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Organocatalytic Enantioselective Conjugate Additions to Enones
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The power of conjugate addition reactions is fueled by a wide
variety of substances that can serve as electrophiles and nucleo-
philes, and consequently, a diverse array of products can be
generated:* Versatile nucleophilic enol intermediates, such as
nitroalkane$, malonate estefsketoesters,1,3-diketones, nitro-
esterd and 1,3-dinitriles? are valuable nucleophiles for the
conjugate addition to.,3-unsaturated systems. More significantly,
the adducts of the process afford synthetically useful building blocks
in organic synthesis as a result of them possessing various functional
groups, such as nitro, ester, ketone, and nitrile moieties, for further
elaboration. Despite the fact that these nucleophiles have been
employed for the reaction, the reported approaches suffer from a
narrow substrate scope and are restricted to a limited combination NS
of nucleophile and electrophile types. In many cases, only one or
two types of nucleophiles can react with a specific electrophile. Ar: 3,5-(CF3),CsHs
For example, more reactive nitroalkanes have served as nucleophiles,_-,-gure 1. Structures of screened organocatalysts.
for the conjugate addition reaction afS-unsaturated carbonyis.

The development of general and highly enantioselective conjugate Table 1. Results of Exploratory Studies of the Catalytic

e : . - . Asymmetric Conjugate Addition Reaction of Dimethyl Malonate
addition reactions, which enable a wide range of nucleophilic enol (1a) and trans-Chalcone (2a)2

intermediates to engage in the process, therefore, is of considerable o

importance but still remains a challenging goal since less reactive o

nucleophiles, other than nitroalkanes, do not easily participate in (COZMe /\)J\ 10 mol% catalyst Ph

the conjugate addition of enones. CoMe  Ph Ph =t Ph CO-Me
In this communication, we wish to describe an efficient and 1a 2a 33 CO.Me

general conjugate addition of a broad spectrum of nucleophilic enol
species to enones, catalyzed by a cinchona alkaloid derived thiourea

organocatalyst. The reaction affords excellent enantioselectivity and ey cetalyst il el et
high yields for a diverse array of nucleophiles, including malonate % :I Zg gg :Zg
esters, ketoesters, 1,3-diketones, nitroesters, and 1,3-dinitriles and 3 m 96 78 20
enones as electrophiles. 4 v 96 88 79
Bifunctional chiral cinchona alkaloids and amine thioureas have 5 \% 72 82 81
6 Vi 72 86 84

been demonstrated as effective promoters for activation of nucleo-

philic enol species and.f-unsaturated carbonyls via aciiase a8 Reaction conditions: unless specified, catalyst (0.02 mmol) was added

interactions:* Accordingly, our investigation began by screening  to a vial containing dimethyl malonatéd) (1 mL, 11.2 mmol) andrans
these organocatalysts to evaluate their ability to promote conjugatechalcone 2a) (0.20 mmol).? Isolated yields® Determined by chiral HPLC

addition of dimethyl malonate estéa to chalcone2a under neat ~ analysis (Chiralpak AS-HY! Racemic.
conditions at room temperature (Figure 1 and Table 1). As shown
in Table 1, catalytic activity and enantioselectivity toward the
process varied significantly (Table 1). Poor enantioselectivities were
observed for catalysts—Ill (entries +3). In contrast, amine
thioureaslV —VI showed promising results (entries-@).11 VI
afforded an enantiomeric excess relatively higher (84%) than that
of V (81% ee) (entries 5 and 6).

When the reaction was performed in a solvent, it was found that
reaction media had an impact on the procégsmong the media
probed, the best results were obtained with xylenes (Table 2, entry
1, 90% vyield and 91% ee). It is noted that the reaction was carried
out in highly concentrated conditions (14 M Hfsince it was found
that lower concentrations significantly prolonged reaction time.

Under the optimized reaction conditions, the scope of the reaction
was explored. First, the conjugate addition reaction of chal@ane
with a variety of nucleophilic enol specida—h was examined
(Table 2). The results showed that the reactions took place
efficiently in good to excellent yields (709% yield) with high
levels of enantioselectivity (8893% ee) and were inert to the forms
of the nucleophilic enol specids A quaternary chiral carbon center
was produced in 90% ee when ketoestgrwas used, but with
poor diastereoselectivity (1.25:1 dr, entry 7).

A variation of enone substrates was probed next. It was found
that the VI-catalyzed conjugate addition processes were also
applicable to various chalconésin high yields (85-97%) and
good to excellent enantioselectivities (838% ee) (Table 3, entries
t University of New Mexico. 1—10_). It appears that the r_1ature of the electronic prqperties of the
* East China University of Science & Technology. substituents in the aromatic systems has a very limited effect on
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Table 2. Catalyst VI Catalyzed Conjugate Addition Reactions of
Nucleophilic Enol Species (la—h) to Chalcone (2a)@

o R’
XY 0 XY
\]/ . Ph/\)LPh 10 mol% VI o o
R’ xylenes, rt Ph Ph
1a-h 2a 3a-h
O O O O
O o0 (o}
ROMOR M 0 N\/U\
Te OEt ° OEt
1a,R=Me; 1b,R=Et NC._CN "
1¢c, R=Bn;1d, R=/-Pr 1f 19
entry adduct t(h) % yield® % ee’
1 3a 96 90 91
2 3b 96 88 93
3 3c 144 84 91
4 3d 96 67 93
5 3e 108 92 90
6 3f 120 77 88
7 39 84 93 90
8 3h 48 99 96

aReaction conditions: unless specified, catal{ls{15 mg, 0.025 mmol)
was added to a vial containing xylenes (0.1 mL}1.40 mmol), andrans-
chalcone 2a) (52 mg, 0.25 mmol) at room temperatuPdsolated yields.
¢ Determined by HPLC analysis (Chiralpak AS-H or Chiralcel OD-H or
0J-H). 9 Enantiomeric excess for major isomer and 1.25: E @nantiomeric
excess for minor isomer and 1.25:1 dr.

Table 3. Catalyst VI Catalyzed Conjugate Addition Reactions of
Diethyl Malonate (1b) to enones (2)&

U /\)‘1 10mol% w1 (EtO:CLHC O
+ X > -
EtO OEt Ar R xylenes, rt Ar
1b 2 3i-w
entry Ar R t(h) % yield® % ee?
1 4-CIGH4 Ph 108 95 93
2 4-NO,CgHa Ph 84 92 87
3 2-CIGsHa Ph 96 94 93
4 3-NOCsHa Ph 120 92 90
5 4-MeOGH4 Ph 144 89 92
6 Ph 4-CIGH.4 120 93 95
7 Ph 4-MeOGH4 144 85 95
8 4-FGHa 4-FCsHa 72 97 94
9 4-FGHa4 4-MeGsHa 120 90 98
10 2-thiophene 2-thiophene 144 85 96
11ef Ph Me 96 68 92
12f 2-thiophene Me 96 79 90
13 Ph Me 96 62 94
14 2-thiophene Me 96 72 92
158f 2-furan Me 96 61 85

aUnless specified, see footnote a in Tablé Rlo reaction occurred for
oct-3-enone, and racemic product was obtained for cyclohexehtsmated
yields. 4 Determined by chiral HPLC analysis (Chiralpak AS-H or Chiralce
0J-H). e Catalyst (30 mol %) used Dimethyl malonate 1a) used.

the reaction. No matter whether electron-withdrawing (entrie 1

and 8, 9), -donating (entry 5), -neutral (entries 6 and 7), and
heteroaromatic (entry 10) groups for Ar were used, the reactions
proceeded smoothly to give high yielding and enantioselective

enol species to enones, providing versatile, highly enantiomerically
enriched adducts. The conjugate adducts contain a variety of
functionalities that are extremely useful building blocks in organic
synthesis. Further investigation of the full scope of this conjugate
addition reaction and applications for the synthesis of biologically
interesting targets are underway in our laboratory.
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