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Lewis base-catalyzed reactions of
cyclopropenones: novel synthesis of
mono- or multi-substituted allenic esters†

Yuan-Liang Yang, Zhen Zhang, Xiao-Nan Zhang, De Wang, Yin Wei* and Min Shi*

The reactions of cyclopropenones with nucleophiles (H2O or methanol)

could be catalyzed by nitrogen-containing Lewis bases or phosphorus-

containing Lewis bases, affording the corresponding mono- or multi-

substituted allenic esters in moderate to excellent yields.

The first reports on synthesis of cyclopropenones were presented by
Breslow et al.1 and Volpin and co-workers2 in 1959, respectively.
Recent extensive investigations have established the utility of these
molecules as building blocks for the construction of biologically active
compounds and important structural motifs in materials science.3

Cyclopropenone is an amphiphilic molecule, which reacts readily with
both nucleophilic and electrophilic reagents; thus, they can be utilized
in a wide range of organic reactions.4 Hamada and Takizawa have
reported the reaction of 2,3-diphenylcycloprop-2-enone 1 with metha-
nol in the presence of PPh3 to afford (E)-methyl 2,3-diphenylacrylate in
good yield.5 Inspired by Hamada and Takizaka’s work and as a part of
our continuing interest on Lewis bases mediated reactions,6 we are
extremely interested in the Lewis base-mediated/catalyzed chemical
processes of cyclopropenones, since cyclopropenones being all-carbon
1,3-dipolar equivalents can easily react with nitrogen-containing,7 or
phosphorus-containing nucleophiles.8 To our delight, we found a
novel Lewis base-catalyzed reaction for synthesis of allenic esters that
are efficient synthons used widely in organic synthesis.9,10 Although a
variety of methods for preparation of allenes have been developed,11

there are rare reports on the synthesis of allenic esters using Lewis
bases so far. The relevant studies were base-promoted alkyne isomer-
isation reported by Huang and Tan,12 and Lewis base-catalyzed
intramolecular 1,4-addition of conjugated enynes reported by Tang.13

The established method presented here provides another novel way to
access mono- or multi-substituted allenic esters.

Initial examination was carried out by using (3-oxo-2-
phenylcycloprop-1-enyl)methyl acetate 2a (for the preparation of 2, see

Table S in the ESI†) and a nucleophile (H2O or MeOH) as substrates in
the presence of DABCO. After initial optimization, DABCO in THF was
found to be a suitable system for this reaction (see Table S1 in the ESI†).
Furthermore, various Lewis bases and nucleophiles were optimized.
The results are summarized in Table 1 and we found that the
corresponding 2-phenylbuta-2,3-dienoic acid 3a was produced in 50%
yield in the presence of DABCO (20 mol%) and a nucleophile (H2O)
(1.0 equiv.) (Table 1, entry 1). Under the same reaction conditions, we
found that other Lewis bases such as DMAP (p-N,N-dimethyl-
aminopyridine), PPh3, and tris(3,5-bis(trifluoromethyl)phenyl)phos-
phine could not catalyze this reaction (Table 1, entries 2–4). Considering
that methanol is more nucleophilic than water, we chose methanol as a
nucleophile to examine the reaction outcome again. The corresponding
product 3a was obtained in higher yield in the presence of methanol.

Table 1 Optimization of the reaction conditions

Entry Catalyst Solvent NuH (equiv.) Yielda (%)

1 DABCO THF H2O (1.0) 3a0 (50)
2 DMAP THF H2O (1.0) N.R
3 PPh3 THF H2O (1.0) N.R
4 P(3,5-(F3C)2CeH3)3 THF H2O (1.0) N.R
5b DABCO THF MeOH (1.0) 3a (78)
6b DABCO THF MeOH (2.0) 3a (86)
7b DABCO THF MeOH (5.0) 3a (89)
8b DABCO THF MeOH (10.0) 3a (95)
9b DBU THF MeOH (10.0) N.R
10b Et3N THF MeOH (10.0) N.R
11b DMAP THF MeOH (10.0) N.D
12b — THF MeOH (10.0) N.R
13b,c DABCO THF MeOH (10.0) 3a (89)
14b PPh3 THF MeOH (10.0) 3a (82)
15b,d K2CO3 THF MeOH (10.0) N.D
16b,d CH3ONa THF MeOH (10.0) N.D

a Isolated yield. Unless otherwise specified, to a mixture of 2a
(0.10 mmol) and catalyst (0.02 mmol) in THF (1.0 mL) under an Ar
atmosphere at 0 1C NuH was added, then the resulting mixture was
stirred at room temperature for 3 days. b The reaction was conducted at
room temperature for 5 hours and 4 Å MS was added. c The catalyst
loading was 10 mol%. d 0.1 mmol of inorganic base was used.
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We further identified that 10.0 equiv. of MeOH relative to 2a was the
best ratio, affording 3a in 95% yield (Table 1, entries 5–8). Other
nitrogen-containing Lewis bases (DBU, Et3N, DMAP) could not promote
this reaction (Table 1, entries 9–11). In the absence of DABCO, the
reaction did not occur. The phosphorus-containing Lewis base PPh3

could also catalyze this reaction, giving 3a in 82% yield (Table 1, entry
14). Decreasing the catalyst loading to 10 mol% slightly reduced the
yield of 3a (Table 1, entry 13). Inorganic bases (K2CO3 and CH3ONa) did
not catalyze this reaction under the standard conditions (Table 1,
entries 15 and 16). Thus, finally, we established the optimal reaction
conditions: 20 mol% of DABCO as the catalyst in THF at room
temperature, for the synthesis of compound 3a.

Having identified the optimal reaction conditions, we next set out to
examine the scope and limitations with various cyclopropenone deri-
vatives 2 and MeOH. The results are summarized in Table 2. A variety
of cyclopropenone derivatives 2 having either electron-donating or
-withdrawing groups as substituents on the 2-, 3-, 4-positions of a
benzene ring underwent the reactions smoothly, affording the corres-
ponding products 3 in moderate to high yields (54–96%) (Table 2,
entries 1–11). If R1 was 2-CO2MeC6H4, the reaction did not take place at
room temperature, and was carried out at 50 1C for 30 minutes,
furnishing the corresponding product 3k in 54% yield (Table 2,
entry 10). When R1 was a 2-naphthyl group, the reaction also proceeded
efficiently to give the corresponding product 3m in 78% yield (Table 2,
entry 12). However, if R1 was a benzyl group, the reaction could not take
place, presumably due to the electronic effect (Table 2, entry 13). We
also investigated the reaction of substrate 2ab with an Ms protecting
group, and the reaction also proceeded very well to provide 3a in 57%
yield. During these investigations, we also found that the electronic
effect of substituents on the benzene ring had an impact on the
reaction rate. If R1 was bearing an electron-donating group, the reaction
rate was slower than that of those bearing an electron-withdrawing
group (Table 2, entries 1, 8, 11 vs. entries 2–7, 9, 10). The structure of 3
has been unambiguously determined by X-ray diffraction of the
analogue 3j. The ORTEP drawing and its CIF data are provided in
the ESI.†14

We continued to examine the substrate generality of the reaction
using various mono- or disubstituted cyclopropenone derivatives 2 with
MeOH. Unfortunately, DABCO could not catalyze these reactions due to
its lower nucleophilicity. Thus, we switched to more nucleophilic
phosphorus-containing Lewis bases (PPh3 or PBu3). To our delight,
the reactions proceeded smoothly, giving the desired products in good
yields, and the results are presented in Table 3. The corresponding
products 4 were obtained in moderate to high yields (57–92%). When
R1 = Ph and R3 = H, R2 having no substituent on the benzene ring or
having electron-donating or -withdrawing groups as substituents on the
2-, 3-, 4-positions of the benzene ring, the reactions could proceed
smoothly, giving the corresponding products 4a–4b and 4f–4h in high
yields (Table 3, entries 1 and 2, and 6–8). When R2 was a naphthyl or
more sterically hindered phenanthryl group, the reactions also pro-
ceeded well (Table 3, entries 3–5). When 2x was used as the substrate
(R1 = 4-ClC6H4, R2 = Me and R3 = H), the reaction also proceeded
smoothly, affording 4i in 90% yield (Table 3, entry 9). When R1 = C6H5

and R2, R3 = (CH2)5, the reaction was conducted at room temperature
for 3 days in the presence of 20 mol% PBu3, providing 4j in 79% yield
(Table 3, entry 10). Finally, as for substrate 2z (R1 = C6H5 and R2 = CH3,
R3 = 4-ClC6H4), the reaction was catalyzed by 20 mol% PPh3, furnishing
the corresponding product 4i in 57% yield. We observed that, in
general, if R3 was not a hydrogen atom, the reaction would proceed
slowly, presumably due to the steric effect (Table 3, entries 1–9 vs.
entries 10 and 11).

We have screened various chiral monophosines or bifunctional
phosphines as well as chiral multifunctional phosphines, such as
phosphine-amide type catalysts, phosphine-thiourea/urea type cata-
lysts, for their asymmetric variant. The preliminary results show that
the chiral multifunctional phosphine-thiourea catalyst LB1 was fairly
effective in the reaction of cyclopropenone 2q with MeOH in toluene
at room temperature, giving the corresponding product (S)-4c in 80%
isolated yield with 57% ee (Scheme 1, eqn (1)). Employing the
substrate 2r containing a naphthyl group improved the ee value to
71% in 70% isolated yield (Scheme 1, eqn (2)). The exploration of
more effective chiral phosphines and further tests for determining
the substrate generality are underway.

Table 2 DABCO catalyzed reactions of cyclopropenone derivatives 2
with methanol

Entry R1/R2 Time Yielda (%)

1 4-MeOC6H4/Ac (2b) 8 h 3b (93)
2 4-NO2C6H4/Ac (2c) 5 min 3c (94)
3 4-tBuC6H4/Ac (2d) 36 h 3d (91)
4 4-ClC6H4/Ac (2e) 2.5 h 3e (96)
5 4-BrC6H4/Ac (2f) 2 h 3f (83)
6 3-FC6H4/Ac (2g) 3 h 3g (90)
7 3-BrC6H4/Ac (2h) 1 h 3h (89)
8 3-MeC6H4/Ac (2i) 7 h 3i (90)
9 2-CNC6H4/Ac (2j) 30 min 3j (90)
10b 2-CO2MeC6H4/Ac (2k) 30 min 3k (54)
11 2-MeOC6H4/Ac (2l) 24 h 3l (93)
12 1-Naphthyl/Ac (2m) 24 h 3m (78)
13 Bn/Ac (2n) 48 h N.D
14 C6H5/Ms (2ab) 72 h 3a (57)

a Isolated yield. b The reaction was carried out at 50 1C.

Table 3 PPh3 catalyzed reactions of single or disubstituted cycloprope-
none derivatives 2 with methanol

Entry R1/R2/R3 Time Yielda (%)

1 C6H5/C6H5/H (2p) 30 min 4a (92)
2 C6H5/4-ClC6H4/H (2q) 30 min 4b (93)
3 C6H5/2-naphthyl/H (2r) 60 min 4c (87)
4 C6H5/1-naphthyl/H (2s) 2 h 4d (80)
5 C6H5/9-phenanthryl/H (2t) 60 min 4e (95)
6 C6H5/3-MeC6H4/H (2u) 45 min 4f (87)
7 C6H5/2-BrC6H4/H (2v) 30 min 4g (91)
8 C6H5/2,4-Cl2C6H3/H (2w) 15 min 4h (83)
9 4-ClC6H4/Me/H (2x) 30 min 4i (90)
10b C6H5/(CH2)5 (2y) 3 d 4j (79)
11c C6H5/CH3/4-ClC6H4 (2z) 3 d 4k (57)

a Isolated yield. b The reaction was catalyzed by 20 mol% PBu3. c The
catalyst loading was 20 mol%.
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A plausible mechanism for this reaction is outlined in
Scheme 2. The transformation is believed to proceed via con-
jugate addition of Lewis base (LB) to cyclopropenone, affording
zwitterionic intermediate A.15 Subsequently, methanol is depro-
tonated to give intermediate B. Then the three-membered ring is
opened and the acetate anion is released, leading to intermedi-
ate C. The acetate anion grabs a proton of intermediate C to give
intermediate D, which upon loss of the Lewis base catalyst gives
rise to the final product 3. Alternatively, the conjugate addition
of LB to cyclopropenone produces a cyclopropene enolate A0,
which undergoes ring opening to give a ketene intermediate B0.
Subsequently, the ketene intermediate E reacts with methanol to
afford the final product. A more detailed investigation on the
reaction mechanism will be reported in due course.

In summary, we have investigated novel and interesting reactions
of cyclopropenones with alcoholic nucleophiles catalyzed by different
Lewis bases, affording the corresponding allenic esters in moderate to
high yields under mild conditions. This is the first example on the
Lewis base-catalyzed formation of allenic esters from cyclopropenones.
Based on this unprecedented method, axially chiral allenic esters
have also been furnished in moderate yield and ee in the presence
of multifunctional chiral phosphine LB1. A plausible reaction

mechanism has also been proposed. Further studies on the
mechanistic details of this catalytic system along with the
reaction properties of the other cyclopropenones are currently
underway in our laboratory.
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of China (973)-2009CB825300, and the National Natural Science
Foundation of China for financial support (21072206, 20472096,
21102166, 21372241, 21302203, 21372250, 20672127, 21121062
and 20732008).
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Scheme 1 Asymmetric reaction of cyclopropenone with MeOH cata-
lyzed by chiral phosphine catalyst LB1.

Scheme 2 Plausible reaction mechanism.
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