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Lipase catalyzed regio-selective acylation of five iridoid glycosides viz., picroside I&lI, catalpol, agnuside
and negundoside in the presence of various acyl donors such as vinyl acetate and p-nitrophenyl alkanoates
was studied. The regio-selectivity of enzymatic acylation and yields were found to vary amongst different
substrates. Monoacylated products were isolated with all the substrates under scrutiny indicating high
regio-selective nature of such transformations. A series of acyl esters of picroside-I, picroside-II, catalpol,
agnuside and negundoside have been synthesized by this enzymatic trans-esterification methodology.
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1. Introduction

Iridoid glycosides [1] constitute an important class of com-
pounds among natural products, employed for medicinal purpose
from time immemorial to relieve various ailments and possess wide
spectrum of biological activities viz. immunomodulatory [2], anti-
asthamatic [3], hepatoprotective [4], choleretic [5], hypoglycemic
and hypolipidemic [6], anti-inflammatory [7], antispasmodic [8],
etc. Iridoid glycosides such as picrosides and catalpol were isolated
from Picrorhiza kurroa, a high altitude Himalayan perennial herb. A
crude preparation of P. kurroa [9], has been used in the Ayurvedic
system of traditional medicine to treat disorders of the liver and
upper respiratory tract, fevers, dyspepsia, chronic diarrhea, scor-
pion sting and various other immune related diseases. Similarly
crude preparations of plant Vitex negundo that contains iridoid
glycosides such as agnusides and negundoside have been used
extensively in Chinese herbal medicine to cure ailments like chronic
bronchitis, rheumatic difficulties, bacterial dysentery, cough, cold,
burns and scalds and gonorrhea [10].

These iridoid glycosides are polyhydroxylated compounds. Acy-
lation of these polyhydroxylated natural compounds not only
increase the structural diversity, but also changes their physical
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and chemical properties, which may result in improved pharmaco-
logical and pharmacokinetic properties. While exploring the novel
plant-based immunoadjuvants [11a,b], it was found that many
glycoconjugates such as picroside-I, picroside-II, catalpol, agnu-
side and negundoside possess promising dose dependant immune
potentiation ability as indicated by B and T cell proliferation. This
prompted us to explore the possibility to develop these molecules
as alternate plant-based immune adjuvants for vaccines. How-
ever, in spite of all their immunological traits [11c] our detailed
evaluation revealed several drawbacks in these molecules viz.,
lack of immune memory and depot formation. Even though sev-
eral iridoid glycosides in their native form are often acylated at
specific hydroxyl groups of their sugar or aglycon moiety, we envis-
aged the need for improved structures derived from these iridoid
glycosides with proper hydrophilic-lipophilic balance (HLB) that
can be readily fine tuned through regio-selective acylation with
acyl groups of varying chain length and topology. However, regio-
selective acylation of iridoid glycosides using chemical acylation
methods is cumbersome due to non-availability of suitable reagents
and protocols to discriminate among several primary and sec-
ondary specific hydroxyl groups of the same molecule. Thus use
of such conventional protocols invariably leads to a mixture of
all possible mono-, di- and poly-acylated products rendering the
purification process more difficult. Moreover, iridoid glycosides
are susceptible to decomposition under acidic and thermal condi-
tions, which makes them unsuitable for conventional acid mediated
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Fig. 1. Iridoid glycosides from Picrorhiza kurroa and Vitex negundo.

diol protection-deprotection strategies. Thus, the regio-selective
acylation of such acid sensitive polyhydroxylated compounds is
a challenging problem that limits the choice of reagents needed
to accomplish a selective acylation. The use of lipases as biocata-
lysts for regio-selective acylation of iridoid glycosides would be an
attractive alternate, which results in many valuable products such
as amphiphiles and biosurfactant mimics. Lipases are superior cat-
alysts that accept a wide array of complex molecules as substrates
and catalyze reactions with high enantio- and regio-selectivities
[12]. Lipases have been extensively used for the regio-selective acy-
lation of polyhydroxylated natural products such as flavaonoids,
saponins and other polyphenolic compounds [13,14].

In this context, together with our continued interest in lipase
catalyzed selective trans-esterification reactions [15], we initiated
a research programme directed towards the development of novel
amphiphiles and biosurfactant mimics of iridoid glycosides. We
have chosen picrosides-I/Il, catalpol, agnusides and negundoside
(Fig. 1) for lipase catalyzed regio-selective acylation studies using
p-nitrophenyl alkanoate derived from various carboxylic acids of
varying chain lengths as acyl donors. Regio-selective acylation of
these iridoid glycosides was studied using a panel of commer-
cially available lipases and a focused library of acylated compounds
were generated employing immobilized Candida antarctica lipase
B which gave optimum selectivity and good yields.

2. Results and discussion

Semi-synthetic modification of these natural iridoid glyco-
sides through the introduction of lipophilic chains, glyceric acid
and triethyleneglycol-based moieties selectively on some of the
hydroxyl groups, greatly enhance the bioactivity of these molecules.
In view of this, we synthesized novel analogues of picroside-I/II,
catalpol, agnuside and negundoside through regio-selective trans-
esterification using various labile esters.

2.1. Enzymatic acylation

Five commercial lipases viz., Candida rogusa lipase, lipase acrylic
resin from C. antarctica (lipase B), C. antarctica recombinant from
Aspergillus oryzae (lipase B), Candida cylinderacia lipase and Porcine
pancreatic lipase were used to study the regio-selective acylation of
various lipophilic moieties of varying chain lengths, on picroside-
I/11, catalpol, agnuside and negundoside using various labile esters

such as p-nitrophenyl alkanoate and vinyl acetate in dry organic
solvent (THF/DMF). The selection of enzyme being one of the most
important parameters for enzyme-catalyzed reactions, in order to
choose the more efficient enzyme for the trans-esterification of
iridoid glycosides, both soluble lipases and immobilized lipases
on macroporous resin were screened for their trans-esterification
potential in terms of selectivity and yields using p-nitrophenyl alka-
noate as acyl donor in dry THF at room temperature. The results
were compared and presented in Table 1 which clearly shows
that resin bound lipase exhibits its unique advantage to catalyze
the trans-esterification reaction, while the soluble lipases reveal
the lower catalytic activity. Furthermore, immobilized C. antarc-
tica lipase B gave moderate yields of esters ranging from 23 to 55%
with different substrates viz., picroside-I, catalpol, agnuside and
negundoside.

In all substrates studied, only one product was formed as
examined by TLC, indicating high regio-selective nature of the
lipases-catalyzed trans-esterification with iridoids. These commer-
cial lipases were screened for the regio-selective acylation using
several solvents such as diethyl ether, dichloromethane, n-hexane,
diisopropyether, DMF and THF. Owing to the poor solubility of
substrates in less polar solvents, polar solvents viz.,, DMF and THF
were found to be suitable for such study. Optimal conversions were
obtained with resin bound immobilized C. antarctica lipase B/THF
combinations. Result of screening revealed that resin bound immo-
bilized C. antarctica lipase B was the enzyme of choice when used
along with p-nitrophenyl alkanoate as acyl donor and this combi-
nation was chosen for all further studies. Various acylated products
thus obtained were purified by flash chromatography and their
structure determined by mass, 'H/3C NMR spectra and by com-
parison with spectra of their respective substrates. As anticipated

Table 1
Enzymatic trans-esterification of picroside-II (2) by commercial lipases and immo-
bilized lipases on macroporous resin

Entry Enzyme Substrate Yield (%)?
i C. rogusa PK-11 (2) 15
ii Lipase acrylic resin from C. antarctica (lipase B) PK-11(2) 50
iii C. antarctica recombinant from A. oryzae (lipase B) PK-II (2) 21
iv C. cylinderacia PK-11 (2) 15
\% P. pancreatic lipase PK-I1 (2) 12

2 Experimental conditions: 0.1 mmol PK-II(2); 0.2 mmol p-nitrophenyl alkanoate;
20% weight equivalent enzyme; dry THF; rt.
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Scheme 1. Regio-selective acylation of picroside-I/Il and catalpol.

the enzymatic trans-esterifications were clean and the un-reacted
starting compounds were recovered during chromatographic sep-
arations.

2.2. Acylation of picroside-I/Il and catalpol
In case of picroside-II and catalpol, regio-selective acylation of

primary hydroxyl of sugar moiety was affected by resin bound
immobilized C. antarctica lipase B in dry solvent. Whereas, in

case of picroside-I, enzymatic trans-esterification occurred regio-
selectively on secondary hydroxyl group of aglycon moiety. The
cinnamyl ester group of picroside-I might be offering consider-
able steric hindrance thereby preventing the primary hydroxyl of
aglycon from participating in esterification. Hence the acylation
might be possibly taking place at the secondary hydroxyl of agly-
con through their proper projection and recognition in the binding
and catalytic domain of the enzyme. The yield of acylated product
varied for substrates and type of acyl donor employed. In gen-
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Scheme 2. Regio-selective acylation of agnuside.

eral, moderate yields were obtained in case of small acyl groups
whereas the yields decreased with the increase in chain length.
Picroside-II gave moderate yield with all types of acyl groups such as
butanoyl, octanoyl, palmitoyl and micellar structure (glyceric acid,
triethylene glycol) derived p-nitrophenyl alkanoates. In the case of
picroside-I, lower homologues of acyl group such as acetyl- and
butanoyl-derived acyl donors gave moderate yields (30%) whereas
for higher homologues like palmitoyl, the yields of acylated product
were low (<5%). Overall, the yield of acylated product of picroside-
Il was found to be higher than that of picroside-I or catalpol. In
contrast, the acylation of catalpol was successful with vinylacetate
when C. antarctica lipase B was employed in dry THF, whereas
no traces of acylation products were detected in the reaction of
catalpol with various other long chain p-nitrophenyl esters as acyl
donors. Comprehensive mass, 'H and 13C NMR assignments have
been listed in the experimental section and the key diagnostic sig-
nals leading to the structural assignments are summarized below.

In case of picroside-II butanoate ester, 'H NMR signal at § 4.43
(J=11.9, 1.9) and 4.31 (J=11.9, 6.2) assigned to H-6’ (a’ and b’) of
the glucose moiety appeared at a down field (0.50 and 0.66 ppm)
compared to that of the picroside-II molecule (§ 3.93, J=11.9, 1.9
and 3.65, J=11.9, 6.7). Moreover, in the 13C NMR the signal at §
62.8 was assigned to the C-6’ of the glucose moiety in picroside
I butanoate molecule. Downfield shift of this signal by 1.4 ppm in
comparison with that of the picroside-1l molecule (§ 61.4 suggested
the presence of an ester bond on the C-6’ of the sugar moiety of
picroside-II. Similar, structural assignments were made for other
regio-selective esterification products of picroside obtained with
various other acyl donors (Scheme 1). As in case of picroside-II, TH
NMR, 13C NMR of catalpol showed significant down field shift of the
methylene signals of primary hydroxyl group of the sugar moiety
which suggested that catalpol was regio-selectively acylated only
at C-6’ of sugar moiety.

In the trans-esterification reaction of picroside-I, the acylation
occurred at the secondary hydroxyl (C-6) of the aglycon moiety,
the position of acylation was confirmed by '"H NMR and *CNMR

spectrum. In 'H NMR spectra the signals of 6-H of aglycon moiety
shifted downfield by 1.48 ppm (from 3.78 to 5.26) as compared to
picroside-I. Furthermore, in 3C NMR the signal of C-6 of aglycon
moiety of picroside-I was shifted by 1.6 ppm. These results proved
the presence of an ester bond on the C-6 of the aglycon moiety of
picroside-I.

2.3. Acylation of agnuside and negundoside

Regio-selective acylation of agnuside was studied using various
p-nitrophenyl alkanoates of varying chain lengths as acyl donor for
enzyme catalyzed trans-esterification in the presence of C. antarc-
tica lipase B. TLC monitoring revealed that agnuside was acylated to
single product, which was purified on silica gel column and char-
acterized as mono acylated product (6-O-butanoyl agnuside). 'H
NMR spectra revealed that esterification occurred at the secondary
hydroxyl of aglycon moiety, as evidenced by the downfield shift of
signal of H-6 of aglycon moiety of compound 7a, to § 5.26 (J=2.0) as
compared to agnuside (8 4.48, J=2.1). Moreover, in 3C NMR com-
pared with agnuside 4, C-6 of the compound 7a shifted downfield
to § 83.5. All these results suggested that agnuside 4 was regio-
selectively acylated only at C-6 of aglycon moiety without acylating
the sugar moiety although there is a primary -OH group in agnu-
side 4 which is generally more reactive in other glycosides such
as picroside-II and negundoside. Further, various acyl donors of
varying chain length also afford single acylated product (Scheme 2).

It is noteworthy that the acylation of agnuside occurred pref-
erentially on the secondary —OH at the C-6 of the aglycon moiety
even though this molecule consists of a free primary hydroxyl group
on the sugar moiety which may be attributed to molecular over-
crowding between p-hydroxybenzoate entity of aglycon ester and
the primary hydroxyl of sugar unit, which might be creating hin-
drance to the binding of substrate to the binding domain of lipase
and their subsequent interaction with the catalytic site to enable
effective trans-esterification at this site. This is further confirmed
by the facile lipase mediated trans-esterification of negundoside
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Scheme 3. Regio-selective acylation of negundoside.

at the primary hydroxyl of sugar, which is devoid of such steric
overcrowding and the results are discussed below. In case of negun-
doside, esterification occurred at the primary hydroxyl group of
sugar. Negundoside also gave moderate yields irrespective of type
of acyl groups.

As in case of picroside-II, TH NMR, 3C NMR of negundoside
showed significant down field shift of the methylene signals of
primary hydroxyl group of the sugar moiety which suggested that
compound 5 was regio-selectively acylated only at C-6’ of sugar
moiety. Acylation using various other nitrophenyl alkanoates of
varying chain lengths gave the product without any deviation in
the regio-selectivity (Scheme 3).

3. Conclusion

Regio-selective acylation of these polyhydroxylated iridoid gly-
cosides could be achieved using resin bound immobilized C
antarctica lipase B in the presence of various acyl donors. In case
of iridoid glycoside with free primary hydroxyl group at sugar
moiety except agnuside, the acylation occurred only at the pri-
mary hydroxyl group of the sugar moiety. Thus, lipase catalyzed

acylations of picroside-II, agnuside and negundoside proceeded
in good yields with various acyl donors. In contrast, catalpol and
picroside-I were readily acylated at the primary hydroxyl of sugar
and secondary hydroxyl of aglycon moiety respectively by using
acyl donors bearing lower homologues like acetyl and butanoyl
groups. From these results, it can be concluded that lipophilic
derivatives of iridoid glycosides can be easily synthesized through
trans-esterification using labile esters in the presence of resin
bound immobilized C. antarctica lipase B under mild reaction con-
ditions. Resin bound immobilized C. antarctica lipase B is selective
towards both primary and secondary hydroxyl groups of sugar or
aglycon moieties respectively, depending on the structure of the iri-
doid glycosides enabling the synthesis of regio-selectively lipidated
iridoids which are otherwise difficult to access by conventional
methods. Further investigation on the adjuvant activity of these
novel derivatives is currently in progress.

4. Experimental

Lipase from C. rugosa (1410 U/mg solid), porcine pancreas type
II (100-400 units/mg protein, using olive oil), lipase acrylic resin
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Scheme 4. (a) Synthesis of triethylene glycol-based acyl donor. (b) Synthesis of glyceric acid-based acyl donor.

from C. antarctica (lipase B, >10,000U/g, recombinant) and lipase
B C. antarctica, recombinant from A. oryzae (~9unit/mg) were
purchased from Sigma and C. cylindracea (2.8 U/mg) from Fluka.
Iridoid glycoside viz. picroside-I/Il, catalpol, agnuside and negun-
doside were isolated from their natural source (P. kuroa and V.
negundo) by Natural Product Division, IIIM- Jammu as per literature
known procedure [17,18]. All the commercial enzymes were used
as such. Enzymatic reactions were carried out on IKA digital shaker
at room temperature and 120 rpm. Melting points were recorded
on Buchi Melting point apparatus D-545; IR spectra (KBr discs)
were recorded on Bruker Vector 22 instrument. NMR spectra were
recorded at 200 MHz and 500 MHz on Bruker DPX200 instrument
in CD;0D/DMSO/CDCl3 with TMS as internal standard for protons
and solvent signals as internal standard for carbon spectra. Chemi-
cal shift values were mentioned in § (ppm) and coupling constants
were given in Hz. Mass spectra were recorded on ESI-esquire 3000
Bruker Daltonics instrument. The progress of all reactions was mon-
itored by TLC on 2 cm x 5 cm pre-coated silica gel 60 F254 plates of
thickness of 0.25 mm (Merck). The chromatograms were visualized
under UV 254-366 nm and iodine.

4.1. Synthesis of triethylene glycol-based donor (9)

Compound 9a (Scheme 4a) was synthesized by a known pro-
cedure by Seitz et al. [19]. The reaction of 9a (1g, 7 mmol)
with perchloric acid/acetic anhydride gave an intermediate 9b
(0.85 g,90%) which on coupling with p-nitrophenol (0.42 g, 3 mmol,
1equiv. to 9b) in the presence of DCC (1.2 g, 6 mmol, 2 equiv. to
9b) and DMAP (10 mg, catalytic amount) under dry conditions
[16] gave the crude product. The crude product on purifica-
tion by column chromatography (silica gel, 60-120 mesh, eluent;

n-hexane/EtOAc gradient) gave compound 9 as a yellow liquid
(0.79 g, 65%).

4.2. Synthesis of glyceric acid-based donor (10)

For the synthesis of glyceric acid-based donor 10 (Scheme 4b),
ter-butyl acrylate (2 g, 15 mmol) was treated with aqueous KMnO4
which resulted in the formation of 2,3-dihydroxy-propionic acid
ter-butyl ester 10a (1.02 g, 45%). Compound 10a (1.02, 6 mmol)
obtained as above, on reaction with octonoic acid (2 g, 14 mmol)
in the presence of DCC (5g, 24 mmol, 4equiv. to 10a), DMAP
(10 mg, catalytic amount) under dry conditions gave diacylated
product 10b (2.34g, 90%). Compound 10b (2.34g, 6 mmol) on
deprotection using TFA gave compound 10c (1.81 g, 90%), which on
coupling with p-nitrophenol (0.7 g, 5mmol, 1equiv. to 10c) using
the same procedure as described above [16], gave crude prod-
uct. Column chromatographic purification of the crude product
(silica gel, 60-120 mesh, eluent; n-hexane/EtOAc gradient) gave
compound 10 as a yellowish semi-solid (1.68 g, 70%).

4.3. General procedure

Substrate (iridoid glycoside, 0.1 mmol) was dissolved in dry
organic solvent (THF/DMF) in the presence of the lipase (C. antarc-
tica lipase B, 20% weight equivalent), an acyl donor (p-nitrophenyl
alkanoate, 0.2 mmol), pre-activated molecular sieves (4 A) and left
for shaking on digital shaker at 120 rpm. The reaction was mon-
itored by TLC and terminated when the highest conversion was
achieved. The acylated product was purified by Flash chromatogra-
phy and the structure was determined by MS and NMR spectra (1H,
13¢, and by comparison with spectra of their respective substrate).
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5. Compound characterization
5.1. 6'-0-Acetyl-picroside-II (6a)

As a syrupy liquid; [a]p2®> —106.0 (c 0.1, CH30H); IR (KBr, cm~1):
1015, 1038, 1070, 1104, 1221, 1289, 1629, 1655, 1707, 2924; 'TH NMR
(500 MHz, CD30D): § 2.01 (s, 3H, H-2""), 2.66 (m, 2H, H-5, H-9),
3.30 (m, 1H, signal obscured with solvent peak, H-4"), 3.34 (d, 1H,
J=9.5,H-2'), 3.41 (d, 1H,J=9.0, H-3'), 3.53 (m, 1H, H-5'), 3.71 (br s,
1H, H-7), 3.77 (d, 1H, J=13.1, H-10), 3.89 (s, 3H), 4.18 (d, 1H, J= 13.1,
H-10), 4.32 (dd, 1H, J=11.9, 6.2, H-6'), 4.41 (dd, 1H, J=11.7, 1.9, H-
6'),4.78 (d, 1H,J=7.9, H-1"), 4.91 (d, 1H, signal obscured in solvent
peak, H-1), 5.00 (dd, 1H, J=5.7, 2.2, H-4), 5.04 (d, 1H, ]=6.9, H-6),
6.39 (d, 1H, J=5.6, H-3), 6.87 (d, 1H, J=8.3, H-5"), 7.57 (br s, 1H,
H-2"), 7.59 (dd, 1H, J=8.3, 1.9, H-6"); 13C NMR (125 MHz, CD30D):
§ 19.4, 35.3, 41.7, 55.0, 58.7, 60.0, 63.5, 65.3, 70.2, 73.3, 74.5, 76.1,
80.3,93.8, 98.4, 101.6, 112.2, 114.6, 120.6, 123.9, 141.0, 147.4, 151.8,
166.5, 173.8; MS (ESI): (M*+Na) 577. Elemental analysis calcd. for
Cy5H30014, C=54.15%, H="5.45%. Found C=54.01%, H="5.62%.

5.2. 6'-O-Butanoyl-picroside-II (6b)

As a syrupy liquid; [a]p2> —93.0 (c 0.8, CH30H); IR (KBr, cm~1):
1017, 1036, 1068, 1104, 1221, 1287, 1631, 1655, 1707, 2856, 2924; 'H
NMR (500 MHz, CD30D): 8 0.89 (t, 3H, J=7.4, H-4'""), 1.57 (m, 2H,
H-3"7),2.25 (t, 2H, J=7.3,H-2""), 2.57 (m, 2H, H-5, H-9), 3.21 (m, 1H,
Signal obscured with solvent peak, H-4), 3.26 (d, 1H, J=9.5, H-2'),
331 (d, 1H, J=9.0, H-3"), 3.45 (m, 1H, H-5), 3.63 (br s, 1H, H-7),
3.67 (d, 1H, J=13.1, H-10), 3.81 (s, 3H), 4.08 (d, 1H, J=13.1, H-10),
4.31(dd, 1H,J=11.9, 6.2, H-6'), 4.43 (dd, 1H, J=11.9, 1.9, H-6'), 4.72
(d, 1H,J=7.9, H-1"), 4.82 (d, 1H, Signal obscured with solvent peak,
H-1), 4.92 (dd, 1H, J=5.7, 2.2, H-4), 5.09 (d, 1H, J=6.9, H-6), 6.28
(d, 1H, J=5.6, H-3), 6.76 (d, 1H, J=8.3, H-5"), 7.47 (br s, 1H, H-2"),
7.49 (dd, 1H, J=8.3, 1.9, H-6"); 13C NMR (125 MHz, CD;0D): § 12.6,
18.2,35.3,35.6,41.7,55.0, 58.7,60.0, 62.8, 65.3, 70.2, 73.3, 74.5, 76.1,
80.3,93.8, 98.4, 101.6, 112.2, 114.6, 120.6, 123.9, 141.0, 147.4, 151.8,
166.5, 173.8; MS (ESI): (M*+Na) 605. Elemental analysis calcd. for
C27H34014, C=55.67%, H=5.88%. Found C=55.56%, H=5.83%.

5.3. 6'-0-Octanoyl-picroside-II (6c)

As a syrupy liquid; [a]p2> —80.0 (c 1.0, CH30H); IR (KBr, cm~1):
1027, 1036, 1068, 1106, 1220, 1284, 1631, 1655, 1707, 2856, 2924;
THNMR (500 MHz, CD30D): § 0.85 (t, 3H,J=6.8, H-8"”), 1.29 (m, 8H,
H-7"" to H-4""), 1.63 (m, 2H, H-3""), 2.36 (t, 2H, J=7.5, H-2""), 2.67
(m, 2H, H-5, H-9), 3.31 (m, 1H, signal obscured with solvent peak,
H-4'),3.36(d, 1H,J=9.4,H-2/),3.42(d, 1H,J=9.4,H-3’),3.51 (m, 1H,
H-5’), 3.74 (br s, 1H, H-7), 3.78 (d, 1H, J=13.1, H-10), 3.91 (s, 3H),
4.19 (d, 1H, J=13.1, H-10), 4.31 (dd, 1H, J=11.9, 6.1, H-6'), 4.43 (dd,
1H, J=11.7, 1.8, H-6'), 4.79 (d, 1H, J=7.9, H-1"), 4.92 (d, 1H, signal
obscured with solvent peak, H-1), 5.02 (dd, 1H, J=5.8, 3.8, H-4),
5.05(d, 1H,J=6.9, H-6), 6.39 (d, 1H, J=5.7, H-3), 6.87 (d, 1H,J=8.3,
H-5"),7.57 (brs, 1H, H-2"), 7.59 (dd, 1H, J=9.2, 1.6, H-6"); 3C NMR
(125 MHz, CD30D): § 14.4,23.6, 26.2,30.1,30.2,32.8,35.1,36.7,43.1,
56.5,60.1,61.4,64.2,66.8,71.6,74.7,75.9,77.5,81.7,95.3,99.8, 103.1,
113.6, 116.0, 122.0, 125.3, 142.5, 148.8, 153.2, 167.8, 175.4; MS (ESI);
(M*+Na) 661. Elemental analysis calcd. for C31H42014, C=58.30%,
H=6.63%. Found C=58.16%, H=6.56%.

—_——

5.4. 6'-O-Palmitoyl-picroside-II (6d)

As a colorless solid; mp 160°C; [a]p2°> —89.0 (¢ 1.0, CH30H); IR
(KBr, cm~1): 1015, 1037, 1068, 1107, 1221, 1287, 1631, 1655, 1707,
2856, 2924; 'H NMR (500 MHz, CD30D): § 0.90 (t, 3H, J=6.7, H-
16""), 1.25 (m, 24H, H-15"" to H-4""), 1.62 (m, 2H, H-3""), 2.38 (m,

2H,H-2""),2.70 (m, 2H, H-5, H-9), 3.31 (m, 1H, signal obscured with
solvent peak, H-4'), 3.36 (d, 1H, J=9.4, H-2"), 3.42 (d, 1H, J=9.4, H-
3’),3.51(m, 1H,H-5),3.74 (br s, 1H, H-7),3.78 (d, 1H, J=13.1, H-10),
3.91 (s, 3H), 4.19 (d, 1H, J=13.1, H-10), 4.31 (dd, 1H, J=11.9, 6.1, H-
6'),4.43 (dd, 1H, J=11.7, 1.8, H-6"), 4.79 (d, 1H, J=7.9, H-1"), 4.92 (d,
1H, signal obscured with solvent peak, H-1), 5.02 (dd, 1H, J=5.8,
3.8,H-4),5.05 (d, 1H, J=6.9, H-6), 6.41 (d, 1H, J=5.9, H-3), 6.88 (d,
1H,J=8.1,H-5"), 7.61(br s, 1H, H-2"), 7.63 (dd, 1H, ] =8.3, 1.6, H-6");
13C NMR (125 MHz, CD30D): 14.9, 24.1, 26.6, 30.7, 30.8, 31.0, 31.2,
33.5,35.6,37.1,43.5,55.2,60.5, 61.9,64.7,67.2,72.1,75.1, 76.3, 77.9,
82.1,95.7,100.2,103.5, 114.1,116.4, 122.4, 125.8, 142.9, 149.2, 153.6,
168.2, 175.8; MS (ESI): (M*+Na) 773. Elemental analysis calcd. for
C39Hs58014, C=62.38%, H=7.79%. Found C=62.24%, H=7.71%.

5.5. 6'-0-[3-{2-[2-(2-Acetoxy-ethoxy )-ethoxy]-ethoxy}-
propanoyl]-picroside-II
(6e)

As a pale yellow liquid; [a]p2® —78.0 (c 0.5, CH30H); IR (KBr,
cm~1): 1007, 1035, 1104, 1221, 1631, 1657, 1707, 2856, 2924;
TH NMR (200MHz, CD30D): § 2.00 (s, 3H, H-15"), 2.58 (m,
4H, H-5, H-9, H-12""), 3.31 (m, 1H, signal obscured with sol-
vent peak, H-4'), 3.36 (d, 1H, J=9.4, H-2'), 3.42 (d, 1H, J=9.4,
H-3’), 3.51 (m, 1H, H-5), 3.74 (m, 11H, H-7, H-5"", H-6""", H-8"",
H-9"7, H-11""), 3.78 (d, 1H, J=13.1, H-10), 3.91 (s, 3H), 3.99 (t,
2H, J=6.2, H-2"") 419 (m, 3H, H-10, H-3""), 4.31 (dd, 1H, J=11.9,
6.1, H-6'), 4.43 (dd, 1H, J=11.7, 1.8, H-6'), 4.79 (d, 1H, J=7.9, H-
1'), 492 (d, 1H, signal obscured with solvent peak, H-1), 5.00
(dd, 1H, J=5.8, 3.8, H-4), 5.03 (d, 1H, J=6.9, H-6), 6.27 (d, 1H,
J=5.9, H-3), 6.83 (d, 1H, J=8.3, H-5"), 7.47 (s, 1H, H-2"), 7.57 (dd,
1H, J=8.3, 1.6, H-6"); MS (ESI): (M*+Na) 781. Elemental analy-
sis calcd. for C34Hy6019, C=53.82%, H=6.11%. Found C=53.58%,
H=6.08%.

5.6. 6'-0-(2"",3""-Di-octanoylpropanoyl)-picroside-II ( 6f)

As a syrupy liquid; [a]p%> —=100.8 (¢ 1.0, CH30H); IR (KBr, cm~1):
1017, 1036, 1068, 1104, 1221, 1287, 1631, 1655, 1707, 2856, 2924; 'H
NMR (200 MHz, CD30D): §0.77 (t,6H, ] =4.4,H-8"",H-8"""), 1.20 (m,
16H, H-7"" to H-4"", H-7""" to H-4"""), 1.52 (m, 4H, H-3"", H-3""),
2.26 (m, 4H, H-2"", H-2"""), 2.57 (m, 2H, H-5, H-9), 3.21 (m, 1H,
signal obscured with solvent peak, H-4'), 3.26 (d, 1H, J=9.5, H-2'),
3.31(d, 1H,J=9.0, H-3’), 3.45 (m, 1H, H-5'), 3.63 (br s, 1H), 3.67 (d,
1H,J=13.1,H-10),3.81(s,3H),4.08 (d, 1H,J = 13.1, H-10),4.20(d, 2H,
J=5.3,H-3""), 4.23 (dd, 1H, J=11.9, 6.2, H-6'), 4.35 (dd, 1H, J=11.7,
1.9,H-6"),4.72 (d, 1H,J=7.9,H-1"),4.82 (d, 1H, signal obscured with
solvent peak, H-1),4.92 (dd, 1H,J=5.7, 2.2, H-4),5.21 (d, 1H, J=6.9,
H-6),5.23 (m, 1H,H-2""),6.29(d, 1H,J=5.7,H-3),6.76 (d, 1H,J = 8.07,
H-5"), 7.48 (s, 1H, H-2"), 7.52 (dd, 1H, ]=8.0, 1.6, H-6"); 13C NMR
(125MHz, CDCl3); § 13.0, 22.2, 23.5, 24.6, 24.7, 28.6, 28.8, 31.4, 33.6,
35.3,43.4,55.1,59.3,61.6,63.5,65.7,67.2,73.1,75.0, 76.4, 78.1, 80.0,
82.8,93.9,99.5, 103.0, 113.5, 117.0, 121.0, 124.1, 141.0, 148.3, 152.4,
166.1, 174.1,176.2; MS (ESI): (M*+Na) 875. Elemental analysis calcd.
for C4pHgpO1g, C=59.14%, H="7.09%. Found C=59.08%, H=6.98%.

5.7. 6-0-Butanoyl-picroside-I (6g)

As a yellow syrupy liquid; [a]p2> —45.1 (¢ 1.0, CH30H); IR (KBr,
cm~1):799, 1019, 1088, 1173, 1260, 1713, 2854, 2925, 2962; THNMR
(500 MHz, CDCl3): § 0.89 (t, 3H, J=7.4, H-4""), 1.63 (m, 2H, H-3""),
2.29 (t, 2H, J=7.8, H-2""), 2.51 (m, 1H, H-5), 2.71 (t, 1H, J=8.3, H-
9), 3.30 (m, 2H, H-2/, H-3'), 3.43 (m, 2H, H-4, H-7), 3.58 (m, 1H,
H-5'), 3.65 (d, 1H, J=13.0, H-10), 4.14 (d, 1H, 13.0, H-10), 4.51 (dd,
1H, J=11.9, 6.0, H-6'), 4.69 (dd, 1H, J = 16.0, H-6'), 4.82 (d, 1H, |=7.8,
H-1),4.90 (m, 1H, signal obscured with solvent peak, H-1), 5.01 (d,
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1H, J=4.7, H-4), 5.26 (m, 1H, H-6), 6.29 (d, 1H, J=5.0, H-3), 6.47 (d,
1H, J=16.0, H-2"), 7.33 (m, 3H, ArH), 7.51 (m, 2H, ArH), 7.69 (d, 1H,
J=15.9,H-3"); 3CNMR (50 MHz, CDCl3): § 13.5, 13.8, 18.3, 18.8, 35.1,
35.9,41.5,59.2,61.7,63.1,65.2,69.9, 73.1, 74.5, 75.8, 79.3, 94.3, 97.8,
102.4, 166.7, 128.3, 128.8, 130.4, 134.5, 141.1, 145.6, 167.2, 173.4;
MS (ESI): (M*+Na) 585. Elemental analysis calcd. for CogH34012,
C=59.78%, H=6.09%. Found C=59.66%, H=6.13%.

5.8. 6'-0O-Acetyl-catalpol (6h)

As a yellow syrupy liquid; [a]p2® —15.0 (c 0.8, CH30H); IR (KBr,
cm~1): 794, 1015, 1028, 1183, 1262, 1717, 2854, 2929, 2963; 'HNMR
(200MHz, CDCl3): & 1.91 (s, 3H, H-2""), 2.31 (m, 1H, H-5), 2.49 (m,
1H, H-9), 3.31 (m, 2H, signal obscured with solvent peak, H-2’, H-
3’),3.42 (m, 2H, H-4', H-5'), 3.58 (m, 1H, H-7), 3.65 (d, 1H, J=13.0,
H-10), 3.89 (m, 1H, H-6), 4.01 (d, 1H, J=13.0, H-10), 4.31 (dd, 1H,
J=11.9,6.2,H-6'), 445 (dd, 1H,J=11.9, 1.8, H-6'),4.89 (d, 1H,]=7.8,
H-1), 4.92 (m, 1H, signal obscured with solvent peak, H-1), 5.01
(m, 1H, H-4), 6.41 (d, 1H, J=5.4, H-3); 13C NMR (125 MHz, CDCls):
8 19.72, 29.11, 35.08, 36.60, 43.53, 60.0, 60.92, 61.28, 66.35, 72.14,
75.47, 76.75, 77.80, 91.91, 95.27, 100.88, 140.11; MS (ESI): (M*+Na)
427. Elemental analysis calcd. for C17Hp4047, C=50.50%, H=5.98%.
Found C=50.38%, H=5.93%.

5.9. 6-0-Butanoyl-agnuside (7a)

As a colorless solid; mp 148 °C; [a]p2® —82.0 (c 0.5, CH30H); IR
(KBr, cm~1): 620, 1113, 1275, 1607, 1659, 1709, 2853, 2924, 3350;
TH NMR (200 MHz, CD;0D): § 0.81 (t, 3H, = 7.4, H-4""), 1.50 (m, 2H,
H-3""),2.20(t, 2H,J=7.3,H-2""),2.81 (m, 1H, H-5), 2.98 (m, 1H, H-9),
3.24(d, 1H,J=8.3, H-2'), 3.29 (m, 2H, signal obscured with solvent
peak, H-4’, H-5"),3.36 (d, 1H, J=8.9, H-3’), 3.54 (dd, 1H, J=11.9, 5.6,
H-6'),3.76 (dd, 1H, J=11.9, 1.9, H-6'), 4.59 (d, 1H, J=7.8, H-1"), 4.92
(m, 2H, signal obscured with solvent peak, H-10), 4.98 (m, 1H, H-1),
5.04 (d, 1H,J=6.3, H-4), 5.26 (d, 1H, J=2.0, H-6), 5.74 (m, 1H, H-7),
6.23 (dd, 1H, J=6.1, 1.8, H-3), 6.74 (d, 2H, J=8.7, H-3"", H-5"), 7.81
(d, 2H, J=8.7, H-2", H-6"); 13C NMR (125 MHz, CD;0D): § 12.4, 18.0,
35.6,41.1,49.1,61.3,61.9, 70.0, 73.4, 76.5, 76.8, 83.5, 95.6, 98.6, 103 .4,
114.9,120.5, 126.6, 131.5, 140.6, 144.9, 162.3, 166.3, 173.9; MS (ESI):
(M*+Na) 559. Elemental analysis calcd. for C;gH3,013, C=58.20%,
H=6.01%. Found C=58.14%, H=5.96%.

5.10. 6-0-Octanoyl-agnuside (7b)

As a syrupy liquid; [a]p2®> —80.0 (c 0.5, CH30H); IR (KBr, cm~1):
618, 1113, 1275, 1607, 1659, 1707, 2853, 2924, 3353; 'H NMR
(200 MHz, CD30D): § 0.86 (t, 3H, J=6.7, H-8"), 1.25 (m, 8H, H-7""
to H-4""), 1.57 (m, 2H, H-3""), 2.27 (t, 2H, J=7.1, H-2""), 2.94 (m,
1H, H-5), 3.09 (m, 1H, H-9), 3.18 (d, 1H, J=8.8, H-2’), 3. 29 (m, 2H,
signal obscured with signal peak, H-4’, H-5'), 3.36 (d, 1H, J=8.9, H-
3’),3.64 (dd, 1H, J=11.9, 5.9, H-6'), 3.85 (dd, 1H, J=11.8, 1.9, H-6),
4.68 (d, 1H,J=8.0, H-1"), 4.92 (m, 2H, signal obscured with solvent
peak, H-10), 5.00 (m, 1H, H-1), 5.11 (d, 1H, J=6.3, H-4), 5.36 (d,
1H, J=2.0, H-6), 5.83 (m, 1H, H-7), 6.33 (dd, 1H, J=6.0, 1.8, H-3),
6.83 (d, 2H, J=8.7, H-3", H-5"), 7.91 (d, 2H, J=8.7, H-2", H-6"); 13C
NMR (125MHz, CD30D): § 14.7, 20.1, 22.51, 26.4, 29.3, 31.7, 35.3,
41.8, 49.1, 61.8, 62.2, 71.1, 74.3, 76.2, 76.8, 83.6, 96.7, 98.5, 103.3,
114.8, 120.5, 126.4, 132.4, 141.2, 144.7, 162.2, 167.2, 174.0; MS (ESI):
(M*+Na) 615. Elemental analysis calcd. for C3gH49012, C=60.80%,
H=6.80%. Found C=60.72%, H=6.76%.

5.11. 6-0O-Palmitoyl-agnuside (7c)

As a syrupy liquid; [a]p2> —90.0 (c 1.0, CH30H); IR (KBr, cm~1):
619, 1100, 1277, 1609, 1659, 1707, 2853, 2923, 3355; 'H NMR

(200 MHz, CD30D): §0.90 (t, 3H, ] = 6.6, H-16""), 1.28 (m, 24H, H-15""
to H-4"), 1.58 (m 2H, H-3""), 2.31 (t, 2H, = 7.3, H-2""), 2.92-3.01 (m,
2H, H-5,H-9),3.19 (d, 1H,J=9.0, H-2"), 3.29 (m, 2H, signal obscured
with solvent peak, H-4’,H-5"),3.43 (d, 1H,J=8.8,H-3'),3.64(dd, 1H,
J=11.9,5.6,H-6"),3.85(dd, 1H,J=11.9, 1.9, H-6"), 4.67 (d, 1H, 7.9, H-
1’) 4.93 (m, 2H, signal obscured with solvent peak, H-10), 5.00 (m,
1H, H-1), 5.09 (d, 1H, J=6.2, H-4), 5.37 (d, 1H, J= 1.9, H-6), 5.84 (m,
1H, H-7), 6.34 (dd, 1H, J=6.0, 1.8, H-3), 6.84 (d, 2H, J=8.7, H-3", H-
5"), 7.92 (d, 2H, J=8.7, H-2", H-6"); 13C NMR (125 MHz, CDCl3): §
14.9, 24.1, 26.6, 30.7, 30.8, 31.0, 31.2, 33.5, 35.6, 37.1, 41.1, 49.8, 614,
61.9,70.2,73.4,76.5,77.1,83.4,95.6, 98.6, 103.4, 114.9, 120.5, 126.6,
131.5, 140.6, 144.9, 162.3, 166.3, 173.9: MS (ESI): (M*+Na) 727. Ele-
mental analysis calcd. for C3gHs6013, C=64.75%, H=8.01%. Found
C=64.58%, H=7.96%.

5.12. 6'-0-Butanoyl-negundoside (8a)

As a colorless solid; mp 138°C; [a]p2> —100.0 (c 0.5, CH30H);
IR (KBr, cm~1): 802, 1079, 1169, 1262, 1609, 1712, 2964; 'H NMR
(500 MHz, CD50D): § 0.86 (t, 3H, J=7.4, H-4""), 1.15 (s, 3H, H-10),
1.21 (m, 1H, H-6), 1.49 (m, 1H, H-6), 1.55 (m, 3H, H-3"", H-7), 2.05
(m, 2H, H-9, H-7), 2.25 (t, 2H, J=7.3, H-2""), 2.90 (m, 1H, H-5), 3.38
(t, 1H,J=9.4, H-3), 3.53 (m, 1H, H-5'), 3.62 (t, 1H, J=8.9, H-4'), 4.17
(dd, 1H, J=11.9, 5.5, H-6'), 4.39 (dd, 1H, J=11.9, 1.9, H-6'), 4.89 (d,
1H, J=8.1, H-1"), 4.92 (d, 1H, signal obscured with solvent peak, H-
2/)5.21 (d, 1H, J=3.7, H-1), 6.72 (dd, 2H, J=9.6, 2.6, H-3", H-5"),
7.01 (s, 1H, H-3), 7.76 (dd, 2H, J=11.4, 1.0, H-2", H-6"); 13C NMR
(125MHz, CD30D): § 14.1, 19.5, 24.6, 30.7, 31.7, 36.9, 40.9, 52.2,
64.2,71.6,74.8,75.7,75.8, 80.2,95.3,97.8, 113.8, 116.2, 122.1, 133.0,
151.2,163.7,167.3, 170.2, 175.3: MS (ESI): (M*) 566. Elemental anal-
ysis calcd. for C,7H34043, C=57.24%, H=6.05%. Found C=57.13%,
H=>5.94%.

5.13. 6'-0O-Octanoyl-negundoside (8b)

As a colorless solid; mp 144°C; [ax]p2® —97.0 (c 1.0, CH30H);
IR (KBr, cm~1): 800, 1077, 1169, 1262, 1609, 1715, 2960; 'H NMR
(500 MHz, CD;0D): § 0.88 (m, 3H, H-8""), 1.25 (m, 11H, H-10, H-7""
to H-4""), 1.29 (m, 1H, H-6), 1.47 (m, 1H, H-6), 1.63 (m, 3H, H-7, H-
3"7), 2.04 (m, 2H, H-7, H-9), 2.23 (t, 2H, J=7.3, H-2""), 2.89 (m, 1H,
H-5),3.30 (t, 1H,J=9.5, H-3'), 3.56 (m, 1H, H-5'), 3.62 (t, 1H, /= 8.9,
H-4'),4.26 (dd, 1H,J=11.8, 5.7, H-6'), 4.42 (dd, 1H, J=11.9, 1.9, H-6'),
4.88 (d, 1H, J=8.0, H-1"), 4.92 (d, 1H, signal obscured with solvent
peak, H-2"),5.20(d, 1H,J=3.7,H-1),6.78 (dd, 2H, = 7.6, 1.8, H-3", H-
5"), 7.07 (s, 1H, H-3), 7.83 (dd, 2H, J=7.2, 1.0, H-2", H-6"); 13C NMR
(50MHz, CD30D): § 13.0, 19.1, 22.0, 22.4, 25.5,29.4, 29.6 29.4, 30.7,
36.1, 40.1, 50.0, 63.1, 69.3, 72.4, 74.9, 75.2, 79.2, 92.5, 96.6, 113.5,
115.6, 122.0, 130.9, 148.0, 161.8, 166.0, 167.9, 176.1; MS (ESI): (M*)
622. Elemental analysis calcd. for C31H43013, C=59.80%, H=6.80%.
Found C=59.86%, H=6.68%.

5.14. 6'-O-Palmitoyl-negundoside (8c)

As a colorless solid; mp 158 °C; [a]p2® —86.0 (c 0.8, CH30H); IR
(KBr, cm~1): 803, 1075, 1168, 1262, 1610, 1715, 2960, 2970, 2982;
TH NMR (200 MHz, CD30D): § 0.78 (t, 3H, J=6.74, H-16""), 1.21 (m,
27H, H-10, H-15"" to H-4""), 1.47 (m, 2H, H-6), 1.63 (m, 3H, H-7, H-
3"”), 2.04 (m, 2H, H-7, H-9), 2.23 (t, 2H, J=7.3, H-2""), 2.89 (m, 1H,
H-5),3.20 (t, 1H, J=9.5, H-3'), 3.56 (m, 1H, H-5'), 3.62 (t, 1H, J =8.9,
H-4'),4.26 (dd, 1H,J=11.8,5.7, H-6'), 4.42 (dd, 1H, J=11.9, 1.9, H-6'),
4.88 (d, 1H, J=8.0, H-1"), 4.92 (d, 1H, signal obscured with solvent
peak, H-2'),5.17 (d, 1H,J=3.7, H-1), 6.70 (dd, 2H, = 8.6, 1.5, H-3", H-
57),7.01 (s, 1H, H-3), 7.75 (dd, 2H,  =8.6, 1.6, H-2", H-6"); 13C NMR
(125MHz, CD30D): § 13.1, 22.2, 23.2, 25.0, 29.3, 29.4, 32.5, 33.6,
35.0, 39.9, 51.1, 63.9, 70.9, 74.4, 75.0, 79.9, 89.0, 94.5, 96.7, 113.1,
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115.0, 121.2, 132.5, 149.5, 162.5, 166.1, 168.1, 174.9; MS (ESI): (M*)
734. Elemental analysis calcd. for C3gH53043, C=63.74%, H="7.96%.
Found C=63.58%, H=7.37%.

5.15. 6'-0-(2",3""-Di-octanoylpropanoyl)-negundoside (8d)

As a syrupy liquid; [a]p2® —42.5 (¢ 1.0, CH30H); IR (KBr, cm™1):
805, 1077, 1169, 1262, 1609, 1715, 2960, 2970, 2982; 'H NMR
(200 MHz, CD30D): § 0.78 (m, 6H, H-8"”, H-8""), 1.20 (m, 19H, H-
10, H-7"" to H-4"", H-7""" to H-4"""), 1.29 (m, 1H, H-6), 1.46 (m, 1H,
H-6), 1.63 (m, 5H, H-7, H-3"", H-3"""), 2.04 (m, 2H, H-7, H-9), 2.30
(m, 4H, H-2"", H-2"""), 2.93 (m, 1H, H-5), 3.21 (t, 1H, J=9.5, H-3'),
3.45 (m, 1H, H-5'), 3.56 (t, 1H, J=8.9, H-4'), 4.20 (d, 2H, J=5.5, H-
37, 4.26 (dd, 1H, J=11.9, 5.8, H-6'), 4.42 (dd, 1H, J=11.9, 1.8, H-6")
4388 (d, 1H, J=8.0, H-1"), 5.91 (d, 1H, signal obscured with solvent
peak, H-2), 5.21 (m, 1H, H-2"), 5.26 (d, 1H, J=3.7, H-1), 6.70 (dd,
2H, J=8.5, 1.6, H-3”, H-5"), 7.01 (s, 1H, H-3), 7.75 (dd, 2H, J=8.6,
1.6, H-2”, H-6"); 13C NMR (125 MHz, CDCl3): § 12.8, 13.0, 22.2, 24.5,
24.6,28.7,29.3,31.4,33.5, 33.6,42.0, 50.0, 62.7,64.1,72.1,73.8, 74.9,
75.2, 80.0, 82.7, 95.4, 98.9, 113.1, 117.9, 121.9, 133.2, 149.3, 162.1,
166.1, 168.5, 173.5,173.7,175.1; MS (ESI): (M*) 836. Elemental anal-
ysis calcd. for C4oHggO17, C=60.28%, H=7.23%. Found C=60.16%,
H=7.08%.
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