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MOLECULAR AGGREGATION AND ITS APPLICABILITY TO SYNTHESIS. 
THE DIELS-ALDER REACTION 

Tambra Dunams, Wtlham Hcekstra, Mtchael Pentalen and Demns Lrotta* 
Department of -try, Emory UNVUWt)‘, Atlanta, Georgia 30322 

Summary: The rates of mtermolecular Dtels-Alder reactions mvolvmg relattvely hydrophobtc dtenes and 
&enophtles are stgmficantly mcreased d these reacuons are camed out m ethylene glycol. These rate 
enhancements are most eastly undemtood m terms of aggregation phenomena 

The rate of a bimolecular reacnon is controlled by its specfic rate constant and by the concentratmns of the 

reactmg species In practice, the specfic rate constants for these reacttons am rarely constant, but mstead vary 

substanually wnh changes m temperature, pressure and/or solvent Because of thus, systemattc vanatum of one or 

more of these parameters can oftenhmes provtde one with useful msight mto the mechamsm of the reacuon under 

study For example, it 1s well-accepted that If increases m solvent polarity are accompamed by sqqficsnt 

mcreases m the observed rate of a reactton, then the transmon state probably possesses polar character 

Conversely, the absence of solvent effects 111 a teacuon has been generally correlated wnb transmon states m 

which no net charge develops (e g , most concerted reactions). 

Perhaps the prototyptcal example of the latter snuauon IS the Dels-Alder reactton. For mstauce, m the 

duuenxauon of cyclopentadiene, solvent vanations over a series rangmg m polarity from hexane to water alter the 

observed reactton mte only by a factor of four 1 As a consequence of thts and other slrmlar results, synthetic 

optmuxauon studies of Ihels-Alder reactmns rarely mclude the solvent as one of their nnportant vanables 

However, some notable exceptions to this have been reported m recent years. 

In a series of papers Bmslow and co-workers mported that the rates of certam Duels-Alder reacttons could 

be enhanced by as much as two hundred fold when carned out m water mstead of acetomtnle 2 Based on their 

results, the Breslow group concluded that the rate enhancement (and product selecnvny) were the result of 

hydrophobic packmg of the dmne and the dumophile. In series of slrmlar, but complementary, studtes by Gneco 

and his co-workers, the rates of I)lels-Alder reachons mvolvmg dmnes which possess carboxyhc acid (or 

carboxylate) head groups were found to be sqmflcantly mcreased when the reachons were performed m an 

aqueous medmm.3 These observattons were ratumabxed by suggesting that the mactants onent themselves wuhm 

a nucelle, thereby mcreasmg then effective molar@ and, consequently, their rate.4 

Unfortunately, when we attempted to run the Duels-Alder reactron of carbonate &ene 1 and 2,6 

dlmethylbenxoqumone, 2 m water, not only was no rate ecbancemenr observedrelatfve to the same mfct~011 

perfonnedm benzene, no reaction was observed! Tlus was presumably due to the total msolubihty of 1 m water 
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associated with disruptions to the hydrogen bonding network Since each hydrogen bond contributes three to five 

kcal/mole in stabilixation energy, it follows that, when molecular aggregates form, their vohnne will be kept to a 

minimum. 

Extrapolation of this concept to the extreme, i.e., a two molecule aggmgate consisting of one diene and 

one dienophile, although simplistic, is nonetheless instructive. As depicted in Figure 1, the volume of the R- 

stackd arrangements of dienophile and diene (particularly in its s-&s form) is smaller than the corresponding end- 

on arrangements. Since at least some of these rr-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 

verity this hypothesis experimentally will be the subject of future rqxnts. 

2-k J-k .;H-O-O-.H-U-O-.; 

Figure 1. A. x-stacked arrangement; B. end-on arrangement. 
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Attempts wuh a number of other hydrophobic dreneI&enophrle combmattons m water also suffered the same fate 

These results suggest that the success of the Gneco and Breslow procedures depends heavrly on the condmon that 

both the drene and the &enophrle possess at least lmuted solubrhty m (hot) water. 

In an attempt to ascertam whether any other solvents rmght enhance the rates of hydrophobrc Duels-Alder 

reacuons, we exammed the reaction of 1 wrth 2 m a vanety of solvents. The results of thrs study are shown m 

Table 1 Clearly, perfonnmg thrs reaction m ethylene glycol provrded a substantial rate enhancement (26 1) 

mlauve to benzene In retrospect, thrs may not be surpnsmg smce thrs solvent possesses almost as extensive a 

hydrogen bondmg network as water, as well as a small carbon backbone which could help solubrlrze hydrophobrc 

drenes and &enophrles 5 

Table 1 

Solvent Dielectric Constant 
Benzene-& 
Acetomtnle-d~ 32632 
Dunethylsulfoxrde-& 46.6 
Methanol4 32 6 
D20 78 0 
Ethylene glycol 37.7 

A All reacuon rates were determmed by NMB 

Relative BateA 
10 
18 

:: 
no reactton 

26 1 

A more extensive survey of the type of rate enhancements which am observed by performmg Drels-Alder 

reacttons of quinones and qumols6 m ethylene glycol versus benzene IS grven m Table 2. In general, these rate 

enhancements range from one to several orders of magmtude The only apparent exceptron to thts IS the reactron 

grven m Entry 3 However, control expenments show that m mfluxmg ethylene glycol decomposmon of the 

srloxy&ene IS compehuve wrth the Drels-Alder reactton Not surpnsmgly, when more solvolyucally-labile drenes 

were employed (e g , I-ethoxy-1-tnmethylsrloxy-2-methylbutadrene), drene decomposrtnm became the exclusrve 

reachon pathway 

Lrke the Breslow aud Gneco groups, we feel that molecular aggregauon IS one of the rmportant factors 

responsrble for the observed rate accelemuon 7 However, rf these accelerauons were simply the result of an 

mcrease m the effecttve molanty of the reactants, then the rates of these reactmns m ethylene glycol should not 

exceed the rates of correspondmg reacttons performed neat Surpnsmgly, the rate of the neat action of1 wth 2 

IS at least an order of magtuhrde slower that the rate observed III ethylene glycol Thrs suggests that some other 

factor must be msponsrble for the rate enhancement. We believe that thrs factor IS entropic m ongm 

In prmcrple, smce hydrophobrc molecules prefer to be solvated by other hydrophobrc molecules, 

molecular aggregates of vanable composruons and volumes could form However, the stabtiuon energy 

associated wrth these favorable hydrophobic-hydrophobrc mtemcuons wrll be offset by the destabrbzatron 
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