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ABSTRACT

A new bifunctional binaphthyl-derived amine thiourea organocatalyst has been developed to promote enantioselective Morita −Baylis −Hillman
reaction of cyclohexenone with a wide range of aldehydes. The process, catalyzed by the amine thiourea, affords synthetically valuable chiral
allylic alcohol building blocks in high yields and high enantioselectivities.

In recent years, the Morita-Baylis-Hillman (MBH) reac-
tion, which involves forming new C-C bonds and generating
highly functionalized chiral allylic alcohols, has received
considerable interest in organic synthesis.1 Therefore, not
surprisingly, a considerable amount of effort has been
devoted to the development of catalytic, enantioselective
versions of the processes. However, discovering catalytic
systems for asymmetric MBH reactions has proven to be a
synthetic challenge, and to date, few successful chiral
catalysts have been demonstrated for this process.2,3 Among
them, notably, the research groups of Hatakeyama2a and
Chen,2b respectively, have developed quinidine-based chiral
amines and chiral Lewis acids as catalysts for promoting
addition of acrylates to aldehydes. Schaus et al.2c reported
an elegant BINOL-derived Brønsted acid, and Shi2d and

Miller2e independently used an amino acid as organocatalyst
for the asymmetric MBH reactions ofR,â-unsaturated
ketones with aldehydes. However, both cases require adding
a Lewis base for facilitating the reactions. From an opera-
tional and atom-economic standpoint, the utilization of
bifunctional catalysts is highly desirable, but such catalysts
have not been developed yet. Moreover, generally, a
bifunctional catalyst can activate two functional groups in
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their substrates via synergistic interactions and, thus, specif-
ically control transition state structure, leading to higher
catalytic activity and better enantioselectivity.4 In this
communication, we wish to first report a novel type of
bifunctional organocatalyst, the chiral amine-thiourea for
catalyzing highly enantioselective MBH reactions.

Recently, thiourea-based organocatalysts have been widely
used for effective activation of carbonyls, imines, and nitro
groups through efficient double hydrogen-bonding interac-
tions.5,6 We envisioned that appropriately positioning a
thiourea and a tertiary amine in a chiral scaffold could result
in a new type of bifunctional organocatalyst. The thiourea
group would serve as an acid to activate a carbonyl group
in R,â-unsaturated systems and, subsequently, facilitate the
Michael addition of the tertiary amine to theâ-position of
the substrate (Scheme 1). Two well-studied chiral scaffolds,

trans-cyclohexane diamine and binaphthyl diamine, were
selected for harboring the thiourea and amine moieties
(Figure 1).7 Compound I has been used previously for
Michael addition6h,i,k and aza-Henry6j reactions, whereas
binaphthyl-derived amine thioureasII -IV are first proposed
here as organocatalysts for promoting asymmetric transfor-
mations. They were readily synthesized from commercially
available (R)-binaphthyl diamine (see Supporting Informa-
tion).

An exploratory study using a model reaction of 2-cyclo-
hexen-1-one1a with 3-phenylpropionaldehyde2a in the
presence of 10 mol % catalyst in CH2Cl2 at room temperature
was conducted to determine the catalytic ability of bifunc-
tional organocatalystsI-V (Figure 1 and Table 1). Examina-

tion of the results revealed that their catalytic activities varied
significantly. Cyclohexanediamine-derived amine thioureaI ,
which provided high enantioselectivities for the Michael
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Scheme 1. Proposed Catalytic Cycle for
Amine-Thiourea-Promoted MBH Reaction

Figure 1. Screened organocatalysts.

Table 1. Optimization Reaction Conditions of Catalytic
Asymmetric MBH Reactions of 2-Cyclohexen-1-one (1a) with
3-Phenylpropionaldehyde (2a)a

entry catalyst solvent yield (%)b ee (%)c

1 I CH2Cl2 21 39
2 II CH2Cl2 83 71
3 III CH2Cl2 56 73
4 IV CH2Cl2 18 e
5 V CH2Cl2 <10 e
6 II toluene 80 77
7d II toluene 63 80
8 II CH3CN 83 80
9d II CH3CN 80 83
10 II Et2O 82 77
11d II Et2O 72 73
12 II DMSO 47 70

a Unless otherwise specified, the reaction was carried out with 5 equiv
of 1 and 1 equiv of2 in the presence of 10 mol % catalyst in CH2Cl2 for
2 d. b Isolated yields.c Enantiomeric excess (ee) determined by chiral HPLC
analysis (Chiralcel OD-H).d At 0 °C. e Not determined.
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addition6h,i,k and aza-Henry reactions,6j showed poor activity
toward the MBH reaction. Low reaction yield (21%) and
low enantioselectivity (39% ee) were observed (Table 1,
entry 1). The newly designed binaphthylamine thioureaII
afforded the most promising catalytic capacity in terms of
reaction yield (83%) and enantioselectivity (71% ee) (Table
1, entry 2). The more bulky analogueIII displayed similar
enantioselectivity (73% ee) but gave a lower yield (56%)
(entry 3) in this exploring screening. CatalystIV showed
only low catalytic activity in the MBH reaction (18% yield,
entry 4). The significant difference in catalyst activities
amongII-IV is presumably due to the stronger H-bonding
interaction with the carbonyl group of cyclohexenone1a,
imposed by 3,5-bis(trifluoromethyl) phenyl inII andIII over
the p-Cl phenyl group inIV. 8 The catalytic activity of
bifunctional cinchona alkaloidV was also evaluated and
turned out to be poor (<10% yield) after 48 h (entry 5).

Solvent effects on this process usingII as the organo-
catalyst were probed next (Table 1, entries 6-12).9 The
results showed that a variety of solvents can be employed
for the II-catalyzed MBH reaction. The better results were
provided when the reactions were performed in toluene (80%
yield, 77% ee, entry 6), CH3CN (83% yield, 80% ee, entry
8), and Et2O (82% yield, 77% ee, entry 10) in the presence
of 10 mol % II at room temperature. Encouraged by these
results, we studied the effects of temperature on the reaction
in these three solvents. Lowering the temperature to 0°C
resulted in improving enantioselectivities without signifi-
cantly sacrificing reaction yields (Table 1, entries 7, 9, and
11). In more polar media, such as DMSO, the reaction
proceeded slowly (47% yield, entry 12). These studies
prompted us to select the reaction conditions using CH3CN
as solvent at 0°C in the presence of 10 mol %II to probe
the scope of the MBH reactions.

Reactions of 2-cyclohexen-1-one1a with various alde-
hydes 2 were carried out under the optimized reaction
conditions.As the results summarized in Table 2 show, the
reactions proceeded smoothly to generate chiral allylic
alcohols3 in good yields (63-84%, entries 1-10) and high

to excellent enantioselectivies (80-94% ee). The absolute
configurations of the MBH reaction products were deter-
mined by comparison with optical rotation studies of
known compounds.2c Regardless of the length of linear
aliphatic aldehydes2, in every case, high enantioselectivities
(80-83% ee) and good to high yields (71-84%, entries 1-7)
were achieved. More significantly, the more sterically
demanding aldehydes gave allylic alcohols with excellent
enantioselectivities (90-94% ee) and good yields (63-71%,
entries 8-10). Reaction of aromatic aldehyde gave product
in lower yield (55%) and lower ee (60%, entry 11).

In summary, the investigation described above has resulted
in identifying a novel chiral amine-thiourea bifunctional
organocatalystII. It has been demonstrated to promote the
asymmetric MBH reactions of cyclohexenone with a variety
of aldehydes to afford highly functionalized, synthetically
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Table 2. CatalystII-Catalyzed MBH Reactions of
2-Cyclohexen-1-one1a with Aldehydes2a

a See footnote in Table 1.b Isolated yield after chromatographic purifica-
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useful chiral allylic alcohols. In this process,II exhibits high
catalytic activity and good to excellent levels of enantiose-
lectivity toward this reaction. Further efforts are underway
with a focus on improving the catalyst activity and reaction
enantioselectivity and probing the full scope of this reaction.
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