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Hydrolyses of 2,4-dinitrophenyl acetate and octanoate (DNPA and DNPO, respectively) and benzoic anhydride 
(Bz20) in the pH range 8.9-10.2 are inhibited by anionic micelles of sodium dodecyl sulfate (SDS), and 
reactions of fully micellar-bound substrates are very slow. The effect of micellized sodium dodecanoate, 
SDOD, depends on pH. At high pH reactions of DNPA and Bz2O involve OH- and are inhibited by SDOD, 
but there are significant rates at high [SDOD]. At low-pH reactions of DNPA and Bz2O are inhibited at low 
[SDOD] and assisted at high [SDOD]. The inhibition is due to formation of kinetically ineffective premicellar 
complexes and rate-surfactant profiles can be fitted quantitatively in terms of this model. When the substrates 
are fully micellar-bound rate constants in mixtures of SDOD and SDS follow the mole fraction of SDOD and 
second-order rate constants of nucleophilic attack by the dodecanoate ion at micellar surfaces are similar to 
those for the reactions of OAc- in water. 

Introduction 

Aqueous micelles control rates of bimolecular reactions by 
compartmentalizing reagents. Anionic micelles inhibit reactions 
of nonionic organic substrates with anions by incorporating the 
substrates and, at least partially, excluding the anions.' Con- 
versely cationic micelles incorporate both nonionic substrates 
and anionic reagents and increase rates of anionic nucleophilic 
reactions. This general principle has been extended to reactions 
of functional surfactants in micelles or comicelles, where, with 
fully bound substrate, reaction rates increase with increasing 
mole fraction of functional surfactant in the micelle. 

Most studies of functional micelles and comicelles have 
involved cationic or nonionic surfactants, and we extended the 
study to micellized functional plus inert anionic surfactants. 
Long-chain sodium alkanoates are obvious candidates for this 
work, because carboxylate ions effectively catalyze hydrolyses 
of activated esters and carboxylic anhydrides and the catalytic 
mechanisms have been e l~c ida ted .~ -~  

Acetate ions catalyze hydrolysis of benzoic anhydride (BzzO) 
by generating the labile mixed anh~dr ide ,~  and other alkanoate 
ions should behave similarly. Similarly alkanoate ions increase 
rates of hydrolyses of 2,4-dinitrophenyl alkanoates by forming 
anhydrides which can be trapped by, for example, aniline5 
(Scheme 1). 

We examined hydrolyses of benzoic anhydride, Bz20, and 
2,4-dinitrophenyl acetate and n-octanoate (DNPA and DNPO, 
respectively) in micelles of sodium dodecyl sulfate (SDS) and 
sodium dodecanoate (SDOD) and in mixed micelles (SDS and 
SDOD) where the dodecanoate ion should participate nucleo- 
philically. 

This system is of considerable historical interest because in 
one of the earliest quantitative treatments of micellar rate effects 
Menger and Portnoy6 showed that inhibitions of deacylations 
by sodium dodecanoate micelles could be ascribed to transfer 
of the ester into the anionic micelles which excluded OH-. They 
noted the possibility of reactions involving carboxylate ions of 
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RCO& + R'COF -RC-O-CR'+ ArO- 

RCONHPh + R'CONHPh KO;+ wco; 
R' = Me, n-C~lH23; R = Me; Ar = 2,4-dinitrophenyl. 

the surfactant but fitted the data on the assumption that they 
could be neglected, possibly because reactions were followed 
at pH 9.59. Subsequent work has showed that there are residual 
reactions of OH- in anionic micelles, but they are of minor 
importance except at very high pH.' 

Micellar rate effects were originally treated on the assumption 
that monomeric surfactant did not affect reaction rates. This 
assumption fails for reactions of hydrophobic substrates and our 
new, quantitative evidence shows that it may also fail with 
weakly hydrophobic substrates such as acetates. 

Incorporation of sodium dodecanoate into SDS micelles 
should not markedly perturb micellar structure because chain 
lengths are similar and at pH x 9 protonation of the carboxylate 
residue can be neglected. 

Results 

Reactions in Water. First-order rate constants, k&, ex- 
trapolated to zero buffer, at 25.0 "C, increased with pH '6 for 
DNPA and >7  for BzzO (Table 1) in agreement with earlier 
r e ~ u l t s . ~ ~ ~ . ~  We could not examine hydrolysis of DNPO because 
of its insolubility. 

Using the data in Table 1, the second-order rate constant for 
attack of hydroxide ion upon DNPA, extrapolated to zero buffer, 
is 82.1 M-' s-l at 25.0 "C, and we found ca. 1.5 x s-l 
for the spontaneous hydrolysis of DNPA. A value of 5.1 x 
loe4 M-' s-l was calculated for the second-order rate constant 
for the attack of AcO- upon DNPA, from the dependence of 
the rate constant on [buffer], at different pH values (data not 
shown). These values are consistent with earlier  result^.^ 
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TABLE 1: Hydrolyses of DNPA and BzzO in Water at 
Various pHa Values 

io3 x kobs, s-' io3 x kobs, s-' 
pH DNF'A BzzO PH DNE'A BzzO 
4.03 0.015 0.34 8.87 0.85 
4.59 0.019 0.37 8.99 0.81 
5.05 0.019 0.37 9.18 1.72 4.50 
5.59 0.021 0.40 9.25 1.93 
6.44 0.36 9.57 2.98 
6.50 0.037 9.69 4.82 12.90 
6.96 0.058 9.86 22.70 
7.04 0.49 9.99 7.47 
7.51 0.099 0.64 10.15 10.60 
7.95 0.90 10.17 11.50 
8.05 0.170 10.25 13.70 39.80 
8.69 2.27 

a At 25.0 "C, extrapolated to zero buffer. 

TABLE 2: 
Molar Fractions of SDOD in SDS/SDOD Mixture 

Critical Micelle Concentrations at Different 

XSWD 0 0.2 0.5 0.7 0.8 1.0 
102cmc,M 0.75 0.82 1.12 1.38 1.64 2.48 

At 25.0 "C, pH 8.98, 0.01 M borate buffer. 

The second-order rate constant for attack of OH- on Bz2O 
in water8 is 427 M-' s-l. The first-order rate constant for the 
spontaneous hydrolysis at pH 4-6, extrapolated to zero buffer, 
is 3.7 x loW4 s-l at 25.0 "C (Table 1) which is similar to an 
earlier value of 3.3 x s-' in unbuffered solution? The 
second-order rate constant for OAc--catalyzed reaction, in 86: 
14 dioxane:HzO V N ,  is 4.23 x M-l s-l at 25.0 O C 4  Under 
our experimental conditions, borate ion (0.01 M) does not 
catalyze reactions of Bz2O or DNPA. 

Micellar Reactions. Most experiments were made with 
[surfactant] well above the critical micelle concentration (cmc) 
so as to minimize contributions of reactions in the aqueous 
pseudophase. The cmc of SDOD is 2.48 x M (Table 2) 
so relatively high [surfactant] was needed to bind the more 
hydrophilic substrates to micelles of high dodecanoate content. 

Reactions in SDS Micelles. Hydrolyses were followed at 
pH 9 where the dominant reaction is of OH- and inhibition 
is as predicted.' The dilute borate buffer (0.01 M) does not 
catalyze hydrolyses in water, and it is safe to assume that it is 
excluded from anionic micelles. 

Rate constants of hydrolysis of DNPA (Figure 1) decrease 
smoothly with increasing [SDS] and very sharply for the more 
hydrophobic substrates DNPO (Table 3) and Bz2O (Figure 2 )  
even with [SDS] < cmc. 

Reactions in SDOD Micelles. Rate-surfactant profiles for 
reactions of DNPA and Bz2O are sensitive to small changes in 
the pH of the solution (Figures 3 and 4). At low pH, with 
[SDOD] > cmc, kobs increases with increasing [surfactant], but 
it goes through a minima with [SDOD] < cmc. At low pH 
there is very little contribution of reaction with OH- and 
carboxylate ion catalysis in the micellar phase is all important. 
At higher pH reaction in the aqueous pseudophase becomes 
more important and is suppressed as the anionic micelles take 
up substrate and exclude OH-. This inhibition of the OH- 
reaction is not offset by a contribution of reaction with the 
dodecanoate ion in the micellar pseudophase, so kobs decreases 
monotonically with increasing [SDOD]. The behavior is 
different for reaction of DNPO which is so hydrophobic that it 
is essentially insoluble in water and reaction is wholly in the 
SDOD micelles, or premicelles at low [surfactant], which 
effectively exclude OH- so the reaction is with the dodecanoate 
ion and its rate is independent of [surfactant] (Table 3). 
Similarly, for reaction of Bz20, kobs is independent of pH when 
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Figure 1. Effect of SDS concentration on the first-order rate constant 
(kobs) for hydrolysis of 2,4-dinitrophenyl acetate (DNPA) at 0.010 M 
borate buffer, (0) pH 10.15, n = 3 and (0) pH 9.00, n = 4, at 25.0 "C. 
Solid lines are calculated using eq 1 .  

TABLE 3: Hydrolysis of DNPO in Anionic Surfactanr 
[SDS], M lo6%bs,b S-' [SDOD], M 10%,bs,C S-' 

0.03 2.95 0.04 2.57 
0.06 2.93 0.06 2.93 
0.09 2.68 0.08 2.59 
0.12 2.78 0.09 2.67 
0.15 3.14 0.10 2.88 

0.15 2.87 
0.16 2.94 
0.18 2.71 

a At 25.0 OC, 0.01 M borate buffer. pH 9.62. pH 9.07. 
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Figure 2. Effect of SDS concentration on the fust-order rate constant 
(kobs) for hydrolysis of benzoic anhydride (BzzO) at 0.010 M borate 
buffer, (0) pH 9.58 and (0) pH 9.09, at 25.0 "C. Solid lines are 
calculated using eq 1 .  

the substrate is fully micellar-bound, a condition which is not 
reached with the more hydrophilic DNPA. 

Reactions in Mixed Micelles. Hydrolyses in mixtures of 
SDS and SDOD were followed with constant [SDS] -t [SDOD] 
= 0.10 M such that the substrates should be largely micellar- 
bound, and kbs increases with increasing mole fraction of SDOD 
(Figure 5). The cmc of mixtures SDS and SDOD are given in 
Table 2.  

Indicator Measurements. Micellar effects upon proton 
equilibria involving weak acids or bases depend, for deproto- 
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Figure 3. Effect of SDOD concentration on the first-order rate constant 
(/cobs) for hydrolysis of 2.4-dinitrophenyl acetate (DNPA) at 0.010 M 
borate buffer, 25.0 "C, at different pH: (a) 8.96; (A) 9.18; (W) 9.57; 
(0) 10.00 and (0) 10.17. Solid lines are calculated using eq 2. 
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Figure 4. Effect of SDOD concentration on the first-order rate constant 
(/cabs) for hydrolysis of benzoic anhydride (BzzO) at 0.010 M borate 
buffer, pH 9.00 (0) and 9.63 (O), at 25.0 "C. Solid lines are calculated 
using eq 2. 

nation, upon the extents of transfer of the indicator and its 
conjugate base between water and micelles and deprotonating 
power in the two media.'s9 The first problem is circumvented 
by using an indicator such as 1 -dodecyl-3-pyridinium aldoxime 
bromide, which is sufficiently hydrophobic to be transferred 
quantitatively into the micelles, but the second problem is more 
difficult. However, for our kinetic work it is sufficient to 
observe the change in extent of indicator deprotonation on 
transfer from water to micelles, which gives the apparent pH 
(pH,,) at the micellar surface, on the assumption that the pK, 
is the same in water and micelles (Table 4). For a quantitative 
analysis of micellar effects upon deprotonation see ref 10. As 
can be seen, increasing mole fraction of SDOD results in a slight 
increase in the apparent pH at the micellar surface. 

Discussion 
Reactions in the Presence of SDS. The inhibition of 

hydrolyses by micellized SDS is fitted by a simple pseudophase 
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Figure 5. Effect of increasing molar fraction of SDOD at 0.10 M of 
[SDS] + [SDOD] on the hydrolyses of 2,4-dinitrophenyl acetate (0) 
pH = 8.99, benzoic anhydride (0) pH = 9.10 and 2,4-dinitrophenyl 
octanoate (A) pH = 9.06, at 25 "C. Solid lines are calculated using eq 
3. 

TABLE 4: Apparent pH at Different Molar Fractions of 
SDOD in SDS/SDOD Mixture# 
XSND 1.0 0.9 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0 
pH,, 7.68 7.60 7.68 7.66 7.65 7.71 7.87 7.82 7.93 8.16 

At 25.0 "C, 0.01 M borate buffer, pH = 10.01. 

treatment in which OH- is largely excluded from the micelles. 
This approximation fails at high [OH-] or high [electrolyte] 
where micellar surface electrical potentials are reduced and co- 
ions are not completely e~c luded .~  

The overall rate constant of reaction is given by 

(1) 
Kw + K&s[SDSMl 

1 + Ks[SDSM] kobs = 

where Kw and K M  are first-order rate constants in the aqueous 
and micellar pseudophases respectively, and KS is the binding 
constant of the substrate to micellized surfactant with [SDSM] 
= [SDS] - cmc. The cmc is assumed to give the concentration 
of monomeric surfactant6 and is affected by added solutes,' and 
we consider this question in more detail later. 

The data for the inhibited hydrolysis of DNPA (Figure 1) 
were fitted with cmc = 0.0075 M, a kinetically derived value 
of KS for DNPA of 75 k 10 M-l, which is in the range typical 
of moderately hydrophobic solutes and values of kw taken from 
Table 1. We can fit the data for Bz20 with KS x lo3 M-' 
(Figure 2 )  and values of kw and cmc taken from Tables 1 and 
2, respectively. The fittings for [SDS] > cmc are satisfactory. 
However, values of kobs for hydrolyses of DNPA and Bz2O 
decrease with [SDS] cmc, so that clearly premicellar effects 
are important and it does affect kobs. Since the rate decrease is 
monotonic, in order to fit the complete rate-surfactant con- 
centration profile, we should use the cmc as a disposable 
parameter. We favor in this case the use of the experimental 
cmc, despite the fact that better fittings are obtained with cmc 
= 0, and we discuss premicellar effects latter. 

The first-order rate constant, KM, should have a small but 
finite value. Indeed, there is a residual reaction of DNPO at 
high [SDS] where the ester should be fully micellar-bound 
(Table 3). These residual reactions in SDS micelles could 
involve spontaneous, water-catalyzed hydrolyses which will be 
inhibited but not supressed by SDS  micelle^,^ and, as noted 
earlier, OH- neglected in fitting kinetic data. 

In aqueous ethanol DNPO is less reactive than DNPA toward 
lyate ion by a factor of ca. 2 (values of kobs of 2.19 x s-' 
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and 4.41 x s-' were obtained for DNPO and DNPA 
respectively, at 25.0 "C, [KOH] = 0.001 M in 30% ethanol/ 
water), and therefore kobs in water at pH 9.62 should be ca. 2.0 
x s-' based on data in Table 1, whereas in SDS micelles 
it is ca. 3.0 x s-l (Table 3), consistent with almost 
complete exclusion of OH-. 

Reactions in the Presence of SDOD. At high pH reaction 
of DNPA in water predominantly involves OH- and therefore 
SDOD micelles inhibit the reaction (Figure 3), just as for SDS 
(Figure 1). At low pH where reaction of OH- is relatively 
unimportant SDOD speeds hydrolysis, because of nucleophilic 
participation by the carboxylate moiety, and the independence 
of kobs on [SDOD] at pH = 9.57 is due to compensation of 
these two effects. 

There are rate effects well below the cmc in water, as in 
reactions in SDS. Added nonionic and ionic solutes decrease 
the cmc by interacting with, and stabilizing, micelles,' but these 
effects should be small because the borate buffer is dilute (0.01 
M) and [DNPA] = M, and the cmc was measured in borate 
buffer. We conclude that interaction of substrate with mono- 
meric or premicellar surfactant aggregates is important, as in 
SDS. If DNPA forms a transient complex with anionic 
surfactant its reaction with OH- will be inhibited. For reactions 
in SDOD this inhibition may be offset by a premicellar reaction 
with the carboxylate moiety to form a transient mixed anhydride. 
This reaction is apparently unimportant in premicellar SDOD 
([SDOD] < 0.0248 M) at pH % 9 (Figure 3), probably because 
the conformation of premicellar complexes of DNPA and SDOD 
does not favor attack of the carboxylate moiety on the acetyl 
group of DNPA. We do not consider bimolecular attack of 
monomeric dodecanoate ion upon the substrates in water 
because it should be much slower than the overall reaction, 
based on second-order rate constants of reaction of OAc- with 
DNPA and BzzO (see above). 

The behavior of Bz2O in micelles of SDOD as a function of 
pH (Figure 4) is very similar to that of DNPA and is explained 
similarly at a qualitative level. 

Thus, we are forced to modify the accepted pseudophase 
model, in which only micellized surfactant is kinetically 
significantly,' and in treating the data we make two key 
assumptions: (i) the organic substrate can bind to both mon- 
omeric and micellized surfactant, and (ii) substrate-dodecanoate 
ion premicellar complexes inhibit the reaction. These assump- 
tions lead to a simple kinetic treatment with a minor modifica- 
tion of eq 1 to 
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k', -k k',Ks[SD0DM] 

1 -k KJSDOD,] + ?,[SDOD,] 
(2 )  kobs = 

In eq 2 we write KFs as the binding constant of Bz2O to "free" 
dodecanoate ions, whose concentration below the cmc will be 
equal to [SDODTI, and [SDODM] = [SDODT] - cmc. The 
difference between eqs 1 and 2 will essentially disappear as 
cmc - 0 as with longer chain surfactants. 

The value of K M  for reaction in SDOD micelles is taken as 
constant because the concentration of the reactive carboxylate 
moiety at the micellar surface is independent of [SDOD], 
provided that micellar size and shape are essentially constant. 
We neglect contributions of reactions of H20 and OH- in the 
anionic micellar pseudophases. There is a very slow residual 
reaction of DNPO at high [SDS] (Table 3), but SDS inhibits 
water-catalyzed deacylati~ns,~ and water attack probably con- 
tributes by less than 1% to reactions in the anionic micelles. 

TABLE 5: Fitting Parameters for Reactions in SDOD 
B z ~ O  DNPA DNPO 

103vM, 6.4 f 0.3 2.8 f 0.3 0.28 f 0.02 
Ks, M-' 1000 f 52 50 f 5 1500 
KFs, M-' 25 f 4 21 1 4  

Values of kw (for DNPA) and cmc taken from Tables 1 and 2. 

The data for reactions of DNPA in SDOD were fitted with 
eq 2 with the parameters given in Table 5, as shown in Figure 
3. The lower value of KS in SDOD than in SDS is understand- 
able in terms of differences in lengths of the hydrophobic alkyl 
groups. 

Our simple assumptions regarding premicellar effects are 
consistent with the observed effects on the hydrolysis of Bz20 
in SDOD (Figure 4). The data for reaction of Bz20 can be 
fitted at high and low pH, with the parameters given in Table 
5. 

Reactions in Mixed Micelles. Reactions of OH- become 
relatively unimportant at high [surfactant] and when substrates 
are fully bound and kobs in mixtures of SDS and SDOD should 
be that in micelles of SDOD multiplied by the mole fraction of 
micellized SDOD to micellized surfactant, and to a first 
approximation 

kobs = k'MXSDOD (3) 

where k'M is the first-order rate constant of hydrolysis at the 
surface of an SDOD micelle. We take this value as the first- 
order rate constant of hydrolysis of bound substrate, neglecting 
contributions of reactions of OH- and H20 in the micellar 
pseudophase. This assumption should be worst for any 
contribution of the OH- reaction because the shorter chain 
length of SDOD as compared with SDS means that, for a given 
aggregation number, the surface charge density will be lower 
and anions excluded less? consistent with the apparent pH 
values. However, these corrections are small and do not affect 
the overall conclusions. In addition the linearities of plots of 
kobs against the molar fraction of SDOD for hydrolyses of 
DNPA, DNPO, and Bz20 (Figure 5) indicate that reaction 
largely involves nucleophilic attack by the -COz- moiety of 
SDOD. In the case of DNPA, the contribution of the reaction 
in the aqueous phase was taken into account. Values of k ' ~  
and KS used in fitting the kinetic data in micelles are given in 
Table 5. 

The first order rate constant, k'M, is proportional to the 
(constant) concentration of carboxylate ion at the interfacial 
reaction region at the micellar surface. The molarity is 1/vM, 
where VM (M-l) is the molar volume of this region, which is 
generally identified with the micellar Stem layer. A range of 
values of VM between 0.14 and 0.37 M-' has been used in fitting 
micellar rate data.' The second-order rate constant, kM2, M-' 
s-' in the micellar pseudophase is given by 

p2  = k'MVM (4) 

Second-order rate constants in micellar pseudophases, k'2, 
to that of 5.1 x M-' s- for reaction of OAc- with DNPA 
in water. For reactions of DNPO k'2 = 3.92 x or 1.04 
x M-' s-l for VM = 0.14 or 0.37 M-l, respectively. For 
reaction of BzzO, kM2 = 9.39 x or 2.48 x M-' s-l 
for VM = 0.14 or 0.37 M-', respectively. The second-order 
rate constant of reaction of OAc- with Bz204 in H2O:dioxane 
86:14 V N  is 4.2 x M-' s-l. 

Role of Premicellar Complexes. Quantitative treatments of 
micellar rate data generally involve the assumption that mon- 
omeric or premicellar surfactant does not effect reaction rates.' 
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The concentration of monomeric surfactant is taken to be the 
cmc and is assumed to be independent of [surfactant]. This 
assumption is incorrect,” but the error so introduced is small 
when [surfactant] >> cmc. Added electrolytes reduce the cmc 
and the extent can be estimated,12 but it is more difficult to 
allow for the effect of nonionic, hydrophobic substrates. 

First-order rate constants of micellar-assisted bimolecular 
reactions with a constant reagent concentration go through 
maxima with increasing [surfactant], and this kinetic form is 
predicted by pseudophase treatments.’ Formation of premicellar 
complexes is generally neglected, and as a result, fits of rate 
data in dilute surfactant are often suspect, as are predictions of 
the positions of rate maxima. 

It appears that reactions of DNPA and Bz2O with premicellar 
SDOD are relatively slow, but this behavior is probably not 
general. The reactivity in premicellar complexes of substrate 
and functional surfactants will depend upon conformation, and 
similar complexes of inert surfactants should be more reactive 
in general. Reactivity in premicellar complexes of substrate 
and functional surfactants will depend upon conformation, and 
similar complexes of inert surfactants should be more reactive 
to counterionic reagents than the free substrates. 

We fit the rate data, including the rate minima in Figures 3 
and 4 in terms of parameters given in Table 5, although for 
micellar-mediated reactions, fits are often not significantly 
impaired by modest changes in values of these fitting param- 
eters. 

Finally, we would like to comment that the “kinetic” cmc is 
usually taken as a disposable parameter,’ but in most rate- 
surfactant profiles rates are affected by very dilute surfactant, 
so that we do not see the predicted independence of kobs on 
submicellar [surfactant]. We cannot exclude the possibility that 
the substrate is inducing formation of normal micelles, although 
this behavior does not explain the rate minima for reactions in 
dilute SDOD (Figures 3 and 4) or the double rate maximal3 in 
some reactions of OH- in cationic micelles. Besides, there is 
kinetic evidence that premicelles increase rates of some 
spontaneous cyclizations to form moderate-sized rings, and they 
are more efficient than micelles in this respect.14 We believe 
that premicellar complexes of substrate and surfactant play a 
significant kinetic role in many reactions in dilute surfactant, 
although when rates change monotonically with increasing 
[surfactant] the evidence for formation of premicelles is not 
compelling. 

Experimental Section 

Materials. The esters15 and Bz208 were prepared and 
purified as described. Purification of SDS (Sigma) has been 
described,16 and SDOD was prepared from dodecanoic acid 
(Aldrich) and NaOH. The cmc of the mixed surfactants was 
measured conductimetrically in 0.01 M borate buffer, pH 8.99 
(Table 2). 
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Kinetics. Reactions were followed in aqueous 0.01 M borate 
buffer at 25.0 “C in a Shimadzu UV 210 spectrometer at 360 
nm for DNPA and DNPO and 244 nm for Bz20, and kobs (s-l) 
is the observed first-order rate constant. The substrate concen- 
tration was M and substrates were added in 1,Cdioxane 
and the kinetic solutions contained 0.3% 1A-dioxane. 

The second-order rate constant for attack of OAc- on DNPA 
was estimated from data extrapolated to zero concentration in 
terms of the pKa of HOAc. Rate constants of hydrolyses of 
DNPA and BzzO over a range of pH were estimated by 
extrapolation of rate constants to zero buffer. 

Trapping by Aniline. The intermediate anhydrides were 
trapped by M aniline, which did not affect k&s under kinetic 
 condition^.^ The anilides were extracted (EtzO) and were 
identified by HPLC (MeOH on a 4.6 mm x 25 cm, C I ~  column) 
based on comparison of retention volumes with those of 
authentic samples. 
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