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Abstract The enantiomer-specific characterization of
ofloxacin—cyclodextrin complexes was carried out by a set
of complementary analytical techniques. The apparent
stability constants of the ofloxacin enantiomers with 20
different cyclodextrins at two different pH values were
determined to achieve good resolution capillary electro-
phoresis enantioseparation either to establish enantiose-
lective drug analysis assay, or to interpret and design
improved host—guest interactions at the molecular level.
The cyclodextrins studied differed in the nature of sub-
stituents, degree of substitution (DS), charge and purity,
allowing a systematic test of these properties on the com-
plexation. The seven-membered beta-cyclodextrin and its
derivatives were found to be the most suitable hosts.
Highest stability and best enantioseparation were observed
for the carboxymethylated-beta-cyclodextrin (DS ~ 3.5).
The effect of substitution pattern (SP) was investigated by
molecular modeling, verifying that SP greatly affects the
complex stability. Induced circular dichroism was observed
and found especially significant on carboxymethylated-
beta-cyclodextrin. The complex stoichiometry and the

G. Té6th (<) - R. Mohécsi - A. Récz - P. Horvéth -

S. Béni - B. Noszal

Department of Pharmaceutical Chemistry,

Semmelweis University and Research Group of Drugs of Abuse
and Doping Agents, Hungarian Academy of Sciences,

Hdégyes Endre u. 9, Budapest 1092, Hungary

e-mail: gergo.toth85@gmail.com

A. Rusu

Department of Pharmaceutical Chemistry,
University of Medicine and Pharmacy,

Targu Mures, 38 Gh, 540139 Marinescu, Romania

L. Szente
Cyclolab Ltd., Illatos at 7, Budapest 1097, Hungary

geometry of the inclusion complexes were determined by
"H NMR spectroscopy, including 2D ROESY techniques.
Irrespective of the kind of cyclodextrin, the complexation
ratio was found to be 1:1. The alfa-cyclodextrin cavity can
accommodate the oxazine ring only, whereas the whole
tricyclic moiety can enter the beta- and gamma-cyclodex-
trin cavities. These equilibrium and structural information
offer molecular basis for improved drug formulation.

Keywords Ofloxacin - Levofloxacin - Cyclodextrin -
Inclusion complex - ROESY - Capillary electrophoresis

Introduction

Ofloxacin (OFL), chemically known as (%)-9-fluoro-2,
3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-
pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid (Fig. 1),
belongs to a fluoroquinolone class of chemotherapeutic agents
with a broad spectrum of activity against gram-positive and
gram-negative bacteria in vivo and in vitro [1-3]. OFL is a
racemic compound; the antibacterial activities of the isomers
are different. The effect of the S-(—) isomer is 128 times
exceeding that of the R-(+)-isomer [4, 5]. The eutomer S-(—)
isomer, levofloxacin (LEV) is also available on the drug
market as a single enantiomer drug. Separation of the two OFL.
enantiomers is therefore substantial as shown by several
studies. The most common separation method is a chiral
ligand-exchange chromatography on a reversed phase HPLC
column [6-9]. The other widely used technique is the chiral
capillary electrophoresis (CE) using various cyclodextrins
(CD) as chiral selectors [10-13].

CDs, the cyclic oligosaccharides are composed of 6, 7 or
8, a-(1 — 4)-linked glucopyranose units in the respective
a-, f- or y-CDs, depicted often as a truncated cone (Fig. 1).
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Fig. 1 The structure of native
p-CD (left) and the numbered
formula of the anionic OFL
(right)

The H3, HS and glycosidic oxygens are located inside the
moderately hydrophobic cavity, while H1, H2, H4, and H6
are in the hydrophilic outer surface of the CD. As a conse-
quence of these features CDs can encapsulate molecules
inside their cavity through non-covalent interactions (elec-
trostatic, van der Waals, hydrophobic, hydrogen bond) to
form inclusion complex of host—guest type [14—16]. Now-
adays not only drugs in native CD complex forms are
available in the drug market but drugs in modified, ionic CD
complexes such as voricinazole in sulfobutyl-ether--CD
[17, 18]. CD complexation of pharmaceuticals can result in
improved properties of the guest, such as solubility, stability,
masking of undesirable properties, protection against oxi-
dation, light-induced reactions and loss by evaporation [19,
20]. Hence the optimized OFL-CD complexes are promising
candidates to develop new OFL formulations of improved
quality. Beside the enantioseparation, solubility and light-
induced decomposition of OFL can also be beneficially
modified by CDs. Despite the above advantages of CDs, no
literature data appeared on the systematic characterization
of OFL-CD using a large number of CDs to obtain equilib-
rium and structural information, important in the drug
formulation process. So far, only the - and hydroxypropyl-
p-CD-OFL complexes were characterized in detail. Koester
et al. [21] determined that OFL encapsulation with -CD
increased the solubility 2.6 times but the rate of the photo-
degradation was not reduced. They determined the apparent
1:1 stability constant by a solubility method which was
found to be K = 152 at pH 8.3. Their 'H NMR and
molecular modeling study showed that the N-methyl-
piperazine ring is located in the inner cavity of the CD. Li
et al. [22] prepared and characterized the f5- and hydroxy-
propyl-;-CD-OFL complexes. They determined the appar-
ent 1:1 stability constant at 3 different pHs by fluorescence
method, finding K = 1640 and K = 500 for f-, and
hydroxypropyl-f-CD at pH 7.53, respectively. Their 2D
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NOESY NMR studies showed that the tricyclic part of the
molecule is in the CD-cavity, while the piperazine moiety is
located outside. It can be seen that some data in the literature
are contradictory ([21] vs. [22]).

Our aim was to characterize the OFL-CDs complexes by
various techniques at two pHs, where the respective aver-
age charge of OFL is +1 and —1 [23], and thorough
characterization of the complexes by CE, circular dichro-
ism, molecular modeling, 1D and 2D NMR techniques.
Here we report the equilibrium and structural parameters of
the inclusion complexes formed between 20 CDs and two
OFL enantiomers in two charged forms, and the resulting
optimized separation of R- and S-OFLs.

Materials and methods
Materials

All native CDs and their derivatives (Table 1) were the prod-
ucts of Cyclolab R&D Ltd. (Budapest, Hungary). Racemic
OFL was purchased from Smruthi Organics Ltd. (Solapur,
India), LEV (S-OFL) was obtained from Sigma-Aldrich Co.
(St. LOlliS, USA) H3P 04, KH2PO4 Na3PO4, NaOH and HCl
were used for buffer preparation using chemicals of analytical
grade from commercial suppliers. DMSO, the electro-osmotic
flow (EOF) marker in the CE experiment was purchased from
Reanal (Budapest, Hungary). D,O was obtained from Sigma-
Aldrich. All solutions were prepared from bidistilled Millipore
water (specific conductivity: 1.1 pSem™ ).

CE experiments
CE experiments were performed on a Hewlett Packard

*PCE instrument equipped with a photodiode array detector.
An untreated fused-silica capillary from Agilent was used.
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Table 1 Properties and abbreviations of the 20 investigated CDs

Compound Abbreviation Substituents Degree of Purity (%) Molecular mass
substitution
o-Cyclodextrin o-CD - 0 100 972.9
p-Cyclodextrin p-CD - 0 100 1135.0
y-Cyclodextrin y-CD 0 100 1297.2
Hydroxypropyl-a-CD HP«CD —CH,—-CH(OH)-CHj; 3 >97 1151.0
Hydroxypropyl-$-CD HPSCD DS3 —CH,-CH(OH)-CH; 3 >97 1309.0
Hydroxypropyl-$-CD HPSCD DS4.5 —CH,-CH(OH)-CH; 4.5 >97 1396.4
Hydroxypropyl-$-CD HPSCD DS6.3 —CH,—CH(OH)-CHj; 6.3 >98 1497.6
Hydroxypropyl-y-CD HPyCD —CH,—CH(OH)-CHj; 3 >97 1471.4
Methyl--CD RAMEB —CH3; 12 >98 1303.4
Trimethyl-$-CD TRIMEB —CH3; 21 >98 1429.6
Carboxymethyl-a-CD CMaCD CH,-COO™ 35 >95 1212.9
Carboxymethyl-$-CD CMfCD CH,-COO™ 35 >95 1375.1
Carboxymethyl-y-CD CMyCD CH,-COO™ 35 >95 1537.1
Carboxyethyl-f-CD CEpCD (CH,),-COO™ 3 >95 1351.2
Sulfopropyl-a-CD SPaCD (CH,)3S05™ 2 >90 1261.2
Sulfopropyl-f-CD SPSCD (CH,)3S05~ 2 >90 1423.3
Sulfopropyl-y-CD SPyCD (CH,);S0O5~ 2 >90 1585.5
Sulfobutyl-$-CD SBSCD (CH,)4S03™ 4 >95 1767.7
Succinyl-$-CD SuccfCD —CO(CH,),COO™ 35 >95 1535.3
6-Monoamino-6-monodeoxy-f3-CD MASCD -NH, 1 >97 1170.5

Conditioning of new capillaries was conducted by flushing
with 1 M NaOH for 30 min followed by 0.1 M NaOH and
buffer for 60 min each. The capillary cassette temperature
was set to 25 °C and the voltage to 420 kV. UV detection
was performed at 200, 210, 230 and 254 nm and samples
were run in triplicate. Between the measurements capillaries
were flushed with water (1 min), 0.1 M NaOH (0.5 min),
water (1 min) and BGE (3 min). The running buffers were
PO,* /HPO,>~ at pH 11 and 0.05 M phosphoric acid/
H,PO, ™ atpH 3.5. The ionic strength was constant 0.15 M in
both cases. The stock OFL solution (1 mM) contained
0.001 % (v/v) DMSO as EOF marker. Samples were injected
hydrodynamically at a pressure of 50 mbar for 3 s.

NMR experiments

All NMR measurements were carried out on a Varian DDR
spectrometer (599.9 MHz for lH) with a 5 mm inverse-
detection gradient probehead. Standard pulse sequences
and processing routines available in Vnmr] 2.2C/Chem-
pack 4.0 were used. All NMR experiments were carried out
in D,O (15 mM phosphate buffer). The chemical shifts
were referenced to internal methanol (6 = 3.300 ppm).
The average extent of penetration and the direction of
inclusion were investigated by two dimensional phase-
sensitive rotating frame nuclear Overhauser effect spec-
troscopy (ROESY). In ROESY experiments the samples

contained 1 mM CDs and 2 mM OFL at pH* 3.5. Different
mixing times (300 ms, 500 ms) were applied in these
experiments.

Circular dichroism measurements

The spectra were recorded on a Jasco J720 Spectropolar-
imeter using different cylindrical quartz cells. The spectra
were accumulated three times with a bandwidth of 1 nm
and a scanning step of 0.2 nm at a scan speed of 50 nm/min.
In this experiment the samples contained 1 mM OFL and
2 mM various CDs.

Molecular modeling

Modeling of o-CD-OFL, f-CD-OFL, HPSCD-OFL DS4
with 3 different substitution patterns and HPCD-OFL DS6
complexes were performed using MMFF94 force field
implemented in TINKER program. The initial structures of
the CDs were based on structural data found in the literature
[24] and on structures 2ZYM and 3CGT in the Brookhaven
Protein Database [25, 26]. OFL was placed into the cavity
at its wider rim in two orientations: either with the car-
boxyl group or the N-methyl-piperazine group inside. Each
structure was subject to energy minimization with 0.001
RMS gradient criteria, simulating aqueous environment
with setting ¢ = 78.3. Molecular dynamic calculations were
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performed using the Velocity-Verlet algorithm in NVT
ensemble with 30 A sized cubic box periodic boundary
conditions, 7 = 298 K (10000 steps, with 1.0 fs step
increment and 0.1 ps snapshot interval).

The resulting 100 structures/guest orientation/charge
state/CD were re-optimized and according to the energy
values of the optimized structures, the lowest energy ones
were taken into account for the interaction energies. The
calculated interaction energy was the difference between
the energy of the complex and the sum of the energy of the
host and the guest.

Results and discussion

CE experiments: stability constants
and enantioseparation study

The binding constants between the analyte and the chiral
selector are of fundamental interest to understand the
inclusion behavior (information on the analyte-ligand
affinity and understanding the molecular interactions)
[27, 28]. The crucial requirement of CE in binding analysis
is that at least one of the interacting species has to carry a
charge. Assuming 1:1 averaged stoichiometry for the
complex between the host CD and the guest, the effective
mobility depends on the CD concentration according to
Eq. (1) [29].

o Hiree + :ucplxK[CD]
Mef 1+ K[CD]

(1)

where [l 1S the effective mobility of the guest at the actual
CD concentration, figee and pepix are the effective mobili-
ties of the free and complexed ligands, respectively, while
K is the apparent averaged complex stability constant.

Apparent complex stability constants were determined
according to the x-reciprocal method by plotting the data in
the form of 1y — figee/[CD ] versus iy — g, yielding
—K as slope. Beside the x-reciprocal method several other
linearization functions are published in the literature [30, 31].
However the x-reciprocal one is a simple, fast and robust
method which is ideal for fast screening to determine a large
number of binding constants. Due to Wren’s theory, the
optimal CD concentration for the enantioseparation can be
calculated as:

1
v KrKs

where Ky and Kg are the stability constants of the inclusion
complexes of the R and S enantiomers, respectively [32].

For the determination of the binding constants, various
concentrations of CDs (ranging from 3 to 50 mM) were
added to the running buffers. The estimated stability

[CDlop = (2)
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constants and enantioresolution values (calculated at the
optimal concentrations according to Wren’s theory) are
compiled in Table 2. Resolution of the enantioseparation
was calculated by the following equation:

h—1n
R =1.18( 2= 3
s (Wlm) ()

where #; and #, are the migration times of the enantiomers,
and w; and w, are the extrapolated peak widths at the
baseline.

Table 2 shows that the most stable complex with the
native CDs is formed with f-CD, indicating that it has the
most suitable cavity size for OFL. The decreasing trend in
stability values follows the f-, a-, y-CD order for all
derivatives. For native CDs higher stability constants were
measured at acidic pH. This observation shows that the
—COOH form of OFL is more appropriate for the com-
plexation than the anionic carboxylate form. The methyl-
ation of native CDs decreased the stability constants in our
investigations; however the hydroxypropyl substitution
(DS3) slightly increased the stability. This can be explained
by assuming more secondary bonds between the host and
guest molecules. Higher degree of substitution (DS6.3)
decreased the stability as the substituents inhibited the
inclusion process. Among the neutral CDs, only the HPo-
and HPSCD derivatives were able to resolve the OFL
enantiomers. Baseline enantioseparation could be achieved
with each HPSCD. The highest enantioresolution, how-
ever, could be observed for HPSCD DS6.3. The most
stable complexes and the best enantioresolution were
detected with negatively charged CDs especially CMSCD
at pH 3.5. In this inclusion complex additional ionic
interaction can develop between the host and guest mole-
cules. The relatively high stability of the MASCD OFL
complex at pH 8 can also be interpreted in terms of ionic
interaction but no enantioseparation could be achieved with
the positively charged host. It is noteworthy that R-OFL
showed stronger binding in each OFL-CD system.

Based on these observations the enantioseparation was
developed with CMfBCD to achieve high resolution in
10 min, optimizing the buffer pH, concentration, CMCD
concentration, applied voltage, and the injection parame-
ters. Figure 2 shows the electropherogram of the optimized
enantioseparation. This enantioseparation could serve as a
starting point in the development of a new enantioselective
method for the determination of OFL enantiomers in
pharmaceutical formulations.

Molecular modeling study

By molecular modeling the accordance between the com-
puter calculation and the experimental data and the
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Table 2 The averaged stability constants of OFL-CD complexes with the enantioresolutions (R;) of the enantiomers at two pHs

CDh pH 3.5 (Ky,or+-cD) pH 11 (KofpL--cp)
o K=195+09 K=16 £0.7

p K=1252+4 K=1023 +35
y K=172+09 K=123+038
RAMEB K =100.3 + 5.1 K=11224+32
TRIMEB K=906+72 K=108.6 + 1.2
HP« DS3 K,=223+22 Kr =267 +25 R, =1.32 K=281+1.7
HPf DS3 K, =1325+ 1.8 Kgr =1384 £+ 1.6 R, = 1.57 K=147.8 £ 3.9
HPy DS3 K=1203+0.6 K=12454+385
HPp DS4.5 K, =1223 + 2.1 Kg =129.7 £ 1.8 R, = 1.61 K =130.5+52
HPp DS6.3 K, =108.7 + 3.4 Kr = 120.6 + 3.8 R, = 1.85 K =1203 £ 3.7
CMa DS3 K, =833+ 14 Kr =89.6 15 R, = 1.90 K=321+£038
CMp DS3.5 K, =2512+ 0.7 Kr =5134 £ 1.1 R, =17.85 K=825+15
CMy DS3 K,=416 £ 1.1 Kr =482+ 09 R, =153 K=2424+02
CEf DS3 K, =1053 £ 5.1 Kgr =1172 £ 48 R, = 1.81 K=605+24
SPo DS2 K, =503+ 1.8 Kr =547+ 15 R, =1.70 K=281+£1.6
SPf DS2 K,=131+£09 Kr =1583 £+ 13 R, = 3.05 K=682+20
SPy DS2 K, =263 +29 Kgr =294 £ 32 R, =147 K=203+04
SBf DS4 K, =230.6 £ 8.2 Kr = 470.5 £ 8.5 R, = 6.50 K=1755+32
Succp DS4 K, =1053 + 2.1 Kr=1142+24 Ry = 1.54 K=502+04
MApS K=70.1+7.1 K=1452 4+ 10.5

Ks and Ky are the stability constants of S-OFL (LEV) and R-OFL, respectively. S-OFL was usually the first-migrating enantiomer

complexation behavior of CD with different substitution
patterns was investigated.

The binding energy between different neutral CDs and
two different protonated forms of OFL (H,OFL", OFL")
was investigated by molecular modeling. The values of the
energies are summarized in Table 3.

T T T T T T T T T T T T T
5 6 7 8 9 10 1" .
t(min)

Fig. 2 Optimized enantioseparation of OFL enantiomers with
CMfCD (electrolyte 20 mM phosphate buffer with 3 mM CMpBCD
pH = 4.4, applied voltage 15 kV; injection: 50 mbar for 4 s; total
length of the capillary 30 cm (21.5 cm effective length), the OFL
concentration was 50 pg/ml.)

For o-CD and fB-CD good correlation was found
between the experimental observations and the calculated
energy values. Two different degrees of substitution were
investigated in the case of HPSCD. The energy values were
in agreement with the observations in the CE section: an
increased degree of substitution decreased the stability of
the inclusion complex. This result points out that molecular
modeling can predict even subtle binding affinity differ-
ences between host and guest molecules [33]. Thus pre-
diction can reduce the costs of encapsulation development.
The hydroxyalkylation of native CD results in mixture of
positional isomers, therefore molecular interaction with
hosts possessing well-defined substitution pattern may be
difficult to study experimentally. In the in silico part of our

Table 3 Total energy changes of complex formation for the inter-
action of OFL and various CDs

E (H,OFL™) E (OFL")

(kcal/mol) (kcal/mol)
#-CD —-13.8 —13.4
B-CD -219 -19.8
HPp DS4" -17.3 —17.2
HPpS DS4" —18.4 —19.9
HPp DS4" -21.0 -213
HPp DS6 —16.3 —-159

* The structures of these CDs are illustrated in Fig. 3
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Fig. 3 The structure of the three HPSCDs with different substitution patterns (HPSCD DS4?, HPSCD DS4® and HPSCD DS4°, respectively)

work three different substitution patterns of HPSCD DS4
were also investigated. Four hydroxypropyl groups were
attached to [-CD primary hydroxyl groups in various
positions as shown by earlier works [34, 35]. The structure
of these three HPCDs with different substitution patterns
can be seen in Fig. 3. These CDs are hydroxyalkylated
only at the primary side, which compounds are hardly
available by synthesis due to concomitant hydroxyalkyla-
tion on the secondary hydroxyl groups. However, these
hypothetical guests are suitable for in silico investigation
on the role of substitution pattern on guest complexation.
The interaction energy values of these complexes show
that the substitution pattern is an important factor influ-
encing complex stability as earlier studies also proved
experimentally [36, 37]. The complex formation among the
HPSCDs is most favorable energetically in the case of
HPBCD DS4° (see Table 3). In this CD the substituents are
in each other’s closest vicinity so the molecule is not
overcrowded and OFL can slip into the CD cavity.

Circular dichroism study

It is known that native CDs are inactive in the UV-VIS
absorption region. Nevertheless, an achiral chromophore
guest may exhibit an induced circular dichroism (ICD)
upon complex formation. The magnitude and direction of
ICD signs depend on the complex stability, the dynamics
within the complex, the extent of the chromophore inclu-
sion in the CD cavity and the orientation of its electronic
transition moment relative to the n-fold rotation axis of CD
[38, 39].

In this investigation o-, 8-, y-, HP and CMBCD com-
plexes were examined. In our study significant ICD signal
could be observed for CMBCD only as can be seen in
Fig. 4. This fact is in accordance with the low complex
stability of y- and o-CDs as well as the magnitude of
inclusion of «-CD (see NMR section). The main reason of
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the very low ICD signal intensity with - and HPSCDs
relies in the unfavorable dynamics within the complex.
Matsuura et al. observed [40] that rigid, tricyclic analogues
of benzophenone, like fluorenone and anthrone, which are
similar to OFL gave a very weak ICD while benzophenone
can attain a twisted (optically active) conformation within
the f-CD cavity. A larger positive ICD can be observed
between the OFL and CMSCD due to the enhanced com-
plex stability and the ionic interaction. This positive ICD
sign indicates that the aromatic ring system is situated in
the CD cavity in axial orientation, in agreement with the
Harata rules [41].

NMR studies
Job plot titration

The continuous variation method was adopted to verify the
stoichiometry of the complexes. The '"H-NMR chemical
shifts were measured at different [OFL]/[CD] ratios while
the total [OFL] + [CD] was kept constant. The calculated
quantities (Ad [OFL] or [CD]) were plotted as a function of
molar ratio. The resulting plots showed a maximum at 0.5
indicating 1:1 binding stoichiometry (invariantly of the
actual CD derivative). These results confirm the previously
reported findings of Li et al. by fluorescence method [22].
Representative Job plot curves of the two OFL enantiomers
and the CMBCD are shown in Fig. 5.

"H NMR study

The inclusion complex formation can be proved from the
"H NMR chemical shift changes. Figure 6 illustrates the
aromatic peak changes of OFL upon complexation with
CMpCD. It can be seen that at higher molar ratios of
CMfCD the aromatic protons of the two enantiomers are
separated. This method can be suitable to distinguish the
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Fig. 4 The induced circular dichroism signals of OFL and its CD
complexes
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Fig. 5 Representative job plot curves of the two OFL enantiomers
with CMfCD

OFL enantiomers. The 'H chemical shifts of OFL in the
absence and presence of 8 different CDs are indicated in
Table 4.

Table 4 shows that complexation-induced chemical shift
changes occur most with -CDs due to the high complex
stability. H5, H2 and H13 protons appear at higher chem-
ical shifts as opposed to H2', H6', H3', H5' and HI15
piperazine protons indicating that the piperazine ring is
outside the CD cavity, while the aromatic ring system is
inside the cavity. Minor changes occur only with y-CD in
the aromatic region. In contrast, the aromatic proton do not
show any change with o-CD but the protons in the oxazine
ring show a downfield shift which indicates that only the
oxazine ring is in the cavity of a-CD. To verify these
hypotheses 2D ROESY NMR experiments were carried out
with o, 5, y and CMfSCD.

2D ROESY NMR results

The 2D ROESY NMR experiment is suitable to obtain
information about the spatial proximity between atoms of
the host and guest molecules by observing the intermo-
lecular dipolar cross-correlations. The ROE is a manifes-
tation of cross relaxation between two nonequivalent
nuclear spins that are relatively close (<5 A) in space [42].

Figure 7 shows a ROESY spectrum partial expansion of
the OFL-CMpCD inclusion complex. Three cross-peaks
can be found between the H2, H13 protons of OFL and H3
of CMfiCD as well as between H5 of OFL and HS of CD.
These results indicate that OFL enters the CMBCD cavity
from the wider rim and the methyl-piperazine ring remains
out of the CD cavity. The analogous y-CD results were the
same, the tricyclic moiety is in the cavity. In the case of
o-CD the oxazine protons show correlations with the «-CD
verifying that only this part of the molecule enters the CD
cavity. The molecular modeling study corroborates these

Fig. 6 Aromatic region of OFL H2s H2p
"H NMR spectrum at pH* 3.5
(bottom) and the same region in H5@k) H5)
the presence of 10 mM CMfCD
(top)
H2
H5
88 87 E'.& 8.5 8.4 8’! B.rl’ B‘.l 8'0 ?.lq ?.'a ?l? ?Ib ?‘5 ?‘4 ?lJ 72
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Fig. 7 ROESY spectra of the k3.0
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2D NMR results. Figure 8 shows the simplified molecular
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