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Abstract: A mild and efficient domino process of aldehydes,
acetylenic ketones and 1,3-dicarbonyl moieties catalyzed by tri-
phenylphosphine is reported. The method supplies a facile way to
synthesize multi-carbonyl compounds in moderate to good yields.
A plausible mechanism is proposed for this domino reaction.
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The formation of carbon–carbon single bonds is of funda-
mental importance in organic synthesis.1 Increasing de-
mand for ‘green chemistry’ urges development of new
carbon–carbon bond forming reaction with defined
chemo- and stereoselectivity and high atom economy.2

Among the well-documented synthetic methods, domino
reactions constitute a very attractive approach to the rapid
formation of complex architecture in one simple, safe,
environmentally acceptable and resource-effective opera-
tion.3 However, relatively few domino strategies have
been directed toward the production of acyclic structural
motifs despite significant advances in the area of acyclic
stereocontrol.4

Phosphines are useful mild reagents in various organic re-
actions,5,6 such as isomerization,7 b-addition,8 g-addition,9

and [3+2] cycloaddition.10 Recently, a-addition of activat-
ed methylenes to alkynoates catalyzed by phosphine to
provide multifunctional compounds have been reported.11

The olefins bearing 1,3-dicarbonyl moieties 3 could be
synthesized by a-addition of 1,3-dicarbonyl compounds
to electron-deficient alkynes in the presence of phosphine
under mild conditions (Scheme 1). Herein we wish to re-
port a mild and efficient domino process of aldehydes,
acetylenic ketones and 1,3-dicarbonyl moieties catalyzed
by triphenylphosphine for preparing acyclic multi-carbo-
nyl compounds 4 (Scheme 1). To our best knowledge, the

triphenylphosphine-catalyzed multi-component reaction
is rather limited so far.

Our initial studies began with an investigation of the
domino process of benzaldehyde, phenyl acetylenic ke-
tone and 2,4-pentanedione under various conditions.
When benzaldehyde (0.3 mmol), 1-phenylprop-2-yn-1-
one (0.36 mmol) and 2,4-pentanedione (0.36 mmol) were
dissolved in 3 mL CH2Cl2 at 0 °C, PPh3 (20 mol%) was
added, then the mixture was warmed to room temperature
and stirred for six hours.12 We found that the product 4a
could be isolated in 41% yield along with 22% yield of 3a,
which was formed by a-addition of 2,4-pentanedione to 1-
phenylprop-2-yn-1-one. Compounds 3a and 4a were
firmly identified by 1H NMR and 13C NMR and MS spec-
tra. Other solvents such as THF, toluene, MeCN were us-
able, and the reactions in these solvents proceeded in
comparable yields with 35–42%. However, the reaction in
DMSO gave 4a in only 15% yield. Various aryl aldehydes
with different substitution groups on the benzene rings
were examined under the typical conditions. These results
were summarized in Table 1. When the benzene ring of
aryl aldehyde has an electron-withdrawing group, the de-
sired product 4 was formed in a better yield. For example,
exposure of 4-nitrobenzaldehyde and 1-phenylprop-2-yn-
1-one with 2,4-pentanedione in the presence of PPh3 (20
mol%) gave the corresponding product 4b in 68% yield.
The reaction with 4-cyanobenzaldehyde and 2-nitrobenz-
aldehyde gave the corresponding product 4f and 4g in
63% and 75% yields, respectively. Otherwise, the reaction
time was prolonged to 12 hours and the desired product 4
was obtained in a lower yield if an electron-donating
group was present on the benzene ring of aryl aldehyde.
These results demonstrate that active aryl aldehyde with
electron-withdrawing substituent is of great importance to
the formation of product 4.
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This method was then extended to other acetylenic ke-
tones. The reaction with 3-butyn-2-one and 5-phenylprop-
2-yn-3-one gave the desired products 4i and 4j in 64% and
57% yields, respectively. However, an electron-donating
group on the benzene ring of aromatic acetyenic ketone
provided 4k in a lower yield.

When this domino set of reaction was applied on other
1,3-diketones, they provided the corresponding products
in comparable yields. Interestingly, aromatic 1,3-di-
ketones gave the products in good yields. Substitution
group on the benzene ring of aromatic 1,3-diketones has
no obvious effect on the yields. On the other hand, aro-
matic b-ketoester also could undergo this domino reaction
and provide the corresponding product 4r in 70% yield.
However, when ethyl acetoacetate was submitted to this
reaction, the product 4s was obtained in only 26% yield
accompanied by an unidentified complicated mixture.

In all cases, compound 4 was present mainly in tetra-keto
form. Only a trace amount of the enol form was observed
from 1H NMR and 13C NMR spectra. For those com-
pounds, which contain two chiral centers, a 1:1 mixture of
diastereoisomers (4-I and 4-II) was obtained. They were

not separable by silica gel column chromatography
(Scheme 2).

A plausible mechanism to account for this domino reac-
tion is presented in the Scheme 3. Triphenylphosphine
acts as a nucleophilic promoter to initiate the reaction and
produce zwitterionic intermediate 5, which is actually an
allenic enolate. The intermediate 5 adds to aldehyde to
form the zwitterionic intermediate 6 and subsequent gen-
eration of 9 through two consecutive proton transfer.13

PPh3 is eliminated from the intermediate 9 to afford an
alkylidine derivative 10, which is then subjected to conju-
gate addition by 1,3-dicarbonyl compound to give product

Table 1 Reaction of Aldehydes and Acetylides with 1,3-Dicarbonyl Moieties in the Presence of PPh3 (20 mol%)a

Entry R1 R2 R3 R4 Time (h) Productb Yield (%)c

1 C6H5 C6H5 Me Me 6 4a 41

2 4-NO2C6H4 C6H5 Me Me 6 4b 68

3 4-MeC6H4 C6H5 Me Me 12 4c 28

4 4-MeOC6H4 C6H5 Me Me 12 4d 15

5 4-ClC6H4 C6H5 Me Me 12 4e 39

6 4-CNC6H4 C6H5 Me Me 6 4f 63

7 2-NO2C6H4 C6H5 Me Me 6 4g 75

8 2-NO2C6H4 Me Me Me 6 4h 59

9 4-NO2C6H4 Me Me Me 6 4i 64

10 4-NO2C6H4 C6H5CH2CH2 Me Me 6 4j 57

11 4-NO2C6H4 4-MeOC6H4 Me Me 6 4k 42

12 4-NO2C6H4 Me C6H5CH2CH2 Me 6 4l 57

13 4-NO2C6H4 Me C6H5 Me 6 4m 79

14 4-NO2C6H4 Me C6H5 CH3CH2CH2 6 4n 73

15 4-NO2C6H4 Me 4-MeOC6H4 Me 6 4o 72

16 4-NO2C6H4 Me 4-ClC6H4 Me 6 4p 70

17 4-NO2C6H4 Me C6H5 C6H5 6 4q 64

18 4-NO2C6H4 Me C6H5 OEt 6 4r 70

19 4-NO2C6H4 Me Me OEt 10 4s 26

a In a typical reaction, aldehyde (0.3 mmol), acetylenic ketones (0.36 mmol) and 1,3-dicarbonyl compounds (0.36 mmol) were dissolved in a 
solution of CH2Cl2, then followed by PPh3 (20 mol%).
b All compounds have been fully characterized by using 1H NMR, 13C NMR, IR spectroscopy, and mass spectrometry.
c Yields after purification by silica gel column chromatography.
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4. On the other hand, the intermediate 5 could deprotonate
the active methylene protons of 1,3-dicarbonyl com-
pounds as well, then underwent a-addition to provide
compound 3 as competing by-product.11b Actually, com-
pound 10 was not found when the reaction was carried out
in the absence of 1,3-dicarbonyl compound. The mecha-
nistic details of this reaction need further investigation.

Scheme 3 A plausible mechanism in the reaction of aldehydes and
acetylides with 1,3-dicarbonyl moieties catalyzed by PPh3

In summary, we have described a new domino process
catalyzed by triphenylphosphine, which supplies an effi-
cient and facile way to synthesis multi-carbonyl com-
pounds from simple and commercially available starting
materials. The presented procedure leads to building
blocks, potential intermediates of organic materials.
Efforts are currently underway in our laboratories to
elucidate the mechanistic details of this reaction and to
disclose the scope and limitation of this reaction.
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