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For the chiral induction experiment, (£)-(+)-1,1-bi-2-
naphthol was used to prepare the optically active monofarne-
sate ester (R)-5. Cyclization of (R)-5 and the reduction of the
resultant (R)-6 with lithium aluminum hydride yielded op-
tically active drimenol (-)-7. (] = -5.4°, ¢ = 0.41, benzene;
literature value,’ [a]} = -19.1°, ¢ = 0.76, benzene) Analysis
of the high resolution nmr spectrum?® of the ester 9 prepared
from (-)-7 and (R)-MTPA chloride led to a more dependable
optical purity value (20% e..) of the product.(Scheme 4)

In conclusion, use of optically active 1,1"-bi-2-naphthol as
a chiral auxiliary in the acid catalyzed cyclization of mono-
cyclofarnesate resulted in a moderately low chiral induction.
Employment of other chiral agents for more efficient asym-
metric synthesis of this important class of compounds will be
the subject of future studies.
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Many reactions of e,f-unsaturated carbonyl and nitrile
compounds are catalysed by Lewis acids. These include, for
example, catalyzed Diels-Alder reactions, alternating copoly-
merizations, [2 + 2] cycloadditions, aldol condensations, and
several photoreactions. Especially in Diels-Alder and ene re-
actions, the enhanced reactivity and stereoselectivity have
been attributed to changes in frontier orbital energies and
C=C double bond polarity upon complexation of the car-
bonyl oxygen.! Lewis ef al. have reported that Lewis acid
complexation of e ,8-unsaturated esters results in marked
changes in their spectroscopic properties and unimolecular
photochemistry.? The possibility that Lewis acids might also
serve as catalysts for bimolecular photochemical reactions
is suggested by reports concerning the photodimerization

of dibenzylideneacetone in the presence of SnCl? by pre-
liminary reports concerning the effect of Lewis acids on
the photodimerization of coumarin®® and cinnamic esters,*®
and by a recent report of selective head-to-head dimerization
of cyclopentenone in the presence of SnCl,°.

We have initiated a study on the photodimerization of a
biologically important furocoumarins in the presence of
Lewis acids. Because of the importance of psoralens(furo-
coumarins) in the treatment of psoriasis and vitiligo, the
photophysical properties of the lowest excited states(singlet
and triplet) of furocoumarins and coumarins have been ex-
tensively investigated in recent years.® The excited states of
4.5’ 8-trimethylpsoralen(TMP) have been investigated in
rigid matrices at 12 and 77K by means of luminescence and
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Figure 1. Stereochemical structure of photoproduct: py-

rone <> furan, cis-syn dimer(I) and pyrone<>pyrone, trans-anti
dimer(II).
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Figure 2. Quantum yields for photodimerization of 3 x 10-2M TMP
solution.

photoselection measurements.’ These studies indicate that
the lowest singlet excited state of TMP is a (z, = *) state but
considerably below the second (= *) state and *(», n*) state
is located slightly below the lowest X(x, = *) state.

The photodimerization of TMP in dichloromethane solu-
tion has been investigated.® The pyrone<> furan, cis-syn
dimer(I) and the pyrone<> pyrone, trans-anti dimer(II) are
the major(#=1.0x1072 for 3x10°M TMP) and minor
(@="7.6 x 10" for 3x 10"2M TMP) photoproducts, respectively
(Figure 1). The stereochemical structures of photoproducts
were assinged by a shift reagent(EuFOD) and NOE ex-
periments. The results show that the dimerization from the
stacked species is more efficient than that from the non-
stacked species. The effect of BF;-OEt, concentration on the
quantum yield for photodimerization of 3.0 x 10"2M TMP is
shown in Figure 2. Increasing concentration of BF;OEt,
leads to a decrease of quantum yield which is exactly op-
posite compared to the BFs-catalyzed photodimerization of
coumarin.

The UV absorption spectra of TMP in the absence and
presence of BF,;-OEt, are shown in Figure 3. As the concen-
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Figure 3. UV absorption spectra of TMP in the absence and pre-

sence of Lewis acids.
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Figure 4. Fluorescence emission spectra of TMP in the absence

and presence of Lewis acid.

tration of BF;-OEt, increased, the intensity of 335 nm band
increased and that of 200 nm and 250 nm bands decreased
and a shoulder appeared at 265 nm. The absorption spectra
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show the isosbestic point at 308 nm indicating that TMP is
converted into the complex. TMP carbonyl stretching vibra-
tion at 1705cm™ s little shifted but a new broad band appeared
at 1040-1110cm™ suggesting that carbonyl oxygen of TMP
does not strongly interact with BF,. Figure 4 shows the
fluorescence spectra of TMP in the absence and presence of
BF;-OEt, at room temperature. The large Stokes shifts
[AA=7},, (the fluorescence maximum)-A,,,. (the absorption
maximum)] are observed as the concentration of BF;-OEt, is
increased. The position of A/, (425 nm) is considerably
shifted towards the longer wavelength (475 nm) and the fluo-
rescence intensity is gradually increased.

The results, which are reminescent of the behavior of sim-
pler carbonyls, can be interpreted in terms of the energy
level disposition of the ¥n,x *) state relative to the lowest
energy \(=,n*) state.® In TMP, the ¥, x*) state lies below
Yn,7*) state and the Y, )~ m %) intersystem crossing is
efficient due to relatively strong (n,  *)-(x,x*) spin-orbit
coupling. In the complex, coordination of the nonbonding
electrons of the a,g-unsaturated carbonyl group results in
lowering the Y(x, 2 *) energy level as well as the redistribution
of the orbital electron densities and the 3(n, n*) state becomes
higher than the Y(z, 7*) state.!® The energy level ordering is
reversed so that the fluorescence becomes competitive with
intersystem crossing. Kearns ef al. expected Yr, m*)—¥(n,
7*) transition to be 10%10° times more efficient than!(,
7*)~sx, #*) transitions.!!

Unlike the BF ;-catalyzed photodimerization of coumarin
and cinnamic esters in which the reactivity and stereoselec-
tivity are enhanced, an unusual Lewis acid effect was observ-
ed in the photodimerization of TMP. Increasing BF;OEt,
concentration decreases the quantum yield of dimerization.
The kinetics and mechanism of the BF scatalyzed reaction
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are currently under investigation to elucidate the reactive
species and exact reason of the abnormal effect, The com-
plexation, however, should substantially change both the
ground and excited-state energies and the energy level order-
ing and thus account for the reactivity change observed in
the presence of BF;-OEt,.
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We have previously reported a novel method for direct
conversion of carboxylic acids and carboxylic esters into
S,S’-diphenyl acetals and phenyl sulfides with thexylphenyl-
thioborane.'? During the course of mechanistic studies, it
has been found that lactones can be converted into w-halo-
alkyl phenyl sulfides with phenyl thexylbromothioborinate
and dibromoborane-dimethyl sulfide in the presence of zinc
halide. As far as we are aware, this is the first example in
which carbonyl and alkoxy group are simultaneously trans-
formed to the sulfide and the halo group, respectively, by an
one-pot procedure.

An equimolar mixture of phenyl thexylbromothioborinate
and dibromoborane-dimethyl sulfide was prepared by the

H_Busc-snez _BBry |
CH2Cl,

,—,—Bﬂtz + HBBr)-SMej
Pb(SR},

-2 B<SR + HBBrj-SMe;
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reaction of thexylbromoborane-dimethyl sulfide with boron
tribromide in dichloromethane followed by treatment with



