Description Macrolide conmpound in solid form process
Yor preparation thereof, and pharnaceuti cal
conmposition containing the sane Technical field The
present invention relates to a macrolide conmpound in
solid form a process for preparation thereof, and
phar maceuti cal conpositions containing the sane. In
particular, the invention relates to a macrolide
conpound in solid form@APChIP5188eful as a

nmedi canent, a process for preparing the macrolide
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for preparing the macrolide compound in solid form, and

pharmaceutical compositions containing the same.

Background art

The macrolide compound of formula (I), below shown,
(8E,12E,14E)-7-{ (4-cycloheptylpiperazin~-1l-yl)carbonyl}oxy-
3,6,16,21-tetrahydroxy-6,10,12,16,20~-pentamethyl-18,19-
epoxytricosa-8,12,14-trien-11-0lide, as well as
pharmaceutically acceptable salts and hydrates thereof,
suppresses a vascular endothelial growth factor (VEGF)
production, suppresses angiogenesis in cancer, and strongly
suppresses solid tumor cell proliferation in in vivo
experiments. Based on such effects, this compound has been
reported to be particularly useful as a prophylactic or

therapeutic agent for solid tumors and the like (see, for



t hereof are capable of form ng crystal pol ynorphs.
However, the conpound of formula (1), which is the
compound of Exanple 45 in WD 03/099813, is nentioned
therein as being obtained as an oily substance; no
di scl osure whatsoever is nmade of the properties of a
crystalline or anorphous solid formthereof. Nor has
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purification. Yet, Tdichloronethane, ow ng

c8hbeclis iom (e b odyen is s&l agsed under UN Hazard
Class 6.1 (Toxic Substances), and

WO 03/099813 also discloses in detail a process for
synthesizing the compound of formula (I). However, since
post-treatment in this synthetic process is complex and
purification by column chromatography is required in each
step, there are aspects to the process that make it poorly
conducive for the commercial production of a bulk
medicament for pharmaceutical manufacture. Moreover,
because the compound of formula (I) thus obtained has the
properties of an oily substance, it has a poor uniformity
and is of irreqgular purity, as a result of which it has not
always been of sufficient quality for use as a bulk
medicament for pharmaceutical manufacture.

In addition, the process described in WO 03/099813
reguires the use of dichloromethane as the reaction solvent

in synthesis of the compound of formula (I) and as the



is categorized under the International Conference on
Har noni zati on of Techni cal Requirenents for

Regi stration of Pharmaceuticals for Human Use (1 CH)
Quality Guideline @BC (lnpurities: Residual Solvents)
as Cass 2 (Solvents whose residual quantities in

phar maceut i cal products should be limted).
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standards for atmospheric pollution and water pollution.

Disclosure of the Invention

It is therefore a purpose of the present invention to
provide the compound of formula (I) in a solid form which,
as a bulk medicament for pharmaceutical manufacture, is
uniform, has a high purity, and is easy to work with.
Further purposes of the invention are to provide a process
for preparing this compound in solid form, and
pharmaceutical compositions containing the same.

The inventors have conducted extensive investigations,
as a result of which they have discovered that the solid
form of the compound of formula (I) achieves the above
purposes in terms of (1) a decreased level of impurities

and (2) handling as a bulk medicament. Thus, they have



cycl oheptyl pi perazi n-1-yl)carbonyl }oxy- 3, 6, 16, 21-
tetrahydr oxy-6, 10, 12, 16, 20- pent anet hyl - 18, 19- epoxytric
osa- 8,12,14-trien-11-olide represented by formula
(). O ~-NO N f 7-OH 23 ~HGEOO0O2 (1) ~O/OCH
OH 2) The solid of 1) above, wherein the solid formis
crystalline. 3) The solid of 1) above, wherein the
SO|Id orn1|s anmor phou .4% The solid of 2) above,
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2) The solid of 1) above, wherein the solid form is
crystalline.

3) The solid of 1) above, wherein the solid form is
amorphous.

4) The solid of 2) above, wherein the crystals have, in a
powder x-ray diffraction pattern thereof, peaks at the
diffraction angles (20+0.2°) 8.8°, 15.8° and 17.5°.

5) A process for preparing the crystals of 2) or 4) above,
including dissolving the (8E,12E,14E)-7-{ (4~
cycloheptylpiperazin-1-yl)carbonyl}oxy-3,6,16,21-

tetrahydroxy-6,10,12,16,20-pentamethyl-18, 19-epoxytricosa-



then adding an aliphatic hydrocarbon-type solvent to
the solution so as to precipitate the crystals. 6)
The preparation process of 5) above, wherein the one
or two solvents selected fromthe group consisting of
a first ether-type solvent, aromatic hydrocarbon-type
solvents acetate ester-type solvents and
I t type ent s re ap acetate este
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7) The preparation process of 5) or 6) above, wherein the
acetate ester-type solvent is ethyl acetate.

8) The preparation process of any one of 5) to 7) above,
wherein the aliphatic hydrocarbon-type solvent is n-heptane.
9) The preparation process of any one of 5) to 8) above,
wherein the crystals are precipitated under stirring.

10) The process for preparing the crystals of any one of 5)
to 9) above, wherein crystal precipitation is induced at 20
to 30°C.

11) The process for preparing the crystals of any one of 5)
to 9) above, wherein crystal precipitation is induced at 35
to 60°C.

12) The process for preparing the crystals of any one of 5)
to 9) above, wherein crystal precipitation is induced at 65

to 75°C.



(1) is prepared by the process including: reacting a
conpound represented by formula (VI): OH 7 OEE 23
OfES 0 (M) [~/~v\/Z_2 Ak_~"~OTES "OTES 1 (wherein
EE is a 1-ethoxyethyl group, and TES is a
triethylsilyl group) with a conpound represented by
formula (M1): "/ R (M) (wherein Ris anitro
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(I) is prepared by the process including: reacting a

compound represented by formula (VI):

?H

/f 7 T-OEE
\\/A\r/<;/«\ AN O/%\//\CWES

/NDTES 1

(wherein EE is a l-ethoxyethyl group, and TES is a
triethylsilyl group) with a compound represented by formula

(VII):

Y

(VII)

(wherein R is a nitro group, a chlorine atom or a hydrogen
atom) using a second ether-type solvent so as to obtain an

ether solution of the compound of formula (IV):



the conpound represented by formula (I11): O rNO O N
77 CEE 23 OTES O 12 O (Ill) O~ OTES /\OTES 1
(wherein EE and TES are as defined above); treating
the ether solution of the conpound of forrmula (I111)
with a desilylating agent so as to deprotect the TES
groups and thereby give an ether solution of the
compound of forlmyla~_(11): 7 O CNAO NJ C ~7CEE 23
HO(Il) JY ~~ ()—I (wherein EE is as defined
above); and treat "Rg tpy her solution of the
conpound of formula (I1)
deprotect the EE group.
13) above, wherein the
TES net hyl et her
S e l

th an acid so as to
$reparation process of
her-type solvent is
phar maceytviycal conposition

OTES

(wherein EE, TES and R are as defined above); reacting the
ether solution of the compound of formula (IV) with 1-
cycloheptylpiperazine so as to form an ether solution of

the compound represented by formula (III):

o)
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OTES <i::j/N\ii/Jr§\firEE

23 (I
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(wherein EE and TES are as defined above); treating the
ether solution of the compound of formula (III) with a
desilylating agent so as to deprotect the TES groups and

thereby give an ether solution of the compound of formula

(II):



above. 16) The pharmaceutical conposition of 15)
above, which is an anticancer agent. 17) Use of the
solid conpound of 1) above for manufacturing a

phar maceuti cal conmposition for treating cancer. 18) A
met hod of treating cancer, conprising adm nistering
the solid of 1) above to a patient. Brief Description
of the Drawings FIG 1 shOws a powder x-ray
diffraction pattern for /ﬂ\he crystals of formula (1)
conmpound obt ai ned i Example 7. FIG 2 shows a powder

x-ray diffraction pattern f he anor phous powder of
formula (1) cnd t aijned{+@OEeExanpl e 10. 8 FIG 3
sho a powdet ray di acthon pattern for the
2% ysril s of formula ( com obt ai Hed i n Exanpl e
qs— fraction pattern for

the crystal s Pf{orrrulla (T)qcomp d obtained in
Exanpl e 9. FI& 5 shows a powder x-ray diffraction
pattern for the anorphous mass of fornula (1) conpound
obtained in Exanple 11. FIG 6 shows a powder x-ray

@iddreact imm patieraef onedt BBoGEY St 3ha eEefa%ml ahel kether
conpound obtained in Exanple 12. FIG 7 shows a

gvderonx-dayc ik fésasbhed pat termhios the)cryshals efcid so as
formula (1) conmpound obtained in Exanple 13. Detailed

tiesgiitdet afhd heg | gveapion The solid form of the
conpound of formula (1)

14) The preparation process of 13) above, wherein the

second ether-type solvent is t-butyl methyl ether.

15) A pharmaceutical composition comprising the solid of 1)
above.

16) The pharmaceutical composition of 15) above, which is
an anticancer agent.

17) Use of the solid compound of 1) above for manufacturing
a pharmaceutical composition for treating cancer.

18) A method of treating cancer, comprising administering

the solid of 1) above to a patient.

Brief Description of the Drawings
FIG. 1 shows a powder x-ray diffraction pattern for
the crystals of formula (I) compound obtained in Example 7.
FIG. 2 shows a powder x-ray diffraction pattern for
the amorphous powder of formula (I) compound obtained in

Example 10.



according to the present invention can suppress a
vascul ar endothelial growmh factor (VEGF) production,
suppress angi ogenesis in cancer, and is particularly
useful as a nedicanent for the prevention or
treatment of solid tunors and the |ike. Enbodi nents
of the invention are descri bed bel ow. As used herein,
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the crystals of formula (I) compound obtained in Example 12.

FIG. 7 shows a powder x-ray diffraction patter for the

crystals of formula (I) compound obtained in Example 13.

Detailed Description of the Invention

The solid form of the compound of formula (I)
according to the present invention can suppress a vascular
endothelial growth factor (VEGF) production, suppress
angiogenesis in cancer, and is particularly useful as a
medicament for the prevention or treatment of solid tumors
and the like.

Embodiments of the invention are described below.

As used herein, “the solid form of the compound
(8E,12E,14E)—7~{(4—cycloheptylpiperazin—l—yl)carbonyl}oxy—
3,6,16,21—tetrahydroxy—6,10,12,16,20—pentamethyl~18,19—
epoxytricosa-8,12,14-trien-11-olide” refers to the compound
of formula (I) below, which is a macrolide compound having

a l2-membered macrolactone ring as a partial structure, in



In the present specification, the conmpound of formula
(I') is shown, for the sake of convenience, as a pl anar
chem cal formula. However, certain isonmers derived
from the chemcal fornmula may be included. That is,
the present invention may include all isoners (e.g.,
geonetric isomers, optical isoners based on )
Jgﬂg; rbon [ and tautoners
st XIE%& éggdg%%éﬁﬁgﬁgt?gc ure of the conpound,
as well as isomeric mxtures. The isoner
(3R 6R, 7S, 8E, 10S, 11S, 12E, 14E, 16R, 18R, 19R, 20R, 21S) - 7-[ (
4- cycl oheptyl pi perazi n-1-yD)carbonyl ] oxy- 3, 6, 16, 21-
tetrahydroxy-6, 10, 12, 16 O;ﬂgntanethyl-18,19-epoxytric

osa- 8,12,14-trien-114olibe sBown in fornul a (1-a)
bel ow is 10 espgcial LM ed, O | NN1IOGYN _ 7
"OH 23 OHO ‘ Ohe powder x-ray
diffr i on ana I 8_ present
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identification. iffraction peaks are typically
measured using the Cu- Ka irradiation. The relative
intensity of the respective

The solid form of the compound of formula (I) may be a
non-solvate or a solvate. A “solvate of the compound of
formula (I)” refers herein to a compound obtained by the
solvation of solvent molecules in a non-solvate of the
compound of formula (I). There is no particular limitation
on the number of solvent molecules that are solvated.

In the present specification, the compound of formula
(I) is shown, for the sake of convenience, as a planar
chemical formula. However, certain isomers derived from
the chemical formula may be included. That is, the present
invention may include all isomers (e.g., geometric isomers,
optical isomers based on asymmetric carbons, stereoisomers,
and tautomers) which exist based on the structure of the
compound, as well as isomeric mixtures. The isomer
(3R, 6R,7S,8E,10S,118,12E, 14E,16R, 18R, 19R,20R,21S) -7~ (4-
cycloheptylpiperazin-1-yl)carbonylloxy-3,6,16,21-
tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-epoxytricosa-

8,12,14-trien-11-o0lide shown in formula (I-a) below is

10



di ffraction peaks varies sonewhat dependi ng on the
measurenent conditions, the particle size of the
neasured sanple and the crystal growh direction in
the neasured sanple. Accordingly, the appeared
pattern of diffraction peaks is inportant in
confirmng the identity of crystals. [In the
description that follows, the diffraction angles on
ERe Herlil2om Lt edin the powder x-ray diffraction
di agranms generally signify values that agree within a
range of 200.2. Crystals of the conpound of fornula
(1) have diffraction pea at diffraction angl es of
8.8 15.8and 17.5, preferé@jy have diffraction peaks
at diffraction 11 ang -5 7.1, 8.8, 15.8 and
17.5, and nost __prefg

e refers to a mgjor

diffraction ap j
16.5, 17.5 and .
feakOHaving a re ' i ntensylagy. The

Invent i ope@Onconpasses 12ryst ich havé peaks of
Eﬁdésﬁrén$ﬁfgyﬁff§°6§h§r a eatbove- i ndi cat ed
peaks.=Mre pfederred crystals of the conpound of

formula (1) include crystals which have diffraction
peaks at the sane diffraction angles as in the powder

x-ray. diffraction diagr shown in FIG 1, 3, 4, 6 or
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i ncl ude amorphous, powders and anor houi masses. An .
péﬁﬁ?ﬁ o&?eﬁﬁﬁaﬁﬁ % [ﬂ%ﬁ%ﬁr%ﬂﬁtrum ntal analysis technique

employed for distinguishing between crystalline and

.8, 14.6, 15.8,

amorphous substances and for crystal form identification.
The diffraction peaks are typically measured using the Cu-
Ko irradiation. The relative intensity of the respective
diffraction peaks varies somewhat depending on the
measurement conditions, the particle size of the measured
sample and the crystal growth direction in the measured
sample. Accordingly, the appeared pattern of diffraction
peaks 1s important in confirming the identity of crystals.
In the description that follows, the diffraction angles on
the horizontal axis in the powder x-ray diffraction
diagrams generally signify values that agree within a range
of 2640.2°.

Crystals of the compound of formula (I) have
diffraction peaks at diffraction angles of 8.8° 15.8%and

17.5°, preferably have diffraction peaks at diffraction

11



As used in the present specification, "ether solution”
refers to a solution obtained by treatnent using an

et her- type solvent. Next, a process for preparing the
solid formof the conmpound of fornmula (I) according
to the invention is described in detail. The solid
formof formula (1) conpound can be prepared by

e BTy Car Py ng B0t & €758t af SRob i g sE8H BFSan
BRI, SRS OEFLN0: L8 Roed?s P B b Rt 28R ARG e of
625°, 7.1°, 8.8°, 14.6° , 15.8°, 16.5°, 17.5° and 22.0°. A
“peak” here refers to a major peak having a relatively
strong intensity. The invention encompasses crystals which
have peaks of moderate intensity other than the above-
indicated peaks.

More preferred crystals of the compound of formula (I)
include crystals which have diffraction peaks at the same
diffraction angles as in the powder x-ray diffraction
diagram shown in FIG. 1, 3, 4, 6 or 7.

Amorphous forms of the compound of formula (I) include
amorphous powders and amorphous masses. An amorphous
powder is preferred.

As used in the present specification, “ether solution”
refers to a solution obtained by treatment using an ether-
type solvent.

Next, a process for preparing the solid form of the
compound of formula (I) according to the invention is
described in detail.

The solid form of formula (I) compound can be prepared
by carrying out Step 1 to Step 6, as described below, and
subsequently carrying out a crystal-forming step or an

amorphous solid-forming step.

12
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preparation process is a step of reacting the
compound of formula (IX) (wherein TES is a
triethylsilyl group) with ethyl vinyl ether in the

presence
Synthetic procedures

(IX)
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of an acid, thereby protecting the hydroxyl group at

position 6 with 1-ethoxyethyl (EE) group to formthe

compound of formula (VII1). The solvent used in this

step is not subject to any particular limtation,

al t hough an inert solvent which dissolves the

starting materials to a certain degree but does not

readi|y react with the starting naterials is
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sol vents such as tetrahydrofuran, diethyl ether,
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diisopropyl ether, t-butyl methyl ether, dioxane or 1,2-
dimethoxyethane; hydrocarbon-type solvents such as hexane,
benzene or toluene; ketone-type solvents such as acetone or
methyl ethyl ketone; nitrile-type solvents such as
acetonitrile; amide-type solvents such as N,N-
dimethylformamide, N,N-dimethylacetamide, N-methyl-2-
pyrrolidone or hexamethylphosphorylamide; sulfoxide-type
solvents such as dimethylsulfoxide; and solvent mixtures
thereof. Of the above, ether-type solvents such as
tetrahydrofuran, diethyl ether, diisopropyl ether, t-butyl
methyl ether, dioxane or dimethoxyethane; hydrocarbon-type
solvents such as hexane, benzene or toluene; and solvent
mixtures thereof are preferred.

The acid used in this step, while not subject to any

particular limitation, may be an organic acid such as
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t ol uenesul fonate, p-toluenesulfonic acid or
canphorsulfonic acid is preferred. The ethyl vinyl
ether enployed in this step may be used in anywhere
froman equival ent anmobunt to a |large excess with
respect to the compound of formula (1X). However, in
order to have the reaction proceed snnothly the

t of eth used is refe
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uival ents. The acl i d sed in anywhere from
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Feact’io erature is not subject to any particul ar
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eret suc as ydrol ysis usin d or or
ﬂy¥¥8f5§l§(¥¥BﬁJf5‘to 100 equivalents, and more preferably
from 20 to 50 equivalents.

The acid may be used in anywhere from a catalytic
amount to an equivalent amount with respect to the compound
of formula (IX). An amount of from 0.005 to 0.50
equivalent is preferred, and an amount of from 0.005 to
0.20 equivalent is especially preferred.

The reaction time may be from 1 to 24 hours, and
preferably from 2 to 10 hours. The reaction temperature is
not subject to any particular limitation; the reaction will
proceed around room temperature (24.0 to 26.0°C).

Step 2 of this preparation process is a step of
deprotect the compound of formula (VIII) at position 7
acetyl group to form the compound of formula (VI). Removal

of the acetyl group may be carried out in accordance with a

method described in the literature (see Protective Groups
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using a netal hydride conplex. Preferred exanples of
the base include alkali netal hydroxides such as

sodi um hydroxi de, potassium hydroxide or lithium
hydr oxi de; al kali netal carbonates such as potassium
carbonate, sodium carbonate, sodium bicarbonate or
cesiunmcarbonate guani di ne and guanidine nitrate. A
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reaction tenperature TS not subjec 0 an artlcular
ahblntaldObrH thHL & 0 equivalents, and preferably from
1.0 to 1.2 equivalents, with respect to the compound of
formula (VIII). The solvent used in this step is not
subject to any particular limitation, although an inert
solvent which dissolves the starting materials to a certain
degree but does not readily react with the starting
materials is desirable. Illustrative examples include
water; alcohol-based solvents such as methanol, ethanol,
isopropanol or t-butanol; ether-based solvents such as
tetrahydrofuran, diethyl ether, diisopropyl ether, dioxane
or 1,2-dimethoxyethane; nitrile-type solvents such as
acetonitrile; amide-type solvents such as N,N-
dimethylformamide, N,N-dimethylacetamide, N-methyl-2-
pyridone or hexamethylphosphorylamide; sulfoxide-type

solvents such as dimethylsulfoxide; and solvent mixtures
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tenperature of fromO to 60C is preferred, a
tenperature of from10 to 30C is nore preferred, and
a tenperature of from24.0 to 25.0C is even nore
preferred. The reaction may be carried out for a
period of from1 to 24 hours, and preferably from3
to 10 hours. Step 3 of this preparation process is a
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acetate or 1sopr
base, to form a compound of formula (IV). The base used in

this step is exemplified by aromatic bases such as pyridine,
4-dimethylaminopyridine, lutidine, collidine, imidazole or
methylimidazole; tertiary alkylamines such as triethylamine
or diisopropylethylamine; and inorganic bases such as
potassium carbonate, sodium carbonate, cesium carbonate,
sodium hydroxide or potassium hydroxide. Of these,
triethylamine and 4-dimethylaminopyridine are preferred.

It is desirable that the solvent used in this step be an
inert solvent. For example, use may be made of ether-type
solvents such as tetrahydrofuran, 1,2-dimethoxyethane, t-
butyl methyl ether, cyclopentyl methyl ether, diethyl ether,
diisopropyl ether, dibutyl ether or dicyclopentyl ether;

aromatic hydrocarbon-type solvents such as benzene or
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type solvents such as N, N-di net hyl formam de, N

nmet hyl pyrrol i done or N, N-di net hyl acet am de; and

sul f oxi de- type solvents such as di et hyl sul f oxi de. O

these, t-butyl nethyl ether and ethyl acetate are

preferred. The reaction tenperature, which generally

depends on the starting materials, solvent and other

rea ent_s ed in the react preferably m 10
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The reaction time generally depends on the starting
materials, solvents and other reagents used in the reaction,
and the reaction temperature. Typically, following
addition of the reagents, the reaction mixture is stirred
at the above-indicated reaction temperature for preferably
from 1 to 24 hours, and more preferably from 4 to 10 hours.

Compound (VII) may be used in an amount of from 1.0 to
4.0 molar equivalents, and preferably from 2.0 to 3.0 molar
equivalents, per mole of compound (VI).

4-Dimethylaminopyridine may be used in an amount of
from 1.0 to 2.0 molar equivalents, and preferably from 1.1
to 1.3 molar equivalents, per mole of compound (VI).
Triethylamine may be used in an amount of from 1.0 to 10.0

molar equivalents, and preferably from 4.0 to 6.0 molar

equivalents, per mole of compound (VI).
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desirable that the solvent used in this step, while

not subject to any particular limtation, be an inert

solvent which does not easily react with the starting

materials. |Illustrative exanples of the sol vent
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aliphatic hydrocarbon-type solvents such as hexane or
heptane; aromatic hydrocarbon-type solvents such as benzene
or toluene; ketone-type solvents such as acetone or methyl
ethyl ketone; nitrile-type solvents such as acetonitrile;
amide-type solvents such as N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyridine, N-methylpyrrolidone
or hexamethylphosphorylamide; sulfoxide-type solvents such
as dimethylsulfoxide; and acetate ester-type solvents such
as ethyl acetate, methyl acetate or isopropyl acetate. Of
these, ether-type solvents and acetate ester-type solvents
are preferred. Diglyme, diethoxyethane, 1,2-
dimethoxyethane, t-butyl methyl ether, ethyl acetate, and

solvent mixtures thereof are more preferred. t-Butyl

methyl ether and ethyl acetate are especially preferred.
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as sodi um net hoxi de, potassiumt-butoxide or sodiumt-
but oxi de; netal hydroxi des such as sodi um hydr oxi de or
pot assi um hydr oxi de; aronati c bases such as pyridine,
4- di met hyl am nopyri di ne, lutidine, collidine,

i mdazole or nethylimdazole; tertiary al kyl am nes
such as triethylanine or diisopropyl ethyl am ne; and
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deprot ecting the compound of formula (I'TI) at the 3,
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potassium t-butoxide; triethylamine and
diisopropylethylamine are preferred.

1-Cyclobutylpiperazine may be used in an amount of
from 1.0 to 3.0 molar equivalents, and preferably from 1.2
to 2.0 molar equivalents, per mole of compound (IV).

The reaction temperature, which generally depends on
the starting materials, solvent and other reagents used in
the reaction, is preferably from 10 to 50°C, and more
preferably from 24 to 28°C.

The reaction time generally depends on the starting
materials, solvents and other reagents used in the reaction,
and the reaction temperature. Typically, following
addition of the reagents, the reaction mixture is stirred
at the above-indicated reaction temperature for preferably

from 1 to 40 hours, and more preferably from 10 to 30 hours.
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formula (I1). It is desirable that the solvent used in
this step, while not subject to any particular
l[imtation, be an inert solvent which does not easily
react with the starting materials. Illustrative
exanpl es of the solvent include ether-type solvents
such as tetrahydrofuran, t- butyl nethyl ether,
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nol es, per nole of conpound (111).
hydrocarbon-type soclvents such as hexane or heptane;
aromatic hydrocarbon-type solvents such as benzene or
toluene; acetate ester-type solvents such as ethyl acetate,
methyl acetate or isopropyl acetate; ketone-type solvents
such as acetone or methyl ethyl ketone; nitrile-type
solvent such as acetonitrile; amide-type solvents such as
N,N-dimethylformamide, N,N-dimethylacetamide, N-methyl-2-
pyridone, N-methylpyrrolidone, N,N-dimethylacetamide or
hexamethylphosphorylamide; sulfoxide-type solvents such as
dimethylsulfoxide; and solvent mixtures thereof. Of these,
toluene, tetrahydrofuran, t-butyl methyl ether, and ethyl
acetate are preferred. Ethyl acetate is especially
preferred.

The desilylating agent used in this step is

exemplified by tetrabutylammonium fluoride and hydrogen
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The reaction tine is typically from1l to 48 hours, and
preferably from15 to 30 hours. The reaction
tenperature is typically fromO to 50C, and
preferably from?21.0 to 26.0C. Step 6 of this
preparation process is a step of deprotecting the
conpound of forrmula (11) at the position 6 i of
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snmoothly and in view of other considerations
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in an anount of from11.0 to 6.0 equival ents,
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and preferably from hours. The reaction
chefpedaldlte Jys, for example, solvolysis using an acid or a
base. This reaction is preferably carried out using an
inorganic acid such as sulfuric acid, hydrochloric acid or
phosphoric acid; an organic sulfonic acid such as
pyridinium p-toluenesulfonate, methanesulfonic acid,
toluenesulfonic acid or camphorsulfonic acid; or an organic
carboxylic acid such as trifluorcacetic acid or formic acid.
The reaction is most preferably carried out using
pyridinium p-toluenesulfonate. The acid may be used in
anywhere from an equivalent amount to an excess with
respect to the compound of formula (II). However, to have
the reaction proceed smoothly and in view of other
considerations such as purification treatment, the acid is

preferably used in an amount of from 1.0 to 6.0 equivalents,

and more preferably used in an amount of from 2.0 to 4.0
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typically fromO to 50C, and preferably from21.0 to
27.0C. Steps 3 to 6 of this preparation process may be
carried out as a series of successive operations

wi thout purification by colum chromatography, thus
enabling the conpound of fornmula (1) to be
efficiently prepared In such a case, the base used
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d%%éﬁﬂyﬂgﬁlnopyrldlne, lutidine, chollidine, imidazole or
methylimidazole; tertiary alkylamines such as triethylamine
or diisopropylethylamine; and inorganic bases such as
potassium carbonate, sodium carbonate, cesium carbonate,
sodium hydroxide or potassium hydroxide. Triethylamine and
4-dimethylaminopyridine are especially preferred. The
solvent used within the steps is preferably an inert
solvent, suitable examples of which include ether-type
solvents (also referred to herein as “the second ether-type
solvent”) such as tetrahydrofuran, 1,2-dimethoxyethane, t-
butyl methyl ether, cyclopentyl methyl ether, diethyl ether,
diisopropyl ether, dibutyl ether or dicyclopentyl ether;
aromatic hydrocarbon-type solvents such as benzene or
toluene; aliphatic hydrocarbon-type solvents such as

heptane or hexane; acetate ester-type solvents such as
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type solvents such as dinethyl sul foxide. t-Butyl
nmet hyl ether and ethyl acetate are especially
preferred. The crystal-formng step of this
preparation process is a step of purifying the _
conmpound of formula (1) obtained in Step 6 above with
col umm and di ssol ving the conpound in a solvent, to
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may be precipitated by adding a poor solvent.
Alternatively, the compound can be dissolved in a rich
solvent under heating. After dissolved, the crystals may
be precipitated either still under heating or by gradual
cooling to room temperature and optionally by adding a poor
solvent. Instead of formula (I) compound obtained in Step
6, use may be made of formula (I) compound obtained by the
method described in Example 45 of WO 03/099813. Following
addition of the poor solvent, it is preferable to continue
stirring.

Illustrative examples of the rich solvent include
acetate ester-type solvents such as ethyl acetate, methyl
acetate or isopropyl acetate; ether-type solvents (also
referred to below as the “first ether-type solvent”) such

as tetrahydrofuran, 1,2-dimethoxyethane, t-butyl methyl
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alkylnitrile-type solvents such as acetonitrile. Ethyl
acetate is preferred. Illustrative exanples of the
poor sol vent include aliphatic hydrocarbon-type

sol vents such as n-heptane, n- hexane, n-pentane or
cycl ohexane. n-Heptane is preferred. In one node, no
particular limtation is inposed on the anount of the

SRS, L do L 91 LELAP) oL her 100 BT O scpropyn

rich 'solvent 1 rom

éyh (hfﬁb té@ﬁér 8¢ ﬁygpf?gPéﬁgV§nggﬁ%F2f?ﬁ%%gﬁﬁg

1
crud€e form conpound ( pr ef éra

R st oty 1o o be abgp ke tubletiah e

e prefer rom mes, ~as fruch as the

agifg)sig{itqfilé—*\fyeﬁé UQSl&QﬁQEOE?éR.”BQ“Ege E%itggﬁted aGENY1

ution nmperature I s o] cal rom

2rd refer ablyeo f£ 0 40 to 50C. The crystallization
tenmperature is typically from15 to 40C, and

pref@ﬁﬁgg¥ﬂd%f%é“§y5ﬂ§ﬁ JETREL atyre Lange, of ; fromy,
nodae, no par 1 on

20 to 30C. In another icular Iimta

JE%ﬂﬂg%¥8“%yd¥bé%$ﬁﬁwgﬁg%eogo%pgﬂégl¥§Ehsa lk—bépgane, n-

pr ef er abl e "t hat nt o e rich solven

hei@Mel0 QA0 I dTeSy AL EoHPLE @fabkyHé%ggh%Sigog%%ferred.

times, as nuch as the anpunt o the cr orm

conpeundnEl hodet, i @%?6?5&&5%Ffﬁﬁié%ﬁﬁ%@ggynimﬁgséaeon

poor solvent is from45 to 90 times,

cRlech@ioRbly It ARE%IpydRel] MRy A PUCRASp1 B LATRURY
of the crude formof conpound (1). The dissol ution
ah@PRr AU d Siief S5 phlye FLONF 2Ot 9 890G papdmBRr € re
preferably from 10 to 16 times, as much as the amount of
the crude form of compound (I). It is preferable that the
amount of the poor solvent is from 10 to 40 times, more
preferably from 20 to 30 times, as much as the amount of
the crude form of compound (I). The dissolution
temperature is typically from 20 to 80°C, and preferably
from 40 to 50°C. The crystallization temperature is
typically from 15 to 40°C, and preferably in a near-room
temperature range of from 20 to 30°C.

In another mode, no particular limitation is imposed
on the amount of the solvents. It is preferable that the
amount of the rich solvent is from 10 to 25 times, more
preferably from 15 to 21 times, as much as the amount of

the crude form of compound (I). It is preferable that the

amount of the poor solvent is from 45 to 90 times, more
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preferably from35 to 45C. The crystallization
tenperature is preferably from20 to 80C, and nore
preferably from65 to 75C. Further in another node, no
particular limtation is inmposed on the anobunt of the
solvents. It is preferable that the anpbunt of the
rich solvent is from5 to 20 tines, nore preferably

' - f th
R ge Torm Sk dopotaa o1 ot e oplrBr Bh sRenat®upte of
P, 4 QQ@rc%ﬁ$§§H§okigfrp@hg5d3g53§u2&g%$’

nore preferably fr tines, as nmich as the

Qfrc the GLle 101 efofompoupdaby, 108 more

a
dissolution tenperature’is preferably frb6

A IR PERSer bl v, fEom35 +o. 43( sggf%%zgaeonand

crystallization tenperature is fro

R e e ah M%@%%é%tr ﬁﬁ@g%? | &Lgoa&SOaRgSﬁiOQ'eG

to prepare crysta ) mpolnd "By m Xi ng
dregeihen | he apaye-aenyseped rich sol vent and poor

sol vent, “di ssol vi ng conpound (1) therein under

heatEﬂgth@@dihh%%dﬁﬁgyﬂﬂéa%fxﬁgiﬂ&ktﬂgﬁi§fefi$9{%tion is

form ng anorphous solid in this “preparation process

inpod et o AhdiRAl NGr tHge CEY BT &+ s Obt al ned el apie
?y, Wh %s 0

crystal-formng step (prefera Ite cryst

thermiha %%bd%QnQQUQQNQbEP&NeQOPVe#¥an|?rgmtgl%o %6 %%mes,

or 13) in water, or an appropriate organic solven
m®eeh praF eala@aRol i s Clo aso t1 OUt AROL, 05 s dhBLNYL the amount

sul f oxi de, an subsequently freeze-drying the

o€ORPRURG IR FRRAISE ROWHSSund (I). It is preferable that
the amount of the poor solvent is from 25 to 55 times, more
preferably from 35 to 45 times, as much as the amount of
the crude form of compound (I). The dissolution
temperature is preferably from 20 to 80°C, and more
preferably from 35 to 45°C. The crystallization
temperature is from 20 to 80°C, and more preferably from 35
to 60°C.

It is also possible to prepare crystals of formula (I)
compound by mixing together the above-mentioned rich
solvent and poor solvent, dissolving compound (I) therein
under heating, and then gradually cooling.

The step for forming amorphous solid in this
preparation process is a step of dissolving the crystal
obtained by the crystal-forming step (preferably, white

crystals of formula (I) compound obtained by Example 7 to 9,
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form of anorphous solid of the conpound. The freezing
tenperature is preferably -40C. Preferred
freeze-drying tenperature and pressure conditions are
as follows: after keeping at -20C and 10 Pa or bel ow
for about two hours, then maintain the pressure at 10
Pa or below with gradually raising the tenperature to

1P04p J_tﬁ eﬁ%%& an&'r %tgﬁﬁéggyga%?hggggﬁicﬂ l llvelill% such

system wit ni t rogen gas nDrpho

230l 1%5}%1@ NG, & °&§3§—ﬂﬁutéﬁb§ erS%E%B?” gﬁ%%?ci%h”a%nd

include a step I n as anot her

g ST S Sl 0 B e

£l ROV AEHES a@%ggf{as Eﬁgforﬂgf éocess

(preferably wnite crysta M) conpound
obt airped £ e U L In
et hyl %acet§¥% gf subsequé%?ﬁ§%§é%§€¥%% he so vent

W@ﬂ@}ﬁédrfﬁéﬁéé£ﬁ%¥¥ﬂ@19ém 9a£8¥?}§n8!§§53ﬂ%?%0co Hltions

anor phous mass owder X— acti

a@%x%s‘@Bﬁﬂgwgk”aﬁﬁéﬁykgééiﬁécgtOD a&tgﬁasl@ngh%r(felow

solid fornms of formula conpoun wer e measur ed

rMeaswRet, Mathod Th&é{@lMlﬁw%%ﬁepg?%gsgg' Ot 10 Pa or
Exanple 7 and the 27 anorphous powd roduce

pE1amPha t10,q Rtk ofy V@Hf@lﬁéethéokéﬂ?EPQEﬁr@ftBOEggha
(1) conpound, were ground ih an agate pestle

tERPSWHRARIY MRS, GAftd €0kt UDEERoLPE, £i11 the system with
nitrogen gas.

Instead, the amorphous solid-forming process in this
preparation process may include a step in which, as another
type of amorphous solid, an amorphous mass is formed.

This case may include a step of dissolving the
crystals obtained in the above-described crystal-forming
process (preferably white crystals of formula (I) compound
obtained in the subsequently described Example 7) in ethyl
acetate, and subsequently removing the solvent using a
rotary evaporator, to form a clear, colorless amorphous
mass.

(Powder X-Ray Diffraction Analysis)

Next, the powder x-ray diffraction patterns of the

solid forms of formula (I) compound were measured.

(1) Measurement Method

The white crystals produced in Example 7 and the
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followi ng conditions using a powder x-ray diffraction
apparatus. (2) Measurenent Conditions Measurenent

Met hod: transmi ssion nethod Apparatus: Discover D8
wi th GADDS, manufactured by Bruker AXS Detector

t wo- di nensi onal PSCP X-ray source: Cu 40 mA/ 40 kV
Sanpling range: 0.01 OQOperating range: 5 to 40" (3)

éﬁﬁ%ﬂ gqé%w&eéngrgégkgdmhﬁh@%ﬁhgﬁepqwdeélépr%% whlch are

d raction patt Ite crystals’

%%§§ ofa¥orﬂbi% ?gr'QBm éhhér”w%%r g@&%@?ﬁﬁp%%

X-ray action pa(terns or t

ve%yeee 5@/@1@' Sa g@tﬁéggg ,gsc}talqggfeg&'4 PLREEURME Ehe

own ‘I n 510

faﬂld%inéjééﬁ@f&i@ﬂsaﬁghﬁﬁe Lhacpowder X 1%%ractLq$

ffraction pattern for ysta s are; as shown
?gggg%ﬁg 7 and 8, 8.8, 15.8 and 17.5; preferably 6.5,
2 1, 8.8, 15.8 and 17.5; and nost preferably 6.5, 7.1,

&8 Mekh Prenend. cé§d§t§Zn§ and 22.0. As shown in FIG
2

diffraction peaks were not observed in the powder

X-1 aY188 ikl AC A RP! LS dhdiff s d 16, ABERBGUS powder
Table 1 26/6 val ues ()

Apparatus: Discover D8 with GADDS, manufactured by
Bruker AXS

Detector: two-dimensional PSCP

X-ray source: Cu 40 mA/40 kV

Sampling range: 0.01°

Operating range: 5 to 40°
(3) Results

FIG. 1 and Table 1 show the powder x-ray diffraction
pattern for white crystals. FIG. 2 shows the powder x-ray
diffraction pattern for an amorphous powder. Also, x-ray
diffraction patterns for the white crystals obtained the
alternative process were shown in FIGs. 3, 4, 6 and 7, and
in Tables 5 to 8.

Typical diffraction angles in the powder x-ray
diffraction pattern for the crystals are, as shown in
Tables 1, 7 and 8, 8.8°, 15.8° and 17.5°; preferably 6.5°,
7.1°, 8.8°, 15.8° and 17.5°; and most preferably 6.5°, 7.1°,
8.8°, 14.6°, 15.8°, 16.5° 17.5° and 22.0°. As shown in FIG.

2, diffraction peaks were not observed in the powder x-ray
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peaks for white crystals 6.6 7.1 8.8 14.6 15.8
16.6 17.6 18.6 20.3 20.9 21.5 22.1 Then, the

| evel s of inpurities were neasured by high performance
l'iquid chromatography (HPLC) so as to indicate the
useful ness of the solid fornms of formula (1) conpound.
(1) Measurenent Method Sanpl es of about 20 ng of the

| u splLd j rystal s of
PG o S AR 0 eSSl
respectively dissolved in acetonitril e/ water
(v/v=7:3) to prepare respective solutions having a
Scencentration of about 1 nmg/nL. Using these
sol utions, HPLC analysis was carried out under the
foll ow ng nmeasurenent conditions. (2) Measurenent
Conditions Using the columm and the nobile phases
shéwr 8 walatslse (29 of main
peaks for white crystals
6.6
7.1
8.8
14.
15.
le.
17.
18.
20.
20.
21.
22.

H UTO WoNoy oy 0

Then, the levels of impurities were measured by high-
performance liquid chromatography (HPLC) so as to indicate
the usefulness of the solid forms of formula (I) compound.
(1) Measurement Method

Samples of about 20 mg of the pale yellow amorphous
solid and the white crystals of formula (I) compound,
obtained in Example 7, were respectively dissolved in
acetonitrile/water (v/v=7:3) to prepare respective
solutions having a concentration of about 1 mg/mL. Using
these solutions, HPLC analysis was carried out under the
following measurement conditions.

(2) Measurement Conditions

Using the column and the mobile phases shown in Table

29



2 below, fluid was delivered for 60 mnutes while
varying the proportions of the nobile phase A and B
liquids in such a way as to satisfy the gradient
conditions shown in Table 3 below. Table 2 Colum
X-Terra RP18 (4.6mm 1. D. 150m) Mbobil e phase
Acetonitrile/water/sodiumtetraborate m xture

A v one i N Maﬁpégglgggea)foQS@buthﬁt%s while varying
V: v: w=900: 100: 0) Detection W 241nm Flow rate

thdOB/dport 1 BheCbede MOl MBBi DBLohGREUAN 240CE 1iquids in such
tenperature Table 3 Fluid dellvery Concentrati on of

S6ldif ion B ééﬁ?sfg]’a V‘%EQdE@ﬁEe%EnHQt§%|nlét Is%w% iOrapie
0 38 20 38 40 10 50 100 50.01 38 60 38

Resuldws. Based on the chronmat ographs obt ai ned, the

t ot al

Table 2
Column X-Terra RP18 (4.6mm I.D.150mm)
Mobile phase Acetonitrile/water/sodium tetraborate
mixture
{solution A; v:v:w=100:900:2)
(solution B; v:v:w=900:100:0)
Detection UV 241nm
Flow rate 1.0mL/min
Injected volume S5ulL
Column 40°C
temperature
Table 3
Fluid delivery Concentration of solution B
time (min) with respect to solution A
(%)
0 38
20 38
40 100
50 100
50.01 38
60 38
(3) Results

Based on the chromatographs obtained, the total
impurities (%) in the pale yellow amorphous solid and the
white crystals of formula (I) compound prepared in Example
7 were calculated according to the following equations (Eq.

1 and 2). Those results are shown in Table 4. When
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inmpurities (% in the pale yellow anorphous solid and
the white crystals of fornmula (1) conpound prepared
in Exanple 7 were calculated according to the
followi ng equations (Eq. 1 and 2). Those results are
shown in Table 4. When 30 counting inpurity peaks,
t hose peaks having levels of 0.05% or bel ow were

sQ _as_no

| | d
TR e %Wt@ea\ﬁ%m hB58 plegéskhamgofleag&ﬁ of 0.05%
k f t
"ED“” Y st g 55 8 °net v BE Fhutiety TRmbt 1 and

= Sum of |nd|V|duaI impurity anounts (Eq. 2)
2Table 4 Cbnpound tested Total inpurity amount (%

I%a 1v1ydeuaPV\JL_ gptg)rflmrﬁg%%{}té 3 urt gea?h t aI S’ea'c% Ai?npurity

S apparent R
tal s_ of fornula ound, cont ai n Iomer evel
1S st e ke (e SOMBoPLF 68 5n8?ﬁﬁoa§e§opﬁd product)

t hus have go purity. (Conparison of
Sgﬁﬁbl|lty) hb§$ ﬁg length of tinme required to

| f Lid f
T%iéﬁp oun ﬁ$%%%én¥°gpera§ﬂf§flﬁngggnggag é@&ﬁﬁ;%y
5ﬂgéﬁg§ﬁfer sol ution werﬁl_nggsured

Table 4

Compound tested Total impurity amount (%)
Pale yellow 9.0

amorphous solid

White crystals 2.9

As is apparent from the above results, the white
crystals of formula (I) compound contain a lower level of
impurities than the pale yellow amorphous solid, and thus

have a good purity.

(Comparison of Solubility)

Next, the length of time required to dissolve about 1
mg/mL of the solid forms of formula (I) compound at room
temperature in a pH 5.0 acetic acid buffer solution were
measured.

(1) Measurement Method

After adding, at room temperature, a 25 mM potassium
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(1) Measurenent Method After adding, at room
tenperature, a 25 nM potassium 31 acetate buffer
solution (pH 5.0) to, respectively, 10 ng of the
white crystals prepared in Exanple 7, 10 ng of the
anor phous powder prepared in Exanple 10, and 5 ng of
the anorphous nmass prepared in Exanple 11 in order to
make a concentration of 5 ng/nL in each sample, the
ACEAGHP FukTe SobytiPRd (PBrOcBhpber era886dvEdY, 10 mg of
under shaken at about 100 rpm was neasured. (2)
tRes A erHer Y5 ks regepR E8df 6P Hia®BLEt i'on1Rerg g€ the
follows. Crystals: about 32 seconds Anorphous powder:
AFRGRN oM é&%%% PI@R? PRBUS" nRE8MPABoUP - 285ds8cBAdSE the
Thes results denonstrate that white _crystals and an
ﬁgﬁﬁﬁ%Iﬁ%ﬁﬂeQr%$a¥%?nﬁPaEﬁﬁTpéﬁnﬁéuﬁa 8XAFBi togmake a
hi gher sol ubil it n_an anor phous nmass of the s
COUFNE 1o b 3 MG BF £OFIIPANPRT: cofodfdath OF time
g.to the pres invention is effective as
th Y tFIR éﬁ%.@lﬁ%ﬂ%eaﬁaﬁt unggre SREKSR F‘ﬁgabOUt 100
ene expression, particularly against diseases for
¢t =a ?ﬁoductlon suppressing action is
%ﬁg ve and agai nst diseases for which an
SHesT s- suppressing action is effective. In t he

e e e et L T L

Crystals: about 32 seconds

accordkg

Amorphous powder: about 10 seconds

Amorphous mass: about 215 seconds

These results demonstrate that white crystals and an
amorphous powder of formula (I) compound exhibit a higher
solubility than an amorphous mass of the same compound.

The solid form of formula (I) compound according to
the present invention is effective as a
prophylatic/therapeutic medicament, by controlling gene
expression, particularly against diseases for which a VEGF
production-suppressing action is effective and against
diseases for which an angiogenesis~suppressing action is
effective.

In the present specification,
“prophylatic/therapeutic” refers to prevention or treatment,
or both prevention and treatment. More specifically, the

solid form of formula (I) compound according to the present
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or both prevention and treatment. Mre specifically,
the solid formof fornmula (1) conpound according to
the present 32 invention is effective as an anti cancer
agent, particularly as an anticancer agent/netastasis
inhibitor for a solid tunor. The solid tunor is
exenplified by pancreati c cancer, stomach cancer

SO SONCEL cPEgRRL Eantery BERSLALE CRREEt, LU0 scntanny

acsa?%ea”dfd?eﬁ%%gioﬁ O R eTear S cARhaPL TBFadag = solid
e T EBLL CORECT sbr rStr e b BvabaRd Torarrarancer
Sancer. _Cancers s#ch as_col on cancgr breast can

er,
carer oS hoC RArCht . PEARGEr 52BF Sthe PF6ad hkd

I,
prostate cancer

an ovarlan can er are es eC|a ferred as
Ct%heclésrdl | canceﬁ.he Oﬁ]e% ?%? #6%&8' P)rS, cancers
ventlgn IS

Cﬁ??@£u?%¥§§gqé%|2% %ga%c%?h égaﬁné?égeféuﬁ M'a’ a&ﬁgrlsllver
C%b eové?{lec%isﬁé%'éa’f‘?%r Vet SRR uet PBRE nRTBRERg aneer

& S e PR BuRE onth et EPRag 1 98 s
Oﬁ%"%%@ﬁ’“%orsﬁéz R e LR

PR s LSRG 0001 Pkl PRIEEC orbb ekt
BB 'ﬂs'ﬁmtq nfl aoopt own@éégrgfréh ugega ?98' a¥ed ang

ypersensitivity reactions,” and

o%%?%%'n%éﬁéﬁ¥c5¥%6%§§é§1ally preferred as the solid tumor.

The solid form of formula (I) compound according to the
present invention is also effective as an anticancer agent
for leukemia, and is effective as well for the treatment of
angioma. Moreover, based on the VEGF production-inhibiting
action, the solid form of formula (I) compound according to
the present invention is effective as a medicament for
treating diabetic retinopathy, as a medicament for treating
rheumatic arthritis and as a medicament for treating
angioma. In addition, it is also an effective remedy for
ostecarthritis, psoriasis, inflammatory disorders due to
delayed hypersensitivity reactions, and medicaments for
treating atherosclerosis.

When preparing the solid form of formula (I) compound

according to the present invention as an injection, other
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When preparing the solid formof fornmula (1) conpound
according to the present invention as an injection,
other 33 ingredients such as pH adjustors, buffers,
stabilizers and solubilizers my be optionally added
to the active pharmaceutical ingredient, and the
m xture can be prepared by a conventional nethod as a
solution for subcutaneous, intranuscular,
ngreckan el S Clor 2 nPRagenBa5OF Ay ePRESRI SWhEH atHid 1zers and
compound of the present invention is admnistered as
59 13phyA St ifeay h}é? apehiPeambyi adABAt tPoithey aGtdie
di seases, it may be adm ni stered orall¥ as tablets,
pﬁb?/ﬂ‘@r%eutglr%lJe%gr%ébgﬁFesangyFDBsmélx HRE I8k bepprgpared
be adm ni stered arenteraIIX as a spray
k%yur?p()%cmvcﬁ’}/tl??ﬁ%clfl?B odegfefnaPlpEépar épuroﬁwutaneous,
i nfusi on. Although the ,dosage consi derably depends on
lélfcﬁ%nfua%qtb]r%rasll%%a@é%ncwyr BF LRETEYRPLETs I Nfs g -
of th atient, and the type of disease, the conpound
;?»ﬁ c &Sy SRR Xt el BFPRNBbbuY Rt ANt 65

can
adFl%lut 100 er da n adult, either once _dai

a4 SRAES %n%.fa e85 Ca4Hh AATP ST CoBIREEGHn for
be fornu ated a, conventional . nethod usin
V&F éh?t TnJaEeIaWclaF 2L piaheEcdTREE I LiYs 2sufi@hlets,

id dosa e formfor ora

arl n a SO
St rggart%#e%r FEFPERL ?g S §ralilgd Ligerher it may

actlve ent t|o ot her additives .such
oS AL TGH G SOV RRELLY | Bbr FaRFEY: cOPEPARIE S
, t
e %midp¥%P%ra¥éﬁre?g BB R b Mpougn the

I r
&ﬁgggé‘ﬁ%ns1é%¥“§?y ngdgsog such factors as the severity

of the symptoms, the age of the patient, and the type of
disease, the compound can typically be administered from
about 1 mg to about 100 mg per day to an adult, either once
daily or as several divided doses each day.

The compound can be formulated by a conventional
method using conventional pharmaceutical excipients. That
is, when preparing a solid dosage form for oral
administration, a filler is typically added to the active
ingredient. Optionally, other additives such as binders,
disintegrants, lubricants, colorants and correctives are
also added, following which the material is rendered into
tablets, coated tablets, granules, a powder, capsules or
the like by a conventional method. Optionally, such

tablets and granules may be provided with a sugar coating,
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the |ike by a conventional nmethod. Optionally, such
tabl ets and granul es may be provided with a sugar
coating, 34 a gelatin coating or some other suitable
coating. Exanples Exanples are given below to nore

fully illustrate the present invention, although the

exanpl es provided here should not be construed as

I|n1t| t he invention. ?Fev iati, g EE: .
RGBT ISP TR8S DEREE st Pbl Sgreas i ieanpl o

1 Preparatlon of

(8E 12E, 14E) - 7- acet oxy- 6- ( 1- et hoxyet hoxy) -

Ex 12,16, 20- pent anet hyl -3, 16, 21-tri s(tri et hyl sil oxy)
af§”f§§epoxytr|cosa 8,12, 14-trien-11-olide O AO CEE

var mERG 0 ol S %%Seat’réer%%ﬂ%%bé?%%ﬂ#@fﬂ“%%uei gte che
pUrLsns‘%f "ror b i 5 hoes il 7af gy e rere
T TR UL PGS ool P gL Py
Abbreviations

EE: 1-ethoxyethyl group

TES: triethylsilyl group
Example 1
Preparation of (8E,12E,14E)-7-acetoxy-6-(l-ethoxyethoxy)-
6,10,12,16,20-pentamethyl-3,16,21-tris(triethylsiloxy) -

18,19-epoxytricosa-8,12,14~trien-11-o0lide

Under a nitrogen atmosphere and warming to hold the
outside temperature at 25°C, 170 mL of tetrahydrofuran, 73
mL (759 mmol) of ethyl vinyl ether and 48 mg (0.19 mmol) of
pyridinium p-toluenesulfonate were added to a toluene
solution containing 17.0 g (19.0 mmol) of (8E,12E,14E)-7-

acetoxy-6-hydroxy-6,10-12,16-20~-pentamethyl-3,16,21-
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acet oxy- 6- hydr oxy- 6, 10- 12, 16- 20- pent anet hyl - 3, 16, 21 35
tris(triethylsiloxy)-18,19-epoxytricosa-8,12,14-trien-
il- olide, followi ng which stirring was carried out
for 5 hours wth maintaining the internal tenperature
at from24.5 to 26.7C. Next, 2.1 nL (15.2 mmol) of
triethylamne was added to the reaction m xture and

t d t 5 t N i ,
SRR Cﬁéxﬁm o v ERhpRvEinEPSang. 20 M i ep11-
O?1101/&5\ gue sol ut i o{l spdi um bi car bonat e V\E(‘% %ddeqs h

or dant ¢ phade” hsD 5B éFﬁfgg WaBhEAT TSR X ours
49%.sal I t 170 b tly d
Gt MR S TGt DR drhe T g enBPRaFUEgr ging Tomes 5 <o

A U, YRRl L ey o
TP o SRS A0S, PYERRETLES 21400, S 0 90 e
1312 OB, (o BATTLE 6 OLEERBELEN 0T ot macn
o 2 ATBL N 3, 8, 21180 B 1L

55 e 05 SR T AR BT S
1 Vot & 0P1d £ é‘a?ige'\@olutlon (170 mL) and
subsequently dried over magnesium sulfate (17.0 g). After
drying, the magnesium sulfate was removed by filtration,
following which the filtrate was washed with t-butyl methyl
ether (51 mL) then evaporated at 40°C, to give 22.9 g of a
crude form (yellow oily substance) of the title compound.
Example 2

Preparation of (8E,12E,14E)-6-(l-ethoxyethoxy)-7-hydroxy-
6,10,12,16,20-pentamethyl-3,16,21-tris(triethylsiloxy)-

18,19-epoxytricosa-8,12,14-trien-11-olide

<l/\/ /\OTES

/\DTES

Under a nitrogen atmosphere and warming to hold the

outside temperature at 25°C, 104 mL (20.8 mmol) of a 0.2 M
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36 solution of guanidine/guanidine nitrate in methano

was added to a nethanol (79 nlL) solution containing

18.4 g of

(8E, 12E, 14E) - 7- acet oxy- 6- ( 1- et hoxyet hoxy) - 6, 10, 12, 16, 2

0- pentanethyl -3,16,21-tris(triethylsiloxy)-18,19

epoxytricosa-8,12,14-trien-11-olide, follow ng which
ut_for.6 hours th_mai [
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solution of ammonium chloride was added. The organic phase
was then separated, washed successively with water (184 mL)
and a 4% saline solution (184 mL), and subsequently dried
over magnesium sulfate (18.4 g). After drying, the
magnesium sulfate was removed by filtration, following
which the filtrate was washed with t-butyl methyl ether (55
mL) then evaporated at 40°C, yielding 19.7 g of a crude
form (yellow oily substance) of the title compound
(content: 73.4%; by weight, 14.5 g).
Example 3
Preparation of (8E,12E,14E)-6-(l-ethoxyethoxy) -
6,10,12,16,20-pentamethyl-7-(4-nitrophenoxy)carboxy-
3,16,21-tris(triethylsiloxy)~18,19-epoxytricosa-8,12,14-

trien-11-olide
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| --,/0OTES JIOEE O '100TES OTES Under a nitrogen

at nosphere and warm ng to hold the outside
tenperature at 25C, 2.29 g (18.8 mmol) of 4-

(di met hyl am no) pyridine, 10.9 nL (78.2 muol) of
triethylamne and 8.13 g (39.1 nmol) of p-nitrophenyl
chl orof ormate were added to a t-butyl nethyl ether

(217 nL) so |o of 14 5 g (15.6 mml) of
(8E, 12E, 14E)
et hoxyet hoxy) - 7- 6 10, 12, 16, 20- pent anet hyl - 3, 16

, 21-
tris(triethyIS|ony)-18 poxytri cosa-8, 12, 14-tri en-
| 1- olide, follow ng whijch st96&%ing was carried out
foroﬁE®ours 30 mnu wht hvmai ntai ni ng the externa

era&ﬁ?g\gt ~29C. teif (145 nl) was then added to
ac tve, @ft WDTES t he organi c phase

mas separatéﬁOTEsle”dlng a t-butyl nethyl ether
solution of the title conpound. Exanple 4 Preparation
of (8E, 12E, 14E)-7-{(4-cycl oheptyl pi perazi n-1 -

I I 6-(1-eth th - 10, 12, 16, 20-
) CBRERRY B St AR ] owsma%g 1%0 Rold the
oSRQXYLY GOS8, 12, 14-trignsllsolide 38,0, ONIQ CEE ,_

(dimethylamino)pyridine, 10.9 mL (78.2 mmol) of

triethylamine and 8.13 g (39.1 mmol) of p-nitrophenyl
chloroformate were added to a t-butyl methyl ether (217 mL)
solution of 14.5 g (15.6 mmol) of (8E,12E,14E)-6-(1-
ethoxyethoxy)-7-hydroxy-6,10,12,16,20-pentamethyl-3,16,21-
tris(triethylsiloxy)-18,19-epoxytricosa~8,12,14~-trien-11-
olide, following which stirring was carried out for 7 hours
30 minutes with maintaining the external temperature at
25°C. Water (145 mL) was then added to the reaction
mixture, after which the organic phase was separated,
yielding a t-butyl methyl ether solution of the title
compound.

Example 4

Preparation of (8E,12E,14E)-7-{(4-cycloheptylpiperazin-1-
yl)carbonyl}oxy~-6-~(l~ethoxyethoxy)-6,10,12,16,20~
pentamethyl-3,16,21-tris(triethylsiloxy)-18,19-

epoxytricosa-8,12,14-trien-11-olide
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OTES O O OTES OTES Under a nitrogen atnosphere and
warmng to hold the outside tenperature at 25C, a
t-butyl nethyl ether solution (29 nL) of 4.28 g (23.5
mol ) of 1- cycl oheptyl pi perazi ne was added dropw se
over a period of 2 mnutes to a t-butyl nethyl ether
sol ution of the

(8E, 12E, 14E) - 6- ( 1- ethoxyethoxy) 6, 10, 12, 16, 20- pent anet
hyl -

7-(4- nltrophenoxy 3 16, 21-tris(triethyl siloxy)

- 18, 19-epoxytricgsa 14 trien-11-olide obtained
in Exanple a ture was then stirred
for 17 hou |Ie\Q§£ﬁ/ at an outside
te Eﬁ%ture of” 25C 45 m. of a 10% aqueous

E [ - s added to the
reactlon m @E an t he orgaQ phase was separat ed,
t hen SUCCGSSI éﬁ@ washed with 145 nL of a 4% aqueous

sol ution of sodi um bi carbonate and 145 nL of water,
yielding a t-butyl nethyl ether solution of the title

(e Po8Srsm Mt i YT I e rETing to hold the
IS o e e
Jo§ 3 1olide & VO 5 235 mmol) of 1-
cycloheptylpiperazine was added dropwise over a period of 2
minutes to a t-butyl methyl ether solution of the
(8E,12E, 14E)-6-(l-ethoxyethoxy)-6,10,12,16,20-pentamethyl-
7-(4-nitrophenoxy)carboxy-3,16,21-tris(triethylsiloxy) -

18, 19~epoxytricosa-8,12,14~trien-11-o0lide obtained in
Example 3. The reaction mixture was then stirred for 17
hours while being held at an outside temperature of 25°C.
Next, 145 mL of a 10% aqueous solution of ammonium chloride
was added to the reaction mixture and the organic phase was
separated, then successively washed with 145 mL of a 4%
aqueous solution of sodium bicarbonate and 145 mL of water,
yielding a t-butyl methyl ether solution of the title
compound.

Example 5

Preparation of (8E,12E,14E)-7-{ (4-cycloheptylpiperazin-1-

yl)carbonyl}oxy-6-(l-ethoxyethoxy)-3,16,21-trihydroxy-

6,10,12,16,20-pentamethyl-18,19-epoxytricosa-8,12,1l4-trien-
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~CEE OH JO aN O ~- OH 40H Under a nitrogen

at nosphere and warm ng to hold the outside
tenperature at 25C, tetrahydrofuran (145 nlL) was

added to a t-butyl nethyl ether solution of the

(8E, 12E, 14E) - 7- { (4- cycl ohept yl pi per azi n- 1-yl ) car bonyl }
OoXy-

6- (1- et hoxyet hoxy) -6, 10, 12, 16, 20- pent anet hyl - 3, 16, 21-
1tlrod@3S et hyl si | oxy) - 18, 19- epoxytri cosa- 8, 12, 14-tri en-
I'1- olide obtained in Exanple 4, follow ng which 93.8
nm. (93.8 mmol) of a 1.0 Mtetrahydrofuran solution of
t et rabut yl ammoni um fl uori de was added dropwi se over a
period of 3 mnutes. The reaction mxture was then

stirred for 22 hg ble being held at room
tenperature 25C3r::§%tem\6%45 m.) was added to this

reaction m o |c phase was separat ed,

t hen washed h wat er 14 yielding a t-butyl

neﬂﬁyl ether etrahy ofOra solution of the title
ation of

(8E 2E 14Ey\ (4 ch oheptypﬁlperazin | -

yI)carbonyI}é%@ , 6, 16, 21-tetrahydroxy-6, 10, 12, 16, 20-

pentanethyl 18, 19- epoxytricosa-8, 12, 14-trien-11-o0l i de
© CN&nder a nitrogen atmosphere and warming to hold the

outside temperature at 25°C, tetrahydrofuran (145 mL) was
added to a t-butyl methyl ether solution of the
(8E,12E,14E)-7-{ (4-cycloheptylpiperazin-1-yl)carbonyl}oxy-
6- (l-ethoxyethoxy)-6,10,12,16,20-pentamethyl-3,16,21-
tris(triethylsiloxy)-18,19-epoxytricosa-8,12,14-trien-11-
olide obtained in Example 4, following which 93.8 mL (93.8
mmol) of a 1.0 M tetrahydrofuran solution of
tetrabutylammonium fluoride was added dropwise over a
period of 3 minutes. The reaction mixture was then stirred
for 22 hours while being held at room temperature (25°C).
Water (145 mL) was added to this reaction mixture and the
organic phase was separated, then washed with water (145
mL), yielding a t-butyl methyl ether/tetrahydrofuran
solution of the title compound.

Example 6

Preparation of (8E,12E,14E)-7-{(4-cycloheptylpiperazin-1-

yl)carbonyl}oxy-3,6,16,21-tetrahydroxy-6,10,12,16,20-
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OH GHOOI~/I\ OOH OHAt an outside tenperature
of 25C, tetrahydrofuran (145 nL) and t-butanol (62.1
nm.) were added to a t-butyl nethyl
et her/tetrahydrofuran solution of the (8E, 12E, 14E) -
7-{(4-cycl oheptyl pi perazin-|-yl)carbonyl } oxy-6-(1-
et hoxyet hoxy) - 3, 16, 21-tri hydr oxy-6, 10, 12, 16, 20 pentane
- 18, 19-epo ri cosa-8, 12, 14- trlen [l-oli
e T DB SR B S P8 ar frg L an i dn i o8 -0 L 46 igte
mol ) of pyridinium p-toluenesul fonate was added and
stirring was carried out for 3 hours. Next, t-butyl
net hyl ether (104 ni) d a saturated aqueous
sol uti on of sodiun1bic%§?onate (104 nL) were added to

the reaction m xt dow ng which the organic
phase was sepa até;e\ d shed with a 4% sal i ne
solution (10

g%pted yielding 50.6 ¢
(content: 20 2 g) of a crude form
(y HmN oi ly

v

ubst ante) @f Yhe title conmpound.
( 8E, 1 E, 14E)~ é {(4- qycﬁ%heptylglpera2|n | -
yl) carbonyl } o V , 6, 16, 21-tetrahydroxy-6, 10, 12, 16, 20-

41
pent anmet hyl - 18, 19- epoxytri cosa-8, 12, 14-trien-11-o0lide

Conp%ghé% %%@Qfaéwgémpera écqptfgl % GQrg%ygro%uran
(145 mL) and t-butanol (62.1 mL) were added to a t-butyl
methyl ether/tetrahydrofuran solution of the (8E,12E,14E)-
7-{(4-cycloheptylpiperazin-1-yl)carbonyl}oxy-6-(1-
ethoxyethoxy)-3,16,21-trihydroxy-6,10,12,16,20-pentamethyl-
18,19-epoxytricosa-8,12,14-trien-11-clide obtained in
Example 5, following which 11.8 g (46.9 mmol) of pyridinium
p-toluenesulfonate was added and stirring was carried out
for 3 hours. Next, t—bufyl methyl ether (104 mL) and a
saturated aqueous solution of sodium bicarbonate (104 mL)
were added to the reaction mixture, following which the
organic phase was separated and washed with a 4% saline
solution (104 mL), then evaporated, yielding 50.6 g
(content: 20.2%; by weight, 10.2 g) of a crude form (yellow
oily substance) of the title compound.

Example 7

Preparation of (8E,12E,14E)-7-{ (4~cycloheptylpiperazin-1-

yl)carbonyl}oxy-3,6,16,21-tetrahydroxy-6,10,12,16,20-
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obt ai ned by solvent distillation from47.8 g of the
crude form of

(8E, 12E, 14E) - 7- { (4- cycl ohept yl pi perazi n-1| -

yl ) carbonyl } oxy- 3, 6, 16, 21-t et rahydr oxy- 6, 10, 12, 16, 20-
pent anet hyl - 18, 19- epoxytri cosa-8, 12, 14-trien-11-olide
obt ai ned in Exanple 6 was dissolved in ethyl acetate

40 d ered. Next, 8 ded
AR o T Gt 1 bR BEGURF FaSoRr J0eLig i lg@L L0e in
cal.u chronatography (the eIutlng solvents were, in
5 -F98M ot hyl acet at e/ hept ane = 50: 50; 2) et hyl

ot hangiet - habt Grreens! of Y7l b Rk ofompobna
P RY | PeL g eéiggeiﬂmﬂéﬁ%a%%éé%) Vs o ey rude
i aone el eana?) a1 8T e TbRRe s as g ar e
BB ?%'%8%” R ehnd- ?ﬁsrabggapﬁwﬁé'i PP o el
e tafen{ee%%% ParebeRyRhtkornes 287 Qi baogRr tﬁ-ﬁ% %Pe
ST el B S
S HAS B850 TS, wgfs“%%td%%eand
S LTS g it b o 9 00
S o PN SRS B IR L Sl
é@ﬁy¥1§45%éﬁévﬁ%%%§Qe = 50:50; 2) ethyl acetate/heptane =
80:20; 3) ethyl acetate; and 4) methanol/ethyl acetate =
3:97). The purified fractions were collected and
evaporated, giving 13.5 g of the title compound (content,
9.02 g) as a pale yellow amorphous solid.

Using a 45°C water bath and an ultrasonic cleaner,
13.5 g (content, 9.02 g) of the above pale yellow amorphous
solid was dissolved in ethyl acetate (99 mL) and the
resulting solution was filtered (with glass wool filter
paper, and using 18 mL of ethyl acetate to wash the
solution onto the filter paper), following which n-heptane
(117 mL) was added dropwise over a period of 6 minutes at
room temperature. After 30 minutes, 117 mL of n-heptane

was further added dropwise over a period of 30 minutes,

then stirring was carried out for 19 hours 30 minutes at
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preci pitates were broken up with a spatula, and
stirring was carried out for another 22 hours 30

m nutes. The crystals were filtered within an

i solator, then washed with n-heptane/ethyl acetate
(2:1, 65 nL). The crystals thus obtained were dried
in vacuo at roon1tenperature (23C3 for 23 hours,

V|n (content 97, 6% wei ght , 24 g) of
gFféa %%und“%% mm??én%r?s¥%¥§reﬁléﬁLfoghoms t he

powder x-ra dlffra t|on pattern for the white
Wﬁ%ﬁ%ﬁﬂ %%ﬁﬁfﬁﬁ? Fhe =T ?gd}ff?%&??bﬂngPFeFﬁ§rled out

% neasured unde§3the above- nent i oned. condi ti ons.

£he 39y cGERBD) 2 B%Etvﬁh%ftbﬁeaeaﬁﬁaeﬁ&d
t hus a talned d with the, val ues sho
PAS gL O@%rﬂbﬁ’ Jstlpr%paPaFng'and Stlrrlng

e {éé‘ PSSP YL RSSO o e
5 e Wt oo core Lt e e
Sheiseinean e el ot 00 U
o%' %ﬁi«%ﬁﬁ{ﬂx}e‘iﬁa@%p%ﬁy%#%%é%ag c‘iérﬁi%ewp%gh Pr2oilPdec) For
RSPRS00 O o0 JeresarBlel oby ghooglved il BLos
S TR R Y tt*;esl%f BRLICC PLgt kb gue ehe
p%% eQ|§L%§§ diffraction pattern for the white crystals
obtained. The x-ray diffraction patterns were measured
under the above-mentioned conditions.

The 'H-NMR (400 MHz, CD3;OD) spectrum of the compound
thus obtained agreed with the values shown in Example 45 of
WO 03/099813.

Example 8

Preparation of (8E,12E,14E)-7~{ (4~-cycloheptylpiperazin-1-
yl)carbonyl}oxy-3,6,16,21~tetrahydroxy-6,10,12,16,20-
pentamethyl-18, 19~-epoxytricosa-8,12,14~-trien-11-olide
crystals (Alternative Process 1)

First, about 100 mg of the pale yellow amorphous solid
of (BE,12E,14E)-7-{ (4~cycloheptylpiperazin-1-
yl)carbonyl}oxy-3,6,16,21-tetrahydroxy-6,10,12,16,20-
pentamethyl-18, 19-epoxytricosa-8,12,14-trien-11-olide

obtained in Example 7 was completely dissolved in 1 mL of
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approxi mately 80C and the white solid was conpletely
di ssol ved. The solution was |eft to stand again at
room tenperature and thereby cool ed, follow ng which
the resulting suspension was filtered using filter
paper, thereby obtaining white crystals. The powder
x-ray diffraction pattern for the resulting white

RIS nte IaEl Sy Bongpfobie uPLodl PRk v,
A SACTRESioURt L saleecChbiackion amdles o oo
s IR LPE O Byt By, pHeLyzared L

o SR AGic AR esg YR BLos85; Lud 85 A
dissolved. The solution was left to stand again at room
temperature and thereby cooled, following which the
resulting suspension was filtered using filter paper,
thereby obtaining white crystals. The powder x-ray
diffraction pattern for the resulting white crystals is
shown in FIG. 3, and the typical peak values are shown in
Table 5. This product had diffraction peaks at the same
diffraction angles as in the powder x-ray diffraction

pattern shown in FIG. 1. The x-ray diffraction patterns

were measured in the same manner as Example 7.

Table 5

20/0 values (°) of main peaks for
white crystals
6.5
7.1
8.8
14.6
15.8
16.6
17.5
18.5
20.2
20.9
21.3
22.0
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Exanpl e 9 Preparation of
(8E, 12E, 14E) - 7- { (4- cycl ohept yl pi per azi n-1 -
yl ) carbonyl ) oxy- 3, 6, 16, 21-t et rahydr oxy- 6, 10, 12, 16, 20-
pent anet hyl - 18, 19- epoxytri cosa-8, 12, 14-trien-11-olide
crystals (Alternative Process 2) First, 200 ng of the
pal e yel | ow anor phous solid of
éég%ﬁg%gs;4E) 7-{(4-cycl ohept yl pi perazi n-1-yl ) carbonyl }
OoXYy-

el Fahydr . taneth _
Phd g:alrfia@oﬁ E gggziqg; P42 .32, 10, 20 REALATENDNLAS AT o

poxytri cosa- -0l 1

VRNl 1 W82y OB by - 9&%%%11"8?0&&—%0 1’6L 19,13, 20-

wat er an
GRS B 0 MG L oo

a1 Then vialsopere brozensab, -40C using a freeze

yer, then mai nt ai ned at a shelf tenperature of -20C

and F4 AYES ICﬁ&:{ S\ﬁ?ﬁ oggatjg& raffgw Qrggylghgugog{)?id of

fO||OMAng ure was gradua
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pressure at 10 a or out 1 ours
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ass vi al s contal ni
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at the interior was conpl e I ssolve

ﬁ&g|daMﬂwa@ﬁ§fa$§§OY$@a31ME£@ ﬁLOBQd fgﬁlggggtgﬁzéure of

hours in a refrigerator set to about 5C. The s

whlttr f0fdmad bW 44k 1 meeermtaﬂ)éweélre”@ved (374 hef fbnd 1 nL
to stand at room tenperature, thereby g|V|ng mh

p%E%ﬂdﬂéSoﬂTEh@QMQ§&l%in§ayoﬁu{féﬁckegg B@EE@Bnlkoﬁ mL
the resulting white crystals is

glass vials. The vials were frozen at -40°C using a freeze
dryer, then maintained at a shelf temperature of -20°C and
a pressure of 10 Pa or below for about 2 hours, following
which the shelf temperature was gradually raised to room
temperature with maintaining the pressure at 10 Pa or below.
After about 14 hours, the vials were filled with nitrogen
gas, thereby giving glass vials containing a white powder.
Next, 0.1 mL of acetonitrile was added per vial and the
white powder at the interior was completely dissolved,
following which the vials were stored for about 17 hours in
a refrigerator set to about 5°C. The solid that formed
within these vials was removed and left to stand at room
temperature, thereby giving white crystals. The powder x-

ray diffraction pattern for the resulting white crystals is
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shown in FIG 4, and the typical peak val ues are shown
in Table 6. This product had diffraction peaks at the
same diffraction angles as in the powder Xx-ray
diffraction pattern showmn in FIG 1. The x-ray
diffraction patterns were neasured under the

follow ng conditions using a powder x-ray diffraction

iR A
348 G 1 g %@Z@?%ﬁ%ﬁo&“”%%
o@%&& 2096010300, SRELAL A0 5, 3,40, IS,
paé%ef% hgﬁh41nl§1é %6 6Th&7x4ra§8d§ffraa%1on ﬂn%terns
were measured under the following conditions using a powder
x-ray diffraction apparatus.
(Measurement Method)

Measurement Method: reflection method

Apparatus: MiniFlex, manufactured by Rigaku
Corporation

Detector: one-dimensional scintillation counter

X-ray source: Cu 15 mA/30 kV

Sampling range: 0.01°

Operating range: 5 to 40°

Table 6

20/6 values (°) of main peaks
for white crystals
6.5
7.0
8.7
14.4
15.6
16.6
17.4
18.8
22.0

Example 10
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46 Preparation of an anorphous solid of

(8E, I 2E, 1 4E) - 7-{ ( 4-

cycl oheptyl pi perazi n-1-yl)carbonyl }oxy- 3, 6, 16, 21-

t et rahydr oxy- 6, 10, 12, 16, 20- pent anet hyl - 18, 19- epoxytric
osa- 8,12,14-trien-1l-olide by freeze-drying First,
148 ng of the white crystals of (8E, 12E, 14E)-7-
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he x- ray diffraction patterns were neasured in
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The vials were frozen at -40°C using a freeze dryer, then
maintained at -20°C and a pressure of 10 Pa or below for
about 2 hours, following which the temperature was
gradually raised to roomvtemperature with maintaining the
pressure at 10 Pa or below. After about 14 hours, the
vials were filled with nitrogen gas, thereby giving a white
amorphous powder. The powder x-ray diffraction pattern for
the resulting amorphous powder is shown in FIG. 2. The x-
ray diffraction patterns were measured in the same manner
as Example 7.

Example 11

Preparation of an amorphous solid of (8E,12E,14E)-7-{ (4-
cycloheptylpiperazin-1-yl)carbonyl}loxy-3,6,16,21-
tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-epoxytricosa-

8,12,14-trien-11-olide by evaporation

47



47 First, 66 ng of the white crystals of

(8E, 12E, 14E) - 7-

f (4-cycl oheptyl pi perazin-1-yl)carbonyl } oxy-3, 6, 16, 21-
t et rahydr oxy- 6, 10, 12, 16, 20- pent anet hyl - 18, 19- epoxytric
osa- 8,12,14-trien-11-o0olide obtained in Exanple 7 was
conpletely dissolved in 12 nL of ethyl acetate, and 1

.”ht o Hrsls” & (bede THe rp%i%’%s‘é%%%ff HEReuet ) -7
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d 50 nL of n-heptane was added thereto. The
Eé%ﬁ'ﬂ%% %ﬁs further heated to 70C and, 85.1 nL of n

Preparation of (8E,12E,14E)-7-{ (4-cycloheptylpiperazin-1-
yl)carbonyl}oxy-3,6,16,21-tetrahydroxy-6,10,12,16,20-
pentamethyl-18, 19~epoxytricosa-8,12,1l4-trien-11-o0lide
crystals ((Alternative Process 3) at 70°C)

To 5.20 g (content 2.75 g) of the amorphous solid of
(8E,12E, 14E) -7~-{ (4-cycloheptylpiperazin-1-yl)carbonyl}oxy-
3,6,16,21-tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-
epoxytricosa-8,12,14~-trien-11-olide obtained in Example 7
was added 27.5 mL of ethyl acetate. The mixture was heated
to 40°C, to be completely dissolved. Then, the solution
was filtered at room temperature (using PTFE filter paper,
washed with 22.5 mL of ethyl acetate). The filtrate was
heated to 40°C and 50 mL of n~heptane was added thereto.

The mixture was further heated to 70°C and, 85.1 mL of n-
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48 heptane was added thereto with keeping the
tenperature. The seed crystals were added to the
solution, followed by stirring at 70C for 2 hours.
Then, 64.9 nL of n-heptane was added thereto over 2.1
hour with keeping the tenperature, followed by
stirring at 70C for 1 hour. The obtai ned suspensi on

haa}ér%%éersid@é‘%@ﬂgt%%%ﬁé REPR keehipparbocbrpperature.
T3 G Ghdery Vet & r BOAFfehper GF uFBLRbRoTs, 5 oiggred by
Al e cont T v,
i B it BB RS b e o e
tpeakr\allc §§ﬁ§§¥§de¥esggg§gP%dathﬁgeF ?ﬁé 1 hour. The
34 %;%cﬂ%u%(%%syw&zg%%‘ %%a,sfe??snﬁéfvég;mﬁ%k{ g
L AP AP SR TEO B R ES s
PRGSO Tovteesn D, S KNSRI
were dried under vacuum at room temperature for 16.5 hours,
to give 2.44 g of white crystals. The crystals obtained in
Example 7 were used as the seed crystals. The powder x-ray
diffraction pattern for the obtained white crystals is
shown in FIG. 6, and the typical peak values are shown in
Table 7. The x-ray diffraction patterns were measured
under the following conditions using a powder x-ray
diffraction apparatus.
(Measurement Condition)

Measurement Method: reflection method

Apparatus: Discover D8 Advance, manufactured by Bruker
AXS

Detector: one-dimensional high speed PSD

X-ray source: Cu 40 mA/35 kV

Sampling range: 0.01°

Operating range: 5 to 40°

Table 7
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20/ 9 values () of main

peaks for white crystals

6.5

7.2 8.7 14.4 15.7 16.3 17.5 20.8 21.9 Exanple

13 Preparation of

(8E, 12E, 14E) - 7-{ (4- cycl ohept yl pi perazin-1 -

yl ) carbonyl } oxy- 3, 6, 16, 21-t et rahydr oxy- 6, 10, 12, 16, 20-
pent anmet hyl - 18, 19- epoxytri cosa-8, 12, 14-trien-11-o0lide
crystals ((Alternative Process 4) at 55C to 40C) To
1.90 g (content 1.71 g) of the anorphous solid of

OXYeaks for white crystals

3, 6,16, 2I-Tetg ahydr oxXy- 6, 10,
- epoxytricosa-8, 12, 14-trien
Exanpl e 7 ~-added 15 nL of

tenperature i s?ng PTFE filt
nL of ethyl afefate). The fi
and 22 nL of 1A-Reptane was a
was further RHBaBed to 55C an

added theret®dlwPth keeping t

Example 13

Preparation of

m Xt ure was E aged to 40C, f
di ssolved. T gn t he sol ution

b1
trate was
Hded t hereto.
i,
ne tenperature.

( 8BpY2E viRes/ - {)4-«y ahohept Y| pi perazi n-1-yl ) car bonyl }
12, 16, 20- pent anet hyl - 18, 19

| 1-ol i de obtained in

et hyl

o

acetate. The

be conpletely

was filtered at room
paper, washed with 7
heated to 40C
The m xture

11 nmL of n- heptane was

(BE,12E,14E)~7-{ (4-cycloheptylpiperazin-1-

yl)carbonyl}oxy-3,6,16,21-tetrahydroxy-6,10,12,16,20-

pentamethyl-18,19~epoxytricosa-8,12, 1l4-trien-11-olide

crystals

To 1.90 g (content 1.71

((Alternative Process 4)

g)

at 55°C to 40°C)

of the amorphous solid of

(8E,12E, 14E)~-7-{ (4-cycloheptylpiperazin-1-yl)carbonyl}oxy-

3,6,16,21-tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-

epoxytricosa-8,12,14-trien-11~-olide obtained in Example 7

was added 15 mL of ethyl acetate.

to 40°C,

was filtered at room temperature

washed with 7 mL of ethyl acetate).

to be completely dissolved.

The mixture was heated
Then, the solution
(using PTFE filter paper,

The filtrate was

heated to 40°C and 22 mL of n-heptane was added thereto.

The mixture was further heated to 55°C and,

11 mL of n-

heptane was added thereto with keeping the temperature.

The seed crystals were added to the solution,

stirring for 1.5 hours.

Then,
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followed by

33 mL of n-heptane was added



The seed crystals were added to the solution, foll owed
by stirring for 1.5 hours. Then, 33 nL of n-heptane
was added 50 thereto over about 1 hour with keeping
the tenperature, followed by cooling as it was
gradually to 40C. The obtained suspension was
filtered using filter paper, thereby obtaining

stal s, and then shed with n- heptane: et hy
t%b%’iea‘i% %14, a’a%"t) B oBt BN n&GeRAYSt 4PS tﬁ@@@r@mw

er vacuum at. room tenperature for 18 hours,
%qﬁeo“ie%éo% SROWRY 2% §n7£t YRS, 9¥REvELy Yt &Ps 48btca| né"@e
qﬁﬁg?a le 7 were used ﬁs the seed crystals. The
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Cﬁ%tals IS shownl n Flg L and hhe ty ,gél cal
PSS TR STaBNE BRefnEaghegy with n-

dlffractl n patterns e, nme d ipn the sanme manner
b At 8 36t (ATds ()6 Oﬁ‘ﬁﬁﬁnﬁé‘a%ysmls

w%o'freG Ite Crr}é%etg\?agugm gtzrogmster]ﬁgegature for 1% hours,

to give 1.40 g of white crystals. The crystals obtained in

Example 7 were used as the seed crystals. The powder x-ray

diffraction pattern for the obtained white crystals is

shown in FIG. 7, and the typical peak values are shown in

Table 8. The x-ray diffraction patterns were measured in

the same manner as Example 12.

Table 8

26/6 values (°) of main peaks
for white crystals

6.6
7.2
8.8
14.
15.
16.
17.
18.
20.
22.

= W ~J0 > 0

Because the solid forms of formula (I) compound
according to the present invention are uniform, have a high

purity and are easy to work with as bulk medicaments for
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22.1 Because the solid forns of fornula (1) conpound
according to the present invention are uniform have a
high purity and are easy to work with as bul k

medi canments for 51 pharmaceuti cal manufacture, it is
possible to industrially manufacture pharnmaceutical s
whi ch contain formula (1) conpound inasolid forn1as

the active.in redle aims lid form of a
gloan%rb%%du‘ijs%a %ct]u%%A is possﬁﬁ %o 1ndustr1ally

RO eraazé%lﬁ#@% AR B ERDE 2 Ts 150Gy (e
Ripo %& @sﬁ} BlanEo R &850 BRe ket terti B e

solid of cIa|n11 wherein the solid formis
crystalline. 3. The solid of claim1, wherein the
solid formis anorphous. 4. The solid of claim 2,
wherein the crystals have, in a powder x-ray
diffraction pattern thereof, peaks at the diffraction
angl es (280.2) 8.8, 15.8and 17.5.
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5. A process for preparing the crystals of claim2 or
4, conprising: dissolving the (8E, 12E, | 4E)-7-{(4-

cycl oheptyl pi perazi n-1-yl)carbonyl }oxy-3, 6, 16, 21-

t et rahydr oxy- 6, 10, 12, 16, 20- pent anet hyl - 18, 19- epoxytric
osa 8,12, 14-trien-l1-olide in one or two solvents

sel ected from the group consisting of a first

et her-type solvent, 53 arongmti.c hydrocarbon-type

sol vents, acetate ester-type 236l vents and
alkylnitrile-type solvents to forma solution; then
addi ng an ali phatic hydrocarbon-type solvent to the

o oodss 61 S Tt of N BT GrEt hotr LAFVBATd (1-
ST e ST VERT 21 Dkt Fo gy QL8 Bar Fy g 21
Ty R bt veng 0 Pap Rt Aulr BPe 1 semp e cosa
bt ST Y pb a8 VORESTEnBE Ry P acbERtae 81 he

process of any one of clains 5 to 7, wherein the

al i phati c hydrocarbon-type solvent is n-heptane. 9.
The process of any one of glains 5 to 8, wherein
crystal precipitation is Lﬂ%gced under stirring. 10.
The process for prepari niy’t crystals of any one of
claims 5to 9, recipitation is

i nduced at 20 pcess for preparing
the crystals o ims 5 t009, wherein

OH

2. The solid of claim 1, wherein the solid form is
crystalline.

3. The solid of claim 1, wherein the solid form is
amorphous.

4. The solid of claim 2, wherein the crystals have,
in a powder x-ray diffraction pattern thereof, peaks at the
diffraction angles (206+0.2°) 8.8°, 15.8°%and 17.5°.G

5. A process for preparing the crystals of claim 2 or
4, comprising: dissolving the (8E,12E,14E)-7-{ (4-
cycloheptylpiperazin-1-yl)carbonyl}loxy-3,6,16,21-
tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-epoxytricosa-
8,12,14-trien~11-0olide in one or two solvents selected from

the group consisting of a first ether-type solvent,
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at 35 to 60C. 12. The process for preparing the
crystals of any one of clains 5 to 9, wherein crystal
precipitation is induced at 65 to 75C. 13. The
process of claimb5, wherein the (8E, 12E, 14E) -
7-{(4-cycl oheptyl pi perazi n-1-yl)carbonyl } oxy-3, 6, 16, 21

- 54
I e S 31 A0 RO LS A on
4 A BEB0L P11 ESCESS A SHIBL LEASHLED 2 corution
P DY 2 AT TER ML T cen o e
Sl 4D 2= compyareLentssegiod by, Loume, (1))

at omgor @H%y‘ﬂﬁ?%‘%bsf %P“@léjﬁ{kt” , %@%%’{‘8' ?B%E&@%Z\B? two

sol vent so as aln an ether i on

éHNU%%HE’§glé5%@@|§réﬁv%he5§rghg)consisting of a first

ether-type solvent, aromatic hydrocarbon-type solvents,

acetate ester-type solvents and alkylnitrile-type solvents
are an acetate ester-type solvent.

7. The process of claim 5 or 6, wherein the acetate
ester-type solvent is ethyl acetate.

8. The process of any one of claims 5 to 7, wherein
the aliphatic hydrocarbon-type solvent is n-heptane.

9. The process of any one of claims 5 to 8, wherein
crystal precipitation is induced under stirring.

10. The process for preparing the crystals of any one
of claims 5 to 9, wherein crystal precipitation is induced
at 20 to 30°C.

11. The process for preparing the crystals of any one
of claims 5 to 9, wherein crystal precipitation is induced
at 35 to 60°C.

12. The process for preparing the crystals of any one
of claims 5 to 9, wherein crystal precipitation is induced
at 65 to 75°C.

13. The process of claim 5, wherein the (8E,12E,14E)~

7-{(4-cycloheptylpiperazin-1l-yl)carbonyl}oxy-3,6,16,21-
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0O~07 OEE 23 OTES O 12 O (IV) O 1 OTES OIES
(wherein EE, TES and R are as defined above); reacting
the ether solution of the conpound of formula (1V)
with 1- cycl oheptyl pi perazine so as to forman ether
solution of the conpound represented by formula
(III) O ~N1IO N) ~7CEE 2\ TESL/\ 12 J' KO (II1)

aﬁny%%“@re{@efzEﬁzﬁﬁﬁﬁﬁ%ﬁ%ﬁgﬁ‘%ﬂ% n5%gpe%y P cosa-
111 h

o 3?2%@# éolgf%%piééa sgﬁhsﬁe&% GPEEYAR” diferts
solutlo f t.he conp ound of ornula %“ 56 0 JNAO
PAFPRF 2%@%}? esil??m YELngy Oﬁgac ing a compound

represented by formula (VI):

)l/ 7\4055
OTES ~ 0 H

23
[ o 12 |
S SN R O/M\V/A\CWES
| OTES 1

(wherein EE is l-ethoxyethyl group, and TES is a
triethylsilyl group) with a compound represented by formula

(VIT):

(VII)

(wherein R is a nitro group, a chlorine atom or a hydrogen
atom) using a second ether-type solvent so as to obtain an

ether solution of the compound of formula (IV):

55



11 OH (wherein EE is as defined above); and treating
the ether solution of the conpound of formula (I1)
with an acid so as to deprotect the EE group. 14. The
process of claim 13, wherein the second ether-type
solvent is t-butyl nmethyl ether. 15. A pharnmaceutica
conposition conprising the solid of claiml1l. 16. The
phar maceuti cal RO sition of claim15, which is an
anti cancer agent\E:zBKA thod of treating cancer,
conpri si ng dm n he solid of claiml to a
patient. 18. Use of tﬁ% splid conpound of claim1 for

manufacturing a pharmace gonposi tion for
treating cancer. 57 OEE

23

(IV)

(wherein EE, TES and R are as defined above); reacting the
ether solution of the compound of formula (IV) with 1-
cycloheptylpiperazine so as to form an ether solution of

the compound represented by formula (III):

(\N)Lo

Q N
23 QTES (i

OTES

(wherein EE and TES are as defined above); treating the
ether solution of the compound of formula (III) with a
desilylating agent so as to deprotect the TES groups and
thereby give an ether solution of the compound of formula

(II):
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)L

)/ OEE

)

W

(wherein EE is as defined above); and treating the ether
solution of the compound of formula (II) with an acid so as
to deprotect the EE group.

14. The process of claim 13, wherein the second
ether-type solvent is t-butyl methyl ether.

15. A pharmaceutical composition comprising the solid
of claim 1.

16. The pharmaceutical composition of claim 15, which
is an anticancer agent.

17. A method of treating cancer, comprising
administering the solid of claim 1 to a patient.

18. Use of the solid compound of claim 1 for
manufacturing a pharmaceutical composition for treating

cancer.
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