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Abstract The pyryhum corands la, lb and the thlo yrylmm corands Za, Zb, were repared in ood yields 
by heterocychzatlon of the macrocychc l,S-pentane B lones 4a, 4b, whereas the pyn B f me corands a, 3b were 
obtained by reacting la and lb, respectively, urlth ammomum acetate NMR data and molecular mechanics 
calculations suggest that the heteroaromattc nuclei tend to fill the cavity of the macrormgs 

Introduction 

Recently Remhoudt and co-workers’ reported the preparation of hemlspherand-like2 macrocycles 

containing the pyryhum subunit As stressed by the authors, this subunit 1s a useful building block which 

allows further variation m the structure of a molecular cavity However the preparation of the highly 

structured pyryhum hemlspherands required mne steps with low global yields ( = 2%) lt3 

This IS, to our knowledge, the only example m the literature m which a pyrylmm rmg has been 

incorporated into a polyether macrocychc structure No examples have been reported so far for the 

thlopyryhum ring 

Of course it would be useful to develop simple and high yielding methods to prepare such macrocycles, 

also m view of the interesting electrochemical behavior of pyryhum and thlopyrylmm 1ons,4 which could be 

exploited m the area of redox responsive receptors 5 

Here we report a simple synthesis of corands’ la, lb and Za, Zb, and, as an example of the synthetic 

versatility of pyryhum ions, the conversion of corands la and lb Into the respective pyrldme corands 3a 

and 3b In the light of lH NMR results and molecular mechamcs calculations, some conformational aspects 

of the corands l-3 will also be discussed 
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la, X = O+. n = 1 

lb, X = O+. n = 2 

20. X = S+, n = 1 

2b. X = S+, n = 2 

3a,X=N. n=l 

3b. X = N. n = 2 

Results and Discussion 

Syntheses. Our synthenc approach to corands 1 and 2 IS based on the easy converston of l,Spen- 

tanedtones into both pyryllt~rn~~~ and thtopyryhum7 canons, so that 1 and 2 share the precursor 4 This 

approach IS more convenient with respect to one m which the pyran 133 or thtopyran rmg IS formed before 

macrocychzatton, not only because m this way the synthetic sequence dtverges only m the last step, but also 

because macrocyclizatron of a flexible chain 1s easier than that of a more ngtd structure mwhrch unavoidable 

repulsions between donor sites are built during the cychzatton process We have followed the approach’ of 

making the structure rtgtd after macrocychzatton, by constructmg an addmonal aromatic ring, so that the 

aromatrzatron reaction provides the energy to compensate for the increased repulsions 

The bmldmg blocks for the preparation of 4a and 4bwere trlethylene and tetraethylene glycol dnosylate, 

respecttvely, and the dtketone 5 The latter was synthesized fromg-methylanaole Reaction with glutaryl 

dlchlorlde and AK13 m drchloromethane gave the acylated and demethylated compound 5 in a yteld of 

86% Compound 5 had already been synthesized, though less efficiently, by double Fries rearrangement 

of dl-p-tolyl glutarate 9 

40. n = 1 

4b. n = 2 
5 
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Two-component macrocychzauon of 5 with trlethylene or tetraethylene glycol dltosylate, and 

tetramethylammomum methoxlde as a base m tetrahydrofuran, was carried out under mfhuuon (Ziegler 

high dilution) condltlons lo Products 4a and 4b were obtamed m 53% and 23% yield, respectively 

We have anticipated that the 1,5-pentanedlone moiety may be regarded as a synthetic precursor of both 

pyrylmm and thropyrylmm cations Conversion of the diketones 4a and 4b into the pyryhum corands la and 

lb could be accomplished in high yield (93%) m acetic anhydrlde by oxldatlon with trlphenylcarbemum 

tetrafluoroborate generated m srtu 

Heterocychzatlon of 4a and 4b to the thlopyrylmm corands 2a and 2b was carried out accordmg to the 

method of Stnelecka and Gloms, 7b I e by reactlon with P4S10 m acetic acid and m the presence of lithium 

perchlorate The yields of 2a and 2b were 57% and 53%, respectively 

Pyryhum ions are useful synthons because of their reativlty toward nucleophlles These attack the cz- 

and y-carbon atoms yleldmg 2H and 4H adducts wth variable selectlvltles 4 2HAdducts often give rise to 

other aromatic systems by a rmg opening-rmg closure sequence. The most important of such transforma- 

tions 1s the conversion of the pyrylmm rmg mto that of pyrldme 4 Conversion of the pyryhum corands la 

and lb into the corresponding pyrldme derlvatlves 3a and Jbwas accomplished by reactlon with ammonium 

acetate in acetic acid with yields of 53% and 75%, respectively 

ConformatIonal Aspects In the Table are reported the chemical shifts of thep and y heteroaromatlc 

protons of compounds l-3 It 1s interesting to note that on mcreasmg the length of the poly(oqethylene) 

bridge, while the y protons are slightly shlfted upfleld, the p protons are deshlelded by cu 0 2 ppm This 

causes, in the case of 2a, 2b, and 3a, 34 the mverslon of the order of the m and Hy chemical shifts, so that 

the spm systems change m both cases from-2 to A2B In order to clarify the role of the poly(oxyethylene) 

Table Chemical Shifts of /I and y Protons 
of Compounds 1-3 m CD3CN 

Compound d HB (ppm) 6 HY (ppm) 

la 841 8 86 

lb 857 8 84 

2a 8 60 8 85 

2b 8 83 8 78 

3a 7 53 7 76 

3b 7 78 774 

bridge it has been useful to examine the ‘H 

NMR data in CD3CN of the following 

pyrylmm ions which are devoid of the bridge 

2,6-bls(2-methoxy-5-methylphenyl)pyryhum 

(6) (H,3 861 ppm, Hv 874 ppm, J= 84 

Hz),” 2,6-bls(4- methoxyphenyl)pyrylmm (7) 

(w 8 19 ppm, Hr 8 66 ppm, J = 8 4 Hz),l’ 

2,6-dlphenylpyrylmm (8) (H@ 8 51 ppm, Hr 

8 95 ppm, J = 8 6 Hz) 12The chemical shift of 

Hy can be consldered a probe for the 

electromc effect of the a-phenyl rings, the Hr 

chemical shift order, 8 > 6 I? 7, indicates, as 

expected, that the substituted phenyl rmgs are 

electron-releasing and that their effect 1s 

similar In contrast the H# chemical shift 

order, 6 > 8 > 7, 1s clearly mdlcatlve of a 

proximity effect m 6, probably due to through-space electrostatic mteractlons between the o&o-oxygens 

and the #Lprotons If one compares the m chemical shifts of la and lb with those of 6 and 7, the followmg 

order IS found 6 = lb > la > 7 Thus order Indicates that the proxlmlty effect betweenortho-oxygens and 
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R2 

6, RI = OMe, R2 = H. R3 = Me 

7, Rl = R3 = H. R2 = OMe 

R2 &Rl=R2=RJ=H 

/%protons 1s partially hindered by the poly(oxyethylene) bndge, m parttcular by the shorter one Thus 

conclusron, m vrew of the chenucal shift patterns shown m the Table, would also hold for the thiopyryhum 

and pyrtdme corands. Since the NMR data suggest the exrstence of a conformatron of mrmmum energy in 

which the o&o-oxygens are m close proxtmrty to the /I-protons, we have carrred out molecular mechamcs 

calculattons13 on the neutral compounds 3a and 34 m that analogous calculatrons on charged species, like 

1 and 2, would be less rehable Indeed the results of the calculatrons show a mrmmum m correspondence 

of the structures shown m the Figure In both structures the pyrrdme nucleus tends to fill the cavrty of the 

macrormg, the effect being more pronounced wrth the longer bridge Thus phenomenon whrch can be 

considered a sort of self-complexatron, was first recognized by Remhoudt et al l4 m the case of 2,6-pyrtdo 

and benzo crown ethers 

3a 3b 

Figure. Conformatrons of Mmrmum Energy of 3a and 3b. Only the Hydrogens 
on the Pyrtdme Rmgs have been reported for clarny 
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Experimental 

Melting points are uncorrected. ‘H NMR spectra were recorded wtth a Varlan Germm 200 and XL-300 

spectrometers Chemical shifts are expressed m ppm (a) from TMS internal standard I-hgh resolution EI 

and FAB mass spectra were obtamed v&h a Kratos MS-80 spectrometer The expertmental detads to obtain 

high resolution FAB mass spectra of pyryhum and thiopyrylmm ions have been prevtously reported l5 TLC 

analyses were performed on Merck 60 Fm silica gel plates Column chromatography separations were 

carried out on Merck 60 silica gel (70-230 mesh) Tetrahydrofuran (THF) was freshly dlstdled from sodium 

wires before use Tnethylene and tetraethylene glycol dltosylates were prepared according to a hterature 

procedure l6 

1,5-Bls(2-hydroxy&methylphenyl)pentane-1,5-dione (5). The reaction was carried out m a dry SOO-mL 

three-necked flask, fitted with reflex condenser and droppmg funnel, and connected to a suitable HCI-trap 

To a mixture of 75 g (0 56 mol) of anhydrous AK13 m 125 mL of CH2Cl2 were cautiously added 31 g (0 25 

mol) ofp-methylamsole Glutaryl dlchlonde (215 g, 0 125 mol) m 50 mL of CH2C12 was added dropwlse 

to the resultmg solution at a rate that mamtamed a gentle reflux When the addition was complete, the 

mixture was heated to maintain reflux for 1 h After coolmg to room temperature the reactlon solution was 

poured into a mixture of Ice (250 g) and concentrated HCl(l50 mL) After separation of the orgamc phase, 

the water layer was extracted with methylene chloride The combmed orgamc layers were washed with water 

and dried (CaClz), and the solvent was evaporated under reduced pressure to give a solid material The 

product was recrystalhzed from ethanol to give pure 5 yield 86%, mp 139-141 C (lit 140-141 C,9a 143 

C9b), ‘H NMR (300 MHz) (CDCl3) 2 19 and 2 30 (m and s, 8H, COCH2cH2 CH2CO and CH3), 3 13 (t, J 

= 6 0 Hz, 4H, COCH2), 6 88 (d, J = 8 6 Hz, 2H, H3), 7 27 (dd, J = 8 6,2 Hz, 2H, H4), 7 55 (d, J = 2 Hz, 

2H, He), 12 12 (s, 2H, OH) 

5’,4”-Dimethy1-8,11,14,17-tetraoxa-6,7;onadeca-6,18-diene-1,5-d~one (4a) A 100 mL 

solution of 5 (5 0 g, 16 mmol) and trlethylene glycol dltosylate (7 3 g, 16 mmol) m THF, and a 100 mL 

solution of 16 mL of methanohc tetramethylammomum hydroxide (25 wt %, 2 2 M) m THF were 

simultaneously added over a 5-h pertod to 100 mL of bodmg THF When the addltton was complete, the 

mixture was reflexed for 1 h and then, after havmg reduced the volume to 50 mL by solvent dlstlllatlon, was 

poured mto water A solid separated which was collected and purified by column chromatography (ahca 

gel, benzene/ethyl acetate 1 1) and recrystalhzed from EtOH yield 52 %; mp 136-138 C, ‘H NMR (300 

MHz) (CDCl3) 196 (m, ~H,COCHSXZCH~CO), 2 26 (s, 6H, CH3), 3 16 (m, 4H, COCH2), 3 71 (s, 4H, 

OCHKH20), 3 84 (m, 4H, ArOCH2CH20), 4 16 (m, 4H, ArOCH2CH20), 6 77 (d, J = 8 4 Hz, 2H, ArH), 

7 20 (dd, J = 8 3,2 4 Hz, 2H, ArH), 7 51 (d, J = 2 4 Hz, 2H, ArH), mass spectrum found M+, 426 208 

C2sH3006 reqmres M +, 426 204 

5’,4”-Dimethyl-8,11,14,17,20-pentaoxa-6,7;21~2-dibenzocyclodocosa~~l-d~ene-1,5-d~one (4b) was 

prepared from tetraethylene glycol dltosylate similarly to 4a. After havmg reduced the volume of the final 

reactlon mixture to 50 mI_., It was poured into water and extracted wtth ethyl ether The combmed ethereal 

extracts were washed with a 0 25 M NaOH aqueous solution, with water and dried (Na2S04) By removal 
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of the solvent an 011 was obtained that was purified by column chromatography (slhca gel, ethyl ether) to 

give a solid product yield 23 %, mp (EtOH) 86-87 C; ‘H NMR (300 MHz) (CDCl3) 2 06 (m, 2H, 

COCHKEfXH2CO), 2 28 (s, 6H, CH3), 3 15 ( m, 4H, COCH2), 3 67 (s, 8H, OCH2CH20), 3 85 (m, 4H, 

ArOCH2C&O), 4.18 (m, 4H, ArOC&CH20), 6.80 (d, J = 8 4 Hz, 2H, ArH), 7 21 (dd, J = 8 4,2 4 Hz, 

2H, ArH), 7 50 (d, J = 2 4 Hz, 2H, ArH); mass spectrum found- M+, 470 223 C27H~0 reqmres M+, 

470 230 

5’,4”-Dimethyl-4,7,10,13-tetwoxa-20-oxon~a-2~;14,15~ibe~obi~c1o[14~,1]icosa-1(20)~,14,16,18- 

pentaene tetrafiuoroborate (la) Compound 4a (0 89 g, 2 1 mmol) and tnphenylmethanol(0 59 g, 2 3 mmol) 

were dissolved m 15 mL of warm acetic anhydrtde To the well-starred solution was added dropwtse a 

solutton of 50% HBF4 (0 84 g, 4 8 mmol) m 10 mL of acetic anhydrtde (this solution must be prepared by 

adding the HBF4 m drops to the Ice-cooled and well stlrred AaO) The reaction mixture was warmed to 

50 C for 30 m After coohng to room temperature, ether was added until complete preclpltatlon of the 

product la, which was collected and washed with ether The crude solid was purified by dlssolutlon m the 

least amount of CH2Cl2 followed by preclpltatlon wth dry ether yield 93 %, mp 218-220 C, ‘H NMR 

(300 MHz) (CDSN) 2 40 (s, 6H, CH3), 3 06 (s, 4H, OCHzCHzO), 3 45 (m, 4H, ArOCH2CX20), 4 29 (m, 

4H, ArOC&CH20), 7 22 (d, J = 8 4 Hz, 2H, ArH), 7.57 (dd, J = 8 4,2 1 Hz, 2H, ArH), 7 75 (d, J = 2 1 

Hz, 2H, ArH), 8 41 (d, J = 8 1 Hz, 2H, H17 and H19), 8 86 (t, J = 8.1 Hz, lH, Hi@, FAB mass spectrum, 

found M’, 407 188. C25H2705 reqmres M+, 407 186 

5’,4”-D~methyl4,7,10,13,16-pentaoxa-~-oxonia-2~;17,18-d~benzobi~c1o[17~,1] trrcosa-1(23),2,17,19, 

21-pentaene tetrafluoroborate (lb) was prepared from 4b stmtlarly to la yteld 93%, mp 188-189 C, ‘H 

NMR (300 MHz) (CD3CN) 2 43 (s, 6H, CH3), 3 28 and 3 34 (m, 8H, OCHzCHzO), 3 71 (m, 4H, 

ArOCH2CH20), 4 31 (m, 4H, ArOUGCH20), 7 20 (d, J = 8 5 Hz, 2H, ArH), 7 57 (dd, J = 8 5,2 2 Hz, 

2H, ArH), 7 88 (d, J = 2 2 Hz, 2H, ArH), 8 57 ( ABz-system, J = 8 3 Hz, 2H, HZIJ and Hz), 8 84 ( 

A&-system, J = 8 3 Hz, lH, H21), FAB mass spectrum, found M +, 451213 C27H3106 requires M+, 

451212 

5’,4”-Dimethy14,7,10,13-tetraoxa-20-thion~a-2~;14,15-dibenzobicyc1o[14J,1]icosa-1(20),2,14,16,18- 

pentaene perchlorate (2a) l7 A mtxture of 4a (0 85 g, 2 mmol), phosphorous pentasulftde (0 67 g, 3 mmol) 

and hthmm perchlorate (128 g, 12 mmol) was refluxed with sturmg m 10 mL of acettc acid After 2 h a 

white precipitate was filtered off and washed wth hot acetic acid A crude solid was preclpltated by addltlon 

of dlethyl ether to the filtrate Thus was dissolved m the least amount of CH3CN and repreclpltated with 

ether The ‘H NMR spectrum of this material was consistent with the expected thlopyryhum cation 

contaminated by the correspondmg pyryhum Ion (molar ratio 2a la = 4 1) The purlflcatlon of 2a relied 

on the higher reactlvlty toward nucleophlles of the pyxyhum wth respect to the thlopyryhum rmg 
18 

Addltlon of the proper amount of methoxlde ion which, selectively adds to the pyryhum rmg, allows the 

isolation of ta.The purlflcatlon procedure had been already experimented m analogous cases and descrrbed 

m detad 7c Yield 57 %, mp 184-185 C, ‘H NMR (200 MHz) (CD3CN) 2 43 (s, 6H, CH3), 3 40 (s, 4H, 

OCHZCHZO), 3 70 (m, 4H, ArOCHSHzO), 4 32 (m ,4H, ArOCH2CH20), 7 18 (d, J = 8 8 Hz, 2H, ArH), 
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7 46-7 56 (m, 4H, ArH), 8 60 (ABz-system, J = 8 7 Hz, 2H, H17 and H19), 8 85 (AB2- system, J = 8 7Hz, 

lH, HB), FAR mass spectrum, found M+, 423 1585 C~H2704S requires M+, 423 163 

5’,4”-Dlmethyl-4,7,10,13,16-pentaoxa-W_,ll tricosa-1(23),2,17,19, 

21-pentaene perchlorate (2b) l7 was prepared from 4b simtlarly to 2a yteld 53 %; mp 101 C (dec ), ‘H 

NMR (300 MHz) (CD3CN) 2 40 (s, 6H, CH3), 3 31 and 3.38 (m, 8H, OCHZCHZO), 3.72 (m, 4H, 

ArOCH2CH20), 4 28 (m, 4H, ArOUT..H20), 7 20 (d, J = 8 5 Hz, 2H, ArH), 7 48-7.58 (m, 4H, ArH), 

8 78 (A&system, J = 8.8 Hz, lH, H21), 8 83 &B-system, J = 8 8 Hz, 2H, Hm and H22), FAB mass 

spectrum, found M+, 467 194 C27H31OG reqtures M+, 467 189 

5’,4”-Dimethy1-4,7,10,13-tetraoxa-20-aza-2~;14,15-dibenzobicyc1o[14~,1]icosa-1(20)~,14,16,18- 

pentaene (3a) A solution of la (0.95 g, 192 mmmol) and ammomum acetate (15 g, 19 5 mmol) m 10 mL 

of glacial acetic acid was heated under reflux for 4 h After being cooled to room temperature, the reaction 

murture was poured into water The nurture was made alkaline with NaOH and extracted with ether. The 

organic extracts were washed wuh water and dried over NaGO.t, and the solvent was removed under 

reduced pressure The product was purtfted by column chromatography (benzene/ethyl acetate 1 1) and 

recrystallized from acetone yield 53 %, mp 122-123 C, ‘H NMR (300 MHz) (CD3COCD3) 2 34 (s, 6H, 

CH3), 3 10 (s, 4H, OCHKH20), 3.49 (m, 4H, ArOCH2C&O), 4 07 (m, 4H, ArOW.H20), 7 00 (d, J 

= 8 3 Hz, 2H, ArH), 7 18 (dd, J = 8 3,2 2Hz, 2H, ArH), 7.43 (d, J = 2.2 Hz, 2H, ArH), 7 53 ( ABa system, 

J = 7 7 Hz, 2H, H17 and H19), 7 76 ( ABz-system, J = 7 7 Hz, lH, His), mass spectrum, found: M+, 

405 1945 CuH27N04 requires M+, 405 194 

5’,4”-D~methyl-4,7,10,13,16-pentaoxa-U-aza-2J;17,18- dibenzobicyclo[l7,3,1]tricosa-1(23),2,17,19,21- 

pentaene (3b) was prepared from lb stmtlarly to 3a yteld 76 %, mp (acetone) 149-150 C, ‘H NMR (300 

MHz) (CD3COCD3) 2 34 (s, 6H, CH3), 3 31 and 3 38 (m, 8H, OCHZCHZO), 3 72 (m, 4H, ArOCH2CH20), 

4 11 (m, 4H, ArOC&CH20), 6 98 (d, J = 8 4 Hz, 2H, ArH), 7 16 (dd, J = 8 3,2 4 Hz, 2H, ArH), 7 70 (d, 

J = 2 4 Hz, 2H, ArH), 7 74 ( AzB-system, J = 7 9 Hz, lH, H21), 7 78 ( A&I-system, J = 7 9 Hz, 2H, 

H21 and HZ), mass spectrum, found M+, 449 222 C27H31N05 requtres M+, 449 220 
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