JIAIC[S

COMMUNICATIONS

Published on Web 05/01/2007

Asymmetric Diels —Alder Reactions of 2-Pyrones with a Bifunctional Organic
Catalyst
Yi Wang, Hongming Li, Yong-Qiang Wang, Yan Liu, Bruce M. Foxman, and Li Deng*

Department of Chemistry, Brandeis Waisity, Waltham, Massachusetts 02454-9110

Received February 6, 2007; E-mail: deng@brandeis.edu

The Diels-Alder reaction of 2-pyrones provides a direct and
versatile access to synthetically valuable multifunctional bicyclic
chiral building blocks:2 However, as electron-deficient dienes of

aromatic character, 2-pyrones are known to be reluctant diene

partners for Diels-Alder reactions:® This presents a distinct
challenge for the development of a catalytic asymmetric variant
for this synthetically useful class of Dietg\lder reactions. Thus,

it comes as no surprise that, in spite of the great strides made on™

the development of asymmetric Dielglder reactions, a highly
diastereoselective and enantioselective catalytic Biglder reac-
tion with 2-pyrones has not yet been realizédn fact, to our
knowledge, even for chiral auxiliary-directed asymmetric Diels
Alder reactions with 2-pyrones, only a single example was
reported®® Herein, we wish to describe the development of an
efficient asymmetric DielsAlder reaction of 2-pyrones using
cinchona alkaloid-derived bifunctional organic catalysts.

Nakatani and co-workers explored the use of natural cinchona

alkaloids to promote a DietsAlder reaction of 3-hydroxy-2-pyrone
(3a) with N-methylmaleimide’2 However, the enantioselectivity
afforded by natural cinchona alkaloids was modest. Nakatani

proposed that the mode of action by natural cinchona alkaloids was

to activate and orien8a only in the Diels-Alder reaction. We
recently demonstrated that-®H cinchona alkaloid4 (Figure 1)
are effective organic catalysts for asymmetric conjugate additions,
aldol reaction$,and Friedel-Crafts reactiong Mechanistic studies
from our laboratories indicate that the hydrogen bond donor and
acceptor motifs inl activate and orient the nucleophiles and
electrophiles, respectively, through multiple hydrogen bonding
interaction$2PThis mechanistic insight in turn implies thamight
function as efficient bifunctional catalysts for asymmetric Diels
Alder of pyrones3 with electron-deficient dienophiles by simul-
taneously raising the energy of the HOMO of the former and
lowering the energy of the LUMO of the latter while orienting the
two reactants to exert stereochemistry control (Figuré ).
Guided by this hypothesis, we investigated the reaction of
3-hydroxy-2-pyrone3a and trans-3-benzoylacrylic este4A with

Table 1. D—A Reaction with Cinchona Alkaloids?
0 0] coskt
Z>0 )J\/\ catalyst (5 mol%) Ob(i %/ 2!
o ph COEt  EtOAc, rt, T~ Ph
2 i7h convob9% HO . CORE HO A pp,
3a (0.2 M) 4A exo-5aA endo-5aA
drb ee (%)" of drb ee (%)" of
entry catalyst exoendo exo-5aA  entry catalyst exoiendo  exo-5aA
quinidine 66:34 5 6 QOc 87:13 80
2 cinchonine 62:38 -5 7 QD-41d 85:15 82
3 DHQD-PHN 66:34 33 8 QOa 88:12 88
4  -ICD 94:6 22 g QD-la 937 89
5 QD-1b 90:10 57 10 QD-la 937 91

2 See Supporting Information for detaisIn crude reaction mixtures.
¢ Reaction was run in ED. ¢ Reaction was run in ED; the concentration
of 3awas 0.1 M.

Table 2. D—A Reaction with QD-1a and Q-1a (in Parentheses)a

QD-1a or (Q-1a)

/Q;g (5 mol%)
R* )HA ent, 0.1M_
solven 5{3 R1 - HO
Y

exo-! 5 endo 5

R4 = H, 3a; Ph, 3b; Me 3c¢; Cl, 3d; Br, 3e.

A ) temp yield® ee?

entry pyrone dienophile solvent (o) exoendo % (%)
0

937 87 94

3a Ph)l\/\COZEt 4A B0t e o) (87)

o)

919 91 o1

2 3a /@*ﬂcoza w8 B0 % O 2
Br o

3 3 Ph)j\/\r("h 4 ELO 937 q00° 90

o)

d (o} 2476 65 91
49 )\f 4D ERO o o574 (63) (90)
5  3b 4 ELO 0 955 84 85
6 3¢ 7y ELO 0 8812 87 82
7 3d A EtOAc 1t 8614 77 84
8 3 4A EtOAc rt 8515 75 83

aSee Supporting Information for detaifsFor major diastereomers.

various cinchona alkaloids as catalysts. As summarized in Table © Yield of 5. 910 mol % of catalyst was used instead.

1, the reaction readily proceeded to completion with the expected
sense of chemoselectivity to afford cycloaddumtslo/exebaA as

a mixture of diastereomers (Table 1). Importantly, tHeO61
cinchona alkaloids QOI- afforded significantly better catalytic
efficiency than that by natural cinchona alkaloids, the monofunc-
tional cinchona alkaloid DHQD-PHN, and the conformationally

28

PYR =

z
X

R'=PHN,R" CHZCHg 1a;
R'=Ac, R"= -CH=CH2, 1b;
R' = Bn, R" = -CH=CHy, 1¢;
R'= PYR, R" = -CH=CHj, 1d.

Figure 1. Bifunctional catalysis for D-A reactions of 2-pyron&.
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rigid 6'-OH cinchona alkaloig-ICD (Table 1, entries 58 vs 1-4).
These results illustrated that both the structure of the tunable
9-substituent and the bifunctional nature of cataljlstse critically
important to their catalytic efficiency for the asymmetric Diels
Alder reaction. After further optimizations, we achieved a highly
diastereoselective and enantioselective reaction with 5 mol % of
QD-1lato afford exa5aA in 93:7 dr and 91% ee.

Catalyst QD1awas found to tolerate a significant degree of alter-
ations in both pyrone8 and dienophiled (Table 2). The reactions
between pyron8aand dienophiles of different substitution patterns
(4A—D) proceeded in 76:24 to 93:7 dr, and the major diastereoiso-
mers were generated mostly in greater than 90% ee. It is note-
worthy that even the relatively unreactive dienopHil2 could be
employed in this reaction, thereby generating optically active chiral

10.1021/ja070859h CCC: $37.00 © 2007 American Chemical Society
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Table 3. D—A Reactions with 4E,F Catalyzed by QD-2 and Q-2
(in Parentheses)?@

NC\/\CN h FiC N
g ©
3a, 0.1M o HO Ly
I/\CN catalyst (5 mol /o) -5aE ex&saE QD 2
CN solvent
4F
CF.
Son h % @ 3
4G CFs
exo-5aF  exo-5aG
temp yield®
entry substrate catalyst product solvent (°C) exo:endo (%) ee (%)°
1 4E QD-la 5aE EtO rt  64:36 97 15
2 4E 2 5aE TBME —20 >97:3 (>97:3) 8%(87) 92 (85)
3 4F 2 5aF TBME —20 93:7(89:11) 81(89) 97+98)
4 4G 2 5aG TBME rt  96:4(93:7) 91 (87) 94 (93)

aSee Supporting Information for detaifsFor exa5. ¢ Combined yield
of ende andexob5.

Scheme 1. Catalyst-Controlled exo/endo Selectivity

Q o)
I\ oH RVIE
85% ee I RN\ QD-1a (5 mol%) o |oo2Emon £ Zen so%ee
87:43dr - 0OH B0, 90% yied| [~ ¥, I'THF 91% yield HO L o3ar
5aH X0 5,H
o. o] + Ro o
75% ee ©  q4amol%)| Q-2 (5 mol%) ( )R 85% ce
7822dr /L “ Cl E40, 85% yield /\CN 4H|THF, 93% yield NCaY AN e
oA TN X, OH
ent-5aH ent-5'aH

building blocks containing two adjacent tetrasubstituted stereo-
centers. Moreover, catalyst QDawas able to furnish useful levels
of enantioselectivity and diastereoselectivity for reactions of di-
enophile4A with pyrones3b—e bearing various substituents (entries
5-8, Table 2).

However, QD1a was found to be ineffective for reactions of
3awith fumaronitrile4E (Table 3, entry 1). Although the 9-thiourea
cinchona alkaloid? were found to afford low diastereoselectivity
and enantioselectivity for the reaction & with 4A,11 their high
efficiency for the activation of acrylonitriles toward conjugate
additiong? led us to evaluatg as catalysts for reactions 8& with
dienophilestE—G. Gratifyingly, QD2 and Q2 afforded drastically
improved enantioselectivity and diastereoselectivity, generating the
correspondingexaadduct in 85 to 98% ee and 89:11%®7:3 dr
(Table 3, entries24). The results obtained with reactions involving
fumaronitrile @E) and maleonitrile4F) illustrate the ability o2 to
tolerate dienophiles with either & or aZ-double bond. It is also

noteworthy that these reactions are stereospecific with respect to
the geometry of the double bond. These results are consistent with

a concerted cycloaddition mechani&m.

We recently demonstrated that bifunctional organic catalysts con-
taining the hydrogen bond donor and acceptor in different spatial
relationships, such aga and 2, could afford complementary

diastereoselectivities for asymmetric reactions creating two stereo-

center$f12 Prompted by this finding, we investigated the reaction
of 3aanda-chloroacrylonitrile4H with catalysts QDta and QD-
2, respectively (Scheme 1). Indeed the former was found &nble
selective and the latteexoselective. Consequently, cinchona
alkaloidslaand2 derived from quinine and quinidine, respectively,
afforded selective pathways to each of the four possible stereoi-
somers that could be generated fr@amand4H (Scheme 1}*

In summary, by exploring cinchona alkaloid-based bifunctional

demonstrated the possibility of using such catalysts to control the
enddexoselectivity in a Diels-Alder reaction. Studies are under-
way to expand the scope of this reaction and to explore its
application in asymmetric synthesis.
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