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Chiral asymmetrical crown-ethers®
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Chiral, symmetrical, macrocyclic polyethers have been derived from (R)- and (S)-
binaphthol!+?, L-threaric acid®*~%, p-mannitol®+$, and L-iditol” as precursors containing C,
symmetry and as both sole*~7 and mixed? sources of chirality. Many of these macro-
cycles have been shown (#) to complex with primary alkylammonium salts' ~*! and (i) to
exhibit chiral recognition when the salt is racemic!»?:1%!1 We now report on the syn-
thesis of four chiral, asymmeirical 18-crown-6 macrocycles incorporating either D-glucose
or D-galactose residues and assess the abilities of these macrocycles to complex with
primary alkylammonium salts.

Treatment of methyl 4,6-O-benzylidene-a-D-glucopyranoside!? D{1) with an ex-
cess of allyl bromide and potassium hydroxide in toluene gave the diallyl ether'® D(2)
having m.p. 62—63° and [a]p +60.0° (c 0.46, chioroform) in good yield. Ozonolysis of
D4(2) in methanol, followed by borohydride reduction, afforded the “half-crown” diol
p<3), m.p. 114°, [a]p +12.1° (¢ 0.13, chloroform). Treatment of D(3) with sodium
hydride and 1.1 molar equivalents of triethylene glycol bis(toluene-z-sulphonate)'® (4) in
dimethyl sulphoxide gave the D-gluco-18-crown-6 derivative D(5) [m.p. 52—56°, [a]p
+37.6° (¢ 0.42, chloroform); 'H n.m.1. data (CDCl3): & 7.60—7.14 (m, 5H, aromatic
protons), 5.51 (s, 1H, benzylidene CH), 4.81 (d, J 3.5 Hz, 1H, anomeric proton), 4.42—
3.47 (m, 26H, other CH and CH; protons), and 3.42 (s, 3H, OCH,)] in 45% yield after
chromatography on alumina (ether). By a similar procedure, methyl 4,6-0-benzylidene-o-
D-galactopyranoside'® D-(6) was converted via its diallyl ether D{(7) [m.p. 65—67°, [a]p
+140° (¢ 0.81, chloroform)] into the “half-crown” diol D(8) [m.p. 134—136°, [alp
+136.9° (¢ 0.8, chloroform)]. Treatment of D{8) with sodium hydride and 1.0 molar
equivalents of (4) in dimethyl sulphoxide afforded the D-galacto-18-crown-6 derivative D(9)
[m.p. 115°, [elp + 102.9° (¢ 0.47, chloroform); *H n.m.1. data (CDCls): § 7.60—7.12 (m,
SH, aromatic protons), 5.52 (s, 1H, benzylidene CH), 4.95 (d, J 3.0 Hz, 1H, anomeric
proton), 4.37-3.48 (m, 26H, other CH and CH; protons), and 3.42 (s, 3H, OCH;)! in 16%
yield after chromatography on alumina (ether—chloroform).

**Dedicated to the memory of Professor J.K.N. Jones, F.R.S.



c2 PRELIMINARY COMMUNICATION

OMa CMe

v
H 1

_OR _or
[e) - [¢)
CHg Ho Y !
/\<\OR ) . - OR
H T

)
[o Je

[¢
3
~.-

Ph
o-l1)R = H D-(B)R = H
0-{2) R = CHCH==CH, 0~(7) R = CH,CH==CH,
D-(3} R == CH,CH,OH D-(8) R = CHCHzOH

4) R = H

o
D-(10} R = /E /
™~ TMe
H

D-{(5) R = H

Me
Db-(11) R = ><
o “Me

i
H

H

D-{9)R = H

Me
o0-(12?! R ——-/l:: 4
‘Me

It is possible to introduce additional chirality — in the form of a second carbo-
hydrate residue — into asymmetrical 18-crown-6 derivatives incorporating either D-glucose
or D-galactose residues, without encountering the synthetic problems associated with the
formation of diastereoisomers, provided the second carbohydrate residue possesses Cz sym-
metry. The “haif-crown™ bis(toluenep-suiphonate)* D10} derived from D-mannitol fulfils
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- this requirement. Condensation of D-(3) and D{18) in equimolar proportions in dimethyl
sulphoxide in the presence of sodium hydride gave the D-gluco-D-manno-18-crown-6 deriva-
tive DD(11) [m.p. 44—46°, [a]p +69.4° (¢ 0.32, chloroform); 'H n.m.r. data (CDCl3): &
7.56—7.24 (m, 5H, aromatic protons), 5.52 (s, 1H, benzylidene CH), 4.79 (d, 7 3.5 Hz, 1H,
anomeric proton), 4.40—3.30 (m, 33H, oiher CH and CH; protons, OCH3), and 1.39 and
1.35(2X s, 124, 4 X CH,)] in 40% yield after chromatography on alumina (ether).
Condensation of D{9) and D{10) in equimolar proportions in dimethyl sulphoxide in the
presence of sodium hydride gave the D-golacio-D-manno-18-crown-6 derivative DD(12) [[a]p
4+90.0° (¢ 0.5, chloroform); 'H n.m.z. data (CDCl3): § 7.60—7.22 (m, SH, aromatic protons),
5.53 (s, 1H, benzylidene CH), 4.94 (d,J 3 Hz, 1 H anomeric proton), 4.40—-3.45 (m, 30H, other
CH and CH; protons), 3.43 (s, 3H, OCH;), and 1.39and 1.34 (2 X 5, 12H, 4 X CH3)] in
29% yield after chromatography on alumina [ether—light petroleum (b.p. 60—80°)] and
silica gel (ether—methanol—ammonia).

The crown ethers D{5), D{9), DD<{11), and PD-(12) all dissolved alkali metal and
primary alkylammonium salts in organic solvents. The formation of complexes with tert-
butyl- and benzyl-ammonium thiccyanates in CDCl; was accompanied by substantial
changes in the ' H n.m.r. spectra of the crown ethers. For complexes with tert-butyl-
ammonium thiocyanate, a quantitative assessment of complexing power was obtained by
measuring stability constants [defined as equilibrium constants (K, in litre - mol™) for the
equilibrium (7) in CDCl;] by a 'H n.m.r.-spectroscopic methcd® . The values of the
stability constants:

tBuNH,; *SCN~ + Crown —2s ‘BuNH,Crown*SCN™ 0,

for complexation with D(5), (K, 300), b{(9) (X, 22,0400), bD(11) (K, 87), and DD12)
(K, 1,100) indicates that these derivatives form weaker complexes than 18-crown-6 (K,
750,000)° itself. These are two additional features of interest that follow from a com-
parison of the stability constants associated with these chiral, asymmetrical crown-ethers:
(i) Factors of ~3 and 20, respectively, in K, are sacrificed on disubstitution of the D-gluco-
and D-galacto-18-crown-6 derivatives D-(5) and D<(9) with bulky 2,2-dimethyl-1,3-di-
oxolanyl groups. This trend is to be expected on steric grounds. (if) The 18-crown-6 deriva-
tives [D«(9) and DD<(12)] in the D-galacto series exhibit larger values for K, in both cases
than the comparable 18-crown-6 derivatives {[D+5) and DD<(11), respectively] in the D-
gluco series. A cursory inspection of molecular models reveals that this is an unexpected ob-
servation, assuming that complex formation between the zers-butylammonium cation and
the 18-crown-6 derivatives involves hydrogen bonding of all three!?:!! | or at least two of
the three'®, ammonium hydrogen atoms of the cation to ether oxygen atoms in the macro-
cycle so as to afford a face-to-face complex. Steric factors would be expscted to mitigate
more against complex formation involving D<{9) and DD-(12) than against complex forma-
tion involving D«5) and DD<(11). However, the axial orientation of the C—0 bond at C-4 of
the galactosidic ring in both D{9) and DD(12) renders O~ available to participate, together
with the ether oxygen atoms of the macrocycle, in hydrogen bonding with the ammonium
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hydrogen atoms of the cation in a distorted face-to-face complex. There is some 'H am.r.
spectroscopic evidence to support this proposal. On formation of the complex, both D(9)
and DD{12) exhibit significant downfield shifis for H4 and the benzylidene methine
proton, which are not observed when either D) or bD(11) form complexes. For
example, in the complex (salt :crown-ether ratio of 0.91) between D{9) and fert-butyl-
ammonium thiocyanate in CDCly, the singlet for the benzylidene methine proton is shifted
by 0.20 p.p.m., and the breadened doublet for H4 by 0.45 p.p.m., both to lower field.

The ability of these chiral, asymmetrical crown-ethers (i) to exhibit enantiomeric
differentiation towards racemic primary alkylammonium salts, and (#) to form the basis
from which enzyme analogues may be constructed (compare ref. 17) in the near future, is
under investigation.
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