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In order to obtain a pentacoordinate hypervalent carbon
compound with two strong apical bonds, a new compound bear-
ing the novel skeleton 4 was synthesized by the two-electron
oxidation of 9 followed by deprotonation. The X-ray diffraction
data and the NMR spectra showed that the structure of 4 is not
pentacoordinate, but tetracoordinate.

Recently, we reported the synthesis of a pentacoordinate hy-
pervalent1 carbon compound (10-C-5) bearing a rigid 1,8-dime-
thoxyanthracene ligand 12 and flexible pincer-type ligand 2
(Chart 1).3 The two apical C–O bond lengths of 1 (2.43(1),
2.45(1) Å) and 2 (e.g., Ar1 = p-MeC6H4, Ar2 = p-ClC6H4:
2.671(4), 2.682(4) Å) were shorter than the sum of the van der
Waals radius of C–O (3.25 Å),4 and the attractive interaction be-
tween the central carbon atom and the two apical oxygen atoms
was determined by the AIM analysis5 and accurate X-ray analy-
sis.6

Because, the C–O distances of these compounds were much
longer than that of a covalent bond (1.43 Å), it was considered
that the C–O attractive interaction was not very strong. To
synthesize a pentacoordinate hypervalent carbon, which has
stronger C–O apical bonds, we synthesized a compound bearing
a 1,8-dioxyanthracene ligand 3 (Chart 2).2b,7 However, the X-ray
structural analysis of 3 showed that the central carbon atom of 3
was tetracoordinate and the oxygen anion was coordinated with
the counter cation, Kþ([18]crown-6).

Since the interaction of O����Kþ([18]crown-6) may inhibit
the coordination of the oxygen anion to the central carbon, we
designed compound 4 which has the two resonance structures
(4A and 4B) as shown in Figure 1. Resonance structure 4B has

an oxygen anionic donor and thioxanthylium skeleton. Since
the compound is neutral (or zwitterionic) and does not have a
counter ion, we expected the existence of attractive interaction
between the oxygen donor and the central carbon atom to afford
pentacoordinate structure 4C. We now report the synthesis and
structure of 4.

The synthesis of 4 is illustrated in Scheme 1. The reaction of
1,8-dimethoxythioxanthone (5)8 with i-PrMgCl afforded the cor-
responding alcohol, which was treated with p-toluenesulfonic
acid to afford olefin 6. The two-electron oxidation9 of 6 by 2
equiv of (2,4-Br2C6H3)3N

�þSbCl6
� or 3 equiv of SbCl5 afforded

monocation 7, that should be produced via dication intermediate
8 (unfortunately, dication 8 could not be observed). Since the
reaction of 7 with BBr3 did not proceed, the demethylation of
6 was carried out using excess amounts of BBr3 to give 9.
The two-electron oxidation of 9 by SbCl5 afforded thioxanthyl-
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ium salt 10.10 The deprotonation of 10 using DBU afforded 4 as a
dark green solid.11

Compound 4 was stable to atmospheric moisture and could
be purified by silica-gel chromatography. Single crystals of 4
suitable for an X-ray analysis were obtained by recrystallization
from CH2Cl2 and hexane as dark green plates, and the X-ray
structure of 412 is shown in Figure 2.

Since the shorter C–O bond length (C14–O2) is 1.494(6) Å
and the longer C–O (C14–O1) distance is 2.967(7) Å, the central
carbon atom should be regarded as tetracoordinate. The C–O dis-
tances are similar to those of 3 (1.470(5) and 2.991(5) Å, respec-
tively).2b,7 In addition, the AIM analysis of the calculated struc-
ture of 413 did not show a bond path between C14 and O1 (the
C–O distance is calculated to be 2.949 Å, which is consistent
with the X-ray structure). Therefore, it was confirmed that the
central carbon atom of 4 was tetracoordinate. Furthermore, the
NMR spectra (1H and 13C) also showed the unsymmetrical
structure of 4, and the bond switching process could not be
observed even at 110 �C (in toluene-d8).

The bond lengths of O1–C1 (1.261(3) Å) and O2–C10
(1.350(4) Å) indicate that the effect of the resonance structure
4A is significant. However, calculated Mulliken charge of 4
(O1 = �0:563, O2 = �0:537) indicates that some anionic
charge is located at O1 and that the resonance structure 4B plays
some role (cf. the Mulliken charge of 11 (Chart 3) is �0:663

at O1, and �0:580 at O2, the calculation was carried out at the
same level).

Therefore, the oxygen atom of O1 should have some donat-
ing ability, but the AIM analysis did not show the attractive in-
teraction between C14 and O1 despite the shorter interatomic
distance than the sum of the van der Waals radius. The results
indicate that the synthesis of a pentacoordinate anionic hyperva-
lent carbon with two strong apical bonds by the simply steric fix-
ation is difficult.
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C140 = 1.48(3) Å) (CCDC-663067).

13 The structure was optimized by the density functional theory (DFT) at the
B3PW91/6-31G(d) level14 using the Gaussian 98 program.15 The AIM
analysis was carried out at the same level.

14 a) A. D. Becke, Phys. Rev. A 1988, 38, 3098. b) A. D. Becke, J. Chem. Phys.
1993, 98, 5648. c) J. P. Perdew, Y. Wang, Phys. Rev. B 1992, 45, 13244.

15 M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb,
J. R. Cheeseman, V. G. Zakrzewski, J. A. Montgomery, R. E. Stratmann,
Jr., J. C. Burant, S. Dapprich, J. M. Millam, A. D. Daniel, S. K. N. Kudin,
M. C. Strain, O. Farkas, J. Tomasi, V. Barone, M. Cossi, R. Cammi, B.
Mennucci, C. Pomelli, C. Adamo, S. Clifford, J. Ochterski, G. A. Petersson,
P. Y. Ayala, Q. Cui, K. Morokuma, D. K. Malick, A. D. Rabuck, K.
Raghavachari, J. B. Foresman, J. Cioslowski, J. V. Ortiz, B. B. Stefanov,
G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. Gomperts, L. Martin,
D. J. Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A. Nanayakkara, C.
Gonzalez, M. Challacombe, P. M. W. Gill, B. Johnson, W. Chen, M. W.
Wong, J. L. Andres, C. Gonzalez, M. Head-Gordon, E. S. Replogle, J. A.
Pople, Gaussian 98, revision A.5; Gaussian, Inc.: Pittsburgh, PA, 1998.

Figure 2. X-ray structure of 4. Hydrogen atoms are omitted for clarity.
Selected bond length (Å): O1–C14 = 2.967(7), O2–C14 = 1.494(6),
O1–C1 = 1.261(3), O2–C10 = 1.350(4), C1–C2 = 1.431(3), C1–
C13 = 1.480(3), C2–C3 = 1.356(4), C3–C4 = 1.420(3), C4–C5 =
1.367(3), C5–C13 = 1.458(3), C6–C7 = 1.397(3), C6–C11 =
1.407(3), C7–C8 = 1.397(4), C8–C9 = 1.388(4), C9–C10 = 1.394(3),
C10–C11 = 1.408(3), C5–S1 = 1.754(2), C6–S1 = 1.733(2).
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