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SYNTHESIS A~D MEMBRANE ACTIVITY OF NEW DEI :ii.ii~ + ....... 
+ 

2,3-BENZO-18-CROWN-6 ~ 
:+ .:Z':r++ " + 

A. ~ V. S]hklnev, M+ I. Asrarov, + i! ~i+~i:i~ I i~iii~i I~!.UDC 547. 639.5.04+542.95+541.49 
A. I. Gage1'gans, N. Zh++ Saifullina, 
+E.A. ~khamedzhanova, and+A. K. * 

Theacylatlon of 2,3-benzo-!8-crow presence of 
polyphosphorlc acid has glvennew reduced to the 
corresponding alkyl derlvatives, compounds have 
+been imzestigated on mltochondrlal membranes~ + :++ 

Adist!ngulshing!feature+of thecrown ethers y for forming complexes with 
ions:of alkali metals* and transporting them throughar~tificial and biological membranes. An 
analyslsof the interrelationship of structure and m~brane-active properties of acyl and 
alkyl derlva1:ivesof cyclopolyethers performedpre~iously[l-4] showed that the number and 
Chemlcal .nature of the substltuents in thebenzene r~i~giSi!large!y determines the effective 
concentratlonsand cationlcspeciflCitles of these synthetic ionophores. We simultaneously 
characterizedthelonophorlcpropertiesofdialkyi derivatives of dibenzo-lS-crown-6, but for 
the purposes Of further structural£functlonal analySfs+lhterest is presented by information 
on the membrane activities 0fthe alkyl derlvativesiof benzo-18-crown-6, and this is given in 
the present paper. :~Z~'~r 

The benzo-18-crown-6 derivatives described in the~literature were obtained by condensing 
pyrocatecholderlvatives wlth+pentaethyleneglycol+dlh~O~Ide [5]. The newacyl derivatives 
0fbenzo-18-crown-6 considered in the present paper~![~were+isynthesized by a method we have de- 
scribed previously [6].  " . . . .  i~~i= !/"-'. 

The alkyl derivatives were +obtained by the Clemmensen reduction of the corresponding acyl 
derivatives. As for .the other,benzocrowns, the reac£±ontook place with yields of 40-50%. 

"r 

-+ a R = I";H3; b R = B  z 

]1 a-a 

RH2C ~ O J) " 

m a-d 

; c R = C . . , H v ;  d R = C 4 H s  

Instltue of Biochemistry, Academy of Sciences of the Uzbek SSR, Tashkent. Institute of 
Bioorganlc Chemistry, Academy of S61ences~bf the Uzbek SSR, Tashkent. Translated from Khimiya 
PrlrodnykhSoedlneni!; No+5, pp. 634-637,+.September-October, 1983. Original article submitted 
July 16, 19821. 
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TABLE i. Influence of Various Concentrations of Alkyl 
Derivatives of Benzo-18-Crown-6 (1-4) and of Dibenzo- 
18-Crown-6 (5-8) on the Passive Permeability of Mito- 
cho~r~a f0r Some Unl- and Bivalent Cations 

~ - . d e p e n d e . ~ .  swel._ling Ofl' 
ICoOc~o- l ih~  ~ l  _ . ~ - ~ . . a  l .  m e l a .  Z ~ I , o 7  I 

. . 2 C~2+ I Illl2"t" 
• , I _ _ ,  

Control 3.8 
I .  4'-Ethyl- (llla) 3,9 

4,0 
4.0 
4,! 
3.9 

s .  4"- Prop,/l- (II~) 3.7 
3.7 
3,57 
3.2 
5.2" 

3. 4'-BUtyl." (H.IC) 4,02 
4,15 
3.15 
2.27 
1.9 

4. 4'-Amyl- (Hid) 3.5 
3,1 
2.6 
1.5 
0,34 

Con~ol "2.8 " 
5 .  4',4"-Diethyl- 2,85 
6. 
' l. 4',4 "DiblW/l- 4.3 
8. 4',4"-Diamyl- 2.8 

*When these concentrations of the crown ethers were 
used, an inhibition of swe11Ing was observed. 

The compounds obtained were characterize by their IR, IH NMR, and mass spectra. The 
IR spectra of the acylatlon products each contained an absorption band at 1680 cm -i corre- 
spondlng to the vibrations of a carbonyl group. The IH NME spectra of the acyl derivatives 
each had a triplet slgnal in the 2.8-2.88 ppm region that is characteristic for ~-methylene 
protons. 

In the IR spectra of the reduction products, the absorption band at 1680 cm -L had 
disappeared, which shows the absence of carbonyl groups. In the IH NMR spectra of the alkyl 
derivatives, an upfleld shift of the triplet of the u-methylene protons by ~ 0.4 ppm (2.43- 
2.51 ppm) was observed. 

The membrane-actlve properties of the alkyl derivatives of benzo-18-crown-6 (IIla-d) 
(Table i) were investigated on mitochondrla as the test system. The methods of isolating 
the mitochondrla (Mch) and of measuring the permeability of their membranes for various unl- 
and bivalent cations for the kinetics of their energy-dependent swelling have been given 
elsewhere [7]. 

An analysis of the flguresgiven:In Table 1 shows that the alkyl derivatives of benzo- 
lS-crown-6 arecharacterlzed mainly by lselectlvity with respect to univalent cations, but, 
as compared wlth benzo-18-crown-6 and Its acyl derivatives [3], compounds (Ilia-d) possess 
a higher membrane actlvlty~and pronounced K/Na selectivity in the range of concentrations 
studied. Among the derivatives investigated, the greatest membrane activity and cationic 
selectivity was possessed bycompound (Illd). Thus, when this crown ether was used in a 
concentration of 100~M thesequence of cationic selectlvltles in Mch membranes had the 
followlng form: K:H:Na::Ca:Mg:Ba = i:0.4:0.3:0.2:0.1:0.01. The acyl-substltuted analog of 
this compound (lid) had a K/Na seleCtivlty three times lower, and an amy1 derivative of a 
crown ether with a smaller rlng~ benzo-15-crown-5 [4] -- is characterized by a K/Na selectivity 
of 1.7. 

598 



Thus, the greatest membrane activity is possessed by benzocrown derivatives containing 
five C atoms in the side chain, The presence of a second similar substituent (the diamyl 
derivative of dibenzo-18-crown-6) (see Table I) increases the membrane activity approximately 
100-fo14. S~multaneously there is a rise in the cationic selectivity of the corresponding 
d~riv~ives. Thus, the K/Na selectivity of diamyldibenzo-18-crown-6 (see Table i) amounts 
to 20.5. The smaler membrane activity of the monoalkyl benzo-18-crown-6's, as compared with 
the dialkyl derivatives of dibenzo-18-crown-6 is due to a change in the electron distribution 
density on the ligand oxygen atoms of the "cavity" of the macrocycle, leading to a less stable 
binding of the cation. 

EXPERIMENTAL 

For general information on the experimental work, see [6]. 

Benzo-18-6rown-6 (I) was obtained by Pedersen's method [8], but the product was isolated 
by column chromatography (with chloroform as the eluent). Yield 43.5%, mp 42-43°C. Accord- 
ing to the literature [9]: mp 44°C. 

4'-Acetylbenzo-18-crown-6 (Ila). With heating (70°C), 1.25 g of (I) was dissolved in 
6 g of PPA, and 0.48 ml of acetic acid was added. The mixture was heated at this temperature 
with stirring for 40 min and was then decomposed with water and extracted with chloroform. 
The extract ~s washed with sodium bicarbonate solution and then with water to neutrality. 
The solvent was driven off, and the reaction product was purified by column chromatography 
in the chloroform--hexane-acetone (6:1:1) system and by crystallization from hexane. Yield 
1.23 g (88%), mp 76-77°C. Molecular weight: found 354; calculated for C,,H2607, 354.40. 
IR spectra (v, cm-*): 1680 (C_--O), 880-820 (l,2,4-substituted benzene). *H NMR spectrum (6, 
ppm): 7.52 (I H, d), 7.43 (I H, s), 6.8 (i H, d) -- ArH; 4-4.2 (4 H, m); 3.8-4.0 (4 H, m), 
3.68 (8 H, s), 3.61 (4 H, s) -- OCH=; 2.48 (3 H, s, COCH3). The IR and :H NMR spectra of the 
following acyl derivatives of benzo-18-crown-6 are given similarly. 

Compounds (lib-d) were obtained similarly. 

(IIb), yield 80%, mp 71-72°C. Molecular weight: found 368; calculated for C~9H2,O7, 
368.4. 

(lie), yield80%, mp 65-66°C. Molecular weight: found, 382; calculated for C2oH3oO7, 
382.45. 

(IId), yield 76%, mp 67-68°C. Molecular weight: found 396; calculated for C2~H3207, 
396.47. 

4'-Ethylbenzo-18-crown-6 (Ilia). A mixture of 1.06 g of (lla), 1.4 g of amalgamated 
zinc covered with 2 ml of toluene, 2.1 ml of concentrated hydrochloric acid, 0.7 ml of H=O, 
and i0 ml of dioxane was boiled for 40 h with the addition of 0.2-ml portions of concentrated 
HCI every 3 h. Then the mixture was decanted from the unchanged zinc. The solvent was 
evaporated off in a rotary evaporator, the residue was dissolved in chloroform, and the solu- 
tion was washed with sodium bicarbonate solution and then with water to neutrality. The 
chloroform was driven off and the residue was purified by column chromatography in the 
chloroform--hexane--acetone (5:2:1) system. 

The product was isolated in the pure form by crystallization from absolute hexane. 
Yield 0.42 g (43%), mp 41-42.5°C. Molecular weight: found~ 340; calculated for C1,H~806, 
340.41. IH NMR spectrum (6, ppm): 4.0-4.2 (4 H, m), 3.8-4.0 (4 H, m), 3.68 (8 H, s), 3.61 
(4 H, s) -- OCH2; 2.51 (2 H, q, a-CH2); 1.14 (3 H, t, CCHs). The spectra of the following 
alkyl derivatives of benzo-18-crown-6 are similar to those given. 

Compounds (lllb-d) were obtained similarly. 

(lllb), yield 43%, mp 16-17.5°C. Molecular weight: found 354; calculated for C,9H3o06, 
345.44. 

(lllc), yield 40%, mp 30-32°C. Molecular weight: found 368; calculated for C2oH3206, 
368.46. 

(llld), yield 50%, mp 34-35°C. ~ Molecular weight: found 382; calculated for C2~Hs~O6, 
382.49. 
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SUMMARY 

I. It has been established that the introduction of an a!kyl substituent into the 
benzene ring of benzo-18-crown-6 leads to an increase in membrane activity and cationic 
selectivity as compared with the initial cyclopolyether. 

2. The greatest K/Na selectivity (3.3) for mltochondria! membranes results from the 
presence of a hydrocarbon chain of five C atoms in the side chain of an alkyl substituent. 
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