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ABSTRACT

An assembly of MBH carbonates of cyclohexen-2-one and alkylidenemalononitriles was investigated by the catalysis of a tertiary amine, which
efficiently provides aromatic chromene derivatives with dense functionalities through a domino Rauhut�Currier-type reaction, cyclization, and
isomerization process under metal-free conditions.

Direct usage of activated alkenes as enolate precursors
under the catalysis of a nucleophilic tertiary phosphine
or amine represents an efficient and atom-economical
protocol in organic synthesis. While significant progress
has been made by using carbonyl compounds or imines as
the electrophiles [Morita�Baylis�Hillman (MBH) reaction
or aza-version],1 the related Rauhut�Currier reaction,2 in
which Michael acceptors are utilized as the electrophilic
partners, has been much less explored due to the lack of

selectivity.Thus,most successfulRauhut�Currier reactions
are conducted in an intramolecular manner at the current
stage.3,4

On the other hand, MBH acetates or carbonates still
contain an activated alkene group, which enable an attack
by a nucleophilic Lewis base (LB) catalyst, generating either
electrophilic salts5 I or nucleophilic zwitterionic ylides6 II
after a deprotonation process, as outlined in Scheme 1.
While fruitful results have been reported through such
latent transformations with MBH derivatives from simple
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acrylates or vinyl ketones,7 there are more rare examples
withMBHderivatives fromβ-substituted activated alkenes,
such as cyclohexen-2-one,8 under the above-mentioned
catalysis. Since MBH carbonates from cyclohexen-2-one
contain a stronger acidicδ0-C�Hbondadjacent to carbonyl
group, it is feasible that multifunctional zwitterionic dieno-
lates9 IIImight be generated after SN2

0 attack by a tertiary
amine followed by a cascade elimination anddeprotonation
process, rather than the formation of ylide-type intermedi-
ates II (Scheme 1). Subsequently, a δ0-regioselective10 ex-
tended Rauhut�Currier-type addition to suitable Michael
acceptors might be developed in an intermolecular pattern.
Here, we would like to present the first chemoselective
assembly of MBH carbonates of cyclohexen-2-one and
alkylidenemalononitriles catalyzed by a tertiary amine,
which efficiently provides aromatic chromene derivatives
with dense functionalities through domino reactions under
metal-free conditions.11

The initial reaction of MBH carbonate 1a8d and benzy-
lidenemalononitrile 2a proceeded smoothly under the
catalysis of DABCO at room temperature. An unexpected
aromatic 2-aminochromene12 derivative 3a was isolated
in 67% yield after 24 h, resulting from a domino

Scheme 1. Alternative Reaction Pathway of MBH Carbonates
of Cyclohexen-2-one

Table 1. Screening Conditions for Assembly ofMBHCarbonate
1a and Benzylidenemalononitrile 2aa

entry cat. solvent

temp

(�C)
yield

(%)b
ee

(%)c

1 DABCO CH3CN rt 3a, 67 /

2 DMAP CH3CN rt / /

3 PPh3 CH3CN rt NR /

4 quinidine CH3CN 50 3a, 27 0

5 β-ICD CH3CN 50 3a, 61 0

6 DABCO CH3CN 35 3a, 77 /

7 DABCO CH3CN 50 3a, 76 /

8 DABCO toluene 50 3a, <10 /

9 DABCO THF 50 3a, <10 /

10 DABCO CHCl3 50 3a, 57 /

11d DABCO CH3CN 35 3a, 76 /

aUnless noted otherwise, reactionswere performedwith 1a (0.1mmol),
2a (0.2 mmol), and a catalyst (20 mol %) in solvent (0.5 mL) for 24 h.
bYield of isolated product 3a. cDetermined by chiral HPLC analysis.
d In 0.2 mL of CH3CN for 12 h.
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δ0-regioselective Michael addition�cyclization�isomeri-
zation process.8a,b The structure of product 3a has been
unambiguously determined by X-ray analysis.13 In addi-
tion, we also detected a phenol compound 4a,10 which
might be generated from the direct repulsion of an amine
catalyst in intermediate III followed by subsequent iso-
merization (Table 1, entry 1). In fact, it was found that 4a
was dominantly produced in the absence of electrophile 2a.
Next, a few Lewis base catalysts were investigated. Only a
trace amount of 3awasdeliveredby the catalysis ofDMAP
due to some side reactions (entry 2), and almostno reaction
occurred in the presence of triphenylphosphine (entry 3).
Since a chiral center was generated in product 3a, we tested
the reactions catalyzed by chiral amines. Unfortunately,
no enantioselectivity could be induced though the reac-
tion could be promoted by β-ICD (entry 4) or quinidine
(entry 5), probably because the reactive δ0-site is too
remote from the chiral amine catalyst.13 In order to
improve the efficacy of this reaction, other parameters
were further exploredby the catalysis ofDABCO.Ahigher
yield could be obtained at 35 �C (entry 6), while similar
datawere affordedat 50 �C (entry 7).Nevertheless, inferior
results were observed in other solvents (entries 8�10).
Finally, it was found that the reaction proceeded more
efficiently in a higher concentration, and a goodyield could
be gained after 12 h at 35 �C (entry 11).
Consequently,we explored the generality of this reaction

by employing a variety of MBH carbonates 1 of cyclohex-
en-2-one and alkylidenemalononitriles 2. The results are
summarized in Table 2. Most of the reactions evaluated
were completed within 12 h. For the reactions of MBH
carbonate 1a, an array of alkylidenemalononitriles bearing
diverse aryl or heteroaryl groups could be well tolerated,
delivering the corresponding heterocycles 3a�3l in moder-
ate to good isolated yields (Table 2, entries 1�12). A
β-styryl-substituted substrate could afford the desired
product 3m in a diluted solution (entry 13), but both
phenylethynyl or alkyl-substituted acceptors failed to yield
the expected products (entries 14 and 15).14

On the other hand, further exploration of the sub-
strate scope was focused on MBH carbonates. As shown
in Table 2, MBH carbonates derived from other aryl-
propiolaldehydes could give the products 3n and 3o in
moderate yield (entries 16 and 17) under the same catalytic
conditions. A cinnamaldehyde derived substrate exhibited
lower reactivity, but a moderate yield could be obtained
for product 3p after a longer reaction time (entry 18). An
alkylacetylenic MBH carbonate also delivered the desired
product 3q while β-ICD was used as the catalyst at higher
temperature (entry 20). Moreover, the MBH carbonates
derived from a spectrum of arylaldehydes or even an
aliphatic aldehyde were tested, and a satisfactory yield
could be produced for products 3s�3w by the catalysis of
β-ICD, though a higher temperature and a longer time
were required (entries 20�25).

As illustrated in Scheme 2, 2-amino-3-cyanochromene
product 3a could be easily converted to chroman-2-one
derivative 5 after acid-promoted hydrolysis and subsequent
decarboxylation. Importantly, an intramolecular Friedel�
Crafts reaction was smoothly conducted through ICl-
mediated activation of the alkyne group,15 furnishing a
tricyclic indene derivative 6. More structural diversity and
complexitymight be expectedwith suchmultifunctionalities.
In order to gain some insight into the catalytic reaction

mechanism, we proposed a plausible catalytic cycle and
conducted a mass spectroscopy study to monitor the
potential intermediates.16 As outlined in Scheme 3, the
Rauhut�Currier-type adduct A could be smoothly de-
tected after combining MBH carbonate 1a and catalyst
β-ICD for 2 h. Importantly, the key zwitterionic dienolate

Table 2. Substrate Scope and Limitationsa

entry cat. R1 R2

yield

(%)b

1 DABCO PhCtC� Ph 3a, 76

2 DABCO PhCtC� 4-FC6H4 3b, 81

3 DABCO PhCtC� 2-BrC6H4 3c, 73

4 DABCO PhCtC� 4-CF3C6H4 3d, 86

5 DABCO PhCtC� 3-NO2C6H4 3e, 74

6 DABCO PhCtC� 4-MeC6H4 3f, 69

7 DABCO PhCtC� 3-MeOC6H4 3g, 66

8 DABCO PhCtC� 3,4-(MeO)2C6H3 3h, 60

9 DABCO PhCtC� 1-naphthyl 3i, 72

10 DABCO PhCtC� 2-furyl 3j, 65

11 DABCO PhCtC� 2-thienyl 3k, 74

12 DABCO PhCtC� 3-pyridyl 3l, 65

13c DABCO PhCtC� 2-styryl 3m, 55

14 DABCO PhCtC� PhCtC� /

15 DABCO PhCtC� chexyl /

16 DABCO 4-MeOPhCtC� Ph 3n, 63

17 DABCO 4-Br-PhCtC� Ph 3o, 56

18d DABCO 2-styryl Ph 3p, 66

19c,e β-ICD nC5H11�CtCH� Ph 3q, 72

20c,e β-ICD Ph Ph 3r, 70

21c,e β-ICD 4-BrC6H4 Ph 3s, 67

22c,e β-ICD 4-MeOC6H4 Ph 3t, 82

23c,e β-ICD 2-BrC6H4 Ph 3u, 76

24c,e β-ICD N-Bs-2-indolyl Ph 3v, 62

25c,e β-ICD ethyl Ph 3w, 76

aUnless noted otherwiase, reactions were performed with MBH
carbonate 1 (0.1 mmol), alkylidenemalononitrile 2 (0.2 mmol), and
catalyst DABCO or β-ICD (20 mol %) in CH3CN (0.2 mL) at 35 �C
for 12 h. bYield of isolated product. c In 0.5 mL of solvent. dFor 35 h.
eAt 50 �C for 24 h.
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intermediate B was clearly observed after elimination of
CO2 and t-BuOH. In addition, a labile intermediate die-
noneC could be isolated albeit in a very lowyield. It should
be noted that both intermediate C and phenol 4a could

not react with alkylidenemalononitriles, indicating that
the current work does not proceed in a Friedel�Crafts
pathway.10 Moreover, after adding electrophile 2b and
stirring for another 2 h, we could also detect another key
intermediate D or D0, verifying that zwitterionic dienolate
B should be the key nucleophilic species in this catalytic
cycle. As a result, aromatic product 3i could be generated
by a domino intramolecular cyclization, elimination of
β-ICD, and a final [1,5]-H shift process.
In conclusion, we have explored the assembly of

MBH carbonates of cyclohexen-2-one and alkylidene-
malononitriles catalyzed by a Lewis basic tertiary amine.
The reaction proceeds by in situ generation of the key
Rauhut�Currier-type zwitterionic dienolates from MBH
carbonates and an amine catalyst, which later react with
electrophiles in a δ0-regioselective Michael addition pat-
tern to givemultifunctional chromene derivatives followed
by a domino cyclization�isomerization sequence. Thus,
this cascade process provides a formal Friedel�Crafts
reaction pathway for phenol compounds. Moreover, a
mass spectroscopy study has been conducted to monitor
the reaction, and some important intermediates have been
smoothly detected to verify the catalytic cycle. This activa-
tionmodeofMBHcarbonates fromcyclohexen-2-oneby a
Lewis base might find more application in organic synth-
esis including potential asymmetric catalysis. More results
will be reported in due course.
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