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ABSTRACT : The semi-synthesis of A.23187 (calcimycin) analogs l-4 bearing the respective 

substituents : S-NH2. 5-NHCH3. 5-N(CH3)2. 5-NHCOCH3 was carried out. The complcxing proper- 

ties of l-4 for calcium and magnesium were determined by two-phase experiments 

(water/toluenc-butanol 70:30 W/W) and found to be much weaker than these of A.23187 or 
X.14885A. There was a discrepancy with theoretical predictions made from model carboxy- 
bentoxazoles. 

INTRODUCTION 

A.23187 or Calcimycin is a carboxylic polycther antibiotic isolated from a strain of 

Strepromyccs chorrreusisl. Owing to its ability to transport calcium through membranes, this 

ionophore is now largely used as a tool for investigating the role of this ion, as a second 

messenger in biology. Thermodynamic 2-5and kinetic studies6.7 of its associations with alkaline 

and/ or alkaline-earth cations were carried out in methanol and methanol-water media. X.14885A. 

a closely related microbial analog of A.23187 was recently studied by the same physico-chemical 

investigations*. 

For A.23 187. crystallographic determinations have shown that the bcntoxazole ring 

provides two coordinating sites in the 2:l complexes studied with calcium9 and magncsiumlO. We 

have developed a semi-synthetic method for the preparation of analogs, from a cleaved 

calcimycin11*12, with modified benxoxaxolc moiety, IO study the role of the substituents in the 

complcxation-decomplexation process. Theoretical calculations carried out independently on 

models13 showed that Mg2+ binding energies on tbc catboxylatc-benxoxaxole moiety were very 

sensitive to the nature of the substituent R (Scheme 1). 
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Among the different substituenta studied. a maximum enhancement of chc cation affinity 
wxa predicted with R = S-N(CH3)2*3. Thus. we undertook the preparrtion of the corresponding 

A.23187 analog 3. The semi-synthetic scheme used provided us with three other related S-N 

substituted compounds 1. 2 and 4 (Scheme 2). A comparison of the complexing properties of l-4 

for calcium and magnesium, with A.23187 and X.1488SA. was then carried out by IWO phase 

experiments (watcr/tolucne-butanol 70:30 W/W) to seek confirmrtion of the theoretical 

predictions made in the gas phase on a highIy simplified model. 

5 Compounds R 

‘24 

A.23187 

X.1488SA 

3-NHCH3 

3-OH 

(15~Me missing) 

5-NH2 

5-NHCH3 

S-N(CH3)2 

s-NHCOCH3 

SEMI-SYNTHESIS 

Our preparations required as precursor a J-hydroxy anthrsnilic ester bearing a 5-N amino 

substituent. We encountered difficulties in working with the unstable aromatic amines and thus 

chose amides as protected amine forms. Key ester 8 was synthesized from the commercial 

compound 5 (Scheme 3r). Attempts to obtain 7 by conventional nitrationl’ (ether-fuming nitric 

acid solution) gave a mixture of 3-nitro. ‘I-nitro and 3,7-dinitro derivativea in which 7 was isolated 

with a very poor yield. A selective nitration was achieved using catalytic amounts of 

La(N03)3,6H201s isolated yield of 7 obtained as the unique product was 59%; the unreacted 

material could be recycled. Anally. compound 8 wxa obtained as its chlorhydrate. It was then 

coupled with the cleaved calcimycin 9 1 1 (Scheme 3b) by using Benzotriazol-1 yloxy-tris- 

(dimcthylamino) phosphonium hexafluorophosphate (or BOP)16 to yield mainly the IWO products 

10 (63 %) and 11 (11 %), when stoichiometric amounts of g and syntbon 9 were used (other minor 

products were identified but arc not described here). 
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Cyclisalion into oxazolcs gave different results according to the reagents used. Compound 

12 was obtained either from 10 with ethyl poiypbosphrte (EPP) in refluxed chloroform. with loss 

of the trifluoacetyl protection, or from 11 with pyridinium p-tolucncsulfonrtc (PPTS) in 

dichloroethane. The use of PPTS provided 13 directly from 10. The hydrolysis of the ester group 

gave the calcimycin analog 1 both from 12 and 13. the trifluoroacctyl group being once again 

cleaved. The analog 4 was obtained from 1 by a convcntionai reaction with acetic anhydride in 

pyridine. Mcthylrtion of the amide 13 carried out with methyl iodide in acetone, gave a mixture of 

unrcactcd 13 and the mtthylrted product 14 which could not be separated. However, the 

hydrolysis of the. mixture afforded 2 with 67 %I yield and 1. Finally, the analog 3 was prepared 

from 2 by reaction with methyl iodide in methanol. in the presence of potassium hydroxyde. 

IONIC EXCHANGES IN A TWO-PHASE SYSTEM 

In the commonly accepted transport mechanism of a divalent cations M2+ by crlcimycin17. 

the carboxylic ionophore AH is dcprotonated at the membrane/water interface to form a 1:l 

complex (AM+) with M2+, the binding of a second A. species creates a ncutml dimeric complex 
A2M which can diffuse through the membrane snd is dissociated at the second interface. 

This multistep process can be modeled in a two-phase system such as watcr/tolucne-butanol 

(70:30)1*, where the affinity of an ionophore present in the organic phase for a divrlcnt cation 

in the aqueous phase can be measured. We have already used this mcthod12. Extraction curves 
thus obtained for A.23187. X.14885A and analogs l-4 prepared arc shown on figurn 1 for Co2+ and 

figure 2 for Mg2+. The calcium extraction curve for compound 4 (5.NHCOCH3) is drawn sepam- 

tcly (figure 3) to show the discontinuity due to the hydrolysis of the amide function occurring 

for basic pH. In this region. the curve is then identical to that of compound 1 (S-NH2). 

‘fhc overall exchange equilibrium studied can be written : 

Bl 

2 AHerg. + M2+rP.= A2M,g + W+,. (1) 

which includes the acid dissociation (2) and the complex formation (3): 

% 

AHorg. = A-at). + H+,. (2) 

82 

2 A-s& + M2+ul. e A2Mcrg. (3) 

The formation of the neutral 2:l complex for a ligand is better depicted by the quilibrium 
(3) which can be crlculrtd from (1). but it is necessary to know If,. However, this dissociation 

constant at the interface cannot be easily determined. The mixed solvent methanol-water 70:30 

W/W was proposed to mimic conveniently the water/ membrane interface for this pt~rposc~~~. 

Thus WC made pKa measurements by UV spectrophotomctry. according to the method of Kauffman 
et a1.19, in this mixed solvent. Our aim was not to obtain absolute values for g2 , but to compare 

closely related analog& assuming that their pKa differences remain the same in this solvent and 
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at the interface , which sccma reasonable. The pKa valuea obtained arc given in table 1. Compound 

X.1488% was included in the experiment. 

Table 1: Compounda PKa 

A.23187 7.38 

X.14885A 4.48 

1 6.28 

2 6.40 

3 8.05 
* 

l pK, determination for compound 4 wax not possible because 

at basic pH. 

of the lability of the acetyl group 

The extraction constants fit were calculated at the half-saturation points of the curves, for 

the ratio [M2+]orgJIonophore]0 = 0.25. The values b2 were then estimated from the cxprtssion Bt = 

fl2 x Ka2 deduced from the equilibria (l)(2)(3) or log 82 = log PI+ 2 pK,. Experimental values for 

log fit and calculated values for log p2 (with the pK, values mentioned in table 1) arc shown in 

table 2. for the two cations studied. 

Table 2: 

Compounds ca2+ h4g2+ 

log Bl ‘o8 82 log 91 1W 92 

A.23187 - 8.16 + 6.60 - 8.26 + 6.50 

X.1488SA - 3.05 + 5.91 - 4.36 + 4.60 

1 - 14.2 - 1.70 - 14. 3 - 1.80 

2 - 14.3 - 1.55 - 14.0 - 1.26 

3 - 16.8 - 0.85 l l 

4 - 11.7 

+ The Mg2+ extraction with compound 3 was not studied in the same experimental conditions 

because the pH range required, 10.5-12. could not be reached with magnesium hydroxide owing to 

its insolubility. 

Frum the values of log 92 obtained, one can conclude that the xffinitics of A.23187 and 

X.l4885A, for calcium md magnesium, are in the same range, with a slightly better Ca2+/Mg2+ 

selectivity for X.14885A. in good agreement with our resulta in homogeneous phase*. The analogs 

l-4 show much weaker complcxing properties in these experimental conditions. 
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CONCLUSION 

Our experimtntrl result8 did noI confirm tbrc cht introduction of 8~ electron donating 
substitucnt such as -N(CIi3)2 (and -NHCH3. NH2) in S- position strbilixed tbt associ8tions with 

c8lcium or m8gnesium. 88 suggested by lheorcticti invcaligrtions on 8 modeI13 (Scbcme 1). 

This discrcpmcy might be cxplrincd by the difference bctwccn lbc simplified ClrbOXy- 

benzox8xole model used for tbe lbeoretic8l computrtions in the grs pbrse and the much more 

c18bor8k lig8ndiag system8 of crlcimycia md 8n8logs. wbicb were furlbet studied io solution. 

The benxoxwle moiety pl8y8 8 centnl role in the crptun 8nd the relewe of the 8ssocirted 
crrion M2+. However, if the oricntrtion of this group is modified in 8nrlogs l-4 during tbc 

complcxrtion process (due 10 tbe presence of new competing liganding sites 8nd/ or a different 

molcculrr solvrtion ?). this could lerd lo 8 destrbilizrtion of the AM+ species. Funher 

invertig8tions 8115 neccssrry 10 understrnd this dynlmic process in wbicb clerrly each 

substituent of the benxoxrrole moiety possess its own structurrl function lo creste tbc 

ionopborous properly in the blctcri8l mttrbolites. We are now completing 8 conformrtionrl study 

of the compounds by NMR spectroscopy in solvents of different poluity (to be published). 

EXPERIMENTAL 
Melting points were determined in 8 Reicbcrt hoc plrtc microscope llod 8rc uncorrected. 

Thin lryer cbromrtogrrpby (TLC) rnalysis ~8s performed on Scblcicber 8nd Scb(ll1 plastic 
siticrgel pl8Cc.s (p lsOO/Ls m) and rilicagel (Merck 6om) gtus ptrces for the prepar8Iive scale. 
Silic8gel (35-70 Microns, unicon) was used for fllsb cbromrtognpby. M8ss spectn were obtrined 

from 8 Vuirn VCb3OF spectrometer (electronic impact) or 8 ZABHF (FAB+). lH NMR spectn were 
recorded on 8 Jeol C-6OHL (60 MHx) or 8 Brukcr MSL 300 (300 MHZ) sptrometer md 13C NMR 
spectra on 8 Jeol FX 60 (Is MHz) and 8 Bruker MSL 300 (75.47 MHZ). 

Methyl-3-bydroxy-4-nJtrobenzo8t~ 58 : 10 g (55 m.mol) of commercial acid 5 were 
dissolved in 8 mixture of McOH (70 ml) and concentnted sulfuric 8cid (18 ml). After nfluxing 
overnight. the Solution WW poured into wrter md exlrrctcd with ethyl lcetlte lo give S8 as 8 
yellow solid Yield : 7.11 g (70 %) ; m.p. 87-88°C ; ‘H NMR (60 MHZ, CDCl3) b 4.0 (s, 3H, COWH3). 7.5 (s. 
IH. uom.). 7.8 md 8.4 (dd. 2H. rmm.) ppm. 

Methyl-!I-lmino-3-bydroxybenzo8te !Jb : 58 (6.1 g ; 31 m.mol) ~8s dissolved in ethanol (100 
ml). A C8ttiytk 8moum of PdK: w8s sdded ind tbe mixture was hydrogenrted in 8 P8rr rpprrrtus 
for 6 hours. The C8.ttiySt ~8s filtered off on celile and lhe solvent removed in vlcuo to give Sb 8s 8 
white solid. Yield 5.1 g (98 %) ; m.p. 115“C ; ‘H NMR (60 MHz. CDCl3) 6 3.8 (s. 3H. CO0CH3). 5.0 (bro8d 
s, 2H. N&). 6.8 md 7.4 (dd. ZH, prom.), 7.5 (s. IH. uom.), 8.5 (broad s. lH, Om ppm. 

Mcthyl-3-hydroxy-4-N-trilloororcctglrminobenzo8te 6 : To 5.3 g (32 m.mol) of Sb in 
ether (300 ml) It 0°C were rdded slowly over 20 minutes 8 mixture of clher (SO ml). trifluoroscetic 
8nbydridc (9.6 ml ; 69 m.mol) 8nd pyridine (5.54 ml ; 68.4 m.mol). The mixture was left to 
progressively reach room tempcr8tun and stirred for 20 hours. then filtered. Tbc filurte WIS 
washed witb HCl 10 % aad brine. To the organic phrse an equal volume of brine was 8ddc.d 8nd tbe 
two-phuc mixture ~8s stirred for 45 minuta. Tk ctber pb8se WM dried over MgS04, the solvent 
removed md the rcsiduc purified by fl8sb cbromrtogrrpby (eluent: cyclobexlac/EtOAc 90/10) (0 
give 6 u 8 white fleecy solid. Yield 5.96 g (75 96) ; m.p. 21 I-212Y? 1H NMR (60 MHZ, CD3COCD3) 8 

3.9 (s. 3H. COOC&). 7.7 (I, IH, uom). 7.9 (q, 2H amm.). 9.5 (bzwl s, 2H. NHCOCF3, Om ppm. 13C NMR 

(15 MHz. CD3COCD3) 6 52.2 (CXXXH3) ; 116.3. 120.7. 122.2. 128.2. 128.7. 147.0 (atom), 166.4 cOOCH3) 

ppm. 
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Mcthyl-3-hydroxy-2-nitro-2N-trIfluoroacetylamlnobeaxoate 7 : NaN03 (34 mg) and Ls 
(N03)3,6H20 (I.3 mg) were dissolved in a solution of H20 (0.3 ml) and HCl (0.3 ml. d I 1.19). To this 
solution was added 6 (100 mg, 0.55 m.mol) in ether (2 ml) . 'l'bc. mixture W~U &red u RT. witi 
T.L.C. control until the dinitro derivative began to appear, then extracted with EtOAc. The orgsnic 
phuc was drkd over MgS04. and the residue purified by flash chromatography (cluent: cyclo- 

hcxa1~/A~0Et 75/15) to give 7 8s 8 yellow r~lid. Ykld 70 mg (59 %) ; m.p. 125OC ; IH NMR (a0 MHz. 

CDC13). 6 3.9 (s. 3H, cooqi3). 7.9 (q. W. amm.). 8.6 (broad s. 1H. NflcoCF3) ppm. 

Methyl-2-amino-3-hydroxy-4-N-trlfluoroacetylaminobenxoate 7a : Compound 7 (250 
mg. 0.84 m.mol) in rbsolute slcool (100 ml) was reduced under hydrogen pressure with Pd/C 
catalyst for 2 houn. After filtrstion, the solvent wss rzmovcd xnd ?a was obta&d as a white solid. 

Yield 224.6 mg (100 %) ; m.p. 119-12O’C ; MS m/z 278 (M+) ; lH NMR (300 MHZ. CDC13) 6 3.9 (s. 3H, 
COOCH3). 6.4 to 6.7 Jm. 4H, 2H mm.. NH2>. 7.5 (‘broad s. 1H. OH), 8.3 @mad s, 1H. NHCOCF3) ppm. 

Methyl-3-bydroxy-4-N-trifluoroacetylamiao-2-N-((3,9,ll-trimetbyl-g-(l-methyi- 
2-oxo-2-(1H-pyrrol-2-yl)-ethyl)-1,7-dioxasplro IS.51 undec-2-yl)-acetyl)-anthrant- 
late 10 : A light protected mixture of synthon 9 (360 mg ; 0.95 m.mol) in DMF (40 ml), 
frietbylamine (400 mg). BOP (710 me) md 8 (300 mg ; 0.95 mmol obtained from an ether solution 
of 7a by precipitation with a strexm of HCI gas) was stirred in a wster bath at 50°C under rrgon 
for 4 hours. After pouring into wstcr the mixture was sdjustcd to pH 6. extracted with EtOAc. the 
organic phase was washed with water then dried over MgSO4. The solvent was removed snd the 
residue was purified by flssh chromatography (clucnt: MeOH/CHCl3 0.5/99.5) to give 18 ss I 

white fosm. Yield 350 mg (62.5 46) ; m.p. 85’C ; MS. mkz 638.3 (M + H)+. 100 % ; exact maxs calculated 

for C3lH39N@gF3 (M + HP : 638.2679 found 638.2704. ‘H NMR (300 MHz. CDC13) 6 0.80 to 1.00 (4d. 

12H. 4CH3X 1.00 to 1.90 (m. 8H). 2.40 (m. 1H. H9&, 2.66 (m, 1H. ti9A). 3.20 (m. 1H. Kl9). 3.85 (m, 1H. 
HI@. 3.95 (s.3H. CWC&), 4.05 (111, lH. Hloh 6.25 (m. 1H. H23). 7.05 (m. 1H. IL24). 6.95 (m. 1H. 1122). 
8.47 (d. lH. srom.). 7.74 (d. lH. arom.). 8.81 (8. IH. OH,). 9.25 (s. IH, NliCOR), 9.65 (s. IH. Nfi pyrrolc). 
12.50 (8. lH, mCOCF3) ppm and 11 ss s white foun. Ykld 57 mg (11 %) m.p. 95oC ; SM. m/x 542 (M + 

H)+ 100 %. exxct mass calculxtcd for C29H39N307 (M + H) + : 542.2428 found 542.2856. lH NMR (300 

MHt. CDCl3) 6 0.80 to 1.00 (4d. lw. 4C&j). 1.00 to I.90 (m. 8H). 2.50 (m. 1H. H9B). 2.70 (m. 1H. h9A). 

3.20 (m. IH, Hl9). 3.95 (m, 1H. High 3.85 (8. 3H. COOCH3). 4.10 (m. 1H. Hlo). 6.28 (m. 1H. &3), 7.00 (m. 
2H. fi24 and &2>, 7.40 (d, 1H. srom.), 6.50 (d, 1H. am.). 9.25 (s. IH. O&). 9.48 (s. lH, NHCOR). 9.25 (s. 

lH, NH pyrrolc) ppm. 

Methyl-7-amlno-2-((3,9,ll-trimetbyl-8-(l-methyl-2-oxo-2-(lH-pyrrol-2-yl)- 
ethyl)-1,7-dioxasplro [S.S] ondec-2-y1)-methyl)-4-benzoxaxolecarboxylate 12 : 
From 10 : A light protected solution of 10 (134 mg. 0.21 mmol). ethyl polyphosphatc (EPP 2.6 
mmol) and CHCl3 (IO ml) wss refluxcd for 4 boun under argon. After Pouring into water snd 
extraction with EtOAc. the organic phase wss drkd over MgSO4 snd the solvtm wxs removed. The 
resulting oil was purified by T.L.C. (cluent: cyclohexsne/AcOEt SO/SO) to give 12 ss I white foxm. 
Yield 40 mg (30.5 k) ; m.p. 75T ; MS. m/z 524 (M + H) + :lOO %. exact msss calculated for C29H39N306 

(M + IQ+ : 524.2751 found 524.2534. lH NMR (300 MHx, CDC13) 6 0.70 to 1.10 (4d. 12H. 4C.&). 1.10 10 

1.80 (m. 8H), 2.85 (m, 1H. H9B). 3.10 (m. 1H. K9A). 3.25 (m. IH. Hl9). 3.52 (m. IH. Hl8). 3.91 (s. 3H. 
COOCH3). 4.13 (m. IH. HlO), 6.28 (m. 1H. H23). 7.00 (m. 1H. H24). 7.03 (m. IH. fLz2). 7.85 snd 6.95 (2d. 
2H. rrom.), 9.65 (s, 1H. NH pyrrole) ppm. 
From 11 : A mixture of 11 (168 mg. 0.31 mmol) snd pyridinium p-tolucncsulfonatc (PFl’S. 50.5 mg. 
0.20 mmol) in dicholorocthanc (22 ml) were stirrad overnight in sn oil bath at 85’C under argon. 
After cooling, dilution with CHC13. the mixture was w&cd with I saturated solution of NaHC03, the 
organic phase was dried over MgS04. The solvent was removed snd the residue purifd by T.L.C. 

(eluent: cyclohcxancJAcOEt 60/40) 10 give 12 (28 mg. 26 %). 
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~etbyl-7-~-ttlflroro8cetyi~m~no-2-((3,9,ll-trimethyl-g-(l-methyl-2-oxo~2~(~H~ 
pyrrol-2-yI)-ctbyl)-1,7-dloxnsplro rg.51 undec-2-yl)-methyl)-4-benzoxaxolecarbo- 
xyl8te 13 : This compound WM obtained from 10 (110 mg ; 0.17 nunol) and P.P.T.S. by the method 
described above. The CNdC product wss purified by T.L.C. (clucnt: cyclobcxxne/AcDEt 60/40) to 
yield 13 (45 mg : 42 %) xx x white foam. m.p. !WC ; MS. mh 620 (M + H)+ 100 96 ; exact mass 

crlculatcd for C31H36N307F3 (‘M + H)+ 620.2574 futnd 620.2456. ‘H NMR (300 MHz, CDQ3) 6 0.70 to 

1.00 (4d. 12H. 4CH3), 1.00 to I.90 (m, 8H). 2.95 (m. lH, H9R). 3.15 (m. IH. H9A>, 3.25 (m. lH, &9), 3.25 
(s, 3HP CWH3). 3.95 (m. 1H, H18). 4.05 (m, IH. &O). 6.25 (m. IH, fi23). 7.05 (m. 1H. H24). 6.95 (m, lH, 
-2). 8.05 and 7.65 (2d. 2H arum.). 10.00 (s. IH. NIi pyrmle). 11.40 (II, IH. NHCOCH3) ppm. 

7-Amino-2-((3,9,11-trimethyl-g-(l-methyl-2-oxo-2-(lH-pyrrol-2-yl)-ethyl)-l,7- 
dloxrsplro [S.S.] undec-2-yI)-methyl)-4-benzoxaxolccrrboxylic acid 1 : A light 
protected mixture of 13 (73 mg ; 0.12 mmol) in ethxttol (50 ml) and 10 % potxssium hydroxide (2 
ml) wax stirred at 30°C for 4 hours. pouted into water (200 ml), xdjustcd to pH 7 with 0.1 N HCl. 
extracted with EtOAc xnd dried over MgSO4. After solvent evaporation, the residue was purified by 

TLC. (clueat: cyclohcxxnJAcOEc 50/50 xnd I5 drops of retk acid for 1OOml) to give 1 (25.2 mg ; 
45.4 %) as white foam. m.p. 118°C ; MS. m/z : 510 (M + H)+ 100 % ; exact mass calculated for 
C28H35N306 (M + H)+ 510.2595 found 510.2587. IH NMR (300 MHz. CDCl3) 6 0.80 to 1.15 (4d. 12H. 

4CH3). 1.15 to 1.90 (m. 8H), 2.84 (m. IH. u9R), 3.10 (m. 1H. H9A). 3.28 (m, lH, K19). 3.45 (m. lH, H18). 
4.18 (m, lH, HlO), 6.30 (m. IH, H23). 7.08 (m. IH. fi24). 7.03 (m. 1H. H22). 6.98 and 7.90 (26. 2H xrom.). 
10.00 (NH pyrrolc) ppm. 
1 was obtained from 12 by the same hydrolysis method (yield 60 96). 

7-Acetylsmlno-2-((3,9,ll-trimethyl-g-(l-methyl-2-oxo-2-(lH-pyrrol-2-yl)-ethyl- 
1,7-dioxaspiro [Cl] undec-2-yI)-methyl)-4 bentoxaxolecrrboxyllc acid 4 : To a stirred 
solution of acetic anhydride (2.4 mg) in pyridioe (0.4 ml) at OOC was xddcd the acid 1 (20 mg ; 0.04 
mmol). The mixture wxa allowed to react for 4 hours. Most of the pyridinc wxs removed by 
evaporation under reduced pressure. The residue was diluted with ether, wxshcd with 0.1 N HCI. 
After solvent removxl. tbc compound wax purified by T.L.C. (eluent: AcOEt/McOH : 99/l) to give 4 
(14 mg. 66 % yield) as x white foam. m.p. 125Y ; MS. m/z : 552 (M + H)+ 100 % ; exact mass 
calculated for C3OH28N307 (M + H)+ 552.2709 found 552.2681. 1~ NMR (300 MHz. CDCl3) 6 0.80 to 1.10 

(4d. 12H. 4CH3k 1.10 to I.90 (m. 8H). 3.12 (m, 2H. H9R and E9A). 3.25 (m. 1H. al9). 3.75 (m, 1H. H18), 
4.13 (m. lH. Hlo), 6.29 (m. 1H. &3), 7.00 (m. 2H. &4 xnd H22). 7.80 xnd 8.20 (2d. 2H arom.). 10.78 (s. 
IH. NH pynole) ppm. 

7-N-methylsmino-2-((3,9,ll-trimethyl-8-(l-metbyl-2-oxo-2-(lH-pyrrol-2-yl) 
ethyl)-1,7-dioxrrpiro IS.51 undec-2-yl)-methyl)-4-benzoxrsolccrrboxyllc acid 2 : To 
(I solution of 13 (57 mg ; 0.09 mmol) in xcaone (10 ml) were added anhydrous Na2CO3 (80 mg) and 
methyl iodide (0.2 ml. I.2 mmol). The mixture was stirred for 3 hours at room temperature. then 
filtered off xttd evaporated to give a white foam (5Omg) shown by IH NMR (300 MHz) to be a 
mixture of 14 md tutreacted 13 material. The two products could not be separated. Tbc hydrolysis 
was performed on tbc mixture with KOH in ethanol according to the method previously dcxcribed. 
After T.L.C. purificxtion (elucnt: cyclohcxatte/AcOEt 40/60 and 15 drops of acetic acid for lOOmI), 2 
(30 mg ; 67 46 yield) was obtxincd xs a white foxm. m.p. 120°C ; M.S. m/z : 524 (I4 + H)+ 100 96 : exact 
mass cxkulatcd for C29H37N306 (M + H)+ 524.2751 found 524.2799. lH NMR (300 MHx. CDCl3) 6 0.90 
to 1.15 (4d. IZH. 4C&). 1.15 to I.90 (m. 8H). 3.05 (m. IH. u9R). 3.15 (m, IH. H9A). 3.30 (m. 1H. &9), 
3.90 (m. lH. HIS), 3.37 (s. 3H. NHC4). 4.25 (m, 1H. HlO). 6.27 (m. IH. H23). 7.11 (m. 1H. H24). 7.03 (m. 
IH. H22). 6.72 and 7.40 (2d. 2H arom.). 9.50 (bruad x, IH. CQ0m. Il.25 (x, IH. m pyrrok) ppm. 

7-N,N-dfmethylrmino-2-((3,9,ll-tr~metbyl-8-(l-metbyl-2-oxo-2-(lH-pyrrol-2-yl) 
ethyl)-1,7-dioxrrpiro [5.5] under-2-yI)-methyl)-4-benxoxaxole-carboxylic acid 3 : 
KOH (5.26 mg) WJS dded to a xolution of 2 (31 mg. 0.06 mmol) in mclxnol (0.5 ml). The mixture 
was stirred until it became homogenwus, cooled to 10°C. then ICH3 (0.04 ml ; 0.24 mmol) was added 
xnd the light-protected solution stirred overnight xt R.T.. After mcthxnol removal and 
purificrtion of the residue by T.L.C. (cluurt: cyclohexanc/AcOEt 40/60 and 15 drops of rcetic rcid 
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for 1OOml) the compound 3 (I5 nrg. 47 % yield) was obtained as a white foam. m.p. 127OC ; MS. & : 
53% (M + H)+ 100 % ; exact mass caiculated for C3OH39N306 O+ 537.2829 found 537.2836. lH NMR 

(308 MHz. CDcl3) 6 0.80 to 1.10 (4d. 12H. 4CH3). 1.10 to 1.90 (m. 8H). 3.12 (a, 6H. N(C&)2). 3.18 (m. 3H. 

Ii9A, H9B and 49). 3.58 (m. JH. H18). 4.18 (m, Hi, X10). 6.27 (m. 1H. i&23), 6.90 (m. JH. H22). 7.00 (m. 
1H. H24). 7.75 and 8.31 (2d. 2H arom.), 9.50 (broad s. IH. CGG&), 9.89 (II, 1H. NB pynvle) ppm. 

The structures of compounds 10.11.12,13.1.2,3.4 were confirmed by J3C NMR (75 MHZ) 
spectra which are not described here. 
OKI : The electronic absorption spectra were recorded on a CARY 2200 U.V.-visible 
spcctrophotometer. The concentration of the ionophore in the methanol-water medium (70:30 
W/W) was 5.10-5 M. 

ti2+_gtui_Mg2+erchmnc in a e : Equilibrium constants were 
determined according to the method described by Pfeiffer and ~ardyJ8 modified by M. Hebrant et 
a1.20. Tbe organic phase was toluene-butanol (70:30 W/W instead of V/V). Extractions were 
performed at 25% The aqueous solutions were tom2 M in Ca2+ or Mg2+ and buffered with 8$‘- 
dimethylglutaric l cid/tetramethyl ammonium hydroxide (pH 3-5), HCJ/bia Tria (pH 5-7). HCt/Tris 
(pH 7-9), HCi/dimethyletbanol amine (pH 8-10.5) ; HCl/cakium hydroxide (Ca2+ solutions, pH 10.5- 
12). Ca2+ and Mg2+ amounts released after extraction by the ionophon in a HCJ 0.5 N solution were 
measured by atomic absorption using a Pcrkin Elmer 420 spectrometer. Divalcnt cation solutions 
used to standardize the spectrometer were previously equilibrated with the organic phase without 
ionophore. 
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