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Abstract - A new class of chiral macrocyclic polyethers containing
1,1'-biazulene unit was prepared from the reaction of 2,2'-dihydroxy-
3,3"-bis(methoxycarbonyl)-1,1'-biazulene with tetra- or pentaethyleneglycol
ditosylate by a high dilution technique. Complexation study with alkali
metals by 'H nmr indicated ion selectivity for these macrocycles. The

crystal structure was studied by X-ray diffraction.

Synthetic macrocyclic molecules have been used in a variety of fields. 24 One of the interesting area is
the recognition behavior between hosts and guests. There has been much work in designing
macrocyclic hosts which are able to recognize specific guests. Our interests have been focused on
macrocylic polyethers containig azulene units because of its unique chromophore and rigid structure.
Analogy to the binaphthyl system biazulenyl macrocycles are expected to be chiral. In this paper, we
report their synthesis, selective ion complexation, and X-ray crystallography.

Telra- (2a) and pentaethyleneglycol ethers (2b) of 2,2'-dihydroxy-3,3'-bis(methoxycarbonyl)-1,1'-

biazulene (1) were synthesized according to Scheme 1.

4

= o
Q OH C8,CO5/DMF @9 0

+ TS(OCH;CHp)pOTs e
T
OFon moes B OLM
I n
R

1:R=COMe 2a: R=COpMe,n= 1
2b:R=COsMe, n=2




250 HETEROCGYCLES, Voi. 41, No. 2, 1995

Typical synthetic procedure involves a high dilution technique: A solution prepared from equivalent
molar of 12 and 1 mM of polyethylene glycol di-p-tosylate in 12 mi of DMF was added at 90 °C under
argon to a stirred solution of 3 molar equivalences of cesium carbonate in 3 ml of DMF3 by using a
syringe pump with flow system for 12 h.# The reaction mixture was stirred at 90 °C for another 12 h
and cooled to room lemperature before it was [iltrated. The filtrate was diluted with water and extracted
with chlioroform. The combined extract was washed with water and dried over anhydrous sodium
sulfate, The solvent was removed in vacuo, and the oily residue was purified by column
chromatography (sitica gel, methanol/chloroform = 2/98 v/v) to give 2a and 2b, in 25 and 30 % yields,

respectively. The structures of 1, 2a, and 2b were determined on the basis of their spectral data (ir,

nmr, and ms).2,5

1t has been reported that 2,2'-dimethoxy-1,1'-biazulene is comformationally unstable and racemerized
rapidly at room temperature.® However, 2a and 2b are expected to be essentially chiral molecules
because the C1-C1" bond is unable to rotate freely from molecular modelling study. In fact, the protons

of a.—methylene in their 'H nmr spectra showed complicated splitting pattern. Namely, two hydrogens

on a~carbon showed a ddd splitting pattern at 5 4.36 and 3.85 ppm for 2a and 4.33 and 3.85 ppm for
2b, respectively. The other methylene protons also showed a multiplet splitting pattern. The
complicated splitting pattern resuited from its low symmetry and rigid structure. On the other hand,
their 13C nmr spectra showed three sharp peaks for 2a (four peaks for 2b) at ca. & 70 ppm in the
polyether region. These dala indicate that there is an axis of symmetry (C5) through the CI1-CI' bond.

In order to get betler understanding of the conformational behavior, molecular modelling was
performed using an insight 11 program.” Computer modelling study showed that the ring current of

azulene ring A' made a H-1 so much more downfield shift than @ H-2 in 1H nmr. Salt complexations
were studied by 'H nmr spectra in CDCl;. To a solution of host dissolving in CDCl3 (ca. 104 M)
different alkali salt (LiCl, NaSCN, KSCN, RbBr, or Csl) was added in excess.
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Figure 1. 'H Nmr spectra of 2b in CDCl3 (300 MHz) with various alkali salts
(LiCl, NaSCN, KSCN, RbBr, Csl).
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After the mixture was shaken for 5-10 min, 'H nmr spectrum was taken. The results are shown in
Figure | and Table 1. An obvious change of the nmr spectra observed for 2b with NaSCN or KSCN.
The presence of the potassium or sodium salt induced spectral changes for not only the polyether ring
but also the zulene ring and the methoxy group. Itis interesting that 2a has smaller cavity than 2b, but
the change of the specira after adding NaCSN is not as remarkable as 2b. [t is worth noting that the
cavity size is not the only reason for salt complexation; the ability of preorganization of fiost should play
an important role in this case. The induced change in the chemical shift by a specific cation suggests that
there is a special selectivity for each host molecule (for alkali salts: 2a toward Na*; 2b toward Na* and
K¥).

Table 1. Proton Chemical Shift Differences [AS = & {(complex - host) x 300 MHz])
between Host and Their Complexes in CDCly

polyether ring azulene ring
Complex a-Hy f-Ha OCHz(ppm)b COMe H-4 H-8 H-6.7 H-5
28MNaSCN  -14 9 50 3.741-3.3H1 as 1.1 2.7 3.3 1.7
MSCN 60 1.1 3.732-3.360 0.6 0 0.5 0 2.9
/MbBr 0 0 3.737-3.345 0 0 0.5 0 0
sl 0.5 0.6  3.739-3.347 0.5 0.5 0.5 0.6 0.54
2 b/LiCl 1.1 28 3.704-3.409 0 0 1.7 -0.6 0
MNaSCN a a 4.146-3.244 17.6 203 550 440 176 248
MSCN a a 3.983-3.338 220 19.2 26,9 386, 164 16.0
RbBr 1.7 1.7 3.708-3.411 0 0 0 -0.6 0
Csl -2.8 1.7  3.710-3.259 0.5 0 1.1 4] 0.6

a . All peaks are shifted upfield (Figure 1).
b : The chemical shift of 2a is 3.737-3.335; 2b, 3.710-3.411 ppm.

X-Ray crystallography of 2b*2H,0 is shown in Figure 28 Bond alternation of the azulene ring is

smaller in the 7 membered ring than that of the 5 membered ring. The dihedral angle between two
azulene planes is 75 °, which is smaller than 94 ° for 3,3"-dimethyl-1,1'-binaphthalene-2,2'-crown-6-
ether.?

Selective average bond lengths and angles:
C-C of the 7 membered ring, 1.393; C-C of

the 5 membered ring, 1.426; CH,-0O, 1.388;
CH,-CH,, 1.437 A. Interior angles: the 7

membered ring, 127.8; the 5 membered ring,
108; CH,-O-CHjy, 116; O-CH,-CHg, 110°,

Figure 2. Simplified view of X-ray crystaliograpy of 2b+2H, 0.
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The diameter of the cavity formed among oxygen atoms in the polyether ring is estimated to be about 5
A. The cavity size and dihydral angle between the two azulene rings appears to be optimal for the
complexation of the host toward Nat (1.94 A) and K+ (2.99 A) ions. 2a may have a smaller cavity
and will have better complexation toward the Na* or Li* ion. Although studies by molecular modelling
showed the opposite. The more rigid polyether ring of 2a causes it to have a larger cavity. The lower
flexibility of the cavity is the reason which results in the low complexation of 2a toward alkali cations.
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Insight I1 Program, Version, 2.3.0 (1993) from Biosym, San Diago, California, USA.

Crystal data for 2b: C34H 4002, F. M.= 640.68, monoclinic, space group C2/c, a = 494 (3),

b = 20.038 (4), c = 17.387 (4) A, B = 93.835 (21)°, V = 33003 (14) A3, Z =4, D= 1289 g
em3, Crystal dimensions 0.08 x 0.10 x 0.55 mm3, Data were collected on a Nonius CAD4

diffractometer using Mo-Ka (0.7093 A) radiation at 298 °K, no. of measured reflections: 2164,

no. of observed reflections : 862 with | > 20 (1), no. of unique reflections: 2164. The refinement

converted at R =0.069, Rw = 0.071. NRCVAX was used as a refinement program.

Bond lengths: C1-Ci, 1.478 (13); C1-C2, 1.384(11); CI-C9, 1.413(11); C2-C3, 1.444(11);
C2-0O1, 1.349(10); C3-C10, 1.397(12); C3-C16, 1.471(12); C4-C5, 1.375(13); C4-C10,
1.384(11); C5-C6, 1.367(14); C6-C7, 1.409(12); C7-C8, 1.362(12); C8-C9, 1.367(11);
C9-C10, 1.490(10); Ci1-C12, 1.508(15); C11-O1, 1.372(11); C12-02, 1.367(15); Ci3-Cl4,
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122.8(7); C5-C4-C10, 129.1(7); C4-C5-C6, 129.8(8); C5-C6-C7, 129.3(8); C6-C7-C8,
127.9(8); C7-C8-C9, 129.7(7); C1-C9-C8, 124.4(7); C1-C9-C10, 107.2(7); C8-C9-C10,
128.4(7); C3-C10-C4, 126.9(7); C3-C10-C9, 107.3(6); C4-C10-C9, 125.8(7); C12-C11-O1,
110.3(8); CI1-C12-02, 110.3(9); C14-C13-02, 107.6(8); C13-C14-03, 111.2(8);
Ci15-C15-03, 111.7(9); C3-C16-04, 126.58); C3-C16-05, 110.4(7); 04-C16-05, 123.0(8),
C2-O1-Cl1, 118.5(7); C12-02-C13, 114.4(8); C14-03-C15, 116.8(7); C16-05-C17, 111.5(7)".

This molecule is conformationally disordered around the 03-C15-C15-O3 moiety.
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