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ABSTRACT
Novel sulforhamnosylacylglycerol derivatives

represented by General Formula (1):
Q H
HO~§"C~H
O O

OH

where Rpg] represents an acyl residue of a higher fatty
acid and Rypp represents a hydrogen atom or an acyl
residue of a higher fatty acid. The derivatives
represented by General formula (1) are useful as a DNA

polymerase inhibitor and an anticancer agent.
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DESCRIPTTION

NOVEL SULFORHAMNOSYLACYLGLYCEROL DERIVATIVES
AND USE THEREOF AS MEDICAMENTS

Technical Field

The present 1nvention relates to novel
sulforhamnosylacylglycerol derivatives. The novel
sulforhamnosylacylglycerol derivatives of the present
invention are useful as medicaments, more specifically,
a DNA polymerase i1nhiblitor and an anticancer agent.

Background Art

Sulfur-containing glycolipids contained in natural
products derived from, e.g., algae and higher plants
are known to have physiological activities.

For example, 1n a document of Ohta et al.
(Chemical & Pharmaceutical Bulletin, 46(4), (1998)), it
1s described that a specific
sulfoquinovosyldiacylglycerol derivative derived from

red algae, Gigartina tenella, exhibits not only

inhibitory activities against DNA polymerases a and f3

of higher organisms but also an inhibitory activity

against HIV-derived reverse-transcriptase.

Furthermore, 1n a document of Mizushina et al.
(Biochemical Pharmacology 55, 537-541 (1998)), it 1is
described that specific sulfoquinovosyldiacylglycerol
derivatives derived from a pteridophyte exhibits

inhibitory activities against a calf DNA polymerase «o
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and a rat DNA polymerase f3, but does not have any
influence on the 1nhibitory activity against HIV-
derived reverse-transcriptase.

On the other hand, in a document of Sahara et al.
(British Journal of Cancer, 75(3), 324-332 (1997)),
1t is described that a fraction of

sulfoquinovosylmonoacylglycerols obtained from sea

urchin intestine exhibilits anticancer activities 1n-vivo

and i1n-vitro.

However, sulfur-containing glycolipids disclosed
in Ohta et al., Mizushina et al., and Sahara et al.,
are sulfoquinovosylacylglycerol derivatives having an
a -quinovose (1.e., 6b-deoxy—-a—-glucose) as a sugar
component thereof. A sulfur-containing glycolipids
having a rhamnose (1.e., 6-deoxymannose) as a sugar
component has not yet been known.

Furthermore, National Patent Publication
No. 5-501105 describes that a
sulfoquinovosyldiacylglycerol derivative has an anti-
virus activity. More specifically, it discloses that
the derivative has an anti-HIV (human immunodeficiency
virus) activity, however 1t does not disclose that the
derivative has 1nhilbitory activities against DNA
polymerase and anticancer activities.

Disclosure of Invention

An object of the present invention 1s to provide a

novel sulforhamnosylacylglycerol derivative having a
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rhamnose as a sugar component and 1ts use as a
medicament.
The present i1nvention provides compounds

represented by the following General Formula (1):

? N
HO-S—C—H H ' '
O
0 T
OH HO o—-—-—-clz--—---c}:-—-——clz—H
OH H OR1020R101 (1)

wherein Rqg1 represents an acyl residue of a higher
fatty acid, and Rqpp represents a hydrogen atom or an
acyl residue of a higher fatty acid.

Furthermore, the present invention also provides
medicaments containing, as an active i1ngredient, at
least one compound selected from the group consisting
of the compounds represented by General Formula (1) and
pharmaceutically acceptable salts thereof.

Best Mode for Carrying Out of the Invention

In the specification, the term "carbon atoms" of a
protecting group refers to the number of carbon atoms
assuming that the protecting group is unsubstituted.

To be more specific, when the group represented by R1
is a substituted alkyl group, 1ts number of carbon
atoms 1s that of the alkyl group 1tself, and the number
of carbon atoms of the substituent on the alkyl group
is not counted. The same conditions are applicable to

the case where the protecting group 1is other than the

alkyl group.

|

First, the sulforhamnosylacylglycerol derivative
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(hereinafter, also referred to as
"sulforhamnosylacylglycerol derivative of the present
invention") represented by General Formula (1) of the
present invention will be more specifically explained.
The sulforhamnosylacylglycerol derivative of the

present 1nvention 1is represented by following General

Formula (1):

® M

HO-S—C-H
0

!
O—C——C—C—H
2 |

L) —L

OR1020R 101 (1)

wherein Rjgj] represents an acyl residue of a higher
fatty acid, and Rjgp represents a hydrogen atom or an

acyl residue of a higher fatty acid.

In General Formula (1), Rjpgi represents an acyl

residue of a higher fatty acid. The fatty acids
providing the acyl residues represented by Rigj]
includes straight-chain or branched-chain, saturated or
unsaturated higher fatty acids.

When the sulforhamnosylacylglycerol derivative of
the present invention is used as a medicament, Rygj 1is
preferably an acyl residue of a straight-chain
saturated higher fatty acid in view of its anticancer

activity, in particular, against a solid tumor, for

‘example, gastric cancer and colon cancer, and more

preferably a group represented by CH3(CHp),CO- (wherein

n 1s an integer of 12-24, preferably an even number of

12-24) . The present inventors predict that
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sulforhamnosylacylglycerol derivatives, where Rqpny of
General Formula (1) of the invention is represented by
CH3 (CH2) ,CO- (n > 24), may also have an anticancer
activity. However, the sulforhamnosylacylglycerol

derivatives having such long-chain acyl residues are

not used in practice in view of manufacturing cost and
the like.

In General Formula (1) mentioned above, Rqg»
represents a hydrogen atom or an acyl residue of a
higher fatty acid. The fatty acids providing the acyl
residues include straight-chain or branched-chain,
saturated or unsaturated higher fatty acids, and more
specifically, include the same fatty acids as those
mentioned above for Rqpj.

When the sulforhamnosylacylglycerol derivatives of
the present 1nvention are used as a medicament, Rjpo is
preferably a hydrogen atom in view of their anticancer
activities, 1n particular, against solid tumor, for
example, gastric cancer and colon cancer.

In General formula (1), the sugar skeleton of the
sulforhamnoside may be either a boat or chair
configuration. However, the chair configuration is
preferable 1n view of stability. Furthermore, the
bonding between sulforhamnose and glycerol is either an
a- or [ -bonding. However, when the
sulforhamnosylacylglycerol derivatives of the present

invention are used as a medicament, the a-bonding is
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preferable in view of manufacturability. Furthermore,

the absolute configuration of the carbon (asymmetric

carbon) at the 2-position of the glycerol moiety may be

either the S- or R-configuration.

Now, a method of preparing the
sulforhamnosylacylglycerol derivatives of the present
invention will be explained below.

The sulforhamnosylacylglycerol derivatives of the
present 1nvention can be prepared via (Step A) to (Step

J) 1n accordance with the reaction procedure shown in

Scheme 1 below:

Scheme 1
OH
O
H 7)-» OH HO CH,—CH==CH,
Compound 1 Compound 2
-B-)- O—CH,—CH=CH, ~—» OR? R'O —CHy—CH=CHj,
,::: I;: C ‘ :j ;:
Compound 3 R0 Compound 4
— F OR? R1 P-0—CH,—CH=CH, —» ﬁ OR? R’ >~-0—CH,—CH=CH,
D E
3
Compound 5 RO Compound 6

Rkt b AT
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Il {
SCR® SCR”

O—CH,~CH=CH, —3» R? R'O

O—CHz—-%H-?Hz

G

3 OH

Compound 7 R0 Compound 8 OH
il 5
SCR SO5Na
O—CHz—(SJHm?Hz — - R? R! O—CHZ—-(siH——?Hz

l

OR4102OR101 * R3g OR4p2 OR 101

Compound 10

Compound 9

SO;Na

—CH 2"'""CH —CH 2

-

OR 102 OR 401

Compound 11

(Step A) The hydroxyl group bonded to the Cl
carbon of the D-mannose 1s converted into a 2-propenyl
group. (Step B) The hydroxyl group of the C6 carbon of
the mannose 1s protected. (Step C) The hydroxyl groups
bonded to the C2, C3 and C4 carbons of the mannose are
protected. (Step D) The protecting group of the C6
carbon previously protected is deprotected. (Step E)
The hydroxyl group bonded to the C6 carbon is
substituted with a group (for example, an
alkylsulfonyloxy group or arylsulfonyloxy group) which
can be converted to a carbonylthio group. (Step F) The
Co carbon is converted into a carbonylthio group.

(Step G) The Z2-propenyl group bonded to the Cl carbon
1s converted into a diol. (Step H) Both of the

hydroxyl groups or only the hydroxyl group at the
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l-position of the diol thus obtained are/is esterified
with a desired higher fatty acid. (Step I) The
carbonylthio group at the C6 carbon i1s converted into a
sulfonate salt. (Step J) The protecting groups of C2,
C3 and C4 carbons of the sulfonate salt obtained are
deprotected. As a result, a salt of a
sulforhamnosylacylglycerol derivative of the present
invention can be produced. The salt thus obtained is
subjected to titration with an acid such as
hydrochloric acid to give the
sulforhamnosylacylglycerol derivative of the present
invention.

The aforementioned Steps A-J will be further
explalned 1n detail.

In Step A, the Z2-propenylation 1s carried out by
reacting the mannose with allyl alcohol in the presence
of a strong acid, such as trifluoromethanesulfonic acid,
usually at room temperature to 100°C, preferably from 80
to 90C, for a half day to two days. However, the
reaction time varles depending upon the reaction
conditions.

In Step B, the hydroxyl group bonded to the C6
carbon 1s protected to obtain the compound to

which -OR® is bonded at the C6 carbon (where RO

represents an alkyl or substituted silyl group).

As the compound capable of protecting the hydroxyl

group, a compound can be used which can provide an
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alkyl group or substituted silyl group as the RO group.

Examples of the alkyl group represented by R
preferably include bulky and substituted alkyl groups.
The substituents of the bulky and substituted alkyl
groups 1include methyl and phenyl groups. The specific
examples of the substituted alkyl group include t-butyl
and trityl groups.

When the group represented by RO represents a
substituted silyl group, examples of substituents of
the substituted silyl group include lower alkyl groups,
preferably alkyl groups having 1-4 carbon atoms (for
example, methyl, ethyl, isopropyl and t-butyl groups):;
and aryl groups, preferably aryl groups having 6 carbon
atoms (for example, a phenyl group). The substituted
silyl group represented by RO preferably includes tri-
substituted silyl groups, more preferably, a t-
butyldiphenylsilyl group.

When the compound 3, where R® represents an alkyl
group, 1s to be obtained, the protection of the
hydroxyl group 1n Step B can be carried out by adding a
compound represented by R6-X (where R® represents the
alkyl group defined above, and X represents a halogen
atom such as chlorine atom) to a solution of the
compound 2 dissolved 1n an organic solvent, such as
anhydrous pyridine, and reacting the solution mixture
at room temperature 1in the presence of a catalyst such

as p-dimethylaminopyridine (DMAP). As the compound
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RO-X, trityl chloride is preferably used in view of
manufacturability and reactivity.

When the compound 3, where R® represents a
substituted silyl group, is to be obtained,
t-butyldiphenylsilyl chloride, for example, is used as
the compound R6—X, and the reaction is carried out
usually 1n the presence of a catalyst, such as
lmidazole, at room temperature for a half day to two
days. Note that the reaction time varies depending
upon the reaction conditions.

In Step C, the hydroxyl groups bonded to the C2,
C3 and C4 carbons are protected and converted into -ORZ,
-ORZ and -OR3, respectively, where Rl to R3
independently represent an alkyl or substituted silyl
group. The protection of these hydroxyl groups can be
carried out by activating, with sodium hydride, the
hydroxyl groups bonded to the C2, C3 and C4 carbons of
the compound 3 dissolved in an organic solvent, such as
N, N-dimethylformamide (DMF), and reacting with the
compound capable of protecting these hydroxyl groups at
room temperature.

As the compound capable of protecting the hydroxyl
groups, benzyl bromide, p-methoxybenzyl bromide, t-
putyldimethylsilyl chloride or triethylsilyl chloride
may be used. Benzyl bromide is preferably used as the
protecting group in view of stability of the protecting

group 1n the case where the acyl residue(s) represented
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by R1pg1 and/or Ripgy are/is saturated one(s).

The reaction using the compound capable of
protecting the hydroxyl groups can be carried out under
a sultable reaction condition for each of the
protecting groups.

The deprotection of the protecting group bonded to
the C6 carbon in Step D may be carried out by reacting
a solution of the compound 4 dissolved in an organic
solvent, such as methanol, in the presence of a
catalyst, such as p-toluenesulfonic acid, generally for
12 hours to one day at room temperature. The reaction
time varies depending upon the reaction conditions.

In Step E, R4, that is, an alkylsulfonyl or
arylsulfonyl group is bonded to the hydroxyl group at
the Cb carbon of the compound 5, so that the hydroxyl

group is converted into -OR% to give the compound 6.

The reaction to give the -0OR% group 1s performed
by adding a compound having the alkylsulfonyl group or
a compound having the arylsulfonyl group to a solution
of the compound 5 dissolved in an organic solvent,
and reacting them. The alkyl group of the compound
having the alkylsulfonyl group preferably includes
unsubstituted alkyl groups, more preferably, lower
alkyl groups, much more preferably, alkyl groups having
1-2 carbon atoms (methyl and ethyl groups). The
compound having an alkylsulfonyl group can be

represented by R4 -X (where R4’ represents an
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alkylsulfonyl group, and X represents a halogen atom).
Specific examples include methanesulfonyl chloride and
ethanesulfonyl chloride.

On the other hand, the aryl group of the compound
having the arylsulfonyl group may include unsubstituted
and substituted aryl groups, preferably aryl groups
having 6 carbon atoms (e.g., a phenyl group). In the
case of the substituted aryl group, examples of the
substituent thereof include p-methyl and p-methoxy
groups. Examples of the compound having an
arylsulfonyl group include compounds represented by
R4"-X (where R4"represents an arylsulfonyl group, and X
represents a halogen atom). Specific examples include
p-toluenesulfonyl chloride, p-methoxybenzenesulfonyl
chloride and benzenesulfonyl chloride.

Of the compounds having an alkylsulfonyl or
arylsulfonyl group, a compound having a tosyl group is
preferably used from the viewpoint of reaction facility.

In the reaction of Step E, as an organic solvent,
for example, pyridine or dichloromethane may be used.

The reaction mentioned above may be performed, as
the case may be, 1n the presence of a catalyst, such as
DMAP, at room temperature for 2 hours to one day. The
reaction time varies depending upon the reaction
conditions.

In Step F, the sulfonyloxy group (-OR%) of the

compound 6 1s replaced with a carbonylthio group
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represented by -SC (=O)R5, where R represents a
hydrogen atom, an alkyl or aryl group.

In the reaction, a compound capable of
substituting the alkylsulfonyloxy or arylsulfonyloxy
group of the compound 6 with the carbonylthio group, is
allowed to react in an organic solvent to give a
compound /. Hereinafter, this compound will be
referred to as "O-substituted — S-substituted
compound”.

Examples of the O-substituted — S-substituted
compound include alkali metal salts and alkali earth
metal salts of a thiocarboxylic acid. Examples of the
thiocarboxylic acid include thioformic acid, lower
thiocarboxylic acids, preferably aliphatic
thiocarboxylic acids each having 1-5 carbon atoms in
1ts aliphatic hydrocarbon moiety (for example,
thioacetic acid or thiopropionic acid), and aromatic
thiocarboxylic acids each having 6-10 carbon atoms in
its aromatic hydrocarbon moiety (for example,
thiobenzoic acid).

The alkali metal that forms a salt with the
thiocarboxylic acid includes potassium and sodium. The
alkall earth metal includes magnesium and calcium.

Of the above-mentioned O-substituted — S-
substituted compounds, salts of thiocacetic acid may be

preferably used since a reaction can proceed stably and

the sulfur atom can be easily oxidized in a later step.
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Examples of an organic solvent used in the
reaction include alcohols, preferably lower alcohols,
(for example, methanol, ethanol and propanol), N,N-
dimethylformamide and dimethylsulfoxide.

The aforementioned reaction may be performed
usually at room temperature to the boiling point of a
solvent to be used while stirring for one hour to one
day. Note that the reaction time varies depending upon
the reaction conditions.

The dihydroxylation of Step G may be performed by
adding an oxidizing agent, such as osmium tetraoxide,
to a solution of the compound 7 dissolved in a solvent
mixture, such as a mixture of t-butanocl and water, and
then reacting the resultant mixture in the presence of
a re-oxidizing agent, such as trimethylamine N-oxide,
at room temperature for one hour to one day. Note that
the reaction time varies depending upon the reaction
conditions.

By the esterification of Step H, a
sulforhamnosylacylglycerol derivative having a desired
higher fatty acid bonded, through an ester-bond, to its
glycerol moiety can be obtained. This reaction can be
carried out by adding a fatty acid corresponding to a
final product to a solution of the compound 8 dissolved
in a suitable organic solvent, such as dichloromethane,
and then reacting the resultant mixture, if necessary,

1n the presence of a suitable catalyst, such as
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ethyldimethylaminopropylcarbodiimide (EDCI)-DMAP.

In the reaction of Step H, as the fatty acid to be
added, use may be made of a higher fatty acid whose
acyl group 1s that represented by Rypj] of General
Formula (1).

In the reaction of Step H, the compound 9 1is
obtained in the form of a mixture of a diacylester and
a monoacylester. The diacylester herein is represented
by Formula (1) of the present invention where each of
R1p91 and Rjpg2 1s an acyl residue of the higher fatty
acid added. The monoacylester herein has the acyl
residue of the higher fatty acid added, as the Rygj
only. Two or more higher fatty acids may be added, if
desired, 1n the reaction of Step H. In this case, the
resultant mixture contains diacylesters represented by
General Formula (1) where Rjyp] and Ripp are the same or
different acyl residues, and monoesters having
different acyl residues as Rip7.

If necessary, the mixture of the monoesters and
diesters can be isolated from each other by, for
example, chromatography, and subjected to the next
reaction Step 1I.

Furthermore, if desired, by reacting a monoester
obtained 1n Step H with a fatty acid having a different
acyl residue from the acyl residue (Rjpj) of the
monoester, 1t 1s possible to obtain a diester where

R102 and Rjg1 are different acyl residues. This
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additional esterification step may be performed under
the same conditions as those of Step H except that a
different fatty acid is used.

In Step I, the conversion into a sulfonate salt
can be carried out by adding an oxidizing agent, for
example, OXONE (Z2KHSOg, KHSO4 and K»SO4) into a
solution of the compound 9 dissolved in an organic
solvent, which 1s buffered with acetic acid and
potassium acetate, and then allowing the resultant
mixture to react at room temperature for 12-24 hours.
Note that the reaction time varies depending upon the
reaction conditions.

The deprotection of the protecting groups bonded
to carbons at the C2Z2 to C4 carbons‘in Step J can be
carried out by a method suitable for a protecting group
to be used and an acyl residue of the bonded higher
fatty acid. For example, when the protécting group 1S
a benzyl group and each of Rypg; and Ripg» is an acyl
residue of a saturated higher fatty acid, the
deprotection can be conducted by reacting a solution of
a compound 10 dissolved in an organic solvent, such as
éthanol, in the presence of a catalyst, such as
palladium-activated carbon, under a hydrogen gas
atmosphere at room temperature. Furthermore, when at
least one of the acyl residues of the higher fatty
aclds represented by Rig1 and Rjypg»o is an acyl residue

of an unsaturated higher fatty acid, a deprotection
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method sultable for a protecting group used and capable
of retaining the double bond of the unsaturated fatty
acid may be employed. For example, when the protecting
group 1s a silyl group, the deprotection can be
conducted by use of an acid catalyst (e.qg.,
trifluorcacetic acid).

Note that the mannose of a starting material
usually takes a- and f -anomer configurations in a
solution. Therefore, the product in each step results
in a mixture of a- and f-anomers. The mixture can be
separated into a- and f -anomers by chromatography.

Now, we wlll explain the medicaments of the
present i1nvention containing at least one compound
selected from the group consisting of
sulforhamnosylacylglycerol derivatives of the present
invention and pharmaceutically acceptable salts thereof,
as an active ingredient.

The sulforhamnosylacylglycerol derivative serving
as an active 1ngredient for the medicaments of the
present invention may be an isomer in which the
rhamnosyl molety 1s bonded to glyceridyl moiety with an
a—- or fB-configuration. The derivative may be an
1somer regarding the asymmetric carbon at the C2 carbon
of the glyceridyl moiety. The medicaments of the
present invention may include one of these isomers

alone or in comblnation of two or more isomers as long

as they do not adversely affect the activity.
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In the present i1nvention, the medicinal use
includes a DNA polymerase inhibitor and an anticancer
agent.

Examples of the pharmaceutically acceptable salts
employed 1in the medicament of the present invention
include, but not limited to, a salt of a monovalent
cation such as a sodium or potassium ion. Hereinafter,
the compounds of the group consisting of
sulforhamnosylacylglycerol derivatives and
pharmaceutically acceptable salts thereof are sometimes
referred to as "medicinally active substance of the
present i1nvention”.

The medicinally active substance of the present
invention can be orally or parenterally administered.

Medicinally active substance of the present invention

can be combined with, for example, a pharmaceutically

acceptable excipient or diluent depending on an
administration route thereby to form a medicinal
formulation.

The forms of the agent suitable for oral
administration include, solid-, semi-solid, liguid- and
gas-states. Specific examples include, but not limited
to, tablet, capsule, powder, granule, solution,
suspension, syrup and elixir agents.

In order to formulate the medicinally active

substance of the present invention into tablets,

capsules, powders, granules, solutions or suspensions,
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the substance 1s mixed with a binder, a disintegrating
agent and/or a lubricant, and, if necessary, the
resultant 1s mixed with a diluent, a buffer, a wetting
agent, a preservative and/or a flavor, by a known
method. Examples of the binder include crystalline
cellulose, cellulose derivatives, cornstarch and
gelatin. Examples of the disintegrating agent

include cornstarch, potato starch and sodium
carboxymethylcellulose. Examples of the lubricant
include talc and magnesium stearate. Furthermore,
additives such as lactose and mannitol may also be used

as long as they are used conventionally.

Moreover, the medicinally active substance of the
present invention may be administered i1n the form of
aerosol or inhalant, which 1s prepared by charging the
active substance of liquid- or fine powder-form,
together with a gaseous or liquid spraying agent, and,
if necessary, a known auxiliary agent such as a wetting
agent, 1nto a non-pressurized contalner such as an

aerosol container or a nebulizer. As the spraying

agent, a pressurized gas, for example,
dichlorofluoromethane, propane or nitrogen may be used.
For parenteral administration, the medicinally
active agent of the present invention can be injected
by, for example, rectal administration or injection.
For rectal administration, a suppository may be

used. The suppository may be prepared by mixing the
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medicinally active substance of the present invention
with an excipient that can be melted at body
temperature but is solid at room temperature, such as
cacao butter, carbon wax or polyethylene glycol, and
molding the resultant material, by a known method.
For the administration by injection, the
medicinally active agent of the present i1nvention can
be injected hypodermically, intracutaneously,
intravenously or intramuscularly. An injection

preparation may be formulated by dissolving, suspendilng

-

or emulsifying the medicinal y active substance of the

invention into an agueous Or non-agqueous solvent such

as a vegetable o0il, a synthetlic glyceride with a fatty
acid, an ester of a higher fatty acid or propylene
glycol by a known method. If desired, a conventional
additive such as a solubilizing agent, an
osmoregulating agent, an emulsifier, a stabilizer or a
preservative, may be added to the preparation.

For formulating the medicinally active substance
of the invention into solutions, suspensions, sSyrups Or
elixirs, a pharmaceutically acceptable solvent such as
sterilized water for injection or normalized
physiological saline solution may be used.

The medicinally active substance of the invention

may be used together with a pharmaceutically acceptable
compound having another activity, to prepare a

medicinal preparation.

Avean.cu... i -ave -
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The dose of the medicinally active substance of
the present invention may be appropriately set or
adjusted in accordance with an administration form, an
administration route, a degree or stage of a target
disease, and the like. For example, in the case of
oral administration, a dose of the medicinally active
substance may be set at 1 - 10 mg/kg body weight/day.
In the case of administration by 1njection, a dose of
the medicinally active substance may be set at 1 -

5 mg/kg body weight/day. In the case of rectal
administration, a dose of the medicinally active
substance may be set at 1 - 5 mg/kg body weight/day.
However, the dose is not limited to these.

When the medicinally active substance of the
present invention 1s used as an antilicancer agent,
examples of cancers to be treated 1nclude those having
features of malignant tumors such as solid tumors
including adenocarcinoma, epithelioma, sarcoma, glioma,
melanoma and lymphoma, and a fluid cancer such as
leukemila.

Examples

The present invention will now be described by way
of its Examples. However, the present i1nvention is not
limited to these Examples.
<Synthesis Example>

A preparation procedure of a

sulforhamnosylacylglycerol derivative will be shown in

R T T L T T e R Ak s Ly A S A= e AN vy
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Tr=trityl group, Bn=benzyl group, Ts=tosyl group,
AcS=acetylthio group,

Ripgi1=an acyl residue of a higher fatty acid, and
Ri1g2=a hydrogen atom or an acyl residue of a higher

fatty acid

Reaction conditions:
a; allyl alcohol, trifluoromethanesulfonic acid, at 90C

b; pyridine,

tritylchloride, p-dimethylaminopyridine

(DMAP), at room temperature
c; sodium hydride, benzylbromide, N,N-dimethylformamide,
at room temperature
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d; methanol, p-toluenesulfonic acid monohydrate, at
room temperature

e; pyridine, p-toluenesulfonyl chloride, DMAP, at room
temperature

f; ethanol, potassium thiocacetate, under reflux

g; t-butanol, water, osmium tetraoxide, trimethylamine
N-oxide dihydrate, at room temperature

h; dichloromethane, fatty acid, DMAP l-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride, at
room temperature

1; acetic acid, potassium acetate, OXONE, at room
Ltemperature

j; ethanol, palladium-carbon, hydrogen, at room
temperature

In Scheme 2, a mixture of a monoester and diester
obtained in Step h 1s separated by chromatography and
each ester may be subjected to Step 1.

<Example 1>

Route a: 1-0-(Z2-propenyl)-D-mannose (II)

Into 125 mL of allyl alcohol, 50.5 grams
(281 mmol) of D-mannose (I) was added and sufficilently
dissolved therein. To the solution, 0.5 mL of
trifluoromethanesulfonic acid was gradually added under
an ice-cooled condition. Then, the solution was
reacted in an oil bath at 90C for 48 hours while
stirring. At the stage where the reaction sufficiently
proceeded, the reaction mixture was neutralized with
1 mLL of triethylamine, and concentrated in wvacuo. The

thin layer chromatography demonstrated a yield of about

70%.
OH OH
OH (1) 5 OH (IT)
HO Q > HO O
HO OH O \\/A\§

Route b: 1-0-(2-propenyl)-6-O-triphenylmethyl-D-mannose
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(ILI)

The Compound (II) (50.0 g, 227 mmol) was dissolved
in 200 mL of anhydrous pyridine. To the solution,
82.3 g (295 mmol) of tritylchloride and 1.0 g
(8.20 mmol) of p-dimethylaminopyridine (DMAP) were
added. The mixture was allowed to react for 48 hours
at room temperature while stirring. Then, the reaction
was quenched by addition of 300 mL of cold water, and
then extracted with ethyl acetate (3x300 mL). The
organlic layers were combined, neutralized to pH 4 with
1.0N hydrochloric acid, washed with brine (2x300 mL),
dried over anhydrous sodium sulfate, filtered,
concentrated 1n vacuo, and purified by silica gel flash
chromatography (dichloromethane: methanol = 20 : 1) to
give a white-yellowish oil1ly substance. The thin layer

chromatography demonstrated a yield of bout B80%.
OH | OTr

OH (II) O (IIT)
F$3 Q - F$? O

Route c¢: 2,3,4-tr1-0O-benzyl-1-0-(2-propenyl) -6-0-

triphénylmethyl~D~mannose(IV)

80 % sodium hydride (7.40 g, 247 mmol) dispersed
in a mineral oil was put i1nto a reactor and
sufficiently washed with 100 mL of anhydrous hexane.

Then, the hexane was removed from the reactor, to which
29.4 g (63.6 mmol) of the compound (III) dissolved in

anhydrous N,N-dimethylformamide was slowly added under

L Pt A A e R M MR T v SRS ——— T NN — ———
- T bn auben o
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an 1lce-cooled condition. After 15 minutes, the
reaction mixture was returned to room temperature, and
reacted for 1 hour while stirring.

Next, 41.8 g (244 mmol) of benzyl bromide was
slowly added to the reaction mixture under an 1lce-
cooled condition again. After 15 minutes, the reaction
mixture was returned to room temperature, and reacted
for 3 hours while stirring. Then, 100 mL of methanol
and 100 mL of cold water were added to the reaction
mixture to quench the reaction. The reaction mixture
was extracted with ethyl acetate (3x300 mL). The
organic lavyers were combined, washed with brine
(2x300 mL), dried over anhydrous sodium sulfate,

filtered, concentrated 1n vacuo, and purified by silica

gel flash chromatography (hexane : ethyl acetate = 10
1) to give a white-yellowish o1ly substance (yield:
39.6 g, 54.1 mmol, recovery: 86.1%).
OTr OTr
OH (ITI) - OBn (IV)

Route d: 2,3,4-tr1-O-benzyl-1-0-(2-propenvyl)-a-D-
mannose (V)

Into 300 mL of methanol, 39.6 g (54.1 mmol) of the
compound (IV) was dissolved, and 15.0 g (78.9 mmol) of
p-toluenesulfonic acid monohydrate was added. The
solution mixture was allowed to react overnight while

stirring. Then, the reaction was quenched by adding

A ey oA BT A Tt 4 4 . -0y § ot 48 AL L0 [0 P Ay, B B, Pkl M 0 T PO A A
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400 mL of cold water. The reaction mixture was
extracted with ethyl acetate (3x300 mL). The organic
layers were combilined, washed with brine (2x300 mL),
dried over anhydrous sodium sulfate, filtered,
concentrated in vacuo, and purified by silica gel flash
chromatography (hexane : ethyl acetate = 6 : 1 — 4
1) to give a colorless and transparent oily substance
(19.7 g, 40.2 mmol, recovery: 74.3%). [alp= +31.2° (c
1.03, CHCl3).

IR (liquid paraffin cm~1); 3430 (OH), 3050 & 3020
(Ar), 1940 & 1860 & 1800 & 1710 (monosubstituted Ar),

1630 (terminal double bond), 1590 & 1575 & 1485 (Ar),

1110-970 (CO), 905 & 825 &790 (a-hexose)

ly NMR (300MHz, CDC13+TMS, &) : 7.39-7.20 (15H, m,

Ar), 5.85-5.72 (1H, m, -CH=CH2), 5.17 (1H, dd, J=1.5 &
8.6, -CH=CHp), 5.11 (1H, dd, J=1.5 & 5.2, -CH=CH2),
1.94-4.49 (6H, m, Ar-CH2), 4.83 (1H, d, J=1.5, H-1),
4.12-3.64 (8H, m, H-2 & H-3 & H-4 & H-5 & H-6a,b
s ~O-CHp-CH=CHy)

13 NMR (300MHz, CDC13, 6) ;138.2 & 138.1 & 137.9

(Ar-ipso), 133.4 (-CH=CH2), 128.1-127.3 (Ar) :117.0

(-CH=CH2), 97.0 (C-1), 79.8 & 74.9 & 74.5 & 74.4 & 72.6
& 72.2 & 71.9 & 67.5 (Ar-CH2-0 & -O-CH2-CH=CH» & C-2 &

C-3 &« C-4 § C-5), 61.7 (C-0)
o8
OfTr d N (\7)

TV BnO Q
Bno/gg‘/ e Be

W T T T AT TR e S e S LT S e 4 (LM T e e e et o B R AR & TS A PP A PR P 4 P/ bl AN R TRRED NPT R -+ DA T AR et e Sl A rvis e
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Route e: 2,3,4-tri-0O-benzyl-1-0-(2-propenyl)-0-0-(4-
tolylsulfonyl)-a-D-mannose (VI)

Into 100 mL of anhydrous pyridine, 7.93 ¢
(16.2 mmol) of the compound (V) was dissolved, and then
100 mg (818 ymol) of DMAP and 5.69 g (29.8 mmol) of p-
toluenesulfonyl chloride were added. The solution was
reacted overnight at room temperature while stirring.
Then, the reaction was guenched by adding 200 mL of
cold water, and the reaction mixture was extracted with
ethyl acetate (3x200 mL). The resultant organic layers
were combined, neutralized to pH 4 with 1.0N and 0.1N
hydrochloric acid, washed with brine (2x300 mL), dried
over anhydrous sodium sulfate, filtered, concentrated
in vacuo, and purified by silica gel flash
chromatography (hexane : ethyl acetate = 4 : 1) to give
a colorless and transparent o01ly substance (yield:

9.96 g, 15.5 mmol, yield: 95.68%). [a]lp= +34.1

(c 1.62, CHCl3).

IR (liquid paraffin, cm~1); 3030 & 3000 (Ar), 1950
& 1855 & 1805 & 1695 (monosubstituted Ar), 1635
(terminal double bond), 1590 & 1575 & 1485 (Ar),
1120-980 (C-0), 900 & 850 & 775 (a-hexose)

lH NMR (300MHz, CDC13+TMS, &) :7.78 (2H, d, H at
Ts Me), 7.306-7.24 (15H, m, Ar), 7.19 (1H, d, J=3.2, H
at Ts SO»), 7.17 (1lH, d, J=1.9, H at Ts S0»), 5.85-5.72
(1H, m, -CH=CH2), 5.18 (1H, dd, J=1.5 & 13.7, -CH=CH2),

5.18 (1H, dd, J=1.5 & 6.9, -CH=CHp), 4.88 (1H, d,
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J=10.7, Ar-CHp), 4.71 (1H, d, J=12.4, Ar-CH2), 4.66 (1H,

d, J=12.4, Ar-CH2), 4.58 (2H, s, Ar-CHp), 4.46 (1H, d,

J=10.7, Ar-CH2), 4.79 (1H, d, J=1.6, H-1), 4.29-3.76
(8H, H-2 & H-3 & H-4 & H-5 & H-6a, b & -O-CH2-CH=CH?2),
2.40 (3H, s, Ts CH3)

3¢ NMR (300MHZ, CDC13, &) ;144.6 (ipso at Ts S02),

138.2 & 138.1 & 137.9 (Ar-ipso), 133.4 (-CH=CH2),

132.96 (ipso at Ts Me), 129.7 (Ar at Ts), 128.4-127.0

(Ar), 117.5 (-CH=CHp) :96.8 (C-1), 80.0 & 75.1 & 74.3 &
74.0 & 72.6 & 72.0 & 70.1 & 69.2 & 67.9 (Ar-CHp-0

§ —O-CHp-CH=CHp & C-2 & C-3 & C-4 & C-5 & C-6), 21.6

(Ts CH3)
OTs
I'e (V) BnO |
BB50 — "Bpo

Route f; 2,3,4-tri-0O-benzyl-1-0-(2-propenyl)-6-deoxy—-6-
acetylthio-a-D-mannose (VII)

Into 100 mL of anhydrous ethanol, 9.90 g
(15.4 mmol) of the compound (VI) was dissolved and then
3.52 g (30.8 mmol) of potassium thioacetate was added.
The solution was reacted under reflux for 4 hours while
stirring. Thereafter, the reaction was quenched by
adding 200 mL of cold water, and the reaction mixture

was extracted with ethyl acetate (3x200 mL). The
organic layers were combined, washed with brine

(2x200 mL), dried over anhydrous sodium sulfate,
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filtered, concentrated in vacuo, and purified by silica
gel flash chromatography (hexane : ethyl acetate =10
1) to give a white yellowish o0ily substance (yield:
7.81 g, 14.2 mmol, recovery: 92.2%). f[alp = +32.1°
(c 1.05, CHCl3y).

IR (liquid paraffin, cm~1l); 3120 & 3040 (Ar), 1950
& 1870 & 1800 (monosubstituted Ar), 1680 (SCOCH3), 1640
(terminal double bond), 1595 & 1575 & 1490 (Ar),
1135-910 (C-0), 830 & 785 (a-hexose)

1H NMR (BOOMHZ, CDC13+TMS, 0); 7.40-7.16 (15H, m,
Ar), 5.86-5.74 (1H, m, -CH=CH2), 5.23-5.13 (2H,
m, -=CH2), 4.96-4.56 (6H, m, Ar-CH2), 4.70 (1H, d,
J=1.5, H-1), 4.16-3.56 (7H, m, H-2 & H-3 & H-4 & H-5 &
H-6a & -O-CH2-CH=CH2), 3.13-3.06 (1H, m, H-6b), 2.30
(3H, s, Ts CH3)

13 .

C NMR (300MHz, CDCl3, 0) ;194.8 (SCO), 138.1 &

138.0 (Ar-ipso), 133.3 (-CH=CHp), 128.2-127.4 (Ar),

117.3 (-CH=CH2), 96.7 (C-1), 79.8 & 77.3 & 75.1 & 74.4
& 72.5 & 72.0 & ©7.5 (Ar-CH2-0 & -0O-CH2-CH=CH2 & C-2 &

c-3 & C-4 & C-5), 31.0 (SCOCH3), 30.3(C-6)

“oB 0

n n

Bro—Q  (VI) _t _ gio\jQ  (VII)
BnO BnO

Route g; 3-0-(2,3,4-tri-0O-benzyl-6-deoxy—-b-acetylthio-
« —D-mannopyranosyl)-glycerol (VIII)

Into 80 mL of a mixture of t-butanol : H2O (= 4
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1), 7.72 g (14.1 mmol) of the compound (VII) was
dissolved and then 2.5 g (22.5 mmol) of trimethylamine
N-oxide dihydrate and 20 mL of 0.04 M solution of
osmium tetraoxide in t-butanocl were added. The
solution was reacted at room temperature for 24 hours
while stirring. Thereafter, 15 g of activated charcoal
was added, and the reaction mixture was allowed to
stand at room temperature for 2 hours while stirring to
adsorb the osmium tetraoxide. After filtration with
suction, the reaction was quenched by adding 200 mL of
cold water, and extracted with ethyl acetate (3x200 ml).
The organic layers were combined, washed with brine
(2x300 mlL), dried over anhydrous sodium sulfate,
filtered, concentrated in vacuo, and purified by silica
gel flash chromatography (hexane : ethyl acetate = 1
1) to give a white yellowish oily substance (yield:
6.91 g, 11.9 mmol, vyield: 84.4 %).

[a]p = +43.3" (c 1.02, CHC13)

IR (liquid paraffin, cm~1); 3400(0OH), 3060 & 3020
(Ar), 1950 & 1870 & 1800 (monosubstituted Ar), 1070

(SCOCH3), 1595 & 1575 & 1490(Ar), 1130-950 (C-0O), 905 &

830 & 785 (a-hexose)

1y NMR (300MHz, CDCL3+TMS, &) ; 7.39-7.25 (15H, m,
Ar), 4.94-4.58 (7H, m, Ar—Cﬂg & H~-1), 3.82-3.38 (9H, m,
H-2 & H-3 & H-4 & H-5 & H-6a &Gly-H-la, b & Gly-H-3a,
by, 3.05 (1H, dd, J=7.7 & 13.6, H-6b), 2.33 (3H, s,

SCOCH3)
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13c NMR (300MHz, cDCl3, &) ;195.4 (SCO), 138.1 &

138.0 & 137.9 (Ar-ipso), 128.4-127.7 (Ar), 98.4 & 98.3
(C-1 (R or S)), 79.6 & 75.3 & 74.6 & 72.8 & 72.3 & 71.2
& 70.6 & 70.5 & 69.1 & 68.8 & 63.51 & 63.47 (Ar-CH2-0 &
C-2 & C-3 & C-4 & C-5 & Gly-C-1 & Gly-C-2 & Gly-C-3),

31.1 (SCOCH3), 30.5(C-6)

SAC
Séé" (VIT) _> o BnO ireh (VIII)
BRO N\ > "Bno OH

O~ O._A._OH

Route h; 3-0-(2,3,4-tri1i-O-benzyl-6-deoxy—-6-acetylthio-
a -D-mannopyranosyl)-1,2-di-O-stearoyl—-glycerol (IX-1)
and 3-0-(2,3,4-tr1-0O-benzyl-6-deoxy-6-acetylthio—-a-D-
mannopyranosyl)-1-O-stearoyl-glycerol (IX-2)

Into 20 mL of anhydrous dichloromethane, 556 mg
(955 mmol) of the compound (VIII) was dissolved and
then 490 mg (2.56 mmol) of l-ethyl-3-(3
dimethylaminopropyl)~carbodiimide hydrochloride (EDCI),
10 mg (81.8umol) of DMAP, and 360 mg (1.27 mmol) of
stearic acid were added. The solution was reacted at
room temperature for 3 hours while stirring. Then, the
reaction was quenched by adding 100 mL of
dichloromethane, and washed with brine (2x50 mlL), dried
over anhydrous sodium sulfate, filtered, concentrated
in vacuo, and purified by silica gel flash
chromatography (hexane : ethyl acetate = 8 : 1 — 3

1), thereby a diester and a monoester were separately
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purified (yield of the diester: 345 mg (309 umol) and

yield of the monoester: 375 mg (442 umol); recovery

(both esters 1in total): 81.9%).
Diester; whitish waxy substance
[a]p = +20.8° (c 6.36, CHCl3)
IR (CHClz, cm~1); 1720 (OCOCH5), 1690 (SCOCH3),

1490 (Ar), 1120-1020 (C-O)
ly NMR (300MHz, CDC13+TMS, &) : 7.37-7.26 (15H, m,
Ar), 5.21-5.14 (1H, m, Gly-H-2), 4.95-4.59 (7H, m,

Ar-CHp & H-1), 4.31-3.05 (10H, m, H-2 & H-3 & H-4 &

H-5 & H-6a, b & Gly-H-la, b & Gly-H-3a, b), 2.35 (3H, s,
SCOCH3), 2.30 (4H, m, OCOCH2), 1.60 (4H, m, OCOCH2CH2),
1.26 (56H, br, -CH2-), 0.89 (6H, t, J=6.5, CH3)
Monoester; Colorless and transparent oily
substance. [alp = +28.4° (c 4.79, CHCl3y)
IR (CHClz, cm~1); 3350 (OH), 1700 (OCOCH»), 1680

(SCOCH3), 1490 (Ar), 1120-980 (C-0), 900 & 850 &

775 (¢ —hexose)

ly NMR (300MHz, CDC13+TMS, &) ; 7.37-7.25 (15H, m,

Ar), 4.95-4.59 (7H, m, Ar-CH2 & H-1), 4.16-3.36 (10H,
m, H-2 & H-3 & H-4 & H-5 & H-6a, b & Gly-H-1la, b &
Gly-H-2 & Gly-H-3a, b), 3.08 (1lH, dd, J=7.8 & 13.4,
H-6b), 2.36-2.31 (5H, m, SCOCH3 & OCOCH2), 1.62 (2H, m,

OCOCH2CHp), 1.25 (28H, br, -CHz-), 0.88 (3H, t, J=6.3,
CH3)
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SAC SAC
OBn OBn (IX)
BnO -Q (VIII) h BnO Q OR oo

BnO OH —® BnO
O\)\/OH O\/&/OR101

(IX-1;R1p91=R1pgp2=stearoyl:
IX-2;Ri1pg1=stearoyl, Rjp>=H)

Route i-1: 3-0-(2,3,4-tr1-0O-benzyl-6-deoxy-6-sulfo-a -
D-mannopyranosyl)-1,2-di-0O-stearoyl-glycerol sodium
salt (X-1)

Into 15 mL of acetic acid, 307 mg
(275 pumol) of the compound (IX-1) was dissolved and
then 513 mg of potassium acetate and 504 mg of OXONE
(2ZKHSOg, KHSO4, K9SO4) were added. The solution was
reacted at room temperature overnight while stirring.
Thereafter, the reaction was quenched by adding 50 mL
of cold water, extracted with ethyl acetate (5x50 mL).
The organic layers were combined, neutralized with
saturated sodium hydrogencarbonate solution, washed
with brine (2x100 mL), dried over anhydrous sodium
sulfate, filtered, concentrated in vacuo, and purified
by silica gel flash chromatography (chloroform :
methanol= 10 : 1) to give a white amorphous solid
substance (yield: 304 mg, 266 umol, recovery: 96.7 %).
Melting point: 58-607T.

[a]p = +4.0° (c 1.51, CHCl3)

IR (CHClz, cm™l); 3030(Ar), 1720 (OCOCH»), 1490
(Ar), 1200 (SO3), 1180-980 (C-0)

ly NMR (300MHz, CDC13+TMS, &) : 7.27-7.22 (15H, m,
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Ar), 5.30-5.24 (1lH, m, Gly-H-2), 4.906-4.50(/H, m, Ar-
CH» & H-1), 4.34-3.21(10H, m, H-2 & H-3 & H-4 & H-5 &
H-6a, b & Gly-H-la, b & Gly-H-3a, b), 2.71 (4H, br,
OCOCH2) , 2.22 (4H, br, OCOCH2CH2), 1.52 (4H, br, 0OCO
CH2CH2CH2) , 1.26 (52H, br, -CH2-), 0.88 (eH, t, J=6.0,
cg;)
Route i-2: 3-0-(2,3,4~-tri-O-benzyl-6-deoxy-6-sulfo-a-
D-mannopyranosyl)-1-O-stearoyl—-glycerol sodium salt
(X-2)

Into 20 mL of acetic acid, 401 mg
(473 pmol) of the compound (IX-2) was dissolved and
then 500 mg of potassium acefate and 416 mg of OXONE
(2KHSOg5, KHSO4, K»SO4) were added. The solution was
reacted at room temperature overnight while stirring.
Thereafter, the reaction was quenched by adding 50 mL
of cold water, extracted with ethyl acetate (5x50 mL).
The organic layers were combined, neutralized with
saturated sodium hydrogencarbonate solution, washed
with brine (2x100 mL), dried over anhydrous sodium
sulfate, filtered, concentrated in vacuo, and purified
by silica gel flash chromatography (chloroform :
methanol= 8 : 1) to give a white and amorphous solid
substance (yield: 196 mg, 224 umol, recovery: 47.4 %).
Melting point} 57-59C.

[a]lp = +5.4° (c 2.76, CHCljy)

IR (CHClz, cm~1); 3400(0OH), 3060 & 3020 (Ar), 1720

(OCOCH»), 1490 (Ar), 1200 (SO3), 1180-1020 (C-0), 900 &

e S L P PP s L e el o e e M A TN TN VPR Lo o 5. i i A At R T e
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850 & 775 (a-hexose)

ly NMR (300 MHz, CD30D+CDC13+TMS, &); 7.27-7.21

(15H, m, Ar), 4.87-4.51(7H, m, Ar-CHp & H-1),
4.24-3.23(11H, m, H-2 & H-3 & H-4 & H-5 & H-0a, b &
Gly-H-la, b & Gly-H-2 & Gly-H-3a, b), 2.23 (2H, br,
OCOCH2) , 1.50 (2H, br, OCOCH2CH2), 1.25 (Z28H,

br, -CH2>-), 0.88 (3H, t, J=0.6, CH3)

SAC SO3Na
OBn (IX) o BN (X)
. 1 N '
BnO OR102 P BnO 0R102

BnO
O\)\/ORW O _A_ORyp;

(X-1;R1p91=R1pgp=stearoyl:
X-2;R1pg1=stearoyl, Rqipp=H)

Route j-1: 3-0-(6-deoxy-6-sulfo-oa-D-mannopyranosyl)-
1,2-di-O-stearoyl-glycerol sodium salt (XI-1)

Into 30 mL of ethanol, 282 mg (247 umol) of the
compound (X-1) was dissolved and 1.00g of 10%
palladium-carbon (Pd-C) was added. The inner
atmosphere of a flask was replaced with hydrogen and
the solution was reacted at room temperature overnight
while stirring. The reaction solution was filtered
with suction, concentrated i1n vacuo, and purified
by silica gel flash chromatography
(chloroform: methanol = 10 : 1 — chloroform :
methanol : water = 70 : 30 : 4) to give a white
amorphous solid substance (yleld: 86.5 mg, 99.1 umol,

recovery: 40.1%).
1

H NMR (300MHz, CD30D+TMS, 0) ; 5.31-5.30 (1H, m,
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Gly-H-2), 4.49-2.94(11H, m, H-1 & H-2 & H-3 & H-4 & H->5
§ H-6a, b & Gly-H-1la, b & Gly-H-3a, b), 2.36-2.28 (4H,
br, OCOCEg), 1.60-1.58 (4H, br, OCOCH2C§§), 1.52 (4H,
br, OCO CH2CH2C§g), 1.26 (52H, br, -ng-), 0.88 (6H, t,
J=6.6, CH3)

Route j-2: 3-0-(6-deoxy-6-sulfo-a-D-mannopyranosyl)-1-
O-stearoyl-glycerol sodium salt (XI-2)

Into 15 mL of ethanol, 163 mg (186 umol) of the
compound (X-2) was dissolved and 1.00g of 10% Pd-C was
added. The inner atmosphere of a flask was replaced
with hydrogen and the solution was reacted at room
temperature overnight while stirring. The reaction

solution was filtered with suction, concentrated in

vacuo, and purified by silica gel flash chromatography

|

(chloroform: methanol 10 : 1 — chloroform :

|

methanol : water 70 : 30 : 4) to give a white
amorphous solid substance(yield: 8.5 mg, 113 wumol,
recovery: 60.7 %).

[a]lp = +15.4° (c 0.26, CH30H)

1y NMR (300MHz, CD30D+CDCL3+TMS, 8); 4.78(1H, m,
H-1), 4.09-3.22(10H, m, H-2 & H-3 & H-4 & H-5> & H-6a &
Gly-H-la, b & Gly-H-2 & Gly-H-3a, b), 2.96(lH, dd, J =
14.3 & 9.1, H-6b), 2.37 (2H, br, OCOCH2), 1l.63 (ZH, br,
OCOCHzCE%), 1.27 (28H, br, —ng—), 0.89 (3H, t, J=6.60,

CH3)
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o03Na SO;Na
OBn (X) ' O (XI)
BnO Q ] HO Q OR40,

BnO OR102 — 3 H
O\/t\/ORm O\A/OR101

(XI-1;R7p1=R1p0p=stearoly:
XI-2;R1p1=stearoyl, Rypg2=H)

<Example 2>

Steps h-j were carried out 1n the same manner as
in Example 1 except that myristic acid was used 1n
place of stearic acid in Step h, to synthesize 3-0-(6-
deoxy-6-sulfo-a-D-mannopyranosyl)-1-O-myristoyl-
glycerol sodium salt (yield: 70.3 mg, 128 umol,
recovery 71.4%). [alp = +32.7° (c 0.52, CH30H)

<Example 3>

Similar to Example 2, palmitic acid was used 1in

place of stearic acid to synthesize 3-0-(6-deoxy-6-

sul fo-a~-D-mannopyranosyl)-1-O-palmitoyl-glycerol sodium

salt (yield: 78.4 mg, 136 pumol, recovery 75.7 %).
[a]lp = +29.4° (¢ 0.51, CH30H)

The compounds represented by General Formula (1)
of the present invention were subjected to
physiological assays.

<Assay 1>

An assay on inhiblitory effect against a DNA
polymerase a was carried out in the followlng manner.

0.05 U of a DNA polymerase a purified and

isolated from a bovine thymus by an immunocaffinity

column was mixed with each of test compounds,
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sul forhamnosylacylglycerol (hereinafter, simply
referred to as "SRAG") derivatives, namely, SRAG 1,
SRAG 2, SRAG 3 and SRAG 4 (listed in Table 1 below)
dissolved in DMSO. Each mixture was added with a
buffer containing inorganic salts for the enzymatic
reaction, [3H]~labeled dTTP and compounds for reaction
containing a template DNA strand, and incubated at 37C
for 60 minutes.

After the enzymatic reaction was quenched, the
resultant reaction product was fixed on a dedicated
filter and subjected to measurement by a liquid
scintillation counter. The amount of enzymatically
incorporated dTTP was calculated as a radiation dose
(cpm) of [3H]. Note that, each of the
sulforhamnosylacylglycerol derivatives 1is a mixture of
the S- and R-configurations with respect to an absolute
configuration of the carbon of the 2-position of the
glycerol molety.

The results are shown as ICgp in Table 1 below.

A A P o & 8 ) s e, - AP A ST CH Wi b A3k R e sy A Y A RN oty k- ey s e .= e it Swe SRS S SSaStrEnnem e = =
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Table 1: Inhibitory effect on DNA polymerase «

Inhibitory
activity against
DNA polymerase

As is clear from Table 1, each of the compounds
subjected to the assay exhibits a significant
inhibitory activity against the DNA polymerase «.

<Assay 2>

An assay on inhibitory effect against a DNA
polymerase 3 was carried out in the following manner.

The same procedure as 1n Assay 1 was carried out
except that 0.05 U of DNA polymerase B was used in
place of the DNA polymerase a. The DNA polymerase f3

was prepared from recombinant E. colili introduced with

rat DNA polymerase P gene. In this way, the
inhibitory effect of test compounds (SRAGl, SRAGZ and
SRAG3 shown in Table 1 and dissolved in DMSO) against

DNA polymerase [ was assayed. The obtained results

are shown in Table Z.
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Table 2: Inhibitory effect on DNA polymerase f3

O Inhibitory
OH OH activity against
OH O-CHy~CH—CH; DNA polymerase

¢ |

As is clear from Table 2, of the tested compounds,

SRAG1 did not show an 1nhibitory effect at the tested

concentrations. However, Both SRAGZ and SRAG3 showed a
significant inhibitory activity against the DNA
polymerase f.

As shown 1n Assay 1 and Assay 2, the
sulforhamnosylacylglycerol derivatives of the present
invention had inhibitory activities against DNA
polymerases.

Colon cancer cells and gastric cancer cells used
in the following two assays are only for the purpose of
illustration of cancer cells for which the medicinally
active agent of the present invention effectively
works. Thus, cancer cells for which the medicament of
the invention is effective are not limited by these
assays.

<Assay 3>

An assay on anticancer activity against cultured

colon cancer cells was carried out in the following
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manner.

Colon cancer cells DLD-1 were maintained and
subcultured in RPMI 1640 medium (containing 10% calf
serum). Each of the test compounds (SRAGl to SRAG3
shown in Table 1) was suspended and diluted 1in the
medium, and then the cancer cells were cultivated
together with the medium in a 96-well plate at 3 x
103 cells/well. After 48 hour cultivation, the MTT
assay (Mosmann, T: Journal of Immunological Method,
65, 55-63 (1983)) was carried out to compare survival
rates.

The results are shown as ICgp in Table 3 below.

Table 3: Anticancer activity
against colon cancer cells

SRAG1 SRAG2 SRAG3
14

( 1G/mL) 42 .5 30

As 1s clear from Table 3, all of the test

compounds had significant anticancer activities against
the colon cancer cells.

It can be considered that each of the test
compounds independently has an anticancer activity
equal to or more than that of a mixture of the
sulfoquinovosylacylglycerol derivatives disclosed by

Sahara et al. (British journal of cancer, 75 (3),

324-332 (1997)) in the Prior Art.
<Assay 4>

An assay on anticancer activity against cultured

npronis FeH AR S |
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gastric cancer cells was carried out in the same manner
as in the assay 3 except that gastric cancer cells
NUGC-3 were used instead of the colon cancer cells

DLD-1.

The results are shown as ICgp 1in Table 4 below.

Table 4: Anticancer activity
against gastric cancer cells

SRAG1 SRAG2 SRAG3

( 1q/mL) 45 28.5

As is clear from of Table 4, the test compounds

had significant anticancer activities agailinst the

gastric cancer cells.

It can be considered that each of the test

compounds independently has an anticancer activity
equal to or more than that of a mixture of the
sulfoquinovosylacylglycerol derivatives disclosed by
Sahara et al. (British journal of cancer, 75 (3),
324-332 (1997)) in the Prior Art.
Industrial Applicability

As explained in the foregoing, according to the
present invention, there are provided novel
sulforhamnosylacylglycerol derivatives represented by
General formula (1).

According to the present invention, there are
provided medicaments containing at least one compound
selected from the group consisting of

sul forhamnosylacylglycerol derivatives represented by
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General Formula (1) and pharmaceutically acceptable

salts thereof, as an active ingredient.
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CLAIMS
1. A sulforhamnosylacylglycerol derivative

represented by General Formula (1):

P A
HO-S—C—H H Y Y
O
O o
OH HO (3—“43“——%“"“4?-“"H

wherein Ripn1 represents an acyl residue of a higher
fatty acid, and Rqpg2 represents a hydrogen atom or an
acyl residue of a higher fatty acid.

2. The sulforhamnosylacylglycerol derivative
according to claim 1, wherein said Rqpgj] of General
formula (1) 1s an acyl residue represented by Formula:

CH3 (CHp) ,CO-
wherein n 1s an integer of 12 - 24; and Ripgp represents

a hydrogen atom or an acyl residue represented by

Formula:
CH3 (CHp) ' CO-
wherein n' 1s an integer of 12 - 24,

3. The sulforhamnosylacylglycerol derivative

according to claim 2, wherein said Rqpg» of General

formula (1) rep}esents a hydrogen atom.

4, The sulforhamnosylacylglycerol derivative
according to claim 3, wherein the bonding between
sulforhamnose and glycerol in General formula (1) is an
a —bonding.

5. A medicament containing, as an active

ingredient, at least one compound selected from the
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group consisting of:

sulforhamnosylacylglycerol derivatives represented
by General Formula (1) according to any one of claims
1-4, and

pharmaceutically acceptable salts thereof.

6. The medicament according to claim 5 being a

DNA polymerase inhibitor.

7. The medicament according to claim 5 being an

anticancer agent.
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