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We report the isolation and structural determination of fourteen iminosugars, containing five pyrrolizi-
dines and five indolizidines, from Castanospermum australe. The structure of a new alkaloid was eluci-
dated by spectroscopic methods as 6,8-diepi-castanospermine (13). Our side-by-side comparison
between bicyclic and corresponding monocyclic iminosugars revealed that inhibition potency and spec-
trum are clearly changed by their core structures against each enzyme. Castanospermine (10) and 1-
deoxynojirimycin (DNJ) have a common p-gluco configuration, and they showed the expected similar
inhibition potency and spectrum. In sharp contrast, 6-epi-castanospermine (12) and 1-deoxymannojiri-
mycin (manno-DNJ) both have the p-manno configuration but the a-mannosidase inhibition of 6-epi-cast-
anospermine (12) was much better than that of manno-DN]. 6,8-Diepi-castanospermine (13) could be
regarded as a bicyclic derivative of talo-DNJ, but it showed a complete loss of a-galactosidase A inhibi-
tion. This behavior against o-galactosidase A is similar to that observed for 1-epi-australine (6) and

Keywords:

Castanospermum australe
Castanospermine

Australine

Iminosugar

Glycosidase inhibitor
Structure-activity relationship

altro-DMDP.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Glycosidases are involved in a wide range of important biological
processes, such as intestinal digestion, post-translational process-
ing of glycoproteins, their quality control mechanisms, and lyso-
somal catabolism of glycoconjugates. Thus, glycosidase inhibitors
could have beneficial effects as therapeutic agents for diabetes, viral
infections, and as pharmacological chaperones for various lyso-
somal diseases (Davis, 2009; Asano, 2009; Nash et al., 2011;
Horne et al., 2011). Among them, iminosugars are an important
class of sugar-mimics that inhibit various glycosidases in a revers-
ible and competitive manner because of their structural resem-
blance to the terminal sugar moiety of the natural substrates. A

* Corresponding authors at: Oxford Glycobiology Institute, University of Oxford,
South Parks Road, Oxford OX1 3QU, United Kingdom (G.W.]. Fleet).
E-mail addresses: kato@med.u-toyama.ac.jp (A. Kato), george.fleet@chem.ox.ac.
uk (G.W.]. Fleet).
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0031-9422/© 2014 Elsevier Ltd. All rights reserved.

large number of iminosugars have been discovered from plants
and microorganisms (Asano et al., 2000a; Watson et al., 2001).
The polyhydroxylated indolizidine alkaloid castanospermine
(10) has attracted special interest as a potent inhibitor of various
glycosidases such as glycoprotein processing ER o-glucosidases
(Pan et al., 1983; Sasak et al., 1985; Szumilo et al., 1986; Elbein,
1991) and lysosomal a-glucosidase (Saul et al., 1985). This imino-
sugar was first isolated in 1981 from the seeds of the Australian
legume Castanospermum australe (Hohenschutz et al, 1981).
Although about 30 years have passed since this classical glycosi-
dase inhibitor was discovered in this plant, its derivatives and ster-
eoisomers are still a popular synthetic target (Jensen et al., 2009;
Bowen and Wardrop, 2010; Liu et al., 2010), and it has been inves-
tigated for the treatment of various diseases such as cancer (Allan
et al., 2013; Sanchez-Fernandez et al., 2010), hepatitis C virus
(HCV), parainfluenza virus, dengue virus (DENV) (Watanabe
et al., 2012), and lysosomal diseases (Luan et al., 2009; Li et al.,
2013). In particular, combination therapy of 6-O-butanoyl-cast-

Please cite this article in press as: Kato, A., et al. Isolation and SAR studies of bicyclic iminosugars from Castanospermum australe as glycosidase inhibitors.
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anospermine (Celgosivir) with peginterferon and/or ribavirin has
been in Phase II clinical trials for the treatment of patients with
chronic HCV (Whitby et al., 2004; Durantel, 2009), and a Phase
1b trial of Celgosivir as a monotherapy for DENV has been recently
reported (Low et al., 2014).

Despite almost all classic pyrrolizidine alkaloids bearing a car-
bon substituent at C-1, alexine (Nash et al., 1988) and australine
(5) (Molyneux et al., 1988) were the first examples of pyrrolizidine
alkaloids with a carbon substituent at the C-3 position. The alex-
ines and australines have been reported in only two small genera
of the Leguminosae, and the highly polyhydroxylated pyrrolizidine
casuarine occurs only in related genera in the Casuarinaceae and
Myrtaceae (Nash et al., 1996). Consequently, the search for lead
compounds of this type from natural sources tends to be con-
strained compared to other compound classes. Recently, however,
other polyhydroxylated pyrrolizidines, namely uniflorine A
(Matsumura et al.,, 2000) and the hyacinthacines (Asano et al.,
2000b; Yamashita et al., 2002; Kato et al., 2007) have been isolated
from genera of the Myrtaceae and Hyacinthaceae and have become
popular synthetic targets (Ritthiwigrom et al., 2012).

Following on from our recent work concerning the structure-
activity relationships of monocyclic iminosugars (Kato et al.,
2005; Ayers et al., 2012, 2014; Jenkinson et al., 2013), we turned
our attention to the bicyclic australine and castanospermine iso-
mers. In this paper, we describe the isolation, structural determina-
tion, and glycosidase inhibitory activity of fourteen iminosugars
from C australe (Leguminosae). Furthermore, we performed side-
by-side comparison between monocyclic and bicyclic iminosugars
and elucidated the difference of inhibition potency and spectrum.

2. Results and discussion
2.1. Isolation and characterization of iminosugars from C. australe

The seeds (5.8 kg) of C. australe were extracted with 50% aque-
ous EtOH. The chromatographic separation of the extract using var-
ious ion-exchange resins led to isolation of eleven alkaloids (1-3, 5,
6, 8-12, and 14). The 'H NMR and '>C NMR spectra of alkaloid 1
were in accord with those of 2R-hydroxymethyl-3S-hydroxypyroli-
dine (CYB-3), which has been isolated previously from the same
plant C. australe (Nash et al., 1985; Kato et al., 2003). The biosyn-
thesis of the bicyclic indolizidine and pyrrolizidine iminosugars
has not been elucidated yet, but CYB-3 (1), N-hydroxyethyl-2-
hydroxymethyl-3-hydroxypyrrolidine, and N-methyl-trans-4-
hydroxy-L-proline (Molyneux et al., 1991; Haraguchi et al., 2003)
can be speculated as being important intermediate compounds
because the distributions of these pyrrolidines and of castanosper-
mine are closely related and appear to be restricted to a small tax-
onomic group. Alkaloids 2 and 3 were identified as fagomine and
3-epi-fagomine, respectively, from an analysis of their '"H NMR
and 3C NMR spectroscopic data. Fagomine (2) was first isolated
from buckwheat seeds (Fagopyrum esculentum) (Koyama and
Sakamura, 1974). We have previously reported that fagomine (2)
and 3-epi-fagomine (3) occur abundantly in the leaves and roots
of Xanthocercis zambesiaca, from southern Africa (Kato et al.,
1997). The 'H and '>C NMR spectroscopic data of alkaloids 5, 6,
and 8-12 were in accord with those of the polyhydroxylated pyrr-

o OH

HO, O Xo OH
: o OH
HO o o
N3

15 16

olizidines, australine, 1-epi-australine, 2,3-diepi-australine, 2,3,7-
triepi-australine, and the polyhydroxylated indolizidines, castano-
spermine, castanospermine-8-0-B-p-glucoside, 6-epi-castanosper-
mine isolated earlier from C. australe (Molyneux et al., 1986,
1988; Kato et al., 2003). The 'H NMR and '3C NMR spectra of alka-
loid 14 were in accord with those of 7-deoxy-6-epi-castanosper-
mine (Molyneux et al., 1990). Recently, this compound has been
synthesized in ten steps from a common chiral building block
(+)-tetramic acid derivative (Liu et al., 2010).

The dried leaves (360 g) of C. australe were extracted with 50%
aqueous MeOH. The chromatographic separation of the extract
using various ion-exchange resins led to isolation of nine alkaloids
(1,2,4-7,10, 12, and 13). Alkaloids 4 and 7 were identified as 3,4-
diepi-fagomine and 3-epi-australine, respectively, from an analysis
of their 'TH NMR and 3C NMR spectroscopic data (Kato et al., 1997,
2003). The structural determination of the new alkaloid 13 is
described below.

Alkaloid 13 was determined to have the molecular formula
CsH15NO4 by HRFABMS. The 3C NMR spectroscopic data of 6,8-
diepi-castanospermine were closely related to those of 6-epi-cast-
anospermine. In the '"H NMR spectrum, the H-1 showed similar
coupling constants to H-2 and H-8a as those of 6-epi-castanosper-
mine, indicating a common stereochemical configuration for H-1
and H-8a. The stereo configurations of 6,8-diepi-castanospermine
were corroborated by definite NOEs between H-7 and H-8a or H-
5ax and by the presence of a W-path long-range coupling between
H-6 and H-8. Hence, alkaloid 13 was shown to be 6,8-diepi-
castanospermine.

2.2. Preparation of corresponding DMDP and DNJ isomers

2,5-Dideoxy-2,5-imino-p-mannitol (DMDP), 2,5-dideoxy-2,5-
imino-p-altritol (altro-DMDP), 2,5-dideoxy-2,5-imino-p-glucitol
(DGDP), 2,5-dideoxy-2,5-imino-p-allitol (allo-DMDP) were pre-
pared according to our previous reports (Ayers et al., 2012). 1-
Deoxynojirimycin (DNJ) and 1-deoxymannojirimycin (manno-
DN]J) were isolated from Baphia nitida Lodd. (Fabaceae) (Kato
et al., 2008). 1-Deoxyaltronojirimycin (altro-DN]J) was isolated
from Scilla sibirica (Hyacinthaceae) (Yamashita et al., 2002). 1-
Deoxytalonojirimycin, talo-DN]J, was prepared from readily avail-
able r-glucuronolactone 15 (Weymouth-Wilson et al., 2009;
Martinez et al., 2014). 15 was converted to the protected talo-azide
16 by introduction of nitrogen at C5 with inversion of configura-
tion and inversion of configuration at C3 (Best et al., 2010; Ayers
et al., 2012). Acid hydrolysis of 16 by Dowex 50WX8 removed
the isopropylidene protecting group to give 17 which, on hydroge-
nation in the presence of palladium on carbon afforded an amine
which underwent reductive amination to produce cyctalo-DN]J
[83% yield from 16]. (Scheme 1: Synthesis of talo-DNJ).

2.3. Comparison of australine and DMDP isomers as glycosidase
inhibitors

Pyrrolizidine iminosugars are generally moderate and broad
inhibitors of glycosidases (Kato et al., 1999, 2007; Asano et al,,
2000b; Yamashita et al., 2002). Furthermore, it is not usually easy
to predict whether they will inhibit a particular glycosidase from

OH OH
H*, Hy0 | HO 2~ _»OH | H, Pd HO, OH
e —_—>
OHC 3
N3 N
OH OH
17 talo-DNJ

Scheme 1. Synthesis of talo-DNJ.
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the configuration of the hydroxy groups on the pyrrolizidine ring.
For example, 7-epi-australine showed very weak inhibition toward
ratintestinal maltase, porcine kidney trehalase, and Aspergillus niger
amyloglucosidase, with ICsqg values of 310, 310 and 92 puM, respec-
tively. However, the introduction of the OH group to C-6a in 7-
epi-australine to give casuarine significantly enhanced its inhibition
toward each enzymes, with ICso values of 0.7, 12, and 0.7 uM,
respectively (Kato et al., 2003). Furthermore, the 6-0-0-p-glucoside
of casuarine retained the potency toward A. niger amyloglucosidase
(ICsp=1.1 uM) and increased inhibitory activity toward porcine
kidney trehalase (ICso = 0.34 uM), but markedly lowered toward
maltase (ICso = 260 uM). This is because the pyrrolizidine ring can
be considered as two pyrrolidines, either of which may be a mimic
of a monosaccharide. Australine (5) can be regarded as a derivative
of DMDP with an ethylene bridge between the hydroxymethyl
group and the ring nitrogen. However, from the view point of bio-
synthesis, it seems that both iminosugars are not clearly connected
to each other because the distribution of australine (5) and its epi-
mers appears to be restricted to the limited Leguminosae family
(Nash et al., 1996), whereas DMDP would appear to be a fairly wide-
spread secondary metabolite, as it has been reported from plant
species of quite unrelated families and Streptomyces (Watson
et al.,, 2001). For the purpose of clarifying the difference of the inhi-
bition spectrum between pyrrolizidine and pyrrolidine iminosug-
ars, we first compared the activity of the isolated australine
isomers (5-8) and their related DMDP isomers towards various gly-
cosidases. Table 1 shows the 50% inhibitory concentrations (ICsq) of
these compounds against rat intestinal glycosidases, human lyso-
somal acid glycosidases and o-mannosidases. Intestinal maltase,
isomaltase, and sucrase are target enzymes against postprandial
hyperglycemia. Lysosomal acid alglucosidase alfa, B-glucocerebro-
sidase, and a-galactosidase A are key enzymes for pharmacological
chaperone therapy of Pompe disease, Gaucher disease, and Fabry
disease, respectively (Fan et al., 1999; Butters, 2007; Ishii, 2012).
Jack bean o-mannosidase catalyzes the hydrolysis of glycoproteins
and epididymal a-mannosidase is related to fertilization (Skudlarek
et al., 1992). We found that the inhibitory potency and spectrum of
australine (5) was very similar to DMDP, except for lactase inhibi-
tion. Australine (5) showed moderate inhibition against isomaltase
and sucrase with ICso values of 45 and 26 pM, respectively. This
compound also showed broad inhibition toward maltase, lactase,
trehalase, alglucosidase alfa, and B-glucocerebrosidase, with ICsq
values in the 200-700 pM range. In sharp contrast, 3-epi-australine
(7) and 2,3-diepi-australine (8) were completely inactive on all gly-
cosidases tested even at concentrations as high as 1000 uM. These
results clearly suggested that the orientation of the C3 hydroxy-
methyl group in the pyrrolizidine ring is one of the essential features
for recognition and strong binding by the active site of glycosidases.
None of the australine isomers obtained in the present work showed
significant inhibitory activity toward human lysosomal a-galactosi-
dase A, whereas altro-DMDP and allo-DMDP showed potent inhibi-
tion with ICsg values of 4.3 and 40 pM, respectively.

2.4. Comparison of castanospermine and DNJ isomers as glycosidase
inhibitors

Indolizidine iminosugars can be considered as fused pyrrolidine
and piperidine rings and castanospermine may be regarded as a
bicyclic derivative of DNJ, with an ethylene bridge between the
hydroxymethyl group and the ring nitrogen. The hydroxylation of
the piperidine moiety in castanospermine and its isomers resemble
the pyranose form of the corresponding hexose. For the purpose of
clarifying the correlation of inhibition spectrum between piperi-
dine and indolizidine iminosugars, we next elucidated the isolated
castanospermine isomers (10, 12, 13) and their related DN] iso-
mers towards various glycosidases. 6,7-Diepi-castanospermine

Phytochemistry (2014), http://dx.doi.org/10.1016/j.phytochem.2014.12.011
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was used as a reference compound and was isolated in 1991 from
the seeds of C. australe (Molyneux et al., 1991). 6,7-Diepi-castano-
spermine was prepared as previously described (Kim et al., 1993,
= ;g,?ggg,; sos oo 1994). Table 2 shows the 50% inhibitory concentrations (ICsq) of
Dé = :‘\f. % g : [l: E [': ?_° these compounds against rat intestinal glycosidases, human lyso-
= E E E ‘E’ %’ %’ E ‘E“ ‘E’ E somal acid glycosidases and o-mannosidases. Castanospermine
(10) has the p-gluco configuration in the piperidine ring and the
inhibitory potency and spectrum was very similar to DNJ. Both
compounds showed powerful inhibition towards rat intestinal
= maltase, isomaltase, sucrase, and human lysosome acid alglucosi-
w . .
Q @ S . dase alfa, with ICsg values in the 0.1-5.0 uM range. However, cast-
& = & Sod <3 anospermine also showed potent inhibition against p-glycosidases
o — . .
NS % < <8 £ =2 =g such as lactase and lysosomal B-glucocerebrosidase. It is notewor-
€ NE~Q=z zz=z  z=Z thy that DM] has the p-manno configuration in the piperidine ring;
however, the o-mannosidase inhibition was very weak
T (ICso=774 uM for the Jack bean enzyme and no inhibition at
O 100 uM for the rat epididymal enzyme). In sharp contrast, 6-epi-
7 “V)=5 oo & oo — castanospermine (12), which has the D-manno configuration in
5 g é [u\\a § E E\, § é the piperidine part, showed much better inhibition against these
5 2 B fcge T2 22 enzymes, with ICsg values of 93 and 13 pM, respectively. The com-
T £ ZZ=2FZ ZZ o zz parison of the inhibition potency of castanospermine isomers (12,
13, and 6,7-diepi-castanospermine) and the corresponding DN]J iso-
mers (manno-DN]J, talo-DN]J, and altro-DN]) revealed that the indo-
lizidine ring is much more suitable than the piperidine ring for
intestinal o-glucosidase (maltase, isomaltase, and sucrase) inhibi-
% gg tion. Notably, their sucrase inhibition was significantly increased
A o 0% Bv over that of DNJ isomers. However, it seems that this tendency
n KZaRE 8= == does not apply to every glycosidase because the inhibition potency
of 6,8-diepi-castanospermine (13) against a-galactosidase is much
weaker than for the corresponding talo-DNJ (Fig. 1).
= 2.5. Carbohydrate loading test
gl & < S I
' N N M o . . . .
é 5 - g § S é 3 - 3 On the basis of these findings, it clearly appeared that the ind-
g g sINE3 555 N olizidine ring is much more suitable than the piperidine ring for
b inhibition of intestinal a-glucosidases. Among them, castanosper-
% mine (10) and 6-epi-castanospermine (12) showed potent inhibi-
g tion against sucrase, with ICso values of 0.23 and 9.4 uM,
;3 respectively. We then investigated the influence of castanosper-
3 e e mine (10), 6-epi-castanospermine (12) and miglitol, which was
E E ; °: :: used as positive control, on blood glucose levels after an in vivo
g al @93 ;; § = E g o sucrose-loading (Fig. 2). The control group was loaded with saline
= only. The “second generation” o-glucosidase inhibitor miglitol dif-
% fers from acarbose and voglibose as it is rapidly and completely
e absorbed in the upper region of the small intestine (Arh et al.,
i 1997). This pharmacokinetic property consequently enables the
£ R s strong and early-phase suppression of postprandial hyperglycemia,
% S So with no or minimal gastrointestinal complications. The adminis-
g = 282.. Q8% 2 s tration of sucrose (2.5 g/kg body weight p.o.) to fasted mice
z Q| ScesS¥® ond ZZz g resulted in a rapid increase in blood glucose concentrations from
E § 78 £+4 to a maximum of 182 + 2 mg/dL after 15 min. Thereafter
é ;a blood glucose levels recovered to the pretreatment level at
= £ 120 min. When compared to the saline control, the positive control
% _ < | & miglitol caused significantly lower blood glucose levels at 15 and
5|2 2 gé £ 30 min (Fig. 2). In sharp contrast, the remaining blood glucose lev-
§ = 249 g ° = 8 g els were slightly higher with miglitol than with the placebo at 60
< |® SYo~== S~R% ZZ|2 and 120 min. This behavior with strong and early-phase suppres-
N " § £ % sion of postprandial hyperglycemia is a superior feature of miglitol.
% g E’ o 3 § < Castanospermine (10) and 6-epi-castanospermine (12) resulted in
2 3 g } 3 § ST significantly lower blood glucose levels at 15, 30, and 60 min than
g % E = g g v w2 - g with placebo administration (Fig. 2). The suppressive effect of cast-
E E 28835 & E |2 s g anospermine (10) is clearly superior to that for miglitol. However,
= 7] & 592 = = . . N
g, 2,8, .8 3% gg 8¢ = E 25 their suppression curve did not show the delayed-phase curve as
Eo=sgy= ‘a . T . .
~E|E EEERET § S8 585 |2 Z. did miglitol. This result may suggest that castanospermine (10)
28 g 535288 £29% E 25 ?SUZ and 6-epi-castanospermine (12) were not as readily absorbed in
£3 the upper region of the small intestine.
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Fig. 1. Structures of iminosugars isolated from Castanospermum australe.

200

150

100

50 F @ control

® 2.5 mg/kg body weight miglitol

® 2.5 mg/kg body weight CST (10)

® 2.5 mg/kg body weight 6-epi-CST (12)

0 \ , .
0 30 60 90 120

Blood glucose level (mg/dL)

Time after administration (min)

Fig. 2. Effects of miglitol, castanospermine (10: CST), and 6-epi-castanospermine
(12: 6-epi-CST) on blood glucose levels. Blood glucose concentrations of male
C57BL/6] mouse after an oral load with sucrose, 2.5 g/kg body weight, with
2.5 (green) mg/kg body weight miglitol, 2.5 (red) mg/kg body weight castanosper-
mine, 2.5 (orange) mg/kg body weight 6-epi-castanospermine. The control group
was loaded with saline (blue). Each value represents the mean+SEM (n=5).
Significant difference **(p < 0.01) and *(p < 0.05) compared with the control.

3. Conclusion

In this study, we describe the isolation and structure determi-
nation of fourteen iminosugars (one pyrrolidine, three piperidines,
five pyrrolizidines, and five indolizidines) from C. australe. The
structure of a new alkaloid was elucidated by spectroscopic meth-
ods as 6,8-diepi-castanospermine (13). Previous reports with lim-
ited structural diversity have alluded to bicyclic iminosugars
being generally moderate and broad inhibitors, and it is not usually
easy to predict whether they will inhibit a particular glycosidase
from the configuration of the hydroxy groups. For the purpose of
clarifying the difference in inhibition spectrum between monocy-
clic and bicyclic iminosugars, we performed side-by-side compar-
ison. The main features are as follows: (a) the orientation of the C3

hydroxymethyl group in the pyrrolizidine ring is the essential fea-
ture for recognition and strong binding by the active site of glyco-
sidases, (b) bicyclic 6-epi-castanospermine (12) was a much
stronger inhibitor than monocyclic manno-DNJ against o-man-
nosidases, (¢) castanospermine isomers (12, 13, and 6,7-diepi-cast-
anospermine) showed better inhibition than corresponding DN]
isomers against intestinal a-glucosidases, and (d) the suppressive
effect of castanospermine (10) in vivo is clearly better than that
of miglitol. However, the curve did not show the delayed-phase
curve as with miglitol.

4. Experimental
4.1. General experimental procedures

Optical rotations were measured with a JASCO DIP-370 digital
polarimeter (Tokyo, Japan). 'H NMR (500 MHz) and '*C NMR
(125 MHz) spectra were recorded on a Bruker DRX500 spectrome-
ter. Chemical shifts are expressed in ppm downfield from sodium
3-(trimethylsilyl)-propionate (TSP) in D,O as internal standard.
The assignment of proton and carbon NMR signals was determined
from extensive homonuclear decoupling experiments, and the
DEPT, 'H-'3C COSY, HMQC, and HMBC spectroscopic data. FABMS
were measured using glycerol as a matrix on a JEOL JMS-700 spec-
trometer. The purity of samples was checked by HPTLC on silica gel
60F,54 (E. Merck) using the solvent system PrOH-AcOH-H,O
(4:1:1), and a chlorine-o-tolidine reagent or iodine vapor was used
for detection. As for the synthesis of 1-deoxytalonojirimycin (talo-
DN]J), NMR spectra were recorded on a Bruker AVII-400 instrument
and calibrated using residual undeuterated solvent as an internal
reference (D,0: 5y = 4.79 ppm) (Gottlieb et al., 1997). In the case
of 13C spectra of D,0 samples, acetone was added as a reference
(acetone: dpe = 30.89 ppm). High-resolution mass spectra (HRMS)
were recorded using electrospray ionization (ESI, 4000 V) and a
time-of-flight (TOF) mass analyzer. Optical rotations were
recorded on a Perkin-Elmer Model 341 polarimeter at 589 nm,
and are reported in units of 107! (deg cm? g~!), with the corre-
sponding sample concentrations (c) reported in g/100 mL.

4.2. Plant material

The seeds of C. australe were purchased in June 2006 from a
flower shop in Japan. A voucher specimen (AK20060102) is depos-
ited in the Herbarium of the Medicinal Plants Garden, Hokuriku
University. g australe was grown at the Medicinal Plants Garden,
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Hokuriku University, Japan and collected in August 2008. A vou-
cher specimen (NA20080062) is deposited in the Herbarium of
the Medicinal Plants Garden, Hokuriku University.

4.3. Extraction and isolation

The seeds (5.8 kg) of C. australe were extracted with 50% aque-
ous EtOH. The filtrate was applied to a column of Amberlite IR-
120B (2000 mL, H* form). The 0.5 M NH4OH eluate was concen-
trated to give a brown oil (49.2 g), which was applied to Dowex
1-X2 (OH_ form) to remove amino acids and pigments, and eluted
with H,O0. This eluate was concentrated and chromatographed over
an Amberlite CG-50 column (2000 mL, NH} form) with H,0 as elu-
ant (fraction size 500 mL). The H,O eluate was divided into two
pools: I (fractions 1-3, 36.5 g) and II (fractions 4-6, 3.17 g). The
0.5 M NH4OH eluate from the same column was designated pool
Il (fractions 2-8, 5.5 g). Each pool was further chromatographed
with Dowex 1-X2 (OH™ form) with H,0 as eluant and/or Amberlite
CG-50 column (2.0 x 95 cm, NH; form) with H,0 as eluant to give
alkaloids castanospermine (10) (1.54 g), castanospermine-8-0-f-p-
glucoside 6-epi-castanospermine (12) (813 mg), and 7-deoxy-6-
epi-castanospermine (14) (7 mg) from pool I, australine (5)
(599 mg) and 1-epi-australine (6) (1.36 g) from pool II, and 2R-
hydroxymethyl-3S-hydroxypyrolidine (CYB-3: 1) (2.40¢g), fago-
mine (2) (255 mg), 3-epi-fagomine (3) (69 mg), 2,3-diepi-australine
(8) (208 mg), and 2,3,7-triepi-australine (9) (15 mg) from pool III.

A 50% aqueous MeOH extract of the dried leaves (360 g) of C.
australe was applied to a column of Amberlite IR-120B (250 mL,
H* form). The 0.5M NH4OH eluate was concentrated to give a
brown oil (7.2 g). The oil was chromatographed over an Amberlite
CG-50 column (2.0 x 95 cm, NH; form) with H,0 as eluant (frac-
tion size 15 mL). The H,O eluate was divided into three pools: I
(fractions 18-27, 4.6 g), II (fractions 28-34, 320 mg), and III (frac-
tions 35-62, 540 mg). The 0.1 M NH4OH eluate from the same col-
umn was divided into three pools: IV (fractions 15-60, 880 mg), V
(fractions 72-84, 200 mg), and VI (85-100, 115 mg). Each pool was
further chromatographed with Dowex 1-X2 (OH_ form) with H,0
as eluant and/or CM-Sephadex C-25 (NHZ; form) with 0.01 M NH,4.
OH as eluant to give castanospermine (10) (1.04 g), 6-epi-castano-
spermine (12) (41 mg), and 6,8-diepi-castanospermine (13) (7 mg)
from pool I, australine (5) (123 mg) from pool II, 1-epi-australine
(6) (200 mg) from pool III, 3-epi-australine (7) (335 mg) from pool
IV, fagomine (2) (15 mg) and 3,4-diepi-fagomine (4) (84 mg), and
2R-hydroxymethyl-3S-hydroxypyrolidine (CYB-3: 1) (98 mg) from
pool V.

4.3.1. 6,8-Diepi-castanospermine (13)

Colorless oil; [a]p +3.3 (c 0.2, H,0); 'H NMR (500 MHz, D,0) &
1.73-1.80 (1H, m, H-2), 2.15 (1H, dd, J=1.0, 5.0 Hz, H-8a), 2.20
(1H, dd, J=9.2, 9.2 Hz, H-3), 2.32 (1H, dd, J=2.1, 12.4 Hz, H-5),
2.37 (1H, m, H-2), 3.13 (1H, dd, J = 1.8, 9.2 Hz, H-3), 3.29 (1H, dd,
J=3.2, 12.4 Hz, H-5), 3.68 (1H, dd, J= 3.2, 3.2 Hz, H-7), 3.97 (1H,
m, H-6), 4.41 (1H, dd, = 1.0, 3.2 Hz, H-8), 4.56 (1H, ddd, J=2.7,
5.0, 7.4 Hz, H-1); 3C NMR (125 MHz, D,0) § 36.3 (C-2), 54.2 (C-
3), 59.0 (C-5), 70.4 (C-8a), 72.5 (C-6), 72.8 (C-7), 73.8 (C-8), 75.8
(C-1); HRFABMS m/z 190.1079 [M+H]* (caled for CgH;gNO4
190.1080).

4.4. Preparation of 1-deoxytalonojirimycin (talo-DNJ)

5-Azido-5-deoxy-1,2-O-isopropylidene-o-p-talofuranose 16
(Best et al., 2010; Ayers et al., 2012) (1.50 g, 6.12 mmol, 1.0 equiv)
was dissolved in H,O (20 mL). After addition of Dowex 50WX8
resin (H* form, 2.50 g), the suspension was heated to 70 °C and stir-
red at the same temperature for 3 h. The mixture was cooled to
25 °C and filtered. The resin was washed with a further portion

of H,0 (20 mL). To the filtrate was added Pd/C (10% Pd, 0.625 g,
50 weight-%), and the reaction vessel was evacuated and flushed
with argon. After evacuating the vessel a second time, it was
flushed with H, and stirred at 25 °C for 24 h under H,. The reaction
mixture was filtered through glass microfiber (GF/B) and concen-
trated under reduced pressure. The residue was purified by ion
exchange chromatography (Dowex 50WX8, H* form), washing
with H,O (20 column volumes) and subsequently eluting with
aq. NH40H (7%, 2 column volumes). The ammoniacal fractions
were collected and concentrated under reduced pressure to pro-
vide 1-deoxytalonojirimycin (826.6 mg, 5.07 mmol, 83% yield) as
a colorless oil.

4.4.1. 1-Deoxytalonojirimycin (talo-DNJ)

Colorless oil; [a]& = —22.5 (H,0, c = 1.0) {Ref. (Liu et al., 1991)
[«]3’ = -22.4 (MeOH, c¢=1.6)}; 'H NMR (400 MHz, D,0): § 3.34
(dd, J=13.8, 2.0Hz, 1 H), 3.48 (td, J=6.9, 1.7 Hz, 1 H), 3.61 (dd,
J=13.8,2.9Hz, 1 H), 3.92 (t,J=3.4Hz, 1 H), 3.96 (d, J=6.9 Hz, 2
H), 4.25-422 (m, 1 H), 4.34-4.30 (m, 1 H) ppm; *C NMR
(100 MHz, D,0): § 49.6, 59.6, 62.0, 69.8, 69.9, 70.2 ppm; HRMS
(ESI-TOF) calcd for CgH13NO,4 [M+H']: 164.0923 found 164.0916.

4.5. Biological assays

The enzymes a-mannosidase (from Jack bean, pH 4.5), p-nitro-
phenyl glycosides, and various disaccharides were purchased from
Sigma-Aldrich Co. Brush border membranes were prepared from
the rat small intestine according to the method of Kessler et al.
(1978)and were assayed at pH 6.8 for rat intestinal maltase, isomalt-
ase, sucrase, lactase, and trehalase using the appropriate disaccha-
rides as substrates. For rat intestinal glycosidase activities, the
reaction mixture contained 25 mM substrate and the appropriate
amount of enzyme, and the incubations were performed for 10-
30 min at 37 °C. The reaction was stopped by heating at 100 °C for
3 min. After centrifugation (600g; 10 min), 0.05 mL of the resulting
reaction mixture were added to 3 mL of the Glucose ClI-test Wako
(Wako Pure Chemical Ind., Osaka, Japan). The absorbance at
505 nm was measured to determine the amount of the released p-
glucose. The rat epididymal fluid was purified from epididymis
according to the method of Skudlarek et al. (1992). The purified epi-
didymal fluid and Jack bean a-mannosidase activities were deter-
mined using a p-nitrophenyl-o-p-mannopyranoside as substrate at
the optimum pH of each enzyme. The reaction mixture contained
2 mM of the substrate and the appropriate amount of enzyme. The
reaction was stopped by adding 2 mL of 400 mM Na,COs. The
released p-nitrophenol was measured spectrometrically at
400 nm. Human lysosomal alglucosidase alfa, B-glucocerebrosidase,
and o-galactosidase A were obtained from Genzyme (Boston, MA)
and their activities were determined using 4-methylumbelliferyl
o-p-glucoside, B-p-glucoside and o-p-galactoside (Sigma-Aldrich
Co.), respectively, as substrates. Liberated 4-methylumbelliferone
was measured (excitation 362 nm, emission 450 nm) with a F-
4500 fluorescence spectrophotometer (Hitachi, Tokyo, Japan).

4.6. Disaccharide loading test

The animal experimental protocols in this study were approved
by the Animal Experiments Committee of the University of Toyama
(A2013UH-3). Male C57BL/6] mice (30-35 g) after an overnight
fast were used for acute disaccharide loading tests. Sucrose
(2.5 g/kg body weight) as well as the inhibitors, miglitol, were dis-
solved in 0.9% NaCl solution and administered to mice via a stom-
ach tube. A control group was loaded with saline only. Blood
samples for glucose measurements were obtained from the tail
vein at 0, 15, 30, 60, and 120 min after sucrose-loading. The blood
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glucose levels were measured by a portable Kkit, StatStrip Xpress®
(Nova Biochemical Co. Ltd. MA, USA).

Acknowledgments

This work was supported in part by a Grant-in-Aid for Scientific
Research (C) (No. 26460143) (AK) from the Japanese Society for the
Promotion of Science (JSPS), Leverhulme Research Fellowship
(GWJF) and predoctoral fellowships from the National Science
Foundation and Skaggs-Oxford Scholarship program (both to
JLK). Dextra, and in particular Dr. Alexander Weymouth-Wilson,
are gratefully acknowledged for use of their facilities to prepare
L-glucuronolactone that was used in the synthesis of talo-DN].

References

Allan, G., Ouadid-Ahidouch, H., Sanchez-Fernandez, E.M., Risquez-Cuadro, J.M.,
Fernandez, J.M., Ortiz-Mellet, C., Ahidouch, A., 2013. New castanospermine
glycoside analogues inhibit breast cancer cell proliferation and induce
apoptosis without affecting normal cells. PLoS ONE 8, e76411.

Arh, HJ., Boberg, M., Brendei, E., Krause, H.P., Steinke, W., 1997. Pharmacokinetics of
miglitol. Absorption, distribution, metabolism, and excretion following
administration to rats, dogs, and man. Arzneimittelforschung 47, 734-745.

Asano, N., 2009. Sugar-mimicking glycosidase inhibitors: bioactivity and
application. Cell. Mol. Life Sci. 66, 1479-1492.

Asano, N., Nash, R]., Molyneux, R]., Fleet, G.W.]., 2000a. Sugar-mimic glycosidase
inhibitors: natural occurrence, biological activity and prospects for therapeutic
application. Tetrahedron Asymm. 11, 1645-1680.

Asano, N., Kuroi, H., Ikeda, K., Kizu, H., Kameda, Y., Kato, A., Adachi, I., Watson, A.A.,
Nash, RJ., Fleet, G.W]., 2000b. New polyhydroxylated pyrrolizidine alkaloids
from Muscari armeniacum: structure determination and biological activity.
Tetrahedron Asymm. 11, 1-8.

Ayers, B.J., Ngo, N., Jenkinson, S.F., Martinez, R.F., Shimada, Y., Adachi, ., Weymouth-
Wilson, A.C., Kato, A., Fleet, G.WJ., 2012. Glycosidase inhibition by all 10
stereoisomeric 2,5-dideoxy-2,5-iminohexitols prepared from the enantiomers
of glucuronolactone. J. Org. Chem. 77, 7777-7792.

Ayers, BJ., Glawar, A.F., Martinez, RF., Ngo, N, Liu, Z., Fleet, G.W.]., Butters, T.D.,
Nash, R]., Yu, C.-Y., Wormald, M.R., Nakagawa, S., Adachi, L., Kato, A., Jenkinson,
S.FJ., 2014. Nine of 16 stereoisomeric polyhydroxylated proline amides are
potent B-N-acetylhexosaminidase inhibitors. J. Org. Chem. 79, 3398-3409.

Best, D., Chairatana, P., Glawar, A.F.G., Crabtree, E., Butters, T.D., Wilson, F.X., Yu, C.-
Y., Wang, W.-B,, Jia, Y.-M., Adachi, I, Kato, A., Fleet, G.W.]., 2010. Synthesis of 2-
acetamido-1,2-dideoxy-D-galacto-nojirimycin [DGJNACc] from D-
glucuronolactone:  the  first  sub-micromolar inhibitor of  o-N-
acetylgalactosaminidases. Tetrahedron Lett. 51, 2222-2224.

Bowen, E.G., Wardrop, D.J., 2010. Diastereoselective nitrenium ion-mediated
cyclofunctionalization: total synthesis of (+)-castanospermine. Org. Lett. 12,
5330-5333.

Butters, T.D., 2007. Gaucher disease. Curr. Opin. Chem. Biol. 11, 412-418.

Davis, B.G., 2009. A silver-lined anniversary of Fleet iminosugars: 1984-2009, from
DIM to DRAM to LABNAc. Tetrahedron Asymm. 20, 652-671.

Durantel, D., 2009. Celgosivir, an o-glucosidase I inhibitor for the potential
treatment of HCV infection. Curr. Opin. Investig. Drugs 10, 860-870.

Elbein, A.D., 1991. Glycosidase inhibitors: inhibitors of N-linked oligosaccharide
processing. FASEB ]. 5, 3055-3063.

Fan, ].-Q., Ishii, S., Asano, N., Suzuki, Y., 1999. Accelerated transport and maturation
of lysosomal a-galactosidase A in Fabry lymphoblasts by an enzyme inhibitor.
Nat. Med. 5, 112-115.

Gottlieb, H.E., Kotlyar, V., Nudelman, A., 1997. NMR chemical shifts of common
laboratory solvents as trace impurities. J. Org. Chem. 62, 7512-7515.

Haraguchi, M., Gorniak, S.L., Ikeda, K., Minami, Y., Kato, A., Watson, A.A., Nash, R].,
Molyneux, R.]., Asano, N., 2003. Alkaloidal components in the poisonous plant,
Ipomoea carnea (Convolvulaceae). J. Agric. Food Chem. 51, 4995-5000.

Hohenschutz, L.D., Bell, E.A,, Jewess, P.J., Leworthy, D.P., Pryce, R]., Arnold, E., Clardy,
J., 1981. Castanospermine, a 1,6,7,8-tetrahydroxyoctahydroindolizine alkaloid,
from seeds of Castanospermum australe. Phytochemistry 1981 (20), 811-814.

Horne, G., Wilson, F.X,, Tinsley, ]., Williams, D.H., Storer, R., 2011. Iminosugars past,
present and future: medicines for tomorrow. Drug Discov. Today 16, 107-118.

Ishii, S., 2012. Pharmacological chaperone therapy for Fabry disease. Proc. Jpn. Acad.
Ser. B. Phys. Biol. Sci. 88, 18-30.

Jenkinson, S.F., Best, D., Saville, AW., Mui, ]., Martinez, F., Nakagawa, S., Kunimatsu,
T., Alonzi, D.S., Butters, T.D., Norez, C., Breq, F., Bleriot, Y., Wilson, F.X.,
Weymouth-Wilson, A.C., Kato, A., Fleet, G.W.J., 2013. C-Branched iminosugars:
o-glucosidase inhibition by enantiomers of isoDMDP, isoDGDP, and isoDAB, L-
isoDMDP compared to miglitol and miglustat. J. Org. Chem. 78, 7380-7397.

Jensen, T., Mikkelsen, M., Lauritsen, A., Anderesen, T.L., Gotfredsen, C.H., Madsen, R.,
2009. A concise synthesis of castanospermine by the use of a transannular
cyclization. J. Org. Chem. 74, 8886-8889.

Kato, A., Asano, N., Kizu, H., Matsui, K., 1997. Fagomine isomers and glycosides from
Xanthocercis zambesiaca. J. Nat. Prod. 60, 312-314.

Kato, A., Adachi, I., Miyauchi, M., Ikeda, K., Komae, T., Kizu, H., Kameda, Y., Watson,
A.A., Nash, RJ., Wormald, M.R,, Fleet, G.W/J., Asano, N., 1999. Polyhydroxylated
pyrrolidine and pyrrolizidine alkaloids from Hyancinthoides non-scripta and
Scilla campanulata. Carbohydr. Res. 316, 95-103.

Kato, A., Kano, E., Adachi, I., Molyneux, RJ., Watson, A.A., Nash, R]., Fleet, GW].,
Wormald, M.R,, Kizu, H., Ikeda, K., Asano, N., 2003. Australine and related
alkaloids: easy structural confirmation by '>C NMR spectral data and biological
activities. Tetrahedron Asymm. 14, 325-331.

Kato, A, Kato, N., Kano, E., Adachi, [, Ikeda, K., Yu, L., Okamoto, T., Banba, Y., Ouchi,
H., Takahata, H. Asano, N., 2005. Biological properties of D- and L-1-
deoxyazasugars. J. Med. Chem. 48, 2036-2044.

Kato, A., Kato, N., Adachi, I., Hollinshead, J., Fleet, GW ., Kuriyama, C., Ikeda, K.,
Asano, N., Nash, RJ., 2007. Isolation of glycosidase-inhibiting hyacinthacines
and related alkaloids from Scilla socialis. ]. Nat. Prod. 70, 993-997.

Kato, A., Kato, N., Miyauchi, S., Minoshima, Y., Adachi, L, Ikeda, K., Asano, N., Watson,
A.A., Nash, R]., 2008. Iminosugars from Baphia nitida Lodd.. Phytochemistry 69,
1261-1265.

Kessler, M., Acuto, O., Strelli, C., Murer, H., Semenza, G.A., 1978. A modified
procedure for the rapid preparation of efficiently transporting vesicles from
small intestinal brush border membranes. Their use in investigating some
properties of p-glucose and choline transport systems. Biochem. Biophys. Acta
506, 136-154.

Kim, N.-S., Choi, J.-R,, Cha, J.K,, 1993. A concise, enantioselective synthesis of
castanospermine. J. Org. Chem. 58, 7096-7099.

Kim, N.-S., Kang, C.H., Cha, J.K,, 1994. An azide-diene cycloaddition approach to
indolizidine  alkaloids. = An  enantioselective  synthesis of 6,7-
diepicastanospermine. Tetrahedron Lett. 35, 3489-3492.

Koyama, M., Sakamura, S., 1974. The structure of a new piperidine derivative from
buckwheat seeds (Fagopyrum esculentum Moench) Agric. Biol. Chem. 38, 1111-
1112.

Li, Z, Li, T., Dai, S, Xie, X., Ma, X,, Zhao, W., Li, J., Wang, P.G., 2013. New insights into
the pharmacological chaperone activity of C2-substituted glucoimidazoles for
the treatment of Gaucher disease. ChemBioChem 14, 1239-1247.

Liu, KK.-C., Kajimoto, T., Chen, L., Zhong, Z., Ichikawa, Y., Wong, C.-H., 1991. Use of
dihydroxyacetone phosphate-dependent aldolases in the synthesis of deoxy aza
sugars. J. Org. Chem. 56, 6280-6289.

Liu, G., Wu, T.-]., Ruan, Y.-P., Huang, P.-Q., 2010. A flexible approach to azasugars:
asymmetric total syntheses of (+)-castanospermine, (+)-7-deoxy-6-epi-
castanospermine, and (+)-1-epi-castanospermine. Chem. Eur. J. 16, 5755-5768.

Low, ].G., Sung, C., Wijaya, L., Wei, Y., Rathore, A.P.S., Watanabe, S., Tan, B.H., Toh, L.,
Chua, LT, Hou, Y., Chow, A, Howe, S., Chan, W.K,, Tan, K.H., Chung, ].S., Cherng,
B.P., Lye, D.C,, Tambayah, P.A,, Ng, L.C,, Connolly, ]J., Hibberd, M.L,, Leo, Y.S.,
Cheung, Y.B., Ooi, E.E., Vasudevan, S.G., 2014. Efficacy and safety of celgosivir in
patients with dengue fever (CELADEN): a phase 1b, randomised, double-blind,
placebo-controlled, proof-of-concept trial. Lancet Infect. Dis. 14, 706-715.

Luan, Z., Higaki, K., Aguilar-Moncayo, M., Ninomiya, H., Ohno, K., Garcia-Moreno,
M.L, Ortiz Mellet, C., Garcia Fernandez, ].M., Suzuki, Y., 2009. Chaperone activity
of bicyclic nojirimycin analogues for Gaucher mutations in comparison with N-
(n-nonyl)deoxynojirimycin. ChemBioChem 10, 2780-2792.

Martinez, R.F.,, Liu, Z, Glawar, AF.G., Yoshihara, A., Izumori, K. Fleet, G.W.].,
Jenkinson, S.F., 2014. Short and sweet: p-glucose to L-glucose and L-glucuronic
acid. Angew. Chem. Int. Ed. 53, 1160-1162.

Matsumura, T., Kasai, M., Hayashi, T., Arisawa, M., Momose, Y., Arai, I., Amagawa, S.,
Komatsu, Y., 2000. A-glucosidase inhibitors fro Paraguayan natural medicine,
nangapiry, the leaves of Eugenia uniflora. Pharm. Biol. 38, 302-307.

Molyneux, RJ., Roitman, ].N., Dunnheim, G., Szumilo, T., Elbein, A.D., 1986. 6-
Epicastanospermine, a novel indolizidine alkaloid that inhibits o-glucosidase.
Arch. Biochem. Biophys. 251, 450-457.

Molyneux, R.J., Benson, M., Wong, R.Y., Tropea, J.E., Elbein, A.D., 1988. Australine, a
novel pyrrolizidine alkaloid glucosidase inhibitor from Castanospermum
australe. J. Nat. Prod. 51, 1198-1206.

Molyneux, RJ., Tropea, J.E., Elbein, A.D., 1990. 7-Deoxy-6-epi-castanospermine, a
trihydroxyindolizidine alkaloid glycosidase inhibitor from Castanospermum
australe. ]. Nat. Prod. 53, 609-614.

Molyneux, RJ., Pan, Y., Tropea, J.E., Benson, M., Kaushai, G.P., Elbein, A.D., 1991.
6,7-Diepicastanospermine, a tetrahydroxyindolizidine alkaloid inhibitor of
amyloglucosidase. Biochemistry 30, 9981-9987.

Nash, R]., Bell, E.A., Fleet, G.W.]., Jones, R.H., Williams, ].M., 1985. The identification
of a hydroxylated pyrrolidine derivative from Castanospermum australe. J. Chem.
Soc. Chem. Commun. 11, 738-740.

Nash, RJ., Fellows, L.E., Dring, ].V., Fleet, G.W.J., Derome, A.E., Hamor, T.A., Scofield,
A.M., Watkin, D.J., 1988. Isolation from Alexa leiopetala and x-ray crystal structure
of alexine, (1R,2R,3R,7S,8S)-3-hydroxymethyl-1,2,7-trihydroxypyrrolizidine
[(2R,3R4R,5S5,6S)-2-hydroxymethyl-1-azabicyclo[3.3.0]octan-3,4,6-triol], a
unique pyrrolizidine alkaloid. Tetrahedron Lett. 29, 2487-2490.

Nash, RJ., Watson, A.A., Asano, N., 1996. In: Pelletier, S.W. (Ed.), Alkaloids: Chemical
and Biological Perspectives, vol. 11. Elsevier, Oxford, pp. 375-376.

Nash, RJ., Kato, A., Yu, C.-Y., Fleet, G.W.],, 2011. Iminosugars as therapeutic agents:
recent advances and promising trends. Future Med. Chem. 3, 1513-1521.

Pan, Y.T., Hori, H., Saul, R, Sanford, B.A., Molyneux, R]., Elbein, A.D., 1983.
Castanospermine inhibits the processing of the oligosaccharide portion of the
influenza viral hemagglutinin. Biochemistry 22, 3975-3984.

Ritthiwigrom, T., Au, CW.G., Pyne, S.G., 2012. Structure, biological activities and
synthesis of hyacinthacine alkaloids and their stereoisomers. Curr. Org. Synth. 9,
583-612.

Please cite this article in press as: Kato, A., et al. Isolation and SAR studies of bicyclic iminosugars from Castanospermum australe as glycosidase inhibitors.
Phytochemistry (2014), http://dx.doi.org/10.1016/j.phytochem.2014.12.011



http://dx.doi.org/10.1016/j.phytochem.2014.12.011
Original text:
Inserted Text
The country names of the Grant Sponsors are provided below. Please check and correct if necessary. ‘National Science Foundation’ - ‘United States’.

Original text:
Inserted Text
One or more sponsor names may have been edited to a standard format that enables better searching and identification of your article. Please check and correct if necessary.


PHYTO 11071
30 December 2014

No. of Pages 9, Model 5G

8 A. Kato et al./ Phytochemistry xxx (2014) xXx-Xxx

Sanchez-Fernandez, E.M., Risquez-Cuadro, R., Chasseraud, M., Ahidouch, A., Ortiz-
Mellet, C., Ouadid-Ahidouch, H., Garcia Fernandez, ].M., 2010. Synthesis of N-, S-
, and C-glycoside castanospermine analogues with selective neutral o-
glucosidase inhibitory activity as antitumour agents. Chem. Commun. 46,
5328-5330.

Sasak, V.W.,, Ordovas, J.M., Elbein, A.D., Berninger, R.W., 1985. Castanospermine
inhibits glucosidase I and glycoprotein secretion in human hepatoma cells.
Biochem. J. 232, 759-766.

Saul, R., Ghidoni, J.J., Molyneux, R.]., Elbein, A.D., 1985. Castanospermine inhibits
alpha-glucosidase activities and alters glycogen distribution in animals. Proc.
Natl. Acad. Sci. US.A. 82, 93-97.

Skudlarek, M.D., Tulsiani, D.R.P., Orgebin-Crist, M.-C., 1992. Rat epididymal luminal
fluid acid beta-p-galactosidase optimally hydrolyses glycoprotein substrate at
neutral pH. Biochem. J. 286, 907-914.

Szumilo, T., Kaushal, G.P., Elbein, A.D., 1986. Purification and properties of
glucosidase I from mung bean seedlings. Arch. Biochem. Biophys. 247,
261-271.

Watanabe, S., Rathore, A.P., Sung, C., Lu, F., Khoo, Y.M., Connolly, J., Low, ]., Ooi, E.E.,
Lee, H.S., Vasudevan, S.G., 2012. Dose- and schedule-dependent protective
efficacy of celgosivir in a lethal mouse model for dengue virus infection informs
dosing regimen for a proof of concept clinical trial. Antiviral Res. 96, 32-35.

Watson, A.A., Fleet, GWJ], Asano, N. Molyneux, RJ. Nash, RJ., 2001.
Polyhydroxylated alkaloids - natural occurrence and therapeutic applications.
Phytochemistry 56, 265-295.

Weymouth-Wilson, A.C,, Clarkson, R.A,, Jones, N.A., Best, D., Wilson, F.X., Pino-
Gonzélez, M.-S., Fleet, G.W.]., 2009. Large scale synthesis of the acetonides of -
glucuronolactone and of L-glucose: easy access to L-sugar chirons. Tetrahedron
Lett. 50, 6307-6310.

Whitby, K., Taylor, D., Patel, D., Ahmed, P., Tyms, A.S., 2004. Action of celgosivir (6-
O-butanoyl castanospermine) against the pestivirus BVDV: implications for the
treatment of hepatitis C. Antivir. Chem. Chemother. 15, 141-151.

Yamashita, T., Yasuda, K., Kizu, H., Kameda, Y., Watson, A.A., Nash, R]., Fleet, GW.].,
Asano, N., 2002. New polyhydroxylated pyrrolidine, piperidine, and
pyrrolizidine alkaloids from Scilla sibirica. ]. Nat. Prod. 2002 (65), 1875-1881.

Please cite this article in press as: Kato, A., et al. Isolation and SAR studies of bicyclic iminosugars from Castanospermum australe as glycosidase inhibitors.
Phytochemistry (2014), http://dx.doi.org/10.1016/j.phytochem.2014.12.011



http://dx.doi.org/10.1016/j.phytochem.2014.12.011

