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ABSTRACT

Controlled hydrolysis studies of the two sweet diterpene glycosides of Sevia rebaudiana Bertoni namely 13-[(2-O-
S-D-glucopyranosyl-3-O-p-D-glucopyranosyl-5-D-glucopyranosyl)oxy]  ent-kaur-16-en-19-oic  acid-[ (2-O-4-D-
glucopyranosyl--D-glucopyranosyl) ester (rebaudioside D, 1) resulted in the formation of rebaudioside A, whereas
13-[ (2-O-p-D-glucopyranosyl--D-glucopyranosyl)oxy] ent-kaur-16-en-19-oic acid-(2-O-$-D-glucopyranosyl-j-D-
glucopyranosyl) ester (rebaudioside E, 2) yielded stevioside and steviolbioside. The structures of the isolated
compounds were characterized on the basis of spectroscopic data aswell as comparison with standard compounds.

Keywords: Sevia rebaudiana; Asteraceae; rebaudioside A; rebaudioside E; Hysio studies; structural
characterization

INTRODUCTION

Sevia rebaudiana Bertoni, a perennial shrub belong to the familyAsteraceae (Compositae) native to Paraguay
and Brazil. Extracts of the leaves &frebaudiana have been used for decades to sweeten food arddyes in
Japan, South America and China [1-2]. The majostituents in the leaves & rebaudiana are the potently sweet
glycosides namely stevioside, and rebaudiosidesti¢ch are glycosides adnt-13-hydroxykaur-16-en-19-oic acid
(steviol) [3-4]. These compounds are also knowStasia sweeteners. Rebaudioside A has a 2,3-disubdt3-D-
glucotriosyl unit atC-13 position in the form of an ether and §-B-glucobiosyl unit atC-19 position in the form

of an ester of the aglyconesteviol; whereas relmsidl Eis having two B-D-glucobiosyl units aC-13 andC-19
positions in the form of an ether and ester ofatlgconesteviol(Figure 1). Rebaudioside1) fastes about 200-300
times sweeter than sucrose; and rebaudiosi@p te$tes about 150-200 times sweeter than sucbatle;are non-
caloric.

As a part of our research to discover natural ssvess, we have collected commercial extractS. aebaudiana
from various suppliers all over the world and i fbrocess of isolating minor novel diterpene glides [5-6].
Apart from isolating novel compounds fro rebaudiana and utilizing them as possible natural sweeteoers
sweetness enhancers, we are also engaged in diegeboralytical methods for separation of stevigicgkides [7-
8], stability studies of steviol glycosides, anathetic methodology for important steviol glycosd# commercial
significance and present in trace quantities inatiginal S. rebaudiana extract. In this paper, we are describing the
synthesis of the two major steviol glycosides retiaside A @) and steviosided) as well as the minor compound
steviolbioside %) (Figure 2) from the controlled hydrolysis studedsebaudioside D1j, and rebaudioside B
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Figure 1. Structures of rebaudioside D (1), and redudioside E (2)
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Figure 2. Structures of rebaudioside A (3), steviade (4), and steviolbioside (5)
EXPERIMENTAL SECTION
General Experimental Procedures

Melting points were measured using a SRS OptimedRAMLOO instrument and are uncorrected. An Agilent
(Wilmington, DE) 1100 HPLC System, including a qeratary pump, a temperature controlled column cotnpent
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with an additional 6 port switching valve, an astanpler and VWD absorbance detector was used &dysas. The
detector was set-up at UV 210 nm. The data acepnsivas done using a Chemstation A 10.02 softwahe
column used for HPLC analysis was a reversed-p6ia8e(2) 100 A Phenomenex (Torrance CA) (Length: 260,
inner diameter 4.6 mm, particle size: 5 pm); pH wasasured using meter Metler Toledo seven comgdtbmp
S220 (Switzerland). Branson Ultrasonic Cleaner Mdtel0 (Maplewood, NJ) was used for degassing HPLC
solvents. NMR spectra were acquired on Bruker AgaD&X 500 MHz or Varian INOVA 600 MHz instrument
instruments using standard pulse sequences. HighllR®mn Mass Spectral (HRMS) data were generatiéd av
LTQ Orbitrap Discovery instrument with its resobriset to 30k. The needle voltage was set to 4tk¥;other
source conditions were sheath gas = 25, aux gasswé®ep gas = 5 (all gas flows in arbitrary unitgpillary
voltage = 30V, capillary temperature = 300, and tube lens voltage = 75. Sample was dilutét @2:1
CH:CN:MeOH:water (same as infusion eluent) and ing&®6 microliters. TLC was performed on Baker $§C
plates with mobile phase,B-MeOH (80:20). Identification of the spots on theC plate was carried out by
spraying 10% kS0, in EtOH and heating the plate at about 80

Synthesis of rebaudioside A (3) from rebaudioside [1)

Compoundl (10 mg) was dissolved in 20 ml of MeOH at room penature and added 20 ml of 5% aqueous NaOH.
The solution was heated to reflux and the reaatidtiure was continuously monitored by TLC agaime standard
compounds rebaudioside D)(and rebaudioside A3J.After 2 h, a compound having retention factor;) (R
corresponding to rebaudioside B)lfas been appeared in TLC and continued refluxditer an additional three
hours reflux, the yield of the compound correspongdbthe R of rebaudioside AJ) is increased, and in addition a
compound corresponding to the d® stevioside 4) was observed on TLC. Further reflux of the reattixture for

3 h resulted in the absence of the compound carnebpg to the3 and formation of compounds corresponding to
the R of stevioside4) and steviolbiosideg). Since the goal is to synthesize rebaudiosid8)Aperformed the same
reaction once again withand continued reflux for 5 h only. The mixture wesoled to room temperature
and neutralized to pH 4.0 with 1 N HCI at 5200 The solvent was concentrated under vacuum angrtsduct was
extracted witm-BuOH (3 x 25 ml). The-BuOH layer was washed with water (2 x 15 ml) andaentrated under
vacuum at low temperature afforded a crude solitthvivas purified on reversed-phase preparative Tk{g
water: MeOH (80:20) yielded a pure compound (3.8),mwghich was identified to be rebaudioside 3) (n
comparison of the co-TLC and co-HPLC [7, 8] witlwrslard compound, and was also further confirmedhen
basis of NMR and HRMS data [9].

Synthesis of stevioside (4) from rebaudioside E (2)

Compound (5 mg) was dissolved in 10 ml of MeOH at room tengpure and added 10 ml of 5% aqueous NaOH.
The solution was heated to reflux and the reaatidpriure was continuously monitored by TLC agaits standard
compounds rebaudiosideZ(and steviosided). After 6 h, a compound having retention factoy) @@rresponding

to stevioside4) has been appeared in TLC and continued reflufigr an additional three hours reflux, the yield
of the compound corresponding to theoRstevioside 4) is increased, and in addition a compound cornedipg to
the R of steviolbioside %) has been appeared on TLC. Further reflux of éaetion mixture for 3 h more resulted in
the absence of the compound correspondirtartd formation of a compound corresponding to theoR
steviolbioside $). Since the goal is to synthesize stevios#e fferformed the same above reaction once agam wit
1 and continued reflux for 9 h. The mixture was ealdio room temperature and neutralized to pH 4tB WiN HCI

at 5-10 C. The solvent was concentrated under vacuum amgrbduct was extracted withBuOH (3 x 25 ml).
Work-up of the reaction as 2., and purification of the crude extract of thd8uOH layer on reversed-phase
preparative TLC yielded a pure compound (2.6 ndgniified to steviosided] on the basis of the co-TLC and co-
HPLC [7, 8] with standard compound, and was alsthér confirmed on the basis of NMR and HRMS daf3.[

Synthesis of steviolbioside (5) from rebaudioside R)

To a solution of compoun® (10 mg) in 20 ml of MeOH at room temperature wddesd 20 mli10% aqueous NaOH
and the mixture was heated to refluxfor 16 h ura®itinuous stirring. The reaction mixture was cddle room
temperature and then neutralized to pH 4.0 with H®l at 5-16 C. The solvent was concentrated under vacuum
and the product was extracted wittBuOH. Then-BuOH layer was washed with water and concentratsdier
vacuum at low temperature afforded a crude solitthvivas crystallized with methanol-acetone (1:Eldéd a pure
compound (3.2 mg), which was identified asstevimdliie 6) based on the co-TLC and co-HPLC [7, 8] with
standard compound, and was also further confirnmeithe basis of NMR and HRMS data [10].

Physical and Spectroscopic Data of Compounds 3-5

13-[ (2-O-p-D-glucopyranosyl-3-O-4-D-glucopyranosyl-A-D-glucopyranosyl)oxy] ent-kaur-16-en-19-oic acid -D-
glucopyranosyl ester (rebaudioside A, 3):
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White powder; mp 240-243 °CH-NMR (600 MHz, CROD + D,O, § ppm) and"*C-NMR (150 MHz, CRQOD +
D,0, & ppm) spectroscopic data see Table 1; HRMS (M+N#} 989.4194 (calcd. forgH.¢0..Na: 989.4206).

13-[ (2-O-#D-glucopyranosyl-3-D-glucopyranosyl)oxy] -ent-kaur-16-en-19-oic  acid -D-glucopyranosyl ester
(stevioside, 4):

White powder; mp 194-196 °CH-NMR (600 MHz, GD:N, & ppm) and**C-NMR (150 MHz, GDsN, & ppm)
spectroscopic data see Table 1; HRMS (M+N#827.3658 (calcd. for §gHgO1gNa: 827.3677).

13-[ (2-O-#-D-glucopyranosyl - 3-D-glucopyranosyl)oxy] -ent-kaur-16-en-19-oic acid (steviolbioside, 5):
White powder; mp 192-195 °GH-NMR (600 MHz, CROD + D,O, § ppm) and**C-NMR (150 MHz, CROD +
D,0, § ppm) spectroscopic data see Table 1; HRMS (M #1iNa)665.3132 (calcd. for £HsO:Na: 665.3149).

RESULTS AND DISCUSSION
Hydrolysis of the twaent-kaurane diterpene glycosides isolated frt@mebaudiana were performed using aqueous

NaOH solution; rebaudioside D)furnished rebaudioside M) as shown in Scheme 1, whereas and rebaudioside E
(2) yielded steviosided], and steviolbiosides) as shown in Scheme 2.
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Scheme 1. Hydrolysis of rebaudioside D (1) to rebdioside A (3)

Spectroscopy and Structural Characterization of Hydolyzed Compounds 3-5

Structural characterization of the hydrolyzed commuts3-5 obtained by the aqueous NaOH of the eutbkaurane
diterpene glycosides isolated frddnrebaudiana; rebaudioside D1)),and rebaudioside E2) has been achieved on
the basis of one dimensionaH( **C), two-dimensional*d-*H COSY,H-*C HMQC, *H-**C HMBC) NMR and
HR mass spectral data as well as in comparison thithco-TLC of standard compounds. The selectetbprand
carbon NMR spectral data of the hydrolyzed compeubifor the sp3 methyl groups, exocyclic doubles bonds,
carboxylic acid group, and anomeric carbons arergia in Table 1.
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Table 1H and *C NMR spectral data (chemical shifts and coupling anstants) for rebaudioside A (3), stevioside (4)nd steviolbioside
(5) a—C

Position 1 3 13 1 4 13 1 5 13
H C H C H C

16 152.3 153.5 154.0
I 286 (s, 1H),

.81 (s, 1H), 5.15 (s, 1H) 104|7 4.85 (s, 1)PJs, 1H)| 105.4 5.24 (s, 1H) 105.7
18 | 1.1(s, 3H) 28.0] 130 (s, 3H) 285 1.18(s,3H) | 28.7
19 178.1 178.8 180.6
20 | 0.87 (s, 3H) 153 1.4 (s, 3H) 164 1.00 (s, 3H) | 165
1 | 5.29(dJ=8.4,11) 94.7| 5.40(d, 8.2, 1H) 95.7  4.61(d,18) | 97.7
1" | 4.60 (dJ=7.8, 1H) 96.4| 4.61(d, 7.8, 1H) 975 460 (d, 8H) | 1054
17 | 4.58 (d,=7.6, 1H) 102.7] 458 (d, 7.8, 1H) 1050
1" 4,75 (dJ=7.4, 1H) 103.0

3 assignments made on the basis of COSY, HSQC and HMBC correlations; ° Chemical shift valuesarein ¢ (ppm); Coupling constantsarein Hz.
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Compound3 was isolated as a white powder and its molecwiandila has been deduced agHz,O,3 on the basis
of its positive HRMS, which showed an [M+Najdduct ion atvz989.4194. ThéH NMR spectrum oB showed
the presence of two methyl singletséaf.88 and 1.15, two olefinic protons as singlets dt81 and 5.15 of an
exocyclic double bond, nine methylene and two nmethirotons between. THE NMR spectrum o8B also showed
the presence four sugar units in its structure wiaiere supported by the anomeric proton$ 468, 4.60, 4.77, and
5.31. Acid hydrolysis of3 with 5% HSO, afforded glucose which was identified by directmparison with
authentic samples by TLC. Further, the large cagplionstants observed for the four anomeric protdnthe
glucose moieties suggested thgiorientation as reported for steviol glycosides-1Bl. The COSY and HMBC
correlations suggested that compoudnid having three glucose residues that are attaah#teC-13 hydroxyl as a
2,3-branchedp-D-glucotriosyl substituent in the form of an ettzard anothef-D-glucosyl unit in the form of an
ester atC-19. Based on the results from chemical and sfestradies, 3 was assigned as 13-[@$-D-
glucopyranosyl-39-B-D-glucopyranosyB-D-glucopyranosyl)oxylent-kaur-16-en-19-oic acif-D-glucopyranosyl
ester and its spectral studies are consistentthéthiterature data of reabudioside A [9].

The molecular formula of compountiwas deduced ass§sOisfrom its HRMS data that showed an [M+Na]
adduct ion atvz 827.3658. ThéH NMR spectrum oft showed the presence of two methyl singlets, tvedgms as
singlets for an exocyclic double bond, nine methgl@nd two methine protons. Thd NMR of 4 showed the
presence of three anomeric protons as doubletsestigg the presence three sugar residues in ustste which
was confirmed as D-glucose on the basis of aciddiysis, together with the coupling constants &f #tmomeric
protons confirming the presence of thfe®-glucosyl moieties irt.The attachment of the thfe®-glucosyl units
were assigned on the basis of COSY, HMQC and HMBRetations and were identified as $-B-glucobiosyl
substituent in the form of an ether@tl3 position and anothgD-glucosyl unit atC-19 in the form of an ester.
Based on the above spectral and chemical resdltsyas assigned as 13-[@{3-D-glucopyranosyB-D-
glucopyranosyl)oxyent-kaur-16-en-19-oic acifi-D-glucopyranosyl ester (stevioside) [10].

Compound5 was also isolated as white powder and its moledolanula has been deduced agHz,013 On the
basis of its HRMS data which showed the presen@ndM+Na] adduct at/z 665.3132. ThéH NMR spectrum
of 5 showed the presence of two methyl singlets, tvedirit protons as singlets of an exocyclic doukdady nine
methylenes and two methines, as3irand4. The'H NMR spectrum of5 also indicated the presence of two
anomeric protons suggesting the presence of twarsugits in its structure, and acid hydrolysis donéd the
sugars as D-glucose. The large coupling constergsreed for the two anomeric protons of the glucoséeties
suggested thp-orientation as reported for steviol glycosides-1Bl. The COSY, HMQC and HMBC correlations
suggested the presence of §-B-glucobiosyl substituent aE-13 position with a free carboxylic acid @t19
position confirming the structure as 13-[(2B-D-glucopyranosyB-D-glucopyranosyl)oxylent-kaur-16-en-19-oic
acid (steviolbioside) which was further supportgdhe comparison with literature data [10].

CONCLUSION

Hydrolysis studies of rebaudioside D,(and rebaudioside E), using aqueous sodium hydroxide solutions regulte
in the formation of rebaudioside A, stevioside atelviolbioside. The structures of the isolated coumgls were
characterized on the basis of spectroscopic da#R(dnd HRMS) as well as comparison with standardpaunds.
To the best of our knowledge this is the first mmd the synthesis of rebaudioside A, stevioside steviolbioside
from the known steviol glycosides rebaudioside i eebaudioside E.
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