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The [2 + 2]photodimerization reactions of coumarin to an optically active anti-head-to-head dimer in the presence of an optically active host
compound in cyclohexane solution proceeded with high enantioselectivity.

The [2+ 2]photodimerization reaction of coumarin and its || NG

derivatives has attracted considerable interest in recent years-gp1e 1. photodimerization Reaction of Coumarin in Solufion
and has been studied extensiveRecently, we have reported
a highly enantioselective photodimerization reaction of

crystalline product?  dissolved product®

coumarin in inclusion crystals with optically active host solvent yield(%)  ee(%)  yield%) ee(%)
compounds that proceeds |r$|a|gIe-crystal-to-smgl_e-crysta_l MeOH 0 trace

manner We have now found that the enantioselective acetone 0 trace
photodimerization reactions of coumarida) and 6-meth- AcOEt 0 trace

ylcoumarin (3b) to the correspondingnti-head-to-head THF 0 trace

dimers (4aand4b) proceed efficiently even in a homoge-  cyclohexane 69 48(-)  trace

neous solution in the presence of an optically active hbst ( Lnethylcy clohexane gg g‘; E_; 'ir;‘ce 56 ()

. . . .. enzene -
and?2) in high enantioselectivity. toluene 18 89(-) 10 98 (4)
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chiral HPLC (Chiralcel OD, hexane/2-propanol 95/5). From | RN

the solution left after separation of the inclusion complex
only a trace amount ofa was detected. Similar photoirra-
diation in methylcyclohexane gave the inclusion complex
of (—)-1 and (S,S,S,S)—(—)-4af 59% ee in 50% yield.
When the reaction was carried out in aromatic solvents such
as toluene or benzene, (—)-4aas obtained from the
inclusion complex crystal, and the opposite enantiomgr (

4a was obtained from the solution. (Table 1) However, no
photodimerization product was formed in polar solvents such
as MeOH, acetone, ethyl acetate, or THF, which form a stable
complex with host (—)-1.

Table 2. Photodimerization Reaction of Coumarir8a@nd
3b) in Solutior?

crystalline product dissolved product

yield ee
host  guest yield(%) ee (%) (%) (%)
(-)-1 3a 70 (4a) 85 (—) trace
(+)-1 3a 59 (4a) 85 (+) trace
(—)-2 3b 60 (4b) 95 (+) 0
(+)-2 3b 46 (4b) 96 (—) 0

aPhotoreaction was carried out at 2G for 24 h.P Precipitated 1:2
inclusion crystals of )-1 with coumarin dimer¢ Products in solution.
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One possible explanation of this reaction is as follows:
The photodimerization of coumarin occurs in all solvents but

is reversible. In hydrocarbon and aromatic solvents, one enan-

tiomer of the dimer complexes with the host, precipitates as
inclusion crystals, and is protected from reverse reaction. An-
other enantiomer is decomposed to monomer by further irra-
diation in solution. In aromatic solvents, the solvent protects
the dimer from photodecomposition, which would explain why
one enantiomer of the dimer precipitates with the host and an-
other enantiomer remains in solution. In hydrogen bonding
solvents such as MeOH, no crystallization occurs and the
solvent is transparent, so the product is decomposed to mono
mer. In fact, a 2:1 inclusion complex of-§-1 and §,S,S,S)-
(—)-4agave a mixture of-{)-1 and a coumarin monomer up-
on photoirradiation fo3 h in MeOH solution. However, the

Similarly, a 2:1 inclusion complex of (R,R)-(—)-&nd
(S,S,S,S)-(+)-4bf 95% ee was obtained in 60% yield upon
photoirradiation of a cyclohexane solution of an equimolar
mixture of (—)-2 and 6-methylcoumarin3p). Treatment of
the inclusion complex with DMF/KD gave (S,S,S,S)-(+)-
4b of >99% ee in 27% yield. The optical purity db was
not determined directly by HPLC. Thus, the dimet){4b
was transformed to the diestef-)-5b according to the
literature methodi the optical purity of which was suc-
cessfully determined by chiral HPLC (Chiralcel OD, hexane/

2-propanol 95/5).
EtOOC COOEt

0 o)
0 ] o HCI OH a OH
‘J ; EtOH ‘ \‘
Me 4p Me Me s5pb Me
The absolute stereochemistry 08,8,S,S)-(—)-4avas

determined by comparison with the literature cfatand that
of (§SS9)-(+)-4b was determined by X-ray crystal structure

analysis of a 2:1 inclusion complex of (—)&hd (S,S,S,S)-
(+)-4b. (Figure 1}

possibility that the enantioselective photodimerization reac- _

tions occur via the 2:1 complex of-§-1 and coumarin through
hydrogen bonding in nonpolar solvents cannot be excluded,
since the addition of coumarin to a solution ef)¢1 shifts
the OH protons in théH NMR spectrum in benzenesd

At lower temperatures, the optical purity of dimd) (vas
improved and {)-4a of higher ee was obtained. For exam-
ple, when an equimolar mixture dRR)-(—)-1 and coumarin
(3a) in cyclohexane was irradiated at 20 for 24 h, a 2:1
inclusion complex of £)-1 and (S,S,S,S)-(—)-4# 85% ee
was formed as colorless prisms in 70% vyield. (Table 2)
Further recrystallization of the inclusion complex from
toluene afforded the enantiopure inclusion complex in 31%
yield. Treatment of the inclusion complex with DMF@
(5/1) gave a 1:1 complex of{)-1 and DMF in 99% vyield.
The filtrate left after separation of the 1:1 complex ef){1
and DMF was concentrated in vacuo to gi&$,S,S)-(—)-
4a of >99% ee in 26% yield.

Figure 1. X-ray structure of the 2:1 inclusion complex &®,R)-
(—)-2 and (S,S,S,S)-(+)-4b.
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In summary, a highly enantioselectivef22]photodimer- reported so faf.Further studies on the application to other
ization reaction of coumarins in solution has been described.asymmetric photoreactions are in progress.
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