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Condensation of the polyether antibiotic monensin(1)with amino acid benzyl esters followed

by debenzylation gave monensylamino acids(3a-g),which were subsequently converted to the

corresponding NaBr complexes(4a-g).An X-ray crystallographic study on 4e clarified that the
conformation of 4e differs from that of the NaBr complex of monensin(5)in that an intramolecular

hydrogen bond is present between 0(3)oxygen and 0(11)hydroxy proton.This finding is

consistent with the carbon-13 nuclear magnetic resonance signals of the methoxy carbons of 4a-g

which appear downfield relative to those of 3a-g.Compounds 3a-g showed no anticoccidial

activity.
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The polyether antibiotic monensin(1,Fig.1),an important agent in the control of
coccidiosis in poultry,is one of a large class of naturally occurring ionophores which have
attracted increasing attention because of their unusual chemical and biochemical properties.

In recent years,a number of investigations on the molecular structures,1)biological
activities,2)and chemical properties2,3)of 1 have been reported,but the chemical modification
of monensin structure and evaluation of the crystal structures of derivatives have not been
well investigated,except for monensin C-26 urethane derivatives.4)Monensin(1)has three
reactive functional groups in the molecule:a carboxyl group at the C-1 position and two
hydroxy groups at the C-7 and C-26 positions.The two hydroxy groups are very important
for the metal complex formation as shown in Fig.2,and thus we have been interested in the
chemical modification of the carboxyl group by condensation with optically active amino
acids.In this paper we wish to report the preparation of monensylamino acids(3a-g)and an
X-ray crystallographic analysis of the corresponding NaBr complex(4e)as well as the result
of an examination of the anticoccidial activities of these compounds.

Fig.1.•@ Chemical Structure of Monensin(1) Fig.2.•@ Metal Complex of Monensin(1)
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d:-CH2Ph

e:-CH2C6H4OH

f:-CH2CO2R'

g:-CH2CH2CO2R' 4a-9

Chart 1

Fig.3.•@ Stereoscopic Drawing of 4e

Oxygen atoms are shaded.Hydrogen and coordination bonds are indicated as lines.

Fig.4.•@ Numbering of the Atoms in the Mole-

cule of 4e

Fig.5.•@ Crystal Structure and Numbering of the

Atoms in the Sodium Bromide Complex of

Monensin(5)6)

Chemistry
Monensin(1),obtained by the reported5)method from commercially available sodium

monensin,was condensed with amino acid benzyl esters in the presence of dicyclohexylcarbo-
diimide(DCC)and 1-hydroxybenzotriazole(HOBO to provide monensylamino acid benzyl
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TABLE I.•@ Atomic Parameters

esters(2a-g)in 90-97% yield(Chart 1).The infrared(I R)spectra of 2a-g showed the
amido and ester carbonyl absorptions at 1640-1660 cm-1 and 1730-1750 cm-1,re-
spectively.In the proton nuclear magnetic resonance(1 H-N M R)spectra,a new signal
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TABLE II. Interatomic Distances

Fig.6. Distorted Octahedral Coordination of

Na+ Ion in 4e

Fig.7. Dimerization of Carboxyl Groups in 4e

corresponding to the benzyl methylene protons appeared around 6 5.18 ppm as a singlet.
Debenzylation of 2a-g over 5% palladium on charcoal(Pd-C)under a hydrogen

atmosphere proceeded in 83-99% yield to give monensylamino acids(3a-g).The structures
of 3a-g were confirmed by their 1H-NMR spectra,in which the methylene signals of benzyl
groups disappeared completely.

Sodium bromide complexes(4a-g)of 3a-g,prepared according to the procedure
reported previously,6 were recrystallized from appropriate solvents.The elemental and fast
atom bombardment mass spectral(FAB-MS)analysis of the complexes were consistent with
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TABLE III.

the structures 4a-g.

Results and Discussion

The crystal structure of the NaBr complex of monensyltyrosine(4e)was established by
single crystal analysis using the heavy atom method as described in Experimental.The stereo-
drawing and the numbering of the atoms are shown in Figs.3 and 4,respectively.The chemical
structure per asymmetric unit in the crystal structure consists of one Br-ion,one neutral
molecule of 4e and one Na+ion.The X-ray crystal analysis revealed that the molecule adopts
a pseudocyclic conformation with the 0(3)methoxy oxygen being hydrogen-bonded to the
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TABLE IV.•@ Chemical Shifts of —OCH3 in Free Acids(1,3a-g)

and NaBr Complexes(5,4a-g)

O(11)hydroxy oxygen at the other end.This is the most characteristic and different fbature as
compared with the crystal structure of the NaBr complex of monensin(5),6)which possesses

head-to-tail intramolecular hydrogen bonds as indicated in Fig.5.The distances of hydrogen

bonds of 4e and 5 are listed in Table II.

The Na + ion is coordinated to seven oxygen atoms with distorted octahedral coordi-

nation,despite the fact that the Na-O(10)distance is longer than other Na-0 coordinate

bondings(Table II,Fig.6).The bromine atom,located between two neighboring molecules,is

hydrogen-bonded to OH(3T),OH(4),OH(10),and NH(1T)(Table II).The carboxyl group of

tyrosine is not involved in a pseudocyclic conformation,but is dimerized with a carboxyl

group of an adjacent molecule to contribute to a strong intermolecular contact,as illustrated

in Fig.7.

Although the coordination of the Na+ion of 4e is eventually almost the same as that of

NaBr monensin(5),the C(3)-C(4)and C(4)-C(5)bonds of 4e are significantly rotated(+160•‹

and-53•‹)compared with those of 5,and consequently the chemically modified amino acid

substituents occupy a position oriented toward the outside of a pseudocyclic molecule(Table

III).

Spectral evidence for hydrogen bond formation between the O(3)methoxy oxygen and

the O(11)hydroxy proton was also obtained from the carbon-13 nuclear magnetic resonance

(13C-NMR)spectra of 4e and free monensylamino acid(3e).The methoxy carbon of 4e

resonated at 6 60.72 ppm due to anisotropy of the hydrogen bond7 while that of 3e appeared

at 6 58.01 ppm(Table IV).This downfield shift is in good agreement with the crystal structure

obtained by X-ray analysis.Similar results have also been seen in the methoxy carbon signals

of other NaBr complexes(4)which appeared 2.89-4.35 ppm downfield relative to those of

the corresponding monensylamino acids(3).Accordingly,the crystal structure of every NaBr

complex seems to be virtually identical with that of 4e.

Anticoccidial activities of 3a-g were examined in vivo with Eimeria tennella-infected

chicks.However,the test compounds,which seem to exist in vivo as sodium-complexed

conformations quite similar to that of 4e,6)were inactive.Recently,Pospisil et al.isolated 3-O-

demethylmonensin and found that the activity against Bacillus subtilis was less potent than

that of the parent monensin.8)From this finding and results of our anticoccidial activity

studies,it is likely that the presence of the polar OH group and the dissociable COOH

function at the lipophilic region of monensin causes a remarkable decrease in the cation-

transporting properties,and loss of ability to transport cations through biological membranes

reduces the antibacterial properties.9)

In summary,the displacement of the carboxyl group by amino acids resulted in a
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conformational change of the complexed molecule,which involved the formation of a new
intramolecular hydrogen bond between the O(3)methoxy oxygen and the O(11)hydroxy

proton.Moreover,it is interesting to note that the antibacterial activities might be correlated
with the presence of a non-hydrogen-bonded methoxy group on the lipophilic region of
monensin.Further investigations on the correlation between chemical modifications and
biological activities are in progress.

Experimental

All melting points were determined on a Yanagimoto micro melting point apparatus and are uncorrected.The

FAB-MS were measured with a JEOL JMS DX-300 mass spectrometer,and the IR spectra with a JASCO IRA-2

spectrometer.The H-NMR spectra were recorded with JEOL JN M-M H-100 and JEOL GSX-400 spectrometers and

the 13C-NMR spectra with a JEOL GSX-400 spectrometer in CDCl3 using tetramethylsilane as an internal standard.

Singlet is abbreviated as s.Column chromatography was carried out on Silica gel BW-200(Fuji Davison Chemicals,

Ltd.).High-performance liquid chromatography(1-1PLC)was carried out on C.I.G.ODS-C,8-10/20(22mm

i.d.•~100 mm,Kusano Kagakukikai Co.).

Monensylamino Acid Benzyl Esters(2a-g)-A mixture of 1(200mg,0.3mmol)and HOBt(70mg,0.36mmol)

was stirred at 5 C for 30 min and then DCC(85mg,0.36mmol)was added.After being stirred for 1h,the reaction

mixture was treated with a solution of amino acid benzyl ester p-TsOH(or Ha)salt(0.4mmol)and N-

methylmorpholine(0.06ml,0.4mmol)in tetrahydrofuran(THF)(0.5ml),and the stirring was continued at 5 -C for

12 h.The mixture was evaporated to dryness below 5•Ž to give a white powder,which was suspended in EtOAc

(30ml)and filtered off.The EtOAc extract was washed with 10% citric acid solution,4%NaHCO3 and water,

successively,and evaporated to dryness.The residue was chromatographed on Silica gel(CHCl3 Me0H)to give a

white amorphous powder.Spectral data of 2a-g are summarized in Table V.2a,Monensinamidoacetic acid benzyl

ester;2b,2-monensinamidopropanoic acid benzyl ester;2c,3-hydroxy-2-monensinamidopropanoic acid benzyl ester;

2d,2-monensinamido-3-phenylpropanoic acid benzyl ester;2e,3-(4-hydroxyphenyl)-2-monensinamidopropanoic

acid benzyl ester;2f,monensinamidobutanedioic acid dibenzyl ester;2g,2-monensinamidopentanedioic acid dibenzyl

ester;monensinamido-,2-[2-ethyloctahydro-3'-methy1-5Atetrahydro-6-hydroxy-6-(hydroxymethyl)-3,5-dimethyl-

TABLE V.•@ Spectral Data for Monensylamino Acid Benzyl Esters(2a-g)

TABLE VI.•@ Spectral Data for Monensylamino Acids(3a-g)
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TABLE VII.•@ Physicochemical Data for NaBr Complexes(4a-g)

2H-pyran-2-yl][2,2'-bifuran]-5-yl]-9-hydroxy-β-methoxy-α ,γ,2,8-tetramethyl-1 ,6-dioxaspiro[4,5]-decane-7-bu-
taneamido-.

Monensylamino Acids(3ag)-A solution of 2a-g(100mg)in EtOH(3ml)was hydrogenated in the

presence of 500 Pd-C(10mg)at atmospheric pressure of hydrogen for 15-40min.The catalyst was filtered off,and
the filtrate was evaporated to dryness.The residue was purified by column chromatography on silica gel(CHCl3-

Me0H)followed by HPLC to give an amorphous powder.Spectral data are summarized in Table VI.3a,

Monensinamidoacetic acid;3b,2-monensinamidopropanoic acid;3c,3-hydroxy-2-monensinamidopropanoic acid;

3d,2-monensinamido-3-phenylpropanoic acid;3e,3-(4-hydroxyphenyl)-2-monensinamidopropanoic acid;3f,mon-

ensinamidobutanedioic acid;3g,2-monensinamidopentanedioic acid.

NaBr Complexes of Monensylamino Acids(4a-g)-A solution of 3a-g(100mg)in CHCl3(5ml)was treated
with an equivalent amount of NaBr in Me0H(5ml).The mixture was evaporated to dryness to give an amorphous

powder.Recrystallization of 4a-g from MeOH-Et2O or Et,O-hexane gave colorless prisms.Physicochemical,
analytical and FAB-MS data are summarized in Table VII.

X-Ray Analysis-Transparent crystals were obtained from MeOH—Et20 solution.Oscillation and

Weissenberg photographs indicated the crystal to be orthorhombic with space group P2,2121(absent reflection:h=

2n+1 for(h00),k=2n+1 for(0k0),1=2n+1 for(00l)).Unit cell dimensions and diffraction intensities were

measured with graphite-monochromated CuK2 radiation(ƒÉ=1.5405 A)on a Rigaku AFC-5 computer-controlled

diffractometer.Crystal data and parameters for data collection are summarized in Table VIII.The unit cell

parameters were determined by a least-squares fit of 20 angles for 20 reflections(30•‹•…20•…60•‹).The co-20 scan

technique was employed for the intensity recording.The peak counts were corrected with background counts for 5s at

both ends of the scan range.Four standard reflections were measured at every 100 reflection intervals and showed no

significant deterioration throughout the data collection.The observed intensities were corrected for Lorentz and

polarization effects.Correction of the absorption effect was also done by using an empirical method based on the 4)

scan at x=90

The structure was solved by the heavy atom method and successive Fourier syntheses.The obtained positional

parameters were then refined by a full-matrix least-squares analysis with isotropic temperature factors and then by a
block-diagonal least-squares analysis with anisotropic ones.The positions of the geometrically reasonable hydrogen

atoms were determined on a difference Fourier map and included in subsequent refinements with isotropic

temperature factors.

The function minimized  was Σω(|Fo|-|Fc|)2,where|Fo| and|Fc|are the observed and calculated structure
amplitudes.respectively. The weightirlg scheme used for refinement is as follows:ω=1.0/[σ(Fo)2+a|Fo|+b|Fo|2]for

(Fo)2>3σ(Fo)2,where(Fo)2is the standard deviation of the intensity based on counting statistics.In the final

refinements,the coefficlents used were 0.0894 and 0.0034 for a and b,respectively.The discrepancy indices

RF(=Σ||Fo|-|Fc||/Σ|Fo|)and RwF(=[Σ ω(|Fo|-|Fc|)2/ωF2o]1/2) were 0.083 and 0.092 for 3781 observed renections,

respectively,and S(=[Σ ω(|Fo|-|Fc|)2/(M-N)]1/2, where M=number of observations and N=number of vari-
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TABLE VIII.•@ Summary of Crystal Data and Data Collection

ables)was 1.17.None of the positional parameters shifted more than one-third of their standard deviations.For all

crystallographic computations,the UNICS programs 10)were used,and atomic scattering factors and the terms of the

anomalous dispersion correction were those given by the International Tables for X-Ray Crystallography.11)The

calculations were performed on a Micro Vax II computer at the Computation Center of Osaka University of

Pharmaceutical Sciences.12)
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