Synthesis and X-ray structure of a new sterically hindered cyclophane containing
chiral spirobiindanol phosphonates and phosphate units
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The synthesis, as well as the stereochemical and solid-state structure characterization of a novel sterically congested cleft-like
receptor molecule, fully equipped for multipoint recognition and containing a chiral spirobiindanol phosphonate unit, is reported.

The search of rigid receptor molecules for organic dicationids stereochemically rigid on the NMR time scale. In particular,
guests is a very fertile field in chemistry. In particular, therethe restricted rotation of the 1,3-bridged mesityl ring renders the
exists a need to develop three-dimensional building blocks commolecule asymmetric, as evidenced by the fact that all nuclei
taining selected functional groups in order to introduce bindingre chemically and magnetically different. The two bridging
sites suitable for biologically relevant molecules into small stereobenzylic groups, as well as the two phosphorus atoms attached
chemically rigid cyclophanéiss to theC,-symmetrical spirobiindane unit, are no longer homo-
Recently, we have reportedn the synthesis and conforma- topic. Thus, their hydrogens, which are diastereotopic, give rise
tional characterization of sterically congested cyclophanes corte two different doublets of doublets, while the phosphorus
taining the spirobiindanol phosphonate moiety, and some cdtoms give rise to two sharp singlet® &t8.97 and 17.74 ppm,
these compounds were used as chiral sensors for arginine arapectively.
lysine? The molecular structure of compouBdFigure 1} almost
To improve the complexing properties of these sensors, speempletely coincides with that of bis-(5diethyloxyphosphonyl)-
cially for longer biologically relevart,w-diamine dications, we 6,6-(2,4,5-trimethyl-1,3-benzyloxy)-3,3,3-tetramethyl-1,%
wanted to introduce an additional binding site into one of thespirobiindané. Although the molecule @ is chiral, it is regu-
congested cyclophanes in a particularly strategic positien, larly alternated with its optical antipode in the centrosymmetric
we synthesised compouBdiccording to Scheme 1. P2,/c space group, giving a racemic crystal. The macrocycle
Thus, in this paper we present the synthesis, NMR charac-
terization and X-ray structure of a new cleft-like receptor mo-t fyjgthylamine (0.011 mol) was added dropwise to a mixture of com-
lecule based on bisphosphonatewhich is fully equipped for  pound18 (0.01 mol) and diethyl phosphite (0.011 mol) in carbon tetra-
the multipoint recognition of dicationic substrates. chloride (20 ml) with stirring at 0 °C. Then, the mixture was stirred
By condensing spirobiindanol phosphonatesgith phosphate  overnight at room temperature, the treatment and purification on silica
mesityl unit2t under high dilution, macrocyclg* was syn-  gel (cyclohexane—ethyl acetate, 1:1) gave derivaflves
thesised in good yield (>60%). Scheme 1 gives a description of Ethyl 3,5-bis(chloromethyl)-2,4,6-trimethylbenzenephospaggeld
the synthetic strategy employed for the preparation of cyclo45%, mp 101-102 °GH NMR (CDCly) 6: 1.33 (t, 6H, OCkMe, Jyy
phane3, which was characterised in solution My, 13C and 7 H2), 2.42 (s, 6H), 2.45 (s, 3H), 4.19 (m, 4H,D0le), 4.65 (s, 4H).

31 : 13C NMR, 6: 13.50, 14.84, 16.14 (dsp 6.7 Hz), 41.41, 64.58 (dlp
P NMR spectroscopy. The data confirmed that macrocycle 6.0 Hz), 107.81 (e 10.6 Hz), 130.96 (d)op 3.0 Hz), 133.71 (e

Cl Cl Cl Cl 1.9 Hz), 134.17 (dJep 2.2 HZ), 146.35 (dJcp 7.9 Hz). 3P NMR, ¢:
—5.18. FAB-MSm/z (%): 369 (85, M + H), 333 (100, M + H - CH),
ccl 371 (45, M + H + 2).
+ HPO(OEY Wé' + 2HCI * Solutions of equimolar amounts #fand spirobiindanol phosphondtes
4 were added dropwise at equal rates from two dropping funnels to a
OH OPO(OEY) suspension of a molar excess of driegCR; in anhydrous MeCN
(200 ml) at a refluxing temperature with stirring. Then, the reaction
1 2 mixture was refluxed and stirred overnight and filtered. The solvent was
evaporated to give a powder, which was collected with hexane by fil-
' . tration and washed several times with water. The product was purified on
O MeCN_ silica gel (ethyl acetate—methanol, 9:1), to g&/&s white prismatic

®) KoCOy crystals.
g(OEt)z Bis-(5,5'-diethyloxyphosphonyl)-6,6'-(1,3-benzyloxy-2,4,6-trimethyl-
5-diethylphosphate)-3,3,3',3'-tetramethyl-1,1'-spirobiindangield 60%,
OH OH mp 150 °C (decomp.yH NMR (CDCL) d: 1.19 (s, 3H, spiro-Me), 1.21
4 (t, 3H, OPOCHMe, Jy 7 Hz), 1.25 (t, 3H, OPOCMe, J,y 7 Hz),
1.33 (s, 3H, spiro-Me), 1.35 (s, 3H, spiro-Me), 1.39 (s, 3H, spiro-Me),
1.42 (m, 12H, POCHMe), 1.57 (s, 3H, Ave), 1.83 (d, 1HJ,y, 12.5 Hz),
1.92 (d, 1H,J.y, 12.5 Hz), 2.28 (d, 1Hj,, 13.0 Hz), 2.39 (d, 1H},y
N 13.0 Hz), 2.49 (s, 3H AMle), 2.55 (s, 3H, Ale), 4.02—4.32 (m, 12H),
o 5.19 (dd, 2HJ,, 13.5Hz), 5.33 (dd, 2HJ,, 13.5Hz), 5.65 (d, 1H,
g(OEt)Z 4J,p 6.0 Hz), 5.97 (d, 1HJ,p 6.5 Hz), 7.48 (d, 1HJ,p 15 Hz), 7.68 (d,
1H, 3J,p 14.5 Hz).13C NMR, &: 13.74, 14.57, 16.12 (m), 16.42 (m),
o o 30.34, 30.52, 30.80, 31.06, 43.03, 43.07, 57.21, 57.93, 57.95, 61.71 (d,
Jep 5.9 Hz), 61.93 (dJcp 5.9 Hz), 62.20 (dJcp 5.9 Hz), 62.69 (dJcp
5.9 Hz), 64.32 (m), 64.83, 108.35 (B, 11 Hz), 115.56 (d1Jcp
188.4 Hz), 120.94 (cBJep 10.9 Hz), 122.01 (diJ.p 186.6 Hz), 128.45
(d, 2Jcp 7.3 Hz), 128.85 (BJcp 7.7 Hz), 131.56, 131.84 (dgp 3.2 Hz),

OPO(OEY 132.08, 132.38 (dlep 3.7 Hz), 133.82, 143.26 (dgp 14.1 Hz), 147.61
3 (d, Jep 7.7 Hz), 149.33 (d)ep 14.1 Hz), 154.55, 155.55, 157.63, 159.81
(d, 3ep 4.1 Hz).31P NMR, 8: —5.52, 17.74, 18.97. FAB-M$z (%):
Scheme 1 876.9 (40, M), 580.8 (90), 240.9 (100).
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shows its usual heart-like shape with the O(7) and O(8) atoms
6.59 A apart and with the spiro carbon C(18) 5.44 A away from
the centroid of the xylyl ring. As pointed out earfighe steric
hindrance of the ring atoms does not allow guest molecules to
be enclathrated. Moreover, some degree of tension is present in
the macrocycle that slightly twists the mesityl group, which is
not exactly planar. In spite of a conformational disorder in some
of the terminal ethyl groups, the crystal packing is slightly more
efficient than that in the related structérep that no solvent
molecules are found in the structure.
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