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Macrocyclic multi-telluranes with hypervalent Te–O apical linkages†
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Two types of macrocyclic multi-telluranes with hypervalent
Te–O apical linkages in the main chain were prepared by the
reaction of a telluronium salt or a cationic ditelluroxane with
phthalate via [3 + 3] and [2 + 2] assembly, respectively.

One of the characteristics of organic heteroatom chemistry is
the formation of hypervalent compounds.1 Telluranes have the
trigonal bipyramidal geometry, in which the two apical ligands
and the central Te atom construct a three-center–four-electron
hypervalent bond with ca. 180° bond angle. A strategy for the
formation of hypervalent telluranes is the use of n?s* orbital
interaction, where the s* orbital of the Te–X bond of a
telluronium salt interacts with the n orbital of a lone pair of
electrons of a ligand.1 In supramolecular chemistry, the field of
macrocycles has advanced to the stage where self-assembly
through transition-metal coordination has proved to be a reliable
tool.2 Hypervalent bonds via n?s* orbital interactions in
heteroatoms may also be a viable alternative for self-assembled
macrocycles.3–7 Recently, we have found that the cationic
ditelluroxane 2 interacts with triflate as a counter ion in the solid
state and with telluroxide in solution to form a pseudo-
macrocyclic multi-tellurane and oligotelluroxanes, respec-
tively, with hypervalent Te–O apical linkages via n?s* orbital
interaction.8 Herein we report the synthesis of the macrocyclic
multi-telluranes 4 and 5 by the reaction of the telluronium salt
1 or the cationic ditelluroxane 2 as building blocks with
phthalate 3 as a convergent bidentate ligand. This is the first
example of macrocycles composed of only hypervalent apical
linkages in the main chain for group 13–17 elements, which are
fully characterized both in solution and in the solid state.

The generation of the telluronium salt 1 in situ by the reaction
of bis(4-methylphenyl) telluroxide with 1 equiv. of triflic
anhydride in MeCN at 240 °C followed by the addition of 1
equiv. of sodium phthalate 3 at room temperature gave the
hypervalent macrocycle 4 in 76% yield after recrystallization
[Scheme 1(a)].§ Treatment of the cationic ditelluroxane 2 with
1 equiv. of 3 in MeCN at room temperature produced the
hypervalent macrocycle 5 in 14% yield after recrystallization
[Scheme 1(b)].§

The 125Te NMR spectra of 4 and 5 in CD2Cl2 showed singlets
at d 997.0 and 1044.4, respectively, which are in the region of
telluranes with hypervalent Te–O2C apical bonds.9 The 1H
NMR spectra of 4 and 5 exhibited doublet, double-doublet,
double-doublet, and doublet peaks in the aromatic region in the
integration ratios of 2+1+1+2 and 4+1+1+4, respectively. The IR
spectrum of 5 showed the characteristic Te–O–Te stretching
band at n 639 cm21.10 These data imply that 4 is the result of [3
+ 3] assembly of 1 and 3 to give a 21-membered ring, and 5 is
the result of [2 + 2] assembly of 2 and 3 to form an
18-membered ring; both structures are composed of the

hypervalent Te–O apical linkages in the main chain. The FAB-
MS spectra of 4 and 5 showed a parent peak at m/z 1423 ([M +
H]+) and at 1601 ([M + H]+), respectively, the isotopic
distribution patterns of which are consistent with the calculated
ones. Distinctive fragment peaks also appeared at m/z 801 and
477 in both cases and at m/z 1509 and 1275 in 5.

The 1H and 125Te NMR spectra of 4 and 5 in CD2Cl2 and
CD3CN remained unchanged in the range 290 to 80 °C. NOE
experiments on 4 and 5 indicated 224 and 219% NOEs,
respectively, at the ortho-hydrogens of the phthalate unit upon
irradiation of the ortho-hydrogens of the para-tolyl unit. These
results indicate that the cyclic structures of 4 and 5 are
maintained in solution.

The molecular structures of the hypervalent macrocycles 4
and 5 were determined by X-ray crystallographic analysis, as
shown in Fig. 1 and 2, respectively.¶∑ The macrocycle 4 is
composed of three Te atoms and three phthalates, and possesses
Te–O2C bond lengths of 2.133–2.166 Å, CO2–Te–O2C bond
angles of 161.8–168.3° and C–Te–C bond angles of
96.2–100.3°. The macrocycle 5 consists of two ditelluroxanes
and two phthalates, and the unit cell contains four independent
molecules.∑ The respective average bond lengths and angles are
in the range of 2.23–2.29 Å for Te–O2C, 1.99–2.03 Å for Te–O,
166.1–168.7° for O–Te–O2C, 96–101° for C–Te–C and
114–126° for Te–O–Te. These data clearly indicate that both 4
and 5 have trigonal bipyramidal geometry for the Te atoms and
hypervalent Te–O apical bonds.11 In both cases, all the atoms of
the respective macrocyclic rings are roughly coplanar. The
halves of the carbonyl O atoms and the tolyl groups are directed
inward and outward, respectively, to the respective macrocyclic
rings. By contrast, the other halves of the carbonyl O atoms and
the tolyl groups are vertically directed to the respective

† Electronic supplementary information (ESI) available: characterization
data and ORTEP diagrams for 4 and 5. See http://www.rsc.org/suppdata/cc/
b1/b103676a/
‡ Present address: Foundation for Advancement of International Science,
586-9 Akatsuka-Ushigahuchi, Tsukuba, Ibaraki 305-0062, Japan. Scheme 1 Synthesis of macrocyclic multi-telluranes (a) 4 and (b) 5.
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macrocyclic ring planes so as to be placed at the opposite side.
It is noted that the Te(1) and Te(4) atoms in 5 interact with the
carbonyl O(7A) atom of the adjacent molecule [O(7A)···Te(1)
2.95 and O(7A)···Te(4) 3.20 Å; O(7A)···Te(1)–C(8) 153 and
O(7’)···Te(4)-C(59) 149°],12 the contact distances of which are
shorter than the sum of the van der Waals radii (3.60 Å) of the
Te and O atoms. Thus, 5 forms a head-to-head type of dimeric
structure in the solid state [Fig. 2(b)].

In summary, we have demonstrated the synthesis of macro-
cyclic multi-telluranes 4 and 5 with hypervalent Te–O apical
linkages in the main chain. Hypervalent bonds via n?s* orbital
interaction in heteroatoms can serve as a new supramolecular
synthon for molecular assembly. Studies on the synthesis of
hypervalent polymers using the building blocks 1 and 2 with
divergent bidentate ligands are underway.

Notes and references
§ Representative data: for 4: mp 199–200 °C (decomp); 1H NMR (270
MHz, CD2Cl2, 23 °C) d 2.35 (s, 18H), 7.31 (d, J 8.3 Hz, 12H), 7.38 (dd, J
3.2 , 5.9 Hz, 6H), 7.48 (dd, J 3.2, 5.9 Hz, 6H), 7.78 (d, J 8.3 Hz, 12H); 125Te
NMR (85.2 MHz, CD2Cl2, 23 °C) d 997.0; FAB-MS (2-nitrophenyl octyl
ether matrix) m/z (%) 1423 (4, [M + H]+), 801 (7, [M 2 Ar2Te 2
2C6H4(CO2)2 + OH]+), 477 (43, [1/3M + H]+), 329 (79, [Ar2TeO + H]+),
312 (100, [Ar2Te]+). For 5: mp 172–174 °C (decomp); 1H NMR (270 MHz,
CD2Cl2, 23 °C) d 2.32 (s, 24H), 7.13 (d, J 8.1 Hz, 16H), 7.31 (dd, J 3.2, 5.7
Hz, 4H), 7.50 (dd, J 3.2, 5.7 Hz, 4H), 7.76 (d, J 8.1 Hz, 16H); 125Te NMR
(85.2 MHz, CD2Cl2, 23 °C) d 1044.4; FAB-MS (2-nitrophenyl octyl ether
matrix) m/z (%) 1601 (8, [M + H]+), 1509 (8, [M 2 Ar]+), 1275 (18, [M 2
Ar2TeO + H]+), 801 (18, [1/2M + H]+), 477 (37, [1/2M 2 Ar2TeO + H]+),
329 (98, [Ar2TeO + H]+), 312 (100, [Ar2Te]+).
¶ Crystal data: for 4·0.5(p-xylene)·3(CH3CN): C76H68O12N3Te3, M =
1598.19, triclinic, space group P1̄, a = 13.2525(8), b = 15.1873(9), c =
19.937(1) Å, a = 76.682(1), b = 75.167(1), g = 65.688(1)°, U =
3499.3(4) Å3, Z = 2, Dc = 1.517 g cm23, Bruker CCD/Smart 1000, m(Mo-
Ka) = 13.06 cm21, T = 173 K. Of 20229 measured and 14907 unique
reflections (Rint = 0.062), the final least-squares refinement based on F for
12760 observed reflections with I > 2.5s(I) (767 variables) converged with
R = 0.055 and Rw = 0.082. For 5·1.5(p-xylene): C84H79O10Te4, M =
1758.94, triclinic, space group P1̄, a = 18.150(2), b = 28.698(3), c =
30.804(3) Å, a = 86.630(2), b = 89.491(2), g = 77.613(2)°, U = 15644(3)
Å3, Z = 8, Dc = 1.494 g cm–3, Bruker CCD/Smart 1000, m(Mo-Ka) =
15.33 cm21, T = 123 K. Of 93535 measured and 68077 unique reflections
(Rint = 0.082), the final least-squares refinement based on F for 19579
observed reflections with I > 3.0s(I) (3527 variables) converged with R =
0.088 and Rw = 0.134. CCDC reference numbers 159004 and 159005. See
http://www.rsc.org/suppdata/cc/b1/b103676a/ for crystallographic data in
CIF or other electronic format.
∑ Compound 4 has some high thermal parameters for the solvent molecules.
The structural parameters for compound 5 reported here are still
preliminary. Even from the data collected at 2150 °C we have not yet
obtained satisfactory parameters because of the severe disorder. Although
the final level of refinement has not yet been reached, we believe the data
obtained here is significant enough to demonstrate the molecular structure
of 5.
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Fig. 1 Structure of 4 in the crystal; hydrogen atoms are omitted for clarity.
Selected bond lengths (Å) and angles (°): Te(1)–O(1) 2.166(4), Te(1)–
O(11) 2.133(4), Te(2)–O(3) 2.141(4), Te(2)–O(5) 2.163(4), Te(3)–O(7)
2.151(4), Te(3)–O(9) 2.144(4); O(1)–Te(1)–O(11) 161.8(2), O(3)–Te(2)–
O(5) 168.3(2), O(7)–Te(3)–O(9) 165.6(2), C(1)–Te(1)–C(8) 100.3(2),
C(23)–Te(2)–C(30) 96.2(2), C(45)–Te(3)–C(52) 98.9(2).

Fig. 2 (a) Structure of 5 and (b) its dimeric structure in the crystal; hydrogen
atoms in (a) and (b) and p-tolyl groups in (b) are omitted for clarity. Selected
average bond lengths (Å) and angles (°): Te(1)–O(1) 2.28(2), Te(2)–O(3)
2.23(2), Te(3)–O(6) 2.27(2), Te(4)–O(8) 2.29(2), Te(1)–O(10) 2.03(2),
Te(4)–O(10) 2.01(2), Te(2)–O(5) 2.01(2), Te(3)–O(5) 1.99(2),
O(7A)···Te(1) 2.95, O(7A)···Te(4) 3.20; O(1)–Te(1)–O(10) 166.6(7), O(3)–
Te(2)–O(5) 167.2(7), O(5)–Te(3)–O(6) 168.7(7), O(8)–Te(4)–O(10)
166.1(8), C(1)–Te(1)–C(8) 96(1), C(23)–Te(2)–C(30) 101(1), C(37)–
Te(3)–C(44) 98(1), C(59)–Te(4)–C(66) 98(1), Te(1)–O(10)–Te(4) 114(1),
Te(2)–O(5)–Te(3) 126(1), O(7A)···Te(1)–C(8) 153, O(7A)···Te(4)–C(59)
149.
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