ORGANIC
LETTERS

Asymmetric Induction in Intramolecular Vol 08
meta Photocycloaddition: 1173-1175
Cyclodextrin-Mediated Solid-Phase

Photochemistry of Various

Phenoxyalkenes

Kristof Vizvardi,! Koen Desmet,* Ingrid Luyten,” Pat Sandra,*
Georges Hoornaert," and Erik Van der Eycken*!

Laboratory for Organic Synthesis, Katholieke Universiteit Leuven, Celestijnenlaan

200F, B-3001 Heverlee, Belgium, and Department of Organic Chemistry,
University of Ghent, Krijgslaan 281 (S4), B-9000 Ghent, Belgium

erik.vandereycken@chem.kuleuven.ac.be

Received January 30, 2001

ABSTRACT

o hv \ -
‘ N\ in B-CD cavity X B RX 2
,\R N K

R

upto17% e.e.

An approach to the asymmetric intramolecular meta photocycloaddition of phenoxyalkenes is described. The B-cyclodextrin complexes of
several phenoxyalkenes have been synthesized and irradiated in the solid phase. The effect of the CD-hosting on the regio- and enantioselectivity
is discussed. Values of ee up to 17% were obtained.

During the past decades several attempts have been carriegrocedures to their ultimate limits compared to the area of
out, with varying success, to induce chirality during photo- the more conventional thermal processes. The application
chemical conversion'€ It is apparent that the level of interest  of cyclodextrin (CD) inclusion complexes in the modification
in asymmetric photochemistry has not driven the available of reactions in the ground state and of photochemical
" : —— reactions has been intensively studied. However, their use
Katholieke Universiteit Leuven. . . . - .
* University of Ghent. in asymmetric photochemical reactions has been linfited.
(1) For a detailed literature overview of the past decades, see: (a) Everitt, Examples include the photoisomerization of CD-complexed
S. R. L.; Inoue, Y Molecular and supramolecular Photochemistry: Organic tropolone and 2-methoxytropoﬁﬁ;he photodimerization of

Molecular Photochemistry; Ramamurthy, V., Schanze, K. S., Eds.; Marcel
Dekker: New York, 1999; pp 71—130. (b) Ito, Bynthesis1998, +-32.

(c) Pete, J.-PAdvances in Photochemistry; Neckers, D. C., Volman, D. (3) (&) Comprehensie Supramolecular Chemistry: Cyclodextrigzejtli,
H., von Binau, G., Eds.; John Wiley & Sons: New York, 1966; pp-135 J.,, Osa, T., Eds.; Pergamon: Elmsford, NY, 1966; Chapter 3. (b) Bortolus,
216. P.; Monti, S.Advances in Photochemistry: Photochemistry in Cyclodextrin

(2) Very recently excellent work has been published by Prof. V. Cauvities; Neckers, D. C., Volman, D. H., von Blnau, G., Eds.; John Wiley
Ramamurthy using chirally modified zeolite cages; see for example: (a) & Sons: New York, 1996; pp 1133.
Shailaja, J.; Ponchot, J.; Ramamurthy,#g. Lett.2000,2, 937—-940. (b) (4) (a) Takeshita, H.; Kumamoto, M.; Kouno,Bull. Chem. Soc. Jpn.
Joy, A.; Scheffer, J. R.; Ramamurthy, @rg. Lett.2000,2, 119—-121. (c) 1980,53, 1006—1009. (b) Tamaki, T.; Kokubu, T.; Ichimura, Retrahe-
Joy, A.; Ramamurthy, VChem. Eur J2000,6, 1287—1293. For work by dron 1987,43, 1485—1494. (c) Aoyama, H.; Miyazaki, K.-l.; Sakamoto,
Prof. F. Toda using inclusion crystals with an optically active host; see for M.; Omoto, Y. Tetrahedron1987,43, 1513—1518. (d) Rao, V. P.; Turro,
example: (d) Toda, F.; Miyamoto, H.; Inoue, M.; Yasaka, S.; Matijasic, I. N. J.Tetrahedron Lett1989 30, 4641-4644. (e) Inoue, Yoshihisa; Kosaka,
J. Org. Chem200Q 65, 2728-2732. (e) Tanaka, K.; Mochizuki, E.; Yasui, Satoru; Matsumotu, Kaoru; Tsuneishi, Hiroshi; Hakushi, Tadao; Tai, Akira;
N.; Kai, Y.; Miyahara, |.; Hirotsu, K.; Toda, H.etrahedror200Q 56, 6853~ Nakagawa, Kazahura; Tong, Lin-HUi Photochem. Photobiol., A993,
6865. 71, 61-64.
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anthracene derivatives included in GDthe solid-state
photoreaction of N,N-dialkylpyruvamide CD inclusion
complexes¢ the photolysis of benzaldehyde absorbed in CD
cavities?® and the solid-stat&-E photoisomerization of a
cyclooctene-S-cyclodextrin inclusion compléThe ob-
tained ee’s are generally low or not mentioned.

Here we report for the first time on the utility of
B-cyclodextrin as a tool for asymmetric induction in tneta
photocycloaddition of 4-phenoxybut-1-enes by solid complex
formation with the chiral templatg-cyclodextrin.

The intramoleculametaphotocycloaddition is an intrigu-

bullvalenes; (b) obviously theara-substituted bichromo-
phoresl and?2 provide only onemetaphotocycloadduct as
a result of the inherent symmetry of the molecule; (c) in
case of themeta-substituted photosubstrat&snd 4 two
different regioisomers were formed without notable regio-
selectivity; and (d) in contrast, completely regioseleciheta
photocycloaddition occurs upon irradiation of tletho-
functionalized5, 6, and7 as a result of steric hindrance in
the transition state.

We will now describe our recent investigations in elabo-
rating an enantioselective methodology for thigtapho-

ing one-step photochemical reaction accompanied by atocycloaddition reaction. The photosubstrates7 readily

dramatic increase in molecular complexity; therefore, it has

form solid complexes witl#-cyclodextrin? A warm (50°C)

attracted considerable interest for its potential as a convenientsolution of3-cyclodextrin (1.2 mmol) in water (85 mL) was

and versatile key step in the synthesis of complex polycyclic
molecules. A suitable asymmetric methodology would
significantly enhance the applicability of this powerful
reaction. To the best of our knowledge, so far no enanti-

added to the photosubstrate (0.4 mmol); the emulsion was
sonicated for 15 min and stirred for 2 days at room
temperature. A white precipitate was formed, which was
isolated by centrifugation and decantation. Complexation was

oselective version of this type of photoreaction has been evident from their FT-IR andH NMR spectra as indicated

described.

by the shift differences. The host/guest ratio was determined

Recently, we extensively reported about the intramolecular by UV spectroscopy after extraction of the photosubstrate

metaandortho photocycloaddition of 4-phenoxybut-1-enes,

substituted in the arene residue with carbomethoxymethyl,

and 2-carbomethoxyethyl groups (Schemé 1).

Scheme 1. IntramoleculametaPhotocycloaddition of
4-Phenoxybut-1-ene Derivatives
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Focusing on thenetaprocess several observations could
be made: (a) in all cases, intramolecufaetaphotocyclo-
addition occurred regioselectively at the 2',6'-positions of
the arene to afford exclusively 1,5-bridged dihydrosemi-

1174

from a known amount of complex with EtOH#B (1:1).
Depending on the substrate, 1:1 or 2:1 (host:guest) complexes
were formed (Table 1). In the case of the 2:1 complexes the

Table 1. Data and Results frori-CD-mediated Photoreactions

photosubstrate host:guest eed
(guest)? ratio® regioselectivity® (%)
1 2:1 8 3
2 11 9 0
3 11 10:11 = 1:3 (1:1) 17; 2
4 2:1 12:13=1:1 (1:1.2) 9;5
5 2:1 exclusively 14 4
6 2:1 exclusively 15 10
7 1:1 exclusively 16 13

a8 Photosubstrates were stirred for 48 h in an aqueous solution of the
CD, resulting in insoluble complexe&Determined by UV spectroscopy
after extraction with 1:1 EtOH/AO from a known amount of complex.
¢ Product distribution obtained from “blank” irradiations is reported in
bracketsd Determined by SFC as specified in ref 6.

host is involved in a complexation with two CD moieties,
hampering rationalization of the results. Irradiation of the
solid cyclodextrin complexes was carried out in a cellophane
envelope using low-pressure mercury arc lamps (300 nm,
Rayonet Photochemical Reactor, type RS, Southern New
England Ultraviolet Co., Middletown, Connecticut, USA) for

(5) (a) Wender, P. A_; Siggel, L.; Nuss, J. ®rganic Photochemistry;
Padwa, A., Ed.; Marcel Dekker: New York, 1989; p 357. (b) Wender, P.
A.; Dore, T. M. Tetrahedron Lett1998, 39, 8589—8592 and references
cited therein.

(6) Vizvardi, K.; Toppet, S.; Hoornaert, G. J.; De Keukeleire, D.; Bako
P.; Van der Eycken, El. Photochem. Photobiol., 2000,133, 135—146.

Yield values are not reported in this paper because of the inaccuracy of the
mass measurements of the obtained small amounts of photoproducts. Also
ortho addition takes place as was revealed by TLC. However, because of
the instability of the products resulting from the initially formedtho
adducts these were not taken into account in the present study and the ratios
to the metacycloadducts were not determined.

(7) No solid inclusion complexes were obtained in trials witCD.
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24 h with occasional agitation to ensure homogeneouscan result in a more effective facial differentiation of the
photolysis of the sample. After irradiation, the material was aromatic ring upon the approach of the tether from the CD-
suspended in water and extracted with diethyl ether. The hindered direction (ii) affordinglO in a lower yield as
ethereal solution was dried over Mgs@nd concentrated  compared td.1 but with higher enantiomeric excess of 17%.
under reduced pressure. Conversions were in the range oindeed, during the less hindered (as HH8plays no NOESY
55—82% determined by isolation of the unreacted starting or ROESY correlation with the cyclodextrin H-3 nuclei)

material. The yields of thmetacycloadducts were consider-
ably lower compared to those of the reaction performed in
solution probably as a result of the irradiation of CD
complexes in the solid stafeThe photoproducts were
purified by HPLC (Bio-Sil D96-10, 250 mmx 10 mm

attack (i), the chiral microenvironment of the host only
exerted a very weak influence resulting in a 2% ee.

Upon irradiation of thenetasubstituted photosubstrate
much lower ee’s are observed and the regioselectivity is
unchanged compared to the irradiation of the uncomplexed

column) using hexane/ethyl acetate, 9:1 as the eluent. Thematerial. As we are dealing here with a 2:1 host:guest
enantiomeric excess was determined by Supercritical Fluid complexation, the rationalization of these results is rather

Chromatography (SFG).
In the case of the “linear-type” bichromophorésand 2

complicated, as is the case for the irradiation of ¢in#ho
substratess and 6, also involved in 2:1 complexation,

forming, respectively, a 2:1 and 1:1 host:guest complex, the showing ee’s of 4% and 10%, respectively. Irradiation of
p-CD-assistedmeta photocycloaddition reaction occurred the tetrahydronaphthol substrateesulted in a singleneta
with negligible or no enantioselectivity (Table 1). This is adductl6with 13% ee. The regioselectivity is in accordance
probably due to the position of thgara-substituted bichro-  with our earlier findings for the irradiation of thertho-
mophore parallel with the C-7 axis of the CD(s) involved in substituted substrat&sand6.6 Obviously, steric interactions
the complexation, resulting in a relatively “loose” complex arising from the tetramethylene ring fragment dictate a
formation and quasi equal chance for the attack of the tetherpreferred orientation of the tether resulting in a singleta
toward either “face” of the aromatic ring. On the contrary, photocycloadduct. The observed enantioselectivity could not
in case of irradiation of the CD-complexetetasubstituted be rationalized by NOESY and ROESY experiments. How-
photosubstrat8 (1:1 host:guest ratio) a significant ee of 17% ever, we suppose that the bulkiness of subsiatmld cause
was observed for the minonetaadduct10, while the major  the formation of a more rigid CD-complex resulting in a
regioisomerll was isolated with an insignificant 2% ee. tighter microenvironment with the CD. This gives a higher
Compared to the irradition of the uncomplexed material, a ee of 13%.

remarkable change in regioselectivity was noticedeta Cyclodextrins exhibit enantiomer recognition in complex
adduct1l was formed in excesslQ:11= 1:3 against the  formation with racemic compoundsTo rule out the pos-
1:1 ratio in the case of the uncomplexed material). On the sibility that the asymmetric induction observed in the
basis of NOESY and ROES¥ NMR analysis a significant  photolysis of 3-cyclodextrin complexes is due to optical
correlation has been found between the cyclodextrin H-3 resolution of racemimetaadduct formed during the reaction,
nuclei and the isolated aromatic proton Had both tether  racemicmetaadductlOwas complexed wit#-cyclodextrin
hydrogens H-4 of the guest, indicating a close vicinity of and the solid complex was suspended in water. Fiea
the protons H-2and H-4 to the secondary rim of the CD as adduct obtained by extraction with diethyl ether showed no
depicted in Figure 1. This provokes a possible rationalization optical rotation.

Although the enantioselectivity obtained in the present

study is low, considering the very few successful attempts
(i) e

for achieving asymmetry in photochemistry in general, the
i e} 4
secondary rim (i)

present results can be considered as a significant contribution
7

toward the enantioselectiveetaphotocycloaddition reaction.
To the best of our knowledge no precedents have been

primary rim @
Figure 1. (i) Less hindered approach, low facial differentiation,

described as yet for this type of reaction. For a better
understanding a further study of substituent effects and the
2% ee. (ii) More hindered approach, higher facial differentiation,
17% ee.

influence of the bulkiness of the substrate upon the asym-
metric induction will be investigated. Experiments with
modified cyclodextrins will be performed in due course.
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for the observed asymmetric induction. One could presume

that this specific position of the guest in the chiral cavity
0OL0156345

(8) The SFC separation was performed on an HP G1205A SFC (Hewlett-
Packard) coupled to an HP 1050 DAD using Chiralpak AD L 250 m
4.6 mm i.d. (Daicel) semipreparative HPLC column. The elution was done
with CO,/methanol of varying ratios under supercritical conditions. Full
details are given in: K. Desmet, K.; Sandra, P.; Vizvardi, K.; Hoornaert,
G. J.; Van der Eycken, El. Microcolumn Sep., accepted for publication.

(9) (a) Bender, M. L.; Komiyama, MCyclodextrin ChemistrySpringer-
Verlag: New York, 1978. (b) Tabushi, Acc. Chem. Red.982,15, 66—
72. (c) Ramamurthy, V.; Eaton, D. Acc. Chem. Resl988,21, 300—
306.(d) Ramamurthy, VTetrahedron1986,42, 5753—5839. (e) Breslow,
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