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noncooperative nature of the binding also indicates a random, 
nonspecific interaction between the peptide and the phos­
pholipid surface, without the necessity to invoke the presence 
of discrete binding sites. The free energy of complex formation 
is 0.6 kcal/amino acid, a reasonable value if the binding energy 
is the result of the transfer of a potential amphiphilic helix from 
water into an amphiphilic surface.12 

Circular dichroism spectra show that peptides A and D are 
in a random, rather than in a helical conformation, even in 50% 
trifluoroethanol. Peptides B and C contain an estimated 
10-15% helical structure13 in aqueous buffers over a wide pH 
range, the amount of helicity increasing to 40% for peptide B 
and 33% for C in 50% trifluoroethanol. Thus, the differences 
in the abilities of the synthetic peptides to bind to lipid vesicles 
seem to correlate with helix-forming potential. The pH de­
pendency of the binding shows the importance of the state of 
ionization of the peptides: the isoelectric point is 7.1 for peptide 
B and 4.6 for peptide C, whereas the vesicles have a negative 
£ potential, as indicated by their electrophoretic mobility. Thus, 
the electrostatic repulsion of negatively charged peptides must 
reduce their affinity for the vesicles, although the major 
binding force has to be of a lyophilic nature. 

The enzymatic digestion shows that the presence of bound 
peptide increases the rate of hydrolysis of the phospholipids 
by a factor of 6, thereby yielding a hydrolytic rate comparable 
with that observed for human plasma LDL.14 Thus, the egg 
lecithin vesicle-peptide complex is a suitable model for the 
lipoprotein surface by the criterion of this sensitive enzymatic 
probe. Previous phospholipid-protein binding studies using 
apoproteins or their fragments and dimyristoyl lecithin vesicles 
failed to yield a quantitatively analyzable system, mostly be­
cause of the major structural reorganization of the vesicles that 
occurred upon binding.5 We feel that the present study dem­
onstrates that the synthetic peptide-egg lecithin single bilayer 
vesicle system provides an excellent model for the study of li­
poprotein structure. We are currently pursuing this line of 
investigations. 

Acknowledgments. This investigation was supported in part 
by U.S. Public Health Service Program Project HL-18577 
(E.T.K., F.J.K.), by U.S. Public Health Service Cardiovas­
cular Pathophysiology and Biochemistry Traineeship 5T32 
HL 07237-02 (D.J.K.), and by USPHS Medical Scientist 
Traineeship 5T32 GM 07281 (J.P.K.). 

References and Notes 

(1) (a) W. M. Fitch, Genetics, 86, 623 (1977); (b) A. D. McLachlan, Nature, 267, 
465(1977). 

(2) J. D. Morrisett, R. L. Jackson, and A. M. Gotto, Jr., Biochem. Blophys. Acta, 
472,93(1977). 

(3) D. J. Kroon and E. T. Kaiser, J. Org. Chem., 43, 2107 (1978). 
(4) M. A. Wells and D. J. Hanahan, Methods Enzymol., 14, 178 (1969). 
(5) K. C. Aune, J. G. Gallagher, A. M. Gotto, Jr., and J. D. Morrisett, Biochem­

istry, 16, 2151 (1977). 
(6) S. Batzri and E. D. Korn, Biochem. Biophys. Acta, 298, 1015 (1973). 
(7) (a) M. Roth, Anal. Chem., 43,880 (1971); (b) J. R. Benson and P. E. Hare, 

Proc. Natl. Acad. Sci. U.S.A., 72, 619 (1975). 
(8) R. Sundler, S. L. Sarcione, A. W. Alberts, and P. R. Vagelos, Proc. Natl. 

Acad. Sci. U.S.A., 74, 3350 (1977). 
(9) J. P. Kupferberg and F. J. Kezdy, Fed. Proc, 37, 1834 (1978). 

(10) S. J. T. Mao, J. T. Sparrow, E. B. Gilliam, A. M. Gotto, Jr., and R. L. Jackson, 
Biochemistry, 16,4150(1977). 

(11) M. T. A. Evans, J. Mitchell, P. R. Mussellwhite, and L. Irons, Adv. Exper. 
Med. Biol., 7, 1 (1970). 

(12) M. J. E. Sternberg and J. M. Thornton, J. MoI. Biol., 115, 1 (1977). 
(13) J. D. Morrisett, J. S. K. David, H. J. Pownell, and A. M. Gotto, Jr., Bio­

chemistry, 12, 1290(1973). 
(14) L. P. Aggerbeck, F. J. Kezdy, and A. M. Scanu, J. Biol. Chem., 251, 3823 

(1976). 

D. J. Kroon, J. P. Kupferberg 
E. T. Kaiser,* F. J. Kezdy* 

Departments of Chemistry and Biochemistry 
University of Chicago, Chicago, Illinois 60637 

Received April 21, 1978 

Effect of Phenyl Substituents on the 
Hydrolyses of Trifluoroacetanilides Catalyzed by 
Imidazolyl Cation and Hydroxide Ion 

Sir: 

We report a result of a simple model study which strongly 
supports acid catalysis by the imidazolyl cation in serine pro­
tease catalyzed hydrolyses of amide compounds, especially 
anilides. Acid catalysis by the imidazolyl cation of His-57 has 
been proposed in the a-chymotrypsin-catalyzed hydrolyses of 
anilides, on the basis of the finding that electron-donating 
substituents on the phenyl rings of anilides largely facilitated 
reaction;1 for example, in the chymotrypsin-catalyzed hy­
drolyses of yV-acetyl-L-tyrosine anilides p = —1.8 at 35 0C. l e 

The imidazolyl cation allegedly catalyzes the breakdown of 
the tetrahedral intermediate between Ser-195 and the anilide. 
However, nonenzymatic hydrolyses of trifluoroacetanilides, 
in which the breakdown of the tetrahedral intermediate be­
tween hydroxide ion and the anilide is catalyzed by water (as 
acid catalyst), showed a positive p value (+0.69) with respect 
to phenyl substituents.2 Thus, there has been a big discrepancy 
between enzymatic hydrolyses of anilides and nonenzymatic 
ones previously studied. Here, the alkaline hydrolyses of five 
trifluoroacetanilides (H, m-Cl, p-Cl, W-NO2, and P-NO2) 
catalyzed by imidazolyl cation are reported, showing a large 
negative p value consistent with enzymatic reactions. 

The alkaline hydrolyses of trifluoroacetanilides in the 
presence of imidazolyl cation (ImH+) and imidazole (Im) 
proceeds as shown in Scheme I.3,4 The tetrahedral intermediate 
(1) collapses to products via acid catalysis by the imidazolyl 
cation (£3) and by water (fc2).

5 Furthermore, neutral imidazole 
directly catalyzes the hydrolyses (^4). 

The parameters, k^/k-\, k\, and £4, were evaluated from 
the plot of the observed rate constant of hydrolyses, determined 
spectrophotometrically, vs. the concentration of imidazole at 
pH 7.2, 70 0C. As described by Eriksson et al.,4 this plot gives 
k-$/(k-\ — ki), k\, and k^. Since k-\ is much larger than 
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Figure 1. Plots of log (k.}/k-\) and log (Zc4) vs. a~ in the hydrolyses of 
trifluoroacetanilides at 70 0C; see Scheme I concerning the notation of 
rate constants. 
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ki,2'4 ki/(h-\ — ki) can be reduced to k^/k-\ to a good ap­
proximation.6 

Figure 1 shows a plot of log (k^/k-i) vs. <s~? The slope of 
the straight line gave the p for the (k^/k-1) of -1 .48 ±0 .04 . 
Since the p corresponding to k~\ was determined to be —0.08, 
the p for k3 is -1 .56 (= -1 .48 + (-0.08)).8 This quite large 
negative value shows that proton donation from the imidazolyl 
cation to the nitrogen atom of 1 is essentially complete in the 
transition state, whereas the bond between the carbonyl carbon 
atom and the nitrogen atom is almost intact. Thus, a large 
positive charge is located on the nitrogen atom in the transition 
state. ki/k-\ in the hydrolysis of w-nitrotrifluoroacetanilide 
showed no D2O solvent isotope effect (1.0 ± 0.2), which also 
indicates an almost complete proton transfer from the imid­
azolyl cation to the nitrogen atom of 1. 

The p for k\ was determined to be +0.57 ± 0.06 from the 
plot of log k\ vs. (T-. This value is slightly larger than the p 
obtained at 30 0 C in ref 2 (+0.42). The fcfs in D2O are 1.4 ± 
0.2 times larger than those in H2O, which support nucleophilic 
attack by hydroxide ion in this reaction. The nucleophilicity 
of deuteroxide ion is 20-40% higher than that of hydroxide 
ion.9 

The rate constant of the reaction, in which the formation of 
1 is followed by its rate-determining breakdown catalyzed by 
imidazolyl cation, is expressed by k\ki/k-\. Thus, the p for 
this process is calculated to be —0.91 (= -1.48 + 0.57), using 
the p for k] (+0.57). This large negative p is consistent with 
the large negative p observed in the a-chymotrypsin-catalyzed 
hydrolysesof iV-acetyl-L-tyrosine anilides ( -1 .8 at 35 0 C ) . l e 

Furthermore, the magnitude of p for the present model reac­
tions, observed at 70 0C, is quantitatively comparable with that 
in the enzymatic reactions, considering the known decrease of 
p with increasing temperature ( -2 .2 at 15 0 C, -2 .0 at 25 0 C, 
and -1 .8 at 35 0C).!<= 

On the other hand, the catalysis by neutral imidazole (^4), 
which shows general base catalysis followed by water-catalyzed 
breakdown of the tetrahedral intermediate,10 exhibited a 
positive p value of +0.84 ± 0.04 (Figure 1). This value is close 
to the value for the reaction in which water catalyzes the 
breakdown of 1 (+0.69)2-" and is far different from the large 
negative p in the enzymatic reactions. Thus, the catalysis by 
water of the breakdown of the tetrahedral intermediate be­
tween Ser-195 and the anilide in the enzymatic hydrolyses of 
anilides is unlikely. 

In conclusion, a large negative p was observed in the imid­
azolyl cation catalyzed breakdown of 1, which is consistent 
with the finding in the enzymatic hydrolyses of anilides. The 
present result provides strong support for acid catalysis by the 
imidazolyl cation of His-57 rather than by water in the enzy­
matic hydrolyses of amides. 
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Preparation and 
Decomposition of a Cis Cyclic Tetrazene, 
l,4-Dimethyl-l,2,3,4-tetraaza-2-cycloheptene 

Sir: 

We report the preparation and the kinetics of the thermal 
decomposition of the title compound, 2. This material was 
prepared in 18-25% yield by the oxidation of the dihydrazine 
1, using a modification of the procedure of Kreher and Wiss-
man.1 
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Acyclic tetraalkyI-2-tetrazenes have been shown to prefer 
the trans configuration.2 No examples of cis acyclic tetraalk-
yltetrazenes are known, although Roberts and Ingold3 sug­
gested that photochemical decomposition of ?rara-tetrazenes 
involves initial trans -*• cis isomerization, followed by the dark 
(thermal) decomposition of the cis isomer. Nelsen and Fibiger,4 
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Table I. Thermolysis" of l,4-Dimethyl-l,2,3,4-tetraaza-2-
cycloheptene 

/c,s-' X 10-4* 

1.76 ±0.08 
2.79 ±0.1 
4.66 ±0.3 
6.31 ±0.5 

13.05 ± 1.5 
AH* = 18.8 ± 1 kcal/mol, AS* = 

T, 0 C,±0.1° 

65 
70 
75 
80 
90 

-20.2 ± 1 eu 

" The reaction was carried out on 0.04 M 2 in n-hexadecane under 
nitrogen. The rate constants did not change when the concentration 
of 2 was doubled to 0.08 M. This indicates the absence of induced 
decomposition at this concentration range. * The rate constants are 
an average of three independent runs. 
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