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Abstract

Lactose intolerance is a pathology caused by laceszyme deficiency, usually
produced in the intestinal cells provoking symptoass abdominal pain, bloating,
diarrhoea, gas and nausea. Gaxilos@-[3b galactopyranosyb-xylose, is used as a
diagnostic drug for a non-invasive method for hggptdsia diagnosis. To date, no
definitive guide for identifying gaxilose and disguishing between crystalline forms is
available. Data have been collected from a numbdifierent analytical techniques in
order to provide a full characterization of the gmund and a simple method to

discriminate between two solid forms.
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1. Introduction

Intestinal lactase is a glycoprotein [1] localizgdhe enterocyte’s brush-border surface
membrane and it is essential for the hydrolysighef lactose component of milk in
young mammals. Lactose is not absorbed as it,thsiteissential firstly to be submitted
to a hydrolysis into it®-Galactose and-Glucose components and therefore those can
be absorbed. [2] A loss of intestinal lactase cqarlstluce an uncompleted digestion or
bad absorption and therefore lactose intolerarg;d] |n fact, without this enzyme the
lactose cannot be hydrolyzed in the small intestiné it gives rise to delays in gastric
emptying, increases in osmotic pressure eventumlhging bacterial fermentation in
the colon, and also gas production either hydrogeethane and/or carbon dioxide. [5-
7] Hence, digestion process is reduced and monbaeades absorption decreases

producing symptoms as abdominal pain, bloatingrloga, gas and nausea.

This is really a widespread affection: it is estieththat around 65% of the world

population is affected with lactose intolerance [8] the case of adults, the treatment
typically consists on decreasing the amount ofoetin the diet, taking lactase
supplements, and treating the underlying diseasthd case of newborn children, this
congenital deficiency prevents the correct assimita of lactose causing severe
disorders, such as severe diarrhea and dehydragsajting both from decreased
energy intake and intestinal accumulation of then-hgdrolyzed disaccharide [9].

Lactase deficiency also occurs as a secondaryielefig related to a significant number
of intestinal pathologies involving deteriorationvarious degrees of intestinal mucosa,
such as celiac disease, chronic inflammatory bogiskase (Crohn's disease and
ulcerative colitis), intestinal resections, cydtiwosis, premature infants, administration
of chemotherapy, or as an additional disorder te diderly, among others. The

evaluation of the lactase activity is thereforepafticular interest in gastroenterology,
pediatrics and, in general, pathological processagich it is necessary to evaluate the
functional integrity of the intestinal mucosa orrtmake the differential diagnosis with

the deficiency of this enzyme [10].



Gaxilose, the international non-proprietary nandN) of 4-O-[3-D galactopyranosyb-
xylose [11], is a disaccharide formed bp-&alactose and e-Xylose, joined together
through aB (1->4) bond (Figure 1) [12]. When gaxilose is oraltyranistered, it can
act as substrate for the intestinal lactase enzyméact, human intestine does not
absorb gaxilose if it is not previously hydrolyZeg an intestinal lactase enzyme. Once
hydrolyzed, the monosaccharides are absorbedpdbalactose is metabolized, whilst
D-Xylose is eliminated through the urine. The amafrd-Xylose secreted is correlated
with the intestinal lactase enzyme levels and ibh d@ evaluated by a simple
colorimetric method. It is therefore used as awlesgjc drug for a non-invasive method
for hypolactasia diagnosis.

4-O-B3-p galactopyranosyb-xylose was firstly described in 1957 [11] as augyr
resulting from a controlled depolymerization of drull hemicellulose by hydrolysis
using 0.01N HCI. A gelatinous mass submitted towslorystallization from
ethanol/water affords rectangular plate crystalgrigaa melting point (m.p.) of 210 -
211°C with a sintering at 110 - 120 °C and an @ptiotation of fi]p -1=> 15° (HO).

Elemental analysis suggested the presence of tvecoies of water.

In a subsequent publication [13], the disacchawds prepared following a Koenigs-
Knorr reaction through condensation of te@racetyla-p-galactopyranosyl bromide
and benzyl 2,3-anhydrd3-p-ribopyranoside, followed by deacetylation, alkalin
opening of epoxide and catalytic hydrogenation [T4]e syrup collected after column
chromatography was reported to be pure, but notalsysvere isolated. It was
characterized as an amorphous product showing ach10-211 °C andd]p +15°
(H20).

In 1978, the same group published [15] the us&tp galactopyranosyb-xylose as
starting material in the synthesis of oligosacatesifragments in order to study protein
chain linkage in heparin and other proteoglycamshis paper, the authors followed the
same process described in the previous articlehlewgield was increased due to the use
of silver triflate and 2,3,4,6-tetr@-benzoyla-p-galactopyranosyl bromide. The

product could not be crystallized and only opticdhtion was given ({]p +18° (HO)).



A Slovenian patent [16] was then approved in 1988orting the synthesis of the
product and its characterization ag]{ -4° (H,O) and elemental analysis for a

molecular mass of 312.27.

The first paper reporting the use of4B-p galactopyranosyb-xylose as diagnostic in
urine for adult type alactasia was published in2l§®,17,18]. The disaccharide was
prepared from benzyl 2,3-isopropylideneg3-p-xylopyranoside by glycosylation with
2,3,4,6-tetra@-benzoyla-bp-galactopyranosyl bromide and subsequent deprotecti
The isolation of a syrup and its purification byluwwan chromatography gave a pure
fraction as a white solid. However, the charactmn was pretty confusing. Although
elemental analysis and optical rotation correspdridethe previously reported in the
literature, the lower melting point described (1888 °C) suggests that either a different

polymorphic form might be isolated or a highly unpproduct.

The same group published several other patentsdunting new synthetic methods for
the preparation of O-3-p galactopyranosyb-xylose and its use in the hypolactasia
detection [19,20]. In those patents, the synthes®-O-3-D galactopyranosyb-xylose
and its isomers is described by the reaction betved®p-galactopyranoside substrate
with p-xylose in presence of rgalactosidase enzyme. It was stated that a mixitre

three possible isomers was obtained. However, mailsleabout characterization data

were available.

Finally, in a more recent patent from 2006 [21}esal examples were reported using
optimized enzymatic conditions for the preparatmhn4-O-3-p galactopyranosyb-
xylose. It is described the use of recrystallizatinethods for isolating a pure product
with a melting point of 171-176 °C.

Consequently, we have found a big dispersion ofdé& regarding this compound.
And, for instance, different melting points coulahgest that the molecule may exhibit

crystalline polymorphism.

Crystalline polymorphism is the ability of a chealiccompound to crystallize into
different structures where the atoms, ions or maéscare packed differently within the
crystal lattice [22,23]. Moreover, crystalline siglican incorporate solvents in the lattice

during crystallization leading to the formationsaflvates, hydrates when the solvent is



water. This is commonly called as pseudopolymorpHi4]. It is critical to study the
solid forms landscape (anhydrous crystalline foremdyates and amorphous forms) of
the substance especially in the pharmaceuticakingibecause distinct solid forms can

have different chemical and physical propertieshsas solubility or melting point.

To date, no definitive contribution for identifyirgaxilose and its polymorphism using
modern analytical techniques is available. A simd#uation has been recognized for
other small disaccharides [25-31]. Recently, aawvon the well-known compound
Lactose, which has been extensively studied irp#st [32,33], was published to clarify
its solid form landscape [34]. Moreover, as for mather carbohydrates, the existence
of anomers as a consequence of the different atientof the hydrogen and hydroxyl
group in the anomeric carbon (C1’) of the secondhosaccharide unit makes the
situation more complex (Figure 1 for gaxilasend3 anomers). Mutarotation can take
place in solution affording different anomeric camsgions and thus several solid
forms, as have been demonstrated by Altamgtmél. during the analysis of several

commercial lactose samples [35].

As a contribution to clarify the solid state of dage, this paper aims to outline the key
data from a number of different analytical techmesjuhat allows the unequivocal
recognition of two solid forms of this compound s A and B.

2. Experimental

2.1. Materials

All reagents and solvents were used as receivad frommercial suppliers without

further purification.

2.2. Synthesis

Gaxilose was prepared following example 9 in EP14@81 (Scheme 1). In summary,
4.12 g of o-nitrophenyB-p-galactopyranoside (Gal-ONP) and 20.6 gpofylose were
dissolved in 66 V of water buffered at pH = 7 (OMXHPO/K,HPO,, 1 mM MgCl,

5 mM mercaptoethanol), 66 units Bfcoli -galactosidase enzyme were added and the
solution was heated at 37 °C until complete congiompThe reaction was stopped by
cooling to 0 °C and the o-nitrophenol was filteresolid. 60 g of active carbon were

added to the filtrate and stirred for 30 min. Thitore was filtered and active carbon



washed with water and different isopropanol sohgioThe fractions containing 1,4
B—gaxilose were concentrated and a crystallizatiomfacetone-water was attempted.

In our hands an impure solid was obtained.

Two further successive recrystallizations from memanol-water were carried out
giving rise to a pure and crystalline solid, namgaxilose Form A.4-O-B-p
galactopyranosyl-p-xylose Form A, 3 anomer m.p. 95.4°C, 208.7 °C, lit. 210-211 °C
[11], 171-176 °C [21]; ¢]o*° +14.9° (HO) [11]; R = 0.14; ATR-FTIRVmay (cm):
3579, 3313, 2919, 2886, 1093, 1067; H-NMBMSO-ds, 400 MHz): 6 6.60(d,1H,
J=6.4 Hz, OHg), 4.95 (d, 1H, J=8Hz, OH), 4.92 (d, 1H, J=3.2 Hz, QH); 4.81 (d,
1H, J=4.4 Hz, Okls), 4.78 (d, 1H, J=8 Hz, OH), 4.59 (t, 1H, J=4 Hz, O4}), 4.39 (d,
1H, J=4 Hz, OH}), 4.20 (dd, 1H, J=6.8, 8 Hz,1H), 4.16 (d, 1H, J=8 Hz, ), 3.75
(dd, 1H, J= 5.2, 11.2 Hz,sH), 3.57 (t, 1H. J= 4.4 Hz, H), 3.51-3.42 (m, 3H, kg, Hs
5), 3.36-3.33 (M, 1H, k}), 3.31-3.29 (M, 1H, k), 3.25 (dd, 1H, J= 3.2, 5.2 Hzz}),
3.18 (dt, 1H, J= 3.6, 8.8Hz,3H), 3.06 (t, 1H, 13.2 Hz, ), 2.92-2.86 (M, 1H, Kp);
*C-NMR (100.62 MHzDMSO-dg): 5 102.6 (Gg), 97.9 (G ), 76.7 (G- ), 75.9 (G ),

75.1 (G p), 74.9 (G p), 73.5 (Gy), 70.2 (Gy), 68.5 (Gp), 63.8 (G p), 60.9 (G p);
[M+35] m/z = 347.1, 349.1 and 348.1.

Gaxilose Form B was prepared by heating Form A al®5 °C or preparing a slurry
in methanol for three days. A solid was obtaingé€-B-p galactopyranosyl-p-xylose
Form B, a and3 anomers, m.p. 216 °C, lit. 210-211 °C [11], 17B-2T [21];ATR-
FTIR Vmax (cmi®): 3331, 2896, 1044, 100&4-NMR (400 MHz,DMSO-ds, 3 in ppm):
6.62 (d, 0.66H, J=6.4 Hz, QH), 6.24 (d,0.34H, J=8 Hz, QK), 4.98 (d, 0.66H, J= 8
Hz, OHb), 4.95 (d, 0.66H, J=8 Hz, QH), 4.88-4.82 (m, 0.68H, Of4, OHz,); 4.80
(d, 1H, J=5.6 Hz, Ok, OHy), 4.73 (d, 1H, J=8 Hz, O OHg), 4.63-4.55 (m, 1H,
OHey, OHep), 4.42 (d, 1H, J=7.2 Hz, QHOHy), 4.28-4.15 (m, 2H, H,His  Hiy,
H1),3.82-3.80 (dd, 0.66H, J=5.2, 11.2 Hz;gh 3.60 (t, 1H. J= 4.4 Hz, &l Hap), 3.56-
3.42 (m,3H, Hyo,Hzo,Hao, Hap. Hse, Hew, Hep), 3.42-3.36 (m, 1H, K Hsp), 3.32-3.23
(M, 2H, Hh, Hap, Hae, Hap); 3.21 (dt, 0.66H, J= 3.6, 8.8 Hzgf), 3.1 (t, 0.66H, 13.2
Hz, Hyp), 2.98-2.86 (M, 0.66H, 43); **C-NMR (100.62 MHz DMS0O-ds, & in ppm): &
102.3 (Gg, G o), 97.5 (Gp), 92.3 (Gr), 76.7 (G, 76.3 (Gp), 75.6 (G, Csp), 74.8



(Czp), 74.6 (Gp), 73.1 (Gy, Cap), 72.2 (Gy), 71.4 (Gy), 69.7 (Gy, Cp), 68.2 (G, Cap),
63.5 (Gyp)- 60.5 (Gq, Cep), 59.1 (Gra).
2.3. Physical Characterization

2.3.1 Gas Chromatography (GC-FID)

The GC-FID analysis was carried out using an A¢ik890A gas chromatograph with a
DB-1701 [30m x 0.25mm x 0.25um] chromatographicuomt or equivalent. Helium

(2.4 mL/min, P = 33 psi at 170 °C) was used asagaser. The GC-FID parameters
used are: Injection Split mode, ratio (80:1); Iti@ec temperature 220 °C; FID

Temperature at 260 °C. Main peak retention timeuad 54.2 minutes, Injection

volume: 3 pL; Oven initial temperature: 170 °C (képr 11.82 min) and oven final

temperature: 210 °C (kept for 59.10 min); Rate terafure: 15.23 °C / min.

2.3.2 Nuclear M agnetic Resonance Spectroscopy (NMR)

The 'H and *C NMR spectra were recorded on an Agilent VNMRS-400
spectrophotometer using deuterated dimethyl sulfoXDMSQds) (*H at 400.10 MHz
and *C at 100.62 MHz). Chemical shift§H or 8C) are given in parts per million
(ppm) relative to the given solvent. Where appitgeri coupling constants (J) are
quoted in Hz and are recorded to the nearest 0.1Tkiz multiplicity of each signal is
indicated by: singlet (s), broad singlet (br s)yblet (d), broad doublet (br d), triplet (t),
doublet of doublets (dd), doublet of doublet of blets (ddd), doublet of triplets (dt),
triplet of triplets (tt), triplet of doublets (tay multiplet (m).

Signals were assigned by means of two-dimensioMR pectroscopy*H-'H COSY,
'H-13C HSQC (Heteronuclear Single Quantum Coherence) lang-range*H-*C
HMBC (Heteronuclear Multiple Bond Correlation).

2.3.3 Liquid Chromatography-Mass Spectrometry (LC-MS)

Optical rotations were determined at room tempeeatith a Schmidt+Haensch Model

Polartronic-D polarimeter.

2.3.4 Karl-Fischer (KF) method

The amount of water was determined by Karl-Fisslodumetric titration method using

a Metrohm Titrando KF 841 equipment.

2.3.5Liquid Chromatography-Mass Spectrometry (LC-MS)



Negative electrospray ionization from a sample @-8-p galactopyranosyb-xylose
was performed on an Agilent 1260 MSD Spectrom@&ample was injected (34L) in

a chromatograph equipped with a mass spectrometiexctdr (6130 MS) using no
chromatographic column, at a 0.2 mL/min flow. Th& Bpectrum was acquired using a
API-ES (-).

2.3.6 Thin-Layer Chromatography (TLC)
TLC was performed on pre-coated Aldrich TLC plakéacherey-Nagel silica gel 60

UV2s4 (layer: 0.20 mm silica gel with fluorescent indmaUV,s4,). Developed plates
were air dried and Vvisualized after stained with solution of p-
anisaldehyde/bSO/EtOH and heating.

2.3.7 Powder X-ray Diffraction (PXRD)

X-ray measurements of powder samples were performigd a Siemens D5000
diffractometer using Cu radiation (Cuk= 1.54056 A, 45 kV, 35 mA) in Bragg-
Brentano geometry. The diffraction patterns weporged in the range 2°<9% 50° in

steps of 0.02° per second and 1 second per step.

2.3.8 Single Crystal X-ray Diffraction (SC-XRD)

Single crystals of gaxilose were obtained by slaffusion of an isopropanol-water
mixture. Crystallographic data were collected on Bauker Smart APEX-II
diffractometer, using Mo-K radiation A = 0.71073 A) and a graphite crystal
monochromator. Frames taken with a 0.3° separatffifmnded 67577 reflections up to a
20 max of ca. 56°. Data integration was performedgSAINT V6.45A and SORTAV
[36] in the diffractometer package. The structu@swgolved by direct methods, using
the program SIR2014 [37]. The positional paransetend the anisotropic thermal
parameters of the non-H atoms were refined usinglSH-97 [38]. All hydrogen
atoms were considered as ideal and geometricaligepl except those of water
molecules. Selected crystal and data collectionampaters are reported in the
corresponding Table 1. The crystallographic plossemmade with ORTEP-3 [39] and
Mercury [40]. The calculations were made using Win@zl1] and PLATON [42].
Complete crystallographic data for the structuradlgsis have been deposited with the
Cambridge Crystallographic Data Centre, CCDC n° 6B82. Copies of this

information may be obtained free of charge from tbéector, Cambridge



Crystallographic Data Centre, 12 Union Road, Cadgai CB21EZ, UK. (fax: +44-

1223-336033, e-mail: deposit@ccdc.cam.ac.uk onwan.ccdc.cam.ac.uk).

2.3.9 Thermal analysis

Thermal analyses were carried out on a simultangmrsmogravimetric analysis (TGA)
- differential scanning calorimetry/differentialettmal analysis (heat flow DSC /DTA)
system NETZSCH -STA 449 F1 Jupiter. Accurately w&g sample was placed in an
alumina pan and measured at a scan speed of 10r°€from ambient temperature to
300 °C under Bl atmosphere as protective and purge gas (theirecésp flow

velocities were 20 and 40 ml/min).

2.3.10 Attenuated Total Reflection Fourier Transform Infrared spectroscopy
(ATR-FT-IR)

Infrared spectra were recorded with a Thermo SifientNicolet Series IS5

spectrophotometer with attenuated total reflectaaumessory. The scanning range was
4000 to 450 ci and at a resolution of 4.0 &m

3. Results and discussion

The desired 4-B-p galactopyranosyb-xylose (gaxilose) product was prepared
following the procedure described in Example 9 iR1E08118B1 (Scheme 1).
Unfortunately, the isolation of the solid using thecrystallization solvents therein
described did not afford a product with high purityherefore, we decided to carry out

some crystallizations to improve the quality of greduct.

From two successive recrystallizations using ispanol-water a crystalline solid,

called Form A, was isolated and fully characteriasdollows.

By gas chromatography the resulting product shoavpdrity of 98.59% in area (Figure

S1 in Supplementary Information, Sl).

Interpretation of the NMR spectra confirms the choain structure of gaxilosep
anomer (Figure 2a and Figures S2-S5 and Tables234-Sl) for the obtained solid. In
fact, in the proton spectrum performed in DM8OH was possible to identify small



signals corresponding of tlkeanomer. Relative areas of signals §@&0J=6.4 Hz, OH
p) and 6.21(d, J=6.4 Hz, OHl,), show an anomeric ratio of 3:9@:B) (Figure 2a)."H
NMR assignments were confirmed by two-dimensiofidi*H-COSY experiment
(Figures S6-S7), ani’C-NMR assignments were done by two-dimensioif-C-
HSQC (Figure S8) antH-"*C-HMBC (Figures S9-S10).

For identification purpose, LC-MS and TLC were @adrout. The low-fragmentation
mass spectrum clearly shows a main peak that games to the adduct of molecular
ion of 4-O-B-p galactopyranosyib-xylose product [M+35], with an m/z relationship =
347.1 accompanied by a lower-intensity peaks dusadimpic effects, which appears at
a m/z relationship = 349.1 and 348.1 (Figure S18ln Thin-Layer Chromatography
(TLC)was carried out in iPrOH2®:NH,OH (0.7:0.2:0.05) and-O-3-D
galactopyranosyb-xyloseidentified (R = 0.14).

Optical rotation was carried out, confirming theéueapreviously found by Montgomery
et at., ft]p +14.9° (HO) [11].

Stability of Form A was tested by stirring a sluod/this solid in methanol for three
days. Analysis of the starting solid and the rasgliafter treatment in methanol by
means of powder X-ray diffraction (PXRD) allowedtodistinguish two distinct single
phases, the initial one Form A (Figure 3) and a fmw hereinafter known as Form B
(Figure 3 and Figure S12 in Supplementary Inforamgti

Form A has characteristic diffraction peaks at #tH{&) values: 10.8, 15.2, 15.6, 16.0,
17.5, 19.2, 23.5° and Form B, although it is not@stalline as Form A, at 15.2, 15.95
and 20.4°.

DSC curve of Form A shows first an endotherm at 9& (AH = 69.5 J/g), associated
to a mass loss of 10.1 % in the TGA (Figure 4a)s ®vent is in line with a water
content (by Karl Fischer method) of about 10.6%gg®sting the presence of two
molecules of water. A second endothermic peak @toiimately Tnset204.5 °C (with a
melting point at 208.7 °C) shows the melting of thempound followed by
decomposition according to the important loss ofgiveobserved in the TGA trace.
Therefore, the first isolated solid Form A corresg® to gaxilose dihydrate.



To confirm this, a sample of Form A was heated2b iC, cooled to room temperature
and analyzed by PXRD which showed the charactersiitern of Form B (Figure 3
and Figure S12 in Sl). Form B hereby isolated wathér characterized as follows.
Interpretation of the NMR spectra in DMSf9-confirms the chemical structure of
gaxilose as a mixture a@f and3 anomers (Figure 2b and Figures S13-S14 and Tables
S3 and S4 in SI) for the obtained solid. THeNMR and**C-NMR were carried out by
superposition of Form B and Form A structure (Feg@c) and confirmed by two-
dimensionaftH-**C-HSQC (Figure S15) antH-*C-HMBC (Figure S16). The ratio of
thea and3 anomers was measured as 34:66 for the obtaineplesamd at the moment

of analysis.

Figure 4b shows the DSC/TGA traces of Form B. mEI8C, a single endotherm with
an onset temperature at 203.4 °C was observetiéomelting of the compound. In the
TGA a minimal mass loss of 0.25% is observed bef@gradation of the compound at
approximately 216 °C. Karl Fischer analysis (0.286)jroborated the water absence.
The new phase Form B is assigned as anhydrousogaxiFigure 3).

Hygroscopicity of Form B was studied by treatmeinh gample in a climatic cabinet set
at 251 °C and 80£2% relative humidity, as descibe European Pharmacopeia 8.5
(2015) obtaining a sample of gaxilose with a KFuealof 10.6%. This value
corresponded to a dihydrate gaxilose (Form A). ®doaborate this, the sample was
therefore analysed by powder X-ray diffraction (FYRand ATR-FT-IR which showed
the characteristic patterns of Form A (Figure 8rafiygroscopicity and Figure S17c).

Further analysis by ATR-FTIR shows that the maifiedences between both forms
were found in the region between 3600 and 1500 ¢Rigure S17). Form A shows
bands avmax (cmiY): 3579, 3313, 2919, 2886, 1093, 1067 while Formt Bmax (cni’):
3331, 2896, 1044, 1000 (assignments in Table 2¢t@®iing signals at 3578, 1666 and
1625 cnt are diagnostic for the presence of water in thepsanin the FT-IR spectrum

for Form B, those signals are missing, confirmiggia the absence of water [22,43].

Suitable single crystals of gaxilose for structde¢ermination by X-ray diffraction were
isolated by slow diffusion from an isopropanol-wateixture at room temperature.
Crystals are tetragonal with 42 space group. An ORTEP drawing of this structare i

shown in Figure 5a with its labeling scheme. Itresponds to th@ anomer. The unit



cell contains eight gaxilose molecules and sixterater molecules (Z = 8, Table 1).
Figure S18 shows a perspective view of the unit @efjaxilosef3 anomer dihydrate.
The water molecules are involved in eight hydrogends, of a total of fifteen. All the
hydroxyl groups from both monosaccharide ringsl#ista hydrogen bonds through O-
H---O interactions. From one side, towards the nwatelecules such as: O(1W)-
H---0(2), O(3)-H---O(1W), O(4)-H---O(1W) and O(IMV)-O(12) for the first water
molecule, and O(2W)-H---0O(3), O(2W)-H---O(4), O(V)-O(5) and O(13)-
H---O(2W) for the second one (see Figure 5b). Inthedse contacts, the solvent
molecules act as bridges among gaxiloses. On tter band, other hydrogen bonds are
formed among disaccharide molecules through thgexyD6, which presents disorder
over two positions with the same occupation facudrich are represented as O(6) and
O(6A). The O(6) oxygen in both disordered positigm®w contacts to the hydroxyl
groups O(11) and O(13) from xylose units througé tbllowing interactions: O(11)-
H---O(6) or O(11)-H---O(6A) and, also, O(13)-H-6)@¢ O(13)-H---O(6A), as shown
in Figure 5c. This curious disorder can be desdribe adouble well swing: an
intermediate site for the oxygen is less stablenthang at the O(6) and O(6A)
positions.

Further intermolecular hydrogen bonds among gasdosere established through the
glycosidic oxygen O1 (O(2)-H---0O(1)), among hydtogyoups from two galactose
units (O(2)-H---0(2) and O(3)-H---0O(4)) or through xyloses (O(12)-H---O(15) or
C(14)-H---0O(11)). All this complex network of coctls stabilizes the crystal packing,
(Table S5 in SI with Hydrogen bonds). Finally, thienulated PXRD is in excellent

agreement with the experimental measured PXRDdamFA (Figure 3).

4. Conclusions

To summarize, in this paper we have isolated pu@[4Dp galactopyranosyb-xylose

(gaxilose). Moreover, two crystalline forms (FormaAd B) have been identified and
characterized by many different techniques (X-r#frattion, thermal analysis or IR
spectroscopy among others) showing that Form Ahgdrated form, while Form B is
an anhydrous solid. Moreover, the anomeric composihas been determined by
proton NMR in DMSOds showing a differenti/(3 ratio for both forms. Single crystal
resolution of gaxilos@ anomer has allowed establishing its dihydrateestahfirming

what was described in very early-stage literatdreecond form has been obtained by



dehydration, but until now unfruitful attempts fabtaining more crystalline samples of
form B resulted. Its anhydrous nature has beenirmoadl by TGA, KF and FTIR
analysis. Also, O(6) exhibits a curious orientasibdisorder successfully modelled as a

symmetrical double well swing.

Finally, the techniques outlined within this amichave helped to clarify the large
dispersion of the data regarding this compounthénliterature up to date.
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L egend of Figures

Scheme 1. Synthetic scheme for gaxilose, B-0©-galactopyranosyf—ob-
xylopyranose, and its preparation following Examplie EP1408118B1.

Figure 1. Molecular structure of gaxilose with nwaribg for NMR interpretation and
its a andf3 anomers: 4-(B-b-galactopyranosytr-b-xylopyranosga anomer) and 4-O-
-p-galactopyranosyf-p-xylopyranose[§ anomer).

Figure 2H-NMR spectra of gaxilose a) Form A, b) Form B ayduperposition of the
two *H-NMR spectra showing anomeric compositions (iNset®MSO-d.

Figure 3. PXRD patterns of simulated Form A, expental Form A and Form B and
Form A after hygroscopicity study of Form B.

Figure 4. DSC and TGA curves of gaxilose Form Agja) Form B (b).

Figure 5. a) ORTEP drawing of gaxilgde@nomer (without the water molecules), b)
hydrogen bonds established with the water moled@é$V and O2W), ¢) hydrogen
bonds formed with O(6) and O(6A), showing tleeible well swing.
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Table 1. Crystallographic data and structural refinememapeeters.

Empirical formula GH2401;
Formula weight 348.30
Temperature (K) 294(2)
Wavelength (A) 0.71073
Crystal system Tetragonal
Space group P2, 2
a(h) 8.2905(4)
b (A) 8.2905(4)
c(A) 44.583(2)
a(?) 90

B () 90

y (%) 90
Volume (&) 3064.3(3)
z 8

Pcalc (Mg/ms) 1.510
R; (I>20(1)) 0.0710
wR, 0.1392

Table 2. IR spectral assignments of gaxilose Forms A, Foran& Form A from
rehydration of Form B.

Form A from
Form A Form B rehydration Assignment
of Form B

3579 - 3578 Water, Stretching OH

3313 3331 3311 Alcohol, Stretching OH
2919, 2886 2896 2919, 2886 Aliphatic, Stretching C-H
1667, 1625 - 1669, 1625 Water, Bending OH

Ether, asym Stretching
1093 1044 1093 C-O-C

1068 1000 1068 Alcohol, Stretching C-O




Highlights

» Synthesis of pure-O-B-b galactopyranosyib-xylose known as gaxilose.
» Characterization by XRPD, thermal methods and FaflRvo solid forms of
gaxilose.

» Single crystal resolution of the dihydrated gaxelos
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Figure S1. The GC-FID analysis of gaxilose Form A showed aitpuwf 98.59% in
area.
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Figure S2. Portion of'H-NMR spectrum of gaxilose Form A in DMS@-(range 6.8 —
4.0 ppm).
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Figure S3. Portion of the'H-NMR spectrum of gaxilose Form A in DMS@-(range
4.0 - 2.70 ppm).
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Table S1. 'H NMR chemical shifts and assignments for gaxiléeem A in DMSOds.

3 (ppm) Assignments 3 (ppm) Assignments

6.60 d, 1H, J=6.4 Hz, OH 4.95 d, 1H, J=8 Hz, OH

4.92 d, 1H, J=3.2 Hz, OH 4.81 d, 1H, J=4.4 Hz, OH

4.78 d, 1H, J=8 Hz, OH 4.59 t, 1H, J=4 Hz, OHl

4.39 d, 1H, J=4 Hz, OH 4.20 dd, 1H, J=6.8, 8 Hz, H
4.16 d, 1H,J=8 Hz, H 3.75 dd, 1H,J=5.2, 11.2 Hz,H
3.57 t, 1H. J=4.4 Hz, W 3.51-3.42 m, 3H, Hy, He

3.36-3.33 m, 1H, K 3.31-3.29 m, 1H, H

3.25 dd, 1H,J=3.2,5.2 Hz, H 3.18 dt, 1H, J= 3.6, 8.8 Hz, H
3.06 t,1H,13.2Hz, B 2.92-2.86 m, 1H, H

Figure $4. *C-NMR spectrum of gaxilose Form A in DMS@®.




Figure S5. Portion**C-NMR spectrum of gaxilose Form A in DMS®-
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Table S2. *C NMR chemical shifts and assignments for gaxileeen A in DMSOé.

3 (ppm) Assignments 5 (ppm) Assignments

1026 C, 979 G
767  Cy 759  Cs
751  Cy 749  C,
735 G 702 G,
685  C, 638  Cs

60.9 Ce




Figure S6. *H-H COSY NMR spectrum of gaxilose Form A in DMSig-
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Figure S7. Portion of'H-"H COSY NMR spectrum of gaxilose Form A in DMSig-
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Figure S9. *H-*C HMBC NMR spectrum of gaxilose Form A in DMSf-
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Figure S10. Portions of the'H-*C HMBC NMR spectrum of gaxilose Form A in
DMSO-ds.

Wy P
- [
one m'\, £

— O o 0 -

D= 62
— D 0 ‘%O? :
e U’ :

(0] © 0J©] - I

©0O 00 000 N

—l @0 © 0 0 0O =
— O

0 p p o. © AR e ®
o4 O O, = —4 ( />/,’ S | P9
%) () O (© \‘@ i@ ‘0 00 @D -

S0 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28
2 (oom)

SR MJW
ot I,
- &
IOl
i v
A
A A @j = AT
s 1 = =
I'A) N / [ N\ \
— {0 ) (o) |@l ) { @! ((]: v
: S \/ A 0) ) =
{ foo
~ ¥
101 b
3 A A
— © 0 ) .
A/ v N
- 104
‘r\,‘
[ )
S0 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 321 30 29

B
2 (pom)



Figure S11. Negative electrospray ionization from a sampleafilgse Form A. The
low-fragmentation mass spectrum shows a main gestkcbrresponds to the adduct of
molecular ion of gaxilose product [M+35yvith an m/z relationship 347.1
accompanied by a lower-intensity peaks due to @oteffects, which appears at a m/z
relationship = 349.1 and 348.1

*MSD1 SPC, time=0.278:0.506 of C:\Chem32\1\DATA\161024_1_NRG_C117-C118 2016-10-24 10-41-39\gax_0000003.0 APCI Neg
100 ~
: 3 Max: 1.8553e+006
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Figure S12. Powder X-ray diffraction patterns (PXRD) of gax#o&orm B obtained
from Form A by stirring in methanol for three dgimtch 1) and by heating to 125 °C
and cooling to room temperature (batch 2).
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Figure S13. Portions of théH-NMR spectrum of gaxilose Form B in DMS®-
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Table S3. 'H NMR chemical shifts and assignments for gaxiléeem B in DMSOé.

3 (ppm) Assignments 3 (ppm) Assignments
6.62 d, 1H, J=6.4 Hz, Okl 6.24 d, 1H, J=8 Hz, OH
4.98 d, 1H,J=8 Hz, H, 4.95 d, 1H, J=8Hz, Of}
4.88-4.82 m, 1H, Ok, 4.80 d, 2H, J=5.6 Hz, O OH,
4.73 d, 2H, J=8 Hz, Of OHj 4.63-4.55 m, 2H, Ok, OHgg
4.42 d, 2H, J=7.2 Hz, OF{OHygg 4.28-4.15 m, 4H, i|d,Hys Hyo, Hip
3.82-3.80 dd, 1H,J=5.2,11.2 HzzH 3.60 t,2H. J=4.4 Hz, H Hy
3.56-3.42 m, 7H, bl,HsoHeo, Hap. Hse, 3.42-3.36 m, 2H, K Hsg

HGuv HGB
3.32-3.23 m, 4H, K, Hz, Hs,, Hgg 3.21 dt, 1H, J= 3.6, 8.8Hz 3k
31 t, 1H, 13.2 Hz, K 2.98-2.86 m, 1H, b

Figure S14. **C-NMR spectrum of gaxilose Form B in DMSt-




Table 4. °C NMR chemical shifts and assignments for gaxilésen B in DMSQds.

3 (ppm) Assignments 5 (ppm) Assignments

1023 G, Gy, 97.5 G
92.3 G 76.7 o
76.3 G 75.6 Gu, Csp
74.8 G 74.6 G
73.1 G, Csp 72.2 G
71.4 G 69.7 Gu Cop
68.2 G Cap 63.5 Gy
60.5 G, Cop 59.1 G

Figure S15. *H-*C HSQC NMR spectrum of gaxilose Form B in DM$©-
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Figure S16. Portions of the'H-*C HMBC NMR spectrum of gaxilose Form B in
DMSO-de.
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Figure S17. ATR-FTIR spectra of gaxilose Form A (a), Form B émd Form A from
rehydration of Form B (c).
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Figure S18. Perspective view of the crystalline unit cell afxgose form A.




Table S5. Hydrogen bonds for gaxilose dihydrate Form A [Al&n

D-H..A d(D-H) d(H..A) d(D...A) <(DHA)

0(2)-H(2)...0(1)#1 0.82 2.52 3.143(5) 134.2
0(2)-H(2)...0(2)#1 0.82 2.20 2.931(8) 149.3
0(3)-H(3)...0(4) 0.82 2.41 2.822(5) 1121

O(4)-H(4)...0(1W)#2 0.82 1.99 2.786(6) 165.0
O(6)-H(6E)...O(13)#3 0.82 1.95 2.747(9) 164.4
O(6A)-H(6F)...0(13)#3 0.82 2.00 2.803(9) 167.6
O(11)-H(11)...0(6)#4 0.82 1.89 2.672(10) 159.5
O(11)-H(11)...0(6A)#4 0.82 2.12 2.929(12) 1715
0(12)-H(12)...0(15)#4 0.82 2.09 2.874(5) 159.5
0(13)-H(13)...0(2W) 0.82 2.11 2.836(7) 148.1
C(14)-H(14)...0(11)#5 0.98 2.42 3.231(6) 140.3
O(1W)-H(1W)...0(12)#6 1.07(2) 1.95(7) 2.783(5) 1682

O(1W)-H(2W)...0(2) 1.09(3) 2.05(8) 2.791(5) 123(6)
O(2W)-H(4W)...0(4) 1.10(2) 2.45(6) 3.272(7) 130(4)
O(2W)-H(4W)...O(5) 1.10(2) 2.01(2) 3.033(6) 153(5)
0(3)-H(3)...0(AW)#7 0.82 2.07 2.848(6) 158.7
O(2W)-H(3W)...0(3)#7 1.05(2) 1.95(2) 2.729(6) 128(

Symmetry transformations used to generate equivatems:
#1y-1x+1,-z #2x-1,y,z #3 -x-1/2,y+1/2,-241
#4 -x+1/2,y-1/2,-z+1/4 #5 -x+1/2,y+1/2,-z+1/4

#6 xX,y+1,z #7y-2,x+1,-z



Highlights

» Synthesis of the disaccharide gaxilose, used as a diagnostic drug for a non-invasive
method for hypolactasia diagnosis, and obtention of forms A and B.

* Characterization of gaxilose forms A and B by thermal analysis, spectroscopic, and X-
ray diffraction methods.

* Thecrysta structure of the gaxilose form A, a dihydrate, has been obtained and
discussed.

* Thegaxilose form B is anhydrous.

* Thenetwork of hydrogen bondsin gaxilose form A has been discussed, showing a

double well swing disorder at the O(6) position.



