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This research was aimed to study the synthesis and anti-herpes simplex vira
activity of glycoglycerolipids. A series of monoglycosyl glycerides bearing either glucose or
galactose and related derivatives were synthesized. Thirty monoglycosyl glycerides bearing
various chain lengths of saturated and unsaturated fatty acids were successfully prepared.
Three monoglycerides and one diglyceride were also synthesized. Preliminary structure-
activity relationships were reported.

The chemical structures of the synthesized compounds were confirmed by
spectroscopic techniques and elemental analysis. The anti-HSV activity was determined via
the plague reduction assay. Among the compounds synthesized, 1,2-di-O-linolenoyl-3-O-3-
D-glucopyranosyl-sn-glycerol shows the highest inhibitory activity against HSV-1 and HSV-
2 with the 1Cs values of 16.1 and 23.9 uM, respectively. A study of the structure-activity
relationships of these synthetic compounds indicates that the fatty acyl moieties are critical
for inhibitory action with higher activity displayed as the acyl groups become more olefinic in
character. The sugar moiety is also important for anti-HSV action; however, the type of sugar
(glucose or galactose) exhibits no different activity. The stereochemistry at C-2 of the

glycerol backbone displays no significant effect on anti-HSV activity.
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CHAPTER |
INTRODUCTION

Herpes simplex is a result of an infection caused by herpes simplex
virus (HSV), which has an affinity for the skin, mucous membranes and nervous
system. The word herpesis derived from the Greek word “herpein”, which means “to
creep”. HSV is one of the most difficult viruses to control and has plagued mankind
worldwide for thousands of years. There are two distinct types of these viruses:
herpes simplex virus 1 (HSV-1) and herpes smplex virus 2 (HSV-2) which can be
differentiated by serologic tests (Goldstein et al., 1983). HSV-1 mainly involves the
oral cavity, often as the so-called “cold sores’, while HSV-2 attacks the genital area.
Either type, however, can occasionally be found in either area or at the other sites.
Once HSV enters the body, it penetrates vulnerable cells in the lower layers of human
skin tissue and attempts to replicate itself in the cell nuclel. This process can destroy
host cells, causing inflammation and fluid-filled blisters or ulcers in this area due to
rupture of the blisters, these remain intact for several daysin dermal infections, before
they crust over and heal. In rare cases, the virus can further spread to the central
nervous system causing meningitis or encephalitis (Craig and Nahmias, 1973). The
virus travels from the site of primary infection through branches of nerve cells to root
ganglia. Here, the virus persists in an inactive (latent) form, in which complete viral
replication does not occur but both the host cells and the viruses survive. Infection is
not apparent during these periods. In many cases, the virus begins multiplying again
and in symptomatic patients, flare-ups often occur. After an initial infection with oral
HSV-1, between 20-40% of patients experience recurrent flare-ups. In patients with
HSV-2 genital herpes, the recurrent rate is even higher: up to 80% (Mertz, 1997). Itis
not completely known what triggers this renewed infection, but a number of different
factors may be involved, such as sunlight, wind, fever, local physical injury,
menstruation, suppression of the immune system, or emotional stress. The body does
mount an immune response to HSV, and in healthy people recurring infections tend to
become progressively less severe and less frequent. The immune system, however,

can not eradicate the virus completely.



HSV-1 and HSV-2 represent two members of a group of at least 8
human herpes viruses, including varicella-zoster virus (VZV), Epstein-Barr virus
(EBV), cytomegalovirus (CMV), human herpes virus 6 (HHV-6), human herpes virus
7 (HHV-7), and human herpes virus 8 (HHV-8). HSV particles are complex, some
120 to 200 nm in diameter with an enveloped structure and an icosahedral
nucleocapsid. The genomic linear double-stranded DNA consists of approximately
125 kbps and codes for about 100 polypeptides. Whilst the functions of these
encoded proteins are poorly understood, a number of them are well characterized
including DNA polymerase, thymidine kinase (TK) which provides excellent targets
for chemotherapy.

The management of mucocutaneous herpes infection usually involves
symptomatic relief, preventing transmission, and eradication of virus by antivira
agents. Most herpes simplex infections can be managed with pain killer pills or local
anesthetics for alleviation of pain, fever, and local tenderness, and for severe itching,

anti-histamines may be useful.

Of the large number of agents being under development for treatment
of herpes simplex virus infection, the nucleoside analogs are apparently effective.
However, the ever increasing resistance of HSV to the current nucleoside analogs
antiviral agents have been described (Kost et al., 1993; Fife et a., 1994; Pottage and
Kessler, 1995), leading to the need for developing novel antiviral prototype
molecules. As a part of our screening program to investigate the anti-HSV activity
from natural products, we have explored that the galactosyl diglycerides isolated from
Clinacanthus nutans leaves, exhibited promising anti-HSV activity (Satakhun, 2001).
However, these natural glycoglycerolipids were found in a small amount and the
isolation and purification process of these compounds is the main obstacle to their
anti-HSV study. This prompted us to synthesize and study the structure activity
relationships of these compounds on anti-HSV activity. In this research, the effect of
fatty acyl moieties, sugar moiety and the stereochemistry at C-2 of glycerol backbone
on anti-HSV activity would be investigated. In order to study the effect of fatty acyl
moieties on anti-HSV activity, a series of the designed 1,2-di-O-acyl-3-O-B-D-

glucopyranosyl-rac-glycerols bearing various chain length of either saturated or



unsaturated fatty acids were synthesized. The chemical structures and synthetic

approach of these compounds are shown in Table 1 and Scheme 1, respectively.

Table 1. Chemical structures of 1,2-di-O-acyl-3-O-p-D-glucopyranosyl-rac-glycerols

and derivatives.

Compounds R1 R2 Compounds R1 R2

6a caproyl caproyl 6k lauroyl oleoyl
(C10:0)

6b lauroy! lauroy! 6l stearoy! lauroyl
(C12:0)

6C myristoyl myristoyl 6m stearoy! behenoyl
(C14:0

6d palmitoyl palmitoyl 6n behenoy! lauroyl
(C16:0

6e stearoyl stearoyl 60 behenoy! oleoyl
(C18.0

of behenoy! behenoy! 6p a-linolenoyl | linoleoyl
(C22:0)

69 oleoyl oleoyl 6q benzoyl lauroyl
(C18:1)

6h linoleoyl linoleoyl 8a lauroyl H
(C18:2)

6i a-linolenoyl | a-linolenoyl 8b a-linolenoyl H
(C18:3)

6] benzoyl benzoyl




Scheme 1. Synthesis of 1,2-di-O-acyl-3-O-3-D-glycopyranosyl-rac-glycerols and

related derivatives.
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To investigate the effect of sugar moiety on anti-HSV activity, the
designed 1,2-di-O-acyl-3-O-B-D-galactopyranosyl-rac-glycerols, mono- and diacyl
glycerols were synthesized and evaluated for activity. The chemical structures and
synthetic approach of these compounds are outlined in Table 2 and Schemes 1-3,
respectively.

Table 2. Chemical structures of 1,2-di-O-acyl-3-O--D-galactopyranosyl-rac-
glycerols and related derivatives.

Compounds R1 R Rs
13a lauroyl lauroyl galactosy!
13b linoleoyl linoleoyl galactosy!
13c o-linolenoyl o-linolenoyl gal actosyl
13d behenoyl lauroyl gal actosyl
13e o-linolenoyl linoleoyl galactosyl

15 a-linolenoyl H galactosy!

19 lauroyl lauroyl H
2la lauroyl H H
21b stearoyl H H
21c behenoyl H H




Scheme 2. Synthesis of 1,2-di-O-acyl-glycerol (19).
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In order to determine the effect of the stereochemistry at C-2 of
glycerol backbone, the selected 1,2-di- and 1-O-acyl-3-O-3-D-glycopyranosyl-sn-
glycerols were synthesized. The chemical structures and synthetic approach are
illustrated in Table 3 and Scheme 4, respectively.

Table 3. Chemical structures of 1,2-di- and 1-O-acyl-3-O-p-D-glycopyranosyl-

sn-glycerols.
B NLORS
R30\>~‘\/0R1
3 - 1
Compounds Ry R Rs

32a lauroyl lauroyl glucosy!
32b a-linolenoy! a-linolenoy! glucosyl
32c a-linolenoyl lauroyl glucosyl
34 a-linolenoyl H glucosyl
38 a-linolenoy! H galactosy!




Scheme 4. Synthesis of 1,2-di-O-acyl-3-O-B-D-glycopyranosyl-sn-glycerols and

derivatives.
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CHAPTERII
HISTORICAL

In considering the future development of antivira agents, it is first worth
reflecting on what has been achieved so far. Chemotherapy of viral infections has
lagged significantly behind chemotherapy of bacterial infections. One reason for this
is that viral metabolic processes resemble the host process and a virus will frequently
utilize host enzymes to meet its metabolic needs. A mean of attack on the invading
virus by blocking the metabolic transformation without toxicity to host is much more
difficult than that of bacteria. In this chapter, the discovery and development of anti-
HSV agents from natural sources and nucleoside analogs are reviewed. And also the
biological activities and chemical synthetic approach to the glycoglycerolipids are
concerned.

1. Anti-HSV Agents
1.1 Nucleoside Analogs as Anti-HSV Agents

For years, investigators have explored the potential of nucleoside analogs as
inhibitors of viral infections, with much of the effort focused on modification of base
and sugar moiety. To this time, the number of nucleoside analogs has been
investigated for antiviral activity; however, few compounds have been approved for
treatment of herpes simplex virus (Alrabiah and Sacks, 1996; Koszalka et al., 1998).

1.1.1 Purine Nucleoside Analogs

A major breakthrough in antiviral drug development occurred with the
discovery of acyclovir (39). This compound is effective against both herpes simplex
and varicella-zoster virus and has established an excellent safety profile in clinica
practice. Acyclovir has profound effects on the viral DNA polymerase function
through obligatory chain termination and competitive inhibition, acting as its
triphosphate form. It is a substrate for viral thymidine kinase, but not for any host
kinases, which accounts for overall selectivity, as the drug can only be phosphorylated
to its active form in infected cell. Despite its potency and safety, it has several
clinical limitations, including poor oral absorption (bioavailability is only 15 to 30%
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after oral administration (de Miranda and Blum, 1983). However, this drawback has
been overcome by the use of prodrugs. The L-valyl ester of acyclovir, valaciclovir
(40) was found to have improved 3-5 fold greater bioavailability (Beauchamp et al.,
1992; Weller et a., 1993). Ganciclovir (41), an analog of acyclovir, differs
structurally from acyclovir by addition of a3’ hydroxymethylene on the acyclic chain,
also has activity against HSV-1, HSV-2 and cytomegalovirus.  However, due to the
extra functionality, it is not necessarily a chain terminator, so its antiviral effect must
be somewhat different from that of acyclovir. Penciclovir (42), like acyclovir and
ganciclovir, is an acyclic guanosine analog having an antiviral spectrum against
herpes viruses similar to that of acyclovir (Boyd et al., 1987). This compound may
be considered to be structurally related to ganciclovir.  The active form, penciclovir
triphosphate, inhibits the viral DNA polymerase through competition with
deoxyguanosine triphosphate and is incorporated into the viral DNA. As penciclovir
has two hydroxy! groups on the acyclic chain, it can be incorporated into the growing
DNA chain and does allow limited chain elongation. Although active intravenoudly,
penciclovir is very poorly absorbed orally. Famciclovir (43), the diacetyl ester of 6-
deoxy penciclovir, is the orally active form of penciclovir. Following ord
administration, famciclovir is rapidly absorbed and converted to penciclovir with
bicavailability about 77% (Pue and Benet, 1993). Lobucavir (44) is another
deoxyguanosine analog having antiviral activity against HSV-1, HSV-2 and CMV
similar to that of ganciclovir. Lobucavir is phosphorelated to the active triphosphate
form by TK which is believed to act as a nonobligate DNA chain terminator (Bisacchi
et a., 1991). Adefovir (45) or PMEA (9-(2-(phosphonomethoxy)ethyl)adenine), a
nucleotide analog, effectively inhibits a wide range of DNA viruses. One maor
problem often encountered in the use of nucleotide analogs as potential therapeutic
viral infection is one of low lipophilicity. Dipivoxil and butenolide ester exhibited
higher lipophilicity and water solubility as compared to adefovir, were reported to be
more potent than adefovir in vivo (Hakimelahi et al., 2001)
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Figure 1. Purine nucleoside analogs as anti-HSV agents.
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1.1.2 Pyrimidine Nucleoside Analogs as Anti-HSV Agents

Idoxuridine (46) and trifluorothymidine (47) are examples of older, non
selective thymidine analogs. The clinical usage of these two compoundsis limited to
topical formulations because of adverse effects. These compounds are
phosphorylated by the viral kinases, however, they are also phosphorylated in
uninfected cells by host kinases and are substrates for human DNA polymerase,
which limit their selectivity. Sorivudine (48) is a synthetic arabinosyluracil analog
which is taken up by HSV- and VZV-infected cells, and is only phosphorylated by
viral TK.  Thus, phosphorylation does not occur in uninfected cells and the active
sorivudine triphosphate does not act as a chain terminator, but as an inhibitor of virus-
encoded DNA polymerase (Machida et al., 1981). Brivudine (49), chemically closely
related to sorivudine, is characterized by the presence of the (E)-5-(2-bromovinyl)
substituent in the 5-position of uracil. Oral bioavailability of brivudine is greater than
that of sorivudine, however, it demonstrates an antiviral activity similar to that of
sorivudine. Both compounds interfere with the degradation of 5-fluorouracil by
blocking the dihydropyrimidine dehydrogenase.  Thus, they should not be
administered to patients receiving 5-fluorouracil therapy. Cidofovir (50) (or
HPMPC) belongs to the acyclic nucleotide analogs as a potent broad-spectrum
antiviral agent, with activity against a wide variety of DNA viruses, such as HSV-1,
HSV-2, TK-negative HSV-1, VZV, CMV, EBV and HPV (DeClerq et al., 1986).
Unlike acyclovir or other nucleoside analogs, which require intracellular activation by
viral kinase, cidofovir is already a nucleotide which is converted to the active
compound, independently of virus infection. Cidofovir inhibits HSV-1 and HSV-2
DNA polymerases at concentrations 50-to 600-fold lower than those needed to inhibit
human DNA polymerases (DeClerg et al., 1991)
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Figure 2. Pyrimidine nucleoside analogs as anti-HSV agents.

1.2 Other Synthetic Non-nucleoside Anti-HSV Agents
1.2.1 Pyrophosphate Analogs

Pyrophosphate analogs might also be thought of as fragmentary nucleotides,
with only the oligophosphate moiety mimicked. The earliest pyrophosphate analog
found to possess antiviral activity was phosphonoacetic acid (PAA) (51).
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Phosphonate analogs of pyrophosphate, which contain P-C bonds instead of |abile P-
O bonds are much more resistant to enzymatic hydrolysis. They act by blocking
phosphate binding site with pyrophosphate isosteres preventing nucleic acid synthesis.
Such compounds have advantage of not requiring any activation and they often show
broad spectrum of activity, though these are compromised by poor selectivity.
Foscarnet (phosphonoformic acid) (52), the other pyrophosphate antagonist, exhibits
broad activity against DNA and RNA viruses (Helgstrand et al., 1978). Asit does not
require any previous metabolic activation to inhibit the viral replication, it is active
against thymidine kinase-deficient HSV and VZV strains. However, this drug is
relatively toxic causing acute renal failure, gastro-intestinal symptoms limiting
widespread use. Foscarnet is approved for use in treatment of acyclovir-resistant

herpes virus infection.

4 o OH
I OH Il
/P/ﬁ“/ /P/go
HO™ \ HO™ \
OH O OH
phosphonoacetic acid (51) foscarnet (52)

Figure 3. Pyrophosphate analogs as anti-HSV agents.

1.2.2 Ribonucleoside Reductase | nhibitors

Herpes simplex viruses are known to induce virus specific ribonucleoside
reductase (RR) in infected cells. This enzyme catalyses the reduction of
ribonucleosides to 2'-deoxyribonucleosides, essential for the formation of new copies
of viral DNA. Thus, RR is considered as a possible target for development of
antiviral agents (Nutter et al., 1985). BILD 1263 (53) and BILD 1633 SE (54) were
reported as novel peptidomimetic inhibitors of HSV ribonucleoside reductase in
animal models (Duan et al., 1998).
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BILD 1633 SE (54)
Figure 4. Ribonucleoside reductase inhibitors as anti-HSV agents.

1.2.3 Fatty Alcohol

n-Docosanol, also known as behenyl acohol, is a 22-carbon fatty alcohol
produced by high-pressure, catalytic hydrogenation of a mixture of fatty acids. In
vitro studies have demonstrated that this compound exhibits broad spectrum antiviral
activity against severa lipid-enveloped viruses including HSV-1 and HSV-2 (Katz et
a., 1991). n-Docosanal is believed to interfere viral entry into host cells, possibly by
inhibition of the fusion of viral particles with cell membranes. n-Docosanol is being

developed as a 10% topical antiviral cream for treatment of recurrent herpes labialis.
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1.3 Natural Productsas Anti-HSV Agents

Apart from synthetic nucleoside analogs, natural products are potential
sources for anti-HSV agents. Many research approachs are currently aimed at
developing novel prototype molecules of antiviral agents. Natural products are
increasingly appreciated as leads for drug discovery and development. A number of
reports concerning the antiviral constituents of plants have appeared, and several
bioactive constituents showing anti-HSV activity have been isolated. These included

flavonoids, terpenoids, alkaloids, steroids, and glycolipids.

Flavonoids

Robustaflavone (55) a biflavonoid, isolated from Rhus succedanea exhibited
moderately anti-HSV-1 and HSV-2 activities with ECsy values of 8.6 ug/ml and 8.5 p
o/ml, respectively (Lin et a., 1999). Isoquercitrin (56) isolated from Waldsteinia
fragarioides Tratt. showed antiviral activity against HSV-1 with ECs value of 40 p
o/ml (Abou-Karam et al., 1992). Galangin (57) from Helichrysum aureanitens Sch.
Bip. a medicinal plant of south Africa displayed anti-HSV-1 at concentration 12-47
o/ml (Meyer et a., 1997). Hayashi et al. (1992) found that ginkgetin (58) isolated
from Cephalotaxus drupacea Sieb.& Zucc. exhibited potent anti-HSV-1 and HSV-2
activities with ECsp values of 0.76 and 0.83 pug/ml, respectively. (-)-Epigallocatechin-
3-0-galate (59) and samarangenin B (60) isolated from the root of Limonium sinense
(Girard) Ktzc exhibited inhibitory activity in HSV-1 replication with 1Csp values of
38.6 and 11.4 uM, respectively (Lin et a., 2000).
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Figure 5. Flavonoids as anti-HSV agents.
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Terpenoids

Sclerocarpic acid (61), a sesquiterpene, isolated from the stem bark of
Glyptopetalum sclerocarpum Laws displayed anti-HSV-1 and HSV-2, with the
concentrations required for 50% inhibition of plague formation (ECsp) of 5and 12.5
o/ml, respectively (Sotanaphun et a., 1999). Other terpenoids were reported as
having anti-HSV activity such as scopadulcic acid B (62) (Hayashi et al., 1990),
dehydrosoyasaponin | (63) (Kinjo et al., 2000) and euphosalicin (64) (Mucs et al.,
2001).

HO,C

sclerocarpic acid (61) scopadulcic acid B (62)

\\\\

\ OAc

" €N “oNie
AcO OAc OA
R= Glc-Gal-Rha ¢
RO CH,OH Nic= nicotinoyl
dehydrosoyasaponin 1(63) euphosalicin (64)

Figure 6. Terpenoids as anti-HSV agents.

Alkaloids

(-)-Norcycleanine (65), a bisbenzylisoquinoline isolated from the root of
Stephania cepharantha displayed anti-HSV-1 and HSV-2 with EDsy values of 18.1
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and 23.1 ug/ml, respectively. FK-3000 (66), a morphinan alkaloid, from the same
plant showed potent anti-HSV-1 and HSV-2 with EDsy values of 7.8 and 8.7 pug/ml,
respectively (Nawawi et a., 1999).

FK-3000 (66)

(-)-norcycleanine (65)

Figure 7. Alkaoids as anti-HSV agents.

Steroid glycosides

Ikeda et al. (2000) reported that steroid glycosides isolated from Solanum
muricatum showed anti-HSV activity, and B-solamarine (67) exhibited the most
potent anti-HSV-1 with EDs, value of 0.90 pg/ml.

R= -Glc-Rha

I

Rha
beta-solamarine (67)

Figure 8. Steroid glycoside as anti-HSV agent.
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Glycolipids

As part of our search for active anti-HSV constituents from Clinacanthus
nutans (Burm.f.) leaves, a well-known Thai medicinal plant promoted for the
treatment of herpes simplex, we found that glycoglycerolipids (68) showed 95%
inhibition to HSV-1 and HSV-2 at equal concentration of 50 ug/ml. To continue our
efforts to study the structure-activity relationships of this new class of anti-HSV
agents, we synthesized and evaluated the anti-HSV activity of these compounds as

described in this following research.

OH

o
0]
HO
HO OH

© 0
UONs;
HO J\
OH 0" "R,
0

R
(68) \r 1

o)
R,=hexadecanoyl; R,=hexadecatrienoyl

Figure 9. Glycoglycerolipid as anti-HSV agent.

2. Glycoglycerolipids

Glycolipid designates any compound containing one or more
monosaccharide residues bound by a glycosidic linkage to a hydrophobic moiety such
as an acylglycerol, a sphingoid, a ceramide or prenols. Glycolipids are a structurally
heterogeneous group of membrane components found in all species ranging from
bacteria to man, which can be divided, roughly, into two groups, i.e
glycoglycerolipids and glycosphingolipids.  Herein, only glycoglycerolipids will be

focused on.

The term glycoglycerolipids are used to designate glycolipids containing one
or more glycerol residues. They are especialy important in higher plants, algae and
bacteria where they are located in photosynthetic membranes, they are also found in

animals but in lesser amounts. In plants, mono- and digalactosyl diglycerides are
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major components of the stacked thylakoid membranes of chloroplasts, while tri- and
tetragal actosyl diglycerides or acyl galactosyl diglycerides may be present in much
smaller amounts. Sulfoquinovosyl diglyceride, found in all photosynthetic plants,
algae, and bacteria, is another glycosyl diglyceride but the sugar in this case is 6-
deoxyglucose (quinovose) containing a sulfonic acid group at position 6. In bacteria
and algae, a large number of glycoglycerolipids containing a wide variety of sugar
combinations including glucose, galactose, mannose, rhamnose, gluconic acid and

glucosamine have been reported (Kopitz, 1991).

2.1 Biological activities of glycoglycerolipids

Although various glycoglycerolipids have been isolated and characterized,
the biological functions of these compounds have not fully elucidated (Kopitz, 1991).
Several glycoglycerolipids were reported to possess various hiological activities e.g.,
antitumor-promoting activity (Baruah et al., 1983; Murakami et al., 1995; Shirahashi
et al., 1996; Colombo et al., 1998; Colombo et al., 1999), oxygen scavenging activity
(Nakata, 2000), anti-HIV activity (Loyaet al., 1998; Ohta et al., 1998), and anti-HSV
activity (Satakhun, 2001).

o) SO,H
OH_OH OW HO ° |
HO O—palmitoyl
HO e HO e} : O—oleoyl
OH OH VA\/
antitumor promotor (69) anti-HIV sulfolipid (71)
(@]
O)J\/W\W
OO OW
O
HO&WO Y
OH

oxygen scavenger (70)

Figure 10. Chemical structures and bioactivities of some glycoglycerolipids.
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2.2 Chemical synthetic strategies of glycoglycerolipids

Glycoglycerolipids constitute from polyhydroxyl sugars glycosidic linked
with glycerol and hydrophobic fatty acids. A versatile method for glycosylation
involves a two-step procedure. The first step, activation of the anomeric center
provides the glycosyl donor. The second step, the glycosyl transfer to the acceptor
provides the glycoside. To achieve this synthesis, the suitable protection of hydroxyl
groups not involved in the glycoside bond formation and glycosyl donor must be
designed (Gigg, 1980). The commonly used hydroxyl group protection and glycosyl
donors are reviewed as following (Greene and Wuts, 1991; Toshima and Tatsuta,
1993).

2.2.1 Hydroxyl group protection

The considerable effort has been directed towards the development of
effective hydroxyl protecting groups. In general, hydroxyl functionality is most
frequently protected by conversion into esters, ethers, acetals or ketals.

Esters:

Acetates and benzoates are usually used to protect hydroxyl compounds,
especially, carbohydrates. Regioselective esterification is possible, primary hydroxyl
groups react more rapidly than secondary ones while tertiary hydroxyl groups tend to
be unreactive groups. Several factors influence the selective removal of ester groups,
including ester types, steric hindrance, strength of deprotecting reagents, etc. For
instance, chloroacetyl protection can be removed in the presence of acetyl and
benzoyl groups by treatment with thiourea. Hydrazine selectively deprotects O-1
acetyl group in 1,2,3-tri-O-acetyl-4,6-di-O-benzyl-a-D-galactose without reaction at
O-20r O-3

OBn
OBn
(0] OAc
@) NH,NH
OAC 2 )2 OQbhg
OAc OH
OAc
OAc

Figure 11. Selective deprotection of O-1 acetyl group by hydrazine.
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Ethers;

Several simple and substituted alkyl, benzyl, silyl, and trityl ether protecting
groups have been developed. They are formed and removal under a wide variety of
conditions. Among common protecting groups, the benzyl ether holds a position of
considerable importance. It is stable over a broader range of conditions, including
both acidic and basic media, than any other common protecting groups. Deprotection
of benzyl ethers, is aways accomplished by catalytic hydrogenolysis under mild
conditions. Trialkyl silyl ether protecting groups are stable under neural and basic
conditions but undergo hydrolysisin the presence of agueous acids. Regioselectivity
in silylation can be achieved by using hindered silylating agents such as tri-isopropyl
chlorosilane (TIPSCI), t-butyl chlorodimethylsilane (TBDMSCI). An effective
method for desilylation has been accomplished by treatment with tetrabutyl
ammonium fluoride under various conditions. Trityl ether protecting groups are used
as the regioselective protection of primary hydroxyl groups in the presence of
secondary and tertiary ones. Trityl ethers are readily deprotected by several acids

conditions.
Acetals and ketals:

The acyclic and cyclic acetals or ketals are useful protecting groups. These
could be introduced by treating the carbonyl with an alcohol or diol.  Cyclic and
acyclic acetals and ketals are stable to agueous and non agueous bases, hydride
reduction, including organometallic reagents. They are also stable to most oxidants,
but readily cleaved by acid hydrolysis. Isopropylidene ketals and benzylidene acetals
are the common protecting groups often introduced into a molecule under similar
reaction condition, however, benzylidene groups prefer to be part of six-membered
ring acetals, while isopropylidene groups generally are five-membered ring ketals.
Both benzylidene and isopropylidene groups can be removed by aqueous acids. In
addition, partial deprotection of benzylidene acetals can be achieved by reductive
cleavage with metal hydride (Binkley, 1988).
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Figure 12. Partial deprotection of benzylidene acetal by metal hydride reduction.
2.2.2 Glycosylation

Glycosylation or glycosidic bond formation, is a crucial synthetic organic
methodology to attach sugar to the other molecules, the efficiency of the
glycosylation reaction generally involves a high chemical yield, regioselectivity, and
stereoselectivity. The type of glycosyl donor and the hydroxyl group next to the
anomeric center exert strong influence on the anomeric stereocontrol. Successful
glycosylation can be achieved by the requirement of suitable group protecting
strategies and glycosyl donors (Kochetkov et a., 1967; Paulsen, 1982; Schmidt, 1986;
Schmidt, 1989). The type of glycosyl donor is decisive step in the chemical method
for glycosylation. Severa glycosyl donors have been developed and some are
classified as following (Schmidt, 1989; Toshima and Tatsuta, 1993; Schmidt, 1997).

Glycosyl halides:

The use of glycosyl bromide or chloride as an effective glycosyl donor in
glycosylation reaction was first introduced by Koenigs and Knorr in 1901 (Koenigs
and Knorr, 1901; Wallace and Schroeder, 1976). Glycosyl halides formation is
carried out with typical halogenation reaction and the a.-anomers are mainly obtained.
The stability and the reactivity of glycosyl halides are highly dependent on the
halogen, the sugar residue and the protecting groups. For instance, the thermal
stability of glycosyl halides increases from bromide to chloride. However, reactivity
increases in reverse order compared with stability. For the glycosylation reaction, at
least equimolar amounts of a “promoter” are required. Various silver and mercury
salts have been used as promoters.  The order of reactivity of some representative
promoters is AgOTf/Ag,CO; > AgClIO, > HQ(CN),/HgBr, > Hg(CN), (Binkley,
1988). Further, Ag,CO3, Ag.0, HgO are used as acid scavengers and water is usually



25

removed by Drierite or molecular sieves. On the other hand, several Lewis acids such
as SnCly, TrCl-ZnCl, and phase transfer catalysts such as Bus;N*Br~ have been used as
promoters (Toshima and Tatsuta, 1993). Solvents of low donicity are commonly
used, which favor Sy-2 type reaction. Glycosyl fluoride has been investigated for
glycoside synthesis. Although the higher stability towards many reagents and
temperature compared with other halides, appropriated fluorophilic promoters limit
the use of this glycosyl donor.

o

ROH é—o
\gw\x (BrorCl) — > \2,”
OR
promoter

promoters: silver or mercury salts, Lewis acids, phase-transfer catalysts
drying agents: Drierite, molecular sieves

Figure 13. Glycosylation of glycosyl halide.
Thioglycosides:

Thioglycosides have been extensively studied as useful glycosyl donors due
to their high stability in many organic operations. Several kinds of alkyl- and arylthio
groups were developed with their appropriate promoters (Toshima and Tatsuta, 1993).
However, thioglycosides require at least equimolar amounts of the promoters, which
can lead to undesired side reactions.

0 R,OH 0

SFYIA = OR,
promoter

promoters: silver or mercury salts, NIS, NBS,etc.

Figure 14. Glycosylation of thioglycoside.
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Trichloroimidates:

Trichloroimidate-mediated glycosylation appears to be one of the most ideal
glycosylation method. The thermally and chemically stable trichloroimidate glycosyl
donor has been synthesized from the corresponding 1-hydroxyl sugar by treatment of
trichloroacetonitrile in the presence of a base such as K,COs; NaH, or 1,8-
diazabicyclo(5.4.0)undec-7-ene (DBU). The glycosylation reaction is promoted by
only 0.005-0.02 equivalents of an acid catalyst under wide range of temperature. The
most frequently employed catalysts are trimethylsilyl trifluoromethane sulfonate
(TMSOTf), AgOTf, Sn(OTf),. Anomeric form of glycosyl trichloroimidate and
neighboring group participation are crucial for the anomer stereocontrol. When non-
participating protecting group are selected, a-trichloroimidates yield 3-glycosides and
B-trichloroimidates yield a-glycosides (Schmidt and Micheal, 1984).

- Pl ROH -

O
\2"/‘%0 CCl, promoter \Q’MOR

promoters: Lewis acids

Figure 15. Glycosylation of trichloroimidate.
Glycals:

Glyca is a versatile synthetic intermediate in the synthesis of 2-deoxy
glycoside. The reaction of glycal and acohol in the presence of I, NBS, iodinium
dicollidine perchlorate (IDCP) gives 2-deoxy-2-halo-glycoside which is subsequently
converted into the desired 2-deoxy-glycoside by reductive dehal ogenation.

—0 ROH é_o reductive agent é—o
/> é_zwo R —— o é_)wo R
promoter

X

promoters: IDCP, NIS, NBS, TsOH
X1,
reductive agents: H,-Pd

Figure 16. Glycosylation of glycal.
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1,2-anhydro sugars:

The formation of 1,2-anhydro (1,2-epoxide) sugars start from the glycal as
precursors for the individual sugars; therefore, stereocontrol is required not only at C-
1 but also at C-2 in product formation.  Generally, the anhydro sugar is smoothly

coupled with acohol in the presence of ZnCl, to exclusively give the 1,2-trans-

glycoside.
o
o} I ROH +—9\_OR
PGP > g/\%
a ZnCl, on

Figure 17. Glycosylation of 1,2-anhydro sugar.
4-pentyl glycosides:

In general, 4-pentyl glycosides are prepared as a mixture of a- and -
anomers by the reaction of 1-hydroxyl sugars and 4-pentyl alcohol in the presence of
acid catalyst. Usualy, the glycosylation reactions could be promoted by at least
equimolar amounts of IDCP, NIS/TfOH or TESOTf

é—O ROH é—O

\zwo = » OR
promoter

Figure 18. Glycosylation of 4-pentyl glycoside.




CHAPTER I11
EXPERIMENTAL

1. Instruments

1. Bruker AVANCE DPX-300 FT-NMR spectrometer

2. Infrared spectrophotometer: Perkin Elmer model 2000
3. Polarimeter: Perkin EImer 341

4. CHNS/O Analyser: Perkin Elmer PE 2400 Series |

5. HR-FAB mass spectrometer JEOL IMS-700

6. Transmission electron microscope JEOL JEM 200CX

2. Chemicals
Acetic acid Merck
Acetobromo-a-D-galactose Fluka
Acetobromo-a-D-glucose Fluka
Acetone Merck
Behenic acid Fluka
Benzoic acid Merck
Benzyl bromide Fluka
Calcium hydride Fluka

Caproic acid Fluka



Dicyclohexy! carbodiimide (DCC)
4-Dimethyl aminopyridine (DMAP)
Drierite

Hydrazine monohydrate
Hydrochloric acid, concentrated
DL-a.,-1sopropylidene glycerol
lodine

Lauric acid

Linoleic acid

o-Linolenic acid

Lithium aluminium hydride
D-Mannitol

Myristic acid

Potassium dichromate

Oleic acid

10% Palladium on activated charcoal
Palmitic acid

Silver carbonate

Sodium carbonate

Sodium hydride

Sodium (meta) periodate

Fluka
Fluka
Fluka
Sigma
Merck
Fluka
Fluka
Fluka
Fluka
Sigma
Fluka
Fluka
Fluka
Fluka
Fluka
Merck
Fluka
Sigma
Merck
Fluka

Fluka

29
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Sodium sulfate, anhydrous Merck
Stearic acid Fluka
Sulfuric acid concentrated Merck
Tetrabutyl ammonium bromide Fluka

All solvents used were either anaytical or laboratory grade and were
redistilled prior to use. Dichloromethane was predried with calcium hydride, acetone
was dried with molecular sieve type 4A, and tetrahydrofuran was refluxed and
distilled from sodium. Reactions were monitored by TLC on silica gel plates, spots
were visualized by spraying with 2% potassium dichromate in 30% aqueous sulfuric
acid followed by heating

3. Biologicals

Cdl lineand medium

Vero cells, the kidney cell of African green monkey (Cercopithecus sethiops)
were obtained from the Department of Microbiology, Faculty of Medicine, Mahidol
University (Sirirgl Hospital). Culture medium was consisted of Modified Eagle
medium (MEM) (GIBCO, U.S.A.), 10% feta calf serum (GIBCO, U.S.A.) and 1% of
antibiotics (penicillin, streptomycin and fungizone, GIBCO, U.S.A.)

Cdl lineculture

The cell line was washed twice with phosphate buffer and trypsin-EDTA
was added to lyse the adhesive cells from the flask. Trypsin- EDTA was then
removed and the medium was added to the flask. The cells were incubated at 37° C
under moisture and 5% CO, condition (Abou-Karam and Shier, 1990; Jayawasu €t al.,
1992).
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Her pes simplex viruses

Herpes simplex virus type 1 (HSV-1), KOS strain and herpes simplex virus
type 2 (HSV-2), 186 strain were obtained from the Department of Microbiology,
Faculty of Medicine, Mahidol University (Sirirgj Hospital).

Viral titer was determined by plague assay. Five-fold seria dilutions of
virus, 50 ul each, were added into the wells of Vero cell monolayer containing
cultures medium (in triplicate). The viruses were allowed to adsorb for 3 hours at 37°
C under moisture and 5% CO, condition, then 100 ul of the overlay medium (1% gum
tragacanth) was added. The overlay medium was discarded after further incubated for
2 days and the infected cells were stained with 1% crystal violet in 10% formalin for
30 minutes, and then washed with water. Plague was counted and expressed as
plague forming unit (PFU).

Examination of anti-HSV-1 and HSV-2 activity

Plaque reduction, inactivation assay performed in 96-well tissue culture
plates. The samples were dissolved with 1% DM SO in medium (25 ul) and mixed
with 30 PFU (25 ul) of viruses, then left for 1 hour at room temperature. The Vero
cells suspension (50 ul/well) was added into triplicate wells. The viruses were
allowed to adsorb for 3 hours at 37° C under moisture and 5% CO, condition, then 75
ul of overlay medium (1% gum tragacanth in medium) was added. The culture was
incubated for 2 days and plagues were observed and counted under inverted
microscope then the infected cells were stained with 1% crystal violet in 10%
formalin for 30 minutes, and washed with water. Antiviral activity was expressed as a
score of % inhibition and 50% inhibitory concentration (ECsg). Acyclovir was used

as a positive control.
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Examination of HSV-particles by Transmission Electron

Microscope

Transmission electron microscope was used for examining the effect of
glycosyl diglycerides on herpes smplex vira particles. HSV was concentrated by
ultracentrifugation at 55,000 rpm for 50 minutes, and then, the sample dissolved with
1% DMSO in medium was added with concentrated HSV to constitute 100 pg/ml,
then, left for 1 h at room temperature. The mixture was applied on carbon-coated grid
and negatively stained with 2% phosphotungstic acid (Thormar et al., 1987). The
specimens were examined by using a JEOL JEM 200CX electron microscope.

4. Synthesis of 1,2-di-O-acyl-3-O-B-D-glycopyranosyl-rac-

glycerols

4.1 General Procedurefor Glycosylation

A mixture of D,L-a,B-isopropylideneglycerol (2) (2.0 mmol), Ag.COs (1.0
mmol), fine Drierite 2.5 g in 40 ml of dry dichloromethane was stirred and protected
from light under a nitrogen atmosphere. After being stirred for half an hour, iodine
(0.2 mmol) was added and acetobromo-a-D-glucose (1) (or acetobromo-o-D-
galactose (9)) (2.0 mmol) in 10 ml dry dichloromethane was then added dropwise
over aperoid of 1 h. The reaction mixture was stirred overnight at room temperature
and then filtered. The residue was washed with dry dichloromethane, and the filtrate
was evaporated in vacuo to give colorless syrupy mixture. The mixture was purified
by column chromatography on silica gel, eluted with ethyl acetate: hexane (1:8) to

give the 1:1 mixtures of two diastereomers 3 (or 10).

1,2-O-isopropylidene-3-O-(p-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl)-rac-
glycerol (3) (470 mg, 50.8%)

'H-NMR (300 MHz, CDCls, Figure 19) &: 1.34, 1.42 (each 2 x 3H, s,
acetonide), 2.01, 2.03, 2.05, 2.11(each 2 x 3H, s, acetyl), 3.60-4.33 (2 x 8H, Ho-1, H-
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2, Hx-3, H-5' and H»-6"), 4.61 and 4.63 (each 1H, d, J = 7.6 Hz, H-1"), 5.01 and 5.03
(each 1H, dd (apparent t), J= 9.8 and 7.5 Hz, H-2'), 5.09 (2 x 1H, dd (apparent t), J =
9.8 and 9.5 Hz, H-4'), 5.22 and 5.23 (each 1H, dd (apparent t), J = 9.4 and 9.4 Hz, H-
3).

1,2-O-isopropylidene-3-O-(5-D-2',3',4',6'-tetra-O-acetyl -gal actopyranosyl)-rac-
glycerol (10) (458 mg, 49.7 %)

H-NMR (300 MHz, CDCl3, Figure 20) &: 1.35, 1.43 (each 2 x 3H, s,
acetonide), 1.96, 2.01, 2.02, 2.14 (each 2 x 3H, s, acetyl), 3.60-4.20 (2 x 8H, H»-1, H-
2, Hp-3, H-5' and H,-6'), 4.48 and 4.50 (each 1H, d, J = 7.6 Hz, H-1'), 5.01 (2 x 1H, br
d, J= 10.4 Hz, H-3), 5.18 (2 x 1H, br t, J = 8.3 Hz, H-2), 5.37 (2 x 1H, br s, H-4")

4.2 General Procedure for Deacetonization

A solution of 3 (or 10) 400 mg in 20 ml of 60% acetic acid agueous solution
was stirred at 60 ° C for 1.5 h. The mixture was concentrated and co-evaporated with
toluene three times. Then, the residue was purified by column chromatography on
silicagel column, eluted with ethyl acetate: hexane (5:1) to give semisolid substance 4
(or11)

1-O-(p-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol (4)
(363 mg, 100 %)

IH-NMR (300 MHz, CDCl3, Figure 21) &: 2.01, 2.04, 2.06, 2.10 (each 2 x
3H, s, acetyl), 3.52-3.95 (2 x 6H, Hy -1, H-2, Hp-3and H-5'), 4.22 (2 x 2H, br s, Ho-
6), 4.56 (2 x 1H, d, J = 7.8 Hz, H-1), 5.02 (2 x 1H, dd (apparent t), J = 9.4 and 7.5
Hz, H-2'), 5.09 (2 x 1H, dd (apparent t), J = 9.4 and 9.5 Hz, H-4'), 5.23 (2 x 1H, dd
(apparent t), J = 9.4 and 9.3 Hz, H-3)

BC-NMR (75 MHz, CDCl3, Figure 22) &: 61.8, 63.2 and 63.3, 68.4, 70.4,
71.2and 71.3, 72.0, 72.5 and 72.6, 72.8, 101.3 and 101.4, 169.4, 169.5, 170.2, 170.6

'H-'H COSY (Figure 23)
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1-O-(p-D-2',3,4',6'-tetra-O-acetyl-gal actopyranosyl)-rac-glycerol (11)
(360 mg, 99 %)

'H-NMR (300 MHz, CDCls, Figure 24) &: 1.98, 2.01, 2.02, 2.13 (each 2 x
3H, s, acetyl), 3.53-3.96 (2 x 6H, Hp-1, H-2, Hp-3and H-5'), 4.14 (2 x 2H, br s, H-6"),
448 (2 x 1H, d, J= 7.8 Hz, H-1"), 5.01 (2 x 1H, dd, J = 10.4 and 3.3 Hz, H-3), 5.18
(2 x 1H, dd, J= 9.9 and 8.4 Hz, H-2'), 5.38 (2 x 1H, br d, J = 3.0 Hz, H-4)

4.3 General Procedure for Preparation of Mono-acid 1,2-di-O-acyl-
3-0O-(B-D-2',3',4',6'-tetr a-O-acetyl-glycopyranosyl)-rac-glycer ols

To a solution of 4 (or 11) (0.3 mmoal), fatty acid (0.7 mmol), and DMAP
(0.03 mmol) in 8 ml dry dichloromethane, DCC (0.7 mmol) was added and stirred for
24 h at room temperature. The solid was filtered off and the solvent was evaporated
in vacuo. The residue was purified by column chromatography on silica gel column,
eluted with ethyl acetate: hexane (1:3) to give the products 5a-j (or 12a-c). All
compounds were obtained as the 1:1 mixtures of two diastereomers.

1,2-di-O-caproyl-3-O-(p-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol
(5a) (198.2 mg, 90.5%)

H-NMR (300 MHz, CDCls, Figure 25) &: 0.83 (2 x 6H, br t, J = 6.9 Hz),
1.25 (2 x 24H, br ), 1.59 (2 x 4H, br), 1.90, 1.92, 1.94, 1.98 (each 2 x 3H, s, acetyl),
2.26 (2 x 4H, br t, J = 6.9 Hz), 3.61-3.72 (2 x 2H, Hy-3and H-5'), 3.89 (2 x 1H, dd, J
=10.9 and 4.9 Hz, Hy-3), 4.00-4.15 (2 x 2H, Ha-1 and Ha-6'), 4.18-4.30 (2 x 2H, Hy-1
and Hy-6), 4.48 and 4.50 (each 1H, d, J = 7.8 Hz, H-1'), 4.95 and 4.96 (each 1H, dd
(apparent t), J=9.5and 7.9 Hz, H-2"), 5.04 (2 x 1H, dd (apparent t), J = 9.5 Hz, H-4'),
5.10-5.21 (2 x 2H, H-2 and H-3)

3C-NMR (75 MHz, CDCls, Figure 26) &: 14.6, 21.1, 23.2, 25.4, 29.5, 29.6,
20.7, 29.9, 32.4, 34.6, 34.7, 62.3, 62.7, 68.0, 68.1, 68.7, 70.1, 70.2, 71.5, 71.6, 72.4,
73.1,73.2,101.2, 101.4, 169.4, 169.5, 170.4, 170.8, 173.0, 173.2, 173.5
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1,2-di-O-lauroyl-3-O-(p-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol
(5b) (212.8 mg, 90.2%)
'H-NMR (300 MHz, CDCl3, Figure 27) &: 0.79 (2 x 6H, br t, J = 6.9 Hz),
1.18 (2 x 32H, br s), 1.51 (2 x 4H, br), 1.90, 1.92, 1.94, 2.01 (each 2 x 3H, s, acetyl),
2.20 (2 x 4H, br t, J = 7.0 HZ), 3.53-3.68 (2 x 2H, Hy-3and H-5'), 3.83 (2 x 1H, dd, J
=10.9, 49 Hz, Hp-3), 3.97-4.10 (2 x 2H, Hy-1and H4-6"), 4.11-4.26 (2 x 2H, Hp-1and
Hp-6"), 4.43 and 4.45 (each 1H, d, J = 7.8 Hz, H-1'), 4.89 and 4.90 (each 1H, dd
(apparent t), J=9.4 and 7.6 Hz, H-2"), 4.99 (2 x 1H, dd (apparent t), J = 9.6 Hz, H-4"),
5.10-5.21 (2 x 2H, H-2 and H-3)
3C-NMR (75 MHz, CDCl3, Figure 28) &: 14.5, 20.8, 20.9, 22.9, 25.2, 29.4,
29.5, 29.6, 29.8, 29.9, 32.2, 34.3, 34.4, 34.5, 60.6, 62.2, 62.5, 67.9, 68.0, 68.6, 68.7,
70.0, 70.1, 71.3, 71.4, 72.3, 73.0, 101.1, 101.3, 169.5, 169.6, 170.5, 170.9, 173.1,
170.2,173.5, 173.6
'H-'H COSY (Figure 29)
IR (cm™): 2921 (v C-H), 1746 (v C=0) (Figure 30)

1,2-di-O-myristoyl-3-O-(f-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl )-rac-glycer ol
(5¢) (210.3 mg, 83.5%)

'H-NMR (300 MHz, CDCls, Figure 31) &: 0.85 (2 x 6H, br t, J = 6.9 Hz),
1.25 (2 x 40H, br ), 1.95, 1.98, 2.00, 2.08 (each 2 x 3H, s, acetyl), 2.25 (2 x 4H, br t,
J=7.0Hz), 3.60-3.70 (2 x 2H, Ha-3and H-5'), 3.91 (2 x 1H, dd, J = 10.9, 4.9 Hz, Hy-
3), 4.01-4.15 (2 x 2H, Hx1 and Hy6'), 4.18-4.30 (2 x 2H, Hy-1 and Hy-6), 4.48 and
450 (each 1H, d, J = 7.8 Hz, H-1'), 4.91 and 4.92 (each 1H, dd (apparent t), J = 9.4
and 7.6 Hz, H-2), 5.01 (2 x 1H, dd (apparent t), J = 9.6 Hz, H-4), 5.10-5.21 (2 x 2H,
dd (apparent t), J = 9.6 and 7.4 Hz, H-3 and H-2)

1,2-di-O-palmitoyl-3-O-(4-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl)-rac-glycerol
(5d) (209.4 mg, 77.5%)

'H-NMR (300 MHz, CDCls, Figure 32) &: 0.85 (2 x 6H, br t, J = 6.9 Hz),
1.23 (2 x 48H, br s), 1.57 (2 x 4H, br), 1.95, 1.97, 2.01, 2.08 (each 2 x 3H, s, acetyl),
2.28 (2 x 4H, br t, J = 7.0 Hz), 3.60-3.69 (2 x 2H, Hy-3and H-5'), 3.90 (2 x 1H, dd, J
=10.9, 4.9 Hz, Hy-3), 4.01-4.15 (2 x 2H, Ha-1 and Hx-6'), 4.18-4.30 (2 x 2H, Hy-1 and



36

Hp-6'), 4.49 and 4.50 (each 1H, d, J = 7.8 Hz, H-1'), 4.91 and 4.92 (each 1H, dd
(apparent t), J=9.4 and 7.6 Hz, H-2'), 5.03 (2 x 1H, dd (apparent t), J = 9.6 Hz, H-4),
5.10-5.21 (2 x 2H, dd (apparent t), J = 9.6 and 7.4 Hz, H-3' and H-2)

1,2-di-O-stearoyl-3-O-(p-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl)-rac-glycerol
(5e) (223.5 mg, 78.1%)

'H-NMR (300 MHz, CDCls, Figure 33) 8: 0.85 (2 x 6H, br t, J = 6.9 Hz),
1.22 (2 x 56H, br s), 1.95, 1.98, 2.01, 2.08 (each 2 x 3H, s, acetyl), 2.28 (2 x 4H, br t,
J= 6.9 Hz), 3.60-3.72 (2 x 2H, Hy-3and H-5), 3.92 (2 x 1H, dd, J = 11.0 and 4.9 Hz,
Hy-3), 4.03-4.17 (2 x 2H, Hx1 and Ha-6), 4.19-4.32 (2 x 2H, Hy-1 and Hy-6), 4.50
and 4.51 (each 1H, d, J = 7.7 Hz, H-1'), 4.96 and 4.97 (each 1H, dd (apparent t), J =
9.5 and 7.9 Hz, H-2'), 5.05 (2 x 1H, dd (apparent t), J = 9.5 Hz, H-4'), 5.10-5.23 (2 x
2H, dd (apparent t), J=9.6 and 7.2 Hz, H-3' and H-2)

1,2-di-O-behenoyl-3-0O-(#-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol
(5f) (176.1 mg, 55.1%)

'H-NMR (300 MHz, CDCls, Figure 34) &: 0.85 (2 x 6H, br t, J = 6.9 Hz),
1.25 (2 x 72H, br s), 2.01, 20.2, 2.04, 2.08 (each 2 x 3H, s, acetyl), 2.29 (2 x 4H, br t,
J= 6.9 Hz), 3.61-3.72 (2 x 2H, Hx3and H-5'), 3.90 (2 x 1H, dd, J = 10.8 and 4.8 Hz,
Hy-3), 4.05-4.18 (2 x 2H, Ha-1 and Ha6), 4.19-4.32 (2 x 2H, Hy-1 and Hy-6), 4.50
and 4.51 (each 1H, d, J = 7.8 Hz, H-1'), 4.96 and 4.97 (each 1H, dd (apparent t), J =
9.5 and 7.9 Hz, H-2), 5.05 (2 x 1H, dd (apparent t), J = 9.7 Hz, H-4'), 5.11-5.22 (2 x
2H, dd (apparent t), J=9.6 and 7.2 Hz, H-3' and H-2)

'H-'H COSY (Figure 35)

1,2-di-O-oleoyl-3-O-(4-D-2',3',4',6'- tetra-O-acetyl -glucopyranosyl)-rac-glycerol (59)
(207.1 mg, 72.6%)

'H-NMR (300 MHz, CDCl3, Figure 36) &: 0.83 (2 x 6H, br t, J = 6.7 Hz),
1.30 (2 x 40H, br), 1.55 (2 x 4H, br), 1.92-2.05 (2 x 20H), 2.25 (2 x 4H, br t, J= 7.0
Hz), 3.60-3.72 (2 x 2H, He-3and H-5Y), 3.90 (2 x 1H, dd, J = 10.9 and 4.9 Hz, Hy-3),
4.03-4.18 (2 x 2H, Hy-1 and Hj-6"), 4.19-4.33 (2 x 2H, Hy-1 and Hy-6"), 4.49 and 4.50
(each 1H, d, J = 7.8 Hz, H-1"), 4.96 and 4.97 (each 1H, dd (apparent t), J=9.5and 7.5
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Hz, H-2), 5.05 (2 x 1H, dd (apparent t), J = 9.6 Hz, H-4"), 5.10-5.20 (2 x 2H, dd
(apparent t), J = 9.6 and 7.6 Hz, H-3' and H-2), 5.28-5.38 (2 x 4H, br)
IR(cm™): 2931 (v C-H), 1746 (v C=0) (Figure 37)

1,2-di-O-linoleoyl-3-O-(#-D-2',3',4',6'- tetra-O-acetyl -glucopyranosyl)-rac-glycerol
(5h) (mixture, 198.3 mg, 69.9%)

'H-NMR (300 MHz, CDCls, Figure 38) &: 0.87 (2 x 6H, br t, J = 6.8 Hz),
1.26 (2 x 36H, br), 1.95-2.10 (2 x 20H), 2.28 (2 x 4H, br t, J = 7.0 HZ), 2.78 (2 x 3H,
br t, J= 5.5 Hz), 3.60-3.74 (2 x 2H, Hx3and H-5'), 3.93 (2 x 1H, dd, J = 10.9 and 4.9
Hz, Hy-3), 4.02-4.17 (2 x 2H, Ha1 and Hy6), 4.18-4.34 (2 x 2H, Hy-1 and Hy-6),
4.50 and 4.51 (each 1H, d, J = 7.8 Hz, H-1'), 4.96 and 4.97 (each 1H, dd (apparent t),
J=9.3and 8.1 Hz, H-2)), 5.06 (2 x 1H, dd (apparent t), J = 9.6 Hz, H-4'), 5.10-5.21 (2
x 2H, dd (apparent t), J = 9.4 and 7.2 Hz, H-3' and H-2), 5.22-5.40 (2 x 6H, br)

1,2-di-O-linolenoyl-3-O-(4-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl)-rac-glycerol
(5i) (158.5 mg, 56.1%)
'H-NMR (300 MHz, CDCls, Figure 39) &: 0.92 (2 x 6H, t, J = 7.5 Hz), 1.29

(2 x 19H, br s), 1.56 (2 x 4H, br), 1.95-2.08 (2 x 20H), 2.25 (2 x 4H, br t, J = 7.0 H2),
2.75(2x 8H, br t, J= 5.5 Hz), 3.58-3.68 (2 x 2H, H;-3and H-5'), 3.90 (2 x 1H, br d,
J = 11.7 Hz, Hy-3), 4.01-4.15 (2 x 2H, Ha-1 and Ha-6'), 4.16-4.30 (2 x 2H, Hy-1 and
Hy-6'), 4.50 and 4.51 (each 1H, br, H-1'), 4.90-4.96 (2 x 1H, br, H-2), 5.05 (2 x 1H,
dd (apparent t), J = 9.6 Hz, H-4'), 5.10-5.20 (2 x 2H, dd (apparent t), J=9.6 and 7.4
Hz, H-3' and H-2), 5.20-5.40 (2 x 12H, br)

BC-NMR (75 MHz, CDCl3, Figure 40) o: 14.6, 21.1, 21.2, 25.2, 26.1, 27.9,
290.3, 294, 29.5, 29.6, 29.9, 34.2, 344, 62.1, 62.6, 67.9, 68.1, 68.7, 70.0, 70.1, 71.4,
71.5, 72.3, 73.0, 73.1, 101.1,101.3, 127.4, 128.0, 128.4, 128.5, 130.4, 132.1, 169.4,
169.5, 170.3, 170.7, 172.9, 173.0, 173.3

1,2-di-O-benzoyl-3-O-(#-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol
(5)) (94.5 mg, 50.0 %)

'H-NMR (300 MHz, CDCls, Figure 41) &: 1.96, 1.98, 20.2, 2.04 (each 2 x
3H, s, acetyl), 3.48 (2 x 1H), 3.68 (2 x 1H), 3.92 (2 x 1H), 4.05-4.25 (2 x 3H), 4.59
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(2 x 2H), 4.98 (2 x 1H, dd (apparent t), J = 9.5 and 7.9 Hz, H-2"), 5.05 (2 x 1H, dd
(apparent t), J = 9.7 Hz, H-4"), 5.14 (2 x 1H, dd (apparent t), J = 9.6 and 7.3 Hz, H-3"),
5.58 (2 x 1H, br, H-2), 7.45-7.60 and 8.00 (2 x 10H, aromatic)

1,2-di-O-lauroyl-3-O-(#-D-2',3',4',6'-tetra-O-acetyl -gal actopyranosyl)-rac-glycerol
(12a) (210.2 mg, 89.1 %)

'H-NMR (300 MHz, CDCl3, Figure 42) &: 0.85 (2 x 6H, br t, J = 6.5 Hz),
1.29 (2 x 32H, br s), 1.98, 2.01, 2.02, 2.14 (each 2 x 3H, s, acetyl), 2.28 (2 x 4H, br t,
J=7.0Hz), 3.65 (2 x 1H, dd, J = 10.8 and 5.5 Hz, Hx-3), 3.85-3.96 (2 x 2H, Hy-3and
H-5), 4.01-4.15 (2 x 3H, He1and H»-6'), 4.27 (2 x 1H, br d, J = 11.0 Hz, Hy-1), 4.44
and 4.46 (each 1H, d, J = 7.6 Hz, H-1Y), 4.96 (2 x 1H, br d, J = 10.3 Hz, H-3), 5.12-
5.22 (2 x 2H, br, H-2 and H-2), 5.35 (2 x 1H, br s, H-4')

'H-'H COSY (Figure 43)

1,2-di-O-linoleoyl-3-O-(4-D-2',3',4',6'-tetra-O-acetyl-gal actopyranosyl)-rac-glycerol
(12b) (mixture, 149.1 mg, 52.7 %)

'H-NMR (300 MHz, CDCl3, Figure 44) &: 0.85 (2 x 6H, br), 1.25 (2 x 28H,
br s), 1.95-2.10(2 x 20H, overlapped), 2.23 (2 x 4H, br t, J = 7.0 Hz), 2.76 (2 x 3H,
br), 3.61 (2 x 1H, br, H.-3), 3.82-3.95 (2 x 2H, Hp-3and H-5'), 4.01-4.15 (2 x 3H, He-
1 and H-6), 4.27 (2 x 1H, br d, J = 11.0 Hz, Hy-1), 4.42-4.48 (2 x 1H, br, H-1), 4.96
(2 x 1H, br d, J = 10.2 Hz, H-3), 5.10-5.18 (2 x 2H, br, H-2 and H-2'), 5.25-5.40 (2 x
7H, overlapped, H-4' and olefinic)

1,2-di-O-linolenoyl-3-O-(p-D-2',3',4',6'-tetra-O-acetyl -gal actopyranosyl)-rac-
glycerol (12c) (150.7 mg, 53.3%)

'H-NMR (300 MHz, CDCls, Figure 45) §: 0.92 (2 x 6H, t, J = 7.5 Hz), 1.26
(2% 20H, br s), 1.53 (2 x 4H, br), 1.90-2.10 (2 x 20H, overlapped), 2.23 (2 x 4H, br t,
J=7.0Hz), 2.76 (2 x 8H, br), 3.61 (2 x 1H, dd, J = 10.8 and 5.5 Hz, Hx-3), 3.80-3.92
(2 x 2H, Hy-3 and H-5'), 4.01-4.15 (2 x 3H, Hx1 and Hy-6), 4.24 (2 x 1H, br d, J =
11.9 Hz, Hy-1), 4.41 and 4.42 (each 1H, d, J = 7.8 Hz, H-1"), 4.95 (2 x 1H, br d, J =
10.5 Hz, H-3), 5.05-5.15 (2 x 2H, br, H-2 and H-2), 5.20-5.40 (2 x 13H, br,
overlapped, H-4' and olefinic)
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3C-NMR (75 MHz, CDCl3, Figure 46) &: 14.6, 21.1, 21.2, 25.2, 26.1, 27.9,
29.3, 29.4, 295, 29.6, 29.9, 34.2, 344, 61.5, 61.6, 62.6, 67.3, 67.9, 68.0, 68.9, 69.0,
70.1, 70.2, 71.2, 101.6, 101.9, 127.3, 128.0, 128.4, 128.5, 130.4, 132.1, 169.4, 170.2,
170.3,170.4, 172.9, 173.0, 173.3

4.4 General Procedure for Preparation of 1-O-acyl-3-O-(B-D-
2',3',4'6'-tetr a-O-acetyl-glycopyranosyl)-rac-glycerols

To asolution of 4 (or 11) (0.3 mmol), the fatty acid (0.4 mmol) and DMAP
(0.03 mmol) in 8 ml dry dichloromethane, DCC (0.4 mmol) was added and stirred for
6hat0°C. The solid was filtered off and the solvent was evaporated in vacuo. The
residue was purified by column chromatography on silica gel column, eluted with

ethyl acetate: hexane (1:3) to give the glycosyl monoglycerides (7a-e or 14a-b)

1-O-lauroyl-3-O-(#-D-2',3',4',6'-tetra-O-acetyl -glucopyr anosyl)-rac-glycerol (7a)
(112.2 mg, 67.8 %)

'H-NMR (300 MHz, CDCls, Figure 47) &: 0.81 (2 x 3H, br t, J = 6.9 Hz),
1.18 (2 x 20H, br s), 1.52 (2 x 2H, br), 1.90, 1.92, 1.94, 2.01 (each 2 x 3H, s, acetyl),
2.20 (2 x 2H, br t, J = 7.0 HZ), 3.53-3.72 (2 x 2H, Hy-3and H-5'), 3.83 (2 x 1H, dd, J
=10.9, 4.9 Hz, Hy-3), 3.90 (2 x 1H, H-2), 3.97-4.26 (2 x 4H, H,-1 and H»-6"), 4.49
and 4.50 (each 1H, d, J = 7.8 Hz, H-1'), 4.91 (2 x 1H, dd (apparent t), J = 9.4 and 7.6
Hz, H-2'), 5.02 (2 x 1H, dd (apparent t), J = 9.6 Hz, H-4'), 5.15 (2 x 1H, dd (apparent
t), J = 9.6 and 7.4 Hz, H-3)

3C-NMR (75 MHz, CDCls, Figure 48) &: 14.5, 20.8, 20.9, 22.9, 25.2, 29.4,
290.5, 29.6, 29.8, 29.9, 32.2, 34.3, 344, 34.5, 62.3, 65.2, 65.4, 68.7, 69.1, 69.3, 71.6,
71.7, 712.2, 72.3, 72.5, 73.0, 101.6, 101.7, 169.5, 169.6, 170.3, 170.4, 170.8, 173.9,
1741

1-O-linolenoyl-3-O-(#-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl)-rac-glycer ol (7b)
(120.1 mg, 63.5%)
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'H-NMR (300 MHz, CDCl3, Figure 49) &: 0.95 (2 x 3H, t, J = 7.5 Hz), 1.25
(2% 10H, br s), 1.58 (2 x 2H, br), 1.95-2.10 (2 x 16H, overlapped), 2.28 (2 x 2H, br t,
J=7.0Hz), 2.78 (2 x 4H, br), 3.60-3.78 (2 x 2H), 3.85 (2 x 1H, br d, J=10.6 Hz),
3.95 (2 x 1H, br), 4.01-4.35 (2 x 4H), 4.50 (2 x 1H, br, H-1), 4.95 (2 x 1H, br t, J =
8.4 Hz, H-2'), 5.00 (2 x 1H, br t, J= 9.5 Hz, H-4), 5.19 (2 x 1H, br t, J= 9.5 Hz , H-
3), 5.22-5.45 (2 x 6H, br)

3C-NMR (75 MHz, CDCls, Figure 50) &: 14.7, 21.1, 21.2, 25.4, 26.0, 26.1,
27.7, 29.6, 29.7, 30.0, 34.5, 62.3, 65.2, 65.4, 68.8, 69.2, 69.3, 71.7, 72.3, 72.4, 72.5,
73.0, 101.6, 1017, 127.4, 128.0, 1285, 128.6, 130.5, 132.2, 169.5, 169.6, 170.3,
170.7,173.9, 174.0

1-O-stearoyl-3-O-(4#-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl)-rac-glycerol (7c)
(130.0 mg, 68.1%)

'H-NMR (300 MHz, CDCls, Figure 51) 8: 0.85 (2 x 3H, br t, J = 6.9 Hz),
1.25 (2 x 26H, br s), 1.51 (2 x 2H, br), 1.90, 1.92, 1.94, 2.01 (each 2 x 3H, s, acetyl),
2.20 (2 x 2H, br t, J = 7.0 HZ), 3.63-3.72 (2 x 2H, Hx-3and H-5'), 3.83 (2 x 1H, dd, J
= 10.9, 4.9 Hz, Hy-3), 3.90 (2 x 1H, H-2), 4.02-4.26 (2 x 4H, H>-1 and H-6'), 4.49
and 4.50 (each 1H, d, J = 7.8 Hz, H-1'), 4.93 (2 x 1H, dd (apparent t), J=9.4 and 7.6
Hz, H-2'), 5.02 (2 x 1H, dd (apparent t), J = 9.6 Hz, H-4'), 5.15 (2 x 1H, dd (apparent
t), J=9.6 and 7.4 Hz, H-3)

1-O-behenoyl-3-O-(#-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol (7d)
(118.5 mg, 57.1%)

'H-NMR (300 MHz, CDCls, Figure 52) &: 0.87 (2 x 3H, br t, J = 6.9 Hz),
1.21 (2 x 31H, br s), 1.90, 1.92, 1.94, 2.01 (each 2 x 3H, s, acetyl), 2.30 (2 x 2H, br t,
J=7.0Hz), 3.63-3.72 (2 x 2H, H;-3and H-5"), 3.83 (2 x 1H, dd, J = 10.9, 4.9 Hz, Hy-
3), 3.95 (2 x 1H, H-2), 4.03-4.26 (2 x 4H, H,-1 and H»-6"), 4.49 and 4.50 (each 1H, d,
J=7.8Hz H-1), 4.92 (2 x 1H, dd (apparent t), J = 9.4 and 7.6 Hz, H-2)), 5.02 (2 x
1H, dd (apparent t), J = 9.6 Hz, H-4'), 5.185 (2 x 1H, dd (apparent t), J=9.6 and 7.4
Hz, H-3)

IR (cm™): 2916 (v C-H), 1752 (v C=0) (Figure 53)
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1-O-benzoyl-3-O-(#-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol (7€)
(71.3 mg, 50.1%)

'H-NMR (300 MHz, CDCls, Figure 54) &: 1.92, 1.94, 1.98, 2.10 (each 2 x
3H, s, acetyl), 3.65-3.75 (2 x 1H), 3.80-4.00 (2 x 2H), 4.05-4.20 (2 x 3H), 4.35 (2 x
2H), 4.54 and 4.55 (each 1H, d, J = 7.8 Hz, H-1'), 4.98 (2 x 1H, dd (apparent t), J =
9.1 Hz, H-2), 5.02 (2 x 1H, dd (apparent t), J = 9.6 Hz, H-4), 5.18 (2 x 1H, dd
(apparent t), J = 9.5 Hz, H-3"), 7.25-7.60 and 8.01 (2 x 5H, aromatic)

1-O-linolenoyl-3-O-(p-D-2',3',4',6'-tetra-O-acetyl-gal actopyranosyl)-rac-glycerol
(14a) (117.5 mg, 62.2%)

'H-NMR (300 MHz, CDCls, Figure 55) &: 0.95 (2 x 3H, t, J = 6.8 Hz), 1.25
(2% 10H, br s), 1.60 (2 x 2H, br), 1.94-2.10 (2 x 16H, overlapped), 2.28 (2 x 2H, br t,
J=7.0Hz), 2.78 (2 x 4H, br), 3.65 (2 x 1H, dd, J = 10.5 and 5.9 Hz, Hx-3), 3.75 (2 x
1H), 3.85-3.95 (2 x 3H), 4.00-4.18 (2 x 3H), 4.48 and 4.49 (each 1H, d, J = 7.8 Hz,
H-1'), 4.99 (2 x 1H, dd, J = 10.5 and 3.3 Hz, H-3)), 5.16 (2 x 1H, br t, J= 10.1 Hz, H-
2, 5.23-5.45 (2 x 7H, br, olefinic and H-4)

B3C-NMR (75 MHz, CDCl3, Figure 56) &: 14.7, 21.1, 21.2, 25.4, 26.0, 26.1,
27.7, 29.6, 29.7, 30.0, 34.5, 61.8, 65.3, 65.4, 67.4, 69.2, 69.3, 71.2, 71.3, 72.2, 72.5,
102.2, 102.3, 127.4, 128.0, 128.5, 128.6, 130.5, 132.2, 170.2, 170.3, 170.6, 173.9,
174.0

1-O-behenoyl-3-O-(p-D-2',3',4',6'-tetra-O-acetyl -gal actopyranosyl)-rac-glycerol
(14b) (115.2 mg, 55.5%)

'H-NMR (300 MHz, CDCl3, Figure 57) §: 0.85 (2 x 3H, br t), 1.25 (2 x 32H,
br s), 1.94-2.12 (2 x 12H, acetyl), 2.23 (2 x 2H, br t, J = 7.0 Hz), 3.65 (2 x 1H, br),
3.76 (2 x 1H, br), 3.85-4.01 (2 x 3H), 4.05-4.20 (2 x 3H), 4.46 (2 x 1H, br, H-1),
4.99 (2 x 1H, br d, J = 10.5 Hz, H-3)), 5.17 (2 x 1H, br t, J= 10.1 Hz, H-2"), 5.36 (2 x
1H, br s, H-4)

IR: (Figure 58)
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4.5 General Procedure for Preparation of Mixed-acid 1,2-di-O-acyl-
3-O-(B-D-2',3',4',6'-tetr a-O-acetyl-glycopyranosyl)-rac-glycer ols

To a solution of 4 (or 11) (0.3 mmol), the first fatty acid (0.4 mmol) and
DMAP (0.03 mmoal) in 8 ml dry dichloromethane, DCC (0.4 mmol) was added and
stirred for 6 h at 0° C. The solid was filtered off and the solvent was evaporated in
vacuo. The residue was purified by column chromatography on silica gel column,
eluted with ethyl acetate: hexane (1:3) to give the glycosyl monoglycerides (7a-e or
14a-b) which were subsequently reacted with equimolar of the second fatty acid,
DCC and a little amount of DMAP at room temperature overnight. The solid was
filtered off and the solvent was evaporated in vacuo. The residue was purified by
column chromatography on silica gel column, eluted with ethyl acetate: hexane (1:3)
to give the 1:1 mixtures of two diastereomers 5k-q (or 12d-e).

1-O-lauroyl-2-0O-oleoyl-3-O-(p-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl)-rac-
glycerol (5k) (187.5 mg, 72.0%)

H-NMR (300 MHz, CDCl3, Figure 59) &: 0.85 (2 x 6H, br t, J = 6.7 Hz),
1.25 (2 x 36H, br), 1.54 (2 x 4H, br), 1.95-2.05 (2 x 14H, overlapped), 2.25 (2 x 4H,
br t,J= 7.0 Hz), 3.60-3.70 (2 x 2H, Hy-3and H-5'), 3.90 (2 x 1H, dd, J=10.9 and 4.9
Hz, Hp-3), 4.01-4.14 (2 x 2H, Ha-1 and Ha-6'), 4.15-4.30 (2 x 2H, Hy-1 and Hy-6),
4.49 and 4.50 (each 1H, d, J = 7.8 Hz, H-1"), 4.95 and 4.96 (each 1H, dd (apparent t),
J=95and 7.5 Hz, H-2), 5.06 (2 x 1H, dd (apparent t), J = 9.6 Hz, H-4"), 5.10-5.20 (2
x 2H, dd (apparent t), J = 9.4 and 7.2 Hz, H-3' and H-2), 5.28-5.32 (2 x 2H, br)

3C-NMR (75 MHz, CDCl3, Figure 60): & 14.5, 21.1, 23.0, 25.1, 25.2, 27.5,
27.6, 29.4, 29.5, 29.6, 29.7, 29.8, 62.2, 62.6, 67.9, 68.1, 68.7, 70.1, 71.4, 71.5, 72.3,
73.0, 101.2, 101.4, 130.1, 130.4, 169.6, 169.7, 170.6, 171.0, 173.2, 173.3,173.4

1-O-stearoyl-2-O-lauroyl-3-O-(5-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl)-rac-
glycerol (51) (mixture, 221.5 mg, 84.9%)

H-NMR (300 MHz, CDCl3, Figure 61) &: 0.85 (2 x 6H, br t, J = 6.7 Hz ),
1.27 (2 x 47H, br s), 1.98, 2.01, 2.03, 2.06 (each 2 x 3H, s, acetyl), 2.29 (2 x 4H, br t,
J=7.0Hz), 3.60-3.72 (2 x 2H, Hy-3and H-5), 3.92 (2 x 1H, dd, J = 10.9 and 4.9 Hz,
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Hy-3), 4.01-4.18 (2 x 2H, Hx1 and Ha-6), 4.19-4.33 (2 x 2H, Hy-1 and Hy-6), 4.49
and 4.50 (each 1H, d, J = 7.8 Hz, H-1'), 4.96 and 4.97 (each 1H, dd (apparent t), J =
9.5 and 7.5 Hz, H-2'), 5.05 (2 x 1H, dd (apparent t), J = 9.6 Hz, H-4), 5.11-5.23 (2 x
2H, overlapped, H-2 and H-3")

1-O-stearoyl-2-O-behenoyl-3-O-(45-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl )-rac-
glycerol (5m) (196.3 mg, 64.8%)

H-NMR (300 MHz, CDCls, Figure 62) &: 0.87 (2 x 6H, br t, J = 6.7 Hz),
1.38 (2 x 64H, br s), 2.01, 2.03, 2.05, 2.08 (each 2 x 3H, s, acetyl), 2.30 (2 x 4H, br t,
J=7.0Hz), 3.61-3.75 (2 x 2H, Hs-3and H-5'), 3.92 (2 x 1H, dd, J = 10.9 and 4.9 Hz,
Hy-3), 4.02-4.19 (2 x 2H, Ha-1 and Ha6), 4.20-4.33 (2 x 2H, Hy-1 and Hy-6), 4.50
and 4.51 (each 1H, d, J = 7.8 Hz, H-1'), 4.96 and 4.97 (each 1H, dd (apparent t), J =
9.5 and 7.5 Hz, H-2'), 5.07 (2 x 1H, dd (apparent t), J = 9.6 Hz, H-4'), 5.11-5.23 (2 x
2H, overlapped, H-2 and H-3")

1-O-behenoyl-2-O-lauroyl-3-O-(4-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl )-rac-
glycerol (5n) (194.2 mg, 69.9%)

'"H-NMR (300 MHz, CDCls, Figure 63) &: 0.88 (2x6H, br t, J = 6.7 Hz),
1.25 (2x52H, br s), 1.54 (2x4H, br), 1.98, 2.01, 2.03, 2.07 (each 2x3H, s, acetyl), 2.28
(2x4H, br t, J = 7.0 Hz ), 3.60-3.72 (2x2H, H-3 and H-5"), 3.92 (2x1H, dd, J = 10.9
and 4.9 Hz, Hy-3), 4.01-4.17 (2x2H, Ha-1 and Hy-6'), 4.18-4.32 (2x2H, Hy-1 and Hy-
6), 4.50 and 4.51 (each 1H, d, J= 7.8 Hz, H-1"), 4.96 and 4.97 (each 1H, dd (apparent
t), J=9.5and 7.5 Hz, H-2), 5.05 (2x1H, dd (apparent t), J = 9.6 Hz, H-4'), 5.11-5.23
(2x2H, overlapped, H-2 and H-3')

1-O-behenoyl-2-O-oleoyl-3-O-(4-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl)-rac-
glycerol (50)(205.8 mg, 68.1%)

'H-NMR (300 MHz, CDCl5, Figure 64) &: 0.87 (2 x 6H, br t, J = 6.7 H2),
1.25 (2 x 56H, br s), 2.02 (2 x 4H, overlapped), 2.01, 2.03, 2.05, 2.10 (each 2 x 3H, s,
acetyl), 2.25 (2 x 4H, br t, J = 7.0 Hz ), 3.60-3.73 (2 x 2H, Hs;-3 and H-5'), 3.92 (2 x
1H, dd, J = 10.9 and 4.9 Hz, Hy-3), 4.04-4.17 (2 x 2H, Hsy1 and Hy6'), 4.19-4.33
(2x2H, Hp-1 and Hy-6"), 4.50 and 4.51 (each 1H, d, J = 7.8 Hz, H-1'), 4.96 and 4.97
(each 1H, dd (apparent t), J = 9.5 and 7.5 Hz, H-2'), 5.05 (2 x 1H, dd (apparent t), J =
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9.6 Hz, H-4'), 5.11-5.23 (2x2H, dd (apparent t), J = 9.8 and 7.3 Hz, H-3' and H-2),
5.27-5.35 (2 x 2H, br)

1-O-linolenoyl-2-O-linoleoyl-3-O-(4-D-2',3',4',6'- tetra-O-acetyl -glucopyranosyl)-rac-
glycerol (5p) (169.5 mg, 59.9%)
(spectral data not reported)

1-O-benzoyl-2-O-lauroyl-3-O-(4-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl )-rac-
glycerol (5q) (110.5 mg, 52.0%)
(spectral data not reported)

1-O-behenoyl-2-O-lauroyl-3-O-(4-D-2',3',4',6'-tetra-O-acetyl-gal actopyranosyl)-rac-
glycerol (12d) (190.0 mg, 68.4 %)

'H-NMR (300 MHz, CDCl3, Figure 65) &: 0.85 (2 x 6H, br t, J = 6.7 Hz),
1.29 (2 x 52H, br s), 1.98, 2.01, 2.02, 2.14 (each 2 x 3H, s, acetyl), 2.28 (2 x 4H, br t,
J=7.0Hz), 3.64 (2 x 1H, dd, J = 10.8 and 5.5 Hz, H-3), 3.82-3.96 (2 x 2H, Hy-3and
H-5'), 4.01-4.17 (2 x 3H, Hy-1and Hx-6'), 4.26 (2 x 1H, br d, J =11.0 Hz, Hy-1), 4.44
and 4.46 (each 1H, d, J = 7.6 Hz, H-1'), 4.95 (2 x 1H, br d, J=10.4 Hz, H-3), 5.12-
5.21 (2 x 2H, H-2 and H-2), 5.35 (2 x 1H, br s, H-4))

1-O-linolenoyl-2-O-linoleoyl-3-O-(#-D-2',3',4',6'-tetra-O-acetyl -gal actopyranosyl ) -
rac-glycerol (12e) (mixture, 151.5 mg, 53.5 %)

'"H-NMR (300 MHz, CDCl3, Figure 66) &: 0.85 (2 x 3H, br t, J = 6.7 Hz),
0.95 (2 x 3H,t, J = 7.6 Hz), 1.29 (2 x 35H, br s), 1.98-2.20 (2 x 20H, overlapped),
2.30(2x 4H, br t, J=6.9 Hz), 2.78 (2 x 6H, br), 3.64 (2 x 1H, br, H;-3), 3.82-3.95 (2
x 2H, Hy-3and H-5), 4.01-4.15 (2 x 3H, He-1and Hy-6"), 4.27 (2 x 1H, br d, J = 11.0
Hz, Hy-1), 4.44 and 4.46 (each 1H, d, J = 7.6 Hz, H-1'), 4.96 (2 x 1H, br d, J = 10.4
Hz, H-3), 5.12-5.22 (2 x 2H, H-2 and H-2"), 5.25-5.50 (2 x 13H, overlapped, H-4' and

olefinic)
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4.6 General Procedure for Selective Removal of Acetyl Protecting
Groups from 1,2-di-O-acyl-3-O-(B-D-2',3' ,4',6'-tetr a-O-acetyl-
glycopyranosyl) glycerols

To asolution of 5a-q (or 12a-€) (0.1 mmol) in 85% EtOH, NH,NH,.H,O (1.2
mmol) was added. The mixture was stirred for 4-6 h at 40-60 ° C, and then, the
mixture was poured into ice-cold water and extracted 3 times with 50 ml of
chloroform. The combined chloroform layers were dried with anhydrous Na,SO,4 and
evaporated to give syrupy mixture. The mixture was purified by column
chromatography on silica gel column, eluted with CHCIl3:CH3OH (8:1) to givethe 1.1
mixtures of two diastereomers 6a-q (or 13a-€).

1,2-di-O-caproyl-3-O- #-D-glucopyranosyl-rac-glycerol (6a)
(31.9 mg, 56.7%)

'H-NMR (300 MHz, CDCls, Figure 67) &: 0.85 (2 x 6H, br t, J = 6.7 Hz),
1.24 (2 x 24H, br s), 1.57 (2 x 4H, br), 2.29 (2 x 4H, br t, J = 7.0 Hz), 3.24-3.38 (2 x
2H, H-2' and H-5'), 3.41-3.59 (2 x 2H, H-3' and H-4'), 3.62 and 3.65 (each 1H, dd, J =
10.7 and 6.4 Hz, Ha-3), 3.80 (2 x 2H, br s, Ho-6"), 3.87 (each 1H, br d, J = 10.7 Hz,
Hy-3), 4.08 and 4.13 (each 1H, dd, J = 12.0 and 6.7 Hz, Hs-1), 4.28 (2 x 1H, d, J= 7.8
Hz, H-1), 4.35 (2 x 1H, br d, J = 12.1 Hz, Hy-1), 5.24 (2 x 1H, br, H-2)

BC-NMR (75 MHz, CDCls, Figure 68) §: 14.6 (q), 23.2 (t), 25.4 (t), 29.6 (t),
29.8 (t), 30.0 (t), 32.4 (t), 34.6 (t), 34.8 (), 61.9 (t, C-6'), 63.2 and 63.3 (t, C-1), 68.6
(t, C-3), 69.8 (d, C-3), 70.5 (d, C-2), 73.7 and 73.8 (d, C-2'), 76.2 and 76.3 (d, C-5)),
76.7 (d, C-4), 103.7 and 103.8 (d, C-1), 173.6 and 173.7 (s, carbonyl), 173.9 and
174.0 (s, carbonyl)

Elemental analysisfor C,9Hs40O10 calcd. C: 61.881 H: 9.677

found C: 61.859 H: 9.695

1,2-di-O-lauroyl-3-O-#-D-glucopyranosyl-rac-glycerol (6b)
(31.6 mg, 51.1%)

'"H-NMR (300 MHz, CDCls, Figure 69) 8: 0.83 (2 x 6H, br t, J = 6.7 Hz),
1.22 (2 x 32H, br s), 1.55 (2 x 4H, br), 2.28 (2 x 4H, br t, J = 7.0 Hz), 3.25-3.38 (2 x
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2H, H-2' and H-5"), 3.42-3.59 (2 x 2H, H-3' and H-4), 3.62 and 3.65 (each 1H, dd, J =
10.7 and 6.4 Hz, H;-3), 3.79 (2 x 2H, br s, H,-6"), 3.85 (2 x 1H, br d, J= 10.5 Hz, Hy-
3), 4.08 and 4.12 (each 1H, dd, J = 12.0 and 6.7 Hz, Hz-1), 425 (2 x 1H, d, J= 7.7
Hz, H-1'), 4.38 (2 x 1H, br d, J = 10.4 Hz, Hy-1), 5.22 (2 x 1H, br, H-2)
3C-NMR (75 MHz, CDCl5, Figure 70) &: 14.5 (q), 23.0 (t), 25.2 (t), 25.3 (1),
29.5 (t), 29.6(t), 29.7 (t), 29.9 (t), 30.0 (t), 32.3 (1), 34.5 (1), 34.6 (t), 61.7 (t, C-6),
63.2 and 63.3 (t, C-1), 68.4 (t, C-3), 69.6 (d, C-3"), 70.4 (d, C-2), 73.6 and 73.7 (d, C-
2), 76.2 (d, C-5), 76.6 (d, C-4'), 103.7 and 103.8 (d, C-1), 173.7 and 173.8 (s,
carbonyl), 174.1 and 174.2 (s, carbonyl)
'"H-'H CcOsY: (Figure 71)
IR (cm™): 3294 (v O-H), 2917 (v C-H), 1746 (v C=0) (Figure 72)
Positive-ion FABMS [M + K] vz : 657.3 (Figure 73)
Negative-ion FABMS[M - H] m/z 617.3 (Figure 74)
Positive-ion FABM S (m-Nitrobenzyl alcohol) (Figure 75)
Negative-ion FABMS (diethanolamine) (Figure 76)
Elemental analysisfor Cs3sHgxO19  calcd. C: 64.036 H: 10.104
found C:63.984 H: 10.122

1,2-di-O-myristoyl-3-O--D-glucopyranosyl-rac-glycerol (6c)
(35.5 mg, 52.9%)
'H-NMR (300 MHz, CDCls, Figure 77) &: 0.85 (2 x 6H, br t, J = 6.7 Hz),
1.22 (2 x 40H, br s), 1.55 (2 x 4H, br), 2.26 (2 x 4H, br t, J = 7.0 Hz), 3.25-3.38 (2 x
2H, H-2' and H-5'), 3.42-3.59 (2 x 2H, H-3' and H-4'), 3.62 and 3.65 (each 1H, dd, J =
10.7 and 6.4 Hz, Ha-3), 3.79 (2 x 2H, br s, H»-6), 3.85 (2 x 1H, br d, J = 10.5 Hz, Hy-
3), 4.08 and 4.12 (each 1H, dd, J = 12.0 and 6.7 Hz, Hx1), 4.25 (2 x 1H, d, J = 7.7
Hz, H-1'), 4.38 (2 x 1H, br d, J = 10.4 Hz, Hy-1), 5.22 (2 x 1H, br, H-2)
3C-NMR (75 MHz, CDCls, Figure 78) &: 14.5 (), 23.0 (), 25.2 (t), 25.3 (1),
27.6 (1), 29.5 (t), 29.6(t), 29.7 (t), 29.9 (t), 30.0 (t), 30.1 (t), 30.4 (t), 32.3 (t), 34.5 (1),
34.6 (t), 61.8 (t, C-6), 63.2 and 63.3 (t, C-1), 68.5 (t, C-3), 69.8 (d, C-3"), 70.4 (d, C-
2), 73.6 and 73.7 (d, C-2), 76.2 (d, C-5), 76.6 (d, C-4), 103.7 and 103.8 (d, C-1),
173.8 and 173.9 (s, carbonyl), 174.1 and 174.2 (s, carbonyl).
Elemental analysisfor Cs;H70010 calcd. C: 65.827  H: 10.459
found C:65.854  H:10.498
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1,2-di-O-palmitoyl-3-O- 4-D-glucopyranosyl-rac-glycerol (6d)
(34.6 mg, 47.5%)
'H-NMR (300 MHz, CDCls, Figure 79) &: 0.86 (2 x 6H, br t, J = 6.7 Hz),
1.22 (2 x 48H, br s), 1.55 (2 x 4H, br), 2.26 (2 x 4H, br t, J = 7.0 Hz), 3.25-3.38 (2 x
2H, H-2' and H-5"), 3.42-3.59 (2 x 2H, H-3' and H-4'), 3.65 and 3.70 (each 1H, dd, J =
10.7 and 6.4 Hz, Hx-3), 3.79 (2 x 2H, br s, H»-6'), 3.85 (2 x 1H, br d, J = 10.5 Hz, Hy-
3), 4.08 and 4.12 (each 1H, dd, J = 12.0 and 6.7 Hz, Hx1), 427 (2 x 1H, d, J= 7.7
Hz, H-1), 4.36 (2 x 1H, br d, J = 10.4 Hz, Hy-1), 5.22 (2 x 1H, br, H-2)
3C-NMR (75 MHz, CDCl5, Figure 80) &: 14.5 (q), 23.0 (t), 25.2 (t), 25.3 (1),
29.5 (1), 29.6(t), 29.7 (t), 29.9 (t), 30.0 (t), 32.3 (t), 34.5 (1), 34.6 (t), 61.7 (t, C-6),
63.1 and 63.2 (t, C-1), 68.4 (t, C-3), 69.7 (d, C-3'), 70.5 (d, C-2), 73.6 and 73.7 (d, C-
2), 76.2 (d, C-5), 76.6 (d, C-4'), 103.7 and 103.8 (d, C-1'), 173.7 and 173.8 (s,
carbonyl), 174.1 and 174.2 (s, carbonyl).
Elemental analysisfor C41H7s010 calcd. C: 67.346 H: 10.760
found C: 67.401 H: 10.809

1,2-di-O-stearoyl-3-O- 4-D-glucopyranosyl-rac-glycerol (6€)
(27.8 mg, 35.4%)
'H-NMR (300 MHz, CDCl3, Figure 81) &: 0.84 (2 x 6H, br t, J = 6.5 Hz),
1.23 (2 x 56H, br s), 1.57 (2 x 4H, br), 2.29 (2 x 4H, br t, J = 6.9 Hz), 3.30-3.38 (2 x
2H, H-2' and H-5"), 3.45-3.58 (2 x 2H, H-3' and H-4'), 3.62 and 3.65 (each 1H, dd, J =
10.7 and 6.4 Hz, Hx-3), 3.79 (2 x 2H, br s, H»-6'), 3.85 (2 x 1H, br d, J = 10.5 Hz, Hy-
3), 4.06 and 4.12 (each 1H, dd, J = 12.0 and 6.7 Hz, Hx1), 4.28 (2 x 1H, d, J= 7.8
Hz, H-1), 4.35 (2 x 1H, br d, J = 11.0 Hz, Hy-1), 5.24 (2 x 1H, br, H-2)
3C-NMR (75 MHz, CDCls, Figure 82) &: 14.5 (), 23.0 (t), 25.3 (1), 29.5 (1),
29.6 (1), 29.8 (t), 29.9 (t), 30.1 (t), 32.3 (t), 34.6 (t), 34.7 (t), 61.9 (t, C-6), 63.1 and
63.2 (t, C-1), 68.5 (t, C-3), 69.8 (d, C-3), 70.4 and 70.5 (d, C-2), 73.7 and 73.8 (d, C-
2), 76.2 (d, C-5), 76.6 (d, C-4'), 103.7 and 103.9 (d, C-1'), 173.8 and 173.9 (s,
carbonyl), 174.1 and 174.2 (s, carbonyl)
IR (cm™): 3295 (v O-H), 2917 (v C-H), 1736 (v C=0) (Figure 83)
Positive-ion FABMS[M + Na]* m/z: 809.6 (Figure 84)
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Negative-ion FABMS[M - H] m/zz 785.3  (Figure 85)
Elemental analysisfor CysHgsO10 calcd. C: 68.648 H:11.018
found C: 68.727 H: 11.268

1,2-di-O-behenoyl-3-O-4-D-glucopyranosyl-rac-glycerol (6f)
(25.2 mg, 28.1%)
'H-NMR (300 MHz, CDCls, Figure 86) &: 0.76 (2 x 6H, br t, J = 6.5 Hz), 1.16
(2 x 72H, br s), 1.49 (2 x 4H, br), 2.20 (2 x 4H, br t, J = 6.9 Hz), 3.20-3.30 (2 x 2H,
H-2' and H-5'), 3.32-3.53 (2 x 2H, H-3 and H-4'), 3.62-3.90 (2 x 4H, H,-3and H,-6),
4.07 and 4.14 (each 1H, dd, J = 12.0 and 6.7 Hz, H.-1), 4.23 (2 x 1H, d, J = 7.8 Hz,
H-17, 4.30 (2 x 1H, br d, J = 11.0 Hz, Hy-1), 5.20 (2 x 1H, br, H-2)
3C-NMR (75 MHz, CDCls, Figure 87) &: 14.5 (), 23.0 (t), 25.3 (t), 29.5 (1),
29.6 (1), 29.8 (t), 29.9 (t), 30.1 (t), 32.3 (t), 34.6 (t), 34.7 (t), 62.4 (t, C-6), 62.8 and
63.0 (t, C-1), 68.2 (t, C-3), 70.4 and 70.5 (d, C-3'), 70.7 (d, C-2), 73.7 and 73.8 (d, C-
2), 76.4 (d, C-5), 76.8 (d, C-4'), 103.8 and 103.9 (d, C-1'), 173.8-174.2 (s, carbony!)
Positive-ion FABMS[M + Na]* myz : 921.9 (Figure 88)
Negative-ion FABMS[M - H]" m/z 897.7 (Figure 89)
Elemental analysisfor CszH10,010 calcd. C: 70.765 H: 11.438
found C: 70.885 H: 11.569

1,2-di-O-oleoyl-3-O- 4-D-glucopyranosyl-rac-glycerol (6g)
(28.0 mg, 35.9%)

'H-NMR (300 MHz, CDCls, Figure 90) &: 0.85 (2 x 6H, br t, J = 6.7 Hz),
1.25 (2 x 40H, br), 1.57 (2 x 4H, br), 1.99 (2 x 8H, br), 2.25 (2 x 4H, br t, J = 7.0
Hz), 3.22-3.37 (2 x 2H, H-2' and H-5'), 3.35-3.58 (2 x 2H, H-3' and H-4'), 3.62 and
3.65 (each 1H, dd, J = 10.7 and 6.4 Hz, Ha-3), 3.79 (2 x 2H, br s, H»-6"), 3.86 (2 x
1H, br d, J = 10.6 Hz, Hp-3), 4.07 and 4.14 (each 1H, dd, J = 12.0 and 6.7 Hz, H;1),
4.29 (2 x 1H, d, J = 7.5 Hz, H-1'), 4.34 (2 x 1H, br d, J = 11.8 Hz, Hy-1), 5.22 (2 x
1H, br, H-2), 5.27-5.36 (2 x 4H, br)

BC-NMR (75 MHz, CDCls, Figure 91) &: 14.5 (q), 23.0 (t), 25.2 (), 25.3
(t), 27.6 (1), 27.7 (), 29.5 (t), 29.6 (t), 29.7 (t), 29.8 (t), 29.9 (1), 30.1 (t), 30.3 (t), 30.4
(t), 32.3 (1), 34.5(t), 34.6 (1), 61.8 (t, C-6), 63.2 and 63.3 (t, C-1), 68.4 (t, C-3), 69.8
(d, C-3), 70.4 and 70.5 (d, C-2), 73.6 and 73.7 (d, C-2), 76.2 and 76.3 (d, C-5), 76.6
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and 76.7 (d, C-4"), 103.7 and 103.9 (d, C-1'), 130.1 (d), 130.4 (d), 173.8 and 173.9 (s,
carbonyl), 174.2 and 174.3 (s, carbonyl)

'"H-'H COSY: (Figure 92)

HMQC: (Figure 93)

Positive-ion FABMS[M + Na]* m/z : 805.6 (Figure 94)

Negative-ion FABMS[M - H]" m/z: 781.3 (Figure 95)

Elemental analysisfor CysHg,O19 calcd. C: 69.002 H: 10.560

found C:69.120 H: 10.665

1,2-di-O-linoleoyl-3-O- #-D-glucopyranosyl-rac-glycerol (6h)
(25.7 mg, 33.0%)
'H-NMR (300 MHz, CDCl3, Figure 96) &: 0.85 (2 x 6H, br t, J = 6.6 Hz), 1.24
(2 x 33H, br ), 1.54 (2 x 4H, br), 1.99 (2 x 6H, br), 2.24 (2 x 4H, br t, J = 7.0 H2),
2.78 (2 x 2H, br t, J = 5.5 Hz), 3.22-3.37 (2 x 2H, H-2' and H-5), 3.41-3.59 (2 x 2H,
H-3' and H-4'), 3.62 and 3.65 (each 1H, dd, J = 10.7 and 6.4 Hz, H.-3), 3.79 (2 x 2H,
br s, Hx-6"), 3.86 (2 x 1H, br d, J = 10.6 Hz, Hy-3), 4.09 and 4.14 (each 1H, dd, J =
12.0 and 6.7 Hz, Hy-1), 4.27 (2 x 1H, d, J= 7.6 Hz, H-1Y), 4.35 (2 x 1H, br d, J = 10.4
Hz, Hy-1), 5.23 (2 x 1H, H-2), 5.24-5.40 (2 x 6H, br)
3C-NMR (75 MHz, CDCls, Figure 97) &: 14.4 (q), 22.9 (t), 23.0 (t), 25.1 (1),
25.2 (t), 25.3 (t), 26.0 (t), 27.5 (1), 29.4 (1), 29.5 (1), 29.6 (t), 29.7 (t), 29.9 (t), 30.0 (1),
30.1 (1), 31.9 (t), 32.3 (), 34.5 (t), 34.6 (t), 62.1 (t, C-6), 63.0 and 63.1 (t, C-1), 68.6
(t, C-3), 69.7 (d, C-3), 70.4 and 70.5 (d, C-2), 73.7 and 73.8 (d, C-2), 76.1 (d, C-5),
76.6 (d, C-4'), 103.7 and 103.8 (d, C-1'), 128.3 (d), 128.5 (d), 130.4 (d), 130.5 (d),
173.8 and 173.9 (s, carbonyl), 174.1 (s, carbonyl)
Positive-ion FABMS[M + Na]* m/z: 801.6 (Figure 98)
Negative-ion FABMS [M - H] m/z: 777.4 (Figure 99)
Elemental analysisfor C4sH7s010 calcd. C: 69.359 H: 10.097
found C:69.596  H:10.390

1,2-di-O-linolenoyl-3-O- #-D-glucopyranosyl -rac-glycerol (6i)
(23.5 mg, 30.4%)

'H-NMR (300 MHz, CDCls, Figure 100) &: 0.93 (2 x 6H, t, J = 7.5 Hz), 1.24
(2 x 21H, br), 1.54 (2 x 4H, br), 2.00 (2 x 8H, br), 2.25 (2 x 4H, br t, J = 6.9 Hz),
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2.76 (2 x 8H, br t, J= 5.3 Hz), 3.21-3.40 (2 x 2H, H-2' and H-5'), 3.41-3.60 (2 x 2H,
H-3' and H-4'), 3.62 and 3.65 (each 1H, dd, J = 10.7 and 6.4 Hz, H;-3), 3.80 (2 x 2H,
br s, H,-6"), 3.85 (2 x 1H, br d, J = 10.6 Hz, Hy-3), 4.07 and 4.13 (each 1H, dd, J =
12.0 and 6.7 Hz, Hx1), 4.27 (2 x 1H, d, J = 7.5 Hz, H-1'), 4.35 (2 x 1H, br d, J =10.5
Hz, Hy-1), 5.21-5.42 (2 x 13H, br, overlapped, H-2 and olefinic)

3C-NMR (75 MHz, CDCls, Figure 101) &: 14.8 (q), 21.1 (t), 25.4 (t), 26.0
(), 26.1 (1), 26.2 (t), 27.5 (1), 27.6 (1), 27.7 (t), 29.6 (1), 29.7 (1), 29.8 (1), 29.9 (t), 30.2
(1), 34.6 (t), 34.7 (1), 61.8 (t, C-6'), 63.2 and 63.3 (t, C-1), 68.5 (t, C-3), 69.7 (d, C-3),
70.5 and 70.6 (d, C-2), 73.7 (d, C-2), 76.3 (d, C-5), 76.6 (d, C-4"), 103.7 and 103.8
(d, C-1), 127.4 (d), 128.0 (d), 128.5 (d), 128.6 (d), 130.4 (d), 132.2 (d), 173.5 and
173.6 (s, carbonyl), 173.9 and 174.0 (s, carbonyl)

Positive-ion FABMS[M + Na]* myz : 797.5 (Figure 102)

Negative-ion FABMS([M - H] m/z: 773.2 (Figure 103)

Elemental analysisfor C4sH740,0 calcd. C: 69.720 H: 9.629

found C: 69.829 H: 9.989

1,2-di-O-benzoyl-3-O- #-D-glucopyranosyl-rac-glycerol (6])
(14.8 mg, 32.0%)
'H-NMR (300 MHz, CDCls, Figure 104) 3.22 (2 x 1H, br, H-5Y), 3.35 (2 x 1H,
br, H-2'), 3.40-3.56 (2 x 2H, br, H-3' and H-4'), 3.70 (2 x 2H, br s, H,-6"), 3.85 (2 x
1H, br dd, J = 10.6 and 5.6 Hz, Hx-3), 4.05 (2 x 1H, br d, J = 10.0 and 5.6 Hz, Hy-3),
432 (2 x 1H, d, J = 7.5 Hz, H-1'), 452 (2 x 1H, br dd, J = 11.0 and 5.2 Hz, Ha-1),
4.64 (2 x 1H, br d, 3 =105 Hz, Hy-1), 5.55 (2 x 1H, br s, H-2), 7.30-7.45 (2 x 10H,
aromatic)
3C-NMR (75 MHz, CDCl3, Figure 105) &: 14.8 (q), 21.1 (t), 25.4 (t), 26.0
(), 26.1 (t), 26.2 (1), 27.5 (1), 27.6 (1), 27.7 (t), 29.6 (t), 29.7 (1), 29.8 (t), 29.9 (t), 30.2
(t), 34.6 (1), 34.7 (t), 61.4 (t, C-6), 64.2, 68.4 and 68.5, 69.6, 71.5 and 71.6, 73.5 and
73.6, 76.2 and 76.3, 103.7 and 103.8 (d, C-1'), 128.7 (d), 130.0 (d), 130.2 (d), 133.5
and 133.6 (d), 166.5 and 166.6 (s, carbonyl), 166.9 (s, carbonyl)
'H-'H COSY: (Figure 106)
Elemental analysisfor C3H26010 calcd. C: 59.721 H: 5.670
found C: 60.201 H: 5.799
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1-O-lauroyl-2-O-oleoyl-3-O- 4-D-glucopyranosyl-rac-glycerol (6k)
(30.7 mg, 43.9%)
'H-NMR (300 MHz, CDCls, Figure 107) &: 0.85 (2 x 6H, br t, J = 6.5 Hz),
1.23 (2 x 40H, br s), 1.57 (2 x 4H, br), 1.98 (2 x 4H, br), 2.29 (2 x 4H, br t, J =6.9
Hz), 3.27-3.35 (2 x 2H, H-2' and H-5'), 3.43-3.56 (2 x 2H, H-3' and H-4'), 3.64 and
3.67 (each 1H, dd, J = 10.7 and 6.4 Hz, Hx:-3), 3.80 (2 x 2H, br s, H»-6"), 3.87 (2 x
1H, br d, J = 10.6 Hz, Hyp-3), 4.07 and 4.14 (each 1H, dd, J = 12.0 and 6.7 Hz, H.-1),
4.28 (2 x 1H, d, J = 7.8 Hz, H-1'), 4.35 (2 x 1H, br d, J = 10.5 Hz, Hy-1), 5.23 (2 x
1H, br, H-2), 5.28-5.32 (2 x 2H, br)
3C-NMR (75 MHz, CDCl3, Figure 108) &: 14.5 (q), 23.1 (t), 25.3 (t), 27.5
(t), 27.6 (t), 29.2 (1), 29.6 (t), 29.7 (t), 29.8 (t), 29.9 (t), 30.0 (t), 30.1 (t), 32.3 (t), 34.5
(t), 34.7 (), 61.8 (t, C-6'), 63.1 and 63.2 (t, C-1), 68.6 (t, C-3), 69.8 (d, C-3), 70.5 (d,
C-2), 73.8 (d, C-2), 76.2 (d, C-5'), 76.6 (d, C-4'), 103.7 and 103.9 (d, C-1'), 130.1 (d),
130.4 (d), 173.8 and 173.9 (s, carbonyl), 174.1 and 174.2 (s, carbonyl)
IR (cm™): 3309 (v O-H), 2923 (v C-H), 1737 (v C=0) (Figure 109)
Positive-ion FABMS[M + Na]* mVz : 723.6 (Figure 110)
Negative-ion FABMS[M - H]" m/z: 699.2 (Figure 111)
Elemental analysisfor C3H7,019 calcd. C: 66.808 H: 10.359
found C: 66.879 H: 10.398

1-O-stearoyl-2-O-lauroyl-3-O- #-D-glucopyranosyl-rac-glycerol (6l)
(28.2 mg, 40.2%)

'H-NMR (300 MHz, CDCls, Figure 112) &: 0.85 (2 x 6H, br t, J = 6.8 Hz),
1.23 (2 x 44H, br s), 1.57 (2 x 4H, br), 229 (2 x 4H, br t, J= 6.9 Hz), 3.27-3.35 (2 x
2H, H-2' and H-5"), 3.39-3.58 (2 x 2H, H-3' and H-4'), 3.62 and 3.65 (each 1H, dd, J =
10.7 and 6.4 Hz, Ha-3), 3.79 (2 x 2H, br s, H»-6"), 3.89 (2 x 1H, br d, J = 10.6 Hz,
Hy-3), 4.09 and 4.15 (each 1H, dd, J = 12.0 and 6.6 Hz, Ha-1), 4.28 (2 x 1H, d, J= 7.8
Hz, H-1), 4.35 (2 x 1H, br d, J = 11.0 Hz, Hy-1), 5.24 (2 x 1H, br, H-2)

BBC-NMR (75 MHz, CDCl3, Figure 113) &: 14.6 (q), 23.2 (t), 25.4 (t), 255

(t), 29.6 (t), 29.7 (t), 29.8 (), 30.0 (t), 30.1 (t), 30.2 (t), 32.4 (1), 34.7 (t), 34.8 (t), 62.0
(t, C-6"), 63.1 and 63.2 (t, C-1), 68.6 (t, C-3), 70.0 (d, C-3), 70.5 and 70.6 (d, C-2),
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73.7 (d, C-2), 76.2 and 76.3 (d, C-5"), 76.5 (d, C-4'), 103.7 and 103.8 (d, C-1'), 173.6
and 173.7 (s, carbonyl), 173.9 (s, carbonyl)

'"H-'H COSY: (Figure 114)

IR (cm™): 3295 (v O-H), 2919 (v C-H), 1733 (v C=0) (Figure 115)

Positive-ion FABMS [M + Na]* m/z: 725.5 (Figure 116)

Negative-ion FABMS [M - H] m/z: 701.4 (Figure 117)

Elemental analysisfor C3gH74010 calcd. C: 66.617 H: 10.616

found C: 66.520 H: 10.566

1-O-stearoyl-2-O-behenoyl-3-O- 4-D-glucopyranosyl -rac-glycerol (6m)
(26.1 mg, 31.0%)
'H-NMR (300 MHz, CDCl3, Figure 118) &: 0.84 (2 x 6H, br t, J = 6.8 Hz),
1.23 (2 x 64H, br s), 1.57 (2 x 4H, br), 2.29 (2 x 4H, br t, J = 7.0 Hz), 3.28-3.37 (2 x
2H, H-2' and H-5'), 3.45-3.59 (2 x 2H, H-3' and H-4'), 3.62 and 3.65 (each 1H, dd, J =
10.7 and 6.4 Hz, Ha-3), 3.79 (2 x 2H, br s, H»-6"), 3.87 (2 x 1H, br d, J = 10.6 Hz, Hy-
3), 4.07 and 4.13 (each 1H, dd, J = 12.0 and 6.7 Hz, Hx1), 429 (2 x 1H, d, J= 7.8
Hz, H-1), 4.35 (2 x 1H, br d, J = 11.0 Hz, Hy-1), 5.27 (2 x 1H, br, H-2)
BBC-NMR (75 MHz, CDCls, Figure 119) &: 14.6 (q), 23.2 (t), 25.4 (t), 29.6
(), 29.7 (t), 29.8 (1), 29.9 (t), 30.2 (t), 32.4 (t), 34.6 (t), 34.8 (), 39.9 (1), 40.3 (t), 40.5
(t), 40.8 (t), 62.7 (t, C-6), 62.9 and 63.0 (t, C-1), 68.4 and 68.5 (t, C-3), 70.5 and 70.5
(d, C-3), 70.9 (d, C-2), 73.9 and 74.0 (d, C-2'), 76.3 and 76.4 (d, C-5'), 76.9 (d, C-4),
103.8 and 103.9 (d, C-1'), 173.5 and 173.6 (s, carbonyl), 173.7 (s)
IR (cm™): 3295 (v O-H), 2917 (v C-H), 1740 (v C=0) (Figure 120)
Positive-ion FABMS[M + Na]* m/z: 865 (Figure 121)
Negative-ion FABMS[M - H] m/z: 841 (Figure 122)
Elemental analysisfor C4Hg4O10 calcd. C: 69.777 H: 11.242
found C: 69.809 H: 11.012

1-O-behenoyl-2-O-lauroyl-3-O- #-D-glucopyranosyl-rac-glycerol (6n)
(28.6 mg, 37.7%)

H-NMR (300 MHz, CDCl3, Figure 123) &: 0.85 (2 x 6H, br t, J = 6.9 Hz),
1.23 (2 x 52H, br s), 1.57 (2 x 4H, br), 2.29 (2 x 4H, br t, J = 7.0 Hz), 3.28-3.39 (2 x
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2H, H-2' and H-5'), 3.45-3.60 (2 x 2H, H-3' and H-4'), 3.62 and 3.65 (each 1H, dd, J =
10.7 and 6.4 Hz, Hx-3), 3.79 (2 x 2H, br s, Ho-6'), 3.88 (2 x 1H, br d, J = 10.6 Hz, Hy-
3), 4.08 and 4.15 (each 1H, dd, J = 12.0 and 6.7 Hz, Hx1), 4.28 (2 x 1H, d, J= 7.8
Hz, H-1), 4.35 (2 x 1H, br d, J = 12.1 Hz, Hy-1), 5.23 (2 x 1H, br, H-2)
3C-NMR (75 MHz, CDCls, Figure 124) 8: 14.5 (), 23.1 (t), 25.3 (1), 29.5
(), 29.6 (1), 29.7 (t), 30.0 (t), 30.1 (t), 32.3 (1), 34.5 (t), 34.7 (t), 61.6 (t, C-6'), 63.2
and 63.3 (t, C-1), 68.5 (t, C-3), 69.6 (d, C-3"), 70.4 and 70.5 (d, C-2), 73.5 and 73.6 (d,
C-2), 76.2 (d, C-5), 76.6 (d, C-4'), 103.7 and 103.8 (d, C-1'), 173.8 and 173.9 (s,
carbonyl), 174.2 and 174.3 (s, carbonyl)
'"H-'H COSY: (Figure 125)
IR (cm™): 3295 (v O-H), 2917 (v C-H), 1736 (v C=0) (Figure 126)
Positive-ion FABMS [M + Na]* m/z: 781.6 (Figure 127)
Negative-ion FABMS [M - H] m/z: 757.5 (Figure 128)
Elemental analysisfor C43Hg,010 calcd. C: 68.021 H: 10.894
found C: 68.290 H: 11.094

1-O-behenoyl-2-O-oleoyl-3-O- 4-D-glucopyranosyl-rac-glycerol (60)
(26.8 mg, 31.9%)
'H-NMR (300 MHz, CDCls, Figure 129) &: 0.85 (2 x 6H, br t, J = 6.8 Hz),

1.23 (2 x 61H, br s), 1.57 (2 x 4H, br), 1.98 (2 x 2H, br), 2.29 (2 x 4H, br t, J = 6.9
Hz), 3.28-3.39 (2 x 2H, H-2' and H-5'), 3.44-3.61 (2 x 2H, H-3 and H-4'), 3.62 and
3.65 (each 1H, dd, J = 10.7 and 6.4 Hz, Ha-3), 3.80 (2 x 2H, br s, H»-6"), 3.89 (2 x
1H, br d, J = 10.6 Hz, Hy-3), 4.07 and 4.14 (each 1H, dd, J = 12.0 and 6.6 Hz, Hx-1),
4.28 (2 x 1H, d, J = 7.8 Hz, H-1'), 4.34 (2 x 1H, br d, J = 12.0 Hz, Hy-1), 5.23 (2 x
1H, br, H-2), 5.31 (2 x 2H, br)

BC-NMR (75 MHz, CDCl3, Figure 130) &: 14.5 (q), 23.1 (t), 25.3 (), 27.5
(1), 27.6 (t), 29.6 (t), 29.7 (t), 29.8 (t), 29.8 (t), 29.9 (t), 30.1 (t), 30.6 (1), 31.6 (t), 32.3
(1), 34.5 (t), 34.7 (1), 38.5 (), 62.5 (t, C-6), 62.9 and 63.1 (t, C-1), 68.4 (t, C-3), 70.5
(d, C-3), 70.7 (d, C-2), 73.7 and 73.8 (d, C-2), 76.4 (d, C-5), 76.8 (d, C-4), 103.7
and 103.9 (d, C-1'), 129.9 (d), 130.2 (d), 173.4 (s, carbonyl), 173.6 (s, carbonyl)

'H-'H COSY: (Figure 131)

Positive-ion FABMS[M + Na]* m/z: 863.7 (Figure 132)

Negative-ion FABMS [M - H] m/z: 839.3 (Figure 133)
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Elemental analysisfor CyHg,010 calcd. C: 69.944 H: 11.029
found C: 69.817 H: 10.898

1-O-linolenoyl-2-O-linoleoyl -3-O- 5-D-glucopyranosyl-rac-glycerol (6p)
(24.0 mg, 30.9%)
'H-NMR (300 MHz, CDCl3, Figure 134) &: 0.85 (2 x 3H, br t, J = 6.9 Hz),

0.93 (2 x 3H, t, J = 7.5 Hz), 1.24 (2 x 35H, br), 1.54 (2 x 4H, br), 2.08 (2 x 8H, br),
2.25(2 x 10H, br t, J= 7.0 Hz), 2.76 (2 x 5H, br t, J = 5.5 Hz), 3.21-3.40 (2 x 2H, H-
2 and H-5"), 3.41-3.60 (2 x 2H, H-3' and H-4'), 3.62 and 3.65 (each 1H, dd, J = 10.7
and 6.4 Hz, Hy-3), 3.80 (2 x 2H, br s, Hp-6), 3.87 (2 x 1H, br d, J = 10.6 Hz, Hy-3),
4.07 and 4.13 (each 1H, dd, J = 12.0 and 6.6 Hz, Hx1), 4.27 (2 x 1H, d, J = 7.5 Hz,
H-1'), 4.35 (2 x 1H, br d, J = 12.0 Hz, Hy-1), 5.21-5.42 (2 x 10H, br, overlapped, H-2
and olefinic)

3C-NMR (75 MHz, CDCls, Figure 135) 8: 14.8 (q), 21.1 (1), 25.4 (t), 26.0
(1), 26.1 (t), 26.2 (1), 27.5 (1), 27.6 (1), 27.7 (t), 29.6 (t), 29.7 (1), 29.8 (t), 29.9 (t), 30.2
(t), 34.6 (1), 34.7 (1), 62.2 (t, C-6, 63.1 and 63.2 (t, C-1), 68.6 (t, C-3), 70.0 (d, C-3),
70.5 and 70.6 (d, C-2), 73.8 and 73.9 (d, C-2), 76.1 and 76.2 (d, C-5), 76.7 (d, C-4),
103.7 and 103.8 (d, C-1'), 127.4 (d), 128.0 (d), 128.1 (d), 128.4 (d), 128.5 (d), 128.6
(d), 130.1 (d), 130.2 (d), 130.4 (d), 130.5 (d), 132.2 (d), 173.5 and 173.6 (s,
carbonyl), 173.9 (s, carbonyl)

Elemental analysisfor CysH76010 calcd. C: 70.446 H: 9.992

found C: 70.801 H: 10.285

1-O-benzoyl-2-O-lauroyl-3-O- #-D-glucopyranosyl-rac-glycerol (6q)
(18.4 mg, 34.0%)

'H-NMR (300 MHz, CDCls, Figure 136) &: 0.85 (2 x 3H, br t, J = 6.9 Hz),
1.23 (2 x 18H, br s), 1.54 (2 x 2H, br), 2.20 (2 x 2H, br t, J = 7.0 Hz), 3.20-3.42 (2 x
2H, H-2' and H-5'), 3.43-3.62 (2 x 2H, H-3' and H-4"), 3.80 (2 x 2H, br s, H2-6"), 3.90-
4.15(2 x 2H, br), 4.30 (2 x 1H, br, H-1), 4.32-4.75 (2 x 2H, br, H>-1), 5.35 (2 x 1H,
br, H-2), 7.30-7.50 and 7.85 (2 x 5H, aromatic)

BC-NMR (75 MHz, CDCls, Figure 137) §:14.6 (q), 23.0 (t), 25.2 (t), 25.3 (1),

29.5 (1), 29.6(t), 29.7 (t), 29.9 (t), 30.0 (t), 32.3 (t), 34.5 (1), 34.6 (t), 62.1 (t, C-6),
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63.7 (t, C-1), 68.5 and 68.6 (t, C-3), 70.1 (d, C-3), 70.4 (d, C-2), 73.9 (d, C-2), 76.1
and 76.2 (d, C-5"), 76.6 (d, C-4"), 103.7 and 103.9 (d, C-1"), 128.8, 130.1, 133.7, 166.5
and 166.8 (s, carbonyl), 173.8 (s, carbonyl)
Elemental analysisfor CygH44O10 calcd.  C: 62.188 H: 8.208
found C: 62.286 H: 8.395

1,2-di-O-lauroyl-3-O--D-galactopyranosyl-rac-glycerol (13a)
(30.8 mg, 49.8%)
'"H-NMR (300MHz, CDCl3-D,O, Figure 138) &: 0.85 (2 x 6H, br t, J = 6.7
Hz), 1.24 (2 x 32H, br s), 1.52 (2 x 4H, br), 2.24 (2 x 4H, br t, J = 7.0 Hz), 3.45-3.62
(2x 3H, H-2, 3 and 5), 3.63-3.74 (2 x 1H, br, Hs-3), 3.80 (2 x 2H, br s, H»-6"), 3.86-
3.92 (2 x 1H, br, Hy-3), 3.96 (2 x 1H, br s, H-4), 4.08-4.18 (2 x 1H, Ha-1), 4.22 (2 x
1H, d, J= 7.8 Hz, H-1'), 4.39 (2 x 1H, br d, J = 11.4 Hz, Hy-1), 5.23 (2 x 1H, br, H-2)
BC-NMR (75 MHz, CDCl3, Figure 139) &: 14.7 (q), 23.2 (t), 255 (t), 29.4 (1),
29.7 (1), 29.9 (t), 30.0 (), 30.2 (t), 32.4 (t), 34.7 (t), 34.8 (t), 61.8 (t, C-6"), 63.4 (t, C-
1), 68.5 (t, C-3), 69.2 (d, C-4'), 70.6 (d, C-2), 71.5 (d, C-2), 73.6 (d, C-3), 74.9 and
75.0 (d, C-5), 104.2 and 104.3 (d, C-1'), 173.7 and 173.8 (s, carbonyl), 174.1 and
174.3 (s, carbonyl)
"H-'H COSY: (Figure 140)
HMQC: (Figure 141)
IR (cm™): 3264 (v O-H), 2920 (v C-H), 1736 (v C=0) (Figure 142)
Positive-ion FABMS[M + Na]* mVz : 641.4 (Figure 143)
Negative-ion FABMS[M - H]" m/z: 617.2 (Figure 144)
Elemental analysisfor Cs3sHexO10 calcd. C: 64.036 H: 10.104
found C: 64.138 H: 10.305

1,2-di-O-linoleoyl-3-O- 4-D-gal actopyranosyl-rac-glycerol (13b)
(mixture, 24.0 mg, 31.3%)

'H-NMR (CDCl3, Figure 145) &: 0.85 (2 x 6H, br), 1.30 (2 x 35H, br), 1.58
(2 x 4H, br), 2.02 (2 x 8H, br), 2.28 (2 x 4H, br t, J= 7.0 Hz), 2.76 (2 x 3H, br t, J =
5.5 Hz), 3.45-3.60 (2 x 3H, H-2', 3' and 5'), 3.63 and 3.70 (each 1H, dd, J = 10.9 and
5.4 Hz, H:3), 3.80 (2 x 2H, br s, Hx-6"), 3.84-3.93 (2 x 1H, br, Hy-3), 3.98 (2 x 1H,
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br s, H-4'), 4.08-4.18 (2 x 1H, br, Hs:-1), 4.24 (2 x 1H, d, J = 7.5 Hz, H-1"), 4.37 (2 x
1H, br d, J=9.0 Hz, Hy-1), 5.21-5.40 (2 x 8H, br, H-2 and olefinic)

3C-NMR (75 MHz, CDCls, Figure 146) §: 14.7 (q), 22.2 (t), 23.0 (t), 25.3
(), 27.3 (1), 27.5 (1), 29.4 (t), 29.6 (1), 29.8 (1), 29.9 (t), 30.1(t), 30.2 (t), 31L.2 (1), 34.5
(t), 34.6 (1), 35.0 (t), 62.4 and 62.5 (t, C-6), 63.1 and 63.2 (t, C-1), 68.5 and 68.6 (t,
C-3), 69.5 (d, C-4), 70.6 (d, C-2), 71.5 and 71.6 (d, C-2), 73.6 (d, C-3), 74.8 and
74.9 (d, C-5), 104.2 and 104.4 (d, C-1"), 128.3 (d), 128.5 (d), 130.4 (d), 130.6 (d),
173.9 and 174.0 (s, carbonyl), 174.2 (s, carbonyl)

Positive-ion FABMS[M + Na]* mvz : 801.6 (Figure 147)

Negative-ion FABMS [M - H] m/z: 777.2 (Figure 148)

Elemental analysisfor C4sH780,0 calcd. C: 69.359 H: 10.097

found C: 68.995 H: 10.386

1,2-di-O-linolenoyl-3-O-4-D-gal actopyranosyl-rac-glycerol (13c)
(mixture, 24.0 mg, 31.0%)
'H-NMR (300 MHz, CDCl3, Figure 149) §: 0.95 (2 x 6H, br t, J = 6.7 Hz),
1.26 (2 x 30H, br s), 1.50 (2 x 4H, br), 2.02 (2 x 11H, br), 2.30 (2 x 4H, br t, J= 7.0
Hz), 2.76 (2 x 7H, br t, J = 5.5 Hz), 3.45-3.60 (2 x 3H, H-2', 3 and 5'), 3.62-3.73 (2 x
1H, Hy3), 3.80 (2 x 2H, br s, H»-6"), 3.84 and 3.89 (each 1H, dd, J = 10.9 and 4.9 Hz,
He-3), 3.96 (2 x 1H, br s, H-4'), 4.08 and 4.12 (each 1H, dd, J = 12.0 and 3.3 Hz, Hx-
1), 422 (2 x 1H, d, J = 7.1 Hz, H-1), 4.35 (2 x 1H, br d, J = 10.4 Hz, Hy-1), 5.20-
5.40 (2 x 13H, br, H-2 and ol€finic)
3C-NMR (75 MHz, CDCl3, Figure 150) &: 14.7 (), 22.2 (t), 23.0 (t), 25.3 (t),
27.3 (1), 27.5 (1), 29.4 (1), 29.6 (1), 29.8 (t), 29.9 (t), 30.1(t), 30.2 (t), 31.2 (t), 34.5 (1),
34.6 (t), 35.0 (), 62.1 and 62.2 (t, C-6"), 63.2 and 63.3 (t, C-1), 68.5 (t, C-3), 69.4 (d,
C-4'), 70.6 (d, C-2), 71.5 and 71.6 (d, C-2), 73.6 (d, C-3), 74.8 and 74.9 (d, C-5),
104.1 and 104.3 (d, C-1'), 127.4(d), 128.0 (d), 128.5 and 128.6 (d), 130.5 (d), 132.0
(d), 173.7 and 173.8 (s, carbonyl), 174.0 and 174.1 (s, carbonyl)
IR (cm™): 3295 (v O-H), 2926 (v C-H), 1739 (v C=0) (Figure 151)
Elemental analysisfor C4sH740,0 calcd. C: 69.720 H: 9.629
found C: 69.918 H: 9.807
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1-O-behenoyl-2-O-lauroyl-3-O- #-D-gal actopyr anosyl -rac-glycerol (13d)
(30.2 mg, 39.8%)
'H-NMR (300 MHz, CDCls, Figure 152) &: 0.85 (2 x 6H, br t, J = 6.9 Hz),
1.23 (2 x 52H, br s), 1.57 (2 x 4H, br), 2.29 (2 x 4H, br t, J = 7.0 Hz), 3.45-3.63 (2 x
3H, H-2', 3'and 5'), 3.68-3.75 (2 x 1H, br, Hs-3), 3.80 (2 x 2H, br s, H»-6"), 3.86-3.94
(2 x 1H, br, Hp-3), 3.97 (2 x 1H, br s, H-4'), 4.09 and 4.14 (each 1H, dd, 12.0 and 4.6
Hz, Hal1), 4.22 (2 x 1H, d, J = 7.8 Hz, H-1'), 4.35 (2 x 1H, br d, J = 12.1 Hz, Hy-1),
5.25 (2 x 1H, br, H-2)
BC-NMR (75 MHz, CDCls, Figure 153) &: 14.5 (q), 23.0 (t), 25.3 (), 29.5
(t), 29.6 (t), 29.7 (t), 29.9 (t), 30.0 (t), 30.1 (t), 32.3 (t), 34.6 (t), 34.7 (t), 61.9 and 62.0
(t, C-6), 63.2 and 63.3 (t, C-1), 68.5 (t, C-3), 69.2 (d, C-4'), 70.5 and 70.6 (d, C-2),
71.4 and 71.5 (d, C-2'), 73.6 (d, C-3'), 74.8 and 74.9 (d, C-5'), 104.2 and 104.4 (d, C-
1Y, 173.9 and 174.0 (s, carbonyl), 174.2 and 174.3 (s, carbonyl)
IR (cm™): 3253 (v O-H), 2918 (v C-H), 1736 (v C=0) (Figure 154)
Elemental analysisfor C43Hg,019 calcd. C: 68.021 H: 10.894
found C: 68.208 H: 10.998

1-O-linolenoyl-2-O-linoleoyl-3-O- #-D-gal actopyr anosyl -rac-glycerol (13e)
(23.2 mg, 29.9 %)

'H-NMR (300 MHz, CDCl3, Figure 155) &: 0.85 (2 x 3H, br), 0.95 (2 x 3H, t,
J=7.5Hz), 1.28 (2 x 29H, br ), 1.60 (2 x 4H, br), 2.02 (2 x 8H, br), 2.31 (2 x 4H,
brt, J= 7.0 Hz), 2.78 (2 x 5H, br t, J = 5.5 Hz), 3.45-3.62 (2 x 3H, H-2', 3 and 5,
3.65-3.72 (2 x 1H, m, Hx+-3), 3.80 (2 x 2H, br, H»-6'), 3.85-3.92 (2 x 1H, m, Hy-3),
3.98 (2 x 1H, br s, H-4"), 4.08 and 4.13 (each 1H, dd, J = 12.0 and 4.4 Hz, H;-1), 4.22
(2 x 1H, br d, J= 7.5 Hz, H-1'), 4.38 (2 x 1H, br d, J = 10.4 Hz, Hy-1), 5.22-5.40 (2 x
10H, br, H-2 and olé€finic)

BC-NMR (75MHz, CDCl3, Figure 156) &: 14.6 (), 14.7 (g), 21.1(t), 23.1 (1),
25.4 (1), 26.0 (t), 26.2 (t), 27.7 (t), 29.6 (t), 29.7 (t), 29.8 (t), 30.1(t), 32.0 (t), 34.6 (t),
34.8 (t), 62.3 (t, C-6), 63.2 and 63.3 (t, C-1), 68.5 and 68.6 (t, C-3), 69.4 (d, C-4),
70.6 (d, C-2), 71.6 (d, C-2'), 73.7 (d, C-3'), 74.8 and 74.9 (d, C-5), 104.1 and 104.3
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(d, C-1), 127.4 (d), 128.0 (d), 128.2 (d), 128.4 (d), 128.5 (d), 130.1 (d), 130.3 (d),
130.4 (d), 130.5 (d), 132.2 (d), 173.7 and 173.8 (s, carbonyl), 174.0 and 174.1 (s,
carbonyl)
Elemental analysisfor C4sH76010 calcd. C: 70.446 H: 9.992
found C: 70.725 H: 10.188

4.7 Preparation of 1-O-acyl-3-O-B-D-glycopyranosyl-rac-glycerols
(8a-b, 15)

1-O-lauroyl-3-O- -D-glucopyranosyl -rac-glycerol (8a)
(26.6 mg, 61%)
8a was prepared from 7a according to the general procedure for selective
removal of acetyl protecting groups in Sec 4.6
'H-NMR (300 MHz, CDCls, Figure 157) &: 0.85 (2 x 3H, br t, J = 6.9 Hz),
1.25 (2 x 17H, br s), 2.30 (2 x 2H, br t, J = 7.0 HZ), 3.25-3.42 (2 x 2H, H-2' and H-
5, 3.43-3.55 (2 x 2H, H-3' and H-4"), 3.65-3.90 (2 x 4H, H,-3, H>-6"), 3.91-4.10 (2 x
3H, Hp-1, H-2) 4.35 (2 x 1H, H-1))
BC-NMR (75 MHz, CDCls, Figure 158) &: 14.5 (q), 23.1 (t), 25.3 (t), 29.5 (1),
29.6 (1), 29.7 (t), 30.0 (t), 30.1 (t), 32.3 (t), 34.5 (t), 34.7 (t), 61.4 and 61.5 (t, C-6),
65.4 and 65.5 (t, C-1), 68.9 and 69.2 (t, C-2), 69.6 (d, C-3), 71.7 (d, C-3), 72.2 (d, C-
2), 73.8 (d, C-5)), 76.2 and 76.5 (d, C-4'), 103.2 and 103.6 (d, C-1'), 174.3 and 174.4
(s, carbonyl)
Elemental analysisfor C;1H4009 calcd. C: 57.763 H: 9.241
found C:57.853 H: 9.407

1-O-linolenoyl-3-O- #-D-glucopyranosyl-rac-glycerol (8b)
(24.8 mg, 48.3%)
8b was prepared from 7b according to the general procedure for selective
removal of acetyl protecting groupsin Sec 4.6
'H-NMR (300 MHz, CDCls, Figure 159) &: 0.95 (2 x 3H, br t, J = 6.9 Hz),
1.25 (2 x 10H, br s), 1.60 (2 x 2H, br), 2.00 (2 x 4H, br), 230 (2 x 2H, br t, J = 7.0
Hz), 2.76 (2 x 4H, br t, J = 5.5 Hz), 3.25-3.37 (2 x 2H, H-2' and H-5), 3.38-3.50 (2 x
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2H, H-3' and H-4'), 3.60-3.90 (2 x 4H, H>-3, H2-6"), 4.00-4.10 (2 x 3H, H.-1, H-2),
4.35(2x 1H, d, J= 7.6 Hz, H-1"), 5.20-5.40 (2 x 6H, br)
3C-NMR (75 MHz, CDCls, Figure 160) &: 14.8 (q), 21.1 (t), 25.4 (1), 26.0 (1),
26.1 (1), 26.2 (t), 27.5 (1), 27.6 (1), 27.7 (t), 29.6 (), 29.7 (1), 29.8 (1), 29.9 (t), 30.2 (1),
34.6 (1), 34.7 (t), 61.1 and 61.2 (t, C-6"), 65.4 and 65.5 (t, C-1), 68.7 and 69.0 (t, C-2),
69.6 and 69.7 (d, C-3), 7.1.5 and 71.9 (d, C-3), 73.6 (d, C-2'), 76.5 and 76.6 (d, C-5,
C-4'), 103.1 and 103.5 (d, C-1, 127.4 (d), 128.0 (d), 128.5 (d), 128.6 (d), 130.4 (d),
132.2 (d), 174.5 and 174.6 (s, carbonyl)
Elemental analysisfor C,7H4O9  calcd. C: 62.997 H: 9.014
found C: 63.086 H: 9.110

1-O-linolenoyl-3-O- #-D-gal actopyranosyl-rac-glycerol (15)
(22.4 mg, 43.6%)
15 was prepared from 14a according to the general procedure for selective
removal of acetyl protecting groups in Sec 4.6
'H-NMR (300 MHz, CDCls, Figure 161) §: 0.95 (2 x 3H, t, J = 7.5 Hz), 1.25
(2 x 10H, br ), 1.56 (2 x 2H, br), 2.00 (2 x 4H, br), 2.31 (2 x 2H, br t, J = 7.2 Hz),
2.78 (2 x 4H, br), 3.50-4.35 (2 x 12, not assigned), 5.20-5.45 (2 x 6H, br)
BC-NMR (75MHz, CDCl3, Figure 162) o: 14.6, 14.7, 21.1, 23.1, 25.4, 26.0,
26.2, 27.7, 29.6, 29.7, 29.8, 30.1, 32.0, 34.6, 34.8, 61.5, 65.4 and 65.5, 68.9, 69.2,
71.6 and 71.9, 73.7 and 73.8, 74.9, 103.8, 104.3, 127.4, 128.0,128.2, 128.5, 128.6,
130.5,132.2, 174.3, 174.4
IR (cm™): 3327 (v O-H), 2930 (v C-H), 1734 (v C=0) (Figure 163)
Elemental analysisfor Co7H4sO9  calcd. C: 62.997 H: 9.014
found C: 63.189 H: 9.195

5. Synthesis of 1,2-di-O-acyl-rac-glycerols

1,2-O-isopropylidene-3-O-benzyl-rac-glycerol (16) (150.2 mg, 67.6%)

To asuspension of NaH (1.5 mmoal) in dry THF was added a solution of 2 (1
mmol) in THF. Then, a solution of BnBr (2 mmol) in THF was added dropwise, the
solution was stirred overnight.  One ml of ethanol was added, the solvent was

evaporated and the residue was purified by column chromatography to give liquid 16



60

'H-NMR (300 MHz, CDCls, Figure 164) §: 1.30, 1.40 (each 2 x 3H), 3.45
(2 x 1H, dd, J = 5.5 and 9.5 Hz, Hx-3), 3.55 (2 x 1H, 5.7 and 9.7 Hz, Hy-3), 3.73 (2 x
1H, dd, J = 6.4 and 8.1 Hz, Ha1), 4.03 (2 x 1H, dd, J = 6.5 and 8.1 Hz, Hy-1), 4.28 (2
x 1H, g, 5.9 Hz, H-2), 4.51 (2 x 2H), 7.30 (2 x 5H, aromatic)

1-O-benzyl-rac-glycerol (17) (86.1 mg, 95.6%)

A solution of 16 (90 mg) in 15 ml of 60% acetic acid agueous solution was
stirred at 60 ° C for 1.5 h. The mixture was concentrated and co-evaporated with
toluene three times. The residue was then purified by column chromatography on
silicagel column eluted with hexane : EtOAc (1:1) to giveliquid 17

'H-NMR (300 MHz, CDCl3, Figure 165) &: 3.40-3.71(2 x 4H), 3.85 (2 x 1H,
br s), 4.51 (2 x 2H), 7.30 (2 x 5H, aromatic)

BC-NMR (75MHz, CDCl3, Figure 166) &: 64.5, 71.1, 72.2, 74.0, 128.1,
128.2, 128.8, 138.0

1,2-di-O-lauroyl-3-O-benzyl-rac-glycerol (18) (120.5 mg, 73.8%)
To a solution of 17 (0.3 mmol), lauric acid (0.7 mmol), and DMAP (0.03

mmol) in 8 ml dry dichloromethane, DCC (0.7 mmol) was added and stirred for 24 h
at room temperature. The solid was filtered off and the solvent was evaporated in
vacuo. The residue was purified by column chromatography on silica gel column
eluted with hexane : EtOAc (5:1) to give white solid 18

'H-NMR (300 MHz, CDCl3, Figure 167) &: 0.85 (2 x 6H, t, J = 6.9 Hz), 1.26
(2 x 40H, br s), 1.56 (2 x 4H, br), 2.25 (2 x 4H), 3.56 (2 x 2H), 4.15 (2 x 1H, dd, J =
6.4 and 11.8 Hz), 4.35 (2 x 1H, dd, J = 3.7 and 11.8 Hz), 4.53 (2 x 2H), 5.22 (2 x
1H), 7.30 (2 x 5H, br)

BC-NMR (75MHz, CDCl3, Figure 168) 6: 14.6, 22.5, 25.2, 29.8, 29.9, 30.0,
30.2,32.2, 34.8, 34.9, 35.0, 63.1, 68.7, 70.4, 73.7, 128.1, 128.8, 138.1, 173.3, 173.6

1,2-di-O-lauroyl-rac-glycerol (19) (55.8 mg, 61.5%)

A mixture of 18 (109 mg) and 30 mg of 10% Pd/C in 10 ml of ethyl acetate
containing 0.25 ml each of ethanol and acetic acid was vigorous shaken under H, gas
using Parr apparatus for 5 h. The catalyst was filtered off, the filtrate was evaporated
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and purified by column chromatography, eluted with hexane : EtOAc (1:1) to give
white solid 19
'H-NMR (300 MHz, CDCls, Figure 169) &: 0.85 (2 x 6H, t, J = 6.8 Hz),
1.26 (2 x 37H, br ), 1.55 (2 x 4H, br), 2.25 (2 x 4H), 3.64 (2 x 2H, br, H-3), 4.15 (2
x 1H, dd, J = 5.9 and 11.9 Hz, H.1), 4.28 (2 x 1H, dd, J = 4.2 and 11.9 Hz, Hy-1),
5.02 (2 x 1H, q, 4.9 Hz, H-2)
3C-NMR (75MHz, CDCls, Figure 170) &: 14.6, 23.0, 25.4, 29.8, 29.9, 30.0,
30.2,32.2,32.4,34.4, 34.5, 34.6, 34.8, 34.9, 61.8, 62.6, 72.5, 173.6, 173.9
DEPT 135: (Figure 171)
Elemental analysis. calcd. C: 70.993 H: 11.483
found C: 70.918 H: 11.505

6. Synthesis of 1-O-acyl-rac-glycerols

6.1 General Procedurefor Acylation

To a solution of 2 (0.3 mmal), fatty acid (0.7 mmol), and DMAP (0.03
mmol) in 8 ml dry dichloromethane, DCC (0.7 mmol) was added and stirred for 24 h
at room temperature. The solid was filtered off and the solvent was evaporated in
vacuo. The residue was purified by column chromatography on silica gel column
eluted with hexane:EtOAc (10:1) to give 20a-c

1-O-lauroyl-2,3-isopropylidene-rac-glycerol (20a) (80.5 mg, 85.5%)
'H-NMR (300 MHz, CDCls, Figure 172) §: 0.85 (2 x 3H, br t, 6.8 Hz), 1.25

(2 x 26H br s), 1.30 and 1.40 (each 2 x 3H, s), 1.52 (2 x 2H, br), 2.30 (2 x 2H, t, 7.5
Hz), 3.71 (2 x 1H, dd, J = 6.2 and 8.4 Hz, H4-3), 4.08 (2 x 1H, dd, J = 6.5 and 8.0 Hz,
Hy-3), 4.09 (2 x 1H, dd, J = 4.5 and 11.2 Hz, H.-1), 4.14 (2 x 1H, dd, J = 4.6 and 11.5
Hz, Hy-1), 4.28 (2 x 1H, q, 5 Hz, H-2)

3C.NMR (75MHz, CDCls, Figure 173) &: 14.4, 23.0, 25.2, 25.6, 25.7, 27.0,
29.4, 29.5, 29.6, 29.7, 29.8, 29.9, 32.2, 34.4, 64.8, 66.7, 74.0, 110.1, 173.9
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1-O-strearoyl-2,3-isopropylidene-rac-glycerol (20b) (94.5 mg, 79.1%)

'H-NMR (300 MHz, CDCls, Figure 174) 8: 0.85 (2 x 3H, t, 6.8 Hz), 1.25 (2 x
33H br s), 1.30 and 1.40 (each 2 x 3H, s), 1.52 (2 x 2H, br), 2.30 (2 x 2H, t, 7.5 Hz),
3.71 (2% 1H, dd, J=6.2 and 8.4 Hz, H.-3), 4.08 (2 x 1H, dd, J = 6.5 and 8.0 Hz, Hy-
3), 4.09 (2 x 1H, dd, J = 4.5 and 11.2 Hz, Hx1), 4.14 (2 x 1H, dd, J = 4.6 and 11.5
Hz, Hy-1), 4.28 (2 x 1H, g, 5 Hz, H-2)

3C-NMR (75MHz, CDCl3, Figure 175) &: 14.5, 23.0, 25.2, 25.6, 25.7, 27.0,
29.4, 29.5, 29.6, 29.7, 29.8, 29.9, 32.2, 34.4, 34.5, 34.6, 64.9, 66.7, 74.0, 110.1, 173.9
1-O-behenoyl-2,3-isopropylidene-rac-glycerol (20c) (98.8 mg, 72.6%)

'H-NMR (300 MHz, CDCls, Figure 176) &: 0.85 (2 x 3H, t, 6.8 Hz), 1.25 (2
x 47H br s), 1.30 and 1.40 (each 2 x 3H, s), 2.30 (2 x 2H, t, 7.5 Hz), 3.71 (2 x 1H, dd,
J=6.2 and 8.4 Hz, Hx-3), 4.08 (2 x 1H, dd, J = 6.5 and 8.0 Hz, Hy-3), 4.09 (2 x 1H,
dd, J= 4.5 and 11.2 Hz, Hs-1), 4.14 (2 x 1H, dd, J = 4.6 and 11.5 Hz, Hy-1), 4.28 (2 x
1H, g, 5 Hz, H-2)
IR (cm™): 2918 (v C-H), 1732 (v C=0) (Figure 177)

6.2 General Procedurefor Deacetonization

0.2 mmol of 20a-c were deacetonized according to the general procedure for
deacetonization in Sec 4.2

1-O-lauroyl-rac-glycerol (21a) (50.3 mg, 91.8%)

'H-NMR (300 MHz, CDCls, Figure 178) &: 0.85 (2 x 3H), 1.25 (2 x 20H),
2.05 (2 x 1H, OH), 2.32 (2 x 2H), 2.50 (2 x 1H, OH), 3.55 (2 x 1H, dd, 5.6 and 11.2
Hz, H.-3), 3.65 (2 x 1H, dd, 4.0 and 10.5 Hz, Hyx-3), 3.90 (2 x 1H, q, 4.7 Hz, H-2),
4.12 (2 x 1H, dd, 6.0 and 11.6 Hz, Ha-1), 4.14 (2 x 1H, dd, 6.0 and 11.6 Hz, Hy-1)

3C-NMR (75MHz, CDCls, Figure 179) §: 14.4, 23.0, 25.3, 29.6-29.9, 32.2,
34.5, 63.7, 65.5, 70.6,174.7

IR (cm™): 3245 (v O-H), 2917 (v C-H), 1731 (v C=0) (Figure 180)

Elemental analysis: calcd. C: 65.642 H: 11.026

found C: 65.583 H: 11.108
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1-O-stearoyl-rac-glycerol (21b) (65.8 mg, 91.9%)
'H-NMR (300 MHz, CDCls, Figure 181) &: 0.85 (2 x 3H), 1.25 (2 x 26H),
1.60 (2 x 2H), 2.32 (2 x 2H), 3.55 (2 x 1H, br, Hy-3), 3.65 (2 x 1H, br, Hy-3), 3.90 (2
x 1H, br s, H-2), 4.08-4.22 (2 x 2H, br, H,-1)
BC-NMR (75MHz, CDCls, Figure 182) &: 14.4, 23.0, 25.3, 29.6-29.9,
30.0, 32.3, 32.4, 34.5, 63.7, 65.5, 70.6, 174.7
Elemental analysis: calcd. C: 70.331 H: 11.814
found C: 70.399 H: 11.901

1-O-behenoyl-rac-glycerol (21c) (75.5 mg, 90.7%)

'H-NMR (300 MHz, CDCl3, Figure 183) &: 0.85 (2 x 3H), 1.25 (2 x 34H),
1.60 (2 x 2H), 2.32 (2 x 2H), 3.55 (2 x 1H, br, Ha+-3), 3.65 (2 x 1H, br, Hy-3), 3.90 (2
x 1H, br s, H-2), 4.08-4.22 (2 x 2H, br, Hp-1)

BC-NMR (75MHz, CDCl3, Figure 184) 5: 14.5, 23.0, 25.3, 29.6-29.9, 30.1,
32.3, 34.5,63.7,65.5, 70.7, 174.7

IR (cm™): 3295 (v O-H), 2917 (v C-H), 1734 (v C=0) (Figure 185)

Elemental analysis. calcd. C: 72.399 H: 12.161

found C: 72.534 H: 12.289

7. Synthesis of 1,2-di-O-acyl-3-O-B-D-glycopyranosyl-sn-

glycerols

1,2:3,4:5,6-tri-O-isopropylidene-D-mannitol (23) (14.6 g, 60.4%)

To astirred solution of acetic acid (5 ml) and concentrated H,SO,4 (10 ml) in
400 ml dry acetone was added 14.5 g (80 mmol) of dry D-mannitol (22). After 2hat
room temperature, the reaction mixture was then poured into a cooled, vigorously
stirred suspension of 80 g NaCOsz in 150 ml water until the pH was neutral. The
precipitated salts were filtered on a Buchner funnel and washed with dry acetone.
The filtrate and washings were then combined and evaporated under high vacuum, to

give semisolid residue which was crystallized in C;HsOH : H,0 (1:1)
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'H-NMR (300 MHz, CDCl3, Figure 186) &: 1.30, 1.34, 1.38 (each 6H), 3.85-
4.30 (8H, m)

3,4-O-isopropylidene-D-mannitol (24) (6.3 g, 70.9%)

12 g of 23 (40 mmol) was added to a stirred solution of 200 ml 65% agqueous
acetic acid at 40°C. After 1 h, the solution was evaporated and the residual acetic acid
was removed by repeated co-distillation of toluene. Dry acetone was added and the
mixture was thoroughly stirred with excess anhydrous Na;CO; and then filtered. The
residue was purified by column chromatography eluted with EtOAc : CH30H (50:1)

'H-NMR (300 MHz, CDCls, Figure 187) &: 1.35 (6H, s, acetonide), 3.60-3.95
(8H, m)
3C-NMR (75 MHz, CDCls, Figure 188) &: 27.4, 64.3, 73.5, 80.0, 110.0

1,2:5,6-tetra-O-benzyl-3,4-O-isopropylidene-D-mannitol (25) (8.2 g, 70.4%)

To a stirred solution of 24 4.5 g (20 mmol) in dry dimethylformamide was
added in portions of NaH (0.2 mol). The suspension was stirred for 0.5 h at room
temperature and then cooled to 0°C in ice bath. Then 120 mmol of benzyl bromide
were added and the stirring continued at room temperature overnight. Methanol was
added to destroy the excess NaH, the solution was diluted with water and the product
was extracted with ether, then washed with water, dried with anhydrous Na,CO3 and
evaporated to a syrup. The product was purified by column chromatography eluted
with hexane : EtOAc (30:1)

'H-NMR (300 MHz, CDCls, Figure 189) &: 1.35 (6H, s, acetonide), 3.58-3.85
(6H, CH,OCH,Ph, CHOCH,Ph), 4.18 (2H, br s), 4.46 (4H, s, CH,OCH,Ph), 4.57
(2H, d, 11.7 Hz, CHOCH,Ph), 4.72 (2H, d, 11.7 Hz, CHOCH,Ph), 7.35 (20H )

3C-NMR (75 MHz, CDCls, Figure 190) 8: 28.0, 71.0, 73.2, 73.7, 78.9, 79.7,
127.8, 127.9, 128.2, 128.5, 138.9, 139.0

1,2:5,6-tetra-O-benzyl-D-mannitol (26) (3.6 mg, 66.2%)

To a solution of 1M agueous HCI /methanol (1:9 v/v) was added 6 g (10

mmol) of 25, the mixture was stirred under reflux condition. After 3 h NaHCO; was
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added to neutralize the excess acid, then extracted with ether, dried, and evaporated to
give a syrup. The product was purified by column chromatography eluted with
hexane : EtOAc (5:1)
'H-NMR (300 MHz, CDCls, Figure 191) &: 3.10-3.20 (2H, OH), 3.65-3.88

(6H, CH,OCH,Ph, CHOCH,Ph), 4.00-4.10 (2H, br), 4.55 (4H, CH,OCH.Ph), 4.60
(2H, d 11.7 Hz, CHOCH.Ph), 4.75 (2H, d, 11.7 Hz, CHOCH,Ph), 7.35 (20H,
aromatic)

BC.NMR (75 MHz, CDCls, Figure 192) 8: 70.5, 70.7, 73.5, 74.0, 79.7, 128.0,
128.1, 128.3, 128.7, 138.4, 138.6

1,2-di-O-benzyl-sn-glycerol (28) (910 mg, 60.3%)

A solution of 3 g 26 in 25 ml ether/ethanol (4:1 v/v) and 20 ml water
containing 3 g of NalO4 and 80 mg tetrabutyl ammonium bromide was vigorously
stirred for 4 h.  Then, 0.5 ml ethylene glycol was added to destroy the excess Nal O,.
The ether phase was collected and the aqueous phase was re-extracted with ether 3
times. The combined ether solution was washed with water and dried, then
evaporated to syrupy adehyde (27). This syrup was dissolved in 15 ml dry THF and
added dropwise over 30 min to 30 ml dry THF containing 0.6 g of LiAIH,. After 1 h
the mixture was cooled to 0°C in ice bath and excess ethyl acetate was added,
followed by a little amount of water. The product was extracted with ether and
purified by column chromatography eluted with 0.5% CH3OH in CHCls.

'H-NMR (300 MHz, CDCls, Figure 193)8: 3.55-3.80 (5H, CH,OH,
CH,OCH,Ph, CHOCH,Ph), 4.58 (2H, s, CH,OCH,Ph), 4.61(1H, d, 11.7 Hz), 4.70
(1H, d, 11.7 Hz, CHOCH(H)Ph), 7.35 (10H, aromatic )

B3C-NMR (75 MHz, CDCls, Figure 194)5: 63.2, 70.7, 72.6, 74.0, 78.7, 128.0,
128.5, 128.8, 138.3, 138.6

1,2-di-O-benzyl-3-O-(4-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol  (29)
(618.2mg, 51.6 %)

29 was prepared from 28 according to the genera procedure for
glycosylation as described in Sec.4.1l. The product was purified by column
chromatography eluted with hexane : EtOAc (4:1).
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'H-NMR (300 MHz, CDCls, Figure 195) &: 1.90, 1.96, 1.97, 2.01 (each
3H, s, acetyl), 3.50-3.78 (5H, H»-1, H»-3, H-5'), 3.86-3.97 (1H, m, H-2), 4.09 (1H, br
d, J = 12.1 Hz, H+6), 4.28 (1H, dd, J = 12.2 and 4.3 Hz, Hy-6), 4.51 (1H,
overlapped, H-1'), 4.51 and 4.63 (each 2H, s, OCH,Ph), 4.97 (1H, dd (apparent t), J =
8.7 Hz, H-2'), 5.03 (1H, dd (apparent t), J = 9.6 Hz, H-4'), 5.16 (1H, dd (apparent t), J
= 9.2 Hz, H-3), 7.30 (10H, br, aromatic H)

3C-NMR (75 MHz, CDCls, Figure 196) &: 62.4, 68.9, 69.7, 70.2, 71.8,
72.3, 725, 73.3, 73.9, 77.3, 101.4, 127.9, 128.6, 128.7, 138.5, 138.7, 169.4, 169.6,
170.4,170.8

'"H-'H COSY: (Figure 197)

1-O-(p-D-2',3,4' 6'-tetra-O-acetyl -glucopyranosyl)-sn-glycerol (30)
(224 mg, 80.4 %)

A mixture of 400 mg of 29 and 90 mg of 10% Pd/C in 10 ml of ethyl acetate
containing 0.25 ml each of ethanol and acetic acid was vigorous shaken under H; gas
using Parr apparatus for 5 h. The catalyst was filtered off, the filtrate was evaporated
and purified by column chromatography, eluted with ethyl acetate: hexane 3:1 to give
semisolid substance 30.

'H-NMR (300 MHz, CDCls, Figure 198) &: 2.01, 2.04, 2.06, 2.10 (each 3H,
s, acetyl), 3.52-3.95 (6H, Hy-1, H-2, H-3, H-5'), 4.22 (2H, br s, Hy-6"), 4.56 (1H, d, J
= 7.8 Hz, H-1'), 5.02 (1H, dd (apparent t), J = 9.4 and 7.5 Hz, H-2"), 5.09 (1H, dd
(apparent t), J = 9.4 Hz, H-4"), 5.23 (1H, dd (apparent t), J=9.4 Hz, H-3)

1,2-di-O-lauroyl-3-0O-(p-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol
(31a) (210.2 mg, 89.1%)

3la was prepared from 30 according to the general procedure for preparation
of mono-acid 1,2-di-O-acyl-3-O-(B-D-2,3,4',6'-tetra-O-acetyl-glycopyranosyl)-rac-
glycerols as described in Sec 4.3.

'H-NMR (300 MHz, CDCl3, Figure 199) §: 0.83 (6H, br t, J = 6.9 Hz), 1.22
(32H, br s), 1.54 (4H, br), 1.94, 1.96, 1.98, 2.02 (each 3H, s, acetyl), 2.23 (4H, br t, J
= 7.9 Hz), 3.57-3.70 (2H, Hx3 and H-5, 3.89 (1H, dd, J = 10.4 and 4.9 Hz, Hy-3),
4.05 (1H, dd, (apparent t), J = 6.2 Hz, Ha-1) 4.09 (1H, br s, H6), 4.15 (1H, br d, 4.6
Hz, Hy-1) 4.24 (1H, dd, J = 12.1 and 3.3 Hz, Hy-6"), 4.48 (1H, d, J = 7.8 Hz, H-1),
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4.93 (1H, dd (apparent t), J = 9.4 and 8.1 Hz, H-2), 5.01 (1H, dd (apparent t), J = 9.6
Hz, H-4"), 5.10-5.20 (2x2H, overlapped, H-2 and H-3)

3C-NMR (75 MHz, CDCls, Figure 200) &: 14.6, 21.1, 23.2, 25.4, 26.1, 29.6,
29.7, 29.8 29.9, 30.1, 32.4, 34.4, 34.5, 34.6, 62.3, 62.6, 68.1, 68.8, 70.1, 71.5, 72.3,
73.1,101.4, 169.4, 169.5, 170.3, 170.7, 172.9, 173.4

"H-'H COSY: (Figure 201)

1,2-di-O-linolenoyl-3-O-(4-D-2',3',4',6'-tetr a-O-acetyl -glucopyranosyl)-sn-glycerol
(31b) (160.2 mg, 56.7 %)
31b was prepared from 30 according to the general procedure for

preparation  of mono-acid  1,2-di-O-acyl-3-O-(B-D-2',3',4',6-tetra-O-acetyl-
glycopyranosyl)-rac-glycerols as described in Sec 4.3.

'H-NMR (300 MHz, CDCls, Figure 202) 8: 0.92 (6H, t, J = 7.5 Hz), 1.25
(16H, br s), 1.53 (4H, br), 1.98-2.08 (20H, overlapped), 2.25 (4H, br t, J = 7.0 Hz),
2.76 (8H, br t, J = 6.3 Hz), 3.58-3.68 (2H, H-3 and H-5"), 3.90 (1H, dd, J = 10.9 and
4.9 Hz, Hp-3), 4.05 (1H, dd (apparent t), J = 6.3 Hz, Hy-1) 4.11 (1H, br s, H.-6'), 4.20
(1H, br d, J = 4.6 Hz, Hy-1) 4.27 (1H, dd, J = 12.0 and 3.6 Hz, Hyx-6"), 4.48 (1H, d, J
= 7.8 Hz, H-1"), 4.93 (1H, dd (apparent t), J = 9.3 and 8.0 Hz, H-2'), 5.03 (1H, dd
(apparent t), J = 9.7 Hz, H-4), 5.14 (1H, overlapped, H-2), 5.16 (1H, dd (apparent t),
J = 9.3 Hz, H-3), 5.20-5.41 (12H, br)

3C-NMR (75 MHz, CDCls, Figure 203) &: 14.8, 21.1, 25.4, 25.5, 26.0,
26.1, 26.2, 27.7, 29.6, 29.7, 30.1, 30.2, 34.6, 34.7, 62.3, 62.6, 68.2, 68.8, 70.1, 71.5,
72.3,73.1,101.4, 127.4, 128.0, 128.5, 128.6, 130.5, 132.2, 169.4, 169.5, 170.4, 170.8,
1729, 173.4

1-O-linolenoyl-2-O-lauroyl-3-O-(p-D-2',3',4',6'- tetra-O-acetyl -glucopyr anosyl )-sn-
glycerol (31c) (165.9 mg, 64.0%)

31c was prepared from 30 according to the general procedure for
preparation of  mixed-acid  1,2-di-O-acyl-3-O-(B-D-2',3,4',6'-tetra-O-acetyl-
glycopyranosyl)-rac-glycerols as described in Sec. 4.5 .

H-NMR (300 MHz, CDCls, Figure 204) §: 0.85 (3H, br t), 0.92 (3H, t, J =
7.5 Hz), 1.15-1.37 (29H, br), 1.53 (4H, br), 1.92-2.08 (16H, overlapped), 2.25 (4H, br
t, J= 7.0 HZ), 2.76 (4H, br t, J = 6.3 Hz), 3.58-3.68 (2H, Hx-3 and H-5), 3.89 (1H,
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dd, J= 10.9 and 4.9 Hz, Hy-3), 4.05 (1H, dd (apparent t), J = 6.3 Hz, Hz-1) 4.09 (1H,
br s, Hy6), 4.19 (1H, br d, J = 4.6 Hz, Hy-1) 4.25 (1H, dd, J = 12.0 and 3.6 Hz, Hy-
6, 4.46 (1H, d, J = 7.8 Hz, H-1"), 4.91 (1H, dd (apparent t), J = 9.3 and 8.0 Hz, H-
2", 5.01 (1H, dd (apparent t), J = 9.7 Hz, H-4"), 5.10-5.18 (2H, H-2, H-3"), 5.20-5.40
(6H, br)

3C-NMR (75 MHz, CDCl3, Figure 205) &: 14.8, 21.1, 25.4, 26.0, 26.2, 27.5,
27.6, 27.7, 29.6, 29.7, 29.8, 29.9, 30.1, 30.2, 32.0, 34.6, 34.7, 62.3, 62.6, 68.1, 68.7,
70.1, 71.5, 72.3, 73.1, 101.4, 127.4, 128.0, 128.4, 128.5, 130.4, 132.2, 169.5, 170.3,
170.7,1729 173.4

1,2-di-O-lauroyl-3-O- -D-glucopyranosyl-sn-glycerol (32a) (29.8 mg, 48.2 %)
32a was prepared from 31a according to the general procedure for selective
removal of acetyl protecting groups as described in Sec. 4.6.
[o] ;5— 12.4° (CHCl3, ¢ 1.0)
'H-NMR (300 MHz, CDCls, Figure 206) &: 0.81 (6H, br), 1.22 (32H, br s),
1.55 (4H, br), 2.26 (4H, br), 3.25-3.38 (2H, H-2' and H-5), 3.42-3.59 (2H, H-3' and
H-4"), 3.62-3.70 (1H, br, Ha-3), 3.78 (2H, br s, H»-6"), 3.85-3.87 (1H, br, Hy-3), 4.10-
4.19 (1H, m, Hx1), 4.25 (1H, d, J = 7.7 Hz, H-1'), 4.38 (1H, br d, J = 10.4 Hz, Hy-1),
5.22 (1H, br, H-2)
3C-NMR (75 MHz, CDCls, Figure 207) &: 14.5 (), 23.0 (t), 25.2 (t), 25.3 (1),
29.5 (1), 29.6(t), 29.7 (t), 29.9 (t), 30.0 (t), 32.3 (t), 34.5 (1), 34.6 (t), 61.9 (t, C-6),
63.2 (t, C-1), 68.5 (t, C-3), 69.8 (d, C-3), 70.5 (d, C-2), 73.8 (d, C-2)), 76.2 (d, C-5),
76.6 (d, C-4"), 103.9 (d, C-1'), 173.8(s), 174.2(5)
Elemental analysisfor Cs3HgxO10 calcd. C: 64.036 H: 10.104
found C: 64.115 H: 10.189

1,2-di-O-linolenoyl-3-O--D-glucopyranosyl-sn-glycerol (32b) (21.5 mg, 27.7 %)

32b was prepared from 31b according to the general procedure for selective
removal of acetyl protecting groups as described in Sec. 4.6.

o] Zs— 9.5° (CHCls, ¢ 1.0)

'H-NMR (300 MHz, CDCls3, Figure 208) &: 0.93 (6H, t, J = 7.6 Hz), 1.25
(22H, br), 1.55 (4H, br), 1.95-2.12 (8H, br), 2.25 (4H, br t, J = 7.0 Hz), 2.75 (8H, br
t, J= 5.5 Hz), 3.23-3.42 (2H, H-2' and H-5"), 3.44-3.60 (2H, H-3 and H-4'), 3.66 (1H,
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dd, J = 10.8 and 6.6 Hz, H.-3), 3.78 (2H, br s, H.-6"), 3.85 (1H, dd, J = 11.0 and 5.2
Hz, Hp-3), 4.15 (1H, dd, J = 11.9 and 6.6 Hz, H.1), 4.28 (1H, d, J = 7.7 Hz, H-1)),
4.38 (1H, br d, J = 10.4 Hz, Hy-1), 5.18-5.45 (12H, br, H-2 and olefinic)
3C-NMR (75 MHz, CDCl5, Figure 209) &: 14.8 (q), 21.1 (t), 25.4 (t), 26.0 (t),
26.2 (1), 27.5 (t), 27.6 (1), 27.7 (t), 29.6 (t), 29.7 (1), 29.8 (t), 29.9 (1), 30.1 (t), 30.2 (1),
32.0 (1), 34.6 (1), 34.7 (t), 61.9 (t, C-6'), 63.3 (t, C-1), 68.5 (t, C-3), 69.8 (d, C-3), 70.6
(d, C-2), 73.8 (d, C-2), 76.2 (d, C-5), 76.6 (d, C-4'), 103.8 (d, C-1), 127.4 (d), 128.1
(d), 128.5 (d), 128.6 (d), 130.4 (d), 132.2 (d), 173.5 (s), 174.0 (3)
Elemental analysisfor C4sH740,0 calcd. C: 69.720 H: 9.629
found C: 69.809 H: 9.778

1-O-linolenoyl-2-O-lauroyl-3-O- #-D-glucopyranosyl-sn-glycer ol (32c)
(mixture, 24.0 mg, 34.5%)
32c was prepared from 31c according to the general procedure for selective
removal of acetyl protecting groups as described in Sec.4.6.
[o] :’— 11.6° (CHCl3, ¢ 1.0)
'H-NMR (300 MHz, CDCls, Figure 210) &: 0.85 (3H, br), 0.93 (3H,t,J= 7.6
Hz), 1.25 (29H, br), 1.58 (4H, br), 2.02 (4H, br), 2.27 (4H, br t, J = 7.0 Hz), 2.75
(3H, br t), 3.23-3.42 (2H, H-2' and H-5"), 3.44-3.60 (2H, H-3 and H-4'), 3.66 (1H, dd,
J=10.8 and 6.6 Hz, Hz-3), 3.79 (2H, br s, H>-6"), 3.87 (1H, dd, J = 11.0 and 5.2 Hz,
Hp-3), 4.15 (1H, dd, J = 11.9 and 6.6 Hz, H;-1), 4.28 (1H, d, J = 7.7 Hz, H-1'), 4.38
(1H, br d, J = 10.4 Hz, Hy-1), 5.22 (1H, overlapped, H-2), 5.23-5.45 (6H, br)
3C-NMR (75 MHz, CDCls, Figure 211) 8: 14.8 (g), 21.1 (t), 25.4 (t), 26.0 (1),
26.2 (1), 27.5 (t), 27.6 (1), 27.7 (1), 29.6 (), 29.7 (1), 29.8 (1), 29.9 (1), 30.1 (t), 30.2 (1),
32.0(t), 34.6 (), 34.7 (t), 61.8 (t, C-6"), 63.4 (t, C-1), 68.5 (t, C-3), 69.7 (d, C-3), 70.6
(d, C-2), 73.8 (d, C-2), 76.2 (d, C-5), 76.6 (d, C-4), 103.8 (d, C-1"), 127.4 (d), 128.0
(d), 128.5 (d), 128.6 (d), 130.5 (d), 132.2 (d), 173.5(s), 173.6 (), 173.9(s), 174.0 ()
IR (cm™): 3295 (v O-H), 2925 (v C-H), 1737 (v C=0) (Figure 212)
Elemental analysisfor CsgHesO10 calcd. C: 67.195 H: 9.840
found C: 67.316 H: 9.990
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1-O-linolenoyl-3-O-(#-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol  (33)
(165.1 mg, 58.4%)

33 was prepared from 30 according to the general procedure for preparation
of 1-O-acyl-3-O-(B-D-2',3,4',6'-tetra-O-acetyl-glycopyranosyl)-rac-glycerols  as
described in Sec. 4.4.

'H-NMR (300 MHz, CDCl5, Figure 213) &: 0.93 (2x3H, t, J = 7.6 Hz), 1.27
(10H, br), 1.60 (2x2H), 1.98-2.08 (16H, overlapped), 2.30 (2H, br t, J = 7.0 Hz), 2.78
(2x4H, br t, J = 5.5 Hz), 3.60-3.76 (3H, H»-3 and H-5'), 3.95 (1H, m, H-2), 4.06 (2H,
H,-6"), 4.10-4.22 (2H, H,-1), 4.51 (1H, d, J = 7.7 Hz, H-1'), 4.95 (1H, H-2), 5.01 (1H,
H-4'), 5.16 (1H, H-3'), 5.20-5.40 (6H)

3C-NMR (75 MHz, CDCls, Figure 214) &: 14.8 (q), 21.1 (t), 25.4 (t), 26.0
(), 26.2 (1), 27.5 (t), 27.6 (1), 27.7 (1), 29.6 (t), 29.7 (1), 29.8 (1), 29.9 (1), 30.1 (t), 30.2
(t), 32.0 (t), 34.6 (1), 34.7 (1), 62.3 (t, C-6'), 65.4 (t, C-1), 68.7 (d, C-2), 69.2 (d, C-3),
71.6 (t, C-3), 72.3 (d, C-2), 72,5 (d, C-4'), 73.0 (d, C-5), 101.7 (d, C-1'), 127.4 (d),
128.0 (d), 128.5 (d), 128.6 (d), 130.5 (d), 132.2 (d), 169.5,169.6, 170.3 (s), 170.7,
174.0 ()

1-O-linolenoyl-3-O- #-D-glucopyranosyl-sn-glycerol (34) (24.5 mg, 31.6%)
34 was prepared from 33 according to the general procedure for selective
removal of acetyl protecting groups as described in Sec.4.6.
o] Zs— 9.4°(CHCls, ¢ 1.0)
'H-NMR (300 MHz, CDCl3-D,0, Figure 215) &: 0.94 (3H, t, J = 7.6 Hz),
1.29 (10H, br), 1.59 (2H), 1.95-2.10 (4H, m), 2.30 (2H, br t, J = 7.0 Hz), 2.78 (4H,
br), 3.25-3.39 (2H, H-2' and H-5"), 3.40-3.52 (2H, H-3' and H-4"), 3.65-3.90 (4H, H-
6', Ho-3) 3.95-4.15 (3H, H»-1, H-2), 4.32 (1H, d, J = 7.7 Hz, H-1'), 5.20-5.40 (6H)
3C-NMR (75 MHz, CDCls, Figure 216) &: 14.8 (q), 21.1 (t), 25.4 (t), 26.0
(1), 26.2 (1), 27.5 (t), 27.6 (), 27.7 (1), 29.6 (t), 29.7 (1), 29.8 (1), 29.9 (1), 30.1 (t), 30.2
(), 32.0 (t), 34.6 (1), 34.7 (1), 61.2 (t, C-6)), 65.5 (t, C-1), 68.7 (d, C-2), 69.6 (d, C-3),
71.6 (t, C-3), 73.6 (d, C-2), 76.3 (d, C-4' and C-5"), 103.1 (d, C-1"), 127.4 (d), 128.0
(d), 128.5 (d), 128.6 (d), 130.5 (d), 132.2 (d), 174.6 (5)
DEPT 135 (Figure 217)
'H-'H COSY: (Figure 218)
HMQC: (Figure 219)
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Elemental analysisfor C4sH74010 calcd. C: 62.997 H: 9.014
found C: 62.889 H: 9.156

1,2-di-O-benzyl-3-O-(4-D-2',3',4',6'-tetra-O-acetyl -gal actopyranosyl )-sn-glycerol
(35) (605.5 mg, 50.5%)

35 was prepared from 28 according to the general procedure for
glycosylation as described in Sec.4.l. The product was purified by column
chromatography eluted with hexane : EtOAc (4:1)

'H-NMR (300 MHz, CDCl3, Figure 220) &: 1.96, 1.98, 2.01, 2.10 (each 3H,
acetonide), 3.51-3.60 (2H), 3.64-3.78 (2H), 3.84 (1H) 3.95 (1H), 4.12 (2H), 4.45( 1H,
d, J=7.7 Hz, H-1)), 451 (2H), 4.62 (2H), 4.97 (1H, dd, J = 3.3 and 10.5 Hz, H-3),
5.17 (1H, dd, J = 8.0 and 10.4 Hz, H-2"), 5.35 (1H, d, 3.0 Hz, H-4)

B3C-NMR (75 MHz, CDCls, Figure 221) &: 61.7, 67.5, 69.3, 69.6, 70.2,
71.1, 71.3, 725, 73.9, 77.3, 101.9, 127.9, 128.0, 128.6, 128.7, 138.5, 138.7, 169.6,
170.3, 170.4, 170.5

1-O-(p-D-2',3,4',6'-tetra-O-acetyl-gal actopyranosyl)-sn-glycerol (36)
(206 mg, 73.9%)
36 was prepared from 35 according to the procedure for preparation of 30
'H-NMR (300 MHz, CDCls, Figure 222) §: 1.98, 2.01, 2.02, 2.13 (each 3H,
s, acetyl), 3.53-3.96 (6H, H,-1, H-2, H,-3and H-5"), 4.14 (2H, br s, H»-6"), 4.48 (1H,
d, J=7.8 Hz, H-1), 5.01 (1H, dd, J = 10.4 and 3.3 Hz, H-3)), 5.18 (1H, dd, J = 9.9
and 8.4 Hz, H-2"), 5.38 (1H, br d, J = 3.0 Hz, H-4")

1,2-di-O-linolenoyl-3-O-(#-D-2',3',4',6'- tetr a-O-acetyl -gal actopyr anosyl)-sn-glycer ol
(37) (159.0 mg, 56.3%)

37 was prepared from 36 according to the general procedure for preparation
of mono-acid 1,2-O-diacyl-3-O-(B-D-2',3',4',6'-tetra-O-acetyl-glycopyranosyl)-rac-
glycerols as described in Sec 4.3.

'H-NMR (300 MHz, CDCls, Figure 223) &: 0.92(6H, br t, 6.5 Hz), 1.25
(18H, br), 1.55 (4H, br), 1.92-2.10 (20H, overlapped), 2.25 (4H, br t, 6.3 Hz), 2.75
(8H, br s), 3.58-3.64 (1H, br, Hx-3), 3.80-3.95 (2H, Hy-3 and H-5'), 4.01-4.15 (3H,
Ha1 and Ho-6Y), 4.25 (1H, br d, J = 11.7 Hz, Hp-1), 4.42 (1H, br d, J = 7.4 Hz, H-1),
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4.95 (1H, br d, J = 10.4 Hz, H-3)), 5.10-5.20 (2H, H-2 and H-2"), 5.21-5.40 (13H, br,
H-4'" and olefinic)

3C-NMR (75 MHz, CDCls, Figure 224) &: 61.6, 62.7, 67.4 , 68.0, 69.0,
70.1,71.1, 71.2, 101.9, 127.4 (d), 128.0 (d), 128.4 (d), 128.5 (d), 130.4 (d), 132.2 (d),
169.6 (s), 170.2 (s), 170.3 (s), 170.5 (s), 172.9 (3), 173.4 ()

1,2-di-O-linolenoyl-3-O-4-D-gal actopyranosyl-sn-glycerol (38)
(mixture, 20.2 mg, 26.0%)
38 was prepared from 37 according to the general procedure for selective
removal of acetyl protecting groups as described in Sec.4.6.
[o] ;5— 10.5° (CHCl, ¢ 1.0)
'"H-NMR (300 MHz, CDCls, Figure 225) &: 0.95 (6H), 1.30 (26H), 1.58 (4H),
2.01 (8H), 2.32 (4H), 2.78 (6H), 3.50 (1H, t, J = 5.5 Hz, H-5"), 3.58 (1H, br d, J = 9.7
Hz, H-3), 3.65 (1H, br d, J = 9.8 Hz, H-2), 3.70 (1H, dd J =6.5 and 11.1 Hz, Hx:-3),
3.80 (1H, dd, J= 4.3 and 12.0 Hz, H,-6"), 3.89 (1H, dd, J = 3.8 and 10.9 Hz, Hy-3),
3.94 (1H, br d, J = 12.3 Hz, Hyx-6"), 3.99 (1H, br s, H-4'), 4.18 (1H, dd, J = 6.6 and
12.0 Hz, Hy 1), 4.25 (1H, d, J = 7.3 Hz, H-1'), 4.38 (1H, dd, J = 3.5 and 12.0 Hz, Hy-
1), 5.20-5.40 (13H, overlapped, H-2 and olefinic H)
3C-NMR (75 MHz, CDCl3, Figure 226) &: 14.7 (), 22.2 (t), 23.0 (t), 25.3 (t),
27.3 (t), 27.5 (1), 29.4 (), 29.6 (t), 29.8 (t), 29.9 (t), 30.1(t), 30.2 (t), 31.2 (1), 34.5 (1),
34.6 (t), 35.0 (t), 63.1 (t, C-6"), 63.2 (t, C-1), 68.7 (t, C-3), 69.9 (d, C-4'), 70.6 (d, C-
2), 71.9 (d, C-2", 73.9 (d, C-3), 75.0 (d, C-5", 104.3 (d, C-1), 127.4 (d), 128.0 (d),
128.5 (d), 130.5 (d), 132.0 (d), 173.7 (s, carbonyl), 173.9 (s, carbonyl)
Elemental analysisfor C4sH74010 calcd. C: 69.720 H: 9.629
Found C: 69.459 H: 9.898



CHAPTER IV
RESULTSAND DISCUSSION

B-galactosyl diglycerides isolated from C. nutans leaves, as mentioned,
showed promising anti-HSV activity. In order to investigate the structure-activity
relationships against HSV of this class of compounds, the target compounds were
designed, synthesized, and evaluated for activity. In this research, the effect of fatty
acyl moieties, sugar, and the effect of stereochemistry at C-2 position on anti-HSV

activity were investigated.

1. Effect of Fatty Acyl Moietiesat C-1 and C-2 on Anti-HSV Activity
Our first attempt is to study only the effect of the fatty acyls in the
glycoglycerolipids, therefore, glucose was selected as the sugar part. A series of 1,2-
di-O-acyl-3-O-B-D-glucopyranosyl-rac-glycerols bearing various chain length of
either saturated or unsaturated fatty acids were synthesized as the racemic mixture
which could be divided into 2 groups, i.e. mono-acid 1,2-di-O-acyl-3-O-(B-D-
2',3',4' 6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerols and mixed-acid 1,2-di-O-acyl-
3-O-(B-D-2',3 4’ ,6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerols.  The mono-acid
1,2-di-O-acyl-3-O-(B-D-2',3',4',6'-tetra- O-acetyl-glucopyranosyl-rac-glycerols  refer
to the compounds bearing the same fatty acyl moieties at C-1 and C-2 wheares the
mixed-acidl,2-di-O-acyl-3-O-(3-D-2',3',4',6'-tetra- O-acetyl-glucopyranosyl)-rac-gly-
cerols refer to the compounds bearing the different fatty acyl moieties at C-1 and C-2
position. The general structures of compounds to be synthesized are shown in Figure

227 and the synthetic procedures are outlined in Scheme 1.
OH o
a \% ol2
HO °r o ,
HO , o
2" OH \3/5/ R
L1 1

R;, R, =various acyls(fatty acyls, aromatic acyl)

Figure 227. The general chemical structures of 1,2-di-O-acyl-3-O-3-D-

glucopyranosyl-rac-glycerolsto be synthesized.
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The initial step, glycosylation, was carried on via the classical Koenigs-
Knorr procedure. In this reaction, acetobromo-a.-D-glucose (1) using as the glycosy!
donor was allowed to react with the glycosyl acceptor, D,L-a.,B-isopropylidene
glycerol (2) in the presence of an equivalent amount of silver carbonate in dry
dichloromethane providing the 1:1 mixtures of two diastereomeric 1,2-O-
isopropylidene-3-O-(B-D-2',3' ,4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol  (3)
which was confirmed by the 1:1 ratio of the anomeric protons signals at 6 4.61 and

4.63 (two overlapped doublets) in the *H-NMR spectrum (Table 4 and Figure 19).

Table 4. Chemical structure and *H-NMR assignment of 1,2-O-isopropylidene-3-O-
(B-D-2',3,4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol (3).

H 1
Position & 'H (ppm), (mult., Jin Hz)
acetonide 1.34,1.42 (s, each 2 x 3H)
acetyl 2.01, 2.03, 2.05, 2.11 (s, each 2 x 3H)
1,2,35,6 3.60-4.33 (not assigned, 2 x 8H)
i¢ 4.61 and 4.63 (d, 7.6, each 1H)
> 5.01 and 5.03 (dd, 9.8, 7.5, each 1H)
3 5.22 and 5.23 (dd, 9.4, 9.4, each 1H)
& 5.09 (dd, 9.5, 9.8, 2 x 1H)

The coupling constants of the anomeric protons were 7.6 Hz indicating
that the diastereomeric products obtained as p-glucosidic linkage. The B-selective
glycosidic bond formation was attained by the use of acetobromo-a.-D-glucose with a
neighboring-group-active acetyl substituent at 2-OH in the presence of an insoluble

silver carbonate. The acetobromo-a-D-glucose adsorbed onto the silver carbonate
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underwent a concerted reaction with the alcohol (2) by assuming a Sy2 mechanism.
On the other hand, this B-glycosylation reaction could be explained by assuming a

Sn1 mechanism via an acyloxonium ion intermediate as illustrated in Figure 228.

o4 - OAc O\S
Wl + AgCO;,
OAC | Br ---- Ag,CO, OAC

’ } I OAcC a (b) (2)
OAC Br ----Ag acyloxonium ion O/+§

o -
/\ ° (@ \\:)
OAc
\ O/ ><
0 o) o
OAc
6ac © O\)?/ \
(@)
OAC o (3) o/f \/K/O
o—/
orthoester

+ 2 AgBr + H,0 + CO,

Figure 228. The proposed mechanism of glycosylation reaction.

However, this Syl reaction rendered the formation of orthoester by-
products lowering the pB-glycoside formation. Moreover, the water formed in this

reaction also reacted with acetobromo-a-D-glucose and reduced the vyields,
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nevertheless, this water could be removed with Drierite or molecular sieves. Then
the peracetylated glucoside (3) was deacetonized by 60% acetic acid in aqueous
solution at 60° C to provide 1-O-(B-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-rac-
glycerol (4) in quantitative yield. The anomeric proton of 4 in the *H-NMR spectrum
(Figure 21 and 229) showed only a doublet signal (J = 7.8 Hz) at 6 4.56 ppm,
however, anomeric carbons (Figure 22) showing 1:1 ratio carbon signals separated

about 0.1 ppm confirmed the 1:1 mixture of 4.

OAc

AcO
AcO

OA(\

§'H 4.56(d,J= 78Hz, 2x1H)
§ 1*C 101.3 and 101.4 ppm

Figure 229. Chemica structure of 1-O-(B-D-2',3',4',6'-tetra-O-acetyl-
glucopyranosyl)-rac-glycerol (4).

Then, 4 was subjected to perform acylation reaction under mild esterification
providing peracetylated glucosyl diglycerides. The mono-acid 1,2-di-O-acyl-3-O-(j3-
D-2',3,4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerols (5a-j) were prepared by
one step diacylation of 4 with alittle excess of the desired fatty acids in the presence
of dicyclohexyl carbodiimide (DCC) and dimethylamino pyridine (DMAP) at room
temperature. The proposed mechanism of reaction is depicted in Figure 230.
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Figure 230. The proposed mechanism of esterification reaction.

The chemica structures and some physical properties of 5a-j are
illustrated in Table 5.
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Table 5. The chemical structures and some physical properties of compounds 5a-j.

2
3 71

Compounds R1 R2 description Yield (%)
5a caproyl caproyl amorphous solid 90.5
5b lauroyl lauroyl amorphous solid 90.2
5c myristoyl myristoyl amorphous solid 835
5d pa mitoyl pa mitoyl amorphous solid 77.5
5e stearoyl stearoy! amorphous solid 78.1
5f behenoyl behenoy! amorphous solid 55.1
59 oleoyl oleoyl Syrupy mass 72.6
5h linoleoyl linoleoyl Syrupy mass 69.9
5i o-linolenoyl o-linolenoyl Syrupy mass 56.1
5] benzoyl benzoyl amorphous solid 50.0

The percentage yields of these compounds were in the range of 50-90%
and the chemical structures of these compounds were anayzed by NMR
spectroscopy.  The mono-acid peracetylated glucosyl diglycerides containing
saturated fatty acyl moieties (5a-f) showed the similar pattern of proton signals at 6
0.80-0.90 (2 x 6H, br t, J = 6.9Hz, terminal methyl), 1.18-1.25 (br, bulk methylene),
1.50-1.56 (2 x 4H, br, B-CH2-), 1.90-2.08 (2 x 12H, 4s, acetyl), 2.20-2.29 (2 x 4H, a-
CH.-), 3.50-3.72 (2 x 2H, Hx3, H-5',), 3.80-3.94 (2 x 1H, Hyp-3), 3.95-4.10 (2 x 2H,
Hal, Ha6), 4.11-4.30 (2 x 2H, Hy-1, He6'), 4.42-4.52 (2 x 1H, two overlapped
doublets, J = 7.7-7.9 Hz, H-1'), 4.88-4.97 (2 x 1H, dd, 9.4, 7.6 Hz, H-2'), 4.98-5.05
(2 x 1H, apparent t, 9.6 Hz, H-4), 5.10-5.14 (2 x 2H, overlapped, H-3'and H-2)
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(Figures 25, 27, 31-34). The genera structures and proton assignments of these

compounds are summarized in Figure 231.

3.95-4.10

4.11-4.30
4.88-4.97 (0]

4.98-5.05 OA
—™H x 9/ 3.80-3.94 >\\/\M/CH3
4 ", . ¥ g n / 1.18-1.25

- H H Hag
\2 H g /Hb 2.20-229 150156 0.80-0.90

5.105.14 7% 250372 | 350372

3.95-4.10

25y 510-514 411-430

5a-f
Figure 231. The general structures and proton assignment of compounds 5a-f.

The connectivities of these protons were confirmed by the correlations in
the 2D 'H-'H COSY spectra (Figures 29, 35). The *H-NMR spectra of mono-acid
peracetylated glucosyl diglycerides containing unsaturated fatty acyl moieties (5g-i)
(Figures 36, 38-39) showed the similar pattern of proton signals as observed in those
of 5a-f with additional signals at 6 5.20-5.40 (olefinic protons), 1.98-2.08 (allylic
methylene protons), 2.76-2.78 (methylene protons lying between two double bonds of
linoleic or linolenic acid alkyl chains). Furthermore, the outstanding sharp triplet at 6
0.93-0.95 (J = 7.5 Hz) were observed in *H-NMR spectra of compounds bearing o-
linolenoyl moiety. The chemical structure of 5 bearing aromatic acyl moiety was
confirmed by *H-NMR spectrum of which showing 12 acetyl protons at & 1.96, 1.98,
2.02, 2.04 (each 3H, 4s,), 6 3.48-5.58 (2 x 12H, sugar and glycerol protons), 7.45-8.00
(2 x 10H, aromatic protons) (Figure 41)

The synthesis of the defined mixed-acid 1,2-di-O-acyl-3-O-(B-D-
2',3',4'6'-tetra-O-acetyl-glucopyranosyl-rac-glycerols could be furnished by stepwise
acylation of 4 with the desired fatty acyls at 0° C to provide 1-O-acyl-3-O-(B-D-
2' 3,4’ 6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerols (7a-€). Table 6 illustrates the

chemical structures and some properties of these compounds.



Table 6. The chemical structures and some properties of compounds 7a-e.
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o OH
\/g/o R,
3 A
Compounds R1 Description Yield (%)
7a lauroy! amorphous solid 67.8
7b a-linolenoyl Syrupy mass 63.5
7c stearoy! amorphous solid 68.1
7d behenoyl amorphous solid 57.1
Te benzoyl amorphous solid 50.1

The proton signals patterns of these compounds in the *H-NMR spectra
(Figures 47, 49, 51-52, 54) were similar to those of 1,2-di-O-acyl-3-O-(B-D-

2',3 4’ ,6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerols. However, the proton signals

of H-2 of these glucosyl monoglycerides were observed at 6 3.90-3.95 ppm instead of

at 5.10-5.14 ppm as observed in the *H-NMR spectra of the peracetylated glucosyl

diglycerides indicating that the fatty acyl moiety were attached to C-1 hydroxy! of the

glycerol backbone. Subsequent acylation of 7a-e with the second fatty acids at room
temperature provided the defined mixed-acid 1,2-di-O-acyl-3-O-(B-D-2',3',4',6'-tetra-

O-acetyl-glucopyranosyl)-rac-glycerols (5k-q). The chemical structures and some

properties are shown in Table 7, and the chemical structures of these compounds were
confirmed by NMR spectra (Figures 59-64).
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Table 7. The chemical structures and some properties of compounds 5k-q.

OR,
\/Zg/ OR,
3 A
Compounds R R2 Description Yield (%)
5k lauroy! oleoyl semisolid 72.0
5| stearoyl lauroyl amorphous solid 84.9
5m stearoy!l behenoyl amorphous solid 64.8
5n behenoyl lauroyl amorphous solid 69.9
50 behenoyl oleoyl semisolid 68.1
5p o-linolenoyl linoleoyl Syrupy mass 59.9
5q benzoyl lauroyl amorphous solid 52.0

The most difficult step in this synthetic procedure was the selective
removal of the acetate moieties of peracetylated glucosyl diglycerides without
affecting the fatty acyl groups on the glycerol backbone. Successful deacetylation
was carried out by hydrazinolysis of those compounds (5a-q) using hydrazine hydrate
(3 moles per acetate group) in 85% ethanol agueous solution to give the
corresponding 1,2-di-O-acyl-3-O-p-D-glucopyranosyl-rac-glycerols (6a-q). The
preferential removal of acetyl groups in the presence of long chain acyl groups was
considered to be due rather to the insoluble ability in water of the hydrophobic fatty
acid chains, than to the polar sugar moiety. The glucosy! diglycerides form micelles
with a hydrophilic center and expose the more polar sugar acetates to the polar
solvent.  The hydrophilic coat might protect the fatty acid esters from attack by
hydrazine (Wehrli and Pomeranz, 1969). All of these synthetic glucosyl diglycerides
could not be purified by crystallization, and then, column chromatographic technique
was used for purification.  The chemical structures of these final compounds were
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elucidated by extensive analysis of the spectroscopic data, mainly NMR spectra.  All
of the *H-NMR spectra of the glucosy! diglycerides bearing saturated fatty acyls at C-
1 and C-2 displayed the similar proton signals at 6 0.80-0.95 (2 x 6H, br t, J = 6.7
Hz), 1.15-1.28 (br s), 1.50-1.60 (2 x 4H, br), 1.98-2.28 (2 x 4H, br t, J = 7.0 Hz),
3.20-3.40 (2 x 2H, H-2' and H-5"), 3.41-3.60 (2 x 2H, H-3' and H-4'), 3.62-3.65 (each
1H, dd, J = 10.7 and 6.4 Hz, Hz-3), 3.79-3.80 (2 x 2H, br s, H»-6"), 3.85-3.89 (2 x 1H,
br d, J = 10.5 Hz, H-3), 4.06- 4.15 (each 1H, dd, J = 12.0 and 6.7 Hz, Hy1), 4.25-
4.29 (2 x 1H, d, J=7.7 Hz, H-1), 4.34-4.35 (2 x 1H, br d, J = 10.4 Hz, Hy-1), 5.24-
5.27 (2 x 1H, br, H-2).(Figure 67, 69, 77, 79, 81, 86, 112, 118, 123). The genera

structures and proton assignments of these compounds are summarized in Figure 232.

3.79-3.80
3.20-3.40 (0]

3.41-3.60 QW £ 74
—™H ‘L / 3.62-3.65 WCH3
' g ¥ 1.15-1.28
(@)

O 1 OHa . 5 \ A /
n"CH,
HD 4 Ha o) \ ~_
1.50-1.60 080,95
PRT SIV S f o
4.06-4.15
405409 324527 434435
Ga'f, 6|, 6m’ 6n

Figure 232. The general structures and proton assignments of compounds bearing
saturated fatty acyls 6a-f, 61, 6m, 6n.

For the compounds containing unsaturated fatty acyl moieties, additional
olefinic and related methylene proton signals were observed as above-mentioned
(Figures 90, 96, 100, 107, 129, 134). The chemical structures and some physical
properties are summarized in Table 8.
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Table 8. The chemical structures and some physical properties of compounds 6a-q.

OR,
2
\/g/ORl
3
H 1
Compounds R1 R2 Description | Yield | Elemental Analysis
(%) C H
6a caproyl caproyl | amorphous | 56.7 | Cdcd 61881 9.677
: Found 61.859 9.695
solid
6b lauroy! lauroyl | amorphous | 51.1 | Cacd 64036 10.104
h Found 63.984 10.122
solid
6c myristoyl | myristoyl | amorphous | 52.9 | Cdcd. 65827 10459
\ Found 65.854 10.498
solid
6d palmitoyl | palmitoyl | amorphous | 47.5 | Cacd. 67.346 10.760
. Found 67.401 10.809
solid
6e stearoyl | stearoyl | amorphous | 35.4 | Calcd. 68648 11.018
: Found 68.727 11.268
solid
6f behenoyl | behenoyl | amorphous | 28.1 | Cacd. 70.765 11438
. Found 70.885 11.569
solid
69 oleoyl oleoyl semisolid | 35.9 | Cacd 69.002 10.560
Found 69.120 10.665
6h linoleoyl | linoleoyl | syrupymass | 33,0 | Cacd 69359 10.097
Found 69.596 10.390
6i a-linolenoyl | a-linolenoyl | syrupy mass 30.4 | Cacd 69.720 9.629
Found 69.829 9.989
6 benzoy! benzoyl | amorphous | 32.0 | Cdcd. 59.721 5670
. Found 60.201 5.799
solid
6k lauroyl oleoyl semisolid | 43.9 | Calcd 66808 10.359
Found 66.879 10.398
6l stearoyl lauroyl | amorphous | 40.2 | Cdcd 66617 10.616
Found 66.520 10.566

solid
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Table 8. The chemical structures and some physical properties of compounds 6a-q
(continued).

Compounds R1 R> Description | Yield | Elemental analysis
(%) C H
6m stearoyl | behenoyl | amorphous | 31.0 | Cécd. 69.777 11.242
. Found 69.809 11.012

solid
6n behenoyl lauroyl | amorphous | 37.7 | Calcd. 68021 10894
] Found 68.290 11.094

solid
60 behenoyl oleoyl semisolid | 31.9 | Cacd 69.994 11.029
Found 69.817 10.898
op o-linolenoyl | linoleoyl | Syrupy mass | 30,9 | Calcd. 70446 9.992
Found 70.801 10.285
6q benzoyl lauroyl | amorphous | 34.0 | Cdcd. 62188 8208
\ Found 62286 8.395

solid

The correlations in 2D *H-'H COSY spectral data (Figures 71, 92, 106, 114,
125, 131) confirmed the connectivities of these protons.  The connectivities of these
protons to the oxygenated carbons were obtained from the HMQC spectra.  Table 9
summarizes the assignments for 'H, ¥*C-NMR, 'H-'H COSY and HMQC of 6g.
Interestingly, the anomeric protons of most peracetylated glucosyl diglycerides were
observed as 1:1 ratio of two overlapped doublets (J = 7.5-7.8 Hz), indicating the 1:1
mixtures of the diastereomers while those of the corresponding deacetylated final
products as a doublet.  However, the *C-NMR spectra of these final products
showing 1:1 ratio of anomeric carbon signals separated about 0.1-0.2 ppm confirmed
the 1:1 mixtures of the final diastereomeric glucosyl diglycerides.  In addition, some
compounds were not so pure which could be observed by NMR spectral data, for
instance, the *H-NMR spectrum of 1,2-O-dilinolenoyl-3-O-B-D-glucopyranosy!-rac-
glycerol (6h) (Figure 96) showed only two methylene protons at 6 2.78, actually they
should be four methylene protons, and olefinic protons were observed only six
protons instead of eight protons.
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Table 9. Peak assignments for *H-NMR, *C-NMR, *H-'H COSY and HMQC of
1,2-di-O-oleoyl-3-O-B-D-glucopyranosyl-rac-glycerol (69).

o
HMQC
Position | & *C (ppm) & 'H (ppm) 'H-'H cosy | 'Hto®C
la 63.2and 63.3 | 4.07,4.14 (dd, 12.0,6.7) | Hy-1, H-2 C-1
1b 4.34 (br d, 11.8) Hq1, H-2 C-1
2 70.4 and 70.5 5.22 (br) Ha1, He3 C-2
Hp-1, Hp-3
3a 68.4 3.62,3.65(dd, 10.7,6.4) | Hy-3,H-2 C-3
3b 3.86 (br d, 10.6) H.-3, H-2 C-3
1 103.7 and 4.29 (d, J=7.5 Hz) H-2' C-1
103.9
2 73.6 and 73.7 3.33 (m) H-1', H-3 C-2
3 69.7 3.54 (m) H-2', H-4' C-3
& 76.6 and 76.7 3.50 (m) H-3', H-5' C-4
5 76.2 and 76.3 3.26 (m) H-4', H-6' C-5
6’ 61.8 3.79 (br s) H-5 C-6'

The mass analysis of these glucosyl diglycerides was performed by both
positive and negative-ion FABMS.  In the positive-ion FABMS, a good quality
spectra showing quasi-molecular ion (M + Na)* were obtained only upon adding
alkaline salt to the matrix, however, free fatty carboxyl ions fragmentations were not
observed. In the negative-ion FABMS of these compounds with diethanolamine as

the matrix gave the spectra showing quasi-molecular ion (M - H) and fatty
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carboxylate ions fragmentation. The proposed positive-ion and negative-ion FABMS
fragmentation patterns are shown in Figure 233 and Figure 234, respectively.

(0]

OH »\
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o o O 2
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Figure 234. The proposed negative-ion FABM S fragmentation pattern.
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The anti-HSV activity of these synthetic glucosyl diglycerides was
determined as shown in Table 10.

Table 10. Anti-HSV activity of glucosyl diglycerides and related derivatives.

Compounds Concentration Plaque reduction assay (% inhibition)
(ug/ml)
HSV-1 HSV-2

50 n.a n.a

4 50 n.a n.a
5a 50 n.a n.a
5b 50 n.a n.a.
oSC 50 n.a n.a
5d 50 n.a n.a
se 50 n.a n.a
5f 50 n.a n.a
5g 50 n.a n.a
5h 50 n.a n.a.
5i 50 n.a n.a.
5j 50 n.a n.a
5j 50 n.a n.a
5k 50 n.a n.a.
5| 50 n.a n.a
sm 50 n.a n.a
sn 50 n.a n.a
50 50 n.a n.a
S5p 50 n.a n.a
5q 50 n.a n.a
6a 50 n.a n.a
6b 50 80 50
6C 50 20 n.a
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Table 10. Anti-HSV activity of glucosyl diglycerides and derivatives (continued).

compounds Concentration Plaque reduction assay (% inhibition)
(ng/ml) HSV-1 HSV-2
6d 50 n.a n.a
6e 50 n.a n.a
of 50 n.a n.a
69 50 n.a 25
6h 50 50 50
6i 50 94 97
6] 50 n.a n.a
6k 50 13 17
6l 50 n.a. n.a.
6m 50 n.a n.a
6n 50 n.a 20
60 50 n.a 10
6p 50 90 70
6q 50 n.a n.a

n.a.= not active

The data showed that the peracetylated glucosyl diglycerides (5a-q) did not
possess anti-HSV activity at concentration 50 ug/ml.  The glucosy! diglycerides
bearing the same saturated fatty acyl moiety (6a-f) and different fatty acyls (6l-n) at
C-1 and C-1 position displayed little or no inhibitory activity, except 6b containing
dilauroyl (C12:0) moiety. On the other hand, glucosyl diglycerides bearing the same
unsaturated fatty acyls (6g-i) and different fatty acyls (6k, 60-p) exhibited higher
inhibitory activity than those bearing saturated fatty acyls. The glucosyl diglycerides
bearing aromatic acyls (6j, 6q) showed no activity. By comparing anti-HSV activity
of four compounds containing 18 carbon atoms fatty acyls (6g-i, 6p), the data showed
that inhibitory activity of these compounds followed the order 6i > 6p > 6h > 6g.
These observations suggested that glucosyl diglycerides possessing more olefinic

character displayed higher anti-HSV activity, however, the peracetylated form of
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these compounds displayed no activity, indicating a requirement for free hydroxyl

groups in these compounds for anti-HSV action.

In addition, glucoside derivative lacking fatty acyl moiety (4) exhibited no

activity.

These results indicated that fatty acyl moiety at C-1 and C-2 positions were
important for activity and 1,2-di-O-lauroyl-3-O-3-D-glucopyranosyl-rac-glycerol
(6b) and 1,2-di-O-linolenoyl-3-O-p-D-glucopyranosyl-rac-glycerol (6i) were the

promising anti-HSV compounds for further investigations.

Then, 1-O-lauroyl-3-O-B-D-glucopyranosyl-rac-glycerol (8a) and 1-O-
linolenoyl-3-O-B-D-glucopyranosyl-rac-glycerol (8b) bearing only one faity acyl at
C-1 position were synthesized and evaluated for anti-HSV activity.  Glucosyl
monoglycerides 8a and 8b were prepared by hydrazinolysis of 7a and 7b,
respectively. The chemical structures and some properties of these compounds are
shownin Table 11.

Table 11. The chemical structures of glucosyl monoglycerides 8a-b.

OH
I 6'
4 o o _OH
HO , 2 OR
HO HO 2 1 \/g/ !
3 31
Compounds R1 Description Yield Elemental analysis
(%) C H
8a lauroyl amorphous solid | 61.0 | Cded.  57.763 9241
Found  57.853 9.407
8b O(.-”n0|en0y| Syrupy mass 48.3 Calcd. 62.997 9.014
Found 63086 9.110




90

The chemical structures of these two compounds were confirmed by *H-
NMR and *C-NMR spectra  The *H-NMR spectrum of 8a (Figure 157) showed
broad signals at 6 0.85 (2 x 3H), 1.18-1.36 (br), 1.58 (2 x 2H, br), 2.30 (2 x 2H, br t),
3.26-4.50 (sugar and glycerol protons, not assigned) and the *C-NMR spectrum
(Figure 158) showed carbon signals at & 14.5-35.0 (alkyl), 61.4-76.6 (oxygenated
sugar carbons), 103.3 and 103.7 (anomeric carbons), 174.3 and 174.4 (carbonyl). The
'H-NMR spectrum of compound 8b (Figure 159) in CDCl; with one drop of
deuterium oxide showed relatively clear signals compared to that of 8a.  The *C-
NMR spectrum of 8b (Figure 160) showed five chemical types of carbon signals
resembled that of its glucosyl diglycerides, i.e. 14.5-35.0 (akyl), 61.1-76.5
(oxygenated carbons), 103.1 and 103.5 (acetal), 127.4-132.2 (ol€finic), 174.5 and
174.6 (carbonyl). The anti-HSV activity of these two compounds is shown in Table
12.

Table 12. Theanti-HSV activity of glucosyl monoglycerides 8a-b.

Compounds Concentration (u | Plaquereduction assay (% inhibition)
g/ml) HSV-1 HSV-2
8a 50 n.a 33.3
100 95 95
8b 25 n.a 18.5
50 24.5 404
100 97.5 98.0

n.a.= not active

At concentration 50 ug/ml, glucosyl monoglyceride 8a showed no activity

against HSV-1, but displayed 33.3% inhibition to HSV-2 while 8b exhibited 24.5%
and 40.4% inhibition to HSV-1 and HSV-2, respectively.
decreased dramatically compared to that of its glucosyl diglyceride 6b. The similar

The activity of 8a

result was also observed in compound 8b and its glucosyl diglyceride 6i. However,
8a and 8b exhibited amost completely inhibition to HSV-1 and HSV-2 at
concentration 100 pg/ml.
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In conclusion, studies on the effect of fatty acyl moiety on the anti-HSV
activity indicated that the appropriate acyl moieties of these glycoglycerolipids were
essential for anti-HSV activity and glycoglycerolipids bearing 1,2-di-O-acyl moieties
possessed higher anti-HSV activity than that bearing only 1-O-acyl moiety, and these
results suggested that lauroyl (C12:0) and a-linolenoyl (C18:3) moiety were the

promising acyl moieties for anti-HSV action.

2. Effect of Sugar Moiety on Anti-HSV Activity

To study the effect of the sugar moiety on anti-HSV activity, the desired
galactosy! diglycerides bearing the selected fatty acyl moieties expected to have good
activity based on the above-mentioned evidence were synthesized and evaluated. The
gaactosyl diglycerides bearing the same fatty acyls and different fatty acyls were
synthesized following the procedure for the synthesis of 1,2-di-O-acyl-3-O-B-D-
glucopyranosyl-rac-glycerols as described above.  Acetobromo-a-D-galactose (9)
replaced the acetobromo-a-D-glucose in glycosylation reaction resulting in
diastereomeric 1,2-O-isopropylidene-3-O-(B-D-2',3',4',6'-tetra- O-acetyl-gal actopyra-
nosyl)-rac-glycerol (10) which was confirmed by signals of 1:1 ratio of anomeric
protons at & 4.49 and 4.51 (two overlapped doublet) in * H-NMR spectrum (Figure
20). The proton assignment is summarized in Table 13.  Then 10 was treated with
60% acetic acid agueous solution to give 1-O-(B-D-2',3',4',6'-tetra-O-acetyl-
galactopyranosyl)-rac-glycerol (11) which was subsequently acylated with the
defined fatty acids providing the peracetylated galactosyl diglycerides (12a-€). The

chemical structures and some properties of these compounds are shown in Table 14.
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Table 13. The proton assignment of compound 10.

OAC_oAc A(
4 0O
o .
ACO%O

H 1
Position 8 'H (ppm), (mult., J in H2)
acetonide 1.35, 1.43 (s, each 2x3H)
acety| 1.98, 2.01, 2.02, 2.13, (s, each 2x3H)
1,2375,6 3.60-4.20 (not assigned, 2x8H)

1 4.49 and 4.51 (d, 7.6, each 1H)

2 5.18 (br t, 8.3, 2x1H)

3 5.01 (br d, 10.4, 2x1H)

q 5.38 (br s, 2x1H)

Table 14. The chemical structures and some properties of compounds 12a-e.

OAC OAC
4 O 1.0 ORZ
ACO% \/&ORl
OAc 3
H 1
Compounds R1 R2 Description Yield (%)
12a lauroyl lauroyl amorphous solid 89.1
12b linoleoyl linoleoyl Syrupy mass 52.7
12c o-linolenoyl o-linolenoyl Syrupy mass 53.3
12d behenoy! lauroyl amorphous solid 68.4
12e o-linolenoyl linoleoyl Syrupy mass 535
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The chemical structures of these peracetylated compounds (12a-€) were
elucidated by NMR spectral data.  The *H-NMR spectra of these compounds showed
similar proton signals at 6 0.85-0.95 (2 x 6H, terminal CH3), 1.27-1.38 (2 x 32H-52H,
bulk —CH.-), 1.51-1.54 (2 x 4H, B-CH,), 1.95-2.14 (2 x 12H, acetyl), 2.23-2.30 (2 x
4H, 0-CHy), 3.60-3.70 (2 x 1H, Hx-3), 3.80-3.95 (2 x 2H, Hy-3, H-5'), 4.01-4.17 (2 x
3H, Hel, Ho-6), 4.24-4.27 (2 x 1H, Hy-1), 4.41- 4.46 (2 x 1H, H-1'), 4.95-4.96 (2 x
1H, H-3), 5.05-5.20 (2 x 2H, H-2, H-2)), 5.35 (2 x 1H, H-4") (Figure 42, 44, 45, 65,
66). The genera structures and proton assignments of these compounds are

summarized in Figure 235.

(@]
WCHB
3.60-3.70 n 1.27-1.38
O 4.01-417
H

5.05-5.20

4.41-4.46

Figure 235. The general structures and proton assignments of compound 12a-e.

The additional proton signals at 6 2.78 and 5.20-5.40 (olefinic) were
observed in compounds bearing linoleoyl or a-linolenoyl moiety. The connectivities
of these protons were confirmed by correlations in 2D *H-'H COSY spectra (Figure
43). Finally, 12a-e were allowed to react with hydrazine to give the corresponding
galactosyl diglycerides (13a-€). The chemical structures and some properties are
shown in Table 15.
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Table 15. The chemical structures and some properties of compounds 13a-e

OH _oH
osq
2
HO OR
22 OH 3 ~ !
H 1
Compound R1 Rz Description | Yield | Elemental analysis
S (%) C H
13a lauroyl lauroyl amorphous | 49.8 | Cacd 64036 10.104
A Found 64.138 10.305
13b linoleoyl | linoleoyl | syrupy mass | 31.3 | Cadcd. 69.359 10.097
Found 68995  10.386
13c a-linolenoyl | o-linolenoyl | syrupy mass | 31.0 | Célcd. 69.720  9.629
Found 69.918 9.807
13d behenoyl lauroy! amorphous | 39.8 | Cacd. 68021 10.894
i Found 68208 10.998
13e a-linolenoyl | linoleoyl syrupy mass | 29,9 | Cacd. 70446  9.992
Found 70.725 10.188

The structure elucidations of these compounds (13a-€) were extensively
analyzed by NMR spectral data. The *H-NMR of galactosyl diglycerides bearing
saturated fatty acyl showed the similar proton signals at 6 0.85-0.95 (2 x 6H), 1.24-
1.30 (2 x 32-52H), 1.56-1.60 (2 x 4H), 2.24-2.29 (2 x 4H), 3.40-3.62 (2 x 3H, H-2,
H-3', H-5), 3.63-3.71 (2 x 1H, Hs3), 3.80-3.81 (2 x 2H, H»-6), 3.84-3.91 (2 x 1H,
Hp-3), 3.96-3.98 (2 x 1H, H-4'), 4.08-4.15 (2 x 1H, Hx-1), 4.21-4.22 (2 x 1H, H-1,
4.35-4.39 (2 x 1H, Hy-1), 5.21-5.28 (2 x 1H, H-2) (Figures 138, 145, 149, 152, 155).
The general structures and proton assignments of these compounds are summarized in
Figure 236.

.80-3.81
3.80-3.8 3.40-3.62

(0]
OHyZ OH y WCHg
& 6 H 363371 n 1.24-1.30
/

O 1 oHa, O 408415

™H 2 HaO
HO™_ Hb 3 1 \ n'CH,
2 H Hb O ~
3.84-3.91 1.56-1.60 0.85-0.95
> H 4.35-4.39
3.40-3.62 3.40-3.62 ' ’ 2.24-2.29

421429 521528

Figure 236. The general structures and proton assignments of 13a-e.
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The spectra aso showed additional proton signals 6 2.78 and 5.20-5.40
(olefinic) of compounds bearing linoleoyl or a-linolenoyl moiety (13b-c, 13e) as
observed in peracetylated compounds. The correlations in the 2D *H-'H COSY
spectra (Figure 140) confirmed the connectivities of these protons. In addition, the
proton integration of compound 13c at & 2.78 (6H) should be 8H, accompany with
broad triplet at 6 0.85, indicating some contaminants. The anti-HSV activity of these
galactosy! diglycerides are illustrated in Table 16.

Table 16. The anti-HSV activity of galactosyl diglycerides and derivatives.

Compounds Concentration (n
g/ml) Plaque reduction assay (% inhibition)
HSV-1 HSV-2
10 50 n.a n.a
11 50 n.a n.a
12a 50 n.a n.a
12b 50 n.a n.a
12c 50 n.a n.a
12d 50 n.a n.a.
12e 50 n.a n.a
13a 50 80 50
13b 50 55 50
13c 50 95 95
13d 50 n.a 25
13e 50 95 90

n.a= not active

The peracetylated galactosyl diglycerides (12a-€) did not show any
anti-HSV activity, while the selected galactosy! diglycerides showed inhibitory action
against both HSV-1 and HSV-2 as expected. Compound 13a showed activity against
HSV-1 and HSV-2 comparable to that of its glucosyl diglyceride analog (6b). The
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similar results were observed in the other galactosyl diglycerides and their glucosyl

diglyceride analogs as shown in Table 17.

Table 17. Comparison of anti-HSV activity of galactosyl diglycerides and their
glucosy! diglycerides analogs.

Plague reduction assay *
compounds | sugar R1 R2 (% inhibition)
HSV-1 HSV-2
13a galactose lauroyl lauroyl 80 50
6b glucose lauroyl lauroy! 80 50
13b galactose linoleoyl linoleoyl 55 50
6h glucose linoleoyl linoleoyl 50 50
13c galactose | a-linolenoyl | a-linolenoyl 95 95
6i glucose | a-linolenoyl | a-linolenoyl 94 97
13d galactose behenoy! lauroyl n.a. 25
6n glucose behenoyl lauroy! n.a. 20
13e galactose | a-linolenoyl linoleoyl 95 90
6p glucose | o-linolenoyl linoleoyl 93 95

&concentration tested = 50 pg/ml; n.a.= not active

These observations revealed that the anti-HSV activity of the galactosyl
diglycerides possessed activity profile like that of glucosyl diglycerides.

Then, the anti-HSV activity of galactosyl monoglycerides was studied, the
selected 1-O-linolenoyl-3-O-p-D-gal actopyranosyl-rac-glycerols(15) was synthesized
by hydrazinolysis of 14a.  The chemical structure of 15 was confirmed by NMR
specta (Figures 161-162 and 237).
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Figure 237. The chemical structure of 1-O-linolenoyl-3-O-p-D-galactopyranosyl-
rac-glycerols (15).

The activity of 15 was subjected to comparison with its glucosyl

monoglyceride analog (8b) as shown in Table 18

Table 18. Comparison of anti-HSV activity of galactosyl monoglyceride (15) and its
glucosyl monoglycerides analog (8b).

Plague reduction
compounds | sugar R1 Concentration assay
(ng/ml) (% inhibition)
HSV-1 HSV-2
15 galactose | o-linolenoyl 50 22.5 48.3
100 91 93
8b glucose | a-linolenoyl 25 n.a. 185
50 24.5 40.4
100 97.5 98.0

n.a.= not active

The data showed that galactosyl monoglyceride possessed anti-HSV
activity not significantly different from that of its glucosyl monoglyceride anal og.
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Extended studies were carried on synthesis and anti-HSV determination of
compounds with no sugar moiety.  The desired 1,2-dilauroyl glycerol (19) was
selected as model compound, and the synthetic procedure is outlined in Scheme 2
Benzylation of 2 in the presence of sodium hydride in dry THF resulted in
isopropylidene glycerol benzyl ether (16) (Figures 164 and 238).

1.30
1.40

3.45

355 QO o
H

N

451 'f

4.28

Figure 238. The chemical structure and proton assignment of 16.

Then, 16 was deacetonized with 60% acetic acid to give glycerol benzyl
ether (17) (Figures 165-166) which was acylation with lauric acid in the presence of
DCC and DMAP providing 1,2-dilauroyl-3-benzyl glycerol (18) (Figures 167-168 and
239).

1.56

H CH
453 354 T 3 4 8 F
22 0.85

Figure 239. The chemical structure and proton assignment of 18.

Catalytic hydrogenolysis of 18 afforded 1,2-dilauroyl glycerol (19)
(Figures 169-171 and 240) combined with a little amount of by product, 1,3-dilauroyl
glycerol which could be detected in NMR spectra.  The side reaction resulted from

acyl migration occurring during preparation.
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1.55
2 0.85

Figure 240. The chemical structure and proton assignment of 19.

Further investigation on effect of sugar moiety either went on synthesis
and evaluation of 1-monoacy! glycerols. The synthesis of these 1-monoacyl glycerols
were accomplished in two-step reactions as shown in Scheme 3.  The first step,
acylation of 2 with the desired fatty acid to give 1-O-acyl-2,3-isopropylidene glycerol
(20a-c) (Table 19 and Figures 172-177) which were subsequently reacted with 60%
acetic acid to afford 1-O-monoacy! glycerols (21a-c) (Table 20 and Figures 178-185).
The *H-NMR spectra of these compounds showed the similar proton signals at & 0.85
(2 x 3H), 1.15-1.40 (br), 1.60 (2 x 2H, br), 2.32 (2 x 2H, t, J = 7.0 Hz), 3.55 (2 x 1H,
dd, J=5.6 and 11.2 Hz, H;:-3), 3.65 (2 x 1H, dd, J = 4.0 and 10.5 Hz, Hyx-3), 3.90 (2 x
1H, m, H-2), 4.12 (2 x 1H, dd, J = 6.0 and 11.6 Hz, Hx1), 4.14 (2 x 1H, dd, J = 6.0
and 11.6 Hz, Hy-1). However, each compound could be distinguished by observation
on the number of methylene protons at 6 1.15-1.40 ppm.

Table 19. The chemical structures and some properties of 20a-c.

o><o
RT(OQHT/

compounds R Description Yield (%)
20a lauroyl liquid 85.5
20b stearoy! liquid 79.1

20c behenoyl liquid 72.6
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Table 20. The chemical structures and some properties of 21a-c.

HO OH
H
@)
Compounds R Description Yield Elemental analysis
(%) C H

21a lauroyl amorphous solid 91.8 | Cacd 65642  11.026
Found 65583  11.108

21b stearoyl amorphous solid 91.9 | Caed 70331 11814
Found  70.399 11.901

21c behenoyl amorphous solid 90.7 | Cacd 72399 12161
Found 72534 12289

The anti-HSV activity of these compounds was summarized in Table 21.

Table21. Theanti-HSV activity of glyceride derivatives

Compounds Concentration (u | Plagquereduction assay (% inhibition)
g/ml) HSV-1 HSV-2

18 50 n.a n.a

19 50 <10 n.a
20a 50 n.a n.a
20b 50 n.a n.a

20c 50 n.a n.a
2la 50 <10 n.a
21b 50 n.a n.a

21c 50 n.a n.a

n.a.= not active
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The data from Table 21 indicated that compounds lacking sugar moiety
did not have any anti-HSV action.

In summary, studies on the effect of sugar moiety on anti-HSV activity
indicated that sugar moiety was essential for anti-herpes simplex viral activity.
Compounds containing no sugar moiety did not show any inhibitory activity, yet
glucosyl or galactosyl glycerides displayed no significantly different inhibitory action.

3. Effect of the Stereochemistry at C-2 of Glycerol Backbone of
Glycoglycerolipids on Anti-HSV Activity.

In order to study the effect of the stereochemistry at C-2 of glycerol
backbone on anti-HSV activity, 1,2-di-O-acyl-3-O-B-D-glycopyranosyl-sn-glycerols
were synthesized and evaluated. = The compounds containing glucose or galactose
bearing lauroyl and linolenoyl moiety expected to have good activity were selected as
model compounds. Five compounds were synthesized, three compounds were
glucosyl diglycerides, one compound was galactosyl diglyceride and the other one
was glucosyl monoglyceride. In this synthesis strategy, 1,2-di-O-benzyl-sn-glycerol
(28) was used as a glycosyl acceptor. Compound 28 could be prepared from D-
mannitol according to the method of Mannock et al (1987) as shown in Scheme 4.
D-mannitol (22) was treated with dry acetone and concentrated sulfuric acid to give
1,2:3,4:5,6-tri-O-isopropylidene-D-mannitol (23) (Figure 186). Then, 23 was
converted to 3,4-O-isopropylidene-D-mannitol (24) (Figures 187-188) by a controlled
acid hydrolysis using 65% acetic acid agqueous solution. Benzylation of 24 to form
1,2:5,6-tetra-O-benzyl-3,4-isopropylidene-D-mannitol (25) (Figures 189-190) was
carried out under mild conditions at room temperature in the presence of benzyl
bromide and sodium hydride. Hydrolysis of 25 with 1M hydrochloric acid in
methanol yielded 1,2:5,6-tetra-O-benzyl-D-mannitol (26) (Figures 191-192).
Oxidative cleavage of 26 with sodium periodate using tetrabutyl ammonium bromide
as a phase transfer catalyst provided aldehyde (27) which was subsequently reduced
using lithium aluminium hydride to give 28 (Figures 193-194).
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The synthesis procedure of the diastereomeric pure isomer of glucosyl
diglycerides are depicted in Scheme 4. Compound 28 was subjected to glycosylation
with acetobromo-a-D-glucose (1) using Koenigs-Knorr condition afforded 1,2-di-O-
benzyl-3-O-(B-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol (29) (Figures
195-197 and 241).

O \\\\ \/@
O O 7.30
e \i/v |
Hx OAc|_|

5.16-7 \ 3.50-3.78
3.50-3.78
451

Figure 241. The chemical structure and proton assignment of 29.

Then, 29 was debenzylated by catalytic hydrogenolysis to give 1-O-(B-D-
2',3 4’ ,6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol (30) (Figures 198 and 242).

3.52-3.95

OAc
H H
3.52-3.95 \ 3.52-3.95
4.56

Figure 242. The chemical structure and proton assignment of 30.

Acylation of 30 with the desired fatty acids gave peracetylated glycosyl
diglycerides (3l1a-c) (Table 22 and Figures 199-205) which were deacetylated by
hydrazinolysis to give the corresponding diastereomeric pure glucosyl diglycerides
(32a-c) (Table 23).



Table 22. The chemical structures and some properties of 31a-c.
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OAc
H, OR,
o O\X/OR
AcOp0 1
OAc
Compounds R R2 Description Yield (%)
3la lauroyl lauroy! amorphous 89.1
solid
31b linolenoy! linolenoy! Syrupy mass 56.7
31c linolenoyl lauroyl Syrupy mass 64.0

Table 23. The chemical structures and some properties of 32a-c.

OH
&W P
o
O\>\/OR
HO Lo !
OH
Compounds R1 R2 Description | Yield | Elemental analysis
(%) C H
32a lauroyl lauroyl amorphous | 48.2 | Cacd. 6403  10.104
. Found 64.115 10.189
solid
32b a-linolenoyl | a-linolenoyl | syrupy mass | 27.7 | Cacd. 69720 9.629
Found 69.809 9.778
32c a-linolenoyl lauroyl syrupy mass | 34.5 | Cecd. 67195  9.840
Found 67.316  9.990

The *H-NMR and **C-NMR spectra of 32a-c (Figures 206-212, 243)
showed the signals which were characteristically attributable to glucosyl diglycerides
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as early mentioned. Nevertheless, the proton and carbon signals of 32a-c clearly

indicated that each one contained only one diastereomeric pure isomer.

3.42-3.60  3.78-3.79(br s)

N O smaee

OH 'f \ 4.15(dd,11.9, 6.6)
H H 3.66(dd,10.8, 6.6)

4.38 (br d, 10.4)
3.85-3.87(dd,11.0, 5.2)
3.42-3.60 3.23-3.42

4.25-4.28(d, 7.7)

Figure 243. The general structures and proton assignments of 32a-c.

The synthesis of 1-O-linolenoyl-3-O-B-D-glucopyranosyl-sn-glycerol (34)
followed the synthesis procedure mentioned above. Controlled acylation of 30 with
linolenic acid at 0 °C provided 1-O-linolenoyl-3-O-(B-D-2',3 4,6/ -tetra-O-acetyl-
glucopyranosyl)-sn-glycerol (33) (Figures 213-214). Then, 33 was treated with
hydrazine monohydrate to form 34.  The chemical structure of 34 was elucidated by
analysis of NMR spectral data (Figures 215-217, 244). The '*H-NMR and *C-NMR
spectra of 34 resembled those of 8b, however, the spectra of 34 showed clear splitting
patterns in proton signals and singlet sharp carbon signals in the **C-NMR spectrum

indicating only one diastereomeric isomer.

(61.2)
3.65-3.90

3.40-3.52 3.25-3.39
x OH

NH 3.95-4.15
(76.3)-|_ H 08171 9) / 2.78
o 2 30 2. oo 2.00
HO 7 Y O \ Y
ORI 77 /\
(69.6)" OH & """
oM \ (68.7) N (65. 5) \
3.40-3.52 ; 3.65.3.80
3.25-3.39 (73.6) 3.95-4.15 159 0.04
4.32 '

Figure 244. The chemical structure and proton assignment of 34.
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The connectivities of these protons and the connectivities of these protons
to the oxygenated carbons were obtained from the correlations in 2D *H-'H COSY
(Figure 218) and HMQC spectra (Figure 219), respectively.

The synthesis of 1,2-di-O-linolenoyl-3-O-3-D-galactopyranosyl-sn-gly-
cerol (38) was achieved following the above synthesis procedure (Scheme 4). 28
was glycosylated with acetobromo-a-D-galactose under Koenigs-Knorr condition to
givel,2-di-O-benzyl-3-O-(B-D-2',3',4',6'-tetra-O-acetyl-gal actopyranosyl)-sn-glycerol
(35) (Figures 220-221).

Then, 35 was debenzylated by catalytic hydrogenolysis to give 1-O-(3-D-
2',3' 4 ,6'-tetra-O-acetyl-gal actpyranosyl)-sn-glycerol (36) (Figure 222).

Acylation of 36 with a-linolenic acid afforded peracetylated galactosyl
diglyceride (37) which was deacetylated by hydrazinolysis to give the corresponding
diastereomeric pure galactosy! diglyceride (38). The chemical structure and purity of
38 could be deduced by analysis of NMR spectral data. The *H-NMR spectrum of 38
(Figure 225) showed characteristic signals of galactosyl diglycerides with some
contaminant signals, at 6 0.85 (contaminant), 0.95 (6H, t, J = 7.5 Hz), 1.30 (26H,
should be 16H), 1.58 (4H, br), 2.01 (8H, m), 2.27 (4H, t, J = 7.5Hz), 2.78 (6H, should
be 8H), 3.50 (1H, t, J = 5.5 Hz, H-5'), 3.58 (1H, br d, J = 9.7 Hz, H-3'), 3.65 (1H, br
d, J=9.8Hz, H-2'), 3.70 (1H, dd, J = 6.5, 11.1 Hz, H;-3), 3.80 (1H, dd, J = 4.3, 12.0
Hz, H.6'), 3.89 (1H, dd, J = 3.8, 10.9 Hz, Hy-3), 3.94 (1H, br d, J = 12.3 Hz, Hy-6')
3.99 (1H, br s, H-4') 4.18 (1H, dd, J = 6.6, 12.0 Hz, Hz-1), 4.25 (1H, d, J = 7.3 Hz, H-
1), 4.38 (1H, dd, J = 3.5, 12.0 Hz, Hy-1), 5.20 (1H, overlapped), 5.20-5.40 (12H,
olefnic). The *C-NMR spectra (Figure 226) also showed the characteristic signals of
galactosyl diglycerides i.e. 14.5-34.0 (alkyl region), 63.0-75.0 (oxygenated carbons
region), 104.3 (acetal region), 127.4-132.2 (olefinic region) and 173.7, 173.9
(carbonyl region) as observed in compound 13c. Figure 245 shows proton and carbon

assignments of 38
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Figure 245. The chemical structure, proton and carbon assignments of 38.

The anti-HSV activities of these diastereomeric pure isomers were

determined as shown in Table 24.

Table 24. The anti-HSV activity of diastereomeric pure isomer 32a-c, 34, 38

compounds Concentration
(ng/ml) Plaque reduction assay (% inhibition)
HSV-1 HSV-2

32a 50 80 50
32b 50 100 100
32c 50 18 15

100 21 39

34 50 24 40

38 50 93 90

The anti-HSV activity data showed that both mono-acid 1,2-di-O-acyl-

glucopyranosyl-sn-glycerols bearing lauroyl and linolenoyl moiety (32a-b) exhibited
high inhibitory action as expected.  Surprisingly, mixed-acid glucosyl diglyceride
bearing linolenoyl and lauroyl moiety at C-1 and C-2, respectively (32c) displayed
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relatively low activity. In comparison, the anti-HSV activity of the diastereomeric
mixtures (6b) and its diastereomeric pure isomer (32a) was not significantly different.
The similar result was observed in the case of the diastereomeric mixtures 6i and its
diastereomeric pure isomer (32b). On the other hand, diastereomeric pure galactosyl
diglyceride (38) displayed anti-HSV activity no significant difference from that of its

diastereomeric mixtures (13c) (Table 25).

Table 25. Comparison of anti-HSV activity of diastereomeric mixtures and their

diastereomeric pure isomers.

Plaque
reduction
compound | sugar R R, Conc. C-2 assay
(ng/ml) | configuration | (% inhibition)
HSV-1 | HSV-2
6b glucose lauroyl lauroyl 50 R,S 80 50
32a glucose lauroyl lauroyl 50 S 80 50
6i glucose | o-linolenoyl | a-linolenoyl | 50 R,S 94 97
32b glucose | a-linolenoyl | a-linolenoyl 50 S 100 100
13c galactose | a-linolenoyl | a-linolenoyl 50 R,S 95 95
38 galactose | a-linolenoyl | a-linolenoyl | 50 S 93 90

In conclusion, studies on the effect of the stereochemistry at C-2 of the

glycerol backbone on anti-HSV activity revealed that the stereochemistry at C-2 of
the glycerol backbone of these compounds did not seem to influence the anti-HSV
activity. Moreover, the 50% inhibitory concentration (1Csp) and toxicity of promising

compounds 32a and 32b were also determined as shown in Table 26.
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 Table 26. The 50% inhibitory concentration (ICso) and toxicity of 32a and 32b.

Compounds ICsp (ug/ml) - - Toxicity .
HSV-1 HSV-2 (ng/ml)
32a 23.0 (37.2 uM) 40.0 (64.7 uM) >100
32b 12.5 (16.1 uM) 185(239uM) | >100
acyclovir 0.06 (026 uM) | 0.5 (2.2 uM) -

_ The data showed that 32b displayed the potency about two times higher
* than that of 32a and did not show toxicity at concentrations up to 100 ug/ml.

i 4. Effect of Glycoglycerolipids on Herpes Simplex Viral Particles
3 The preliminary structure activity relationships study of glyco glycerolipids
- on anti-HSV activity revealed that glycosyl diglycerides bearing 1inolenoyi or lauroyl
- moieties (6b, 6i) possessed profnising anti-HSV actiﬁity. Although the mechanism of
action was still unknown, we postulated that these compounds targeted the viral lipid
: envelope, causiﬁg leakage or disruption of viral envelope. To study the effect of these
cdmpounds on viral particles, the transmission electrdn microscope experiment was
: cétablished fo observe the morphology of viral particles. Staining of HSV-1 without

* sample showed transparent round-shaped particles (Figure 246).

- Figure 246. Transmission electron micrograph of staining of HSV-1 without sample

- (bar, 100 nm.) (magnification x 102,000).
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. In contrast to: the staining of HSV-1 with 6b or 6i showed distorted
- particles with staining inside (Figures 247-248).  These results suggested that the
inhibitory activity due to the disruption of viral envelope was one of the possible

antiviral mechanisms of these compounds.

e Figure 247. Transmission electron micrograph of staining of HSV-1 with 6b (bar,
| 100 nrr.l.)ﬁ(magniﬁcat_ion x 102,000).

—

Figure 248. Transmission electron micrograph of staining of HSV-1 with 6 (bar,
100 nm.) (magnification x 102,000).




CHAPTER V
CONCLUSION

This present investigation aimed to study the synthesis and anti-HSV
activity of glycoglycerolipids, the new class of compounds possessing anti-HSV
activity.  Herein, preliminary structure-activity relationships of these compounds on
anti-HSV activity were explored. A variety of compounds were synthesized which

could be classified and summarized as following.

1. 1,2-di-O-acyl-3-O-B-D-glycopyranosyl-rac-glycerols and 1-O-acyl-3-O-
B-D-glycopyranosyl-rac-glycerols.  Diastereomeric mixtures of these compounds
were prepared by glycosylation of D,L-o,B-isopropylidene glycerol and
acetobromosugar under Koenigs-Knorr condition. The 1,2-O-isopropylidene-3-O-(j3-
D-2',3',4',6'-tetra-O-acetyl-glycopyranosyl)-rac-glycerols obtained were deacetonized
by 60% CH3;COOH to give 1-O-(B-D-2',3',4',6'-tetra-O-acetyl-glycopyranosyl)-rac-
glycerols which were subsequently acylated with the desired fatty acids to form 1,2-
O-diacyl- or 1-O-acyl-3-O-(B-D-2',3',4',6'-tetra-O-acetyl-glycopyranosyl)-rac-gly-
cerols. Finally, 1,2-di-or 1-O-acyl-3-O-(B-D-2',3',4',6'-tetra-O-acetyl-glycopyra-
nosyl)-rac-glycerols were selectively deacetylated by hydrazinolysis to yield the
corresponding 1,2-di-O-acyl-3-O-B-D-glycopyranosyl-rac-glycerols or 1-O-acyl-3-O-
-D-glycopyranosyl-rac-glycerols.

2. 1,2-di-O-acyl-3-O-B-D-glycopyranosyl-sn-glycerols and 1-O-acyl-3-O-
-D-glycopyranosyl-sn-glycerols. These diastereomeric pure compounds were
prepared by glycosylation of acetobromosugar and 1,2-O-dibenzyl-sn-glycerol under
Koenigs-Knorr condition to give 1,2-di-O-benzyl-3-O-(B-D-2',3',4',6'-tetra-O-acetyl-
glycopyranosyl)-sn-glycerols, which were then removed benzyl protecting groups by
catalytic hydrogenolysis. The 1-O-(3-D-2',3',4',6'-tetra-O-acetyl-glycopyranosyl)-sn-
glycerols obtained were acylated with the desired fatty acids to form 1,2-di- or 1-O-
acyl-3-O-(B-D-2',3',4',6'-tetra-O-acetyl-glycopyranosyl)-sn-glycerols. Finally, the
products obtained were reacted with hydrazine to yield the corresponding 1,2-di-O-
acyl-3-O-B-D-glycopyranosyl-sn-glycerols or 1-O-acyl-3-O-3-D-glycopyranosyl-sn-

glycerols.
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3. 1,2-di-O-acyl- or 1-O-acyl-rac-glycerols. 1,2-di-O-acyl-rac-glycerol
was prepared by benzylation of D,L-a,B-isopropylidene glycerol to give 1,2-O-
isopropylidene-3-O-benyl-rac-glycerol, which was then removed isopropylidene
protecting group by 60% CH3;COOH. The 1-O-benzyl-rac-glycerol obtain was
acylated with the desired fatty acid and finally, was debenzylated to give the 1,2-di-O-
acyl glyceral. 1-O-acyl glycerols were prepared by acylation of D,L-a,p-
isopropylidene with the desired fatty acids, then, the 1-O-acyl-2,3-O-isopropylidene-
rac-glycerols were removed isopropylidene protecting groups to give the 1-O-acyl-
glycerols.

The chemical structures of all compounds were elucidated by spectro-

scopic techniques, mainly NMR spectra, mass spectra and elemental analysis.

Study on the anti-HSV activity of these compounds revealed that, of all the
synthetic compounds, 1,2-di-O-acyl-3-O-3-D-glycopyranosyl-glycerols exhibited the
most active anti-HSV activity. Preliminary structure-activity relationships study
indicated that the fatty acyl moieties were critical for inhibitory action with higher
activity displayed as the acyl groups became more olefinic in character. The sugar
moiety was also important for anti-HSV action; however, the type of sugar (glucose
or galactose) exhibited no different activity.  The stereochemistry at C-2 of the
glycerol backbone displayed no significant effect on anti-HSV activity.  Among the
compounds synthesized, 32b showed the highest inhibitory activity against HSV-1
and HSV-2 with the ICsy values of 125 and 185 ug/ml, respectively. The
transmission electron micrographs of staining HSV-1 with these compounds showing
distortion of viral parpticles suggested that the disruption of viral envelopes by these
compounds was one of the possible antiviral mechanisms.
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Figure 19. The 300 MHz *H-NMR spectrum of 1,2-O-isopropylidene-3-O-(B-D-2',3',4',6'-tetra-O-acetyl-glucoopyranosyl)-rac-

alvcerol (3) in CDCl-.
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Figure 20. The 300 MHz *H-NMR spectrum of 1,2-O-isopropylidene-3-O-(B-D-2',3',4',6'-tetra-O-acetyl-gal actopyranosyl)-rac-glycerol (10) in
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Figure 21. The 300 MHz *H-NMR spectrum of 1-O-(-D-2,3,4',6'-tetra-O-
acetyl-glucopyranosyl)-rac-glycerol (4) in CDCls.
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Figure 22. The 75 MHz *C-NMR spectrum of 1-O-(B-D-2,3',4',6'-tetra-
O-acetyl-glucopyranosyl)-rac-glycerol (4) in CDCls.
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Fiagure 23. TheH-'H COSY spectrum of 1-O-(B-D-2'.3'.4' .6'-tetra-O-acetvl-alucopyranosvl)-rac-alvcerol (4) in CDCla.

ccl



1238.10
5 S
o
ja s

o~
@
-
=
™
—

/)

:ALO&A/O\)\/OH
W // -

_——1348.24
= 1340 34

Tl
=——— 1498
i 1495

5.5 5.0 4.5 4.0 3.5 3.0 208 2.0 1.5 Ppr

wn| || ™ — o o 0 L=a]
L= el I ) o ™M ™ o Ll
o] o] e (=] ™~ w0 ™ -~
| || |~ — o m o™ (:

Figure 24. The 300 MHz *H-NMR spectrum of 1-O-(B-D-2',3',4',6'-tetra-O-acetyl-gal actopyranosyl)-rac-glycerol (11) in CDCls.
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Figure 25. The 300 MHz *H-NMR spectrum of 1,2-di-O-carproyl-3-O-(p-D-

2' .3 .4' .6'-tetra-O-acetvl-alucopvranosv)-rac-alvcerol (5a) in CDCl-.
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Figure 26. The 75 MHz *C-NMR spectrum of 1,2-di-O-carproyl-3-O-(B-D-

2'.3.4'.6'-tetra-O-acetvl-alucopvranosv)-rac-alvcerol (5a) in CDCl-.
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Figure 27. The 300 MHz 'H-NMR spectrum of 1,2-di-O-lauroyl-3-O-(3-D-2',3',4',6'-

tetra-O-acetyl-glucopyranosyl)-rac-glycerol (5b) in CDCls.
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Figure 28. The 75 MHz *C-NMR spectrum of 1,2-di-O-carproyl-3-O-
(B-D-2',3 ,4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol (5b).
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Figure 29. The 'H-'H COSY spectrum of 1,2-di-O-carproyl-3-O-(B-D-
2',3',4'6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol (5b) in CDCls.

Figure 30. The infrared spectrum of 1,2-di-O-carproyl-3-O-(B-D-2',3',4',6'-tetra-O-
acetyl-glucopyranosyl)-rac-glycerol (5b).
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Figure 31. The 300 MHz *H-NMR spectrum of 1,2-di-O-myristoyl-3-O-(B-D-2',3,4',6'-tetra-O-acetyl-glucopyranosy!)-rac-glycerol

(5¢) in CDCla.
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Figure 32. The 300 MHz *H-NMR spectrum of 1,2-di-O-palmitoyl-3-O-(B-D-2',3 4,6 -tetra-O-acetyl-glucopyranosy!)-rac-

alvcerol (5d) in CDCl-.
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Figure 33. The 300 MHz *H-NMR spectrum of 1,2-di-O-stearoyl-3-O-(B-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol (5€) in

CDCl-.
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Figure 34. The 300 MHz *H-NMR spectrum of 1,2-di-O-behenoyl-3-O-(p-D-
2',3 4 ,6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol (5f) in CDCls.
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Figure 35. The *H-'H COSY spectrum of 1,2-di-O-behenoyl-3-O-(B-D-2',3 4,6 -tetra-
O-acetyl-glucopyranosyl)-rac-glycerol (5f) in CDCls.
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Figure 36. The 300 MHz *H-NMR spectrum of 1,2-di-O-oleoyl-3-O-(B-D-2',3',4',6'-
tetra-O-acetyl-glucopyranosyl)-rac-glycerol (5g).
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Figure 37. The infrared spectrum of 1,2-di-O-oleoyl-3-O-(3-D-2',3',4',6'-
tetra-O-acetyl-glucopyranosyl)-rac-glycerol (59).
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Figure 38. The 300 MHz *H-NMR spectrum of 1,2-di-O-linoleoyl-3-O-(B-D-2',3' 4,6 -tetra-O-acetyl-glucopyranosyl)-rac-

alvcerol (5h) in CDCl-.
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Figure 40. The 75 MHz *C-NMR spectrum of 1,2-di-O-linolenoyl-3-O-(B-D-
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Figure 41. The 300 MHz *H-NMR spectrum of 1,2-di-O-benzoyl-3-O-(8-D-2',3',4',6'-tetra-O-acetyl-glucopyranosy!)-

rac-alvcerol (5i) in CDCl-.

S6v° ¢

F98° T~
LEQ'T

g AR

616:0

L¥0 ¥
91T ¢

T e

BPL'E

134



135

1
o E
IM B I1I_I.I_II_|4.|11_ilu
- /u\ ] 1 | I 1 | | i
e e e Tl B S S -
o H O [N R A I B R |
2 f —F-F=I=g =t~ F-3
-2 Onu oo b 4_, ". ” x
- — - =-—d-t-r -3
Ue w) l/g Py N | 11 | "1 "
Al ml k=== -t = -1F
o O 20 0 0 a0
il w a B el e T Ay S B
o & <0 oo ® o
\ B e e s I SUSIE S o N, 4
[} A_U c g_ i _g T
- a = R e e e S =
ku/ef_zﬂ_m |ﬁ_u\a) I T A |
T S N [ S p—
O. 2 N N A e T
w B ) R, 1
, L8 2 5D AR & s,
< ! beb) FRSRYRNVEY. Wi W
O & g O T o
S dobobcledadobLtla
& o o 5 = o | 2
pr -2 = g 1 | |
c—+ & + & 3
2 m.a AT EERE
-
2 TEm =
/74 p—
BO6ET] —— H @ WJ
T = 2
30 p— .m:\mﬁr N_ m A ~ m
i “mr T 35 AT TR Dl i v s T e
_— o — ml SR T T i N .
ST | | | 1 I | I I
n N B e e e Tt e e T
i — RN RS NN A
1 2
NSl —— va .."rll_,lul | TITUSE (TN e 2
T ] ] | I | I
— He === ==t mm === == £ 1
s 83
I\Iﬂ__.,_ m I.II|_..-II.III_.‘..01._|II._.1...L_II|_|..l-M
H o C |“|||"|| ,||_|Mn e 1 | =
<0 - [ e i B P =
. vﬂ ] |ve g 1 s I -
SL00S1 —— rm = & W b e T B 5 by e Rt
B PR e IR [T depe,- Y T e
3+ .udlu_ i 1 I | anen wﬂ |_ T
s — it ,, N i i e T g
5 N |
i & e < © I T e T R T R P T T i g i e
== L o - I | [ ! ' ! ] |
o o= P, L v
értio o _ Y < 1 I ] | [ [ 1 l =
R -M =N il e e Rl o]
e =X RN O MO ¥
T & Y S PSS S O i SR
mo - ~ Ly - v -] ~

Figure 43. The 'H-'H COSY spectrum of 1,2-di-O-lauroyl-3-O-(p-D-2',3' 4,6

tetra-O-acetvl-aal actonvranosv-rac-alveerol (12a) in CDCl-.
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Figure 44. The 300 MHz *H-NMR spectrum of 1,2-di-O-linoleoyl-3-O-(B-D-2',3',4',6/-tetra-O-acetyl-gal actopyranosy!)-rac-glycerol
(12b) in CDCls.
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Figure 46. The 75 MHz *C-NMR spectrum of 1,2-di-O-linolenoyl-3-O-(B-D-

2' 3,4’ ,6'-tetra-O-acetyl-gal actopyranosyl)-rac-glycerol (12c) in CDCls.
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Figure 47. The 300 MHz 'H-NMR spectrum of 1-O-lauroyl-3-O-(B-D-
2',3',4' 6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol (7a) in CDCl3.
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Figure 48. The 75 MHz *C-NMR spectrum of 1-O-lauroyl-3-O-(B-D-
2',3' 4 ,6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol (7a) in CDCls.
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Figure 49. The 300 MHz *H-NMR spectrum of 1-O-linolenoyl-3-O-(B-D-2',3',4',6'-

tetra-O-acetvl-aluconvranosv-rac-alveerol (7h) in CDCl-.
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Figure 50. The 75 MHz *C-NMR spectrum of 1-O-linolenoyl-3-O-(B-D-2',3,4',6'-

tetra-O-acetyl-glucopyranosyl)-rac-glycerol (7b) in CDCls.
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Figure 52. The 300 MHz *H-NMR spectrum of 1-O-behenoyl-3-O-(p-D-2',3' 4,6
tetra-O-acetyl-glucopyranosyl)-rac-glycerol (7d) in CDCls.

Figure 53. The infrared spectrum of 1-O-behenoyl-3-O-(B-D-2',3',4',6'-
tetra-O-acetyl-glucopyranosyl)-rac-glycerol (7d).
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Figure 54. The 300 MHz *H-NMR spectrum of 1-O-benzoyl-3-O-(B-D-2',3,4',6'-tetra-O-acetyl-glucopyranosyl)-rac-

alvcerol (7€) in CDCl-.
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Figure 55. The 300 MHz *H-NMR spectrum of 1-O-linolenoyl-3-O-(B-D-2',3',4',6'-

tetra-O-acetyl-galactopyranosyl)-rac-glycerol (14a) in CDCls.
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Figure 56.
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Figure 57. The 300 MHz *H-NMR spectrum of 1-O-behenoyl-3-O-(B-D-
2' 3,4 6'-tetra-O-acetyl-gal actopyranosyl)-rac-glycerol (14b) in CDCls.
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Figure 58. The infrared spectrum of 1-O-behenoyl-3-O-(B-D-2',3',4',6'-tetra-
O-acetyl-galactopyranosyl)-rac-glycerol (14b).
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Figure 59. The 300 MHz *H-NMR spectrum of 1-O-lauroyl-2-O-oleoyl-3-O-(B-D-

2' 3 .4'.6'-tetra-O-acetvl-alucopyranosvl)-rac-alvcerol (5k) in CDCl-.
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Figure 60. The 75 MHz *C-NMR spectrum of 1-O-lauroyl-2-O-oleoyl-3-O-(B-D-

acetvl-alucopvranosv)-rac-alvcerol (5k) in CDCl-.
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Figure 61. The 300 MHz *H-NMR spectrum of 1-O-stearoyl-2-O-lauroyl-3-O-(B-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol (51) in CDCls.
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Figure 62. The 300 MHz *H-NMR spectrum of 1-O-stearoyl-2-O-behenoyl-3-O-(B-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-rac-glycerol (5m) in CDCls.
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Figure 63. The 300 MHz *H-NMR spectrum of 1-O-behenoy! -2-O-lauroyl-3-O-(B-D-2',3',4',6'-tetra-O-acetyl -glucopyranosyl)-rac-glycerol (5n)

in CDCl-.
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Figure 65. The 300 MHz *H-NMR spectrum of 1-O-behenoyl-2-O-lauroyl-3-O-(8-D-2',3',4',6'-tetra-O-acetyl-gal actopyranosyl)-rac-glycerol (12d) in CDCls.



8F"
iAA
AV
i2A
48

8y’
4%
ot’

v’
Zs’

ET”

Ly’
Z8’

10°
79

1A

61
T
L9

9LZT

YA

8661

Z€8

ZOTI
8911
Geet

LEET

6poT

E0T"6

$98°6¢

I8L°4C
= 0ZL'1

— M +

—boec’9

000°T
CEV' T
44 Y
697°'0
212"
201

|

:

:

01’1

.
———

062°¢
969°¢t

F(

Figure 66. The 300 MHz *H-NMR spectrum of 1-O-linolenoyl-2-O-linoleoyl-3-O-(B- D-2',3',4',6'-tetra-O-acetyl-gal actopyranosy!)-rac-
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alvcerol (12e) in CDCl-.
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Figure 67. The 300 MHz *H-NMR spectrum of 1,2-di-O-caproyl-3-O-B-D-glucopyranosyl-
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Figure 68. The 75 MHz *C-NMR spectrum of 1,2-di-O-caproyl-3-O-B-D-

aluconvranosvl-rac-alvecerol (6a) in CDCl-.
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Figure 69. The 300 MHz 'H-NMR spectrum of 1,2-di-O-lauroyl-3-O-B-D-
aluconvranosvl-rac-alvecerol (6h) in CDCl-.
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rac-glycerol (6b) in CDCls.
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Figure 72. The infrared spectrum of 1,2-di-O-lauroyl-3-O-B-D-glucopyranosyl-rac-

glycerol (6b).
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Figure 73. The positive ion FABMS of 1,2-di-O-lauroyl-3-O-B-D-glucopyranosyl-
rac-glycerol (6b) in the presence of m-Nitrobenzyl alcohol.
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Figure 74. The negative ion FABMS of 1,2-di-O-caproyl-3-O-3-D-glucopyranosyl-
rac-glycerol (6b) in the presence of diethanolamine.
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Figure 75. The positive ion FABMS of m-Nitrobenzyl alcohol

184 nr.e

4.2
g _Lnlul J..J..LIJ O Wl S S YT

58 e 152 ea 258 0 se 4:“ 358 Sea 558 S:ﬂ (3] 3‘:' ’I“

Figure 76. The negativeion FABMS of diethanolamine
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Figure 77. The 300 MHz *H-NMR spectrum of 1,2-di-O-myristoyl-3-O-B-D-

glucopyranosyl-rac-glycerol (6¢) in CDCls.
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Figure 78. The 75 MHz *C-NMR spectrum of 1,2-di-O-myristoyl-3-O-B-D-

glucopyranosyl-rac-glycerol (6¢) in CDCls.
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Figure 79. The 300 MHz *H-NMR spectrum of 1,2-di-O-palmitoyll-3-O-p-D-

glucopyranosyl-rac-glycerol (6d) ) in CDCls.
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Figure 80.
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Figure 81. The 300 MHz *H-NMR spectrum of 1,2-di-O-stearoyl-3-O-B-D-glucopyranosyl-
rac-glycerol (6e) ) in CDCls.
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Figure 82. The 75 MHz ®C-NMR spectrum of 1,2-di-O-stearoyl-3-O-B-D-
glucopyranosyl-rac-glycerol (6€) ) in CDCls.
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Figure 84. The positive ion FABMS of 1,2-di-O-stearoyl-3-O-3-D-glucopyranosy!-
rac-glycerol (6€).

samp e
totn
Ini + Ton Mode 1 FRE-

trum Type 1 Hormal fon (-Lineard
T .33 min Scant : 11,6}
B 14,2462 Tnt, ;196,46
Output mez fange ¢ SELEOGE 1o 18580000 Cut Lavel & B8R %
E7724540 i

4

"

'

.1
5.1

&

-]

-

3

X ]
Y
"
4.2
1 i -z 9.2
s19.2 [ T 785.3
..Illl 79 TV W o i ‘,l i J.Il i j_l_lL e mea i
5 !

’ - 4 T - -
L) 15 £ %0 E] 8 L] asa ] 0 ] 0] o =8 B L] £ 958 e

Figure 85. The negative ion FABMS of 1,2-di-O-stearoyl-3-O-p-D-glucopyranosyl-rac-
glycerol (6€).
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Figure 86. The 300 MHz *H-NMR spectrum of 1,2-di-O-behenoyl-3-O-p-D-
glucopyranosyl-rac-glycerol (6f) ) in CDCls.
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Figure 87. The 75 MHz *C-NMR spectrum of 1,2-di-O-behenoyl-3-O-B-D-
glucopyranosyl-rac-glycerol (6f) ) in CDCls.
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Figure 88. The positive ion FABMS of 1,2-di-O-behenoyl-3-O-3-D-glucopyranosyl-
rac-glycerol (6f).
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Figure 90. The 300 MHz *H-NMR spectrum of 1,2-di-O-oleoyl-3-O-B-D-
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Figure 91. The 75 MHz “C-NMR spectrum of 1,2-di-O-oleoyl-3-O-B-D-
glucopyranosyl-rac-glycerol (6g) in CDCls.
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Figure 96. The 300 MHz *H-NMR spectrum of 1,2-di-O-linoleoyl-3-O-B-D-
glucopyranosyl-rac-glycerol (6h) in CDCls.
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Figure 97. The 75 MHz ®C-NMR spectrum of 1,2-di-O-linoleoyl-3-O-B-D-
glucopyranosyl-rac-glycerol (6h) in CDCls.
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Figure 98. The positive ion FABMS of 1,2-di-O-linoleoyl-3-O-B-D-
glucopyranosyl-rac-glycerol (6h).
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Figure 100. The 300 MHz *H-NMR spectrum of 1,2-di-O-linolenoyl-3-O-B-D-

glucopyranosyl-rac-glycerol (6i) in CDCls.
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Figure 101. The 75 MHz **C-NMR spectrum of 1,2-di-O-linolenoyl-3-O-B-D-
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Figure 102. The positive ion FABMS of 1,2-di-O-linolenoyl-3-O-p-D-
glucopyranosyl-rac-glycerol (6i).
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Figure 103. The negativeion FABMS of 1,2-di-O-linolenoyl-3-O-p-D-
glucopyranosyl-rac-glycerol (6i).
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Figure 104. The 300 MHz *H-NMR spectrum of 1,2-di-O-benzoyl-3-O-

-D-glucopyranosyl-rac-glycerol (6j) in CDCls.
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Figure 105. The 75 MHz *C-NMR spectrum of 1,2-di-O-benzoyl-3-O-B-D-

glucopyranosyl-rac-glycerol (6j) in CDCls.
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Figure 106. The *H-'H COSY spectrum of 1,2-di-O-benzoyl-3-O-B-D-glucopyranosyl-rac-glycerol (6j) in CDCls.
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Figure 107. The 300 MHz *H-NMR spectrum of 1-O-lauroyl-2-O-
oleoyl-3-O-B-D-glucopyranosyl-rac-glycerol (6k) in CDCls.
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Figure 108. The 75 MHz *C-NMR spectrum of 1-O-lauroyl-2-O-oleoyl-3-O-f-
D-glucopyranosyl-rac-glycerol (6k) in CDCls.
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Figure 111. The negative ion FABMS of 1-O-lauroyl-2-O-oleoyl-3-O-p-D-
glucopyranosyl-rac-glycerol (6k).
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Figure 112. The 300 MHz *H-NMR spectrum of 1-O-stearoyl-2-O-lauroyl-3-O-
-D-glucopyranosyl-rac-glycerol (6l) in CDCls.
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Figure 113. The 75 MHz *C-NMR spectrum of 1-O-stearoyl-2-O-
lauroyl-3-O-B-D-glucopyranosyl-rac-glycerol (6l) in CDCls.
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Figure 114. The H-'H COSY spectrum of 1-O-stearoyl-2-O-lauroyl-3-O-B-D-

glucopyranosyl-rac-glycerol (6l) in CDCls.
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Figure 115. The infrared spectrum of 1-O-stearoyl-2-O-lauroyl-3-O-3-

D-glucopyranosyl-rac-glycerol (6l).
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Figure 116. The positive ion FABMS of 1-O-stearoyl-2-O-lauroyl-3-
O-B-D-glucopyranosyl-rac-glycerol (6l).
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Figure 117. The negative ion FABMS of 1-O-stearoyl-2-O-lauroyl-3-O-f3-
D-glucopyranosyl-rac-glycerol (6l).

o5



180

— 129016
—— 128455
— 124426

— 1160.36
— 1478
—_— 111422

— 103684

3
g
|
I

-_— —0a

#4 43 42 41 4.0 3'9 38 3'? 36 35 34 33ppm

B A -

Mb

T T T T T T T T T T T T

5.0 55 5.0 4.5 4.0 35 30 25 20 1.5 1.0 0.5

K WH HOH Y M

Figure 118. The 300 MHz 'H-NMR spectrum of 1-O-stearoyl-2-O-
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Figure 119. The 75 MHz **C-NMR spectrum of 1-O-stearoyl-2-O-behenoyl-
3-O-B-D-glucopyranosyl-rac-glycerol (6m) in CDCls.
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Figure 120. The infrared spectrum of 1-O-stearoyl-2-O-behenoyl-3-O-3-D-glucopyranosyl-rac-glycerol (6m).
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Figure 122. The negative ion FABMS of 1-O-stearoyl-2-O-behenoyl-3-O-
[-D-glucopyranosyl-rac-glycerol (6m).
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Figure 121. The positive ion FABMS of 1-O-stearoyl-2-O-behenoyl-3-
O-B-D-glucopyranosyl-rac-glycerol (6m).
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Figure 123. The 300 MHz *H-NMR spectrum of 1-O-behenoyl-2-
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Figure 127. The positiveion FABMS of 1-O-behenoyl-2-O-lauroyl-3-O-3-
D-glucopyranosyl-rac-glycerol (6n).
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Figure 128. The negative ion FABMS of 1-O-behenoyl-2-O-lauroyl-3-O-3-
D-glucopyranosyl-rac-glyceral (6n).
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Figure 130. The 75 MHz *C-NMR spectrum of 1-O-behenoyl-2-O-oleoyl-
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Figure 131. The 'H-*H COSY spectrum of 1-O-behenovl-2-O-oleovl-3-O-B-D-alucopvranosvl-rac-alvcerol (60) in CDCla.
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Figure 132. The positive ion FABMS of 1-O-behenoyl-2-O-oleoyl-3-O-f3-
D-glucopyranosyl-rac-glycerol (60).
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Figure 133. The negativeion FABMS of 1-O-behenoyl-2-O-oleoyl-
3-O-B-D-glucopyranosyl-rac-glycerol (60).
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Figure 134. The 300 MHz *H-NMR spectrum of 1-O-linolenoyl-2-O-
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Figure 136. The 300 MHz *H-NMR spectrum of 1-O-benzoyl-2-O-

lauroyl-3-O-B-D-glucopyranosyl-rac-glycerol (6q) in CDCls.
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Figure 139. The 75 MHz *C-NMR spectrum of 1,2-di-O-lauroyl-3-O-B-D-
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Fiaure 141. The HMOC spectrum of 1,2-di-O-lauroy!-3-O-B-D-aalactopyranosyl-rac-alvcerol (13a) in CDCl=.
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Figure 143. The postive ion FABMS of 1,2-di-O-lauroyl-3-O-B-D-
galactopyranosyl-rac-glycerol (13a).
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Figure 144. The negative ion FABMS of 1,2-di-O-lauroyl-3-O-p-D-
galactopyranosyl-rac-glycerol (13a).
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Figure 145. The 300 MHz *H-NMR spectrum of 1,2-di-O-linoleoyl-3-O-p-
D-galactopyranosyl-rac-glycerol (13b) in CDCls.
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Figure 146. The 75 MHz *C-NMR spectrum of 1,2-di-O-linoleoyl-3-O-
p-D-galactopyranosyl-rac-glycerol (13b) in CDCls.
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Figure 148. The negative ion FABMS of 1,2-di-O-linoleoyl-3-O-B-D-
galactopyranosyl-rac-glycerol (13b).
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Figure 152. The 300 MHz *H-NMR spectrum of 1-O-behenoyl-2-O-lauroyl-3-
O-B-D-galactopyranosyl-rac-glycerol (13d) in CDCls.
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Figure 155. The 300 MHz 'H-NMR spectrum of 1-O-linolenoyl-2-O-
linoleoyl-3-O-B-D-galactopyranosyl-rac-glycerol (13€) in CDCls.
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Figure 156. The 75MHz **C-NMR spectrum of 1-O-linolenoyl-2-O-linoleoyl-
3-O-B-D-galactopyranosyl-rac-glycerol (13e) in CDCls.
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Figure 162. The 75 MHz *C-NMR spectrum of 1-O-linolenoyl-3-O-

-D-galactopyranosyl-rac-glycerol (15) in CDCls.



75

65 ]

55

706.37
40

1650.20
4 3327.89
N 1734.60
254 %
N / 2930.67
1071.47
200 ! , . ; —
4000.0 3000 2000 1500 1000 450
cm-1
- ol datslspectratint.sp

Figure 163. The infrared spectrum of 1-O-linolenoyl-3-O-B3-D-galactopyranosyl-rac-glycerol (15).

10¢



LB R

J

47| 46 45 44 43 42 41 40 39 38 37 36 35 ppm

W H

acetonide

T T T T T T I I

85 80 75 70 65 60 55 50

Fiaure 164. The 300 MHz *H-NMR soectrum of 1.2-O-isooroovlidene-3-O-benzvl-rac-alvceral (16) in CDCl-.

T T T

45 40 35 30

8

o0

2112

S| |-

(=]
—
-

—

El

80¢



209

Figure 165. The 300 MHz *H-NMR spectrum of 1-O-benzyl-rac-glycerol
(17) in CDCls.
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Figure 166. The 75 MHz *C-NMR spectrum of 1-O-benzyl-rac-glycerol
(17) in CDCls.
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Figure 168. The 75 MHz *C-NMR spectrum of 1,2-O-dilauroyl-3-O-
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Figure 169. The 300 MHz *H-NMR spectrum of 1,2-O-dilauroyl-rac-
glycerol (19) in CDCls.
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Figure 170. The 75 MHz *C-NMR spectrum of 1,2-O-dilauroyl-rac-glycerol
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Figure 172. The 300 MHz 'H-NMR spectrum of 1-O-lauroyl-2,3-
isopropylidene-rac-glycerol (20a) in CDCls.
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Figure 173. The 75 MHz ®C-NMR spectrum of 1-O-lauroyl-2,3-
isopropylidene-rac-glycerol (20a) in CDCls.
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Figure 174. The 300 MHz H-NMR spectrum of 1-O-stearoyl-2,3-
isopropylidene-rac-glycerol (20b) in CDCls.
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Figure 175. The 75MHz *C-NMR spectrum of 1-O-stearoyl-2,3-
isopropvlidene-rac-alvcerol (20b) in CDCla.
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Figure 176. The 300 MHz 'H-NMR spectrum of 1-O-behenoyl-2,3-
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Figure 177. The infrared spectrum of 1-O-behenoyl-2,3-isopropylidene-
rac-glycerol (20c).
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Figure 181. The 300 MHz *H-NMR spectrum of 1-O-stearoyl-rac-glycerol
(21b) in CDCls.
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Figure 182. The 75 MHz **C-NMR spectrum of 1-O-stearoyl-rac-glycerol (21b)

in CDCls.
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Figure 183. The 300 MHz *H-NMR spectrum of 1-O-behenoyl-rac-
glycerol (21c) in CDCls.
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Figure 184. The 75 MHz *C-NMR spectrum of 1-O-behenoyl-rac-glycerol (21c) in
CDCls.
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Fiaure 186. The 300 MHz *H-NMR spectrum of 1.2:3.4:5.6-tri-O-isoproovlidene-D-mannitol (23) in CDCl-.
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Figure 187. The 300 MHz *H-NMR spectrum of 3,4-O-isopropylidene-
D-mannitol (24) in CDCls.
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Figure 188. The 75 MHz **C-NMR spectrum of 3,4-O-isopropylidene-D-mannitol
(24) in CDCl.
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Figure 189. The 300 MHz *H-NMR spectrum of 1,2:5,6-tetra-O-benzyl-3,4-
O-isopropylidene-D-mannitol (25) in CDCls.
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Figure 190. The 75 MHz *C-NMR spectrum of 1,2:56-tetra-O-benzyl-3,4-O-

isopropylidene-D-mannitol (25) in CDCls.
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Figure 191. The 300 MHz *H-NMR spectrum of 1,2:5,6-tetra-O-benzyl-D-
mannitol (26) in CDCls.
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Figure 192. The 75 MHz *C-NMR spectrum of 1,2:5,6-tetra-O-benzyl-D-mannitol
(26) in CDCls.
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Figure 193. The 300 MHz *H-NMR spectrum of 1,2-di-O-benzyl-sn-glycerol
(28) in CDCls.

1 1 1 1
160 150 140 130 120 110 100 90

Figure 194. The 75 MHz *C-NMR spectrum of 1,2-di-O-benzyl-sn-glycerol (28) in
CDCls.
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Figure 195. The 300 MHz *H-NMR spectrum of 1,2-di-O-benzyl-3-O-(B-D-
2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol (29) in CDCl3.
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Figure 196. The 75 MHz “C-NMR spectrum of 1,2-di-O-benzyl-3-O-(B-D-
2',3' 4 ,6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol (29) in CDCls.



Figure 197. The *H-'H COSY spectrum of 1,2-di-O-benzyl-3-O-(B-D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol (29) in

lcc

CDCl-.



Fiaure 198. The 300 MHz *H-NMR spectrum of 1-O-(B-D-2'.3'.4'.6'-tetra-O-acetvl-al ucopyranosvl)-sn-alvcerol (30) in CDCla.
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Figure 199. The 300 MHz *H-NMR spectrum of 1,2-di-O-lauroyl-3-O-(B-D-
2',3 4 ,6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol (31a) in CDCls.
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Figure 200. The 75 MHz ®C-NMR spectrum of 1,2-di-O-lauroyl-3-O-(B-D-
2',3',4'6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol (31a) in CDCls.
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Figure 201. The H-'H COSY spectrum of 1.2-di-O-laurovl-3-O-(B-D-2'.3' .4’ 6'-tetra-O-acetvl-alucopvranosvl)-sn-alveerol (31a) in CDCla.
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Figure 202. The 300 MHz *H-NMR spectrum of 1,2-di-O-linolenoyl-3-O-(B-D-

2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol (31b) in CDCls.

EEBFI
9Z1°12
EkZ 12
20k °s¢
18F G2
TL0° 92
S11°92
09192
ERL L
BZ9°6C
BS9 6T
BZL BT
0ET 0E
PZZ°0E
9Lk "¥E
69S°PE
SZL PE
£29°6Y
EQ0E" 29
£89°¢9
6ST°'89
oLL B9
B60T"
6ES”
6SE”
060°
BZO®
0Se”
659"
LB LL
0TF"TOT

N O
~=~r

-~
™~ -~

W AW AN

10%°LZT
LV T4
LTS BZT
1667821
28k 0ET
T0S°0ET
SEZ ZET

Pk 691
LBS 69T
PIb 0LT
EZB OLT
LBB TLT
9EF ELT

T
180 170 160 150 140

T T
B0O 70 60 S50 40 30 20 10

T
a0

130 120 110 100

-O-linolenoyl-3-O-(B-D-

Figure 203. The 75 MHz *C-NMR spectrum of 1,2-di

2',3' 4 ,6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol (31b) in CDCls.
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Figure 205. The 75 MHz *C-NMR spectrum of 1-O-linolenoyl-2-O-lauroyl-3-O-(B-

D-2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol (31c) in CDCls.
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Figure 206. The 300 MHz *H-NMR spectrum of 1,2-di-O-lauroyl-3-O-p-D-
gluucopyranosyl-sn-glycerol (32a) in CDCl3.
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Figure 207. The 75 MHz ®C-NMR spectrum of 1,2-di-O-lauroyl-3-O-B-D-
gluucopyranosyl-sn-glycerol (32a) in CDCls.
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Figure 208. The 300 MHz *H-NMR spectrum of 1,2-di-O-linolenoyl-3-O-
[-D-glucopyranosyl-sn-glycerol (32b) in CDCls.
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Figure 209. The 75 MHz “C-NMR spectrum of 1,2-di-O-linolenoyl-3-O-B-D-
glucopyranosyl-sn-glycerol (32b) in CDCls.
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Figure 210. The 300 MHz *H-NMR spectrum of 1-O-linolenoyl-2-O-lauroyl-

O-B-D-glucopyranosyl-sn-glycerol (32c) in CDCls.
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Figure 211. The 75 MHz *C-NMR spectrum of 1-O-linolenoyl-2-O-lauroyl-3-O--

D-glucopyranosyl-sn-glycerol (32c) in CDCls.
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Figure 212. Theinfrared spectrum of 1-O-linolenoyl-2-O-lauroyl-3-O-3-D-glucopyranosyl-sn-glycerol (32c).
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Figure 213. The 300 MHz *H-NMR spectrum of 1-O-linolenoyl-3-O-(B-D-
2',3',4',6'-tetra-O-acetyl-glucopyranosyl)-sn-glycerol (33) in CDCl3.
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Figure 214. The 75 MHz **C-NMR spectrum of 1-O-linolenoyl-3-O-(p-D-2',3' 4,6
tetra-O-acetyl-glucopyranosyl)-sn-glycerol (33) in CDCls.
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Figure 215. The 300 MHz *H-NMR spectrum of 1-O-linolenoyl-3-O-B-D-
glucopyranosyl-sn-glycerol (34) in CDCls.
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Figure 216. The 75 MHz *C-NMR spectrum of 1-O-linolenoyl-3-O-B-D-
glucopyranosyl-sn-glycerol (34) in CDCls.
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Fiaure 219. The HMOC spectrum of 1-O-linolenovl-3-O-B-D-alucopvranosyl-sn-alvcerol (34) in CDCl-.
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Figure 220. The 300 MHz 'H-NMR spectrum of 1,2-di-O-benzyl-3-O-(B-D-
2',3',4',6'-tetra-O-acetyl-gal actopyranosyl)-sn-glycerol (35) in CDCls.
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Figure 221. The 75 MHz *C-NMR spectrum of 1,2-di-O-benzyl-3-O-(B-D-
2',3',4'6'-tetra-O-acetyl-gal actopyranosyl)-sn-glycerol (35) in CDCls.
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Figure 222. The 300 MHz *H-NMR spectrum of 1-O-(B-D-2'.3'.4'.6'-tetra-O-acetvl-aal actopyranosvl)-sn-alvcerol (36) in CDCla.
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Figure 223. The 300 MHz *H-NMR spectrum of 1,2-di-O-linolenoyl-3-O-(B-D-
2',3 4 ,6'-tetra-O-acetyl-gal actopyranosyl)-sn-glycerol (37) in CDCls.
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Figure 224. The 75 MHz *C-NMR spectrum of 1,2-di-O-linolenoyl-3-O-(B-D-
2',3' 4 ,6'-tetra-O-acetyl-gal actopyranosyl)-sn-glycerol (37) in CDCls.
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Figure 225. The 300 MHz *H-NMR spectrum of 1,2-di-O-linolenoyl-3-O-

p-D-galactopyranosyl-sn-glycerol (38) in CDCls.
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Figure 226. The 75 MHz C-NMR spectrum of 1,2-di-O-linolenoyl-3-O-B-D-

galactopyranosyl-sn-glycerol (38) in CDCls.
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