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Abstract: Optically active 2,2-dimethyloxazolidines, conformationally controlled chiral auxiliaries, have been
applied for the first time in the [4+ 2] cycloaddition of singlet oxygen, the smallest possible dienophile.
High m-facial selectivity (diastereomeric rati® 95:5) has been achieved in the attack of singlet oxygen on
the 1,3-diene moiety of the chiral amid8f sorbic acid. Expectedly, the sterically much more imposing
4-phenyl-1,2,4-triazoline-3,5-dione dienophile {4 2]-cycloadds with complete stereocontrol to the amide

3d.

Introduction

Stereoselective [4 2] cycloadditions, controlled by chiral
auxiliaries, are highly useful in organic synthesis, since the
stereochemical information of the auxiliary can be used to

generate selectively up to four new stereogenic centers in the
cycloadduct in one step. This can be accomplished by using
dienophiles or 1,3-dienes, appropriately attached to suitable

chiral auxiliaries of the chiral pool or prepared specifically for
this purposé. The steering propensity of the chiral auxiliary

dienophile, namely, singlet oxygen. Therefore, the design of
auxiliary-controlled 1,3-dienes for photooxygenation purposes
presents a formidable challenge. Even more so, if it is realized
that only modest success has been accomplished for ene reac-
tions of singlet oxygen controlled by chiral auxiliarieNever-
theless, should one succeed, the resulting endoperoxides would
serve as valuable building blocks for the synthesis of enantio-
merically enriched, highly oxyfunctionalized target molecules.

In the present model study, we report the first-time use of

derives from repulsive steric interactions between the auxiliary chiral-auxiliary-controlled 1,3-dienes in (4 2] cycloaddition

in the substrate and the attacking reaction partner.

reactions with singlet oxygen, the smallest possible dienophile.

While such stereocontrol has been abundantly used with As chiral auxiliaries we chose optically active 2,2-dimethylox-

success for [4 2] cycloadditions of a variety of achiral dieno-
philes~® nothing is known to date for the smallest possible
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azolidines, recently developed by Kanenfasmd Portef.
Indeed, these auxiliaries, which operate both through steric and
conformational control, turn out to be highly effective chiral
inductors in the stereocontrolled 4 2] cycloaddition of singlet
oxygen to the amide8 of sorbic acid. Expectedly, for the
sterically much more imposing PTAD (4-phenyl-1,2,4-triazoline-
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stereocontrol in such [4 2] cycloaddition is nearly perfect
(diastereomeric ratio (dry 95:5).
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R Table 1: Diastereoselectivities in the Photooxygenation of
syn/s-cis-3 anti/s-cis-3 Optically Active Sorbic Acid Amides3
dr2
a: R'=H, RP=CH,Ph, R’=CH=CHCH, . —
1 entry amide R R? [-4:u-4
b: R'=H, R=CH,Nph, R®= CH=CHCH4 L S v “en 50
. pl— . 3 _ _ a 2 :

c: R =H, RZ = j-Pr, R*= CH=CHCH3 2 3pP H CH.Nptr 67:33
d: R'=H, FRe=Ph, R®= CH=CHCH3 3 3c H i-Pr 76:24
. R = - 3 _ _ 4 3d H Ph 91:9

e: R'= CH;, RP= CH,Ph, R®= CH=CHCH, p 36 Me chph P
Results and Discussion aDiastereomeric ratios determined B or *C NMR analysis

directly on the crude reaction mixtures, ertie5% of the stated values.
The photooxygenation of ethyl sorbdtén carbon tetrachlo- b Other enantiomer was usedNph = 2-naphthyl.

ride (Scheme 1), the solvent of choice since singlet oxygen
possesses in it one of the longest lifetiméafforded the labile

endoperoxid® as only detectable reaction product, formed by A\O/
2

Scheme 4
%+

[4 + 2] cycloaddition of singlet oxygen to the diene moiety. X0 _ul ul attack
Thus, contrary to previous findings, ethyl sorbatis notinert |
toward singlet oxyge#!-12

In view of this unexpected result, it was of interest to test
the optically active 2,2-dimethyloxazolidines recently developed
as chiral auxiliaries by Kanemdasand Portetas a stereochem-
ical probe in the [4+ 2] cycloaddition of the smallest possible
singlet-oxygen dienophile. For this purpose, the optically active
sorbic acid amide8 (Scheme 2) were prepared analogously to Scheme 5
the known crotonic acid amides (Scheme 2:7RCHj;).84 NMR 1. Al/Hg /< o)
studies have shown that the amidzs-e exist mostly asyn/ 2.Ac0 XN
s-cis conformers with respect to the,$ double bond in \_< ' (71% \_< Aco
chloroform solution at room temperature. This is akin to the AcO
N-acryloyl (Ré = H)8 or N-crotonoyl (R = CHjy) derivativesid
as expected from their vinylogous relationship. I-4d (de 82%)

The photooxygenations of the optically active amides
(Scheme 3) afforded the labile endoperoxidésas only phenyl group of the benzylRsubstituent to be placed directly
detectable reaction products. The diastereoselectivities (Tableover the reacting diene moiety. The resulting massive steric
1) depend on the substitution pattern of the oxazolidinyl repulsion with singlet oxygen suppresses theattack com-
auxiliary and increase in the same order as observed for thepletely.
benzonitrile oxide addition thl-acryloyl derivatives (R= H).& To assign the absolute configuration of the new-f42]
For example, increased branching at thearbon atom of the ~ cycloadductst, a 91:9 mixture of the labile endoperoxidés
R2 substituent raises the diastereoselectivity in the order was directly reduced with aluminum amalgadf Subsequent
CH,Ph~ CH,Nph < i-Pr < Ph. This would be expected from  double acetylation yielded the diacet&igas a 90:10 mixture
the increasing steric interactions betweehaRd the incoming  of diastereomers (Scheme 5). The major diasterebibeéwas
singlet-oxygen dienophile in th transition state (Scheme 4).  isolated by fractional crystallization and its absolute configu-
Indeed, complete stereochemical control is achieved in the ration was determined to biéke by X-ray analysis (cf. the
special case of amidge In this case, the two methyl groups  Supporting Information). Moreover, in view of the paralleling
adjacent to the C-4 position of the oxazolidine ring force the diasteroeselectivities in the [ 2] cycloadditions of sorbic acid
amides3 and in the 1,3-dipolar cycloaddition of benzonitrile
oxide to analogousl-acryloyl derivatives$¢ the major diaster-

Ik attack
—> /4

1-5d (de 80%)
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derived amides3 (R® = CH=CHCH; and R = H) also
substantiates this assignment.

In addition the [4+ 2] cycloaddition of PTAD N-phenyl-
1,2,4-triazoline-3,5-dione) with amid# was examined. Since
PTAD and singlet oxygen display similar reactivities toward
dienes and follow the same mechanikrhut the former is much
bigger, a higher extent of diastereoselection was expected for
PTAD. Indeed, the reaction of PTAD witBd afforded only
one diastereomeric [4 2] cycloadductéd (Scheme 6), for
which thelike configuration was assigned, as in the singlet-
oxygen [4+ 2] cycloaddition.

These novel results demonstrate that for dienophiles larger
than singlet oxygen, namely, triazolinediones (TADs), the
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phenylglycinol-derived Kanemas#orter auxiliary in3d is
already efficient enough to induce complete diastereoselection
in their [4 + 2] cycloaddition with the sorbic acid amid@&s
Furthermore, phenylglycinol is more readily available than
3-amino-2-methyl-4-phenybutan-28lthe amino alcohol nec-
essary for the preparation of ami@le which constitutes another
reason why phenylglycinol is the amino alcohol of choice for
[4 + 2] cycloadditions controlled by 2,2-dimethyloxazolidine
auxiliaries.

Acknowledgment. We thank the Deutsche Forschungsge-
meinschaft (Schwerpunktprogramm: Sauerstofftransfer/Perox-
idchemie) and the Fonds der Chemischen Industrie (doctoral
fellowship for T.W. during 1996:1998) for financial support
and Prof. K.-H. Drauz and Dr. M. Schwarm (Degussa AG,
Hanau) for generous gifts of optically active amino alcohols.
We are also grateful to Prof. S."Hig for helpful discussions
and to C. Wolz for her skillful assistance in the synthesis of
starting materials.

Supporting Information Available: Experimental details
(30 pages, print/PDF). See any current masthead page for
ordering information and Web access instructions.

JA980059U



