1 DESCRIPTION PHARMACEUTICAL COMPOSITION CONTAINING A
DIABETES THERAPEUTIC DRUG [TECHNICAL FIELD] The present
invention relates to a pharmaceuticalicomposition combining an (X-
amylase inhibitor and another diabetes prophylactic and/or therapeutic
drug having a different mechanism of action (preferably, the
pharmaceutical composition igsEsagapirionthe treatment and/or
prophylaxis of postprandial hyperglycemia and diabetes). Moreover, the
present invention relates to the use of the aforementioned compound for

prodpetigRMAOE BIIEATE COREDSTEION EONCEA INTNC1AtIdA BETES
preventing and/or treating the aforem ntciﬁmdiseases by administering
the aforementioned phari&&%&%@g $looded animal (preferably
to a human). [Background Art] a-amylase inhibitors suppress
ition of carbohydrates by inhibiting (X- amylase, a digestive
[Téﬁmﬁgﬁ%@nown to generate effects that lower blood glucose
levelhésgeséar exampe rélateniodoshunantsutital o hi@WRMNEY c8mbining an o

pharmaceutical composition having the specific combination of the
amylassdApiRUenarh 8B diaRa UMIaRBNMCfis P HibtPREREq firug having a
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a chronic iliness. Since it also has a.complex pathology, there are many
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that is most suited to the _
aforementioned pharmaceutical to a warm-blooded animal (preferably to a human).

[Background Art]

oi-amylase inhibitors suppress decomposition of carbohydrates by inhibiting o-
amylase, a digestive enzyme, and are known to generate effects that lower blood
glucose levels (see, for example, Patent documents 1 to 3).

However, a pharmaceutical composition having the specific combination of the
present invention is completely unknown.
[Patent document 1]
International Patent Publication WO 00/50434
[Patent document 2]
International Patent Publication WO 01/94367
[Patent document 3]

Japanese Patent Application (Kokai) No. 2004-250446

[DISCLOSURE OF THE INVENTION]
[Problem to be Solved by the Invention]
Diabetes is a chronic illness. Since it also has a complex pathology, there are

many cases in which symptoms progress while accompanied by numerous types of



symptoms of each patient at that time, in the case of using individual
drugs alone, there are cases in which adequate effects are not obtained
depending on the symptoms. In addiion, since there are also various
problems such as the appearance of adverse side effects from increasing
the dose or prolonged administration, there are many cases in which

corfplRGHONOf Brie!) A tHoughs et eoclincahsBiingats sbeswlief to the
conductlng extensive studies on a diabetes preventive and/or therapeutic
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con3|derat| n of the aforementioned circu sta ces the mve%ﬁg of the

ddipo0 SGRAIGTR AT AL |§r°$’6‘f8&°t Eﬁiﬂmaﬂﬁe liaiigle sl
eff@’bt@,m}élﬂiﬁdfdaﬁiﬁgﬁl@é(ﬁ;@eﬁﬁsﬁl@ﬂl@hgﬁﬁﬁﬁﬂﬁmrwm anethefediabgtesses in

ntive a d/or therapeutic drug having a different mechanism of
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and represent a C1-C6 alkyl group, hydroxymethyl group, C1-C6
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of action, thereby leading to completion of the present invention.
[Means for Solving the Problem]
Namely, the present invention relates to:
(1) A pharmaceutical composition comprising a combination of an oi-amylase
inhibitor selected from a compound represented by the following general formula (I):

[Chemical formula 1]

[wherein A represents the following general formula (A1), (A2) or (A3),

[Chemical formula 2]

|
R°>__N N 4
Y SO R
K R* R* R®
(A1) (A2) (A3)

R' and R? may respectively be the same or different and represent a C;-Cg alkyl group,

hydroxymethyl group, C;-Cs alkoxymethyl group or C;-C¢ haloalkyl group, R’ R* R’



3 and R6 may respectively be the same or different and represent a
CI-C6 alkyl group, C1- C6 alkoxy group, C1-C6 hydroxyalkyl group, CI-C6
haloalkyl group, amino group (wherein said amino group may be
substituted with 1 or 2 CI-C6 alkyl groups or CI-C6 hydroxyalkyl groups),
hydroxyl group, hydrogen atom or halogen atom, R7 represents a CI-C6
andBYhOKORRP EHGE oy gaaiéte AHES dy diexypiiesearaup,-Cl-akyhalealkyt -
roup, hydroxyl group, or hydrogen atom, and n represents an integer of 1
Cs %Wﬁfyo%raugh AU deapmabie SaRUPL&E UR S HINEER Bast
(wieneihypedaisiitgeselgcied, Fosamadnsalinisensitizer, &y imsyliroups or C;-Cg
ecretagogue, a biguanide drug, an insulin preparation and a DRP-IV

hyqFsy Yl(%‘)")flpﬁ a{}m&%{ltﬁfﬁ}%ﬂ%{ﬂ&%ﬁ&?‘@é‘h‘fﬁ D A BiRadERGents 2

Clmail alamytasg, mlhttgimr@eje)gmqarr]r@m FWDH{[@@@@@G@@MIBQkyI
follQwi neral formula (1): [Chemical formula 3]RZ O O A ;OH ROO

aropsp DO TR (A ATRTECUGS RETEOA BBRE Aol 2h,

phdAR)coloASily aheptitat il asérRveRbf, bl M'teddoneREHEREf didglséMd}ted
R4 R4 R (Al) (A2) (A3) R1 and R2 may respectively. be the same o.

o Ay AHL A e S S AP AEC f e PR g Bt e 1-co

preplcanymaibyl DRRyPVOIGibE6rhaloalkyl group, R3, R4, R5 and R6 may

respectjvely be the same or different and represent a C1-C6 alkyl group,
@cl- MQ%&'B&?&‘FBE&J,%T@%‘H%r‘iBH}BTk%}Pér%ﬁ‘HPET?&%% LIRS ERIES,

inh@MiIa gt fioherRbhsRidrRNipegNeR FlandBURsHitUteskwitioln@ila (1):

C1-C6 alkyl groups or C1-C6
[Chemical formula 3]

[wherein A represents the following general formula (A1), (A2) or (A3),

[Chemical formula 4]

|
RN N 6 4
TN, cy o, R R
g R* R* : RS
(A1) (A2) (A3)

R' and R? may respectively be the same or different and represent a C;-Cg alkyl group,
hydroxymethyl group, C;-Cs alkoxymethyl group or C;-C¢ haloalkyl group, R’ R* R’
and R® may respectively be the same or different and represent a C;-Cg alkyl group, C;-
Cs alkoxy group, C;-C¢ hydroxyalkyl group, C;-Cg haloalkyl group, amino group
(wherein said amino group may be substituted with 1 or 2 C;-Cg¢ alkyl groups or C;-Cg
hydroxyalkyl groups), hydroxyl group, hydrogen atom or halogen atom, R’ represents a
C,-Cs alkyl group, C;-Cg alkoxy group, C;-Cg hydroxyalkyl group, C;-C¢ haloalkyl

group, hydroxyl group or hydrogen atom, and n represents an integer of 1 or 2], or a



hydroxyalkyl groups), hydroxyl group, hydrogen atom or halogen atom, R7
represents a C1-C6 alkyl group, C1-C6 alkoxy group, C1-C6 hydroxyalkyl
group, C1-C6 haloalkyl group, hydroxyl group or hydrogen atom, and n
represents an integer of 1 or 2], or a 4 pharmacologically acceptable salt
or ester thereof, and at least one type of drug selected from an insulin

phA&ansbieeican/instifistcratagoeie; ddigfamdadiig: andigpeisdlil selected
preparation. (3) The pharmaceutical composition of (1) or (2), wherein R1

frofa ancgs i SARGT A" KyHHSHASIASP 8 Suh PELEIS KBS MRHRN GrtR

prephratdién3 haloalkyl group. (4) The pharmaceutical composition of (1) to (3),
wherein R1 is a methyl group or hydroxymethyl group. (5) The
pharmaceutical composition of (1) to (4), wherein R2 is a hydroxymethyl

(3) grouph(e rpﬁal;ﬁfa%émi@@Kyhgg@éiﬁoﬁﬁ)f-fh)io@ma)’m&@mml aomppsitianaf group,
1) to (5), wherein R2 is a hydroxymethyl group. (7) The pharmaceutical
BRI ek Kae i e
general formula (Al). [Chemical formula 5] R7 1 R4 (Al) (8) The
pharmaceutical composition of (7), rein R3, R4 and,R5 ma
e R TBI B L e BTHERE: P BB ALBHE R Ryt Gy o
hydisaymdiygrexygroup or hydrogen atom. (9) The pharmaceutical

composition of (7) or (8), wherein R7 represents a hydrogen atom. 5 (10)
The pharmaceutical composition of (1), comprising the combination of an

(5)(X- amylatsernictitonboshgrinsuliofsansitiesr. hd)ihR nharhyaceujinathyl
grOlclgr(r)lpgl%g%ﬁggﬁylcgrrgggs|ng the combination of an (X-

(6) The pharmaceutical composition of (1) to (5), wherein R’isa hydroxymethyl

group.

(7) The pharmaceutical composition of (1) to (6), wherein A is represented by the
following general formula (Al).
[Chemical formula 5]

R7

(8) The pharmaceutical composition of (7), wherein R3, R*and R’ may respectively
be the same or different and represent a hydroxymethyl group, hydroxyl group or

hydrogen atom.

9) The pharmaceutical composition of (7) or (8), wherein R’ represents a hydrogen

atom.



amylase inhibitor and an insulin sensitizer, and by which weight gain is
suppressed. (12) The pharmaceutical composition of (1), comprising the
combination of an (X- amylase inhibitor and an insulin sensitizer, and by
which cardiac hypertrophy is suppressed. (13) The pharmaceutical
composition of (10) to (12), wherein the insulin sensitizer is a PPARy

(108.90miRé. (A4bhbheupbar Rasssdiah GIMNosHipp R e ddhBiniyRar 8 e
insulin sensitizer is pioglitazone or rosiglitazone. (15) The pharmaceutical

amylssHaBIERTGIA 6% (9501 SEAREFESH the insulin sensitizer is pioglitazone.
(16) The pharmaceutical composition of (1), comprising the combination of
an (X- amylase inhibitor and an insulin secretagogue. (17) The

(1 lbha%a@@af@ap@aﬁﬁwwlmf WhereRRAEEIOA T YBEIBIEGB @ 1a
amSHIOTAER G OGRIRSSEUNI NN SCCHRIAUOAUE: ()T Weppressed.
pharmaceutical composition of (16), wherein the insulin Secretagogue is
glibenclamide, glimepiride or nateglinide. (19) The pharmaceutical
(12?°mP9§5i9J}rﬂ£&hﬁ}cétl’%8ﬁ%%£ﬁ%ﬁWﬁr} BRI SoMBIEAINAS: £ o
20) The pharmaceutical composition of (1), comprising the combination of
amglagednhiprasmingrionenlangt asigeranivkbbyrugiq tyrties phipertrapbytical
Qmpgsition of (1), comprising the combination of an (X- amylase inhibitor
nd a biguanide drug, which suppresses increases in lactic acid levels.
(22) The pharmaceutical composition of (20) or (21), wherein the
(1 35? 9 “Pﬁ‘éclﬁlgfﬁigc'éuf@%twmﬁsﬁ%ﬁ@f’ { W;tg r( f&ﬁf%‘ﬂléfblﬁ%ﬁl 1f%1in sensitizer is
pharmaceutical composition of (20) or (21), wherein the biguanide drug is
a PReRyragimif24) The pharmaceutical composition of (1), comprising the
combination of an (X- amylase inhibitor and a DPP-1V inhibitor. (25) The
pharmaceutical composition of (24), wherein the DPP-1V inhibitor is MK-
(1404 3T he ARapBZcon BMISaAFdsiBon of (10) to (12), wherein the insulin sensitizer is

pioglitazone or rosiglitazone.

sup

(15)  The pharmaceutical composition of (10) to (12), wherein the insulin sensitizer is

pioglitazone.

(16)  The pharmaceutical composition of (1), comprising the combination of an -

amylase inhibitor and an insulin secretagogue.

(17)  The pharmaceutical composition of (16), wherein the insulin secretagogue is a

sulfonyl urea drug or a fast-acting insulin secretagogue.

(18)  The pharmaceutical composition of (16), wherein the insulin secretagogue is

glibenclamide, glimepiride or nateglinide.

(19)  The pharmaceutical composition of (16), wherein the insulin secretagogue is

nateglinide.



(26) The pharmaceutical composition of (24), wherein the DPP-1V inhibitor
is MK- 0431. (27) The pharmaceutical composition of (1) to (26) which is
suitable for oral administration. (28) @ he pharmaceutical composition of
(1), comprising the combination of an (X- amylase inhibitor and an insulin
preparation. (29) The pharmaceutical composition of (28), wherein the
(ZO'UWSuﬁﬂ@ﬁﬁ%ﬁaﬂ&ﬂi@f%'&nﬁsﬂﬂ%ﬂﬁl(ﬁ@; (SRR PHRIBAARMEEBh of an a-
composition of (1) to (29), wherein the a-amylase inhibitor is
amphseIrhipton g §igHoufIEX§methylpyrrolidin-3-yl4-O-(6-deoxy-a-D 7
glucopyranosyl)-a-D-glucopyranoside,
(2R,3R,4R)-4-hydroxy-2-hydroxymethyl- o o
2 1pyrrdhsintrpraconiisad sempesimy RIcdpyraRpsiN g heqovdRAtans sicw o-
am%e%ﬁh’flﬁt)dr%&y g "lﬂéﬁ%‘lmf%@éymﬁmy Wﬁfgk‘g@'ﬁfé@eases in lactic acid levels.
4-0O-(3-D-glucopyranosyl- a-D- glucopyranoside,
(2R,3R,4R)-4-hydroxy-2-hydroxymethyl-pyrrolidin-3-yl4-0-(6-
(22} uorprEHeRXdS R AleARIAREIHB o IHCeRYTANRSIR @k Biguanide drug is
pharmacologically acceptable salt or ester thereof. (31) The
meHRE i PEEHEANEBAPBYIABAIBE (1) to (29), wherein the a-amylase inhibitor
is (2R,3R,4R)-4-hydroxy-2-hydroxymethylpyrrolidin-3-yl4-0-(6-deoxy-a-D-
lucopyranosyl)-a-D-glucopyranoside, _ _ _ _
(2332R:§  DRAUAIGGHHSR) RRRRERPABRON O Fliairsip) the biguanide drug is
mefFRrtfsdeoxy-(3-D-glucopyranosyl)-a-D-glucopyranoside, or a
pharmacologically acceptable salt or ester thereof. (32) The
pharmaceutical composition of (1) to (29), wherein the a-amylase inhibitor
(24'()'s The pharmaceutical composition of (1), comprising the combination of an Q-
2R,3R,4R)-4-hydroxy-2-(hydroxymethyl)pyrrolidin-3-yl4-0-(6-deoxy-(3-D-
amylgompaesgnda DIFubopyRentsside, or a pharmacologically acceptable
salt or ester thereof. (33) The pharmaceutical composition of (1) to (32)
which is a drug for the prophylaxis or treatment of diabetes. (34) The

(25pharbha dbativaredisposiarnoion o6 (Z39) whesinghe BBF0 wiabitor is MK-
043{0;9};1)6_&2)3@ O reatment @f postprandial hyperglycemia. (35) The

pharmaceutical composition of (1) to (32) for the prophylaxis or treatment
(26)  The pharmaceutical composition of (24), wherein the DPP-IV inhibitor is MK-

0431.

(27)  The pharmaceutical composition of (1) to (26) which is suitable for oral

administration.

(28)  The pharmaceutical composition of (1), comprising the combination of an o-

amylase inhibitor and an insulin preparation.

(29)  The pharmaceutical composition of (28), wherein the insulin preparation is fast-

acting insulin.

(30) The pharmaceutical composition of (1) to (29), wherein the a-amylase inhibitor

is (2R,3R,4R)-4-hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-(6-deoxy-o--D-



of diabetes having enhanced blood glucose lowering action as compared
with single- drug administration. (36) Use of an a-amylase inhibitor and a
drug selected from an insulin sensitizer, insulin secretagogue, biguanide
drug, insulin preparation and DPP-IV inhibitor for 8 producing a
pharmaceutical composition comprising the combination of said

glu@oﬁ%&(@?l)ﬁ&l@fg}ﬁ EAREsfRM ZRCORNUPRIACHKRPERSENIBRIRM {AC: thyl-
following general formula (I):éChemicaI formula 6] RZO O A R1 (LOH) °
pyrFoNd® Sl - P do-dsoxy-B Pr Ddrsopyratesil AGdpressany trrorfoviiRy 3R 4R)-
) far. )2 [Chemica f RsRs N~ ~N
R R N B ey
glubepitersaide 2RIt rER}-4riy depresehy dreduastalkyyoign-3-yl 4-0-(6-
hydroxymet roup, C1-C6 alkoxymethyl group or Cl;C6 halqgalkyl group,
o B T B e SRS SR & o R
acceppablenl o CésBs didrglogiroup, C1- C6 alkoxy group, C1-C6 hydroxyalkyl

group, CI-C6 haloalkyl group, amino group (wherein said amino group
may be substituted with 1 or 2 CI-C6 alkyl groups or CI-C6 hydroxyalkyl

(31groufis) phydraxyligealipeipdsagenoditdmo (I logenrdtomt K-angpiesariibaor

. CI-C6 alkyl group, CI-C6 alkoxy group, CI-C6 hydroxyalkyl group, CI-C6

is R g TR OUB R Lot S IR s an

gluwﬁc{%ﬁ@g‘yl)qﬁigm& A ALOIOHCH Y RGCLRIII palt Ry @Sty iherent,
and at least one type of drug selected from an insulin sensitizer, an

pymiedidiin-3adrétlySgtro ey hiddaseriag o s nesitng lemaransidand a
pha?rﬁﬁﬂi‘éé’i@ﬁyg%ceptable salt or ester thereof.

(32) The pharmaceutical composition of (1) to (29), wherein the a-amylase inhibitor
is (2R,3R,4R)-4-hydroxy-2-(hydroxymethyl)pyrrolidin-3-yl 4-O-(6-deoxy--D-
glucopyranosyl)-o-D-glucopyranoside, or a pharmacologically acceptable salt or ester

thereof.

(33) The pharmaceutical composition of (1) to (32) which is a drug for the

prophylaxis or treatment of diabetes.

(34) The pharmaceutical composition of (1) to (32) which is a drug for the

prophylaxis or treatment of postprandial hyperglycemia.

(35) The pharmaceutical composition of (1) to (32) for the prophylaxis or treatment
of diabetes having enhanced blood glucose lowering action as compared with single-

drug administration.

(36) Use of an a-amylase inhibitor and a drug selected from an insulin sensitizer,

insulin secretagogue, biguanide drug, insulin preparation and DPP-IV inhibitor for



(37) A method for treating diabetes comprising the enhancement of
therapeutic effects and reduction of adverse side effects by administering
to a patient to be treated a combinatfon of an a-amylase inhibitor selected
from a compound represented by the following general formula (1): 9
[Chemical formula8] RZO O A R1.."~,OH "/O\/OOHnN HO1"O H OH

prolMogre phJepiesanis hinielaning SapaLA JAHPURRNa O bPE R, amylase
[Chemical formula 9] R7 R5 N N R6 R4 v44 R3/ R R R4 (Al) (Al) (AZ: i

inhghityrrlegier ko a v PEUIMEG RIS RERS Barihe Eplipdperacagtrté
[CHedred adadugsap, hydroxymethyl group, C1-C6 alkoxymethyl group or
CI-C6 haloalkyl group, R3, R', R5 and R6 may respectively be the same
or differentand represent a C1-C6 alkyl group, ClI- C6 alkoxy group,
C1-C6 hydiid fdup, @1-C6 haloalkyl group, amino group (wherein
said aminp group may be| substituted with 1 or 2 C1-C6 alkyl groups or
1Cl-CG h \dro)’(ya yl gebups), hydroxyl group, hydrogen atom or halogen
~RPrepresedits a 1-C6 alkyl group, C1-C6 alkoxy group, C1-C6
hydroxyalkyl group, C1-C6 haloalkyl group, hydroxyl group or hydrogen
HOatorT, afHh represents an integer of 1 or 2], or a pharmacologically
acceptable salt ogrfster thereof, and at least one type of drug selected
from an insulin sensitizer, an insulin secretagogue, a biguanide drug, an
[whegaitin pepracatomandlavidRPeBdnhitvtatuln ((he) pcageot invention, there
C are.n&lfartimjlaéIimitations on the "a-amylase inhibitor" provided it is a
[ ll?tlﬁbc R Hibits amylase, a digestive enzyme, an example of which is
a con‘T@ound represented by the follgfving general formula (1):

R

RN N 6 4
N, ¢y, R R
?qll 4 R4 , RS
(A1) (A2) (A3)

R' and R? may respectively be the same or different and represent a C;-Cg alkyl group,
hydroxymethyl group, C;-Cs alkoxymethyl group or C;-C¢ haloalkyl group, R’ R* R’
and R® may respectively be the same or different and represent a C;-Cg alkyl group, C;-
Cs alkoxy group, C;-C¢ hydroxyalkyl group, C;-Cg haloalkyl group, amino group
(wherein said amino group may be substituted with 1 or 2 C;-C¢ alkyl groups or C;-Cg
hydroxyalkyl groups), hydroxyl group, hydrogen atom or halogen atom, R’ represents a
C-Cs alkyl group, C;-Cg alkoxy group, C;-Cg hydroxyalkyl group, C;-C¢ haloalkyl
group, hydroxyl group or hydrogen atom, and n represents an integer of 1 or 2], or a
pharmacologically acceptable salt or ester thereof, and at least one type of drug selected
from an insulin sensitizer, an insulin secretagogue, a biguanide drug, an insulin

preparation and a DPP-IV inhibitor.

(37) A method for treating diabetes comprising the enhancement of therapeutic
effects and reduction of adverse side effects by administering to a patient to be treated a
combination of an a-amylase inhibitor selected from a compound represented by the

following general formula (I):



[Chemical formula 10] 10 RZ 0O O A0",,~/OH Ri'/OVO OHn HO~YJ(
"O H OH [wherein A represents the following general formula (Al), (A2) or
(A3), [Chemical formula 11] R7 Rs Bs N~ ~N Rs Ra R3 R3 R4 R4 R3
(Al (A2) (A3) R1 and R2 may respectively be the same or different and
represent a C1-C6 alkyl group, hydroxymethyl group, C1-C6
[Crivkan&ihylggoup or C1-C6 haloalkyl group, R3, R4, R5 and R6 may
respectively be the same or different and represent a C1-C6 alkyl group,
Cl-Ce al Xy group, C -C6 hydroxyalkyl group, C1-C6 haloalkyl group,
amino group : ino group may be substituted with 1 or 2
C1-C6 alkyl gra or C1-C6 hydroxyalkyl groups), hydroxyl group,
hydrogen tom oif hal&¥en atom, R7 represents a C1-C6 alkyl group,

Rﬁyi;;/afk y grdoip, C1+¢6 hydroxyalkyl group, C1-C6 haloalkyl group,

hydroxyl group or hydrogen atom, and n represents an integer of 1 or 2],
HOb arlﬁHcoIoglcally acceptable salt or ester thereof. Preferably, the

a-afhklase inhibit r;

(2R,3R,4R)-4-hydroxy-2-hydroxymethylpyrrolidin-3-yl4-O-(6-deoxy-a-D-
wlgi@mm/mpmyﬁtﬁ%@iﬂmpy%mmé formula (A1), (A2) or (A3),

ZHB1 C3I1? gF\’%)) A}ﬁ droxy-2-hydroxymethyl-

pyrro?df In- -O-(6-deoxy-(3-D-glucopyranosyl)-a-D-glucopyranoside,

(2R SR 4R)- 4-hydroxy-2-hydroxymethylpyrrolidin-3-yl

D glucopyrampsyl a-Dsglucapyraposide or

RA;B) -4- hyd y\'z_{dnydroxy @ Ipyrrolidin-3-yl 4-0-(6-
or -deox Ifg%iucopyrano

D-glucopyranoside or
phar acologically acceptablesalt or ester thereof. More preferably, the

a-anthfase inhibitor #32) (A3)

R' and R? may respectively be the same or different and represent a C;-Cg alkyl group,

hydroxymethyl group, C;-Cg alkoxymethyl group or C;-Cg haloalkyl group, R?, R*, R
and R® may respectively be the same or different and represent a C;-Cg alkyl group, C;-
Cs alkoxy group, C;-Ce hydroxyalkyl group, C;-C¢ haloalkyl group, amino group
(wherein said amino group may be substituted with 1 or 2 C;-C¢ alkyl groups or C;-Cg
hydroxyalkyl groups), hydroxyl group, hydrogen atom or halogen atom, R’ represents a
C-Cs alkyl group, C;-Cg alkoxy group, C;-Cg hydroxyalkyl group, C;-C¢ haloalkyl
group, hydroxyl group or hydrogen atom, and n represents an integer of 1 or 2], or a
pharmacologically acceptable salt or ester thereof, and at least one type of drug selected
from an insulin sensitizer, an insulin secretagogue, a biguanide drug, an insulin
preparation and a DPP-IV inhibitor.

In the present invention, there are no particular limitations on the "o-amylase
inhibitor" provided it is a drug which inhibits amylase, a digestive enzyme, an example
of which is a compound represented by the following general formula (I):

[Chemical formula 10]



(2R,3R,4R)-4-hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-0-(6-deoxy-a-D-
glucopyranosyl)-a-D-glucopyranoside,
(2R,3R,4R)-4-hydroxy-2-hydroxymettyl Il pyrrolidin-3-yl
4-0-(6-deoxy-(3-D-glucopyranosyl)-a-D-glucopyranoside, or a
pharmacologically acceptable salt or ester thereof. In the present
invention, an "insulin sensitizer" is the generic term for a drug which
lowers bloogegluggse & lay improving insulin action insufficiency,
examples| of which jnclude pioglitazone, rosiglitazone, MCC-555,
BMS-298583, AZ-242qL1Y - 519818, R-483 and K-111 represented by the
rifollqyingsstructurg) formuylas: [Chemical formula 12] S N>==
' N O O H M®l N\ N~~O i O H~O Rosiglitazone U [Chemical
&3] 12 Focr): S>==OppHMCC-555 0/10"\O Il Nlkp
98585 ~Nv'O"v L~COOHO0 1jOsp AZ-242 HOOCpjO\jO1j
p~\p\ I pP\OOH LY 519818 SjlIS>==pR483 NHOCICI

[wherein A represents the following general formula (A1), (A2) or (A3),

[Chemical formula 11]

R’ R®
|
RN N 6 4
N, ¢y, R R
?qll 4 R4 , RS
(A1) (A2) (A3)

R' and R? may respectively be the same or different and represent a C;-Cg alkyl group,
hydroxymethyl group, C;-Cg alkoxymethyl group or C;-Cg haloalkyl group, R?, R*, R
and R® may respectively be the same or different and represent a C;-Cg alkyl group, C;-
Cs alkoxy group, C;-Ce hydroxyalkyl group, C;-C¢ haloalkyl group, amino group
(wherein said amino group may be substituted with 1 or 2 C;-Cg alkyl groups or C;-Cs
hydroxyalkyl groups), hydroxyl group, hydrogen atom or halogen atom, R’ represents a
C-Cs alkyl group, C;-Cg alkoxy group, C;-Cs hydroxyalkyl group, C;-Cg haloalkyl
group, hydroxyl group or hydrogen atom, and n represents an integer of 1 or 2], or
pharmacologically acceptable salt or ester thereof. Preferably, the a-amylase inhibitor
is (2R,3R,4R)-4-hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-(6-deoxy-o-D-
glucopyranosyl)-o-D-glucopyranoside, (2R,3R,4R)-4-hydroxy-2-hydroxymethyl-
pyrrolidin-3-yl 4-O-(6-deoxy-p-D-glucopyranosyl)-a-D-glucopyranoside, (2R,3R,4R)-
4-hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-f-D-glucopyranosyl-o-D-
glucopyranoside or (2R,3R,4R)-4-hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-(6-
fluoro-6-deoxy-B-D-glucopyranosyl)-D-glucopyranoside or pharmacologically
acceptable salt or ester thereof. More preferably, the ai-amylase inhibitor is
(2R,3R,4R)-4-hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-(6-deoxy-a-D-
glucopyranosyl)-a-D-glucopyranoside, (2R,3R,4R)-4-hydroxy-2-hydroxymethyl-



COOHK-111 Cland,
3-(2,4-dichlorobenzyl)-2-methyl-N-(pentylsulfonyl)-3H-benzimidazole-5-
carboxamide (FK-614), 5-[4-(6-methoky-I-methyl-IH-benzimidazol-2-
ylmethoxy)benzyljthiazolidine-2,4-dione, and pharmacologically
acceptable salts thereof. The insulin sensitizer is preferably a
pyridiRdRlidipebasedasHip IBSisRBESrARSIRERN- B thephanngifor a
pioglitazone, rosiglitazone, 5-[4-(6-methoxy-I-methyl-IH-
phasarspingicrEN 2ASARRETRISAAI 8 SHTtHBESRdine-2,4-dione or a

pharmagolesicalinichirscentelia saltdhatert-anehihasr GORRAYDHS @hes
also known to be drugs which activate peroxisome proliferator-activated

whigh imsr Ploaks Yo b diita dhe RRACdRs B HEN deHenpB N (kb ¢Yaterdmples

of WacH B8Ihdd Fio FRSIDIAZONES1iS2sHRMNICUNE e gNiBeshigh kS Katem Noy-
5,002,953. MCC-555 is a compound described in US Patent No.

1B EHAAE e KIddg8Brrsentsdrhp dhintP s s rtd MEdHI Patent
[CIRuhligptinmYVO §1/21602 pamphlet. AZ-242 is a compound described in
International Patent Publication WO 99/62872 pamphlet. LY- 519818 is a

compaound desﬁ>ag8nal Patent Publication WO 02/100813
pa 0 N Pioglitazone
3-(2, -DichlorobenzyI)-9—mdthyl%—l(pentylsulfonyl)-3H-benzimidazole-5-
carboxamide (FK-614) is a compound described in US Patent No.
6,166,219. 5-[4-(6-
Methoxy-1-methyl-IH-benzimidazol-2-ylmethoxy)benzyl]thiazolidine-2,4-di
one, and phar v ([o]o]ler: eptable salts thereof, can be produced
decomlingta af zesgribed in Japanese PatRakiynfdieation (Kakai)
@ Hei 9-295970, EP Patéht No. 0745600, US Patent No. 5,886,014 and
Aternational Patent Publication WO 00/71540 pamphlet. In the present
invention, there are no particular limitations on the "biguanide drug"
provided it is a drug having actions such as anaerobic glycolysis
[C}E@H@tﬁ?ém&&iéﬁ], terminal insulin action enhancement, inhibition of
glucose absorption from the gastrointestinal tract, and inhibition of hepatic
gluconeogenesis, and examples include 1,1-dimethylbiguanide
monohydrochloride (generic name: metformin), phenformin and buformin,

with metformin being preferable. In the present invention, there are no
particular limitations on the "insulin




secretagogue" provided it is a drug having an action of promoting the
secretion of insulin from pancreatic (3 cells, examples of which include
sulfonyl urea (SU) agents such as glibenclamide and glimepiride, and
fast-acting insulin secretagogues (phenylalanine-based blood glucose
depressors) such as (-)-N-(trans-4-

isopropylcyclohe carhoryN-Dgphenylalanine (generic name:

de bgin ferable. In the present invention,

nateglinjde), with @@ ¢
exam n@o a®"insdli Giily prepat
extra ke gArom the pancreas of a cow or pig, and human insulin

preparatigh” include animal NS Gii pre afions
preparations synthesized by genetic engineering techniques using E. coli
or yeast. Although insulin preparatigps.i de various types such as
ultra-fast-acting types, fast 14 @ctin es, biphasic types, intermediate
es ustainegtypes, these@anbe selected anggﬁ§lims¥e9e§ 5895
or 0 .! corﬂdition with fast-acting insulin (regular
insulin) being preferable. In thecgrg'é'ent invention, there are no particular
limitations on the "dipeptidyl peptidase IV (DPP-1V) inhibitor" provided it is
a drug having an action such as suppressing decomposition of GLP-1 by
inhibiting DPP-1V, and examples include MK- 0431 described International
ica 35 am hlet and Intespational Patent
P (98% letSEAF-237 described in International
Patemt Publication WO 2000/34241 pamphlet, and BMS-477118
described in International Patent Publication WO 2001/68603 pamphlet,
which are represented by the following structural formulas, with MK-0431
being preferable. [Chemical formula 14] F F NHZ o MK-0431 F N ,N

3 OH CN@W\(COOH LY-519818
O o "0 O

/S
O S _
O T

Cl_ Cl

Cl

and, 3-(2,4-dichlorobenzyl)-2-methyl-N-(pentylsulfonyl)-3H-benzimidazole-5-
carboxamide (FK-614), 5-[4-(6-methoxy-1-methyl-1H-benzimidazol-2-
ylmethoxy)benzyl|thiazolidine-2,4-dione, and pharmacologically acceptable salts
thereof. The insulin sensitizer is preferably a thiazolidine-based insulin resistance
ameliorant in the manner of pioglitazone, rosiglitazone, 5-[4-(6-methoxy-1-methyl-1H-

benzimidazol-2-ylmethoxy)benzyl]thiazolidine-2,4-dione or a pharmacologically



N LAF-237 ~CN OH NHZ N BMS-477118 O In the present invention, a
"Ci-C3 alkyl group" refers to a linear or branched alkyl group having 1 to 3
carbon atoms, examples of which in¢ide a methyl, ethyl, n- propyl and
isopropyl group. A CI-C3 alkyl group is preferably a methyl group in R1,
R2, R3, R4, R5 and R6. In the present invention, a "C1-C6 alkyl group”

acckpliaridQad iRgabnLRdaRefechapol@roste RYIRGWIOE Eathesk aTE activate
examples of which include the groups 15 previously listed as examples of

pergigosng Ry ale-astivairdsesrPRb (RYM R bButyl, s- butyl, tert-butyl,
N-perbydlitaeernfyh &m$M@u&bmnﬁmw,ﬂa@mmags!mh@xw,

isohexyl, 4-methylpentyl, 3-methylpentyl, 2-methylpentyl, 1-methylpentyl,
RO%,%H%&%&%?%@MS&{W&%@E%&Hyﬁoﬂ%?i?z-aﬁﬁgﬁ%%e&;ﬂ,
compdufinagtoyibuiyh BSeimatidbsztaode-sindbruybgsayR. odpdal@lkyl
group is referably%%aalgl group havin&l to 3 carbon atoms, and most

desgrihyes AB LS TRAAPH Pyblicagion W) 142 KO2pamphiqt 7 A4 1 2
coﬁﬂ&ﬁ@%&ﬂﬁéb@ﬂﬁﬂ%ﬂf&% PﬁtBl%Mlidﬁé(ﬁ”WB@Q%Z@@Rfﬁﬁ@ﬁIet. LY-

invention, a "haloqgen atom" refers to a fluorine atom, chlorine atom

5195 carsRoBRdsltibedin Witermeropal il PA fisien OMHIRES13
parish1&5 3864 R RS s D Lolnntke presgiehtiy Kemtion1 23 1€ bead malaadiyls-
roup” or "C1-C6 haloalkyl group™ refers to a group in which the
car %%}B}ﬂ%Fﬁﬂén@d“ﬁ%ﬁg%ﬂpgwm'd@%f@ﬁﬂéﬂt%gRﬁ%%%@@%%né@h%@-
Methdxy3| atithgroupbenzial il silkyl Brethdx y prpesliviely: dsareples dfnd, and
"CI-C3 haloalk)a/ll groug“ include a trifluoromethyl, trichloromethyl,

: y
phaama%q%ﬂllw’ h @fﬁﬂ}e&?ﬁfoﬁ%ﬂﬂ“éwﬁ‘fﬁ?&rﬁ?ﬁ%‘iﬁw o a method
des@ribedtiiflugrariybae g Apitiaiog ik 2y emasthylo 200bl rpathight No.

o T TR R S
parpasaples of a "C1-C6 haloalkyl group” include the previously listed

exarﬂllptlttlaes p(%fesaent invention, there are no particular limitations on the “biguanide
drug” provided it is a drug having actions such as anaerobic glycolysis promoting
action, terminal insulin action enhancement, inhibition of glucose absorption from the
gastrointestinal tract, and inhibition of hepatic gluconeogenesis, and examples include
1,1-dimethylbiguanide monohydrochloride (generic name: metformin), phenformin and
buformin, with metformin being preferable.

In the present invention, there are no particular limitations on the “insulin
secretagogue” provided it is a drug having an action of promoting the secretion of
insulin from pancreatic B cells, examples of which include sulfonyl urea (SU) agents
such as glibenclamide and glimepiride, and fast-acting insulin secretagogues
(phenylalanine-based blood glucose depressors) such as (-)-N-(trans-4-
isopropylcyclohexanecarbonyl)-D-phenylalanine (generic name: nateglinide), with
nateglinide being preferable.

In the present invention, examples of an “insulin preparation” include animal
insulin preparations extracted from the pancreas of a cow or pig, and human insulin

preparations synthesized by genetic engineering techniques using E. coli or yeast.

Although insulin preparations include various types such as ultra-fast-acting types, fast-



"CI-C3 haloalkyl group" as well as a 4-iodobutyl, 4-fluorobutyl,
4-chlorobutyl, 5- iodopentyl, 5-fluoropentyl, 5-chloropentyl, 6-iodohexyl,
6-fluorohexyl and 6- chlorohexyl group, and it is preferably a CI-C3
haloalkyl group and more preferably a fluoromethyl group in R1, R2, R3,
R4, R5, R6, R7 and R10. In the present invention, a "CI-C3 hydroxyalkyl
actOUPObiphGR Bystoatintaiaugpestars tastaiau pesyvitict adysroxy!
group is a supstituent of the above- mentioned "CI-C3 alkyl group” or.
selegieeand ROMupsEdacding k. t&aﬁm%sﬁad“@%y%éégé&%f%ﬁ insulin
(re SiRU ML SMGHy dRiadyebeiabnethyl, hydroxyethyl and hydroxypropyl group,
and jt is preferably a hydroxymethyl group in R3, R4, R5, R6 and R10..
e xR 514t BBy PO I B B i gafidy!
peptarees DPR-10) GBitiusopyalkddOitayR dsivelag anhyadiexybetys
hydroxypentyl and hydr yl grqup, and.it js Rreferably a CI-C3
R A S T o A R VS
04R41eR2iH36 IMemd@oantPRith; RubliastsWelinoestaltheaapting gioup of

R1.Int resent inventio "Cl- lkoxy group” qr "C1-C6 alkox
I TR LG W A BB e G LA A
Int@h aGdnfl Palkyl BiibUpPativie SPectively3 42 bopstaghie aandBNES4M0M S described
. Examples of a "C1-C3 alkoxy group" e a methoxy,.ethoxy,
in b oo BB SO B RS BRI il tsienied by
theifullodién$ etpuraviaushyrisied exanvie94d labdiie G feikdky. group” as well

as an n-butoxy, isobutoxy, s-butoxy, tert-butoxy, n-pentoxy, isopentoxy, 2-
[C%%Jga{g@%/ﬁle pentoxy, n-hexyloxy, 4-methylpentoxy,
3-methylpentoxy, 2- methylpentoxy, 3,3-dimethylbutoxy,
2dime rwlb toxy, 1,1-dimethylbutoxy, 1,2- dimethylbutoxy,
imethyfbytoxy and 2,3-dimethylbutoxXy|gta4p34nd it is preferably a

atkoxy group ore preferably a methoxy group in R3, R4, R5,

and R7. In the_pr t invention, a "C1-C3 alkoxymethyl group” or
"C1-C6 alkoxymethyl g gg" refers to a group in which the
a1‘orem5FfPi)éﬂé?j3 "CI-C3 alkoxy group™ or "CI-C6 alkoxy group",
respectively, is bonded to a methyl group. Examples of a "CI-C3
alkoxymethyl group” include a methoxymethyl group, ethoxymethyl group,
n- propoxymethybigroup and isopropoxymethyl group, and it is preferably a

methoxymethy up in R1 and R2. Examples of a "C1-C6 alkoxymethyl
oup” N LAF-237

OH
L BMS-477118
J ]
\(BA

In the present invention, a “C;-Cj; alkyl group” refers to a linear or branched
alkyl group having 1 to 3 carbon atoms, examples of which include a methyl, ethyl, n-
propyl and isopropyl group. A C;-Cs alkyl group is preferably a methyl group in R', R?,
R, R*, R’ and R".

In the present invention, a "C;-Cg alkyl group" refers to a linear or branched

alkyl group having 1 to 6 carbon atoms, examples of which include the groups



include the previously listed examples of a "C1-C3 alkoxymethyl group” as
well as an n- butoxymethyl, isobutoxymethyl, s-butoxymethyl,
tert-butoxymethyl, n-pentoxymethyl, 1&opentoxymethyl,
2-methylbutoxymethyl, neopentoxymethyl, n-hexyloxymethyl, 4-
methylpentoxymethyl, 3-methylpentoxymethyl, 2-methylpentoxymethyl,

preJidudinietby ipduipriwt ., dimsthpibuioxymerhy, an n-butyl, isobutyl, s-
1.1-dimeth Ibutg&émethyl 1,2- dlmethﬁmutoxymethyl
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danc%évlth con entional methods. Exam of such sa includ

pre %Fﬁ‘ SPRA0TLF5ER %P&a]cf& SGE °£safﬂ}8?o MO RS hIBRLY!
groapidn RJRbRME' aRiY RhahbyrIFeiatlis asidhsnekganictaeichiali$aughoaR’, RY,
RS nltr @S, perchlorates, sulfates and phosphates; salts of lower
esulfonlc acids such as 17 methanesulfonic acid,
tnflupmm@tb@m&n{fam@mmdmdgeﬂwr)ﬁswé@sma@cﬂmﬁ& afoarytslbiomnic

Y e T T (T

R® @tkylid Rélds such as acetic acid, fumaric acid, tartaric acid, oxalic

acid leic acid, malic acid ini id benzmc a| cid,

R R TR g corie Belae Bl H o DA
refaaltdsn@ﬁefqmblwtacsalh@ﬁlmhaﬂmg&nﬁmﬂ"hngmmdomndsrm@sbspred‘@fabﬂym
b drochJorl évl r smcathe,, a&ﬁamde derlvatl\{e aw%g( 1
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xamples f uch salts de salt etals s
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alkali etal salt. The oligo ace ride d tive having ge fo
R S e o g
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B e L e e
10d0penty1 5-fluoropentyl, 5-chloropentyl, 6-iodohexyl, 6 fluorohexyl and 6-
chlorohexyl group, and it is preferably a C;-C; haloalkyl group and more preferably a
fluoromethyl group in Rl, Rz, RS, R4, R5, R6, R’ and R'®.

In the present invention, a "C;-C; hydroxyalkyl group" or "C;-C¢ hydroxyalkyl
group" refers to a group in which a hydroxyl group is a substituent of the above-
mentioned "C;-Cs alkyl group" or "C;-C¢ alkyl group", respectively. Examples of a
"C-Cs hydroxyalkyl group" include a hydroxymethyl, hydroxyethyl and hydroxypropyl
group, and it is preferably a hydroxymethyl group in R’, R*, R’, R® and R'’. Examples
of a "C;-Cg hydroxyalkyl group" include the previously listed examples of a "C;-C;
hydroxyalkyl group" as well as a hydroxybutyl, hydroxypentyl and hydroxyhexyl

group, and it is preferably a C;-C; hydroxyalkyl group and more preferably a



with the oligosaccharide having general formula (l). Examples of an ester
of the oligosaccharide derivative having general formula (1) of the present
invention include a C1-C6 alkyl groupgwherein said alkyl group may be
substituted with a trialkylsilyl group), C7-Ci6 aralkyl group, Ci-Cs alkyl
group substituted with C1-C6 alkanoyloxy, C1-C5 alkyl group substituted

hydiithy B2t56 caday axyreanhmAoR, ICi-RY alikyRotoup substitbtaehwitty GReC7
cycloalkyloxycarbonyloxy, C1-C5 alkyl group substituted with C6-C10

amyR abonyloxy, and 2-oxo-1,3-dioxolen-4-yl group having CI-C6 alkyl
asI anstlegitisent r‘?téaa?'k&}p@stﬂp& Hm;age‘olrp%ﬁiml-GMWypgﬂf@pabéfers
a linear. or branched.a roup haying 1 to 4 carbon atoms, more Y

0 EERBRE B TG IO, GomroBy bEROHE, Taburpr B aher
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. |inear or branched a roup having 1 to 5 carbon atoms, preferably a

e R A G T RS

alkpxgferalnly monetbyhgeend arseihidigtenpmpesGhC L Cyalkakkyt ayapitaiswell
a 5- to 7-mem§ered sa_tll?Jﬁated (gcli;: h(}/drocarbon roup, examples of

38 DI REN AR B0 S &y KB R ¥ty RN RPSPEUR  did it is

mefiigtaraily, acyeiobeyyhgiouloty 6ty giayp Isnasntaipenasicy, 2-

e gt MOV AP g R A Ne < BYARILIG S phery

dinggibybudoy -G Glianatkyltgroup isé 2yBodipnietivwibakoiecabape mentionpetferably

o RSB S GRS R AP SRR ey ARy

indelmyiheqitesegronyznphenartive nylkusthykaptizraaphyinmiethgl alkoxymethyl
e AN R ST A TTRAUABR oo By, o "CrCi
alk3xgheoyfpropypedtinalythylpoapyd @-naphttylpropyl, BeaaphthylprdayHCh-
S B SRR R
propeplyereyinéntyiu3 apdh&oyippoiyntthibpydppniytl 5-pheofdpdingyd,
me&{gy?;P&1Q¥ﬂ%?Q%hpsz %Q%?CY ng.nEQhr?r’lbles of a "C;-Cg alkoxymethyl group"
include the previously listed examples of a "C;-C; alkoxymethyl group" as well as an n-
butoxymethyl, isobutoxymethyl, s-butoxymethyl, tert-butoxymethyl, n-pentoxymethyl,
isopentoxymethyl, 2-methylbutoxymethyl, neopentoxymethyl, n-hexyloxymethyl, 4-
methylpentoxymethyl, 3-methylpentoxymethyl, 2-methylpentoxymethyl, 3,3-
dimethylbutoxymethyl, 2,2-dimethylbutoxymethyl, 1,1-dimethylbutoxymethyl, 1,2-
dimethylbutoxymethyl, 1,3-dimethylbutoxymethyl and 2,3-dimethylbutoxymethyl
group, and it is preferably a "C;-Cs alkoxymethyl group" and more preferably a
methoxymethyl group in R'and R,

An oligosaccharide derivative having the aforementioned general formula (I) of

the present invention can be converted to an acid addition salt in the case of having a
basic group in accordance with conventional methods. Examples of such salts include
salts of halogenated hydroacids such as hydrofluoric acid, hydrochloric acid,
hydrobromic acid and hydroiodic acid; inorganic acid salts such as nitrates,

perchlorates, sulfates and phosphates; salts of lower alkanesulfonic acids such as



naphthylpentyl, 4-naphthylpentyl, 5-naphthylpentyl, 1-phenylhexyl,
2-phenylexyl, 3- phenylhexyl, 4-phenylexyl, 5-phenylexyl, 6-phenylhexyl,
1-naphthylhexyl, 2- naphthylhexyl, 34faphthylhexyl, 4-naphthylhexyl,
5-naphthylhexyl and 6-naphthylhexyl group. The C7-C16 aralkyl group is
preferably an "aralkyl group” in which the "alkyl group” has 1 to 4 carbon

me@i@iBsulantoneiE pigiriRbl @hRINbEIOUFIANG bRtk REORREGHE salts of
examples of preferable ester re5|dues mclu@e a methyl ethyl propy
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(I) of thepeemmevsr&mh atlclondetal Ifés@ff aﬂqﬂ%rsom@vherenasmmt@ﬂ@oup may
be substituted with a trialkylsilyl group), C7-C¢ aralkyl group, C;-Cs alkyl group
substituted with C;-Cg alkanoyloxy, C;-Cs alkyl group substituted with C;-Cg
alkyloxycarbonyloxy, C;-Cs alkyl group substituted with Cs-C;
cycloalkyloxycarbonyloxy, C;-Cs alkyl group substituted with C¢-Cj
aryloxycarbonyloxy, and 2-oxo-1,3-dioxolen-4-yl group having C;-Cg alkyl as a
substituent at the 5-position.

Here, a C;-Cg alkyl group is preferably a linear or branched alkyl group having 1
to 4 carbon atoms, more preferably a methyl, ethyl, propyl, isopropyl, butyl or isobutyl
group, and most preferably a methyl group or ethyl group.

A C;-Cs alkyl group is a linear or branched alkyl group having 1 to 5 carbon
atoms, preferably a methyl, ethyl, propyl, isopropyl, butyl or isobutyl group, and most
preferably a methyl group or ethyl group.



Moreover, the present invention includes all of the oligosaccharide
derivatives having the general formula (1), salts and esters thereof in the
case where solvates (such as hydrates) are formed therefrom. Moreover,
all compounds converted to an oligosaccharide derivative having the
general formula (1), or a salt or ester thereof, as a result of being

metabglizeddyt R iNipogoagys fos-examplenseride dervativedis iherocarbon
manner of so-c¢alled prodrugs) are included in the present invention. In
2ol DB SO RANIE PrferRsR Yesreldhtey BYtrETORGRiH Eroup, and

it igeResalbipmytadiayaréhh): [Chemical formula 15] R7 R7 Rs 5N R3
Rio) NR9 Raf~~/\Ra (Ala) (Alb) and is m%[gi r?refera ly represented by

the follotifinig YEhEFARIN AU YRIYC REAGHERTRINRLTEIEE 7 Rewgon

atoffeRR 8xampiAd of)WhARh it pliefe eaptis nepiagenye dnidyntipd doHowing geideiak
forrgrla A2a) or (A2b): [Chemical formula 1770H R3NN IR 4 R11

prefaaBIVABBY A & %Rore preferably represented by the following general
formalla L&2¢xralfericplifar el i8MWhecR the aforementioned "Cg-C g aryl

group” is bonded to the aforementioned "C;-Cg¢ alkyl group", examples of which include
a benzyl, a-naphthylmethyl, B-naphthylmethyl, indenylmethyl group,
phenanthrenylmethyl, anthracenylmethyl, diphenylmethyl, triphenylmethyl, 1-
phenethyl, 2-phenethyl, 1-naphthylethyl, 2-naphthylethyl, 1-phenylpropyl, 2-
phenylpropyl, 3-phenylpropyl, 1-napthylpropyl, 2-naphthylpropyl, 3-naphthylpropyl, 1-
phenylbutyl, 2-phenylbutyl, 3-phenylbutyl, 4-phenylbutyl, 1-naphthylbutyl, 2-
naphthylbutyl, 3-naphthylbutyl, 4-naphthylbutyl, 1-phenylpentyl, 2-phenylpentyl, 3-
phenylpentyl, 4-phenylpentyl, 5-phenylpentyl, 1-napthylpentyl, 2-naphthylpentyl, 3-
naphthylpentyl, 4-naphthylpentyl, 5S-naphthylpentyl, 1-phenylhexyl, 2-phenylhexyl, 3-
phenylhexyl, 4-phenylhexyl, 5S-phenylhexyl, 6-phenylhexyl, 1-naphthylhexyl, 2-
naphthylhexyl, 3-naphthylhexyl, 4-naphthylhexyl, 5-naphthylhexyl and 6-naphthylhexyl
group. The C;-Cj¢ aralkyl group is preferably an "aralkyl group" in which the "alkyl
group" has 1 to 4 carbon atoms, and more preferably a benzyl group, in R' and R%.

Specific examples of preferable ester residues include a methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, t-butyl, benzyl, acetoxymethyl, 1-(acetoxy)ethyl,
propionyloxymethyl, 1-(propionyloxy)ethyl, butyryloxymethyl, 1-(butyryloxy)ethyl,
isobutyryloxymethyl, 1-(isobutyryloxy)ethyl, valeryloxymethyl, 1-(valeryloxy)ethyl,
isovaleryloxymethyl, 1-(isovaleryloxy)ethyl, pivaloyloxymethyl, 1-(pivaloyloxy)ethyl,
methoxycarbonyloxymethyl, 1-(methoxycarbonyloxy)ethyl, ethoxycarbonyloxymethyl,
1-(ethoxycarbonyloxy) ethyl, propoxycarbonyloxymethyl, 1-
(propoxycarbonyloxy)ethyl, isopropoxycarbonyloxymethyl, 1-
(isopropoxycarbonyloxy)ethyl, butoxycarbonyloxymethyl, 1-(butoxycarbonyloxy)ethyl,
isobutoxycarbonyloxymethyl, 1-(isobutoxycarbonyloxy)ethyl, t-
butoxycarbonyloxymethyl, 1-(t-butoxycarbonyloxy)ethyl,

cyclopentanecarbonyloxymethyl, 1-(cyclopentanecarbonyloxy)ethyl group,



(A2c) (A3) is preferably represented by the following general formula
(A3a): [Chemical formula 19] R5 R6 R R3 (A3a) R1 is preferably a
C1-C6 alkyl group or hydroxymethyl group, more preferably a methyl
group or hydroxymethyl group, and particularly preferably a methyl group.
R2 is preferably a C1-C6 alkyl group or hydroxymethyl group, more

cydMsRisEmRbamImALIBEaIP, ar @yershemmeibbeisuex pethparticularly
ireferablyah droxymet% group R3, in the general formulas (Al), (Alc)
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mixtons of tlmérmmyh@mmmamﬂmmﬁespreferably a hydroxyl group. In general
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amino group, 1 group, Raldgen atdm or
ha»pngf&ragwlahwdmhgmwmthamgmmemnf in the case where solvates (such

as hydrates) are formed therefrom.

Moreover, all compounds converted to an oligosaccharide derivative having the
general formula (I), or a salt or ester thereof, as a result of being metabolized in a living
body (for example, amide derivatives in the manner of so-called prodrugs) are included
in the present invention.

In the present invention, (A1) is preferably represented by the following general
formula (Ala) or (Alb):

[Chemical formula 15]
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and is more preferably represented by the following general formula (Alc):

[Chemical formula 16]



hydrogen atom, and particularly preferably a hydroxyl group. R5, in the
general formulas (Al), (Alc) and (Ala), is preferably a hydroxyl group,
halogen atom, CI-C6 hydroxyalkyl grzup, CI-C6 haloalkyl group or
hydrogen atom, more preferably a CI-C6 hydroxyalkyl group, particularly
preferably a CI-C3 hydroxyalkyl group, and most preferably a
hydggxymethyl group. In the general formulas (A3) and (A3a), it is
R\;,prefﬁrab‘;{aa C1-C6 hydroxyalkyl group, hydroxyl group, hydrogen atom,
ogen atom or amino group (wherein said amino group may be
substiuted with 1 or 2 C1-C6 alkyl or C1-C6 hydroxyalkyl groups), more
ng*refera%ly an amino group (wherein said amino group may be substituted
witkAlapr 2 C1-C6 alkyl groups or C1-C6 hydroxyalkyl groups), and
parti tly preferably an amino.qrou 6. in general formulas (A3) an .
(o D R SRR A o o RIS O B Ao
[Clgnoup] fynolyetVatom or halogen atom, more preferably a CI-C6
hydroxyalkyl gggup, particularly preferably a C1-C3 hydroxyalkyl group,
R3andeost pref{aply\a hydroxymethyl group. R7 is preferably a hydrogen
atom>CI-C6 hydraxyalkyl group or CI-C6 alkyl group, more preferably a
h en atom orme HyJ group, and particularly preferably a hydrogen
tom. Rs and RO are preferably a C1-C3 hydroxyalkyl group, halogen
atom, hydrogen atom or hydroxyl group, and more preferably a hydrogen
até@abr hydroxyl §@lp. 22 R10 is preferably a C1-C6 hydroxyalky! group,
] f - I , i ly\preferably a
e L eraby
[Chentingl femarkl F8tmula (1) is preferably represented by the following
RS gengral formula (IA) or (IB): [Chemical formula 20| RZO V,O ARZ O ,0
SOHOH RV, OHNnR O O OHnN HOOH HO "/0H
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(A3) is preferably represented by the following general formula (A3a):
[Chemical formula 19]
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R'is preferably a C;-Cg alkyl group or hydroxymethyl group, more preferably a
methyl group or hydroxymethyl group, and particularly preferably a methyl group.

R? is preferably a C;-Cg alkyl group or hydroxymethyl group, more preferably a
methyl group or hydroxymethyl group, and particularly preferably a hydroxymethyl
group.

R’ , in the general formulas (A1), (Alc) and (Ala), is preferably a C;-Cq
hydroxyalkyl group, hydroxyl group, halogen atom or hydrogen atom, more preferably
a C;-C; hydroxyalkyl group or hydrogen atom, and particularly preferably a hydrogen
atom. In general formulas (A2), (A2a), (A2b) and (A2c), it is preferably a C;-Cq
hydroxyalkyl group, hydroxyl group, hydrogen atom or halogen atom, more preferably



OH OH (IA) (IB) A is preferably represented by the following general
formula (Al) or (A2): [Chemical formula 21] R7 R5 3 ~J R3 R4 4/ R4 (Al)
(A2) and preferably (Al). A compouryd having the aforementioned general
formula (I) of the present invention can be produced using a known
compound as a starting raw material according to, for example, the

a Opethodiiogicated helgvor IRyie @fewesagntionedfeimulasrandafalawing

descriptions, A, R1, R2, R3, R4, R5, RG, R7, Rs, R9 R10, R11 and n are
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) (i%‘(,i I{% tﬁgegel?érg{l ?(t)rr]r?l(ljﬂgsa(.A[&h (eﬂlc%aelnlcg r{RLfle,Zlg’) referably a C;-Cq
hydroxyalkyl group, hydrogen atom, hydroxyl group or halogen atom, more preferably
a hydroxyl group or halogen atom, particularly preferably a hydroxyl group or fluorine
atom, and most preferably a hydroxyl group. In general formulas (A2), (A2a), (A2b)
and (A2c), it is preferably a C;-Cg hydroxyalkyl group, hydrogen atom, halogen atom or
hydroxyl group, and more preferably a hydroxyl group. In general formulas (A3) and
(A3a), it is preferably a C;-Cg hydroxyalkyl group, amino group, hydroxyl group,
halogen atom or hydrogen atom, more preferably a hydroxyl group, halogen atom or
hydrogen atom, and particularly preferably a hydroxyl group.

R®, in the general formulas (A1), (Alc) and (Ala), is preferably a hydroxyl
group, halogen atom, C;-C¢ hydroxyalkyl group, C;-Cg haloalkyl group or hydrogen
atom, more preferably a C;-Cg hydroxyalkyl group, particularly preferably a C;-Cs
hydroxyalkyl group, and most preferably a hydroxymethyl group. In the general
formulas (A3) and (A3a), it is preferably a C;-C¢ hydroxyalkyl group, hydroxyl group,
hydrogen atom, halogen atom or amino group (wherein said amino group may be
substituted with 1 or 2 C;-Cg alkyl or C;-Cg hydroxyalkyl groups), more preferably an
amino group (wherein said amino group may be substituted with 1 or 2 C;-Cg alkyl
groups or C;-Cg hydroxyalkyl groups), and particularly preferably an amino group.

R®, in general formulas (A3) and (A3a), is preferably a C;-C hydroxyalkyl
group, amino group, hydroxyl group, hydrogen atom or halogen atom, more preferably
a C;-C¢ hydroxyalkyl group, particularly preferably a C;-Cs hydroxyalkyl group, and
most preferably a hydroxymethyl group.

R’ is preferably a hydrogen atom, C;-Cs hydroxyalkyl group or C;-Cg alkyl
group, more preferably a hydrogen atom or methyl group, and particularly preferably a
hydrogen atom.

R® and R’ are preferably a C;-Cs hydroxyalkyl group, halogen atom, hydrogen

atom or hydroxyl group, and more preferably a hydrogen atom or hydroxyl group.



P1 OO YalO Y-a2 Oi Ya3a2 ANN ya3 Bat Yal NH YBa3 Ba2 al NP1
Y Ya2 N3 Ya2 Ya (iv) (v) (vi) (viia) Method Bb: [Chemical formula 24]
Yb5 O Yb4 L2 0'yb4 bl ~O3 Yb1 -T-2¥ b3 Bbl Yb1l_ Yb3 Bb2 Y -Y Bb3
~\Y2 Y2 yb2 (x) (viii) (ix) OH O O iNcNH NP2 Ybl Yb3 Bb4 Ybl Yb3
Bb5 Yb1-</~(Yb3 Yb2 Y yb2 b2 \\~ (xi) (xii) (vib) Method Bc: [Chemical

formri4i2 plReiely@ O L BEHRIINKY T 2rBigh b E2pieger By £dij)dviic)
Step C: [Chemical formula 26] 24 R2 (O\/OL1 R1~ QYO" Y-J 19 ClI
hydroxyalkyl group, and particularly preferably a hydroxymethyl group.
R'! is preferably a hydroxyl group.
n is preferably 1.
The general formula (I) is preferably represented by the following general
formula (IA) or (IB):

[Chemical formula 20]
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(IA) (1B)
A is preferably represented by the following general formula (A1) or (A2):

[Chemical formula 21]
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(A1) (A2)
and preferably (Al).

A compound having the aforementioned general formula (I) of the present
invention can be produced using a known compound as a starting raw material
according to, for example, the method indicated below.

In the aforementioned formulas and following descriptions, A, Rl, R2, R3, R4,
R’ , R6, R7, RS, R9, RIO, R'! and n are the same as previously defined. However, in the
case Rl, RZ, R3, R4, R’ , R6, R7, RS, R9, R'"%or R represent a hydroxyl group or group
having a hydroxyl group, said hydroxyl group may be protected.

Step A:

[Chemical formula 22]



x1 1 x18 + (Vii) (I) X16 17 (iii) In the aforementioned steps and following

descriptions, X1-X19 Yal-Ya5 and Ycl-Yc3 may be the same or different

and each represents a hydrogen atops or hydroxyl group (said hydroxyl

group may optionally be protected by a protecting group), Ybl-Ybs may

be the same or different, and each represents a halogen atom, hydrogen

atom qp hyd | group (said hydroxykgrogp may optionally be protegted 1

by a p?{)géfrl\wjgmﬁp), P1 represents Ig/o%btwé)tecting group of aflRCZt joj/OL
X i ou GSTQQ? as g,CI-Cg! alkgxyqafgbn\(l 1groupA@refer§bly 3 /X2

¥butoxycarbonyl greup)-or C}shflG aralk}lox§/carbonytgroup (preferabyyed x'°

be X/}mgycarbonyl group), P2 aE/cF 3 are the same or diffeﬁant/ag each

reﬁres ts R7 or a protecting gxboup>6f an amino group, such &% CIxC6

alkoxycaliﬁonyl group (and preferably(a t-butoxycarbonyl group) or (iii)
C7-C16 aralkyloxycarbonyl group (and preferably a benzyloxycarbonyl
grongﬁfpal%d L1, L2, L3 and L4 represent a hydroxyl group (wherein said

hydnepeyh@t @i may be protected by a protecting group or a hydrogen

atom may be sypstituted with a leaving group) or a leaving group. There
[Chenigy (gm&ﬁag!?ﬂsmitations on the protecting group used for protecting a

hydroxyl group provided it is tx}:ggcally used to protect a hydroxyl group, P!

0-£X les=0f which inclod%ughatic acyl groupsy-sH( Yﬁ?gzalkylcarb@ia I /N\ yes
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p,i%\lo?},lsvaleryl, isovaleryl, octanoyl, nonandS?l, decCanoyl, va2 ya
3-methylnonanoyl, 8-metmllnonanoyl, 3-ethyloctano E/ 3,7-
din{éffhyloctanoyl, undecanoyl, dodecanoyl, tridecand l, tetradecanoyl,
pentadasaingy!, hexadecanoyl, 1-methylpentadecanoyl,
14-methylpentadecanoyl, 13,13- dimethyltetradecanoyl, heptadecanoyl,
[ChesiraliRinedadétanoyl, octadecanoyl, 1-
methylheptagecanoyl,nonadecanoyl ggpup, icosanoylor hena@osanoyl
Y°grQ ,Ooafﬁt%xylaégqi aIky?c/@fbifn W%gps, §,9- swlglb\}royl,)%aw’@aroyé&r
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dichlorostetyl, trichloroacetyl or t¥ Fuoroacetyl group, lower alkoxy lower
alkylcarbony! groups, e.g. methoxyacetyl, 25 and unsatufated
alkylegiybonyl groups, e.g. (E){2Imethyl-2-butenoyl; "aromatic acyl
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Step C:
[Chemical formula 26]



groups" including arylcarbonyl groups such as a benzoyl, a-naphthoyl or
(3-naphthoyl group, halogenoarylcarbonyl groups such as
2-bromobenzoyl or 4-chlorobenzoyl,d¢wer alkylated arylcarbonyl groups
such as 2,4,6-trimethylbenzoyl or 4-toluoyl, lower alkoxylated arylcarbonyl
groups such as 4-anisoyl, carboxylated arylcarbonyl groups such as
2-carbopggbengoyl ggicarboxybenzoyl or 4-carboxybenzoyl, nitrated
arylcarbonyl groups such as 4-nitrobenzoyl or 2-nitrobenzoyl, lower

1alkgxyc ted arylcarbonyl groups such as

1;“7(me oxy;garbaﬁ&l)bqnzomi)and_%bdated arylcarﬁ_?nyl groups such as

X %;z@ ylbenzoyl; "tetrahydropyranyl or tetrahydrothiopyranyl groups”

R

h asitetrahydropyran-2-yl, 3-bromotetrahydropyran-2- yl,
-methoxytetrahydropyran-4-yl, tetrahydrothiopyran-2-yl or 4-
methoxytgjrahydrothiopyran-4-yl; “tetrahydrofuranyl or

tetrahydrothiofuranyl groups” such as tetrahydrofuran-2-ylqp =~ .
tetrdRyBPGHETOIRINLO00H SEIRA Yo dpleviBrdmsePLSIar atkyisiyl-grownd

ye'syehas, MY bitd gyt WhdsoRPRYAIEBEINY ISl oken atom or hydroxyl
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grogndepirb YISy lsaupr ey epEmpidacR g« b frateteiing rerpavyl -Y

maPTRUIRR Siiek asqdichenyimetayisiyprdiphs @ﬂw iflom, h?;drogen atom or
diphenylisopropylsilyl or phenyldiisopropylsilyl; "alkoxymethyl groups”
hyqrerabsguB Wt OB EPUG BRI bp S9EES RSNy protecting

gro$@;¢%maéétmﬁwwmmlngW?mmmM Stldwlas a C,-Cq
isoprog;xymethyl, butoxg]g,ethy or t-butoxymethyl, lower alkoxylated
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or bis(2- chloroethoxy “substituted ethyl groups" including lower

samgendAtEenEaRg carBapRrstrars ds PISEXFSHHA SFOERIShARGIBRP) 8tRYR: such

as @p@bﬁh@g@maﬁsan?ﬂ@fbgwﬁaa PHARr A% 2ad- BldkHlRheSH Y craviphkdt C,-C 6
ﬂ{;’)ups" including lower alkyl groups substituted with 1 to 3 ar%%rogpsz
ara

AFPASABROBYA SEOHB SPRAVIFR BRI rARHRY RN Y L ReRY eyl L L
andNiPhepdBatay areapiRylgiphemimeiyh oid-amURaIRY bAPHIQWERT by a
alkyl groups substituted with 1 to 3 aryl groups in which an aryl ring is
Prol b GO RAHHRIBYEP SR IBWEY IR ,S%%séw@rac&ﬁéﬁ%&mﬁ@&w
leadimdongthylbenzyl, 2,4,6-trimethylbenzyl, 3,4,5-trimethylbenzyl,
4-methoxybenzyl, 4-methoxyphenyldiphenylmethyl, 2- nitrobenzyl, .
4-nittOBETI "2 RHTTBIE A A B ioBEREPIcHiBgBRHIFA, IolekFgicsHne 2
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whisclfllcincﬁlslde "aliphatic acyl groups" such as alkylcarbonyl groups, e.g. a formyl,
acetyl, propionyl, butyryl, isobutyryl, pentanoyl, pivaloyl, valeryl, isovaleryl, octanoy],
nonanoyl, decanoyl, 3-methylnonanoyl, 8-methylnonanoyl, 3-ethyloctanoyl, 3,7-
dimethyloctanoyl, undecanoyl, dodecanoyl, tridecanoyl, tetradecanoyl, pentadecanoyl,
hexadecanoyl, 1-methylpentadecanoyl, 14-methylpentadecanoyl, 13,13-
dimethyltetradecanoyl, heptadecanoyl, 15-methylhexadecanoyl, octadecanoyl, 1-
methylheptadecanoyl, nonadecanoyl group, icosanoyl or henaicosanoyl group,
carboxylated alkylcarbonyl groups, e.g. a succinoyl, glutaroyl or adipoyl group,
halogeno lower alkylcarbonyl groups, e.g. a chloroacetyl, dichloroacetyl, trichloroacetyl

or trifluoroacetyl group, lower alkoxy lower alkylcarbonyl groups, e.g. methoxyacetyl,



26 methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl or
isopropoxycarbonyl, and lower alkoxycarbonyl groups substituted with a
halogen atom or tri-lower alkylsilyl gifup such as
2,2,2-trichloroethoxycarbonyl or 2-trimethylsilylethoxycarbonyl;
"alkenyloxycarbonyl groups" such as vinyloxycarbonyl or allyloxycarbonyl;

andBighattiRheAIRYIEARATY I GsRPPSE. i) Ehighibe aryl sinens\dy heosuhrtitdigd
with 1 or 2 lower alkoxy or nitro groups such as a benzyloxycarbonyl
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there are no particular limitations on the reagent used to protect a diol
alkplggitiey AL ABHEINY RIS G prote i3 se ey e tstabievéxaiples
alkiiGLeel Algrhydn fesivapveasusuambenraldeoxdaketRpr 48oNAtivR ps

such as acetone, and dimethoxy compounds such as )
such ss dircRENSTEPAhe SPERAaBE AL S e proeey Fobifericing a
aryRQIHRAYNEGU ff g REes|nt dRRISAND IS CRIBIRSSdy Rfithe-following three
steps. (1) Step A is to produce an intermediate (iii) which is the left side

alkeyhBio Uy RSFGoUaree (g etep Bk #5 probrice asaenvdratebinnd
aryWRighigItas et SiseHpantian Ol - SRENPBIALL) " anechigatbpeaynethod b

or methad ¢ can be selected for this step corresponding to the desired
teUaBHIBRRHRPYII R PN Co i g b edRfpe! o 1 SF P psiseyiropyran-2-
yl, InvieaHexyRyraRpaiRpsiag-the inesmeriatediy) abtained in Step A and the

intermediate (vii) obtained in Step B. The following provides an .
e A B AR B Y LR/ Sl o BRI ) g s
sucByapreteeiagh-andde-profastiapyardiidsmethrogp ofl A kReY¥e"GaoHaURdr-

according to a known method. In addition, the hydroxyl group C?h:sﬂ%elyl .

lowsH et AU Aot B RSl L K BIBPBRIEHBR
but§iRHpIEIRENAR Ofnia G EX 1oL iSreRikiRE- OBLBLEOy IR opeFPMSNY, and
o 0 SR P STt or o
diphslitioneiMilayt, nisiseienas ]l HAJipraagtitipnopdspratection can also be
phe%%/lirclﬁgoglrjcgb;?sriﬁ/)f?ngﬂlgk}?%e%hrgleépgu%éi'k?ncluding lower alkoxymethyl groups
such as methoxymethyl, 1,1-dimethyl-1-methoxymethyl, ethoxymethyl, propoxymethyl,
1sopropoxymethyl, butoxymethyl or t-butoxymethyl, lower alkoxylated lower
alkoxymethyl groups such as 2-methoxyethoxymethyl, and halogeno lower
alkoxymethyl groups such as 2,2,2-trichloroethoxymethyl or bis(2-
chloroethoxy)methyl; "substituted ethyl groups" including lower alkoxylated ethyl
groups such as 1-ethoxyethyl or 1-(isopropoxy)ethyl, and halogenated ethyl groups such
as 2,2,2-trichloroethyl; "aralkyl groups" including lower alkyl groups substituted with 1
to 3 aryl groups such as benzyl, a-naphthylmethyl, B-naphthylmethyl, diphenylmethyl,
triphenylmethyl, a-naphthyldiphenylmethyl or 9-anthrylmethyl, and lower alkyl groups
substituted with 1 to 3 aryl groups in which an aryl ring is substituted with lower alkyl,
lower alkoxy, halogen or cyano group such as 4-methylbenzyl, 2,4,6-trimethylbenzyl,
3,4,5-trimethylbenzyl, 4-methoxybenzyl, 4-methoxyphenyldiphenylmethyl, 2-
nitrobenzyl, 4-nitrobenzyl, 4-chlorobenzyl, 4-bromobenzyl, 4-cyanobenzyl, methyl or

piperonyl; "alkoxycarbonyl groups" including lower alkoxycarbonyl groups such as



that described below. 27 In the case of using a silyl group as the

protecting group of the hydroxyl group, it can normally be removed by

treating with a compound that forms 2fluorine anion such as tetrabutyl

ammonium fluoride, hydrofluoric acid, hydrofluoric acid-pyridine or

potassium fluoride, or by treating with an organic acid such as acetic acid,
mefReXyanesuiRHt aecidadid IoluRnesionin A i soptipwacatisoadid Md lower

trifluoromethanesulfonic acid, or an inorganic acid such as hydrochloric
alkgxys Aok RRogRS, SPHEULEE & bR EMRARY AR 8rfFHd‘?H@%ﬁ‘)i{8ﬂ§’ﬂt¥é group
sucleactiopcait Kierqpmoiadton adsingamargaiiglagicksdsfbasyiormic acid,
acetLgﬁacid or propionic,acid. There are nQ g%ﬁicul r Il[Pnitations on the
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include ethers such as diethyl ether, diisopropyl ether, tetrahydrofuran,
Ik T BTSSP A B IGHE BN b4 BRI PEIU HEHBONS L. 3.4-
dinss1hbx3%ALsloRiicdebon isobuliyrersHisowai e argas d-adies ShoN S asbiayl
acid; a%ii .mixed solvents thereoﬁ.@%lller.e are no pﬁrticular limitations on
i
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of tvhésiltevigyihg:bytepatalytic reduction provided it is not involved in the

(Dreacéion, referablg examples of Whicl%én\%%dﬁ algcl)hl% suéch as.

|
metRAiHol, SHAREIBI S BP/BFARSL AR MY WIUATLS Gist ;f/sﬁsé héprtion of

cortgivahydrpfuran or dioxane, aromatic hydrocarbons such as toluene,
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3) Step C is to produce compound (I) of the present invention by condensing the
intermediate (iii) obtained in Step A and the intermediate (vii) obtained in Step B.

The following provides an explanation of each step.

(Step A)

Raw material compound (i) is produced by protecting and de-protecting a
hydroxyl group of a known compound according to a known method. In addition, the
hydroxyl group can be protected and de-protected as necessary in this step.

Protection and de-protection of the hydroxyl group is carried out according to
commonly known methods, and can be carried out in compliance with, for example,
Green & Watts eds., "Protective Groups in Organic Synthesis, Third Edition" (Wiley-
Interscience, USA).

In addition, de-protection can also be carried out, for example, by a method like

that described below.



preferable examples including alcohols, fatty acids, mixed solvents of
alcohols and ethers, mixed solvents of alcohols and water, and mixed
solvents of fatty acids and water. 28 7There are no particular limitations
on the catalyst used provided it is normally used in catalytic reduction
reactions, preferable examples of which include palladium carbon,
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metﬁ];’l;l Hl%l ggsgtt?l%%%tecting group of the hydroxyl group is an aralkyl group or
aralkyloxycarbonyl group, it is normally preferably removed by contacting with a
reducing agent in a solvent (and preferably by catalytic reduction at normal temperature
in the presence of a catalyst), or by using an oxidizing agent.

There are no particular limitations on the solvent used when removing by
catalytic reduction provided it is not involved in the reaction, preferable examples of
which include alcohols such as methanol, ethanol or isopropanol, ethers such as diethyl
ether, tetrahydrofuran or dioxane, aromatic hydrocarbons such as toluene, benzene or
xylene, aliphatic hydrocarbons such as hexane or cyclohexane, esters such as ethyl
acetate or propyl acetate, amides such as formamide, dimethylformamide,
dimethylacetamide, N-methyl-2-pyrrolidone or hexamethylphosphotriamide, fatty acids
such as formic acid or acetic acid, water and mixed solvents thereof, and more
preferable examples including alcohols, fatty acids, mixed solvents of alcohols and

ethers, mixed solvents of alcohols and water, and mixed solvents of fatty acids and

water.



Moreover, the protecting group can also be removed by using aluminum
chloride-sodium iodide or an alkylsilyl halide such as trimethylsilyliodide in
a solvent. There are no particular limgations on the solvent used provided
it is not involved in the reaction, preferable examples of which include
nitriles such as acetonitrile, 29 halogenated hydrocarbons such as

methyeareehiorjsieutk nmiaimnaot mixactlsalvesdstoereal iAKheuaally
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reactions, preferable examples of which include water; organic solvents
COnRNIRE Ry SABENSIY &Rich as methanol, ethanol or n-propanol, and ethers
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O ere art 20 paiculag Hovitations o the oxtAISing Sgent used provided it s a
compound used for oxidation, preferable examples of which include potassium
persulfate, sodium persulfate, cerium ammonium nitrate (CAN) and 2,3-dichloro-5,6-
dicyano-p-benzoquinone (DDQ).

Although varying according to the types of starting substance, solvent, catalyst
and so forth, the reaction temperature and reaction time are normally 0 to 150°C for 10
minutes to 24 hours.

In addition, the protecting group can also be removed by allowing an alkaline
metal such as lithium metal or sodium metal to act at -78 to -20°C in liquid ammonia or
an alcohol such as methanol or ethanol.

Moreover, the protecting group can also be removed by using aluminum
chloride-sodium iodide or an alkylsilyl halide such as trimethylsilyliodide in a solvent.

There are no particular limitations on the solvent used provided it is not involved

in the reaction, preferable examples of which include nitriles such as acetonitrile,



tetrahydrothiofuranyl group or substituted ethyl group, the protecting group
is normally removed by treating with an acid in a solvent. There are no
particular limitations on the acid used®rovided it is normally used as a
Bronsted acid or Lewis acid, preferable examples of which include
Bronsted acids including hydrogen chloride; inorganic acids such as

halbyeligehlarigracidh s fiiris asishan yniicchtigidans cargatiaacidsl sHisk@s
acetic acid, trifluoroacetic acid, methanesulfonic 30 acid or
SOIY)Q%T’L}QW@QIEHONC acid; and, Lewis acids such as boron trifluoride.
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reAndithml Cosbonpiecetbers such as diethyl ether, diisopropyl ether,
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etheSIESHORO RAH AL HLTHEN O S BIARE PP HSPHARET IS6PibAasbRot have an
effétisiaim: pophoianekhtetbhipantl, jrermnplalsongidiethyigae ialieab metal

glycerin, octanol, cyclohexanol or methyl cellusorb; ketones such.as
alk%’é*tbﬁn%‘,%%%WF{&{W%IPBM%W“?%B@M%BM%§Bb‘?16?<§ﬁ€16‘?1
carBY&IRR HRANGH Walesn aBbMinadrseiebiktheneafinyhileaprsta@tRs such as

examples include halogenated hydrocarbaons, esters and ethers. Although

SO, ths R NG SR & X e in  BBHESRETEHONS BF BRE Wikbargox1de: and,

amfldIsianaeh 0 narioandagionisod cthedaagtianiampeiaisit ol reaction
time_is normally -1Q to 100C (and preferably -5 to 5QC) for 5 minutes to
48 hDIFs REDRIEAN Bll%‘ﬁﬂfe%“tg‘ié"lf‘éﬁﬂfs???ﬂ pgvidedifg normally

usedrit@etngl wioumofi dhs, Pyekaxlylcaroaapteanfalkacly iaxsycas o, grewic

SIS eI o s el seovea by Sl .,
tetrahy@oling 962 doahtidealty droxyd godughis dhev akarendent ansdmdiphiaiial
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Although varying depending on the starting substance, solvent, base used and so
forth, there are no particular limitations on the reaction temperature and reaction time,
and the reaction is normally carried out at O to 150°C for 1 to 10 hours to suppress side
reactions.

In the case the protecting group of the hydroxyl group is an alkoxymethyl group,
tetrahydropyranyl group, tetrahydrothiopyranyl group, tetrahydrofuranyl group,
tetrahydrothiofuranyl group or substituted ethyl group, the protecting group is normally
removed by treating with an acid in a solvent.

There are no particular limitations on the acid used provided it is normally used
as a Bronsted acid or Lewis acid, preferable examples of which include Bronsted acids

including hydrogen chloride; inorganic acids such as hydrochloric acid, sulfuric acid or

nitric acid; and, organic acids such as acetic acid, trifluoroacetic acid, methanesulfonic



Furthermore, in the case the protecting group of the hydroxyl group is
allyloxycarbonyl, a method whereby the protecting group is removed by
using palladium and triphenylphospBine or bis(methyldiphenylphosphine)
(1,5- cyclooctadiene) iridium (I)-hexafluorophosphate in particular is
simple, and can be carried out with few side reactions. In the case the
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removed by treating with a base in a solvent. 31 There are no particular
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subssadqravidadahdsanalokally the reaction temperature and reaction time is normally
-10 to 100°C (and preferably -5 to 50°C) for 5 minutes to 48 hours (and preferably 30
minutes to 10 hours).

In the case the protecting group of the hydroxyl group is an alkenyloxycarbonyl
group, removal of the protecting group is normally achieved by treating with a base
under similar conditions as the removal reaction in the case the protecting group of the
hydroxyl group is the aforementioned aliphatic acyl group, aromatic acyl group or
alkoxycarbonyl group.

Furthermore, in the case the protecting group of the hydroxyl group is
allyloxycarbonyl, a method whereby the protecting group is removed by using
palladium and triphenylphosphine or bis(methyldiphenylphosphine) (1,5-
cyclooctadiene) iridium (I)-hexafluorophosphate in particular is simple, and can be
carried out with few side reactions.

In the case the protecting group of the hydroxyl group is a formyl group, it can

be removed by treating with a base in a solvent.



used in catalytic reactions, and alcohol solvents such as methanol, ether
solvents such as tetrahydrofuran or water are preferable, while methanol
or tetrahydrofuran are more preferaBle. [Step Al] This step is for
producing compound (ii), and is achieved by introducing a leaving group
for a hydroxyl group at a desired site as necessary, followed by carrying

out FiuselgeplisasihstifutionJieaction hitbasereagenosairaspaseindtathean
introduced R1 and R2 groups. 32 In the case the leaving group is a
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reagtigiylaminosulfur trifluoride (DAST), thionyl halides such as thionyl
chloride, thionyl bromide or thionyl iodide,_ sulfuryl halides such as sulfuryl
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phosphorus pentahalides such as phosphorus pentachloride, phosphorus
bas Ver . . .
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used in hydrolysis reactions, and water or an alcohol such as methanol, ethanol or n-
propanol is used preferably, while water are more preferable.

A palladium catalyst such as palladium chloride or an iridium catalyst is
preferable for de-protecting an allyl group at an anomeric position.

There are no particular limitations on the solvent used provided it is normally
used in catalytic reactions, and alcohol solvents such as methanol, ether solvents such as
tetrahydrofuran or water are preferable, while methanol or tetrahydrofuran are more
preferable.

[Step Al]

This step is for producing compound (ii), and is achieved by introducing a
leaving group for a hydroxyl group at a desired site as necessary, followed by carrying

out a nucleophilic substitution reaction with a reagent corresponding to the introduced

R'and R? groups.



In the case the leaving group is a sulfonyl group, there are no particular
limitations on the sulfonylation agent used provided it is normally used in
reactions for sulfonylating a hydroxyBgroup, examples of which include
alkanesulfonyl halides such as ethanesulfonyl chloride, arylsulfonyl
halides such as p-toluenesulfonyl chloride, and sulfonic acid anhydrides
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pref@tablyat@omieuipsricule RAIC to the heating temperature (boiling point of the
solvent used), and preferably room temperature to the heating temperature (boiling point
of the solvent used).

The reaction time is 10 minutes to 24 hours, and preferably 1 to 5 hours.

In the case the leaving group is a sulfonyl group, there are no particular
limitations on the sulfonylation agent used provided it is normally used in reactions for
sulfonylating a hydroxyl group, examples of which include alkanesulfonyl halides such
as ethanesulfonyl chloride, arylsulfonyl halides such as p-toluenesulfonyl chloride, and
sulfonic acid anhydrides such as methanesulfonic acid anhydride, benzenesulfonic acid
anhydride or trifluoromethanesulfonic acid anhydride. Preferable examples include
methanesulfonyl chloride, p-toluenesulfonyl chloride and trifluoromethanesulfonic acid
anhydride.

There are no particular limitations on the solvent used provided it does not

inhibit the reaction and dissolves the starting substance to a certain degree, examples of



The reagent used as a reagent corresponding to the R1 and R2 groups is
a commercially available reducing agent or halogenation agent and so
forth. Preferable examples of reducgy agents used include alkaline metal
borohydrides such as sodium borohydride or lithium borohydride,
aluminum hydride compounds such as lithium aluminum hydride or

whitthielide thiprigecal yabrd b dnydiide a sk e tid pragagesisi s uePafoleum
sodium tellurium hydride. There are no particular limjtations on the solvent
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solvent used), and preferably 0°C to room temperature.

The reaction time is 10 minutes to 24 hours, and preferably 10 minutes to 1
hour.

The reagent used as a reagent corresponding to the R' and R? groups is a
commercially available reducing agent or halogenation agent and so forth.

Preferable examples of reducing agents used include alkaline metal
borohydrides such as sodium borohydride or lithium borohydride, aluminum hydride
compounds such as lithium aluminum hydride or lithium triethoxide aluminum hydride,
and hydride reagents such as sodium tellurium hydride.

There are no particular limitations on the solvent used provided it does not
inhibit the reaction and dissolves the starting substance, preferable examples of which
include alcohols such as methanol or ethanol, ethers such as ether or tetrahydrofuran,
and mixed solvents thereof.

There are no particular limitations on the halogenation agent used provided it is

normally used in halogenation reactions, preferable examples of which include



leaving group at position 1 of compound (ii) in compliance with the method
of step Al. (Step B) (Method Ba) Raw material compound (iv) can be
produced in compliance with the mefaod described in Tetrahedron, Vol.
26, 1985, p. 1469. Moreover, raw material compound (v) can be
produced by protecting and de-protecting a hydroxyl group of a known
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leaving group at position 1 of compound (ii) in compliance with the method of step A1l.

(Step B)

(Method Ba)

Raw material compound (iv) can be produced in compliance with the method
described in Tetrahedron, Vol. 26, 1985, p. 1469. Moreover, raw material compound
(v) can be produced by protecting and de-protecting a hydroxyl group of a known
compound in compliance with a known method. In addition, the hydroxyl group can be
protected and de-protected as necessary in this step in the same manner as method A.
Moreover, in the case of having a halogen atom for a substituent, a halogen atom can
also be introduced in compliance with the halogenation reaction of step Al.

(Step Bal)

This step is for producing bicyclic compound (v), and is achieved by reducing

the azide group of compound (iv) followed by heating.



starting substance, examples of which include alcohols such as methanol
or ethanol, ethers such as tetrahydrofuran or dioxane, fatty acids such as
acetic acid and esters such as ethyl3acetate, with methanol being
preferable. The reaction temperature is 0 to 50C, and preferably OC to
room temperature. The reaction time is 10 minutes to 24 hours, and
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llmﬁﬁdnsbmg]mﬂylmﬂahmqbrm’ﬂdﬂnhﬁdiate (id) inhibit the reaction and dissolves the
starting substance, examples of which include alcohols such as methanol or ethanol,
ethers such as tetrahydrofuran or dioxane, fatty acids such as acetic acid and esters such
as ethyl acetate, with methanol being preferable.

The reaction temperature is 0 to 50°C, and preferably 0°C to room temperature.

The reaction time is 10 minutes to 24 hours, and preferably 1 to 5 hours.

(Step Ba2)

This step is for producing compound (vi) in which the amino group is protected,
and is achieved by protecting the amino group of compound (v) with a suitable
protecting group.

There are no particular limitations on the solvent used provided it does not
inhibit the reaction and dissolves the starting substance, preferable examples of which
include ethers such as tetrahydrofuran, dioxane, dimethoxyethane or diethylene glycol,
alcohols such as methanol or ethanol, ketones such as acetone or methyl ethyl ketone,
amides such as N,N-dimethylformamide or N,N-dimethylacetamide, and sulfoxides

such as dimethyl sulfoxide.



There are no particular limitations on the reducing agent used provided it
is normally used in reduction reactions, examples of which include
alkaline metal borohydrides such azsodium borohydride or lithium
borohydride, aluminum hydride compounds such as lithium aluminum
hydride or lithium triethoxide aluminum hydride, and hydride reagents
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borohydrides such as sodium borohydride or lithium borohydride, aluminum hydride
compounds such as lithium aluminum hydride or lithium triethoxide aluminum hydride,
and hydride reagents such as sodium tellurium hydride, with sodium borohydride being
preferable.

There are no particular limitations on the solvent used provided it does not
inhibit the reaction and dissolves the starting substance to a certain degree, examples of
which include alcohols such as methanol or ethanol, ethers such as dioxane, ether or
tetrahydrofuran, water, or mixed solvents thereof, with methanol or tetrahydrofuran
being preferable.

The reaction temperature is 0°C to the boiling point of the solvent used, and
preferably 50°C to the boiling point of the solvent used.

The reaction time is 10 minutes to 24 hours, and preferably 1 to 5 hours.

There are no particular limitations on the solvent used provided it does not

inhibit the reaction and dissolves the starting substance, examples of which include



This step is for producing compound (ix), and is achieved by introducing a
leaving group at position 6 of raw material compound (viii) under the same
conditions as step Al. In addition, thg7leaving group can be converted to a
different leaving group as necessary. (Step Bb2) This step is for

producing a compound (x) having a terminal olefin group, and is achieved
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carbdfetbretiBlm, Rainey nickel, alkaline metal borohydrides such as

sodvg Berayaide ohbiHem PerPhyPEdsritRIn RN B cCOmpopnds

such as lithium aluminum hydride or lithium triethoxide aluminum hydride,

megod HyHitRe ¢n GernboyfateR essaithn Yellu ket IRidri8e2 dndlgise YasingW
maRigieraRiBodR Fxhﬁ)@ﬁ?ﬁ@?ﬁ?dﬁé@cf urRIRAfndathcibyingRanh af thexyl

solvent used, and preferably 50C to the boilingﬁgoint of the solvent used.

grovRetaORNHPIRRS D! RifRId8 42 Y, BpidstefBragihtiprotBerbigioxyl

gro@t@&%@%&l@ﬁ&f%ﬁd%éogrB[QQH&iﬁ’grﬁ&%’ﬁﬁﬂpﬁf‘ﬁﬂi@@éﬁ\ﬁi'ﬁgs%ame_ manner as
hydroxylamino group, and is achieved by treating compound (x) with

mefiadr Sy MATRRY ¢y ddbacHa O TRBIRE A B RepRAIeN A8 IhiiAtiFHs Wnathalogen
atofPMaNIUSBE iRIRddediitrassfIRh ek the nercianRRddissohvessths Al.

starting substance, preferable examples of which include mixed solvents
of alcBdRBYUch as methanol, ethanol or isopropanol and organic bases
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as step Al. In addition, the leaving group can be converted to a different leaving group
as necessary.

(Step Bb2)

This step is for producing a compound (x) having a terminal olefin group, and is
achieved by heating compound (ix) in the presence of a catalyst in a solvent.

There are no particular limitations on the solvent used provided it does not
inhibit the reaction and dissolves the starting substance, preferable examples of which
include alcohols such as methanol, ethanol or isopropanol, water, or mixed solvents
thereof, with a mixed solvent of water and isopropanol being more preferable.

There are no particular limitations on the catalyst used provided it is normally
used in reactions for reducing double bonds, examples of which include zinc, palladium
carbon, platinum, Rainey nickel, alkaline metal borohydrides such as sodium
borohydride or lithium borohydride, aluminum hydride compounds such as lithium
aluminum hydride or lithium triethoxide aluminum hydride, and hydride reagents such

as sodium tellurium hydride, and zinc being preferable.



The reaction time is 10 minutes to 24 hours, and preferably 1 to 5 hours.
(Step Bb4) This step is for producing bicyclic compound (xii), and is
achieved by cyclizing compound (xi3®y heating in a solvent. There are no
particular limitations on the solvent used provided it is inert, preferable
examples of which include aromatic hydrocarbons such as benzene,
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step is for producing the target compound (1), and is achieved by

The reaction time is 10 minutes to 24 hours, and preferably 1 to 5 hours.

(Step Bb4)

This step is for producing bicyclic compound (xii), and is achieved by cyclizing
compound (xi) by heating in a solvent.

There are no particular limitations on the solvent used provided it is inert,
preferable examples of which include aromatic hydrocarbons such as benzene, toluene
or xylene, with toluene being more preferable.

The reaction temperature is 0°C to the boiling point of the solvent used, and
preferably 50°C to the boiling point of the solvent used.

The reaction time is 10 minutes to 24 hours, and preferably 1 to 5 hours.

(Step Bb5)

This step is for producing intermediate compound (viib), and is achieved by de-
protecting the hydroxyl group at the site to be glycosylated with intermediate (iii), and
protecting the secondary amine of compound (xi1) under the same conditions as step
Al.

(Method Bc)

Raw material compound (xiii) can be produced in compliance with the method
described in the Chemical Pharmaceutical Bulletin, Vol. 39, 1991, p. 2807. Moreover,

raw material compound (xiii) can be produced by protecting and de-protecting a



glycosylating with intermediate compounds (iii) and (vii), and de-protecting
the hydroxyl groups and amino groups as necessary in accordance with
established methods. Preferable exagnples of the leaving group at the
anomeric position of compound (iii) include a fluorine atom, bromine
atom, chlorine atom, trichloroimidate group, diphenylphosphate group,
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trifluorige-ether complex, talue esuifonic acid, silver
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reaqtfeeptenperature is OC to the boiling point of the solvent used, and
pref abl3¢r om temperature. The reaction time is 10 minutes to 24 hours,
and preke ly 1 to 5 hours. 40 In addition, target compound (I) can also
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Hlisgccharide derivative as the raw material compound. In addition,
mecé)msic')ound (I) can be converted to an acid addition salt, and preferably to

a hy®irefehlbredex aimslecofdaadeawiiih gralipaiytimetadsrin poeitasefafompound
(iiipﬁll\cl:ilr{ll%eaabf?us(i)(r:i é%%)rh, bromine atom, chlorine atom, trichloroimidate group,
diphenylphosphate group, diethylphosphite group, thiomethyl group and phenylthio
group.

There are no particular limitations on the solvent used provided it is inert,
preferable examples of which include halogenated hydrocarbons such as methylene
chloride or chloroform, ethers such as ether or tetrahydrofuran, and aromatic
hydrocarbons such as benzene, toluene or xylene, with halogenated hydrocarbons or
ethers being more preferable, and methylene chloride or ether being particularly
preferable.

There are no particular limitations on the catalyst used provided it is normally
used in glycosylation reactions, preferable examples of which include trimethylsilyl
trifluoromethanesulfonic acid, trifluoromethanesulfonic acid, boron trifluoride-ether
complex, toluenesulfonic acid, silver trifluoromethanesulfonic acid and tetrabutyl
ammonium iodide.

The reaction temperature is 0°C to the boiling point of the solvent used, and
preferably room temperature.

The reaction time is 10 minutes to 24 hours, and preferably 1 to 5 hours.



Following completion of the reactions of each of the aforementioned
steps, the target compound is recovered from the reaction mixture in
accordance with conventional methdds. For example, the target
compound can be obtained by suitably neutralizing the reaction mixture,
or removing insoluble matter by filtration in the case insoluble matter is
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separa ton and purification o rganic compounds, including eluting with a suitable
eluent by suitably combining methods such as methods using synthetic adsorbents such
as adsorption column chromatography or partition column chromatography, methods
using ion exchange chromatography, and forward phase and/or reverse phase column
chromatography methods using a silica gel or alkylated silica gel.

In the present invention, one or more types of ®i-amylase inhibitor can be used.
In addition, one or more types of insulin sensitizers, biguanide drugs, insulin
secretagogues, insulin preparations and DPP-IV inhibitors can also be used.

The a-amylase inhibitor and at least one type of insulin sensitizer, biguanide
drug, insulin secretagogue, insulin preparation and DPP-IV inhibitor can be
administered in the form of a compounded agent. In addition, each single agent can

also be administered simultaneously. In addition, each single agent can also be

administered in early and late phases at suitable intervals. The allowed administration



granules, syrups, liquids, suspensions, emulsions, granules and capsules.
Each of these preparations can be formulated using known assistants
normally able to be used in known pflarmaceutical preparation fields,
such as vehicles, binders, disintegration agents, lubricants, dissolution
agents, correctives and coating agents, with the primary drug in
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bicarbonate, calcium carbonate, polyoxyethylene sorbitan fatty acid esters, sodium
lauryl sulfate, stearic acid monoglyceride, starch or lactose, disintegration suppressants
such as sucrose, stearin, cacao butter or hydrogenated oils, absorption promoters such as
quaternary ammonium salts or sodium lauryl sulfate, moisture retention agents such as
glycerin or starch, adsorbents such as starch, lactose, kaolin, bentonite or colloidal
silica, and lubricants such as purified talc, stearates, powdered boric acid or
polyethylene glycol. Moreover, the tablets can be in the form of tablets provided with a
conventional coating as necessary, examples of which include sugar-coated tablets,
gelatin-encapsulated tablets, enteric tablets, film-coated tablets, double-layer tablets and
multilayer tablets.

When molding into the form of pills, conventionally known carriers in this field
can be widely used for the carrier, examples of which include vehicles such as glucose,

lactose, starch, cocoa butter, hydrogenated vegetable oils, kaolin or talc, binders such as



ingredient compound contained in the aforementioned pharmaceutical
preparation, and it is suitably selected over a wide range, it is normally
contained at 1 to 70% by weight, antbpreferably 1 to 30% by weight, of
the total composition. The doses and administration ratios of each of the
diabetes therapeutic drugs used in the present invention can be altered
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individual substances, and patient symptoms, age and body weight.
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therapeutic drugs can also be altered over a wide range, they are normally within the
range of a weight ratio of 0.001 to 100 (w/w).

In the present invention, the oi-amylase inhibitor and other diabetes therapeutic
drugs are respectively administered separately at the aforementioned doses once a day,
or divided among several administrations either simultaneously or at different times.

According to the present invention, by using an o-amylase inhibitor in
combination with other diabetes therapeutic drugs, superior blood glucose lowering
action can be demonstrated against elevated blood glucose levels during diabetes,
thereby enabling effective prevention and treatment of diabetes. In addition, said
pharmaceutical is also effective against diabetes complications attributable to elevated
blood glucose levels. Moreover, by suitably selecting the type of each drug,
administration method and dose according to symptoms, stable blood glucose lowering
action can be expected to be demonstrated even during extended administration, thereby

enabling this pharmaceutical to serve as a preventive and therapeutic for the



FIG. 1 is a graph showing the areas under the curve for increases in blood
glucose levels in the case of combined use of an a-amylase inhibitor
(compound A: compound of Referedge Example No. 2) and an insulin
secretagogue (nateglinide) (Test Example 2); FIG. 2 is a graph showing
the areas under the curve for increases in blood glucose levels in the

afof@fiendloaemiinacey senat anvanamylaaecibibitow (GRpatek AdveaymprRind
of Reference Example No. 2) and an insulin preparation (Regular Insulin)

eff948st Example 3): FIG. 3 is a graph showing a comparison of blood
glucose levels in each group in the case of combined use of an

-amyl inhibitor ﬁé%m nd A:. compound of Reference Example No.
B%%n%%%&ﬁéﬁfﬁ@ tuﬁ&%ﬁ%ﬁ] (Test Example 4); FIG. 4is a
graghchowingasoshpanaghefdaod:glucoreclavelbointaehseronplisvdhe
case of combined use of an a-amylase inhibitor (compound A: compound

glugpseleresisiBdne eaNRE B2 S & il AnitiRvdtify (BSOS pPARE A:
corfp@mpler R RAchCE IGiamis rgsapisawing dhe waasm phdRr (ReumadITest

increases in blood glucose levels in the case of combined use of an
Examplg\Adse inhibitor (compound A: compound of Reference Example No.

2) apn DRR-YapruhieidMikeOd3ad hbiesthE¥are iR OhdBEST iIVOIRS
FOR CARRYING OUT THE INVENTION] Although the following provide§
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< the present in\r/ention is nrgt Iimi%?j thereto. [EXAM EE] <TP(§t%Examplem)

(TestExampigidde Inhibitory Action (1) Preparation of Human a-Amylase
Solytien 445 SalibrymewiitY dptsrratianal Resgenie Ol ) assRshp in

for the human pancreatic a-amylase (HPA). Distilled water was added to
thegrs e ahnvraRinad v aifam &-pHrlasp inHiBEoR e P alsdntesrrapeef2 00
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measured using a commercially available a-amylase
FIG. 4 is a graph showing a comparison of blood glucose levels in each group in
the case of combined use of an ai-amylase inhibitor (compound A: compound of
Reference Example No. 2) and a biguanide drug (metformin) (Test Example 5); and,
FIG. 5 is a graph showing the areas under the curve for increases in blood
glucose levels in the case of combined use of an ai-amylase inhibitor (compound A:

compound of Reference Example No. 2) and a DPP-1V inhibitor (MK-0431) (Test
Example 6).

[BEST MODE FOR CARRYING OUT THE INVENTION]
Although the following provides a more detailed explanation of the present
invention through examples, test examples, reference examples and preparation

examples thereof, the present invention is not limited thereto.

[EXAMPLE]
<Test Example 1>
o-Amylase Inhibitory Action

(1) Preparation of Human o-Amylase Solution



assay reagent (Neo Amylase Test Daiichi, Daiichi Pure Chemicals Co.,
Ltd.). (2) Preparation of Inhibitory Solutions Each test compound was
prepared with distilled water to a finadl4oncentration of 0.1 to 30 gg/ml. (3)
Measurement of Human a-Amylase Inhibitory Activity of Inhibitory
Solutions 3.78 to 3.9 ml of distilled water and 0 to 120 gl of inhibitory

solugianbyeiee AldedTiackRfibalHRASaI, Dig Rdiusied fier ehtdiaan
volume of 4 ml. After incubating for 10 minutes at 37C, a Blue Starch

pangfisptic MRl AEE s Dintilladt Weisiomsede biodhf commerciptly prplebdle
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mixture was then heated for 30 minutes at 37C. Subsequently, 1.0 ml of

Theastivisyatthesosaiviashydroxiehs wollition svasoatitersialyl atiredleoostpylase
he g fol (fugi . inutes)and the optical

o5 e e e 10

(2)whidhrénhigitompg dbilotohadaletioneen added was used as a control. In

addiéi&rh %@%ﬁ’ﬂg%ﬁ%%b%‘kgégﬁp&f’@ﬁ‘aﬁ \ﬁﬁéd %@&%@fﬁﬁﬁi égncentration of

S
a-amylase solution was us sab The Inhibition rate was
0.1g¢ald0Ipggohlusing the equation indicated below, and the final concentration

(gg/Aw of test co und required for 50% inhibition of the activity of the
O R EAn FEm S T AR R eduon 1]
Inhilbitiobi kate S8h) trohd-{ (absorbance of control) (absorbance of blank) /

el I RetaraP S SRANEIE Rs" RA4 (i 1 P eiers e yere
add®9%81 0f BxEOHPA dolution to be adjusted to a total volume of 4 ml. After
incubating for 10 minutes at 37°C, a Blue Starch tablet (Neo Amylase Test Daiichi,
Daiichi Pure Chemicals Co., Ltd.) was added followed by stirring for about 10 seconds
with a mixer, and the mixture was then heated for 30 minutes at 37°C. Subsequently,
1.0 ml of 0.5 N aqueous sodium hydroxide solution was added and stirred to stop the
reaction followed by centrifuging (1,500 G, 5 minutes) and the optical absorbance of the
supernatant at 620 nm was measured. A mixture to which inhibitory solution had not
been added was used as a control. In addition, a mixture to which distilled water was
added instead of a-amylase solution was used as a blank. The inhibition rate was
calculated using the equation indicated below, and the final concentration (pg/ml) of
test compound required for 50% inhibition of the activity of the HPA solution is shown
in Table 1 as the ICs, value.
[Equation 1]

Inhibition rate (%) = [1-{(absorbance of control) -

(absorbance of blank)} / {(absorbance when inhibitor added) - (absorbance

of blank)}] x 100



74 84x101 93x10 111x10 134 141 156x10-1 173 x10 18
2x103 19 6 x 10-1 According to Table 1, compounds having general
formula (1) were determined to havgSuperior a-amylase inhibitory action.
<Test Example 2> Effects of Combined Use of a-Amylase Inhibitor
(Compound A: Compound of Reference Example No. 2) and Insulin

Tatedretagogue (Nateglinide) (1) Animals Used Commercially available
obese rnfe (Zucker fnﬂ'\/ rats-—males—age-at-time of use: 16 Weeks

é%ﬁ)fﬁffé}c?l 6555‘%5%3 @)W(/éﬁé“ﬂged (2) Experimental Method and

Results The rats (5 10 6 animglg(group) were used in the study after
fasting overnight, and were orallv administered starch suspended in a

solvent (O 2% methyl celluldse 46 solution) by gavage at a dose of 2 g/10

||||lr\g rornowet uy evaluatingth quuocqucnt irereases in blood gIUCOSe
levels. Anlr‘?nals orally admin Xel¥d the solvent (5|mL/kg) 5 minutes prior

to starch agiministration wessugged as a control group. Animals of the
nateglinide group were orally administered a nateglinide dosing solution

at a dose of 20 mg/5 ml/kg 8 minutes prior to starch administration.

Animats of $he compound -\4dose group were oral|ly administered the
solvent (5 mUKQ) 5 minutes prior to starch administration, and then orally

administeréd compound A #ixéd in a starch solution at a dose of 0.1

mgt16-miAgg by gavage atthe -
11 1x10
13 4
14 1
15 6x 10"
17 3% 10
18 2% 107
19 6x 107

According to Table 1, compounds having general formula (I) were determined to

have superior o-amylase inhibitory action.

<Test Example 2>
Effects of Combined Use of a-Amylase Inhibitor (Compound A: Compound of
Reference Example No. 2) and Insulin secretagogue (Nateglinide)
(1) Animals Used

Commercially available obese rats (Zucker fatty rats, males, age at time of use:
16 weeks, supplier: Japan Charles River) were used.
2) Experimental Method and Results

The rats (5 to 6 animals/group) were used in the study after fasting overnight,

and were orally administered starch suspended in a solvent (0.5% methyl cellulose



time of starch administration. Animals of the combination group were
orally administered the nateglinide dosing solution at a dose of 20 mg/5
mL/kg 5 minutes prior to starch admiggstration, and then orally
administered compound A mixed in the starch solution at a dose of 0.1
mg/10 mL/kg by gavage at the time of starch administration. Blood

sol Q035 levelsewe redareasuredl behdne: starwad mynistiatianamed aitd&uknt
2 and 3 hours after starch administration. Blood samples were collected

InCEaRES L RIPAHCBPGHEVFAs, blood glucose levels were measured using a

simplaigldBosaIanalyde s (Seddaaloades e i Tmb/Be T GRinkieh prasiddRerch
areas under the curve were ceﬁlculated for the increases in blood glucose

adupsfEation VIGIS St HEREFe! SHBWh in FIG. 1. According to FIG. 1,
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determined to he demanstrated by combined use of the a-amylase
SOl b AR e Sa B G L SO S h B e e
alon&nibhus ofineeccnpoanad aceodical ipthe foresant davdntiva-dawersdilead (5
lucgse levels during diahetes even more effectively than administration
mLJ5e] SRR ST ABHI ORI BRSTRCAINA S ILBISERA of
corfphates. hadditiantsiticeotupbarmadesdiofloof the/ 1oredeRE ibyeatioge at the
._allows the (ﬁinin%ﬁof adequate effects even if used in a smaller amount
Mg AL N USR BRIt e case of administration of each drug alone,
adveysmsilefefiecismssaciatgebupthy #is linliSecteiagogredsiduringsthede

d treatnletnt of {jia etesrfs(igch%# ypoglycemia, gancreatic 3-cell datm age,
Y08 SRR A R SSrErs and s it tam) CAR bR A 2L Fgptraton.
andekam@ld13>adinirCxoendl natioro txite 8t sni at Amiptaserthhiblitoio(Comgotenet A: 1
m ﬁ@”&ﬁ?ﬂ” ot Referenge Sxample o, 4 and Insllin Preparation
g( egu i §Lﬁ|ﬁ§ (gf) ARIFAT L?seoaréor%mermaﬁly available diabetic rats
(GoBHkakizatdsatsy ehatescagenairtithbetiraisar@iladiaakistrstipphead aepani, 2
an 5'@% A {‘éﬁgl?"rv&r%&’sﬁfi's'é%%&?‘pﬁf GOF Qt?n'd) e%th%%’F%QﬂeF&%ﬁ%tSJ i BiPvein
0 5 animals groupﬁnwere used in the study after fasting overnight, and
of tveretQralby ddiministdesd stacchmuspeatiesing a solpengli@adbanalyzer
(Gl%%(l; (())a{( &‘&92% A & T Co., Ltd.), and the areas under the curve were calculated for
the increases in blood glucose levels, the results of which are shown in FIG. 1.
According to FIG. 1, prominent activity which inhibited increases in blood
glucose levels was determined to be demonstrated by combined use of the a-amylase
inhibitor and insulin secretagogue as compared with the use of either alone. Thus, since
a pharmaceutical of the present invention lowers blood glucose levels during diabetes
even more effectively than administration of a single drug alone, it is useful for the
prophylaxis and treatment of diabetes. In addition, since a pharmaceutical of the
present invention allows the obtaining of adequate effects even if used in a smaller
amount when compared with the case of administration of each drug alone, adverse side
effects associated with insulin secretagogues during the treatment of diabetes (such as

hypoglycemia, pancreatic B-cell damage, liver function disorders and weight gain) can

be diminished.

<Test Example 3>



cellulose solution) by gavage at a dose of 2 g/10 ml/kg, followed by
evaluating the subsequent increases in blood glucose levels. Animals
subcutaneously administered physioiggical saline (1 mL/kg) just before
starch administration were used as a control group. Animals of the insulin
group were subcutaneously administered an insulin dosing solution

CofiBHHAR6ATSHER): 3t 39088128 O1RRi b3 Tt dkepisiddaIare Gk of Reference

administration. Animals of the compound A dose group were
Exaple i e dar BarkiniBtepattiony s muiednsalink (1 mL/kg) immediately

(1) Priontgistatah@dministration, and then orally administered compound A
mixed in a starch solution at a dose of 0.05 mg/10 mL/kg by gavage at

the fr@BFLtiin aydHihlsdiaRsticApinSetortnkicdihbisatiiegragp avtipae of

useSBGHEaRE QUBPiRAMIPIsITREHIRERNRUIR SO ske@ Ssolution (regular insulin)
at a dose of 0.25 U/1 mL/kg just before starch administration, and then

(2) orallRgrmmaatat ddetind p8dMteiiixed in the starch solution at a dose of
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lucose levels were measured before starch administration and at 0.5, 1
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simple glucose analyzer (Glucoloader GXT, A& T Co., Ltd.), and the
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rominent activity which inhibited increases in blood glucose levels was
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Thus, since a pharmaceutical of the present invention lowers blood
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adraahipigisation of a single drug alone, it is useful for the prevention and

treatment of diabetes. In addjtion, since a pharmaceutical of the presen
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Animals of the combination group were subcutaneously administered the insulin
dosing solution (regular insulin) at a dose of 0.25 U/1 mL/kg just before starch
administration, and then orally administered compound A mixed in the starch solution
at a dose of 0.05 mg/10 mL/kg by gavage at the time of starch administration.

Blood glucose levels were measured before starch administration and at 0.5, 1, 2
and 4 hours after starch administration. Blood samples were collected from the tail vein
of the rats, blood glucose levels were measured using a simple glucose analyzer
(Glucoloader GXT, A & T Co., Ltd.), and the areas under the curve were calculated for
the increases in blood glucose levels, the results of which are shown in FIG. 2.

According to FIG. 2, prominent activity which inhibited increases in blood
glucose levels was determined to be demonstrated by combined use of the a-amylase
inhibitor and insulin preparation as compared with the use of either alone. Thus, since a

pharmaceutical of the present invention lowers blood glucose levels during diabetes



<Test Example 4> Combination Effects of a-Amylase Inhibitor (Compound
A: Compound of Reference Example No. 2) and Insulin Sensitizer
(Pioglitazone) (1) Animals Used Comgercially available diabetic mice
(db/db mice, males, age at time of use: 7 weeks, supplier: Clea Japan,
Inc.) were used. (2) Experimental Method and Results The mice were

eve@raiipediiate grpUpaOhdnanimalsonash Andlealfugfidaants s were
given unlimited accesfs to a powdered feed (FR-2 Powdered Feed
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FIG. 3. Blood samples were collected from the tail vein of the rats, and
Tblo]gd %@:0 e levels were measured using a simple glucose analyzer
< ?ﬁl o erGXT, A& T Co., Ltd.) According to FIG. 3, prominent activity
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by combined use of the a-amylase. inhjbitor and insulin sensitizer as
Exnplp e At Hie nsititsr o) since a pharmaceutical of
(1)the Rresan invgntion lowers blood glucose levels during diabetes even

more effectively than administration of a single drug alone, it is useful for

the SIRVEMIGH oA ARl SRDEH HMIsEELD/ b igrighelgmagezt ime of use: 7

weglhaknaaaLticadof 1pan PIeseMidvedon allows the obtaining of adequate
effects even if used in @ smaller amount when compared with the 49 case
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cardiac hypertrophy, edema and liver function disorders) can he
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Furl §60800 U e sAC Ao e af iReferang@als of the pioglitazone group and the
combination group were given unlimited access to the powdered feed mixed to a
concentration of 50 ppm with pioglitazone, while animals of the compound A group and
the combination group were given free access to the powdered feed mixed to a
concentration of 100 ppm with compound A.

Blood glucose levels were measured 2 weeks after beginning administering the
compound, and those results are shown in FIG. 3. Blood samples were collected from
the tail vein of the rats, and blood glucose levels were measured using a simple glucose
analyzer (Glucoloader GXT, A & T Co., Ltd.)

According to FIG. 3, prominent activity which lowered blood glucose levels was
determined to be demonstrated by combined use of the a-amylase inhibitor and insulin
sensitizer as compared with the use of either alone. Thus, since a pharmaceutical of the
present invention lowers blood glucose levels during diabetes even more effectively
than administration of a single drug alone, it is useful for the prevention and treatment
of diabetes. In addition, since a pharmaceutical of the present invention allows the

obtaining of adequate effects even if used in a smaller amount when compared with the



Example No. 2) and Biguanide Drug (Metformin) (1) Animals Used
Commercially available diabetic rats (Goto-Kakizaki rats, males, age at
time of use: 29 weeks, supplier: Japgn Charles River) were used. (2)
Experimental Method and Results The rats were grouped into groups of 5
animals each. Animals of the control group were given unlimited access

castooR pwdRkedifeest dabir Ao wdateddvend, sidyrateashissas e CRitH-tk)lin

for. 2 weeks. Animals of the metformin group and the combination group,

sengiHFSTgiTerng i e RERE AL dbrle HEWE AS M8l sl g 4Esiiac hypertrophy,
edep@nerMiation afRA0RRMwihcaestodmim(Siema-Aldrich Japan Co., Ltd.),
while animals of the compound A group and the combination group were
given free access to the powdered feed mixed to a concentration of 40
<Tepmxaitipledrpound A. Blood glucose levels were measured 2 weeks
after beginning administering the. c,om&ound, and those results are shown
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Exigned ghicosadenplgriemieasmraeousing a simple glucose analyzer
(Glucoloader GXT, A& T Co., Ltd.) According to FIG. 4, prominent activity

whi &¢¥ood glucose levels was determined to be demonstrated

by copihingdigs afdiner-amybaseadahicibes-andi DU 0R Aeydat@nd time of
preferably metformin) as com?ared with the use of either alone. Thus,

usesin & e hathBle deRr AR 6 VAT R ESA%owers blood glucose
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can be dimipished. 50 <Test Example 6> Combipation Effecis of .
Corg R 48 R ORB A B AP O PR Ce BSedr o,
anidjad6F DR RoMpninbitero(Milh-dBiA Chhdmmuls &sad were given free access to
the powdered feed mixed to a concentration of 40 ppm with compound A.

Blood glucose levels were measured 2 weeks after beginning administering the
compound, and those results are shown in FIG. 4. Blood samples were collected from
the tail vein of the rats, and blood glucose levels were measured using a simple glucose
analyzer (Glucoloader GXT, A & T Co., Ltd.)

According to FIG. 4, prominent activity which lowered blood glucose levels was
determined to be demonstrated by combined use of the a-amylase inhibitor and
biguanide drug (and preferably metformin) as compared with the use of either alone.
Thus, since a pharmaceutical of the present invention lowers blood glucose levels
during diabetes even more effectively than administration of a single drug alone, it is
useful for the prevention and treatment of diabetes. In addition, since a pharmaceutical
of the present invention allows the obtaining of adequate effects even if used in a
smaller amount when compared with the case of administration of each drug alone,
adverse side effects associated with biguanide drugs during the treatment of diabetes

(such as digestive tract disorders, lactic acidosis and rashes) can be diminished.



Commercially available diabetic mice (KKAy mice, males, age at time of
use: 6 weeks, supplier: Clea Japan, Inc.) were used. (2) Experimental
Method and Results The mice were gbouped into groups of 4 animals
each. Animals of control group were orally administered distilled water
(10 mL/kg) one hour before administration of a saccharide (1 g of glucose
+ 2 g of cornstarch/10 mL/kg of body weight). Animals of the MK-0431
group were orally administered an aqueous solution of MK-0431 at a dose
<T&H ERAGIRE B /kg one hour before saccharide administration. Animals of
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one hour before saccharide administration, and then orally administered
ExugplpSlind ew) RhKidy ieibrer dtrMdde solution at a dose of 0.05
(1) Mg/ K ilalkaiatdhe time of saccharide administration. Animals of the
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demonstrated by combined use of the a-amylase inhibitor and DPP-IV
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during diabetes even more @ffecti ely than adminjstration of a single drug
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Blood glucose levels were measured before saccharide administration and at 0.5,
1, 2 and 3 hours after saccharide administration. Blood samples were collected from the
tail vein of the mice, blood glucose levels were measured using a simple glucose
analyzer (Glucoloader GXT, A & T Co., Ltd.), and the areas under the curve were
calculated for the increases in blood glucose levels, the results of which are shown in
FIG. 5.

According to FIG. 5, prominent activity which lowered blood glucose levels was
determined to be demonstrated by combined use of the a-amylase inhibitor and DPP-IV
inhibitor as compared with the use of either alone. Thus, since a pharmaceutical of the
present invention lowers blood glucose levels during diabetes even more effectively
than administration of a single drug alone, it is useful for the prevention and treatment

of diabetes. In addition, since a pharmaceutical of the present invention allows the



function disorders and immunodeficiency) can be diminished. According to
the results described above, a pharmaceutical of the present invention
was determined to have remarkably #nhanced effects in comparison with
effects during administration of each drug alone. <Reference example 1>
(2R,3R,4R)-4-Hydroxy-2-(hydroxymethyl)pyrrolidin-3-yl 4-O-(6-deoxy-a-D-
obt@ihERRYranesyljca-R-abicanyrpnaside {3aaller amount when compared with the
Allyl4-0-(2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl)-2,3,6-tri-O-acetyl-D-
Cas&|ﬂ£6‘ﬂ)‘§?}8ﬁ6f§fé‘é“§fl\ﬁ%{b§@%%@h%Y%e(%%?c?%v?‘ité@%%‘éff%(éth PP-IV
inhchgspdurgiiy pyidingneftondijrrnd acrticaanhydided@e, ila)and liver
4-dimethylaminopyridine (0.6 g, 4.90 mal) were added thereto, followed
o BT T RIS SRS B I8 oure, The reaction
MiXtAER Wwdis 06 aaoteshlicddsiPingIvas ad deshiheieimnand afteltpsent
. _mixture was stirred for 30 minutes, it was extracted with ethyl acetate (500
i PR SIS 6 HAE (AP i S Ayt O SHESdER Pk
eff200ditipga Salinistad oaqeads gogdidvnaydrogencarbonate solution (100
mL) and a saturated aqueous NaCl solution (100 mL). After it was dried

with anhydrous sodium sulfate, the solvent was distilled off under reduced
<Rpfessucexihglesidue was dissolved in methylene chloride (700 mL), and

allyl alcohal (34 mL, 500 mol) and trimethylsilyl. triflugromethanesulfonate
@éé_/[”ﬁ%ﬁ-%w&;%?&oémﬂqﬂf@%ﬁm@%9-gﬁrﬁ?ﬁaydﬂﬂ%
cluBIF AR R IRaIDIeBSstkiBsiar 2 hours. The reaction mixture was added

to a saturated aqueous sodium hydrogencarbonate solution (1 L) and after

(lagh& ibdute Qvdd Extetiatetagatil hetraibsersrirede (200 ority Qrie Sigdhic

glu@ﬁ%@}%a\@hed with a saturated aqueous NaCl solution (300 mL). After

it was dried with anhydrous sodium sulfate, the solvent was distilled off

undét-Muliewnpreeduitare ¢ésiddevagplrifieddissthdiicaxjelifiash0o
mL§AMMR& amaaiaprv(EHhyLAGataseR ifopyrYdifk 1© 8B aiNotGol)

desired title compound (30.0 g, yield: 31%) as a pale yellow amorphous

we iideghdeerstp, fiqllamel 08imikg of hensyigelaopeapmtes)porgoresiar 45

hou%so 1T@'1le§éti8n%i%e %as%c%%@ﬂed?lcg (%6 'dﬁa§)a<ﬁ1@(§fﬁe§§({%hh Qf?er the
3.93-4.14 (4H, m), 4.20-4.26 (2H, m), 4.30 (IH, dd, J=13.2, 5.1 Hz), 4.47

mixtee wes sereddop Sppmutes7i( s axaged pith etﬁyl acetate (500 mL). The
organic layer was washed with diluted hydrochloric acid (1N, 200 mL), a saturated

aqueous sodium hydrogencarbonate solution (100 mL) and a saturated aqueous NaCl
solution (100 mL). After it was dried with anhydrous sodium sulfate, the solvent was
distilled off under reduced pressure. The residue was dissolved in methylene chloride
(700 mL), and allyl alcohol (34 mL, 500 mol) and trimethylsilyl
trifluoromethanesulfonate (18.1 mL, 100 mmol) were added thereto, followed by
stirring of the mixture at room temperature for 2 hours. The reaction mixture was added
to a saturated aqueous sodium hydrogencarbonate solution (1 L) and after the mixture
was extracted with methylene chloride (500 mL), the organic layer was washed with a
saturated aqueous NaCl solution (300 mL). After it was dried with anhydrous sodium
sulfate, the solvent was distilled off under reduced pressure. The residue was purified
using silica gel flash column chromatography (ethyl acetate:hexane, 2:3, V/V) to obtain

the desired title compound (30.0 g, yield: 31%) as a pale yellow amorphous substance.



4.83-4.87 (2H, m), 5.04 (1H, t, J=9.5 Hz), 5.18-5.28 (3H, m), 5.35 (1H, t,
J=9.5 Hz), 5.41 (1H, d, J=3.7 Hz), 5.79-5.88 (1H, m); MS (FAB) m/z: 677
(M+H)', 699 (M+Na)". (Ib) Allyl 52
4-0-(4,6-0O-benzylidene-(x-D-glucopyranosyl)-D-glucopyranoside The
compound (17.0 g, 25.1 mmol) synthesized in Reference example 1 (la)

'H wasrdigasolxedinanetngneh (25@3mL)andsesinng meshegige (2omb. (98 s),
mol) was added thereto under ice-coolin?% followed by stirrin%of the

2.0thixtdre) af robrHempe k&6t s Abus: Botvkk Gblvis il hdeédtoe
4.30e@giiammixigre wntithe Jeaction mixiwe hecame nautraland aftsy the,),

mixture was filtered, the solvent was distilled off under reduced pressure.

483 Hebroiiaas i bivie it NHE kA (Tl e 306 L §; Srt> H).

5.4henzalgdebyde @insthylacedal (4.65.mL, 31.0 mmol) and p-toluenesulfonic
acid mono- h)?%rate 226 mg, 1.19 mmol) were added thereto, followed by

Mssfﬁrﬁ‘@ BY & Phidirelae 1gf"%”mmHg for 5 hours. After triethylamine

(2 mL) was added to the reaction mixture, the solvent was distilled off
under reduced pressure. The residue was purified using silica gel flash

(1bg oftith RS thatBoPaphyidstify PaPethic thakaiis YhethighsoBysm0sida /v) to

obtaifthe,desiied tten ,@99%&&1&%&%@@ ﬁﬁ%}é}&ﬁd@@iﬁlﬂﬁi@l’v(l%)
amorphous substance. IH NMR (400 MHz, CD30D): S 3.16 (1H, t, J=9.

waggipsel el anapqthenchi2 309810 ppd sostigns rrgthoxide (3 paly, 38groPyyjassadded

e e

houy=fopsvex 3oy, 8 pas adslgq setheyear Ben MK yreyunt, sheypgacsion miKfuEe

bechnith hetitdl 2d3fdHohd dxkird W) iR BddDiRd Jikverdiy a8 a4 SBHnED:
7.38-7.40 (2H, m); MS (FAB) m/z: 471 (M+H)', 493 (M+Na)'. (1c

redwrsﬂm&Eured%wﬁ%w&&z@ssﬁﬁﬂ-@dd@rw}l&@@@Mlifawﬁmée 09) sgyrpnd

berrfatdea iy dinetHgRRYrAN2Hgeni N8 compRngdd 8- & thehdsd I8RO Ccid mono-

synthesized in Referance example 1 (Ib) was dissolved in .
hydepig-GhatetrgfolhaaR 1atio MtshHE SR RH MR BE Yortiggobths Baxture at
5090 ’E@b‘ﬂﬁﬁﬁg@&dsthgﬁ%.o Maderdearceaiing (AlariheMmbduiadvas ftilcgen

_under ice- cooling for 30 minutes, benzyl bromide (25 mL, 213 mmol) was
mix{gefe dhtherbiRnhnasHis e ofb Woder saress dprevli terhbr Fatishecrdtas purified

usiMOYiige M ¥aTela (A0 ithh VRS AAARGAN & thy! acetate:hexane:methanol, 5:5:1,
V/V/V) to obtain the desired title compound (10.0 g, yield: 85%) as a pale yellow
amorphous substance.

'H NMR (400 MHz, CD;0D): § 3.16 (1H, t, J=9.5 Hz), 3.28-3.32 (1H, m), 3.35 (1H, t,
J=9.5Hz), 3.42 (1H, t, J=9.5 Hz), 3.47 (1H, dd, J=9.5, 3.6 Hz), 3.54 (1H, t, J=9.5 Hz),
3.61-3.66 (2H, m), 3.71 (1H, t, J]=9.5 Hz), 3.74-3.81 (2H, m), 4.02-4.07 (1H, m), 4.12
(1H, dd, J=10.3, 5.1 Hz), 4.22-4.29 (2H, m), 5.06 (1H, d, J=10.2 Hz), 5.10 (1H, d, J=4.4
Hz), 5.23 (1H, d, J=17.5 Hz), 5.81-5.91 (1H, m), 7.22-7.24 (3H, m), 7.38-7.40 (2H, m);
MS (FAB) m/z: 471 (M+H)", 493 (M+Na)".

(1c) Allyl 4-O-(4,6-O-benzylidene-2,3-di-O-benzyl-o-D-glucopyranosyl)-2,3,6-tri-O-
benzyl-D-glucopyranoside

The compound (10.0 g, 21.3 mmol) synthesized in Referance example 1 (1b)
was dissolved in N,N-dimethylformamide (300 mL) and sodium hydride (9.28 g, 213



reaction mixture and the mixture was extracted with ethyl acetate (500
mL). The extract was washed with water (100 mL) and a saturated
aqueous NacCl solution (100 mL) ang3it was dried with anhydrous sodium
sulfate, and then the solvent was distilled off under reduced pressure.
The residue was purified using silica gel flash column chromatography

mnibBxane;iathyl depitandet 04 ¥ddanbtaindhedesikadditlecampaunder ice-
18. 5 eld 94%)%69 a pale yellow solid, 1H NMR (400 MHz, CDC13): S

%! §r @YY, 2PEevs s, (), mlg21p Mol W?ﬁ)adzfl?fbtﬁe’i@(@llfl the

m1>m)re4v&¢h%-§h?l&(h€)l'd>oh’ﬁ)te4n§érﬁlﬁz {3HB Rourd. RBafdH1 DED. BWhg)addedxo the

(1H, dd, J=17.5, 8.8 Hz), 5.54 (1H, d, J=3.9 Hz), 5.74 (1H, dd, J=24.5, 3.9
feaﬁ%)n BIgBLE gad %}2‘*7‘61‘7&? %ﬁtregﬁdaw%@zrfﬂﬁméﬁ%@@w ﬁ)e,
extBd4 Wikhahe{1ljth water (100 mL) and a saturated aqueous NaCl solution (100

Allyl2,3,6-tri-O- I-4-O-(2,3,4- |Ob (XD opyranos
L S L RO B e B RSt distilled
offla@defee@&eet@mpéeﬁ (Ith): waalwss@sl\@ﬂlﬂied ity sitiner gaQﬂh@th)oamdn

meth oride 1 aluminu hydrlde , 48.8
R e Qs il st e e g5,

(1&5@@1};1&10@@,\31@(1@3{ lbtelatyegdmd@lﬁdeﬂux of the mlxture for 2 hours After
the reaction mixture was diluted with diethyl ether§ 0Q mL) IN aquequs

't U A e B (5 b et e Ptk Fiskro O

m) andahermRMrenwass stirmedl ioHL hour. %@0%m@gl@nmmmre WaB8 Hz),
extracted with et%yl acetate, the organic %}T_}/er was washed with 10%

533 4LoHE N o iohE Bkiar Yol (156 Ri5) - LAl ditélis S Ho-

5.930slpm Iy diggenoarimIngtd, salition (150 mL) and a saturated aqueous
NacCl SOIUtiOg\?;SOO mL) and it was dried with anhydrous sodium sulfate,

MSHEASDIA Wets Witk o (MY aEduced pressure. The residue was

purified using silica gel flash column chromatography (hexane:ethyl

acetate, 4:1-3;1-2:1, V/V) to obtain the desired title compound (21.1 g,
(1d); vy 2oh P A8 DeRraniiti-Sos - Rre7os Mhskieprnsd-D-
gludef9ranbdigeH, m), 3.74-3.85 (2H, m), 3.90 (2H, m), 3.99-4.07 (1H, m),

4.10-4.20 (3H, m), 4.42-4.70 (7H, m), 4.76-5.08 (6H, m), 5.23 (1H, 54 t

=10 heigoprousd (39, (., 32 2grenal S ypshesize (R edrence expmply héw
waS A& 1ﬁl-h’leﬂ1‘i‘})l G- @@@ﬁﬁg'ﬂnmﬁaethylene chloride (150 mL), and lithium

aluminum hydride (1.85 g, 48.8 mmol) and aluminum chloride (III) (6.93 g, 52.0 mmol)
were added thereto, followed by heating under reflux of the mixture for 2 hours. After
the reaction mixture was diluted with diethyl ether (500 mL), 1N aqueous sodium
hydroxide solution (5.6 mL) was added to the reaction mixture and the mixture was
stirred for 1 hour. After the reaction mixture was extracted with ethyl acetate, the
organic layer was washed with 10% aqueous hydrochloric acid solution (100 mL), a
saturated aqueous sodium hydrogencarbonate solution (150 mL) and a saturated
aqueous NaCl solution (100 mL) and it was dried with anhydrous sodium sulfate, the
solvent was distilled off under reduced pressure. The residue was purified using silica
gel flash column chromatography (hexane:ethyl acetate, 4:1-3:1-2:1, V/V) to obtain the
desired title compound (21.1 g, yield: 71%) as a pale yellow solid.

'H NMR (400 MHz, CDCls): 8 3.40-3.71 (6H, m), 3.74-3.85 (2H, m), 3.90 (2H, m),
3.99-4.07 (1H, m), 4.10-4.20 (3H, m), 4.42-4.70 (7H, m), 4.76-5.08 (6H, m), 5.23 (1H,



MS (FAB) m/z: 946 (M+Na)', 924 (M+H)'". (le)
Allyl2,3,6-tri-O-benzyl-4-0O-(2,3,4-tri-O-benzyl-6-deoxy-a-D-glucopyranosyl
)-D- glucopyranoside The compound§15.2 g, 16.5 mmol) synthesized in
Reference example 1 (1d) was dissolved in pyridine (300 mL), and
p-toluenesulfonyl chloride (12.5 g, 66.0 mmol) and

t, J4tdimethylsnopyadine (2.0138 164 ywnoHyese rdded $ereip, Solpvied
by stirring_of thg mixture at room temperature for 13 hours. After the
(IFdRert \iak idtiEH " under reduced pressure, the residue was poured

MSnEAE) Y% a6 vee ushydnochiario/adi* solution (50 mL) and ethyl acetate
(200 mL), and the organic layer was washed with 10% aqueous
hydrochloric acid solution (50 mL), a saturated aqueous sodium

(1ehySIBYEIEBHIALR SAUHOD- (23 M) antheh SAter AR RaUBOLS AP Ghnos yl)-D-
solution (20 mL). After it was dried with anhydrous sodium sulfate, the
2lugBRIEWKLE distilled off under reduced pressure. The residue was purified

usingrilicangelflasnceltme. ThamnaQaiRmeBRERIBHN Seaiple.1 (1d)
5:1-3:1, V/V) to obtain tosylate (13.5 g, yield: 76%) as a&/ellow oll. The

Waﬁ&éwaléeﬁ@.@5&}%2?5(%98|msaaf§gaﬂiaaqwa%8{ﬂ%)@%m £386-m#:) 09 fymmol)
andithtiMealyainipvidiide ¢P0nms 25imel) was addadithespioindaaedy

by heating under reflux of the mixture for 1 hour. IN aqueous NaO

SUTERR RHHEITH TS AABCRLIEPPEBISE fWdrb Doyttt ShEP Fesobtio ﬁl_lﬁ‘&tﬂﬁséﬂled

off anddhe Mbdd g wasstinetipfush iipsies Mfter the Jaaditm pivdeii@scid
filtered through Celite, the solvent was distilled off under reduced

solpgadaftmHiane Sk p rit A liking SheL FariakN CEdidmpashed with

10%hQiBaie dRaRbyhibexaRaiellvlidaetIen ) la ViMde Ohlaikvikesiasired title
compound (10.2 g, yield: 90%} as a colorless solid. 1H NMR (400 MHz

hydspgencsybensiggqistion (HLmbgnsl agpaied paycgus NQS@%*%?%@%H’}L)-
AftdFER. Bad dried v BiidhiByatb (R Ho din3s 6 ase / thé3bllviehk Wab@l{kilel Jerdider
Hz), 3.93 (1H

I AL S RS s 3 G oo
chrBititdaYyaphdIHdtne:canl Q& t), $126: 1( VY (dobti k)l el 15, dsield:
o B TS (L 708 20308 0 MS AR M e
(304-r(G-dnaoxyiand AulitiQrbeividd B sueepRramosyly -3, addddi thideas) 2pHbwed
by ﬁé‘iﬁ%%%‘e?srigﬁux of the mixture for 1 hour. 1N aqueous NaOH solution (1.0 mL)
and water (1.0 mL) were added to the reaction mixture and the mixture was stirred for
30 minutes. After the reaction mixture was filtered through Celite, the solvent was
distilled off under reduced pressure. The residue was purified using silica gel flash
column chromatography (hexane:ethyl acetate, 6:1, V/V) to obtain the desired title
compound (10.2 g, yield: 90%) as a colorless solid.

'H NMR (400 MHz, CDCls): § 1.08 (3H, d, J=5.8 Hz), 3.01 (1H, t, J=9.5 Hz), 3.35 (1H,
dd, J=9.5, 3.7 Hz), 3.44-3.50 (2H, m), 3.66-3.72 (5H, m), 3.78 (1H, t, J=9.5 Hz), 3.93
(1H, t, J=9.5 Hz), 4.07 (1H, dd, J=12.8, 5.9 Hz), 4.35 (1H, dd, J=13.1, 5.1 Hz), 4.39-
4.57 (7TH, m), 4.69 (2H, d, J=11.7 Hz), 4.77-4.88 (3H, m), 5.13 (1H, d, J=10.0 Hz), 5.26
(1H, d, J=16.9 Hz), 5.47 (1H, d, J=3.7 Hz), 5.84-5.92 (1H, m), 7.09-7.26 (30H, m);

MS (FAB) m/z: 907 (M+H)".



The compound (10.2 g, 11.2 mmol) synthesized in Reference example 1
(le) was dissolved in methanol (40 mL) and tetrahydrofuran (100 mL) and
palladium chloride (1) (400 mg, 2.24fmol) was added thereto, followed
by stirring of the mixture at room temperature for 14 hours. After the
reaction mixture was filtered through Celite, the solvent was distilled off
(1fpndet (eiéery-preasHien bagAasidue Nas pRriHiRg iR silice-gehiAsh-
column chromatography (hexane:ethyl acetate, 5:1-4:1, V/V) to obtain the
glugeRyigaatite compound (8.17 g, yield: 84%) as a pale yellow amorphous

substrOEempBuIMRN(4Q0 MHZnGRE IRinesizddiBRbEredicd S HEDIS 08 ¢)
(1H, 1, J=9.5 Hz)i,l‘a3.4l-3.47 (2H qu’ .62-3.81 (4H, m), 3.96-4.05 (2H,

wagglissobyed inanefhrieh (40 AoLd #sl dsfialnisirodurang 18 ol ansl pabadingg

chibfde (1) 188 (2 DaImb1 ik hs adied thbrEho) T4 W) by stiiAS41(3eH,
~m); MS (FAB) m/z: 889 §M+Na)'. (19) ) ) )
MR SOBTTHHARSAINTE &Y oI oM Sh8 JGRASSR I E LR iREsditered
thrd¥furanesige Metbl was distilled off under reduced pressure. The residue was
N-benzyloxycarbonyl-2,5-dideoxy-2,5-imino-a-D-lixofuranoside
Pur(ﬁ*%i’r&ﬁé‘&r%}’r??ié@ﬁg,'/% gduply deeBaiee YR Aiaad 141
v/ issalveghthdnrinde el e bianipeud08 MLy, anddpyudings(d P4nrlydtio

mmol) and benzoyl chloride (11.6 mL, 99.6 mmol) were added thereto,
ames BRSSP @R ng of the mixture at room temperature for 2 hours. IN

'H Rxaroctonigiaei ¢ (200)m-) wassaddedio he,seaeion HNixiwe AHIE ang.3 47

after the mixture was extracted with methylene chloride %100 mL), the

(CEbrganieOizyed WaSlwashe Aot ZHnPatdelAdti&b (5 dRiurh*9-4.68 (6H, m),
4 7hyflredercaryonsies selwiaN (309 ml) And 3-SaBIARS 8qyeaua NaGh Hy),

solution (200 mL). After it was dried with anhydrous sodium sulfate, the
7-18ofviht3NBs Wistilled off under reduced pressure. The residue was purified

MSUginBsHiga: gsbffaginegfumn chromatography (hexane:ethyl acetate,
5:1-3:1, V/V) to obtain the desired title compound (15.82 g, yield: 83%) as

a colorless solid. 1H NMR (400 MHz, CDC13): S 3.42-3.46 (4H, 3s), 3.60

(101 Whedltl1 5820 n 1 B LBk A8 x {13 b8n YEB4-diltox 1 B4-(Hih 26 H-I=7.9
Hz), 4.85 (1H, d, J=36.2 Hz), 5.13-5.22 (2H, 56 m), 5.47 (1H, s),

lixofyrgopsade(5H, m), 7.41-7.45 (2H, m), 7.59 (1H, t, J=7.8 Hz), 7.95

Methyl N-benzyloxycarbonyl-2,5-dideoxy-2,5-imino-o-D-lixofuranoside
(Tetrahedron, 1986, vol 42, pp. 5685-5692) (13.9 g, 49.8 mmol) was dissolved in
methylene chloride (200 mL), and pyridine (20 mL, 249.0 mmol) and benzoyl chloride
(11.6 mL, 99.6 mmol) were added thereto, followed by stirring of the mixture at room
temperature for 2 hours. 1N Hydrochloric acid (200 mL) was added to the reaction
mixture at 0°C and after the mixture was extracted with methylene chloride (100 mL),
the organic layer was washed with a saturated aqueous sodium hydrogencarbonate
solution (200 mL) and a saturated aqueous NaCl solution (200 mL). After it was dried
with anhydrous sodium sulfate, the solvent was distilled off under reduced pressure.
The residue was purified using silica gel flash column chromatography (hexane:ethyl
acetate, 5:1-3:1, V/V) to obtain the desired title compound (15.82 g, yield: 83%) as a
colorless solid.
'H NMR (400 MHz, CDCls): & 3.42-3.46 (4H, 3s), 3.60 (1H, dd, J=32.2, 10.8 Hz), 4.54
(1H, d, J=34.2 Hz), 4.64 (1H, br, d, J=7.9 Hz), 4.85 (1H, d, J=36.2 Hz), 5.13-5.22 (2H,



(2H, t, J=7.8 Hz); MS (FAB) m/z: 406 (M+Na)', 384 (M+H)'". (1h) Benzyl
(2R, 3R, 4R)-3-benzoyloxy-4-hydroxy-2-(hydroxymethyl)pyrrolidine-I-
carboxylate The compound (15.8 g, 44.3 mmol) synthesized in Reference
example 1 (1g) was dissolved in trifluoroacetic acid:water (4:1, 160 mL)
and the mixture was stirred at room temperature for 15 minutes. Water

m),(3Q0 My, wag addeshtostengactor asxiorg al), 0Gandafter-he miytures

was extracted with methylene chloride (300 mL), the organic layer was

CHybhdP iR a saturated agueous sodium hydrogencarbonate solution

MY Z2PAB Y Ande @aiNared sqwenys)NaCl solution (200 mL). After it was
dried with anhydrous sodium sulfate, the solvent was distilled off under

reduced pressure. The residue was dissolved in ethanol (150 mL) and a
(1hneBgamlinROBR, Sedisrodetsnydyiden (@rdSyR-20ydroxyobtmaspsissntiael 1 -

En water (15 mL) was added thereto, followed by stirring of the mixture at
CapXYS90 minutes. After a saturated aqueous NaCl solution (20 mL) was

addaudedhepoaadtion. snexirs aicl) eihansiwasidibeshodfexadgle 1 (1g)
reducid r.ess.ﬂe. Water (10%mL was aﬁ%ed hereto and.after it was.
Wy SRR W TSR B RS 1 BEIR LT th r&b@ﬁié‘} JBF RN s i
rootnSathipatediefoe 08 saNAlds sWatian Z000nm) A dd ddwashdfiegt dthmixture at
anhydrous sodium sulfate, the salvent Waéydisti”@%?ﬁ)qff under reduced

0°Goradstiter PRVSLIHLY WA A a LA SHERGEr vxids GO mfy- the organic

layehvamatagaphtihexanaethyhacsiateditid M) feRafBihikesdasiwd tive
compound (14.2 g, yield: 89%) as a cqlorless oil. 1H NMR (400 MHz,

mIGHE FSEr S eBAAGOY; DAt SPGB0 Ah): aal LIRS #chyith
anh3 @3 Od(@hl, 1Ytk AR SR i 19)1i G080 B2 ok F)uded PrlesdBié7 e

m), 7.59 (1H, t, J=7.4 Hz), 7.99 (2H, de=8.8 Hz); MS (FAB) m/z: 372 .
resw_erl\_r‘/)a_s ] @é }r(f@,ag?g’(wo mL) and a reagent in which sodium borohydride

(0. 78302 the nziylens WwdshB sseyiexyim ethie 8t B Yo Xy py il idingete carlomsyiatEb y
. The compound (4.2?%0(%:j 11.5 mmol) synthesized in Reference example 1

SUTTHY ofyiks gissyett it sromiattieh eAC@H &Wf‘l@?‘}% M{Cfl pigtion
20R8NFW R diichierercelsRlg; (HE b3S LM MBIN @B illed off under

trifluoromethanesulfonic acid (0.15 mL,
reduced pressure. Water (100 mL) was added thereto and after it was extracted with

ethyl acetate (100 mL), the organic layer was washed with a saturated aqueous NaCl
solution (100 mL). After it was dried with anhydrous sodium sulfate, the solvent was
distilled off under reduced pressure. The residue was purified using silica gel flash
column chromatography (hexane:ethyl acetate, 1:1, V/V) to obtain the desired title
compound (14.2 g, yield: 89%) as a colorless oil.

'H NMR (400 MHz, CDCls): § 3.68 (1H, d, J=11.7 Hz), 3.86 (1H, dd, J=11.7, 4.4 Hz),
3.93-4.04 (2H, m), 4.25-4.32 (2H, m), 5.09-5.32 (3H, m), 7.32-7.46 (7TH, m), 7.59 (1H,
t,J=7.4 Hz), 7.99 (2H, d, J=8.8 Hz);

MS (FAB) m/z: 372 (M+H)".

(11) Benzyl (2R, 3R, 4R)-4-benzyloxy-2-benzyloxymethyl-3-hydroxypyrrolidine-1-
carboxylate
The compound (4.26 g, 11.5 mmol) synthesized in Reference example 1 (1h)

was dissolved in dichloromethane:cyclohexane (1:2, 180 mL), and benzyl



1.7 mmol) were added thereto, followed by stirring of the mixture at room
temperature for 3 hours. A saturated aqueous sodium hydrogencarbonate
solution (10 mL) was added to the rgaction mixture at 0C and after the
mixture was diluted with ethyl acetate (200 mL), it was washed with water
(300 mL) and a saturated aqueous NaCl solution (300 mL). After it was

trictllidastimanhydnaie sdismbsHliap, dneEolversinas distileai ofcunders mL,

reduced pressure. The residue was purified using silica gel flash column

17 ARPBANAYSF A L RstS e AT SE u R E 0 LS RO SRy BB R ure

for gaialuelIostacadraZeaEa@eMb@dhmsttamg@hy@ﬂmm swasidissmvat jivas
methanol (100 mL) and 1M aqueous potassium carbonate solution (4 mL)

addgg dofhaseravanmialiodidl by Rttt Be thE kiAs dilvighyvith ethyl acetate
otemPSrAtWR fRrhdiowie Afler mothanglwas distilesioff wideNiedueadion

pressure, water (100 mL) was added thereto and the mixture was

(3OQuh it TH %%ﬁﬂ“a?ée‘t‘élf@ 1aBYIHoLS. SPAB B guliRtCriDE SRIxE e i il
off ds@iHralad-apiequseNatt selution (1 QArmplel Mgy §asaridvidlumn

anhydrous sodium sulfate, the solvent was_distilled off under reduced

ChrB%@Q&FéP%@?éWWh%CﬁWﬁre‘&ds?nb ¥ Gepbiaih’ &oighhpale yellow

oil Chrematagranhys(Gexane stndweatalss diskoMd) imbirindha cesirediia M
compound ( 4069f yield: 64%) as a colorless solid. 1H NMR (400 MHz,

aQ%%fg fassigm earbonaiey S9h111917(43f17Lrl|253%33§§e§ theralp fMjO‘sV%Je%Sg@fmg of
theglﬂfkti;’@é ?éh%&ﬂ LRy f6r36howd. (RlftemcthDives MatllemdpMader
FAB) m/z: 448

M+ (1j).Benzyl . .
redpsed dpesies ﬁ"z&iﬁ%h&ﬁéﬂ%&?ﬂﬁﬁﬂﬁ?ﬁsﬁ-‘%&fg?éﬂﬁ-@wﬁiﬁﬂ?é@d with
eth{2 abetid-Q Hoanzyl-Grale opgmad ) g GORY RadsH vatDr saturated aqueous NaCl
gluco ]éranosyl]oxy}pg:rolldme 1-carboxylate Benzyl (2R, 3R

solgenA Wi o M3 Eng ot A apsIEs B RSB NS G solvent was
dis(i2léi bifineiberaynceddeesna- DFQBJ@M@%S)ﬂM@r@ using silica gel flash

glucopyranosylloxy}pyrrolidine- -carbox te The co ou
colygmg IPEHHRRE éa“ﬁ% ?8?%8&6 R {%)‘qub?éér\rl%%tfﬂe

compeimden®ekloyidri (830 Miks)a aﬂm)ﬂrdﬁbl;@macetonltnle (10 mL, 134.3
mmol) and 1.8- dlazablcﬁ{b%ﬁ Hé 7- undeceneiz drops) were added

H MBI NRECRES fikelwl laf rod il témiptiratdredi-48)- 3-66-
3.80ninHtas) After-thexsaivent \wasgdistifieskpfhiyndenredgcedmprassure, it was

urified using silica gel flash column 58
MS (FAB) m/z: 448 (M+H)".

(1j) Benzyl (2R,3R,4R)-4-benzyloxy-2-benzyloxymethyl-3-{[2,3,6-tri-O-benzyl-4-O-
(2,3,4-tri-O-benzyl-6-deoxy-o-D-glucopyranosyl)-o-D-
glucopyranosyl]oxy }pyrrolidine-1-carboxylate
Benzyl (2R, 3R, 4R)-4-benzyloxy-2-benzyloxymethyl-3-{[2,3,6-tri-O-benzyl-4-O-
(2,3,4-tri-O-benzyl-6-deoxy-a-D-glucopyranosyl)--D-
glucopyranosyl]oxy }pyrrolidine-1-carboxylate

The compound (13.5 g, 15.57 mmol) synthesized in Reference example 1 (1f)
was dissolved in methylene chloride (250 mL), and trichloroacetonitrile (10 mL, 134.3
mmol) and 1,8-diazabicyclo[5.4.0]-7-undecene (2 drops) were added thereto, followed
by stirring of the mixture at room temperature for 40 minutes. After the solvent was

distilled off under reduced pressure, it was purified using silica gel flash column



chromatography (hexane:ethyl acetate, 5:1, 1% triethylamine, V/V) to
obtain imidate (13.0 g, 82%) as a yellow oil. The compound (5.48 g, 12.2
mmol) synthesized in Reference exagple 1 (li) was dissolved in diethyl
ether (400 mL) and the imidate (13.0 g, 13.0 mmol) was added thereto. A
solution of trimethylsilyl trifluoromethanesulfonate (222 |, 1.22 mmol) in

chréigbiiysQPISr (Zrahd visiagdese, drapwvseriatRmibéUne aneb s aniti@ate
was stirred at room temperature for 45 minutes. After triethylamine (1 mL)

(lets Badddd #7e'P8attior! PRiKEIRECHE S3vest ias tHEHISS BftiHern

Refadheeekpresaure] i) heasebidur wias pliliacusingisiied gehfiash iealisn(13.0
chromatography. (hexane;diethyl ether, 4:1, V/V) to obtain the a isomer of
& ki quu dVi‘ﬁlédéS&t&S{ﬁ’i& (ﬁs.%l‘ét,‘%%ﬁ’o)t%@%ﬂyatfél llow oil and its (3

trifieeroslelBahduliBiticae2onalel . yeiomdjlindremestidl (MR (400 Mit
CDC13): S 1.20 (3H, d, J=5.9 Hz), 3.10-3.22 (2H, m), 3.30-3.38 (2H, m),
drogwiisq i9he MuBtere pd $he AuaKTEas HTRdAS Foem [STPSFAAETPT 41pnutes.

Aftekhidthly Arrd¢d bl M dl&lliblinl Fhadtidd Mkt RO vI188nBlhsistilled
4.96-5.16 (3H, m), 7.19-7.34 (43H, m), 7.43 (2H, d, J=7.3 Hz); MS (FAB)

S
off prpden Feply qad-AEsyUrs isBRRERS Y aNKARPUB I Tléct 871 4135k #q ' g,

chréﬁﬁt@%ﬂﬁh?(%@@ﬁzdie@ﬁﬁ-éﬂ'f&)4:3;%)4@ BHiMhe D3ohEDEHe Bired
3.69-3.78 (4H, m), 3.81-3.92 (2H, m), 4.02 (1H, s, J=8.79 Hz), 4.25 (1H,

titlejcompamAA)] .6 2056 % B8 BPRiA YAlTB-Ail7en @3 fsonse 8.9, (UH9ors a pale

yeﬁ)@%ﬁ.m (1H,m), 5.53 (1H, d, J=3.67 Hz), 7.18-7.30 (45H,m); MS (FAB)
m/z: 1296 (M+H)'". (1k)

o if(QR?SFéHfNWWZ;WXW@W}MM@EG&%h@I(B%%@%

I nESsyh-asDsaju r i und mmol
3 e e e -
4. 1thUHand, Hy2hethloiHacid, 4@ i), ahd-209% Palatihit. 8y d8dkide-caPben16
(3}f2n§)g) e §E[t|?@ gfgf?ilﬁwgc}:byﬁiﬁ' 1g of the mixture at room

temperature under a rogen atmosphere for 4 hours. After the reaction
MibdbBenvzd fik8@d+Neoligh Celite, 18% ammonia water (6 mL) was

.added nd.the ,so /as disti ffur d Ire.. |
p 1 HAES HIREIR 60! Bt XL (IS, o BB A e ),
3. A(WhiS (BYh amoHia WABH, FUrthel-it. iaetBurified.89-3.92 (2H, m), 4.02 (1H,
s, J=8.79 Hz), 4.25 (1H, d, J=4.39 Hz), 4.40-4.63 (13H,m), 4.73-4.79 (3H,m), 4.86-4.95
(4H,m), 5.09-5.19 (1H,m), 5.53 (1H, d, J=3.67 Hz), 7.18-7.30 (45H,m);

MS (FAB) m/z: 1296 (M+H)".

(1k) (2R,3R,4R)-4-Hydroxy-2-(hydroxymethyl)pyrrolidin-3-yl 4-O-(6-deoxy-o-D-
glucopyranosyl)-a-D-glucopyranoside

The compound (5.60 g, 4.32 mmol) synthesized in Reference example 1 (1)) was
dissolved in methanol (350 mL), and hydrochloric acid (4.8 mL) and 20% palladium
hydroxide-carbon (2.8 g) were added thereto, followed by stirring of the mixture at
room temperature under a hydrogen atmosphere for 4 hours. After the reaction mixture
was filtered through Celite, 18% ammonia water (6 mL) was added thereto and the
solvent was distilled off under reduced pressure. It was purified by an ion exchange

resin (Dowex 50w x 8) column (water-5% ammonia water). Further, it was purified



using silica gel flash column chromatography (ethyl
acetate:methanol:water, 2:2:1, V/V) to obtain the desired title compound
(1.20 g, 63%) as a colorless solid. [aD20 +145.7 (c 0.36, H20); 1H NMR
(400 MHz, D20): S 1.28 (3H, d, J=6.6 Hz), 2.93 (1H, dd, J=12.4, 3.0 Hz),
3.12-3.20 (3H, m), 3.57-3.65 (4H, m), 3.71-3.87 (6H, m), 3.92-3.98 (2H,

usifig) si‘ﬂié’azgé%%sﬁlddldﬂj)m Ohtdntdtd g fhply 3 fhyzhcoradd: Mdthhod vz R: 1,
13CNMR (125.70 MHz, .

VD26 BYBE 1856088 EXBOEU A B85 & o, 2 £Y9TIess 508i%72 83,

[0]43-48434.860.85.64,0)7.13, 84.01, 97.44, 99,88; MS (FAB) m/z: 442

. (M+H)", 464 (M+Na)'. <Reference example 2>

H (S HARMAF R 52 () s AT Rgr @iy, 1124, 3.0 Ho),

3.1%ﬁjﬁ@gf(igm(§.ﬁ:£w9ﬁ¥!ﬂ%9§lyﬂr%ﬁ@7%ﬁ9%! %'N?ﬁ'ﬂl?s(g@ﬁl, m), 4.32-4.34

ly -D-glucopyranosyl-D-glucopyranoside a-D-cellobiose

(1Fpctnacdtatd lag.95 40 H 28 mddl) ik diss@kléd in methylene chloride
BtCRs audvalty! ﬁg@ﬁ‘.fﬁ(l@giﬂq%i‘%@@ﬁ,éﬂ@ﬂ wnetvkalyb 70.94, 71.07,

trifluoromethanesulfonate (16 mL, 86.0 mmol) were added thereto under
72.1ck-Cd8Mng; 48N 3kE6. by Srrigl 8f BIe0miRié. %88 m temperature for 1.5

MIQAS) Waen 3000my)- Was addrd fo the reaction mixture and the mixture

was extracted with methylene chloride (200 mL). The extract was washed
with a saturated aqueous NaCl solution (100 mL) and after it was dried
<R¥\fmlqégﬁé/,gg[&&5§eszo>dium sulfate, the solvent was distilled off under reduced
pressure. The residue was dissolved in methanol (300 mL) and sodium
2Ry i de {zaroxy; 0.0y dnoty meth goiedolidire fo yd rider (eelaoolifigD-
lufollo%ed Sb )_at_i in og‘) th%Iranig(ltéJre at room temperature for 2 hours. Dowex
EUERY X 'E Was dadéed to Pthé Téaction mixture until the reaction mixture
(2abechame-aftal docopiieniswhbitlategythesavent was distilled off under
reduced pressure. The residue was purified using silica gel flash column

chrdfiR6EHeBIPErgreiataie B mahation R, W dissplysddndpedmiang

chiggaiesbbitiaicomrpang 48Ry (el 81 has) ampiavetiasaporphous
_substance. 1H NMR ﬁoo MHz, CDC13): S 3.20-3.40 (9H, m), 3.40-3.65

triffupiopsthanssulfappia (.6 m-504 prrol viere added eretpsundar tpescopfipg.

folldwb ey fiHith Hsldkhd ik ®rd 4 fodnPrdidbrature for 1.5 hours. Water (200 mL)

was added to the reaction mixture and the mixture was extracted with methylene
chloride (200 mL). The extract was washed with a saturated aqueous NaCl solution
(100 mL) and after it was dried with anhydrous sodium sulfate, the solvent was distilled
off under reduced pressure. The residue was dissolved in methanol (300 mL) and
sodium methoxide (28 mL, 0.14 mol) was added thereto under ice-cooling, followed by
stirring of the mixture at room temperature for 2 hours. Dowex 50w x 8 was added to
the reaction mixture until the reaction mixture became neutral and after it was filtered,
the solvent was distilled off under reduced pressure. The residue was purified using
silica gel flash column chromatography (ethyl acetate:methanol:water, 8:2:1, V/V) to
obtain the desired title compound (24.8 g, yield: 91%) as a pale yellow amorphous
substance.

'H NMR (400 MHz, CDCl3): § 3.20-3.40 (9H, m), 3.40-3.65 (4H, m), 4.00-4.40 (3H,
m), 5.18 (1H, d, J=11.7 Hz), 5.35 (1H, d, J=17.6 Hz), 5.95 (1H, ddd, J=17.6, 11.7, 5.9
Hz);



60 MS (FAB) m/z: 383 (M+H)'". (2b)
Allyl2,3,6-tri-O-benzyl-4-0O-(2,3-di-O-benzyl-4,6-O-benzylidene-(3-D-
glucopyranosyl)-D-glucopyranoside éthe compound (24.8 g, 64.9 mmol)
synthesized in Reference example 2 (2a) was dissolved in
N,N-dimethylformamide (300 mL) and benzaldehyde dimethylacetal (13

MSEASA.dmmel @andmpytoluenesulfonic acid mono-hydrate (617 mg, 3.24
mmol) were added thereto, followed by stirring of the mixture at 50C at 20

mmHg for 5 hours. After triethylamine (900 ItL) was added to the reaction

(2bNiIXIWE? the-selvepéyas adisiifier fitupdesedyced aiepsuae Baser (100
mL) was added to the residue and the mixture was extracted with ethyl
glugepyEaBadb el uespyIHeddtract was washed with a saturated aqueous

NaCigoldigpotiHaQ ml9 arsl aftianibyyapnekiad.vdth RIRdIRUSAAMED (2a)
sulfate, the solvent was distilled off under reduced pressure. The residue

wapdissalaediely- A hrietmamidhantdaianmdronaald<uuie fimgdninsetal
(13(2.98 9 AmmencihwpsAdeeduthaiRtacunHRMESRAUING 1T liewve d bynmol)

stirring of the mixture at the same temperature for 10 minutes. Benzyl

wers ARSI Lo A Yot (TR AR RO HE AP e frhours.
Aft@?iﬁﬁ*é[%éf?éﬁﬁéi AL PRR E%W@{Héeré%t%f? RAHIRe RS L0 ak)

was a to the reaction mixture and the mixture was extracted with

disiatiog eléereder (SO0Ce LY eTHEceWabv H¥ ek hied i dcherosidie paddhe
midfRWER EA ARAURNATH SO RAMLY SRS SIEd W wich a

anhydrous sodium sulfaté, the solvent was distilled off under reduce

satyrsedaescreNesidunes Pl Lidgilioa yat flash vedhumhy drous sodium
sulEEOMAH RN ANeXaNEFIVLAGE AR Qi brlslud/ IR QOfdR §g§slﬂssolved

desired title compound (46.6 g, yield: 78%) as a pale yellow solid.

in NiMripebWMprmand1E05d.1 a0, oodipaHhyiyds @8 @ 19,43, maml) mayydded

thereubter 1&-d5H MG, HRlow-QPHY birsh Pot el 3G A7 sgni'e]tgmée?ature
Hz), 7.20-7.60 (30H, m); MS (FAB) m/z: 922 (M+H)'. (2c)

for AfIIBIE:ri Rs:ehpynaide. (58l 0d eyl (S2pagirdoisyhsagljop mixture
an HEPRIBROSIIS THECORRANICHA Rl 654 SRR SHNESIED i) was

Reference example 2 (2b) was dissolved in diethyl ether (800 mL) and

addebth yherisashion s Y@ and Shenninmigy aaleiHRated MydriRiBY1TAage 6599
mI§oPrand REPHAYW LRIRNFRH WSS HE O3 4B X aturated aqueous NaCl

solution (50 mL) and after it was dried with anhydrous sodium sulfate, the solvent was
distilled off under reduced pressure. The residue was purified using silica gel flash
column chromatography (hexane:ethyl acetate, 10:1-7:1, V/V) to obtain the desired title
compound (46.6 g, yield: 78%) as a pale yellow solid.

'H NMR (400 MHz, CDCl3): § 3.10-5.00 (26H, m), 5.18 (1H, d, J=11.7 Hz), 5.35 (1H,
d,J=17.6 Hz), 5.60 (1H, s), 5.95 (1H, ddd, J=17.6, 11.7, 5.9 Hz), 7.20-7.60 (30H, m);
MS (FAB) m/z: 922 (M+H)".

(2¢) Allyl 2,3,6-tri-O-benzyl-4-O-(2,3,4-tri-O-benzyl-f-D-glucopyranosyl)-D-
glucopyranoside

The compound (63.0 g, 68.4 mmol) synthesized in Reference example 2 (2b)
was dissolved in diethyl ether (800 mL) and methylene chloride (400 mL) and lithium
aluminum hydride (10.4 g, 0.27 mol) and aluminum chloride (III) (36.4 g, 0.27 mol)



61 were added thereto, followed by heating under reflux of the mixture for
1 hour. After the reaction mixture was diluted with diethyl ether (500 mL),
IN agueous sodium hydroxide soluti®h (21.0 mL) was added to the
reaction mixture and the mixture was stirred for 1 hour. After the reaction
mixture was extracted with ethyl acetate, the organic layer was washed

weiHa dQPthage T8 Syeldaghierit iacit $&l wéionx(5Dhahix ars v atRGr. After
aqueous sodium hyd[ﬁgiencarbonate solution éaoo mL#and a saturated
U

the ARl BT BRI ESH Y L AR e Whisd it NG ars s8L88lum
hydral{ate stheri&o(2ero was digtiledofoundessaiiceaxpiasshdend REXesiowes

. was.purified using silica ge] flash column chromatography (hexane:ethyl
S e G e
orgyidtelgePe Rsmaprie wrlowsaligheblts NMR AR MidEd (IRGB) 580 mL), a

3.10-5.00 (29H,

, 5.18 (1H, d, J = 10.8 Hz), 5.35 (1H, d, J=22.5 H2z),
satgrged 3aueqyy sqdysdLy .§?%?§P%?t?.%9ﬂ%‘b(gﬂ9li’}m)ﬂ\9\§ i%‘)&%}era/z:
aqudds(Nat so(@ddn (300 mL). After it was dried with anhydrous sodium sulfate, the

Allyl2,3,6-tri-O-benzyl-4-0O-(2,3,4-tri-O-benzyl-6-toluenesulfonyl-(3-D- . .
SOl NG 51 RE GRS THE e BRI T4 BLTRL) Fiigf e
gelsynthesiaesh kthRelerenapsxamplecz(2d) aveaadisSobedin, pyndine Bkt the

mL), and p-toluenesulfonyl chloride (15.6 g, 82.0 mmol) .and
e RN, G ASH L oreto. followed
'H bMRi1i0g MHheaDiRty)yess. [oootermper atyrs. fer 1B hours AieHhes.35 (1H,

solvent was distilled off under reduced pressure, the residue was poured
d. kritg-299% aquiaddingtolitarit 48it 301ttan88htY & et acetate

MS208B)ly/angihengsnic layer was washed with 10% aqueous
hydrochloric acid solution (50 mL), a saturated aqueous sodium

hydrogencarbonate solution (20 mL) and a saturated aqueous NacCl

(2d5OMIAND (26D -wilieyiimEs Hedaith sahydous s the
solvent was distilled off under reduced pressure. The residue was purified
glugenmygaamdger HaSARGRAMdE hromatography (hexane:ethyl acetate,

5:1-3He MMpsaRbtainstBedeasinaddisleyaamprUnd R2:tleyi8ldmp0) @s)
a yellow oil. 1H NMR (400 MHz, CDC13): S 2.35}{&3H s), 3.10-5.00 (28H,
Waﬁéss(?i\@%m parigin ¥ )s20d priqlugngsslbonylishlerigs (1346 g2 0 mmol)

andF 22t AP EnmSphAine 10:0 £ SAHnB) Wi (AR (Rvieid F8H Wty
stirring of the mixture at room temperature for 13 hours. After the solvent was distilled
off under reduced pressure, the residue was poured into 10% aqueous hydrochloric acid
solution (50 mL) and ethyl acetate (200 mL), and the organic layer was washed with
10% aqueous hydrochloric acid solution (50 mL), a saturated aqueous sodium
hydrogencarbonate solution (20 mL) and a saturated aqueous NaCl solution (20 mL).
After it was dried with anhydrous sodium sulfate, the solvent was distilled off under
reduced pressure. The residue was purified using silica gel flash column
chromatography (hexane:ethyl acetate, 5:1-3:1, V/V) to obtain the desired title
compound (32.6 g, yield: 74%) as a yellow oil.

'H NMR (400 MHz, CDCl3): § 2.35 (3H, s), 3.10-5.00 (28H, m), 5.18 (1H, d, J=10.8
Hz), 5.35 (1H, d, J=22.5 Hz), 5.95 (1H, ddd, J=22.5, 10.8, 5.9 Hz), 7.10-7.65 (34H, m);
MS (FAB) m/z: 1078 (M+H)".



62 (2e)
Allyl2,3,6-tri-O-benzyl-4-0-(2,3,4-tri-O-benzyl-6-deoxy-(3-D-glucopyranosy
[)-D- glucopyranoside The compound232.6 g, 30.3 mmol) synthesized in
Reference example 2 (2d) was dissolved in diethyl ether (600 mL) and
lithium aluminum hydride (1.72 g, 45.4 mol) was added thereto, followed

(2ehyAhsatng ainsles i of-he myxure dobdn bpus-d8die) B I8@slipiranosyl)-D-
mixture was diluted with diethyl ether (200 mL), IN aqueous NaOH
glugpnyiRPE2de mL) and water (2.0 mL) were added and the mixture was

stirqildQbaornautess Aftes ¥ was Mligraddirenah kabientbe .sarabwas)

distilled off under reduced pressure. The residue was purified using silica
W%@Sﬁa%ﬁ%a}mﬂwﬁébﬁéféeppa%} aKkhd e tyripem iy dridedh 7 ¥/ay ot

moPRIRIN e dasire g 6Q8IPeY Afh (kR G ticYiRlfliostlaniR waliadesheahd.
1H NMR (400 MHz, CDC13): S 1._20|SS3H, d, J=6.0 Hz), 3.10-5.00 (26H,
Aftgy)ths saqien ixiueoves Hiusdyithdichybeshes 299 mlgs Kiadygens NaOH

soldfiéd 3.0L28) a8 Water(20-HIOPwEIO HABY; IMBthE ARtz A9 Gt (vestiHdx §2)
. 2,3,6-tri-O-Benzyl-4-0O-(2,3,4-tri-O-benzyl-6-deoxy-(3-D-glucopyranosyl)-D
i oMYA AOSIA A FE L RFSEHCELAS: 675 S0 St Sl ey redced

preRRaferenee exampieas faelicyasifissolvedenrmetoaneht khPombioanthhy
tetrahydrofuran (30 mLi anglgalladium chloride (1) (586 mg, 3.31 mmol)

(heype SHIE dSHatRt; Fliowed By st Bt cqptedind (15.0'g, yield:
559emperaiiygetarsdridiours. After the reaction mixture was filtered through
Celite, the solvent was distilled off under reduced pressure. The residue

H VMR SR R Siliea bPRASH ctid b Hanat Bt d0Hy GRe b e:&thH. d.

J=1RLe1as, Sds41h, 3903 19,904ajs thg degiredxitle eorapoyng,(17.6007.65
ﬁeld: 84%) as a pale yellow amorphous substance. 1H NMR (400 MHz,

08p®)%3): S 1.19-1.22 (3H, m), 2.96-3.66 (8H, m), 3.77-4.02 (3H, m),
MSABAH) 3742505 4rpA-4.89 (10H, m), 5.00-5.19 (2H, m), 7.23-7.45 (30H,

m); MS (FAB) m/z: 868 (M+H)'. 63 (2g) Benzyl (2R, 3R,

4R)-4-benzyloxy-2-benzyloxymethyl-3-{[2,3,6-tri-O-benzyl-4-O-
(2f) 2,3,6-tri-O-Benzyl-4-0-(2,3,4-tri-O-benzyl-6-deoxy-B-D-glucopyranosyl)-D-
glucopyranoside

The compound (15.0 g, 16.5 mmol) synthesized in Reference example 2 (2¢)

was dissolved in methanol (150 mL) and tetrahydrofuran (30 mL) and palladium
chloride (IT) (586 mg, 3.31 mmol) was added thereto, followed by stirring of the
mixture at room temperature for 14 hours. After the reaction mixture was filtered
through Celite, the solvent was distilled off under reduced pressure. The residue was
purified using silica gel flash column chromatography (hexane:ethyl acetate, 5:1-4:1-
3:1, V/V) to obtain the desired title compound (12.0 g, yield: 84%) as a pale yellow
amorphous substance.
'H NMR (400 MHz, CDCl): § 1.19-1.22 (3H, m), 2.96-3.66 (8H, m), 3.77-4.02 (3H,
m), 4.34-4.37 (2H, m), 4.54-4.89 (10H, m), 5.00-5.19 (2H, m), 7.23-7.45 (30H, m);
MS (FAB) m/z: 868 (M+H)".



(2,3,4-tri-O-benzyl-6-deoxy-(3-D-glucopyranosyl)-a-D- glucopyrano syl]

oxy } pyrrolidine- | -carboxylate The compound (18.8 g, 21.8 mmol)

synthesized in Reference example 263f) was dissolved in methylene

chloride (400 mL) and trichloroacetonitrile (10.9 mL, 109 mmol) and

1,8-diazabicyclo[5.4.0]-7-undecene (0.33 mL, 2.18 mmol) were added
QaheaioylfoliRVT bR stirtbagy ofdne Ihsiiyg atyiaemylesngeraisiei for ddnzyl-4-0O-

minutes. After the solvent was distilled off under reduced pressure, it was
(2.3 dried-herry shidsger RareleenmratdsndiiiBgraphy (hexane:ethyl
gludssiaiesy o Ypplietndamineaddiyiaebtain colorless oily imdate (19.8

g, 90%). The compound (9.5 g, 21.2 mmol) synthesized in Reference
exarhpfe R A8 avel frurahyiatheri(ad oo HRers SHRIA 2D

wadlimesnvdail Hioramethenas wiomaie)(Qxd8 fokiodchdeamell dise@ved, inog
diethyl ether (20 mL) was added thereto. A solution of imidate in diethyl

mmgheng bS-HHeFaRicy il g e destird mithreZahtimRoRiR I FeAd A
the Rt @ 1B weamytempatas B atiRuho U sodriatyRMR: dSPsindi@d After

mmol) was added to the reaction mixture and after the solvent was

the grlygat Wi ditilerbotl g Briscicrd RrevsIEciittides Wi gt yisipetilica gsd dlash
collith NG NLIBIXHHEE MBI N¥ashathwtha Saturated ABHanSeSYIWIMo obtain

hydrogencarbonate solution (200 mL) and a saturated aqueous NaCl . )
COlgéﬁfﬁ&ﬁl?{ZHﬁlﬁﬂ_&l9A§rt%vr9[ﬂ@bra§ﬁiEQESPQP%@dSri%dZMH‘HﬂW&Vé‘ﬁ%eS“ed in
Refocivaeshitipie, the salveaisvese distiieth pfttd et gochiceghare ssHigon be

residue was purified using silica gel flash _column chromato

R i T A R A e o O

ethés @0PmIgnchisdddsonaiidsd A golb% asimidatenis aseailyl HthVIRA400) was
MHz, CDC13): S 1.20 (3H, d, J=5.9 Hz), 3.10-3.22 (2H, m), 3.30-3.3
addeg} fo{hye Eadip ik YEsand D misHIE YSHITY) 2T9gTsgRRE AL, for 3

hou0 TFdickQy(Aing0.452614. 5 5 43hin61), whab hdddd, 16, tHe alibiz In 89 hBB after
(8H, m -7.34 (43H, m), 7.43 (2H, d, J=

the %&@ﬁ\’g@ﬁ&%ﬁﬂ?ﬂ%&k{ﬁ%&@ﬁ?d pressure, it was diluted with etﬁ'}% ztlcze)t;ate
(20(ZRIBRuAR ¢ rhiyelrexyr2-thyteaxyiaethydpiitediginedyd 4daniardeoxy-(3-D-
R SUEAPPISSES The CoPpRUna (s 9,105 PPl
Aftby dioohdaric agjdrmethanal salbtion (@0 3bliandsd0%ecpaltacitvent4vas
distilled off under reduced pressure. The residue was purified using silica gel flash
column chromatography (hexane:diethyl ether, 3:1, V/V) to obtain the desired title
compound (13.3 g, 47%) and its B isomer (4.5 g, 16%) as a colorless oil.

'H NMR (400 MHz, CDCls): 8 1.20 (3H, d, J=5.9 Hz), 3.10-3.22 (2H, m), 3.30-3.38
(2H, m), 3.42 (1H, t, J=8.8 Hz), 3.50-3.70 (5H, m), 3.76-3.87 (5H, m), 4.01-4.10 (1H,
m), 4.26-4.51 (9H, m), 4.61 (1H, d, J=11.0 Hz), 4.69-4.88 (8H, m), 4.96-5.16 (3H, m),
7.19-7.34 (43H, m), 7.43 (2H, d, J=7.3 Hz);

MS (FAB) m/z: 1318 (M+Na)".

(2h) (2R,3R,4R)-4-Hydroxy-2-(hydroxymethyl)pyrrolidin-3-yl 4-O-(6-deoxy-f-D-
glucopyranosyl)-a-D-glucopyranoside
The compound (13.3 g, 10.3 mmol) synthesized in Reference example 2 (2g)

was dissolved in 1% hydrochloric acid methanol solution (250 mL) and 20% palladium



hydroxide-carbon (4 g) was added thereto, followed by stirring of the
mixture under a hydrogen atmosphere for 2 hours. After the catalyst was
removed by Celite filtration, 28% anthonia water (5 mL) was added
thereto and the mixture was stirred for 10 minutes. The solvent was
distilled off under reduced pressure and after it was passed through an

hydgsk RChaBge (esinviawesbhurxs) fotlbwid witbtimaterR0e mixuldander a
ammonia water (200 mL) was passed thr u&%r}la( The ammania water.

hy gAY HRCTEET & ebpAITE Was Uy e N TSR Qe &g fluration,

28ﬂfraﬁwﬁiQMd&mamrwmauamhaﬂ&a el flrshisalwmacRipreategrephy
. (ethyl acetate: methanol: water, 5:2:1-1:1:1, V/V) to obtain the desired
migjiese ﬁ&ﬁW&%&%ﬂ@gﬁﬂk)ﬁda%f%ueéﬂrfsi’gcggﬂﬂefa%@ & (Lprgpassed
thrdtid®YinibhNNIRa(ERA M 2D0R0): $- 23 (3bluchnIwBwizdr 2288 (1), ),

3.07-3.16 (3 . 3.21 (1H, dd, J=7.8, 7.8 Hz), 3.36 (1H, dd, J=9.8, 9.8
amm&%%%z%@?fﬂ%@m. SE‘%#‘,“?H%%. f‘s%%i%%? Pﬁﬁfﬁ‘é.@f@@gﬁl c
desirdd 3@ AP drwhst dddiitrane)l ¥had8r (Eiuddd PrekRud ah BiORALplr el g
...H2); C NMR (D20): S 16.9, 51.7, 60,0, 61.8,64.7, 71.0, 71.1, 71.6,
Sﬂ%%ff %%, E‘&(,’“rg%?mfé%,rai%’é,(% i ?.%?mhﬁ“ﬁfgvﬁs%é% VIV)

to dMaill}he dRefedentecexgivpid 86 g, 35%) as a colorless solid.
(2R,3R,4R)-4-Hydroxy-2-(hydroxymethyl)pyrrolidin-3-yl

[“]B-Ofﬁ:g-(ﬁlﬁégpﬁé%syl-a- D-glucopyranoside (3a)

'H AR S6otitQ-benay!-8-2 625t 8; telsas Prhenad-(BDnglusonysanoeyi-B),

lucopyranoside a-D-Cellobiose octaacetate 4.1338 6.12 mmol) was
I

3.2 i%s%l Ihtethfigle Takfide &b tPafd HAH209 +it2-39:5(2H.
m)mBels andsamathylsivs Fifluerometgoesuifonated ik, mh, S5 mmal)

were added thereto under ice-cooling, followed by stirring of the mixture

=79 Wt@%@ﬁa@u?&%‘? HAours. Water (20 mL) was added to the
13C@I%ﬁﬁ°{b?§%}?‘$@@@%@f’?‘?%ﬁ?@, BYUEs was extadies withnetyiens o, 755,

chloride mL), the organic layer was washed with a saturated aqueous
5.8l Boltde7 @0lRA.Y; After it was dried with anhydrous sodium sulfate,
msheseviens: was digtifigd off under reduced pressure. The residue was
dissolved in methanol (40 mL) and sodium methoxide (2.36 mL, 12.2
mmol) was added thereto, followed by stirring of the mixture

<Reference example 3>
(2R,3R 4R)-4-Hydroxy-2-(hydroxymethyl)pyrrolidin-3-yl 4-O-B-D-glucopyranosyl-o.-
D-glucopyranoside
(3a) Allyl 2,3,6-tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)-D-
glucopyranoside

o-D-Cellobiose octaacetate (4.15 g, 6.12 mmol) was dissolved in methylene
chloride (50 mL) and allyl alcohol (2.09 mL, 30.6 mmol) and trimethylsilyl
trifluoromethanesulfonate (1.11 mL, 6.12 mmol) were added thereto under ice-cooling,
followed by stirring of the mixture at room temperature for 4 hours. Water (20 mL) was
added to the reaction mixture and after the mixture was extracted with methylene
chloride (50 mL), the organic layer was washed with a saturated aqueous NaCl solution
(20 mL). After it was dried with anhydrous sodium sulfate, the solvent was distilled off
under reduced pressure. The residue was dissolved in methanol (40 mL) and sodium

methoxide (2.36 mL, 12.2 mmol) was added thereto, followed by stirring of the mixture



65 at room temperature for 1 hour. Dowex 50w x 8 was added to the
reaction mixture until the reaction mixture became neutral and after it was
filtered, the solvent was distilled off @fider reduced pressure. The residue
was dissolved in N,N-dimethylformamide (60 mL) and sodium hydride
(2.67 g, 61.2 mmol) was added thereto under ice-cooling, followed by

at 8B ghfiheursirsHnenduthepaee Sompesatdiadaed Griputast&endyture until
bromijde (8.01 mL, 67.3 mmol) was added to the reaction mixture and the

the peactn FUXULE RECR I BIHALRO QUL IE WSS DliaErs B sebys@iora giidied
off agidedréaibairpastionr. Mhduesi dndvadtatitoelvetkinng Was mxirgtieanaitide (60

R AR S s e ke S oo
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. er ue was puri usli SIHICa gel T1as .

broBR s KA (AR SRy o ST TR A9 R s
stirflebiiad dilac eparaaita doiR8 aisyisltef8%0) as. pvaladdilow selidaddbn

.NMR (400, MHz, CDC13): S 3.29-3.71 (10H , 3.80- H, , .
iR B 1B TS iom AT P DS e Ok i ppic
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ARG G AR s oo et o solsng S eshg prder
redgledqpysanesidacheicompaupifl8ngnd sTcngeoflsyntbksized in
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ale, e solve S distl .
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K8drih e (36 mL) and 16% aqueous sulfuric acid

MSSEWRNNA M) wad-sdHgted thereto, followed by stirring of the mixture at
100C for 1 hour. Water (30 mL) was added to the reaction mixture and
after the mixture was extracted with ethyl acetate (150 mL), the organic

(3blpypes Bias vashed Wit a 53 aee-AQUBaHS INROL spitigR 428 ynLb-After it
glu\é\g%syrdarril(e)gide

The compound (4.85 g, 4.79 mmol) synthesized in Reference example 3 (3a)
was dissolved in dimethyl sulfoxide (40 mL) and potassium t-butoxide (2.15 g, 19.2
mmol) was added thereto, followed by stirring of the mixture at 110°C for 1 hour.
Water (30 mL) was added to the reaction mixture and after the mixture was extracted
with ethyl acetate (150 mL), the organic layer was washed with a saturated aqueous
NaCl solution (20 mL). After it was dried with anhydrous sodium sulfate, the solvent
was distilled off under reduced pressure. The residue was dissolved in 1,4-dioxane (36
mL) and 16% aqueous sulfuric acid solution (3 mL) was added thereto, followed by
stirring of the mixture at 100°C for 1 hour. Water (30 mL) was added to the reaction
mixture and after the mixture was extracted with ethyl acetate (150 mL), the organic

layer was washed with a saturated aqueous NaCl solution (20 mL). After it was dried

with anhydrous sodium sulfate, the solvent was distilled off under reduced pressure.



with anhydrous sodium sulfate, the solvent was distilled off under reduced
pressure. 66 The residue was purified using silica gel flash column
chromatography (hexane:ethyl acetéte, 4:1-3:1, V/V) to obtain the desired
titte compound (3.15 g, yield: 68%) as a brown oil. 1H NMR (400 MHz,
CDC13): S 2.96-3.95 (9H, m), 4.30-4.38 (3H, m), 4.45-4.81 (7H, m),

Théh88cfud O 41 Puifled’ Q87 s3ABRH {1tk bR HnAGY szt APV titkafd@ihyl
aceffigad TV, VIV 1o 0btatn the deciied e compound (315 & Jiokd: ORTH &8

brozs &itri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-(3-D-glucopyranosyl)-a-D-
... 9lucopyranoside The cqmgoundéSB? mg, 0.55 mmolrz synthesized in
H RM& &1 MimbIRE38)2 Was drR$SRemin*mEithyie hdbHRride 1% thi(TH:
m) 2ngsrichioraacetpnivier(7 (3, 2:56 mmol) and
1,8-diazabic cloé5.4.0};7-undecene (2 drops) were added thereto,
Msféﬁ@\ﬁéﬂlﬂﬁyé%ﬁ 'Mj"& the mixture at room temperature for 40 minutes.
After the solvent was distilled off under reduced pressure, it was purified
using silica ?nel flash column chromatograpk% hexane:ethyl acetate, 5:1

(3c) dp FriathiRrtnBeRzxl 1S -Diharrmnesearten Rigeoadey yee bRy idin-3-y1
2,3@&1@%&%&@@@2@,@1g;@té@amﬁz%)g&hﬁ?%%ﬁyrﬁi{%ﬁ@%@exampIe 1
an

(Il) was dissolved in diethyl ether (10 m rimethylsilyl
glugemysraesthanesulfonate (9 ItL, 0.05 mmol) was added thereto. A solution

of thendBigiiedid i 310m@, TR MAb st Al el REehas AdERA (3b)

dropwise thereto and the mixture was stirred at room temperature for 45

wagpdirgebeedimapetatiapailaside (rops)viad Hirddereaapiererlgich mivtute/0
mniBB SRIVERLYRS pisiliesoffHrdandedicad d%%%w&eTaFaﬂJ&ﬁ%‘ék@o\{\r’lﬂ?lowed

purified using silica’ gel flash column chromatography (hexane:diethy
by ginepgof thg ) xashibinameteBBREH I EOE dthpulwas395ten th ST rakwas

disRAS YEHEMAQ!rhi NMIR-(4AQ MKz GRGHED ustik 4A4ic 881 (& 44, (Dhamn
4.00-4.10 (2H, m), 4.25-4.54 (11H, m), 4.66-4.87 (8H, m), 4.95-5.12 (3H,
chrapatogrph3ohaere gy Mserias): n/A%1uethyplantpe, (8dY) to obtain imidate
(61@25??’ Bt R)ad-HYANYsA- MY REQOMBIRRY B PHN 3sWl ok Hralicoryan
osyl- a-D-glucopyranoside
Reference example 1 (11) was dissolved in diethyl ether (10 mL) and trimethylsilyl
trifluoromethanesulfonate (9 pL, 0.05 mmol) was added thereto. A solution of the
imidate (611 mg, 0.55 mmol) in diethyl ether (4 mL) was added dropwise thereto and
the mixture was stirred at room temperature for 45 minutes. After triethylamine (4
drops) was added to the reaction mixture, the solvent was distilled off under reduced
pressure. The residue was purified using silica gel flash column chromatography
(hexane:diethyl ether, 2:1, V/V) to obtain the desired title compound (395 mg, 57%) as
a pale yellow oil.
'H NMR (400 MHz, CDCl3): & 3.24-3.86 (17H, m), 4.00-4.10 (2H, m), 4.25-4.54 (11H,
m), 4.66-4.87 (8H, m), 4.95-5.12 (3H, m), 7.12-7.39 (50H, m);

MS (FAB) m/z: 1402 (M+H)".

(3d) (2R,3R,4R)-4-Hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-B-D-glucopyranosyl-

o-D-glucopyranoside



67 The compound (611 mg, 0.55 mmol) synthesized in Reference
example 3 (3c) was dissolved in methanol (8 mL) and ethyl acetate (2
mL), and hydrochloric acid- methand@&olution (2 mL) and 20% palladium
hydroxide-carbon (400 mg) were added thereto, followed by stirring of the
mixture at room temperature under a hydrogen atmosphere for 4 hours.

AfteTHe-sagssign o KU WRsSSitereD tyinhgheelier dheeselvantwas3 (3c)
distilled off under reduced pressure and methanal (2 mL) and 28%

Wag RN WhtRF 400/ Ity Rldrnaddey frett tonbivaB b Strahlysf fre-

metRiXbIrSoditi bR AEMpLIL0Ye Har dauni My@sxAfieribersolvenhwasere added

distilled off under reduced pressure, it was purified by an ion exchange
e (IO 5 ELR R G 102 SFRRSGHIASIENT) Ao

atmgshpty ified sing. sikicaraat flashica ixuchkamategrapygthigklite, the
acetate:methanol:water, 1:1:1, \V/V) to obtain the desjred title c und

SOl s ABH AP LBRIGEL SRLRBROLE SO L DB s GG ELcD 38,

amP3k KaANMBIAO) Wiz  B1RQ)in3r2:9 ¢l bw 8@l b 122 thiz ik thide (3H,
dd, J=12.5, 5.1 Hzg 3.16-3.22 (2H, m), 3.28-3.43 (3H, m), 3.49-3.82

roomdpmpriasdos 69 rupptas) Aftsstherplant wiys distleshe bundes redyppd

preSsQe (kA plr#iddHiz) aVion EXBIMEZiARB((MHIEY 5vRe ey eoRex@naRie
4> (2R,3R,4R)-4-Hydroxy-2-hydroxymethylpyrrolidin-3-yl

1. 4% BMBRis 85t S3sTD! gwa%abg}f%%wga%@@aebﬁ%ﬁegia@ (4a)

chroid @G- RtRanadrfcn bty Schen Iyl 67iMpte sbaaome Eded title
glucopyranosyl)-a-D-glucopyranoside The compound (6.43 g, 6.97 mmol)

corgpamd e P ANt SRR R UL RS ved in

[a]522-diethexyesRapedit30 mL) and diethylaminosulfur trifluoride (2 mL,
20.50 mmol) was added thereto, followed by stirring of the mixture at 60C

'HRMR (6 MithRefd):(36-HL§ Was dddd-f 2 Fehctioh thikudee lmide?. 5.1
HzC8:£69!59 é@?ﬁ ihe 3R e SHITstdos 89 VKRS, EXWharelaie (R

mL) was added to the reaction mixture and the organic layer was washed

4.2itPd Sty rated 4o (U dadilirinyaidyeiitadbbratedotution (50 mL)

MIhB sairalsd @aupgqus NaCl solution (50 mL). After it was dried with
anhydrous sodium sulfate, the solvent was distilled off under

<Reference example 4>
(2R,3R 4R)-4-Hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-(6-fluoro-6-deoxy-f3-D-
glucopyranosyl)-a-D-glucopyranoside
(4a) Allyl 2,3,6-tri-O-benzyl-4-O-(2,3,4-tri-O-benzyl-6-fluoro-6-deoxy-f3-D-
glucopyranosyl)-o-D-glucopyranoside

The compound (6.43 g, 6.97 mmol) synthesized in Reference example 2 (2c)
was dissolved in 1,2-diethoxyethane (130 mL) and diethylaminosulfur trifluoride (2
mL, 20.50 mmol) was added thereto, followed by stirring of the mixture at 60°C for 1
hour. Methanol (10 mL) was added to the reaction mixture under ice-cooling and the
mixture was stirred for 30 minutes. Ethyl acetate (50 mL) was added to the reaction
mixture and the organic layer was washed with a saturated aqueous sodium
hydrogencarbonate solution (50 mL) and a saturated aqueous NaCl solution (50 mL).
After it was dried with anhydrous sodium sulfate, the solvent was distilled off under

reduced pressure. The residue was purified using silica gel flash column



reduced pressure. The residue was purified using silica gel flash column
68 chromatography (hexane:ethyl acetate, 6:1, V/V) to obtain the desired
titte compound (5.06 g, yield: 78%) &8 a yellow solid. 1H NMR (400 MHz,
CDC13): S 3.00-5.20 (28H, m), 5.25 (1H, d, J=8.0 Hz), 5.40 (1H, d,
J=16.0 Hz), 6.00 (1H, m), 7.20-7.60 (30H, m); MS (FAB) m/z: 926 (M+H)'.

chrit6diighs, Bréiichemayictt@le(D 3 AN Ord epay rél desai- daexmtipdimd
Iucopyrganz:@sg%l)-D-gIucopyranoside The compound (5.06 g, 5.47 mmol)
ed’

O-Bg1naS RO sRbiffiple 4 (4a) was dissolved in methanol (75
'H MR droiaran  3oms andslirdivmhieride 144.0 @90 s, (1H, d,

1.09 mmoB was added thereto, followed by stirring of the mixture at room

I=lhBedafif fdHLMholf9- ARRAHE EHetion mixture was filtered through

MSKEIES) the, - splgeM ys distilled off under reduced pressure. The residue
was purified using silica gel flash column chromatography (hexane:ethyl

acetate, 4:1-3:1-2:1, V/V) to obtain the desired title compound (3.07 g,

(4bY 1P 3% hasi OPRIE NER Y INDIRHRES IRYD: l%l%owm&ﬁﬂ)MHZ,
CDC13): S 3.10-5.20 (27H, m), 7.20-7.60 (30H, m); MS (FAB) m/z: 886

glumnq&y})—D— glucopyranoside
82 R ?ﬁélégﬁiﬁﬁﬁlﬁ{@’.@% N-benpzvlaxycaRamdZiheransy maiyhry el
in-3-y
wapdissolied ipansirnob((2 mhlepbigerdretnigrol s aborpd pabadives phleride

(INSYR, PoalucaRyy InRsIdSd iR ROMR PO -Qima o O F B &HiRbhre at room

synthesized in Reference example 4 (4b) was dissolved in methylene

tenypiiers fap ivhbypuana ek bt @ sg #flsreg thiphsh Gatte. the
solvefiriazanigvelpbrrd AP eenlcse pefdusromhweare ardess thenei iRvetca

by stirring of the mixture at room temperature for 30 minutes. After the

geldve rplnad eheematpsrrpivdiersasaipassiiite+the’ rbdidud (Yaddobiey the

desﬂ%@ﬁ;fé'@ﬂrﬁﬁﬂuﬁlﬂ%.@Q%l@h&%@%@ﬁﬂ@@ﬁ?@@ﬁi@%&%%ﬁ&%&é'
. 1% triethylamine, V/V) to obtain yellow oily imidate (740.2 mg, 98.5%).
H W&&ﬁééﬂﬁ@(@@&%h@?d@é- 8Hsynenk3frddth(f¥ferdlice example

Msl(ﬂ!mﬁﬁ/é!%‘(ﬁﬁ' +iH)eIiethyl ether (13 mL) and a solution of trimethylsilyl
trifluoromethanesulfonate (6.6 ItL, 0.037 mmol) dissolved in diethyl ether
(2 mL) was added thereto under a nitrogen atmosphere. A solution of the

(4c) (2R,3R,4R)-4-Benzyloxy-N-benzyloxycarbonyl-2-(benzyloxymethyl)pyrrolidin-3-
yl 2,3,6-tri-O-benzyl-4-0-(2,3,4-tri-O-benzyl-6-fluoro-6-deoxy-B-D-glucopyranosyl)-o-
D-glucopyranoside

The compound (646.0 mg, 0.73 mmol) synthesized in Reference example 4 (4b)
was dissolved in methylene chloride (12 mL), and trichloroacetonitrile (0.38 mL, 3.66
mmol) and 1,8-diazabicyclo[5.4.0]unde-7-cene (1 drop) were added thereto, followed
by stirring of the mixture at room temperature for 30 minutes. After the solvent was
distilled off under reduced pressure, the residue was purified using silica gel flash
column chromatography (hexane:ethyl acetate, 4:1, 1% triethylamine, V/V) to obtain
yellow oily imidate (740.2 mg, 98.5%). The compound (326.7 mg, 0.73 mmol)
synthesized in Reference example 1 (11) was dissolved in diethyl ether (13 mL) and a
solution of trimethylsilyl trifluoromethanesulfonate (6.6 puL, 0.037 mmol) dissolved in
diethyl ether (2 mL) was added thereto under a nitrogen atmosphere. A solution of the

imidate (740.2 mg) in diethyl ether (5 mL) was added to the reaction mixture and the



imidate (740.2 mg) in diethyl ether (5 mL) was added to the reaction
mixture and the 69 mixture was stirred at room temperature for 2 hours.
Triethylamine (5.0 L, 0.036 mmol) w&s added to the reaction mixture and
after the solvent was distilled off under reduced pressure, it was diluted
with ethyl acetate (20 mL) and washed with a saturated aqueous sodium

mi e QERNERIPRAEE R eligR 20 ey 2Ntha-SatiRtedl AAHRASDNACD.036

solution (20 mL). After the organic layer was dried with anhydrous sodium

mmnelratas fded SBstAE RISk BT furdyeptevaudes diedpl under

red(RSfPR GRRLAINING heuted MbEUS R V1S oMEfied HsinandilicaB&d flagha saturated
column chromatography (hexane: ethyl acetate, 6:1, V/V) to isolate the

aquseueadivie BYHIPSLIATRBMA 126N ) 1Boynskazs gagysipupNaCl

solINMR (ORI HE (e fiel $ganid- 9D - %Hs(@REH Wikh AR dr-6& (a1 MS the
FAB) m/z: 1315 (M+H)'". (4d)

SOI%QN,B’R%@?}MQ‘* Fosader RS ARFESIY IR FOIG ReS N -ONGifing 816 Yddx
mifue \Pngiﬁﬁpéﬁ%gff%y&m::&al%@H)&@ﬂﬁﬁ@%ﬂﬁ%ﬁﬂwn&kﬁ%ﬁé&}gﬂp,

0.096 mmol) synthesized in Reference example 4 (4c) was dissolved in
acetatetHahoV( ralydeisttinidrsitod Adecoup oyt schond bid swulidtearon
colé9% ha|ladium hydroxide-carbon (100 mg) was added thereto, followed by

stirring of the mixture under a hydrogen atmosphere for 2 hours. After the
'H SAYHR/ 6t Herhid¥el)by Eets. flrcidh, raBd% inhtonidShater; (0.5 mL)

M ﬁgjde :t? [&t the mixture was stirred for 10 minutes. The
%\g)lve tnvﬁ dl?ssll off under reduced pressure and after that an

agueous solution (100 mL) thereof was applied to an ion exchange resin

B A SO AR L5 Rl it

oni r conta e desiréd’compoun
D- gaseentiased 11oder gleciseanpregsure and it was purified using silica gel
ater,

5 L £ TR0 S o HRTER N ENNEHER CAACLH Sy
(4cpealariessamir phabssUDRIANTS c[aHRAMh 496 (@30 h HREKIBHNMR
BN SR A0 T AT (s Sa El
stirBu}0ofldhe ehixlad-Urtd2);a hydrogen atmosphere for 2 hours. After the catalyst was
removed by Celite filtration, 28% ammonia water (0.5 mL) was added thereto and the
mixture was stirred for 10 minutes. The solvent was distilled off under reduced
pressure and after that an aqueous solution (100 mL) thereof was applied to an ion
exchange resin (Dowex 50w x 8) column, and 1% ammonia water (100 mL) was passed
through. The ammonia water containing the desired compound was concentrated under
reduced pressure and it was purified using silica gel flash column chromatography
(ethyl acetate:methanol:water, 5:2:1-1:1:1, V/V) to obtain the desired title compound
(23.1 mg, 52%) as a colorless amorphous substance.

[alp™ +49.6 (c 0.30, H,0);

'H NMR (400 MHz, D,0): § 3.00-3.07 (1H, m), 3.20-3.27 (2H, m), 3.30-3.80 (21H, m),
3.95 (1H, s), 4.29 (1H, brs), 4.43 (1H, d, J=8.0 Hz), 4.50-4.80 (2H, m), 5.00 (1H, d,
J=4.0 Hz);

MS (FAB) m/z: 460 (M+H)".



MS (FAB) m/z: 460 (M+H)'. 70 <Reference example 5> (2R, 3R,
4R)-4-Hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-(6-fluoro-6-deoxy-(3-D-
glucopyranosyl)-6-fluoro-6-deoxy-a-Doglucopyranoside (5a)
Allyl6-O-t-butyldimethylsilyl-2,3-di-O-benzyl-4-O-(6-O-t-butyldimethylsilyl-
2,3,4-tri-O-benzyl-(3-D-glucopyranosyl)-D-glucopyranoside The

<Ré&fMA6EIBLLGIpT® B 20.30 mmol) synthesized in Reference example 2 (2a)
was dissolved in N,N-dimethylformamide (160 mL), an

d
<2Pt=é&yfa%ﬁa‘étﬁygmseﬂréﬁe@w}&hﬂzy@e%w&?4—&?1- RO deden s Ry D-
glu@@p?%ﬂ&@@i)%ﬂﬁ%@d@@go%ﬁ@tﬁLQQHQ{E‘W%@M&Q"ing of the mixture at

room temperature for 1 hour. Water (50 mL) was added to the reaction

(Sainitlirebad Bl dhaixterelwal ExtdreayivittethyfPd ettt oty it
2,385 WRBREA !baggggﬁgﬁgoggﬁqy%m@@ﬁgmp& (50 mL). After it was

dried with ahhydrous sodium sulfate; the solvent was distilled off under
redubetopressumnd.(THE e=gidde wambisyolresizied N Nefenatby ifoamplaiRie2a)

wa%ﬁ%%%dqgﬁﬁqg&%mgﬁa%&% 8% if"efﬂg Q_té\{%?t %ﬂ&ﬂgf?%loride

er ice-cooling stirring of the” mixtur e sal

(7.68rmpersiite onalo anihirtedaéneyl brorftie umel) yezei8ldsmhbiyrates
ol RAARC IR FE AFURD MKIHE ARG MBIHIG A5 SHRISH BWARM 50 mL) was

temperature for 3 hours. Water (50 mL) was added to the reaction
adderhiutheanactifte mivdurixudaligshe mixstesoweitiedmgledoeittetnd easmye (100

mLt)b?t 9&9@&%&&%% ﬂ@ﬁgl%g M&lﬁl q\ﬁﬁd%glmfc)n Wﬁ@]@tﬂ%?ﬂ was, dried

agueous NacCl solution (50 mL). After it was dried with anhydrous sodium

witbmrélﬁéi,rm sm@mw&gt@iébmwlmﬂm@é diestlssbefvadsuredunsd peesieie.
Thé"i%§id%@fw§‘sdd‘tt%'&€m'iﬁ%ﬁ*ﬁﬂﬁ&lﬁ%ﬁ&%ﬁ&%’?ﬁﬁ%ﬁ%}%@@&ﬁ%ﬁ@xhe

acetate, 12:1, V/V) to obtain the désired title compound (8.67 g, yield:
(4.Bg98) &9 msenbruas asiiled tbaripcaderieptpRliaodNiptyeCpotigyng of the

mihB0-R-4f (Lafd ftéﬂ)ﬁ%@fé’ R0 {3 8Hn s 380~ 20 bk gﬂ) na 29448 o)
J=8.0 Hz), 5.35 (1H, d, J=16.0 Hz), 6.00 (1H, ), 7.20-7.60 (25H, m): MS

wagpdgeryzha oz tivnHmixtyshynd the mixture was stirred at room temperature for 3
hodNY 3 ditSubEDEMA-fd 36 e L0607 Ml (Fal AhiroRAr aNORRARe was

glucopyranoside The compound (8.67 g, 8.17 mmol) synthesized in
extRefederite dhyhiprsats (@é}? mL), the organic layer was washed with water (50 mL)

and a saturated aqueous NaCl solution (50 mL). After it was dried with anhydrous
sodium sulfate, the solvent was distilled off under reduced pressure. The residue was
purified using silica gel flash column chromatography (hexane:ethyl acetate, 12:1, V/V)
to obtain the desired title compound (8.67 g, yield: 89%) as a colorless oily substance.
'H NMR (400 MHz, CDCls): 8 0.00-0.20 (12H, m), 0.90-1.00 (18H, m), 3.00-5.20
(26H, m), 5.20 (1H, d, J=8.0 Hz), 5.35 (1H, d, J=16.0 Hz), 6.00 (1H, m), 7.20-7.60
(25H, m);

MS (FAB) m/z: 1062 (M+H)".

(5b) Allyl 2,3-di-O-benzyl-4-0-(2,3,4-tri-O-benzyl-B-D-glucopyranosyl)-D-
glucopyranoside

The compound (8.67 g, 8.17 mmol) synthesized in Reference example 5 (5a)
was dissolved in tetrahydrofuran (150 mL) and 1.0M tetrabutylammonium fluoride THF

solution (20 mL, 20 mmol) was added thereto, followed by stirring of the mixture at



was dissolved in tetrahydrofuran (150 mL) and 1.OM tetrabutylammonium
fluoride THE solution (20 mL, 20 mmol) was added thereto, followed by
stirring of the mixture at 71 room temperature for 5 hours. After the
solvent was distilled off under reduced pressure, the residue was purified
using silica gel flash column chromatography (methylene chloride:

rooMesanehte: Ior\d d tesobtaisr the dasvadiiteicemapufiditdelducseld:
62%) as a colorless oily substance. 1H NMR 400 MHz, CDC13): S
presspfs-hsoeudhe WS BWHIpthysg i @el Hash splpmp chrojnaiggianhy,

(BBl AR, WV (AR) M GRNRS inFoind (419 ¢
@(ﬁ%f -di-O-benzyl-6-fluoro-6-deoxy-4-0-(2,3,4-tri-O-benzyl-6-fluoro-6-de
yie DIRIED SE -@tﬂﬂf&pyranoade The compound (4.19 g, 5.03

'H MR s00esizeb ol Rederence Bxargalend,(Shb was digsalvedin), 5.30 (1H,
1,2- dlmetho%thane (85 mL) and diethylaminosulfur trifluoride (2.5 mL,

d, =4 %0 Rihon R AsthdBed et foMdwdd by stirring of the mixture at 60C

MSRFABYRR: (eshanpH(t0 mL) was added to the reaction mixture under
ice-cooling and the mixture was stirred for 30 minutes. Ethyl acetate (50

mL) was added thereto and the organic layer was washed with a

(Scyaturpteots agLBMa SRHUM pdsaaeRGarionate, SeRImBe (201 1B 16 8 deoxy-

saturated aqueous NacCl solution (50 mL). After it was dried with
B-Doghirauansseliii -y megdrent was distilled off under reduced

Prespree due yas prhfiss Lsng Sl 98 RIBsh QAWM nple 5 (5b
chromat O%Eﬁexa% ethyl ace);%:}[}e 5:1-4:1, V/V) to obtain thee b

wagdisielys @%@&mawgéﬁl%mz%ﬁa&%hv@m% fyr i Ingvige (2.5

mL{A0N e FRELIHR BRG0Pl eRibdBY, stidthElet i) nixdd & Hl6fPE for 1
5.95 (1H, m), 7.20-7.40 (25H, m); MS (FAB) m/Z: 837 (M+H)". (5d)

housyiyyethariab bR ik )-B:fiasided tadbsyeactops due cnberiggimdiing 616l the
midERNA SR eoPyRARRRM: Dlaaﬁm@x&@9§5ﬂ&ﬂ%§9&3@9%ﬂ&4&%ﬁcguhe

2.66 mmol) synthesized in Reference example 5 (5¢) was dissolved in

Ofga@éll]@féﬁf(‘;VQZOVPﬁIE?%WW&?@F‘{@W%H@Wbéﬂé@ﬁﬂﬁﬁ@ﬁﬁﬁ?@é%@?@%ﬁ@ﬂon
(50215 TR A0 RAMRACHNAIE (Qffich &d S MMatkete.added iereto.

anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The
residue was purified using silica gel flash column chromatography (hexane:ethyl
acetate, 5:1-4:1, V/V) to obtain the desired title compound (2.23 g, yield: 53%) as a
yellow solid.

'H NMR (400 MHz, CDCl5): § 3.00-5.10 (26H, m), 5.23 (1H, m), 5.33 (1H, m), 5.95
(1H, m), 7.20-7.40 (25H, m);

MS (FAB) m/z: 837 (M+H)".

(5d) Allyl 2,3-di-O-benzyl-6-fluoro-6-deoxy-4-0-(2,3,4-tri-O-benzyl-6-fluoro-6-
deoxy-B-D-glucopyranosyl)-D-glucopyranoside

The compound (2.23 g, 2.66 mmol) synthesized in Reference example 5 (5¢)
was dissolved in acetic acid (20 mL) and water (1 mL), and palladium chloride (II)
(0.47 g, 2.65 mmol) and sodium acetate (0.87 g, 10.61 mmol) were added thereto,
followed by stirring of the mixture at room temperature for 14 hours. After the reaction

mixture was filtered through Celite, the solvent was distilled off under reduced pressure.



followed by stirring of the mixture at room temperature for 14 hours. After
the reaction mixture was filtered through Celite, the solvent was distilled
off under reduced pressure. 72 The7esidue was purified using silica gel

flash column chromatography (hexane:ethyl acetate, 3:1, V/V) to obtain

the desired title compound (0.73 g, yield: 34%) as a pale yellow

ThereaHIR0oMS: PulRFIaN einbHiNed Re(4QQ IMId R iR Glohiafo S-41rp (hexa@Rl#thyl
m), 7,20-7.60 (25H, m); MS (FAB) m/z: 797 (M+H)'. (5e) (2R, 3R,
acelfy. 4 B RIEBE RS SR ed B g RER B (Rol ety Hraliats iR
yelRw-ainorfienzyWubdiuaie-6-deoxy-4-0- (2,
4-tri-O-benzyl-6-fluoro-6-deoxy-(3
|

H NS Ty Ut oo e ekttt (3, 0.92

MIMOR)sthesized- ip Reference example 5 (5d) was dissolved in
methylene chloride (13.5 mL) and trichloroacetonitrile (0.46 mL, 4.60

mmol) and 1,8-diazabicyclo[5.4.0]-7-undecene (1 drop) were added

(5eSherrta Hodwadp By, SEKNONOdhey ToisiH e 84 YRO LIS KM EENAT3Rrolidin-

minutes. After the solvent was distilled off under reduced pressure, the

3-esitite Whsgutifteduesme- darsey defresA Aot mdriaiygraghgeoxy-B-D-

glu&ﬁ?%?f}sy&—%‘%ﬁ% IndZlriethylamine, V/V) to obtain yellow oily
imidate (675.3 mg, 78‘Po . The compound (412.3 mg, 0.92 mmol)

synthbsieiauRefgdheenax A lamql) syahelizsd|ve & ¢hetiatsydathele(335d)
walid BN & SRHRNRE fé_iﬁb@f_&éf‘@ﬂ!yktﬂfﬂs%ﬂmﬁ@ﬁ&%%ug&%?&%%@zﬂ&nL, 4.60

0.046 mmol) dissolved in diethyl ether (2 mL) was added thereto under a

mfrfﬂib@érﬂ aurhiosphiersl Sadsdqtrandycenesd mlﬂign) mtgﬁﬁm@ﬂa@w&s@%gyd
by SGIREYF BHOGT Rural) WRSALARE L dher s aBRM T IU & ANHL06 FRRIWS

was stirred at room temperature for 2 hours. Triethylamine (7.0 ItL, 0.050

disphlebniiverdaticrdy cedtnecreretitie neptuevaridouftEethes vgvimagabflash
colfiiH @QO%EH{%?%H%%%&@%%LH%MY%?H%‘%ﬂé’é@}%g‘?ﬁ%,%ﬁ&?ﬁ% #ain

il
mL) and washed with a saturated aqueous sodium hydrogencarbonate

el gidn il (4P angattrated bejcennewmdct 5bititish (28 mmoRfter
syntResH RN REEIVAs drigslamith i pRAY dielstrad Methiiaiahdna $AlYS %El a

was distilled off under reduced pressure. The residue containing the a, (3
solwtieure thias thiilsiied tisingreinetharasutisnatel(frintehvdiatograbisyssolved in

die%ﬁnxeq 1%;%]%@%%%%%&{;%@%@@% %tﬁiﬁbegg?ﬁﬁﬁgsgﬂgrgoglpo%%@eﬁtly, a
solution of the:, imida,lte (675.3 mg) in diethyl et.her (5 mL) was added to the reaction

mixture and the mixture was stirred at room temperature for 2 hours. Triethylamine
(7.0 pL, 0.050 mmol) was added to the reaction mixture and after the solvent was
distilled off under reduced pressure, it was diluted with ethyl acetate (20 mL) and
washed with a saturated aqueous sodium hydrogencarbonate solution (20 mL) and a
saturated aqueous NaCl solution (20 mL). After the organic layer was dried with
anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The
residue containing the o, 3 mixture was purified using silica gel flash column
chromatography (hexane:ethyl acetate, 6:1, V/V) to isolate the desired title compound o
form (122.6 mg, 11%) as a colorless oil.

'H NMR (400 MHz, CDCl5): § 3.00-5.20 (37H, m), 7.00-7.60 (40H, m);

MS (FAB) m/z: 1227 (M+H)".



1H NMR (400 MHz, CDC13): S 3.00-5.20 (37H, m), 7.00-7.60 (40H, m);

MS (FAB) m/z: 1227 (M+H)'. 73 (5f)

(2R,3R,4R)-4-Hydroxy-2-hydroxymeylpyrrolidin-3-yl4-O-(6-fluoro-6-deox

y-(3- D-glucopyranosyl)-6-fluoro-6-deoxy- a-D-glucopyranoside The

compound (122.6 mg, 0.10 mmol) synthesized in Reference example 5
(5f(S@R WRHHISS ARYTEIRRIRGK {2 (R RDIRIMIG vi % @0 ¥eQHS 0-6-deoxy-B-

hydrochloric acid solution and 20% palladium hydroxide-carbon (100 mg)

D-glconpasastHefeibiqemdndsa by Stligycopyrnnsi¢ture under a hydrogen
atmegRNeLE okt P85 é@?ﬁ.tft?rﬁﬂﬁ;y%m&@mﬁ\ﬁ&é}x&@ W& mple 5 (5e)

filtration, 28% ammonia water (0.5 mL) was added thereto and the

waptligiredds sttenedt Hbmhinceatimig dGhasiearshadtiirddos eideplution
and 284 R RIRST WRIARTRIEHEh RAEAHS SRt INGe e (HORIREY W}'?‘O?tirring

applied to an ion"exchange resin (Dower 50w x 8) column, it was made to

of ievniidig 1odeammshpedhaBreIrTrerior. Zrheusm mbaidhsmplashraifing
rentBfeHareditompAURH Was, concRiaietH6S e e d eIt e dtWashe

purified using silicaif);ef flash column chromatogra&g]y (ethyl acetate:

mixHEghaAD s 1 minytes. kg telvitamand dikidefimedebraperadd

prebderd R RO AnerRIslaas salidedit MMBIﬁfL%ME?J’iQ?tQ)éﬁon exchange
3.20-3.90%22H, m), 4.10 (1H, s), 4.41 (1H, d, J=8.1 Hz), 4.50-4.80 (4H,

resiyf DpgsX PAVE SrenBima) iy mres /Howes N1 andpatiysrier (100

mL§XaMPEonia water containing the desired compound was concentrated under
(1S,3R,4R,5S)-1-Amino-3-hydroxy-5-hydroxymethylcyclopent-4-yl
redycesl @egeiey it3ver RIESHyERg siica g5l dlatib poanp sito reug smahy (ethyl

acethf-thb@nzylidens 3-9-henzyl-2s WP?S/ b@fﬁwméﬁ%@iﬁfe compound (25.9
2-Deoxy-D-glucose (10.1 g, 61.5 mmol) was dissolved in methanol (100

MZO7e Al kSl deid-methanol solution (50 mL) was added thereto,
'H ieNgwehoypsaine ¢ W%Q(')@ﬁ% eiihe mixiure (P 3shops- Afieaties. 1 He),

reaction mixture was cooled to room temperature, triethylamine was

4.58dd@Q) (i@ renlid hindtdF€-difitthe reaction mixture became basic and

msheseviens: was digtifigd off under reduced pressure. The residue was
dissolved in N,N-dimethylformamide (100 mL), and

benzaldehydedimethylacetal (12.9 mL, 86.1 mmol) and p-toluenesulfonic
<REGAPORRample 6>

(1S,3R,4R,5S)-1-Amino-3-hydroxy-5-hydroxymethylcyclopent-4-yl 4-O-(6-deoxy--D-
glucopyranosyl)-a-D-glucopyranoside
(6a) Methyl 4,6-O-benzylidene-3-O-benzyl-2-deoxy-D-glucopyranoside
2-Deoxy-D-glucose (10.1 g, 61.5 mmol) was dissolved in methanol (100 mL)
and hydrochloric acid-methanol solution (50 mL) was added thereto, followed by
heating under reflux of the mixture for 3 hours. After the reaction mixture was cooled
to room temperature, triethylamine was added to the reaction mixture until the reaction
mixture became basic and the solvent was distilled off under reduced pressure. The
residue was dissolved in N,N-dimethylformamide (100 mL), and
benzaldehydedimethylacetal (12.9 mL, 86.1 mmol) and p-toluenesulfonic acid mono-
hydrate (585 mg, 3.08 mmol) were added thereto, followed by stirring of the mixture at
20 mm Hg at 50°C for 3 hours. After the reaction mixture was cooled to room

temperature, water (50 mL) was added to the reaction mixture and after the mixture was



hydrate (585 mg, 3.08 mmol) were added thereto, followed by stirring of
the mixture at 20 mm Hg at 50C for 3 hours. After the reaction mixture
was cooled to room temperature, water (50 mL) was added to the
reaction mixture and after the mixture was 74 extracted with ethyl acetate
(200 mL), the organic layer was washed with water (50 mL) and a

extiiletddethaamaciestNaClrPHILIONHSBrdtnlc Al W ikas Ared with water (50 mL)
anhydrous sodium sulfate, the s;lvent was distilled off under reduced
gboﬁﬁ_)

a“"p?éé&ﬂ?é‘?%@?&&ﬁjﬁé%&@%%& RISEHA NN h S B RO Ao
sodaind bEi%atsodivisolnyalicles (GiQ01ed 92 dndemeuves pededtheretesiddewas

. ice-cooling, followed hy stirring of the mixture_at the . same temperature for
s N B A (BT o e Ao et
mnibp mixtadecdaisestis @@ drieersoampefalarecton L StinahipsofWrtati (oekénit the

was added to the reaction mixture and after the mixtu as extracted
oy AR (01 (o). RS RIS o L e s
thefdilo) andd & saikiated AgeidsatNessh sahiienn(3OM0L)0 Adigrk it Wasa(FimL)

with. anhydrous sodium sulfate, the solvent was distilled off under reduced
Wy B B e Ol A e e Lt B et
(20chigmategsaphyc(hexanaethihadatade w21 (30 hl Y AM)ito abiaitethejueous
sired title compoynd (16.0 g, yield:.73%) as a yellqw soliq, 1H NM
Nt SET 9D DRy A P a L B o oy ik ot
waSd&i B350 (B bh der) r&188ed P dslirt. Mher@ddhSH {4 plyrifi dushrd Bch3d] flash

m), 5.60-5.62 (1H, m), 7.23-7.40 (8H, m), 7.49-7. H, m); MS (FAB
CO]HS%?. %9%9%1%‘??& %a?ﬁ;ﬁ%%s% %Q-&;&ié%@% &8 é’%&ﬁbﬁﬁ% ?%ﬁsd
titlcoonperimd (2600 g, Bebd Maolhsyydiksizadith Reference example 6 (6a)

1 dissalved in ic acid L) apd water (5 mL).and the mixtyre

R s R e et et ot ibete
3.6%/:386q0e 00, Mg BMPHEatlre. 1het SV ent wasddbstilext ofHIRAR5.60-5.62

reduced pressure. The residug was purified using silica gel flash column
af{:HPSnYa%era%éﬁé%& r?e‘?&ﬂﬁ%@faf@%?:l-l:& V/V) to obtain the desired
MSiteA®mpeuss7(INBD; yield: 88%) as a pale yellow oil. 1H NMR (400

MHz, CDC13): S 1.49-1.64 (1H, m), 2.11 (1H, brs), 2.25-2.36 (1H, m),

2.62 (1H, brs), 3.33 (3H, s), 3.44-3.65 (2H, m), 3.76-3.87 (3H, m),

(604 Meth P23 (D-bdm)yl L aledk y D(EHcOpyrddtide82 (1H, m), 7.26-7.37 (5H,

m); The compound (2.00 g, 5.62 mmol) synthesized in Reference example 6 (6a)
was dissolved in acetic acid (15 mL) and water (5 mL) and the mixture was stirred at
60°C for 2 hours and 30 minutes. After the reaction mixture was cooled to room
temperature, the solvent was distilled off under reduced pressure. The residue was
purified using silica gel flash column chromatography (hexane:ethyl acetate, 2:1-1:2,
V/V) to obtain the desired title compound (1.33 g, yield: 88%) as a pale yellow oil.
'"H NMR (400 MHz, CDCls): 6 1.49-1.64 (1H, m), 2.11 (1H, brs), 2.25-2.36 (1H, m),
2.62 (1H, brs), 3.33 (3H, s), 3.44-3.65 (2H, m), 3.76-3.87 (3H, m), 4.41-4.52 (1H, m),
4.65-4.71 (1H, m), 4.81-4.82 (1H, m), 7.26-7.37 (5H, m);

MS (FAB) m/z: 267 (M-H)".

(6¢c) Methyl 3-O-benzyl-2-deoxy-6-O-p-toluenesulfonyl-D-glucopyranoside



MS (FAB) m/z: 267 (M-H)'". (6c)
Methyl3-O-benzyl-2-deoxy-6-O-p-toluenesulfonyl-D-glucopyranoside 75
The compound (12.2 g, 45.3 mmol) 3ynthesized in Reference example 6
(6b) was dissolved in pyridine (100 mL), and p-toluenesulfonyl chloride
(13 g, 68.0 mmol) and 4-dimethylaminopyridine (553 mg, 4.53 mmol)

wergrelead sbenato, X olle\us iyn@iyipget e nixRerRBhEERAUMple 6 (6b)
temperature for 12 hours. The reaction mixture was [?oured into 10%
Wa%xﬁﬁé%‘d%"n’;}h?éﬂ%‘ﬂf&ﬁélé’ﬁdr%rm(gﬁ%‘t‘)sﬁ At aREEtL B 0P hmymoD
and“hdenigBytaaling anditee SHY aticd Bpemmas) WashedvdtthdR, guesss by
. hydrochloric acid solution (80 mL), a saturated aqueous sodium
SUTRYEBG AR Rt "SRt igRRES HE %\fnﬂiatl%‘é‘iﬁr S UEBLS N E] Was
poelliins (6% rke Al aiyidrves shitestiwibl @ity (RO us Seaid BilsU hateathe00

olvent was distilled off under requced pressyre, The residue was purified
iyt sl Tt e R Ao

hydrolidoki MM i Ribein 8berdsirsakiitiecdcrmpaundddio:g gydieldn88Kymga
ale yellow amorphous sybstance. R (400 MHz, CDC13): S .

soligh AR L S Dk ER Y S0 A G O B s

wittdh§sods/$bduhia §dHate)thd . vért IR Histilled . 4if-dnQér (duded, pressure.

i EEASE AT, SIS0 O L 2RT S T T 84 B

aceMethy1-0Lheny oyt Sbdihehz vl 2irde dixle- Goriall eres Wfginid D88 %) as a pale

l%lucofﬁérai;oside The compound (16.9 g, 40.0 mmol) synthesized in
YRS BNE: %%a?ﬁBTéa%C@c) was dissolved in methylene chloride (150 mL)

'H anvdRrrigtty mine (2R1mLs 0.346 mul),1 Bergoylxhioriglel (14nml2.9412mMa)), 3.27
and 4-dimethylaminop%|ridine g89 mg, 4.00 mmo(l;tﬁ/ryere added thereto,

GHofbwéd By &gk théhixie e Porhaervperaatird bt E fiodrbLH- m).

4.63VaEy (89, M) wes addedHote7asction Mmixtuig armd-Jier the, mixture
was extracted with methylene chloride (100 mL). After the organic layer

MRS RLBHE WM *Ehturated aqueous NaCl solution and dried with

anhydrous sodium sulfate, the _s_olvent_ was _distilled off under reduced
OO Ao (R BAAGY Geclehsy s e BB desirec
glutipycamypaund (20.8 g, yield: 99%) as a yellow oil.

The compound (16.9 g, 40.0 mmol) synthesized in Reference example 6 (6¢)
was dissolved in methylene chloride (150 mL) and triethylamine (22 mL, 0.16 mol),
benzoyl chloride (14 mL, 0.12 mol) and 4-dimethylaminopyridine (489 mg, 4.00 mmol)
were added thereto, followed by stirring of the mixture at room temperature for 18
hours. Water (80 mL) was added to the reaction mixture and after the mixture was
extracted with methylene chloride (100 mL). After the organic layer was washed with a
saturated aqueous NaCl solution and dried with anhydrous sodium sulfate, the solvent
was distilled off under reduced pressure. The residue was purified using silica gel flash
column chromatography (hexane:ethyl acetate, 4:1-3:1, V/V) to obtain the desired title
compound (20.8 g, yield: 99%) as a yellow oil.

'H NMR (400 MHz, CDCls): & 1.71-1.78 (1H, m), 2.26-2.31 (1H, m), 2.33 (3H, s), 3.32
(3H, s), 3.94-4.14 (4H, m), 4.40-4.44 (1H, m), 4.52-4.59 (1H, m), 4.80-4.81 (1H, m),



1H NMR (400 MHz, CDC13): S 1.71-1.78 (1H, m), 2.26-2.31 (1H, m), 2.33
(3H, s), 3.32 (3H, s), 3.94-4.14 (4H, m), 4.40-4.44 (1H, m), 4.52-4.59 (1H,
m), 4.80-4.81 (1H, m), 76 5.03-5.087@H, m), 7.09-7.20 (6H, m), 7.40-7.49
(3H, m), 7.57-7.62 (1H, m), 7.66-7.71 (2H, m), 7.87-7.96 (2H, m); MS
(FAB) m/z: 527 (M+H)'. (6e) Methyl
5.03-8-0m(129Yin3-0-be2)0- %6 didle 9230671091030 Gy COBYramsIS{dE, The 7.66-7.71
compound (2,53 g, 4.81 mmol) synthesized in Reference example 6 (6d)
(CHy 45618 F%‘%oﬂ?éhe (30 mL) and sodium iodide (3.6 g, 24.0 mmol)
MSFABS-erensr6RthEN (254 mg, 0.96 mmol) were added thereto, followed
by stirring of the mixture at 100C under a nitrogen atmosphere for 3
hours. After the reaction mixture was cooled to room temperature, water
(6e{3MBhy1Wae-ddaad, I3 thebeastlionondidis eyahdbdBan tha copituieswas
extracted with ethyl gcetate (100 mL), the organic r was washed wi
o S AR e ST SO LSO ot RIS S e O (00
waaahydradsi socliwne sBifaie,) thel soliant \wailelStided Dffoundes yaddasdcrown-
res . The residue was purjfied using silica gel flash column )
A (OIS RS AP oy ol icure at
100%esiredbite ERpROuncbEdheteToy B lehi B4 Y0) fer ahpata yalowiQiuth NBoled
(400 MHz, CDC13): S 1.72-1.86 (1H, m), 2.31-2.41 (1H, m), 3.17-3.26
TAM ARPY RIS, W@I—ﬁ?%ﬁ}@.&’é‘s(é‘ﬂﬂ%g Lo tBersas Qi Iy 208 2 ey the

mixXdite Ws xdhdedByithtd i) adetnlcd R0 (hH), e GrQihit Yy éd atiyashed with a
5.03-5.18 (IH@17.1317.26 é\5H m), 7.43-7.49 (2H, m), 7.58-7.62 (1H

satyrated AQUBGYy ukies @ % / 'fﬁét(wl#i_e(%wit anhydrous sodium
sulfrt®)-BeREBMnS vANERENEE Sibutiie RYuBEX pRNIEHA-FIRNRSRIGXWNS pliefied
.compound (2.11 g, 4.38 mmol) synthesized in Reference example 6 (6

e
USIpeE 8 %F]ihCQb‘B?BﬁBFfBPEéEﬁFﬁE%ﬂEW&FéW’Q"rﬁE%% Dile %%&g& ) to
obttdnghwashied twighc6paaneors hydvachlarigacid sphutionvwasoadded
thereto, followed bﬁ heatén\ﬁgunder reflux of the mixture for 25 minutes

'H MR KO0 Elor TS e WA<-d g dHo G tehrertilr®) itwids r FAH:
m)[BresgtuGelite andihe snlvant e disdilen aff usdersredyogdmyesaure.48

The residue was dissolved in ethanol (50 mL) and rlggroxylamin

(IFhyatotribride? @18 my 101 Mhidhlar: pyPiné 4! Pﬁh,ﬁbﬁ.fs%ﬁn@ﬁl’ m),
7.499180300EGh fhesto, follawmechhyssirringiqbthenmixture at 60C for 50

minutes. After the reaction
MS (FAB) m/z: 483 (M+H)".

to

(6f) 4-O-Benzoyl-3-O-benzyl-2,5,6-trideoxy-D-xylo-hexa-5-enose oxime

The compound (2.11 g, 4.38 mmol) synthesized in Reference example 6 (6¢)
was dissolved in isopropanol (50 mL) and water (2 mL) and zinc powder (2 g) washed
with 5% aqueous hydrochloric acid solution was added thereto, followed by heating
under reflux of the mixture for 25 minutes. After the reaction mixture was cooled to
room temperature, it was filtered through Celite and the solvent was distilled off under
reduced pressure. The residue was dissolved in ethanol (50 mL) and hydroxylamine
hydrochloride (913 mg, 13.1 mmol) and pyridine (1.06 mL, 13.1 mmol) were added
thereto, followed by stirring of the mixture at 60°C for 50 minutes. After the reaction
mixture was cooled to room temperature, the solvent was distilled off under reduced

pressure. Water (20 mL) was added thereto and after the mixture was extracted with



mixture was cooled to room temperature, the solvent was distilled off
under reduced pressure. Water (20 mL) was added thereto and after the
mixture was extracted with 77 ethyl#tetate (100 mL), the organic layer
was washed with a saturated aqueous NaCl solution (20 mL). After it was
dried with anhydrous sodium sulfate, the solvent was distilled off under
ethigdugat Proesurs, e resitr ysasvayrifisHedsinthsilicagrbiaghe selumaal
chromatogérgphy (he,xane:%thyl acetate, 6:1-5:1-4:1-3:1 V/V% to obtain the
solpiian LD e ot BBy 3L S g " ianby s So Etbs G ithe spRyRAR Was
dis(#1eQ Mz dePredide SpZedsin2. STHA kbsithle 2vad plud Beld bkifg) sii&Be(D Hith
dt, J=8.1, 5.1 Hz), 3.94 (0.5H, dt, J=8.1, 4.4 Hz), 4.65 (0.5H, d, J=11.
collfo PR IRIRG) BT HOR SRS ATy S0 1S Y
desdred Liflcliompodach(BA 4 LHyiIH: 3744y asd/cOlbtldw 08.74-5.77 (1H, m), 6.01
Iy ﬁH ddd, J=16.8, 5.9 5.$Hz)] 6.84 iO.SH t, J=5.1 Hz), 7.26-7.33 (5H

MR 2405 Mie> SRChY &5617265 (1H; R, 3 06%78¢ B hd: S @Al

1=9N/75 349,(Mstdd) (68, dt, J=8.1, 4.4 Hz), 4.65 (0.5H, d, J=11.7 Hz), 4.67 (0.5H, d,
(3aR 4R,5R,6a8ﬁ4-Benzo loxy-5-benz onX-hexahydro-cyclo enta&(i]isoo
1=, Hz), 4.74 (0.5H, d, J=1T. Hz}f 475 (0.5H, d, J=11.7'Hz), 5:33-5.36 (1H, m),

5.4(383ARPRH 254 BENZAY|9x) -S.0enzy|axv: exahy & 9;cy/¢lepsrsaleliogy, t,
xazole The cog\;&ound (5.%%;'7144%7 mmol) s(y;nthesized in Reference
n

1=k dHbié 8561 Wasaidor fdetié {rba ity A7 the mbALP8-{48 (CH.

m)heated under reflux for 40 hours. After the mixture was cooled to room

temgerature the solvent was distilled off under reduced pressure and the
MS éWésgpﬂf%aIﬂ)sing silica gel flash column chromatography
(hexane:ethyl acetate, 2:1-1:1, V/V) to obtain the desired titte compound

mixture) (4.08 g, yield: 82%) as an orange oil. 1H NMR (400 MHz,
(Ce DRk RS G R E A AT B g Ay TS Rl Fppprazole
(3ag;2&;318,53&?)%“3éﬂ):.o%189y35%f?5abk}lm§n&l%7df(@~zﬁlc§i§hﬂ§[d 8]&0&8:;:!6@,
3.43-3.49 (0.7H, m), 3.99-4.22 (4.3H, m), 4.63 (0.3H, d, J=11.7 Hz), 4.63
(1.48 %ﬁoﬂ?g‘?“é&ég@&; ?14:5.%“%93), B4 i Bk F?‘ﬁ%ﬁ%‘??@l?cﬁfég as
dissbisedHiz xolade (180 (B, 40, theddixfidd Waklheajed tardtef. &d1(kHor)) hours.
7.99-8.08 (2H, m); MS (FAB) m/z: 340 (M

Afites the Jrxs ?'3%59@%% R ISP BERS T Tﬁi%é%@ﬁﬁtmwlﬁ%&aﬁya}%@r

redayelopeniafelisdakazei@due was purified using silica gel flash column
chromatography (hexane:ethyl acetate, 2:1-1:1, V/V) to obtain the desired title
compound (mixture) (4.08 g, yield: 82%) as an orange oil.

'H NMR (400 MHz, CDCls): § 1.92 (0.3H, ddd, J=10.2, 5.1, 5.1 Hz), 2.00-2.13 (1.4H,
m), 2.28-2.35 (0.3H, m), 2.99-3.01 (0.3H, m), 3.37 (0.7H, dd, J=8.8, 7.3 Hz), 3.43-3.49
(0.7H, m), 3.99-4.22 (4.3H, m), 4.63 (0.3H, d, J=11.7 Hz), 4.63 (1.4H, s), 4.67 (0.3H, d,
J=9.5 Hz), 5.21 (0.3H, t, J=3.7 Hz), 5.28 (0.7H, d, J=3.7Hz), 7.25-7.35 (5H, m), 7.43-
7.47 (2H, m), 7.54-7.60 (1H, m), 7.99-8.08 (2H, m);

MS (FAB) m/z: 340 (M+H)".

(6h) (3aR,4R,5R,6aS)-5-Benzyloxy-1-benzyloxycarbonyl-4-hydroxy-hexahydro-
cyclopenta[c]isooxazole
The compound (4.08 g, 12.0 mmol) synthesized in Reference example 6 (6g)

was dissolved in methanol (40 mL) and sodium methoxide (696 puL, 3.61 mmol) was



The compound (4.08 g, 12.0 mmol) synthesized in Reference example 6
(6g) was dissolved in methanol (40 mL) and sodium methoxide (696 ItL,
3.61 mmol) was 78 added thereto, fpowed by stirring of the mixture at
room temperature for 2 hours. Dowex 50w x 8 was added to the reaction
mixture until the reaction mixture became neutral and after it was filtered,

addeethetve)tyRsvaistlagi ofh yodeis aduasd AressHRmpAeesSIe Was .
dissalved in ethyl acetate (40 mL), and a saturated aqueous sodium

Do ¥ ACE BB hATE o i B8 N N S 36 EHT BRI B4 A,
neutfiGaninmelr wers addesthrseiawendeniceraaningsffolovweedaycstipinguot.
the [Hixture at.the sa h?mperatur@for 1 hour and 30 r%Lnutes. The

e
The;Fsifte (498 m@wiﬁﬂs Wittt e il 490 SoiiIRe LHiaaBhsasum
hydrigeacdafterdtswias eliexd with) andydroyt sochlorosotiaies (e solvenswasol)

distilled off under reduced pressure. The residue w rified using silica
Weﬁeﬁﬁ%%?fg}w it Eﬁhiﬁﬁ@é&?l‘%%%ﬁﬁﬂ@? oy
Qrderdeisdiachtit S Campaey) iylever ash th d
ten?c)elidt its diastereomer (1,62 g, . ieldg;{agé%//;ejf a pal eaildgv?oil.l e
T ST L S MR A Aot RS T
the (Sdthein) was AB2UEd (EHHUdr B6ileddGR(Riem ). 8&idR2w(ddhumi)ied. Qding
...(1H, d, J=8.8 HZz), 4.49 (1H, d,J=11.7 Hz), 4.48-4.55 (1H, | ) 0 (1H, .
1%6 §%11f1%%hﬁyj}1%1.21é‘kfﬂqz%s’,gm@(ﬁkﬁsaﬁ%%@%mﬁéE})Tgé{‘é&tﬂ ,O'é'%}n
the @RSt Bdazyiappirae(Tag oxyceiddonydiexaaysile gyittopeatialahd its

L [-4-yl 2,3,6-tri-0O- [-4-O-(2,3,4-trj-O-b [-6-d -(3-D-
dla%%)é%%?aﬂog%ﬁ’-I?Sl-ﬂfgllcgo)tsp%ﬁe?ﬁzés%%e?(% Oé%ﬁﬂ)'oung r(]?5/1 mge,oC;(.)E/BY mmol)

'H symResxeNinAReReNcs exanpe 2 (2fin)vasidissalted) in sEthyeae], m),
chIorideﬁS mL), and trichloroacetonitrile (435 ItL, 4.33 mmo?_and
273 8- id2AbiBYctofs 2 O A hdBlentd droddf withe dddd b tifelaty? H2): 449
(1Holoyxad . by sfining-ofthelmpxtiyra soraemderaperatdg frd heyk)After
the sog/ent' as distilled off under reduced pressure, the residue was
Mspﬂ:rﬁﬁ% [ﬂlﬁn\%@l b fiash column chromatography (hexane:ethyl
acetate, 6:1-5:1, 1% triethylamine, V/V) to obtain imidate (734 mg, 84%)

(1 AR Thae S BN LA RN AR IS o) anl
cydidmaiyisibdokiheprpyetaesudanate (120D 4-mnmbnas adgeask y-B-D-
glutcl’(])%ryergcr)lbéyl)—D— glucopyranoside

The compound (751 mg, 0.87 mmol) synthesized in Reference example 2 (2f)
was dissolved in methylene chloride (15 mL), and trichloroacetonitrile (435 uL, 4.33
mmol) and 1,8-diazabicyclo[5.4.0]-7-undecene (2 drops) were added thereto, followed
by stirring of the mixture at room temperature for 1 hour. After the solvent was distilled
off under reduced pressure, the residue was purified using silica gel flash column
chromatography (hexane:ethyl acetate, 6:1-5:1, 1% triethylamine, V/V) to obtain
imidate (734 mg, 84%) as a yellow oil. The compound (244 mg, 0.66 mmol)
synthesized in Reference example 6 (6h) was dissolved in diethyl ether (12 mL) and
trimethylsilyl trifluoromethanesulfonate (12 puL, 0.07 mmol) was added thereto. A
solution of the imidate (734 mg, 0.73 mmol) in diethyl ether (3 mL) was added
dropwise to the mixture and the mixture was stirred at room temperature for 1 hour.

After triethylamine (4 drops) was added to the reaction mixture, the solvent was



solution of the imidate (734 mg, 0.73 mmol) in diethyl ether (3 mL) was
added dropwise to the mixture and the mixture was stirred at room
temperature for 1 hour. After triethyfamine (4 drops) was added to the
reaction mixture, the solvent was 79 distilled off under reduced pressure.
The residue was purified using silica gel flash column chromatography

disineyasteidiethyt@ibed, p2etsiid, Yhé)rtQiobtainihridasi asitifleilanpound

(a,(3 mixture) (516 mg, yield; 64%) as a colorless amorphous substance
colygfepAste iy, (Bpyesssichyl rhersi -4 1535 ¥H) 0htyy ¢ &esﬂﬁﬂaed title

cordp@ufd12) lafiRrule§ 851 Fhb, Fibld: 63284 {Q51051803, 2ndBRe {RoBtdnsv),
2.48-2.53 (0.5H, m , 2.73- 2.77 (0.5H, m), 2.85-2.86 (0.5H, m), 3.10-3.60

'H pEMRr0§08, G 9 Prd-dita (%, Phiy)a 5204 s Al sz; 9'Hy), 1.62-
7 -
1.68 @%ﬁ%)( ﬁgl”%i) %ang%f?} ?gb Q&b%%ﬂ (trﬁngh 51&)2 i%"i 5/321(0112%9%%22 23

6))
2. 7@3@:§HRHQR26%553 8638@%@%& ﬁ%%%%am@ﬁﬁ%é%@iw) 4.10-4.14

(1}?%95‘3@%@{@4'%9%%0}3'4%9('4 87 (7H, m), 5.00 (0.5H, d, J=10.7 Hz), 5.12 (0.5H,
2,3,6-tri-O benzi/_él -0-(2,3,4-tri- -benfeél -6-deox 3 D-

d. gt Sddgtahd8yi B B- bﬁl@obﬁ%aééﬁ nd (516 mg, 0.42

MY sHthesizeqiir Reference example 6 (6|) was dissolved in
methanol (6 mL) and toluene (6 mL) and sodium methoxide (221 ItL, 1.15
mmol) was added thereto, followed by stirring of the mixture at 50C for 40

(6 TIBAESRARES 151 IaRGHRMRYX U W aR POl IQ ITReAHeMperature,

Dowex 50W x 8 was added to the reaction mixture until the reaction

cy%mn?ﬂ@wﬁe%ﬂhﬁ AefiiOvhsa Aitet<€er (Bad SdivEhbonas | dis ety D-

gluw%g; -%‘EI-IBr i&esl[]%&due was purified using silica gel flash
mn c romato rap exane:diethyl ether, 1.5:1-1:1, V/V) to obtain

the Efésmmpﬂembfﬁt@mgi Q¥Z3nmmaply ieldthe 7)Y las aafotonl%sxample 6 (61)
orghous subst 00M C13):.S 1.61-1.69 (1

el T s B AN R G gy oo
1.1 §lichnadah, Wad & dbdiidzg a3 ﬁ)lléisl’dd(ﬂ@ sdiFul;, of. ﬁld‘lﬁ)xﬁﬁﬁﬁr&ﬁﬂqm 40),

3592‘65(22% 379 374‘]")87%)(5H,m,3.99%5r {9 J=8 %\'{’2,28
mii. 3 PO PIAC7E. 00 SHPRI S et e
wadadded tldth&éth(lemdxt-ﬁfe?»u?lﬂrlZhe%éhétﬂ)ﬂtﬂn(ﬁﬁdrb m&M&d&AﬁD W #ter it
was:,l giﬁ%r@ﬂ)the solvent was distilled off under reduced pressure. The residue was
purified using silica gel flash column chromatography (hexane:diethyl ether, 1.5:1-1:1,
V/V) to obtain the desired title compound (173 mg, yield: 47%) as a colorless
amorphous substance.
'H NMR (400 MHz, CDCls): 8 1.61-1.69 (1H, m), 2.48-2.55 (1H, m), 2.72-2.78 (1H,
m), 3.13 (1H, dd, J=9.5, 8.8 Hz), 3.21 (1H, dd, J=9.5, 5.9 Hz), 3.31 (1H, dd, J=8.1, 7.3
Hz), 3.36-3.54 (5H, m), 3.59-3.62 (1H, m), 3.79 (3H, s), 3.74-3.94 (5H, m), 3.99 (1H, d,
J=8.8 Hz), 4.32-4.38 (2H, m), 4.50-4.67 (7H, m), 4.76-5.00 (5H, m), 5.01 (1H, d,
J=11.0 Hz), 5.12 (1H, d, J=3.7 Hz), 7.14-7.44 (35H, m);
MS (FAB) m/z: 1141 (M)".

(6k) (3aR,4R,5R,6aS)-5-Benzyloxy-hexahydro-cyclopenta[clisooxazol-4-yl 2,3,6-tri-
O-benzyl-4-0-(2,3,4-tri-O-benzyl-6-deoxy-B-D-glucopyranosyl)-a-D-glucopyranoside



(6k) (3aR,4R,5R,6aS)-5-Benzyloxy-hexahydro-cyclopenta[c]isooxazol-4-yl
2,3,6-tri-
O-benzyl-4-0-(2,3,4-tri-O-benzyl-6-d&bxy-(3-D-glucopyranosyl)-a-D-gluco
pyranoside 80 The compound (363 mg, 0.32 mmol) synthesized in
Reference example 6 (6j) was dissolved in methanol (8 mL) and IN
aquEPEST PARREIITBEY i X(IB2saMBONs (4tHidi)ias Rfigehtheaseitmple 6 (6))
followed by stirring of the mixture at 80C for 8 hours. After the reaction

WapdRIe W48 BESREAT FoBi I pETAHHEO Y BatiisitEn Byteslls sty (4

mIAWRUID gRiitleSaluiaD(1qifhy WahaddRee Ahgoeacsiog Mt refter
After the mixture was extracted with ethyl acetate (100 mL), the organic

the | LRASH QBT EERYEIHPP S P A F S EHLE N W led sAA i AR r
amih¥asH féﬁ%ﬂﬂ@s@ﬂhi&f@ﬁ rﬁQﬁ' W sidiate, the ealvrnt wasuaistiNedaffe

under reduced pressure, The residue was purified using silica gel flash

MIEYFGHATRIBATERA GrP i ecaiite i Bdeidhs, argpnic layay sy ashediwvith

sattip@desiiRAR foeREad (33 2mg, XieldiSlohas awaleBi@Mus sodium
amor{})hous substance, 1H NMR (400 MHz, CDC13): S 1.20 (3H, d, J=5.9

suligly, thesgplv ey vas dishllsbetbuaderigduned presswesslhgyesifue was @ysified
usiflélsilied. BelG18sH eh13nlP Brdm bbb iPhyX R dhEletiid, a3e8:8, 8.4: HD)I, V/V) to
3,43-3.53 (3H,.m), 3.67-3.69 (2H, m), 3.81-3.95 (6H, m), 4.35-4.40 (2H,
obtgin thesdesitge e camPaups 87 T yin: s b ) e galsordleiyorphous
subbtdied .44 (35H, m); MS (FAB) m/z: 1084 (M+H)'. (61)
1S,3R,4R,5S)-1-Amino-3-hydroxy-5-hydroxymethylcyclopent-4-yl4-O-(6-
' MR o e e b balig 623 36
(1HNE) 0227 Mo 1$ynifiesized in Referanseexample fo(Gkiswan dispolved i,

methanol (8 mL) and ethyl acetate (4 mL), and hydrochloric acid (5 drops)
dd.drd-8 084l é‘&%é’rﬂﬁ‘i%%vém@ba?’ré P @O g verd laddad thlerBloH-35-4.40

(2Holiowed lay c3tirmAg:Af, e mpgare At ™ demMReratye yndesanysirpgen

atmosphere for 6 hours. After the reaction mixture was filtered through
(35Hele, the solvent was distilled off under reduced pressure. Methanol (3

MIMEA®) 2B %03mmenip water (300 L) were added to the residue and the
mixture was stirred at room temperature for 10 minutes. After the solvent

was distilled off under reduced pressure, the residue was purified by an
(611001 $H1ARBS HERIA GAHYM M (BRN G LRSS WRIEE 1R 18 RM)PRIB) - (6-
deov;\{?-tﬁf '—zijllrctzgg;’ranosyl)—(X—D—glucopyranoside

The compound (313 mg, 0.29 mmol) synthesized in Reference example 6 (6k)

was dissolved in methanol (8 mL) and ethyl acetate (4 mL), and hydrochloric acid (5
drops) and 20% palladium hydroxide-carbon (300 mg) were added thereto, followed by
stirring of the mixture at room temperature under a hydrogen atmosphere for 6 hours.
After the reaction mixture was filtered through Celite, the solvent was distilled off
under reduced pressure. Methanol (3 mL) and 28% ammonia water (300 uL) were
added to the residue and the mixture was stirred at room temperature for 10 minutes.
After the solvent was distilled off under reduced pressure, the residue was purified by
an ion exchange resin column (Dowex S0W x 8) (water-2.8% ammonia water). Further,
it was purified using silica gel flash column chromatography (ethyl

acetate:methanol:water, 1:1:1, V/V) to obtain the desired title compound (107 mg,

yield: 81%) as a pale yellow solid.



it was purified using silica gel flash column chromatography (ethyl acetate:
methanol: water, 1:1:1, V/V) to obtain the desired title compound (107 mg,
yield: 81%) as a pale yellow solid. 8811H NMR (500 MHz, D20): S 1.19
(1H, d, J=5.9 Hz), 1.53 (1H, dt, J=13.7, 6.8 Hz), 2.18-2.23 (1H, m),
2.27-2.33 (1H, m), 3.07 (1H, dd, J=9.8, 8.8 Hz), 3.19 (1H, dd, J=9.8, 7.8

"H NRIR3(B80(MHAD 479 $1 8 (HR). &3 B53.#k b I8 -4 1B-53. 12618 M),
3.58 (1H, dd, J=14.7, 6.8 Hz), 3.66-3.80 (6H, m), 3.86 (1H, dd, J=6.8, 4.9

211228 HAWA T0H; 103 (AB6ULHS, @ 0HT. 8CHEF9530B 41403 193 Bt 1=9.8,
RN R A T ey R R U
dd 971847 103 58) MS(RAB) itz nd56. 861 H:. ddRefefericelbxarhpled7i4 (1H, m),
T emanoside (1) (1

PCRYBERE, BRM R DR Dy Io§96 30y 2IF ok et 83:rhigthioyap Do) 972 74- 19,
bicycl%zl%he%tane Azide epoxide (Tetrahedron, 26, 1985, 1469) (2.03
71.806/37 rhblyws Hisdaided’ imtHard Gt adt LR catalyst (0.4

MPAES agddegsineveter)followed by stirring of the mixture under a
hydrogen atmosphere for 2 hours. After the catalyst was removed by

Celite filtration, it was dissolved in ethanol (40 mL) and the mixture was
<RBRAAEWRdRIpIefX for 1 hour. After the solvent was distilled off under
reduced pressure, the residue was purified usi%%nsilicagel flash column
11314;

(CReARoifaidyraphyifrtimpedhahbineretmarse! - QAGydersiBite-

glu%g ﬁgg}q)wgﬁgmp&[;pgngsﬁg g, yield: 65%) as a brown solid. 1H NMR
(400 MHZ, CDC13): S'2.15-2.35 (2H, br), 3.19 (1H, dd, J=5.8, 5.9 Hz),

(723, SR BHSHR AR (1B ey yB8% ¢1lhy deek rgley | 3t methox B 278 Xa-H; adé;

biciﬁ%[%d:i‘]ﬂeb@le“"ll (1H, s), 4.18 (1H s), 4.54 (1H, d, J=11.7 Hz), 4.61
1H, d, J=11.7 Hz), 4.64 (1H, s), 7.29-7.38 (5H, m); MS (FAB) m/z: 266
(|\/|+|é4;'i_d@7g)q;1ide (Tetrahedron, 26, 1985, 1469) (2.03 g, 6.97 mmol) was dissolved

in dhARASPRIARd HYHPYAIPHAPPN UV R D GHRLS, FoMRiRadPstirring
of the mixture under a hydrogen atmosphere for 2 hours. After the catalyst was
removed by Celite filtration, it was dissolved in ethanol (40 mL) and the mixture was
heated under reflux for 1 hour. After the solvent was distilled off under reduced
pressure, the residue was purified using silica gel flash column chromatography
(methylene chloride:ethanol, 20:1-10:1, V/V) to obtain the desired title compound (1.21
g, yield: 65%) as a brown solid.

'H NMR (400 MHz, CDCls): §2.15-2.35 (2H, br), 3.19 (1H, dd, J=5.8, 5.9 Hz), 3.35
(3H, s), 3.41 (1H, s), 3.65 (1H, dd, J=5.8, 11.7 Hz), 3.73 (1H, dd, J=5.8, 11.7 Hz), 4.11
(1H, s), 4.18 (1H s), 4.54 (1H, d, J=11.7 Hz), 4.61 (1H, d, J=11.7 Hz), 4.64 (1H, s),
7.29-7.38 (5H, m);

MS (FAB) m/z: 266 (M+H)".

(7b) (1R,3R,4S,6R,7R)-7-Hydroxy-6-hydroxymethyl-3-methoxy-2-oxa-5-aza-
bicyclo[2.2.1]heptane-5-carboxylic acid benzyl ester

The compound (930 mg, 3.51 mmol) synthesized in Reference example 7 (7a)
was dissolved in methanol (20 mL) and 20% palladium hydroxide-carbon (280 mg) was



bicyclo[2.2.1]heptane-5-carboxylic acid benzyl ester The compound (930
mg, 3.51 mmol) synthesized in Reference example 7 (7a) was dissolved
in methanol (20 mL) and 20% palladg2m hydroxide-carbon (280 mg) was
82 added thereto, followed by stirring of the mixture under a hydrogen
atmosphere for 6 hours. After the catalyst was removed by Celite

addédr attessotte 5ok ywak shstidesh othiknee trads 8g drtpssi@adsplere for 6

residue was dissolved in ethyl acetate; a saturated aqueous sodium,
hoyrs /oY EHS BUALE YAk AR PP G- ALy SHEPHeRANCHIbITtb AR s 198 off
unddlreduddpragraasiadderditheratalifolnwe dnbystiritngef: theampstvdarglicous
QC for 2 hours. Water (20 mL) was_ added to the reaction mixture a
SO BB RGP et it S B CeA o G GRGI haEpL
5. 2WamwashedanittiarratusateloaaidesysiNac bsehetian (@ mioPAfRnIhv@as.

dried with anhydrous sodium sulfate, the solvent was distilled off under

Watgh (7 tbressirddachio fBsieristinadpuiiie at S ad itbes 191 HERUES Wit

extRMeMRHAoEARMAbERANEIMIACRIAE whid whidhed/ WP ala e fesitrd
titte compound (759 mg, yield: 70%) as a colorless solid. 1H NMR (400

Nagfpolutip28)me. 3 Adtes i vys dusplavih sk dipuusediunpsitbite. iig splent

wad HibPrEg) oﬁf%%&r@‘éc@&éd;pﬂeé&@:%%é f&hiti s pariiida (ofdg Wil flash
(FAB) m/z: 310 (M+H)'. (7¢c) (1

colpmschypRigRITh B MRS I-BaMGin by kil IRy etigivdindgsbrg-ptle
corfpGurAZBPIaYCiARER AdbsnianestosRRQYKEC acid benzyl ester The

compound (152 mg, 0.49 mmol) synthesized in Reference example 7 (7b)

'H VAERH(4981MH An it 3331 e 1Ry 68k 18y HeHibfidd (8H.ry, 461
(1 i was Addel hiRseiosToliugd by SHTRG o th mixure at OC

or 3'hours. After it was confirmed by TLC that the starting material had
MSuiEAdpenfed KetMayl)Chloride (86 L, 0.74 mmol) was added thereto and

the mixture was stirred at OC for 1 hour. Water (20 ml) was added to the

reaction mixture at OC and after the mixture was extracted with ethyl

(TcaddBaudS the@igahid 1Byerwesyvashue Witheshytalytasrnagibebodgnaaeky-2-
ox29IHHORBi(3RJTL). ARSI s drsd Withaihydiaig sefium sulfate, the

solvent was distilled off under reduced pressure. The residue was purified
usinghsifeagernashxomgn A-AchraRealcy rakZadaxdheiaanseseammie 70:0)
waé/éYs)sSPvQ@TfflliB}thﬁiH@%if %ﬁﬂ%&%&?ﬂﬁ%&%@imlﬂiﬁi@é Qﬁ%gﬁ(f?ﬂ mmol)

colorless oil.
was added thereto, followed by stirring of the mixture at 0°C for 3 hours. After it was

confirmed by TLC that the starting material had disappeared, benzoyl chloride (86 UL,
0.74 mmol) was added thereto and the mixture was stirred at 0°C for 1 hour. Water (20
ml) was added to the reaction mixture at 0°C and after the mixture was extracted with
ethyl acetate, the organic layer was washed with a saturated aqueous NaCl solution (20
mL). After it was dried with anhydrous sodium sulfate, the solvent was distilled off
under reduced pressure. The residue was purified using silica gel flash column
chromatography (hexane:ethyl acetate, 10:1, V/V) to obtain the desired title compound
(218 mg, yield: 84%) as a colorless oil.

'H NMR (400 MHz, CDCls): § -0.24--0.04 (6H, m), 0.72 (4.5H, s), 0.77 (4.5H, s), 3.34
(1.5H, s), 3.38 (1.5H, s), 3.67-3.80 (2H, m), 3.91 (0.5H m), 4.10 (0.5H, m), 4.40 (0.5H,
s), 4.46 (0.5H, m), 4.66 (0.5H, s), 4.69 (1H, m), 4.78 (0.5H, m), 5.15 (2H, m), 5.44 (1H,
m), 7.39-7.36 (5H, m), 7.41 (2H, m), 7.55 (1H, m), 7.95 (2H, m);



1H NMR (400 MHz, CDC13): S -0.24--0.04 (6H, m), 0.72 (4.5H, s), 0.77
(4.5H, s), 3.34 (LSH, s), 3.38 (LSH, s), 3.67-3.80 (2H, m), 3.91 (0.5H m),
4.10 (0.5H, m), 4.40 (0.5H, s), 4.46 $8.5H, m), 4.66 (0.5H, s), 4.69 (1H,
m), 4.78 (0.5H, m), 5.15 (2H, m), 5.44 (1H, m), 7.39-7.36 (5H, m), 7.41
(2H, m), 7.55 (1H, m), 7.95 (2H, m); 83 MS (FAB) m/z: 528 (M+H)'. (7d)

MY ZRABRa#R 528)N1=BgNzyloxycarbonyl-3-benzoyl-2,5-dihydroxymethyl-4-
hydroxypyrrolidine The compound (997 mg, 1.89 mmol) synthesized in
Reference example 7 (7c) was dissolved in trifluoroacetic acid:water (4:1,

(7d32 7R, BRI RS RYINUBEn A S iesbat] raeh iyl e fadilig fayxdmeniiyutes.
Water (20 mL) was added to the reaction mixture at OC and after the

by g RHL B tracted with dichloromethane (30 mL), the organic layer
wa}smamqgmuu@%ﬂtmgmosaqgmmgm éllyﬂflwﬁﬁéb@ﬂafﬂple 7 (7c)
sqlutign (20 mL) and a saturated aquepus NaCl solution (20 mL). After i

was UGS LIRS SSURNHS e AL S JEL BERHAD e at

roodndgfipecugedqresswiitiddewasid (Ewids) wigsalded 16 kthaaoli(honidire at
and a reagent obtained by dissolving sodium borohydride (35.7 mg, 0.10

0° Gt TR ARG UL Y 43 v ed WABr ieh ity By Sttty Jhhrganic

layBRiNty & AHRE $afn20 inuies a fltend SAMRIEHIASSRHSHRMPeBIUHdN (20 mL)
chloride solution (2 mL( was added to the reaction mixture at OC, ethanol

and posa A A AR Clerplien s s, gl (185 Sis vk haplueiins

sodAitarst e didreoWas: xisanted vibr eitidracetrtel (kostukd, thBcakganie was
di Iai/ver was washed with a saturated aqueous NaC| solution (15 mL). After
ISW

54 trhanith(Anm/dtane doeernihraRedhy Soivimtieasdaistiferapdride

(35ungey, erlvsadRresswer Thargsiduaaes peidieduaingedisasgatfash the
column chromatography (hexane:ethyl acetate, 2:1, V/V) to obtain the

mixfues APttt OEShBBUME 6 A41Ph g, Syl tesspy s S tap N Ghi QiR RRtion

2 MOAMHAEPEIR .08 ArBulbh 0°G, A AR kR A M HA% R0
(5H, m), 7.36. (2H, m), 7.50 (1H, m), 7.89 (2H, d, J=7.3 Hz); MS (FAB)
redpeid pEssgvR-HY afg@e)l 5 mL) was added and after the mixture was extracted with

ethge BB B 5 RN e BryAANY £RIRANN %ﬁx@&%{#&'&ml&aﬂaﬁ¥8ﬁ%wﬁt‘f'

nzyloxypyrrolidine The compound (643 mg, 1.60 mmol) synthesized in
solyticre (dAcBlexapsieiywagyiried with anhydrous sodium sulfate, the solvent was

distilled off under reduced pressure. The residue was purified using silica gel flash
column chromatography (hexane:ethyl acetate, 2:1, V/V) to obtain the desired title
compound (643 mg, yield: 85%) as a colorless oil.

'H NMR (400 MHz, CDCls): § 3.60-3.38 (9H, m), 4.98-5.19 (4H, m), 7.20-7.30 (5H,
m), 7.36. (2H, m), 7.50 (1H, m), 7.89 (2H, d, J=7.3 Hz);

MS (FAB) m/z: 402 (M+H)".

(7e) (2R,3R,4R,5R)-N-Benzyloxycarbonyl-3-hydroxy-2,5-dibenzyloxymethyl-4-
benzyloxypyrrolidine

The compound (643 mg, 1.60 mmol) synthesized in Reference example 7 (7d)
was dissolved in dichloromethane:cyclohexane (1:2, 18 mL), and
benzyltrichloroacetimidate (2.7 mL, 14.4 mmol) and trifluoromethanesulfonic acid (29
L, 0.32 mmol) were added thereto, followed by stirring of the mixture at room

temperature for 2 hours. A saturated aqueous sodium hydrogencarbonate solution (5



was dissolved in dichloromethane:cyclohexane (1:2, 18 mL), and
benzyltrichloroacetimidate (2.7 mL, 14.4 mmol) and
trifluoromethanesulfonic acid (29 L, 32 mmol) were added thereto,
followed by stirring of the mixture at room temperature for 2 hours. A
saturated aqueous sodium hydrogencarbonate solution (5 84 mL) was

mI 9680 dAdAeT BRGHQAB BRI 3t Q0RO ATRFEhen kg yaas IR Wifth

ethyl acetate (200 mL), the mixture was washed with water (30 mL) and a

ethybageitisd 20q0abus TR EBRIGH (3ohed yvitkariendl Bredh saturated
aquBlydreusssadivmsulfats, theesalventwvaa distillat it sindeiaiesiaathee, the

pressure. The residue was purified using silica gel flash column

sol¥epbian gt i endaeretiyrd dseatareother s duaweroPybtasd 1686 siig

gelafRICQMpIBaTRIbNTAIS JRiph PRiakagae: aalariresm kil £H0BOIMI MRS HEISBRINEFNS0
in methanol:tetrahgdrofuran (4:1, 25 mL) and &(’))tassium carbonate (44

mgffa godorleinel)- whs RyaedtiiarderInsiwed b\P8H sy BRIk enat
melRAIY IRPRSIAMIEIR1 2B I3oMIS) AMtgsonsthanehwas Aistilesh ofhwmdgimol)

reduced pressure, water (15 mL) was added to the residue and after the

wagaddgrbthesetedelamer D Wy e AL dBsim P61 Y FeRE! (TYRRTRIAG P e
houaSREd vkt ieh Saltw s kBN LE oSub@E FS@IEOPEkBumRL v AStar B WRS was

dried with anhydrous sodjum sulfate, the solvent was distilled off under

addedyincg vt ARd #Her 1Bs IR Wa S Bt AHEARINY QIRBYS AFHALH (ol THh the

org@hIOTIROYrAPRYsHBexanL et asetaigedid NAM)sehaliain shadeskeadr it was
title compound (715 mg, yield: 78%) as a colorless oil. 1H NMR (400

drigd iy theasbysgug sodiga shdtpin. the pobvent pyas digfiliecdhot wndqrssdyced.

preﬂsa&.(agriéem)i@@%wﬁmuaﬁeaﬁgﬂ%mi%a@a,fpaa@cala)maiﬂrdﬂ%af%w,
,J=16.8 Hz), 5. 1H, d, J=16.8 Hz), 5.51 (1H, m), 7.15-7, H, m);

(heR GRS b (O P R e S K RO By ol

78%3, hsdibsrzidexymethyl-4- benzyloxypyrrolidin-3-yl 2, 3,

1. 6-1ri-O-benzyl-4-0O-(2. 3,4-tri-O-benzyl-6-deoxy-(3-D-

H SR S0 0501) e b Rard A E e i e a3 g B 4. 3.79-

4.1ma) synthesized i Referengs exanpie 2 A cramslisspivediing, 1=16.8 Hz),

methylene chloride (8 mLé and trichloroacetonitrile (0.25 mL, 2.45 mmol)
5-O§ﬁé}i§=&'lﬁlz@a%ia¥%1§[§.l4§ ﬁ?lﬁhae]c%ﬁéﬁzl(_),}b.@%?mmol) were added

MShersto el awepyrsirring of the mixture at room temperature for 15
minutes. After the

(7f) (2R,3R,4R,5R)-N-Benzyloxycarbonyl -2,5-dibenzyloxymethyl-4-
benzyloxypyrrolidin-3-yl 2,3,6-tri-O-benzyl-4-O-(2,3,4-tri-O-benzyl-6-deoxy-f-D-
glucopyranosyl)-a-D-glucopyranoside

The compound (426 mg, 0.49 mmol) synthesized in Reference example 2 (2f)
was dissolved in methylene chloride (8 mL), and trichloroacetonitrile (0.25 mL, 2.45
mmol) and 1,8-diazabicyclo[5.4.0]-7-undecene (7 uL, 0.05 mmol) were added thereto,
followed by stirring of the mixture at room temperature for 15 minutes. After the
solvent was distilled off under reduced pressure, the residue was purified using silica
gel flash column chromatography (hexane:ethyl acetate, 5:1, 1% triethylamine, V/V) to
obtain colorless oily imidate (398 mg, 80%). The compound (248 mg, 0.44 mmol)
synthesized in Reference example 7 (7¢) was dissolved in diethyl ether (8 mL) and

trimethylsilyl trifluoromethanesulfonate (7 uL, 44 pmol) was added thereto under a



solvent was distilled off under reduced pressure, the residue was purified
using silica gel flash column chromatography (hexane:ethyl acetate, 5:1,
1% triethylamine, V/V) to obtain col@dess oily imidate (398 mg, 80%). The
compound (248 mg, 0.44 mmol) synthesized in Reference example 7 (7€)
was dissolved in diethyl ether (8 mL) and trimethylsilyl

nitdsEbosamsprrresulianaie( oitthdihimmellnastaddaRiheraip ) unseidi&bto the
nitrogen atmosphere. A solution of the imidate in diethyl etheréS mL) was

reagipfL AR e AP AR A SR e LY ATt h TR SRS e doa ra s
TriteyRenate i@ Jqil-eshemest) wiicibykanainad 1dath &8dikehovag agdaefidolvent

the reaction mixture and after the solvent was distilled off under reduced
wapisdlled off wadeaneeuacdipicsthi-dbaiatdiis it ia Rt e sHiG (7S fikg and
theWaghed Withvh SRR adHAE 2Q6dM E&&i&ﬁﬁ@ﬁ@%?@ﬁ@ﬁ%&%@igﬂution

(20 mL) and a saturated aqueous NaCl solution (20 mL). After the organic

COBfet WL HFGHAMAYNA S SOHIHAR SAHARL) tha i mp R labfed as

dri@ffwindenrpaiseedoi@ssiigatt N@d esidug Was autified Jrsineisticawelflash
column chromatography . (hexane:diethyl ether, 4:1, V/V) to obtain the

pregutred HtiEtihpana B e Hy g toliFhgc ks rrisesit PRI @iDo

(heliiZdEeBGldlied 4:23UBHt6 obthrtidzle Ardd 31t ddtpotitd 22818(31%) as
(13H, m), 3.85 (1H, dd, J=5.1, 5.1 Hz), 3.93 (1H, dd, J=5.1, 5.1 Hz), 4.31
acolgrleds 9ilg 0 Hz), 5.03 (1H, d, J=3.6 Hz); MS (FAB) m/z: 472 (M+H)". (7g)

'H KRB RMRY, DAy d exymsetnydA-bydresypygelidi 1v4n); G deory-
(1357‘3- D-glucopyranosyl)-a-D-glucopyranoside The compound (218 mg, 0.15

(
n%))%ﬁtﬁés‘i rReferehée exthipld A7l was diskoivedlinldla g 1=8.0

HzNyoaghiarig, acilgpgthanol solution (5 mL) and 20% palladium
droxide-carbo%ll@mg) was added thereto, followed by stirring of the

h

MSriddte e ér 2 ﬂﬁégen atmosphere for 2 hours. After the catalyst was
removed by Celite filtration, 28% ammonia water (0.8 mL) was added
thereto and the mixture was stirred for 10 minutes. The solvent was

(7 2§ e RedRoffunBer il pravstrsl dnbvge veriadidias>-phd<ed eriewighp-
D—QHJ&‘?&F&%@BQ&-&%@@%%Q%WEQ water (30 mL), 1% ammonia water (30

mL) was made to flow. The ammonia water containing the desired
compoipenpasnddAE mugted undephedotduyiped 38 itefened awas gpopiiietl(71)

waélﬁl’é‘&ﬁ!klﬁ%ga? llﬂ/?ﬁpcﬁ%fff&?lc acid-methanol solution (5 mL) and 20% palladium

hydroxide-carbon (110 mg) was added thereto, followed by stirring of the mixture under
a hydrogen atmosphere for 2 hours. After the catalyst was removed by Celite filtration,
28% ammonia water (0.8 mL) was added thereto and the mixture was stirred for 10
minutes. The solvent was distilled off under reduced pressure and the residue was
passed through an ion exchange resin column with water (30 mL), 1% ammonia water
(30 mL) was made to flow. The ammonia water containing the desired compound was
concentrated under reduced pressure and was purified using silica gel flash column
chromatography (ethyl acetate:methanol:water, 5:2:1-1:1:1, V/V) to obtain the desired
title compound (47 mg, 64%) as a colorless solid.

'H NMR (400 MHz, D,0): § 1.15 (3H, d, J=5.9 Hz), 2.92-3.19 (4H, m), 3.26-3.73
(13H, m), 3.85 (1H, dd, J=5.1, 5.1 Hz), 3.93 (1H, dd, J=5.1, 5.1 Hz), 4.31 (1H, d, J=8.0
Hz), 5.03 (1H, d, J=3.6 Hz);

MS (FAB) m/z: 472 (M+H)".



chromatography (ethyl acetate: methanol: water, 5:2:1-1:1:1, V/V) to
obtain the desired title compound (47 mg, 64%) as a colorless solid. 1H
NMR (400 MHz, D20): S 1.15 (3H, d§¢=5.9 Hz), 2.92-3.19 (4H, m),
3.26-3.73 (13H, m), 3.85 (1H, dd, J=5.1, 5.1 Hz), 3.93 (1H, dd, J=5.1, 5.1
Hz), 4.31 (1H, d, J=8.0 Hz), 5.03 (1H, d, J=3.6 Hz); MS (FAB) m/z: 472
(M+H)'. 86 <Reference example 8>
(2R,3R,4R)-4-Hydroxy-2-hydroxymethylpyrrolidin-3-yl

<RI SR -B2deoxy-(3-D- glucopyranosyl)-D-glucopyranoside (8a)

(2RARIZ13) Gt Arben 2y dd N Fadb Ayl (RroRazY 6 fluesoGdedsxIFdeox y-p-D-
glucopyranosyl)-a-D-glucopyranoside The compound (2.19 g, 2.37 mmol)

glughpykets ¥h-In-RuraReRSEmple 2 (2c) was dissolved in

(8aN-Angimesfaviipmeeias- (26 13, 206 -SPEmy dAds: % 1de8x 2. p-mmol)
was added thereto under ice-cooling, followed by stirring of the mixture for
glugopyrinoseb: mbBglidetiden@rlenL, 4.82 mmol) was added to the reaction

mi ixt ' r [S-
et e o A ) SR T IR e (Beraiie oc)

wasistobiestendbdstimathidf @0 midaddS Byt sedien o diidedd 2ddeds
mufBRGLeRRALTIAY A0S AN SIRRLIRS WRhedrIRURIGE (D 10

mL) and a saturated aqueous NaClsolution (20°'mL). After it was drie

minyigs aMsibipd iededaim slifzhd 2thensdlvest sddsdiistile deeftigndariasuaedithe

miEESHE stiHQ FERe MASRMTIHE RS g SUICRIGRI BB RSSAIUHLS added to the
chromatography (hexane:ethyl acetate, 6:1-5:1, V/V) to obtain the desired

reagiiencowipanadas 8¢ goplend: Bidicasiztuelviessoid 161 AMRwos NiEy]

aceREIG D) Wad ddusd SSRr-A0 @Rk uBhmt 3 Gidadlt) 120w (L Rhalhked
5.95 (1H, m), 7.20-7.40 (30H, m); MS (FAB) m/z: 938 (M+H)'. (8b)

withwageg(BGimb) pad Asaupted 3apnONsEA AplEiatHO RYLG- ey 3up-dried

witﬂ'W%ﬁB‘%%?&X@%ﬂ?ﬁt% GRARQLOH (hRQ Bah 24 B}E'%E’Jl)fe.

synthesized in Reference example 8 (8a) was dissolved in methanol (30
Therpyidwel wat ARyt uang (6 lig e g Peatildmcbrortagraphy (hexane:ethyl

acetate, 6:1-5:1, V/V) to obtain the desired title compound (1.80 g, yield: 81%) as a
colorless oil.

'H NMR (400 MHz, CDCls): 8 3.21 (3H, s), 3.30-5.00 (28H, m), 5.10 (1H, m), 5.20
(1H, m), 5.95 (1H, m), 7.20-7.40 (30H, m);

MS (FAB) m/z: 938 (M+H)".

(8b) Allyl 2,3,6-tri-O-benzyl-4-O-(2,3,4-tri-O-benzyl-6-methoxy-6-deoxy-f-D-
glucopyranosyl)-D-glucopyranoside

The compound (1.80 g, 1.92 mmol) synthesized in Reference example 8 (8a)
was dissolved in methanol (30 mL) and tetrahydrofuran (6 mL), and palladium chloride
(II) (67.4 mg, 0.38 mmol) was added thereto, followed by stirring of the mixture at
room temperature for 14 hours. After the reaction mixture was filtered through Celite,
the solvent was distilled off under reduced pressure. The residue was purified using
silica gel flash column chromatography (hexane:ethyl acetate, 5:1-4:1-3:1, V/V) to
obtain the desired title compound (1.43 g, yield: 83%) as a colorless amorphous

substance.



(1) (67.4 mg, 0.38 mmol) was added thereto, followed by stirring of the
mixture at room temperature for 14 hours. After the reaction mixture was
filtered through Celite, the solvent weis distilled off under reduced
pressure. The residue was purified using silica gel flash column
chromatography (hexane:ethyl acetate, 5:1-4:1-3:1, V/V) to obtain the

'H devired dt 8 eomMEDHNg (§.43@ (yield), 83%)sasnazalptiess amerhaus7.20-
substance. 87 iH NMR (400 MHz, CDC13): S 3.20 (3H, s), 3.25-5.00
7.40Z0Hn)5 .10 (1H, m), 7.20- 7.40 (30H, m); MS (FAB) m/z: 898 (M+H)'.

MIBEAERNBR898 (M+H)".
4R)-4-Benzyloxy-N-benzyloxycarbonyl-2-(benzyloxymethyl)pyrrolidin- 3-yl

2,3,6-tri-O-benzyl-4-0-(2,3,4-tri-O-benzyl-6-methoxy-6-deoxy-(3-D-
(8c9luERPYraneSYA)-BR, JIBCPIVIEROSIR yERR SRPNIOWREAYIB 2y ntiEy B rolidin-

mol) synthesized in Reterence example 8 (8b) was dissolved In

3-ym R1uhOdrBedet B -SiPrbeRmtotetdintid@eanyni-Pa. 29
glug&w&@%ﬁ&ﬂi—%ﬁi@ y{;‘{g&ig}eo]undeﬂ-cene (1 drop) were added
y

thereto, followed stifring of the mixture at room temperature for 30
minJies cafiepuné S6Ivénmgd 3aistined syhitrdeicfedReldpressueanphes (8b)

walGRIOHR Wa% RIUHIAOHSIG SHCR 95hIash FRIUMA CRIGRRIAR APRY mL, 4.29

(hexane:ethyl acetate, 4:1, 1% triethylamine, V/V) to obtain colorless oily

mnjeficnd {S6¢i8zhe 649 AHenstsripound (380p8 wegs oBhihestyo. followed
by SYRHNEUF AR MRAIRENCR S RBMACfu DRH HRRAIE I AR A FUARE (3

mL) and a solution of trimethylsilyl trifluoromethanesulfonate (8.0 ItL,

disoligd o thasiraidesioe ariesstiet il schidbel e ddoing tideerelifiadr a
col?gfﬁgﬁ% RRR ehéx SRIUHRN bihge Imidate, (R FIMah) dising thah

mL) was addedto the reaction mixture and the mixture was stirred at

colpslsns ealvpardated Yor B maufd rictigl anmpeysdo33@ome, oy wels
syndHLER 49,16 FERAILR MG 31 alienihesely ﬁ{‘&%‘é’ﬁ@ldé?{@leg %BEE‘ g%l a

reduced pressure, it was diluted with ethyl acetate (20’ mL) and the

solmii&métmwsﬂéhtrtﬂm@@atma@e@ﬂmg@oﬁ%@w Y44 mmol) dissolved in
e st the
imidatfatel tremsglverticiag dibtilléd ol urdeaddetlisethpresdion mMikbiregitlidie
mi Cfggtavlv% Tjgrt#rggd MG 23002 IBPPRGR VAT RUTRSING 852 897
mmol) was added to the reaction mixture and after the solvent was distilled off under
reduced pressure, it was diluted with ethyl acetate (20 mL) and the mixture was washed
with a saturated aqueous sodium hydrogencarbonate solution (20 mL) and a saturated
aqueous NaCl solution (20 mL). After the organic layer was dried with anhydrous
sodium sulfate, the solvent was distilled off under reduced pressure. The residue
containing the mixture of o and 3 isomers was purified using silica gel flash column
chromatography (hexane:diethyl ether, 3:1, V/V) to isolate the desired title compound o
form (150.1 mg, 13%) as a colorless amorphous substance.

'H NMR (400 MHz, CDCls): 8 3.20 (3H, s), 3.25-5.20 (39H, m), 7.20-7.40 (45H, m);
MS (FAB) m/z: 1327 (M+H)".

(8d) (2R,3R,4R)-4-Hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-(6-methoxy-6-
deoxy-B-D-glucopyranosyl)-a-D-glucopyranoside



chromatography (hexane:diethyl ether, 3:1, V/V) to isolate the desired title
compound a form (150.1 mg, 13%) as a colorless amorphous substance.
1H NMR (400 MHz, CDC13): S 3.2088H, s), 3.25-5.20 (39H, m),
7.20-7.40 (45H, m); MS (FAB) m/z: 1327 (M+H)'". (8d)
(2R,3R,4R)-4-Hydroxy-2-hydroxymethylpyrrolidin-3-yl4-O-(6-methoxy-6-

deoxyd SdhphicRnIENN 0D -0-D-alucsapyranesideddd Rdtereampouigle 8 (8c)
(150.1 mg, 0.11 mmol? synthesized in Reference example 8 (8c) Wgas )
waySIVE iR MEthaYl %P(%“?MfBBWf&fﬁﬁ]bqi%q%‘t}’é&}@W BERIBFIE Spfption

ands2iytipallamaRAdpaliadivabdydiaddecsarbomi(taqnaglovasiaddady stirring
hereto, followed tirring of the mixture under a hydrogen atmosphere
of 05 5 R AP B S OB B 0L SOrBY MRS Bahes
ren@NEAGY T Watefii{@al sn L) Svasraddach tharetooanchihey wixided Wascsditiathe
. for 10 minutes. The[‘)solventw distilled off ug‘der reduced pressure and
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water (100 mL). The . ammonia water containing the desired ¢ oynd
res S RGP ST SRt A BTG Vg L by The
amflashiaoehien e chiomatogr Aphiye® toyhpaaiateamehanoltabted & 2duded: 1,

V/V) to gbtain.the desired title ¢ ound (49.1 mg, 95%) as a colorless
PregHi ST AR A R DT SO 4 S TR S ah o)
acefa@nidtHach1Ix84, 52)]4.981(INVY tdBtdifrd) MSiFdAB)erasm d (49.1

ol

(gl J/—?:? <Rejer nce mple 9>
mg( I%,% ,ﬁﬁf-o %EJS&%Q -hydroxymethylpyrrolidin-3-yl 4-O-(6-deoxy-a-D-
'H givRpy0anasys)-a ey Sopgranasideoa)), 3.27 (3H, s), 4.37 (1H, d, J=8.0

(2R, 3R.4R)-3-Benzoyloxy-N-benzyloxycarbonyl-2-benzyloxymethyl-4-hydr
HZ%)@Q%Q%IﬁiAE%%E{:)émpound (3.37 g, 9.07 mmol) synthesized in

MReiemnas exampe-f(1h) was dissolved in methylene
chloride:cyclohexane (1:2, 180 mL), and benzyltrichloroacetimidate (2.0
mL, 10.88 mmol) and trifluoromethanesulfonic acid (2.57 ml, 15.3 mmol)

<R¥ferenagldeshiprreto, followed by stirring of the mixture at room
(2R,3R,4R)-4-Fluoro-2-hydroxymethylpyrrolidin-3-yl 4-O-(6-deoxy-o-D-
glucopyranosyl)-a-D-glucopyranoside
(9a) (2R,3R,4R)-3-Benzoyloxy-N-benzyloxycarbonyl-2-benzyloxymethyl-4-hydroxy-
pyrrolidine

The compound (3.37 g, 9.07 mmol) synthesized in Reference example 1 (1h)
was dissolved in methylene chloride:cyclohexane (1:2, 180 mL), and
benzyltrichloroacetimidate (2.0 mL, 10.88 mmol) and trifluoromethanesulfonic acid
(2.57 ml, 15.3 mmol) were added thereto, followed by stirring of the mixture at room
temperature for 1 hour. A saturated aqueous sodium hydrogencarbonate solution (20
mL) was added to the reaction mixture at 0°C and after the mixture was diluted with
ethyl acetate (200 mL), it was washed with water (300 mL) and a saturated aqueous
sodium hydrogencarbonate solution (300 mL). After it was dried with anhydrous
sodium sulfate, the solvent was distilled off under reduced pressure. The residue was
purified using silica gel flash column chromatography (hexane:ethyl acetate, 5:1-2:1,

V/V) to obtain 4.71 g of a pale yellow oil.



temperature for 1 hour. A saturated aqueous sodium hydrogencarbonate
solution (20 mL) was added to the reaction mixture at OC and after the
mixture was diluted with ethyl acetag® (200 mL), it was washed with water
(300 mL) and a saturated aqueous sodium hydrogencarbonate solution
(300 mL). After it was dried with anhydrous sodium sulfate, the solvent

'H wasrdgiibediaff, wnoer;sed ucssl preseem) he 4esidioe yasmpwiled 6einsH,
silica 2e| flash column chromatog g?g hexane:ethyl acetate, 5:1-2:1,

m)\51h-Hhtaitla ml. 4-of 415k elign (6l 89)iH NMR (400 MHz, CDC13):

MSYBAT 20 465 (0 h45-4.80 (3H, m), 5.00-5.60 (5H, m), 7.32-7.46
(12H, m), 7.59 (1H, m), 7.99 (2H, m); MS (FAB) m/z: 462 (M+H)'. (9b)
(2R,3R,4S)-3-Benzoyloxy-N-benzyloxycarbonyl-2-benzyloxymethyl-4-hydr

(9bPXPROYR AIINEBERSSARPAUME {133 ehrBeh I BeR, SYSHDRRIES AL i0hydroxy-

Reference example 9 (9a) was dissolved in methylene chloride (4 mL),
Pyré‘?\‘bdtﬂﬁ'idine (96 ItL, 1.20 mmol) and trifluoromethanesulfonic anhydride

(0.1@BleohpSummeR3wesepaisiatihesiantalianes RAYSEINGQhIBR 9 (9a)

mixture at OC for 20 minutes. Water (10 mL) was added to the reaction

wapgligtlyed DensHy kreciierideadb e lnadayatieg Werthetriflanehiside,
wifiBSroeRic Ryenwasshrd Vi arsal Wriad a9 uRNANREIRIMIOR 1L Xed

mL). After it was dried with anhydrous sodium sulfate, the solvent was
by gfistimacdbthemeisrsdicel foredsurauite W@t@h@%&bwﬁ@dd@m@ @itica
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5,10- £.32-7 H 7. H H, d,
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50%ethylanhinedldfuottifluoride (0.84 mL, 6.36 mmol) was added thereto at

'H XMR ' r ised.a
H rﬁ%r@é@a@ n’reg)l b O gggrs?'élyu? }X fer % 25’[%?2 egﬁ > 1), gqéh?ﬁo (5H,
m), 7.32-7.46 (12H, m), 7.59 (1H, t, J=7.4 Hz), 7.99 (2H, d, J=8.8 Hz);

MS (FAB) m/z: 462 (M+H)".

(9¢) (2R,3R,4R)-N-Benzoyloxycarbonyl-2-benzyloxymethyl-4-fluoropyrrolidine

The compound (980 mg, 2.12 mmol) synthesized in Reference example 9 (9b)
was dissolved in 1,2-dimethoxyethane (20 mL) and diethylaminosulfur trifluoride (0.84
mL, 6.36 mmol) was added thereto at -20°C. The temperature of the mixture was
gradually raised and the mixture was stirred at 60°C for 1 hour. After a saturated
aqueous sodium hydrogencarbonate solution was added to the reaction mixture at 0°C
until foaming was not generated, the mixture was extracted with ethyl acetate and the
organic layer was washed with a saturated aqueous NaCl solution (20 mL). After it was
dried with anhydrous sodium sulfate, the solvent was distilled off under reduced
pressure. The residue was purified using silica gel flash column chromatography
(hexane:ethyl acetate, 4:1, V/V) to obtain a pale yellow oil (545 mg). The thus obtained

pale yellow oil (545 mg) was dissolved in methanol (10 mL) and potassium carbonate



agueous sodium hydrogencarbonate solution was added to the reaction
mixture at OC until foaming was not generated, the mixture was extracted
with ethyl acetate and the organic I&ger was washed with a saturated
agueous NacCl solution (20 mL). After it was dried with anhydrous sodium
sulfate, the solvent was distilled off under reduced pressure. The residue

(50wias) puifiRddsingsiiceogehliagy @ﬁkﬂﬂ@ shagmatagraphyodhessariatom for
acetate, 4:1, V/V) tg obtain a pale ye W oil (545 mg). The thus obtained

20 BHIBSI BRI (4 g Was %%?9 TR RSB Tty empgater (20 mL)

wa@@aasalwmmaﬁa@ﬂater&ﬁln@)amgama&adﬂﬁdﬁ’ee:vegcaxﬁeumwiw &hifingetate,
of the_mjxture at room t ﬁ(}arature for. 20 minug E"the lvent was

the Qetie 'Get S, YAy SEGhagr 9 E‘F B'lHe
solveachian divxiwe andmafée rdhecod e urasmeddiactetivatv stpytidiedtateng silica

the organic layer was wa h with a at rated ague aCl solution (20
B NS s e e T A NGNS
titlyvasrpoiifiad 263 ngesiicad gﬁl%aah collsarghsimatography (hexane: ethyl

acetate, 2:1. VIV é%o obtajn the desired title compound (263 m%(gleld

H 3 09 MR 111%2&16%4‘9& pesleilc ]l i, Gy

m)471294.45 (BhH, rﬁ)) -4.80-5.20 (5H, m), 7.30-7.45 (10H, m) MS (FAB) m/z:
SR e
MS( %%fmxycarbonyl 2-benzyloxymethyl-4-fluoropyrrolidin-3-y

6-tri-O- ben [-4-O-(2,3,4-tri-O-benzyl-6-deox Iucopyranosyl a—
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and trichloroacetonitrile (0.38 mL, 3.8 mmol) and
glugoppmestsieyclo[5.4.0]-7-undecene (11 L, 76 gmol) were added thereto,

folloyyed-Byh gAY &¥ theeMXtE e AbT QR TREY AUterépente E%flﬁf%l (1)

After the solvent was distilled off under reduced pressure, the residue

waggisselieian msiylsme shigaide-LR sdklnmntHiohRIRIFAMT IS Ratie kgt
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under a nitrogen atmosphere. A solution of imidate in diethyl ether V%
gel\Washxwpdeans atography (hexane:ethyl acetate, 5:1, 1% trlethylamme V/V) to

obtain colorless oily imidate (767 mg, 100%). The compound (263 mg, 0.73 mmol)
synthesized in Reference example 9 (9c) was dissolved in diethyl ether (12 mL) and
trimethylsilyl trifluoromethanesulfonate (13 uL, 73 wmol) was added thereto under a
nitrogen atmosphere. A solution of imidate in diethyl ether (8 mL) was added to the
reaction mixture and the mixture was stirred at room temperature for 1.5 hours.
Triethylamine (20 puL, 146 umol) was added to the reaction mixture and after the
solvent was distilled off under reduced pressure, it was diluted with ethyl acetate (20
mL) and the mixture was washed with a saturated aqueous sodium hydrogencarbonate
solution (20 mL) and a saturated aqueous NaCl solution (20 mL). After the organic
layer was dried with anhydrous sodium sulfate, the solvent was distilled off under

reduced pressure and the residue was purified using silica gel flash column



reaction mixture and the mixture was stirred at room temperature for 1.5
hours. Triethylamine (20 L, 146 gmol) was added to the reaction mixture
and after the solvent was distilled off under reduced pressure, it was
diluted with ethyl acetate (20 mL) and the mixture was washed with a
saturated aqueous sodium hydrogencarbonate solution (20 mL) and a

chrogiAIRGIRAURKUANAEh SPRRIGNAZ0 L) itBidharr aafiicdayRrcd@pound o
dried with anhydrous sodium sulfate, the solvent was distilled off under

forpp L RL M Bré3%urand i fgreedidug Vas purifie@ieingibilica gel flash
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desired title compound a form (109 mg, 12%) and (3 form (52 mg, 6%) as
(40&d colpriess oil. 1H NMR (400 MHz, CDC13): S 1.09 (3H, d, J=4.2 Hz),

3 0-7.40 (40H, m); MS (FAB) m/z: 1209 (M+H)'. (9e)
M ST B

ro-2-hydroxymethylpyrrolidin-3-yl4-O-(6-deoxy-a-D-
glucopyranosyl)-a-D-glucopyranoside The compound (109 mg, 90.2 gmol)

y jzedl in Referegce example.9 (9d S dissojved ina 1% =
O e A S e Y s A il o
glubyplyeideybasiDrg{bbopyghnvagladded thereto, followed by stirring of the

mixture under a hydrogen atmoshphere for 1 hour. After the catalyst was
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distilled off under reduced pressure and after the residue was passe
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desired compound was concentrated under reduced pressure and it was

286 RN ST Bl L YA TR ATStEYr SHR P TE AP stgddor 10

miﬂ(m&mamé; SNE;T@’& G ZlﬁﬁTﬂl'ékl Mf\(m&pk&aiadzm grdeﬁifedna'tzket@)ﬂmwsnﬂle was
26 mg, 65%) as a colorless solid. 1H NMR (500 MHz, CDC13): S 1.18
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mL)5¢a9 p2Q& i 0 2 KhHamhonid Ivétet coniaME ARz 44 plitd)was
<Reference example 10> . e . .
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chromatography (ethyl acetate:methanol:water, 5:2:1-1:1:1, V/V) to obtain the desired
title compound (26 mg, 65%) as a colorless solid.

'H NMR (500 MHz, CDCls): 8 1.18 (3H, d, J=5.9 Hz), 2.98-3.16 (4H, m), 3.47-3.77
(12H, m), 4.11 (1H, dd, J=4.9, 20.5 Hz), 5.02 (1H, m), 5.23 (1H, m);

MS (FAB) m/z: 444 (M+H)".

<Reference example 10>
(2R,3R 4R)-4-Hydroxy-2-fluoromethylpyrrolidin-3-yl 4-O-(6-deoxy--D-
glucopyranosyl)-a-D-glucopyranoside
(10a) (2R, 3R, 4R)-3-Benzoyloxy-N-benzyloxycarbonyl-2-fluoromethyl-4-hydroxy-
pyrrolidine

The compound (257 mg, 0.69 mmol) synthesized in Reference example 1 (1h)
was dissolved in 1,2-dimethoxyethane (5 mL) and diethylaminosulfur trifluoride (0.11
mL, 0.83 mmol) was added thereto at -20°C. The temperature of the mixture was

gradually raised and the mixture was stirred at 60°C for 1 hour. After a saturated



glucopyranosyl)-a-D-glucopyranoside (10a) (2R, 3R,
4R)-3-Benzoyloxy-N-benzyloxycarbonyl-2-fluoromethyl-4-hydroxy-
pyrrolidine The compound (257 mg, 9269 mmol) synthesized in Reference
example 1 (1h) was dissolved in 1,2-dimethoxyethane (5 mL) and
diethylaminosulfur trifluoride (0.11 mL, 0.83 mmol) was added thereto at

aquERS sJNQIERYRRSAHERBHHAR TR Was arRduahid aiaedoandiiire at 0°C

mixture was stirred at 60C for 1 hour. After a saturated 92 aqueous

untydJRRiRing A Joh &S tele Be MR X a s tedmdthetbibreatigUre L)
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acetate (15 mL) and the organic layer was washed with a saturated

AftgglieridNgt rahansrdpsmeyiumraitigdacnrivemim s disiilet o Sotndsn
redfbé@iselb@solmentavan digilladaitundsrs tesuced RrRRIWIEmENe residue

was purified using silica gel flash column chromatography (hexane:ethyl
chrgmaiegrahy, ORyye IBMirFaUsIoHESY /O (PPig, 2 4akfeaPNMES @o
449iHz, CDC13): S 3.50-4.25 (4H, m), 4.50-5.55 (3H, m), 5.40-5.60 (2H, m),

. 7.20-7.50 &H, M) 750 (1K, m), 8:00-8.10 (2H, m); MS (FAB) m/z: 374
H MR4Q90Wiz, CDCL): 8 3.50-4:25 (4H, m), 4.50-5.55 (3H, m), 5.40-5.60 (2H,

(FBBRRA7A: g;qg@q AyiNDeR paxysapppl:4-benzyloxy-2-fluorometh
;)'A)F/i pyrrglti)z(lne %?e} compou%B(SM mg, 0%.92 mr%ol) synthesized in

ErxRrie& exéhie i) (10a) was dissolved in methylene

chloride:cyclohexane (1:2, 10 mL), and benzyltrichloroacetimidate (0.68
mL, 3.68 mmol) and trifluoromethanesulfonic acid (16 L, 0.18 mmol) were

(105 de8 tHerbrd iRk By Rirhery srome RGP Fe RO T M Etatarectay -

pyrfoli@is. A saturated aqueous sodium hydrogencarbonate solution (1 mL)
was added to the reaction mixture at OC and after the mixture was diluted

with TBerfraeetad &4 me) %fe mmallexndssizsshadiritrenssexpwinl P (10a)
wadORR SRS AURUTNACE sabRISA{01ML) 0AHES, hivas dried with

anhydrous sodium sulfate, the solvent was distilled off under reduced
bengsduiglforaarstaudaie (a8 PUrirasunmg ki iylromespedinsapfonic acid (16
uL,gﬁ.rgggﬁ%%ﬁggigaﬁéé@ﬁéﬁéﬂﬂ lr8A61RAE 18- derprihg UM IonQRIGIR & Rlarless
temperature for 4 hours. A saturated aqueous sodium hydrogencarbonate solution (1
mL) was added to the reaction mixture at 0°C and after the mixture was diluted with
ethyl acetate (20 mL), the mixture was washed with water (20 mL) and a saturated
aqueous NaCl solution (20 mL). After it was dried with anhydrous sodium sulfate, the
solvent was distilled off under reduced pressure. The residue was purified using silica
gel flash column chromatography (hexane:ethyl acetate, 8:1-5:1, V/V) to obtain a
colorless oil (307 mg, 68%).
'H NMR (400 MHz, CDCls): § 3.50-5.25 (7H, m), 5.50-5.75 (4H, m), 7.20-7.50 (12H,
m), 7.60 (1H, m), 8.00-8.10 (2H, m);
MS (FAB) m/z: 464 (M+H)".

(10c) (2R,3R,4S)-N-Benzyloxycarbonyl-4-benzyloxy-2-fluoromethylpyrrolidine
The compound (307 mg, 0.66 mmol) synthesized in Reference example 10 (10b)
was dissolved in methanol (6 mL) and potassium carbonate (27 mg, 0.20 mmol) was

added thereto, followed by stirring of the mixture at room temperature for 2.5 hours.



1H NMR (400 MHz, CDC13): S 3.50-5.25 (7H, m), 5.50-5.75 (4H, m),
7.20-7.50 (12H, m), 7.60 (1H, m), 8.00-8.10 (2H, m); MS (FAB) m/z: 464
(M+H)'. (10c) 93
(2R,3R,4S)-N-Benzyloxycarbonyl-4-benzyloxy-2-fluoromethylpyrrolidine
The compound (307 mg, 0.66 mmol) synthesized in Reference example

AfedPrhtbhovasdissaluerbif thatasohdedptesand, peiassilhiarhanatléd and

mg, 0.20 mmol) was added thereto followed bi stirring of the mixture at
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CDC13) S 3.35-4.80 (7H, m), 5.50-5.75 (4H, m), 7.20-7.50 (10H, m); MS

M{FAB) m/z: 360 (M+H)'. (10d) (2R, 3R,

MSARANBERZBxyoRragNYl-4-benzyloxy-2-fluoromethylpyrrolidin-3-yl
2,3,6-tri-O-benzyl-4-0-(2,3,4-tri-O-benzyl-6-deoxy-(3-D-glucopyranosyl)-a-
D- glucopyranoside The compound (398 mg, 0.46 mmol) synthesized in

(10B8eiernRr, errgmRiBe 420 x Washdisgolpehin 1Ly g 066 Heg R (BroMdi o d1

trichloroacetonitrile (0.23 mL, 2.30 mmol) and
2.3 pdriRLaeNclofe opr tindeearsl s- Eewéirﬁmwgwéh%reto

slufiRwed dyestirring of the mixture at room temperature for 15 minutes.
After the solvent was distilled off under reduced pressure, the residue

was HisrfRBResRe @98 g ) Aa heolLinteevisrdip Beiprpinexamnalemy?d
waaefsmeé h ULy ISHABING (¥ ioarbiaiRIeRIAEaSS BN iioatar Theo

compound (165 mg, 0.46 mmol) synthesized in Reference example 10

mrl(@b@lﬂ/é%is@@%aqwaétﬂ%%m@f%@% (9 ahdd9mempbilyere added thereto,
folfsleigmaitagesulienaia R it A8 omahpasedders theraiesundesane

nitrogen atmosphere. A solution of the imidate in diethyl ether (4 mL) was

sol v erpialipiél leshetiomdstixedrsathir ensirpixhGrecvidize stirparp Efiggoping silica
ocl BRRLLAHS [Ar SR Shy (REMBIIA acetate, 5:1, 1% triethylamine, V/V) to

obtain colorless oily imidate. The compound (165 mg, 0.46 mmol) synthesized in
Reference example 10 (10c) was dissolved in diethyl ether (8 mL) and trimethylsilyl
trifluoromethanesulfonate (8 pL, 46 wmol) was added thereto under a nitrogen
atmosphere. A solution of the imidate in diethyl ether (4 mL) was added to the reaction
mixture and the mixture was stirred at room temperature for 2.5 hours. Triethylamine
(13 puL, 92 umol) was added to the reaction mixture and after the solvent was distilled
off under reduced pressure, it was diluted with ethyl acetate (15 mL) and the mixture
was washed with a saturated aqueous sodium hydrogencarbonate solution (15 mL) and
a saturated aqueous NaCl solution (15 mL). After the organic layer was dried with
anhydrous sodium sulfate, the solvent was distilled off under reduced pressure and the
residue was purified using silica gel flash column chromatography (hexane:diethyl

ether, 4:1, V/V) to obtain the desired title compound (53 mg, 10%) as a colorless oil.



(13 ItL, 92 gmol) was added to the reaction mixture and after the solvent
was distilled off under reduced pressure, it was diluted with ethyl acetate
(15 mL) and the mixture was washeghwith a saturated aqueous sodium
hydrogencarbonate solution (15 mL) and a saturated aqueous NacCl
solution (15 mL). After the organic layer was dried with anhydrous sodium

'H suliRtestoavsaivenbevas: distilledeff anderredycedpressyns BN N 10-7.40
residue was purified using silica gel flash column chromatography

(406ﬁe‘9@éhe:diethyl ether, 4:1, V/V) to obtain the desired title compound (53

MINBAEI %) As aooaiRrigss oil. 94 iH NMR (400 MHz, CDC13): S 1.10 (3H,
d, J=4.2 Hz), 3.00-5.60 (35H, m), 7.10-7.40 (40H, m); MS (FAB) m/z:
1209 (M+H)'. (10e) (2R, 3R, 4R)-4-Hydroxy-2-fluoromethylpyrrolidin-3-yl
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(53 mg, 43.9 mol) synthesized in Reference example 10 (10d) was
glugppsmhredyh-a-1ehigparissedacid-methanol solution (5 mL) and 20%
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deshRA DB EOAMISING RO 425 12X 860 Dgylpxymethyl-3-hydroxy-

'H NMR (500 MHz, CDCls): 8 1.18 (3H, d, J=4.0 Hz), 2.98-4.25 (16H, m), 4.50 (2H,
m), 5.83 (1H, m);
MS (FAB) m/z: 444 (M+H)".

<Reference example 11>
(2R,3R,4S)-4-Hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-(6-deoxy-o-D-
glucopyranosyl)-a-D-glucopyranoside
(1Ta) (2R, 3R, 45)-N-Benzyloxycarbonyl-4-benzyloxy-2-benzyloxymethyl-3-hydroxy-
pyrrolidine

The compound (815 mg, 1.77 mmol) synthesized in Reference example 9 (9b)
was dissolved in dichloromethane:cyclohexane (1:2, 45 mL), and
benzyltrichloroacetimidate (0.66 mL, 3.54 mmol) and trifluoromethanesulfonic acid (24
puL, 0.27 mmol) were added thereto, followed by stirring of the mixture at room
temperature for 1.5 hours. A saturated aqueous sodium hydrogencarbonate solution (5

mL) was added to the reaction mixture at 0°C and after the mixture was diluted with



pyrrolidine The compound (815 mg, 1.77 mmol) synthesized in Reference
example 9 (9b) was dissolved in dichloromethane:cyclohexane (1:2, 45
mL), and benzyltrichloroacetimidate9®.66 mL, 3.54 mmol) and
trifluoromethanesulfonic acid (24 L, 0.27 mmol) were added thereto,
followed by stirring of the mixture at room temperature for 1.5 hours. A
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added to the reaction mixture at OC and after the mixture was diluted with
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m) 2]3)@.WE@(D§F[ZM{)4 -0-(2,3,4-tri-O-benzyl-6-deoxy-a-D-glucopyranosyl)-a-

op |de T g compound (513 mg, 0.59 mmol) synthesized in
Msgg?é rﬂ?é (If) was dissolved in methylene chloride (10 mL),

and t_rlchlo_roacetonltrlle (0.3 mL, 2. 95 mmol) and

SRR AT el oo v e, |
yl ﬁjt,ﬁftfh@—benzyl—4—0—(2,3,4—tr1—O—benzyl—6 deoxy-o-D-glucopyranosyl)-a-D-
glucopyranoside

The compound (513 mg, 0.59 mmol) synthesized in Reference example 1 (1f)
was dissolved in methylene chloride (10 mL), and trichloroacetonitrile (0.3 mL, 2.95
mmol) and 1,8-diazabicyclo[5.4.0]-7-undecene (9 pL, 0.06 mmol) were added thereto,
followed by stirring of the mixture at room temperature for 15 minutes. After the
solvent was distilled off under reduced pressure, the residue was purified using silica
gel flash column chromatography (hexane:ethyl acetate, 5:1, 1% triethylamine, V/V) to
obtain colorless oily imidate (447 mg, 75%). The compound (233 mg, 0.52 mmol)
synthesized in Reference example 11 (11a) was dissolved in diethyl ether (10 mL) and
trimethylsilyl trifluoromethanesulfonate (9 uL, 59 pumol) was added thereto under a
nitrogen atmosphere. A solution of the imidate in diethyl ether (5 mL) solution was
added to the reaction mixture and the mixture was stirred at room temperature for 1.5

hours. Triethylamine (16 pL, 118 umol) was added to the reaction mixture and after the



solvent was distilled off under reduced pressure, the residue was purified
using silica gel flash column chromatography (hexane:ethyl acetate, 5:1,
1% triethylamine, V/V) to obtain colodess oily imidate (447 mg, 75%). The
compound (233 mg, 0.52 mmol) synthesized in Reference example 11
(1la) was dissolved in diethyl ether (10 mL) and trimethylsilyl

soltidfuargraginanestiianrie¢Quce8Prarahrvvaswaddathibereid vngeacetate (20
Lgitro en atmosphere. A solution of the imidate in diethyl ether (5 mL)
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1=451HPg 76 amaealoress oil. 1H NMR (400 MHz, CDC13): S 1.15 (3H,

bl

d, J=5.6 Hz), 3.10-5.20 (36H, m), 1.15 (1H, d, J=6.3 Hz), 7.20-7.39 (45H,
MSHE/NBS A B /M) - (M+H)'. (11c¢)

(2R,3R,4S)-4-Hydroxy-2-hydroxymethylpyrrolidin-3-yl4-O-(6-deoxy-a-D-

glucopyranosyl)-a-D-glucopyranoside The compound (58 mg, 44.7 Iltmol)
(1syritHeciRetbinRdrdreny e exahispemethl pyyrligindissbivet (hrdeas-o-D-

ric AGid- tion (5 mL) and 20% palladium

glugﬁg%gy-iga?bﬁ\ 30 g)gﬁé\(?aélgs&gdded thereto, followed by stirring of the

mixtiihe codepuaddiil agertdimosphermibeszbdialRsickéterctbreacgtblydt (11b)

was remqved elite filtration, 28%. .ammonia.water m S .
el R D S AT S TR R R piam
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residue was passed through an ion exchange resin (Dowex 50w x 8) column with water
(30 mL), 1% ammonia water (30 mL) was passed through. The ammonia water
containing the desired compound was concentrated under reduced pressure and it was
purified using silica gel flash column chromatography (ethyl acetate:methanol:water,
5:2:1-1:1:1, V/V) to obtain the desired title compound (13 mg, 68%) as a colorless
solid.

'H NMR (400 MHz, D,0): § 1.19 (3H, d, J=4.1 Hz), 2.80-4.60 (17H, m), 5.00 (1H, d,
J=3.6 Hz), 5.24 (1H, d, J=3.0 Hz);

MS (FAB) m/z: 442 (M+H)".

<Reference example 12>
(2R, 3R, 4R)-2-Hydroxymethyl-3-hydroxypyrrolidin-4-yl 4-O-(6-deoxy-f-D-

glucopyranosyl)-o-D-glucopyranoside



5:2:1-1:1:1, V/V) to obtain the desired title compound (13 mg, 68%) as a
colorless solid. 1H NMR (400 MHz, D20): S 1.19 (3H, d, J=4.1 Hz),
2.80-4.60 (17H, m), 5.00 (1H, d, J=8% Hz), 5.24 (1H, d, J=3.0 Hz); MS
(FAB) m/z: 442 (M+H)'. <Reference example 12> (2R, 3R,
4R)-2-Hydroxymethyl-3-hydroxypyrrolidin-4-yl 4-O-(6-deoxy-(3-D-

(128U TR BRAGSYN-BEd-gIsgRxen0giIdendz (bdgethyl-3-hydroxypyrrolidin-4-yl
(2R,3R,4R)-N-Benzyloxycarbonyl-2-benzyloxymethyl-3-hydroxypyrrolidin-
2,3zp_—)}{1—0—benzyl—4—0—( ,3,4-tri-O-benzyl-6-deoxy-p-D-glucopyranosyl)-o-D-

glug@%@%{ﬁbg}d@enzyM-O-(Z,3,4-tri-O-benzyl-6-deoxy-(3-D-glucopyranosyl)-a-
lucopyranoside The comé)ound 607 mg, 0.70 mmol) synthesized in
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waéﬂﬂ%i%@fﬁﬁ%%ﬁﬁ%ﬁﬁﬁﬁi%6&%@ ROk @Groacetonitrile (500 L, 4.98

1,8-diazabicyclo[5.4.0]-7-undecene (2 drops) were added thereto,

mfgllied - byl saabigy eelRetBixintadscese i drise raeieaddrd thangtéallowed
by &fighherseivaiwas ed Rt Hrger trdurasharesSuige e @3l was

was purified using silica gel flash column chromatography (hexane:ethyl
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thereto, followed by stirring of the mixture at room temperature for 45

imiggis @20 mieP Hretiyraphireasaddeshideiris addemeshireil¥action mixture,
it SVERh AR s RS0 URdeY FealFSH sRIRRIMIFPpWAST BRIAUE, YR wed by

_purified using silica gel flash column chromatography (hexane:diethyl
stirgiftepf Ghe WARIIRB RSN thaprsairse fpng zomipsemdXBeotHihysospasda
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was dissolved in methanol (10 mL) and an aqueous potassium carbonate
presgitriohha Msidusnyas pwiviis wassadded aeliath conanietheiegmpby the
(heDXLURALIQRNR:, IETPEFIE oL %%Jﬂésf{é@tﬁfg\_(ﬁmﬂ&ﬂﬁcp@ﬁi B%g(?ﬁﬁ %) as

under reduced pressure and the residue was purified using silica gel flas

a pEiSIAAlY WHIB ARG EAISRY Y Hdraridedieldeyt oil (610 mg, 0.465 mmol) was

dissolved in methanol (10 mL) and an aqueous potassium carbonate solution (1M, 1
mL, 1 mmol) was added thereto, followed by stirring of the mixture at room
temperature for 3 hours. The solvent was distilled off under reduced pressure and the
residue was purified using silica gel flash column chromatography (hexane:diethyl
ether, 2:1, V/V) to obtain the desired title compound (280 mg, yield: 50%) as a colorless
solid.

'H NMR (400 MHz, D,0): § 1.19 (3H, d, J=5.8 Hz), 2.83 (1H, brs), 3.12 (1H, t, J=9.3
Hz), 3.17-3.23 (1H, m), 3.29-3.37 (2H, m), 3.39-3.45 (2H, m), 3.51 (1H, dd, J=9.76,
2.93 Hz), 3.60 (1H, brt, J=7.8 Hz), 3.72-4.01 (7H, m), 4.27-4.56 (6H, m), 4.60-4.63
(2H, m), 4.73-4.75 (4H, brm), 4.78 (1H, d, J=10.75 Hz), 4.85 (1H, d, J=10.74 Hz), 4.87
(1H, d, J=9.77 Hz), 4.92 (1H, d, J=2.93 Hz), 5.01-5.12 (3H, m), 7.21-7.34 (38H, m),
7.43 (2H, d, J=6.83 Hz);

MS (FAB) m/z: 1207 (M+H)".



ether, 2:1, V/V) to obtain the desired title compound (280 mg, yield: 50%)
as a colorless solid. 1H NMR (400 MHz, D20): S 1.19 (3H, d, J=5.8 Hz),
2.83 (1H, brs), 3.12 (1H, t, J=9.3 HA83.17-3.23 (1H, m), 3.29-3.37 (2H,
m), 3.39-3.45 (2H, m), 3.51 (1H, dd, J=9.76, 2.93 Hz), 3.60 (1H, brt,
J=7.8 Hz), 3.72-4.01 (7H, m), 4.27-4.56 (6H, m), 4.60-4.63 (2H, m),
(1267 SR, IR (6, DRSS b B kO 211 B5 (HH-O. =A% 4- B
4.87 (1H, d, J=9.77 Hz), 4.92 (1H, d, J=2.93 Hz), 5.01-5.12 (3H, m),
glugopyrameayl3@HDraluceyzamsidg, J=6.83 Hz); MS (FAB) m/z: 1207 (M+H)'.
o8 o
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Hz(FAB) (hiik: bR 4104 H)H tReferdfqe BxanipleslEz), 5.11 (1H, d, J=2.93 Hz);

AR)-4- oxyz2-hydroxymethylpyrrolidin-3-yl 4-O-(6-deoxy-a-D-
M%ﬁéoﬂ? y?gﬁ)o%‘;‘/%)@ -glucopyranoside The compound (3 form (60 mg,

46.3 gmol) synthesized in Reference example 1 (1j) was dissolved in
n%ethanolx(adf mfé)l,)and hydrochloric acid (56 ItL) and 20% palladium

<Rﬁ§’ Foxide-cafbon (?50 mg) were added thereto, followed by stirring of the
(2R,3R,4R)-4-Hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-(6-deoxy-o-D-
glucopyranosyl)-B-D-glucopyranoside

The compound B form (60 mg, 46.3 umol) synthesized in Reference example 1
(1j) was dissolved in methanol (4 mL), and hydrochloric acid (56 uL) and 20%
palladium hydroxide-carbon (60 mg) were added thereto, followed by stirring of the
mixture at room temperature under a hydrogen atmosphere for 4 hours. After it was
filtered through Celite, 18% ammonia water (3 drops) was added thereto. The solvent
was distilled off under reduced pressure and the residue was purified by an ion
exchange resin (Dowex 50w x 8) column (water-5% ammonia water). Further, it was
purified using silica gel flash column chromatography (ethyl acetate:methanol:water,
3:2:1, V/V) to obtain the desired title compound (10 mg, 49%) as a colorless solid.
'H NMR (400 MHz, D,0): § 1.29 (3H, d, J=5.8 Hz), 2.93 (1H, dd, J=11.7, 3.6 Hz),
3.15-3.35 (4H, m), 3.51-3.65 (5H, m), 3.74-3.80 (5H, m), 3.93-4.00 (2H, m), 4.40 (1H,
br, s), 4.56 (1H, d, J=7.3 Hz), 5.34 (1H, br, s);
MS (FAB) m/z: 464 (M+Na)", 442 (M+H)".



mixture at room temperature under a hydrogen atmosphere for 4 hours.
After it was filtered through Celite, 18% ammonia water (3 drops) was
added thereto. The solvent was distiifed off under reduced pressure and
the residue was purified by an ion exchange resin (Dowex 50w x 8)
column (water-5% ammonia water). Further, it was purified using silica
gel flash column chromatography (ethyl acetate: methanol: water, 3:2:1,
V/[V) to obtain the desired title compound (10 mg, 49%) as a colorless
<ReSEEN-FRMR 408 MHzZ, D20): S 1.29 (3H, d, J=5.8 Hz), 2.93 (1H, dd,

(1R1ZB1 3R & HAR)- B ABSS M hijaloR:p3-ByaRotSirh et Sy E s BOASHA D)(6-
3.93-4.00 (2H, m), 4.40 (1H, br,’s), 4.56 (1H, d, J=7.3 Hz), 5.34 (1H, br,
deay (e NEgRYINoRE FPREYC R ANISAS. 99 <Reference example 14>

(14@Fi\/[gl%yiaﬂa—(ﬁgenzoyl—l3—di—O—benzyl—6—O— -toluenesulfonyl-a-D-
5R)-1-Amino-2,3-dihydroxy-5-hydroxymethylcyclopent-4-yl4-O-(6-
glugeRwiedglucopyranosyl)-a-D-glucopyranoside (14a)
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methylene chloride (1.5 L), 4-dimethylaminopyridine (43.5 g, 352 mmol
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ayer was washed with a saturated’ aqueous sodium hydrogencarbonate
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title. ( yield: 99% rle: I i
Ty
the 3@t 101 ¢4dmpuadsA M as YBML: (99 74). 794 thlodeg=1did Hz), 5.06 (1H,

L dd = 8.7 )7 H..dy 1=7 7.29.7

H %ﬁ @@%‘@é@%g@@ﬁ M) 374384493 SR HZk £:2%57 3Py,
3.98-4.10 (4H, m), 4.57-4.65 (3H, m), 4.79 (1H. d, J=10.8 Hz), 5.06 (1H, dd, ]=9.8, 9.8
Hz). 7.08-7.10 (SH, m), 7.18 (2H. d, J=7.8 Hz), 7.29-7.35 (5H. m), 7.41-7.45 (2H, m),
7.57-7.61 (1H, m), 7.67 (2H, d, J=7.8 Hz), 7.89 (2H. d. J=8.8 Hz):
MS (FAB) m/z: 633 (M+H)*.

(14b) Methyl 4-O-benzoyl-2,3-di-O-benzyl-6-deoxy-6-iodo-0-D-glucopyranoside

The compound (196 g, 310 mmol) synthesized in Reference example 14 (14a)
was dissolved in toluene (2 L), and sodium iodide (235 g, 1.57 mol) and 18-crown-6-
ether (16.6 g, 62.8 mmol) were added thereto under a nitrogen atmosphere, followed by
stirring of the mixture at 100°C for 2 hours. The reaction mixture was cooled to room
temperature and filtered and the filtered product was washed with toluene. The filtrate
and the washing liquid were washed with a saturated aqueous sodium

hydrogencarbonate solution (1L) and a saturated aqueous NaCl solution (1 L). After it



7.57-7.61 (1H, m), 7.67 (2H, d, J=7.8 Hz), 7.89 (2H, d, J=8.8 Hz); MS
(FAB) m/z: 633 (M+H)'. (14b) Methyl
4-0-benzoyl-2,3-di-O-benzyl-6-deoxye®-iodo-oc-D-glucopyranoside The
compound (196 g, 310 mmol) synthesized in Reference example 14 (14a)
was dissolved in toluene (2 L), and sodium iodide (235 g, 1.57 mol) and

wad Srid@WitbarBhab (L& Q1 gid 2u3ranel} wevenadeditharetoengeleca reduced
nitrogen atmosphere, followed by stirrin%lof the mixture at 100C for 2
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washing liquid were washed with a saturated aqueous sodium
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was distilled off under reduced pressure to obtain the desired title
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(ECRG 898112, (Lid,(dzy=11.0, 8.8 Hz), 3.29 (1H, dd, J=11.0, 2.2 Hz),
351 (3H, 5), 3.64 (1H, dd, J=9.6, 3.7 Hz), 3.82-3.89 (1H, m), 4.06 (1H, dd,

MS;dg¥8) g 3P MR 68 (3H, m), 4.82 (1H, d, J=11.0 Hz), 4.82 (1H, d,
J=12.8 Hz), 5.06 (1H, dd, J=9.5, 9.5 Hz), 7.08-7.10 (5H, m), 7.29-7.38
(5H, m), 7.42-7.47 (2H, m), 7.57-7.61 (1H, m), 7.98 (2H, d, J=8.0 Hz); MS
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compound. (181 g, 307 mmol) synthesized in Reference example 14é14b
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followed by stirring of the mixture at 100C for 1 hour. The reaction mixture
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reduced pressure. The residue was dissolved in ethanol (500 mL), and
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for 40 minutes. The solvent was distilled off under reduced Eressure and
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g, yield: 92%? as a colorless solid.
silica gel flash column chromatography (hexane:ethyl acetate, 5:1, V/V) to obtain the

desired title compound (126 g, yield: 92%) as a colorless solid.

'H NMR (400 MHz, CDCls): 8 3.83 (0.7H, dd, J=5.8, 4.9 Hz), 3.99 (0.3H, dd, J=6.2,
3.9 Hz), 4.23 (0.7H, dd, J=7.8, 4.9 Hz), 4.42 (1H, dd, J=11.8, 3.9 Hz), 4.65 (1H, d,
J=11.7 Hz), 4.68-4.76 (3H, m), 4.97 (0.3H, dd, J=5.8, 3.9 Hz), 5.23 (1H, dd, J=10.7, 5.9
Hz), 5.31-5.37 (1H, m), 5.78-5.94 (2H, m), 7.20-7.38 (9H, m), 7.40-7.48 (3H, m), 7.53-
7.59 (1H, m), 8.00-8.07 (2H, m);

MS (FAB) m/z: 446 (M+H)".

(14d) (3aR,4R,5R,6S,6aR)-4-Benzoyloxy-5,6-dibenzyloxyhexahydro-
cyclopent[c]isooxazole
The compound (126 g, 282 mmol) synthesized in Reference example 14 (14¢)

was dissolved in toluene (800 mL) and the mixture was stirred at 120°C for 8 hours.



1H NMR (400 MHz, CDC13): S 3.83 (0.7H, dd, J=5.8, 4.9 Hz), 3.99 (0.3H,
dd, J=6.2, 3.9 Hz), 4.23 (0.7H, dd, J=7.8, 4.9 Hz), 4.42 (1H, dd, J=11.8,
3.9 Hz), 4.65 (1H, d, J=11.7 Hz), 4.68+4.76 (3H, m), 4.97 (0.3H, dd,
J=5.8, 3.9 Hz), 5.23 (1H, dd, J=10.7, 5.9 Hz), 5.31-5.37 (1H, m),
5.78-5.94 (2H, m), 7.20-7.38 (9H, m), 7.40-7.48 (3H, m), 7.53- 7.59 (1H,

Théb1 88030 difte st MiRd r Al codzprédéufMartd hékdehliue was purified using
(3aR,4R,5R,6S,6aR)-4-Benzoonx%-5,6-dibenzyloxyhexah dro-

silig SRR BBREIBRIPAREERAL SURG T 58y, 285 imol) Yithestbinihe

desRedaigpcompaimalesdy dAakiwvas dissolvesldadaluena. (800 mL) and the
mixture was stirred at 120C for 8 hours. 101 The solvent was distilled off

H DB AR pf RSk 3 A0 T2 He it as PR S shitd §ePiiath
m) S MmN shrpmatgarahy thexaneysthyd acetate,) 3510 VM) taBLairs thes Hz),
desired title compound (59.7 g, yield: 48%) as a colorless solid. 1H NMR
300200 M, @b&-ﬁéﬁ é‘%@fb.§ff(71-ﬁ1§-%)4,73<21§=31%07(§ﬁ7r93, 3H90).0597-8.00
(2H2H): m), 4.11-4.18 (1H, m), 4.55 (1H, m), 4.75-4.87 (4H, m), 5.01 (1H, dd,
J=7.8, 6.8 Hz), 5.09-5.13 (1H, m), 7.22-7.40 (10H, m), 7.43-7.47 (2H, m),
MS/AEAR) 69/ 60V 7197.8.00 (2H, m): MS (FAB) m/z: 446 (M+H)' (14e)
(3aR,4R,5S,65,6aR)-1-Benzyloxycarbonyl-5,6-dibenzyloxy-4-hydroxy-

hexahydroc clé)é)g%tgg] isooxazole The compound (59.7 g, 134 mmol)
(148} AR T OR raricl ST RIS YH L) LN vE RyHnol (L
hexah 3 SpRddpehingLivpsigde(d 0 mL, 49 mmol) was added thereto, followed

by stirring of the mixture at room temperature for 15 minutes. A saturated

aquéSGSAMRABMURY chiorldé BBRAON bR Y RAS LR o tHwIeatddnd

waitikiie al BGradaiian the mddvaeunwasexbaged with_etiyinacsiiadad hdied
L), the organic layer wa%washed with a saturated aqueous NaCl solution

thepgig-fljoWeckitmraitin sl R bR RYRIGRREIBER B Soltitietscd

satiifde @agubenz itmnoshiar ofasmaie o(dded 30 1e0) waaljiare akdeddadhe
organic layer at 0C and the mixture was stirred at OC for 1 hour. The

mixjryaAldidyarhAsehRsHBt With s tiirattd 2qHedhxlNsttsblunibn (880
orglHid BRErAEY WavRsidvied ¥uiku AnBY diRESRATHIT SRR, (BIenselveRkiYafted

aqueous sodium hydrogencarbonate solution (500 mL) and benzyloxy chloroformate
(22.9 mL, 160 mmol) were added to the organic layer at 0°C and the mixture was stirred
at 0°C for 1 hour. The organic layer was washed with a saturated aqueous NaCl
solution (500 mL) and after it was dried with anhydrous sodium sulfate, the solvent was
distilled off under reduced pressure. The residue was purified using silica gel flash
column chromatography (hexane:ethyl acetate, 1:1, V/V) to obtain the desired title
compound (61.3 g, yield: 96%) as a colorless solid.

'H NMR (400 MHz, CDCls): 8 2.30 (1H, brd, J=3.7 Hz, OH), 2.91 (1H, ddd, J=8.9, 8.9,
5.7 Hz, H-3a), 3.58 (1H, dd, J=9.0, 5.7 Hz, H-3), 3.73 (1H, dd, J=8.6, 8.4 Hz, H-5), 3.82
(1H, ddd, J=8.9, 8.6, 3.7 Hz, H-4), 3.84 (1H, dd, J=8.4, 5.6 Hz, H-6), 3.98 (1H, d, J=9.0
Hz, H-3), 4.54 (1H, d, J=11.3 Hz), 4.54 (1H, dd, J=8.9, 5.6 Hz, H-6a), 4.63 (1H, d,
J=11.7 Hz), 4.84 (1H, d, J=11.3 Hz), 4.87 (1H, d, J=11.7 Hz), 5.20 (1H, d, J=12.1 Hz),
5.27 (1H, d, J=12.1 Hz), 7.23-7.40 (15H, m).

MS (FAB) m/z: 476 (M+H)".



distilled off under reduced pressure. The residue was purified using silica
gel flash column chromatography (hexane:ethyl acetate, 1:1, V/V) to
obtain the desired title compound (602 g, yield: 96%) as a colorless solid.
1H NMR (400 MHz, CDC13): S 2.30 (1H, brd, J=3.7 Hz, OH), 2.91 (1H,
ddd, J=8.9, 8.9, 5.7 Hz, H-3a), 3.58 (1H, dd, J=9.0, 5.7 Hz, H-3), 3.73

(146 H3 R ARE8R6 6.8, 6aRIT. | HBB)2 P8 clkborild s, §e89n By o3 ekl ldrd), 3.84
ElH,dd J=8.4, 5.6 Hz, H-6), 3.98 (1H, d, J=9.0 Hz, H-3), 4.54 (1H, d,
cycyaneptsclisgoxazalidml &d. Ot Q- beaauy 416y de08 s (rir-¢i-9=anzyli9D-

el PR ARR R, . J=11.7 H), 520 (1K, d, =121 H),
5.27 (1H,d, J=12.1 Hz), 7.23-7.40 (15H, m). MS (FAB) m/z: 476 (M+H)'".
102 Tiasgpmpound (215 mg, 0.248 mmol) synthesized in Reference example 1 (1f)

wald R ARPR: ﬁ&ﬁﬂ%ﬁ%@ﬁﬁ&' PXVTA ORI iR RrS AR AR B XAy G s 61

cyclopent[c]isooxazol-4-
mnmB, aathilB-WenraPigdp(B4HebXynadR ke @ drensywWarbadded thereto, followed

by @Hﬁﬂgﬂ%%&@%&%@%ﬁﬁ%@%&%g 5 ]%% qHed (Ki‘ér'ﬂ%’ QRdf was

mmolj s esized in Re example was dissolved In

distillsthyfénedstilesS mrespuandhgivtidsaretanitiied 260 & sitic1 eeh o)
colffifd %h%@%aﬁ%?%%ﬁ%ﬂm%s&@& §21910R3N WA R AHEVIREI R Dbtain

followed b of the mixture at room temperatutre for 40 minutes.

imiAﬂér(ﬂﬁQ _mgv@%ha;_ad@dmwwﬁff Uihelepreivaed Hre$egre, 2harasldue
syntRSiPUIfieR dsipgesilicagnkiash 49 MQ&%B@B@_&@&%‘J&%@% GRAENS Y the

acetate, 5:1, 1% triethylamine, V/V) to obtain imidate mg, 99%) as a

imigaffo( WINMen 8- edtnpourid waoaddey iaretemandlrisyaibyésizbd in Reference
R ARIES P \edn iy i 49 i e RS0

mg, 0.248 mmol) was a methyls
by stifitiogorhidth anssukfon ate(BENR0RT fanid mime exd deticd toisthigemine (4
tol -~ ot '
e A T Rl OISR G R
pretiversoVbareyakielistilgunffednderg ediveast] Pasbsurenhehresiaivg aglsy
ifi ing,sili | h -diet

e R e 1 e R A 0 a5
palpardlg@lio oil. 1H NMR (400 MHz, CDC13): S 1.15 (3H, d, J=6.8 Hz),

1 3 p, . =d. 23 ) A - H ’
SRR 48 RO AR e .
J=9.8, 3.9 Hz), 3.50-3.62 (3H, m), 3.64-3.80 (2H, m), 3.80-3.96 (5H, m), 3.99-4.10 (2H,
m), 4.43 (1H, d, J=11.7 Hz), 4.47 (1H, d, J=11.7 Hz), 4.50-4.62 (7H, m), 4.68-4.93 (8H,
m), 5.06 (1H, d, J=11.7 Hz), 5.18-5.29 (3H, m), 5.61 (1H, d, J=3.9 Hz), 7.05-7.41 (45H,
m);

MS (FAB) m/z: 1324 (M+H)".

(14g) (1R,2S,3R,4R,5R)-1-Amino-2,3-dihydroxy-5-hydroxymethylcyclopent-4-yl 4-O-
(6-deoxy-o-D-glucopyranosyl)-o-D-glucopyranoside

The compound (53 mg, 40.4 umol) synthesized in Reference example 14 (14f)
was dissolved in methanol (10 mL), and hydrochloric acid (10 pL) and 20% palladium
hydroxide-carbon (53 mg) were added thereto, followed by stirring of the mixture at
room temperature under a hydrogen atmosphere for 4 hours. After the reaction mixture

was filtered through Celite, the solvent was distilled off under reduced pressure and the



m), 4.43 (1H, d, J=11.7 Hz), 4.47 (1H, d, J=11.7 Hz), 4.50-4.62 (7H, m),

4.68-4.93 (8H, m), 5.06 (1H, d, J=11.7 Hz), 5.18-5.29 (3H, m), 5.61 (1H,

d, J=3.9 Hz), 7.05-7.41 (45H, m); MBIFAB) m/z: 1324 (M+H)". (149) (1

R,25,3R,4R,5R)-1-Amino-2,3-dihydroxy-5-hydroxymethylcyclopent-4-yl4-

O- (6-deoxy-a-D-glucopyranosyl)-a-D-glucopyranoside The compound
resi®® Wos AR:AiBAN: B ihesizedinmefaranceexamnidey 24\ ldlumas water-5%

dissolved in methanol (10 mL), and hydrochloric acid (10 L) and 20%
B THA Ty AR E RS AN PSS s R SHRCARFE H Ahe F B AR eraphy

(etlgfiringaed: themmhdltm ek, oM ternpesaibianitdaledi iyitidg B apvasp e,
26‘;05 4 houys. After the reaction mixture was filtered through Celite, the
GOREHENGEAHNY off under reduced pressure and the 103 residue was

'H pwvifted o5 mHAND00 e 8chap gsHesinLB o we, 50y0-2 83 ¢olunm) (wWasep-5%(1H,
ammonia water). It was further purified usig% silica gel flash column

m) bt drapt) (Ethy 1 aeatdid: Methdnol: Wdtdt; 4593y § St thé -
3. 8desitechlitle aPMBEOUNILBOTE,) 26%) A aicplortess solid. 1H NMR (400
MHz, D20): S 1.18 (3H, d, J=6.8 Hz), 2.00-2.08 (1H, m), 2.15-2.22 (1H,
MS A3 ana08/a MK 3.16-3.22 (1H, m), 3.45-3.57 (5H, m), 3.58-3.78
(8H, m), 3.81- 3.89 (3H, m), 5.10 (1H, d, J=2.9 Hz), 5.23 (1H, d, J=2.9
Hz); MS (FAB) m/z: 472 (M+H)". <Reference example 15> (1
<Refesens Xty P Amino-2,3-dihydroxy-5-hydroxymethylcyclopent-4-yl

(1RA29 AR AesRY-(3AneHucnByRasyRy s ByaisoRyEanasidR pekira)-yl 4-0-(6-
(3aR,4R,5R,6S,6aR)-1-Benzyloxycarbonyl-5,6-dibenzyloxy-hexahydro-

dewc%&g{w&%p@vp—g ucopyranoside

(158)3(BaltiAR BRNEYIsAiO- (%ﬁ%wgyéa%gﬁ@—'ﬁgf@ﬁ%ﬁ%&:@)‘xg—hexah dro-
lucopyranosyl)-a-D-glucopyranoside The compound (1.0 g, 1.15 mmol)
Cyci’?i’ﬁﬁﬁﬁmmmbﬁebféﬁ@%@%&r@p‘l’é@@f}@a@' WMetidrimnetigrayd B-D-

o e T IR (2 crope) were added thereto

folloWedcbynpstimih gl dF ghé . idixtumelasyothesterd pe Rtlreefior 4Qaminlate€2f) was
dis%ﬁégégtgﬁ pie H%ﬁ}é@ﬁ{gﬁ%%ﬁ?aﬁﬂf 48" RAKSSLRISERHE 4B (E59YT mmol)
and 1,8-diazabicyclo[5.4.0]-7-undecene (2 drops) were added thereto, followed by
stirring of the mixture at room temperature for 40 minutes. After the solvent was
distilled off under reduced pressure, the residue was purified using silica gel flash
column chromatography (hexane:ethyl acetate, 5:1, 1% triethylamine, V/V) to obtain
imidate (970 mg, 84%) as a yellow oil. The compound (508 mg, 1.06 mmol)
synthesized in Reference example 14 (14e) was dissolved in diethyl ether (20 mL), the
imidate (970 mg, 0.97 mmol) was added thereto and trimethylsilyl
trifluoromethanesulfonate (17 puL, 0.097 mmol) was added dropwise thereto, followed
by stirring of the mixture at room temperature for 45 minutes. After triethylamine (4
drops) was added to the reaction mixture, the solvent was distilled off under reduced
pressure. The residue was purified using silica gel flash column chromatography
(hexane:diethyl ether, 1:1, V/V) to obtain the titile desired compound (125 mg, 9%) as a
pale yellow oil.

'H NMR (400 MHz, CDCl3): § 1.22 (3H, d, J=6.8 Hz), 2.81-2.87 (1H, m), 3.15 (1H, dd,
J=9.8, 8.7 Hz), 3.19-3.24 (1H, m), 3.28-3.36 (2H, m), 3.40-3.45 (1H, m), 3.52 (1H, dd,



column chromatography (hexane:ethyl acetate, 5:1, 1% triethylamine,
V/V) to obtain imidate (970 mg, 84%) as a yellow oil. The compound (508
mg, 1.06 mmol) synthesized in Refeggnce example 14 (14e) was
dissolved in diethyl ether (20 mL), the imidate (970 mg, 0.97 mmol) was
added thereto and trimethylsilyl trifluoromethanesulfonate (17 ItL, 0.097

J=98mh) Was Rggensoropias, tBeretoHfal@weado by 3Yrrny of e BuxREe @y,
room tergﬁ%it re for 45 minutes. After triethylamine (4 drops) was added

3-85317a f& e8! {dlsBieht W biiliel oftiHadrretdbedy 1=7-8 Ha).
4.5prassuieldinerresiduesyaspunfiechysingsilica Gel, flagh coun®T (10H, m),

ST DOt Cob (15 e T L i SN T N Cr
e . Su0 St (o
M%(._Egé??iﬁ}/ﬁdaf&a\ﬂgg%; 3.9 ’Hz),' 3.55-3.59 (1H,’ m),’ 3.75 (1lH, dd, J=10.7,
3.9 Hz), 3.79-3.84 (2H, m), 3.86-3.91 (1H, m), 3.93-4.01 (2H, m), 4.31
) AT AT , 4, J=(. , ,d, J=11.
15k 25 B St KR ooy oA B PR A o PRl 4ry1 4-0-
(6-dechd-BHXh1b8P o Hi a0 - g1ttp dhodidd, d, J=3.9 Hz), 5.21 (1H, d,

J=11.7 Hz), 5.28 (1H, d, J=12.7 HZ?, 7.10-7.43 (45H, m); MS (FAB? m/z:
1322{:1{&/9;].1})9({11%51(1_15 mg, 86.8 wmol) synthesized in Reference example 15 (15a)

waflafRotfod B AR kMNP res 3-HAXAR X YearhédroMeiRy rystopsiakié ¥ @10

- (6-deoxy-(3-D-glucopyranosyl)-a-D-glucopyranoside The compound

HLY 28 2040 galBdjrbly xdietideicadron Rdferaaby aradise thsretsdpliaged by
stirflisSelved Mimﬁg%@ﬁqm%ﬁgmH&%%?@@(em&}n pedenehiggics.

8
acid (10 L) and 20% palladium hydroxide-carbon (115 mg) were added
Aftgidhsteeafsiiowaik Bye srisifidioethdonslitrel e rdsraolea arathistitlsderfunder

red WEHQQER AEMATRAE E%sfﬂhé‘xb&ééﬁﬁrifﬁé%ﬁﬁsﬁ'ﬁ% E%QSH%&Q%%‘Q{%S(I@E@J&QSOW

though Celite, the solvent was distilled off under reduced pressure and
X 8@@&1@%(}@%mm&pwﬁgﬁl@ﬁ)ioﬁ%&@ﬁaﬁg@?@gmf(wé;gsdw?g@)ﬂash
colGRIHUNHMAIGE R PARANIE AL SR NG 2l WRS BUGHOF iBgRlife @ lired
~ flash column chromatography (ethyl acetate: methanol: water, 1:1:1, V/V)
titles IpRARNhEHe8Ee P Hlacoanhoilerd rmBoTsRh¥disecolorless

[(x]%mgmk‘@(ﬂ”f’sf%@ﬁe- [@]o20 +60.9 (c 0.11, H20);

'H NMR (400 MHz, D,0): § 1.21 (3H, d, J=6.8 Hz), 2.17-2.25 (1H, m), 3.05-3.10 (1H,
m), 3.18-3.27 (2H, m), 3.30-3.92 (14H, m), 4.38 (1H, d, J=7.8 Hz), 5.08-5.10 (1H, m);
MS (FAB) m/z: 472 (M+H)".

<Reference example 16>
(1R,2S,3R,4R,5R)-1-(2-Hydroxy-1-hydroxymethylethylamino)-2,3-dihydroxy-5-
hydroxymethylcyclopent-4-yl 4-O-(6-deoxy--D-glucopyranosyl)-o-D-glucopyranoside
(16a) (3aR, 4R, 5R, 6S, 6aR)-4-Benzoyloxy-35,6-dibenzyloxy-1-(1,3-dihydroxyprop-2-
yl)-hexahydrocyclopent[c]isooxazole

The compound (3.07 g, 6.89 mmol) synthesized in Reference example 14 (14d)
was dissolved in methanol (10 mL) and tetrahydrofuran (10 mL), and 1,3-
dihydroxyacetone (1.86 g, 20.7 mmol) and acetic acid (1 mL) were added thereto,

followed by stirring of the mixture at 70°C for 30 minutes. Sodium cyanoborohydride



1H NMR (400 MHz, D20): S 1.21 (3H, d, J=6.8 Hz), 2.17-2.25 (1H, m),
3.05-3.10 (1H, m), 3.18-3.27 (2H, m), 3.30-3.92 (14H, m), 4.38 (1H, d,
J=7.8 Hz), 5.08-5.10 (1H, m); MS (F&B) m/z: 472 (M+H)'. <Reference
example 16> (1
R,25,3R,4R,5R)-1-(2-Hydroxy-1-hydroxymethylethylamino)-2,3-dihydroxy-
(1.30 fyRu@Rymeblyieyclamet td-te reaction mixture and the mixture was stirred at
4-0-(6-deoxy-(3-D-glucopyranosyl)-a-D-glucopyranoside (16a) (3aR, 4R,
T0%R0p 40 éaps)s-ﬂé@ﬁ%xﬁagw 6 ﬁB@H@%&Wﬁ{f@%M?&%ﬁ&%Ehe residue
wayprhgrhydrecyalapenticlisediazilentbm s8N th{SO&he6.89 mmol)

synthesized in Reference example 14 (1_4d§ was dissolved in_ methanol
chlpfiy¢ringtharclet ¥y rofrarpiamtig derided, sleirgapoxydéids-(1idg g3 %)
as 28ToApnodhpad acetic acid (1 mL) were added thereto, followed by

s.tirring-?1 of the mixture at 70C for 30 minutes. Sodium cyanoborohydride

'H NMR(1480 MHp EPHImo) s AHd € ththe: reddiion Tt -dnithd H).
2. 7MXE e Mas 5568l s OGifan)18 hews415a salvenisvasdisiiled)of 96-4.08

under reduced pressure and the residue was purified using silica gel flash

(GhbdiinthZdhferhdtdgraphy- (héthgIeHE amotifle (Mbthalol;$20:2, Nayy 186-7.38

(10PN esaesiy %@Hﬂl‘ﬁg@@ﬁﬁm(ﬁh?%%ﬂb%i%.@@%h%)@ colorless solid.
1H NMR (400 MHz, CDC13): S 2.35 (1H, dd, J=6.8, 4.9 Hz), 2.39 (1H, t,

MSIHAB M z: 53 MI8BLH, m), 2.93-3.00 (1H, m), 3.74-3.84 (3H, m),
3.88-3.94 (1H, m), 3.96-4.08 (3H, m), 4.21-4.26 (2H, m), 4.74-4.86 (4H,
m), 5.05 (1H, d, J=7.8, 5.9 Hz), 7.26-7.38 (10H, m), 7.45-7.50 (2H, m),

(16p)5637R6AR ;G0 aR 98- 8-B20@wy IRy NMsHPABY Y- Badldexpy> (1Bt

hydRARIRBRIRR AR RIRSAZMIeXy--(2,2-dimethyl-[1 3]dioxan-5-y)-4-
hydroxyhexahydrocyclopent[clisooxazole The compound (1.20 g, 2.31

mmasgamRapdd irkerdrshaanslimplbess edan) Ryt diessrmepls 16 (162)

waRERIIEBR RbloRNtE A1 MANDXVIHABHIR (Brefaltl 18 enMmely Ancbi)
-toluenesulfonic acid monoh drat&é)thO m§43.47 mmol) were added
e at

and eI NGNS %Wsmﬁ@ﬁrme bamRnpeiatdrsddhasto.
fol IWAIBS i sMIGHaR AausRUS RV nipErade TeRIBORAE SO ULiQR(BRed

mL) was added to the reaction mixture at OC and after the mixture was

aq‘@?ﬁ%&?@é‘%ngH%%WES@WIﬂQHéO&MnWWd to the reaction mixture

at 0°C and after the mixture was extracted with ethyl acetate (50 mL), the organic layer
was washed with a saturated aqueous NaCl solution (50 mL). The solvent was distilled
off under reduced pressure and the residue was dissolved in methanol. Sodium
methoxide (0.4 mL, 1.96 mmol) was added thereto and the mixture was stirred at room
temperature for 20 minutes. A saturated aqueous ammonium chloride solution (50 mL)
was added to the reaction mixture at 0°C and after the mixture was extracted with ethyl
acetate (50 mL), the organic layer was washed with a saturated aqueous NaCl solution
(50 mL). After it was dried with anhydrous sodium sulfate, the solvent was distilled off
under reduced pressure. The residue was purified using silica gel flash column
chromatography (hexane:ethyl acetate, 1:1, V/V) to obtain the desired title compound
(840 mg, yield: 80%) as a colorless solid.

'H NMR (400 MHz, CDCls): 8 1.39 (3H, s), 1.47 (3H, s), 2.06 (1H, d, J=3.9 Hz), 2.85-
2.96 (2H, m), 3.49 (1H, dd, J=9.8, 6.8 Hz), 3.67-3.72 (1H, m), 3.75-3.85 (6H, m), 3.89-



was washed with a saturated aqueous NacCl solution (50 mL). The solvent
was distilled off under reduced pressure and the residue was dissolved in
methanol. Sodium methoxide (0.4 mg 1.96 mmol) was added thereto and
the mixture was stirred at room temperature for 20 minutes. A saturated
agueous ammonium chloride solution (50 mL) was added to the reaction

3.9mizMrendt67 and aftgethermixjutcow asEXtr dstad it ety (epetatr=(307
mL) tkﬁ}({)r%anic layer was washed with a saturated aqueous NaCl
5

Hz 51900 i) -Afe it vels et With&hhydrous sodium sulfate, the

MSSavai wasidistillddgff. under reduced pressure. The residue was purified
using silica gel flash column chromatography (hexane:ethyl acetate, 1:1,
V/V) to obtain the desired title compound (840 mg, yield: 80%) as a

<16@9)whae,aggm6smdnb§5gd4meawyz?@uqz;9:@ﬂ?ﬁm@mm)mmzs@ﬂ, s),
2.06 (1H, d, J=3.9 Hz), 2.85- 2,96 (2H.. 3.49 ,.J=9.8, 6.8 Hz
he@?@%%%%ﬂﬁ?ﬁ}?%%%é-eéﬁ;3%}%@9%@1%39-?éjﬁ?myﬁ:@ﬁ-&#?a,
benkFL B DHE) Ay 1L odBLATCHRr AFOILH, d, J=11.7 Hz), 4.85 (1H, d,
J=11.7 Hz), 7.26-7.38 (10H mg- MS (FAB) m/z 456: %/HH)'. (16c)
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mixture, the solvent was distilled off under reduce
pressure. The residue was purified using silica gel flash column chromatography

(hexane:ethyl acetate, 3:1, V/V) to obtain the desired title compound (140 mg, 20%) as
a pale yellow oil.

'H NMR (400 MHz, CDCls): 8 1.22 (3H, d, J=5.8 Hz), 1.43 (3H, s), 1.49 (3H, s), 2.70-
2.80 (2H, m), 3.11-3.17 (1H, m), 3.19-3.27 (1H, m), 3.30-3.54 (6H, m), 3.61-3.95 (12H,
m), 4.34 (1H, d, J=11.7 Hz), 4.38 (1H, d, J=7.3 Hz), 4.52 (1H, d, J=12.5 Hz), 4.58-4.73
(5H, m), 4.73-4.90 (8H, m), 5.00 (1H, d, J=3.7 Hz), 5.03 (1H, d, J=11.0 Hz), 7.17-7.38
(38H, m), 7.43-7.47 (2H, m).

MS (FAB) m/z: 1304 (M+H)".

(16d) (1R,2S,3R,4R,5R)-1-(2-Hydroxy-1-hydroxymethylethylamino)-2,3-dihydroxy-5-
hydroxymethylcyclopent-4-yl 4-O-(6-deoxy-f-D-glucopyranosyl)-o-D-glucopyranoside



pressure. The residue was purified using silica gel flash column
chromatography (hexane:ethyl acetate, 3:1, V/V) to obtain the desired
titte compound (140 mg, 20%) as alpdle yellow oil. 1H NMR (400 MHz,
CDC13): S 1.22 (3H, d, J=5.8 Hz), 1.43 (3H, s), 1.49 (3H, s), 2.70- 2.80
(2H, m), 3.11-3.17 (1H, m), 3.19-3.27 (1H, m), 3.30-3.54 (6H, m),
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| I tate: methanol; water, 1:1:1, V. 0.0ptain t sired title
H O A i) T2 Gitobrae s nt i s ot &
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1H,.m), -3 , m), 3.42-3.50 (1H, m), 3.49-3.97 (16H, m), 4.48
“ffiwgpﬁg%‘zzgézig&g giﬁ%??‘??%s Hz); 13C NMR (100 MHz, D20): S
BCINMRA4A G §BE, DEO): ©016.96041) 6586, 63 3, d0®.601.36076.-61.3270.9.316.3,
75.0, 75.5, 79.1, 79.2, 80.5, 81.9, 97.8, 102.7;
71.6,72.2,73.6,75.0,75.5,79.1,79.2, 80.5, 81.9, 97.8, 102.7;

MS (FAB) m/z: 546 (M+H)".

<Reference example 17>

(1R,2S,3S,4R,5R)- 1-Amino-2-fluoro-3-hydroxy-5-hydroxymethylcyclopent-4-yl 4-O-

(6-deoxy-B-D-glucopyranosyl)-a-D-glucopyranoside

(17a) Methyl 2-deoxy-2-fluoro-D-glucopyranoside
1,3,4,6-tetra-O-Acetyl-2-deoxy-2-fluoro-f-D-glucopyranose (Carbohydr. Res.,

153, 1986, 168-170) (13.4 g, 38.3 mmol) was dissolved in methanol (150 mL) and

Dowex 50wx8 (19 g) was added thereto, followed by stirring of the mixture at 80°C for

12 hours. The reaction mixture was filtered through Celite and the filtered product was

washed with methanol. The filtered product and the washing liquid were combined and

distilled off under reduced pressure. The residue was purified using silica gel flash



MS (FAB) m/z: 546 (M+H)'. <Reference example 17> (1
R,25,35,4R,5R)-1-Amino-2-fluoro-3-hydroxy-5-hydroxymethylcyclopent-4-
yl 4-0- (6-deoxy-(3-D-glucopyranosyip@-D-glucopyranoside (17a) Methyl
2-deoxy-2-fluoro-D-glucopyranoside
1,3,4,6-tetra-O-Acetyl-2-deoxy-2-fluoro-(3-D-glucopyranose (Carbohydr.
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dd, 598 solunpy chrggaisgraghi-gmethylene chloride: methanol, 10:1-5:1,
V/V) to obtain the desired title compound (3.37 g, yield: 45%) as a

M&dioisa/Zs a7 {MKMR (400 MHz, CD30D): S 3.32-3.36 (1H, m), 3.43
(1.5H, s), 3.52-3.64 (2H, m), 3.54 (1.5H, s), 3.65-3.70 (1H, m), 3.80-3.92
(17g2.5H, m), 4.16-4.29 (0.5H, m) 4.43250.5H, dd, J=7.8, 2.9 Hz), 4.88 (0.5H,

) MstbilidyofAderalfine-21der i riore ) alhspiranoside
4,6-Pnbeomyislanec? Aeoxy Pnlimerpsbhtugeny ianesidentb e cenprovnd 7a)
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~was_distilled off under reduced pressure. The residue was purified usin
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1H NMR (400 MHz, CDC13): S 3.42-3.58 (1H, m), 3.48 (2H, s), 3.60 (1H,

congpoyne(3 ¥n2(Y188HO0g) asgecalodess 889 m), 4.16-4.40 (2H, m),

'H &tfR4 R Um0 DERS: @653 8 d74, hb12) 48-0415 §63(8e33lH, §)) 3.70-3.90
5.52-5.54 (1H, m), 7.36-7.41 (3H, m), 7.46-7.51 (2H, m);

(1.33H, m), 3.98-4.08 (0.66H, m), 4.16-4.40 (2H, m), 4.48-4.54 (1H, m), 4.94 (0.66H,

d, J=4.4 Hz), 5.02-5.06 (0.33H, m), 5.52-5.54 (1H, m), 7.36-7.41 (3H, m), 7.46-7.51

(2H, m);

MS (FAB) m/z: 285 (M+H)".

(17¢) Methyl 4-O-benzoyl-3-O-benzyl-2-deoxy-2-fluoro-6-O-p-toluenesulfonyl-D-
glucopyranoside

The compound (3.36 g, 11.8 mmol) synthesized in Reference example 17 (17b)
was dissolved in dimethylformamide (50 mL) and sodium hydride (741 mg, 17.7 mmol)
was added thereto under a nitrogen atmosphere, followed by stirring of the mixture at
room temperature for 30 minutes. The reaction mixture was cooled with ice and benzyl
bromide (1.68 mL, 14.1 mmol) was added thereto, followed by stirring of the mixture at
room temperature for 2 hours. A saturated aqueous ammonium chloride solution (50
mL) was added to the reaction mixture at 0°C and after the mixture was extracted with

ethyl acetate (100 mL), the organic layer was washed with a saturated aqueous NaCl



MS (FAB) m/z: 285 (M+H)'. (17c) Methyl
4-0-benzoyl-3-0O-benzyl-2-deoxy-2-fluoro-6-O-p-toluenesulfonyl-D-
glucopyranoside The compound (3.369y, 11.8 mmol) synthesized in
Reference example 17 (17b) was dissolved in dimethylformamide (50
mL) and sodium hydride (741 mg, 17.7 mmol) was added thereto under a
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ice and diluted hydrochloric acid (2N, 80 mL) was added thereto. After the

with ey adta i syl ik fivBied off ke WaS

Thovashied Wi dassaltaiechaghiens G Bydiagenasarbonate solution
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for 3 hours. The reaction mixture was cooled with ice and diluted

Xt CHIbr R e IR § (MR Sk dba HerBte IREM e RIRATT
sat@sieacigdenithsnathy BRe cHacids ddA0 dwlulidhe X@anis sayer wasawashed

qiiih 3 saturated agueous sodim hydrogencarbonate colution 200 ml)
solvent was distilled off under reduced pressure. The residue was purified using silica
gel flash column chromatography (hexane:ethyl acetate, 3:1, V/V) to obtain the desired
title compound (4.16 g, yield: 65%) as a colorless solid.

'H NMR (400 MHz, CDCls): § 2.35 (3/2H, s), 2.36 (3/2H, s), 3.47 (3/2H, s), 3.55
(3/2H, s), 3.79-3.88 (1H, m), 4.01-4.15 (3H, m), 4.28-4.62 (3.5H, m), 4.77 (1H, dd,
J=11.7,5.1 Hz), 4.91 (0.5H, d, J=4.4 Hz), 5.05-5.12 (1H, m), 7.06-7.10 (5H, m), 7.18-
7.22 (2H, m), 7.42-7.48 (2H, m), 7.58-7.65 (1H, m), 7.66-7.71 (2H, m), 7.89-7.93 (2H,
m);

MS (FAB) m/z: 545 (M+H)".

(17d) Methyl 4-O-benzoyl-3-O-benzyl-2,6-dideoxy-2-fluoro-6-iodo-D-

glucopyranoside



agueous NacCl solution (100 mL). After it was dried with anhydrous sodium
sulfate, the solvent was distilled off under reduced pressure. The residue
was purified using silica gel flash caluinn chromatography (hexane:ethyl
acetate, 3:1, V/V) to obtain the desired title compound (4.16 g, yield:
65%) as a colorless solid. 1H NMR (400 MHz, CDC13): S 2.35 (3/2H, s),

2.36T(R/ 2btnBh B T3(842H79)3 3B {3HRMthes) 7 @1 79 BeBE (i, IO (15¢)
(3H, m), 4.28-4.62 (3.5H, m), 4.77 (1H, dd, J=11.7. 5.1 Hz), 4.91 (0.5H, d,
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100C for 2 hours. The reaction mixture was cooled to room temperature
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hydrogencarbonate solution (100 mL&and a saturated aqueous NacCl
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(3.3®entNvesadistilledeibHegeioraduced pressure. The residue was purified
usin silica%(?lﬁl flash column chromatograph géhexane:ethyl acetate, 5:1

H YN OB E BEdweq fitle comddbind k338 ¢ SAditH opdep ad .62 (1H,

m) COK¥lessigolid 3144 MMR (408 MzoCOG1RY 9 3812-%828/6H o479 (1, dd,
3.27-3.32 (1H, m), 3.57-3.62%1H, m), 3.58 (3/2H, s), 3.65 (3/2H

I=1 go0a5cHzn 49§ 1 /2 Hpdd.dg {5314 mya 7O L Hi ). 3'—0171.71,96(’é§g-l’i§1,)’ 743-

7.44-O9(H3Hz §6L7368¢Pri 2 570853 B8 (3H, M), 7.07-7.18 (S5H, m), 7.43-
7.48 (2H, m), 7.59-7.64 (1H, m), 7.95-8.00 (2H, m); MS (FAB) m/z: 501

MS(M? ) 276301 (M+H)".
4-O-Benzoyl-3-O-benzyl-2-fluoro-2,5,6-trideoxy-D-xylo-hexa-5-enose
e The compaund (337 4,674 oD Synigsized I Reference ime
The compound (3.37 g, 6.74 mmol) synthesized in Reference example 17 (17d)
was dissolved in isopropanol (40 mL) and distilled water (1.3 mL), and zinc powder (4
g) washed with diluted hydrochloric acid was added thereto, followed by stirring of the
mixture at 100°C for 1 hour. The reaction mixture was filtered through Celite, the
filtered product was washed with ethanol and the filtrate and the washing liquid were
distilled off under reduced pressure. The residue was dissolved in ethanol (80 mL) and
hydroxylamine hydrochloride (1.18 g, 17.1 mmol) and pyridine (1.38 mL, 17.1 mmol)
were added thereto, followed by stirring of the mixture at 60°C for 40 minutes. The
solvent was distilled off under reduced pressure and the residue was purified using silica
gel flash column chromatography (hexane:ethyl acetate, 5:1, V/V) to obtain the desired
title compound (1.31 g, yield: 54%) as a colorless solid.
'H NMR (400 MHz, CDCls): 8 3.87-3.94 (0.7H, m), 4.13-4.22 (0.3H, m), 4.64-4.82
(2H, m), 5.22 (0.7H, ddd, J=46.9, 6.8, 4.9 Hz), 5.34-5.55 (2H, m), 5.75-5.88 (1.3H, m),
5.98-6.07 (1H, m), 7.24-7.62 (8H, m), 8.03-8.08 (2H, m);



was dissolved in isopropanol (40 mL) and distilled water (1.3 mL), and
zinc powder (4 g) washed with diluted hydrochloric acid was added
thereto, followed by stirring of the mikture at 100C for 1 hour. The
reaction mixture was filtered through Celite, the filtered product was
washed with ethanol and the filtrate and the washing liquid were distilled

MfFumienredssad/prESSUre. The residue was dissolved in ethanol (80 mL)
and hydroxylamine hydrochloride (1.18 g, 17.1 mmol) and pyridine (1.38
mL, 17.1 mmol) were added thereto, followed by stirring of the mixture at

(1760 G 4R, SSimStEaR T HeB spkvg iy s sbntiRa pb-tndesHedigagopressure
nd the residue was purified using silica gel flash column
CYCPREMASNRERY thexane:ethyl acetate, 5:1, V/IV) to obtain the desired

title Thegeuinshil. 8.3, yisldoa4fi)asyabeloztest K tdrebideNMIR (HO07 (17¢)
MHz, CDC13): S 3.87-3.94 (0.7H, m), 4.13-4.22 (0.3H, m), 4.64-4.82 (2H
Wawgok%wh@aa (32xe9 aachth& @ﬁ%r@s“f;”ﬁ %@SctéHl YColoisiangys. The

sol(dn3liabdis @128 @fpﬂnﬁgﬁrdﬁﬂcgd%ﬂdsﬁ?e@ﬂ tA®) r&i88e8:8 pakiBudihd silica
MS (FAB) m/z: 358 (M+H

gel iagh apdus sBrempRary) z%ﬂ%@ SR PR3 -B-Frubrdh xR ghe desired
til€yelapemitciserxaz girihpigompawmbileklsglid. 66 mmol) synthesized in

Reference example 17 ( 17e§ was dissolved in toluene (30 mL) and the

H NMR @ 0N B PGl 1 202 1818 Bk, hed- 281 e s R thidlr 0 (1H,

m) underredyead piessure aNe e roxdye) weknyified Lsing silisaq gslfashy,
column chromatography (hexane:et 'élacetate 31, V/V to obtain the

I=ldekikk: 4k EHhPPdnt S m; Yidid2r4o8f 208 éb%rmbés]dhé 1 i)

7.264004Mb4, EP@M%W%Q@H%&&(%&%B 8-0013)58 ¢34, 0k 41084 10
(1H, m), 4.21-4.28 (1H, m), 4.54 (1H, brd, J=7.8 Hz), 4.72 (1H, d, J=12.7

MS{FAB)EY/ 3384 (MEHY 7 Hz), 4.84 (1H, ddd, J=52.7, 7.8, 5.8 H2),
498502 (1H, m), 5.11-5.15 (1H, m), 7.28-7.36 (5H, m), 7.45-7.49 (2H,

), 7.59-7.63 %1H mg 7.97-8.00 (2H, m); MS (FAB) m/z 358: (M+H)'.
(17@7@2& 4R,58S,6S,6aR)-5- -Benzyloxy-1- benzyloxycarbonyl 6-fluoro-4-hydroxy-

heX#ARAdR SR RRHIoRB6RZYI0XY-I-benzyloxycarbonyl-6-fluoro-4- hydroxy-
hexahydrocyclopen Igg{wlsooxazole The compound (950 mg, 2.66 mm

synthESSUERARE(IRhRE X ampIRah TImfesied ifRefcedss ?ﬁém%lﬁ&ﬁ (176)
walHk8keand sRaAd N eNaxideh Psfitnd RGRBRIEY WAS UL, 1.30 mmol) was

added thereto, followed by stirring of the mixture at room temperature for 15 minutes.
A saturated aqueous ammonium chloride solution (50 mL) was added to the reaction
mixture at 0°C and after the mixture was extracted with ethyl acetate (50 mL), the
organic layer was washed with a saturated aqueous NaCl solution (50 mL). After it was
dried with anhydrous sodium sulfate, the solvent was distilled off under reduced
pressure. The residue was dissolved in ethyl acetate (100 mL) and a saturated aqueous
sodium hydrogencarbonate solution (50 mL) and benzyloxy chloroformate (570 uL,
4.00 mmol) were added thereto at 0°C, followed by stirring of the mixture at 0°C for 1
hour. The organic layer was washed with a saturated aqueous NaCl solution (50 mL)
and after it was dried with anhydrous sodium sulfate, the solvent was distilled off under
reduced pressure. The residue was purified using silica gel flash column
chromatography (hexane:ethyl acetate, 1:1, V/V) to obtain the desired title compound
(1.00 g, yield: 97%) as a colorless solid.



added thereto, followed by stirring of the mixture at room temperature for
15 minutes. A saturated agueous ammonium chloride solution (50 mL)
was added to the reaction mixture atiQC and after the mixture was
extracted with ethyl acetate (50 mL), the organic layer was washed with a
saturated aqueous NacCl solution (50 mL). After it was dried with
'H AN ediveTRuIRtE othe calvent was distillestoftunteroedugesh, H-3a),
; 6Bressure. The residue was dissolved in ethyl acetate (100 mlﬁﬂand a

dtatkh S@ou8 Hadiih-Ryttot @héeaFbdhakt 3diitior (30 (M) dhdas-8 Hz,
H-PenziexychlooformaiepiPry, 4 82 mmelrvarerndded erete at 84, m, H-

followed by stirring of the mixture at OC for 1 hour. The organic layer was
6)’\ﬂr§§ﬁéalvﬂ¥ﬂ‘_a1§67t ZtEdialfte 8 N8I oHticR BPb 2 aiddafter/itdrds0
(108rieghwith anhydrous sodium sulfate, the solvent was distilled off under
reduced pressure. The residue was purified using silica gel flash column
M%ﬁéﬁb@dﬁmw&bne:ethyl acetate, 1.1, V/V) to obtain the desired title
compound (1.00 g, yield: 97%) as a colorless solid. 112 1H NMR (400
MHz, CDC13): S 2.29 %1H, brd, J=3.3 Hz, OH), 2.92-2.99 (1H, m, H-3a),
(178)6 631 Rid S S0%Re: 8- Beoay1y ya! ot ien-6; fharphe gy dre:
eyl §Sox 4463, (R IOII2 20 CHARN) 9. 63470 (BsfR.p-D-
H-6a), 4.72-4.76 (1/2H, m, H- 6), 4.84 (1H, d, J=12.7 Hz, CH2Ph),
glugoparangsyll/oHp-glurpByr@mosidoH, s), 7.23-7.40 (1 OH, m); MS (FAB)
m/z ﬁ%%ﬂdﬁnéjéﬁb mg, 0.969 mmol) synthesized in Reference example 2 (2f)
(3aR,4R,5S,6S,6aR)-5-Benzyloxy-l-benzyloxycarbonyl-6-fluorohexahydro-
wagyciopaed dlisavkakok4hloride (10 mL), and trichloroacetonitrile (460 pL, 4.61
2.3,6-tri-Q-henzyl-4-0-(6- y-2.3,4-tri-0-benzyl-(3-D-
T S S TS 2 SR R s gl towed
by shimly sy thkesixeudnRedardaopartmypler 2Q2finvzs. dis8oitbe splvent was

. lor trich itri It 4. |
iR RN SRR elaILS (450 Uk B8 )
colfotlowednipycstiaphy Gfetmmerisiyleatasom itehipsiatoyéafomdO\inutesbtain
.. istill ff , j
B B e e e

syndlegsiats, 1B: Refievenriegxdmpiad 7 VIVt abdassolivaitint e @By atbergddoindg, dhe
. il.T ) jized in
G B e g 45 L), the

trifluoromethanesulfonate (13 pL, 0.0756 mmol) was added dropwise thereto, followed

by stirring of the mixture at room temperature for 45 minutes. After triethylamine (4
drops) was added to the reaction mixture, the solvent was distilled off under reduced
pressure. The residue was purified using silica gel flash column chromatography
(hexane:diethyl ether, 2:1, V/V) to obtain the desired title compound (86 mg, 9%) as a
pale yellow oil.

'H NMR (400 MHz, CDCls): & 1.20 (3H, d, J=5.9 Hz), 2.87-2.94 (1H, m), 3.10-3.16
(1H, m), 3.19-3.24 (1H, m), 3.28-3.38 (3H, m), 3.42-3.46 (1H, m), 3.51 (1H, dd, J=9.8,
3.9 Hz), 3.55-3.59 (1H, m), 3.74 (1H, dd, J=10.7, 3.9 Hz), 3.79-3.84 (2H, m), 3.84-3.89
(1H, m), 3.94 (1H, d, J=9.8 Hz), 4.00-4.06 (1H, m), 4.31 (1H, d, J=12.7 Hz), 4.35 (1H,
d,J=7.8 Hz), 4.49 (1H, d, J=12.7 Hz), 4.58-4.88 (13H, m), 5.01 (1H, d, J=10.8 Hz),
5.05 (1H, d, J=3.9 Hz), 5.18-5.26 (2H, m), 7.15-7.43 (40H, m);

MS (FAB) m/z: 1236 (M+H)".



imidate (830 mg, 0.832 mmol) was added thereto and trimethylsilyl
trifluoromethanesulfonate (13 ItL, 0.0756 mmol) was added dropwise
thereto, followed by stirring of the miksure at room temperature for 45
minutes. After triethylamine (4 drops) was added to the reaction mixture,
the solvent was distilled off under reduced pressure. The residue was
purified using silica gel flash column chromatography (hexane:diethyl
ether, 2:1, V/V) to obtain the desired title compound (86 mg, 9%) as a

(1T oad AR RS S GBS 3 DU SR b qpp-4-41

4-P@1d2e34- D, MlecbAnodf G Hb-Bc3plaediLH, m), 3.28-3.38 (3H,
m), 3.42-3.46 (1H, 8rr;})) 3.51 (1H, dd, J=9.8, 3.9 Hz), 3.55-3.59 (1H, m@?’
3. 74Tt sompredd 8 me (3R smrob3gathotizadnRelergmy quample 13 94h)

wa$ Hibs G IrBntiflafoPP26-048. Lhk B f’a%@t&gé'gl qnﬂ; 1ad atoéniricidid (30
d, J=7.8 Hz), 4.49 (1H, d, J=12.7 HzJ, 4.58-4.88 (13H, m),’5.01 (1H, d,

HL)and 29 Hpallsddsnitdexids Quiben §1 825 36(Q rilded, thergoz wileagd by

. m); : +H).,.113 )
ey YEUAE e oot 3R arkeu b o gen umosphre for 4 howr.
AftgryheqrguqGonaoriiye-Bagllitors dmovgh-aabtel teopylneno side distdled off

undQTRALAE RN, %%é'?é@?dﬁ)é%@%ﬂé@ ﬁﬁitgreﬁ{‘ﬁ)% SXBMRlE Tid 7h)

was dissolved in methanol (20 mL) and ethyl acetate (1 mL), and

(DdweirGEho¥i S Jersith (3o (W3 tand %mrpaﬂ&dwmﬁydtméucMm(ﬁEW)ng
siliMEE61 FALR A INEAG Oh NS LYy SUR AT ARE MPUHE AEARPM: 1:1, V/V) to

temperature under a hydrogen atmosphere for 4 hours. After the reaction

obtpiixtiealoyirsditidreep thpount (@é 1118 ﬁfﬁ@cﬂyemw@als@i mmﬂsm@éﬁame-
'H ﬁﬂﬁiﬁo@rﬁwﬁzé@%ﬂi N& 98,‘@’%36’%—‘&5‘?92&5‘.9(2%@%‘353 1990 (1H,

resin (Dower 50w x 8) column (water-5% ammonia w. It' was further
m) g0, Bilica YeBiaiothblom3 GHrd SOt aphy3(8§IH cdtbten), 4.11-

S A ot Mo o5y o
5.08.0H(3m; d, J=5.9 Hz), 2.23-2.30 (1H, m), 3.04-3.10 (1H, m), 3.18-3.25
ReARLHTIR SeE RO S v LBl e S 3 Uk Y
716075063508 (LH,5) 793C TAARB(LDG MHATB20025:16.9, 44.0, 58.5,

MLEARUY, 04 RP:fr 613, 70.9, 71.3,

<Reference example 18>
(2R,3R,4R)-4-Hydroxy-2-hydroxymethyl-3,4-dihydro-2H-pyrrol-3-yl 4-O-(6-deoxy-o.-
D-glucopyranosyl)-a-D-glucopyranoside
(18a) 1,2-O-Benzyl-4-deoxy-3-O-formyl-4-trifluoroacetamide-o-D-arabinoside
2-0O-Benxyl-4-deoxy-3-0O-formyl-4-trifluoroacetamido-D-arabinoside (Chem.
Pharm. Bull., 1991, 39, 2807-2812) (0.80 g, 2.20 mmol) was dissolved in methylene
chloride (50 mL), and benzyltrichloroacetamidate (0.82 mL, 4.40 mmol) and
trifluoromethanesulfonic acid (40 uL, 0.22 mmol) were added thereto, followed by
stirring of the mixture at room temperature for 3 hours. A saturated aqueous sodium
hydrogencarbonate solution (30 mL) was added to the reaction mixture at 0°C and after
the mixture was diluted with ethyl acetate (100 mL), the mixture was washed with water

(50 mL) and a saturated aqueous NaCl solution (50 mL). After it was dried with



71.6,72.2,73.6, 75.0, 75.5, 79.1, 79.2, 80.5, 81.9, 97.8, 102.7; MS (FAB)
m/z: 474 (M+H)'. <Reference example 18>
(2R,3R,4R)-4-Hydroxy-2-hydroxymethyl-3,4-dihydro-2H-pyrrol-3-yl
4-0-(6-deoxy-a- D-glucopyranosyl)-a-D-glucopyranoside (18a)
1,2-O-Benzyl-4-deoxy-3-O-formyl-4-trifluoroacetamide-a-D-arabinoside
anhRdPoBEsbdihfrdemxie, 3HO Jarrem Wi ifisarnacetamigde-fddacaiprsidee. The
(Chem. Pharm. Bull., 1991, 39, 2807-2812) (0.80 g, 2.20 mmol) was

resiiue iR AR ey R ICR BTt B S T T BRHOS R P A% S Hidate

acel@8 DMLY A4 Q0 aBiah anddéile@tarpetinpasulimis acigi¢td .90 .22 pale
1{nmol) were added thereto, followed by stirring of the mixture at room
Yel@mp TP HBUS. A saturated aqueous sodium hydrogencarbonate

'H soluRiqu (R0 .8:) s @edad, tR-tiresreastion) mistureratdaCrand after the, 4.13
mixture was diluted with ethyl acetate ZilOO mL), the mixture was was

hed
(IRyfhmhtet HBb Y G 4 Jatlt&dtrhg ugbﬁ%gdﬁ&étﬁﬁ)(é(ﬁhﬂﬁ#ier
J=1 wasglriegowithy 18:4 s payslrous sodivrs swipteotha solventyweg distilad 11,

off under reduced gressure. The residue was purified using silica gel flash

dd. Jqtiinh rStrat raphy thédzane: Binyl - kidtate( 164, Wi dbtkivine

MSgsiBYl titie sonmeune)(0.73 g, yield: 74%) as a pale yellow amorphous
substance. 1H NMR (CDC13) S: 3.55 (1H, dd, J=12.5, 2.2 Hz), 3.63 (1H,
dd, J=10.3, 3.7 Hz), 4.13 (1H, d, J=13.9 Hz), 4.50 (1H, d, J=11.0 Hz),

(18603 1. OLBEnY 9121 Hieh 3l kit o tbacktdrhidd DAL dFidRS, S), 4.75
(1H, d, J=12.5 Hz), 4.90 (1H, d, J=2.9 Hz), 5.44 (1H, dd, J=10.3, 4.4 Hz),

6.69 e somnppund O3\ 2 711Gl maw b oy theyize b Befersnag sxamed) /g 8a)

Waéaﬁwﬁﬂ' atd@hol (30 mL) and water (5 mL), and potassium
1,2-di-O-Benzyl-4-deoxy-4-trifluoroacetamide-a-D-arabinoside The

hydrgaspsuhaele 8l @6 1 0Ny mireadded therestefeliewekbmysiering of the

miX#BahtWshoisaplvediid BeiaRAl30RmY) ARGNata A9 M¥s8Rbed to the
potassium hydr%%?ncarbonate (1.00 g, 10.0 mmol) was added thereto,

reagsing ekt et s O gaBicaX Ry A YoshRderHP ey atthE st a8 Rt SNaEthy!
solaGshate@Q. MiAwas adderita Rh LEAGURSUINIH BANIRE GLIANIRIRYRLS

was washed with a saturated agueous NaCl solution (20 mL%. After it was

disfhed afhndrntrginss B sUbstEeidEcsBRpiHics using silica gel flash

column chromatography (hexane:ethyl acetate, 6:1, V/V) to obtain the desired title
compound (205 mg, yield: 41%) as a colorless amorphous substance.

'H NMR (CDCls) &: 2.84 (1H, d, J=2.2Hz), 3.44 (1H, dd, J=9.5, 2.9 Hz), 3.76 (1H, dd,
J=12.5, 1.5 Hz), 3.92 (1H, dd, J=12.5, 1.5 Hz), 4.20-4.28 (2H, m), 4.47 (1H, d, J=11.7
Hz), 5.53 (2H, s), 4.72 (1H, d, J=12.5 Hz), 4.91 (1H, d, J=3.7 Hz), 6.67 (1H, br, d,
J=5.86 Hz), 7.12-7.38 (10H, m);

MS (FAB) m/z: 426(M+H)", 448 (M+Na)".

(18c) 1,2-di-O-Benzyl-4-deoxy-4-trifluoroacetamido-3-O-{2,3,6-tri-O-benzyl-4-O-
(2,3,4-tri-O-benzyl-6-deoxy--D-glucopyranosyl)-a-D-glucopyranosyl } -o-D-
arabinoside

The compound (0.70 g, 0.81 mmol) synthesized in Reference example 2 (2f)
was dissolved in methylene chloride (20 mL), and trichloroacetonitrile (1.00 mL, 10.0

mmol) and 2 drops of 1,8-diazabicyclo[5.4.0]-7-undecene were added thereto, followed



distilled off under reduced pressure. The residue was purified using silica
gel flash column chromatography (hexane:ethyl acetate, 6:1, V/V) to
obtain the desired titte compound (205 mg, yield: 41%) as a colorless
amorphous substance. 1H NMR (CDC13) S: 2.84 (1H, d, J=2.2Hz), 3.44
(1H, dd, J=9.5, 2.9 Hz), 3.76 (1H, dd, J=12.5, 1.5 Hz), 3.92 (1H, dd,
by JeihE ot Bk thi2Qrk3Sh{ 2t poarhrd Tl B0 Ahiskadd.. TAfrbe)itR. B vkl vids
- 472 (1H, d, J=12.5 Hz), 4.91 (1H, d, J=3.7 Hz), 6,67 (1H, br, d, J=5.86
distif}gd o1 Hnfleraredpigd RiCSHES BT HIYC X228 RATE TS A8 IRl At
coldmndhedBeioayirhol e iEilyDroacaiamide B-ReiB3dniicOvenzy lobtiin
(2,3,4-tri-O-henzyl-6-deoxy-(3-D-glucopyranosyl)-a-D-glucopyranosyl}-a-D
co SRR Bttt {0 18 6o DAL bt Sthesized
in IRGtespOCExaKPI8 21 &) andthéissilved drrmetbylenensbipride: @OsoMdd in
. and trichloroacetonitrile (1.00 mL, 10.0 mmol) and 2 drops of
dicthy gihgabicyRlops Y Girsiidsdehe e Rudeaerdiem Fdfolts P15 %y
mn$$I 08k 0Lt MbsiisruatiEPamMitRTRLiaHIP A3 CoMine ByATIRIIRST the

solvent was distilled off under reduced pressure, the residue was Furified

MiX USRS ROR eSO OO S m BRI RA S ek doghe
readforinigtiRiteaMhtosoRtaINwas lere s LI inigateddcla PrldiR). thbe

compound (205 m}g, 0.48 mmol) synthesized in Reference example 18

resiqushy ah e ket @Qﬁ.?ﬁe&%@g RGO LR A SRahy Eirfer

satZfaan e SRRy Isiit s ifnanomeilkasasio miens) ddtla Q0n4tsdmplous
was added thereto under a nitrogen atmosphere, followed t()iy stirg(?'(_]g}qc){{li
S

NatrSomBanre Qb AR PR AR Fo 12 Hotis SRt AmRedie

sulf@sleRteoient aastinimivtorewadratien dbe ;sebvars wasidistlirm ot ansleified
.reduced pr?feséure, the residue was diluted with ethyl acetate fBO mL) and .
usTRESTHFRGFE sl SPAURE R YL OSEARPY R e YgE beffgr 3: 1. V/V) to obtain

the idrRAanEAEBAPIM QLM £201m Ak afsalsRied sIHROUS WA colorless

solution (20 mL). After the organic layer was dried with anhydrous sodium
amgpgies tHEsEBIZeNt was distilled off under reduced pressure and the

'H IeSIRUE YRS, poriligd (Using, 3ilicd gehTash eplimn cHMALeOIaPYs (1H, m),
(heS:r(Fe:die% yl ether(,gB:l, V/IV) to ot))tain tﬁe desired title compound((18én)

3.3td B 19dyr3ndin. (3 4odrt (PHom3 2492044 Heomridds @M okpldtiz Ha),
3. 83UPSERNGE - m), 4.19 (1H, dd, J=8.8, 4.4 Hz), 4.35-4.39 (3H, m), 4.45 (1H, d, J=11.7

Hz), 4.49-4.54 (3H, m), 4.59-4.61 (2H, m), 4.67-4.80 (6H, m), 4.84 (1H, d, J=11.0 Hz),
4.90 (1H, d, J=1.0 Hz), 4.94 (1H, d, J=11.7 Hz), 5.02 (1H, d, J=11.0 Hz), 5.18 (1H, d,
J=3.7 Hz), 6.88 (1H, br, d, J=7.3 Hz), 7.10-7.40 (40H, m);

MS (FAB) m/z: 1296 (M+Na)".

(18d) 4-Deoxy-4-trifluoroacetamido-3-0-{4-O-(6-deoxy-B-D-glucopyranosyl)-a-D-
glucopyranosyl }-D-arabinoside

The compound (180 mg, 0.14 mmol) synthesized in Reference example 18 (18c)
was dissolved in methanol (10 mL) and 20% palladium hydroxide-carbon (120 mg) was
added thereto, followed by stirring of the mixture under a hydrogen atmosphere for 3
hours. After the catalyst was removed by Celite filtration, the solvent was distilled off

under reduced pressure. The residue was purified using silica gel flash column



1H NMR (CDC13) S: 1.17 (3H, d, J=5.9 Hz), 3.12 (1H, t, J=9.5 Hz),
3.19-3.25 (1H, m), 3.36 (1H, t, J=9.5 Hz), 3.44-3.50 (2H, m), 3.54-3.64
(3H, m), 3.75 (1H, t, J=9.5 Hz), 3.8143.98 (4H, m), 4.19 (1H, dd, J=8.8,
4.4 Hz), 4.35-4.39 (3H, m), 4.45 (1H, d, J=11.7 Hz), 4.49-4.54 (3H, m),
4.59-4.61 (2H, m), 4.67-4.80 (6H, m), 4.84 (1H, d, J=11.0 Hz), 4.90 (1H,

chrém¥tdafhpia) (4184 §¢batd:nethinblHz)l 509 (idbidaidthd &biad bd8cGpound
d, J=3.7 Hz), 6.88 (1H, br, d, J=7.3 Hz), 7.10-7.40 (40H, m); MS (FAB)
69g: 2967 MER&P gt sOlid:

'H &eony;theflucrpesigtamide 314 Qd G 1erexy=(350ig)usopysenpo)-arD
- glucopyranosyl ) -D-arabinoside The com ound%ﬂlso mg, 0.14 mmol
3 4G el T b freriddle Rarh e B8 Wab A< ShlvaRin- frefiihbiH: m),

3.9019 MLy aneh£ 4 allagium Rydroxglergahard HA9-4) 38as68doadm), 5.24

thereto, followed by stirring of the mixture under a hydrogen atmosphere
(IHoPB SKours. After the catalyst was removed by Celite filtration, the solvent

MNEa distilledsi wnderyeduced pressure. The residue was purified using
silica gel flash column 116 chromatography (ethyl acetate: methanol, 4:1,

V/V) to obtain the desired title compound (69 mg, 88.5 %) as a colorless

(1889 lIGRIERMMRA(PEAY o3y 12 32 (Bbk yeh ol P13 HZdihg k8-l p Yr et B 5y HZ) O - (6-
3.30-3.34 (2H, m), 3.46 (1H, t, J=9.5 Hz), 3.52 (H, br, t, J=7.4 HZ),
deox et DA YSPPYRNOSY L B RL(BIIPHIFNSGP-4.07 (2H, m), 4.19-4.29 (1H,

mz fﬁ%ﬁgﬁ&ﬁ%&bﬂ@ﬁﬂrﬁﬁ) (@ iHizedh R rdfesSix M EAD)184d)

wag plis oy RN RIGE Q- hYRi SRyIRTe g hangedie A rB 21y O SR D 4 38!
waQQ@d%ﬁ@h@r&B!%ﬂMWé@P@"Qﬁﬁi -PLERANIRARSISlE J e earppund {41789,

0.085 mmol) synthesized in Reference example 18 (18d) was dissolved
hoygswhhsripnoe e g atinorre kenanee Yed tharslhvent tvas ditled off yndets
red@EEFHERQIRIOTIRNIRWRI OW Nipuagi &l thehBixiiesR! fRORitERerature for

1.5 hours. The ion exchange resin was removed and the solvent was
chrapagirerapi HdeeroEd 8 oratenadd s viaeitintbe drsinedditie

corffb RS (BAPHBR ielTomategraRhy- (HIRIfeRm pReanRLwmater, 6:4:1,
V/V) to obtain the desired title compound (8.0 mg, yield: 21.4 %) as a

'H YR B QbR (3Hubdahdd 7)., 3.16-3.21 (1H, m), 3.31-333 (TH, m), 3.45-
3.52 (2H, m), 3.63-3.69 (2H, m), 3.80-3.96 (SH, m), 4.08 (1H, br, s), 4.25 (1H, d, J=4.9

Hz), 4.49 (1H, d, J=6.8 Hz), 4.94 (1H, d, J=4.9 Hz), 5.17 (1H, d, J=4.0 Hz), 7.68 (1H,
br, s);
MS (FAB) m/z: 462 (M+Na)+.

<Reference example 19>

(2R,3R 4R)-4-Hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-{4-O-(3-D-

glucopyranosyl)-B-D-glucopyranosyl }-o-D-glucopyranoside

(19a) (2R,3R,4R)-4-Benzyloxy-N-benzyloxycarbonyl-2-benzyloxymethylpyrrolidin-3-

yl 4-O-acetyl-2,3,6-tri-O-benzyl-o-D-glucopyranoside
4-0O-Acetyl-2,3,6-tri-O-benzylglucopyranoside (Agric. Biol. Chem, 1986, 50,

2261-2272) (2.21 g, 4.49 mmol) was dissolved in methylene chloride (45 mL), and

trichloroacetonitrile (2.3 mL, 22.44 mmol) and 1,8-diazabicyclo[5.4.0]-7-undecene (65

uL, 0.44 mmol) were added thereto, followed by stirring of the mixture at room



1H NMR (D20) S: 1.32 (3H, d, J=5.9 Hz), 3.16-3.21 (1H, m), 3.31-3.33
(1H, m), 3.45- 3.52 (2H, m), 3.63-3.69 (2H, m), 3.80-3.96 (5H, m), 4.08
(1H, br, s), 4.25 (1H, d, J=4.9 Hz), 440 (1H, d, J=6.8 Hz), 4.94 (1H, d,
J=4.9 Hz), 5.17 (1H, d, J=4.0 Hz), 7.68 (1H, br, s); MS (FAB) m/z: 462
(M+Na)'. <Reference example 19>
telﬂé;aaaﬁe%ﬂ 'ﬂﬂﬁﬁg r@kﬁ/ell? thy doMAT '3{&%@3’[&! Qidjdil' ' ﬂf&ﬂéﬁ%ﬁc%d(gfﬁg&‘ure, the
ucopyranosyl)-(3-D-glucopyranas -a-D-glucopyranoside (19a
res%)ﬁ,?%ﬂﬁ?-ﬁg é’ﬁ’i&ﬂé%&lﬁmggéﬂ%y &?BSF?W-‘Q- é{éywkgiﬁ%?ﬂﬁﬁ%%lidi
acefi3; ¥l H-I)lg’@ﬁ@émﬂa%l&&i‘@’l\brtﬂzdﬂtah%ﬁlﬂﬁweﬁ%5@2;.0%) as a yellow oil.
4-0-Acetyl-2,3,6-tri-O-benzylglucopyranqsi Agric. Biol. Chem, 1986, 50,
The GRS L ot W A AR RS M ALt
dissplediidditiahl etbacetonitiile, (ASimMidaB2 AH6nu®N Afehol) was added thereto
1,8-diazabi%yc,lo[5.4.0]-7-uncecene 65 L, 0.44 mmol) were a

. , dded =
andgsolpiion pb gty itvhiBraremsianewionsin (19 letpre el t8dicthyl
ethBoUr nfifiarihaRRlyaripuasedistives affiondebiedusnd Brerswiesthe at room

residue was purified using silica gel flash column chromatography
tempripite fetyhogentdidehlanipefethiylantintaddes (@ e tsas o tereoad
aftéh the B0 ASAY 81PN Qo fheacPFERRWAS (200 tR-AAi IO\ 8y BIRRSIZ&Sh

in Reference example 1 (li) was dissolved in diethyl ether (100 mL), the

(
ethihigateiq 22067, )30g theiBly Hessvertdets e et anetyadsladisess sodium
hydfip&tbyisiyhitlugrametpnesuionalg #Qdiafidd el Widigthyh ey,

(2 mL) was added dropwise thereto, followed by stirring of the mixture at
Aftegdhs qegfpierasievat rikdurstimamddneunitedisn mlfradhsdabertd s
distRAUSH (RadHFERRc AistIRe SelventyR diRllGHAHARIE FBdUEed as

pressure, the mixture was diluted with ethyl acetate (20 mL) and the

puriisdurengasl waghktanitiodusen et segrephs dsarsicthyl acetate, 5:1, V/V)
to 1Y) '6891‘?@89{%?&&; E%%B!ME%]@& %Fﬁﬁﬁ‘% gazfdl#f@‘%%da?%%ﬁ&?eé\éaocﬁ'.
S . t sdr yd

olution (10 mL). After the organic layer w led with anhydrous sodium
'H MR 400V aPD @RS St 6XHo ) URAOr TEAUCSH pres Sure- T4HE (Resid ve;
jning t (3 mixture was purified using silica gel flash column
M%ﬁé%%%%ﬁaa%(%&ﬁéﬁe:ethyl acetate, 5:1, V/V) to isolate the desired
titte compound a form (1.93 g, 46.6%) as a colorless oil. 1H NMR (400
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yl 2,3,6-tri-O-benzyl-o-D-glucopyranoside

The compound (1.57 g, 1.70 mmol) synthesized in Reference example 19 (19a)
was dissolved in methanol (30 mL) and potassium carbonate (235 mg, 1.70 mmol) was
added thereto, followed by stirring of the mixture at room temperature for 14 hours.
The reaction mixture was diluted with ethyl acetate (10 mL) and the mixture was
washed with a saturated aqueous sodium hydrogencarbonate solution (10 mL) and a
saturated aqueous NaCl solution (10 mL). After the organic layer was dried with
anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The
residue was purified using silica gel flash column chromatography (hexane:ethyl
acetate, 3:1, V/V) to obtain the desired title compound (1.41 g, 94.0%) as a colorless
oily substance.

'H NMR (400 MHz, CDCls): & 3.40-5.20 (26H, m), 7.10-7.40 (30H, m);
MS (FAB) m/z: 880 (M+H)".



MS (FAB) m/z: 922 (M+H)'. (19b)
(2R,3R,4R)-4-Benzyloxy-N-benzyloxycarbonyl-2-benzyloxymethylpyrrolidi
n-3-yl 2, 3, 6-tri-O-benzyl- a- D-gludagyrano s ide The compound (1.57 g,
1.70 mmol) synthesized in Reference example 19 (19a) was dissolved in
methanol (30 mL) and potassium carbonate (235 mg, 1.70 mmol) was
added thereto, followed by stirring of the mixture at room temperature for
14 hours. The reaction mixture was diluted with ethyl acetate (10 mL) and
(19He/MHikkdrd: Orik tiBEheay WiV o Satteret aGhRete ¥otilrglucopyranosyl)-D-
slubysyegRRERrbonate solution (10 mL) and a saturated aqueous NaCl
solution (10 mL). After the org%?ic layer was dried with anhydrous sodium
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acetate, 3:1, V/V) to obtain the desired title compound (1.41 g, 94.0%) as
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chloride (12.1 mL, 104.24 mmol) was added thereto under ice-cooling,
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saturated aqueous NaCl solution (20 mL). After it was dried with

comppHRtt 6B 8aiifdsdlfaee a8ecobAsnt QRS WRBE off under reduced

'"H Ness\weo Mezesidue, was putified wsinensilicanelflagHcalymnsg-4.63 (1H,
chromatography (hexane:ethyl acetate, 5:1-5:2, V/V) to obtain the desired
) 2GRS 120 IR O 5 bRl S0 hstance. 11

MINMREAO0MHZ1 GRGER): S 3.71-4.27 (6H, m), 4.44-4.51 (1H, m),
4.58-4.63 (1H, m), 4.72 (1H, d, J=6.4Hz), 4.93-5.81 (10H, m), 7.17-8.11

(35H, m);
(19d) 2,3,6-O-tri-Benzoyl-4-0-(2,3,4,6-tetra-O-benzoyl-B-D-glucopyranosyl)-D-

glucopyranoside

The compound (8.10 g, 7.29 mmol) synthesized in Reference example 19 (19¢)
was dissolved in methanol (75 mL) and tetrahydrofuran (15 mL) and palladium chloride
(D) (258 mg, 1.45 mmol) was added thereto, followed by stirring of the mixture at room
temperature for 14 hours. After the reaction mixture was filtered through Celite, the
solvent was distilled off under reduced pressure. The residue was purified using silica
gel flash column chromatography (hexane:ethyl acetate, 3:1-2:1, V/V) to obtain the
desired title compound (5.10 g, yield: 66%) as a pale yellow solid.
'H NMR (400 MHz, CDCl3): § 2.96-3.13 (1H, m), 3.79-3.92 (2H, m), 4.05-4.25 (2H,
m), 4.33-4.40 (1H, m), 4.47-4.50 (1H, m), 4.60-4.63 (1H, m), 4.89-6.15 (7H, m), 7.21-
8.01 (35H, m);
MS (FAB) m/z: 1071 (M+H)".



MS (FAB) m/z: 1111 (M+H)'. (19d)
2,3,6-0-tri-Benzoyl-4-0-(2,3,4,6-tetra-O-benzoyl-(3-D-glucopyranosyl)-D-
glucopyranoside The compound (8.1093, 7.29 mmol) synthesized in
Reference example 19 (19¢) was dissolved in methanol (75 mL) and
tetrahydrofuran (15 mL) and palladium chloride (II) (258 mg, 1.45 mmol)
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acetate, obtain the desired title compound (5.10 g, yield:

66%5@5%@9«1@%%%%% PRINMreamrized ARG preceggmaphe 19
( 19(:15'%&?21&%&%?1 9%1@ armﬁe%lﬁg %@(582 83 gi'l)d ﬂq@ﬁr%&é@dﬂnﬂlb iZOé) SIIL-IL’

AAT-2.50 (1H, m), 4.60-4.63 (1H, m 6.15 (7H, m), 7.21- 8.0
1. 9&11)mM3) MB)WKZ&UEJ{O(IM—SH)Q]J].—QH@E@@)G: (6 uL 0.04 mmol) were added

thel( ?Filév@d“b Y hognzyloxycabanEhenzyIRymelyInyQlidl
sol%ﬁt@vm d)sbﬁndyifﬂbl@d{ﬁ Eﬁﬁwﬁe@{bmeylhe -0s{@y8, W 6-fetrdic-bengoyli(3
sy|):(3-D- I ide The
sl o R T G B R i o o
0bt@119d)11da® dl’§§olvmg |ﬁ&uﬁ%h)aleme@hﬂmde@npﬂ.@uamdﬁtmiderd&metompdmd
(18@290 ItI‘0 %199 mrﬂolg CSIZ dlal%aibl%\lldo xam F F:Ig' ? %fglsT(’)lQ/e%n
mmo the mixtu

were adc hereto, followed y Stifring'o re at room
dieteyhpthrat(Berfb), theouridattaP#iel salyvOtlwamaistltsdddtd mmmeamted

ress th was urlf du5| ic fl cqu
o R T o et IO Dot B A st ener
@ mhnawammwc(ﬂj@&zﬂsmgeﬁﬁﬁﬂzﬂ)m@ bglstile g armkphoxsisuh stanae.

The co 18 0.21 ol nthesi in Reference )
eI oo 81y o Lo LTI 1o S b A (e g tore and
aftd2l. doMen Ot dsnabdveds addeetheedtpranahir, &c&u&ﬁa&f\tmmuhlyéal Iwhth

trlfluoro sul nate (38 ItL, 0.21 mmol).in diethyl e
et ST S s S AG TRNE B, S U e PR S
hydﬁi@@ﬁfzﬁﬂtrﬁafersalm$1(r mﬁtwlarm Re(gadi Jgnasuadtac H@ﬁh&)fe(aamm)

TS a0, ater e splventyas islled ol ndercdugad pressuis, e

distilled off under reduced pressure. The residue was purified using silica gel flash
column chromatography (hexane:ethyl acetate, 4:1-3:1, V/V) to isolate the desired title
compound (295.8 mg, 72.9%) as a colorless amorphous substance.

'H NMR (400 MHz, CDCls): & 3.20-5.60 (40H, m), 7.10-7.40 (65H, m);

MS (FAB) m/z: 1932 (M+H)".

(19f) (2R,3R,4R)-4-Benzyloxy-N-benzyloxycarbonyl-2-benzyloxymethylpyrrolidin-3-
yl 2,3,6-tri-O-benzyl-4-0-{4-0O-(B-D-glucopyranosyl)-B-D-glucopyranosyl }-a-D-
glucopyranoside

The compound (295.8 mg, 0.15 mmol) synthesized in Reference example 19
(19e) was dissolved in methanol (6 mL) and potassium carbonate (20 mg, 0.14 mmol)
was added thereto, followed by stirring of the mixture at room temperature for 6 hours.

The reaction mixture was diluted with ethyl acetate (10 mL) and the mixture was



ethyl acetate (10 mL) and the mixture was washed with a saturated
agueous sodium hydrogencarbonate solution (10 mL) and a saturated
aqueous NacCl solution (10 mL). Afte2tthe organic layer was dried with
anhydrous sodium sulfate, the solvent was distilled off under reduced
pressure. The residue was purified using silica gel flash column

washy@wmatogsapiméhexaseietydiasehat@odehcdiboNAé)sslisolateghel Jesided
title compound (295.8 mg, 72.9%£as a colorless amorphagus substance.
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The ¢ ound (295.8 mg, 0.15 mmol) synthesized in Reference example
mglgg(gl%g%\?a (%ﬁseéﬁl%)&li% methanol (6 mL) and potassium carbonate (20

'H My G601 epoaided tereto, daliawas by stiriog sdrhenmixture at
room te‘rrry)erature for 6 hours. The reaction mixture was diluted with ethyl

MSdadte s ﬂrﬁ%&{%ﬂﬁé mixture was 120 washed with a saturated

agueous sodium hydrogencarbonate solution (10 mL) and a saturated
agueous NaCl solution (10 mL). The mixture was neutralized with

(1981 RBntR- R tirtERIBIRE bdidh 4 te s TREL iBrdtifle 46l i BetB-D-
glu%ﬂ?ﬁﬁ%ﬁfﬁfﬁ-‘ﬁ_ 1{%%@@ y&gg@{ﬁ@mﬁjgg@lica gel flash column

chromatography (methylene chloride: methanol, 30:1-20:1-10:1, V/V) to
obtalmersemesied (HE-congp R mowl simiheizedindicteriotiesyid.?
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MS (EAB m/z: 1204 (M+H)". (19
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mix196) wasllissdlewuginfétiendB (i omnynine 8696 Inydioshiorislediti(@sn
ThdJIRA }Bﬁ‘é'ﬁf’sﬁffé&‘xﬁ" axide Q&%é@%}é’é’ﬁ% %gg?ﬁeﬁkﬁﬁﬁ%\%ﬂm(ﬁﬂéﬁyusing

stirring o € mixture at room temperature under a rogen a osphere
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wa?ﬂﬁ@?ﬁ@éﬁu\é‘{ﬂ?{lf&a@%} WaR @gﬁ%tpﬁr(ﬁ{’%tography (ethyl
acetate:methanol:water, 5:2:1-1:1:1, V/V) to obtain the desired title compound (10.0
mg, 19.2%) as a colorless solid.

'H NMR (400 MHz, D,0): & 3.00-3.95 (25H, m), 4.38 (1H, d, J=8.1 Hz), 4.42 (1H, d,
J=8.0 Hz), 5.00 (1H, d, J=2.6 Hz);

MS (FAB) m/z: 620 (M+H)".

<Reference example 20>

(2R,3R 4R)-4-Hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-{4-O-(3-D-

glucopyranosyl)-B-D-glucopyranosyl }-o-D-galactopyranoside

(20a) (2R, 3R, 4R)-4-Benzyloxy-N-benzyloxycarbonyl-2-benzyloxymethylpyrrolidin-

3-yl 4-O-acetyl-2,3,6-tri-O-benzyl-a-D-galactopyranoside
4-0O-Acetyl-2,3,6-O-tri-benzyl-D-galactopyranoside (BCSJ, 1989, 62, 3549-

3566) (1.60 g, 3.25 mmol) was dissolved in methylene chloride (30 mL), and



The solvent was distilled off under reduced pressure and the residue was
purified using an ion exchange resin (Dower 50w x 8) column (water-1%
ammonia water). Further, it was putified using silica gel flash column
chromatography (ethyl acetate: methanol: water, 5:2:1-1:1:1, V/V) to
obtain the desired title compound (10.0 mg, 19.2%) as a colorless solid.

trichid MBI M B, DR0)5 SBH0ul) Wnd 2981 dMai 3165 4 J=8nliddghe (50
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4-0- Acetyl -2,3 6 O-tri-benzyl-D- galactopérano&de (BCSJ, 1989, 62, 3549-
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1,8- dlazabrpéyclo[5 .4.0]-7-undecene (50 L, 0.33 mmol) were added
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was purified using silica gel flash column chromatography (hexane: ethyl
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example 1 (li) was dissolved in diethyl ether (50 mL), the imidate (1.37 g,
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oil.off under reduced pressure. The residue containing the mixture of a and

'H NMR (400 MHz, CDCl3): § 2.02 (3H, s), 5.15-3.38 (25H, m), 5.61 (1H, m), 7.16-

7.35 (30H, m);

MS (FAB) m/z: 922(M+H)".

(20b) (2R,3R,4R)-4-Benzyloxy-N-benzyloxycarbonyl-2-benzyloxymethylpyrrolidin-3-
yl 2,3,6-tri-O-benzyl-a-D-galactopyranoside

The compound (0.98 g, 1.06 mmol) synthesized in Reference example 20 (20a)
was dissolved in methanol (20 mL) and potassium carbonate (147 mg, 1.06 mmol) was
added thereto, followed by stirring of the mixture at room temperature for 14 hours.
The reaction mixture was diluted with ethyl acetate (10 mL) and the mixture was
washed with a saturated aqueous sodium hydrogencarbonate solution (10 mL) and a
saturated aqueous NaCl solution (10 mL). After the organic layer was dried with
anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. The

residue was purified using silica gel flash column chromatography (hexane:ethyl



forms was purified using silica gel flash column chromatography (hexane:
ethyl acetate, 6:1-4:1, V/V) to isolate the desired title compound a form
(0.98 g, 50%) as a colorless oil. IHIIMR (400 MHz, CDC13): S 2.02 (3H,
s), 5.15-3.38 (25H, m), 5.61 (1H, m), 7.16- 7.35 (30H, m); MS (FAB) m/z:
922(M+H)'". (20b)
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oily, subHaNmol) synthesized in Reference example 20 (20a) was dissolved
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added thereto, followed by stirring of the mixture at room temperature for
M) 4 hours. The reaction mixture was diluted with ethyl acetate (10 mL) and

MSheABXHre was (washed with a saturated aqueous sodium
hydrogencarbonate solution (10 mL) and a saturated aqueous NacCl

solution (10 mL). After the organic layer was dried with anhydrous sodium
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2.81°(1H, m), 3 26H, m), 7.15-7.37 (30H, m); MS (FAB)
m/z 188 ¢mpennd(2oid).-§2rg, IRE8 mmol) synthesized in Reference example 19
-4-Ben -N- -ben : idine 3
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compound (516.8.mg, 0.48 mmol) synthesized in Reference example 19
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e g SEFR) QP e S At orh SR v ey
obtAifie ntidates@ve st maHaEliliach offl andararadrpded psebsane e tHEhesiaygund

RIS A SR ST S iRR9a6y (e Ansielty
diethyl ether (15 mL), the imidate (376.9 mg, 0.31 mmol) was added thereto and a
solution of trimethylsilyl trifluoromethanesulfonate (56 pL, 0.31 mmol) in diethyl ether
(2 mL) was added dropwise thereto, followed by stirring of the mixture at room
temperature for 2 hours. Triethylamine (50 uL) was added to the reaction mixture and
after the solvent was distilled off under reduced pressure, the residue was diluted with
ethyl acetate (20 mL) and the mixture was washed with a saturated aqueous sodium
hydrogencarbonate solution (20 mL) and a saturated aqueous NaCl solution (10 mL).
After the organic layer was dried with anhydrous sodium sulfate, the solvent was
distilled off under reduced pressure. The residue was purified using silica gel flash
column chromatography (hexane:ethyl acetate, 4:1-3:1, V/V) to isolate the desired title
compound (390.8 mg, 65%) as a colorless amorphous substance.

'H NMR (400 MHz, CDCl5): § 3.20-5.70 (40H, m), 7.10-7.40 (65H, m);
MS (FAB) m/z: 1932 (M+H)".



obtain imidate (376.9 mg, 65%) as a colorless amorphous substance. The
compound (270.0 mg, 0.31 mmol) synthesized in Reference example 20
(20b) was dissolved in diethyl ether ¢B5 mL), the imidate (376.9 mg, 0.31
mmol) was added thereto and a solution of trimethylsilyl
trifluoromethanesulfonate (56 ItL, 0.31 mmol) in diethyl ether (2 mL) was
(20agder droprise Higrsxipiowead Py shithioof the sabdLieyatdi@9Pyrrolidin-3-
temperature for 2 hours. Triethylamine (50 ItLi)Jwas added to the reaction
31 foidure ShienbArtl Kb Rei 2 s o ikt vbtigesErprekofeine
calfggigyansaridiluted with ethyl acetate (20 mL) and the mixture was
washed with a saturated aqueous sodium hydrogencarbonate solution
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off under reduced pressure. The residue was purified using silica gel flash
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substance. 1H NMR (400 MHz, CDC13): S 3.20-5.70 (40H, ml) 7.10-7.40
was@%\y%? M@%mp&g@mhyﬁrpg%a&@mte solution (10 mL) and a
satiiZited R Bond-Banzydnxyohl (RensyoXcab apxirfibenwtexyeieiaylpyrrolidi
n-3- yl 2,3,6-tri-O-benzyl-4-0- o )
hydeslepcBeytacsaissht repdgittepnt ey radprg sty ahssigadue
wad p@ERMRoMEdi(RA0:8 MesH:3Rmmahosabesad ndisierence example
20 (20c) was dissolved in methanol (8 mL) and potassium carbonate
chlpsifghegh Yo Hhrol)): 1w bt trerRinbiodvatiasy e AngRand (1465
mgNBxyesd emadsympraature for 6 hours. The reaction mixture was diluted
... with ethyl acetate (10 mL) and the mixture was washed with a saturated
H X 5%8&%‘4%999}&3ﬁda}é&%‘%e“s%ﬁdéahl(i@’ﬁ@? &He 4- Latuedige 0-07

Hagyepas-Nagtsaiptign (10 mL). It was neutralized with methanol-
hydrochloric acid and the solvent was distilled off under reduced pressure.

M @Fé%iﬁ/&él%(%Tméh -using silica gel flash column chromatography
(methylene chloride: methanol, 30:1-20:1-10:1, V/V) to obtain the desired

titte compound (146.5 mg, 61%) as a colorless solid. 1H NMR (400 MHz,
20eDEBBR SR)fathydruy 7o ydax by iprrolidim33yb442){4:07(Rdx, s),

gluZo%%on%gﬁj}?—%[EPﬁcopyranosyl }-a-D-galactopyranoside
The compound (146.5 mg, 0.12 mmol) synthesized in Reference example 20
(20d) was dissolved in methanol (15 mL) and 36% hydrochloric acid (420 pL) and

palladium hydroxide (150 mg) were added thereto, followed by stirring of the mixture
at room temperature under a hydrogen atmosphere for 4 hours. After the reaction
mixture was filtered through Celite, 18% ammonia water (1 mL) was added thereto.
The solvent was distilled off under reduced pressure and the residue was purified using
an ion exchange resin (Dowex 50w x 8) column (water-1% ammonia water). It was
further purified using silica gel flash column chromatography (ethyl
acetate:methanol:water, 5:2:1-1:1:1, V/V) to obtain the desired title compound (23.6
mg, 32%) as a colorless solid.

'H NMR (400 MHz, D,0): § 3.17-3.87 (22H, m), 4.01 (1H, s), 4.11 (1H, s), 4.36
(1H,m), 4.38 (1H, d, J=8.0 Hz), 4.56 (1H, d, J=8.0 Hz), 5.04 (1H, s);

MS (FAB) m/z: 620 (M+H)".



MS (FAB) m/z: 1226 (M+Na)'. (20e)
(2R,3R,4R)-4-Hydroxy-2-hydroxymethylpyrrolidin-3-yl4-0-{4-0-((3-D-
glucopyranosyl)-(3-D-glucopyranosyii?4-a-D-galactopyranoside The
compound (146.5 mg, 0.12 mmol) synthesized in Reference example 20
(20d) was dissolved in methanol (15 mL) and 36% hydrochloric acid (420
ItL) and palladium hydroxide (150 mg) were added thereto, followed by
stirring of the mixture at room temperature under a hydrogen atmosphere
<PrenaiafignE*amRIEHRe reaction mixture was filtered through Celite, 18%
(1H)amnmapkulsater (1 mL) was added thereto. The solvent was distilled off
und redu}c&f pressure and the resjdue was purified using an ion
excﬁéﬂ{@@o ik 8 BPEH R8P Etumn (watE{T% ammonia water). It
wasPfugivergigrified using silica gel flash colummghromatography (ethyl
ace te methanol: water, 5:2:1-1:1:1, V/V) to tain the desired title
TR (23.6 mg, 32%) as a colorless sol 1§ NMR (400 MHz, D20):
S 3.C8ras8FR2H, m), 4.01 (1H, s), 4.11 (1H, 53,4836 (1H,m), 4.38 (1H, d,
J=8 O Hz) 4 56 1H d J= 8.0 Hz), 5.04 (1H s): MS (FAB) m/z: 620
M-+ RERSSUDSIEUAS S on - Examples s5tiiés Compound of
Refar@tral:e Example 2 15 mg Ploglltazone 5 n%g hactose 75 mg
Cor star h5 neS|um steara Total 155 m, Pow
O B S RO Co U MET e S FHfEw i yoved
by p@@ﬂi@gﬁkﬁ@g&gh 606aavtesh e €the (ttee}me&idatﬁfniar@bmmm plignte Tyler

h I dard), 155 mg of th d
Wk e RS A ]
capbalele(SI € Gnpquaphas E@fﬁﬂence Example 2 15 mg
2) Tablets

Compound of Reference Example 2 15 mg
Nateglinide 30 mg
Lactose 35 mg
Cornstarch 34 mg
Microcrystalline cellulose 20 mg

Magnesium stearate 1 mg

Total 135 mg

Powders of each of the components indicated above were mixed well, followed
by pressing into tablets weighing 135 mg each. These tablets may be coated with
glucose or a film as necessary.

3) Tablets

Compound of Reference Example 2 15 mg
Pioglitazone S mg
Lactose 35 mg
Cornstarch 34 mg
Microcrystalline cellulose 20 mg
Magnesium stearate 1 mg

Total 110 mg



Nateglinide 30 mg Lactose 35 mg Cornstarch 34 mg Microcrystalline
cellulose 20 mg Magnesium stearate 1 mg Total 135 mg Powders of
each of the components indicated abzfve were mixed well, followed by
pressing into tablets weighing 135 mg each. These tablets may be coated
with glucose or a film as necessary. (3) Tablets Compound of Reference
ExampleiesLof e@hRipgliasaiip ke nidindaaiesenBoving ckeaimistarckiB4dnowed
Microcrystalline cellulose 20 mg Magnesium stearate 1 mg Total 110 mg
by RSB R AP IS SEHE K Bge! LOmSsHishts iREEABLF HHBRE Reiairixygh sugar
or Mgl follpveeck iy pressing into tablets weighing 110 mg each. These
tablets may be coated with sugar or a film as necessary. (4) Tablets
@co Eﬁ%ﬁi of Reference Example 2 15 mg Metformin 200 mg Lactose
35 nnipoinsiafcRe3ddnge Miarasrystalline cellulose 20mpg Magnesium
stearate.1 mg Total 305 mg Powders of each of the components
indiCAESPEB e were mixed well, followed by press%ﬁg hto tablets
weighia@s305 mg each. These tablets may be coated switlg sugar

Cornstarch 34 mg
Microcrystalline cellulose 20 mg
Magnesium stearate 1 mg
Total 305 mg

Powders of each of the components indicated above were mixed well, followed
by pressing into tablets weighing 305 mg each. These tablets may be coated with sugar
or a film as necessary.

5 Tablets

Compound of Reference Example 2 15 mg
MK-0431 S mg
Lactose 35 mg
Cornstarch 34 mg
Microcrystalline cellulose 20 mg
Magnesium stearate 1 mg
Total 110 mg

Powders of each of the components indicated above were mixed well, followed
by pressing into tablets weighing 110 mg each. These tablets may be coated with sugar

or a film as necessary.



or a film as necessary. (5) Tablets Compound of Reference Example 2 15
mg MK-0431 5 mg Lactose 35 mg Cornstarch 34 mg Microcrystalline
cellulose 20 mg Magnesium stearated mg Total 110 mg Powders of
each of the components indicated above were mixed well, followed by
pressing into tablets weighing 110 mg each. These tablets may be coated

CLwithsugar or a film as necessary. 126 CLAIMS 1. A pharmaceutical
composition comprising a combination of an a-amylase inhibitor selected
from a compound represented by the following general formula (1):

1. [ChexyisatinipitirallcBAL3Midn &N BEM i St brlweraiyfse

__represents the following general formula (Al) (AZP or (A3), [Chemical
inhiBiion s5leqteerIoB 4 ¢RENRITNIRBGRNIAR DREKR OV RS §05T8A H9rpauly /)
[ClMg RRomarespectively be the same or different and represent a C1-C6
alkyl group, hydroxymethyl group, C1-C6 alkoxymethyl group or CI-C6
haloalkyl gfoup, R3, R4,\R5
R%_0._0O A

Rl _O. o\ OH )
HO:E‘/\E/OH
OH

[wherein A represents the following general formula (A1), (A2) or (A3),

[Chemical formula 2]

|
RN N 6 4
N, ¢y, R R
g R* R* , R®
(A1) (A2) (A3)

R' and R? may respectively be the same or different and represent a C;-Cg alkyl group,
hydroxymethyl group, C;-Cg alkoxymethyl group or C;-Cg haloalkyl group, R?, R*, R
and R® may respectively be the same or different and represent a C;-Cg alkyl group, C;-
Cs alkoxy group, C;-Ce hydroxyalkyl group, C;-C¢ haloalkyl group, amino group
(wherein said amino group may be substituted with 1 or 2 C;-Cs alkyl groups or C;-Cs
hydroxyalkyl groups), hydroxyl group, hydrogen atom or halogen atom, R’ represents a
C,-Cs alkyl group, C;-Cg alkoxy group, C;-Cs hydroxyalkyl group, C;-Cg haloalkyl
group, hydroxyl group or hydrogen atom, and n represents an integer of 1 or 2], or a
pharmacologically acceptable salt or ester thereof, and at least one type of drug selected
from an insulin sensitizer, an insulin secretagogue, a biguanide drug, an insulin

preparation and a DPP-IV inhibitor.

2. A pharmaceutical composition comprising a combination of an oi-amylase
inhibitor selected from a compound represented by the following general formula (I):

[Chemical formula 3]



and R6 may respectively be the same or different and represent a CI-C6
alkyl group, C1- C6 alkoxy group, C1-C6 hydroxyalkyl group, CI-C6
haloalkyl group, amino group (whergif said amino group may be
substituted with 1 or 2 CI-C6 alkyl groups or CI-C6 hydroxyalkyl groups),
hydroxyl group, hydrogen atom or halogen atom, R7 represents a CI-C6
alkyl groupy CI-C6 alkoxy group, CI-C6 hydroxyalkyl group, CI-C6 haloalkyl
group, hydrg ogen atom, and n represents an integer of 1

HO® agg, inhibitor selected from a compound represented by the
ing general formula (I): [Chemical formula 3] 127 R2 O 0 A '/OVO
OHnN HO~YJ({® H OH [wherein A represents the following general

formu Chemica rmu a 4] R7 N/ (N R6
S T P RSRYRE) BT BT R ety be the
[Clmrmbfodnﬁdweéﬁal and represent a C1-C6 alkyl group, hydroxymethyl
group,,C1-C6 alkoxymethyl group or £1-C6 haloalkyl group, R3, R4, R5
and FE% may respectively be the same or different and represent a C1-C6
ﬁﬁxkﬂﬂpug C1- Cgr'éﬂkoxy grétip, ydroxyalky!l group, C1-C6
IkzyPgro [o @?oup (wherein said amino group may be
‘?Hsubsmﬁted wit 1 or2 C1-C6 | groeps or C1-C6 hydroxyalkyl groups),
hydr@qyl group, hyq;z@gen atom’or t}ﬁgpgen atom, R7 represents a

R' and R? may respectively be the same or different and represent a C;-Cg alkyl group,
hydroxymethyl group, C;-Cg alkoxymethyl group or C;-Cg haloalkyl group, R?, R*, R
and R® may respectively be the same or different and represent a C;-Cg alkyl group, C;-
Cs alkoxy group, C;-Ce hydroxyalkyl group, C;-C¢ haloalkyl group, amino group
(wherein said amino group may be substituted with 1 or 2 C;-Cg alkyl groups or C;-Cs
hydroxyalkyl groups), hydroxyl group, hydrogen atom or halogen atom, R’ represents a
C-Cs alkyl group, C;-Cg alkoxy group, C;-Cs hydroxyalkyl group, C;-Cg haloalkyl
group, hydroxyl group or hydrogen atom, and n represents an integer of 1 or 2], or a
pharmacologically acceptable salt or ester thereof, and at least one type of drug selected
from an insulin sensitizer, an insulin secretagogue, a biguanide drug, and an insulin

preparation.

3. The pharmaceutical composition according to claim 1 or 2, wherein R' is a C)-
C; alkyl group, hydroxymethyl group, C;-C5 alkoxymethyl group or C;-Cs haloalkyl
group.

4. The pharmaceutical composition according to claims 1 to 3, wherein R'isa

methyl group or hydroxymethyl group.



C1-C6 alkyl group, C1-C6 alkoxy group, C1-C6 hydroxyalkyl group, C1-C6
haloalkyl group, hydroxyl group or hydrogen atom, and n represents an
integer of 1 or 2], or a pharmacologi@aglly acceptable salt or ester thereof,
and at least one type of drug selected from an insulin sensitizer, an
insulin secretagogue, a biguanide drug, and an insulin preparation. 3. The
5. phafﬁl&@?fh@ﬁﬁﬁbﬁﬂéﬂ@ﬂ&iﬁ%ﬂéﬁﬁ@%@&ﬁ@r@t@ W‘?}(&iﬂs a, tvsrflhti-:'mraﬁ ®as@l-
C3 alkyl group, hydroxymethyl group, C1-C3 alkoxymethyl group or C1-C3
hydaieanshyd BapP 21 £he-phalfalod $iPcomposition according to claims 1
to 3, wherein R1 is a methyl group or hydroxymethyl group. 128 5. The
pharmaceutical composition according tQ claims 1 to 4 w§erein R2is.a
6. hyd%%ﬁ?@ﬁﬁ%&?ﬁb?%i%%ﬁ%&ﬁﬁ%}ﬁ&%&%? IPhd [haradstiiBars 2
hydioripestigrpaagording to claims 1 to 5, wherein R2 is a hydroxymethyl
group. 7. The pharmaceutical composition according to claims 1 to 6,
wherein A is represented by the following general formula (Al). [Chemical
7. formrha phaRfaceiicR BoripbsiBord hecphiinpaseliies! cantpagitasin A is
according tq claim 7, wherein R3, R4 and RS may respectively be the
repg%fﬁ{’ée(sﬂ%’iﬁ?@?ﬁ{ﬂ%ﬁ&%&%@gﬁ%ﬂ%@iemw group, hydroxyl group or
[CHeydiiegésraiams P. The pharmaceutical composition according to claim 7
or 8, wherein R7 represents a hydrogen atom. 10. The pharmaceutical
comd%sition according to claim 1, comprising the combination of an

&’Lsagn%gse inhibitor and an insulin sensitizer.

TR
% R
(A1)
8. The pharmaceutical composition according to claim 7, wherein R, R* and R®

may respectively be the same or different and represent a hydroxymethyl group,

hydroxyl group or hydrogen atom.

0. The pharmaceutical composition according to claim 7 or 8, wherein R’

represents a hydrogen atom.

10.  The pharmaceutical composition according to claim 1, comprising the

combination of an oi-amylase inhibitor and an insulin sensitizer.

11. The pharmaceutical composition according to claim 1, comprising the
combination of an oi-amylase inhibitor and an insulin sensitizer, and by which weight

gain is suppressed.

12. The pharmaceutical composition according to claim 1, comprising the
combination of an a-amylase inhibitor and an insulin sensitizer, and by which cardiac

hypertrophy is suppressed.



11. The pharmaceutical composition according to claim 1, comprising the
combination of an a-amylase inhibitor and an insulin sensitizer, and by
which weight gain is suppressed. 1229 he pharmaceutical composition
according to claim 1, comprising the combination of an a-amylase
inhibitor and an insulin sensitizer, and by which cardiac hypertrophy is

13.supanespRtnixSulidal doempbarivaeetticah €eMPASHOI a6 a0 dimgrtarciaéms
10 to 12, wherein the insulin sensitizer is a PPARy agonist. 14. The

insylin, sz ds PddMdbEREOR sk cording to claims 10 to 12, wherein the
insulin sensitizer is pioglitazone or rosiglitazone. 15. The pharmaceutical
composition according to claims 10 to 12, wherein the insulin sensitizer is

14.pioglibsramagentisa Hirnisar g dSifBHcEd MG R the

insERMIRIISINGENE proMbinaiion-ebaB1A-2BMdase inhibitor and an insulin
secretagogue. 17. The pharmaceutical composition according to claim 16,

wherein the insulin secretagogue is a sulfonyl urea drug or a fast-acting
15.insuimSpRiftagesie F8mpasi Rhanareice) AamROMtieN AcHALMMY R
. claim 16, wherein the insulin secretagogue is glibenclamide, glimepiride
insylin, sgasifitidds P PRarmaceutical composition according to claim 16,
wherein the insulin secretagogue is nateglinide. 20. The pharmaceutical
composition according to claim 1, comprising the. combination of an

16.5-anh)ERATPRS R S AOMRRUHARRS RN 10 HREp hes AR IE e

coriBIMARKUIATACLARN A AQHAITD Lo c@MAHSING e rGapakination of an
a-amylase inhibitor and a biguanide drug, which suppresses increases in

lactic acid levels. 22. The pharmaceutical composition according to claim

17.20 orRdpihareinthal BigMaNide fleRIMEOEmIh PHSRIRIBHNEE insulin

buformin. 130 23. The pharmaceutical composition according to claim 20
seCEit3e0 aNm TR Bigirarlae Mgy fRshistiBenfiRulin secretagogue.

18. The pharmaceutical composition according to claim 16, wherein the insulin

secretagogue is glibenclamide, glimepiride or nateglinide.

19. The pharmaceutical composition according to claim 16, wherein the insulin

secretagogue is nateglinide.

20. The pharmaceutical composition according to claim 1, comprising the

combination of an a-amylase inhibitor and a biguanide drug.

21. The pharmaceutical composition according to claim 1, comprising the
combination of an a-amylase inhibitor and a biguanide drug, which suppresses

increases in lactic acid levels.

22. The pharmaceutical composition according to claim 20 or 21, wherein the

biguanide drug is metformin, phenformin or buformin.



24. The pharmaceutical composition according to claim 1, comprising the
combination of an a-amylase inhibitor and a DPP-1V inhibitor. 25. The
pharmaceutical composition accordirgpto claim 24, wherein the DPP-IV
inhibitor is MK-0431, LAF-237 or BMS-477118. 26. The pharmaceutical
composition according to claim 24, wherein the DPP-IV inhibitor is
23.MK-PH3 ph&riabetiRhpeaIaseitioal £oomnsitioraieodindio alRéRmiie 26
. which is suitable for oral administration. 28. The pharmaceutical
bigads LSS REHRIMY o claim 1, comprising the combination of an
a-amylase inhibitor and an insulin preparation. 29. The pharmaceutical
comﬁgsition accordin? to claim. 28, wherein the insulin preparation is
24-fast- iR BATRFH USaT STBRo LIRSS QR AR A8 FaUY o RO NS A S o
corfiifSoh KF 29 owhigyeisethtidiemlaseDPhipiahitbitor.
(2R,3R,4R)-4-hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-(6-
deoxy-a-D-glucopyranosyl)- a-D-glucopyranoside,
25.(2R Bl HRarAriveidsy mipetiesvretbymg ielidiin3 24, wherein the DPP-IV
. . 4-O-(6-deoxy-(3-D-glucopyranosyl)-a-D- glucopyranoside,
mh(éﬁzgﬁ,%ﬁ‘l }dl»o%&:%@ﬂwrﬁ ‘é?ﬁ)lllzfgrrolidin-3-yl4-O-(3-D-
glucopyranosyl-a-D-glucopyranoside,
(2R,3R,4R)-4-hydrox -2-hydroxymethyl-,pyrrolidin-3-xl .
26.4.0- (891 RBAEHFEESH! C2BRGRILBPFRABEDS-19-gRigd pir artssrda BF PPP-IV
inhhasmasokeoieally acceptable salt or ester thereof. 31. The
pharmaceutical composition according to claims 1 to 29, wherein the a-
amylase inhibitor is (2R,3R,4R)-4-hydroxy-2-(hydroxymethyl)pyrrolidin-3-yl
27.4-0-(thd Bhaclexyt(XaPcghisenptanQsidarPrg k1erny ieoBid@hich is suitable
(2R,3R,4R)-4-hydroxy-2- (hydroxymethyl)pyrrolidin-3-yl
for pra) FEHABHAIDD.-glucopyranosyl)-a-D- glucopyranoside, or a
pharmacologically acceptable salt or ester thereof. 32. The
pharmaceutical composition according to claims 1 tg 29, wherein the a-
28 amyla%e? fBﬂ%“r“iEC(“iﬁ%ﬁﬂﬁ}%ﬁw&%ﬂ(ﬁ;ﬂ%@m}w%ﬁdin-3-y|
corfibfortleOxy 3z Ihde AR SYI anCnGllEOPYRDASHIE, OF &
pharmacologically acceptable salt or ester thereof. 33. The
pharmaceutical composition according to claims 1 to 32 which is a drug

29.for The pharmaceutical composition according to claim 28, wherein the insulin

preparation is fast-acting insulin.

30.  The pharmaceutical composition according to claims 1 to 29, wherein the o-
amylase inhibitor is (2R,3R,4R)-4-hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-(6-
deoxy-a-D-glucopyranosyl)-a-D-glucopyranoside, (2R,3R,4R)-4-hydroxy-2-
hydroxymethylpyrrolidin-3-yl 4-O-(6-deoxy-B-D-glucopyranosyl)-o-D-
glucopyranoside, (2R,3R ,4R)-4-hydroxy-2-hydroxymethylpyrrolidin-3-yl 4-O-B-D-
glucopyranosyl-o-D-glucopyranoside, (2R,3R,4R)-4-hydroxy-2-hydroxymethyl-
pyrrolidin-3-yl 4-O-(6-fluoro-6-deoxy-B-D-glucopyranosyl)-D-glucopyranoside or a

pharmacologically acceptable salt or ester thereof.

31. The pharmaceutical composition according to claims 1 to 29, wherein the o-

amylase inhibitor is (2R,3R,4R)-4-hydroxy-2-(hydroxymethyl)pyrrolidin-3-yl 4-O-(6-



the prophylaxis or treatment of diabetes. 34. The pharmaceutical
composition according to claims 1 to 32 which is a drug for the
prophylaxis or treatment of postprandial hyperglycemia. 35. The
pharmaceutical composition according to claims 1 to 32 for the
prophylaxis or treatment of diabetes having enhanced blood glucose

dedQWBLINGLARIYY AR GIMRAISL IR AHAS W A RARIPISIANQAr365-blse of

an a-amylase Inhibitor and a drug selected from an insulin sensitizer,

(hydenmstrrepagididen Byl 4riéoiagryrkuirepiemaranssyane-Brp-1v
TulYHRIAL AT RSPH YRR ABRUINAGEHICAL AP RRSH QY ComRESing the

combination of said a-amylase inhibitor selected from a compound
represented by the following general formula (I): [Chemical formula 6] RZ

320 Ol"hééﬁ%&a@e@n‘f&aﬂ@rﬁﬁ%ih‘o@ HLAYRRIEI LSRN TSETS, BEIURMOY,.

general formula (Al), (A2) or (A3), [Chemi€al formula 7] 132 R7 R5 1 R5
amNpge(IHRE R4 s R 3 R-ARI-Rd RoRB 2(Aly dryy (adh RIp mdl R gy} 4-O-(6-
respegtively be the s r different and represent a C1-C6 alkyl grou
e S B R B AR Gl R
salgroegeRBeRdl. R5 and R6 may respectively be the same or different and
represent a C1-C6 alkyl group, C1- C6 alkoxy group, C1-C6 hydroxyalkyl
group, C1-C6 haloalkyl group, amino group (wherein said amino group
33.maylibe pbivstitated saltbomppdt©ih-C6@tkykgrodpssr G -26whindiroxa dliag for

the rr%%gsc,/}a)gg%rrot>r<&llt%g&pdpéi%g%%p atom or halogen atom, R7 represents a

34, The pharmaceutical composition according to claims 1 to 32 which is a drug for

the prophylaxis or treatment of postprandial hyperglycemia.

35.  The pharmaceutical composition according to claims 1 to 32 for the prophylaxis
or treatment of diabetes having enhanced blood glucose lowering action as compared

with single-drug administration.

36. Use of an a-amylase inhibitor and a drug selected from an insulin sensitizer,
insulin secretagogue, biguanide drug, insulin preparation and DPP-1V inhibitor for
producing a pharmaceutical composition comprising the combination of said a-amylase
inhibitor selected from a compound represented by the following general formula (I):

[Chemical formula 6]

R\ _O. O" OH .
HO:E‘/\E/OH

OH

[wherein A represents the following general formula (A1), (A2) or (A3),

[Chemical formula 7]



C1-C6 alkyl group, C1-C6 alkoxy group, C1-C6 hydroxyalkyl group, C1-C6
haloalkyl group, hydroxyl group or hydrogen atom, and n represents an
integer of 1 or 2], or a pharmacologigally acceptable salt or ester thereof,
and at least one type of drug selected from an insulin sensitizer, an
insulin secretagogue, a biguanide drug, an insulin preparation and a
DPP+V inhibitor. 37. A method for tggating diabetes comprising the
hafcement of thegapeutic ﬁgfects and reduction of adverse side effects
byéﬂrﬂrﬁstering to ah%&ent to be(treated a combination of an a-amylase
/inhﬁitqr selec fﬁom{ a compoundTepresented by the following general
““formdia (1): [ChémicBl formula8] RZ O A ROO OH n HO" 'O H OH

[whdregin A represefd@)the followindgAgeneral formula (Al), (A2) or (A3),

Chemical formula 9]1 133 .R7 R5 1 N/ (NR6 R4 -~ -1~ R 4
R IR T BT STl L CRC RN S
hydmsiyrepliederroapCT:66 alkykgnuupy! leydupxyriethylgloalyCdrap, R, RY, R’

xymethyl group or €1-C6 hal | group, R3, R4, R d R6 ma
o R T 8 R S A e E T Rl -

respective same or na repre

Co @koxyeeatkpx( glaLinydBixEakyY droxyalkylgrioupalEyl-06 uralaaliegl group,
amino group. (wherein said amino. group may besubstituted with 1 or 2,
A AN 2B S g gy & €.
hydryalyetien atomsor halogeh gitorp, IRANeprestmsoa hddges @ikyl §lowpresents a
1- Xy gropp, £1-C6 hydroxyalkyl gr -C6 halea I
Clh%)?c?%?{ﬁl%gr)g ’p%:)lfégy%%jé( ato ’c,a;}/n%r% ¥gf)8r§£aelrgi %lrnglll t’ebéjler%%)l#1 %q%%r ,1
grogpahydroxyl group or hydrogen atom, and n represents an integer of 1 or 2], or a

pharmacologically acceptable salt or ester thereof, and at least one type of drug selected
from an insulin sensitizer, an insulin secretagogue, a biguanide drug, an insulin

preparation and a DPP-IV inhibitor.

37. A method for treating diabetes comprising the enhancement of therapeutic
effects and reduction of adverse side effects by administering to a patient to be treated a
combination of an o-amylase inhibitor selected from a compound represented by the
following general formula (I):

[Chemical formula 8]

[wherein A represents the following general formula (A1), (A2) or (A3),

[Chemical formula 9]



pharmacologically acceptable salt or ester thereof, and at least one type
of drug selected from an insulin sensitizer, an insulin secretagogue, a
biguanide drug, an insulin preparatisand a DPP-IV inhibitor.

R’ R®
|
RN N 6 4
AR SO ?
g R* R* : R3
(A1) (A2) (A3)

R' and R? may respectively be the same or different and represent a C;-Cg alkyl group,
hydroxymethyl group, C;-Cg alkoxymethyl group or C;-Cg haloalkyl group, R?, R*, R
and R® may respectively be the same or different and represent a C;-Cg alkyl group, C;-
Ce alkoxy group, C;-C¢ hydroxyalkyl group, C;-Cg haloalkyl group, amino group
(wherein said amino group may be substituted with 1 or 2 C;-Cg¢ alkyl groups or C;-Cg
hydroxyalkyl groups), hydroxyl group, hydrogen atom or halogen atom, R represents a
C-Cs alkyl group, C;-Cg alkoxy group, C;-Cg hydroxyalkyl group, C;-Cg haloalkyl
group, hydroxyl group or hydrogen atom, and n represents an integer of 1 or 2], or a
pharmacologically acceptable salt or ester thereof, and at least one type of drug selected
from an insulin sensitizer, an insulin secretagogue, a biguanide drug, an insulin

preparation and a DPP-IV inhibitor.



