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Summary: 3,3,3-Triethoxypropyne (triethyl orthopropiolate) was added to a series of 1,3-dienes at low 
temperature in the presence of trimethylsiIy1 trrflate to yield the 4x + 2s products of the formal 
addition of ethyl propiolate to the 1,3-dienes. 

The use of allyl cations’ and propar& cationsa as powerful low-temperature dienophiles in the 

Diels-Alder reaction is becoming well established. An extension of this concept has been made which in- 

volves the addition of acrolein acetals3 and vinyl ortho esters4 to 1,3-dienes in low-temperature cycload- 

ditions.* In general, the carbocation is the most powerful, carbon-based electron-withdrawing group that 
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can be generated. Thus, it is not surprising that the conversion of 1 and 2 into 3 and 4, respectively, 

results in the formation of extremely powerful low-temperature dienophiles. We now wish to report that 

this concept can be extended to the low-temperature addition of ethyl propiolate to a variety of 1,3- 

dienes via the intermediacy of propargyl cations generated from triethyl orthopropiolate. 
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In a general procedure, triethyl orthoac~~ate~ (3,3,3_triethox~~ropenc, 2) was treated with one 

equivalent of bromine at 0 “c in chloroform. After removal of the solvent, the crude product was 

dehydrohalogenated with powdered potassium hydroxide (5 equivalents) in heptane containing B-crown- 

6 to yield 61% of S8 When 5 was exposed to trimethy~s~lyl triflate in methylene chloride at -78 “C in 

the presence of two equivalents of ~,3~cy~iohexadien~, EdTowed by sl5m wzrming to -IS “C over a 1.5-h 

period, ii was obtained in 785% yield after ~ur~f~eat~o~ by column chromatography. 

In terms of mechanistic detail, it seems apparent that treatment of 5 with trimethylsilyl triflate 

results in the formation of 7. Considerable evidence supports this hypothesis. When 5 ~8s treated with 

trim~thyisilyI trifiate in deuteriochIoroform in the absence of l$-cyclohexadiene at -78 ‘C, the 

metbyfene protons of 5, which appeared at S 3.69 in its ‘H WMR spectrum, d~sa~~ear~d and were re- 

placed by a quartet (J = 7.1 Hz) at 6 4.75 indicative of the attachment of an -OCH,CHJ to a cationic 

center at low temperature. When this experiment was repeated with 1,3-cyclohexadiene in the reaction 

mixture, an ‘H NMR study failed to show the intermediacy of 7. Instead, spectral data consistent with 

the rapid formation of 8 at low temperature was abtained: ‘H KMR @XX2I,) 5 X.03 (dd, 1 H, 3 = 6.6 

and 1.9 Hz), 6.45 (t, 1 H, J = 6.8 Nz), 6.24 (t, 1 H, J = 6.8 I-Iz), plus a multiplet centered at S 4.89 result- 

ing from the overlap of a Z-peak system due to the ether methylenes, each of which is an A,B quartet 

with different chemical shifts. A related pattern, which was centered at S 3.53, was observed for 9~” 

At low temperature, 7 decomposed to give ethyl propiolate and 8 decomposed to produce 6. 

Ample precedent exists for the decomposition of dialkoxy-substituted carbocations to esters.’ In an 
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attempt to trap 8 prior to its decomposition to 6, trimethylsilyl cyanide was added to the reaction mixture 

after a 25min reaction time at -78 “C. This resulted in the formation of 17% of 9” and 2g% of 6. 

The isolation of esters rather than ortho esters from this reaction raised the question of whether 7 

merely decomposed to ethyl propiolate, followed by the addition of ethyl propiolate to 1,3-cyciohexadiene 

under the reaction conditions. Control reactions demonstrated 

1,3-cyclohexadiene under the reaction conditions either with 

trimethylsilyl triflate. This is consistent with the concept that 

dienophile. 

that ethyl propiolate would not add to 

acid catalysis or in the presence of 

7 should be an exceptionally powerful 

The data listed in Table 1 illustrate the versatility of the use of 7 as a highly reactive intermediate. 

In the addition to acyclic 1,3-dienes, the reaction was complicated by the aromatization of the initially 

formed 1,4-cyclohexadienes. 

In summary, a method has been developed for the formal iow-temperature addition of ethyl 

propiolate to 1,3-dienes via the intermediacy of propargyl cations. 

Table 1. Addition of Ethyl Propiolate to 1,3-Dienes via 7 generated from 5 and Trimethylsilyl Triflate 

lJjg,Qg 

/ 0 \ 
Product 

CO2C2’4, 

%C2% 

CO,C,H, 

C*2C2b 

C02C2H5 

, 

Y . 

Co2C2HS 

TemueratureC 

-78 “C to -15 “C 

-78 “C to 0 “C 

0 “C 

-7S”CtoO”C 

0 “C 

0 “C 

Time (h) 

1.6” 

2.0” 

0.3b 

2.2a 

O.Sb 

0.5b 

Yield (%) 

78 

57 

46 

73d 

56d 

37d 

(a) Trimethylsilyl triflate was used in 50 mol %. (b) Trimethylsilyl triflate was used in 75 mol %. (c) 
The reactions which show a temperature range were started at the lower temperature, and allowed to 
warm slowly to the higher temperature. (d) The product was prone to undergo aromattzation on stand- 
ing. 
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