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Abstract: In order to establish the way in which the hydration characteristica-afmino acids influence their
noncovalent interactions with other solutes in agueous solution, we measured medium effects for the water-catalyzed
hydrolysis of an activated amide in aqueous solution in the presenceawofino acids and some of their derivatives

at 25°C and pH 4. With the exception of phenylalanine and 3-phenylserine, all coneramnino acids induce
significant rate enhancements. The kinetic results are analysed using the thermodynamic description-of solute
solute interactions as formulated by Savage and Wood. This procedure allows the evaluation of pairwise Gibbs
energy interaction parameters. These parameters neither reflect the hydrophobicityefritieo acid side chain

nor the additivity of functional group interactions in the cosolute. The carboxylate group in the zwitterianio

acid dominates the rate enhancing kinetic medium effect and reduces the availability of nearby methylene groups for
interaction with the apolar initial state of the reaction. Sae@mino acid side chains clearly influence the interaction

of the carboxylate group with the reactant, most probably due to destructive hydration shell overlap. Only for
phenylalanine and 3-phenylserine are marked rate retardations observed, and presumably the hydrophobic effect of
the side chains now dominates over the rate enhancing effect of the carboxylate moiety. The results provide quantitative
insights into intermolecular noncovalent interactions betweemino acids and the activated amide. It is shown

that destructive hydration shell overlap effects play a significant role in noncovalent interactions in aqueous solution.

Introduction the role of water in its biological function and structure, it
appears a prerequisite to obtain quantitative knowledge on the
hydration ofa-amino acids. One approach involves an analysis
of the properties ofi-amino acids in terms of their constituent
functional groups and their hydration characteristics; another
interpretation of the thermodynamics of amieemide hydrogen S {0 consider transfer properties afamino acids from one
bonding interactions has been a controversial i4¢séieKauz- solvent to the other. The solvation and physical properties of
manH was the first to stress the importance of hydrophobic ®-amino acids have been lucidly reviewed by Lilky.
interactions in protein folding and ever since these interactions  Here, we present quantitative data for noncovalent interactions
have been accepted as a major driving force for protein folding. of a series otr-amino acids with a hydrolyzable activated amide
However, the molecular mechanism of hydrophobic interactions in aqueous solution based upon kinetic medium effects. Pseudo-

Protein folding is one of nature’s most intriguing processes.
Attempts have been made to estimate the contribution of the
different noncovalent interactions governing protein folding and
stability but only with modest success® Particularly the

is still a matter of debate. first-order kinetics of the neutral (i.e., pH independent) hy-
The protein in its folded state is stabilized by only 20 drolysis of 1-benzoyl-3-phenyl-1,2,4-triazole have been meas-
kcakmol=1,° a consequence of strong enthai@ntropy com- ured in the presence of low concentrationsoeédmino acids.

pensation in the interactions. Therefore, small changes in At the experimental pH 4, the rate-determining step involves a
electrostatic, van der Waals, and hydrogen bonding interactionswater-catalyzed reaction via an activated complex containing
may all contribute significantly to the stability of the protein. two water molecules with three protons in flight2 (Figure
The interplay of these noncovalent interactions depends to a1). Obviously, this activation process is accompanied by a
large extent on the solvent. Water is unique in mediating protein sypstantial increase in substrate polarity. The medium effects
folding. For an understanding of the hydration of a protein and prought about byr-amino acids on the hydrolysis reaction will

T University of Groningen. therefore reflect their hydrophobicity/hydrophilicity and hydra-

* University of Leicester. tion properties. Solutesolute interactions can be analyzed by
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Products

Figure 1. Proposed mechanism for the neutral hydrolysis of 1-benzoyl-
3-phenyl-1,2,4-triazolel).

by Savage and Woé8lwho analyzed the thermodynamics of
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solute-solute interactions in water. Subsequently, this approachgigyre 2, Kinetic results for thea-amino acids glycine (squares),
has been incorporated into a quantitative analysis of kinetic proline (up triangles), alanine (circles), valine (down triangles), and

medium effects*1>which led to the following relationship:

IN(kypdkopy = (2IRTG(C)m, — NdM,m,

wherekopsis the pseudo-first-order rate constant for hydrolysis

serine (diamonds).

chain attached to the sulfate moiety was extended from one to
three carbon atoms, indicating that these groups are not available
for hydrophobic interactions with the initial state of the

in the aqueous solution containing the cosolute (or cosolvent), hydrolysis reaction. Presumably, this phenomenon is caused

K, is the rate constant in pure waten is the molality of
cosolute,n is the number of water molecules involved in the
activated complex® is the practical osmotic coefficient of
water @ = 1 for for highly dilute solutions}¢ andM; is the
molar mass of water.G(C) is the difference in Gibbs energy

of interaction between the cosolute and the initial state and the

by the extensive hydration of the sulfate group. Methylene
moieties more remote from the ionic group gave rise to the usual
hydrophobic interactions. These studies suggest that the addi-
tivity theory is not generally applicable and applies to a number
of selected classes of addenda only.

In the present study we observe that foe-amino acids the

cosolute and the transition state, respectively. This interaction pairwise interactions cannot be analyzed in terms of additivity
Gibbs energy is a combination of contributions of the different of functional groups either. No simple relationship between
functional group interactions. The second term in the equation side chain hydrophobicity and th®(C) value was obtained.

is a correction for the effect of the cosolute on the reactivity of The results, however, are of immediate relevance for under-

water because water acts as reactant as well as solvent.

standing intermolecular noncovalent interactions involving

G(C) represents the overall effect of the cosolute on the Gibbs a-amino acids in aqueous solution.

energy of activation for the hydrolytic process and is obtained

from the slope of a linear plot of lkgdkl,) versus the

molality of the addendum. The theory has been successfully

Results and Discussion

applied to describe solute-solute interactions in aqueous solutions  Effects of Aliphatic a-Amino Acids. Pseudo-first-order rate

containing,inter alia, alcohols!* carbohydrated’ amides'® and
sodiumn-alkylsulfatest® These classes of cosolutes all retard

constants for the hydrolysis of 1-benzoyl-3-phenyl-1,2,4-triazole
were measured at 25C and pH 4. As demanded by our

the rate of hydrolysis, which has been ascribed to a stabilization theory4 the natural logarithm of the rate constant varied linearly

of the initial state due to hydrophobic interactions with the
additive. In the case of monohydric alcohols satisfactory
additivity of functional groups was observed. The methylene
moiety gave rise to a negative pairwise group interaction

parameter, and the hydroxyl groups contributed positively to

the G(C) value. Primary amides showed additivity, but second-
ary and tertiary amides exhibit a significant deviation from
additivity, presumably due to specific amidamide interactions.

The additivity theory does not allow an analysis of stereospecific

with the molality of the cosolute up to the maximum molalities
measured (usually 1 molal). At higher concentrations deviation
from linearity was observed, most likely due to triplet and higher
order interactions. In Figure 2 the effects of glycine, proline,
o-alanine,a-valine, ando-serine are visualizedG(C) values
were calculated and are displayed in Table 1. The selection of
o-amino acids used in this study was solely determined by their
solubility constraints.

The striking feature reflected by the data in Table 1 is the

interactions as observed in aqueous solutions containing stereozccelerationof the hydrolysis reaction in aqueousamino acid

isomeric carbohydratég. A third failure of the additivity theory
of functional groups was observed for sodimralkylsulfates,
the first series of cosolutes containing an ionic group. Differ-
ences in kinetic medium effects were very small when the alkyl

(13) savage, J. J.; Wood, R. B. Sol. Chem1976 5, 733.

(14) (a) Blokzijl, W.; Jager, J.; Engberts, J. B. F. N.; Blandamer, M. J.
J. Am. Chem. Sod986 108 6411. (b) Blokzijl, W.; Engberts, J. B. F. N.;
Blandamer, M. JJ. Am. Chem. Sod.99Q 112 1197.

(15) Blokzijl, W.; Engberts, J. B. F. N.; Jager, J.; Blandamer, M1.J.
Phys. Chem1987, 91, 6022.

(16) Smith, P. K.; Smith, E. R. Bl. Biol. Chem194Q 132, 57.

(17) Galema, S. A.; Blandamer, M. J.; Engberts, J. B. KI.Mm. Chem.
Soc.199Q 112 9665.

(18) Kerstholt, R. P. V.; Engberts, J. B. F. N.; Blandamer, M. £hem.
Soc., Perkin Trans. 2993 49.

(19) Noordman, W.; Blokzijl, W.; Engberts, J. B. F. N.; Blandamer, M.
J.J. Org. Chem1993 58, 7111.

solutions compared to the reaction in pure water. Interestingly,
this is the first time that we have observed substantial rate
enhancements for this hydrolysis reaction in the presence of
small amounts of cosolutes. An obvious explanation would

imply general-base catalysis by the carboxylate group. This
could be checked by measuring the rate constantsaino

acid solutions with constant concentration over a large pH range
were it not that the neutral hydrolysis is restricted to pH values

between pH 3.5 and 5, where the differences in reaction rates
due to changes in ionization of the carboxyl group are outside
the kinetic detection limit. If, however, general-base catalysis

would interfere with the medium effect, a linear dependence of

(20) Preliminary communication: Streefland, L.; Blandamer, M. J.;
Engberts, J. B. F. NJ. Phys. Chem1995 99, 5769.
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Table 1. G(C)?* Values (3kg-mol~?) for a-Amino Acids and Derivatives at 298.15 K and pH 4

o-amino acid o-C substituent K (a-COH) G(C)
glycine hydrogen 2.35 875 (21)
alanine methyl 2.35 558 (16)
o-aminoisobutyric acid 2 methyl 2.36 429 (17)
proline —(CHy)s— 2.00 632 (15)
o-aminoh-butyric acid ethyl 2.55 565 (15)
o-aminovaleric acid (norvaline) n-propyl 2.30 556 (15)
valine isopropyl 2.29 467 (9)
leucine isobutyl 2.33 518 (21)
isoleucine secbutyl 2.32 499 (20)
lysine (CH)4NH; 2.16 642 (29)
threonine CH(CH)OH 2.09 445 (9)
serine CHOH 2.19 383 (6)
asparagine CHCONH, 2.02 436 (8)
3-phenylserine CH(OH)gs n.d. —479 (25)
phenylalanine ChCsHs 2.20 —709 (6)
o-amino acid derivative structural formula Kp G(C)
N-methylglycine (sarcosine) (MeYN+*CH,CO,~ 221 555 (11)
N,N-dimethylglycine (Me)HNTCH,CO,~ 2.08 619 (10)
N,N,N-trimethylglycine (betaine) (MgNTCH,CO,~ 1.83 730 (14)
glycine ethyl ester ENTCH,CO,EtCI~ —-197 (2)
glycinamide HN*TCH,CONH,CI~ —148 (25)
alaninamide HNTCHMeCONHCI~ —234 (6)
phenylalaninamide ENTCH(CH,Ph)CONHCI~ —1869 (25)
ammonium cyano acetate JNTNCCH,CO,~ 2.40 221 (4)
sodium cyano acetate NHCCH,CO;,~ 2.40 97 (3)
amino methane sulfonic acid sNTCH,SG;~ ca.—1 (SGH) ca. 200

a Standard deviations between brackets.

the logarithm of the second-order catalytic rate constant on the dominate thé5(C) value. As can be seen from Table 1, glycine
pKa of the a-amino acid is expected. Such a "Beted is outstanding in accelerating the rate of the hydrolysis. Most
relationship was not foun. Solvent deuterium kinetic isotope  likely, the central methylene group is not available for partici-
effects (see Experimental Section) showed that the mechanismpating in hydrophobic interactions with the initial state of the
of hydrolysis is unchanged upon replacing water for an agueousreaction. Due to the presence of the extensive hydration shells
solution containing Gly. Finally, in case of general-base of both ionic groups, the hydrophobic hydration shell of the
catalysis, plots okyps versus the molality of cosolute should methylene group is badly developed. This was also concluded
yield a linear relationship with a slope equalkg: Such a from a Monte Carlo computer simulation of the glycine
relationship was not found either. We contend that the observedzwitterior?® in which the hydration number of the central
kinetic effects are not governed by general-base catalysis of themethylene group was found to be far less than anticipated on
amino acid carboxylate group. the basis of studies on compounds modeling this group. We

In view of the zwitterionic character of the-amino acids it also note that Gly is always found in solvent-exposed regions
seems likely that a stabilization of the activated complex, which in proteins, consistent with its hydrophilicity. Moreover an
shows charge separation with respect to the initial state, is takingultrasound velocity and density study anw-amino acids
place either through (direct) electrostatic interactions or through yielding partial molar volumes, expansibilities, and compress-
polarization of intervening water molecules. Electrostatic ibilities?” showed that hydration shell overlap of the two ionic
stabilization of the transition state should also be invoked groups takes place up to five methylene groups, and it is
because the dielectric constants of agueowamino acid assumed that the hydration of these solutes is mainly determined
solutions are higher than that of pure water. by electrostatic solutesolvent interactions.

With the exception of phenylalanine and 3-phenylserine, Proline also induces a large rate acceleration. Comparison
hydrophobic interactions appear to play only a minor role in of Pro with other commo-amino acids is not fully justified,
the effects caused bw-amino acids. There is no simple because of its cyclic structure and modified hydrogen bonding
relationship between thg(C) value and side-chain hydropho- capabilities. The high affinity for water of this imino acid is
bicity as obtained from several hydrophobicity scales for likewise reflected by its position in protein structures; it is often
o-amino acidg3-25 found in solvent-exposed regions. Proline does not fit into

Despite the lack of straightforward correlation, it is possible @-helices ang3-turns and often shows up at the ends of these

to identify the structural features of theamino acid which secondary structuré8. Wolfenden et af? pointed out that the
transfer of a Pro residue from the vapor to the agqueous phase

(21) A Bronsteda value of 0.35, together with the rate constant in g entropically more favorable than for norvaline, the linear

pure water (1.26x 1073 s71), can be used to estimate the catalytic rate | f l This i lained by th lativel I
constants. This Brsted value is reasonable when compared to other, @nalogue ot proline. 1his Is explained by the relatively sma

structurally closely related 1,3-substituted acyltriazoles, which show values 10ss of internal mobility of the ring system when entering the
between 0.34 and 0.36 for sodium alkane carboxylates (see ref 11). The
rate equations thus obtained yield theoretical valueskfgs which are
indisputably different from the experimental values kgfs Dynam.1984 2, 1.

(22) Edsall, J. T. InProteins, Amino Acids and PeptideSohn, E. J., (27) Chalikian, T. V.; Sarvazyan, A. P.; Breslauer, KJJPhys. Chem.
Edsall, J. T., Eds.; Reinhold Publishing Corporation: New York, 1943. 1993 97, 13017.

(23) Tanford, C.; Nozaki, YJ. Biol. Chem1971, 46, 2211. (28) Rose, G. D.; Gierasch, L. M.; Smith, J. Adv. Protein Chem1985

(24) Chen, C.-C.; Zhu, Y.; King, J. ABiopol. 1992 32, 1375. 37, 1.

(25) Cornette, J. L.; Cease, K. B.; Margalit, H.; Spouge, J. L.; Berzofsky, (29) Wolfenden, R.; Gibbs, P. A.; Radzicka, A.Am. Chem. Sod991
J. A.; Delisi, C.J. Mol. Biol. 1987, 195 659. 113 4714.

(26) Mezei, M.; Mehrotra, P. K.; Beveridge, D. L. Biomol. Struct.
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aqueous medium as compared to the flexible linear chain. The 0.30 ¢ S P
loss of enthalpy due to reduced hydrogen bonding ability at o/ v e

the amino end is probably more than compensated by this effect. 025 1 /" Ve 7

In our study another possible explanation for the hydrophilicity i / S

of proline could be the reduced accessibility of the inside region & 0:20 / // / /
of the apolar ring to achieve hydrophobic interactions. A similar _:5 015 /‘ // o ]
effect is observed when th&(C) value of cyclopentanol is = 4 y y T

compared to that of linear alcohols with the same number of < 4, /
CH, groupst4p

We now turn attention to a comparisoncfilanine a-amino-
n-butyric acid, and norvaline, with methyl, ethyl, angropyl
side chains, respectively. TH&C) values are 558, 565, and
556 Jkg-mol~?, respectively, and equal within experimental
error. Even side chains up to four carbon atoms, though Molality of cosolute
branched (Leu and lle), show only a minor effect when Figure 3. Kinetic results for phenylalaninamide (circles), phenylalanine
compared to the shorter chains. This pattern shows that(Squares), phenylserine (up triangles), alaninamide (down triangles),
hydrophobic interactions (at least up to four carbon atoms) play @nd glycinamide (diamonds). Note thatkfi{m=0)) is negative.
no significant role because they are overwhelmed by interactions
mediated by the ionic groups. A similar conclusion was drawn
from results obtained for sodiumalkylsulfates as cosolutég.
The importance of the ionic carboxylate in governing the
medium effect is also obvious from the results of saxr@mino
acid derivativesdide infra). The functionalization of the ionic
carboxylate to a neutral ester or amide functionality leads to a
decreasén reaction rate, whereas methylation of the ammonium
group only results in a slight decrease of the rate acceleration
(see Table 1). Electrostatic interactions between the carboxylate

and the positive pole of the dipole in the transition state (either obtained for serine and threonine appear unexpected because a
direct or via polarization of solvation water) are hence consid- . PP XP -
hydroxyl group can interact more favorably with the activated

ered as the dominant interactions leading to the observed rateCom lex than with the initial state and a positive arou
accelerations. P P group

. . . o contribution to theG(C) is anticipated (as is the case for
Ef.fECtS of a-Amino Acids C;ontammg 'Aromat|c _S'de_ alcohold49). In contrast, serine and threonine, with a methanol-
Chains. In contrast to thex-amino acids with short aliphatic

. , . . . . and ethanol-like side chain, respectively, are the weakest
side chains, phenylalanine and 3-phenylserine, which contain

. . . 'accelerators among thleeamino acids examined. This effect
the strongly hydrophobic benzylic group, appear to exert their i the most pronounced for serine. Itis plausible that the overlap

kinetic medium effect mainly through hydrophobic interactions. ¢ the rather extensive hydration shell of the hydroxyl group
In fact, these cosolutes n(mtardthe_gydrolyys, and the I_azrge with the ionic hydration shells is larger for serine than for
negativeG(C) values €709 Jkg-mol™* and—479 Jkg:mol™®,  {nreonine, leading to a reduced rate acceleration. Comparison
respectively) are striking. There is evidence against aromatic yatween Ala and Ser (substitution of H for OH) shows the
stacking, because rate retardations are also observed for th%portance of a well-developed ionic hydration shell in the
hydrolysis of 1-ethanoyl-3ert-butyl-1,2,4-triazole, lacking the  5.celeration in the reaction.

benzoyl substituerft: Moreover the hydrolysis of the less o Amino Acid Derivatives. From the above results it is
hydrophobic 1-benzoyl-1,2,4-triazole is accompanied by a |ess gpyious that the additivity principlé®is not applicable for the
negative G(C) value which is in accord with hydrophobic  sige chains in commom-amino acids and that this can be
interactions stabilizing the initial state of the reaction. These (atignalized by a disturbing effect of the hydrated charges
negativeG(C) values therefore appear to reflect the anomalous present in the cosolute.

hydrophobicities of phenylalanine and 3-phenylserine. The ' T4 gbtain more insight into the effects exerted by the
kinetic results for these cosolutes and sar@mino acid amides  3mmonium and carboxylate groups sevecaBmino acid
which retard the hydrolysis as well are visualized in Figure 3. gerivatives have been studied. As noted above, the primary
Comparison of a-Amino Acid Isomers. a-Aminoisobutyric amide and ethyl ester derivatives of Gly illustrate the importance
acid (2-methylalanine)@(C) = 429 Jkg-mol~—?) ando-amino- of the carboxylate group in governing the medium effect. The
n-butyric acid G(C) = 565 Jkg-mol~2) are isomeric cosolutes,  sign of G(C) even changes to a negative value, and a particularly
and a comparison of their rate enhancing medium effects (seelarge rate retardation is observed for phenylalaninamide (Table
Table 1) is worthwhile. The5(C) values indicate that when  1). On the other hand, methylation of the amino group does
the a-carbon atom is substituted twice, the effect on the rate of not induce such striking effects. One methyl group reduces the
hydrolysis is larger compared to that of the monosubstituted G(C) value from 875 to 555-Bg-mol~2, an effect which is the
isomer. The most acceptable explanation consists of a combi-same for the change from Gly tcAla. Apparently the position
nation of two effects. One is the reduction of the favorable of the methyl group in this case is unimportant; the reactant
interactions of the ionic groups with the transition state, caused does not distinguish between these isomers. However, when a
by steric restraints due to enforced ionic hydration shell overlap second and a third methyl group are introduced on the nitrogen
between the ammonium and carboxylate group. At the sameatom, the observed rate of hydrolysis of the amide is in
time, the hydrophobic hydration shell of the additional methyl contradiction with the notion that an additional apolar group
group may develop at the expense of the hydrophilic hydration encourages hydrophobic interactions. Even the carboxylate
shell of the carboxylate group, favoring increased hydrophobic basicity predicts the reverse effect. Again we refer to work by
interactions with the initial state. Chalikian et aP” who showed that destructive overlap of ionic

0.00 0.20 0.40 0.60 0.80

a-Valine and norvaline, with isopropyl and-propy! side
chains, respectively, are isomers as well, but norvaline is more
effective in accelerating the hydrolysis reaction than valine.
Again this difference might be due to intramolecular overlap
of hydrophobic and ionic hydration shells which is more
pronounced in the case of valine. Whether or not its |0GT)
value is caused by increased hydrophobic interactions with the
initial state or decreased stabilization of the transition state is
not clear.

Effects of Serine and Threonine. At first sight the results
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Table 2. Isobaric Activation Parameters for the Hydrolysisloin activation is enthalpy driven. The entropy of activation becomes
Aqueous Mixtures Containing Gly, Ala, Val, and Phe more favorable here as well but cannot fully compensate the

solvent A¥G? A¥H? A unfavorable change in enthalpy of activation. As no trend is
composition (kJmol™) (kImol™)  (Imol™tK™) observed in the entropies and enthalpies of activation (the
H,O 89.65 (t0.02) 45.9440.5) —147 2) entropy (and enthalpy) gain decreases and subsequently in-
H,O/Gly (0.5 M) 88.94 40.02) 51.640.6) —125(*2) creases upon going from Gly to Phe, see Table 2) it appears
H.O/Ala (0.15M)  89.4040.01) 47.440.3)  —141 (1) that the nature of the dominant interactions in these series is

H,O/Val (0.5M)  89.04£0.03) 49.7£0.3) —132 (1)

H.O/Phe (0.15M) 89.78¢0.01) 520£07) —127(2) variable. When hydrophobic interactions come into play

between the larger side chains and the initial state, it is
anticipated that the entropy of activation becomes more negative
hydration shells ina,w-amino acids takes place up to a going from Ala— Val — Phe, because the entropy of the initial
separation of four carbon atoms, and indeed this may well state is raised even more in relation to the transition state.
explain our results. Alkylation of the nitrogen atom dramatically However the opposite trend is observed. At present it is not
changes its hydration and subsequently its effect on the ionic feasible to unravel the details of the thermodynamic interplay
hydration shell of the carboxylate group. These mutual interac- of the different interactions between zwitterionic amino acids
tions of hydration shells complicate the interpretation of the and amides in aqueous solution. Obviously, a description of
present results. MeasurementsG(C) values for a series of  pairwise solute-solute interactions in terms of one single
a-amino acids where the carboxylate is functionalized, for interaction mechanism is not warranted.
example to-amino acid amides, will probably reflect the side  Effects of small peptides on this reaction may vyield further
chain hydrophobicity in a more decent way. information on the nonconvalent amigemide interactions. In

In an attempt to avoid the mutual interactions of the ionic addition, it is of considerable interest to examine the possibility
groups in the zwitterionie-amino acids, we finally measured  of diastereomeric noncovalent interactions in the case of a chiral

the medium effect of aqueous solutions containing ammonium activated amide in the presence of thamino acid enantiomers.
cyanoacetate as a cosolute. The cyano group was chosen in

order to obtain a carboxylate group basicity that approximates Conclusions
the (K of Gly. This solute is still able to speed up the hydrolysis L . )
reaction, but itsG(C) value is much lower than that of Gly. Kinetic medium effects have been measured deamino

Though the carboxylate group is now able to interact without acids on a water-catalyzed hydrolysis of an activated amide.

being disturbed by the hydration of the ammonium group, the All @-amino acids, except-phenylalanine and 3-phenylserine,
cyano group is not masked for interaction either, and therefore INcréase the reaction rate. Strong evidence was obtained that

a comparison between the two cosolutes is not completely general-base catalysis by the carboxylate group is not the origin

justified. Sodium instead of ammonium as the counterion of the observed effects. The kinetic results were analysed in

reduces thés(C) value only slightly, in accord with the view ~ (€MS of a pairwise Gibbs energy interaction paramey@),

that the carboxylate group dominates the medium effect. which represents the overall effect of the addendum on the
Finally, ammonium methanesulfonate was examined as g activation process. The hydrophilicamino acids glycine and

cosolute. Although the sulfonate anion is a very weak base Proline accelerate the hydrolysis considerably. Generally,
and general-base catalysis by this cosolute is clearly out of theactors that play a role in the medium effect are thought to be

question, a positivés(C) was recorded. This result supports steric in origin. Bulky side chains with large hydration she_lls
the hypothesis of polarization of the water molecules in the seem to weaken the favorable effect of the carboxylate moiety.

activated complex and provides further evidence against general-F70M measurements using sevexamino acid derivatives it
base catalysis (vide supra). Unfortunately, the solubility of 2PP€ars that the carboxyla_lte group 1S the main determlnant In
ammonium methanesulfonate in water is low and only measure- € observed rate enhancing medium effects. The difference

ments at low concentrations could be performed, providing a 2€tween a methyl, ethyl, ar-propyl side chain is not distin-
less accurat&(C) value. guished by the amide. However, a quarternagarbon atom

Activation Parameters. To obtain additional information ~ Nas @ distinctive effect. Additivity of the different group

about the type of interactions responsible for the observed INtéractions was not observed. These results may be conse-
accelerations in terms of charge stabilization in the transition duences of the large and masking effect of the hydrated ionic

state, isobaric activation parameters have been measured (Tabl8OUPS which prevents the effect of the side chains to show up.
2). It appears that the rate enhancements observed for G|y’The present study suggests that mtramolecqlar destructl_ve
a-Ala, ando-Val are entropy driven. The large and unfavorable hydration shell overlap effects should be taken into account in
negat’ive entropy of activation becomes less negative when Gly understanding intermolecular interactions and conformational
o-Ala, or a-Val are present in the reaction medium. By preferences of biomolecules, including protein folding.
contrast, the enthalpy of activation becomes moifavorable.
Glycine can be considered as a dipolar ion and hydrophobic
interactions with the initial state can be neglected for reasons Materials. All a-amino acids were used as supplied by Janssen
mentioned earlier. The change in activation parameters uponChimica, Fluka, or Sigma. Solutions were made up by weight using
adding glycine to the aqueous solution therefore purely reflect demineralized water which was distilled twice in an all-quartz distil-
the polar interactions of glycine with the activated complex. It lation unit. The pH was carefully adjusted with a HCI solution and

i striking that in this case the acceleration is not enthalpy driven, measured using a Orion pH-meter. ) _
Presumably part of the hydrogen bonding interactions in the __Ammonium cyanoacetate was prepared by leading gaseous ammonia
carboxylate hydration shell of the zwitterionic molecule are through a solution of cyanoacetic acid in dry ether. The white solid

brok R d h d for didieol that was formed was purified by extraction in a Soxlet apparatus with
roken upon activation and are exchanged for dipdigole dry ether and dried afterwards in vacuo. Sodium cyanoacetate was

interactions with 'the. po'larlzed.transmon state leading to an prepared by adding an equivalent amount of sodium ethanoate to a
overall loss of pairwise interaction enthalpy. solution of cyanoacetic acid in absolute ethanol. The solution was

For a-phenylalanine, one of the cosolutes that was found to heated to dissolve the salt and subsequently filtered. The white solid
retard the rate of the hydrolysis, the change in Gibbs energy of that crystallized upon cooling was dried in vacuo.

Experimental Section
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Kinetic Measurements. Pseudo-first-order rate constants for the In(k/T) versus 1T were perfectly linear, indicating that in the temper-
neutral hydrolysis of 1-benzoyl-3-phenyl-1,2,4-triazole (mp-80 °C) ature rangeA*H? is independent of temperature. TS was
were determined by following the change in absorbance at 273 nm. calculated fromA*G? and A*H? at 25°C.

About 5uL of a stock solution ofL in acetonitrile was added to the For the solvent kinetic isotope effects the measurementsQwiere

L%i:ggptm";ﬁ?(';rsn 0('3 0"’; aq;::tkzin E‘T*eslsagfgi'znsseézﬁgﬁgfgﬁqtg?ercell performed in solutions which were adjusted to pD 4 with DCI. The
: : values fork(H20)/k(D20)) in pure water and water containing 0.5 molal

Care was taken that the absorption did not exceed 0.5 because of the | . .
low solubility of 1. The reaction was followed for about 5 half-life glycine were 2.69 and 2.46+0.05), respectively. No deuterated

times, and perfect first-order kinetics were observed. Rate constantsglydne was used which might explain the slightly lower value for the

were calculated using a data station connected toAthespectro- latter.
photometer and using a fitting program on ##2spectrophotometer.
Rate constants were determined in triplicate and found to be reproduc- Acknowledgment. The investigations were supported by The
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For the determination of isobaric activation parameters, rate constants
were measured at eight temperatures over a range 8€2@Plots of JA960556F



