1 DESCRIPTION NOVEL SULFONATED SUGAR COMPOUND AND USE THEREOF AS MEDICINE
Technical Field The present invention relates to a novel sulfonated sugar compound and a drug
containing the same. 10Background Art At present, in Japan, malignant tumor, cardiac disease,
and cerebrovascuiar disease are responsible for about 60 percent of cause of death. Among them,
malignant rumors have the top ranking of cause of death, and( tends to increase. Surgical therapy,
chemotherapy, and radiation therapy are known as three major therapies for treating malignant
tumors. in recent years, the quality of life (W) of a patient has been emphasized, and much
attention is 20being paid to radiation therapy. £ dncommon radiationitherapy, halogenated
pyrimidine and hypoxic cell sensitizers are known as chemical or pharmaceutical substances
administered simultaneously with radiation thereby enhancing its therapeutic effect, more specifically,
as clinically aoolicable radiosensitizer§'{for bxampléisEeiRadiobidfoyoiPthéNRadiologist (Fourth
Edition), Eric Hall et al, J. B. Lippincott&8ntpany! (Hictishasenikainothiieno Hoshasenselbutsugaku®”,
translated by Muneyasu Orano, Shinoharashinsha. Inc.). Examples of known halogenated pyrimidines
include 5- iododeoxyuridine. Examples of known hypoxic cell 5sensitizers include mison:dazole.
However, these known radiosensitizers are scarcetyiniactualruse, decause they produce side effects
such as gastrointestinal disorders, peripheral neurotoxicity, and involve other outstanding problems.
100n the other hand, in ordet%o Previde hovalabjosensiizérse fadiosensitizérs composed of

sulfopyranosylacyigl c%,rfi or %%Igs thereof are al}%g)ireg fggg paatent (Jpn, Pat. @) in. KgK-Ai

Publication No. 2004-3 2@. owaver, in 1581 ouprilranosylacy(iigrllﬁ%er%(f),rﬂ‘%é1 156SitibA arbon atom
same. ’
10 Background Art

At present, in Japan, malignant tumor, cardiac
disease, and cerebrovascular disease are responsible
for about 60 percent of cause of death. Among themn,
malignant tumors have the top ranking of cause of

15 death, and tends to increase. Surgical therapy,
chemotherapy, and radiation therapy are known as three
major therapies for treating malignant tumors.

In recent years, the quality of life (QOL) of a
patient has been emphasized, and much attention is

20 being paid to radiation therapy.

In common radiation therapy, halogenated
pyrimidine and hypoxic cell sensitizers are known as
chemical or pharmaceutical substances administered
simultaneously with radiation thereby enhancing its

25 therapeutic effect, more specifically, as clinically
applicable radiosensitizers (for example, see
Radiobiology for the Radiologist (Fourth Edition), Eric

J. Hall et al, J. B. Lippincott Company




In the glycerol moiety is an asymmetric carbon, so that the stereostructure cannot be controlled by a
relatively inexpensive and simple synthesis process as described in Jpn. Pa:. Appin. KOKAI
Publication 20No. 2004-374445, in which the terminal double bond of an ally' group is dihydroxylated
to form a glycerol skeleton. Therefore, R/S diastereomers are generated at a ratio of about 1:1. In
order to solve the problem, respective diastereomers can-be indeoendently 25synthesized, but such
process requires bonding of a glycerol compound having a definite stereostructurc to a sugar
compound during synthesis, which results further problems, the complication of the synthesis process

and an enormous increase; 8hthe-e0sta i ndnagsition; assulfopysanesylacylglyeerol compound
generates an R/S diastereomer at the 2-position of the glycerol moiety, as well as several percents of

a structural isomer (2-aeyldiserner) whetéimtheaacy Ugroup, attheripesitioh ofi glyeerdlthas)been
transferred to the 2-position_between and/or within the moleculesThese 2-acyl isomers are generated

during 10synthesis ahd Storage if a <OIGHoh. irstefgte Fever if the tespstiive Hidstéfeoniers are
independently preparf(gdgd% (}/g%giﬁgsﬂt?t_o p'rg[)y{i 81?Q[gh0@ur]|:[§ osvylfoB rgg}g%lag%?ycerol
e

compound. Although a sulfooyranosylacyiclycerol compound exhibits a noticea

radiosensitization effeet; ifs development assa drug wilk entail very difficuit/situations duedoqargblem- w
th synthesis and physical properties. Disclosure of Invention 20The present invention was achieved in
view of the above probiegmss Anobjecteofthe presentineentiomisdoprevide aepracticable movel
sulfonaied sugar compound and a drug jncludinga%he same, and specifically to provide a practicable

novel salfonated 25s0§5F corhBotng obtaifiable T high purty By akimpfeotntestinal

disorders, peripheral neurotoxicity, and involve other
outstanding problems.

10 On the other hand, in order to provide novel
radiosensitizers, radiosensitizers composed of
sulfopyranosylacylglycerol or salts thereof are applied
for a patent (Jpn. Pat. Appin. KOKAI Publication
No. 2004-374445). However, in

15 sulfopyranosylacylglycerol, the 2-position carbon atom
in the glycerol moiety is an asymmetric carbon, so that
the stereostructure cannot be controlled by a
relatively inexpensive and simple synthesis process as
described in Jpn. Pat. Appln. KOKAI Publication

20 No. 2004-374445, in which the terminal double bond of
an allyl group is dihydroxylated to form a glycerocl
skeleton. Therefore, R/S diastereomers are generated
at a ratio of about 1:1. 1In order to solve the
problem, respective diastereomers can be independently

25 synthesized, but such process requires bonding of a
glycerol compound having a definite stereostructure to

a sugar compound during synthesis, which results in



synthesis method, and. a drug including nne same. As a result of dedicated research by the 4
inventors, means for solving the above problems was found. More specifically; (1) a
suifoguinovosylacyl propanediol compound represented by the general formula (I): [Chemical. Formula
2] HHHO-C-C-C-ORiHHH wherein Rl is an acyl residue of a fatty acid, and M represents a
hydrogen Of a metal ion 10or pharmaceutically acceptable salts thereof; (2) a drug including as an
active ingredient at least one selected from the group cor‘?sisting of the sglfoguinovosylacyl oropanediol
compound according to LA represented by the general formula () and pharmaceutically acceptable

salts thereof; and (1%: e liyg acoprding to (3), whih js adlissensifier,, . The present invention
pro des a practicable novel sul fonated sugar compound and a drug including the 20same.
Soecifioally, the presenbirventignpravides arnevel sulfenatedsugar eampoynd obtainable at high

purity by a simple synthesis method, and a drug including the same.
In addition, a sulfopyranosylacylglycerol compound
generates an R/S diastereomer at the 2-position of the
5 glycerol moiety, as well as several percents of a
structural isomer (Z2-acyl isomer) wherein the acyl
group at the l-position of glycerol has been
transferred to the 2-position between and/or within the
molecules. These Z-acyl isomers are generated during
10 synthesis and storage in a solution. Therefore, even
if the respective diastereomers are independently
prepared, it 1s very difficult to provide a high purity
sulfopyranosylacylglycerol compound.
Although a sulfopyranosylacylglycerol compound
15 exhibits a noticeable radiosensitization effect, its
development as a drug will entail very difficult

situations due to problems with synthesis and physical

properties.
Disclesure of Invention
20 The present invention was achieved in view of the
above problems. An object of the present invention is

to provide a practicable novel sulfonated sugar
compound and a drug including the same, and
specifically to provide a practicable novel sulfonated
25 sugar compéund obtainable at high purity by a simple
synthesis method, and a drug including the same.

As a result of dedicated research by the




A benefit of the present inventionbe described in the following description, and will he partially defined
by the description or an embodiment of the present invention. A benefit of the present invention will be
understood and achieved through 5drawings and below-described combinations. Brief Descrintion of
Drawings Figure 1 is a chromatogram showing the result of analysis of aSQAP C18:0.

Figure 2 is a chromatogram showing the result of 1Oanaly45is of aSQMG C18:0. Figure 3is a
graph showing the effect of a test substance on the increase of tumor volume. Figure 4 is a graph
showing the effect of ; rest substance on the increase of tumor volume. Figure 5 is a graph
showing the effect ogg\;%%t%pqg@a%t%ipc%sgmrﬁlog}{glu%ve Figure &is a,graph showing
the effect of a test substance on the increase of tumor volume. Figure 7 is a graph showing
the effect of a test 2@substance/on thes inerease-afitunor volume. Figure 8 is a graph showing the
effect of a test substance on the increase of tumor volume. Figure 9 is a graph showing the effect
of a test substance on the iféreade St HnGH VBIONTRE ¥ L 2 Figure 10PREEreph sHEWIAYtHe effect of a
test substance on the tube formcatg)nb B%%[ Mode for (iarpg Out th%ln\(ention According to an
aspect of the presen)fleﬁ)vre%%i%ﬁ, the sﬂfogu?no%%yslﬁg%yl pr%p%%ﬁé&ol cfdrhpound expressed by the

formula (1) ad pharmageytically asceptable salts thereof are provided;

SOsM
o _Huw
HOM o—tli—-g—g:—-o& (1)
HO  OH

wherein R7 1s an acyl residue of a fatty acid,

and M represents a hydrogen or a metal ion
10 or pharmaceutically acceptable salts thereof;

(2) a drug including as an active ingredient at
least one selected from the group consisting of the
Sulfoquinovosylacyl propanediol compound according to
(1) represented by the general formula (I) and

15 pharmaceutically acceptable salts thereof; and

(3) the drug according to (2), which is a
radiosensitizer.

The present invention provides a practicable novel
sulfonated sugar compound and a drug including the

20 same. Specifically, the present invention provides a
novel sulfonated sugar compound cobtainable at high
purity by a simple synthesis method, and a drug
including the same.

A benefit of the present invention will be




[Chemical Formula 31 H H H HOIii0-6-6-6-OR,, , 11i ..-H H H HO OH wherein R1 is an acyl residue of
a fatty acid, 10and M represents a hydrogen ion or a. metal ion. in the present invention, when the
"R1" is an acyl residue of a fatty acid, the number of carbons contained therein is 26 or less and 1 or
more, and preferably 22 or less. The fatty acid for providing 15the acyl residue of a fatty acid according
to the present invention may be a linear or branched, saturated or unsaturated fatty acid. The
guinovose ring contained in the suifoduinovosylacyl propanediol compound according to 20the present
invention may exist in a boat form, a chair form, or a mixed fcrfr, but typically exists in a chair form

because it is usually stable.; The stenogonfigyration; of thg proparxediol site ipythe;guingese ring may

be an a anomer, a p anomer, or a mixture thereof The sulfoquinovosylacyl propanediol compound
according to the present inventipndeay bedereinafter referred o asiSQARN oethd@f)iARN
compound”.In a term

5 drawings and below-described combinations.
Brief Description of Drawings
Figure 1 is a chromatogram showing the result of
analysis of aSQAP C18:0.
Figure 2 is a chromatogram showing the result of
10 analysis of aSQMG C18:0.
Figure 3 1s a graph showing the effect of test
substance on the increase of tumor volume.
'Figure 4 is a graph showing the effect of test
substance on the increase of tumor volume.
15 Figure 5 is a graph showing the effect of test
substance on the increase of tumor volume.
Figure 6 1s a graph showing the effect of test
substance on the increase of tumor volume.
Figure 7 1s a graph showing the effect of test
20 substance on the increase of tumor volume.
Figure 8 is a graph showing the effect of test
substance on the increase of tumor volume.
Figure 9 is a graph showing the effect of test
substance on the increase of tumor volume.
25 Figure 10 1s a graph showing the effect of a test

of the present invention.

invention will be understood and achieved through

substance on the

tube formation.

A benefit of the present




"aSOAP Cm:n",represents an a anomer and "Cm:n" represents that the number of carbon atoms
contained in the Ri group of SQAP is "m", and the number of double bond(s) is "n", wherein "m" is an
integer of 1 or more, andis an integer of 0 or more. Accordingly, for 1. Oexample, "an)AP 018:0"
represents an a anomer of sulfoduinovesylacyl propanediol wherein the number of carbon atoms
contained in the acyl residuethe fatty acid is 18, and the number of double bond is O. The method for
preparing the sulfocuinovosylacyl 15propanediol compound according to the present invention may be,
but not limited to, the following method. Since the sulfguinovosylacyl prophnediol compound according

to the present invention will not @gger%g &FV\%@@Q@ ci%rl:{g@tdl{r%%% tﬂ%ﬁé’ﬂh%%{s process, the

20compound can be prepared easily, simply, and at hlg purity. In addition, the compound can be
stored in a structurally stable statehecause thererisdio-hydroxy igeoup;anbigh readibneauses transfer,
present near the R1 group. "Ph" represents a. phenyl group, "Bn" represents a benzyi group, "Ts"
represents a tosyl groups "SALY representsan acetylthic gremys Carvd "M raprasentsxpressed
8 hydrogen ion or a metal |on %Chemlcal Formula 41 OH(1) 0(2) 99 Ph HOm JOHA- 20|kt

by the Iormula and pharmacedtically acceptab

5 salts thereof are provided;

[Chemical Formula 3]

SO,M
o Hyw
HO 0—C—C~C—OR; (1)
a,/ H H H
HO  ©H

wherein Ry 1s an acyl residue of a fatty acid,
10 and M represents a hydrogen ion or a metal ion.

In the present invention, when the “R{” 1s an acyl
residue of a fatty acid, the number of carbons
contained therein is 26 or less and 1 or more, and
preferably 22 or less. The fatty acid for providing

15 the acyl residue of a fatty acid according to the
present invention may be a linear or branched,
saturated or unsaturated fatty acid.

The gquinovose ring contained in the
sulfogquinovosylacyl propanediol compound according to

20 the present invention may exist in a boat form, a chair
form, or a mixed form, but typically exists in a chair
form because 1t 1s usually stable. The steric
configuration of the propanediol site in the guinovose

ring may be an o anomer, a [ anomer, or a mixture




?SAc(7)\/0\GO BnOti\ A Bna O----...,_"ocrt, n i\p)10..9"....----,OH --HWhbi, r BnO -0En A) A-1.
ally] alcohol, tnifluoromethanesuiionio acid, 80C, 48 hours; A-2. benzaldehyde dimeinP-
toluenesuitonic acid mononydrate, aceronitrile, 4000, 4 hours; 108) bunzyi bromide, sodium hydroxide,
14,N- dimethylformamide, roon iempoLatare, 24 hours; C) lithium hydride aluminum, aluminum
chloride, 9 dichlorometnane, diethyl ether, heating under,zreflux, 4 hours;

thereof.

The sulfoguinovosylacyl propanedicl compound
according to the present invention may be hereinafter
referred to as “SQAP” or “SQAP compound”. In a term

5 “aSQAP Cm:n”, “oV represents an o anomer, and “Cm:n”
represents that the number of carbon atoms contained in
the Ry group of SQAP is “m”, and the number of double

W r

bond(s) is “n”, wherein “m

144

is an integer of 1 or more,

w 144

and “n” 1s an integer of 0 or more. Accordingly, for

10 example, “oaSQAP C18:0” represents an a anomer of
sulfoquinovosylacyl propanediol wherein the number of
carbon atoms contained in the acyl residue of the fatty
acid 1s 18, and the number of double bond is 0.

The method for preparing the sulfoguinovosylacyl

15 propanediol compound according to the present invention
may be, but not limited to, the following method.
Since the sulfoquinovosylacyl propanediol compound
according to the present invention will not generate
new asymmetric carbon during the synthesis process, the

20 compound can be prepared easily, simply, and at high
purity. In addition, the compound can be stored in a
structurally stable state, because there is no hydroxy
group, which readily causes transfer, present near the
R1 group.

25 “Ph” represents a phenyl group, “Bn” represents a
benzyl group, “Ts” represents a tosyl group, “SAc”

represents an acetylthio group, and “M” represents a




D) o-toluenesulionyl chloride, 4- dimethylaminopyridine, pyridine, room temperature; E)
9-borabicyclononane, tetrahydronuran room temperature, 10 hours; water, sodium hydroxide,
hydrogen peroxide water, room temperature, 12 hours; E) potassium thAoacetate,
N,N-dLmethylformamide, 90C, 3 hours; G) fatty acid derivative, pyridine, dichloromethane, room
temperature, 2 hours; H) Oxon, acetic acid, potassiun81 acetate, room nemperature, 48 hours; and
I) palladium activated carbon, hydrogen gas, ethanol, dichiioromethane, room, temperature, 48 hours.
Alternatively., after the compound (7) is prepared  the route including the steps A to F, the intended
compound (10) may hy gpgcgggd ;\L/j)ar]th&rfogowgitga§_teggh[!:ormuIa 11 SAc(7) ,10 YIP BnOH. BnObBnN
/3031M(10) J) OXon, acetic acid, Potassium acetate, room temperature, 48 hours; K)
palladium activated caron, hygdrogen-gas-methanol, dichroromethane, room temperature, 16 hours;
and IFA fatty acid, 1-ethy1-3-(3-
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5 A) A-1. allyl alcohol, trifluoromethanesulfonic

acid, 80°C, 48 hours;
A-2. benzaldehyde dimethyl acetal, p-
toluenesulfonic acid monohydrate, acetonitrile, 40°C,
4 hours;
10 B) benzyl bromide, sodium hydroxide, N,N-
dimethylformamide, room temperature, 24 hours;

C) lithium hydride aluminum, aluminum chloride,




5dimetnylaminoprooyi)carbodiimide hydrochloride, 4- .ehhylaminopyridine, N, N-dimethylformamide,
from O(C to room temperature, 18 hours. The method for preparing the sulfoouinovosylacyl
propanediol compound according to the present invention 10is not limited to the above-given specific
example and the following additional method may be used. "Ac" represents an acetyl group, "MP"
represents a p-methoxvphenyl group, "FMB" represents a omethoxybenzyi group, "Ts" represents a
hosyl group, 15"SAc" represents an acehylthio group, and "M" represents a hydrogen ion or a metal
ion. (Chemical Formula 5] (5) MP oiuK PMBOiIKwPMBOilh PMBcl bPMB BO3M01j OK'

dichloromethane, diethyl ether, heating under reflux,
4 hours;

D) p~toluenesulfonyl chloride, 4-
dimethylaminopyridine, pyridine, room temperature;

5 E) 9-borabicycioncnane, tetrahydrofuran, room
temperature, 10 hours; water, sodium hydroxide,
hydrogen peroxide water, room temperature, 12 hours;

F) potassium thioacetate, N,N-dimethylformamide,
90°C,t3 hours;
10 G) fatty acid derivative, pyridine,
dichloromethane, room temperature, 2 hours;
H) Oxon, acetic acid, potassium acetate, room
temperature, 48 hours; and
I) palladium activated carbon, hydrogen gas,
15 ethancl, dichloromethane, room temperature, 48 hours.
Alternatively, after the compound (7) 1s prepared
via the route including the steps A to F, the intended
compound (10) may be obtained via the following steps:

[Formula 1]

20
SAC (7)

4 4 -
HO OH HO OH
J) Oxon, acetic acid, potassium acetate, room

temperature, 48 hours;



PMBON-OC=L HOI4- PMBC bPMB A') acetic anhydride, sodium acetate, heating and boiling;

3") hydropromic acid-acetic acid solo] ion, dichiromethane, room temperature, 6 hours; C') ally' alcohol,
cyanide mercury, dichloromet ane, room temperacure, 16 hours; D) sodium meLhoxige, inethanol,
room 12 temperature, 4 hours; D'-9. p-anisaidehyde dimerhyl acetal, ptoluenesulfonic acid
monohydrate, acetonitrile, 40(C, 16 hours; E") p-methoxybenzyi chloride, sodium hydroxide,
N,N-dimethylformamide, room temperature, 16 hours; 8 ") lithium hydride aluminum, aluminum
chloride, dichloromethhne, diethyl ether, 0(0, 1 hour; G') p-toluenesulfonyl chloride, 4-

10dimethylaminopyridine, p}mdi €; Fopm temperatyre, 16 Qa&rg‘on, I-}Q]g ggicgglgrno.nahe,
te7rahydrofuTan, room temperature, 16 hours; water, sodium hydroxidé, hydrogen peroxide water,
room temperature, 4thours;rlsl,) sodiumcstdtiter ethanpl, water, heatingamndes, 16 hours;
and
L)y fatty acid, l-ethyl-3-(3-

5 dimethylaminopropyl)carbodiimide hydrochloride, 4-
dimethylaminopyridine, N,N-~dimethylformamide, from 0(C
to room temperature, 18 hours.

The method for preparing the sulfoguinovosylacyl
propanediol compound according to the present invention

10 is not limited to the above-given specific example and
the following additional method may be used.

“Ac” represents an acetyl group, “MP” represents a
p-methoxyphenyl group, “PMB” represents a p-
methoxybenzyl group, “Ts” represents a tosyl group,

15 “SAc” represents an acetylthio group, and “M”

represents a hydrogen ion or a metal ion.




reflux, 72 hours; J") fatty acid derivative, 4- dimethylaminopyridine, pyridine, dichloromenhane,
heating under reflu" 16 hours; and 20K") 2,3-dichloro-5,6-dicyano-1,4-benzoauinone, dichloromethane,
methanol, water, room temperature, 4 hours. Alternatively, any procedures known to those skilled
in the art may be combined Thereby preparing 23the sulfoouinovosylacyl propa ediol compound and
pharmaceutically acceptable salts thereof according to an spect of the present invention. These
prep:irtion methods are also included in the scope of the present invention. Examples of the
sulfoquinovosylacyi propanediol compound expressed by the general formula (I) and pharmaceutically
acceptable salts ther%gfn%%oggg'@gg&tgg Ppresent invention include, but are not limited to, salts of o
ovalent cations such as sodium and Potassium, and salts of divalent cations such as calcium and
magnesium. 10The salts according to the present invention may be prepared é9 the above-described
synthesis method, or a modifi Htion of thg ynthesis method. Altern r%ly, th groduct synthesized by
the above-described method may, be subjected to a known ion exchgnge treatme 15obtain the desired
salt. These methods for sygthésizing the salts according to the,pgasént i jon are also included
within the scope of the Present.inyention. The sulfoguinovdsylacyl prppanediol compound an
20pharmaceutically accept saltsithereof according to the presedt invieation have notable

pharmacological OAc 3) OhAc 49
o 0 D1
—— AcOw _)‘O\/‘\m "
% D-2
Ac DAc
(5) )
El; F|
fel=Y s
(7 @)
C e PMBO 0 H
O\/&\\ o e \V,/\\\\\__ R o
Pved  BPMB PMBG  OPMB
OTs (99 S0,M (107
O I' O JI
PMBON )—-OWOH - PMB O }-—»OWOH g
PMBE  DPMB pved  OPMB
S04 (119 SO3M (124
O Kl
PMBO }—OWOCm:n-——» HOw- Ow_~_.0Cm:n

PMBOZ %PMB H 'DH
A’) acetic anhydride, sodium acetate, heating and
5 boiling;
B’) hydrobromic acid-acetic acid solution,
dichloromethane, room temperature, 6 hours;
C’) allyl alcohol, cyanide mercury,

dichloromethane, room temperature, 16 hours;

10 D’y D’-1. sodium methoxide, methanol, room




effects such as radiation sensitizing effect and antineoplastic effect. Therefore, according to another
aspect of The 25Present invention, the sulfogui ovosylacyl propanediol compound and
pharmaceutically acceptable salt- thereof may be provided as drugs utilizing their 11 pnarmacological
effects Thus according to another aspect of the present invention, the sulfoguinovosylacyl
oropanediol compound and pharmaceutically acceptable salts thereof have sensitizing effect as the
first pharmacological effect. Accordingly, the suifogninov&g\/lacyl propanedioi compound and
pharmaceuticalTy acceptable salts thereof may be orovided as radiosensiltizers. The radiosensitizer
according to the presggt 10inv§ng_j%n m4ayh%e used for treating malignant neoplasm. Examples of
maiignant neoplasm incrﬁ?deer,abulf ard not limited fo: neurogenic tumor such as cerebral tumor;
squanous cell carcinoma angr agenqggagginamasueh-as head and neckcancer,,skin cancer,
esophagus cancer, thyroid 15cancer, stomach cancer, lung cancer, gelibladder cancer, biliary tract
cancer, pancreas carncerpkverscanter, prostatelcancern ytéras €aneer; bvarian cancers brgast cancer,
kidney cancer, bladder cancer, and colon cancer; and melanoma, osteoma, soft tissue tumor, and
70lymphoma, leukemi&, andfriyeloma. The term “treatment" used herein refers to the reduction,
destruction, a5nd/or inhibitior}gjof enhancementk%owtrpf trpfo%q%/ee,-d%%%@&g ngI(ilgﬁnan.t (gleoplasm. The

: ] : —TeT p :
radiosensitizer according to thé p?es%%t ng%en% mgy contain, as an active Pﬁgré)cﬁé'nt? an effective

dose of at least one cpmpeund selectes from the croup consisting of the-sulfoguinaVosyi

F’) lithium hydride aluminum, aluminum chloride,
dichloromethane, diethyl ether, 0(C, 1 hour;

G’) p-toluenesulfonyl chloride, 4-

10 dimethylaminopyridine, pyridine, room temperature,
16 hours;

H") 9-borabicyclo nonane, tetrahydrofuran, room
temperature, 16 hours; water, sodium hydroxide,
hydrogen peroxide water, room temperature, 4 hours;

15 I') sodium sulfite, ethanol, water, heating under

reflux, 72 hours;

th

JN) atty acid derivative, 4-
dimethylaminopyridine, pyridine, dichloromethane,
heating under reflux, 16 hours; and

20 K’) 2,3-dichloro-5, 6~dicyano-1, 4-benzoguinone,
dichloromethane, methanol, water, room temperature,
4 hours.

Alternatively, any procedures known to those
skilled in the art may be combined thereby preparing

25 the sulfoguinovosylacyl propanediol compound and

pharmaceutically acceptable salts thereof according to

an aspect of the present invention. These preparation




15 propaned ol compound expressed by the general formula (1) and pharmaceutically acceptable salts
thereof. The radiosensitizer may contain more than one kind of compounds having different
substituents R1 in the general formula (I). In addition, the radiosensitizer may be combined with other
radiosensiti7er(s), an antitumor agent(s), or other substance(s) having: pharmacological activity and/or
pharmaceutical activity without affecting its activity. Hereinafter, the compounds consisting of the
sulfoguincvosylacyl propanediol compound represented B}? the general formula (1) and
pharmaceutically acceptable salts thereof according to the present invention may be referred to as
"radiosensitizrng sub%tatn}ge O?Sf th% %5 Eessct)-:-nt incvleﬁio "'in J hg rsag(i)osgngi%izitl}g subrséasrécr%—:'tof the
present invention mayebe &ven %y, for examlﬁie, orar admlnisPration OPparentera?agmlnlstration.
According to these administrgtion routes, the radiosehsitizing 20substance of the present invention
may be combined with an appropriate pharmaceutically acceptable drug additive such as an excipient
or diluent thereby making a pharmaeeutical preparafidn.drheradiesensitizer accorirgitoothe present
invention shall contain an 25effective dose of the radicsensitizi.ng substance of the present invention,
and may be provided 58"& PRAFMEEEIHET preparatibf asdsstribed 2HBVe2 161) EXamples of
dosage forms suitable for oral administration include solid, semi-solid, liquid, and gas. forms, and
specific examples of %%arggﬁﬁ%m%?%g r\{otallcrﬁi%gg ?c%??ab?@tggags%?g% %%)wa e?s%rgglrona%ultég

solutions, suspending agents. SWkPs; elbdrs; and aereselse, \Whenthe radiosensitizing sybstance of
the present invention is parenterally administered, it may be given by, for example, injection,

transdermal administratibns recialadministeation; @ ocukar adniinistrationli um Administration by
injection may be conducted through, for example, hypodermic, intradermal, intravenous, or

intramuscular injectioR® Fhé tbibitiont Fof adiministering the ABradisenSitizing Sublfance of the

present invention calcium and magnesium.

10 The salts according to the present invention may
be prepared by the above-described synthesis method, or
a modification of the synthesis method. Alternatively,
the product synthesized by the above-described method
may be subjected to a known ion exchange treatment to
15 obtain the desired salt. These methods for
synthesizing the salts according to the present
invention are also included within the scope of the
present invention.
The sulfoquinovosylacyl propanediol compound and
20 pharmaceutically acceptable salts thereof according to
- the present invention have notable pharmacological
effects such as radiation sensitizing effect and
antineoplastic effect.
Therefore, according to another aspect of the
25 present invention, the sulfoguinovosylacyl propanediol
compound and pharmaceutically acceptable salts thereof

may be provided as drugs utilizing their




(for example, dose, frequency of administration, and interval of administration) may be abbropriately
established and adjusted according to the dosage form, administration route, disease to be treated, for
20example, state of malignant neoplasm (for example, type, Location, and sconditions such as the
drug to be combined (for example, presence or absence of combined drug, type, dose, frequency, and
timing of administration of combined drug, and sequence of 25administration of the combined drug

and the radiosensitizing substance of the present inventic}nﬁ, the manner of combination with radiation
(for example, 1'1 the timing of combination and the order of the administration of the radiosensitizing
substance of the present ;:%/ggggg)f}iacn thgfc]pg}ditions of the subject to be treated (for example, body
weight, sex, and age)I? For example, the dose bcf%l‘"sle' radiosensitizing substance may be, but is not

limited to, from 0.001 to 100ma/kg-ody weight per day, via-oral, administratian, 0.00%Lt0.50 mag/kg
body weight per day via injection, from 0.001 to 100 mg/kg body weight per day via transdermal 10

administration, 0.001 to 86rmhg kg, bodyeweight per day vissrettal adnpinistration, orlinstiltationraf an
about 0.001 to 3wt% solution several times a day via ocular administration. In the radiotherapy

treatment, the type, doge, é’hﬁ_i@%@%ﬁ%ﬁ/&Yad‘iﬁﬁ&ﬁ)ﬁ?éﬂ/l%”é\ﬁ/ltﬁé conaitivns f@t_‘a&?nventional
daberes yesimen. Seeclonly coeniong ooty Usalegs o e oot
other particle Accordingly, the sulfoguinovosylacyl propanediol
compound and pharmaceutically acceptable salts thereof
may be provided as radiosensitizers.
The radiosensitizer according to the present
10 invention may be used for treating malignant neoplasm.
Examples of malignant neoplasm include, but are not
limited to: neurogenic tumor such as cerebral tumor;
squamous cell carcinoma and adenocarcinoma such as head
and neck cancer, skin cancer, esophagus cancer, thyroid
15 cancer, stomach cancer, lung cancer, gellbladder
cancer, biliary tract cancer, pancreas cancer, liver
cancer, prostate cancer, uterus cancer, ovarian cancer,
breast cancer, kidney cancer, bladder cancer, and colon
cancer; and melanoma, osteoma, soft tissue tumor, and
20 lymphoma, leukemia, and myeloma. The term “treatment”
used herein refers to the reduction, destruction,
and/or inhibition of enhancement growth of the above-
described malignant neoplasm.
The radiosensitizer according to the present
25 invention may contain, as an active ingredient, an
effective dose of at least one compound selected from

the group consisting of the sulfoquinovosylacyl



20 beams such as n-meson, neutron, or heavy particle beams with an irradiation dose of about 0.1 to
100 Gy per time over a period of one week to 6 months to give a total irradiation dose of about 10 to
500 Gy. Typical example of human radiotherapy is conducted by, not limited to, X ray 25 irradiation
with a dose of 2 Gy per time for five times thereby giving a total dose of 60 Gy over a period of about 6
weeks. 18 For example, the dose and frecuency of irradiation may be reduced. Other examples of the
radiotherapy method include conformation radiotherapy, Stereotactic irradiation wherein the focus of
malignant neoplasm is 5shot with pinpoint precision, or intensity modulated radiotherapy. In addition,

irradiation with encapsulated s&alad radioactivg source, y-ray gglette%rap or irradiation with particle
r%P%%? 1oL.CQmeun exPré se % S é%Fra . - .
beams also may be used. The irradiation dose per time may be 10increased, and the irradiation period

may be reduced throggh.integnal irradiation-Radiatien therapy and-admpinigtration of the radiosensitizer
of the present invention may be conducted concurrently or seauentiaiiy. In this case, 15the

radiosensitizer of thetgresentfinvefition iscekpestetstotserve assan antirteoplasticragert o bercombined
with radiation therapy. Accordingly, according to another aspect of the present invention, the novel

suifoguinovosylacyl propanédioFeBmpBand or 28pRariace itically atteptablesalisthreof According

to the present inventig may be pr viggg as,an an ineoqi?sticd%g%nt to bet ombined with radiation
therapy. As known to t %s§ srﬁﬁfé)%gn the lﬁgl%l of?ZSBré\diot neraapy tre%ct)rrrllént, the conditions of radiation

therapy and administration.attheiradiosensitizeref thenresent ventian-may be appropriately
selected by
radiosensitizer(s), an antitumor agent(s), or other
substance (s) having pharmacological activity and/or
pharmaceutical activity without affecting its activity.
10 Hereinafter, the compounds consisting of the
sulfoguinovosylacyl propanediol compound represented by
the general formula (I) and pharmaceutically acceptable
salts thereof according to the present invention may be
referred to as “radiosensitizing substance of the
15 present invention”.

The radiosensitizing substance of the present
invention may be given by, for example, oral
administration or parenteral administration. According
to these administration routes, the radiosensitizing

20 substance of the present invention may be combined with
an appropriate pharmaceutiéally acceptable drug
additive such as an excipient or diluent thereby making
a pharmaceutical preparation. The radiosensitizer
according to the present invention shall contain an

25 effective dose of the radiosensitizing substance of the
present invention, and may be provided as a

pharmaceutical preparation as described above.



19 health professionals or other specialist depending on, for example: the type of radiation source,
irradiation method, site and period of irradiation; typo of sensitizer, route and timing of administration;
type 5 and seriousness of the disease to be treated; and age, body weight, health condition, and
medical history of the subject to be exposed to radiation. In addition, according to yet another aspect
of the present invention, provided is a therapy for 10treati)nég a disease against which radiation therapy
is effective, including administration of an effective dose or the radiosensitizing substance to the
subject in need of the substance. The term "a disease against which radiation therapy is effective"

refers to a disease which is gffectively trg@t%qjgg,gfgr %@1}@!%@@959@ tl"i&%@pgroamthe

above-described malignant neoplasm- Details about the radiosensitizing substance and method and
conditions of its administrationnay beras descripedsabave, 29dhe-therapy according fo theipresent
invention may include administration of an effective dose of the radiosensitizing substance to the
subject in need of thesgbstante, cortiren? BAwith radiation ¢verapy torbsefofe onaftedthe radiation
therapy. 25According to yet another aspect of the present invention, the sulfoduinoiosylacyl

propanediol compourd anBPharmiatetifically acceptabié safts fetefhavd Hhitheopiastic effect as a
second phar@acolog%cpéggggts M%rglspgggggglly,stggg é;(gg;gjstjicggxggcelgﬁlggge radiation effect,
|g 7 £ 7 f

and can suppress malignant neoplasm when used alone. Accordingly, the sulfoquinovosylacyl
propanediol compourd. and pharmaceutcally@iceeptable salts thereof may be provided as an
antineoplast ¢ agent. When the sulfoquinovosylacyl propanediol compound and pharmaceutically
acceptable salts thereof arellised 1045 ar Antinesplastic agent forsdample ctheyinay Usedi the
same manner as the above-described radiosensitizer, except that theg (fll’e 3{1tot comhined with lrlradiation

therapy. In this case, th& Sohditions foPadmihistering fhe i nister may be give

by, for example, injection, transdermal administration,
10 rectal administration, or ocular administration.
Administration by injection may be conducted
through, for example, hypodermic, intradermal,
intravenous, or intramuscular injection.
The conditions for administering the
15 radiosensitizing substance of the present invention
(for example, dose, freguency of administration, and
interval of administration) may be appropriately
established and adjusted according to the dosage form,
administration route, disease to be treated, for
20 example, state of malignant neoplasm (for example,
type, location, and stage), conditions such as the drug
to be combined (for example, presence or absence of
combined drug, type, dose, frequency, and timing of
administration of combined drug, and sequence of
25 administration of the combined drug and the
radiosensitizing substance of the present invention),

the manner of combination with radiation (for example,



15sulfoguinovosylacyl propanediol compound (for example, dose, frequency of administration, and
interval of administration) may be appropriately established and adjusted according to the dosage
form, administration route, disease to be treated, for example, state of 20malignant neoplasm (for
example, type, location, and stage), conditions such as the drug to be combined (fo_r exa_mple,
presence or absence of combined drug, type, dose, ffgquency, and timing of admlnls_,tratlon_ pf_
combined drug, and sequence of administration of the 25combined drug and the radiosensitizing
substance of th% Epr%sent inveon%iong), %n,d the, conditions of the subject to be treated (for example, body

5 IR L ANPIEY 5F thd Hred&itinvdntighare descn Ded below, but

weight, sex, and age)l.mﬁ%xampcfeén

the present inventioniis el imited dherete. <Synthesis examplesy [Example I . (The steps for

preparing the sulfcquinovosylacyl propanediol compound according to the present inv_ention are
described belaw taking, asarexample, easaditimel @salvdfd-sufogumaviesyissiepsoyi prepaaediol.
[Chemical For{;nruelggchH( %%)rpg(ég)m?)'l\e?, Ebnggi;’lvg)eight, sex, and age).
5 For example, the dose of the radiosensitizing
substance may be, but is not limited to, from 0.001 to
100 mg/kg body weight per day via oral administration,
0.001 to 50 mg/kg body weight per day via injection, from
0.001 to 100 mg/kg body weight per day via transdermal
10 administration, 0.001 to 50 mg/kg body weight per day via
rectal administration, or instillation of an about 0.001 to
3wts solution several times a day via ocular
administration.
In the radiotherapy treatment, the type, dose, and
15 frequency of radiation may follow the conditions for
conventional radiotherapy treatment. Specifically,
conventional radiotherapy treatment for human is conducted
through, for example, exposure to medical radiation such as
an X ray, y ray, electron ray, B ray, or other particle
20 beams such as n-meson, neutron, or heavy particle beams
with an irradiation dose of about 0.1 to 100 Gy per time
over a period of one week to 6 months to give a total
irradiation dose of about 10 to 500 Gy. Typical example of
human radiotherapy is conducted by, not limited to, X ray
25 irradiation with a dose of 2 Gy per time for five times
thereby giving a total dose of 60 Gy over a period of about

6 weeks.
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For example, the dose and freguency of irradiation may
be reduced. Other examples of the radiotherapy method
include conformation radiotherapy, stereotactic
irradiation wherein the focus of malignant neoplasm is
shot with pinpoint precision, or intensity modulated
radiotherapy. 1In addition, irradiation with
encapsulated sealed radioactive source, y-ray
teletherapy, or irradiation with particle beams also
may be used. The irradiation dose per time may be
increased, and the irradiation period may be reduced
through internal irradiation.

Radiation therapy and administration of the
radiosensitizer of the present invention may be
conducted concurrently or seqguentially. In this case,
the radiosensitizer of the present invention is
expected to serve as an antineoplastic agent to be
combined with radiation therapy. Accordingly,
according to another aspect of the present invention,
the novel sulfoguinovosylacyl propanediol compound or
pharmaceutically acceptable salts thereof accbrding to
the present invention may be provided as an
antineoplagtic agent to be combined with radiation
therapy.

As known to those skilled in the field of
radiotherapy treatment, the conditions of radiation
therapy and administration of the radiosensitizer of

the present invention may be appropriately selected by




A) Aallyi alcohol, trifluormethanesulfonic acid, 80C, 48 hours; A-2. benzaldehyde dimethyl acetal, p-to
sulfon ¢ acid monohydrate, acetonitrile, 40C, 4 hours, 20.2%; B) benzyl bromide, sodium
hydroxide, N,Ndimethylformamide, room temperature, 24 hours, 84.4%; C) lithium hydride
aluminum, aluminum chloride, ichloromethane, diethyl ethgr, heating under reflux, 104 hours, 90.2%;
D) p-toluenesuffenyi chloride, 4- dimethylaminopyridine, }pyridine, room temperature, 16 hours, 87.9%;
9-borabicyclononane, tetrahydrofuran, room. temperature, 10 hours; water, sodium hydro _e hydrogen

meXMevwﬂehrmm%gg@angygf%ggggﬁalg4é@ébther specialist depending on,

for example: the type of radiation source, irradiation
method, site and period of irradiation; type of
sensitizer, route and timing of administration; type

5 and seriousness of the disease to be treated; and age,
body weight, health condition, and medical history of
the subject to be exposed to radiation.

In addition, according to yet another aspect of

the present invention, provided is a therapy for

10 treating a disease against which radiation therapy is
effective, in;luding administration of an effective
dose of the radiosensitizing substance to the subject
in need of the substance. The term “a disease against
which radiation therapy is effective” refers to a

15 disease which is effectively treated by, for example,
radiation therapy on the above-described malignant
neoplasm. Detaills about the radiosensitizing substance
and method and conditions of its administration may be
as described above.

20 The therapy according to the present invention may
include administration of an effective dose of the
radiosensitizing substance to the subject in need of
the substance, concurrently with radiation therapy, or
before or after the radiation therapy.

25 According to yet another aspect of the present
invention, the sulfoquinovosylacyl propanediocl compound

and pharmaceutically acceptable salts thereof have




potassium thioacetate, N,H-dimethylfcfcmamide, 90C,3 hours,90.8%; 20 CD stearoyl. chloride,
pyridine, dichloromethane,

10

15

20

25

20

antineoplastic effect as a second pharmacological
effect. More specifically, they synergistically
accelerate the radiation effect, and can suppress
malignant neoplasm when used alone. Accordingly, the
sulfoquinovosylacyl propanediol compound and
pharmaceutically acceptable salts thereof may be
provided as an antineoplastic agent.

When the sulfoquinovosylacyl propanediol compound
and pharmaceutically acceptable salts thereof are used
as an antineoplastic agent, for example, they may be
used in the same manner as the above-described
radiosensitizer, except that they are not combined with
radiation therapy.

In this case, the conditions for administering the
sulfoquinovosylacyl propanediol compound (for example,
dose, frequency of administration, and interval of
administration) may be appropriately established and
adjusted according to the dosage form, administration
route, disease to be treated, for example, state of
malignant neoplasm (for example, type, location, and
stage), conditions such as the drug to be combined (for
example, presence or absence of combined drug, type,
dose, frequency, and timing of administration of
combined drug, and sequence of administration of the
combined drug and the radiosensitizing substance of the
present invention), and the conditions of the subject

to be treated (for example, body weight, sex, and age).




room temperature, 2 hours, 97.4%; H) Oxon, acetic acid, potassium acetate, room temperature,
48 hours, 88.6%; and [) palladium activated carbon, hydrogen gas, 25ethanol, dichiormethane,
room. temperature, 48 hours, 79.4%. The procedure for obtaining, as the end product, a 23 sodium
salt of a-salfoquinovosyl stearoy2 propanediol according to an aspect of the present invention was
conducted via the routes A to | in the above-described scheme. 5SExample -1 Sten A:
1-0-ally1-4,6-0-benzylidene-a-Dcdpyranoside (2) The %ompound (2) (100 g, 555 mmol) as the
starting substance was suspended in allyl alcohol (500 ml), to 10which trifluoromethanesulfonic acid
(2.00 ml) was added '[X%%,D%I’O’I% the reaction liquid was vigorously stirred at 80C for 48 hours. After the
sufficient progress of the reaction was confirmed, triethylamine (3 ml) was added to stop the reaction,
and the reaction liquid was copggptrated-yunderreduced gresswre.rsubsequently,dhe regidye was
suspended in anhydrous acetonitrile (500 M), to which benzaidehyde dimethyl acetal (127 g, 1.5
equivalent) and p-toluenesulfonic acichmanohydrate {5:28ng, 105 eguivatent)iwereeddded. The
reaction 20liquid was stirred at 40C for 4 hours, to which triethvlamine (10 ma) was added to stop the
reaction, and the rea(,ifi%‘ﬁq%‘"tﬁd was concentrated under reduced pressure. The residue was poured to
hexane (ZOO%mi) d water (SQQ n&i%haeré% theegpéxedlli%tgid was vigorously 25stirred. The generated
precipitate was collected by flftr%\tlon, and rinsed with water and hexane. The precipitate was crystal)
ized from heated ethanol twi¢example 1]

The steps for preparing the sulfoguinovosylacyl
propanediol compound according to the present invention
are described below taking, as an example, a sodium

10 salt of a-sulfoguinovosyl stearoyl propanediol.
[Chemical Formula 6]

OH (1)
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24 to obtain the title compound (2) in the form of colorless needle crystals {34.5 g (112 mmol),
20.2%}. [a 23D H97.5' (c1.00 CH30H), OHMS 331wJz (M1-Na)1-, no 139-141C 1H NMR (400 MHz,
00300); 6 7.51-7.47 (m, 23, ALM, 7.37-7.32 (m, 33, ArH), 5.99 (dddd., IH, J-17.2, 10.5, 6.08, 5.32 Hz,
H2), 5.36 (s, 13, PtICH), 5.36 (dq, 3=17.3, 1.68 Hz, H3a), 5.20 (ddt, 13, 3=10.4, 1.80, 1.28 Hz,
H3b),.88 (d19, J=3.86 Hz, 314.25-4.18 (m, 2H, Hla & 36'a), 4.07 (ddt, 13, 3-13.0, 6.10, 1.36 Hz,
H1b)3.85 (t, 1H, =9.38 Hz, 93'), 3.81-3.71 (m, 23, H5' & H h), 3.52 (dd, 19, 3=9.38, 3.86 Hz, 92"), 3.45
(t, 1H, 3=9.24 Hz, 34'). 13C NMR (100 MHz, 00300); 6 139.1 (Ar-ipso), 135.4 15(C2), 129.9 (Ar),

1200 (). 1275 (21173 (69)05.0 (CH).100.0 (6192 8 (4D A0(GR). 12 0463), 0919 (06)

69.7, 64.1 (05) [Chemical Formula 71 OH(1) Ph Q- ( 2) Al 1c; ?16- HO C 2,-OHA- 2 HOOHHOIr-1
acid, 80°C, 48 hours;

A~2.’benzaldehyde dimethyl acetal, p-toluene
sulfonic acid monohydrate, acetonitrile, 40°C, 4 hours,
5 20.2%;
B) benzyl bromide, sodium hydroxide, N,N-
dimethylformamide, room temperature, 24 hours, 84.4%;
C) lithium hydride aluminum, aluminum chloride,
dichloromethane, diethyl ether, heating under reflux,
10 4 hours, 90.2%;
| D) p-toluenesulfonyl chloride, 4-
dimethylaminopyridine, pyridine, room temperature,
16 hours, 87.9%;
E) 9-borabicyclononane, tetrahydrofuran, room
15 temperature, 10 hours; water, sodium hydroxide,
hydrogen peroxide water, room temperature, 12 hours,
94.4%;
F) potassium thiocacetate, N,N-dimethylformamide,
90°C, 3 hours, 90.8%;
20 G) stearoyl chloride, pyridine, dichloromethane,
room temperature, 2 hours, 97.4%;
H) Oxon, acetic acid, potassium acetate, room
temperature, 48 hours, 88.6%; and
I) palladium activated carbon, hydrogen gas,
25 ethanol, dichloromethane, room temperature, 48 hours,
79.4%.

The procedure for obtaining, as the end product, a




20 Example 1-2 Step B; 1-0-illy1-2,3-di-C-benzyz-4,6-0- henzylldene-a-P-q.flcopyramoside (3) To
a solution of the compouna (2) (30.0 g, 2597.3 nal) in anhydrous N,N-dimer.hy'formamide (DIAL 25
300 md), added are benzyl bromide (41.6 g, 2.5 equivalents) and socium hydroxide (11.7 g, 3.0
equivalents), and the reaction liquid was vigorously stirred at room temperature for 24 hours. After the
5sufficient progress of the reaction Was confirmed, the reaction liquid was poured to chilled water (900
ml), and extracted with ethyl acetate (3 x 300 mi). The oré&nic layers were combined and washed with
saturated saline (2 x 100 ml), dried with sodium sulfate, 10filtered, concentrated under reduced

pressure. The obtain%d (rﬁsﬁigu% was %r%zstgﬂi;egitwice. from healte%gthanol #o obtain thedtitleicompound
(3) in the form of colorfess needie crystals (?él. g?.qlllﬁé1 filtratd was concen rated %%?iﬁe& With silica
gel chromatography 1a(hexane-ethyl acgtate15:1 -4610:1 53 8:4) crystallized from-heated ethanol to
obtain the compound (3) (6.63 g) (40.1 g (82.1 mmol) in total, 84.4g[W265 -1.46(c1.03 CH013), LRMS
m/z 511 (M+Na)T, zip8687C.c20IHiNMEh (400oMiHzs 00013)617.50- 142 (AT @2¢ At Tr4®-IR4 (m,
13H, ArH), 5.94 (dddd, 1H, J=17.0, 10.4, 6.7e, 5.24 Hz, 142), 5.56 (s, 1H, PhCH), 5.33 (dg, 1H,
J=17.2, 1.56 Hz, H3aJ 5:2%9ddt, 1H, J=10.3, 1.56, 1.12 Hz, E3b), 4.92 (d, 1H, J=11.2 Hz, ArCE2),
4.84 (d, 251I§, J=11.2 Hz, A5C§2é14.8§1 , 1H, J =12.1 Hz, ArCHn), 4.80 (d, IH, J=3.76 Hz, H1"), 4.68
(d, 111, J=12)1 Hz, ArClI, 4.26(dd, H,J=10.2, 4.84 Hz, H6'a), 4.18

Step A: 1-0O-allyl-4, 6-O-benzylidene-o-D-
glucopyrancside (2)
The compound (1) (100 g, 555 mmol) as the starting
substance was suspended in allyl alcohol (500 ml), to
10 which trifluoromethanesulfonic acid (1.00 ml) was added
at 0°C, and the reaction liquid was vigorously stirred
at 80°C for 48 hours. After the sufficient progress of
the reaction was confirmed, triethylamine (3 ml) was
added to stop the reaction, and the reaction liguid was
15 concentrated under reduced pressure. Subsequently, the
residue was suspended in anhydrous acetonitrile
(500 ml), to which benzaldehyde dimethyl acetal (127 g,
1.5 equivalent) and p-toluenesulfonic acid monohydrate
(5.28 g, 0.05 equivalent) wefe added. The reaction
20 liguid was stirred at 40°C for 4 hours, to which
triethylamine (10 ml) was added to stop the reaction,
and the reaction liguid was concentrated under reduced
pressure. The residue was poured to hexane (2000 ml)
and water (500 ml), and the mixed liquid was vigorously
25 stirred. The generated precipitate was collected by
filtration, and rinsed with water and hexane. The

precipitate was crystallized from heated ethanol twice



26 (ddt, 1H, J=12.9, 5.18, 1.40 Hz, Hla), 4.79 (t, 1H, J=9.30 Hz, 113"), 4.03 (ddt, 1H, J=12.9, 6.68,
1.20 Hz, H1b), 3.89 (dt, IH, J=9.96, 4.80 Hz, H5'), 3.70 (t, 1H, J=10.3 Hz, H6'b), 3.61 (t, 1H, J=9.44 Hz,
H4"), 3.57 (dd, 51H, J=8.72, 3.80 Hz, H2"). 13C NMR (100 MHz, CDC13); 6 138.7-ips0), 138.1 (Ar-
ipso), 137.3 (Ar-ipso), 133.5 (02), 128.9-127.5 (m, Ar), 101.2 (PhCH), 96.7 (01"), 82.1 (04"), 75.3
(ArCH2), 73.6 (ArCH2), 1069.0 (06", 68.4 (Cl), 62.5 (05"). [Chemical Formula 81 Example 1-3
15Step C; 1-0-ally1-2,3,4-tri-O=benzyl-a-D- glucopyranos?d% (4)  Aluminum lithium hydride (2.02 g,
1.3 equivalents) is suspended in a mixed solution of anhydrous dichloromethane (100 ml) and
anhydrous diethyl ether (100 ml), to which the 20compound (20.0 g, 40. mm(;Q was added.
Subsequently, to theh%éjac?%)%alfq??]i ,haedieﬁt\r/lvgs %Bﬂpn%u&% an%)lbrrﬁﬁur%nh&}k?r?cfem ( .69 g,1.3

equivalents) solution in,aRRYQdrOUS needle crystals {34.5 g (112 mmol), 20.2%).

[@]23p +97.5° (¢1.00 CH30H), LRMS 33Im/z (M+Na)®, mp
139-141°C

1

lH NMR (400 MHz, CD30D); & 7.51-7.47 (m, 2H, ArH),
7.37-7.32 (m, 3H, ArH), 5.99 (dddd, 1H, J=17.2, 10.5,
6.08, 5.32 Hz, H2), 5.56 (s, 1H, PhCH), 5.36 (dq, 1H,
J=17.3, 1.68 Hz, H3a), 5.20 (ddt, 1H, J=10.4, 1.80,
1.28 Hz, H3b), 4.88 (d, 1H, J=3.86 Hz, H1’), 4.25-4.18
10 (m, 2H, Hla & H6"a), 4.07 (ddt, 1H, J=13.0, 6.10,
1.36 Hz, Hlb), 3.85 (t, 1H, J=9.38 Hz, H3"), 3.81-3.71
(m, 2H, H5’ & H6’b), 3.52 (dd, 1H, J=9.38, 3.86 Hz,
H2'), 3.45 (t, 1H, J=9.24 Hz, H4’').
13c NMR (100 MHz, CD30D); & 139.1 (Ar-ipso), 135.4
15 (C2), 129.9 (Ar), 129.0 (Ar), 127.5 (Ar), 117.8 (C3),
103.0 (PhCH), 100.0 (Cl'), 82.9 (C4’), 74.0 (C2’), 72.0
(C3"), 69.9 (C6"), 69.7 (Cl), 64.1 (C5).

[Chemical Formula 7]

OH (1)
/ O (2)
o, AL ph—( ~_ﬁ>——c1
HO - KF~OH A0 Ot ,}”O\wf%§
HO  DH HO — DH

20
Example I-2

Step B; 1-0-allyl-2,3-di-0O-benzyl-4, 6-0~-
benzylidene-a-D-glucopyranoside (3)
To a solution of the compound (2) (30.0 g,

25 97.3 mmol) in anhydrous N,N-dimethylformamide (DMF,




diethyl ether, and the mixture was stirred for 4 hours under heating and reflux. After the sufficient
progress of 25 the reaction was confirmed, water (10 ml) was slowly added dropwise, the precipitate
was collected by filtration after 27 a standing overnight, and then the precipitate was rinsed with
diethyl ether. The filtrate was washed with water (2 x 100 ml), the aqueous layers were combined, and
extracted with diethyl ether (2 x 100 m1). The organic layers were 5 combined and washed with
saturated saline (2 x 200 ml), dried with sodium sulfate, fﬁféred, and concentrated under reduced
pressure. The obtained residue was purified with silica gel chromatography (hexane-ethyl acetate, 5:1

*4:1-43:1-*2:1)t tain the title,compound (4)_in.the form of a cplorless oi bstance ;18.1 g
(36.9 mmol), 90.2%%@1 z?lfb5 +4§§d(%i{2§f&_?&é%’y LRMS T z%l%rﬁi;%k. %%MR (400 MHz,
CDC13); 5 7.37-7.26, kaH. D, 5:92:(dsldd; I 37471104, 6:66, 5.24 Hz, H2), 5.31 (dq, 1H,
J=17.2, 1.52 Hz, H3a), 5.22 (ddt, 1H, J=10.3, 1.46, 151.10 Hz, H3b), 5.00 (d, 1H, J=10.9 Hz, ArCH2),
4.89 (d, 1H, J=11.0 HzyArCH2)4:84, (chiH, 3210.9eHz; tArGH2)] diTiti(dydl, 3=12.0cHz; IArCH?2), 4.77
(d, 1H, 3-3.60 Hz, H1'), 4.65 I(j:l, 1H, J=12.1 Hz, ArCH2), 4.64 (d, 1H, J=11.0 Hz, ArCH2), 4.14 (ddt,
1H, 3=12.9, 5.22, 1.34HZ FAfa) 34 040 L H SX039256 1z, 163, 309 s 1H, 3426, 6.6, 1.08 Hz,
Fib), 3.79-3.66 (m, 39%?55 &.H6'a & H6'h), 3.54 9.28 Hz

! , 1H, 3= | H4", 3.51 . 1H, .3=9.60, 3.64 Hz,
o 369 o e eg b o e oL as They SRRy R0,
(Ar-ipse), Ar),118.3 773, (G4 —',ILQLQ(Qlc)a 9&%%-1;{Q§Ze7c5-%<§8@%illed water (900 ml),

and extracted with ethyl acetate (3 x 300 ml). The
organic layers were combined and washed with saturated
saline (2 x 100 ml), dried with sodium sulfate,

10 filtered, concentrated under reduced pressure. The
obtained residue was crystallized twice from heated
ethanol to obtain the title compound (3) in the form of
colorless needle crystals (33.5 g). The filtrate was
concentrated, purified with silica gel chromatography

15 {(hexane-ethyl acetate, 15:1 — 10:1 — 8:1),
crystallized from heated ethanol to obtain the compound
(3) (6.63 gy {40.1 g (82.1 mmol) in total, 84.4%}.
[0]26p ~1.46°(c1.03 CHCl3), LRMS m/z 511 (M+Na)*t, mp
86-87°C.

20 IH NMR (400 MHz, CDCl3); & 7.50-7.47 (m, 2H, ArH),
7.40-7.24 (m, 13H, ArH), 5.%4 (dddd, 1H, J=17.0, 10.4,
6.70, 5.24 Hz, H2), 5.56 (s, 1H, PhCH), 5.33 (dg, 1H,
J=17.2, 1.56 Hz, H3a), 5.24 (ddt, 1H, J=10.3, 1.56,
1.12 Hz, H3b), 4.92 (4, 1H, J=11.2 Hz, ArCHp), 4.84 (d,

25 1H, J=11.2 Hz, ArCHp), 4.83 (d, 1H, J=12.1 Hz, ArCHjp),
4.80 (d, 1H, J=3.76 Hz, H1"), 4.68 (d, 1H, J=12.1 Hz,

ArCHp), 4.26 (dd, 1H, J=10.2, 4.84 Hz, H6'a), 4.18




(Ar-ips0),133.6(02), 95.6(C1"),81.9(C31), (Ar062) ,75.0(ArCI-12), (CI),61.(06"). . iChemical .h,'or
BnOOBnenoBn Example 1-4 Step C;
11-0-ally1-2,3,4-tri-O-benzy1-6-C-tosyl-a-D10glucopyranoside (5) To a solution of the compound (4)
(25.1 g, 51.2 mmol) in anhydrous pyridime (250 ri.), added were p-tolnenesulfonyl chloride (14.6 g, 1.5
equivalents) and 4-dimethylaminopyridine (626 mg, 6.} equivalents), 15and the reaction liquid was
stirred at room temperature for 16 hours. After the sufficient progress of the reaction was confirmed,
water (10 ml) was added to stop.the reacti%n, and the reaction liquid was concentrated under reduced

pressure. The reSitue Whs gﬁéﬁen%edﬁn B220minoy alifourit ot éthyZi azgtaf&’pcﬁﬁed to 0.5 M
hydrochloric agid«{299 mb), arg extracted yith;ethyl agetate.(3,x 200 mly.sThe organic layers were
combined, washed with a saturated sodium hydrogen carbonate solution (2 x 100 ml) and saturated
saline 25(2 x HOorrii déied withdsodium, suftate, fdtered,sandiz, H5’), 3.70 (t, 1H,
J=10.3 Hz, H6'b), 3.61 (t, 1H, J=9.44 Hz, H4’), 3.57 (dd,
5 1H, J=8.72, 3.80 Hz, H2').
13c NMR (100 MHz, CDCls); & 138.7 (Ar-ipso), 138.1 (Ar-
ipso), 137.3 (Ar-ipso), 133.5 (C2), 128.9-127.5 (m, Ar),
126.0 (Ar), 118.4 (C3), 101.2 (PhCH), 96.7 (Cl1"), 82.1
(C37), 79.1 (C2"), 78.6 (C4"), 75.3 (ArCHp), 73.6 (ArCHyp),
10 69.0 (C6"), 68.4 (Cl), 62.5 (C5").

[Chemical Formula 8]

Example I-3
15 Step C; 1-0-allyl-2,3,4-tri-O-benzyl-oa-D-
glucopyranoside (4)
Aluminum lithium hydride (2.02 g, 1.3 equivalents) is
suspended in a mixed sclution of anhydrous dichloromethane
(100 ml) and anhydrous diethyl ether (100 ml), to which the
20 compound (3) (20.0 g, 40.9 mmol) was added. Subsequently,
to the reaction liquid, added was 200 ml of an aluminum
chloride (7.09 g, 1.3 equivalents) solution in anhydrous
diethyl ether, and the mixture was stirred for 4 hours
under heating and reflux. After the sufficient progress of
25 the reaction was confirmed, water (10 ml) was slowly added

dropwise, the precipitate was collected by filtration after



concentrated under reduced pressure. The obtained '79 residue was crystallized twice frc.,171 heated
ethanol to obtain the title compound (5) in the form of colorless needle crystals (25.0 q). The filtrate
was concentrated, purified with silica gel chromatography 5(hexane-ethyl acetate, 5:1 -* 4:1 -* 3:)
to obtain the compound (5) (4.00 g9).{29.0 g (45.0 mmol) in total, 87.9%}. (a] 25D+32.1(c1.02 CHC13),
LRMS m/z 667 (M+Na)*, mp 86-87C. 108H NMR (408;MHz, 00013); 6 7.76 (ddd, 22, J=8.32, 1.96,
1.76 Hz, ArH), 7.35-7.26 (m, 15H, ArH), 7.17-7.12 (m, 2H, Ar, 5.88 (dddd, 1H, J=17.2, 10.3, 6.62, 5.24

Hz, H2), 5.28 (rig, IH, J=17.2, 1.56 Hz H3a) 5. ddt, ,0=10.3,.1.6 12 Hz, PM), 4.99 (d, 12,
0ot A g Pl R I Bt Rabe fite ) G
J=12.1 Hz, ArGH2), 472:8yiHe8858 HzrhHA ') £4.624(8r dHy 9512 dsH2AKGH2), #akd 0=10.6 Hz,
ArCH2), 4.22 (dd, 12, 3=10.5, 4.20 Hz, H61a), 4.16 (dd, 12, J-10.5., 202.12 Hz, H611.)), 4.07 (ddt, 1H,
0=12.9, 5.24, ¥.4004zHlR), 3.98 (& 1E 0=9. 24 Mz rE3Ye3934(duh Wik D-1219: 6664; 1216 biE, H117),

3.81 (ddd, 1H, 0=10.1, 4.12, 2.04 Hz, H5", 3.4i dd, IH, 0=9.62, 3 58 Hz, H2'), 3.45 (dd, 1H, J=10.0,
8.90 Hz, 134239 @15 "M E3C NMR (100 Mz, cDCE3)P8 44 E (ARBEES 14855 (Aripso),

1319(AﬁﬂﬁobdﬁﬂﬁﬁééFHH@%wgg%é&O%h6%3%Q%é%ated saline (2 x 200 ml),

dried with sodium sulfate, filtered, and concentrated under
reduced pressure. The obtained residue was purified with

silica gel chromatography (hexane-ethyl acetate, 5:1 — 4:1
— 3:1 = 2:1) to obtain the title compound (4) in the form

10 of a colorless oily substance {18.1 g (36.9 mmol), 90.2%}.
[a]?2p +45.0° (cl.21 CHCl3), LRMS m/z 513 (M+Na)™.

g NMR (400 MHZ, CDCl3); & 7.37-7.26 (m, 15H, ArH), 5.92
(dddd, 1H, J=17.1, 10.4, 6.66, 5.24 Hz, H2), 5.31 (dg, 1H,
J=17.2, 1.52 Hz, H3a), 5.22 (ddt, 1H, J=10.3, 1.46,

15 1.10 Hz, H3b), 5.00 (d, 1H, J=10.9 Hz, ArCHp), 4.89 (d, 1H,
J=11.0 Hz, ArCHyp), 4.84 (d, 1H, J=10.9 Hz, ArCHp), 4.77 (d,
1H, J=12.0 Hz, ArCHp), 4.77 (d, 1H, J=3.60 Hz, H1’), 4.65
(d, 1H, J=12.1 Hz, ArCHp), 4.64 (d, 1H, J=11.0 Hz, ArCHjy),
4.14 (ddt, 1H, J=12.9, 5.22, 1.34 Hz, Hla), 4.04 (t, 1H,

20 J=9.36 Hz, H3"), 3.99 (ddt, 1H, J=12.9, 6.64, 1.08 Hz,
Hlb), 3.79-3.66 (m, 3H, H5" & H6’a & H6'b), 3.54 (t, 1H,
J=9.28 Hz, H4"), 3.51 (dd, 1H, J=9.60, 3.64 Hz, H2'"), 1.69
(¢, 1H, J=12.0 Hz, 6'-0OH).

13c NMR (100 MHz, CDCl3); & 138.7 (Ar-ipso), 138.1




(Ar-ips0),129.8 (fur) , 128.4-127.6 (m,Ar),118.4 (C3), 95.4(01'),81.8 (03"),19.6(021), 76.9 (4"), 75.7
(ArC,75.0(ArCH2), 73.2(ArCH2), 68.6 (5'), 69.5 (6'), 68.3(01), 21.6 (is-Me).

28

(Ar-ipso), 138.1 (Ar-ipso), 133.6 (C2), 128.4-127.6 (m,
Ar), 118.3 (C3), 95.6 (Cl"), 81.9 (C3"), 79.9 (C2'),
7.3 (C4")y, 75.7 (ArCHp), 75.0 (ArCHp), 73.2 (AxrCHp),
70.8 (C5"), 8.2 (Cl), 61.7 (Co&").

5 [Chemical Formula 9]

BnO  OBn BnO  OBn

Example I-4
Step D;1-0-allyl-2,3,4-tri-O-benzyl-6-0O-tosyl-a-D-
10 glucopyranoside {5)
To a solution of the compound (4) (25.1 g,
51.2 mmol) in anhydrous pyridine (250 ml), added were
p-toluenesulfonyl chloride (14.6 g, 1.5 equivalents)
and 4-dimethylaminopyridine (626 mg, 0.1 equivalents),
15 and the reaction liquid was stirred at room temperature
for 16 hours. After the sufficient progress of the
reaction was confirmed, water (10 ml) was added to stop
the reaction, and the reaction liquid was concentrated
under reduced pressure. The residue was suspended in a
20 minor amount of ethyl acetate, poured to 0.5 M
hydrochloric acid (200 ml), and extracted with ethyl
acetate (3 x 200 ml). The organic layers were
combined, washed with a saturated sodium hydrogen
carbonate solution (2 x 100 ml) and saturated saline
25 (2 x 100 ml), dried with sodium sulfate, filtered, and

concentrated under reduced pressure. The obtained



[Chemical Formula 10] /OH(4) OTs (5) Step E; 1-0-(2,3,i-0-henxyl-6-0-tosyl-u-S-
10gludopyranosyl)-oropane-1,3-diol (6) To a solution of the compound (5) (29.0 a, 45.0 mmol) in
anhydrous tetrahydrofuran (THE, 150 mi), added was a solution of 0.5 M 9- borablcyclor3,3,1]Jnonane
(9-ERN) in tetrahydxofuran 15(180 mi, 90.0 mmol) at OC in an argon atmosphere. After a lapse of 1
hour,the reaction liquid was returned to room temperature, and continuously stirred for 10 hours. The
reaction liquid was cooled again to 0C, to which water (20 mil was added firstly, and then

residue was crystallized twice from heated ethanol to
obtain the title compound (5) in the form of colorless
needle crystals (25.0 g). The filtrate was

concentrated, purified with silica‘gel chromatography

5 (hexane-ethyl acetate, 5:1 — 4:1 — 3:1}) to obtain the
compound (5) (4.00 qg). {29.0 g (45.0 mmol) in total,
87.9%}.

(]2 +32.1°(c1.02 CHCl3), LRMS m/z 667 (M+Na)*t, mp
86-87°C.

10 IH NMR (400 MHz, CDCls3); & 7.76 (ddd, 2H, J=8.32, 1.96,
1.76 Hz, ArH), 7.35-7.26 (m, 15H, ArH), 7.17-7.12 (m,
2H, ArH), 5.88 (dddd, 1H, J=17.2, 10.3, 6.62, 5.24 Hz,
H2), 5.28 (dqg, 1H, J=17.2, 1.56 Hz, H3a), 5.20 (ddt,
1H, J=10.3, 1.60, 1.12 Hz, H3b), 4.99 (d, 1H,

15 J=10.9 Hz, ArCHp), 4.82 (d, 1H, J=10.6 Hz, ArCHp), 4.78
(d, 1H, J=10.8 Hz, ArCHp), 4.74 (d, 1H, J=12.1 Hz,
ArCH,), 4.72 (d, 1H, J=3.58 Hz, H1’), 4.62 (d, 1H,
J=12.1 Hz, ArCHp), 4.42 (d, 1H, J=10.6 Hz, ArCHp), 4.22
(dd, 1H, J=10.5, 4.20 Hz, H6’a), 4.16 (dd, 1H, J=10.5,

20 2.12 Hz, H6’b), 4.07 (ddt, 1H, J=12.9, 5.24, 1.40 Hz,
Hla), 3.98 (t, 1H, J=9.24 Hz, H3’), 3.93 (ddt, 1H,
J=12.9, 6.64, 1.16 Hz, Hlb), 3.81 (ddd, 1H, J=10.1,
4.12, 2.04 Hz, H5'), 3.48 (dd, 1H, J=9.62, 3.58 Hz,
H27), 3.45 (dd, 1H, J=10.0, 8.90 Hz, H4’'), 2.39 (s, 3H,

25 Ts-Me) .
13c NMR (100 MHz, CDCls); & 144.8 (Ar-ipso), 138.5 (Ar-

ipso), 137.9 (Ar-ipso), 137.7 (Ar-ipso), 133.4 (C2},




203 M sodium hydroxide solution (70 ml) and 35% hydrogen peroxide solution (70 mi) were added
sequentially. After a lapse of 1 hour, the reaction liquid was returned to room temperature, and stirred
for 12 hours. After the sufficient progress of the reaction was 25confirmed, the solution was extracted
with ethyl 31 acetate (3 x 100 ml), the organic layers were combined and washed with saturated
saline (2100 ml), dried with sodium sulfate, filtered, and concentrated under reduced pressure. The
obtained residue was purified with silica gel chromatogra% y (hexane-ethyl acetate, 3:2 -> 1:1 -* 2:3)
to obtain the title compound (6) in the form of a colorless oily substance {28.2 g (42.5 mmol), 94.4%1.
1266 (01,02 CHC10) LRMS iz 685 (INa) AQIH NYIR (00MHz, 0003 T-1677,74 (. 2H. ArH)
7.35-7.26 (m, 158, ArH), 7.16-7.12 (m, 28, ArH), 4.94 (d, 18, 3-10.9 Hz, ArCH?2), 4.85'(d, 14, 3=10.7
Hz, ArCH2), 4.77 (d, {83 3=10:9 kiz, AICH2),&4. 75 (a,c18, 6=12: bz ArCHL), 7463 (d18,)3=12.0 Hz,
ArCH2), 4.61 15(d, 1E, J=3.64 Hz, H1"), 4.43 (d, 18, 3-10.7 Hz, ArCH2), 4.20-4.13 (m, 2H, 86'a &
H6'b), 3,92 (t, 18, 35£0.24 H2 83!, 13.84-3.74 (Mr4H, His & H3a &HSH R 85'%,8.48-8740 (m, 38, Hib &
02' & 84'), 2.5218, 3=4.74 Hz, 3-0H), 2.39 ZOé\s, 38, Ms-Me? 1.88-1.75 (m, 28, H2a & H2b). 13C NMR
(100 MHz, 00013); 6°F44°8 (ARipko).E38°4 (Ar-) + F137.0 (Ai-ipS0): 137.6 (Ar-ipso), 132.7 (Aripso),
129.8 (Ar), @8'5-12%&%i%g’1971?%£§L|J')J.’<3811% §03'), 79.3 (02") 76.8 (04", 75. (ArCHg), 75.0

OH (4) OTs (5)

D
WO ——® BnOw

BnO: MO

-

BnO 0Bn BnO an

Example I-5
Step E; 1-0-(2,3,4-tri~0O~-benzyl-6-0O-tosyl-o-D-
10 glucopyranosyl) -propane-1, 3-diol (06)
To a solution of the compound (5) (29.0 g,
45.0 mmol) in anhydrous tetrahydrofuran (THF, 150 ml),
added was a solution of 0.5 M 9-
borabicyclo[3,3,1]nonane (9-BBN) in tetrahydrofuran
15 (180 ml, 90.0 mmol) at 0°C in an argon atmosphere.
After a lapse of 1 hour, the reaction liquid was
returned to room temperature, and continuously stirred
for 10 hours. The reaction liguid was cooled again to
0°C, to which water (20 ml) was added firstly, and then
20 3 M sodium hydroxide solution (70 ml) and 35% hydrogen
peroxide solution (70 ml) were added sequentially.
After a lapse of 1 hour, the reaction liquid was
returned to room temperature, and stirred for 12 hours.
After the sufficient progress of the reaction was

25 confirmed, the solution was extracted with ethyl




25(ArCH2), 73.4 (ArC42), 68.7 (C5'), 68.6 (06') , 67.5 (CI), 61.5 (03), 31.5 (02), 21.6 (Ts-Me). 32.
[Chemical Formula. 111 Example 1-6 5Step F; 1-0-(2,3,4-tri-0-benzy1-6-thioacetyl-a-D-
guinovopyranosyl)-propane-1,3-diol (7) To a solution of the compound (6) (28.2 g, 42.3 mmol) in
anhydrous DMF (300 added was potassium thioacetate (7.28 g, 1.5 equivalents), and 10the mixture
“was stirred at 90C for 3 hours. After the sufficient progress of the reaction was confirmed, the reaction
liquid was poured to chilled water 900 rob), extracted with %athyl acetate (3 x 300 mi). The organc
layers were combined and washed with saturated saline 15(2 x 200 mi), dried with sodium sulfate,

filtered, and concent@éee(% y ger(r?dyc%(pr@ uretijgfe]e 8@ ipﬁ% reisé{%lé%gv‘ eo}gifigg%igl}é@ca gel

chromatodraohy (hexane-ethyl acetate, 2:13:2"-* 1:1 --3) 2:3) to obtain the title compound) in the form
of light 20brown oily sustanee (219 0-(38:6:mmak).«20.8%)i [ad 280 -33:0(c1Q2)GH{413) LRMS raiz

584 (M+Ma).l. 1H NMR (400 MHz, 00013); 5 7.37-7.24 (m, 1511, ArH), 4.95 (d, IH, 11-1028 Hz,
ArCii2), 4.89 (d, 18, 4=1016 9 ArCH2) 1 4389d, 1H] U108 HA RICH3) c477HdE &M, J1122T Hz,
ArCH,4.63 (d. 1E, J-jizégukééﬁggggééigg The obtained residue was purified
5 with silica gel chromatography (hexane-ethyl acetate,
3:2 - 1:1 — 2:3) to obtain the title compound (6) in
the form of a colorless oilly substance {28.2 g
(42.5 mmol), 94.4%}.
[a]24y +26.6° (cl1.02 CHCl3), LRMS m/z 685 (M+Na)*.
10 1y NMR (400 MHz, CDCl3); & 7.76=7.74 (m, 2H, ArH),
7.35-7.26 {(m, 15H, ArH), 7.16-7.12 (m, 2H, ArH), 4.94
(d, 1H, J=10.9 Hz, ArCHp), 4.82 (d, 1H, J=10.7 Hz,
ArCHp), 4.77 (d, 1H, J=10.9 Hz, ArCHp), 4.75 (d, 1H,
J=12.0 Hz, ArCHp), 4.61 (d, 1H, J=12.0 Hz, ArCHp), 4.6l
15 (d, 1H, J=3.64 Hz, H1"), 4.43 (d, 1H, J=10.7 Hz,
ArCHg), 4.20-4.13 (m, 2H, H6"a & H6'b), 3.92
(t, 1H, J=9.24 Hz, H3’), 3.84-3.74 (m, 4H,
Hla & H3a & H3b & H5"), 3.48-3.40 (m, 3H,
Hlb & H2’ & H47), 2.52 (t, 1H, J=4.74 Hz, 3-0H), 2.39
20 (s, 3H, Ts-Me), 1.88-1.75 (m, 2H, HZa & HZb).
13¢c NMR (100 MHz, CDCl3); & 144.8 (Ar-ipso), 138.4 (Ar-
ipso), 137.9 (Ar-ipso), 137.6 (Ar-ipso), 132.7 (Ar-
ipso), 129.8 (Ar), 128.5-127.6 (m, Ar), 97.1 (Cl'),
81.8 (C37), 79.5 (C2"), 76.8 (C4"), 75.6 (ArCHp), 75.0
25 (ArCHp), 73.4 (ArCHp), 68.7 (C5"), 68.6 (C6"), 67.5

(Cly, e1.5 (C3), 31.5 (Ccz2), 21.6 (Ts-Me).




33 (d, IH, J=3.52 H7,, 31"), 4.61 (d, 1H, J=10.7 Az, ArCH2), 3.94 (t, 111, J=9.22 Hz, 33'), 3.88 (ddd,
1H, J=9.86, 6.10, 4.88 Hz, Hia), 3.83-3.73 (m, 33, 83a & H3b & 115"), 3.50 (dd, 111, J-9.60, 3.64 Hz,
32", 53.45 (ddd, 13, 2=9.92, 5.24, 2.28 Hz, Nib), 3.41 (dd, 1H, J=13.6, 3.00 Hz, H6'a), 3.30 (dd, 1H,
2=9.54, 9.06 Hz, 34", 3.02 (dd, 13, J=13.7, 7.64 Hz, 66'b), 2.67 (br, 1E, 3-0H), 2.32 (s, 33, SAc-Me),
1.92-1.78 (m, 2H, H2a & H2b). 10130 NKR (100 MHz, 01013); g 195.0 (SAC-C=0), 138.5 (Ar- ipso),
137.9 (Ar-ipso), 137.8 (Ar-ipso), 128.5-127.6 (M, Alf), 96.94Cl'), 81.8 (23'), 80.4 (04'), 79.8 (22'), 75.7
(ArCH2), 75.2 (ArCH2), 73.4 (ArCH2), 69.5 (05", 67.2 (C1), 61.5 (23), 31.5 (02), 30.8 (06"), 30.5
(SAc-Me). [Chemicalg rmula Zhogsg%usIﬁc(%)l r BnOBnO \ BnO bBnBnOOBN Example I-7 20Step G;
y1-6-thioacetyl-u-DA ecgr\lllo((ff)l/ranoosy “1-0-ste royl-propane-1,3-diol (8) To a solution of the
compound (7) (21.9 g, 38.6 mmoll B‘lTanhydrouz#ichloromethane (200 mé), added were stearcyl
chloride (15.2 g, 1.3 equivalents) and §5anhydr s pyridine (5 ha), an ‘tHE Mixture Was stirred

BnOn : '(l\//§§ —Jiﬂh» BnOn "0~ OH
BnO ?3Bn BnO %an
Example I-6
5 Step F} 1-0-(2,3,4-tri~0O-benzyl-6-thicacetyl-o~D-

quinovopyranosyl) -propane-1,3-diol (7)
To a solution of the compound (6) (28.2 g,

42.5 mmol)} in anhydrous DMF (300 ml), added was
potassium thioacetate (7.28 g, 1.5 equivalents), and

10 the mixture was stirred at 90°C for 3 hours. After the
sufficient pro@ress of the reaction was confirmed, the
reaction liquid was poured to chilled water (900 ml),
extracted with ethyl acetate (3 x 300 ml). The organic
layers were combined and washed with saturated saline

15 (2 x 200 ml), dried with sodium sulfate, filtered, and
concentrated under reduced pressure. The obtained
residue was purified with silica gel chromatography
{(hexane-ethyl acetate, 2:1 — 3:2 - 1:1 — 2:3) to
obtain the title compound (7) in the form of light

20 brown oily substance {21.9 g (38.6 mmol), 90.8%}.
[@]23y +33.0°(c1.02 CHCl3), LRMS m/z 584 (M+Na)™T.
1H NMR (400 MHz, CDCl3); & 7.37-7.24 (m, 15H, ArH),
4.95 (d, 1H, J=10.8 Hz, ArCHp), 4.89 (d, 1H, J=10.6 Hz,
ArCH»), 4.80 (d, 1H, J=10.8 Hz, ArCHp), 4.77 (d, 1H,

25 J=12.1 Hz, ArCHp), 4.63 (d, 1H, J=12.0 Hz, ArCHp), 4.63



at room. temperature for 2 hours.A the sufficient 34 progress of the reaction was confirmed,
methanolml) was added to stop the reaction, and the mixture was concentrated under reduced

- pressure. The residue was suspended in a minor amount of ethyl acetate, poured to water (200 mi),
and extracted with ethyl acetate (3 x 100 m1). The organic layers were combined and washed with
saturated saline (2 x 100 mi), dried with sodium sulfate, f'gl ered, and concentrated under reduced
pressure. The obtained residue was purified 10with silica’gel chromatography (hexane-ethyl acetate,
10:1 -* 8:1 - 6:1) to obtain the title compound (8) in the forn of a colorless oily substance i31.3 q (37.6

mmol), 97.4%]1. (}a:23D +29:5 (01.91 CHG15i), LRMS 855 m,g (M;1-Na)§ 151H NMR (400 MHz,
CDC13); 6 7.35-7.25 (m, 1561, ArH), 4.98(d,Je10.8 Hz, ArCH2), 4.89 (d, 1E, J=10.6 Hz, ArCH2), 4.80

(d, 1H, J=10.8 Hz, ArGHd2), A, 76 (ch41H:J=12:10 Hez; ArCH2)24.66d; 1H3 J636Q dtzed.63Kd, 111,
J-12.1 Hz, ArCH2), 4.62 (d, IH, J=10.7 Hz, ArCH2), 4.23-4.14 (m, 2H, Ha & HIb), 3.96 (t, 1H, J=9.20
Hz, H3"), 3.78 (ddd, 1H 15,6867 56, 208 BI523.721da, 1A; §316.07 6.400Hz3H3a), 3.50 (dd. 1H,
J-9.64, 3560 Hz,2"), 3.43 (dt, 1E, J-9.72, 6.36 Hz, H3h), 3.41 (dd, IH, J=153.6, 2.96 Hz H6'a), 253.31

(t, 1H, J-0.24 Hz, HAT) 3.65 (d&, TE 2136, 7:56 H2 Hietb) 2.35(: 8%, SACKe).2.28 4, 2E, J5-7.68

Hz, COCH2);1.95 (f, 2H, J 6.4Q Hz, H2a &H2B) 5 24 2 .28 uz, wib), 2.41 (ad,

1H, J=13.6, 3.00 Hz, He’a), 3.30 (dd, 1H, J=9.54,
9.06 Hz, H4"), 3.02 (dd, 1H, J=13.7, 7.64 Hz, H6'b),
2.67 (br, 1H, 3-OH), 2.32 (s, 3H, SAc-Me), 1.92-1.78
{(m, 2H, HZa & HZ2b).

10 13¢c NMR (100 MHz, CDCl3); & 195.0 (SAC-C=0), 138.5 (Ar-
ipso), 137.9 (Ar-ipso), 137.8 (Ar-ipso), 128.5-127.6
(m, Ar), 96.9 (Cl’), 81.8 (C3"), 80.4 (Cc4"), 79.8
(c2"y, 75.7 (ArCHp), 75.2 (ArCHp), 73.4 (ArCHp), 69.5
(C5"y, 67.2 (Cl), 61.5 (C3), 31.5 (C2), 30.8 (C&"),

15 30.5 (SAc-Me).

[Chemical Formula 12]

OTs (6)
BnO 0 _~_OH —» BnO"
BnO OBn
Example I-7
20 Step G; 3-0-(2,3,4-tri-O-benzyl-6-thicacetyl-a-D-

guinovopyranosyl)-1-O-stearoyl-propane-1, 3-diol (8)
To a solution of the compound (7) (21.9 g,
38.6 mmol) in anhydrous dichloromethane (200 ml), added
were stearoyl chloride (15.2 g, 1.3 equivalents) and
25 anhydrous pyridine (5 ml), and the mixture was stirred

at room temperature for 2 hours. After the sufficient




1.612H, Chm.24 Hz, COCH2CH2), 1.25 (hr, 2811, -CH2-), 0.88 (t, 3H, J-6.84 Hz, Me).  13c NKR
(100 MHz, CDC13); 8 194.8 (SAc-0-0), 173.8 (C=0), 138.6 (Ar-ipso), 138.1 (Ar-tbso), 137.8 (Ar-
5ipso), 128.4-127.6 (m, AL), 96.8 (011), 81.7 (03'), 80.4 (04)80.1), 75.7 (ArCH2), 75.2 (ArCH2), 73.2
(ArCH2), 69.4 (CY), 64.6 (03), 61.2 (C1), 34.3 (00082), 31.9 (-CH -), 30.9 (06", 30.5 (SAc-Me), 29.7-
29.2 (m, -CH2-), 28.7 (02), 25.0 (O0O0H2), 22.7 10(-CH2-)34}4.1 (Me). [Chemical Formula 13]
SAc(7)SAc(8) Bn0,- BnO bBnBnOOBN Example I- Step'H; 3-0 2,3,4-tri-O-benzyl-
sulfo-a-Dguinovopyranosyl)-1-0-stearoyl-propane-1,3-diol sodium salt (9) To a solution of the

compound (8)(31.3 ¢, 37, uaolbin agetic,acid (450,m. wete,added OX0n20(46.2.0) and potassium

acetate (11.3 g), and the mixture was vigorously stirred at room temperature 46 hours. After the
sufficient progress ofithe reaction wasconfirmed, thexeaction _tguatiwwas toured teawchiled 7.5 M
sodium hydroxide solution (1000 ma), ?c.and extracted with ethyl acetate (4 x 200 m1). The
concentrated under reduced pressure. The residue was
suspended in a minor amount -of ethyl acetate, poured to
5 water (200 ml), and extracted with ethyl acetate
(3 x 100 ml). The organic layers were combined and
washed with saturated saline (2 x 100 ml), dried with
sodium sulfate, filtered, and concentrated under
reduced pressure. The obtained residue was purified
10 with silica gel chromatography (hexane-ethyl acetate,
10:17 = 8:1 — 6:1) to obtain the title compound (8) in
the form of a colorless olily substance {31.3 g
(37.6 mmol), 97.4%}.
[0]23p +29.5° (cl1.01 CHCly), LRMS 855 m/z (M+Na)™T.
15 1H NMR (400 MHz, CDCls3); & 7.35-7.25 (m, 15H, ArH),
4.98 (d, 1H, J=10.8 Hz, ArCHp), 4.89 (d, 1H, J=10.6 Hz,
ArCHp), 4.80 (d, 1H, J=10.8 Hz, ArCHp), 4.76 (d, 1H,
J=12.0 Hz, ArCHp), 4.66 (d, 1H, J=3.60 Hz, Hl1"), 4.63
(d, 1H, J=12.1 Hz, ArCHp), 4.62 (d, 1H, J=10.7 Hz,
20 ArCHp), 4.23-4.14 (m, 2H, Hla & Hlb), 3.96 (t, 1H,
J=9.20 Hz, H3"), 3.78 (ddd, 1H, J=9.68, 7.56, 2.92 Hz,
H5"), 3.72 (dt, 1H, J=10.0, 6.40 Hz, H3a), 3.50 (dd,
1H, J=9.64, 3.60 Hz, H2"), 3.43 (dt, 1H, J=9.72,
6.36 Hz, H3b), 3.41 (dd, 1H, J=13.6, 2.96 Hz, He6'a),
25 3.31 (t, 1H, J=9.24 Hz, H4’), 3.05 (dd, 1H, J=13.6,
7.56 Hz, Hé6’b), 2.33 (s, 3H, SAc-Me), 2.29 (t, 2H,

J=7.68 Hz, COCHp), 1.95 (f, 2H, J=6.40 Hz, HZa & HZb),




organic layers were combined, washed with saturated 3'6 sodium hydrogen carbonate solution (2 x
200 ml) and saturated saline (2 x 200 ml), dried with sodium sulfate, filtered, and concentrated under
reduced pressure. The obtained residue was purified wi g silica gel chromatography
(dichioromethane-methanol, 15:1 -4 10:18:1) to obtain the title compound (9) in the form, of a colorless
waxy substance (28.7 g (33.3 mmol), 88.6%). [W230 +29.(1)_(<cl.16LRMS m/z 837 (M-Na)-. 10HH NMR
(400 MHz, D3S0-d6); 8 7.36-7.22 (m, 153, ArH), 4.85 (d,"IH, 5-11.2 Hz, ArCH2), 4.81 (d, IN, J=3.72
Hz, 31'), 4.79 (d, 15., 5=11.4 Hz, ArCH2), 4.69 (d, 13, 3=11.2Hz, ArCH2), 4.65 (d, 1E, J=12.0 Hz,
ArCH2), 4.61 (d, 13, 3-12.0 Hz, AsCH2), 4.58,(d, IH, 37114 Hz )ArCﬁz;)54. -4.10 (m, 2H, Hla &
Rib), 4.05-3.96 (m, 23, H3a & H5"), 8.79 (t, 11-1, J/9.14 HZ 33%, 3.47°(dd, 1H, 3=9.56, 3.60 Hz, H2c),
3.38 (dt, 13, 3-10.1, 6.20 Hz,d43b), 3.20, (dd, 13, 338.80790BHz1H4")M2.94 (dd, 13, 5=13.9, 1.16 Hz,
H61a), 2.63 (dd, 13, 3=14.0, 9.06 Hz, H6'b), 2.29 (t, 23, d=7.38 Hz, 00032), 1.86 (f, 2H, 5=6.36 Hz,
H2a & H2b), 1.52 (f, 23C5NME2 HE) 000820322128 (O 28H, -032520:85+0)3111 32684 Hz, Me).
13C NMR (100 MHz, DMSO-dﬁ\)g@l(S 172.9 (0=0), 138.9 (Aripso), 138.6 (Ar-ipgo3) 138.6_(Ar-ipso),
128.2-127.3 (m, Ar), 953°(c1')- B1:4 (03, 8625 {04"), 80°0 ?oé'ﬁ%z%ffRRCHZ), 63% (AFCH2), 71.4

(ArCH2), 67.3 (C5),63.4(¢3).625(¢1). 528 (C8). 336, 96.8 (c17), 81.7 (c37),
80.4 (C4”), 80.1 (C27), 75.7 (ArCHp), 75.2 (ArCHy),
73.2 (ArCHp), 69.4 (C57), 64.6 (C3), 61.2 (Cl), 34.3
(COCHp), 31.9 (-CHp-), 30.9 (C6’), 30.5 (SAc-Me), 29.7-
29.2 (m, -CHp-), 28.7 (C2), 25.0 (COCHpCHp), 22.7
10 (—=CHp-), 14.1 (Me).
[Chemical Formula 13]

SAc (7)

BnOr

BnO %3Bn
Example I-8
15 Step H; 3-0-(2,3,4-tri-O-benzyl-6-sulfo-a-D-
quinovopyranosyl)-1-0O~stearoyl-propane-1,3-dicl sodium
salt (9)
To a solution of the compound (8) (31.3 g,
37.6 mmol) in acetic acid (450 ml) were added Oxon
20 (46.2 g) and potassium acetate (11.3 g), and the
mixture was vigorously étirred at room temperature
48 hours. After the sufficient progress of the
reaction was confirmed, the reaction liguid was poured
to a chilled 7.5 M sodium hydroxide solution (1000 mlj),
25 and extracted with ethyl acetate (4 = 200 ml). The

organic layers were combined, washed with saturated




(CGC1121, 31.3(-CH2-),29.0-28.4(m, C2 & -CH2-), 24.5 (COCH2CF2), 22.1 (-069 ), 13.9 (Me).
[Chemical Formula 14] SAc(8)SO3Na(9) Bn09..90.00180BnOw8:0 BnObBnNnBNnOOBN Example 1-9
Step 1; 3-0-(6-sulfo-a-D-uinovopyrancsyl)-1-0- s:earoyl-propane-1,3-diol sodium salt (10) 10To a
solution of the compound (9) (28.: 93.3 mmol) in ethanol (400 ml) and dichloromethane (150 ml) was
added 10% palladium, activated carbon (7.00 g), and the mixture was stirred at room, temperature for
48 hours in a hydrogen gas atmosphere. 15After the sufficient progress of the reaction was confirmed,
palladium activated carbon was removed by filtration, and the filtrate was concentrated under reduced

pressure. The obtaingd residug was purified. . 1,onate solution (2 x 200 ml) and

saturated saline (2 x 200 ml), dried with sodium
sulfate, filtered, and concentrated under reduced
pressure. The obtained residue was purified with

5 silica gel chromatography (dichloromethane-methanol,
15:1 — 10:1 — 8:1) to obtain the title compound (9) in
the form of a colorless waxy substance {28.7 g
(33.3 mmol), 88.6%}.
[a]23p +29.0°(c1.16 CHCl3), LRMS m/z 837 (M-Na)~.

10 1 NMR (400 MHz, DMSO-dg); & 7.36-7.22 (m, 15H, ArH),
4.85 (d, 1H, J=11.2 Hz, ArCHp), 4.81 (d, 1H, J=3.72 Hz,
H1"), 4.79 (d, 1H, J=11.4 Hz, ArCHp), 4.69 (d, 1H,
J=11.2Hz, ArCHp), 4.65 (d, 1H, J=12.0 Hz, ArCHp), 4.61
(d, 1H, J=12.0 Hz, ArCHp), 4.58 (d, 1H, J=11.4 Hz,

15 ArCHp), 4.19-4.10 (m, 2H, Hla & Hlb), 4.05-3.96 (m, Z2H,
H3a & H5"), 3.79 (t, 1H, J=9.14 Hz, H3’), 3.47 (dd, 1H,
J=9.56, 3.60 Hz, H2"), 3.38 (dt, 1H, J=10.1, 6.20 Hz,
H3b), 3.20 (dd, 1H, J=9.80, 9.00 Hz, H4"), 2.94 (dd,
1H, J=13.9, 1.16 Hz, H6"a), 2.63 (dd, 1H, J=14.0,

20 9.06 Hz, H6'b), 2.29 (t, 2H, J=7.38 Hz, COCHp), 1.86
(f, 2H, J=6.36 Hz, H2a & H2b), 1.52 (f, 2H, J=7.12 Hz,
COCHpCHp), 1.23 (br, 28H, -CHp-), 0.85 (t, 3H,

J=6.84 Hz, Me).
13c NMR (100 MEz, DMSO-dg): 6 172.9 (C=0), 138.9 (Ar-

25 ipso), 138.6 (Ar-ipso), 138.6 (Ar-ipso), 128.2-127.3

(m, Ar), 95.0 (C17), 81.4 (C37), 80.5 (C4"), 80.0

(c2"y, 74.4 (ArCHp), 73.7 {(RrCHp), 71.4 (ArCHp), 67.3




with silica gel chromatography (dichloromethane- 20methanol, 10:15:1 - 3:1 -e 2:1 -> 1:1), and
precipitated from 98% heated ethanol to obtain Lhe title compound (10) in the form of a colorless
powder (15.6g (26.4 mmo1l), 79.496). [a]221,) +49.60 (c1.00 H20), LRMS miz 567 (V-Na.)-, HEMS
25calcd for C27H51010S (M-Na)- 567.3208, found 567.3210. 111 NMR (400 MHz, DMSO-d6); 6 5.40
(d, 1H, j=3.48Hm, 3EIl 4'-OH), 4.58 (d, 1H, J-4.64 Hz, 31-0H), 4.36 (d, IN, 5
0-3.32Hz,E1"),4.45(d,IH,1=6.52Hz,21-0F),4.15- 4.06(m,2§f,Hia&Hid) ,3.84-3.78(m,281,H3a&8151),
3.42-3.34(m,28,813h&H3"),3.19(ddd,1E,J=9.62, 6.50,3.76Hz,1-12"),2.98-2.91(m,21-i,84'&H6'a),

2.63(dd,1H,U=14.0,6,00H ,HGéI.?),g. é%frg281,6 9;@.4&@’7_, 0%9%%2)6&68,6;1-89%/[% Z%dw%\%& 52b),

1.55- 1.48 (m, 2H, 000H2CHd), 1.24 8H, -CH2-), 0.36 (t, =6.84Hz, I3CNMR (100
MHz, FMS0-4);172.850=0), ©8:2 {031), 74.1:(041) 47344, (032),71.8 (02), 68:2 (851), 63.4 (03), 61.2
(C1), 55.1 (06'), 33.4 (000812), 31.2 (-CH2-), 28.9-28.4 (m, 02 & -CH2-), 24.4 (000H20H2), 22.0
(-0812-), 13.8 (Me). 18]chémicab Formidlall57#CHy~) , 13.9 (Me) .

[Chemical Formula 14]

SAc (8)

H
BnOn- 0. __~_0OC18:0 —m= BnOn-

BnO OBn BnO

Example I-9
Step I; 3-0-(6-sulfo~-a~-D-quinovopyranosyl)-1-0-
stearoyl-propane-1, 3-diol sodium salt (10)

10 To a solution of the compound (9) (28.7 g,

33.3 mmol) in ethanol (400 ml) and dichloromethane
(150 ml) was added 10% palladium activated carbon
(7.00 g), and the mixture was stirred at room
temperature for 48 hours in a hydrogen gas atmosphere.

15 After the sufficient progress of the reaction was
confirmed, palladium activated carbon was removed by
filtration, and the filtrate was concentrated under
reduced pressure. The obtained residue was purified
with silica gel chromatography (dichloromethane-

20 methanol, 10:1 — 5:1 — 3:1 —» 2:1 — 1:1), and
precipitated from 98% heated ethanol to obtain the
title compound (10) in the form of a colorless powder
{15.6 g (26.4 mmol), 79.4%}.

[@]22y +49.6° (c1.00 HpO0), LRMS m/z 567 (M-Na)~, HRMS

25 calcd for Cp7Hg1010S (M-Na)™ 567.3208, found 567.3210.

1H NMR (400 MHz, DMSO-dg); & 5.40 (d, 1H, J=3.48Hz,




SO3Na(0)SO3Na(1 0) 2.15 (4 of 3-0-(6-suifo-a-E-duiHovopyranosy1)-120-
stearoyl-propane-1,3-diol sodium salt was dissolved in 2060 mi of water, adsorbed to a WAKOGEL
100018 (manufactured by Wake Pure Chemical Industries, Ltd. column, and 500 ml of 1% calcium
chloride solution was poured into the column for substitution, and washed with 500 ml of distilled
water. Thereafter, elution 25was perform.ed with 200 mi each of 50%, 80%, and 100% methanol, and
reprecipitated from 98% heated ethanol to 39 obtain 1.4989 of 3-0-(6-sulfo-a-D-guinovopyranosyl)-1-0-
stearoyl-propane-1,3-diol calcium salt.  Although not shown in Examples, with the same column

treatment, a magnesiéym_ Bﬁpotaqssggn a?lt can b%ggt.aél%eq&hro%gh SHgstithi%%watfg a rﬂqgnesium

chloride or potassium chloridé solution. [Example 1] s other'examples of a-sulfoguinovosylacyl
propanediol compoupd; Heseriped below are asanomer cempourds; havipg 22, 1844, 10, 6,:2-and 1
carbon atoms within the acyl residue of the fatty acid. Example II-1
3-0-(6-sulfo-a-D-guinbvépyranosyl)-1-0-decansylpropanes t,33didBsddiumzsalt I5Ehetitte>compound

was synthesized in the same manner as Examﬁ)le l, exc,eg)t that decanoyl chloride was used as the
fatty acid derivative in tHestep°G. (M 2H, H3b & H37), 3.19 (ddd, 1H, J=9.62,

5 6.50, 3.76 Hz, H2’), 2.98-2.91 (m, 2H, H4’ & H6'a),
2.63 (dd, 1H, J=14.0, 6.00 Hz, H6’b), 2.28 (t, 2H,
J=7.40 Hz, COCHp), 1.86-1.80 (m, 2H, H2a & H2b), 1.55-
1.48 (m, 2H, COCHpCHp), 1.24 (br, 28H, -CHp-), 0.86 (t,
3H, J=6.84Hz, Me).

10 13C NMR (100 MHz, DMSO-dg); & 172.8 (C=0), 98.2 (Cl’),
74.7 (C4"), 73.1 (C3'), 71.8 (C2'), 68.2 (C5'), 63.4
(C3), 61.2 (C1), 55.1 (C6’), 33.4 (COCHp), 31.2
(-CHp-), 28.9-28.4 (m, C2 & -CHp-), 24.4 (COCH,CHp),

22.0 (-CHp-), 13.8 (Me).

15 [Chemical Formula 15]
SO3Na © SO3Na (10)
O | 0
BnO 0 _~_-0C18:0 ——m HO" 0 __~_-0C18:0
BnO %Bn HO %

2.15 g of 3-0-(6-sulfo-a-D-guinovopyranosyl)-1-0~-
stearoyl-propane-1, 3-diol sodium salt was dissolved in
20 60 ml of water, adsorbed to a WAKOGEL 100C18
(manufactured by Wako Pure Chemical Industries, Ltd.)
column, and 500 ml of 1% calcium chloride solution was
poured into the column for substitution, and washed
with 500 ml of distilled water. Thereafter, elution
25 was performed with 200 ml each of 50%, 80%, and 100%

methanol, and reprecipitated from 98% heated ethanol to



[a122D +57.90 ( 0.76, H20), LRMS m/z 455 (M-Na)-, HRMS calcd for 019H35010S (M-Na)- 455.1956,
found 455.1954. 20IH NMR (400 MHz, DMSO-d6) ; 6 5.40 (d, 1H, J-3.1 Hz, OH), 4.65 (d, 151, J-4.7
Hz, 3'-OH), 4.56 (d, 1H, J-3.7 Hz, 81"),4.52(d,1H, J=6.48 Hz,2'-OH),4.14-4.08(m,21-1, Hla
&Nib),3.84-3.78 (m,2H, H3a&H5"),3.41-3.33(m,2H, H3b &H3'),3.21-3.16 (m,18,
H2'),2.97-2.92(m,2H,H4'& 25H6'a), 2.61 (dd, 18, J=14.0, 6.2 Hz, H6'b), 2.29 (t, 28, J=7.4 Hz,
COCH2), 1.84-1.81 (m, 28, H2a & H2b), 1.53-1.50 (m, 2H, COCH2CH2), 1.25 (br, 12H, -CH2-), 0.86
(t 3H, obtain 1.47 g of 3-0-(6-sulfo-a-D-quinovopyranosyl)-1-0-
stearoyl-propane-1,3-diol calcium salt.
Although not shown in Examples, with the same column
treatment, a magnesium or potassium salt can be obtained
5 through substitution with a magnesium chloride or potassium
chloride solution.
[Example IT]
As other examples of a-sulfoquinovosylacyl propanediol
compound, described below are o anomer compounds having 22,
10 14, 10, 6, 2 and 1 carbon atoms within the acyl residue of
the fatty acid.
Example II-1
3-0-(6=-sulfo-a~D-gquinovopyranosyl)-1-O~-decanoyl-
propane-1,3-diol sodium salt
15 The title compound was synthesized in the same manner
as Example I, except that decanoyl chloride was used as the
fatty acid derivative in the step G.
[a]22y +57.9° (¢ 0.76, Hp0), LRMS m/z 455 (M-Na)~, HRMS
calcd for Cq19H350710S (M-Na)~ 455.1956, found 455.1954.
20  1H NMR (400 MHz, DMSO-dg) 7 & 5.40 (d, 1H, J=3.1 Hz, 4’'-
OH), 4.65 (d, 1H, J=4.7 Hz, 3'-OH), 4.56 (d, 1H, J=3.7 Hz,
H1’), 4.52 (d, 1H, J=6.48 Hz, 2’-0H), 4.14-4.08 (m, 2H, Hla
& Hlb), 3.84-3.78 (m, 2H, H3a & H5'), 3.41-3.33 (m, 2H, H3b
& H3'), 3.21-3.16 (m, 1H, H2"), 2.97-2.92 (m, 2H, H4’' &
25 H6'a), 2.61 (dd, 1H, J=14.0, 6.2 Hz, H6'b), 2.29 (t, 2H,
J=7.4 Hz, COCHp), 1.84-1.81 (m, 2H, HZa & H2b), 1.53-1.50

(m, 2H, COCHpCHp), 1.25 (br, 12H, -CHp-), 0.86 (t, 3H,




40 3=6.8 Hz, Me). 13C NMR (100 MHz, DM30-d6); 6 173.1 (0=0), 98.4 (01", 74.8 (04"), 73.2 (03",
71.9 (02", 68.4 (05", 63.5 (03), 61.4 (01), 55.2 (06"), 33.6 (OO0H2), 31.4 (-CH2-), 29.0-28.6 (m, 502 &
-CH2-), 24.6 (OOOH20H2), 22.2 (-CH2-), 14.1 (Me) Example 11-2
3-0-(6-sulfo-a-D-quinovopyranosy1)-1-0-myristoylpropane-1,3-diol sodium salt The title
compound was synthesized in the same manner 10 gg;Example I, except that myristoyl chloride was
used as the fatty acid derivative in the step G. [0]23D +49.7 (c 0.67, H20), LRMS m/z 511 (M-Na)-,
HRMS calcd for C23H43010S gM-Na)- 511.2582, found 511.2596. 1H NMR (400 MHz, DMSO-d6) ; 6
5.41(br, 1H, 4'-@9)‘,%.@@-’1@4261@, 1H, 3'-OH), 4.55 (d, 1H, J=3.7 Hz, H1'), 4.50-4.48 (m, 1H,

2.01, 4134072t Wag i), IFABITIM, BHHIRE 1E002.41333 (1, 2. W &),

3.20-3.15 (m, 1H, H2'), 2.98-2.91 (m, 2H, H4' &Hé6'a), 2.64-2.59 (m, 1H, H6'D), t/ 2H, J=7.4 Hz,
000H2), 1.86-1(7Q (M, 2H3 H2a(20& H2b) 1 15634249 (M,62HA000H2CH2)5,31. 84 (o3 ROH; :CH2-) , 0.85
(t, 3H, J=6.8 Hz, Me). 13C NMR (100 MHz, DMSO-d6); 6 173.0 (0=0), 98.4 (CI'), 74.8 (04'), 73.2 (03),
71.9 (02", 68.4' {09y, 63% (03)C61.4/(03P 55.3 1061 B33.6 3BOCEHE), B4 [-CH2) 028.8-28.61(m, 2502 &

-CH2-), 24.6 ( 2CHQ), 22.2 (-CH2-), .Example 11-
3-0-(6-sulfo-a- -q%no?é&yéﬁoéy%l%oﬁggﬁgéo%ﬁ )41 grrgpgan(]a(-'i%%li—o)l soéiﬁmlsa{ﬁqe) The title

compound was synthgsizedin thersame manner as Example |, except that behenoyl chloride was
used as the fatty acid derivative in the step G. 5[a1230 +46.3 (¢ 0.51, CHC13:MeOH:H20=30:15:2),
LRMS m/z 3-0-(6-sulfo~-a-D-quinovopyranosyl)-1-O-myristoyl-

propane-1,3-diol sodium salt
The title compound was synthesized in the same manner
10 as Example I, except that myristoyl chloride was used as
the fatty acid derivative in the step G.
[@]23p +49.7° (c 0.67, Hp0), LRMS m/z 511 (M-Na)~, HRMS
calcd for Cp3Hyg30710S (M-Na)~™ 511.2582, found 511.2596.
1o NMR (400 MHz, DMSO~dg) ; & 5.41(bxr, 1H, 4’'-OH), 4.63-
15 4.61(m, 1H, 3’-0OH), 4.55 (d, 1H, J=3.7 Hz, H1l’), 4.50-4.48
(m, 1H, 2’'-OH), 4.13-4.07 (m, 2H, Hla & Hlb), 3.83-3.77 (m,
2H, H3a & H5"), 3.41-3.33 (m, 2H, H3b & H3"), 3.20-3.15 (m,
1H, H2"), 2.98-2.91 (m, 2H, H4' & H6’a), 2.64-2.59 (m, 1H,
He'b), 2.28 (t, 2H, J=7.4 Hz, COCHp), 1.86-1.79 (m, 2H, H2a
20 & HZ2b), 1.53-1.49 (m, 2H, COCHyCHp), 1.24 (br, 20H, -CHp-),
0.85 (t, 3H, J=6.8 Hz, Me).
13c NMR (100 MHz, DMSO-dg); & 173.0 (C=0), 98.4 (Cl’), 74.8
(C47), 73.2 (C3"), 71.9 (C2'"), 68.4 (C5'), 63.5 (C3), 61.4
(Cl), 55.3 (Cé"), 33.6 (COCHp), 31.4 (-CHp-), 29.1-28.6 (m,
25 C2 & -CHp-), 24.6 (COCHpCH»), 22.2 (-CHp-), 14.0 (Me).
Example II-3

3-0-(6-sulfo~oa~D-gquinovopyranosyl)-1-O-behenoyl-



623 (M-Na)-, HRMS calcd for C21H59010S (M-Na)- 623.3834, found 623.3835. IH NMR (400 MHz,
DMSO-d6) ; 6 5.38-5.37 (m, 1H, 4-OH), 4.78-4.77 (m, 1H, 3'-OH), 4.63 (d, 11-i, J=6.52 Hz, 2'-OH),
104.56 (d, 1H, J=3.72 Hz, H1"), 4.14-4.07 (m, 2H, Hla & Rib), 3.86-3.78 (m, 2H, H3a & H5'), 3.43-3.32
(m, 2H, H3b & E3'), 3.22-3.17 (m, 1H, H2"), 2.98-2.90 (m, 2H, 114' & H6'a), 2.60 (dd, 1H, J-14.0, 6.7
Hz, H6'b), 2.28 (t, 21-1, J=7.22 Hz, 000H2), 1.86-1.79;¢m, 2H, H2a & H2b), 1.52-1.49 (m, 2H,
15000H20H2), 1.23 (br, 36H, -CH2-), 0.85 (t, 31-1, J-6.1 Hz, Me). 13C NMR (100 MHz, DMSO-d6); 6
173.4 (0-0), 98.%%?' 4.7 (04), 73.4 %083:), 72.2 goz'), 68.6 (05'), 63.6 (03), 61.8 (01), 55.0 (06"), 33.9
(000H2), 31.7 - f-)‘i,e”&' 588 (M, 2002 'E-CA2Y | 24.9 (000H2CH2), 22.5 (-CH2-) , 14.3 (Me).

Example -4 3-0-{§-sulfe-arR-quinevapyranesyl)s1O-hexdancylpropane:d. 3sdigl calciym salt (10)
42 A sodium salt was syatnesized in the same manner 10 as Example 1,except that hexanoyl chloride
was used as the fattyeacid eefivatvecipthe Steg CodRMS 1m/zc300¢MENea)-wk4 used as the
NVIR(400MHng!é/ltsyo-adc?z;§5&3e4r(5)£}ygi4x;e0|_il)d 4£?16e(délye,%-4GC?Hz,H1'),4.53(br,l3,3'-OH),4.41
5 [a]?3p +46.3° (c 0.51, CHCl3:MeOH:H»0=30:15:2), LRMS m/z
623 (M-Na)~, HRMS calcd for Cp1Hg9019S (M-Na)~™ 623.3834,
found 623.3835.
1H NMR (400 MHz, DMSO-dg) ; & 5.38-5.37 (m, 1H, 4’-OH),
4.78-4.77 {(m, 1H, 3'-OH), 4.63 (d, 1H, J=6.52 Hz, 2'-OH),
10 4.56 (d, 1H, J=3.72 Hz, H1"), 4.14-4.07 (m, 2H, Hla & Hlb),
3.86-3.78 (m, 2H, H3a & H5’), 3.43-3.32 (m, 2H, H3b & H3'),
3.22-3.17 (m, 1H, H2'), 2.98-2.90 (m, 2H, H4’ & Hoe'a), 2.60
(dd, 1H, J=14.0, 6.7 Hz, H6'b), 2.28 (t, 2H, J=7.22 Hz,
COCHp), 1.86-1.79 (m, 2H, H2a & H2Zb), 1.52-1.49 (m, 2H,
15 COCHpCHp), 1.23 (br, 36H, -CHp-), 0.85 (t, 3H, J=6.1 Hz,
Me) .
13c NMR (100 MHz, DMSO-dg); & 173.4 (C=0), 98.5 (Cl’), 74.7
(car7y, 73.4 (C3"), 72.2 (C2'), 68.6 (C5'), ©63.6 (C3), ©1.8
(Cl), 55.0 (Ce"), 33.9 (COCHp), 31.7 (-CHp-), 29.4-28.8 (m,
20 C2 & -CHp-), 24.9 (COCHpCHp), 22.5 (-CHp-), 14.3 (Me).
Example II-4
3-0-(6-sulfo~-o-D-quinovopyranosyl)-1-O~hexanoyl-

propane~1,3-diol calcium salt (10)




(d,13,3=6.4Hz,2'-OH),4.10(t,2H,J=6.6Hz, Hia&Hid),3.83-3.77,2H,H3a&H5'),3.41-3.33(m,
23,33b&33"),3.21-3.1.6(m, 13,32"),2.98-2.92(m, 2H,3.4'&H0'a),2.63(dd,1H,0=14.0,6.0Hz,H61b),
2.27(t,2H,J=7.2Hz,00032),1.82(it,J=6.4,6.4Hz, 2H,H2a&H2Db),1.52(tt,J=7.2,6.8Hz,28,00032CH2), 15
1.30-1.26(m,4H, HMR(100 MHz, 74.7(C4'),73.2 (03),61.3(Cl), -CH2-.),0.85(t,3H,0=6.6Hz, DMSO-H-";
8173.0(0=0),98.3 (03),71.9(02),68.3(CY), 55.2(C6),33.5(COCH2),30.7 Me). (Cl), 63.5 (-CH2-), 28.6
(02), 24.1 (COCH2CH2), 21.7 (-CH2-), 13.7 (Me). 2

A sodium salt was synthesized in the same manner
as Example I, except that hexanoyl chloride was used as
the fatty acid derivative in the step G.

LRMS m/z 399 (M-Na)~

1B NMR (400 MHz, DMSO-dg) ; & 5.34 (br, 1H, 47 -OH),

(G2}

4.56 (d, 1H, J=4.0 Hz, H1"), 4.53 (br, 1H, 3’-0H), 4.41
(d, 1H, J=6.4 Hz, 2'-CH), 4.10 (t, 2H, J=6.6 Hz,
Hla & Hlb), 3.83-3.77 (m, 2H, H3a & H5"), 3.41-3.33 (m,
2H, H3b & H3"), 3.21-3.16 (m, 1H, H27), 2.98-2.92 (m,
10 2H, H4’ & H6"a), 2.63 (dd, 1H, J=14.0, 6.0 Hz, H6'b),
2.27 (t, 2H, J=7.2 Hz, COCHp), 1.82 (tt, J=6.4, 6.4 Hz,
2H, H2a & H2b), 1.52 (tt, J=7.2, 6.8 Hz, 2H, COCHoCHjy),
1.30-1.26 (m, 4H, -CHp-), 0.85(t, 3H, J=6.6 Hz, Me).
13Cc NMR (100 MHz, DMSO-dg); & 173.0 (C=0), 98.3 (Cl’),
15 T4.7 (C4ry, 73.2 (C37), T71.9 (C2"), 8.3 (C57), 63.5
(C3), 61.3 (Cl), 55.2 (C&6’"), 33.5 (COCHp), 30.7
(=CHp=-), 28.6 (C2), 24.1 (COCHpCHp), 21.7 (-CHp-), 13.7
(Me) .
The sodium salt was further subjected to ion
20 exchange treatment to obtain the title compound.
Example II-5
3-0-{6~sulfo-a~-D-quinovopyranosyl)-1-O-acetyl-
propane-1,3-diol calcium salt
A sodium salt was synthesized in the same manner
25 as Example I, except that acetyl chloride was used as

the fatty acid derivative in the step G.




The sodium salt was further subjected to ion 20exchange treatment to obtain the title compound.
Example 11-5 3-0-(6-sulfo-a-D-quinovopyrancsyl)-1-0-acetyl- propahe-1,3-diol calcium sa*- A
sodium salt was synthesized in the same manner 25as Exampleexcept that acetyl chloride was used
as 43 LRMS m/z 343 (M-Na)- 1H NMR (400 MHz, DMSO-d6) ; 6 5.47-5.46 (m, IH, 4'-OH), 4.57 (d,
1M, J=3.6 Hz, H1"), 4.50-4.49 (or, 1H, 3'-OH), 4.39-4.38}(_%)3&, IF, 2'-OH), 4.10 (t, 2H, J-6.8 Hz, H1),
3.83-3.76 (m, 2H, H3a & H5'), 3.42-3.34 (m, 2H, H3b & H3"), 3.20-3.16 (m, 1H, H2"), 2.98 (ddd, 1E,
J=9.0, 9.0, 3.2 Hz, 114", 2.88 (dd, 1H, J-13.6, 5.6 Hz, H614a), 2.62 (dd, 1H, J-14.0, 5.6 Hz, H6Jb), 2.00
(s, 3H, Me), 1.835 (xt,glH, 276,456 ﬁw‘f\!@)‘ 1013C NMR (100 MHz, DMSO 6); 8 170.4 (C=0),
98.3(01"), 74.6(04"), 73.2 (03’), 71.9 (02", 68.3(05", 63.5 (03), 61.5 (C1), 55.0 (C6"), 28.5 (02),
20.7(Me). The sodiurhsaliwmas furthensubjesied ta jon exchangertreatment g obtajn the-title |,
compound. Example 11-6 3-0-(6-sulfo-a-D- u novopyranosyl)-1-0-forrwloxypropane3-diol sodium
salt (10) The titfe édmpdundiwas/obtametithréudh thetsteps A-1 fo Faof hTxamplé T, followed
by the following stars 203to L. Step J; 3-0-(%,3,4-Eri,-0-benzy1-6-suIfo-a—Ddui B
ovopyranosyl)-propan(@}i),B-dqol?)sgo"cﬁu SSQﬁr(S" B SOH), AL 10 e, 2, J=6.8 Hz,

5 H1), 3.83-3.76 (m, 2H, H3a & H5"), 3.42-3.34 (m, 2H,
H3b & H3"), 3.20-3.16 (m, 1H, H2"), 2.98 (ddd, 1H,
J=9.0, 9.0, 3.2 Hz, H4"), 2.88 (dd, 1H, J=13.¢,
5.6 Hz, He6'a), 2.62 (dd, 1H, J=14.0, 5.6 Hz, H6'Db),
2.00 (s, 3H, Me), 1.835 (tt, 1H, J=6.4, 6.4 Hz, H2).
10 13C NMR (100 MHz, DMSO-dg); & 170.4 (C=0), 98.3(C1’),
T4.6(C47), T73.2 (C37), T71.9 (C2"), 68.3(ChH"), 63.5
(C3), 61.5 (Cl)y, 55.0 (ce’), 28.5 (C2), 20.7(Me).
The sodium salt was further subjected to ion
exchange treatment to obtain the title compound.
15 Example II-6
3-0-(6-sulfo-o-D-gquinovopyranosyl)-1-O-formyloxy-
propane-1,3~diol sodium salt (10)
The title compound was obtained through the steps
A-1 to F of Example I, followed by the following steps
20 J to L.
Step J; 3-0~(2,3,4~tri-O-benzyl-o6-sulfo~a-D~-
quinovopyranosyl) -propane-1,3-diol sodium salt (8”7)
To a solution of the compound (7)) (542 mg,
956 pmol) in acetic acid (5.5 g), added were Oxon
25 (1.8 g) and potassium acetate (68 mg), and the mixture
was vigorously stirred at room temperature for

48 hours. After the sufficient progress of the




To a solution of the compound (7) (542 ma umol) in acetic acid (5.5 q), added were Oxon 25(1.8 g)
and potassium acetate (68 mg), and the mixture was vigorously stirred at room temperature for 48
hours. After the sufficient progress of the react...J.1 was confirmed, the reaction liquid was poured to
a chilled 7.5 M sodium hydroxide (13 ml.) solution, and extracted with ethyl acetate (3 x 10 m1). The
organic layers were combined, washed with saturated sodium hydrogen carbonate solution (2 x 10
md) and satura:ed saline (2 x 10 ml), dried with sodium suﬁate,filtered, and concentrated under
reduced pressure. The concentrated residue was pal-I-fled with silica gel chromatography

(chloroform-methanol 1010;1, > 8:1. -3 61: =4 4121 - L:1) 4g obtai the cidle compoynd 8 the form
of a colorless waxy substance 1401 mg (6/5 mmolJ, 70.7%]. LRMS m/z 571 (M-Ha)- 1H NMP (400

MHz, CD200-C:; 8 7:37- %2611, 1eArd),. 4.96(d ckH, ks 11y2 Hzy AEH2) 34 89(d, 44, 3=ldr2 H-, ArCH
), 4.80(a, 111, J-3.6 Hz, H1', 4.78(d, IH, 1=10.4 Hz, ArCH2), 4.75(d, 1E, 1-11.6 Hz, ArCH2), 4.66(d,
1H, 1=11.6 Hz, ArCH2)J4 B2(d a1t eT= VL. 2THEZ T H2 c4 Pat4. 19 me 1ED Sl 4.09 {del, 1H, 1=9.6,
208.4, 3.2 Hz, Hla), 3.97 (dd, 1H, 3=9.2, 9.2 Hz, H3%,,3.8 (ddd, ’}L}I%dl-ll. , 8.0, 4.0 Hz,
H3a),3.68-3.62 (m, 18 KiB), 3.56 {dd, SLH 720.6 F'8 HE 11297 36 (dét TH 15887 54 5.4 Hz,(m,

2H, H6'a & HA'), 2.93,(dd,; 111,144,098 Hz, 146 h), 4937120181 (s 2H, H2a.& H20)413C MMR (100
MHz fIE)200CDC12); 3 139.0 (Ar-ips0), 138.5 (Ar-ioso), 138.4 (Air-ipso), 128.9-128.1 (m, Ar).,

saturated saline (2 x 10 ml), dried with sodium
sulfate, filtered, and concentrated under reduced
pressure. The concentrated residue was purified with
silica gel chromatography (chloroform-methanol,

10 10:1 - 8:1 - 6:1 —» 4:1 - 2:1 = 1:1) to obtain the
title compound 8” in the form of a colorless waxy
substance [401 mg (675 mmol), 70.7%].

LRMS m/z 571 (M-Na)~
1H NMR (400 MHz, CD30D+CDCl3) ; & 7.37-7.26 (m, 15H,

15 ArH), 4.96(d, 1H, J=11.2 Hz, ArCH»p), 4.89(d, 1H,
J=11.2 Hz, ArCHp), 4.80(d, 1H, J=3.6 Hz, H1"), 4.78(d,
1H, J=10.4 Hz, ArCHp), 4.75(d, 1H, J=11.6 Hz, ArCHy),
4.66(d, 1H, J=11.6 Hz, ArCHp), 4.62(d, 1H, J=11.2 Hz,
ArCHp), 4.24-4.19 (m, 1H, 5’), 4.09 (ddd, 1H, J=9.6,

20 8.4, 5.2 Hz, Hla), 3.97 (dd, 1H, J=9.2, 9.2 Hz, H3"),
3.80 (ddd, 1H, J=11.3, 8.0, 4.0 Hz, H3a),3.68-3.62 (m,
1H, H3b), 3.56 (dd, 1H, J=9.6, 3.6 Hz, H2’), 3.46 (ddd,
1H, J=9.8, 5.4, 5.4 Hz, Hlb),3.32-3.23 (m, 2H,

H6"a & H4'), 2.93 (dd, 1H, J=14.0, 9.8 Hz, H6'b), 1.98-

25 1.81 (m, 2H, HZa & H2Db).
13c NMR (100 MHz, CD30D+CDCl3); & 139.0 (Ar-ipso),

138.5 (Ar-ipso), 138.4 (Ar-ipso), 128.9-128.1 (m, Ar),




45 96.8 (01", 82.4 (03", 81.0 (04", 90.6 (02", 76.1 (ArCH2), 75.5 (ArCH2), 13.6 (ArCH2), 67.9 (05",
65.5 (CI), 59.6 (03), 52.8 (06", 32.6 (02). [Formula 2] (7)",503Nla(2") BrOm-_OH74- BnOnn- </
BnObBnBndbBn Step K; 3-0-(6-sulfo-a-D-quinovopyranosyl)- propane-1,3-diol sodium salt (9") To
a solution of the compound (8") (534 mg, 10898 [Imo") in methanol (20 ml) and chic's (3.0 ml), added
was 10% palladium activated carbon (135 mg), and the mixture was stirred at room temperature for 16
hours in a hydrogen gas atmosphere. After the sufficient fn?ogress of the reaction was confirmed,
15palladium activated carbon was collected by filtration, and the filtrate was concentrated under

reduced pressure. T;%gﬁ%ozgﬁgag ;ﬁgz%lgv @gegévzggrrgérgetgggpk (208@.') 6ang(,1£)l ene, Olml), the

mixture was vigorously stirr entw e by evaporation 20undef reduced pressure

to obtain a mixture in thedonm of ascolorlessdiquid (320, @g);{ﬂ@@gge,se@@e of thestitle cgmpound in the
mixture was confirmed by ARMS. The mixture containing the title'compound (9") was then subjected to
the subseauent-cacti(C1), 59.6 (C3), 52.8 (C6"), 32.6 (C2).

[Formula 2]

SAc (7

BnOtn-

BnO OBn BnO DB

aw

Step K; 3-0-(6~-sulfo-a-D-quinovopyranosyl)~-
propane-1, 3-diol sodium salt (97)
To a solution of the compound (8”) (534 mg,

10 898 umol) in methanol (20 ml) and chloroform (5.0 ml),
added was 10% palladium activated carbon (135 mg), and
the mixture was stirred at room temperature for
16 hours in a hydrogen gas atmosphere. After the
sufficient progress of the reaction was confirmed,

15 palladium activated carbon was collected by filtration,
and the filtrate was concentrated under reduced
pressure. To the obtained residue, added were methanol
(20 ml) and toluene (20 ml), the mixture was vigorously
stirred, and the solvent was remove by evaporation

20 under reduced pressure to obtain a mixture in the form
of a colorless liguid (320 mg). The presence of the
title compound in tﬁe mixture was confirmed by LRMS.
The mixture containing the title compound (9”) was then

subjected to the subseguent reaction.



LRMS m/z 301 (M-Na) [Formula 3] AO3Na(9fl Q. BnOO EH-L-110- Honto-7/- m \/ BnOOBnHOH 5Step
L; 3-0-(6-sulfo-a-D-quinovopyranosyl)-1-0- formylbxy-propane-1,3-dioi sodium salt (10) A mixture
containing the compound (9") (70 mg), ethyl-3-(3-dimethylaminooropyl)carbodiimide hydrochloride
(EDCI.HC1) (93 mg, 487 gmol), and 4- 10dimethydaminopyridine (12 mg, 97 gmol) were dissolved in
anhydrous N,N-dimethylformamide (DMF, 10 ml), formic gid (14 mc, 259 ward') was added droowise
to the solution under cooling with ice, and allowed to reacL at room temperature for 18 hours. After the
sufficient 15progress of the reaction was confirmed, water (1.0 ml) was poured to the reaction liquid to
stop the reaction, angﬂ;ngn U%S%J ioQMv_q@agoncentrated under reduced pressure. The obtained
residue was purified with silica gel chromatography (chloroform-methanol-water, 203:1:0.1 -4 2:1:0.1 -*
1:1:0.1) to obtain thetitlere@mpound 10 in the form of a colorless oily substance [12 mu3 gmol),.7%)].
LRMS m/z 329 (M-Na)- 1A NM?. (400 MHz, DMSO-d6) ; 8 8.18 (s, i.H, 0=CH), 4.56 25(d, TH,
2=3.6Hz, H1"), 4.20 (5, 201, BHz, 89 SO3Na (9"

BnOtine-

BnO OBn HO OH

5 Step

-

; 3-0O-(6-sulfo-o-D~quinovopyranosyl)-1-0~-
formyloxy-propane-1,3-diol sodium salt (10)

A mixture containing the compound (9”7) (70 mg), 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDCI-HC1l) (93 mg, 487 upmol), and 4-

10 dimethylaminopyridine (12 mg, 97 umol)} were dissolved
in anhydrous N,N-dimethylformamide (DMF, 10 ml), formic
acid (14 mg, 259 umol) was added dropwise to the
solution under cooling with ice, and allowed to react
at room temperature for 18 hours. After the sufficient

15  progress of the reaction was confirmed, water (1.0 ml)
was poured to the reaction ligquid to stop the reaction,
and then the solution was concentrated under reduced
pressure. The obtained residue was purified with
silica gel chromatography (chloroform-methanol-water,

20 3:1:0.1 = 2:1:0.1 — 1:1:0.1) to obtain the title
compound 10 in the form of a colorless oily substance
[12 mg (33 umel), 16.7%].

LRMS m/z 329 (M-Na)~
1 NMR (400 MHz, DMSO-dg) ; & 8.18 (s, 1H, O=CH), 4.56

25 (d, 1H, J=3.6Hz, H1"), 4.20 (t, 2H, J=6.8 Hz,




Hia&Rib),3.86-3.18 (m,26,63a&651), 1-3.31(m, 26,23b&631),3.18 (dd,16,J=9.6,4.0 Hz, 221),
3.03-2.90(m,2H,641 &661a),2.63-2.58 (m, 13,66'h), 1.86(tt,0-6.4,6.4 Hz,211,H2a&H2b) 13c
NMR(100 MHz, DMS0-d6);6

10

15
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Hla & Hlb), 3.86-3.78 (m, 2H, H3a & H5’), 3.41-3.31 (m,
2H, H3b & H37), 3.18 (dd, 1H, J=9.6, 4.0 Hz, H2'),
3.03-2.90 (m, 2H, H4’ &’H6’a), 2.63-2.58 (m, 1H, H6'Db),
1.86 (tt, J=6.4, 6.4 Hz, 2H, H2a & H2b)

13¢c NMR (100 MHz, DMSO-dg); & 162.2 (C=0), 98.4 (C1l’),
74.7 (C4’), 73.2 (C37), 71.9 (C27), 68.4 (C5’), 63.3
(C3), 61.2 (Cl), 55.1 (C6’), 26.1 (C2).

[Formula 4]

(10)

[Example ITIT1]

Another example of the process for preparing the
B-sulfoquinovosylacyl propanediol compound according to
the present invention is described below.

Example III-1

3-0-(6-sulfo~-Pp-D-guinovopyranosyl)-1-O-oleoyl~-
propane-1, 3-diol sodium salt

The title compound was synthesized through the

procedure according to the following scheme.




162.2(C =0), 98.4 (01'), 74.7(041),73.2 (03"),71.9 (02"),68.4 (051), 63.3 (03),61.2(Cl), 55.1(061),
26.1(C [Formula 4] .."SO3Na(90 ."SO3Na i:10)

48

[Chemical Formula 16]

HOM»

BMPO  OPMB
SO,Na (121

0. _~_-0C18:1

HO ;//OH
A’} acetic anhydride, sodium acetate, heating and
5 boiling, 55.3%;
B’) hydrobromic acid-acetic acid solution,
dichloromethane, room temperature, 6 hours, 58.5%;
C’y allyl alcochol, cyanide mercury,
dichloromethane, room temperature, 16 hours, 64.4%;

10 D) D'-1. sodium methoxide, methanol, room




10HODbHHI bHO [Example 111] Another example of the process for preparing the
P-sulfoquinovosylacyl propanediol compound according to the present invention is described below.
15Example IlI-1 3-0-(6-sulfo-3-D-quinovopyranosyl)-1-0-oleoylpropane-1,3-diol sodium salt Thete
compound was synthesized through the procedure according to the following scheme. [Chemical
r.ormula 161 AGOOACcAc0 -bAc PA_ - MP-(0 E\ * Ow‘é—}-éLO-"- -,- BMPO OPMB

temperature, 4 hours;
D’ ~2. p-anisaldehyde dimethyl acetal, p-
toluenesulfonic acid monohydrate, acetonitrile, 40°C,
16 hours, 95.3%;
5 E’) p-methoxybenzyl chloride, éodium hydroxide,
N, N-dimethylformamide, room temperature, 16 hours,
92.0%;
F') aluminum lithium hydride, aluminum chloride,
dichloromethane, diethyl ether, 0°C, 1 hour, 73.3%;
10 G") p~toluenesulfonyl chloride, 4-
dimethylaminopyridine, pyridine, room temperature,
16 hours, 85.9%;
H”) 9-borabic¢yclononane, tetrahydrofuran, room
temperature, 16 hours; water, sodium hydroxide,
15 hydrogen peroxide water, room temperature, 4 hours,
93.5%;
I") sodium sulfite, ethanol, water, heating under
reflux, 72 hours, 90.2%;
J’) oleic acid anhydride, 4-dimethylaminopyridine,
20 pyridine, dichloromethane, heating under reflux,
16 hours, 67.6%; and
K") 2,3-dichloro-5,6-dicyano-1,4-benzogquinone,
dichloromethane, methanol, water, room temperature,
4 hours, 55.9%.
25 [@)2lp =3.1° (c1.00 CH3OH), LRMS m/z 565 (M-Na)~, HRMS
calcd for Cp9Hp00108 (M-Na)~™ 565.3051, found 565.3059.

1H NMR (400 MHz, CD30D);85.37-5.30 (m, 2H, -CH=CH-),




OTs(8) C O\\ BMPO bPMB SO3Na(10)

BMPO bP BBMPO OPMB ,,,S03Na(11')SO3Na(1 2) BMPOi / ocisHO"(OOCifti 4)-* HO OH

acetic anhydride, sodium acetate, heating and 5boiling, 55.3%;
solution, dichloromethane, room temperature, 6 hours, 58.5-%;

--0 I'X ,OH ---*-BMPOlI , \i/--OOH ---00- 4) C

A)

FV) hydrohrom c acid-acetic acid
C1) allyi alcohol, cyanide mercury

dichloromethane, room. temperature, 16 hours, 64.4%; 1590DI) 0I-1. sodium methoxidc, methanol, room

10

20

25

4.27 (d, 1H, J=7.84 Hz, H1"), 4.23-4.13 (m, 2H,
Hla & Hlb), 4.01-3.96 (m, 1H, H3a), 3.72 (ddd, 1H,
J=9.64, 8.62, 2.20 Hz, H5"), 3.68-3.62 (m, 1H, H3b),
3.38 (dd, 1H, J=14.4, 2.20 Hz, Hé6'a), 3.36 (t, 1H,
J=9.08 Hz, H3"), 3.19 (dd, 1H, J=9.20, 7.88 Hz, H2"),
3.13 (t, 1H, J=9.28 Hz, H4’), 2.98 (dd, 1H, J=14.4,
8.62 Hz, H6'b), 2.31 (t, 2H, J=7.46 Hz, COCHp), 2.04-
2.00(m, 4H, -CHpCH=CHCHp-), 1.97-1.90 (m, 2H,
Hza & H2b), 1.62-1.56 (m, 2H, COCHpCHp), 1.31-1.29 (br,
20H, -CHp-), 0.89 (t, 3H, J=6.84 Hz, Me).
13¢ NMR (100 MHz, CD30D); 8175.7 (C=0), 130.9
(-=CH=CH~), 130.8 (-CH=CH-), 104.2 (Cl1l7), 77.9 (C3"),
75.1 (C27y, T74.7 (c4ry, 73.7 (C5"), 67.3 (C3), 62.8
(Cly, 54.3 (C6’), 35.1 (COCHp), 33.1 (-CHp-), 30.8-30.1
(m, C2 & -CHp-), 28.1 (-CHpCH=CHCHp-), 26.1 (COCHyCHgp),
23.8 (-CHp-), 14.5 (Me).

Example III-2

3-0-{6-sulfo-B-D-guinovopyrancsyl)-1-O-stearoyl-
propane-1,3~-diol sodium salt

The title compound was synthesized in the same
manner as Example III-1, except that stearoyl chloride
was used in place of oleic acid anhydride.
(0]22p ~4.7° (c1.00 Hp0), LRMS m/z 567 (M-Na)~, HRMS
calcd for Cp7Hr1010S (M-Na)~™ 567.3208, found 567.3211.
1 NMR (400 MHz, DMSO-dg); & 5.56 (d, 1H, J=3.16 Hz,
4" -OH), 4.81 (d, 1H, J=4.92 Hz, 2’-0OH), 4.74 (d, 1H,

J=4.64 Hz, 3’-0H), 4.09 (d4, 1H, J=7.76¢ Hz, H1"), 4.07




temperature, 4 hours; D'-2. p-anisaidehyde dimethyl acetal, ptoluenesulfonic acid mcnohydrate,
acetonitrile, 40C, 16 hours, 95.3%; E') p-methoxybenzyl chloride, sodium hydroxide,
N,N-dtmethvlformamide, room temperature, 16 hours, 92.0%; F") aluminum lithi urn hydride,
aluminum chloride, dichloromethane, diethyl ether, OC, 1 hour, 73.3%; 100") p-toluenesulfonyl chloride,
4- dimethylaminopyridine, pyridine, room temperature, 16 hours, 85.9%; H') 9-borabiZyclononane,
tetrahydrofuxan, room temperature, 16 hours; water, soditm hydroxide, 15hydrogen peroxide water,
room temperature, 4 hours, 93.5%; T sodium sulfite, ethanol, water, heating under reflux, 72

hours, 90.2%; (+ ‘dleic gggﬂﬁ%igeﬁé%dig}gﬁ?@@\minﬁ)pﬂidip& ZO%Widigg,l%ig:gloromethane,

heating under reflux, 16 hours, 2, 3-dichloro-5,6-dicyano-1,4-benzoqu hone,
dicioromethane, met@anal, water;mom temperature; 4(hoursp55.9%, 25[al241D, -3:1 (31.09:CH30H),

LRMS m/z 565 (M-Ma)-, HRMS calcd for C27 A490105 (M-Na) - 365.3051, found 565.3059. 13 NMR
(400 MHz, 00300);85.87-5136 ({ 2H4 -CH=CH-),HB0 4,27 (#1147 I=7.84, HZ7P-119, 4.23-4.13 (m, 2E,
His & Hib), 4.01-3.96,(m, 18, 3@, 3,72 (A o), 28, w2 & mera), 2.68 (aq,
5 1H, J=13.9, 5.24 Hz, H6'b), 2.27 (t, 2H, J=7.40 Hz,
COCHp), 1.86-1.78 (m, 2H, H2a & HZb), 1.54-1.47 (m, 2H,
COCHpCHp), 1.24 (br, 28H, -CHp-), 0.86 (t, 3H,
J=6.88 Hz, Me). '
13c NMR (100 MHz, DMSO-dg); & 172.9 (C=0), 102.8 (Cl’),
10 76.1 (C37), 74.6 (C4"y, 3.4 (C2'y, 72.5 (C5"), 65.2
(C3), 61.2 (Cl), 55.6 (C&"), 33.6 (COCHp), 31.3 (C2),
29.0-28.5 (m, =-CHp-), 24.5 (COCHpCHp), 22.1 (-CHp-),
13.9 (Me).
<Analysis>
15 [Example IV]
Example IV-1. Analysis with high performance
liguid chromatography and mass spectrometry
The 3-0-(6-sulfo-o-D-quinovopyranosyl)-1-0-
stearoyl-propane-1,3-diocl sodium salt and 3-0~{(6-sulfo-
20 a—quuinovopyranosyl)—1~O~stearbyl—glycerol sodium salt
were separated and detected by high performance liguid
chromatography and electrospray mass spectrometry.
The test substance was dissolved in 5%
acetonitrile in 5 mmol/l ammonium acetate agueous
25 solution, diluted with the solvent to an intended

concentration, and then analyzed by high performance

liguid chromatography equipped with CapCellPak CI18MG




3=9.64, 8.62, 2.20 Hz, H5'), 3.68-3.62 (m, 118, H3b), 3.38 (dd, 1H, 3-14.1,, 2.20 Hz, H6'a), 3.36 (t.,
1H, 17.9.08 Hz, H31), 3.19 (dd, 1H, 3=9.20, 7.88 H2, H2'), 3.13 (t, 181, 3-9.28 Hz, 8141), 2.98 (dd,
181, 3-14.4, 8.62 Hz, H6'h), 2.31 (t, 2H, J-7.46 Hz, 000182), 2.04- 2.00(m, 481,
-CILCH-0HOH2-),.97-1.90 (m, 2H, H2a & H2b), 1.62-1.56 (m, 2H, 0008120812), 1.31-1.29 (br, 102081,
-CH2-), 0.89 (t, 381, 3-6.84 Hz, Me). =3C NMR (100 MHz, CD30D); 6175.7 (0=0), 130.9 (-CH=CH-),
130.8 (-CH=CH-), 104.2 (C1"), 77.9 (03"), 7(02"), 74.7 (0O&) 73.7 (05"), 67.3 (03), 62.8 (01), 54.3 (061),
35.1 (COCH2), 33.1 (-CH2-), 30.8-30.1 1502 & -0112-), 28.1 (-CH2CH-01-10812 ), 26.1 (000H2CH2),

23.8 (-CH2-), 14.5 (M Q %xample 111-22 0 ;’-;-(%—é&suifo- - quirnovop ceid
anosy.fl-1-0-stearoylp(er}o%a1rl1ré1?1,§-ld7igl'sodium salt 20The tltfencor%ﬁgﬁﬁg ?Nabsysysn]%ﬁessﬁzleéj in the same

manner as Exampleexgept thay stearoyhchlargde was useddn place; of @leig-acid aphydride,,[2]22D
_4.70 (c1.00 1120), IRMS m/z. 567 (M-Na)-, HRMS caicd for C22E51010S (M-Na)- 567.3208, found
567.3211. 25 IH NMR {400 MHz101180-36); 8.5;56 (d,5181),°C73.16HZ, USOH ), 481 éds 1H, J-4.92 Hz,
2'-OH), 4.74 (d, 181,3=4.64 Hz, 3'-OH), 4.09 (d, 1H, 171.76 Hz, H1"), 4.07 51 (t, 281, 3=6.60 Hz, Hia
& Hib), 3.77 (dt, Ih, 3216.2%6. FFHZ"N3A),23. 541545 (ath 1 oA, 13D & M5 329 12VE53=8.80, 4.68 Hz,

813'), 2.99 (dt, 181, %=9§1i4 |§Z§, %ogff%}lzf%%z 7]§f2m32llﬁ&§|_%%'r& %%}L%é%&%%%ddnll\l’ 3=13.9,5.24

Hz, 36'b), 2.27 (t, 2H, 3=7.4 178 (m_ 2H; H2a & H2b), 1.54-1.47 (T., 2H,
000H2CH2), 1.24 (nrg28H; £&N25), 3,86 (3Hi0% of acetonitrile with reference

to the above-described solvent.
The eluted test substance was detected with a
Bruker Esquire 3000 plus ilon mass spectrometer, and the
10 detection ion mode was total ion chromatography (TIC),
and the detection mass range was m/z = 100 to 1000.
Figures 1 and 2 show the chromatograms of tThe test
substance.
The analysis result indicates that, as shown in
15 Figure 1, the 3-0~(6~sulfo-o-D~quinovopyranosyl)-1-0-
Stearoyl—propane;l,B—diol sodium salt exhibited a
single peak, while the 3-0-(6-sulfo-a-D-
quinovopyranosyl)~1-O-stearoyl-glycerol sodium salt
shown in Figure 2 exhibited minor peaks representing a
20 structural iscmer at 6.8 min (peak No. 1) and
7.3 minutes (peak No. 2), which suggests acyl transfer
from the l-position to Z-position in the glycerol
moiety, and major peaks representihg a diastereomer
aSQMG C18:0 at 7.6 minutes (peak No. 3) and 7.8 minutes
25 {peak No. 4).
These results indicate that the 3-0-{6-sulfo-a-D-

gquinovopyranosyl)-1-O-stearoyl-propane-1,3-diol sodium




J=6.88 Hz, Me). 13C NMR (100 MHz, OMSO0-d6); 6 172.9 (C=0), 102.8 (CI' 1076.1 (03", 74.6 (04",
73.4 (02", 72.5 (05", (C3), 61.2 (Cl), 55.6 (06", 33.6 (000812), 31.3 (02), 29.0-28.5 (m, -CH2-), 24.5
(COCH2CH?2), 22.1 (-C. 13.9 (Me). <Analysis> 15[Example V] Example IV-1. Analysis with high
performance liouud chromatography and mass spectrometry The
3-0-(6-sulfo-a-D-quinovopyranosyl)-1-0- stearoyl-propang:l,3-dio| sodium salt and 3-0- (6-sulfa-
20a-D-guinovopyranosyl)-1-0-stearoyl-glycerol sodium s It were separated and detected by high
performance liquid chromatography and elecnrospray mass spectrometry. The test substance was

dissolved in 5% acetggjg{il%'&ncg E@mqgl ﬁ%%i%gﬁagzg&a%f%gu% gggglrgyorﬂh %Lg%q g\ﬁth Lhe

solvent to an intended concentration, an n ana igh performance -Quid chromatography
equipped with CapCeliRak 01§MG 58 (gelumn,sizg; 28mp50 miwy; manufaciureddynShise do Co.,
Ltd.). The eparat on conditions were as follow: the column temperature was 40C, the f ow rate was 0.2
mi per minute, and efutiopowas! corddctéd ovet aqetiderof 20 miimutes with<ey linedr-concentration
gradient of 50% to 70% of acetonitriie with reference to the above-described solvent. The eluted

test substance was dEtEGET Wit 4 Broker ESG i+€™B066 blus ion mass spectrometer, and the

detection ion5mode was tot@gg%@gom@tpg_ra%lgylggg,iatrgg }pga%%tgg%%g\ass range was m/2 - 100
to 1000. :

1 g each of the sodium salt and calcium salt of 3-
O-(6-sulfo-a-D-guinovopyranosyl)-1-O-stearoyl-propane-
1,3-diol was placed in 5 ml of distilled water for
injection (manufactured by Otsuka Pharmaceutical Co.,

10 Ltd.), strongly shaken at 25°C; they were immediately
dissolved. This fact suggests that the substance is
evaluated as “readily soluble” by the criteria
described in the general rules Japanese Pharmacopeia.

These results indicate that aSQAP has very high

15 solubility. In addition, although not shown herein,
SQAP series according to the present invention other
than the salts of 3-0~{(6-sulfo-o-D-guinovopyrancsyl)-1-
O-stearoyl-propane-1,3-diol also have high solubility.
Such high solubility facilitates dissolution of a

20 necessary amount of the substance in a small amount of
a solvent. As a result of this, for example, an
injection to be administered to a subject can be
readily prepared. In addition, such high water
solubility is advantageous in preparation of

25 injections, as well as other various formulations such

as oral agents.




Figures 1 and 2 show the chromatograms of the test substance. The analysis result indicates that, as
shown in 15Figure 1, the 3-0-(6-sulfo-a-D-quinovopyranosyl)-1-0- stearoyl-oropane-1,3-diol sodium
salt exhibited a single peak, while the 3-0-(6-sulfo-a-Dgoinovopyranosyi)-1-0-stearoyi-glycerol sodium
salt shown in Figure 2 exhibited minor peaks representing 20structural isomer at 6.8 min (peak No. I)
and 7.3 minutes (peak No. 2), which suggests acyl transfer from the 1-position to 2-position in the
glycerol moiety, and major peaks representing a diasteredmer aSQMG C18:0 at 7.6 minutes (peak No.
3) and 7.6 minutes 25(peak No. 4 These results indicate that the
3-0-(6-su1fo-a—Dovopyranog)gk&-qﬁ%]@g{%i-ggolpapgé{;-dio1 sodium 53 salt according :a an aspect
at the present invention has very high Purity in comparison with a known compound,
3-0-(6-sulfo-a-D-quinovopyranesy)-d rer=stearayl-glycerel sodiuny salt. Example 1V-2. Solubility
measurement g each of the sodium salt and calcium salt of 3-
0-(6-sulfo-a-D-cluinogogyraaosyly1<G-stearoyll-propanet didiol wasplaced in Sankdfidistilied water for
injection (manufactured by Otsuka Pharmaceutical Co., Ltd.), strongly shaken at 25C; they were
immediately dissolved" T hiSatESligdests tHat e LaBsahel 1€ 6daluated as "readily soluble” by the
criteria descriped in the gengg@arﬂgfeJqpﬁnese Pharmacopeia. These results indicate that aSW\P has
very Slob 15solubility. In addition, although not shown herein, SOAP series according to the present
invention other than the salts-ef 3-0<6-sutfo-A-Equiniavepyranesyl)-1- O-stearoyi-oropane-1,3-diol also
have high solubili Such high solubility facilitates dissolution of a 20necessary amount of the substance
in a small amount of a solvefteAs adesaie bF tHis, Forexarhphs anvinfectigrin-be Admiristehed to a
subject can be readiI%/1 éﬁ)repared. In, addition, such high water soluhty is advantageous in preparation of

25injections, as well 55 BtHerEHoUR FofUiafio i BucH et -

Examples V-1. Human esophageal squamous cell
10 carcinoma (No. 1)
Human esophageal sguamous cell carcinoma cells TE-
8 were transplanted into the right femoral region of

KSN nude mice in a ratio of 1 x 10© cells per

individual. Subseguently, the mice were bred for about
15 14 days to form a tumor mass of about 150 mm? in each
individual. Thereafter, four mice were assigned to

each of the following groups (1) to (4):
(1) non-administered, unirradiated group (in
Figure 3, indicated with white squares);
20 (2) non-administered, radiotherapy treated group
(in Figure 3, indicated with white triangles);
(3) aSQAP Cl8:0-administered, unirradiated group
(in Figure 3, indicated with black circles); and
(4) oSQAP Cl8:0-administered, radiotherapy-treated
25 group (in Figure 3, indicated with black rhombuses).

The drug was administered from Day 1 to Day 5,

2 mg/kg once a day. The subjects were exposed to




as oral agents. 54 <Pharmacological test> The pharmacological activity of the sulfoodinovosylacyl
propanediol compound according to the present invention was examined. 5[Example V]
Radiosensitizing effect test The radiosensitizing effect was examined through tumor-bearing
mouse experiment. Examples V-1. Human esophageal sguamous cell 10carcinoma (No. 1)
Human esophageal sauamous cell carcinoma cells T&8 were transplanted into the right femoral region
of KSN nude mice in a ratio of 1 x 1fl6 cells per individual. Subsequently, the mice were bred for about
1314 days to form a tumor mass of about 150 mar3 in each individual. Thereatfter, four mice were

assigned to edch ofthe FBIIGMNG grouds By 8741 72 E§AGAAMTinisisted 2dnirradiated group (in

Figure 3, indicaterd, with white,squares); 2062 nexsadministered, radiotherapy, reated grup (in Figure
3, indicated with wr e triangles); (3) aSQAP C18:0-administered, unirradiated group (in Figure 3,
indicated with idackiciectes)pand 4.  @)aSQAB18:i0-adminisiered] tadiathetapy=treatetngroufp (in
Figure 3, indicated with black rhombuses). The drug was adminigtered from Day 1 to Day 5, 2
mg/kg once a Bay ‘TRe Stbjecidverledpuddditn: (minor axis)® x major axis x

5 0.5. The results are shown in Figure 3.
In all the groups, the tumor volume steadily increased
from the start to end of the test. However, from about Day
10, the increment of the tumor volume in the groups (2) to
(4) fell below that in the (1) non-administered, un-

10 irradiated group. In addition, suppression of the increase
of the tumor volume in the (2) non-administered,
radiotherapy-treated group and (3) aSQAP C18:0-
administered, un-irradiated group was at the same level.
The increase of the tumor volume was most suppressed in the

15 (4) aSQMG Cl8:0-administered, radiotherapy-treated group in
comparison with other groups.

Example V-2. Human esophageal squamous cell carcinoma
(No. 2)
Experiment was conducted in the same manner as Example

20 V-1, except that the drug dose administered from Day 1 to
Day 5 was 1 mg/kg once a day, and the radiation dose was
4 Gy, and the tumor volume was measured. The results are
shown in Figure 4.

Details about the groups are as follows:
25 (1) non-administered, un-irradiated group (in

Figure 4, indicated with black rhombuses);




55 radiation emitted from an X-ray generator (HS-225, manufactured by Shimadzu Co., Ltd.) at a dose
of 2 Gy on Day 1 and Day 4. The tumor volume was calculated according to the calculation formula:
(minor axis)2 x major axis x 0.5. The results are shown in Figure 3. In all the groups, the tumor
volume steadily increased from the start to end of the test. However, from about Day 10, the increment
of the tumor volume in the groups (2) to (4) fell below that in the (1) non-administered, un- ‘irradiated
group. In addition, suppression of the increase of the tumdr volume in the (2) non-administered,
radiotherapy-treated group and (3) aSQAP 018:0- administered, un-irradiated group was at the same
level. The increase of the tumor volume was maost suppressed in the 15(4),. aSQMG
018:0-administered, radiothggrgpﬁ?rréé?e(%imé%hﬁoﬁﬁ%%%paﬁ%%ﬁovﬁ%egﬁ% @?Sﬁgﬁed @%é%ﬁ&e V-2.

Human esophageal sguamoys £ell garcinema{No, 2), Expefiment was.conducted in the same manner
as Example 20 V-1, except that the drug dose administered from Day 1 to Day 5 was 1 mg/kg once a

day, and the radiation dose (8as ¢ Gy randl theCtumon volume was, meastreda dhetresultscaregsshown in
Figure 4. Details about the groups are as follows: 25(1) non-administered, un-irradiated group in
Figure 4, indicated withblack Pigimbuses)d 562 £ ed (2 righ-Yarirfistefediadidtherapy-treated group

(in Figure 4, indicated with black s S o . ~(3) aSQAP. 018:0-administered, un-irradiated group (in
%gﬁuﬁhggga%l : ggd%ﬁ éé&ﬁﬁ$ 186§8 S%herﬁﬁg %reg%e%

Figure 4, indicated with whi ses); gn administe
radiotherapy-treated group (insFguredindicated, with yvhite squares), i +« Thgugsults indicate that, in

all the groups, the tumor volume increased with the lapse of time, The increment in the tumor volume
in the groups (2) to (4) 10wassmadenihan thad ircthies(1) monh,adiministéredhangroups, the
tumor volume increased with the lapse of time. The
increment in the tumor volume in the groups (2) to (4)
10 was smaller than that in the (1) non-administered, un-
irradiated group. In addition, the increase of the
tumor volume was most strongly suppressed in the (4)
oSQAP Cl18:0-administered, radiotherapy-treated group 1in
comparison with other groups. |
15 Example V-3. Human colonic adenocarcinoma
human colonic adencocarcinoma cells SW480 were
transplanted into the right femoral region of KSN nude
mice in a ratio of 1 x 106 cells per individual.
Subseguently, the mice were bred for about 14 days to
20 form a tumor mass of about 150 mm3 in each individual.
Thereafter, four mice were assigned to each of the
three groups (1) to (3):
(1) non-administered, un-irradiated group (in
Figure 5, indicated with white rhombuses);
25 (2) non-administered, radiotherapy-treated group

(in Figure 5, indicated with black squares); and

(3) aSQAP Cl8:0-administered, radiotherapy~treated




irradiated group. In addition, the increase of the tumor volume was most strongly suppressed in the
USQAP 018 :0-administered, radiotherapy-treated group in comparison with other groups. 15Example
V-3. Human colonic adenocarcinoma human colonic adenocarcinoma cells SW480 were transplanted
into the right femoral region of KSN nude mice in a ratio of 1 x 106 cells per individual. Subsequently,
the mice were bred for about 14 days to 20form, a tugnor mass of about 150 717,3 in each individual.
Thereafter, four mice were assigned to each of the three groups (1) to (3): WI non-administered,

un-irradiated group (in Figure 5, indicated with white rhombu ; 25(2) non-administered,
radiotherapy-t ggtgﬁ( g%f?p %ﬁﬁ%é&rg%, iﬁgicci:tétce%tv?/ﬁh ‘%Jratc zﬁ%ﬁé‘s)?gﬁér{% &SOAP

018:0-administered, tadiotherapystreatesk 54 greup £l Figure Daipdicated with biackotriangles). The
drug was administered from Day 1 to Day 5, 2 mg/kg once a day. The subjects were exposed to
radiation emittetfeora areX-ray Heneratb 44228 nsarfacteifst by Shirdadzu 8TCeRLtdirat a dose
of 2 Gy on Day 1 and Day 4. The tumor volum Was%%%lculatedgccording to the calculation formula:

(minor axis)2 X T8jof Bxis XG5, TRE F&SUits art shati in EigUHe 8 THS PSS indicRis that, in all the
groups, the 10-tumor yolume_jncreased withethe lapse,of ime. Howgyep.the increage of the,umor
volume in the (1) non-administered, un-irradiated group and (2) non-administered,
radiotherapy-tredted graup waslalikeabutthedneorease @f the timoredlumesan the (FoaSQAL:
018:0-administered, 15 radiotherapy-treated group was suppressed from the initial stage of the
experiment, an8tRe nci&adse of theé &mdr vofdme wés markedl§ stippressedarn §eRBRATTHE following
Examples V-4F15©grgn(g !Examples VT to

The results indicate that, in all the groups, the

10  tumor volume increased with the lapse of time. However,
the increase of the tumor volume in the (1) non-
administered, un-irradiated group and (2) non-administered,
radiotherapy~treated group was alike, but the increase of
the tumor volume in the (3) oSQAP Cl8:0-administered,

15 radiotherapy-treated group was suppressed from the initial
stage of the experiment, and the increase of the tumor
volume was markedly suppressed in general.

The following Examples V-4, 5, 6, and Examples VI to
VIII used an SQAP compound which had been calcium salt-
20 substituted through ion exchange treatment.
Example V-4. Human colonic adenocarcinoma
Human colonic adenocarcinoma cells SW480 were
transplanted into the right femoral region of KSN nude mice

in a ratio of 2 x 10 cells per individual.

25 After a tumor mass of about 50 mm3 was formed in each




VIII used an SQAP compound which had been calcium salt20 substituted through ion exchange
treatment. Example V-4. Human colonic adenocarcinoma Human colonic adenocarcinoma cells
SW480 were transplanted into the right femoral region of KSN nude mice in a ratio of 2 x 106 cells per
individual. 25 After a tumor mass of about 50 mm3 was formed in each 58 individual, four mice were
assigned to each of the four groups (1) to (4): (1) non-administered, un-irradiated group (in Figure
6, indicated with black circles); 5(2) non-administered, ra%i@otherapy-treated group (in Figure 6,
indicated with black squares); (3) aSQAP 018:0-administered, un-irradiated group (in Figure 6,
indicated with white triangle.s%; al’id £ (4) aSQAP 018:.0-adré1intistered,gadi?tht%g]ap%-treated
10group (in Figure 6}%%0\5 &d With Wﬁi‘tlersa“&acr%syeﬁ\ee ﬁrsusglv?lélé2 administered from the taif vein from
Day I to Day 5, | mglgg&%g a day..The gybjects were exposed to radiation emitted from an X-ray
generator (HS-225, manufactured by Shimadzu Co., Ltd.) at a dose 150f 2 Gy on Day 1 and Day
4. The results are shownin FigureGjrridicating-that thentumoravblumednereased with time in all the
groups. However, the increase of the tumor volume was most suppressed in the (4)
aSQAPO-administerdd; P0f&dibtherapy-treatst o iR cFparisonhwith other

5 (2) non-administered, radiotherapy-treated group
(in Figure 6, indicated with black squares);

(3) oSQAP Cl18:0-administered, un—irradiated group
(in Figure 6, indicated with white triangles); and

(4) aSQAP Cl8:0-administered, radiotherapy-treated

10 group {(in Figure 6, indicated with white sqguares).

The drug was administered from the tail vein from
Day 1 to Day 5, 1 mg/kg once a day. The subjects were
exposed to radiation emitted from an X-ray generator
(HS-225, manufactured by Shimadzu Co., Ltd.) at a dose

15 of 2 Gy on Day 1 and Day 4.

The results are shown in Figure 6, indicating that
the tumor volume increased with time in all the groups.
However, the increase of the tumor volume was most
suppressed in the (4) aSQAP Cl8:0-administered,

20 radiotherapy~treated group in comparison with other
groups.

Example V-5. Human esophageal squamous cell
carcinoma

Human esophageal sguamous cell carcinoma cells TE-

25 8 were transplanted into the right femoral region of
KSN nude mice in a ratio of 1 x 106 cells per

individual. After a tumor mass of about 50 mmS was




groups. Example V-5. Human esophageal squamous cell carcinoma Human esophageal
sduamoas cell carcinoma colic TE- 258 were transplanted into the right femoral region of ESN nude
mice in a ratio of 1 x 106 cells per individual. After a tumor mass of about 50 mm3 was 59 formed in
each individual, four mice were assigned to each of the four groups (1) to (4): (1)
non-administered, un-irradiated group (in Figure 7, indicated with black rhombuses); (2)
non-administered, radiotherapy-treated group (in Figure %,9indicated with black circles); (3)
a5QAP 010:0-administered, un-irradiated group (in Figure 7, indicated with white triangles); and

(4) aSQAP 010:0-administered, radiotherapy-treated 10group (in.. Figure 7, indicated with white
squares). The dr% Wa?sc{a&rtﬁin?satggedl fﬁ%ﬁgéﬁﬁ%%éllﬁro?n %@/% tV(V)elggy %Sflg. ]fﬁalié otnoce a day.

The subjects were expesedto rediatiop.gmitted.fram any X+ay generator (HS-225, manufactured by
Shimadzu Co., Ltd.) at a dose of 4 Gy on Day 1 and Day 4. The results are shown in Figure 7,

indicating that the tumor volUlme increasddiwitls timeehh, alltheigroaps.cHewevery thie ihtrease of the
tumor volume was most suppressed in the (4) aSQAP 010:0-adminmstered, 20radiotherapy-treated

group in comparison'with'6thef grotst <2 F EXathold 26 A4liman B¥ophageéal squamous cell
e o] UL R SO CH TF Y PO LANg e on
(in Figure 7, indicated with black circles);

(3) aSQAP Cl0:0-administered, un-irradiated group
(in Figure 7, indicated with white triangles); and

{(4) oSQAP Cl0:0-administered, radiotherapy-treated

10 group (in Figure 7, indicated with white squares).

The drug was administered intraperitoneally from
Day 1 to Day 5, 1 mg/kg once a day. The subjects were
exposed to radiation emitted from an X~ray generator
(HS-225, manufactured by Shimadzu Co., Ltd.) at a dose

15 of 4 Gy on Day 1 and Day 4.

The results are shown in Figure 7, indicating that
the tumor volume increased with time in all the groups.
However, the increase of the tumor volume was most
suppressed in the (4) aSQAP Cl0:0-administered,

20 radiotherapy-treated group in comparison with other
groups.

Example V-6. Human esophageal squamous cell
carcinoma

Human esophageal sqguamous cell carcinoma cells TE-

25 8 were transplanted into the right femoral region of
KSN nude mice in a ratio of 1 x 109 cells per

individual. After a tumor mass of about 50 mm3 was




individual. After a tumor mass of about 50 mm3 was 60 formed in each individual, four mice were
assigned to each of the four groups (1) to (4): (1) non-administered, un-irradiated group (in Figure
8, indicated with black rhombuses); (2) non-administered, radiotherapy-treated group (in Figure 8,
indicated with black squares); (3) uSQ.AP 018:0-administered, unirradiated group Figure 8, indicated
with. white squares); and (4) aSQAP 018:0-administered, radiotherapy-treated 10group (in
Figure 8, indicated with white circles). The drug was admfitistered intraperitoneally from Day 1 to Day
5, 1 mg/kg once a day. The subjects were exposed to radiation emitted from an X-ray generator

(H0-225’ manUfaCt.u@cgrgyeéhmadeza%R"tlﬁﬁ%'%hx%gudaof? ]fé{flff %{8@ [3« r% acpsdsg%ylg' toThe

results are shown in Figure 8, indicating that the tumor volume increased with time 1n all the groups.
However, the increase ehthertumas velume yas most suppressed in theaSQAP 018:0-adminisfered,
20radiotherapy-treated group in comparison with other groups. [Example VI] Antineoplastic effect test
Human colonic adenocarcincma celis-SW480. weee 28transptanteddntotthe rightfemaodal region of KEN

nude mice in a ratio of 2 x 106 cells nor individual. After
Figure 8, indicated with black rhombuses);

5 (2) non—administered, radiotherapy-treated group
(in Figure 8, indicated with black sguares);

(3) aSQAP Cl8:0-administered, unirradiated group
(in Figure 8, indicated with white squares); and

(4) oSQAP Cl8:0-administered, radiotherapy-treated

10 group (in Figure 8, indicated with white circles).

The drug was administered intraperitoneally from
ADay 1 to Dbay 5, 1 mg/kg once a day. The subjects were
exposed to radiation emitted from an X-ray generator
(H5-225, manufactured by Shimadzu Co., Ltd.) at a dose

15 of 4 Gy on Day 1 and Day 4.

The results are shown in Figure 8, indicating that
the tumor volume increased with time in all the groups.
However, the increase of the tumor volume was most
suppressed in the (4) oSQAP Cl8:0-administered,

20 radiotherapy~treated group in comparison with other
groups.

[Example VI]

Antineoplastic effect test

Human colonic adenocarcinoma cells SW480 were

25 transplanted into the right femoral region of KSN nude
mice in a ratio of 2 x 106 cells per individual. After

a tumor mass of about 50 mm3 was formed in each




a tumor mass of about 50 mm3 was formed im each 61 individual, four mice were assigned to each of

the two groups (1) and (2): (1) non-administered in Figure , indicated with white sduares); and 5(2)
USQAP 018:0-administered (in Figure 9, indicated with black squares). The drug was administered
intrageritonealiy from Day 1 to Day 14, 20 mg/kg once a day. The results are shown in Figure 9,

indicating that the increase Of the tumor volume was markedly suppressed in the aSQAP
018:0-administered group in comparison with the non-adfinistered group. [Example VII] Tube
formation inhibition test using vascular 15endothelial celi-fibrocyte cocultivation system Using an

angiogenesis kit (KZ-.10<§)O‘)7 m nufact red by Kurabo Industries Ltd., which is :cgltlv tion system for
human vascular endothelial cefis an ﬁ&rﬁaﬁjfi%?oc@?ers? the %ﬁ%@t%doﬁaoséﬁﬁgo %:O,tﬁfQ,&B 014:0,

20 aSQAP 018:0, aSQAR 022:0, ESQAP @18:0, and ESQAP 218:1 on tube formation were examined.
.Cultivation for tube formation using the kit was conducted according to the manufacturer's instruction
manual. Using a medium cohtainingra fidaliconceatration 02510 ngime of MEGE# and beirg
designed specifically for angiogenesis, the respective SQAP compounds were prepared to have
intended concentratiéivs: Sn PAYE6F 62 theCell cultivation, speciai media each containing SQAP

compognds at the respectiv ﬁon&gaggti%nlsga%d_ Dé"%ér)l i(rsl%%t{i%\ée qgrrlltrc%lz\év%% aggled to the
cultivation systems. The systems were cultivated or 3 minutes,
indicated with black squares).
The drug was administered intraperitoneally from
Day 1 to Day 14, 20 mg/kg once a day.
The results are shown in Figure 9, indicating that

10 the increase of the tumor volume was markedly
suppressed in the oSQAP Cl18:0-administered group in
comparison with the non-administered group.

[Example VII]
Tube formation inhibition test using vascular
15 endothelial cell-fibrocyte cocultivation system
Using an angiogenesis kit (KZ-1000) manufactured
by Kurabo Industries Ltd., which is a cocultivation
system for human vascular endothelial cells and human
fibrocytes, the effects of aSQAP Cl0:0, aSQAP Cl4:0,

20 aSQRP C18:0, aSQAP C22:0, RSQAP C18:0, and BSQAP C18:1
on tube formation were examined. Cultivation for tube
formation using the kit was conducted according to the
manufacturer’s instruction manual.

Using a medium containing a final concentration of

25 10 ng/ml of VEGF-A and being designed specifically for
angiogenesis, the respective SQAP compounds were

prepared to have intended concentrations. On Day 1 of




5and irradiated with 2 Gv of cobalt 60. Thereafter, on Day 4, 7, and 10 of the cultivation, the media
were replaced with newly prepared special media containing SQAP or UMSO. The media were
removed on Day 11 of the cultivation, fixed with 70% ethanol, and the. formed 10tubes were stained
with anti-human CD31 antibody. The stained figures were photographed under an optical microscope,
and the Quantity of tube formation was calculated bv the image analysis. The angiogenesis index was
calculated according to the manufacturer's instruction matual. The results are shown in Figure 10. In
comparison with the control group not treated with the SQAP compound and/or radiation therapy, the

croups subjected to tad atonlons, 2 Gy) andlorthe SOAR cgposnds 20extibied Jove

angiogenesis indexes. In Figure Is an abbreviation of radiation therapy. Further,’those treated

with the SOAP compayinds exhibiteddewer indexes thays the: groupdreatad withi2 Gy radiation alone.
When combined with 2 Gy radiation, aSQAP 010:0 25 at final concentrations of 5, 1.0, and 20 HM,

aSQAP 014:0 at finaP&éRcentratddrisvef 5;de,tared 204Ny aSQAR Q180 atfinat cohe@ntrations of 5, 10,
and 63 20 MM, aSQAP 022:0 at final concentrations of 5, 10, and 20 MM, and PSCMAP 018:0 at final
concentrations of 5 ahtFTG MM, afd'STAP 68 Atginal Edricentrations of 5 artl 16 MISfhibited tube

formation in 3 conceqiyatian:fepgdent annes [Example YL Toxily test VL, Avmes e

A reverse mutation assay (Ames test) was conducted 10ussng aSOAR 018:0. Five strains
composed of two straigs of Saimoaglta typhisaurium, whichi argthase, pain substitution; gwdants, and one
strain of Escherichia coll, and two strains of Salmonella typhimurium, which are frameshift mutants
15were used as indicator bacsterialistrains: Theserstrains dese pracultivated in thenpresence of aSQAP
018:0, and transferred to agar plates and cultivated thereon for 48 hours, and then the number of

revertant colonies orP e plate WAS CounteBS TRE GhiodFis Of 26HST AP 91807 ddded b the Yespective

plates were 2 kg, cultivation, fixed with 70% ethanol, and the. formed

10 tubes were stained with anti-human CD31 antibody. The
stained figures were photographed under an optical
microscope, and the quantity of tube formation was
calculated by the image analysis. The angiocgenesis
index was calculated according to the manufacturer’s

15 instruction manual.

The results are shown in Figure 10. In comparison
with the control group not treated with the SQAP
compound and/or radiation therapy, the groups subjected
to radiation alone (2 Gy) and/or the SQAP compounds

20 exhibited lower angiogenesis indexes. In Figure 10,
“RT” 1s an abbreviation of radiation therapy. Further,
those treated with the SQAP compounds exhibited lower
indexes than the group treated with 2 Gy radiation
alone. When combined with 2 Gy radiation, aSQAP C10:0

25 at final concentrations of 5, 10, and 20 puM, OoSQAP

Cl4:0 at final concentrations of 5, 10, and 20 uM,

aSOAP C18:0 at final concentrations of 5, 10, and




7 kg, 21 kg, 62 kg, 185 kg, 556 kg, 1667 Rg, and 5000 kg. Regardless of the presence or absence of
39 mix added during the precultivation wherein S9 mix is a solution prepared by adding cofactor-1 to a
25supernatant frac-Lion of a liver homogenate prepared from the liver of a male rat pretreated with
phenobarbital and 5,6-benzoflavone), for all 64 strains, the number of revertant colonies did not
increase. From the fact, mutagenicity of the substance was evaluated as negative. VIII-2.
Micronucleus test Micronucleus test was conducted b@/grat intravenous administration using the aR;
()AP Cb8:0 calcium salt. Five male SD rats were assigned to each of the six groups (1) to (6): (1)

non-administered group; (2) 2 gi% P 018;0-adminijstered gro ;3%50 kg aSQAP
018:0-administered gﬁgoué;%@) %%%Eg g a@Q%\E g%é%ggdcrﬁfﬁ%?grgﬁaﬁup? 5)058 mg/kg aSQAP
C18:0-administered groyp2 angdi6) pesitive cantrohgroupmo/kg mitomyein€- dbadministesed group).

The test solutions for (1) to (5) contained a normal saline solution containing 10% CREMOPHOR EL
as the solvents, and thelahdvertiesearibed3d@des Wefe administered to-thecrats twitce imtotalfobtwo

and 10 puM inhibited tube formation in a concentration-
5 dependent manner.

[Example VIIT]

Toxicity test

VIII-1. Ames test

A reverse mutation assay (Ames test) was conducted

10 using aSQAP C18:0.

Five strains composed of two strains of Salmonella
typhimurium, which are base pair substitution mutants,
and one strain of Escherichia coli, and two strains of
Salmonella typhimurium, which are frameshift mutants

15 were used as indicator bacterial strains. These
strains were precultivated in the presence of aSQAP
C18:0, and transferred to agar plates and cultivated
thereon for 48 hours, and then the number of revertant
colonies on the plate was counted. The amounts of

20 aSQAP C1l8:0 added to the respective plates were 2 pg,
7 ng, 21 pg, 62 pg, 185 pg, 556 pg, 1667 pg, and
5000 pg. Regardless of the presence or absence of 59
mix added during the precultivation (wherein S9 mix is
a solution prepared by adding cofactor-1 to a

25 supernatant fraction of a liver homogenate prepared
from the liver of a male rat pretreated with

phenobarbital and 5,6-benzoflavone), for all the




20consecutive days. To the positive control group, the above -described dose was administered once.
About 24 hours after the administration, bone marrow smears were prepared. Two thousands of
immature erythrocytes were counted for each ;_ndividua7, and the 25incidence of immatarb
erythrocytes having a micronucleus was cal uiated. As the index of marrow oroliferahion suppression,
the proportion of immature erythrocytes contained in 10%0 erythrocytes was calculated. The resuli
indicates that no significant increase was round in the inuéence of micronuclei in the test
substance-administered grouo in comparison with the non-administered group. In addition, no

influence was found gn the Marrq orgliferation suppression in the fest substance-administered group.

From these facts, the substance was evaluated as inducing no chromosomal aberration in bone
marrow cells. VITI-3.iSinglesdese toxicity teskUsingaSQAPAES:0cacyte doxiciyetestnasakh-20
conducted on rats.Five female and five male SD rats of 5 to 6 weeks old were assigned to each of the
groups (1)to(7): (1) neasadiiinistefetrigrobp? €2)225-FR)fkg uSQAP 018:0-administered group.; (3) 50
mg/kg uSQAP 018:0-administered _group; &4 100 mg/kg. (1SQAP 018:0-administered group; (5) 200
mg/k(3' uSQAP Ol8:0-admiXi§§r"éég‘gr%g§, (%r)‘%)be S/kﬁea%QAP 018:0-administered group;and

5 Micronucleus test was conducted by rat intravenous
administration using the aSQAP Cl8:0 calcium salt.

Five male SD rats were assigned to each of the six
groups (1) to (6):

(1) non-administered group;

10 (2) 25 mg/kg aSQAP Cl8:0-administered group;

(3) 50 mg/kg aSQAP Cl8:0~-administered group;

(4 100 mg/kg oSQAP Cl8:0-administered group;

(5) 200 mg/kg oSQAP Cl8:0-administered group; and

(6) positive control group (2 mg/kg mitomycin C-

15 administered group).

The test solutions for (1) to (5) contained a
normal saline solution containing 10% CREMOPHOR EL as
the solvents, and the above—deécribed doses were
administered to the rats twice in total for two

20 consecutive days. To the positive control group, the
above-described dose was administered once.

About 24 hours after the administration, bone
marrow smears were prepared. Two thousands of immature
erythrocytes were counted for each individual, and the

25 incidence of immature erythrocytes having a
mlicronucleus was calculated. As the dindex of marrow

proliferation suppression, the proportion of immature




(7) 800,/kg aSQAP 018:0-administered group. The test solution for(1)and(4)to(7)contained a normal
saline solution containing 10% CREMOPHOR EL, 25(2) contained a normal saline solution containing
2.5% CREMOPHOR EL, and (3) contained a normal saline solution containing 5% CREHOPHOR EL
as the solvents. 66 These test solutions were administered via the rat tail vein, and the clinical
signs were observed for two days including the date of administration. No individual died during the
test period, and the lethal 5dose was estimated to be higﬁ@r than 800 mg/kg. Other benefits and
modifications would be readily understood by those skilled in the art. Accordingly, it is evident that the

present invention in iésrbrcgalldgé aégect(:i% rqgt grrrgietgd 1o tq%%e(ggc gﬁtaélg aggslovggggesentative
embodiments shown ar'}/dt &scribed herein. %\ccordin’é]ly, various modifications may be made without

departing from the spikit er,scopef thege erakinventive conceps asrdefingd byithe:appended claims
and Their equivalents. The compound of the present invention is a novel substance, and, as

described above, has nemaskable’radidsensitizing effectiand artineoptastic ieffectiiFheecompound of

the present invention is obtainable at high purity by a simple synthesis method. Further, the
20compound of the ﬁr@@eﬁﬁﬁ@erﬁi&?ﬁ’é%ﬁﬁgﬂﬁ%aﬁe?%ﬁ% KigRIyEsotdblé iirAter? Adcordingly,

T BN A P ST MR g =l
features low influence was found on the marrow proliferation
suppression in the test substance-administered group.
From these facts, the substance was evaluated as
inducing no chromosomal aberration in bone marrow
10 cells.
VIII-3. Single dose toxicity test
Using oSQAP Cl18:0, acute toxicity test was
conducted on rats. Five female and five male SD rats
of 5 to & weeks old were assigned to each of the groups
15 (1) to (7):
(1) non-administered group;
(2) 25 mg/kg aSQAP Cl8:0-administered group;
(3) 50 mg/kg aSQAP Cl8:0-administered group;
{4y 100 mg/kg aSQAP Cl8:0-administered group;
20 (5) 200 mg/kg aSQAP Cl8:0-administered group;
(6) 400 mg/kg aSQAP Cl8:0-administered group; and
(7) 800 mg/kg aSQAP Cl8:0~administered group.
The test solution for (1) and (4) to (7) contained
a normal saline solution containing 10% CREMOPHOR EL,
25 (2) contained a normal saline solution containing 2.5%
CREMOPHOR EL, and {3) contained a normal saline

solution containing 5% CREMOPHOR EL as the solvents.




toxicity. Accordingly, the compound is very advantageous as a drug to be administered to human and
other animals over a short or long period. The present invention is funded by Special Coordination
Funds for Promoting Science and Technology provided by the Ministry of Education, Culture, Sports,
Science and Technology. 68 rLAIMQ 1. A sulfoguinovosylacyl oropanediol compound
represented by the general formula (t): [Chemical Formul&SOSM Hyy Hon-0-C-C-C-ORI HHH HO
bH wherein R1 is an acyl residue of a fatty acid, and M represents a hydrogen ion or a metal ion or
pharmaceutically acceptable salts thereof. 2. A drug including as an active ingredient at least one

selected from the group consisting qidhe 59%%%‘98%%%‘%% propanedial compayind ageording to

claim 1 represented by the general formula (1) and pharmaceutically acceptable salts thereof. 3.
The drug according to:claim:<2, whichis & radiesensitizer. s1igdsThe geugBeearding teoslaim:2, which

is an antineoplastic agent.
days including the date of administration. No
individual died during the test period, and the lethal
5 dose was estimated to be higher than 800 mg/kg.

Other benefits and modifications would be readily
understood by those skilled in the art. Accordingly,
it 1s evident that the present invention in its broader
aspect is not limited to the specific details and

10 representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general
inventive concept as defined by the appended claims and
their equivalents.

15 The compound of the preéent invention is a novel
substance, and, as described above, has remarkable
radiosensitizing effect and antineoplastic effect. The
compound of the present invention is obtainable at high
purity by a simple synthesis method. Further, the

20 compound of the present invention 1s structurally
stable, and highly soluble in water. Accordingly, the
compound is advantageous in its manufacture and
formulation when used as a drug, and is also
advantageous in the use after storage as a compound and

25 a drug. In addition, the compound features low
toxicity. Accordingly, the compound is very

advantageous as a drug to be administered to human and




67

other animals over a short or long period.

The present invention is funded by Special
Coordination Funds for Promoting Science and Technology
provided by the Ministry of Education, Culture, Sports,

Science and Technology.
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CLAIMS
1. A sulfoquinovosylacyl propanediol compound
represented by the general formula (I):

[Chemical Formula 1]

SO3M
o My
HOM 0-C—~C~C—OR (1)
HO  OH

wherein Ry 1s an acyl residue of a fatty acid, and M
represents a hydrogen ion or a metal ion
or pharmaceutically acceptable salts thereof.

2. A drug including as an active ingredient at
least one selected from the group consisting of the
sulfoquinovosylacyl propanediol compound according to
claim 1 represented by the general formula (I) and

pharmaceutically acceptable salts thereof.

3. The drug according to claim 2, which is a
radiosensitizer.
4. The drug according to claim 2, which is an

antineoplastic agent.



