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Abstract. The inclusion of the anti-inflammatory drujabumetongin «-, 8- and hydroxypropyl-
B-cyclodextrin (CDs) is studied using UV-VIS absorption and steady-state fluorescence emission.
Binding constants and thermodynamic parameters of complex formation are determined by spec-
trofluorimetry. The inclusion phenomena labumetonevith the three cyclodextrins is compared

with that of the well known similar anti-inflammatory drid¢aproxen In the case oNabumetone
pronounced differences are observed in the complexation process with each cyclodextrin whereas the
respectiveNaproxencomplexes are nearly identicdH-NMR experiments show that the inclusion
process ifNabumetonean occur either through the substituents in the -2 (butanone) or -6 (methoxy)
positions in the naphthalene ring.

Key words: NabumetoneNaproxen cyclodextrin, UV-absorption spectroscopy, fluorescence spec-
troscopy, thermodynamics, proton NMR.

1. Introduction

Cyclodextrins (CDs) are popular host molecules and their complexation with a
variety of compounds has been described over the last decade [1-3]. Three distinct
CDs are commonly available consisting of six-CD) , seven g-CD) or eight
(y-CD) sugar units all of which have a doughnut shaped hydrophobic cavity. Hy-
droxyl groups, on the rim cavities, can be easily modified by derivatization, as
in hydroxypropyl g-cyclodextrin (HFB-CD), where the hydrogens of the primary
hydroxyls of the different glucose units are substituted. A more extended modific-
ation often results in CDs with more desirable properties as host molecules than
the unmodified ones [4, 5]. Encapsulation of drugs by means of monomolecular
inclusion complex formation offers a new form of dosage and its importance in
pharmaceutical formulation has been fully realised [6-9].
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Scheme 1The chemical structure dabumetonéA), its active metabolite (B) anNaproxen
©.

Non-steroidal anti-inflammatory and analgesic drugs are suitable for inclusion
as guests within some cyclodextrins [1, 2]. It has been proposed that the well known
deleterious effects of non-steroidal anti-inflammatory drugs on the epithelium of
the gastro-intestinal tract may be improved by their inclusion within a cyclodextrin
molecule, resulting in a reduced concentration of free drug in the gastro-intestinal
tract [10]. Presently, the pharmaceutical industry is not searching for new drugs
with higher anti-inflammatory power but rather it is looking for drugs with a
lower incidence of undesirable effects, which in most cases make the use of the
drug impossible. In this connection, a new non-steroidal anti-inflammatory drug
Nabumetong(4-[6-methoxy-2-naphthyl]-2-butanone) was released recently which
produces, by metabolic reactions, the active molecule 6-methoxy-2-naphthylacetic
acid (Scheme 1). This active metabolite has practically the same structure as
Naproxen(Scheme 1) which itself is an anti-inflammatory drug widely used for
therapeutic purposes. The chemical structureNaiumetoneand Naproxendif-
fer on the substituent chain of the naphthalene moiety, butanone, in the case of
Nabumetoneand 2 methyl acetic acid sodium salt Naproxen In the former,
the presence of butanone reduces strongly the anti-inflammatory capacity but has
the advantage of decreasing also some undesirable effects when compared with
Naproxen[11-13].

The incorporation within a cyclodextrin will be effective in reducing the con-
centration of free drug if the inclusion complex stability constant is sufficiently
large as was pointed out by Habon et al. [14]. Previous studies have reperted
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and B-cyclodextrin inclusion complexes daproxen[15-17] with stability con-
stants determined by UV-VIS and NMR spectroscopic techniques. However, data
for Nabumetonés very scarce and the stability constant reported for the inclusion
of this drug ing-cyclodextrin is very high [18].

Using a more sensitive optical technique, fluorescence emission, this work
was directed at discovering the stoichiometry, equilibrium constants and ther-
modynamic parameters of the inclusion complexes formed between the anti-
inflammatory Nabumetoneand «-, 8- and hydroxypropyls-cyclodextrins. For
comparative purposes a parallel study withproxenwas also carried out.

Proton NMR spectroscopy was also used to obtain information on the inclusion
process, in particular regarding the entry of the aliphatic substituéylofimetone
inside the CD cavities.

2. Experimental
2.1. MATERIALS

NabumetoneNaproxenand «-, 8-, and hydroxypropylg-cyclodextrins &-CD,
B-CD and HEB-CD), were purchased from Sigma. Bidistilled water was used
for preparation of all aqueous solutions. Spectroquality deuterium oxide (min
99.8%) was purchased from Merck (Uvasol grade) and used without any further
purification.

The solubilization ofNabumetonén aqueous and cyclodextrin aqueous solu-
tion was carried out as follows: appropriate volumes of a given concentration of
the drug in methanol were placed into a volumetric flask and the solvent was
evaporated by slow passage of. N'he water or cyclodextrin solution was added
to the evaporated residue and the resulting solution was stirred until the drug was
solubilized. Aqueous solutions of cyclodextrins were prepared by weight. The final
Nabumetonand Naproxenconcentrations were 50M and 40uM respectively.

In all the solutions the pH was around 6. At this pH the ioN&proxenspecies is
always predominant, pKa = 3.5 [19].

2.2. APPARATUS

Absorption spectra were recorded with a JASCO V-560 UV/VIS spectrophoto-
meter. Steady-state emission measurements were recorded with a Perkin Elmer
LS 50B spectrofluorimeter with the sample holder thermostated. The instrumental
response at each wavelength was corrected by means of a curve obtained using
appropriate fluorescence standards (up to 400 nm) together with the one provided
with the apparatus.

The emission spectra were recorded in the range 340-450 nm with excitation at
330 nm and 2 nm slit widths.

In order to obtain the thermodynamic parameters of the inclusion processes the
association constants were determined at seven temperatures in the rangaC15-45
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The *H-NMR experiments were performed on a Varian Unity spectrometer
operating at 300 MHztert-Butanol (1.3 ppm per TMS) was added to the(D
solutions as internal reference for proton chemical shifts.

For the NMR studies the guest to host ratio was maintained at 1: 1 in the case
of Naproxerwith 8-, and HRB-CD; 1: 8 witha-CD. ForNabumetong¢he ratio was
the highest allowed by the drug solubility; 1:10 6+, and HFB-CD; and 1:80
for @-CD. In all cases the cyclodextrin concentration was high enough to ensure
the total drug complexation in solution. All solutions were prepared,@.D

2.3. ANALYSIS OF BINDING DATA

The detection of hyperchromic effects in the fluorescence spectra of a given mo-
lecule induced upon the addition of cyclodextrins provides a way of determining
the binding constants. A simple 1:1 scheme for the binding ligand, L, to the drug
molecule, D, with a binding constant K, can be used to describe the interaction ad-
equately. Some different stoichiometry of the complexes has been observed in the
case of Naproxen witkk- andy-cyclodextrins, but these complexes were formed

in drug saturated solutions [20].

D+L — DL 1)
K = [DL)/[D][L] .

Considering that there are two species in solution emitting light, the free and
complexed drug, the total fluorescence intensity is the sum of the contribution of
the free and complexed drug. Taking into account the corresponding mass bal-
ances and the equilibrium conditions, the apparent fluorescence intensity at a given
wavelength is given by:

lr = (Ip + 1gK[CD])/(1 + K[CD]), )

where b and k represent the molar fluorescence intensity of the free and com-
plexed drug respectively and [CD] is the analytical cyclodextrin concentration. In
this equation, the equilibrium concentration of free CD is considered to be equal
to the analytical CD concentration, since the former is much larger than that of the
drug. The fluorescence intensitydan be experimentally measured for complexes
of either drug withg-CDs. The variation of the fluorescence intensity with the
cyclodextrin concentration was fitted to Equation (2) allowing evaluation of the as-
sociation constant K. In studies Babumeton@andNaproxerx-CD complexation
processes, solubility restrictions of this cyclodextrin prevented the experimental
measurement ofsl Then the complete fit of the data to Equation (2) could only
be achieved withd as an adjustable parameter and only the upper limit of the
binding constant was calculated. To fit experimental results to Equation 2 a non-
linear least squares method was used. A similar relationship with the absorbance
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data could be applied but the changes observed after complexation are so small
that fluorescence measurements are preferable to study the inclusion process. The
fluorescence intensity was measured at the maximum of the emission spectra which
was 355 nm in both cases.

3. Results and Discussion
3.1. ELECTRONIC SPECTRA

The absorption spectrum dfiabumetoneand Naproxenin water is typical of
2-substituted naphthalene compounds [10]. They present a three band system
centered around 220 nmA:y — 'Bp), 240-280 nm YA,y — 'L,) and 310-

330 nm ¢A14 — ILp). The vibronic structure of the latter two bands is clearly
observed ilNabumetonéFigure 1) and ifNaproxer[21]. The fluorescence spectra

of both drugs in water are rather broad and centered around 355 nm.

Upon inclusion of the molecule within a cyclodextrin cavity, the UV-
Visible spectrum usually changes since the solvation shell of the molecule
is partly or totally replaced by the cyclodextrin molecule, leading to altered
solute/environment interactions [1, 22, 23]. Adaproxenno changes were ob-
served in the absorption and emission maxima upon addition of cyclodextrins [21]
but some variations were detected in the absorptivity and emission intensity. The
presence of-CD produces a very weak effect on the spectroscopic features of the
Naproxen The effect of the tw@B-CDs studied is stronger but, there is no differ-
ence between them. In the caséNalbumetongeach of the three cyclodextring-(

B-, and HB-CD) produced different effects on both absorption and emission drug
spectra (Figure 2).

Whena-CD is added to an aqueous solution contairfapumetonsignificant
changes in the position and intensity of both the absorption and emission spectra
are observed. The position of the maximum corresponding to the absorption spec-
trum is red shifted by 9 nm, and the absorptivity increased. On the other hand, the
shape of the fluorescence spectrum is substantially changed upon complexation and
a vibrational structure appears with two maxima centered around 350 and 361 nm.

Conversely, the effect of the addition gfCD and its derivative HB-CD on
the emissive optical properties Babumetonés not so pronounced. The shape of
the spectra in both complexes remains unaltered. The position of the maxima of the
absorption spectra are slightly red shifted whereas the position of the drug emission
maximum does not change after inclusion. The complexation effect on the molar
absorptivity is different: it increases upon inclusion wiCD and decreases with
HPB-CD. As may be seen in Figure 2 the increase of emission intensity is greater
in HPB-CD than ins-CD.

For comparative purposes the fluorescence spectra of naphthalene dissolved
in hexane and in the presence of and 8-CD were also recorded. Results are
presented in Figure 3. As can be seen in the figure, significant similarities between
the shape of these spectra are observed. This fact seems to indicate that the species
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Figure 1. Absorption (A) and emission spectra (B) Mabumetonequeous solution, ag
=4.89x 107> M, at 20°C.

responsible for the fluorescence emissiorNabumetoneomplexed withe-CD

is similar to that of naphthalene and different to those of fikebumetoneor
Nabumetoneomplexed with3- and HRB-CD. We can make a naive interpretation
of this behavior in terms of differences in the group responsible for the inclusion. In
the case of-CD, the substituent dflabumetong2-butanone, can be included into
the cyclodextrin cavity. This fact could minimize the effect of substitution resulting
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Figure 2. Absorption (A) and emission (B) spectra &fabumetoneaqueous solution
CnNab = 4.89x 102 M free (- ——) and complexed ( ) with-CD, 8-CD and HFB-CD,
at 20°C.

in the naphthalene spectrum. In order to confirm this assumption the proton NMR
spectra of the free and complexed drug were recorded. Results will be discussed
later in Section 3.4.

3.2. BINDING CONSTANTS

Values of the binding constant, K, of the inclusion complex formed between
Nabumetoneor Naproxenand a-, 8- or HPS-CD were determined using the
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Figure 3. I: Emission spectra of aqueodabumetone- «-CD complex and naphthalene in

cyclohexane. lI: Effect of addition o&-CD (A) and 8-CD (B) to an aqueous solution of
naphthalene, at 20C.
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Table I. Binding parameters of complexation
of aqueous anti-inflammatory drug solutions
with cyclodextrins at 20C

Cyclodextrin  Nabumetone Naproxen

KM~ KM~
«-CD 42,8+ 32 <152
B-CD 2864+ 143 1100+ 66
HPS-CD 3048+ 122 1062+ 53

@15 (Equation (2)) obtained by fitting.

fluorescence intensity changes in emission maxima which were large enough to
allow satisfactory fitting. The best fitting parameters of the experimental data to
Equation (2) are presented in Table | (see Section 2.3). Figure 4 shows that there
is excellent agreement between the fluorescence intensity and Equation (2) using
the fitting parameters of Table I. Furthermore, it confirms the fact thata simple 1: 1
complexation scheme is enough to account for the observed behaviour. The binding
constant of Naproxen @-CD is very small in good agreement with earlier findings
[15] and that with3-CD also agrees with recent reports using UV-VIS spectroscopy
[16] and*H NMR [17].

The binding constant values in Table | show that:

(a) they follow a monotonic trend, as expected from their increasing cavity
size. In all cases the drugs have higher affinity fo€Ds than fora-CD.
These results indicate that the size of the cyclodextrin cavity plays an import-
ant role in the complex formation. On the basis of size considerations, the
best fit would be achieved witi-CDs whereas im-CD the drugs are too

big to fit into the cavity as observed with naphthalene [9] and Widproxen

by examination of the Corey—Paulig—Koultum (CPK) space filling molecular
models [15]. Consequently, in this case, the association avitD could be
carried out by the inclusion dlabumetonsubstituents.

(b) the binding constants for complexation wihCD and HFB-CD are the

same, as expected, since the size of the cavity of these two cyclodextrins is
the same.

(c) in all cases the binding constants idbumetoneare 2 or 3 times larger
than those oNaproxen
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Figure 4. Changes in fluorescence intensity at 355 nm, of aquilaibsimetonglotted vs free
a-CD (A), B-CD (B) and HEB-CD (C) at 20°C. The fittings were calculated using Equation
(2) and K values of Table I.
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Table Il. Thermodynamic parameters of complexation of Nabumetone and
Naproxen withx-, 8 - and HRB-CD

Nabumetone AH (kJ/mol) AS (I/molK) AG (kd/mol) 293.16 K

«a-CD —25.0+£ 03 -549+1.2 —-8.94+0.2

B-CD —28.8+£08 —-328+08 —-19.2+0.7

HPB-CD —16.7+ 0.4 9.8+ 04 -19.6+04
Naproxen AH (kd/mol)  AS (I/mol K) AG (kd/mol) 295.16 K
a-CD - - -

B-CD —224+0.2 —-157+06 —-18.1+0.3

HPB-CD —-20+0.1 —-11.0+04 -16.840.3

3.3. THERMODYNAMIC STUDY

The thermodynamic parameters of the inclusion processes were determined from
the temperature dependence of the association constant K using the van t'Hoff
relation.

In the case oNaproxenit was not possible to obtain the thermodynamic para-
meters of the inclusion i-CD because it is only possible to calculate the upper
limit for the binding constant due to ligand solubility restrictions, as explained in
the experimental section.

The thermodynamic parameters of the different complexation processes are
presented in Table II.

In view of the values shown in Table Il it can be noted: (a) the change of free
energy corresponding to the association processes are of the same order of mag-
nitude in all the complexes studied, except in the cagse-GD. If it is considered
that the complexation is due to the inclusion of butanone into the caviky©D,
the change of free energy for each methylene group included@b is around
2.9 kd/mol at 25 C and these values agree very well with those obtained by Tee
[24]; (b) the change of entropy is also more negative in this process; this behavior
can be explained considering that the complexation through the butanone group
decreases the translational and rotational degrees of freedom of the complexed
drug molecule as compared with the free one. These facts seem to indicate that the
complexation oNabumetonevith «-CD is carried out preferably by the inclusion
of butanone into the cavity; (c) the change of free energy corresponding to the com-
plexation with3-CDs is always more negative Mabumeton¢han inNaproxenas
expected from the higher solvation [25] of the latter as compared with that of the
former; d) there is an approximately linear correlation betw&éhand AS in the
case of complexation witA-CDs, but the point corresponding to tNabumetone
a-CD complex falls outside of the correlation (Figure 5). Compensation behaviour
has been observed in a related series of reactions or processes. In the cyclodextrin
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Figure 5. Enthalpy — entropy compensation of the complexes formedNalpumetoneand
Naproxenwith the three CDsH, 8-CD; A, «-CD).

field, several studies [26—28] have gathered a large amount of data covering a wide
variety of molecular structures to examine in some depth the universality of the
compensation effect. The conclusion reached was that the compensation behavior
can be looked at as evidence that a single mechanism is responsible throughout the
correlated series [29].

The thermodynamic parameters Mabumetonenclusion in HRB-CD differ
considerably from those of inclusion i6-CD, whereas this difference is not
detected wittiNaproxen

In the latter case the inclusion complex obtained with either CD will enter al-
ways through the methoxy side. However, the dlajpumetondas the possibility
of entering through both the methoxy or butanone sides. The respective complexes
formed will be the same witg-CD, as pictured in Figure 6, (Ill) and (1V) but with
HPBCD different ones will be obtained, Figure 6 (1) and (Il). Since the complexes
formed betweeiNaproxerand both cyclodextrins present the same thermodynamic
behavior, the presence of the hydroxylpropyl groups does not seem to explain the
large difference observed in the caseNdbumetoneeomplexes with these two
B-CDs. A possible explanation may then reside in the fact that the inclusion in
HPB-CD proceeds in such a way that the naphthalene moiety is included in the
cavity, but the 2-butanone group remains outside in a hydrophobic environment
provided by the hydrocarbon chains of the hydroxypropyl group, contributing to a
less negative\H and a positiveAS.
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i v

Figure 6. Resulting complexes dflabumetonavith HPS-CD (A: | and Il) ands-CD (B: 11l
and IV) viewed from the side of drug entrance (methoxy or 2-butanone group). Here it is
assumed that the cyclodextrins penetrate through the secondary hydroxyl side.

3.4. PROTON NMR STUDIES

Proton NMR spectroscopy was employed in an effort to provide further evidence
for the inclusion ofNabumetonénside thex-, 8- and HRB-CD cavity, as well as

to gain information about the geometry and orientation of the incorporated drug
molecule. Examination of cycloamylose induced chemical shifts intth&IMR
spectra of the aromatic substrate provides a convenient method of determining the
substrate penetration in the cavity. The complete set of differences in chemical
shifts between the free state and the host-guest system are reported in Table III.

The aromatic protons dflaproxenare practically unaffected in the presence of
a-CD (1:8) indicating that there is no inclusion of this group as expected. After
complexation with3- and HRB-CD all the aromatic protons are shifted confirming
the inclusion of the whole naphthalene moiety inside the cavity of both [17].

In the case oNabumetongedue to the low solubility of the drug in water, the
proton spectrum at 300 MHz was obtained from a very diluted solutior @ je-
pared by addition of 4 drops of GDD in D,O. The largest differences in chemical
shifts appear forx-CD, as found with the other techniques used (Table 1ll). The
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Table Ill. Differences of chemical shifts (ppm)
of the protons oNabumetoneAdScp = Sfree —

Shost—guestsystem

Proton  Ady.cp Adg-cp  AdHps-cD

1 —0.25 0.13 0.08
3 —0.32 0.010 0.01
4 —0.06 0.12 0.04
5 0.42 0.15 0.10
7 —0.23 —0.06 —0.05

8 -0.21 0.05 0.01
(¢)CH, —0.16 0.07 0.09

(B)CHy, —0.33 —0.04 —0.01

methylenic protons of the 2-butanone chain are strongly affected. The shifts are
also strong for the aromatic protons 1, 3 and 5, 7, 8 but not for the proton 4. This
may be explained considering that both substituents in the 2- and 6-positions can
enter the cavity and therefore affect also the neighbouring aromatic protons. By
contrast, wherfNabumetonés complexed with3-CD or HP8-CD the methylenic
protons are hardly shifted but the aromatic protons are, confirming that the naph-
thalene is included (likewise in tHdaproxencase) in thes-CDs cavities but the
substituent chain remains outside.

4. Conclusions

The results described show clearly that the cavity of both cycloheptamylBses (
and HRB-CD) are suitable to include the naphthalene moiety, d\@D is too
small. Therefore high stability constants are found forand HRB-CD com-
plexes whereas faz-CD a very small binding constant is obtained. The complex
stoichiometry is 1: 1 for the three cases.

H NMR results show that the inclusion of-CD may happen through the
2-butanone group and the methoxy groupNatbumetoneThe complexation by
inclusion of these groups introduces a loss of motional freedom of the guest. As a
consequence, a large decrease in entropy is produced by complex formation with a
strong enhancement of the optical absorption and emission intensity as compared
with Nabumetonén water.'H NMR spectra also show that the naphthalene group
is responsible for the complexation of this drugst@yclodextrins.

The modification of the substituent in the 2 position of naphthaleridalbu-
metoneenhances the interaction of this drug with the three cyclodextrins studied,
as compared withNaproxenwith the same CDs.



COMPLEXATION OFNABUMETONEWITH CYCLODEXTRINS 677

Acknowledgments

This work was supported by CQE-IV, IST and Project Praxis XXI,
2/2.1/QUI/443/94 (Lisbon, Portugal), by Junta de Castilla y Ledn, Project SA
05/95 and Accion Integrada Hispano Portuguesa HP1996-0076. M.V.J. is indebted
to Universidad de Salamanca and JNICT (FACC) for the financial support of her
stay in Lisbon.

References

W. SaengerAngew. Chem., Int. Ed. Endl9, 344 (1980).

J. Szejtli:Cyclodextrins and Their Inclusion Complex@&ademio Kaido, Budapest (1982).

H. Yang and C. Bohnel. Photochem. Photobiol. A: Che®6, 209 (1995).

A. V. Eliseev, G. A. Lacobucci, N. A. Khanjin, and F. M Mengér: Chem. Soc., Chem.

Commun2051 (1994).

G. H. Coates, C. J. Easton, S. J. van Eyk, B. L. May, P. Singh, and S. F. Lidc@hem. Soc.,

Chem. Commurv59 (1991).

K. Minami, F. Hirayama, and K. Uekamé&: Pharm. Sci87, 715 (1998).

M. Kata, Z. Aigner, and |. Ero#\cta Pharm. Hung68, 107 (1998).

A. Donelly, I. W. Kellaway, G. Taylor, and M. Gibsod: Drug Target5, 121 (1998).

A. Badwan, A. Abumalooh, M. Haddadin, and H. Ibrahim: (Arab Company for Drug Industries

and Medical Applicances (ACDIMA) Jordan) U.S. US 5, 646, 131 (Cl. 514-58; A61k31/715),

8 Jul 1997, US Appl. 199, 523, 22 Feb; Cont of U.S. Ser. No. 199, 523 (1994).

10. J. Szejtli and L. Szent®harmazie36, 694 (1985).

11. M. Catzola, F. Montrone, G. Vaiani, and |. Cariayugs40, 78 (1990).

12. . Stroehmann, M. Fedder, and H. ZeidBrugs 40, 38 (1990).

13. G. Vaiani and E. GrosdDrugs40, 48 (1990).

14. Y. Habon, S. Fritsch, and J. SzejH#harmazie39, 830 (1984).

15. E. S. Brown, J. H. Coates, C. J. Easton, S. F. Lincoln, Y. Luo, and A. K. W. Stephests.].
Chem 44, 855 (1991).

16. M. Valero, L. J. Rodriguez, and M. M. VelazquéZarmaco51, 525 (1996).

17. A. Ashnagar, P. T. Culane, C. J. Easton, J. B. Harper, and S. F. LidamhJ. Chem50, 447
(1997).

18. S.E.Brown, J. H. Coates, D. R. Coghan, C. J. Easton, S. J. van Eyk, W. Janowski, A. Lepore,
S. F. Lincoln, Y. Luo, B. L. May, D. S. Schiesser, P. Wang, and M. L. Willia&sst. J. Chem.
46, 953 (1993).

19. M. Valero: Doctoral Thesis., Salamanca University (1994).

20. G. Bettineti, F. Melani, P. Mura, R. Monnanni, and F. Giordah&harm. Sci80, 1162 (1991).

21. M. M. Velazquez, M. Valero, L. J. Rodriguez, S. M. B. Costa, and M. A. Sadt@®hotochem.
Photobiol. B: Biol.29, 23 (1995).

22. 1. TabushiAcc. Chem. Redb5, 66 (1982).

23. R.J.Clarke, J. H. Coates, and S. F. Lincéldv. Carbohydr. Chem. Bioched®t, 205 (1988).

24. 0O.S.Tee, A. A. Fedortchenki, P. G. Loncke, and T. A. Gadasghem. Soc., Perkin Trard
1243 (1996).

25. E.A.Lewis and L. D. Hansed: Chem. Soc. Perkin Trans2®81 (1973).

26. W. Linert, L. Han, and I. LukovitsChem. Phys139, 441 (1989).

27. Y. Inoue, T. Hakushi, Y. Liu, L. H. Tong, B. J. Shen, and D. S. JiAm.Chem.Sod 15 475
(1993).

28. R.l.Gelband J. S. Alped. Phys. Org. Cheng, 825 (1995).

29. K. A.ConnorsChem. ReV97, 1325 (1997).

PwWDNE

o

©xo~NO






