyclobutanes, and
cyclobutano crown ethers were assigned by comparison of their lH NMR spectral data
with those of lg and 25, although the optical resolution of trans isomers of these

compounds by HPLC failed.

H OPh H
H PhO
H H H H
Pho =", H—~ OPh He
He Ho'c He OPh
}_g
Fig. 2. Puckered form of le and 23.

To examine the relative configuration of phenoxy groups in £5 and 23, we

measured the fluorescence spectra of la and gg_in cyclohexane at room temperature.

The results are shown in Fig. 3. The

relative intensity of the monomer fluo-

rescence of la was about one tenth of that

of 23 and the intramolecular excimer . i

emission was observed at longer wavelength. ﬁ i

On the other hand, the fluorescence % 0Ph
spectrum of 2a was very similar to that of 2t [:I:Oph
methoxybenzene and 1,2-diphenoxyethane. A 2a

In this case, no excimer emission was .g [ x10 OPh
observed. Intramolecular excimer fluo- e [:]:oph
rescence has been extensively investigated E la

in recent years.g) However, to our i

knowledge, there is no example of intra- . . - -
molecular excimer formation between two 200 300 400 500
phenyl groups connected by a four atom chain nm
except [4.4]cyclophane.l3) This result Fig. 3. Intramolecular excimer
indicates that the puckered conformation fluorescence spectra of la:

of la is obviously responsible for the [£3]==[£3]==5 X 10'_4 mol/dm3 in

formation of emmisive excimer at room deoxygenated cyclohexane solu-

temperature. tions.
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