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The first stereoselective inverse demand [4 + 2] cycloaddition reactions of chiral allenamides with heterodienes are described here. These
reactions lead to stereoselective synthesis of highly functionalized pyranyl heterocycles. A mechanistic model is also proposed here based
on the stereochemical assignment and comparisons of stereoselectivities obtained from various chiral allenamides.

Allenes are among the most important building blocks in hydrolysis. Because of our interest in developing methodolo-
organic synthesis, serving critical roles in a diverse array of gies for constructing heterocyclégwe have been exploring
modern synthetic methodsiowever, an important subgroup  syntheses and reactivities of a new class of allenamines that
of allenes, allenamines, has received limited attention in can present superior stability to the traditional allenamines
synthetic applications [Figure 1]This lack of attention could ~ without compromising any reactivifi?.Specifically, they are
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allenamides in which the nitrogen atom contains electron- using NaH and propargyl bromide. Freshly preparBdiOK
withdrawing groups. Our design of allenamides would feature was used to induce the isomerization in anhydrous THF at
either an imidazolidinone or oxazolidinone moiety, thereby room temperature, leading to the desired chiral allenamides
providing a practical entry that could lead to chiral allena- 1—5in greater than 90% yield$.Chiral allenamided —5'°
mides [Figure 1]. While allenamines are the least studied may be obtained in gram quantities as crystalline solids that
among heteroatom-substituted allenes, studies of allenamidesan be handled with ease. Purification of these chiral
are even more rareSince their first preparatiof$20—30 allenamides simply involved filtration through Celite or
years ago, the most common electron deficient allenaminesalumina.
are those in which the nitrogen atom is part of a heteroaro- Having prepared these chiral allenamides, we proceeded
matic system prepared for medicinal purpo%ésSome to examine their reactivity as well as level of stereoinduction
examples of palladium-catalyzed cross-couplihggcliza- in inverse demand [4+ 2] cycloaddition reactions with
tions? and [2+ 2] cycloaddition reactior8 using electron heterodienes. Chiral allenamidecontaining the imidazoli-
deficient allenamines have been reported. We recently dinone group was found to be reactive toward a diverse array
reported synthesis of various new allenamides and exploredof heterodienes. The results are summarized in Table 1. Most
their synthetic potentiaf We report here the first examples of these reactions were carried out at8leading to pyranyl
of stereoselective inverse demand 4 2] cycloaddition heterocycles, 7, and17—25% in good yields as well as
reactions of chiral allenamides with heterodienes. high enantioselectivities. The more polar §&HN appears
The chiral allenamides could be readily prepared using ato be a better solvent than 1,2-dicholorethane given the
base-induced isomerization. As shown in Scheme 1, a varietyreaction time [entries 14]. This suggests a stepwise
sequence involving ionic intermediates for the cyclo-

I | addition®5The aryl vinyl ketone®—14 were more reactive

Scheme 1 [entries 5—11] than acrolein [entries 1 and 2], methyl vinyl
- ketone [entries 3 and 4], and other alkyl vinyl ketones [entries
R2 X 12 and 13] as indicated by the overall shorter reaction
Xi 1) NaH, THF, rt %i | durations and superior yields. These aryl ketones led to
O%\N R 07 NTTR preparations of an array of highly functionalized 2-aryl-
N 2) Br/o\\\ / pyranyl heterocycle$8—23. Heterodiene8 and12 appeared
A 295% 7 8 to be the most reactive towafdentries 5 and 9], while the
heterodienel5 appears to be the least reactive.
[from Close's imidazolidinone] £BUOK Reactions of chiral allenamidewith alkyl and aryl vinyl
1. X = NMe, R = Ph, R? = Me T>"S')';;/f‘ ketones also appear to provide the best stereoselectivity, and
[from Evans' Auxiliaries] I for heterodiened2 and 13, only one isomer was observed
2. X=0,R'=Ph, R2=H R [Table 1, entries 9 and 10]. The stereochemistry was assigned
3 X=0,R'=Ph, R=Ph Xi by X-ray diffraction of a single crystal of pyra®4, and a
4 X=0,R'=Bn R=H 0PN PR con_S|stent1H NMR correlation allowed stereochemical
[from Sibi's Auxiliary] /& assignment of_ aII_ other cycloaddqéfs]_’h(_a X-ra_y_crystal
5 X =0, R'= CHPh, RZ=H H™ e structure also |nd|qates tha_t the chiral imidazolidinoe group
c is in the pseudoaxial position.

Control experiments showed that these stereochemical
ratios are not affected by the reaction conditions. When pyran
of chiral allenamides were obtained in high yields over two 23 containing the enriched minor isomer [an 18:82 ratio of
steps starting from Close’s chiral imidazolidinone [leading major:minor] was heated at 8C in CD;CN and monitored
to 1], Evans’ oxazolidinone auxiliaries [leading 2e-4],'* by H NMR for 12 h, the integrity of the initial diastereo-
or Sibi's dibenzylidene-substituted oxazolidinone [leading meric ratio was not eroded and the final ratio was 13:87
to 5].13 Propargylations were carried out in quantitative yields [major:minor] without apparent loss of material. It is
noteworthy that allenamidkis more stable than any existing
allenamine because allenamines tend to polymerize at the
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Table 1. Reactions of the Chiral Allenamidewith Table 2. Reactions of Chiral Allenamidez—5 with Acrolein
Heterodienes and MVK
entry heterodienes®  time® products yield®  d.rd entry allenamides® conditions® time  products yield® [d.r]®
/ o
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a) 2.0 equiv of heterodienes were used. b) Anhydrous CH3CN was
used as the reaction solvent. ¢) All yields were isolated yields.
d) Diastereomeric ratios [d.r.] were assigned by using 'H and/or '3C
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12 o 48 O\@‘f‘ " 95:5 auxiliary with acrolein [entry 6]. Although these cyclo-
15> P/h 24 addition reactions of chiral allenamid2s5 provided lower
13 hex .0 18 :"yN 50 955 stereoselectivity as well as yields than those lgfand
\E nhex O .N\g‘ ; . . . .
S T\/L {25 although we are currently improving these reactions using

other conditions, it is more important to note that these chiral
allenamdies should be useful for other organic transforma-
tions given their ability to withstand higher temperature and

a) 2.0 equiv of heterodiene was used except for entries 5-11 and 13 where
1.0 to 1.2 equiv of the diene was used. b) Anhydrous CH3CN was the
reaction solvent except for entries 2 and 4. Reactions were carried out at

80 °C except for entry 5. ¢) All were isolated yields. d) Diastereomeric Lewis acidic conditions.
ratios [d.r.] were assigned by using "H and/or °C NMR. e) Anhydrous Given the stereochemical assignment and contrast in the
(CHCI), was the reaction solvent. f) Reaction was carried out at 0 °C. stereochemical outcome between reactiond ahd those

of 2—5, we obtained minimized structures of chiral allena-
midesl and2 using the Spartan Program [AM1 Calculation].
However, at the same tim& remains reactive in these As shown in Figure 2, the allene fragment is essentially
cycloaddition reactions. coplanar with the imidazolidinone or oxazolidinone ring as
We then examined reactions using chiral allenamiies indicated by dihedral angles for=8BCNC=C. In addition,
which contain oxazolidinone groups. Reactions of these our calculations showed no significant difference in the
allenamides with acrolein and/or MVK are summarized in rotational barriers ofL—5.
Table 2. There are two significant features that are note- These models suggest that the observed diastereoselectivity
worthy from this study. First, chiral allenamid@s-5 are is likely due to a preferred addition of heterodienes from
more thermally stable thahsince the allenamid did not the bottom (less crowded) face of all allenamides leading to
survive temperatures above 190. Thus, they are easier to  the major isomer with correct stereochemistry. The phenyl
handle experimentally thah Allenamide5 containing Sibi’'s group in allenamidel, which contains an imidazolidinone
auxiliary appears to be the most robust chiral allenamide, moiety, appears to be the closest to the allene fragment,
providing cycloadducB2 in 53% vyield after heating at 120 thereby providing the best steric presence and leading to the
°C for 48 h [entry 7]. Second, these oxazolidinone-substituted highest diastereoselectivity. The phenyl grou@inwhich
chiral allenamides can tolerate Lewis acidic conditions as contains an oxazolidinone moiety, actually tilts away from
indicated by ZnG}catalyzed reaction af containing Evans’ the allene moiety, thereby diminishing a significant amount
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Me We have described here the synthesis of a novel class of
“N%/@ chiral allenamides and their stability as well as uncompro-
07N H 04“" =/H mising reactivity as electron rich dienophiles in stereoselec-
H>’=-’=(H - H>=' q tive inverse demand [4- 2] cycloaddition reactions with

470 ¥

.50 boatmail Lo 150° heterodienes. We are currently exploring transformations
r(;tutl_ional R_<=:' 2.72 keallmol involving thes_e cycloadducts for preparations_o_f unique
hitiriee C-aryl glycosides and natural products containing these

pyranyl structural features. We are also investigating other

Figure 2. Minimized structures of chiral allenamidésand 2. . . ) .
synthetic methods using these chiral allenamides.
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