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Abstract 

The synthesis of alkyl, nitro and halogen0 derivatives of benzo-15-crown-& benzo- 

16-crown-6 and naphtho-l5-crown-5 has been reported. Also some novel ester type 

bls(crown etherjs have been prepared. Some of the compounds have been characterized 

as electroactlve substances in PVC membrane ion-selective electrodes. 

INTROBUCTION 

Introduction of llpophilic substituents Into crown ethers or other ion carriers, applied 

as electroactive substances in ion-selective membrane electrodes, leads to a decrease of 

the carrier solubillty in water. Thls Is a consequence of an increase in the partltlon 

coefficient between water and the membrane of the carrier and especially of its complex 

with the respective ion.’ Also, the stability of the membrane and, at the same time, the 

stability of the electrode increases with the rise in lipophillclty of the carrier. 

Mono crown ethers have been applied as electroactive substances in ion-selective 

electrodes.2-* However, due to poor selectivitles, the electrodes did not arouse any 

substantial interest. In our previous papera we have reported the results of Investigations 

on the effect of substituents in arcmatlc macrocyclic polyethers on potassium ion-selective 

electrode propertles. An increase in lipophilicity improved the selectivltles of electrodes. 

This effect was studied using compounds of systematlcally increasing lipophillclty. 

Now, we wish to present the synthetic routes leading to the previously reported 

compounds. Based on the previous findings we synthesized and studied new compounds 

in ion-selective electrodes, expecting improved properties. The compounds are shown in 

Figs. 1 - 4. 

The preparation of crown ether derivatives was reviewed by Bradshaw and Stott’O and 

later by Gokel and Korzeniowski. l1 Many benzocrown derivatives have been prepared 

starting from the respective catechol derivatives. The direct derivatlsation of crown ethers 

seems to be very attractive, especially when the parent crown ethers are easily available. 
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The most valuable results are obtained for crown ethers with one benzene rlng because, 

usually, the reactlon gives an unamblgous product as there Is no poeelblllty of Isomer 

formation. Moreover, In the case of syntheels of llpophlllc benzocrown ether derivatives, 

the respective catechol derivatives are not easily or ccmmerclally available. Hence, the 

derlvatlzation of benzocrowns seems to be more effective. 4,6-Dlmethylbenzo-15- 

crown-5, obtalned In two steps wlth the overall yield of 66% by a procedure elaborated In 

our laboratory, is an example. 

Ftg. 4. BlD(cmm -19 

MC. o? m 

22 X = di-hbtylYloniC wid rrldu 

aa x = 1,1_cyc1 -iurbatylIc &?ld mid&am 

a4 X = l,2-oi~oycl~xuwdiu~xylic acid midu 

RESULTS AND DISCUSSION 

Synthesis. 

The results of the syntheses have been gathered in Table 1. 

We stated previously that benzocrown ethers undergo b romomethylatlon easily 

with an excess of formaldehyde In a 40% hydrogen bromide solution In acetfc acid. The 

reaction proceeds at rcom temperature or at O’C for 2 days. Practically, two bromomethyl 

groups are Incorporated into one benzene ring. As the previously described procedure12 

is sometimes lrreproduclble, the reaction has been described agaln In detail. 

Bromomethylatlon was also carried out for benzo-18-crown-6 and naphtho-15-crown-5 In 

the last case, the 1,4-bls(bromomethyl) derivative wae formed mainly but was not Isolated 

In pure form. The reactlon mixture was used directly to obtaln the dlmethyl derivative. 

The bromomethylation reaction was used subsequently to b romomethylate dimethylbenzo- 

15-crown-5. This reaction is slower than bromomethylatlon of benzo-15-crown-5 and 

results In the formation of 3-bromomethyl-4,5-dimethylbenzo-lC-crown-5 The respective 
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bromomethyl derivative of dlmethylbenzo-18-crown-6 was obtained by a simllar procedure. 

Surprlslngly, this reactlon Is much slower than the reaction with dlmethylbenzo-15- 

crown-5. It runs for two weeks wlth the flnal yield of approx. 50%. Bromomethylation of 

trlmethylbenzocrown ethers was unsuccessful. 

Bromomethyl and chloromethyl derivatives are very valuable Intermediates In the 

synthesis of many compounds, obtained by nucleophlllc substitution of the halogen atom.la 

The dlmethyl and trimethyl derivatives of benzocrown ethers, so far undescribed In the 

literature, have been obtalned by reduction of the above compounds with zinc and 

hydrochloric acid In acetic acid. Dimethylbenzo-l&crown-5 was obtalned in a 78% yield 

and the 18-membered analogue In a 39% yield. Another way of utlllslng the bromomethyl 

derivatlves is nucleophlllc substitution of the bromine atom In the synthesls of bis(crown 

ether)s. 

The tert-butylatlon of benzocrown ethers wlth tert-butanol In phosphoric’* or 

polyphosphorlc acid is a very facile and effective procedure. teriLButylatlon of benzo-15- 

crown-5 afforded tert-butylbenzo-15-crown-5 In higher yield than the overall yield In the 

synthesls of thls compound from tert-butylcatechol. ” The tert-butylatlon reaction of 

naphtho-15-crown-5 Is far more complicated. During the reaction performed at 60-C, 

6-tertbutylnaphtho-15-crown-5 Is formed as the maln product. It was Isolated using 

column chromatography followed by crystallization. Identification of the position occupied 

by the tertLbutyl group In this compound was based on Interpretation of NMR spectra 

Introduction of longer alkyl chains by elsctrophlllc substitution using the respective 

tertiary alcohols and polyphosphorlc acid Is also easy. Alkyl derlvatlves 7, 8, 19 have been 

obtained by this method. Alkylation of naphtho-15-crown-5 proceeds more unequivocally 

than tertbutylation. Products 27 and 28 were obtalned In good yields. The lower yield In 

the case of ter+butylatlon In position 6 of the naphthalene resldue as compared wlth 

alkylatlon by higher tertlary alcohols may be interpreted as a consequence of partlal terF 

butylatlon of the naphthocrown ether, presumably at position 1, followed by splittlng of 

the macrocyclic ring. 

The synthesis of bls(crown etherIs was based on a procedure describing the 

synthesis of benzyl like esters. I5 This procedure Is efficient and produces the respective 

esters in moderate yields. The 3-bromomethyl-4,5-dlmethylbenzo-15-crown-5 was also 

reacted with salts of dicarboxyllc acids. The respective dlesters were obtained startlng 

from triethylammonium salts of dl-n-butylmalonic, 1 ,l -cyclobutane-dlcarboxyllc and 

1,2-c/s-cyclohexanedicarboxylic acids. A bis(crown ether) with a P-oxapropylene chain 

between the monocrowns is formed as a byproduct. 

We also synthesized tetrachlorobenzo-15-crown-5 and tetrachlorobenzo-18-crown-6. 

The reaction was carried out In the absence of light by passing chlorine through a solution 

of the benzocrown ethers In chloroform. The yields were excellent. The conditions of the 

reaction were exactly the same as those described for chlorlnatlon of dlbenzo-18-crown-6.1e 

4,5-Dlbromo-3,6-dlchlorobenzo-15-crown-5 wasobtalned In twosteps, flrst by bromlnatlon” 
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of benzo-15-crown-5 and then subeequently chlorlnatlon. Nltratlon of benzo-l&crown-5 

and benzo-lS-crown-6 to obtain dlnltro derivatives was 8ffectBd In fuming nltrlc acid. The 

ylelde of recrystallized products were high. This indicates the stabllity of the macroring 

towards fuming nitric acid. Under much milder conditions, the yields were lower.” The 

synthesis of the reported compound8 is quite simple and relatively high yields have been 

obtained. 

Ion-Selective Electrode fnveetlgatlons. 

Some novel derivatives, amongst them bls(crown ether& have been tested by lon- 

selective electrodes, conflrmlng our previous flndlngs.* The selectlvlty cosfflclents, 

compared with those for some reported compounds, are presented In Flga 5 and 6. 

The electrode propertles of the most llpophlllc compounds are most promfslng and 

conflrm the llpophlllclty - selectivity relatlonshlp. Hlghly Hpophilic substances like 

6-(l~,l’-dlmethyltrld~yl)n~hth~~5-crown-5 (26, log P = 10&t) are slmllar In selectlvlty 

to many bisfcrown etherIs. Such lipophlllc compounds may be used In Ion-sslectlve 

electrodes for practical purposes, e.g. In medlcal appllCZ%tlOnS. 

In the case of benzo-lS-crown-6 derivatlves, no pronounced effect wss stated on the 

K,Na selectivity. However, an effect on the Cs,K selectlvlty Is observed (e.g. log KCm,K 

values: 17 1, 18 -1.07, 19 -1,671 

The discovered effect of an Increased llpophlllclty on the Improvement of selactlvlty 

of a carrier In an ion-selective membrane is observed, first of ail, for the 15-membered 

macrocycllc compounds suggesting partlclpat~on of a 2:l llgand to potassium Ion 

stoichlometry of the species which undergoes dlstrlbutlon between water and the membrane 

in ion-selective electrodes. On the other hand, It Is known that the linkage of two crown 

ether moieties Is connected also with an Increase of seleotlvlty. We studied the mutual 

effect of both phenomena, i.e. Ilnkage and lipophlllcity, expecting the best propertles for 

bls(crown etherfs with lipo~hllic substltuent8 In both subunlts shown In Fig. 4. 

The selectlvlty coefficients for these bis(crown ether15 are not as good as expected. 

They are, in fact, worse than for 8ome of the monocrown ether derlvatlves. This is 

probably due to the ~ntroductton of polar ester groups (In spite of ln~r~rattng Ilp~hIllc 

substituents Into the dlcarboxyllc acid residues and the arcmatlc rlngs). The posslblllty 

of unfavourable conformation of the bls(crown ether) caused by llnkage through the 

benzene carbon atom In posltlon 3 is not advantageous. A slmllar problem wss also 

discussed by Klmura19 

The lipophllicity - selectivity relatlon led to the synthesis of cMnpounds with 

selectivity coefflclents similar to those for the best bistcrown ether)s applied In pota&Um 

ton-selective electrodes.** Introduction of substltuents Into poeltlon 1 and/or 4 of naphtho- 

15-crown-5 does not Increase the selectlvlty. This may be a result of the stersochemlcal 

Influence of substltuents In posltlon 3 and 6 of the benzoorown@ and posltlons 1 and/or 4 
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of the naphthocrown on conformation of the macrocycllc unlt. A positive effect of a nltro 

group In posltlon 6 of naphtho-15-crown-6 on selectivity Is unusual and Is slmllar to that 

reported by Toke et al. 21 for blstcrown ether)& 

coNcLusIoNs 

Llpophlllclty Is an Important factor affecting relectlvlty. Thls phenomenon Is explalned 

by formatlon of complexes of different stolchlometry between the crown and potassium (2:l) 

and sodlum (1:l). 

Highly llpophlllc compounds 5, 6, 7, 6, 26, 27 and 26 exhlblt the best selectlvltles 

towards potassium with log K,,,, values of approx. -3.3 to -3.5. These values are slmllar 

to values for some bls(crown ether)s. 

A rise In llpophlllclty Is also advantageous as It causes an Increase of the membrane 

stablllty. 

Further exploratlon of the Influence of llpophlllclty of other compounds on lon- 

selective electrode propertles Is In progress. 

EXPERIMENTAL 

The synthesls of benzo-15-crown-6, benzo-16-crown-6 and naphtho-16-crown-5 was 

performed according to Pedersen. l4 Benzo-l&crown-6 was addltlonally purlfled by 

synthesis of Its complex with acetonltrlle. The yields are reported for pure compounds. 

Acyl and alkyl derlvatlves 2, 3, 5 and 6 were obtained act. to Sradshaw22 and 

Tashmu khamedova.2a 

All solutions were dried using anhydrous magneslum sulphate. Column chromatography 

was performed using silica gel (MN, 50-100 mesh) or alumina (Fluka, type 507C) as lndlcated 

In the detailed description of procedures. 

NMR spectra were taken on a Varlan 60 MHz spectrometer. The mass Spectra were 

recorded on Varlan MAT 711 spectrometer using the FD technique. 

Electrodes were prepared and tested by procedures described prevlously.s Llthlum 

acetate was used as external electrolyte In the double-junction reference electrode. 

1). Synthesis of 4-ter?-aikylbenzo- and 6-tart-alkylnaphthocrown ethers 

A mixture of 5 mmoles of benzocrown or naphthocrown ether, 10 mL of polyphosphorlc 

acid and a) 30, b) 20 or c) 12 mmoles of the respective tertiary alcohol was heated for 5 

hours at 60-C. After cooling the mixture was diluted wlth water, the product extracted 

with chloroform and the organic layer washed with water and dried. The residue, obtalned 
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after removlng the solvent, was purified on an aiumlna column using a) methylene chloride, 

b) methylene chloride - n-heptane (l:i) or c) n-heptane as eluent. The product was flnaliy 

crystaiilted from n-heptane. 

2). Synthesis of 4,6-bis(b mmamethyl) derlvatlves of benzocroun ethere 

4 Mmoies of benzocrown ether and 0.55 g of paraformaidehyde were dissolved In 6 mL 

of 40% solution of hydrogen bromide in acetic acid. The reaction mixture was allowed to 

stand for 1 hour at room temperature and then for 2 days at +5’C. The solvent was then 

removed under reduced pressure at a temperature not exceeding +sO’C. The reeidue was 

mixed with a small amount of tetrahydrofuran and crystallized at O’C for a few hours. The 

collected crystals were dried under reduced pressure. 

31. Syntheels of 4+dimethylbenzocrown ethers 

A portion of 7 mmoles of bis(bromomethyl)benzocrown ether was suspended in a 

mixture of 35 mL of glacial acetic acid and 28 mL of concentrated hydrochloric acid. An 

excess of zinc dust was added during 1 hour. After the vlgorous reaction ceased, the 

reaction mixture wlth an excess of zinc was allowed to stand at room temperature for 1 

day. Flnally the reactlon mixture was heated at 59-C for 1 hour. The solutlon was 

separated, the remalnlng zinc washed a few times with small portlons of water and the 

combined solutions evaporated under reduced pressure. The residue was diluted with water 

and the product extracted four times wlth chloroform. The combined organic solutions 

were washed with a small amount of water and evaporated under reduced pressure. The 

residue was extracted wlth boiling n-heptane, preconcentrated by removing the solvent 

and finally crystallized from cyclohexane. 

3a). Synthesis of 1,4-dimethyinaphtho-15-crown-5 

A 0.95 g portlon of naphtho-15-crown-5 and 0.26 g of paraformaldehyde were 

dlssoived in 7 mL of 40% solution of hydrogen bromide In giaclal acetic acid. The reaction 

was carried out at +5-C for 3 days. The solvent was removed under reduced pressure at 

a temperature not exceeding +50-C. The residue was dissolved in a mlxture of 11 mL of 

acetlc acid and 9 mL of cont. hydrochloric acid and an excess of zinc dust was added 

durlng 1 hour. The reaction was carried out for 1 day at rccm temperature. The mixture 

was diluted with water after removing an excess of zinc and extracted with chloroform. The 

residue, obtained after evaporation of the solvent, was passed through a silica gel column. 

The fraction eiuted with chloroform was evaporated and extracted with boillng heptane. 

100 mg of an oily product were obtained. It was Identified (NMR) as 1,4-dlmethylnaphtho- 

15-crown-5. 



2470 E. LUBOCH er al. 

4). Synthesis of 3,4,5-trhnethylbenzocrown ether8 

4a). A mixture of 0.59 g (2 mmol) of dlmethylbenzo-15-crown-5 and 0.4 g of 

paraformaidehyde dissolved in 3 mL of 40% solution of hydrogen bromlde In acetic acid 

was allowed to stand for 5 day8 at room temperature. The reactlon mixture wa8 then diluted 

with water and left for a few hours at 0-C. The crystalline product was collected, washed 

with water and dried on air. 

4b). To a mixture of 0.76 g of 3-bromomethyi-4,5-dlmethylbenzo-15-crown-5 and 3 g 

of zinc dust In 10 mL of glaclai acetic acid wa8 added dropwlsa durlng 2 hours 10 mL of 

cont. hydrochloric acid. On the next day the reaction mixture was diluted wlth water and 

the product extracted wlth chloroform. The residue obtalned after removal of the solvent 

was passed through a column filled with silica gel. The column was washed wlth 

cyciohexane and then the product was eluted with benzene. The solvent wa8 evaporated 

and the residue was crystallized from cyclohexane. 

4c). A solution of 4.42 g (13 mmol) of dlmethyibenzo-18-crown-6 and 2.4 g of 

paraformaldehyde In 18 mL of 40% hydrogen bromide solution In glacial acetlc acid wa8 

left to stand for two weeks at room temperature. The solvent was removed under reduced 

pressure and the resldue diluted wlth water. The crystalline precipitate consists of 

approximately a 1 :l mixture of the starting material and 3-bromomethyl-4,5-dlmethyibenzo- 

18-crown-g. This mixture was dissolved in 35 mL of acetic acid and mixed wlth 10 g of zinc 

dust. 35 mL of cont. hydrochloric acid were added dropwlse durlng 2 hour8 and the 

reaction mixture was left overnight. The separated solution was diluted with water and 

extracted several times with chloroform. The crude product, obtalned after evaporatlon of 

the solvent, was chromatographed on silica gel using methylene chloride as eluent. The 

chromatographlc separation on a column was repeated two more tlmes. The product was an 

oil. 

5). Synthesis of 4-chlorobenzo-15-crown-5 

This Synthesis was carried out slmliarly to Pedersen. l4 To a mixture of 10 g (70 mmol) 

of 4-chiorocatechol,24 104 mL of n-butanoi and 5.95 g of sodium hydroxide dl8solved In 7 

mL of water was added 16 g of l,ll-dichioro-3,6,9-trloxaundecane. The mixture wa8 refluxed 

for 30 hours, then acidified by addition of 0.55 mL of cont. hydrochloric acid and cooled 

to 30-C. The solid material which was removed by filtration was washed with methanol. The 

combined filtrates were evaporated under reduced pressure. The product was extracted 

from the residue using boiling n-heptane. 
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6). Chlorination of benzocrown ethers 

Through an ice-cooled solution of 4 mmoles of the respective crown ether in 10 ml_ 

of chloroform a slow stream of chlorine-gas was passed for 4 hours In the absence of light. 

The mixture was evaporated and the residue was crystallized from a smell amount of 

methanol. 

7). Synthesis of 4.5-dinltrobenzocrown ethers 

To 2 mL of ice-cooled fuming nitric acid 4 mmoles of the respective crown ether were 

added. The reaction was carrled out a) for 2 hours at room temperature or b) for 24 hours 

at room temperature. The reaction mfxture afforded a crystalline material after dilution with 

water. The crude products were crystallized from ethanol. 

8). Synthesis of nitronaphtho-M-crown-5 ethers 

These compounds was obtained under conditions analogous to nitration of benzo-15- 

crown-5.12 A mixture of 1 g of naphtho-15-crown-5, 10 mL of chloroform, g mL of acetic 

acid and 2.6 mL of cont. nitric acid was stirred overnight at room temperature. Then the 

mixture was neutralized with sodium carbonate and the product extracted with chloroform. 

The solvent was removed and the residue passed through a silica gel column. The products 

were eluted with a) chloroform and b) with ethyl acetate. The fractions, differentiated by 

TLC, were separated and crystallized from ethanol. Both compounds were ldentlfied as 

mononitroderivatives of naphtho-15crown-b 

9). Synthesis of bls(crown ether)6 from 3-b romomethyI~,5-dlm6thylbenzo-l5-crown-5 

A mixture of 0.25 mmoles of dicarboxylic acid, 200 mg of 3-bromomethyl-4,5- 

dlmethylbenzo-15-crown-5, 52 mg of triethylamine and 5 mL of ethyl acetate was refluxed 

for 5 hours. The cooled mlxture was washed with water. The aqueous washings were 

extracted twice with small portions of ethyl acetate. The combined organic extracts were 

washed with 1 N hydrochloric acid and finally with water. The solvent was removed under 

reduced pressure and the residue was purified on a column wlth silica gel. The column 

was washed with chloroform and the desired product was washed out with ethyl acetate. 
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