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Abstract: Chiral 2-alkenyloxazolines and 2-alkenylthiazolines re-
act with isocyanates and ketenes to give formal hetero-Diels-Alder
adducts with complete diastereocontrol. In each case an e ectron-
rich double bond in the adduct is prone to a second addition of the
heterocumulene. In the case of the oxazoline adducts the second ad-
dition isfaster than the first, while with thiazolines the second addi-
tion is slower so that a different heterocumulene can be
incorporated.
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We have recently reported the reactions of alkenyloxazo-
lines 1 with isocyanates as a stereocontrolled entry into
the oxazolo[3,2-c]pyrimidine ring system (Scheme 1).
Although stepwise,? this reaction can formally be consid-
ered to be an aza-Diels-Alder reaction.® In all cases thus
far reported, the initial adduct 2 undergoes a second, fast-
er, reaction with the isocyanate to give products 3. We
consider this to be a limitation of our methodology, and
sought ways to aleviate the problem. Also, asymmetric
hetero-Diels-Alder reactions involving carbon-carbon di-
enophiles would be more versatile. We now report an ex-
tension of our earlier work which addresses both of these
concerns.
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We reasoned that ketenes would be appropriate carbon-
carbon dienophiles since they are isoelectronic with iso-
cyanates. Also, since we might expect a stepwise reaction,
our mechanistic model leads usto expect high, if not com-
plete, diastereosel ectivity. In 1979 Sakamoto reported the
reaction of an alkenylthiazoline with diphenylketene to
give a product in which only a single equivalent of the
ketene was incorporated (Scheme 2).4 Wefelt that this ap-
proach would open up significant possibilities, and have
therefore investigated the reactions of both alkenyloxazo-

lines and alkenylthiazolines with diphenylketene. The re-
actions of thiazolines with selected isocyanates have also
been investigated.

h h
= Ph toluene Ph
+ —0 — I Ph
reflux, 3 h
S N N Ph S\—JN O
4 5
Scheme 2

Diphenylketene, prepared according to the procedure of
Taylor,® was allowed to react with oxazolines 6 and 7. In
line with earlier results, this led to the formation of asin-
gle sterecisomer of the double-addition products 8% and
9.” These reactions were conducted in the minimum vol-
ume of chloroform to enable stirring of a homogeneous
solution. Reactions in the absence of solvent (which are
optimal with isocyanates) or in toluene (as reported by
Sakamoto with thiazoline 4) were much less satisfactory.
We have assigned the stereochemistry of 8 and 9 based on
our mechanistic model for the analogous reactions with
isocyanates, computational dataand asingle crystal X-ray
diffraction of compound 18 (vide infra). This therefore
represents a formal asymmetric aza-Diels-Alder reaction
involving a carbon-carbon dienophile.
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We conclude from this that it is the thiazoline component
rather than the ketene which leadsto the formation of only
1:1 adducts in the work of Sakamoto. Compound 4 was
prepared by condensation of 2-methylthiazoline with ben-
zaldehyde,® and alowed to react with diphenylketene to
give 5 as previously shown by Sakamoto (Scheme 2).
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Clearly inthis case the a kenylthiazoline reacts faster with
the heterocumulene than does the product 5. However,
upon stirring 5 in toluene with tosyl isocyanate compound
10 was formed in satisfactory yield. We can therefore in-
troduce two different heterocumulenes, so that this chem-
istry has a significant advantage over our previously
reported work.
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Under similar conditions both single and double adducts
with tosyl isocyanate 11 and 12 have been isolated. Com-
pound 11 proved to be unstable and proneto aretro-Diels-
Alder reaction; however the addition of the second tosyl
group stabilised this compound. With the less reactive
phenyl isocyanate only a single addition product 13 was
obtained from 4 under a wide variety of conditions, opti-
mal being heating an equimolar mixture of starting mate-
rials neat (150°C, 15 h, 55 %).
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With these resultsin hand, we needed to verify that there-
actions with thiazolines also proceed with good diastereo-
control. A suitable thiazoline was prepared from cysteine
as shown in Scheme 6. Cysteine ethyl ester hydrochloride
was allowed to react with ethyl acetimidate hydrochloride
to give ethyl 2-methylthiazoline-4-carboxylate 14.° While
this reaction is known to proceed with partial racemisa-
tion,° conditions leading to single enantiomers, while
marginally less convenient, are known.** Sodium borohy-
dride reduction was followed by protection as the triiso-
propylsilyl ether. Since thischemistry should beamenable

to solid support, we elected to use a particularly bulky
protecting group to verify that it did not hinder the reac-
tion; also we felt that a less hindered protecting group
might not withstand the conditions for the subsequent
condensation with benzaldehyde (toluene, iodine, re-
flux).® In the event the chemistry proceeded smoothly, al-
though the yield of the final step to give 17 wasrelatively
low (55%). However, carrying out this transformation in
a stepwise manner using LDA to deprotonate the 2-meth-
ylthiazoline followed by trifluoroacetic acid to effect
elimination? gave more satisfactory results (80% over
two steps). The enantiomeric excess of 17 was shown by
chiral GC-MSto be 39.7%.
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We were then delighted to find that the reactions of 17
with diphenylketene and tosyl isocyanate proceed with to-
tal stereocontrol. Reaction with diphenylketene proceed-
ed smoothly to give compound 182 as a single
diasterecisomer within the detection limits of 400 MHz
'H NMR. Subsequent reaction with tosy! isocyanate gave
19. Recrystallisation of compound 18 from pentane gave
crystals suitable for X-ray diffraction, although not sur-
prisingly the triisopropylsilyl group showed disorder.
While the crystal selected for analysiswas found to bera-
cemic, we were able to demonstrate by chiral HPLC on
the crude reaction mixture that no racemisation occurred
during theformation of 18. Asexpected from our previous
work,! the phenyl group at the new stereogenic centre is
on the opposite side of the bicyclic ring system to the sub-
stituent on the thiazoline (Figure 1).1
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Figure 1 Solid state structure of compound 18. Isopropyl carbons
omitted for clarity

Reaction of 17 with tosyl isocyanate also gave a single
stereoisomer of the single adduct 20, but this compound,
like the analogous compound 11, proved to be unstable
and prone to a retro-Diels-Alder reaction. Once again
though, the double-addition product 21'° proved to be
much more stable, the low yield being due more to diffi-
culties encountered in purification.

In summary, the reactions of unsaturated oxazolines with
diphenylketene follow a similar course to our previously-
reported reactions of oxazolines with isocyanates.! How-
ever, the reactions of unsaturated thiazolines with isocy-
anates and with diphenylketene allow the introduction of
two different heterocumulenes in a controlled manner,
and therefore open up many opportunities for the modifi-

cation of the products. These reactions are currently under
investigation and will be reported in due course.
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