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Sequential déprotonation, isomerization of 3-alkynoates and subsequent 1, 2-addition led to bicyclic 

allenoate in the presence of a catalytic amount of Cs2CO3. Cyclization proceeds in a total stereoselective 

manner in the case of the two carbon linker chain. A one-pot reaction starting from alkynyl ketones 

afforded tricyclic fused ring systems with good yields.

Introduction 10 

 Allenes are remarkably versatile intermediates in organic 

chemistry because of the cumulated diene system characteristic of 

this class of compounds. In particular, allenoates are interesting 

building blocks in various reactions.1  

 Crabbé et al. reported the first CuBr-mediated reaction to form 15 

terminal allenes from 1-alkynoates and formaldehyde in the 

presence of diisopropylamine.2 Later Ma and coworkers3 

developed an efficient ZnI2-mediated protocol for one-pot 

synthesis of 1, 3-disusbtituted allenes form 1-alkynes. Further, 

cumulated π- bonds can be obtained via isomerization. In this 20 

way, the Brønsted base catalyzed 1,3-prototropic shift reaction, 

which proceeds through déprotonation-protonation sequences, 

provides allenes directly from alkynes.4 Based on these 

precedents, we wish to report the realization of such protocol on 

keto 3-alkynoates which uses catalytic amount of Cs2CO3. Thus, 25 

sequential déprotonation-isomerization of the latter led to an in 

situ 1,2-addition process providing bicyclic allenoates. 

 

Results and discussions 

 In order to functionalize our alkynyl ketones we utilized a 30 

convenient method developed by Fu and coworkers.5 Coupling 

various terminal alkynes with ethyl diazoacetate in the presence 

of a catalytical amount of CuI produced the 3-alkynoate bearing a 

cyclic keto group (scheme 1).  
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Scheme 1: Synthesis of 3-alkynoates 2a-j 

 

 With the 3-alkynoates in hand, we started our investigations by 

examining the treatment of the 3-alkynoates in the presence of 

TBAF. In fact, in situ 1,2 addition of the linear allenoate formed 40 

after sequential deprotonation-isomerization reaction occurred 

providing the formation of bicyclic allenoates.6 This reaction led 

to a mixture of three compounds, trans-cis-allenoate 3b being the 

major compound (scheme 2). 
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Scheme 2: Reactivity with TBAF 

 X-Ray crystal structures of allenoates 3a, 3b and 3c provided 

evidence for the relative configuration of the compounds 

obtained. 7  Previous work8 showed that starting from 2-

alkynoates with a 4-carbon linker chain likewise provided those 50 

allenoates together with a mixture of compounds, although the 

selectivity was lower. Even treatment of trans-cis allenoate 3b 

with TBAF afforded an almost equimolar mixture of trans-trans 

and trans-cis allenoates 3a and 3b. 

 55 

Figure 1: Screenings of different solvents 
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 To check the outcome of the reaction in basic medium, 

compound 2c was treated with several bases (table 1). 

 

Table 1: Screenings of different bases 5 

 

entry base solvent 
allenoate 

3a 

allenoate 

3b 

allenoate 

3c 

1a
 Et3N, CHCl3 - - - 

2 NaOEt EtOH 38% 43% 10% 

3 NaH THF - 74% 14% 

4b K2CO3
 THF - 36% 10% 

5c Rb2CO3
 THF - 72% 21% 

6 Cs2CO3 THF - 82% 10% 

7d CsF THF - 46% 11% 

8 
Cs2CO3 

(10% mol) 
THF - 83% 16% 

a Recovery of 16% of disubstituted allenoate together with 84% starting 

material. b 54% starting material was recovered. c 5% starting material 

was recovered. d Recovery of 18% of the disubstituted allenoate 

accompanied by 21% starting material. 

 10 

 Whereas the reaction with Et3N showed no sign of cyclization, 

only the formation of linear allenes (entry 1), the reaction with 

NaOEt and TBAF (entry 2) led to different proportions of 

cyclized allenes. However, NaH, Rb2CO3 and Cs2CO3 (entry 3, 5, 

6) led preferentially to trans-cis allenoate 3b. As the yield of 15 

trans-cis allenoate was improved using Cs2CO3, we tried a 

catalytic amount of the latter (entry 8). Trans-cis allenoate 3b 

was obtained with almost the same yield as for 1 equivalent of the 

base together with 16% of allenoate 3c.  

 20 

 The solvent effect was then examined (figure 1). In most 

cases, we observed a very good overall yield. Whereas PhMe, 

Et2O, THF, and CH2Cl2 afforded similar selectivities for both 

allenoates, using polar aprotic solvents led to an important 

selectivity drop where both allenoates 3a and 3b were obtained in 25 

a nearly 1 to 1 ratio. The proportion of the bicyclic allenoate 

bearing a cis ring junction remains constant regardless of the 

polarity of the medium. 

 

 Having found that Cs2CO3 favors in situ 1,2 addition of the 30 

allenoate tether to the cyclic keto group, we evaluate the scope of 

the reaction by using various cyclic ketones as well as two and 

three carbon linker chain. Results are display in scheme 3. 
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Scheme 3: Catalytic Cs2CO3 cyclization 

Through this investigation it transpired that Cs2CO3 provided 

almost completely the trans-cis allenoate regardless to the carbon 

linker chain and the starting cycloalkanone. The reaction is totaly 

stereoselective, in particular for the 4-6 (4b) and the 5-6 (5b) 

fused ring systems, the former being obtained in a low yield. 40 

Likewise for the two-carbon linker chain, in each case the cis-cis 

allenoate is exclusively obtained (8b-10b), while 2-alkynoates 

with a four-carbon linker chain tethered to cyclopentanone 

always led to a mixture of allenoates as well as spiro derivatives.8 

Linear 3-alkynoate led as well to cyclised allenoate 11 with good 45 

yield. 3-alkynoates bearing a four carbon linker chain led only to 

the corresponding linear allenoates without cyclization. 

 

 Next we focused on bicyclo[3.2.0]derivatives.9  Fu’s reaction 

conditions with a three carbon linker chain on alkynyl ketone 1j 50 

provided the corresponding 3-alkynoate 2j, whereas the two 

carbon linker chain derivative 1k led directly to fused tricyclic 

ring system 12 in a diastereoselective manner with respect to the 

ring junction, together with the desired 3-alkynoate 2k (scheme 

4). 55 
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Scheme 4: Fu’s reaction over bicyclo[3.2.0]derivatives 

 

 Cyclization of both alkynoates 2j and 2k in the presence of a 

catalytical amount of Cs2CO3 afforded tricyclic fused ring 60 

systems 5-4-5 (12b) and 5-4-6 (13b) respectively, with 27% and 

60% yield (scheme 5). 
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Scheme 5: Obtention of tricyclic allenoate using catalytical amount of 

Cs2CO3 

 Taking into account the direct formation of the tricyclic 

allenoates observed for compound 12, we examined the 5 

feasibility of a one-pot reaction starting from terminal alkynes. 

 Treatment of alkynyl ketones with ethyl diazoacetate, 20 mol% 

of CuI and 20 mol % of Cs2CO3 afforded directly polycyclic 

allenoates (scheme 6). Although in each case trans-cis allenoate 

remains the major product, there is a decrease of the selectivity 10 

with respect to the ring junction and the allenoate. However, the 

reaction is totally stereospecific for compounds 5b, 8b and 10b, 

like for the two steps process. Moreover, the one pot reaction 

favors the synthesis of tricyclic fused ring systems 12 and 13 

because the yield with respect to the two-step reaction has 15 

improved. 

 

 

 

 
Scheme 6: One pot process starting from alkynyl ketones 

 

 A plausible reaction mechanism is shown in scheme 7. 20 

Carbenoid A obtained from the reaction ethyl diazoacetate and 

Cu-chelate reacts with the alkynyl ketone, providing intermediate 

B.10 The latter undergoes protonation affording 3-alkynoate 2c. In 

the presence of a base, anion C is generated and isomerizes to 

allenoate D. To explain the strong selectivity observed, we 25 

assume the existence of alkali-metal complex D,11 which favors 

trans-cis allenoate 3b, obtained via 1,2 addition of allenoate D to 

the keto group providing bicyclic allenoates.  

Conclusions 

In conclusion, an in situ catalytic process leading to bicyclic and 30 

tricyclic allenoates has been developed. The synthesis of bicyclic 

allenoate is operationally simple and takes place under mild 

conditions at room temperature, and a catalytic amount of 

Cs2CO3 was used. Cyclization proceeds in a total stereoselective 

manner, in particular in the case of the two-carbon linker chain. 35 

Polycyclic allenoates can be obtained directly through copper-

catalyzed of diazo compounds with terminal alkynes by cesium 

carbonate; in this manner the yield of tricyclic fused ring systems 

could be improved. 

 40 
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Scheme 7: Mechanism proposal 
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