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Abstract: Potassium carbonate-catalyzed reactions of
salicylic aldehydes with 3-methylpenta-3,4-dien-2-
one, 3-benzylpenta-3,4-dien-2-one or ethyl 2-methyl-
buta-2,3-dienoate gave the corresponding functional-
ized 2H-1-chromenes in good to excellent yields and
good stereoselectivities in some cases in DMSO at
120 8C within 1 h, respectively.
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Introduction

2H-1-Chromenes are an important class of oxygenated
heterocycles that have attracted much synthetic interest
because of the biological activity of naturally occurring
representatives.[1,2] Recently, the reactions of salicylic al-
dehydeswith various conjugated olefins such as acrylate
derivatives or a,b-unsaturated ketones to give different
substituted chromenes were reported.[3] In addition, the
formation of 2H-1-chromene derivatives from the reac-
tions of salicyclic aldehydes with allenic ketones or es-

ters catalyzed by 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU) at room temperature has also been disclosed
by our group (Scheme 1).[4] Herein we report the cycli-
zation reactions of salicylic aldehydes with allenic ke-
tones and esters to correspondingly give another type
of 2H-1-chromene derivatives in good to excellent
yields in the presence of potassium carbonate
(10 mol %) at 120 8C.On the basis of this facile synthetic
protocol, a variety of interesting 2H-1-chromene deriv-
atives can be obtained in a simple way.

Results and Discussion

Wefirst systematically examined the reactions of salicyl-
aldehyde (1a) (1.0 equiv.) with 3-methylpenta-3,4-dien-
2-one (2a) (1.5 equivs.) catalyzed by various bases
(10 mol %) including K2CO3, KOH, PPh3, DABCO
andDMAP in a variety of solvents at room temperature
(25 8C) up to 120 8C. The results are summarized in Ta-
ble 1. DMSO is the solvent of choice and K2CO3 is the
best base promoter in this reaction, leading to 3-chro-
men-2-ylidene-butan-2-one (3a) as mixtures of E- and
Z-isomers in good yields at 80–120 8C (Table 1, en-
tries 1–10). When the reaction was carried out at
120 8C, 3awas obtained in 91%yieldwithin 1 hwith a ra-

Scheme 1. Reactions of salicylic aldehydes with 3-methylpen-
ta-3,4-dien-2-one in the presence of DBU (10 mol %) in
DMSO at room temperature.
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tio of E/Z¼8.3/1 (Table 1, entry 9). Li2CO3, Na2CO3,
Cs2CO3, PPh3, DABCO and DMAP are less effective
than K2CO3 in DMSO at 120 8C (Table 1, entries 10–
16).
Under these optimized conditions, we next examined

the reactions of a variety of salicyclic aldehydes 1 with
2a, 3-benzylpenta-3,4-dien-2-one (2b) and ethyl 2-meth-
ylbuta-2,3-dienoate (2c) to explore the scope and limita-
tions of this reaction. The results are shown in Tables 2
and 3, respectively. The corresponding adducts 3 were
obtained in good to excellent yields as mixtures of E-
and Z-isomers at 120 8C within 1 h (Table 2, entries 1–
11). In some cases, these two isomers can be easily sep-
arated on silica gel column chromatography (see Sup-
porting Information).
To our surprise, the reactions of salicylic aldehydes

with 2c exclusively produced the corresponding chro-
mene derivatives 4 in good yields in the E-geometric
configuration (Table 3, entries 1–7). The substituents
on the salicyclic aldehydes have significant effects on
this reaction. Electron-donating group substituted sali-
cyclic aldehydes, probably due to the higher nucleophi-
licities of the corresponding phenolate anionic inter-

mediates, give higher yields than those bearing elec-
tron-withdrawing groups on the aromatic ring under
identical conditions.
Their structures were determined by spectroscopic

data, microanalyses, HR-MS and X-ray diffraction.
The geometric configuration was determined by
NOESY spectroscopy (see Supporting Information).
The ORTEP drawing of E-3f is shown in Figure 1 (see
also the Supporting Information).[5]

Moreover, the reactions of salicylic aldehyde (1a)
(0.5 mmol) with ethyl 2-butynoate, methyl propiolate
and but-3-yn-2-one (0.75 mmol) were examined under
identical conditions (Scheme 2). Disordered reactions
were observed. On the other hand, when 2-hydroxyace-
tophenone (6a) in place of salicylic aldehyde (1a) was
applied to the reaction with 2c, the desired product 7a
was obtained in 79% yield along with traces of unidenti-
fied by-products, although the reaction of 6a with 2a af-
forded complicated products under the standard condi-
tions (Scheme 3).

Table 1. Reactions of salicylaldehyde (1a) (0.5 mmol) with 3-
methylpenta-3,4-dien-2-one (2a) (0.75 mmol) in the presence
of various bases and solvents.

[a] Yields of isolated products.
[b] Including some other products shown in Scheme 5.

Figure 1. The X-ray crystal structure of E-3f.

Scheme 2. Reactions of 1a with ethyl 2-butynoate, methyl
propynoate and but-3-yn-2-one in the presence of potassium
carbonate.
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Table 2. Reactions of salicylaldehydes 1 (0.5 mmol) with 2a (0.75 mmol) or 3-
benzylpenta-3,4-dien-2-one (2b) in DMSO in the presence of potassium carbo-
nate (10 mol %) at 120 8C.

[a] Yields of isolated products.
[b] The E- and Z-isomers are separable by silica gel chromatography.

Table 3. Reactions of salicylic aldehydes 1 (0.5 mmol) with ethyl 2-methylbuta-
2,3-dienoate (2c) (0.75 mmol) in the presence of potassium carbonate
(10 mol %) in DMSO at 120 8C.

[a] Yields of isolated products.
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A plausible mechanism for the reaction is shown in
Scheme 4 based on the earlier reports[4,6–8] and our in-
vestigations. The reaction is most likely to proceed
through a domino oxa-Michael/aldol condensation
pathway. Initially the non-nucleophilic base potassium
carbonate abstracts a proton from salicylaldehyde (1a)
to produce the oxy-anionic intermediate A-1. The sub-
sequent conjugate addition of A-1 to allenic ester 2c
generatesB-1, which easily resonates toC-1 at high tem-
perature (120 8C), becausea-addition usually occurs un-
der kinetic control at low temperature while g-addition
is preferred at elevated temperature. The following in-
tramolecular aldol reaction produces the cyclized inter-
mediate,which abstracts a proton from 1a to afford com-
poundD-1 and regenerates intermediateA-1 to accom-
plish the catalytic cycle. Dehydration ofD-1 under basic
condition at high temperature gives the final product 4a.
Performing the reaction at room temperature (Ta-

ble 1, entry 1), the adduct 3a was obtained in low yield
together with another product 5a,[4] which is produced
via a-addition and cyclization of intermediate B-2
(Scheme 5). Moreover, we envisioned that 5a might be
converted to 3a at a higher temperature. To test this
hypothesis, a control experiment was performed
(Scheme 6). When 5a was treated with K2CO3 at
120 8C, the corresponding product 3a was obtained in
good yield. One plausible mechanism for the formation
of 3a is shown in Scheme 7. K2CO3 first abstracts a pro-
ton from 5a to produce intermediateA-2, then a retro-al-
dol reaction occurs to give intermediateB-2, which easi-
ly resonates to intermediateC-2. Subsequently the reac-
tion follows the same pathway as shown in Scheme 4 to
yield 3a. This result also suggests that at a high reaction
temperature, the corresponding adducts 3 are prefera-
bly formed in the presence of K2CO3 via g-addition.
It shouldbenoted thatwhenpenta-3,4-dien-2-onewas

used in the reaction with salicylaldehyde (1a) catalyzed
by potassium carbonate under the same conditions as
those described above, the reaction became disordered,
leading to the corresponding chromene derivative in
traces only presumably due to the high reactivity of pen-
ta-3,4-dien-2-one.

Scheme 3. Reactions of 2-hydroxyacetophenone (6a) with 2c
in the presence of potassium carbonate.

Scheme 4. A plausible mechanism for the reaction of 1a with
2c at high temperature.

Scheme 5. Reaction of 1a with 2a in the presence of potassi-
um carbonate at room temperature.

Scheme 6. Control experiment.
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Conclusion

In this paper,wehave presented an efficient,K2CO3-cat-
alyzed reaction of salicylaldehydes with allenic ketones
or esters, which provides an easy route for the synthesis
of functionalized 2H-1-chromenes[9] in DMSO at 120 8C
in good to excellent yields. Efforts are in progress to elu-
cidate the mechanistic details of this reaction and to dis-
close its scope and limitations.

Experimental Section

General Methods

Melting points are uncorrected. 1H and 13C NMR spectra were
recorded at 300 and 75 MHz, respectively. Mass spectra were
recorded by EI, MALDI and ESI methods, and HR-MS was
measured by the EI method. Organic solvents used were dried
by standard methods when necessary. Commercially obtained
reagents were used without further purification. All reactions
weremonitored on TLC plates. Flash column chromatography
was carried out using silica gel or Al2O3 at increased pressure.

Reactions of Salicylic Aldehydes with 3-Methylpenta-
3,4-dien-2-one Catalyzed by K2CO3. Typical Reaction
Procedure of Salicylaldehyde with 3-Methylpenta-3,4-
dien-2-one in the Presence of K2CO3 in DMSO at
120 8C

To a Schlenk tube containing DMSO (2.0 mL) were added sal-
icylaldehyde (61 mg, 0.5 mmol), 3-methylpenta-3,4-dien-2-
one (72 mg, 0.75 mmol) and K2CO3 (7.0 mg, 0.05 mmol). The
solution was stirred for 1 h at 120 8C. The reaction mixture
was diluted with dichloromethane (20 mL) and washed with
water (2�15 mL). The organic layer was dried over anhydrous
Na2SO4. The solvent was removed under reduced pressure and
the residue was purified by silica gel column chromatography
to give the mixture of compounds E-3a and Z-3a (eluent:

EtOAc/petroleum ether¼1/10) as a yellow solid; yield:
91 mg (91%).

Supporting Information Available
13C and 1H NMR spectroscopic and analytical data for com-
pounds 3 and 4 and the ORTEP drawing ofE-3f are presented
in the supporting information.
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