Descri ption: Macrol ide conpound in solid form process
for preparation thereof, and pharmaceutica
conposition containing the same 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 formwg Hgeful as a

medi canment, a process for preﬂéﬁlng the nacrolide
conpound in solid form and pharnmaceutica

conposi tions containing the same. Background art
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of 12-nmenbered ring macrolide conpounds and hydrates
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 maérolide compound of formula (I), below shown,
(8E,12E,14E)f7f{(4—cycloheptylpiperazin—1—yl)carbonyl}oxy-
. 3,6,16,21-tetrahydroxy—6,10,12,16,20—péntamethyl—18,19-
epoxytricosa-8,12,14-trien-11-olide, as well as
phérmaceutically acceptable salts and hydrates thereof,
éuppresses 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 forrmula (1), which is the
conmpound of Exanple 45 in WO 03/099813, is nentioned
therein as being obtained as an oily substance; no
di scl osure what soever is nade of the properties of a
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requires the use of dichloromethane as the reaction solvent

in synthesis of the compound of formula (I) and as the
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acconpl i shed the present invention. Accordi ngly,

the present invention provides the followngs. 1) A

solid formof the conmpound (8E, 12E, 14E)-7- 1( 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
elosifgl2oldenti @nridgobbllamhepuesentediby. f oranja (1).

O NON,",--i ,----. 7 OH 23 OH0 " (1)
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




OH11 2) The solid of 1) above, wherein the solid foa
is crystaltine. 3) The solid of 1) above, wherein the
solid formis anorphous. 4) The solid of 2) above,
wherein the crystals have, in a powder x-ray
di ffraction pattern thereof, peaks at the diffraction
angl es %200 8.8, 15.8 and 17.5. 5) A process for
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first ether-type solvent, aromatic hydrocarbon-type
sol vents, acetate ester-type sol vents and
alkylnitrile-type solvents are an acetate ester-type
sol vent . O
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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-




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
8,8p,1d-@)rizboud-olliekeiin he oy shd) $cakenkseckdebatk8d from

under stirring. 10) The process for preparing the
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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 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.




O /\OTES OH 1 7 OEE 0 120TES 1 (wherein EE is a
1- et hoxyethyl group, and TES is a triethylsilyl group)
with a conmpound represented by formula (VII):

13) The preparation process of 5) above, whereih the
(8E,12E, 14E)-7-{ (4-cycloheptylpiperazin-1-yl)carbonyl}oxy-
3,6,16,21-tetrahydroxy-6,10,12,16,20-pentamethyl1-18,19-
epoxytricosa-8,12,14-trien-11-olide represented by formula
(I) is prepared by the process including: reacting a

compound represented by formula (VI):

23 OTES i)

OTES
/\DTES

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

(VII):

(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):




(M1) (wherein Ris a nitro group, a chlorine atom or
a hydrogen aton) using a second ether-type solvent so
as to obtain an ether solution of the conpound of
formula (1V): (wherein EE, TES and R are as defined
above); reacting the ether solution of the conpound of
formula (1V) w4 cycl oheptyl pi perazine so as to
form an et her «@ orwgf t he conpound represented by
formula (111): o” 0

(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):

(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

(IT):




(wherein EE and TES are as defined above); treating
the ether solution of the conmpound of formula (111)
with a desilylating agent so as to deprotect the TES
groups and thereby give an ether solution of the
conmpound of formula (I1): O NON,) ) I 7 CEE 23
OHO0O0 | ' O

sp
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(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.




IOH (wherein EE is as defined above); and treating
the ether solution of the conmpound of formula (I11)
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 nmethyl ether. 15) A
phth@ceEt$h@Wsc@mp@@deron—caypdisfﬂ@cth@nspétﬂeﬁﬁ fdr
above. 16) The pharnmaceutical conposition of 15)
thghevestahbchfi §oamudnat i(Gancempagedt obtiThelsénokxbfiple 8.
solid conpound of 1) above for manufacturing a
phafHacelit$loaws conpoeder on-fay diehtaogi canserterd8foA
met hod of treating cancer, conprising adm nistering
thehergetaysopfi1foabole t(d)acpapoent. oBthcheBesnr Ephinphe 9.
of the Draw ngs FIG 1 shows a powder x-ray
di fF¥actd oh et terpovdert heray ydi fif saof i drorpat ve i ) for
- conpound obtained in Exanple 7.
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
eﬁdothelial 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—
epothricosa—S,12,14—trieh—ll—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




FIG 2 shows a powder x-ray diffraction pattern for

t he anor phous powder of fornmula (I) conpound obtai ned
in Exanple 10. FIG 3 shows a powder x-ray
diffraction pattern for the crystals of fornmula (I)

conmpound obt ai ned in Exanple 8. FIG 4 shoY\s af
r ray . ffraC|on attern for the crystals o
a ?gw% l)if‘f])e nﬁf)nﬁﬁg SBtsaEﬁgﬁ‘ in Exanpl e 9. FI G

5 shows a powder x-ray diffraction pattern for the
anor phous mass of fornula (1) conmpound obtained in
Exanple 11. FIG 6 shows @ powder x-ray diffraction

pattern for the crystals df formula (1) conpound
obt ai ned i n Exanpl eéf%N O FIG 7 shows a powder
tte

x-ray diffractier p \/rJ crystals of formula
(1) conpound ed n
OH

OHL3.
23 0

()

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 compoﬁnd 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-
éycloheptylpiperazin—l—yl)carbonyl]oxy—3,6,16,21—
tetrahydroxy-6,10,12,16,20-pentamethyl-18, 19-epoxytricosa-

8,12,14-trien-11-olide shown in formula (I-a) below is
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Det ai | ed Description of the Invention The solid
formof the conpound of fornmula (I) according to the
present invention can suppress a vascular endotheli al
growt h factor (VEGF) production, suppress angi ogenesis
in cancer, and is particularly useful as a nedi canent
esﬁé&iéhﬁypﬁﬁgﬁ@ff@@_or treatment of solid tunors and
the like. Enmbodiments of the invention are descri bed
bel ow. As used herein, "the solid formof the
conmpound
(8E, 12E, 14E) - 7- { (4- cycl 8Pept yl pi perazi n-1 -yl ) carbonyl }
oxy3, 6, 16, 21-t etrahydroxy- 6, 10, 12, 16, 20- pent anet hy1- 18
,19- epoxytricosa-§, 1N14Q@rien-11-olide" refers to

t he conmpound/T™ 0 bek bel ow, which is a
macrol i de @ d havi nqg
rhggbas a pa al st ur

A ®Henber ed nmacrol act one
in a crystalline or
233 hou6form\\ \12\
WO OH

-a
: OH 1

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-
Ko irradiation. The relative intensity of the respective
diffraction peaks vafies 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 20+0.2°.

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
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The solid formof the conmpound of forrmula (1) may be a
non-sol vate or a solvate. A "solvate of the conpound
of formula (I)" refers herein to a conmpound obt ai ned
by the sol vation of solvent nolecules in a non-solvate
of the conmpound of formula (l1). There is no particul ar
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pattern of diffraction peaks is Inportan

powd¥ i fdi g therdgentity of crystals. In the
description that follows, the diffraction angles on
t hesheidezontralt mXigrd bdthes ReWdsc 2611y, NdfHACtd ANt ion”
di agrans generally signify values that agree within a
ref@ngedfa 2801 Ztion obtHAVSE abP ©fcd fifcfOMPOURE P ether-
formula (1) have diffraction peaks at diffraction
typd@Esra{t 8. 8 15. 8and 17.5, preferably have
diffraction peaks at diffraction

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.
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angles of 6.5, 7.1, 8.8, 15.8 and 17.5, and nost
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 enconpasses
Syatystaks pwbicehukake peaks of noderate intensity other
than the above-indi cat ed peaks. More preferred
crystals of the conpound of fornuha (1) include
crystal s which have diffractin p ks at the sane
diffraction angles as in th r x-ray diffraction
di agram shown in FIG 1, 3o r 7. - Anor phous
fornms of the conpound ofg ) include anor phous
powder s and anor phous nassz nor phous powder is
preferred. . As used t e sent
speci fication, "ether solu n" r fgrs to a solution
obt ai ned by treatnent using ethat -Eype sol vent.
Next, a process for prepari e l1d formof the
conpound of formula (1) accordin the invention is

t

described in detail. The sofpd form of formula
(1) compound can be prepared byncarrying out Step 1 to
Step 6, as [descri bed ow, an Sequently carrying
out a crystal gform ng Lep of an nor phous
. . o
solid fo%r1ngsstep. &:\
(@)

(IX)

(W
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Synt heti c procedures Step 1 of this
preparation process is a step of reacting the conpound
of formula (I X) (wherein TES is a triethylsilyl group)
with ethyl vinyl ether in the presence of an acid,
thereby protecting the hydroxyl group at position 6

For TP {VFE | 5P TRt S %e%%?gﬁséﬁo$%§$ki€e%f§5 P<ohot.
refEH 0.6 RP 3%t'° Lorpula Rekdt trlergthalen dpse
erg ReRyT it PhooRGley | ik E%Rad] PaprE ek h¥aetRhgebresence
oL EFr Bl §foFﬁ%§%gyS%2$%§t ot nEal SBRF by BrerReRt
POk ot ca?b%%9¥y§ R T ”iﬁﬁzs%ﬁé&aﬁt”E%Eﬁﬁéﬁéha”e
ORI e nSPEREI NAT i i | Bhey e KBThoRredatRnERts step
isnpﬁé°”'%i;%foFﬁgéﬁﬁe%g%%ﬁ9a %E?h§wa€%Faﬂpde?lth0uqh an
infe PP ARt BSER) VERPE1EhenBE B AL LRGP ol PO a0 Eha
cef8rYintedkit bk ZEISﬁfarS?a?gﬁyaﬁgéfhyvlﬂﬁhaé¥pstartlng
magéf§?ﬁéi§%l %%2§5ﬁl%r23§¥%ug?%y%lVE2$3%%?§é§ﬁ§ﬁ8$§56
etﬁﬁereg?eb%f%ﬁ Qrshghuggeteﬁgghg E%am Xk “GYEERY1 ether,

are pre erre USG
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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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pyri di ni um p-tol uenesul fonate, p-toluenesul fonic acid,
canphorsul foni ¢ acid, nethanesul fonic acid or
trifluoroacetic acid. The use of pyridinium
pt ol uenesul f onat e, p-tol uenesul fonic acid or
canphorsul fonic acid is preferred. The et hyl
PYWHLEN 168Th @ tenpleppst lifionidties  st-ap lneypeba lifeed d acid,
anywhere from an equival ent anount to a |arge excess
Cawpéﬁrﬁééégﬂ?q(§QﬂWe oerheures udff oindremaled d( loX) .
However, in order to have the reaction proceed
trifdooEiopcetic avdght Sheetisd ofi pyirietindnumuped i s
preferably from 10 to 100 equi valents, and nore
toéP@P@ﬁ&@ﬁénﬁﬁ@n1E@Tpdu@Qe@@dﬁwaﬁenasid or cafpaoasudfonic
may be used in anywhere froma catalytic anount to an
acdduilvaPErtegFednt with respect to the conpound of

formula (1X). An amount of from 0.005 to 0.50
equibal @Ryl svpreleetbdr emdlapednbunthdé §tem BaPObe
to 0.20 equivalent is especially preferred. The

uspdadhi BRYNhAECNAY OB atyr 6auivede?4 hmoust anda large
preferably from2 to 10 hours. The reaction
excefpelathr Eepperst toubpeccompoany pér focuhdr (IX).
limtation; the reaction will proceed around room
t enfRFeY®F e IR2400dep DB . pEye the restepor pfotdid
reparation process is a step of deprotect the
Smga b¥%ndtBe PBPHIEaCfVREhylavipydi etbar7uaedt ik gr oup
to formthe conpound of fornmula (VI). Renoval of the
prﬁg%F?PlérSHané be &8Frpadivatentsacenddancte pieheaably

net hod degcribed inthe literature (see Protective
fre¥o gsto 0 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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in Organic Synthesis, by T.W Geene (John Wley &
Sons, 1981)), or a nethod that corresponds thereto,
such as hydrolysis using an acid or base, or chem ca
reduction using a netal hydride conplex. Preferred
exanpl es of the base include al kali netal hydroxides

G L s
15B20 555U, oRL el ey U DL SBLRRRRL e Mo 2o

i di k . _A.m xed I f L di d ..
QAN SLRCBbShE o0 Kisalt o BheRLE e e

e §RbLaohe BT hhBEaa o BRI LB DL BLS SRLRELLOSE LA,

an-anoun rom

oo FEREL LARD E pt0s L rtcpQiumlonon 1 Ropeggect
PR ePekea el R Rl Atk geony BRCALGH BIoLLILA o
o8 el qbce £9chehp Blgcss B cigssalpl, endlL
cobbbygtiet s L ot pekude eipronsl il e
oubBuigoclsciighs basec sPLYEDLS SUE0.88 i o graniaine
ond G480 She T e AL DOUEHDRIEL) 0 LELLE LIRS SolSRiSec
v\ ALt oo, AGTRIT Y LAEELAN & e i o
engb§ it deciyoe ol yut o guelyasefl gk Lot 9,

1. GOty eNt 2 sugh: ¢s1 Bt Hangt cQr r@é%@@@' t<jt> St s eé&ﬁaé&%d The

reaction ténperature is not subject to any particul ar

fodmuid atvorn) al thodok, e terpesabuie of:drom 19 SOC i's
preferred, a tenperature of from10 to 30C7s nore
suwy@é@rf@dan@%@timfai%ft@{iéﬁpna?@,&éw 2 Bt s
even nore preferred. The reaction may be carried out

sol®in® PelERAUDEsd TR 1t h® 20 POUKS  maWKl DI .S e¥ @b Yeertain
from3 to 10 hours. Step 3 of this preparation

degf QL as$t | Sods SAQP Mad£BE! FOScT hei Gonpoung: of ¢ {,04 mul a
(VI) with a conpound of fornula (VII)

ma (g4 1$ ophedys CHTOf Or NBL @st Pa €N OT ORI s include
chl orof ormate or phenyl chloroformate) in the presence
wattfr A dasehol-God rdn $o Lesmosinsu el d9rmmiar{d1V) -etilignol,
base used in this step is exenplified by aromatic
isdmasgsarseic hoascyutatidie; ek raidvd@andomiidiaiech as
lutidine, collidine, imdazole or nethylimdazol e;
tettretydaryfatdey,| aifigtdsy Susthes, tdieidptasiinettfer, dioxane
di i sopropyl et hyl am ne; and i norgani c bases such as
or potZashimetcachdrietre;; soidi tin carfsnaidE, vedad Wach as
car bonat e, sodi um hydroxi de or potassi um hydroxi de. O
acetthvgsia; ritIre je tamyil der tng ea ngb Urah e tdydram snopyw- di ne are
preferred. It is desirable that the solvent used in
dintehihyy 1sftaapnamel den  iNet-td isicd theyrita c dteam iekg MN-ene titseL 4By  be
made of ether-type solvents such as tetrahydrofuran,
pyriddrdi et Heeatdtdnd pHodpitody Inedigd ; eddlefox icdecttopant vyl
nmet hyl ether, diethyl ether, diisopropyl ether,
soldiemitsy Isuathhers alinditdydl sapleixildest herd sarloraid enixtures
hydr ocar bon-type sol vents such as benzene or
tol uene; aliphatic hydrocarbon-type solvents such as
hept ane or hexane; acetateléster-type sol vents such as
ethyl acetate, nmethyl acetate or isopropyl acetate;
am de-type sol vents such as N, N-di net hyl f or mam de,
Nmet hyl pyrrol i done or N, N-di net hyl acet am de; and
sul f oxi detype sol vents such as di nmet hyl sul f oxi de. O
these, t-butyl nethyl ether and ethyl acetate are
preferred. The reaction tenperature, which

e o - e st e T R X e g e SR




The reaction tinme generally depends on the starting
materials, solvents and other reagents used in the
reaction, and the reaction tenperature. Typically,
followi ng addition of the reagents, the reaction
m xture is stirred at the above-indicated reaction
thegrpdrat Gfe thesepr ahepdisionfl-trmskad &ol4entusschand
more preferably from4 to 10 hours. Compound
methprp lngy wehased s arefeowed.of Theomebcibn 4eBperature
. hol ar equivalents, and preferably from2.0 to 3.0
1snBrir SeRlieFal &t enypeeridicalefr ddmpdandofyl plthough a
4- Di net hyl am nopyri dine may be used in an anount of
teppgrptuget €2 fgompOart e §0i°Calientos e famd eph, ebetablby rhtame
1.1 to_1.3 nolar equival ents, per nole of conpound
of(frpm IPi EPnylaki A6 mRYcberefed ried,anndmaunempbratame of
1.0_to 10.0 _nol ar equivalents, and preferably from4.0
treg 6400nbPrarSe§ulvaseriven perenvirefefrrednpolihed ¢Whktion
Step 4 of this preparation process is a step of
mayehlet FA§Tricey 6nshépty PpPpeiadi pé iroh flheéocdhpbondsef and
farmula (1V), to forma conpound of fornmula (111). It
preéegablyabirem Batot B8 B6M¥Ent used in this step, while
not subject _to any particular limtation, be an inert
soleFR P ENtbesPhorpakakioy pracessiis ahsteparfing
materials. Illustrative exanples of the solvent
reanttidetAPcERBPOMPHeCS ok PERESAS U¥R) awifbt Aamompound of
et h noIv ifozroganol or tbutanol; ether-type solvents
formufiaa§VEL! r ARyRIbFOPRARYAFBLAYPTerMaEe, dbrshppopphenyl
t her, di oxane, di nethoxyethane, diethoxyet hane,
ch ?5?§ﬂETaF?baFyPhﬁ%Y%yhl@FﬁEPFmeyevoé@nt ¢ ReEAghce of a
b et her ibutgl et her or dicycl opentyl ether; aliphatic
aRJr beaf BHR- BypRRESPIEneE ERERUAS K&¥hne BRehbpsanesed in

aronati c. hydrocarbon-type 'sol vents such as benzene or
th%%l%%%%;l%e?%ﬁ%9{§gée§og¥eﬁ¥§m§9éﬁ h3sgeepufb af pyridine,

IRt e st S,
me TR 7| PR S el by 5y Roh | Bos of triethylamine
he; t hyl h | am de; | f oxi de-t | t
or KRB PLEPEH 851 ba Shie Set e Rseer shgpess
t hyl . t at e, t hyl cetate
pori il il e et PR ctet Gondie  ypeSton vemesonnte
AR R TP AV RELE o BT,
. et hyl | t_mxtures th f
er R Ll 2B o A e A SR A SR 8 (P e T Bt atte
5P ' f . The. b . din thi
It thrsgp i s%x@r%ﬁ%ﬁdﬁ%eid%levegnet—helfsa?ggjrrga- %cgse%%é nké?]dér?
e o o e 0%, i P it Vo SEECEL Epe
R RQXI j id di t but oxi de;
SOl T Ly rho%gdzt;éﬂ_such%%%suo :nu%ﬁ;?d_? %ﬁ%?ﬁy‘% X%%%e'i um
oueif HREHIS IR rd i Rl (e b echer,
;2 | iy | e: ti | kyl am h
B T e e A Tope e L yher
| t ' b t di
o A T b AR T M ot )

al koxi des such as potassiumt-butoxide; triethylamne
and dii sopropyl ethylam ne are preferred.

1- Cycl obut yl pi perazi ne may be used in an anount of
from1.0 to 3.0 nolar equivalents, and preferably from
1.2 to 2.0 nolar equivalents, per nole of conpound

(1V) .




The reaction tenperature, which generally depends on
the starting materials, solvent and other reagents
used in the reaction, is preferably from10 to 50C,
and nore preferably from24 to 28C. The reaction
time generally depends on the starting material s,
nt . he [ actjlon, _and
coRfHBE. Sa3its boby L Rastb oL Re] DAV SOELLR -

, heggghE'BQ HEX%H@ rSQQEQE eEES r%gg%'gglg%é£gr§u%ﬁ as

tirred at the above- |n icate eratfure

etﬁ9gn?%%£?g@ggﬁﬁgﬁyﬂ];cgeaég g?uEggpgggygpgge?égégr%Riae—

tyPECSBIFehesasibaPa deﬁpégﬁggéyg%ogggm gopognd of

ormula (IT1) at ¢t 0S| |ohs

meEﬁY?bQ¥k§ﬂ&Mbn8r89p . NL 1ﬁ8§ﬁgi Hpagndﬁﬁé é@%ﬁykfde-

is desirabl e that use

ty%éegol\’}@hkg QQEhSHQJS %HXE'E‘QML@@&&H@U' abf“cﬁ'é%@“?“butyl

e an inert solvent oes not eaS|Iy reac

metﬁglseeﬁ&kngnaaé€ﬁ @'éce%ékHs%Eét YE£EX QB'GS of the

vent include et er-type so ven S SUC

t ety O L AN, + Skt Y P m’l’% %ﬁﬁé% J_déﬁt){:: é)eérhneg on

di i sopropyl ether, "di oxane, oxyet

th§y§£99€9ﬁ¥|mﬂgéPY£l§th§5lvgh@u5%h StREL PLa ents used in
di cycl opentyl ether; aliphatic hydrocarbon- ?

thé0£¥§ﬁﬁ§oﬁuchsaﬁr@?é@ﬁﬁl9rfP@ﬁt@ﬂetoaﬁ@ﬁ@t'&nd ore
hydrocarbon type solvents such as benzene’ or tol uene;

préfetabeyesteh- bypeoSppvents such as ethyl acetate,
net hyl acetate or isopropyl acetate; ketone-type

soluent e SeketbraSe BEL Qe 1041 TRt AW e £V R k@{eork%artlng
nitrile-type solvent such as ‘acetonitrile; am de-type

maOtVeNss Sothents NaNHdbARERYLEQEBRALUEsed in the reaction,
N, N- di net hyl acet am de, N-nethyl-2- pyridone,

and\- tBé hyb Dy 1 6hi €onge r M D di met i@gﬂ m 81 PSwin
hexanet hyl phosphoryl am de; sul T oxi de- ype sol vents

adéichonsodi tBE hybsybh x| dehe anda sOL 88 nﬁllﬁt@ffé”f§ stirred
thereof. O these, toluene, tetrahydrofuran, t-butyl

at Mehdyhbevdetnd bogt €d hybaacedat Se@ﬁ@r@f@f@rf@ﬂ pEfWtably
acetate is especially preferred. The deS|IyIat|ng

fragehttos2d houtd) sasd efors exerPrabiedfbym 4 to 10 hours.
t et rabut yl ammoni um fl uori de and hydrogen fl uori de.
The&€agsiund atvINyg agentbaraisdee iuseth idhAm@AEUmraaf 1.0 to
from2.0 to 10.0 noles, and preferably from3.0 to 8.0

4. (roheba r pequirod ket s campdupck {dtd)ly 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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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
from21.0 to 26.0C Step 6 of this preparation
process is a step of deprotecting the conpound of
for fEER @ P &hisherepsireitdnns prpdessylisprotseepi bg
group, to formthe conpound of formula (1). Renoval of
reded ined rioap clighsirdstlinig agranimarayi the tdar rdcagbcoutd [yf,
for _exanpl e, solvolysis using an acid or a base. This
foradE di Ve preffa@m@blay aoamdued et fisgimg aan( TII0r.gartite is
acid such _as sulfuric acid, hydrochloric acid or
desigshrer ithadcitde &9 loregdniusesulifrortind sacitépsuoihide not
uE)y,ridiniump-toluenesulfonate, met hanesul foni ¢ aci d,

SURgEFEN dSuIamohiPe radicd e ddmshertsivinf, ofiec aaciitherdr saivent
Qr%gnic carboxylic acid such as trifluoroacetic acid
whdchy glogisc nedi §astiy meast ori tihs thests tprefiagaiagerials.
carried out usin% pyri di ni um p-tol uenesul fonate. The
L11usd rady vise cxcEw lies sdywher 6 oflivemtan neduidealséaohatstiype
to an excess with respect to the conpound of fornmula

SOLVENLSHSHEPe RS 116 thave It he theastli, on sppooped odnoat fit-y
and in view of other considerations such as
buapeLi c SENEK ~EreS: FORVENtEe sSiehd aiss tpterbyaofursed in
.an_agount of frogm 1.0 to 6.0 equival ents, and nore
dlEFBVg?SﬁpﬁrusQ&lﬁﬁp§ﬁpa%oﬁﬁbeéﬁ fiiomaRe) Hémetboxyethane,
d.eﬂgivale ts, wth respect to forrmula (11) conpound.
1PhBCRESERPBR t FAE YRy y 5irBHEYY Meshyl eshes,heycdopantyl

eferably from2 to 6 hours. The reaction tenperature
me?éyﬁyﬁ?gs¥vydﬁ Bhve eshsscoraddcyrdpeeably etber2l. 0

to 27.0C Steps 3 to 6 of this preparation
aliphakds Hﬁ?rBEaEQPPréaP8u€Oégeat§eﬁpég af bazeassive

h ogerations 'tho#t gurification by col um
*Rh?orat 35PERRYC PRESCEAEBPIAGYPReSOSHBBEAISBED! 8FNhEAZENE

or(%%lto be gf%icig tlz Erigared. In such a case,
t h2*BER&’ uSBHORPT hYR®t RRL¥ERpS FyYcCBxafpRFetenchyr methyl
tic b h i di 4-
*UY et Ky PART nOPGF HIPAEYPFUEPATABES cRBFNI aFnacerAnisEdle
thylimdazple, terti I kyl ami h
S LV ot hB0r S aF HEBpROpY! BrAyRahfHeLoamamE sy glinie
: t ' bonat e, dj bonat e, |
RO i RaPe Al TR v entabne, PoPaCeY Ry rrolidone
o R A R 0 L TR B SR
' ' t I t i tabl
2 SRS BB B A8 ¢ e sihentalyarts such
: ' " d ether-t I t"
> SO ST R dr v P2 O SEETRE, Fachontheadet ey of
h 1€ I thyl. eth di et hyl et ,
R et ey 1 R e LR T e o8 Gy T opeiieFoLvehts
t : (o - 1 I h
S T ol L L AT e Do T ype
dimnERis s F-putyl 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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hept ane or hexane; acetate ester-type solvents such as

ethyl acetate, methyl acetate or isopropyl acetate;

am de-type solvents such as N, N-di net hyl f or mam de,

Nret hyl pyrrolidone or N, Ndinethylacetanide; and

sul foxi detype sol vents such as di met hyl sul f oxi de.

t - Buh¥| paBehykeat har cand gtbyl igcs&@ﬁ51§f§e§89g%ﬁé' y

preferred. The crystal-formng step of this
geplepar attgah iRr 0LR%E afid® 1%eRadh PYhisky RSnkhBened abﬁve.

conpound of fornmula (1) obtained in Step 6 above wt

T1¢okyratand @ixssplvisnd nidhedeosneynd h@t%lsgh%?Qﬁdegosuch
prepare crystals of the conpound of forrmula (1I).

asHebaiom WBEheRRYNG AR shemditSsok¥eddeNod Shehum -
sol vent at roomtenperature. After dissolved, the
bueb)stial; SmeRY 1be vR-e&iiRickakednb¥ saddbRgma nhaebx3akvept .
Al'ternatively, the conpound can be dissolved in a rich
posak¥etihn HQ@beH@@E'Bﬁpméﬁﬁ%rbgb§§0%ﬁ%ﬂ’a%h?ygﬁﬂ§héls4—
may be precipitated either still under heating or by
digegHyabhmenoblyigdifel, 00k @HRE, Aty g1 aRHe0Pt 9AaLLY Yy
addi ng a poor solvent. Instead of formula (lI) compound
meohyaﬁmedahalsteﬁe@tiuiﬁ BR¥yhemABde gﬁcBOégUkéiEEhylamine
conmpound obt ai ned by the nethod described in Exanple
or48iokodErP31098§13mihel; | ewdng1addit heRa®f chRBoRAGESs such
solvent, it is preferable to continue stirring.
as| pbusssativeaeyanpkes ebdiba thebosatueBt kashkuge
acetate ester-type solvents such as ethyl acetate,

cambbhyteaceOat ehesei, sapkapy! maegl abekot HEE- EMBR as
solvents (also referred to below as the "first
poedbeiumypebaobxede?) tstiebhhgsaheheahudr of ur an,
1, 2-di mret hoxyet hane, t-butyl nethyl ether,
dityopopeylythpktmyheetber prdfethyd. et her, diisopropyl
ether, dibutyl ether or dicyclopentyl ether; aromatic
hy dir-éyar ladmn: tt yhei set aehts saiebasidal uanein agtbunt of

alkylnitrile-type solvents such as acetonitrile. Ethyl
fremel af etd s3pbehetardequlivasénatj venaxpnpfesabl vt feom 1.2
poor sol vent i nclude
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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al i phatic hydrocarbon-type solvents such as n-heptane,

n- hexane, n-pentane or cycl ohexane. n-Heptane is

preferred. In one node, no particular limtation

is inmposed on the anmount of the solvents. It is

preferable that the amount of the rich solvent is from

5 (&0 3 idEShIDNSrHELFLF PO YpFE8MR 0 4 0 16 dp 1S, as

much as the anount of the crude form of conpound (1).
depiot&cpinfetnbl gompatintiheramsunl1 af (the) peertg8l ¥enis and

Is from10 to 40 tinmes, nore preferably from20 to 30

21thoEstiass uehe BByl Be1gmoypbuph, t Be eopdechor Bbgbound of
compound (I). The dissolufion tenperature is typically

fofmeMn201tp. 806 apdapketapabl Ynheopnd0sbovelE udbg in
crystallization tenperature is typically from15 to

th#9CGtepy pheferadtysiBjachedb- BAYMHLLAPELBLH! €1 h8PG€ion,
of from20 to 30C. I n anot her node, no particul ar

bel &M 1AéEONsbBvéMPOGRICANdLBS ABPUBLs DI vt hEase! ¥ephSthe
It is preferable that the anmount of the rich sol vent

stastingmdOet0aP5. ti MesustpLeipeebeiabl ¥sf6oMmAs £81¢dnt
times, as nmuch as the amount of the crude form of

inebapousthét}typé ss1penterabr hbatethehpapyntiroh, the
poor solvent 1s from45 to 90 tines, nore preferably

bufyDrmébhyD gbhéiediecbBylUebhas, t 8ei88PEObyOf cthér,
crude form of conpound {I) The di ssol ution

dideaper al u2-edime phekgeabhief r epr20pt 0t $OGreBRY1 MBERer,
preferably from35 to 45C. The crystallization

dibenperatiwe o5 Preferapeytil osxRBOr} 0aBHShavnd nore
preferably from65 to 75C. Further in another

hydmoles rinon-paypeé cub Bveht 51 sathoasi BekaPpOSeH BEpthLe;
anmount of the solvents. It is preferable that the

aramuid lofdtdearbot-spbeesblirent s 08usht 8s 20eh ¥ 8RE, oADI €
preferably from10 to 16 tines, as nmuch as the anpunt

tolbfende zceidetd oczssmeof-copposotivéhys $hchsapreteyabhectate,
that the anobunt of the poor solvent is from25 to 55

.methylesacetoates pref esabtypfi oard8bate; dbetom@styps stlhenss
t he amount of the crude form of compound (1). The

suah ss9| atétorne empenatiye eshpt eketaid y fitoni PO-tpp80C,
and nore preferably from35 to 45C. The

solsrerst adudlrats oaceteompitat lee asideony2d 0l B8O sasdch as
nore preferably from35 to 60C It is also

N, Npodigidt ey k To praspide, o yNtdisethiyiacendnide,) Nempobpd-2-
by m xing together the above-nmentioned rich sol vent

PY P IipporN-ges entpy oif sbbllonag Xofpdimety)atcdearide or
under heating, and then gradually cooling. The

he%ﬁmﬁihX#PhQﬁé%QKy%ﬁm¢®mou%ubﬁthﬁéftypﬁSS@lvgatatSOQh as

. process is a step of dissolving the crystal obtained

dimgthes himtide f g ngobvept (prefered| theygdfe Of these,
crystals of forrmula (I) conmpound obtai ned by Exanple 7

tolygnge, 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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12 or 13) in ﬁater, or an appropriate organi c sol vent
such as al cohols such as t-butanol or dinethyl
sul foxi de, and subsequently freeze-drying the conmpound
to prepare powder form of anorphous solid of the
conmpound. The freezing tenperature is preferably -40C
Preferred freeze-drying tenperature and pressure
flugrd Fonggﬁr§e§§lV PEoRg: 29fPér TR¥epEngsSae ippanaagount
1Q Pa qr bel ow for about twg hours, then nmaintain the
o, P E68 e 0aEO16 00 BOLBEF oAl BROGFEARAN! §2rmI 31 Agtons. 0
enperature_to room tenperature and, after about 14
mthﬁrsPeFiWPIFh8f5§§WBHPRPtHlﬁﬂﬁrogen gas. .
I nst ead, the, anor phous solid-formng process in this
pre ?af?%%tb?%cgﬁgen%§ TreicRkly Sfep 1ni%rﬁ%rhoqx§, and
anot her type of _aporphous solid, an anorphous mass is
pr§g?ﬁggiy ¥Pon %ﬁigoc Qehpuysi nclhaergastépnofemperature

. _djpssol vi he crystals,obtained in the

lsakgeégaligr%58ﬁ ér§9t55-?orﬁ?ﬁgpﬁﬁééé§§lYpféP@r&bk9 to
mﬁL e crystals of forrmula (I) conmpound obtained in the

265 bsequently described Exanple 7) in ethyl acetate,

b [ ) [ th I t using a rotary
VAR O rg o P er?lcéfﬁereé%sl“si@iem,ﬁms.
DS Diff ' ' xt, e .
QeIgHEr X8 g3l FPPRRER O paloEFRLS o L hetSobhel PepRgLon 6

. asured. (1) Measurenent
hyﬁé?%g%ﬂgkgtééelgg QSEg,mﬁéefg?m the coép%und 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
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The white crystals produced in Exanple 7 and the

anor phous powder produced in Exanple 10, both of which
are solid fornms of formula (lI) conmpound, were ground
in an agate pestle, and neasurenent was carried out
under the follow ng conditions using a powder x-ray

eq%%%éiéﬁ&%9”w%§§ﬁ%%§5§ct(%E.?%éﬁﬁﬁ%”ﬁﬁg&chﬂth88§ The

asur enent ransm ssi on ne

refPBROA Rome TS BYBE AR LY KofrBDee FATHAALLY EflabY

Bruker AXS Det ec I Mensi ona

pre@HESB1yCerafl PLA06KNo52aP! I RY M 8098t 18nO0temperature is
typically from 0 to 50°C, and preferably from 21.0 to
27.0°C.

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 sdlyents such as benzene or
toluene; aliphatic hydrocarbon-type solvents such as

heptane or hexane; acetate ester-type solvents such as
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Qperating 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 Xx-ray
diffraction pattern for an anorphous powder. Al so,
x-ray diffraction patterns for the white crystals
tive process were shown in FIGs.

bt ai h | t a ) ,
o2 e aligrietive process were Show 0, oS

di ff ti [ he . - diffraction
CYRR PAIN PGP CHENCATstaNs S4ME T hyd SoRBAmLFR THD es 1, 7

TN WA AN S
VT PPASERGR FoaPs Atk RO TG5SAEPadRn { hebpbdenethy]
ook g s PR L L 15,32 g owcer

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
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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 levels
of inmpurities were nmeasured by high-performance liquid
chromat ography (HPLC) so as to indicate the useful ness
of the solid forms of formula (1) conpound. (1)

etﬁ@ﬁsU&?H@Bbek@&ﬁoﬁethyl e%ﬁ@ﬁleﬁlgEh%EOQEhég ”El?go%FSpyl

pal e yell ow andbr phous sol i d and the ite crystals

| etﬁ@fﬂ“&ﬁbﬁEPlC@HH@Hngr aktaing eh%¥EX@%BE§ 7ar?ﬁ%§l7 3

respective di ssol ved in-acetonitril e/ wafer

hy&?oE£§Eéﬁet§§§p§6§béﬁt§°Eﬂhhoﬁ§ hayl,Rged gaAcentration
about . Using these solutions, HPLC anal ysis

alﬁ?ﬁnf@fil@dt?gé 4pdeenthe sliehl QW BgMBATYRETBN Ethyl
condi tions ) Measurenent Conditions

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 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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Usi ng the colum and the nobil e phases shown in Table
2 below, fluid was delivered for 60 m nutes 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 Col um

e LFRT RSB 3 STOEE) MBS camoun ot
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 preferably from 20 to 80°C, and more
preferably from 65 to 75°C.

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 fdrm 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 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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(solution A;v:v:w=100:900:2) (solution B
v:Vv:w=900: 100: 0) Detection W 241nm Flow rate
1.0nm./mn Injected volunme 5pL Col um tenperature

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 -40°C.
Preferred freeze-drying temperature and pressure conditions
are as follows: after keeping at -20°C 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
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40C Table 3 Fluid delivery time(mn) Concentration of
solution Bwith respect to solution A (% 0 38 20 38

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

Apbaratus: 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
diffractién 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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40 100 50 100 50.0i 38 60 38

diffraction pattern for the amorphous powder.

Table 1

286/6 values (°) of main
peaks for white crystals
6.6
7.1
8.8
14.
15.
16.
17.
18.
20.
20.
21.
22.

H 0T WwWo o oy 0o

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
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(3) Results Based on the chromat ographs

obt ai ned, the total inpurities (%9 in the pale yellow
anor phous solid and the white crystals of fornula (1)
conmpound prepared in Exanple 7 were cal cul ated
according to the follow ng equations (Eq. 1 and 2).

i Wh
2 Pa33G, T SIS W%%eﬁgggwg§éas¥%§L%ﬁgmﬁavgg§d8bl ib% $ing

\ t
theeéggpwﬁ%g."&%gg’ e%%%a?vﬁeﬁ‘“ ‘éafe%c‘f@%ﬂ ﬁ é&qaﬁaa br such

h f [
* BRRcesBY srtipsautls - 380ten Corortiantt Abaipegn Table
3 nto(% Sum of individual inpurity amunts(Eq. 2)
ﬁgg#e% Con'pound tested

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 5uL
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 (Eqg.

1 and 2). Those results are shown in Table 4. When
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Total inmpurity amount (% Pale yell ow anorphous solid

9.0 Wite crystals 2.9 As is apparent fromthe

above results, the white crystals of fornula (1)

conpound contain a |lower |evel of inpurities than the

pal e yel | ow anor phous solid, and thus have a good
copwtihy. igCanpayi peakef SpbEbi beh¥ys havinhexXtvelBeof 0.05%

length of time required to dissolve about 1 ng/niL of
orthelswl wdréoharddédf senubanét) t60BROYSANBEDN POMEG. 1 and
" tenperature in a pH 5.0 acetic acid buffer solution
2.were neasured.

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
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(1) Measurenent Method After adding, at room
tenperature, a 25 nM potassium acetate buffer
solution (pH 5.0) to, respectively, 10 ng of the white
crystals prepared in Exanple 7, 10 ng of the anorphous
powder prepared in Exanple 10, and 5 ng of the
anmor phous _nass frepared i n_Exanple 11 in order to nmake
acqtebrcent Fati plvE1gNgPHLS: B) ebeh Eowpeetivebyt eh@tmg of
of time required for conplete dissolution under shaken
th%t whibbtit 10Dt 2 pPn RESPAEEdUERAEX PPl RSl 1S MHeof | . m
required for dissolution were as follows. Crysta
am USPQEERRIRr 2RBFBAoLE Boamete hdoudndpd sré@o%sthe
phous mass: about 215 seconds These results
am%%%% B3 S t PREPaRPHeltr fEampLe obl & @ﬁ%%h@asmake a
powder of fornula (1)_conpound exhibit a highe
Co%%?%%??ﬂ?“t%%@a‘ﬁgéﬁ%rbﬁo%@cﬁa%%ml?ﬁeth*éh%a gth of time

coppound.
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 aécording to
the present invention is effective as a
prophylatic/therapeutic medicament, by controlling gene
expression, particularly against diseases fo£ 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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The solid formof fornmula (1) conpound according to
the present invention is effective as a
prophyl ati c/therapeutic nedi cament, by controlling
gene expression, particularly against diseases for
whi ch a VEGF production-suppressing action is

inpkhecbhvesan@ragaipet adi sRagR% i EQh W SheAR, partlcularly
angi ogenesi s- suppressing action is effective. t he

asPaBgSgAtisanekti 6gbhelmet aéeagxga&hﬁAbhebépfekls solid
refers to prevention or treatnent, or both prevention

tubs. tr@ﬁénsanldwbﬁﬁo§pﬁglékeﬁthfléaeb§0bhﬁcEeéﬁhefcancer,
formula (1) compound according to the present

stbR¥ERt EQACES, eEBQ@h'MgnééranbEQEbEaESﬁEeE?eﬁ&ostate
partlcularly as an anticancer agent/netastasis

cahB8tDi 10hgf 8Bnaes! kidhEYDEandBe, SBkhdnt YIRbrkS cancers
exenplified by pancreatic cancer, stomach cancer,

ofCEhOMEAACEAA Bé@§$te§@EﬁS§ea@r@§B@E§ C@ﬁ&ﬁrcaheeg liver
cancer, ki dney cancer rain tumors, cancers of the

caheas, afige peak, cesephrageakveanteransk) 52068Er EhMEET,
cancer, uterine cancer, cervical cancer, bl adder

th?ﬂ@ﬁ@rcahbéfplde@@ﬂ@ﬁﬂartﬁﬁhb95|a&thﬂBﬁ§c ehakkeni c
cancer, ost eosar conmm, soft tissue sarconma and ovari an

osEaPSEFcoRBNCEbStSUERsas 6aLeBmEARRET ovhEeast caaREe! ,
prostate cancer, |lung cancer, cancers of the head and

Canesks apdchvasi apleaneghcars Bspastakhycpref prpedats
the solid tunor. The solid formof fornula %I

cagesppubangceandeny tantbespoesent ha¥8Nhh@Nnk&kaksa -
effective as an anticancer agent for |leukema, and is

oveiiect tyecas wekl ekpecihelyrpatmenteaf aanghenBolid tumor.
Mor eover, based on the VEGF production-inhibiting

Thacsodbhd fbemsofi dotmulaof 1§ oeompaunll) acespaung to the
according to the present invention is effective as a

praseihcaenént dont teablsg difabeticer g5i Anpahbycafsed agent
.medi canent for treating rheumatic arthritis and as a

fornetkchamid, f andt i sattAgcangeosn. wébladdrt the, trbatsent of
also an effective remedy for osteoarthritis,

angsoma asiMoreovéammbasey dinsohdeVEGHuprbdudelagwetlinhibiting
hypersensitivity reactions, and nedi canments for

actieat i tige asbbidstbemosisformulaWigh pompanhdgatherding to
solid formof formula (1) conpound according to the

theresesent nyenenphonsianceihpetivenasobhmedicamgnedient s
such as pH adjustors, buffers, stabilizers and

treating | dralpet hayréeinppabng) | §s addeddicambetafbirvereating
phar maceutical ingredient, and the m xture can be

rhejprepaiedapyhnitdbnvendi anak nedhoamestafeol tireahifior
subcut aneous, intranuscul ar, intraarticular or

angignawenbusafi@jetpinponit 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
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When t he conpound of the present invention is
adm ni stered as a prophyl actic/therapeutic nedi canent
for various diseases, it may be adnministered orally as
tabl ets, powders, granules, capsules, syrups or the
like, or it may be adm nistered parenterally as a
. Spray, suppository, injection, external preparation or
inpgpedipshRs APchoaghrHheddusagescobsitderabl ytdbpéndsrenand
- such factors as the severity of the synptoms, the age
sodpbihézpasi BAY, banapthenaypy eflddidseasehet hettwapound
can typically be adm nistered fromabout 1 ng to about
phagpaggupéradajngsediengul andethhenishueedashyber paspared
several divided doses each day. The conpound can
bypa ferwanhiesabymgtbedvest rosalutéohofoussngcutaneous,
. _conventional pharmaceutical excipients. That is, when
inprepufFragaar sentyadssagelesr axrf dntoauknadsi hhgechioon,
afiller is typically added to the active ingredient.
OptWheral 18 edmeoun@ddef i Ves pretents bivelerinn is
di sintegrants, lubricants, colorants and correctives
adpipigfeseddasda PePPb¥LAgtiaY Eherapenhiernaficament for
rendered into tablets, coated tablets, granules, a
vapsber d18apsefesibrmpliebpi Rémbyiatenaventabhal asethbliets,
Optionally, such tablets and granul es may be provided
PoyiileRSa GHidArledat FARSUlaSgePAERRS cont g bikepneroihenay
sui tabl e coating. Exanpl es Exanpl es are given
be 2Bt B REPR PEFPYTPIRUSY r aF 2t FRTPY eSBRPDPAVEATY ON,
,_although the exanpl es provided here should not be
IN4ONEE Plied® B F At t PREPE ARt i P ept | DRTURLDR evi At thpggErthe

1-ethoxyethyl group TES. triethylsilyl group Exanple 1
dosage coXsidgragly gepends on sugh fagtogs ag thengeverity

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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Preparation of
(8E, 12E, 14E) - 7- acet oxy- 6- ( 1- et hoxyet hoxy) -
6, 10, 12, 16, 20- pent anet hy1- 3, 16, 21-tri s(tri et hyl si | oxy)
- 18, 19-epoxytricosa-8,12,14-trien-11-o0lide
Under a nitrogen atnosphere and warming to hold the
a galstie teapengturesame2bChel78uiitablet ebaahygr of uran,
73 m (759 mmol ) of ethyl vinyl ether and 48 ng (0.19
mol ) of pyridinium p-tol uenesul fonate were added to a
t ol uene solution containing 17.0 g (19.0 mmwol ) of
Exé8E] 42E, 14E) - 7-
acet oxy- 6- hydr oxy- 6, 10- 12, 16- 20- pent anet hy1- 3, 16, 21-
t riBx{dmp bt dyd sé | @kygn 118 10w epoxydré COsBEE B, 1Pl U tdt€nche
11- olide, follow ng which stirring was carried out
présent hovestwbhh ahthbaghi nget BRamplesngrotreapar néyee
at from24.5 to 26.7C. Next, 2.1 nL (15.2 nmmol) of

shouiét hyt abeneomasraddedst eimheingatheéobntextiups. and
stirring was carried out for 5 mnutes, follow ng

Ablhéchatl¥Onsl of t-butyl nethyl ether and 170 nL of a
4% aqueous sol ution of sodi um bi carbonate were added.
Theakr gantetlphraset was gsepap at ed, then washed with a 4%
saline solution (170 nL) and subsequently dried over
madiiEssi urb i flatles {1y71 Oggdup After drying, the
magnesi um sul fate was renoved by filtration, follow ng

Exaptd the filtrate was washed with t-butyl nethyl
ether (51 nL) then evaporated at 40C, to give 22.9 g

Preparatiomecf of 8F( Y2E) 0AEDFTyasabskpnée)lobéthbryethbry) -
conmpound. Exanple 2 Preparation of

6, IBGEL 225 14Eypentamethpkydt h6x9) -Trhy (t okgBhgDs 12042 8) 20
-pent anet hyl- 3, 16, 21-tris(tri et hyl sil oxy) -

18, g@i@@pﬁt@i@@@s&, 8212444rienehi4dipdede Under
a nitrogen atnosphere and warnming to hold the outside
tenperature at 25C, 104 nL (20.8 mml) of a 0.2 M

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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sol uti on of guani di ne/guanidine nitrate in nethano

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- pentanet hyl-3, 16, 21- tris(triethylsiloxy) 18, 19-

trﬁBQ?%&ng %lgg% )1386ut€%%%1 g%§§am§ hgﬁg nFﬁFﬁPn&l'
f 24. 9 4
olﬁag '?Egﬁ%%hpgegﬁﬁE%t t?r%& rog%|§8r§%§d298§nE°6fg hours

reaétlon m X hen &

/oa ue US SO utlon of a

62‘330233. %%F‘” 3 EnfRRe g 1By “e” ﬁéyiawﬁéhﬁgs
adﬁQBUEBQEhgl%éﬁg%ébFlggﬁ%H?%eﬁggntkéggﬁhgdwg%ecarrled out

magnesi um su

£oRGNGTLURLSU! §BY ¢ WARqT BHRYAT1BY [il LEa yg ﬁggg@geﬂgmg

whi ¢ | tra ed wit i 0 | .
t in
et L o i e S s?aﬁ%g PRALPR | o
1

o1 R FaReoT g b ety S A b %ﬁ?@%%oxy RE,
th@mlwa;ﬁea6w29hp§; rgggx 1§g§5@a5£°3?680éxgcar oxy3, 1

1-tris(triet epoxytri cos 2, 14-

suEééSﬁeﬂ%l9lHgﬁedoo%eicﬁggges1u$1QEE§a¥gWE§7.O 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,lO,12,16,20-pentamethyl—3,16,21—tris(triethylsiloxy)—

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

OH

|
J OEE
OTES 0

| o .
SN N O)k/\OTES
| ores |

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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Under a nitrogen atnosphere and warming to hold the
out si de tenperature at 25C, 2.29 g (18.8 mml) of 4-
(di met hyl am no) pyri dine, 10.9 nl (78.2 mol) of
triethylamne and 8.13 g (39.1 nmol) of .p-nitrophenyl
chl oroformate were added to a t-butyl nethyl ether
solptyon pfsavanidhnef guansdgnelbi6ratel inohethanol was

é8E,12E,14E)-6-(1- i L.
addedokg et hogyhagohy d7 OxyLp, $014R2146, 20npent angt hy 14 3g 16
, 21- _
(8Er13F1 HEBY hyratebayy=-68(19ethoxyethopgh-8, 12, 12; 16} 20-
11- olide, follow ng which stirring was carried out
pepbamgthvirs, 36, Alntirées (Wribthulaiiorihgl8 hedext er na
tenperature at 25C. Water (145 nl) was thgn_added to
CPPRELF AT 0%, hE xtdreriantéi-ohida, t hel bogang cwiphase
was separated, yielding a t-butyl nethyl egher_ o
STEBT LY ova Bf caheledt pet chapobindouExawptle MaiPrepaiati tie
of
intgmabrtampyratyuyrd-aycfoteply! pi per 24i h2Qy1) Eae boaytt don
. Xy-6-(1-ethoxyet hoxy) -6, 10, 12, 16, 20-
ml%%%f%ﬁ%@ﬁy¢h%91B?Q1C®®1%@t&h@th?ﬁsmLo&?)tiBuﬂ@l methyl
epoxytricosa-8,12, 14-trien-11-olide OIES 0 JL
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 40°C, yielding 19.7 g of a crude
form (yellow oily sﬁbstance) 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-1l-olide
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N?rOE 0 QL-CTES Under a nitrogen
at nosphere and warm ng to hold the outside tenperature
at 25C, a t-butyl nethyl ether solution (29 nL) of
4.28 g (23.5 nmol) of 1- cycl oheptyl pi perazi ne was
added dropwi se over a period of 2 mnutes to a t-butyl
nmet hyl et hed,NsolLsti on_of the
(8E, 12E, 14E) - 64( 1 tﬁﬁ%yethoxy)-G,10,12,16,20-pentanEt
hy1- SN0 0
7- (4-ni trophenoxy) car boxy- 3, 16, 21-tris(triethyl sil oxy)
- 18, 19-epoxytri cosa- rien-11-ol i de obtained
in Exanple 3. The rea ture was then stirred
- fSITES? hours while hgl d at an outside
t C. 45 nL of a 10% aqueous
sol §ti on qf\annoﬁ?un1€hlorid€”ﬁ§s added to the
reacti on m W% and t he organi ¢ phase was separ at ed,
t hen successively washed with 145 nL of a 4% aqueous
sol ution of sodium bicarbonate and 145 nL of water,
yi alidg & A1 OHbydn NBLYL oI her 5 ?l\b‘ifr{?{h&fté Weotd Uik
compound. Exanple 5 Preparation o
ouft 8Ead 2 2fukbdzcyekohep I geragi p-1- carbpnyl }
oxy-%-(Eﬁgtg)ﬁg@{éfehggy%S?ie%g%?t hog gxlgx‘{“%,qo?ﬁz?le, 2
(afinoeny 2aRtAY) p38: d9nPOXYL 51 £RS37. A2mddrf rien- 11
e

-oli
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 sebarated,
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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Under a nitrogen atnosphere and warming to hold the
outside tenperature at 25C, tetrahydrofuran (145 nlL)
was added to a t-butyl nmethyl ether solution of the
(8E, 12E, 14E) - 7- 1( 4- cycl ohept yl pi per azi n- 1-yl ) car bonyf |
oxy6-(1-ethoxyethoxy) 6, 10, 12, 16, 20- pent anet hy1- 3, 16, 2
1-

tris(triethylsilao 8, 19- epoxytricosa-8, 12, 14-tri en-
11- glide o)lgtainéjq #lan‘ple4 fol | owi ng which 93.8

m. (93.8 myD d . ¥t etrahydrofuran sol ution of
t et r abut yIni um fl
peyreed of \

| 0éElas added dropw se over a
eaction m xture was then
stli rr edof or 2 jii | el being held at room
\T?#Tfﬁ- 5 (2 ®TES) was added to this
reacti on i &fE$e $nd the organi ¢ phase was separ at ed,
then washed with water (145 nL), yielding a t-butyl
met hyl ether/tetrahydrofuran solution of the title
conmpound. Exanple 6 Preparation of
( 8EN@E; 1aB) i Trdgdn cythodeipd yé pape razim dy 1) ¢ aidoaydie
xy-3, 6,16, 21-tetrahydroxy-6, 10, 12, 16, 20- _
oupghdaneenpera8ute- epolHf i casa-Butlldethivenetheol i de
0 CT-1LO OHO OH OH
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—(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 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,
vielding 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~(1-ethoxyethoxy)—3,16,21—trihydroxy—

6,10,12,l6,20—pentamethyl—18,19-epoxytricosa—8,12,14—trien—
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At an outside tenperature of 25C, tetrahydrofuran (145
m.) and t-butanol (62.1 nL) were added to a t-butyl
net hyl ether/tetrahydrofuran solution of the

( BE42E44E) -

7-{(4-cycl oheptyl pi perazin-|-yl)carbonyl } oxy-6-(1-

Hgt o(%et hoxy) - 3, 16, 21-tri hydr oxy- 6, 10, 12, 16, 20- pent ane
tRyt 18, 19- epoxytricosa-8,12, 14-tri en-11-ol i de obtai ned
in Exanmple 5, follow ng which 11.8 g (46..9 muol ) of
pyridi ni um p-tol uenesul fonate was added and stirring
was carried out for 3 hours. Next, t-butyl nethyl
ether (104 m) and aisaturated aqueous sol ution of
sodi um bi car bon N84 nmL) were added to the reaction

m xture, f owhsrlgréy\hi h the organi c phase was
separ at ed /and Vdﬁﬂ %él% sal ine solution (104
nm.), then\evaporated,iyielding 50.6 g (content: 20.2%
bﬁf i ght, f @ chude form (yellow oily

S a:g}/ey C %und. Exanple 7
Prepar at i qf |
(8E, 12E, 14E)j-7-{(4-cycl ohept yl pi perazi n-1yl ) carbonyl }o
xy-3, 6, 16, 21-t et r ahydr oxy- 6, 10, 12, 16, 20-

pent anet hy1-18, 19- epoxytricosa-8, 12, 14-trien-11-o0l i de
ont.ent, of

b TR 51 TR h A Mg b VT i T Ehe
ot G O et SRR SO HEAY | § 145 By 1 9%
adddd B g R e R s dPaeRag 5% e 11 o1 e
(e e L R PR G o R R A B ] VoSSt fpy-
6 e b T e Gt B S et 1

e P AR LA G2 £ s

' _ . =~ g T ar .
oll\/\riér e COo llnggéc?gldn ?‘ﬁ%@g%o%’atigog?logvﬁ\r}?%%%g%e% "o% aﬁle%?' 8
mmd 1)t | conpoungd Lot ieirof, ggolaﬁbig%rﬁ%f yel I ow

anor phous solid. Using a 45C water and an

tetWddASARtn ] BaneF 1uds & gda(scgzif mé%ﬁoéﬁé %% ché JII nf}?

above "pal e yel | ow anor phous s

peralddy lo racetatfi P, Monandihe Jrestlid % SELUtdon, V@i%irred

filtered (wth glass wool filter paper, and using

for220fhRirhy wrACRd alesi P e | hey 5 e
° filter papgr), foll ovg)ng Miiwh%rﬁdeﬁé%%gﬁrém E\’Nacs) )

Watkdded 48 epwi s& PVRId REY 110 Ofr G A K 651 Al FOUNG the
tenperature. After 30 mnutes, 117 nL of n-heptane was

orgfaiild phaaed et <y 156 QY et H P&/ 9 Pfw 3% rﬂa[\i’é_lesil45
then stirring was carried out for 19 hours 30 m nutes

mL)3t 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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23C and 98 rpm Next, using a stirrer (8L600,

manuf actured by Heidon Co. Ltd.), stirring was carried

out for 35 mnutes at 183 rpm after which the

aggregated precipitates were broken up with a spatul a,
~and stirring was carried out for another 22 hours 30

: T Ny . i Ltered, within an ..
R e e TR T e R

(2:1, 65 nL). The crystals thus obtained were dried in

vacuo at room tenperature (23C) for 23 hours, giving

8.44 g (content: 97.6% by weight, 8.24 g) of the

title conpound as whi crystals. FIG 1 shows the

powder Xx-ray difffhmf am pattern for the white

e
[
crystal s obtained. The k-rgy diffraction patterns were
nmeasur ed t he abgve- i oned conditions.
The, 11- 1- NNR ¢400 ) OD) spectrum of the conpound
\\Lﬁgofpbéained agreeT wiit h tthe val ues shown in Exanple
Preparation of
7

(8EJ12E,1 DH -{(4;cyclohept§rpiperazin-1-
yl ) car bonyl } oxy- 3, 6, 16, 21-t et rahydr oxy- 6, 10, 12, 16, 20-
pent anet hy1- 18, 19- epoxytri cosa-8, 12, 14-trien-11-ol i de
crystals (Al ternative Process 1) First, about
10y t0s 10 i e R eenyd + oM, DS Phoise SOl d - Bl ydrofuran
(8E, 12E, 14E) - 7- { (4- cycl ohept yl pi per azi n- 1-
(1¥%)&Bf bany| + oX¥t3n61 166211t A5 ahydE 0XY380 10012, £6p4P51
pent anet hyl- 18, 19- epoxytricosa-8,12, 14-trien-11-olide
me ORY Bi 8€Fe Nt EXAARY8rJrURENCEBRLEEBhY o€ BRE! Y8H, I PE 110k, -
: of ethyl acetate, and 3 nL of n-heptane was added
7-t hereye1ohbbey1sopEiapingithe ) QQES%?DFSx?f- ea(phite
solid in the solution, the solution was placed on a
ethoky®tabLy pt 3 APPJ 2x-FRl BLMr8QG-8ndol D, Woi be-seht dm¥Ray1-
conpl etely dissolved. The solution was left to stand
18 AD% Spokyt POBdELAPLI A} unetandnt herebyd608bedined in
foll owi ng which the resulting suspension was filtered
ExampDg 5) | t6T1papes, whheneby. gbgaipsng Mﬁblﬁ §£ypyak8inium
The powder x-ray diffraction pattern for the resulting
p-tbildienesysiahsté Swshondded Fh& sBiranfgthgst ¥pkeakd out
peak val ues are shown in Table 5. This product had
foxli3 fHaets on Peaks etbtibel sasehdifétiasti onoangl.esanag an
the powder x-ray diffraction pattern shown in FIG 1
satliea txed ayquked fis asd 1l wbipat ber asdien eb feasboedten (Lbe mL)
same manner as Exanple 7. Table 5
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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20/ 0 values () of main peaks for white crystals 6.5
7.1 8.8 14.6 15.8 16.6 17.5

pentamethyl-18, 19-epoxytricosa-8,12,14-trien-11-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-1-
yl)carbonyl}oxy-3,6,16,21-tetrahydroxy-6,10,12,16,20-
pentamethyl-18,19-epoxytricosa-8,12,14-trien-11-olide
cbtained in Example 6 was dissolved in ethyl acetate (40
mL) and filtered. Next, heptane (8 mlL) 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
évaporated, 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 acetaﬁe (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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18.5 20.2 20.9 21.3 22.0 Exanple 9 Preparation of

(8E, 12E, 14E) - 7- { (4- cycl ohept yl pi per azi n- 1yl ) carbonyl } o
‘Xy-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-ol i de
crystals (Al ternative Process 2) First, 200 ng

236& khe psal epwel | RuxanouBhaysaseakii¢ral (BL600
(8E, 12E, 14E -7-f(4-cyc|ohepty|plpera2|n-1-y|50arbony||

maf¥¥3cbulbd2byt gkliabydcexyiedly, 13:16r28yPeatapRERYLa18ut
, 19- epoxytricosa-8,12,14-trien-11-olidé obtained in

foEX3pPhendtwasaeomphetghy dirssel wadchntR@ Ahgebgated
sol vent m xture of water and t-butano

prévapethtebuivanel broked ¥/ with andpitltaporhioBsieting
the resulting solution were placed in 5 nL gl ass

wa¥i ahsridheovtaksrwenhetheezen aburd40Gounindtastreere
dryer, then maintained at a shelf tenperature of -20C

cr@8fadspressUrel10brd@ RatRinbghoWsboktaRQUEhEnhRHERed with
fol l owi ng which the shelf tenperature was gradually

n-KépseHey8th90Mhacetate (2:1, 65 mL). The crystals thus
obtained were dried in vacuo at room temperature (23°C) for
23 hoﬁrs, 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, CD30OD) 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 (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 completely dissolved in 1 mL of
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tenperature with maintaining the pressure at 10 Pa or
bel ow. After about 14 hours, the vials were filled
with nitrogen gas, thereby giving glass vials
containing a white powder. Next, 0.1 nL of
acetonitrile was added per vial and the white powder

t . the i [ ' letely di | ved, foll ow
Bk cACPRE ot aPEar BLobbr BaOFBE ABBolRS1 a6 SHPRORO-
Afggfriﬁeraton se% to_about 5C. The solid that  forned
EnPROERELENi GRS RRESPEABGEICAna Meftet gostdndnathe
0 n1tengﬁratUﬁe .t her eby givi g white crystals. The
SOLGRHER " xCRgy SALFFFGBL PER BYFERNORoR BAE PRSP fg
whi t t ol h in FIG 4, d the typical
BBt Ay BPeCanBanchR YAAEE 8oL €opr sanel Shagy
cdi f ti ks at th diff ti I [
@i $ el Bfoer TREr &5 TuFRPRabeson Shit FBr ALEROWACRARFRE Taom
Th - di ff ti t , d der th
CSRGEFBHLAG CBHar IPEREYUEPRYSH pEAULP XD aYNFPY FREL i on

reapgﬁratus. Measur enent Nﬁghod Measur emrent ©Met hod:
7ot F&evi SHREPAGAD WaS ApphPardsUSMRi FLéker paper,
manuf act ured. b | gaku Cor poratiopn Detector:
eh P EBy P RRRETBAaY CoPREi FRACEahCcouhberbuiag SotPke: O
di%ﬁrgg%§8nkgg§@e k'98rrQﬂgereguf%igge&ﬁikg9c£329§1sSiéo
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

20/6 values (°) of main peaks for
white crystals
6.5
7.1
8.8
14.6
15.8
16.6
17.5
18.5
1202
20.9
21.3
22.0
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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
Exanple 10 Preparation of an anorphous solid of
(8E, 12E, 14E) - 7-{ ( 4-
cycl oheptyl pi perazi n-1-yl)carbonyl }oxy-3, 6, 16, 21- _
Exagpdghydr oxy- 6, 10, 12, 16, 20- pent anet hyl - 18, 19- epoxytric
osa8, 12,14-trien-11-olide by freeze-drying
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 2)

First, 200 mg of the pale yellow amorphous solid of
(8E,12E,14E)—7—{(4—cycloheptylpiperazin—1—yl)carbonyl}oxy—
3,6,l6,21—tetrahydroxy—6,10,12,16,20—pentamethyl—18,l9-
epoxytricosa-8,12,14-trien-11~o0lide obtained in Example 7
was completely dissolved in 20 mL of a solvent mixture of
water and t—buténol (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 -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 éet to about 5°C. The solid thatiformed
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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First, 148 ng of the white crystals of (8E, 12E, 14E)-7-
{(4-cycl oheptyl pi perazin-1-yl)carbonyl | oxy-3, 6, 16, 21-
t et rahydr oxy- 6, 10, 12, 16, 20- pent anet hy1- 18, 19- epoxytric
osa8, 12,14-trien-11-olide obtained in Exanple 7 was
conpletely dissolved in 36 nL of a solvent m xture of
h@@heﬁ a@thbqta t t noI 1 (viv
s Bortlons 0 RbhgwgeggﬁéF%g yg#uﬁérerIééSHnlﬁn
K\ glgL6gla§ ¥i gl e \visaly zen_at 4ogpus
“a freeze g%ye? dﬁgﬁ ﬁéﬁhtgfﬁga o H2BE%&Rd? EsE8EFE

’ d19%r%9t56n°5nB§E9 goEn g éwgggrs r%glbggﬁ{gc%gon

t enper at are was rai sed

paE@@PﬁrQBH%ﬁ %ht91&3| a'@hggx Egyp %égFggplgﬁggeggs

bel ow. After about 1 “hodr's, e V|a

wef@tﬂeQbEEQQeGn§S§ th@e%ggg 9?%3 go%d%Ql%ggfﬁgiggo%hgowder

powder. The po ray ron-pa

- £§§uaifﬁgaeﬁ%ﬂhsﬂgam%§f is shown in FIG 2. The

x-Tay diffraction patterns were neasured in the sane

(MgagﬁgéméﬁtEﬁ@gggg , Exanple 11 Preparation of an
amor phous soli (8E, 12E, 14E) - 7-{ (4-

cyqhohgpt 1- I 6, 16, 21-
tetrahydr%&iﬁ%q%%é%%i16%%%fpé§§§g %ﬁ%% %8 19- epoxytric

ﬂazra'%éilbﬂhﬂé;r%] U O SYARS, é&%}?gg%ai%l 145) - 7-

First 66 nmg of the white crystals of

Cotpdrgy¥ebohept yl pi perazin-1-yl)carbonylioxy-3,6, 16, 21-
tetrahydroxy-6, 10, 12, 16, 20- pent anet hyl - 18, 19- epoxytric

0S aft tha e 1 FdrR=dlikndil & t Surft SBS
conpl etely dlssoIJ%d |ﬁg%¥ggf%%£%§1g% acetate E%%d 1

wLxmygy(ggﬁﬁgetrghrfgnﬁg/y@,gplutlon were poured into
glass Spitz tubes. The solvent was renoved fromthe

t ulsRSndiSintY maddqtary, @vaporator, thereby giving clear,
col orl ess anor phous nasses. FIG 5 shows the powder

X- 1opye rditf ifdpctdreye pag tey mfor the resul ting anorphous
mass. The x-ray diffraction patterns were neasured in
the sane manner as Exanple 7. Exanple 12 Preparation
of
Tal{18E,d 2E, 14E) - 7- { (4- cycloheptylplpera2|n | yl ) carbonyl } o
xy-3, 6, 16, 21-t et rahydr oxy- 6, 10, 12, 16, 20-
pent anet hyl - 18, 19- epoxytri cosa- 8, 12 1l4-trien-11-o0lide
s 3) at 700 To 5.20
2§/9conteas 2°¥50§)maint heaksyr phous solid of
( 8E, IZE, MB)te/-dxvistyld ohept yI pi perazi n-1-yl) carbonyl }
oxy3, 6, 16, 21-a%trahydr oxy-6, 10, 12, 16, 20- pent anet hyl -
, 19- . epoxytxgcosa-8, 12, 14-tiri en-11-olide obtained in
Exanpl e 7 wag added 27.5 nL gf ethyl acetate. The
m xture was hgated to 40C, to be conpletely dissol ved.
Then, the so ion was filtened at room tenperature
(u3|ng PTFE 6Eter paper, washed with 22.5 nL of ethyl
acetate). Th iltrate was heated to 40C and 50 niL of
n- hept ane wa 74dded thereto. |The mixture was further
"heated to 7022§nd, 85.1 nL off n-

N

Example 10
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hept ane 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
Preparpitmgnarf7eG fhoorbhoosr sollie olft dBEed 28YIAENSTON (4~
was filtered using filter paper, thereby obtaining
cyel9bertylpandrekén-wayiedanbohyi}okgpBate 16t byl
acetate (3:1, 27.5nL). The obtained crystals were
tetrabpdundgrovaduiay, at, 20omentapertat/ii-a s av-2poayhettssa-
to give 2.44 g of white crystals. The crystals
8, 6Bt dfinédipn-Etanplide7byerfeceseddayinhe seed crystals.
The powder x-ray diffraction pattern for the obtained
whi Feret yst4d sngsofhoive vhite Grgstans dhe(8ypizn) 14E) -7-
peak values are shown in Table 7. The x-ray _
{(@revedebPphypRireraginedeyitasubedylndey-8he, 16l Lawi ng
condi tions using a powder x-ray diffraction apparatus.
tetrehydrernEnt, E8ndRt L6nL OMpastirrrehy 1 MeBhad-epekleet cosa-
met hod Apparatus: Discover D8 Advance, manufactured by
8, BRukértnksnpbieeldde obhtadnmEnsnoBabkmhigh7spesdcBBPletely
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 -40°C using a freeze dryer, then
maintained at -20°C and a pressure of 10 Pa or below for
about 2 hburs, 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. Therpowder 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—epoxytricosa—

8,12,14-trien-11-o0lide by evaporation
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X-ray source: Cu 40 mA/ 35 kV Sanpling range: 0.01
Qperating range: 5 to 40 Table 7 20/ G values () of
mai n peaks for white crystals 6.5 7.2

First, 66 mg of the white crystals of (8E,12E,14E)-7-
{(4—cycloheptylpiperazin—l—yl)carbonyl}oxy—B,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 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 séme manner as Example 7.
Example 12
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 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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8.7 14.4 15.7 16.3 17.5 20.8 21.9 Exanple 13
Preparati on of

(8E, 12E, 14E) - 7- { (4- cycl ohept yl pi perazi n- 1yl ) car bonyl } o
xy-3, 6, 16, 21-t et rahydr oxy- 6, 10, 12, 16, 20-

pent anet hyl - 18, 19- epoxytri cosa- 8, 12 1l4-trien-11-olide

hept;ﬁéaWSs( taltar ﬁﬁte@é@opmwsfkeéblﬁb BRE templ@ehture.
The seed crystals were added to the solution, followed by
stirring at 70°C 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 70°C for 1 hour. Tﬁe
obtained suspension was filtered usiﬁg 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 whife 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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To 1.90 g (content 1.71 g) of the anorphous solid of
(8E, 12E, 14E) - 7- { (4- cycl ohept yl pi perazi n-1 -yl ) car bonyl }
oxy3, 6, 16, 21-t etrahydroxy-6, 10, 12, 16, 20- pent anet hy1- 18
, 19- epoxytricosa-8,12,14-trien-11-olide obtained in
Exanpl e 7 was added 15 nL of ethyl acetate. The

m xture was heated to 40C, to be conpletely dissolved.
Then, the solution was filtered at roomtenperature

(28/O0vRTREsT (P} €6 PARER, Yashed with 7 nL of ethyl

acalal Hor e td Idiake was (heated to 40C and 22 ni of
added—theret®. The m xture was further

n-eptane Sg

heated to gg and, 11 niL off nheptane was added thereto
Wi th keepingcihe tenperatufe. The seed crystals were
added to the"Solution, folljowed by stirring for 1.5

hours. The A'§3 nL of n-heptane was added thereto
over about 1P-Hour with keepi ng the tenperature,

foll oned byéabling as it was gradually to 40C. The
obt ai ned sudspension was filtered using filter paper,

t her eby obtZdi.8 ng crystals| and then washed with
nhept ane: et2y.lo acetate (3:1, 14mL). The obtai ned
crystals were dried under vacuum at room tenperature
for 18 hours, to give 1.40 g of white crystals. The

mx St ztahg obtained in Exanple 7 were used as the seed
Xé?§ £ The powder x-ray diffraction pattern for the

er B PaRECpotic 33%@%@%Ea%'ﬂ‘??”%cizﬁ_eﬁb%&%ni?%;%gin—1—
O T I i T s AT

pe£9£m$@h§f—E%Yiggggogyngb%sa—8,12,14~trien—11—olide

crystals ((Alternative Process 4) at 55°C to 40°C)

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-11-olide obtained in Example 7
was added 15 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 7 mL of ethyl acetate). 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, followed by

stirring for 1.5 hours. Then, 33 mL of n-heptane was added
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8.8 14.6 15.8 16.4 17.6 18.7 20.9 22.1 Because

the solid forms of fornmula (1) conpound according to

the present invention are uniform have a high purity

and are easy to work with as bul k nedi canents for
thereto over about 1 hour with keeping the temperature,
followed by cooling as it was gradually to 40°C. 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 érystals. 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
14.6
15.8
16.
17.
18.
20.
22.

WO 1oy

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

purity and are easy to work with as bulk medicaments for
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phar maceuti cal manufacture, it is possible to

i ndustrially manufacture pharmaceuticals which contain
formula (1) compound in a solid formas the active
ingredient. Cainms 1. Asolid formof a conpound
(8E 12E, 14E) - 7-{ (4-

onSEEEReRt Kt era?é%fé ) i%aen ?OX%}%’ 381695#%3@%?13’
ll )
maméras.%n T A
f 8 2E, 14E
°°§98ﬁ8§ep y%BgSQ%gz%Orp aF;EﬁFE%H§FYSX§n§r§di§n§1 tetra

- hydr oxy- 6, 10, 12, 16, 20- pent anet hyl - 18, 19- epoxytri cosa-
8,12,14-trien-11-olide represented by formula (1)
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, Wherein the solid formis crystalline; and wherein

the crystals have, in a powder x-ray diffraction

pattern thereof, peaks at the diffraction angles

(290.2) 8.8, 15.8 and 17.5. 3. A process for

preparing the crystals of claim?2, conprising:

di ssolving the (8E, 12E, 14E)-7-{(4-

cycl ohept yl pi perazi n-1-yl -garhanyl } oxy-3, 6, 16, 21-tetra

- hydr oxy- 6, 10, 12, 16, 20- pent anet hyl - 18, 19- epoxytri cosa-

8,12,14-trien-11-olide in one or two sol vents sel ected

fromthe group consisting of a first ether-type

sol veny , 0 i.C rocar -ty S ,_-Aacetate

egt er -Z%yspcgflsol vent sl?,%gr?d C%F”E’&pﬁlat ??F é?‘%%gﬁs&@olﬁe{ﬁ@s to

for sol ution; then _addin n_aliphatic

U bRATRORL R T rdar 10 6 S HanEol BT ot G @ et rar

i nduce crystal precipitation. 4, The process of claim

YRR T 1 Dorid G0 PR “SBRFBiHE 51 Lol SctRI o Ae

grogg consisting of a first ether-tgpe sol vent,

af okt 1 £ HRoe dey pers6reehed, PackrEt el ®estiar - t ype

solvents and alkylnitrile-type solvents are an acetate

ester-type solvent. 5. The process of claim 3,

wherein the acetate esfer-type solvent is ethyl

acetate. 6. The p of claim3, wherein the
pe,sol vent is n-heptane. 7.

al i phatic hyd arhop-t
The process dcz:yéin131 in crystal precipitation
szﬁndgced un sp% ry.™ 8. The process for

iim3, wherein crystal
precipifationYys in uc®d at

to 30C

; wherein the solid form is amorphous.

2. A solid form of a compound (8E,12E,14E)-7-{ (4-
cycloheptylpiperazin~-1l-yl)carbonyl}loxy-3,6,16,21-tetra-
hydroxy-6,10,12,16,20-pentamethyl-18, 19-epoxytricosa-

8,12,14-trien-11-olide represented by formula (I)

®
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9. The process for preparing the crystals of claimS3,
wherein crystal precipitation is induced at 35 to 60C.
10. The process for preparing the crystals of claim 3,
wherein crystal precipitation is induced at 65 to 75C
11. The process of claim 3, wherein the

(8E, 12E, 14E) - 7-{ ( 4-

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

- hydr oxy:-6,.1Q, gyﬂ@ 59&89561@;%%1%%1%1%9 ‘?rrxSf)\(»%ten:'egﬂS@he

8,12, 14-trien- e represe y tor

f&&ﬂaﬂk MﬁvbhelﬂrGC@SSdé@ﬂEFrsyrdﬁfﬁﬁﬁnﬁﬂdn]gattern
conpound represented by formula (VI): OH (wherein EE

|%hqr@tﬁwomhwlatgﬁaapdléﬁaa@m Sngkas 2R H0si2’yl 8-8°,

g%ﬁ 42 A eonpound represented by formula (VIi1):
erein ) a'nitro group, a chlorine atomor a

h:v.drOQe raidaa@s Usirng rapsecngdries herydngies sa vantinsa, as

to obtain an ether solution of the conpound of fornula
(¢q@prising: dissolving the (8E,12E,14E)-7-{(4-
cycloheptylpiperazin-1l-yl)carbonyl}oxy-3,6,16,21-tetra-
hydroxy-6,10,12,16,20-pentamethyl-18,19-epoxytricosa-
8,12,14-trien-11-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 induce crystal precipitation.

4, The process of claim 3, 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.

5. The process of claim 3, wherein the acetate ester-type
solvent is ethyl acetate.

6. The process of claim 3, wherein the aliphatic
hydrocarbon-type solvent is n-heptane.

7. The process of claim 3, wherein crystal precipitation
is induced under stirring.

8. The process for preparing the crystals of claim 3,

wherein crystal precipitation is induced at 20 to 30°C.

54




(wherein EE, TES and R are as defined above); reacting
the ether solution of the conmpound of formula (1V)
with 1- cycl oheptyl pi perazine so as to form an ether
solution of the conpound represented by formula (111):
(wherein EE and TES are as defined above); treating
the ether solution of the conmpound of formula (111)
with a desilylating agent so as to deprotect the TES
gP oupsT P I ThY i WEeRATeRHeFRSof LY F oML Dfof tdaim 3,

% ovzg%‘?ga%%y%togln}graec(i 'i)téttiﬁﬁ""'ﬂgr LB, BEy T St {%edc%f e

reati ng he et her “solution o

coopourkk Qfr§ Bl @ o plrkpwhr AgaBnackdySaBs 4O claim 3,
deprotect the EE group. 12. The process of claim 11,
whiee es n t tiey stedlo i sstilpditatypa $8l veduced at fi ydo 75°C.

T e i) BRI S B ORORAA ! B, 14 7 o
cycloheptylpiperazin-1-yl)carbonyl}oxy-3,6,16,21-tetra-
hydroxy-6,10,12,16, 20-pentamethyl-18, 19~-epoxytricosa-
8,12,14-trien-11-olide represented by formula (I) is
prepared by the process comprising: reacting a compound
represented by formula (VI):

OH

\/ﬁ/}*koes
s = _alf
\(< @f“l o, OTES

(wherein EE is l-ethoxyethyl group, and TES is a

(Vi)

triethylsilyl group) with a compound represented by formula

o

(VII)

(VIT) :

(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):
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23

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):

NP
O (7 oee
OTES > iy

. -0 12
\/\ff"‘:,g/"')i/ Ry : O "~ OTES
OTES 1

2

(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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and treating the ether

(wherein EE is as defined above);

solution of the compound of formula (II) with an acid so as

to deprotect the EE group.
12. The process of claim 11, wherein the second ether-type
solvent is t-butyl methyl ether.

13. A pharmaceutical composition comprising the solid of

claim 1 or 2.

57




