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The diastereoselective hetero-Diels—Alder reaction between Danishefsky’s diene and chiral aldehydes is catalyzed by chiral chromium—Schiff
base complexes. High levels of catalyst control are obtained in several cases, allowing access to all four stereoisomeric products through
appropriate choice of aldehyde and catalyst enantiomers.

The hetero-Diels—Alder (HDA) reaction between 1-meth- reactions ofl and related electron-rich dieng# the latter
oxy-3-[(trimethylsilyl)oxy]-1,3-butadiene (1, Danishefsky’'s context, our research group has developed two related
diene) and aldehydes has been the focus of extensive studgatalyst systems for effecting enantioselective hetero-Biels
and application (Scheme 1Early efforts to control stereo-  Alder reactiong. The (salen)Cr(l1l)—BE complex 2 was

found to be a reactive and effective catalyst for asymmetric
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Table 1. Diastereoselective Hetero-Diels—Alder Reaction Catalyzed by Tridentate Cr(lll) Catalysts
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a All reactions were run on a 1 mmol scale, with 1.2 equiv of aldehyde and 200 mg of Bd®aWwith prestir of catalyst and EtOAc prior to addition
of aldehyde and diené.Isolated yield based on dieneDetermined by'H NMR. 9 Relative configuration determined after PMB deprotection and cyclization
to the known bicyclic acetal (ref 2bj.Assigned by analogy to R,1'S)-1tand (2R,4'R)- and @4'R)-16 Relative configuration determined by comparison
to a known compound (ref 2cy.Determined by chiral HPLC analysis of the TBS deprotected derivatidetermined by chiral HPLC analysis.

HDA reaction betweerl and achiral aldehyded.Subse-
quently, the tridentate Schiff bas€r(l1) complexes3 and Scheme 2. HDA Catalysts

4 were identified as highly selective catalysts for enantiose- Me
lective HDA reactions employing mono-oxygenated dienes

(Scheme 2}° r\f N

The goal of the present study was to establish the viability ; : '\} o
of chiral catalyst-controlled doubly diastereoselective HDA tBu +Bu % “ef
reactions betweeh and optically active chiral aldehydes. If d X
successful, such a strategy would provide selective access (RA)N2 (1R,28)-3: X =Cl
to stereochemically elaborate dihydropyranone derivatives Me (1R.25)-4: X = SbFg
that are not readily accessible using substrate-controlled —\
diastereoselective reactions or through simple enantioselec- =N _N=
tive reactions of achiral substrates’he first successful | Bu o’Cr\o +Bu
examples of the application of this approach are described N_ O BF4”
herein. [ AN +Bu  t-Bu

The cycloaddition between dieng and lactaldehyde o ¢ 5 6

derivative (S)-#vas investigated as a model reaction (Table
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Table 2. Diastereoselective Hetero-Diels—Alder Reaction Catalyzed by (salen)Cr(lll) Catalysts

o]
™SO~ j)\ 1) catalyst (2 mol%) fﬁ\
+ . -
AN R H TBME, desiccant | .
5 0" "R
OMe 4°C
2) TFA
config %ee of
digr?;erl?ile product entry  catalyst  desiccant  %yield®  dr° of major major
P diastereomer diastereomer
o 1 6 BaO 64 111 @s1s) nd
o 2 (RR)-2 BaO 94 451  (2R1'SY >009
H | o 3 (S,9)-2 BaO 93 159  (@2S1Ssy >999
0TBS 51Bs 4 6 4AMS 56 141 @RSy nd
13 14 5 (R.R)-2 4AMS 97 5611 (2R1'SY >99¢
6 (S5,5)-2 4AMS 97 191 (2s1sy >099
o]
o]
/\)k | 7 6 BaO 72 156 (2S4R)° >gg"
3’ E H o o 8 (RR)-2 BaO 81 141 (R4RS >99"
Me™ e O“ﬁ 9 (S,5)-2 BaO 82 1:32  (2S4R)° >99"
15 16 e

a All reactions were run on a 1 mmol scale, with 1.2 equiv of aldehyde and 300 mg of desiccant (no prisstiged yield based on dieneDetermined
by H NMR. 9 Relative configuration determined by comparison to a known compound (ref RiJative configuration determined by comparison to a
known compound (ref 2cf.Assigned by analogy to R4'R)- and (8,4'R)-169 Determined by chiral HPLC analysis of the TBS deprotected derivative.
h Determined by chiral HPLC analysis.

1, entries £3). The best results were obtained by aging ethyl corresponding diastereomerically and enantiomerically en-
acetate solutions of cataly8tfor 1 h in thepresence of a  riched dihydropyranones in good selectivity (Table 1, entries
desiccant (4 A molecular sieves or B3@rior to addition 4—6). The same conditions were also applied to the HDA
of the aldehyde and diene. Application of these optimized reaction of (S)-citronellalll with 1, with good levels of
reaction conditions in the cycloaddition betwegrand 7 catalyst control (Table 1, entries 7—9).
using catalysts ®,2S)-3and (1S,2R)-85 mol %) provided While the tridentate Schiff base cataly8t provided
the dihydropyranone productsR2l'S)-8and (2S,1'S)-& satisfactory results with aldehyd&s9, and11, it was far
a 1:12 diastereomeric ratio (dr) (96% yield) and a 15:1 dr less effective with the more sterically congested aldehydes
(97% vyield), respectively (Table 1, entries 2 and’ Jjhe 13 and15 (Table 1, entries 10—15). Thus, aldehyde (S)-13
analogous achiral catalyStprovided8 in a diastereomeric ~ underwent HDA reaction with dieng under the standard
ratio of 1:2.0 (entry 1). conditions to provide dihydropyranone producig in
Other chiral aldehydes proved to be suitable as substratesmoderate yields and diastereoselectivities (Table 1, entries
for the HDA reaction. Thus, subjection of aldehy@-0to 10—12). The HDA reaction ol with 15 catalyzed by the
reaction withl in the presence d led to formation of the achiral complex5 displayed a relatively high degree of
substrate control, providing6é with a dr of 1:4.5 (Table 1,
(5) To our knowledge, there has been only one report of chiral catalyst- entry 13), with the major diastereomer derived from cy-
controlled HDA reactions of chiral aldehydes (ref 3r). In this instance, only L .
moderate diastereoselectivities were obtained (up to 1.04:1) in the substrate Cloaddition on the Felkin face df5. The matched catalyst/
cat%/th mismatéh%d_ case.h § than 4 A molecular <i " substrate system in this case provided the highest level of
ecause bal IS much more aense than maolecular sieves, Its use y: H H .
proved to be preferable from a practical perspective. However, in isolated d'aSte.reoseleCt'V'ty In _Our. StUdY (1:33, entry 15). quever,
cases, superior results were obtained employing 4 A molecular sieves (e.g.the mismatched combination failed to overcome the inherent
with aldehydels, Table 2). 4 __substrate bias (Table 1, entry 14). These results are consistent
(7) Representative general procedure (for complete experimental details, ~ . . ; . . .
see Supporting Information): A solution off12S)-30.024 g, 0.05 mmol with Danishefsky’s previous studies, revealing that aldehyde

i(gOEOtOAC) (i?é)uhL)é ‘\3/7\/6}3 ;gged ulnggr Nforl)l hin tggpcrieseréthof BaCt) 15is extremely resistant to reaction at its anti-Felkin féce.
mg). eny . g, L. mmol) was added, an e mixture . . .
was cooled to 0C; 1-methoxy-3-[(trimethylsilyl)oxy]butadiere(2054L, Fortunately, improved selectivities in cycloadditions be-

1.06 mmol) was added, and the mixture was ailowed to stir % 4or tweenl and aldehyded&3 and 15 were achievable through
22.5 h. CHCI; (2 mL) was added, followed by a drop of TFA. The reaction use of the (salen)Cr(III)—BE catalyst 24a Reaction of
mixture was allowed to warm to room temperature and stirred for 10 min. ’
The mixture was then filtered through a plug of silica gel on Celite. The
filtrate was concentrated in vacuo, and the crude residue was purified by  (8) Reaction ofLl5 with 1 under Lewis acid catalysis by MgBin THF
flash chromatography (85:15 hexanes/EtOAc) to affoiid,{2S)-8(0.263 afforded the Felkin cycloadduct with only ca. 10% of the epimeric anti-
g, 1.02 mmol, 96%) as a pale yellow oil. Felkin product observed. See refs 2b and 2c.
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aldehyde §-13with dienel catalyzed byR R)-2 and (S9-2 In summary, catalyst-controlled doubly diastereoselective
(2 mol %) in the presence of BaO afforded mixtures of hetero-Diels—Alder reactions between dieheand chiral
dihydropyranone products (2R,1'S)-a#d (2S,1'S)-14n aldehydes are achievable with chromiu®chiff base cata-
4.5:1 and 1:5.9 dr, respectively (Table 2, entries 2 and 3). A lysts 2 and 3. This methodology provides selective access
prestir with desiccant was not found to be beneficial with to any of the four possible stereoisomers of the dihydro-

the salen catalysts. Use of 4 A molecular sieves instead Ofpyranone products by judicious use of aldehyde and catalyst
BaO provided modest improvements in the diastereoselec-enantiomers.

tivities (Table 2, entries 5 and 6) with this substrate.
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diastereoselectivity (1:5.6), the major product being that
derived from cyclocondensation on the Felkin facelsf

The matched catalysS(S)-2reinforced the substrate bias,
with (2S,4'R)-16obtained in high selectivity (1:32). More
significant, the mismatched cataly®&R)-2 provided16 with

a modest preference for reaction at the anti-Felkin face (1.4:
1). Thus, it was possible to override even strong degrees of
substrate bias with the chiral Diels—Alder catalysts. 0L0258785

Supporting Information Available: Complete experi-
mental procedures, analytical datbl, NMR spectra for dr
determination, and chiral chromatographic analyses for ee
determination. This material is available free of charge via
the Internet at http://pubs.acs.org.

1798 Org. Lett., Vol. 4, No. 10, 2002



