
Description  Macrolide compound in solid form, process
for preparation  thereof, and pharmaceutical
composition containing the same  Technical field The
present invention relates to a macrolide compound  in
solid form, a process for preparation thereof, and
pharmaceutical compositions containing the same. In
particular, the invention relates to a macrolide
compound  in solid form which is useful as a
medicament, a process  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-l-yl)carbonyl}
oxy-
3,6,16,21-tetrahydroxy-6,10,12,16,20-pentamethyl-18,19
- epoxytricosa-8,12,14-trien-1l-olide, 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 1
example, International Disclosure No. WO 03/099813).
General mention is made in WO 03/099813 that a series
of 12-membered ring macrolide compounds and hydrates  



thereof are capable of forming crystal polymorphs.
However,  the compound of formula (I), which is the
compound of  Example 45 in WO 03/099813, is mentioned
therein as being  obtained as an oily substance; no
disclosure whatsoever is  made of the properties of a
crystalline or amorphous solid  form thereof. Nor has
any disclosure been made of a  process for preparing
such a solid or of a pharmaceutical  composition
containing such a solid. 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 irregular 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  requires the use of dichloromethane as the
reaction solvent  in synthesis of the compound of
formula (I) and as the 2 eluting solvent during column
purification. Yet,  dichloromethane, owing to its
effects on the human body, is  classed under UN Hazard
Class 6.1 (Toxic Substances), and  



is categorized under the International Conference on
Harmonization of Technical Requirements for
Registration of  Pharmaceuticals for Human Use (ICH)
Quality Guideline Q3C  (Impurities: Residual Solvents)
as Class 2 (Solvents whose  residual quantities in
pharmaceutical products should be  limited).
Furthermore, in Japan, there are concerns over  how
this chemical is handled; for example, upper limit
values for dichloromethane have been set as
environmental  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 3
accomplished the present invention. Accordingly, the
present invention provides the  followings. 1) A solid
form of the compound (8E,12E,14E)-7-{(4- 



cycloheptylpiperazin-1-yl)carbonyl}oxy-3,6,16,21-
tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-epoxytric
osa- 8,12,14-trien-ll-olide represented by formula
(I). O  ~NO  NJ f 7~OH  23 ~ H GIO O 2 (1)  ~O~/OOH
OH 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 (200.2) 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-epoxytric
osa 4 8,12,14-trien-ll-olide in one or two solvents
selected from  the group consisting of a first
ether-type solvent,  aromatic hydrocarbon-type
solvents, acetate ester-type  solvents and
alkylnitrile-type solvents to form a solution;  



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 from the group 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 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
30C. 11) The process for preparing the crystals of any
one of 5)  to 9) above, wherein crystal precipitation
is induced at 35  to 60C. 12) The process for
preparing the crystals of any one of 5)  to 9) above,
wherein crystal precipitation is induced at 65  to
75C. 5 13) The preparation process of 5) above,
wherein 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-8,12,14-trien-ll-olide represented by
formula  



(I) is prepared by the process including: reacting a
compound represented by formula (VI): OH  7 OEE 23
OTES 0 (VI)  /~/~v\/Z_2 Olk_~'~OTES  "OTES 1 (wherein
EE is a 1-ethoxyethyl group, and TES is a
triethylsilyl group) with a compound represented by
formula  (VII): `/CI  R (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): 6 R O  O-kO
7 OEE 23 OTES O 12 O (IV)  O OTES  OTES 1 (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  rNO  0 N
77 OEE 23 OTES O 12 O (III)  O~ OTES  /\OTES 1
(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): 7 O  CNAO  NJ C ~7OEE  23
OH O (II)  JY ~~ / O OH OH  (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 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. 8 FIG. 3
shows a powder x-ray diffraction pattern for  the
crystals of formula (I) compound obtained in Example
8. FIG. 4 shows a powder x-ray diffraction pattern for
the crystals of formula (I) compound obtained in
Example 9.  FIG. 5 shows a powder x-ray diffraction
pattern for the amorphous mass of formula (I) compound
obtained in  Example 11. FIG. 6 shows a powder x-ray
diffraction pattern for  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-1-yl)carbonyl}
oxy
3,6,16,21-tetrahydroxy-6,10,12,16,20-pentamethyl-18,19
- epoxytricosa-8,12,14-trien-1l-olide" refers to the
compound  of formula (I) below, which is a macrolide
compound having  a 12-membered macrolactone ring as a
partial structure, in 9 a crystalline or amorphous
form.  IOI I NO  N/ I 7 OH 23 OH O 12 O 1 O (1)  OH
OH 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,11S,12E,14E,16R,18R,19R,20R,21S)-7-[(
4- cycloheptylpiperazin-l-yl)carbonyl]oxy-3,6,16,21-
tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-epoxytric
osa- 8,12,14-trien-ll-olide shown in formula (I-a)
below is 10 especially preferred. O  I NI1O GYN/ _ 7
"OH  23 O H O 12; O ` O 1 OH  OH The powder x-ray
diffraction analysis used in the  present
specification is an instrumental analysis technique
employed for distinguishing between crystalline and
amorphous substances and for crystal form
identification.  The diffraction peaks are typically
measured using the Cu- Ka 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 is 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 200.2. Crystals of the compound of formula
(I) have  diffraction peaks at diffraction angles of
8.8 15.8and  17.5, preferably have diffraction peaks
at diffraction 11 angles of 6.5, 7.1, 8.8, 15.8 and
17.5, and most  preferably have diffraction peaks at
diffraction angles of  6.5, 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 Synthetic procedures
w  w 0  w 0  0 0 0  O~ - z 0  o / W  O W  0  QS W  wo
o  



w = 0 w  0 0 0 0 0  0~ - O O~ O z  O O 0 bz / o o O O
0 Fw O x  0  O_ w 0 U  w O  O O  w O= O~ O O 0 O~ / O
ZW w O I~t 0 O O O Z O O CO o  O w  13 Step 1 of this
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  



of an acid, thereby protecting the hydroxyl group at
position 6 with 1-ethoxyethyl (EE) group to form 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  ether-type
solvents such as tetrahydrofuran, diethyl ether,
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 14 pyridinium
p-toluenesulfonate, p-toluenesulfonic acid,
camphorsulfonic acid, methanesulfonic acid or
trifluoroacetic acid. The use of pyridinium p- 



toluenesulfonate, p-toluenesulfonic acid or
camphorsulfonic  acid is preferred. The ethyl vinyl
ether employed in this step may be  used in anywhere
from an equivalent amount to a large  excess with
respect to the compound of formula (IX). However, in
order to have the reaction proceed  smoothly, the
amount of ethyl vinyl ether used is  preferably from
10 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 26.0C). 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 15 in Organic Synthesis, by T.W. Greene (John
Wiley & Sons,  1981)), or a method that corresponds
thereto, such as  hydrolysis using an acid or base, or
chemical reduction  



using a metal hydride complex. Preferred examples of
the  base include alkali metal hydroxides such as
sodium  hydroxide, potassium hydroxide or lithium
hydroxide; alkali  metal carbonates such as potassium
carbonate, sodium  carbonate, sodium bicarbonate or
cesium carbonate;  guanidine and guanidine nitrate. A
mixed salt of guanidine  and guanidine nitrate is
especially preferred. The mixed  salt of guanidine and
guanidine nitrate may be used in an  amount of from
1.0 to 2.0 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 16 thereof. Of these, an alcohol-based
solvent such as  methanol or ethanol is preferred. The
reaction temperature  is not subject to any particular
limitation, although a  



temperature of from 0 to 60C is preferred, a
temperature  of from 10 to 30C is more preferred, and
a temperature of  from 24.0 to 25.0C is even more
preferred. The reaction  may be carried out for a
period of from 1 to 24 hours, and  preferably from 3
to 10 hours. Step 3 of this preparation process is a
step of  reacting the compound of formula (VI) with a
compound of  formula (VII)
(p-nitrophenylchloroformate, p-chlorophenyl
chloroformate or phenylchloroformate) in the presence
of a  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 17 toluene; aliphatic hydrocarbon-type
solvents such as  heptane or hexane; acetate
ester-type solvents such as  ethyl acetate, methyl
acetate or isopropyl acetate; amide- 



type solvents such as N,N-dimethylformamide, N-
methylpyrrolidone or N,N-dimethylacetamide; and
sulfoxide- type solvents such as dimethylsulfoxide. Of
these, t-butyl  methyl ether and ethyl acetate are
preferred. The reaction temperature, which generally
depends on  the starting materials, solvent and other
reagents used in  the reaction, is preferably from 10
to 50C, and more  preferably from 24 to 28C. 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). 18 Step 4 of this preparation process is a step
of  reacting 1-cycloheptylpiperazine with the compound
of  formula (IV), to form a compound of formula (III).
It is  



desirable that the solvent used in this step, while
not  subject to any particular limitation, be an inert
solvent  which does not easily react with the starting
materials.  Illustrative examples of the solvent
include alcohol-type  solvents such as methanol,
ethanol, isopropanol or t- butanol; ether-type
solvents such as tetrahydrofuran,  diethyl ether,
diisopropyl ether, dioxane, dimethoxyethane,
diethoxyethane, diglyme, t-butyl methyl ether,
cyclopentyl  methyl ether, dibutyl ether or
dicyclopentyl ether;  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. 19 The base used in this step is
exemplified by the  general organic bases and
inorganic bases mentioned above.  Illustrative
examples include alkali metal alkoxides such  



as sodium methoxide, potassium t-butoxide or sodium t-
butoxide; metal hydroxides such as sodium hydroxide or
potassium hydroxide; aromatic bases such as pyridine,
4- dimethylaminopyridine, lutidine, collidine,
imidazole or  methylimidazole; tertiary alkylamines
such as triethylamine  or diisopropylethylamine; and
alkali metal carbonates such  as potassium carbonate,
sodium carbonate or cesium  carbonate. Of these,
alkali metal alkoxides such as  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 50C, and more  preferably from
24 to 28C. 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. 20
Step 5 of this preparation process is a step of
deprotecting the compound of formula (III) at the 3,
16 and  21 positions triethylsilyl groups, to form the
compound of  



formula (II). It is desirable that the solvent used in
this step, while not subject to any particular
limitation,  be an inert solvent which does not easily
react with the  starting materials. Illustrative
examples of the solvent  include ether-type solvents
such as tetrahydrofuran, t- butyl methyl ether,
diethyl ether, diisopropyl ether,  dioxane,
1,2-dimethoxyethane, cyclopentyl methyl ether,
dibutyl ether or dicyclopentyl ether; aliphatic
hydrocarbon-type solvents 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  21 fluoride.
The desilylating agent may be used in an amount  of
from 2.0 to 10.0 moles, and preferably from 3.0 to 8.0
moles, per mole of compound (III). 



The reaction time is typically from 1 to 48 hours, and
preferably from 15 to 30 hours. The reaction
temperature  is typically from 0 to 50C, and
preferably from 21.0 to  26.0C. Step 6 of this
preparation process is a step of  deprotecting the
compound of formula (II) at the position 6
hydroxyl-protecting group, to form the compound of
formula  (I). Removal of the hydroxyl-protecting group
may be  carried out by, 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 trifluoroacetic 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 22
equivalents, with respect to formula (II) compound.
The  reaction time is typically from 1 to 24 hours,
and  preferably from 2 to 6 hours. The reaction
temperature is  



typically from 0 to 50C, and preferably from 21.0 to
27.0C. Steps 3 to 6 of this preparation process may be
carried out as a series of successive operations
without  purification by column chromatography, thus
enabling the  compound of formula (I) to be
efficiently prepared. In such a case, the base used
within the steps is  exemplified by aromatic bases
such as pyridine, 4- dimethylaminopyridine, 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 23
ethyl acetate, methyl acetate or isopropyl acetate;
amide- type solvents such as N,N-dimethylformamide, N-
methylpyrrolidone or N,N-dimethylacetamide; and
sulfoxide- 



type solvents such as dimethylsulfoxide. t-Butyl
methyl  ether and ethyl acetate are especially
preferred. The crystal-forming step of this
preparation process  is a step of purifying the
compound of formula (I) obtained  in Step 6 above with
column and dissolving the compound in  a solvent, to
prepare crystals of the compound of formula  (I).
Herein, the compound can be dissolved in a rich
solvent at room temperature. After dissolved, the
crystals  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 24 ether,
cyclopentyl methyl ether, diethyl ether, diisopropyl
ether, dibutyl ether or dicyclopentyl ether; aromatic
hydrocarbon-type solvents such as toluene; and  



alkylnitrile-type solvents such as acetonitrile. Ethyl
acetate is preferred. Illustrative examples of the
poor solvent include  aliphatic hydrocarbon-type
solvents such as n-heptane, n- hexane, n-pentane or
cyclohexane. n-Heptane is preferred. In one mode, no
particular limitation is imposed on  the amount of the
solvents. It is preferable that the  amount of the
rich solvent is from 5 to 20 times, more  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 80C,
and preferably  from 40 to 50C. The crystallization
temperature is  typically from 15 to 40C, and
preferably in a near-room  temperature range of from
20 to 30C. 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 25
preferably from 65 to 75 times, as much as the amount
of  the crude form of compound (I). The dissolution
temperature is preferably from 20 to 80C, and more  



preferably from 35 to 45C. The crystallization
temperature is preferably from 20 to 80C, and more
preferably from 65 to 75C. Further 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 5 to 20 times,  more 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 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 80C,
and more  preferably from 35 to 45C. The
crystallization  temperature is from 20 to 80C, and
more preferably from 35  to 60C. 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, 26 12
or 13) in water, or an appropriate organic solvent
such  as alcohols such as t-butanol or dimethyl
sulfoxide, and  subsequently freeze-drying the
compound to prepare powder  



form of amorphous solid of the compound. The freezing
temperature is preferably -40C.  Preferred
freeze-drying temperature and pressure conditions  are
as follows: after keeping at -20C and 10 Pa or below
for about two hours, then maintain the pressure at 10
Pa or  below with gradually raising the temperature to
room  temperature and, after about 14 hours, fill 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  27 amorphous powder produced in
Example 10, both of which are  solid forms of formula
(I) compound, were ground in an  agate pestle, and
measurement was carried out under the  



following conditions using a powder x-ray diffraction
apparatus. (2) Measurement Conditions Measurement
Method: transmission method  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 28 diffraction pattern for the amorphous powder.
Table 1 26/6 values () of main  



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
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 minutes while
varying  the proportions of the mobile phase A and B
liquids in such  a way as to satisfy the gradient
conditions shown in Table  3 below. 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.OmL/min  Injected volume 5pL  Column 40C
temperature Table 3 Fluid delivery Concentration of
solution B  time (min) with respect to solution A  (0)
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 30 counting impurity peaks,
those peaks having levels of 0.05%  or below were
handled so as not to be counted in Eq. 1 and  2.
Individual Impurity Amount (%) = peak area of each
impurity  (sum of peak areas for impurities + peak
area of product)  x 100 (Eq. 1) Total Impurity Amount
(%) = Sum of individual impurity  amounts (Eq. 2)
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  31 acetate buffer
solution (pH 5.0) to, respectively, 10 mg of  the
white crystals prepared in Example 7, 10 mg of the
amorphous powder prepared in Example 10, and 5 mg of
the  amorphous mass prepared in Example 11 in order to
make a  concentration of 5 mg/mL in each sample, the
length of time  required for complete dissolution
under shaken at about 100  rpm was measured. (2)
Results The times required for dissolution were as
follows.  Crystals: about 32 seconds 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 32 invention is effective as an anticancer
agent, particularly  as an anticancer agent/metastasis
inhibitor for a solid  tumor. The solid tumor is
exemplified by pancreatic cancer,  stomach cancer,
colon cancer, breast cancer, prostate  cancer, lung
cancer, kidney cancer, brain tumors, cancers  of the
head and neck, esophageal cancer, skin cancer, liver
cancer, uterine cancer, cervical cancer, bladder
cancer,  thyroid cancer, testicular tumors, chorionic
cancer,  osteosarcoma, soft tissue sarcoma and ovarian
cancer.  Cancers such as colon cancer, breast cancer,
prostate  cancer, lung cancer, cancers of the head and
neck and  ovarian cancer are especially 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  osteoarthritis,
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  33 ingredients such as pH adjustors, buffers,
stabilizers and  solubilizers may be optionally added
to the active  pharmaceutical ingredient, and the
mixture can be prepared  by a conventional method as a
solution for subcutaneous,  intramuscular,
intraarticular or intravenous injection. When the
compound of the present invention is  administered as
a prophylactic/therapeutic medicament for  various
diseases, it may be administered orally as tablets,
powders, granules, capsules, syrups or the like, or it
may  be administered parenterally as a spray,
suppository, injection, external preparation or
infusion. Although the  dosage considerably depends on
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, 34 a gelatin coating or some other suitable
coating.  Examples Examples are given below to more
fully illustrate the  present invention, although the
examples provided here  should not be construed as
limiting the invention.  Abbreviations EE:
1-ethoxyethyl group  TES: triethylsilyl group  Example
1 Preparation of
(8E,12E,14E)-7-acetoxy-6-(1-ethoxyethoxy)-
6,10,12,16,20-pentamethyl-3,16,21-tris(triethylsiloxy)
- 18,19-epoxytricosa-8,12,14-trien-ll-olide  O AO OEE
OTES O O O OTES  OTES Under a nitrogen atmosphere and
warming to hold the  outside temperature at 25C, 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 35
tris(triethylsiloxy)-18,19-epoxytricosa-8,12,14-trien-
il- olide, following which stirring was carried out
for 5 hours  with maintaining the internal temperature
at from 24.5 to  26.7C. Next, 2.1 mL (15.2 mmol) of
triethylamine was  added to the reaction mixture and
stirring was carried out  for 5 minutes, following
which 170 mL of t-butyl methyl  ether and 170 mL of a
4% aqueous solution of sodium  bicarbonate were added.
The organic phase was separated,  then washed with a
4% saline solution (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 40C, to give
22.9 g of a  crude form (yellow oily substance) of the
title compound.  Example 2 Preparation 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  OH OEE
OTES O O j~-OTES  IK'OTES Under a nitrogen atmosphere
and warming to hold the  outside temperature at 25C,
104 mL (20.8 mmol) of a 0.2 M  



36 solution of guanidine/guanidine nitrate in methanol
was  added to a methanol (79 mL) solution containing
18.4 g of
(8E,12E,14E)-7-acetoxy-6-(1-ethoxyethoxy)-6,10,12,16,2
0- pentamethyl-3,16,21-tris(triethylsiloxy)-18,19
epoxytricosa-8,12,14-trien-ll-olide, following which
stirring was carried out for 6 hours with maintaining
the  internal temperature at from 24.9 to 24.5C. The
reaction  mixture was then ice-cooled and 276 mL of
t-butyl methyl  ether was added, following which 184
mL of a 10% aqueous  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 40C, 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-8,12,1
4- trien-ll-olide 37 OZN O  O3-O 



I --,/OTES J1OEE  O '1OOTES OTES  Under a nitrogen
atmosphere and warming to hold the  outside
temperature at 25C, 2.29 g (18.8 mmol) of 4-
(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-(l-
ethoxyethoxy)-7-hydroxy-6,10,12,16,20-pentamethyl-3,16
,21-
tris(triethylsiloxy)-18,19-epoxytricosa-8,12,14-trien-
l1- olide, following which stirring was carried out
for 7 hours  30 minutes with maintaining the external
temperature at  25C. 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-l-
yl)carbonyl}oxy-6-(1-ethoxyethoxy)-6,10,12,16,20-
pentamethyl-3,16,21-tris(triethylsiloxy)-18,19-
epoxytricosa-8,12,14-trien-ll-olide 38 O  CN10 OEE  



OTES O O OTES  OTES Under a nitrogen atmosphere and
warming to hold the  outside temperature at 25C, a
t-butyl methyl ether  solution (29 mL) of 4.28 g (23.5
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-(1-ethoxyethoxy)-6,10,12,16,20-pentamet
hyl-
7-(4-nitrophenoxy)carboxy-3,16,21-tris(triethylsiloxy)
- 18,19-epoxytricosa-8,12,14-trien-ll-olide obtained
in  Example 3. The reaction mixture was then stirred
for 17  hours while being held at an outside
temperature of 25C.  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-l-
yl)carbonyl}oxy-6-(1-ethoxyethoxy)-3,16,21-trihydroxy-
6,10,12,16,20-pentamethyl-18,19-epoxytricosa-8,12,14-t
rien 39 11-olide O  CNAO  



~OEE OH JO  aN  O)~- OH  4OH Under a nitrogen
atmosphere and warming to hold the  outside
temperature at 25C, 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-(1-ethoxyethoxy)-6,10,12,16,20-pentamethyl-3,16,21-
tris(triethylsiloxy)-18,19-epoxytricosa-8,12,14-trien-
ll- 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 (25C).  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-l-
yl)carbonyl}oxy-3,6,16,21-tetrahydroxy-6,10,12,16,20-
40
pentamethyl-18,19-epoxytricosa-8,12,14-trien-11-olide
O CN1O 



OH  OH O O I~/I\  O OH  OH At an outside temperature
of 25C, tetrahydrofuran  (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-l-yl)carbonyl}oxy-6-(1-
ethoxyethoxy)-3,16,21-trihydroxy-6,10,12,16,20-pentame
thyl- 18,19-epoxytricosa-8,12,14-trien-ll-olide
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-butyl
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-l-
yl)carbonyl}oxy-3,6,16,21-tetrahydroxy-6,10,12,16,20-
41
pentamethyl-18,19-epoxytricosa-8,12,14-trien-l1-olide
in  solid form First, 34.7 g (content, 9.60 g) of the
compound  



obtained by solvent distillation from 47.8 g of the
crude  form of
(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-ll-olide
obtained in Example 6 was dissolved in ethyl acetate
(40  mL) and filtered. Next, heptane (8 mL) was added
and  purification was carried out using silica gel
column  chromatography (the eluting solvents were, in
order: 1)  ethyl acetate/heptane = 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 45C 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 42 23C and 98 rpm. Next, using a stirrer
(BL600,  manufactured by Heidon Co. Ltd.), stirring
was carried out  for 35 minutes at 183 rpm, after
which the aggregated  



precipitates were broken up with a spatula, and
stirring  was carried out for another 22 hours 30
minutes. The  crystals were filtered within an
isolator, then washed with  n-heptane/ethyl acetate
(2:1, 65 mL). The crystals thus  obtained were dried
in vacuo at room temperature (23C) for  23 hours,
giving 8.44 g (content: 97.6%; by weight, 8.24 g)  of
the title compound as white crystals. FIG. 1 shows the
powder x-ray diffraction pattern for the white
crystals  obtained. The x-ray diffraction patterns
were measured  under the above-mentioned conditions.
The 'H-NMR (400 MHz, CD30D) 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-l-
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
(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-ll-olide
obtained in Example 7 was completely dissolved in 1 mL
of 43 ethyl acetate, and 3 mL of n-heptane was added
thereto.  After confirming the appearance of a white
solid in the  solution, the solution was placed on a
hot plate at  



approximately 80C and the white solid was completely
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 S. 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  44 



Example 9 Preparation of
(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-ll-olide
crystals (Alternative Process 2) First, 200 mg of the
pale yellow 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 completely dissolved in 20 mL of a
solvent mixture of  water and t-butanol
(water/t-butanol = 1:1 (v/v)), and 1 mL  portions of
the resulting solution were placed in 5 mL  glass
vials. The vials were frozen at -40C using a freeze
dryer, then maintained at a shelf temperature of -20C
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 5C. 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 45 



shown in FIG. 4, and the typical peak values are shown
in  Table 6. 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 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 20/0 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 



46 Preparation of an amorphous solid of
(8E,l2E,l4E)-7-{(4-
cycloheptylpiperazin-1-yl)carbonyl}oxy-3,6,16,21-
tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-epoxytric
osa- 8,12,14-trien-1l-olide by freeze-drying First,
148 mg of the white crystals of (8E,12E,14E)-7-
{(4-cycloheptylpiperazin-l-yl)carbonyl}oxy-3,6,16,21-
tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-epoxytric
osa- 8,12,14-trien-ll-olide obtained in Example 7 was
completely  dissolved in 36 mL of a solvent mixture of
water and t- butanol (water/t-butanol = 1:1 (v/v)),
and 2 mL portions of  the resulting solution were
placed in 5 mL glass vials. The vials were frozen at
-40C using a freeze dryer, then  maintained at -20C
and a pressure of 10 Pa or below for  about 2 hours,
following which the 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 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}oxy-3,6,16,21-
tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-epoxytric
osa- 8,12,14-trien-ll-olide by evaporation 



47 First, 66 mg of the white crystals of
(8E,12E,14E)-7-
f(4-cycloheptylpiperazin-l-yl)carbonyl}oxy-3,6,16,21-
tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-epoxytric
osa- 8,12,14-trien-ll-olide obtained in Example 7 was
completely  dissolved in 12 mL of ethyl acetate, and 1
mL portions of  the resulting solution were poured
into glass Spitz tubes.  The solvent was removed from
the tubes using a rotary  evaporator, thereby giving
clear, colorless amorphous  masses. FIG. 5 shows the
powder x-ray diffraction pattern  for the resulting
amorphous mass. The x-ray diffraction  patterns were
measured in the same manner as Example 7.  Example 12
Preparation of
(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-ll-olide
crystals ((Alternative Process 3) at 70C) To 5.20 g
(content 2.75 g) of the amorphous solid of
(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 obtained in
Example 7  was added 27.5 mL of ethyl acetate. The
mixture was heated  to 40C, 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
40C and 50 mL of n-heptane was added thereto.  The
mixture was further heated to 70C and, 85.1 mL of n 



48 heptane was added thereto with keeping the
temperature.  The seed crystals were added to the
solution, followed by  stirring at 70C for 2 hours.
Then, 64.9 mL of n-heptane  was added thereto over 2.1
hour with keeping the  temperature, followed by
stirring at 70C for 1 hour. The  obtained suspension
was filtered using filter paper,  thereby obtaining
crystals, and then washed with n- heptane:ethyl
acetate (3:1, 27.5mL). The obtained crystals  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 49 



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  Example
13 Preparation of
(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-ll-olide
crystals ((Alternative Process 4) at 55C to 40C) To
1.90 g (content 1.71 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-l1-olide obtained in
Example 7  was added 15 mL of ethyl acetate. The
mixture was heated  to 40C, to be completely
dissolved. Then, the solution  was filtered at room
temperature (using PTFE filter paper,  washed with 7
mL of ethyl acetate). The filtrate was  heated to 40C
and 22 mL of n-heptane was added thereto.  The mixture
was further heated to 55C and, 11 mL of n- heptane was
added thereto with keeping the temperature.  



The seed crystals were added to the solution, followed
by  stirring for 1.5 hours. Then, 33 mL of n-heptane
was added 50 thereto over about 1 hour with keeping
the temperature,  followed by cooling as it was
gradually to 40C. The  obtained suspension was
filtered using filter paper,  thereby obtaining
crystals, and then washed with n- heptane:ethyl
acetate (3:1, 14mL). The obtained crystals  were dried
under vacuum at room temperature for 18 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 28/8 values () of main peaks
for white crystals 6.6  7.2  8.8  14.6  15.8  16.4
17.6  18.7  20.9  



22.1  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 51 pharmaceutical manufacture, it is
possible to industrially  manufacture pharmaceuticals
which contain formula (I)  compound in a solid form as
the active ingredient. 52 Claims  1. A solid form of a
compound (8E,12E,14E)-7-{(4
cycloheptylpiperazin-l-yl)carbonyl}oxy-3,6,16,21-
tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-epoxytric
osa- 8,12,14-trien-ll-olide represented by formula
(I). O  NAl O 7 OH 23 OH O 12 O (0  O OH  OH 1 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 (280.2) 8.8, 15.8and 17.5. 



5. A process for preparing the crystals of claim 2 or
4, comprising: dissolving the (8E,12E,l4E)-7-{(4-
cycloheptylpiperazin-l-yl)carbonyl}oxy-3,6,16,21-
tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-epoxytric
osa 8,12,14-trien-ll-olide in one or two solvents
selected from  the group consisting of a first
ether-type solvent, 53 aromatic hydrocarbon-type
solvents, acetate ester-type  solvents and
alkylnitrile-type solvents to form a solution;  then
adding an aliphatic hydrocarbon-type solvent to the
solution so as to induce crystal precipitation. 6. The
process of claim 5, wherein the one or two  solvents
selected from the group 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 30C. 11. The process for preparing
the crystals of any one  of claims 5 to 9, wherein
crystal precipitation is induced  



at 35 to 60C. 12. The process for preparing the
crystals of any one  of claims 5 to 9, wherein crystal
precipitation is induced  at 65 to 75C. 13. The
process of claim 5, wherein the (8E,12E,14E)-
7-{(4-cycloheptylpiperazin-l-yl)carbonyl}oxy-3,6,16,21
- 54
tetrahydroxy-6,10,12,16,20-pentamethyl-18,19-epoxytric
osa- 8,12,19-trien-ll-olide represented by formula (I)
is  prepared by the process comprising: reacting a
compound  represented by formula (VI): OH  7OEE  23
OTES O (VI) 2: O OTES  OTES (wherein EE is
1-ethoxyethyl group, and TES is a  triethylsilyl
group) with a compound represented by formula  (VII):
~CI  R (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 R O  



O)~O 7 OEE 23 OTES O 12 O (IV)  O 1 OTES  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  ~N1O  N) ~7OEE  2\j TESL/\ 12 J' kO (III)
OTES  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): 56 0  JNAO
NJ J7,"OEE 23 OH 0 ~^ (II)  IYC~ O OH  



1 1 OH  (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. 57 




