
Carbohydrate Research 344 (2009) 830–833
Contents lists available at ScienceDirect

Carbohydrate Research

journal homepage: www.elsevier .com/locate /carres
Note

Methyl 6-deoxy-6-iodo-a-D-glucopyranoside: crystal structure
and high-resolution NMR spectroscopy

Artur Sikorski, Dorota Tuwalska, Beata Matjasik, Beata Liberek *
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Single-crystal X-ray diffraction and high-resolution H and C NMR spectral data for methyl 6-deoxy-6-
iodo-a-D-glucopyranoside are reported. The 4C1 conformation was found to be the preferred form for this
compound, both in the crystal lattice and in solution. The rotational preferences of all the groups bound
to the pyranose ring are presented. The stabilization of the crystal structure by a network of O–H���O
intra- and intermolecular interactions as well as the short contacts of the iodine atoms is discussed.

� 2009 Elsevier Ltd. All rights reserved.
6-Deoxy-6-iodohexoses are an important and useful class of
compounds for both chemical and biological applications. Since io-
dide is a good leaving group, deoxy iodo sugars are amenable to
chemical transformations such as substitution and elimination.
Dehydrohalogenation of 6-deoxy-6-iodohexopyranosides has been
widely used to produce 6-deoxyhex-5-enopyranosides—com-
pounds of great interest as substrates in the preparation of chiral
substituted cyclohexanones,1–4 3-amino-2,3,6-trideoxyhexopyr-
anosides,5–7 and iminosugars.8 6-Deoxy-6-iodohexopyranosides
may also undergo reductive elimination, which generates carbohy-
drate-derived dienes that are subsequently converted into carbo-
cycles by ring-closing olefin metathesis.9 Additionally, terminal
deoxyiodo sugars have been successfully used to produce N-(D,L-
ribitol-5-yl)trimethylammonium iodide10 and 6-deoxy-6-dieth-
oxyphosphinyl derivatives, the intermediates in the preparation
of phospho sugars.11

Glucose,12 methyl a- and b-D-glucopyranosides,13 labeled with
radioactive iodine in position 6, have been proposed as tracers of
glucose transport in vivo.

Methyl 6-deoxy-6-iodo-a-D-glucopyranoside was synthesized,
and its crystal structure and high-resolution NMR spectroscopy
are presented here. We focus our attention on the three-
dimensional structure of this compound with respect to the
pyranose ring conformation, orientation of the iodomethyl,
hydroxy and methoxy groups, as well as intra- and intermolecular
interactions. All this is prerequisite to an understanding of the
chemical and biological functions of this compound.
ll rights reserved.
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k).
The first procedure for obtaining methyl 6-deoxy-6-iodo-a-D-
glucopyranoside that we examined involved the reaction of
a-D-glucopyranoside with triphenylphosphine–carbon tetraiodide
reagent in anhydrous pyridine.14 This procedure was not very
effective, however, so we tested another one using triphenylphos-
phine, imidazole, and iodine in toluene at reflux temperature.15

Separation of the product without further acetylation yielded crys-
talline methyl 6-deoxy-6-iodo-a-D-glucopyranoside.

In the crystal, methyl 6-deoxy-6-iodo-a-D-glucopyranoside
adopts the 4C1 conformation16,17 (Fig. 1) with ring-puckering
parameters18,19 Q = 0.562(5) Å, h = 5.5(5) Å, and u = 380(5)�. The
1H and 13C NMR spectra confirm the structure and also the 4C1 con-
formation of this compound in methanol solution (J2,3 9.77, J3,4

8.79, J4,5 9.77 Hz). The relatively small chemical shift of the C-6
carbon in the 13C NMR spectra of the methyl 6-deoxy-6-iodo-
a-D-glucopyranoside (d 6.10) is noteworthy; it is characteristic of
a carbon atom bound to iodine (heavy-atom effect).20

X-ray analysis revealed that the 6-iodomethyl group in the crys-
tal lattice exists in the gg (gauche–gauche) conformation, which is
reflected by the C4–C5–C6–I8 torsion angle of 57.7(5)� (Table 3,
see Fig. 2). Such an orientation is also preferred by the hydroxy-
methyl group in glucopyranose derivatives, both in crystals and
in solution; it is due to the network of O–H���O interactions be-
tween the C4–OH, C6–OH and ring oxygen atoms.21,22 The stability
of the gg conformation in the case of the hydroxymethyl group
may also be due to the ‘gauche effect’.23 This requires the hydrogen
atom to be oriented antiperiplanarly to the electronegative atoms
(F and O). The stability of the gg conformation in the case of the
iodomethyl group cannot be explained either by O–H���I interac-
tions, which are not detected (Table 4), or by the ‘gauche effect’,
because the electronegativity of the iodine atom is relatively small.
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Figure 1. Structure of methyl 6-deoxy-6-iodo-a-D-glucopyranoside showing 25%
probability displacements for ellipsoids.
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Interestingly, the intramolecular distance between the H4 hydro-
gen atom and the iodine atom is very short indeed at 2.98 Å (Table
4), but the sum of their van der Waals radii is 3.2 Å.19

Rotation of the 4-OH group around the O4–C4 bond prefers the
staggered conformation as shown in Figure 2. Such an arrangement
is probably the most favourable because it allows an intramolecu-
lar hydrogen bond to form between the C4–OH and C3–OH hydro-
xyl groups (O4–H4A���O3, Table 4). It was recently argued that
vicinal hydroxyl groups in glucopyranose are not linked by intra-
molecular hydrogen bonding.24 However, an apparent D–H���A do-
nor–hydrogen–acceptor sequence is seen here with an H���A
Figure 3. Molecular packing of methyl 6-deoxy-6-
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Figure 2. Rotational preferences of the groups bound to the pyranose ring
distance of 2.55(7) Å and with a D–H���A angle of 121(8)� (Table
4). Since, as far as we are aware of, no one has suggested a new
name for this evident attraction of the hydroxyl hydrogen by the
vicinal oxygen, we shall continue to use the traditional term
‘hydrogen bond’ for this kind of interaction.

One might expect that methyl 6-deoxy-6-iodo-a-D-glucopyran-
oside, like a-D-glucopyranose,21,25 would exhibit a counter-
clockwise network of the following intramolecular hydrogen
interactions: O5–H5A���O4, O4–H4A���O3, and O3–H3A���O2. In fact,
only the first of these hydrogen bonds is detected in the crystal lat-
tice of the 6-deoxyiodoglucoside in question. The second one can-
not be formed, because the rotation around the O3–C3 bond in the
compound unexpectedly prefers one of the eclipsed conformations
(Fig. 2). Such an eclipsed conformation is not found among the
geometry-optimized structures of a-D-glucopyranose, which
exhibits a network of intramolecular hydrogen interactions. In all
probability, the crystal packing forces dictate that the eclipsed con-
formation is to be adopted in the case of rotation around the O3–C3
bond, even though it is less favourable than the staggered confor-
mation and causes the loss of intramolecular hydrogen bonding.

In spite of the favourable staggered conformations resulting
from the rotations around the O2–C2 and O1–C1 bonds (Fig. 2),
the O2–H2A���O1 intramolecular hydrogen bond is not formed in
the crystal structure of methyl 6-deoxy-6-iodo-a-D-glucopyrano-
side. If we apply the widely accepted criteria for hydrogen bonds,21

we find that the 2.78(7) Å distance between the H2A and O1 atoms
is acceptable for an H-bond, but that the 88(8)� O2–H2A���O1 angle
is not. The O2–H2A���O1 hydrogen bond would be formed if an-
other staggered conformation, resulting from rotation around the
O2–C2 bond, were adopted with the H2A hydrogen atom oriented
antiperiplanarly to the H2 hydrogen atom. Here, too, there is no
intramolecular hydrogen bonding in the crystal lattice of this com-
pound, probably because of the crystal packing arrangement.
iodo-a-D-glucopyranoside (view along c-axis).
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in the crystal lattice of methyl 6-deoxy-6-iodo-a-D-glucopyranoside.



Table 1
Crystal data and structure refinement for methyl 6-deoxy-6-iodo-a-D-
glucopyranoside

Empirical formula C7H13O5I
Formula weight 304.07
Temperature (K) 295(2)
Wavelength (Å) 0.71073
Crystal system Orthorhombic
Space group P212121

Unit cell dimensions
a (Å) 5.267(1)
b (Å) 8.286(2)
c (Å) 22.820(5)
V (Å3) 995.9(4)

Z 4
Dcalcd (Mg m�3) 2.028
Absorption coefficient (mm�1) 3.206
Absorption correction type Empirical (DIFABS)
F(000) 592
Crystal size (mm) 0.6 � 0.3 � 0.2
H Range for data collection (�) 2.62–25.00
Limiting indices �6 6 h 6 1, 0 6 k 6 9, �24 6 l 6 0
Reflections collected/unique 1218/1109 [Rint = 0.0897]
Completeness 2H = 50.24� (%) 97.6
Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 1218/0/130
Goodness-of-fit on F2 1.055
Final R indices [I > 2r(I)] R1 = 0.0300

wR2 = 0.0680
R indices (all data) R1 = 0.0245

wR2 = 0.0646
Absolute structure parameter 0.01(4)
Extinction coefficient 0.0030(6)
Largest difference in peak and hole (e Å�3) 0.517 and �0.496

Table 3
Selected bond lengths (Å), valence angles (�), and torsion angles (�) for methyl
6-deoxy-6-iodo-a-D-glucopyranoside

Bond length (Å)
C-1–O-1 1.398(6)
C-1–O-5 1.414(6)
C-1–C-2 1.523(7)
C-2–C-3 1.508(7)
C-3–O-3 1.433(6)
C-3–C-4 1.516(7)
C-4–O-4 1.417(6)
C-4–C-5 1.519(7)
C-5–O-5 1.430(5)
C-5–C-6 1.491(7)
C-6–I-8 2.136(6)
C-7– O-1 1.424(6)

Valence angles (�)
O-1–C-1–O-5 112.4(4)
O-1–C-1–C-2 109.5(4)
O-5–C-1–C-2 110.8(4)
C-3–C-2–C-1 111.9(4)
O-3–C-3–C-2 108.8(4)
O-3–C-3–C-4 108.1(4)
C-1–O-5–C-5 112.8(3)
C-2–C-3–C-4 110.0(4)
O-4–C-4–C-3 112.3(4)
O-4–C-4–C-5 106.2(4)
C-3–C-4–C-5 110.2(4)
O-5–C-5–C-6 108.8(4)
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The nearly antiperiplanar orientation of the methyl group to the
C2 carbon atom resulting from the rotation around the O1–C1
bond with the C2–C1–O1–C7 torsion angle of �160.3(4)� is typical
of glycosides, and is due to the exo-anomeric effect.

Analysis of the intermolecular interactions shows that three
hydrogen bonds are formed in the crystal lattice of methyl 6-
deoxy-6-iodo-a-D-glucopyranoside: O2–H2A���O3, O3–H3A���O1,
Table 2
Atomic coordinates (� 104) and equivalent isotropic displacement parameters
(Å2 � 103) for methyl 6-deoxy-6-iodo-a-D-glucopyranoside; Ueq is defined as one
third of the trace of the orthogonalized Uij tensor

Atom x y z U(eq)

C-1 1572(10) 8394(5) 1514(2) 33(1)
C-2 1406(9) 7214(6) 2024(2) 29(1)
C-3 3747(9) 6175(6) 2071(2) 28(1)
C-4 4355(9) 5433(6) 1480(2) 30(1)
C-5 4520(9) 6734(6) 1013(2) 31(1)
O-1 3336(8) 9602(4) 1645(2) 41(1)
O-2 1060(7) 8015(5) 2571(2) 40(1)
O-3 3259(7) 4891(3) 2476(1) 37(1)
O-4 6734(7) 4633(4) 1478(2) 38(2)
O-5 2153(7) 7576(4) 987(1) 32(1)
C-6 5154(10) 6126(7) 416(3) 41(1)
C-7 3034(14) 11,017(6) 1297(2) 52(2)
I-8 2587(1) 4363(1) 76(1) 49(1)
H-1 �94 8905 1467 39
H-2 �58 6507 1959 35
H-2A 100 8630 2500 61
H-3 5186 6824 2207 33
H-3A 4260 4840 2730 56
H-4 3018 4664 1375 35
H-4A 6660 4240 1720 50
H-5 5837 7504 1130 37
H-6A 5198 7035 148 49
H-6B 6843 5661 426 49
H-7A 2804 10,716 894 78
H-7B 1573 11,607 1430 78
H-7C 4518 11,682 1333 78
and O4–H4A���O2, undoubtedly with the proper lengths and angles
(Table 4). Worthy of notice is the very short distance between two
iodine atoms (Fig. 3)—4.073(1) Å. The sum of the van der Waals ra-
dii of these two iodine atoms is 3.98 Å,19 which means that these
bulky atoms almost touch each other.

1. Experimental

1.1. General methods

The melting point was uncorrected. The optical rotation was
determined at rt with a Perkin–Elmer polarimeter in a 1-dm tube
O-5–C-5–C-4 109.0(4)
C-6–C-5–C-4 114.9(4)
C-5–C-6–I-8 114.9(3)
C-1–O-1–C-7 113.4(4)

Torsion angles (�)
O-1–C-1–O-5–C-5 63.1(5)
C-2–C-1–O-5–C-5 �59.9(5)
O-1–C-1–C-2–O-2 49.9(5)
O-5–C-1–C-2–O-2 174.5(4)
C-1–C-2–C-3–O-3 �168.2(4)
C-1–C-2–C-3–C-4 �50.0(5)
C-2–C-1–O-1–C-7 �160.3(4)
O-2–C-2–C-3–O-3 67.7(4)
O-2–C-2–C-3–C-4 �174.0(4)
C-2–C-3–C-4–C-5 53.2(5)
C-2–C-3–C-4–O-4 171.5(4)
O-3–C-3–C-4–O-4 �69.7(5)
O-3–C-3–C-4–C-5 171.9(4)
O-5–C-5–C-6–I-8 �64.5(5)
C-4–C-5–C-6–I-8 57.7(5)
C-1–O-5–C-5–C-6 �171.5(4)
O-1–C-1–C-2–C-3 �71.7(5)
O-5–C-1–C-2–C-3 52.8(5)
O-5–C-1–O-1–C-7 76.0(5)
C-1–O-5–C-5–C-4 63.0(5)
O-4–C-4–C-5–O-5 179.2(3)
C-3–C-4–C-5–O-5 �58.8(5)
O-4–C-4–C-5–C-6 57.1(5)
C-3–C-4–C-5–C-6 179.1(4)
H-1–C-1–C-2–H-2 51.7
H-2–C-2–C-3–H-3 �169.6
H-3–C-3–C-4–H-4 171.7
H-4–C-4–C-5–H-5 178.7



Table 4
Intramolecular (*) and intermolecular hydrogen bonds and short contacts for methyl
6-deoxy-6-iodo-a-D-glucopyranoside with distances (d): d(D���A) \R(D) + R(A) +
0.50 Å; d(H���A) \R(H) + R(A) � 0.12 Å and angle (\) hD-H���Ai 100.0�a

D-H A d(D–H) d(H���A) d(D���A) \D-H���A

O-2–H-2A O-3i 0.74(7) 2.06(8) 2.757(5) 160(8)
O-3–H-3A O-1ii 0.78(8) 1.92(7) 2.701(5) 177(8)
O-4–H-4A O-3* 0.64(7) 2.55(7) 2.930(5) 121(8)
O-4–H-4A O-2ii 0.64(7) 2.26(7) 2.804(5) 144(9)
C-2–H-2 O-4iii 0.98 2.54 3.490(6) 162
C-4–H-4 I-8* 0.98 2.98 3.453(5) 111
C-5–H-5 O-1* 0.98 2.48 2.848(6) 102

a Symmetry codes: (i) �x, 1/2 + y, 1/2 � z; (ii) 1 � x, �1/2 + y, 1/2 � z; (iii) �1 + x,
y, z.
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at the D line of sodium for a solution in CH3OH. The IR spectrum
was recorded as a Nujol mull with a Bruker IFS 66 spectrophotom-
eter, and the 1H and 13C NMR spectra (CD3OD, internal Me4Si) on a
Unity Plus 500 (500/125 MHz) instrument; elemental analysis was
done on a Carlo Erba EA 1108 instrument. Thin-layer chromatogra-
phy (TLC) was performed on E. Merck Kieselgel 60 F-254 plates
using the eluent system (v/v) A, 3:1 CHCl3�MeOH, and column
chromatography on MN Kieselgel 60 (<0.08 mm) with the eluent
system (v/v) B, 5:1 CHCl3�MeOH.

1.2. Methyl 6-deoxy-6-iodo-a-D-glucopyranoside

This was synthesized according to the literature procedure
(method A, without acetylation).15 The reaction was stopped after
2 h (TLC, solvent A), after which the reaction mixture was evapo-
rated. Purification of the crude product with column chromatogra-
phy (solvent B) yielded crystals of the title compound: 83%, mp
146–147 �C, lit14 148 �C; ½a�20

D +113 (c 1, MeOH), lit14 +107.8 (c 1,
MeOH); Rf 0.87 (solvent A); IR: m 3296 (OH) cm�1; 1H NMR
(500 MHz, CD3OD): d 4.67 (d, 1H, J1,2 3.91 Hz, H-1), 3.62 (t, 1H,
J3,4 8.79 Hz, H-3), 3.61 (dd, 1H, H-6’), 3.46 (s, 3H, OMe), 3.40 (dd,
1H, J2,3 9.77 Hz, H-2), 3.38 (ddd, 1H, J5,6 7.32, J5,60 1.95 Hz, H-5),
3.29 (dd, 1H, J6,60 10.74 Hz, H-6), 3.13 (t, 1H, J4,5 9.77 Hz, H-4);
13C NMR (500 MHz, CD3OD): d 100.17 (C-1), 74.45 (C-4), 73.43
(C-3), 72.40 (C-2), 71.27 (C-5), 54.69 (OMe), 6.10 (C-6); Anal. Calcd
for C7H13O5I: C, 27.65; H, 4.31. Found: C, 27.79; H, 4.35.

1.3. Description of the crystal structure of methyl 6-deoxy-6-
iodo-a-D-glucopyranoside

Diffraction data were collected at room temperature (295 K) on
a KUMA KM-4 four-circle diffractometer26 with MoKa radiation
(k = 0.71073 Å) using the 2H/x scan mode. Phase angles were ini-
tially determined with the SHELXS program.27 All H atoms bound
with C atoms were placed geometrically and refined using a riding
model with C�H = 0.97–0.98 Å and Uiso(H) = 1.2Ueq(C) (C�H =
0.96 Å and Uiso(H) = 1.5 Ueq(C) for the methyl H atoms). All H atoms
from the O�H groups were located in a difference Fourier map and
refined freely with Uiso(H) = 1.5 Ueq(O). Table 1 summarizes the
crystallographic data, data collection, and structure refinement,
Table 2 sets out the coordinates of atoms and their isotropic tem-
perature factors, Table 3 lists a selection of the crystal’s important
geometric parameters, and Table 4 summarizes the intra- and
intermolecular hydrogen bonds and short contacts.

The crystal structure was refined to R1 = 0.0300 (1218 reflec-
tions, all unique) and R1 = 0.0245 (1109 reflections with
F0 > 2r(F0)) by the full-matrix least-squares method using the
SHELXL-97 program28 based on 120 parameters. Figure 1 illus-
trates the compound’s structure, showing the conformation
and atom numbering system.29 Figure 3 shows the molecular
packing in the crystal, prepared by PLUTO-78.30 The computa-
tional material for publication was prepared using the PLATON

program.19

2. Supplementary data

Full crystallographic details, excluding structural features, have
been deposited (deposition No. CCDC 709173) with the Cambridge
Crystallographic Data Center. These data may be obtained on re-
quest from The Director, CCDC, 12 Union Road, Cambridge, CB2
1EZ, UK (tel.: +44-1223-336408; fax: +44-1223-336033; e-mail:
deposit@ccdc.cam.ac.uk or www: http://www.ccdc.cam.ac.uk).
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