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MOLECULAR AGGREGATION AND ITS APPLICABILITY TO SYNTHESIS.
TR DIEIC AT NRED DRACTTONA.
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Summary: The rates of intermolecular Diels-Alder reactions involving relatively hydrophobic dienes and
dienophules are sigmficantly increased if these reactions are carried out in ethylene glycol. These rate
enhancements are most easily understood 1n terms of aggregation phenomena

The rate of a bimolecular reaction 15 controlled by 1ts specific rate constant and by the concentrations of the
reacting species In practice, the specific rate constants for these reactions are rarely constant, but instead vary
substantially with changes in temperature, pressure and/or solvent. Because of this, systematic vanation of one or
more of these parameters can oftentimes provide one with useful nsight into the mechansm of the reaction under
study For example, 1t 1s well-accepted that if increases in solvent polanty are accompanied by sigmficant
mcreases in the observed rate of a reaction, then the transition state probably possesses polar character
Conversely, the absence of solvent effects in a reaction has been generally correlated with transition states n
which no net charge develops (e g , most concerted reactions).

Perhaps the prototypical example of the latter situation 1s the Diels-Alder reaction. For instance, in the
dimenzation of cyclopentadiene, solvent vanations over a series ranging 1n polanty from hexane to water alter the
observed reaction rate only by a factor of four 1 As a consequence of this and other simular results, synthetic
optimization studies of Diels-Alder reactions rarely include the solvent as one of their important vaniables
However, some notable exceptions to this have been reported 1n recent years.
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and his co-workers, the rates of Diels-Alder reactions mvolving dienes which possess carboxylic acid (or
carboxylate) head groups were found to be significantly increased when the reactions were performed 1n an
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Unfortunately, when we attempted to run the Drels-Alder reaction of carbonate diene 1 and 2,6-
dimethylbenzoquione, 2, 1n water, not only was no rate enhancement observed relative to the same reaction
performed 1n benzene, no reaction was observed! This was presumably due to the total insolubility of 1 in water
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associated with disruptions to the hydrogen bonding network. Since each hydrogen bond contributes three to five
keal/mole in stabilization energy, it follows that, when molecular aggregates form, their volume will be kept to a

Extrapolation of this concept to the extreme, i.e., a two molecule aggregate consisting of one diene and
one dienophile, although simplistic, is nonetheless instructive. As depicted in Figure 1, the volume of the n-
stacked arrangements of dienophile and diene (particularly in its s-cis form) is smaller than the corresponding end-
on arrangements. Since at least some of these n-stacked arrangements of diene and dienophile correspond to
orientations suitable for reaction, the relative concentrations of productive arrangements of diene and dienophile
are larger and, as a consequence, the observed rates of these reactions are higher. Studies which attempts to
verify this hypothesis experimentally will be the subject of future reports.
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Figure 1. A. n-stacked arrangement; B. end-on arrangement.
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Attempts with a number of other hydrophobic diene/dienophile combnations 1n water also suffered the same fate
These results suggest that the success of the Grieco and Breslow procedures depends heavily on the condition that
both the diene and the dienophile possess at least limited solubility 1n (hot) water.

CHOCO O

Ow20H3 H20 /4

3

In an attempt to ascertamn whether any other solvents might enhance the rates of hydrophobic Diels-Alder
reactions, we examined the reaction of 1 with 2 1n a variety of solvents. The results of this study are shown mn
Table 1 Clearly, performung this reaction in ethylene glycol provided a substantial rate enhancement (26 1)
relative to benzene In retrospect, this may not be surprising since this solvent possesses almost as extensive a
hydrogen bonding network as water, as well as a small carbon backbone which could help solubihize hydrophobic
dienes and dienophules 5

Table 1

Solvent Dielectric Constant Relative RateA
Benzene-dg 23 10
Acetonitrile-d3 362 18
Dimethylsulfoxide-dg 46.6 31
Methanol-d4 326 41

DO 78 0 no reaction
Ethylene glycol 37.7 261

A All reaction rates were determined by NMR

A more extensive survey of the type of rate enhancements which are observed by performung Diels-Alder
reactions of quinones and quinols6 1n ethylene glycol versus benzene 1s given m Table 2. In general, these rate
enhancements range from one to several orders of magmtude The only apparent exception to this 1s the reaction
given n Entry 3 However, control expeniments show that m refluxing ethylene glycol decomposition of the
siloxydiene 1s competittve wath the Diels-Alder reaction  Not surprisingly, when more solvolytically-labile dienes
were employed (e g , 1-ethoxy- 1-trimethylsiloxy-2-methylbutadiene), diene decomposition became the exclusive
reaction pathway

Like the Breslow and Grieco groups, we feel that molecular aggregation 1s one of the important factors
responsible for the observed rate acceleration 7 However, 1f these accelerations were sumply the result of an
ncrease 1n the effective molanty of the reactants, then the rates of these reactions 1 ethylene glycol should not
exceed the rates of corresponding reactions performed neat Surprisingly, the rate of the neat reaction of 1 with 2
15 at least an order of magmitude slower that the rate observed in ethylene glycol This suggests that some other
factor must be responsible for the rate enhancement. We believe that this factor 1s entropic 1 ongin

In principle, since hydrophobic molecules prefer to be solvated by other hydrophobic molecules,
molecular aggregates of variable compositions and volumes could form However, the stabilization energy
associated with these favorable hydrophobic-hydrophobic interactions will be offset by the destabilization
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Entry  Diene Dienophile Temp(°C)  Time(hn Product
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A Reaction performed in benzene
B Reaction performed in ethylene glycol
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