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Abstract - qo-Terbmy diamines react under high pmssum ti HUM-iodo wmpounds to g/w the 

cycltc his-quatamaty salts in almost quantttattws ymids It is also shown th8t the same macthm can 

kr carded out under atmos@wic-pressure wndMns with st@htly bmr yWds, Subsequent 

demethflatm of the bisquatemary salts wdh tdptmytptmsphine aflbrds N,N’-dimethyl 

dmzammnands in high yteld 

Owmg to the Importance of dlazacoronands as bullding blocks for the synthesis of more complex 

molecular receptors, the studies on the methods of their preparation lay within the scope of Interest of 

supramolecular chemistry The methods for the formation of diazacoronands have recently been 

reported 23 In pnnciple, high-dilution techniques4 and “template effect” procedures5 provide the most 

useful methods It was recently found that N,N’dlmethyl dlazacoronands reacted under high-pressure 

conditions with various a,odi-iodo compounds to afford the respective his-quaternary salts, whose 

demethylatlon led to the correspondmg cryptands in very good yields 67 The expenence gained from 

these studies paved the way for the high-pressure synthesis of diazacoronands Very recently we 

presented a prellmmary information on this new application of the high-pressure quaternlzatlon- 

demethylation procedure ’ We now report the extension of these studies on the synthesis of 

dlazacoronands as well as an atmosphenc-pressure modlflcatlon of the procedure 

We found that the a,w-tertiary dlamlne 1 reacted smoothly with 1 equiv of bls-(Slodoethyl) ether (2) 

to give product 3 as a colourless solid (Scheme 1) 
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Demethylabon performed by treatment of 3 with tnphenylphosphme In bollmg DMF, afforded the /V,N’- 

dlmethyl dmzacoronand 4 In 81% yield 

The same procedure was applied for prepartion of other bsquaternary salts starting from a,o- 

tertiary diammes (1, 5, 6) and a,o-dl-&ides (2, 7, 8) the appropriate macrocyclic salts were obtained 

(Scheme 2) The yleids of these reachons are shown in Table 1 

5 19 1 11 

Scheme 2 

Table 1 

99% 95% 96% 
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From the pomt of view of reation mechanism, It has been postulated’ that this reaction consists In 

two steps The first intermolecular quatemlzabon leads to a linear salt which then reacts 

Intramolecularly, affording a cychc ksquaternary product The second mtramolecular step IS In 

competition with the possible reaction of chain elongation (polymerization) The linear compound 

obtained In the first step IS in equilibnum with the quasi-cyclic form which seems to be favoured by high 

pressure (Scheme 3) 

Scheme 3 

It was expected that under increasingly high pressure the reaction leading to linear polymers IS 

disfavoured because of the increase in solvent’wscosity that prevents intermolecular collisions In our 

opinion, the preference for formatlon of a quasi-cyclic Intermediate IS due not only to high pressure but, 

first and foremost, to self-assembly of the linear conformer High pressure only slows down the 

transport processes According to Menger’s postulate,’ the reacting groups remain in proxlmlty (rn the 

absence of intermolecular reactions prevented by high pressure) long enough for the reaction to occur 

The question arises whether high pressure IS Indispensable for enforclng the cycllzation of these 

substrates To check this assumption it was resolved to perform under normal pressure exactly the 

same reactions as specified in Scheme 2 The yields of these reactions are presented rn Table 2 

Table 2 
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Although the cyclic products of the high-pressure reations are far more pure but In both cases 

(normal and hrgh-pressure conditions) the desired compounds can bs isolated by one or two 

crystalllzatlons after which the yields are &III reasonably high 

The his-quaternary salts can be directly transformed into the corresponding 

N,N’dimethyl dlazacoronands (Scheme 4) which are well known from the literature lo ” The 

transformation was performed using tnphenylphosphlne In boiling DMF I3 The yields of these reactions 

are presented in Table 3 

9 
Ph,P 

DMF 
roflux 

14 15 

11 
Ph,P 

DMF 
reflux 

16 

12 
Ph,P- 

4 
DMF 

reflux 

Scheme 4 

Table 3 

Compound 14 15 16 17 

Yield 74% 70% 59% 64% 

All the presented cyclizabon reactions proceed efficiently under high-pressure conditions as well as 

under normal pressure The course of the reactions IS assumed to depend on the occurrence of self- 

assembly phenomena which are probably stimulated by a properly selected solvent and the yields are 

Improved by application of high pressure The performed experiments allow for the following 

conclusions 

1 The application of the high-pressure technique results with a very good yield and high purity of 

the products 

2 The use of high pressure can be dispensed with, when the slightly lower yield and lower purity 

of the products are acceptable 
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3 The macrocycllc bs-quaternary ammonium salts can be easily transformed into corresponding 

N,N’-dlmethyl dlazacoronands 

4 The his-quaternanzation reaction, under hrgh pressure and normal condltlons as well, can be 

recommended for obtainment of more elaborated structures, Including choral compounds 

General 

EXPERIMENTAL 

‘H NMR spectra were recorded at 500 MHz with a BRUKER AM 500 spectrometer 13C NMR spectra 

were measured at 125 MHz with a BRUKER AM 500 spectrometer Elemental analyses were 

performed on a macro scale 

All high-pressure reactions were carned out in a piston-cylinder type apparatus with an Initial working 

volume of about 90 mL Construction details of the apparatus have been reported previously ” 

General procedure for preparation of N,N,Af’,N’-tetramethyl dlazacoronands under high 

pressure 

0 1 M Solution of a,w-tertiary dlamine (1 equiv ) and a,w-di-iodide (1 equiv ) rn acetonitnle was 

charged into a Teflon ampoule which was placed In a high-pressure vessel filled with pentane as a 

transmission medium, and compressed (10 kbar) at room temperature for 48 h After decompresslon, 

the crystals were filtered off, the solvent was evaporated from the filtrate, and the combined solld was 

twice recrystalllted from methanol 

General procedure for preparation of N,N,N’,N’-tetramethyl dlazacoronands under 

atmospheric pressure 

0 1 M Solution of a,w-tertiary diamine (1 equiv ) and a,w-di-iodide (1 equlv ) In acetonitnle was left 

at room temperature for 6 days After filtration of crystals and evaporation of the solvent from the 

filtrate, the combined solid was twice recrystallized from methanol 

N, N,N: N’-Tetramethyl- 1,7-draza-4,10-d/oxacyclododecane d/-&/de (3) 

Anal calcd for C,,H,N,O,I, x H,O C, 28 6, H, 6 0, N, 5 6 Found C, 28 5, H, 5 9, N, 5 7 

‘H NMR (D,O) 6 3 08(s, 12H), 3 55-3 60(m, 8H), 3 81-3 83(m, 8H) 

13C NMR (D,O) 6 52 2, 63 8, 63 9, 64 1, 64 3, 64 4, 71 1 

N, N, N’,N’-Tetramethyi- 1,10-draza-4,7,13-tnoxacyclopentadecane di-lodlde (9) 

Anal calcd for C,,H,N,O,I, C, 31 7, H, 6 1, N, 5 3 Found C, 31 7, H, 6 3, N, 5 4 

‘H NMR (D,O) 6 3 16 3 18(m, 12H), 3 59 3 67(m, 12H), 3 88 2 93 (m, 8H) 

13C NMR (D,O) 6 51 7, 63 3, 63 6, 63 8, 63 9, 69 2 

N, N, N’, N’-Tetramethyl-5,6-benzo- I,1 O-diaza-4,7,13-tnoxacyclopentadecane dr-lodrde (10) 
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Anal calcd for C,,H,N,O,I, C, 37 4, H, 5.6, N, 4 9 Found C, 37 1, H, 5 6, N, 5 2 

‘H NMR (DMSO-da D,O,l 1) 6 3 3O(s, 12H), 3 63(m, 4H), 3 94 (m, 4H), 4 02(m, 4H), 4 46(m, 4H), 

6 97 7 15(m, 4H) 

=C NMR (DMSOd,D,O,l 1) 8 520, 626, 632, 635, 640, 1144, 1154, 121 9, 1224, 1471, 

1476 

N, N,N’,N’-Tetramethyl-l, lO-draza-rl, 7,13,1iHetraoxacyclooctadecane dl-rod/de (11) 

Anal calcd for C,,H,N,O,I, C, 33 5, H, 6 3, N, 4 9 Found C, 33 6, H, 6 5, N, 4 9 

‘H NMR (40) 6 3 28(s, 12H), 3 74(s, 8H), 4 05(s, 8H) 

‘% NMR (D,O) 6.55 1, 66 9,72 4 

N, N,N’,N’-Tetramethyi-5,6-benzo- 1,l O_draza4,7,13,16-tetraoxacyckwctadecane dwodide (12) 

Anal calcd for C,H,N,O.,I, C, 38 0, H, 5 9, N, 4 4 Found C, 36 1, H, 6 3, N, 4 5 

‘H NMR (DMSO-$ D,O,l 1) 6 3 lO(s, 12H), 356(m, 4H), 360(m, 4H), 3 76(t, J=49Hz, 4H), 

3 66(m,4H), 4 36(m, 4H), 6 95 - 7 02(m,4H) 

13C NMR (DMSO-$.D,O,l 1) 6 51 6, 620, 627, 637, 646, 695, 1138, 1223, 1465 

N, N,N‘,N’-Tetramethyl-5,6,14,l5-d~benzo-l,lO-d1aza4,7,13, 16-tetraoxacyckwctadecane df-rodrde (13) 

Anal calcd for C,H=N,O,I, C, 43 0, H, 5 4, N, 4 2 Found C, 43 1, H, 5 4, N, 4 3 

‘H NMR (DMSOd, D,O,l 1) 6 3 31 (s, 6H), 3 35(s, 6H), 3 97(m, 8H), 4 48(m, 8H), 6 95 - 7 3(m,8H) 

‘% NMR (DMSOd, D,O, 1 1) 6 12 7, 23 6, 24 6, 75 4, 83 2, 108 3 

General procedure for demethylation of bisquaternary salts with trimethylphosphine 

EM-quaternary salt (0 6 mmol) and tnphenylphosphine (0 314 g, 1 2 mmol) were refluxed In DMF (10 

ml) for 6 h The lsolatton of the N,N’dlmethyl dlazacoronands from the reaction mixture appeared 

troublesome These compounds strongly complex the methyltflphenylphosphontum iodide which IS one 

of the side products The complex was decomposed by treatment of the reaction mixture with the 

diluted hydrochloric acid, and then the liberated phosphonlum iodide was removed by extractlon with 

chloroform The aqueous solution contains only the desired product, and after evaporation of water the 

N,N’-dimethyl diazacoronand was isolated by dlstlllatlon in vacuum on a bubble-to-bubble type 

apparatus 

N,N’-D/methyl-l,7-draza-4,1 O-d/oxacyclododecan (4) 

‘H NMR (CDCl$ 6 2 37(s, 6H), 2 66(t, J=GHz, 6H), 3 58(t, J=GHz, 8H) [Lit ‘“1 

N, N’-DImethyl- l, lO-diaza-4,7,13-tr~oxacyclopentadecan (14) 

‘H NMR (CDCIJ 6 2 29(s, 6H), 2 83(m, 8H), 3 5 3 7(m, 12H) [Lit “1 

N, N’-D/methyl-5,6-benzo- l, lO-draza-4,7,13&roxacyclopentadecan (15) 

‘H NMR (CD&) 6 2 3(s, 6H), 2 7(t, J=5Hz, 4H), 2 8(t, J=4Hz, 4H), 3 S(t, J=SHz, 4H), 4 05(t, J=4Hz, 

4H), 6 8 6 9(m, 4H) [ht ‘1 
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N,N’-D/methyl-l, lOdraza-4,7,13,16-tetraoxacycknxtadecan (16) 

‘H NMR (CD&) 8 2 31 (s, 6H), 2 69(t, J=5 5Hz, 8H), 3 62(m, 16) Ft ‘1 

N,N’-D~methyl-5,6-benzo-l,lO-d1aza-4,7,13,16-tetraoxacyc~decan (17) 

‘H NMR (CD&) 8 2 3(s, 6H), 2 7-3 05(t, J=GHz, 4H), 2 87(t, J=GHz, 4H), 3 55-3 80(m, 8H), 4 1 (t, 

J=GHz, 4H), 6 85-6 95(m, 4H) 
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