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Hydrolysis of Two Acyl Activated Esters in 
Water-Rich 2-n-Butoxyethanol-Water Mixtures. 
Effects of Hydrophobic Interactions on Enthalpies, 
Entropies, and Heat Capacities of Activation1 

Sir: 

Hydrophobic association in aqueous media is of funda­
mental importance in (bio)chemistry, but the origin of the 
phenomenon is still not well understood.2 For many organic 
reactions in typically aqueous (TA) solutions,3 there is now 
ample evidence that the peculiar behavior of thermodynamic 
activation parameters (such as A//*, AS*, AV*, and ACP*) 
has its origin predominantly in effects due to hydrophobic in­
teractions.4 Herein we report the observation of large, positive 
heat capacities of activation (ACP*) for the neutral hydrolysis 
of p-methoxyphenyl dichloroacetate (1) and 2,2-dichloro-
propionate (2) in 2-n-butoxyethanol (2-BE)-H20 at «H 2O = 

0.98. These positive maxima contrast sharply with the negative 
extrema in ACp* which are invariably conjoined with a variety 
of solvolyses (mainly of the S N type) of neutral substrates in 
TA solutions. 

The pH-independent pathway for hydrolysis of 1 and 2 in­
volves a water-catalyzed nucleophilic attack of water on the 
ester carbonyl.5 Recently, further support for this mechanism 

Table I. Neutral Hydrolysis of 1 and 2 in 2-n-Butoxyethanol-H20 
Mixtures (25 0C)" 

H,o 
RCCl2CO2C6H4OCH3-P 

1 , R = H 
2, R = Me 

RCCl2C--OC6H4OCH3-P 

/ 
Hc H. ,5+ 

0 — H E 

H8 

— RCCl2CO2H + P-CH3OC6H4OH 

has been provided by the results of proton inventory studies6 

which show that three protons ( H A , HB 'S) contribute to the 
overall isotope effect. 

Recent studies by Desnoyers et al.7 of the binary system 
2-BE-H2O have revealed that the concentration and tem­
perature dependence of the apparent molal heat capacity and 
the apparent molal volume are those expected for a TA solu­
tion. In fact they are rather similar to those of 7-BUOH-H2O, 
but the various transitions are more pronounced. The sharp 

compd 

1 
1 
1 
1 
1 
2 
2 
2 
2 

" H 2 O 

1.000 
0.995 
0.980 
0.950 
0.900 
1.000 
0.995 
0.980 
0.950 

^obsd 

X 105, 
s - i 

307 
235 
36.2 
4.67 
2.63 

115 
84.6 
6.19 
0.65 

AG*, 
kcal 

mol-1 

20.88 
21.04 
22.15 
23.36 
23.70 
21.46 
21.65 
23.20 
24.53 

AH*, 
kcal 

mol-1 

7.9 
7.6 
2.2* 

10.4 
10.7 
7.8 
7.2 
0.8C 

9.5 

AS*, 
eu 

-44 
-45 
-67* 
-44 
-44 
-46 
-48 
-15c 

-50 

temp 
range, 

0C 

25-48 
25-48 
20-48 
24-46 
25-48 
25-48 
26-48 
20-48 
30-45 

" Determined in the presence of 6.0-10.0 X 10 -3 M HCl to avoid 
hydroxide-ion catalysis. All rate constants pertain to water reactions 
since the solvolysis of 1 and 2 in 2-BE is extremely slow. * AC,,* = 
224 ± 51 caldeg"1 mol-'. c ACP* = 342 ±51 caldeg"1 mol-'. 

peaks in the thermodynamic quantities at about HH2O = 098 
are even reminiscent of those of a pseudomicrophase transition 
and seem to be consistent with a clathrate model for hydro­
phobic hydration and interaction.7 In view of these challenging 
solvent properties, we have measured rates and thermodynamic 
activation parameters for the neutral hydrolysis of 1 and 2 in 
this medium (Table I). Notice that AG* increases contin­
uously with decreasing «H2O but that AH* and -TAS* exhibit 
mirror-image behavior and pass through extrema near «H 2O 
= 0.98. Similar behavior is found for hydrolysis in ?-BuOH-
H20,5c '8 but there is one surprising difference. Whereas plots 
of - I n (kT~]) vs. T - 1 show straight lines (with slope 
AH*R~l) in pure water and at «H 2O = 0.95, there is a strong 
curvature9 in these plots (portrayed for 2 in Figure 1) at the 
"magic mole fraction" in 2-BE-H2O (/JH2O = 0.98). Analysis 
in the usual way10 yields large and positive heat capacities of 
activation: for 1, ACP* = 224 ± 51 cal deg - 1 mol - 1 , and for 
2, ACP* = 342 ± 51 caldeg - 1 mol - 1 . These changes of ACp* 
with «H 2 O are opposite in sign to those found previously for a 
number of solvolytic reactions (largely S N I or S N 2 ) in TA 
solutions.10-11 Whatever the interpretation of the negative 

Neutral Hydrolysis of 

C H 3 C C I J C O 2 C 6 H 4 O C H , - p in 
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Figure 1. Plots of-In (A;/T) vs. (\/T) for the neutral hydrolysis of 2 in 
2-n-butoxyethanol-H20. The experimental error in In (k/T) is indicated 
by the lengths of the vertical stripes. 
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extrema in ACp* for these reactions might be,12 our positive 
heat capacities of activation at «H2O = 0-98 do accord with the 
occurrence of strong hydrophobic interaction between the 
substrate and 2-BE.13 It is well known that hydrophobic hy­
dration of relatively nonpolar solutes like 1 and 2 in water is 
accompanied by large and positive heat capacities.2'3-14,15 

Hence, hydrophobic interaction, implying destructive overlap 
of the hydrophobic hydration envelopes of the solute and the 
cosolvent,16 will give rise to negative heat capacities. This effect 
will be much stronger for the nonpolar initial state than for the 
polar transition state. In TA solutions of extreme heteroge­
neity, like 2-BE-H2O, the overall result will be a positive 
maximum in ACP* at the solvent composition of maximum 
hydrophobic hydration (HH2O = 0.98). In addition, the maxi­
mum in ACp* will be most pronounced for the most hydro­
phobic substrate (2) as is borne out by experiment. Inter­
estingly, strong AH*-AS* compensation is also found for the 
hydroxide-ion catalyzed reaction of 2 in 2-BE-H2O 
(stopped-flow technique; «H2O = 1 00, AH* = 5.4 kcal mol-1, 
AS* = -25 eu; «H2O = 0.98, AH* = 0.3 kcal mol"1, AS* = 
-46 eu; «H2O = 0.95, AH* = 3.4 kcal mol"1, AS* = -38 eu). 
However, within the limits of experimental error a linear 
Eyring plot is obtained at «H2O = 0.98. This difference with 
the water-catalyzed process presumably reflects the smaller 
differences in hydrophobicity between initial state and tran­
sition state for the hydroxide-ion catalyzed reaction. 

In conclusion, the present results either demonstrate an 
unprecedented solvent effect on ACP* for the neutral hy­
drolysis of 1 and 2 in a TA solution or may well demand an 
improved interpretation of the changes in ACP* found previ­
ously for solvolytic reactions of neutral substrates in water-rich 
TA mixtures. We are pursuing further kinetic studies to dis­
tinguish between these possibilities. 

Supplementary Material Available: Pseudo-first-order rate constants 
for the neutral hydrolysis of 1 and 2 in /-BuOH-F^O and 2-n-bu-
toxyethanol-H20 as a function of solvent composition and at a series 
of temperatures (Table II) and Gibbs free energies, enthalpies, and 
entropies of activation for the neutral hydrolysis of 1 and 2 in t-
BuOH-H2O in the range «H2O = 0.925-1.000 (Table III) (4 pages). 
Ordering information is given on any current masthead page. 
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Formation of Vitamin D3 in Synthetic Lipid 
Multibilayers. A Model for Epidermal Photosynthesis 

Sir: 
Formation of vitamin D3 (cholecalciferol, 3) in fluid solution 

photolysis of 7-dehydrocholesterol (7-DHC, 1) has been 
studied in considerable detail.' The locus of in vivo photobio-
genesis of 3 is the epidermis.2ac3 Several important differences 
exist between the two systems. The most obvious is that, once 
the primary photoprocess takes place in epithelial cells, cir­
culation may remove the product to sublayer sites where fur­
ther absorption of light is precluded. Thus a true photoequi-
librium may not occur. As would be expected, the biological 
reaction is more economic in terms of selectivity and specificity. 
Holick et al. have shown that previtamin D3 (precholecalcif-
erol, 2 is essentially the only photoproduct formed from 1 in 
rat skin epithelial cells.3 Apparently photochemical ring 
opening of the provitamin 1 to previtamin D3 (2) and subse­
quent thermal conversion at body temperature into the vitamin 
occurs specifically in the skin, while in solution competing 
photoreactions of close quantum yield lead to photoequilibria 
involving tachysterol3 (4), lumisteroh (5), and more compli­
cated photoisomers4 as well as solvent addition products5 

(Scheme I). 
At least in part the differences between the two systems 

might share a conformational origin ultimately based upon the 
ordered milieu of the epidermis vs. the relatively disordered 
environment of fluid solution. Another important point is that 
the atmosphere absorbs essentially all radiation below A 
300-310 nm.6 The absorption maximum of 1 occurs at shorter 
wavelength, namely, 280 nm. A series of weak absorption 
bands of the diene which occur around 330 nm (e 50) may 
account for epidermal photosynthesis, and the mechanism of 
the ring opening is possibly different from that occurring at 
shorter wavelengths. Accordingly, as a step toward probing 
both the medium effect as well as the wavelength variation, the 
photolysis of 1 at ~280 and 310 nm in the anisotropic envi­
ronment of synthetic ordered lipid multibilayers as a model for 
the epidermal photosynthesis was studied. 

The first objective was to prepare a series of saturated syn­
thetic lipid multibilayers incorporating 7-dehydrocholesterol 
(1) as a structural component and determine that these 
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