Office de la Propriete Canadian CA 2687841 C 2015/12/15

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 687 841
i g oS i R 1 BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2008/05/16 (51) CLInt./Int.Cl. CO7H 1/06 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2008/12/04 A23L 1/236 (2006.01), CO7H 15/24 (2006.01)
2 1s , (72) Inventeurs/Inventors:
(45) Date de delivrance/lssue Date: 2015/12/15 PRAKASH. INDRA US:
(85) Entree phase nationale/National Entry: 2009/11/20 UPRETI. MANI, US
(86) N° demande PCT/PCT Application No.: US 2008/063845 (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2008/147725 THE COCA-COLA COMPANY, US
(30) Priorité/Priority: 2007/05/21 (US11/751,625) (74) Agent: SIM & MCBURNEY

(54) Titre : FORMES POLYMORPHES ET AMORPHES DE STEVIOSIDE, METHODES DE PREPARATION, ET UTILISATIONS
(54) Title: STEVIOSIDE POLYMORPHIC AND AMORPHOUS FORMS, METHODS FOR THEIR FORMULATION, AND USES

(57) Abrege/Abstract:
Exemplary embodiments of this invention encompass a method for purifying a substantially crude stevioside, methods for preparing
polymorphic and amorphous forms of stevioside, and the polymorphic and amorphous forms prepared therefrom.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




woO 2008/147:725 A1 I DU C !0 YO 0 0 0 0

CA 02687841 2009-11-20

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
4 December 2008 (04.12.2008)

(51) International Patent Classification:
CO7H 1/06 (2006.01) A23L 1/236 (2006.01)
CO7H 15/24 (2006.01)

(21) International Application Number:
PCT/US2008/063845

(22) International Filing Date: 16 May 2008 (16.05.2008)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
11/751,625 21 May 2007 (21.05.2007) US

(71) Applicant (for all designated States except US): THE
COCA-COLA COMPANY |[US/US]; One Coca-cola
Plaza, NW, Atlanta, GA 30313 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): PRAKASH, Indra
[US/US]; 9750 Talisman Drive, Alpharetta, GA 30022
(US). UPRETI, Mani [IN/US]; 1943 Rotherham Way,
Dunwoody, GA 30338 (US).

(74) Agents: PAPPAS, Peter, G. et al.; Sutherland Asbill
& Brennan LLP, 999 Peachtree Street, NE, Atlanta, GA
30309-3996 (US).

(81)

(84)

(10) International Publication Number

WO 2008/147725 Al

Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ], TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7ZM, 7ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(54) Title: STEVIOSIDE POLYMORPHIC AND AMORPHOUS FORMS, METHODS FOR THEIR FORMULATION, AND

USES

(57) Abstract: Exemplary embodiments of this invention encompass a method for purifying a substantially crude stevioside, meth-
ods for preparing polymorphic and amorphous forms of stevioside, and the polymorphic and amorphous forms prepared therefrom.



S

10

15

20

CA 02687841 2009-11-20
WO 2008/1477235 PCT/US2008/063845

STEVIOSIDE POLYMORPHIC AND AMORPHOUS FORMS, METHODS FOR
THEIR FORMULATION, AND USES

FIELD OF INVENTION

This invention relates generally to polymorphic and amorphous forms of stevioside
and methods for preparing polymorphic and amorphous forms of stevioside. More
particularly, this invention relates to polymorphic and amorphous forms of stevioside having

improved rates of dissolution.

BACKGROUND OF INVENTION

Stevioside is a high-potency diterpenoid glycoside sweetener having the chemical

structure:

HO H

OH
Stevioside

Stevioside is isolated and extracted, along with other steviol glycosides, from the Stevia
rebaudiana (Bertoni) plant (“Stevia™), which is commercially cultivated in Japan, Singapore,
Taiwan, Malaysia, South Korea, China, Isracl, India, Brazil, Australia, and Paraguay. It is an
alternative non-caloric sweetener with functional and sensory properties superior to those of
many high-potency sweeteners. Processed forms of Stevia can be 70 to 400 times more
potent than sugar. The use of stevioside, however, is made more difficult by its low water
solubility of approximately 1.25 g/l. at room temperature (U.S. Patent No 4,082,858).
Accordingly, 1t would be desirable to develop polymorphic and amorphous forms of

stevioside that have improved rates of dissolution.

1
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U.S. Patent No. 5,962,678 discloses the re-crystallization of stevioside using an
anhydrous methanol solution to obtain an 91.6 % pure stevioside. By repeating the re-
crystallization with aqueous methanol numerous times, the purity of stevioside may be
increased to over 99 %. U.S. Patent Publication No. 2007/0082103 discloses a method tfor
purifying stevioside by recrystallization from methanol and then with 90% ethanol, asserting
a two-step recrystallization from crude stevioside (64.6 %) results in the formation of > 99 %
pure stevioside in very high yield. These prior art methods, however, do not provide a
substantially pure stevioside composition using only a single recrystallization step.
Accordingly, it would be desirable to develop a method of purifying stevioside using a simple

and economical crystallization method.

SUMMARY OF INVENTION

Exemplary embodiments of the invention address the above-identified need by
providing polymorphic and amorphous forms of stevioside and methods for making -
polymorphic and amorphous forms of stevioside.

Exemplary embodiments of the invention address the above-identified need by
providing a substantially pure stevioside, polymorphic and amorphous forms of stevioside,
methods for purifying stevioside, and methods for making polymorphic and amorphous forms
of stevioside.

In a particular embodiment, the method for purifying stevioside comprises a simple
crystallization. In one embodiment, a method for purifying stevioside comprises the steps of
combining crude stevioside and an organic solvent or an aqueous organic solvent to form a
stevioside solution, the aqueous organic solution comprising water in an amount from about 5
% to about 25 % by weight, and crystallizing from the crude stevioside solution, 1n a single
step, a substantially pure stevioside in a purity greater than about 95% by weight on a dry
basis.

In accordance with an aspect of the present invention there 1s provided a method for
purifying a polymorphic and/or amorphous form of stevioside consisting of:

combining a crude stevioside mixture containing an extract from Stevia plants and an
aqueous organic solvent to form a stevioside solution, the aqueous organic solvent containing
water in an amount from 5% to 25% by weight and at least one organic solvent; and

crystallizing the stevioside solution in a single crystallization step to obtain a
polymorphic and/or amorphous stevioside composition containing stevioside in a purity

greater than 95% by weight on a dry basis; -
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wherein the crude stevioside mixture contains stevioside in a purity from 60% to 85%
by weight on a dry basis; and

wherein the at least one organic solvent is selected from the group consisting of
acetone, acetonitrile, methanol, ethanol, 1-propanol, isopropanol, 1-butanol, 2-butanol, tert-
butanol, 1sobutanol, and mixtures thereof.

In other particular embodiments, different polymorph and amorphous forms of
stevioside and methods for preparing different polymorph and amorphous forms of
stevioside are provided. Other objects, features, and advantages of the invention will be
apparent from the following detailed description. Unless otherwise defined, all technical
and scientific terms and abbreviations used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention pertains. Although

methods and compositions similar or equivalent to those described herein can be
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used in the practice of the present invention, suitable methods and compositions are described

without intending that any such methods and compositions limit the invention herein.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a powder x-ray diffraction scan comparing three stevioside polymorphs,
Forms 1, 2A, and 2B, on a plot of the scattering intensity versus the scattering angle 20

accordance with an embodiment of this invention.

Fig. 2 is a powder x-ray diffraction scan of a polymorph of stevioside on a plot of the
scattering intensity versus the scattering angle 26 in accordance with an embodiment of this

invention.

Fig. 3 is a powder x-ray diffraction scan of a polymorph of stevioside on a plot of the
scattering intensity versus the scattering angle 28 in accordance with an embodiment of this

mveniion.

Fig. 4 is a powder x-ray diffraction scan of a polymorph of stevioside on a plot of the
scattering intensity versus the scattering angle 26 in accordance with an embodiment of this

invention.

Fig. 5 is a powder x-ray diffraction scan of an amorphous form of stevioside, on a plot

of the scattering intensity versus the scattering angle 26 in accordance with an embodiment of

this invention.

Fig. 6 is a schematic illustrating a method for purifying stevioside in accordance with

an embodiment of this invention.

Fig. 7 is a schematic of the formation and conversion of stevioside polymorphic and

amorphous forms in accordance with an embodiment of this invention.
DETAILED DESCRIPTION OF INVENTION

Stevioside is a natural high-potency sweetener that generally is available at moderate
cost. However, stevioside generally has a relatively low solubility which makes 1t difiicult to
incorporate into orally ingestible compositions. Embodiments of the present invention
address these needs by providing polymorphic and amorphous forms of stevioside having
improved rates of dissolution, and methods for making polymorphic and amorphous forms of

stevioside having improved rates of dissolution.

7902193 1
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Brietly described, exemplary embodiments of the present invention provide a method

for forming polymorph and/or amorphous forms of a stevioside and the polymorph and
amorphous forms produced thereby. In particular embodiments, the composition of the
substantially pure stevioside comprises one, or more than one, polymorph(s) of stevioside.
Still other exemplary embodiments of this invention encompass an amorphous form of
stevioside and methods of preparing amorphous forms of stevioside. In yet another
embodiment, a method for converting one form of polymorph into another form of
polymorph or amorphous form is provided. Exemplary embodiments of this invention are

described in detail below and illustrated in Figures 1-5.

As used herein, the term "substantially pure stevioside" refers to a stevioside
composition that includes at least about 80 % by weight of stevioside on a dry basis. In
another aspect, the substantially or substantially pure stevioside compositions include at least
about 85 % by weight, at least about 90 % by weight, at least about 95 % by weight, or at
least about 98 % by weight of stevioside on a dry basis.

As used herein, “purity” represents the weight percentage of stevioside present in a
stevioside composition in raw or purified form. In one embodiment, a stevioside composition
comprises stevioside in a particular purity, with the remainder of the composition comprising
a mixture ot other steviol glycosides or any component that is not stevioside. The purity of
the composition may be measured using methods known to those of ordinary skill in the art.
One such method includes high performance liquid chromatography (HPLC). Those of
ordimary skill in the art also should appreciate that moisture in the sample may affect the
accuracy of purity measurements. Accordingly, it is particularly desirable that the

composition be substantially dry. As used herein, a substantially dry composition comprises

up to about 10 % by weight of moisture.

As used herein, the term “substantially pure form™ refers to a stevioside composition
that includes at least about 80 % by weight of a particular polymorphic or amorphous form of
stevioside. In another aspect, the substantially pure form of a stevioside composition
mcludes at Ieast about 85 % by weight, at least about 90 % by weight, at least about 95 % by
weight, or at least about 98 % by weight of a particular stevioside polymorphic or amorphous

form.

79021931
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Polymorphic and Amorphous Forms of Stevioside

It has been discovered that at least two different polymorphic forms of stevioside
result from using the purification method described hereinbelow, including: Form 1: a
stevioside hydrate; and Form 2: a stevioside solvate (methanol solvate 2A and ethanol solvate
2B). A third polymorphic form of stevioside, an anhydrous stevioside, also may result from
the method described hereinbelow (not shown). Those of ordinary skill in the art will
appreciate that both the organic solvent or aqueous organic solvent and the temperatures of
the purification process described herein may influence the resulting polymorphs in a

substantially pure stevioside composition.

Polymorphism is defined as the ability of a substance to exist as two or more
crystalline states that have different arrangements and/or conformations of the molecules in
the crystal lattice. Approximately 30 % of organic compounds are believed to exhibit
polymorphism (Zell, et al., Terrahedron 56(36)6603-16 (2000)). Polymorphism is important
in the formulation of pharmaceuticals, pigments and dyes, sweeteners, explosives, and
agrochemicals. Polymorphism may cause physical properties such as density, melting point,

and rate of dissolution to change.

The polymorphs of Stevioside were identified by analysis of samples with powder x-
ray diffraction (XRPD), a technique well known to those skilled in the art. FIGS. 1-4 are
XRPD scans of substantially pure stevioside polymorphic forms created by plotting the
scattering intensity versus the scattering angle 28. Samples were analyzed by XRPD using a
Shimadzu XRD-6000 X-ray powder diffractometer using Cu Ka radiation. The instrument
was equipped with a long fine focus X-ray tube. The tube voltage and amperage were set to
40 kV and 40 mA, respectively. The divergence and scattering slits were set at 17, and the
receiving slit was set at 0.15 mm. Diffracted radiation was detected by a Nal scintillation
detector. A 9-20 continuous scan at 3°/min (0.4 sec/0.02° step) from 2.5 to 40° 26 was used.
A silicon standard was analyzed to check the instrument alignment. Data were collected and

analyzed using XRD-60000 v. 4.1. The patterns exhibit resolution of reflections, indicating

that the samples are comprised of crystalline materials.

FIG. 1 shows representative patterns for stevioside polymorphic forms prepared using
the purification methods described hereinbelow using solutions comprising a methanol,
ethanol, or water. In a particular embodiment, a stevioside polymorph is provided having an

x-ray diffraction pattern substantially similar to that of FIG. 2, 3, or 4 corresponding to Forms

79021931
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1, 2A, or 2B, respectively. In another particular embodiment, a mixture of two or more
stevioside polymorphs having x-ray diffraction patterns substantially similar to FIG. 2, 3, or 4

Is provided.

In addition to the at least three polymorphic forms of stevioside, also provided herein
is an amorphous form of stevioside having an x-ray diffraction pattern substantially similar to
that in FIG. 5. The amorphous form of stevioside has a broad amorphous halo that identifies
the composition as being amorphous. Amorphous, as used herein, describes a non-crystalline
solid material. The amorphous form of stevioside is particularly desirable because of its
improved rate of dissolution as compared to the polymorph forms of stevioside. It is well
known to those of ordinary skill in the art that the rate of dissolution of a sweetener
composition 1s important 1in the formulation of solid and liquid sweetenable compositions,

non-limiting examples of which include chewing gum, baked goods, and beverages.

Also provided herein are combinations of the stevioside polymorphic and amorphous
forms identified hereinabove. Accordingly, those of ordinary skill in the art should
appreciate that the stevioside compositions embodied hercin may be modified to obtain a
desired mixture of at least one stevioside polymorphic and/or amorphous form, depending on
the desired qualities of the stevioside composition (i.e., rate of dissolution, etc.). For
example, in certam embodiments, a stevioside composition may comprise a particular
polymorphic or amorphous form of stevioside in an amount in the range of about I % to
about 100 % by weight, greater than about 25 % by weight, greater than about 50 % by
weight, or greater than about 75 % by weight. In another embodiment, a substantially pure
form of a stevioside polymorphic or amorphous form is provided comprising a particular
polymorphic or amorphous form in an amount greater than about 80 % by weight, greater

than about 85 % by weight, greater than about 90 % by weight, greater than about 95 % by
weight, or greater than about 98 % by weight.

The polymorphic and amorphous forms of stevioside provided herein also may be
combined with the polymorphic and/or amorphous forms of the substantially pure
rebaudioside A disclosed in U.S. Provisional Application Nos. 60/805,216, filed on June 19,
2006, and 60/889,318, filed on February 12, 2007, to obtain a sweetener composition having
desired propertics (e.g., sweetness, rate of dissolution, etc.). For example, in a particular
embodiment a rebaudioside A hydrate and stevioside hydrate may be combined. In another
embodiment a rebaudioside A solvate may be combined with a stevioside solvate. Thus, any

combination of the polymorphic and amorphous forms of rebaudioside A may be combined

6
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with any combination of the polymorphic and amorphous forms of stevioside provided

herein.

Methods of Purnifying Stevioside

Embodiments of the present invention also provide methods for the purification of
stevioside to obtain a substantially pure stevioside or a substantially pure form of
polymorphic or amorphous form of stevioside. According to certain embodiments, crude
stevioside products are available commercially comprising stevioside in purities from about
40 % to about 95 % by weight, about 60 % to about 85 % by weight, or about 70 % to about
85 % by weight. It 1s envisioned that crude stevioside in its raw form as extracted from Stevia

plants, may be purified by recrystallization in a method similar to that disclosed in

U.S. Provisional Application Nos. 60/805,216, filed on June 19, 2006, and 60/889,318, filed
on February 12, 2007.

In a particular embodiment illustrated in FIG. 6, a method for purifying stevioside 110
comprises preparing a crude stevioside solution 118 by combining 114 a crude stevioside 112
with an aqueous organic solution or an organic solvent 116. Aqueous organic solutions 116,
as used herein, comprise mixtures of at least one organic solvent and optionally water. Non-
limiting examples of organic solvents include alcohol, acetone, and acetonitrile. Alcohol, as
used herein, refers to any straight, branched, or cyclic; substituted or unsubstituted alkyl,
alkenyl, or alkynyl groups from C] -C 5 attached to at least one hydroxy 1 moiety. Non-
[imiting examples of alcohols include ethanol, methanol, tsopropanol, 1-propanol, 1-butanol,
2-butanol, tert-butanol, 1sobutanol, and pentanol.

Those of ordinary skill in the art will appreciate that the amount of water in the

aqueous organic solution 116 may be adjusted depending on the desired yield and purity. In

particular embodiments, the aqueous organic solution 116 may comprise water 1n an amount
from about 5 % to about 25 % by weight and at least one organic solvent, in another
embodiment, the aqueous organic solution 116 may comprise water in an amount from about

5> % to about 20 % by weight, an amount from about 5 % to about 15 % by weight, an amount
from about 5 % to about 10 % by weight, or about 8 % by weight.

In particular embodiments, the crude stevioside solution 118 comprises the organic
solvent or aqueous organic solution 116 and the crude stevioside 112 in a weight ratio

ranging trom about 10 to about 4 parts organic solvent or aqueous organic solution to about 1
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part crude stevioside. In another exemplary embodiment, the crude stevioside solution 114
comprises the organic solvent or aqueous organic solution 116 and the crude stevioside 112
in a weight ratio ranging from about 5 to about 3 parts organic solvent or agueous organic

solvent to about 1 part crude stevioside.

The method for purifying stevioside 110 may further comprise heating 120 the crude
stevioside solution 118 to a temperature ranging from about 20°C to about 80°C, from about
30°C to about 75°C, from about 40°C to about 70°C, or any other temperature range
therebetween. In another particular embodiment, the crude stevioside solution 118 1s heated

120 for about 1 minute to about 8 hours.

The method for purifying stevioside 110 may further comprise cooling 122 the crude
stevioside solution 118. In a particular embodiment, the crude stevioside solution 118 1s
cooled 122 to a temperature from about 4°C to about 25°C. In another particular

embodiment, the crude stevioside 118 solution is cooled 122 for about 0.5 hour to about 72

hours.

In a particular embodiment, a substantially pure stevioside composition 124 1S
crystallized 126 in the aqueous organic solution or organic solvent 116 upon cooling the
crude stevioside solution 118. The substantially pure stevioside composition 124 may
comprise a purity level of stevioside greater than about 80 % by weight on a dry basis, greater
than about 85 %, greater than about 90 %, greater than about 95 %, greater than about 97 %,
greater than about 98 %, or greater than about 99 %.

The method for purifying stevioside 110 optionally may further comprise seeding 128
the crude stevioside solution 118 with substantially pure crystals of stevioside 130 in an
amount sufficient to promote crystallization of the stevioside to form a substantially pure
stevioside composition 124. An amount of stevioside sufficient to promote crystallization of
substantially pure stevioside 124 comprises an amount from about 0.0001 % to about 1 % by
weight of the stevioside present in the crude stevioside solution 118, and in another
embodiment from about 0.01 % to about 1 % by weight of the stevioside present in the crude
stevioside solution 118. An appropriate temperature for seeding 128 the crude stevioside

solution 118 comprises a temperature in a range from about 18°C to about 35°C.

In another embodiment, the method of purifying stevioside 110 optionally further
comprises separating 132 and washing 134 the substantially pure stevioside composition 124.

The substantially pure stevioside composition 124 may be separated 132 from the aqueous

79G2193.1
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organic solution or organic solvent 116 by a variety of solid-liquid separation techniques that
utilize centrifugal force, that include, without limitation, vertical and hortzontal perforated
basket centrifuge, solid bowl centrifuge, decanter centrifuge, peeler type centrifuge, pusher
type centrifuge, Heinkel type centrifuge, disc stack centrifuge and cyclone separation.
Additionally, separation may be enhanced by any of pressure, vacuum, and gravity filtration
methods, that include, without limitation, the use of belt, drum, nutsche type, leaf, plate,
Rosenmund type, sparkler type, and bag filters and filter press. Operation of the stevioside
solid-liquid separation device may be continuous, semi-continuous or in batch mode. The
substantially pure stevioside composition 124 also may be washed 134 on the separation
device using various aqueous organic solvents 136 and mixtures thereof. The substantially
pure stevioside composition 124 can be partially or totally dried on the separation device
using any number of gases, including, without limitation, nitrogen and argon, to evaporate
residual liquid solvent. The substantially pure stevioside composition 124 may be
automatically or manually removed from the separation device using liquids, gases or

mechanical means by either dissolving the solid or maintaining the solid form.

In still another exemplary embodiment, the method for purifying stevioside 110
further comprises drying 138 the substantially pure stevioside composition 124, Suitable
methods for drying 138 the substantially pure stevioside composition 124 are known to those
skilled in the art and include, but are not limited to, the use of a rotary vacuum dryer, fluid
bed dryer, rotary tunnel dryer, plate dryer, tray dryer, Nauta type dryer, spray dryer, flash
dryer, micron dryer, pan dryer, high and low speed paddle dryer and microwave dryer. In an
exemplary embodiment, the substantially pure stevioside composition 124 is dried 138 using

a nitrogen or argon purge to remove the residual solvent 136 at a temperature ranging from

about 40°C to about 60°C for about 1 hour to about 100 hours.

If further purification is desired, the method of purifying stevioside 110 described
herein may be repeated or the substantially pure stevioside composition 124 may be purified

further using an alternative purification method, such as column chromatography (not

shown).

Methods of Preparing Polymorphic and Amorphous Forms of Stevioside

It has been discovered that different polymorphic and amorphous forms ot stevioside
may be obtained using the purification method described hereinabove and the methods

described hereinbelow. Those of ordinary skill in the art wili appreciate that both the

79021931
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aqueous organic solution and the temperature of the purification process described herein
influence the resulting polymorphic and amorphous forms that may be present in a

substantially pure stevioside composition.

In addition, those of ordinary skill in the art will appreciate that one may convert on¢

polymorphic or amorphous form of stevioside to another different polymorphic or amorphous
form of stevioside (FIG. 7).

For example, Form 1 can be converted to Form 2 by slurrying Form 1 in an anhydrous
solvent at about room temperature for about 2 to about 16 hours or by slurrying in an
anhydrous solvent at about reflux temperature for about 0.5 to about 3 hours. Form 2 can be
converted to Form 1 by slurrying the polymorph in water at about room temperature for
approximately 16 hours or at about reflux temperature for about 2 to about 3 hours. Form 2
can be converted to the Form 1 during the drying process; however, increasing either the
drying temperature above about 70°C or the drying time of a substantially pure Stevioside
composition can result in decomposition of the Stevioside. Form 2 can be converted to Form
1 with the addition of water. An anhydrous form can be made by precipitation of Form 1 or
Form 2 from an anhydrous organic solution. Form 1 and 2 can be converted to Form 3 via

any of the methods described hereinbelow that will produce an amorphous torm.

The amorphous form may be obtained during the initial crystallization of stevioside or
directly from any individual polymorph or combination of polymorphs using methods well
known to those of ordinary skill in the art. In addition, the amorphous form may be obtained
from a crude stevioside composition or a substantially pure stevioside composition obtained
through purification techniques well known to those of ordinary skill in the art. Non-limiting
examples of methods for preparing amorphous forms of stevioside include ball milling,

precipitation, lyophilization, cryogrinding, and spray-drying of a stevieside composition.

In a particular embodiment, the amorphous form can be prepared from a stevioside
composition by spray-drying a solution of the stevioside composition. Briefly described,
spray-drying generally requires feeding a solution of stevioside through a feed pump into a
nozzle atomizer which atomizes the solution into a spray of droplets with the help of a
constant flow of nitrogen/air. The moisture is evaporated from the droplets under controlled
temperature conditions and airflow conditions in the drying chamber, resulting in the

formation of dry particles of amorphous stevioside. The purity of the amorphous stevioside

will depend upon the purity of the solution of stevioside.

10
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In another particular embodiment, the amorphous form can be prepared from a
stevioside composition by milling non-amorphous forms of stevioside. Milling 1s a
mechanical process that is believed to produce localized areas of energy that convert
crystalline forms of stevioside to the amorphous form. Exemplary milling techniques include
ball milling or air jet milling, both techniques well known to those of ordinary skill in the art.

Briefly described, non-amorphous forms of stevioside are milled for a period of time
and at a speed effective to form an amorphous stevioside. These parameters may be
determined by those of ordinary skill in the art. Typical milling time periods may range from
about 15 minutes to about 2 hours, although other time periods also may be employed.

The present invention 1s further 1llustrated by the following examples, which are not
to be construed in any way as imposing limitations upon the scope thereof. On the contrary, it
is to be clearly understood that resort may be had to various other embodiments,
modifications, and equivalents thereof which, after reading the description therein, may
suggest themselves to those skilled in the art without departing from the scope of the present
invention. Unless otherwise specified, percentages (%s) are by weight.

The purity of the stevioside compositions obtained hereinbelow was determined using
HPLC. Methods of performing HPLC analysis are well known to those of ordinary skill in
the art. Briefly described, the HPLC analysis was performed using a ZORBAX NH, column
(150 x 4.6 mm, 5 um) at a temperature of 30"C. The mobile phase comprised a solution of 20
% buffer and 80 % acetonitrile at a flow rate of 1.5 mL/min. 12 uL of each sample was

injected in duplicate and the sample was analyzed using a UV detector at 210 nm (4 run
bandwidth) with a reference of 260 nm (100 nm bandwidth). The HPLC analysis required a
run time ranging from 40 to 60 min.

A bufter solution ot 0.0125 % acetic acid and 0.0125 % ammonium acetate was
prepared by dissolving 0.125 g ammonium acetate and 125 pl glacial acetic acid in one liter

of water. The mobile phase was prepared by mixing the buftier solution with acetomtrile to

achieve a stevioside retention time of 4.5 + 0.5 min. Imtially, this was approximately 20 %

bufter (200 mL of butfer and 800 mL of acetonitrile). Increasing the amount of acetonitrile
by 1 to 2 % increased the retention time of stevioside by about one minute.

A diluent solution was prepared by mixing 750 mL of acetonitrile and 250 mL of the

bufter solution. Stevioside standards were prepared by diluting 12.5 + 0.5 mg (recorded to

11
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the nearest 0.1 mg) of the Stevioside standard with 5 mL of the diluent solution to make a
standard solution of approximately 2500 mg/L standard (stock A} (correcting for moisture
and purity). The stevioside standard was then diluted using one mL of stock A to ten mL of
diluent to produce a 250 mg/L. standard (stock B), and stock standards were diluted to final
concentrations ranging from 2.5 to 50 mg/L._ The moisture content was measured by Karl
Fischer analysis every time a standard was prepared and corrections were made based on the

solvent purity according to the certificate of analysis.

The following table provides a guideline for retention times (RT) for Stevioside and
other steviol glycosides. However, those of ordinary skill in the art should appreciate that the

retention times may be modified as needed.

Table 1: HPLC Retention Guidelines

Compound B RT (min)
Stevioside 4.53
Rebaudioside C | 521
Rebaudioside F o - 5.62
Rebaudioside A | 7.07
Rebaudioside D ] 15.79
Steviolbioside | 18.35

‘Rebaudioside B - 3583

Karl-Fischer analysis also was performed on the stevioside compositions obtained
hereinbelow to determine the water content using a Mettler Toledo DL39 Karl Fischer
titrator. Approximately 11-56 mg of sample were dissolved in approximately 3.5-3.7 g of dry
Hydranal-Coulmat AD. Approximately 0.9-1.0 g of the resulting solution was placed in the
KF titration vessel containing Hydranal-Coulomat AD and mixed for 10 seconds to ¢nsure
dissolution. The sample was titrated by means of a generator electrode which produces
iodine by electrochemical oxidation: 2 T 9 I, + 2e. The experiments were repeated in

triplicate to ensure reproducibility.

The material properties of the three Stevioside polymorphs and the Stevioside

amorphous form are summarized in the following table:

Table 2: Stevioside Polymorphic and Amorphous Forms

Forml | Form2A Form2B | Form4 |
_ | Polymorph Polymorph Polymorph | Amorphous |
Rate of <0.075 % in <0.6%in2Zmin | 10.0%in 40.0 % in
dissolution in 30 min <1.0min | <1.0min
H20 at 25°C | | | |
Moisture content - >5% <3 % 3 <4 % | ~3 %o
12
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EXAMPLE A

Crude stevioside was obtained from commercial source. The impurities (76.8 %
stevioside, 8.24 % rebaudioside A, 2.38 % steviolbioside, 0.109 % rebaudioside D, 4.133 %
other steviol glycosides, 0.293 % rebaudioside B, 2.38 % steviolbioside) were identified and
quantified using HPLC on a dry basis (moisture content 3.92 %).

Crude stevioside (76 %, 1 g) was suspended in 30.0 mL of methanol (99 %) and
warmed to 45°C with continuous stirring for 10 minutes. Water was added in a dropwise
manner (~ 2.5 mL) until the crude material was completely dissolved and the solution was
clear. The clear solution was filtered while hot and then cooled to room temperature
overnight. The precipitated solid was filtered and washed with methanol (2 x 3-4 mL, 99 %)
and dried 1n a vacuum oven at 50°C for 3-4 hours under reduced pressure (20 mm) to vield
0.588 g of purified Stevioside (>95 % by HPLC) on a dry basis (moisture content 2.63 %).
XRPD resuits, illustrated in FIG. 3, indicate that the crystallized stevioside was a different
crystalline form.

EXAMPLE B

Crude stevioside (76 %, 5 g) was obtained from a commercial source and suspended
in 100 mL of ethanol (99.96 %) and warmed to 69°C. The stevioside dissolved within 5
minutes. The solution was boiled for another 10 minutes and allowed to cool at room
temperature for two days. The crystallized stevioside was filtered and dried in a vacuum
oven at 48-50°C for 3.5 hours under reduced pressure (20 mm) to obtain a 73.00 % vield of a
pure crystallized stevioside (> 97.0 % by HPLC) on a dry basis (moisture content 3.55 %).

The XRPD results, illustrated in FIG. 4, indicate that the crystallized stevioside was a
ditferent crystalline form than that in Example A.

EXAMPLE C

Steviostde (>97 %, 2 g) obtained from Example B was dissolved in 100 mL water by
stirring the solution at 44°C for 1 minute. The solution was allowed to cool to room
temperature and was left for one day. The precipitate was filtered and dried at 60°C for 24
hours in a vacuum oven under reduced pressure (20 mm) to obtain a 95 % yield of
crystallized stevioside (>97.0 % by HPLC) on a dry basis (moisture content 5.33 %). The
XRPD results, illustrated in FIG. 2, indicate that the crystallized stevioside was a different

crystalline form than in Example A or B.

13
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EXAMPLE D

A concentrated solution was prepared from the crystallized stevioside obtained from
Example B by dissolving' 5.0 g of the crystallized stevioside in 200 mL water solution and
heating to 40-50°C until clear. The hot clear solution was spray dried with the Lab-Plant
spray drier SD-04 instrument (Lab-Plant Ltd., West Yorkshire, UK.). The solution was fed
through the feed pump into the nozzle atomizer, which atomized the stevioside solution into a
spray of droplets with the help of a constant flow of nitrogen / air. Moisture was evaporated
from the droplets under controlled temperature conditions (about 90 to about 97°C) and
airflow conditions in the drying chamber and resulted in the formation of dry particles. This
dry powder was discharged continuously from the drying chamber and was collected n a
clean dried collection bottle A 98 % yield of pure stevioside (> 97 % by HPLC) on a dry
basis (moisture content 3.20 %) was obtained. The XRPD results, illustrated in FIG. 5,

indicate that the stevioside was an amorphous form.

While the invention has been described in detail with respect to specific embodiments
thereof, it will be appreciated that those skilled in the art, upon attaining an understanding of
the foregoing, may readily conceive of alterations to, variations of, and equivalents to these

embodiments. Accordingly, the scope of the present invention should be assessed as that of

the appended claims and any equivalents thereof.

14
7902193}



CA 02687841 2014-06-09

We clamm:

1.

A method for purifying a polymorphic and/or amorphous form of stevioside
consisting of:

combining a crude stevioside mixture containing an extract from Stevia plants
and an aqueous organic solvent to form a stevioside solution, the aqueous organic
solvent containing water in an amount from 5% to 25% by weight and at least one
organic solvent; and

crystallizing the stevioside solution.in a single crystallization step to obtain a
polymorphic and/or amorphous stevioside composition containing stevioside in a
punty greater than 95% by weight on a dry basis;

wherein the crude stevioside mixture contains stevioside in a purity from 60%
to 85% by weight on a dry basis; and

wherein the at least one organic solvent is selected from the group consisting
of acetone, acetonitrile, methanol, ethanol, l-propanol, 1sopropanol, 1-butanol, 2-

butanol, tert-butanol, isobutanol, and mixtures thereof

The method of claim 1, wherein the stevioside solution in the single crystallization

step 1s stirred or unstirred.
The method of claim 1, wherein the at least one organic solvent is an alcohol selected

from the group consisting of methanol, ethanol, 1-propanol, 1sopropanol, 1-butanol, 2-

butanol, tert-butanol, isobutanol and mixtures thereof.
The method of claim 3, wherein the at least one organic solvent is ethanol.

The method of claim 1, wherein the organic solvent or aqueous organic solvent and
the crude stevioside mixture are present in the stevioside solution in a weilght ratio

from 3 to 5 parts organic solvent or aqueous organic solvent to 1 part crude stevioside.

The method of claim 1, wherein the aqueous organic solvent contains water in an

amount from 10% to 25% by weight.

The method of claim 1, wherein the crude stevioside mixture contains stevioside in a

purity from 70% to 85% by weight.

The method of claim 1, wherein the method is carried out at room temperature.

15
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The method of claim 1, wherein the stevioside composition contains stevioside in a
purity greater than 97% on a dry basis.

The method of claim 1, wherein the stevioside composition contains stevioside in a

purity greater than 98% by weight on a dry basis.

The method of claim 1, wherein the stevioside composition contains stevioside in a
purity greater than 99% by weight on a dry basis.

16
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