
Tetrahedron Letters,Vo1.30,No.50,pp 6951-6954,1989 0040-4039/89 $3.00 + .OO 
Printed in Great Britain Perqamon Press plc 

Cu(II) CATAIXZRD HYDROLYSIS OF AR UNACTIVATRD ESTRR RASRD ON RRVRRSIBLe 

CWJUGATR AJJDITION.~ 

Brook F. Duerr and Anthony W. Czarnik" 

Department of Chemistry, The Ohio State University, Columbus, Ohio 43210 

Summary: Cu(II) catalysis provides a 16,000-fold acceleration in the hydrolysis of methyl 

acrylate when a removable vicinal diamine ligand is used to increase the stability of the 

required copper chelate. 

The early work of Kroll,' Bender,3 and Westheimer 4 on metal ion-promoted hydrolyses 

of a-amino acid esters and amides has provided the impetus for numerous studies of metal 

ion promoted and catalyzed ester hydrolysis. 5 Enzyme models of metalloesterase activity 

possess both the ester and the metal ligand covalently and irreversibly connected; 

cyclodextrin6a and micellar6b systems have served as noncovalent enzyme mimics. Despite 

the early successes using methyl esters of a-amino acids, little work has been directed 

toward the hydrolysis of unactivated substrates; Co(III) catalysis of methyl acetate hydrolysis 

described by Chin stands as a notable exception.7 Of course, metalloenzymes utilize M2+ 

and not M3+ catalytic centers, but without a suitable ligand to bind M2+ ions in a proper 

orientation near the substrate divalent ions do not accelerate the hydrolysis of unactivated 

esters, which is slow at neutral pH. 8 Our research group has described work utilizing 

reversible covalent bond formation as a means of transiently associating a metal complex with 

unactivated substrates. 9 In this paper we report that the vicinal diamine group serves as a 

convenient ligand for transient association with Cu(II) ion in aqueous solution; the ensuing 

hydrolysis of an unactivated p-ester group is therefore metal ion catalyzed, not promoted. 

6951 



6952 

The reactions shown in Scheme I, including the well-known reversible conjugate addition of 

amines to enones, lo can be effected entirely in 0.1 H pH 7.50 buffer-l' Compounds 3 and 

6 were synthesized independently,12 and each step of the reaction sequence was studied 

separately. The presence of the W-active benzyl group in diamine 2 allowed us to obtain 

kinetic measurements using reverse-phase HPLC.13 The reaction of 

N'-benzyl-N,e-dimethylethylenediamine l4 (2) and methyl acrylate (1) proceeds at 23OC 

(k2-2.1 x 1O-3 m-'s-') as expected to give ester 3 as a colorless oil. 

Scheme I 

Without added metals, the hydrolysis of ester 3 (1.8 a) to acid 6 proceeded at pH 7.50 

and 23'C with kobs-1.0 x 10e6 s-l (t1,2-670,000 s).15 Addition of divalent metal 

iO& accelerated the rate of the hydrolysis by varying extents. The addition of 1 eq of 

Co(I1) or Ni(I1) accelerated the hydrolysis, yielding kobs-3.9 x 10 -6 s-l (tl,2-170,000 

s) and 1.2 x lo*' s-l (tl,2=57,000 s), respectively. The use of copper ion led to the 

largest accelerations; addition of 1 eq of Cu(I1) gave kobs-6.2 x 10 
-3 ,-1 

(Q/2=110 

s), and addition of 5 eq of Cu(II) gave kobs-1.6 x 10 
-2 -1 s (tl,2-44 s). Therefore, 

the hydrolysis rate for the fully complexed ester is 16,000-times faster than the same reaction 
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