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s-l-y: Tandem ene/intramolecular Diels-Alder reactions of 1,4-cyclohexadiene and mono- or 

di-activated acetylenes are optimized. Analogous reactions with disubstituted 

bicyclohexa-1,4-dienes regioselectively produce highly functionalized tetracyclic adducts. 

Chemists have used commercial microwave ovens for a variety of purposes.' 

described how microwave heating substantially reduces the time necessary 

Last year we 

to complete 

Diels-Alder, ene, and Claisen reactions.3 Our interest in the development of thermal reactions 

using microwave heating led us to reinvestigate the reaction of 1,4_cyclohexadiene _ (1) and 

dimethylacetylene dicarboxylate (DMAD, 2). This tandem ene/intramolecular Diels-Alder process 

was originally discovered by Alder and Bong in 1952, but proceeded in low yield [see Table 11.4 

In 1966, the reaction was re-examined by Huebner and co-workers, 5 

reported. Using microwave heating for six minutes, we have achieved 

>80% yield. 

although no yield was 

this transformation in 

Table 1. Optimization of the Alder-Bong ReaCtiOn 

fi MeO&- C02Me fi r 1 

Enehu.8 mnP2c 

1. Literature4 1.1 : 1 20h 185 

2. Microwave 15 : 1 8 min 325 < 381 

3. Control 15 : 1 20 h 220 

4. Control 15:l 15 min 388 

40 % 

82 % 

82 % 

51 % 
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I -1 Di-Activated Enophiles: 

The ene:enophile ratio influences the outcome of tandem ene/intramole,-ular Diels-Alder 

reactions. Using an equimolar ratio, the intermolecular Diels-Alder reaction of intermediate 

i with a second molecule of enophile predominates. 6 - We reasoned that this competing process 

would be suppressed by using an excess of diene. Indeed, a 15:l ratio of ene:enophile, using 

either microwave or conventional heating, led to high yields of 3. - Control experiments at 

22O'C required twenty hours to complete, while reactions at higher temperatures [>320°C] for 

time periods comparable to microwave conditions suffered somewhat in yield (cf. entries 1 and 

4, Table 1). A systematic study of the ene:enophile ratio as presented in Table 2 showed that 

for all practical purposes, an ene:enophile ratio of 1O:l provided tricyclic adduct 2 in high 

yield, though unidentified polymeric products (lo-15%) were also formed. 

Table 2: Comparative Parameters for the Reaction of 1 ,QCyclohexadiene and Dimethylacetylene 
Dlcarboxylate using Microwave Heating. 

. WMk&.tb IklltPS Yield 

1. 2:i 5 min 3w<317 48 % 
2. 10 : 1 6 min 325 < 361 82 % 
3. 15 : 1 6 min 325 < 361 82 % 
4. 3o:l 6 mln 317 < 325 87 % 

II - Mono-Activated Xnophiles: 

Analogous reactions with methyl propiolate, 3-butyn-2-one, and propiolic acid gave 

tricyclic adducts of unprecedented regioselectivity (A, z and 5, respectively). In contrast to 

the reaction of dimethylacetylene dicarboxylate _1 and l_, reaction of mono-activated acetylenes 

required higher temperatures [>320°C] to complete in reasonable time; adducts are not obtained 

at lower temperatures. For example, control experiments failed to produce 4 even after 21 h at - 

235'C. However, addition of a catalytic amount of zinc chloride 120 mole %I affords adducts 

4-6 in good yields at temperatures as low as 220°C within four hours.' -- Reactions conducted 

with microwave heating under these conditions showed no improvement over the analogous 

non-catalyzed experiments. Weak Lewis acids, such as florisilBa or silica gelsb fail, while 

treatment with stronger Lewis acids (SnC14 or BF3*Et20) at O°C generates mainly polymers. 

Ene reactions of simple alkenes with unsymmetrical enophiles produce isomeric mixtures in 

which the regioisomer resulting from diene attack at the enophile's B-carbon predominates.9 

Thus reaction of 1 with mono-activated acetylenes should have produced mainly adducts of type 

1 (see Eq. 3). In contrast, adducts 4-6 clearly result from bond formation at the a-carbon of -- 

the enophile. Moreover, no evidence for the formation of type 7 regioisomers was observed. - 

Equation 1. 
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Table 3. Reactions of Mono-Activated Enophiles with l+Cyclohexadiene 

Ew = co/Me (@C 

/ 0 / 
1 

1. Mkrowave 
2. C4xttrol 
3. Control 
4. Ykrowave 

5. Control 

1. Mkrowave 
2. Contful 
3. Mkrowave 

4. Control 

EW = C02H (@ 1. conml l 
2. Control 

HsEW H 

EW = CO,Me -& 
H 4-6 

; 

COCH, ; CO,H EW 

$Xndltlonatm Time 

Neat 
Neat 
Neat 
ZnCl2 

ZnCl2 

6 mln 
21 h 

3h 
6 mln 

4h 

361<400 31% 
230-235 0% 

330 30% 
276<3W 25% 

246 77% 

Neat 
Neat 
ZnCl2 
ZnCl2 

7 mln 
35h 

6 mln 

16h 

356<370 32% 
335-340 36% 
276 < 300 32% 

220 - 230 66% 

Neat 
ZnC12 

21 h 
17 h 

300 26% 

226 23% 

Excessive pressure exists even after cooling. 

We believe that the tricyclic products obtained reflect the kinetic instability of the ene 

adducts under the superheating employed. Based on Alder’s work,9 we assume that both 

intermediates ii and iii are formed, and that the normal ene adduct ii predominates. Either - - - 

intermediate can undergo a retroenell or an intramolecular Diela-Alder reaction. 12 

Literature precedent13 suggests that intermediate fi will undergo intramolecular 

Diels-Alder reaction more rapidly than ii, due to the nature of their respective dienophiles. 

Furthermore, once adducts 4-6 are formed, - conjugation of the carbonyl group with the 

cyclopropane ring augments product stability, thus creating a thermodynamic bias for these 

isomers. Decomposition of ii via a retroene process and/or polymerization presumably leads to - 

the observed product distribution. 

III. Subatitutcd Dienest 

Reaction of each of the dienes in Table 2 and DMAD afforded tetracyclic adducts of type 2 

in moderate to high yields.6c Products 2 and 11 result from regioselective addition at the 

tetrasubstituted double bond in the initial ene reaction. 

In conclusion, tandem ene/intramolecular Diels-Alder reactions offer an efficient means of 

constructing highly functionalized carbocycles regioselectively. The use of microwave heating 

allows these reactions to be completed expeditiously. 
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Table 4: Reaction of Bicyclic Dienes and Dimethylacetylene Dicarboxylate uslng Microwave Heetlng. / 
CD 

C02Me 

I I 
Me02C wC02Me 

A - 64 C02Me B 

Temesrature(OC) lob yiald 

92 $ CH,CH,CH,4 317 < 325 60% 

1[L; $ CH,CH=CHCH,4 300 < 317 65% 

LL; $ CH,C(OCH,CH,O)CH,‘, 275 < 300 37% 
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