
Fine tuning the hydrophilic–hydrophobic balance in inositols through
annulation: An analysis of the hydrogen-bonded architectures of ‘annulated
inositols’

Goverdhan Mehta* and Saikat Sen

Received 13th September 2005, Accepted 2nd November 2005

First published as an Advance Article on the web 15th November 2005

DOI: 10.1039/b512911g

The crystal structures of conformationally locked, bicyclic cycloalkane-annulated variants of

myo- and chiro-inositols have been analysed, in order to understand their mode of expression of

the axial rich conformations and amphiphilicity in the solid state. Thus, while cyclohexa-

annulated myo- and chiro-inositols exhibit a head-to-head bilayer molecular assembly, consisting

of dimeric or octameric columnar architectures, cyclopenta-annulated chiro-inositol shows no

such aggregation of the hydrophilic and hydrophobic faces, rather preferring to pack in a manner

akin to a hydrophilic inositol. The differences in the two packing modes can be attributed to the

size of the hydrocarbon ring, fine-tuning the hydrophilic–hydrophobic balance in the annulated

inositols. An analysis of the non-polar molecular surface area (a measure of the intermolecular

hydrophobic van der Waals interactions) for all the annulated inositols under study further

vindicates the conclusion.

Introduction

Cyclohexane-1,2,3,4,5,6-hexol, in all its nine stereoisomeric

forms, constitutes a group of biologically important entities,

commonly known as inositols.1 The diverse biological func-

tions of inositols and their derivatives include intercellular

communication, phosphate storage and transfer, anti-cancer

activity and involvement in covalent anchoring of proteins to

membranes.1a–c,2 However it is the ability of inositol deriva-

tives, like D-myo-inositol-1,4,5-triphosphate [Ins(1,4,5)P3] and

D-myo-inositol-1,3,4,5- tetrakisphosphate [Ins(1,3,4,5)P4], to

act as second messengers in signal transduction events (the

phosphatidylinositide cascade pathway), through binding to

specific receptors and mobilizing Ca2+ ions from intracellular

stores, that has generated contemporary interest in their

chemistry and biology.1,2 In particular, the quest for unravel-

ing the complex biological mechanisms of the physiological

processes, triggered by inositol polyphosphates, has stimulated

a search for novel designer analogues for potential use as new

pharmaceuticals.3

It was in this context that we reported recently the synthesis

of ‘annulated inositols’ as novel entities with several unique

attributes.4 These bicyclic analogues retain the natural config-

uration of inositols, but are destined to be ‘locked’ in

unnatural axial-rich conformations owing to the trans fusion

of the cyclitol moiety with a hydrocarbon ring (‘annulus’). For

example, while myo-inositol exists in the stable conformation 5

with five equatorial and one axial hydroxyl groups,5a the 1,6-

annulated myo-inositol 1 would be locked in a five axial and

one equatorial conformation. In addition, it was expected that

the size of the hydrophobic appendage, in the form of an

alicyclic ring, could serve as a handle to fine tune the

hydrophilic–hydrophobic balance in the otherwise polar

inositols. This could in principle serve as a means of

modulating the cell membrane permeability and receptor

recognition parameters of the inositol moiety. The amphiphilic

nature of annulated inositols can also express itself in several

intersting and useful physical phenomena like solvent or ion

induced gelation, micelle formation for potential use in non-

ionic surfactants,6,7 and liquid crystalline behaviour (like alkyl

glycosides).7,8

Availability of these novel inositol variants motivated us to

explore the mode of expression of their amphiphilicity and

conformational locking of the hydroxyl groups in the solid
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state supramolecular architecture. Towards this end, cyclo-

hexa- and cyclopenta-annulated myo- (1 and 3) and chiro-

inositols (2 and 4) were selected for this study, because they

were the analogues of the only two naturally occurring and

biologically important inositols (5 and 6). It was recognized

that the availability of the crystal structures of 5 and 6 in the

literature would facilitate appropriate comparisons.5

Experimental

Following the synthetic sequence, previously reported, the

annulated inositols rac-1–4 were obtained as colorless solids,

starting with readily available aromatic precursors like tetralin

and indane.4 However, owing to their inherent hygroscopic

nature and limited solubility in most organic solvents,

obtaining good quality single crystals, suitable for X-ray

diffraction analysis, presented a formidable challenge.

Eventually crystallization from a solution of 1 : 2 dry

methanol–ethyl acetate afforded microcrystals of 1, 2 and 4

suitable for subsequent studies. Despite our best efforts,

cyclopenta-annulated myo-inositol 3 however gave either a

gummy mass or an ill-defined solid, even after several

crystallization attempts.

Crystallography

Single crystal X-ray diffraction data were collected on a

Bruker AXS SMART APEX CCD diffractometer at 292 K.

The X-ray generator was operated at 50 kV and 35 mA using

MoKa radiation. The data was collected with a v scan width

of 0.3u. A total of 606 frames per set were collected using

SMART9 in four different settings of Q (0u, 90u, 180u and 270u)
keeping the sample to detector distance at 6.062 cm and the 2h

value fixed at 225u. The data were reduced by SAINTPLUS;9

an empirical absorption correction was applied using the

package SADABS10 and XPREP9 was used to determine the

space group. The crystal structures were solved by direct

methods using SIR9211 and refined by full-matrix least-squares

methods using SHELXL97.12 Molecular and packing dia-

grams were generated using ORTEP32,13 CAMERON14 and

MERCURY15 respectively. The geometric calculations were

done by PARST16 and PLATON.17 All the hydrogen atoms

were placed in geometrically idealized positions and allowed to

ride on their parent atoms with C–H distances in the range

0.97–0.98 Å and Uiso(H) = 1.2Ueq(C), and O–H distances fixed

at 0.82 Å and Uiso(H) = 1.5Ueq(O). Details of data collection

and refinement are given in Table 1.

CCDC reference numbers 282445, 283661 and 283662. For

crystallographic data in CIF or other electronic format see

DOI: 10.1039/b512911g

Results and discussion

(a) Crystal structure of rac-cyclohexa-annulated myo-inositol 1

The crystal structure of the C1-symmetric inositol 1 was solved

and refined in the centrosymmetric triclinic space group P1̄

(Z = 2). Embedded in a rigid trans-decalin scaffold, the myo-

inositol moiety in 1 is locked in a high energy conformation,

with five axial and one equatorial (5a/1e) OH groups (Fig. 1).4

Owing to the resulting non-bonding 1,3-diaxial interactions

between the hydroxyl groups, particularly at C2, C4 and C6,

the cyclohexane ring, containing the inositol moiety, distorts

slightly from an ideal chair conformation. This distortion in

the inositol framework is evident not only from an analysis

of the puckering parameters (q2 = 0.0307(1) Å, q3 =

20.5313(1) Å, Q2 = 139.25(18)u, QT= 0.5322(1) Å, h2=

176.69(1)u),18 but also through a comparison of the C–C–C

bond angles with those of natural myo-inositol (Table 2).5a

The unnatural axial rich conformation of the OH groups in

1 also favorably positions the hydroxyl groups (1,3-syn diaxial)

Table 1 Summary of crystal data, data collection, structure solution
and refinement details

1 2 4

Formula C10H18O6 C10H18O6 C9H16O6

Mr 234.24 234.34 220.22
Crystal system Triclinic Triclinic Monoclinic
Space group P1̄ P1̄ P21/n
a/Å 6.113(1) 12.559(4) 7.746(4)
b/Å 7.614(1) 12.916(4) 10.408(5)
c/Å 11.668(2) 13.860(4) 12.556(7)
a/u 102.319(3) 87.959(6) 90
b/u 97.916(3) 87.627(6) 100.061(8)
c/u 91.829(2) 70.606(6) 90
V/Å3 524.5(2) 2118.2(11) 996.7(9)
Z 2 8 4
F(000) 252 1008 472
rcalc/g cm23 1.483 1.469 1.468
m/mm21 0.122 0.121 0.124
R1 [I . 2s(I)] 0.0577 0.0499 0.0359
wR2 0.1353 0.1116 0.0978
GOF 1.017 0.967 1.030
Drmax/min/e s

23 0.258/20.244 0.268/20.202 0.253/20.228
a The CCDC numbers, obtained earlier for 1 and 2 in the context of
the report of their synthesis, were 196760 and 196759 respectively.4

Fig. 1 The ORTEP diagram of 1, with the atom numering scheme for

the asymmetric unit. Displacement ellipsoids for non-H atoms have

been drawn at the 50% probability level.

Table 2 Comparision of C–C–C bond angles (u) in cyclohexa-
annulated (1) and natural myo-inositol (5)

1 5 1 5

C2–C1–C6 110.3(3) 111.9(3) C3–C4–C5 113.3(3) 109.3(3)
C2–C3–C4 112.5(3) 111.3(3) C5–C6–C1 112.7(3) 110.9(3)
C3–C2–C1 113.5(3) 109.4(3) C6–C5–C4 111.9(3) 113.4(3)
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to participate in intramolecular H-bonding.19 Thus while O3

and O5 are linked to O1 by a bifurcated intramolecular

H-bond on one face, a two-center H-bond connects O4 to O6

on the opposite face (Table 3). A pair of two intermolecular

O–H…O hydrogen bonds involving O3 and O5 and each

having an R2
2(4) pattern,20,21 join two enantiomerically related

molecules of 1 to form a centrosymmetric dimer around the

inversion center at (0,K,K) (Fig. 2a). The translationally

related molecular dimers, in turn, link to each other along the

a-axis through intermolecular O–H…O hydrogen bonds

involving O5 and O4. The resulting self-assembly has thus a

columnar architecture, with a polar interior, defined by the

hydroxyl groups, and a non-polar exterior, formed by the

cyclohexane rings, disposed parallel to each other (Fig. 2b).

These columnar architectures are interconnected along the

b-axis through intermolecular O–H…O bonds, involving

the equatorial hydroxyl groups, in a R2
2(4) pattern.20,21 The

overall supramolecular assembly of 1 shows a distinct

separation of the hydrophilic and hydrophobic faces in a

bilayer arrangement (Fig. 3).

(b) Crystal structure of rac-cyclohexa-annulated chiro-inositol 2

The C1-symmetric cyclohexa-annulated chiro-inositol 2 crys-

tallized in the centrosymmetric triclinic space group P1̄ (Z =

8). The four crystallographically independent inositol mole-

cules (designated arbitarilily A, B, C and D for the sake of

simplifying the description of the crystal packing) in the

asymmetric unit occupy general positions in the crystal lattice.

Like 1, the chiro-inositol moiety in 2 is locked in a high energy,

unnatural conformation with four axial and two equatorial

(4a/2e) hydroxyl groups (Fig. 4).4 Consequently, on account of

the non-bonding interactions between the 1,3-diaxially dis-

posed substituents, the cyclohexane ring, containing the

inositol framework in 2, distorts slightly from an ideal chair

conformation. This becomes evident from an analysis of the

ring puckering parameters,18 the C–C–C bond angles and the

C–C–C–C torsion angles of the inositol moiety in 2 (Table 4).

The 4a/2e conformation of 2 also disposes conducively all the

axial hydroxyl groups, involving O1…O3, O2…O6 in molecule

A, O11…O13, O12…O16 in molecule B, O21…O23,

O22…O26 in molecule C, and O31…O33, O32…O36 in

molecule D, to participate in intramolecular O–H…O hydro-

gen bonding (Table 5).19 The four crystallographically

independent molecules (A, B, C and D) are linked through

intermolecular O–H…O hydrogen bonds to form a tetrameric

unit (Fig. 5a). Two such units are connected through

intermolecular O–H…O bonds, involving O4, O10, O14 and

O20, across the inversion center at (K,K,0), to generate a

centrosymmetric octamer (Fig. 5b). O–H…O H-bonds, invol-

ving O11, O12, O17 and O18, join these octameric units to

each other along the a axis to form, similar to 1, a columnar

molecular self-assembly, having a non-polar exterior and a

polar interior. The columnar architectures are, in turn,

connected along the b-axis through intermolecular O–H…O

hydrogen bonds, involving O1, O13, O17 and O19 (Fig. 6).

Like 1, the entire supramolecular assembly of 2 exhibits a

definite segregation of the hydrophobic and hydrophilic faces

in the form of a bilayer arrangement.

(c) Crystal structure of rac-cyclopenta-annulated chiro-inositol 4

The C1-symmetric inositol 4, a lower homologue of 2, was

found to crystallize in the centrosymmetric monoclinic space

group P21/n (Z = 4). Like 2, the chiro-inositol moiety in 4

Table 3 Hydrogen bond geometry in cyclohexa-annulated myo-
inositol 1 (Å, u)

D–H…A D–H H…A D…A D–H…A

O1–H1O…O3i 0.82 2.22 2.810(4) 129
O1–H1O…O5i 0.82 2.27 2.826(4) 126
O2–H2O…O2ii 0.82 2.18 2.808(4) 134
O3–H3O…O5iii 0.82 1.98 2.782(4) 165
O4–H4O…O5iii 0.82 1.98 2.782(3) 167
O5–H5O…O3iv 0.82 2.02 2.782(4) 154
O6–H6O…O4i 0.82 1.93 2.371(4) 151

Symmetry codes: (i) x, y, z; (ii) 2x + 1, 2y + 2, 2z + 1; (iii) 2x,
2y + 1, 2z + 1; (iv) x + 1, y, z.

Fig. 2 The columnar packing of the O–H…O hydrogen bonded

centrosymmetric dimers (a) of 1, generating the columnar supramo-

lecular architectures (b), characterized by a non-polar exterior and a

polar interior. Click here to access a 3D image of Fig. 2a.
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exhibits a 4a/2e conformation of the hydroxyl groups (Fig. 7),

with a consequent distortion of the cyclohexane ring from an

ideal chair conformation, which is reflected in its puckering

parameters (q2 = 0.055(1) Å, q3 = 20.564(1) Å, Q2 = 145(1)u,
QT = 0.567(1) Å, h2 = 174(1)u),18 C–C–C bond angles and the

C–C–C–C torsion angles (Table 6). As might be expected, the

intramolecular O–H…O H-bonding pattern in 4 also remains

unchanged from that observed in 2 (Table 7). Interestingly,

however, the supramolecular organization in 4, as dictated by

the intermolecular O–H…O hydrogen bonds, was in complete

constrast to that observed in 1 and 2. As opposed to the

channel-like architecture and the bilayer molecular arrange-

ment seen in the crystal packing of 1 and 2, cyclopenta-

annulated chiro-inositol 4 showed no manisfestation of its

amphiphilic nature in the supramolecular assembly. All the

OH groups in 4 participate in intermolecular O–H…O

H-bonding to generate a three-dimensional molecular arrange-

ment, more comparable to one routinely observed for cyclitols

and carbohydrates (Fig. 8). Thus, following a R2
2(10)

hydrogen bonding pattern,20,22 a pair of intermolecular

O–H…O H-bonds, involving the equatorial O5 and O4, forms

centrosymmetric molecular dimers about (0,K,0) and

(K,0,K). These dimers are interconnected by two two-center

(O5–H5O…O1 and O3–H3O…O6) and one three-center

(involving O2 and O5, O6) hydrogen bonds to effect the final

supramolecular assembly in 4.

Analyzing the differences in the crystal packing of 1, 2 and 4

As expected from a typical polyhydroxylated molecule, the

annulated inositols 1, 2 and 4 self-assemble in the crystalline

Fig. 3 Crystal packing of 1, showing the bilayer arrangement of the hydrophilic and hydrophobic faces.

Fig. 4 The ORTEP diagram of 2, with the atom numering scheme for the asymmetric unit. Displacement ellipsoids have been drawn at the 50%

probability level. The hydrogen atoms have been omitted for clarity.
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lattice, striving to maximize the O–H…O hydrogen bonds

possible in the molecule.23 However it is the maximization of

the weaker isotropic van der Waals interactions between the

cycloalkane moieties that differentiates the crystal packing in

the cyclohexa-annulated inositols 1 and 2 from that observed

in the cyclopenta-annulated 4. The juxtaposition of the

hydrophobic faces, together with parallel stacking of the

cyclohexane rings, in the crystal structures of 1 and 2 is a clear

reflection of the self-assembling process attempting to increase

the area of contact (and thus, the extent of van der Waals

interactions) between the hydrophobic surfaces as much as

possible. Evidently such an attempt leads to a localization of

the cooperative O–H…O H-bonding network, extending over

all the molecules in the crystal lattice (as seen in 4, 5 and 6), to

one, involving only the hydrophilic faces in the columnar

architectures of 1 and 2. It is reasonable to believe that the

choice between the two types of O–H…O H-bonding patterns

is dictated primarily by the contribution that the weak van der

Waals interactions may have relative to the much stronger

O–H…O hydrogen bonds, in the crystal packing of an annulated

inositol. This, evidently, will depend on the effective hydrophobic

surface presented by the annulated inositol on account of the

cycloalkane appendage. To probe this point further, we decided

to compare the relative contributions of the non-polar surface to

the total molecular surface area in the inositols 1, 2 and 4.

All molecular surface calculations for 1, 2 and 4 were

performed with VEGA ZZ 2.0.4.1,24 using the atomic

coordinates, as determined by single crystal X-ray crystal-

lography, as the input. The polar surface area (PSA) for the

different annulated inositols was calculated considering the

polar (O and H bonded to O) and the non-polar (C and H

bonded to C) atom surfaces. The molecular surface data,

calculated for 4, was compared further with that obtained

using the atomic coordinates from the Gaussian 0325

optimized (B3LYP/6-31G(p,d)) structure of cyclopenta-annu-

lated myo-inositol 3 (Fig. 9). The results of the molecular

surface calculations have been enumerated in Table 8.

As might be expected intuitively, the non-polar surface area

of the cyclohexa-annulated inositols 1 and 2 contributes to

nearly half of the total molecular surface. This therefore

represents a situation in which the hydrophobic character of

the amphiphilic annulated inositol is almost as dominant as its

hydrophilic nature, and is manifested in the molecular self-

assembly process in 1 and 2 attempting to maximize not only

the strong O–H…O H-bonds, but also the weak van der Waals

interactions. Reducing the size of the cycloalkane ring by a

methylene unit, as in 3 and 4, causes the non-polar surface to

shrink by about 10%, with a consequent diminution in the

hydrophobic character. This shifts the hydrophilic–hydropho-

bic balance in the annulated inositol in favour of the former,

Table 4 The puckering parameters, C–C–C bond angles and C–C–C–
C torsion angles of the chiro-inositol moiety in 2

(a) Puckering parameters:e

Mol. Aa Mol. Bb Mol. Cc Mol. Dd

q2/Å 0.036(2) 0.034(2) 0.051(2) 0.018(3)
q3/Å 0.575(2) 20.566(2) 20.558(2) 20.565(2)
Q2/u 64(3) 108(4) 114(3) 86(7)
QT/Å 0.576(2) 0.567(2) 0.560(2) 0.565(2)
h2/u 176.4(2) 176.6(2) 174.7(3) 178.2 (3)

(b) C–C–C bond angles (u):f

C2–C1–C6 111.6(2) [112.6(1)] C14–C13–C12 111.1(2)
C3–C2–C1 112.1(2) [110.6(1)] C14–C15–C16 111.1(2)
C4–C3–C2 110.6(2) [113.1(1)] C15–C14–C13 112.7(2)
C4–C5–C6 110.7(2) [109.7(1)] C15–C16–C11 110.0(2)
C5–C4–C3 111.9(2) [110.0(1)] C22–C21–C26 110.9(2)
C5–C6–C1 109.5(2) [111.3(1)] C23–C22–C21 112.1(2)
C11–C12–C13 111.8(2) C23–C24–C25 112.5(2)
C12–C11–C16 111.2(2) C24–C23–C22 112.6(2)
C24–C25–C26 111.1(2) C34–C33–C32 111.5(2)
C25–C26–C21 110.0(2) C34–C35–C36 111.4(2)
C31–C32–C33 111.9(2) C35–C34–C33 112.0(2)
C32–C31–C36 111.3(2) C35–C36–C31 110.1(2)

(c) C–C–C–C torsion angles (u):g

C2–C1–C6–C5 255.0(2) [56.2(2)] C21–C22–C23–C24 250.9(3)
C2–C3–C4–C5 56.3(2) [254.8(2)] C22–C23–C24–C25 51.5(3)
C4–C3–C2–C1 253.0(3) [51.6(2)] C23–C22–C21–C26 53.7(2)
C4–C5–C6–C1 57.8(2) [257.7(2)] C24–C25–C26–C21 57.7(2)
C6–C1–C2–C3 53.4(2) [252.1(2)] C25–C26–C21–C22 256.8(2)
C6–C5–C4–C3 259.4(2) [56.7(2)] C26–C25–C24–C23 255.4(3)
C11–C12–C13–C14 252.0(3) C32–C33–C34–C35 55.1(3)
C12–C11–C16–C15 256.4(2) C34–C33–C32–C31 253.9(3)
C12–C13–C14–C15 53.6(2) C34–C35–C36–C31 55.9(2)
C13–C12–C11–C16 54.2(2) C35–C36–C31–C32 254.6(2)
C14–C15–C16–C11 57.4(2) C36–C31–C32–C33 54.2(2)
C16–C15–C14–C13 256.8(2) C36–C35–C34–C33 256.7(2)
a C-atoms defining the ring: C1, C2, C3, C4, C5, C6. b C-atoms
defining the ring: C11, C12, C13, C14, C15, C16. c C-atoms defining
the ring: C21, C22, C23, C24, C25, C26. d C-atoms defining the ring:
C31, C32, C33, C34, C35, C36. e The puckering parameters for
natural L-chiro-inositol: QT = 0.561 Å, h2 = 4.4u.5b For an ideal
cyclohexane conformation, h2 = 0 or 180u, so that q2 = 0 and q3 =
¡QT = 0.63 Å.18 f The values in square brackets indicate the
corresponding bond angles in L-chiro-inositol.5b g The values in
square brackets indicate the corresponding bond angles in L-chiro-
inositol.5b

Table 5 Hydrogen bond geometry in cyclohexa-annulated chiro-
inositol 2 (Å, u)

D–H…A D–H H…A D…A D–H…A

O1–H1O…O3i 0.82 1.92 2.654(3) 148
O2–H2O…O9i 0.82 2.10 2.911(3) 170
O3–H3O…O8ii 0.82 2.24 3.010(3) 157
O4–H4O…O16i 0.82 2.18 2.930(3) 151
O5–H5O…O24i 0.82 1.93 2.686(2) 153
O6–H6O…O2i 0.82 2.00 2.733(2) 149
O7–H7O…O19iii 0.82 2.01 2.829(2) 174
O8–H8O…O12i 0.82 1.98 2.657(2) 140
O9–H9O…O7i 0.82 2.01 2.710(3) 143
O10–H10O…O14iv 0.82 1.97 2.789(3) 175
O11–H11O…O23i 0.82 1.91 2.706(3) 165
O12–H12O…O17v 0.82 1.93 2.695(2) 155
O13–H13O…O1vi 0.82 2.01 2.827(3) 173
O14–H14O…O18i 0.91(3) 1.83(3) 2.634(3) 147(3)
O15–H15O…O13i 0.82 2.07 2.751(3) 140
O16–H16O…O20i 0.82 2.32 3.121(2) 164
O17–H17O…O5i 0.82 1.92 2.735(3) 171
O18–H18O…O11i 0.82 1.91 2.638(2) 148
O19–H19O…O21i 0.82 1.94 2.652(3) 144
O20–H20O…O4iv 0.82 1.91 2.720(3) 172
O21–H21O…O14v 0.82 2.02 2.828(3) 169
O22–H22O…O10i 0.82 2.13 2.943(3) 169
O23–H23O…O6i 0.82 1.94 2.717(2) 157
O24–H24O…O20i 0.82 1.92 2.660(3) 149

Symmetry codes: (i) x, y, z; (ii) x 2 1, y, z; (iii) x, y + 1, z; (iv) 2x
+ 1, 2y + 1, 2 z; (v) x + 1, y, z; (vi) x, y 2 1, z.
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and is reflected, for example, in the crystal packing of 4 being

more akin to that of any hydrophilic inositol.

Conclusions

The design and synthesis of annulated inositols was con-

ceptualized for the creation of novel entities which would not

only be locked in the unnatural, axial-rich conformation of the

inositol moiety, but also provide a means of generating

amphiphilicity in the otherwise hydrophilic inositols. The

present paper studies the manner in which these attributes

express themselves in the solid state self-assembly of annulated

inositols. The head-to-head bilayer structures, observed in the

crystal packing of cyclohexa-annulated chiro- and myo-

inositols, is reminiscent of the supramolecular assembly seen

in the crystal structures of alkyl glycosides.7 It would also be

worth referring at this point to the crystal packing of rac-

cyclohexa-annulated methyl-a-gulopyranoside, which like 1

and 2, shows a columnar architecture with a hydrophilic

interior and a hydrophobic exterior.26 This head-to-head

bilayer molecular assembly disappears completely in cyclo-

penta-annulated 4, which shows a crystal packing, more akin

to that of a hydrophilic inositol. The current study provides

therefore a direct demonstration of the potential ability of

cycloalkane annulation to serve as a tool in fine-tuning the

Fig. 5 (a) Details of the O–H…O hydrogen bonding within the

tetrameric unit, formed by the four symmetry independent molecules

of 2. Click here to access a 3D image of Fig. 5a. Two such tetrameric

units form a hydrogen bonded centrosymmetric octamer (b), present-

ing a non-polar exterior and a polar interior. The inositol molecules in

(b) have been colored according to their symmetry equivalence (color

code: mol. A, yellow; mol. B, red; mol. C, green; mol. D, blue).

Fig. 6 Crystal packing in cyclohexa-annulated chiro-inositol 2,

showing the columnar architectures formed by the supramolecular

octamers (detailed in Fig. 5b), and the bilayer arrangement of the

hydrophilic and hydrophobic faces.

Fig. 7 The ORTEP diagram of 4, with the atom numering scheme for

the assymetric unit. Displacement ellipsoids for non-H atoms have

been drawn at the 50% probability level.

Table 6 The C–C–C bond angles (s) and C–C–C–C torsion angles (u)
of the chiro-inositol moiety in 4

C1–C2–C3 110.0(1) C1–C2–C3–C4 252.1(1)
C2–C1–C6 111.4(1) C2–C3–C4–C5 51.6(1)
C4–C3–C2 112.9(1) C2–C1–C6–C5 259.4(1)
C5–C4–C3 113.1(1) C4–C5–C6–C1 56.8(1)
C5–C6–C1 110.3(1) C6–C1–C2–C3 56.2(1)
C6–C5–C4 110.5(1) C6–C5–C4–C3 253.4(1)
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hydrophilic–hydrophobic balance in polar molecules. The

results are significant, and can be used as leads towards the

design of new molecular materials.
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