1 DESCRIPTION TOTAL SYNTHESIS OF PLADIENOLIDE B AND
PLADIENOLIDE D [TECHNICAL FIELD] [0001] The present invention
relates to a process for total synthesis of pladienolide B and pladienolide 5 D
having excellent anti-tumor activity and intermediates in the above-described
process. [BACKGROUND ART] 0002} Pladienolide B represented by
Formula (1'): 10 [Formula 1] 0 AQQHLHR O ~1) OJOH and
Pladienolide D represented by Formula (2'): [Formula 2] 0 AO OH OH O (2)
OH OJWHLargYNL ierhbefed-FingDrhakfolideEcempdunesAouRt Wy Sakai 2 et
al. in a culture of Streptomyces sp. Mer-11107 strain, and are known to have
excellent anti-tumor

[TECHNICAL FIELD]
[0001]
The present invention relates to a process
for total synthesis of pladienolide B and pladienolide
5 D having excellent anti-tumor activity and

intermediates in the above-described process.

[BACKGROUND ART]
[0002]
Pladienolide B represented by Formula (1'):

10 [Formula 1]

OH
NN 0 OH

and Pladienolide D represented by Formula (2'):

[Formula 2]

OH

o)
2o

I .

OH 0 (2)

NNO OH
OH

are 12 membered-ring macrolide compounds found by Sakai



activity (See Patent Document 1). [0003] 5 However, total synthesis of
pladienolide B and pladienolide D has not been reported at all till now, and
the purification of the above culture has been the only process for acquiring
pladienolide B and pladienolide D. In addition, there was a problem that 10
there was limitation in the structural vafiety of derivatives obtained by

chemical convegsign fram,, pladignalide. Brand pladienolide. D_theraselves
which were fermentation products. Furthermore, absolute configuration of
pladienclidienB ard! pladiefiolide:Dtlvas 4 5enctzyet beantdetermittedi¢See
Patent Document 1%, and the determination thereof has been a problem to
be s6ived’ Actordingly” 25tablishATeRt ot a pfocess for total synthesis of
pladienolide[Bad pladienolide D has been strongly desired from the
viewpoints of (1) 20 supply of pladienolide B and pladienolide D by chemical
synthesis, (2) synthesi’6fvariois platiendiffe. detivatived aivp{3)de B

determi aticln fabsglue Bonfi uration. of Iadienolige and I§dienﬂide D.
ettt R il fe s sl ded
pladienelideaBdntsteugiute: wete rdiselosedtndP atent ocuments e Spteial

synthesis of these compounds was not disclosed in anY of the documents. 3
0004F {PateRt Boetifveits1 | WO 02Fs08 90 Paniptitet snotide B and

pladienolide D. In addition, there was a problem that

10 there was limitation in the structural variety of
derivatives obtained by chemical conversion from
pladienolide B and pladienolide D themselves which were
fermentation products. Furthermore, absolute
configuration of pladienolide B and pladienolide D has

15 not yet been determined (See Patent Document 1), and
the determination thereof has been a problem to be
solved. Accordingly, establishment of a process for
total synthesis of pladienoclide B and pladienolide D
has been strongly desired from the viewpoints of (1)

20 supply of pladienolide B and pladienolide D by chemical
synthesis, (2) synthesis of various pladienolide
derivatives and (3) determination of absolute
configuration of pladienolide B and pladienolide D.

In the meantime, although compounds analogous

25 to pladienolide B and pladienolide D in structure were
disclosed in Patent Documents 1 to 5, total synthesis
of these compounds was not disclosed in any of the

documents.



[Patent Document 2] JP-A-04-352783 [Patent Document 3] W003/099813
pamphlet 5 [Patent Document 4] W02004/011459 pamphlet [Patent
Document 5] W02004/011611 pamphlet [DISCLOSURE OF THE
INVENTION] [PROBLEMS TO BE SOLVED BY THE INVENTION] [0005] 10
An object of the present invention is to> provide an effective process for total
synthesis of; pladienolide B and pladienolide D having excellent anti-tumor
activity and to provide useful intermediates in the above-described process.
15 [MEASURE FQRSOLVINGTHE/ BROBLEMIP[OCO6] In view of the above
circumstances, the resen& inventors have on%ucted intensive studies and
as a result 1ound Ai BfB&tVe procass for %8%7% synthesis of pladienolide B
and pladieaglide & andn usefuliiniesnediates i thg above-described process
and thus completed the present invention. 0007] That is, the present
inventiBatTovidess 2Bt AlprdéessFar prddudng aebmpbund represented

by F?%Q%E%ggbgcgﬁgggﬂgfuﬁbfﬁa59%1161l pamphlet

[DISCLOSURE OF THE INVENTION]
[PROBLEMS TO BE SOLVED BY THE INVENTION]
[0005]

10 An object of the present invention is to
provide an effective process for total synthesis of
pladienolide B and pladienolide D having excellent
anti-tumor activity and to provide useful intermediates
in the above-described process.

15 [MEASURE FOR SOLVING THE PROBLEM]

[0006]

In view of the above circumstances, the
present inventors have conducted intensive studies and
as a result found an effective process for total

20 synthesis of pladienolide B and pladienolide D and
useful intermediates in the above-described process and
thus completed the present invention.

[0007]

That is, the present invention provides,

25 [1] A process for producing a compound represented by

Formula (1):



OH O R wherein P1 means a hydrogen atom or a protecting group for
hydroxy group; and R1 means a hydrogen atom or a hydroxy group,
characterized by comprising reacting a 5 compound represented by Formula
(2): [Formula 3] OH A10H O (2) ~ O P1 R wherein P1 and R1 are the
same as defined above, with an acetyfating agent in the presence of a base;
[2] Ther-productionprocess according to [1], wherein 10 the acetylating agent
is acetic anhydride; [3] The production process according to [1] or [2],
wherein the base is a combination of trﬁi%géllamine with
4-dimethylaminopyridine; [0008] 15 [4 ) duction process according to
any one of [1] to [3] wherein the compoghddepresented by Formula (2) in
which P1 and R1 ar@hydrggen atomsi\ts @ptajned by(lifemoving protecting
groups for hydro z itigps of a compound
represented by Formula (6):”[Fdrmula 5] R2 70-(

wherein P! means a hydrogen atom or a protecting group

for hydroxy group; and R' means a hydrogen atom or a

hydroxy group, characterized by comprising reacting a
5 compound represented by Formula (2):

[Formula 3]

wherein P' and R' are the same as defined above, with an
acetylating agent in the presence of a base;
[2] The production process according to [1], wherein

10 the acetylating agent is acetic anhydride;
[3] The production process according to [1] or [2],
wherein the base is a combination of triethylamine with
4-dimethylaminopyridine;

[0008]

15 [4] The production process according to any one of [1]
to [3] wherein the compound represented by Formula (2)
in which P' and R' are hydrogen atoms is obtained by

removing protecting groups for hydroxy group at 3- and



O (6) OR3 O O 21 0 3 ORZ wherein P2 means a protecting group for
hydroxy group; P3 means a protecting group for hydroxy group; and R2 5
means a phenyl group which may have a substituent(s), to obtain a
compound represented by Formula (5): [Formula 6] R2 70~(O (5) OHO O
21 O g OH wherein R2 is the same astefined above, subsequently
protesting hydraxy,greupsat-the.3:,and %9@%@9@@@%%0 £9mpeund43) to
obtain a compound represented by Formula (4): [Formula 7] R2 70-{ O (4)
ORS O ©2¢1320P4 wherein P4 and P5 mean protecting groups for hydroxy
6 group; and R2 is the same as defined above, subsequently

wherein P? means a protecting group for hydroxy group;
P’ means a protecting group for hydroxy group; and R?

5 means a phenyl group which may have a substituent(s),
to obtain a compound represented by Formula (5):

[Formula 6]

wherein R’ is the same as defined above, subsequently
protecting hydroxy groups at the 3- and 2l1-positions of

10 Compound (5) to obtain a compound represented by
Formula (4):

[Formula 7]

wherein P* and P’ mean protecting groups for hydroxy



removing protecting groups for hydroxy group at 6- and 7-positions of
Compound (4) >-R2 to obtain a compound represented by Formula (3): 5
[Formula 8] OH OH (3) OPS O 10 21 O 3 P wherein P4 and P5 are the same
as defined above, and subsequently removing protecting groups at 3- and
21- positions of Compound (3); [0009]°10 [5] A process for producing a
compgundepresented by  karmula.(6); [Farmula 1 UiR2 O-((6)ORA0L9,0
wherein P2, P3 and R2 are the same as defined below, characterized by
comprising feactingea conipound Al representett by Foramila (2 ® {Fermiula
N\
9]Cﬁﬁigggggi%%g\;¥(Z%A%ound (4) >-R? to obtain a compound
represented by Formula (3):

5 [Formula 8]

wherein P* and P° are the same as defined above, and
subsequently removing protecting groups at 3- and 21-
positions of Compound (3);
[0009]
10 [5] A process for producing a compound represented by
Formula (6):

[Formula 11]

opP®

wherein PZ, P’ and R? are the same as defined below,
characterized by comprising reacting a compound

15 represented by Formula (7):



I I O wherein P3 means a protecting group for hydroxy group; and Het
means a 1-phenyl-IH-tetrazol-5-yl group, with a compound represented by
Formula (8): 5 [Formula 10] R2 O-~ (8) 400p2 OHC wherein P2 means a
protecting group for hydroxy group; and R2 means a phenyl group which may
have a substituent(s), in the presence of a base; [6] The production process
accorging-t0, [3], wherein 10 the base is potassium bis(trimethylsilyl)amide;
[0010] [7] A process for producing a compound represented by Formula (9):
[Formula 13] R2 O-K AOO (9) P6 PZ01-1 15 wherein P2, P6 and R2 are the

same as defined below, 8 th?{??@gd(\  Gamprisigg closing a ring in a
compound represented by Formpla (10): [O rmula 12]'Rz O-( O

wherein P’ means a protecting group for hydroxy group;
and Het means a l-phenyl-1H-tetrazol-5-yl group, with a
compound represented by Formula (8):

5 [Formula 10]

OHC™ Y O OP?2

wherein P? means a protecting group for hydroxy group;

and R? means a phenyl group which may have a

substituent(s), in the presence of a base;

[6] The production process according to [5], wherein
10 the base is potassium bis(trimethylsilyl)amide;

[0010]
[7] A process for producing a compound represented by
Formula (9):

[Formula 13]

PO~ o op?

15 wherein PZ, P® and R? are the same as defined below,



(10) O P8O Pz wherein P2 means a protecting group for hydroxy group; 5
R2 means a phenyl group which may have a substituent(s); and P6 means a
protecting group for hydroxy group, in the presence of a catalyst; [8] The
production process according to [7], wherein the catalyst is
[1,3-bis-(2,4,6-trimethylphenyl)-2- 10 irhidazolidinylidene]dichloro(0

isopropoxyphenyimethylenelythenium, [003 [3] A proggss forproducing a
compound represented by Formula (11): 15 [Formula 17] Op8 OP (11) AO

9 OPcRwwhereiniRb R cR8cRand’ Rivarkatheldame as defined below,
(:hara(:,tgerizedl by comprising reacting a compound represented by Formula
(12): & fESMda’T4] OP7 OO W (12) -- wherein P7 means a hydrogen atom

or a protecting group
R2
N O
| (10)

ol
PO~ Ao

opP?
wherein P? means a protecting group for hydroxy group;
5 R? means a phenyl group which may have a substituent (s);
and P° means a protecting group for hydroxy group, in
the presence of a catalyst;
[8] The production process according to [7], wherein
the catalyst is [1,3-bis-(2,4,6-trimethylphenyl)-2-
10 imidazolidinylidene]dichloro (O-
isopropoxyphenylmethylene)ruthenium;
[0011]
[9] A process for producing a compound represented by
Formula (11):

15 [Formula 17]

7, PS, P’ and R! are the same as defined

wherein P!, P
below, characterized by comprising reacting a compound

represented by Formula (12):



for hydroxy group; and R1 means a hydrogen atom or a hydroxy group) and
a compound represented by Formula 5 (13): [Formula 15] Op8 A10 P9 (13)
OP1 wherein P1 means a hydrogen atom or a protecting group for hydroxy
group; P8 means a hydrogen atom, an acetyl group or a protecting group for
hydroxy group; P9 means 10 a hydrogén atom or a protecting group for
hydroxy, greuR; ars78 and P9 may form together a group represented by a
formula: [Formula 16] R5 wherein R5 means a phenyl group which may have
a 15 substituent(s), in the presence of a catalyst; [10] The production
process according to [9], where the) catalyst is
[1,3-bis-(2,4,6-trimethylphenyl<2 lidinylidene]dichloro(0-
isopropoxyphenylmethylene)ruthenium or

trlcyclohexylphosphme[l 3-bis(2,4,6-trimethylphenyl)-

4,5- dmémdazd@awméhé]W@ﬁﬁeﬁép@tf@h@@@@ﬁ?ﬁ@%%@up

[0012§0L1]11§;°‘ com yogpgurepres%nggd bga ormulg@ 13 e[Form(gjrlna %§]
hydroxy group) and a compound represented by Formula
5 (13):

[Formula 15]

wherein P! means a hydrogen atom or a protecting group
for hydroxy group; P® means a hydrogen atom, an acetyl
group or a protecting group for hydroxy group; P’ means

10 a hydrogen atom or a protecting group for hydroxy
group; Or P® and P’ may form together a group
represented by a formula:

[Formula 16]

R5
of<o
m/\ﬁ
wherein R’ means a phenyl group which may have a
15 substituent(s), in the presence of a catalyst;

[10] The production process according to [9], wherein

the catalyst is [1,3-bis-(2,4,6-trimethylphenyl)-2-



OH OH (3-1) OP51 O zoop4l wherein p41 and P51 may be the same or
different and mean 10 a hydrogen atom or a protecting group for hydroxy
group, provided that both of p41 and P51 are or either one of p41 or P51 is a
protecting group for hydroxy group, or a salt thereof; [12] A compound
represented by Formula (4,5,6-1): 15Rformula 19] R21 O (4,5,6-1) OP351

(ON0) Pignﬁjjd\gpgiqi@iggﬂ &g@q@g&,ﬂggg%_atom or a protecting group for
hydroxy group; P351 means a hydrogen atom or a protecting group for

hydroxyogroops andfR2Y neahs &e phenytgroupawhich may have a

substituent(s), or a salt 11 thereof; [0013] [13] A compound represented by
o O T RO Pt O UL (1) PPl s TEREry T -

4,5-dihydroimidazol-2-ylidene] [benzylidene]ruthenium
5 (IV) dichloride;
[0012]
[11] A compound represented by Formula (3-1):

[Formula 18]

OpS'
N O op41

wherein P*' and P°' may be the same or different and mean
10 a hydrogen atom or a protecting group for hydroxy

group, provided that both of P* and P°! are or either

51

one of P* or P’ is a protecting group for hydroxy

group, or a salt thereof;
[12] A compound represented by Formula (4,5,6-1):

15 [Formula 19]

| (4,5,6-1)
Op3s! 0

N0 OP241

241

wherein P means a hydrogen atom or a protecting group

for hydroxy group; p3°t

means a hydrogen atom or a
protecting group for hydroxy group; and R*’ means a

phenyl group which may have a substituent(s), or a salt



I I O 5 wherein P31 means a hydrogen atom or a protecting group for
hydroxy group; and Het means a 1-phenyl-IH- tetrazol-5-yl group, or a salt
thereof; [14] A compound represented by Formula (8-1): [Formula 21] R21
(8-1) 40 R41 P21 10 wherein P21 means a hydrogen atom or a protecting
group for hydroxy group; R21 means a phenyl group which may have a
substitept(s); .and R41 means a formyl group or a group represented by
-CH20P61, wherein P61 means a hydrogen atom or a protecting group for
hydroxy groupQ 185 or a salt thereof; [15] A compound represented by
Formull%ﬁo-l 012 Fo(gmula 22] R21 nglO};l) O P610 O OP21 wherein P21
means & hydrGER B8R Sr 2 brotettifg gréup CfdFhyairdxy gtdup; and P61
meang=a hydregen atom or a protecting group for hydroxy group; and R21
means a 5 phenyl group which may have a substituent(s), or a salt thereof;

[0014] oot

O (@]
Wé,Het (7-1)
(@]

5 wherein P?! means a hydrogen atom or a protecting group
for hydroxy group; and Het means a l-phenyl-1H-
tetrazol-5-yl group, or a salt thereof;

[14] A compound represented by Formula (8-1):

[Formula 21]

10 wherein P?! means a hydrogen atom or a protecting group
for hydroxy group; R*’ means a phenyl group which may
have a substituent(s); and R*' means a formyl group or a
group represented by —-CH,0P®!, wherein P°' means a
hydrogen atom or a protecting group for hydroxy group,

15 or a salt thereof;

[15] A compound represented by Formula (10-1):



[16] A compound represented by Formula (12-1): [Formula 23] O P71 10
wherein P71 means a hydrogen atom or a protecting group for hydroxy
group; and R11 means a hydrogen atom or a hydroxy group, or a salt
thereof; [17] A compound represented by Formula (13-1): [Formula 24] O
P81 101 P 91 (13-1) O O P115 whetéin P11 means a hydrogen atom or a
prote¢ting graup ofor hydroxy group; P81 means a hydrogen atom, an acetyl
13 group or a protecting group for hydroxy group; P91 means a hydrogen
atom or a protecting group for hydroxy groyp; or P81 and P91 may form
together a group represented by a forr@ﬂ& 5 [Formula 25] R51 wherein R51

means a phenyl group which may h @ubstituent(s), or a salt thereof;
[0015] [18] A process for produci compound répreésented by 10 Formula
(11"): [Formula 29] Op8 (1|;l,6')o %

N0 op?!

wherein P?! means a hydrogen atom or a protecting group
for hydroxy group; and P°! means a hydrogen atom or a
protecting group for hydroxy group; and R*' means a
5 phenyl group which may have a substituent(s), or a salt
thereof;
[0014]
[16] A compound represented by Formula (12-1):

[Formula 23]

71
oP o

éT? (12-1)

10 wherein P’' means a hydrogen atom or a protecting group
for hydroxy group; and R means a hydrogen atom or a
hydroxy group, or a salt thereof;

[17] A compound represented by Formula (13-1):

[Formula 24]

15 wherein P'' means a hydrogen atom or a protecting group

for hydroxy group; P®" means a hydrogen atom, an acetyl



6 ao R7 R8 P wherein P1, P8, P9, R6, R7 and R8 are the same as defined
below, characterized by comprising reacting a compound represented by
Formula (12): 15 [Formula 26] kK-' (12') wherein R6 means a hydrogen atom
or alinear C1_10 alkyl group which may have a substituent(s); R? means a
hydrogen atom or a methyl group; and R8 means a hydrogen 14 atom or a

hydr%yog{lgu(pr V‘Q%b@&@é'&qw;d ferreserted Ry Farpula Ch3); [Formpla 24]

Op8 OP9 O (13) OP1 wherein P1 means a hydrogen atom or a protecting
groupr Srfcitnyairoxy grouprP8 rreans athydrogenwatommamadetykygroup or a
protectin% roup f%rghydrox¥)grou§); afnd P9 means a h%dro en atom or a
prote¢fing %foﬁﬁ t6r hydtdxy grBap; 6°P8 ard PoFay fofh tdGether a group
represeptadsby eformula; kQ frermula 28] R5 wherein R5 means a phenyl

group which may have a substituent(s), in the presence of a catalyst.
5 [Formula 25]

R51
O
wherein R’! means a phenyl group which may have a
substituent(s), or a salt thereof;
[0015]

[18] A process for producing a compound represented by
10 Formula (11'"):

[Formula 29]

OP8
OP?
|

o (1)

RG
Y o OP!

9, Rﬁ, R’ and R® are the same as defined

wherein P!, PS, P
below, characterized by comprising reacting a compound
represented by Formula (12'"):

15 [Formula 26]

wherein R® means a hydrogen atom or a linear Ci_i9 alkyl
group which may have a substituent(s); R’ means a

hydrogen atom or a methyl group; and R® means a hydrogen



[19] A compound represented by Formula (14): [Formula 30] OP711 R" (14)
--,R111 15 wherein P711 means a hydrogen atom or a protecting group for
hydroxy group; and R111 means hydrogen atom or hydroxy group; and RA
means a formyl group or a group 15 represented by -CH20H, or a salt
thereof. [20] A compound represented by Formula (15): [Formula 31] OP712

O OH,(15) Wherein R712 means 3 hygdrogen atgm,enadprolealing.group 15,

for hydroxy group; and R112 means a hydrogen atom or a hydroxy group, or
a salff'tbreredfa [21]3A compound represented by Formula (16): [Formula 32]
OPall_OP 917 (16) O Rai O OP2h1 1 wherein P211 means a hydrogen
atom B%OarrﬁPo%%ct%irYé group 10 for hydroxy group; and P811 means a

hydrogen atom, an acetyl group or a pggiecting group for hydroxy group;
OP®
|

0 (13)
N0 OP!

wherein P! means a hydrogen atom or a protecting group

5 for hydroxy group; P® means a hydrogen atom, an acetyl
group or a protecting group for hydroxy group; and p’
means a hydrogen atom or a protecting group for hydroxy
group; Or P® and P’ may form together a group
represented by a formula:

10 [Formula 28]

wherein R’ means a phenyl group which may have a
substituent(s), in the presence of a catalyst.
[19] A compound represented by Formula (14):

[Formula 30]

15 wherein P’* means a hydrogen atom or a protecting group
for hydroxy group; and R means hydrogen atom or

hydroxy group; and R® means a formyl group or a group



and P911 means a hydrogen atom or a protecting group for hydroxy group;
and R411 means a formyl group or a group represented by -CH20P611
(wherein P611 means a hydrogen 15 atom or a protecting group for hydroxy
group), or a salt thereof. [EFFECT OF THE INVENTION] [0016]
Pladienolide 3 and pladienolide D and'various 16 kinds of pladienolide
derivq@gﬁ%g@%p@defﬁe(ctw&kxoﬁy,ntggsgega@x using.a process for total
synthesis of pladienolide B and pladienolide D and useful intermediates in
the abave-descrbedyprdcessaceerding 51oEhemprésertlinvention. [BEST
MODE FOR CARRYING OUT THE INVENTION] [0017] Hereinbelow,
meaning of terims "symbols and the like described in this specification are
described 10 and the present invention is described in detail. [0018] The
compounds of the present invggtipn or salts thereof may be any of
anhydrides, hydrates or sqlvates 0019] The "acetylating agent" to be
used for producing Compmm%nd (é Shcludes acetic
anhydride and acetyl chloride, and preferably it is acetic anhydride. 20 [0020]

712

Wherein P means a hydrogen atom or a protecting group

5 for hydroxy group; and R'*? means a hydrogen atom or a
hydroxy group, or a salt thereof.
[21] A compound represented by Formula (16):

[Formula 32]

811
oP OP911

| (16)
O

RSO op"

211

wherein P means a hydrogen atom or a protecting group

811

10 for hydroxy group; and P means a hydrogen atom, an

acetyl group or a protecting group for hydroxy group;

911

and P means a hydrogen atom or a protecting group for

411

hydroxy group; and R means a formyl group or a group

611 611

represented by —-CH,0P (wherein P means a hydrogen
15 atom or a protecting group for hydroxy group), or a
salt thereof.
[EFFECT OF THE INVENTION]
[0016]

Pladienolide B and pladienolide D and various



The "base" to be used for producing Compound (1) from Compound (2)
includes an organic base such as triethylamine, diisopropylethylamine and
pyridine, etc. or a combination of the above organic base with 4 25
dimethylaminopyridine, and preferably it is a combination of triethylamine
with 4- dimethylaminopyridine, a combBifation of diisopropylethylamine with

4-dimefhidamjropyrdine o5,a 14 gombination of pyRdine Wibe .t 5 ye1y
4-dimethylaminopyridine, and more preferably it is a combination of

triethytamtine switle 4-dimethylagnmimopyridires [0021] 5tHhe Shaséttoile ased
for produu ng Comcpound (6) from Compound E%7) and Compound (8) includes
potasit BisHrimethiisiiyamids: sodium: bis(rifetny sfy%amlde lithium

bis(trimethylsilyhamide ; etc: aadpreferablys itis 10PPaSSIR according
bis(trimethylsilyl)lamide. 0022] The "catalyst" to be used for producing

C%mﬁ%ﬁdlﬁgﬂoﬁﬁéﬁiﬁngiﬁmiirpeompound (10) includes
[1,3-Digy{2.4. %B &ifylphenyl) &%G‘fdarﬁ‘?ﬂ dinylidengldichloro(0-

|sopropoxypheny methylene)ruthenium (following formula (a))
tricyclohexyltpttasphine[1,3-bis(2,4,6- trimethylphenyl)-4,5-dihydroimidazol-2-
ylidene][benzylidene]ruthenium (1V) dichloride 20 (following formula (b))
H.3lMS(24l6- Hereinbelow, meaning of terms, symbols and
the like described in this specification are described
10 and the present invention is described in detail.
[0018]

The compounds of the present invention or
salts thereof may be any of anhydrides, hydrates or
solvates.

15 [0019]

The "acetylating agent" to be used for
producing Compound (1) from Compound (2) includes
acetic anhydride and acetyl chloride, and preferably it
is acetic anhydride.

20 [0020]

The "base" to be used for producing Compound
(1) from Compound (2) includes an organic base such as
triethylamine, diisopropylethylamine and pyridine, etc.
or a combination of the above organic base with 4-

25 dimethylaminopyridine, and preferably it is a
combination of triethylamine with 4-

dimethylaminopyridine, a combination of

diisopropylethylamine with 4-dimethylaminopyridine or a



trimethylphenyl)-2-imidazolidinylidene]dichloro(2-
isopropoxy-5-nitrophenylmethylene) ruthenium (following formula (c)),
[1,3-bis-(2,4,6-trimethylphenyl)-2- imidazolidinylidene]dichloro(2-isopropoxy-3
25 phenylphenylmethylene)ruthenium (following formula (d)),
[1,3-bis-(2,4,6-trimethylphenyl)-2- 17

In“daggﬂgwygggg%k%qﬂB%%g&{ﬁgﬁﬁggﬁxygﬁlﬁgth laminopyridine,
binaphthalene-3-ylmethylene) ruthenium (following 1% formula (e)),
[1,3-bisq2kh64rimethyiphenyl)i2- inrdazoldinyiidene]dichioro(2-
metho>r(yphergflme_thylene r}lljthe_nium folltiwin%formula,g) ,

[1,3-bi&(2 48 1Rhethyibhenyl)-2 5 imiddzaiinyidenaidichioro(2,4,5-
trimethoxyphenyltmethylene)ruthenium (following formula (g)),
tricyclohexylphosphine[1,3-bis(2,4,6- trimethylphenyl)-2,3-dihydroimidazol-2-
ylidene][benzylideRefruthErfiar 1V) dichiefide A0r(folfowing fopmtaprynd

bistricyclohexylphasphine[3,3- diphenylprop-2-en-1-ylidene] ruthenium (1V)
dichloride Qf%ﬁf&&%@%%ﬁf&g, el b#%ﬁgﬁﬁonﬁoé%dih%ﬁ%ées

bis(2 det-dumethylphenyh-2nimidazelidinyldenelhenadidene] ruthenium (1V)
15 dichloride (following formula (j)) and preferably it is

[1,3-B7432 4 6RARTBIAYIHhERY AT SfTidaZSidiHlidene]dichloro(O-
isopropaxyphenvimethylepe)ruthenium. (fallowing Eormula, (a) 19 5 ¢

10 potassium bis(trimethylsilyl)amide.
[0022]
The "catalyst" to be used for producing
Compound (9) by closing a ring in Compound (10)
includes [1,3-bis-(2,4,6-trimethylphenyl)-2-

15 dimidazolidinylidene]dichloro (O-
isopropoxyphenylmethylene)ruthenium (following formula
(a)), tricyclohexylphosphine[l,3-bis(2,4,6-
trimethylphenyl) -4, 5-dihydroimidazol-2-
ylidene] [benzylidene]ruthenium (IV) dichloride

20 (following formula (b)), [1,3-bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene]dichloro(2-
isopropoxy-5-nitrophenylmethylene)ruthenium (following
formula (c)), [1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro(2—-isopropoxy—3—

25 phenylphenylmethylene)ruthenium (following formula
(d)), [1,3-bis—-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro(2,2'-diisopropoxy—-1,1"-

binaphthalene-3-ylmethylene)ruthenium (following



0023] [Formula 33] CIIN C, Ru Clw,.IN CI ,Ru/1 Cl/b CI RuNO, (a) (b) (c)
Cla,. INCIRN CIIN CIWRu Cl~ CI~Ru "Ob (d) (e) () NN N J aP'OPh
CIm,R ClIRu- CIrRu=Ph CISf/11~~J,Cvl(g) (h) (i) Cl~uy N ~~CI BP Br
(1) 20 0024] The "catalyst" to be used for producing Compound (11) from
Compound (12) and Compound (13) drfd for producing Compound (11') from

Compoynd (12 and 5 compeynd (L3hingluydes [, 3:Pig A8y - 2-
trimethylphenyl)-2-imidazolidinylidene]dichloro(O-

isopropaoxigatremdietiiyilénelruthenidnr folowing formula (a)),
tncngggagyygﬁsgg?%q%%§%%§%ﬁézthenium (following formula
(f)), [1,3-bis-(2,4,6-trimethylphenyl)-2-

5 dimidazolidinylidene]dichloro(2,4,5-
trimethoxyphenylmethylene)ruthenium (following formula
(g)), tricyclohexylphosphine[l,3-bis(2,4,6-
trimethylphenyl)-2,3-dihydroimidazol-2-
ylidene] [benzylidene]ruthenium (IV) dichloride

10 (following formula (h)), bistricyclohexylphosphine[3,3-
diphenylprop-2-en-1l-ylidene]ruthenium (IV) dichloride
(following formula (i)), and bis[3-bromopyridine] [1,3-
bis(2,4,6-trimethylphenyl)-2-
imidazolidinylidene] [benzylidene]ruthenium (IV)

15 dichloride (following formula (j)) and preferably it is
[1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro (O-

isopropoxyphenylmethylene)ruthenium (following Formula

(a)) .



trimethylphenyl)-4,5-dihydroimidazol-2 10 ylidene][benzylidene]ruthenium (1V)
dichloride (following formula (b)), [1,3-bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene]dichloro(2-
isopropoxy-5-nitrophenylmethylene) ruthenium (following formula (c)),
[1,3-bis-(2,4,6-trimethylphenyl)-2 15 19
imidazolidinylideng]dichloro(2-isopropoxy-3- phenylphenylmethylene)
ruthenium (following formula (d)), [1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazBtidinylideAg]dichloro(2,2'-diisopropoxy-I,I'-
binaphthalene-3-yImethylene)ruthenium (following 20 formula (e)),
[1,3-bis-(2,4,6-tri

ethylphenyl)-2- jnidazolidinyidene]dichloro(
meth enytme e)rutheﬁ@(mula ( —
[1,3-bis&; @\Fr?fn Iphenyl)-2- i idaz\6ﬂdi ylidene]dichl I,"!k[g“
trimethoxy;%pé thylene)ruthe'rﬂl'gfiéjlwg formula (g)),g-Ru-
tricyclohexylp e[1,3-bis(2, Rne

henyl)-2,3-dihydropmidaxol2-
ylidene][benzylider®]ruthenium (IV@ @o 21 (following forﬁﬁjla, we:
bistricyclohexylphosphine[3,3- dipherylprop-2-en-1-ylidene] ruthenium (1V)
dichloride (foll@yving formula (i)), bis[3-bkdmopyridine][1,3- (c)
bis(2,4,6-trimethylphenyl)-2 5 imidazolidinylidene][benzylidene]ruthenium (1V)
dichloride (following formula (j)),

bistric exylph ine[benz ruthe (IV) di ife (falloywi
formula @i);g‘ , ?J\_fw @ Nﬁe\N
é I, »Ru= C |//,.,\r
leRf“‘ cI™y cl Rf“‘
o) Ve CQ /o:@
I 0



diisopropylphenylimidoneophylidenemolybdenium 10
bis(hexafluoro-t-butoxide) (following formula (1)) and preferably it is
[1,3-bis-(2,4,6-trimethylphenyl)-2- imidazolidinylidene]dichloro(0-
isopropoxyphenylmethylene)ruthenium (following formula (a)) and
tricyclohexylphosphine[1,3-bis(2,4,6 15°
trimethylphemy);4;5-dihydroimidazol-2- ylidene][benzylidene]ruthenium (1V)
dichloride (following formula (b)). 22 0025] [Formula 34]CIINCI=R CI I C
hub bl / b CIl RrO N@2"(@4b} {€F "Nt CEYNsEFRE Gl=dRu<iNigY N Ru

CICIL~C Co /0D (d) () (0 - cl -acl ¢ N NY NY J aP~ Ph L RuPh aC
b Cl fﬂn%ou%% b omp un ( an ompoun an

for producing Compound (11') from Compound (12') and

5 Compound (13) includes [1,3-bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene]ldichloro (O-
isopropoxyphenylmethylene)ruthenium (following formula
(a)), tricyclohexylphosphine[l,3-bis(2,4,6-
trimethylphenyl)-4,5-dihydroimidazol-2-

10 vylidene] [benzylidene]ruthenium (IV) dichloride
(following formula (b)), [1,3-bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene]dichloro (2-
isopropoxy—-5-nitrophenylmethylene)ruthenium (following
formula (c)), [1,3-bis-(2,4,6-trimethylphenyl)-2-

15 4dimidazolidinylidene]dichloro(2-isopropoxy—-3-—
phenylphenylmethylene)ruthenium (following formula
(d)), [1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro(2,2'-diisopropoxy—-1,1"-
binaphthalene-3-ylmethylene)ruthenium (following

20 formula (e)), [1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro(2-
methoxyphenylmethylene)ruthenium (following formula
(f)), [1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro(2,4,5-

25 trimethoxyphenylmethylene)ruthenium (following formula
(g)), tricyclohexylphosphine[l,3-bis(2,4,6-
trimethylphenyl)-2,3-dihydroimidazol-2-

ylidene] [benzylidene]ruthenium (IV) dichloride



(9) (h) (1) a,1 PbClI NRu~CIPh N Ph Br-01 CH3C(CFa)zC"~~0~CCH3 B
CH3 Br CH3C(CF3)z0 (D (k) (I) 23 0026] The "protecting group for hydroxy
group" as used in this specification is not limited particularly as long as itis a
group normally used as a protecting group for hydroxy group in organic
synthesis and 5 specific examples thetéof include silyl type protecting

groups:such as tertzhutyldimethylsilyligroup ; terts hutyldinhenylsivl greup s -

triethylsilyl group, triisopropylsilyl group, trimethylsilyl group,
diethylisopropyisityigroupy dimethydisopiopyisityt 1@rgrolip), dichloride
di-tert-%)utlylmethylsi%yll%rloij , diphen Imetgy_/lsiI%I group, .. -
trimethyTsilyFEthBSy methyl gro(uld AhdFrimethysitidthyi grolp, akoxyalky!
type preteclinggroupssucinas methpxymethyl group, 2-
methoxyethoxymethyl group, 2,2,2-trichloroethoxymethyl 15 group,

1ethéryethyP §ictip: vI-mesh - L Rrethioxysthpe Grotp emd tetrahydropyranyl

rou, SR S PSECIRATIE ch 3 oup & metosens

2,3, 44dristethexyhenzpt groupsddide [benzylidene] ruthenium (IV)
dichloride (following formula (k)), and 2,6-
diisopropylphenylimidoneophylidenemolybdenium

10 Dbis(hexafluoro-t-butoxide) (following formula (1)) and
preferably it is [1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro (O-
isopropoxyphenylmethylene)ruthenium (following formula
(a)) and tricyclohexylphosphine[l,3-bis(2,4,6-

15 trimethylphenyl)-4,5-dihydroimidazol-2-
ylidene] [benzylidene]ruthenium (IV) dichloride

(following formula (b)).



20 trimethoxybenzyl group, 2-nitrobenzyl group, 4- nitrobenzyl group,
4-chlorobenzyl group, 2,6- dichlorobenzyl group, 4-cyanobenzyl group,
diphenylmethyl group and triphenylmethyl group, acetyl type protecting
groups such as acetyl group, 25 chloroacetyl group, dichloroacetyl group,
trichloroacetyl group, fluoroacetyl gro#, difluoroacetyl group, trifluoroacetyl
group, 24 brggacetyl group, tribromoacetyl group, methoxyacetyl group,
pivaloyl group and benzoyl group, alkoxycarbonyl type protecting groups
such asanethioxyeéarbonyl group, 2,2,2-trichloroethoxycarbonyl group and 5
benzyloxycarbonyl group. 0027] Preferable examples of "protecting group

for hydroxy groupn.P1 and P11 nc{ude-ter I[dimethylsilyt grou

tert-but hgnylsi 0 group, tr i group, triisopropylsilyf g

diethylisorqp,gfsilyl group, dimethylisgjj Isilyl group, met cmy@ﬁeth
P

u=

group, 1-etlkokyethyl group, tetrroFV(yr roup, benzyl gt “,'@zoyl
group, etc.ag@ org preferably itie rm imethylsilyl 15 gro NO,
triethylsilyl group. [0028] Preferabl es of "protecting group for
hydroxy group” in P2, P21, and P211 include tert- butyldimethylsily| group,
tert-butyldipher(ﬁ)lsilyl 20 group, triethylsiﬁtfzl group, triisopropylsilyl group,

[\
N/—\N@/ A %I NN N/—\Np/
C|,,,,,Y "'Ru= CI//,,,;E

= \
Ru Cl f

R HP o ofo

CH3C(CF3).0

i, u_
\ /N N\ P\Q Mo=_—Am nCH
CH3C(CF3),0™ /0~ s
BY P O/i sC(CFa)0" g \/KCHQ,

1) (k) ()



diethylisopropylsilyl group, dimethylisopropylsilyl group, 1-ethoxyethyl group
etc. and more preferably it is tert-butyldimethylsilyl group. [0029] 25
Preferable examples of "protecting group for hydroxy group” in P3 include
tert-butyldimethylsilyl group, tert-butyldiphenylsilyl group, triisopropylsilyl
group, diethylisopropylsilyl group, 25 #fmethylisopropylsilyl group, etc. and
more preferaply, dtjis tert-butyldimethylsilyl group, diethylisopropylsilyl group
and dimethylisopropylsilyl group, and still more preferably itis 5
diethylisopropylsilyirgrolipr {0680} Pyeferable éxampletrofiprotecting group
for hxdroxy, roup’ in P4 and P5 include chloroa(l:eté/l group, dichlorfaclet I
group’ HichibPodcetyl §Rtp, 10 flidrdacktyI Yroup  Hifltioroacaty §rou,
trifluoyQacetylgrup, oromaeacetyh grospr nttibIgmeasetyd graupLtce apdyore
preferably it is dichloroacetyl group. [0031] 15 Preferable examples of
"protéetigPgriotip fordhyehaxyggeoiplin P24 icludgreRrasityldimethylsilyl

groun, tershutyldiphenyisilyl grou bIE”e%@é'fﬂ | 9Kaup,triisopropylsilyl groyp.

dlethyl%opropylsﬁffl g%up, é%lnetgy |sopropy¥sﬁylsgro%p, cﬁ%ro cety %

groupyichiercacetykgroty; trehloraacetykgroupi 1y1 group, tert-
butyldiphenylsilyl group, triethylsilyl group,
triisopropylsilyl group, trimethylsilyl group,
diethylisopropylsilyl group, dimethylisopropylsilyl

10 group, di-tert-butylmethylsilyl group,
diphenylmethylsilyl group, trimethylsilylethoxymethyl
group and trimethylsilylethyl group, alkoxyalkyl type
protecting groups such as methoxymethyl group, 2-
methoxyethoxymethyl group, 2,2,2-trichloroethoxymethyl

15 group, l-ethoxyethyl group, l-methyl-l-methoxyethyl
group and tetrahydropyranyl group, benzyl type
protecting groups such as benzyl group, 4-methoxybenzyl
group, 3,4-dimethoxybenzyl group, 2,5-dimethoxybenzyl
group, 2,3,4-trimethoxybenzyl group, 3,4,5-

20 trimethoxybenzyl group, 2-nitrobenzyl group, 4-
nitrobenzyl group, 4-chlorobenzyl group, 2,6-
dichlorobenzyl group, 4-cyanobenzyl group,
diphenylmethyl group and triphenylmethyl group, acetyl
type protecting groups such as acetyl group,

25 chloroacetyl group, dichloroacetyl group,
trichloroacetyl group, fluoroacetyl group,

difluoroacetyl group, trifluorocacetyl group,



fluoroacetyl group, difluoroacetyl group, trifluoroacetyl group, bromoacetyl
group, tribromoacetyl group, etc. and more preferably it is
tert-butyldimethylsilyl group and dichloroacetyl group. 25 [0032] Preferable
examples of "protecting group for hydroxy group” in P351 include
tert-butyldimethylsilyl group, tert-butyfdiphenylsilyl group, triisopropylsilyl 26

grou %r@%@@é@@@ﬁ’ﬁ%b{ﬂ; greun., dimethylisopropyisily! graup..cHIQreacety!

group, dichloroacetyl group, trichloroacetyl group, fluoroacetyl group,
difluogoacety| group), &y trifliroroacetytigioup, dardnmoaveatyl group=armchrbony 1
tribromoacet)él g%roug, and more grefer%blg itis tgrt- buéyldimethi/lsilg/l roup,
diethyl&oprbpyIsiiyi grotip? ditteth§iisopropylSiyrgrotn: dicHiSfoatedgroup,
etc. andostill more prefesablydkis-10:siethylisepropylsilyl group and
dichloroacetyl group. [0033] Preferable examples of "protecting group for
hydrad§ grobp s 76, Pl afid P11 include 4- methoxybenzyl group,
3,4-dimethow9§b%yl group, 2,5 15 dimethoxybenzyl group,
2,3,4-trimethoxybenzyl group, 3,4,5-trimethoxybenzyl group, etc. and more
preferably it is 4-medtaxylenzykgroupl 46034] Rreterable examptes ofor
"protecting group for 20 hydroxy group” in P7, P71, P711 and P712 include
tert hydroxy group" in P° and P*" include tert-

butyldimethylsilyl group, tert-butyldiphenylsilyl
10 group, triethylsilyl group, triisopropylsilyl group,

diethylisopropylsilyl group, dimethylisopropylsilyl

group, methoxymethyl group, l-ethoxyethyl group,

tetrahydropyranyl group, benzyl group, benzoyl group,

etc. and more preferably it is tert-butyldimethylsilyl
15 group and triethylsilyl group.

[0028]
Preferable examples of "protecting group for

21

hydroxy group" in p?, P?*, and pP?'

include tert-
butyldimethylsilyl group, tert-butyldiphenylsilyl

20 group, triethylsilyl group, triisopropylsilyl group,
diethylisopropylsilyl group, dimethylisopropylsilyl
group, l-ethoxyethyl group etc. and more preferably it
is tert-butyldimethylsilyl group.

[0029]

25 Preferable examples of "protecting group for
hydroxy group" in P’ include tert-butyldimethylsilyl
group, tert-butyldiphenylsilyl group, triisopropylsilyl

group, diethylisopropylsilyl group,



butyldimethylsilyl group, tert-butyldipeenylsilyl group, triisopropylsilyl group,
diethylisopropylsilyl group, dimethylisopropylsilyl group, triethylsilyl group
etc. and preferably it is tert-butyldimethylsilyl 25 group, diethylisopropylsilyl
group and dimethylisopropylsilyl group and more preferably it is
diethylisopropylsilyl group. [0035] 27 Pteferable examples of "protecting

groupforyerexy group . ink8, P8l.and,P8ll include tert- butyldimethylsilyl
group, tert-butyldiphenylsilyl group, triethylsilyl group, triisopropylsilyl group,
5 diethylisepropytsilyl growp,rdinfethylisopropylsiyl group, methoxymethyl
group, 1-ethoxyethyl group, tetrahydropyranyl group, benzyl group, benzoyl
qroup. 103003616 BreieAbi BXAmpIS of “RTStRting SFOUETor Pycroxy
groupydp 9, R84 angdiR9uineludgraethaxymethyl group, 1-ethoxyethyl
group, etc.. [0037] Specific examples of "phenyl group which may 15 have a
halogéiratord LiroR2 @ndl RELiREIugieopitenyl group, 4-chlorophenyl group,
4-bromophe1!r% g5oup, etc. and preferably it is phenyl group. [0038] Specific
examples of "phenyl group which may 20 have a substituent(s)" in R21 and
R51 include phenylreferable examples of "protecting group for

hydroxy group" in P* and P° include chloroacetyl group,
dichloroacetyl group, trichloroacetyl group,

10 fluoroacetyl group, difluorocacetyl group,
trifluoroacetyl group, bromoacetyl group,
tribromoacetyl group, etc. and more preferably it is
dichloroacetyl group.

[0031]

15 Preferable examples of "protecting group for
hydroxy group" in pP?*' include tert-butyldimethylsilyl
group, tert-butyldiphenylsilyl group, triethylsilyl
group, triisopropylsilyl group, diethylisopropylsilyl
group, dimethylisopropylsilyl group, chloroacetyl

20 group, dichloroacetyl group, trichloroacetyl group,
fluoroacetyl group, difluorocacetyl group,
trifluoroacetyl group, bromoacetyl group,
tribromoacetyl group, etc. and more preferably it is
tert-butyldimethylsilyl group and dichloroacetyl group.

25 [0032]

Preferable examples of "protecting group for
hydroxy group" in P**' include tert-butyldimethylsilyl

group, tert-butyldiphenylsilyl group, triisopropylsilyl



group, 4-chlorophenyl group, 4-bromophenyl group, 4- nitrophenyl group,
4-methoxyphenyl group, 2,4- dimethoxyphenyl group, 3,4-dimethoxyphenyl
group, etc. and preferably it is phenyl group. 25 [0039] Specific examples of
“linear C1-lo alkyl group” in R6 include methyl group, ethyl group, 1-propyl
group, 1-butyl group, 1-pentyl group, 4%hexyl group, 1-heptyl 28 group,

1-oct>ﬁlrg)r9g,1p, d:nenylgroup. d:decyl. etc. gnd,.preferably it is 1-heptyl group.
[0040] Specific examples of "substituent” in R6 5 include hydroxy group

whiclimastbe protected yepoxyydroumm axo gloup; saethlyl §roum unethoxy
group, _phheln I %rou , Eetrahydrofurgl gpu@p which may have a methyl group
or a Kydréxy 5F60s whicH ThaY be Protected &t *dnd préfdrably it is hydroxy
groups BROXY-aroup1 methyh 1Qigroup, {604t} e risup,
1-phenyl-IH-tetrazol-5-yl group specifically in the above formula, but besides,
it may ‘e bepzottazoll2-yr group, Etenand preferabBlipis 1
1-phecnlyl-}IDH-tetrazolE-5_-lyI roup. [ggéZln‘ghe "salt"f%sta OJerd in ghilssspceecification

is not pértfgﬁgﬁ)? Timited’as It ng as it can form a salt of the compour% of the

presemnt tpuertian; iancstor 20 examp)e,dt nchydes salts withsinoyganrie oases
and’dimethylisopropylsilyl group, dichloroacetyl group,
etc. and still more preferably it is
10 diethylisopropylsilyl group and dichloroacetyl group.
[0033]
Preferable examples of "protecting group for
hydroxy group" in P°, P°* and P°'' include 4-
methoxybenzyl group, 3,4-dimethoxybenzyl group, 2,5-
15 dimethoxybenzyl group, 2,3,4-trimethoxybenzyl group,
3,4,5-trimethoxybenzyl group, etc. and more preferably
it is 4-methoxybenzyl group.
[0034]
Preferable examples of "protecting group for

7, P”, P! and P™? include tert-

20 hydroxy group" in P
butyldimethylsilyl group, tert-butyldiphenylsilyl
group, triisopropylsilyl group, diethylisopropylsilyl
group, dimethylisopropylsilyl group, triethylsilyl
group etc. and preferably it is tert-butyldimethylsilyl

25 group, diethylisopropylsilyl group and
dimethylisopropylsilyl group and more preferably it is
diethylisopropylsilyl group.

[0035]



among them, pharmacologically acceptable salts are desirable. Preferable
examples of salt with an inorganic base include alkali metal salt such as
lithium salt, 25 sodium salt, and potassium salt, alkaline earth metal salt
such as calcium salt and magnesium salt, aluminum salt, and ammonium
salt. [0043] 29 The process for produétion and examples of the present

invention are desgsibeg.belgyeindetalls [Lhe st abhrevigtion,used in -

process for production and examples is shown below. 5 <A list of
abbréwationy BmoberizylEte thyl’ DEIRS FDiethylisbprepylsityl- DME:
1,2-dimethoxyethane 10 DMF: N,N-dimethylformamijde. Me: met]r?/l Ph:

phenyI"PNIE! Prethogybenzyl’ 4 HRethoxybenzyl TBS P bt dimethylsilyl

15 TEStrigthylsilyc THFs tetrahydeafyran Tisi prioluegesulianyl Jl0044]
Production Process 1: Process for producing Compound 20 (9) using
cycliziiohtreattioninprolefin iétaihesiy, dimethylisopropylsilyl

group, methoxymethyl group, l-ethoxyethyl group,
tetrahydropyranyl group, benzyl group, benzoyl group,
etc..

[0036]

10 Preferable examples of "protecting group for
hydroxy group" in P°, P°' and P’’’ include methoxymethyl
group, l-ethoxyethyl group, etc..

[0037]
Specific examples of "phenyl group which may

15 have a halogen atom" in R? and R° include phenyl group,
4-chlorophenyl group, 4-bromophenyl group, etc. and
preferably it is phenyl group.

[0038]
Specific examples of "phenyl group which may

20 have a substituent(s)" in R?! and R°! include phenyl
group, 4-chlorophenyl group, 4-bromophenyl group, 4-
nitrophenyl group, 4-methoxyphenyl group, 2,4-
dimethoxyphenyl group, 3,4-dimethoxyphenyl group, etc.
and preferably it is phenyl group.

25 [0039]

Specific examples of "linear Ci-i9 alkyl group"
in R® include methyl group, ethyl group, l-propyl group,

l-butyl group, l-pentyl group, 1l-hexyl group, l-heptyl



[Formula 35]RZ RZ 110 O O O R600P2 R600P2 (10) (9) [0045] This step
is a step to produce Compound (9) 30 by closing a ring in Compound (10) in
a solvent in the presence of a catalyst in the presence or absence of a
chemical reagent. This step can be performed by a commonly used 5
method described in a literature (Hand5ook of Metathesis Vol.1-3, Grubbs,

R. H.Ed WILEY;VCH, 2003), etc. Mare specifically, this step canbe g
performed with reference to the reaction conditions, work up procedures and
purificatiore nrathed descsibédhiadiQy [StepBjrof the Example described below.
This reaction can be performed in a stream of or under atmosphere of an

inert gas suéﬂoélsoﬁitrogen and argon. [0046] 15 For Compound (10),

Compound (P16) dgseribad: inthefxample deserited below or 2 gompound
which can be easily produced from a commercially available compound by
the methed Y¢hieh #Hese skifledrin'the @t MUANy performt EaR beeased. 20

[0042;roup, oxo group, methyl group, methoxy group, phenyl
group, tetrahydrofuryl group which may have a methyl
group or a hydroxy group which may be protected, etc.
and preferably it is hydroxy group, epoxy group, methyl

10 group.

[0041]

"Het" is l-phenyl-1H-tetrazol-5-yl group
specifically in the above formula, but besides, it may
be benzothiazol-2-yl group, etc. and preferably it is

15 1l-phenyl-1H-tetrazol-5-yl group.

[0042]

The "salt" as used in this specification is
not particularly limited as long as it can form a salt
of the compound of the present invention, and for

20 example, it includes salts with inorganic bases and,
among them, pharmacologically acceptable salts are
desirable.

Preferable examples of salt with an inorganic
base include alkali metal salt such as lithium salt,

25 sodium salt, and potassium salt, alkaline earth metal
salt such as calcium salt and magnesium salt, aluminum
salt, and ammonium salt.

[0043]



As for the solvent mentioned above, there is no particular limitation as long
as it can dissolve starting materials to some extent and does not obstruct
the reaction, for example, aromatic hydrocarbon 25 solvents such as
benzene, toluene, xylene, chlorobenzene and dichlorobenzene, halogenated
hydrocarbon solvents such as dichlorérethane, 1,2- dichloroethane,
chloroform and caghon fetrachloride can 31, be usgdand preferably itjs an
aromatic hydrocarbon solvent such as benzene, toluene, xylene,
chlorcbenzerres carid dichdorobenzene. {3048]1i5khéabove tatalysirmeans
[1,3-bTi%-(2f,,6- trirr%eth}g/lphenyl -2-imidaz%IidinyIidene dich%oro(o- 4 ,
isoprdpoxyphienylmetiyiend)tthehlun < 11 Process for production
tricyclghexyiphesphine[d , 31his(2, 4 61tkimethylphenyl)-
4,5-dihydroimidazol-2-ylidene][benzylidene]ruthenium 10 (V) dichloride,
[153-bid-(2 16-thAmethyiphehyh)iznn >
imidaggljd@gliczierl}e]dichloro(z-isopropoxy-5- nitrophenylmethylene)ruthenium,
[1,3-bis-(2,4,6- timethylphenyl)-2-imidazolidinylidene]dichloro(2-
isoprapaxy=-8eghenylphenylmethylene)ruthenium, [1,3-his 15
(2,4,6-trimethylphenyl)-2- imidazolidinylidene]dichloro(2,2'-diisopropoxy-I,|'-
binaphtialenel3-yiethytere rathenidm? [1,3-bis-(2,4,6-
trimethydphenyl)-2simidazalidinylidene]dichloro(2-
methoxyphenylmethylene)ruthenium, [1,3-bis-(2,4,6 20
trimethyiphéhW)-2imadazdlicinylderns]dichloro(2,4,5-

Me: methyl
Ph: phenyl
PMB: p-methoxybenzyl; 4-methoxybenzyl
TBS: tert-butyldimethylsilyl
15 TES: triethylsilyl
THF: tetrahydrofuran
Ts: p—-toluenesulfonyl
[0044]

Production Process 1: Process for producing Compound

20  (9) using cyclization reaction by olefin metathesis

[Formula 35]

R2 R2
o~ o~
S o) o)
| |
o) o)
PG PG
N0 oP? N0 OoP?
(10) 9)
[0045]

This step is a step to produce Compound (9)



trimethoxyphenylmethylene)ruthenium,
tricyclohexylphosphine[1,3-bis(2,4,6-trimethylphenyl)-
2,3-dihydroimidazol-2-ylidene][benzylidene]ruthenium (1V) dichloride,
bistricyclohexylphosphine[3,3 25 diphenylprop-2-en-1-ylidene]ruthenium (1V)
dichloride, and bis[3-bromopyridine][£3-bis(2,4,6- trimethylphenyl)-2

imidaglidinylidepellbenzyjidgne} rythenivm (¥) 32 ,dichloride. and the like
but preferably it is [1,3-bis- (2,4,6-trimethylphenyl)-2
imidazotidimytidené]dichleta(Dy isopropokypremdmethyleneiutkeriene.f 5aThe
above catalyst can be used in 0.001 to 1 time molar equivalent to Compound
(10), Shd"preferabfi? $64r be used in 0.01 to 1 molar equivalent. [0049] The

above chemical reagent smeans 2:6-gitertr k0 butyl-4-methyiphenel (BHIda

1,4-benzoquinone, titanium triisopropoxide, etc. [0050] The reaction
temperitbrs udaatly vafes deperdingior startind materials, Sblvents and the

other, 15 chemical reagents,used |p fhe reaction, and prefetably, iis 40C to
reflux temperature (Glnte'rnal temperature of the reaction vessel), and more
preferatuly jt,isBOC toveflaxdpmperatael(internal despesatire afdhe

reaction vessel) and still more preferably it is reflux 20 temperature (internal
Kﬂnpgﬁﬁﬁﬁfaﬁﬂu¥ﬁ£ﬂjﬁﬁﬁerence to the reaction conditions,

work up procedures and purification method described in

10 [Step 8] of the Example described below.

This reaction can be performed in a stream of
or under atmosphere of an inert gas such as nitrogen
and argon.

[0046]

15 For Compound (10), Compound (P16) described
in the Example described below or a compound which can
be easily produced from a commercially available
compound by the method which those skilled in the art
usually perform can be used.

20 [0047]

As for the solvent mentioned above, there is
no particular limitation as long as it can dissolve
starting materials to some extent and does not obstruct
the reaction, for example, aromatic hydrocarbon

25 solvents such as benzene, toluene, xylene,
chlorobenzene and dichlorobenzene, halogenated
hydrocarbon solvents such as dichloromethane, 1,2-

dichloroethane, chloroform and carbon tetrachloride can



vessel). [0051] The reaction time usually varies depending on starting
materials, solvents and the other chemical 25 reagents used in the reaction
and reaction temperature, and it is preferable to stir the reaction solution at
the above reaction temperature for 0.5 to 48 hours after adding the chemical
reagents, and it is more 33 preferable’fo stir for 1 to 8 hours, and it is still

morepreferable. to,stinfoF about » heurs, [AQ52], Praduction Rracess,en

Process for producing Compound 5 (6) using Julia coupling [Formula 36] R2
R2 ORI GO0V cO HdtnzEreP 3 JDOHC GURZOP T (8pB)zene
[0053] This stehp is a step to produce Compound (6) by reacting Compound
(7) and Compound (8i°&%3Ivent 10 in the presence of a base. This step
can be performed py a commonly used method described in a literature
(Blakemore, P.R.; Cole, W.J.; Kociensky, P.J.; Morley, A., Synlett, 1998,
26-28), etc. More 3pécifieale thiststepstaipens [1,3-bis-(2,4,6-

trimethylphenyl)-2-imidazolidinylidene]dichloro (O—
isopropoxyphenylmethylene)ruthenium,
tricyclohexylphosphine[l,3-bis (2,4, 6-trimethylphenyl) -
4,5-dihydroimidazol-2-ylidene] [benzylidene]ruthenium

10 (IV) dichloride, [1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro(2-isopropoxy—5—
nitrophenylmethylene)ruthenium, [1,3-bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene]dichloro (2-
isopropoxy—-3-phenylphenylmethylene)ruthenium, [1,3-bis-

15 (2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro(2,2'-diisopropoxy—-1,1"-
binaphthalene-3-ylmethylene)ruthenium, [1,3-bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene]dichloro(2-
methoxyphenylmethylene)ruthenium, [1,3-bis-(2,4,6-

20 trimethylphenyl)-2-imidazolidinylidene]dichloro(2,4,5-
trimethoxyphenylmethylene)ruthenium,
tricyclohexylphosphine[l,3-bis(2,4,6-trimethylphenyl) -
2,3-dihydroimidazol-2-ylidene] [benzylidene]ruthenium
(IV) dichloride, bistricyclohexylphosphine[3,3-

25 diphenylprop-2-en-l-ylidene]ruthenium (IV) dichloride,
and bis[3-bromopyridine] [1,3-bis(2,4,6-
trimethylphenyl)-2-

imidazolidinylidene] [benzylidene]ruthenium (IV)



15 performed with reference to the reaction conditions, work up procedures
and purification method described in [Step 17] of the Example described
below. [0054] This reaction can be performed in a stream of 20 or under
atmosphere of an inert gas such as nitrogen and argon. [0055] For
Compound (7), Compound (P35) described in 34 the Example described

below, or gicompaund which canhe gasily produced from g commergially
available compound by the method which those skilled in the art usually
perforra,carbbé wised: ByRph€ompotind (8), Compound (P19) described in

the Exgrinéale described below or a compound which can be easily produced

from & Commerciafy avaiiabfe! €ampotha By the method which those skilled

in the; art pistiadly ypedarm: canhe sised: 10-empeund (8) can be used in 1 to
3 times molar equivalent to Compound (7), and preferably it can be used in

1%0 2 molar equivalents Paore préfetably i€ carbe wsed ihnl.8 Mefarto 1
equivalents, [0056] 15 Az for the tsglg,eo% mentioned aboye, thereds 09, ,
partlcujfar limitation a%ﬂong as it can ISS&VE starting materlalfs to some
extent anckdoes natebstruco the reactiomdivty farexanplen ether solvents
such as tetr[%h&/4d9r(])furan, 1,2-dimethoxyethane and diethyl ether,
The above chemical reagent means 2,6-di-tert-
10 butyl-4-methylphenol (BHT), 1,4-benzoquinone, titanium
triisopropoxide, etc.
[0050]
The reaction temperature usually varies
depending on starting materials, solvents and the other
15 chemical reagents used in the reaction, and preferably
it is 40°C to reflux temperature (internal temperature
of the reaction vessel), and more preferably it is 80°C
to reflux temperature (internal temperature of the
reaction vessel) and still more preferably it is reflux
20 temperature (internal temperature of the reaction
vessel) .
[0051]
The reaction time usually varies depending on
starting materials, solvents and the other chemical
25 reagents used in the reaction and reaction temperature,
and it is preferable to stir the reaction solution at
the above reaction temperature for 0.5 to 48 hours

after adding the chemical reagents, and it is more



20 aromatic hydrocarbon solvents such as benzene, toluene and xylene,
amide solvents such as N,N- dimethylformamide or mixed solvents of a
solvent mentioned above with hexamethylphosphoramide (HMPA) or
N,N'-dimethylpropyleneurea (DMPU) can be used and 25 preferably it is an
ether solvent such as tetrahydrofuran®1,2-dimethoxyethane and diethyl
ether,,,[0057]. The akoverdesqriged base means potassium 38 s sri11
bis(trimethylsilyl)amide, sodium bis(trimethylsilyl)amide, lithium
bis(trmeethylsilyhansde clithiuratdiisoprapdamide eté.oand preferably it is
potassium 5 Biésgtgimethylsilyl)amide. The above-described base can be used
in 1to 10 times Molar equivalent to Compound (7), and preferably it can be
usedin d40-3 melapeguivalents, mnore preferably itean bedisashifod molar
equivalents. 10 [0058] The reaction temperature usually varies depending
oA stdftihgmbierialy ]l dalventand he other chemical reagents used in the
reacti&né rargglpreg%rﬁbly it is -78C to -60C (internal temperature of the 15
reaction vessel), and more preferably it is -78C (internal temperature of the
reaction vessel). [0059] The reaction time usually varies depending on

starting materials, solvents and th%g?ﬁer chemical (HR
op3 O O
? (H)Het ‘ |
§ + 3
W” o op o
le) o)
OHC™Y 0 OP? e oP2
) (8) ()
[0053]

This step is a step to produce Compound (6)
by reacting Compound (7) and Compound (8) in a solvent
10 in the presence of a base.
This step can be performed by a commonly used
method described in a literature (Blakemore, P.R.;
Cole, W.J.; Kociensky, P.J.; Morley, A., Synlett, 1998,
26-28), etc. More specifically, this step can be
15 performed with reference to the reaction conditions,
work up procedures and purification method described in
[Step 17] of the Example described below.
[0054]
This reaction can be performed in a stream of
20 or under atmosphere of an inert gas such as nitrogen
and argon.
[0055]

For Compound (7), Compound (P35) described in



20 reagents used in the reaction and reaction temperature, and it is
preferable to stir the reaction solution at the above reaction temperature for
0.5to 12 hours after adding the chemical reagents, and it is more preferable
to stir for about 1 hour. 25 [0060] Production Process 3: Conversion from
Compound (6) to Compound (2) (the t4se where P1 and R1 are hydrogen

atoms), 36 r(a) Canversion fram; Gompound (6) to Gompeung, (), [Farmyla
37]R2R2 O-(0O-( 770700OR3000Id0021 03 ORZ 21 O 30H (6)

(5) [GeBLIFhisstelp isd steprto zemovesprotedting H/ghougisilef kydnoxynd
group at 3- and 21-pasitions of Compound (6) in a solvent in the presence of
a che}?wﬁfictéPFear&;eetn}}gg piBdG8e CSMBotAd (57 ThiS stéf cahbe' peffored by
a commenly-used nmethed gdescribed in a literature (Protective Groups in 10
Organic Synthesis 3rd Edition, Green, T.W.; Wuts, P.G.M.,
Wiley-interscience; 2999)mete Mores spetifitaiy this 5tep cals perpdtermed

with referepce. 19 the reaction conaitigns, work up proceduresand .. pe
easily produced from a commercially available compound
by the method which those skilled in the art usually
perform can be used.

10 Compound (8) can be used in 1 to 3 times
molar equivalent to Compound (7), and preferably it can
be used in 1 to 2 molar equivalents, more preferably it
can be used in 1.5 molar equivalents.

[0056]

15 As for the solvent mentioned above, there is
no particular limitation as long as it can dissolve
starting materials to some extent and does not obstruct
the reaction, but, for example, ether solvents such as
tetrahydrofuran, 1,2-dimethoxyethane and diethyl ether,

20 aromatic hydrocarbon solvents such as benzene, toluene
and xylene, amide solvents such as N,N-
dimethylformamide or mixed solvents of a solvent
mentioned above with hexamethylphosphoramide (HMPA) or
N,N'-dimethylpropyleneurea (DMPU) can be used and

25 preferably it is an ether solvent such as
tetrahydrofuran, 1,2-dimethoxyethane and diethyl ether.

[0057]

The above-described base means potassium



purification method described in [Step 17] of the 15 Example described
below. [0062] As for the solvent mentioned above, there is no particular
limitation as long as it can dissolve starting materials to some extent and
does not obstruct 20 the reaction, but, for example, ether solvents such as
tetrahydrofuran, 1,2-dimethoxyethane>and diethyl ether, alcohol solvents

such gsmethanaland.ethanpl, 37 acetgpirile, water, etc. can be used and

preferably it is an ether solvent such as tetrahydrofuran, 1,2-
dimethoxyethare:and dhiethy) ethiete [0063]h5As for the chemical reagent
menti}gnedtabove, folr e,xlargple, jnorganic gcids such as hé/drolchlogc acid,
sulfuric &did, Hyardfiudtic SCibPARd perchibrc Heid, - organic aeldd'8Genh as” -
p-tolugnesyifenic-agidy, pyrdinium-felyengsulfonate (PPTS), 10
trifluoromethanesulfonic acid, methanesulfonic acid, acetic acid and
trifludréadétic aeidh ilotds ioayee -chemical reagents such as

tetra-n-butylammanium_ fluoride, potassium fluoride, cerium flugride,
nydrogen fluoride. hycFogen flagride-pyridiG Can be used nd 15 praferSbly

it is arfluaridesiomtyperchemicak reagenio suehasdetratn-butglammonium
fluoride, potassium fluoride, cerium fluoride, hydrogen fluoride and hydrogen

fluori@E YRt YTHE abdlelfestiBdichemical fedgentcgirBévalents,

more preferably it can be used in 2 molar equivalents.
10 [0058]

The reaction temperature usually varies
depending on starting materials, solvents and the other
chemical reagents used in the reaction, and preferably
it is -78°C to -60°C (internal temperature of the

15 reaction vessel), and more preferably it is -78°C
(internal temperature of the reaction vessel).
[0059]

The reaction time usually varies depending on

starting materials, solvents and the other chemical

20 reagents used in the reaction and reaction temperature,
and it is preferable to stir the reaction solution at
the above reaction temperature for 0.5 to 12 hours
after adding the chemical reagents, and it is more
preferable to stir for about 1 hour.

25 [0060]

Production Process 3: Conversion from Compound (6) to

Compound (2) (the case where P! and R! are hydrogen

atoms)



20 used in 2 to 10 molar equivalents to Compound (6), and preferably it can
be used in 2 to 5 molar equivalents. [0064] The reaction temperature usually
varies depending on starting materials, solvents and the other 25 chemical
reagents used in the reaction, and preferably it is -20C to 50C (internal
temperature of the reaction vessel), atfd more preferably it is 0C to 40C
(interng) temperature.of the reaction vessels And 38 stillmore pgferably it is
room temperature (internal temperature of the reaction vessel). [0065] The
reactionctimelgsuglly varies depending on 5 starting materials, solvents and
the other chemical reagents used in the reaction and reaction temperature,
and it is preferable to stir the reaction solution at the above reaction
temperature for 0.5 to 48 hcakrg after addlng the chemlcal reagents, %‘I/(flt is

[0061]
This step is a step to remove protecting
5 groups of hydroxy group at 3- and 21-positions of
Compound (6) in a solvent in the presence of a chemical
reagent to produce Compound (5).
This step can be performed by a commonly used
method described in a literature (Protective Groups in
10 Organic Synthesis 3rd Edition, Green, T.W.; Wuts,
P.G.M., Wiley-interscience, 1999), etc. More
specifically, this step can be performed with reference
to the reaction conditions, work up procedures and
purification method described in [Step 17] of the
15 Example described below.
[0062]

As for the solvent mentioned above, there is
no particular limitation as long as it can dissolve
starting materials to some extent and does not obstruct

20 the reaction, but, for example, ether solvents such as
tetrahydrofuran, 1,2-dimethoxyethane and diethyl ether,

alcohol solvents such as methanol and ethanol,



15 [0067] This step is a step to protect hydroxy groups at 3- and 21-positions
of Compound (5) in a solvent in the presence of a chemical reagent and a
base to produce Compound (4). 20 This step can be performed by a
commonly used method described in a literature (Protective Groups in
Organic Synthesis 3rd Edition, Green T.W.; Wuts, P.G.M.,

Wileysinterseignce, 1999) cete. Mare 39 spegifically; this iep o081 1t
performed with reference to the reaction conditions, work up procedures and
purificatiomnwethed destribed inyStep 48} of theh Exarmpleadesdritied below. 5

[0068] As fto}{ the solvent megtigned}?boveﬁﬁhere is no particular limitation as
long &2 A deSoE" Starting hatéhals 6 %0fie extent and does not

obstruct the g@action, but, for example, ether solvents such as 10
tetrahydrofuran, 1,2-dimethoxyethane, diethyl ether, tert-butyl methyl ether
aAd cyclopentyl methyl @thékehaletfehated hydesearbBaSolvaRs stiehvas
dichloromethane, 1,2-dichloroethane and chloroform efc. can be.used agd

exa@g%e anﬁ%ﬁDlC %$1ds suc FS h% rochloric acild,
preferéﬁy it is a halogenated 15 hydrocarbon solvent uch as
dichlerentethanea ¢ ;2t, diskloreethaneiand ehtorafarnh {0069 As:fardhe,
chemical reagent mentioned above, for example, chloroacetic anhydride,
dhhkﬂ%%%@ﬁ& acids such as p-toluenesulfonic acid,

pyridinium p-toluenesulfonate (PPTS),

10 trifluoromethanesulfonic acid, methanesulfonic acid,
acetic acid and trifluoroacetic acid, fluoride ion type
chemical reagents such as tetra-n-butylammonium
fluoride, potassium fluoride, cerium fluoride, hydrogen
fluoride, hydrogen fluoride-pyridine can be used and

15 preferably it is a fluoride ion type chemical reagent
such as tetra-n-butylammonium fluoride, potassium
fluoride, cerium fluoride, hydrogen fluoride and
hydrogen fluoride-pyridine.

The above-described chemical reagent can be

20 wused in 2 to 10 molar equivalents to Compound (6), and
preferably it can be used in 2 to 5 molar equivalents.

[0064]
The reaction temperature usually varies
depending on starting materials, solvents and the other

25 chemical reagents used in the reaction, and preferably
it is -20°C to 50°C (internal temperature of the

reaction vessel), and more preferably it is 0°C to 40°C

(internal temperature of the reaction vessel), and



20 anhydride, trichloroacetic anhydride, difluoroacetic anhydride,
trifluoroacetic anhydride, bromoacetic anhydride, chloroacetyl chloride,
dichloroacetyl chloride, trichloroacetyl chloride, fluoroacetyl chloride,
difluoroacetyl chloride, trifluoroacetyl 25 chloride, bromoacetyl chloride can
be used and preferably it is dichloroaéétic anhydride. The above-described
chemigal reagent.can be. usedjn 2 to 10 mglar eqpivalents to Gompound (5),
and 40 preferably it can be used in 2 to 5 molar equivalents. 0070] The
above-ateseribeddyasef mdansra orgamicvbase such as triethylamine,
diisopropyleth Igmine and 5 pyridine or a combination of the above organic
base with 4-di e?ﬁylaminopyridine, and preferably it is a combination of
triethylamine, diisapropylethylagming ofe PyHdine1gndaries depending on
4-dimethylaminopyridine, and more preferably it is a combination of
triethylantine Wit at 4 0idikfethyahvindpyridite. Tie abbge-deseribed base
can be used jn. 2 to 10 molar equivalents to Compound. (5) (when 4-

i eic oty o AR S
equivalentiio Gempoune(D)), eantbl5s preferablyrit ean henused it 246 Jmolar
equivalents (0.01 to 0.1 molar equivalent when 4- dimethylaminopyridine is
used): J607EP The  fectibi tehiptratire isudifyvaries T 48 hours

after adding the chemical reagents, and it is more
10 preferable to stir for 0.5 to 12 hours, and it is still
more preferable to stir for about 1 hour.
[0066]

(b) Conversion from Compound (5) to Compound (4)

[Formula 38]

15 [0067]

This step is a step to protect hydroxy groups
at 3- and 21-positions of Compound (5) in a solvent in
the presence of a chemical reagent and a base to
produce Compound (4).

20 This step can be performed by a commonly used
method described in a literature (Protective Groups in
Organic Synthesis 3rd Edition, Green, T.W.; Wuts,

P.G.M., Wiley-interscience, 1999), etc. More



20 depending on starting materials, solvents and the other chemical
reagents used in the reaction, and preferably itis -20C to -50C (internal
temperature of the reaction vessel), and more preferably it is 0C to 40C
(internal temperature of the reaction vessel), and 25 still more preferably it is
room temperature (internal temperatiit@ of the reaction vessel). 0072] The

feaCt%@?i%%@k}’,Vaﬁ%d%E% 0_'iQQrP%élpé@fH@%aaﬁﬁ_{i@#@é@é\é%@é’d
the other chemical reagents used in the reaction and reaction temperature,
and ittis preferabtecto stir thenredctionssolutior at rtherabeyvb: resctiond

temperature for 5 minutes to 24 5 hours after adding the chemical reagents,
and 18" orereférabie 15 St for 0.5 %6 3 Aburs. & i? iS5 stifl nidfe

preferableto st der-t 10 2:hekrs,,[0073] (c) Conversion from Compound (4)
to Compound (3) 10 [0074] [Formula 39]R2 O OHOH OPSOOOPSOO

O°30P O 21[986P] (4) (3) [0075] This step is a step to remove protecting

As for the solvent mentioned above, there is
no particular limitation as long as it can dissolve
starting materials to some extent and does not obstruct
the reaction, but, for example, ether solvents such as

10 tetrahydrofuran, 1,2-dimethoxyethane, diethyl ether,
tert-butyl methyl ether and cyclopentyl methyl ether,
halogenated hydrocarbon solvents such as
dichloromethane, 1,2-dichloroethane and chloroform,
etc. can be used and preferably it is a halogenated

15 hydrocarbon solvent such as dichloromethane, 1,2-
dichloroethane and chloroform.

[0069]

As for the chemical reagent mentioned above,
for example, chloroacetic anhydride, dichloroacetic

20 anhydride, trichloroacetic anhydride, difluoroacetic
anhydride, trifluoroacetic anhydride, bromoacetic
anhydride, chloroacetyl chloride, dichloroacetyl
chloride, trichloroacetyl chloride, fluoroacetyl
chloride, difluoroacetyl chloride, trifluoroacetyl

25 chloride, bromoacetyl chloride can be used and
preferably it is dichloroacetic anhydride.

The above-described chemical reagent can be

used in 2 to 10 molar equivalents to Compound (5), and



groups of hydroxy group at 6- and 7-positions of 15 Compound (4) in a
solvent in the presence of a chemical reagent to produce Compound (3).
This step can be performed by a commonly used method described in a
literature (Protective Groups in Organic Synthesis 3rd Edition, Green, T.W.;
Wauts, 20 P.G.M., Wiley-interscience, $899), etc. More specifically, this step

can e performed with reference, to the reaction copditions. work 4.«
procedures and purification method described in [Step 18] of the 42
Example desefibed below. [0076] As for the solvent mentioned above, there
is no particular limitation as long as it can dissolve 5 starting materials to
some extent and dogs AGESHSIIE the Feadtion: BUt ot eXanipie Aicohol
solveptsssuchicas methanekand atharol, watek stecan beusadiasdang
preferably it is an alcohol solvent such as methanol and ethanol. 10 [0077]
AS foPife ehemical reagenbiiaritiohedcabsVe forexarmpi irergamicacids
such as hydrochloric acid, sulfuric acid, hydrofluoric acid and perchloric acid,
orgar s SO S e Al L TR SRty AR RS
p-toluenasuifanate, (RPTS) i ¢tifyarameibanestubopicaascid cmethanesidfanic
acid, acetic acid and trifluoroacetic acid, etc. can be used and preferably it is
pyﬂdWMﬁﬁqﬁﬁﬂu@ﬁgsémﬂﬁﬂ%thylamlnoPyrldlne’ and more

preferably it is a combination of triethylamine with 4-
10 dimethylaminopyridine.
The above-described base can be used in 2 to
10 molar equivalents to Compound (5) (when 4-
dimethylaminopyridine is used, 4-dimethylaminopyridine
in 0.01 to 1 molar equivalent to Compound (5)), and
15 preferably it can be used in 2 to 3 molar equivalents
(0.01 to 0.1 molar equivalent when 4-
dimethylaminopyridine is used).
[0071]
The reaction temperature usually varies
20 depending on starting materials, solvents and the other
chemical reagents used in the reaction, and preferably
it is -20°C to -50°C (internal temperature of the
reaction vessel), and more preferably it is 0°C to 40°C
(internal temperature of the reaction vessel), and
25 still more preferably it is room temperature (internal
temperature of the reaction vessel).
[0072]

The reaction time usually varies depending on



(PPTS). 20 The above-described chemical reagent can be used in 0.05 to 20
times molar equivalent to Compound (4), and preferably it can be used in 0.1
to 10 molar equivalents, and more preferably it can be used in 1 to 2 molar
equivalents. 25 [0078] The reaction temperature usually varies depending on
starting materials, solvents and the otAér chemical reagents used in the
reaction, ang preferably 43it is. 0G,19,5QC(internal tempsratyre of the
reaction vessel), and more preferably it is room temperature (internal
tempersture o6theseactiontvesseth 0079 & The eeactiom tinmngsuallyvaries
depending.on _startingfmaterials, solvents and the other chemical, reagents
used T the reactidn and réaction tempetaturs, BRAGE IS pretSrable 18 stif the
reactioneselytion at-the-abeve reaction teraperture forQ,bde 96,hours 10
after adding the chemical reagents, and it is more preferable to stir for about

48 hotrs 080} o) Teviversidrefre R TaTPo T €3 toScornpduhl (2F (the
case wihere L and 1 aregiegen gloms) 12 Formula 491 Qi H 7 O

still more preferable to stir for 1 to 2 hours.
[0073]
(c) Conversion from Compound (4) to Compound (3)

10 [0074]

[Formula 39]

[0075]

This step is a step to remove protecting

groups of hydroxy group at 6- and 7-positions of
15 Compound (4) in a solvent in the presence of a chemical
reagent to produce Compound (3).

This step can be performed by a commonly used
method described in a literature (Protective Groups in
Organic Synthesis 3rd Edition, Green, T.W.; Wuts,

20 P.G.M., Wiley-interscience, 1999), etc. More
specifically, this step can be performed with reference
to the reaction conditions, work up procedures and

purification method described in [Step 18] of the



21 3 OP" R~ OPI (3) (2) [0081] This step is a step to remove protecting
groups of hydroxy group at 3- and 21-positions of Compound (3) in a solvent
in the presence of a chemical 20 reagent to produce Compound (2) (the case
where P1 and R1 are hydrogen atoms). This step can be performed by a
commonly used method described in#literature (Protective Groups in 44

Organic_gynthesis;3rd; Edition. Green, T.W.; Wuts, P.G.M.,
Wiley-interscience, 1999), etc. More specifically, this step can be performed

with referenceOt® the reaction conditions, work up procedures and 5

purification methog defscrib&clj ins[SEe\Jo 1§] of the Ex%m le descr1i:bed below.
[0082] As for the S5lveRt mettioned abovE there 1§ ho'particuldr Iihitatidn

as long asdt-ean dissolve A0starting matedals tessome extentiand dees not
obstruct the reaction, but, for example, alcohol solvents such as methanol
and ethan6l wWatBp et 1éas becusethand=preteraily itissn akohebssient

such as methanal and 1?&@?”%@%5499%3%,3 for the chemical reagent, )

mentlonedrabove, POI‘ example, morgan]?c gases SUCﬁ as potassium

carbonates0dingl carhdnate antl cesidneearbonalecan be used and
preferably it is an alcohol solvent such as methanol
and ethanol.

10 [0077]

As for the chemical reagent mentioned above,
for example, inorganic acids such as hydrochloric acid,
sulfuric acid, hydrofluoric acid and perchloric acid,
organic acids such as p-toluenesulfonic acid,

15 pyridinium p-toluenesulfonate (PPTS),
trifluoromethanesulfonic acid, methanesulfonic acid,
acetic acid and trifluoroacetic acid, etc. can be used
and preferably it is pyridinium p-toluenesulfonate
(PPTS) .

20 The above-described chemical reagent can be
used in 0.05 to 20 times molar equivalent to Compound
(4), and preferably it can be used in 0.1 to 10 molar
equivalents, and more preferably it can be used in 1 to
2 molar equivalents.

25 [0078]

The reaction temperature usually varies
depending on starting materials, solvents and the other

chemical reagents used in the reaction, and preferably



organic bases such as sodium methoxide, potassium 20 methoxide, sodium
ethoxide, potassium ethoxide, sodium tert-butoxide and potassium
tert-butoxide can be used and preferably it is an inorganic base such as
potassium carbonate, sodium carbonate and cesium carbonate. 25 The
above-described chemical reagent cafibe used in 0.01 to 10 molar
equivalents tg<compand (3); ,and preferablydt can e used in 0,Lto.2 mglar
equivalents, and more preferably it can be used in 1 to 45 1.5 molar
equivatents 1 J0084}dT he reactiet termpératire Usuatlprariesrdepénding on

startin rgnaterials, solvents and the other 5 chemical reagents used in the

reaction, ahd preferabRy ifis 20t 708 (R rhaltemperaturk of the
reaction vessgl); @nd more preferably it is OC to 50C (internal temperature of
the reaction vessel), and still more preferably it is room temperature (internal

16 temperature of thé reaetiér vesséle [0085] The Yéacétioh fRecusdaly on

varies flepending, an. serling maferials, solyents andthe.giney chemical
reagents used’in the reaction and reaction temperature, 15 and itis
preferahlgdatsiir the deactiamsolttiontatothesabove seadction temperattie &r 5

minutes to 24 hours after adding the chemical reagents, and itis more
prefefdble 16 stif 6 £6 Minbites {P18 hour§he reaction solution at

the above reaction temperature for 0.5 to 96 hours
10 after adding the chemical reagents, and it is more
preferable to stir for about 48 hours.
[0080]
(d) Conversion from Compound (3) to compound (2) (the
case where P' and R' are hydrogen atoms)

15 [Formula 40]

[0081]

This step is a step to remove protecting
groups of hydroxy group at 3- and 2l-positions of
Compound (3) in a solvent in the presence of a chemical

20 reagent to produce Compound (2) (the case where P! and
R' are hydrogen atoms) .
This step can be performed by a commonly used

method described in a literature (Protective Groups in



[0086] 20 Production Process 4: Process for producing Compound (1) using
acetylation reaction [Formula 41] 0 OH 1-1-O OH OH OHO Old 0 R' OPT O
OPT (2) (1) [0087] 46 This step is a step to produce Compound (1) by
acetylating a hydroxy group at 7-position of Compound (2) in a solvent in the
presence of an acetylating agent and* base. 5 This step can be performed

by a commanly yised, method, Marg;spegifically. this step, canyhe performed

with reference to the reaction conditions, work up procedures and
purificatio!metiod <lescribedsn {Step , 19 Bfthe Etampléidescribed below.
10 [0088] This reaction can be ‘Eerformed in a stream of or under

atmoSPficre 6fan nert YASSuts ftFogen "Aid ardor (5688] 15 AET6r the
solvept mentioned-abeye dbgre is Nospartickiardinitation asleng asdt can
dissolve starting materials to some extent and does not obstruct
5 purification method described in [Step 18] of the
Example described below.
[0082]

As for the solvent mentioned above, there is

no particular limitation as long as it can dissolve

10 starting materials to some extent and does not obstruct
the reaction, but, for example, alcohol solvents such
as methanol and ethanol, water, etc. can be used and
preferably it is an alcohol solvent such as methanol
and ethanol.

15 [0083]

As for the chemical reagent mentioned above,
for example, inorganic bases such as potassium
carbonate, sodium carbonate and cesium carbonate,
organic bases such as sodium methoxide, potassium

20 methoxide, sodium ethoxide, potassium ethoxide, sodium
tert-butoxide and potassium tert-butoxide can be used
and preferably it is an inorganic base such as
potassium carbonate, sodium carbonate and cesium
carbonate.

25 The above-described chemical reagent can be
used in 0.01 to 10 molar equivalents to Compound (3),

and preferably it can be used in 0.1 to 2 molar

equivalents, and more preferably it can be used in 1 to



the reaction, for example, ether solvents such as tetrahydrofuran,
1,2-dimethoxyethane, diethyl ether, 20 tert-butyl methyl ether and cyclopentyl
methyl ether, halogenated hydrocarbon solvents such as dichloromethane,
1,2-dichloroethane and chloroform, etc. can be used and preferably it is a
halogenated hydrocarbon solvent suct?as dichloromethane, 1,2 25

dichlgroethane, and ghiorofarm [0090] The above acetylating agent means
acetic anhydride and acetyl chloride and preferably itis 47 acetic anhydride.

The above-déséribed acetylating agent can be used in 1 to 5 molar

equivalents to Comgound (2),.and preferab1léy it can be ulsed in0.5to 1.5
molar 5 equivalents. and-more Preferably'it cah be ised i 0'8 162 molar

equivalentsq[0091] n The abovesdeseribed. base saears ap erganicdasensych
as triethylamine, diisopropylethylamine and 10 pyridine or a combination of
the ab8¢8 bfganiedrase! withraaimethylaminepylidive, apdpreterabhipiRis a

combination ofiethylamine. diisgprogylethylamine er yriding and
4-dimethylaminopyridine, and more preferab yplt Is a combination of
triethylamine oty s 451dimethylaminepyrdine: dihie,abeve-cestribes base
can be used in 0.5 to 10 molar equivalents to Compound (2{(When 4-
(internal temperature of the reaction vessel), and
still more preferably it is room temperature (internal
10 temperature of the reaction vessel).
[0085]

The reaction time usually varies depending on
starting materials, solvents and the other chemical
reagents used in the reaction and reaction temperature,

15 and it is preferable to stir the reaction solution at
the above reaction temperature for 5 minutes to 24
hours after adding the chemical reagents, and it is
more preferable to stir for 10 minutes to 12 hours.

[0086]

20 Production Process 4: Process for producing Compound

(1) using acetylation reaction

[Formula 41]

[0087]



dimethylaminopyridine is used, 4-dimethylaminopyridine in 0.01 to 1 molar
equivalent to Compound (2)), and 20 preferably it can be used in 0.5 to 5
molar equivalents (0.1 to 1 molar equivalent when 4-dimethylaminopyridine
is used), and more preferably it can be used in 0.8 to 1.2 molar equivalents
(0.1 to 0.5 molar equivalent when 4-difhethylaminopyridine is used). 25

[0092] The reactioptemperaturesusually.yares depending gRoSIaning 1

materials, solvents and the other chemical reagents used in the reaction,
and preferablyy48 tit isy-20C olroom tensperadtre’(iptesnalitemperature of the

reaction vessel), g]d more preferagléy “i is about OC (internal_temperature of
) react

the readlionVisssely. [0093] BoTRE o i 4§ Varids @&pending on

starting smatesials, golvents andithe athes chemical reagents used in the
reaction and reaction temperature, and it is preferable to stir the reaction

sélution at the abé\é $e&étioh ferperatbfe 0B 1y 240 s &fetro dddiFrd

e TR ogen 0 s pte el Y 02 B2 s e

5: Process fos produeingtContpounsh d5i () endiCompoynd: ¢KK) using

cross coupling reaction by olefin metathesis [Formula 42
procedures and purification method described in [Step
19] of the Example described below.

10 [0088]

This reaction can be performed in a stream of
or under atmosphere of an inert gas such as nitrogen
and argon.

[0089]

15 As for the solvent mentioned above, there is
no particular limitation as long as it can dissolve
starting materials to some extent and does not obstruct
the reaction, for example, ether solvents such as
tetrahydrofuran, 1,2-dimethoxyethane, diethyl ether,

20 tert-butyl methyl ether and cyclopentyl methyl ether,
halogenated hydrocarbon solvents such as
dichloromethane, 1,2-dichloroethane and chloroform,
etc. can be used and preferably it is a halogenated
hydrocarbon solvent such as dichloromethane, 1,2-

25 dichloroethane and chloroform.

[0090]

The above acetylating agent means acetic

anhydride and acetyl chloride and preferably it is



OPa OPa OP7 OP9 OP9 ORi+OOP,000OO0OPivYW10OPI (12) (13)
(11) OPaOPaP90OP9 R61+0 R~R"OOPTR RaOPT (12') (13) (11)
[0095] This step is a step to produce Compound (11) 49 or Compound (11")
by reacting Compound (12) or Compound (12") with Compound (13) in a
solvent in the presence of a catalyst. This step can be performed by a
commenly ysed. 5 methad described in a literature (Handbook of Metathesis
Vol.1-3, Grubbs, R. H. Ed., WILEY-VCH, 2003), etc. More specifically, this
step can be perfofmedawith¢eférence te the redcticrt conditionst werk e
procedures and purification. method described in 10 [Step D6] of the Example

describ&d befbw. ThisTeAltion cahBe perfdrmed in & SteERT of Druridét
atmogphere-afan inert gas such.as Aitiogen and.angon.{8996]
5 equivalents, and more preferably it can be used in 0.8
to 1.2 molar equivalents.
[0091]
The above-described base means an organic
base such as triethylamine, diisopropylethylamine and
10 pyridine or a combination of the above organic base
with 4-dimethylaminopyridine, and preferably it is a
combination of triethylamine, diisopropylethylamine or
pyridine and 4-dimethylaminopyridine, and more
preferably it is a combination of triethylamine with 4-
15 dimethylaminopyridine.
The above-described base can be used in 0.5
to 10 molar equivalents to Compound (2) (when 4-
dimethylaminopyridine is used, 4-dimethylaminopyridine
in 0.01 to 1 molar equivalent to Compound (2)), and
20 preferably it can be used in 0.5 to 5 molar equivalents
(0.1 to 1 molar equivalent when 4-dimethylaminopyridine
is used), and more preferably it can be used in 0.8 to
1.2 molar equivalents (0.1 to 0.5 molar equivalent when
4-dimethylaminopyridine is used).
25 [0092]
The reaction temperature usually varies
depending on starting materials, solvents and the other

chemical reagents used in the reaction, and preferably



15 For Compound (12), Compound (Q9) described in the Example described
below or a compound which can be easily produced from a commercially
available compound by the method which those skilled in the art usually
perform can be used. 20 For Compound (12'), Compound (Q14) described in
the Example described below or a corfipound which can be easily produced
from a.commeygially.available compaund.by the methodwhich those skilled:
in the art usually perform can be used. 25 For Compound (13), Compound
(Ql2)descrbed iinrtheSample descrilset: below er @xdompound velvichtcan
be eaosc]%/ produced f£om a commerciall favailable comé)ound by Ehe method
which those 8kified3n th&'SrE50 “UsTallf psrormEan be lséa® Compound
(12) or Compaeh (12') can be used in 1 to 10 molar equivalents to
Compound (13), and preferably it can be used in 1.5 to 4 molar 5
e§uivalents, and mére preFerably ittéditbe Usellin 2 & 13 molapegdivaterts.
[0097] A3 for the, splvent mentioned.abave, therg is nig, partiglarfimifation
aslong as it can dissolve 10 starting materials to some extent and does not
obstruet: dhe teactien bit, torexaraple; anomadichyrocatbore sehertssech
as benzene, toluene, xylene, chlorobenzene and dichlorobenzene,
halogetfated Hydrota Sofvehts Sheh asdichRFomEthane, 2oton at

the above reaction temperature 0.5 to 24 hours after
10 adding the chemical reagents, and it is more preferable
to stir for 0.5 to 8 hours, and it is still more
preferable to stir for about 1 hour.
[0094]

Production Process 5: Process for producing Compound

15 (11) and Compound (11') using cross coupling reaction

by olefin metathesis

[Formula 42]

oP8 0 op8 .
oP” | OP I oP
\/kTK¢f7§> + o — o o
N0 OP' Yo OP'
(12) (13) (11)
OP® OP®
OF’9 OP9
Rs?(s\ * l l 0
R”R 6
NN op' R eN~N"0 OP!
R” R®
(12) (13) (1)
[0095]

This step is a step to produce Compound (11)



15 dichloroethane, chloroform and carbon tetrachloride, water, methanol,
etc. can be used and preferably it is a halogenated hydrocarbon solvents
such as dichloromethane, 1,2-dichloroethane, chloroform and carbon
tetrachloride. 20 [0098] The above catalyst means [1,3-bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidenefdichloro(0-

isopropoxyphenyimethylenejuthenium, ., ¢ 4 (12) . .
tricyclohexylphosphine[l,3-bis§l(2,4,6-trin¥1]egthyi)pnﬁ%%1§/?) 25 or Compoun

4,5-dihydroimidakzol-2spidene][bénzyliderre]ratheaium 1 (V) idichiordence
[1,3-bis-(2,4,6-trimethylphenyl)-2-
imida2olidinyfidénddichloro(2-isopropoxy-5- nitrophenylmethylene)ruthenium,
[1,3-bis-(2,4,6 51 trmethylppepyh-ZLinisazolidinylideneldichiar(R: v used
isopropoxy-3-phenylphenylmethylene)ruthenium, [1,3-bis-

(24,6 frirhethylsisemyiRedmidazolidingiidene]dichfered2 2 diisépropoxy-1,1'- 5
binaphthalene-3-ylmethylene)ruthenium, [1,3-bis=(2,4,6- B
trim&ﬁeytf&%neﬁ)l-g-?r}n? ézio:lgdin)k/gllrd%bnes]dic Ior%b(sz(g P MELEYEVCH,
methaxyphenymethyleaeyruthenium, i 3-bis-(2,4H-step can be
trimethylphenyl)-2-imidazolidinylidene]dichloro(2,4,5- o
trimefHoxyphBRYINethy erfd)rathenfurho1phe reaction conditions,

UmyQﬂhﬁ%WRh%ﬁ%ﬂ@@&ﬁ&p§§&ﬂfﬁqm¥¥@¥g¥gmxgéjm@.described in

2,3-dihydroimidazol-2-ylidene][benzylidene]ruthenium (IV) dichloride,
bistridytiereydphosphine[ 3; 8adiphe mdpropi 2eh-badidene] ruthenium (1V)
dichloride, bis{3-bromopyridinelLL 3 Bis(3,d O tImetIRNe ) 2 rean of
or under atmosphere of an inert gas such as nitrogen
and argon.
[0096]

15 For Compound (12), Compound (Q9) described in
the Example described below or a compound which can be
easily produced from a commercially available compound
by the method which those skilled in the art usually
perform can be used.

20 For Compound (12'), Compound (Ql4) described
in the Example described below or a compound which can
be easily produced from a commercially available
compound by the method which those skilled in the art
usually perform can be used.

25 For Compound (13), Compound (Q12) described
in the Example described below or a compound which can

be easily produced from a commercially available

compound by the method which those skilled in the art



15 imidazolidinylidene][benzylidene]ruthenium (IV) dichloride,
bistricyclohexylphosphine[benzylidene]ruthenium (IV) dichloride, and 2,6
diisopropylphenylimidoneophylidenemolybdenium 20
bis(hexafluoro-t-butoxide) and the like but preferably itis
[1,3-bis-(2,4,6-trimethylphenyl)-2- imid&Zolidinylidene]dichloro(0-

isopropaxgyphenylmethyleneuthenjunyand
tricyclohexylphosphine[1,3-bis(2,4,6-trimethylphenyl) 25

4,5-dihydroimidaz6k2ndidedel[behzyliderrejnsthenium 2(1V) dichlorde sEde

above ca&alést % n be_used in 0.00iL totl rpolar erﬁ%uivalent Eo Comgound
(13), AHd ‘preferabiy it 52 caAbe 05841 0761 1§85 Wiblar eqlivaldt. [0099]
The reagtian tgmperaturg ysyally vasies, dependingion starting materials,

solvents and the other 5 chemical reagents used in the reaction, and
prefefably TEISZ0C to reflux teRpBiabfe fiRternal tempekRauie 5t the réaétion
vess@), ar]Ld maore 1pref rabJCy itis reflux temperature (internal temperature of
molar eg Vf 8 5. . . . .
the reaction ves elﬁ. T 100] The reaction time usually varies depending
on starting materials, solvents and the other chemical reagents used in the
reaction and reaction temperature, and it is preferable to stir the reaction
; As for the solvent mentioned above, there is
solution at
no particular limitation as long as it can dissolve
10 starting materials to some extent and does not obstruct
the reaction, but, for example, aromatic hydrocarbon
solvents such as benzene, toluene, xylene,
chlorobenzene and dichlorobenzene, halogenated
hydrocarbon solvents such as dichloromethane, 1,2-
15 dichloroethane, chloroform and carbon tetrachloride,
water, methanol, etc. can be used and preferably it is
a halogenated hydrocarbon solvents such as
dichloromethane, 1,2-dichloroethane, chloroform and
carbon tetrachloride.
20 [0098]

The above catalyst means [1l,3-bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene]dichloro (O-
isopropoxyphenylmethylene)ruthenium,
tricyclohexylphosphine[l,3-bis(2,4,6-trimethylphenyl) -

25 4,5-dihydroimidazol-2-ylidene] [benzylidene]ruthenium
(IV) dichloride, [1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro(2—-isopropoxy—5—

nitrophenylmethylene)ruthenium, [1,3-bis-(2,4,6-



15 the above reaction temperature for 0.1 to 96 hours after adding the
chemical reagents, and it is more preferable to stir for 0.5 to 12 hours, and it
is still more preferable to stir for about 1 hour. [0101] 20 After the reaction of
each of the above steps is completed, object compounds in each of the
above steps can be taken from the reattion mixture by an usual manner.

[Examples] 25 [Q102] Hereinbelowy, Examples are.described in-order to

facilitate the present invention to be understood, but, needless to say, the
presert dmvermtiory is3net 53 vimited Y0 tisede, (626 3} yDeterminatioh 0f -bis-
absolu&e confi%lération of pladienolide B] 5 Test Example 1. Determination of

relativé tonfiglifation of PrafiB¥otdé B by NMR [Method] NMR information

(1H-1h ceuphing eonstantcdH 436 longranger caupling.copstant and NOE
correlation) 10 which was necessary for determining relative configuration
was chtaiidt-tndentesfollonaid Yeenditions hDeviee  used: Uity NGOV 6 -

S00MHz (produetof Yayian) and. JNMg 690MHz (aroduet of JEQL),
methoxyphenylmethylene)ruthenium, [1,3-bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene]dichloro(2, 4, 5-
trimethoxyphenylmethylene)ruthenium,

10 tricyclohexylphosphine[l,3-bis(2,4,6-trimethylphenyl) -
2,3-dihydroimidazol-2-ylidene] [benzylidene]ruthenium
(IV) dichloride, bistricyclohexylphosphine[3, 3-
diphenylprop-2-en-1l-ylidene]ruthenium (IV) dichloride,
bis[3-bromopyridine] [1,3-bis(2,4,6-trimethylphenyl)-2-

15 imidazolidinylidene] [benzylidene]ruthenium (IV)
dichloride,
bistricyclohexylphosphine [benzylidene]ruthenium (IV)
dichloride, and 2,6-
diisopropylphenylimidoneophylidenemolybdenium

20 Dbis(hexafluoro-t-butoxide) and the like but preferably
it is [1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro (O-
isopropoxyphenylmethylene) ruthenium and
tricyclohexylphosphine[l,3-bis(2,4,6-trimethylphenyl) -

25 4,5-dihydroimidazol-2-ylidene] [benzylidene]ruthenium
(IV) dichloride.

The above catalyst can be used in 0.001 to 1

molar equivalent to Compound (13), and preferably it



15 Solvent: deuterated pyridine Measurement temperature: 30C Sample
density: about 20 mg/mL Measuring method: 1H-NMR, 13C-NMR, COSY,
NOESY, HMQC, HMBC, HETLOC, J-resolved-HMBC, 1H-decoupling 20
[Results] NMR information shown in the following Table 1 to Table 3 was
obtained. The relative configuration offive asymmetric carbons present in

macralactone fjogymajety wasdetgrmingd o, be (3R%,6R5:7S*, 10S*, 115%)
25 from 1H-1H coupling constant and NOE correlation. As for relative
configuratioh(ff/e asymmetric carbons present in side-chain moieties,

analysis by J-based confi ugation Qna}%’Sis N. Matsumori et al, J. Org. 54
Chem., 64, 866-876.-1999) WaS peHolmed bassd oA TH-TH “Eduiihg
constagbHd113C dong range £gupling coastant sand NQE corseletiencand -
was determined to be (16S*, 18R*, 19R*, 20R*, 21S*). 5 [0104] [Formula

43] H3COL A0 HE QR H3T 8D 12311S C HOH 80 sl 1819 49r3Ply H
32101,

TtTis 20°C to reflux temperature (internal temperature
of the reaction vessel), and more preferably it is
reflux temperature (internal temperature of the
reaction vessel).

10 [0100]

The reaction time usually varies depending on
starting materials, solvents and the other chemical
reagents used in the reaction and reaction temperature,
and it is preferable to stir the reaction solution at

15 the above reaction temperature for 0.1 to 96 hours
after adding the chemical reagents, and it is more
preferable to stir for 0.5 to 12 hours, and it is still
more preferable to stir for about 1 hour.

[0101]

20 After the reaction of each of the above steps
is completed, object compounds in each of the above
steps can be taken from the reaction mixture by an
usual manner.

[Examples]

25 [0102]

Hereinbelow, Examples are described in order
to facilitate the present invention to be understood,

but, needless to say, the present invention is not



H3C HH H CH3 CHH OH 55 [0105] [Table 1] position Sc SH
JHHmultiplicity, long range JcH, NOESY* J=Hz J=Hz 1 170.9 - - - 2a 40.2
2.7 dd, 14.0, 3.2 - H2(3(s), H3(m), H4a(n), H4(3(n), H5u(n), H5(3(w), 2(3
2.78 dd, 14.0, 4.0 - H2a(s), H3(w), H4a(n), H413(n). H5u(n), H513(n). 3 69.8
4.1 dddd, 10.0, 4.0, 2JInz IC3=4 H2a(f), H2(3(w), H4a(w), 3.5, 3.5, 3.2
2JH2W 32 H4(3(p), H5a(w), H53(n) 4a 30.8 1.95 dddd, 13.5, 13.2, -
H2a(n), H2(3(n), H3(w), 3.5, 3.5 H4(3(s), H5a(m), H53(0), H7(n), H8(n),
H9(n), 6 4(32.82dddd, 135 13.0, - H2a(n), H2(3(n), H3(n), 10.0, 3.7
H4a(s) H5a(0), H53(w), (n), H9(w), 6- CH3 5a 37.7 1.71 ddd,
13.2, 1565F (ﬁgz‘ai‘n) Sﬁ‘z ‘ﬁf?(wﬂ %%‘35?5) of H53(s), H7(n).
H8(n) HA(1}n6-GH3(H 53 2 11 ddd, 13.2, 13. 2 H2a(w) H2(3(n), H3(n),
3.7 H4a(o) H4(3(w) H53(s) H7(n) H8(W) H9(n) 6-CH,(n) 6 73 - -

H80Ng§*99N%1enollde B by NMR

[Method]

NMR information ('H-'H coupling constant, ‘H-
3¢ long range coupling constant and NOE correlation)

10 which was necessary for determining relative
configuration was obtained under the following
conditions.

Device used: Unity INOVA 500MHz (product of Varian) and
JNMo. 600MHz (product of JEOL)

15 Solvent: deuterated pyridine
Measurement temperature: 30°C
Sample density: about 20 mg/mL
Measuring method: 'H-NMR, *’C-NMR, COSY, NOESY, HMQC,
HMBC, HETLOC, J-resolved-HMBC, ‘'H-decoupling

20 [Results]

NMR information shown in the following Table
1 to Table 3 was obtained. The relative configuration
of five asymmetric carbons present in macrolactone ring
moiety was determined to be (3R*, 6R*, 7S*, 10S*, 11S*)

25 from 'H-'H coupling constant and NOE correlation. As
for relative configuration of five asymmetric carbons
present in side-chain moieties, analysis by J-based

configuration analysis (N. Matsumori et al, J. Org.



H10(n), 6-CH,(m), 7 8 127.4 6.27 dd, 15.2, 9.8 2Jx7/C8=3 H4a(n), H4(3(n),
H5u(n), H53(w), H7(w), H9(w), H10(n), H11(w), 6-CH3(n), 7- 000H,(n),
10-CH,(m) 9 140.1 5.81 dd, 15.2, 10.0 3Jx11ic9=2.5 H4a(n), H4(3(w),
H5u(n), H53(n), H7(w), H8(w), H10(n), H11(w), 6-CH3(n), 7- OOCH,(n),
10-CH,(m) 10 40.9 2.67 ddg, 10.7, 10-0* 3Jx8/c10=6, H7(n), H8(W), HI(n),
H11(W)e 6.8 I59/CHZ3.6rEH3(M) o T-GOCHIM 10, A, CHI(S) 12:CH3(S)
'~x| 1/C 10=3 11 82.9 5.33 d, 10.7 3Jx9/C11=2.5, H2a(n), H2(3(n), H7(n),
H8(n); o9, B¢ 13(W), 10- Uxisicm=h @H3(s)pl2:CH3(w)y 1211132
Jxlvclz=2.% E3JH14/C%Z=3 56 OlOG]ﬁLTable 2] position 6C 6H JHIl-I6 .
multigli&ity’ 16hg Farge IER NOBESY * IEHF TERD 51312 6346 11.0
3IH114313=5 $KLO(N),0iHL 1 (W), $434(0), H15(w), 10-CH3, 12-CH3(w) 14
124.9 6.46 dd, 15.1, 11.0 - H11(n), H13(0), H15(w), H16(m), 12-CH3(s), 16-
15 141.7 5. 738 15.1, 8.0 3JH13/C15=5, H13(w), H14(w), H16(w),

[Formula 43]

g
HsC” O
, HpH
~=CHy
HG, ol
HO H H
HZ;C P g0 17 15 13 H

21 ! XX 0
HC H 1 H CHy el



s H17a(n), H17(3(n), H18(w), JHNR/cls=6 12-CH3(n), 16-CH3(m)
3JH17WC15=3.5 16 35.8 2.54 dddq, 8.5, 8.0, 3JH14/C16=5.5. H14(m),
H15(w), H17a(n), 5.0,6.8 J1117R/c16=4 H17R(m),H18(m),H19(n),16-
CH3(s) 2JH17WC16=4.5 17a 40.1 1.56 ddd, 13.9, 8.5, - H14(n), H15(n),
H16(n), 5.9 H17(3(s), H18(w), H19(mR316- 17(3 1.7 ddd, 13.9, 5.9, - H14(n),

H15(n), H1

6()s 5:0 H17a(s), H18(m), H19(m), 16- CH3(0) 18 56.9 2.88

ddd, 5.9, 5.9, 2.1 2JH17R/C18=7. H15(w), H16(m), H17a(w), 2J
1117Wieb8<t H17(3(m), H19(w), H20(s), 16- CH3(w), 20-CH3(m)
3JH20/C18-3.5 19 61.9 3.02 dd, 8.1. 2.1 3JH17R/C19=6. H15(n). H16(n

H17aprs)ioB] 83 17VHiC19-Do: MaTEBii), Hasy
20-C =

W) 2aEmYORD(m), 16-CH3(n),

2JH2!L/czo<2ﬁﬁ%aér%_mu]:-;(o) H18(s), H19(m), Hzlés), H22a(

H22b18), H23 18 2

H18(
22a
20-CH3(m) 495 4
400 308 195
I 1.82
500 377 171
5 211
73 -
797 554
8 1274 627
9 140.1 5.81
10 409 2.67
1 829 533
12 132 -

#AY'2
6175 m 29PBL b 5 A

H

dddd, 10.0, 4.0,
3.5,35,32

2
J H2[5/C3=4»
2

J macz<2

dddd, 13.5, 13.2,
35,35

dddd, 13.5, 13.0,

10.0, 3.7
ddd, 13.2, 13.0, -
3.5
ddd, 13.2,13.2, -
3.7
3JH8/C6<2
d, 9.8 3T 10jc1=6.5
dd, 15.2,9.8 2JH7/C8:3
dd, 15.2,10.0 3JH11/C9:2'5
ddq, 10.7, 10.0, 3JH8/C10=6’
6.8
2JH9/C10:37
2JH11/C10:3
d, 10.7 T o1 =2.5,
3JH13/C11=7
- 2JH11/C12=2-5’

3
J miac12=3

D726 3.98 ddd, 8.3, 412

(n), H20(0), H21(%%§%%§V$%%§SW)

H22b(s), H23 (s),

U5 Iééqmié?@zakz,

H20(m), H2B(w), Hdo(w),
H4B(n), H5a(w), H5B(n)

H2a(n), H2B(n), H3(w),
H4B(s), HSa(m), H5P(0),
H7(n), H8(n), H9(n), 6-
H2a(n), H2B(n), H3(n),
Hda(s), H5a(0), H5B(W),
H7(s), H8(n), HO(w), 6-CH(n)
H2au(n), H2B(n), H3(w),
H4a(m), H4B (o), H5P(s),
H7(n), H8(n), H9(n), 6-CH,(s)
H20(w), H2B(n), H3(n),
H4a(o), H4B(w), H5B(s),
H7(n), H8(w), H9(n), 6-CHx(n)
Hdo(n), HAB(s), HSon),
H5B(n), H3(w), HO(w),
H10(n), 6-CH+(m), 7-

H4a(n), H4B(n), H5a(n),
H5B(w), H7(w), H9(w),
H10(n), H11(w), 6-CH;(n), 7-
COCHx(n), 10-CHx(m)
Hda(n), HAB(w), HSo(n),
H5B(n), H7(w), H8(w),
H10(n), H11(w), 6-CHs(n), 7-
COCHx(n), 10-CHx(m)

H7(n), H8(w), H9(n), H11(w),
6-CH,(n), 7-COCH,(n), 10-
CH,(s), 12-CHy(s)

H2a(n), H2B(n), H7(n), H8(n),
H9(w), H10(w), H13(w), 10-
CH,(s), 12-CH,(wW)



22b 1.68 m H19(n), H20(0), H21(s), H22a(0), H23(s), H30(m) 23 11 1.08 t,
7.3 - H20(s), H21 (s), H22a(s), H22(s), 20-CH3(0) 57 0107] [Table 3]
position 6C 6H Jpa multiplicity, long range JCH, NOESY* J=Hz J=Hz 6-CH3
24.8 1.46 s - H4ct(m), H4(3(n), H5a(s), H5(3(n), H7(m), H8(n), 7- 000H3(0)
7-000H3 170.2 - - - 7-COCH3 21.1 1.96 s - H7(w), H8(n), H9(n), 6-CH3(0)
10-CH3 16.60,.8Z d, 6.8 3JH9/CloMe<2, H8(n), H9(m), H10(s), HI I (s), 3
JHII/C10Me<2 H13(w),12-CH3(w) 12-CH3 12 1.8 brs 3JH11/C12Me 4.5,

H10(€)F #EW)) H13(w), 3 JH13/C12 Me 7.5 H14(s), H15(n), H27(w)
16-CH3 2121 ﬂQri 6.8 - I—|1A(m\ I—I1R(m\ |—|1R(Q\ I—|17:-1(\Al\ I—|17(’-2(n\

H18(RYs982CH3B 10. §H1 15/dly g ipfie{%(nd
H22

2 6347 brd, 11 —
CSD (C3) 113 .Oppm * ertrong m: m(fd@r@'ﬁés
obsculrfd by OYEXI% p 4[2;9 Scll [83008] Test Exampl
of pladienolide 0 a pyri |ne13 ml) solution of 5
14.9 ol), 4-

REOD. 41417 573 4d, 150,80 ...
3JH17[5/C15=6
3JH17oc/c15=3-5

16 358 254 dddq, 85,80, ... =55

5.0,6.8
2JH17[5/C16:4
2JHl7oc/c16=4-5

170 40.1 1.56 ddd, 13.9, 8.5,

5.9
178 1.7 ddd, 13.9,5.9,
5.0

18 569 2.88 ddd,5.9,59,2.1 2y o0 =7,
2J1-117oc/c18:4
3J1-120/C18:3-5

19 619 3.02 dd,8.1,2.1 3T wi71c15=6,
3J1-117oc/c19:2~5
%] H20/c19=1-3,
3JH21/C19=3-5

20 42.1 145 ddq,8.1,4.0,68 27, <2

21 736 398 ddd,8.3,44,40 3. <
%] H20/C21<2

22a 286 175 m T t1/cn<2

22b 1.68 m

23 11 1.08 7.3

yngrragsy S Y21 (w), H22a(m),

“Hil wé 14&%1
sg% g(c fl(V)V

H13(w), H14(w), H16(w),
H170(n), H17B(n), H18(w),
12-CH;(n), 16-CH,(m)

H14(m), H15(w), H170u(n),
H17B(m), H18(m), H19(n), 16-
CH;(s)

H14(n), H15(n), H16(n),
H17B(s), H18(w), H19(m), 16-
H14(n), H15(n), H16(m),
H170(s), H18(m), H19(m), 16-
CH;(0)

H15(w), H16(m), H170(w),
H17B(m), H19(w), H20(s), 16-
CHj;(w), 20-CH;(m)

H15(n), H16(n), H170(m),
H17B(m), H18(w), H20(m),
H21(m), 16-CH,(n), 20-CH,(s)

H170(n), H17B(0), H18(s),
H19(m), H21(s), H22a(o0),
H22b(0), H23 (s), 20-CH;(s)
H18(n), H19(m), H20(s),
H22a(m), H22b(s), H23(s),
H30(w)

H19(n), H20(0), H21(m),
H22b(0), H23(s), 20-CH;(m)
H19(n), H20(0), H21(s),
H22a(0), H23(s), H30(m)
H20(s), H21(s), H22a(s),
H22(s), 20-CH;(0)



dimethylaminopyridine (1 mg, 8.1 Rmol) and (S)-MTPA chloride (25 mg, 99.2
Rmol) were added and after allowed to stand still at room temperature for 12
hours, pyridine was evaporated and then water (10 ml) 10 was added and the
mixture was extracted with ethyl acetate (10 ml). The obtained organic layer
was concentrated and then purified by preparative HPLC (J “sphere ODS
M-80, 20 mmyk By x 250 mm, acetonitrile: 0.15% trifluoroacetic acid aqueous
solution = 80:20 -3 15 100:0, 9.0 ml/min) and rough MTPA ester fraction was
58 cdrieénteated to 1.5 ml. The concentrated fraction was purified by
preparative HPLC (J “sphere ODS M-80, 20 mm [.D. x 250 mm, acetonitrile:
waterres0n0384 106;0, 10{ﬁ)rm]¥miml)Yan@r$ @!LgdlléR)N@EPW ester (12.0 mg,

pyrldlﬁ 13,0 mfSsohtfon' ‘of pladlenollde B (8 mg, 14144 _?‘[32!”‘-)
dimethylaminopyridine (1 mg, 8.1 11mol) and (R)- -MTPR Wnibrige }(I§§’h17',
99.2 ]7](58891 added and after 10 allowed to stand il & room
temperature for 5 hours, pyridine was evaporated and then water (10 %]}
was addedtnt!the mi%ture was extracted with ethyl HEEtARSTb R PR
obtail€& Brgahftflayetwad Cconcentrated and-theh pliiR rEPSFAthiE! (o)-
HPLC (J 15 “sphere ODS M-80, 20 mm IR, x2282mm, d&etdnithiie™0.15%
triflucre&detic #id agsieobs solution = 8%.20,:4,,L2G;0119(9.ml/min)Eiddwough
MTPA ester fraction was concentrated tg 1.5 ml_Jhefldéncétfraedstaction

HI13/C12-Me
Was 16.cH, 212 1.09 d, 68 - H14(m), H15(m), H16(s),
H170(w), H17B(0), H18(w)
20-CH; 108 1.15 d,68 - H18(m), H19(s), H20(s),

H21(w), H22a(m), H22b(im),
recorded in pyridine-d5, 30°c, CsD,HN(H3)=7.22ppm, CsDsN(C3)=123.9ppm
* s: strong; m: moderate; w: weak; n: not detected; o: obscured by overlapping signals

[0108]

Test Example 2. MTPA esterification of pladienolide B

To a pyridine (3.0 ml) solution of

5 pladienolide B (8 mg, 14.9 umol), 4-
dimethylaminopyridine (1 mg, 8.1 umol) and (S)-MTPA
chloride (25 mg, 99.2 umol) were added and after
allowed to stand still at room temperature for 12
hours, pyridine was evaporated and then water (10 ml)

10 was added and the mixture was extracted with ethyl
acetate (10 ml). The obtained organic layer was
concentrated and then purified by preparative HPLC (J
‘sphere ODS M-80, 20 mm I.D. x 250 mm, acetonitrile:
0.15% trifluoroacetic acid aqueous solution = 80:20 —

15 100:0, 9.0 ml/min) and rough MTPA ester fraction was



purified by preparative HPLC (J “sphere ODS M-80, 20 mm 20 I.D. x 250
mm, acetonitrile: water = 60:40 -4 100:0, 10.0 ml/min) and 3,21-di-(S)-MTPA
ester (10.0 mg, 11.6 gmol, 82.9%) of pladienolide B was obtained. [0109]
Test Example 3. Determination of absolute configuration 25 of pladienolide B
by modified Mosher's method [Method]®™NMR measurement of

3,21-dis(REMTRALsterand 53,21 -di-):MIEA esterafpladienalids 3 was
performed 59 under the following conditions. Device used: INMCC 600MHz
(produet of JIEQ L)y Spharrrdéuterat&el chlofofosmph Measivenerito, 20 mm

temperature:; 30C 5 Sam Iegenslt\t/ about 5 m /mL I\ﬁea uring r(pet od:
1H-NMR, cOSy° [R&sul T?As%lgnmen?mfoﬁﬁg on of 1H- I\/I_I?? dighats shown

in theifollowing dable 4-far 3,2h-dir(RyMTRArestesand 10:3,81rd-(S)-MIPA
ester of pladienolide B was obtained. As a result of having analyzed AS value

(Ss-9Rpaf eddh YBrotert swmhé@qr&n%ﬁéséw@%ﬁiéél shifts, the
absolute conflguraflon d% osmon asymmetrlc car ﬁ q)eteﬁmlned to
be R configuration, an t%e absoluie 15 con?g]a}/atlon o? 21-position
asymgagtiic icatbon was detesmined © he Swgonfigurationo Fromithe above
results and the results of the relative configuration determined by Test
Exanﬂﬂ@%??ﬁé%ﬁ%%ﬂﬁérldl“e (1 mg, .1 umol) and (R)-MTPA

chloride (25 mg, 99.2 umol) were added and after

10 allowed to stand still at room temperature for 12
hours, pyridine was evaporated and then water (10 ml)
was added and the mixture was extracted with ethyl
acetate (10 ml). The obtained organic layer was
concentrated and then purified by preparative HPLC (J

15 ‘sphere ODS M-80, 20 mm I.D. x 250 mm, acetonitrile:
0.15% trifluoroacetic acid aqueous solution = 80:20 —
100:0, 9.0 ml/min) and rough MTPA ester fraction was
concentrated to 1.5 ml. The concentrated fraction was
purified by preparative HPLC (J ‘sphere ODS M-80, 20 mm

20 I.D. x 250 mm, acetonitrile: water = 60:40 — 100:0,
10.0 ml/min) and 3,21-di-(S)-MTPA ester (10.0 mg, 11.6
Umol, 82.9%) of pladienolide B was obtained.

[0109]

Test Example 3. Determination of absolute configuration

25 of pladienolide B by modified Mosher’s method

[Method]
NMR measurement of 3,21-di-(R)-MTPA ester and

3,21-di-(S) -MTPA ester of pladienolide B was performed



configuration of ten asymmetric carbons present in 20 pladienolide B was
determined to be (3R, 6R, 7S, 105, 115, 16S, 18R, 19R, 20R, 21S). [0110]
[Formula 44] OCH3 OH PF,CH3C"OHZ"IpCH3 H3Css 2HH 3 OF3C
0190171513n3HOCH3 H3C21C~'1010 H3CHHHCH3CH30
60 [0111] [Table 4] position S -MTPAster R -MTPA ester d 6 (60 (6 F)

(S-R), R9c2-6:2.68,50:04, 1213 268:28,:0,12 35.125.080.04 4q 1.71 1.64
0.07 413154 1.50.04 5q 1.7 1.46 0.24 513 1.7 1.7 0.00 7 5.08 5.04 0.04

Device used: JNMo 600MHz (product of JEOL)
Solvent: deuterated chloroform
Measurement temperature: 30°C
5 Sample density: about 5 mg/mL
Measuring method: 'H-NMR, COSY
[Results]
Assignment information of 'H-NMR signals shown
in the following Table 4 for 3,21-di-(R)-MTPA ester and
10 3,21-di-(S)-MTPA ester of pladienolide B was obtained.
As a result of having analyzed A8 value (8s-8z) of each
proton signal obtained from these chemical shifts, the
absolute configuration of 3-position asymmetric carbon
was determined to be R configuration, and the absolute
15 configuration of 2l-position asymmetric carbon was
determined to be S configuration. From the above
results and the results of the relative configuration
determined by Test Example 1, the absolute
configuration of ten asymmetric carbons present in
20 pladienolide B was determined to be (3R, 6R, 7S, 10S,
118, 163, 18R, 19R, 20R, 219).
[0110]

[Formula 44]




85.655.630.02 95.695.680.01 102.522.52 0.00 115.055.06-0.01 13
6.04 6.05-0.01 14 6.226.22 0.00 155.585.56 0.02 16 2.432.41 0.02 17¢
1.461.40.06 1713 1.531.50.03 18 2.66 2.63 0.03 19 2.41 2.27 0.14 20
1.541.48 0.06 215.125.17-0.05 229 1.75 1.8 -0.05 2213 1.66 1.7 -0.04
23 0.830.91-0.08 6-CH31.221.17 #85 7-COCH3 2.1 2.08 0.02 10-CH3
0.87 0.86 0.03; 12;CH3 1.71 1.72 -0.01 16-CH3 1.06 1.06 0.00 20-CH3
0.89 0.83 0.06 recorded in chloroform-d, 30C, CHC13=7.27ppm 61 0112]
[Detetimdtiort df absolute configuration of pladienolide D] Test Example 4.
Determination of relative configuration

position §S-MTPA ester R-MTPAester 4 o

(0 H (0 H (S-R)
20 2.64 2.68 20.04
28 2.68 2.8 0.12
3 5.12 5.08 0.04
4q 1.71 1.64 0.07
48 1.54 1.5 0.04
5q 1.7 1.46 0.24
58 1.7 1.7 + 0.00
7 5.08 5.04 0.04
8 5.65 5.63 0.02
9 5.69 5.68 0.01
10 2.52 2.52 + 0.00
11 5.05 5.06 -0.01
13 6.04 6.05 -0.01
14 6.22 6.22 + 0.00
15 5.58 5.56 0.02
16 2.43 2.41 0.02
174 1.46 1.4 0.06
178 1.53 1.5 0.03
18 2.66 2.63 0.03
19 2.41 2.27 0.14
20 1.54 1.48 0.06
21 5.12 5.17 -0.05
2q 1.75 1.8 0.05
228 1.66 1.7 -0.04
23 0.83 0.91 -0.08
6-CH, 122 1.17 0.05
7-COCH, 2.1 2.08 0.02
10-CH, 0.87 0.86 0.01
12CH; 1.71 1.72 -0.01
16-CH, 1.06 1.06 + 0.00
20-CH;  0.89 0.83 0.06

recorded in chloroform-d, 30°C, CHCL,=7.27ppm



5 of pladienolide D by NMR [Method] NMR information (1H-1H coupling
constant and NOE correlation) which was necessary for determining relative
configuration was obtained under the following 10 conditions. Device used:
AVANCE 600MHz (product of Bruker) Solvent: deuterated pyridine
Measurement temperature: 30C Samfple density: about 20 mg/mL 15
Measuring rp@ﬂl@q: 1H-NMR, 13C-NMR, COSY, NOESY, HMQC, HMBC
[Results] NMR information shown in the following Table 5 to Table 6 was
obtainéd.tEne phtained 1H-1dbeolplirg c20 toostaritiand NOE correlation
pattern were similar to those of pladienolide B and therefore relative
confi§uratioh 6t piadienblide D was determined to be (3R*, 6R*, 7S*, 10S*,
11S*716R* £18R:1LOR, 20R% - 215%): £2, 0J43} Jrarmyla 45510, KOG OH

OH 7CH3 H3CHH..O
5 of pladienolide D by NMR

[Method]
NMR information ('H-'H coupling constant and
NOE correlation) which was necessary for determining
relative configuration was obtained under the following
10 conditions.
Device used: AVANCE 600MHz (product of Bruker)
Solvent: deuterated pyridine
Measurement temperature: 30°C
Sample density: about 20 mg/mL
15 Measuring method: 'H-NMR, '’C-NMR, COSY, NOESY, HMQC,
HMBC
[Results]
NMR information shown in the following Table
5 to Table 6 was obtained. The obtained 'H-'H coupling
20 constant and NOE correlation pattern were similar to
those of pladienolide B and therefore relative
configuration of pladienolide D was determined to be
(3R*, 6R*, 7S*, 10S*, 1138*, 16R*, 18R*, 19R*, 20R%*,

215%*).



HCHOHeOn+s+a++3H ~\\'01 OH HCHHHO CH, CH9 63 0114]
[Table 5] position L]C L JHH multiplicity, NOESY* J=Hz 1171.3-- 2D 40.6
2.7 dd, 14.0, 3.2 H2D(s), H3(m), H4D(n), H4D(n), H5D(n), H5D(w), 2D 2.77
dd, 14.0, 4.2 H2D(s), H3(n), H4D(n), H4D(n), H5D(n), H5D(n), 3 70.2 4.09 m
H2D(m), H2D(n), H4D(w), H4D(n), H8B(w), H5D(n) 411 31.2 1.94 m H2D(n),
H2D(n), H3(w); 1K4D(s), HSD(w), H5D(0), H7(n), H8(n), H9(n), 6-CH,(m) 4D
1.8 m H2D(n), H2D(n), H3(0), H4D(s), H5D(0), H5D(w), H7(s), H8(n),
HO(w),F8-CiH.[R) 3D138.1 1.71 m H2D(n), H2D(n), H3(w), H4D(w), H4D(0),
H5D(s), H7(n), H8(n), H9(n), 6-CH,(m) 50 2.1 ddd, 13.5, 13.5, H2D(w),
H2D(n), H3(n), 3.3 H4D(0), H4D(w), H5D(s), )(717(“)’ H8(w), H9(n), 6-CH,(n)

e OHon




6 73.4 - 780.25.53 d, 9.8 H4D(n), H4D(s), H5D(n), H5D(n), H8(w), HI(n),
H10(n), H11(n), 6-CH,(m), 7 8 127.8 6.27 dd, 15.2, 9.8 H4D(n), H4D(n),
H5D(n), H5D(w), H7(w), H9(w), H10(n), H11(n), 6-CH3(n), 7- 000H,(n).
10-CH,(n) 9 140.5 5.82 dd, 15.2, 10.0 H4D(n), H4D(w), H5D(n), H5D(n),
H7(n), H8(w), H10(n), H11(n), 6-CH3{r), 7- OOCH,(n). 10-CH,(m) 10 41.3
2.67 ddg, 10.7; 19,0, H7(n), H8(w), H9(n), H11(w), 6.7 6-CH3(n),
7-COCH3(n), 10- CH,(s), 12-CH,(s) 11 83.3 5.35 d, 10.7 H2D(n), H2D(n),
H7(n), H8(Y, HI(n), H10(w), H13(w), 10- CH3(s), 12-CH3(w) 12 133.3 - -
64 [0115] [Table 6] position L JHH multiplicity, NOESY* J= Hz 13 131.4 6.45
brd, 1pbsitierd0(n); 11 (W)}, H14(rh)n 1d66HYitL0-8ABRNY, 12-CH3(w) 14 123.1
6.99 dd, 15.2, 11.1 H11(n), H13(mHH15(m), 12- CH3(s), 16-CH3(m), 15

14455710 0, Io4THR3(M), 0H1Z0n), nL7oMmy),

20

201

3

401

4]

50

50

10

11

12

40.6

70.2

31.2

38.1

73.4
80.2

127.8

140.5

41.3

83.3

133.3

2.7
277
4.09

1.94
1.8
1.71

2.1

5.53

6.27

5.82

2.67

5.35

dd, 14.0,3.2

dd, 14.0,4.2

m

ddd, 13.5, 13.5,

33

d, 9.8

dd, 15.2,9.8

dd, 15.2, 10.0

ddq, 10.7, 10.0,

6.7

d, 10.7

H2((s), H3(m), H4[l(n),
H4[(n), H5((n), H5((w),
H2[(s), H3(n), H4[(n),
H4[(n), H5[(n), H5[(n),
H2[(m), H2((n), H4[(w),
H4((n), H5L(w), H5[(n)
H2[(n), H2((n), H3(w),
H4((s), H5[(w), H50(0),
H7(n), H8(n), H9(n), 6-CH;(m)
H2(I(n), H2 I(n), H3(0),
H4[1(s), H5[ (o), H5[I(w),
H7(s), H8(n), H9(w), 6-CHx(n)
H2(I(n), H2 (n), H3(w),
H4[(w), H4[ (o), H5[(s),
H7(n), H8(n), H9(n), 6-CH;(m)
H2[(w), H2[(n), H3(n),

H4( (o), H4U(w), H5L(s),
H7(n), H8(w), H9(n), 6-CH;(n)
H40I(n), H4[(s), H5 \(n),
H5(1(n), H8(w), H9(n), H10(n),
H11(n), 6-CH;(m), 7-

H4[)(n), H4(n), H5(n),
H50(w), H7(w), H9(w),
H10(n), H11(n), 6-CH;(n), 7-
COCH-(n). 10-CHa(n)
H4(I(n), H4T(w), H50(n),
H5(1(n), H7(n), H8(w), H10(n),
H11(n), 6-CH(n), 7-
COCHa:(n). 10-CH.(m)

H7(n), H8(w), H9(n), H11(w),
6-CH;(n), 7-COCHj;(n), 10-
CHs;(s), 12-CHx(s)

H2(I(n), H2 \(n), H7(n), H8(n),
H9(n), H10(w), H13(w), 10-
CHx(s), 12-CHy(w)



H170(n), H18(w), 12-CH3(n), 16-CH,(m) 16 72.3 170 46.5 1.96 dd, 13.8,
6.5 H15(n), H170(s), H18(w), H19(m), 16-CH3(m) 170 2.25 dd, 13.8, 5.2
H15(n), H170(s), H18(m), H19(m), 16-CH3(m) 18 55.3 3.38 ddd, 6.5, 5.2,
2.0 H15(w), H170(w), H170(m), H19(w), H20(s), 16-CH3(m), 20-CH,(m) 19
62.2 3.12 dd, 7.6, 2.0 H15(n), H170(nPFH170(m), H18(w), H20(w), H21(m),
16- CH3(n),2Q-GH3(s) 20 42.3 1.58 m H170(n), H170(0), H18(s), H19(w),
H21(s), H22ab(o), H23 (s), 20-CH3(s) 21 74.1 3.99 m H18(n), H19(m),
H20(§)TaHd2QaBQm) H23(s) 20 CH3(W) 22ab 28.9 1. 80 m H19(n) H20(o)

- . H7(W)
Ef3(0)1-cH%'17:1 0.87 d,iﬁ.‘;{n 110(5), HI(s),
5 - 3 ) 3
HISW).12-CH3M | (90 4d.152.10.1  HI1(n), H13(m), HISm), 12-
CHiy(s), 16-CHy(m),

15 1445 6.16  d,15.2 H13(n), H14(m), H17((n),
H17(1(n), H18(w), 12-CH(n),
16-CHa(m)

16 723 -

1701 465 196  dd, 13.8,6.5 H15(n), H17(1(s), H18(w),
H19(m), 16-CH;(m)

1701 225  dd, 13.8,5.2 H15(n), H17(1(s), H18(m),
H19(m), 16-CH;(m)

18 553 338  ddd, 6.5,5.2,2.0 HIS(w), HI70(w), H170(m),
H19(w), H20(s), 16-CH,(m),
20-CHx(m)

19 622 3.2  dd, 7.6,2.0 H15(n), H17(1(m), H17((m),

H18(w), H20(w), H21(m), 16-
CHx(n), 20-CHs(s)

20 423 158 m H1701(n), H17 (o), H18(s),
H19(w), H21(s), H22ab(0),
H23 (s), 20-CH(s)

21 74.1 3.99 m H18(n), H19(m), H20(s),
H22ab(m), H23(s), 20-CH;(w)

22ab 289 1.80- m H19(n), H20(0), H21(m),

1.66 H23(s), 20-CH;(m)

23 11.4 1.07 t, 7.4 H20(s), H21(s), H22ab(s), 20-
CHj3(0)

6-CH;,4 252 1.46 s H4[(m), H4[(n), H5C(m),
H50(n), H7(m), H8(n), 7-
COCHx(0)

7-COCH; 170.6 - - -

7-COCH;  21.5 1.96 S H7(w), H8(n), H9(n), 6-CHj;(0)

10-CH; 17.1 0.87 d, 6.7 H8(n), H9(m), H10(s), H11(s),
H13(w), 12-CH;(w)

12-CH; 12.4 1.78 brs H10(s), H11(w), H13(w),
H14(s), H15(n), 10-CH;(w)

16-CH; 29.7 1.63 S H14(m), HI5(m), H16(s),
H170(m), H1700(m), H18(m)

20-CH; 10.6 1.17 d, 7.0 H18(m), H19(s), H20(s),

H21(w), H22ab(m), H23(0)
recorded in pyridine-d5, 30°C, CsD,HN(H3)=7.22ppm, CsDsN(C3)=123.9ppm

* g: strong; m: moderate; w: weak; n: not detected; o: obscured by overlapping signals




12-CH3 12.4 1.78 brs H10(s), H11(w), H13(w), H14(s), H15(n), 10-CH3(w)
16-CH3 29.7 1.63 s H14(m), H15(m), H16(s), H170(m), H170(m), H18(m)
20-CH3 10.6 1.17 d, 7.0 H18(m), H19(s), H20(s), H21(w), H22ab(m), H23(0)
recorded in pyridine-d5, 30C, C5D4HN(H3)=7.22ppm,
C5D5N(C3)=123.9ppm * s: strong; m:’moderate; w: weak; n: not detected; o:
obscured by gyegapping signals 65 0116] Test Example 5. MTPA
esterification of pladienolide D A pyridine (262 I) solution of pladienolide D
(5.24Tng 9t hbAwlPand BRdichloremefhané sotutioh §2:00Aa#nhoflide D
4-dimethylaminopyridine (82.2 mg, 0.67_5 mmol) were prepared. A part (100
5.6 Rnol) of e, BYARE o5 of HadBRGAGED Ka LRt SRt
dichleromgethangsolytian (180 1,)33:Adl Imal) of A dimethwamingepyridive and
(S)-MTPA chloride (10 mg, 39.7 gmol) were added and after stirred at room
10 tertpetatuke fof 30 THiHitES YA-dirhetmpariiesyridine 2sétutioA (260 |, 33.5
11mal) and (S)-MTPA chlaride (10 mg, .39 l) were further added, and
Sl Ko G 8 Jor 30 ML ted DRt 13 mif
water(2-Q mb avereadded te the-neaciionomixiure 15and afiern stirted the
dichloromethane layer was separated and concentrated. The residue was
purifi€d by REPBRICAEGE OtdmniSRromatdgiaphy tethylitetatefhéxane =
3;t1 mpxed splyent) the pbiaingd fragtier oM ERAWaS conceqiiated, by
nitrogen gas

939.% Umol) were added and after stirred at room

10 temperature for 30 minutes, 4-dimethylaminopyridine
solution (100 pml, 33.5 Humol) and (S)-MTPA chloride (10
mg, 39.7 umol) were further added and stirred at room
temperature for 30 minutes. Dichloromethane (2.0 ml)
and water (2.0 ml) were added to the reaction mixture

15 and after stirred, the dichloromethane layer was
separated and concentrated. The residue was purified
by NH-silica gel column chromatography (ethyl
acetate/hexane = 3:1 mixed solvent), the obtained
fraction of MTPA was concentrated by nitrogen gas

20 spraying and then further dried under reduced pressure
and 3,21-di-(R)-MTPA ester of pladienolide D was
obtained.

In the same way, a part (100 pl, 3.62 umol)
of the pyridine solution of pladienolide D was taken

25 and the dichloromethane solution (100 pl, 33.5 pumol) of
4-dimethylaminopyridine and (R)-MTPA chloride (10 mg,

39.7 umol) were added and after stirred at room



20 spraying and then further dried under reduced pressure and
3,21-di-(R)-MTPA ester of pladienolide D was obtained. In the same way, a
part (100 I, 3.62 gmol) of the pyridine solution of pladienolide D was taken
25 and the dichloromethane solution (100 I, 33.5 11mol) of
4-dimethylaminopyridine and (R)-MTPZ chloride (10 mg, 39.7 gmol) were
added andL.after stirred at yoom; 66 temperatyre.for S0.MINWES, ; gine
4-dimethylaminopyridine solution (100 I, 33.5 11mol) and (R)-MTPA chloride
(10 mgl89.iphlmdlOwete fuither ddded amadstirfRed AT Féormh temperatlid for
30 minute%.9Di7chIoromethane (%.0 mhl) 5 anddwgter 2.0ml were added to the
reactiBh mixtare "AIvd AfEF Efirred” e Gichiciom&Rans 1ayérvas  sépafated
and conggatrated.cThe residug was pyrified ; by NH-silicangekcolgmn m1)
chromatography (ethyl acetate/hexane = 3:1 mixed solvent), the obtained 10
fractien &f MTPA Was ¢ontentiated bydittogen gas Spraying antithien: ©
further dried. under reduced pressure and 3,21-di-(S)-MTPA ester of
PTG IG b s btord TALaL T F ol Exkfte & Ditorination o
absolste eonfiguration of pladienslidel D by modifieddMeshers metheded
[Method] NMR measurement of 3,21-di-(R)-MTPA ester and
3,21-8K (S MR A &3t&df padigtolide D waS pefformets 20%inder the

fO”OMQ@g@Q@QﬂHgg%ne = 3:1 mixed solvent), the obtained

10 fraction of MTPA was concentrated by nitrogen gas
spraying and then further dried under reduced pressure
and 3,21-di-(S)-MTPA ester of pladienolide D was
obtained.

[0117]

15 Test Example 6. Determination of absolute configuration

of pladienolide D by modified Mosher’s method

[Method]
NMR measurement of 3,21-di-(R)-MTPA ester and
3,21-di-(S) -MTPA ester of pladienolide D was performed
20 under the following conditions.
Device used: INOVA 500MHz (product of Varian)
Solvent: deuterated acetonitrile
Measurement temperature: 30°C
Measuring method: 'H-NMR, COSY, TOCSY, ROESY
25 [Results]
Assignment information of 'H-NMR signals shown
in the following Table 7 for 3,21-di-(R)-MTPA ester and

3,21-di-(S) -MTPA ester of pladienolide D was obtained.



Device used: INOVA 500MHz (product of Varian) Solvent: deuterated
acetonitrile Measurement temperature: 30C Measuring method: 1H-NMR,
COSY, TOCSY, ROESY 25 [Results] Assignment information of 1H-NMR
signals shown in the following Table 7 for 3,21-di-(R)-MTPA ester and
3,21-di-(S)-MTPA ester of pladienolidé D was obtained. 67 As a result of
having.analyzed AS yalue (Ss:$R).0feach; nston signal gbigineddram these
chemical shifts, the absolute configuration of 3-position asymmetric carbon
was determineditonbé R coafigerationrandithecabseiutecs cosfighratiort be
21-poski)tionl aggmmetfri,c carbgn was d tgrminetd tobe S configuration.klj:rom
the aBave ‘fesults Ahd the festiftd otthad reftive cohfifuration” déterminad by
Test Example 4xthe abselute ccanfigiyatign of tep gsymiaetiic catons. te
present in 10 pladienolide D was determined to be(3R, 6R, 7S, 105, 115,
16R, 18K 1DR 22ZORN22S).40128F JFopnuke 48100 1O0CH3 M PETH3C" O
HO Ziectl_le%mq%gds t'g’ Ie_l ‘153]&91%1%393 Ii_lé-n . From the above

results and the results of the relative configuration

determined by Test Example 4, the absolute

configuration of ten asymmetric carbons present in
10 pladienolide D was determined to be (3R, 6R, 7S, 10S,

11s, 16R, 18R, 19R, 20R, 218).

[0118]

[Formula 46]




5 1103 H3COCH3321Cw" 010 H3CHHO CH3 CH3 068 [0119]
[Table 7] position S -MTPA ester R -MTPA ester a6 (64 (64 (S-R) 2q 2.61
2.7-0.09 202.672.71-0.04 35.125.14-0.02 4q 1.54 1.49 0.05 40 1.66
1.490.17 59 1.42 1.380.04 50 1.61 1.59 0.02 7 4.99 4.930.06 85.67 5.67
0.00 95.525.510.01 102.57 2.57 6.80 11 4.91 4.94 -0.03 13 6.03 6.02
0.01 14 6.45/6.42,0.03 155.815.730.08 17¢ 1.57 1.450.12 170 1.78 1.75

0.03 182.832.770.06 192.412.140.27 201.521.40.12
[Table 7]

position S -MTPA ester R -MTPA ester 40

(5 1) (5 1) (S-R)
20 2.61 2.7 -0.09
28 2.67 2.71 -0.04
3 5.12 5.14 -0.02
4q 1.54 1.49 0.05
48 1.66 1.49 0.17
5q 1.42 1.38 0.04
58 1.61 1.59 0.02
7 4.99 4.93 0.06
8 5.67 5.67 + 0.00
9 5.52 5.51 0.01
10 2.57 2.57 + 0.00
11 491 4.94 -0.03
13 6.03 6.02 0.01
14 6.45 6.42 0.03
15 5.81 573 0.08
17q 1.57 1.45 0.12
178 1.78 1.75 0.03
18 2.83 2.77 0.06
19 2.41 2.14 0.27
20 1.52 1.4 0.12
21 5.08 5.11 -0.03
22 1.65 1.69 -0.04
23 0.77 0.88 0.11
6-CH, 1.14 1.1 0.04
7-COCH, 2.02 2.01 0.01
10-CH, 0.8 0.8 + 0.00
12-CH,4 1.72 1.72 + 0.00
16-CH,4 1.27 1.24 0.03
20-CH,  0.87 0.76 0.11

recorded in acetonitrile-d 3, 30°Cc, CHD,CN=1.93ppm



215.085.11 -0.03 22 1.651.69-0.04 230.77 0.88-0.11 6-CH31.141.1
0.04 7-000H, 2.02 2.01 0.01 10-CH30.80.8 0.00 12-CH31.721.72 0.00
16-CH3 1.27 1.24 0.03 20-CH3 0.87 0.76 0.11 recorded in acetonitrile-d3,
30C, CHD2CN=1.93ppm 69 0120] [Total synthesis of pladienolide B] [Step
1] Synthesis of (4Z)-6-[(4-methoxyberfzyI)oxy]-4-methylhex- 5 4-enal]
[Formula 47) HHORMBO1\7* Nerol P1 [0121] (1) Synthesis of
1-({[(22)-3,7-dimethylocta-2,6-dien-I- ylloxy}methyl)-4-methoxybenzene (P1)
Nerol[(150=g, 372 mirmel)swas addedidnopwise t®#110 a DMF (1.501)
suspension of sodium hydride (60%, 38.9 g, 973 mmol) under nitrogen gas
stream at foon temperature. The reaction solution was stirred at room
tempekature forone-hour and then ceoled 10 06 Afteroietra-n-butyhy 1 nex -

ammonium iodide (35.9 g, 97.2 mmol) was 15 added to the reaction solution,
4-methsibehzyl

[Formula 47]

HO

PMBO
_—
k(\/\( W

Nerol P1

[0121]

(1) Synthesis of 1-({[(2Z)-3,7-dimethylocta-2,6-dien-1-

yl]oxy}methyl)—-4-methoxybenzene (P1l)

Nerol (150 g, 972 mmol) was added dropwise to

10 a DMF (1.501) suspension of sodium hydride (60%, 38.9
g, 973 mmol) under nitrogen gas stream at room
temperature. The reaction solution was stirred at room
temperature for one hour and then cooled to 0°C. After
tetra-n-butyl ammonium iodide (35.9 g, 97.2 mmol) was

15 added to the reaction solution, 4-methoxybenzyl
chloride (148 g, 926 mmol) was added dropwise. The
reaction solution was stirred at 0°C for one hour and
then at room temperature for six hours. Water was
added to the reaction solution, which was then

20 extracted with n-heptane. After the obtained organic
layer was washed with water and brine (saturated
solution of sodium chloride) sequentially, it was dried

over anhydrous magnesium sulfate. After the drying



chloride (148 g, 926 mmol) was added dropwise. The reaction solution was
stirred at OC for one hour and then at room temperature for six hours. Water
was added to the reaction solution, which was then 20 extracted with
n-heptane. After the obtained organic layer was washed with water and brine
(saturated solution of sodium chloride)%equentially, it was dried over

anhydrous magnesiur stifate, After. the drying, 70 agentwasdiltered off, the

organic layer was concentrated under reduced pressure. The residue was
purified byesilica geficoludsr chromatoyraphy (Keato Chemical i dcommercial
name Sili,ca,gﬁel 60N, granular, 5 neutral, 0.040 mm - 0.100. mm;

n-heptané ethyl adetite = 1:¢7<3 3071 425: 1116 BBt A& tle Copound

(246.#nghas 2 Goleress ail; 400MiHz 1H-NMR (EDCE3X S (ppm)158 (s, 3H),
1.67 (s, 3H), 1.75 (d, J=1.2Hz, 3H), 2.00-2.12 (m, 4H), 3.80 (s, 10 3H), 3.97
(dd, J=mOr 2 oHZ AHYP 4783 (s 0217, 05.0a 5. 22 AR TR 5240 dt, J=atate =

6.8HZl,. L}G.?é;?BQ 2(gn, sz 7.25-7.28 (Enh! 2H)' OMHz 13C- MB46 7
o & e ot e o (4,
113.59), 124.82 3237942924, .130.55, 131.69, 15 140.31, 159.00; IR (neat)
2964, 2913, 2§55, 1612, 1512, 1247, 1093, 1067, 1037, 819 cm-1 ;: HRMS

C18HPRE IMERY R aldP D78, 1% 0unt: 2759003 1251 Fofiwla 48]
PMBQFMBOYs (4, g=1.2Hz, 3H), 2.00-2.12 (m, 4H), 3.80 (s,

10 3H), 3.97 (dd, J=1.0, 7.0Hz, 1H), 4.43 (s, 2H), 5.04-
5.12 (m, 1H), 5.40 (dt, J=1.2, 6.8Hz, 2H), 6.85-6.89
(m, 2H), 7.25-7.28 (m, 2H); 100MHz “*C-NMR (CDCl;) &
(ppm) 17, 49, 23.36, 25.56, 26.59, 32.13, 55.06, 65.96,
71.62, 113.59, 121.82, 123.79, 129.24, 130.55, 131.69,

15 140.31, 159.00; IR (neat) 2964, 2913, 2855, 1612, 1512,
1247, 1093, 1067, 1037, 819 cm'; HRMS CigHz70, (M+H")
Calcd: 275.2011, Found: 275.2003.

[0122]

[Formula 48]

PMBO

PMBO
W I H/\/CHO

[0123]

20 (2) Synthesis of (4Z)-6-[(4-methoxybenzyl)oxy]-4-

methylhex—-4—-enal (P2)

1-({[(22)-3, 7-dimethylocta-2, 6-dien-1-

yvl]oxy}lmethyl)—-4-methoxybenzene (75.0 g, 273 mmol) was



4Y---- CHO P1 P2 [0123] 20 (2) Synthesis of
(42)-6-[(4-methoxybenzyl)oxy]-4- methylhex-4-enal (P2)
1-({[(22)-3,7-dimethylocta-2,6-dien-I- ylloxy}methyl)-4-methoxybenzene (75.0
g, 273 mmol) was 71 dissolved in dichloromethane (1.13 1) and pyridine
(11.3 ml). This reaction solution was cobled to -78C, to which ozone was

bubbled.(flow rate 2, 1{min, glectfic ¥altage 90,\) foy 1L7Qminyies with
stirring. After 5 addition of dimethylsulfide (80.3 ml, 1.09 mol), the reaction

solutiohiwés mllowedioiwarmaotrbom temperatureaand-wabsstirted -78°C,
overni%ht. Thehreaction solution was congfntrated ungeri reduced pressure
and the 8Btaited FeSidudWad Pukifisd by sifica Gt CofumtA Tt Stectsie
chromatogigphy (KantaeChemigal, commerciat name; Silicaggel GONe
granular, neutral, 0.040 mm - 0.100 mm; n- heptane:ethyl acetate = 4:1) and
the tifkelébmpourtf (S6MP g1 asobthited 88 adcdlbrless ol wWhile 1- the
({[(22)-3,7-dimethylocta-2,6-dien-1-ylJoxy}methyl)-4 15 methoxybenzene
141 O S e, TPENIAE (DRSS TS (s, 31,
2.36 {endsa6Har 2H)n2.4722.55 (b 2H) o3.8dn(5¢g8H), 388:(d;ed=b iz,
2H), 4.43 (s, 2H), 5.46 (brt, J=6.7Hz, 1H), 6.86-6.90 (m, 2H), 7.25-7.27 (m,
2H), 75t 921 PRz, PO AT LTO0MEIZTSE INKRIIEBE £3)°S (ppm) 2299,

24.34, 2. 11 25:0% 6261add 82 113:62¢128-9%y 1224321302501 umn

10 chromatography (Kanto Chemical, commercial name Silica
gel 60N, granular, neutral, 0.040 mm - 0.100 mm; n-
heptane:ethyl acetate = 4:1) and the title compound
(36.9 g) was obtained as a colorless oil while 1-
({[(22)-3, 7-dimethylocta-2, 6-dien-1-yl]oxy}methyl)—-4-

15 methoxybenzene (14.1 g) was recovered.
400MHz 'H-NMR (CDCls) & (ppm) 1.75 (s, 3H), 2.36 (t,
J=7.6Hz, 2H), 2.47-2.55 (m, 2H), 3.81 (s, 3H), 3.98 (d,
J=6.7Hz, 2H), 4.43 (s, 2H), 5.46 (brt, J=6.7Hz, 1H),
6.86-6.90 (m, 2H), 7.25-7.27 (m, 2H), 9.75 (t, J=1.2Hz,

20 1H); 100MHz '>C-NMR (CDCls) & (ppm) 22.99, 24.34, 42.11,
55.09, 65.61, 71.82, 113.62, 122.97, 129.29, 130.25,
138.43, 159.04, 201.63; IR (neat) 2935, 2835, 2727,
1722, 1612, 1514, 1249, 1072, 1035, 819 cm'; HRMS
Ci5H,0NaO; (M+Na®) Caled: 271.1310, Found: 271.1322

25 [0124]

[Step 2]

Synthesis of methyl (3R,6%2)-3-{[tert-

butyl (dimethyl)silyl]oxy—-8-[ (4-methoxybenzyl)oxy]-6-—




138.43, 159.04, 201.63; IR (neat) 2935, 2835, 2727, 1722, 1612, 1514,
1249, 1072, 1035, 819 cm 1; HRMS C15H20NaO3 (M+Na~) Calcd:
271.1310, Found: 271.1322 25 [0124] [Step 2] Synthesis of methyl
(3R,62)-3-{[tert- butyl(dimethyl)silylJoxy-8-[(4-methoxybenzyl)oxy]-6 72
methyloct-6-enoate [Formula 49] O PMBO PMBO OH O\ CHO \ NA NH P2
P3--~} 0125}, (1) Syathesis.of (4R)-3-{(3R 62)-3-hydroxy-8-[(4-
methoxybenzyl)oxy]-6-methyloct-6-enoyl}-4-isopropyl- 5 1,3-oxazolidin-2-one
(P3) Thisrstepavd® performed with reference to the literature (Fukuzawa, S.;
Matsuzawa, H.; Yoshimitsu, S.;J. Org. Chem., 2000, 65(6), 1702-1706.).

(R)-N- bro tyl-4-isopropyl-2-oxazolidinorremssed in this 10 step was also

prepared by the method ggscribed-inthissliterature | Anhydrougi THE distilled

by using lithium alfimiium hydride immediately beforg use Wzi‘?s_eﬂ*ln this
an

step. 15 After diiodomethane (1.20 ml, 14.9 mmol) was adde
anhydrous THE (200P2l) suspension of P3

[0125]

(1) Synthesis of (4R)-3-{(3R,672)-3-hydroxy—-8-[ (4-

methoxybenzyl)oxy]-6-methyloct-6-enoyl}—-4-isopropyl-

5 1,3-oxazolidin-2-one (P3)

This step was performed with reference to the
literature (Fukuzawa, S.; Matsuzawa, H.; Yoshimitsu,
S.; J. Org. Chem., 2000, 65(6), 1702-1706.). (R) -N-—
bromoacetyl-4-isopropyl-2-oxazolidinone used in this

10 step was also prepared by the method described in this
literature.

Anhydrous THF distilled by using lithium
aluminum hydride immediately before use was used in
this step.

15 After diiodomethane (1.20 ml, 14.9 mmol) was
added to an anhydrous THF (200 ml) suspension of
samarium powder (45.0 g, 299 mmol) at room temperature
under nitrogen atmosphere, an anhydrous THF (700 ml)
solution of diiodomethane (21.0 ml, 261 mmol) was added

20 dropwise over 100 minutes. After the addition was
completed, the reaction solution was stirred at room
temperature for two hours and cooled to -78°C. An

anhydrous THF (280 ml) solution of (42)-6-[(4-



samarium powder (45.0 g, 299 mmol) at room temperature under nitrogen
atmosphere, an anhydrous THE (700 ml) solution of diiodomethane (21.0 ml,
261 mmol) was added 20 dropwise over 100 minutes. After the addition was
completed, the reaction solution was stirred at room temperature for two
hours and cooled to -78C. An anhydrdtis THE (280 ml) solution of (42)-6-[(4

73 methoxyhenazyhoxyldsmethylbexa-Asenal (28.4 g, 115 mmgl) and

(R)-N-bromoacetyl-4-isopropyl-2-oxazolidinone (30.1 g, 120 mmol) was
addedrdropwiselto( the-tedotiono sofutioh-dt-sucipagate tHatdRe 7edctiomone
solutiogl 5 Slemperlabtgre was kept belgw -gZC. After the reac}tlion solution was
stirred &t : 788" for one HSUY, itF4s ANaRRe a8 T oRT teMpsratufe 0 5KC™
hydroghieric agid: {3QQ ) wassadded 1 the seaction selutiopitar teyminate
the reaction. After addition of 0.5N 10 hydrochloric acid (700 ml), the reaction
sOlutibAwas aéxracted wikie ethytaketate’ After thefdistairidd: drgaficiiayer

was washed with 5% sodium quitegq us solutior}d water and brine
S0QUB ST T WE STt DES ATy aloLS MR Sute. AR the
drying dbragenrtovas dilterechoffy e eeganio layemyas oconeerntratediunder

reduced pressure. The obtained residue was purified by silica gel column

chromatography (Rants Erdniical; tonimeréiaPRanfel 8iita gePEON,
granylar, neutral, ,040.mm ¢ 0,100 mmp; 0,20 hgptang;etlyl acefate) to

obtain the title compound (43.4 g, >98% de) as a yellow oil. Here, the optical
10 hydrochloric acid (700 ml), the reaction solution was

extracted with ethyl acetate. After the obtained
organic layer was washed with 5% sodium sulfite aqueous
solution, water and brine sequentially, it was dried
over anhydrous magnesium sulfate. After the drying

15 agent was filtered off, the organic layer was
concentrated under reduced pressure. The obtained
residue was purified by silica gel column
chromatography (Kanto Chemical, commercial name Silica
gel 60N, granular, neutral, 0.040 mm - 0.100 mm; n-

20 heptane:ethyl acetate) to obtain the title compound
(43.4 g, >98% de) as a yellow oil. Here, the optical
purity was determined by HPLC using (DAICEL, commercial
name CHIRALCEL OD; n-hexane:isopropyl alcohol = 4:1).
400MHz 'H-NMR (CDCls) & (ppm) 0.87 (d, J=7.2Hz, 3H),

25 0.92 (d, J=7.2Hz, 3H), 1.56-1.64 (m, 2H), 1.76 (s, 3H),
2.08-2.18 (m, 1H), 2.30-2.40 (m, 2H), 2.98 (dd, J=9.2,
16.9Hz, 1H), 3.13 (dd, J=2.9, 16.9Hz, 1H), 3.26 (d,

J=4.4Hz, 1H), 3.80 (s, 3H), 3.93 (dd, J=7.2, 10.8Hz,



purity was determined by HPLC using (DAICEL, commercial name
CHIRALCEL OD; n-hexane:isopropyl alcohol = 4:1). 400MHz iH-NMR
(CDC13) S (ppm) 0.87 (d, J=7.2Hz, 3H), 25 0.92 (d, J=7.2Hz, 3H), 1.56-1.64
(m, 2H), 1.76 (s, 3H), 2.08-2.18 (m, 1H), 2.30-2.40 (m, 2H), 2.98 (dd, J=9.2,
16.9Hz, 1H), 3.13 (dd, J=2.9, 16.9Hz, 1H), 3.26 (d, J=4.4Hz, 1H), 3.80 (s,
3H), 3,98 (dd, J£7.2,010.8Hz, 74) 1H), 401408 (s 2b), 4.214(dd, Jr3.2,
9.2Hz, 1H), 4.27 (t, J=9.2Hz, 1H) 4.40-4.49 (m, 1H), 4.44 (s, 2H), 5.46 (brt
J=6.6HZ 1HY; 6.866.89%m, ZH), 7426-7-29 4, (2H); . T00MHZz4E3C<NMR1)

(CDC-13) S (ppm) 14.55, 17.79, 5 23.09 28.34, 34.38. 42.58. 55.10
58.25 63 f@ '5066.762 7178 '113, §62 ggoz (g5 130%%712%.64
153.958, 158401, 162:48; IR (eaty 3455¢296F 1484) 169953514,71388,

1303, 1248, 1207, 1061, 1034 cm 1; HRMS C23H34N2NaO5 (M+Na')
C%llcoP34432322@6 ﬁéuné81©ﬂ4423241§?3 [a]B22560.2 (e 1006 2EHT1:3) 0 [0126]
[For a \ O ©,BMBO1 0] T OMe 7vv
~ PBr?éLg 7] 2) g?nﬁzeas?o rﬁ/]%ea%hylll(gégé% 39t|élr|t§-|§| 136 %

butyl(ﬁmemyl)ﬂlyljow} 846 nuathoxyhenayl)axy]-6: b methyloct-6oermgate
(P4) To a THE g175 ml) solution of (4R3 -3- B
81, 1514, 1388, 1303, 1248, 1207, 1061, 1034 cm

1+ HRMS C,3H34N,NaOs (M+Na') Calcd: 442.2206, Found:
10 442.2197; [&]p**-60.2 (c 1.06, CHCls)
[0126]

[Formula 50]

PMBO PMBO

TBSO O

N NH OMe

[0127]

(2) Synthesis of methyl (3R,672)-3-{[tert-

butyl (dimethyl)silyl]oxy}—-8-[ (4-methoxybenzyl)oxy]—-6-—

15 methyloct-6-enocate (P4)

To a THF (175 ml) solution of (4R)-3-
{(3R,6Z2)-3-hydroxy—-8-[ (4-methoxybenzyl)oxy]-6-
methyloct-6-enoyl}-4-isopropyl-1,3-oxazolidin-2-one
(14.6 g, 34.8 mmol), a water (43.0 ml) solution of

20 anhydrous lithium hydroxide (2.50 g, 104 mmol) and 30%
hydrogen peroxide solution (11.8 ml) was added at 0°C.
The reaction solution was stirred at room temperature

for 13 hours. A water (20.0 ml) solution of anhydrous



{(BR,62)-3-hydroxy-8-[(4-methoxybenzyl)oxy]-6-
methyloct-6-enoyl}-4-isopropyl-1,3-oxazolidin-2-one (14.6 g, 34.8 mmol), a
water (43.0 ml) solution of 20 anhydrous lithium hydroxide (2.50 g, 104 mmol)
and 30% hydrogen peroxide solution (11.8 ml) was added at OC. The
reaction solution was stirred at room témperature for 13 hours. A water (20.0

ml) sqlutign, of anhydrous 75  dthjymyhydroxide, (3.5 8,456, mmoh) angd-30%
hydrogen peroxide solution (17.7 ml) was further added to the reaction
solutiparand. thiee realctioresolutign Wasl stimed fortwosrowsd Adter sodiem

sulfite (21.0.g, 165 mmol) 5 was added to the reaction solution at 0C, it was
stirred &t Todm tetfparatiife At five minitas -Witer WS Hfiedd the' -
reactionrselytion andswashed with; hloreferm £2Nhydrochlasic acid was 1)
added to the water layer to acidify, which was then extracted with 10 ethyl
acetdfé STREGrgaiiie [ayer Wasavashed Withowatera Bndl’briné sef@ntially

and then dried aver,anfiydioys.magnesium, syfiaje. Afler, e drvigg agent
was filtered off, the organic linrfyer was concentrated under reduce pressure.
15 Thexebtained residueavas dissolved o1 atnixeda solvend 0 d HE €220 ml)

-methanol (22.0 ml) and cooled to OC and 2M n-hexane solution of

trimefiylSIRGiaZ8mettin& (22 5t 45.2 mmdh Was added driierirring.
After the reagtign.solution was 20 stitrred:at,0C for,4Q minutes, it wag stirred

at room temperature for 30 minutes. After acetic acid (1.00
10 ethyl acetate. The organic layer was washed with water

and brine sequentially and then dried over anhydrous
magnesium sulfate. After the drying agent was filtered
off, the organic layer was concentrated under reduced
pressure.

15 The obtained residue was dissolved in a mixed
solvent of THF (220 ml) -methanol (22.0 ml) and cooled
to 0°C and 2M n-hexane solution of
trimethylsilyldiazomethane (22.6 ml, 45.1 mmol) was
added under stirring. After the reaction solution was

20 stirred at 0°C for 40 minutes, it was stirred at room
temperature for 30 minutes. After acetic acid (1.00
ml) was added to the reaction solution and stirred at
room temperature for 30 minutes, the reaction solution
was concentrated under reduced pressure.

25 The obtained residue was dissolved in DMF
(80.0 ml), followed by addition of imidazole (7.09 g,
104 mmol) and tert-butyldimethylsilyl chloride (7.85 g,

52.1 mmol), and the mixture was stirred at room



ml) was added to the reaction solution and stirred at room temperature for 30
minutes, the reaction solution was concentrated under reduced pressure. 25
The obtained residue was dissolved in DMF (80.0 ml), followed by addition
of imidazole (7.09 g, 104 mmol) and tert-butyldimethylsilyl chloride (7.85 g,
52.1 mmol), and the mixture was stirréd at room 76 temperature for 14

hours; reaction sQlution was,,noured;jato.water; which was;then, s

extracted with ethyl acetate. After the organic layer was washed with water
and lrimersequertiallys itawas driedroversariharoas Granagne siurn s uifale. 1
After the dr;@ng agAefnt was filtered off, thel or%anic layer was con_ce}?trated
undef fédifced pressire. THe SbEATRed redidté WaS pliRfidd by sifica “geic™
column ghromatograghy(Kaanta Ehemicak compmercig, Hamersilica gel 60N,
granular, neutral, 0.040 mm 10 0.100 mm; n-heptane:ethyl acetate = 6:1) to

obtaiff #9& titie Boripbtiec(12.9- §) As & eolotessieil. ZpoMH7EH - NMRered
CDC13) S 0.03 H), 0.06 (s, 3H).0.87 (s, 9 1.51-1.5 H),
A e B S P e L

14.1HzckH); 2246 (ddeloBi2s 1dedHz o BHYL3.66:(s, 3H), 3.80 (8y3H),13.96 (d,

J=6.8Hz, 2H), 4.08-4.16 (m, 1H), 4.42 (s, 2H), 5.39 (brt, J=6.8Hz, 1H),
6.86-6%89 (A1, UH), FIATPSSGRTIZH): 60NNz T3NMR: (CIETSY S 1ppm)

4.95,:4 63:17 85, 23.3828,65,21.50,.35.97.. 20,42, 1153 36,,55.10, 65.85,
6922,7177,1£&65,12178,1%931,13045,14&24,15906,17L94;”?
10 0.100 mm; n-heptane:ethyl acetate = 6:1) to obtain the

title compound (12.9 g) as a colorless oil.
400MHz 'H-NMR (CDCls) & (ppm) 0.03 (s, 3H), 0.06 (s,
3H), 0.87 (s, 9H), 1.51-1.58 (m, 2H), 1,74 (brs, 3H),
1.96-2.05 (m, 1H), 2.08-2.18 (m, 1H), 2.39 (dd, J=5.6,
15 14.1Hz, 1H), 2.46 (dd, J=7.2, 14.4Hz, 1H), 3.66 (s,
3H), 3.80 (s, 3H), 3.96 (d, J=6.8Hz, 2H), 4.08-4.16 (m,
1H), 4.42 (s, 2H), 5.39 (brt, J=6.8Hz, 1H), 6.86-6.89
(m, 2H), 7.24-7.28 (m, 2H); 100MHz C-NMR (CDCl;) &
(ppm) -4.95, -4.63, 17.85, 23.38, 25.65, 27.50, 35.97,
20 42.11, 51.36, 55.10, 65.85, 69.22, 71.77, 113.65,
121.78, 129.31, 130.45, 140.24, 159.06, 171.94; IR
(neat) 2952, 2930, 2856, 1740, 1514, 1250, 1083, 1038,
836, 776 cm'; HRMS Cy4H4:;0sSi (M+H") Calcd: 437.2723,
Found: 437.2731; [o]p’~11.1 (c 1.04, CHCls)
25 [0128]
[Step 3]

Synthesis of methyl 6, 7-O-benzylidene-3-0O-[tert-—

butyl (dimethyl)silyl]-2,4,5-trideoxy-6-C-methyl-L-




(neat) 2952, 2930, 2856, 1740, 1514, 1250, 1083, 1038, 836, 776 cm 1;
HRMS C24HQ105Si (M+H") Calcd: 437.2723, Found: 437.2731,
[CC]D22-11.1 (c 1.04, CHC13) 25 [0128] [Step 3] Synthesis of methyl
6,7-0-benzylidene-3-0-[tert- butyl(dimethyl) silyl]-2,4,5-trideoxy-6-C-methyl-L
77 arabino-octonate [Formula 51] PMBO TBSO O PMBO TBSO O OMe HO
OMe _HQ P4 PS5 J0129] £1) Synthesis of methyl 3-0-[tert-butyl
(dimethyl)silyl]-2,4,5-trideoxy-8-0-(4-methoxybenzyl)- 5
6-C-méthwihblarabino-octonate (P5) To a mixed solution of tert-butyl alcohol
(700 ml)-water (700 ml), AD-mix a (181 g) and methanesulfonamide (12.4 g,
130 mmol)WePe addpdat QC and the reaction sol4B8r wasgiisred,at OC for
30 10 minutes.j\[@iage,d’sg\&lg:lvlrz3 of teﬂ—bu%yl—aicoholH() _Al)ha (g'\lﬂeBO ml)
of methyl (3R,62)-3-{[tert- HO %
butyl(dimethyl)silylJoxy}-8-[(4-methoxybenzyl)oxy]-6- methyloct-6-enoate
(56.8 g, 130 mmol) waadded to the reaction solution and stlP&d at 0C for
11 hours. 15 Sodium sulfite (197 g, 1.56 mol) was added to the reaction
solution and stired at room temperature.

(1) Synthesis of methyl 3-O-[tert-butyl

(dimethyl)silyl]-2,4,5-trideoxy—-8-0—-(4-methoxybenzyl) -

5 6-C-methyl-L-arabino-octonate (P5)

To a mixed solution of tert-butyl alcohol
(700 ml)-water (700 ml), AD-mix a (181 g) and
methanesulfonamide (12.4 g, 130 mmol) were added at 0°C
and the reaction solution was stirred at 0°C for 30

10 minutes. A mixed solution of tert-butyl alcohol (150
ml)-water (150 ml) of methyl (3R,62)-3-{[tert-
butyl (dimethyl)silyl]oxy}—-8-[ (4-methoxybenzyl)oxy]—-6-
methyloct-6-enocate (56.8 g, 130 mmol) was added to the
reaction solution and stirred at 0°C for 11 hours.

15 Sodium sulfite (197 g, 1.56 mol) was added to the
reaction solution and stirred at room temperature.
After the reaction solution was diluted with water, it
was extracted with ethyl acetate. After the organic
layer was washed with water and brine sequentially, it

20 was dried over anhydrous magnesium sulfate. After the
drying agent was filtered off, the organic layer was
concentrated under reduced pressure. The obtained

residue was purified by silica gel column



After the reaction solution was diluted with water, it was extracted with ethyl
acetate. After the organic layer was washed with water and brine
sequentially, it 20 was dried over anhydrous magnesium sulfate. After the
drying agent was filtered off, the organic layer was concentrated under
reduced pressure. The obtained residiie was purified by silica gel column 78

chnmaﬂ¥gmg@B§£§9%§>@@gﬂysabﬁ@myygﬂ?akeﬁﬁ@%§mg@ 9ehEON; 11 ¢4
granular, neutral, 0.040 mm - 0.100 mm; heptane:ethyl acetate = 3:1) to
obtaig¢he §ifls, compouhar (5628 ¢; 76% de) &50a wolorlessldil The 5 optical

purity was determined by HPLC using a chiral column (DAICEL, commercial
name CriIRAL CEL BD RS hék&ne:isopropyl altdhdt 2 :%).tzfﬁ(;]\ﬁHz
1H-NMRACRE1Ip@ata of the maia)produst)S (pRMY s8.04: (s, 3H)K .06 (s,
3H), 0.86 (s, 9H), 1.17 (s, 3H), 10 1.24-1.40 (m, 1H), 1.46-1.68 (m, 3H), 2.39
(dd, 35624 SM 1Y), 2245 dad cF26. 8°d 48HZPIA), 1B 689 s3 1)L 2273 (d,

J=4.8Hz, 1H), 3.54-3.66 (m. 3H), 3.66 (s, 3H) ).4.09-4.18 (M,
Ty ot DRFCEES (il 280 Sl A o 8 e

7.23-R27a(na ; 260 p10pMHZ136NMR (€DG13) S (ppm) - 4.99, -4.57, 17.85,
23.03, 25.66, §0.94, 32.86, 42.00, 51.40, 55.14, 69.40, 70.81, 73.24, 73.39,
7476 0P¥E 1 B8R (56150, 15632, 17210 IRA(Hedty SAREL 2953 291,

CoAAINAGTS] (MeNS) CololE 405 2508, Found: 463 455: I8-185
222, CHE1B)40 (m, 1H), 1.46-1.68 (m, 3H), 2.39 (dd, J=5.6,
14.8Hz, 1H), 2.45 (dd, J=6.8, 14.8Hz, 1H), 2.66 (s,
1H), 2.73 (d, J=4.8Hz, 1H), 3.54-3.66 (m, 3H), 3.66 (s,

3H), 3.81 (s, 3H), 4.09-4.18 (m, 1H), 4.46 (d,
J=11.2Hz, 1H), 4.50 (d, J=11.2Hz, 1H), 6.87-6.91 (m,

15 2H), 7.23-7.27 (m, 2H); 100MHz '°C-NMR (CDCls;) & (ppm) -
4.99, -4.57, 17.85, 23.03, 25.66, 30.94, 32.86, 42.00,
51.40, 55.14, 69.40, 70.81, 73.24, 73.39, 74.78,
113.81, 129.41, 129.50, 159.32, 172.02; IR (neat) 3481,
2953, 2931, 1739, 1514, 1251, 1173, 1084, 1038, 835,

20 777 cm'; HRMS Cy4Hg;NaO7Si (M+Na') Calcd: 493.2598,
Found: 493.2556; [0]p°°~18.5 (c 2.22, CHCls)

[0130]

[Formula 52]

PMBO PMBO

TBSO O TBSO O
R
HO” o7 OMe o’ ¥, OMe

HO =~ )’O

Ph
P5 P6



[0130] [Formula 52] PMBO TBSO O PMBO TBSO O HO OMe ,, OMe HO
~~ P~- O P5P6 79 0131] (2) Synthesis of methyl
6,7-0-benzylidene-3-0-[tert- butyl(dimethyl)silyl]-2,4,5-trideoxy-8-0-(4-
methoxybenzyl)-6-C-methyl-L-arabino-octonate (P6) 5 To an anhydrous
dichloromethane (90 ml) solution of miéthyl 3-0-[tert-butyl(dimethyl)silyl]-
2,4,5-trideoxy-B50-(4-methoxybenzyl)-6-C-methyl-L- arabino-octonate (5.00 g,
10.6 mmol), benzaldehyde dimethylacetal (9.55 ml, 63.6 mmol) and
pyridiciimsy t0tekrenecsulforiate (183 Mg, 058 mmok vwere-added:rThe
reactlontsolugon vY:as stlrred at ]rom tem[gerature for23 hours The reaction

imiydrdgen carbenate aqueous

50|UthQBt nkighawvas iheras E@Uﬁ@tﬁ@wﬂbwelah@mme@w&a%@er 3 the

organic layer was washed with water and brine sequentially, it was dried
over anhydrous m"é@nééimlﬁhs’@fé{tésAﬁé@@ﬁ@ﬁ%ﬁ@%@]t (Wés filkered off,

the Orgﬁlnlg Iaxeig %Vaxﬁ .conce r:?g under re E?g Pre%urf)&'(ﬂie Pptalned

residue was purified by sifica ge column 2 omatogra
Chenzgal, mmmeécjaynam&?pmeﬁegebﬁgwegz@nulas,méalhgp@mm -
0.100 mm;

arabino-octonate (5.00 g, 10.6 mmol), benzaldehyde
dimethylacetal (9.55 ml, 63.6 mmol) and pyridinium p-
10 toluene sulfonate (133 mg, 0.53 mmol) were added. The
reaction solution was stirred at room temperature for
23 hours. The reaction solution was poured into a
saturated sodium hydrogen carbonate aqueous solution,
which was then extracted with dichloromethane. After
15 the organic layer was washed with water and brine
sequentially, it was dried over anhydrous magnesium
sulfate. After the drying agent was filtered off, the
organic layer was concentrated under reduced pressure.
The obtained residue was purified by silica gel column
20 chromatography (Kanto Chemical, commercial name Silica
gel 60N, granular, neutral, 0.040 mm — 0.100 mm;
heptane:ethyl acetate = 5:1 — 2:1) to obtain the title
compound (5.92 g) as a colorless oil.
400MHz 'H-NMR (CDCls) (data of the main product) & (ppm)
25 0.00 (s, 3H), 0.01 (s, 3H), 0.85 (s, 9H), 1.19-1.38 (m,
1H), 1.35 (s, 3H), 1.56-1.73 (m, 3H), 2.30 (dd, J=5.2,
14.5Hz, 1H), 2.40 (dd, J=7.7, 14.5Hz, 1H), 3.58 (dd,

J=5.0, 9.9Hz, 1H), 3.64 (s, 3H), 3.68 (dd, J=7.1,



heptane:ethyl acetate = 5:1 -3 2:1) to obtain the titte compound (5.92 g) as a
colorless oil. 400MHz iH-NMR (CDC13) (data of the main product) S (ppm)
25 0.00 (s, 3H), 0.01 (s, 3H), 0.85 (s, 9H), 1.19-1.38 (m, 1H), 1.35 (s, 3H),
1.56-1.73 (m, 3H), 2.30 (dd, J=5.2, 14.5Hz, 1H), 2.40 (dd, J=7.7, 14.5Hz,
1H), 3.58 (dd, J=5.0, 9.9Hz, 1H), 3.64{s, 3H), 3.68 (dd, J=7.1, 80 9.9Hz,
1H), 3.83:(s, 3H), 4.06 (dd, 1=5.047. 1Hz, lH); 4407544 3, 1H), 4.46,(¢,
J=11.4Hz, 1H), 4.56 (d, J=11.4Hz, 1H), 5.88 (s, 1H), 6.86-6.90 (m, 2H),
7.25-47.28M, 12H)(17,.334).37 4 BH)G 7 . 437142 m, 2H)) 5 KOOMHEd,
13C-NMR (CDC13) S (p -5.04, -4.61, ]57%%65 .§3, 25.65, 30.53, 31.18,
42.18) ‘5]11.311{55.1551357329 8947, 73117, 8173, 5 1, %0297 115:74
126.60, 252814, 120,02, 129 383129:71, %3784, 159231 172:0324R {neat)
2953, 2930, 2857, 1739, 1514, 1250, 1092, 10 835, 776 cm 1; HRMS
C31H4BNE® 7SENMRIa)Bakd: 5812911, Folrd: 584-99051[A]1B22+5.55 (c
135, £HC13) [9132) [Forruyla 53] BMBQO LBSO.0 HO 1 85Q.0 ¢f;0Me O
OMe rOrO Ph %h 6 p7 %%33] ) Synthesis of met'hy%)' B B
6,7-Osbenzylidene:3;04tere31584.81, 102.27, 113.74, 126.60,
butyl(ijimetr!lyl)silgg-z,4,5-trideox -6-C-methyl-L-
28.14,7129.02, 129.38, 129.71, 137.84, 159.23, 172.03;

IR (neat) 2953, 2930, 2857, 1739, 1514, 1250, 1092,
10 835, 776 cm'; HRMS Cs3;HgeNaO,;Si (M+Na®) Calcd: 581.2911,

Found: 581.2905; [O]p°?+5.55 (c 1.35, CHCls)

[0132]
[Formula 53]

PMBO HO

TBSO O TBSO O
—_— >
e) ", OMe 19 " OMe
0] )
Ph)’ Ph}’
P6 P7
[0133]

(3) Synthesis of methyl 6, 7-O-benzylidene-3-O-[tert-

15 Dbutyl(dimethyl)silyl]-2,4,5-trideoxy-6-C-methyl-L-

arabino-octonate (P7)

To a mixed solution of dichloromethane (176
ml) -water (17.6 ml) of methyl 6, 7-O-benzylidene-3-0-
[tert-butyl (dimethyl)silyl]-2,4,5-trideoxy—-8-0-(4-
20 methoxybenzyl)-6-C-methyl-L-arabino-octonate (8.80 g,
15.7 mmol), 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(5.38 g, 23.7 mmol) was added at 0°C. After the

reaction solution was stirred at 0°C for one hour, water



arabino-octonate (P7) To a mixed solution of dichloromethane (176 ml)
-water (17.6 ml) of methyl 6,7-0-benzylidene-3-0-
[tert-butyl(dimethyl)silyl]-2,4,5-trideoxy-8-0-(4 20
methoxybenzyl)-6-C-methyl-L-arabino-octonate (8.80 g, 15.7 mmol),
2,3-dichloro-5,6-dicyano-1,4-benzoqufione (5.38 g, 23.7 mmol) was added

at 0C After the ) reactionsolytion yas stired af 0C-for onehoye water 81
(17.6 ml) was added. After the reaction solution was stirred for two hours
and sshalf r23-dichlore<b,Beo dicyamnodl #-benZoguinone (217 ge13.%mmol)

was added. Th‘f reaction solution was further stirred at OC for 5 three _hours.
§)

The réaliGh Solution Was F5oLred fito'4 * Soditim hydrod&iv carbbiate ==

aqueeus splution; whish was dhen extracted withsdichlargmethane. After the

organic layer was washed with water and brine sequentially, it was dried

over &Rkydrousinagnesivm seifate. Aftercthet 10 drying djeHtsdas filtered off,

the orsg)a&i%rlna%er 1@y\r/as conccaerg%atggeunéjer reduc%g Pressyre. The bt‘gined
e

. : : h
residue was pu?f d %?/nsmcar gelncolumnquc%orgrsnatograplhyn(Kz‘fnt%)C hemical,

commerealdiame Sikca wgel 6N cgrasittats fiestral, 0.840annt 6. AN
15 heptane:ethyl acetate = 5:1 -3 4:1 -3 2:1) to obtain the title compound
(4.76'0)Y4E a it S5RE T title "ebMpaiitid (2544 7) YWas'Gbtaifed bs &

colorless crystal; by, recrystallization f%%’i%ﬂé‘?%”@uﬂ@é?%‘!z TRENMR 16
(CDC13) S (ppm) 0.02 (s, 3H), 0.05 (s, 20 3H), 0.86 (s, 9H), 1.32-1.41 (m,

1H),ﬁ£§ﬁ@g3&g¢nt was filtered off, the organic layer was
concentrated under reduced pressure. The obtained
residue was purified by silica gel column
chromatography (Kanto Chemical, commercial name Silica
gel 60N, granular, neutral, 0.040 mm - 0.100 mm; n-

15 heptane:ethyl acetate = 5:1 — 4:1 — 2:1) to obtain the
title compound (4.76 g) as a white solid. The title
compound (4.44 g) was obtained as a colorless crystal
by recrystallization from n-hexane.
400MHz 'H-NMR (CDCls) & (ppm) 0.02 (s, 3H), 0.05 (s,

20 3H), 0.86 (s, 9H), 1.32-1.41 (m, 1H), 1.38 (s, 3H),
1.59-1.82 (m, 3H), 1.88 (dd, J=4.0, 8.4Hz, 1H), 2.38
(dd, J=5.6, 14.6Hz, 1H), 2.46 (dd, J=7.2, 14.6Hz, 1H),
3.65 (s, 3H), 3.73 (dd, J=3.6, 8.4, 11.8Hz, 1H), 3.84
(ddd, J=4.0, 7.6, 11.8Hz, 1H), 3.98 (dd, J=3.6, 7.6Hz,

25 1H), 4.10-4.18 (m, 1H), 5.91 (s, 1H), 7.36-7.40 (m,
3H), 7.45-7.49 (m, 2H); 100MHz *>C-NMR (CDCls;) & (ppm) -
4.94, -4.56, 17.91, 22.66, 25.71, 30.71, 31.38, 42.25,

51.47, 61.42, 69.40, 81.33, 86.38, 102.20, 126.60,



1.59-1.82 (m, 3H), 1.88 (dd, J=4.0, 8.4Hz, 1H), 2.38 (dd, J=5.6, 14.6Hz, 1H),
2.46 (dd, J=7.2, 14.6Hz, 1H), 3.65 (s, 3H), 3.73 (dd, J=3.6, 8.4, 11.8Hz, 1H),
3.84 (ddd, J=4.0, 7.6, 11.8Hz, 1H), 3.98 (dd, J=3.6, 7.6Hz, 25 1H), 4.10-4.18
(m, 1H), 5.91 (s, 1H), 7.36-7.40 (m, 3H), 7.45-7.49 (m, 2H); 100MHz
13C-NMR (CDC13) S (ppm) - 4.94, -4%56, 17.91, 22.66, 25.71, 30.71, 31.38,
42.25,,5147, 61542 69.405 81633, 86,38,302.20, 1:26,60582128.36;
129.29, 137.69, 172.07; IR (KBr) 3489, 2951, 2856, 1746, 1087, 1024, 836,
768, 704 @m 17 HRMS) £23H88NaC06SI(M-6Na') Talcdm461.2885, Found:
461.2368; #a% 22-4.31 (c 1.21, CHC13) 5 [0134] [Step 4] Synthesis of
5-[(2S 4R BS)-4smethyl:2-phenyl:51vinyl-1,3-dioxolan-4- yllpentanoic acid
[Formula 54] HO TBSO 0 O\ 'TBSO O OMe OMe r0 0 Ph Ph P7 P8 10
[0135] (1) SYhtReSis of methyl (3R)-3-{[tert-
butyI(pérp%hyqplyl]oxy}-S-[(ZS,4R,58)-4-methy|-2-

Synthesis of (3R)-3-{[tert-butyl (dimethyl)silyl]loxy}—

5-[(2S,4R,5S)-4-methyl-2-phenyl-5-vinyl-1,3-dioxolan—-4-

yllpentanoic acid

[Formula 54]

HO

TBSO O X TBSO O
—_—
o) ", OMe le) “, OMe
0 ¢}
Ph)’ Ph}’
P7 P8
10 [0135]

(1) Synthesis of methyl (3R)-3-{[tert-

butyl (dimethyl)silylloxy}-5-[(2S, 4R, 5S)—4-methyl-2—

phenyl-5-vinyl-1,3-dioxolan-4-yl] pentanoate (P8)

To a dichloromethane (300 ml) solution of
15 methyl 6, 7-O-benzylidene-3-0O-[tert-
butyl (dimethyl)silyl]-2,4,5-trideoxy-6-C-methyl-L-
arabino-octonate (10.2 g, 23.3 mmol), Dess—-Martin
reagent (12.8 g, 30.3 mmol) was added. The reaction
solution was stirred at room temperature for one hour.
20 The reaction solution was diluted with ether and washed
with a saturated sodium hydrogen carbonate agqueous
solution containing sodium sulfite and brine

sequentially. The organic layer was dried over



phenyl-5-vinyl-1,3-dioxolan-4-yl] pentanoate (P8) To a dichloromethane (300
ml) solution of 15 methyl 6,7-O-benzylidene-3-O-[tert-
butyl(dimethyl)silyl]-2,4,5-trideoxy-6-C-methyl-L- arabino-octonate (10.2 g,
23.3 mmol), Dess-Martin reagent (12.8 g, 30.3 mmol) was added. The
reaction solution was stirred at room femperature for one hour. 20 The

reactign selution was, diluted.with ether.and washed ywith a,satyrated sodium

hydrogen carbonate aqueous solution containing sodium sulfite and brine
sequentiallyl Thereanic laydravas deiedovier83- ardydrons andgresidm
sulfate. After the drying a%ent was filtered off, the organic layer was
conceRtPated” TRdEY TeducEd Préssure. The obtained residue was dissolved

in 5 anhydrous THE, (50.0uab)and this selitionwasadded, dropwise at -15C
to an anhydrous THE (100 ml) solution of methylenetriphenylphosphorane

pfeparedisir aueodventioral inathbdrfremtiethyatripHeryiphesprstiam
iodid J%10.4. ,25.7m nd n-butyllithium (2.59M n 10.hexane solution
008 154 T Under niogan HimoLaicre: Ater g rostisn SoLAoH
was siifrecahy166efor 2theiRutese Kpvas stiredatgpaosutemparature for 30
minutes. The reaction solution was poured into a saturated ammonium

chloritRPAGiEc RS SdIUtBRT Ghid 15 WSS tHer EXRABRH WABtAG Pacatate.

After the, igapic layer, was,washied with watgr gnd pring. ;sequeptialiy, it was

dried over anhydrous magnesium

10 hexane solution 9.94 ml, 25.7 mmol) under nitrogen
atmosphere. After the reaction solution was stirred at
-15°C for 20 minutes, it was stirred at room temperature
for 30 minutes. The reaction solution was poured into
a saturated ammonium chloride aqueous solution, which

15 was then extracted with ethyl acetate. After the
organic layer was washed with water and brine
sequentially, it was dried over anhydrous magnesium
sulfate. After the drying agent was filtered off, the
organic layer was concentrated under reduced pressure.

20 The obtained residue was purified by silica gel column
chromatography (Kanto Chemical, commercial name Silica
gel 60N, granular, neutral, 0.040 mm - 0.100 mm; n-
heptane:ethyl acetate = 19:1 — 9:1) to obtain the title
compound (7.91 g) as a colorless oil.

25 400MHz 'H-NMR (CDCls) & (ppm) 0.00 (s, 3H), 0.02 (s,3H),
0.85 (s, 9H), 1.25-1.36 (m, 1H), 1.35 (s, 3H), 1.55-
1.72 (m, 3H), 2.34 (dd, J=5.4, 14.6Hz, 1H), 2.42 (dd,

J=7.4, 14.6Hz, 1H), 3.64 (s, 3H), 4.06-4.14 (m, 1H),



sulfate. After the drying agent was filtered off, the organic layer was
concentrated under reduced pressure. 20 The obtained residue was purified
by silica gel column chromatography (Kanto Chemical, commercial name
Silica gel 60N, granular, neutral, 0.040 mm - 0.100 mm; n- heptane:ethyl
acetate = 19:1 -3 9:1) to obtain the titlé “compound (7.91 g) as a colorless oil.
25 400MHZ [HNMR (€DC13) $ (PP, 00(g, 3H), Q.02 (5,3H),,0:85(s,
9H), 1.25-1.36 (m, 1H), 1.35 (s, 3H), 1.55- 1.72 (m, 3H), 2.34 (dd, J=5.4,
14.6Hz,2LHY, 2.424dd 1 D7 .4, B2.6HxlAH)] 3164 (s,13R), 4.064124 (ii)LH),
84 4.28 (ddd, J=1.2, 1.2, 6.8Hz, 1H), 5.31 (ddd, J=1.2, 1.2, 10.6Hz, 1H),
5.42 (dda I8 1.5-97°2H2 V1A, 79(?%&(:1&951:26.8,5 18.%6, "7 281 1H), 5.92
(s, 1H), 32.35:238((m, 3H),,7.4642.50 (50, 2i); LOOMHZOBENMRB 5(GDC13)
S (ppm) -5.05, -4.66, 17.81, 22.36, 25.63, 31.30, 31.93, 42.23, 51.28, 69.50,
82.14(@C?3) P02ARPMN18%69,5126.576 12815, 8108.66 - 852585 187:90,

171.98; IR (neat) 2954, 2930, 2857, 174 : 0, ,1065, 1006, 836, 776
cm-lg;%l-l MS %}24% 38|\|%03%%Si (EI%/I%+N21§'5 f%géﬁ(fa:]fg?Iz%sg%ﬁ;@r{d:
457.2394, {a]D22-4163 (¢ 2226,5CHC23). [01,36] 2[fFoymula 55] ¥0 i BSO D O
,; BSOOY OOOMeO~O0OH PhPh

171.98; IR (neat) 2954, 2930, 2857, 1740, 1255, 1090,
1065, 1006, 836, 776 cm'; HRMS Cy,H3sNaOsSi (M+Na')

10 Calcd: 457.2386, Found: 457.2394; [a]p*?-11.5 (c 2.26,
CHC13)

[0136]

[Formula 55]

X TBSO O X TBSO O
—_—
0 T, OMe 0" T, OH

(0] (0]
Ph}’ Ph)’
P8 P9

[0137]

(2) Synthesis of (3R)-3-{[tert-

15 butyl(dimethyl)silyl]oxy}-5-[(2S,4R,5S)-4-methyl—2-

phenyl-5-vinyl-1,3-dioxolan-4-yl]pentanoic acid (P9)

Methyl (3R)-3-{[tert-
butyl (dimethyl)silylloxy}-5-1(2S,4R,5S)-4-methyl-2-
phenyl-5-vinyl-1,3-dioxolan-4-yl]pentancate (14.6 g,
20 33.6 mmol) was dissolved in a mixed solution of THF
(140 ml)-methanol (140 ml)-water (70.0 ml) and
anhydrous lithium hydroxide (4.02 g, 168 mmol) was

added. The reaction solution was stirred at room



P8 P9 [0137] (2) Synthesis of (3R)-3-{[tert 15
butyl(dimethyl)silylloxy}-5-[(25,4R,55)-4-methyl-2-
phenyl-5-vinyl-1,3-dioxolan-4-yl]pentanoic acid (P9) Methyl (3R)-3-{[tert
butyl(dimethyl)silylJoxy}-5-[(25,4R,55)-4-methyl-2-
phenyl-5-vinyl-1,3-dioxolan-4-yl]pentaf®ate (14.6 g, 20 33.6 mmol) was

dissolved-in.a mixed solution,of THE (140 m))-methanol &40 mi)swate(70.0
ml) and anhydrous lithium hydroxide (4.02 g, 168 mmol) was added. The

reactionlsglution weas stiredat room 85 Stemperaturelfor fouranda Wakch
hours. The reaction solution was poured into 0.5N hydrochloric acid, which
was tHeR extracted Wit sy “é%:%fgtgFB\ﬁler T “Grganic f&yer was Washed
with water.and bere 5 sequentiallyq itwas, drigdoveranhydraus magnesium
sulfate. After the drying agent was filtered off, the organic layer was
concéntrarRdtirdenredifeedysredsifs THeoBtAMEY sidue Wesspuified by

silica olumn chromatography (Kanto Chemical, commercjal name_Silica
Nl e o Al e e s e
= 4:1e3¢x1k) to obtain the ditlec sempotmedl 4.1 € asra cotartessreik AGOMHZz
1H-NMR (CDC13) S (ppm) 0.05 (s, 6H), 0.87 (s, 9H), 1.26-1.34 (m, 1H),
1.35 @‘,%I—B‘?‘i‘?‘%@-ﬂ%%‘ ?ﬁ]l,dll@ 217 1%1??@%?1%5}%?4‘@(&? =504 umn

15.4H2, Uik 248 {08 1784 15 HHZ m 1400406, (M 3 H) 41295 1 14 ca

10 gel 60N, granular, neutral, 0.040 mm - 0.100 mm; n-
heptane:ethyl acetate = 4:1 — 2:1) to obtain the title
compound (14.1 g) as a colorless oil.
400MHz 'H-NMR (CDCls) & (ppm) 0.05 (s, 6H), 0.87 (s,
9H), 1.26-1.34 (m, 1H), 1.35 (s, 3H), 1.50-1.68 (m,

15 2H), 1.73-1.79 (m, 1H), 2.44 (dd, J=5.4, 15.4Hz, 1H),
2.48 (dd, J=5.4, 15.4Hz, 1H), 4.00-4.06 (m, 1H), 4.29
(ddd, J=1.2, 1.2, 6.8Hz, 1H), 5.32 (ddd, J=1.2, 1.2,
10.1Hz, 1H), 5.44 (ddd, J=1.2, 1.2, 17.2Hz, 1H), 5.88
(ddd, J=6.8, 10.8, 17.2Hz, 1H), 5.93 (s, 1H), 7.35-7.38

20 (m, 3H), 7.47-7.49 (m, 2H); 100MHz *C-NMR (CDCl;) &
(ppm) -5.00, -4.63, 17.88, 22.38, 25.69, 31.18, 32.03,
41.99, 69.40, 82.18, 87.77, 102.17, 118.88, 126.59,
128.25, 129.10, 132.51, 137.90, 177.39; IR (neat) 3036,
2956, 2930, 2886, 2857, 1712, 1254, 1090, 1065, 836,

25 776 cm '; HRMS C,3H3eNaOsSi (M+Na®) Calcd: 443.2230,
Found: 443.2212; [a]p’® +4.00 (c 1.09, CHCls)

[0138]

[Step 5]



(ddd, J=1.2, 1.2, 6.8Hz, 1H), 5.32 (ddd, J=1.2, 1.2, 10.1Hz, 1H), 5.44 (ddd,
J=1.2, 1.2, 17.2Hz, 1H), 5.88 (ddd, J=6.8, 10.8, 17.2Hz, 1H), 5.93 (s, 1H),
7.35-7.38 20 (m, 3H), 7.47-7.49 (m, 2H); 100MHz 13C-NMR (CDC13) S
(ppm) -5.00, -4.63, 17.88, 22.38, 25.69, 31.18, 32.03, 41.99, 69.40, 82.18,
87.77,102.17, 118.88, 126.59, 128.2%°2129.10, 132.51, 137.90, 177.39; IR
(neat) 3036, 2956, 2930; 2886, 2857, 1712, 1254, 1090, 1065,,836,25 776
cm-17 HRMS C23H36Na05Si (M+Na") Calcd: 443.2230, Found: 443.2212;
[alD22—+480 (c 1.09, CHC13) [0138] [Step 5] 86 Synthesis of
(2E)-4-E[g4-metho%(%benzyI)oxy]-2-methyIbut- 2-enal [Formula 56] OMe OMe
of OMe B BMBO *LoMe Pyruvic aldehyde dimethylacetal p'11Tp [0139] (1)
Synthesis of 1-({[(2E)-4,4-dimethoxy-3-methylbut-2- 5
en-1-ylloxy}methyl)-4-methoxybenzene (PIO) Sodium hydride (60%wd07 mg,
10.2 mmol) was a@dedktg,an anhydrous—HHEL(20.0 ml) RGOt dgthyl
phosphonoacetate (2.28 g, 10.2 mmol) at OC under nitrogen atmosphere.
After the reaction solution 10 was stirred at OC for 15 minutes, pyruvaldehyde

dimethylad@Ysyviciidghyde dimeihplasettbied. After the react®solution

was stirred at OC for 30 minutes,
[0139]

(1) Synthesis of 1-({[(2E)-4,4-dimethoxy-3-methylbut-2-

5 en-l-yl]oxy}methyl)-4-methoxybenzene (P10)

Sodium hydride (60%, 407 mg, 10.2 mmol) was
added to an anhydrous THF (20.0 ml) solution of
triethyl phosphonoacetate (2.28 g, 10.2 mmol) at 0°C
under nitrogen atmosphere. After the reaction solution

10 was stirred at 0°C for 15 minutes, pyruvaldehyde
dimethylacetal (1.00 g, 8.47 mmol) was added. After
the reaction solution was stirred at 0°C for 30 minutes,
it was stirred at room temperature for 10 minutes. The
reaction solution was poured into water, which was then

15 extracted with n-hexane. After the organic layer was
washed with brine, it was dried over anhydrous
magnesium sulfate. After the drying agent was filtered
off, the organic layer was concentrated under reduced
pressure.

20 The obtained residue was dissolved in
anhydrous THF (32.0 ml) and cooled to —-78°C under
nitrogen atmosphere. Diisobutylaluminum hydride 0.95M

toluene solution (21.3 ml, 20.3 mmol) was added



it was stirred at room temperature for 10 minutes. The reaction solution was
poured into water, which was then 15 extracted with n-hexane. After the
organic layer was washed with brine, it was dried over anhydrous
magnesium sulfate. After the drying agent was filtered off, the organic layer
was concentrated under reduced pressure. 20 The obtained residue was

dissolyed,ipn; anhydroys THE (32-04p1) and-caoled {0 -/8C-under nitrggen,
atmosphere. Diisobutylaluminum hydride 0.95M toluene solution (21.3 ml,
20.3 mamoly was-added 877 #iopivise 10 thisrsobeation. Afterthestebction at

solution was stirred gt -78(% for %a minutes, it Wasfstirreq:gt room .
températlire fOIST Minufes. Atter thE TRHEASH solutich was ice csoieq”™
followad by asditions of 20% s3echelle-salt selution, ang;vigerousty stiered for
one hour, it was extracted with ethyl acetate. After the organic layer was

washBedAith Watérahd Brire seguentially it wer dried ver apflydrsusne

magnesiym splfale, After the,dning agent was ftered off, the 10.groanic
layer was ¢oncentrated under reduce pressure. The obtained residue was
dissobueghini dimethoxyethane 020 mi)and seeleckioi0Cunder nitrogen
atmosphere. After addition of sodium hydride (60%, 394 mg, 9.85 mmol) to

this SO &nd Stifing 715'af 0E7167 20°FiuteR BHhBtoxybEhzsI Ehloride

01159 v s S .o et

10 organic layer was concentrated under reduced pressure.

The obtained residue was dissolved in

dimethoxyethane (12.0 ml) and cooled to 0°C under
nitrogen atmosphere. After addition of sodium hydride
(60%, 394 mg, 9.85 mmol) to this solution and stirring

15 at 0°C for 20 minutes, p-methoxybenzyl chloride (1.00
ml, 7.39 mmol) and sodium iodide (1.11 g, 7.39 mmol)
were added. After the reaction solution was stirred at
room temperature for 45 minutes, it was poured into
water, which was then extracted with n-hexane. After

20 the organic layer was washed with a sodium sulfite
aqueous solution and brine sequentially, it was dried
over anhydrous magnesium sulfate. After the drying
agent was filtered off, the organic layer was
concentrated under reduced pressure. The obtained

25 residue was purified by silica gel column
chromatography (Kanto Chemical, commercial name Silica
gel 60N, granular, neutral, 0.040 mm — 0.100 mm;

heptane:ethyl acetate = 19:1 — 9:1 — 5:1) to obtain



room temperature for 45 minutes, it was poured into water, which was then
extracted with n-hexane. After 20 the organic layer was washed with a
sodium sulfite aqueous solution and brine sequentially, it was dried over
anhydrous magnesium sulfate. After the drying agent was filtered off, the
organic layer was concentrated undef feduced pressure. The obtained 25
residyg was; pytified by silica gel eolumn chromategraphy.(Kanto Chemical,
commercial name Silica gel 60N, granular, neutral, 0.040 mm - 0.100 mm,;
heptane:ethyt avetatec 185 B9:r«8.55) toobtain88 itheutitte cdmipourd
(1.52 g) as a colorlgss oil. The title compound was determined to be a
mixtute bf E27 ="18'7by 1H-NMR. 400MHz 1H-NMR (CDC13) S (ppm) 1.62
(d, I=08Hzz 2! 46K)= 5 (L7410, L2 0:184H), @i304s01468H), 3.3%1s,,
4.32H), 3.81 (s, 2.16H), 3.82 (s, 0.84H), 4.09 (d, J=6, OHz, 2H), 4.45 (s, 2H),
429 (s, 0}72H), 487 -(31120.28Hj28)66 (brE U=636HZ; 60FZBH), 5. 78 (B,

J=6.2 72H), 65.86-6.91 ( ), £.25:7.28 (m, : IR (neat) 10 2934,
2834%253%4%12 9,%11123,’1 72, ft 36,38'2%% cm 1 QR%/IEQ) C1£5I—?§2A%%4g_%’
(M+Agh)Caled) 378.0569,F0und:,373.2552 s[01210] JEormualas57](@Me
PMB% OMe PMBO_" - 'CHO P 111110 P 1171 [0141

.28H), 5.66 (brt, J=6.6Hz, 0.28H), 5.78 (brt, J=6.2Hz,
0.72H), 6.86-6.91 (m, 2H), 7.25-7.28 (m, 2H); IR (neat)
10 2934, 2834, 1514, 1249, 1112, 1072, 1036, 820 cm'; HRMS
Ci1sH22Ag0s (M+Ag™) Calcd: 373.0569, Found: 373.0552
[0140]

[Formula 57]

OMe
_—
PMBO\/ﬁ)\ oMe PMBO\/\(CHO

P1 P11

[0141]

(2) Synthesis of (2E)-4-[(4-methoxybenzyl)oxy]-2-

15 methylbut-2-enal (P11)

1-({[(2E)-4, 4-dimethoxy-3-methylbut-2-en-1-
yl]oxy}lmethyl)—-4-methoxybenzene (1.52 g, 5.71 mmol) was
dissolved in acetonitrile (16.0 ml), followed by
addition of 1IN hydrochloric acid (4.00 ml) and the
20 reaction solution was stirred at room temperature for
one hour. Subsequently, 2N hydrochloric acid (4.00 ml)
to the reaction solution was added and it was further

stirred for four hours. The reaction solution was



(2) Synthesis of (2E)-4-[(4-methoxybenzyl)oxy]-2- 15 methylbut-2-enal (P11)
1-({[(2E)-4,4-dimethoxy-3-methylbut-2-en-1-
ylJoxy}methyl)-4-methoxybenzene (1.52 g, 5.71 mmol) was dissolved in
acetonitrile (16.0 ml), followed by addition of 1N hydrochloric acid (4.00 ml)
and the 20 reaction solution was stirrétPat room temperature for one hour.

Subsggyently,i2N hydrachloric.acid (4,00mb) Lo the reaction salution was

added and it was further stirred for four hours. The reaction solution was 89
poured imrto @esataratedraqueoud solutivaofsodiurk bydrogen eationate,
Whlchdwas then extracted Wlth dlethé/l ether. After the or%anlc Iagner was N
washBa it “waterand brins Sequentiafy it Was aned over 5 anhydrolis ™

magnesiwp sulfate The diyingagentiwas filtered offandthe-arganic layer
was concentrated under reduced pressure to obtain the title compound

(1552@%@15%150%@# WOMHJZfPHWMFWeDew)re (PR A F3dt,
1,2Hz, 10 3H), 3.82.(s, 3H), 4,32 (dq, J=1.2,5.6Hz, 2H (s, 2H),
6. 60& 1é2d15 gEz 15) %%8 g%az q20?9() 9 367,30 (. gﬁ) %4d4 (s,

1H): 10QMHz :3GNMR AGRGA3 $<6pplﬂsﬁa&.20,t5é 94 66:1 ZohRdBpd 13.63,

129.24, 129.32, 139.04, 149.47, 159.18, 194.10; IR 15 (neat) 2837, 1688,
1612,(1593, #24651674£°1633.950 € 1: HRMS C13H16Na03 (M+Na')

Caled; ZA3:0997. foring 24314 [Q14211 73 (at, g=1.2, 1.2Hz,
10 3H), 3.82 (s, 3H), 4.32 (dq, J=1.2, 5.6Hz, 2H), 4.52
(s, 2H), 6.60 (tqg, J=1.2, 5.6Hz, 1H), 6.88-6.92 (m,
2H), 7.26-7.30 (m, 2H), 9.44 (s, 1H); 100MHz ‘’C-NMR
(CDC1ls & (ppm) 9.20, 54.94, 66.17, 72.45, 113.63,
129.24, 129.32, 139.04, 149.47, 159.18, 194.10; IR
15 (neat) 2837, 1688, 1612, 1512, 1249, 1074, 1033, 820 cm
'; HRMS Ci3Hi;¢NaOs (M+Na') Calcd: 243.0997, Found:
243.1044
[0142]
[Step 6]

20 Synthesis of (1S,3R,4S,5E)-4—-{[tert-

butyl (dimethyl)silyl]oxy}—-7—-[ (4—methoxybenzyl)oxy]—

1,3,5-trimethyl-2-oxohept-5-en-1-yl benzoate

[Formula 58]

PMBO\/\(CHO —_— PMBO._~ OBz

P11 P12



[Step 6] 20 Synthesis of (1S,3R,4S,5E)-4-{[tert-
butyl(dimethyl)silylloxy}-7-[(4-methoxybenzyl)oxy]-
1,3,5-trimethyl-2-oxohept-5-en-1-yl benzoate [Formula 58] OH 0 PMBO™”
'CHO PMBO OBz PIT11 1 P12 '90 0143] (1) Synthesis of
(1S,3R,4S,5E)-4-hydroxy-7-[(4- 50
methoxybenzyf)oxy]-1,3,5-trimethyl-2-oxohept-5-en-1-yl benzoate (P12) 5
This reaction was performed with reference to the literature (Paterson, l.;
Wallacl D.5 @owden, <C If, Sypitlesis s1998 636520k y —7-

(S)-2- betnzog/loxgentarég 3- _olne used in this step was prep argd _bé/ a rrlethod
deschSEaH Y 15 2arerrne S t-g-oxehaptrosens vl
lithiumalumirum iaydride immediately before use was used in this step.
N,N-dimethylethylamine (24.0 ml, 221 mmol) was added to an anhydrous
diethyl ether (500 A} $5TSIGtG Of dicy crsieaABsdnéhlBride (888 A, 177
mmol) pre ared fromac merC|aI boron chloride- methy] sulfi
comp%é?( b)el a metk%)oé deggslﬁed in the ri(l)lte:Trf/l&t)ur}r%l Satgsong M%Jemal alb T
Org. kett;h2002,, 4(1%) 324 63-2457€R). ynder( BIIFC@%&HBQS@%@@@H’@&@Q%d

the reaction solution was stirred at -78C for 15
one used in this step was prepared by a method

described in this literature.

10 Anhydrous diethyl ether distilled by using
lithium aluminum hydride immediately before use was
used in this step.

N, N-dimethylethylamine (24.0 ml, 221 mmol)
was added to an anhydrous diethyl ether (500 ml)

15 solution of dicyclohexylboron chloride (38.8 ml, 177
mmol) prepared from a commercial boron monochloride-
methyl sulfide complex by a method described in the
literature (Paterson, I.; Temal-Laib, T.; Org. Lett.,
2002, 4(15), 2473-2476.) under nitrogen atmosphere -78°C

20 and the reaction solution was stirred at -78°C for 15
minutes. An anhydrous diethyl ether (400 ml) solution
of (S)-2-benzoyloxy pentane-3-one (30.4 g, 148 mmol)
was added dropwise to this reaction solution over 35
minutes, and it was stirred at -78°C for 10 minutes and

25 then stirred at 0°C for two hours. The reaction
solution was cooled to -78°C again and an anhydrous
diethyl ether (400 ml) solution of (2E)-4-[(4-

methoxybenzyl)oxy]-2-methylbut-2-enal (27.0 g, 123



minutes. An anhydrous diethyl ether (400 ml) solution of (S)-2-benzoyloxy
pentane-3-one (30.4 g, 148 mmol) was added dropwise to this reaction
solution over 35 minutes, and it was stirred at -78C for 10 minutes and 25
then stirred at OC for two hours. The reaction solution was cooled to -78C
again and an anhydrous diethyl ethe?00 ml) solution of (2E)-4-[(4-

methoxyRgnzyloxylr2=methyibyt-2enal {2749, 1239 mmel); wag added

dropwise over 20 minutes and it was stirred at -78C for two hours and then
stirredat=26C averriight. After theoréaction soldtiohavas warmed tot 0€,6°C

methanol @Oohrpl), phos hatehbuffer ng =7, 400 5 ml) and 30% hg/ddro en
peroxide soitibn (350° %%twgree AGG&T 58GuéRtidily SRd TRE ré&EHI5N sblution

was stitred @t @6 for opedow: Thegeastionsoluwionrwas (poured jntegyater,
which was then extracted with ethyl acetate. The organic layer was washed
with Waterart 20 brinedsegisentiaiycandiaried over @nhya?Gus Magivesium
sulfatgzdc,?gg?r gge derxigg agent was t1_fi£tgred off the]O or ?ﬂig'laxe& was

a reactl10o S O et
concentrated under reduced pressure. The otbtalne residue was purified by

silica gel eoltmat chromategraphyHtanto Chemicad,caoramerecinl hae wdlica
15 gel 60N, granular, neutral, 0.040 mm - 0.100 mm; n- heptane:ethyl acetate
= 4:199%91?? THE Bbtsthed whits QolitAkas Pecryetdifz&d fiiHEkane® BiA

acetate) 0, obtainghe tifle,compound (42,6 g, 99% de) asia . colarless, 4

needle. The optical purity was determined by 20 HPLC using a chiral column
(DAICEL peowwrereial ivamg and dried over anhydrous magnesium

sulfate. After the drying agent was filtered off, the
organic layer was concentrated under reduced pressure.
The obtained residue was purified by silica gel column
chromatography (Kanto Chemical, commercial name Silica
15 gel 60N, granular, neutral, 0.040 mm - 0.100 mm; n-
heptane:ethyl acetate = 4:1 — 2:1). The obtained white
solid was recrystallized (n-hexane: ethyl acetate) to
obtain the title compound (42.6 g, >99% de) as a
colorless needle. The optical purity was determined by
20 HPLC using a chiral column (DAICEL, commercial name
CHIRALCEL OD; n-hexane:isopropyl alcohol = 95:5).
400MHz 'H-NMR (CDCls) & (ppm) 1.07 (d, J=7.2Hz, 3H),
1.57 (d, J=7.2Hz, 3H), 1.63 (s, 3H), 2.02 (d, J=3.8Hz,
1H), 3.04 (dg, J=7.2, 9.2Hz, 1H), 3.81 (s, 3H), 3.80-
25 4.10 (m, 2H), 4.24 (dd, J=3.8, 9.2Hz, 1H), 4.44 (s,
2H), 5.45 (g, J=7.2Hz, 1H), 5.65 (brt, J=6.4Hz, 1H),
6.86-6.90 (m, 2H), 7.24-7.28 (m, 2H), 7.44-7.47 (m,

2H), 7.56-7.61 (m, 1H), 8.07-8.10 (m, 2H); 100MHz ’C-



CHIRALCEL OD; n-hexane:isopropy! alcohol = 95:5). 400MHz 1H-NMR
(CDC13) S (ppm) 1.07 (d, J=7.2Hz, 3H), 1.57 (d, J=7.2Hz, 3H), 1.63 (s, 3H),
2.02 (d, J=3.8Hz, 1H), 3.04 (dq, J=7.2, 9.2Hz, 1H), 3.81 (s, 3H), 3.80 25 4.10
(m, 2H), 4.24 (dd, J=3.8, 9.2Hz, 1H), 4.44 (s, 2H), 5.45 (q, J=7.2Hz, 1H),
5.65 (brt, J=6.4Hz, 1H), 6.86-6.90 (m;2H), 7.24-7.28 (m, 2H), 7.44-7.47 (m,
2H), 726-764c(m) 141, 807-8,30 (m, 2H); 100MHz 13C 92 NMR{CDG13) S
(ppm) 11.07, 14.46, 15.46, 45.38, 55.22, 65.75, 72.00, 75.06, 79.48, 113.75,
126.06; 128.382 129.36,51.2%.51,/329874,11130.20, 133230 4.38113,.B59.18,

165.83, 210.72; IR (KBr) 3466, 3050, 2991, 2967, 2932, 5 2871, 2836, 1731,
PPN T v D e R E R Ak T
C25H3ONa06 (MtNa) Caled: 449, 1940 sFound 04494951, falD25 +38.3, (c

1.00, CHC13) [0144] [Formula 59] OH O TBSO 0 PMBO | OBz
PMBG®SLDBZ2PE2 - TP P13 f01451110 (2)*Synthesislef 1247, 1121,

(1S,3 ,SE)-4-{[tert: butyl(dimethyl)silyllaxy}-7-[(4-met enz -
3 Sy 2 Shohab S en 1) Hortote (P12) T8 URANE (365 o 328
mmol 4¢as addedreuan anfhwerays dichloriiethame3(1(Q0 1) sojutmimaef 15
(1S,3R,4S,5E)-4-hydroxy-7-[(4-methoxybenzyl)oxy]-1,3,5-
trimethyl-2-6>@&ﬁe§'ﬂt-5-en-1-yl benzoate (70.0 g, 164

[Formula 59]

OH O TBSO O
PMBO OBz —_— PMBO

P12 P13
[0145]

10 (2) Synthesis of (1S5,3R,4S5,5E)-4-{[tert-

butyl (dimethyl)silyl]oxy}—-7—-[ (4—methoxybenzyl)oxy]—

1,3,5-trimethyl-2-oxohept-5-en-1-yl benzoate (P13)

2,6-Lutidine (38.2 ml, 328 mmol) was added to

an anhydrous dichloromethane (1.00 1) solution of

15 (1S,3R,4S,5E) -4-hydroxy-7-[ (4—-methoxybenzyl)oxy]-1,3,5-
trimethyl-2-oxohept-5-en-1-yl benzoate (70.0 g, 164
mmol) at -78°C under nitrogen atmosphere.
Trifluoromethanesulfonic acid tert-butyldimethylsilyl
ester (56.5 ml, 246 mmol) was added dropwise to the

20 reaction solution over 10 minutes. After the reaction
solution was stirred at -78°C for one and a half hour, a
saturated sodium hydrogen carbonate aqueous solution

was added at -78°C. The reaction solution was warmed to



mmol) at -78C under nitrogen atmosphere. Trifluoromethanesulfonic acid
tert-butyldimethylsilyl ester (56.5 ml, 246 mmol) was added dropwise to the
20 reaction solution over 10 minutes. After the reaction solution was stirred
at -78C for one and a half hour, a saturated sodium hydrogen carbonate
aqueous solution was added at -78C ?Phe reaction solution was warmed to

93 roqm temparature, whichwas then.extragted with, dichjoromethane. After

the organic layer was washed with water and brine sequentially, it was dried
over antlytdrovsavagmesiumpsiifatet After tiye diyingagentswasditerdd off,
the oag_anﬁc Iaayer was dconcentrated under r%iuced ressure. Tho? obtained
residtie was' purfied By SlicAgel Conihh dhrofatogralhy Katto Shemical,
comngrcialnamersilica 9el 0N, granular, newtral, 1,048,020, mm;
n-heptane:ethyl acetate = 10 8:1) to obtain the title compound (89.0 g) as a
cSlorféas dill 4oemidz AH-NMR(CDEA3} S (ppify-0762 (SC8FMDe1 (s, 3H),

0.82 (s, 9H), 0,97, (d, J=7.2Hz, 3H), 1.54 (d,, J=7,2Hz, 3H), 158 (s, 3H), 3.00
(da, J(J=ﬂ7c.?§f)9.6?$z,é15d]1ﬂ§, 381°(s 3H). 4.od4b§§: J=6.oﬁz,)lzcil#5, 4V.$§‘§ (d,
3=9.61z 1H); .43 (3,12H);5.431(qe I Tr2HZ k) - 59 ity =GOz, 1H),
6.86-6.90 (M, 2H), 7.24-7.27 (m, 2H), 7.43-7.47 (m, 2H), 7.56-7.60 (M, 1H),
8.07-BI0T (AR 2H F TOOMES A3 NN RS (EBE1 3y S ;ﬁfiﬁ) _S47°04 78; 20

10.79, 44541154 79 48.Q1, 25.45; 86-1fn 22218283 : L1:(2 72208054,

113.75, 126.24, 128.36, 129.22,

10 8:1) to obtain the title compound (89.0 g) as a
colorless oil.
400MHz 'H-NMR (CDCls) & (ppm) -0.02 (s, 3H), -0.01 (s,
3H), 0.82 (s, 9H), 0.97 (d, J=7.2Hz, 3H), 1.54 (d,
J=7.2Hz, 3H), 1.58 (s, 3H), 3.00 (dgq, J=7.2, 9.6HzZ,

15 1H), 3.81 (s, 3H), 4.04 (d, J=6.0Hz, 2H), 4.28 (d,
J=9.6Hz, 1H), 4.43 (s, 2H), 5.43 (g, J=7.2Hz, 1H), 5.59
(brt, J=6.0Hz, 1H), 6.86-6.90 (m, 2H), 7.24-7.27 (m,
2H), 7.43-7.47 (m, 2H), 7.56-7.60 (m, 1H), 8.07-8.09
(m, 2H); 100MHz >C-NMR (CDCl3) & (ppm) -5.17, -4.78,

20 10.79, 14.54, 15.17, 18.01, 25.75, 46.17, 55.21, 65.83,
71.72, 75.20, 80.54, 113.75, 126.24, 128.36, 129.22,
129.66, 129.76, 130.35, 133.16, 138.11, 159.15, 165.68,
209.02; IR (neat) 2954, 2931, 2856, 1721, 1512, 1453,
1301, 1250, 1117, 1070, 1040, 837, 778, 713 cm'; HRMS

25 (C31H4:NaOgSi (M+Na') Calcd: 563.2805, Found: 563.2786;
[a]p*® +12.6 (c 1.01, CHCls)

[0146]

[Step 7]



129.66, 129.76, 130.35, 133.16, 138.11, 159.15, 165.68, 209.02; IR (neat)
2954, 2931, 2856, 1721, 1512, 1453, 1301, 1250, 1117, 1070, 1040, 837,
778, 713 cm 1; HRMS 25 C31H44NaO6Si (M+Na') Calcd: 563.2805, Found:
563.2786; [alD25 +12.6 (c 1.01, CHC13) [0146] [Step 7] 94 Synthesis of
(3S,4S,5E)-7-[(4-methoxybenzyl)oxy]-3i5- dimethylhepta-1, 5-dien-4-ol
[Formula 60] JBSO:0 TBSQsPMBO-L 0Bz RMBQ, P13 R1A (01471 €L)s -
Synthesis of tert-butyl({{1S,2E)-4-[(4 5
methaxyiserzdfoxyt-2-ethylil{(13)-dimethylprop-2-en-
1-yl]but-2-en-1-yl}oxy)dimethylsilane (P14) To an anhydrous THE (10.0 ml)
solutioh {18, 3R A4S, 5E)-4-{[tert-butyl(dimethy)silylJoxy}-7-[(4-
methoxybenzyl)oxy]-1,3,5-trimethyl-2-oxohept-5-en-1-yl 10 benzoate (1.00 g,

1.85 mmol), lithiurmBsgrorphydride 2M THE (18.5 ml, 37.0 mmaBsQolution was
added at -74% i atmosphere. THe reactiBM%Jumiria_aNtirred
overnight while warmed to foom temperature. After the reaction sofution was
ice cooled and wate|5 1‘l§ was added thereto, it was extracted with stmll
acetate. After the organic layer was washed with water and brine——

s,equentiallyE étle%? dried over anhydrous magnesium

(1) Synthesis of tert-butyl ({(1S,2E)-4-[ (4-

5 methoxybenzyl)oxy]-2-methyl-1-[(1S)-1-methylprop-2-en-—

l-yllbut-2-en-1-yl}oxy)dimethylsilane (P14)

To an anhydrous THF (10.0 ml) solution of
(15,3R,4S,5E)-4—-{[tert-butyl (dimethyl)silyl]loxy}-7-[ (4-
methoxybenzyl)oxy]-1,3,5-trimethyl-2-oxohept-5-en-1-yl

10 benzoate (1.00 g, 1.85 mmol), lithium boron hydride 2M
THF (18.5 ml, 37.0 mmol) solution was added at -78°C
under nitrogen atmosphere. The reaction solution was
stirred overnight while warmed to room temperature.
After the reaction solution was ice cooled and water

15 was added thereto, it was extracted with ethyl acetate.
After the organic layer was washed with water and brine
sequentially, it was dried over anhydrous magnesium
sulfate. The drying agent was filtered off and the
organic layer was concentrated under reduced pressure

20 to obtain a white solid (611 mg).

300 mg from the obtained white solid was
dissolved in a mixed solvent of THF-water (4:1, 6.00

ml) . Sodium periodate (438 mg, 2.05 mmol) was added to



sulfate. The drying agent was filtered off and the organic layer was
concentrated under reduced pressure 20 to obtain a white solid (611 mg).
300 mg from the obtained white solid was dissolved in a mixed solvent of
THE-water (4:1, 6.00 ml). Sodium periodate (438 mg, 2.05 mmol) was added
to 95 the reaction solution. After the réaction solution was stirred at room

temperature. forang and g half houraif \was poured into;water, which,wag, o
then extracted with ethyl acetate. After the organic layer was washed with 5

watersand beiheasequentiallynitevas dried overocaphydidus maghesim, it
sulfate. After the drgln agent was f||tered off, the organlcl er was
conc&htfafdd” Urder PeudEd presslitd “The Ghtailed residue was dissBived

in 10 anhydrous THE (4-0@@9@%ad6@g£{99M%@/a2uwggr WwHEAgENwith
atmosphere at -15C to an anhydrous THE (4.00 ml) solution of

methylehetrighehyshespliieraneprepated By avcohv@ntiphaPifgthod from
methgl i (ge tnipheg hos hon| (C415 mg, 1.02 m <%and 259M - 15
butyllltﬁ ufm n-hexan %57 1. 6% mmoﬁ) SO utlon thert e reactlo% solution
was stieed at £Eh@ donate hﬁldal’ dtrwas pouregdntovaterowiich wassthen

extracted with ethyl acetate. After the organic layer was washed with water
and BiifEeSeqFeEntry, RVGES 20%dried over anhydrous magnesium sulfate.

After the drying agent was filtered off, the organic Jayer was,concentrated
under reduced pressure. The obtained

10 anhydrous THF (4.00 ml) and added dropwise at under
nitrogen atmosphere at -15°C to an anhydrous THF (4.00
ml) solution of methylenetriphenylphosphorane prepared
by a conventional method from methyl iodide
triphenylphosphonium (415 mg, 1.02 mmol) and 2.59M n-

15 butyllithium n-hexane (397 pl, 1.03 mmol) solution.
After the reaction solution was stirred at -15°C for one
hour, it was poured into water, which was then
extracted with ethyl acetate. After the organic layer
was washed with water and brine sequentially, it was

20 dried over anhydrous magnesium sulfate. After the
drying agent was filtered off, the organic layer was
concentrated under reduced pressure. The obtained
residue was purified by silica gel column
chromatography (Kanto Chemical, commercial name Silica

25 gel 60N, granular, neutral, 0.040 mm - 0.100 mm; n-
heptane:ethyl acetate = 19:1) to obtain the title
compound (258 mg) as a colorless oil.

400MHz 'H-NMR (CDCls) & (ppm) -0.03 (s, 3H), 0.02 (s,



residue was purified by silica gel column chromatography (Kanto Chemical,
commercial name Silica 25 gel 60N, granular, neutral, 0.040 mm - 0.100
mm; n- heptane:ethyl acetate = 19:1) to obtain the titte compound (258 mg)
as a colorless oil. 400MHz iH-NMR (CDC13) 8 (ppm) -0.03 (s, 3H), 0.02 (s,
96 3H), 0.87 (d, J=7.2Hz, 3H), 0.88 (S,%9H), 1.58 (s, 3H), 2.24-2.33 (m, 1H),
3.72 () J=75257, 1H), 381 (8 3H)5:4,054d5 4=6 4Hz,:2H), .42 (§:52H),4.98
(brd, J=10.4Hz, 1H), 4.99 (brd, J=17.4Hz, 1H), 5.50 (brt, 5 J=6.4Hz, 1H),
5.84 @dth-J=736, 10.4, 17)4H2,. TH), <6.87J-?{=378@I@m6 2H)) 7.26-727(6m, 2H);
1OOMH 13C-NMR (CDC13 S (ppm) -5.02, 255 11. 7 16 65, 18.16,
25.81; 4207 8512° 65784, 7132, 82.35, &51'3 8)113:91, 19376, 129.19,
130 55, 140,26, 141:57, 159:07:40:|R (neat) 2956, 2929, 2856, 1514, 1249,
1065, 1040, 836, 775 cm 1; HRMS C23H38Na03Si (M+Na') Calcd:
4%3.2%488; 4E6undHA13 . 2504; (826 25269 ¢ 1102 cHCO L3 0148} )[Formula
61] T C lgM BO - EMBQ ;4%31 djl014§ 15 (gal\,ﬁynthecsl%ﬁ%
(35,45, E)C-g_-'[% met’hoxy enzyﬁoxy] 5§ et ylhepta 1,5-dien-4-ol (P15)
1N hydrochlorié acigb{00- mlp was-added ta an7acetomitsite (3GA nd) solution
of tert-bu%yl({(lS,ZE -

25.81, 42.07, 55.12, 65.84, 71.32, 82.35, 113.68,

113.91, 123.76, 129.19, 130.55, 140.26, 141.67, 159.07;
10 IR (neat) 2956, 2929, 2856, 1514, 1249, 1065, 1040,

836, 775 cm'; HRMS C,3H3sNaO3Si (M+Na') Calcd: 413.2488,

Found: 413.2504; [0]p*® -2.26 (c 1.02, CHCls)

[0148]

[Formula 61]

TBSO OH
PMBO\/\('\_/\ — PMBO. A
P14 P15

[0149]

15 (2) Synthesis of (3S,4S,5E)-7-[(4-methoxybenzyl)oxy]—

3,5-dimethylhepta-1,5-dien-4-0l1 (P15)

IN hydrochloric acid (100 ml) was added to an
acetonitrile (300 ml) solution of tert-butyl ({(1lS,2E)-
4—[ (4-methoxybenzyl)oxy]-2-methyl-1-[(1S)-1-methylprop-
20 2-en-l-yl]lbut-2-en-1l-yl}oxy)dimethylsilane (41.8 g, 107
mmol). After the reaction solution was stirred at room
temperature for ten and a half hours, it was poured

into brine and extracted with ethyl acetate. After the



4-[(4-methoxybenzyl)oxy]-2-methyl-I-[(1S)-1-methylprop 20
2-en-1-yl]but-2-en-1-yl}oxy)dimethylsilane (41.8 g, 107 mmol). After the
reaction solution was stirred at room temperature for ten and a half hours, it
was poured into brine and extracted with ethyl acetate. After the 97 organic
layer was washed with brine, it was dri¢d over anhydrous magnesium

sulfate- Ater the drying,agent. wasdiliered qff, {he organic.laygr was over

concentrated under reduced pressure. The obtained residue was 5 purified
by silrcahgelcolgmmecromatogsaphy fikantcr Clremicat, comamercied erame
Silica gel 60N, granular, neutral, 0.040 mm - 0.100 mm; n-he tane:ethgll
acetate = a}f*;%ge;f 8%551) &Rd WAS BBlainéd itk c%arﬁpSSﬁ“&%%??tgi as a
colorlesgil. 10ARAMHz-LHNMR (CRCLI)S {ppey 0:93 {dud=64Hz, 3H),
1.64 (s, 3H), 1.77 (brs, 1H), 2.28-2.39 (m, 1H), 3.71 (d, J=8.0Hz, 1H), 3.81
(s> 3HLEIGZ ¢d, Pr6.3HZ 9H)9 4. 455V 2H) CE AT bre 9J2 PO AHE STHY 5.16
(brd, J47 e, 1H),5,02 (ot J56,44Hz, 1H) 575 (04, 15 J=8.4,10.4
17.1H7 THY. 6.86.%.90 (M., 2H), ¥95-7229 "(n, %H#; 100MHZ T3ENMR
(CDGIS) S gppm) 1444 mk6.620 41060mb5.04; 165740 é1 58, 80.52,c1163.59+
116.10, 124.73, 129.19, 130.24, 138.94, 140.67, 159.00; IR (neat) 3443,
296222931, 2862, T613, 1515144585 13012 20°t249, 17 4 10651035, 913,

820 ¢m-1,.HRMS G17H24NaQ3 (M+Na~) Calcd: 299.1623, Found:
299.1612; MD 26 -14.1 (c 1.02, CHC13) [0150]
10 400MHz 'H-NMR (CDCls) & (ppm) 0.93 (d, J=6.4Hz, 3H),

1.64 (s, 3H), 1.77 (brs, 1H), 2.28-2.39 (m, 1H), 3.71
(d, J=8.0Hz, 1H), 3.81 (s, 3H), 4.07 (d, J=6.4Hz, 2H),
4.45 (s, 2H), 5.15 (brd, J=10.4Hz, 1H), 5.16 (brd,
J=17.1Hz, 1H), 5.62 (brt, J=6.4Hz, 1H), 5.75 (ddd,

15 J=8.4, 10.4, 17.1Hz, 1H), 6.86-6.90 (m, 2H), 7.25-7.29
(m, 2H); 100MHz '°C-NMR (CDCl;) & (ppm) 11.44, 16.62,
41.60, 55.04, 65.74, 71.58, 80.52, 113.59, 116.10,
124.73, 129.19, 130.24, 138.94, 140.67, 159.00; IR
(neat) 3443, 2962, 2931, 2862, 1613, 1513, 1456, 1301,

20 1249, 1174, 1065, 1035, 913, 820 cm™'; HRMS Ci;H,4NaOs;
(M+Na®) Calecd: 299.1623, Found: 299.1612; [a]p?® -14.1 (c
1.02, CHCLs)

[0150]
[Step 8]

25 Synthesis of (2S,3aS,4E,6S5,7S,13aR)-11-{[tert-butyl

(dimethyl)silyl]oxy}-7-{(1lE)-3-[ (4-methoxybenzyl)oxy]-

l-methylprop—-l-en-1-yl}-6,13a-dimethyl-2-phenyl-

3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo [4,5-




[Step 8] 25 Synthesis of (2S,3aS,4E,6S,7S,13aR)-11-{[tert-butyl
(dimethyl)silylloxy}-7-{(IE)-3-[(4-methoxybenzyl)oxy]-
1-methylprop-I-en-1-yl}-6,13a-dimethyl-2-phenyl-
3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo [4,5 98 f]
oxacyclododecin-9-one [Formula 62] Ik TBSO O OH PMBO p OH Pt P9
P15 Rh Qz.Q,0 BMBOOIBS B16 [0151] (1) Synthesis of
(1S,2E)-4-[(4-methoxybenzyl)oxy]-2-
methyEle18)-4 -methylprop-2-en-1-yllbut-2-en-1-yl 3- 5
{[tert-butyl(dimethyl)silyl]Joxy}-5-[(25,4R,55)-4
methyl-2-phenyksevingl-1,3-dioxolgn-4-ylJpe Hnoate (P16) This reaction
was perfgrmed-wi gnce to the ﬁt ratyre finanaga, J.; Hirata, K.; Saeki,
H; 10 Kat);ukzi,"T.; Yamaguchi, M.; Bull. Chem. Soc. Jpn. 1979,

Ph

P9 P1

[0151]

(1) Synthesis of (1S,2E)-4-[(4-methoxybenzyl)oxy]-2-

methyl-1-[(1S)-1-methylprop-2-en-1-yl]but-2-en-1-yl 3-

5 {[tert-butyl(dimethyl)silyl]loxy}-5-[(2S,4R,5S3)-4-

methyl-2-phenyl-5-vinyl-1,3-dioxolan-4-yl]pentanoate

(P16)

This reaction was performed with reference to
the literature (Inanaga, J.; Hirata, K.; Saeki, H;

10 Katsuki, T.; Yamaguchi, M.; Bull. Chem. Soc. Jpn. 1979,
52(7), 1989-1993.).

To an anhydrous THF (130 ml) solution of
(3R)-3—-{[tert-butyl (dimethyl)silylloxy}-5-[(2S, 4R, 53) -
4-methyl-2-phenyl-5-vinyl-1,3-dioxolan-4-y1l] pentanoic

15 acid (6.50 g, 15.5 mmol) was added triethylamine (2.80
ml, 20.2 mmol) under nitrogen atmosphere and cooled to
0°C. 2,4,6-Trichlorobenzoyl chloride (2.65 ml, 17.0

mmol) was added to the reaction solution. After the



52(7), 1989-1993.). To an anhydrous THE (130 ml) solution of
(3R)-3-{[tert-butyl(dimethyl)silyl]loxy}-5-[(2S,4R,5S)-
4-methyl-2-phenyl-5-vinyl-1,3-dioxolan-4-yl] pentanoic 15 acid (6.50 g, 15.5
mmol) was added triethylamine (2.80 ml, 20.2 mmol) under nitrogen
atmosphere and cooled to 0C. 2,4,6-fichlorobenzoyl chloride (2.65 ml, 17.0

mmol) was added 3g.the Jragtion splution Afterdhe 99 reagtign salution was

stirred at OC for 10 minutes, it was stirred at room temperature for two hours.
After wthe relattionsolution wastiteredavitiy eelitey; thercotgawmics lay ek was:

concentated under reduced pressute. 5 To the gbianed esigue, a1
anhydrsus foliene {130 mi} ‘s8iufich of '

(3S,48:8E) 7 (4-pethaxybenzyhiexyl-3.6c dimethytheptas b &idiens4-0l {4.71
g, 17.0 mmol) and 4- dimethylaminopyridine (2.46 g, 20.2 mmol) were added

uRdef Aitfdterratmossiteres Afeithe ¥8achidiy Sofutiont PO v stirkéd attodom
temperatte Tor tip Nours, I was _noured g .3 fydodhigrs peid and
e’ % er was \washet

extracted W|thneﬁ1yl acefat er the organic lay with™ a
saturatetksodiune hydragen-eakhonate aqueous splution,o waten and-hfine-
sequentially, it was dried over 15 anhydrous magnesium sulfate. After the

drying - Hhent YWwas fitered b tife dfgartic FayerwasBontentiatéd ashirst

reducgdipressure. Lhe obiainediesidue was. purified by siliga gel.colymn ,
chromatography (Kanto Chemical, commercial name Silica gel 60N,

gfanutas 20 neutrdl, 9040 onmteOdG0arnuren-heptana ettyyl acetdte was

poured into 0.5N hydrochloric acid and extracted with
ethyl acetate. After the organic layer was washed with
a saturated sodium hydrogen carbonate aqueous solution,
water and brine sequentially, it was dried over

15 anhydrous magnesium sulfate. After the drying agent
was filtered off, the organic layer was concentrated
under reduced pressure. The obtained residue was
purified by silica gel column chromatography (Kanto
Chemical, commercial name Silica gel 60N, granular,

20 neutral, 0.040 mm - 0.100 mm; n-heptane:ethyl acetate =
10:1 — 5:1) to obtain the title compound (9.81 g) as a
colorless oil.
400MHz 'H-NMR (CDCls) & (ppm) 0.01 (s, 3H), 0.02 (s,
3H), 0.86 (s, 9H), 0.94 (d, J=6.8Hz, 3H), 1.22-1.32 (m,

25 1H), 1.32 (s, 3H), 1.57-1.65 (m, 2H), 1.60 (s, 3H),
1.65-1.79 (m, 1H), 2.32 (dd, J=6.0, 15.2Hz, 1H), 2.43
(dd, J=6.0, 15.2Hz, 1H), 2.42-2.52 (m, 1H), 3.80 (s,

3H), 4.02 (d, J=6.4Hz, 2H), 4.01-4.08 (m, 1H), 4.26



10:1 -3 5:1) to obtain the title compound (9.81 g) as a colorless oil. 400MHz
iH-NMR (CDC13) S (ppm) 0.01 (s, 3H), 0.02 (s, 3H), 0.86 (s, 9H), 0.94 (d,
J=6.8Hz, 3H), 1.22-1.32 (m, 25 1H), 1.32 (s, 3H), 1.57-1.65 (m, 2H), 1.60 (s,
3H), 1.65-1.79 (m, 1H), 2.32 (dd, J=6.0, 15.2Hz, 1H), 2.43 (dd, J=6.0,
15.2Hz, 1H), 2.42-2.52 (m, 1H), 3.808° 3H), 4.02 (d, J=6.4Hz, 2H),

4.01-408 (m.-1Hy, 4260100 (dt,)J=1.0,¢.0Hz, TH), 4.4048. 2H)54.86-5.05
(m, 3H),5.29 (ddd, J=1.0, 1.6, 10.5Hz, 1H), 5.41 (dt, J=1.6, 17.5Hz, 1H),
5.62 [, J=6.2Piz,( 181}, 569 (dud, LJ58.01 1054121 7. 2Hz, 1H)45.88!tddd,

J=7.0, 10.5, 5 17.5Hz, 1H), 5.90 1H), 6.85-6.89 (m, 2H), 7.23-7.26 (m
iR A i 8l el L b W A O TR
(Ppm)y=4.83, -4.964 12:66,2k6.63; 1)7.85, 28.3229,73-31.2 1, 32.28, 39.94,

42.72,55.09, 65.60, 69.21, 71.53, 81.37, 82.18, 87.72, 102.16, 10 113.65,
195.17] 11%8:64,1126.03; 126 67, 128.145199:00,522927, 4130.25,-£32.662°

135.3 1? 0, 139,83, 159.0 1%% ss;éR @egt)&%j?, 2%% ,2%%3%736,
gl HY) . —7 ol LA8="T. , H K

1612,§125 ,%1173,1 90: 1065 1036, 836 cm-1 - ARMS'CA IJZ|58Na 5&i

(M+N&Y)-Caded:(70t 3849, Fepnd: 7Q1.8824: falD23 122691¢ 15 1509,

CHClS;) [51525 [Formula 63] Ph Ph OSOS 00
17.85, 22.32, 25.73, 31.21, 32.28, 39.94, 42.72, 55.09,
65.60, 69.21, 71.53, 81.37, 82.18, 87.72, 102.16,

10 113.65, 115.17, 118.64, 126.03, 126.67, 128.14, 129.00,
129.27, 130.25, 132.66, 135.33, 137.90, 139.83, 159.08,
170.36; IR (neat) 2957, 2931, 2856, 1736, 1612, 1250,
1173, 1090, 1065, 1036, 836 cm'; HRMS CaoHssNaO;Si
(M+Na®) Calcd: 701.3849, Found: 701.3824; [a]p?® -2.69 (c

15 1.09, CHClsy)

[0152]

[Formula 63]

X0 OTBS

[0153]

(2) Synthesis of

(25,3aS,4E,6S5,75,13aR)-11-{ [tert-

20 butyl (dimethyl)silyl]oxy}-7—{ (1E)-3—[ (4—

methoxybenzyl)oxy]-1l-methylprop-l-en-1-yl}-6,13a-




010 PMBO 41,1i0 OTBS PMBO 00 OTBS Z P16 P17 [0153] (2) Synthesis
of (2S,3aS,4E,6S,7S,13aR)-11-{[tert- 20
butyl(dimethyl)silylJoxy}-7-{(1E)-3-[(4 methoxybenzyl)
oxy]-1-methylprop-I-en-1-yl}-6,13a 101
dimethyl-2-phenyl-3a,6,7,10,11,12,13: 48a-octahydro-9H-
[1’_3]dc!l%@@[@?l@ﬁ?é’ﬁ@—oﬁﬁ,%ﬂ'%%? {P17» Aphydsous, tolyeng distilied by
using benzophenone Ketyl immediately before use under Ar 5 aimosphere
was usedirdthis:stepl 413, 2E)aHdyméthimddenzyhoxyk2-Aethyl-I-
[(1S)-1-methylprop-2-en-1-yllbut-2-en-1-y| 3-{[tert- ,
butyl(dimethyl)si|yﬁ8>}2§/}@§-‘i?zla,Zﬂ?ﬁ@ﬁi-rﬁéﬁmyﬁ%ed by using
phenyes-vipl 3rdioxelan:4-yilpentancate (1ek0,9e10 .63 mmelxand
2,6-di-tert-butyl-4-methylphenol (35.9 mg, 0.16 mmol) were dissolved in
afhydrolzsieisite WifdermdathtospHeres ThiR-reaction solution was heated
to reflux for one haour, nhydrous tolyene (330 ml) solution of the second
generation Hovey?ig-SGAriu]%%sglg ggtgll%t; ff%%lgz(g%%x ilin%tnhrf}iep & %/I)E-Z-
imidazolidinylideae}dichlorg(02 isapropoxyphenyimethylene)ritherisnt (102

mg, 0.16 mmol) was added to the reaction solution. After the reaction
butyl (dimethyl)silyl]loxy}-5-[(2S,4R,5S)-4-methyl-2-

phenyl-5-vinyl-1,3-dioxolan-4-yl]pentanocate (1.10 g,

10 1.63 mmol) and 2,6-di-tert-butyl-4-methylphenol (35.9
mg, 0.16 mmol) were dissolved in anhydrous toluene
under Ar atmosphere. The reaction solution was heated
to reflux for one hour. An anhydrous toluene (330 ml)
solution of the second generation Hoveyda-Grubbs

15 catalyst; [1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro (O-
isopropoxyphenylmethylene)ruthenium (102 mg, 0.16 mmol)
was added to the reaction solution. After the reaction
solution was heated to reflux for five hours, it was

20 cooled to room temperature. The reaction solution was
filtered with silica gel (Fuji Silysia, commercial name
Chromatorex, NH, 200-350 mesh) and the filtrate was
concentrated under reduced pressure. The obtained
residue was purified by silica gel column

25 chromatography (Kanto Chemical, commercial name Silica
gel 60N, granular, neutral, 0.040 mm - 0.100 mm; n-
heptane:ethyl acetate = 8:1) to obtain the title

compound (486.1 mg) as a white solid. This was



solution was heated to reflux for five hours, it was 20 cooled to room
temperature. The reaction solution was filtered with silica gel (Fuji Silysia,
commercial name Chromatorex, NH, 200-350 mesh) and the filtrate was
concentrated under reduced pressure. The obtained residue was purified by
silica gel column 25 chromatography ¥Kanto Chemical, commercial name

Silica, gel, 60N, granular.neytral, 0.04Q mm -0, 100 My s hepiape gihy

acetate = 8:1) to obtain the titte compound (486.1 mg) as a white solid. This
was 102 :shtainettay & coletess heedle by recrystallization (hexane: ethyl

acetate). 400MHz 1H-NMR (CDG13) S (ppm).0.07 (s, 3H), 0,09 (s, 3H), 0.88
o OB (b Lo o1 St R R T it 28 e s ot 5

(m, 1k}, 1.63.(ss 3D, 168-1.68 fm, 1), 399-240 (muiH)i1234 (dd, I=i0,4,
14.7Hz, 1H), 2.52-2.58 (m, 1H), 2.58 (dd, J=4.4, 14.7Hz, 1H), 3.81 (s, 3H),
392-1 GB(rh; 161),(B04LE), - I26 447 29), 49 {d)I=9.48z, (#) BEDA(s, 2H),

4.97 10 (d, J=10.8Hz, 5.41 (dd,,J=9.8, 15.2Hz, 1H),5.63 (dd, J=9 4
15.2H}z',419H){, 5%%4 Fﬁr’t,%@%.’ﬁi, éEH)Z, 51.%1 ‘& 12%77 6.?7-595%%% zfj),lgo S

7.24-726)(m, 2H),) 7.36: 7240 (5% 3H), 7149-7.51 §m, 244); 100MHz 13C-NMR
(CDC-13) S (pprlg%-4.73, -4.61, 11.50, 16.72, 17.80, 22.69, 25.62, 15 31.44,

34.31,89'87, 4398, 55:62, 65.45° 1151 1269, B1.557 834k, 85:7¢ 161.07,
113.61L.426.62, 228.18, 128.41, 129412,,129.2%, 12947, 1.30.05,)134,395
137.55, 137.63, 159.05, 168.89; IR (neat) 2932, 2856, 1735,
10 (d, J=10.8Hz, 1H), 5.41 (dd, J=9.8, 15.2Hz, 1H), 5.63
(dd, J=9.4, 15.2Hz, 1H), 5.74 (brt, J=6.4Hz, 1H), 5.91
(s, 1H), 6.87-6.90 (m, 2H), 7.24-7.26 (m, 2H), 7.36-
7.40 (m, 3H), 7.49-7.51 (m, 2H); 100MHz 13C-NMR (CDC1l5) o
(ppm) -4.73, -4.61, 11.50, 16.72, 17.80, 22.69, 25.62,
15 31.44, 34.31, 39.97, 43.98, 55.02, 65.45, 71.51, 71.69,
81.55, 83.44, 85.18, 101.07, 113.61, 126.62, 128.18,
128.41, 129.12, 129.21, 129.47, 130.05, 134.39, 137.55,
137.63, 159.05, 168.89; IR (neat) 2932, 2856, 1735,
1513, 1460, 1247, 1066, 1034, 1006, 978, 836 cm'; HRMS
20 Cs3gHs5:Na0O,S8i (M+Na®) Calcd: 673.3536, Found: 673.3505;
[a]p?® -14.8 (c 1.03, CHCls)
[0154]
[Step 9]

Synthesis of

25 (2E)-3-((2s,3aS,4E,63,75,13aR)-11-{[tert-butyl

(dimethyl)silyl]oxy}—-6,13a-dimethyl-9-oxo-2-phenyl-

6,7,9,10,11,12,13,13a-octahydro-3aH-[1,3]dioxolo[4,5-

floxacyclododecin—-7-yl)but-2-enal




1513, 1460, 1247, 1066, 1034, 1006, 978, 836 cm 1; HRMS 20
C38HS4NaO7Si (M+Na') Calcd: 673.3536, Found: 673.3505; [alD28 -14.8 (c
1.03, CHC13) [0154] [Step 9] Synthesis of 25
(2E)-3-((2S,3aS,4E,6S,7S,13aR)-11-{[tert-butyl
(dimethyl)silylJoxy}-6,13a-dimethyl-9-6%6-2-phenyl- 6, 7, 9, 10, 11, 12, 13,
13a-octahydrps3aHi;[1,3]dioxolo[4,5- f] oxacyclododecin-7-yl)but-2-enal 103
[Formula 64] Ph Ph O--~ O--~ 1000 O PMBO 'vO OTBS HO '0 OTBS P17
P18 [0155] (1) Synthesigdf (2S,3aS,4E,6S,7S,13aR)-11-{[tert- Fh
butyl(dimethyl)silylJoxy}-¥-{(IE)-3-hydroxy-I- °Y
methylprop-l-en-1-yfj-6 88a-dimethyl-2-phenyl 5 )
3a,6,7,10,11 12, tahydro-9H-[1,3]dioxolo[4,5- f]
oxacy¢ld 1<(2S,3aS,4E,6S,7S,|
butyl(dimethyl)s IyI]oxy} -7-{(IE)-3-[(4-
methoxybenzyl)oxy]-I-methylprop-l-en-1-yl}-6,13a- 10
dimethyl-2-phenyl-3B¥7,10,11,12,13,13a-octahydro-9H P18
[1,3]dioxolo[4,5-floxacyclododecin-9-one(710 mg, 1.09

[0155]

(1) Synthesis of (2S,3aS,4E,6S,7S,13aR)-11-{[tert—

butyl (dimethyl)silyl]loxy}—-7—-{(1E)-3-hydroxy-1-

methylprop-l-en-1-y1l}-6,13a-dimethyl-2-phenyl-

5 3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4,5—-

floxacyclododecin-9-one (P18)

(25,3aS,4E,6S5,7S,13aR)-11-{ [tert-
butyl (dimethyl)silylloxy}—-7—-{ (1E)-3-[ (4-
methoxybenzyl)oxy]-1-methylprop-l-en-1-yl}-6,13a-

10 dimethyl-2-phenyl-3a,6,7,10,11,12,13,13a-octahydro-9H-
[1,3]dioxolo[4,5-f]oxacyclododecin-9-one (710 mg, 1.09
mmol) was dissolved in dichloromethane (14.0 ml) and a
phosphate buffer (pH=7, 1.40 ml). 2,3-dichloro-5,6-
dicyano-1, 4-benzogquinone (297 mg, 1.31 mmol) was added

15 to the reaction solution at 0°C and stirred for three
hours. 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (74.3
mg, 0.33 mmol) was added and the reaction solution was
stirred at 0°C for one and a half hour. After 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (74.3 mg, 0.33

20 mmol) was added and the reaction solution was stirred

at 0°C for further 30 minutes, the reaction solution was



mmol) was dissolved in dichloromethane (14.0 ml) and a phosphate buffer
(pH=7, 1.40 ml). 2,3-dichloro-5,6- dicyano-1,4-benzoquinone (297 mg, 1.31
mmol) was added 15 to the reaction solution at 0C and stirred for three
hours. 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (74.3 mg, 0.33 mmol) was
added and the reaction solution was stifred at OC for one and a half hour.

After 2,3-dichlorgs5,6-dicyano-14-pepzoguinang, (44,3 mg,033.20 mmal).
was added and the reaction solution was stirred at OC for further 30 minutes,
the rédotionesclution Was 104 Ofilferednwith silicalgel (FujitSitysta,weammercial
name Chromatorex, NH, 200-350 mesh). The filtrate was washed with a
saturdfd ' §6dilint Ryarogen' Earbonats “adileSus s8fitonC aidtinéd Water and
brine &;sequentiallyand dried:queranhydraus magaesium sulfate. After the
drying agent was filtered off, the organic layer was concentrated under

reduckipressure. L Thenshtairied residie avay puffied hyssiked geél column

chromatography (Kanto Chemical, commercial name_Silica 10.gel 60N
o o B e R0 e ek b Ctag L 4.1
3:1) to:ahtainctheatitte: camspound £460 mgHas adeolodess needie: A0MHEZ
1H-NMR (CDC13) S (ppm) 0.08 (s, 3H), 0.09 (s, 3H), 0.88 (s, 9H), 0.90 (d,
J=6.8H£ 3H-AL25 ¢, TE5 9255612 S1RY 11385 48Y(nT 1 2H T 21,88 (s CSHYL.60

1.68 gﬂréﬂgt%'ﬁﬁaghS%H?Kgr%z&%wc;H)’ 2tnd s 4710.4nd 4s6H7 . 1H),
2.52-2.59 (m, 1H), 2.59 (dd, J=4.2, 14.6Hz, 1H), 3.92-4.01 (m, 1H),
4@}}4§Z7@ﬁN, granular, neutral, 0.040 mm - 0.100 mm; n-
heptane:ethyl acetate = 4:1 — 3:1) to obtain the title
compound (460 mg) as a colorless needle.
400MHz 'H-NMR (CDCls) & (ppm) 0.08 (s, 3H), 0.09 (s,
3H), 0.88 (s, 9H), 0.90 (d, J=6.8Hz, 3H), 1.25 (t,

15 J=5.6Hz, 1H), 1.38-1.46 (m, 2H), 1.39 (s, 3H), 1.60-
1.68 (m, 1H), 1.65 (s, 3H), 2.00-2.09 (m, 1H), 2.32
(dd, J=10.2, 14.6Hz, 1H), 2.52-2.59 (m, 1H), 2.59 (dd,
J=4.2, 14.6Hz, 1H), 3.92-4.01 (m, 1H), 4.16-4.27 (m,
3H), 4.95 (d, J=10.4Hz, 1H), 5.41 (dd, J=9.8, 15.2Hz,

20 1H), 5.64 (dd, J=9.6, 15.2Hz, 1H), 5.75 (brt, J=5.8Hz,
1H), 5.91 (s, 1H), 7.36-7.41 (m, 3H), 7.49-7.52 (m,
2H); 100MHz '’C-NMR (CDCls) & (ppm) -4.67, —-4.56, 11.24,
16.69, 17.88, 22.75, 25.67, 31.50, 34.33, 39.92, 43.98,
58.64, 71.49, 81.86, 83.55, 85.25, 101.15, 126.70,

25 128.28, 129.25, 129.56, 130.77, 133.52, 137.58, 169.25;
IR (KBr) 3232, 2937, 2858, 1730, 1243, 1107, 1082,
1067, 1007, 973, 836, 776, 700cm-1; HRMS C3oHssNaOsSi

(M+Na®) Calcd: 553.2961, Found: 553.2948; [o]p®® -11.5 (c



3H), 4.95 (d, J=10.4Hz, 1H), 5.41 (dd, J=9.8, 15.2Hz, 20 1H), 5.64 (dd, J=9.6,
15.2Hz, 1H), 5.75 (brt, J=5.8Hz, 1H), 5.91 (s, 1H), 7.36-7.41 (m, 3H),
7.49-7.52 (m, 2H); 100MHz 13C-NMR (CDC13) S (ppm) -4.67, -4.56, 11.24,
16.69, 17.88, 22.75, 25.67, 31.50, 34.33, 39.92, 43.98, 58.64, 71.49, 81.86,
83.55, 85.25, 101.15, 126.70, 25 128198, 129.25, 129.56, 130.77, 133.52,
137.58, 1:69.25 1R (KBr) 3232, 2937, 2858, 1730, 1243, 1107, 1082, 1067,
1007, 973, 836, 776, 700cm-1; HRMS C30H46Na0O6Si (M+Na') Calcd:
553.2961, Fiouneh 553.2948; [alD23 -11.5 (c 105 1.02, CHC13) [0156]
[Formula 65] Ph Ph. O~ O--~ .010 O O HO i0 OTBS OHO "kk "O OTBS
P18 P1§%[0157] (2) synthesis of 5 (2S,3aS,4E,6S,7S,13aR)-11-{[tert-
butyl(dimethyl)silylJoxy}-7;[(E)-2-formyl-I-methyleth- 1-en-1-yl]-6,
13a-dimethyl-2-phenyd-—
3a,6,7,10,11,12,13 -&ctahydro-9H-[1,3]dioxolo[4,5- f]
oxacyclododeci i
was adq%d to a dichlprorpethane (12.0 ml) solution of
-

[0157]

(2) Synthesis of

5 (25,3aS,4E,6S,7S,13aR)-11-{[tert-

butyl (dimethyl)silyl]oxy}-7-[(E)-2-formyl-1l-methyleth-

l-en-1-y1]-6,13a-dimethyl-2-phenyl-

3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4,5-

floxacyclododecin-9-one (P19)

10 Dess—-Martin reagent (565 mg, 1.33 mmol) was
added to a dichloromethane (12.0 ml) solution of
(25,3aS,4E,6S5,75,13aR)-11-{ [tert-
butyl (dimethyl)silyl]loxy}—-7-{ (1E)-3-hydroxy-1-
methylprop-l-en-1-yl}-6,13a-dimethyl-2-phenyl-

15 3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4,5-
floxacyclododecin-9-one (587 mg, 1.11 mmol). The
reaction solution was stirred at room temperature for
30 minutes. The reaction solution was diluted with
ether and washed with a saturated sodium hydrogen

20 carbonate aqueous solution containing sodium sulfite,

water and brine sequentially and dried over anhydrous



(2S,3aS,4E,6S,7S,13aR)-11-{[tert-
butyl(dimethyl)silylloxy}-7-{(1E)-3-hydroxy-I-
methylprop-l-en-1-yl}-6,13a-dimethyl-2-phenyl 15
3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4,5-
floxacyclododecin-9-one (587 mg, 1.2 fnmol). The reaction solution was

stirred| a4 ro0m,temaperature for, 30 minutes.The reaction, solytionwas diluted

with ether and washed with a saturated sodium hydrogen 20 carbonate
aqueods sotutrecortairng soeiumssulfiten owateraarrdibrindssequedtitialiyt and
dried over anhg/drous 106 ma,%nesium sulfate. After the drying agent was
filtered” O TRE organic IVePWAS concehtrated TindRP Féddcsd Pressurs °rhe
obtained residugvas purifieddpssilica (@ekeolumnehromatogsaply Kanto
Chemical, commercial 5 name Silica gel 60N, granular, neutral, 0.040 mm -
0300'/irR; A-hebtaneethylQbetaiee2 1R T ~3821L3%41) to Ybtaifthe title

compound(587.mg) .as a white solid. This was obtained as a,colorless.
o penb sl i b Bl A o e P
(CDCIAR) S tppm) 0:09 {S,:3H), B danBH)s 07868, 2H),D.95 (deJ=6 BHE,
3H), 1.38-1.50 (m, 2H), 1.40 (s, 3H), 1.63-1.70 (m, 1H), 1.96-2.10 (m, 1H),
2.17 (M =172Rz08H3,1 237 (@fd, 3=906,"T4.2kfz, CTMT 2 6098d, J=4.0, 14.4Hz,

1H), 2,610 1H),:3.98:12 403 (Mn 1H) 420 (0, J=9-6H1z, 1H), 4.92 (d,
J=10.4Hz,” 1H), 5.41 (dd, J=9.2, 15.2Hz, 1H), 5.69 (dd, J=9.6, 15.2Hz, 1H),

5@2 () WH)z 6.07NdE, ISP, 7.6MHZ k), V.3297.42 (MHE3H)07.48-1.52 (m,
2H)’%%§{“%9§5‘¥23’9H), 0.95 (d, J=6.8Hz, 3H), 1.38-1.50 (m,
2H), 1.40 (s, 3H), 1.63-1.70 (m, 1H), 1.96-2.10 (m,
1H), 2.17 (d, J=1.2Hz, 3H), 2.37 (dd, J=9.6, 14.4Hz,

1H), 2.60 (dd, J=4.0, 14.4Hz, 1H), 2.61 (m, 1H), 3.93-

15 4.03 (m, 1H), 4.20 (d, J=9.6Hz, 1H), 4.92 (d, J=10.4Hz,
1H), 5.41 (dd, J=9.2, 15.2Hz, 1H), 5.69 (dd, J=9.6,
15.2Hz, 1H), 5.92 (s, 1H), 6.07 (dd, J=1.2, 7.6Hz, 1H),
7.34-7.42 (m, 3H), 7.48-7.52 (m, 2H), 10.0 (d, J=7.6Hz,
1H); 100MHz "C-NMR (CDCl3) & (ppm) -4.70, -4.60, 13.20,

20 16.31, 17.87, 22.66, 25.64, 31.46, 34.14, 40.40, 43.19,
71.13, 80.52, 83.52, 85.00, 101.22, 126.63, 128.28,
129.25, 129.84, 130.58, 136.19, 137.59, 155.92, 168.80,
190.56; IR (KBr) 2954, 2935, 2880, 2858, 2787, 2755,
1739, 1674, 1461, 1401, 1240, 1224, 1101, 1004, 980,

25 830, 775, 698 cm™'; HRMS C3oHsNaOgSi (M+Na') Calcd:
551.2805, Found: 551.2803; [o]p® +4.00 (c 1.06, CHCls)

[0158]

[Step 10]



1H); 100MHz 13C-NMR (CDC13) S (ppm) -4.70, -4.60, 13.20, 20 16.31,
17.87, 22.66, 25.64, 31.46, 34.14, 40.40, 43.19, 71.13, 80.52, 83.52, 85.00,
101.22, 126.63, 128.28, 129.25, 129.84, 130.58, 136.19, 137.59, 155.92,
168.80, 190.56; IR (KBr) 2954, 2935, 2880, 2858, 2787, 2755, 1739, 1674,
1461, 1401, 1240, 1224, 1101, 1004,1680, 25 830, 775, 698 cm 1; HRMS
C30HAANAQBS, (M#Nai) Caled;, 551 2805, Foung: 551:2803;[alD37 +4.00
(c 1.06, CHC13) [0158][Step 10] 107 Synthesis of
(3S)-4HbeneyloxgyB-methylbutan-I-ol [Formula 66] Me02CrOH Me02CrOBnN
P20 [0159] (1) Synthesis of methyl (2R)-3-(benzyloxy)-2- methylpropanoate
(P20) 5 This reaction wa® ined with referevee; Jiterature (Widmer,
U.; Synthesis, 1987, 568-570.). Methyl (R)-3-hydroxytisobutyrate (6.30 g,
53.3 mmol) was dissolved in a mixed solution (180 ml) of
dichloromethane-cyclohexane (1:1), followed by 10 ition of

benzyl-2,2,2- q ?roacetimidate (12.0 ml, 64.6 mmol) at room temperature.
After trifluoromethanesulfonic acid (0.80 ml, 5.40 mmol) was added
dropwisg testhis, ke seacdtion:sakitionawas 3stirred a rocip) temperature for

three hours. After the 15 reaction solution was diluted with dichloromethane,
it methylpropanoate (P20)

5 This reaction was performed with reference to
the literature (Widmer, U.; Synthesis, 1987, 568-570.).
Methyl (R)-3-hydroxy-isobutyrate (6.30 g,
53.3 mmol) was dissolved in a mixed solution (180 ml)
of dichloromethane-cyclohexane (1:1), followed by
10 addition of benzyl-2,2,2-trichlorocacetimidate (12.0 ml,
64.6 mmol) at room temperature. After
trifluoromethanesulfonic acid (0.80 ml, 5.40 mmol) was
added dropwise to this, the reaction solution was
stirred at room temperature for three hours. After the
15 reaction solution was diluted with dichloromethane, it
was washed with a sodium hydrogen carbonate aqueous
solution and brine. After the organic layer was dried
over anhydrous sodium sulfate and the drying agent was
filtered off, the organic layer was concentrated under
20 reduced pressure. The obtained residue was purified by
silica gel column chromatography (Merck, commercial
name Silica Gel 60, 230-400 mesh; hexane:ethyl acetate
= 30:1) and the title compound (9.79 g) was obtained as

a colorless oil.



was washed with a sodium hydrogen carbonate aqueous solution and brine.
After the organic layer was dried over anhydrous sodium sulfate and the
drying agent was filtered off, the organic layer was concentrated under 20
reduced pressure. The obtained residue was purified by silica gel column
chromatography (Merck, commercial 1A&me Silica Gel 60, 230-400 mesh;
hexang:gthyl acetate. 3 39:k).ang the ditle gompoynd (9.79 g) was;ghtained
as a colorless oil. 108 400MHz 1H-NMR (CDC13) S (ppm) 1.19 (d, J=7.2Hz,
3H), 2.74-2284¢m(r1H)1 )50 $ddh,0J=610, 9.2Hz,0LHY, 3.66, (dd] J,—732 69.2Hz,
1H), 3.69 (s 3H) 4. 52 S 2H) 7.20-7.37 (m, 5H); 1OOM 13C-
(CDCYE)'S (ppry 13,91 %5 4012, ’5f6§ S 1% P 004157 5&512
128.28,,138.097 175,24:R (rmmagmczme. 286212363, 2323, 1173%.891,
1458, 1202 cm-1 ; HRMS C12H16NaO3 (M+Na') Calcd: 231.0997, Found:
231.0989 falD28 0.9 (€210, CHEE3) {@176@]1[4:&%171@%'7] Mcéo2€10Bn
McOt,. P20.P21T1 0016]( the
{[(25 48cr)n§ethoxg)?% r%n%ethy}lﬁut% er?lE 12%/ OX }mgt y1)b%agr31%ne ( 21) This >’
reactiomwas pesformenh withrteferenes ta, the; itevatune ({Rich, @af’dc,dSun

arai, A.S.; 15J. Org. Chem., 1978, 43(18) 3624- 3626 Feng X,
Easuo B8, 1 ohiahedrod AbyHiAGHy 8050, 100 06¢ 2. 10, CHULS]

[0160]

[Formula 67]

MeOZC\‘/\OBn o MeO,,_~ OBn

P20 P21

10 (0161]

(2) Synthesis of ({[(2S)-4-methoxy-2-methylbut-3-en-1-

yl]oxy}lmethyl)benzene (P21)

This reaction was performed with reference to

the literature (Rich, D.H.; Sun, E.T.; Boparai, A.S.;

15 J. Org. Chem., 1978, 43(18) 3624-3626. Feng, X.;
Edstrom, E.D., Tetrahedron Asymmetry, 1999, 10(1), 99-
105. Gibson, S.E.; Guillo, N.; Middleton, R.J.;
Thuilliez, A.; Tozer, M.J.; J. Chem. Soc. Perkin
Trans., 1997, 1, 447-455.).

20 1.0M diisobutylaluminum hydride toluene
solution (3.78 ml) was added dropwise to a toluene (32
ml) solution of methyl (2R)-3-(benzyloxy)-2-
methylpropanocate (0.81 g, 3.88 mmol) at -78°C and the

reaction solution was stirred at the same temperature



105. Gibson, S.E.; Guillo, N.; Middleton, R.J.; Thuilliez, A.; Tozer, M.J.; J.
Chem. Soc. Perkin Trans., 1997, 1, 447-455.). 20 1.0OM diisobutylaluminum
hydride toluene solution (3.78 ml) was added dropwise to a toluene (32 ml)
solution of methyl (2R)-3-(benzyloxy)-2- methylpropanoate (0.81 g, 3.88
mmol) at -78C and the reaction solutidl¥ was stirred at the same temperature

109 fer,1.5 hours, After addition afymethanol (0.5,m1, 12,3 mmod), the

reaction solution was warmed to room temperature. The reaction solution
was stitred foro furthertwo heuarts. Ithesrdactiorrsolatom avasfiltered- dhrough
celite and the flltrate was dried over sodlum sulfate The dryin agent was
filtered O tha" Sbfvent Wis EVAROrAtEd thder Teduded pressug% and*

aldehyderwas obfaingdiassa cride preduet; Atespatassium;teyt-buiexddeq
(0.76 g, 6.76 10 mmol) was added to a THE (20 ml) solution of

(methdxymiethyD frighHenyipRospitorfit At ehlbfided2. 54 §° 7 .40ahinfolywhille ice

coollnsgi tge mlxtu%wa stirred at rogm tem@enftture ? mlnyltes
Subsequenty a THE (§ rﬁ/l solution of the above afdeeﬁ e was added 15

dl’OpVﬂISEﬁ@ﬁth&ﬁC&l@ﬂp&muﬁt@d atiroem tesperatuner anchstirechfor 12
hours. After the reaction solution was diluted with ethyl acetate, it was

wash@d3Fey Wwatet artPbAnBSARRF te BFGRITicRAYEMvAS dried over
anhydrous magnegjura sulfate, and. the drying. agent 20 was fliered off, the

organic layer was concentrated

10 mmol) was added to a THF (20 ml) solution of
(methoxymethyl) triphenylphosphonium chloride (2.54 g,
7.40 mmol) while ice cooling, the mixture was stirred
at room temperature for 30 minutes. Subsequently a THF
(5 ml) solution of the above aldehyde was added

15 dropwise to this reaction solution at room temperature
and stirred for 12 hours. After the reaction solution
was diluted with ethyl acetate, it was washed with
water and brine. After the organic layer was dried
over anhydrous magnesium sulfate and the drying agent

20 was filtered off, the organic layer was concentrated
under reduced pressure. The obtained residue was

purified by silica gel column chromatography (Merck,

commercial name Silica Gel 60, 230-400 mesh;

hexane:ethyl acetate 100:1) to obtain the title

25 compound (0.44 g) as a colorless oil. Title compound
was determined to be a mixture of E:Z = 2:1 by 'H-NMR.
400MHz 'H-NMR (CDCls) & (ppm) 1.01 (d, J=6.8Hz, 0.9H),

1.04 (d, J=6.8Hz, 2.1H), 2.36-2.47 (m, 0.7H), 2.92-3.00



under reduced pressure. The obtained residue was purified by silica gel
column chromatography (Merck, commercial name Silica Gel 60, 230-400
mesh; hexane:ethyl acetate = 100:1) to obtain the title 25 compound (0.44 g)
as a colorless oil. Title compound was determined to be a mixture of E:Z =
2:1 by 1H-NMR. 400MHz 1H-NMR (€BC13) S (ppm) 1.01 (d, J=6.8Hz,
0.9H) 1,104 (¢h; )=6:8H3, 2. 149, 2,36-2:47 (), 957H), 2.92:3,00 KL My,
0.3H), 3.22-3.37 (m, 2H), 3.50 (s, 2.1H), 3.58 (s, 0.9H), 4.23 (dd, J=6.4,
9.2H2%, ®.BH), 4.523(s{ ZOH)7 %465 (8d29=8.00 12i8Hz205H)( .82 (dd,) J=0.8,
6.4Hz, 0.3H), 6.35 (dd, J=0.8, 12.8Hz, 0.7H), 7.25-7.36,(m, 5 5H) ; 100MHz
13C-N (é%jcléf):g '(8pm])%"/81.5?,’ 18:43129.80° %3355 55787 %9.%0,%.67,
72.88 7524, 2646, (105.60-400,51, 12734, 12745, 127537128 25x,
128.31, 138.72, 138.92, 146.35, 147.31; IR (neat) 3060, 3033, 2956, 2935,
2856 51655 1 D45 21 207, 698( 7371 ?; HEMS 10 CIBHIENAD2 AM+RE)
Calcd; 1204, Found,229.1207. [0162] [Formul M %" OBn HO
3 OB Rt eL b %81%?1 (ég)zs'fn?hesﬁ%gf%’ 18 BMOME
(3S)-44benzyloxyp-3smethylbutan-l-ob (P22) 152ThisFeacten nms pedodned
with reference to the literature (Gibson, S.E.; Guillo, N.; Middleton, R.J.;

Thuillie? A2Tozef M2.; 32€hem. Soc.; Peikih® (neat) 3060, 3033,

2956, 2935, 2856, 1655, 1454, 1207, 1098, 737 Cmﬂ; HRMS
10 Ci3H1gNaO, (M+Na') Calcd: 229.1204, Found: 229.1207.
[0162]

[Formula 68]
Meox\,/\r\OBn e HO\/Y\OBn
P21 Pz

[0163]

(3) Synthesis of (3S)-4-(benzyloxy)-3-methylbutan-1-ol

(P22)

15 This reaction was performed with reference to
the literature (Gibson, S.E.; Guillo, N.; Middleton,
R.J.; Thuilliez, A.; Tozer, M.J.; J. Chem. Soc., Perkin
Trans., 1997, 1, 447-455.).

Water (10 ml) and formic acid (1 ml) were

20 added to ({[(2S5)—-4-methoxy-2-methylbut-3-en-1-
yl]oxy}methyl)benzene (3.73 g, 18 mmol) and the
reaction solution was stirred at room temperature for
10 minutes. The reaction solution was diluted with

ethyl acetate and washed with water, a sodium hydrogen



Trans., 1997, 1, 447-455.). Water (10 ml) and formic acid (1 ml) were 20
added to ({[(25)-4-methoxy-2-methylbut-3-en-1- yllJoxy}methyl)benzene (3.73
g, 18 mmol) and the reaction solution was stirred at room temperature for 10
minutes. The reaction solution was diluted with ethyl acetate and washed
with water, a sodium hydrogen 111 carbonate aqueous solution and brine

sequentially, After, the. grganic jayeryas giied. Qyer anfydrous spdium

sulfate and the drying agent was filtered off, the organic layer was
concértratedtirderreducedlpressures s Sodasimdborohydride 0168 goi8um
mmol) was added to a methanol (40 ml) solution, of the obtained crude
produdt WHilEica Codling. ArtertHe F858tion “Sollition Was sfirréd at the same
temperajure forilQ, dninkies.acrtonewas addeddhereton dbe reastion A0
solution was diluted with ethyl acetate and washed with brine. After the

ofganic layer was drietisveroanhyaioisesddiun® salfate3afdiede dryihg agent
was filered off, the,oraanic laver yvag goncontrated upder, reduced pressire.

The obtained residue was purified by 15 silica g%a?%oi)umn c%romatography
(Merek; commesciak hame Silica &et 601 230-400 mesh;thexaneiethybn
acetate = 5:1) to obtain the title compound (3.30 g) as a colorless oil.
400MIPZ T HIRMRIEDE13Y SYppm) 095" I=72 2 3y.r 20751168 (m,

2H), 1895199 (M L)3: 31 (ddx d52 H.+ B2HZ.LH). 13,:39.(dd 9548, 9.2Hz,
1H), 3.61-3.75 (m,

10 solution was diluted with ethyl acetate and washed with
brine. After the organic layer was dried over
anhydrous sodium sulfate and the drying agent was
filtered off, the organic layer was concentrated under
reduced pressure. The obtained residue was purified by

15 silica gel column chromatography (Merck, commercial
name Silica Gel 60, 230-400 mesh; hexane:ethyl acetate
= 5:1) to obtain the title compound (3.30 g) as a
colorless oil.
400MHz 'H-NMR (CDCls) & (ppm) 0.95 (d, J=7.2Hz, 3H),

20 1.51-1.68 (m, 2H), 1.89-1.99 (m, 1H), 3.31 (dd, J=7.6,
9.2Hz, 1H), 3.39 (dd, J=4.8, 9.2Hz, 1H), 3.61-3.75 (m,
2H), 4.52 (s, 2H), 7.26-7.37 (m, 5H); 100MHz "“C-NMR
(cpbcls) & (ppm) 17.51, 31.18, 37.74, 60.88, 73.08,
75.96, 127.57, 127.58, 128.31, 137.99; IR (neat) 3389,

25 3086, 3058, 3030, 2951, 2929, 2872, 1454, 1363, 1205,
1095, 738, 698 cm '; HRMS CipHigNaO, (M+Na®) Calcd:
217.1204, Found: 217.1190; [a]p”® -4.52 (c 2.41, CHCls)

[0164]



2H), 4.52 (s, 2H), 7.26-7.37 (m, 5H); 100MHz 13C-NMR (CDC13) S (ppm)
17.51, 31.18, 37.74, 60.88, 73.08, 75.96, 127.57, 127.58, 128.31, 137.99; IR
(neat) 3389, 25 3086, 3058, 3030, 2951, 2929, 2872, 1454, 1363, 1205,
1095, 738, 698 cm-1 ; HRMS C12H18NaO2 (M+Na') Calcd: 217.1204,
Found: 217.1190; [alD29 -4.52 (c 2.411 €HC13) [0164] 112 [Step 11]
Synthesis of 51{{(35)-4-(benzyloxy)-3-
methylbutyl]sulfonyl}-1-phenyl-1H-tetrazole [Formula 69] N S ~HO" - “oBn
0. N-Ny0Basis1 PP22-R233[0165] Bofl) Syirthesis3of

5- {[(35 4 benz loxy 3 methylbutyl th|o 1-phen I-lH-tetrazoIe (P23) This
reacti . SR é/l --e s ni’ ty unobu, 0.,
Synthesis:l981,6b-28.). To a THE (60 ml) solution of (35) -4 10
(benzyloxy)-3-methylbutan-I-ol (2.76 g, 14.2 mmol), 5-
mercapto-1-phenyltetrazole (3.03 g, 17 mmol)mzt{iphenylphosphine (4.47 g,
17 mmol) and dleﬁ%aﬁgd{%arboxylate 40% tbl\l,)ﬁ\ fon¢8+04 ml, 18
mmol) were added whilelice coollng The reacﬁ 15 solution was warmed to

room temperature and was stirred
P22 P23

[0165]

5 (1) Synthesis of 5-{[(3S)—-4-(benzyloxy)-3-

methylbutyl]thio}-1-phenyl-1H-tetrazole (P23)

This reaction was performed with reference to
the literature (Mitsunobu, O., Synthesis, 1981, 1-28.).
To a THF (60 ml) solution of (3S)-4-

10 (benzyloxy)-3-methylbutan-1-o0l (2.76 g, 14.2 mmol), 5-
mercapto-l-phenyltetrazole (3.03 g, 17 mmol),
triphenylphosphine (4.47 g, 17 mmol) and diethyl
azodicarboxylate 40% toluene solution (8.04 ml, 18
mmol) were added while ice cooling. The reaction

15 solution was warmed to room temperature and was stirred
for three hours. After the reaction solution was
diluted with ethyl acetate, it was washed with
distilled water and brine. After the organic layer was
dried over anhydrous sodium sulfate and the drying

20 agent was filtered off, the organic layer was
concentrated under reduced pressure. The obtained
residue was purified by silica gel column

chromatography (Merck, commercial name Silica Gel 60,



for three hours. After the reaction solution was diluted with ethyl acetate, it
was washed with distilled water and brine. After the organic layer was dried
over anhydrous sodium sulfate and the drying 20 agent was filtered off, the
organic layer was concentrated under reduced pressure. The obtained
residue was purified by silica gel colubd® chromatography (Merck,

commeyeial name silica Gel 0, 113, 230-400 mesh;,hexang:eihyl acetate =
15:1 -3 5:1) to obtain the title compound (5.38 g) as a colorless oil. 400MHz
1H-NMR {CDC13) 8i(ppm)@89(dnd=6:882, 3H),23.65-2/bfmhesH)oil.

1.92-2.03 (m, 2H). 3.26-3.52 (m, 5 4H), 4.49 (s. 2H), 7.21-7.35 (m, 5H),
7.49-%%@4%%1, 5H ;Mfoo‘l&PleiécgNi\ﬁlgz“thcgfs) (§? '(pﬁrzn]% 1692, 3123,
32.82, 3313, 73.Q2, 79.9Y, 12308,12548:»128:30, 129603 129.99%,,133.67,

138.39, 154.37; IR (neat) 3067, 3036, 2956, 2925, 2858, 1598, 1499, 1386,
1092761, 696 ¢m-1/; 10)HRMS C10H23NBOS (M~+H') Eatct: B55(1593,

oung 2 Ao D2 (1.5 HEHS) BAOSLIFams T
33.13, 73.02, 75.07, 123.78, 127.48, 128.30, 129.70,
129.99, 133.67, 138.39, 154.37; IR (neat) 3067, 3036,
2956, 2925, 2858, 1598, 1499, 1386, 1092, 761, 696 cm *;

10 HRMS Ci9H,3N40S (M+H") Calcd: 355.1593, Found: 355.1583;
[a]p?’ -2.62 (c 1.56, CHCLj;)

[0166]

[Formula 70]

N—N 9

1 \ N N
N\ N)’—S\/Y\OBn ,\,l, »——S
? s N 5\/Y\osn

P23 @

(2) Synthesis of 5-{[(3S)-4-(benzyloxy)-3-

P24

[0167]

15 methylbutyl]sulfonyl}-1-phenyl-1H-tetrazole (P24)

This reaction was performed with reference to
the literature (Shultz, H.S.; Freyermuth, H.B.; Buc,
S.R., J. Org. Chem., 1963, 28(4), 1140-1142.).

About 30% hydrogen peroxide solution (16.5

20 ml, 146 mmol) of hexaammonium heptamolybdate
tetrahydrate (1.80 g, 1.46 mmol) was added to an
ethanol (20 ml) solution of 5-{[(3S)-4-(benzyloxy)-3-

methylbutyl]thio}-1-phenyl-1H-tetrazole (5.17 g, 14.6



[0167] (2) Synthesis of 5-{[(35)-4-(benzyloxy)-3 15
methylbutyl]sulfonyl}-1-phenyl-1H-tetrazole (P24) This reaction was
performed with reference to the literature (Shultz, H.S.; Freyermuth, H.B.;
Bus, S.R., J. Org. Chem., 1963, 28(4), 1140-1142.). About 30% hydrogen
peroxide solution (16.5 20 ml, 146 mhidl) of hexaammonium heptamolybdate

tetrahydrate (1.80 g, 1.46 mmol-was added (o, an Lethangl (20, ml) selution of
5-{[(35)-4-(benzyloxy)-3- methylbutyl]thio}-1-phenyl-1H-tetrazole (5.17 g, 14.6

114 memol}atroem tEmMperaturesifterahemreaction £blution svas stirred at
room Oyam tergture tfgr 24 hours, it was diluted Wit}p %thyl g\getat% and Wgshed
with Water and 'brine. Afterthd Srganie AYer Was Ghed over Bty didts
sodiupy shlfate ard dhe dryingragentwvas,filtered offi the prganic layer was
concentrated under reduced pressure. The obtained residue was purified by
sificadjEl eoiama chreistographitMMerk, ebmmekcial nanse SilitesGel 60,
230-400 mesh; hexane;ethyl acetate 10 = 10:1) to obtain the title compound
(5,68 9) & b Rolonbas S ACORNE HEANE (LTS ey S e,
J=6.8Hzj3H-)] DB3s2:1:3=(m, 3HY, I20(theke d=68; N 6E zyAH)p 34K (dd, by
J=4.8, 9.6Hz, 1H), 3.74-3.87 (m, 2H), 4.49 (s, 15 2H), 7.25-7.36 (m, 5H),
7.55-7168-G7, 8Ft); TOONMZ TSECNMRICHEL3) S fopm) 1877 26-23,

32.49, 2430, 1344, LA 78p 12500, Ay -RRsh2 7162, 12839113963 L3137,

10 = 10:1) to obtain the title compound (5.68 g) as a
colorless oil.
400MHz 'H-NMR (CDCls) & (ppm) 0.98 (d, J=6.8Hz, 3H),
1.83-2.13 (m, 3H), 3.29 (dd, J=6.8, 9.6Hz, 1H), 3.40
(dd, J=4.8, 9.6Hz, 1H), 3.74-3.87 (m, 2H), 4.49 (s,

15 2H), 7.25-7.36 (m, 5H), 7.55-7.68 (m, 5H); 100MHz ’C-
NMR (CDCls3) & (ppm) 16.72, 26.23, 32.49, 54.30, 73.11,
74.70, 125.05, 127.55, 127.62, 128.39, 129.63, 131.37,
132.99, 138.09, 153.38; HRMS C;9H»3N403S (M+H') Calcd:
387.1491, Found: 387.1468; [0]p°® -5.28 (c 1.00, CHCls)

20 [0168]

[Step 12]

Synthesis of (4R)-4-benzyl-3-[(2R,3S)-3-hydroxy—-2-

methylpentanoyl]-1,3-oxazolidin—-2-one




132.99, 138.09, 153.38; HRMS C19H23N403S (M+H") Calcd: 387.1491,
Found: 387.1468; [alD26 -5.28 (c 1.00, CHC13) 20 [0168] [Step 12]
Synthesis of (4R)-4-benzyl-3-[(2R,35)-3-hydroxy-2- methylpentanoyl]-1,
3-oxazolidin-2-one 115 [Formula 71] 0 IO1 0 HNAO 10 BI Bn P25 P26
0169] (1) Synthesis of (4R)-4-benzyl-Blgropionyl-1,3- oxazolidin-2-one (P26)
This reactionwas performed with reference to 5 the literature (Gage, J.R.;
Evans, D.A., Organic Synthesis, 1989, 68, 83-91. Chan, P.C.-M.; Chong.
J.M.; Kousha, K., Tetrahedron, 1994, 150(9), 2703-2714.). 1.57M
n- butylllthlum hexane solutg{1 (96 ml, 150 mmol) ias Iowly added dropwise
to a THE (400 ml) 10 sdoftiiorPof(R)-4-b&nzyl- one (25.36 g, 143
mmol) at -78C under stlgl ~Subsequently proplonyl onde (23.7 ml, 157
mmol) was added at once and the reaction solutio®Wwas stirred at the same
temperature for 30 mlnute|§2 fter the reaction solutioP2&as warmed 15 to
room temperature for 30 minutes, it was diluted with ethyl acetate and
washed with water and brine. The

[0169]

(1) Synthesis of (4R)-4-benzyl-3-propionyl-1,3-

oxazolidin-2-one (P26)

This reaction was performed with reference to
5 the literature (Gage, J.R.; Evans, D.A., Organic
Synthesis, 1989, 68, 83-91. Chan, P.C.-M.; Chong. J.M.;
Kousha, K., Tetrahedron, 1994, 150(9), 2703-2714.).
1.57M n-butyllithium hexane solution (96 ml,
150 mmol) was slowly added dropwise to a THF (400 ml)
10 solution of (R)-4-benzyl-2-oxazolidinone (25.36 g, 143
mmol) at -78°C under stirring. Subsequently propionyl
chloride (13.7 ml, 157 mmol) was added at once and the
reaction solution was stirred at the same temperature
for 30 minutes. After the reaction solution was warmed
15 to room temperature for 30 minutes, it was diluted with
ethyl acetate and washed with water and brine. The
organic layer was dried over anhydrous sodium sulfate.
After the drying agent was filtered off, the organic
layer was concentrated under reduced pressure. The
20 obtained residue was purified by silica gel column
chromatography (Merck, commercial name Silica Gel 60,

230-400 mesh; heptane:ethyl acetate = 5:1) to obtain



organic layer was dried over anhydrous sodium sulfate. After the drying
agent was filtered off, the organic layer was concentrated under reduced
pressure. The 20 obtained residue was purified by silica gel column
chromatography (Merck, commercial name Silica Gel 60, 230-400 mesh;
heptane:ethyl acetate = 5:1) to obtain*1£6 the title compound (36.58 g) as a

whitesplid, ;4Q0MEZ LHNMR (6DG13),S (ppm) 4121 dt J57:gHz, 3H), 2.77
(dd, J=9.6, 13.2Hz, 1H), 2.88-3.05 (m, 2H), 3.31 (dd, J=3.2, 13.2Hz, 1H),

4.11-A@B'fm, FHNUEEEAIT0 5 (M, LHnT.20-7136((m, SH): 260MHZ) |
13C-NMR (CDC-13) S (ppm) 8.52, 29.42, 38.15, 55.39, 66.44, 127.56
129.17, '129 6%, 15575 ,’1&?5 H47410.1r7 rj%o%%, %26?“2985'59142,
2872,2360,;2338,,1787,24702,11496 emrl - sHRMSC13HI5NNa@3{MtNa')

Calcd: 256.0950, Found: 10 256.0928; [alD27 -1013.20 (c 1.11, CH3CH20H),
[a]p25316391 (e 1706 )CHCER) (E()rl?@ﬁ{)[FoiﬂrQ\@}l’&l?Z] GOMH Cy IN) \$ J'Y~O

‘(’4‘(??&'\'%225%‘3@ 2E%S'Eé?h?dé}g)%_,(zz_%ﬁygmesé% L4, 127.56, 129.17,
methylpentanoylpt,Foxazelwin2-one{P2¥) IR (KBr) 3082, 3026,
2984, 2942, 2872, 2360, 2338, 1787, 1702, 1496 cm*;
HRMS Ci3H;sNNaOs (M+Na®) Calcd: 256.0950, Found:
10 256.0928; [a]p”’ -101.20 (c 1.11, CH3CH,OH), [o]lp” -63.9
(c 1.00, CHCls)
[0170]

[Formula 72]

o O OH O O

\\/J\N)ko —_— \\/;\{JKNJKO
Bgy_J ) BK>_J
P2 27

[0171]

(2) Synthesis of (4R)-4-benzyl-3-[(2R,3S)-3-hydroxy—-2-

15 methylpentanoyl]-1,3-oxazolidin—-2-one (P27)

This reaction was performed with reference to
the literature (Gage, J.R.; Evans, D.A., Organic
Synthesis, 1989, 68, 83-91. Chan, P.C.-M.; Chong. J.M.;
Kousha, K., Tetrahedron, 1994, 50(9), 2703-2714. Cane,

20 D.E.; Tan, W.; Ott, W.R., J. Am. Chem. Soc., 1993,
115(2) 527-535.).
To a dichloromethane (120 ml) solution of

(4R) -4-benzyl-3-propionyl-1,3-oxazolidin-2-one (17.22



This reaction was performed with reference to the literature (Gage, J.R.;
Evans, D.A., Organic Synthesis, 1989, 68, 83-91. Chan, P.C.-M.; Chong.
J.M.; Kousha, K., Tetrahedron, 1994, 50(9), 2703-2714. Cane, 20 D.E.; Tan,
W.; Ott, W.R., J. Am. Chem. Soc., 1993, 115(2) 527-535.). To a
dichloromethane (120 ml) solution of 117

(4R)-4-benzyk-3propjonylsl 3:@xaz0lidin-grone (¥1.22.1 44 9 63- 84000
1M dibutylboron triflate dichloromethane solution (150 ml, 150 mmol) and
triethyglamineq24 .4 pil, 179 mmolwere added dicpvwiséavhite ice2éodling.,

Subs?glléently Ehe reaction solutign was coolehd, to-78C 5 anci’gro ioaldehyde
(10.5'ml, T4 mindiy Wasa6d8d “drdpwiss oVt tive MHhuieS AfEr the
reaction, seltion-wasstisredat-thessamertemperaure fos oneq howr it was
stirred at OC for two hours. The reaction solution was ice cooled again,
followrst by aekelition: 8 e mixéd SolitionldPpRBsphateasuffit{pH =
7)-dis§i|led water (&e§ 160 mlr}].i%ggre fsu.rtheA[choeoleg to -10C, a, (rjrglixed solution

h
of methahol -30% ydro&gr? peroxide solution (5:1, 120 ?nﬁ) was added

thereto; -andi the waixtureiwas stisreddfios oneraoureAdfterdthaereacten dibe
solution was concentrated under reduced pressure, it was diluted with diethyl

etheritF washelafitls bt §afitatéd SodidmhydiegeR EafbonafFagGestd o
solutign, and bring, The arganic layeryuas drieghqveranhydroys ; sodiym, -

sulfate. After the drying agent was filtered 20 off, the organic layer was
coOncentrateedurnddrueducedt phosphate buffer (pH = 7)-distilled
water (1:3, 160 ml). After further cooled to -10°C, a
mixed solution of methanol -30% hydrogen peroxide
solution (2:1, 120 ml) was added thereto, and the
mixture was stirred for one hour. After the reaction
15 solution was concentrated under reduced pressure, it
was diluted with diethyl ether and washed with a
saturated sodium hydrogen carbonate aqueous solution
and brine. The organic layer was dried over anhydrous
sodium sulfate. After the drying agent was filtered
20 off, the organic layer was concentrated under reduced
pressure. The obtained residue was purified by silica
gel column chromatography (Merck, commercial name
Silica Gel 60, 230-400 mesh; hexane:ethyl acetate =
5:1) to obtain the title compound (16.4 g) as a white
25 solid.
400MHz 'H-NMR (CDCls) & (ppm) 0.98 (t, J=7.3Hz, 3H),
1.25 (d, J=6.9Hz, 3H), 1.40-1.64 (m, 2H), 2.77 (dd,

J=9.5,1 3.4Hz, 1H), 2.88 (brs, 1H), 3.25 (dd, 3.1,



pressure. The obtained residue was purified by silica gel column
chromatography (Merck, commercial name Silica Gel 60, 230-400 mesh;
hexane:ethyl acetate = 5:1) to obtain the title compound (16.4 g) as a white
25 solid. 400MHz iH-NMR (CDC13) S (ppm) 0.98 (t, J=7.3Hz, 3H), 1.25 (d,
J=6.9Hz, 3H), 1.40-1.64 (m, 2H), 2.771dd, J=9.5,1 3.4Hz, 1H), 2.88 (brs,

1H), 32548d, 3,1;)118 134kz, 1H). 3.80 (d9.5152.71 8,8H2 HH). 3.85-389
(m, 1H), 4.17-4.25(m, 2H), 4.68-4.74 (m, 1H), 7.19-7.36 (m, 5H); 100MHz
13C-NMR (€DC-18) 3 (ppm) 18)24,416.814 26 72n37 715, 41164 955.076

66.13, 72.93, 127. g@é@ 128.93, 129.38, 134. 39 152.98, 177, 53j1|($ KB)

3654, 3526 33750 9086, 363015976 5937, 8344P 16071780 L1376,

126523220, 13%7,75071,196L,, 930, 851, /. cm 17HRMS CA6HZINNaO4
(M+Na') Calcd: 314.1368, Found: 314.1381; [alD28 -52.2 (¢ 1.00, CHC13)
16 [0178) 1Step 23} %?ntrﬂésﬂs of (2@%%)9§~métﬁ§/}-§3i IR (KBr) 3654,

Etzrge t%l 9[ I)o%]?l%ntynt esis 0 g% - |_|-met oxygl\?%lc\i/lr\%gt (;O)/r 3q 60727
1455, 1376, 1265, 1220 1117, 1071, 971, 930, 851, 767
cm'; HRMS Ci¢H,NNaO; (M+Na®) Calcd: 314.1368, Found:
314.1381; [a]p?® -52.2 (c 1.00, CHCLls)

10 [0172]

[Step 13]

Synthesis of (2R,3S)-2-methyl-3-
[ (trietylsilyl)oxylpentanal
[Formula 73]

OH O

o)
H TESO O
\/\E)J\N)J\o — > \/T\_)J\N,OMe
) =

Bn

2

N

P28

15 [0173]

(1) Synthesis of (2R,3S)-N-methoxy-N,2-dimethyl-3-

[ (triethylsilyl)oxylpentanamide (P28)

This reaction was performed with reference to
the literature (Nahm, S.; Weinreb, S.M., Tetrahedron
20 Lett., 1981, 22(39), 3815-3818. Cane, D.E.; Tan, W.;
ott, W.R., J. Am. Chem. Soc., 1993, 115(2) 527-535.
DiBattista, J.P.; Webster, F.X., Bioorg. Med. Chemn.,
1996, 4(3), 423-428.).

2M trimethylaluminum toluene solution (90 ml,



[(triethylsilyl)oxy]pentanamide (P28) This reaction was performed with
reference to the literature (Nahm, S.; Weinreb, S.M., Tetrahedron 20 Lett.,
1981, 22(39), 3815-3818. Cane, D.E.; Tan, W.; Ott, W.R., J. Am. Chem.
Soc., 1993, 115(2) 527-535. DiBattista, J.P.; Webster, F.X., Bioorg. Med.
Chem., 1996, 4(3), 423-428.). 2M tritiethylaluminum toluene solution (90 ml,

119 180 mmel),wag added.to a JHE £180 ml olution,gh MOz o , 0-
dimethylhydroxyamine hydrochloride (18.3 g, 187.6 mmol) at -10C under

stirringfi vftarithe ye actigrsohsiony wwas-wbemedkto (0€ ahdystirkéd for h@ol)
minutes, it Was 5 warmed to room temgerature and further stirred for 30
minufés. The reactior solutibh Wis cooledfo 16T “agHin, 8Rd TTHE "
-dichlpsemgthane selition (4:5¢0 180: pP¥2af for 10 minutes, it was
(4R)-4-benzyl-3-[(2R,3S)-3-hydroxy-2 methylpentanoyl]-1,3-oxazolidin-2-one
(21.8B3, 75! 10°mirRel) W added dreprist fothe feactiphrsoldtionr Atter

the reaction solutiqtg1 é/varse\éva{med too%% ta,nd stirred for lt\év htours1 610@ixed

soIuti%ﬁn&tcﬁghloromethané: -0.5N ﬁy rochloric. géidcﬁ?l, 0 n?l) ‘was added
slowlygand the mixturenvas stireddoboaenhibdhaiiattdGnThe reactian
solution was filtered through celite and the filtrate was dried over anhydrous

sodiuft 'sifatd *Rftef tHE BRnG Hgkht SvasSfilterdd’of e~ drganic layer was
concentrated.under reduced pressure,, The,pbtained residue was purified by

silica gel column 20 chromatography (Merck, commercial name Silica Gel 60;

10 mmol) was added dropwise to the reaction solution.
After the reaction solution was warmed to 0°C and
stirred for two hours, a mixed solution of
dichloromethane -0.5N hydrochloric acid (1:1, 80 ml)
was added slowly, and the mixture was stirred for one

15 hour at 0°C. The reaction solution was filtered through
celite and the filtrate was dried over anhydrous sodium
sulfate. After the drying agent was filtered off, the
organic layer was concentrated under reduced pressure.
The obtained residue was purified by silica gel column

20 chromatography (Merck, commercial name Silica Gel 60;
heptane:ethyl acetate = 1.5:1) to obtain (2R,3S)-3-
hydroxy-N-methoxy—-N, 2-dimethylpentanamide (13.0 g) as a
colorless oil.
400MHz 'H-NMR (CDCls) & (ppm) 0.96 (t, J=7.2Hz, 3H),

25 1.16 (d, J=7.2Hz, 3H), 1.34-1.45 (m, 1H), 1.53-2.04 (m,
1H), 2.84-2.94 (m, 1H), 3.19 (s, 3H), 3.7l (s, 3H),
3.74-3.80 (m, 1H); 100MHz ’C-NMR (CDCls) & (ppm) 10.08,

10.21, 26.64, 31.73, 38.09, 61.35, 72.95, 177.21; IR



heptane:ethyl acetate = 1.5:1) to obtain (2R,3S)-3-
hydroxy-N-methoxy-N,2-dimethylpentanamide (13.0 g) as a colorless oil.
400MHz 1H-NMR (CDC13) S (ppm) 0.96 (t, J=7.2Hz, 3H), 25 1.16 (d,
J=7.2Hz, 3H), 1.34-1.45 (m, 1H), 1.53-2.04 (m, 1H), 2.84-2.94 (m, 1H), 3.19
(s, 3H), 3.71(s, 3H), 3.74-3.80 (m, 1H¥%.00MHz 13C-NMR (CDC13) S (ppm)

10.08,,10.2]1, 26:64, 3473, 3849, 61,88, 72.95:1177,3%1IR 19Qg(neat) 3433,
2971, 2943, 2881, 2361, 2337, 1638, 1461, 993 cm-1 ; HRMS

C8HITNNaO3;(MFNE') GElciN298.1106]Foufidl &98.1260:1[a)p25 ELRS(c
1.11, CHC%BQ}E()N%J 5.The above (2R,3%)-3-%}/5roxy-N-methoxy-N,2-
[

dimethyipentaRamidd (7.3 g,'42.7'fAmcl) was-dissalved in dichloromethane

(150 ml), followed by addition of 2,6- lutidine (10.2 ml, 87 mmol) and

trifluoromethanesulfonic acid triethylsilyl ester (14.1 10 ml, 62 mmol) while ice
cSoling, and the réaionP evfutiotiwas stitrety for five oust Terevrdaction

solutign s glluted with dighlojomsthang and washad  Wilh & sarated
ammonium chidride aqueous solution"and brine. After the organic layer was
dried over ISrankydrons sadivnmsylfate dandtheldryng ageni viaso filteyed- off,
the organic layer was concentrated under reduced pressure. The obtained

residde Wakparified by Blicabyel®bfirhnadtomatography (Merck,

commercial, pame SlicaGeh 60,230-400mesh. hexane:gthyl.acelate 2Q 5
10:1) to obtain the title compound (11.95 g) as a

10 ml, 62 mmol) while ice cooling, and the reaction
solution was stirred for five hours. The reaction
solution was diluted with dichloromethane and washed
with a saturated ammonium chloride aqueous solution and
brine. After the organic layer was dried over

15 anhydrous sodium sulfate and the drying agent was
filtered off, the organic layer was concentrated under
reduced pressure. The obtained residue was purified by
silica gel column chromatography (Merck, commercial
name Silica Gel 60, 230-400 mesh; hexane:ethyl acetate

20 = 10:1) to obtain the title compound (11.95 g) as a
colorless oil.
400MHz 'H-NMR (CDCls;) & (ppm) 0.62 (g, J=8.0Hz, 6H),
0.90 (t, J=7.2Hz, 3H), 0.98 (t, J=8.0Hz, 9H), 1.17 (d,
J=6.8Hz, 3H), 1.40-1.59 (m, 2H), 2.90-3.08 (m, 1H),

25 3.18 (s, 3H), 3.69 (s, 3H), 3.90 (dt, J=4.8, 8.4Hz,
1H) ; 100MHz '’C-NMR (CDCls) & (ppm) 4.96, 6.74, 8.60,
14.35, 28.25, 31.86, 40.21, 61.16, 74.50, 176.51; IR

(neat) 3483, 2958, 2918, 2879, 1743, 1663, 1460, 1384,



colorless oil. 400MHz 1H-NMR (CDC13) S (ppm) 0.62 (g, J=8.0Hz, 6H),
0.90 (t, J=7.2Hz, 3H), 0.98 (t, J=8.0Hz, 9H), 1.17 (d, J=6.8Hz, 3H),
1.40-1.59 (m, 2H), 2.90-3.08 (m, 1H), 25 3.18 (s, 3H), 3.69 (s, 3H), 3.90 (dt,
J=4.8, 8.4Hz, 1H);100MHz 13C-NMR (CDC13) S (ppm) 4.96, 6.74, 8.60,
14.35, 28.25, 31.86, 40.21, 61.16, 74150, 176.51; IR (neat) 3483, 2958,
2918,2879, 143, 166371460, 1384, 1121, 11184049, 1007, 857, fkem-1 ;
HRMS C24H32NO3Si (M+H") Calcd: 290.2151, Found: 290.2150; [UID27
-7.39q8 1104, THCABY 01 F5jufEormdia. 2Z45SPESOMOT TESG 3'OMelR28 P29
5 [Olzg 2) Synthesis of (2R,3S)-2-methyl-3- [(triethylsilyl)oxy]pentanal (P29)
This réaction was performed with reference to the literature (Nahm, S.;
Weinreb, S.M.; Tefrahedron 10 Lett., 1981, 22(39), 3815-3818). To a THE
(20 ml) solution of (2R,3S)-N-
methoXpNR-diméthyl-3-[(triethylsilyl)oxy]pentanamide (1.06 g, 3.66 mmol),
1M diisobutylaluminum hydride toluene solution (18 ml) was added dropwise
at -78C and 15 it wasSrredbat the same temperaturestor one hour. After 5%

hydrogen chloride met Quaide (2. ml) was. X
|

P28 P29

5 [0176]

(2) Synthesis of (2R,3S)-2-methyl-3-

[ (triethylsilyl)oxylpentanal (P29)

This reaction was performed with reference to

the literature (Nahm, S.; Weinreb, S.M., Tetrahedron
10 Lett., 1981, 22(39), 3815-3818).

To a THF (20 ml) solution of (2R,3S)-N-
methoxy-N, 2-dimethyl-3-[ (triethylsilyl)oxy]pentanamide
(1.06 g, 3.66 mmol), 1M diisobutylaluminum hydride
toluene solution (18 ml) was added dropwise at -78°C and

15 it was stirred at the same temperature for one hour.
After 5% hydrogen chloride methanol solution (2 ml) was
added to the reaction solution, the mixture was warmed
to room temperature and stirred for one hour. The
reaction solution was filtered through celite and the

20 filtrate was concentrated under reduced pressure. The
obtained residue was purified by silica gel column
chromatography (Merck, commercial name Silica Gel 60,

230-400 mesh; hexane:ethyl acetate = 40:1) to obtain



added to the reaction solution, the mixture was warmed to room temperature
and stirred for one hour. The reaction solution was filtered through celite and
the 20 filtrate was concentrated under reduced pressure. The obtained
residue was purified by silica gel column chromatography (Merck,
commercial name Silica Gel 60, 230400 mesh; hexane:ethyl acetate = 40:1)

to obtain 122; the titlg, compoynd (Q.75)9).as a caledess ol. 400MHz
1H-NMR (CDC13) S (ppm) 0.60 (g, J=8.0Hz, 6H), 0.89 (t, J=7.2Hz, 3H),

0.94 @00H8/0Fz; 9K, 108 (d) J-6.8biz) 301)50.4811. 62-GORH), 34D 2.49
(M, 1H). 5 4,05 (ddd, J=3.4, 6.4, 9.6Hz, 1H), 9.77 (s, 1H); 100MHz 13C-NMR
(CDCOB%%S é&pmf%?Of,Hé.74,?‘??43,81'0%61,(g’/.ztjﬁgsg%zz, A3, iOQ.éG;(?R

(neaty3456n295812914, 2872, 271on 2306) 2341487264346R, 1239, 1011,
740 cm 1; HRMS C12H26Na02Si (M+Na') Calcd: 253.1600, Found:
253.1596> 107D 29=558 (¢ 149, CTHEAS) L{oL777 [Stkp( 4] SHnthesidHi 2

25 5S8R e visienjoos eyt Gamu 5
50.82, 73.33, 205.26; IR (neat) 3455, 2958, 2914, 2872,
2715, 2356, 2341, 1726, 1460, 1239, 1011, 740 cm'; HRMS
C12H26Na0,S1i (M+Na®) Caled: 253.1600, Found: 253.1596;

10 [a]lp®* -55.3 (c 1.19, CHCls)

[0177]
[Step 14]

Synthesis of (2S5,4E,6S,7S)-2,6-dimethyl-7-

[ (triethylsilyl)oxylnon-4—-en-1-0l

[Formula 75]

N-N O
OTES =
: N
: * i: — 7N OBn
P29 P24 P30

15 [0178]

(1) Synthesis of {[(1S,2S,3E,6S)-7-(benzyloxy)-l-ethyl-

2,6—-dimethylhept-3-en-1-yl]oxy} (triethyl)silane (P30)

This reaction was performed with reference to
the literature (Blakemore, P.R.; Cole, W.J.; Kociensky,
20 P.J.; Morley, A., Synlett, 1998, 26-28.).
THF distilled by using lithium aluminum

hydride immediately before use was used at this step.



P29 P24 P30 15 [0178] (1) Synthesis of
{[(1S,2S,3E,6S)-7-(benzyloxy)-1-ethyl-
2,6-dimethylhept-3-en-1-ylJoxy}(triethyl)silane (P30) This reaction was
performed with reference to the literature (Blakemore, P.R.; Cole, W.J.;
Kociensky, 20 P.J.; Morley, A., Synlett>1998, 26-28.). THE distilled by using

lithium aluminum  hydride immediatelybefgre yse yas ysed gt thisstep,123
15% toluene solution (0.65 ml) of potassium bis(trimethylsilyl)amide was

added dropwisestd ¥ HEL (2 ImBPrsofistiors of 5{¢38)-dx(benzyloxyy-3THE (2
methiéli)utyl]ﬁuIEqrgl}-lipk%enyl-lI5|-t_e2[lr§z}g)le %1010 m ,_§_0.244 mmol) at -78C
and if\WAs Stirted &f thefsame ' tethperatire for R hotr. Subsequently a

THE {Q brph)nselution of {2R,35)-2-pethy3- [{triethyisibd)oxylpentang) (112
mg, 0.49 mmol) was added dropwise to the reaction solution at -78C and it
10 wés dtitetifor onethout Aftetthe reaction Soluticit! vids Warned®® room

temperature, an appro riate amount of water was qded.'lglﬁ%r ction
solution Was Qlited with eifyl Acetate A WaShed Wi bring. AteT thd
orgarie layeraonas firiegirg\ver)arthydrods seghium sulfate 15 and the drying

agent was filtered off, the organic layer was concentrated under reduced

pressbférFRENED N toSHUBSAS Patifidd by &ifica Gef Soltifad) was
chromatography, (Merck..commercial name, Silica Gel £0, 2307480 mesh;

hexane:diethyl ether=100:1) to obtain the

10 was stirred for one hour. After the reaction solution
was warmed to room temperature, an appropriate amount
of water was added. The reaction solution was diluted
with ethyl acetate and washed with brine. After the
organic layer was dried over anhydrous sodium sulfate

15 and the drying agent was filtered off, the organic
layer was concentrated under reduced pressure. The
obtained residue was purified by silica gel column
chromatography (Merck, commercial name Silica Gel 60,
230-400 mesh; hexane:diethyl ether=100:1) to obtain the

20 title compound (66 mg) as a colorless oil.
400MHz 'H-NMR (CDCls) & (ppm) 0.60 (g, J=8.0Hz, 6H),
0.86 (t, J=7.2Hz, 3H), 0.91 (d, J=6.4Hz, 3H), 0.94 (d,
J=6.8Hz, 3H), 0.96 (t, J=8.0Hz, 9H), 1.34-1.49 (m, 2H),
1.78-1.93 (m, 2H), 2.11-2.19 (m, 1H), 2.20-2.27 (m,

25 1H), 3.24 (dd, J=6.0, 8.8Hz, 1H), 3.33 (dd, J=6.0,
8.8Hz, 1H), 3.42 (dt, J=5.2, 5.6Hz, 1H), 4.49 (s, 2H),
5.31-5.41 (m, 2H), 7.26-7.36 (m, 5H); IR (neat) 3086,

3067, 3033, 2958, 2903, 2879, 1500, 1456, 1102, 1011,



20 title compound (66 mg) as a colorless oil. 400MHz iH-NMR (CDC13) S
(ppm) 0.60 (g, J=8.0Hz, 6H), 0.86 (t, J=7.2Hz, 3H), 0.91 (d, J=6.4Hz, 3H),
0.94 (d, J=6.8Hz, 3H), 0.96 (t, J=8.0Hz, 9H), 1.34-1.49 (m, 2H), 1.78-1.93
(m, 2H), 2.11-2.19 (m, 1H), 2.20-2.27 (m, 25 1H), 3.24 (dd, J=6.0, 8.8Hz,
1H), 3.33 (dd, J=6.0, 8.8Hz, 1H), 3.424dt, J=5.2, 5.6Hz, 1H), 4.49 (s, 2H),
5.31-541 (1);2H);:%,26:7,36 (BoBkY: R (RGa)) 30864 30675 39335 2958,
2903, 2879, 1500, 1456, 1102, 1011, 124 737 cm-1; HRMS
C24HQR2AJO28I (M94g'") Calcd: 497.2005, Found: 497.1981 100MHz
13C-NMR (CD€13) S (ppm), 5.18,6.97, 9.35, 16.15, 16.84, 26.81, 33.80,
36.83 %@é 72?@%?4‘?5.%%?%214? P57 34 ig'r.fzr,%fzxis, 128 9%, 1>
134.8]l; 188, 7BsMD 2133647, (G328 CHE13),,[0179) AFonmula 76} OTES
OTES OBn OH P30 P31 [0180] (2) Synthesis of

(35, 4E26S375)-2 Blditiethyk- 7- 40/[(tidthylSily[Jo3d/]88n-4L8R-4-bI (P3%) This
reacti s performed with.reference to the literature (Shimshock, S.J.;
Walte s, A E E 'D%%h?%@,d. Am. Chem. Soc., 1991, 113, 8791-8796.).
Lithium (39.40mg9 5.62 mmol) was added to a

[Formula 76]

OTES OTES
\N/NE/Q§/A\Y/\OBn e \V/\j/QQ/A\r/\OH
P30 P31

[0180]

(2) Synthesis of (2S,4E,6S,7S)-2,6-dimethyl-7-

10 [(triethylsilyl)oxy]lnon—-4-en-1-0l (P31)

This reaction was performed with reference to
the literature (Shimshock, S.J.; Waltermire, R.E.;
DeShong, P., J. Am. Chem. Soc., 1991, 113, 8791-8796.).
Lithium (39.4 mg, 5.62 mmol) was added to a
15 THF (25 ml) solution of di-tert-butyldiphenyl (1.87 g,
7.02 mmol) while ice cooling and the reaction solution
was stirred at room temperature for three hours. The
reaction solution turned dark green during stirring.
This solution was added dropwise to THF (5 ml) solution
20 of {[(1S,2S,3E,6S)-7-benzyloxy—-1l-ethyl-2,6-
dimethylhept-3-en-1-yl]oxy} (triethyl)silane (500 mg,
1.28 mmol) slowly (at such a rate that green of the

reaction solution was maintained) cooled to -78°C under



15 THE (25 ml) solution of di-tert-butyldipheny! (1.87 g, 7.02 mmol) while ice
cooling and the reaction solution was stirred at room temperature for three
hours. The reaction solution turned dark green during stirring. This solution
was added dropwise to THE (5 ml) solution 20 of
{[(1S,2S,3E,6S)-7-benzyloxy-l-ethyl- 2,62

dimetfylhept:3-en-Lkylloxy)iriethylsilane, (300 mg: .28 mmel) slowly (at
such a rate that green of the reaction solution was maintained) cooled to
-78C umeles AR5 stimirng. sAftercthecreactionssdlutions was stirred at <tthe same

temperature for three hours, a saturated ammonium chloride aqueous
solutidf'\vAs Bhded therstd ARdTRE it wal Wared s foom™ = *=°
temperature, Aftard the reaction selitiopdvas dilutednyith-athykacetate,o it
was washed with brine. After the organic layer was dried over anhydrous
sédiuph sulfarcan@ thé diyihgo agent was filteted off the idtganicdayer was
conceq:trated und%rergd‘%:g}q Rressure. gr}ecotr)taciggd 10 residue was rpl‘;vriﬁed

by silica gglscoviﬁrsrwn chromatogra?o%y (Merck, commercial name Silica Gel

60, 280:-400dneshhexane;ethyd acetatesu 15:k)d0phtatmdheatileng
compound (296 m%%%as a colorless oil. 400MHz 1H-NMR (CDC13) S (ppm)
0.60 G TH8.01z, 6H)- 15 0.87 {t, I=76192 931 ,90.60YE" J268Hz, 3H), 0.95

(d, J=7,6H7,3H), 0496,(1 J=8.Ol7. ), 134130 (Mr k) o - 65:L46 (M,
1H), 1.87-1.94 (m, 1H), 2.09 (ddd, 5.6, 5.6, 14.0Hz, 1H), 2.21-2.29 (m, 1H),
3W2-848 (Me2kh) s 15T {dded=60, 1014Kz, BH), 5:80:5:46 (m, 2H); IR
chromatography (Merck, commercial name Silica Gel 60,
230-400 mesh; hexane:ethyl acetate = 15:1) to obtain
the title compound (296 mg) as a colorless oil.
400MHz 'H-NMR (CDCls) & (ppm) 0.60 (g, J=8.0Hz, 6H),

15 0.87 (t, J=7.6Hz, 3H), 0.90 (d, J=6.8Hz, 3H), 0.95 (d,
J=7.6Hz, 3H), 0.96 (t, J=8.0Hz, 9H), 1.34-1.50 (m, 2H),
1.65-1.76 (m, 1H), 1.87-1.94 (m, 1H), 2.09 (ddd, 5.6,
5.6, 14.0Hz, 1H), 2.21-2.29 (m, 1H), 3.42-3.48 (m, 2H),
3.51 (dd, J=6.0, 10.4Hz, 1H), 5.30-5.46 (m, 2H); IR

20 (neat) 3342, 2958, 2916, 2877, 1459, 1415, 1380, 1013,
741 cmt; HRMS Ci7H3sAg0,Si (M+Ag®) Calcd: 407.1536,
Found: 407.1512
100MHz '’C-NMR (CDCls) & (ppm) 5.11, 6.90, 9.39, 16.05,
16.37, 26.67, 35.96, 36.69, 41.71, 67.81, 77.46,

25 127.57, 134.84; [a]lp?® -24.74 (c 1.36, CHCL;).

[0181]
[Step 15]

Synthesis of (3S,4S,5E,8S)-4,8-dimethyl-9-[(l-phenyl-




20 (neat) 3342, 2958, 2916, 2877, 1459, 1415, 1380, 1013, 741 cm 1,
HRMS C17H36Ag02Si (M+Ag~) Calcd: 407.1536, Found: 407.1512
100MHz 13C-NMR (CDC13) S (ppm) 5.11, 6.90, 9.39, 16.05, 16.37, 26.67,
35.96, 36.69, 41.71, 67.81, 77.46, 25 127.57, 134.84; [alD25 -24.74 (c 1.36,
0H013). [0181] [Step 15] Synthesis df2°

(35,4555, 85)-4,8-dimethyl:9:[(1:phenyl 126 1H-tetrazol-5-yl)sulfonyl]
non-5-en-3-ol [Formula 77/] OTES N-N  OTESIN OH P31 P32\ [0182] (1)
Synthigsisof 5{(25 4E,65,75)-2,6-dimethyl-7-
[(triethylsilyl)oxy]non-4-en-1-yl}thio)-1-phenyl-IH- 5 tetrazole (P32) Thi

. . . . N
reaction was performed with reference to the liteattte (MltsunobEZO.\\N
81, 1-

Synthesis, 19 28.). After 5-mercapto-I-phenyltetrazole(23BmgN1.33
mmol) and triphénylphoshin€¢350 mg, 1.33 mmolj 10 we adde@a THE

(10 ml) solution of (2S,4E,6S,7S)-
2,6-dimethyl-7-[(trieB3Asilyl)oxy]non-4-en-I-ol (334 mg, B321 mmol) at room
temperature, 40% toluene solution of diethyl azodicarboxylate (0.63 ml, 1.44
mmol) was added dropwise to while ice cooling. After

(1) Synthesis of 5-{(2S5,4E,6S,73)-2,6-dimethyl-7-

[ (triethylsilyl)oxy]lnon-4-en-1-yl}thio)-1-phenyl-1H-

5 tetrazole (P32)

This reaction was performed with reference to
the literature (Mitsunobu, O., Synthesis, 1981, 1-28.).
After S5-mercapto-l-phenyltetrazole (237 mg,
1.33 mmol) and triphenylphosphine (350 mg, 1.33 mmol)
10 were added to a THF (10 ml) solution of (2S,4E,6S,7S)-
2,6-dimethyl-7-[(triethylsilyl)oxy]lnon-4-en-1-o0l (334
mg, 1.11 mmol) at room temperature, 40% toluene
solution of diethyl azodicarboxylate (0.63 ml, 1.44
mmol) was added dropwise to while ice cooling. After
15 the reaction solution was stirred at room temperature
for three hours, it was diluted with ethyl acetate and
washed with distilled water and brine. After the
organic layer was dried over anhydrous sodium sulfate
and the drying agent was filtered off, the organic
20 layer was concentrated under reduced pressure. The
obtained residue was purified by silica gel column
chromatography (Merck, commercial name Silica Gel 60,

230-400 mesh; hexane:ethyl acetate = 40:1) to obtain



15 the reaction solution was stirred at room temperature for three hours, it
was diluted with ethyl acetate and washed with distilled water and brine.
After the organic layer was dried over anhydrous sodium sulfate and the
drying agent was filtered off, the organic 20 layer was concentrated under
reduced pressure. The obtained resid@ié was purified by silica gel column
chrorpgtography. (Msrek, commeysial pame Silica,66l 60, 230-400 mesh;
hexane:ethyl acetate = 40:1) to obtain 127 the title compound (457 mg) as a
colorleég8itilz 460NMRz 1EPNIMR (CDEBEB) S (PPm) @.59€G,-J£8.0M42)6H),

0.85 (t, J=7.6Hz, 3H), 0.95 (d. J=6.8Hz, 3H), 0.95 (t, J=8.0Hz, 9H), 1.03 (d,
J=6. Hé?sﬁﬁ,'léi?l.‘g‘iz('mgi‘ﬁ), 508 %&7-&. 6 (m° 2?8,22.1%?&.'290(%’1?2#6:
3.28 (fds Ji6:4, 4:2)8Hz, bHl),3.4153.450(m,, 2H)%)9.32:53.391(Mm,21H) 5.48) ,

(dd, J=7.2, 15.2Hz, 1H), 7.52-7.60 (m, 5H); IR (neat) 2958, 2883, 1594,
15001145921863, (12461013, 242 8P 4; HRMBLD24R4ANAOSSi {va-+H)

Calcdl:4 2779 Found: %O 46352787 1é)1§i()3!\/le5 lgggl\glg( DC- )Sépg[on)
2 1Y) D3R A= 3 f Ity g} -
5.0, 690, 640" 1)6.05, 15,66, 18.80! 26.64. 35.00. 3884, 3071 41.68;
77.29(a423.757 126.09,.220.66] 429.95, 51831681 36096 5154.56% [ahle2b)22.0
(c1.51, CHClS%. 15 {0183] £Formula 78] OTESN-NOHN-N INO/,IN
2958, 2883, 1594, 1500, 1459, 1383, 1240, 1013, 742 cm
1+ HRMS C,4H4N,0SSi (M+H') Calcd: 461.2770, Found:
10 461.2787
100MHz '“C-NMR (CDCls) & (ppm) 5.09, 6.90, 9.40, 16.05,
15.86, 18.80, 26.64, 33.09, 38.84, 39.71, 41.68, 77.29,
123.75, 126.09, 129.66, 129.95, 133.68,135.96, 154.56;

[0]p2° =22.0 (c 1.51, CHCl;).

15
[0183]
[Formula 78]
QTES ,>l/ A\ QH O ’\/l/'\\l\
B N B N
7N S/AN’ \/\Z/\/\(\g*,{
: S — > : o) S
P32 P33
[0184]
(2) Synthesis of (3S,4S,5E,8S)-4,8-dimethyl-9-[(1-
phenyl-1H-tetrazol-5-yl)sulfonyl]non-5-en-3-0l (P33)
20 This reaction was performed with reference to

the literature (Shultz, H.S.; Freyermuth, H.B.; Buc,

S.R., J. Org. Chem., 1963, 28(4), 1140-1142.).



S N~ SAN P32 P33 [0184] (2) Synthesis of
(35,45,5E,85)-4,8-dimethyl-9-[(1- phenyl-IH-tetrazol-5-yl)sulfonyl]
non-5-en-3-ol (P33) 20 This reaction was performed with reference to the
literature (Shultz, H.S.; Freyermuth, H.B.; Bus, S.R., J. Org. Chem., 1963,
28(4), 1140-1142.). 128 About 30% hydrogen peroxide solution (1.29 ml,

11.4 mmol) solution.of hexaammenium. heptamolybdate, tetrahydrate {140

mg, 0.12 mmol) was added to an ethanol (10 ml) solution of
5-{(284E,65,72Sk2E 5 dimetlylor-|(Grhethyisilyioxynon-dart-arndlihio) e

phen)élé}:H-tetrazole (444 :gndgr? 81(.1;4%?04? at room temperature and the

reaction SGILHSA Was Stirt U THe FESELORSSIUtiSN Was diluted

with ethyh acetatecand yashediwith wates anddaring: Afterthie 10 erganic
layer was dried over anhydrous sodium sulfate and the drying agent was
filterediL 68t tihe lorgahic 1agéwas conkeptraté® undiet reduddd préssuré-The

obtained residue was purified by,silica gel column chromatography (Merck,
commercial nametSel}%lcéla1 Ge eGO?/lS 2§‘§-’40 ‘mes rfrlﬁe%(aﬁe:etlgny(?fj)ﬂacetate =
5:1-1tbripeahtain ¢he tiletcompeund {300 sBg).as anceladess oilr Ebhe title
compound was crystallized from hexane-ethyl acetate.) 400MHz 1H-NMR

(CDCA%) S Wm) 0195 (£ 9293192, $1},96-201"¢F Fo6- 8k smhte. /-t !
Jsz%%@ég%k]a%%4w%%hed with water and brine. After the

10 organic layer was dried over anhydrous sodium sulfate
and the drying agent was filtered off, the organic
layer was concentrated under reduced pressure. The
obtained residue was purified by silica gel column
chromatography (Merck, commercial name Silica Gel 60,

15 230-400 mesh; hexane:ethyl acetate = 5:1-1:1) to obtain
the title compound (300 mg) as a colorless oil.

(The title compound was crystallized from hexane-ethyl
acetate.)
400MHz 'H-NMR (CDCls) & (ppm) 0.95 (t, J=7.3Hz, 3H),

20 1.01 (d, J=6.8Hz, 3H), 1.16 (d, J=6.6Hz, 3H), 1.31-1.42
(m, 1H), 1.42-1.49 (m, 1H), 1.49-1.59 (m, 1H), 2.20
(dd, J=6.2, 6.4Hz, 2H), 2.23-2.31 (m, 1H), 2.37-2.47
(m, 1H), 3.34-3.42 (m, 1H), 3.53 (dd, J=7.4, 14.5Hz,
1H), 3.88 (dd, J=4.8, 14.5Hz, 1H), 5.39-5.47 (m, 1H),

25 5.50 (dd, J=7.2, 15.6Hz, 1H), 7.57-7.70 (m, 5H); 100MHz
3C-NMR (CDCls) & (ppm) 10.24, 14.79, 19.60, 26.92,
28.25, 39.35, 42.14, 60.73, 76.35, 125.02, 126.09,

129.55, 131.34, 132.92, 137.02, 153.88; IR (KBr) 3384,



(m, 1H), 1.42-1.49 (m, 1H), 1.49-1.59 (m, 1H), 2.20 (dd, J=6.2, 6.4Hz, 2H),
2.23-2.31 (m, 1H), 2.37-2.47 (m, 1H), 3.34-3.42 (m, 1H), 3.53 (dd, J=7 .4,
14.5Hz, 1H), 3.88 (dd, J=4.8, 14.5Hz, 1H), 5.39-5.47 (m, 1H), 25 5.50 (dd,
J=7.2, 15.6Hz, 1H), 7.57-7.70 (m, 5H); 100MHz 13C-NMR (CDC-13) S
(ppm) 10.24, 14.79, 19.60, 26.92, 28'25, 39.35, 42.14, 60.73, 76.35, 125.02,
126.09;5129.55, 4 31534,,132.925 13702 153,88, IR (KBr) 3384, 129 53351,
3316, 2961, 2939, 2879, 2356, 2338, 1593, 1499, 1459, 1332, 1156, 1098,
10191967, 840,37268,169%F,,633 L-11 BIRMSE 18HRINA0BS (MeH!) Calcd:
379.1804, Found: 379.1806: [a] p23.-29.5 (c 1.2 3) 5]0185] [Step
0] Syt B o 56 B R A (1 25y 75 Lat D, “Hotnd:
{[diethyléisopropy!)silylloxy}z3-nsethylbutyhoxisan-2;)
yl]-2-methylpropyl}sulfonyl)-1-phenyl-IH-tetrazole) [Formula 79] OH O N-N N
NSOH N-N F3485511'NSN+ OOOON P33' SN

[Step 16]

Synthesis of 5-({(2S)-3-[(2R,3R)-3-( (1S, 2S)-2-

{[diethyl (isopropyl)silylloxy}—-1-methylbutyl)oxiran—-2-

yl]-2-methylpropyl}sulfonyl)-1-phenyl-1H-tetrazole)

[Formula 79]

10 [0186]

(1) Synthesis of (2R,3S)-2-((2R,3R)-3-{(2S)-2-methyl-3-

[ (l1-phenyl-1H-tetrazol-5-yl)sulfonyl]propyl}oxiran—2—

yl)pentane-3-0l (P34)

This reaction was performed with reference to
15 the literature (Wang, %2., -X.; Tu, Y.; Frohn, M.;
Zhang, J.-R.; Shi, Y., J. Am. Chem. Soc., 1997, 119,
11224-11235. Wang, %4., —-X.; Tu, Y.; Frohn, M.; Zhang,

J.-R.; Shi, Y., J. Org. Chem., 1997, 62, 2328-2329.).



O P34b b 10 [0186] (1) Synthesis of (2R,35)-2-((2R,3R)-3-{(25)-2-methyl-3-
[(1-phenyl-IH-tetrazol-5-yl)sulfonyl]propyl}oxiran-2- yl)pentane-3-ol (P34) This
reaction was performed with reference to 15 the literature (Wang, Z., -X.; Tu,
Y.; Frohn, M.; Zhang, J.-R.; Shi, Y., J. Am. Chem. Soc., 1997, 119,
11224-11235. Wang, Z., -X.; Tu, Y.; Frohn, M.; Zhang, J.-R.; Shi, Y., J. Org.

Chem., 1997, 62, 232822329:).5k30 4, 5_qimethyl-9-[ (1-phenyl-1H-
(3S,4S,5E,8S)-4,8-dimethyl-9-[(I-phenyl-IH tetrazol-5-yl)sulfonyl[non-5-en-3-ol
(190 ey, 13250 Lmmoel) wasldissplvedbim-acetonitrilel(7(3 M) mnd 0.05M

sodium tetraborate decahgdgate -0.4mM di.sgdiulm57 5 ml 4 0.05M
ethylé“ﬁ“éjc}iémvfﬁgte?rla%sc% dte sall's6IutioR {5 i © (7.5 ml) and 0.

1,2:4 &-dirGnisoprepylidenesDaaryihre2 S-hexodiuker 3.6spyranese (450 mg,
1.74 mmol) was added while ice cooling. Subsequently, a mixed powder of
pbtassiitil eafsbridté 1085 irp 616 mdi)land ekehéq2. 2?2 gn2)o6 10

mmol) was,addsd &} the same tsmperature over pne hour.  The keaction
solutioh‘wa$ stirred at the samé  temperature for turthef one hour. The
reactioy: spiutiarowas diltivechayith ethyl acetate end washedwith avates and

brine. After the organic layer was dried 15 over anhydrous sodium sulfate
and the UG -agemimss fitdrid off e sigaRftIdyer Masedrcshttited

under. Jeduced pressure. Jhe ebtained rasidyg was pHefied by; o 2. 06

10 mmol) was added at the same temperature over one hour.
The reaction solution was stirred at the same
temperature for further one hour. The reaction
solution was diluted with ethyl acetate and washed with
water and brine. After the organic layer was dried

15 over anhydrous sodium sulfate and the drying agent was
filtered off, the organic layer was concentrated under
reduced pressure. The obtained residue was purified by
silica gel column chromatography (Kanto, commercial
name Silica Gel 60N, 40-100 um; heptane:ethyl acetate =

20 3:1) to obtain the title compound (160 mg, 94% ee) as a
colorless o0il. The optical purity was determined by
HPLC using a chiral column (DAICEL, commercial name
CHIRALCEL OD; n-hexane:isopropyl alcohol = 75:25).

This o0il was crystallized from hexane at -78°C

25 and recrystallized further from a mixed solvent of
hexane—ethyl acetate and the title compound (140 mg,
>99% ee) was obtained as a colorless prism. In

addition, (23)-2-((2R, 3R)-3-{(25)-2-methyl-3-[(1-



silica gel column chromatography (Kanto, commercial name Silica Gel 60N,
40-100 pm; heptane:ethyl acetate = 20 3:1) to obtain the title compound (160
mg, 94% ee) as a colorless oil. The optical purity was determined by HPLC
using a chiral column (DAICEL, commercial name CHIRALCEL OD;

n-hexane:isopropyl alcohol = 75:25) his oil was crystallized from hexane at

-78C 25 apcrpenisialized fusher fiom aJpliecksolvon of hexang-ethy

acetate and the title compound (140 mg, >99% ee) was obtained as a
colorl_‘e$$£|wtsmnm33ddﬁ|oﬁ’3(25) ZA2R, IR)3(2I):Rarety|-3[pbi3Ess
phenyl IH tetrazol-5-yl)sulfon ﬁ/l]prop l oxwan -2- é/o?pentan -3-one (P34b,
34mg) Wwas Bbtdined a% CS16HEsS “oil, He a By Srodlict of this procedure.

Compounpd P34 P%QOMF%bMFﬂEMBWQ@b@ﬂC)DW) 3:88 (dp =14 Hz,
3H), 0.99 (t, J=7.3Hz, 3H), 1.26 (d, J=6.8Hz, 3H), 1.29-1.37 (m, 1H),
1945-463 QFHZBI-QHi 8NdA4, =4.6-5.8342,3°5)1HY, - 245B67Ins, -BHE -

2.69 7,9Hz, 1H), 2.86 (ddd 1H).g
J=4.6, 8Hz %ﬁ) 35'6?9 e J%Ig?, dlfi%iiz 1?%133”3 %(dd 32 2%714 8Hz,

1H), 7:66-8.,775(n8, 5HY;. 100MHZ)1,3C-NMR(GD30B) S (pm} 1054087,
20.29, 28.32, 28.57, 39.26, 42.23, 56.63, 61.67, 62.23, 75.15, 126.94,
130.58;432.54, P84 541155 41:8R (18733536 - 3245, 296 ,- 2875, 2§00,

2869517279, 1594,5146Q, 1334415 114, 110951041, 981,935, §28,5(65,

688, 634, 524 456 cm- 1 HRMS C18H27N404S (M+H) Calcd: 395. 1753

FoundH 3951721 :(dD20-22.0 (¢4.882CH30H) 7.66-7.77 (m, S5H) ;
100MHZ '’C-NMR (CDs0D) & (ppm) 10.54, 10.87, 20.29,
28.32, 28.57, 39.26, 42.23, 56.63, 61.67, 62.23, 75.15,
126.94, 130.58, 132.54, 134.54, 155.41; IR (KBr) 3336,
3245, 2961, 2925, 2900, 2869, 1779, 1594, 1460, 1334,

15 1154, 1109, 1071, 981, 955, 828, 765, 688, 634, 524,
456 cm™'; HRMS CigH»7N404S (M+H") Calcd: 395.1753, Found:
395.1721; [a]lp?® +21.0 (c 1.00, CH3O0H)
Compound P34b : 400MHz 'H-NMR (CDCLs3) & (ppm) 1.03 (t,
J=7.3Hz, 3H), 1.12 (d, J=7.1Hz, 3H), 1.28 (d, J=6.9Hz,

20 3H), 1.56(ddd, J=7.4, 7.4, 14.8Hz, 1H), 1.96 (ddd,
J=4.6, 5.8, 14.8Hz, 1H), 2.31-2.45 (m, 1H), 2.45-2.65
(m, 3H), 2.75-2.83 (m, 2H), 3.65 (dd, J=7.1, 14.6Hz,
1H), 3.93 (dd, J=5.3, 14.6Hz, 1H), 7.56-7.71 (m, 5H);
100MHZ '’C-NMR (CDsOD) & (ppm) 7.74,,12.93, 20.33, 28.30,

25 36.12, 39.00, 49.48, 56.62, 60.05, 62.22, 127.03,
130.62, 132.60, 134.63, 155.47, 214.55; HRMS; CigHysN;04S"

Calcd: 393.1597, Found: 393.1601 (M+H)" ; [a]p?® +52.25

(c 0.86, CH3OH).



Compound P34b : 400MHz 1H-NMR (CDCL3) S (ppm) 1.03 (t, J=7.3Hz,
3H), 1.12 (d, J=7.IHz, 3H), 1.28 (d, J=6.9Hz, 20 3H), 1.56(ddd, J=7.4, 7.4,
14.8Hz, 1H), 1.96 (ddd, J=4.6, 5.8, 14.8Hz, 1H), 2.31-2.45 (m, 1H), 2.45-2.65
(m, 3H), 2.75-2.83 (m, 2H), 3.65 (dd, J=7.1, 14.6Hz, 1H), 3.93 (dd, J=5.3,
14.6Hz, 1H), 7.56-7.71 (m, 5H); 100MZ 13C-NMR (CD30D) S (ppm)
7.74,,12.93,:20.83; 28.30, 25 36.12, 39.00, 49.48, 56.62, 60.05, 62.22,
127.03, 130.62, 132.60, 134.63, 155.47, 214.55; HRMS; C18H25N404S'
Calcd:E39308587 SFound: 393.1601 (M+H)' ; [a]p24 +52.25 (c 0.86, CH30H).
132 0187] [Formula 80] OH N-N DEIPSON-N OO "N-0011~N SAN'S
N'u P34 Q1 P350 (2) Synthegis of 5-({(25)-3-[(9R-3R)-3-(1S,25)-2- |

{[diethyl(isoprop9l)silylJoxy-limeghylbutyl)oxiran-2- - @ QU N
yI}-Z-Wm?rpﬁ%\jﬁgfoﬁﬁ -1phenyl-IH-tetrgzole 5-(P35) Imidazple @ﬁ% g,
5.07 mmol) and diethylisdpgepylsilyl chloride (418 mg, Z2.54 mmol) wére
added to a DM ml) solu of (2R,35)-2-((2R,3R)-3- P35
{(25)-2-methy|-Eétél-phenyl-l -tetrazol-5 10
yl)sulfonyl]propyl}oxiran-2-yl)pentane-3-ol (200 mg, 0.507 mmol) at room

temperature, and the mixture was
(2) Synthesis of 5-({(2S)-3-[(2R,3R)—-3-(1S,2S)-2—-

{[diethyl (isopropyl)silyl]loxy—-1l-methylbutyl)oxiran—-2-

yl}-2-methylpropyl}sulfonyl)-1l-phenyl-1H-tetrazole

5 (P35)

Imidazole (345 mg, 5.07 mmol) and
diethylisopropylsilyl chloride (418 mg, 2.54 mmol) were
added to a DMF (4 ml) solution of (2R,3S)-2-((2R,3R)-3-
{(2S8)-2-methyl-3-[ (1-phenyl-1H-tetrazol-5-

10 yl)sulfonyl]lpropyl}loxiran-2-yl)pentane-3-o0l (200 mg,
0.507 mmol) at room temperature, and the mixture was
stirred at the same temperature for one hour. The
reaction solution was diluted with ethyl acetate and
washed with distilled water and brine. After the

15 organic layer was dried over anhydrous sodium sulfate
and the drying agent was filtered off, the organic
layer was concentrated under reduced pressure. The
obtained residue was purified by silica gel column
chromatography (Kanto, commercial name Silica Gel 60N,

20 40-100 um; heptane:ethyl acetate = 20:1 — 10:1) to
obtain the title compound (265 mg) as a colorless oil.

400MHz 'H-NMR (CD3;OD) & (ppm) 0.67-0.74 (m, 4H), 0.88



stirred at the same temperature for one hour. The reaction solution was
diluted with ethyl acetate and washed with distilled water and brine. After the
15 organic layer was dried over anhydrous sodium sulfate and the drying
agent was filtered off, the organic layer was concentrated under reduced
pressure. The obtained residue was ptifified by silica gel column
chromatography gKanta; cormexcialnagme; Silica GeL6ON, 2040;100 n;
heptane:ethyl acetate = 20:1 -3 10:1) to obtain the title compound (265 mg)
as a dolorless ©fl. 4O0OMHZ.IFERMR{CD30DY8 (ppm)-0.67:x 743, ,4H),006
0.88 133 (t,_J:%.ZHz, 3H), 0,95 (d, J=6.8H ,é’sH , 0.90-0.98 %rpz_ 1H§ 1.04 (t,
3=7.6H%, 3H) 1005 (t, 3276112 23H] .06 (d 2128 611y, BH): 126 (. I1=6"8Hz,
3H), 132, 1A3%m 1), 1:52-3:63 (M, ), 482 (dddy 1=4.4,6.0,114.0Hz, 5
1H), 2.45-2.56 (m, 1H), 2.71 (dd, J=2.4, 7.6Hz, 1H), 2.86 (ddd, J=2.4, 4.4,
6:8HZHH), 3. 20 (ddP3=1%, 14.8HZ 1H), 8980-3786 (rh, 1H)°BD0 (dd, J=5.2,

14.8Hz, 1H), 7.65-7.75 (m, 5H); 10 z 13C-NMR ( )S_(ppm) 5.00,
5.1#7;.&15,4 f8?.% f 1%)7%1‘,224.44*(),4 17%\3%'3126 236%3,} 2%’.4@[,) 3?‘%’4%@&65?40.84,

57.28, 61858, 62128, 75.78, 126009:1,30.63, 132%8, 184, 70-55%.54; IR
(neat) 2961, 2881, 1596, 1498, 1462, 1339, 1153, 1014, 823, 763, 723, 633
cm 1:HARNIG C351143N404S ST Vi) CHicd: 195415774 CroiRd: (6535766

[alD2 34(Cok 095 CHBOH) ¢ 15 [Q188)[Step 17 Synthesis of 7 o3,
6,7-0?[? )-benzylidene]pladienolide A
10 20.31, 28.46, 28.64, 39.40, 40.84, 57.28, 61.58, 62.28,
75.78, 126.99, 130.63, 132.58, 134.71, 155.54; IR
(neat) 2961, 2881, 1596, 1498, 1462, 1339, 1153, 1014,
823, 763, 723, 633 cm'; HRMS C,sH43N404SSi (M+H') Calcd:
523.2774, Found: 523.2766; [a]p®® +19.3 (c 1.09, CHsOH)
15 [0188]
[Step 17]

Synthesis of 6, 7-0-[(S)-benzylidene]lpladienolide A

[Formula 81]

DEIPSO N-N,
<29 QN
\/\:/('/\r\s ,\{
i o Pn Ph
P35

—_—
DEIPSO




[Formula81] O O, DEIPSON-NN S N O PhP35Ph Ph O ODEIPSO OO
% _\\1"0O OTBS 0OHC\"™O OTBS P36 Z P19 134 0189] (1) Synthesis of
6,7-0-[(S)-benzylidene]-3-{[tert- butyl(dimethyl)silyl]Joxy}-21-
{[diethyl(isopropyl)silylJoxy}-pladienolide A (36) 5 This reaction was
performed with reference to the literdttife (Blakemore, P.R.; Cole, W.J.;
Kociensky, R dgdviorley, A., Synlett, 1998, 26-28.). THE distilled by using
lithium aluminum hydride immediately before use was used at this step. 10
15% toluene sohstiors(2:31% b ©f potassianr bis{ttenethysilyl)amide was
added dro;l)wisiemtota THIE i(1 rlnl) >s{olu;ign_of 5-({(25)-3-[(2R,3R)-3-(1S,25)-2-
ﬁ;gl@é (d 7 Eﬁ;ﬂ]) Tyllozi) d

{[diet xiran-2-
yl}-2-methypronylisidionyhelphenyl-id-tetragolesf2.01ide A (36)
5 This reaction was performed with reference to

the literature (Blakemore, P.R.; Cole, W.J.; Kociensky,
P.J.; Morley, A., Synlett, 1998, 26-28.).

THF distilled by using lithium aluminum
hydride immediately before use was used at this step.

10 15% toluene solution (0.317 ml) of potassium
bis(trimethylsilyl)amide was added dropwise to a THF (1
ml) solution of 5-({(2S)-3-[(2R,3R)-3-(1S,25)-2—-
{[diethyl (isopropyl)silyl]loxy—-1l-methylbutyl)oxiran—-2-
yl}-2-methylpropyl}sulfonyl)-1l-phenyl-1H-tetrazole (62

15 mg, 0.119 mmol) at -78°C under stirring and it was
stirred at the same temperature for 30 minutes. A THF
(1 ml) solution of (2E)-3-((2S,3aS,4E,6S,7S,13aR)-11-
{[tert-butyl (dimethyl)silyl]loxy}-6,13a-dimethyl-9-oxo-
2-phenyl-6,7,9,10,11,12,13,13a-octahydro-3aH-

20 [1,3]dioxolo[4,5-f]oxacyclododecin-7-yl)but-2-enal (94
mg, 0.179 mmol) was added dropwise to this reaction
solution at -78°C and stirred at the same temperature
for one hour. The reaction solution was warmed to room
temperature and diluted with ethyl acetate after

25 addition of an appropriate amount of water and washed
with brine. After the organic layer was dried over
anhydrous sodium sulfate and the drying agent was

filtered off, the organic layer was concentrated under



15 mg, 0.119 mmol) at -78C under stirring and it was stirred at the same
temperature for 30 minutes. A THE (1 ml) solution of
(2E)-3-((2S,3aS,4E,6S,7S,13aR)-11-
{[tert-butyl(dimethyl)silyl]oxy}-6,13a-dimethyl-9-oxo- 2-phenyl-6,
7,9,10,11,12,13,13a-octahydro-3aH 20°°

[1.3]diexolel4;Seflaxacyelododggin-frylaut-2renal (94 Jmg. 0. 109 mmal) was

added dropwise to this reaction solution at -78C and stirred at the same
temperature: forbnediourn Thereagtion safitionHastwarrfiéd toxo6at
temp%ra&ureélgr_\? Odé'luted_ with %th I acetate after 25tad(1iti5)g1 -%f—%n5a9 r()é)riate
amouht of water and"WashEd \Rith brine! AfsFthe Srganiclayer was driéd
over anhydrous sodium sulfate anddhe aliying agentwas 1 filtared-off,sthe
organic layer was concentrated under 135 reduced pressure. The obtained
residdé WHE puiifiddfoy( iR Yeb cormiih chrématsgraphy: (Kankd, Sitica Gel

60N, 40:-100 pm; heptan r:neth cetate = 25:1-15:1) Zobt' thedti
comp%%)n’d %355%19 épéga Eoforlxe&?s’oiﬁgggo M’Hiasllﬁllél?\l/m (gli[}s‘oelg)'%%(pf)orlﬁ)
0.15 (5:38H)0,121s,, 361)90.6610. 75-(maaH), 686, (t0J32.6Hz, 3H)) 0.90 (d,
J=6.8Hz, 3H), 0.93 (d, J=6.8Hz, 3H), 0.95 (s, 9H), 0.94-1.03 (m, 1H), 1.05 (t,
J=8.4H7,6H); 1207 d, 564Kz 6HY,"1.127W; 326:81%) 3HY, - L24E35 (m,

1H), 304.38:1.5Q ¢, 3H); 1.42,(s, BH), 458 (dg, I=17.6; 414.4ki7, 2H), 1) |
1.69-1.78 (m, 2H), 1.78 (s, 3H), 1.96-2.05 (m, 1H}J, 2.28 (dd, J=10.2, 14.8Hz,

1Hl), 2.4282 585, (1H)32164-2, 22 (rhs 3HDH2, 76 (dtg I8, 6I6FIZ6 1H),
3'80%218.64@’, 1?1)1’)Z,L0?.’%‘91—:31(.@’8“_('2{,4'22%@’ I].:%’SG%’, 3H), 1.96-2.05
(m, 1H), 2.28 (dd, J=10.2, 14.8Hz, 1H), 2.44-2.58 (m,
1H), 2.64-2.72 (m, 3H), 2.76 (dt, J=2.4, 6.0Hz, 1H),
3.80-3.86 (m, 1H), 4.05-4.13 (m, 1H), 4.28 (d, J=9.6Hz,
15 1H), 4.96 (d, J=10.8Hz, 1H), 5.50 (dd, J=9.6, 15.2Hz,
1H), 5.68 (dd, J=9.6, 14.4Hz, 1H), 5.70 (dd, J=9.6,
15.2Hz, 1H), 5.94 (s, 1H), 6.12 (d, 10.8Hz, 1H), 6.36
(dd, J=10.8, 14.4Hz, 1H), 7.40-7.44 (m, 3H), 7.52-7.54
(m, 2H); 100MHz '°C-NMR (CD;COCD3;) & (ppm) -4.94, -4.85,
20 4.06, 4.24, 7.02, 7.05, 9.44, 9.76, 11.17, 13.33,
16.70, 17.32, 17.92, 21.07, 22.61, 25.64, 27.74, 31.69,
34.80, 35.51, 40.00, 40.08, 40.19, 44.08, 56.95, 60.92,
71.89, 74.66, 82.34, 83.54, 85.35, 101.21, 124.75,
127.09, 128.24, 129.11, 130.29, 130.76, 131.79, 137.63,
25 139.00, 141.19, 168.35; IR (neat) = 2959, 1732, 1462,
1376, 1276, 1247, 1064, 1008, 971, 881, 836, 775, 760,
722, 564, 536, 463 cm'; HRMS C4HgoNaO;Si, (M+Na') Calcd:

847.5340, Found: 847.5323.; [0]p?® +21.3 (c 1.09, CH,CL,)



15 1H), 4.96 (d, J=10.8Hz, 1H), 5.50 (dd, J=9.6, 15.2Hz, 1H), 5.68 (dd,
J=9.6, 14.4Hz, 1H), 5.70 (dd, J=9.6, 15.2Hz, 1H), 5.94 (s, 1H), 6.12 (d,
10.8Hz, 1H), 6.36 (dd, J=10.8, 14.4Hz, 1H), 7.40-7.44 (m, 3H), 7.52-7.54
(m, 2H); 100MHz 13C-NMR (CD3COCD3) S (ppm) -4.94, -4.85, 20 4.06,
4.24,7.02,7.05, 9.44, 9.76, 11.17, 13.33, 16.70, 17.32, 17.92, 21.07, 22.61,

25.64, 27.74,3%,69, 34.80, 35.51, 40.00, 40.08, 40.19, 44.08, 56.95, 60.92,
71.89, 74.66, 82.34, 83.54, 85.35, 101.21, 124.75, 127.09, 128.24, 129.11,

130.25; 430476, B31.79, 137.63, 25 139.00, 141.19, 168.35; IR (neat) = 2959,

1732, 1462, 1376, 1276, 1247, 1064, 1008, 971, 881, 836, 775, 760, 722pn

564, 536, 463 cm1; HRMS C48(80NaO7Si2 (M+Na~) Calcd: 847.534@

Found: 847.5323.; [alD26 +21-
Ph Ph,on,0 O DEIPSO QRO 1011110 OTBS _
[0191] is Qf ,, i
THE solutioa of tetda-n-butylammoni

1.09, 0H2012) 136 [0190] [Formu

added to a THE (3.893g1l) solution of 6,7-O-[(S)-benzylidene]g;{itert-

10

15

20

[0191]

(2) Synthesis of 6,7-0-[(S)-benzylidene]lpladienolide A

(P37)

1M THF solution of tetra-n-butylammonium
fluoride (3.80 ml, 696 umol) was added to a THF (3.80
ml) solution of 6,7-0-[(S)-benzylidene]-3-{[tert-
butyl (dimethyl)silyl]loxy}-21-
{[diethyl (isopropyl)silyl]loxy}-pladienolide A (191 mg,
232 umol) at room temperature. The reaction solution
was stirred at room temperature for one and a half
hour. The reaction solution was poured into a
saturated ammonium chloride aqueous solution, which was
then extracted with ethyl acetate. The organic layer
was washed with water and brine sequentially and dried
over anhydrous magnesium sulfate. After the drying
agent was filtered off, the organic layer was
concentrated under reduced pressure. The obtained
residue was purified by silica gel column
chromatography (Kanto Chemical, commercial name Silica
gel 60N, granular, neutral, 0.040 mm - 0.100 mm; n-

heptane:ethyl acetate = 2:1 — 1:1) to obtain the title




butyl(dimethyl)silylJoxy}-21- {[diethyl(isopropyl)silyljoxy}-pladienolide A (191
mg, 10 232 {Rol) at room temperature. The reaction solution was stirred at
room temperature for one and a half hour. The reaction solution was poured
into a saturated ammonium chloride aqueous solution, which was then
extracted with ethyl acetate. The orgdmié layer 15 was washed with water and

brine seqyentially ane drisd Qver anfiydrous magresium sulfate. After the

drying agent was filtered off, the organic layer was concentrated under
reducktpissstiteNTRe Btadned Sreidue wWas?purified By silidigeBeolumn 20
chromatography (Kanto Chemical, commercial name Silica_gel 60N
granuqar%%eﬁ%r‘al,g G.bzl%ﬁr%’m 5%10(9 n?r% nt he%fa?rié%%ﬁyl %%%tat%a'% %1(%

1:1) to-abtain thestitle 1371 eomppung(135img) assa colorless)qil. AQOMHZ
1H-NMR (CD30D) S (ppm) 0.93 (d, J=7.2Hz, 3H), 0.94 (d, J=7.2Hz, 3H),
098 {,; §27.4Hz,BH), 11134d! 9£6.8Hz, 3H), 1.1870.204m J), 224 (3H3H),

o Fece ot by T o T St AT et 24

(dt, J248; 80OHz HH), 8.93-201¢m(AH)34)28 ¢d 53=9.2Hz, dH), .97 (d,
J=10.4Hz, 1H), 5.49 (dd, J=9.6, 14.8Hz, 1H), 10 5.69 (dd, J=9.2, 14.8Hz,
2H), 5.9%7&; 1H}) 6.3 ford? -F=11(OHZ M), 6:36 (dd; 32T2.0212:812) 1H),

7.40-%.43; (my, 3R 755%1(,34 {m), 2H); 100MHz 13C;NMR(CRZCOGRS) S

(ppm) 10.20, 10.30, 11.26, 16.48, 20.87, 22.33, 27.88,

10 5.69 (dd, J=9.2, 14.8Hz, 2H), 5.94 (s, 1H), 6.13 (brd,
J=11.0Hz, 1H), 6.36 (dd, J=11.0, 14.8Hz, 1H), 7.40-7.43
(m, 3H), 7.51-7.34 (m, 2H); 100MHz '’C-NMR (CD;COCDs;) &
(ppm) 10.20, 10.30, 11.26, 16.48, 20.87, 22.33, 27.88,
31.04, 34.09, 35.51, 39.80, 40.20, 41.53, 42.71, 56.45,

15 61.31, 70.01, 73.62, 82.39, 83.66, 85.21, 101.20,
124.65, 127.09, 128.30, 129.14, 130.49, 130.86, 131.74,
137.37, 139.11, 141.32, 169.85; IR (neat) 3502, 2965,
2931, 2874, 1711, 1456, 1377, 1246, 1221, 1178, 1092,
1064, 971, 761 cm '; HRMS CssHsoNaO; (M+Na') Calcd:

20 605.3454, Found: 605.3449; [a]p®® -13.0 (c 1.05, CH,Cl,)

[0192]

[Step 18]

Synthesis of pladienolide A




31.04, 34.09, 35.51, 39.80, 40.20, 41.53, 42.71, 56.45, 15 61.31, 70.01,
73.62, 82.39, 83.66, 85.21, 101.20, 124.65, 127.09, 128.30, 129.14, 130.49,
130.86, 131.74, 137.37, 139.11, 141.32, 169.85; IR (neat) 3502, 2965,
2931, 2874, 1711, 1456, 1377, 1246, 1221, 1178, 1092, 1064, 971, 761
cm-1 ; HRMS C35H50Na07 (M+Na')Galcd: 20 605.3454, Found: 605.3449;
[alD24:-13,0 {¢ 103, 0H2012) [0192] [Step 18] Synthesis of pladienolide A
138 [Formula 83] Ph OO OH O ™O OH P37 Ph Oio-1 ,0 CL000O0O
"0 Ox'oi P38[0193] (1) Synthesis of 6,7-O-[(S)-benzylidene]-3,21-
bis(dichloroacetyl) pladienolide(ﬁ,(PFp38) Triethylamine (686 |, 4.92 mmol), 5
dichloroacetic anhydride (37? :2.86 mmol) and 4-

[0193]

(1) Synthesis of 6,7-0-[(S)-benzylidene]-3,21-

bis(dichloroacetyl) pladienolide A (P38)

Triethylamine (686 ul, 4.92 mmol),

5 dichloroacetic anhydride (375 pl, 2.46 mmol) and 4-
dimethylaminopyridine (15 mg, 123 umol) were added to
anhydrous dichloromethane (7.20 ml) solution of 6, 7-0-
[ (S)-benzylidene]lpladienolide A (144 mg, 2.46 mmol)
under stirring at 0°C. After the reaction solution was

10 stirred at 0°C for 40 minutes, 4-dimethylaminopyridine
(15 mg, 123 umol) was added thereto and the mixture was
stirred at 0°C for further one and a half hour. The
reaction solution was poured into water, which was then
extracted with ethyl acetate. The organic layer was

15 washed with water and brine sequentially and dried over
anhydrous magnesium sulfate. After the drying agent

was filtered off, the organic layer was concentrated



dimethylaminopyridine (15 mg, 123 Rmol) were added to anhydrous
dichloromethane (7.20 ml) solution of 6,7-0- [(S)-benzylidene]pladienclide A
(144 mg, 2.46 mmol) under stirring at 0C. After the reaction solution was 10
stirred at OC for 40 minutes, 4-dimethylaminopyridine (15 mg, 123 Rmol)
was added thereto and the mixture was?stirred at OC for further one and a

half hout. Fhe ieactionsolution was pured,into water. whighwgs then

extracted with ethyl acetate. The organic layer was 15 washed with water and
brineseqguentidlypandidried over arhydrousimagrésionesblifatelAfter the
drying agent was filtered off, the organic |layer.was concentrated 139 under
o T BRASIAL TRESheR e e hant AUALH B)Fea 881 column
chromatography {Merck,ceopmnercial.name gilica el 60, 230-400 mesh;H-
heptane:ethyl acetate = 8:1 -3 6:1 -3 4:1) to obtain the 5 title compound (198
my) dstaiRleA BiRUBOMHZE N MRS (@DCAB) S (9prh) 0.88 (d, J=6.8Hz,

3H), t, J=7.6Hz, 95 ¢d, J=6.8Hz, 3H), 1.07 (d, J=6.8Hz, 3H),
1.41 s?%f% : 1.2?6-9%0 %?ng%gﬁ? é.B&D-pf%S'_(g(m%fkf)?l'l.ég-glﬁglf %m,%x 1.73
(s, 3H), 4394 40 2.05 (w4 H)}D.402.56 (my,3H);2.56-2. 78 ¥m, 2H)p 72.83,(dd,
J=4.2, 15.0Hz, 12522’ 4.21 (d, J=9.2Hz, 1H), 4.92 (d, J=10.4Hz, 1H£, 5.02-5.08
(m, 181705 825 291 m, 4t} 542 (48)3=9.629512132, 11y, 582(dd; 528.4,

14.8Hz,gkH), 5.6740ld, 3=9.6. 15:2Hz,,1H),§.92,(5715 AH), £:93 (5, 1), 5.96
(s, 1H), 6.09 (d, J=10.8Hz, 1H), 6.24 (dd, J=10.8, 14.8Hz, 1H), 7.37-7.42 (m,
3M), 2.05 (m, 1H), 2.40-2.56 (m, 3H), 2.56-2.78 (m, 2H),
2.83 (dd, J=4.2, 15.0Hz, 1H), 4.21 (d, J=9.2Hz, 1H),
4.92 (d, J=10.4Hz, 1H), 5.02-5.08 (m, 1H), 5.12-5.22
(m, 1H), 5.42 (dd, J=9.6, 15.2Hz, 1H), 5.62 (dd, J=8.4,
14.8Hz, 1H), 5.67 (dd, J=9.6, 15.2Hz, 1H), 5.92 (s,
15 1H), 5.93 (s, 1H), 5.96 (s, 1H), 6.09 (d, J=10.8Hz,
1H), 6.24 (dd, J=10.8, 14.8Hz, 1H), 7.37-7.42 (m, 3H),
7.49-7.52 (m, 2H); 100MHz “*C-NMR (CDCls) & (ppm) 9.62,
10.96, 11.73, 16.48, 21.04, 22.62, 24.79, 27.87, 32.99,
35.31, 38.87, 39.30, 39.55, 40.13, 56.41, 60.03, 64.14,
20 64.58, 75.78, 80.54, 83.02, 83.19, 85.06, 101.26,
124.45, 126.61, 128.33, 129.31, 129.64, 130.86, 131.04,
137.44, 137.74, 141.03, 164.06, 167.56; IR (neat) 3015,
2972, 2931, 2877, 1759, 1739, 1576, 1457, 1377, 1281,
1248, 1171, 1092, 1066, 1004, 968, 911, 816, 758,699 cm’
25 '; HRMS C39Hs50C1l4O9Na (M+Na®) Calcd: 825.2107, Found:

825.2120; [a]p?® +15.0 (c 1.02, CH,Cl,)



7.49-7.52 (m, 2H); 100MHz 13C-NMR (CDC-13) S (ppm) 9.62, 10.96, 11.73,
16.48, 21.04, 22.62, 24.79, 27.87, 32.99, 35.31, 38.87, 39.30, 39.55, 40.13,
56.41, 60.03, 64.14, 20 64.58, 75.78, 80.54, 83.02, 83.19, 85.06, 101.26,
124.45, 126.61, 128.33, 129.31, 129.64, 130.86, 131.04, 137.44, 137.74,
141.03, 164.06, 167.56; IR (neat) 3028+02972, 2931, 2877, 1759, 1739,
1576, 1457,33%%,1281, 1248, 1171, 1092, 1066, 1004, 968, 911, 816,
758,699 cm 25 1; HRMS C39H50C1909Na (M+Na') Calcd: 825.2107,
FoundF ®25:22204[ID23 +15.0 (¢ 1.02, CH2C12) 140 0194] [Formula 84]
Ph CI0-S'O CI 00 OkYCI Cl P38OH CIOH CIOOO 00CI CI

P39 [0195] Ph
o\
(¢]] N \O
0N p° " .

° Lo

[0195]

(2) Synthesis of 3,21-bis(dichloroacetyl) pladienolide

A (24)

5 Pyridinium p-toluenesulfonate (70.5 mg, 280
Umol) was added to a methanol (4.48 ml) solution of
6,7-0-[(S)-benzylidene]-3,21-bis(dichloroacetyl)
pladienolide A (112 mg, 140 umol) at room temperature.
The reaction solution was stirred at room temperature

10 for 46 hours. The reaction solution was poured into
brine, which was then extracted with ethyl acetate.
The organic layer was washed with water and brine
sequentially and dried over anhydrous magnesium
sulfate. After the drying agent was filtered off, the

15 organic layer was concentrated under reduced pressure.
The obtained residue was purified by silica gel column

chromatography (Merck, commercial name Silica Gel 60,



(2) Synthesis of 3,21-bis(dichloroacetyl) pladienolide A (24) 5 Pyridinium
p-toluenesulfonate (70.5 mg, 280 Rmol) was added to a methanol (4.48 ml)
solution of 6,7-0-[(S)-benzylidene]-3,21-bis(dichloroacetyl) pladienolide A
(112 mg, 140 Rmol) at room temperature. The reaction solution was stirred
at room temperature 10 for 46 hours. THe reaction solution was poured into

brine whichwagdben extiacied with.etly| agetate. JThe grganic layer was

washed with water and brine sequentially and dried over anhydrous
magnesiun sulfate> After the dryingaeigent was fiterednoffuthe 15 drganie)
layer was concentrated under reduced pressure, The obtained residue yas
purifiéd by sifics Gl ESiufin chronatdgraphy’ (Merdic Sommerdal narrie
Silicafzel 69 c 143 r230-400 mesh; asheptaneethylacetate,5)8:1=4 6:1 -4 3:1
-4 3:2 -4 1:1) to obtained title compound (32.2 mg) as a colorless oil while

6. 7-01¢SRBeRzdidene]-3,21- bis(dichloroacetyl) pladienolide A (55.9 mg) was

g.ge?)c t\ﬁ?[@?&jzzﬁ'%g}gg% él—é%ﬁ?{l@ (g:DClS) S (p(%‘n)( .90.(c J2=[zz.2H§H:;’>H),

d.3=7 ¥ 3H): 1.06 (d, J=6.8H2, 3H) 1.32 (s,
3H), D.4831.62, (n-5H)HL 6331)69 (Mo 2H)d 1. 72-(5, Btt), 1372-1.79 (M, 2H),
2.00 10 (brs, 1H), 2.41-2.48 (m, 1H), 2.51-2.58%m, 3H), 2.61 (dd, J=3.2,
15.2MZ. 0119y 2.6622.70 (. AH)E 2. 74 {dd ! 3340, 5. 242, 1¥)) 3.80 {dd,

3=2.6, %:8H,,1H);4-93; 4597 (m, 14, 5.01-5,08 (Mg 1), 505 (d, J4P.4Hz,

10 (brs, 1H), 2.41-2.48 (m, 1H), 2.51-2.58 (m, 3H), 2.61
(dd, J=3.2, 15.2Hz, 1H), 2.66-2.70 (m, 1H), 2.74 (dd,
J=4.0, 15.2Hz, 1H), 3.80 (dd, J=2.6, 9.8Hz, 1H), 4.93-
4.97 (m, 1H), 5.01-5.05 (m, 1H), 5.05 (d, J=10.4Hz,
1H), 5.47 (dd, J=9.8, 15.3Hz, 1H), 5.61 (dd, J=8.0,

15 15.1Hz, 1H), 5.74 (dd, J=9.6, 15.3Hz, 1H), 5.97 (s,
1H), 5.98 (s, 1H), 6.07 (brd, J=10.4Hz, 1H), 6.24 (dd,
J=10.4, 15.1Hz, 1H); 100MHz *’C-NMR (CDCls;) & (ppm) 9.68,
11.00, 11.77, 16.51, 21.08, 24.60, 24.83, 25.61, 34.76,
35.35, 36.17, 39.34, 39.61, 40.47, 56.48, 60.07, 64.27,

20 64.61, 73.28, 74.59, 80.60, 83.08, 124.52, 129.71,
130.86, 131.11, 137.79, 141.06, 163.91, 164.17, 168.05;
IR (neat) 3526, 2971, 2929, 1759, 1745, 1456, 1377,
1281, 1217, 1171, 1092, 1008, 964, 927, 816, 757 cm’;
HRMS C3,H46C14NaOy (M+Na') Calcd: 737.1794, Found:

25 737.1778; [o]lp?’ +22.5 (c 1.52,CHCLs)



1H), 5.47 (dd, J=9.8, 15.3Hz, 1H), 5.61 (dd, J=8.0, 15 15.1Hz, 1H), 5.74 (dd,
J=9.6, 15.3Hz, 1H), 5.97 (s, 1H), 5.98 (s, 1H), 6.07 (brd, J=10.4Hz, 1H), 6.24
(dd, J=10.4, 15.1Hz, 1H); 100MHz 13C-NMR (CDC13) S (ppm) 9.68, 11.00,
11.77, 16.51, 21.08, 24.60, 24.83, 25.61, 34.76, 35.35, 36.17, 39.34, 39.61,
40.47, 56.48, 60.07, 64.27, 20 64.61,173.28, 74.59, 80.60, 83.08, 124.52,
129.71, 13086,d31.11, 137.79, 141.06, 163.91, 164.17, 168.05; IR (neat)
3526, 2971, 2929, 1759, 1745, 1456, 1377, 1281, 1217, 1171, 1092, 1008,
964, 9238162758 tm 1; HRMS C32H46C19Na09 (M+Na~) Calcd:
737.1794, Found: 25 737.1778; [alD21 +22.5 (c 1.52,CHC13) 142 0196]
[Formula85] O_H CIOH ci~ly @04 O O Cl 110 =Cl 1 -10 P39 OH OH
OH O OH Pladienolide

Pladienolide A

[0197]

(3) Synthesis of pladienolide A

Potassium carbonate (13.5 mg, 97.5 umol) was
5 added to a methanol (2.50 ml) solution of 3,21-
bis(dichloroacetyl) pladienolide A (69.9 mg, 97.5 umol)
at room temperature. After the reaction solution was
stirred at room temperature for 20 minutes, it was
poured into brine, which was then extracted with ethyl

10 acetate. After the organic layer was dried over
anhydrous sodium sulfate and the drying agent was
filtered off, the organic layer was concentrated under
reduced pressure. The obtained residue was purified by
silica gel column chromatography (Kanto Chemical,

15 commercial name Silica gel 60N, granular, neutral,
0.040 mm - 0.100 mm; n-heptane:acetone = 3:2 — 1:1) to
obtain the title compound (46.2 mg) as a colorless oil.
This was obtained as a white amorphous by purifying by

HPLC (Shiseido, commercial name CAPCELL PAK C18SG120;



(3) Synthesis of pladienolide A Potassium carbonate (13.5 mg, 97.5 Rmol)
was 5 added to a methanol (2.50 ml) solution of 3,21- bis(dichloroacetyl)
pladienolide A (69.9 mg, 97.5 Rmol) at room temperature. After the reaction
solution was stirred at room temperature for 20 minutes, it was poured into
brine, which was then extracted with &thyl 10 acetate. After the organic layer

was dried gyer anhydrays sodium spifate andhe drying,agent was filtered

off, the organic layer was concentrated under reduced pressure. The
obtained résidueavaspurified by silica gel column chromatography (Kanto

Che |§18IMP:IL5 ggmNrp/lErci%l name %ilica %el OI\9159ranuIar_,7neuPtIral, 3OHO4O mm -
0.100 M’ K-héptane:acetone = 3:228™: 1Y to bt the titte éompound

(46.20ngkas @ colorless Hjl. sHyis was gbtained-as.a whitesamorphaus by,
purifying by HPLC (Shiseido, commercial name CAPCELL PAK C18SG120;
143 dcétofitrile:iater 2 37463)ollbived By performinglyophifization. 2H)

600MHz aH-NMgé?D?iOIi%gz((ggJ%)H%QSI(dB .;=§mOH H), Q.95

d,
3=6.7Hz, 3H)" 0.98 t, J=7 13'(d, '5 J26.8H2, 3A), 1.2§r?h1,11}1|4’)<,
1.31 (s, @H)(dB8 (m+2H), 150 (M1 1H)EE.,5316m, 2H),75.57(ns, 1H))1.61 (m,
1H), 1.68 (ddd, J=5.5, 5.9, 14.0Hz, 1H), 1.79 (brs, 3H), 2.52 (m, 1H), 2.56
(m, 2k 3.6 ddy ! 1=720,°9.8 (™ 0.7/, 1#1)° 2. 76'¢, 3=2/208.2H2 1H),

2.77 (deld; 10 J52.2, 5:9,5,9174 1H). 3.56 (dddpl=4.5s4,5. 8. THz JH), 3.74

(d, J=9.8Hz, 1H), 3.81 (m, 1H), 5.07 (d,

10 J=2.2, 5.9, 5.9Hz, 1H), 3.56 (ddd, J=4.5, 4.5, 8.7Hz,
1H), 3.74 (d, J=9.8Hz, 1H), 3.81 (m, 1H), 5.07 (d,
J=10.7Hz, 1H), 5.42 (dd, J=9.8, 15.0Hz, 1H), 5.70 (dd,
J=8.4, 15.0Hz, 1H), 5.76 (dd, J=9.8, 15.0Hz, 1H), 6.13
(brd, J=10.8Hz, 1H), 6.37 (dd, J=10.8, 15.0Hz, 1H);

15 150MHz >C-NMR (CDsOD) & (ppm) 10.8, 10.9, 11.9, 17.1,
21.7, 24.4, 28.6, 30.5, 36.7, 37.6, 40.1, 40.7, 1.8,
42.8, 58.5, 63.0, 70.7, 74.7, 75.3, 78.2, 84.4, 125.9,
131.6, 132.1, 132.6, 137.7, 142.3, 171.9; IR (KBr)
3403, 2966, 2935, 2876, 1708, 1458, 1371, 1256, 1177,

20 1060, 1021, 977, 903, 789 cm '; HRMS C,gHssNaO; (M+Na')
Calcd: 517.3141, Found: 517.3134; [a]p”’ -1.54 (c 1.02,
MeOH)

[0198]
[Step 19]

25 Synthesis of pladienolide B




J=10.7Hz, 1H), 5.42 (dd, J=9.8, 15.0Hz, 1H), 5.70 (dd, J=8.4, 15.0Hz, 1H),
5.76 (dd, J=9.8, 15.0Hz, 1H), 6.13 (brd, J=10.8Hz, 1H), 6.37 (dd, J=10.8,
15.0Hz, 1H); 15 150MHz 13C-NMR (CD30D) S (ppm) 10.8, 10.9, 11.9, 17.1,
21.7,24.4, 28.6, 30.5, 36.7, 37.6, 40.1, 40.7, 1.8, 42.8, 58.5, 63.0, 70.7,
74.7,75.3,78.2,84.4,125.9, 131.6,132.1, 132.6, 137.7, 142.3, 171.9; IR
(KBr) ;8403,29662935, 2876, 1708, 1458, 1371, 1256, 1177, 20 1060,
1021, 977, 903, 789 cm-1 ; HRMS C28H46NaO7 (M+Na') Calcd: 517.3141,
Found: 517.3134; MD 2? -1.54 &'14§)2, MeOH) [0198] [Step 19] 25
Synthesis of pladienolide 3 14 mula 86] OH 10H OHO O 10 OH p
AO Pladleimollde A -20H @ p OH_Pladienolide B [0199]

Triet 1gh, anhydride (5.83 I, 616 Rrgol) and 4-
dlmethylarmnopyrl |ne (2.50 mg, 12.3 Rmol) were added )J\o
Pladienolide A
Pladienolide B
[0199]

Triethylamine (17.2 pl, 123 umol), acetic

anhydride (5.83 ul, 616 umol) and 4-
dimethylaminopyridine (1.50 mg, 12.3 umol) were added

5 to anhydrous dichloromethane (2.00 ml) solution of
pladienolide A (30.5 mg, 61.6 umol) under stirring at
0°C. After the reaction solution was stirred at 0°C for
one hour, it was poured into a saturated sodium
hydrogen carbonate aqueous solution, which was then

10 extracted with ethyl acetate. After the organic layer
was washed with brine, it was dried over anhydrous
magnesium sulfate. After the drying agent was filtered
off, the organic layer was concentrated under reduced
pressure. The obtained residue was purified by silica

15 gel column chromatography (Kanto Chemical, commercial
name Silica gel 60N, granular, neutral, 0.040 mm -
0.100 mm; n-heptane:acetone = 3:1 — 2:1) to obtain the
title compound (27.2 mg) as a colorless o0il. This was

obtained as a white amorphous by purifying by HPLC



5 to anhydrous dichloromethane (2.00 ml) solution of pladienolide A (30.5
mg, 61.6 Rmol) under stirring at OC. After the reaction solution was stirred at
OC for one hour, it was poured into a saturated sodium hydrogen carbonate
agueous solution, which was then 10 extracted with ethyl acetate. After the
organic layer was washed with brinel itwas dried over anhydrous

magnesiumsuliate LAfige the diying agemiwas filtered off; the opganic layer

was concentrated under reduced pressure. The obtained residue was
purified dyssilica 15getcolumn chirobfatographyKanty Cherficaling
commercial, name Silica gel 60N, granular, neutral, 0.040 mm - 0.100 mm,;
n-heptiRBlacetsie £°3:1 -3 2:1) to obtain the title compound (27.2 mg) as a

colorlessoil; Thiswas @aingd &s@yhiteramorphousrby purifyingHy HPLC
145 (Shiseido, commercial name CAPCELL PAK C18SG120;
aCetdhitfife:wadter’'= 45°53) folldlve Pby pefforminyg -1§8philization L66GMHz

O o R 8 o S b 8 o oD

(m, 1H)44.42 (myAH), 1.50 (mn LH)51,531 (B3 2k, 1.61) (m116), 167 (m) ,
1H), 1.68 (m, 1H), 1.79 (brs, 3H), 2.10 (s, 3?, 2.52 (m, 1H), 2.57 (m, 2H),
2.61 (ot 1968189, 10-£6 1H%, 1H) 2.70 (dd, =52, §DHz 2HY 2077 (ddd,

J=2.2,59, 5.9z, i), 355 (ddd,J=54.5, 4B, 8.7Hz, J('?Diq'i,Bg:(@‘.’Sl,Hb 509

(d, J=9.8Hz, 1H), 5.09 (d, J=10.IHz, 1H), 5.61 (dd, J=9.9, 15.2Hz, 1H), 5.70

(dd, 10.1Hz, 1H), 2.70 (dd, J=2.2, 8.2Hz, 1H), 2.77 (ddd,
J=2.2, 5.9, 5.9Hz, 1H), 3.55 (ddd, J=4.5, 4.5, 8.7Hz,
1H), 3.82 (m, 1H), 5.09 (d, J=9.8Hz, 1H), 5.09 (d,
J=10.1Hz, 1H), 5.61 (dd, J=9.9, 15.2Hz, 1H), 5.70 (dd,
J=8.4, 15.0Hz, 1H), 5.74 (dd, J=9.8, 15.2Hz, 1H), 6.13

15 (brd, J=10.8Hz, 1H), 6.37 (dd, J=10.8, 15.0Hz, 1H);
150MHz '’C-NMR (CD;OD) & (ppm) 10.8, 10.9, 11.9, 16.9,
21.1, 21.7, 24.2, 28.6, 30.4, 31.1, 36.7, 37.5, 40.1,
40.7, 41.7, 42.8, 58.5, 63.0, 70.4, 74.1, 75.3, 80.3,
84.3, 125.8, 127.0, 132.2, 132.4, 141.6, 142.3, 171.8,

20 172.2; IR (KBr) 3447, 2966, 2935, 2875, 1735, 1720,
1458, 1372, 1244, 1175, 1022, 978, 910, 551, 478 cm*;
HRMS C3¢H4NaOg (M+Na') Calcd: 559.3247, Found: 559.3227;
[a]p?’ +7.90 (c 1.10, MeOH)

[0200]

25 Synthesis of a compound analogous to pladienolide B

[Formula 87]




J=8.4, 15.0Hz, 1H), 5.74 (dd, J=9.8, 15.2Hz, 1H), 6.13 15 (brd, J=10.8Hz,
1H), 6.37 (dd, J=10.8, 15.0Hz, 1H); 150MHz 13C-NMR (CD30D) S (ppm)
10.8, 10.9, 11.9, 16.9, 21.1, 21.7, 24.2, 28.6, 30.4, 31.1, 36.7, 37.5, 40.1,
40.7,41.7, 42.8, 58.5, 63.0, 70.4, 74.1, 75.3, 80.3, 84.3,125.8, 127.0, 132.2,
132.4, 141.6, 142.3, 171.8, 20 172.2;4f(KBr) 3447, 2966, 2935, 2875, 1735,
1720, 1458, 1372, 1244, 1175, 1022, 978, 910, 551, 478 cm 1; HRMS
C30HI8NaO8 (M+Na') Calcd: 559.3247, Found: 559.3227; [alD27 +7.90 (c
1.10, MeOHB$0200] 25 Synthesis of a compound analogous to pladienolide
B [For ; TBS o WCL~ANO R1A0,OH O-OTBSOOu u0
'OOH OH R2 0,0 OH 012 0201]

0

e

(0]

+
(o]
H R H
AN
o
w"OMOH
Q12

[0201]

Synthesis of 21-{[tert-

butyl (dimethyl)silyl]loxy}pladienolide B (R2)

This reaction is performed with reference to
5 the litereture (Grubbs, R. H. “Hand book of
Metathesis”, Wiley-VCH, 2003, v. 2, p246-292).

(i) (2s, 38, 4E, 6S, 7R, 10R)-7, 10-
dihydroxy-3, 7-dimethyl-2-[(lE)-1-methylbuta-1, 3-dien-
l-yl]-12-oxooxacyclododec—4-en-6-yl acetate (11.0mg,

10 30.0 pmol) and tert-butyl[((1lS, 2S)-l-ethyl-2{ (2R, 3R)-
3-1(2S)-2-methylbut-3-en-1-yl]oxiran-2-
vllpropyl)oxyldimetylsilane (24.0 mg 76.8 umol) were
dissolved in anhydrous dichloromethane under argon
atmosphere and the second generation Grubbs catalyst;

15 [1, 3-bis-(2, 4, 6-trimethylphenyl)-2-
imidazolidinylidene]dichloro (phenylmethylene) -
tricyclohexylphosphine)ruthenium was added. The

reaction solution was heated to reflux for three hours.



Synthesis of 21-{[tert- butyl(dimethyl)silyljoxy}pladienolide B (R2) This
reaction is performed with reference to 5 the litereture (Grubbs, R. H. "Hand
book of Metathesis", Wiley-VCH, 2003, v. 2, p246-292). (i) (2S, 3S, 4E, 6S,
7R, 10R)-7, 10- dihydroxy-3, 7-dimethyl-2-[(1E)-1-methylbuta-1, 3-dien-
1-yl]-12-oxooxacyclododec-4-en-6-yl G¢étate (11.0mg, 10 30.0 pmol) and

tert-buil((15,,2S):L-ethyl:2((2B: 3R): 3-12S)-2dmethylbut-3:£5:1-ylloxiran-2-
yl}propyl)oxy]dimetylsilane (24.0 mg 76.8 pmol) were dissolved in anhydrous
dichlcrenrethanenmdertargen atmosphers:anddithdsecoaduerteration
Grubbs catalyst; 15 [1, 3-his-(§, 4a6-trimethglpheny]9-2-,f_ 4 14
imida2bfidinylideneltichiBrophenRyimethyiene)yas Purttied by silica
tricyclphexylphesphinerthenivmonas addeds Thereactian sokdien was
heated to reflux for three hours. 147 After the reaction solution was cooled to
roomSterhperatare, iPWastoncehtiited ierler tedatéd lpresshpé.cThe 1 1)

obtained residue was purified by silica_gel Ilfmn hromato ra @i Kanto,
oA 8 B o) SR T4-T00 S Mg iyt St 2 111
to obtaia the title compound (5.1 mg) as a colorless amorphous. 400MHz

iH-NMR (CD30D) S (ppm) 0.12 (s, 6H), 0.86 (t J=7.6Hz, 3H), 0.90 (d,
Jﬂ.ﬂ—?ﬁ%ﬁ) %19%2”{% 557:6R%, gld@ﬁli‘),) 095 (s, 9H), 412 (4, 3%6.8Hz, 3H),

1.23 (5. BH)u 1,227, 78 fmo §H)q 1. 78.(8, 3H), 2539 (S036) %46~ 5-7 . 612,
10 3H), 0.95 (s, 9H), 1.12 (d, J=6.8Hz, 3H), 1.23 (s, 3H),
1.22-1.78 (m, 9H), 1.78 (s, 3H), 2.10 (s, 3H), 2.46-
2.64 (m, 4H), 2.66 (dd, J=2.4, 8.8Hz, 1H), 2.76 (dt,
J=2.4, 6.0Hz, 1H), 3.78-3.86 (m, 2H), 5.00-5.14 (m,
2H), 5.52-5.80 (m, 3H), 6.12 (brd, J=10.8Hz, 1lH), 6.36
15 (dd, J=10.8, 15.2Hz, 1H); LRMS Cs3sH¢NaOgSi (M+Na')
Calcd: 673.41, Found: 673.26.
[0202]
[Total synthesis of pladienolide D]
[Step D1]

20 Methyl-(2E)-3-methyl-5-[(l-phenyl-1-H-tetrazol-5-

yvl)sulfonyl]lpent-2-enoate and ethyl-(2E)-3-methyl-5-

[ (l1-phenyl-1-H-tetrazol-5-yl)thio]lpent-2-enoate

[Formula 88]

0 0
> /\)\)L
HOWLOMe oM

e

NN
s

Methyl (2E)-5-hydroxy-3-
methylpent-2-enoate

Qla




2.64 (m, 4H), 2.66 (dd, J=2.4, 8.8Hz, 1H), 2.76 (dt, J=2.4, 6.0Hz, 1H),
3.78-3.86 (m, 2H), 5.00-5.14 (m, 2H), 5.52-5.80 (m, 3H), 6.12 (brd,
J=10.8Hz, 1H), 6.36 15 (dd, J=10.8, 15.2Hz, 1H); LRMS C36H62NaO8Si
(M+Na') Calcd: 673.41, Found: 673.26. [0202] [Total synthesis of
pladienolide D] [Step DI] 20 Methyl-(2E§-3-methyl-5-[(1-phenyl-I-H-tetrazol-5-
ylsulfonyl]pemZsenoate and ethyl-(2E)-3-methyl-5-
[(1-phenyl-I-H-tetrazol-5-yl)thio]pent-2-enoate [Formula 88] O N-N O Ho- --v
v _ONMeONvy8SIGMes Méthyt (21 FE)-5chdroxy=8 thethyfpenti2-eneate Qla
148 9@93 1-1)Si§£ntbesist%firgethyl-(g )-B-maethyl-5-[gl-phenyl-l-

H-tet enyltetrazole (2.62 g,
14.60 5 mmol), trighenrylphesphine (883 g 4460 pmol) ansh diisopropy]
azodicarboxylate (95%, 2.96 g, 14.60 mmol) were added to a THE (36.8 ml)
s6lutiBRof methyiFRELYS Iyeipexy-3sméethyipe At-2 lenddte{1ole ga7B1

mmol) .while ice cooling. . The reaction solution,wa med tg, 10 foom
o AR L o b AL e T et il o e
with etbykacelate) it was washetbwithmlistillesh watermand briaenAfter tiae -

5-hydroxy-3-methylpent-2-encate (1.16 g, 7.31 mmol)
while ice cooling. The reaction solution was warmed to

10 room temperature and stirred for two hours. After the
reaction solution was diluted with ethyl acetate, it
was washed with distilled water and brine. After the
organic layer was dried over anhydrous sodium sulfate
and the drying agent was filtered off, the organic

15 1layer was concentrated under reduced pressure. The
obtained residue was purified by silica gel column
chromatography (Merck, commercial name Silica Gel 60,
230-400 mesh; hexane:ethyl acetate = 5:1) to obtain the
title compound (2.33 g) as a white solid.

20 400MHz 'H-NMR (CDCl;) & (ppm) 2.22 (d, J=1.2Hz, 3H),
2.70 (t, J=7.2Hz, 2H), 3.54 (t, J=7.2Hz, 2H), 3.70 (s,
3H), 5.70-5.74 (g, J=1.2Hz, 1H), 7.52-7.59 (m, 5H);
100MHz '’C-NMR (CDCls) & (ppm) 18.41, 30.75, 39.68,
50.94, 117.30, 123.73, 129.81, 130.18, 133.46, 153.79,

25 155.84, 166.49; IR (KBr) = 3071, 2991, 2948, 1707,
1648, 1593, 1499, 1437, 1412, 1380, 1226, 1153, 1057,
877, 761, 693, 559, 485, 407 cm'; HRMS CisHi6AgN40,S

(M+Ag") Calcd: 411.0045, Found: 411.0073.



organic layer was dried over anhydrous sodium sulfate and the drying agent
was filtered off, the organic 15 layer was concentrated under reduced
pressure. The obtained residue was purified by silica gel column
chromatography (Merck, commercial name Silica Gel 60, 230-400 mesh;
hexane:ethyl acetate = 5:1) to obtain t€ title compound (2.33 g) as a white
solid. 20 4004z 1H-NMR (CDC13) S (ppm) 2.22 (d, J=1.2Hz, 3H), 2.70 (,
J=7.2Hz, 2H), 3.54 (t, J=7.2Hz, 2H), 3.70 (s, 3H), 5.70-5.74 (q, J=1.2Hz,
1H), 152em5%(M25H); 100MHz 13C-NMR (CDC13) S (ppm) 18.41, 30.75,
39.68, 50.94,117.30, 123.73, 129.81, 130.18, 133,d6, 153.79, 25 155.84,
166.49; IR (KBr) = 30[71, 2991, 2948 1707, 16618 3 14 9 437 1412,

1380, 1226, 14563, a7, 761, 693, 559, 485,40
C14H16AgN402S (M+Ag") Calcd: 411.0045, Fodnd: 411.0073. 149 0204]
[Formula 89] 0 N-N O ~\ }II \ HO"-Av v 'OEt N\ D Ethyl

(2E)-5-hydroxV-3 methylpent-2-enoate Qi b [0205] (1-2) Synthesis of
ethyl-(2E)-3-iathiyyI(BE}5 _Mﬁetrazol-s-yl)thio]pent-eézﬁoate (Qlb) 5
This reactionmethyipeninenaateference to the literatureavhtsunobu, 0.,
Synthesis, 1981, 1-28.).

[0205]

(1-2) Synthesis of ethyl-(2E)-3-methyl-5-[ (1l-phenyl-1-

H-tetrazol-5-yl)thio]lpent-2-encate (Qlb)

5 This reaction was performed with reference to
the literature (Mitsunobu, O., Synthesis, 1981, 1-28.).
5-Mercapto-1l-phenyltetrazole (16.30 g, 91.20 mmol),
triphenylphosphine (27.30 g, 104 mmol) and diisopropyl
azodicarboxylate (95%, 21.10 g, 104 mmol) were added to

10 a THF (410 ml) solution of ethyl-(2E)-5-hydroxy-3-
methylpent-2-enocate (13.80 g, 86.90 mmol) while ice
cooling. The reaction solution was warmed to room
temperature and stirred for four hours. After the
reaction solution was diluted with ethyl acetate, it

15 was washed with distilled water and brine. After the
organic layer was dried over anhydrous sodium sulfate
and the drying agent was filtered off, the organic
layer was concentrated under reduced pressure. The
obtained residue was purified by silica gel column

20 chromatography (Merck, commercial name Silica Gel 60,

230-400 mesh; hexane:ethyl acetate = 5:1) to obtain the



5-Mercapto-l-phenyltetrazole (16.30 g, 91.20 mmol), triphenylphosphine
(27.30 g, 104 mmol) and diisopropy! azodicarboxylate (95%, 21.10 g, 104
mmol) were added to 10 a THE (410 ml) solution of ethyl-(2E)-5-hydroxy-3-
methylpent-2-enoate (13.80 g, 86.90 mmol) while ice cooling. The reaction
solution was warmed to room tempetfattire and stirred for four hours. After
the reaction sglytion,was diluted with.ethyl acetate it 154was washed with
distilled water and brine. After the organic layer was dried over anhydrous
sodiuff 8iifate Handithel dPgihg) ageribwas filte?éd off, the orgamic Riyer was
conceznt%%ted un%ée{}redélc%l pressure, Trhe obztgined3re5$iduet Was_r%ur'fied by
silica gt Colithn 20 ehrfomatograpty (Merék, commetcial nahe 'Silica Gal 60,
230-406 meshi hexgne:ethybacetate: 7,5:4) 1o obtain thers0 fitleacompound
(27.16 g) as a white solid. 400MHz 1H-NMR (CDC13) S (ppm) 1.26 (t,
J57.2042, 3, 12 DOOMH BH) 2 NIOR(t, (FPF 2HZ 2HPER BAYE - 357 21 ; 28H), 4.15
(g, J=¢7,2Hz, 2H), Zggs, H), 7.54:7.59.5 (m, 5H); 100MHz -NMR
(CDC%%)Eg’(pg%jgl%’.o “18.99, 13?05.53, 39.15?3% '559?48,11}%. / 1%%%‘%%\429.61,
129.9833133.331 453681, 155.244 16566, dR; (KBY) 8064 ~238%,4 29393 2903,
2358, 2341, 1713, 1650, 1597, 1500, 1386, 1278, 1222, 1145, 1054, 763,
694 cm-1%y HRMS C£5Ri8AgNO 02516 (MHRY) Caicdr425.8%01 1 EBAnd:

425.0070; [0206] [Formula 9QJsN-N fo3\ HG NeN-OA A\ Oevis ¢, omy 898,058
10 (M+Ag®) Calcd: 425.0201, Found: 425.0170.
[0206]

[Formula 90]

OMe NS OMe

Q
)

=< Q2a

[0207]

(2-1) Synthesis of methyl-(2E)-3-methyl-5-[(l-phenyl-1-

H-tetrazol-5-yl)sulfonyl]pent-2-enocate (Q2a)

15 This reaction was performed with reference to
the literature (Shultz, H.S.; Freyermuth, H.B.; Buc,
S.R., J. Org. Chem., 1963, 28(4), 1140-1140.).

About 30% hydrogen peroxide solution (26.7
ml, 235 mmol) solution of hexaammonium heptamolybdate

20 tetrahydrate (2.91 mg, 2.35 mmol) was added to an

ethanol (150 ml) solution of methyl-(2E)-3-methyl-5-

[ (l1-phenyl-1-H-tetrazol-5-yl)thio]lpent-2-enoate (7.53



N'N~S"vVvIN N N,NS"vv OMe Zt, Qla Q2a 0207] (2-1) Synthesis of
methyl-(2E)-3-methyl-5-[(1-phenyl-I- H-tetrazol-5-yl)sulfonyl] pent-2-enoate
(Q2a) 15 This reaction was performed with reference to the literature (Shultz,
H.S.; Freyermuth, H.B.; Bus, S.R., J. Org. Chem., 1963, 28(4), 1140-1140.).
About 30% hydrogen peroxide solutidr’26.7 ml, 235 mmol) solution of

hexagmmaniym heptamalybdate, 2Q fefrahydrate (2.94409, 2,35 rumol) yyas
added to an ethanol (150 ml) solution of methyl-(2E)-3-methyl-5-

[(1-plenyiid-tetraz ol<buybthiojpentZendater (158,15 g, 226 70 immol) at
room temperature. After stirred for at the same temperature for 12 hours, the
reaction” Solttion Was itited With-&thyT he&tatd Ghd washad with RRstied
waterzanrd brineq After dhe nrgapicilayer wast driegover anhydrous spditg
sulfate and the drying agent was filtered off, the organic layer was
concelta dirdercretiidedysressdial T He bbtdified Nfesidde Waspdrified by
silica%glézglumg ggrlacrggteocgrg Qy (Mjeerck, commcergial name Silica Gel 60,

10 230°4 nV{gsh; hexane:ethyl acetate = ]flgla)nt%) obtain the title compound

(8.24 gyras-a whitesolich Q0 MEtz N MR §EDEZ13) SHppay 224
J=1.2Hz, 3H), 2.79-2.83(m, 2H), 3.71(s, 3H), 3.88-3.92(m,2H), 5.77- 5.78 (q,
J=1.2t57 1Y 7'66-271 tit SH)P100MHZ A 3EENMR T U

chromatography (Merck, commercial name Silica Gel 60,
10 230-400 mesh; hexane:ethyl acetate = 4:1) to obtain the

title compound (8.24 g) as a white solid.

400MHz 'H-NMR (CDCls) & (ppm) 2.24(d, J=1.2Hz, 3H),

2.79-2.83(m, 2H), 3.71(s, 3H), 3.88-3.92(m,2H), 5.77-

5.78 (q, J=1.2Hz, 1H), 7.60-7.71 (m, 5H); 100MHz '°C-NMR
15 (CDCls) & (ppm) 18.25, 32.44, 50.90, 53.59, 117.67,

124.83, 129.51, 131.30, 132.66, 152.97, 165.99; IR

(KBr) = 3102, 3075, 2952, 2913, 1703, 1651, 1495, 1439,

1346, 1238, 1160, 1047, 998, 923, 882, 764, 689, 593,

550, 507, 456, 420 cm'; HRMS Ci4H16AgN404S (M+Ag™) Calcd:
20 442.9943, Found: 442.9929.

[0208]

[Formula 91]
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15 (CDC13) S (ppm) 18.25, 32.44, 50.90, 53.59, 117.67, 124.83, 129.51,
131.30, 132.66, 152.97, 165.99; IR (KBr) = 3102, 3075, 2952, 2913, 1703
1651, 1495, 1439, 1346, 1238, 1160, 1047, 998, 923, 882, 764, 689, 593,
550, 507, 456, 420 cm 1; HRMS C14H16AgN404S (M+Ag’) Calcd: 20
442.9943, Found: 442.9929. [0208] [Fofmula 91]N-NON-NO N,, 30 N'N
N S\OEt QEpd;/1/10 Qlb Q2b 152 0209] (2-2) Synthesis of
ethyl-(2E)-3-methyl-5-[(1-phenyl-I- H-tetrazol-5-yl)sulfonyl] pent-2-enoate
(Q2b) Thi reactiohawas pefformedwithFefereneetty 15 Thé litemierey(Shultz,
H.S.; F_reermuth H B. tLBus S.R. J Or. hem 1963 %8(4) 1140-1140.).
Abo ‘ S peteiad 2] teras) ) solution of
hexaammonlum h@H@J“QU@Q@i%rIW@BYQ@E&%@d“@ A4 Bl WaS + o
added to an 10 ethanol (200 ml) solution of ethyl-(2E)-3-methyl-5-[(1-
pRenye-H-iétrazo1B-§1) tHibpEri-2-Bnoate FI33¢ G 4R 80 mmal) &t foom

tempergture. Aftey stired for at 1 o5 554y, 1140-1140.) .

About 30% hydrogen peroxide solution (47.4

ml, 418.0 mmol) solution of hexaammonium heptamolybdate
tetrahydrate (542 mg, 0.44 mmol) was added to an

10 ethanol (200 ml) solution of ethyl-(2E)-3-methyl-5-[(1-
phenyl-1-H-tetrazol-5-yl)thio]lpent-2-encate (13.31 g,
41.80 mmol) at room temperature. After stirred for at
the same temperature for 12 hours, the reaction
solution was diluted with ethyl acetate and washed with

15 distilled water and brine. After the organic layer was
dried over anhydrous sodium sulfate and the drying
agent was filtered off, the organic layer was
concentrated under reduced pressure. The obtained
residue was purified by silica gel column

20 chromatography (Merck, commercial name Silica Gel 60,
230-400 mesh; hexane:ethyl acetate = 4:1) to obtain the
title compound (12.65 g) as a white solid.
400MHz 'H-NMR (CDCls) & (ppm) 1.29 (t, J=7.2Hz, 3H),
2.24 (d, J=1.2Hz, 3H), 2.78-2.82 (m, 2H), 3.88-3.92 (m,

25 2H), 4.17 (g, J=7.2Hz, 2H), 5.77 (brs, 1H), 7.59-7.71
(m, 5H); 100MHz '’C-NMR (CDCls) & (ppm) 14.22, 18.51,
32.72, 53.93, 59.97, 118.44, 124.95, 129.77, 131.55,

132.88, 152.56, 153.19, 165.81; IR (KBr) = 3077, 3008,



the same temperature for 12 hours, the reaction solution was diluted with
ethyl acetate and washed with 15 distilled water and brine. After the organic
layer was dried over anhydrous sodium sulfate and the drying agent was
filtered off, the organic layer was concentrated under reduced pressure. The
obtained residue was purified by silica’gel column 20 chromatography
(Mercs commepgial name SilieaGeh 69,5 2305400 meshy; hexane ettyl s,
acetate = 4:1) to obtain the title compound (12.65 g) as a white solid.
400MHZ/ 1I—IZI&IMR€(6‘,®C§3)9S (Ppfn) £.29,(t,4347 .27, 3HRMD. 245t s 51 2k,
3H), 278282(@757112 388? %m 25 2H), 41 ?g%%] =7.2Hz, 2H), 5.77
(brs, 1F)7*7.89  Era): 00RIHE T3RINMR { 3) S (ppm) 14.22,
18.51, 32.72; 5893, 59 97, 118.44, 124.95, 129. 77, 131.55, 132.88, 152.56,
153.19, 165.81; IR (KBr) = 3077, 3008, 153 2991, 2906, 1698, 1660, 1495,
134238288, P¥58, 1045, 877 764 689, 589, 550, 508, 454 cm1; HRMS
C18H18AQN404S : .9100,,Fou 45§ 0133.[0210] 5

[(tnetfnylsﬂylé@x}y]decaﬂ5€d4§md@ia[an,rm{daéﬁ}N—NLO" ~\ Ol~ OTESIOI
OTES N'N~S"vv OMe OMe O O _ O Q2a P28 Q3a

[Formula 92]

N—N OTES OTES

N//\\l/\)\/u\ +\/§\)OL_> A OMe

N

X!

n=0

o

Q2a P28 Q3a

[0211]

(1-1) Synthesis of methyl-(2E,5E,7S,8S)-3, 7-dimethyl-8-

10 [ (triethylsilyl)oxyldeca-2,5-diencate (Q3a)

This reaction was performed with reference to
the literature (Blakemore, P.R.; Cole, W.J.; Kociensky,
P.J.; Morley, A., Synlett, 1998, 26-28.).

THEF used at this step was distilled by using

15 1lithium aluminum hydride. In addition, DME was
distilled by using calcium hydride.

0.5M Potassium bis(trimethylsilyl)amide
toluene solution (8.48 ml, 4.24 mmol) was added
dropwise to a DME (40 ml) solution of methyl-(2E)-3-

20 methyl-5-[(l-phenyl-1-H-tetrazol-5-yl)sulfonyl]pent-2-
enocate (1.19 g, 3.53 mmol) at -60°C and the reaction

solution was stirred at the same temperature for 30



[0211] (1-1) Synthesis of methyl-(2E,5E,7S,8S)-3,7-dimethyl-8- 10
[(triethylsilyl)oxy]deca-2,5-dienoate (Q3a) This reaction was performed with
reference to the literature (Blakemore, P.R.; Cole, W.J.; Kociensky, P.J.;
Morley, A., Synlett, 1998, 26-28.). THE used at this step was distilled by
using 15 lithium aluminum hydride. I &tidition, DME was distilled by using

calciym fydride. O5M-Ratassium bistrimethylgilyamide:. {oluene solution
(8.48 ml, 4.24 mmol) was added dropwise to a DME (40 ml) solution of
methyl2RB)<3 20-metigt-5-[1 {pltenyddiH-tetrazdl} Sy spHonyljpent42-. é3oate
(2.19 g, 37.58 mol) at -60C and the reaction solution was stirred at the same

températire for™3t5 154" RinGfesS Sutsdglienty B THE (5 i) Solution of
(2R,38)=2-methyk31l(triethylsibd) oxylpertanab (1.6309n8:06:mMmak was the

added dropwise at -78C and the reaction solution was stirred for two hours.
After ¥ive Strearti6A Solitioh Was wanfied tb TobaPTermperabrs; U distilled water

was agided, Theyreastion sqltionwas dilied With ethyl aggiate and yashed
with brine. After the organic Fayer was dried over an ydrrlous sodium sulfate
and the drying agent was filteeed: offt thex10 organiedayer wasraercentrated
under reduced pressure. The obtained residue was purified by silica gel

columirt f&HrohiftogFasiy AVeRAE TofmerGiaf RamEESilRRIGEF 60 S 230406
mes%@f’%‘é@g%iﬁli‘yéﬁéh%fﬁ;?r%l)a@e%@t%s filtered off, the

10 organic layer was concentrated under reduced pressure.
The obtained residue was purified by silica gel column
chromatography (Merck, commercial name Silica Gel 60,
230-400 mesh; hexane:diethyl ether = 50:1) to obtain
the title compound (1.17 g) as a colorless oil. The

15 title compound was determined to be a mixture of E:Z =
17:1 by 'H-NMR.
400MHz 'H-NMR (CDCls) & (ppm) 0.60 (g, J=8.0Hz, 6H),
0.87 (t, J=7.2Hz, 3H), 0.95 (t, J=8.0Hz, 9H), 0.96 (d,
J=6.8Hz, 3H), 1.35-1.50 (m, 2H), 2.14 (d, J=1.2Hz, 3H),

20 2.25-2.31 (m, 1H), 2.82 (d, J=6.4Hz, 2H), 3.44-3.48 (m,
1H), 3.69 (s, 3H), 5.36 (ddd, J=6.8, 13.6, 15.6Hz, 1H),
5.51 (dd, J=7.6, 15.2Hz, 1H), 5.68(q, J=1.2Hz, 1lH);
100MHz '“C-NMR (CDCls) & (ppm) 5.04, 6.78, 9.35, 15.41,
18.57, 26.65, 41.50, 43.86, 50.48, 77.18, 115.38,

25 124.80, 136.84, 158.86, 166.97; IR (neat) = 2958, 2879,
2352, 2330, 1723, 1e651, 1435, 1219, 1147, 1013, 740 cm”
'; HRMS Ci9H36Ag0OsSi (M+Ag") Calcd: 447.1485, Found:

447.1461; [a]lp?t -22.1 (c 1.10, CHCls).



the title compound (1.17 g) as a colorless oil. The 15 title compound was
determined to be a mixture of E:Z = 17:1 by 1H-NMR. 400MHz 1H-NMR
(CDC13) S (ppm) 0.60 (g, J=8.0Hz, 6H), 0.87 (t, J=7.2Hz, 3H), 0.95 (t,
J=8.0Hz, 9H), 0.96 (d, J=6.8Hz, 3H), 1.35-1.50 (m, 2H), 2.14 (d, J=1.2Hz,
3H), 20 2.25-2.31 (m, 1H), 2.82 (d, J26.2Hz, 2H), 3.44-3.48 (m, 1H), 3.69 (s,
3H), 5.36 (dglgh 96.8, 13.6, 15.6Hz, 1H), 5.51 (dd, J=7.6, 15.2Hz, 1H),
5.68(q, J=1.2Hz, 1H); 100MHz 13C-NMR (CDC13) S (ppm) 5.04, 6.78, 9.35,
15.41[F28187] 26965, 41.50, 43.86, 50.48, 77.18, 115.38, 25 124.80, 136.84,
158.86, 166.97; IR (neat) = 2958, 2879, 2352, 2330, 1723, 1651, 1435,
1219, 1147, 1013, 740 cm 1; HRM&EE19H36Ag03Si (M+AgrrsCalcd:
447.14’85){—.%@@1.14614 [alD21 -%2.1 (c 1.10,,CHC13) 7155 0212} okt
[Formulty 93] N-N O OTES OT “MOIL OEt NSOEt+J0_=0 Q2
P28 q@[ 13] (1-2) Synthesis of ethyl-(2E,5E,7S,8S)-3,7-dimethyl-8-
[(triethyisilyl)oxy]deca-2,5-dienoate (Q3b) 5 This reaction was performed with
reference to a @@bument (BlakemoreRER.; Cole, W.J.; Kociensky, @3B .;
Morley, A., Synlett, 1998, 26-28.).

[0213]

(1-2) Synthesis of ethyl-(2E,5E,7S,8S3)-3, 7-dimethyl-8-

[ (triethylsilyl)oxyldeca-2,5-dienocate (Q3Db)

5 This reaction was performed with reference to
a document (Blakemore, P.R.; Cole, W.J.; Kociensky,
P.J.; Morley, A., Synlett, 1998, 26-28.).

THF used at this step was distilled from
lithium hydride aluminum. In addition, DME was
10 distilled from calcium hydride.
0.5M Toluene solution (64.2 ml) of potassium
bis(trimethylsilyl)amide was added dropwise to a DME
(280 ml) solution of ethyl-(2E)-3-methyl-5-[(l-phenyl-
l1-H-tetrazol-5-yl)sulfonyl]pent—-2-encate (9.0 g, 25.7
15 mmol) at -60°C and the reaction solution was stirred at
the same temperature for 30 minutes. Subsequently a
THE (50 ml) solution of (2R,3S)-2-methyl-3-
[ (triethylsilyl)oxylpentanal (12.0 g, 52.1 mmol) was
added dropwise at -78°C and the reaction solution was
20 stirred for one hour. After the reaction solution was
warmed to room temperature, distilled water was added.

The reaction solution was diluted with ethyl acetate



THE used at this step was distilled from lithium hydride aluminum. In
addition, DME was 10 distilled from calcium hydride. 0.5M Toluene solution
(64.2 ml) of potassium bis(trimethylsilyl)lamide was added dropwise to a
DME (280 ml) solution of ethyl-(2E)-3-methyl-5-[(1-phenyl-
1-H-tetrazol-5-yl)sulfonyl]pent-2-enoat€ (9.0 g, 25.7 15 mmol) at -60C and

the reggliop-selution was glirred at the samefemperature for 30, miputes.
Subsequently a THE (50 ml) solution of (2R,35)-2-methyl-3-

[(triethylsiyl) oxydpentanal {220 go82 dnmsndl} svas addedhdropuwviseat -78C

and the reaction S(f)l_ution was 20fstirr%d for one hour. After the reaction
solutioAWas "RErméd t5roonT termpérstufd, Hstifed #4tér Was added. The

reactiopselution was dildted with etbyl acetate,156 andwashed with brine.
After the organic layer was dried over anhydrous sodium sulfate and the

dfying cageritwas filtered bifcthevrgdnie tayesrwas césieentrated under

reduce@ ressure. Ttﬁe 0 inng 5 residue was purified gjylsilica ehc lumn
Chror e L e B o 330 408 mech
hexaneodietihylmetber; =100:hpto abtainyvthedtile-eompoundi(8.92 gy asaa n

colorless oil. The title compound was determined to be a mixture of E:Z = 10

18:1 by AH-NMR. 200424 HLRMR (@DE13T SSPith) 680 (@ 1=8.01%, 6H),
0.87 (1, J7Z.2Hz, 35 §-92 {dud7 £.6k2, 3H), 9-98 (& 73808z Y .L27 AL,
J=7.2Hz, 3H), 1.36-1.53 (m, 2H),

10 18:1 by 'H-NMR.
400MHz 'H-NMR (CDCls) & (ppm) 0.60 (g, J=8.0Hz, 6H),
0.87 (t, J=7.2Hz, 3H), 0.95 (d, J=7.6Hz, 3H), 0.96 (t,
J=8.0Hz, 9H), 1.27 (t, J=7.2Hz, 3H), 1.36-1.53 (m, 2H),
2.13 (d, J=1.2Hz, 3H), 2.26-2.32 (m, 1H), 2.81 (d,

15 J=6.8Hz, 2H), 3.44-3.48 (m, 1H), 4.14 (g, J=7.2Hz, 2H),
5.36 (ddd, J=6.8, 13.6, 15.2Hz, 1H), 5.51 (dd, J=7.6,
15.2Hz, 1H), 5.67-5.68 (m, 1H); 100MHz '>C-NMR (CDCls;) &
(ppm) 5.05, 6.77, 9.35, 14.11, 15.37, 18.51, 26.67,
41.50, 43.89, 59.18, 77.20, 115.85, 124.88, 136.78,

20 158.38, 166.52; IR (neat) = 2958, 2879, 2362, 2345,
1719, 1650, 1460, 1218, 1144, 1050, 1013, 740 cm'; HRMS

Co0H3sAg03Si (M+Ag™) Calcd: 461.1641, Found: 461.1640;

[] %2 =19.0 (c 2.06, CHC1;).



2.13 (d, J=1.2Hz, 3H), 2.26-2.32 (m, 1H), 2.81 (d, 15 J=6.8Hz, 2H), 3.44-3.48
(m, 1H), 4.14 (q, J=7.2Hz, 2H), 5.36 (ddd, J=6.8, 13.6, 15.2Hz, 1H), 5.51
(dd, J=7.6, 15.2Hz, 1H), 5.67-5.68 (m, 1H); 100MHz 13C-NMR (CDC-13) S
(ppm) 5.05, 6.77, 9.35, 14.11, 15.37, 18.51, 26.67, 41.50, 43.89, 59.18,
77.20, 115.85, 124.88, 136.78, 20 158238, 166.52; IR (neat) = 2958, 2879,
2362, 2345,[§.5ﬂ.g} 1650, 1460, 1218, 1144, 1050, 1013, 740 cm 1; HRMS
C20H38Ag03Si (M+Ag') Calcd: 461.1641, Found: 461.1640; [alD22 19.0 (c
2.06, C1HO13)a15710214] [Formula 94] OTES OTES OMe OH O Q3a 04
[0215] (2-1) Synthesis of (2E,5E,7S,8S)-3,7-dimethyl-8-
[(tnethylsﬂyl)g*&deca 2,5-dien-1-ol (Q4) 5 1M toluene 8_'0_||Elétlon (2.76 ml, 1.76
mmol) of diisobutylaluminumdyydride was added dropvwse to a toluer@_'(6
ml) solutior of methyl-( ,7S,85)-3,7- X

dimethyl-8- [(tnethylsﬂyl)oxﬁdeca 2,5-dienoate (0.22 g, O 64 mmol) at -78C
and the reaction solution was 10 stirred at the same temperature for 30
minutes. The reac@3@solution was diluted with diethyl ethe@%ollowed by
addition of a saturated potassium sodium tartrate tetrahydrate aqueous
solution (1.0[ (rJnZI)lg?d was

(2-1) Synthesis of (2E,5E,75,8S8)-3, 7-dimethyl-8-

[ (triethylsilyl)oxyldeca-2,5-dien-1-0l1 (Q4)

5 1M toluene solution (1.76 ml, 1.76 mmol) of
diisobutylaluminum hydride was added dropwise to a
toluene (6 ml) solution of methyl-(2E,5E,7S,8S)-3,7-
dimethyl-8-[ (triethylsilyl)oxyldeca-2,5-dienoate (0.22
g, 0.64 mmol) at -78°C and the reaction solution was

10 stirred at the same temperature for 30 minutes. The
reaction solution was diluted with diethyl ether,
followed by addition of a saturated potassium sodium
tartrate tetrahydrate aqueous solution (1.0 ml) and was
warmed to room temperature and stirred for two hours.

15 After the organic layer was dried over anhydrous sodium
sulfate and the drying agent was filtered off, the
organic layer was concentrated under reduced pressure.
The obtained residue was purified by silica gel column
chromatography (Merck, commercial name Silica Gel 60,

20 230-400 mesh; hexane:diethyl ether = 8:1) to obtain the
title compound (150 mg) as a colorless oil.

400MHz 'H-NMR (CDCls) & (ppm) 0.60 (g, J=7.6Hz, 6H),



warmed to room temperature and stirred for two hours. 15 After the organic
layer was dried over anhydrous sodium sulfate and the drying agent was
filtered off, the organic layer was concentrated under reduced pressure. The
obtained residue was purified by silica gel column chromatography (Merck,
commercial name Silica Gel 60, 20 230400 mesh; hexane:diethyl ether =
8:1) tg opfaip.the, title sompaund (45@ nglas agologass ol400MHz (.
iIH-NMR (CDC13) 8 (ppm) 0.60 (q, J=7.6Hz, 6H), 158 0.87 (t, J=7.6Hz, 3H),
0.95 (; 08O HZ] BH)! 0336 {t; SI=7AB6HZ;19H), 1.35- 180 ém, 2H), 165 (brs,
3H), 2.24- 2.29 (m, 1H), 2,70 (d, J=6.4Hz, 2H), 3.45 (dd, J=5,6Hz, 1H), 4.16
d, I= '.Zﬁz,(@H)}é.)gz-é.uéo(rg?sH“};zgoé‘l@ﬁ—rz 8kc-AMR (E5C13)'S ()
5.08, 6185, 9.375 15:73,716.083126.72) 41:50; 42:82559:40 7739, 12382,
126.73, 135.25, 138.53; IR (neat) = 3330, 2959, 2875, 1671, 1459, 1419,
1@09,1m%&-quMS&XB%BA@C@@Si M+Ag")°calod: 4193536 SF88nd:
4109. - 1UID21 -23.4 45, .10 3).[0 or OTES
OTES OR O 36 04 [0617] (322 Syntnedis o 1~ 2" 287,
(2E,5E33S8S)-3 ¥sdisnethyk 8+ j¢hethyisilyBery]deeads?, S5zdien;|-al{Q4) 15 1M
toluene solution of diisobutylaluminum

1459, 1419, 1009, 740 cm ~; HRMS CigH3sAg0,Si (M+Ag")
Calcd: 419.1536, Found: 419.1572; [a]ﬁl -23.4 (c 1.45,
10 CHC13).
[0216]

[Formula 95]

[0217]

(2-2) Synthesis of (2E,5E,7S,8S)-3,7-dimethyl-8-

[ (triethylsilyl)oxyldeca-2,5-dien-1-01 (Q4)

15 1M toluene solution of diisobutylaluminum
hydride (52.2 ml, 52.2 mmol) was added dropwise to an
anhydrous diethyl ether (37.5 ml) solution of ethyl-
(2E,5E, 7S,8S)-3, 7-dimethyl-8-[ (triethylsilyl)oxy]deca-
2,5-dienocate (8.92 g, 25.20 mmol) at -78°C and the

20 reaction solution was stirred at the same temperature
for one hour. Methanol (1 ml) and a saturated

potassium sodium tartrate tetrahydrate aqueous solution



hydride (52.2 ml, 52.2 mmol) was added dropwise to an anhydrous diethyl
ether (37.5 ml) solution of ethyl-
(2E,5E,7S,8S)-3,7-dimethyl-8-[(triethylsilyl)oxy]deca- 2,5-dienoate (8.92 g,
25.20 mmol) at -78C and the 20 reaction solution was stirred at the same
temperature for one hour. Methanol ¢Pfl) and a saturated potassium
sodiup taytrats tetrahydrate aqueoussolution 159 (9,3, mbere,added to the
reaction solution, and the mixture was warmed to room temperature and
stirred for twe hewur sy After dthe organic layeprwastdried ever drhydedug or
sodium sugate and tg% dr¥in hagent was 5 f%tered off, thg1 orggnic Ia¥er was
concenifated tnder rédiced Presdiid The dhitaielfresidie Wad parified by
silica gel geluns chyematography-Merck, eammercialy name Silica:Gel 60,
230-400 mesh; hexane:diethyl ether = 8:1) to obtain the title compound (3.84
gPas &l 10 eofstlesstoil. tH1s- VR data oRtHRCtitle BoATputRtl Tbtgihed e 2-2)

is comgl l;[glé/ didenteicalutroethos%of tI}eREtitie ggm ouinéjuobtvg;lir%ed b¥i(§i1e)d by
[0218]] fgtep D§f1§ %ynthesis of {f ,%RYS- - Zelf,4 ,§S)-%-h;?dlroxy-4-
methylhept-2-er-11-yih-Bamethyloxitan<2yyBmethyhérxiethylbenzeresulfonate
[Formula 96] OTES OTES O OH = OH 04 05
name Silica Gel 60, 230-400 mesh; hexane:diethyl ether
= 8:1) to obtain the title compound (3.84 g) as a
10 colorless oil. 'H-NMR data of the title compound
obtained by (2-2) is completely identical to those of
the title compound obtained by (2-1).
[0218]
[Step D3]

15 Synthesis of {(2R,3R)-3-[(2E,4S5,5S)-5-hydroxy—-4-

methylhept-2-en-1-yl]-3-methyloxiran—-2-yl}methyl 4-

methylbenzenesulfonate

[Formula 96]

QTES ?TES o)

N A~ OH ——» \V/\%/§§/~j/*\/OH

Q4 Qs

[0219]

(1) Synthesis of (2R,3R)-3-methyl-3-{(2E,4S,5S)-4-

20 methyl-5-[(triethylsilyl)oxy]hept-2-en-1-yl}oxiran—-2-

yl)methanol (Q5)

This reaction was performed with reference to

the literature (Katsuki, T.; Sharpless, K.B., J. Am.



[0219] (1) Synthesis of (2R,3R)-3-methyl-3-{(2E,45,55)-4- 20
methyl-5-[(triethylsilyl)oxy]hept-2-en-1-yl}oxiran-2- yl)methanol (Q5) This
reaction was performed with reference to the literature (Katsuki, T.;
Sharpless, K.B., J. Am. 160 Chem. Soc., 1980, 102, 5976-5978. Gas, Y.;
Hanson, R.M.H.; Klunder, J.M.; Ko, é?@.; Masamune, H.; Sharpless, K.B.,

ibid., 4987, 109.5765:5%80.). (), Distilled apfydrous, dichioromethane (22 mi)
was 5 added to activated molecular sieves 4A powder (880 mg) under Ar
atmosphere. and thegetutioh.Was cooled t& - 30C: Subseguehtly, after diethyl

(-)-tartrate (2.01 ml, 11.7 mmol) and titanium tetraisopropoxide (2.32 ml,
7.89 MHGH Were addéd fo the e‘dct%on%s?dlu%i%’un5d7e6rp5fogs7tgi3r9ihb'and the

mixtuye was; stirred dar five, minytes, 1a dichlormethane (dmixsolutien of
(2E,5E,7S,8S)-3,7- dimethyl-8-[(triethylsilyl)oxy]deca-2,5-dien-l-ol (1.76 g,
563 AftA6H wWes adtéd repwisel Sfterstirfdd Tors3d Amitiite s roNIStedt-Baty |

hydropergxide, degane, splufion 15 (2.26 ol 11,20 mmol) was added, _
dropwise to the reaction solution over 15 minutes. Then the Teaction
solutisn°was stiireckatithe: Sgimestemperaturenfpr further sebhots. (Distilled
water (5 ml) was added to the reaction solution and it was filtered through 20

celite™Fhe'filtraté"Was diRREd WittR BHHYT akstdte t §RRWwasHed Rith“distldd -
water,and brine; After the jgraanic layerwas dried gver anhydrgus sedium

sulfate
10 stirring and the mixture was stirred for five minutes,

a dichloromethane (4 ml) solution of (2E,5E,7S,8S)-3,7-
dimethyl-8-[ (triethylsilyl)oxyldeca-2,5-dien-1-0l1 (1.76
g, 5.63 mmol) was added dropwise. After stirred for 30
minutes, 5M tert-butyl hydroperoxide decane solution

15 (2.26 ml, 11.20 mmol) was added dropwise to the
reaction solution over 15 minutes. Then the reaction
solution was stirred at the same temperature for
further 1.5 hours. Distilled water (5 ml) was added to
the reaction solution and it was filtered through

20 celite. The filtrate was diluted with ethyl acetate
and washed with distilled water and brine. After the
organic layer was dried over anhydrous sodium sulfate
and the drying agent was filtered off, the organic
layer was concentrated under reduced pressure. The

25 obtained residue was purified by silica gel column
chromatography (Kanto, commercial name Silica Gel 60N,
40-100 um; heptane:ethyl acetate = 5:1) to obtain the

title compound (1.69 g, 90% de) as a colorless oil.



and the drying agent was filtered off, the organic layer was concentrated
under reduced pressure. The 25 obtained residue was purified by silica gel
column chromatography (Kanto, commercial name Silica Gel 60N, 40-100
pm; heptane:ethyl acetate = 5:1) to obtain the title compound (1.69 g, 90%
de) as a colorless oil. 161 The measlfément of optical purity of the title

comppund, was perfarmed by converting ihe tifle compaupddo. compound
{(2R,3R)-3-[(2E,4S,5S)-5-hydroxy-4-methylhepta-Zen-1-

yl]-3-mrethylexiranzyllnethypid~emethytberirenesulfenatend QW and
determir;l:igglg bRlej LC élsin achiral column O%QQI_CEL commerci_abl name
CHIRALPAR AD-H,  Feanei&spropyt &itaHol 00 (1 Bisiled
anhygroussdighlosomethane (22 yl) was, added:to-activatgddnelecutassieves
4A powder (500 mg) 10 under Ar atmosphere and the solution was cooled to
30C. Subseguendyafter isbpropyl ERidrtrate (¢202Chilre be-mhnst) and

ttaniypteligieoniopaxide (0,189, 1.9, 640 mmol) yege added o the
reaction solution _under stirring and the mixture was stifred for five 15
minutesx ardichlospmethane (3 saldp sokuteon: o) .
(2E,5E,7S,8S)-3,7-dimethyl-8-[(triethylsilyl)oxy]deca- 2,5-dien-I-ol (1.0 g, 3.20
mmol) Wwds Bdaed dropwise Y After $tifted for SOMmimtites, ShPtert-butit s

hydroperoxide decane, selution 128 ml, 6 36.mmol) was, 20 addeg dropyyise

to the reaction solution over 15 minutes. Then the reaction solution was
strred at¢he Asametenyperaturerfor finther2 howrs. Distilledwaterto -

30°C. Subsequently, after isopropyl (-)-tartrate (0.202
ml, 0.96 mmol) and titanium tetraisopropoxide (0.189
ml, 0.640 mmol) were added to the reaction solution
under stirring and the mixture was stirred for five

15 minutes, a dichloromethane (3 ml) solution of
(2E,5E,7S,8S8)-3, 7-dimethyl-8-[ (triethylsilyl)oxy]deca-
2,5-dien-1-0l1 (1.0 g, 3.20 mmol) was added dropwise.
After stirred for 30 minutes, 5M tert-butyl
hydroperoxide decane solution (1.28 ml, 6.36 mmol) was

20 added dropwise to the reaction solution over 15
minutes. Then the reaction solution was stirred at the
same temperature for further 2 hours. Distilled water
(5 ml) was added to the reaction solution and it was
filtered through celite. The filtrate was diluted with

25 ethyl acetate and washed with distilled water and
brine. After the organic layer was dried over
anhydrous sodium sulfate and the drying agent was

filtered off, the organic layer was concentrated under



(5 ml) was added to the reaction solution and it was filtered through celite.
The filtrate was diluted with 25 ethyl acetate and washed with distilled water
and brine. After the organic layer was dried over anhydrous sodium sulfate
and the drying agent was filtered off, the organic layer was concentrated
under 162 reduced pressure. The obtéified residue was purified by silica gel
colunmn ghromatography (Kanig,.commergiak %@Ed%@cm%g%f&%%
pm; heptane:ethyl acetate = 5:1) to obtain the title compound (925 mg, 82%
de) as &l5 colordssooil.uline pleasuwrenwragioptiCah paritycofutke titlel
compound was performed Bﬁ co%g%né; the tjtle %omgqugg to fate -
{(2R 3RJ3-[(2E45-557-5-Rylroxy 4 0 Hm/ heptans:ethyl acetate =
methylhepta-£emtyln3methylaxitan-2rdhuethyl 42 methylbenzenesulfenate
(Q7) and determining by HPLC 10 using a chiral column (DAICEL,
cOmneeretal ifdifie cCCHIRALIPARRBIH cRexane isoprdpylealcBhs k£ 90°£0).
400MHz 1 .-NMRé(CDSOD S‘é m) 0.67 (9. J=8.0Hz, 6H), .0.93.(t, J=7.6Hz,
3. 165 G I8 SHIPA B S b o ohh 5 Sk 14 7 5 (.
2H), 228115 230 i 3H)o 2. Q2 (B RI-48,[ 6 2t 4 <L H)5 3-56 gt rd=5.64 -
6.0Hz, 1H), 3.63 (dd, J=6.0, 12.0Hz, 1H), 3.75 (dd, J=4.8, 12.0Hz, 1H), 5.13
(dt, 2P UE6RZ AT 557 tdd 20= 7 67 15%Hz 2THY: R00NMRZ¥3CNMR
(CD30D);3 1(PRM)6:14, 743,285, 46,39, 1705 27,91 #4279, 20,42:99,
61.68, 61.72, 63.68, 78.70, 125.23, 138.18; IR (neat) = 3422, 2959, 2877,
145913239, $103,11016,cAA0mem MAHRMS Ci8HBEAdOBSi{M+Ag") Calcd:
435.1485, Found: ,

CHIRALPAK AD-H, hexane:isopropyl alcohol = 90:10).

400MHz 'H-NMR (CDsOD) & (ppm) 0.67 (g, J=8.0Hz, 6H),

0.93 (t, J=7.6Hz, 3H), 1.02 (d, J=6.8Hz, 3H), 1.03 (t,

J=8.0Hz, 9H), 1.29 (s, 3H), 1.45-1.58 (m, 2H), 2.23-

15 2.35 (m, 3H), 2.97 (dd, J=4.8, 6.4Hz, 1H), 3.56 (dt,
J=5.6, 6.0Hz, 1H), 3.63 (dd, J=6.0, 12.0Hz, 1H), 3.75
(dd, J=4.8, 12.0Hz, 1H), 5.13 (dt, J=7.2, 15.6Hz, 1H),
5.57 (dd, J=7.6, 15.6Hz, 1H); 100MHz “C-NMR (CDs;OD) &
(ppm) 6.14, 7.43, 9.85, 16.39, 17.05, 27.91, 42.79,

20 42.99, 61.68, 61.72, 63.68, 78.70, 125.23, 138.18; IR

(neat) = 3422, 2959, 2877, 1459, 1239, 1103, 1016, 740

cm™'; HRMS CigHseAgOsSi (M+Ag') Calced: 435.1485, Found:

435.1492; [a]lp®t -15.1 (c 2.14, MeOH) (90% de).



435.1492; [C6] D21 -15.1 (c 2.14, MeOH) (90% de). 163 0220] [Formula 97]
OTES 011, OTES 011. OH =0Ts 10 05 06 [0221] (2) Synthesis of
(2R,3R)-3-methyl-3-{(2E,4S,5S)-4-
methyl-5-[(triethylsilyl)oxy]hept-2-en-1-yl}oxiran-2 5 yl)methyl
4-methylbenzenesulfonate (Q6) Triettyfamine (1.86 ml, 12.90 mmol), 4-
dimethylaminepygidine (23.7 mg, 0.19 mmol) and p- toluenesulphonyl
chloride (493 mg, 2.59 mmol) were added to a dichloromethane (9 ml)
solutibRaaf(@Ra3RY 10 3-methyl-3-{(2E,45,55)-4-methyl-5-
[(triethylsilyl)oxy]hept-2-en-1-yl}oxiran-2-yl)methanol (425 mg, 1.29 mmol,
90% de) at rédffPtempegature. The reaction solution W&$ stirred,at the same
temperat _ urs~Aftér theteactidn solutierh wassditited 15-Rfth
ethyl acetate, itwas washed with distilled water and brine. After the organic
layer was dried over anhydrous sodium sulfate and the drying agent was
filtered off, the organ@3ayer was concentrated under reduce@@ressure. The
obtained residue was purified by 20 silica gel column chromatography
(Kanto, commerial name Silica Gel 60N, 40-100 pm; heptane:ethyl acetate

= 151)too 1 mg, 90% de) as a colorless oil.
The méast : 5 pethyl-3-{ (2E, 4S,5S) —4-

5 vyl)methyl 4-methylbenzenesulfonate (Q6)

Triethylamine (1.86 ml, 12.90 mmol), 4-
dimethylaminopyridine (23.7 mg, 0.19 mmol) and p-
toluenesulphonyl chloride (493 mg, 2.59 mmol) were
added to a dichloromethane (9 ml) solution of (2R, 3R)-

10 3-methyl-3-{(2E,4S,5S)-4-methyl-5-
[ (triethylsilyl)oxylhept-2-en-1-yl}oxiran-2-yl)methanol
(425 mg, 1.29 mmol, 90% de) at room temperature. The
reaction solution was stirred at the same temperature
for two hours. After the reaction solution was diluted

15 with ethyl acetate, it was washed with distilled water
and brine. After the organic layer was dried over
anhydrous sodium sulfate and the drying agent was
filtered off, the organic layer was concentrated under
reduced pressure. The obtained residue was purified by

20 silica gel column chromatography (Kanto, commercial
name Silica Gel 60N, 40-100 um; heptane:ethyl acetate =
15:1) to obtain the title compound (641 mg, 90% de) as

a colorless 0il. The measurement of optical purity of



the title compound was performed by converting the title compound to
{(2R,3R)-3-[(2E,4S,5S)-5-hydroxy-4-
methylhept-2-en-1-yl]-3-methyloxiran-2-yl}methyl 4- methylbenzenesulfonate
(Q7) and determining by HPLC 5 using a chiral column (DAICEL, commercial
name CHIRALPAK AD-H, hexane:isépfopyl alcohol = 90:10). 400MHz

1H-NMR (€D30D), & hom%@(qgér%%gﬁ QKL 477 8H3,,3H),
0.99(d, j=7.2Hz, 3H), 1.02 (t, J=8.0Hz, 9H), 1.21 (s, 3H), 1.40-1.56 (m, 2H),

2.15 102135 (i3H) @ 50 (<, (BiR), R02 {dd, 3&4@5589125&@)@3@@
3=5.2, 60th1H%§10(de6 11.2Hz, 1H), éﬁl\]48 11 2Hz,
1H), 3779280, T8 6H2' 1H)> 555 {od. oIS 6“ 2 "% 56 (ddd,

J=1.052:0,,/6 1852 &) 1185 £dd.I=1 6) 68tdz.o15 2H)i 40N Hz, 136:NMR
(CD30D) S (ppm) 6.11, 7.51, 9.90, 16.44, 17.20, 21.73, 27.87, 42.11, 42.92,
59.453161085 2 79233 278.541 upn 6PAFE:07, %qu@lmalf@s 53, 146.44:

[a]pZéggRZ%g J%% q§ n%221] Formul 6—| %&} OTs =
OTs 223] (3) Synthesis 0 F(EIQ-%R) % E 4S 5S)-5-hydroxy-4-
methylbepi2-en-1nyH-3-onethyloxiban=ylimetlay &, methylbenzeresylfonate
(Q7) 165 (|) To a THE (2 mlzlsolutlon of (2R 3R) -3- methﬁl 3-
j 7.6Hz ’ 99 (d, .2Hz ’
J=8.0Hz, 9H), 1.21 (s, 3H), 1.40-1.56 (m, 2H), 2.15-

10 2.35 (m, 3H), 2.50 (s, 3H), 3.02 (dd, J=4.8, 6.8Hz,
1H), 3.54 (dt, J=5.2, 6.0Hz, 1H), 4.10 (dd, J=6.8,
11.2Hz, 1H), 4.27 (dd, J=4.8, 11.2Hz, 1H), 5.37 (dt,
J=8.0, 15.6Hz, 1H), 5.53 (dd, J=8.0, 15.6Hz, 1H), 7.50
(ddd, J=1.0, 2.0, 6.8Hz, 2H), 7.85 (dd, J=1.6, 6.8Hz,

15 2H); 100MHz *’C-NMR (CDsOD) & (ppm) 6.11, 7.51, 9.90,
16.44, 17.20, 21.73, 27.87, 42.11, 42.92, 59.45, 61.85,
70.33, 78.54, 124.60, 128.97, 131.07, 134.19, 138.53,
146.44; [o]p*" +2.70 (c 2.10, MeOH).

[0222]

[Formula 98]

OTES o) OH 0,
\/M/\/OTS _— \/'\:/W\/OTS
Q6 Q7
20 [0223]

(3) Synthesis of {(2R,3R)-3-[(2E,4S,5S)-5-hydroxy—-4-

methylhept-2-en-1-yl]-3-methyloxiran—-2-yl}methyl 4-

methylbenzenesulfonate (Q7)




{(2E,4S,5S)-4-methyl-5-[(triethylsilyl)oxy]hept-2-en-1- yl}oxiran-2-yl)methyl
4-methylbenzenesulfonate (440 mg, 0.91 mmol, 90% de), 1M hydrochloric
acid agueous 5 solution (0.1 ml) was added at room temperature and the
reaction solution was stirred at the same temperature for one hour. After the
reaction solution was diluted with ethy? acetate, it was washed with distilled

water  andhyine rAfter the,organis Jayerwas drisd over K0 anhydrous sodium
sulfate and the drying agent was filtered off, the organic layer was

concentfatediSurider- tedudtéd pressuter Thelobtained nesidué wraspurfied by
silica gel column chromatography (Kanto, commercial name Silica Ggl 60N,
40-16%16%%%%%?ane?é%ﬁ§‘leach ate’="15-2%) 16 bt the it Eompound (334
mg, A% de)asia oolorlgss ol lheeptical pyFity: was:detegmingd by HPLC
using a chiral column (DAICEL, commercial name CHIRALPAK AD-H,
héxareisoprepyl(&lcbhBl: 9 $0RJHpThetitlecedmpouRgrature and the

({(2R3R):3-[(ZE.4S,59)-5; 20 .
hychogE ety ha 2 e L3 S odanas g rer seure
4-mettytbenzenesutfonate) (B50-myg, 82% de)nwas purified by HRLCwsHag a
preparative chiral column (DAICEL for fractionation, commercial name

CHIRALPARTAD. 555 fim heXare 1opiopylalcohdr < og: 16w 25
rate 10,mb/,min) andythe.fitle gompound; (634.mg, >99% sde)was.phtained as

a colorless oil. In addition, a- epoxy isomer thereof (38 mg, >99% de) was

obtained aséra wolededsvil s166 2Q7: 400MHz 1¢H=-NMRB (@R30DY) Ss(ppm)

(197'gi%i2§%252359’ the organic layer was concentrated under

'
reduced pressure. The obtained residue was purified by
silica gel column chromatography (Kanto, commercial
name Silica Gel 60N, 40-100 Um; heptane:ethyl acetate =

15 2:1) to obtain the title compound (334 mg, 90% de) as a
colorless o0il. The optical purity was determined by
HPLC using a chiral column (DAICEL, commercial name
CHIRALPAK AD-H, hexane:isopropyl alcohol = 90:10).

(ii) The title compound ({(2R,3R)-3-[(2E,4S,5S)-5-

20 hydroxy-4-methylhept-2-en-1-yl]-3-methyloxiran-2-
yllmethyl 4-methylbenzenesulfonate) (850 mg, 82% de)
was purified by HPLC using a preparative chiral column
(DAICEL for fractionation, commercial name CHIRALPAK
AD, 20X250 mm, hexane:isopropyl alcohol = 90:10, flow

25 rate 10 mL/ min) and the title compound (634 mg, >99%
de) was obtained as a colorless oil. In addition, B—

epoxy isomer thereof (38 mg, >99% de) was obtained as a

colorless oil.



1.04 (d, J=6.8Hz, 3H), 1.21 (s, 3H), 1.29-1.38 (m, 1H), 1.53-1.63 (m, 1H),
2.14-2.30 (m, 3H), 2.50 (s, 3H), 3.03 (dd, J=4.4, 6.8Hz, 1H), 3.25-3.29 (m,
1H), 4.10 5 (dd, J=6.8, 11.2Hz, 1H), 4.28 (dd, J=4.4, 11.2Hz, 1H), 5.38 (dt,
J=6.8, 15.6Hz, 1H), 5.49 (dd, J=8.0, 15.6Hz, 1H), 7.50 (dd, J=1.0, 8.4Hz,
2H), 7.85 (ddd, J=2.0, 2.0, 8.4Hz, 2H)°3200MHz 13C-NMR (CD30D) S (ppm)

10.64, 716 b8y, 104 2k:562, £&33p #1596 gﬁ?l@ 59:01,62.0157100.43y) |
77.63, 124.85, 129.00, 131.13, 134. 15 138.80, 146.65; iR (neat) = 3386,
2976,2938,(2924-2562,21933)) 159971454, 1359, 1173 91095,506T,, 866} ,

782, 267 5? 1 HRMS C19H2 N 05S (M+Na) g:alcd 391.1555,
Found: 391" 1§ (D50 +2.82(¢164; IQ/IeEﬂH) 18 36y iSdmet (lsomer of

Q7): 400MHz 4 H- UMR ACD30R),S (ppm) ©.98 (13 J=7.6Mz, 3H),,1.041(d,
J=6.8Hz, 3H), 1.21 (s, 3H), 1.27-1.42 (m, 1H), 1.53-1.65 (m, 1H), 2.13-2.31
(R, 3K92.50; BH)L 3.031¢dd, 1124.84 628HEIEH)I32343. 311 (RHEH) 1410

P AR B SRR IR,

15.6 Hz, 1H (dd, J 8.0Hz

(m, 2iH).) [0224} o[Step D4j=25 Synthesis DfZH 7.85 (ddd, J=2.0,
(1R)-1,2-anhydro-3,5-dideox ,25)-2-

hydro?xy 1- rﬁetﬁﬂ]utﬁﬂ[—@ Cl\g W’fsﬁ) er§ﬂwppeﬁﬁé@@678 [FERTIaI99PS H O |

OHOB. 58, 17.10, 21.62, 28.31, 41.96, 44.21, 59.51, 62.01,

10 70.43, 77.63, 124.85, 129.00, 131.13, 134.15, 138.80,
146.65; IR (neat) = 3386, 2976, 2958, 2924, 2502, 1933,
1599, 1454, 1359, 1173, 1095, 967, 866, 782, 667, 554
cm™'; HRMS Ci9HgNaOsS (M+Na*) Calcd: 391.1555, Found:
391.1550; [0]p®® +2.82 (cl.04, MeOH).

15 PB-epoxy isomer (isomer of Q7): 400MHz 'H-NMR (CDsOD) &
(ppm) 0.98 (t, J=7.6Hz, 3H), 1.04 (d, J=6.8Hz, 3H),
1.21 (s, 3H), 1.27-1.42 (m, 1H), 1.53-1.65 (m, 1H),
2.13-2.31 (m, 3H), 2.50 (s, 3H), 3.03 (dd, J=4.8,
6.8Hz, 1H), 3.23-3.31 (m, 1H), 4.10 (dd, J=6.8, 11.6Hz,

20 1H), 4.28 (dd, J=4.8, 11.6Hz, 1H), 5.38 (dt, J=7.2,
15.6Hz, 1H), 5.49 (dd, J=8.0, 15.6Hz, 1H), 7.50 (dd,
J=0.8, 8.0Hz, 2H), 7.85 (m, 2H).

[0224]
[Step D4]

25 Synthesis of (1R)-1,2-anhydro-3,5-dideoxy-1-[ (1R, 2S)-2—-

hydroxy—-1l-methylbutyl]-4-C-vinyl-D—erythro-pentitol




OTs OTs 07 08 [0225] (1) Synthesis of 5,6:8,9-dianhydro-1,2,4,7-tetradeoxy-
4,8-dimethyl-10-0-[(4-methylphenyl)sulfonyl]-D-threo-D- galacto-decitol (Q8)
5 This reaction was performed with reference to the literature (Wang, Z., -X.;
Tu, Y.; Frohn, M.; Zhang, J.-R.; Shi, Y., J. Am. Chem. Soc., 1997, 119,
11224-11235. Wang, Z., -X.; Tu, Y.; Bfohn, M.; Zhang, J.-R.; Shi, Y., J. Org.

Chem.y 19973 6272328-2329.). 10 (i)
{(2R,3R)-3-[(2E,4S,5S)-5-hydroxy-4-methylhept-2-en-

1-yl]-3-methy®kiran-2- yt}met | 4- methylbenzenesufbnatg(2.82 g, 7. 64
mmol, 89MW |?1 acetonitrife (80. MD\&&WV
ethylenediaminetetraacetic acid disodium salt solution 15 (53.4 'ml) of 0.05M
sodium tetraborate decahydrate.

1,2:4,5-di-0-isopro l}dene D-erythro-2,3-hexodiuro- 2,6- PyrgjPse (.97 g,
7.64 mmol) was a while ice cooling. Subsequently, a mmxed powder of
potassium 8 te (12.70 g, 91.80 mmol) and oxone (14.10 g, 20 22.93
mmol) were added at the same temperature over four hours. The reaction

solution)way stirrediat the samsstemperatureifos-anather, houe tkheleeagtion
solutlon was dlluted Wlth ethyl(acetate and Wash(-‘s-d Wlth 168 ]dIStI”ed water

and tggpgxlpg @SSE_‘E%\@S ge>red off, theorganlc Iayer was

5 This reaction was performed with reference to
the literature (Wang, 2., -X.; Tu, Y.; Frohn, M.;
Zhang, J.-R.; Shi, Y., J. Am. Chem. Soc., 1997, 119,
11224-11235. Wang, Z., —-X.; Tu, Y.; Frohn, M.; Zhang,
J.-R.; Shi, Y., J. Org. Chem., 1997, 62, 2328-2329.).

10 (1) {(2R,3R)-3-[(2E, 4S5,5S)-5-hydroxy—-4-methylhept-2-en-
l-yl]-3-methyloxiran-2-yl}methyl 4-
methylbenzenesulfonate (2.82 g, 7.64 mmol, 89% de) was
dissolved in acetonitrile (80.8 ml) and 0.4mM
ethylenediaminetetraacetic acid disodium salt solution

15 (53.4 ml) of 0.05M sodium tetraborate decahydrate.
1,2:4,5-di-0O-isopropylidene-D—-erythro-2, 3-hexodiuro-
2,6-pyranose (1.97 g, 7.64 mmol) was added while ice
cooling. Subsequently, a mixed powder of potassium
carbonate (12.70 g, 91.80 mmol) and oxone (14.10 g,

20 22.93 mmol) were added at the same temperature over
four hours. The reaction solution was stirred at the
same temperature for another hour. The reaction

solution was diluted with ethyl acetate and washed with



concentrated under reduced pressure. The obtained 5 residue was purified
by silica gel column chromatography (Kanto, commercial name Silica Gel
60N, 40-100 pm; heptane:ethyl acetate = 3:1 -3 2:1) to obtain the title
compound (2.57 g, 81% de) as a colorless oil. The optical purity was
determined by HPLC using a 10 chirdl©lumn (DAICEL, commercial name

CHIRALRAKAR-H. hexang:isapropy! algohal = 80:20).-guhseauently, it, was

recrystallized with a mixed solvent of hexane- diethyl ether and the title
compdungd(1052 g) vay abtamesioas arcalodéss prisnvictystalcofa simgle 15
diastereomer g99f% de% g% { ZEIRE,SFQE);‘S-[gZE, 4S, 1
5S)-52Rydroxy4-miethyiHept-22 en- 151 35h et IGKiran-2-y ffigthyl 4-
methylbenzenesulfonated00-0g. 420 pragh 329% de)avasdisselyed in

acetonitrile (20.1 ml) and 0.4mM 20 ethylenediaminetetraacetic acid disodium
salt sbiAigt €133 M sie.05M RBdRim t€ftaB6rate teseahydrate.

1,2:4 %di-o-i Qpro Hde -D-erythro-%ﬂs-hex@iuro- 2,6-pyrano e£4 ng,
190 Sl AT SAAA TR e8! cooTs Seieily A Red Sowdarof
potassin®@b parbanaie {3<15gh22.&nwmal and oxane+43501g, 5 lowaaoh)
were added at the same temperature over four hours. The reaction solution

was fafthel Stifed ™ B EdmE tetripEratlre’fdtonetRotr. SR FdadiorP 169
solutipnwas diluted with iyl acetate and washed with disilled water and

brine. After the organic layer was dried over anhydrous sodium sulfate and

tHe dofidgal column (DAICEL, commercial name CHIRALPAK AD-H,
hexane:isopropyl alcohol = 80:20). Subsequently, it
was recrystallized with a mixed solvent of hexane-
diethyl ether and the title compound (1.52 g) was
obtained as a colorless prism crystal of a single

15 diastereomer (>99% de).
(ii) {(2R,3R)-3-[(2E, 4S, 5S)-5-hydroxy-4-methylhept-2-
en-1-yl]-3-methyloxiran-2-yl}methyl 4-
methylbenzenesulfonate (700 mg, 1.90 mmol, >99% de) was
dissolved in acetonitrile (20.1 ml) and 0.4mM

20 ethylenediaminetetraacetic acid disodium salt solution
(13.3 ml) of 0.05M sodium tetraborate decahydrate.
1,2:4,5-di-0O-isopropylidene-D—-erythro-2, 3-hexodiuro-
2,6-pyranose (489 mg, 1.90 mmol) was added while ice
cooling. Subsequently, a mixed powder of potassium

25 carbonate (3.15 g, 22.8 mmol) and oxone (3.50 g, 5.71
mmol) were added at the same temperature over four
hours. The reaction solution was further stirred at

the same temperature for one hour. The reaction



agent was filtered off, the organic layer was 5 concentrated under reduced
pressure. The obtained residue was purified by silica gel column
chromatography (Kanto, commercial name Silica Gel 60N, 40-100 pm;
heptane:ethyl acetate = 3:1 -3 2:1) to obtain the title compound (331 mg,
88% de) as a colorless oil. 10 The optieal purity was determined by HPLC

usinga, clyiral column{ PAIGEL . commergial name GHIRA PAKARH ;i tn
hexane:isopropyl alcohol = 80:20). 400MHz 1H-NMR (CD30D) S(ppm)

0.98(d i [=71.2Mzd 3k £ ©:09(tdIH7 Bz, 3H)E 1627-1036(nobiH),cl.32y(sr 3HY 5
15 1.48-1.61 (m, 2H), 1.67 (dd, J=6.8, 14.4Hz, 1H), 1.80 (dd, J=4.8, 14.4Hz,
1H), 25058, S 2710, 355,408 0125 T H) 22 8522 8 (M, 1THY, 310 (dd,
3=4.4, 6z, AH) 3152 £dt 5418, 8.0512, Ak 412 (ddbJ56:4, 11.2Hz, TH),
4.31 (dd, J=4.4, 11.6Hz, 1H), 7.44 (dd, 20 J=1.0, 8.0Hz, 2H), 7.86 (dd, J=2.0,
8 AHECTIHR TES 7 LY, Jde0, 8 athcaH )P oo e 13C-NMRYED36B) S
(PPm). 1S(Jl.§5é197385, 17.%,%%.6‘@, 28,55, 41.82, 42,36, 55.43, 60.18, 60.63,
61.63,70.17, 75.15,129.00, 131,13, 134.04.146.66; IR (KBr) = 3389, 2976,
2957 283325 J923, 1508, 1454, 2359-148811173,1699,1969,:866,6 815,
669, 557, 507 cm 1; HRMS C19H28AgO6S (M+Aq') Calcd: 491.0658,
Found®29? 0888 A3 0925 {¢ 1.00°MaEH)~ (3999% de¥. 170 to2286 a1 n

[FOVWHH@]éEHf%Hégéﬁéﬁﬂéj(331 mg, 88% de) as a colorless oil.

10 The optical purity was determined by HPLC using a
chiral column (DAICEL, commercial name CHIRALPAK AD-H,
hexane:isopropyl alcohol = 80:20).
400MHz 'H-NMR (CD;OD) &(ppm) 0.98(d, j=7.2Hz, 3H),
0.99(t, J=7.6Hz, 3H), 1.27-1.36(m, 1H), 1.32 (s, 3H),

15 1.48-1.61 (m, 2H), 1.67 (dd, J=6.8, 14.4Hz, 1H), 1.80
(dd, J=4.8, 14.4Hz, 1H), 2.50 (s, 3H), 2.71 (dd, J=6.4,
8.0Hz, 1H), 2.85-2.89 (m, 1H), 3.10 (dd, J=4.4, 6.4Hz,
1H), 3.57 (dt, J=4.8, 8.0Hz, 1H), 4.12 (dd, J=6.4,
11.2Hz, 1H), 4.31 (dd, J=4.4, 1l1l.6Hz, 1H), 7.44 (dd,

20 J=1.0, 8.0Hz, 2H), 7.86 (dd, J=2.0, 8.4Hz, 1H), 7.87
(dd, J=2.0, 8.4Hz, 1H); 100MHz *>C-NMR (CDsOD) & (ppm)
10.55, 10.85, 17.41, 21.62, 28.55, 41.82, 42.36, 55.43,
60.18, 60.63, 61.63, 70.17, 75.15, 129.00, 131.13,
134.04, 146.66; IR (KBr) = 3389, 2976, 2957, 2873,

25 1923, 1598, 1454, 1359, 1188, 1173, 1099, 969, 866,
815, 669, 557, 507 cm'; HRMS Ci9H,5Ag0sS (M+Ag") Calcd:
491.0658, Found: 491.0638; [a]p”’ +42.7 (c 1.00, MeOH)

(>99% de).



OTs \~"OH 08 09 0227] (2) Synthesis of (1R)-1,2-anhydro-3,5-dideoxy-I-
[(AR,2S)-2-hydroxy-I-methylbutyl]-4-C-vinyl-D-erythro- 5 pentitol (Q9) This
reaction was performed with reference to the literature (Fuijii, N.; Habashita,
H.; Akaji, M.; Nakai, K.; Ibuka, T.; Fujiwara, M.; Tamamura, H.; Yamamoto,
Y., J. Chem. Soc., Perkin Trans. 1, 1996, 10 865-866.).
5,6:8,9-dianhyslsg-1,2,4,7-tetradeoxy-4,8-
dimethyl-10-O-[(4-methylphenyl)sulfonyl]-D-threo-D- galacto-decitol (350 mg,
0.91 riffowaes dissolved in a mixture of acetone (17.5 ml) and DMF (3.5
ml), followed 15 by addition of potassium iodide (528 mg, 3.18 mmol), and
the mixture wasjpeated to reflux for two hours. The reagtion 8olution was

O it :
cool_ed to 0 f_o ow “additign, of _ _ ~
4-(dimethylamino)phenyld{phenylphosphine (420 mg, 1.37 mmo})-gnd iodine

(100 mg, 0.45 mmol), and 20 the mixture was stirred at the same
temperature for 15 minutes. 5% Sodium hydrogen carbonate aqueous
solution (3 ml) and 5%.arbonic acid sodium thiosulfate aqueous 171
solution (2 ml) were a to the reaction solution and it was stirf88 at the
same temperature for further 10 minutes. The reaction solution was diluted
with ethyl acetatéland washed with distilled water and brine.

(2) Synthesis of (1R)-1,2-anhydro-3,5-dideoxy—-1-

[ (1R, 2S)-2-hydroxy—-1l-methylbutyl]-4-C-vinyl-D-erythro-

5 pentitol (Q9)

This reaction was performed with reference to
the literature (Fujii, N.; Habashita, H.; Akaji, M.;
Nakai, K.; Ibuka, T.; Fujiwara, M.; Tamamura, H.;
Yamamoto, Y., J. Chem. Soc., Perkin Trans. 1, 1996,
10 865-866.).
5,6:8,9-dianhydro-1,2,4, 7-tetradeoxy—-4, 8-
dimethyl-10-0-[ (4-methylphenyl)sulfonyl]-D-threo-D-
galacto-decitol (350 mg, 0.91 mmol) was dissolved in a
mixture of acetone (17.5 ml) and DMF (3.5 ml), followed
15 Dby addition of potassium iodide (528 mg, 3.18 mmol),
and the mixture was heated to reflux for two hours.
The reaction solution was cooled to 0°C, followed by
addition of 4-(dimethylamino)phenyldiphenylphosphine
(420 mg, 1.37 mmol) and iodine (100 mg, 0.45 mmol), and
20 the mixture was stirred at the same temperature for 15
minutes. % Sodium hydrogen carbonate aqueous solution

(3 ml) and 5% carbonic acid sodium thiosulfate aqueous



5 After the organic layer was dried over anhydrous sodium sulfate and the
drying agent was filtered off, the organic layer was concentrated under
reduced pressure. The obtained residue was purified by silica gel column
chromatography (Kanto, commercial name Silica Gel 60N, 10 40-100 pm;
heptane:ethyl acetate = 2.5:1) to obtdir the title compound (186 mg) as a

colorlgss.gil; 400MHz 1H-NMR (CR30D} $ (pm)-0.98 (4, =72z, 3H) 0499
(t, J=7.6Hz, 3H), 1.29-1.37 (m, 1H), 1.36 (s, 3H), 1.48-1.61 (m, 2H), 1.73

(dd, J=6.0234 OHz, ri4), 4:80 16 (gand=6:0\k4.0HZ; A H)p 2. T fddhel=2.4,
7.6Hz, 1H), 2.95 (dt, J=2.4, 6,0Hz, %49)’ 3.38 (s, 1H), 3.58 (dt, J=4.8, 8.0Hz,
1H), B8 (dd® 1=1"6 *16.817" 171), BYS (43" 941 %, A7 8H2 1) 6. 02" (4
J=108; d26HZ s 1H) ;v 190MHZ 13C-NMR:(CR30V) SppM)110:28,0.92,
27.88, 20 28.54, 42.39, 45.54, 55.74, 62.10, 73.17, 75.18, 112.21, 146.27;
IR (néat)=r3418, 3088, 2970,22935,72879r 1647074552 14Y6 925 chndium
HRMS g%zgzzoea Q§M+A ), Caled: 321.0620, Found: 321.0667 ?[1eaID24

+13.5 Fc 1% e MeOH ?>S§j olélg)&%e&JY%\ﬁenatlve synthesis oF R)-1,2-

anhydtoy3;o-dideoyy--[(ER, 25)n2-dydrexyet under reduced pressure.
meth)élbutyl -4-C-vinyl-D-erythro-pentitol (Q9) This reaction was performed

with refEreTiRBILTERD RS IREAtHRS(SaFahtLses P A5 L M6ariAG L ACLitHe,

L., L Chem. nefR GOMMUB AR, B18:82Q )55 1 5 ,
5,6:8,Q}Edianhy%%?%%?gy,df,7(1-%gtradeoxy-rzml,8- Silica Gel 60N

dimethy-100044-nethyiphenybsulforylpDatires-D~ 5:1) to obtain the
title compound (186 mg) as a colorless oil.
400MHz 'H-NMR (CDsOD) & (ppm) 0.98 (d, J=7.2Hz, 3H),
0.99 (t, J=7.6Hz, 3H), 1.29-1.37 (m, 1H), 1.36 (s, 3H),
1.48-1.61 (m, 2H), 1.73 (dd, J=6.0, 14.0Hz, 1H), 1.80

15 (dd, J=6.0, 14.0Hz, 1H), 2.72 (dd, J=2.4, 7.6Hz, 1H),
2.95 (dt, J=2.4, 6.0Hz, 1H), 3.38 (s, 1H), 3.58 (dt,
J=4.8, 8.0Hz, 1H), 5.08 (dd, J=1.6, 10.8Hz, 1H), 5.29
(dd, J=1.6, 17.6Hz, 1H), 6.02 (dd, J=10.8, 17.6Hz, 1H);
100MHz '’C-NMR (CD;OD) & (ppm) 10.28, 10.92, 27.88,

20 28.54, 42.39, 45.54, 55.74, 62.10, 73.17, 75.18,
112.21, 146.27; IR (neat) = 3418, 3088, 2970, 2935,
2879, 1647, 1455, 1416, 925 cm'; HRMS Ci,H»;03Ag (M+Ag")
Calcd: 321.0620, Found: 321.0667; [a]p”* +13.5 (c 1.67,
MeOH) (>99% de).

25 (2-1) Altenative synthesis of (1R)-1,2-

anhydro-3,5-dideoxy-1-[ (1R, 2S) -2-hydroxy—-1—

methylbutyl]-4-C-vinyl-D-erythro-pentitol (Q9)

This reaction was performed with reference to



5 galacto-decitol (200 mg, 0.53 mmol) was dissolved in a mixed solvent of
acetone (5 ml) and DMF (1 ml), followed by addition of potassium iodide
(303 mg, 1.83 mmol). The mixture was heated to reflux for two hours. The
reaction solution was cooled to room temperature. 10 5% sodium hydrogen
carbonate aqueous solution (3ml) and 5% carbonic acid sodium thiosulfate

aqueeys solution, (Z2ml) were added o the reaction selytipn and itwas, e,
stirred at the same temperature for further 10 minutes. The reaction solution
was diltited with etiwh acétate, 15 and washedwith distilled tateBand brine.

After the organic I5ay1§( r%/vz}s_gllrjed over a_npygrglus7 §oditum sulfate, th8e_drying
agent was filtered OfaRd the PRI Iayer Was doncentrateddnderreduced

pressurecThe obtained| crude prodystamas useddathe next step. 2GZinc
powder (102, 1.56mmol) was dissolved in a mixted solution of ethanol (0.5
mi) afd yatep (0.T51 i), fol8Wencthy additiohrefldoppet iBdRC(OP My 0.52

mmoQl and the Tixedﬁhsolytion was treated with s%niﬁﬁgo Ior § minutes. An
xed T ) ,
ethanolic solution of the 25 above-ob aln%%\scr%r&e produ?:t (61.5)m1) was

added do thecreactioacsnlution and ibwasdseatediwih Sonicatomat, sams
temperature for 1.5 hours. The reaction solution was diluted with ethyl

acetdlt& @hti-filtetee tHroUigh $73°Ee Bt washediitft distilet Ratet Hritt
brine pfpe. grganic layerwas drieg.qver anhydroys sodium syliate .and the

drying agent was filtered off, the organic layer was concentrated under

mﬁhui&ipﬁﬁﬁmnehyheogen carbonate aqueous solution (3ml) and
5% carbonic acid sodium thiosulfate aqueous solution
(2ml) were added to the reaction solution and it was
stirred at the same temperature for further 10 minutes.
The reaction solution was diluted with ethyl acetate

15 and washed with distilled water and brine. After the
organic layer was dried over anhydrous sodium sulfate,
the drying agent was filtered off and the organic layer
was concentrated under reduced pressure. The obtained
crude product was used in the next step.

20 Zinc powder (102, 1.56mmol) was dissolved in
a mixted solution of ethanol (0.5 ml) and water (0.75
ml), followed by addition of copper iodide (99 mg, 0.52
mmol) and the mixed solution was treated with
sonication for 5 minutes. An ethanolic solution of the

25 above-obtained crude product (0.5ml) was added to the
reaction solution and it was treated with sonication at
same temperature for 1.5 hours. The reaction solution

was diluted with ethyl acetate and filtered through



5 obtained residue was purified by silica gel column chromatography (Kanto,
commercial name Silica Gel 60N, 40-100 pm; heptane:ethylacetate = 2.5:1)
to obtain the title compound (110mg) as a colorless oil. 1H-NMR data of title
compound by this alternative method are 10 completely identical to those of
the title compound obtained by the abéve (2). [0228] [Step D5] Synthesis of

(2S, 3§34'§t%s Zl%l%é%éoﬂt%d@&’éhéé water and brine. Th
dimethyl-2-[(1E)-I-methylbuta-1,3-dien-1-yl]-12- oxooxacyclododec-4-en- 6 -yl

acetate amdi (23384668, 1R 16R) i<y deoxyr8rdimetiyl-2¢ (lB)dlfate

methylbuta 1, 3-dien-1-yl]-12-oxo0-10- trleth IS|Iy oxy]
oxacycr}gd%‘ec% é’n-%qyff‘lgcéﬁte a[?oi[;(mu £161] i‘-z’ﬁ h eS8 6 0 0 0

OHC QL TR 10 HEBSRL8L10n2Q {0229 (L) Symthesisaf . The
(2S,3aS,4E,6S,7S,11R,13aR)-11-{[tert 174

batyl@iheinaysilyRexyie, Isasdintethii-7 (IB)- 5 imétylgth- £o Ll umn
Sden Xl 2 pnend: 328 L1011 2A3 S ocranere AL Aol
40-100 pm; heptane:ethylacetate = 2.5:1) to obtain the
title compound (110mg) as a colorless oil. 'H-NMR data
of title compound by this alternative method are
10 completely identical to those of the title compound
obtained by the above (2).
[0228]
[Step D5]

Synthesis of (2S5,3S,4E,6S,7R,10R)-7,10-dihydroxy—-3, 7—

15 dimethyl-2-[(1E)-1-methylbuta-1,3-dien-1-y1]-12-

oxooxacyclododec-4-en-6-yl acetate and

(2S,3S,4E, 6S, TR, 10R) -7-hydroxy-3, 7-dimethyl-2—[ (1E) -1—

methylbuta-1,3-dien-1-y1]-12-0x0-10-

[ (triethylsilyl)oxy] oxacyclododec—-4-en-6-yl acetate

[Formula 101]

20 [0229]

(1) Synthesis of (2S,3aS,4E,6S5,7S,11R,13aR)-11-{[tert—-




5 This reaction was performed with reference to the litrature (Pine, S.H.;
Zahler, R.; Evans, D.A.; Grubbs, R.H., J. Am. Chem. Soc., 1980,
3270-3272.). (2S,3aS,4E,6S,7S,13aR)-11-{[tert
butyl(dimethyl)silylJoxy}-7-[(E)-2-formyl-I-methyleth- 10 1-en-1-yl]-6,
13a-dimethyl-2-phenyl- 174

3a,6,%,10,1% 12,13 :13ayectahydro-9H-EL 3ldioxalgld. By -7 [ (17) - 1-

floxacyclododecin-9-one (50 mg, 0.09 mmol) was dissolved in a mixed
solvent ohTHE {8.41mBP-ahd: rtoluenk] (28 whBnand the solution was cooled to

temperature for 30 minutes. It was 20 warmed to room temperature and
further stirred for dife- o2 Pistitiediwatet 1 inheds addedioiheseastion

soluti n aTd the reacti rEgsqutio was (#qu[ﬁd WitqR ej[h%l acetateDagd washed
with distilled water éreld%rﬁw%e ’seé]tlehfia /. and After dried over anhydfous

sodiunt 25isylfate athe dryinghagentwasditeredisfBand 1bhe oerganic layer was
concentrated under reduced pressure. The obtained residue was purified by

silica gel column ¢Rromatogtaphy (Merck 2Comieréiat 7ahe Silica Gel 60,
175 %ﬁ@‘@@d%ﬂh!}?%é@?ﬂi@%?lhﬁ—fﬁéjthQf%Wlﬁe—r&Elﬂl%@Pﬁgnd
(36.3 mgg/as a colorless amorphous substance. 400MHz 1H-NMR (CDC13)
Sqpph1)ed.07-(5] BH), 0.B8-(simethyl-2-phenyl-
3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4,5-
floxacyclododecin-9-one (50 mg, 0.09 mmol) was
dissolved in a mixed solvent of THF (0.4 ml) and
toluene (2.8 ml), and the solution was cooled to -40°C.
15 After addition of pyridine (0.38 ml, 4.73 mmol) and
0.5M toluene solution (1.14 ml, 0.57 mmol) of Tebbe
reagent (chlorobis(cyclopentadienyl)—
(dimethylaluminum) -methylene titanium), the mixture was
stirred at the same temperature for 30 minutes. It was
20 warmed to room temperature and further stirred for one
hour. Distilled water (1 ml) was added to the reaction
solution, and the reaction solution was diluted with
ethyl acetate and washed with distilled water and brine
sequentially, and after dried over anhydrous sodium
25 sulfate, the drying agent was filtered off and the
organic layer was concentrated under reduced pressure.
The obtained residue was purified by silica gel column

chromatography (Merck, commercial name Silica Gel 60,



5 3H), 0.88 (s, 9H), 0.89 (d, J=6.0Hz, 3H), 1.35-1.47 (m, 2H), 1.38 (s, 3H),
1.59-1.67 (m, 1H), 1.74 (d, J=0.8Hz, 3H), 2.01-2.09 (m, 1H), 2.31 (dd,
J=10.4, 14.4Hz, 1H), 2.58 (dd, J=4.4, 14.4Hz, 1H), 2.54-2.63 (m, 1H), 3.94-
4.02 (m, 1H), 4.19 (d, J=9.2Hz, 1H), 4.97 (d, J=10.4Hz, 10 1H), 5.18 (dd,
J=1.6, 17.6Hz, 1H), 5.27 (dd, J=1.6, 1722Hz, 1H), 5.40 (dd, J=9.6, 15.2Hz,

1H), 564 (d¢h 4226, 152H71H).2-811(Se 1H,6.13(d, J=10.8Hz - 4H), .54
(dt, J=10.4, 17.2Hz, 1H), 7.34-7.41 (m, 3H), 7.48-7.52 (m, 2H); 100MHz

13C-NMR {CDOLINSIppat) -4.68;)15:54.51¢31c63,16: 72nd7198;122.82,
25.72, 31.59, 34.42, 40.24, 44.11, 71.62, 82.07, 83.61, 85.32, 101.21,
118.831%6775°128.32, 129.28. 129.57, 131.26, 131.87, 133.41, 137.69,

137.76, 169: 181 IRMKBI- 52957 5293:m 8D/ 1785, 14589, 137691245, 1244,
1174, 1078, 1005, 20 975, 908, 877, 835, 775, 759, 698 cm 1; HRMS
C31HMBAgO5SER (MvAGE) Calod $33121655F8iAd: 653.21893 faib25/+19.5

(0 098, CHELY. 175 02301 Fanuiap2Ph O 0508 £,004.300
3H), 2.01-2.09 (m, 1H), 2.31 (dd, J=10.4, 14.4Hz, 1H),
2.58 (dd, J=4.4, 14.4Hz, 1H), 2.54-2.63 (m, 1H), 3.94-
4.02 (m, 1H), 4.19 (d, J=9.2Hz, 1H), 4.97 (d, J=10.4Hz,

10 1H), 5.18 (dd, J=1.6, 17.6Hz, 1H), 5.27 (dd, J=1.6,
17.2Hz, 1H), 5.40 (dd, J=9.6, 15.2Hz, 1H), 5.64 (dd,
J=9.6, 15.2Hz, 1H), 5.91 (s, 1H), 6.13 (d, J=10.8Hz,
1H), 6.54 (dt, J=10.4, 17.2Hz, 1H), 7.34-7.41 (m, 3H),
7.48-7.52 (m, 2H); 100MHz '’C-NMR (CDCl;) & (ppm) -4.63,

15 -4.51, 11.63, 16.72, 17.93, 22.82, 25.72, 31.59, 34.42,
40.24, 44.11, 71.62, 82.07, 83.61, 85.32, 101.21,
118.83, 126.75, 128.32, 129.28, 129.57, 131.26, 131.87,
133.41, 137.69, 137.76, 169.18; IR (KBr) = 2957, 2931,
2857, 1735, 1459, 1375, 1275, 1244, 1174, 1078, 1005,

20 975, 908, 877, 835, 775, 759, 698 cm'; HRMS Cs3HsAg0sSi
(M+Ag") Calcd: 633.2165, Found: 633.2189; [a]p?® +19.5 (c

0.90, CHCls).



(2) Synthesis of (4R,7R,8S,9E,11S,12S)-4,7,8-
trihnydroxy-7,11-dimethyl-12-[(1E)-1-methylbuta-1,3- 5
dien-1-yl]-oxacyclododec-9-en-2-one (Q11) Pyridinium p-toluene sulfonate
(68.2 mg, 271 Rmol) was added to a methanol (1.22 ml) solution of
(2S,3aS,4E,6S,7S,11R,13aR)-11-{[tekt!®
butyl(dimethyd)silylloxy}-6,13a-dimethyl-7-[(1E)-1 10 methylbuta-1,
3-dien-1-yl]-2-phenyl- 3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4,5-
floxadysiododecih®2-dbne (36.0 mg, 0.07 mmol) and the reaction solution was
stirred at room temperature for four days. Distilled water (1 ml) was added to
the 15 reaction solution, afrd the reaction solution was diluted v&gh ethyl
acetate and washed with\distilled water and brine sequentiall
dried over anhydro

the organic Iaye 60 entrated under 20 reduced pres obtained
residue wa ' ! el column chromatog 7 YOH

commercial 177 [name Slllch el 60, 230-400 mesh; hexane:diethyl ether =
1:3) to obtain the title compound (18.3 mg) as a white solid. 400MHz
1H-NMR (CDC13) S (ppy) 0.92 (d, J=6.9Hz, 3H), 5 1.24-1.3%qy, 1H), 1.31
(s, 3H), 1.36-1.72 (m, 3H), 1.76 (d, J=1.0Hz, 3H), 2.51-2.65 (M, 3H),
3.72-3.77 (Mg siH) 3.82 (d, J=9.6Hz, 1H), 5.17 (d, J=10.8Hz, 1H), 5.20 (d,
J=11.2Hz, 1H), 5.28 (dd, J=1.6, 16.8Hz, 1H), 5.43 (dd, J=10.0, 15.2Hz, 1H),
5.73 (0, JlfBesis of (4R, 7R,8S,9E,115,12S5)-4,7,8-

trihydroxy-7,11-dimethyl-12—-[ (1lE)-1-methylbuta-1, 3-

5 dien-1-yl]-oxacyclododec-9-en-2-one (Q11)

Pyridinium p-toluene sulfonate (68.2 mg, 271
Umol) was added to a methanol (1.22 ml) solution of
(25,3aS,4E,6S,7S,11R,13aR)-11-{[tert-
butyl (dimethyl)silylloxy}-6,13a-dimethyl-7-[(1E)-1-

10 methylbuta-1,3-dien-1-yl]-2-phenyl-
3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4, 5-
floxacyclododecin-9-one (36.0 mg, 0.07 mmol) and the
reaction solution was stirred at room temperature for
four days. Distilled water (1 ml) was added to the

15 reaction solution, and the reaction solution was
diluted with ethyl acetate and washed with distilled
water and brine sequentially, and after dried over
anhydrous sodium sulfate, the drying agent was filtered
off and the organic layer was concentrated under

20 reduced pressure. The obtained residue was purified by

silica gel column chromatography (Merck, commercial



10 15.2Hz, 1H), 6.12 (d, J=11.6Hz, 1H), 6.55 (dt, J=10.4, 16.8Hz, 1H);
100MHz 13C-NMR (CDC-13) S (ppm) 11.75, 16.52, 24.45, 29.72, 35.57,
38.23, 40.66, 69.23, 73.39, 77.12, 82.45,119.17, 130.19, 131.61, 131.81,
132.94, 137.18, 172.16; IR (KBr) = 3473, 3336, 2960, 2928, 2872, 1729, 15
1604, 1580, 1460, 1274, 1122, 1028,19509, 743, 420 cm-1 ; HRMS

C18HZ8A0Q3(MAg) Caled: 431,0988, Found: 431.0960;; alp22 +Z.01.(C
1.09, CHC13). [0232] [Formula 103] O OH AO OH SOH 11.1 O 0 O OH

BOO-OH Q11 Q12H0238] 20<(3) Sylthesismfund (18.3 mg) as a
(2S,3S,4E 6S, 7R 10R)-7,10-dihydroxy-
3,7-diM&thy1-2%(1E)-1-methylbuta-1,3-dien-1-yl]-12 178

oxooxagcyeiododegken-hryh acegateal 2o Thethylamines (35:6 |, 246 gmol),
acetic anhydride (11.6 1, 123 11mol) and 4- dimethylaminopyridine (3.0 mg,
24.6 gmob)were atidedtB)s ah anhydPous dichlérothethafe (@vmlPSolution of

R T SR s iy

123 1immol) at ©C aad theyeastion1H), 5.17 (d, J=10.8Hz, 1H),
5.20 (d, J=11.2Hz, 1H), 5.28 (dd, J=1.6, 16.8Hz, 1H),
5.43 (dd, J=10.0, 15.2Hz, 1H), 5.73 (dd, J=10.0,

10 15.2Hz, 1H), 6.12 (d, J=11.6Hz, 1H), 6.55 (dt, J=10.4,
16.8Hz, 1H); 100MHz '’C-NMR (CDCl;) & (ppm) 11.75, 16.52,
24.45, 29.72, 35.57, 38.23, 40.66, 69.23, 73.39, 77.12,
82.45, 119.17, 130.19, 131.61, 131.81, 132.94, 137.18,
172.16; IR (KBr) = 3473, 3336, 2960, 2928, 2872, 1729,

15 1604, 1580, 1460, 1274, 1122, 1028, 959, 743, 420 cm';
HRMS CigH23Ag0s (M+Ag’) Calcd: 431.0988, Found: 431.0960;
[a] p?? +7.01 (c 1.09, CHCls).

[0232]

[Formula 103]

[0233]

20 (3) Synthesis of (2S,3S,4E,6S,7R,10R)-7,10-dihydroxy—

3, 7-dimethyl-2—[ (1E) -1-methylbuta-1,3-dien-1-y1]-12-




solution was stirred at the same temperature for one 10 hour. The reaction
solution was poured into a saturated sodium hydrogen carbonate aqueous
solution, and the reaction solution was diluted with ethyl acetate and
washed with distilled water and brine sequentially, and after dried over
anhydrous sodium 15 sulfate, the dryingfagent was filtered off and the
organig layerwas gangentrated, upder reduced pregsuge. The obtained
residue was purified by silica gel column chromatography (Merck,
commercial nameSiliea 1Bl 60, n230-4D0pmesh; hékanediethyd edier= 1:2)
to obtain the 20 title co pound(él? mg) as a white solid. 400MHz iH-NMR
(CDCTX} S fgpih) 0-do %3,“&'—‘6% z,’ﬁ%}’l.i&d(s?ém, 1.25-1.42 (m, 2H),
1.51-3 740y 260 Aof5 £8.3H) 2.09dSndH) 22.16 (SndH), Re46:2.61641, o
3H), 3.54 (d, J=11.2Hz, 1H), 3.70-3.80 (m, 1H), 5.09 25 (d, J=8.8Hz, 1H),
5317 @ FID/8H2UEHY 15N Bo@Pme=10.0HZ 21 1Y, )5.28 (@t Je16B8Hz, 1H),
5.61 =9. 2Hz 1H), 5.63 (dd, J=9.6, 15.2Hz, 6.12 (d, .
Si0 By, T bS8 (e SEABT, 6 GHB, Ty XOORILs 178" 13E Kkhe™
(CDC138) S {ppm) dde s, 16d0a 21,24, 24571 -201.75 035 A B826,40-.91,
69.11, 73.35, 78.85, 82.39, 119.19, 125.57, 131.65, 131.79, 132.88, 140.39,
169.61)£72700; IRIKBY'E 3813, 394, 2970, V64898 7621 754 5 1905,
14541429, 1409,,1361,,1248, 1175,,1031, 1023, ,868,921..632,550,-508
cm 1; HRMS C20H3006Na (M+Na') Calcd: 389.1940, Found: 389.1927;
[a]DZQoHZZ._Z (Ehb Zﬁlg@j:—t@@@)_solution was poured into a

saturated sodium hydrogen carbonate aqueous solution,
and the reaction solution was diluted with ethyl
acetate and washed with distilled water and brine
sequentially, and after dried over anhydrous sodium

15 sulfate, the drying agent was filtered off and the
organic layer was concentrated under reduced pressure.
The obtained residue was purified by silica gel column
chromatography (Merck, commercial name Silica Gel 60,
230-400 mesh; hexane:diethyl ether = 1:2) to obtain the

20 title compound (42 mg) as a white solid.
400MHz 'H-NMR (CDCls) & (ppm) 0.90 (d, J=6.8Hz, 3H),
1.21 (s, 3H), 1.25-1.42 (m, 2H), 1.51-1.74 (m, 2H),
1.75 (s, 3H), 2.09 (s, 3H), 2.16 (s, 1H), 2.46-2.67 (m,
3H), 3.54 (d, J=11.2Hz, 1H), 3.70-3.80 (m, 1H), 5.09

25 (d, J=8.8Hz, 1H), 5.17 (4, J=10.8Hz, 1H), 5.18 (d,
J=10.0Hz, 1H), 5.28 (d, J=16.8Hz, 1H), 5.61 (dd, J=9.6,
15.2Hz, 1H), 5.68 (dd, J=9.6, 15.2Hz, 1H), 6.12 (d,

J=10.8Hz, 1H), 6.55 (dt, J=10.4, 16.8Hz, 1H); 100MHz



[0234] [Formula 10410 O AOJO OHOHO O 'OOH'O OTES Q12 Q13
10 [0235] (4) Synthesis of (2S,3S,4E,6S,7R,10R)-7-hydroxy-3,7-
dimethyl-2-[(1E)-1-methylbuta-1,3-dien-1-yl]-12-0x0-10-
[(triethylsilyl)oxy]oxacyclododec-4-en-6-yl acetate (Q13) 15 Triethylamine
(260 1, 1.80 mmol), 4- dimethylaminopyridine (4.26 mg, 0.349 mmol) and
chlorotriethylsilane-(48 1.80.286,mmal) were added to,an aphygious;,
dichloromethane (1.5 ml) solution of

(25,384E,65, 2R, 10R)- $a02@ihyéﬁox3ﬂe3 Tdimethyl-2-29, 78.85, 82 39,
[(AE)-1- methylb a-1,3-dien-1- % X00 acycg(t)dodec 18 en-
acetajte(%018 mé][] 0. 0%5 mn%o ))é foom fe)r%pera tré ahd'th rea(:tlo o?u]ﬂon
was stirrechat the satae fempesature fanfive hours. The seactions solution
was diluted with ethyl acetate and washed with 5 a saturated sodium
hydrogé&hPearbbnate béidous Sotutidrs, distiléddvatet Gnd Bifike.r Aft€Pthe

orgargg éayeg \/F/as 6%ried over a%lgdrous sqgwgl %ulfgt Q th gu;g agent
was filteréd 21‘ the organic layer was céncentrated ger reo‘uc pressure.
The abtained 389.1940, Found: 389.1927; [oc]D22 +22.2 (c
1.21,CHC13) .
[0234]

[Formula 104]

10 [0235]

(4) Synthesis of (2S,3S,4E,6S, 7R, 10R)-7-hydroxy-3, 7—

dimethyl-2-[(1E)-1-methylbuta-1,3-dien-1-y1l]-12-0ox0-10-

[ (triethylsilyl)oxyl]oxacyclododec-4-en-6-yl acetate

(Q13)

15 Triethylamine (260 pl, 1.80 mmol), 4-
dimethylaminopyridine (4.26 mg, 0.349 mmol) and
chlorotriethylsilane (48 pul, 0.286 mmol) were added to
an anhydrous dichloromethane (1.5 ml) solution of
(2S,3S,4E,6S, 7R, 10R) -7, 10-dihydroxy-3, 7-dimethyl-2-

20 [ (1E)-1-methylbuta-1,3-dien-1-yl]-12-oxooxacyclododec—



10 residue was purified by silica gel column chromatography (Kanto,
commercial name Silica Gel 60N, 40-100 pm; heptane:ethyl acetate = 1:2) to
obtain the title compound (33 mg) as a white solid. 400MHz 1H-NMR
(CDC13) S (ppm) 0.61 (q, J=8.0Hz, 6H), 15 0.89 (d, J=6.8Hz, 3H), 0.97 (t,
J=8.0Hz, 9H), 1.20 (s, 3H), 1.34-1.56M, 3H), 1.65-1.70 (m, 1H), 1.72 (d,

J=1.21z, 3H). 2,09 (3.:3H) & 41{ddyJ=4.% dA QHz: 1H), 2-48{dd, J=3.6,
14.0Hz, 1H), 2.49-2.53 (M. 1H). 3.80-3.90 (m, 1H), 4.98 (d, J=10.4Hz, 1H),

5.07-5:0920 My kH R BI1 5 (e, J=10:OMz, H),5.24r(dda I=116, r16BHZ, 1H),
5.58-5,70 %m, 2H), 6.14 (d, J=10,8Hz, 1H), 6.53 (dt, J=10.4, 16.8Hz, 1H);
100MHY 138" RMRTEBE13)S {(pbn) 4707880 "11.88° 16%47 9135,

24.80; 30:30035m4, 4Q.48:40.-40,t10.46n¢3.98:-48 D 82n23wb18:8d, #9th
125.09, 131.16, 131.99, 133.58, 140.73, 168.67, 169.59; IR (neat) = 3316,

2956229812875 P39 1145 G VER7(S 1240 POTO L E08IVECRE, 79, 1908744
o1 HRMS C20HI4A000S1 (g Calad, 57,1088 Faund: 3971915
181 falp26 1348 (2 180, GRCT3) T0236] [Step B8] Syafhosis of
Pladienakde Brand dtsraralogues ddroimuda 1051 ©H 3 O AOEL 9 OH O

agent was filtered off, the organic layer was
concentrated under reduced pressure. The obtained

10 residue was purified by silica gel column
chromatography (Kanto, commercial name Silica Gel 60N,
40-100 um; heptane:ethyl acetate = 1:2) to obtain the
title compound (33 mg) as a white solid.
400MHz 'H-NMR (CDCls) & (ppm) 0.61 (g, J=8.0Hz, 6H),

15 0.89 (d, J=6.8Hz, 3H), 0.97 (t, J=8.0Hz, 9H), 1.20 (s,
3H), 1.34-1.50 (m, 3H), 1.65-1.70 (m, 1H), 1.72 (d,
J=1.2Hz, 3H), 2.09 (s, 3H), 2.41 (dd, J=1.2, 14.0Hz,
1H), 2.48 (dd, J=3.6, 14.0Hz, 1H), 2.49-2.53 (m, 1H),
3.80-3.90 (m, 1H), 4.98 (d, J=10.4Hz, 1H), 5.07-5.09

20 (m, 1H), 5.15 (d, J=10.0Hz, 1H), 5.24 (dd, J=1.6,
16.8Hz, 1H), 5.58-5.70 (m, 2H), 6.14 (d, J=10.8Hz, 1H),
6.53 (dt, J=10.4, 16.8Hz, 1H); 100MHz '*C-NMR (CDCl;) &
(ppm) 4.70, 6.80, 11.85, 16.47, 21.25, 24.80, 30.30,
35.57, 40.48, 40.70, 70.16, 73.58 78.99, 82.23, 118.57,

25 125.09, 131.16, 131.99, 133.58, 140.73, 168.67, 169.59;
IR (neat) = 3316, 2956, 2911, 2875, 1739, 1459, 1370,
1240, 1170, 1089, 1020, 979, 908, 744 cm'; HRMS

Co6H4sAg0eSi (M+Ag™) Calcd: 587.1958, Found: 587.1915;



O 10H Pladienolide D A$OH OH Q12 5 [0237] (1) Synthesis of pladienolide
D This reaction was performed with reference to the literature (Grubbs, R.H.
"Handbook of Metathesis", Wiley-VCH, 2003, v.2, p246-292). 10 (i)
(2S,3S,4E,6S,7R,10R)-7,10-dihydroxy-3,7-dimethyl-2-
[(LE)-I-methylbuta-1,3-dien-1-yl]-12-okbbxacyclododec- 4-en-6-yl acetate
(10.089,27.3:Ral) apd(IRp1,2-4c1 )
anhydro-3,5-dideoxy-I-[(1R,2S)-2-hydroxy-I-
methylbutyl]F42G4/inyl-D-erythro-pentitol (17.6 mg, 15 81.9 [Rol) were
dissolved in anhydrous dichloromethane (1 ml) under Ar atmosphere,
followed 8? adfdlition of the second generation Hoveyda-Grubbs catalyst;
[1,3-hig 182 £2.4 . 6-trimethyiphenyb=2 imigagolidigylidenejgdichioro(0-
isopropoxyphenylmethylene)ruthenium (0.85 mg, 1.4 gmol). After the
reactiofrsaiution Was warmed to 5 reflux for one hour, it was cooled to room
temperature and concentrated under reduced pressure. The obtained
residue wa$'pugified by silica gel column chromatography (Kanto, j\
commermgﬂj& Gel 60N, 40-100 pm; heptane:ethyl acetate =£2.5;1
-31:2-30:1) oH ‘

Pladienolide D

5 [0237]

(1) Synthesis of pladienolide D

This reaction was performed with reference to
the literature (Grubbs, R.H. "Handbook of Metathesis",
Wiley-VCH, 2003, v.2, p246-292).

10 (i) (2S,3S,4E,6S,7R,10R)-7,10-dihydroxy-3, 7-dimethyl-2-
[ (1E)-1-methylbuta-1,3-dien-1-yl]-12-oxooxacyclododec—
4-en-6-yl acetate (10.0 mg, 27.3 umol) and (1R)-1,2-
anhydro-3,5-dideoxy-1-[ (1R, 2S) -2-hydroxy—-1—
methylbutyl]-4-C-vinyl-D-erythro-pentitol (17.6 mg,

15 81.9 pmol) were dissolved in anhydrous dichloromethane
(1 ml) under Ar atmosphere, followed by addition of the

second generation Hoveyda-Grubbs catalyst; [1,3-bis-



10 to obtain the title compound (9.5 mg) as a white amorphous. (ii)
(2S,3S,4E,6S,7R,10R)-7,10-dihydroxy-3,7-dimethyl-
2-[(1E)-I-methylbuta-1,3-dien-1-yl]-12- oxooxacyclododec-4-en-6-yl acetate
(20.0 mg, 27.3 11mol) 15 and
(1R)-1,2-anhydro-3,5-dideoxy-I-[(1R,25)¢2-hydroxy-
1-methylbutyll:4-Cvinyl-Dserytbrg-pentitol (11.7 mg, 54.6 gmol) were
dissolved in anhydrous dichloromethane (2.5 ml) under Ar atmosphere,
followed: by additiompf tHersetondgenaration Grubbs catalyst;
[1,3-bis-(2,4,6- 20 trimetkl%l hen@ 2 heni 0 85 14

midab SN RGENEIIHIOR(bRERS ey iy om (085 ma, 1.
tricycjghexylphospine)ruthenidm-(l 16 nag,1 1.4 gmola After-thereaction
solution was heated to reflux for one hour, it was cooled to room temperature
afd 25>édmceritPatedinderyedutedysréssarel Sthet ebtzired Lgiue ase
purified by silica gel column_chromatqgra Kanto, commercial name
g D S B B e S SO T
to obtain thie éitle comppeurtd €8.50ng3 Bsia whitel amarphous. 600MHz
1H-NMR (CD30D) S (ppm) 0.93 (d, J=6.8Hz, 3H), 0.94 (d, J=7.0Hz, 3H),
0.98 (I AIPZ B . 258 & 3PS (AT L S38 (S, 18A) CE 400
1H), 142108, 1), 1,540,262 (. LK), 1.6 (@1, 1H), 1.7 (ddod56.3,
14.1Hz, 1H), 1.82 (d, J=0.9Hz, 3H), 1.91 (dd, J=5.5, 14.0Hz, 1H), 2.10 (s,
3Hl), 2&57o(ma2H),tR62 (ddg, J=tn809:8] 1M6HzZNngH)22. 74 (ddi UJ=2.2,

amorphous.
(ii) (2s,3S,4E,6S3,7R,10R)-7,10-dihydroxy—-3, 7-dimethyl-
2-[(1E)-1-methylbuta-1,3-dien-1-y1]-12-
oxooxacyclododec—-4-en-6-yl acetate (10.0 mg, 27.3 Mmol)
15 and (1R)-1,2-anhydro-3,5-dideoxy-1-[ (1R, 2S)-2-hydroxy-
l-methylbutyl]-4-C-vinyl-D-erythro-pentitol (11.7 mg,
54.6 umol) were dissolved in anhydrous dichloromethane
(2.5 ml) under Ar atmosphere, followed by addition of
the second generation Grubbs catalyst; [1l,3-bis-(2,4,6-
20 trimethylphenyl)-2-
imidazolidinylidene]dichloro (phenylmethylene) -
tricyclohexylphospine)ruthenium (1.16 mg, 1.4 umol).
After the reaction solution was heated to reflux for
one hour, it was cooled to room temperature and
25 concentrated under reduced pressure. The obtained
residue was purified by silica gel column
chromatography (Kanto, commercial name Silica Gel 60N,

40-100 um; heptane:ethyl acetate = 2.5:1 = 1:2 — 0:1)



10 7.9Hz, 1H), 2.93 (ddd, J=2.2, 6.3, 6.3Hz, 1H), 3.57 (ddd, J=4.5, 4.5,
8.3Hz, 1H), 3.83 (m, 1H), 5.09 (d, J=9.8Hz, 1H), 5.11 (d, J=10.6Hz, 1H),
5.61 (dd, J=9.9, 15.2Hz, 1H), 5.75 (dd, J=9.8, 15.2Hz, 1H), 5.92 (d,
J=15.3Hz, 1H), 6.18 (d, J=11.0Hz, 1H), 6.57 (dd, 15 J=11.0, 15.3Hz, 1H);
150MHz 13C-NMR (CD30D) S (ppm)-#8.5, 10.8, 12.0, 16.9, 21.1, 24.2, 28.6,

28.8,30.91,3 2.0y 49d, #1:8.A42:8,880969. 62.5,)/0.4, £3-Jn /8.1, 75.3,
80.3, 84.2, 123.7, 127.1, 1318, 133.6, 141.6, 1432, 1717, 172.2. IR (KBI) =

343822068h2939, 2879, 20 1733, 1720, 1458, 1371, 1244, 1176, 1021, 977,
832Ngo)0%47 612 551, 474, 433, 420, 4 90§n 1; HRM; 8C30H 8NaO9
(c

M+NEY EHicdt 57553196 80nd: $75%168: “faI095-14.7(E 1710, MEOH).
184 Q238] [Rormula 106}, Okh®,0 (06LOH ,Q3-OHQ 0 QRES1SOH @ AO

OH O 10 OTES Q13
3H), 1.30 (m, 1H), 1.38 (s, 3H), 1.40 (m, 1H), 1.42 (m,
1H), 1.54 (m, 2H), 1.62 (m, 1H), 1.66 (m, 1H), 1.70
(dd, J=6.3, 14.1Hz, 1H), 1.82 (d, J=0.9Hz, 3H), 1.91
(dd, J=5.5, 14.0Hz, 1H), 2.10 (s, 3H), 2.57 (m, 2H),
2.62 (ddgq, J=6.8, 9.8, 10.6Hz, 1H), 2.71 (dd, J=2.2,

10 7.9Hz, 1H), 2.93 (ddd, J=2.2, 6.3, 6.3Hz, 1H), 3.57
(ddd, J=4.5, 4.5, 8.3Hz, 1H), 3.83 (m, 1H), 5.09 (d,
J=9.8Hz, 1H), 5.11 (d, J=10.6Hz, 1H), 5.61 (dd, J=9.9,
15.2Hz, 1H), 5.75 (dd, J=9.8, 15.2Hz, 1H), 5.92 (d,
J=15.3Hz, 1H), 6.18 (d, J=11.0Hz, 1H), 6.57 (dd,

15 J=11.0, 15.3Hz, 1H); 150MHz '’C-NMR (CD;OD) & (ppm) 10.5,
10.8, 12.0, 16.9, 21.1, 24.2, 28.6, 28.8, 30.5, 37.5,
40.1, 41.8, 42.6, 46.0, 56.0, 62.5, 70.4, 73.1, 74.1,
75.3, 80.3, 84.2, 123.7, 127.1, 131.8, 133.8, 141.6,
143.2, 171.7, 172.2; IR (KBr) = 3438, 2968, 2939, 2879,

20 1733, 1720, 1458, 1371, 1244, 1176, 1021, 977, 832,
789, 747, 612, 551, 474, 433, 420, 409 cm'; HRMS:
C3oH4sNaOy (M+Na®), Calcd: 575.3196, Found: 575.3168;

[0] p2°-14.7(c 1.10, MeOH) .



[0239] (2) Synthesis of 3-[(triethylsilyl)oxy]-pladienolide D This reaction was
performed with reference to 5 the literature (Grubbs, R.H. "Handbook of
Metathesis", Wiley-VCH, 2003, v.2, p246-292).
(25,35,4E,65,7R,10R)-7-hydroxy-3,7-dimethyl-
2-[(1E)-I-methylbuta-1,3-dien-1-yl]-12L8%0-10-
[(triethylsilyl)@xyJgxacyclododec-4-en-6-yl acetate 10 (8.60 mg, 17.9 Rmol)
and (1R)-1,2-anhydro-3,5-dideoxy-

1-[(1R =2+ hydidxy}H-methylbutyl]-4-C-vinyl-D- erythro-pentitol (8.67 mg,
40.5 Rmol) were dissolved in anhydrous dichloromethane (1.8 ml) under Ar
atmosphere, quIowed by addition of the second generation Grubb
catalys -trimethylphenyl)-2- 9
|m|dazoI|d|nyI|den I@r'chloro(phenylmethylene)
trlcyclohexylplwplne)ruthenlum (0.76 mg, 0.9 Rmol) 185 AfteNheoregction
solution was heated to reflux for I.5naAurs, it “0
temperature and concentrated under reduced pressure. TﬁP’Tb obtained
residue was furified by silica gel column 5 chromatography (Kanto,
commercral na@ne Slllca Gel 60N 40-100 pm; heptane ethyl acetate = 3: 1 -4

oH), 1.21 (s, 3H), 126131(m 1H), 132136(m 2H), 1.38 (s, 3H)
Q13

[0239]

(2) Synthesis of 3-[(triethylsilyl)oxy]-pladienolide D

This reaction was performed with reference to
5 the literature (Grubbs, R.H. "Handbook of Metathesis",
Wiley-VCH, 2003, v.2, p246-292).
(2S5,3S,4E,6S, 7R, 10R) -7-hydroxy-3, 7-dimethyl-
2-[(1lE)-1-methylbuta-1,3-dien-1-yl]-12-0x0-10-
[ (triethylsilyl)oxyl]oxacyclododec—-4-en-6-yl acetate
10 (8.60 mg, 17.9 umol) and (1R)-1,2-anhydro-3,5-dideoxy-
1-[ (1R, 2S)-2-hydroxy—-1-methylbutyl]-4-C-vinyl-D-
erythro-pentitol (8.67 mg, 40.5 pumol) were dissolved in
anhydrous dichloromethane (1.8 ml) under Ar atmosphere,
followed by addition of the second generation Grubbs
15 catalyst; [1,3-bis-(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro (phenylmethylene) -

tricyclohexylphospine)ruthenium (0.76 mg, 0.9 umol).



1.38-1.42 (m, 1H), 1.46-1.60 (m, 3H), 1.70 (dd, J=6.4, 14.0Hz, 1H), 1.80 (d,
J=1.2Hz, 3H), 1.91 (dd, J=5.6, 15 14.4Hz, 1H), 2.10 (s, 3H), 2.43 (dd, J=4.8,
14.0Hz, 1H), 2.56 (dd, J=3.2, 14.0Hz, 1H), 2.58-2.66 (m, 1H), 2.71 (dd,
J=2.4, 8.0Hz, 1H), 2.94 (dt, J=2.4, 6.4Hz, 1H), 3.57 (dt, J=4.4, 8.0Hz, 1H),
3.90-4.01 (m, 1H), 4.97 (d, J=10.8HZ%H), 5.06 (d, J=9.6Hz, 1H), 5.61 20

(dd, J=10.0, 19.2H7, 1) 5:75 £dd 526, 49-2H2,: 1)+ 3- 9L fd, 117 15,2Hz,
1H), 6.18 (dd, J=1.2, 11.2Hz, 1H), 6.57 (dd, J=11.2, 15.2Hz, 1H); HRMS:

C36H6Z209Nass , (M—ENEQSC@M@B&‘J’O@@OF*OEH@P@gQW 486 0240]

[Formula 107] OH Q14 Pho-( ,0 Ph0 O~111.10 QTBS_ 0 OH O\\X10
OTBS U5 1H16h762411'(3) Synttfssis B essure-  The obtained

(3aS AE:68S MR, 3aRF-1ds{[t8ft-si1ica gel column
butyl(dimethyl)silylJoxy}-7-[(IE,3E)-5-hydroxy-1,5 5
dimethyr7ughienylInepta- 113 afeh- 18APed3al dimethyR2Silica Gel 60N,

phenyl;38.607 11148133 0GRNYARAR _ 3.1 & 211 5 101
—0:1) to obtain the title compound (11.9 mg) as a
colorless oil.
400MHz 'H-NMR (CDsOD) & (ppm) 0.68 (g, J=7.6Hz, 6H),

10 0.93 (d, J=6.8Hz, 3H), 0.94 (d, J=7.2Hz, 3H), 0.98 (t,
J=7.2Hz, 3H), 1.03 (t, J=7.6Hz, 9H), 1.21 (s, 3H),
1.26-1.31 (m, 1H), 1.32-1.36 (m, 2H), 1.38 (s, 3H),
1.38-1.42 (m, 1H), 1.46-1.60 (m, 3H), 1.70 (dd, J=6.4,
14.0Hz, 1H), 1.80 (d, J=1.2Hz, 3H), 1.91 (dd, J=5.6,

15 14.4Hz, 1H), 2.10 (s, 3H), 2.43 (dd, J=4.8, 14.0Hz,
1H), 2.56 (dd, J=3.2, 14.0Hz, 1H), 2.58-2.66 (m, 1H),
2.71 (dd, J=2.4, 8.0Hz, 1H), 2.94 (dt, J=2.4, 6.4Hz,
1H), 3.57 (dt, J=4.4, 8.0Hz, 1H), 3.90-4.01 (m, 1H),
4.97 (d, J=10.8Hz, 1H), 5.06 (d, J=9.6Hz, 1H), 5.61

20 (dd, J=10.0, 15.2Hz, 1H), 5.75 (dd, J=9.6, 15.2Hz, 1H),
5.91 (d, J=15.2Hz, 1H), 6.18 (dd, J=1.2, 11.2Hz, 1H),
6.57 (dd, J=11.2, 15.2Hz, 1H); HRMS: C3Hg:09NaSi

(M+Na®"), Calcd: 689.4061, Found: 689.4044.



[1,3]dioxolo[4,5-floxacyclododecin-9-one (Q15) This reaction was performed
with reference to the literature (Grubbs, R.H. "Handbook of Metathesis", 10
Wiley-VCH, 2003, v.2, p246-292). (3aS,4E,6S,7S,11R,13aR)-11-{[tert-
butyl(dimethyl)silylJoxy}-6,13a-dimethyl-7-[(1E)-1- methylbuta-1,
3-dien-1-yl]-2-phenyl- 3a,6,7,10,11,12 48,13a-octahydro-9H-[1,3]dioxolo[4,5
15 floxacyclpgogecin-9-one (15.0 mg, 28.5 {Rol) and 3-
methyl-5-phenylpent-l-en-3-ol (15.1 mg, 85.5 {Rol) were 187 dissolved in
anhydiousrdichlor6miethane (1.0 ml) under Ar atmosphere, followed by
addition of the second generation Grubbs catalyst; [1,3-bis-(2,4,6-

trimethyl yl)-2 5 imidazolidinylidene]dichloro(phenylmethylene)-
tricyclohe ' uthenium (2.0 mg, 2.4 11mol). The reaction solution
was stirred at roo perature for 12 hours. Furthermore, the reaction
solution was heated to reflux for five hours. The reaction solution 10 was
cooled to roor@tdmperature and concentrated under reduced pressures The
obtained residue was purified by silica gel column chromatograph;p@élerck
commercial name Silica Gel 60,-230-400 mesh; heptane:ethyl acetaf = 6:1
-3 3:1) to obtain the title compound (14.1 mglas 15 a colorle . The title
compound was detefthined to be a mixture -
benzylidene acefil I a ratio of 1:3 by 1H-NMR. J15K: 200MHz MBS
N8 (s, 3H), 0.10

[0241]

(3) Synthesis of (3aS,4E,6S3,7S,11R,13aR)-11—-{[tert—

butyl (dimethyl)silyl]oxy}-7-[ (1E,3E)-5-hydroxy-1, 5—

5 dimethyl-7-phenylhepta-1,3-dien-1-y1]-6,13a-dimethyl-2-

phenyl-3a,6,7,10,11,12,13,13a-octahydro-9H-

[1,3]dioxolo[4,5-f]oxacyclododecin-9-one (Q15)

This reaction was performed with reference to
the literature (Grubbs, R.H. "Handbook of Metathesis",
10 Wiley-VCH, 2003, v.2, p246-292).
(3aS,4E,65,7S,11R,13aR)-11-{ [tert-
butyl (dimethyl)silylloxy}-6,13a-dimethyl-7-[(1E)-1-
methylbuta-1,3-dien-1-yl]-2-phenyl-
3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4, 5-
15 floxacyclododecin-9-one (15.0 mg, 28.5 umol) and 3-

methyl-5-phenylpent-l-en-3-0l (15.1 mg, 85.5 umol) were



(s, 3H), 0.89 (s, 9H), 0.93 (d, J=6.8Hz, 3H), 1.24-1.28 20 (m, 1H), 1.35 (s,
3H), 1.37 (s, 3H), 1.39-1.47 (m, 1H), 1.69 (t, J=11.6Hz, 1H), 1.78 (s, 3H),
1.80-1.94 (m, 2H), 1.99-2.04 (m, 1H), 2.32 (dd, J=6.0, 14.4Hz, 1H),
2.56-2.69 (m, 4H), 3.94-4.05 (m, 1H), 4.32 (d, J=10.0OHz, 1H), 5.01 (d,
J=10.8Hz, 0.6H), 5.02 (d, 25 J=10.8HZ 0.4H), 5.46 (dd, J=9.6, 15.2Hz, 1H),

5.86 (dd;J312H2Z, 1) p:84:2:92 {1, 15 010, 5, H) . 6-121(d, 510, 8HZ,
1H), 6.44-6.52 (m, 1H), 7.14-7.20 (m, 3H), 7.20-7.27 (m, 3H), 7.30-7.39 (m,

2H), 7472188 sphRr(en, Zid) | bRMSIGg HIB8Na@6Sif(M+Naj<Caled: 697.39,
Found: 697.44. 024%£Referenc% E)éa.mplles% 5bSynth§si45 %f
(3aS AE657S TR ISER - 12 ffert o7 11y 2 7Pis (2%, 00

butyl(dimetiwd)silylexyl:6,13a-dimethyl-7-[(IE)-I- methylbuta-1,
3-dien-1-yl]-2-phenyl- 3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4,5-
f] ‘oxakty et tin-0yYdre tQrOB). [Foril 4081 0. 0cAYAEN<OH OH OH O

g;?%%%gﬁo}%’#e;'yqp B3 Rigdigolids 8Q16 10 102431 (1) gyphesis of
The reaction solution was stirred at room temperature
for 12 hours. Furthermore, the reaction solution was
heated to reflux for five hours. The reaction solution

10 was cooled to room temperature and concentrated under
reduced pressure. The obtained residue was purified by
silica gel column chromatography (Merck, commercial
name Silica Gel 60, 230-400 mesh; heptane:ethyl acetate
= 6:1 — 3:1) to obtain the title compound (14.1 mg) as

15 a colorless oil. The title compound was determined to
be a mixture of & benzylidene acetal and P benzylidene
acetal in a ratio of 1:3 by 'H-NMR.
Q15B: 400MHz 'H-NMR (CDCls) & (ppm) 0.08 (s, 3H), 0.10
(s, 3H), 0.89 (s, 9H), 0.93 (d, J=6.8Hz, 3H), 1.24-1.28

20 (m, 1H), 1.35 (s, 3H), 1.37 (s, 3H), 1.39-1.47 (m, 1H),
1.69 (t, J=11.6Hz, 1H), 1.78 (s, 3H), 1.80-1.94 (m,
2H), 1.99-2.04 (m, 1H), 2.32 (dd, J=6.0, 14.4Hz, 1H),
2.56-2.69 (m, 4H), 3.94-4.05 (m, 1H), 4.32 (d,
J=10.0Hz, 1H), 5.01 (d, J=10.8Hz, 0.6H), 5.02 (d,

25 J=10.8Hz, 0.4H), 5.46 (dd, J=9.6, 15.2Hz, 1H), 5.86
(dd, J=15.2Hz, 1H), 5.84-5.92 (m, 1H), 6.10 (s, 1H),
6.15 (d, J=10.8Hz, 1H), 6.44-6.52 (m, 1H), 7.14-7.20

(m, 3H), 7.20-7.27 (m, 3H), 7.30-7.39 (m, 2H), 7.47-



butyl(dimethyl)silylJoxy}-pladienolide B (Q16) Imidazole (1.66 g, 24.4 mmol)
and tert butyldimethylsilyl chloride (3.68 g, 24.4 mmol) were 15 added to a
DMF (21.8 ml) solution of pladienolide B (2.18 g, 2.44 mmol, 60% purity) at
room temperature and it was stirred at the same temperature for two hours.
The reaction solution was diluted witH &thyl acetate and washed with distilled
water-ang byine. After the,20 erganiglayst was,qrieql ouer anhyglseus sodium
sulfate” and the drylng agent Was f|Itered off, the organic layer was
concéntrated wriderdreéduced pressure. The 189 obtained residue was
purified by silj ca el column chromatography (Kanto, commercial name
Silica Gel 6(5Iél -100 pm; heptane:ethyl acetate = 4:1) to obtain the title

comporwe(1-68 g) as-awhitejamorphous. 5 LRMS C42H76Na0O8Si2 (M +
Na) Calcd 787 50 Found 787 62 [0244] [Formula 109] "80 OH OH OH

ilowy-placienale (Q17) 10 Poassium

methylbuta-1,3-dien-1-yl]-2-phenyl-

3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4,5-

floxacyclododecin-9-one (Q10Db)

[Formula 108]

Pladienolide B Q16

10 [0243]

(1) Synthesis of 3,21-bis{[tert-

butyl (dimethyl)silyl]oxy}-pladienolide B (Q16)

Imidazole (1.66 g, 24.4 mmol) and tert-

butyldimethylsilyl chloride (3.68 g, 24.4 mmol) were

15 added to a DMF (21.8 ml) solution of pladienolide B
(2.18 g, 2.44 mmol, 60% purity) at room temperature and
it was stirred at the same temperature for two hours.
The reaction solution was diluted with ethyl acetate
and washed with distilled water and brine. After the

20 organic layer was dried over anhydrous sodium sulfate
and the drying agent was filtered off, the organic

layer was concentrated under reduced pressure. The



added to a methanol (25.0 ml) solution of 3,21-
bis{[tert-butyl(dimethyl)silyljoxy}-pladienolide B (1.68 g, 2.20 mmol) at room
temperature. After the reaction solution was stirred at room temperature for
15 1.5 hours, it was poured into brine, which was then extracted with ethyl
acetate. After the organic layer was dfiéd over anhydrous sodium sulfate and
the dyying ;agentwas filtered off the erganic jayerwas conceplyated, under
reduced pressure. The obtalned 20 residue was purified by silica gel column
chromatognaphw(léahlso Gommerciabmanre Sdicangels60N, 1190 Grahubax),

neutral 0 (8 Om 0 100 mm,; he tane etﬁ/l%—? acetalt\ﬁ 3:1) to ohtain the title
compound é gglg) NP LESIOREES 0il 260z TH-NMR (CD3OBY'S (pf)

0.07 (i tl2H)c OB b {ta b I73HZ,)3H) Q8RH{d: d=ZmbizBH)s 0.91 (s, 18H),
1.08 (d, J=6.4Hz, 3H), 1.25 (s, 3H), 1.22-1.72 (m, 9H), 1.73 (s, 3H), 2.36 (dd,
J24 86 Az R 2:8022.80 (naH),2509dd;§Z23 0 1F6Mpd1HY87-62.
2.50-2.60 (m, 2%% 2.61 (dd, J=2.5, 8.4Hz, 1H), 2.72 (dt, J=2.2, 10 6.0Hz,
1H), 3.68 (d, J=9.6Hz, 1H), 3.68-3.76 (m, 1H), 3.85-3.95 (m, 1H), 4.88 (d,
J=12 ditz;rdH); 5188 (dd, J=10.0, 15.2Hz, 1H), 5.62 (dd, J=8.4, 15.2Hz, 1H),
5.71 (dd, J=10.0, 15.2Hz, 1H), 6.08 (brd, J=10.8Hz, 1H), 6.32 (dd, J=10.8,
15.2Hz, 1H); LRMS CgO0H74NaO7Si2 (M+Na') 15 Calcd: 745.49, Found:
745.53. [0246] [Formula 190] C

[0245]

(2) Synthesis of 3,21-bis{[tert-

butyl (dimethyl)silyl]oxy}-pladienolide A (Q17)

10 Potassium carbonate (304 mg, 2.20 mmol) was
added to a methanol (25.0 ml) solution of 3,21-
bis{[tert-butyl (dimethyl)silyl]oxy}-pladienolide B
(1.68 g, 2.20 mmol) at room temperature. After the
reaction solution was stirred at room temperature for

15 1.5 hours, it was poured into brine, which was then
extracted with ethyl acetate. After the organic layer
was dried over anhydrous sodium sulfate and the drying
agent was filtered off, the organic layer was
concentrated under reduced pressure. The obtained

20 residue was purified by silica gel column

chromatography (Kanto, commercial name Silica gel 60N,



Ph OHOHO =0 jO_TBSO JOTBsO O 'O OTBS " OTBS 017 018 [0247]
(3) Synthesis of 6,7-O-benzylidene-3,21-bis{[tert-
butyl(dimethyl)silylJoxy}-pladienolide A (Q18) 20 Benzaldehyde
dimethylacetal (3.21 ml, 21.4 mmol) and pyridinium p-toluene sulfonate (53.8
mg, 0.214 mmol) were added to an dritydrous dichloromethane 191 (16 ml)
50'““?9&?&?113%‘,@'?1@@&41“})/'&@M%Fh}ﬁl&sﬂYURXﬁ’étP'ﬁQﬂ,e”19@9@3%&1.-@%12-14
mmol). The reaction solution was stirred at room temperature for 28 hours.
The reaetien sotutibrniwas® pbueesdintba satutatedosgdiunthydrdgerg) as
carbonate agyeous solution, which was then extracted with
dichlSronrethana® Aftaf the organic layer was washed with water and brine

sequentially; it wasvdriedover) aghydiaus magnesiym stifate.cAfter the,
drying agent 10 was filtered off, the organic layer was concentrated under
reduced/pfegsure fThe bbtainéd residlie’Was pldified by silica géPEdlumn

chrortﬂat@é;r%ghng@n% cog}gnercialjpnae Sig%’;} ge£695|, gra uI:E\r, n%létfal,

R =0. Zy ) ’ . Sy . s m H

0.040 mm - 0.100 mm; heptane:ethyl acetate = 201 -3 15 10:1) to obtain the

title conyound (B80,g)as8a white amarghouss Thestitle epmpourtd-waso

determined to be a
(m, 1H), 2.50 (dd, J=3.2, 13.6Hz, 1H), 2.50-2.60 (m,
1H), 2.61 (dd, J=2.5, 8.4Hz, 1H), 2.72 (dt, J=2.2,

10 6.0Hz, 1H), 3.68 (d, J=9.6Hz, 1H), 3.68-3.76 (m, 1H),
3.85-3.95 (m, 1H), 4.88 (d, J=12.4Hz, 1H), 5.38 (dd,
J=10.0, 15.2Hz, 1H), 5.62 (dd, J=8.4, 15.2Hz, 1H), 5.71
(dd, J=10.0, 15.2Hz, 1H), 6.08 (brd, J=10.8Hz, 1H),

6.32 (dd, J=10.8, 15.2Hz, 1H); LRMS C4H7.Na0O;Si, (M+Na")

15 Calcd: 745.49, Found: 745.53.

[0246]

[Formula 110]

[0247]

(3) Synthesis of 6,7-O-benzylidene-3,21-bis{[tert-

butyl (dimethyl)silyl]oxy}-pladienolide A (Q18)

20 Benzaldehyde dimethylacetal (3.21 ml, 21.4
mmol) and pyridinium p-toluene sulfonate (53.8 mg,

0.214 mmol) were added to an anhydrous dichloromethane



mixture of a benzylidene acetal and R benzylidene acetal in a ratio of 1:3.2
by 1H-NMR. Compound Q18R: 400MHz 1H-NMR (CD30D) S (ppm) 0.08 (s,
20 6H), 0.11 (s, 3H), 0.13 (s, 3H), 0.82 (t, J=7.6Hz, 3H), 0.86 (t, J=7.2Hz,
3H), 0.91 (s, 18H), 0.92 (d, J=6.0Hz, 3H), 1.08 (d, J=6.8Hz, 3H), 1.21-1.31
(m, 1H), 1.34 (s, 3H), 1.35-1.60 (m, 5A}, 1.64-1.72 (m, 1H), 1.72-1.82 (m,

1H), 176 &1 3H)»1.80-2,0Q emg 1HY, 2.25,(dd, 25 J=10.0, 14.8Hz, 1H),
2.42-2.54 (m, 1H), 2.58-2.65 (m, 2H), 2.66-2.75 (m, 2H), 3.70-3.76 (M, 1H),

4.00-B1t0y 1t} 1k, Hv37T 40,1329 6Kz} 1oy 4.960(} I=18.4Hz 5 1H), 550 (dd,
J=9.6, 152Hz, 1H), 5.64 (dd, J=0.6, 192 15.2Hz, 1H), 6.00 (dd, J=10.0,
14,8551y, 65@% Ty 6 BoYar 96y, 1Ry ééé (822104 % 8Hz,

1H), {3202 A0 (M 37 44-1.50-(M, 2H)d RMS1{GrH 8NGO 6312 (M +Na’)
Calcd: 833.52, Found: 833.61. 5 [0248] [Formula 111] Ph Ph 0-<0-<0 O

OTBSO'ORIONOTBSEPOIOTBS! "6 OTBS 1410719 D 1802} t e

aqueous solution, which was then extracted with

dichloromethane. After the organic layer was washed
with water and brine sequentially, it was dried over
anhydrous magnesium sulfate. After the drying agent

10 was filtered off, the organic layer was concentrated
under reduced pressure. The obtained residue was
purified by silica gel column chromatography (Kanto,
commercial name Silica gel 60N, granular, neutral,
0.040 mm - 0.100 mm; heptane:ethyl acetate = 20:1 —

15 10:1) to obtain the title compound (1.60 g) as a white
amorphous. The title compound was determined to be a
mixture of @ benzylidene acetal and P benzylidene
acetal in a ratio of 1:3.2 by ‘H-NMR.

Compound Q18B: 400MHz 'H-NMR (CDsOD) & (ppm) 0.08 (s,

20 6H), 0.11 (s, 3H), 0.13 (s, 3H), 0.82 (t, J=7.6Hz, 3H),
0.86 (t, J=7.2Hz, 3H), 0.91 (s, 18H), 0.92 (d, J=6.0Hz,
3H), 1.08 (d, J=6.8Hz, 3H), 1.21-1.31 (m, 1H), 1.34 (s,
3H), 1.35-1.60 (m, 5H), 1.64-1.72 (m, 1H), 1.72-1.82
(m, 1H), 1.76 (s, 3H), 1.90-2.00 (m, 1H), 2.25 (dd,

25 J=10.0, 14.8Hz, 1H), 2.42-2.54 (m, 1H), 2.58-2.65 (m,
2H), 2.66-2.75 (m, 2H), 3.70-3.76 (m, 1H), 4.00-4.10
(m, 1H), 4.37 (d, J=9.6Hz, 1 H), 4.96 (d, J=10.4Hz,

1H), 5.50 (dd, J=9.6, 15.2Hz, 1H), 5.64 (dd, J=9.6,



(4) Synthesis of (3aS,4E,6S,7S,11R,13aR)-11-{[tert-
butyl(dimethyl)silylloxy}-7-{(IE,5S)-6-[(2R,3R)-3-
((1S,25)-2-{[tert-butyl(dimethyl)silylJoxy}-1 10
methylbutyl)oxiran-2-yl]-3,4-dihydroxy-1,5-dimethylhex- 1-en-1-yl}-6,
13a-dimethyl-2-phenyl- 192
3a,6,7140:11,12,13,13g-0¢fahydro-9H- (L, 8ldiexoleld,>- fl) , 6.0s (s,
oxacyclododecin-9-one (Q19) 6,7-O-benzylidene-3,21-bis{[tert- 15
butyl@imethyd)silyl|oxy}-pladienolide A (4.639,(dD7 Mol wasdisstived in
THE (35 ml)iaér%g water (10 mI%HfoIIo7vvec4l by aS%dition 0 P(I)smi%thSetraoxide
(125t 0.197°mhiol, 498 aqriebus 5olttion)and 4z =) 7
methyimerphaling-4-exides(9. 4001, 21 174980 250%-20 aquestisesolution) at
room temperature, and the mixture was stirred at the same temperature for
24 hours. Slibstguently sodium sulfite (0.498 g, 3.94 mmol) was 193 added
to the[EearcrEiopaquE?n, and the mixture was stirred at the same temperature
for another hour. The reaction solution was diluted with ethyl acetate and
washed with distilled water apd brine. After the 5 organic layer was dri€d over
anhydrous sodium sulfate Q%d the drying agent was filtered off, the-organic

layer WasT%gncentrate nod' reduced pressure. T¢resgbtaipied rgsi was
purified ' el coly h%gnatography (Kantg; H' ‘ane oTss
Silica Gel 60N, 10 40 100 pm;%eptane:ethyl acetate = 2:1# t98 obtain the title

compound (1.46 g)@s a colorless oil. LRMS C97H80oNaO (M + Na)
Calcd: 867.52, Found: 868.68.

[0249]

(4) Synthesis of (3aS,4E,6S3,7S,11R,13aR)-11—-{[tert—

butyl (dimethyl)silylloxy}—-7-{ (1E,5S)-6-[ (2R, 3R) -3-

((1S,28)-2—-{[tert-butyl (dimethyl)silyl]oxy}-1-

10 methylbutyl)oxiran-2-yl1]-3,4-dihydroxy—-1,5-dimethylhex-

l-en-1-y1}-6,13a-dimethyl-2-phenyl-

3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4, 5

floxacyclododecin-9-one (Q19)

6, 7-O-benzylidene-3,21-bis{[tert-

15 Dbutyl(dimethyl)silyl]oxy}-pladienolide A (1.60 g, 1.97
mmol) was dissolved in THF (35 ml) and water (10 ml),
followed by addition of osmium tetraoxide (1.25 ml,
0.197 mmol, 4% agueous solution) and 4-
methylmorpholine-4-oxide (0.4 ml, 2.17 mmol, 50%

20 aqueous solution) at room temperature, and the mixture
was stirred at the same temperature for 24 hours.

Subsequently sodium sulfite (0.498 g, 3.94 mmol) was



[0250] [Formula 112] OOTBH Ph0-< Q20 OO TBS +"O OTBS ~Ph OH
O Q19 400TBS OHC P18b [0251] 15 (5) Synthesis of
(5R)-4,5-anhydro-5-((1S,25)-2-{[tert-
butyl(dimethyl)silylJoxy}-1-methylbutyl)-2,3-dideoxy-2-
methyl-L-erythro-pentose (Q20) and (345 4E,6S,7S,13aR)-

1 1'{[@%@@)/{(81 ' r@ﬁ@‘@é&l%‘&‘l’@f} 'é’&ﬁ)i%’(ggr,mﬂﬁldl%‘he mixture was
methyleth-I-en-1-yl]-6,13a-dimethyl-2-phenyl-

3a,6,310;12d 2213 1Ba-cetahydrovO-fi, BldioxXolo[4 6o flner hour. The
oxacyclododecin-9-one,(PI8k%é3aS,,4E,GS,7S_,11R,13aR)-11- tert- 5
butyl(cimetryljsiyioRy 7 (ESSf6 [(2RBR)3" <thyl acetate and

((1S, 23 Zrflten-butylidimethylsilylloxy}-l-and brine. After the
methylbutyl)oxiran-2-yl]-3,4-dihydroxy-1,5-dimethylhex- 1-en-1-yl}-6,
13a-difrethyc2-pheny|-"36 677 1091 1072 11 1B abetalty dreddMe[153)dicketo[4,5

10 f]og(r?‘gygg)edogre?ilnﬂg_%%eeI(ljt'4v§a%’1f7i31 eqjgg Vg%%, the organic
layer was concentrated under reduced pressure. The
obtained residue was purified by silica gel column
chromatography (Kanto, commercial name Silica Gel 60N,

10 40-100 pm; heptane:ethyl acetate = 2:1) to obtain the
title compound (1.46 g) as a colorless oil.

LRMS C47HgoNaOsSi, (M + Na') Calcd: 867.52, Found: 868.68.

[0250]

[Formula 112]

[0251]

15 (5) Synthesis of (5R)-4,5-anhydro-5-((1S,2S)-2-{[tert-

butyl (dimethyl)silyl]oxy}-1-methylbutyl)-2,3-dideoxy—-2-

methyl-L-erythro-pentose (020) and (3aS,4E,6S,7S,13aR) -

11-{[tert-butyl (dimethyl)silyl]loxy}-7-[(E)-2-formyl-1-




dissolved in THF(30 ml) and water (7.5 ml), followed by addition of sodium
metaperiodate (1.11 g, 5.19 mmol) at room temperature, and the mixture
was stirred at the same temperature for 1.5 hours. The reaction solution 15
was diluted with ethyl acetate and washed with distilled water and brine.
After the organic layer was dried ovet*hhydrous sodium sulfate and the
drying .agentwas filtered off; the; organig Jayerwas ,concentrated under
reduced pressure. The obtained 20 residue was purified by silica gel column
chromatography (Kantd, commerciat hamel Siicalic ¢l 60MNG 14G-4.00 [Bm> —
heptan]e ethéll ai:etate 10 1 -38:1-3 581 )to obtain the title compound Q20
(0.48 titte compound P18b 25 (0.803

g) as a colorless ojlz Theditleseompound, P18k  was deternined to be a
mixture of a benzylidene acetal and a benzylidene acetal in a ratio of 1:3.2

by 1HRRMR ( d@@ﬁfﬁ@uhkﬁ@ml hooKRiHZ 1H-NMRYCHC 1858/ (pPh1)30.06 (s,
195 76Hz 0,87 (t, J 3H), 0,89, (s, 9H), 1.20 (dd,
J= 08§ 2<§H§ §H§ %%()tyl I’“Ezgﬁ 51(%, Hy; $0e (ddd, J=4.4,
8.0, Jraeﬁhg;bmmm&ﬁea(mghyz 87 {da,ydz24y 81QHZ dli); t5h 2 772-2-80
(m, 1H), 3.67-3.76 (m, 1H), 9.67 (d, J=0.8Hz, 1H); LRMS Ci7H35NaO3Si
(M+HY) €Alck: 81524, 1P6aRd" 31506, “CBRHIBUND Q18b(3: 400MHz 'H-NMR
(CDCL3) s> (pam) 0109 £s.1 3H)50. 1&(%@?@ - 0-89 (5,19H), £:88 (476 8Hz,
3H), 10 1.35 (s, 3H), 1.34-1.50 (m, 2H), 1.68-1.78(m, 1H),

10 floxacyclododecin-9-one (1.46 g,1.73 mmol) was

dissolved in THF (30 ml) and water (7.5 ml), followed by
addition of sodium metaperiodate (1.11 g, 5.19 mmol) at
room temperature, and the mixture was stirred at the
same temperature for 1.5 hours. The reaction solution

15 was diluted with ethyl acetate and washed with
distilled water and brine. After the organic layer was
dried over anhydrous sodium sulfate and the drying
agent was filtered off, the organic layer was
concentrated under reduced pressure. The obtained

20 residue was purified by silica gel column
chromatography (Kanto, commercial name Silica Gel 60N,
40-100 um; heptane:ethyl acetate = 10:1 — 8:1 — 5:1)
to obtain the title compound Q20 (0.485 g) as a
colorless 0il and to obtain the title compound P18b

25 (0.803 g) as a colorless o0il. The title compound P18b
was determined to be a mixture of O benzylidene acetal
and B benzylidene acetal in a ratio of 1:3.2 by 'H-NMR.

Compound Q20: 400MHz 'H-NMR (CDCls3) & (ppm) 0.06 (s,



1.92-2.04(m,1H), 2.18 (brs, 3H), 2.37 (dd, J=9.6, 14.8Hz, 1H), 2.60 (dd,
J=4.0, 14.8Hz, 1H), 2.60-2.70 (m, 1H), 3.92-4.02 (m, 1H), 4.31 (d,
J=10.0Hz, 1H), 4.94 (d, J=10.4Hz, 1H), 5.46 (dd, J=9.6, 15.2Hz, 1H), 15
5.92 (dd, J=9.6, 15.2Hz, 1H), 6.07 (dd, J=1.6, 7.6Hz, 1H), 6.11 (s, 1H),
7.31-7.42 (m, 3H), 7.45-7.54 (m, 2H):%9.05 (d, J=7.6Hz, 1H); LRMS

C30HgANaQ68| (MFNay) L£aled: 55428, f-ound; 551529, [9252] JFprmylla
113] Ph Ph O~ 0-K 'O 00 O 'OHC :'0 OTBS jO OTBS Pi18b Qiob 20
[0253]46) Syhthesig of (3aS, 4E:6557S, 111 3aR)IL1-{[teR 19639 (m,

butyl(dlmet I)s lylloxy}-6,13a-dimethyl-7-[(IE)-1- methy|buta-1,
B(Men%_yﬂ eéWS a, 1,f%11 £i3§ gd, J=4.74, gﬁ%, 13.6Hz,

13a- qqtahy@r.crsahlz[l@%]dk@asol@ﬁ%ﬁ b oxacyeledogegin:9-one (QIOh)3
Potassium tert-butoxide (38.2 mg, 0.341 mmol) was added to an anhydrous

THE €3 i)y SeRRiofof H@thyﬁriéﬁeﬁylﬁﬁoéﬁ\hoﬁi%m ictide (180 Mgl0 247
mmogﬂgl qb geﬂg 15:5; éll’rfd atré)%nztgm@erat%re for 30
minutes. S sequenty, H (3m Osoutlon of
(3aS,4E56867S,13aR)-11-{[tert-
Compound Q18bB: 400MHz 'H-NMR (CDCls;) & (ppm) 0.09 (s,
3H), 0.10 (s, 3H), 0.89 (s, 9H), 0.98 (d, J=6.8Hz, 3H),
10 1.35 (s, 3H), 1.34-1.50 (m, 2H), 1.68-1.78(m, 1H),
1.92-2.04(m,1H), 2.18 (brs, 3H), 2.37 (dd, J=9.6,
14.8Hz, 1H), 2.60 (dd, J=4.0, 14.8Hz, 1H), 2.60-2.70
(m, 1H), 3.92-4.02 (m, 1H), 4.31 (d, J=10.0Hz, 1H),
4.94 (d, J=10.4Hz, 1H), 5.46 (dd, J=9.6, 15.2Hz, 1H),
15 5.92 (dd, J=9.6, 15.2Hz, 1H), 6.07 (dd, J=1.6, 7.6Hz,
1H), 6.11 (s, 1H), 7.31-7.42 (m, 3H), 7.45-7.54 (m,
2H), 10.05 (d, J=7.6Hz, 1H); LRMS C3oHi:NaO¢Si (M+Na')
Calcd: 551.28, Found: 551.29.

[0252]

[Formula 113]

20 [0253]

(6) Synthesis of (3aS,4E,6S,7S5,11R,13aR)-11—-{[tert—




butyl(dimethyl)silylJoxy}-7-[(E)-2-formyl-I-methyletha- 1-en-1-yl]-6,
13a-dimethyl-2-phenyl-
3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4,5-
floxacyclododecin-9-one (150 mg, 0.284 mmol) was added 15 dropwise to
this reaction solution at room temperatlife and the reaction solution was
stirred for, ong houry Jhesseaction salution yasdiluted with efhykacetate and
washed with distilled water and brine. After the organic layer was dried over
anhydrousysddiom-3ulfateiz anhdythé-dryirigeagent was filtered off, the
organic lay ained

resi -' « i y ot On y-(kahto, >
comnaercial naspe Kiliga Gel GON, (400130 pm; heptane:ethyl acetate = 20:1)
to obtain the 25 title compound (44 mg) as a white solid. The title compound
was determined td’bé &mixtré of b behgjlidene a8etalaihd & behzylidene
acetal in a ratio .of 1:3.2 by 1H-NMR. 0b1: 400MHz 'H-NMR (CDC13)
S on o O G 610 UG 8 o', D 002 CL e B o),
1.28-hbth 1, 2hbh dn34 £8.03Hh b 66ril . 74dmlel H), Ao 7bgbrs) . 3HY, 18812.08
(m, 1Hg, 2.32 (dd, J=10.0, 14.4Hz, 1H), 5 2.58 (dd, J=4.0, 14.4Hz, 1H),
2.58-2570 AT 1 HI" 8922 4162 (nf AH) ! 4.35 ¢d SI210.&HA L HP 5200 (d,
3=10 8Hz, H).. 5. 48(d, 10:0Hz, 1H) . 5.22 (dcJ=16.8Hz, 1H).58,46 (dd,1
J=9.6, 15.2Hz, 1H), 5.89 (dd, J=10.0, 15.2Hz, 1H), 6.09 (s, 1H), 6.14 (d,
J9108HztH)y 6955 188l AT=53.871618HR) 1H),-A.28<%.41 (m, 3H),

7.44-7.53 } )
butyl (dimethyl)silyl]oxy}-7-[(E)-2-formyl-1l-methyletha-

—f]

l-en-1-yl1]-6,13a-dimethyl-2-phenyl-
3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4,5-
floxacyclododecin-9-one (150 mg, 0.284 mmol) was added
15 dropwise to this reaction solution at room temperature
and the reaction solution was stirred for one hour.
The reaction solution was diluted with ethyl acetate
and washed with distilled water and brine. After the
organic layer was dried over anhydrous sodium sulfate
20 and the drying agent was filtered off, the organic
layer was concentrated under reduced pressure. The
obtained residue was purified by silica gel column
chromatography (Kanto, commercial name Silica Gel 60N,
40-100 um; heptane:ethyl acetate = 20:1) to obtain the
25 title compound (44 mg) as a white solid. The title
compound was determined to be a mixture of o
benzylidene acetal and P benzylidene acetal in a ratio

of 1:3.2 by 'H-NMR.



(m, 2H); LRMS C31Hg6NaO5Si (M+Na') Calcd: 549.30, Found: 549.26.
(6-1) Alternative synthesis of (3aS,4E,6S,7S,11R,13aR)-
11-{[tert-butyl(dimethyl)silylJoxy}-6,13a-dimethyl-7- 15
[(1E)-1-methylbuta-1,3-dien-1-yl]-2-phenyl 3a,6,7, 10, 11, 12,13,
13a-octahydro-9H-[1,3]dioxolo[4,5-f] ‘ok&cyclododecin-9-one (QIOb) The
reactionowgs peytarmed withireference fosthe literaturg {Ager, Bud., 0. 10
Synthesis, 1984, 384-398. 20 Hudrlik, P.F.;Peterson, D., J. Am. Chem. Soc.,
1975,(97, 3A64-0468.).(Maghesiurf tﬁmethylsﬂylﬁw@thylchw}de 1.5M-diethyl
ether solutjo (1 %3 ml, 2.0 mmol) was added to a dlethyl ether solutlon
(20mi¥of 28'(251344 4 65774 ’131aF§) 11-qtertt™ L Sr
butyl(simethylsilyoxy}-1:{(E)r2sformysbmethyleth-1bem; 1yll-Grz, 11),
13a-dimethyl-2-phenyl 3a,6,7, 10, 11, 12,13,
13a-octalRydidoH[143]elioxoto 45 198H ﬂox&c?@loaoa@ciﬁnsa orfe (510 Ay,
0.965, ol and |rre tthe sa raturg for 30 es. The
reactlon solutlon was dirlu;tﬂfazolt vﬁﬁi ﬁ%m&ﬁ Iowgd y addition of water
and sequensially washed5 wath(ammmoyHum ahﬂomde agueous seluton mnd
brine. The organic ii@ﬁ/er was dried over anhydrous magnesium sulfate, the

drying abent wis filtéted ot ahd the - 6FFanid fdyeriwdd cofidentratéd Binder

reduced pressuie: The obtained cryde product was dissoved in 10 THE €5

ml), followed by addltlon of sulfurlc acid (6

10 (dt, J=10.8, 16.8Hz, 1H), 7.28-7.41 (m, 3H), 7.44-7.53
(m, 2H); LRMS Cs31HssNaOsSi (M+Na') Calcd: 549.30, Found:
549.26.

(6-1) Alternative synthesis of (3aS,4E,6S3,7S,11R,13aR) -

11-{[tert-butyl (dimethyl)silyl]loxy}—-6,13a-dimethyl-7-

15 [(lE)-l-methylbuta-1,3-dien-1-yl]-2-phenyl-

3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4,5-f]

oxacyclododecin-9-one (Q10b)

The reaction was performed with reference to
the literature (Ager, D. J., Synthesis, 1984, 384-398.
20 Hudrlik, P.F.;Peterson, D., J. Am. Chem. Soc., 1975,
97, 1464-1468.).
Magnesium trimethylsilylmethylchloride 1.5M
diethyl ether solution (1.33 ml, 2.0 mmol) was added to
a diethyl ether solution (20ml) of
25 (25,3aS,4E,6S5,75,13aR)-11-{ [tert-
butyl (dimethyl)silyl]loxy}-7-[(E)-2-formyl-1l-methyleth-
l-en-1-y1]-6,13a-dimethyl-2-phenyl-

3a,6,7,10,11,12,13,13a-octahydro-9H-[1,3]dioxolo[4, 5-



drops) at room temperature and the solution was stirred for 1 hour at the
same temperature. The reaction solution was diluted with ethyl acetate and
washed with water and brine. The organic layer was dried over 15
anhydrous magnesium sulfate, the drying agent was filtered off and the
organic layer was concentrated underfeduced pressure. The obtained

residyg was. purilied Ry silica gel columnp chromatggeanhy Merck;

commercial name Silica Gel 60, 230-400 mesh; 20 hexane:ethyl acetate =
30:1)4biobtam the tithee compotrcd812 ugkras colotlessioil ttd-NMRhdata of
title comapound by this alternative method are, completely identjcal to those of
the tifl€ Compdund” obtaiied By tte above (8)-1b J(fz%%] Rétel&rice
Example 2 [Earmyla:1:4}k0A¢ QAC, QH OHNQTRSxén} OTBS Q Q"
I~'g O OTBS "~i*~/~/~\.~O'~/~OTBS SOH 016 R3 [0255] 5 Synthesis of
(zg’ggi’z;E’@gl’rmeg}@Rt)quﬁg{%q«ﬁ_de aqueous solution and brine.

gg?flz_ I{gﬁ%’%{%{%ﬁ{%ﬂ%ﬁ é)it -%%{I(II)I/MEII gsfﬁ%i!g%Rbsz r_s_agl(llh§/drous magnesium

methytbubdloxirari2-yk-3 ddinygeoxy-kfs filtered off and the
organic layer was concentrated under reduced pressure.

The obtained crude product was dissoved in

10 THF (15 ml), followed by addition of sulfuric acid (6
drops) at room temperature and the solution was stirred
for 1 hour at the same temperature. The reaction
solution was diluted with ethyl acetate and washed with
water and brine. The organic layer was dried over

15 anhydrous magnesium sulfate, the drying agent was
filtered off and the organic layer was concentrated
under reduced pressure. The obtained residue was
purified by silica gel column chromatography (Merck,
commercial name Silica Gel 60, 230-400 mesh;

20 hexane:ethyl acetate = 30:1) to obtain the title
compound (312 mg) as colorless oil. 'H-NMR data of
title compound by this alternative method are
completely identical to those of the title compound

obtained by the above (6).



dimethylhexa-1-en-1-yl}-7-hydroxy-3,7-dimethyl-12 10
oxooxacyclododeca-4-en-6-yl acetate (R6)
3,21-bis{[tert-butyl(dimethyl)silyljoxy}- pladienolide 3 (60 mg, 0.078 mmol)
was dissolved in THE (1 ml) and water (1 ml), followed by addition of
osmium tetraoxide (0.199 ml, 0.016 miriol, 2% aqueous solution) 15 and
4-methylmorpheline-4-oxide (18 pml, 0.078 mmol, 50 % aqueous solution) at
room temperature. The solution was stirred for 24 hours at the same
tempéraiarenkirerr sedivhe stlfite (19.8 mg, 0.156 mmol) was added to the
reaction solution and further stirred 20 for 1 hour at the same temperature.
The rea2fiBh & solu? on was diluted by ethyl acetate and washed with the
distilled water and brine. The organic layer was 200 dried over anhydrous
sodium sulfate, the drying agent was filtered off and the organic Iay@%was

concentrated under reduc ressure. The obtained residue was
silica geIO(T:géumn chro%ﬂ%hy (Kanto, 5 comrgﬁ.:gglal n%rne
4010%@@5@9%"{ | acdjate = 1:1) to obtaiAhe; ;

mg) as colorles oil. The Title c8ﬁ?§ound was deteFemln as mlxture of
diastereomers (1:3). 10 400MHz iH-NMR (CD30D) S (ppm) 0.11 (s, 12H),
0.85-0.89 (m, 3H12%6.92-0.98 (m, 6H), 0.95 (s, 9H), 0.96 (s, 8H), 0.99 (d,
J=6.0Hz, 0.75H), 1.11 (d, J=6.0Hz, 2.25H), 1.21(s, 3H), 1.24-1.74 (m,

9.25H), 1.73 (s, 2.25H), 1.79 (s, 0.75H), 1.84-1.95 (m, 0.75H), 2.10 (s, 3H),
[0255]

5 Synthesis of (2S,3S,4F,6S5,7R,10R)-10-{[tert—

butyl (dimethyl)silyl]loxy}—-2—{(1E,5S)-6-[ (2R, 3R)-3-( (15,

2S5)-2—{tert-butyl (dimethyl)silyl}oxy)-1-

methylbutyl]oxiran-2-yl}-3,4-dihydroxy-1, 5-

dimethylhexa-l-en-1-yl}-7-hydroxy-3, 7-dimethyl-12-

10 oxooxacyclododeca—-4-en-6-yl acetate (R6)

3,21-bis{[tert-butyl (dimethyl)silyl]loxy}-
pladienolide B (60 mg, 0.078 mmol) was dissolved in THF
(1 ml) and water (1 ml), followed by addition of osmium
tetraoxide (0.199 ml, 0.016 mmol, % aqueous solution)
15 and 4-methylmorpholine-4-oxide (18 pml, 0.078 mmol,
50 % aqueous solution) at room temperature. The
solution was stirred for 24 hours at the same
temperature. Then sodium sulfite (19.8 mg, 0.156 mmol)
was added to the reaction solution and further stirred
20 for 1 hour at the same temperature. The reaction
solution was diluted by ethyl acetate and washed with

the distilled water and brine. The organic layer was



15 2.36-2.45 (m, 1H), 2.51-2.63 (m, 2H), 2.61 (dd, J=2.0, 8.0Hz, 0.75H),
2.69(dd, J=2.0, 8.0Hz, 0.25H), 2.72-2.84 (m, 1H), 3.28 (dd, J=5.6, 5.6Hz,
0.75H), 3.45 (dd, J=2.8, 7.2Hz, 0.25H), 3.74-3.82 (m, 1H), 3.90-4.00 (m,
1H), 4.26-4.39 (m, 1H), 4.87-4.93 (1H, covered with 20 CD30D), 4.96 (d,
J=9.6Hz, 0.25H), 5.06 (d, J=9.6Hz, G*%5H), 5.54-5.68 (m, 2H), 5.75 (dd,
J=9.6412,15.2Hz, 1H),; LRMS Cg2H78Na010Si2 (MNa) Caled: 82150,
Found: 821.26. 201 0556] Reference Example 3 [Formula 115] OAc OAc
OH =w@H OOTIBSSOOHINO OB Ovat @ 1avE 0T BSHB O TEBEOH
R3 Q20 R4 ?257%5 S ntheS|s of (5 1)54 5- anh dro 5 (15 2S)-2- g[tert-
butyI(Jdn m%fhy )esdly 8xy}% ?Hyl%utyl) 3- aie eoxy- _ residue’wa
methydl-erythiospentiose Q203 ands, (283 SAERS RAIR) 1 0«liert s,
butyl(dimethyl)silylJoxy}-7-hydroxy-3,7-dimethyl-2 10

[(RE)4ameeii-320x ason- Iséﬁ-jlcﬂ] 4ol oxodxaé{clbéaedes4-en-6-yl acetate
(R4) 25,.3S,4E.6 7R10 O{Eet
butyl dn%eahﬁ)sny Xy) 5? %5) 6 [(

compound (67.6 mg) as colorless oil. The title

%h Jjﬁ)obtaln the title

compound was deteremined as a mixture of diastereomers
(1:3).

10 400MHz 'H-NMR (CDsOD) & (ppm) 0.11 (s, 12H), 0.85-0.89
(m, 3H), 0.92-0.98 (m, 6H), 0.95 (s, 9H), 0.96 (s, 9H),
0.99 (d, J=6.0Hz, 0.75H), 1.11 (d, J=6.0Hz, 2.25H),
1.21(s, 3H), 1.24-1.74 (m, 9.25H), 1.73 (s, 2.25H),
1.79 (s, 0.75H), 1.84-1.95 (m, 0.75H), 2.10 (s, 3H),

15 2.36-2.45 (m, 1H), 2.51-2.63 (m, 2H), 2.61 (dd, J=2.0,
8.0Hz, 0.75H), 2.69(dd, J=2.0, 8.0Hz, 0.25H), 2.72-2.84
(m, 1H), 3.28 (dd, J=5.6, 5.6Hz, 0.75H), 3.45 (dd,
J=2.8, 7.2Hz, 0.25H), 3.74-3.82 (m, 1H), 3.90-4.00 (m,
1H), 4.26-4.39 (m, 1H), 4.87-4.93 (1H, covered with

20 CDsOD), 4.96 (d, J=9.6Hz, 0.25H), 5.06 (d, J=9.6Hz,
0.75H), 5.54-5.68 (m, 2H), 5.75 (dd, J=9.6Hz, 15.2Hz,
1H) ; LRMS C42H7gNaO19Si, (M+Na®) Calcd: 821.50, Found:

821.26.



((1S,25)-2-{[tert-butyl(dimethyl)silylJoxy}-I- 15
methylbutyl)oxiran-2-yl]-3,4-dihydroxy-1,5-dimethylhex
1-en-1-yl}-7-hydroxy-3,7-dimethyl-12-oxooxacyclododeca- 4-en-6 yl acetate
(67.6 mg 0.0847 mmol) was dissolved in THE (1.5 ml) and water (1.5 ml),
followed by addition of sodium metap@rodate (181 mg, 0.847 mmol) 20 at
room tempeyghiyg; The reaction solution was stirred for 1 hour at the same
temperature. The reaction solution was diluted by ethyl acetate and washed
with Bistiledrwater samgodeng. After the organic layer was 202 dried over
anhydrous sadium sulfate, the drying agent was filtered off and the organic
layer was C8ncentrated under reduced pressure. The obtained residue was
purified by silica gel colugy chromotography (Kanto, 5 commercial rame

Silica Gel 60N, 40-100 pmotheptane:ethyl acetate = 20:1 -. 2:1) to ghtdin the
title corng%und %&4 (3@,@ as colorless o&_haﬁg theotitle compQ 20
(19.3{1;@;_@&531@219&}?43- -NIVIR data ot tite eompbaund agecdmpletely, o
identical t6 thoge ofithe 10 compound Q20 obtained by Reference Example 1

(5). R4 : 400MHz 3H-NMR (CD30D) S (ppm) 04y (s, 3H), 0.14 (mggH), 0.95
(s, 9H), 1.00 (d, J=6.8Hz, 3H), 1.24 (s, 3H), 1.23-1.84 (m, 4H), 2.10 (s, 3H),
2.22 (d, J=1.2Hz, 3H), 2.44 (dd, J=4.8, 13.6Hz, 1H), 2.55-2.66 (m, 2H), 15
3.93-4.03 (mg1H),4.93 (d, J=10.8Hz, 1H), 5.06 (d, J=9.6, 1H), 5.64 (dd,
J=10.0, 15.2Hz, 1H), 5.80 (dd, J=9.6, 15.2Hz, 1H), 6.08 (brd, J=8.0Hz, 1H),
16.063(d; t 3=8.0Hz £ 11} R LRMSSC25CId4205t (M| )2Caled: 51724, -

butyl (dimethyl)silyl]loxy}—-1l-methylbutyl)-2,3-dideoxy—2-

methyl-L-erythro-pentose (020) and

(25,35,4E,6S8, 7R, 10R)-10-{ [tert-

butyl (dimethyl)silyl]oxy}—-7-hydroxy—-3, 7-dimethyl-2-

10 [(lE)-l1-methyl-3-oxoprop-l-en-1-yl]-12-

oxooxacyclododec—-4—-en-6-yl acetate (R4)

(2S5,3S,4E,6S, 7R, 10R) -10-{ [tert—
butyl (dimethyl)silylloxy}-2-{(1E,5S)-6-[ (2R, 3R)-3-
((1S,2S)-2-{[tert-butyl (dimethyl)silyl]oxy}-1-

15 methylbutyl)oxiran-2-yl]-3,4-dihydroxy-1,5-dimethylhex-
l-en-1-yl}-7-hydroxy-3, 7-dimethyl-12-oxooxacyclododeca-
4-en-6 yl acetate (67.6 mg 0.0847 mmol) was dissolved
in THF (1.5 ml) and water (1.5 ml), followed by
addition of sodium metaperiodate (181 mg, 0.847 mmol)

20 at room temperature. The reaction solution was stirred
for 1 hour at the same temperature. The reaction
solution was diluted by ethyl acetate and washed with

distilled water and brine. After the organic layer was



Found: 517.09. 20 [0258] Reference Example 4 [Formula 116] OTBS O
OTBS =0 OH~ Q20 R5 203 0259] Synthesis of tert-butyl[((1S,
2S)-1-ethyl-2{(2R, 3R)-3- [(25)-2-methybut-3-en-I-yl]Joxiran-2-
yl}propyl)oxy]dimethylsilane (R5) 5 This reaction was performed with
reference to the literature (Matusbarg3. ;Sugihara, M, ;Utimoto, K., Synlett,

1998497 313305 ), Barondtifluodde dimethy:ether complex (71, mg,0.5
mmol) was added to THE solution (6 ml) of 20%wt 10 of tetrahydrofuran
suspension(4.56; 2.0 MmotdoftNystedimeagentayer was concentrated

([cyclo-%ibromodi- -rgetr}ylene - tetr%%(rjrofl%rang t(rjizinc ?1at 0C and stirred
for 5 Hihutes at the Same temperature’ THE €o1ifon {2 iy st "2

((BR)php1anydresb-{(LS, 2Sh24[ted1lsn chromotography (Kanto,
butyl(dimethyl)silylloxy}-1-methylbutyl)-2,3-dideoxy-2-
methylclesyihepettse $315 g C8.019%olf WasP4dded to the reaction

ol AL Sl oge v fo ooy, fuse e,

solutiearand: tavas: dilstedowith hexane, sequentaly 1 and the title
compound Q20 (19.3 mg) as colorless oil. 'H-NMR data of
title compound are completely identical to those of the

10 compound Q20 obtained by Reference Example 1 (5).

R4 : 400MHz 'H-NMR (CDsOD) & (ppm) 0.12 (s, 3H), 0.14
(m, 3H), 0.95 (s, 9H), 1.00 (d, J=6.8Hz, 3H), 1.24 (s,
3H), 1.23-1.84 (m, 4H), 2.10 (s, 3H), 2.22 (d, J=1.2Hz,
3H), 2.44 (dd, J=4.8, 13.6Hz, 1H), 2.55-2.66 (m, 2H),

15 3.93-4.03 (m, 1H), 4.93 (d, J=10.8Hz, 1H), 5.06 (d,
J=9.6, 1H), 5.64 (dd, J=10.0, 15.2Hz, 1H), 5.80 (dd,
J=9.6, 15.2Hz, 1H), 6.08 (brd, J=8.0Hz, 1H), 10.06 (d,
J=8.0Hz, 1H) ; LRMS C,s5ClH40Si (M+Cl") Calcd: 517.24,
Found: 517.09.

20 [0258]

Reference Example 4

[Formula 116]

OTBS o OTBS

0 e
H = SN

é\-

1
m
1

Q20 RS



washed with distilled water and brine. 1t was dried over anhydrous
magnesium sulfate, the drying agent was filtered off and concentrated under
reduced pressure. The obtained residue was purified by silica gel column 25
chromotography (Kanto, commercial name Silica Gel 60N, 40-100 pm;
heptane:ethyl acetate = 50:1 -. 5:1) t&* bbtain the title compound (77 mg) as
colorless oil; AGQNHz iH-NMR (CD30D) 8 (ppm) 0.13 (s, 6H), 0.88 (d, 204
J=7.6Hz, 3H), 0.94 (d, J=7.6Hz, 3H), 0.96(s, 9H), 1.10 (d, J=6.8Hz, 3H),
1.30-2 A% frasiH) of. 4821 640(my4H), (2S34-2350 [me i) ] 2272 edd, JH2.43—
I—S|) 2,75- 2.h8§3 m, 1H), 31.6_9-31.82 m, 1H) 5.01 (brd, J=10.8Hz, 5 1H),

_ 57 ] C18H36Na02Si (M+Na)

Calcd; 1335-245, Found: 33508n,[0260} Refergnce Example 5 [Formula 117]

OOHOOH 10 ZOBS00OTBS O"OT R4 R6 10 [0261] Synthesis of

(233,38,4E,6S,7R,IOR;-WH?@@@D3WE‘S performed with reference to

dime hPfI'Z’([ng El—l-methy ta-1,3-dien-1:yl]- -0x0-10- s

o A B o B o bt T
K., Synlett, 1998, 97, 313-315.).

Boron trifluoride dimethy ether complex (71
mg, 0.5 mmol) was added to THF solution (6 ml) of 20%wt

10 of tetrahydrofuran suspension(4.56 g, 2.0 mmol) of
Nysted reagent ([cyclo-dibromodi-p-methylene (u-
tetrahydrofuran)trizinc]) at 0°C and stirred for 5
minutes at the same temperature. THF solution (2 ml)
of ((5R)-4,5-anhydro-5-( (1S, 2S)-2-{[tert-

15 Dbutyl (dimethyl)silyl]oxy}-1-methylbutyl)-2,3-dideoxy-2-
methyl-L-erythro-pentose (315 mg, 0.01 mmol) was added
to the reaction solution. After the solution was warmed
to room temperature, it was stirred for 3 hours. 1M of
Hydrochloric acid(3ml) was added to the reaction

20 solution and it was diluted with hexane, sequentially
washed with distilled water and brine. It was dried
over anhydrous magnesium sulfate, the drying agent was
filtered off and concentrated under reduced pressure.
The obtained residue was purified by silica gel column

25 chromotography (Kanto, commercial name Silica Gel 60N,
40-100 pm; heptane:ethyl acetate = 50:1 - 5:1) to
obtain the title compound (77 mg) as colorless oil.

400MHz 'H-NMR (CD3;OD) & (ppm) 0.13 (s, 6H), 0.88 (d,



15 This reaction was performed with reference to the literature (Pine, S.H. ;
Zahler, R. ; Evans, D.A. Grubbs, R.H., J. Am. Chem. Soc., 1980,
3270-3272.). THE (0.8 ml) of (2S,3S,4E,6S,7R,10R)-10-
{tert-butyl(dimethyl)silyl]Joxy}-7-hydroxy-3,7-dimethyl- 20
2-[(1E)-1-methyl-3-oxoprop-l-en-1-yl]4%* oxooxacyclododec-4-en-6-yl acetate
(86.9mg, B8 mimgl) and folugne (61 ki) was:dissqlved as adpixed;solyent
205 and it was cooled to -40C. Pyridine (0.15 ml, 1.89 mmol) and 0.5 M
toluertel solstiort82Tebbe reagént-1.42 (m, 1H), 1.48-1.64 (m, 4H),
(chlorohbis(cyclopentadienyl)-(dimethylaluminium)- (methylenetitanium) were
added t Z|1t_é¥ric?’ @érpéagﬁ(}/rf S%OYuStio%d\?\/ast:t#relld for'30' >?/ﬁin&fle?s’ at%th?e‘ss?ame
temperatyre.q he rgactionssolution was waimed, t1-20¢ andrstived:er
further 30 minutes. Distilled water was added to the reaction solution and it
was diftted Swih etRylacetate’andwvashied Seddentidlfy with 10 distille8Nvater
and bring. After the r ian solution, drjed qver anhydrous sodium
sulfatt)%l,g%é'%cﬁ%fr%gl a(gﬁgrﬁawéséf)ﬁltie?gl é%% Erig %v’a%gﬁ(%nt%t%d%fﬁder
reduced presse@.] The obtained residue was purified by silica gel column
chromatography (Merck, commercial 15 name; Silica Gel 60, 230-400 mesh;
hexan&Gietiyt Sefi&t™P44) to obtain the title compound (41 mg) as a
colorless amerphous; 400MHz iH-NMR (CDCL3) S (ppm) 0.06 (s, 3H), 0.07
(s, 3H), 0.89 (d, J=6.4Hz, 3H), 0.97 (s, 9H), 1.21 (s, 3H), 20 1.28-1.50 (m,
3H), 1.62-1.70 (m, 1H), 1.72 (brs, 3H),

OAc OAc
2 o A
I -, |
R 2
[®) ~ N ~
VVﬁ\“‘o’\/‘OTBS \‘/ﬁ““o’V‘OTBS
R4 R6

10 [0261]

Synthesis of (2S,3S,4E,6S, 7R, 10R)-7-hydroxy-3, 7—

dimethyl-2-[ (1E)-1-methybuta-1,3-dien-1-yl]-12-0ox0-10—

{[tert-butyl (dimethyl)silyl]oxy}oxacyclododec—-4—-en-6-yl

acetate (R6)

15 This reaction was performed with reference to
the literature (Pine, S.H. ; Zahler, R. ; Evans, D.A. ;
Grubbs, R.H., J. Am. Chem. Soc., 1980, 3270-3272.).

THF (0.8 ml) of (2S,3S,4E,6S,7R,10R)-10-
{tert-butyl (dimethyl)silyl]oxy}-7-hydroxy-3, 7-dimethyl-

20 2-[(1E)-1l-methyl-3-oxoprop-l-en-1-yl]-12-

oxooxacyclododec-4-en-6-yl acetate (86.9 mg, 0.18 mmol)

and toluene (6.1 ml) was dissolved as a mixed solvent



2.10 (s, 3H), 2.39 (dd, J=4.4, 14.0Hz, 1H), 2.46 (dd, J=3.6, 14.0Hz, 1H),
2.44-2.55 (m, 1H), 3.80-3.90 (m, 1H), 4.97 (d, J=10.8Hz, 1H), 5.07-5.09 (m,
1H), 5.15 (dd, J=1.6, 10.0Hz, 1H), 5.24 (dd, J=1.6, 16.8Hz, 1H), 25
5.56-5.72(m, 2H), 6.14 (d, J=10.8Hz, 1H), 6.53 (dt, J=10.0, 16.8Hz, 1H)
LRMS C26H44Na06Si (M+Na') Calcd®503.28, Found: 503.21. [0262] 206

Reference;Example. 8 Jlropmula 118bAcO OH QIIESOQ QTERQ 0 O OTES
H OYES = OYES R7 R8 [0263] Synthesis of

4,5-anhydro- 8;63,18(9rfetldadedxyeﬁenemw-t21® of Tebbe reagent
C- meth [-2,7-bis-O- (grleth |SI|¥% cero D- J?Iuco nonose

516 ST STV o R i B CBoTs Sl hole 46 of
WO 03099813)avas dissetvedin-dichloremethane. The 1o reaction:solytion

was cooled to -78C. Ozone (flow rate 2 1/min, voltage 90 V) was blown into
the resctiohn 3plutivh foF 1orrindtes dutiny-stirfring. Afterhdiméthy| sulfide

(10,4 /Mg, 0.168 mmol) was addeg the re ctlon solution was s wa ed 1100~
room te peerrgture 15 stirred for 1 ﬁour ang was concentrated. ung;r c(ibuced

and stirred for further 30 minutes. Distilled water
was added to the reaction solution and it was diluted
with ethyl acetate and washed sequentially with

10 distilled water and brine. After the reaction solution
was dried over anhydrous sodium sulfate, the drying
agent was filtered off and was concentrated under
reduced pressure. The obtained residue was purified by
silica gel column chromatography (Merck, commercial

15 name; Silica Gel 60, 230-400 mesh; hexane; diethyl
ether = 4:1) to obtain the title compound (41 mg) as a
colorless amorphous.
400MHz 'H-NMR (CDCLs3) & (ppm) 0.06 (s, 3H), 0.07 (s,
3H), 0.89 (d, J=6.4Hz, 3H), 0.97 (s, 9H), 1.21 (s, 3H),

20 1.28-1.50 (m, 3H), 1.62-1.70 (m, 1H), 1.72 (brs, 3H),
2.10 (s, 3H), 2.39 (dd, J=4.4, 14.0Hz, 1H), 2.46 (dd,
J=3.6, 14.0Hz, 1H), 2.44-2.55 (m, 1H), 3.80-3.90 (m,
1H), 4.97 (d, J=10.8Hz, 1H), 5.07-5.09 (m, 1H), 5.15
(dd, J=1.6, 10.0Hz, 1H), 5.24 (dd, J=1.6, 16.8Hz, 1H),

25 5.56-5.72(m, 2H), 6.14 (d, J=10.8Hz, 1lH), 6.53 (dt,
J=10.0, 16.8Hz, 1H) ; LRMS CysHuN.O¢Si (M+Na') Calcd:
503.28, Found: 503.21.

[0262]



pressure. The obtained residue was purified by silica gel column
chromatography (Kanto, commercial name Silica Gel 60N, granular, neutral,
0.040 mm-0.100 mm; n-heptane:ethyl acetate = 30:1) to obtain the title 20
compound (18.5mg) as colorless oil. 400MHz iH-NMR (CD30D) S (ppm)
0.64-0.76 (m, 12H), 0.88 (t, J=7.6HzZ8R), 0.94 (d, J=7.6Hz, 3H), 0.99 (t,
J=7.6k7 9H), 1.0Q {t, J57.61z, 9H), 1.28-1.39 (m, 1H), 207 1.42 (s, 3H),
1.52-1.63 (m, 2H), 1.81-1.94 (m, 2H), 2.70 (dd, J=2.2, 8.0Hz, 1H), 2.92 (dt,
J=2.2[B0He A H). 8180 (dt, J=3.2, 6.0Hz, 1H), 9.61 (s, 1H) [0264] 5
Reference Example 7 [Formula 119] AGO OH OTESO 0 O OTES 'OTES
R7 - AC_(O~OH AGO Of.2TESO OTFS J~ _I OTES + =1'OTESOH *
HON" O OTES* HOI' O OTE$XRI9 R10 R11 R12 [0265] Synthesis of

5,6-anhy8 -4-methyl-8- T o
C-methylx iSOty cero-D-galacto- 10 no\n/i%lj@)?/t
(1R)-1,2-aAhydré-3f=gldedxy-4-C- aE)-S- hydroxyprop-1-en-%-yl]-1 {@,{'{‘Es
2S)-1-methyl-2

R7 R8

[0263]

Synthesis of 4,5-anhydro-3,6,8,9-tetradeoxy—-6-methyl-2-

5 C-methyl-2,7-bis-O-(triethylsilyl)-L-glycero-D-gluco—

nonose (R8)

3,16,21-tris-[(triethylsilyl)oxy]—-
pladienolide D (50mg, 55.9 ul ; Example 46 of WO
03/099813) was dissolved in dichloromethane. The

10 reaction solution was cooled to -78°C. Ozone (flow rate
2 1/min, voltage 90 V) was blown into the reaction
solution for 10 minutes during stirring. After
dimethyl sulfide (10,4 mg, 0.168 mmol) was added, the
reaction solution was warmed to room temperature,

15 stirred for 1 hour and was concentrated under reduced
pressure. The obtained residue was purified by silica
gel column chromatography (Kanto, commercial name
Silica Gel 60N, granular, neutral, 0.040 mm-0.100 mm;
n—-heptane:ethyl acetate = 30:1) to obtain the title

20 compound (18.5mg) as colorless oil.
400MHz 'H-NMR (CD3;OD) & (ppm) 0.64-0.76 (m, 12H), 0.88
(t, J=7.6Hz, 3H), 0.94 (d, J=7.6Hz, 3H), 0.99 (t,

J=7.6Hz, 9H), 1.00 (t, J=7.6Hz, 9H), 1.28-1.39 (m, 1lH),



[(triethylsilyl)oxy]butyl}-4-0-(triethylsilyl)-D- erythro-pentitol (R10),
(2S,3S,4E,6S,7R,10R)-7-hydroxy-
2-[(1E)-3-hydroxy-I-methylprop-I-en-1-yl]-3,7-dimethyl 15
12-oxo0-10-[(triethysilyl)oxy]oxacyclododec-4-en-6-yl acetate (RIl) and
(2S,3S,4E,6S,7R,10R)-7-hydroxy-2- {Rydroxyethyl)-3,7-dimethyl-12-oxo-10-
[(triethylsiylaxylexacyclodedec-dsenz6-ybagetate (R12)20 (n, 2)),
3,16,21-tris-[(triethylsilyl)oxy]- pladienolide D (210 mg, 0.235 mmol) was
dissoRetbin (@087 miixture SolWent dffdichlordmetlvane {22 nil) abiddtiethanol
(25 mll%{ Thig reaction soIJu_ti nwas ¢ oled f0,578G a(?ld Ozone ?;I]ow rate 2
1/min: vbitage 90 V) Was' blowt into “the’ reaction soldtior? for 3 hiinutes
during stirring.2% After adding sodium borohydride (88.9 mg, 2.35 mmol), the
reaction solution was warmed to OC and stirred for 1.5 hours. The reaction
sélutibpiwas ailateabietisyl ' acetate and washed with brine. The organic
layer S ngr@g Ve, anhydrous sodium sulfate, the drying agent 10 was
filtered off and the organic layer was concentrated under reduced pressure.
The obtained residueAy@osH purified by silica gel column chromatography

(Merck, commercial nasge Silica Gel 60, 230-400 mesh; hexane: ethyl
acetat\e/@s%%%{r@gme title-compoud R9 15 (77.3 mg) was obtained
0

as colorlass tRie” cBHound R10 (17.3 mg) was obtained as colorless
oil. The title compoung, RIl (38.5 mg) was obtained as colorless oil. The title

compound R12 (49.1 mg) was AcQ oy AcO o,

| |
OTES, o s OTES; \H/?:S . o
: + . .
\/\;A‘/)/\ \MV)/V\OH HO\/ﬁ\ o oTES HOT o oTES

= ‘OTES 2 “OTES

R9 R10 R11 R12

[0265]

Synthesis of 5,6-anhydro-1,2,4, 7-tetradeoxy—-4-methyl-8-

C-methyl-3,8-bis-O-triethylsilyl)-L—-glycero-D-galacto-

10 nonitol (R9), (1R)-1,2-anhydro-3,5-dideoxy-4-C-[(1E)-3-

hydroxyprop-l-en-1-y1]-1-{ (1S, 2S)-1-methyl-2-

[(triethylsilyl)oxylbutyl}-4-O-(triethylsilyl)-D-

erythro-pentitol (R10), (2S,3S,4E,6S,7R,10R)—-7-hydroxy—

2-[(1E)-3-hydroxy—-l-methylprop—-1l-en-1-y1]-3, 7-dimethyl-

15 12-o0oxo0-10-[(triethysilyl)oxy]oxacyclododec—4-en-6-y1l

acetate (R11) and (2S,3S,4E,6S,7R,10R)-7-hydroxy—-2-

[ (hydroxyethyl) -3, 7-dimethyl-12-ox0-10—

[ (triethylsilyl)oxyl]oxacyclododec-4-en-6-yl acetate

(R12)

20 3,16,21-tris-[(triethylsilyl)oxy]-—

pladienolide D (210 mg, 0.235 mmol) was dissolved in a



obtained as colorless oil. 20 R9 : 400MHz iH-NMR (CD30D) S (ppm)
0.64-0.76 (m, 12H), 0.89 (t, J=7.2Hz, 3H), 0.98 (d, J=7.6Hz, 3H), 0.95 (t,
J=8.0Hz, 9H), 1.00 (t, J=8.0Hz, 9H), 1.26 (s, 3H), 1.28-1.40 (m, 1H),
1.52-1.65 (m, 2H), 1.68 (dd, J=6.4, 14.4Hz, 1H), 1.77 (dd, J=5.2, 14.4Hz,
1H), 2.71 (dd, 25 J=2.4, 8.0Hz, 1H), Z98-3.02 (m, 1H), 3.48 (d, J=9.6Hz,

1H)1%égk@&é?géydén%Hbf&ggéng¥%%gtﬁéﬁéL(ék”mi#Rgﬁé methanol
C23HsoNa04Si2 (M+Na~) Calcd: 469.31, Found: 469.16 209 R10 : 400MHz

iH-NMR5(GD30D) S:ippm}0:89: (qy J=8.0Hz 6,50 J0(p I=8:0HZ3 BHR nd
089§J76Hz 3H), 0.96 (d, J=7.2Hz, 3H 10%%(tJ80H29 ,1.03 (t,
B276HY 1 28-1 20% A, 5“1:{146V(%l§%ﬁ &1 86 i 1%y 176:1.84

(M, 1) 2 89:(6d; Jr2+41 842, ), 2.9Ri(Ehnl=2.4ub6HZ, sJeH)sﬁ%.(dt,
J=3.2, 6.4Hz, 1H), 4.12 (d, J=4.0OHz, 2H), 5.78-5.88 (m, 2H), ; LRMS
C25H52Na0aSH (IW+M\ee) calceP 495,93 L Reund 8 495131, £0 Kl "fRMS

C25H44NaQ7Si (M+Na) Caled: 507,28, Found;. 50727, R12.: 400M
iH-N (5D§86§% (pp%) 66 (d), J- ary i 6H), 082 t%%%rregfﬁor

1.11 (d, 52681z, 3H)E. Leeagdtaea iz, 3H)p . 24 £5,BH); tedd il 721y 1
4H), 2.13 15 (s, 3H), 2.45-2.68 (m, 2H), 2.73-2.85 (m, 1H), 3.85- 3.95 (m,
1H), S9B:A92 GROLHTATT (52105412, 1H)PS, BT @110 2RI Hy2 S

28614 2:80 AN,k © LRME- G23HANAQ 7SI (M#Na) Galed: 481,26, Foypd:

10 was filtered off and the organic layer was concentrated
under reduced pressure. The obtained residue was
purified by silica gel column chromatography (Merck,
commercial name Silica Gel 60, 230-400 mesh; hexane:
ethyl acetate = 10:1->3:2-1:2). The title compoud R9

15 (77.3 mg) was obtained as colorless oil. The title
compound R10 (17.3 mg) was obtained as colorless oil.
The title compound R11 (38.5 mg) was obtained as
colorless 0il. The title compound R12 (49.1 mg) was
obtained as colorless oil.

20 R9 : 400MHz 'H-NMR (CDsOD) & (ppm) 0.64-0.76 (m, 12H),
0.89 (t, J=7.2Hz, 3H), 0.98 (d, J=7.6Hz, 3H), 0.95 (t,
J=8.0Hz, 9H), 1.00 (t, J=8.0Hz, 9H), 1.26 (s, 3H),
1.28-1.40 (m, 1H), 1.52-1.65 (m, 2H), 1.68 (dd, J=6.4,
14.4Hz, 1H), 1.77 (dd, J=5.2, 14.4Hz, 1H), 2.71 (dd,

25 J=2.4, 8.0Hz, 1H), 2.95-3.02 (m, 1H), 3.48 (d, J=9.6Hz,
1H), 3.55 (d, J=9.6Hz, 1H), 3.79 (dt, J=3.2, 6.4Hz,
1H), ; LRMS Cy3Hs50N,04Si, (M+Na®) Calcd: 469.31, Found:

469.16



[Industrial Applicability] 20 [0266] Pladienolide B and pladienolide D and
various kinds of pladienolide derivatives can be effectively synthesized by
using a process for total synthesis of pladienolide B and pladienolide D and
useful 25 intermediates in the above-described process according to the
present invention. - 210 - CLAIMS [Clditn 1] A process for producing a

compound. reprasented ykormpla £1): SFopmula 2] 00AQOH s QHHO"
O P wherein P1 and R1 are the same as defined below, characterized by
compriging Pealitintra confpolid representéd bytk-ormileo(®): [Fétimulé 196
OHOf4 O 0,2) Q1 R werein PLipegns 2 hygrosengon or a
J=8.0Hz, 9H), 1.28-1.40 (m, 1H), 1.46 (s, 3H), 1.52-

5 1.66 (m, 1H), 1.70-1.84 (m, 1H), 2.69 (dd, J=2.4,
8.4Hz, 1H), 2.95 (dt, J=2.4, 5.6Hz, 1H), 3.81 (dt,
J=3.2, 6.4Hz, 1H), 4.12 (d, J=4.0Hz, 2H), 5.78-5.88 (m,
2H), ; LRMS C3sHs,N.04Si, (M+Na') Calcd: 495.33, Found:
495.31.

10 RI1I1 : LRMS C,sHuN.07Si (M+Na’) Calcd: 507.28, Found:
507.27.
R12 : 400MHz 'H-NMR (CDsOD) & (ppm) 0.66 (g, J=8.0Hz,
6H), 1.02 (t, J=8.0Hz, 9H), 1.11 (d, J=6.8Hz, 3H), 1.16
(d, J=6.4Hz, 3H), 1.24 (s, 3H), 1.34-1.72 (m, 4H), 2.13

15 (s, 3H), 2.45-2.68 (m, 2H), 2.73-2.85 (m, 1H), 3.85-
3.95 (m, 1H), 3.98-4.12 (m, 1H), 4.77 (d, J=10.4Hz,
1H), 5.13 (d, J=9.2Hz, 1H), 5.64-5.80 (m, 2H) ; LRMS
C,3H4N,0,81 (M+Na') Calcd: 481.26, Found: 481.22.
[Industrial Applicability]

20 [0266]

Pladienolide B and pladienolide D and various
kinds of pladienolide derivatives can be effectively
synthesized by using a process for total synthesis of
pladienolide B and pladienolide D and useful

25 intermediates in the above-described process according

to the present invention.



for hydroxy group; and R1 means a hydrogen atom or a hydroxy group, with
an acetylating agent in the presence of a base. [Claim 2] The production
process according to claim 1, wherein the acetylating agent is acetic
anhydride. [Claim 3] The production process according to claim 1 or 2,
wherein the base is a combination of 214 Triethylamine with
4-dimethylaminopyridine. [Claim 4]-The gsoduction process according to any
one of claims 1 to 3, wherein the compound represented by Formula (2) in
which P1 and Rdiarelhydrogen atoms is obtained by removing protecting
groups for hydrox% ?%rou at 3- and 21-positions of a com&ound represented

by Formula (6): [Formuf 37 R2" W (6)° GRS 0D 21 G HWher

erein P2 means a
protecting greup for Rydroxyraronp; P3:means a protecting group for hydroxy
group; and R2 means a phenyl group which may have a substituent(s), to
obtain Beedmpaund represented by Formula (5): [Formula 4] R2

wherein P' and R!' are the same as defined below,
characterized by comprising reacting a compound
represented by Formula (2):

[Formula 1]

OH
OH
|
0 (2)

N0 OP"
R1

OH

wherein P' means a hydrogen atom or a protecting group
for hydroxy group; and R' means a hydrogen atom or a
hydroxy group, with an acetylating agent in the
presence of a base.
[Claim 2]
The production process according to claim 1,
wherein the acetylating agent is acetic anhydride.
[Claim 3]
The production process according to claim 1

or 2, wherein the base is a combination of



(5) OH O O 21 30H wherein R2 is the same as defined above,
subsequently protecting hydroxy groups at the 3- and 21-positions of
Compound (5) to obtain a compound represented by Formula (4): 212
[Formula 5] R2 70-( O (4) OPS O O 21 3 0P4 wherein P4 and P5 mean
protecting groups for hydroxy group;%nd R2 is the same as defined above,

subsequently, Femaving, prefeeting,arouns fan Rydroxy group at 6- and
7-positions of Compound (4) >-R2 to obtain a compound represented by

Formula (3) ¢[Farmmula 6] OH OH (3) OPS O O 21 O 3 P wherein P4 and P5

are the same as defined above, and ,
The production process according to any one

of claims 1 to 3, wherein the compound represented by
Formula (2) in which P' and R' are hydrogen atoms is
obtained by removing protecting groups for hydroxy
group at 3- and 21l-positions of a compound represented
by Formula (6):

[Formula 3]

wherein P? means a protecting group for hydroxy group;
P’ means a protecting group for hydroxy group; and R?

means a phenyl group which may have a substituent(s),
to obtain a compound represented by Formula (5):

[Formula 4]

wherein R® is the same as defined above, subsequently
protecting hydroxy groups at the 3- and 2l-positions of
Compound (5) to obtain a compound represented by

Formula (4):



subsequently removing protecting groups for hydroxy group at 3- and
21-positions of Compound (3). [Claim 5] A process for producing a
compound represented by Formula (6): 213 [Formula 9] R2 O-( O (6) OP3
O O wherein P2, P3 and R2 are the same as defined below, characterized
by comprising reacting a compound fépresented by Formula (7): [Formula 7]
OP3 @: O et WiWY' (7) 110 wherein P3 means a protecting group for
hydroxy group; and Het means a 1-phenyl-IH-tetrazol-5-yl group, with a
compound represented by Formula (8): [FormuIaRg] R2 O-(O(8) O

wherein P* and P’ mean protecting groups for hydroxy
group; and R? is the same as defined above, subsequently
removing protecting groups for hydroxy group at 6- and
7-positions of Compound (4)

>-R?

to obtain a compound represented by Formula
(3):

[Formula 6]

wherein P* and P° are the same as defined above, and
subsequently removing protecting groups for hydroxy
group at 3- and 2l1-positions of Compound (3).
[Claim 5]
A process for producing a compound

represented by Formula (6):



OHC OP2 wherein P2 means a protecting group for hydroxy group; and R2
means a phenyl group which may have a substituent(s), in the presence of a
base. [Claim 6] The production process according to claim 5, wherein the
base is potassium bis(trimethylsilyl)amide. 214 [Claim 7] A process for
producing a compound represented By Formula (9): [Formula 11] R2 (9) AO
P60 P2 whereingp2, P6 and R2 are the same as defined below,
characterized by comprising closing a ring in a compound represented by
Formula (10) [Formula 10] R2 O-( (10) Ps O P2 wherein P2 means a
protecting group for hydroxy group; R2 meanéj{Rphenyl group which may
have a substituent(s); and P6 means a protegting group for hydroxy group, in
the presence of a catalysétplCIaim 8] (6)
0

wherein PZ, P’ and R? are the same as defined below,
characterized by comprising reacting a compound
represented by Formula (7):

[Formula 7]

wherein P°® means a protecting group for hydroxy group;
and Het means a l-phenyl-1H-tetrazol-5-yl group, with a
compound represented by Formula (8):

[Formula 8]

wherein P? means a protecting group for hydroxy group;
and R? means a phenyl group which may have a
substituent(s), in the presence of a base.
[Claim 6]
The production process according to claim 5,

wherein the base is potassium bis(trimethylsilyl)amide.



The production process according to claim 7, wherein the catalyst is
[1,3-bis-(2,4,6- trimethylphenyl)-2-imidazolidinylidene]dichloro(0-
isopropoxyphenylmethylene)ruthenium. [Claim 9] 215 A process for
producing a compound represented by Formula (11): [Formula 15] OP8 OP9
OPT O (11) R wherein P1, P7, P8, 4nd R1 are the same as defined
below, charagterized-y comprising reacting a compound represented by
Formula (12): [Formula 12] OP7 O .-W (12) wherein P7 means a hydrogen
atom or a protectidg growe sfor iydrexyp droupiand Rimpeans a hydrogen
atom or a hydroxy group, with a compound represented by Formula (13):
[Formuiz 73] 0 b8 0Py (T@)rmyf& T wherein P1 means a hydrogen atom

or a preteclinggroup

6

PO~ o~ or2

wherein PZ, P° and R? are the same as defined below,
characterized by comprising closing a ring in a

compound represented by Formula (10)

[Formula 10]

R2
O
N /<O
| (10)

0]

PO~ o 0P

wherein P? means a protecting group for hydroxy group;
R’ means a phenyl group which may have a substituent(s);
and P°® means a protecting group for hydroxy group, in
the presence of a catalyst.

[Claim 8]

The production process according to claim 7,
wherein the catalyst is [1l,3-bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene]dichloro (O-
isopropoxyphenylmethylene)ruthenium.

[Claim 9]



for hydroxy group; P8 means a hydrogen atom, an acetyl group or a
protecting group for hydroxy group; P9 means a hydrogen atom or a
protecting group for hydroxy 216 group; or P8 and P9 may form together a
group represented by a formula: [Formula 14] R5 wherein R5 means a
phenyl group which may have a substitdent(s), in the presence of a catalyst.
[Claim 10] The prodyctionprocess accoxding 19 claim g, yhgrein the catalyst
is [1,3-bis-(2,4,6- trimethylphenyl)-2-imidazolidinylidene]dichloro(O-
isopropoxyatenydmetlyylEnelrutrenidmn or

tricyclohex lI})hosphine[l,3-bis(2,4,6-trimethylphenyl)-
4,5-dihydrBimidazal-2-ylidene][benzylidene]ruthenium (1V) dichloride. [Claim
11] A compound represented by Formula (3-1): [Formula 16] OH OH (3-1) O
P51 O O 0P41 wherein P91 and P51 may bé)ff‘?(anéame or different and
mean a hydrogen atom or a protecting gro

ydroxy group, provided
that both of P91 and P5bare 8r either (11)

OP!

wherein P!, P/, PS, P’ and R' are the same as defined
below, characterized by comprising reacting a compound
represented by Formula (12):

[Formula 12]

OP’

)
\\V/L\T/*<¢/»>><A\§ (12)
R1

wherein P’ means a hydrogen atom or a protecting group
for hydroxy group; and R' means a hydrogen atom or a
hydroxy group, with a compound represented by Formula
(13):

[Formula 13]

oP8
OP?

0 (13)
N0 OP!

wherein P' means a hydrogen atom or a protecting group
for hydroxy group; P°® means a hydrogen atom, an acetyl
group or a protecting group for hydroxy group; P’ means

a hydrogen atom or a protecting group for hydroxy



P91 or P51 is a protecting group for hydroxy group, or a salt thereof. 217
[Claim 12] A compound represented by Formula (4,5,6-1) [Formula 17] R21
0-{ (4,5,6-1) OP351 O 0 0 P241 wherein P241 means a hydrogen atom or a
protecting group for hydroxy group; P351 means a hydrogen atom or a
protecting group for hydroxy group; aft®R21 means a phenyl group which

may Rave g substifuent(s)..or 3. salt: thereof, JGaim: 13] A compound
represented by Formula (7-1): [Formula 18] DP31 O™ O Het vYWY"' (7-1) 110
whereiprR8% enéans avhydrégematem or a protecting group for hydroxy
group; and Het means a 1-phenyl-IH- tetrazol-5-yl group, or a salt thereof.
[CIairﬁFloﬁW(l:SmpAlo]und represented by Formula (8-1) 218 [Formula 19]

RS
O/%
%(Kﬁ
wherein R’ means a phenyl group which may have a
substituent(s), in the presence of a catalyst.
[Claim 10]

The production process according to claim 9,
wherein the catalyst is [1,3-bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene]dichloro (O—-
isopropoxyphenylmethylene)ruthenium or
tricyclohexylphosphine[l,3-bis (2,4, 6-trimethylphenyl) -
4,5-dihydroimidazol-2-ylidene] [benzylidene]ruthenium
(IV) dichloride.

[Claim 11]
A compound represented by Formula (3-1):

[Formula 16]

OH

op>! o)
A g N O OP41

wherein P*' and P’! may be the same or different and mean
a hydrogen atom or a protecting group for hydroxy
group, provided that both of P*" and P°!' are or either

51

P or P’ is a protecting group for hydroxy group, or a

salt thereof.



R21 O (8-1) y O R41 P21 wherein P21 means a hydrogen atom or a
protecting group for hydroxy group; R21 means a phenyl group which may
have a substituent(s); and R41 means a formyl group or a group represented
by -CH20P61, wherein P61 means a hydrogen atom or a protecting group
for hydroxy group, or a salt thereof. [€ldim 15] A compound represented by
Formula (10-3):; fFormyla 20] R21 (10-1) O P610 O OP21 wherein P21
means a hydrogen atom or a protecting group for hydroxy group; P61 means
a hydrogen atom ér aoprotecting grows fortleydroxy group;land R2L means a
phenyl group which may have a substituent(s), or a salt thereof. [Claim 16] A
compound tepedented by Formula (12-1) 219 [Formula 21] O P71 vY~/~~
(12-1)

| (4,5,6-1)
Op3s! 0
0O

241

wherein P means a hydrogen atom or a protecting group

P**! means a hydrogen atom or a

for hydroxy group;
protecting group for hydroxy group; and R*' means a
phenyl group which may have a substituent(s), or a salt
thereof.

[Claim 13]

A compound represented by Formula (7-1):

[Formula 18]

op%!

o) Q
\\V/L\T/<(L/«\T/«\$,Het (7-1)
()

wherein P’! means a hydrogen atom or a protecting group
for hydroxy group; and Het means a l-phenyl-1H-
tetrazol-5-yl group, or a salt thereof.

[Claim 14]

A compound represented by Formula (8-1)



wherein P71 means a hydrogen atom or a protecting group for hydroxy
group; and R11 means a hydrogen atom or a hydroxy group, or a salt
thereof. [Claim 17] A compound represented by Formula (13-1): [Formula
22] OP81 OP91 41 O (13-1) OP11 wherein P11 means a hydrogen atom or
a protecting group for hydroxy group? P81 means a hydrogen atom, an
acety} :gypuR-Qr 8 protecting group for hydroxy group; and P91 means a
hydrogen atom or a protecting group for hydroxy group; or P81 and P91 may
form together a group represented by a formula: [Formula 23] R51 wherein
R51 means a phenyl group which may Baypé a substituent(s), or a salt
thereof. [Claim 18] A process for produsin® a compound 220 represented by
Formula (11): [Formula 27] Op8 QP9 O{11) 6 (8-1)

RYSNTO OP?'

wherein P?! means a hydrogen atom or a protecting group
for hydroxy group; R*' means a phenyl group which may
have a substituent(s); and R* means a formyl group or a
group represented by —~CH,0P°!, wherein P°' means a
hydrogen atom or a protecting group for hydroxy group,
or a salt thereof.

[Claim 15]

A compound represented by Formula (10-1):

[Formula 20]

R21
0~
S 0
| (10-1)

o)
PO
N0

ol
wherein P?' means a hydrogen atom or a protecting group
for hydroxy group; P°’ means a hydrogen atom or a
protecting group for hydroxy group; and R*’ means a
phenyl group which may have a substituent(s), or a salt
thereof.

[Claim 16]

A compound represented by Formula (12-1)



R7 RB O OP1 wherein P1, P8, P9, R6, R7 and R8 are the same as defined
below, characterized by comprising reacting a compound represented by
Formula (12): [Formula 24] x 8 (12-) R7 wherein R6 means a hydrogen atom
or a linear C1_10 alkyl group which may have a substituent (s) ; R? means a
hydrogen atom or a methyl group; ané'R8 means a hydrogen atom or a
hydroxy greyp, withha compound represented by Formula (13): [Formula 25]
Op8 OP9 O (13) OP1 wherein P1 means a hydrogen atom or a protecting
group for hydroxy group; P8 means a hydrogen atom, an acetyl group or a
protecting group for hydroxy groep; 8nd P9 means a hydrogen atom or a
protecting group for hydrox < nd PQimay form together a group
221 represented by a formula: [Formufa®6] R5 O wherein R5 means a

phenyl group which may have a substituent(s), in the presence of a catalyst.
wherein P! means a hydrogen atom or a protecting group

for hydroxy group; and R'' means a hydrogen atom or a
hydroxy group, or a salt thereof.
[Claim 17]
A compound represented by Formula (13-1):
[Formula 22]

81
OP*l e

o (13-1)
N0 OP'

wherein P'' means a hydrogen atom or a protecting group
for hydroxy group; P%" means a hydrogen atom, an acetyl
group or a protecting group for hydroxy group; and p°t
means a hydrogen atom or a protecting group for hydroxy
group; Or P®" and P** may form together a group
represented by a formula:

[Formula 23]

wherein R’! means a phenyl group which may have a
substituent(s), or a salt thereof.
[Claim 18]

A process for producing a compound



[Claim 19] A compound represented by Formula (14): [Formula 28] OP711 O
(14) 8111 wherein P711 means a hydrogen atom or a protecting group for
hydroxy group; and R111 means a hydrogen atom or a hydroxy group; and
RA means a formyl group or a group represented by -CH20H, or a salt
thereof. [Claim 20] A compound repr ted by Formula (16): [Formula 29]
OP811.(16)s 47211 8412 QR211 wherejn P211 means a hydrogen atom or a
protecting group for hydroxy group; and P811 means a hydrogen atom, an
222 aeetyhgieup ot a protecting group for hydroxy group; and P911 means
a hydrogen atom or a protecting group for _hydroxy group; and R411 means
a formyl group or a group represented b EQjﬁQOPGll (wherein P6u means
a hydrogen atom or a protecting groupjfforfyydroxy group); and provided that
a compound represented by the follo formula i$'éXcluded, or a salt
thereof. [Formula 30] FF‘{G N OP!

wherein P!, PS, P9, R6, R’ and R® are the same as defined
below, characterized by comprising reacting a compound
represented by Formula (12'):

[Formula 24]

S (12)

wherein R® means a hydrogen atom or a linear Ci_ip alkyl
group which may have a substituent(s); R’ means a
hydrogen atom or a methyl group; and R® means a hydrogen
atom or a hydroxy group, with a compound represented by
Formula (13):

[Formula 25]

N0 OP!

wherein P' means a hydrogen atom or a protecting group
for hydroxy group; P® means a hydrogen atom, an acetyl
group or a protecting group for hydroxy group; and p’
means a hydrogen atom or a protecting group for hydroxy

group; Or P® and P’ may form together a group



000--O OOOOHO/ H

221
represented by a formula:

[Formula 26]

o~
%(Kﬁo

wnr

wherein R’ means a phenyl group which may have a
substituent(s), in the presence of a catalyst.
[Claim 19]
A compound represented by Formula (14):

[Formula 28]

711

wherein P means a hydrogen atom or a protecting group

111

for hydroxy group; and R means a hydrogen atom or a

hydroxy group; and R® means a formyl group or a group
represented by -CH;OH, or a salt thereof.
[Claim 20]
A compound represented by Formula (16):

[Formula 29]

811
OP911

| (16)
0O

R4117 YO op211

211

wherein P means a hydrogen atom or a protecting group

811

for hydroxy group; and P means a hydrogen atom, an



222
acetyl group or a protecting group for hydroxy group;
and P’ means a hydrogen atom or a protecting group for

hydroxy group; and R*'! means a formyl group or a group

611 611

represented by —-CH,O0OP (wherein P means a hydrogen
atom or a protecting group for hydroxy group); and
provided that a compound represented by the following
formula is excluded, or a salt thereof.

[Formula 30]




