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Abstract., - The basic hydrolysis of diphenyl [i-(N-benzyloxy-
carbonylelanyl) -3-methyl] butylphosphonate have been studiead
in various cationic micelles. The kinetics of the reactions
in buffered solutions and dilute sodium hydroxide solutions
are compsred, '

INTRODUCTION

During the past two decades there has been considerable interest in reac-
tions which can be carried out st interfaces. Among them, the catslysis and in-
hibition by submicroscopic entities, such ss micelles, have sttracted incressing

attention. Numerous surfactants have been used to catelyze alkaline hydrolysis

1-2

of phkosphorus esters and most of these have been qQuaternary ammonium sys-

tems. The effect of cstionic micelles on the retes of these bimolecular resc-

tions is due to increased concentration of phosphorus esters and hydroxide ions

3

in the smell volume of the micellar Stern layer”. Simple electrostatic conside-~

retions predict that these micelles will enhsnce reaction rates.

Genersally rate constants in micelles are similer to those in water and the
differences are due to both properties of micelles as kinetic solvent and the
different location of the two reactants in micelles3.

Recently we have been engaged in the preparation of phosphono peptides in
which (aminoslkyl)phosphonic scid is introduced at C-terminus of the peptide
molecule., The vitel problem of these syntheses is s selective removal of the

4

blocking groups', and alkaline hydrolysis of diphenyl phosphonates to correspon-

799



800 P. KAFARSKI et al.

ding monophenyl esters’ is one of the most promising methods. In this peper we
have studied the kinetics of the basic hydrolysis of totslly blocked phosphono
dipeptide - diphenyl [1-{N-benzyloxycerbonylslsnylemine)-3-methyl] butylphospho-
nete 1, in various cationic micelles (Scheme I)
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DISCUSSICN

To compare the abilities of various hydrophobic quaternsry ammonium sslts
to catslyze the basic hydrolysis of phenyl ester | the experiments were carried
out at 20° ¢ and pH 8.0 {0.2 molar phosphate buffer). The observed pseudo-first
order rate constants, kyw, follow & typicsl pattern passing through mexime with

increasing surfactant concentrat ion®~8

. The ky values determined upon the con-
pentretion of surfactants yielding maximal catelytic sctivities are summarized .

in Tsble I.

Table I. Hydrolyses of peptide 1 in 0.2 M phosphate buffer

surfactant 5 -1
Surfectant concentration 107 ky [+~']
[mM] sole surfactent + ~ surfactant +
surfectant 50mM XC1 50mM KF
CBDAC 2.5 4.4 2.7 16.0
5.0 6.0 4.9 24.3
Cetrimide 016 2.5 4.9 2.5 24.0
500 405 3«8 !9-?
Benzalkonium
: 2.5 5.7 2.2 12.7
chloride Cy, 5.0 3.0 2.2 17.3
N-Cetylpyridinium 2.5 8.8 12,2 31.3
chloride 5.0 7.8 4.9 39.8
Scheroquat IIb 5.0 8.5 n.d. n.d.
Scheroguat IIs 2.5 ) 5.2 ned. 8.2
5.0 4.8 4.8 , 10.3
Amphorem Ba 30 5.0 n.d4 n.d. 5.2

n.d. = not determined becmuse of turbidity
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These rate constents are similsar despite of the surfactant used being about
5x10™2 s~!. The relatively low values of ky resulted from the presence of high
concentration of phosphste buffer ions, which compete with hydroxide ions for
the vicinity of the quaternary nitrogens in the micellar Stern lsyer, yielding
the decrease of the hydroxide ion to peptide 1 concentration ratio in the mice-
llar environment.

Indeed the decrease of buffer concentrstion from 0.2 M to 0.02 M resulted
in the significant increase of the ky values. For example, the rate constants
of the reaction carried out in the presence of 2.5 mM Cetrimide 016 or Benzalko-
nium chloride Cy4 ore ebout 100-fold higher in 0.02 M (ky values are 2.3‘10"3@,'1
and 3.4-1067%""
4.9-107%"!

{pH 8} inatead of 0.2 M phosphate buffer in the presence of 2,5 mM CBDAC resul-
1

respectively) than in 0.2 M phosphate buffer (ky values being
and 5.?'10‘53'1 respectively). &41lsc the use of 0,2 M borate buffer
ted in elevated ky value (2.8:10"%s"" ang 4.4-107%s" respectively).

These micellar effects represent s vivid ability of cationic micelles to
concentrate anionic reagents relstive to the equeous pseudophaseg"o.

This ability wes slso confirmed by the addition of the excess of potassium
chloride to the reaction medium. The unresctive chloride ions, additionsl nega-
tively-cherged species in the solution, also decrease the concentration of
hydroxide ion in Stern layer, resulting in slight slowering of the hydrolysis
{Tabie I}. The only exception is the reaction cstalyzed by N-Cetylpyridinium
chloride. In this case the slight increase of the reaction rate constants upon
addition of potessium chloride was observed. It indicates thet effect of micro-
environment is here predominant over the effect of high loesl concentration of
hydroxide ion.

The hydrolysis of aromatic esters of phosphorus is speeded by the asction of
fluoride ions. The limiting step of the resction is the formetion of phosphorus-
~fluorine bond, which is then rapidly hydrolyzed by base. This reaction is aslso

effectively ceatalyzed by hydrophobic quaternary ammonium selts' =13

. Thus, the
micellar reaction of dipeptide ] with hydroxide ions is speeded by the presence
of high concentration of fluoride ion (Table I).. The observed ky values sre
about 10-fold higher than those found in the sbsence of fluoride ions,

The hydrolysis of diphenyl [1-(N-benzyloxycsrbonylalanylamino)-3-methyl]bu-
tylphosphonete in dilute aqueous solutions of sodium hydroxide is much faster thm
in buffered solutions (Table II). The order of resction is dependent on the nhydro-
xide ion to peptide 1 concentration ratio. If the 4-fold excess of peptide was
used the reaction appesred to be of the first order, while the rate constants
are comparable to those observed in 0.2 M phosphate buffer, This indicste that

for the experiments summarized in Table I, the presence of high concentration
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of phosphete ion strongly reduced the concentration of hydroxide ion in Stern

layer.

Teble II. Micellar hydrolyses of peptide ! in dilute sodium hydroxide solutions

. pseudo~-first order resction second order reaction
C;n;e:;r?;;§n rate constant, kw -10°g"! constent k__ [s”' M~']
o a R a ... 8a/
Benzalkonium co a/ Benzalkonium s . e/
chloride 014 Cetrimide 015 ehloride 014 Cetrimide 015
0.05° 1.3 0.8 - -
Oo‘ - - 15.0 8-1
0.2 hd - 8.1 9.‘
0.3 - 227 11.7 -
0.4 61¢ 357 - -
a/

surfectant concentrastion SmM

The first-order reaction was also observed if the reactions were carried
out in the presence of 2-fold excess of hydroxide ion, and the observed ky va-
lues are 100-fold higher than those observed in buffered solutions (Table II).

For intermediaste peptide 1} to hydroxide ion concentration ratios the reac~
tion is of the second order. It is worth noting thst for the concentration of
the base half of thet of the peptide the reaction waes finished when the half of
the peptide wass converted into monoester.

Qur results suggest thet all the peptide is solubilized in the micelles,
when the effective concentration of hydroxide ion in Stern lsyer of the micelles
is high enough to bringthe substrates into close proximity end sssist the reac-

tion to completness.

EXPERIMENTAL

The surfactants: Cetrimide Cig {Cetyltrimethylammonium bromide) snd Benzelkonium
chloride 014 (Myristyldimethylbenzylsmmonium chloride; both from Danchemo A/S,
Denmark), CBDAC (Cetyldimethylbenzylsmmonium chloride, from Fluks), N-Cetylpyri-
dinium chloride monohydrate {Merck), Scheroquat IIs (2-isoheptadecyl-1-hydroge-
nethyl-i-ethyl imidezolinium ethyl sulfste) and Scheroguat IIb (2-isoheptadecyl-
~{-tydroxyethyl-i-benzyl imidezolinium chloride, both from Scher Chemicels Inc.,
New Jersey, U.S.4.) , and Amphoram BA 30 (N-cocodiethylbetaine, from CECA S.4.,
France), were used without purification..

Diphenyl ﬁ-(N~benzyloxyggrbenxlalanylamino)-B-methyllbutxlphcsphenate 1.
14

This was prepered as described esrlier °, starting from carbobenzoxy-L~glanine

and diphenyl (1-smino-3-methyl)butylphosphonate, as dense oil, in 83% yleld:
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IR (cC1,): V=3260 (NH); 1705 and 1650 (CO); 1520 (NH); 1245 (PO); 945
(Poc)en™'; 'H-NMR (CDCL,/HMDS): &'=0.78 (b3,%J=7.5Hz,6K,CHICH,),); 1.12 end
1.16 (a,%=6.5Hz, 1.5H,CECly); 1.4~ 1.9 (m,3H,CHCH); 3.97 (q-q, J=7.5Hs,
357,582 ,1H,CHCO); 4.17(t=t,7J=7.582,23=14.5Hz, 1H,CHP); 4.98 (s,2H,CH,0); 5.45-
6.25 (m,1H,NH); 7.00 ond 7.04 (s,2.5H,POCgHs); 7.10(s,5H,POCgHs); 7-19 (s,5H,
CgHsChy); 7.80 (bd,>J=7.5Hz,1H,NH). w78

20
Elemental snalyses caled. for 028H33N206P (524.5): 5.904 P and 5.34% N;

=-17.5°20.5° (c2, methanol).

found 6.20% P and 5.01% N.

Kinetie studies

Runs were performed at 20° ¢ on Specord UV-VIS M40 Spectrophotomether in pH 8
(0.2 ¥ phosphate or (.2 M boraste buffers) in s totel volume of 2 ml. The mixtu-
re included: the surfactent (2.5 mM or 5.0 mM finsl concentrstion}, potassium
chloride or potsssium fluoride (O mM or 50 mM final concentration) and 50 PL of
peptide 1 solution in scetonitrile (final concentration ~0.2 mM). The sppearsan-
ce of phenolate was monitored at 270 nm { Amex). Values of pseudofirst order

and second order rate constants were cobtained grephieslly.
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