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Hypervalent organoarsenic compounds violating the apicophilicity
concept were isolated for the first time, and the energy of
isomerization of these arsoranes to the more stable sterecisomers

By using the Martin ligand A&; Figure 1)® we have
succeeded in freezing the BPR in order to isolate a series of
phosphoranes violating the apicophilicity condepith an

O-equatorial, C-apical configuration (O-equatorfl)These
phosphoranes are kinetically stabilized products and can still
be converted into the corresponding more stable stereoiso-
mers with a C-equatorial, O-apical configuration (O-apical).
Hypervalent compounds of the main group elements have Furthermore, we have developed a new bidentate ligand
been attractive subjects for both experimental and theoreticalbearing two GFs groups B; Figure 1) that was more
chemists for a long timéEspecially, hypervalent phosphorus  effective for freezing the BPR of the phosphoranes than the
(phosphorane) chemistty, which is deeply related to the  Martin ligand?®
phosphoryl transfer reaction in biological systeimsas Unlike the situation at phosphorus centers, little is known
elucidated the significant fundamental properties of penta- about hypervalent arsenic species (arsoranes) because arsor-
coordinated molecules. Pentacoordinate compounds usuallyane chemistry often suffers from a faster BPR than phos-
prefer to take the trigonal-bipyramidal (TBP) geometry, and phorus!! For example, the activation free energy oLPPRs
there are two distinct sites in the TBP structure: the apical at its coalescence temperature (379 K) was 18.7 kcalbl
and equatorial sites. The apical bond is polarized; therefore,whereas only one fluorine signal of AsF; observed at
more electronegative substituents prefer to occupy the apicalroom temperature was not decoalesced ever@@°C.13 A
site (apicophilicity), and the presence of three equatorial
substituents 90 away from the apical positions favors
sterically less-demanding substituents in the latter posifions. Michalak, R. S.- Figuly, G. D.; Stevenson, W. H., IIl; Dess, D. B.:
In addition, hypervalent compounds undergo a rapid in- Ross, M. R.; Martin, J. CJ. Org. Chem 1981, 46, 1049-1053.
tramolecular site exchange of substituents, and the mecha- (7) Some phosphoranes that violate the apicophilicity concept were

. . . . isolated. (a) Kobayashi, J.; Goto, K.; Kawashima, T.; Schmidt, M.
nism is usually interpreted by Berry pseudorotation (BPR). W.; Nagase, SJ. Am. Chem. Soc2002 124, 3703-3712. (b)

Vollbrecht, S.; Vollbrecht, A.; Jeske, J.; Jones, P. G.; Schmutzler, R,;
du Mont, W.-W.Chem. Ber./Rectl997, 130, 819-822. (c) Kumara
Swamy, K. C.; Kumar, N. SAcc. Chem. Re006 39, 324-333
and references cited therein.

(8) (a) Kojima, S.; Kajiyama, K.; Nakamoto, M.; Akiba, K.-y. Am
Chem Soc 1996 118 12866-12867. (b) Kojima, S.; Kajiyama, K.;
Nakamoto, M.; Matsukawa, S.; Akiba, K.-ur. J. Org. Chem 2006
218-234.

(9) (a) Kajiyama, K.; Yoshimune, M.; Nakamoto, M.; Matsukawa, S.;
Kojima, S.; Akiba, K.-y.Org. Lett 2001, 3, 1873-1875. (b) Kajiyama,
K.; Yoshimune, M.; Kojima, S.; Akiba, K.-yEur. J. Org. Chem 2006
2739-2746.

appeared to be lower than that of the phosphorus analogues based
on the kinetic studies.
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Figure 1. Bidentate ligands for freezing BPR.

theoretical study shows that the energy of the BPR forsAsF
(3.0 kcal mot?) is lower than that for P&H4.3 kcal mot?).4
As we have done for phosphorane chemisti?,thorough
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Scheme 1
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diagrams for the O-equatorial arsoranes are shown in Figure

investigation of each isolated isomer of the arsoranes would 21 For the O-equatorial isomers, the bond distances ofAs1

lead to determination of the general and fundamental

01 [1.962(2) A forlaand 1.978(2) A forlb] and As+C2

properties of the chemistry of the pentacoordinate molecules.[1_978(4) A forlaand 1.986(3) A forlb] are longer than

In this context, we next focused on the isolation of two 10-
As-5'7 arsorane isomers using bidentate ligakdsind B.

those of Ast+02 [1.828(3) A forla and 1.817(2) A for
1b] and As1-C1 [1.954(4) A forlaand 1.936(3) A forlb],

We now present the first characterization of the pentacoor- respectively. This implies that the former two correspond to

dinate arsoranes with reversed apicophilicity O-equato-
rial) and a kinetic study of their pseudorotation to the more
stable O-apical isomerg).*®

We chose thet-butyl group as a monodentate ligand
because it was the most effective ligand for slowing the

apical bonds and the latter two are equatorial bonds,
indicating that the structures dfstill keep the TBP, even
though they are distorted from the ideal TBP geometry to
some extent, as indicated by the apical bond angles O1
As1—-C2 [162.07(14) for 1a and 164.55(13)for 1h]. It is

isomerization of the series of O-equatorial phosphoranes tonoted that the differences between the apical and equatorial

the O-apical isomet.Compounds3 were prepared by the
treatment of AsGlwith 2-fold amounts of the corresponding
bidentate ligand (Scheme ¥)Compound3a showed four
distinct fluorine signals corresponding to the {@ffoups in
the 1 NMR spectrum § = —73.7, —73.9, —76.2, and
—77.2 ppm for3a at 25°C), and the two aromatic rings
were unequivalently observed in the NMR spectrum. This
shows that compoun8a is a tricoordinate arsine and is in

clear contrast to the phosphorus analogue existing as a

hydrophosphorane with an equatorial-iR? bond?® The
arsoranes with the reversed apicophilicitg,and1b, could
then be synthesized from the corresponding arsi®&and

3b, respectively, using our method for the synthesis of the
O-equatorial spirophosphoraneBecause the O-equatorial

arsoranes were quantitatively converted to the corresponding

O-apical isomers 4) when heated in solution, the O-

equatorial arsoranes were proven to be kinetically stabilized
and thermodynamically unstable species. These are the first

isolated arsoranes with a reversed apicophilicity that still
undergo stereomutation to the more stable stereoisomers.

The solid-state structures of the O-equatorial spiroarsoranes

(laand1b) and the O-apical counterparaand2b) were
confirmed by an X-ray crystallographic analysis. The ORTEP

(14) Moc, J.; Morokuma, KJ. Mol. Struct.1997, 436—437, 401-418.

(15) Matsukawa, S.; Kojima, S.; Kajiyama, K.; Yamamoto, Y.; Akiba, K.-
y.; Re, S.; Nagase, 9. Am Chem Soc 2002 124, 13154-13170.

(16) Adachi, T.; Matsukawa, S.; Nakamoto, M.; Kajiyama, K.; Kojima,
S.; Yamamoto, Y.; Akiba, K.-y.; Re, S.; Nagase|r&irg. Chem2006
45, 7269-7277.

(17) For theN—X—L designation, see: Perkins, C. W.; Martin, J. C.;
Arduengo, A. J.; Lau, W.; Alegria, A.; Kochi, J. K. Am Chem
Soc 198Q 102 7753-7759.

(18) Anisomeric pair of arsoranes, which could have a RP structure in the
ground state, is reported. Fish, R. H.; Tannous, ROi§anometallics
1982 1, 1238-1240.

(19) Yamamoto, Y.; Toyota, K.; Wakisaka, Y.; Akiba, K.{eteroatom
Chem.200Q 11, 42—47.

(20) (a) Granoth, I.; Martin, J. Cl. Am. Chem. Sod.979 101, 4623~
4626. (b) Chopra, S. K.; Martin, J. Gleteroatom Chem1991], 2,
71-79.

distances fofla (As—0, 0.13 A; As-C, 0.02 A) are smaller
than those foflb (As—0, 0.16 A; As-C, 0.05 A). That is,

the distortion ofla toward the rectangular-pyramid (RP)
geometry along the Berry coordinate is greater than that of

(21) CCDC-63928213), -639283 (b), -639284 Ra), and -6392852h)
contain the supplementary crystallographic data for this paper. These
data can be obtained free of charge from the Cambridge Crystal-
lographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Crystals suitable for the X-ray structural determination were mounted
on a Mac Science DIP2030 imaging plate diffractometer and irradiated
with graphite-monochromated ModKradition ¢ = 0.710 73 A) at
—100 °C for the data collection. The unit cell parameters were
determined by separately autoindexing several images in each data
set using the DENZO program (MAC Sciené@)or each data set,
the rotation images were collected ihiBcrements with a total rotation
of 180° about thep axis. The data were processed usSEQALEPACK
The structure was solved by a direct method with 8t6ELX-97
progran?* Refinement onF2 was carried out using the full-matrix
least squares with tH@HELX-97program?* All non-hydrogen atoms
except for the disordered atoms were refined using anisotropic thermal
parameters. Crystallographic data i@ monoclinic system, space
group P2:/c (No. 14),a = 8.3040(3) A,b = 16.0250(7) A,c =
17.9010(10) AB = 99.950(23, V = 2346.28(19) A Z = 4, Dcarc =
1.745 g cm, data/param= 4781/337, R1I[> 20(1)] = 0.0508, wR2
(all data)= 0.1424, GOF= 1.144. Crystallographic data fdkb:
monoclinic system, space grof2;/c (No. 14),a = 12.714(2) A b
=13.013(2) A,c = 18.608(2) A,p = 109.1290(10), V = 2908.6(7)
A3, Z = 4, Dcac = 1.864 g cm3, data/param= 6597/437, R11[ >
20(1)] = 0.0605, wR2 (all datay 0.1704, GOF= 1.075. Crystal-
lographic data foRa: orthorhombic system, space groep;2:2; (No.
19),a = 11.6890(2) Ab = 12.0290(2) A,c = 16.6230(3) AV =
2337.31(7) R Z = 4, Deaic= 1.751 g cm3, data/param= 3129/334,
R1 I > 20(l)] = 0.0435, wR2 (all dataF 0.1427, GOF= 1.101.
Crystallographic data fo2b: triclinic system, space groupl (No.
2), a = 10.5300(2) A,b = 11.9040(3) A.c = 12.7020(4) A,a =
76.8420(10), p = 74.5350(10), y = 78.0960(10), V = 1476.16(7)
A3, Z = 2, Dcarc = 1.837 g cm?3, data/param= 6527/445, R11[ >
20(1)] = 0.0509, wR2 (all datay 0.1817, GOF= 1.194.
Detailed kinetic measurements for the isomerizatiofbab 5b were
not performed. As reported in ref 9, however, it took 3 weeks for the
isomerization of4b to 5b at 468 K. ThereforeAG*,9s was estimated
using the rate constant (cax210-¢ s71) obtained at 468 K assuming
that ASF = ca. —10 eu.
Otwinowski, Z.; Minor, W. Macromolecular Crystallography. In
Methods in EnzymologyCarter, C. W., Jr., Sweet, R. M., Eds;
Academic Press: New York, 1997; Vol. 276, part A, pp 3326.
(24) Sheldrick, G. M.SHELX-97 University of Gdtingen: Gitingen,
Germany, 1997.

(22)

(23)
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Figure 2. ORTEP diagrams ofa and1b showing the thermal ellipsoids

at the 30% probability level. Selected bond lengths (A) and angles (deg)
for 1a As1—01, 1.962(2); As+02, 1.828(3); AstC1, 1.954(4); Ast

C2, 1.978(4); AstC3, 2.006(4); 0+As1—C2, 162.07(14); O2Asl—

C1, 123.86(15); O2As1-C3, 113.55(16); CtAs1—-C3, 119.53(17). Those

for 1b: As1-01, 1.978(2); As+ 02, 1.817(2); AstC1, 1.936(3); Ast

C2, 1.986(3); As+C3, 2.014(3); O+As1—C2, 164.55(13); O2Asl—

C1, 116.80(12); O2As1—C3, 118.59(14); C+As1—C3, 121.65(15).

Scheme 2
Rf, Rf Rf .Rf
o] 0
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0 |
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1b, and the lower distortion olb could be due to steric
repulsion of the two nearestks groups.

Kinetic measurements for the isomerizatioridb 2 were
performed inp-t-butyltoluene over the temperature range of
60—80°C for 1ato 2aand 85-105°C for 1bto 2b (Scheme
2). The activation parameters for the £ferivatives {ato
2a) are AH* = 26.0+ 0.3 kcal mof!, AS = —2.1+ 0.8
eu, andAG¥s = 26.6 kcal mot?, and those for the £Fs
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derivatives {b to 2b) are AH* = 28.24+ 0.7 kcal mot?,

AS = —0.6 £+ 2.0 eu, andAG*,93 = 28.4 kcal motL. The
activation free energies for the arsoran&&t.qg) are much
lower than those for the corresponding phosphoranes (31.1
kcal mol™ for 4a to 5a’ and ca. 38 kcal mot for 4b to
5b).22 For not only the phosphorari€ut also the arsoranes,
the GFs group appeared to be more effective for freezing
the pseudorotation than the €group. Interestingly, when

all of the CF; groups are replaced by theks groups, the
activation free energy for the phosphoranes increases by 7
(38 — 31.1) kcal mot?l, whereas that for the arsoranes
increases by only 2 (28.4 26.6) kcal mot™.

In an attempt to synthesize an O-equatorial arsorane with
an n-butyl group instead of thebutyl group, we observed
the O-equatorial isomer only when using the bidentate ligand
B after treatment with iodine. Although we have not
successfully isolated this species because of the relatively
fast isomerization to the O-apical isomer at room temperature
(ca. 25% isomerized in 30 min), this result implies that the
O-equatorial arsoranes could be isolated if a monodentate
ligand slightly larger than the-butyl group is employed.
This enables us to investigate the reactivity of thear-
banion derived from the arsorane with -aCH,R-type
monodentate ligand, which should be compared to the
o-carbanion from benzylphosphorane, which produced the
stable hexacoordinate oxaphosphetane ate cortiple. are
now expanding the present chemistry for the synthesis of a
variety of arsoranes and stiboranes.
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