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Methyl B-lactoside [methyl B-p-galactopyranosyl-(1—4)-8-p-glucopyranoside]
monohydrate, C;3H,,0,,-H,O, (I), was obtained via spontanecous transforma-
tion of methyl B-lactoside methanol solvate, (I1I), during air-drying. Cremer—
Pople puckering parameters indicate that the S-p-Galp (B-p-galactopyranosyl)
and B-p-Glcp (B-p-glucopyranosyl) rings in (I) adopt slightly distorted *C; chair
conformations, with the former distorted towards a boat form (B¢ c4) and the
latter towards a twist-boat form (°°Sc,). Puckering parameters for (I) and (II)
indicate that the conformation of the fGalp ring is slightly more affected than
the BGlcp ring by the solvomorphism. Conformations of the terminal O-glyco-
sidic linkages in (I) and (IT) are virtually identical, whereas those of the internal
O-glycosidic linkage show torsion-angle changes of 6° in both C—O bonds. The
exocyclic hydroxymethyl group in the fGalp residue adopts a gt conformation
(C4' anti to O6") in both (I) and (II), whereas that in the SGlcp residue adopts a
gg (gauche—gauche) conformation (H5 anti to O6) in (II) and a gt (gauche—trans)
conformation (C4 anti to O6) in (I). The latter conformational change is critical
to the solvomorphism in that it allows water to participate in three hydrogen
bonds in (I) as opposed to only two hydrogen bonds in (II), potentially
producing a more energetically stable structure for (I) than for (II). Visual
inspection of the crystalline lattice of (II) reveals channels in which methanol
solvent resides and through which solvent might exchange during solvo-
morphism. These channels are less apparent in the crystalline lattice of (I).

1. Introduction

Hydrate/solvate crystalline compounds (solvomorphs) and
their polymorphs have been reported in the pharmaceutical
and materials sciences and are responsible for changes in
physical and chemical properties (e.g. solubility, melting point,
and bioactivity) (Rydz et al., 2018; Barbas et al., 2020). Similar
studies of saccharides have been reported in crystals of
lactose, cellobiose, and trehalose (Beevers & Hansen, 1971;
Nagase et al., 2002; Rencurosi et al., 2002; Listiohadi et al.,
2005; Nagase et al., 2008). During solid-state *C NMR studies
of methyl B-p-galactopyranosyl-(1—4)-8-p-glucopyranoside
(methyl pB-lactoside) methanol solvate, (II) (Stenutz et al.,
1999), that was selectively labeled with '*C at C1’ and C3' of
the Galp residue, two sets of paired signals arising from
labeled C atoms were observed in spectra when only one pair
was expected (Zhang et al., 2019). Upon further scrutiny, this
behavior was traced to the propensity of crystals of (II) to
transform to methyl S-lactoside monohydrate, (I), upon ex-
posure to the atmosphere. We describe herein the crystal
structure of methyl B-p-galactopyranosyl-(1—4)-B-p-gluco-
pyranoside monohydrate, a new crystalline form of methyl
B-lactoside that was obtained as a solvomorph of (II) (Scheme 1,
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Figure 1

The molecular structure of (I), showing the atom numbering. Displace-
ment ellipsoids are drawn at the 50% probability level and H atoms are
shown as small spheres of arbitrary radii.

showing ¢, ¢, and v/, and Fig. 1). In the following discussion,
the structures of (I) and (II) are compared to evaluate the
effects of solvent replacement on structural parameters and
packing structure.

OH
C6
Cc7
¢ OCHg “H,0 (1)
@ on” - CH5OH (II)
Scheme 1

2. Experimental

2.1. Synthesis and crystallization

2.1.1. Synthesis of methyl g-lactoside, (II') (Fig. 2). Acetic
anhydride (6.67 ml, 70.58 mmol) was added to a solution of
(III) (1.51 g, 4.41 mmol) in pyridine (10 ml) and the resulting
mixture was stirred at 343 K overnight. The reaction mixture
was diluted with CH,Cl, (20 ml) and the solution was poured
into ice-cold water (20 ml). The solution was extracted twice
with CH,Cl, (2 x 30 ml), and the organic phases were com-
bined and concentrated at 313 K in vacuo. Purification by flash
chromatography on a silica-gel column (14 x 3.5 cm) (eluent:
ethyl acetate/hexanes, 1:1 v/v) afforded (IV) in 69% yield
(2.06 g, 3.04 mmol). 'H and *C{'"H} NMR spectra obtained for
(IV) were consistent with those reported previously (Sardzik
et al., 2010).

OH OH

d
() OH "OH OA OAc OC(NH)CCl,

o (V)

Benzylamine (0.43 ml, 3.95 mmol) was added to a solution
of (IV) (2.06 g, 3.04 mmol) in tetrahydrofuran (THF; 21 ml)
and the resulting mixture was stirred at 293 K for 2 h. The
reaction mixture was concentrated in vacuo at 303 K, diluted
with ethyl acetate (40 ml), and washed with 0.1 M aqueous
HCI solution (2 x 20 ml), saturated aqueous NaHCOj; solu-
tion (2 x 20 ml), and distilled water (2 x 20 ml). The organic
phases were collected and dried in vacuo for 2 h to afford
crude 2,3,6,2,3' 4’ ,6'-hepta-O-acetyllactose as a syrup. The
crude syrup was dissolved in anhydrous CH,Cl, (20 ml),
CCI;CN (2.43 ml, 2.42 mmol) and DBU (200 pl, 1.34 mmol)
were added, and the resulting mixture was stirred at 293 K for
2 h. The reaction mixture was then concentrated at 303 K in
vacuo and purified by flash chromatography on a silica-gel
column (12 x 2.5 cm; eluted with ethyl acetate/hexanes, 2:1 v/v)
to afford (V) in 76% yield in two steps (1.81 g, 2.32 mmol). 'H
and C{'H} NMR spectra obtained for (V) were consistent
with those reported previously (Anraku et al., 2017).

A mixture of (V) (1.81 g, 2.32 mmol), anhydrous methanol
(0.47 ml, 11.60 mmol), and freshly activated 5 A molecular
sieves (0.80 g) in anhydrous CH,Cl, (18 ml) was stirred under
an N, atmosphere at 273 K. TMSOTT (100 pl) was then added
and the resulting mixture stirred at 273 K for 2 h. The reaction
was quenched with the addition of Et;N (1 ml), and the
mixture was filtered and concentrated in vacuo. The residue
was purified by flash chromatography on a silica-gel column
(12 x 2.5 cm; eluted with ethyl acetate/hexanes, 2:1 v/v) to
afford (VI) in 70% yield (1.06 g, 1.63 mmol). 'H and *C{'H}
NMR spectra obtained for (VI) were consistent with those
reported previously (Scheppokat et al., 2003).

Sodium methoxide (25% solution in MeOH, 600 pl) was
added to a solution of (VI) (1.06 g, 1.63 mmol) in methanol
(15 ml) and the resulting mixture was stirred at 293 K for 2 h.
The mixture was neutralized with the batchwise addition of
Dowex H" cation-exchange resin, filtered to remove the resin,
and the filtrate collected and dried in vacuo. The residue was
dissolved in a minimal volume of distilled water and purified
on a column containing Biogel P-2 (110 x 8 cm; eluted with
distilled water) to afford (II") in 80% yield (0.46 g, 1.30 mmol).
"H NMR (600 MHz, *H,0): § 4.46 (d, Jyy 1> = 7.8 Hz, 1H,
H-1"), 442 (d, Jy11m2 = 8.0 Hz, 1H, H-1), 4.00 (dd, Jusanier =
—12.3, Jus.peq = 2.1 Hz, 1H, H-6a),3.94 (dd,J=3.4,0.5 Hz, 1H,
H-4"), 3.82 (dd, Jusamer = —12.3, Jus.me» = 5.1 Hz, H-6D), 3.72—

e

OAc OAc

AcOW % W”&

OAc OAc (Vi)

(a) Ac,0, Py, 80 °C, 69%; (b) BnNH,, THF; (c) CNCls, DBU, DCM, 76% for steps (b) + (c); (d) MeOH, TMSOTT, 5A sieves, DCM, 70%; (¢) MeONa, MeOH, 80%.

Figure 2
Synthesis of methyl B-lactoside, (II').
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Table 1

Experimental details.

Crystal data
Chemical formula
M,

Crystal system, space group
Temperature (K)
a, b, c (A)

B()

V (A%

V4

Radiation type

p (mm~)

Crystal size (mm)

Data collection
Diffractometer
Absorption correction

Tmin, Tmax

No. of measured, independent and
observed [I > 20()] reflections

Rinl

(sin O/A ) max (A7)

Refinement

R[F? > 20(F?%)], wR(F?), §
No. of reflections

No. of parameters

No. of restraints

H-atom treatment

Apmaxs Apmin (C A73)
Absolute structure

C13H4011-H,O
374.34
Monoclinic, P2,
120

4.6250 (1), 24.0147 (7), 7.6617 (2)
105.595 (1)

819.64 (4)

2

Cu Ka

1.18

0.18 x 0.17 x 0.05

Bruker APEXII CCD

Numerical (SADABS; Krause et
al., 2015)

0.581, 0.738

14059, 3056, 3031

0.025
0.612

0.026, 0.071, 1.04

3056

263

2

H atoms treated by a mixture of
independent and constrained
refinement

0.31, —0.16

Flack x determined using 1459

quotients [(I") — (IN))/
[(I") + (I")] (Parsons et al., 2013)
0.05 (4)

Computer programs: APEX3 (Bruker, 2018), SAINT (Bruker, 2018), SHELXT2014
(Sheldrick, 2015a), SHELXL2018 (Sheldrick, 2015b), and Mercury (Macrae et al.,
2020).

Absolute structure parameter

3.80 (m, 3H, H-6'a, H-6'b, H-5'), 3.69-3.64 (m, 3H, H-3', H-3,
H-4), 3.61 (m, 1H, H-5), 3.59 (d, 3H, -OCH3;), 3.56 (dd,
Jur uy =104, Jyy yy = 7.8 Hz, 1H, H-2"), 3.32 (dd, Jy1 12 = 8.0,
Jizns = 9.5 Hz, 1H, H-2). "C{'H} NMR (150 MHz, *H,0): §
1044 (C-1'), 104.3 (C-1), 79.7 (C-4), 76.7 (C-5'), 76.1 (C-5),
75.7 (C-3), 74.1 (C-2), 73.8 (C-3"), 72.3 (C-2"), 69.9 (C-4), 62.3
(C-6'), 61.4 (C-6), 58.5 (-OCHj3). 'H and C{"H} NMR spec-
tral data obtained for (II') were consistent with those reported
previously (Hayes ef al., 1982; Fernandez & Jiménez-Barbero,
1993).

2.1.2. Crystallization of methyl f-lactoside, (II'), to give
methanol solvate (1) and monohydrate (I). Compound (IT')
was dissolved in a minimal volume of anhydrous methanol.
The resulting solution was left at room temperature to allow
the solvent to evaporate slowly. Colorless tablet-like crystals
of (II) were collected over an approximate 1 week period.
Crystals of (II), after exposure to the atmosphere on a
laboratory bench for ~4 d, gave a PXRD pattern that differed
from the simulated PXRD pattern of (II), indicating changes
in the unit cell (Fig. S2 in the supporting information). The 'H
NMR spectrum of the atmosphere-exposed crystals dissolved
in DMSO-d; indicated that the methanol was quantitatively
replaced by water to give colorless tablet-like crystals of (I)
(Fig. S3).

2.2. Refinement

Crystal data, data collection, and structure refinement
details are summarized in Table 1. The hydroxy H atoms were
located in a difference electron-density map and freely refined
in cycles of least-squares refinement, while an equal-distance
restraint was applied to the O—H bonds in water. All other H
atoms were included in geometrically calculated positions,
with C—H = 1.00 (methine), 0.99 (methylene), or 0.98 A
(methyl). C—H hydrogens were refined with displacement
parameters tied to that of the atom to which they were bonded
[1.2U¢(C) for methine and methylene, and 1.5U.,(C,0) for
methyl and hydroxy]. The absolute configuration was deter-
mined by comparison with the known chirality of the molecule
and by comparison of Friedel pairs of reflections [Flack x
parameter = 0.05 (4); Parsons et al., 2013].

3. Results and discussion

Crystals of (II) were obtained from anhydrous methanol in the
monoclinic space group P2, as described previously (Stenutz
et al, 1999). Air-drying of these crystals spontancously
transformed them into (I) (monoclinic, P2,), with a dramatic
shortening (1.102 A) in the length of the b axis of the unit cell.
This crystal transformation is similar to the formation of
crystalline a-lactose monohydrate, whose anhydrous crystal-
line form is unstable and hygroscopic, and requires one mol-
ecule of water to stabilize the crystal lattice (Beevers et al.,
1971; Listiohadi et al., 2005).

Cremer—Pople puckering parameters (Cremer & Pople,
1975) indicate that both the fGalp and BGlcp rings in (I) and
(I1) adopt distorted *C, chair conformations (g3 >> ¢,)
(Table 2). The chair distortion (encoded in values of 6) is
greater in the BGlcp (6 = 10-12°) than in the BGalp residue
(60 =2-5°) in both (I) and (IT), and conversion of the methanol
solvate to the monohydrate form results in less distortion in
both aldohexopyranosyl rings. The direction of distortion
(encoded in values of ¢) of the BGlcp ring towards a twist-boat
form (°°Sc,) is essentially the same in (I) and (IT), whereas the
BGalp ring distorts towards a boat form (B¢ cy4) in (I) and a
twist-boat form (“*S¢;) in (II). The puckering parameters
indicate that the fGalp ring is slightly more affected than the
BGlcp ring by the solvomorphism (slightly larger reduction in
6 and a much larger change in ¢ relative to the BGlcp ring),
which may explain recent solid-state *C NMR spectra
obtained on selectively *C-labeled isotopomers of (II) in
which two sets of signals were observed for C1” and C3’ of the
BGalp ring (one set arising from the MeOH solvate and one
from the monohydrate), but only one set was observed for C1
and C3 of the BGlcp ring (signals from both solvate forms are
presumably degenerate) (Zhang et al., 2019).

Comparisons of corresponding structural parameters in (I)
and (II) (Table 3) are complicated by: (a) differences in ring
conformations, especially for the BGalp residue (see discus-
sion above and Table 2); (b) differences in hydrogen-bond
networks in the lattices (Table 4); and (c) differences in
exocyclic C—O bond torsions (Table 3). For example,
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Table 2
Cremer-Pople structural parameters for the fGlcp and BGalp rings in (I)
and (II).

Compound/residue ¢ (°) 0 () Q (A) q> q3

(I)/BGalp 70.168 1.912 0.594 0.020 0.594
(D)/BGlep 340.062 9.947 0.569 0.098 0.560
(I1)/BGalp 28.171 4.675 0.595 0.049 0.593
(I1)/BGlcp 341.473 11.993 0.558 0.116 0.546

hydrogen bonding involving the exocyclic hydroxy and ring O
atoms of the SGalp rings of (I) and (II) are very similar, but
not for the BGlcp rings. In the latter, significantly different
hydrogen bonding occurs at O1, O2, and OS. Furthermore,
inspection of exocyclic C—O torsion angles involving hydroxy
H atoms, which have larger errors than torsion angles invol-
ving heavy atoms, reveals differences between (I) and (II),
notably for the C2'—C3'—03'—H, C3'—C4'—04'—H, and
C5'—C6'—06'—H angles in the SGalp residue (Table 3). In
general, factors (a) and (¢) are more likely to influence
endocyclic C—C and C—O bond lengths, whereas factor (b) is
more likely to affect exocyclic (hydroxy) C—O bond lengths.
A plot of the C—C and C—O bond lengths in (I) and (II)
(Fig. S1 in the supporting information) shows that the C2—C3,
C4'—C5', and C5' —O5' bonds are significantly longer in (I)
than in (II). These changes may be caused mainly by differ-
ences in hydrogen bonding at O2 (affecting rcy_op), and
differences in fGalp ring conformation (affecting rcy_cs and
rcs—os ). The shortest exocyclic C—O bonds in (I) and (II) are
C1—01 and C1’—01, while the C1—05 and C1’—O5’ bonds
have lengths comparable to all other C—O bonds in (I) and
(IT). Since OS5 and OS5’ lone-pair donation to the endocyclic
C1—0S5 and C1I’—O0Y5" bonds, respectively, in (I) and (II)
cannot occur (all residues have the S-configuration), the endo-
anomeric effect is negligible (Tvaroska & Bleha, 1989; Juaristi
& Cuevas, 1994). Thus, the exo-anomeric effect (Tvaroska &
Bleha, 1989; Thggersen et al., 1982) dominates in (I) and (1)
wherein both ¢ and ¢’ (Table 3) adopt values that orient C7
and C4 approximately anti to C2 and C2/, respectively. These
conformations explain the observed C1—O1 and C1'—O1’
bond length truncation, but concomitant C1—0O5 and C1'—
O5' bond elongation is not observed. The C1—O1 and C1'—
O1’ bond lengths will also be influenced by their equatorial
orientations, which generally favor shorter bonds relative to
axial orientations in the absence of stereoelectronic effects.
Corresponding exocyclic C1 —O1—CHj; and C1'—01'—C4
bond angles are essentially the same in (I) and (II), but differ
from each other, giving average values of 113.9 + 0.2 and
116.4 £ 0.2°, respectively (Table 3). The slightly larger C1'—
O1'—C4 angle may be caused by the different steric demands
of the glycone substituents (small CHj; versus larger
aldohexopyranosyl ring). In contrast, the endocyclic C5—
O5—C1 and C5'—0O5—C1’ bond angles adopt very similar
values in (I) and (II), giving an average value of 112.2 & 0.2°.
The O-glycosidic linkage conformations in (I) and (II) are
characterized by two phi values (¢ and ¢') and a single psi
value (¢¥') (Scheme 1). Torsion angle ¢, corresponding to the
terminal linkage, is virtually unchanged in (I) and (II),

Table 3 .
Select structural parameters (A, °) in (I) and (II).
C—C bond lengths” (D (1)
1 C1'—C2 1.524 (3) 1.527 (3)
2 Cc2'—C3¥ 1.528 (3) 1.531 (3)
3 C3' —C4 1.520 (3) 1.521 (3)
4 C4'—C5 1.530 (3) 1.521 (3)
5 C5'-C6’ 1.515 (3) 1.511 (3)
6 Cl1—C2 1522 (3) 1.516 (4)
7 C2—-C3 1.528 (3) 1.519 (3)
8 C3—C4 1.530 (3) 1.531 (3)
9 C4—C5 1.524 (3) 1.530 (3)
10 C5—Co 1.512 (3) 1.508 (3)
C—O0 bond lengths
1 C1'—0or 1.392 (3) 1.387 (3)
2 Cl'—0% 1.429 (2) 1.425 (3)
3 C2'—02 1.421 (3) 1.414 (3)
4 C3'—03% 1.419 (3) 1.422 (3)
5 C4'—0O4 1.423 (3) 1.423 (3)
6 C5'—0% 1.445 (3) 1.432 (3)
7 Co’'— 06’ 1.420 (3) 1.426 (3)
8 C1-01 1.390 (3) 1.384 (3)
9 C1-05 1.423 (2) 1.413 (3)
10 C2—-02 1.407 (2) 1.418 (3)
11 C3—03 1.422 (3) 1.421 (3)
12 O1'—C4 1.431 (3) 1.437 (3)
13 C5—05 1.435 (3) 1.428 (3)
14 C6—06 1.422 (3) 1.424 (3)
Internuclear distances
034 --05' 2782 (2) 2.764 (2)
034---06'" 3272 (3) 2.935 (3)
H,0- --05,] 2.890 (2) -
H,0---06," 2.811 (3) -
O4'y- - -H,O 2.686 (3) -
CH;0H.- - -06, - 2.727 (3)
O4'y- - -CH;0H - 2.686 (11)
Bond angles
C5—05—-C1 112.0 (2) 112.0 (2)
C5'—05 —C1’ 112.3 (2) 112.3 (2)
Cl'—01'—C4 116.5 (2) 116.2 (2)
C1—01—CH; 114.0 (2) 113.7 (2)
Torsion angles
Cl1-C2—-C3—-C4 —46.4 (2) —44.2 (3)
Cl1—-05—-C5—-C4 66.9 (2) 67.6 (2)
Cl'—C2'—C3' —C4 -71(2) —54.8 (2)
Cl'—05 —-C5' -4 61.6 (2) 65.0 (2)
05—C1—01—CH; (¢) —782(2) —773 (3)
C2—C1—01—CH; (¢) 163.2 (2) 164.2 (2)
H1—C1—01—CH; (¢) 422 44.1 (4)
05 —C1'—=01'—C4 (¢') —94.0 (2) —88.4 (2)
C2'—C1'—01'—C4 (¢) 147.6 (2) 153.8 (2)
H1'—Cl'—01'—C4 (¢) 26.1 319 (3)
C1'—01'—C4—-C3 (V) 852 (2) 784 (2)
Cl'—01'—C4—C5 (V') —154.5(2) —161.3 (2)
Cl'—01'—C4—H4 (¥') —36.0 —43.7 (3)

05— C5—C6—06 (w)
C4—C5—C6—06 (w)
05 —C5' —C6' — 06 (o)
C4'—(C5' —C6' — 06 (o)

69.4 (2) (gf)
—1713 (2) (g1)
60.8 (2) (gt)
—178.4 (2) (g1)

—54.6 (2) (88)
66.4 (3) (g8)
57.3 (2) (1)

177.8 (2) (g1)

Cl-C2—-02—H —125.6 —123.4
C2—C3—-03—H —166.6 —159.0
C5—-C6—06—H 133.0 —123.1
Cl'—C2'—02' —H 153.5 143.4
C2'—C3—C3—H 68.1 44.9
C3'—C4—04'—H —1422 —112.3
C5'—C6'—06'—H —115.3 —132.5

Note: (a) C—C and C—O bond-length numbers shown in the left-most column were used
to plot the data in Fig. S1 (in the supporting information). Subscript ‘a’ denotes the
acceptor site and subscript ‘d’ the donor atom in the hydrogen bond. [Symmetry codes: (i)
—x+Ly—L —z+ L) x+1y z+1L3v)xy z+1]
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Figure 3

Summary of the hydrogen-bonding interactions involving (a) methanol
solvent and (b) water molecules observed in the crystal structures of (1)
and (I), respectively. The fGlcp and BGalp residues are identified and the
blue hatched lines denote hydrogen bonds with the associated heavy-
atom internuclear distances measured in the crystals (Table 3).

assuming values of 163.2 (2) and 164.2 (2)°, respectively, when
the angle is defined by the C2—Cl1—0O1—CH; pathway
(Table 3). In contrast, the conformation of the internal linkage
is affected, albeit minimally, by the solvent. Torsion ¢’ adopts
values of 147.6 (2)° in (I) and 153.8 (2)° in (II) when the angle
is defined by the C2'—C1’—01'—C4 pathway, a ~6° differ-

Table 4 .
Hydrogen-bond geometry (A, °) of (I) and (II).

Weak hydrogen bond O3—H30- --O6" was not shown as D---A > 3.0 A.

D—H---A D-H H-A D--A D-H-A
(I)  Sugar-solvent interactions
O1W—HIWA. . -05' 0.92(4) 1.97(4) 2890 (3) 172 (5)
O1W—HIWB- --06" 0.95(3) 1.87(4) 2811 (3) 176 (4)
04 —H40'- - -O1W 077 (3) 1.92(3) 2.686(3) 175 (3)
Sugar-sugar interactions
02—H20. --02' 0.83(3) 1.98(3) 2771 (2) 160 (3)
03—H30-.--05 0.79 (4)  2.10(4) 2782(2) 145(3)
06—H60. --01" 0.88(4) 1.92(4) 2.795(2) 169 (3)
02 —H20'---03" 0.76 (5)  2.02(5) 2763 (2) 167 (5)
03'—H30'---06™ 0.71 (4)  2.04(4) 2709 (2) 156 (4)
06'—H60'- - -03'" 093 (4) 1.72(4) 2647 () 177 (3)
(IT)  Sugar—solvent interactions
04 —H4'0---011' 082(1) 1.87 2,686 (3) 171
011—H110- - -06 0.82(1) 1.93 2727 (3) 164
Sugar-sugar interactions
02—H20.--02' 0.82(2) 1.96 2757 (3) 163
03—H30-.--05 0.82(2) 2.08 2764 (2) 141
06—H60. - -02" 0.82(2) 194 2748 (2) 169
02 —H2'0---03" 0.82(2) 1.96 2775 (3) 175

03 —H3'0---06™
06'—H6'O---03'™

082(2) 196
0.820 (7) 1.84

2740 (2) 160
2662 (2) 175

Symmetry codes for (I): (i) —x + 1,y — %, —z + 1; (i) x, y, z — I; (i) x + 1, y, 2 + 1; (iv)
—x+2,y —%, —z + 1. Symmetry codes for (I): (i) —x + 2,y — 5, —z + 2; (i) x + 1y, z + 1;
({ii)x —1,y,z — 15 (iv) x, y, z + 1.

ence (Table 3). Likewise, torsion angle ¥/ adopts values of
85.2 (2)° in (I) and 78.4 (2)° in (II) when defined by the C1'—
O1'—C4—C3 pathway, a ~7° difference. The observed values
of ¢ and ¢’ are associated with anomeric C—O bond confor-
mations predicted to be the most stable in f-anomers based on
stereoelectronic considerations (Tvaroska & Bleha, 1989;
Juaristi & Cuevas, 1994).

The exocyclic hydroxymethyl groups in the fGalp residues
of (I) and (II) adopt the gt (gauche—trans) conformation, with
minor differences in the O5 —C5 —C6'— 06’ (59.1 £2.5°) and
C4' —C5'—C6'— 06" (179.7 £ 2.7°) torsion angles (Table 3). In
contrast, the hydroxymethyl group conformation differs
significantly in the BGlcp residues, adopting a gf conformation
in (I) [respective values of 69.4 (2) and —171.3 (2)°] and a gg
(gauche-gauche) conformation in (II) [respective values of
—54.6 (2) and 66.4 (3)°] (Table 3), the two rotamers about w
that are favored in BGlc rings in aqueous solution (Bock &
Duus, 1994; Rockwell & Grindley, 1998; Thibaudeau et al.,
2004). This conformational change plays a key role in the
spontaneous conversion of (IT) to (I) since the exocyclic hy-
droxymethyl O atom of the BGlcp residue participates in
saccharide-solvent interactions in both methanol solvate (II)
and monohydrate (I). This role is illustrated in Fig. 3 where
hydrogen bonding involving solvent in crystals of (I) and (II)
is summarized. In (IT), the methanol molecule participates in
two hydrogen bonds, one to O6 of SGlcp (acceptor) and one
to O4’ of BGalp (donor). Two of these hydrogen bonds are
maintained in (I), but an additional hydrogen bond is
observed between H,O and atom OS5 of SGlcp (acceptor). In
this manner, the full hydrogen-bond-donor capacity of water is
achieved, as found for methanol. An inspection of the packing
structure of (II) shows that the ring O atoms of the SGlcp
residues are proximal to the methanol molecule but are unable
to hydrogen bond to it. The substitution of water at the same
binding site apparently results in a small but consequential
shift in the location of the solvent binding site and/or possible
small shifts in the saccharide matrix, thereby allowing the third
hydrogen bond to form. The formation of a third hydrogen
bond in (I) may be an important driving force favoring the
formation of (I) from (II), although other factors may
contribute, including (a) differences in the number and
strengths of the large ensemble of saccharide-saccharide
hydrogen bonds in crystals of (I) and (II), (b) the presence of
noncovalent sugar stacking interactions in (I) and/or (II), and,
importantly, (c) global changes in the structure of the crys-
talline lattice that may favor the conversion of (II) to (I). In
the latter regard, visual inspection of the crystal lattice of (IT)
reveals channels in which the methanol solvent resides and
through which solvent might pass during solvomorphism.
These channels, whose volumes are partly occupied by the
solvent molecule, are narrower in (I) (i.e. the crystal lattice is
more condensed), leading to the possibility that once (II)
converts to (I), solvent exchange may be hindered, although
perhaps still feasible, since solvent is less able to penetrate the
crystal.

To evaluate the interconvertibility of (I) and (II), an
approximate 30 mg sample of crystalline (I) was placed in a
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20 ml glass vial which was sealed with perforated parafilm to PXRD (Fig. S4 in the supporting information). The results
allow gas exchange and placed in a sealed 150 ml glass con- showed the presence of crystalline (I) and (II). A Reitveld
tainer containing 1 ml of anhydrous methanol. After incuba- refinement program (Profex; Doebelin & Kleeberg, 2015) was
tion for 6d, the crystals were retrieved and analyzed by used to process the PXRD data and calculate a composition

(b)

Figure 4

The packing diagrams of (a) (I) and (b) (II), viewed along the a axis. The blue dashed bonds identify sugar—sugar hydrogen bonds and magenta dashed
bonds identify sugar-solvent hydrogen bonds. Atoms involved in hydrogen bonding are labeled for clarity. [Symmetry codes: (i) —x + 1,y — 1, —z + 1; (ii)
oy, z—LGi)x+1Lyz+L@Gv) —x+2,y—L —z+L @ —x+2,y—L —z+2;(0)x+Lyz+L(©)x—1,y,z—L(d)xyz+1]
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ratio of the monohydrate and methanol solvate. A (II):(I)
ratio of 0.49:0.51 was found, indicating that the conversion of
(I) to (IT) can occur despite the apparent physical properties
of the lattice of (I) that might impede this exchange (Fig. S5
and Table S1 in the supporting information). However, it
should be appreciated that the mechanism by which (I) is
converted to (II) during the above experiment may not
involve only gaseous diffusion of MeOH into crystals of (I)
and concomitant displacement of water. The relatively high
concentration of MeOH in the gas phase may be sufficient to
promote crystal dissolution and recrystallization on a micro
scale, which would produce crystals of (II) over time. If the
latter mechanism pertains, differences in lattice structures
between (I) and (II) would play no role in the solvomorphism.
A comparison of the two structures, with solvent removed,
reveals a void space of ~22 A’ for (I) and a larger void volume
of ~93 A% in (IT) (Fig. S6) (Macrae et al., 2020). The void
volume in (II) is connected to form a narrow channel in the
lattice parallel to the a axis, while in (I) the voids are discrete
pockets, perhaps indicating the means of egress and ingress of
solvent in the lattice.

Interresidue hydrogen bonding involving atom O3 as a
donor and O5’ as an acceptor is observed in both (I) and (II),
with comparable internuclear distances [2.782 (2) and
2.764 (2) A, respectively; Table 3]. The conformation of the
exocyclic hydroxymethyl group in (II) (gg rotamer) orients
06’ close enough to O3 to produce a second, albeit weaker,
hydrogen bond, with an internuclear distance of 2.935 (3) A.
Thus, the O3 atom participates in a bifurcated interresidue
hydrogen bond in (II). The conformational change in the
exocyclic hydroxymethyl group in (I) to the gr rotamer
increases the distance between atoms O6 and O3 to
3.272 (3) A, such that only a single interresidue hydrogen
bond is observed in (I).

In the crystal structure of (I), three sugar-solvent hydrogen
bonds and six sugar—sugar hydrogen bonds within the lattice
form a dense three-dimensional network in the extended
packing (Fig. 4). Sugar-sugar hydrogen-bond interactions in
(I) can be separated into three groups: (1) an infinite chain
with hydrogen bonds alternating between O6" and O3’ (along
the a axis); (2) a four-membered chain starting from O2 to O2',
followed by a hydrogen bond from O2’ to O3 that ends with an
intramolecular hydrogen bond from O3 to O5’; and (3)
hydrogen bonds between O6 and Ol (along the ¢ axis). In
contrast, the latter two, in addition to hydrogen bonds invol-
ving methanol, in the crystal structure of (II) create a seven-
membered chain starting from O4" and ending at OS’. Sugar—
solvent hydrogen bonds in (I) and (II) enable the translation
along the b axis, with one additional O1W---OS5 contact
observed in (I) because water serves as a donor in two
hydrogen bonds and a mono-acceptor in one hydrogen bond.
Sugar-sugar hydrogen bonds constrain the general crystal
structure and create a channel-like gap between two layers of
molecules in the unit cell, which presumably permits the
egress of methanol from crystals of (II) and the ingress of
water to form (I), the latter containing more solvent hydrogen
bonds between two antiparallel layers of molecules. The

details of the hydrogen bonds and symmetry codes are
summarized in Table 4.
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Methyl p-lactoside [methyl p-p-galactopyranosyl-(1—4)-f-p-glucopyranoside]

monohydrate: a solvomorphism study
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Computing details

Data collection: APEX3 (Bruker, 2018); cell refinement: SAINT (Bruker, 2018); data reduction: SAINT (Bruker, 2018);
program(s) used to solve structure: SHELXT2014 (Sheldrick, 2015a); program(s) used to refine structure: SHELXL2018
(Sheldrick, 2015b); molecular graphics: Mercury (Macrae et al., 2020); software used to prepare material for publication:

SHELXL2018 (Sheldrick, 2015b).

Methyl g-lactoside monohydrate

Crystal data

C3H201,-H,O
M,.=374.34
Monoclinic, P2,
a=4.6250 (1) A
b=124.0147(7) A
c=17.6617 (2) A
£ =105.595 (1)°
V=2819.64 (4) A3
zZ=2

Data collection

Bruker APEXII CCD
diffractometer
Radiation source: Tus micro-focus
Detector resolution: 7.41 pixels mm!
¢ and w scans
Absorption correction: numerical
(SADABS; Krause et al., 2015)
Tin = 0.581, Tnax = 0.738

Refinement

Refinement on F?

Least-squares matrix: full
R[F?>20(F?)] = 0.026
wR(F?)=0.071

§=1.04

3056 reflections

263 parameters

2 restraints

Primary atom site location: dual

F(000) =400

D,=1.517Mgm™

Cu Ka radiation, 1 =1.54178 A

Cell parameters from 9961 reflections
6=3.7-70.6°

u=1.18 mm

T=120K

Tablet, colourless

0.18 x 0.17 x 0.05 mm

14059 measured reflections
3056 independent reflections
3031 reflections with 7> 2a(1)
R =0.025

Omax = 70.6°, Opin = 3.7°
h=-5-5

k=-29—-29

[=-9-9

Secondary atom site location: difference Fourier
map

Hydrogen site location: mixed

H atoms treated by a mixture of independent
and constrained refinement

w = 1/[c*(F*) + (0.045P)* + 0.1553P]
where P = (F,2 + 2F2)/3

(A/6)max < 0.001

Apmax =0.31 e A7

Appin=-0.16 ¢ A3
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Absolute structure: Flack x determined using
1459 quotients [(I+)-(I-)]/[(I+)+(I-)] (Parsons et
al.,2013)

Absolute structure parameter: 0.05 (4)

Special details

Geometry. All esds (except the esd in the dihedral angle between two Ls. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving L.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A%)

x y z U/ Usq
ol 0.6945 (4) 0.69849 (7) 1.0028 (2) 0.0275 (4)
02 0.8779 (4) 0.59193 (7) 1.1369 (2) 0.0273 (3)
H20 0.965 (7) 0.5620 (14) 1.139 (4) 0.028 (7)*
03 0.5847 (4) 0.50682 (7) 0.8846 (2) 0.0267 (3)
H30 0.621 (7) 0.4792 (15) 0.838 (4) 0.030 (8)*
05 0.5942 (4) 0.66710 (6) 0.7138 (2) 0.0220 (3)
06 0.6390 (4) 0.69673 (7) 0.3572 (2) 0.0326 (4)
H60 0.669 (8) 0.6929 (14) 0.249 (5) 0.042 (9)*
ol 0.6438 (3) 0.53275 (6) 0.5092 (2) 0.0213 (3)
02’ 0.2953 (4) 0.50780 (7) 0.1565 (2) 0.0242 (3)
H20' 0.350 (10) 0.5057 (19) 0.072 (6) 0.058 (12)*
03’ 0.2417 (4) 0.39315 (7) 0.0577 (2) 0.0237 (3)
H30' 0.382 (10) 0.3860 (17) 0.042 (5) 0.046 (11)*
o4’ 0.7291 (3) 0.35632 (7) 0.3451 (2) 0.0216 (3)
H40' 0.764 (6) 0.3249 (13) 0.359 (3) 0.013 (6)*
05’ 0.6327 (3) 0.44224 (6) 0.5922 (2) 0.0205 (3)
06' 0.6741 (4) 0.37161 (8) 0.8886 (2) 0.0309 (4)
H60' 0.873 (8) 0.3796 (15) 0.944 (5) 0.040 (8)*
Cl 0.7704 (5) 0.65762 (9) 0.8945 (3) 0.0224 (4)
H1 0.989103 0.659580 0.901284 0.027*

2 0.6930 (5) 0.60125 (9) 0.9609 (3) 0.0212 (4)
H2 0.480366 0.602811 0.967917 0.025*

C3 0.7160 (5) 0.55488 (9) 0.8288 (3) 0.0207 (4)
H3 0.932836 0.547190 0.840480 0.025*

C4 0.5624 (5) 0.57059 (9) 0.6322 (3) 0.0193 (4)
H4 0.339676 0.570235 0.612076 0.023*

Cs 0.6628 (5) 0.62815 (9) 0.5886 (3) 0.0207 (4)
HS 0.884366 0.627842 0.603719 0.025*

C6 0.5041 (5) 0.64700 (9) 0.3986 (3) 0.0241 (4)
H6A 0.517498 0.617525 0.310737 0.029%
H6B 0.289288 0.653766 0.389090 0.029%

C7 0.8300 (9) 0.75158 (11) 0.9912 (4) 0.0445 (7)
HA 0.804741 0.761126 0.863563 0.067*
HC 1.044419 0.749864 1.053992 0.067*
HB 0.733355 0.780040 1.047915 0.067*
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Ccr 0.4761 (5) 0.48398 (9) 0.4699 (3) 0.0190 (4)
H1' 0.270949 0.489827 0.486252 0.023*
Cc2’ 0.4547 (5) 0.46614 (9) 0.2760 (3) 0.0191 (4)
H2' 0.660667 0.461738 0.259442 0.023*
Cc3’ 0.2871 (4) 0.41071 (9) 0.2399 (3) 0.0192 (4)
H3’ 0.084205 0.416873 0.259437 0.023*
Cc4’ 0.4446 (5) 0.36713 (8) 0.3764 (3) 0.0194 (4)
H4' 0.322879 0.332145 0.358122 0.023*
C5’' 0.4756 (5) 0.38959 (9) 0.5674 (3) 0.0194 (4)
H5' 0.271275 0.394969 0.585597 0.023*
Ce’ 0.6551 (5) 0.35079 (10) 0.7124 (3) 0.0234 (4)
H6B' 0.558661 0.313657 0.698274 0.028*
H6A’ 0.859855 0.346437 0.697257 0.028*
Oo1w 0.8826 (4) 0.24832 (8) 0.3889 (3) 0.0390 (4)
HIWA 0.738 (9) 0.2209 (19) 0.366 (7) 0.078 (14)*
H1WB 1.050 (8) 0.2317 (16) 0.471 (5) 0.054 (11)*
Atomic displacement parameters (4°)

Ull l]22 U33 UIZ U13 l]23
0O1 0.0444 (10) 0.0198 (8) 0.0198 (8) —0.0016 (7) 0.0108 (7) —0.0025 (6)
02 0.0329 (8) 0.0269 (8) 0.0197 (7) 0.0076 (7) 0.0026 (6) —0.0022 (6)
03 0.0421 (9) 0.0189 (7) 0.0216 (7) —0.0016 (7) 0.0130 (7) —0.0021 (6)
05 0.0288 (8) 0.0198 (7) 0.0172 (7) 0.0032 (6) 0.0057 (6) —0.0007 (6)
06 0.0498 (11) 0.0259 (9) 0.0227 (8) —0.0039 (8) 0.0107 (8) 0.0009 (7)
or’ 0.0233 (7) 0.0201 (7) 0.0216 (7) —0.0016 (6) 0.0084 (6) —0.0038 (6)
02’ 0.0267 (8) 0.0250 (7) 0.0202 (7) 0.0069 (6) 0.0053 (6) 0.0029 (6)
03’ 0.0204 (8) 0.0322 (8) 0.0180 (7) —0.0005 (6) 0.0044 (6) —0.0056 (6)
04’ 0.0205 (7) 0.0195 (8) 0.0272 (8) 0.0016 (6) 0.0104 (6) —0.0009 (6)
05’ 0.0218 (7) 0.0196 (7) 0.0184 (7) —0.0022 (5) 0.0024 (6) —0.0008 (5)
06’ 0.0220 (8) 0.0529 (11) 0.0177 (7) —0.0008 (7) 0.0051 (6) —0.0018 (7)
Cl1 0.0252 (10) 0.0226 (10) 0.0187 (10) —0.0012 (8) 0.0046 (8) —0.0023 (8)
C2 0.0216 (10) 0.0229 (11) 0.0186 (10) 0.0007 (8) 0.0049 (8) —0.0013 (8)
C3 0.0227 (10) 0.0195 (10) 0.0198 (10) 0.0008 (7) 0.0055 (8) 0.0001 (7)
C4 0.0213 (10) 0.0200 (9) 0.0171 (10) 0.0007 (8) 0.0059 (8) —0.0023 (8)
C5 0.0233 (10) 0.0202 (10) 0.0190 (10) 0.0011 (8) 0.0062 (8) —0.0029 (8)
C6 0.0295 (11) 0.0234 (11) 0.0190 (10) 0.0004 (8) 0.0059 (8) —0.0011 (8)
C7 0.083 (2) 0.0225 (12) 0.0317 (13) —0.0111 (13) 0.0212 (14) —0.0059 (10)
Cr’ 0.0189 (9) 0.0184 (9) 0.0197 (10) —0.0005 (8) 0.0051 (8) —0.0017 (7)
Cc2’ 0.0174 (9) 0.0211 (9) 0.0183 (9) 0.0012 (8) 0.0037 (7) 0.0005 (8)
C3’ 0.0152 (9) 0.0245 (10) 0.0182 (10) —0.0014 (7) 0.0050 (8) —0.0032 (8)
Cc4’ 0.0169 (9) 0.0204 (10) 0.0222 (10) —0.0023 (7) 0.0074 (8) —0.0024 (8)
Ccs’ 0.0196 (9) 0.0195 (9) 0.0200 (9) —0.0027 (7) 0.0068 (8) —0.0013 (8)
C6’ 0.0246 (10) 0.0263 (10) 0.0195 (9) —0.0019 (8) 0.0062 (8) 0.0012 (8)
O1wW 0.0337 (9) 0.0249 (8) 0.0568 (12) 0.0012 (7) 0.0094 (9) 0.0071 (8)
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Geometric parameters (4, )

01—Cl 1.390 (3) C3—C4 1.530 (3)
01—C7 1.434 (3) C3—H3 1.0000
02—C2 1.407 (3) C4—C5 1.524 (3)
02—H20 0.82 (3) C4—H4 1.0000
03—C3 1.422 (3) C5—C6 1.512 (3)
03—H30 0.79 (4) C5—HS 1.0000
05—Cl 1.423 (3) C6—H6A 0.9900
05—C5 1.435 (2) C6—H6B 0.9900
06—C6 1.422 (3) C7—HA 0.9800
06—H60 0.88 (4) C7—HC 0.9800
ol'—Cl’ 1.392 (3) C7—HB 0.9800
01'—C4 1.430 (2) clr—C2’ 1.523 3)
02'—C2' 1421 (3) Cl'—HI’ 1.0000
02'—H20' 0.76 (5) c2'—C3' 1.528 (3)
03'—C3' 1.419 (3) C2'—H2' 1.0000
03'—H30' 0.71 (4) C3'—C4' 1.520 (3)
04'—C4' 1.424 (3) C3'—H3' 1.0000
04'—HA40' 0.77 (3) Cc4'—C5' 1.530 3)
05'—Cl’ 1.429 (3) C4'—H4' 1.0000
05'—C5' 1.445 (3) C5'—C6' 1.515 (3)
06'—C6' 1.420 (3) C5'—HS' 1.0000
06'—H60' 0.93 (4) C6'—H6B' 0.9900
Ccl—C2 1.522 (3) C6'—H6A' 0.9900
Cl—HI 1.0000 O1W—HIWA 0.92 (4)
C2—C3 1.527 (3) OIW—HIWB 0.95 (3)
C2—H2 1.0000

Cl—01—C7 113.95 (19) C5—C6—H6B 109.7
C2—02—H20 109 (2) H6A—C6—H6B 108.2
C3—03—H30 113 (2) 01—C7—HA 109.5
Cl1—05—C5 111.99 (16) 01—C7—HC 109.5
C6—06—H60 108 (2) HA—C7—HC 109.5
Cl'—O1'—C4 116.57 (16) 01—C7—HB 109.5
C2'—02'—H20' 106 (3) HA—C7—HB 109.5
C3'—03'—H30' 110 (3) HC—C7—HB 109.5
C4'—04'—H40' 108.7 (19) 01'—Cl'—05' 107.07 (16)
Cl'—05'—C5' 112.29 (15) 01'—C1'—C2’ 109.53 (16)
C6'—06'—H60" 108 (2) 05'—C1'—C2’ 109.31 (16)
01—C1—05 107.31 (17) ol'—Cl'—HI' 110.3
01—C1—C2 107.97 (17) 05'—Cl'—HI' 110.3
05—C1—C2 110.05 (17) C2'—Cl'—HI' 110.3
01—Cl—HI 110.5 02—C2'—Cl’ 108.48 (16)
05—Cl1—HI1 110.5 02'—C2'—C3' 110.28 (16)
C2—Cl1—HI 110.5 Cl'—C2'—C3' 108.58 (16)
02—C2—Cl 108.96 (18) 02'—C2'—H2' 109.8
02—C2—C3 112.73 (18) Cl'—C2"—H2' 109.8
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supporting information

C1—C2—C3
02—C2—H2
C1—C2—H2
C3—C2—H2
03—C3—C2
03—C3—C4
C2—C3—C4
03—C3—H3
C2—C3—H3
C4—C3—H3
O1'—C4—Cs
01'—C4—C3
C5—C4—C3
O1'—C4—H4
C5—C4—H4
C3—C4—H4
05—C5—C6
05—C5—C4
Co—C5—C4
O5—C5—H5
C6—C5—H5
C4—C5—H5
06—C6—C5
06—C6—H6A
C5—C6—HO6A
06—C6—H6B

C7—01—C1—05
C7—01—Cl1—C2
C5—05—C1—01
C5—05—Cl1—C2
01—C1—C2—02
05—C1—C2—02
01—C1—C2—C3
05—C1—C2—C3
02—C2—C3—03
C1—C2—C3—03
02—C2—C3—C4
Cl1—C2—C3—C4
C1'—01'—C4—C5
C1'—01'—C4—C3
03—C3—C4—01"
C2—C3—C4—01’
03—C3—C4—C5
C2—C3—C4—C5
C1—05—C5—C6
Cl1—05—C5—C4
01'—C4—C5—05

111.25 (18)
107.9
107.9
107.9
106.35 (17)
111.91 (18)
112.09 (17)
108.8
108.8
108.8
106.40 (16)
110.95 (17)
110.59 (17)
109.6
109.6
109.6
108.13 (17)
108.03 (16)
112.65 (17)
109.3
109.3
109.3
109.72 (18)
109.7
109.7
109.7

~78.2 (2)
163.2 (2)
177.92 (16)
~64.8 (2)
~65.4 (2)
177.76 (18)
169.71 (17)
52.9(2)
68.3(2)
~168.95 (17)
~169.09 (18)
~46.3 (2)
~154.47 (17)
85.2(2)
~73.8 (2)
166.84 (17)
168.41 (16)
49.0 (2)
~170.91 (17)
66.9 (2)
~178.01 (15)

C3'—C2'—H2'
03'—C3'—C4'
03 —C3'—C2’
C4—C3'—C2'
03'—C3'—H3’
C4'—C3'—H3’
C2'—C3'—H3’
04'—C4'—C3’
04'—C4'—C5’
C3'—C4'—C5’
04'—C4'—H4'
C3'—C4'—H4'
C5'—C4'—H4'
05'—C5'—C¢é’
o5 —C5'—C4'
Co'—C5'—C4'
O5'—C5'—HY’
C6'—C5'—HY5’
C4'—C5'—HY5’
06'—C6'—C5’
06'—C6'—H6B’
C5'—C6'—H6B'
06'—C6'—HO6A'
C5'—C6'—HO6A'’
H6B'—C6'—H6A’

HIWA—O1W—HIWB

C4—C5—C6—06
C4—01'—C1'—-05%’
C4—01'—C1'—C2'
C5'—05'—C1'—0V1"
C5'—05'—C1'—C2’
01'—C1'—C2'—02’
05'—C1'—C2'—02’
01'—C1'—C2'—C3’
05'—C1'—C2"'—C3’
02'—C2'—C3'—03’
C1'—C2'—C3'—03’
02'—C2'—C3'—C4’
C1I'—C2'—C3'—C4'
03'—C3'—C4'—04'
C2'—C3'—C4'—04'
03'—C3'—C4'—C5’
C2'—C3'—C4'—C5’
CI'—05'—C5'—C¢6’
C1'—O5'—C5'—C4'
04'—C4'—C5'—05'
C3'—C4'—C5'—05'

109.8
112.89 (18)
111.77 (17)
110.44 (16)
107.1

107.1

107.1
107.68 (17)
111.86 (17)
108.64 (17)
109.5

109.5

109.5
106.55 (16)
110.39 (16)
112.11 (17)
109.2

109.2

109.2
111.23 (18)
109.4
109.4
109.4
109.4
108.0

104 (4)

~171.25 (17)
~93.96 (19)
147.62 (17)
178.56 (15)
—62.9 (2)
~63.7(2)
179.31 (15)
176.47 (16)
59.5(2)

57.6 (2)
176.29 (16)
~175.87 (16)
-57.1(2)
60.0 (2)
~66.0 (2)
~178.70 (16)
554 (2)
~176.46 (16)
61.6 (2)

62.4 (2)
~56.3 (2)
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supporting information

C3—C4—C5—05 =574 (2) 04'—C4'—C5'—Cé6’ -56.2 (2)
O1'—C4—C5—C6 62.6 (2) C3'—C4'—C5'—C¢6' —174.95 (17)
C3—C4—C5—C6 —176.81 (18) 05'—C5'—C6'—06' 60.8 (2)
05—C5—C6—06 69.4 (2) C4'—C5'—C6'—06’ —178.35 (17)

Hydrogen-bond geometry (4, )

D—H-A D—H H-A DA D—H-A
02'—H20"--03! 0.76 (5) 2.02 (5) 2.763 (2) 167 (5)
02—H20--02" 0.82 (3) 1.98 (3) 2.770 (2) 160 (3)
03'—H30"-06" 0.71 (4) 2.04 (4) 2.709 (2) 156 (4)
03—H30--05' 0.79 (4) 2.10 (4) 2.782(2) 145 (3)
03—H30--06' 0.79 (4) 2.61 (4) 3272 (3) 142 (3)
04'—H40"-O1 W 0.77 (3) 1.92 (3) 2.686 (3) 175 (3)
06'—H60"-03'"i 0.93 (4) 1.72 (4) 2.647 (2) 177 3)
06—H60--0l 0.88 (4) 1.92 (4) 2.795 (2) 169 (3)
O1W—H1WA-O5i 0.92 (4) 1.97 (4) 2.890 (2) 172 (5)
O1W—HI1WB--06" 0.95 (3) 1.87 (3) 2.811 (3) 176 (4)

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