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Abstract: Single-crystal X-ray analysis of the §'-bromo-1',3'-zylyl-18-crown-5-
tert-butylammonium hexafluorophosphate complex shows that the complex is of the
"nesting" type in which the cation and the aryl group are on the same face of the
macroring and that the macroring has a (ag+a)(ag_a)(ag+a)(ag_a)(ag+a)(ag_a) con-

formation.

Among crown ethers with aryl-sub-units, 1',3'-xylyl crown ethers (1) have been
studied in great detail. Our continuing interest in these crown ethers stems from
structural factorsl: their preparation by the reaction of 1,3-bis(halomethyl)ben~
zenes with polyethylene glycols2 allows for 1',3' substitution in the aromatic ring
and their lH NMR spectra are very useful for studying the thermodynamic and the
kinetic stabilities of the crown ether complexes with ammonium salts4. Firstly the
benzylic protons of the crown ethers 1 become non-equivalent when the exchange of
salt and crown ether becomes slow on the lH NMR time scale and the rate of exchange
can be determined from line-broadening studies4. Secondly the aryl group in 1
shields the alkyl protons in alkylammonium complexes of 1 and the up-field shift
of these protons can be used for determining (relative) association constants un-
der conditions of fast exchange4'5.

By comparison of the thermodynamic stabilities of different complexes it was found

that the replacement of a CH CH2-O CHZCH -group in 18- crown—G by a 1',3'-xylyl moi-

2 4,5, 7

ety decreases the thermodynamic stability by a factor of 10 in Ka—values
Cram et aZ. estimated this decrease in stability to be 3.19 kcal.mol—1 at 24°C and
attributed this difference to the loss of one favourable N'...0 interaction in 1
(CH3)3CNH3+X- complexes compared with the corresponding 18—crow?-6 complex. Because
of the up-field chemical shift of the tert-butyl_protons in the 1H NMR spectra of
the complexes of 1 in chloroform sclution Cram et al.’ proposed a structure in which
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the aryl group and the cation are on the same face of the macroring (nesting con-
formation, A). However, they also found that in the solid state the complex of tert-
butylamine and 2'-carboxy-1',3'-xylyl-18-crown-5 (1, R1=COOH and R2=H) has the
other possible conformation in which the tert-butylammonium cation and the aryl
group are on opposite sides of the macroring (perching conformation, B)8’9.

This discrepancy between the structure in solution and the crystalline state,
together with our own interest in the complexes of 1',3'-xylyl crown ethers, led
us to investigate the structure of a tert-butylammonium salt with a 1',3'-xylyl-

18-crown-5 that has no substituent at the intra-annular 2'-position.
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as; Rl = H, R2 = H
b; R1 = H, R2 = Br
c; Rl = H, R2 = COOCH3
d; Rl = H, R2 = CN

Complexes of la - 1d and tert-butylammonium hexafluorophosphate were prepared
by equilibration of solutions of crown ether in chloroform with agqueous solutions
of tert-butylammonium hexafluorophosphate. The association constants of the com-
plexes were determined in dry deuteriochloroform by the previously reported "ti-
tration technique" with the 15-crown-5:tert-butylammonium hexafluorophosphate com-

plex as the reference compounds'lo.
The thermodynamic stabilities show the same trend (Kla=l.4x105 > K1c=0.48x105 >
Klb=0.34x105 > K, .=0.23x10° 1.mol %) in the hexafluorophosphate series as that re-

14
ported by Cram et al. for the perchlorate, picrate and isothiocyanate salt com-

plexes.

Addition of diethyl ether to a solution of the 5'-bromo-1',3'-xylyl-18-crown-5
(1b) r tert-butylammonium hexafluorophosphate complex yielded a crystalline complex.
Whereas recrystallization from a mixture of pet.ether 60-80 and chloroform yielded
the analytically pure complex m.p. 162-1650C11, recrystallization from a mixture of
chloroform and diethyl ether gave a crystalline complex solvated with CHCl3 (1:1).

The latter crystals were used for a single-crystal X-ray analysis.
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Crystal data: 21 36NO F PC13Br, triclinic; space group Pi, a=12.416(6), b =
13.571(4), ¢ = 9.731(4) A, o = 104.64(3), 8 = 91.03(4), vy = 89.21(4)0, Z = 2;
dcalc. 1.494 g.cm_3. The crystal structure determination was based upon 1501 re-
flections with an intensity greater than three times the estimated standard devia-
tion. Intensities were measured on an Enraf Nonius CAD4 diffractometer (MoKa radi-
ation (0.7017 R), graphite monochromator, 6 - 26 scan mode, 0° < 2 & < 45°9).

The structure was solved by direct methods and refined with anisotropic tempe-
rature factors for Br, Cl and P atoms and isotropic thermal parameters for the
other atoms (hydrogen atoms were not located) to a final R factor of 11.2%12. The

structure is shown in fig. 1.
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The structure of the complex of 1lb in the crystalline state is clearly of the
nesting type (A) with three oxygen atoms 0(1), 0(3) and 0O(5) in the ideal position
to form hydrogen bonds with the tert~butylammonium ion. Surprisingly, there are no

Fig. 1

F~O distances of less than 4 R in the crystal. Chloroform replaces the anion (PFG_)
on the opposite face of the 1',3'-xylyl-18-crown-5 ring.

The close proximity of the tert-butyl hydrogen atoms to the aryl moiety observed
in the crystal is reflected in the up-field shift of the absorption of the hydrogen
atoms in the 1H NMR spectrum of the complex, (CH ) 5C : 0.93 ppm, compared with the
value of 1.36 ppm of the corresponding protons 1n3the complex of 18- crown—612

Stoddart et al. 15 have emphasized that not only constitutional factors but also
conformational factors in the macroring determine the thermodynamic stability of
crown ether complexes. An analysis of the conformation of lQ.(CH3)3CNH3+PF6- indi-
cates that the conformation hardly differs from the conformation of the macroring
in the 18-crown-6.benzylammonium thiocyanate complex16 and monopyrido-18-crown-5-
(CH3)3NH3+C104_ complex14 (ag¥a ag”a agta ag a ag'a aga, see fig.1). These com-
plexes have a much higher thermodynamic stability (KaCHCla ~ 107 1.mol_l)l’4.

Therefore our results support Cram's postulation that the decrease of complex
stability, when one CH2CH2—O—CH2CH2 unit in 18-crown-6 is replaced by a 1',3'-xylyl
moiety, is due to the loss of one favourable N+...O interaction. The decrease is
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not due to an unfavourable conformation of the macroring in the 1',3'-xylyl crown
ether complexes compared with 18-crown-6 complexes.
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