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ABSTRACT
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The ene reaction of singlet oxygen with chiral trisubstituted alkenes bearing an alkyl and a phenyl group at the stereogenic center is erythro
diastereoselective in solution and threo diastereoselective if carried out within zeolite Na-Y. The change of the diastereoselection trend by
zeolite confinement is attributed to a synergism of steric effects and cation—z interactions.

Dye-exchanged zeolite Na—Y is a unique medium for cyclohexen-1-yl hydroperoxide, a precursor of the naturally
carrying out large-scale singlet oxygeff) ene reactions, occurringtrans-yabunikkeol.
with significant enhancement of product regioselectiviyd The reaction of!O, with chiral alkenes, bearing a
chemoselectivity.The diastereoselectivity for the intrazeolite sterogenic center at theposition with respect to the double
photooxygenation of chiral alkenes has received little atten- bond, has been extensively studied in solufidfor the
tion so far. We have reported that 2-methyl-5-phenyl-2- majority of the chiral alkenes, the reaction &ythro
hexené! a chiral alkene that bears a stereogenic center atdiastereoselective. This trend was attributed to steric and
the S-position with respect to the double bond, gives electronic repulsions between the incoming oxygen and the
enhanced regioselectivity and diastereoselectivity, for the substituents on the stereogenic carbon atom and to a
secondary allylic hydroperoxides, by zeolite confinement. preferable conformational arrangement to minimize the 1,3-
In addition, intrazeolite photooxygenation oR)¢(—)-a- allylic strain as well. Only the photooxygenation of chiral
phellandreneaffords enhanced regioselectivity and diaste- allylic alcohols and aminéss threo diastereoselective due
reoselectivity among the ene products, with predominant to an oxygen—hydroxy/amine steering effect.
formation of (IS5R)-5-(1-methylethyl)-2-methylidene-3- In this paper, we present our results on the regioselectivity
and diastereoselectivity in the photooxygenation of chiral
gg 'F;;%ﬁg;jﬂﬂ;ﬂ,‘f'L%@ﬂ‘m%gfggifﬁﬁiﬂ?%_%zé‘r’elyl,zc@é;lfgghsmn, alkenesl—3, in solution and by confinement within zeolite
L. J.J. Chem. Soc., Chem. Comma098, 2411—2418. (b) Stratakis, M.;  Na—Y. Alkenes1—3 possess a phenyl group and an alkyl
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(methyl, 1; ethyl,2; and cyclohexyl3). The reaction ofO, considering the approach of singlet oxygen to the double
with 1—3 in dichloromethane (methylene blue as a sensi- bond as shown in transition staleS; of Scheme 2. The
tizer) is regioselective with preferential formation of the
secondary allylic hydroperoxides. Among the secondary
hydroperoxides, therythroisomer prevails (Scheme 1).

Scheme 2. Possible Transition States for the

I Photooxygenation of Alkeneb=3in Solution
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3 14 71 15 phenyl group is placed to the opposite plane of the double
bond with respect to the attacking oxygen, due to unfavorable

oxygen—arene electronic repulsions. In addition, T&, a
minimum 1,3-allylic strain between the tertiary allylic
The (Z)-stereochemistry for the minor tertiary allylic hydrogen and théwix allylic methyl group is in operation.
hydroperoxideda—3awas established by NOE experiments. For this conformation, singlet oxygen interacts to the tertiary
Upon irradiation of the olefinic hydrogen absorption, the gjiylic hydrogen, whose abstraction can lead to the formation
allylic hydrogen(s) of the R chain exhibited signal enhance- of the (2-allylic hydroperoxideda—3a. Transition statdS;
ment, indicative of a cis arrangement between the olefinic ¢an also nicely explain the high degree asf/thro diaste-
H and the R group. The predominant formation oféingthro reoselection in the photooxygenation of alkehéerythro/
isomers among the secondary allylic hydroperoxides ( threo = 82/18), where the substituents on the stereogenic
c) was confirmed as follows. The hydroperoxides were carhon atom (phenyl and cyclohexyl) have similar steric
reduced in situ to the corresponding allylic alcohols by £Ph - gemands. It is worth mentioning here that for the case of
and their'H NMR spectra were compared to the diastere- 2 4 5 5 tetramethyl-2-hexefigwhere the diastereoselection
omeric addition products from the reaction of 2-propenyl- in thel0, ene reaction arises from the size difference between
magnesium bromide with the chirak-alkyl-substituted a methyl and aert-butyl group, the selectivity is lower
phenylacetaldehydes. It is well-knofvtinat the addition of (erythro/threo = 71/29). Transition state§S, and TS;
organolithium or Grignard reagents toalkyl-substituted  (Scheme 2) which lead to thiereodiastereomer are expected
phenylacetaldehydes &rythro diastereoselective. For ex-  tg pe less stable compared T®,, due to substantial 1,3-
ample, in our case, reaction of 2-propenylmagnesium bro- gjiyjic strain between the R group and tiéx allylic methy!

mide with 2-phenylpropionaldehyde gave 2-methyl-4-phenyl- group forTS, and to unfavorable oxygerphenyl electronic
pent-1-en-3-ol in a ratio oérythro/threo= 4.6/1, while in repulsion for the case OFSs.

the addition of the same Grignard reagentiayclohexyl The thionin-sensitized photooxygenationlsf3 adsorbed
phenylacetaldehyde, 2-methyl-4-cyclohexyl-4-phenyl-but-1- yithin zeolite Na—Y is highly regioselective, since only the
en-3-ol was formed in a ratio @rythro/threo= 1.4/1. secondary allylic hydroperoxides are formed, however, with

The preferential formation of therythro isomer in the an inverse diastereoselection trend (Scheme 3). tiiten
photooxygenation ofLl—3 in solution can be explained

(9) For the singlet oxygen ene reactions, apart from the classical stepwise
(7) Photooxygenation of in solution gave results similar to those = mechanism involving formation of a perepoxide intermediatingleton

reported in the literature: (a) Adam, W.; Nestler, IBebigs Ann. Chem. and co-workers recently proposed a two-step no-intermediate mechanism
1990, 1051-1053. (b) Kropf, H.; Reichwaldt, B. Chem. Res., Synop. (Singleton, D. A.; Hang, C.; Szymanski, M. J.; Meyer, M. P.; Leach, A.
1987, 412—413. G.; Kuwata, K. T.; Chen, J. S.; Greer, A.; Foote, C. S.; Houk, KINAmM.

(8) Karabatsos, G. JJ. Am. Chem. Socl967, 89, 1367—1371 and Chem. So2003 125 1319-1328). For both mechanisms, however, a rate-
references therein. limiting transition state such aBS;—TS; is in operation.
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Scheme 3. Diastereoselectivity for the Intrazeolite
Photooxygenation of—3

Scheme 4. Possible Phenyl—NaCoordination within Na—Y
Directing 1O, Attack
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diastereomer is now predominant, and the ratiahwéo/
erythroincreases by increasing the size of the R group. For N
example, while the photooxygenation®fn solution gives OF: '~Ph
a ratio oferythro/threo= 82/18, by zeolite confinement, the ;

ratio of erythro/threo= 09/91. The intrazeolite photooxy- KEW’(R
genation experiments were accomplished as described in ref H3C™ " "CHs
2b. Control experiments revealed that the phenyl-substituted

alkenes were completely adsorbed within Na—Y after 2—3 _ )
min of mixing, in accordance with the observation of €ither from the more (twiXCH;) or the less (twinCHs)
Ramamurthy and co-workéfsfor the higher adsorption sub;stltuted S|dg of the double bond, we prgpared st_ereose—
ability of arylalkenes relative to simple alkenes. The ratio '€ctively the chiral alkene$d;—3d; labeled with deuterium

of the ene products was very reproducible (the error of three @t thetwin position. The synthesis of the labeled alkenes
measurements for each substrate w&%6), and the mass ~ Was accomplished ir 95% geometrical purity for the (E)-
balance for all reactions was always higher than 80%. To isomer following a procedure reportéearlier by our group
ensure the accuracy of our intrazeolite results, the mixtures (&€ Supporting Information). The ratiotgfthreo/H-erythro

of the allylic hydroperoxides obtained from the photooxy- allylic hydroperoxides (Scheme 5) formed by abstraction of
genation of each alken&—3 in solution were adsorbed
within the thionin/Na-Y and then irradiated under a constant

+
H,C. ,CHs
threo

R

“O0H
Ph

flow of O, gas for 3 min. After extraction with moistened
tetrahydrofuran, it was found that the ratio of the hydro-
peroxides was almost the same (before and after the zeolite
treatment).

The remarkable change of the diastereoselection on going
from the solution to the confined environment of the zeolite
can be explained by considering the electrostatic interaction
of the phenyl ring to the Napresent within the supercagés.
Most probably, due to the strong catiephenyl interactior}?
the alkene adopts the conformation shown in Scheme 4. In
that conformation, preferential attack of singlet oxygen from
the less hindered top phase leads to the formation dhtle®
allylic hydroperoxide as the major adduct. As the size of
the R group increases, the energy difference between the

Scheme 5. Products from the Photooxygenation Iid;—3d3
within Zeolite Na—Y
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To determine the ratio of théhreo/erythro diastereo-
selection induced by abstraction of an allylic hydrogen atom

(10) Kaanumalle, L. S.; Shailaja, J.; Robbins, R. J.; Ramamurthy, V.
Photochem. Photobiol., A: Cher002,153, 55-65.

(11) For a recent review on the role of catiem interactions in
intrazeolite reactions, see: Sivaguru, J.; Natarajan, A.; Kaanumalle, L. S.;
Shailaja, J.; Uppili, S.; Joy, A.; Ramamurthy, ¥Xcc. Chem. Re003,

36, 509—521.

(12) Interaction of N& to benzene in the gas phase is exothermic by

~25 kcal/mol. Feller, DChem. Phys. LetR000,322, 543—548.
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an allylic hydrogen atom from thisvix methyl group can be
assessed by integration the terminal olefinic hydrogen atoms
in the region of 5 ppm. On the other hand, thehreo/D-
erythroratio formed by abstraction of an allylic deuterium
atom from thetwin methyl group (CR in our case) can be
assessed by integration of the diastereotopic allylic methyls
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or extrapolated, taking into account the total ratictoeo/ Na—Y. A similar change in ther facial photoreduction of
erythro hydroperoxides and the ratld-threo/H-erythroas steroid$* has been observed on going from a homogeneous
well. environment to the zeolite NaY confinement and has been
While photooxygenation ofd;—3ds in solution gave the  postulated to be the result of Nas interactions. Intrazeolite
typical twin/twix ratio of approximately 5/95 (“cis effect”  photooxygenation studies of other chiral alkenes are in
selectivity*®), by zeolite confinement, thisvin/twix regiose- progress to explore novel and selective oxyfunctionalization
lectivity changes to approximately 60/40. The substantial pathways.
increase in the reactivity of thewin methyl group is in
accordance with earlier observations in the intrazeolite ~Acknowledgment. This work was supported by the Greek
photooxygenation of trisubstituted alker#esAlso, thethreo/ Ministry of Education (B'EIIEAEK Graduate Program).
erythro ratio either from H or from D abstraction is very We thank Dr. O. Krebs for taking the HRMS spectra.
similar within experimental error. This result indicates that

within Na—Y, 10, forms preferentially ahreo-perepoxide Supporting Information Available: Full experimental
intermediate oriented either toward the more or the less details for the synthesis dfd;—3ds and*H NMR spectra of
substituted side of the double bond. 1d;—3d; and their photooxygenation reactions in solution or

In conclusion, we have shown that taeythro diastereo- within Na—Y. This material is available free of charge via
selectivity trend in the photooxygenation of chiral alkenes the Internet at http://pubs.acs.org.
bearing a phenyl and an alkyl group at the stereogenic centerg 9352660
can be reversed tthreo by confinement within zeolite
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