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Abstract: The substrate specificity in solvolysis reactiongaiitrophenyl alkanoates 2 & 2—18) catalyzed

by 4-(dialkylamino)pyridine-functionalized polymédrcan be controlled by the concentration bfn 50:50

(v/v) methanot-agueous phosphate buffer solution at pH 8.0 and@0 Below 1.0x 107> unit mol L™,
macromoleculel exhibits substrate specificity fa (n =14). As the concentration df increases to 2.x

1075 unit mol L™, the substrate preference changes ftb = 14) to2 (n = 12). The substrate specificity
changes again fror (n = 12) to 2 (n = 10) when the concentration &fincreases further to 7.5 107° unit

mol L~1. The control of substrate specificity by polymer catalyst concentration is believed to be unprecedented
for catalysis of ester solvolysis.

Introduction the 4-(dialkylamino)pyridine functionality and a bis(trimethyl-
ene)disiloxane backbone (Schemé Ifhe tris(hydroxymethyl)-
methylammonium ion as a salting-in ion induces the same
substrate specificity fa2 (n = 6) in aqueous Tris buffer solution
that is obtained with cholesterol esterase for the same hydrolysis
reaction® The addition of salting-out agent NaCl induces a
substrate specificity change frofh(n = 14) to2 (n = 12) in
50:50 (v/v) methanetaqueous phosphate buffer solutin.
However, control of substrate specificity by the concentration
of catalyst has not been reported to date for catalysis of

The hydrophobic effects, which are a principal force in
determining the structures of proteins and nucleic acids and the
binding of substrates to enzymes, play a pivotal role in many
chemical phenomena in aqueous solution. Small-molecule
amphiphiles are well-known to form aggregates of various
morphologies in aqueous solutibnDepending on the copoly-
mer composition and the surrounding medium, amphiphilic
macromolecules can also form aggregates with multiple mor-
phologies? Extensive studies have shown that the increase of ? .
hydrophobic effects of amphiphilic macromolecules, i.e., the solvoly_5|s reactions. . .
increase in ratio of hydrophobic to hydrophilic components and In _t_h|_s report we describe the first example of supstrqte
the addition of salting-out agents, leads to changes of aggregate®Pecificity controlled by a polymer catalyst concentration in

; ; ; Ivolysis reactions o2 (n = 2—18) catalyzed byl in 50:50
morphology from spheres to rods, and to vesicles in appropriate >© ;
solvents>3 4-(Dialkylamino)pyridine-functionalized polymers (v/v) methanot-aqueous phosphate buffer solution. By chang-

have been regarded as useful and simple model systems foing the concentration df, we are able to change the substrate

obtaining a better understanding of the origins of enzymic preference ml—catalyzed solvolysis of (n = 2-18) in
efficiency and selectivity-® Recently, we have reported ion- methanot-water medium. These results are unprecedented for

induced substrate specificity in solvolysis pénitrophenyl catalysis of ester solvolysis. Furthermore, we report a detailed

- e kinetic characterization of the effects of polymer concentration
alkanoate (n = 2—18) catalyzed by polymet containin
( ) y y oy g on the 1-catalyzed solvolysis o2 (n = 10—16) in different
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compositions of methanelaqueous phosphate buffer solution,
which provides significant new insight into the mechanism of
catalytic ester solvolysis. 0 TN S Y ST S S
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Experimental Section
Alkanoate chain length (n)

Materials and Reagents. Synthesis of the poly(siloxane-bis- . ot :
(trimethylene)) supported 4-(dialkylamino)pyriding) (has been de- E.Igili:gplﬁesjf ;Jldkgrrgztte(g((jr? r:razti;:gngfgﬁggo&;hfaf;yféﬁssyff
scribed previousl§* p-Nitropheny! alkanoate (n = 2-18) and 1,4- as a function of alkanoate chain Ier’1gti) {n 50:50 (v/v) methanet
dioxane were purchased from Sigma Chemical Co. Methanol and aqueous buffer (0.05 M #0, /HPQZ-, pH 8.0) solution at 30C:
aqueous buffer (0.05 M ##Q,/HPOs?~, pH 8.0) solution were used (®) 7.5 x 1075 unit mol L1 1; (M) 2.5 x '10_5 unit mol L2 1; (a) 5.0
as received from Aldrich and Fisher. Stock solutions (.%2072 M) % 108 unit mol L2 1. ' ’
of p-nitrophenyl alkanoate® (n = 2—18) were prepared in 1,4-dioxane.

The fresh catalyst solutions for kinetic experiments were made up in Table 1. Summary of the Effect of Concentration dfon the
methanot-aqueous phosphate buffer solution. Substrate Specificity of-Catalyzed Solvolysis 02 (n = 2—18) in

Kinetic Measurements. The cuvette was filled with 2.5 mL ofa  Aqueous Methanol Solution at 3@?
fresh solution containing catalyst in methanabjueous buffer (0.05
M H,PQ,"/HPQ?~, pH 8.0) solution and the solution was equilibrated
for 10 min at 30°C in the thermostated cell compartment of a Hewlett- 5.0x10° 2(n=14)

concn ofl (unit mol L™")® substrate specificity

Packard Model 8450 spectrophotometer. A fresh stock solutigsh Y5 %g x igz g (n - ig)

of p-nitrophenyl alkanoate (n = 2—18, 2.5x 1072 M) in dioxane 5-0§ 10-5 5 gz _ 12;

was added by microsyringe. The reaction mixture was quickly mixed 7:5 % 10°5 2 (n=10)

by shaking and the absorbance at 400 nm was recorded as a function 1.0 x 1074 2(n=10)

of time. The reactions were performed for-8 half-lives and the

pseudo-first-order rate constaniss{) were obtained as slopes of plots 22, 5.0x 1075 M. ®In 50:50 (v/v) methanetaqueous buffer (0.05

of IN[A/(Ax — A)] Vs time, whereA., and A, are the absorbance at M H2PQ;/HPQ#~, pH 8.0) solution.
infinite time and timet, respectively. The first-order rate constants
(konsg represent the average of three runs and experimental error isunit mol L~ (Table 1). At 5.0x 1078 unit mol L%, the

less thant5%. macromoleculd exhibits a preference f& (n = 14). As the
) ) concentration ofl increases to 1.6« 1075 unit mol L1, the
Results and Discussion substrate preference is still far(n = 14) (Table 1). However,

The macromoleculd is an amphiphilic polymer containing ~ When the concentration df increases to 2. 1075 unit mol
distinct hydrophobic and hydrophilic regions. The catalytic L the substrate specificity changes frénin = 14) to2 (n
center of macromolecuteis the 4-(dialkylamino)pyridine group = 12) (Figure 1). For 5.0< 107 unit mol L™, the substrate
and the hydrophobic association of substrate to catalyst in the SPECificity also favor (n = 12) (Table 1). As the concentra-
reaction medium is responsible for the rate enhancementstion of 1 increases further to 7.5 10°° unit mol L™, the

observed in thé-catalyzed solvolysis reaction @f4~7 substrate specificity changes again fr@nin = 12) to2 (n =

We have measured pseudo-first-order rate constants for thel0). The latter substrate specificity is also observed for<.0

4 i -1
1-catalyzed solvolysis a2 (n = 2—18) with different concen- 10 unit mol L™ 1 (Table 1). Apparentlly, the substrate
trations of1 as a function of alkanoate chain length in 50:50 SPecificity for thel-catalyzed solvolysis o2 is controlled by
(v/v) methanot-agueous phosphate buffer solution at pH 8.0 the concentration ofl in 50:50 (v/v) methanctaqueous
and 30°C. The results are presented in Figure 1 and Table 1. phosphate buffer solution. Although both enzymes and synthetic
Without 1, the solvolysis rate of (n = 2—18) is very slow catalysts exhibit substrate specificity for the same solvolysis
and no substrate specificity is observed in methamaiter reactions;®"1% we are not aware of any catalytic systems that
solution. In fact, an increase of the alkanoate chain length in SNOW substrate specificity controlled by the concentration of
2 causes small decreases in the solvolysis rates. The rates foFatalyst for cataIyS|s_ of ester SOIV°|¥S'S' i
1-catalyzed solvolysis o2 (n = 2—18) increase significantly Furthermore, we find that the solutionsbhow appreciable
with increasing concentration df Surprisingly, we find that turbidity when the concentration dfis increased beyond 1.0

macromoleculel demonstrates different substrate preferences ™ (g)marshall, T. H.; Akgun, AJ. Biol. Chem.1971, 246, 6019.
as its concentration increases from %010 %to 1.0 x 1074 (10) Bhattacharya, S.; Snehalatha, llengmuir 1995 11, 4653.
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Table 2. The Decrease of Length of Alkanoate Chal ) of 2 frozen aggregaté. These considerations are also adopted in our
Associated with Substrate Specificity Changes fr2ifm = 14) to 2 calculations. Interestingly, the values@f andDs are almost

g'yjmlg% oabr?gzé:waﬁslc&)) 6(1)?(ilAtrqulgh?;rﬁ{gaﬁﬂzg;ofntg?éiﬁllgg of the same for both processes. The 3% difference between values

Associated with Aggregate Morphology Changes from Sphere to ~ Of DL andDs for the change fron2 (n = 14) to2 (n = 12) and

Rod and Vesicle the change from spheres to rods seems to be reasonable when
change of substrate change of aggregate probable measurement error in the studies of morphological
specificity D.? morphology D¢ structures by transmission electron microscopy is taken into
2(n=14)—2(n=14) 0% sphere- sphere 0% con;ideratioﬁ’. Thesg results suggest tha_t a parallel and
2(n=14)—2(n=12) 14% sphere~ rod 11% equivalent decrease in hydrophobic effects is involved in both

2(n=14)—2(n=10) 29% sphere- vesicle 29% processes. Therefore, the substrate specificity changes that

a Stretching of hydrophobic chains in aggregate morphology (ratio accompany an increase in the concentratioh wiay be caused

of the core radius of aggregate to the hydrophobic chain end-to-end Py an energetically favorable mgtching of hydrophobjpitie; of
distance in the unperturbed state): 1.40 for spheres, 1.25 for rods, andsubstrate? and aggregates dfleading to enhanced stabilization

1.00 for vesicles (see ref 3a,c) D. = (Lan-14) — Lan=120r 10)/Latn-14), of 1:2 complexes. We suggest that the substrate specificity
wherelL is the length of alkanoate chains of substrateBs = (Ssphere change fron® (n = 14) to2 (n = 12) may result from a change

— Sod orvesicld/Ssphere WhereS is the stretching of hydrophobic chains .

of aggregate morphologySfnere= 1.40, Sog = 1.25, andSiesicie = of aggregate morpholqu (_tﬁfr_om sphe_res to rods leading to
1.00)32 decreased hydrophobic binding and increased acceds2of

complexes to the nucleophilic medium that is optimum Zor
x 107* unit mol L1 in 50:50 (v/v) methanetaqueous (n = 12), whereas the specificity change fr@n = 12) to2
phosphate buffer solution. These results suggest that change¢n = 10) may be attributed to further change of aggregate
of the aggregate morphology tffrom spheres to rods, and to  morphology of 1 from rods to vesicles leading to further
vesicles may accompany the increases of concentratidh of decreased hydrophobic binding compensated by more rapid
from 5.0 x 107% to 1.0 x 10 ~* unit mol L™1 in 50:50 (v/v) turnover that is optimum fo2 (n = 10). The matching of
methanot-aqueous phosphate buffer solutfor phenomenon hydrophobicities of substrate and aggregate of catalyst is
well-known for small-molecule amphiphiles is that increases believed to be responsible for the molecular discrimination
of their concentrations are accompanied by the transition from described by the term hydrophobic interactions at active sites
spherical micelles to micellar rods and vesicles in solutfon. of enzymes and catalysts in controlling substrate specificity for
Very recently, changes of aggregate morphology of polystyrene- biological and chemical catalysis. Moreover, we find that
b-poly-2-vinylpyridine copolymers from spheres to rods, and increasing the concentration @fhas a parallel effect on the
to vesicles have also been observed with increasing polymersubstrate specificity, as does increasing the concentrations of
concentratior’? The continual changes in aggregate morphol- NaCl in 50:50 (v/v) methanelagueous phosphate buffer
ogy are governed solely by the polymer concentration in the solution?/2¢ which is consistent with the notion that the
solutions!? The stretching of hydrophobic chains of macro- hydrophobic effect is at work controlling the substrate specificity
molecular amphiphiles is known to be greatest when they arein the 1-catalyzed solvolysis o2 (n = 2—18). We suggest
located within spherical aggregates, and stretching decreasesurther that the distribution of bothand2 among solution and
as the aggregate morphology changes from spheres to rods andggregate phases controlled by polymer concentration and
decreases further as vesicles are forfhedhus, spherical reaction medium may also be a major factor affecting the
aggregates tend to provide the strongest hydrophobic bindingsolvolysis rates of in methanot-aqueous phosphate buffer
to lipophilic substrates among the common aggregate morphol-solution.

ogies in the reaction medium. We have also examined the effects of polymer concentration
We have made an attempt to compare the decreases of alkaon the 1-catalyzed solvolysis o2 (n = 10—16) in different
noate chain length ) of 2 associated with substrate specificity compositions of methanelaqueous phosphate buffer solution
changes fron2 (n = 14) to2 (n = 12) and2 (n = 10) with the at pH 8.0 and 30C in order to detect the relationships between
decreases of stretching of hydrophobic chaibs)(of am- the rate of model reaction and changes of concentratidrirof
phiphilic macromolecules associated with aggregate morphology the reaction medium. The data in Figure 2 on the pseudo-first-
changes from spheres to rods and vesfc@able 2). As  order rate constants for tHecatalyzed solvolysis o2 (n =
indicated by Eisenberg et &the kinetics of exchange between  10) as a function of concentration bshow that the solvolysis
aggregates and single chains in solution are slow due to therates increase strongly with an increase in the concentration of
hlgh ViSCOSity of the insoluble chains within the aggregates of 1in 45:55 and 50:50 (V/V) methanoWwater but modesﬂy with
polymers. On a reasonable time scale, the aggregates of poly-an increase in the concentration bfn 55:45 and 60:40 (v/v)
mers may be regarded as “frozen” structures with no dynamic methanot-water, and tend to level off at the later stage.
equilibrium between aggregates and single chaidherefore, Strikingly, below 2.5x 1075 unit mol L~ 1, the order of
an application of theoretical models for such systems requires reactivity for 2 (n = 10) is 45:55> 50:50 > 55:45 > 60:40
the assumption that a dynamic equilibrium does exist at SOme (v/v) methanot-aqueous phosphate buffer solution. However,
stage of aggregate formation even though the final result is a ghove 5.0x 10-5 unit mol L1 1, the reactivity order is 50:50

(11) (a) Fendler, J. HMembrane Mimetic Chemistry: Characterizations > 45:55> 55:45> 60:40 (v/v) methanetaqueous phosphate

and Applications of Micelles, Microemulsions, Monolayers, Bilayers, buffer solution.
Vesicles, Host Guest Systems, and Polyiwvigey-Interscience: Chichester, The pseudo-first-order rate constants for theatalyzed

UK, 1982. (b) Lucassen-Reynders, E. Anionic Surfactants, Physical ; — ;
Chemistry of Surfactant ActiorBurfactant Series, Vol. 11; Dekker: New solvolysis _sz. (n. 12) as a .f!mc“on of the polymer
York, 1981. (c) Hoffmann, HAdv. Mater. 1994 4, 116. (d) Buckingham, concentration in different compositions of methanatjueous

S. A.; Garvey, C. J.; Warr, G. Gl Phys. Chem1993 97, 10236. (e) phosphate buffer solution are plotted in Figure 3. We find that
Gamboa, C.; Sr?pu"’e‘_jaa 0. Phys.fqlhemﬁQSQ 93, 55;“?- Kh the pseudo-first-order rate constants increase by a factor of about

(12) Li, Z:; Zhao, W.; Liu, ¥ ; Rafailovich, M. H.; Sokolov, J.; Khougaz, 35 when the concentration dfis increased to 2.% 1075 unit
K.; Eisenberg, A.; Lennox, R. B.; Krausch, @.Am. Chem. Socl996 :

118 10892. mol L~! and then stay at plateau values up to £.00 ~* unit
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Figure 2. Pseudo-first-order rate constanks,{y for the 1-catalyzed
solvolysis of2 (n = 10, 5.0 x 107 M) as a function of polymer
concentration in different compositions of methanatjueous buffer
(0.05 M PO, /HPQO,2~, pH 8.0) solution at 30C: (a) in 45:55 (v/
v) CH;OH—H;0; (®) in 50:50 (v/v) CHOH—H0; (A) in 55:45 (v/v)
CH;OH—H,0; (m) in 60:40 (v/v) CHOH—H.O.

40

35

30

25

20

15

Koo X 10° (s)

10

L

0 1 L L

0.00 2.10 4.20 6.30 10.50

8.40

[Catalyst] x 10° { unit mol/L )

Figure 3. Pseudo-first-order rate constanksn{) for the 1-catalyzed
solvolysis of2 (n = 12, 5.0 x 1075 M) as a function of polymer
concentration in different compositions of methanafjueous buffer
(0.05 M bPO, /HPQ,?~, pH 8.0) solution at 30C: (a) in 45:55 (v/
V) CH;OH—H;0; (®) in 50:50 (v/v) CHOH—H0; (a) in 55:45 (v/v)
CH:;OH—H,0; (m) in 60:40 (v/v) CHOH—H,0.

mol L1 in 50:50 (v/v) methanetaqueous phosphate buffer
solution. Similar types of kinetic behavior f@r(n = 12) have
also been observed in 45:55, 55:45, and 60:40 (v/v) metkanol
aqueous phosphate buffer solution. Significantly, belowx1.0
1075 unit mol L™1 1, the catalytic efficiency foR (n = 12) is
45:55 > 50:50 > 55:45 > 60:40 (v/v) methanetaqueous
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Figure 4. Pseudo-first-order rate constanks,{j for the 1-catalyzed
solvolysis of2 (n = 14, 5.0 x 10°°> M) as a function of polymer
concentration in different compositions of methanatjueous buffer
(0.05 M PO, /HPQO?™, pH 8.0) solution at 30C: (a) in 45:55 (v/
v) CH;OH—H0; (®) in 50:50 (v/v) CHOH—H0; (a) in 55:45 (v/v)
CH:;OH—H,O; (W) in 60:40 (v/v) CHOH—H,0.
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Figure 5. Pseudo-first-order rate constanks,{j for the 1-catalyzed
solvolysis of2 (n = 16, 5.0 x 107 M) as a function of polymer
concentration in different compositions of methanatjueous buffer
(0.05 M PO, /HPQO?, pH 8.0) solution at 30C: (a) in 45:55 (v/

v) CH;OH—H,0; (®) in 50:50 (v/v) CHOH—H,0; (a) in 55:45 (v/v)

CH;OH—H,0; (@) in 60:40 (v/v) CHOH—H_0.

phosphate buffer solution. But, the magnitude of catalytic
effects is 50:50> 45:55 > 55:45 > 60:40 (v/v) methanet
aqueous phosphate buffer solution over 2.5.0°5 unit mol
L1l

The dependence of the pseudo-first-order rate constants on
the concentration of for the 1-catalyzed solvolysis 02 (n =
14) in different compositions of metharehqueous phosphate
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buffer solution is presented in Figure 4. The solvolysis reactions small with further increase in the concentrationlof Interest-
exhibit rapid enhancements of the pseudo-first-order rate con-ingly, the catalytic efficiency is found to be in the order 50:50
stants at low concentrations dffollowed by gradual levelling > 55:45> 45:55> 60:40 (v/v) methanetaqueous phosphate
off with increasing concentrations af Finally, the rate con- buffer solution in the concentration range bfnvestigated.
stants reach plateau values. It is noted that the reactivity order These results demonstrate that the substrate specificity of
of 2 (n = 14) is 45:55> 50:50 > 55:45> 60:40 (v/v) metha- catalysis of ester solvolysis can be controlled by the concentra-
nol—agueous phosphate buffer solution below %.007° unit tion of polymer catalyst in the reaction medium, and provide a
mol L™1 1, and the order of reactivity is 50:58 45:55> 55: new approach to the control of chemical reactivity that can be
45> 60:40 (v/v) methanetaqueous phosphate buffer solution useful in understanding the fundamental basis of controlling
between 5.0< 1076 and 1.0x 1075 unit mol L™ 1 and 50:50 substrate specificity at the molecular level in biological and
> 55:45> 45:55> 60:40 (v/v) methanetaqueous phosphate chemical catalysis. The demonstration of polymer concentra-

buffer solution above 1.6< 1075 unit mol L™ 1. tion-controlled substrate specificity establishes this system as a
Relevant plots of the pseudo-first-order rate constants vs potential guide to synthetic receptors which can mimic the
polymer concentrations for thi-catalyzed solvolysis o2 (n biological systems in terms of molecular recognition and

= 16) in different compositions of metharedqueous phosphate  selective interactions with hydrophobic drugs.
buffer solution are graphically shown in Figure 5. The sol-
volysis rates for2 (n = 16) increase rapidly with increasing
concentration ofl up to 1.0 x 107> unit mol L~1. But the
effects of polymer concentration on the solvolysis rates are very JA970407C
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