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Pseudo-first-order rate constarits,d have been determined for the nucleophilic substitution reactigms of
nitrophenyl diphenyl phosphinate (PNPDPP) with substituted phenoxidesl{&CQ and butane-2,3-dione
monoximate (OX in 0.1 M borate buffer (pH = 10.0) at 25.0 + 8CL Thekqps value increases sharply upon
addition of cethyltrimethylammonium bromide (CTAB) to the reaction medium up to nedd?M CTAB

and then decreases smoothly upon further addition of CTAB. The rate enhancement upon the addition of CTAB
is most significant for the reaction with,CCGsH4O™ and least significant for the one withHsO™, indicating

that the reactivity of these aryloxides in the presence of CTAB cannot be determined by the basicity alone. The
strength of the interaction of these anionic aryloxides with the positively charged micellar aggregates has been
suggested to be an important factor to determine the reactivity in the presence of CTkfsVidiee for the

reaction with Ox increases also upon the addition of CTAB. However, the increasekisdhelue is much

more significant for the reaction with Othan for the one with CKEI,O, indicating that OXis less strongly
solvated than CIgH,O™ in H,O. Thea-effect shown by Oxin HO has been attributed to the ground-state
solvation difference between Oand CIGH4O".
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Introduction increase with increasing the DMSO content up to near 50
mole % DMSO followed by a gradual decrease upon further

Abnormally enhanced nucleophilic reactivity has oftenaddition of DMSO to the reaction medium, resulting in a
been reported for reactions with a certain type of nucleobell-shapeda-effect prophil€. However, the correpnding
philes> A common feature of these nucleophiles is thereaction run in CECN-H,O mixtures has shown an increas-
possession of one or more nonbonding electron pairs on thiag a-effect prophile as the GBN content in the medium
atom at theo-position from the nucleophilic atom. There- increase$. The effect of medium on the-effect has also
fore, the terma-effect was given to the enhanced nucleo-been investigated for the reaction of PNPA with™ @rd
philic reactivity of these nucleophiles compared with anCICsH4O™ in the presence of a cationic surfactant, cetyltri-
isobasic reference nucleophileThe nucleophiles exhibit- methyl ammonium bromide (CTAB)We have found that
ing the a-effect are oximates gR=NO’), hydroxamates the reactivity of these nucleophiles increases with increasing
(RC(O)NHQ), peroxide anions (ROQ) hydrazines (RNH- the concentration of CTAB in the reaction medium upao
NH,), hydoxylamine (HONK), etc? Numerous studies have 4 x 10° M. However, thea-nucleophile Ox has exhibited
been performed to investigate the cause ofattedfect?® much larger rate enhancement than the normal nucleophile
Some suggested origins of thieeffect are destabilization of CICsH4O™ upon the addition of CTAB.
the ground-state, stabilization ofé téhe transition-state and the o o
reaction product, and solvent efféct. - - v -

We have performed systematic studies to investigate ththP O@NOZ i PhzP-Nu O@Noz 1)
effect of medium on the-effect for the nucleophilic sub- 2
stitution reaction op-nitrophenyl acetate (PNPA) with but-
ane-2,3-dione monoximate (Qxand with p-chlorophen-
oxide (CIGH4O") as ana-nucleophile and a corresponding In order to obtain further information, we have extended
normal-nucleophile, respectively, in dimethylsulfoxide our sutdy to the reaction pfnitrophenyl diphenyl phosphi-
(DMSO)-HO mixtures of _varying_compositioﬁs.The nate (PNPDPP) with Oxand a series of X-substituted
magnitude of ther-effect (°% /k°'°674°) has been found to  phenoxides including CKEl,O™ in the presence and absence

of CTAB, eq (1).

This paper is dedicated to Professor Sang Chul Shim for
his distinguished achievement in organic photochemistry and _ _ _ i
his outstanding contributions to the chemistry community in Materials. p-Nitrophenyl diphenyl phosphinate (PNPDPP)

Korea. was easily prepared from the reaction of diphenyl phos-

- 1" — _ _
NU'= MeCC=NO™ (Ox ) x@o (X =H, Me, Et, CO;”, Cl)
Me
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phinyl chloride with p-nitrophenol in the presence of ca 7 x 10* M and then decreases smoothly upon further
triethylamine as a catalyst in dry ether. The phenols, butaneddition of CTAB.
2,3-dione monoxime, and CTAB were recrystalized before Significant rate enhancements have often been observed
use. Other chemicals used were of the highest qualitjor nucleophilic substitution reaction with anionic nucleo-
available from Aldrich. Doubly glass distilled water was philes upon addition of various cationic surfactafis.

boiled and cooled under nitrogen.

monitoring the appearance of the leavmgitrophenoxide
at 400 nm. Pseudo-first-order rate constafitsy (were
determined from the well-known equation, (- A) =

cedures were reproted previouSly.

PNPDPP with a series of substituted phenoxideskXQ)
and butane-2,3-dione monoximate (P 0.1 M borate
buffer solution (pH = 10.0). As shown in Table 1, ihe

presence of CTAB. The effect of CTAB on thgs value is
illustrated in Figure 1. It is shown that tkegs value for the

Results and Discussion

Iglesias has recently shown that Ky value for hydrolysis
Kinetics. The kinetic study was performed with a Scincoof ethyl cyclohexanone-2-carboxylate passes through a
S-2100 Photodiode Array UV-vis spectrophotometer formaximum with increasing surfactant concentration followed
slow reactions (k= 10 s) or with an Applied Photophysics by a gradual but steady decrease in the rate as the surfactant
SX-17 MV stopped-flow spectrophotometer for fast reactionsconcentration increases furthérSimilarly, Toulle¢? and
(tyz < 10 s) equipped with a Leslab RTE-110 constantVosset al’® have found that the decontamination of toxic
temperature circulating bath to keep the temperature in thghosphonates and phosphates ( pesticides or chemical
reaction cell at 25.@ 0.1°C. The reaction was followed by warfare agents) are highly effective in aqueous micellar
solution. Such a rate enhancement in aqueous micellar solu-
tions has been attributed to an increase in the concentration
of reactants at the interface of micellar aggregates but not to
—kobs - t + €. The concentration of the reactants was diluted tan increase in the intrinsic reactiviti?® In fact, the second-
1.0x 10° M and 2.00x 10* M for the substrate and the order rate constants have often been found to be smaller at
anionic nucleophiles, respectively in order to minimize the micellar interface than the one measured in Watér.
perturbation of micellar structures. All the solutions were The ionic interaction between the positive micellar aggre-
prepared just before use under nitrogen and were transferrgdtes and the anionic nucleophiles is considered to be an
by Hamilton gas-tight syringes. Other detailed kinetic pro-important factor which influences the concentration of the
reactants at the interface of micellar aggregates. As shown in
Figure 1, the rate enhancement upon the addition of CTAB
to the reaction medium is most significant for the reaction
with "O,CCsH4O". Therefore, one can suggest th@cC-
Pseudo-first-order rate constarkts,d are summarized in CgHsO™ exerts the strongest ionic interaction with the
Table 1 for the nucleophilic substitution reactions of positive micellar aggregates among the anionic aryloxides.
This argument can be easily acceptable since there are two
negative charges onO.CCH4O". It is also shown that
CICsH4O™ is more reactive thansBs0O™ in the presence of
value is similar for all the reactions with the aryloxides in theCTAB, although the former is less basic than the latter,
absence of CTAB. However, the reactivity of the aryloxidesindicating that CIGH4O™ exerts a stronger interaction with
is strongly dependent on the nature of the sustituent X in thiéhe micelles of CTAB than ElsO™ does. Therefore, one can
suggest that the reactivity of these anionic nucleophiles
cannot be determined by the basicity alone in the presence of
reaction with the aryloxides increases sharply with increas€TAB. This argument can be further supported by the fact
ing the concentration of CTAB in the reaction medium up tothat the kops value at 7x 10* M CTAB, in which the

Table L Summary of kinetic data for the reaction of PNPDPP with butane-2,3-dione monoximatan®X-substituted phenoxidgsX-
CsH40O") in 0.1 M borate buffer (pH = 10.0) containing various concentrations of CTABr at 25.0G%0.1

Kobs X 107, s
[CTABI] x 10, M
buffer X=0x X=Cl X=CO~ X=H X=CHs X =CsHs
0 0.450 0.562 0.483 0.483 0.485 0.485 0.490
1 0.483 1.90 0.640 0.550 0.500 0.533 0.683
2 0.967 6.42 5.42 7.67 1.32 1.97 4.4&
3 3.2¢ 27.0 8.52 12.9 5.27 7.17 8.87
4 517 55.8 10.2 15.6 7.42 9.5 12.C
5 6.42 76.9 10.9 17.1 8.52 10.¢ 13.€
6 6.4¢ 88.0 11.1 17.7 8.93 12.1 13.¢
7 6.55 94.4 11.3 19.3 9.32 12.5 14.4
10 7.23 101 11.2 19.0 9.45 12.C¢ 13.€
16 6.87 98.0 9.60 17.6 9.03 114 12.C
28 6.17 82.7 7.97 151 7.95 9.1€ 9.55
40 5.72 70.8 7.13 11.7 7.08 8.1t 8.1&

JIPNPDPP] = 1.0¢ 10° M, [Nu] = 2.00x 10* M, where Na = OX or XCsH,O™
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Figure 1. Plots of observed rate constants vs concentration oFigure 2. Plots of observed rate constants vs concentrati
CTAB for the reaction of PNPDPP with substituted phenoxiges ( CTAB for the reaction of PNPDPP witirchlorophenoxide @ )
X-CeH4O") in 0.1 M borate buffer (pH = 10.0) at 25.0 + OCL (X= and butane-2,3-dione monoximate {§ in 0.1 M borate buffer (p
Cl(®),CO (0),H(O),CHs(2), GHs (0), buffer alone  =10.0) at 25.0 + 0.1C.

(&)

enhancement upon addition of CTAB for the reaction of
maximumkgpsvalue is observed, is in the ordegHsO™ < PNPA was calculated to be only about 10, which is much
MeCH.O™ < EtGH4O™ although the basicity of these smaller than the corresponding rate enhancement for the
aryloxides is similar each other (See Table 1 and Figure 1).reaction of PNPDPP under the same reaction condéign (

It has been reported that the association conskagd (  the rate enhancement of about 20-40, see Table 1). Thus, one
between the micelle of CTAB and the aryloxides is in thecan suggest that the effect of micelle on rate is also depen-
order EtGH4O™ > MeGH4O™ > GHsO™,**which is the same dent of the nature of the substrate for given nucleophiles.
as thekqps value for the reaction of PNPDPP with the threeThe difference in the hydrophobicity between PNPDPP and
aryloxides. Therefore, one can suggest that the reactivity &NPA is considered to be responsible for the difference in
these anionic nucleophiles would be governed by two factorthe micellar effect on rate and the position of the maximum
as shown in eq (2), where a and b represent the sensitivilgys value appeared(g, PNPDPP being more hydrophobic
parameter foKassandKy (= basicity of aryloxides), respec- than PNPA).
tively. Eq (2) would resemble the Brgnsted equation when Table 1 shows that Oxs more reactive than G840 in
the first term of eq (2) becomes zero. On the other hand, thtbe presence and absence of CTAB although the basicity of
reactivity of nucleophiles would be determined by theOx  and CIGH.O is similar each other. The-effect
strength of the interaction between the micelle and thewucleophile (OX) has often exhibited higher reactivity than
anionic nucleophile when the basicity of the nucleophiles ighe corresponding normal nucleophile (€0 toward a
similar. variety of substrates(g, the a-effect)’® We have recently
performed nucleophilic substitution reactionsSgb-nitro-
phenyl thioactate (PNPTA) with Oand CIGH4O™ in DMSO-

Some years ago, we performed nucleophilic substitutiotH,O mixtures of varying compositiod3.The nucleophilic
reactions ofp-nitrophenyl acetate (PNPA) with a series of reactivity was found to increase significantly with increasing
aryloxides in the presence of CTABIhe kos value was the concentration of DMSO in the reaction medium. How-
found to increase with increasing the concentration of CTABever, the rate enhancement upon additions of DMSO was
up toca 4 x 10° M and then remained nearly constant uponfound to be more remarkable for the reaction with &n
further addition of CTAB to the mediufrHowever, the rate  for the one with CIgH,O™ up to ca. 50 mole % DMSH.

l0g kobs= & logKasst b 1ogKp @)
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H.O. Therefore, thea-effect shown by Oxin H)O is
CICsH4sO™ was suggested to be responsible for the differ-attributed to the ground-state solvation difference between

ential medium effect on rate.A similar result has been Ox and CIGH.O™ in H.O.

observed for the reactions of PNPAPNPDPP andp-
nitrophenyl benzensulfonate (PNPBSunder the same
reaction condition, although the magnitude of theffect
was found to be dependent on the substrates.

Figure 2 illustrates the effect of CTAB on the reactivity of
Ox and CIGH4O™ toward PNPDPP. One can see that the
kobs Value increases upon addition of CTAB to the reaction
medium up toca. 7-10x10* M CTAB. However, the
increase in thég,s value is much more remarkable for the
reaction with Ox than with CIGH,O". Since the basicity of
the two nucleophiles is similar each othéne differential
micellar effect would be mainly due to the difference in the 3
interaction between the micelle and the nucleophile. The
ionic interaction of the positive micelles with Cand with
CICsH4O™ would be similar since both of the nucleophiles
have a negative charge. Therefore, a difference in the
ground-state solvation between@xd CIGH,O™ would be
responsible for the differential micellar effect on rate shown 5
in Figure 2. The fact that the rate enhancement upon the
addition of CTAB is more significant for the reaction with
Ox indicates that Oxis less strongly solvated than GIC
H4O™ in HO. This argument is consistent with our recent
calorimetric studyi.e., OX is about 4 kcal/mole less solvat-
ed than CIgH4O" in H;0 at 25.0°C.” Therefore, the present
result suggests that differential ground-state solvation (Ox
vs CICGsH4O") is responsible for the enhanced nucleophilic
reactivity of OX in the reaction with various sbustrates.

9.

Conclusion 10

The kobs value for the reaction of PNPDPP with GO~ ﬂ
and OX increases sharply with increasing the concentration3
of CTAB in the reaction medium up t& 7 x 10* M and
then decreases gradually upon further addition of CTAB14
The fact that micellar effect on rate is much more significant
for the reaction with Oxthan for the one with CKEI.O" g
suggests that Oxs less strongly solvated than GHZO™ in 16
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