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The deacylation reactions of p-nitrophenyl carboxylates by 10-hydroxy-11-hydroxyimino[20]paracyclophane
(Oxime-I) have been investigated in an alkaline aqueous acetone. Oxime-I was acylated by p-nitrophenyl laurate
(PNPL) and decanoate (PNPD), but was not affected by p-nitrophenyl acetate (PNPA) and hexanoate (PNPH).
Meanwhile, 2-hydroxycyclodecanone oxime (Oxime-II) and acetoxime (Oxime-IIT) did not undergo any re-
action with all of the present carboxylic esters under the same conditions. These results suggest that the acylation
reactions of Oxime-I with PNPD and PNPL proceed primarily through incorporation of the substrates into the
cyclic oxime cavity. The formation of an intra-complex was also suggested by an evidence that the copper(II)
ion markedly retarded the reaction rate of PNPL with Oxime-I below the catalyst-absence level. The binding
constant for PNPL with Oxime-I was considerably large in comparison with the usual micelle-substrate or syn-
thetic polymer-substrate complexes. On the basis of thermodynamic parameters for the binding and the sub-
sequent acylation, the driving force for the incorporation and the geometry of the intra-complex have been dis-
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cussed.

The three kinds of esterase model systems have been
widely developed to establish some new catalytic sys-
tems for organic synthesis as well as to understand the
enzymatic mechanisms from the bioorganic viewpoints:
these are micellar surfactants,? synthetic polymers,3
and macrocyclic compounds.?) Micellar surfactants and
synthetic polymers have been known to construct the
hydrophobic field through micelle formation and ag-
gregation, respectively. The hydrophobic interaction
between these enzyme models and substrates resulted
in the formation of intra-complexes to provide the
proximity effects due to plausible orientation and to
raise the local concentrations of the attacking nucleo-
philes. The formation of hydrophobic binding sites
in these cases is, however, in dynamic equilibria with
the bulk phase and subject to the external medium
effects consequently.? Thus, these mobile structures
may provide a limited substrate specificity. On the
other hand, macrocyclic compounds may exhibit several
novel and unique characters primarily due to the
following effects.

1) The macrocyclic cavity provides a steady binding
site due to a characteristic ring conformation of hydro-
phobic nature. This binding site can be little affected
by the external factors such as temperature, hydrogen
ion concentration, ionic strength, dielectric constant,
and other medium properties.

2) A high substrate specificity can be brought about
by the geometric requirements for binding of sub-
strates into these macrocyclic cavities as well as by
spatial geometries of substrate molecules incorporated
into these cavities on the other. Udtilization of cyclo-
amyloses,* cyclic peptides,®? and cyclic N-methyl-
hydroxamic acid®) have provided much fruitful results
though they need to be further investigated.

In this work, we prepared a sizable cyclic com-
pound, 10-hydroxy-11-hydroxyimino[20] paracyclo-
phane (Oxime-I), and studied the acyl transfer from

* Present address: Department of Industrial Chemistry,
Faculty of Engineering, Nagasaki University, Nagasaki 852.

Fig. 1. Stuart molecular models of Oxime-I with scale: A,
top view showing an inner diameter of ¢ca. 6.5 A; B,
side view showing a depth of ca. 4.5 A.
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p-nitrophenyl carboxylates to the cyclic oxime. Oxime-
I provides an appropriate hydrophobic binding site
with the paracyclophane skeleton and one nucleophilic
function with the oxime group. In reference to the
Stuart molecular models shown in Fig. 1, Oxime-I has
an inner diameter of about 6.5 A and a depth of about
4.5 A. 2-Hydroxycyclodecanone oxime (Oxime-II) and
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acetoxime were also used in order to characterize the
catalytic ability of Oxime-1.

Experimental

Spectroscopic measurements were run on a JASCO DS-
403G grating IR spectrophotometer, a Varian A60 NMR
spectrometer, a JEOL JMS-01SG mass spectrometer, and a
Hitachi EPS-2 recording spectrophotometer. pH measure-
ments were carried out with a TOA HM-9A pH-meter equip-
ped with a Metrohm EA-125 combined electrode.

Acetoxime of reagent grade was commercially obtained
(Nakarai) and used without further purification.

p-Nitrophenyl Carboxylates. p-Nitrophenyl acetate (PN-
PA), hexanoate (PNPH), decanoate (PNPD), and laurate
(PNPL) were respectively prepared by the reaction of the
corresponding carbonyl chlorides with p-nitrophenol in ether
in the presence of pyridine. The crude esters were further
purified and identified by elemental analyses and spectro-
scopic measurements before use.

The synthetic steps for Oxime-I are shown in Scheme 1.

Ethyl w-Phenyldecanoate (1). Ethyl w-phenyldecanoate
was prepared by the esterification of w-phenyldecanoic acid,
which was synthesized according to the procedures described
in the literature,® and purified by distillation in vacuo: bp
140—142 °C/0.075 mmHg, yield 82.39%,.

1-( 9-Carbethoxynonanyl) - 4 - ( 9 -carbethoxy- I -oxononanyl ) benzene
(2). In a 100-ml three-necked flask was placed a mixture
of 2.76 g (0.01 mol) of 1, 4.0g (0.03 mol) of anhydrous
aluminum chloride, and 20 ml of carbon disulfide and the
reaction flask was cooled in an ice bath with vigorous stirring.
Then, 2.48 g (0.01 mol) of w-carbethoxypelargonoyl chloride
was added dropwise into the mixture in about 15 min. The
reaction mixture was stirred for 30 min at room tempera-
ture and 3 hr under reflux, and then allowed to stand over-
night at room temperature. The red oil obtained was treated
with hydrochloric acid at ice-cooled temperature and ex-
tracted with carbon disulfide. The organic layer was sepa-
rated, washed with water, and dried over sodium sulfate.
After removal of the solvent, the pale yellow residue was re-
crystallized from petroleum ether (bp 30—70 °C): mp 56—
58.5 °C, yield 2.4 g (49%).

Found: C, 73.74; H, 9.87%.
73.73; H, 9.90%.

p-Bis( 9-carboxynonanyl) benzene (3). A mixture of 6.0 g
(0.012 mol) of 2, 8.4g (0.15mol) of potassium hydroxide,
9.0 g (0.13 mol) of hydrazine hydrate, and 50 ml of diethylene
glycol was heated under reflux for 3 hr. After removal of

Caled for C,H,;O;: C,
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hydrazine and water, the mixture was refluxed for additional
10 hr. Into the resulting solution cooled to room tempera-
ture was added about 250 ml of water. This solution was
neutralized with hydrochloric acid. The precipitates were
recovered, washed with water, and recrystallized from me-
thanol: mp 124—128.5 °C, yield 3.2 g (649%,).

Found: C, 74.35; H, 10.16%. Calcd for C,;H,,0,: C,
74.58; H, 10.139%,.

p-Bis(9-carbomethoxynonanyl) benzene (4). A mixture of
4.5 g (0.011 mol) of 3, 5 ml of concentrated sulfuric acid, and
150 ml of methanol was heated under reflux for 12 hr. A
half volume of methanol was distilled off. The residue was
diluted with water and extracted with ether. The ethereal
solution was washed with water and dried over sodium sulfate.
After removal of ether, the crude material was recrystallized
from methanol: mp 61—66.4 °C, yield 3.5 g (71.2%,). NMR
(CCly, TMS as an internal reference): 6§ 1.27—2.63 (36H, m,
methylene envelope), 3.58 (6H, s, -CH,), and 6.96 (4H, br.,
-CsH,y-).

Found: C, 75.35; H, 10.319,.
75.27; H, 10.39%,.

10-Hydroxy-11-0x0[ 20] paracyclophane ~ (5). A 3-liter
creased flask of three-necked round-bottom was equipped with
a mechanical vacuum stirrer of stainless steel and a reflux
condenser, the top of which was connected to a dropping
funnel furnished with a needle valve. In the flask were
placed 500 ml of xylene and 1.0 g (0.043 g atom) of crust-free
sodium metal. It was refluxed for 15 min with vigorous
stirring under nitrogen atmosphere. Gaseous nitrogen was
streamed throughout the apparatus during the course of
reaction. Then, 3.0 g (6.7 mmol) of 4 dissolved in 250 ml
of xylene was'added dropwise for a period of 20 hr. Reflux
was continued for additional 30 min after the complete addi-
tion of 4. The reaction flask was then cooled in an ice bath.
Glacial acetic acid (4 ml) dissolved in 6 ml of xylene was
added dropwise in about 30 min while cooling and stirring
were continued. The resulting mixture was transferred into
a 2-liter separatory funnel together with 25 ml of water. The
xylene layer was separated, washed with water, and dried
over active calcium sulfate. After rapid removal of xylene,
the crude material was recrystallized from n-pentane as white
granular crystals: mp 46—51 °C, yield 1.4 g (53.7%). IR
(KBr disk) : voy, 3400; ve_g, 1704 cm-1.

Found: C, 81.57; H, 11.489%; M+, 386.
C,y6H,,0,: C, 80.75; H, 10.97% ; mol wt, 386.68.

10-Hydroxy-11-hydroxyimino[ 20] paracyclophane ( Oxime-I).
Into a mixture of 500 mg (1.29 mmol) of 5, 300 mg (4.32
mmol) of hydroxylamine hydrochloride, and 10 ml of methanol

Caled for C,H,,O,;: C,

Calcd for

— H,;C,00C(CH,),COCl1 (“) — NH,NH,-KOH
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Scheme 1. Synthesis of Oxime-I.



1240

containing a small amount of water was added gradually
530 mg (13 mmol) of sodium hydroxide powder. The
mixture was heated under reflux for 10 min, neutralized with
dilute aqueous hydrochloric acid, and then extracted with
about 200 ml of n-pentane. The organic layer was separated,
washed with water, and dried over sodium sulfate. After
a half volume of n-pentane was distilled off, the residue was
cooled to about —10°C. The colorless needles were re-
covered: mp 91.5—93 °C, yield 440 mg (84.8%,). IR (KBr
disk) : voy, 33005 vo_y, 1650 cm 1.

Found: C, 77.70; H, 11.28; N, 3.20%; M+, 401. Calcd
for CyeH NO,: C, 77.73; H, 10.81; N, 3.49%; mol wt,
401.70.

2-Hydroxycyclodecanone (sebacoin). 2-Hydroxycyclodeca-
none was prepared according to the procedures described in
the literature:? mp 36.5—39 °C (1it,”? 38—39 °C), vyield
47.3%,.

2-Hydroxycyclodecanone Oxime (Oxime-1I). Sebacoin
oxime was prepared by a method similar to that used for the
preparation of Oxime-I. The crude Oxime-II (mp 86—
96 °C) was purified by means of column chromatographic
technique with the combination of active alumina and absolute
methanol: mp 101-—103 °C, yield 1.2 g (50%). IR (KBr
disk): voy, 3220; vooy, 1650 cm-L.

Found: C, 64.92; H, 10.58; N, 7.30%; M+, 185. Calcd
for CoH;,NO,: C, 64.81; H, 10.36; N, 7.56%, ; mol wt, 185.30.

Kinetic Measurements. The rate of formation of p-
nitrophenoxide ion was measured at 400 nm. Reactions were
initiated by the addition of 30 yl of 1Xx 10-M p-nitrophenyl
carboxylate in acetone to 3.0 ml of a reaction solution which
was pre-equilibrated at an appropriate temperature in the
thermostatted cell set in a Hitachi 124 recording spectro-
photometer. The reaction solution was prepared in a 10 ml
volumetric flask by placing 1.0 ml of 1—7 x 10-*M Oxime-I
in acetone-water (1: 1 by volume), 0.5 ml of acetone, 0.9 ml
of 1.0 M aqueous potassium chloride, and an appropriate
amount of 0.1 M sodium hydroxide to adjust the pH-value
of medium in this order, and subsequently by filling up with
distilled and deioninized water to the mark. The overall
concentrations of p-nitrophenyl esters and the oxime in the
reaction mixture were 1X 10-5M and 2—15 X 10-°M, respec-
tively. The acetone content in the above reaction mixture
was about 109, of the total volume, and also varied in a
10—309%, (v/v) range. The temperature of a reaction mixture
was maintained constant with an accuracy of 4-0.1°C. A
buffer system, sodium carbonate—sodium borate, was used
for reactions at pH 10.

Product Analysis. p-Nitrophenyl laurate (82.9 mg, 0.26
mmol) underwent reaction at 20 °C with Oxime-I (98.8 mg,
0.24 mmol) in 50 ml of acetone-water (1:5 by volume) con-
taining 2.6 ml of 0.1 M sodium hydroxide. After the com-
plete decomposition of the ester, the reaction mixture was
extracted with n-hexane. The aqueous alkaline layer re-
mained was carefully neutralized with dilute hydrochloric
acid and extracted with ether. Upon evaporation of the
ethereal layer, p-nitrophenol and lauric acid were detected
by tlc as well as by UV and IR spectroscopy. On the
other hand, tlc of the mixture obtained from n-hexane
extracts showed the existence of three components. Two of
them were identified as the unreacted Oxime-I and its hydro-
lyzate, 10-hydroxy-1l-oxo[20]paracyclophane (5), though
both were only in a trace amount. The third component,
which was isolated from the mixture, showed a strong IR
absorption band at 1710 cm~! (vg_o) and a UV spectrum
having absorption maxima at 213, 220, 260, 267, and 274 nm
in methanol. These results indicate that Oxime-I was
acylated by p-nitrophenyl laurate (Eq. (1)) in a manner as
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seen for the acylation of aryl-oxime with p-nitrophenyl car-
boxylates.%

»C=N-OH + Ph-O-C(O)-R —
»>C=N-O-C(O)-R + Ph-OH (1)
Meanwhile, Oxime-I was hydrolyzed to give the parent keto-
cyclophane (5) to an insignificant extent under the same

reaction conditions. In addition, the degradation of Oxime-I
did not show any meaningful effect on the reaction kinetics.

Results and Discussion

In the alkaline hydrolyses of PNPD and PNPL,
pseudo-first-order plots deviated positively after 25—
309, conversion of the esters. This phenomenon has
been attributed to the self-aggregation of the sub-
strates.” Meanwhile, in the presence of Oxime-I the
rate of p-nitrophenol release from the esters started to
deviate gradually downward from the first-order plot
in the same conversion range. Therefore, a pseudo-
first-order rate constant k., was obtained from the
linear portion at the initial stage of reaction. Oxime-I
did not, however, provide any effect on the p-nitro-
phenol release from esters of smaller alkyl chains,
PNPA and PNPH (Table 1). Similarly, smaller cyclic
oxime (Oxime-II) as well as acetoxime also did not
show any effect on the reaction rate of all the sub-
strates studied (Table 1). In the reaction of Oxime-I
either with PNPD or PNPL, the usual saturation-type
kinetics have been observed as illustrated for the
PNPL-Oxime-I system in Fig. 2. These kinetic evi-
dences and the product analysis suggest that there
proceed two competetive reactions, the hydrolysis of an
uncomplexed substrate and the acyl transfer reaction
via an intra-complex formed between Oxime-I and
cither PNPD or PNPL, as shown by Eq. (2).

K
S + Oxime-I ——= S-Oxime-1
| o | )

Pl P2
where k4 and k.., stand respectively for the rate

5 T T T T T T T T T T
4 4
L3 -
3
X
2 ]
<
1F .
1 1 1 1 1 1 1 1 1 N
0 10 20
[Oxime-I] x 108/M
Fig.2. Saturation-type kinetics for the reaction of PNPL

(9.90 x 10-¢M) with Oxime-I in 10.9%, (v/v) aqueous
acetone at 34.1 °C, p=0.10 (KCl), and pH 12.3 (1.00
% 10-2M sodium hydroxide).
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TABLE 1. FIRST-ORDER RATE CONSTANTS FOR THE H-NITROPHENOL RELEASE FROM p-NITROPHENYL
CARBOXYLATES IN THE PRESENCE OF OXIME-I, -II, AND AcETOXIME (OXIME-IIT)

Carboxylate Oxime - NaOH, Acetone content, Ionic strength Temp., kobes
Species: 10-5M Species: M 10—:M % (v/v) (KCH, M °C 107351
PNPA: 5.00 None 0.50 30.0 0.05 25.0 26.5
PNPA:5.00 I:1.00x10¢ 0.50 30.0 0.05 25.0 26.5
PNPH: 5.00 None 0.50 30.0 0.05 25.0 20.7
PNPH: 5.00 1:1.00x 104 0.50 30.0 0.05 25.0 20.2
PNPH: 4.76 None 1.00 26.7 0.01 19.6 20.9
PNPH: 4.76 1:4.76x10°5 1.00 26.7 0.01 19.6 19.7
PNPH: 4.76 II:4.76x 1075 1.00 26.7 0.01 19.6 20.9
PNPD: 4.76 None 1.00 26.7 0.01 19.6 7.05
PNPD: 4.76 I1:4.76x10°5 1.00 26.7 0.01 19.6 5.57
PNPD: 4.76 I1: 4.76x 1073 1.00 26.7 0.01 19.6 7.55
PNPD: 0.99 None- 1.00 10.9 0.10 20.3 3.59
PNPD: 0.99 1:9.90x 10-¢ 1.00 10.9 0.10 20.3 4.26
PNPL: 0.99 None 1.00 10.9 0.10 20.0 0.31
PNPL: 0.99 1:9.90x 10-¢ 1.00 10.9 0.10 20.0 2.25
PNPL: 0.99 I1: 9.90x 10-¢ 1.00 10.9 0.10 20.0 0.33
PNPL: 0.99 111:9.90x 10-¢ 1.00 10.9 0.10 20.0 0.33

TABLE 2. KINETIC PARAMETERS FOR THE REACTIONS OF p-NITROPHENYL
DECANOATE AND LAURATE WITH OXIME-I AT

£=0.10 (KCIl)
Carboxylate ®»  Temp., °C Acetg/f)‘e(‘f/“’,’)‘tem’ PH kX104 571 £, %104 51 Kx 1075, M1
PNPD 20.3 10.9 12.3 35.9 43.0 3.8
30.3 10.0 9.3 0.88 3.42 14.6
30.3 10.0 9.9 2.71 7.29 6.4
30.3 10.0 11.0 20.9 44.1 5.4
PNPL 15.2 10.9 12.3 2.1 13.8 4.8
24.5 10.9 12.3 5.1 33.7 1.5
34.1 10.9 12.3 16.1 58.7 1.3
42.1 10.9 12.3 37.1 137 0.6
33.9 10.9 10.4 0.3 4.4 1.3
43.1 10.9 10.4 1.4 8.9 1.3
20.0 10.9 12.3 3.1 20.0 2.6
20.1 20.8 12.5 14.1 54.9 1.2

a) Total initial concentration: PNPD, 1.03 x 10-3M; PNPL, 9.90 x 10-8M. b) Total initial con-
centration of Oxime-I: with PNPD, 6.03—48.2 X 10~*M; with PNPL, 1.98—19.80 x 10-¢M.

constant of hydrolysis in the bulk phase and that of
acylation due to the intra-complex; S and S-Oxime-I
represent the substrate and the substrate—Oxime-I 10 T T T T T
complex, respectively, and K is the binding constant.
The observed pseudo-first-order rate constant k,p is 08
given by Eq. (3) '
Kons = (Rnya + Kooy K[Oxime-1])/(1+ K[Oxime-I])  (3)
which can be rearranged to

1/(khyd - kobs) = l/(khyd - kacyl)
+ l/(khyd - kacyl)K[OXime_I] (4)

A good linear relationship has been obtained by plot-
ting the left-hand side of Eq. (4) against the reciprocal
concentration of Oxime-I, as typically seen in Fig. 3.
We calculated the rate constant for acylation and the . L L ! 1
binding constant from the intercept and the slope, 0 1 2 3 4 5
respectively. Kinetic results are summarized in Table (1/[Oxime-1]) x 1075/M 1
2. Fig. 3. Analysis of kinetic data (given in Fig. 2) for the
It is interesting to examine the difference in reactivity decomposition of PNPL in the presence of Oxime-I
in terms of the correlations between the ring size of by means of Eq. (4).

o
[=2]

— 1/ (knya—FKons) X 10-3/s
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cyclic oximes and the molecular size (or geometry) of
substrates. Table 1 shows that Oxime-I was acylated
only by the esters having a long alkyl chain residue and
not by the smaller esters such as PNPA or PNPH,
while Oxime-IT and acetoxime could not be acylated
even by longer esters. It may be, therefore, reasonable
to assume that the present acyl transfer reactions from
PNPL and PNPD to Oxime-I must proceed through
the intra-complex formation, which would be caused
by an incorporation of a substrate into the cyclic
cavity of Oxime-I and not by a simple hydrophobic

entanglement.

il

N

~
~
~e.

’
’

Ll T
1

N

Fype X 103571

L L L 2

0 1 2 3 4 5
[Urea]/M

Fig. 4. Effects of added urea on the decomposition of
PNPL (9.90 x 10-*M) in 10.9%, (v/v) aqueous acetone
at 20.0 °C, u=0.10 (KCl), and pH 12.3 (1.00 x 10-2M
sodium hydroxide): (O, with Oxime-I (9.90 x 10-M);
(P, without Oxime-I.

Driving Force for Incorporation. The increase in
concentration of acetone appeared to decrease the in-
corporation of the substrate into the cyclic cavity of
Oxime-I significantly (Table 2). Similar results have
been obtained for the cycloamylose—phenyl acetate
system,?) where the effect of acetonitrile content was
examined. Moreover, Fig. 4 shows that the addition
of urea to the reaction system also reduces the in-
corporation: as the concentration of urea increases, the
overall pseudo-first-order rate constant (k,,s) and the
rate constant for spontaneous hydrolysis increase and
finally both become equal. Consequently, a driving
force for the incorporation of a substrate into the
cavity of Oxime-I should be attributed to the hydro-
phobicity of a substrate and the oxime as well. These
results suggest that the self-aggregation of the substrate
acts in favor of the incorporation but the resulting
hindered nucleophilic center provides a steric effect
against attacking hydroxide ion. The Stuart molec-
ular model shows, in fact, that the folded substrate
molecule can be inserted tightly into the Oxime-I cavity.
If the elongated substrate molecule could be incorpo-
rated, PNPA and PNPH, having molecular head and
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tail similar to PNPD and PNPL, would also undergo
the acyl transfer reaction with Oxime-I. It should be
noted in the present study that urea or an organic
solvent perturbs the hydrophobicity of the substrate
esters only and not the cyclic oxime cavity.

Effect of the Copper(1I) Ion. Oxime-I has three
donor atoms, one nitrogen and two oxygens. It is
expected that an appropriate metal ion may show
somewhat a unique effect on the reactivity of Oxime-I.
The copper(1I) ion, which was used as nitrate, did not
give any effect on the reaction of PNPL in the absence
of Oxime-I, while it profoundly retarded the p-nitro-
phenol release in the presence of the oxime. Upon
addition of over equimolar amount of copper ion
relative to the ester and the oxime, the reaction rate
was reduced below the Oxime-I absence level (Fig. 5).
These results suggest that Oxime-I deactivated by the
coordination of the copper(II) ion still holds a large
ability of substrate-incorporation and consequently the
ester decomposition becomes largely decelerated. Thus,
we can say that the effect of copper(Il) provides an-
other evidence for the incorporation. Hershfield and
Bender investigated the hydrolysis of PNPL catalyzed
by a macrocyclic hydroxamic acid. Although the re-
action rate was markedly accelerated upon addition of
copper (II), they did not give any plausible elucidation
for the catalytic mechanism.%) The copper-concerned
reactions in both cases apparently proceed through
somewhat different mechanisms.

T T

21 ]

T 1
=
=
X

3 o o— 1

3
e
0 5 10

[Cu(NO,),] x 105/M
Fig.5. Effects of added copper(II) ion on the decomposi-
tion of PNPL (4.76 X 10~M) in 26.7%, (v/v) aqueous
acetone at 20.0 °C and pH 12.3 (1.00 x 10-2M sodium
hydroxide): (O, with Oxime-I (4.76x 10-5M); [],
without Oxime-I.

Catalytic Effect and Substrate Specificity. Oxime-I1
and acetoxime did not show any meaningful effect on
the decomposition of PNPD and PNPL. This means
that these two oximes undergo no acyl transfer reaction
at least under the present conditions. It has been well
known that acetoxime (pK, 12.4) shows exceedingly
large nucleophilicity due to a-effect.’® Owur present
cyclic oximes, Oxime-I and -II, must have approxi-
mately the same nucleophilicity as that of acetoxime as
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far as the oxime moiety concerns. The large reactivity
of Oxime-I, therefore, can be attributed to the in-
corporation which brings about the proximity effect
for the reaction. This effect is analogous to the cases
of intramolecular catalysis. The inertness of Oxime-II,
on the other hand, seems to be ascribed to its small
ring size which inhibits such an incorporation.

TABLE 3. CATALYTIC SPECIFICITY OF OXIME-I IN THE
REACTIONS WITH [)-NITROPHENYL CARBOXYLATES

kobs (Oxime-l)/

Carboxylate kacyl/khyd
obs\Oxime-T11I
PNPA ca. 1% —
PNPH ca. 1™ —
PNPD 0.79; 1.2 2.49
PNPL 2.39;7.49 14.7®

a) At 25.0°C in 309, (v/v) aqueous acetone with
pH 11.5. b) At 19.6 °C in 26.79, (v/v) aqueous
acetone with pH 12. ¢) At 20.0 °Cin 10.9%, (v/v)
aqueous acetone with pH 10.

Clearly from the preceding comments, the overall rate
constant in the presence of Oxime-II, £ oxime—tns
is nearly equal to the rate constant for spontaneous
hydrolysis of esters. We define the catalysis specificity
of Oxime-I in terms of either £, oxime—n /Kobs ©xime—1n
or kypsoxime-n/knyas €ach rate constant being obtained
under the same conditions. These are listed in Table
3, along with the specific rate ratio, k,.,/k,yq- The
specificity of Oxime-I further increased at lower pH
region where the nucleophilicity of the oxime group
must become smaller. This fact, as well as the product
analysis, suggests that the acyl transfer reaction in the
intra-complex may proceed through the direct nucleo-
philic attack of the oxime to the carbonyl carbon,
not through the general base catalysis. In addition,
the acylation exhibits the linear dependence on
pH in a 9—12 pH range (Fig. 6). This is con-
sistent with a mechanism shown by Eq. (5). Decelera-
tion of the decomposition rate of PNPD in the presence
of Oxime-I at higher pH (Table 3) is not clear at

o
>C-N-0: — (IIIJ—O—Ph (5)
H R

HO-
present. However, this is predictive of the presence
of substrate specificity for Oxime-I. Our results are,
therefore, apparently different from those obtained by
Hershfield and Bender,%¢) in which the rate enhance-
ment was gained only by the extension of alkyl-chain
length without substrate specificity. They did not
indicate clearly which effect, simple entanglement or

Acyl Transfer from p-Nitrophenyl Carboxylates to Paracyclophane Oxime
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Fig. 6. pH-rate correlations for alkaline hydrolyses (solid
lines) of PNPD (1.00x 10-*M, () in 10.0% (v/v)
aqueous acetone with y=0.10 (KCI) at 30.0 °C and
PNPL (9.90 x 10-¢M, @) in 10.9% (v/v) aqueous ace-
tone with 4=0.10 (KCl) at 33.9 °C; and acyl transfer
reactions of these carboxylates (broken lines) with an
equimolar concentration of Oxime-I under the same
conditions employed for the corresponding alkaline
hydrolyses.

incorporation, contributed to the interaction of the
cyclic compound with substrates.

Binding Property. Table 2 shows that the binding
constants for the incorporation of PNPD and PNPL
into Oxime-I are considerably larger (K~10°%M-1)
than those for phenyl acetates into cycloamyloses
(K~103 M-1).1) In the present study, it became clear
that large hydrophobic guest molecules lead to the
formation of relatively stable inclusion complexes and
the interior of the cyclic oxime provides a better hydro-
phobic binding site. In order to understand the nature
of incorporation, the temperature dependency of bind-
ing constant for PNPL-Oxime-I was examined using
kinetic method. Thermodynamic parameters were ob-
tained from a plot of InK #s. 1/T(K) by the least-
squares method: A4G°(307.3 K)=—7.2 kcal mol-},
AH°=—9.4 kcal mol-, and 48°=—7.3 e.u. at pH 12
in 10.9 vol9, aqueous acetone. The binding constant
is comparatively temperature dependent in a similar
trend as observed for the combination of m-ethylphenyl
acetate and cyclohexaamylose.!12) The thermodynamic
data apparently show that the stabilization due to
binding is mostly caused by a favorable enthalpy
change. Bender and his co-workers have proposed

TABLE 4. ACTIVATION PARAMETERS FOR ALKALINE HYDROLYSIS AND ACYLATION REACTION oF PNPL®

. N A8~ AH~ AG*
Reaction kcal mol—? e.u. kcal mol~1 kcal mol-?
Hydrolysis 18.5+4+0.7 —13.24-2.3 17.94-0.7 22.04+1.5
Acylation 14.940.3 —22.54+0.8 14.340.3 21.34+0.6

a) Experimental conditions: pH, 12.3; g4, 0.10 (KCl); temp., 307.3 K; medium, 10.9%, (v/v)

acetone—water,
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that the sizable enthalpy change in the formation of
cycloamylose complex was brought about by liberating
water molecules, which were loosely bound to the
cycloamylose cavity through hydrogen bonding, upon
inclusion of a guest molecule.’® 1In the paracyclo-
phane cavity, however, the van der Waals forces would
provide such a favorable enthalpy effect. Further
investigation is in progress in our laboratories.

Activation Parameters for Hydrolysis and Acyl Transfer
Reactions. Activation parameters for the hydrolysis
of PNPL and the acylation of Oxime-I with the same
ester are listed in Table 4. A decrease of activation
enthalpy (44H*t =4 kcal mol-1), which plays the major
role in the stabilization of transition state, may be
caused by the difference in nucleophilicity between
hydroxide ion and oximate. Furthermore, the prox-
imity effect brought about by the intra-complex forma-
tion seems to be responsible for such a smaller activa-
tion enthalpy. A much larger loss of activation entropy
(448t =—10 e.u.) for the acyl transfer reaction would
be rather unexpected: the intramolecular catalysis is
entropically favored.'® This fact suggests that the
base-catalyzed nucleophilic reaction results in the for-
mation of a polar transition state and consequently
the hydrophobic interaction is partly destroyed.

Conclusion

The sizable paracyclophane oxime demonstrated
several unique behaviors as expected. An appropriate
cavity size can give out the substrate specificity: this is
associated with bulkiness, geometry, and molecular
volume of a substrate as well as hydrophobicity of both
substrate and paracyclophane. Most significantly, the
incorporation of a substrate, having an appropriate
geometrical character, into the cyclic cavity was con-
firmed by the kinetic method. It has been also shown
that Oxime-I has a large binding ability toward p-nitro-
phenyl decanoate and laurate, as can be compared to
some native enzyme systems.'® The present study
provides a rare and unique example among the enzyme
model systems so far studied,®~®) and may be predic-
tive of the possibility for preparation of a more reactive

Yukito Murakawmi, Junzo Sunamoto, and Koji Kano
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esterase models. Upon substitution with appropriate
functional groups, the paracyclophane skeleton may be
modified to yield higher deacylation ability.

Thanks are due to Miss Chieko Gondo for her
assistance in part of the rate measurements, and also
to the Research Institute of Yoshitomi Pharmaceutical
Co., Ltd. for the mass spectral measurements.
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