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Abstract: Reactions of acrylate esters with pyridineearboxaldehydes, in the presence of 3-hydroxy-

quinuchdine or 1,4-diazabicyclo[2 2.2] octane, have been followed by 1H NMR spectroscopy, and a

mechanism which accommodates the kinetic data has been presented.

The Bayhs-Hillman reaction,1 which involves 1,4-diazabicyclo[2.2.2]octane (DABCO) catalysed coupling of

aldehydes and acrylate esters (Scheme 1), has found use in the synthesis of necic acids such as integerrineeic-,2

retronec~c -3 and seneeivermc acid,4 and other compounds.5 These coupling reactions, which tend to be very slow

(typtcally requiring 4-7 days or longer for completion), may be accelerated by using electrophihc heteroeyclic aldehydes

or by substituting 3-hydroxyquinuclidine for DABCO.6 Such acceleration has made a 1H NMR kinetic study feasible,

and in this communication, we present a mechanistic sequence which accommodates the experimental data.

SCHEME 1
R !

0 DABCO _ ~ OHR1 ~ H + ~ I ~ 0 R Z
0

OR=
1 2 3

Various reaction systems were selected in order to explore the effects of varying :- the 3*amine catalyst; the

substrate substituents, R1 and R2, and the component concentrations. The reactions7 were followed by monitoring the

integral ratios of adequately resolved substrate (1) and product (3) 1H NMR heteroaromatic signals. For given

concentrations of 3°amine, the reactions exhibit linear second-order plotss as illustrated in Figure 1.9 The experimental

data are, in fact, consistent with third-order kinetics overall (Equation 1) or, assurmng the concentration of 3*amine to be

constant, pseudo second-order kinetics (Equation 2). The third-order rate constants (/Cobs) are detailed in Table 1

Rate = kobsIll[2l[3*amine] (1)

Rate = ka[ll[Z] (2)

where ka = kobs[3°amine]

Rate = k2Kl[1][Z][3*amme] (3)
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The proposed mechamsm, ]° whmh is detailed in Scheme 2, is consistent with the experimentally determined rate

equations and with earlier suggestions reviewed by Drewes and Roos.1 This mechamsm involves an add~tmn-

ehmmatlon sequence which is imUated by nueleophihc attack of the 3°amine on the acrylate ester substrate 2 to form a

transient dipolar enolate species 4, which subsequently attacks the electrophdie aldehyde I to alford the mtcrmedmte

adduct 5

The rate of formation of the adduct 5 may be expressed in terms of Equation (3) which, for/Cobs = k2Kt, is

identical to the experimentally determined rate Equation (1) and this step is considered to be rate-determining Proton

transfer and elimination of the 3°amine catalyst then affords the coupled product 3 From the rate constants (kot)s,

Table 1) it is apparent that the reaction rate is sensitive to varmtion of both the aldehyde substttuent (R l, entries 1 and

10) and the alkyl substltuent (R2, entries 1, 2 and 3). Thus, the reduction in rate constant (kobs) w~th the increasing

electron-releasing inductive effect of the alkyl substituent (R2 = Me < Et < Pr~) may be attributed to relatwe

destabdlsation of the dipolar enolate 4 and a consequent decrease m the equilibrmm constant, K1 (Equation 3) The

rate-enhancement associated with substitution of 3-hydroxyquinuchdme for DABCO (compare entries 8 and 9) may be

rationahsed m terms of hydrogen-bonding stabdisation6 of the dipolar mtermedmte 4 (Figure 2) and a consequent

increase m the eqmhbrium constant, K1 (Equation 3-). Thin hydrogen-bonding model Is supported by the small kmellc

~sotope effect (kH//¢D = I 3) observed with use of deutenated 3-hydroxyqumuchdme 1! (compmc entries 1 and 7, Table

The decrease in rate-constant observed on doubling the proportions of non-polar reactants (compare entries 1 and 5

w~th 4, 6 and 9) Is attributed to a decrease m the overall polarity of the concentrated solutions, which were used to

ensure convenient reaction t~mes.
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FIGURE 1. Kinetic plots for the 3-hydroxyqumuclidine catalysed coupling

of methyl acrylate with pyridine-4-(.arboxaldchyde (entry l, Table)

(a) rate of consumption of pyndme-4-carboxaldehyde,

(b) pseudo second-order plot
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TABLE 1. Kinetic data for the synthesis of the adducts (3) from acrylate esters (2) and

pyndme-2- or pyrtdinc-4-carboxaldehydcs (1) in CDC13.

R T

/ ~ O H 3

o ' ~ O R2
Entry Catalyst Mola| conc./mol.kg -1 kobsaJmol-2kg2s-1

(1): (2) :catalystR1 R2

I pyr-4 Me Hqb 1.82 : 1.82 : 0.i0 (1.42--+ 0.04) x 10-3

2 pyr-4 Et Hq 1.82 : 1.82 : 0.10 (9.03 +_ 0.01) x 10-4

3 pyr-4 Pr t Hq 1.82 : 1.82 : 0.I0 (4.60+_ 0.14) x 10-4

4 pyr-4 Me Hq 3.63 : 1,82 : 0.I0 (1.32 +_ 0.02) x 10-3

5 pyr-4 Me Hq 1.82 : 1.82 : 0.19 (1,42 +- 0.06) x 10-3

0 pyr-4 Me Hq 1.82 : 3.63 : 0.10 (9.77--+ 0.10) x 10-4

7 w r - 4 Me D-Hqc 1,82 : 1,82 : 0.10 (1.09_+ 0.06) x I0"3

8 pyr-4 Me DABCOd 3.63 : 3.63 : 0.18 (1.51 _+ 0.02) x 10-4

9 pyr-4 Me Hq 3.63 : 3.63 : 0,19 (I.II_+ 0.09) x I0"3

10 pyr-2 Me Hq 1.82 : 1.82 : 0.10 (2.89-+ 0.04) x I0"4

aMean of d u p h c a t e determmations, bHq is 3-hydroxyquinuclld~ne. CD-Hq ~s monodeuteriated

3-hydroxyqu~nuclldme, dDABCO is 1,4-diazablcyclo[2.2.2]octane.
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SCHEME 2 1 R I

X = N, CH ~ OH

O R = +
Y = H, OH 3
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