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Letters
An unusual twist conformation of 2-O-methyl-1,3,4,5-tetrakis-
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Abstract—The ring conformation of 2-O-methyl-1,3,4,5-tetrakis-O-tert-butyldiphenylsilyl-myo-inositol was in a twist form both in
solid state and in solution. This is the first observation of a stable twist conformer induced by the introduction of bulky silyl
protecting groups.
� 2004 Elsevier Ltd. All rights reserved.
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Scheme 1. Reagents and conditions: (a) TBSOTf, 2,6-lutidine, 130 �C,
4 h, 87% to 2; TIPSOTf, 2,6-lutidine, THF, reflux, 56 h, 44% for 3;

TBDPSOTf, 2,6-lutidine, 130 �C, 33 h, 57% for 4.
The introduction of bulky trialkylsilyl or alkyldiarylsilyl
groups into an adjacent diol on a six-membered ring
sometimes changes the ring conformation from a chair
form with more equatorial substituents (the equatorial-
rich chair form) into another chair form, which has
more axial substituents (the axial-rich chair form). Such
conformational changes have been observed on the rings
of substituted tetrahydropyranes and cyclohexanes.1;2

However, none of the other conformers has been mani-
fested except for the chair–chair interconversion.3 Here,
we would like to report the first stable twist conformer
of a substituted cyclohexane ring induced by the intro-
duction of bulky silyloxy groups.
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Figure 1. Examples of stable conformers in the axial-rich chair

form.1a;2
During our investigation of the ring conformation of
myo-inositol derivatives possessing bulky silyl protecting
groups,2b we attempted to introduce five tert-butyldi-
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methylsilyl (TBS), triisopropylsilyl (TIPS), or tert-
butyldiphenylsilyl (TBDPS) groups into 2-O-methyl-
myo-inositol (1).4 Introduction of the five TBS groups
was possible using TBSOTf at 130 �C to give 2 (Scheme
1). On the contrary, only four TIPS or TBDPS groups
could be introduced providing the racemic 3 and 4,
respectively. The hydroxy group at the C-6 remained
unprotected, and the ethanol solution of the accidentally
derived 4 afforded single crystals.

The structure of 4 was determined by X-ray crystallo-
graphic analysis and the cyclohexane ring was in the
twist form (Fig. 2).5 The resulting crystallographic data
indicated that the dihedral angle of the O-3–C-3–C-4–O-
4 was as large as 177.5�. The other dihedral angles of the
vicinal trans-C–O bonds, that is, O-4–C-4–C-5–O-5, O-
5–C-5–C-6–O-6, and O-6–C-6–C-1–O-1, were 137.0�,
75.8�, and 47.9�, respectively. The dihedral angles of the
vicinal cis-C–O bonds were small; the respective angles
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Figure 2. ORTEP drawing and Chem-3D models based on the X-ray

diffraction study of 4. In the models, the substituents on the silicon

atoms are omitted for clarity. The right model is a view from another

side.
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of O-1–C-1–C-2–O-2 and O-2–C-2–C-3–O-3 were 30.5�
and 36.7�. Thus, 4 was in the twist form possessing two
axial C–O bonds at the 3- and 4-positions in the solid
state, and this is the first observation of a stable twist
form induced by the bulky silyloxy groups.
Table 1. 1H NMR coupling constants and calculated dihedral angles of 1–4

Com-

pound

3JHH (Hz) [calcu

H-1–H-2

[H-1–C-1–C-2–H-2]

H-2–H-3

[H-2–C-2–C-3–H-3]

H-3–H-4

[H-3–C-3–C-4–H

1b 2.7 [61] 2.7 [61] 9.8 [166]

2c 3.3 [55] 3.3 [55] 2.9 [59]

3c 3.2 [56] 3.2 [56] 6.1 [135]

4c 5.6 [36] 4.0 [49] 2.0 [69]

a In absolute value.
b In CD3OD.
c In CDCl3.

Figure 3. Stable conformers of 1–4. The lower drawings are for the conspic
The ring conformations of 2–4 were also investigated in
solution based on the coupling constants due to the
vicinal protons on the cyclohexane rings (3JHH) in the 1H
NMR spectra. Table 1 shows the coupling constants
observed in 2–4 at room temperature as well as the
dihedral angles of the adjacent C–H bonds calculated by
the modified Karplus equation.6 Although the solution
of the Karplus equation has two values for a given
coupling constant, the six-membered cyclic structure
limits the possible dihedral angles of the vicinal C–H
bonds on the ring. For example, if the angle of a pair of
1,2-trans-C–H bonds in myo-inositol would be extremely
less than 60�, the C–O bonds at the place would turn
inside the six-membered ring increasing the strain
energy. The calculated values were confirmed for their
validity by assembling molecular models. The data of 1,
the nonsilylated compound which is obviously in the
equatorial-rich chair form, are also listed for compari-
son.

In solution, the rings were recognized as the axial-rich
chair form for 2, the equatorial-rich chair form for 3,
and the twist form for 4 (Fig. 3). Because the dihedral
angles of the pentakis(TBS)-protected 2 were in the
range of 55–76�, the conformation was the axial-rich
chair form. Long-range w-couplings due to H-3 and H-5
(0.3Hz) and due to H-5 and H-1 (0.3Hz) of 2 were
particularly characteristic. Comparison of the coupling
constants of the tetrakis(TIPS)-protected 3 to those of
the nonsilylated 1 showed that the values at H-3–H-4,
H-4–H-5, and H-5–H-6 decreased by the introduction of
the TIPS groups. The molecular model assembled based
on the calculated dihedral angles indicated that the ring
of 3 was close to the half-chair form, but it was still in
the range of the equatorial-rich chair form as illustrated
lated dihedral angle (�)]a

-4]

H-4–H-5

[H-4–C-4–C-5–H-5]

H-5–H-6

[H-5–C-5–C-6–H-6]

H-6–H-1

[H-6–C-6–C-1–H-1]

9.3 [160] 9.3 [160] 9.8 [166]

1.6 [76] 1.6 [76] 2.9 [59]

5.4 [131] 7.1 [142] 9.3 [160]

2.0 [102] 6.8 [140] 8.8 [155]

uousness of the C–H bonds on the cyclohexane rings.
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in Figure 3. The coupling constants of the tetra-
kis(TBDPS)-protected 4 were small at H-3–H-4 and H-
4–H-5. In contrast, the coupling constant between H-6
and H-1 was large indicating that these two hydrogens
were in a trans-diaxial relationship. The molecular
model based on the dihedral angles displayed that 4 was
also in the twist form in solution, and the ring confor-
mation resembled that in the solid state.7

During the previous conformational changes in the six-
membered rings due to the introduction of bulky silyl
protecting groups, only the chair forms have been
demonstrated.1–3 For instance, two conformers were
observed in solutions of certain trans-1,2-bis[(trialkyl-
silyl)oxy]cyclohexanes. These conformers were esti-
mated as being in the chair form based on the molecular
mechanics calculations,2a since the direct observation of
the conformations is quite difficult in solution. The myo-
inositol derivatives possessing two bulky silyl protecting
groups at the 3,4- or 4,5-positions described in our
previous report were also totally in chair form (see Fig.
1).2b The unusual conformation of 4 described here is
the first observation of the twist form induced by the
introduction of bulky silyl protecting groups, and the
conformer was stable enough to be isolated. We simply
thought that the conformation changes into the axial-
rich chair form by crowding as many as possible bulky
silyloxy groups into a six-membered ring, but it was not
always correct. We shall not forget the possibility of the
other ring conformations.
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