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The Diels-Alder reaction of cyclic' and, in one case, acylic
unsaturated sugars? is one of the newest developments coming
under the rubric of sugars as starting materials for noncarboh-
ydrate molecules.> In an extension of our work on the aureolic
acid antibiotics,'® we have examined the Diels—Alder reaction of
an o-quinone methide 2 (derived from benzocyclobutene 1) with
sugars 3-5. Our substrates presented a choice as to which of
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two allylic substituents would influence the face selectivity of
cycloaddition. If steric effects of the allylic function were to be
dominant, then one would predict attack from the face opposite
the bulky sugar group (re face) to form the R configuration at
C-3 of the product. This reasoning parallels the arguments used
by Kishi in his research on the hydroboration of acyclic alkenes
for the synthesis of polyether antibiotics.> On the other hand,
a recent theory due to Houk® calls into play orbital interactions
between the allylic substituent and the vicinal orbitals of the
transition state for cycloaddition. Thus, one would assume that
the LUMO-HOMO interaction of a syn alkoxy in the cyclo-
addition transition state (A) is more unfavorable than the syn alkyl
interaction (B). As a consequence of this assumption, the Houk
theory would predict that the incoming group would bond to the
face opposite to the allylic oxygen function (si face) so as to
minimize secondary orbital antibonding effects. Figure 1 illustrates
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Figure 1.

the possibilities, with slight distortions, since the alkyl and alkoxyl
are staggered and not perfectly syn or anti to the 7 system when
the C-H bond is in the plane of the alkene, as is assumed to be
the case in the steric effects argument.’

In the event, diene precursor 1 and sugar 3 (prepared by
acetylation of a known sugar)® were heated in a sealed tube
(chlorobenzene solvent) for 3 days. Multiple developments with
9:1 petroleum ether/ethyl acetate on the preparative layer silica
plates afforded two adducts 6 (oil) and 7 (mp 103-104 °C), with
a selectivity of 4:1 in 71% overall yield. NMR data suggested
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that both adducts were the result of endo control by the ester
function. Careful hydrolysis of major adduct 6 (K,CO; in absolute
methanol) followed by epimerization and spontaneous lactonization
afforded v-lactone 8 (IR 1760 cm™). Acetylation of lactone 8
produced diacetate 9 (mp 148-149 °C). That the stereochemistry
at C3 of the major adduct is indeed S, the result of addition to
the si face of the dienophile, was proven by a single-crystal X-ray
structure determination. Interestingly, the exact structure showed
us that our tentative stereochemical assignments based on pro-
ton—proton coupling in the NMR were not correct.® (Figure 2).
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Figure 2. Stereoview of the X-ray structure of lactone 9.

Table I. Yields of Diels~Alder Adducts

starting .

material product (% yield) selectivity
3 6 (57) 7 (14) 4:1
4 10 (49) 11 (39) 1.2:1
5 12 (68) 13(17) 4:1¢

¢ Based on NMR of inseparable mixture.

Ketones 4 and 5 were also successfully condensed with o-
quinone methide to yield adducts 10-13 in good yields (Table I).
Evidence that 6, 10, and 12 have the identical 3-S configuration
comes from the nearly identical CD spectra displayed by the
products of their BF;-catalyzed elimination, e.g., 14. It is clear
that the C-3 center is most influential on the CD, because the
complementary elimination products derived from 7, 11, and 13
displayed CD curves that are the mirror images of those shown
by 14. Thus we can conclude that the face preferences are the
same in all our examples, even though the selectivity with ketone
4 is drastically reduced. The sense of preferred addition in our
examples of the Diels-Alder reaction not only conform to the
predictions of Houk but are also consistent with the results ob-
served by Horton in Diels-Alder reactions of acyclic sugars where
the carbonyl of the dienophile is the exo group.2 On the other
hand, our results are opposite in a stereochemical sense to those
reported by Liotta!® for the Diels-Alder addition to dienones with
v-hydroxyl substituents where steric effects seem to be the con-
trolling factor. We can conclude that the use of unsaturated
acyclic sugars has great potential for chiral syntheses via Diels—
Alder reactions; but caution must be exercised in assuming the
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sense of asymmetric induction to be obtained.!!
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The interaction of an electronically excited aromatic hydro-
carbon with a ground-state molecule containing heavy atoms
(external heavy-atom effect) has been the subject of a number
of recent investigations.! Although the nature of the interaction
is unresolved, several authors? favor a proposal that formation of
an excited-state complex or exciplex is involved even though
experimental evidence for such an intermediate is meager. In
particular, experimental information regarding the external
heavy-atom effect upon the triplet states has not required a new
intermediate. In this work evidence is presented that strongly
argues for a triplet exciplex intermediate in the external heavy-
atom interaction of ethyl iodide (EI) with the first triplet of
anthracene (CA*).

EI has been observed to quench A fluorescence with a corre-
sponding enhancement of triplet production.’ The heavy-atom
solvent also causes a decrease in the triplet lifetime of A. Using
the technique of flash photolysis to observe triplet-triplet ab-
sorption, the triplet-state decay of A in degassed dilute solution
(~107* M) was characterized and studied as a function of EI
concentration. A sum of the first-order triplet decay parameters
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