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Summary: The intermolecular Diels-Alder reactions employing 
dienophiles k and 2 with diene < have been examined in water. 
The significantly enhanced rates, as well as the improved 
selectivity observed in water stand in sharp contrast to the 
results observed in hydrocarbon solvents: 

As a consequence of our continuing interest in quassinoids,l we required substantial quantities 

the Diels-Alder adduct (2). Intermolecular Diels-Alder reaction between dienophile ,$' and diene 

R=Et)3 proceeds in benzene at room temperature (see Table) giving after 288 h, a 52% yield of 

adducts 2 (R=Et), mp 129-13O"C, and t (R=Et), mp 93.5-94.O"C, in a ratio of I:I.2, along with a sub- 

stantial amount of recovered dienophile.4 In an attempt to shorten the reaction time and, more 

importantly, improve upon the isomer ratio, the reaction between ,$ and z (R=Et) was examined in 

water.5 The Table reveals that when the Diels-Alder reaction is carried out in water the rate of 

the reaction is more than doubled (288 h versus 168 h, entry 3). Also notable is the increase in 

the ratio of 140-isomer ,$ over the 14a-isomer t [0.85 (benzene) versus 1.3 (water)]. It is of 
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interest to note that the rate of the above aqueous 

the rate of reaction of 2 and 2 (R=Et) conducted in 

and 3). 

reaction is not substantially different from 

the absence of solvent (cf. Table, entries 2 

Diels-Alder reaction between dienophile A and diene acid z (R=H) in toluene at room temperature 

is sluggish (60% complete after 168 h, see Table, entry 4). On the other hand, use of water as 

solvent results in complete reaction after 17 h (see Table, entry 6). That the aqueous reaction 

[J, + 2 (R=H)] proceeds roughly twice as fast as the neat reaction (30 h, entry 5) and that water 

soluble cosolvents cause a five-fold reduction in rate (cf. entries 7 and 8) suggest that additional 

factors other than concentration may be involved. 

The most dramatic results were observed during the reaction of ,1. with the sodium salt of diene 

acid & (R=Na) in water at room temperature under vigorous stirring (entry iO).6 The reaction was 

complete in 8h giving rise to an 83% yield of adducts 2 (R=H) and t (R=H) in a ratio of 2:l. The 

observed rate increase suggests that some type of micellar catalysis, resulting in mutual binding 

of reactants, is responsible for the enhanced rates. 7 Evidence in support of some sort of aggrega- 

tion was obtained by varying the concentration of diene. When the reaction of 4 + 2 (R=Na) is con- 

ducted 2 M in diene the rate is approximately doubled (cf. entries 10 and 11). Of significance is 

the observed 3:l ratio of adducts 2 and ,$ which were obtained in quantitative yield (entry 11). A 

TABLE. Reaction of Dienophile 4 with Diene ,2. 

entrya R solvent 
concentration 

of diene 
timeb yieldC 14eH/14aHd 

- 

1 Et benzene 1.0 M 288 h 52%e 0.85 

2 Et neat _____ 144 h 69% 1.3 

3 Et water 1.0 M 168 h 82% 1.3 

4 H toluene 1.0 M 168 h 46%e 0.7 

5 H neat ____- 30 h 80% 1.4 

6 H water 1.0 M 17 h 85% 1.5 

7 H water-dioxane (1:l) 1.0 p1 104 h 100% 0.8 

8 H water-MeOH (1:l) 1.0 !j 97 h 99% 2.0 

9 Na water 0.1 fl 120 h 46%e 0.9 

10 Na water 1.0 M ah 83% 2.0 

11 Na water 2.0 M 5h 100% 3.0 

abAll reactions were run at room temperature employing a five-fold excess of diene over dineophile. 
Reactions were judged to be complete by TLC analysis. cYields reported are for chromatographically 

pure mixtures of CII, epimers. dRatios were determined by NMR. eStarting dienophile was recovered: 
entry 1 (29%), entry 4 (40%), and entry 9 (14%). 
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greater than fifteen-fold decrease in rate accompanies the reaction that is 0.1 J$ in diene (compare 

entries 9 and 10). 

Analogous results were obtained with dienophile 2. ' Reaction of 2 with diene x (R=Et) [l.O H in 

toluene] required heating at 100°C for 36 h to provide a 97% yield of Q and 2 in a ratio of 1:l.l. 

In sharp contrast when the reaction was conducted in water (1.0 tJ) at room temperature employing 

diene 2 (R=Na), the reaction was complete in 4.5 h giving rise to a 90% yield of adducts Q and x 

in a ratio of 3:l. Of significance once again is the change in the ratio of Q:z, 0.9 in the case 

of toluene as solvent versus 3.0 utilizing water. 

5 

6 7 

The observed rate increases encountered above may be ascribed to the relative orientation of 

the reactants in a micelle, thus lowering the entropy requirements for the bimolecular reaction. 

We speculate that the observed increases in the 14sH/14aH ratios (compare entries 1 and 4 to 11 in 

the Table, and the above results with dienophile 2) might be explained in terms of transition state 

volume, wherein the transition state leading to formation of the 14sH isomer would occupy a smaller 

volume that that leading to the 14aH adduct, thus minimizing unfavorable hydrophobic interactions 

through more efficient aggregation (micellar packing). 
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