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2 S. B. MAHATO and S. GARAI 

1. Introduction 

Saponins are complex molecules made up of sugars linked to a 
triterpenoid or a steroid or a steroidal alkaloid. These natural products 
are attracting much attention in recent years because of the host of 
biological activities they exhibit. The diversity of structural features, the 
challenges of isolation because of their occurrence as complex mixtures, 
the pharmacological and biological activities still to be discovered, and 
the prospect of commercialization - these all are driving the study of 
saponins. Triterpenoid saponins are dominating constituents of this class 
and occur widely throughout the plant kingdom including some human 
foods e.g. beans, spinach, tomatoes, and potatoes, and animal feed e.g. 
alfalfa and clover. Saponins were initially a rather neglected· area of 
research primarily because of great difficulties in their isolation and 
characterization. With the advent of more sophisticated methods of 
isolation and structure elucidation through the last two decades, there has 
been increased interest in these natural products. Besides structure 
determination, research activities are now moving forward to clarify 
structure-activity relationships. Our previous reviews on triterpenoid 
saponins (l, 2) covered literature from 1979 to mid-1989. The literature 
on triterpenoid saponins up to 1988 has also been covered by two 
reviews by HILLER et at. (3, 4). This review incorporates newer trends in 
isolation and structure determination of triterpenoid saponins, new 
triterpenoid saponins isolated and biological properties of these products 
reported during the period late 1989-mid 1996. 

2. Isolation 

Saponins generally occur as complex mixtures and the usual methods 
of solvent extraction, column chromatography and preparative TLC are 
often found to be inadequate for isolation of the pure individual 
constituents. Special techniques are, therefore, employed to achieve the 
objective. As an example the saponins of the Chinese medicinal plant 
Ardisia crenata were successfully isolated as follows: The dried and 
powdered roots of the plant were first defatted with petrol and then 
extracted with CHCl3 and MeOH under reflux. The MeOH extract was 
applied to a column of Diaion HP-20 and washed with water, 30, 50, 70 
and 100% MeOH to give 50 fractions. The saponin-containing fractions 
were combined according to their TLC behavior. Each of the combined 
fractions was purified by an ODS column followed by further separation 
by HPLC (5). A similar procedure was adopted by Xu et af. for the 
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Triterpenoid Saponins 3 

separation of the new saponins from Mussaenda pubescens (6). Ground 
air dried whole plants were extracted by cold percolation with EtOH. 
The extract was concentrated and partitioned between water - petroleum 
ether, water - EtOAc and water - n-BuOH (saturated with water). The 
n-BuOH extract was applied to a DA-201 column and eluted 
successively with H20, 40% and 60-70% EtOH. The crude saponin 
obtained from the last fraction was repeatedly separated by silica gel 
column chromatography. MASSIOT et al. (7) isolated the saponins from 
aerial parts of Alfalfa (Medicago sativa) by ether precipitation of the 
saponin mixture from MeOH solution of the n-BuOH extract followed 
by purification with flash chromatography and thick layer chromato
graphy. Dried and powdered leaves were boiled with a mixture of MeOH 
and water (4: 1) for 3 h. After filtration MeOH was removed and the 
aqueous layer was extracted three times with n-BuOH. The organic 
layers were combined and evaporated. The residue was dissolved in 
MeOH, the volume of MeOH concentrated and then diluted with ether. 
The precipitate was filtered, dried and further purified by flash 
chromatography on silica gel (particle size: 40-63 11m) under a pressure 
of 2 bar and thick layer chromatography. 

Holothurinosides, new antitumor triterpenoid glycosides from the sea 
cucumber Holothuria forskalii, were isolated (8) as follows: Body walls 
and Cuverium tubules of 19 specimens were collected and extracted with 
MeOH. The dried MeOH extract was partitioned between water and 
hexane and the water layer further partitioned between water and n
butanol. The n-butanol extract was concentrated and passed through a 
column of a Amberlite XAD-2 which was washed with water and 
MeOH. The MeOH elute was chromatographed on Sephadex LH-20 
eluting with methanol-water (2: I). The fractions thus obtained were 
further purified by droplet counter current chromatography (DCCC) 
(ascending mode) and HPLC on a C18 1l Bondapack column. 

A somewhat different procedure was adopted for separation and 
isolation of the bioactive saponins from the fruit pericarps of Acacia 
auriculiformis (9). The air dried and powdered fruit of the plant was 
extracted with petroleum ether, CHC13 and MeOH. The MeOH extract 
was partitioned between water and n-BuOH. The organic layer was 
concentrated at reduced pressure, adsorbed on silica gel, dried, and ex
tracted successively in a soxhlet on a water bath with CHCh, ethyl 
acetate and a CHCI3-MeOH (80: 20) mixture. The ethyl acetate extract 
on chromatographic purification yielded three relatively non-polar sapo
nins. The CHCI3-MeOH extract was chromatographed on silica gel and a 
Sephadex LH-20 column followed by preparative TLC and preparative 
HPLC (S-lO-ODS column) to yield three polar acylated saponins. 
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3. Structure Elucidation 

Structures of the isolated pure saponins are generally investigated by 
a combination of chemical and spectroscopic methods. However, the 
present favorable trend is to determine structures by spectroscopic 
methods alone which have the advantage of allowing one to examine a 
small amount of the intact saponin prior to any treatment which might 
produce artifacts. The saponins are composed of an aglycone to which 
are attached one or more sugar chains. In the usual method acid and 
alkaline hydrolysis experiments are performed to liberate the sugars, acyl 
constituents and aglycones which are separately investigated for 
characterization. The sugar and acyl constituents are identified by GC 
analysis of suitable derivatives and aglycones are characterized by 
spectroscopic methods. If a saponin contains an acid labile aglycone 
milder hydrolysis techniques are needed which are described in the 
previous review (2). 

3.1. Mass Spectroscopy 

The molecular masses of saponins are conveniently determined by 
soft-ion mass spectroscopic methods such as fast-atom bombardment 
mass spectrometry (FAB-MS) (10, 11) in the positive and/or negative 
mode. Other desorption ionization techniques are field desorption (12), 
plasma desorption (13) and laser desorption (14). More recently, liquid 
chromatography/mass spectrometry and collision-induced dissociation 
of doubly charged molecular ions have been employed for structural 
elucidation (15). The molecular masses of the triterpenoid saponins 
gymnemic acids and their congeners were determined by IMOTO et ai. 
(16) by high performance liquid chromatography combined with 
atmospheric pressure ionization mass spectrometry (API-MS). The 
crude saponin isolated from the leaves was chromatographed on an 
ocatadecyl silica column and eluted with an aqueous methanol solution 
containing ammonium acetate. The fractions thus separated were directly 
introduced into an atmospheric pressure ionization mass spectrometer 
connected with a liquid chromatograph by an interface consisting of a 
nebulizer and a vaporizer through a PTFE tube (Hitachi, Japan). The 
vaporized sample and solvent molecules at 300°C were introduced into 
the ion source of the API system. The drift voltage of the spectrometer 
was set at 160 V. Quasimolecular ions of gymnemic acids were detected 
as ammonium adduct ions and/or proton adduct ions. Molecular masses 
of 13 gymnemic acids and 5 compounds not containing glucuronic acid 
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as part of the structure were determined. Three pairs of geometrical 
isomers of gymnemic acids were also detected. Moreover, acyl residues 
such as acetyl, tiglyl and benzoyl in the gymnernic acids were identified 
by interpretation of the fragmentation patterns. 

Several workers have presented interesting results of their use of 
mass on spectrometric techniques in structure elucidation of saponins in 
a symposium "Saponins: Chemistry and Biological Activity" recently 
held in Chicago. For example, papers on the application of tandem 
mass spectral approaches to structure determination of saponins (17), 
structure determination of saponins from mungbean sprouts by tandem 
mass spectrometry (18), saponins from alfalfa, clover and mungbeans 
analyzed by electrospray ionization mass spectrometry (ESI MS) 
compared with positive and negative FAB mass spectrometry (19) and 
structure confirmation of alfalfa saponins by LSIMS and B /E 
LSIMS /MS (20) demonstrated the great potential of these ionization 
techniques. 

The usefulness of tandem mass spectrometry in the structure 
elucidation of oleanene-type triterpene bisdesmosides was discussed 
by ARAO et al. (21). In the MS /MS of [M-H]-, [M + H]+ ions of the 
bisdesmosides, the ions which originated from the cleavage of glycosidic 
bonds, were mostly observed. On the other hand the MS /MS of an 
[M + Na]+ ion displayed various fragment ions together with those given 
by glycosidic bond cleavage. The ion derived via an retro Diels-Alder 
fission also appeared. The ESI MS of bellidiastroside C2 (see Table), a 
oleanene-type triterpene bisdesmoside generated [M + H]+ and 
[M + Na]+ and m/z 1091 and 1113 respectively (22). MSIMS of 
[M + H]+ afforded ions which indicated that the saponin had a terminal 
pentose, a terminal hexose and two inner deoxyhexoses. Appearance of 
an ion at m/ Z 425 [pent + dhex + dhex - H20 + H]+ suggested that three 
of the sugars were present as a trisaccharide unit. 

3.2. NMR Spectroscopy 

Of all the physical methods, the NMR technique has changed most 
during the last two decades, first with the introduction of the Fourier 
transform (FT) method and more recently as a result of the growth of 
multiple pulse and 2D NMR. The developments consequent on the pulse 
technique permit enormously greater control and manipulation of the 
sample's magnetization. Consequently, the structure information which 
is gleaned through pulse NMR is probably greater and more readily 
obtained than by any other single technique. 
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High-field NMR experiments, viz. COSY, HETCOR, TOCSY, 
NOESY, ROESY and 2D INADEQUATE techniques, coupled with 
computerized spectral analysis were used for the determination of the 
complete structure of a novel triterpenoid tetrasaccharide zizyphoiside A 
(1) (code name PT-2) isolated from Alphitonia zizyphoides (Rham-

H~~~~ --0 ~O\ 
OHHO~O~O 

OHHO~OH 
OH 

Zizyphoiside A (1) 

naceae) (23). The 2D INADEQUATE technique (coupled with a 
computerized spectral analysis) was successfully employed to determine 
the structure of a fairly large saponin using a small amount of sample 
(60 mg). The lD 13C spectrum displayed 54 carbon signals. A DEPT 
experiment revealed 8-CH3, 13-CH2, 26-CH and 7 quaternary carbon 
atoms. Correlation of 13C signals with those of directly bonded protons 
was achieved by means of 2D HETCOR experiment. The proton and 
carbon signals for the sugar units were assigned by means of HETCOR, 
COSY and TOCSY experiments. Starting from the anomeric carbon atom 
of each of the four sugar units all hydrogens within each sugar were 
identified using COSY and TOCSY data. Using HETCOR results, each 
assigned hydrogen was assigned to the corresponding carbon signal. The 
four sugars, rhamnose, xylose, glucose and galactose were identified by 
comparison with published chemical shift data for methyl glycosides. 
The FAB-MS fragmentation pattern indicated that both xylose and 
rhamnose are terminal sugars. However, the sugar-sugar and sugar
aglycone linkages were indicated by ROESY data which were used to 
obtain spatial correlations. The observed ROESY coupling between H-l 
of the galactose and H-3 of the aglycone suggested that the galactose is 
linked to the aglycone at C-3. This was also confirmed by the downfield 
shift of C-3. A ROESY peak for H-I of glucose and H-3 of galactose 
disclosed that the glucose and galactose were 1,3-linked. The other 
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Triterpenoid Saponins 7 

intersugar linkages were also determined by the observation of ROESY 
coupling between H-l of rhamnose and H-2 of galactose, and between 
H-l of xylose and H-6 of glucose. 

The 2D INADEQUATE spectral data required analysis by the 
program CC Bond because the signals were too weak to be identified 
visually. The computer analysis permitted identification of 35 of the 53 
C-C bonds in the saponin from 13C_13C connectivities. The structure of 
the aglycone moiety was also revealed by standard HETCOR and long
range correlation experiments, COSY and TOCSY data as well as 
comparison of the 13C chemical shift assignments with those of a similar 
reference compound, jujubogenin. The stereochemistry at the C-l 
position of the sugars was deduced from a comparison of the 13C values 
with those of sugars of known structure and from the magnitude of the 
corresponding anomeric 1 H-I H coupling constants. 

The structures of three medicagenic acid bisdesmosides, one 
monodesmoside of the same acid and one soyasapogenol B monodesmo
side were elucidated on the peracetylated derivatives of the saponins 
using the techniques such as COSY, relayed COSY, HOHAHA, HMQC, 
HMBC and ROESY (7). For example the assignments of the 13C signals 
of medicagenic acid in saponin (2) were made using lH_13C correlation 
experiments in the reverse mode such as HMQC for I J and HMBC for 
2 J and 3 J. These experiments permitted assignments of most of the 

H~HO 
HO 0 

HO 0 
OH 'c~OOH 

~OH H HO~OH 
o o~o-J 

OH 

o HO OH 
c~ 6~ nl-J 

....... O~O..:::; 

Saponin (2) 

signals of the aglycone by observation of correlations with the angular 
methyl protons. The spin network of peracetylated (2) was identified by 
COSY, relayed COSY, HMQC and HMBC experiments. The HMBC 
experiment also allowed sequencing of all the elements of the molecule. 
The configuration and conformation of the arabinose unit were revealed 
from 3 J-H-I-H-2 which was found to be 6 Hz. The value indicated the ct
L-configuration. The corresponding value for the ~-L configuration in 
4C 1 conformation is 2.3 Hz. The ct-L configuration was also inferred 
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from ROESY experiments. ROEs were found between arabinoseH-l and 
H-3 indicating tX-L-arabinose in 4C1 conformation but not ruling out the 
presence of some lC4 conformation isomer. The ROESY experiment also 
disclosed the ~-D-glucose and the ~-D-xylose configuration by H-I-H-5 
ROEs. The tX-L-rhamnose configuration was deduced from long range H
I-H-5 coupling in LR COSY. The ROEs, aglycone H-3 to glucose H-l, 
rhamnose H-l to arabinose H-2 and xylose H-l to rhamnose H-4 
provided sequential information. 

The structures of three new dammarane-type triterpenoid saponins, 
bacopasaponins A, Band C isolated from the reputed Indian medicinal 
plant Bacopa monniera, were elucidated by spectroscopic methods and 
some chemical transformations (24). The IH and 13C signals of all the 
saponins were assigned and ring sizes of the sugars determined by DEPT, 
IH_IH COSY, HSQC and HMBC experiments. The configurations at C-
20 and C-22 of the aglycone pseudojujubogenin in bacopasaponin C (3) 
were determined by phase-sensitive ROESY. 

p< 
OHI 

o 

Bacopasaponin C (3) 

The structures of two novel triterpenoid saponins, ardisicrenoside A 
and ardisicrenoside B, were determined by 2D NMR COSY, HOHAHA, 
HETCOR, HMBC and ROESY experiments (5). For example, ardisi
crenoside A (4) showed in its 13C NMR spectrum four anomeric carbon 
signals and its new aglycone displayed six Sp3 quaternary carbon atoms. 
The 13C data of the aglycone part were similar to that of the known 
triterpene, cyclamiretin A (25). These data suggested that ardisicrenoside 
A is a triterpenoid tetrasaccharide. The assignments were confirmed by 
long-range coupling in HMBC and by spatial interaction in ROESY. The 
spatial proximities observed between H-3 and H-23, H-3 and H-5, H-16 
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o H~ Ardisicrenoside A (4) 

HO 
HO HO OH 

HO OH 

and H-28 suggested ~ and rt configurations at C-3 and C-16 respectively. 
A correlation between H-18 and H-30 allowed assignment of the 
hydroxymethyl group to C-30. 

The nature of the monosaccharides and their sequence were 
determined by means of H COSY, HOHAHA, HETCOR, HMBC and 
ROESY experiments. Starting from the anomeric protons of each sugar 
unit, all the hydrogens within each spin system were identified using 
COSY aided by the 2D HOHAHA spectrum. On the basis of the assigned 
hydrogens, the l3C resonances of each sugar unit were assigned by 
HETCOR and further ascertained by an HMBC experiment. 

A novel arjunolic acid tetrasaccharide (5) with an unusual 
carbohydrate chain was isolated from Heteropappus biennis. Its structure 
was established mainly by a combination of ID selective and 2D NMR 
techniques such as COSY, TOCSY, ROESY, HMQC and HMBC. 
Molecular modelling calculations revealed that the oligosaccharide chain 
in the molecule is rather rigid (26). The structure of the complex 
carbohydrate chain was determined by NMR pulse experiments. The 
characteristic 13C values of the anomeric carbons indicated four different 
monosaccharide units. The proton connectivities of the individual sugars 
were determined by H, H-COSY; 2D H,H-COSY and ID TOCSY ex
periments were used to determine coupling constants. Using Gaussian 
pulses, the transitions of the anomeric protons of the individual 
monosaccharide units were selectively excited and then the magnetiza
tion was transferred within one monosaccharide residue to H-C(2), 
H-C(3), H-C(4), H-C(5) and in case of the glucose to CH2(6) depending 
on the mixing time used. The carbon atoms were identified by an HMQC 
spectrum. The HMBC technique was used to determine the sequence of 
the carbohydrate chain which was also confirmed by the ROESY spectra 
(lD,2D). 
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O~H 
0"" o OH 

(5) 

HO 

HO~ 
HO 

HO OH 

#~O 
HO 0 

HO OH 

HOHO HoJ;:) 
HO OH 

Asterbatanoside F (6) 

NMR techniques including COSY, HETCOR, COLOC, HOHAHA, 
ROESYand selective INEPT were used for elucidation of the structure of 
four novel triterpenoid saponins, asterbatanosides F, G, H and I, from the 
roots of Aster batagensis (27). For example the COLOC spectrum of 
asterbatanoside F (6) displayed a correlation contour between the H-23 
signal and the carbonyl carbon signal of the acetyl group suggesting 
presence of an acetyl group at the C-23 position of the aglycone. The 2D 
COSY and HOHAHA spectra helped to assign all of the proton signals in 
each monosaccharide and the HETCOR spectrum permitted assignment 
of all carbon signals of the sugar units. In a selective INEPT experiment, 
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irradiation of the anomeric proton signal of the rhamnose at 8 6.47 
enhanced the carbon resonance at 8 75.3 of C-2 of the inner glucose in 
the 28-0-sugar units suggesting a (1 ---+ 2) linkage between the rhamnose 
and the 28-0-inner glucose unit. These conclusions were verified by a 
ROESYexperiment which showed NOE correlations between H-l of the 
rhamnosyl unit and H-2 of the inner glucosyl unit, and between H-l of 
the outer glucosyl unit and H-6 of the inner glucosyl unit. Moreover, 
each glucose H-l showed NOE with H-3 and H-5, and the rhamnose H-l 
showed NOE with H-4 which confirmed the configuration of the sugar 
units. 

4. Biological Activity 

Triterpenoid saponins are widely distributed throughout the plant 
kingdom. Saponins in general have been in use as natural detergents, fish 
poisons, arrow poisons and foaming agents from the early stages of 
civilization. Earlier studies of the biological activities of saponins were 
limited to crude extracts containing saponins as well as other polar 
constituents. However, with the introduction of more and more 
sophisticated methods of isolation and structure determination, there 
has been increased interest in the study of structure-activity relationships 
among triterpenoid saponins. The results published so far provide a 
growing body of information about their diverse effects, particularly in 
health-related areas. Saponins are present in many animal feedstuffs and 
also in some human foods. Although many saponins are highly toxic 
when given intravenously to higher animals, the toxicity is very much 
lower when they are administered orally. This is because of their almost 
complete failure to cross the gut and enter the blood stream, and because 
the hemolytic effect is very much reduced in the presence of plasma. 

4.1. Antifungal Activity 

Many saponins exhibit antifungal activity under experimental 
conditions. The antifungal action of glycosides of polygalacic acid has 
been reported (28). The bisdesmosides virgaureasaponins 1 and 2, 
bellissaponin 1 and the corresponding mono-desmosides (prosapogenins) 
isolated from Solidago virgaurea and Bellis perennis inhibited the 
growth of Candida and Cryptococcus species in vitro. The bisdesmosides 
were more active than prosapogenins. Structure-activity relationships of 
cx-hederin from Hedera rhombea was investigated by comparing its 
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hemolytic and antifungal activities with analogues in which the terminal 
rhamnose was absent and in which the carboxyl group was methylated 
(29). The results demonstrated that the terminal rhamnose is more 
important for antifungal activity than for hemolytic activity, whereas the 
free carboxylic acid is more important for the latter than for the former. 
Antifungal activity was also detected in the saponin fraction obtained 
from the bottom cut of Asparagus officinalis (30). The activity was 
specific to certain fungi, e.g. Candida, Cryptococcus, Trichophyton, 
Microsporum and Epidermophyton. A new saponin (AS-I) was isolated 
from this fraction and its structure elucidated. The antifungal activity of 
the saponins isolated as a byproduct from the defatted cake of Madhuca 
butyracea oil seed was reported (31). Inhibitory concentrations against 
plant pathogenic fungi ranged from 500 to 2000 ppm. Maximum 
sensitivity to saponins was shown by Penicillium expansum, Cephalos
porium acremonium, Helminthosporium oryzae, and Trichoderma viride. 
The saponins caused leakage of cell components and underwent 
degradation by the fungus, T. viride. 

ZEHAVI et al. (32) extended the study of structure-antifungal activity 
relationships of medicagenic acid saponins to include synthetic glyco
sides of mannose, galactose, cellobiose, and lactose as well as a 
23-hydroxymethyl analogue of medicagenic acid, namely, methyl 2~, 
3 ~-dihydroxy-23-hydroxymethyl -~ 12 -oleanene-28-carboxy late, against 
Sclerotium rolfsii, Rhizoctonia solani, Trichoderma viride, Aspergillus 
niger, and Fusarium oxysporum. The native glucose-containing saponin 
was a more effective antifungal agent than the above-mentioned 
saponins except for the cellobiose-containing derivative and F. 
oxysporum. A 23-carboxyl substituent of the sapogenin displayed higher 
fungistatic activity than a methyl carboxylate. However, the latter was 
more effective than a hydroxymethyl group at the same position. The 
authors opined that in this series of compounds, the difference in 
antifungal activity could be interpreted inter alia by differences in 
penetration into the fungal cells, extent of interaction with membrane 
sterols and cell components, hydrolytic and detoxification activities of 
the fungi and the host tissues. 

BOWER et al. (33) observed that some fungal pathogens can 
enzymatically detoxify host plant saponins which suggests that saponin 
detoxification may determine the host range of these fungi. A gene 
encoding a saponin detoxifying enzyme was cloned from the cereal
infecting fungus Gaeumannomyces graminis. The fungal mutants 
generated by targeted gene disruption were no longer able to infect the 
saponin-containing host oats but retained full pathogenicity to wheat 
which does not contain saponins. It was evident that the ability of a 
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phytopathogenic fungus to detoxify a plant saponin can determine its 
host range. 

The antifungal activity of triterpenoid saponins, with hederagenin or 
oleanolic acid as aglycone, was investigated in vitro by the agar dilution 
method. Monodesmosidic hederagenin derivatives were shown to exhibit 
a broad spectrum of activity against yeast as well as dermatophyte 
species. ex-Hederin was the most active compound, and Candida glabrata 
was the most susceptible strain. The structure-activity relationships were 
discussed (34). 

4.2. Immunomodulatory Activity 

Saponins from Quillaja saponaria (soapbark tree) have been 
identified as potent adjuvants. A plant extract called Quil A is used in 
veterinary vaccines and has been studied most thoroughly (35). The bark 
of Q. saponaria contains about 10% saponin and has been used as a 
source of commercial saponin as well as a foaming agent in beverages, 
confectionary, baked goods and dairy desserts. These saponins have 
drawn much attention in recent years for their use as adjuvants for 
human vaccines. The adjuvant activity of a single highly purified saponin 
from Q. saponaria was evaluated by using it as a component in an 
experimental vaccine containing rHIV-l envelope protein (HIV-l 160D) 
adsorbed to alum (36). BALB / c mice immunized with experimental 
vaccine formulation containing the saponin adjuvant QS-21 produced 
significantly higher titers of antibodies than mice vaccinated with only 
the alum-adsorbed HIV-l 160D. Potent amnestic antibody responses to 
HIV-l viral proteins were also induced. Antigen-specific (Ag-specific) 
proliferative responses to recombinant proteins and to three variants of 
HIV-l were increased significantly using QS-21 as an adjuvant. Alum
adsorbed HIV-l 160D failed to induce measurable proliferative 
responses to inactivated HIV-l viruses, but group-specific proliferative 
responses were raised when the QS-21 adjuvant was used in the vaccine 
formulation. MHC class 1 restricted CTL specific for immunodominant 
V-3 loop were induced but only when the QS-21 adjuvant was included 
in the vaccine formulation. QS-21 augmented cell-mediated immune
responses specific for epitopes outside of the V-3 loop. Moreover, QS-21 
adjuvant appeared to induce recognition of weakly immunogenic 
epitopes that were not recognized using only alum-adsorbed HIV-l 
160D. The ability of QS-21 to augment both antibody and cell-mediated 
immune responses suggested that this adjuvant could be a valuable 
component in subunit vaccines. 
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WHITE et at. reported that the purified saponin QS-21 from Q. 
saponaria acts as an adjuvant for a T-independent antigen (37). The 
ability of QS-21 to induce ovalbumin (OVA)-specific, class I MHC 
antigen-restricted cytotoxic lymphocites (CTL) was investigated by 
NEWMAN and co-workers (38) using different forms of soluble OVA and 
OVA adsorbed into alums as immunogens. The results demonstrated the 
ability of the QS-21 adjuvant to induce class I MHC Ag-restricted CTL 
after immunization with soluble proteins. QS-21 was found to be a more 
potent adjuvant than alum when the antibody response to either the 
peptide hapten, HGP-30, or the carrier, keyhole limpet hemocyanin was 
examined (39). QS-21 was well tolerated by the immunized mice. There 
were no differences in reactions at the injection site of QS-21, QS-21 
plus alum and alum alone. The addition of alum to QS-21 modestly 
augmented the antipeptide titer, but it did not have a significant effect on 
the response generated by QS-21. The adjuvant activity and immuno
stimulating complex (lSCOM) formation by a series of saponins and 
glycoalkaloids were investigated (40). Saponins from Gypsophila and 
Saponaria besides those of Quillaja were adjuvant active. The common 
features of these saponins are that they contain branched sugar chains 
attached to positions 3 and 28 of the aglycone. 

The purified saponin QS-21 was tested in juvenile rhesus macaques 
for adjuvant activity and toxicity (41). It was tested alone or as part of an 
experimental subunit HIV-l vaccine containing a truncated recombinant 
HIV-l envelope protein (gp 160D) adsorbed on alum. No toxic effects 
were observed. The results demonstrated that the QS-21 adjuvant 
augmented both antibody responses and cell-mediated immunity and 
established immunological memory. The potent adjuvant activity and 
lack of toxicity suggested that this adjuvant should be safe and effective 
for use in HIV-l vaccines. It was observed (42) that induction of antigen
specific Killer T lymphocyte responses using subunit SIV mac 251 gag 
and env vaccines containing QS-21 saponin adjuvant is possible. Subunit 
vaccines based on recombinant proteins have proved useful for inducing 
antibody responses and they are safe for widespread use because they do 
not contain any live component. However, they do not typically induce 
the types of cell-mediated immune responses required to control viral 
pathogens. The authors used subunit vaccine formulations containing 
recombinant p55 gag or gp 120 env protein from the mac 251 strain of 
the simian immunodeficiency virus (SIV mac 251) and the QS-21 
adjuvant to immunize rhesus macaques. These formulations induced SIV 
gag or env-specific cellular immunity that was detectable in vitro and 
included Killer cell activity. Despite the presence of these Killer cells, all 
of the animals became infected with the SIV mac 251 on experimental 
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challenge. These findings demonstrated that antigen-specific Killer cell 
responses could be induced by a subunit vaccine formulated with the QS-
21 saponin adjuvant. However, these types of cellular immune responses 
could not protect rhesus macaques from infections (SIV mac 251 
challenge). 

The saponins of Panax quinque folium enhanced the stimulation 
effect of Con A for interleukin-2 and interferon formation by mouse T
cells for mouse splenocytes proliferation, and for natural killer cell 
activity. When injected s.c. into mice the saponin promoted the primary 
antibody response to sheep erythrocytes (43). Immune function 
stimulatory and regulatory action of ginseng saponins on chronic 
pulmonary heart diseases is also reported (44). 

The purified quillaja components and the ISCOM matrix formula
tions were examined for their adjuvant activity in a model system 
consisting of purified influenza virus antigen and quillaja saponins (45). 
It was demonstrated that a quillaja component, designated QH-C, either 
as a 'free' component or in an ISCOM matrix, has strong adjuvant 
activity but little or no toxicity in the doses tested. In addition QH-C in 
the form of ISCOM matrix does not induce any local reaction at the site 
of injection. Thus ISCOMs containing the QH-C component devoid of 
toxicity, but with strong adjuvant activity, may be useful in adjuvant 
formulations for human use. 

4.3. Molluscicidal Activity 

Schistosomiasis is a disease linked with certain species of aquatic 
snails because they serve the parasite as intermediate hosts. This disease 
is endemic in several countries in Asia, Africa and South America and 
affects millions of people. It has been known for a long time that 
saponin-containing plants are toxic to schistosomiasis transmitting snails 
Biomphalaria globrata. Molluscicidal activities of plants are of much 
importance as they are less expensive than synthetic compounds. The 
previous review described the molluscicidal activity of a number of 
monodesmosidic and bisdesmosidic saponins isolated from various plant 
species (2). TANAKA et al. (46) screened thirty-four extracts of crude 
drugs and medicinal plants against Oncomelania nosophora, the 
intermediate host of the Japanese strain of Schistosoma japonicum. 
Strong molluscicidal activity was found in the MeOH extract of 
Anemarrhena rhizoma. 

Timosaponin A-III, one of the main saponins of the plant, showed 
very strong killing activity. The monodesmosidic saponins from 



16 S. B. MAHATO and S. GARAI 

Phytolacca dodecandra are the most promising molluscicide of plant 
origin (47, 48). The acylated saponins from Sapindus rorak are reported 
to possess strong molluscicidal activity (49). Catunarelgum nilotica, a 
lowland shrub or tree is widespread in the Sudan and is also reported 
from lowland habitats in Central and East Africa as well as Cameroon 
and Nigeria. Initial molluscicidal screening of the crude water and 
ethanol extracts revealed 100% snail mortality at concentrations of 100 
and 50 ppm respectively. The haemolytic activity of the molluscicidal 
saponins was determined as well and the HC50 values towards bovine 
erythrocytes were found to be 3 ppm for the new monodesmosidic 
saponin and 16 and 2 ppm respectively for the two known saponins (50). 

4.4. Spermicidal Activity 

A mixture of two partially characterized triterpenoid saponins 
containing acaciaside A and acaciaside B with the aglycone structure 
of acacic acid lactone isolated from the abundantly available plant 
Acacia auriculiformis showed sperm-immobilizing activity (51). The 
lowest concentration (ED) required for obvious immobilization of 
human sperm by using a modified Sander-Cramer test was 0.35 mg/mt. 
No permanent lesion was observed after application of 1.25 mg/ml 
saponin solution in physiological saline to the eye of rabbits for 
consecutive days. The spermicidal activity of purified neem seeds 
extracts, reetha saponins and quinine hydrochloride was studied 
individually and in combination (52). Minimum effective spermicidal 
concentrations for neem extract, reetha saponins and quinine hydro
chloride were 25%, 0.05% and 0.346% respectively. At these 
concentrations, 100% of the sperms were immobilized within 20 
seconds. The selected combination formulated into a suitable dosage 
form is likely to offer dual benefit of a potent contraceptive and an 
antimicrobial preparation. The antifungal saponin mollugogenol-A from 
Mullugo pentaphylla showed maximal spermicidal effect (4-5 fold 
decrease in motility and viability) with 300 j.lg/ml dose (53). 

4.5. Hypoglycemic Activity 

Gymnemic acid is a mixture of a number of triterpene saponins from 
the Indian medicinal plant Gymnema sylvestre (54). The effect of 
gymnemic acid on the elevation of blood glucose concentration induced 
with oral sucrose in streptozotocin-diabetic rats was studied by lUNG 
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et ai. (55). Rats with streptozotocin induced diabetes mellitus and loaded 
orally with 4 g sucrose/kg were given one to four doses of 400 ng 
gymnemic acid/kg around the time of sucrose administration. It was 
observed that gymnemic acid has dose-dependent hypoglycemic activity. 
The saponin isolated from the leaves of Acanthopanax senticosus (100, 
200 mg/kg, i.p.) is reported to decrease various cases of experimental 
hyperglycemias induced by the injection of adrenalin, glucose and 
alloxan, without affecting the levels of blood sugar in normal mice (56). 
Livers of streptozotocin-diabetic rats had decreased activities of glucose-
6-phosphate, acetyl CoA carboxylase and 6-phosphogluconate dehydro
genase and these activities were increased by in vivo treatment with 
ginseng saponins, which also possess hypoglycemic action. Insulin 
biosynthesis by the liver also appeared to be stimulated by the saponins 
(57). The hypoglycemic effect of total saponins of Aralia decaisneana in 
rat and mice models was investigated (58). The saponins decreased 
normal euglycemic level to some extent and decreased adrenaline
induced hyperglycemia and alloxan-induced diabetic hyperglycemia but 
not glucose induced hyperglycemia in mice. The saponins also had no 
effect on glucose tolerance in alloxan diabetic rats. 

4.6. Antitumor Activity 

TOKUDA et al. (59) reported inhibition of 12-0-tetradecanoylphorbol-
13-acetate (TPA)-promoted mouse skin papilloma by saponins. Papillo
mas in the mouse skin were initiated with 7,12-dimethylbenz[a]anthra
cene. One week later, they were promoted with TPA. Five saponin 
related compounds used as potential antiinflammatory agents were then 
applied. The compounds effectively inhibited tumor formation even 
when given 1 h prior to TPA treatment. There was a general correlation 
between the antiinflammatory and antitumor-promoting activities of 
saponins. The tumoricidal activity of murine macrophage against K562 
tumor cells was studied in the presence of lipopolysaccharide (LPS) and 
ginseng saponin. The tumoricidal activity was increased more by LPS 
plus ginseng total saponin than by LPS alone (60). The result suggested 
that ginseng saponins increase the tumoricidal activity against K562 
tumor cells through the tumoricidal activity of the macrophage. 
HASEGAWA et al. reported the inhibitory effect of triterpenoid saponins 
on glucose transport in tumor cells and its application to in vitro 
cytotoxic and antiviral activities (61). Saponins have been suggested as 
possible anticarcinogens. The proposed mechanisms of anticarcinogenic 
properties of saponins include direct cytotoxicity, immune modulatory 
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effects, bile acid binding and nonnalization of carcinogen-induced cell 
proliferation (62). The effects of soybean saponins and gypsophila 
saponins on the growth and viability of colon tumor (HCT-15) cells in 
culture were studied. Cells were incubated in various concentrations of 
saponins for I h (short tenn) or 48 h (long tenn). Cell growth and 
viability were monitored at 24 hand 48 h. Soybean saponins and 
gypsophila saponins inhibited cell growth and reduced cell viability in a 
dose-dependent manner in long tenn treatment. The viability of cells was 
also reduced by short term treatment with gypsophila saponins (63). 

4.7. Hypocholesterolemic Effect 

Elevated plasma cholesterol levels are believed to be a significant risk 
factor in the etiology of cardiovascular disease. The hypocholesterolemic 
effect of some dietary saponins has therefore attracted considerable 
attention. A recent review deals with hypocholesterolemic effects of 
dietary saponins and mechanisms of these effects (64). Panax 
notoginseng saponins (lOa or 200 mg/kg) administered intragrastically 
to hyperlipidemic rat and quail models for 7 days markedly lowered the 
serum total cholesterol and triglyceride contents (65). P. quinquefolium 
saponin (50-200 mg/kg/day orally for 12 days) decreased serum 
lipoproteincholesterol and liver and serum lipid peroxidase and increased 
serum HDL-C and HDLrC and liver and blood GSH-peroxidase in rats 
with hyperlipidemia. Thus the saponin was thought to be effective 
against fonnation and development of atherosclerosis (66). A patent has 
been registered on a preparation of poultry food containing Quillaja 
saponin and/or Yucca saponins (67). Chickens fed with this food 
produced low-cholesterol eggs. 

4.8. Antiaging Effect 

Ginseng (Panax ginseng c.A. Meyer) saponin which is a complex 
mixture of a large number of dammarane and oleanolic acid saponins is 
renowned for its anti aging property. The root extract of the plant has 
been used in oriental countries for centuries for increasing mental 
efficiency, recovering physical balance and stimulating metabolic 
function. Continuous use of the root extract in the fonn of tea leads to 
longevity with reduced weight. At present the wild plant is very rare and 
the drug is very expensive. Most of the commercial Ginseng roots are the 
products of cultivation in China, Korea and Japan. A number of Panax 
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species are known besides P. ginseng and these are used as substitutes to 
a varying degree. 

The possible antiaging effect of ginseng stem-leaf saponin was 
studied in terms of the free radical theory of aging. The saponin, at 50 
and 100 mgjkg given intragastrically to mice for 15 days, inhibited the 
formation of lipid peroxide in the brain. However, at 100 mgjkg it only 
had inhibitory effect in liver. When 100 mgjkg were given orally for 30 
days the lipofuscin content in rat cerebral cortex and liver was decreased. 
The saponin at 50 and 100 mgjkg increased the content of superoxide 
dismutase. At 100 mgjkg it also increased the catalase activity in mouse 
blood. The results suggest that the stem-leaf saponin has antiperoxidative 
action and may act as an antiaging factor (68). 

The saponins from the stalk and leaf of Panax notoginseng given to 
D. melanogasterprolonged the life span and flying capability and lowered 
the lipofusion content in the head. The saponins inhibited lipid peroxide 
formation in tissues and elevated blood and brain superoxide dismutase 
activity. These results indicated that antiaging activity of the saponin is 
related to its free radical scavenging action (69). The antioxidative effect 
of Panax quinquefolium saponin on myocardium injury induced by 
doxorubicin in rats was examined (70). The authors concluded that the 
saponin processes anti oxidation activity which may be related to the 
glutathione peroxidase (GSH-Pex) and superoxide dismutase (SOD) 
activities. YANG et al. (71) reported that Panax quinquefolium saponin 
could antagonize the action of xanthine and xanthine oxidase and protect 
against oxidative damage to myocardial cells. WANG and co-workers (72) 
observed that xanthine and xanthine oxidase caused free radical damage 
in intact rat heart and induced decreases in heart function parameters. 
Panaxadiol and panaxatriol saponins obtainable from ginseng could 
attenuate the free radical damaging action on myocardial contractibility 
and other functional parameters of heart isolated from drug-treated rats. 
Diploid fibroblasts from human embryonic lung and rat liver were used 
to study the antiaging effects of rhodosin and ginseng stem-leaf saponins 
(GSLS). General light microscope, fluorescence microscope, quantitative 
cytochemistry and phagocytosis of macrophages of the abdominal cavity 
in mice were used to observe the effects of rhodosin and GSLS on the 
morphology, growth proliferation and life span of 2BS cells (73). Both 
could prolong their life span, promote growth of the cells, regulate their 
metabolism, increase the vitality of the cells and decrease the cellular 
death rate. They not only reduced the activity of Ac pase but also 
promoted DNA formation, enhanced the activity of ATPase and 
phagocytosis of macrophages. Both rhodosin and GSLS have an obvious 
antiaging effect, with the former more pronounced than the latter. 
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4.9. Cardiovascular Activity 

Using simultaneous recording of action potential and con
tractible force in right ventricle papillary muscle of guinea pig and 
measurement of 45Ca uptake by cultured myocardial cells of neonatal 
rat, the effects of total saponin of Panax notoginseng on the Ca2+ 
influx into myocardial cells were studied (74). The results indicated 
that the saponin can inhibit Ca2+ influx into myocardial cells. A 
study on the cholesterol-fed atherosclerosis of quails suggested that 
Smilax glabra may have preventive effects on atherosclerosis (75). 
The effect of P. notoginseng saponins on myocardial ischemia and 
reperfusion injury in conscious rabbit was studied. The results suggested 
that the saponins have protective effects against myocardial ischemia 
and reperfusion injury (76). The study on the effects of P. notoginseng 
saponins on acute cerebral ischemia indicated that the anti-cerebral 
ischemic effect of a saponin RbI may be related to its calcium 
antagonism (77). Panaxatriol saponins isolated from P. notoginseng 
demonstrated remarkable antiarrythmic activities in coronary artery 
ligation-induced ischemic and reperfused arrythmias in rats (78). 
Comparative effects of P. notoginseng saponins, verapamil and 
norepinephrine on cerebral circulation in anesthetized rats and 
rabbits were studied (79). The results indicated that the saponins 
and verapamil are vasodilators of brain blood vessels, which would 
be beneficial to cerebral circulation, whereas norepinephrine is a 
vasoconstrictor of the vessels. The Blocking effect of P. notoginseng 
saponins on calcium channels of culture rat myocardiocyte was re
ported (80). HAN et af. (81) reported protective effects of P. 
notoginseng and P. japonicus saponins and gypenosides on myocardial 
ischemia and reperfusion injury. The results suggested that the under
lying protective mechanisms of P. japonicus and P. notoginseng saponins 
are related to the prevention of calcium overload and that gypenosides 
have an action of anti-lipid peroxidation. Astragalus saponins were able 
to improve the myocardial contractibility significantly, attenuate the 
coronary blood flow and thus play a protective role on the cardiac 
functions (82). 

Panaxadiol and panaxatriol saponins decreased the action potential 
parameters in cultured rat venticular myocytes in a dose dependent 
manner via calcium channel blocking (83). Effects of saponins isolated 
from the leaves of Acanthopanax senticasus on myocardial infarct size 
were studied in acute ischemic dogs. The results showed that the 
saponins could significantly reduce the size of acute myocardial infarcts 
(84). 
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4.10. Antiviral Activity 

The saponins from Chinese and American ginseng stem and leaf 
showed protective effect against herpex simplex 1 virus (HSV-l) in vitro 
and in vivo in oral HSV-l infection in humans (85). The results also 
indicated that gins enos ides Rb, especially Rb2, are the active principles. 
The in vitro antiviral activity of triterpenoid saponins from Calendula 
arvensis was investigated (86). An inhibitory effect against vesicular 
stomatitis virus (VSV) and rhinovirus (HRV) was observed for all the 
compounds tested while HRV replication was significantly affected only 
by a hydrolyzed product. As an in vitro model for human immuno
deficiency virus (HIV), LINN et al. (87) observed the inhibitory effect of 
Cimifuga dahurica saponins (Cd-S) on simian immunodeficiency virus 
(SIV) in Hut-78-SIV culture in vitro, and compared it with AZT. The 
inhibition rate of Cd-S at 200 Ilg/ml was 24%. The free virus titre of 
SIV was reduced 2-3 units and the syncytia was ameliorated compared 
with AZT with an inhibition rate of 91.30%, Cd-S could inhibit SIVonly 
slightly. However, the authors studied the effect of Cd-S on 3H-TdR 
incorporation into PHA-stimulated lymphocytes of human in vitro. Cd-S 
at a dose of 175.00 Ilg/ml significantly inhibited 3H_ TdR incorporation 
by 93.85% which indicated that Cd-S inhibits SIV through inhibition of 
nucleotide transportation into SIV host cells. The synthesis rate of SIV 
DNA was lowered and the products of SIV were reduced. 

4.11. Antisweet Activity 

The acylated saponins isolated from the leaves of Zizyphus jujuba 
showed antisweet activity (88). Acyl groups are believed to play an 
important role in generation of the antisweet activity. However, the 
results of a study by YOSHIKAWA et al. (89) using nonacylated anti sweet 
principles from Gymnema sylvestre suggested that the acyl groups only 
increase the antisweet activity rather than playing the essential role. 
Several new dammarane glycosides were isolated from the fresh leaves 
of Hovenia dulcis. All the compounds showed antisweet activity (90). 
Sweet taste sensation is believed to be induced by adsorption of sweet 
substances on the receptor protein in taste receptor membranes. In spite 
of extensive studies by various workers, the receptor mechanism of 
sweet substances is still not clear. The suppression of sweetness by 
gymnemic acids and the effects on glucose absorption in the small 
intestine and on glucan formation by bacterial glycosyl-transferase has 
been reviewed (91). 
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4.12. Analgesic Activity 

The effects of orally administered ginseng leaf saponins (GLS) on the 
analgesic action of morphine, the development of morphine-induced 
tolerance and physical dependence and the hepatic glutathione contents 
in mice were investigated. GLS antagonized the analgesic action of 
morphine and inhibited the development of morphine-induced tolerance 
and physical dependence. It also inhibited the decrease in hepatic 
glutathione level induced by multiple injections of morphine (92). KIM 

et al. studied the blocking by ginseng total saponin (GTS) of the 
development of methamphetamine reverse tolerance and dopamine 
receptor supersensitivity in mice (93). Repeated administration of 
methamphetamine (2 mg/kg) caused the development of reverse 
tolerance to the ambulation-accelerating effect of the drug. I.P. 
administration of GTS (200 mg/kg body wt.) prior to and during 
chronic administration of methamphetamine inhibited the development 
of reverse tolerance. Dopamine receptor supersensitivity developed in 
reverse tolerant mice which was also prevented by GTS. These results 
indicated that GTS may be useful for prevention of the adverse actions of 
methamphetamine. Daily repeated administration of cocaine (15 mg/kg 
over a 7-day period) developed reverse tolerance to the ambulatory
enhancing effect of cocaine. I.P. administration of GTS (100 and 
200 mg/kg body wt.) prior to and during chronic administration of 
cocaine inhibited the development of dopamine receptor supersensitivity 
induced by chronic administration of cocaine (94). These results 
suggested that GTS may be useful for the prevention and therapy of 
the adverse action of cocaine. The relationship between the brain 
monoamines and morphine tolerance was examined in ginseng total 
saponins treated mice (95). Daily treatment with ginseng total saponins 
(100 mg/kg) did not affect the brain levels of noradrenaline, dopamine 
and serotonin for 5 days but inhibited the development of morphine 
tolerance. 

4.13. Antileishmanial Activity 

Antileishmanial activity was reported for the first time for saponins 
of ivy, Hedera helix, in vitro on promastigote forms of Leishmania 
infantum and L. tropica (96). The compounds tested were an extract 
containing 60% of saponin complex, the bisdesmosides hederasaponin 
B, C, and D, the corresponding monodesmosides, and ct-hederin and 
hederegenin. Monodesmosides were as effective on promastigote forms 
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as the reference compound, pentamidine. Against amastigote forms, only 
hederagenin exhibited a significant activity which was equivalent to that 
of the reference compound N-methylglucamine antimonate. 

4.14. Miscellaneous Effects 

The active principle from the funicles of Acacia auriculiformis, 
consisting of two triterpenoid saponins, acaciaside A and acaciaside B, 
killed in vitro 97% microfilaria of Setaria cervi in 100 min at 4 mg/ml 
concentration and 100% of adults in 35 min. The drug, when 
administered orally at 100 mg/kg to adult rats with implanted 
intraperitoneally S. cervi increased blood microfilariae (mf) count by 
1.5-fold after the first phase of treatment for 10 days. Following the third 
phase of treatment and thereafter, the mf density was reduced by more 
than 80%. No toxic effects of the saponins was observed in rats. As this 
saponin is water soluble, nontoxic and effective by oral administration it 
holds promise for future use against human filariasis (97). The 
allelopathic activity of root saponins from alfalfa (Medicago sativa) on 
weeds and wheat was studied (98). Bioassays were developed for 
increasing the allelopathic effects on dandelion (Taraxacum vugare), 
coffee weed (Sesbania exaltata), pig weed (Amaranthus retroJlexus), 
barnyard grass (Echinocloacrus galli), and cheat (Bromus secalinus) 
using pure alfalfa root saponins containing primarily medicagenic acid 
type glycosides. The allelopathic effects of the saponins were most 
effective toward barnyard grass and cheat. Less so for pig weed and 
coffee weed with little effect on dendelions. The saponins were 
allelopathic toward wheat. A wheat seedling bioassay was used to 
indicate the relationship between the chemical structure of alfalfa 
saponins and their allelopathic activity (99). The most active were 
medicagenic acid, its glycosides substituted at C-3 position with glucose, 
and hederagenin monoglycoside. Gymnemic acid (a saponin mixture 
from Gymnema sylvestre) has been tested as a preventive of dental 
caries (100). The decomposition of sugar and production of glucan by 
Streptococcus mutans which causes dental caries are prevented by 
gymnemic acid as a cariostatic agent. The plant G. sylvestre can be used 
as a cariostatic food and a patent has been taken on using it to prepare 
saponin-containing beverages, ice cream, tablets etc. (101). EtOH
absorption inhibitors useful for prevention of hangover contain saponin 
of tea or quillaja. Oral administration of tea seed extract (containing 
? 70% saponin) or quillaja extract (containing ? 80% saponin) at 
0.1 g/kg or 0.5 g/kg respectively inhibited EtOH absorption in rats. 
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Sweet-tasting saponins are drawing attention for use as natural 
sweeteners. People have a love-hate relationship with sugar. Many 
people like sucrose's taste but abhor its calories as well as the damage it 
does to teeth. Synthetic sweeteners exist but apprehension of unwanted 
effects is common Glycyrrhizin, an oleanane glycoside has long been 
known as a sweet-tasting saponin. Abrus precatorius L is a weedy 
subtropical vine and its leaves are known to be sweet-tasting. Five 
cyc10aratane glycosides, abrusosides A-E containing a common 
aglycone, abrusogenin have been isolated from the leaves (102). While 
abrusosides A-D have been rated as being 30-100 times more sweet than 
sucrose on a weight basis, abrusoside E has been found to be only 
marginally sweet. However, the monomethyl ester of abrusoside E 
proved to be more potent. These sweeteners are not acutely toxic for 
mice, or mutagenic for bacteria, and may be rendered water soluble by 
conversion to their ammonium salts. Abrusosides A-D were also isolated 
from the leaves of Abrus fruticulosus occurring in Thailand (102) .. 

5. Production of Saponins by Tissue Culture 

There has been considerable interest in recent years in plant cell 
cultures as a potential alternative to traditional agriculture for large scale 
production of secondary plant metabolites. Considerable effort in this 
direction is being made and encouraging results have been reported. In 
vitro cultures of four species of Gypsophila (G. paniculata, G. petraea, 
G. muralis and G. repens) obtained from seedling organs showed various 
patterns of triterpenoid saponins biosynthesis as measured by gypso
genin-3-0-glucuronide content. Such different biosynthetic behavior 
may be a model for comparative studies on the regulation of saponin 
biosynthesis (103). Saponins were extracted from callus and suspension 
cultures of alfalfa (Medicago sativa and M. truncatula). Acid hydrolysis 
of the saponins provided soyasapogenol Band medicagenic acid as the 
main genins (104). Callus tissues from Gynostemma pentaphyllum 
leaves were grown in 14 culture media. Highest level of saponin 
formation was observed with the medium containing 0.5 ppm NAA and 
0.5 ppm 6-BA (105). Tissue culture of Bupleurum falcarum L. was 
carried out with several kinds of media and plant hormones to produce 
saikosaponins. Gamborg's B-5 medium containing 0.5 ppm kinetin and 
1.0 ppm 3-indolebutyric acid was the most effective medium and 
hormone for production of saikosaponins (106). A liquid culture medium 
for saponin production in adventitious root of Panax japonicus was 
examined. The root from seedling calli, cultivated on Murashige-Skoog 
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(MS) solid medium containing 2,4-dichlorophenoxy-acetic acid and on 
MS medium containing I-naphthaleneacetic acid (I), was cultivated in 
liq. media, MS or Gamborg B5, by addition of (I) or indole-3-butyric 
acid (II). The maximum saponin production, 0.37% was obtained by 28 
days of 2 mg IIIL addition in Gamborg B5 (107). Five saponins were 
separated from the cell cultures of Panax notoginseng. The saponin 
contents were different in the cell cultures and the cultivated plants 
(108). The production of bioactive triterpene saponins of Astragalus 
homosus was optimized in cells and hairy root cultures (109). Callus 
growth rate was the highest in the dark and in the presence of 3% sucrose 
in B5 and Murasige-Skoog media with 2,4-D 1.0+Kinetin 0.1 mg/L. 
Hairly root growth was more rapid and required no hormone. The effect 
of chemical composition of a culture medium and of plant growth 
regulators on the growth of ginseng (Panax ginseng) and the production 
of saponins was studied (110). The content of gingsenosides in the 
selected cell lines was significantly higher than in the parent line. 
Production of a number of triterpene oligo-glycosides in the hairy root 
cultures of Astragalus membranaceous and their characterization has 
been reported (111). 

6. Future Possibilities 

Considerable progress has already been made in the isolation, 
structure elucidation and evaluation of diverse biological activities of 
saponins. Further developments relating to their use in health related 
areas and agriculture are expected. The accumulated evidence showing 
that saponins from a number of dietary plant species can reduce plasma 
cholesterol levels in humans is likely to encourage the development of 
pharmaceutical preparations and saponin-containing hypocholesterolenic 
diets. Besides the safety aspect, the quality aspect of the saponin-rich 
diets will require considerable product evaluation because of the 
bitterness associated with many saponins. Such evaluations will require 
involvement of sensory scientists, analysts, physiologists and processors. 

The study of saponins has by now provided enough material for 
scientists to extract structural information that can be used to make 
designed compounds. The synthesis of antifungal modified medicagenic 
acid saponins by ZEHAVI et al. (32) is an attempt in this direction. 
Although chemical synthesis of saponins has been seriously hampered 
by their complex structural features, increasing activities to synthesize 
simpler bioactive saponins are expected. Production of saponins by plant 
tissue culture is another aspect which may receive greater attention. Cost 
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analyses indicate that production of a secondary metabolite in plant cell 
culture is economical for cultures producing more than 1 gram of 
compound per litre of cell culture for compounds with a market value of 
at least $1000 per kg. Extensive studies already have been made on the 
production of saponins by cell suspension culture of ginseng. The total 
saponin content in the cell suspension culture based on these studies was 
about 4 times higher than that in the parent plant (112). The production 
of ginseng and other costly saponins on an industrial scale by cell culture 
technology seems to be a distinct possibility. 

7. Reports of New Triterpenoid Saponins 

New triterpenoid saponins isolated during the period late 1989 - early 
1996 along with their natural distribution, available physical data and 
various spectra for their characterization are listed in Table 1. Structures 
7-335 are aglycones of the various saponins and structures 336-341 are 
those of some special saponins. 

(7) OH-3~, C02H-28, oleanolic acid 
(8) OH-3~, 24, 22-oxo, C02H-30 
(9) OH-3~, l6~, 28 -> 2l~ lactone, acacic acid lactone 

(10) OH-3~, l6~, 2lcr, 23,28, ll-OMe 
(11) OH-3~, 23, C02H-28, hederagenin 
(12) OH-3~, OMe-llcr, C02H-28, llcr-methoxyoleanolic acid 
(13) OH-3~, 23-oxo, C02H-28, gypsogenin 
(14) OH-3~, 23, C02H-28, 20:29-ene, 30-nor 
(15) OH-3~, l6cr, C02H-28, echinocystic acid 
(16) OH-2~,3~, C02H-28, 2~-hydroxyoleanolic acid 
(17) OH-2~,3~, 23-oxo, C02H-28, 20:29-ene, 30-nor 
(18) OH-2~,3~, 23, ll-oxo, C02H-28, C02Me-30 
(19) OH-2~,3~, 23-oxo, C02H-28 
(20) OH-2~,3~, C02H-23, 28, 20:29-ene, 30-nor 
(21) OH-3~, 27, C02H-28, 27-hydroxyoleanolic acid 
(22) OH-3~, C02Me-28 
(23) OH-3~, 23, C02Me-28 
(24) OH-2~,3~, l6cr, C02H-28, astergenic acid 
(25) OH-2~,3~, 23, C02H-28, bayogenin 

References, pp. 173-196 



Triterpenoid Saponins 

(26) OH-3~, 16c<, 22c<, 21~-O-tigloyloxy, 28-0-isobutyryloxy 
(27) OH-2~,3~, l6c<, 23, C02H-28, polygalacic acid 
(28) OH-3~, C02H-28, 20:29-ene, 30-nor 
(29) OH-3~, 16c<, 28, 22c<-angeloyloxy, 23-oxo 
(30) OH-3~, 16c<, 28, 22c<-tigloyloxy, 23-oxo 
(31) OH-3~, 16c<, 23, 28, 22c<-tigloyloxy 
(32) OH-2~, 3~, 28 
(33) OH-2~, 3~, 23, C02Me-28 
(34) OH-3~, 16c<, 21~, 22c<, 28, barringtogenol 
(35) OH-3cx, 16c<, 21c<, 22cx, 28 
(36) OH-3~, 23, C02H-28, C02Me-29, phyto1accagenic acid 
(37) OH-2~, 3~, 6~, 23, C02H-28, protobassic acid 
(38) OH-3~, C02H-28, 29 
(39) OH-2cx, 3~, C02H-28, maslinic acid 
(40) OH-3~, 6~, 16cx, OAc-28 
(41) OH-3~, 16c<, C02H-23, 28 
(42) OH-2~, 3~, C02H-28, 20:29-ene, 30-nor 
(43) OH-3~, 24, C02H-28 
(44) OH-3~, 22cx, 23, C02H-28, 22c<-hydroxyhederagenin 
(45) OH-3~, 21~, C02H-28, machaerinic acid 
(46) OH-3~, 16cx, 23-oxo, C02H-28, quillaic acid 
(47) OH-3~, 16c<, 23, C02H-28, cau1ophyllogenin 
(48) OH-2~, 3~, C02H-23, 28, medicagenic acid 
(49) OH-3~, 24, 22-oxo, soyasapogenol E 
(50) OH-3~, C02H-28, C02Me-30 

27 

(51) OH-3~, 24, 28-oxo, 22~-O-[2,3-dihydro-2,5-dihydroxy-6-methyl-4H-pyran-4-one) 
(2' ---+)] 

(52) OH-2~, 3~, 27, C02H-23, 28 
(53) OH-3~, ll-oxo, C02H-30, glycyrrhetic acid 
(54) OH-3~, OAc-22~, C02H-30 
(55) OH-3~, ll-oxo, 30 ---+ 22~ lactone, glabrolide 
(56) OH-3~, 30 ---+ 22~ lactone, ll-deoxyglabrolide 
(57) OH-3~, 24, ll-oxo, C02H-30, 24-hydroxy, glycyrrhetic acid 
(58) OH-3~, ll-oxo, C02H-29, liquiritic acid 
(59) OH-3~, 24, C02H-30 
(60) OH-3~, 24, OAc-22~, C02H-30 
(61) OH-3~, 16~, 22cx, 23, 28, 21~-tigloyloxy 
(62) OH-3~, 16~, 23, 28, 21~, 22cx-ditigloyloxy 
(63) OH-3~, 16~, 21~, 23, 28, gymnestrogenin 
(64) OH-3~, 16~, 22cx, 23, 28, 21~-2-methyl butyloyloxy 
(65) OH-3~, 28, erythrodiol 
(66) OH-2cx, 3~, 23, C02H-28, arjunolic acid 
(67) OH-3~, 19cx, C02H-28, siaresinolic acid 
(68) OH-3~, 19cx, 23, C02H-28, ilexosapogenin A 
(69) OH-3~, 22~, 24, soyasapogenol B 
(70) OH-2~, 3~, 16cx, C02H-23, 28 
(71) OH-3~, 21~, 22~, 24, 29, kudzusapogenol A 
(72) OH-2cx, 3~, 23, 24, C02H-28, belleric acid 
(73) OH-3~, 23, C02H-28, 30 
(74) OH-2~, 3~, 23, C02H-28, 30 
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(75) OH-3~, 24, 22~-0-[3'-hydroxy-2'-methyl-5',6'-dihydro-4'-pyrone (6' -+)] 
(76) OS03 -3~, C02H-28 
(77) OH-3~, 16tL, 22tL, 21~-0-2-methylbutyroyloxy, 23-oxo, OAc-28 
(78) OH-3~, 16tL, 22tL, 21~-angeloyloxy, OAc-28, 23-oxo 
(79) OH-3~, 16tL, 21~-tigloyloxy, OAc-28, 23-oxo 
(80) OH-3tL, C02H-23, 28 
(81) OH-3~, 6~, 16tL, 28 
(82) OH-3~, lltL, 23, 28 
(83) OH-3~, 23, 28, lltL-OMe 
(84) OH-3~, 16~, 22~, 24 
(85) OH-3~, 15tL, 16tL, 22tL, 28, 21~-0-angeloyloxy 
(86) OH-3~, 15tL, 16tL, 22tL, 28, 21~-0-tigloyloxy 
(87) OH-3~, 22, C02H-28, 17, 22-seco, 16-ene 
(88) OH-3~, 21~, 24, kudzusapogenol C 
(89) OH-2~, 3~, 6~, 16tL, 23, C02H-28, 16tL-hydroxyprotobassic acid 
(90) OH-3~, 24, 22-oxo, C02Me-29 
(91) OH-3tL, 23, C02H-28, epihederagenin 
(92) OH-3~, 24, OAc-22~, C02Me-30 
(93) OH-3~, 16tL, 28, 21~-0-benzoyl 
(94) OH-3~, 21~, 22~, 24, soyasapogenol A 
(95) OH-3~, 16~, 21 ~-0-[(6'S)-2' -trans,2',6' -dimethyl-6' -hydroxy-2',7' -octadienoyl], 

C02H-28 
(96) OH-2tL, 3~, 24, C02H-28 
(97) OH-2~, 3~, OAc-23, C02H-28 
(98) OH-3~, 23, C02H-28, C02Me-30 
(99) OH-3~, 22~, 24, 29, oxytrogenol 

(100) OH-3~, 16tL, 28, C02H-30 
(101) OH-3~, 22~, 24, C02H-29 
(102) OH-2~, 3~, 16~, 23, 17~-oxo 
(103) OH-3~, 24, 30, 22-oxo, wistariasapogenol A 
(104) OH-3~, 16~, 23, 28, IltL-OMe 
(105) OH-3~, lltL, 16~, 23, 28 
(106) OH-3~, 16tL, 23, 28, 22-angeloyloxy 
(107) OH-3<l, 21<l, 22<l, 28 
(108) OH-3~, C02H-28, 23-0-(R)-1,2-propanediol-(1 -+ 23)-gypsogenic acid 
(109) OH-3~, C02H-28, 23-0-(S)-1,2-propanediol-(1 -+ 23)-gypsogenic acid 
(110) OH-3~, 16tL, 23-oxo, C02Me-28 
(111) OH-3~, 22~, 2S-oxo 
(112) OH-3~, 22~, 24, 30, wistariasapogenol B 
(113) OH-3~, 16tL, C02Me-28 
(114) OH-3~, 22~, 24, C02H-29 
(115) OH-3~, C02H-28, C02Me-29 
(116) OH-2~, 3~, 23, C02H-28, C02Me-30, phytolaccagenin 
(117) OH-2~, 3~, 6tL, 23-oxo, C02H-28 
(118) OH-2tL, 3~, 19tL, C02H-28 
(119) OH-2tL, 3~, 7tL, 23, C02H-28 bellericagenin A 
(120) OH-2tL, 3~, 19tL, 23, 24, C02H-28 bellericagenin B 
(121) OH-3~, 16~, 21~, 22<l, 23, 28-2S methyl-butyroyloxy 
(122) OH-3~, 16~, 21~, 22<l, 23, 28-tigloyloxy 
(123) OH-3~, 16~, 21~, 22<l, 23, OAc-28 
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(124) OH-3~, 16~, 221X, 23, 21~, 28-ditigloyloxy 
(125) OH-3~, 16~, 221X, 23, 21~-tigloyloxy, OAc-28 
(126) OH-3~, C02H-30 
(127) OH-31X, C02H-28 
(128) OH-31X, 23-oxo, C02H-28 
(129) OH-31X, C02H-28, 29, 3-episerratagenic acid 
(130) OH-30:, 23-oxo, C02H-28, 29 
(131) OH-30:, 23, C02H-28, 29 
(132) OH-W, 11 IX, 16~, 28 
(133) OH-3~, 22~ 
(134) OH-20:, 3~, 6~, 23, C02H-28, terrninolic acid 
(135) OH-3~, 16~, 28, longispinogenin 
(136) OH-W, 210:, 24 
(137) OH-3~, 16~, 23, 28 
(138) OH-3~, 16~, 23, 28, 21~-2-methylbutyroyloxy, 221X-methylcrotonoyloxy 
(139) OH-3~, 21~, 23, 28, 16~, 220:-0-bis-2-methylcrotonoyloxy 
(140) OH-3~, 16~, 220:, 23, 28, 21~-O-benzoyl 
(141) OH-3~, 16~, 21~, 220:, 23, 28-0-benzoyl 
(142) OH-21X, 3~, 23-oxo, C02H-28 
(143) OH-3~, C02H-23, 28 
(144) OH-3~, 16~, 23, 28, 220:-tigloyloxy 
(145) OH-3~, 16~, 221X, 23, 28, gymnemanol 
(146) OH-3~, 151X, 161X, 21~, 220:, 28 
(147) OH-3~, 150:, 160:, 221X, 21~-tigloyloxy, OAc-28 
(148) OH-3~, 151X, 161X, 28, 21~-tigloyloxy, OAc-22 
(149) OH-3~, 151X, 160:, nIX, OAc-28, 21 ~-2-methyltigloyloxy 
(150) OH-3~, 150:, 160:, 28, 21~-2-methylbutyroyloxy, OAc-22 
(151) OH-3~, C02H-27, 28 
(152) OH-3~, 23-oxo, C02Me-28 
(153) OH-3~, C02H-24, 28 
(154) OH-3~, 27, C02H-23, 28 
(155) OH-3~, 210:, 23, yunganogenin 
(156) OH-3~, 190:, 24, C02H-28 
(157) OH-2~, 3~, 23, 30, C02H-28 
(158) OH-3~, 16~, 28, 220:-0-N-methylanthranilyloxy 
(159) OH-3~, 16~, 220:, 28-0-N-methylanthranilyloxy 
(160) OH-3~, 16~, 28, 220:-tigloyloxy 
(161) OH-3~, 16~, 220:, 28, 21-0-N-methylanthranilyloxy 

3p 

(162) OH-3~, 24, C02H-28, 24-hydroxyursolic acid 
(163) OH-W, 190:, C02H-28, pomolic acid 
(164) OH-3~, 190:, C02H-23, 28, rotundioic acid 

29 
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(165) OH-l(X, 3~, 19(X, 23, C02H-28 
(166) OH-l~, 2(X, 3~, 19(X, 23, C02H-28 
(167) OH-2(X, 3~, 19(X, 23, C02H-28 
(168) OH-2(X 3~, 23-oxo, C02H-28 
(169) OH-3~, 23, C02H-28, 23-hydroxyursolic acid 
(170) OH-3~, 19(X, 23, C02H-28, rotundic acid 
(171) OH-3~, C02H-27, 28, quinovic acid 
(172) OH-2(X, 3~, 6~, 23, C02H-28 
(173) OH-2(X, 3~, C02H-28 
(174) OH-19(X, S03Na-3~, C02H-28 
(175) OH-3~, C02H-28, urso1ic acid 
(176) OH-2(X, 3~, 6~, 19(X, 23, C02H-28 
(177) OH-3(X, 19(X, C02H-28 
(178) OH-2(X, 3~, 19(X, C02H-28, torrnentic acid 
(179) OH-2(X 3(X, C02H-28, 19:29-ene 
(180) OH-3~, 19(X, 2-oxo, C02H-28 
(181) OH-3(X, C02H-23, 28 
(182) OH-3~, 19(X, 28 -> 20 lactone, 11:12, 13:18-ene 
(183) OH-3~, 11~, 19(X, 28 -> 20 lactone, 13:18-ene 
(184) OH-3~, 27, C02H-28, 27-hydroxyursolic acid 
(185) OH-3~, 19(X, 24, 23-oxo, C02H-28, 23-oxorotungenic acid 
(186) OH-3~, 19(X, 23, 30, C02H-28, 30-hydroxyrotundic acid 
(187) OH-3~, 23, 30, C02H-28 
(188) OH-3~, 19(X, 24, COzH-23, 28, 24-hydroxyrotundioic acid 

(189) OH-3~, 16(X, 28~ 
(190) OH-3~, 16~, 23, 11-ene, saikogenin F 
(191) OH-3~, 16~, 11:12-ene 
(192) OH-3~, 16(X, 29-oxo 
(193) OH-3~, 16(X, protoprimulagenin A 
(194) OH-3~, 16(X, OAc-22(X, priverogenin B-22 acetate 
(195) OH-3~, 16(X, 22(X, 28(X 
(196) OH-3~, 16(X, 30-oxo, cyclarniretin A 
(197) OH-W, 16(X, 28-oxo 
(198) OH-3~, 16(X, 30 
(199) OH-3~, 16(X, C02H-29 
(200) OH-3~, 23, 16~-propanoyloxy, 11:12, 21:22-ene 
(201) OH-3~, 16(X, 30-CH(OMeh 
(202) OH-3~, 16(X, 22(X, 28, anagallogenin A 
(203) OH-3~, 16(X, 23, 11:12-ene, epi-saikogenin F 
(204) OH-3~, 16(X, 22(X 
(205) OH-3~, 23, 1l:12-ene 
(206) OH-3~, 16(X, 23, 28, OAc-22, anagallogenin A-22-acetate 
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(207) OH-3~, 16ct, 23, anaga110genin B 
(208) OH-3~, 23, 16-oxo 
(209) OH-3~, 16~, 22 
(210) OH-3~, 16~, 23, OAc-22 
(211) OH-3~, 21~, 28ct, 16ct-propanoyloxy, 22ct-angeloyloxy 
(212) OH-3~, 21~, 28ct, 16ct-butanoyloxy, 22ct-angeloyloxy 
(213) OH-3~, 21~, 28ct, 16ct, 22ct-diangeloyloxy 
(214) OH-3~, 21~, 28ct, 16ct-2-methyl-butanoyloxy, 22ct-angeloyloxy 
(215) OH-3~, 28, 16ct-propanoyloxy, OAc-21~, 22ct-angeloyloxy 
(216) OH-3~, 28, 16ct-butanoyloxy, OAc-21~, 22ct-angeloyloxy 
(217) OH-3~, 16~, 23, 12-oxo, 9:11-ene 

(218) OH-3~, 16~, 21~, 23, 28,11:12, 13:18-ene 
(219) OH-3~, 23, 28, 11:12, 13:18-ene 
(220) OH-3~, 16~, 23, 28, 11:12, 13:18-ene, saikogenin A 
(221) OH-3~, 16~, 23, 28, 30, 11: 12, 13:18-ene 
(222) OH-3~, 16ct, 23, 28, 11:12, 13:18-ene, saikogenin D 
(223) OH-2~, 3~, 23, C02H-28, C02Me-30, 9:11, 12:13-ene 
(224) OH-3~, 24, C02Me-29 
(225) OH-3~, 24, CONHr 29 
(226) OH-3~, 13,23,28, 11-ene 
(227) OH-3~, 30, 22~-syringloyl, 25-oxo, 18:19-ene 
(228) OH-3~, 16ct, 23, 28, 30, ll-ene 
(229) OH-3~, 24, C02H-30, 11:12, 13:18-ene 
(230) OH-3~, 21ct, C02H-29, 11:12, 13:18-ene 
(231) OH-3~, 22~, 24 
(232) OH-3~, 22~, 25-oxo, 18:19-ene 
(233) OH-3~, 22~, 24, 11:12, 13:18-ene 
(234) OH-3~, 22-oxo, C02H-30, 11:12, 13:18-ene 
(235) OH-3~, 22~, C02H-30, 11:12, 13:18-ene 
(236) OH-3~, C02H-28, 13:14-ene, pyrocincholic acid 
(237) OH-3~, C02H-30, 11:12, 13:18-ene 
(238) OH-3~, C02H-29, 11:12, 13:18-ene 
(239) OH-3~, 23, C02H-28, 12:13, 21:22-ene 

29 '28 
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(240) OH-3~, 16~, 20(S), 24(S), 25 
(241) OH-3~, 6CY., 16~, 25, 20S:24R-epoxy, cycloastragenol 
(242) OH-ICY., 3~, 26, 24:25-ene 
(243) OH-ICY., 12~, 26, OAc-3~, 24:25-ene 
(244) OH-3~, 6CY., 16~, 24~, 25 
(245) OH-ICY., 3~, 15CY., OAc-23, 16-oxo, 24:25-epoxy 
(246) OH-3~, 22~, 24, COzH-21, 24:25-ene 
(247) OH-3~, 22(S), 27, 24:25-ene 

(248) OH-3~, COzH-28, 20:29-ene, betulinic acid 

21 

22 

(249) OH-3~, 27, COzH-28, 20:29-ene, cylicodiscic acid 
(250) OH-2CY., 3~, 20:29-ene 
(251) OH-3~, 28, 12:13, 20:29-ene 
(252) OH-3CY., COzH-28, 20:29-ene, 3-epibetulinic acid 
(253) OSOr3CY., COzH-28, 20:29-ene 
(254) OH-3CY., llCY., COzH-23, 28, 20:29-ene 

2,' 
\ 2224 26 

20 23 25 
27 

17 

29 28 

(255) OH-3~, 12CY., 17CY., 22:25-epoxy, 9:1l-ene, holothurigenin 
(256) OH-3~, 12CY., 17CY., OAc-25, 9:11, 22:23-ene 
(257) OH-3~, 12CY., 22:25-epoxy, 9:11-ene 

(258) OH-l~, 3~, 12~, 20(S), 26, 24-ene 

26 

27 

(259) OH-3B, 12B, 20(S), 24-ene, 20(S)-protopanaxadiol 
(260) OH-3~, 20, 19-oxo, 24-ene 
(261) OH-3~, 12B, 20(S), 24(S), 25:26-ene 

References, pp. 173-196 



Triterpenoid Saponins 

(262) OH-20:, 3~, l2~, 20, 25, 23-ene 
(263) OH-3~, 20(S), 24-ene 
(264) OH-3~, 20(R), 16cdO, 16~:22R-diepoxy, 24-ene 
(265) OH-3~, 60:, l2~, 20(S), 25, 22-ene 
(266) OH-3~, 20(R), OAc-150:, 160::30, 16~:22(R)-diepoxy, 24(24')-methylene 
(267) OH-3~, l2~, 25, 30, 20: 24-epoxy, capsugenin 
(268) OH-3~, 60:, 20(S), 24-ene 
(269) OH-3~, 150:, 16~, 20(S), 16:22-epoxy, 24-ene 
(270) OH-3~, 240:, OS03 -20(S), 16~:30, 16~:23-diepoxy, 25:26-ene 
(271) OH-3~, 12~, 23(S), 25, 20(S): 24(S) epoxy 
(272) OH-3~, 60:, 12~, 25, 20:24-epoxy 
(273) OH-3~, 23, 19-oxo, 16~:22-epoxy 
(274) OH-3~, 60:, 12~, 240:, 20:25-epoxy 
(275) OH-3~, 60:, 12~, 20(S), 24~, 25 
(276) OH-3~, 60:, l2~, 25~, 26, 20(S):24(S)-epoxy 
(277) OH-3~, 20, 160::30, 16~:22-epoxy, 24-Me, 25:26-ene 
(278) OH-3~, 60:, l2~, 20:21, 23:24-ene 
(279) OH-3~, 12~, 20R:25-epoxy, panaxadiol 
(280) OH-3~, l2~, 20, 25, 23-ene 
(281) OH-3~, l2~, 20(S), 24~, 25 
(282) OH-2~, 160:, 20(S), 25, 3, 11, 22-trioxo, 5-ene 
(283) OH-3~, 24, 25(R), ll-oxo, 5-ene 
(284) OH-3~, 20, 21, 24, 25:27-ene 
(285) OH-3~, 20, 25, 27, 23-ene 
(286) OH-3~, 20, 25, 30, 16-oxo, 23-ene 
(287) OH-3~, 12~, 23(S), 25, 28, 20(S):24(S)-epoxy 
(288) OH-3~, 12~, 25, 20(S):24(S)-epoxy 
(289) OH-3~, 25, l2-oxo, 20(S):24(R)-epoxy 
(290) OH-3~, 25, 26, 20(S):24(R)-epoxy 
(291) OH-3~, 25, 20(S):24(R)-epoxy 
(292) OH-3~, l2~, 20(S), 24(R), 25 
(293) OH-3~, 12~, 20(S), 24(R), 25, 28 
(294) OH-3~, 20(S), 24(R), 25 
(295) OH-3p, 20(S), 24(R), 25, 12-oxo 
(296) OH-3p, l2P, 23(S), 24(R), 20(S):25-epoxy 
(297) OH-3~, l2P, 25, 20(S):24(R)-epoxy 
(298) OH-3~, l2P, 20(S), 25, 22-ene 
(299) OH-3p, 60:, l2~, 20(R), 25, 22-ene 
(300) OH-3~, 110:,25, 20(S):24(R)-epoxy 
(301) OH-3p, 25, OAc-llo:, 20(S):24(R)-epoxy 
(302) OH-3p, 110:, 20(S), 24-ene 

33 



34 S. B. MAHATO and S. GARAI 

(303) OH-3~, 15<x, mabiogenin 
(304) OH-3~, 21~, 15-oxo 

HO 

(305) Jujubogenin 

(306) Trevoagenin D 

HO 

(307) 

HO 

References, pp. 173-196 

OH 

OH~ 



(308) Pseudojujubogenin 

2 
HOOC " 

(309) OH-3~, ceanothic acid 
(310) OH-31X, isoceanothic acid 

HO 

(311) Hovenolactone 

(312) OH-3~, heinsiagenin A 
(313) OH-21X, 3~ 

(314) OH-3~, SIX, 12 
(315) OH-3~, SIX, 12~-OMe 

HO 

(316) 

Triterpenoid Saponins 

'f(.~ 
L/OOH 

;' 

o 

OH ° 
° OH 

\,~ 
I 
I 

35 



36 s. B. MAHATO and S. GARAI 

HO 

(317) 

HO 

(318) 

HO 

(319) 

(320) OH-3~, C02H-17, 11:12, 13:18-ene 
(321) OH-3~, 12~, C02H-17, 13:18-ene 

HO 
30 

References, pp. 173-196 

o 

o 



(322) OH-3p, C02H-29 
(323) OH-3p 

(324) 

(325) OAc-25 
(326) OH-25 

(327) OH-3P 
(328) OH-3P, C02H-29 

(329) OH-3P 
(330) OH-3P, 23(S) 

HO 

HO 

Triterpenoid Saponins 

O~o 
i 

26 27 

37 



38 S. B. MAHATO and S. GARAI 

(331) OH-3~, 12cx, 25, 30, 14R:17R, 20R:24S-diepoxy 
(332) OH-3~, 12cx, 14, 17,25, 20R:24S-epoxy 
(333) OH-3~, 12cx, 20R, 24S, 25, 14R: 17R-epoxy 

HO 

(334) 

_-0- CH,CH, 

(335) 

(336) 

HO 

HO 

OH OH 0 .-
l J... J-.r 
'( '( '0 
OH : 

H~ 
OHOH 
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H9 
, 

HO--' COOH 



(337) 

(338) 

Triterpenoid Saponins 

OH OH 0 

t 1 1 ( 
YY"o 

OH OH 

6' 0 
H~OC ,'0 

4' 

OH 
2" 0 0 3' 

HOOC/~ 
I" I 

I 
HOOC ............ O 

~" 4" 

(339) OMe-2" 
(340) OH-2" 

H02~C O? 
OH 

HO 

o 

~HO HOOC 00 

~H OH HO 

((
C02 

?' I 0 

~ CO ~OJ 
~H o OH 

(341) 
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All cells of higher organisms are covered with surface carbohydrates, 
which are linked to peptides or fatty acids to form glycoconjugates (1). 
These cell surface glycoconjugates (glycoproteins, proteoglycans, 
glycosphingolipids, and glycosyl phosphatidyl inositols) play an 
important role in biological recognition, carrying encoded biological 
information that is recognized by other cells, viruses, bacteria, and toxins 
(2). This is another example of the lock and key mechanism, which was 
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first used by Emil Fischer in 1897 to explain the interactions between 
enzymes and substrates. The recognition event is important for the 
regulation of cell-substratum adhesion and cell proliferation, for the 
binding and uptake of extracellular components, and for the regulation of 
extracellular matrix formation (3). 

Intracellular carbohydrates are thus important for signaling and 
activation. Owing to their structural diversity, oligosaccharides are parti
cularly good information carriers. For example, two identical mono
saccharides can form 11 different disaccharides, while two identical 
amino acids form only one dipeptide. Glycoconjugates on eukaryotic 
cells contain glucose, mannose, galactose, the deoxy sugar fucose, the 
amino sugars N-acetylgalactosamine and N-acetylglucosamine, and a 
few acidic sugars like N-acetylneuraminic acid (1). 

Along with several other types of amino sugars 6-deoxyamino
hexoses have been identified as important structural components in 
antibiotics, including enediynes, macrolides, and anthracyclines 
(4, 5, 6), where they function as recognition elements and contribute 
to the high selectivity of the antibiotics. In several DNA-interacting 
antibiotics the sugar units are suspected to function as minor groove 
binders. 6-Deoxyaminohexoses are also found on some bacterial cell 
walls (7). Owing to their varied biological actions, 6-deoxyamino sugars 
are synthetic targets of great interest for potential pharmaceutical use. 
Some of them inhibit protein glycosylation. The 6-deoxyaminohexoses 
were first isolated from nature and synthesized in the late sixties. 

Carbohydrates have challenged chemists for a long time, but only 
recently has their biological function become understood. The relative 
configurations we know today were laboriously worked out by EMIL 
FISCHER, who pioneered the field of sugar chemistry one hundred years 
ago (8). 

A very limited number of carbohydrate drugs are in commercial 
use (e.g. heparin). Two significant problems in the development of 
carbohydrate drugs are the chemical instability of carbohydrates and the 
inefficient methods for synthesizing them. These problems might be 
overcome by the development of glycomimics which are more robust 
towards hydrolysis and other degradation reactions. Such development 
requires a deeper understanding of the biological phenomena and of the 
structural behavior of glycomimics. 

1.2. Antibiotics 

Many antibiotics contain carbohydrate units to render the usually 
poorly water-soluble active ingredient more water-soluble and thereby 

References, pp. 255-263 
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more effective. Sugar units are also believed to playa role in recognition 
(9). Often these carbohydrate units contain novel amino sugars including 
6-deoxyaminohexoses. Classification of antibiotics is based on the 
aglycone (the non-carbohydrate unit): anthracycline, macrolide, azalide, 
enediyne, etc. 

The first anthracycline antibiotic, p-rhodomycin II, was isolated in 
1950 by BROCKMANN and BAUER (6,10). The earliest of the anthracyclines 
displayed potent antibacterial activity in cell culture. Probably the most 
familiar antibiotic in this class is daunomycin, also known as 
daunorubicin or rubidomycin, which contains the novel 6-deoxyamino
hexose daunosamine (6, 11). Daunomycin was isolated in the early 
1960s and was the first antibiotic of this type to show activity against 
acute leukemia (6, 12, 13). 

Many anthracycline antibiotics exhibit anticancer activity due to their 
ability to intercalate into double helical DNA (6). The aglycones formed 
in metabolic transformations in liver through reductive scission of the 
glycosidic bond are of pharmacological and clinical concern because 
they do not appear to contribute to cytotoxic or anticancer activity, but 
rather they appear to contribute to general side-effect toxicities (6). 

During the 1950s BROCKMANN and HENKEL isolated the first 14-
membered macrolide antibiotic, picromycin, from an Actinomyces 
culture (14). Picromycin contains desosamine (see Table 6), a 6-
deoxyaminohexose, as the carbohydrate unit. Shortly after the isolation 
of picromycin, several other macrolide antibiotics were isolated from 
natural sources: 14-membered erythromycin and megalomicin, 12-
membered methymycin, and 16-membered mycinamicin (15-19). Their 

p-Rhodomycin /I Daunomycin 

Fig. 1. Two anthracyc1ine antibiotics 
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Erythromycin Azithromycin 

Fig. 2. A 6-deoxyaminohexose as a part of erythromycin A and azithromycin 

biosyntheses involve the polyketide pathway. These compounds usually 
exhibit activity against Gram-positive bacteria and only weak activity 
against Gram-negative bacteria. 

Azithromycin, the first member of yet another class of antibiotics 
known as azalides, is an effective therapeutic agent for oral treatment of 
sexually transmitted diseases, upper and lower respiratory tract 
infections, and skin infections (20). Azithromycin differs structurally 
from erythromycin A in the insertion of a methyl-substituted nitrogen 
in the lactone ring so as to create a I5-membered macrocycle (21). 
This modification produces enhanced potency against bacteria, 
superior stability in acid environment, as well as much longer half
lives and much higher tissue concentrations compared to erythromycin 
A 2 (22). 

Enediyne anticancer antibiotics have attracted growing synthetic 
interest since the structure of the neocarzinostatin (NCS) chromophore 
was reported by EDO et al. in 1985 (23). Several structurally related 
species have been discovered, including the calicheamicins, esperami
cins, and dynemicins (Fig. 3). Successful synthetic routes have been 
developed to many of these compounds (24). Kedarcidin is a recently 
discovered member of this exciting class of natural products (4). Its core 
enediyne unit resembles that of the NCS chromophore. Like typical 
enediyne antibiotics, kedarcidin is glycosylated with the unusual 6-
deoxyaminohexose component kedarosamine, whose structure, including 
absolute stereochemistry, has been established through X-ray analysis of 
the p-bromobenzoate derivative (25). 

The enediyne portion is responsible for the DNA cleaving action and 
the carbohydrate domain is suggested to function as minor groove 
binder, thus contributing to the high sequence selectivity observed within 
this class of DNA cleavers (26, 27). 
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2. Known 6-Deoxyaminohexoses 

Numerous 6-deoxyaminohexoses have been described in the 
literature, some of them isolated from natural sources and some 
completely synthetic products. In Tables 1-7, the names of the reported 
naturally occurring compounds are shown in italics. 

The amino group of 6-deoxyaminohexoses may be present 
in positions 2, 3, 4, and 6. Likewise, the position of the methylene 
carbon in tri- and tetra-deoxyhexoses can vary. This review covers all 
6-deoxyaminohexoses except those that have the amino group at 
position 6. Aza sugars where nitrogen is in the ring, branched-chain, 
di- and poly-aminohexoses, and nitro-group-containing sugars are 
excluded from this coverage. 

The common stereochemistries of the natural 6-deoxyaminohexoses 
are the same as for ordinary sugars: glueo, galaeto, and manno 
configurations (Fig. 4). Other stereochemistries exist in addition (allo, 
altro, talo, gulo, and ido). The D-series of compounds are shown in 
Tables 1-7, although in nature it is normally the L-forms that appear. 
D-forms are conveniently obtained through synthesis. Tables 1-3 show 
the structures of dideoxyamino sugars, Tables 4-6 contain the structures 
of trideoxyamino sugars, and Table 7 shows the structures of tetradeoxy
amino sugars. 

Of the 2,6-dideoxy-2-arnino sugars (Table 1), fucosamine has the 
same stereochemistry as fucose, a constituent of sialyl Lewis X 
expressed for example on leukocytes. Rhamnosarnine is derived from 
the deoxy sugar rhamnose (a component of some bacterial cell walls) in 

HO_(H 0 

HO~ 
OHOH 

Glucose 

HO~ 
OH OH 

Altrose 

H~OH 
o 

HO 
OHOH 

Galactose 

OH 

H~\ 9~ 
HO~ 

OH 

Talose 

HO~ 
Allose 

H~ 
OH OH OH 

Gulose 

Fig. 4. Configuration of D-pyranose sugars 
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Mannose 
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OH OH 

Idose 
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Table 1. Structures of 2,6-Dideoxy-2-amino Sugars 

Me 0 OR" 

HO~NH2 
OH 

Peunosamine 

MeX):oR" 

HO , 'NH2 
OH 

2,6-Dideoxy-2-amino
gulopyranoside 

MeqoR" 

HO 'NH2 
OH 

Fucosamine 

2,6-DideoxY-2-amino
altropyranoside 

MeX:XoR" 

HO , NH2 
OMe 

Eisaminose 

2.6-Dideoxy-2-amino
allopyranoside 

Me 0 OR" 

HO¥NH2 
OH 

Rhamnosamine 

Me 0 OR" 

HO¥NH2 
OH 

Quinovosamine 

the same manner as fucosamine from fucose. Elsaminose is a constituent 
amino sugar of elsamicin A, an antitumor antibiotic structurally related 
to chartreusin. Quinovosamine has a stereo- and regio-chemistry similar 
to those of glucosamine and is the 2-epimer of rhamnosamine. 

Of the 3,6-dideoxy-3-amino sugars, only two have been reported to 
occur naturally (Table 2). Mycaminose has a dimethylated amino group, 
and the corresponding structure with the talo-stereochemistry was 
recently described as being a part of the antifungal compound fluvirucin 
Bl. 

Table 2. Structures of 3,6-Dideoxy-3-amino Sugars 

3,6-Dideoxy-3-amino
ta/opyranoside 

Me 0 OR" 

HoDoH 

NH2 

3,6-Dideoxy-3-amino-
gulopyranoside 

3.6-Dideoxy-3-amino
galactopyranoside 

Me 0 OR" 

HO¥OH 
NH2 

3,6-Dideoxy-3-amino-
altropyranoside 

3,6-Dideoxy-3-amino
idopyranoside 

Me 0 OR" 

HO¥OH 
NH2 

3.6-DideoxY-3-amino-
allopyranoside 

3,6-Dideoxy-3-amino
mannopyranoside 

Me 0 OR" 

HO¥OH 
NMe2 

Mycaminose 
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Table 3. Structures of 4,6-Dideoxy-4-amino Sugars 

Melo,oR" 

H2N~OH 
OH 

4,6-Dideoxy4-amino
lalopyranoside 

MenOR" 

H2N , OH 
OH 

4,6-DideoxY4-amino
gulopyranoside 

Thomosamine 

MeX:XoR" 

H2N' , OH 
OH 

4,6-Dideoxy4-amino
altropyranoside 

4,6-Dideoxy4-amino
idopyranoside 

4,6-Dideoxy4-amino
allopyranoside 

Perosamine 

Viosamine, R,R'=H 
Bamosamine, R,R'=H,Me 
Amosamine, R,R'=Me 

Few natural congeners of 4,6-dideoxy-4-amino sugars are known 
(Table 3). Perosamine, a sugar component of perimycin, is a regio
isomer of rhamnosamine. Viosamine is a regioisomer of quinovosamine. 
Bamosamine and amosamine are partly or fully N-methylated analogues 
of viosamine. Thomosamine has the galacto-stereochemistry. 

Many natural amino sugars have the same stereo- and regio
chemistry and differ only in the substitution of the amino group (with 
one or two alkyls or with some other groups like acyl). The amino group 
may also be present in its free form. A good example of the variation is 
the difference between vios-, bamos-, and amos-amine: viosamine has a 
free amino group at position 4, while bamosamine has a methyl amino 
group and amosamine a dimethylamino group. The same kind of 
difference exists between daunosamine and rhodosamine, ristosamine 
and megosamine (Table 4), and tolyposamine and forosamine (Table 7). 

Probably the most common trideoxyaminohexose (Table 4) is 
daunosamine, a constituent of the antibiotic daunomycin. Acosamine 
is the 4-epimer of daunosamine. The 3-epimer has not yet been reported 
in the literature. Kedarosamine, a constituent of the enediyne antibiotic 
kedarcidin and first isolated in 1992, is the youngest of the trideoxy
aminohexoses. 

No naturally occurring 2,3,6-trideoxy-2-aminohexoses are known 
and compounds with only a few of the possible stereochemistries have 
been synthesized (those with the gulo and manno stereochemistry). 

Desosamine is a constituent of many macrolide antibiotics, for 
example erythromycin, narbomycin, picromycin, and oleandromycin. 
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Synthesis of 6-Deoxyamino Sugars 205 

Table 4. Structures of Trideoxyamino Sugars having a Methylene Group at Position 2 

::qOR" 

Me 0 OR" 

HOX; 
NR2 NH2 

Daunosamine, R=H 2,3,6-Trideoxy-3-amino-
Rhodosamine, R=Me xylo-hexopyranoside 

Kedarosamine epi-Kedarosamine 

::q0R" 

NH2 

Acosamine 

H::qOR" 

OH 

Hollantosamine 

Me 0 OR" 

HOX; 

NR2 

Ristosamine, R=H 
Megosamine, R=Me 

Me 0 OR" 

H2ND 
OH 

2,4,6-Trideoxy-3-amino
ribo-hexopyranoside 

The 2-epimer of desosamine is known, but not the 3-epimer. As with the 
2,3,6-trideoxy-2-aminohexoses, few 3,4,6-trideoxy-3-aminohexoses are 
known in the literature. It seems that, among the trideoxyaminohexoses, 
nature favors the methylene group at position 2. 

Relatively few tetradeoxyaminohexoses have been isolated from 
natural sources and few of the possible structures are described. 
Evidently the 4-position for the amino group is favored in natural 
examples of this rare kind of sugar. Tolyposamine, forosamine and 
ossamine occur naturally. 

Table 5. Structures of Trideoxyamino Sugars having a Methylene Group at Position 3 

Me 0 OR" 

HOnNH2 

Me 0 OR" 

HoDNH2 

Me 0 OR" 

HoDNH2 

Me 0 OR" 

HoDNH2 

2,3,6-Trideoxy-2-amino- 2,3,6-Trideoxy-2-amino- 2,3,6-Trideoxy-2-amino- 2,3,6-Trideoxy-2-amino-
lalopyranoside gulopyranoside mannopyranoside glucopyranoside 

MeX::CoR" MeDoR" 
Me 0 OR" Me 0 OR" 

H2NUOH H2NDoH H2N OH H2N 'OH 

3,4,6-Trideoxy-4-amino- 3,4,6-Trideoxy-4-amino- 3,4,6-Trideoxy-4-amino- 3,4,6-Trideoxy-4-am ino-
lalopyranoside gulopyranoside mannopyranoside glucopyranoside 
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Table 6. Structures of Trideoxyamino Sugars having a Methylene Group at Position 4 

Me~::" Mey.::" 

Me 0 OR" 

\XOH 

Me 0 OR" 

Y.OH 
NMe2 NMe2 NH2 NMe2 

2-epi-Desosamine Desosamine 3,4,6-Trideoxy-3-amino- 3-epi-Desosamine 
allopyranoside 

Me~::~ 
Me 0 OR" Me 0 OR" Me 0 OR" 

V NH2 \XNH2 'Q:NH2 

OH OH OH OH 

2,4,6-Trideoxy-2-amino- 2,4,6-TrideoxY-2-amino- 2,4,6-TrideoxY-2-amino- 2,4,6-Trideoxy-2-amino-
talopyranoside allopyranoside idopyranoside gulopyranoside 

Table 7. Possible Stuctures of Tetradeoxyamino Sugars 

epi-ToJyposamine, R=H 
Ossamine, R=Me 

ToJyposamine, R=H 
Forosamine, R=Me 

2,3,4,6-Tetradeoxy-2-amino
mannopyranoside 

MeyOR" MeVoR" 

NH2 NH2 

2,3,4,6-Tetradeoxy-3-amino- 2,3,4,6-Tetradeoxy-3-
glucopyranoside amino-allopyranoside 

Mey~OR" 

V"'NH2 

2,3,4,6-Tetradeoxy-2-amino
glucopyranoside 

3. Synthetic Aspects 

3.1. Carbohydrates as Starting Materials 

The relatively inexpensive and readily available D-glucose has been 
used as a starting material for numerous syntheses of amino sugars. D
Glucose is easily converted to methyl (X-D-glucopyranoside (also 
commercially available) by the Koenigs-Knorr method, by heating the 
carbohydrate in 2% RCl in methanol. The thermodynamically more 
stable (X-anomer is crystallized as the monohydrate (28). D-Mannose and 
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D-galactose have also been used as starting materials for the synthesis of 
D-aminohexoses, while the more expensive L-rhamnose and L-fucose 
have commonly been used for the synthesis of L-amino sugars. When 
carbohydrates are used as starting materials, protections and depro
tections are usually needed, which decrease the overall efficiency of the 
preparation. Most of these methods were developed at the beginning of 
this century. 

3.1.1. Monoamino Dideoxyhexoses 

Thomosamine, viosamine, and methyl 3,6-dideoxy-3-aminogluco
pyranoside have all been synthesized from D-glucose, as the stereo
chemistry of the starting sugar was suitable for the target hexoses 
(Schemes 1,2,4) (29-31). The 6- and 4-hydroxy groups of methyl (X-D
glucopyranoside were protected as the benzylidene acetal (32). 

In the synthesis of thomosamine, STEVENS et al. used benzyl ethers as 
protecting groups for 2- and 3-hydroxyls, and after cleavage of the 
benzylidene protection methyl 2,3-di-O-benzyl-(X-D-glucopyranoside 
was fonned in 60% overall yield (29,32-35). The 4- and 6-hydroxy 

:;y .. OMe O~"'OMe O~"'OMe HO . 
i ii 

HO"" "'OH - Ph')'O'''' "'OH - Ph')'O"" "'OBn 

OH OH OBn 

1 2 

iii 1 

1~",oMe MSO~",oMe HO:;y.,·oMe 

v iv 

MsO"" "'OBn - MsO"" ""OBn - HO"" "'OBn 
85% OBn 

98% OBn 
OBn 4 60 % overall 
5 3 

vi 182 % 

Mex;, .. OMe Me~:::OMe Me~::'OMe vii viii 

MsO"" ""OBn-----sw. H2N OBn 93% H2N 'OH 

OBn OBn OH 

6 7 Methyl a-D-thomosaminide 

Scheme 1. Reagents: i, PhCHO, ZnCh; ii, NaH, BnBr, BI4N+I-, THF; iii, Acetone, H20, 
HCI; iv, MsCI, TEA; v, h, 2-butanone, heat; vi, LiAI~, THF; vii, 1) Li+N3 2) LiAI~; 

viii, H2 , PdlC, HCI 



208 L. A. OrSOMAA and A. M. P. KOSKINEN 

groups were removed by creating two mesyloxy groups as good leaving 
groups and taking advantage of the different reactivities of secondary 
and primary groups. The primary mesyloxy group was selectively 
displaced with iodide, and the intermediate was reduced to the 6-deoxy-
4-mesylate. Instalment of the nitrogen function with azide ion and 
reduction of the azide with lithium aluminium hydride gave, after 
hydrogenolysis of the benzyl ethers, thomosamine hydrochloride as the 
Cl-methyl glycoside in 34% overall yield (Scheme 1). 

Recently, WARD and KALLER have reported a similar synthesis of 
thomosamine as an intermediate of actinobolin (36, 37). The only major 
difference between the sequence just described and their method is the 
use of zinc in acetic acid in the dehalogenation step. 

JARY et ai. used methyl 4,6-0-benzylidene-Cl-D-glucopyranoside as 
starting material in the synthesis of 3,6-dideoxy-3-aminoglucopyrano
side (Scheme 2) (38). The C-3-stereochemistry was retained by double 
inversion. The first inversion was achieved by the conversion of the 3-
hydroxy group to chloride (39). From compound 8 they prepared the 3-
chloro-6-bromoallopyranoside 9 by the method of HANEs SIAN and 
PLESSAS (40). The bromide was reduced by catalytic hydrogenation 
under basic conditions. The second inversion involved treatment of the 
chloride with azide. After deprotection and hydrogenation, methyl 4,6-
dideoxy-4-amino-Cl-D-glucopyranoside was produced. 

1 

Meroi::·oMe 
HO····y'OH 

NH2 
12 

i --64% 

v 

84% 

8 

Mero,(oMe 
BZO····y'oH 

N3 
11 

ii --97% 

iv --88% 

XJ ··OMe Br . 

BzO'" ~ ""OH 

CI 

9 

iii]72 % 

Mel). ° ::.oMe 
BzO" , 'OH 

(:1 
10 

Scheme 2. Reagents: i, S02CI2; ii, NBS, BaC03 ; iii, Et2NH, H2, Raney Ni, MeOH; iv, 
NaN3 DMF; v, I) NaOMe, MeOH, Dowex-50 (H+) 2) H2, Pt02, EtOH 

STICK and PATRONI attempted to use a cyclic thiocarbonate as a means 
of deoxygenating at C-6 and obtaining the intermediate 16 of the natural 
product mycaminose (41, 42). However, they failed to produce the 
cyclic thiocarbonate 15 (Scheme 3), 
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i-iv 

Meroi::,oMe 

HO""Y 'OBn 
NHAc 

16 

---

209 

HO-y°,(oMe 

HO""Y"'oBn 

NHAc 

14 

Scheme 3, Reagents: i, NaI04 ; ii, PhNHNH2; iii, H2IRaney Ni; iv, AC20 

FURSTNER et al. have used methyl 2,3-0-dimethyl-4,6-0-benzylidene
ex-D-glucopyranoside in the synthesis of azido sugar 21, an intermediate 
for the synthesis of viosamine, bamosamine, and amosamine (Scheme 4) 
(43). The starting material was synthesised by applying common carbo
hydrate chemistry (44). The synthetic sequence consists of standard 
protection/nucleophilic substitution steps. Azide ion perfectly discrimi
nates between the primary tosylate and the triftate group at C-4, the latter 

HO~",oMe 
HO"" "'OH 

OH 

Mer;::.oMe 

Nj' 'OMe 
OMe 

21 

66% 

0::c;",oMe 

Ph')'O"" "'OMe 

OMe 

17 

vi 
1:N",oMe -- N{' "'OMe 

OMe 

20 

Viosaminide, R=H,H 
Bamosaminide, R=H,Me 
Amosaminide, R=Me,Me 

~"oMe ii TsO ' - HO"" "'OMe 94% 
OMe 

18 

iii I 
iv,v 

TSO~",oMe -- TlO"" "'OMe 68-78 % 
OMe 

19 

Scheme 4. Reagents: i, 1) PhCHO, ZnCIz, 2) CH30S03Na, DMSO, Mel; ii, 1) p-TsOH, 
H20, MeOH 2) TsCl, pyr, CH2CI2; iii, Tf20, pyr, CH2C\z; iv, NaN3, DMF; v, BU4N+I-, 

MeCN; vi, Zn/Ag-graphite, THF, rt, 25-60 min 
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being selectively substituted. Zinc-mediated reduction of the deoxyhalo 
sugar was achieved in good yield (69%). Competing dealkoxyhalogena
tion led to ring opening. Zinc-induced reduction was also used with 2-
and 3-azido (Scheme 5) derivatives, with good results (81 % and 70%) 
(43, 45, 46). When the formation of organozinc compounds was 
eliminated, ring opening was also avoided. Hydrogenation of the azido 
compounds would lead to the respective amino sugars. 

O~o,(OMe 

Ph""lo""YR2 

R1 

228 R1 = N3, R2 = OAe 
22b R1 = OAe, R2 = N3 

Meyo,(OMe 

""~ or 
AeO"" ~ OAe 

NH2 

268 

TSO~OMe 

AeO' , R2 

R1 

238 R1 = N3, R2 = OAe 
23b R1 = OAe, R2 = N3 

MeX:XoMe 

AeO'''' ~ NH2 

OAe 

26b 

ii 
'nOMe 

AeO"", R2 

R1 

248 R1 = N3, R2 = OAe 
24b R1 = OAe, R2 = N3 

MeX:XoMe 

AeO : R2 

R.1 

258 R1 = N3, R2 = OAe 
25b R1 = OAe, R2 = N3 

Scheme 5. Reagents: i, 1) p-TsOH· H20, MeOH 2) TsC\, pyr, CH2Ch then AC20; ii, 
BU4N+I-, MeCN, heat; iii, Zn/Ag-graphite, THF, rt, 25-60 min 

To synthesise mycaminose the anhydro compound 27 was treated 
with ethanolic dimethyl amine to give a 1: 1 mixture of 2- and 3-
dimethylamino compounds (47,48). Standard tosylation and reduction 
of the 3-isomer produced mycaminose methyl glycoside (Scheme 6). 

STEVENS et ai. have synthesised viosamine and the related 
bamosamine (methylamino) and amos amine (dimethylamino) by two 
different routes (29, 30, 49). One route started from D-galactose with 
inversion of configuration at C-4 (Scheme 7) and the other one from 
glucose with double inversion at C-4 (Scheme 8). In both routes 6-deoxy 
structures were achieved with the conventional ditosyl or dimesyl 
method where a primary tosylate or mesylate was substituted with iodide 
and the alkyl iodide was dehalogenated. The tosyloxy group at C-4 of the 
galactose derivative was substituted with azide ion through inversion to 
give the correct stereochemistry. The stereochemistry at C-4 in the 
glucose derivative was inverted when the mesylate reacted with sodium 
benzoate. After hydrolysis and remesylation, treatment with azide was 
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27 
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i --28% 

28 

11,111 j 33 % 

Mero'foMe 

HO""Y"OH 
NMe2 

+ 

1 : 1 

Methyl a-D-mycaminoside 

HO~oMe 

HO' , NMe2 
OH 

29 

Scheme 6. Reagents: i, Me2NH, EtOH; ii, TsCI, Pyr; iii, LiAl14 

211 

effected. The final steps included reduction of the azide and deprotection 
at C-2 and C-3 as the corresponding benzyl ethers. The dibenzylated 
intermediate 37 was converted to monomethyl bamosamine through an 
ethoxycarbamate derivative, which was reduced with lithium aluminium 
hydride and debenzylated. Reductive dimethylation of viosamine gave 
amosamine. 

Another application of standard carbohydrate chemistry is the 
synthesis from galactose of the hydroxyarnino sugar which is a structural 
component of calichearnicins (31). The synthetic sequence presented in 
Scheme 9 consists of protections, bromination, and dehalogenation at 

H01°'y,OMe 

HOY"'oBn 
OBn 

30 

i Tso1o,(OMe 

------ TSOY"'oBn 
OBn 

31 

Meroi::,oMe 

H2N"'Y 'OBn 
OBn 

ii ------32% 

iv, v 

50% 

Methyl a-D-viosaminide 

'lo,(oMe 

TSOY"'oBn 
OBn 
32 

iii172 % 

Meioi::,oMe 

TSO~ 'OBn 
OBn 

33 

Scheme 7. Reagents: i, TsCl, TEA; ii, Nal, acetone, 110°C; iii, H2, Raney Ni; iv, Li+N3'; 
v, H2, Pt02, MeOH 
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ii 
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H0"Y 'OBn 
OBn 

35 
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iii175% 

Meioi:,··oMe 

MS0"Y "OBn 
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36 

Scheme 8, Reagents: i, PhCOO-Na+, DMF, heat; ii, NaOH, EtOH, H20; iii, MsCl, Pyr,; 
iv, Na+N3; v, LiAIH4 ; vi, H2, Pd/C 

C-6 as well as nucleophilic displacement with azide and reduction. If the 
2,3-protection were cleaved in this step, viosamine would be produced. 
Instead, to build up the calicheamicin sugar unit, the amino group was 
converted to a hydroxyamino group via a nitro intermediate. 

D-Perosamine, the enantiomer of naturally occurring L-perosamine 
(the constituent of the antibiotic perimycin), was synthesised from D-

HOXXOH 
)?,.oMe Me~:~,oMe Br ' 

i-iv v 
HO "'OH -- BzO "'0 -- HO '0 

23% 
o~ 

54% 
o~ OH 

Galactose 38 39 

vi 84% 

Mer;:,.QMe Me~JoMe 
vii,viii 

Me~:"OMe 
H2N' "0 .--- MsO "0 H2N" "OH 

O~ 
63% 

o~ OH 

Methyl a-D-viosaminide 41 40 

Scheme 9. Reagents: i, MeOH/H+; ii, PhCH(OMeh, H+; iii, NBSlBaC03, CCI4 ; 

iv, Me2C(OMeh; v, LiAl~, THF; vi, MsCl, Pyr; vii, NaN3 , DMF; 
viii, NaB~, DMFlMeOH 
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mannose (Scheme 10) (50). The stereochemistry at C-4 was inverted 
before nucleophilic displacement in order to retain the stereochemistry 
of the final product. Inversion of the C-4 hydroxy group was achieved 
through Swem oxidation and reduction with sodium borohydride. 
Equatorial attack of hydride produced the D-talo isomer, which was 
converted to the 4-mesylate. The isopropylidene group shielded the 
bottom face so effectively that the molecule was immune to nucleophilic 
displacement. It is worth noting that, in the previous case where the 
mesylate was of galacto stereochemistry (Scheme 9), nucleophilic 
substitution occurred with high yield (31). After removal of the 
isopropylidene protection, nucleophilic displacement took place. The 
(X-methyl glycoside of D-perosamine was obtained after standard 
hydrogenation, in 13% overall yield. When the stereochemistry of the 
mesyloxy group was inverted, removal of the isopropylidene protection 
was not necessary. 

HO-y°''y',OH 

HO"""-{'OH 
OH 

Mannose 

Mero,(oMe 

N:l"''y''OH 
OH 

46 

ix 85% 

~ 

33% 

-Y!!L 
72% 

Methyl u-D-perosinamide 

Meio,{oMe 

MSO~OH 
OH 

41 

ii-iv 
~ 

91% 

vii -100% 

Meio,(oMe 

MSO~o 
o~ 

44 

Scheme 10. Reagents: i, Acetone, cat. HCI; ii, TsCI, TEA; iii, LiAIHt, ether; iv, Swem; 
v, NaBH4, EtOH, H20; vi, MsCI, TEA; vii, MeOH, HCI; viii, NaN3, DMSO; 

ix, H2, Pd/C, MeOH 
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Methyl 6-deoxy-2,3-0-isopropylidene-Cl-Iyxopyranosid-4-ulose 43 
can also be converted into an oxime which is reduced with lithium 
aluminium hydride to the tala isomer (51-53). After treatment with 
dilute hydrochloric acid, 4-epi-D-perosamine 49 was obtained as the 
methyl glycoside. When the oxime derived from the L-enantiomer of 
pyranosid-4-ulose was reduced under similar conditions, the L-talo 
isomer was formed. Cleavage of isopropylidene gave 4-epi-L-perosa
mine (Scheme 11). 

Meio,(oMe 

o~o 

~f 
64% 

i -95% 

iii 

50 51 49 

Scheme 11. Reagents: i, LiAIH4, THF; ii, dil. Hel; iii, LiA1~ 

6-Deoxy-2,3-0-isopropylidene-Cl-Iyxopyranosid-4-ulose 53 (54) 
derived from L-rhamnose was synthesised by a reaction sequence 
analogous to that of STEVENS et al. (51) reported for the D-series, with 
the exception that the Pfitzner-Moffatt oxidation (55, 56) was employed. 
Reduction of the keto group with sodium borohydride followed by 
mesylation gave the L-talo isomer 54 (55). Nucleophilic displacement 
with azide was complicated for the L-isomer, as it was for the D-isomer. 
In this case only 15% of the desired azide 56 was obtained. The major 
constituent of the reaction mixture was the elimination product 55. After 
deprotection and hydrogenation, L-perosamine was obtained in poor 
yield (Scheme 12). BRIMACOMBE et al. have also synthesised L
perosamine from methyl 6-deoxy-2,3-0-isopropylidene-4-0-methylsul
fonyl-Cl-L-talopyranoside 54 using nucleophilic replacement. The azide 
56 was reduced with lithium aluminium hydride (52). 

A common feature of all these four syntheses is the equatorial attack 
of the hydride. CIEPLAK and co-workers have proposed that charge 
transfer stabilizes the transition state of nucleophilic addition to a 
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Scheme 12. Reagents: i, acetone, CUS04; ii, DMSO, benzene, pyr., TFA, (C-C6HlINhC; 
iii, NaB~, MeOH; iv, MsCl, pyr.; v, NaN3, DMF; vi, 33% AcOH; vii, H2, PdlC 

carbonyl group by electron donors (57, 58). Non-equivalence of the two 
faces of a carbonyl group with respect to the electron-donating power of 
the neighboring orbitals might create a preference for the approach that 
assures maximum overlap of the 0'* orbital with the most readily 
donating orbitals. Steric hindrance favors an equatorial approach of 
hydride for both ketones and oximes. For cyclic ketones without any 
heteroatoms, however, hydride favors the axial approach. Electron 
donation from the cyclohexanone O'CH rather than O'CC bonds into the 0'* 

orbital favors the axial approach since the carbon-hydrogen bonds are 
better donors. The electropositive ex-substituent of the pyranosid-4-uloses 
(or oximes) derived from D-mannose or L-rhamnose favors equatorial 
over axial approach since the O'CO bond is a better electron donor than 
the O'CH bond. 

JARY and ZOBACOVA have reported that sometimes the replacement of 
tosylate or mesylate with hydrazine gives better results than replacement 
with azide or ammonia (59). As an example of hydrazinolysis, Scheme 
13 presents the synthesis of 4-epi-perosamine. The compound can also 
be prepared from the corresponding oxime derivative (53). 

COLEMAN et al. have synthesised the precursor 60 of the quinovo
samine derivative 61 (Scheme 14) (60). Several dehalogenation methods 
are available to convert the iodide to the 6-deoxy derivative. The primary 
C-6 hydroxyl group of the carbamate S9 derived from glucosamine was 
selectively iodinated by heating the triol with iodine, triphenyl 
phosphine, and pyridine in toluene. In an alternative, longer approach, 
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i,ii Me,xx" ° ",oMe 

HO : 'OH 88 % 
OH 

Methyl a-L-rhamnoside 

iii --20% 

51 

Scheme 13. Reagents: i, Acetone, CUS04; ii, MsCl, pyr.; iii, NH2NH2, H2, Raney Ni 

the corresponding 4,6-0-benzylidene acetal with TBS-protection at C-3 
is selectively brominated at C-6 upon treatment with N-bromosuccini
mide-barium carbonate and a catalytic amount of azoisobutyronitrile in 
anhydrous carbon tetrachloride. Bromine was exchanged by treatment 
with sodium iodide. 

H01°yOH 

HO""Y"'NH2 

OH 

Glucosamine 

HO ):00H 

HO"" "'NHCbz 

OH 

58 

Meyoi"oMe 

HO""Y"'NHCbZ 

OH 

61 

ii 
H01o,(oMe 

HO""Y"'NHCbZ 

OH 

59 

iii 69% 

l~o,(oMe 

HO""Y"'NHCbZ 

OH 

60 

Scheme 14. Reagents: i, CIC02Bn, NaHC03, dioxanelH20; ii, MeOH, H+; iii, 12 , Ph3P 

PAULSEN et al. have used D-glucosamine as starting material for D
fucosamine (Scheme 15) (61). The synthesis requires inversion at C-4 
and conversion of the primary alcohol into the deoxy form. Inversion of 
the C-4 hydroxy group is obtained via the triflate, which upon treatment 
with sodium nitrite in DMF gives the aminohexose 63. A triflate is also 
employed in the deoxygenation of the primary alcohol. Reduction of the 
triflate with sodium borohydride in acetonitrile and cleavage of the 
acetonide protection furnishes the O-allyl N-acetylfucosarninide in 34% 
overall yield starting from allyl N-acetyl-3,6-0-benzoylglucosaminide 
62. 

When the isopropylidene protecting group of the mesylate 67 
(derived from mannose) is cleaved and the diol intermediate is treated 
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:)?"OPJI XJ"OAII HON::'OA" BzO ' ... BzO ' 
~ I,ll 

HO"" "'NHAe 7s% HO "'NHAe 63% ° 'NHAe 

OBz OBz 1-0 

62 63 64 

i,v 73% 

(All = allye) 
Me~JoAIl vi 

MehJ,oAIl 

~ 

HO 'NHAe 100% ° 'NHAe 

OH 1-0 

66 65 

Scheme 15. Reagents: i, (TfOhO, pyr., CH2Clz; ii, NaN02, DMF; iii, NaOMe, MeOH; iv, 
DMP, DMF, p-TsOH; v, NaB~, MeCN; vi, 80% AcOH 

with sodium hydroxide, the epoxide 68 is formed in 65% yield (Scheme 
16) (62). Introduction of nitrogen at either position 3 or 4 of the oxirane 
gives access to two different deoxyamino sugars, 3,6-dideoxy-3-amino
idopyranoside and perosamine, as the corresponding methyl glycosides. 
Usually the nucleophile attacks C-3 (54), but with proper modification it 
can be directed to C-4. When the C-2 hydroxy group is protected with 
bulky groups (e.g. benzoyl), C-4 attack of the nucleophile is favored 
( 62). This is explained in Scheme 17. Because the epoxide 70 is not 

Me~, ° ,.,0Me 
~ 

MsO" ° 65% 0i-
67 

Meyo,(oMe 

~OH 

Meyo,{oMe 

~OBZ 

70 

iii -80% 

~ 

MeX:X0Me 

HO , OH 

NH2 

69 

Mev_ ° _"OMe 

H2N' OH 
OH 

71 
(mainly) 

Scheme 16. Reagents: i, H+; ii, NaOH; iii, MeOH, NH3; iv, PhCOC1, pyr.; v, HO-
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stabilised in any way, it is considered to exist as a mixture of two half
chair conformations A and B. When the hydroxy group at C-2 is 
protected with a bulky group conformation B is destabilised by steric 
repulsion between the methoxy and benzoyloxy groups and thus 
conformation A is favored. For steric reasons, the nucleophile attacks 
C-4. In principle, larger protecting groups than benzoyl should cause 
even better selectivity. 

OBz 

Me~ ~ 
H H I HH 

OMe 

A 

I 

H 
. oLLOBz'--' 
Me~oMe~ 

H H H H 

B 

OBz OBz 
Me, ,0.,,0111 
~ , I H H 
H H: OMe --~. M'~O 

OMe N3 

Scheme 17. Effect of C-2 D-benzoyl group on the nucleophilic attack 

MALIK et ai. have regioselectively opened the oxirane ring of the 2,3-
anhydro sugars with silylamines to synthesise amino sugars like 
mycaminose (Scheme 18) (63). The oxirane compound was synthesised 
by method of HANES SIAN and PLESSAS (40). Trans-diaxial opening of 
epoxide 72 was achieved by treatment with N,N-dimethyltrimethylsilyl
amine in the presence of anhydrous aluminium chloride. No yields or 
detailed reaction conditions were given. 

72 

Mero,(OMe 

HO""Y 'OH 
NMez 

Methyl a-D-mycaminoside 

Scheme 18. Reagents: i, TMSDMA, AlC13 

JARY et al. and RICHARDSON have both reported a non-stereospecific 
synthesis of mycaminose (Scheme 19) (64, 65). Periodate oxidation of 
methyl 6-deoxy-glucopyranoside produced the dialdehyde 74, which 
underwent cyclization with nitromethane to produce the nitro pyranoside 
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ii 
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HO""Y""OH 72 % 
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HO~OH 
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75 

iii 

Mero,(oMe 

HO""Y'OH 

NH2 
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Scheme 19. Reagents; i, NaI04 ; ii, MeN02 ; iii, H21Ni; iv, HCHO, HCOOH 
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75 as a mixture of isomers. Methyl 3,6-dideoxy-3-amino-glucopyrano
side was obtained after catalytic hydrogenation of the nitro group in 24% 
overall yield. Reductive dimethylation converted it to the mycaminoside. 

In a few cases, furanosides have been used in the synthesis of 
aminohexoses. For example, HORTON and LIAV used 5-deoxyribose for the 
synthesis of 2-aminohexoses having either the allo or altro stereo
chemistry (Scheme 20) (66). 5-Deoxyribose was synthesised from ribose 
using conventional sugar chemistry in four steps in an overall yield of 
27% (67, 68). Treatment of 5-deoxyribose under the conditions of KUHN 
and FISCHER (69) with aniline and hydrogen cyanide produced a mixture 
of anilino aHo- (11.5%) and altro-nitriles (25%) in poor yield. Reduction 
of the nitriles foHowed by treatment with acid produced the 
aminohexoses. Finally, galacto- and altro-aminohexoses were acetylated 
with acetic anhydride in pyridine. Starting from the appropriate anilino 
nitrile, 2,6-deoxy-2-amino-altrohexose 83 was produced in 47% and the 
aHo-isomer 86 in 33% yield. In this route, seven steps are needed and 
overall yields starting from ribose are not very high (1.0-3.2%). 

3.1.2. Monoamino Trideoxyhexoses 

The difference between trideoxy- and dideoxy-hexoses is the 
presence of a methylene group in the ring. This also creates special 
considerations for the synthetic strategies. Deoxygenaton of a secondary 
alcohol by conventional SN2 methods has invariably proved difficult. The 
methods used are lengthy and suffer from lack of generality. STICK and 
PATRONI have used a free radical procedure involving the reduction of a 
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Scheme 20. Reagents: i, TsCl, pyr.; ii, LiAIH4; iii, NaI then H21Pd; iv, H+; v, PhNH2, 
HCN; vi, H2, PdlBaS04; vii, AC20, pyr 

dithiocarbonate with tributyltin hydride (Scheme 21) (41). The starting 
methyl 3-acetylamino-4,6-0-benzylidene-3-deoxy-ex-D-glucoside was 
prepared by conventional methods (42). Alcohol 87 was treated 
sequentially with sodium hydride, carbon disulfide, and methyl iodide 
in dimethylformamide. The dithiocarbonate 88 thus obtained was 
reduced with tributyltin hydride in toluene at reflux to give the desired 
2-deoxysugar 89 in 65% yield. Several methods are known for deoxy
genation at C-6, which would lead to the monoamino trideoxyhexoses. 

. 0:x;, . .oMe 

~ "l" " 73 % Ph" 0' 'OCS2Me 

ii -65% 
NHAe 

87 88 89 

Scheme 21. Reagents: i, NaH, CS2, Mel, DMF; ii, BU3SnH, toluene, heat 
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The methyl 3-acetamido-2,3-dideoxy- ~-D-arabino-hexopyranoside 
90 was converted to acosamine and daunosamine using tosylation, 
nucleophilic displacement, and dehalogenation (Scheme 22) (70). In the 
case of daunosamine, inversion of the C-4 hydroxy group was required. 
The overall yields were 22-24% for the diacetylated acosamine 93 and 
18-19% for methyl N-acetyldaunosarninide 95. 

HO»OMe »OMe I:;c;rOMe 
~ 

TsO iii 
HO"" AcO"" ---60% 70·74 % AcO" 

NHAc NHAc NHAc 

90 91 92 

~ iv 53% 

MeqoMe MeqoMe MeqoMe vi,vii 

HO '58% HO" AcO" 

NHAc NHAc NHAc 

95 94 93 

Scheme 22. Reagents: i, TsCl; ii, AC20; iii, Nal, NaHC03 , butanone; iv, H21Ni, TEA, 
MeOH; v, NaOMe, MeOH, H2, Pt02; vi, MsCl, pyr.; vii, NaOAc, H20, MeOEt, heat 

Desosamine was synthesised by RICHARDSON from methyl 3-acet
arnido-4,6-0-benzylidene-3-deoxy-rt-D-glucopyranoside 87 (Scheme 23) 
(71). The synthetic sequence includes protection, dimesylation, diiodina
tion, and didehalogenation. The reaction of dimesylate 97 with sodium 
iodide in ethyl methyl ketone first produced the monoiodo derivative. 
The monoiodo derivative was slowly transformed into the diiodo 
compound 98 in 40% yield. Scheme 1 has presented the synthesis of 
thomosamine, where the same kind of dimesyl derivative 4 produced 
only a monohalogeno compound in high yield (85%), while the diiodo 
compound was formed as a minor side product. The absolute 
stereochemistry of the diiodo derivative 98 was not determined, but it 
is expected to have the configuration shown (retention), which can be 
explained by participation of the neighboring N-acetyl group via a 
bicyclic intermediate. However, the uncertainty of the configuration did 
not affect the synthesis owing to the subsequent dehalogenation of the 
diiodo compound. Finally, the acetyl protection was cleaved by basic 
hydrolysis. 

OVEREND et at. have used methyl 3,4-anhydro-6-deoxy-rt-L-Iyxo
hexopyranosid-2-ulose 99 derived from L-rhamnose in the synthesis of 
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Scheme 23. Reagents: i, AC20; ii, 50% AcOH; iii, MsCl; iv, NaI, 2-butanone; 
v, H21Ni; vi, dil. NaOH 

methyl 2,3,6-trideoxy-2-amino-ex-L-gulopyranoside 102 (Scheme 24) 
(72). Reaction of epoxy ketone 99 with o-nitrophenylhydrazine or o,p
dinitrophenylhydrazine in ethanol containing acetic acid produced the 
hydrazone derivatives 100, On the other hand, reaction of the epoxy 
ketone 99 under similar conditions with phenylhydrazine or p
nitrophenylhydrazine yielded the azo cycloalkenes 101, which were 
converted to the trideoxyaminohexose 102 by reduction of the azo 
moiety with sodium borohydride and hydrogenation of the double bond, 
When the reactions with phenyl- and p-nitrophenyl-hydrazine were run 
under weakly alkaline conditions, the formation of similar hydrazone 
derivatives was observed. This indicates that azo cycloalkenes are 
formed via hydrazone derivatives which undergo acid catalysed opening 

99 

Me""cco OMe 

HO"" .& N=NR 

101 

100 
R=o-CsH4N02 or o,p-CSH3(N02l2 

Me,,::cxo OMe 

HO" NH2 

~ 
87 % 

102 

Scheme 24. Reagents: i, NaBH4 , ii, H2IRaney Ni 
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of the epoxide. An ortho-nitro substituent in the hydrazone inhibits the 
epoxide opening for at least two reasons: an intramolecular hydrogen 
bond stabilises the hydrazone form and destabilises the azo form due to 
the electronic interaction between the oxygen and nitrogen lone pairs. In 
this way a C-3 methylene group is formed without recourse to the typical 
SN2 mechanism. 

Glycals are common precursors for the synthesis of trideoxyamino
hexoses having a methylene carbon at position 2 with ribo, arabino, 
xylo, and lyxo stereochemistries. L-Rhamnose, widely used for the 
synthesis of the L-series of the above-mentioned aminohexoses, can be 
converted to its glycal via tetraacetyl or tetrabenzoyl rhamnose (73, 74). 
With slightly different procedures, tetra-protected rhamnoses are 
converted to the corresponding pyranosyl bromides, which are treated 
in situ with zinc dust to produce diprotected glycals. Finally, alkaline 
hydrolysis of protecting groups gives 1,5-anhydro-2,6-dideoxy-L
arabino-hex-l-enitol 105. Both protected and free glycals have been 
used as starting materials (Scheme 25). 

Me,)::):OH 

HO , "OH 

OH 
L-Rhamnose 

Me'nOP 

PO , 'OP 

OP 
103 

a: P = Ac 
b: P = Bz 

Me'D"o 
- I 

PO : 

OP 
104 

Me):) 
HO ~ 

OH 

105 

Scheme 25. Conversion of L-rharnnose to L-arabino-hex-l-enitollOS 

Methyl 2,6-dideoxy-rt-L-arabino-hexopyranoside (the rt-methyl 
glycoside of L-olivose) is another common intermediate in these 
syntheses. It can be obtained from either 1,5-anhydro-3,4-0-dibenzoyl-
2,6-dideoxy-L-arabino-hex-l-enitol104b or L-rhamnal105 (Scheme 26) 
(74-77). The 2-deoxy structure can be obtained from the glycal104b 
by treatment with methanol and cation exchange resin followed by 
hydrolysis with sodium methoxide. Methoxymercuration of L-rhamnal 
105 followed by reduction also furnished the 2-deoxy product. 



224 L. A. OrSOMAA and A. M. P. KOSKINEN 

MeX) 

BzO c 42 % from rhamnose 

OBz 

104b Methyl a-L- olivoside 

MeX) 

HO ~ 
OH 

105 

ii 

69% 

Me'yO,,(OMe ~ 

HO~"'H90AC 73 % 
OH 

Me'x.)oMe 

HO , 
OH 

106 Methyl a-L- olivoside 

Scheme 26. Reagents: i, MeOH, AG 50W-X8 (H+) then Na; ii, Hg(OAc)z, MeOH; 
iii, KBH4, NaOH, H20, MeOH 

FLORENT et al. have heated diacetyl L-rhamnal in water to produce a 
mixture of pseudo-rhamnals (Scheme 27) (78). The addition of sodium 
azide in wet acetic acid to the crude mixture of 107, 108, followed by 
acetylation, gave diastereomers at C-I and C-3 (109), which were 
converted into methyl glycosides 110 to make the separation of isomers 
easier. Finally standard hydrogenation of the arabino isomer gave methyl 
(Y-L-acosarninide. 

GRETHE et al. have used L-arabinose as a precursor for a large-scale 
synthesis of daunosamine (Scheme 28, see also Scheme 26) via methyl 
glycoside of L-olivose (79). In this way a mixture of rt- and ~-anomers 
was formed. The one-carbon enlargement of L-arabinose was achieved 

~ Me'yOyOH 

AcO~ 
+ ' /'" 11,111 ' Me'D' OH 0 .. ... Me,Xl,' 0 OH 

b --
AcO AcO 88 % 

OAc N3 overall 
104a 107 108 109 

iv 198% 

Me'x.)oMe. Mex.)oMe+ Me'~"'OMe+ Me,x) .. ,OMe+ Me'x;rOMe VI ---HO c 92 % HO , HO HO ~ HO 
NH2 N3 N3 N3 N3 

Methyl 110a 110b 110c 110d 

a-L-acosaminide 

Scheme 27. Reagents: i, H20, heat; ii, NaN3, H20, AcOH; iii, AC20, pyr. CH2Clz; 
iv, MeOH, KlO montmorillonite; v, NaOMe, MeOH; vi, H2, PdlC, EtOH, TEA 
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by condensation of the pentose with nitromethane in alkaline methanol 
(80, 81). The intermediate formed was acetylated and converted into the 
nitro olefin 113 upon treatment with sodium bicarbonate in refluxing 
toluene. Standard hydrogenation of the olefin gave the nitro derivative 
114, which was converted into the 2-deoxy-L-arabino-hexose 115 by a 
modified Nef reaction using barium hydroxide and sulfuric acid (82, 83). 
After glycosidation under standard conditions the 6-hydroxy group was 
removed by tosylation and reduction with lithium aluminium hydride. 
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Scheme 28. Reagents: i, MeN02, MeONa, MeOH; ii, BF3 Et20, AC20; iii, NaHC03, 
toluene, heat; iv, H2, PdlC, EtOAc; v, Ba(OHh· 8H20; vi, H2S04 ; vii, BaC03; viii, AG 
50-X4(H+), MeOH; ix, TsCl, pyr.; x, LiAIH4 ; xi, NIS, PPh3, DMF; xii, Raney Ni, MeOH 

The 3-0-tosyl olivoside 116, the 3,4-anhydro-digitoxoside 117, and 
methyl ~-L-oleandoside, all of which can be derived from the ~-methyl 
glycoside of L-olivose (Scheme 29), are widely used intermediates for 
the synthesis of ribo, arabino, xyio, and iyxo trideoxyaminohexoses. 
Tosylation of methyl O'-L-olivoside with tosyl chloride in pyridine 
produced the 3-0-tosyl olivoside 116 (75, 76, 84-86). The 3,4-
anhydro-digitoxoside 117 is furnished by treatment of the 3-0-tosyl 
olivoside 116 with an alkaline solution of ethanol or methanol (76, 85). 
Alternatively, anion exchange resins can be used for formation of the 
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iv -44% 
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Me'xj0Me 
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116a 

ii 
or 
iii 

117a 

OMe 
Methyl a-L-oleandroside 

88 % (from tosy/ate) 

Scheme 29. Reagents: i, TsCl, pyr.; ii, NaOMe, MeOH; 
iii, NaOH, EtOH; iv, AG l-X4 (OW) 

epoxide (79). Upon heating compound 117 in alkaline methanol, methyl 
Cl-L-oleandroside was formed in high yield (88%) (75). 

All these intermediates can be prepared from non-carbohydrate 
materials by taking advantage of acylketene [4 + 2] cyc1oadditions. 
COLEMAN and FRASER have recently reported on the construction of those 
deoxy sugars from 2,3-dihydro-4H-pyran-4-one rings which are obtained 
by [4 + 2] cyc1oaddition of acylketenes with electron-rich olefins 
(Scheme 30) (88). Reduction of the keto group with DIBAL-H gives 
the unsaturated syn-alcohol 120. To synthesise the oleandroside, the 3-
hydroxy group is methylated before hydroboration of the olefin. 

Melt+
~o 
° 

118 

. fMeyo ] 
~ l ~'>o (BU 

[4+2] Melio'foBU - y 
° 119 

Me,x:)'"oBU 
HO : 

iv,v Mell0'l",OBu 
- V 

OH OR 

Butyl P-L-o/ivoside R = H iii C 120a R = H 
Butyl P-L-oleandroside R = Me 120a R - Me 

Scheme 30. Reagents: i, toluene, reflux; ii, DIBAL-H; 
iii, NaH, Mel; iv, BH3SMe2; v, NaB03 
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Hydroboration and oxidation were controlled by conformational and 
stereoelectronic factors giving excellent stereo- and regio-selectivity. 

HADFIELD et ai. have used methyl 2,6-dideoxy-cr-L-arabino-hexopyr
anoside (methyl olivoside) in the synthesis of methyI4-acetamido-2,4,6-
trideoxy-cr-L-Iyxo-hexopyranoside 124, which after reductive dimethy
lation would give L-kedarosamine (74). The methyl 2,6-dideoxy-cr-L
arabino-hexopyranoside was monobenzoylated and the free hydroxy 
group was mesylated to give 122. Finally, nucleophilic displacement 
with azide followed by reduction, acetylation, and debenzoylation 
furnished the methyl 4-acetamido-2,4,6-trideoxy-cr-L-Iyxo-hexopyrano
side 124 (Scheme 31). Probably hexamethylphosphoric triamide is 
responsible for the inversion of configuration in the displacement 
reaction of the mesyloxy group with azide despite the presence of the 
neighboring benzoyloxy group. 

Mex:rOMe Me'x:YoMe 
ii Me'x:YoMe 

HO 0 HO , 38% MsO , 
OH OBz OBz 

Methyl a·L· olivoside 121 122 

iii186 % 

Me"::(::roMe iv·vi Me"':(::roMe 

66% N'" AcHN' , 3 , 

OH OBz 

124 123 

Scheme 31. Reagents: i, BzCl, pyr., ODC; ii, MsCl, pyr.; iii, HMPA, NaN3; 

iv, H2, PdlC, EtOH; v, AC20; vi, Na, MeOH 

As a modification of the method reported by HADFIELD et al. (74) 
SZTARICSKAI et ai. have reported the first synthesis of L-kedarosamine 
from methylcr-L-olivoside (Scheme 32) (89). The methyl glycoside of 
L-kedarosamine was obtained in 15-37% overall yield. Instead of a 
benzoate ester, a benzyl ether was used for the 0-3 protection and a 
tosylate was used instead of mesylate as a good leaving group. The basic 
idea of the route is the same except for final conversion of the amino to 
dimethyl amino group to furnish the kedarosamine. The authors do not 
explain the better yields when benzyl protection is cleaved immediately 
after tosylation, but it is clear that, without steric hindrance from the 
neighboring group, nucleophilic displacement is easier. 
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Scheme 32. Reagents: i, BuzSnO, toluene, rt then BnBr, BU4NI, toluene, rt; ii, TsCl, pyr.; 
iii, NaN3, HMPA, 100°C; iv, Hz, PdlC, MeOH-HCHO; v, H2, PdlC, MeOH-AcOH; 

vi, NaN3, DMSO, 130°C 

Methyl ex-L-oleandroside has been used in the synthesis of two 
isomeric 4,6-dideoxy-4-amino-L-hexopyranosides (Scheme 33). MON
NERET et al. oxidised methyl ex-L-oleandroside with PCC and converted 
the ulose derivative 130 into its oxime 131 (75, 90). Reduction of the 
oxime 131 with lithium aluminium hydride gave a 1 : 1 mixture of two 
aminohexoses, one the methyl glycoside of L-hollantosamine 133 (H 
replacing Ac) and the other its L-Iyxo isomer 132 (H replacing Ac). The 

Me'X)0Me 

HO ~ 

i -50% 
OMe 

Methyl a-L-o/eandroside 

Me'x)0Me 

° : 
OMe 
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ii 
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HON ~ 
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133 132 

Scheme 33. Reagents: i, PCC; ii, NH20H, EtOH; iii, LiAl~; iv, AC20, pyr 
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latter would give L-kedarosamine after reductive dimethylation. Finally 
both arninohexoses were acetylated. 

In comparing the reduction of the oxime derivative 131 with the 
earlier mentioned reductions of oximes and ketones that had 2,3-
isopropylidene protection, it is worth mentioning that, without steric 
bias, hydride attacks from both equatorial and axial directions. Because 
of the unselective hydride approach the Cieplak effect does not alone 
explain the selectivity in the earlier examples (Schemes 10-12); the 
hydride attacked only from the equatorial direction owing to steric 
reasons. 

The methylex-L-oleandroside can also be converted stereospecifically 
into the L-lyxo isomer of L-hollantosamine 136, a synthetic precursor of 
3-0-methyl L-kedarosamine (Scheme 34) (75). The sequence consists of 
the already familiar synthetic steps seen in Scheme 32. 

Me""(0yOMe ~ Mex:roMe 

HO~ 90% TsO : 
OMe OMe 

Methyl a-L-oleandroside 134 

ii 

85% 

Me",,(OyOMe 

N ",'V 3 , 

OMe 

135 

iii! 100 % 

Me"::(:::roMe 

H2N' , 

OMe 

136 

Scheme 34. Reagents: i, TsCJ, pyr.; ii, HMPA, NaN3; iii, H2, Pd/C, MeOH 

The oleandroside is suitable for preparation of the 3-0-methyl 
derivatives of 4-aminohexoses, but inconvenient for 3-aminohexoses. 
Tosylate 116 gives easy access to ristosamine (Scheme 35) via 
nucleophilic replacement with azide [also used for the synthesis of 
daunosamine (76)] followed by catalytic hydrogenation. The conditions 

Me'x:roMe 

HO , 
OTs 
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Me""(yOMe 

HO')'" 
N3 

110b,d 

ii 
Me""(yOMe 

HO')'" 
NH2 

Methyl 
L-ristosaminide 

Scheme 35. Reagents: i, NaN3, DMF, JlO-120°C; ii, H2, Pd/C, MeOH, 20 D C 
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for nucleophilic substitution are drastic and the yield is low (36%). 
Syntheses of both the mixture of rt.- and B-anomers and the pure rt.

anomer have been reported (76, 84, 86, 87). 
Scheme 36 presents the syntheses of acosamine and daunosamine. 

Nucleophilic opening of the epoxy derivative 117 gives azido sugar 
110a (85, 86). Catalytic hydrogenation of the azide function produces 
acosamine methyl glycoside. However, if the stereochemistry of the 4-
hydroxy group is inverted by mesylation and substitution with sodium 
benzoate and the azide function is hydrogenated as earlier, the methyl 
glycoside of daunosamine is obtained (47, 76). Similar conditions are 
also suitable for the large-scale synthesis of both acosamine and 
daunosamine as a mixture of rt.- and B-glycosides (79). 

Me""cYoMe 

--88% 
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Me'fOyOMe 

HO"Y 
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Methyl 
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Scheme 36. Reagents: i, NaN3, NH!Cl, EtOH, H20; ii, H2 , Pd/C, MeOH; iii, MsCl; 
iv, PhC02Na, DMF; v, dil. NaOH, MeOH 

BANASZEK et al. have reported the ring opening of oxirane 140 with 
dimethyl amine (Scheme 37) (91). Usually the 3-dimethylamino 
derivative predominates in the reaction mixtures, evidently due to steric 
reasons. The oxirane was obtained by epoxidation of olefin 139 (92, 93). 

Me 0 OMe MeUo OMe Meqo OMe 
MeUo OMe i y~y ii 

-- V --- Me2N - + HO"" 
;:,.. c)"" 6H NMe2 

139 140 Methyl 
D·desosaminide 

Scheme 37. Reagents: i, (0); ii, Me2NH 
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Scheme 38 shows the conversion of lactone 142 to L-hexopyranoside 
145. Reduction of lactone 142 with Red-AI gives lactol143, which can 
be converted to the methyl glycoside 144 (94). After treatment with 
sodium hydroxide, methyl 3-amino-3,4,6-trideoxy-L-hexopyranoside 
145 is formed. 

Me""c:xo 

, OAe 
NHAe 

142 

Me""C:X0Me 

: OH 

i Me""CXo OH ii - -60-75 % _ OAe 
NHR NHAe 

143 iii! 144R=Ac 
L.. 145R = H 

Scheme 38. Reagents: i, Red-AI; ii, MeOH, resin (H+), heat; iii, 2M NaOH 

3.1.3. Monoamino Tetradeoxyhexoses 

Monoamino tetradeoxyhexoses have two methylene carbons. Those 
reported that are derived from carbohydrates have nitrogen at position 4. 
Amicetose and rhodinose are common starting materials; both of them 
are synthesised from pentaacetyl-D-glucose (Scheme 39) via the glycal, 
which upon heating in aqueous solution gives 4,6-diacetyl glucal 
(97 -97). After glycosidation with triethyl formate and deacetylation the 
double bond is hydrogenated under standard conditions. The 6-deoxy 
group of amicetose is obtained via the already familiar mesylation, 
iodination, and dehalogenation sequence. Inversion of the 4-hydroxy 
group gives the rhodinose configuration. 

XXOAe 
Aeo.. '. ___ ~ ACO"Y0yOH ____ Mey0'l",OEI ____ MeDo ",OEI 

AeO" 'OAe AeO')~ HO""V HO "" 
OAe 

148 

Scheme 39. Conversion of pentaacetyl D-glucose to amicetose and rhodinose 

The synthetic sequence from mesylate 147 of ethyl amicetoside to 
forosamine (Scheme 40) involves double inversion with introduction of 
nitrogen on the second displacement (98). First the amicetose derivative 
is converted to the tosylate 148 of rhodinose, which undergoes 
nucleophilic displacement with azide to give 149. Standard hydrogena
tion of azide and conversion of the amino group into the dimethylamino 
group furnishes ethyl C'l-D-forosaminide. 

PANZICA et at. have used a similar strategy in the synthesis of the 
L-tolyposamine derivative 152 and its epimer 153 (Scheme 41) (99). 
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STEVENS et al. have synthesised ossamine from pentaacetyl D-glucose 
(Scheme 42) via the dimesylate 154, which is obtained by a synthetic 
sequence similar to one employed previously (100). Treatment with 
potassium iodide followed by hydrogenolysis in the presence of Raney 
nickel catalyst gives the 4-0-mesyl derivative of amicetose. Nucleophilic 
displacement and reduction furnishes ethyl rx-D-epi-tolyposaminide, 
which after reductive dimethylation gives the corresponding ossaminide. 

3.2. Non-Carbohydrates as Starting Materials 

Traditionally deoxyaminohexoses have been synthesised through 
transformation of other readily available carbohydrates, but recent 
interest has increasingly focused on non-carbohydrate starting materials. 
Both cyclic and acyclic precursors have been used. Amino acids which 
are widely used in the synthesis of natural products have not yet become 
common starting materials although they would appear to be ideal chiral 
starting materials. Introduction of hydroxy groups with the desired 
configuration into amino acid derivatives would be more efficient than 
manipulation of pre-existing hydroxy-bearing centers in common sugars. 
The synthesis of trideoxy monoaminohexoses from non-carbohydrates 
has been studied quite widely, the synthesis of other deoxyaminohexoses 
much less so. 

3.2.1. Monoamino Dideoxyhexoses 

Traditionally deoxyaminohexoses have been synthesised through 
transformation of other readily available carbohydrates. PANEK et al. 
have reported the suitability of silyl-functionalized y-Iactones for the 
synthesis of 2-azidohexoses, the precursors of 2-aminohexoses (Schemes 
43 and 44) (101-103). Earlier they had shown that the 1t-facial 
selectivity in catalytic osmylation reactions of oxygen-substituted 
allylsilanes is dramatically influenced by the character of the allylic 
substituent (101). y-Lactones were synthesised from chiral (E)-crotyl
silanes by dihydroxylation with osmium tetraoxide. Two different routes 
were employed to obtain enantiopure (E)-crotylsilanes: Claisen rear
rangement of chiral [(E)-3-acyloxyvinyl]silanes and diastereoselective 
electrophilic addition to chiral ~-trialkylsilyl ester enolates (102, 103). 

The Claisen rearrangement is one of the most predictable and widely 
used methods for the diastereoselective construction of vicinal stereo
centers. In the rearrangement, the original asymmetric center is 
destroyed, while simultaneously two new ones in a vicinal relationship 
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Scheme 43, Reagents: i, TBSTfO, TEA, CH2CI2, -78°C --> rt heat; ii, 10% HCI, THF, rt; 
iii, MeOH, H+; iv, cat. OS04, TMNO, acetone, H20; v, cat. AcCI, MeOH, rt; vi, DIBAL
H, CH2CI2 , -78°C; vii, cat. AcCI, MeOH, heat; viii, Hg(OAc)2, CH3C03H1CH3C02H, 

cat. H2S04 

are generated. Generation of the kinetic E-enolate of a vinyl silane in a 
weakly chelating solvent gives the anti diastereomer (104, 105), whereas 
generation of the thermodynamic Z-enolate in the presence of strongly 
chelating HMPA leads to the syn diastereomer. In the case of 
heteroatom-substituted esters chelation controls selective enolisation 
by trapping and giving the thermodynamic Z-enolate. This leads to 
excellent diastereoselection in favor of the 2,3-syn isomer of an (X-chiral
~-silyl-substituted hexenoic acid. In order to obtain the anti-isomer, the 
configuration of the enolate had to be reversed from Z to E. In the case of 
the strong chelating ability of the substituent in the vinylsilane, it is 
difficult to achieve useful levels of selectivity. Diastereoselective 
electrophilic addition gives access to the 2,3-anti isomer of an (X
chiral-~-silyl-substituted hexenoic acid 164. The trialkylsilyl group can 
function as an effective stereocontrolling element in electrophilic 
addition reactions to the derived chiral enolate. 

The Claisen rearrangement of an (X-azidoacetate is the first example 
of a Claisen rearrangement involving an (X-azido group and represents a 
new approach to the amino sugars. Dihydroxylation of the chiral (X-
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Scheme 44. Reagents: i, TBSTfO, TEA, CH2Ch; ii, SOCh, MeOH; iii, LDA, THF, 
-78°C; iv, Trisyl-N3; v, cat. OS04, TMNO, acetone, H20; vi, cat. AcCl, MeOH, rt; 
vii, DIBAL-H, CH2CI2, -78 °C; viii, Hg(OAc)z, CH3C03H/CH3C02H, cat. H2S04; 

ix, cat. AcCl, MeOH, heat 

azido-~-silyl-substituted hexenoic acid methyl esters 157 and 164 
followed by cyclization gives the y-lactones 159 and 165, which are 
converted to the corresponding azidohexoses having fucosamine and 2-
epi-D-fucosamine stereo- and regio-chemistries. Osmium tetraoxide 
attacks opposite to the trialkylsilyl group, because the silyl group favors 
anti orientation to maximise the donation from high lying a-orbitals to 
the transition state LUMO. 

YAMADA and KOGA have reported the synthesis of methyl IX-L
mycaminoside from L-alanine (Scheme 45) (106). Nitrous acid 
deamination in acetic acid gives 2-acetoxypropionic acid with retention 
of configuration. After formation with thionyl chloride, the acid chloride 
169 is treated with an acetylenic Grignard reagent, and the resulting 
alkyne 170 is hydrogenated to the cis alkene 171. After deacetylation the 
alkene undergoes cyclization in refiuxing carbon tetrachloride in the 
presence of phosphoric acid, affording an anomeric mixture of L-hex-2-
enopyranosid-4-uloses 172 and 173. The IX-anomer is reduced with 
lithium aluminum hydride. Axial attack of the hydride leads to the anti-
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Scheme 45. Reagents: i, HN02, AcOH; ii, SOCh; iii, BrMgCCCH(OMeh; iv, H2, Pdf 
BaS04, EtOAc, quinoline; v, NaOH, dioxane; vi, CCI4, H3P04, heat; vii, LiAIH4, Et20; 

viii, mCPBA, benzene; ix, aq. Me2NH 

isomer 174. Epoxidation with m-chloroperbenzoic acid gives the anti
syn-syn-isomer, which after treatment with aqueous dimethyl amine gives 
methyl rx-L-mycaminoside in 3% overall yield. 

Recently, POLT and SAMES have reported an enantioselective synthesis 
of N-methylfucosamine from fully protected L-serine (Scheme 46) 
(107). Addition of propenyllithium to the L-serine-derived aldehyde 
gives the syn-amino alcohol 176 in high stereoselectivity. Catalytic 
osmylation in the absence of a chiral auxiliary gives a 6: 1 mixture of syn
anti-syn and all-syn-aminotriols, which are acetylated in situ to the 
triacetate 179. After reductive methylation of the syn-anti-syn-isomer, 
the silyl protection of the primary alcohol is removed and the hydroxy 
group is oxidized by the Swem method, Deacetylation of the aldehyde 
derivative with cyanide gives a mixture of pyranoside and furanoside in 
20% overall yield. The aldehyde intermediate proved to be very labile 
towards basic conditions and thus a weak Brpnsted base (potassium 
cyanide) is needed. Conversion of 183 to N-methylfucosamine IS 

accomplished by hydrogenolysis of the benzhydryl group. 
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Scheme 46. Reagents: i, DIBAL-H, TRIBAL, CH2Ch -78°C; ii, LiCHCHCH3, toluene, 
-78 °C --> rt; iii, K20s02(OH)4, K2C031K3Fe(CN)6, t-BuOHlH20 1 : I; iv, AC20, pyr.; v, 
NaBH3CN, MeCN, CH20, pH7; vi, 4% aq. HF, MeCN; vii, Swem oxidation; viii, cat. 

KCN, MeOH 

KOSKINEN and OrSOMAA have recently reported a synthesis of methyl 
4-amino-4,6-dideoxygulopyranosides 189 from the L-threonine-derived 
aldehyde 184 (Scheme 47) (l08). A modified Horner-Wadsworth
Emmons olefination led to the Z-enoate 185 in > 17 : 1 selectivity. Acidic 
hydrolysis of the aminal protection simultaneously effected lactone 
formation to give 186. Standard osmylation, reduction, and concomitant 
glycoside formation of the intermediate 1act01 gave the target 189 in 42% 
overall yield from aldehyde 184. 
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Scheme 47. Reagents: i, Me02CCH2P(O)(OCH2CF3)z, K2C03, 18-crown-6, PhMe, 
-20°C to rt; ii, AcOH heat; iii, OS04, t-BuOHlH20; iv, DIBAL-H, PhMe, followed by 

H+, MeOH 
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The synthesis of elsaminose (Scheme 48) relied on the utilization of 
the Sch6llkopf bislactim ether strategy (109). Thus, the valine-derived 
lactim ether reacted with a threonine-derived aldehyde to give 190. 
Standard cleavage of the lactim ether ring system and protection gave the 
amino acid derivative 191. Acidic cleavage of the acetonide led to 
simultaneous lactone formation, and the free secondary hydroxy group 
was protected as the dimethylisopropyl ether 192. Finally reduction to 
the lactol 193, followed by protecting group cleavages, gave the desired 
elsaminose. 

OEt Me ,I -+ N~.···l..M~ ~1 rCbZ i,ii 
0, 1 J...,..,N -------.- 0 Y -Y -C02Et fii% 
Y Y T Me OMe 
Me OH OEt 

190 191 

MeY°,(OH 

HO""Y""NH2 
OMe 

Eisaminose 

CbZHN}_-(OM~e 

0~01-< . 
H OSiMe/Pr 

192 

iii)S5% 

193 

Scheme 48. Reagents: i, TFA:THF:H20 6:6:1, rt, 3h; ii, iPrMe2SiCl imidazole, THF, rt, 
Ih;iii,DIBAL-H, -78 DC,PhMe: THF2: 1; iv, H2, PdlC, then Dowex50 x 8-200, thenHCI 

Me Me Me 

Me~C02Et 
i,ii ~C02Et iii,iv O~N;""'Ph -- o ~ --52% 

Me-1-° 
30% -1-0 6-

194 Me Me Me 

195 196 

vj 69 % 

Me,,::(xoMe 
o~Me 

vi-viii 

~ Me"" H 
HO" , 'OH 79% 

Me 0>= NH2 
p;r-N'o 0 0 

198 197 

Scheme 49. Reagents: i, Ad-mix cr, MeS02NH2, t-BuOH, H20; ii, 2,2-dimethoxypropane, 
TsOH; iii, 0 3 , 8:1 CH2CIz:MeOH -78DC; Me2S; iv, (R)-N-hydroxy-cr-methylbenzyla
mine; v, vinylene carbonate, PhH, 85 De; vi, THF, Hel; vii, H2, Pd (OH)z, Acel, MeOH; 

viii, Hel in MeOH 
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The synthesis of the amino sugar component of the antifungal 
fluvirucin (Scheme 49) relies on the introduction of the chirality through 
Sharpless asymmetric dihydroxylation of commercial ethyl sorbate 
194 (110). Protection as the acetonide 195 was followed by ozonolysis 
of the remaining alkene and formation of the nitrone 196. A highly 
diastereoselective [3 + 2] cycloaddition gave the isoxazolidine 197 with 
the correct stereochemistry (diastereoselectivity 20: 1). Straightforward 
operations led cleanly anomer 198. 

3.2.2. Monoamino Trideoxyhexoses 

The first synthesis of 6-deoxyaminohexoses from non-carbohydrate 
precursors was reported in 1964 by NEWMAN (111). The racemic 
synthesis of desosamine derivatives (Scheme 50) began with nucleo
philic addition of the lithium salt of propargyl aldehyde diethylacetal to 
propylene oxide 199. The 1,1-diethoxy-5-hydroxyhex-2-yne 200 that 
forms was converted to 2-ethoxy-6-methyl-5,6-dihydro-2H-pyran 201 by 
reduction with one equivalent of hydrogen over palladium on charcoal, 
followed by addition of a small amount of hydrochloric acid. Treatment 
with peracid gave an epoxide, which was opened by addition of aqueous 
dimethyl amine to give the racemic aminohexose 202. 

HC= CH(OEI)z 

+ V OEI i OH CH(OEt12 ii,iii L)0EI iv, v _ T··# - -
61 % /--..// 39·54 % ~ 52 % OH 

NMe2 

200 201 202 

Scheme 50. Reagents: i, BuLi, ii, H2, PdlC; iii, cat. HCl; iv, mCPBA; v, sat. aq. MeNH2 

Another approach to the total synthesis of a racemic aminohexose has 
been reported by MANHAS et al. (Scheme 51) (112). Thio derivatives of 
sugars can be converted to deoxy sugars by Raney nickel desulfurization. 
Similarly, 3-phenylthio ~-lactams can be de sulfurized by Raney nickel to 
give 3-unsubstituted ~-lactams, which can serve as intermediates to 
trideoxyaminohexoses. Annelation of the Schiffs base 204 (prepared 
from p-anisidine and a suitable aldehyde) with phenylthioacetyl chloride 
203 gave only the trans ~-lactam 205. After desulfurization the N
substituent was removed by oxidation with cerium(IV) ammonium 
nitrate. HAUSER et al. have converted the ~-lactam 207 to D,L-dauno
samine (113, 114). 
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!Me PhIi' 
Me 

PhS.:L i ii d -
N'O 

29% 74% 
CI 0 

I ~ OMe 
o N'PMP o PMP 

203 204 205 206 

iii159% 

Me"::(yoH ~t HO" , 
NH2 

0 

Daunosamine 207 

Scheme 51. Reagents: i, TEA; ii, W2 Raney Ni, acetone; iii, (N~hCe(N03)6 

WIEMANN and [)YONG have utilized the Claisen rearrangement in the 
synthesis of daunosamine (Scheme 52) (115). The final product is a 
mixture of daunosamine and acosamine derivatives. Transetherification 
of 3-buten-2-o1 208 with 1,4-divinyloxybutane 209 in the presence of 

Me'(H o~ Me,() 
[3+3) Me

UHO 

~ ~O 

208 209 210 211 

iii 
MeHMe MeHMe MeHMe 

Mey O iv,v Mey O iii 
MeDo -- --80% [2+3) 

60% 65 % overall NHAc NHTs 

214 213 212 

Vi!96% 

Me Me 

O~ 
Me,,::(ydPr 

MeD o vii,viii 

HO"" - 70% AcO" , 
NHAc NHAc 

215 216 

Scheme 52. Reagents: i, Hg(OAch; ii, MeCH(OH)CH(OH)Me; iii, Se(NTsh; iv, Na, 
NH3; v, AC20, MeOH; vi, OS04, NMO; vii, 2N HCI, IPA; viii, AC20, pyr 

References, pp. 255-263 



Synthesis of 6-Deoxyamino Sugars 241 

mercuric acetate gave compound 210, which underwent Claisen 
rearrangement to give trans-4-hexenal 211. The aldehyde was protected 
as the acetal 212. Addition of the nitrogen substituent at the allylic 
position with selenium and chloramine-T gave the tosylamino derivative 
213. After detosylation and acetylation, the E-olefin was dihydroxylated 
with osmium tetroxide to give a mixture of diols. The all-syn diol 215 
has the right configuration for the daunosamine synthesis. The racemate 
was treated with acidic, wet propan-2-o1 followed by acetylation to give 
a racemic mixture of aminohexoses. The mixture of rl- and ~-anomers of 
daunosamine 216 was isolated from the reaction mixture by crystal
lization. 

The first description of an asymmetric synthesis of acosamine and 
daunosamine utilizing non-carbohydrate precursors (Scheme 53) was 
that of FUGANTI et al. (116) Enzymatic, pinacol-type reaction between 
cinnamaldehyde and acetaldehyde gave the (2S,3R)-diol which was 
protected as the acetonide 218. Ozonolysis, and treatment with 
(methoxycarbonylmethylidene) triphenylphosphorane gave the trans
enoate 219 as the major product. The enoate was treated with dry 
ammonia in methanol followed by refluxing in acidic solution to give the 
y-Iactone 221, and finally N-trifluoroacetylacosamine 223 was obtained 
by trifluoroacetylation and reduction with DIBAL-H. 

V CHO 
i,ii oXo iii,iv QXP 

10 --- ~Me 65% Me~ 25% 
C02Me 

217 218 219 

vl 

Me'DoH RO 
QXP vii 

Mel---(yo 
vi 

Me~ HO , 
RHN'" NHCOCF3 H2N C02Me 

223 221 R = H 220 
222 R = COCF3 

Scheme 53. Reagents: i, MeCHO, bakers' yeast; ii, DMP, PTSA; iii, 0 3, CH2Clz, Ph3P; 
iv, Ph3P = CHC02Et; v, NH3, MeOH; vi, aq. HCI; vii, DIBAL-H 

For the synthesis of daunosamine the y-Iactone 221 was converted to 
the 8-lactone by benzoylation. The stereochemistry of the 4-hydroxy 
group was inverted by a mesylation-nuc1eophilic substitution procedure. 
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The rest of the synthesis was perfonned as described for the acosamine 
(Scheme 53). 

Intennolecular hetero-Diels-Alder reactions of substituted cx,~

unsaturated carbonyl compounds and vinyl ethers are a useful approach 
in natural product synthesis. Introduction of an electron-withdrawing 
group at position 2 or 3 of the heterodiene greatly enlarges the scope of 
the reaction (117). However, the majority of natural 3-amino sugars 
contain a methyl group at C-5, which calls for a methyl group at position 
2 of the oxabutadiene moiety in the employed enamino ketones (118). 
While these compounds are not reactive enough in a hetero-Diels-Alder 
reaction, the corresponding enamino ketones with a phenylthio group at 
C-3 easily undergo a cycloaddition with electron-rich dienophiles. 

TIETZE et al. have utilized the hetero-Diels-Alder reaction in the 
synthesis of 3,4,6- and 2,3,6-trideoxyaminohexoses (117, 118). Cycload
dition of the phthalimido-protected, phenylthio-activated, enamino 
ketone 225 with trans-l-acetoxy-2-ethoxyethene yields dihydropyrans 
226 and 227 with good selectivity, with the 3,4-trans configuration 
preferred (Scheme 54). Hydrogenation of the cycloadduct over Raney 
nickel in methanol simultaneously cleaves the thiophenyl group and 
reduces the olefinic bond, by hydrogen attack from the least hindered 
bottom face, affording the desosamine derivative 228. Final deprotection 
(sodium borohydride in wet propan-2-ol) and treatment with acetic acid 
affords the acetate salt of desosamine ethyl glycoside 229. 

NH2 NPhth NPhth NPhth 

PhS! PhS! 
ii PhSUOAC PhSUOAC 

~ + 
80% 95% 

Me 0 Me 0 Me 0 OEI Me 0 'OEI 

9:1 
224 225 226 227 

iii! 65% 

NH2 NPhth 

bOAC 
iv,v 

bOAC -71 % 
Me 0 OEI Me 0 OEI 

229 228 

Scheme 54. Reagents: i, PhthCl, DMAPffEA, CH3Cl; ii, AcOCH=CHOEt, toluene/ 
CH2Cl2, 120°C; iii, MeOH, Raney Ni; iv, NaBH!; v, AcOH 

Cycloaddition of the same enamino ketone 225 with methyl vinyl 
ether yields the dihydropyrans 230 and 231, now with the cis product 
230 preferred (Scheme 55). This (Z)-enaminone fonns the cis-
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substituted dihydropyran as the main product via an endo transition state. 
Thus an exo addition with the (E)-enaminone would give the same 
product. When the cyc10adduct 230 is treated with Raney nickel in 
anhydrous THF, desulfurization is achieved without affecting the double 
bond. Hydroboration of 232 leads, after oxidative work-up, to the anti 
hydroxy compound. The acetate salt of methyl acosaminide is furnished 
as described above for the desosaminide (Scheme 54). 

NPhth NPhth NPhth 

PhS! PhSn + PhS)(] 
95% 

Me 10 OMe Me 10 ····OMe Me 0 
4:1 

225 230 231 

~% II 

Hoil NPhth' NPhth 
v,vi 

HOD 
iii,iv 

MeDoMe 
-- 60% 

Me" 0 OMe 
82% 

Me" 0 OMe 

Methyl j3-L-acosaminide 233 232 

Scheme 55. Reagents: i, CH2CHOMe, toiuene/CH2Clz, 120°C; ii, THF, Raney Ni; 
iii, H3B SMe2; iv, KOH, H20 2; v, NaB~; vi, AcOH 

GRETHE et ai. have synthesized daunosamine (Scheme 56) from 
methylcyc10pentadiene utilizing asymmetric hydroboration and stereo
selective epoxidation to introduce the required three chiral centers (119). 
Hydroboration of the starting material 235 with (-)-di-3-pinanylborane 
produced the (S )-alcohol 236 with an enantiopurity higher than 95% ee 
in fair yield, The directing effect of the homoallylic hydroxy group was 
then utilized in the introduction of the remaining two chiral centers. 
Epoxidation with m-chloroperbenzoic acid occurred cis to the hydroxy 
group as expected, Construction of the carbohydrate skeleton was 
completed by a Baeyer-Villiger ring enlargement after Jones oxidation of 
the alcohol. Finally the o-lactone 239 was reduced with DIBAL-H before 
glycosidation. 

The crucial step in the synthesis was to achieve glycosidation without 
opening the epoxide. This was done by carrying out the reaction in 
anhydrous methanol using carefully purified boron trifuoride as the 
Lewis acid catalyst. A 2 : 1 mixture of methyl glycosides was obtained. 
The epoxide 240 is envisaged as a key intermediate in the synthesis of L
daunosamine. 
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Me Me Me 

6 ii,m iv 
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vJ 65% 

"'" ° OH 

HO"':Y 

"',,{0yOMe vi,vii "',,{0yO iv Me 

!;>/ 6s%!;>/ 9i% ogO 
Daunosamine 240 239 238 

Scheme 56. Reagents: i, Mel; ii, (-)-di-3-pinanylborane; iii, H20 2, NaOH; iv, mCPBA, 
NaHC03, CH2Ch; v, Cr03, pyr. vi, DIBAL-H, toluene; vii, MeOH, BF3 

Dihydroisoxazoles (isoxazolines) have also been used as non-chiral 
cyclic precursors for the asymmetric synthesis of aminohexoses. WADE 

et al. have described a stereoselective synthesis of methyl N,O
diacetylacosaminide 248 from 3-nitro-4,5-dihydroisoxazole 241 and 
the potential for extending the approach to enantioselective amino sugar 
synthesis (120). As shown in Scheme 57 nucleophilic replacement of the 
nitro group of 241 with propynyllithium furnishes the alkyne 242. The 
triple bond is hydrogenated using Lindlar catalyst to give an inseparable 

r o e N~ 
. N~ t 

N' N~ 
~ iv HO'( 6i% 0··, M' 8;% IJr 

ii N~ iii 

72% ~ 65% 
°2N ", Me L ,,' 

Me HO' Ph"" ° 
Me 

241 242 243 244 245 

C- H2° AcHN H2N 
vi,vii 

0"" 61% 0"" 
L"" Me L"" Me 

Ph"" 0 Ph"" 0 

Me.D" ° OMe 
viii·x --AcO: 33 % 

NHAc 

248 247 246 

Scheme 57. Reagents: i, CH3CCLi; ii, H2 , Lindlar catalyst, quinoline; iii, Me3N -> 0, 
OS04, wet THF; iv, PhCHO, ZnCh; v, LiB~, THF; vi, P-ACOC6~N02, N
hydroxybenztriazole, DMSO; vii, (COClh, TEA, DMSO; viii, AcOH; ix, AC20, pyr.; 

x, MeOH, TsOH 
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Fig. 5. Preferred approach of hydride to the isoxazoline 245 

9: I mixture of cis- and trans-olefins. Catalytic cis dihydroxylation of the 
olefins gives the preferred diol 244 in 65% yield and the diastereomeric 
diol in 9% yield. Benzylidenation of the former gives the acetal 245. 
Rapid reaction (30 min) provides largely the kinetic diastereomer 245 
(ratio 9: 1), whereas a longer reaction time with excess ZnCl2 leads to 
epimerisation and formation largely of the thermodynamic, trans
diastereomer (ratio 3: 7). 

Reduction of the racemic isoxazoline 245 with lithium borohydride 
provides the ,-amino alcohol 246 with 9: I stereoselectivity. In the 
original paper the reaction scheme was based on the wrong isoxazoline 
enantiomer. However, the authors' rationalization of the reduction (Fig. 
5) employs the enantiomer 245 that would lead to acosamine. The 
terminal methyl group appears to be the stereodiscriminator protecting 
the upper face of the C,N-double bond. The synthesis is completed by N
acetylation, Swern oxidation to the open-chain acosamine derivative 247, 
and acidic removal of benzylidene protection followed by in situ 
cyc1ization. Acosamine is isolated as the diacetate 248. 

In a recent report, GUANTI et al. describe the synthesis of 
hollantosamine triacetate from L-allo-threonine via the cyclic aldehyde 
intermediate 250 (Scheme 58) (121). Condensation of aldehyde 250 with 
the lithium enolate of benzyl acetate proceeds with good stereoselection 
furnishing the anti alcohol 251, which possesses all the carbons and the 
asymmetric centers of hollantosamine. Dehydration of the deprotected 
alcohol derivative of 251 produces the y-Iactam as expected, instead of 
the desired o-lactone. The ester moiety is reduced to a primary alcohol 
and protected as the p-methoxyphenyl ether (PMP). In the next step the 
amino and secondary hydroxy group protections are removed, and after 
acetylation the triacetate intermediate 252 is obtained. A series of 
protecting group interchanges and oxidative removal of PMP-protection 
furnish the intermediate 253. The free primary alcohol group is then 
oxidized with TPAP (122). Hydrolysis of the ketal protection gives the 
N-acetylhollantosamine 254, which was characterized as the triacetate 
255. 
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Scheme 58. Reagents: i, CH2=C(OLi)OBn; ii, Ca(BIi!h, EtOH, THF; iii, MeOC6H40H, 
Ph3P, DEAD, CH2CI2, iv, AcOH, IN HCI; v, H2, Pt02, EtOH; vi, AC20, pyr.; vii, TEA, 
MeOH, heat; viii, MeOC(Me)=CH2, PTSA, CH2CI2; ix, (NIi!)2Ce(N03k H20, MeCN, 

pyr.; x, TPAP, NMO, 4A molecular sieves, CH2CI2, xi, AcOH, H20 

N-Protected (X-amino aldehydes are very convenient and versatile 
chirons. JURCZAK et ai. have utilized the a-amino aldehyde derived from 
L-aspartic acid (N,O-dibenzyl-N-tert-butoxycarbonyl-L-homoserinal) 
260 in the synthesis of daunosamine (123, 124). In their procedure 
(Scheme 59), the homoserinal derivative was prepared from lactone 256. 
Transesterification, followed by convenient protections and reduction of 
the ester, gave compound 258 after benzylation. Cleavage of the silyl 
functionality and subsequent oxidation lead to the key intermediate 260. 

Addition of vinylmagnesium bromide to the (X-amino aldehyde 
afforded the anti-amino alcohol 262 with good diastereoselectivity 
(95 : 5), and epoxidation of the allylic alcohol with mCPBA lead to the 
syn-epoxide 263 with high stereoselectivity with all the desired 
stereocenters and carbons correctly assembled. Reductive ring-opening, 
protection of the resulting diol, and final Birch reduction afforded the 
isopropylidene derivative 264. Oxidation of the primary alcohol followed 
by deketalization and in situ cyclization in acidic methanol furnished the 
anomeric mixture of methyl L-daunosaminide derivatives 265. 

The first non-carbohydrate based asymmetric synthesis of kedaros
amine was recently reported by KIHLBERG et ai. (Scheme 60) (125). The 
starting N,O-protected D-threonine was converted into the corresponding 
Weinreb amide via the acid chloride. Coupling with the allyl Grignard 
reagent gave the protected (X-amino ketone 267. Non-chelation 
controlled reduction of the ketone intermediate with sodium borohydride 
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Scheme 59. Reagents: i, DCC, MeOH, rt; ii, TBSCl, imidazole, DMF; iii, H2, PdlC, 
BOC20, MeOH; iv, LiAl14, Et20; v, BnBr, NaH, DMF; vi, BU4NF, THF; vii, S03/PYr., 
DMSO; viii, vinyl-MgBr, Et20, -78°C; ix, mCPBA; x, DIBAL-H; xi, DMP, H+; xii, Na, 

NH3; xiii, MeOH, H+; xiv, AC20, pyr 

was found to be syn-selective, while l,2-chelation controlled reduction 
with zinc borohydride was highly anti-selective. Unfortunately, reductive 
ring-opening of the isopropylidene aminal proceeded in low yield. 
However, after deketalization of the derivative 267, intramolecular 
hydride delivery in the reduction of the resulting ~-hydroxy ketone with 
Me4NBH(OAc h gave the desired anti-alcohol 268 as a single 
diastereomer (126). The unsaturated anti-alcohol 268 was then cleaved 
by ozonolysis, and subsequent ring closure to the corresponding 
hemiacetal occurred spontaneously. The final steps of the synthesis are 
the already familiar glycosidation, deprotection, and reductive dimethy
lation. 
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Scheme 60. Reagents: i, FmocCI, Na2C03, dioxane; ii, DMP, PTSA, benzene; iii, cyanuric 
chloride, pyr., CH2Clz; iv, Me(MeO)NH.HCI, pyr., CH2Clz; v, allyl-MgBr, THF; vi, TFA, 
MeOH; vii, Me4NBH(OAch, MeCN, AcOH, 40°C; viii, 0 3, Me2S, -78°C; ix, PTSA, 

MeOH; x PdlC, Pd(OAc)z, NH4HC02, MeOH; xi, PdlC, H2, HCHO, MeOH, H20 

Enantiopure 2,3-protected 1,2,3-butanetriols derived from easily 
available chiral sources like (2R, 3R )-tartaric acid or L-threonine are 
used as chiral precursors in the synthesis of trideoxyaminohexoses. 
FRONZA et al. have utilized them in the synthesis of L- and D-3-epi
daunosamines (127). Since the butanetriol derived from tartaric acid 
already has two of the three required stereocenters with correct 
stereochemistries for L-3-epi-daunosamine, only the stereocenter of the 
amino function had to be created. This was achieved by stereoselective 
amination of the trans-enoate 272 obtained from the Wittig reaction of 
the aldehyde intermediate (Scheme 61), Treatment of the trans-enoate 
with dry ammonia in methanol followed by hydrolysis and benzoylation 
furnished the b-lactone 273 with 75: 10 stereoselection. The lactone was 
finally reduced to the lactol, N-benzoyl-3-epi-daunosamine 274, The D
enantiomer was similarly synthesized from the enantiomer of the triol 
271 derived from L-threonine by deamination. 

Another approach to D-epi-daunosamine relies on (2-thiazolylmethy
lene)triphenylphosphorane as a two-carbon homologating reagent with 
the aldehyde intermediate (Scheme 62) obtained by oxidation of the triol 
which is derived from L-threonine (128). The key steps are Wittig-type 
olefination, introduction of the amino function, and unmasking of the 
formyl group in the thiazole ring of the resulting alkylthiazole. Olefins 
from the unselective Wittig reaction (l: 1) are enriched in the E-isomer 
279 by isomerization with iodine (E: Z, 9: 1). The poor electron
withdrawing character of the 2-thiazolyl group is not sufficient to make 
2-alkenylthiazoles good Michael acceptors towards weak nucleophiles 
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Scheme 61. Reagents: i, LiAIH4, Et20; ii, PCC, CH2CIz, AcONa; iii, Ph3P=CHC02Et; 
iv, NH3, MeOH, DoC; v, 2N HCl; vi, BzCl, pyr., CH2CI2; vii, DIBAL-H, THF 

like amines. The ability of the 2-alkenylthiazole to function as a Michael 
acceptor was therefore enhanced by preparing the N-methylthiazolium 
salt 279. The salt was treated with benzyl amine and then quenched with 
sodium borohydride to give a thiazolidine as a mixture of all-anti- and 
anti-syn-isomers. After acetylation and mercury-mediated hydrolysis of 
the thiazolidine ring, the open chain derivative of 3-epi-daunosamine 280 
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vii 
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Scheme 62. Reagents: i, 12; ii, Mel; iii, BnNH2; iv, NaBH4; v, AC20; vi, H20, Hg2+; 
vii, HCl, MeOH 
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was obtained. Removal of the isopropylidene and acetyl groups in acidic 
methanol, in situ cyc1ization, and glycosidation afforded the methyl N
benzyl D-3-epi-daunosaminide 281. 

Formation of the major syn-adduct upon the addition of benzylamine 
to 279 is consistent with a modified Felkin-Ahn transition state where the 
allylic alkoxy residue and the medium-sized methyleneoxy group are in 
the anti and inside positions, respectively and where the approaching 
nuc1eophile attacks the n-system from the antiperiplanar position, which 
is also the least hindered side. 

Construction of daunosamine via amination of chiral enoates appears 
to be inefficient. However, the Grignard reaction of the aldehyde 282 
gave the alcohol derivative 283 with fair syn-selectivity (Scheme 63) 
(129). Conversion of the free alcohol group into a good leaving group 
(with tosyl chloride) and subsequent azide displacement furnishes the 
azide derivative 284 with the opposite configuration. Reduction of the 
azide by a standard method followed by deketalization and benzoylation 
gave the N-benzoyl derivatives, with the lyxo configuration present in the 
major component 286. Ozonolysis of the major component and treatment 
with dimethyl sulfide yields the N-benzoyl-D-daunosamine 287. 

Me '. VHQ 

75% 

282 

Mex.:roH vi 
HO" : -

NHBz 
85% 

287 

o ii,iii o 68% 

283 
syn:anti 

8:2 

Me:(J 

HO" , 
NHBz 

286 
major 

+ 

284 
syn:anti 

2:8 

65% I iv,v 

MerOH( 
HO""Y 

NHBz 

285 
minor 

Scheme 63. Reagents: i, Allyl-MgBr, THF; ii, TsCI, pyr.; iii, NaN3, N~Cl, DMF; 
iv, LiAIH4, Et20; v, 50% AcOH then BzCI, K2C03, acetone; vi, 0 3 , MeOH, Me2S 

Alkoxycarbonyloxazoles are easily obtained by direct C-acylation of 
isocyanoacetic esters with carboxylic acids (Scheme 64) (130, 131), 
Diphenyl phosphorazidate together with a base is a useful coupling 
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reagent in the oxazole synthesis. The oxazole ring of compound 290 is 
easily cleaved under acidic conditions to give the 5-substituted 3-
aminotetronic acid 291. After tert-butoxycarbonyl protection of the 
amino group the tetronic acid was hydrogenated with outstanding 
stereoselectivity using rhodium on alumina as catalyst in ethyl acetate to 
give 293. The (X-methyl group of the tetronic acid completely blocks the 
attack of hydrogen from the (X-face of the double bond. Reduction of the 
lactone with DIBAL-H gave lactol 294 (121), to which a C-l-unit was 
easily introduced by Wittig reaction with (methoxymethylene)triphenyl
phosphorane. The enol ether was then hydrolyzed to give L-daunosamine 
hydrochloride. 

Me 
Me Me ii-iv MOMO~C02Me 

HO-< MOMO-< --91% 70% C02H C02MOM 
°vN 

288 289 290 

v! 100 % 

Me,,,,(y-0 vii Me",,~o vi Me",,~o 
~ 

Her' ---NHBOC 
91 % 

HO NHBOC HO NH2HCI 

293 292 291 

Viii! 80 % 

Me""QOH 
OH OMe 

Me"::U
OH 

ix Me''''e;=r X -- --56% 
Her ---NHBOC 

90% HO" : 
He> -NHBOC NH2HCI 

294 295 L-Daunosamine 

Scheme 64. Reagents: i. CH30CH2Cl, DIPEA, CH2C12; ii, LiOH, H20-THF; 
iii, (PhOhP(O)N3, DMF; iv, CNCH2COOMe, NaH, DMF; v, 10% HCl, MeOH; 
vi, BOC20, NaHC03, dioxane, H20; vii, 5% Rh-Alz03, H2, EtOAc; viii, DIBAL-H, 

CH2Clz; ix, (Ph3P+CH20CH3) Cl-, KOtBu, glyme, toluene; x, 20% HCl, THF 

An analogous sequence of reactions with inversion of the 4-methyl 
group gives access to D-ristosamine (Scheme 65) (131). An efficient way 
to invert the methyl group involves hydrolysis of the lactone with 
potassium superoxide in the presence of crown ether, acidification to pH 
4 and estrification by the Mitsunobu method. If the 3-hydroxy group was 
protected as its tert-butyldimethylsilyl ether, two extra steps were needed 
and the synthetic sequence was less efficient. 
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Scheme 65. Reagents: i, K02 ; ii, H+; iii, Ph3P, DEAD; iv, DIBAL-H 

3.2.3. Monoamino Tetradeoxyhexoses 

Starting in the same way as for their synthesis of hollantosamine 
(Scheme 58) GUANTI et al. reported the synthesis of N-acetyl-L
tolyposamine from L-allo-threonine via two different aldehyde inter
mediates: the acyclic aldehyde 249 and cyclic aldehyde 250 (132, 133). 
In the first route (Scheme 66), the acyclic aldehyde 249 was extended by 
Wittig condensation with a stabilised phosphorane. The same Wittig 
conditions for the cyclic aldehyde 250 (Scheme 67) caused notable 
epimerization however, and the olefination was carried out instead under 
Roush-Masamune conditions. The choice of base had a dramatic 
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Scheme 66. Reagents: i, Ph3P=CHCOOEt; ii, H2, Pt02, EtOH; iii, Ca(BHih. EtOH, 
THF; iv, MeOC6HiOH, Ph3P, DEAD, CH2Ch; v, AcOH, IN HCI; vi, H2, Pt02, EtOH, 
H20; vii, AC20, pyr. DMAP; viii, (NHihCe(N03)6, H20, MeCN, pyr.; ix, (n-Pr)4NRu04, 

NMMO, CH2Cl2; x, DBU, MeOH 
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influence on the degree of epimerization. Both olefins were hydro
genated and the ester groups were then reduced. The primary alcohols 
were etherified with p-methoxyphenol under Mitsunobu conditions. The 
amino and secondary hydroxy group protections of both PMP- protected 
intermediates were replaced with acetyl groups, giving in both cases the 
intermediate 302. Oxidative removal of the PMP-protection gave the free 
primary alcohol 303, which was oxidised with TPAP (122). Selective 
removal of the O-acetyl protection (DBU in methanol) gave the N
acetyltolyposamine in an overall yield of ca. 15%. 

EVANS and BLACK have used an (R )-phenylalanine-derived oxazoli
dinone as a chiral auxiliary in the synthesis of N-Fmoc tolyposamine 
from glutaric anhydride (134). As set out in Scheme 68, acylation of the 
oxazolidinone with glutaric anhydride and methylation of the resulting 
acid gave the imide 307. Evans' aldol reaction of the Z enol derivative of 
this imide with acetaldehyde provides a hydroxy ester with syn
stereochemistry. The hydroxy ester was lactonized to 308 and the imide 
was hydrolyzed with lithium hydroperoxide. Curtius rearrangement of 
the acid lactone followed by reduction and acetylation furnished the 1-0 
acetyl N-Fmoc tolyposamine 310 in an overall yield of 40%. 

The synthesis of the epi-tolyposamine derivative 315 has been 
achieved from threonine (Scheme 69) (108). Olefination of aldehyde 184 
followed by catalytic hydrogenation gave the saturated ester 312. 
Cleavage of the aminal protection as discussed earlier (Scheme 47) 
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Scheme 67. Reagents: i, (EtO)zP(O)CH2COOEt, DIPEA, LiCI, rt, MeCN; ii, H2, Pt02, 
EtOH; iii, Ca(Bf4h. EtOH, THF; iv, MeOC6f40H, Ph3P, DEAD, CH2Ch; v, AcOH, IN 

HCI; vi, H2, Pt02, EtOH, H20; vii, AC20, pyr. DMAP 
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Scheme 68. Reagents: i, n-BuLi, THF, glutaric anhydride, CH2N2; ii, BU2BOTf, TEA, 
MeCHO, CH2CI2, -78°C; iii, PPTS, toluene, heat; iv, LiOOH, THF, O°C; v, TEA, 

Ph2P(O)N3, 9-fluorenemethanol, toluene, heat; vi, DIBAL-H, THF; vii, AC20, pyr 

gave the lactone 313. Further mundane manipulations led to the target 
315. 

As reported above, TIETZE et ai. employed the hetero-Diels-Alder 
reaction in the synthesis of two trideoxy monoaminohexoses: desosa
mine and acosamine (Schemes 54 and 55) (118). The phenylthio
substituted dihydropyran intermediates of desosamine and acosamine 
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Scheme 69. Reagents: i, Me02CCH2P(O)(OMeh, PhMe, K2C03 ; ii, H2, PdlC, EtOAc; 
iii, AcOH, 60-80°C; iv, DIBAL-H, PhMe -78°C; v MeOH, H+, HC(OMeh 
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Scheme 70. Reagents: i, Raney Ni, MeOH; ii, NaB14, iPrOH; iii, AcOH 
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also give access to 4-deoxy derivatives of these known amino sugars. If 
the catalytic hydrogenation of the phenylthio-substituted dihydropyran 
derivative 230 is performed in methanol instead of THF, the all-cis
substituted 3-amino sugar glycoside 316 (a 4-deoxydaunosamine 
derivative) is obtained nearly exclusively (Scheme 70). The direction 
of hydrogenation is controlled by the O-methyl group and the bulky 
pseudo-equatorially oriented phthalimido group, which allow the 
addition of hydrogen only from the lower face. Reduction with sodium 
borohydride in propan-2-01 followed by addition of acetic acid gives the 
acetate salt of 4-deoxydaunosamine methyl glycoside 317. Similarly, 
treatment of the phenylthio-substituted dihydropyran 318 with Raney 
nickel in methanol instead of THF gives (±)-N-benzoyl-4-deoxyristos
aminide 319 with a 5: 1 selectivity. Hydrogenation of the olefin takes 
place from the upper face. 
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