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Tricoordinate stibine 1 and tetracoordinate stiboranide 2a were synthesized by utilizing SbCl3. The struc-
ture of 2a was confirmed by X-ray analysis. The interconversion between 1 and 2 could be achieved by
BrNEt4 and NaH or BuLi. The pentacoordinate apicophilic stiborane 6 was prepared from 1. Due to steric
repulsion between the TIP group and the aromatic ring, the C1–Sb–C2 angle of 6b was narrowed by 4.4�
compared to that of 6a by X-ray analysis.
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1. Introduction

Hypervalent compounds of the main group elements have been
attractive subjects for both experimental and theoretical chemists
for a long time [1]. Especially, hypervalent phosphorus chemistry
[2–4], which is deeply related to the phosphoryl transfer reaction
in biological systems [5–9], has elucidated the significant funda-
mental properties of pentacoordinated molecules. Pentacoordinate
compounds are discovered to have two different structures, one is
trigonal bipyramid (TBP) structure and the other is square pyramid
(SP) structure, and the former is generally preferred (Fig. 1). The
TBP structure includes two distinct bonds, apical bond and equato-
rial bond. The apical bond is described as a three-center-four-elec-
tron (hypervalent) bond, whereas the equatorial bond is described
as an sp2 bond. The apical bond comprising of the two sites posi-
tioned linearly with the center intersects the equatorial plane
perpendicularly.

A very rapid nondissociative intramolecular exchange of sites,
i.e., the exchange between the apical ligand and the equatorial
ligand, is usually advocated by Berry pseudorotation (BPR) [10–
12], which is presumed to be a very low energy process (calcu-
lated to be � 2 kcal mol�1 for BPR of PH5) [13]. Another alterna-
tive mechanism called turnstile rotation (TR) proposed by Ugi
All rights reserved.
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et al. [14,15] has been calculated to be higher in energy than
BPR (calculated to be � 10 kcal mol�1 for TR of PH5) [16–18].
Therefore, usually TR is not taken into consideration in discus-
sions on the isomerization of pentacoordinate molecules. The
motion of BPR is illustrated in Fig. 2 where one of the equatorial
ligands is taken as a pivot (3) and the originally apical bonds (1,
2) undergo an angular bending from 180� to 120�, and two equa-
torial ligands (4, 5) bend from 120� to 180� in equatorial plane
including the pivot ligand. In this process, an SP structure is
the transition state.

In the TBP structure, electronegative and sterically small groups
generally prefer to occupy the apical sites, whereas electron-donat-
ing and bulky ligands prefer the equatorial sites. The relative pref-
erence of substituent occupying the apical site is particularly
known as apicophilicity [19–36]. From many experimental sys-
tems and theoretical calculations, an oxygen atom is determined
to be much more apicophilic than a carbon atom [19–36]. Anti-
apicophilic compound, which violates relative apicophilicity of
the elements, generally has high energy and is unstable, thus easily
isomerizes into its stable apicophilic compound.

Using Martin ligand [37] and new bidentate ligand with two
C2F5 groups [38], synthesis, structure, and reaction of pentacoordi-
nate compounds in the central atom of phosphorus and arsenic had
been reported [20,38–43]. Herein, we now report the synthesis of
tricoordinate stibine 1 and a unique tetracoordinate stiboranide
2a bearing new bidentate ligand. The reactivity of 1 and 2 are
investigated. Synthesis and structure of the pentacoordinate stibo-
rane are then discussed.

http://dx.doi.org/10.1016/j.jorganchem.2009.12.009
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Fig. 1. Trigonal bipyramid and square pyramid.
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2. Result and discussion

2.1. Synthesis and structure of 1 and 2a

Dianion 3 [38] was added to a solution of SbCl3 in THF to give
tricoordinate stibine 1 (8%) and tetracoordinate stiboranide 2a
(7%) (Scheme 1). Compound 1 showed two sets of distinct hydro-
Scheme 1. Synthes

Fig. 2. The mot

Fig. 3. The ORTEP drawings of 2a and 4 showing the thermal ellipsoids at
gen signals for two aromatic rings in the 1H NMR spectrum
(d = 8.23 (dd, 2H, 3JH–H = 7.6 Hz, 4JH–H = 1.7 Hz), 7.82 (td, 1H, 3JH–H =
7.6 Hz, 4JH–H = 1.7 Hz), and 7.79 (td, 1H, 3JH–H = 7.6 Hz, 4JH–H =
1.7 Hz) ppm; d = 7.97–8.01 (m, 2H), and 7.80 (t, 2H, 3JH–H =
7.6 Hz) ppm), and the two aromatic rings were unequivalent. This
showed that compound 1 was a tricoordinate stibine and com-
pared with arsenic analogue similarly to our previous result [43].
In comparison with compound 2a in the 1H NMR spectrum
(d = 7.79 (d, 2H, 3JH–H = 8 Hz), 7.61 (br d, 2H, 3JH–H = 8 Hz), 7.42
(td, 2H, 3JH–H = 8 Hz, 4JH–H = 1.5 Hz), and 7.32 (td, 2H, 3JH–H = 8 Hz,
4JH–H = 1.5 Hz) ppm at 25 �C), two aromatic rings were equivalent.
Furthermore, the 19F NMR spectrum of CF3 groups in 2a showed
sharp signal, in which all CF3 groups were magnetically equivalent.
The solid-state structure of stiboranide 2a was confirmed by the X-
ray crystallographic analysis (Fig. 3 and Table 1). The bond length
of Sb1–O1 and Sb1–O2 was same, which was 2.188(6) Å. The mol-
ecule of compound 2a was symmetrical by the central atom of
antimony, therefore the 1H NMR spectrum of two aromatic rings
was same and in agreement with that described above. Compound
2a was stable in air and water.
is of 1 and 2a.

ion of BPR.

the 30% probability level. The hydrogen atoms are omitted for clarity.
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2.2. Interconversion between 1 and 2

The interconversion between 1 and 2 was investigated. Under
air, after BrNEt4 was added to a solution of 2a in acetone and the
reaction was quenched with 6 M HCl, 2a was almost quantitatively
converted into 1 (Scheme 2). When 2a was only quenched with
Scheme 2. Interconversion between 1 and 2.

Fig. 4. The reaction of 1

Table 1
Selected bond lengths (Å) and angles (�) for the 2a and 4.

2a 4

Bond lengths (Å)
Sb1–O1 2.188(6) 2.069(4)
Sb1–O2 2.188(6) 2.069(4)
Sb1–C1 2.160(8) 2.097(4)
Sb1–C2 2.149(8) 2.097(4)
Sb1–C3 2.088(8)

Bond angles (�)
O1–Sb1–O2 156.1(3) 168.1(2)
O1–Sb1–C1 76.5(4) 80.70(16)
O1–Sb1–C2 89.5(3) 94.08(17)
O1–Sb1–C3 95.97(10)
O2–Sb1–C1 90.4(4) 94.08(17)
O2–Sb1–C2 76.2(3) 80.70(16)
O2–Sb1–C3 95.97(10)
C1–Sb1–C2 110.3(4) 128.5(2)
C1–Sb1–C3 115.75(12)
C2–Sb1–C3 115.75(13)

Scheme 3. Synthesis of penta
HCl, 1 was not obtained at all. 2a may be stabilized by coordination
of the lithium cation with the two oxygen atoms of the apical bond
in solution. By using BrNEt4, the reaction of 2a gave LiBr and the
lithium cation could be removed from 2a. In contrast, 2 was easily
prepared by the reaction of 1 in the presence of NaH or BuLi. To the
best of our knowledge, the interconversion between tricoordinate
stibine and tetracoordinate stiboranide was a first example.
2.3. Reactivity of 1 and 2a to MeI

The ability of ER3 (E = As, Sb, Bi) to act as Lewis base has long
been recognized. Such compounds arise from the donation of the
lone pair of electrons on the E atom to an electrophile. Therefore,
the reaction of 1 with MeI was carried out (Fig. 4). The expected re-
sult of methylstiborane 4 was not obtained. On the contrary, the
reaction of 2a with MeI gave stiborane 4 in 40% yield by SN2 reac-
tion (Fig. 4). The structure of 4 was confirmed by X-ray analysis
(Fig. 3 and Table 1). The lone pair of electrons of 1 were sited in
an sp3 orbital; the structure of tetracoordinate stiboranide 2a
was a trigonal bipyramid structure, and the lone pair of electrons
were sited in an sp2 orbital. It is well known that the higher the en-
ergy of the lone pair is, the more reactive the compound is [44].
Therefore, the reactivity of the lone pair in sp3 orbital of 1 should
be higher than that in sp2 orbital of 2a, which was not in agreement
with our experimental result. This could be explained in terms of
the steric repulsion of the C2F5 group. The experimental result that
compound 1 did not react with MeI showed that the steric bulk of
the pentafluoroethyl group could prevent the lone pair from
attacking MeI. This result was similar to the reported result
[42,45]. On the other hand, for compound 2a, the lone pair was si-
ted in sp2 orbital in the equatorial plane, and could react with MeI
to give compound 4.
2.4. Preparation of pentacoordinate apicophilic stiborane 6 from 1

Using new bidentate ligand with two C2F5 groups, the pentaco-
ordinate anti-apicophilic phosphoranes were successfully isolated
by the reaction of P–H compound with RLi (R = alkyl, aryl) and I2
and 2a with MeI.

coordinate phosphoranes.



Scheme 4. Synthesis and isomerization of pencoordinate stiborane 6.

Fig. 5. 19F NMR spectra of 6a and 7 in THF.

Table 2
Selected bond lengths (Å) and angles (�) for the 6a and 6b.

6a 6b

Bond lengths (Å)
Sb1–O1 2.070(3) 2.0630(19)
Sb1–O2 2.073(3) 2.0666(19)
Sb1–C1 2.101(4) 2.107(3)
Sb1–C2 2.099(4) 2.108(3)
Sb1–C3 2.182(4) 2.122(3)

Bond angles (�)
O1–Sb1–O2 161.53(12) 167.62(8)
O1–Sb1–C1 79.69(12) 80.65(10)
O1–Sb1–C2 91.44(14) 93.99(10)
O1–Sb1–C3 98.96(15) 95.16(9)
O2–Sb1–C1 92.63(13) 93.13(10)
O2–Sb1–C2 80.04(14) 80.49(10)
O2–Sb1–C3 99.96(15) 97.20(9)
C1–Sb1–C2 128.07(14) 123.63(10)
C1–Sb1–C3 117.19(18) 116.61(11)
C2–Sb1–C3 114.72(18) 119.76(10)
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which acted as oxidative cyclization (Scheme 3) [38,42]. The anti-
apicophilic compounds could quantitatively convert into the
corresponding apicophilic compounds by heat in solution [38,42].
Furthermore, the kinetic study revealed that the steric hindrance
of the C2F5 group was more effective for freezing pseudorotation
[38,42]. This enables us to investigate synthesis and isolation of
anti-apicophilic stiborane 5a. Using our method for the synthesis
of the pentacoordinate compounds [40], only the corresponding
apicophilic stiborane 6a was obtained in 50% yield, though the
monodentate ligand was the t-butyl group which was effective
for slowing the isomerization (Scheme 4). In order to trace the
isomerization of 5a to 6a, the samples of two NMR tubes were pre-
pared: after t-BuLi was added to compound 1 in THF, the superna-
tant was transferred to an NMR tube under N2 (NMR1); after I2 was
added to the mixture, another NMR tube (NMR2) was prepared in
the same condition. The reaction was monitored by 19F NMR
(Fig. 5). In NMR1 spectrum, the dianion 7 which have four distinct
fluorine singles corresponding to CF3 groups (d = �77.5, �77.9,
�78.4, and�78.7 ppm at 25 �C) was observed. The NMR2 spectrum
showed that the anti-apicophilic compound 5a would be generated
by dianion 7 just after the addition of I2 and rapidly isomerized into
its corresponding stable stiborane 6a by BPR, and compound 5a
was not observed at all. Therefore, the activation free energy for
the isomerization of 5a to 6a was not enough higher to achieve
the isolation of 5a. By the steric hindrance of the monodentate li-
gand, TIP (triisopropylphenyl) was employed [46]. The same result
of the apicophilic stiborane 6b was given in 61% yield. The struc-
tures of 6a and 6b were confirmed by X-ray analysis (Fig. 6 and
Table 2), which show that all the structures have TBP geometry.
The C1–Sb–C2 angle of 6b (123.63�) was narrowed by 4.4�



Fig. 6. The ORTEP drawings of stiboranes (6a and 6b) showing the thermal ellipsoids at the 30% probability level. The hydrogen atoms are omitted for clarity.
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compared to that of 6a (128.07�). This was due to steric repulsion
between the TIP group and the aromatic ring. To isolate anti-apic-
ophilic stiborane, a bulky bidentate ligand or a bulky monodentate
ligand should be necessary.

3. Conclusion

Tricoordinate stibine 1 and tetracoordinate stiboranide 2a were
synthesized by the reaction of dianion 3 with SbCl3. The structure
of tetracoordinate stiboranide 2a was confirmed by X-ray analysis.
The interconversion between 1 and 2 was achieved by BrNEt4 and
NaH or BuLi. No reaction of 1 with MeI gave an example of the ste-
ric bulk of the pentafluoroethyl group to prevent the lone pair from
attacking an electrophile. The pentacoordinate anti-apicophilic
stiborane 5 was not successfully isolated and the corresponding
apicophilic stiborane 6 was obtained from 1. Due to steric repul-
sion between the TIP group and the aromatic ring, the C1–Sb–C2
angle of 6b was narrowed by 4.4� compared to that of 6a by X-
ray analysis. Those researches of isolating anti-apicophilic stibora-
ne are now ongoing.

4. Experimental

4.1. General procedures

Melting points were measured using a Yanaco micro melting
point apparatus. 1H NMR (400 MHz), 19F NMR (376 MHz), 31P
NMR (162 MHz) were recorded using JEOL EX-400 or JEOL AL-
400 spectrometers. 1H NMR chemical shifts (d) are given in ppm
downfield from Me4Si, determined by residual chloroform (d =
7.26 ppm). 19F NMR chemical shifts are given in ppm downfield
from external CFCl3. 31P NMR chemical shifts are given in ppm
downfield from external 85% H3PO4. Elemental analyses were per-
formed using a Perkin–Elmer 2400 CHN elemental analyzer. Tetra-
hydrofuran (THF) and diethyl ether (Et2O) were freshly distilled
from Na/benzophenone, n-hexane was distilled from Na, and other
solvents were distilled from CaH2. Merck silica gel 60 was used for
the column chromatography.
4.2. Preparation of 1 and 2a

Under N2, dianion 3 [38] (1.23 mmol) which was prepared from
the reaction of 1,1,1,3,3,3-hexafluro-2-(2-bromophenyl)-2-propa-
nol (532 mg, 1.23 mmol) with t-BuLi (in 1.57 M pentane, 1.6 mL,
2.51 mmol) in the presence of excess NaH was added to a solution
of SbCl3 (143 mg, 0.614 mmol) in THF (3 mL) at �78 �C and stirred
for 0.5 h. The mixture was warmed to room temperature and stir-
red for 3 h. The reaction was quenched with distilled water
(50 mL � 2). The mixture was extracted with ether (80 mL � 2),
and dried over anhydrous MgSO4. After solvent removal by evapo-
ration, the resulting crude product was separated by column chro-
matography (CH3COOC2H5), followed by reversed-phase HPLC
(CH3CN) to afford 1 (RT = 14.4 min, 38.5 mg, 0.048 mmol, 8%) and
2a (RT = 13.6 min, 33.3 mg, 0.041 mmol, 7%) as white solids. Color-
less crystals of 2a suitable for X-ray analysis were obtained by
recrystallization from THF/Et2O. 1: 1H NMR (CDCl3) d 8.23 (dd,
2H, 3JH–H = 7.6 Hz, 4JH–H = 1.7 Hz), 7.97–8.01 (m, 2H), 7.82 (td, 1H,
3JH–H = 7.6 Hz, 4JH–H = 1.7 Hz), 7.80 (t, 2H, 3JH–H = 7.6 Hz), 7.79 (td,
1H, 3JH–H = 7.6 Hz, 4JH–H = 1.7 Hz); 19F NMR (CDCl3) d �78.17 (t,
6F, 5JF–F = 4.9 Hz), �78.24 (d, 6F, 3JF–F = 12.3 Hz), �115.9 (dq, 2F,
2JF–F = 283 Hz, 3JF–F = 12.3 Hz), �116.8 (s, 4F), �119.8 (dq, 2F, 2JF–F =
283 Hz, 5JF–F = 4.9 Hz). 2a: 1H NMR (CDCl3) d 7.79 (d, 2H, 3JH–H =
8 Hz), 7.61 (br d, 2H, 3JH–H = 8 Hz), 7.42 (td, 2H, 3JH–H = 8 Hz,
4JH–H = 1.5 Hz), 7.32 (td, 2H, 3JH–H = 8 Hz, 4JH–H = 1.5 Hz); 19F NMR
(CDCl3) d �78.2 (s, 12F), �114.8 (d, 2F, 2JF–F = 290 Hz), �116.7 (d,
2F, 2JF–F = 290 Hz), �119.2 (s, 4F).
4.3. Interconversion of 2a to 1

Under air, BrNEt4 (26 mg, 0.124 mmol) was added to a solution
of 2a (33.3 mg, 0.0413 mmol) in acetone (10 mL) at room temper-
ature. The mixture was stirred for 16 h at room temperature. The
reaction was quenched with 6 M HCl (50 mL). The mixture was ex-
tracted with ether (60 mL � 2), and dried over anhydrous MgSO4.
After solvent removal by evaporation, the resulting crude was sep-
arated by preparative TLC (n-hexane/CH2Cl2 = 4:1) to afford 1



Table 3
Crystallographic data for 2a, 4, 6a and 6b.

Compound 2a�(2THF�2H2O�Et2O) 4 6a 6b

Formula C34H38F20LiO7Sb C23H11F20O2Sb C26H17F20O2Sb C37H31F20O2Sb
Molecular weight 1067.33 821.07 863.15 1009.37
Crystal system Orthorhombic Monoclinic Orthorhombic Monoclinic
Space group Pbca P2/c Pbca P21/c
Color Colorless Colorless Colorless Colorless
Habit Plate Plate Plate Plate
Crystal dimensions (mm) 0.30, 0.20, 0.10 0.25, 0.20, 0.15 0.40, 0.40, 0.30 0.60, 0.50, 0.40
a (Å) 18.6260(5) 22.3180(6) 11.9550(2) 14.9670(2)
b (Å) 21.6460(7) 11.8360(3) 28.0850(5) 10.39900(10)
c (Å) 22.2110(6) 10.4360(3) 18.1130(2) 26.0680(3)
a (�) 90 90 90 90
b (�) 90 98.3080(10) 90 102.6910(10)
c (�) 90 90 90 90
V (Å3) 8955.0(4) 2727.80(13) 6081.55(16) 3958.15(8)
Z 8 4 8 4
Dcalc (g cm�3) 1.583 1.999 1.885 1.694
Absolute coefficient (mm�1) 0.741 1.171 1.056 0.825
F(0 0 0) 4256 1584 3360 2000
Radiation: k (Å) Mo Ka, 0.71073 Mo Ka, 0.71073 Mo Ka, 0.71073 Mo Ka, 0.71073
Temperature (�C) 25 20 20 �100
Data collected +h, ±k, ±l +h, +k, ±l +h, +k, ±l +h, +k, ±l
Data/restrains/parameters 10379/0/493 3283/0/207 6200/0/446 7447/0/547
R1 (I > 2r(I)) 0.1120 0.0640 0.0474 0.0393
wR2 (all data) 0.3543 0.1900 0.1534 0.1405
Goodness-of-fit 1.092 1.092 1.123 1.208
Largest difference in peak, hole (e Å�3) 0.982, �2.156 0.745, �2.255 0.951, �2.116 0.982, �2.156
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(32.5 mg, 0.0402 mmol, 97%). The spectral data of 1 were consis-
tent with those of the same product described above.

4.4. Interconversion of 1 to 2

Method 1: under N2, a solution of 1 (22.5 mg, 0.027 mmol) in
THF (3 mL) was added to a suspension of NaH (40 mg, 1.0 mmol)
in THF (2 mL) at 0 �C. The mixture was stirred for 1 h at room
temperature. The reaction was quenched with distilled water
(50 mL � 2). The mixture was extracted with ether (70 mL � 2),
and dried over anhydrous MgSO4. After solvent removal by evapo-
ration, the mixture of 1 and 2b (24 mg) was obtained. The 1H NMR
(CDCl3) showed the signals for 1 and 2b with the ratio of 1/
2b = 21:79. The spectral data of 2b were consistent with those of
the product 2a described above.

Method 2: under N2, n-BuLi (in 1.59 M n-hexane, 0.02 mL,
0.031 mmol) was added to a solution of 1 (24.2 mg, 0.03 mmol)
in Et2O (1.5 mL) at 0 �C and stirred for 0.5 h at the same tempera-
ture. The mixture was warmed to room temperature and stirred for
3 h. The reaction was quenched with distilled water (60 mL � 2).
The mixture was extracted with ether (50 mL � 2), and dried over
anhydrous MgSO4. After solvent removal by evaporation, the mix-
ture of 1 and 2a (20 mg) was obtained. The 1H NMR (CDCl3)
showed the signals for 1 and 2a with the ratio of 1/2a = 40:60.
The spectral data of 2a were consistent with those of the same
product described above.

4.5. Preparation of [TBPY-5-11]-methyl-3,3,30,30-
tetrakis(pentafluoroethyl)-1,10-spirobi [3H,2,1,5-benzoxastibole] (4)

Under N2, MeI (0.01 mL, 0.16 mmol) was added to a solution of
2a (37.3 mg, 0.035 mmol) at 0 �C. The mixture was stirred for 6 h at
room temperature. The mixture was extracted with ether (80 mL
� 2), and the organic layer was washed with brine (60 mL � 2)
and dried over anhydrous MgSO4. After solvent removal by evapo-
ration, the resulting crude was separated by TLC (n-hexane/
CH2Cl2 = 4:1) to afford 4 (11.2 mg, 0.0136 mmol, 40%). Colorless
crystals of 4 suitable for X-ray analysis were obtained by recrystal-
lization from n-hexane/CH2Cl2. 1H NMR (CDCl3) d 8.14 (d, 2H,
3JH–H = 8 Hz), 7.86 (br d, 2H, 3JH–H = 8 Hz), 7.72 (td, 2H,
3JH–H = 8 Hz, 4JH–H = 1.2 Hz), 7.68 (td, 2H, 3JH–H = 8 Hz, 4JH–H =
1.2 Hz), 1.72 (s, 3H); 19F NMR (CDCl3) d �78.2 (s, 6F), �78.4 (dd,
6F, 3JF–F = 14.8 Hz, 5JF–F = 6.1 Hz), �115.8 (dq, 2F, 2JF–F = 283 Hz,
3JF–F = 14.8 Hz), �116.1 (d, 2F, 2JF–F = 283 Hz), �117.2 (br d, 2F,
2JF–F = 283 Hz), �119.9 (dq, 2F, 2JF–F = 283 Hz, 5JF–F = 6.1 Hz). MS
(EI(+)): m/z = 806[M]+, 687[M�C2F5]+.

4.6. Preparation of [TBPY-5-11]-1-t-butyl-3,3,30,30-
tetrakis(pentafluoroethyl)-1,10-spirobi [3H,2,1,5-benzoxastibole] (6a)

Under N2, a solution of 1 (31.3 mg, 0.038 mmol) in THF (1 mL)
was added to a suspension of NaH (41.6 mg, 1.04 mmol) in THF
(1 mL) at 0 �C and the mixture was stirred for 10 min at room tem-
perature. The mixture was then cooled at �78 �C, and t-BuLi (in
1.57 M n-pentane, 0.030 mL, 0.047 mmol) was added. The mixture
was then stirred for 15 min at room temperature. I2 (12 mg,
0.047 mmol) was added to the mixture at �78 �C and stirred for
1 h at 0 �C. The reaction was quenched with aqueous Na2S2O3

(30 mL � 2). The mixture was extracted with Et2O (30 mL � 2),
and the organic layer was washed with brine (20 mL � 2) and dried
over anhydrous MgSO4. After removing the solvents by evapora-
tion, the resulting crude was separated by TLC (n-hexane/
CH2Cl2 = 4:1) to afford 6a (16.8 mg, 0.019 mmol, 50%) as a white
solid. Colorless crystals of 6a suitable for X-ray analysis were ob-
tained by recrystallization from n-hexane/CH2Cl2. 1H NMR (CDCl3)
d 8.08 (d, 2H, 3JH–H = 8 Hz), 7.83 (br d, 2H, 3JH–H = 8 Hz), 7.68 (td,
2H, 3JH–H = 8 Hz, 4JH–H = 1.2 Hz), 7.63 (td, 2H, 3JH–H = 8 Hz, 4JH–H =
1.2 Hz), 1.39 (s, 9H); 19F NMR (CDCl3) d �78.3 (dd, 6F, 3JF–F =
14.8 Hz, 5JF–F = 4.9 Hz), �78.4 (br s, 6F), �113.2 (dq, 2F, 2JF–F =
285 Hz, 3JF–F = 14.8 Hz), �114.1 (br d, 2F, 2JF–F = 285 Hz), �115.3
(d, 2F, 2JF–F = 285 Hz), �118.6 (dq, 2F, 2JF–F = 285 Hz, 5JF–F =
4.9 Hz). Anal. Calc. for C26H17F20O2Sb: C, 36.18; H, 1.90. Found: C,
36.45; H, 1.80%.

4.7. Preparation of [TBPY-5-11]-1-TIP-3,3,30,30-
tetrakis(pentafluoroethyl)-1,10-spirobi [3H,2,1,5-benzoxastibole] (6b)

Under N2, triisopropylphenyllithium (0.689 mmol) which was
prepared from the reaction of 1-bromo-2,4,6-triisopropylbenzene
(195.3 mg, 0.689 mmol) with n-BuLi (in 1.58 M n-hexane, 0.43 mL,
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0.679 mmol) was added to a solution of 1 (88.5 mg, 0.109 mmol) in
Et2O (3 mL) at �78 �C. The mixture was then stirred for 1 h at room
temperature. I2 (110 mg, 0.433 mmol) was added to the mixture at
�78 �C and stirred for 1 h at 0 �C. The reaction was quenched with
aqueous Na2S2O3 (50 mL � 2). The mixture was extracted with
Et2O (60 mL � 2), and the organic layer was washed with brine
(50 mL � 2) and dried over anhydrous MgSO4. After removing the
solvents by evaporation, the resulting crude was separated by TLC
(n-hexane/CH2Cl2 = 4:1) to afford 6b (67.4 mg, 0.0667 mmol, 61%)
as a white solid. Colorless crystals of 6b suitable for X-ray analysis
were obtained by recrystallization from n-hexane/CH2Cl2. M.p.:
160.5–161.0 �C; 1H NMR (CDCl3) d 8.27 (d, 2H, 3JH–H = 8 Hz), 7.81
(br d, 2H, 3JH–H = 8 Hz), 7.74 (t, 2H, 3JH–H = 8 Hz), 7.64 (t, 2H, 3JH–H =
8 Hz), 6.99 (s, 2H), 3.39 (sept, 2H, 3JH–H = 6.6 Hz), 2.83 (sept, 1H,
3JH–H = 6.6 H z), 1.34 (d, 6H, 3JH–H = 6.6 Hz), 1.21 (d, 6H, 3JH–H =
6.6 Hz), 0.66 (d, 6H, 3JH–H = 6.6 Hz); 19F NMR (CDCl3) d �78.3 (s,
6F),�78.5 (dd, 6F, 3JF–F = 18.5 Hz, 5JF–F = 4.9 Hz),�114.1 (d, 2F, 2JF–F =
286 Hz), �116.0 (dq, 2F, 2JF–F = 286 Hz, 3JF–F = 18.5 Hz), �117.9 (d,
2F, 2JF–F = 286 Hz), �119.3 (dq, 2F, 2JF–F = 286 Hz, 5JF–F = 4.9 Hz).
Anal. Calc. for C37H31F20O2Sb: C, 44.03; H, 3.10. Found: C, 44.02; H,
2.83%.

4.8. Single crystal X-ray analysis of 2a, 4, 6a, and 6b

Crystals suitable for the X-ray structural determination were
mounted on a Mac Science DIP2030 imaging plate diffractometer
and irradiated with graphite monochromated Mo Ka radiation
(k = 0.71073 Å) for the data collection. The unit cell parameters
were determined by separately autoindexing several images in
each data set using the DENZO program (MAC Science) [47]. For each
data set, the rotation images were collected in 3� increments with a
total rotation of 180� about the u axis. The data were processed
using SCALEPACK. The structure was solved by a direct method with
the SHELX-97 program [48]. Refinement on F2 was carried out using
the full-matrix leat-squares by the SHELX-97 program [48]. All non-
hydrogen atoms were refined using the anisotropic thermal
parameters. The hydrogen atoms were included in the refinement
along with the isotropic thermal parameters. The crystallographic
data are summarized in Table 3.

Supplementary material

CCDC 752614, 752615, 752616, and 752617 contain the supple-
mentary crystallographic data for 2a, 4, 6a, and 6b. These data can
be obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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