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In recent years, there has been tremendous progress in the

enantioselective synthesis of strained compoundsniyamo-
lecular photochemical reactiorisChiral organié and inorganié

complexing agents have been employed successfully in solid-
state photochemistry. Homochiral crystals of prochiral substrates

have been obtained by the “ionic chiral auxiliary” apprdach

by other methodsand yielded enantiomerically enriched products
upon irradiation. In the liquid phase, many efforts have centered
on the use of circular polarized light to induce an effective

differentiation of enantiotopic faces and enantiomeric excesses

(ee’s) up to 64% have been recordelinantioselective photo-

cycloaddition reactions in solution have been achieved using chiral

host molecules which bind the substrate by hydrogen bonding.

An advantage of the latter approach as compared to the method

employed in the solid state is the fact that it should also be
applicable tointermolecular photochemical reactions of two
different reaction partners. Contrary to the classical auxiliary-

based methodology which has been elegantly applied in photo-

cycloaddition chemistf the use of a noncovalently bound
complexing agent avoids the cleavage of the chiral sotfréée
would now like to report on our preliminary results with regard
to enantioselective (8198% ee) intermolecular [Z 2]-photo-
cycloadditions in solution.

The quinolonel is known to undergo a [ 2]-photocyclo-
addition with different alkene substrates (Schemé& itk lactam
functionality should be well suited for binding to the lactam-
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$ased receptors which we have recently prepared in our labora-

tory."12Theende andexcisomers2 and3 and their enantiomers
ent2 andent3 are obtained as products, teedendoratio being
dependent on the substituent R (vide infra).

Binding to a chiral host should facilitate a differentiation of
the enantiotopic faces of compourid For the current set of
experiments we have employed the chiral ami#leand its
enantiomerent4 (Scheme 2). As depicted in Scheme 2 the
quinolonel was expected to coordinate to the lactamwith its
NH-group being the hydrogen donor and with the carbonyl group
being the hydrogen acceptor. In previous studies it was shown
that the association contants of six-membered lactams related to
1 and host molecules related t are high and that the
self-association of the host is IoWlIt was consequently expected
that the quinolonel undergoes a selective photocycloaddition,
provided that it binds to the host and provided that the
intermolecular reaction occurs at the bound substrate.

The studies were conducted with different alkenes (Scheme 1,
Table 1). Only selected experimental data are provided in Table
1, additional data can be found in the Supporting Information.
The best results were obtained at low-temperature employing an
excess of the host (entries 1, 2, and 3). Either enantiomer of the
host4 or ent4 was used in these experiments. As expected the
product with opposite configuration was obtained upon exchang-
ing the host (entries 4 and 5). In the case of vinyl acetate=(R
OACc) both cyclobutane isomeent2c (endg and ent3c (ex9
were isolated. The optical purity of the two diastereoisomers was
similar (entry 6). In general, the simple diastereoselectivities
(enddexoratios) determined in the presence of the chiral host
did not significantly differ from the diastereoselectivities obtained
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Table 1. Enantioselective Photocycloaddition of the 2-Quinoldnia the Presence of the Chiral Host Compouddsnd ent4

entry R temp PC] time [h]° host equiv d¥ (3/2) yield [%]¢ product ee [94]

1 CH,CH,CH,OH 30 2 4 1.4 >95/5 75 3a 30
2 CH,CH,CH,OH —-20 10 4 1.3 >95/5 74 3a 52
3 CH,CH,CH,OH —60 10 4 2.4 >95/5 80 3a 81
4 CH,OAc —60 10 4 2.4 >95/5 80 3b 92
5 CH,OAc —60 10 ent4 2.4 >95/5 81 ent3b 91
6 OAc —60 10 ent4 2.4 63/27 89 ent3c 93

ent2c 98
7 Ph —60 10 4 2.4 <5/95 10 2d 83
8 COOCH —60 10 4 2.4 90/10 84 3e 829

aThe reaction was conducted in an immersion apparatus (Duran filter; light source: Original Hanau TQ 150). The quinolone concentration was
2 x 103 M in toluene as the solvent. The alkene was used in excess (20 equiv). After complete conversion the solvent and the excess alkene was
removed in vacuo and the residue was purified by flash chromatography (gragieitutyl methyl ether/pentane) Time after which the conversion
was complete (except for entry 7)The diastereomeric ratio of cyclobutanes in the crude product was determined by integration of apgtépriate
NMR signals.? Yield of isolated product® The enantiomeric excess was determined by chiral HPLC (Chiracel OD; eluent: Hexapanol=
92/8).f The reaction remained incomplete even upon prolongued irradiation. 65% of the quinolone was reééMegeghantiomeric excess was
determined by chiral HPLC after reduction (LiBth THF/EtOH) to the corresponding amino alcohol.

in its absence (see Supporting Information). The enantiomeric Scheme 3

excesses achieved at60 °C were high, and they demonstrate
that the enantioface differentiation provided by the bulky tetra-

hydronaphthalene backbone is very efficient. The host was hv, -60 °C (toluene)

recovered after separation by flash chromatography-&% \/Q .4 4 (2.4 equiv.)
recovery). 61%
The assignment of the absolute configuration was based on 92% ee
our previous results obtained in the intramolecular reaction of 5 6

2-quinolones.A Reface attack at the carbon atom C-3 occurs if
host4 is employed. As depicted in SchemeRe attack at this
position leads to the formation of produ@gendq or 3 (ex9.

The relative configuration was assigned based on NOESY data
and on previous workl The enantioselective photochemical
reaction was extended to symmetrical 1,1-disubstituted alkenes.
As an example the conversion of 2-ethyl-1-butebg tp the
cyclobutanes is presented in Scheme 3.

In summary, the host compourtland its enantiomeent4
have proved to be reliable chiral complexing agents for enantio-
selective intermolecular [2- 2]-photocycloaddition reactions of
2-quinolones. Further studies are directed toward additional
applications of these hosts in inter- and intramolecular photo-
chemical reactions. These results will be reported in due course.JA0026760
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