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MACROCYCLIC TETRALACTAMS : STRUCTURAL BEHAVIOUR OF THREE 21-MEMBERED RINGS 
AND THEIR Ca2+ COMPLEXES AS EVIDENCED BY 13C AND lgF NMR 

LOUIS Cazaux, Claude P~card, Threrry Prgot and Prerre Trsnes’ 

Laboratolre de synthese et phys~cochlmte organque assocl8 au Cnlt?S, UnwersttB Paul Sabatler, 
I18 route de Narbonne, 31062 TOULOUSE CEDEX (FRANCE) 

a stepwrse synthesrs of three macrocyclrc tetralactams selective complexants of Ca2+ vs alkalr and Mg2+ ions Abstrad 
IS reported The multrplicrty of the resonances In 13C and 19F n m r spectroscopy IS related to the restncted rotatrons 
around the carbonnitrogen bond of the four amide moretres The l/l complexes formed by addrtron of one equrvalent 
of Ca(Cl04)2 exhrbd very srmpfe spectra which are assigned to the exrstence of a sngle form in the complex wrth the 
carbonyl oxygen atoms In the same onentatron 

Among neutral Ca2+ selectrve systems (I), macrocyclrc polyether tetramrdes show a high selectivrty for calcrum 

catron with respect to alkalme and Mg*+ Ions (2, 3, 4), but so far no evrdence has been reported for the structure of 

these complexes In this paper we describe the synthesis of three 21-membered macrocyclrc tetralactams which exhrbrt 

hrgh stabrlrty constants for Ca2 f and discuss the deep nmr spectral changes occunng when they are complexed with 

Ca*+ ton 

Synthesis 

Macrocyclrc tetrafactams were synthesized following a stepwise procedure (3) , the cyclrsatron step IS depicted 

rn the followmg scheme 

R = H, Bn 1 Ar=Ph,R=Dn (58%) 
2 Ar=Ph,R=H (62%) 

3 Ar = 4F-CeH4, R = Bn (42%) 

N,N’ drbenzyl diethyiene tnamtne denvattves (Ar = Ph, 4F-C6H4) were prepared In a three step syntheses by 

standard procedures (5, 6, 7) fnvolvrng the dralkylatron of an arylamrne by methyl bromoacetate, then the amfdatron of 

the resultrng drester by benzylamrne and finally the reduction of the bisamrde by borane Overall yields of 40% were 

thus obtarned 

The stepwrse syntheses of tne macrocycles mvolves condensatron of drglycolrc anhydride to ethylenzdramine 

denvatrves. The rntermedrate dramid dtacrds were activated by the 2-mercaptothrazolrne group and condensed to two 

corresponding dfethylene trfamlne derivatives followrng the procedure described by E Fujria (8), affording the three 

tetralactams I-3 In a good overall yreld 
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Compounds 1-a were punffed on sflfcagel column (CH$l2/CH$ZH20H) 

white solfd, mp = 119-12O”C, IR (KBr) :v(C=O) = 1662cm- ’ , RMN ‘H (CD$N) S 3 12-3 77(m. 12H), 4.22- 4.60 

(m, 16H), 6 26-6.70(m, 3H). 7.00-7 50(m, 22H) : MS (FAB/MNBA matnx) : C~H53NsOe(nVe 796 (100) [M+H]+) 

whfte solfd, m p = 95-97°C , IR (KBr) v (NH) = 3260 cm-‘, v&=0) = 1652 cm-’ , RMN ‘H (CD&N) .6 3 22-3 46(m, 

12H), 3 86-4 O5(m, 4H). 4 22-4 63(m. 6H). 6 36-6 77(m, 3H), 7.04-7 41(m, 12H), 7 50-7 70(m, 2H) ; MS 

(FABIMNBA matrix) Cs4HQlN50e (m/e 616 (100) [M+H]+) 

whde solfd, m p. = 122-124% ; JR (KBr) : v(C=O) = 1&5&m- ’ , RMN ‘H (CDCl3) S3 16-3 73(m, 12H), 4.204 78 

(m, 16H), 6 04-6 92(m, 3H), 6 96-754(m, 21H) , MS (FAB!MNBA matrix) C4sH52NsOsf= (m/e 814 (100) [M+H]+) 

Stability constants 

They were measured In THF solutions by uhravfolel spectrophotometry using calcrum prcrate.The spectral changes 

were Interpreted by the fnterventron of two equilfbna fnvolvfng ML and ML2 complexes where M = Ca2+ and L = lfgand 

The values of the calculated constants for the three complexes are Qfven fn the table 

The existence of a strong l/l complex was verlfled by elemental analysis (9) of the complexes which crystallize 

from methanol 

nmr spectroscopy 

62 9 MHz lH-decoupleU 13C spectra exhfbft a high complexdy for each type of carbon atom related to the 

phenomenon of restricted rotation around the carbon-mtrogen bond of each of the four amfde mofetfes The 

interconversion between the various rotamers IS slow relatfve to the nmr time scale and the spectrum represents the 

mcdure of these forms S~mllar results were observed by Shanzer (IO) for macrocyclic tetralactams possessrng reflexton 

symmetry For instance we observed in CDCb up to eight distfnct carbonyi resonances for compound 1, five for 2 and 

efQht for 3 A high multfplfctty IS also clearly seen for the other carbon resonances rn CDCl3 as well as in CQ3CN 

solutfons as shown in figure la 
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mm. lH-Decoupled f3C-nmr spectra of 1 In CDaCN at 62 9 MHz 

(a) free lrgand , (b) l/ Ca2+ complex (1 1 storchiometry) 

When an equnnolecular amount of calccum perchlorate IS added to the acetonrtrile solutrons of the tetralactams, a 

dramatic change In the spectrum occurs Only one signal for each carbon atom IS observed suggesting the stabilization 

of one rotamer able to form a l/l complex (Frgure 1 b) This roiamer has a mirror symmetry and arong the four possible 

symmetry isomers the structure represented tn figure 2 IS the most likely to provrde the best geometry grving a strong 

l/l complex 

Fraure 2 - a schematic view of 1 I complexes 

(1-a/#+) 

The carbonyl resonances are shifted downfield In relation wrth the parttcipatton of the oxygen atoms to the 

complexation An analogous result was observed for compound 3 using 282 4 MHz 1 H decoupled tgF nmr 

spectroscopy By adding one equrvalent of calcfum perchiorate, the number of fgF resonances change from eghl to 

one indicatrng the same drsappearance of structural heterogenerty (Frgure 3). 

The parbctpation of the ether oxygen atoms to the complexanon cannot be establrshed soundly from the nmr data 

due to the structural heterogeneity of the uncomplexed llgands for tH and 13C nmr spectroscopres the sgnals of 

CH2-0 nucler In the l/l complex appear In the same range of chemical shafts that the multr-resonance systems in the 

uncomplexed lrgands So a downfreld or a high field shaft cannot be determrned clearly 
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Figure 3 - 1 H decoupled lgF-nmr spectrum of 9 in CD3CN at 282 4 MHz 

(a) free lrgand , (b) 9 I Ca2+ complexe (l/l storchrometry) 

The stability constants were measured in THF solutrons Although their values rn acetonrtnle solvent, whrch was 

used rn nmr spectroscopy, may be qurte drfferent, they can be rndrcatrve of observed very little drfferences between 

the behavrour of compounds I,3 rn one hand and 2 on the other hand For compounds 1 and 2 only one symmeinc 

rotamer was evidenced for each complex, while for compound 2 a lrmited number of very weak addrtional lines appear 

besldes those of the major rotamer For Instance three drstrnct Irnes are present for the carbonyl resonances one of 

them berng of very little intensity This phenomenon can be related to the weaker value of Kt compared to those of 1 

and a 
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