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L-QUEBRACHITOL BY LOW-TEMPERATURE
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Michael K. Dowd"* and Edwin D. Stevens?
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1100 Robert E. Lee Blvd., New Orleans, Louisiana, USA
“Department of Chemistry, University of New Orleans,

New Orleans, Louisiana, USA

ABSTRACT

The crystal and molecular structures of D-pinitol and L-quebrachitol were
determined from low temperature x-ray diffraction data. Pinitol crystallizes in
an orthorhombic system, P2,2,2, (Z=4), with unit cell dimensions of a=
6.8345(8) A, b=9.3233(10) A, and c=12.8911(14) A. Quebrachitol crys-
tallizes in a monochmc system, P2, (Z=2), w1th unit cell dimensions of
a=6.6289(4) A, b=7.1895(4) A, ¢=8.6843(5) A, and =90.5690(10)°. No
unusual bond lengths or valence angles are present within either structure.
Both rings are in chair conformations, with the majority of the pendent
groups in equatorial orientations. As found for many compounds with mul-
tiple hydroxyl groups, the structures have extensive networks of hydrogen
bonds. Both structures have infinite chain sequences of hydrogen bonds
incorporating the O-1 and O-4 hydroxyl groups and finite chain sequences
incorporating the other hydroxyl groups.

*Corresponding author. Fax: 504-286-4367; E-mail: mkdowd@srrc.ars.usda.gov
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374 DOWD AND STEVENS
INTRODUCTION

Cyclitols and polyols are found throughout the plant kingdom. One role of these
compounds is to help plants survive adverse environmental conditions. D-Pinitol (3-
methyl-D-chiro-inositol) has been widely studied in this regard.!'® The compound has
been found to accumulate in many plants during periods of elevated temperature and
drought.!"* Tt is also found in high concentrations in halophytes, and it accumulates in
salt tolerant plants when exposed to elevated salt concentrations.!®® Because pinitol
has been shown to act as a hypoglycemic agent in mice,"" it is of medical interest and
has been patented for its ability to alleviate symptoms associated with diabetes.!'%'"!
L-Quebrachitol (2-methyl-L-chiro-inositol) is also a natural plant product. It occurs in
high concentration in rubber trees (Heava brasiliensis) and is conveniently isolated
from latex waste liquor."*™'*1 Several biologically active classes of compounds, in-
cluding other inositols, L- and pseudo-monosaccharides, aminoglycoside- and ami-
nocycitol-based antibiotics, and compounds functioning as enzyme inhibitors, have
been synthesized from quebrachitol.'?!

A recent survey of the Cambridge Crystal Structure Database' ' indicated that
the only structural information available for the monomethylated inositols was for se-
quoyitol (5-methyl-myo-inositol)."®" A room temperature diffraction study of L-que-
brachitol has been reported,!'” but hydrogen coordinates were not refined and hydrogen
bonding was not discussed. To increase the information available for methylated cyc-
litols, single crystals of D-pinitol and L-quebrachitol were prepared, and their structures
were determined by x-ray diffraction at low temperature.

[15]

METHODS

Both compounds were purchased from Sigma-—Aldrich Chemical Co. (St. Louis,
MO, USA). Initial attempts at forming crystals by diffusing acetone into an aqueous
pinitol solution resulted in microcrystals that were unsuitable for diffraction. Inspection
of the process revealed that a reddish-brown impurity coprecipitated with the addition
of acetone and promoted the nucleation of pinitol. The contaminant was removed by
repeated fractional crystallizations from the same solvents. Diffusion of acetone into an
aqueous solution of the purified compound yielded small, wedge-shaped, octahedral
crystals, similar in shape to those pictured by Lee and Morris."® A crystal 0.08
mm X 0.08 mm x 0.2 mm was selected for diffraction.

Large rod-shaped crystals of L-quebrachitol were easily prepared from the same
solvents. The crystal selected for diffraction was cut to 0.25 mm X 0.4 mm x 0.6 mm.

Diffraction data were collected for both compounds at 150(2) K with a Siemens
diffractometer fitted with a graphite monochromator (MoKa, 4=0.71073 A) and a
SMART 1K CCD detector. The SHELXTL NT system (version 5.10) was used for
structure solution and refinement. After data collection, the individual data frames were
integrated, and Lorenz, polarization, and adsorption corrections were applied. Direct
methods were used to obtain the initial structures (SHELXS-97), and both structures
were refined by full-matrix least-squares optimization of F* over all unique reflections
(SHELXL-97). Hydrogen atoms were located from difference maps and were refined
with an isotropic model. A small correction for extinction was included in the re-
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finement of L-quebrachitol. A summary of the crystal and diffraction data and the
refinement methods used for the structure determinations is given in Table 1.

RESULTS AND DISCUSSION

Fractional coordinates and equivalent temperature factors for the two compounds
are given in Tables 2 and 3, and ORTEP representations of the structures are shown
in Figures 1 and 2. For the D-pinitol structure, the carbon—carbon bond lengths vary
from 1.516(4) to 1.540(4) A; the carbon—oxygen bond lengths vary from 1.413(3) A
to 1.436(3) A; and the non-hydrogen atom valance angles vary from 107.6(2) to
114.9(2)°. Similar bond lengths and valence angles exist within the L-quebrachitol
structure. The variation for these distances and angles is comparable to the variation of
the same parameters for the room-temperature L-quebrachitol structure!'® and the
nonmethylated L-chiro-inositol structure.''’

Table 2. Fractional Coordinates (x 10*) and Equivalent or Isotropic Displacement Parameters
(A% x 10%) for the Atom Coordinates of D-Pinitol

X y z ljeq’el Uiso
C-1 8362(4) —65(3) 932(2) 11.2(7)
C-2 6663(3) —856(3) 438(2) 12.1(7)
C-3 4925(4) 139(3) 197(2) 11.4(6)
C-4 4314(4) 963(3) 1164(2) 10.0(7)
C-5 6035(4) 1816(3) 1600(2) 11.0(7)
C-6 7727(4) 835(3) 1875(2) 11.8(7)
c-7 2920(5) —642(4) 1236(2) 21.1(8)
0O-1 9180(3) 880(2) 173(2) 17.6(6)
0-2 7217(3) —1516(2) —517(1) 16.7(5)
0-3 3274(2) —679(2) —141(1) 14.2(5)
0-4 2677(3) 1881(2) 950(1) 14.9(5)
0-5 5524(3) 2613(2) 2492(2) 15.9(5)
0-6 7215(3) ~136(2) 2696(1) 15.8(5)
H-1 9370(30) —770(20) 1216(15) 0(6)
H-2 6090(30) — 1570(20) 966(14) 0(6)
H-3 5240(30) 760(20) —382(16) 9(7)
H-4 3870(30) 340(20) 1694(15) 0(7)
H-5 6410(30) 2480(20) 1026(14) 0(6)
H-6 8800(30) 1450(20) 2108(14) 0(7)
H-11 10120(30) 1070(30) 311(19) 509)
H-12 7470(40) —2230(20) —433(19) 23(11)
H-14 2990(30) 2540(20) 678(15) 0(8)
H-15 4540(40) 3120(20) 2321(19) 23(10)
H-16 7130(50) 240(30) 3162(16) 25(11)
H-7a 1760(30) —790(30) — 1400(20) 26(9)
H-7b 3670(30) — 1320(20) — 1544(16) 5(8)
H-7c 3190(30) 460(30) —1630(18) 59(10)

“For non-hydrogen atoms, Ueq is 1/3 of the trace of the orthogonalized Uj; tensor.
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378 DOWD AND STEVENS

Table 3. Fractional Coordinates (x 10*) and Equivalent or Isotropic Displacement Parameters
(A? x 10%) for the Atom Coordinates of L-Quebrachitol

X y z [Jeqj1 Uiso
C-1 8398(1) 5550(1) 2858(1) 11.0(1)
c-2 6454(1) 4469(1) 2513(1) 11.1(1)
C-3 6860(1) 2818(1) 1455(1) 11.8(1)
C-4 8506(1) 1549(1) 2140(1) 11.91)
c-5 10433(1) 2641(1) 2508(1) 12.0(1)
C-6 9976(1) 4255(1) 3586(1) 11.5(1)
c-7 4383(1) 7182(1) 2685(1) 18.8(2)
0-1 9197(1) 6324(1) 1469(1) 15.1(1)
0-2 4953(1) 5604(1) 1783(1) 16.0(1)
0-3 5037(1) 1795(1) 1242(1) 17.1(1)
0-4 8880(1) 42(1) 1114(1) 17.1(1)
0-5 11908(1) 1441(1) 3192(1) 17.0(1)
0-6 9239(1) 3503(1) 4989(1) 15.21)
H-1 8190(20) 6540(30) 3570(16) 16(3)
H-2 5910(20) 4070(30) 3503(16) 14(3)
H-3 7320(20) 3250(20) 397(15) 113)
H-4 7910(30) 990(30) 3090(20) 30(4)
H-5 10990(20) 3150(20) 1547(17) 14(3)
H-6 11250(20) 4960(30) 3760(20) 27(4)
H-11 8990(30) 7630(30) 1440(20) 34(5)
H-13 5080(20) 1330(30) 380(17) 18(3)
H-14 9540(40) 500(40) 210(30) 68(8)
H-15 12950(20) 1470(30) 2640(20) 24(4)
H-16 8950(30) 4200(40) 5630(30) 45(5)
H-7a 3020(20) 7510(30) 2280(18) 22(4)
H-7b 4250(20) 6850(30) 3803(18) 24(4)
H-7c 5340(30) 8200(40) 2517(20) 28(4)

“For non-hydrogen atoms, Ueq is 1/3 of the trace of the orthogonalized Uj; tensor.

Both compounds have similar ring conformations. The ring form of D-pinitol is
4C, with Cremer-Pople (C-P) puckering coordinates of ¢=0.563(3) A, 0=175.1(3)°,
and ¢ =20(3)°. Because of the difference in absolute configuration, the ring form of
L-quebrachitol is 'C, with puckering coordinates of ¢=0.587(1) A, 0=2.8(1)°,
¢=319(2)°. Both conformations place four of the pendant groups, including the
methoxy group, in equatorial positions and two of the hydroxyl units in axial posi-
tions. After accounting for absolute configuration, the ring conformations of these
compounds are similar to the ring conformation of L-chiro-inositol (¢g=0.561 A,
0=4.4° ¢=51.2°.1""7 The NMR coupling constants of both compounds indicate that
the same ring forms are found in solution.”?>?!

All of the hydroxyl groups of each structure participate in hydrogen bonds
(Tables 4 and 5). For D-pinitol, one three-center bond is found, with the O-5 hydroxyl
hydrogen donating intramolecularly to the O-4 oxygen atom and intermolecularly to an
0-6 oxygen atom. Because of steric constraints, the intramolecular component of this
bond is very weak, as indicated by the small O—H---O angle of 110(2)° (Table 4). The
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Figure 1. ORTEP diagram of D-pinitol.

Figure 2. ORTEP diagram of L-quebrachitol.
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Table 4. Hydrogen Bonding Within Crystalline D-Pinitol

Acceptor

Symmetry
Bond Code® dD-H) A d(H---A) A d(D--A) A /(D—H---A)°
O1-H11--04 1655 0.69(2) 2.07(2) 2.754(3) 169(3)
02-HI2--03 3545 0.70(2) 2.16(2) 2.843(2) 169(3)
04-H14---01 3455 0.74(2) 2.01(2) 2.740(3) 1702)
05-H15--04 1555 0.85(2) 2.47(2) 2.865(3) 1102)
05-H15---06 4655 0.85(2) 2.02(2) 2.823(3) 157(2)
06-H16---02 2655 0.70(2) 2.13(2) 2.799(3) 162(4)

iSymmetry code for related molecules. Codes are defined as nxyz, where n=identifies the
asymmetric unit within the cell (1=x,y,z;2=1/2—x, —y, 112+2,3=12+x, 12—y, —z; 4= —x,
1/2+y, 1/2 —z), and z, y, z represent the unit cell position relative to a central cell of 555.

intramolecular interaction does not appear to have a significant influence on the inter-
molecular interaction, as this hydrogen bond has typical distances and angles (Table 4).
No multi-center hydrogen bonds are present within the L-quebrachitol structure.

Including the intramolecular bond, pinitol has a hydrogen bond network con-
sisting of an infinite chain, which extends along the a coordinate direction, and a finite
branch chain (Figure 3). The infinite chain is composed of a sequence of hydrogen
bonds between the O-4 and O-1 hydroxyl groups, and the branch is attached to the
infinite chain at the O-4 oxygen atom. The branch terminates at the methylated oxygen
atom (O-3). For quebrachitol, the network also consists of one infinite chain, which
extends along the b coordinate direction, and one finite chain (Figure 4). As for pinitol,
the infinite chain is composed of alternating O-4 and O-1 hydroxyl groups, and the
finite chain is composed of the other hydroxyl groups. The finite chain also ends at the
methylated oxygen atom (O-2). Because there is no multi-center hydrogen bond within
the network, no branching exists and the two chains are separate.

Extended networks of hydrogen bonds are found within the crystal structures of
carbohydrates and polyols.** These networks are proposed to be energetically favored
because of the stabilizing influence of hydrogen bond cooperativity. Multi-center hy-

Table 5. Hydrogen Bonding Within Crystalline L-Quebrachitol

Acceptor

Symmetry
Bond Code? dD-H) A d(H--A) A d(D---A) A /(D-H--A)°
Ol1-HI11--04 1565 0.95(3) 1.76(3) 2.699(1) 170(2)
03-H13--02 2645 0.82(2) 1.95(2) 2.763(1) 171(2)
04-H14---01 2745 0.96(3) 1.793) 2.750(1) 179(3)
05-H15--03 1655 0.84(2) 1.86(2) 2.702(1) 171(2)
06-H16--05 2756 0.77(3) 2.00(3) 2.749(1) 165(3)

iSymmetry code for related molecules. Codes are defined as nxyz, where n=identifies the
asymmetric unit with the cell (1=x, y, z; 2= —x, 1/2+y, —z), and X, y, z represent the unit cell
position relative to a central cell of 555.
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Figure 3. Network of hydrogen bonding within the D-pinitol crystal structure. Symmetry code
definitions are defined in the footnote of Table 4. Arrows denote the infinite chain network.
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Figure 4. Network of hydrogen bonding within the L-quebrachitol crystal structure. Symmetry
code definitions are defined in the footnote of Table 5. Arrows denote the infinite chain network.



07:07 23 January 2011

Downl oaded At:

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016

™

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

382 DOWD AND STEVENS

drogen bonds are also observed for these compounds. These are favored because the
cross-linking of the hydrogen bond networks further contributes to the cooperativity
effect. In general, pyranosyl and furanosyl rings and the corresponding methyl gly-
cosides exhibit both infinite and finite chains. Because the ring ethereal and methyl
glycoside oxygen atoms can only act as hydrogen bond acceptors, finite chains occur
frequently for these compounds. The networks of the methylated derivatives of chiro-
inositol are characteristically similar to the networks of monosaccharides and their
methyl glycosides.

In contrast, the hydrogen bond networks of linear polyols consist principally
of infinite chains often with multi-center bonds.”**! The hydrogen bond network of L-
chiro-inositol consists of a single infinite chain incorporating all six hydroxyl groups
and one three-center bond"®! and is characteristically similar to the hydrogen bond
networks of the non-cyclic polyols.

The crystallographic data for both structures have been deposited with the
Cambridge Crystallographic Data Centre. The supplementary publication numbers are
CCDC #172582 for p-pinitol and CCDC #172583 for L-quebrachitol. Copies of the
data can be obtained, free of charge, on application to CCDC, 12 Union Road, Cam-
bridge CB2 1EZ, UK (Fax: +44-1223-336033 or e-mail: deposit@ccdc.cam.ac.uk), or
the data can be obtained from the authors.
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