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Summary  The hydrolysis of the title compounds involves 
the expulsion of an amide anion as a leaving group at  
basic pH, and probably an amide enol (imidoacid) as a 
leaving group at  acidic pH. 

COMPOUNDS of type (1) are of interest because of their use 
as peptide protecting groups,l amino termini in retro- 
inverso peptides,2 intermediates in carboxy-terminal peptide 
degradations,3 and a-aminoalkyl cation synthons.* Al- 
though their nature as masked aldehydes might lead one to 
expect that they would be hydrolytically unstable, the 
stability of such compounds is in fact such that many may 
be isolated from aqueous solution. We here report the 
first study of the mechanism of hydrolysis of these com- 
pounds; the mechanism appears to involve the conjugate 
base anion of an amide as a leaving group in a solvolysis 
reaction. 

Indiana 47907) 

RIC(: O)NHCHR2NR3, 

(1) 
a; R1 = Me, R2 = Pri, R3 = H 
b; R1 = But, R2 = Pri; K3 = H 
c; R1 = Me, R2 = Pri, R5 = Me 

The pH-rate profiles for the hydrolysis of both (la) and 
(lc) (Figurefs indicate plateaus in both the acid and base 
pH regions; the profile is quantitatively fitted by equation 
(1 )  in which k+ is the observed rate constant, and H = 10-PH. 

The hydrolytic mechanism is conveniently discussed in 
terms of the phenomena observed in the acidic and basic 
plateaus of the pH-rate profile, respectively. The K in 
equation (1) for (la), pK = 7.33 5 0-14, may be identified 
with the K a  for the conjugate acid of (la), pK, = 7.13 
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FIGURE. 
water, ionic strength 2.0 (KCI) mol dm-9, by observing the appearance of isobutyraldehyde spectrophotometrically a t  286-nm. 
points are observed, and the lines are calculated, for a nonlinear least-squares fit to equation (1). 

The pH dependence for the hydrolysis of compounds (la) (at 45 "C) and (lc) (at 60 "C) .  The hydrolysis was followed in 
The 
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f 0.07. The products in all regions of pH are isobutyral- 
dehyde and acetamide [for (la) and (lc)] or t-butyl carba- 
mate [for (lb)]. If CN- is included in the hydrolysis 
reaction mixture in basic solution, the product from (la) is 
the cyanoamine PriCH(NH,)-.CN, suggesting the inter- 
mediacy of isobutyraldehyde imine. At all pH values, the 
polarimetric rates for the hydrolysis of (la) are essentially 
identical to the spectrophotometric rates, a point which 
rules out rapid reversible formation of trigonal proacyl 
carbon. In the basic region of pH, changing the leaving 
amide (la)+( 1 b) results in a 248-fold rate enhancement ; 
in the acidic region, the corresponding increase is a factor 
of 9.2, In the basic region, the change (la)+(lc) results 
in a 92-fold rate enhancement; the corresponding change in 
the acidic region is a factor of 11. In  the basic region, the 
activation entropies are + 16 and + 34 J K-l mol-l for (la) 
and (lc), respectively, suggesting a dissociative process. 
In  the qcidic region, the corresponding activation entropies 
are + 1  and 1 3  J K-lmol-l, respectively. Finally, no 
catalysis by added external buffers is observed a t  any pH 
for any compound. 

The mechanism shown in equation (2a) fits all the facts. 
In  particular, a cyclic proton transfer mechanism [equation 
(3)] appears to be ruled out by the more rapid reaction of 
(lc), for which such a mechanism is not available. 

For hydrolysis in the acidic region, an equilibrium proton 
transfer followed by a mechanism [equation (2b)l analogous 
to that shown in equation (2a) is attractive, although a 
cyclic mechanism analogous to that shown in equation (3) 
(with an  additional proton on the amino nitrogen) cannot 
be strictly ruled out. 

An interpretation of the data in the basic region with 
reasonable estimates for the pK, values of the leaving 

Me-CO-N?-CHPr'-NH2 0. Me-CO-NH-+ PriCH=N&* (2a) 

. +  
Me-CO-NH- CHPrL NH3 Me-CO-NH2 f Pr'CH=O -f- NH3 

OH 

amides6 gives a Plgt of about unity, a point which suggests 
that  bond breaking is nearly complete in the transition state. 

Several conclusions are immediately clear from the data. 
As the leaving amide anion is made less basic, compounds 
of type (1) will become less stable toward hydrolysis. One 
can estimate an approximate half-life for the retro-inverso 
peptides (R3 = alkyl) of about 10-50 h a t  25 "C on this 
basis. The stability of such compounds can be clearly 
attributed to the poor leaving group (an amide anion) in the 
basic region, and to the requirement for a highly unfavour- 
able equilibrium prior to hydrolysis in the acidic region. 
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f flIg is equal to  (-AlogklApK, where k denotes kA or k B ,  and K is the dissociation constant of the conjugate acid of the leaving 
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