DESCRI PTI ON
CAROTENO D DERI VATI VE, PHARVACEUTI CALLY ACCEPTABLE SALT
THERECF, AND PHARMACEUTI CALLY ACCEPTABLE ESTER OR AM DE

THEREOF

Technical Field
[ 0001]

The present invention relates to a carotenoid
derivative that has excellent water solubility, and is
useful as a nedicine.

Background Art
[ 0002]

In a living body producing energy by aerobic
respiration, a variety of an active oxygen is generated in
the process. An active oxygen is a chem cal species having
hi gher reactivity than oxygen in the atnosphere. For
exanpl e, a superoxide anion, a hydroxy radical, a singlet
oxygen, hydrogen peroxide, a hydroperoxy radical and so on
are known. It is known that excessive active oxygens
generated in a cell non-specifically react with nol ecul es
in a living body such as a nucleic acid, a protein and a
lipid to danage the cell and that they are involved with
vari ous diseases including netabolic syndrone such as
di abet es, hi gh bl ood pressure, hyperli pi dem a and

arteriosclerosis, a liver disease, a digestive system



di sease, a brain dysfunction disease, a cardiovascular
system disease, cardiac hypofunction, a cancer, atopic
dermatitis and so on. For this reason, it is indispensable
to renove excessive active oxygens for nmaintaining the life
of an aerobic organism and there is an oxidation defense
mechani sm using anti oxi dant enzymes  or ant i oxi dant
subst ances. The antioxidant enzynmes are enzynes that
renove specific active oxygens. For exanple, superoxide
di smutase (SOD), peroxidase, catal ase and so on are known.
Ant i oxi dant substances are substances that detoxify active
oxygens by its own oxidization (elimnation of singlet
oxygen is partly caused by energy transfer) and, for
exanple, carotenoids such as astaxanthin, zeaxanthin,
cant haxanthin, lutein and p-carotene, vitamns such as
vitamn C and vitamn E, o-lipoic acid, and gl utathione are
known.

[ 0003]

Among carotenoids, it is known that astaxanthin,
whi ch has particularly excellent anti-oxidation activity,
is useful in, for exanple, fields of a photol esion disease,
an ophthalmc disease, a dermatologic disease, an
i nfl anmati on di sease, an i mune di sease, a cardi ac di sease,
a malignant tunor disease, a |iver disease, a Kkidney
di sease, a neurodegenerative di sease, an addictive di sease,

an allergic disease, an insulin-resistant disease, a



di abetic disease, a hyperlipidenmia disease, a cardiac
function di sease, a vascul ar system di sease and so on (Non
Patent Literatures 1 and 2). It is useful as a therapeutic
agent, a preventive agent and so on in various diseases in
which an active oxygen participates, for exanple, ocular
di seases such as retinopat hy (i ncluding di abetic
reti nopathy), (age-related) macul ar degeneration, cataract

and dry eye, netabolic syndromes such as diabetes, high

bl ood pressure, hyperlipidema and arteriosclerosis, liver
di seases such as alcoholic liver disease, non-alcoholic
steatohepatitis (NASH), a wviral or drug-induced |Iliver

di sease and steatohepatitis, kidney diseases such as
gl oner ul onephritis, ki dney failure and di abetic
nephropat hy, digestive system diseases such as reflux
esophagi tis, stomach ul cer, duodenal ul cer and an
i nfl ammat ory bowel disease, brain dysfunction diseases such
as a cerebrovascul ar disorder and denmentia, cardi ovascul ar
system diseases such as nyocardial infarction, angina
pectoris, heart failure, arrhythma and nyocarditis

cardi ac hypofunction, cancer, skin diseases such as atopic
dermatitis, wound and bedsore, neurodegenerative diseases
such as anyotrophic |ateral sclerosis, Al zheiner's disease,
Par ki nson's syndrone and diabetic neuropathy, sarcopenia

and so on.



[ 0004]

Meanwhile, it is known that digestive absorption of
astaxanthin is very low, and the biological availability is
around several percent. For exanple, when astaxanthin
originated from Haematococcus al gae (containing esters of
fatty acids as a main conponent) is admnistered in 9
ng/ day (as a conversion to a free formof astaxanthin) to a
human, Cmax in the blood plasma is 77.15 ng/nL, and AUC (0-
72 h) is 1683 ng-h/nmL (Non Patent Literature 3). One
factor conceivable for this is that carotenoids such as
astaxanthin has extrenely high hydrophobicity and | acks
water solubility. This is also a cause for a limted
adm ni stration formof astaxanthin to a warm bl ooded ani nal
(particularly, human) . For that reason, astaxanthin
derivatives having further water solubility are considered
to be useful and a preparation nethod therefor has been
reported (Patent Literatures 1 and 2).
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Summary of I nvention

Techni cal Problem To Be Sol ved By Invention

[ 0007]

However, water solubility and oral absorbability of
the above astaxanthin derivatives were not satisfactory
enough.

Accordingly, an object of the present invention is
to provide astaxanthin derivatives that have further
i nproved water solubility and oral absorbability and that
have an excel | ent pharnacol ogi cal activity such as an anti -
i nflammat ory action; a conposition containing the sane; and
prepar ati on net hods thereof.

Means To Sol ve Technical Problem
[ 0008]

The present inventors have investigated synthesis of
a series of carotenoid derivatives, and as the result, they
have found that carotenoid derivatives having a novel side
chain structure have excellent water solubility and oral
absorbability and that they can be applied in broad

adm nistration nethods including, in addition to ora



adm nistration, for exanple, liquid preparations such as an
injection and an eye drop, external preparations such as an
oi ntment, and they have conpleted the present invention.
[ 0009]

The pr esent i nvention provi des a carotenoi d
derivative of forrmula (I):

[ 0010]

R'-07 ~X

0 (1)
[ 0011]

wherein X represents a carbonyl group or a nethyl ene group,
at least one of Rl and R? represents a group selected from
the group consisting of follow ng general fornmulae (a) and
(b) and the other represents a group selected from the
group consisting of the follow ng general fornulae (a), (b)
and (c), and a hydrogen atom
[ 0012]

(a): -COA-B-D

wherein A represents a divalent group consisting of 1
to 10 groups of one or nore kinds selected from the group
consisting of (i) to (xi) described below, provided that
the oxygen atom does not bind to another adjacent oxygen
at om

(i) a C-Cpo alkylene group wherein the alkylene group is



| inear or branched, optionally includes a cyclic alkylene
nmoiety in the chain and optionally has substituent a(s)
descri bed below, (ii) a C-Co al kenyl ene group wherein the
al kenyl ene group is linear or branched and optionally has
substituent o(s) described below, (iii) a G-Cio al kynyl ene
group wherein the alkynylene group is linear or branched
and optionally has substituent o(s) described below, (iv)

-NR3- wherein R represents (al) a hydrogen atom (bl) a G-
GCs al kyl group, (cl) a Gs-Co aryl group optionally having 1
to 5 substituent B(s) described below or (dl) a GCs-Cio aryl -
Ci-GCs al kyl group optionally having 1 to 5 substituent [B(s)
described below in the aryl moiety, (v) an oxygen atom
(vi) a carbonyl group, (viia) a formula of -S(On wherein
n represents an integer of 0 or 2, (viii) a GCs-Co dival ent
arylene group optionally having 1 to 4 substituent f(s)
descri bed below, (ix) a Gs-Cio divalent and saturated cyclic
hydr ocar bon group optionally having 1 to 4 substituent o(s)
descri bed below, (x) a divalent and 5- to 7-nmenbered ring
het er oaryl ene group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s) described below and (xi) a dival ent and 5-
to 7-nmenbered ring saturated heterocyclic group containing
1 to 3 hetero atons selected from the group consisting of

an oxygen atom a nitrogen atom and a sulfur atom and



optionally having 1 to 2 substituent y(s) described bel ow,

B represents (viib) a fornmula of -S(On wherein n
represents an integer of 0 to 2 or (xii) a formula of -
NR'CONRP- wherein R* and R® are the sanme or different and
each represents (al) a hydrogen atom (bl) a GC-GCs alkyl
group, (cl) a GCs-Cyo aryl group optionally having 1 to 5
substituent B(s) described below or (dl) a Gs-Co aryl-Ci-Gs
al kyl group optionally having 1 to 5 substituent p(s)
described below in the aryl noiety, or R! and R° together
represent an ethyl ene group, a propylene group or a
group -COCH,-, provided that when Bis (viib) a formula of
-S(On- wherein n represents an integer of 0 to 2,
nmenti oned above, the binding site of A to B is a carbon
atom and

D represents a nonoval ent group consisting of 0 to 10
groups of one or nore kinds selected from the group
consisting of followng (i) to (xi); and a group selected
from the group consisting of (xiii) to (xxiv) described
bel ow.
(i) a C-Cpo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent o(s)
descri bed below, (ii) a C-Co al kenyl ene group wherein the
al kenyl ene group is linear or branched and optionally has

substituent o(s) described below, (iii) a C-Cio al kynyl ene



group wherein the alkynylene group is linear or branched
and optionally has substituent o(s) described below, (iv) a
group having a formula of -N(Re)- wherein Re3 represents
(al) a hydrogen atom (bl) a C-GCs alkyl group, (cl) a GCe-
Cio aryl group optionally having 1 to 5 substituent B(s)
descri bed below or (dl) a Gs-Cwo aryl-C-GC alkyl group
optionally having 1 to 5 substituent B(s) described bel ow
in the aryl noiety, (v) an oxygen atom (vi) a carbonyl
group, (viib) a group having a forrmula of -S(On- wherein n
represents an integer of 0 to 2, (viii) a G Cyo dival ent
arylene group optionally having 1 to 4 substituent f(s)
descri bed below, (ix) a G- Co divalent and saturated cyclic
hydr ocarbon group optionally having 1 to 4 substituent o(s)
descri bed below, (x) a divalent and 5- to 7-nenbered ring
het er oaryl ene group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s) described below, (xi) a divalent and 5- to
7-menbered ring saturated heterocyclic group containing 1
to 3 hetero atons selected fromthe group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s) described bel ow,
(xiii) a hydrogen atom (xiv) a C-GCs al kyl group wherein
the alkyl group is linear or branched and optionally has

substi t uent o s) descri bed bel ow, (xv) a G- Gs



hal ogenoal kyl group wherein the alkyl group is linear or
branched and optionally has substituent oa(s) described
bel ow, (xvi) a GCs-Cio cycl oal kyl group, (xviia) a GCs-Cio aryl
group optionally having 1 to 5 substituent p(s) described
bel ow, (xviii) a 5- to 7-nmenbered ring heteroaryl group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s)
described below, (xix) a group having a formula of -
N( Rel) (Ra2) wherein Rel represents (al) a hydrogen atom (bl)
a C-GC alkyl group, (cl) a GCs-Co aryl group optionally
having 1 to 5 substituent p(s) described below or (dl) a
Cs-Cio aryl-Ci-G alkyl group optionally having 1 to 5
substituent B(s) described below in the aryl noiety and Re?
represents a hydrogen atom or a GC-GCs al kyl group, (xx) a
hydroxy group, (xxi) a fornyl group, (xxii) a carboxy
group, (xxiii) a sulfo group and (xxiv) a phospho group,
and D, together wth -NR- in B, optionally form a
heterocyclic ring containing a nitrogen atom
[ 0013]

(b): -COE-F

wherein E represents a divalent group consisting of 1
to 10 groups of one or nore kinds selected from the group
consisting of (i) to (xi) described below, provided that

the oxygen atom does not bind to another adjacent oxygen

10



atom

(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent o(s)
descri bed below, (ii) a C-Cpo al kenyl ene group wherein the
al kenyl ene group is linear or branched and optionally has
substituent o(s) described below, (iii) a CG-Cio al kynyl ene
group wherein the alkynylene group is linear or branched
and optionally has substituent o(s) described below, (iv)
-NR3- wherein R represents (al) a hydrogen atom (bl) a G-
GCs al kyl group, (cl) a Gs-Co aryl group optionally having 1
to 5 substituent B(s) described below or (dl) a GCs-Cio aryl -
Ci-GCs al kyl group optionally having 1 to 5 substituent [B(s)
described below in the aryl moiety, (v) an oxygen atom
(vi) a carbonyl group, (viia) a formula of -S(On wherein
n represents an integer of 0 or 2, (viii) a Gs- Cio dival ent
arylene group optionally having 1 to 4 substituent f(s)
descri bed below, (ix) a Gs-Cio divalent and saturated cyclic
hydr ocar bon group optionally having 1 to 4 substituent o(s)
descri bed below, (x) a divalent and 5- to 7-nmenbered ring
het er oaryl ene group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2

substituent y(s) described below and (xi) a dival ent and 5-

to 7-nmenbered ring saturated heterocyclic group containing

11



1 to 3 hetero atons selected from the group consisting of
an oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s) described bel ow,
and

F represents (xxiii) a sulfo group; and
[ 0014]

(c): -COG

wherein G represents a nonoval ent group consi sting of
O to 10 groups of one or nore kinds selected fromthe group
consisting of (i) to (xi) described below, and a group
selected from the group consisting of (xiii) to (xxiv)
descri bed below, provided that the oxygen atom does not
bi nd to anot her adj acent oxygen atom
(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent o(s)
descri bed below, (ii) a G-Cio al kenyl ene group wherein the
al kenyl ene group is linear or branched and optionally has
substituent o(s) described below, (iii) a G-Cio al kynyl ene
group wherein the alkynylene group is linear or branched
and optionally has substituent o(s) described below, (iv) a
group having a formula of -N(Re)- wherein R represents
(al) a hydrogen atom (bl) a C-GCs alkyl group, (cl) a GCe-
Cio aryl group optionally having 1 to 5 substituent f(s)

described below, (dl) a GCs-Cio aryl-C-GCs alkyl group

12



optionally having 1 to 5 substituent B(s) described bel ow
in the aryl noiety, (v) an oxygen atom (vi) a carbonyl
group, (viia) a group having a formula of -S(On- wherein n
represents an integer of 0 or 2, (viii) a GCs Cio divalent
arylene group optionally having 1 to 4 substituent (s)
descri bed below, (ix) a Gs-Cio divalent and saturated cyclic
hydr ocar bon group optionally having 1 to 4 substituent o(s)
descri bed below, (x) a divalent and 5- to 7-nmenbered ring
het er oaryl ene group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s) described below, (xi) a divalent and 5- to
7-menbered ring saturated heterocyclic group containing 1
to 3 hetero atons selected fromthe group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s) described bel ow,
(xiii) a hydrogen atom (xiv) a Ci-G alkyl group wherein
the alkyl group is linear or branched and optionally has
substituent o s) descri bed bel ow, (xv) a G- G
hal ogenoal kyl group wherein the alkyl group is linear or
branched and optionally has substituent a(s) described
bel ow, (xvi) a GCs-Cio cycl oal kyl group, (xviia) a GCs-Cio aryl
group optionally having 1 to 5 substituent B (s) described
bel ow, (xviii) a 5- to 7-nmenbered ring heteroaryl group

containing 1 to 3 hetero atons selected from the group

13



consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s)
described below, (xix) a group having a formula of -
N(Rel) (Re2) wherein Rel represents (al) a hydrogen atom (bl)
a C-GCs alkyl group, (cl) a GCs-Cio aryl group optionally
having 1 to 5 substituent ((s) described below or (dl) a
Cs-Cio aryl-C-GC alkyl group optionally having 1 to 5
substituent B(s) described below in the aryl noiety and Re2
represents a hydrogen atom or a C-GCs al kyl group, (xx) a
hydroxy group, (xxi) a fornyl group, (xxii) a carboxy
group, (xxiii) a sulfo group and (xxiv) a phospho group;
[ 0015]

wherein a substituent o represents follow ng (xviib)
to (xXxx):
(xviib) a GCs-Cpo aryl group optionally having 1 to 5
substituent p(s) described below, a GCs-Cyo nonocyclo or
bi cycl oal kyl group (and/) or a GC-Cyo nonocyclo or
bi cycl oal kenyl group, (xviii) a divalent and 5- to 10-
nmenbered ring heteroaryl group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent B(s) described below, (xix) a group having
a formula of -N(Rl)(Re2) wherein Rel represents (al) a
hydrogen atom (bl) a C-GCs al kyl group, (cl) a Gs-Cio aryl

group optionally having 1 to 5 substituent p(s) described

14



below or (dl) a GCs-Cyo aryl-C-GCs alkyl group optionally
having 1 to 5 substituent B(s) described below in the aryl
noi ety and Re2 represents a hydrogen atom or a Ci-G al kyl
group, (xx) a hydroxy group, (xxi) a formyl group, (xxii) a
carboxy group, (xxiii) a sulfo group, (xxiv) a phospho
group, (xxv) a Ci-GCs al koxy group, (xxvi) a GCsCo aryl oxy
group optionally having 1 to 5 substituent p(s) described
bel ow, (xxvii) a C-GC alkylthio group, (xxviii) a GCs Cuo
arylthio group optionally having 1 to 5 substituent B(s)
descri bed below, (xxix) a carbanmoyl group or (xxx) a
guani dyl group;

[0016]

a substituent B represents following (xiv), (xv),
(xviia), (xx) to (xxii), (xxv), (xxvi), (xxix), or (xxxi)
to (xxxvii):

(xiv) a C-GCs al kyl group, (xv) a C-GCs hal ogenoal kyl group,
(xvita) a GCs-Cio aryl group optionally having 1 to 5
substituent y(s) described below, (xx) a hydroxy group,
(xxi) a formyl group, (xxii) a carboxy group, (xxv) a CG-G
al koxy group, (xxvi) a GCs-Co aryloxy group optionally
having 1 to 5 substituent y(s) described below, (xxix) a
carbanmoyl group, (xxxi) a halogen atom (xxxii) a cyano
group, (xxxiii) a nitro group, (xxxiv) a GCs-Cuo aryl-C-Gs
al kyl group optionally having 1 to 5 substituent y(s)

descri bed below in the aryl noiety, (Xxxxv) an am no group

15



(xxxvi) a GCs-Cio aryl-Ci-GCs al koxy group optionally having 1
to 5 substituent y(s) described belowin the aryl noiety or
(xxxvii) a Ci-GCs al koxycarbonyl group; and

[0017]

a substituent y represents followng (xiv), (xv),
(xx) to (xxii), (xxv), (xxxi) or (XxXxv):

(xiv) a G-Gs al kyl group, (xv) a C-GC hal ogenoal kyl group,
(xx) a hydroxy group, (xxi) a fornyl group, (xxii) a
carboxy group, (xxv) a C-GCs al koxy group, (xxxi) a hal ogen
atom or (Xxxxv) an am no group;

a pharmaceutically acceptable salt t her eof ; or a
phar maceutically acceptable ester or am de thereof.

[ 0018]

In addition, the present invention provides a
phar maceut i cal composi tion conpri si ng a carotenoid
derivative represented by the general formula (lI), a
phar maceutically accept abl e sal t t her eof , or a
pharmaceutically acceptable ester or amde thereof as an
active ingredient; use of a carotenoid derivative having
the general fornula (1), a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable ester or am de
thereof for producing a pharmaceutical conposition; use of
a carotenoid derivative having the general formula (1), a
phar maceutically accept abl e sal t t her eof , or a

pharmaceutically acceptable ester or anmde thereof as a

16



pharmaceuti cal conposition; a carotenoid derivative having
the general formula (1), a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or am de
thereof for treating a disease involved in active oxygens;
and a nethod for treating or preventing a disease involved
in active oxygens, conprising admnistering an effective
amount of a carotenoid derivative having the genera
formula (1), a pharmaceutically acceptable salt thereof, or
a pharnaceutically acceptable ester or amde thereof to a
war m bl ooded ani mal (particularly, human).

Effects O | nvention

[ 0019]

The carotenoi d derivati ve, a pharmaceutical ly
acceptable salt thereof, or a pharmaceutically acceptable
ester or amde thereof of the present invention has a
uni que chemcal structure and it has excellent water
solubility and oral absorbability. For that reason, the
carotenoid derivative, a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable ester or amde
thereof of the present invention is suitable for a
phar maceutical conposition in a dosage form of a water-
sol ubl e active ingredient such as an injection, an eye drop
and an external preparation in addition to an ora
preparation.

Brief Description of Draw ngs

17



[ 0020]

Fig. 1 shows the change of the bl ood concentration of
ast axant hin when the conmpound was orally adm nistered to a
rat in Test exanple (2).

Fig. 2 shows the gene expressivity of IL-1f when LPS
was added to RAW264.7 cells in Test exanple (3).

Fig. 3 shows the bl ood plasma concentration of TNF-a
when LPS was injected into the abdonmi nal cavity of the rat
in Test exanple (4).

Fig. 4 shows the blood plasma concentration of |L-1p
when LPS was injected into the abdominal cavity of the rat
in Test exanple (4).

Descripti on of Enbodi nents
[ 0021]

The carotenoid derivative in the present invention
includes a carotenoid derivative, a pharnaceutically
acceptable salt thereof, or a pharmaceutically acceptable
ester or am de thereof, unless otherw se stated.

[ 0022]

The "Ci-Cio al kylene group” in A, Db E and G in the
present invention is a linear or branched al kylene group
having 1 to 10 carbon atons and optionally includes a
cyclic alkylene noiety in the chain, and my be, for
exampl e, -CH-, -CH(CHs)-, -CH(GHs)-,

-CH(n-GH7) -, -CH(i-GHr)-, -CH(n-CiHo)-, -CH(i-CHo) -,

18



-CH(s- GhHo) -, - CHCHp-, - CHCHCHe-, - CHCH( CH) -,

- CHCHCHCH-, - CH( CH) CHeCHe-, - CHCH( CHg) CHe-, - CHCH( i -
CiHo) CHp-, - CHC( CHCHCHCHCHe) CHe-, - CHCHCHCHChHe-

- CH( CHg) CH2CHCHp-, - CHCH( CHg) CHCHe-, - CH2CH( CHs) CH( CHg) -,

- CHCHCHCHCHCHp-, - CH( CHg) CHCHCHCHp-, - CH( Gobs) CHCHCHe-
, = CH( CHg) CH( CHg) CHCHp-, - CH( CHs) CH( CHgs) CH( CH) -,

- CH(i - GsHr) CH.CHCHCHCHCH;- - 6- CHp- 3-
met hyl bi cycl o[ 3, 2, 0] hept a- 3- en- 6- yl - CHp- or - 6- CH;- 3-
et hyl bi cycl o[ 3, 2, 0] hept a- 3- en- 6- yl - CHy-, and it i's

preferably a C-GC al kyl ene group, further nore preferably

a C-C; al kyl ene group, nore preferably -CH-,

-CH(CH) -, -CH(GHs)-, -CH(n-GHy)-, -CH(i-GH)-, -CH(n-

GiHo) -, -CH(i-CsHo)-, -CH(s-CiHo)-, -CHCH-, - CHCHCH-,

- CHCH( i - GHo) CHp-, - CHCH( CHg) -, - CHC( CH.CHCHCHCHp) CHe- or

- CHbCH,CH,CH- and nost preferably -CH-, -CH(CHg) -,

-CH(CHs) -, - CH(i-GCsHy)-, -CH(n-CaHo)-, -CH(i-CiHb)-, - CHCHe-
- CHCHCHp-, - CHCH( i - GHo) CH-  or - CHC( CHCHCHCHCH,) CHe-

[ 0023]

The "Ci-Cio alkylene group having the substituent

a(s)" is a group wherein the above-nentioned "GC-Cio

al kyl ene group” has 1 to 3 substituents selected from the

group of the above-nentioned substituent a(s) and nay be,
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for exanple, -CH(CHSMe)-, -CH(CHCHSMe) -,

- CH( CH:Phenyl ) -, - CH CH( 4- hydr oxyphenyl )] -, - CH CH( 4-
i mdazolyl)]-, -CH(CHCONH)-, -CH(CHCH,CONH) -, - CH(CHCOH) -
, ~CH CHOH(CHs) ] -, - CH( CH.CHCHNHp) -, - CH( CHCHCHCHoNH) -,

- CH[ CH2CHCHz( NHC(=NH) NH2) ] -, - CH( CHCQ:H) -, - CH( CHCHCCeH) -,
- CHCHCHCH( COOH) -, - CHCHCHCH,CH( COOH) -, - CH.CH( CHOCHg) -,
-CHCH O (4-trifluoronethyl phenyl )] CH-, -CHCH(CHO) -,

- CH:CH( 3- chl or ophenyl ) CH.CH,CH,CH;- or - CH( OH) CH,CH( OH) -, and
it is preferably -CH(CHSMe)-, -CH(CHCH:SMe) -,

- CH( CH:Phenyl ) -, - CH CH( 4- hydr oxyphenyl )] -, - CH CH( 4-
i mdazolyl)]-, -CH(CHCONH)-, -CH(CHCH,CONH) -, - CH(CHCOH) -
-CH CHOH(CHg) ] -, - CH( CH.CHCH:NHR) -, - CH( CHCHCHCHNH) -,

- CH[ CHCHCHNHC( =NH) NH] -, - CH( CHCO:H) - or - CH( CHCH.CO:H) - .

[ 0024]

The "C-Cio al kenyl ene group” in A, D, E, G and so on
is a linear or branched al kenylene group having 2 to 10
carbon atons and nmay be, for exanple, -CH=CH , -CH=CHCH:-,
- CH=C(CHg) -, - CH=CHCHCH,- ,
- CHeCH=CHCH;-, - CHFCHCH=CH-, -C(C(CHs)=CHCH-, - CH=C(CHs)CH;-,
- CHCH=CHCHCH,-, - CH( CHg) CHCH=CH-, - CHxC( CHs) =CHCH,-,
- CHC( CHg) =C( CHg) -, - CH=CHCHCHCHCHe-, - CH( CHg) CH=CHCHCH-
- CH( G;Hs) CH=CHCH,-, - CH( CHs) C( CHg) =CHCH,-,
- C( CHg) =C( CHs) CH( CHs) -, - CHCH=CHCH=CHCHCH,-
- CH=CHCH=CHCH, CH2 CHoCHoCHo CH - or - CH( CH( CHb) 2) -
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CHCH,CH,CH=CHCH,-, and it is preferably a G-G al kenyl ene
group, nore preferably a G-Cs al kenyl ene group, even nore
preferably -CH=CH, -CH=CHCH;-, -CH=C(CHs)- or

- CHCH=CH,CH- and nost preferably -CH=CH or - CH=CHCH-.

[ 0025]

The "C-Co al kenylene group having the substituent
a(s)" is a group wherein the above-nentioned "GCi-Cio
al kenyl ene group” has 1 to 3 substituents selected fromthe
group of the above-nentioned substituent o(s), and it is,
for exanple, -CH=C(CHCOOH)-, -CH=CHCH( CH.COOH) -,

- C( CHCOOH) =C( CHB) -, - CH=CHCH.CH( CHCOOH) -, - CH2CH=CHCH( NH) -
- CH=CHC( CH,CO0H) =CH-, - C( CHg) =CHCH( CHOH) -,

- CH=C( CH,OCHg) CHp-, - CHCH=CHCH( Ol ) CHx-, - CH( CH.Ph) CHCH=CH-,

- CHC( CHPh) =CHCH,-, - CHC( CH2NHCHg) =C( CHg) -,

- CH=CHCH=CHCHCHCHCHCH( CHCOOH) -, - CH=CHCH( CHzNIVE?) -,

- CH=CHCH[ CHoNMe( CHPh) ] -, - CH=C(Ph) -, - CH=CHCH( 3- pyri dyl) -,

- CH=CHCH( SPh) -, -CH=CHCH(OPh)- and so on.

[ 0026]

The " G- Cio al kynyl ene group” in A, D, E, G and so on
is a linear or branched al kynylene group having 2 to 10
carbon atons, and may be, for example, -CC-, -C=CCH-,

- GGCCHCHp-, - CHCG=CCHe-, - CG=CC=C-, - CHC=CCH,CH;-,

- CH( CHs) CH.C=C-, - C=CCH,CHCH,CH,- ,

- CH( CHs) C=CCHCH-, - CH( GHs) C=CCH,-, - CH( CHs) C=CCH;-,
- CH( CHs) G=CCH( CHs) -, - CHC=CCH=CHCHCH.-
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- CHCHCH,CGCCHCHCHe-, - CHC=CCHCH CHCHCHCHe -

- GGCCH=CHCHCHCHCHCHCHz- - or - CH( CH( CHg) 2) CHCHCH,C=CCH, -,
and it is preferably a C-G alkynylene group, nore
preferably a G-Cs al kynyl ene group, even nore preferably -
C=C, -CCCH- or -CHC=CCH- and nost preferably -CGC or -
C=CCH,- .

[0027]

The "C-Cio al kynylene group having the substituent
a(s)" is a group wherein the above-nentioned "G-Cio
al kynyl ene group” has 1 to 3 substituents selected fromthe
group of the above-nentioned substituent a(s), and it is,
for exanple, -C=CCH(Ph)-, -C=CCH(Ow)CH-,

- CHC=CCH( CHCO0H) -, - CHC=CCHCH( CH.COOH) -,

- CH( CH.OH) CH.CG=C- - C=CCHCHCHCH( CHOH) -, -
C=CCHCH,CHCH( CHNHPh) - and so on.

[ 0028]

The "Ci-G alkyl" noiety in the "C-G al kyl group",
the "C:-G al koxy group”, the "C-GCs al kylthio group”, the
"Ci- G hal ogenoal kyl group”, the "GCs-Cio aryl GC-GC alkyl
group optionally having 1 to 5 substituent B(s)", the "GCs-
Cwo aryl-C-G alkoxy group optionally having 1 to 5
substituent y(s)", or the "C:-GCs al koxycarbonyl group" and
so onin R, R, R, D Rl R2 R G the substituent a,
t he substituent B, the substituent y and so on, is a linear

or branched al kyl group having 1 to 6 carbon atons, and may
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be, for exanple, a nethyl, ethyl, propyl, isopropyl, butyl,
i sobutyl, s-butyl, t-butyl, pentyl, s-pentyl, isopentyl, 2-
nmet hyl but yl , neopentyl , 1- et hyl propyl, hexyl , 4-
nmet hyl pent yl , 3- et hyl pentyl , 2- met hyl pentyl , 1-
nmet hyl pentyl, 3, 3-dinethyl butyl, 2,2-dinethylbutyl, 1,1-
di met hyl butyl, 1, 2-dinmethylbutyl, 1,3-dinethylbutyl, 2,3-
di met hyl butyl or 2-ethylbutyl group, and it is preferably a
Ci- G al kyl group, nore preferably a C-C al kyl group, even
nore preferably a nethyl group, an ethyl group, a propyl
group, an isopropyl group, a butyl group or an isobuty
group and nost preferably a nmethyl group, an ethyl group or
a propyl group
[ 0029]

The nmoiety of the "GCs-Cio aryl optionally having 1 to
5 substituent pB(s) or y(s)" in the " GC-Cpo aryl group
optionally having 1 to 5 substituent B(s)" in R, R, R,
D, Rl, R, G the substituent a(s) and so on, in the "Gs-
Cio aryl group optionally having 1 to 5 substituent y(s)" in
the substituent B(s) and so on or in the "Gs-Cyo aryl-C-GCs
al kyl group optionally having 1 to 5 the substituent B(s)"
in R, Ry, R, R, Re3 and so on, is an aromatic hydrocarbon
group having 6 to 10 carbon atons and optionally having 1
to 5 substituent B(s) or y(s), and may be, for exanple, a
phenyl, indenyl, or 1- or 2-naphthyl group, optionally

having 1 to 5 substituent p(s) or «y(s), and it 1is
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preferably a phenyl group, or a 1- or 2-naphthyl group,
optionally having 1 to 3 substituent B(s) or y(s) and nost
preferably a phenyl group optionally having the substituent
B(s) or y(s).

[ 0030]

The "C:-G hal ogenoal kyl group®™ in D, G the
substituent p, the substituent y and so on is a group in
which the above-nmentioned "Ci-G  al kyl gr oup” is
substituted by hal ogen atom(s), and may be, for exanple, a
fl uor onet hyl , di fl uoronet hyl , trifluoronethyl,
chl oronmet hyl, dichloromethyl, trichloronethyl, brononethyl,
I odonet hyl , 2-fl uoroet hyl, 2,2,2-trifluoroethyl, 2-
chl or oet hyl 2,2,2-trichl oroethyl, 2- br onoet hyl , 2, 2-
di bronoet hyl, 2-iodoethyl, 3-chloropropyl, 4-fluorobutyl or
6-i odohexyl group, and it is preferably a fluoronethyl,
di fl uoronet hyl , trifluoronethyl, di chl or onet hyl , 2-

fluoroethyl, 2,2,2-trifluoroethyl, 2-chloroethyl, 2,2,2-

trichl oroet hyl, 3-chl oropropyl , 4-f | uor obut yl or 6-
I odohexyl group, nor e preferably a fl uoronet hyl
di fl uoronet hyl , trifluoronethyl, 2-fl uoroet hyl, 2,2, 2-

trifluoroethyl, 3-chloropropyl or 4-fluorobutyl group and
nost preferably a trifluoronethyl group.
[ 0031]

The "GCs-Cio cycloal kyl group” in Db G and so on is a

3- to 10-nenbered saturated cyclic hydrocarbon group
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optionally being condensed, and may be, for exanple, a

cycl opropyl, cycl obutyl, cycl opentyl, cycl ohexyl ,
cycl oheptyl, norbornyl or adamantyl group, and it 1is
preferably a cycl opropyl, cycl obut yl cycl opentyl,
cycl ohexyl or nor bor nyl group, nor e preferably a

cycl opropyl, cyclobutyl, cyclopentyl or cyclohexyl group
and nost preferably a cycl opropyl, cyclobutyl or cycl ohexyl
gr oup.
[ 0032]

The noiety of the "halogen"” in the "hal ogen atont in
the substituent B, the substituent y and so on or in the
" Ci- G5 hal ogenoal kyl group” in D, G the substituent B, the
substituent y and so on, nay be, for exanple, a fluorine
atom a chlorine atom a bromne atom or an iodine atom
and it is preferably a fluorine atom a chlorine atomor a
brom ne atom and nore preferably a fluorine atom or a
chlorine atom
[ 0033]

The ring in the "GCs-Cyo divalent and saturated cyclic
hydrocarbon group optionally having 1 to 4 substituent

o(s)" contained in A D E and G is, for exanple,

cycl opent ane, cycl ohexane, cycl ohept ane, cycl ooct ane,
cycl ononane, cycl odecane, bi cycl o[ 4, 4, 0] decane or
bi cycl o[ 2, 2, 1] hept ane and preferably cycl opent ane,

cycl ohexane or cycl ohept ane.
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[ 0034]

The ring in the "G-Co divalent arylene group
optionally having 1 to 4 substituent B(s)" contained in A,
Db E and G is, for exanple, benzene or naphthal ene and
preferably benzene.

[ 0035]

The heterocyclic ring in the "divalent and 5- to 7-
menbered ring heteroaryl ene group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s)" contained in A, D, E and Gis, for
exanple, furan, pyrrole, thiophene, imdazole, pyridine,
pyri m di ne, pyrazi ne, preferably pyrrole, i m dazol e,
pyridine, pyrimdine or pyrazine and nost preferably
i m dazol e, pyridine or pyrazine.

[ 0036]

The heterocyclic ring in the "divalent and 5- to 7-
menbered ring saturated heterocyclic group containing 1 to
3 hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s)" contained in A
D, E and G my Dbe, for exanple tetrahydrofuran,
t et rahydr opyr an, hexamnet hyl ene oxi de, pyrrolidine,
pi peri di ne, hexamnet hyl ene I m ne, t et r ahydr ot hi ophene,

t et rahydrot hi opyran, hexanmet hyl ene sulfide, norpholine,
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1, 2-oxat hi ol ane, 1, 4-di oxane or piperazine, preferably nmay
be t et r ahydr of ur an, t et rahydr opyr an, pyrrolidine,
pi peri di ne, hexamet hyl ene i m ne, t et r ahydr ot hi ophene,
nor phol i ne, 1, 4-di oxane or piperazine and nore preferably
may be t et rahydr of ur an, pyrrolidine, pi peri di ne,
nor phol i ne, 1, 4-di oxane or piperazine, and nost preferably
pyrrolidine, piperidine or piperazine.

[ 0037]

The heterocyclic ring in the "5- to 7-nmenbered ring
heteroaryl group containing 1 to 3 hetero atons selected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s)" contained in D, G and the substituent «
is, for exanple, furan, pyrrole, thiophene, i mdazole,
pyri di ne, pyrimdine or pyrazi ne, preferably furan,
pyrrol e, imdazole, pyridine, pyrimdine or pyrazine, nore
preferably pyrrole, imdazole, pyridine, pyrimdine or
pyrazine and nost preferably imdazole, pyridine or
pyrazi ne.

[ 0038]

The "group having a forrmula of -N(Rel)(Ra2) wherein Ral
represents (al) a hydrogen atom (bl) a GC-Gs al kyl group,
(cl) a GC-Co aryl group optionally having 1 to 5
substituent p(s) or (dl) a GCs-Cwo aryl-G-GCs al kyl group

optionally having 1 to 5 substituent B(s) in the aryl
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noi ety and Re2 represents a hydrogen atom or a Ci-Gs al kyl
group” contained in D, G and the substituent o is, for
exanpl e,
-NH, -NHCHs, -NHCHs, -NH(n-GCH;), -NH(i-GCH), -NH(n-CiHo),
-NH(i - CG4Ho) , - NH( s- C4Ho) - NH( n- GsHu1) - NH( n- GsHu3) -
N(CHs) 2, -NH(Ph), -NCHs(Ph), -NCHs(CHPh), -NH(3,5-di-
Met hyl - 4- hydr oxyphenyl ), -NH(3-Chl or ophenyl) and so on.
[ 0039]

The heterocyclic group wherein "D may, together with
-NR>- in B, forma heterocyclic ring containing a nitrogen
atonf contained in D is an wunsaturated or saturated
heterocyclic group, and it is, for exanple, an imdazolyl
group, a pyrrole group, a pyrrolidinyl group, a piperidinyl
group or a norpholinyl group and preferably an i m dazolyl
group, a pyrrolidinyl group, a piperidinyl group or a
nor phol i nyl group.
[ 0040]

One of the features in the carotenoid derivative (1)
of the present invention is to have any one or nore
of -S(O)n- wherein n represents an integer of 0 or 2,
- NR'CONR®- wherein R* and R® are as descri bed above and
a -SH group on either one or both in Rl and Re. The
| ocation of these group is specifically in B and/or D of
"(a)-CO-A-B-D', Fof "(b) -COE-F', Gof "(c) -COG' and so

on, provided that G may or may not contain any one of these
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gr oups.
[ 0041]

The paragraph that "at Jleast one of R and R
represents a group selected from the group consisting of
(a) and (b) and the other represents a group selected from
the group consisting of (a), (b), (c) and a hydrogen atonf
in the present invention neans that R!' and R2 does not
i nclude a conbination of (c¢) and (c), (c) and H or H and
H, respectively and specifically Rl and R2 consist of a
conbi nation of (a) and (a), (a) and (b), (a) and (c), (a)
and H, (b) and (b), (b) and (c) or (b) and H, respectively.
[ 0042]

(R-1): At least one of Rt and RZ is (a): -CO A-B-D or
(b): -COEF and the other is (a): -COA-B-D, (b): -COE-F,
(c): -CO G or a hydrogen atom
[ 0043]

(R-2): Preferably, at least one of Rl and R?2 is (a):
-COA-B-Dor (b): -COE-F and the other is a hydrogen atom

[ 0044]

(R-3): Mre preferably, Rl and R? are the sane or

different and each is (a): -COA-B-Dor (b): -COE-F

(R-4): Mst preferably, Rt and R2 are the sane and

each is (a): -COA-B-Dor (b): -COE-F.
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[ 0045]

(X-1): X is a carbonyl group or a nethylene group and
(X-2): preferably, X is a carbonyl group.

[ 0046]

The "divalent group consisting of 1 to 10 groups of
one or nore kinds selected fromthe group consisting of (i)
to (xi)" in A of "(a): -COAB-D' neans a dival ent group
consisting of one (,two) or nore groups selected from the
group consisting of divalent (i) to (xi) in which the total
nunmber of the (i) to (xi) groups is 1 to 10 and the (i) to
(xi) groups bind linearly.

[ 0047]

(A-1): A contained in "(a): -COA-B-D'" is a dival ent
group that consists of 1 to 6 groups of one or nore kinds
sel ected fromthe group consisting of
(i) a "C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has the substituent o(s)
descri bed above", (ii) a "CG-Cwo al kenylene group wherein
the al kenylene group is linear or branched and optionally
has the substituent oa(s) described above ", (iii) a "G-Cuo
al kynyl ene group wherein the al kynylene group is linear or
branched and optionally has the substituent oa(s) described
above", (iv) "-NR3- wherein R represents (al) a hydrogen

atom (bl) a C-GCs alkyl group, (cl) a GCs-Cio aryl group
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optionally having 1 to 5 of the substituent B(s) described
above or (dl) a GCs-Co aryl-C-GCs alkyl group optionally
having 1 to 5 substituent B(s) described above in the aryl
noiety”, (v) an "oxygen atonf, (vi) a "carbonyl group”,
(viia) a "formula of -S(On- wherein n represents an
integer of 0 or 2", (viii) a "Gs-Cio divalent arylene group
optionally having 1 to 4 substituent B(s) described above",
(ix) a "G-Cpo divalent and saturated cyclic hydrocarbon
group optionally having 1 to 4 substituent o(s) described
above", (x) a "divalent and 5- to 7-nenbered ring
het er oaryl ene group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s) described above” and (xi) a "divalent and
5- to 7-nmenbered ring saturated heterocyclic group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s)
descri bed above".
[ 0048]

(A-2): Preferably, A contained in "(a): -COA-B-D' is
a divalent group that consists of 1 to 6 groups of one or
nore ki nds selected fromthe group consisting of
(1) a "C-Cio al kylene group wherein the al kylene group is

| inear or branched, optionally includes a cyclic alkylene
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noiety in the chain and optionally has the substituent o(s)
descri bed above", (ii) a "CG-Cwo al kenylene group wherein
the al kenylene group is linear or branched and optionally
has the substituent o(s) described above , (iv)
"-NR8- wherein R represents (al) a hydrogen atom (bl) a
C-G alkyl group, (cl) a GCs-Cwo aryl group optionally
having 1 to 5 substituent ((s) described above or (dl) a
Cs-Cio aryl-Ci-Gs alkyl group optionally having 1 to 5
substituent B(s) described above in the aryl moiety", (v)
an "oxygen atonf, (vi) a "carbonyl group", (viia) a
"formula of -S(O)n- wherein n represents an integer of 0 or
2", (viii) a "Gs-Cio divalent arylene group optionally
having 1 to 4 substituent p(s) described above", (x) a
"divalent and 5- to 7-nenbered ring heteroarylene group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s)
descri bed above" and (xi) a "divalent and 5- to 7-nenbered
ring saturated heterocyclic group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s) described above".
[ 0049]

(A-3): More preferably, A contained in "(a): -CO A-B-

D' is a divalent group that consists of 1 to 6 of one or
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nore ki nds selected fromthe group consisting of
(1) a "C-Cio al kylene group wherein the al kylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has the substituent o(s)
descri bed above", (ii) a "CG-Cwo al kenylene group wherein
the al kenylene group is linear or branched and optionally
has the substituent oa(s) described above", (iv) "-NRe-
wherein R® represents (al) a hydrogen atom (bl) a GC-Gs
al kyl group, (cl) a GCs-Cio aryl group optionally having 1 to
5 substituent B(s) described above or (dl) a GCs-Cwo aryl - G-
Cs alkyl group optionally having 1 to 5 substituent p(s)
descri bed above in the aryl moiety", (v) an "oxygen atoni,
(vi) a "carbonyl group”, (viia) a "formula of -S(O)n-
wherein n represents an integer of 0 or 2" and (xi) a
"divalent and 5- to 7-nenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s)
descri bed above".
[ 0050]

(A-4): More preferably, A contained in "(a): -CO A-B-
D' is a divalent group consisting of 1 to 6 of one or nore
ki nds selected fromthe group consisting of
(1) a "C-Cio al kylene group wherein the al kylene group is

| inear or branched, optionally includes a cyclic alkylene
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noiety in the chain and optionally has the substituent o(s)
descri bed above", (iv) "-NR- wherein R represents (al) a
hydrogen atom (bl) a G-GCs al kyl group, (cl) a GCs-Co aryl
group optionally having 1 to 5 substituent p(s) described
above or (dl) a GCs-Co aryl-C-GCs alkyl group optionally
having 1 to 5 substituent B(s) described above in the aryl
moi ety", (v) an "oxygen atom, (vi) a "carbonyl group"”,
(vita) a "formula of -S(On wherein n represents an
integer of 0 or 2" and (xi) a "divalent and 5- to 7-
menbered ring saturated heterocyclic group containing 1 to
3 hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s) described above".
[ 0051]

(A-5): Most preferably, A contained in "(a): -CO A-B-
D' is a divalent group consisting of 1 to 6 of one or nore
ki nds selected fromthe group consisting of
(i) a "C-Cyo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has the substituent o(s)
descri bed above", (iv) "-NR- wherein R® represents (al) a
hydrogen atom (bl) a C-GCs al kyl group, (cl) a Gs-Cio aryl
group optionally having 1 to 5 substituent p(s) described
above or (dl) a GCs-Co aryl-C-GCs alkyl group optionally

having 1 to 5 substituent B(s) described above in the aryl
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noiety", (vi) a "carbonyl group”, (viia) a "fornmula of -
S(On- wherein n represents an integer of 0 or 2" and (xi)
a "dival ent and  5- to 7-nmenbered ring saturated
het erocyclic group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s) described above".
[ 0052]
Ais, for exanple,
-CH-, -CH(CH)-, -CH(GHs)-, -CH(n-GH7)-, -CH(i-

GHr) -, -CH(n-CiHo) -, -CH(i-CiH)-, -CH(s-CGHo)-, -CHCH-,
- CHCHCHe-, - CHCH( CHg) -, - CHCHCHCHp-, - CH( CHs) CHCHe-
- CHCH( CHg) CH-, - CHCH( i - Gabb) CHe-, - CHC( CHCH.CHCHCH,) CHe-

- CHCHCHCHCH-, - CH( CHg) CHCHCHe-, - CHCH( CHs) CHCHe-
- CHCH( CHs) CH( CHg) -, - CHCHCHCHCHCHe-
- CH( CHs) CHCHCHCH,-, - CH( GoHs) CHCHCH,-
- CH( CHs) CH( CHg) CHCHz-, - CH( CHs) CH( CHs) CH( CHg) -,
- CH( CH( CH) 2) CHCHCHCHCHCHe- - 6- CH- 3-
et hyl bi cycl of 3, 2, 0] hept a- 3- ene- 6-yl - CHp-, - CH( CH:SCH) -,
- CH( CH.CH,SCH) -, - CH( CHPhenyl ) -, - CH[ CHp( 4-
hydr oxyphenyl )] -, -CH CHx(4-im dazolyl)]-, -CH(CHCONH) -,
- CH( CHCHCONH) -, - CH( CHOH) -, - CH[ CHOH(CHs) | -,
- CH( CH.CHCHeNHR) -, - CH( CHCHCHCHeNHR) -,
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- CH[ CH2CH:CH2NHC( =NH) NHp] -, - CH( CH.CO:H) -, - CH( CH.CO:BUt) -,

- CH( CH.CHCOeH) -, - CH( CHCH:CO:But) -, - CH( NHz) CH-, - CH( COCH) -
, -CH(COOH) CH-, -CH(CHSCHs) CHz-, - CH( CH:S-n-hexyl)-, -
CH( CH- 2-i m dazol yl ) -, -CHNHCH-, - CHCHNHCH:CH;-,

- CHCHN( CHs) CHCHe- - CHCH2N( i - GaHy) CHCHe- - CHCH2N( 4-
Met hoxyphenyl ) CHoCHo-, - CHCHN( CHoPh) CHCHo-, - CHCHoN( n-
CiHo) CHCHCHe-, - CHCHeN( n- CaHo) CHCHCHCHe-

- CHCH( OH) CHNHCHCH,-, - CHeNHCHCHp-, - CHCHNHCHCHCHe-

- CHCHNHCH CH CH.CH CHCH- - - CHN( CHg) CHCHe-

- CHCHN( CHg) CHCHCH-, - CHN( CoHs) CHCHe-

- CHCHN( GoHs) CHeCHe-, - CHCHN( GoHs) CHCHCHe-

- CHeN( GoHs) CHCHCH.CH-, - CHRN( i - GsHy) CHCHCHCH-

- CHeN( CHg) CHeNHCHz-, - CHeN( Ph) CHCHp-, - CHeN( 4- O - Ph) CHCHe-
- CHeN( 4- A - 3- CHs- Ph) CHCHe-, - CHeN( CH:Ph) CHCHe-

- CHCHN( CHPh) CHCH-, - CHCH SCHCH,-, - CHCH SCH-

- CHCH( OH) CHSCHCHp-, - CHCHS( O) 2CHCHe-, - CHCOCH,-

- CHCHCOCHCHe-, - NH-, - N(CHg) -, - N( CHCHg) -, - N( CHCHCH) -,
- N( CHCHPh) -, - N(i - GsHr) -, - N( CHeCHCHoCHg) -, - N(i - CaHo) -,

-N(s-CHo) -, -N(Ph)-, -N(3-Brono-Ph)-, -N(3-Ntro-Ph)-,

-N(4-Ethyl-Ph)-, -N(4-Butyl-Ph)-, -N(4-Chloro-Ph)-, -N(3-
Chl or o- Ph) -, -N( 2- Chl or o- Ph) -, - N( 4- Fl uor o- Ph) -, - N( 4-
Benzyl - Ph) -, -N(2, 4- D chl or o- Ph) -, -N(4-Trifluoronethyl -

Ph) -, -N(4-Hydroxy-Ph)-, -N(4-Cyano-Ph)-, -N(4-Ph-Ph)-,
-N(4- CHO Ph) -, -N(4-Carbanoyl -Ph)-, -N(4-Am no-Ph)-, -N(3-

(N, N-Di net hyl am no) - Ph)-, -N(4-Me-Ph-Ph)-, -N(4-Benzyl oxy-
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Ph) -, -N(4-Ethoxycarbonyl -Ph)-, -N(4-Carboxy-Ph)-, -N(3-
Car boxy- Ph) -, - N( 2- Car boxy- Ph) -, - N( CH:Ph) -, - N( 4-
Car boxyphenyl nmet hyl ) -,

[ 0053]

/9
_H2C_N N_CHz'CHz_ _H2C_N N_C_CHz_

s
Q (J»CHZ-CHZ—
—H,C-N N-C—CHyCHy— N —H,C—N O-CHy-CHp—
/

)

)

/
_H2C_N >
O-CH,-CH,— _Hzc‘NQCHz'CHz'O-CHz-CHz—

O

H
—Hzc—H(I:—HZC—ND—CHzJJ—N—CHz-CHz—

OH

[ 0054]
- NHCH,CONHCH:CHz- , - N( CHs) CHCONHCHCH;-
- N( CH:Ph) CHCONHCHCH,-, - NHCHCON( CHs) CHCH-
- NHCHCH, SCHCHp-, - CHCHCONHCHCH,-, - CHCOCH: SCH,-
- CH( CHCHSCHg) CONHCHCHp-, - CHCHCH CHCH( NH) -,
- NHCH, CH,CH,CHCH( COOH) -, - NHCH,CH,CH,CH( COCH) -,
- NHCHCHCH( COOCGHk) -, - NHCHCHCH:CH( COOC:Hs) -, and so on.
[ 0055]

(B-1): B contained in "(a): -COAB-D is, for
exanple,-S-, -S(O-, -S(0O2-, -NHCONH, -N(CHs) CONH, -

NHCON( CHs) -, - N( CHs) CON( CHe) -, - N( CzHs) CONH-, - N( n- CsHy) CONH-
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,  -N(i-GHr) CONH-, - N(n-CiH) CONH, - N(n-GCsHiz) CONH-, - N(n-
CsHo) CON( CHg) -, - N(Ph) CONH-, - NHCON( 4- Chl or ophenyl ) -,

- NHCON( CHPhenyl ) -, - N(i - GHy) CON( 4- Met hoxyphenyl ) -, - N(4-
Chl or ophenyl ) CON( 4- Met hoxyphenyl )-, the groups described
bel ow.

[ 0056]

-/ , O and so on.

[ 0057]

(B-2): Preferably, B contained in "(a): -COA-B-D' is

-S-, -S(O-, -S(02-, -NHCONH—, -N(CH3)CONH—, -NHCON (CH3)-—,
- N( CHs) CON( CHb) -, - N( C2Hs) CONH- - N( n- GsH7) CONH-, -N(i -
CsHr) CONH- - N( n- C4H) CONH-, - N( n- GsHi3) CONH-, - N( n-

CsHo) CON( CHg) -, the groups descri bed bel ow

[ 0058]
(0]
(0]
_N)]\N_ \NJ\N/
-/ v and so on.
[ 0059]

(B-3): More preferably, B contained in "(a): -CO A-B-
D'is -S, -S(O-, -S(0O2-, -NHCONH—, -N(CH3)CONH—,
- NHCON( CHs) —, -N (C2Hs) CONH-, - N(n- GsHy) CONH-, - N(i - CsH7) CONH-
and so on.

[ 0060]
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(B-4): Most preferably, B contained in "(a): -CO A-B-
D is -S, -S(O-, -S(0O2-, -NHCONH-, -N(CH3)CONH—, -
NHCON( CHs) —, -N (Cz2Hs) CONH and so on.
[ 0061]

The "nonoval ent group consisting of O to 10 groups of
one or nore kinds selected fromthe group consisting of (i)
to (xi) and a group selected from the group consisting of
(xiti) to (xxiv)" in D in "(a): -COA-B-D' neans a
nonoval ent group (of which the bond is) selected fromthe
group consisting of (xiii) to (xxiv) or a nonoval ent group
constituted by binding the term nal of the dival ent group
consisting of one (, twd) or nore groups selected fromthe
group consisting of divalent (i) to (xi) in which the total
nunmber of the (i) to (xi) groups is 1 to 10 and the (i) to
(xi) groups bind linearly to a group selected from
nmonoval ent (xiii) to (xxiv).
[ 0062]

(D-1): Dcontained in "(a): -COA-B-D' is
a nonovalent group consisting of a divalent group
consisting of 10 to 6 groups of one or nore kinds selected
fromthe group consisting of
(1) a "C-Cyo alkylene group”, (ii) a "C-Cwo alkenylene
group”, (iii) a "C-Cwo al kynylene group”, (iv) a "fornula
of -NRe-" (v) an "oxygen atonm, (vi) a "carbonyl group",

(viib) a "fornula of -S(On- wherein n represents an
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integer of 0 to 2", (viii) a "Gs-Cio divalent arylene group
optionally having 1 to 4 substituent B(s)", (ix) a "Gs- Cuo
di val ent and saturated cyclic hydrocarbon group optionally
having 1 to 4 substituent a(s)", (x) a "divalent and 5- to
7-menbered ring heteroarylene group containing 1 to 3
hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent vy(s)" and (xi) a
"divalent and 5- to 7-nenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s)";
and a group selected fromthe group consisting of

(xiii) a hydrogen atom (xiv) the alkyl group described in
the "C-GCs al kyl group"” above, (xv) the hal ogenoal kyl group
described in the "C-GCs hal ogenoal kyl group", (xvi) the
cycl oal kyl group described in the "Gs-Cio cycl oal kyl group”,
(xviia) the aryl group described in the "Gs-Cio aryl group
optionally having 1 to 5 substituent p(s)", (xviii) the
het eroaryl group described in the "5- to 7-nenbered ring
heteroaryl group containing 1 to 3 hetero atons selected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s)", (xix) the amno group described in the

"group having a formula of -N(Rel)(Re2)", (xx) a hydroxy
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group, (xxi) a formyl group, (xxii) a carboxy group,
(xxiii) a sulfo group and (xxiv) a phospho group,
and includes, for exanple, a nonoval ent group constituted
by bi ndi ng one group selected fromthe group consisting of
(xi1i) a hydrogen atom (xiv) the alkyl group described in
the "C-GC alkyl group”, (xv) the halogenoalkyl group
described in the "C-G hal ogenoal kyl group”, (xvi) the
cycl oal kyl group described in the "GCs-Cio cycl oal kyl group”,
(xviia) the aryl group described in the "GCs-Co aryl group
optionally having 1 to 5 substituent p(s)", (xviii) the
het eroaryl group described in the "5- to 7-nenbered ring
heteroaryl group containing 1 to 3 hetero atons selected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s)", (xix) the amno group described in the
"group having a formula of -N(Rel)(Re2)", (xx) a hydroxy
group, provided that when the present hydroxy group binds
to a carbon atom the carbon atom is not a unsaturated
carbon atom (xxi) a fornyl group, (xxii) a carboxy group,
(xxiii) a sulfo group and (xxiv) a phospho group,
to the termnal of the divalent group shown in A (A-1).
[ 0063]

(D-2): Preferably, D contained in "(a): -COA-B-D' is
a nonovalent group consisting of a divalent group

consisting of O to 6 groups of one or nore kinds selected
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fromthe group consisting of

(1) a "C-Cio al kylene group wherein the al kylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has the substituent
a(s)", (ii) a "CG-Co alkenylene group wherein the
al kenyl ene group is linear or branched and optionally has
the substituent o(s) described above", (iv) "-NR- wherein
R® represents (al) a hydrogen atom (bl) a GC-G alkyl
group, (cl) a Gs-Cio aryl group optionally having 1 to 5
substituent p(s) described above or (dl) a Gs-Cio aryl-GCi-GCs
al kyl group optionally having 1 to 5 substituent p(s)
descri bed above in the aryl moiety", (v) an "oxygen atoni,
(vi) a "carbonyl group”, (viia) a "formula of -S(O)n-
wherein n represents an integer of 0 or 2", (viii) a "GCs Cuo
di val ent aryl ene group optionally having 1 to 4 substituent
B(s) described above", (x) a "divalent and 5- to 7-
nmenbered ring heteroarylene group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s) described above"” and (xi) a "dival ent
and 5- to 7-nmenbered ring saturated heterocyclic group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s)

descri bed above";
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and a group selected fromthe group consisting of
(xi1i) a hydrogen atom (xiv) the alkyl group described in
the "C-GC alkyl group”, (xviii) the heteroaryl group
described in the "5- to 7-nenbered ring heteroaryl group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s)", (Xxix)
the am no group described in the "group having a formula of
-N(Rel) (Re2) ", (xx) a hydroxy group, provided that when the
present hydroxy group binds to a carbon atom the carbon
atom is not a unsaturated carbon atom (xxi) a fornyl
group, (xxii) a carboxy group, (xxiii) a sulfo group and
(xxiv) a phospho group.
[ 0064]

(D-3): More preferably, D contained in "(a): -CO A-B-
D' is a nonoval ent group consisting of a divalent
group consisting of 0 to 6 groups of one or nore Kkinds
selected fromthe group consisting of
(1) a "C-Cio al kylene group wherein the al kylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has the substituent
a(s)", (i1i) a "CG-Co alkenylene group wherein the
al kenyl ene group is linear or branched and optionally has
the substituent o(s) described above", (iv) "-NR- wherein

R® represents (al) a hydrogen atom (bl) a GC-G alkyl
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group, (cl) a GCs-Cyo aryl group optionally having 1 to 5
substituent pB(s) described above, (dl) a GCs-Cwo aryl-C-Gs
al kyl group optionally having 1 to 5 substituent f(s)
descri bed above in the aryl moiety”, (v) an "oxygen atoni,
(vi) a "carbonyl group", (viia) a "formula of -S(O)n-
wherein n represents an integer of 0 or 2" and (xi) a
"divalent and 5- to 7-nmenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s)
descri bed above";

and a group selected fromthe group consisting of

(xiii) a hydrogen atom (xiv) the alkyl group described in
the "C-GC alkyl group", (xviii) the heteroaryl group
described in the "5- to 7-nenbered ring heteroaryl group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s)", (XiXx)
the am no group described in the "group having a formula of
-N(Rel) (Re2) " | (xx) a hydroxy group, provided that when the
present hydroxy group binds to a carbon atom the carbon
atom is not a unsaturated carbon atom (xxii) a carboxy
group, (xxiii) a sulfo group and (xxiv) a phospho group.

[ 0065]

(D-4): Further nore preferably, D contained in "(a):
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-CO A-B-D' is a nonoval ent group consisting of a dival ent
group consisting of 0O to 6 groups of one or nore Kkinds
sel ected fromthe group consisting of

(i) a "C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has the substituent
a(s)", (iv) "-NR- wherein R represents (al) a hydrogen
atom (bl) a C-GCs alkyl group, (cl) a GCs-Cio aryl group
optionally having 1 to 5 substituent p(s) described above
or (dl) a Gs-Cio aryl-Ci-Cs al kyl group optionally having 1
to 5 substituent B(s) described above in the aryl noiety",
(v) an "oxygen atont, (vi) a "carbonyl group”, (viia) a
"formula of -S(O)n- wherein n represents an integer of 0 or
2" and (xi) a "divalent and 5- to 7-nenbered ring
saturated heterocyclic group containing 1 to 3 hetero atons
selected from the group consisting of an oxygen atom a
nitrogen atom and a sulfur atom and optionally having 1 to
2 substituent y(s) described above";

and a group selected fromthe group consisting of

(xiii) a hydrogen atom (xviii) the heteroaryl group
described in the "5- to 7-nenbered ring heteroaryl group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent ¢y"(s)

descri bed above, (xix) the amno group described in the
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"group having a formula of -N(Rel)(Re2)", (xx) a hydroxy
group, provided that when the present hydroxy group binds
to a carbon atom the carbon atom is not a unsaturated
carbon atom (xxii) a carboxy group, (xxiii) a sulfo group
and (xxiv) a phospho group.
[ 0066]

(D-5): Most preferably, D contained in "(a): -CO A-B-
D' is a nonoval ent group consisting of a divalent
group consisting of 0 to 6 groups of one or nore Kkinds
sel ected fromthe group consisting of
(i) a "C-Cpo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has the substituent
a(s)", (iv) "-NR- wherein R represents (al) a hydrogen
atom (bl) a C-GCs alkyl group, (cl) a GCs-Cio aryl group
optionally having 1 to 5 substituent p(s) described above,
or (dl) a Gs-Cio aryl-Ci-Cs al kyl group optionally having 1
to 5 substituent B(s) described above in the aryl noiety",
(vi) a "carbonyl group", (viia) a "formula of -S(O)n-
wherein n represents an integer of 0 or 2" and (xi) a
"divalent and 5- to 7-nmenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s)

descri bed above";
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and a group selected fromthe group consisting of
(xi1i) a hydrogen atom (xix) the am no group described in
the "group having a formula -N(Rel)(Re2)", (xx) a hydroxy
group, provided that when the present hydroxy group binds
to a carbon atom the carbon atom is not a unsaturated
carbon atom (xxii) a carboxy group, (xxiii) a sulfo group,
and (xxiv) a phospho group.
[ 0067]
Dis, for exanple, a hydrogen atom - CHCOCH,
- CHCH,COOH, - CHCHCHCOOH, - CHCH( i - CaHo) CH2COCH,
- CHCH( i - C4Ho) CHCONHCHCH( i - CaHg) CHCOOH,
- CHC( CHCH.CH CHCH,) CHCOOH,
- CHC( CHCHCHCHCH,) CH CONHCH,C( CH, CH, CHCH.CH,) CHCOCH,
- CH( CH:SCHg) COOH, - CH( CH.CHSCH) COOH, - CH( CH:Pheny! ) COCH,
- CH[ CHx( 4- hydr oxyphenyl ) ] COCH, - CH CHx(4-i m dazol yl )] COCH,
- CH( CHCONH.) COOH, - CH( CHCH,CONH,) COOH, - CH( CHOH) COOH,
- CH[ CHOH( CHs) ] COOH, - CH( CH2CHCH2NHz) COOH,
- CH( CHCH.CHCH2NH2) COOH, - CH[ CH2CHCH2NHC( =NH) NHp] COOH,
- CH( CHCO:H) COOH, - CH( CHCO:But) COOH, - CH( CH.CHCO:H) COCH,
- CH( CHCH.CO:But) COOH, - CHCHCHCH( NHz) COOH,
- CHCHCHCHCH( NHz) COOH, - CH( COOH) CHs, - CH2CH2SOsH,
- CHCHCHSGsH, - CHCHNH, - CHCHCHoNHz, - CHCH CHCHNH,
- CHCHCHCH( NHz) COOH, - CHCHCHCHCH( NHp) COOH, - CHCHOH,
- CHCHCHOH, - CHCHCHCHOH, - CHPOsH, - CH2CONHCH COCH,
- CHz CONHCH( CH,CH, SCHs) COOH, - CH,CONHCH[ CHa( 4-
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i m dazol yl )] COOH, - CH, CONHCH( CH.CONH,) COCH, -
CH CONHCH( CHx CH, CONHz) COOH

- CHCH, CONHCH COOH, - CHx CH> CONHCH( CH,CH SCHs) COOH,

- CHCHCONHCH[ CH( 4- i mi dazol yl )] COCH,

- CH CH2 CONHCH( CH2CONH) COOH, - CHCH CONHCH( CHCH.CONHz) COCH,

- CHCH CH CONHCH,COOH, - CH, CHx CH> CONHCH( CHCH, SCH;z) COOH,

- CHCHCH,CONHCH[ CH(4- i m dazol yl )] COCH,

- CH2 CH2 CH2 CONHCH( CH2CONHz) COOH

- CHxCH, CH, CONHCH( CH.CH2CONH,) COOH, - 6- CHp- 3- et hyl bi cycl o-
[3,2,0] hepta-3-en-6-yl-CHCOOH and the groups described

bel ow, formed together with -NR- in B:

[ 0068]
HOOC
—N/§N —N
\% or
[ 0069]

The "divalent group consisting of 1 to 10 groups of
one or nore kinds selected fromthe group consisting of (i)
to (xi)" in E of "(b): -COE-F' nmeans a divalent group
whi ch consists of one (,two) or nore groups selected from
the group consisting of divalent (i) to (xi) in which the
total nunber of the groups (i) to (xi) is 1 to 10 and the
groups (i) to (xi) bind non-branchedly and |inearly.
[ 0070]

(E-1): E contained in "(b): -COE-F" is

di val ent group consisting of 1 to 6 groups of one or nore
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ki nds selected from the group consisting of (i) a "GCi-Cio
al kyl ene group wherein the alkylene group is linear or
branched, optionally includes a cyclic alkylene noiety in
the chain and optionally has the substituent o(s)", (ii) a
"C-Cio al kenylene group wherein the alkenylene group is
| inear or branched and optionally has the substituent a(s)
descri bed above", (iii) a "CG-Cwo al kynylene group wherein
the al kynylene group is linear or branched and optionally
has the substituent oa(s) described above", (iv) "-NRe-
wherein R represents (al) a hydrogen atom (bl) a GC-Gs
al kyl group, (cl) a Gs-Cio aryl-group optionally having 1 to
5 substituent B(s) described above or (dl) a GCs-Cwo aryl - G-
Cs alkyl group optionally having 1 to 5 substituent p(s)
descri bed above in the aryl moiety”, (v) an "oxygen atoni,
(vi) a "carbonyl group”, (viia) a "formula of -S(O)n-
wherein n represents an integer of 0 or 2", (viii) a "Gs Cio
di val ent aryl ene group optionally having 1 to 4 substituent
B(s) described above", (ix) a "GCs-Cio divalent and saturated
cyclic hydrocarbon group optionally having 1 to 4
substituent o(s) described above", (x) a "divalent and 5-
to 7-nmenbered ring heteroarylene group containing 1 to 3
hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s) described above",

and (xi) a "divalent and 5- to 7-nenbered ring saturated
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het erocyclic group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s) descri bed above".

[0071]

(E-2): Preferably, E contained in "(b): -COEF" is

a divalent group consisting of 1 to 6 groups of one or nore
ki nds selected from the group consisting of (i) a "GCi-Cio
al kyl ene group wherein the alkylene group is linear or
branched, optionally includes a cyclic alkylene noiety in
the chain and optionally has the substituent o(s)", (ii) a
"C-Cio al kenylene group wherein the alkenylene group is
| inear or branched and optionally has the substituent a(s)
descri bed above", (iv) "-NR- wherein R represents (al) a
hydrogen atom (bl) a G-GCs al kyl group, (cl) a Gs-Co aryl
group optionally having 1 to 5 substituent p(s) described
above or (dl) a GCs-Co aryl-C-GCs alkyl group optionally
having 1 to 5 substituent B(s) described above in the aryl
moi ety", (v) an "oxygen atom, (vi) a "carbonyl group"”,
(vita) a "formula of -S(On wherein n represents an
integer of 0 or 2", (viii) a "GCs-Cio divalent arylene group
optionally having 1 to 4 substituent B(s) described above",
(x) a "divalent and 5- to 7-nenbered ring heteroaryl ene
group containing 1 to 3 hetero atons selected from the

group consisting of an oxygen atom a nitrogen atom and a
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sul fur atom and optionally having 1 to 2 substituent y(s)
descri bed above", and (xi) a "divalent and 5- to 7-nenbered
ring saturated heterocyclic group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s) described above".
[0072]

(E-3): More preferably, E contained in "(b): -COE-F"
is a divalent group consisting of 1 to 6 groups
of one or nore kinds selected fromthe group consisting of
(i) a "C-Cpo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has the substituent
a(s)", (ii) a "CG-Co alkenylene group wherein the
al kenyl ene group is linear or branched and optionally has
the substituent a(s) described above", (iv) "-NR- wherein
R® represents (al) a hydrogen atom (bl) a GC-G alkyl
group, (cl) a Gs-Cyo aryl group optionally having 1 to 5
substituent p(s) described above or (dl) a Gs-Cwo aryl-GCi-GCs
al kyl group optionally having 1 to 5 substituent f(s)
descri bed above in the aryl moiety", (v) an "oxygen atoni,
(vi) a "carbonyl group", (viia) a "formula of -S(O)n-
wherein n represents an integer of 0 or 2" and (xi) a
"divalent and 5- to 7-nenbered ring saturated heterocyclic

group containing 1 to 3 hetero atons selected from the
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group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s)
descri bed above".
[ 0073]

(E-4): Further nore preferably, E contained in "(b):
-COE-F" is a divalent group consisting of 1 to 6 groups
of one or nore kinds selected fromthe group consisting of
(i) a "C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has the substituent
a(s)", (iv) "-NR- wherein R represents (al) a hydrogen
atom (bl) a C-GCs alkyl group, (cl) a GCs-Co aryl group
optionally having 1 to 5 substituent p(s) described above
or (dl) a Gs-Cio aryl-Ci-Cs al kyl group optionally having 1
to 5 substituent B(s) described above in the aryl noiety",
(v) an "oxygen atom’, (vi) a "carbonyl group", (viia) a
"formula of -S(O)n- wherein n represents an integer of 0 or
2" and (xi) a "divalent and 5- to 7-nenbered ring saturated
het erocyclic group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s) described above".
[ 0074]

(E-5): Most preferably, E contained in "(b): -COE-F"

is a divalent group consisting of 1 to 6 groups
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of one or nore kinds selected fromthe group consisting of
(1) a "C-Cio al kylene group wherein the al kylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has the substituent
a(s)", (iv) "-NR- wherein R represents (al) a hydrogen
atom (bl) a C-GCs alkyl group, (cl) a GCs-Cio aryl group
optionally having 1 to 5 substituent p(s) described above
or (dl) a Gs-Cio aryl-C-GCs al kyl group optionally having 1
to 5 substituent PB(s) described above in the aryl noiety",
(vi) a "carbonyl group” and (xi) a "divalent and 5- to 7-
menbered ring saturated heterocyclic group containing 1 to
3 hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s) described above".
[ 0075]

Eis, for exanple, -CH(CHs)-, -CH(CHs)-, -CH(n-GCHy)-

-CH(i -GH7) -, -CH(n-GHo) -, -CH(i-CGhH) -, - CHCH-,
- CHCHCHe-, - CHCH( CHg) -, - CHCHCHCHp-, - CH( CHs) CHCHe-
- CHCH( CHg) CHe-, - CHCH( i - Gabo) CHe-, - CHCHCHCHCHe-
- CH( CHg) CHCHCHe-, - CHCH( CHg) CHCH-, - CHCH( CHg) CH( CHg) -,
- CHCHCHCHCHCHe-, - CH( CHg) CHCHCHCH-, - CH( GoHs) CHCHCHe-
- CH( CHs) CH( CHs) CHCHz-, - CH( CHg) CH( CHs) CH( CH) -,

- CHC( CHCHCHCHCHe) CHe-, - CHCHCHCHCHCHCHCHCHe-
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- CH( CH( CH) 2) CHCHCHCHCHCHe- - 6- CHp- 3-
et hyl bi cycl o[ 3, 2, 0] hept a- 3-ene-6-yl - CH-, - CH( CH,CH;SCHs) -,
- CH( CHPhenyl ) -, - CH[ CHz( 4- hydr oxyphenyl )] -, - CH CH( 4-

i mdazolyl)]-, -CH(CHCONH)-, -CH(CHCH,CONH) -, - CH(CHCOH) -

- CH CHOH(CHe) | -, - CH( CHCQCeH) -, - CH( COOH) CHe-, -
CH( CHSCHs) -, - CH( CH:S- n- hexyl ) -, - CHpCHoNHCH, CHp- | ]
CHCH:N( CHs) CHoCHe-

- CHCHN( i - G3Hy) CHCHe-, - CHCH2N( 4- Met hoxyphenyl ) CHCHe-

- CHCHN( CHPh) CHCHe-, - CHoN( CHg) CHCHe-

- CHCHN( CHs) CHCHCH-, - CHeN( Gobs) CHoCH,-

- CHCHN( GoHs) CHeCHe-, - CHCHN( GoHs) CHCHCHe-

- CHbN( GoHb) CHCHCHCH-, - CHeN( i - GeHr) CHCHCHCHe-

- CHN( CHg) S( O) 2CHCHe- - CHN( Ph) CHCHe- - CH:N(4-d -
Ph) CH.CH-, - CHoN( 4- O - 3- CHs- Ph) CHCH-, - CHeN( CHPh) CH.CHe-
- CHCHN( CHPh) COCHCH,-, - CHCH SCHCHp-, - CHCHSCH-

- CHCH( OH) CHSCHCHe-, - CHCHS( O) 2CHCHe-, - CHCH:S( O) 2CHe-

[ 0076]

—H,C-N_ N-CHyCH,— —HZC—ND—O—CHZ-CHZ_

_H2C_N
O_CHz'CHZ_ _HZC_NC>7CH2'CHz'O_CHz'CHZ_

9 H
—HZC—NC>—“—N—CH2—CH2—

)

LI C
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0
H
—HZC—HZC—N/\:>7N—“—O—CH2-CH2—

bl
—H,C—HC—H,C—N CH,~—N—CH,CH,—
OH

[0077]
- NHCH,CONHCHCHz-, - N( CHs) CH2CONHCHCHe-
- N( CH:Ph) CHCONHCH,CH,-, - NHCHCON( CHs) CHCHe-
- NHCHCH SCHCHp-, - CHCH CONHCH, CHe-
- CH( CHCH SCHs) CONHCH:CH;- and so on.
[ 0078]

The "nonoval ent group consisting of 0 to 10 groups of
one or nore kinds selected fromthe group consisting of (i)
to (xi); and a group selected fromthe group consisting of
(xiiit) to (xxiv)" in G of "(c): -COG neans a nonoval ent
group (of which the bond is) selected from the group
consisting of (xiii) to (xxiv), or a nonovalent group
constituted by binding the termnal of a divalent group
consisting of one (,two) or nore groups selected from the
group consisting of divalent (i) to (xi) in which the total
nunber of the groups (i) to (xi) is 1 to 10 and the groups
(i) to (xi) bind linearly,
to a nonoval ent group selected fromthe group consisting of
nmonoval ent (xiii) to (xxiv).
[ 0079]

(G1): G contained in "(c): -COG is a nonoval ent
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group consisting of a divalent group consisting of 0 to 6
groups of one or nore kinds selected from the group
consisting of (i) a "C-Cyo alkylene group”, (ii) a "C-Cuo
al kenyl ene group", (iii) a "C-Cwo al kynyl ene group”, (iv) a
"formula of -NR3-", (v) an "oxygen atoni', (vi) a "carbonyl
group”, (viia) a "forrmula of -S(On wherein n represents
an integer of 0 or 2", (viii) a "Gs-Cio divalent arylene
group optionally having 1 to 4 substituent B(s)", (ix) a
"Cs-Cio divalent and saturated cyclic hydrocarbon group
optionally having 1 to 4 substituent o(s)", (x) a "divalent
and 5- to 7-nmenbered ring heteroarylene group containing 1
to 3 hetero atons selected fromthe group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent vy(s)" and (xi) a
"divalent and 5- to 7-nenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s)";
and a group selected fromthe group consisting of (xiii) a
hydrogen atom (xiv) the alkyl group described in the "GC-
GCs al kyl group”, (xv) the hal ogenoal kyl group described in
the "Ci- G hal ogenoal kyl group”, (xvi) the cycl oal kyl group
described in the "G-Cyo cycloal kyl group”, (xviia) the aryl
group described in the "G-Cwo aryl group optionally having

1 to 5 substituent B(s)", (xviii) the heteroaryl group
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described in the "5- to 7-nenbered ring heteroaryl group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s)", (Xix)
the am no group described in the "group having a formul a of
-N(Ral) (Re2) " | (xx) a hydroxy group, (xxi) a formyl group,
(xxii) a carboxy group, (xxiii) a sulfo group and (xxiv) a
phospho group.

[ 0080]

(G2): Preferably, Gcontained in "(c): -COG' is

a nonovalent group consisting of a divalent group
consisting of O to 6 groups of one or nore kinds selected
from the group consisting of (i) a "GC-Co al kyl ene group”
descri bed above, (ii) a "G-Cwpo al kenyl ene group”, (iii) a
" G- Co al kynyl ene group”, (iv) a "formula of -NRE-", (v) an
"oxygen atonf, (vi) a "carbonyl group”, (viia) a "formula
of -S(On- wherein n represents an integer of 0 or 2",
(viii) a "GCs-Co divalent arylene group optionally having 1
to 4 substituent p(s)", (ix) a "G-Cpo divalent and
saturated cyclic hydrocarbon group optionally having 1 to 4
substituent oa(s)", (x) a "divalent and 5- to 7-nenbered
ring heteroarylene group containing 1 to 3 hetero atons
selected from the group consisting of an oxygen atom a
nitrogen atom and a sulfur atom and optionally having 1 to

2 substituent y(s)" and (xi) a "divalent and 5- to 7-
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menbered ring saturated heterocyclic group containing 1 to
3 hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s)";
and a group selected fromthe group consisting of (xiii) a
hydrogen atom (xiv) the alkyl group described in the "GC-
GCs al kyl group”, (xvi) the cycloal kyl group described in
the "Gs-Cio cycloalkyl group”, (xviia) the aryl group
described in the "GCs-Co aryl group optionally having 1 to 5
substituent pB(s)", (xviii) the heteroaryl group described
inthe "5- to 7-nmenbered ring heteroaryl group containing 1
to 3 hetero atons selected fromthe group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s)", (xix) the am no
group described in the "group having a formula of -
N(Rel) (Re2) " (xx) a hydroxy group, (xxi) a fornyl group,
(xxii) a carboxy group, (xxiii) a sulfo group and (xxiv) a
phospho group.
[ 0081]

(G3): Mre preferably, G contained in "(c): -COG
is a nonoval ent group consisting of a dival ent
group consisting of 0 to 6 groups of one or nore Kkinds
sel ected fromthe group consisting of (i) a "GC-Cio al kyl ene
group” described above, (ii) a "C-Cyo al kenylene group”,

(iv) a "formula of -NR-", (v) an "oxygen atont, (vi) a

58



"carbonyl group”, (viia) a "formula of -S(On wherein n
represents an integer of 0 or 2", (viii) a "G Co dival ent
arylene group optionally having 1 to 4 substituent pB(s)"
and (xi) a "divalent and 5- to 7-nenbered ring saturated
het erocyclic group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s)";
and a group selected fromthe group consisting of (xiii) a
hydrogen atom (xiv) the alkyl group described in the "GC-
Cs al kyl group", (xviia) the aryl group described in the
"Ce-Cio aryl group optionally having 1 to 5 substituent
B(s)", (xviii) the heteroaryl group described in the "5- to
7-menbered ring heteroaryl group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s)", (xix) the am no group described in
the "group having a formula -N(Rel)(Re2)", (xx) a hydroxy
group, (xxi) a fornyl group, (xxii) a carboxy group,
(xxiii) a sulfo group and (xxiv) a phospho group.
[ 0082]

(G4): Further nore preferably, G contained in "(c):
-CO-G' is a nonoval ent group consisting of a dival ent
group consisting of 0 to 6 groups of one or nore Kkinds

sel ected fromthe group consisting of (i) a "GC-Cio al kyl ene
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group” described above, (iv) a "formula of -NR-", (v) an
"oxygen atonmt', (vi) a "carbonyl group”, (viia) a "formula
of -S(On- wherein n represents an integer of 0 or 2" and
(xi) a "divalent and 5- to 7-nenbered ring saturated
het erocyclic group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s)";
and a group selected fromthe group consisting of (xiii) a
hydrogen atom (xiv) the alkyl group described in the "GC-
Cs al kyl group", (xviia) the aryl group described in the
"Ce-Cio aryl group optionally having 1 to 5 substituent
B(s)", (xviii) the heteroaryl group described in the "5- to
7-menbered ring heteroaryl group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s)", (xix) the amno group described in
the "group having a formula of -N(Rl)(Re2)", (xx) a hydroxy
group, (xxi) a fornyl group, (xxii) a carboxy group,
(xxiii) a sulfo group and (xxiv) a phospho group.
[ 0083]

(G5): Further even nore preferably, G contained in
"(c): -COG' is a nonoval ent group consisting of a dival ent
group consisting of 0 to 6 groups of one or nore Kkinds

sel ected fromthe group consisting of (i) a "GC-Cio al kyl ene
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group” described above, (iv) a "formula of -NR-", (vi) a
"carbonyl group", (viia) a "formula of -S(On wherein n
represents an integer of 0 or 2", (xi) a "divalent and 5-
to 7-nmenbered ring saturated heterocyclic group containing
1 to 3 hetero atons selected from the group consisting of
an oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s)";
and a group selected fromthe group consisting of (xiii) a
hydrogen atom (xiv) the al kyl group described in the "GC-
GCs al kyl group”, (xviii) the heteroaryl group described in
the "5- to 7-nenbered ring heteroaryl group containing 1 to
3 hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s)", (xix) the am no
group described in the "group having a formula of -
N(Rel) (Re2) " (xx) a hydroxy group, (xxi) a fornyl group,
(xxii) a carboxy group, (xxiii) a sulfo group and (xxiv) a
phospho group.
[ 0084]

(G6): Mst preferably, G contained in "(c): -COG
is a nonoval ent group consisting of a dival ent
group consisting of 0 to 6 groups of one or nore Kkinds
sel ected fromthe group consisting of (i) a "GC-Cio al kyl ene
group" described above, (iv) a "formula of -NR-", (vi) a

"carbonyl group", (xi) a "divalent and 5- to 7-nenbered
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ring saturated heterocyclic group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s)";

and a group selected fromthe group consisting of (xiii) a
hydrogen atom (xiv) the alkyl group described in the "GC-
GCs al kyl group”, (xix) the amno group described in the
"group having a formula of -N(Rel)(Re2)", (xx) a hydroxy
group, (xxi) a fornyl group, (xxii) a carboxy group,
(xxiii) a sulfo group and (xxiv) a phospho group.

[ 0085]

When the carotenoid derivative (I) of the present
invention has acidic group(s) (for exanple, a carboxy
group, a sulfo group or a phospho group) and/or basic
group(s) (for exanple, an ami no group, a guanidyl group or
a ureido group) in the nolecule, it can be mde to a
phar maceutically acceptable salt by acting an acid and/or
base in accordance with an ordinary nethod. Such salt may
be, for exanple, an alkali netal salt such as a sodium
salt, a potassiumsalt and a lithiumsalt; an alkali earth
nmetal salt such as a calcium salt and a nagnesium salt; a
nmetal salt such as an alumnum salt, an iron salt, a zinc
salt, a copper salt, a nickel salt, a cobalt salt and so
on; an am ne salt such as an ammonium salt, a t-octylam ne

salt, a dibenzylamne salt, a norpholine salt, a
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glucosanm ne salt, a phenyl glycine alkyl ester salt, an
et hyl enediam ne salt, an N et hyl gl ucam ne  salt, a
guani dine salt, a diethylamne salt, a triethylamne salt,
a di cycl ohexyl am ne salt,

an N, N -di benzyl et hyl enediamne salt, a chloroprocaine
salt, a procaine salt, a diethanolanm ne salt, an N benzyl -
N- phenet hyl am ne sal t, a pi per azi ne sal t, a
t et ramet hyl ammoni um  sal t and a tris(hydroxynethyl)-
am nonet hane salt; an amno acid salt such as a |ysine
salt, an ornithine salt and an arginine salt; a halide acid
salt such as a hydrofluoric acid salt, a hydrochloric acid
salt, a hydrobromc acid salt and a hydroiodic acid salt; a
nitric acid salt; a perchloric acid salt; a sulfuric acid
salt; a phosphoric acid salt; a sulfonic acid salt such as
a methanesulfonic acid salt, a trifluoronethanesulfonic
acid salt, an ethanesulfonic acid salt, a benzenesulfonic
acid salt and a p-toluenesulfonic acid salt; a carboxylic
acid salt such as an acetic acid salt, a malic acid salt, a
fumaric acid salt, a succinic acid salt, a citric acid
salt, a tartaric acid salt, an oxalic acid salt and a
mal eic acid salt; or an amno acid salt such as a glutamc
acid salt and an aspartic acid salt, and it is preferably
an alkali netal salt, an alkali earth netal salt, a am ne
salt, a halide acid salt, a nitric acid salt, a sulfuric

acid salt, a phosphoric acid salt, a sulfonic acid salt, a
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carboxylic acid salt or an amno acid salt, and nore
preferably a sodiumsalt, a potassiumsalt, a lithiumsalt,
a calcium salt, a mgnesium salt, an amonium salt, a
nor pholine salt, a glucosam ne salt, a phenyl glycine alkyl
ester salt, an ethylenediamne salt, an N nethylglucam ne
salt, a guanidine salt, a chloroprocaine salt, a procaine
salt, a tetranmethylamonium salt, a Ilysine salt, a
hydrochloric acid salt, a hydrobromc acid salt, a nitric
acid salt, a sulfuric acid salt, a phosphoric acid salt, a
nmet hanesul fonic acid salt, a p-toluenesulfonic acid salt,
an acetic acid salt, a malic acid salt, a fumaric acid
salt, a succinic acid salt, a citric acid salt, a tartaric
acid salt, an oxalic acid salt, a maleic acid salt, an
ornithine acid salt, a glutamc acid salt or an aspartic
acid salt. In addition, when an amno group is present in
the nolecule, it can be nmade to a quaternary anmoni um salt
by al kylation in accordance with an ordinary nethod, and
such quaternary ammonium salt is also included in the
carotenoid derivative (I) of the present invention.

[ 0086]

When the carotenoid derivative (I) of the present
invention has a carboxy group, it can be mde to a
pharmaceutically acceptable ester or amde in accordance
with an ordinary nethod (condensation reaction of an

carboxylic acid with an alcohol or an am ne), by reacting
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the conpound (1) or an active derivative thereof (for
exanple, an acid chloride, a mxed acid anhydride and so
on) with a correspondi ng al cohol (for exanple, Ci-GCs al cohol
and so on), an active derivative thereof (for exanple, a
(5- net hyl - 2- oxo- 1, 3- di oxol en- 4-yl ) net hyl body, a
( pi val oyl oxy) net hyl body, a pht hal i dyl body, an
(1 sopropoxycar bonyl ) oxynet hyl body and so on), ammpnia or a
correspondi ng anm ne (for exanple, a nono- or di-Ci-Gs al kyl
am ne and so on); by reacting an ester body of the conpound
(I') with a corresponding alcohol (for exanple, a G-Gs
al cohol and so on) (ester exchange reaction), or ammonia or
a corresponding anmne (for exanple, a nono- or di-GC-Gs
al kyl am ne and so on) (amidation reaction); or by reacting
an al kal i nmet al salt of the ~compound (I) wth a
corresponding halide body (for exanple, C- G  al kyl
chl ori de or brom de, (5- nmet hyl - 2- oxo- 1, 3- di oxol en- 4-
yl )methyl chloride or brom de, (pival oyl oxy)nethyl chloride
or brom de, pht hal i dyl chl ori de or brom de,
[ (i sopropoxycar bonyl)oxy]nethyl chloride or bromde and so
on).
[ 0087]

The ester of the carotenoid conpound of the present
invention may be, for exanple, a Ci-GC alkyl ester such as
nmet hyl ester, ethyl ester, propyl ester, isopropyl ester,

butyl ester, s-butyl ester, t-butyl ester, pentyl ester and
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hexyl ester; a GC:-GCs cycloal kyl ester such as cycl opentyl
ester and cyclohexyl ester; a GCs-Co aryl ester such as
phenyl ester and naphthyl ester; a GCs-Co aryl-GC-GCs al kyl
ester such as benzyl ester, phenethyl ester, a-nethylbenzyl
ester, 3-phenyl propyl ester, 4-phenyl butyl ester, 6-phenyl-
hexyl ester, diphenylnmethyl ester and triphenyl nethyl

ester; or an ester that is hydrolyzed in a |living body such

as (5- et hyl - 2- oxo- 1, 3- di oxol en-4-yl) net hyl ester,
(pi val oyl oxy) net hyl ester, pht hal i dyl ester,
[ (i sopropoxycar bonyl ) oxy] net hyl ester, [ (cycl o-
hexyl oxycar bonyl ) oxy] et hyl ester and 1-[ (cycl o-

hexyl oxycar bonyl ) oxy] et hyl ester.
[ 0088]

Preferably, the ester of the carotenoid conpound of
the present invention is nethyl ester, ethyl ester, propyl
ester, i sopropyl ester, but yl ester, hexyl ester,

cycl opentyl ester, cyclohexyl ester, diphenylnethyl ester,

(5- et hyl - 2- oxo- 1, 3- di oxol en-4-yl) net hyl ester,
(pi val oyl oxy) net hyl ester, pht hal i dyl ester, [(iso-
pr opoxycar bonyl ) oxy] net hyl ester, [ (cycl ohexyl oxy-
car bonyl ) oxy] net hyl ester or 1-[ (cycl ohexyl oxy-

carbonyl ) oxy] et hyl ester.
[ 0089]
More preferably, the ester of the carotenoid conpound

of the present invention is nethyl ester, ethyl ester,
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propyl ester, (5- et hyl - 2- oxo- 1, 3- di oxol en-4-yl) net hyl

ester, (pi val oyl oxy) net hyl ester, pht hal i dyl ester,
[ (i sopropoxycar bonyl ) oxy] nmet hyl ester, [ (cycl ohexyl oxy-
car bonyl ) oxy] et hyl ester or 1-[ (cycl ohexyl oxy-

car bonyl ) oxy] et hyl ester.
[ 0090]

Further nore preferably, the ester of the carotenoid
compound of the present invention is nethyl ester, ethy
ester, (5- et hyl - 2- oxo- 1, 3- di oxol en-4-yl) net hyl ester,
[ (cycl ohexyl oxycar bonyl ) oxy] net hyl ester or 1-[(cycl o-
hexyl oxycar bonyl ) oxy] et hyl ester.

[ 0091]

Most preferably, the ester of the carotenoid conmpound
of the present invention is nethyl ester, ethyl ester, (5-
nmet hyl - 2- oxo- 1, 3- di oxol en-4-yl)nethyl ester or 1-[(cyclo-
hexyl oxycar bonyl ) oxy] et hyl ester.

[ 0092]

The ami de of the carotenoid conpound of the present
invention may be, for exanple, amde (-CONH); a nono-GC-Gs
al kyl am de or mono-Cs- G cycl oal kyl ami de such as N-nethyl
am de, N-ethyl am de, N-propyl am de, N-isopropyl am de, N
butyl amde, N-s-butyl amde, Nt-butyl amde, N pentyl
am de, N-hexyl am de, N-cyclopropyl amde, N cyclopentyl
am de and N-cycl ohexyl amide; or a di-C-G al kyl anmide, N

Ci-GCs al kyl -N-Gs-GCs cycl oal kyl am de or di-GC-GCs cycl oal kyl
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am de such as N, Ndinethyl amde, N Ndiethyl amde, N N
di propyl amde, N, Ndiisopropyl amde, N-nethyl-Nethyl
am de, N-nethyl-Npropyl am de, N nethyl-Nbutyl am de, N
ethyl -N-propyl amide, Nethyl-Nbutyl amde, Nbutyl-N
cycl opentyl amde, N-ethyl-Ncyclopropyl amde and N N
di cycl ohexyl am de.

[ 0093]

Preferably, the am de of the carotenoid conpound of
the present invention is amde (-CONH); N-nethyl amde, N
ethyl amde, N-propyl amde, Nisopropyl amde, N-butyl
am de, N-cycl opentyl am de; N, N-dinethyl am de, N, N-diethyl
amde, N Ndipropyl amde, Nnethyl-Nethyl amde or N
nmet hyl - N- propyl ami de.

[ 0094]

More preferably, the am de of the carotenoid conmpound
of the present invention is amde (-CONH), N-nethyl am de,
N-ethyl amde, N Ndinethyl amde, N Ndiethyl amde, N
nmet hyl - N-et hyl am de or N nethyl - N-propyl am de.

Most preferably, the am de of the carotenoid conpound
of the present invention is amde (-CONH), N-nethyl am de,
N-et hyl am de, N, N-dinmethyl am de or N, N-di et hyl am de.

[ 0095]

A solvate, a solvent absorption substance and a

sol vent surface-attached substance of the conpound (1) of

the present invention are also included in the present

68



i nvention. Such substance can be formed by, for exanple,
| eaving in the atnosphere, or dry and recrystallization
from a solution. Exanples of the solvent include an
organi ¢ solvent such as al cohol, acetone, hexane and so on,
and water.

[ 0096]

In addition, when the conpound (1) of the present
invention exhibits various «crystal forns by crysta
precipitation, recrystallization and so on, such crystal
form and noncrystalline form (anorphous) are also al
included in the present invention. In addition, those
partially containing a polynmer or organi c conpound, usually
used in a nedicine in order to easily forma noncrystalline
formare also included in the present invention.

Further, a conpound that is netabolized in a living
body and converted to the conmpound (1) of the present
invention or a pharnmaceutically acceptable salt thereof,
which is so called prodrug, is also all included in the
present invention.

[ 0097]

Fur t her nor e, the conpound (1) of the present
i nvention has an optical isoner. That is, when the
compound (1) of the present invention has a chiral carbon
atom or a sulfoxide group, a steric isonmer of R

configuration or S configuration is present. In addition
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a geonetric isoner of a cis body or trans body is present
based on a unsaturated double bond. Each of them or a
conmpound conposed of themin any ratio is also included in
the present invention. When an optical isoner and/or
steric isoner of the conpound (1) of the present invention
makes difference to the ligand action in a living body,
they can be arbitrarily selected. Such steric isoner can
be obtained by synthesizing the compound (l) wusing an
optically-resolved raw material conpound or if desired,
optically resolving the synthesized conpound (I) using an
ordi nary optical resolution or isolation.
[ 0098]

Preferred conpounds of the compound (1) of the

present invention are shown bel ow.

X_ _O-R?

R-07 "X ()

[ 0099]

The conmpound (1) of the present invention 1is
preferably (T-1), wherein

(X-1): X is a carbonyl group or a nethylene group,

(R1): at least one of Rt and R? is (a): -CO A-B-D,
(b): -COE-F or (c): -COG and the other is (a), (b), (c)
or a hydrogen atom (and the other is (a): -Z-COA-B-U, (b):

-COE-F, (c): -COGor a hydrogen atom,
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(A-1): Ais a divalent group obtained by conbining 1
to 6 groups of one or nore kinds selected from the group
consisting of (i) a GC-Cwo alkylene group wherein the
al kyl ene group is linear or branched, optionally includes a
cyclic alkylene noiety in the chain and optionally has the
substituent a(s), (ii) a CG-Co al kenyl ene group wherein the
al kenyl ene group is linear or branched and optionally has
the substituent «o(s) described above, (iii) a GC-Cpo
al kynyl ene group wherein the al kynylene group is |inear or
branched and optionally has the substituent oa(s) described
above, (iv) -NR3- wherein R represents (al) a hydrogen
atom (bl) a C-GCs alkyl group, (cl) a GCs-Co aryl group
optionally having 1 to 5 substituent B(s) described above
or (dl) a Gs-Cio aryl-Ci-Cs al kyl group optionally having 1
to 5 substituent pB(s) described above in the aryl noiety,
(v) an oxygen atom (vi) a carbonyl group, (viia) a formula
of -S(On- wherein n represents an integer of 0 or 2,
(viii) a GCs-Cpo divalent arylene group optionally having 1
to 4 substituent p(s) described above, (ix) a GCs-Cupo
di val ent and saturated cyclic hydrocarbon group optionally
having 1 to 4 substituent o(s) described above, (x) a
divalent and 5- to 7-nenbered ring heteroarylene group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur

atom and optionally having 1 to 2 substituent y(s)
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descri bed above and (xi) a divalent and 5- to 7-nenbered
ring saturated heterocyclic group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s) described above,

[ 0100]

(B-1): Bis -S, -S(O-, -S(02, -NHCONH

- N(CHg) CONH-, - NHCON(CHg) -, - N(CHg) CON(CHb) -, - N( C2Hs) CONH-
-N(n-CsHy) CONH-, - N(i-CsHy) CONH-, - N(n- CaHo) CONH-, - N(n-
CsHi3) CONH-, - N( n- C4Hg) CON( CH) -, - N( Ph) CONH-, - NHCON( 4-
Chl or ophenyl ) -, - NHCON( CH:Phenyl ) -, - N(i - GHr7) CON( 4-

Met hoxyphenyl ) -, -N(4-Chl or ophenyl ) CON( 4- Met hoxyphenyl ) - or
a group selected fromthe groups described bel ow

[0101]

O
O
S AN s

[ 0102]

(D-1): Dis a nonoval ent group obtained by conbining
a divalent group consisting of 10 to 6 groups of one or
nore kinds selected fromthe group consisting of (i) a G-
Ciwo al kyl ene group wherein the al kylene group is linear or
branched, optionally includes a cyclic alkylene noiety in

the chain and optionally has the substituent o(s), (ii) a

G- Cio al kenyl ene group wherein the alkenylene group is
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| i near or branched and optionally has the substituent a(s),
(1i1) a G-Cyo al kynyl ene group wherein the al kynyl ene group
is linear or branched and optionally has the substituent
a(s), (iv) a group having a formula of -N(Re3)- wherein Re3
represents (al) a hydrogen atom (bl) a C-Gs al kyl group,
(cl) a GC-Co aryl group optionally having 1 to 5
substituent p(s) or (dl) a GC-Cio aryl-G-GCs al kyl group
optionally having 1 to 5 substituent B(s) in the aryl
noi ety, (v) an oxygen atom (vi) a carbonyl group, (viib) a
formula of -S(On- wherein n represents an integer of 0 to
2, (viii) a Gs-Co divalent arylene group optionally having
1 to 4 substituent B(s), (ix) a GC-Co divalent and
saturated cyclic hydrocarbon group optionally having 1 to 4
substituent a(s) , (x) a divalent and 5- to 7-nmenbered ring
het er oaryl ene group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s), and (xi) a divalent and 5- to 7-nenbered
saturated heterocyclic group containing 1 to 3 hetero atons
selected from the group consisting of an oxygen atom a
nitrogen atom and a sul fur atom and optionally having 1 to
2 substituent y(s) ,

with a nonoval ent group selected from the group consisting
of (xiii) a hydrogen atom (xiv) a GC-G alkyl group

wherein the alkyl group 1is linear or branched and
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optionally has the substituent «a(s), (xv) a G-Gs
hal ogenoal kyl group wherein the alkyl group is linear or
branched and optionally has the substituent a(s), (xvi) a
G- Cio cycloal kyl group, (xviia) a GCs-Cio aryl group
optionally having 1 to 5 substituent B(s), (xviii) a 5- to
7-menbered ring heteroaryl group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s), (xix) a group having a fornmula of -
N( Rel) (Ra2) wherein Rel represents (al) a hydrogen atom (bl)
a C-GC alkyl group, (cl) a GCs-Co aryl group optionally
having 1 to 5 substituent B(s) or (dl) a GCs-Cwo aryl-C-GCs
al kyl group optionally having 1 to 5 substituent B(s) in
the aryl npbiety and Re2 represents a hydrogen atom or a G-
GCs al kyl group, (xx) a hydroxy group, (xxi) a formyl group,
(xxii) a carboxy group, (xxiii) a sulfo group and (xxiv) a
phospho group; and

D may form together with -NR- in B, a heterocyclic ring
contai ning a nitrogen atom

[ 0103]

(E-1): Eis a divalent group obtained by conbining 1
to 6 groups of one or nore kinds selected from the group
consisting of (i) a GC-Cwo alkylene group wherein the
al kyl ene group is a linear or branched, optionally includes

cyclic alkylene noiety and optionally has the substituent
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a(s), (ii) a G&-Cio al kenyl ene group wherein the al kenyl ene
group is linear or branched and optionally has the
substituent a(s), (iii) a C-Cwo alkynylene group wherein
the al kynylene group is linear or branched and optionally
has the substituent a(s), (iv) -NR3- wherein R represents
(al) a hydrogen atom (bl) a C-GCs alkyl group, (cl) a GCe-
Cio aryl group optionally having 1 to 5 substituent B(s) or
(dl) a GCs-Cio aryl-C-Gs al kyl group optionally having 1 to
5 substituent B(s) in the aryl noiety, (v) an oxygen atom
(vi) a carbonyl group, (viia) a formula of -S(On wherein
n represents an integer of 0 or 2, (viii) a Gs- Cio dival ent
and arylene group optionally having 1 to 4 substituent
B(s), (ix) a GCs-Cpo divalent and saturated ring hydrocarbon
group optionally having 1 to 4 substituent oa(s), (x) a
divalent and 5- to 7-nenbered ring heteroarylene group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s) and (xi)
a divalent and 5- to 7-nenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s),
Fis (xxiii) a sulfo group, and
[0104]

(G1): Gis a nonoval ent group obtained by conbining
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a dival ent group obtained by combining O to 6 groups of one
or nore kinds selected from the group consisting of (i) a
Ci- Cio al kyl ene group wherein the alkylene group is |inear
or branched, optionally includes a cyclic al kylene noiety
in the chain, and optionally has the substituent a(s), (ii)
a CG-Cpo al kenyl ene group, wherein the al kenylene group is
I i near or branched and optionally has the substituent o(s),
(iii) a C-Cwo al kynyl ene group wherein the al kynyl ene group
is linear or branched and optionally has the substituent
a(s), (iv) a group having a fornmula of -N(Re)- wherein Res
represents (al) a hydrogen atom (bl) a C-G al kyl group,
(cl) a GCs-Cyo aryl group optionally having 1 to 5
substituent p(s) or (dl) a GCs-Cwo aryl-CG-GCs al kyl group
optionally having 1 to 5 substituent p(s) in the aryl
noiety, (v) an oxygen atom (vi) a carbonyl group, (viia) a
group having of a formula -S(On- wherein n represents an
integer of 0 or 2, (viii) a Gs-Cio divalent arylene group
optionally having 1 to 4 substituent pB(s), (ix) a G-Cio
di val ent and saturated cyclic hydrocarbon group optionally
having 1 to 4 substituent o(s), (x) a divalent and 5- to
7-menbered ring heteroarylene group containing 1 to 3
hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s) and (xi) a

divalent and 5- to 7-nenbered ring saturated heterocyclic
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group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s),
with a nonoval ent group selected from the group consisting
of (xiii) a hydrogen atom (xiv) a GC-G alkyl group
wherein the alkyl group 1is linear or branched and
optionally has the substituent «of(s), (xv) a G-G
hal ogenoal kyl group wherein the alkyl group is linear or
branched and optionally has the substituent a(s), (xvi) a
Cs-Cio cycloal kyl group, (xviia) a GCs-Cio aryl group
optionally having 1 to 5 substituent B(s), (xviii) a 5- to
7-menbered ring heteroaryl group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s), (xix) a group having a

formula -N(Rel) (Re2) wherein Rel represents (al) a hydrogen
atom (bl) a C-G alkyl group, (cl) a GCs-Co aryl group
optionally having 1 to 5 substituent B(s) or (dl) a G- Cio
aryl -Ci-Gs al kyl group optionally having 1 to 5 substituent
B(s) in the aryl noiety and Ré2 represents a hydrogen atom
or a GC-G alkyl group, (xx) a hydroxy group, (xxi) a
fornyl group, (xxii) a carboxy group, (xxiii) a sulfo group
and (xxiv) a phospho group.

[ 0105]

More preferably, the conpound (I) of the present
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invention is (T-2), wherein

(X-2): X is a carbonyl group,

(R-1): at least one of Rt and R2 is (a): -CO A-B-D or
(b): -COE-F, and the other is (a): -COA-B-D, (b): -COE-
F, (c): -CO G or a hydrogen atom

(A-2): Ais a divalent group obtained by conbining 1
to 6 groups of one or nore kinds selected from the group
consisting of (i) a "GC-Cwo alkylene group wherein the
al kyl ene group is linear or branched, optionally includes a
cyclic alkylene noiety in the chain and optionally has the
substituent a(s)", (ii) a "C-Co al kenylene group wherein
the al kenylene group is linear or branched and optionally
has the substituent o(s) described above", (iv) "-NR3-
wherein R represents (al) a hydrogen atom (bl) a GC-Gs
al kyl group, (cl) a Gs-Cio aryl group optionally having 1 to
5 substituent B(s) described above or (dl) a GCs-Cio aryl - G-
Cs al kyl group optionally having 1 to 5 substituent B(s)
descri bed above in the aryl moiety”, (v) an "oxygen atoni,
(vi) a "carbonyl group", (viia) a "formula of -S(O)n-
wherein n represents an integer of 0 or 2", (viii) a "Gs Cio
di val ent aryl ene group optionally having 1 to 4 substituent
B(s) described above", (x) a "divalent and 5- to 7-nenbered
ring heteroarylene group containing 1 to 3 hetero atons
selected from the group consisting of an oxygen atom a

nitrogen atom and a sulfur atom and optionally having 1 to

78



2 substituent vy(s) described above" and (xi) a "divalent
and 5- to 7-nmenbered ring saturated heterocyclic group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s)
descri bed above",

[ 0106]

(B-1): Bis -S, -S(O-, -S(02, -NHCONH

- N( CHs) CONH-, - NHOON( CHg) -, - N( CHg) CON( CHg) -, - N( CoHs) CONH-
-N(n- GsHy) CONH-, - N(i - CaHy) CONH-, - N(n- CaHo) CONH-, - N(n-
Cothiz) CONH-, - N(n- C4Ho) CON(CHs) -, - N(Ph) CONH-, - NHCON( 4-
Chl or ophenyl ) -, - NHCON( CH:Pheny! ) -, - N(i - CsHy) CON( 4-

Met hoxyphenyl ) -, -N(4-Chl or ophenyl ) CON( 4- Met hoxyphenyl ) - or
the group descri bed bel ow

[ 0107]

O
O
A e e
S A NG

[0108]

(D-2): D is a nonoval ent group obtained by conbining
a divalent group consisting of 10 to 6 groups of one or
nore kinds selected fromthe group consisting of (i) a G-
Cio al kyl ene group wherein the al kylene group is linear or
branched, optionally includes a cyclic alkylene noiety in

the chain and optionally has the substituent o(s), (ii) a
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G- Cio al kenyl ene group wherein the alkenylene group is
| i near or branched and optionally has the substituent o(s),
(iv) a group having a formula of -NRe)- wherein Re3
represents (al) a hydrogen atom (bl) a C-G al kyl group,
(cl) a GCs-Cyo aryl group optionally having 1 to 5
substituent p(s) or (dl) a GCs-Cwo aryl-CG-GCs al kyl group
optionally having 1 to 5 substituent p(s) in the aryl
noiety, (v) an oxygen atom (vi) a carbonyl group, (viib) a
group having a formula of -S(On wherein n represents an
integer of 0 to 2, (viii) a Gs-Cio divalent arylene group
optionally having 1 to 4 substituent B(s), (x) a divalent
and 5- to 7-nmenbered ring heteroarylene group containing 1
to 3 hetero atons selected fromthe group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent vy(s) and (xi) a
divalent and 5- to 7-nenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s),

with a group selected fromthe group consisting of (xiii) a
hydrogen atom (xiv) the al kyl group described in the "GC-
GCs al kyl group”, (xviii) the heteroaryl group described in
the "5- to 7-nenbered ring heteroaryl group containing 1 to
3 hetero atons selected from the group consisting of an

oxygen atom a nitrogen atom and a sulfur atom and
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optionally having 1 to 2 substituent y(s)", (xix) the am no
group described in the "group having

a fornmula of -N(Rl)(Re2)", (xx) a hydroxy group, provided
that when the present hydroxy group binds to a carbon atom
the carbon atomis not a unsaturated carbon atom (xxi) a
formyl group, (xxii) a carboxy group, (xxiii) a sulfo group
and (xxiv) a phospho group(at the termnal of the divalent
group shown in the above-nentioned -A(A-2)-B(B-1)-),

[0109]

(E-2): Eis a divalent group obtained by conbining 1
to 6 groups of one or nore kinds selected from the group
consisting of (i) a "C-GCo alkylene group wherein the
al kyl ene group is linear or branched, optionally includes a
cyclic alkylene noiety in the chain and optionally has the
substituent a(s)", (ii) a "C-Cwo al kenylene group wherein
the al kenylene group is linear or branched and optionally
has the substituent oa(s) described above", (iv) "-NRe-
wherein R® represents (al) a hydrogen atom (bl) a GC-Gs
al kyl group, (cl) a Gs-Cio aryl group optionally having 1 to
5 substituent B(s) or (dl) a G-Co aryl-C-GC al kyl group
optionally having 1 to 5 substituent p(s) described above
in the aryl noiety", (v) an "oxygen atont, (vi) a "carbonyl
group”, (viia) a "forrmula of -S(On wherein n represents
an integer of 0 or 2", (viii) a "Gs-Cio divalent arylene

group optionally having 1 to 4 substituent p(s) described
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above", (x) a "divalent and 5- to 7-nenbered ring
het er oaryl ene group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s) described above" and (xi) a "divalent and
5- to 7-nmenbered ring saturated heterocyclic group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s)
descri bed above",

Fis (xxiii) a sulfo group, and
[0110]

(G2): Gis a nonoval ent group obtained by conbining
a divalent group consisting of 0 to 6 groups of one or nore
ki nds selected from the group consisting of (i) a "GCi-Cio
al kyl ene group", (ii) a "CG-Co alkenylene group”, (iv) a
"formula of -NR8-" (v) an "oxygen atonf, (vi) a "carbonyl
group”, (viia) a "formula of -S(On" (viii) a "G-Cio
di val ent aryl ene group optionally having 1 to 4 substituent
B(s)" and (xi) a "divalent and 5- to 7-nmenbered ring
saturated heterocyclic group containing 1 to 3 hetero atons
selected from the group consisting of an oxygen atom a
nitrogen atom and a sul fur atom and optionally having 1 to
2 substituent y(s)", wth (xiii) a hydrogen atom (xiv) the

al kyl group described in the "C-GCs al kyl group", (xviia)
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the aryl group described in the "GCs-Cyo aryl group
optionally having 1 to 5 substituent B(s) described above",
(xviii) the heteroaryl group described in the "5- to 7-
menbered ring heteroaryl group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s) described above", (xix) the am no
group described in the "group having a fornula of

-N(Rel) (Re2) ", (xx) a hydroxy group, (xxi) a fornyl group,
(xxii) a carboxy group, (xxiii) a sulfo group and (xxiv) a
phospho group.

[0111]

Further nore preferably, the conpound (1) of the
present inventionis (T-3), wherein

(X-2): X is a carbonyl group,

(R-2): at least one of Rl and R?2 is (a): -CO A-B-D
or (b): -COEF, and the other is (a): -COA-B-D, (b): -CO
E-F or a hydrogen atom

(A-3); Ais a divalent group obtained by conbining 1
to 6 groups of one or nore kinds selected from the group
consisting of (i) a "C-GCo alkylene group wherein the
al kyl ene group is linear or branched, optionally includes a
cyclic alkylene noiety in the chain and optionally has the
substituent o(s)", (ii) a "G-Cyo al kenyl ene group wherein

the al kenylene group is linear or branched and optionally
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has the substituent o(s) described above", (iv) "-NR3-
wherein R® represents (al) a hydrogen atom (bl) a GC-Gs
al kyl group, (cl) a Gs-Cio aryl group optionally having 1 to
5 substituent B(s) described above or (dl) a GCs-Cio aryl - G-
Cs al kyl group optionally having 1 to 5 substituent B(s)
descri bed above in the aryl moiety”, (v) an "oxygen atoni,
(vi) a "carbonyl group", (viia) a "formula of -S(O)n-
wherein n represents an integer of 0 or 2" and (xi) a
"divalent and 5- to 7-nenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s)
descri bed above",
(B-2): Bis -S, -S(O-, -S(O2-, -NHCONH,

- N(CHg) CONH-, - NHCON( CHg) -, - N(CHg) CON(CHg) -, - N( CG2Hs) CONH-,
- N( n- GsHr) CONH-, - N(i - GsHr) CONH-, - N( n- CaHo) CONH-, -N(n-
CsHiz) CONH-,  -N(n-CiH) CON(CHs)- or the group described
bel ow

[0112]

N~ N

_N\_/N_or v

[ 0113]

[N

(D-3): D is a nonoval ent group obtained by conbining

a divalent group consisting of O to 6 groups of one or nore
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ki nds selected from the group consisting of (i) a GC-Cio
al kyl ene group wherein the alkylene group is linear or
branched, optionally includes a cyclic alkylene noiety in
the chain and optionally has the substituent o(s), (ii) a
G- Cio al kenylene group wherein the alkenylene group is
| i near or branched and optionally has the substituent a(s),
(iv) a group having a formula of -NRe)- wherein Res
represents (al) a hydrogen atom (bl) a C-G al kyl group,
(cl) a GCs-Cyo aryl group optionally having 1 to 5
substituent p(s) or (dl) a GC-Cio aryl-G-GCs alkyl group
optionally having 1 to 5 substituent B(s) in the aryl
noi ety, (v) an oxygen atom (vi) a carbonyl group, (viib) a
group having a formula of -S(On wherein n represents an
integer of 0 to 2 and (xi) a divalent and 5- to 7-nenbered
ring saturated heterocyclic group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s),

with a group selected fromthe group consisting of (xiii) a
hydrogen atom (xiv) the alkyl group described in the "GC-
GCs al kyl group”, (xviii) the heteroaryl group described in
the "5- to 7-nenbered ring heteroaryl group containing 1 to
3 hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and

optionally having 1 to 2 substituent y(s)", (xix) the am no
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group described in the "group having a formula of -
N(Rel) (Re2) ", (xx) a hydroxy group, provided that when the
present hydroxy group binds to a carbon atom the carbon
atom is not a unsaturated carbon atom (xxii) a carboxy
group, (xxiii) a sulfo group and (xxiv) a phospho group (at
the termnal of the divalent group constituted simlarly to
t he above-nentioned A(A-3) and B(B-2)),

(E-3); E is a divalent group obtained by conbining 1
to 6 groups of one or nore kinds selected from the group
consisting of (i) a "C-Cwo alkylene group wherein the
al kyl ene group is linear or branched, optionally includes a
cyclic alkylene noiety in the chain and optionally has the
substituent a(s)", (ii) a "C-Co al kenylene group wherein
the al kenylene group is linear or branched and optionally
has the substituent o(s) described above", (iv) "-NR3-
wherein R® represents (al) a hydrogen atom (bl) a GC-Gs
al kyl group, (cl) a GCs-Cio aryl group optionally having 1 to
5 substituent B(s) described above or (dl) a Gs-Cio aryl - G-
Cs al kyl group optionally having 1 to 5 substituent B(s)
descri bed above in the aryl moiety”, (v) an "oxygen atoni,
(vi) a "carbonyl group", (viia) a "formula of -S(O)n-
wherein n represents an integer of 0 or 2" and (xi) a
"divalent and 5- to 7-nenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the

group consisting of an oxygen atom a nitrogen atom and a
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sul fur atom and optionally having 1 to 2 substituent y(s)
descri bed above ", and

Fis (xxiii) a sulfo group.
[0114]

Furt her even nore preferably, the conpound (1) of the
present invention is (T-4), wherein

(X-2): X is a carbonyl group,

(R-3): Rland R2 are the sane or different and each is
(a): -COA-B-Dor (b): -COEF, (A4): A is a divalent
group obtained by conmbining 1 to 6 groups of one or nore
ki nds selected from the group consisting of (i) a "GCi-Cio
al kyl ene group wherein the alkylene group is |linear or
branched, optionally includes a cyclic alkylene noiety in
the chain and optionally has the substituent a(s)", (iv) "-
NR3- wherein R3 represents (al) a hydrogen atom (bl) a G-
GCs al kyl group, (cl) a Gs-Co aryl group optionally having 1
to 5 substituent B(s) described above or (dl) a GCs-Cio aryl -
Ci-GCs al kyl group optionally having 1 to 5 substituent [B(s)
descri bed above in the aryl moiety", (v) an "oxygen atoni,
(vi) a "carbonyl group”, (viia) a "formula of -S(O)n-
wherein n represents an integer of 0 or 2" and (xi) a
"divalent and 5- to 7-nenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a

sul fur atom and optionally having 1 to 2 substituent y(s)
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descri bed above",

(B-3): Bis -S, -S(O-, -S(O2-, -NHCONH,
- N(CHs) CONH-, - NHCON( CHg) -, - N( CoHs) CONH-, - N( n- GzH7) CONH-  or
- N(i - GsHr) CONH-,
[0115]

(D-4): D is a nonoval ent group obtained by conbining
a divalent group consisting of 0 to 6 groups of one or nore
ki nds selected from the group consisting of (i) a GC-Cio
al kyl ene group wherein the alkylene group is linear or
branched, optionally includes a cyclic alkylene noiety in
the chain and optionally has the substituent o(s), (iv) a
group having a formula of -N(Re)- wherein R represents
(al) a hydrogen atom (bl) a C-GCs alkyl group, (cl) a GCs-
Cio aryl group optionally having 1 to 5 substituent B(s) or
(dl) a GCs-Cio aryl-C-Gs al kyl group optionally having 1 to
5 substituent B(s) in the aryl nobiety, (v) an oxygen atom
(vi) a carbonyl group, (viib) a group having a forrmula of -
S(On- wherein n represents an integer of 0 to 2 and (xi) a
divalent and 5- to 7-nmenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s),
with a group selected fromthe group consisting of (xiii) a
hydrogen atom (xviii) the heteroaryl group described in

the "5- to 7-nenbered ring heteroaryl group containing 1 to

88



3 hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s)", (xix) the am no
group described in the "group having a formula of -
N(Rel) (Re2)" | (xx) a hydroxy group, provided that when the
present hydroxy group binds to a carbon atom the carbon
atom is not an unsaturated carbon atom (xxii) a carboxy
group, (xxiii) a sulfo group and (xxiv) a phospho group(at
the termnal of the divalent group shown in the above-
nmentioned -A(A-4)-B(B-3)-), and

Fis (xxiii) a sulfo group
[0116]

Most preferably, the conpound (I) of the present
invention is (T-5), wherein

(X-2): X is a carbonyl group,

(R-4): Rand R2 are the same and each is (a): -CO A-
B-D or (b): -CO E-F,

(A-5): Ais a divalent group obtained by conbining 1
to 6 groups of one or nore kinds selected from the group
consisting of (i) a "GC-Cwo alkylene group wherein the
al kyl ene group is linear or branched, optionally includes a
cyclic alkylene noiety in the chain and optionally has the
substituent a(s)", (iv) "-NR- wherein R represents (al) a
hydrogen atom (bl) a C-GCs al kyl group, (cl) a Gs-Cio aryl

group optionally having 1 to 5 substituent p(s) described

89



above or (dl) a GCs-Cyo aryl-C-GCs alkyl group optionally
having 1 to 5 substituent B(s) described above in the aryl
noiety", (vi) a "carbonyl group”, (viia) a "fornmula of -
S(On- wherein n represents an integer of 0 or 2" and (xi)
a "dival ent and  5- to 7-nenbered ring saturated
het erocyclic group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s) described above",
[0117]

(B-4): Bis -S, -S(O-, -S(0 2, -NHCONH,
- N( CHz) CONH-, - NHCON( CHg) - or - N( CoHs) CONH-,

(D-5): D is a nonoval ent group obtained by conbining
a divalent group consisting of 1 to 6 groups of one or nore
ki nds selected from the group consisting of (i) a GC-Cio
al kyl ene group wherein the alkylene group is |linear or
branched, optionally includes a cyclic alkylene noiety in
the chain and optionally has the substituent o(s), (iv) a
group having a formula of -N(Re)- wherein R represents
(al) a hydrogen atom (bl) a C-GCs alkyl group, (cl) a GCe-
Cwo aryl group optionally having 1 to 5 substituent p(s)
descri bed above or (dl) a GCs-Cwo aryl-C-GC alkyl group
optionally having 1 to 5 substituent p(s) described above
in the aryl noiety, (vi) a carbonyl group, (viib) a group

having a formula of -S(On- wherein n represents an integer
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of 0 to 2 and (xi) a divalent and 5- to 7-nmenbered ring
saturated heterocyclic group containing 1 to 3 hetero atons
selected from the group consisting of an oxygen atom a
nitrogen atom and a sulfur atom and optionally having 1 to
2 substituent y(s) described above,

with a group selected from (xiii) a hydrogen atom (XiX)
the am no group described in the "group having a formul a of
-N(Rel) (Re2) " | (xx) a hydroxy group, provided that

when the present hydroxy group binds to a carbon atom the
carbon atom is not an unsaturated carbon atom (xxii) a
carboxy group, (xxiii) a sulfo group and (xxiv) a phospho
group (at the termnal of the divalent group shown in the
above-nentioned -A(A-5)-B(B-4)-),

(E-5): Eis a divalent group obtained by conbining 1
to 6 groups of one or nore kinds selected from the group
consisting of (i) a "GC-Cwo alkylene group wherein the
al kyl ene group is linear or branched, optionally includes a
cyclic alkylene noiety in the chain and optionally has the
substituent o(s)", (iv) "-NR:- wherein RS represents (al) a
hydrogen atom (bl) a G-GCs al kyl group, (cl) a Gs-Co aryl
group optionally having 1 to 5 substituent B(s) described
above or (dl) a GCs-Cio aryl-GC-GCs alkyl group optionally
having 1 to 5 substituent B(s) described above in the aryl
noi ety", (vi) a "carbonyl group” and (xi) a "divalent and

5- to 7-nmenbered ring saturated heterocyclic group
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containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent ¢y"(s)
descri bed above, and

Fis (xxiii) a sulfo group.
[0118]

Preferabl e specific conpounds are shown in follow ng
(A to (O.

(A) Compound of the fornula described bel ow wherein
the Rt and R2 are shown in Tables 1 to 30.
[0119]

0-R?
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%HN ~HOHO -S -%HOOO - %HN ~HOHO -S -%HOOO - ST -T

OHO -HO -S -4H000 - OHO -HD -S -4H000 - YT -T
SO AHOHNOD -2HD -S -HOHOHNODHDHIOO - SO AHOHNOD -2HD -S -HOHOHNODHDHIOD - €T -T
HOOD -HO -S -3HOHO=HOHD -S -2HO0O - HOOD -HO -S -3HOHO=HOHD -S -%HO0O - 21T
HOOD -HO -S -HOHOHNHOOO - HOOD -HO -S -HOHOHNHOOO - 1T1-T
HOOD -HO -S -3HDHIOHIOO - HOOD -HO -S -3HDHIOHIOO - 0T -T
HOOO -%HO -S - (HOOD )HOOO - HOOO -%HO -S - (HOOD )HOOO - 6-T
HOOD -%HO -S -4HO (3HN HOOO - HOOD -4HO -S -4HO (3HN HOOO - g-T
HOOO - (BHO HO -S - ((BHO HOOO - HOOO - (8HO HO -S - (8HO HOOO - L-T
HOOD -HO -S -2HDHOHOOD - HOOD -HO -S -2HDHOHOOD - 9-T
HOOD -HOHD -S -HOHOOD - HOOD -HOHD -S -HOHOOD - G-T
HOOO -HO -S -HOHI0O - HOOD -HO -S -HOHI0O - v-T
HOOO -HO -2 (0 )S -HO00 - HOOO -HO -2 (0 )S -HO00 - €-1
HOOO -HO - (0 )S -%HO0O - HOOO -%HO - (0 )S -HO0O - Z-T
HOOD -HO -S -2H000 - HOOD -HO -S -2H000 - T-T
"ON
R ™ punoduo)
pa 141 |dusx3
[T ®IqeL]

[02T0]
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H HOOD -HO -S -GHOHO=HOHD -S -2HO0D - Z€-T
H HOOD -FHOHD -S -FHOHNZHIOO - 1¢-T
H HOOO -HO -S -4HOHIOHIOO - 0€-T
H HOOD -%HO -S - (HOOOD )HOOO - 62 -T
H HOOO -2HO -S -%HO (HN )HO0D - 8z -T
H HOOO - (|8HD HO -S - (84O HOOD - 12-T
H HOOO -HO -S -HOHOHIOD - 9z -T
H HOOO -HOHD -S -HOHIOD - GZ-T
H HOOD -4HO -S -2HDHIOO - vZ-T
H HOOO -2HO -2 (0 )S -HOOO - €Z-T
H HOOO -HO - (0 )S -HOOO - 221
H HOOD -HD -S -2HO0D - 12-T

ng-} ng-}

- o s | 02

ng-} ° ng-} °

DS 0
HOOO fo\@\%: o~
S-0%H

ZHo-S 0
HOOD fo\@\o/f - 6T -T
S-O%H

HO0D-O%H
NI,Ol_._l

HO0D-O%H
NI,Ol_._l

HOOO-O%H
oIA vlw 0o
eHoL—

HOO0-%H
OIA vlw 0 LT-T
eHoL—

HO02-2°%H
O
NI,O|=|

HO0D-O%H
s— /)—=S 9 -
oo 9T -1

[z ®IqelL]

[T2T0]
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HOOOHOHIOD - HOOO -FHOHD -S -GHOHNHIOD - 61 -1
HOHOO0D -HO -S -4HD (HN )HOOO - HOHI00D -AHD -S -3HD (HN )HO0O - 8v -1
UdaHO00 - HOOO - (84O HO -S - (8HO HOOO - L -1
HOOOHOHOOD - HOOO -4HD -S -HOHOHIOD - oY -1
HNZHOOD - HOOD -4HOHD -S -HOHIOD - St -1
NG - 1Z00HNHO0D - HOOO -4HD -S -HOHDOD - vy -1
SHOOOHNHO0O - HOOD -HO -¢ (0 )S -HO00 €V -T
HOOOHOHOOD - HOOO -4H0D - (0 )S -3H00D v -1
HOOO - HOOO -4HD -S -HO0D T -1
ng-}

H Io@ IIIII 0 oY -T

ng-) ©

°HD-S o%|
H 00 %HO O%H -T
.AMHUV| Ny 6¢

oooooo \ ZH o
S (6] -
H 29 8¢ -1

HO0D-O%H o
H 0 S LE-T

Ho—L— €

ooooooooo o
H moLr. 9¢ -1
ZHN - (HOOD HOHHO -S -4HO0O - ZHN - (HOOD HOHHO -S -4HO0O - Ge -T
H OHO -4HD -S -HOOO - vE -1
H HOHOHNOD -2HO -S -FHDHOHNODHOHIOD - £€¢-T

[c @ gel ]

[zzT0]
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Ngo00D - (Ud - 1 )HO HNOOHN -HO0D - Ngo00 - (Ud - 1 )HO HNOOHN -HO0D - 99 -7
HOOD - (8HD )HO HNODHN -3HO00 - HOOD - (BHD )HO HNODHN -3HO00 - G9-T
NEG000 - (8HD JHO -HNOOHN -4HO00 - NEG000 - (8HD JHO -HNOOHN -4HO00 - 9 -T
HOOD -4HD HNOOHN -H000 - HOOD -4HD HNOOHN -4H000 - €9-T
NG00D -4HD -HNODHN -4HO0D - NG00D -4HD -HNODHN -4HO0D - 29-T
HOHNOOHN -2HO00 - HOHNOOHN -3HO000 - 19-T
ZHNHNOOHN -3HOO0 - ZHNHNOOHN -3HO00 - 09-T
| AX8H -9 -4HOHNOOHN -HI00 - | AX8H -9 -4HOHNOOHN -HI00 - 6G -1
HOHD HOHNOOHN -FHDOHOHOOD - HOHD FHOHNOOHN -FHDHOHOOD - 8G-T
ZHNODHN -HOHOHIOO - ZHNODHN -HOHOHIOO - .G -T
SHOHNOOHN -3HO00 - SHOHNOOHN -3HO00 - 9G-T
ZHNOOHN -HOHOOO - ZHNOOHN -HOHOOD GG -T
ZHNOOHN -2H000 - ZHNOOHN -HO00 ¥G -1
ng-}
HN -HOOO - Io@ IIIII S €G-T
ng-} o
ng-}
IOlwwva. IIIII . Io.WwHVT. IIIII o 25T
(0] (0]
ng-}
ng-}
HOOOHOHHOOD - Io|WHUY. IIIII S T16-T
ng-}
NNNNN o
- HOOJ 2HD oH G-T
HOOOHOHO0D |AHUY.mw% 0
[y @ gel ]

[c2T0]
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HOOO - (BHNODHO JHO -HNOOHN -4HO00D - HOOO - (AHNODHO JHO -HNOOHN -2HO00 - 08-T
ZHNOD - (BHNODIHO JHO -HNODHN -2HO0D - ZHNOD - (BHNODIHO JHO -HNOOHN -2HO0D - 6.-T
HOOO - ( 1Ay 1au |AuaydAxo 1pAy HOOO - ( 1Ay 1au |AuaydAxo 1pAy i
- JHO HNOOHN ~2HO00 - - JHO HNOOHN -2HO00 - 8L-1
gHO000 - ( 1Ay 1au [AusydAxo JpAy gHO000 - ( 1Ay 1au [AusydAxo JpAy i
- JHO -HNOOHN -3H000 - - JHO -HNOOHN -3H000 - LLT
HOOO - (UdZHO JHO HNOOHN -2HOOO - HOOO - (UdZHO JHO -HNOOHN -4HO00 - 9/ -1
8HOOOO - (UdZHO JHO -HNOOHN -4HO00O - 8HOOOO - (UdZHO JHO -HNOOHN -4HO00O - G.-T
HOOO - (8HO -S -4HOHO JHO HNOOHN -4HO0O - HOOO - (8HO -S -4HOHO JHO HNOOHN -4HO00 - v/, -T
NE000 - (BHO -S -3HOZHO )HO -HNOOHN -4HO00 - NE000 - (BHO -S -3HOZHO )HO -HNOOHN -4HO00 - €L-T
13000 - (8HO -S -2HOHD HO HNOOHN -HO0D - 13000 - (8HO -S -%HOHO )HO HNOOHN -HO0D - ZL-T
HOOO - (Ng - 1 )HO -HNOOHN -%HO00 - HOOO - (Ng - 1 )HO -HNOOHN -%HO00 - T.-T
Ngo00 - (Ng - 1 )HO HNOOHN -HO0D - Ngo00 - (Ng - 1 )HO HNOOHN -HO00 - 0L-T
HOOO - (g -S )HO HNOOHN -4H000 - HOOO - (Ng -S )HO HNOOHN -4H000 - 69 -T
HOHOOOD - (Ng -S )HO HNODHN -HOOO - HOHOOOD - (Ng -S )HO HNODHN -HOOO - 89 -T
HOOO - (Ud - 1 )HO HNOOHN -4HO00 - HOOO - (Ud - 1 )HO -HNOOHN -4HO00 - 19-T

[S @ Iqel]

[¥2T0 ]
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NE000 - (1NFO0DFHDIAHD JHD HNODHN -4HO0D - NE000 - (1NFO0DFHDIAHD HD HNODHN -4HO0D - €6 -T

HOOO - (HOOOHO JHO -HNOOHN -2HO0O - HOOO - (HOOOHO )HO -HNOOHN -2HO00 - 26 -1
G000 - (,NFO0DHD JHO HNOOHN -HOOO - 1Ng000 - (,NF00DHD JHO HNOOHN -HOOO - 16-T
HOOD HOOD .
- [3HN (HN=0 HNAHOAHOHO HO HNOOHN -HO00 - | - [3HN (HN=0 JHNZHOAHOAHO JHO HNOOHN -3H000 - 06 -T
HOOO - (AHN JHOHOHOHOHO HNOOHN -HOOO - HOOO - (AHN JHOHOHOHOHO HNOOHN -HOOD - 68 -T
HOOO - (HNHOHOHOHO JHO HNODHN -HOOO - HOOO - (HNHOHOHOHO JHO HNODHN -HOOO - 88-T
Ng000 Ng000 18T

- (NG - YOOHNHOHOHOHO HO HNOOHN -HO0D - | - (g - 1OOHNHOHOHOHO JHO HNOOHN -HOOO -
HOOO - (HO (BHO )HO JHO -HNOOHN -HO00 - HOOO - (HO (BHO )HO JHO -HNOOHN -HO00 - 98 -T
G000 - (HO (BHO )HO JHO HNODHN -HOOO - NG00 - (HO (BHO )HO JHO HNODHN -HOOO - G8-T
HOOO - (HOHD JHO -HNOOHN -2HO00 - HOOO - (HOHO JHO HNOOHN -HOOO - ¥8-T
Ng000D - (HOZHD JHO HNOOHN -HOOO - Ng000D - (HOZHD JHO HNOOHN -HOOO - €8-T
HOOO - (HNOOHOZHO )HO -HNOOHN -4HO00 - HOOO - (tHNOOHOZHO )HO -HNOOHN -4HO00 - Z8-T
HOHOO0D - (HNODHOHO JHO HNOOHN -2HOOO - HOHOO0D - (HNODHOHO JHO HNOOHN -2HOOO - 18-T

[9 8 |qel]

[G2T0 ]
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HOOD - (Ud - 1 )HO HNOOHN -4HOHOOO - HOOO - (Ud - 1 )HO HNOOHN -HOHI0O - L0T-T
NG00 - (Ud - 1 )HO HNOOHN -HOHOOO - NG00 - (Ud - 1 )HO HNOOHN -HOHOOO - 90T -T
HOOD - (BHD )HO HNODHN -HOHI0D - HOOD - (BHD )HO HNODHN -HOHI0D - S0T -T
NEG000 - (8HD HO -HNOOHN -2HOZHOOO - NEG000 - (8HD HO -HNOOHN -2HOZHOOO - 0T -T
HOOD -3HO -HNOOHN -3HOZHIOO - HOOD -3HO -HNOOHN -3HOZHIOO - €0T -T
yNGO00D -ZHO HNOOHN -ZHOZHIOO - yNGO00D -ZHO HNOOHN -ZHOZHIOO - 20T -T
wwu wwu 10T -T
Hood TN Hood TN
(0] O (0] O
/~NH /~NH
N = N =
Inw“u,z N- D Inw“u,z N- O OOH |H
ATHAT HTHAT
IZ@J IZ@J
66 -T
HOOO——N—TN-2T HOOO——N-TN 2T
(@] (@] (@] (@]
HOOO - ( [AX3H -S%HD HO -HNOOHN -HO0D - HOOO - ( [AX8H -S%HD HO -HNOOHN -HO0D - 86 -T
NG000 - ( |AX3H -SZHD JHO -HNOOHN -4HO0O - NG000 - ( |AX3H -SZHD JHO -HNOOHN -4HO0O - 16-T
HOOO - (GNSZHO JHO -HNODHN -4H000 - HOOO - (GNSZHO JHO -HNODHN -4HO00 - 96 -T
NEG00D - (ANSZHD JHO HNODHN -3HD0D - NEG00D - (ANSZHD JHO HNODHN -4HO0D - G6 -T
HOOO - (HOODHOHD HO -HNOOHN -ZHO0D - HOOO - (HOODHOHD HO -HNOOHN -2HO0D - v6 -1
[L ®|gel ]

[92T0 ]
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g000 - (HNODHO JHD HNOOHN -4HOHDOO - g000 - (HNODHO JHD HNOOHN -4HOHDOO -

6TT -1

HOOO - ( 1Ay 1au [AusydAxo 1pAy
-t JHO HNOOHN -GHOHI00 -

HOOO - ( 1Ay 1au [AusydAxo 1pAy
-t JHO HNOOHN -GHOHI00 -

8TT -1

Ngo0D - ( 1Ay 1au [AuaydAxo apAy
-%7 JHO HNOOHN -HOHOOO -

Ngo0D - ( 1Ay 1au [AuaydAxo apAy
-7 JHO HNOOHN -%HOHO0O -

LTT-T

HOOD - (Ud3HD JHO HNODHN -ZHOFHI0D - HOOD - (Ud3HD )HO HNODHN -ZHOFHI0D -

911 -1

NG00 - (UdFHD HO HNODHN -HOHOOO - NGO0D - (UdZHD JHD HNODHN -4HDOHDOD -

STT-T

HOOO - (BHO -S -ZHOHD JHO -HNOOHN -HOHI0O - HOOO - (BHO -S -ZHOHD JHO -HNOOHN -HOHI0O -

V1T -1

NG00 - (BHD -S -HOHD HO HNODHN -HOHI0D - | :NgO00 - (BHD -S -3HOHD HO HNOOHN -HOHOOO -

€11 -1

13000 - (SHD -S -3HOHD JHO HNOOHN -HOHI00 - 13000 - (8HO -S -IHOHD HO HNOOHN -HOHOOO -

21T 1

HOOD - (NG - 1 )HD HNOOHN -4HOHOOO - HOOD - (NG - 1 )HD HNOOHN -3HOHDOO -

TTT-T

NG000 - (Ng - 1 )HO HNOOHN -2HOZHOOO - NG00 - (NG - 1 )HO HNODHN -4HOHI00 -

0TT-T

HOOD - (NG -S )HO HNODHN -4HOHI0D - HOOD - (NG -S )HO HNODHN -4HOHI0D -

60T -T

NEGO0D - (g -S HO HNODHN -4HOZHDOD - NEGO0D - (N -S HO HNODHN -4HOZHDOD -

80T -T

[8 @ |qel]

[L2T0]
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NG000 - (LPFO0DZHD HO -HNOOHN -dHOZHOOO - NEG000 - (LNFO0DZHD HO -HNOOHN -dHOZHOOO -

IET-T

HOOD - (AHN (HN=O JHNZHOFHOHO HO
-HNOOHN -2HOZHI0O -

HOOD - (AHN (HN=O JHNZHOHOHO HO
-HNOOHN -2HOZHI0O -

0€T -1

HOOO - (HN JHOHOHOHOHD -HNOOHN -HOHI0D - | HOOO - (GHN JHOHOHOHOIHO HNOOHN -4HOHOOD -

62T -T

HOOO - (HNHOHOHOHD JHO -HNOOHN -HOHI0O - | HOOO - (HNIHOHOHOHHD JHO HNOOHN -4HOHOOD -

82T -1

NgO00 - (ng
- YOOHNHOHOHOHO HO izoozz -2HOZHO0O -

NgO00 - (ng
- YOOHNHOHOHOHO HO izoozz -2HOZHO0O -

12T-1

HOOO - (HO (BHO )HO )HO -HNODHN -HOHO0D - HOOO - (HO (BHO )HO )HO -HNODHN -HOHO0D -

921 -1

ZHNOD - (HO (8HO JHO JHO -HNOOHN -3HOZHIOO - ZHNOD - (HO (8HO JHO JHO -HNOOHN -3HOZHIOO -

T4’

HOOD - (HOZHD )HO HNODHN -HOFHI0D - HOOD - (HOZHD )HO HNODHN -HOFHI0O -

| 24"

NG000 - (HOZHD JHO -HNOOHN -2HOZHOOO - NG000 - (HOZHD JHO HNODHN -HOHOOO -

€eT -1

HOOO - (HNODHOHD JHO -HNOOHN -HOHI0O - HOOO - (HNODHOHD JHO -HNOOHN -HOHI0O -

ccl-1

NG00 - (THNODHOIHO JHO -HNODHN -2HOZHIOD - NG00 - (FHNODHOIHO JHO -HNODHN -2HOZHOOD -

121 -1

HOOD - (HNODHHD JHO HNODHN -ZHOHI0D - HOOD - (HNODHHD JHO HNODHN -HOHI0D -

0T -T

[6 @ 1gel]

[82T0 ]
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G000 - (8HO JHO -HNODHN -dHOHOHOOD - NG000D - (8HO HO -HNODHN -AHOHOHOOD - YT -T
HOOD -4HO HNOOHN -FHOHDHIOD - HOOD -4HO HNOOHN -FHOHDHIOD - YT -1
NFO00 -4HO HNOOHN -FHOHDHIOO - NFO00 -4HD HNOOHN -FHOHDHIOO - ZvT -1
Q .09 D N-2- 9D ._”._N._” |H
HOOJ Jn_uln o fln__ul HOOJ Jn_ulx o fln__ul
/—NH /—NH
N = N =
IAWMVUIZ N- O- O IAWMVUIZ N- O- O O._\._” T
Iln__vlz °H N_._IAF| Iln__vlz °H N_._IAF|
IZ@J IZ@J
6ET -1
HOOO——N——N- 9 HOOO——N——N- 9
o "H o o "H o
HOOO - ( 1AX8H -SZHO )HO -HNOOHN -GHOHOOO - HOOO - ( IAX8H -S%HO HO HNOOHN -HOHOOO - 8ET -T
1Ngo00 - ((1AX8H -SHD HO -HNOOHN -HOZHOOD - 1Ngo00 - ((1AX8H -SHD HO -HNOOHN -HOZHOOD - LET-T
HOOO - (SNSZHD JHO HNOOHN -2HOZHOOO - HOOO - (SNSZHO JHO HNOOHN -2HOZHO0O - 9¢T -T
NG00 - (JASHO HO HNOOHN -FHOHIOD - NG00 - (JASHO HO HNOOHN -FHOHIOD - GET -T
HOOO - (HOODHOZHD JHO -HNOOHN -2HOZHO0O - HOOO - (HOODHOHO HO HNODHN -HOHIOO - veT -T
Ng000 - (,NFO0DIHOHD JHO HNOOHN -HOHI0D - | :Ng000 - (:NGO0DHDHOD HO HNODHN -HOHIOO - eeT -T
HOOO - (HOODHO JHO -HNOOHN -2HOZHOOD - HOOO - (HOODHO JHO -HNOOHN -2HOZHOOD - ZET-T
[0T @ Igel ]

(6210 ]
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HOOO - (UdZHO JHO HNOOHN -GHOHOHOOD - HOOO - (UdZHO JHO HNOOHN -2HOHOHOOD - 9GT -T
Ng000 - (Ud?HD JHO -HNOOHN -GHOHOHOOO - Ng000 - (Ud?HD JHO -HNOOHN -GHOHOHOOO - GGT -T
HOOO HOOO vST -1

- (SHO -S -4HOZHD JHO HNOOHN -HOHOHOOO - - (BHO -S -4HOZHD JHO HNOOHN -HOHOHOOO -
Ng000 Ng000 i
- (8HD -S -3H0%HD JHO HNOOHN ~3HOHOZHO00 - - (8HD -S -3H0%D JHO HNOOHN 40303000 - | 9t T
19000 19000 i
- (8HO -S -3H0%HD JHO HNOOHN ~3HOZHOIHOO0 - - (8HD -S -3H0%HD JHO HNOOHN 30303000 - | ¢t T
HOOO - (NG - 1 )HO HNOOHN -HOHOHIOO - HOOO - (NG - 1 )HO HNOOHN -HOHOHOOD - TGT -T
G000 - (Ng - 1 )HO HNODHN -HOHOHOOO - G000 - (Ng - 1 )HO HNODHN -HOHOHOOO - 0ST -T
HOOO - (NG -S JHO HNOOHN -2HOHOHOOD - HOOO - (NG -S JHO HNOOHN -2HOHOHOOD - 6vT -T
NG00 - (NG -S )HO HNOOHN -HOHOHIOO - NG00 - (NG -S )HO HNOOHN -HOHOHIOO - 8T -T
HOOO - (Id - 1 )HO HNOOHN -HOHOHIOO - HOOO - (4d - 1 )HO HNOOHN -HOHOHOOD - YT -T
G000 - (Ud - 1 )HO HNODHN -HOHOHOOO - G000 - (Ud - 1 )HO HNODHN -HOHOHOOO - 9vT -T
HOOO - (8HD JHO HNOOHN -HOHOHOOO - HOOO - (8HD JHO HNOOHN -HOHOHOOO - ST -T

[TT @ gel ]

[ogT0 ]
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NGo0D - (NG - JOOHNHOHOHOHO HO NgGo0D - (NG - JOOHNHOHOHOHO HO

HNOOHN -4HO3HOAHO00 - HNOOHN -3030%000 - | 29171
HOOO - (HO (BHO )HO )HO -HNODHN -HOHOHOOO - HOOO - (HO (BHO )HO )HO -HNODHN -HOHOHOOO - 90T -T
NF000 - (HO (BHO HO HD HNOOHN -dHOHDHI0D - | 1hgo00 - (HO (BHO HO HO HNOOHN -GHOHDHIOD - GOT -1
HOOO - (HOHO JHO HNOOHN -2HOHOHOOD - HOOO - (HOHO JHO HNOOHN -2HOHOHOOD - ¥9T -T
1NG000 - (HOZHD JHO HNOOHN -HOHOHOOO - 1Ng000D - (HOZHD JHO HNOOHN -HOHOHOOO - €oT -T
HOOO - (BHNOOHOHO HO HNOOHN -HOHOHO0D - | HOOO - (HNODHOHO JHO HNOOHN -HOHOHI0D - 29T -T
Ng000 Ng000 .
- (FHNODFHOZHO JHO HNOOHN ~ZHO4HOAH000 - - (JHNOOZHOTHO HO -HNOOHN -4040a000 - | OF T
HOOO - (HNODZHOD JHO -HNOOHN -HOHOHI0O - HOOO - (BHNODHO )HO -HNOOHN -SHOHOHOOO - 09T -T
NG00 - (THNODHD JHO HNOOHN -2HOHOHOOD - NG00 - (THNODHD JHO HNOOHN -2HOHOHOOD - 6GT -T
HOOD - ( 1Ay 1au [AuaydAxo 1pAy HOOD - ( 1Ay 1au [AuaydAxo 1pAy i
-¥ JHO -HNOOHN -2HOZHOZHOOO - -¥7 JHO HNOOHN -HOHOHOOO - 831 -1
Ngo0D - ( 1Ay 1au [AuaydAxo ipAy Ngo0D - ( 1Ay 1au [AuaydAxo ipAy i
- JHO HNOOHN ~2HO4HOAH000 - -7 HO -HNOOHN -4030a000 - | 45T T

[2T @ Iqel ]

[TeT0]
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HOOO - ( [AX8H -S3HO HO -HNODHN -HOHOHIOD - | HOOO - ( 1AX8H -S3HD )HO -HNODHN -HOHOHIOO - 8/T-1
1Ng000 - (NGSZHD JHO HNOOHN -HOHOHIOO - 1Ng000 - (NGSZHD JHO HNOOHN -HOHOHIOO - LLT-T
HOOD - (GNSZHO HD HNODHN -HOHOHIOO - HOOO - (JASZHO HO HNOOHN -FHOHDHIOD - 9/T-T
NG00 - (GNSZHD JHO HNOOHN -HOHOHOOD - NG000D - (GNSZHD JHO HNOOHN -HOHOHOOD - G/T-T
HOOD - (HOODHOHD JHO -HNOOHN -GHOHOHO0D - | HOOO - (HOODIHOHO HD HNODHN -AHOHOHIOO - v/T-T
Ng000 Ng000 €11 T

- (,NEO0DHOHD JHO HNOOHN -ZHOHOHIOO - - (,NEO0DHOHD JHO HNOOHN -ZHOHOHIOO -
HOOO - (HOODHO JHO -HNODHN -2HOHOHOOD - HOOO - (HOODHO JHO -HNODHN -2HOHOHOOD - Z.T-T
NgO00 - (;N900DHD JHO HNOOHN -GHOHOHIOD - | 1"goo0 - (;nF0003HD JHD HNODHN -GHOHOHIOD - T.T-T
HOOO - (HN (HN=0 JHNHOFHOHD HO HOOO - (HN (HN=0 JHNHOFHOHD HO 01T -1
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[ 0150]
(B) Compound of the fornmula described bel ow wherein
the Rt and R2 are shown in Tables 31 to 37.
[ 0151]
O-R?
e e S

RO

125



H&¥Od -HO HNOOHN -HOOO - H¥Od -HO HNOOJHN -HOOO - v1-¢

HEOS -HOHD HNOOHN -HOHOHIOO - HEOS -2HOHD HNOOHN -HOHOHIOO - €T -2
HEOS -HO3HD HNOOHN -HOHI0D - HEOS -HOHD HNOOHN -HOHI0D - 21 -2
HES -HOHD HNOOHN -4HOOO - HES -HOHD HNOOHN -4HOOO - 1T -2
HES -HOHD HNOO - HES -HOHD HNOO - 0T -2
HEOS -3HOHD +HN 0D -O=000 - HEOS -HOHD HN 0D -0=000 - 6-C
HES -HOHD HN 00 HO=HOOO - HES -HOHD HN 00 HO=HOOO - 8-¢
HEOS -2HOHO HN -00 - (BHO )HOHO0O - HEOS -HOHO +HN 00 - (BHO )HOHOOO - L -2
HEOS -2HOHO HN 00 -8 (3HO )OO - HEOS -2HOHO HN 00 -8 (3HO )OO - 9-¢
HEOS -HOHD HN -0 -HOHOHOHOIHOHI0D - | HIOS -HOHO HN 0D -HOHOIHOHOHIHIOO - G -C
HES -HOHD HN -00 -HOHOHOHIOO - HES -HOHD HN -00 -HOHOHOHIOO - v -2
HEOS -HOHD HN 00 -HOHOHIOO - HEOS -HOHD HN 00 -HOHOHIOO - €-2
HEOS -HOHO - ((HO )N 00 -HOHOOO - HEOS -HOHO - ((HO )N 00 -HOHOOO - Z-2
HES -HOHD HN 00 -HOHIOO - HES -HOHD HN 00 -HOHIOO - 1-2

'ON punoduo)

o ™ pa 1} 1 |dusxg
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H HEd -4H0 -HNOOHN -4H000 - 62 -2
H HEOS -2HOZHO HNOOHN -dHOHOHIOO - 8¢ -2
H HEOS -HOHD HNOOHN -HOHO0O - l2-2
H HEOS -2HOHD HNOOHN -4HO00 - 92 -2
H HEOS -HOHD HNOO - GZ -2
H HEOS -3HOHD +HN 0D -O=000 - vz -2
H HEOS -HOHD HN 0D HO=HOOD - £z -2
H HEOS -2HOHO HN -00 - (BHO )HOHO0O - 22 -2
H HEOS -HOHO HN 00 -8 (HO )OO - 12 -2
H HEOS -HOHD HN 0D -HOHOHIHOHOHIOD - 0Z -2
H HEOS -HOHD HN 0D -HOHOHOHIOD - 6T -C
H HES -4HOHD HN 00 -HOHOHIOO - 8T -Z
H HEOS -HOHO - (8HO IN 00 -HOHO0O - LT-2
H HEOS -HOHD HN 0D -HOHIOD - 9T -Z
HES HN -4HOHD -HNOOHN -2HOHIOO - HES HN -4HOHD -HNOOHN -2HOHIOO - GT -Z
[ze @ |qel ]
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HEOS -HOHO HNOO - (HNODZHO )HO -HNOD - HEOS -HOHO HNOO - (HNODZHO )HO -HNOD - Zv -2
HES -HOHO HEOS -HOHD Tp-z
HNOO - (1AY 1au [AusydAx0 4pAyY -7 HO HNOD - | HNOO - (1Ay 1au |AuaydAxo JpAY -1 )HO -HNOD -
HEOS -HOHO HNOO - (UdHO HO HNOO - HEOS -HOHO HNOO - (UdHO HO HNOO - oY -¢
HEOS -HOHO HNOO - (HO -S -3HOHO HO HNOO - | HEOS -HOHO HNOO - (BHO -S -HOHO JHO HNOO - 6€ -2
HEOS -HOZHO HNOO - (ng - 1)HO HNOO - HEOS -HOZHO HNOO - (ng - 1)HO HNOO - 8¢ -¢
HEOS -HOHO HNOO - (ng -S )HO HNOO - HEOS -HOHO HNOO - (ng -S )HO HNOO - L€ -2
HEOS -HOHO HNOO - (4d - 1 )HO HNOO - HEOS -HOHO HNOO - (4d - 1 )HO HNOO - 9¢ -2
HEOS -2HOHD HNOO - (SHO JHO HNOO - HEOS -HOZHO HNOO - (BHO JHO HNOO - GE -Z
HES HNHOHOOD - HES HNHOHOHIOO - ve -2
HES HNHOHOOO - HEOS HNHOHOOO - €€ -¢
HE0S HNHOHOOO - HES HNZHOOO - 2¢-C
H HEOS -HOHO - (BHO )NOO - 1€ -2
H HES HN -4HOHD -HNOOHN -2HOHIOO - 0€ -2
[ce @ |qel ]

[¥STO ]
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_._z@J
HOOO—L-N——N- 0

_._z@J
HOOO—L-N——N- 0

€6 -2
H m__u H 21 m H m__u H 21 m
HEOS -HOHO HNOO - ( 1AX8H -S2HD JHO HNOO - HEOS -HOHO HNOO - ( 1AX8H -S2HD JHO HNOO - 25 -2
HEOS -2HOHO HNOO - (8ASHO JHO -HNOD - HEOS -2HOHO HNOO - (8ASHO JHO -HNOD - 1G6-2
HEOS -2HOHO HNOO - (HOODHOZHD HO HNOO - HEOS -2HOHO HNOO - (HOODHOZHD JHO HNOO - 0S -2
HEOS -HOHO HNOD - (HOODHD JHO HNOD - HEOS -HOHO HNOD - (HOODHD HO HNOD - 6% -2
HEOS -HOHD HEOS -HOHD 8y -2
HNOO - (3HN (HN=D JHNZHOHOHD HO HNOO - HNOO - (3HN (HN=D JHNZHOHOHD HO HNOO -
HEOS HEOS ]
“3HOTHO HNOO - (HN JHOHOHHOHOHD HNOD - | 3OO -HNOO - (3HN JHOAHOFHOTHOHO +HNOD - Lv-¢
HE0S HE0S ]
“3HOHO -HNOO - (FHNTHOTHOHOHO JHO HNOD - | ~BHOPHO HINOO - (HNHOAHOAHOAHO HO +HINOO - 9 ¢
HEOS -HOHO HNOD - (HO (8HO )HO JHO HNOD - HEOS -HOHO HNOO - (HO (8HO )HO HO HNOO - Sv -2
HEOS -2HOHD HNOO - (HOHO JHO -HNOO - HEOS -2HOHD HNOO - (HOHO JHO -HNOO - vy -2
HEOS -HOHD HNOD - (HNODHOHD HO HNOD - | HEOS -4HOHD HNOD - (HNODHOHD HO HNOO - eV -2
[y€ @ |gel ]
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H HEOS -HOHO HNOOHN - (Id - 1)HO 00 - 19-2
H HEOS -2HOHO HNOO (|HO N -2HO00 - 99 -Z
H HEOS -HOHD HN 0D%HI00 - G9 -Z
HEOS -HOZHO HNOOHN - (Ud%HO HO 00 - HEOS -4HOHD HNOOHN - (Ud3HO HO 00 - ¥9 -2
HEOS -HOHO HNOOHN - (HZD -S -HOHD JHO 00 - | HOS -HOHO HNOOHN - (HZD -S -HOHO HO 00 - €9 -2
HEOS -2HOHD HNOOHN - (BHO -S -2HOHO HO 00 - | HEOS -HOHO HNOOHN - (8HO -S -HOHO HO 00 - 29-2
HEOS -2HOHO HNOOHN - (ng - 1)HO 00 - HEOS -2HOHO HNOOHN - (ng - 1)HO 00 - 19-C
HEOS -HOHO HNOOHN - (g -S )HO0O - HEOS -HOHO HNOOHN - (ng -S )HOOD - 09 -2
HEOS -2HOHD HNOOHN - (Id - 1)HO 00 - HEOS -2HOHD HNOOHN - (Id - 1)HO 00 - 6S -2
HEOS -HOHD HNOOHN - (8HO )HO0O - HEOS -2HOHO HNOOHN - (BHO )HOOO - 8G -Z
HEOS -2HOHD HNOO (BHO N -4HO00 - HEOS -2HOHD HNOO (BHO N -4HO00 - .G -2
HEOS -HOHO HN 0D%HI00 - HEOS -HOHO HN 0D%HI00 - 9G -Z
_._Omoozlwal _._Omoozlwal 95 -¢
®H%H H ®H%H H
IOmoowﬂ’z IOmoowﬂ’z vs-¢
Hep H ) _._In__u| HeH H g _._In__u|
[ge @ |qel ]

[9GTO0 ]

130



H HEOS -2HOFHOHD -HNOOHN -4HO00 - 08 -2

H HES -HOHOHD HN 0OHIO0 - 6. -2

HEOS -2HOHOHO HNOOHN - (Ud?HO HO 00 - HEOS -2HOHOHO HNOOHN - (Ud?HO HO 00 - 8/ -2
HEOS HEOS

“2HOZHOTHO HNOOHN - (HO -S -4HOHO HO 00 - | -4HOHOHD HNOOHN - (8HO -S -4H0%H0 HO 00 - LL-¢c
H®S H®S

“HOTHOEHD -HNOOHN - (BHO -S -4H03HO HO 00 - | -3HOZHOEHD -HNOOHN - (8HD -S -3H03H0 HO 00 - 9L-¢

HEOS -HOHOHD HNOOHN - (g - 1 )HO 00 - HEOS -AHOHOHO HNOOHN - (ng - 1 )HO 0O - Gl -2

HEOS -HOHOHD HNOOHN - (ng -S )HOOO - HEOS -HOHOHO -HNOOHN - (ng -S )HOOD - v/ -2

HEOS -2HOHOHO HNOOHN - (Ud - 1 )HO 00 - HEOS -2HOHOHO HNOOHN - (Ud - 1 )HO 00 - €l -2

H HEOS -HOZHO HNOOHN - (Ud%HO HO 00 - 2. -2

H HEOS -2HOHO HNOOHN - (H? -S -HOHD HO 00 - T.-2

H HEOS -HOHO HNOOHN - (BHO -S -HOHO HO 00 - 0.-2

H HEOS -HOZHO HNOOHN - (ng - 1)HO 00 - 69 -C

H HEOS -HOZHO HNOOHN - (ng -S HOOO - 89 -2

[og @ |qel ]
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H HEOS -2HOHOHO HNOOHN - (Ud?HO HO 00 - 98 -2

H HOS 58 -2
-2HOHOTHD HNOOHN - (HZD -S -3HO%HD HO 00 -

H HOS 8-z
-2HOZHOHO HNOOHN - (8HO -S -4HO%HD HO 00 -

H HEOS -HOHOHD HNOOHN - (g - 1 )HO 00 - €8-2

H HEOS -HOHOHD HNODHN - (Ng -S )HOOD - 28 -2

H HEOS -HOHOHD HNODHN - (Id - 1 )HD 0D - 18 -2

[L€ @ |qel ]

[8GTO ]
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[ 0159]
(C Compound of the fornmula described bel ow wherein
the Rt and RZ are shown in Tables 38 to 42.

[ 0160]

0-R?
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HOOO - (8HO JHO -HNODHN -HOHOOO - HOOO - (8HO JHO -HNOOHN -2HOZHOOO - 9T -¢

HOOD -4HD -HNOOHN -4HOHIOO - HOOD -4HD -HNOOHN -2HOHIOO - GT -€

HOOO - (UdZHO JHO HNOOHN -4HO00 - HOOO - (UdZHO JHO HNOOHN -4HO00 - vT -€

HOOO - (8HO -S -4HOHO HO HNOOHN -HO0O - HOOO - (8HO -S -4HOHO HO HNOOHN -HO00 - €T -¢
13000 - (BHO -S -HOHO )HO -HNODHN -HO00 - 13000 - (BHO -S -HOHO )HO -HNODHN -HO00 - 21 -€
HOOO - (Ng - 1 )HO -HNODHN -HO00 - HOOO - (Ng - 1 )HO -HNODHN -2HO00 - 1T -€

HOOO - (Ng -S )HO HNOOHN -2HO00 - HOOO - (NG -S )HO HNOOHN -2HO00 - 0T -€

HOOD - (id - 1 )HO -HNOOHN -3H000 -

HOOO - (id - 1 )HO -HNODHN -3H000 -

HOOO - (84D )HO -HNOOHN -3H000 -

HOOO - (84D JHO -HNOOHN -3H000 -

HOOO -HO HNOOHN -HOOD -

HOOO -HO HNOOHN -HOOD -

HNOOHN -HOHOHOOO -

HNOOHN -HOHOHIOO -

HNOOHN -HOHIOO -

HNOOHN -HOHIOO -

ZHNOOHN -3HOOD -

ZHNOOHN -3HOOD -

HOOO -2HOD -¢ (0 )S -4HO00 -

HOOO -?HOD -¢ (0 )S -4HO00 -

HOOO -HO - (0 )S -%HO0O -

HOOO -HO - (0 )S -%HO0O -

HOOO -HO -S -HIOO -

HOOO -HO -S -HIOO -

2

ital

Sld|N|m|st |w|o|~|o|o
1 1 1 1 1 1 1 1 1
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13000 13000 ]
- (8HO -S -%HOZHD )HO HNOOHN -HOHOHOOO - - (8HO -S -%HOZHD JHO HNOOHN -HOHOHOOO - 8¢ €
HOOO - (Ng - 1 )HO HNODHN -HOHOHIOD - HOOO - (NG - 1 )HO HNOOHN -2HOHOHOOD - 12 -€
HOOO - (Ng -S )HO HNODHN -HOHOHIOD - HOOO - (Ng -S )HO HNODHN -HOHOHIOD - 9z -¢
HOOO - (Ud - 1 )HO -HNOOHN -2HOHOHO0O - HOOO - (Ud - 1 )HO -HNOOHN -2HOHOHO0O - GZ -€
HOOO - (8HO JHO HNODHN -HOHOHIOD - HOOO - (BHO JHO HNOOHN -HOHOHO0O - ¥Z -€
HOOD -4HO -HNOOHN -GHOHOHO0O - HOOD -4HO -HNOOHN -GHOHOHO0O - €z -¢
HOOO - (UdZHO JHO -HNOOHN -2HOZHO00 - HOOO - (UdZHO JHO -HNOOHN -2HOZHO00 - 22 -¢
HOOD - (8HD -S -4HOHO HO HNOOHN -HOHO0D - | HOOO - (BHD -S -4HOHD HO HNOOHN -HOHI0D - 12 -€
13000 - (BHD -S -4HOZHD HO -HNOOHN -dHOZHO0D - | 13000 - (BHO -S -ZHOHD JHO HNODHN -HOHIOD - 0Z -€
HOOO - (Ng - 1 )HO HNODHN -HOHI0D - HOOO - (NG - 1 )HO HNOOHN -2HOZHO00 - 6T -€
HOOO - (NG -S )HO HNOOHN -2HOZHO0O - HOOO - (NG -S )HO HNOOHN -2HOZHO0O - 8T -€
HOOO - (Ud - 1 )HO HNOOHN -HOZHOOO - HOOO - (Ud - 1 )HO -HNOOHN -HOZHOOO - LT-€

[6€ @ |qel ]
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HES -HO%HD HNOOHN -HOHOHOOO - HES -HO3HD HNOOHN -HOHOHOOO - £y -¢

HEOS -2HOHD HNOOHN -HOHI0O - HEOS -HO3HD HNOOHN -HOHI0O - Zv -€

HEOS -2HOHD HNOOHN -4HO00 - HEOS -HOHD HNODHN -4HO00 - T¥ -€

HES -HOHD HNOO - HES -HOHD HNOO - 0V -€

HES -HO%HD HN 00 -0=000 - HEOS -3HOHD HN 0D -O=D00 - 6E -€

HES -HOHD HN 00 HO=HOOO - HES -HOHD HN -00 HO=HOOO - 8¢ -¢

HEOS -HOHO HN 00 - (BHO )HOHO0O - HEOS -HOHO HN -00 - (8HO HOHIOD - L€ -€

HEOS -2HOHO HN 00 -8 (3HO )OO - HEOS -2HOHO HN 00 -8 (3HO )OO - 9¢ -¢

HEOS -HOHD HN 0D -HOHOHIHOHOIHIOD - | HIOS -HOHD HN 0D -HOHOHIHOHOIHIOD - GE -€

HEOS -HOHD HN -00 -HOHOHOHIOO - HES -HOHD HN -0 -HOHOHOHIOO - Ve -€

HES -HO%HD HN 00 -HOHOHIOO - HES -HO%HD HN 00 -HOHOHIOO - £e -¢

HEOS -HOHO - (BHO )N 00 -HOHOOO - HE0S -HOHO - ((HO )N 00 -HOHOOO - Z¢€-€

HEOS -HOHD HN 0D -HOHIOD - HEOS -HOHD HN 0D -HOHIOD - 1€ -€

HOOO - (UdZHO JHO -HNOOHN -GHOHOHOOO - HOOO - (UdZHO JHO -HNOOHN -GHOHOHOOO - 0€ -€

HOOD HOOD ]

- (8HO -S -%HOZHD )HO HNOOHN -HOHOHO0O - - (8HO -S -%HOZHD )HO HNOOHN -HOHOHO0O - 6c-¢

[0y @ Igel ]
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HEOS -HOZHO HNOO - (HOHO HO HNOO - HEOS -HOZHO HNOO - (HOHO HO HNOO - GG -€
HEOS -2HOHO HNOO - (HNODHOHD HO HNOD - | HEOS -HOHD -HNOO - (HNODZHOHO JHO -HNOO - ¥G -€
HEOS -2HOZHO HNOO - (BHNOOZHD JHO -HNOO - HEOS -2HOZHO HNOO - (BHNOOZHD JHO -HNOO - €6 -¢
HES -HOHD HES -HOHD 26 ¢
HNOO - ([1AY 1au [AusydAx0 4pAyY -7 HO HNOD - | HNOO - (1Ay 1au |AuaydAxo JpAY -1 )HO -HNOD -
HEOS -HOHO HNOO - (UdHO HO HNOO - HEOS -HOHO HNOO - (UdHO HO HNOO - 1G-€
HES -HOHD HNOO - (8HD -S -HOHD JHO HNOO - | HEOS -4HOHO -HNOO - (BHO -S -3HOHD HO HNOO - 0S-€
HEOS -HOZHO HNOO - (ng - 1)HO HNOO - HEOS -HOZHO HNOO - (ng - 1)HO HNOO - 6% -€
HEOS -HOZHO HNOO - (ng -S )HO HNOO - HEOS -HOZHO HNOO - (g -S )HO HNOO - 8% -€
HEOS -HOHD HNOO - (4d - 1 )HO HNOO - HEOS -HOHO HNOO - (4d - 1 )HO HNOO - Ly -€
HEOS -2HOZHO HNOO - (8HO JHO -HNOO - HES -HOHD HNOO - (8HD )HO HNOO - 9% -¢
HES HN -4HOHD -HNOOHN -4HOHIOO - HES HN -4HOHD -HNOOHN -4HOHIOO - Gy -€
HEd -4H0 -HNOOHN -4H000 - HEd -4H0 -HNOOHN -4H000 - v -€
[Ty @ 1gel ]
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HES -HOHD HN 00 -HOHOHIOO - HES -HOHD HN -00HIOO - 19-€
N N
HEOS-_O- o-zlw T HEOS-_O- o-zlw T 99 -¢
zyeq H o fe) zyeq H o fe)
/=N /=N
HN _ HN _
HEOS- O ouwﬂ!z HEOS- O ouwﬂ!z 59-¢
IZ@J IZ@J
¥9 -€
HOOO——N—N-2T HOOO =N N0
(@] (@] (@] (@]
HEOS -HOHO HNOO - (1AX8H -S%HO JHO HNOO - HEOS -HOHO HNOO - (1AX8H -S%HO JHO HNOO - €9 -¢
HES -HOHD HNOO - (GNSFHD HO HNOO - HES -HOHD HNOO - (GNSHD HO HNOO - 29 -¢
HES -HOHD HNOO - (HOODHDHD HO HNOO - HES -HOHD HNOO - (HOODHDHD HO HNOD - 19 -¢
HEOS -HOHO HNOO - (HOOOHD HO HNOO - HEOS -HOHO HNOO - (HOOOHD HO HNOO - 09 -€
HEOS -HOHO HES -HOHO 66 -¢
HNOO - (HN (HN=0 JHNHOHOHO HO HNOO - HNOO - (HN (HN=0 JHNHOHOHO HO HNOO -
HES HES
“ZHOHO HNOO - (HN JHOHOHOHOHO HNOO - ~ZHOHO HNOO - (HN JHOHOHOHOHO HNOO - 83 ¢
H®S H®S
-3HOTHD HNOD - (HNAHOAHOAHOO JHO HNOO - | -3HOPHD -HNOD - (BHNFHOAHOAHOZHD JHO HNOO - 15%
HEOS -HOHO HNOO - (HO (BHO )HO JHO HNOO - HEOS -HOHO HNOO - (HO (BHO )HO JHO HNOO - 96 -¢
[2y @ 1qel ]

[G9TO0 ]

138



[ 0166]

In the above-nentioned Tables 1 to 42, "MW"
represents a nethyl group, "Et" represents an ethyl group,
"i-Pr" represents an isopropyl group, "i-Bu" represents an
I sobutyl group, "s-Bu" represents a secondary-butyl group
"t-Bu" and "But" represent a tert-butyl group and "Ph"
represents a phenyl group.

[0167]

In the above-nentioned Tables 1 to 42, the conpound
(1) of the present invention is preferably the conpound of
exenplified conmpound No. 1-1, 1-2, 1-3, 1-35, 1-48, 1-51
1-54, 1-57, 1-62, 1-63, 1-65, 1-67, 1-74, 1-76, 1-80, 1-82,
1-84, 1-86, 1-88, 1-89, 1-90, 1-100, 1-101, 1-102, 1-103,
1-129, 1-130, 1-132, 1-134, 1-140, 1-142, 1-143, 1-145, 1-
147, 1-149, 1-151, 1-152, 1-153, 1-154, 1-160, 1-162, 1-
164, 1-166, 1-169, 1-170, 1-172, 1-174, 1-185, 1-187, 1-
189, 1-191, 1-193, 1-195, 1-196, 1-201, 1-206, 1-233, 1-
365, 1-366, 1-367, 1-372, 1-373, 1-375, 1-378, 1-379, 1-
380, 1-384, 1-385, 1-386, 1-387, 1-388, 1-390, 1-392, 1-
394, 2-1, 2-10, 2-11, 2-12, 2-13, 2-58, 2-62 or 3-40,

[0168]

and nore preferably the conpound of exenplified
conpound No. 1-1, 1-2, 1-3, 1-54, 1-57, 1-62, 1-63, 1-65,
1-67, 1-74, 1-76, 1-80, 1-82, 1-84, 1-86, 1-88, 1-89, 1-90,

1-100, 1-101, 1-102, 1-103, 1-129, 1-130, 1-132, 1-134, 1-
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142, 1-143, 1-145, 1-154, 1-160, 1-162, 1-166, 1-169, 1-
170, 1-172, 1-174, 1-185, 1-187, 1-189, 1-191, 1-193, 1-
195, 1-196, 1-206, 1-365, 1-366, 1-367, 1-372, 1-373, 1-
375, 1-378, 1-384, 1-385, 1-388, 1-390,1-392,1-394, 2-1, 2-
10, 2-11, 2-12, 2-13, 2-58 or 2-62.

[ 0169]

Even nore preferably, the conpound (lI) of the present
invention is the conpound of exenplified conpound No. 1-1:
4-{18-[ 4- car boxynet hyl t hi oacet oxy-2, 6, 6-tri net hyl -
3-oxocycl ohexa-1-enyl]-3,7, 12, 16-t etranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl } -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl t hi oaceti c acid,

t he conpound of exenplified conmpound No. 1-2: (4-{18-
[ 4- car boxynet hyl sul fi nyl acet oxy)-2,6, 6-tri nmethyl -

3- oxocycl ohexa-1-enyl]-3,7,12,16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl } -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl sul fi nyl )aceti c aci d,

t he conpound of exenplified conmpound No. 1-102: 3-[2-
(4-(18-{4-[3-(3-t-butoxycarbonyl net hyl -
ur ei do) pr opi onyl oxy] -2, 6, 6-tri met hyl - 3- oxocycl ohexa- 1-
enyl }-3,7,12, 16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-
enyloxycarbonyl)ethyl]ureidoacetic acid t—butyl ester,

t he conpound of exenplified conpound No. 1-103: 3-{2-

[4-(18-{4-[3-(3-carboxynet hyl ur ei do) pr opi onyl oxy] - 2, 6, 6-
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trimet hyl - 3- oxocycl ohexa- 1-enyl }-3,7, 12, 16-

tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl ] et hyl }ur ei doaceti c aci d,

the conpound of exenplified conpound No. 2-1: 2-][3-
(4-[18-[4-{3-(2-sul foet hyl am nocar bonyl ) propi onyl oxy} -
2,6,6-trimethyl -3-oxocycl ohexa-1-enyl]-3,7,12, 16-

t et ramet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2-oxocycl ohexa- 3-
enyl oxycar bonyl ) pr opi onyl am no] et hanesul f oni ¢ aci d,

the conpound of exenplified compound No. 2-10: 2-
(3,5,5-trinethyl -2-ox0-4-{3,7,12, 16-tetranet hyl -18-[ 2, 6, 6-
trimet hyl - 3- oxo- 4- (2- sul f oet hyl car banoyl oxy) cycl ohexa- 1-
enyl Joctadeca-1, 3,5,7,9, 11, 13, 15, 17- nonaenyl } cycl ohexa- 3-
enyl oxycar bonyl am no) et hanesul foni ¢ aci d,

t he conpound of exenplified conpound No. 1-62: 3-[4-
(18-{4-[ 3-t-butoxycarbonyl net hyl ur ei doacet oxy] - 2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl }-3,7, 12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl net hyl ] -
urei doacetic acid t-butyl ester,

the conpound of exenplified conpound No. 1-63: 3-[4-
(18-{4-(3-carboxynet hyl ur ei doacet oxy) -2, 6, 6-tri net hyl - 3-
oxocycl ohexa-1-enyl }-3,7,12, 16-tetranet hyl oct adeca-

1,3,5,7,9,11, 13, 15, 17- nonaenyl ) -3, 5, 5-tri net hyl - 2-
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oxocycl ohexa- 3- enyl oxycar bonyl nmet hyl ] ur ei doaceti c aci d,
[0170]

the conmpound of exenplified conpound No. 1-365:
i m dazol - 1-yl car bonyl am noacetic acid 4-[18-(4-{im dazol-1-
yl car bonyl am noacet oxy} -2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1-
enyl)-3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri net hyl - 2- oxocycl ohexa- 3-enyl ester,

the conpound of exenplified conmpound No. 1-366: 3-
(i m dazol - 1-yl car bonyl am no) propi oni c acid 4-118-(4-{3-
(i m dazol - 1-yl car bonyl am no) pr opi onyl oxy}-2, 6, 6-tri net hyl -
3- oxocycl ohexa-1-enyl)-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester,

the conpound of exenplified conmpound No. 1-367: 4-
(i m dazol - 1-yl carbonyl am no) butyric acid 4-118-(4-{4-
(i m dazol - 1-yl car bonyl am no) but yryl oxy}-2, 6, 6-tri net hyl - 3-
oxocycl ohexa-1-enyl)-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester,

t he conpound of exenplified conpound No. 2-11: 2-][3-
{4-(18-[4-(3-[2-sul foethyl]urei doacetoxy)-2,6,6-trinethyl -
3-oxocycl ohexa-1-enyl]-3,7, 12, 16-t etranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ) -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl } - ur ei do] et hanesul f oni ¢

aci d,
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t he conpound of exenplified conpound No. 2-12: 2-][3-
(2-{4-[18-(4-{3-[3-(2-sul foethyl)ureido] propi onyl oxy} -

2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-
t et ramet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl } et hyl ) -
ur ei do] et hanesul foni ¢ aci d,

t he conpound of exenplified conpound No. 2-13:. 2-[3-
(3-{4-[18-(4-{4-[3-(2-sul foethyl)ureido] butyryl oxy}-2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl )-3,7, 12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl } propyl ) -
ur ei do] et hanesul foni ¢ aci d,

[0171]

t he conpound of exenplified conpound No. 2-58: 2-[3-
(1-{4-(18-{4-[2-(3-(2-sul foethyl)ureido)propionyl oxy] -

2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl }-3,7,12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl } et hyl ) -
ur ei do] et hanesul foni ¢ aci d,

t he conpound of exenplified conpound No. 2-62: 2-][3-
(1-{4-(18-{4-[2-(3-(2-sul foethyl)ureido)-4-
nmet hyl t hi obut yryl oxy] -2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1-
enyl }-3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } - 3- met hyl t hi opr opyl ) ur ei do] et hanesul f oni ¢
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aci d,

t he conpound of exenplified conpound No. 1-185: 3-{3-
[4-(18-{4-[3-(2-carboxyet hyl)urei doacet oxy] -2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl }-3,7, 12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl net hyl ] -
ur ei do} propi oni ¢ acid,

t he conpound of exenplified conmpound No. 1-187: 4-(3-
{4-118-(4-[3-(3-carboxypropyl)urei doacet oxy] - 2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl)-3,7, 12, 16-

t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl net hyl } -
urei do) butyric acid,

t he conpound of exenplified conpound No. 1-193: 3-][3-
(3-{4-[18-(4-{4-[3-(2-carboxyet hyl ) urei do] butyryl oxy}-

2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3-
enyl oxycar bonyl } propyl ) ur ei do] pr opi oni ¢ aci d,
[0172]

t he conpound of exenplified conpound No. 1-195: 4-][3-
(3-{4-[18-(4-{4-[3-(3-carboxypropyl)ureido]-butyryl oxy}-
2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-

trimet hyl - 2- oxocycl ohexa- 3-
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enyl oxycar bonyl } propyl ) urei do] butyric acid,
t he conpound of exenplified conpound No. 1-65: 2-{3-
[4-(18-{4-[3-(1-carboxyethyl)urei doacet oxy] -2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl }-3,7, 12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl net hyl ] -
ur ei do} propi oni ¢ acid,
the conpound of exenplified conmpound No. 1-76: 3-
phenyl - 2-{3-[4- (18-{4-[ 3-(2- phenyl - 1-
car boxyet hyl ) ur ei doacet oxy] - 2, 6, 6-tri net hyl - 3- oxocycl ohexa-
l-enyl }-3,7,12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl )-3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl ] ur ei do} pr opi oni ¢ aci d,
the conmpound of exenplified conpound No. 1-74: 4-
nmet hyl t hi 0-2-{3-[4-(18-{4-[3-(3-nmethylthio-1-
car boxypropyl ) ur ei doacet oxy] -2, 6, 6-tri net hyl - 3-
oxocycl ohexa-1-enyl }-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ) -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl ] ur ei do}butyric acid,
the conpound of exenplified conmpound No. 1-88:. 6-
am no-2-{3-[4-(18-{4-[ 3-(5-am no- 1-car boxypentyl) -
ur ei doacet oxy] - 2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1- enyl } -
3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl et hyl ] ur ei do} hexanoi ¢ aci d,
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the conpound of exenplified conmpound No. 1-89:

am no-6-{3-[4-(18-{4-[ 3- (5-am no-5-car boxypentyl) -

ur ei doacet oxy] -2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1- enyl } -
3,7,12, 16-tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl et hyl ] ur ei do} hexanoi ¢ aci d,

the conpound of exenplified conpound No. 1-375:

am no-5-{3-[4-(18-{4-[ 3-(4-am no- 4-car boxybutyl) -

ur ei doacet oxy] - 2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1- enyl } -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl net hyl ] ur ei do} pent anoi ¢ aci d,

[ 0173]

the conmpound of exenplified conmpound No. 1-90:

guani dyl - 2-{3-[ 4- (18-{4-[ 3- (1- car boxy- 4- guani dyl -

but yl ) ur ei doacet oxy] -2, 6, 6-tri met hyl - 3- oxocycl ohexa- 1-

2-

enyl }-3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-

nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl met hyl ] ur ei do} pent anoi ¢ aci d,

t he conpound of exenplified conmpound No. 1-189: 3-[3-

(2-{4-[18-(4-{3-[3-(2-carboxyet hyl)ureido] - propi onyl oxy}-

2,6, 6-trinmethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-

t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-

trimet hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } et hyl ) ur ei do] propi oni ¢ aci d,

146



t he conpound of exenplified conmpound No. 1-191: 4-[3-
(2-{4-[18-(4-{3-[3-(3-carboxypropyl)ureido] propi onyl oxy} -
2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-

t et ramet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3-
enyl oxycar bonyl } et hyl ) ur ei do] butyri c aci d,

t he conpound of exenplified conpound No. 1-143: 3-(3-
{4-[18-(4-{4-[ 3-carboxynet hyl ur ei do] but yryl oxy}- 2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl )-3,7, 12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl } -
propyl ) urei doacetic acid,

the conpound of exenplified conmpound No. 1-134: 4-
carboxy-4-(3-<2-{4-[18-(4-{3-(3-[1, 3-

di car boxypr opyl ] urei do) pr opi onyl oxy}-2, 6, 6-tri nmet hyl - 3-
oxocycl ohexa- 1-enyl )-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl } et hyl >ur ei do) butyri c acid,

the conmpound of exenplified conmpound No. 1-132: 3-
car boxy-3-(3-<2-{4-[18-(4-{3-(3-[1, 2-

di car boxyet hyl ] ur ei do) propi onyl oxy}-2, 6, 6-tri nmet hyl - 3-
oxocycl ohexa-1-enyl)-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ] -3, 5, 5-tri net hyl - 2-

oxocycl ohexa- 3- enyl oxycar bonyl } et hyl >ur ei do) propi oni ¢ acid,

[0174]
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the conpound of exenplified conmpound No. 1-129: 2-
am no-6-(3-<2-{4-[18-(4-{3-(3-[5-am no-5-car boxy-
pentyl ] urei do) pr opi onyl oxy}-2, 6, 6-tri net hyl - 3- oxocycl ohexa-
l-enyl)-3,7,12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl } et hyl >ur ei do) hexanoi ¢ aci d,
the conpound of exenplified conmpound No. 1-174:. 4-
carboxy-4-(3-<3-{4-[18-(4-{4-(3-[1, 3-
di car boxypropyl ] urei do) butyryl oxy}-2, 6, 6-tri nmet hyl - 3-
oxocycl ohexa-1-enyl)-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl } propyl >ur ei do) butyri c acid,
the conpound of exenplified conmpound No. 1-172: 3-
carboxy-3-(3-<3-{4-[18-(4-{4-(3-[1, 2-
di car boxyet hyl J ur ei do) but yryl oxy}-2, 6, 6-tri net hyl - 3-
oxocycl ohexa- 1-enyl )-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl } propyl >ur ei do) pr opi oni c
aci d,
the conpound of exenplified conmpound No. 1-169: 2-
am no-6-(3-<3-{4-[18-(4-{4-(3-[5-am no-5-car boxy-
pentyl ] ureido)butyryl oxy}-2,6, 6-trinmethyl -3-oxocycl ohexa- 1-
enyl)-3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri nmet hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } pr opyl >ur ei do) hexanoi ¢ aci d,
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the conpound of exenplified conmpound No. 1-373: 2-
am no-5-(3-<2-{4-[18-(4-{3-(3-[4-am no-4-car boxy-
but yl ] ur ei do) propi onyl oxy}-2, 6, 6-trinethyl - 3- oxocycl ohexa-
l-enyl)-3,7,12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl } et hyl >ur ei do) pent anoi ¢ aci d,
the conpound of exenplified conmpound No. 1-372: 2-
am no-5-(3-<3-{4-[18-(4-{4-(3-[4-am no-4-car boxy-
but yl ] ur ei do) but yryl oxy}-2, 6, 6-trinethyl - 3- oxocycl ohexa- 1-
enyl)-3,7,12, 16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-
enyl oxycar bonyl } propyl >ur ei do) pent anoi ¢ aci d,
[0175]
2Na salt of the conpound of exenplified conpound No.
1-187: 4-(3-{4-[18-(4-[3-(3-carboxypropyl)urei doacet oxy] -
2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3-
enyl oxycar bonyl net hyl } urei do) butyric acid di sodiumsalt,
dilysine salt of the conmpound of exenplified conpound
No. 1- 187: 4- (3-{4-[18-(4-[3-(3-
car boxypropyl ) ur ei doacet oxy] -2, 6, 6-tri net hyl - 3-
oxocycl ohexa- 1-enyl )-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-

oxocycl ohexa- 3- enyl oxycar bonyl net hyl } ur ei do) butyric acid
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di l ysine salt,

the conmpound of exenplified conmpound No. 1-378: 3-
i sobutyl -4-(3-{4-[18-(4-[3-(2-isobutyl -3-
car boxypropyl ) ur ei doacet oxy] -2, 6, 6-tri net hyl - 3-
oxocycl ohexa-1-enyl)-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl } ur ei do) butyri ¢ aci d,

t he conpound of exenplified conmpound No. 1-385: 1-(3-
{4-118-(4-[3-(1-carboxynet hyl -
cycl ohexyl net hyl ) ur ei doacet oxy] -2, 6, 6-tri net hyl - 3-
oxocycl ohexa- 1-enyl )-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl } -
ur ei donet hyl ) cycl ohexyl aceti ¢ aci d,

2Na salt of the conpound of exenplified conpound No.
2-12: 2-[3-(2-{4-[18-(4-{3-[3-(2-
sul f oet hyl ) ur ei do] pr opi onyl oxy}-2, 6, 6-tri net hyl - 3-
oxocycl ohexa- 1-enyl )-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl } et hyl ) ur ei do] et hanesul f oni c
acid disodiumsalt,

dilysine salt of the conpound of exenplified conmpound
No. 2-12: 2-[3-(2-{4-[18-(4-{3-[3-(2-
sul f oet hyl ) ur ei do] pr opi onyl oxy}-2, 6, 6-tri net hyl - 3-

oxocycl ohexa- 1-enyl )-3,7, 12, 16-t et ranet hyl oct adeca-
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1,3,5,7,9,11, 13, 15, 17- nonaenyl ] -3, 5, 5-tri net hyl - 2-

oxocycl ohexa- 3- enyl oxycar bonyl } et hyl ) ur ei do] et hanesul foni c
acid dilysine salt,

[0176]

the conpound of exenplified conmpound No. 1-384: 3-
i sobutyl -4-[3-{2-isobutyl-3-[4-(18-[4-{3-isobutyl-4-[3-(2-
i sobut yl - 3- car boxypropyl ) urei do] but yryl oxy}-2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl]-3,7, 12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl ] -
propyl }urei do] butyric acid,

t he conpound of exenplified conpound No. 1-388: 1-(3-
[1-{4-(18-[4-{1-(3-[1-carboxynethyl -
cycl ohexyl net hyl J ur ei donet hyl ) cycl ohexyl acet oxy}- 2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl]-3,7, 12, 16-

t et ramet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17- nonaenyl ) - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl net hyl } -
cycl ohexyl nmet hyl ] ur ei donet hyl ) cycl ohexyl aceti c aci d,

t he conpound of exenplified conpound No. 1-390: 6-(3-
{4-(18-[4-{3-(6-carboxynet hyl - 3- et hyl bi cycl o[ 3, 2, 0] hept a- 3-
en- 6-yl net hyl ) ur ei donet hyl acet oxy}-2, 6, 6-tri net hyl - 3-
oxocycl ohexa-1-enyl]-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ) -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl } ur ei donet hyl ) - 3-

et hyl bi cycl o[ 3, 2, 0] hept a- 3-en-6-yl aceti c acid,
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t he conpound of exenplified conmpound No. 1-392: 6-(3-
[3-{4-(18-[4-[4-{3-(6-carboxynet hyl - 3-
et hyl bi cycl o[ 3, 2, 0] hept a- 3- en-6-yl net hyl ) -
urei do} but yryl oxy] -2, 6, 6-tri met hyl - 3- oxocycl ohexa- 1-enyl ] -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-
enyl oxycar bonyl } propyl }ur ei donet hyl ) - 3-
et hyl bi cycl o[ 3, 2, 0] hept a- 3-en-6-yl acetic acid or

t he conpound of exenplified conpound No. 1-394: 6-(3-
[6-{4-(18-[4-[6-{3-(6-carboxynet hyl - 3-
et hyl bi cycl o[ 3, 2, 0] hept a- 3- en- 6-yl net hyl ) ur ei donet hyl } - 3-
et hyl bi cycl of 3, 2, 0] hept a- 3- en- 6-yl acet oxy] -2, 6, 6-tri net hyl -
3- oxocycl ohexa-1-enyl]-3,7,12,16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl )- 3,5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl } - 3-
et hyl bi cycl o[ 3, 2, 0] hept a- 3- en- 6-yl net hyl ] ur ei donet hyl ) - 3-
et hyl bi cycl o[ 3, 2, 0] hept a- 3-en-6-yl aceti c acid.

[0177]

Most preferably, the conpound (1) of the present
invention is the conmpounds of exenplified conpound No. 1-
63, 1-74, 1-89, 1-90, 1-103, 1-129, 1-132, 1-134, 1-143, 1-
169, 1-172, 1-174, 1-185, 1-187, 1-189, 1-191, 1-193, 1-
195, 1-372, 1-373, 1-375, 1-378, 1-385, 2-1, 2-10, 2-11, 2-
12, 2-13, 2-58 or 2-62.

[0178]
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The conmpound of the present invention having the
general formula (1) can be produced in accordance with any
met hods of <Method A> to <Met hod G shown bel ow.

<Met hod A>

[0179]

[ 0180]

wherein R and R2 represent the sanme neani ngs as those
descri bed above, and R and RA represent those in which
the hydroxy group, the primary am no group, the secondary
am no group or the carboxyl group in the groups A D, E and
G contained in Rt and R?2 are protected.
[0181]

Method A is a nethod for producing the conpound
having the general formula (I) and it is achieved by
renmoving the protective group of the conpound having a

general formula (1").
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This nmethod for renobving the protective groups is
performed by a known nmethod in organic chem stry, nanely,
(a) a method for reacting the conmpound (1') with an acid in
an inert solvent or (b) a nmethod for reacting the conpound
(1") with a base in an inert solvent.

When the protective group of a carboxyl group is a
tri phenyl net hyl group or a G-G alkyl group, t he
protective group can be renoved by using (a) a nethod for
reacting the conmpound (1') with an acid.

[ 0182]

The solvent to be used is not particularly limted,
as long as it is inert to the present reaction, but it may
be, for exanple, an aliphatic hydrocarbon such as hexane,
hept ane, l[igroin and petroleum ether; an aromatic
hydrocarbon such as benzene, toluene and xylene; a
hal ogenated hydrocarbon such as chloroform nethylene
chloride, 1,2-dichloroethane and carbon tetrachloride; an
et her such as di et hyl et her, di i sopropyl et her,
tetrahydr of uran, di oxane, dinethoxyethane and diethylene
gl ycol dinethyl ether; an am de such as dinethylfornmam de,
di met hyl acet oam de and hexanet hyl phosphoric triamde; an
al cohol such as nethanol, ethanol and propanol; an organic
acid such as trifluoroacetic acid, acetic acid and
propionic acid; water; or a mxed solvent of these

solvents, and it is preferably a hal ogenated hydrocarbon
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an ether, an al cohol, an am de, water or a m xed sol vent of
these solvents, nore preferably a hal ogenated hydrocarbon,
an alcohol, an ether, water or a mxed solvent of these
solvents and nost preferably a halogenated hydrocarbon,
wat er, nethanol, ethanol, dioxane, tetrahydrofuran or a
m xed sol vent of water and these organic solvents (when the
protective group is a G-GCs al kyl group).

[ 0183]

The acid to be used is not particularly limted, as
long as it is used in an ordinary reaction as an acid, but
it may be, for exanple, an inorganic acid such as
hydrochl oric acid, hydrobrom c acid, sul furic acid,
perchloric acid and phosphoric acid; an organic acid such
as acetic acid, formc acid, oxalic acid, nethanesulfonic
aci d, p-t ol uenesul foni c aci d, canphorsul foni c aci d,
trifluoroacetic acid and trifluoronethanesulfonic acid; a
Lew s acid such as zinc chloride, tin tetrachloride, boron
trichloride, boron trifluoride and boron tribrom de; or an
acidic ion exchange resin and it is preferably an inorganic
acid or an organic acid, and nost preferably hydrochloric
acid, acetic acid or trifluoroacetic acid.

[0184]

The reaction tenperature varies, depending on the raw

mat eri al conmpounds, the acid, the solvent and so on, but it

is usually -20°C to 150°C and preferably 10°C to 100°C.
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The reaction tine varies, depending on the raw
mat eri al conmpounds, the solvent, the reaction tenperature
and so on, but it is wusually 30 mnutes to 10 days and
preferably 2 hours to 5 days.

[ 0185]

When the protective group is a C-Gs al kyl group, the
protective group can be renoved by using (b) a nethod of
reacting the conpound (1') with a base.

The solvent to be used is not particularly limted,
as long as it is inert to the present reaction, but it may
be those used in the above-nentioned "reaction (a)", and it
is preferably a halogenated hydrocarbon, an ether, an
al cohol, an amde, water or a mxed solvent of these
solvents, nore preferably water, an alcohol, an ether or a
m xed solvent wth water and nost preferably water,
nmet hanol, ethanol, dioxane, tetrahydrofuran or a m xed
sol vent of water and these organic sol vents.

[ 0186]

The base to be used is not particularly limted, as
long as it is used as a base in an ordinary reaction and it
does not have influence on other noieties of the conpound,
but it may be an alkali metal carbonic acid salt such as
lithium carbonate, sodium carbonate and pot assi um
carbonate; an alkali netal hydrogen carbonic acid salt such

as lithium hydrogen carbonate, sodium hydrogen carbonate
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and potassi um hydrogen carbonate; an al kali netal hydroxide
such as lithium hydroxide, sodium hydroxide and potassium
hydroxi de; a netal alkoxide such as |ithium nethoxide,
sodi um et hoxi de, sodi um et hoxi de and pot assi umt - but oxi de;
anmoni a such as ammonia water and conc. ammoni a- net hanol
or an organic amne such as ethylamne, propylamne,
I sopropyl am ne, triethylam ne, n-butylam ne, dibutylam ne
tributyl am ne, N, N- di i sopr opyl et hyl am ne, N- net hyl -
nor phol i ne, pyridine, 4-(N Ndinethylamno)pyridine, N N
di met hyl ani | i ne, N, N- di et hyl ani | i ne, 1, 5-
di azabi cycl o[ 4. 3. 0] non-5-ene, 1, 4-di azabicycl o[ 2. 2. 2] oct ane
(DABCO) and 1, 8-diazabicyclo[5.4.0]-7-undecene (DBU), and
it is preferably an alkali netal hydroxide, an al kali netal
carbonic acid salt or an organic amne and nost preferably
l'ithium hydroxi de, sodium hydroxide, potassium hydroxide,
pot assi um car bonat e, propyl am ne or butyl am ne.

[0187]

The reaction tenperature and the reaction tinme are
simlar to those applied to the above-nentioned "reaction
(a)".

Wen the protective group of the primary and the
secondary amno groups is a t-butoxycarbonyl group, the
protective group can be renoved by using a nethod of
reacting the conmpound (1') with an acid.

The solvent to be used is not particularly |limted,
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as long as it is inert to the present reaction, but it may
be an aliphatic hydrocarbon such as hexane, heptane,
ligroin and petroleum ether; an aromatic hydrocarbon such
as benzene, toluene and xylene; a hal ogenated hydrocarbon
such as chloroform nethylene chloride, 1,2-dichloroethane
and carbon tetrachloride; an ether such as diethyl ether,
di i sopropyl et her, t et rahydr of ur an, di oxane,
di met hoxyet hane and diethylene glycol dinmethyl ether; an
am de such as dinethylformam de, dinethylacetoam de and
hexanet hyl phosphoric triam de; an al cohol such as nethanol,
et hanol and pr opanol ; an or gani c acid such as
trifluoroacetic acid, acetic acid and propionic acid;
water; or a mxed solvent of these solvents, and it is
preferably a hal ogenated hydrocarbon, an ether, an al cohol,
an am de, water or a mxed solvent of these solvents, nore
preferably a halogenated hydrocarbon, an alcohol or an
ether and nost preferably a halogenated hydrocarbon,
nmet hanol, ethanol, dioxane, tetrahydrofuran or a m xed
sol vent of these organic solvents.

[ 0188]

The acid to be used is not particularly limted, as
long as it is used in an ordinary reaction as an acid, but
it may be an inorganic acid such as hydrochloric acid,
hydrobromc¢ acid, sulfuric acid, perchloric acid and

phosphoric acid; an organic acid such as acetic acid,
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formc acid, oxalic acid, nmet hanesul fonic acid, p-
t ol uenesul foni c acid, canphorsulfonic acid, trifluoroacetic
acid and trifluoronethanesulfonic acid; a Lews acid such
as zinc chloride, tin tetrachloride, boron trichloride,
boron trifluoride and boron tribromde; or an acidic ion
exchange resin, and it is preferably an inorganic acid or
an organic acid and nost preferably hydrochloric acid,
acetic acid or trifluoroacetic acid.

[0189]

The reaction tenperature varies, depending on the raw
mat eri al conpounds, the acid, the solvent and so on, but it
is usually -20°C to 150°C and preferably 0°C to 80°C.

The reaction tine varies, depending on the raw
mat eri al conmpounds, the acid, the solvent, the reaction
tenperature and so on, but it is usually 30 mnutes to 3
days and preferably 1 hour to 2 days.

When the protective group of the hydroxy group is a
Ci- G al kyl acyl group, the protective group can be renoved
by applying the deprotection reaction of the carboxy group
descri bed above.
<Met hod B>

[ 0190]
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[0191]

wherein X, A B, Db E, F and G represent the sane
nmeanings as those described above, provided that the
hydroxy group and the amno group in A D E and G are
protected and the carboxy group may be protected or not.
[0192]

Method B is a nethod for producing a conpound having
general formulae (VI) to (VIIl) or/and general formnulae
(IX) to (XI) and it is achieved by dehydrati on condensation
of a compound having a general fornula (I1) and a conpound
havi ng general fornmulae (I11) to (V).

[0193]
(a) Acid halide nethod

An acid halide nmethod is perfornmed by reacting a
compound having general formulae (Ill) to (V) wth a

hal ogenating agent (for exanple, it may be thiony
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chl ori de, t hi onyl brom de, oxal yl chl ori de, oxal yl
di chl ori de, phosphorus oxychloride, phosphorus trichloride
or phosphorus pentachloride and it is preferably oxalyl
dichloride) in an inert solvent and by reacting the
obtai ned acid halide or the acid addition salt thereof with
a conpound (Il1) in an inert solvent in the presence or the
absence of a base (preferably in the presence).

[ 0194]

The base to be used is, for exanple, an al kali netal
carbonic acid salt such as Ilithium carbonate, sodium
carbonat e and pot assi um carbonate; an al kali netal hydrogen
carbonic acid salt such as Ilithium hydrogen carbonate,
sodi um hydr ogen carbonat e and pot assi um hydrogen car bonat e;
an alkali metal hydride such as Ilithium hydride, sodium
hydri de and potassium hydride; an alkali metal hydroxide
such as lithium hydroxide, sodium hydroxide and potassium
hydroxide; an alkali netal alkoxide such as [|ithium
nmet hoxi de, sodi um net hoxi de, sodi um et hoxi de and potassi um
t-butoxide; or an organic amne such as triethylamne,
tributyl am ne, N, N- di i sopr opyl et hyl am ne, N- net hyl -
nor phol i ne, pyridine, 4-(N Ndinethylamno)pyridine, N N
di met hyl ani | i ne, N, N- di et hyl ani | i ne, 1, 5-
di azabi cycl o[ 4. 3. 0] non-5-ene, 1, 4-di azabicycl o[ 2. 2. 2] oct ane
(DABCO) and 1, 8-di azabi cycl o[ 5.4.0]-7-undecene (DBU) and it

is preferably an organic amne and nost preferably
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triethyl am ne, 4- (N, N- di et hyl am no) pyri di ne or N, N-
di i sopropyl et hyl am ne.
[ 0195]

The solvent to be used is not particularly limted,
as long as it is inert to the present reaction, but it may
be, for exanple, an aliphatic hydrocarbon such as hexane,
hept ane, ligroin and petroleum ether; an aromatic
hydrocarbon such as benzene, toluene and xylene; a
hal ogenated hydrocarbon such as nethylene chloride,
chloroform 1, 2-di chl oroet hane and carbon tetrachloride; an
et her such as di et hyl et her, di i sopropyl et her,
tetrahydr of uran, di oxane, dinethoxyethane and diethylene
gl ycol dinethyl ether; a ketone such as acetone; an am de
such as formam de, dinethylformam de, dinethylacetoam de
and hexanet hyl phosphoric acid triam de; a sul foxide such as
di met hyl sul foxide; or sulfolane, and it is preferably a
hal ogenat ed hydrocarbon, an ether or an am de and nost
preferably nethyl ene chloride, chloroform tetrahydrofuran,
di oxane or di met hyl f or mam de.

[ 0196]

The reaction tenperature varies, depending on the raw
mat eri al conpounds, the hal ogenating agent and so on, but
it is wusually -20°C to 150°C in the reaction of the
hal ogenati ng agent wth a conmpound having general fornulae

(I11) to (V) and also in the reaction of an acid halides
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with the conmpound (11) and preferably -10°C to 100°C in the
reacti on of the hal ogenating agent with the conpound having
general formulae (IIl1) to (V) and -20°C to 100°C in the
reaction of the acid halide with the conmpound (I1).

The reaction tinme varies, depending on the raw
mat eri al conmpounds, the hal ogenating agent, the reaction
tenperature and so on, but it is usually 30 mnutes to 80
hours and preferably 1 hour to 48 hours in the reaction of
the halogenating agent wth the conpound having the
formulae (Il1l) to (V) and also in the reaction of the acid
halide with the conpound (11).

[0197]
(b) Active ester nethod

An active ester nethod is perfornmed by reacting a
conmpound having the general formulae (l11l1) to (V) with an
active esterifying agent in an inert solvent and by
reacting the obtained active ester with the conpound (I1)
in the presence or the absence of a base (preferably in the
presence) in an inert solvent. In addition, the active
ester nethod is also perfornmed by adding an active
esterifying agent and a base in the presence of the
conmpound having the general formulae (l11l1) to (V) and the
compound having the formula (I1).

[0198]

The active esterifying agent to be used may be, for
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exanpl e, an N- hydr oxy compound such as N-
hydr oxysucci ni m de, 1-hydroxybenzotri azol e and N hydroxy- 5-
nor bor nen- 2, 3-di car boxyi m de; a disulfide conmpound such as
di pyri dyl di sul fide; a carbodiimde such as NN -
di i sopropyl - carbodi i m de, di cycl ohexyl car bodi i m de, 1-
et hyl - 3- (3-di - net hyl am nopr opyl ) carbodi i m de hydrochl ori de
and bis-(trinmethylsilyl)carbodiimde; 1,1 -carbonylbis-1H
i m dazol e; 4- (4, 6-di met hoxy-1, 3,5-triazin-2-yl)-4-nethyl -
nor pholinium chloride (DMIMM, diphenyl phosphoric acid
azi de, hexaf | uorophosphoric acid Dbenzotriazol-1-yl oxy-
tri s(di met hyl am no) phosphoni um or triphenyl phopshine and it
IS preferably N, N -di i sopropyl car bodi i m de,
di cycl ohexyl carbodi i m de, 1-ethyl-3-(3-
di met hyl am nopr opyl ) car bodi i m de hydr ochl ori de, 4- (4, 6-
di met hoxy-1, 3, 5-triazin-2-yl)-4-net hyl nor phol i ni um chl ori de
(DMWY , di phenyl phosphoric acid azide or 1,1 -
car bonyl bi s-1H i m dazole and nost preferably NN -di-
i sopr opyl car bodi i m de, 1- et hyl - 3- ( 3- di net hyl am nopr opyl ) -
car bodi i m de hydrochl ori de, 4-(4, 6-di nethoxy-1,3,5-triazin-
2-yl)-4-net hyl norpholinium chloride (DMIMV) or 1,1 -
car bonyl bi s- 1H i m dazol e.
[0199]

The solvent to be used is not particularly |imted,
as long as it is inert to the present reaction, but it may

be, for exanple, an aliphatic hydrocarbon such as hexane,
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hept ane, ligroin and petroleum ether; an aromatic
hydrocarbon such as benzene, toluene and xylene; a
hal ogenat ed hydrocarbon such as nethylene chloride, 1, 2-
di chl oroet hane and carbon tetrachloride; an ether such as
di et hyl ether, diisopropyl ether, tetrahydrofuran, dioxane,
di met hoxyet hane and diethylene glycol dinethyl ether; a
ketone such as acetone; an amde such as formam de,
di met hyl f or mam de, di met hyl acet oam de and
hexanet hyl phosphoric triam de; a sul foxide such as dinethyl
sul foxide; or sulfolane, and it is preferably a hal ogenated
hydrocarbon, an ether or an amde and nost preferably
met hyl ene chl ori de, 1, 2-di chl or oet hane, di oxane,
t et rahydrof uran or di net hyl f or mam de.

[ 0200]

The base to be used is, for exanple, a base simlar
to those used in the above-nentioned "(a) acid halide
nmethod", and it is preferably an organic am ne and nobst
preferably triethylamne, N, N-diisopropylethylamne or 4-
(N, N-di net hyl am no) pyri di ne.

The reaction tenperature varies, depending on the raw
mat eri al conpounds, the base, the active esterifying agent
and so on, but it is usually -70°C to 150°C and preferably
-10°C to 100°C in the active esterification reaction, and -
20°C to 100°C and preferably 0°C to 50°C in a reaction of

the active ester with the conpound (I11).
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The reaction tine varies, depending on the raw
mat eri al conpounds, the base, an active esterifying agent,
the reaction tenperature and so on, but, in the active
esterification reaction and also the reaction of the active
ester with the conmpound (Il), it is usually 30 mnutes to
10 days and preferably 1 hour to 48 hours.

[ 0201]
(c) Mxed acid anhydri de nethod

A mxed acid anhydride nethod is perfornmed by
reacting a conpound having the general fornulae (111) to
(V) with a mxed acid anhydride reagent in the presence or
the absence of a base (preferably in the presence) in an
inert solvent and by reacting the obtained mxed acid
anhydride with a conpound (Il)in an inert solvent.

[ 0202]

The base to be used may be, for exanple, an alkal
metal carbonic acid salt such as |lithium carbonate, sodium
carbonat e and pot assi um carbonate; an al kali netal hydrogen
carbonic acid salt such as Ilithium hydrogen carbonate,
sodi um hydr ogen carbonate and pot assi um hydrogen car bonat e;
an alkali metal hydride such as Ilithium hydride, sodium
hydri de and potassium hydride; an alkali metal hydroxide
such as lithium hydroxide, sodium hydroxide and potassium
hydroxide; an alkali netal alkoxide such as [|ithium

nmet hoxi de, sodi um net hoxi de, sodi um et hoxi de and potassi um
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t-butoxide; or an organic amne such as triethylamne,
tributyl am ne, N, N- di i sopr opyl et hyl am ne, N- net hyl -
nor phol i ne, pyridine, 4-(N N-dinethylamno)pyridine, N N
di met hyl ani | i ne, N, N- di et hyl ani | i ne, 1, 5-di azabi -
cycl o[ 4. 3. 0] non- 5- ene, 1, 4-di azabi cycl o[ 2. 2. 2] oct ane
(DABCO) and 1, 8-diazabicyclo[5.4.0]-7-undecene (DBU), and
it is preferably an organic amne and nost preferably
triethyl am ne, N, N- di i sopr opyl et hyl am ne or 4- (N, N-
di met hyl am no) pyri di ne.

[ 0203]

The m xed acid anhydride reagent to be used is, for
exanpl e, a GCG-G alkyl hal of ormate such as ethyl
chlorof ormate and isobutyl chloroformate; a GCi-GCs al kanoyl
hal i de such as pivaloyl chloride; or a di-GC-GC alkyl or
di -GCs-Cia  aryl cyanophosphoric acid such as diethyl
cyanophosphonate and di phenyl cyanophosphonate, and it is
preferably i sobut yl chl or of or mat e, di-C-CG al kyl
cyanophosphoric acid or diphenyl cyanophosphoric acid and
nost preferably i sobut yl chl or of ormat e or di et hyl
cyanophosphonat e.

[ 0204]

The inert solvent to be used in production of the
m xed acid anhydride is not particularly limted, as |ong
as it does not inhibit the reaction and dissolves a

starting substance to sone degree, but it nmay be, for
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exanpl e, an aliphatic hydrocarbon such as hexane, heptane,
ligroin and petroleum ether; an aromatic hydrocarbon such
as benzene, toluene and xylene; a hal ogenated hydrocarbon
such as nethylene chloride, 1,2-dichloroethane and carbon
tetrachl oride; an ether such as diethyl ether, diisopropyl
et her, t et rahydr of ur an, di oxane, di met hoxyet hane  and
di et hyl ene gl ycol dinethyl ether; a ketone such as acetone;
an am de such as formam de, dinethylformam de, dinethyl-
acet oam de and hexanet hyl phosphoric triam de; a sulfoxide
such as dinmethyl sulfoxide; or sulfolane, and it is
preferably a hal ogenated hydrocarbon, an ether or an am de
and nost preferably nethylene chloride, tetrahydrofuran or
di met hyl f or mam de.

[ 0205]

The reaction tenperature in the production of the
m xed acid anhydride varies, depending on the raw nateri al
conpounds, the base, the m xed acid anhydri de agent and so
on, but it is usually -50°C to 100°C and preferably -20°C to
60°C.

The reaction tine in the production of the m xed acid
anhydri de varies, depending on the raw material conpounds,
the base, the mxed acid anhydride reagent, the reaction
tenperature and so on, but it is usually 30 mnutes to 1
week and preferably 1 hour to 3 days.

The reaction of the mxed acid anhydride with the
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compound (I11) is performed in the presence or the absence
of a base (preferably in the presence) in an inert solvent,
and the base and the inert solvent to be used are simlar
to those used in the reaction of producing the above-
nmenti oned m xed aci d anhydri de.

The reaction tenperature of the m xed acid anhydride
with the conpound (Il) varies, depending on the raw
mat eri al conmpounds, the base and so on, but it is usually
from-30°C to 100°C and preferably 0°C to 80°C.

The reaction tine of the mxed acid anhydride wth
the compound (I1) varies, depending on the raw naterial
conpounds, the base, the reaction tenperature and so on,
but it is usually 5 mnutes to 24 hours and preferably 30
mnutes to 16 hours.

[ 0206]

In addition, when a di-GC-G alkyl cyanophosphoric
acid or di-GCs-Cis aryl cyanophosphoric acid is used in the
present Method B reaction, the conpound (Il) and the
compound having the fornulae (IIl1) to (V) can be also
reacted directly in the presence of a base.

[ 0207]

After conpletion of the Method B reaction, the
obj ective conmpound in the each reaction is collected from
the reaction solution in accordance wth an ordinary

nmet hod. For exanmple, the reaction solution is suitably
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neutralized or when an insoluble substance is present, the
i nsol ubl e substance is suitably renoved by filtration;
wat er and an organic solvent inmscible with water such as
ethyl acetate or nethylene chloride are added thereto; an
organic layer containing the objective conpound is
i sol ated, washed wth, for exanple, water, dried over
anhydrous magnesium sulfate, anhydrous sodium sulfate,
anhydrous sodium hydrogen carbonate and so on; and the
solvent is distilled off, whereby to obtain the objective
compound of the each reaction. |In addition, if necessary,
in accordance with an ordinary nmethod (for exanple,
recrystallization, silica gel colum chronmatography and so
on), the objective conpound can be further purified (or the
reaction m xture can be directly purified).

<Met hod C >

[ 0208]
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[ 0209]

wherein X, A B, D E F and G represent the sane
nmeani ngs as those described above, and RI¢ and R are
different and represent the group of -CO A-B-D, the group
of -CO-E-F or the group of -COG However, the hydroxy
group and the amno group in AL D, E and G are protected
and the carboxy group nay not be protected.

[ 0210]

Method C is a nmethod for produci ng conmpounds having
general fornulae (XIV) to (XVlI) (conpounds of fornmula (I)
wherein R! and R?2 are different), and it is achieved by
dehydration condensation of a conpound having a general
formula (XIl1) and a conpound having general formulae (111)
to (V). However, as represented by the general fornmula

(XI'l1), R and R in the conpounds are in the different
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conbi nati on.
[ 0211]
reaction

The present is perfornmed simlarly to the

Met hod B descri bed before.

<Met hod D>
[0212]
cDI
_—
(XVIl)
R1D1 R2D1
DS H
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[ 0213]

wherein X, B, D, and F represent the sane neani ngs as
those described above; CDI represents 1,1'-carbonyl bis-1H
i m dazol e; RID! represents an imdazol-1-ylcarbonyl group;
ReCL represents an i m dazol - 1-yl carbonyl group or a hydrogen
atom RID2 represents a group of -CO-A -B-D wherein A is A
descri bed above in which the noiety bound to the carbonyl
group is an oxygen atom or a primary or secondary am no
group, a group of -COE -F wherein E is E described above
in which the noiety bound to a carbonyl group is an oxygen
atomor a primary or secondary am no group, or a group of -
COG wherein G is G described above in which the noiety
bound to a carbonyl group is an oxygen atomor a primry or
secondary am no group; and RP2 represents the sane neani ng
as RID2Z or a hydrogen atom However, the hydroxy group and
the amno group in AL Db E and G are protected, and the
carboxy group may not be protected.

[ 0214]

Method D is a nmethod for produci ng conmpounds having
general formulae (XXIV) to (XXl X).

The first step is a step for producing a conpound
having a general formula (XVII) [(XVIIl) to (XIX)]. This
step is achieved by reacting a conpound having fornula (11)
with 1,1'-carbonyl bi s-1H i m dazol e.

The present reaction is performed simlarly to the
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(b) active ester nethod in the above-nentioned Method B. A
base may be absent in the present reaction.

The second step is a step for producing a conpound
having a general formula (XXI11) [(XXIV) and (XXIX)]. This
step is achieved by reacting a conmpound having a general
formula (XVI1) with a conpound havi ng general fornmulae (XX)
to (XX1).

When the conpounds having the general fornmulae (XX),
(XXI') and (XXI'l) have a carboxy group, a hydroxyl group or
a sulfo group in this step, these conpounds nay be
previously reacted wth chlorotrinethylsilane 1in the
presence of a base to silylate these groups and this step
may be perfornmed w thout isolating the silylated conpounds.
[0215]

The present reaction is performed simlarly to the
(b) active ester nmethod in the above-nenti oned Met hod B

The solvent to be used is not particularly limted as
long as it is inert to the present reaction, but it may be,
for exanple, an aliphatic hydrocarbon such as hexane,
hept ane, ligroin and petroleum ether; an aromatic
hydrocarbon such as benzene, toluene and xylene; a
hal ogenat ed hydrocarbon such as nethylene chloride, 1, 2-
di chl oroet hane and carbon tetrachloride; an ether such as
di et hyl ether, diisopropyl ether, tetrahydrofuran, dioxane,

di met hoxyet hane and diethylene glycol dinethyl ether; a
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ketone such as acetone; an amde such as formanm de,
di met hyl f or mam de, di met hyl acet oam de and
hexanet hyl phosphoric triam de; a sul foxi de such as di net hyl
sul foxi de; or sulfolane, and it is preferably a hal ogenated
hydr ocarbon, an ether or an amde and nost preferably
nmet hyl ene chl ori de, 1, 2-di chl or oet hane, di oxane,
t et rahydrof uran or di net hyl f or mam de.

[ 0216]

The base to be used is, for exanple, a base simlar
to those used in the Method B described before, and it is
preferably an organic amne and nost preferably 4-(N N
di met hyl am no) pyridine, triethylamne or N, N-diisopropyl-
et hyl am ne.

The reaction tenperature varies, depending on the raw
mat eri al conpounds, the conpounds having the fornulae (I1)
and (XVIl1) and so on, but it is usually -70°C to 150°C and
preferably -10°C to 100°C in the reaction of the first
step, and it is -20°C to 100°C and preferably 0°C to 50°C in
the reaction of the second step.

The reaction tinme varies, depending on the raw
materi al conpounds, the conpounds having the genera
formulae (I1) and (XVIl), the reaction tenperature and so
on, but it is usually 30 mnutes to 10 days and preferably
1 hour to 48 hours.

<Met hod B>
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[0217]
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X .0 EE1U_E52_;2_803H
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S0 H_EEZ EE1 0O X
5 T

0
(XXX

[0218]

wherein X represents the sanme neaning as those
descri bed above and EF and ER are groups to form E
together with -CONH in the general fornmula (XXXI1).
However, the hydroxy group and the amino group in EE and
EF2 are protected and the <carboxy group nmay not be
pr ot ect ed.
[0219]

Method E is a nethod for producing a conpound having
a general formula (XXXII1).

The first step is a step for producing a conpound
having a general forrmula (XXXI). This step is achieved by
reacting a conpound having a general formula (lI1) with a

conmpound having a general fornula (XXX).
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The present reaction is perfornmed simlarly to Method
B descri bed before.

[ 0220]

The second step is a step for producing a conpound
having a general formula (XXXI1l). This step is achieved
by reacting a conpound having a general forrmula (XXXI) with
a conpound having a general fornmula (XXXI1).

The present reaction is perfornmed simlarly to Method
B descri bed before. The sulfo group in the general formula
(XXXI'l') may be reacted with chlorotrinmethylsilane in the
presence of a base in this step to silylate this group, and
this step may be perforned wi thout isolating the silylated
compound.

[ 0221]

Meanwhile, this Method E can be also applied to a
nmet hod for producing a conpound having an am de group in A
D, Eor G The reaction is achieved in a simlar nmethod to

Met hod B descri bed before.

<Met hod F>
Met hod F-1
[ 0222]
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[ 0223]

wherein X, A D, R and R represent the sane
nmeani ngs as those described above, CD represents 1,1'-
car bonyl bi s-1H i m dazol e and Boc represents a t-
but oxycar bonyl group. However, the hydroxy group and the
amno group in A and D are protected and the carboxy group
may not be protected.
[ 0224]

Method F (Method F-1) is a nethod for producing a
compound having a general formula (XXXIX), which is a
conmpound having the general formula (I) or (I') wherein B

is a ureido group.
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The first step is a step for producing a conpound
having a general formula (XXXV). This step is achieved by
reacting a conpound having the general fornula (I1) with a
compound having a general fornula (XXXIV).

[ 0225]

The present reaction is perfornmed simlarly to Method
B descri bed before.

The second step is a step for producing a conpound
having a general formula (XXXVI). This step is achieved by
renmoving a t-butoxycarbonyl group which is a protective
group for the amino group in the conpound having a general
formul a ( XXXV)

The present reaction is perfornmed simlarly to Method
A descri bed before.

The third step is a step for producing a conpound
having a general formula (XXXVII). This step is achieved
by reacting a conpound having a general formula (XXXVI)
with 1,1'-carbonyl bi s-1H i m dazol e.

The present reaction is perforned simlarly to the
(b) active ester nmethod in Method B descri bed before.

[ 0226]

The fourth step is a step for producing a conpound
having a general formula (XXXIX). This step is achieved by
reacting a conpound having a general fornmula (XXXVII) wth

a compound having a general fornmula (XXXVII1).
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When a conpound having a general formula (XXXVIII)
has a carboxy group, a hydroxyl group or a sulfo group in
this step, these conpounds nay be previously reacted wth
chlorotrinmethylsilane in the presence of a base to silylate
these groups, and this step may be perfornmed wthout
i solating the silylated compound.

The present reaction is perforned simlarly to the

second step of Method D descri bed before.

Met hod F-2
[0227]
y F2-1 o RS
5 N— =
R®N-D S L\NJL,L‘,D
(XX %l
(XL)
X._O._A-NH
| N F2-2
0 ‘\\\\\\\\\ 0
Hl\‘l*A)ko X N JOLF‘QE
OXXXVI) WN-ND
(XL)
X Q A*NTN*D
NS | 70( REO RS
RSO R* )?\ ‘ XN
D-N—L-R-a"">0" X
(XXXIX)
[ 0228]

wherein X, A D R and R represent the sane
meani ngs as those described above and CDI represents 1,1'-
car bonyl bi s- 1H i m dazol e. However, the hydroxy group and
the amno group in A and D are protected and the carboxy

group may not be protected.
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[ 0229]

Method F (Method F-2) is a nmethod for producing a
conmpound having a general fornula (XXXl X).

The first step is a process for producing a conpound
having a general forrmula (XL). This step is achieved by
reacting a conpound having a general fornula (XXXVII11) with
1,1 -carbonyl bi s-1H i m dazol e.

The present reaction is performed simlarly to the
(b) active ester nethod in Method B descri bed before.

[ 0230]

The second step is a step for producing a conpound
having a general formula (XXXIX). This step is achieved by
reacting a conpound having a general fornmula (XXXVI) with a
conpound having a general formula (XL).

The present reaction is performed simlarly to the

second step of Method D descri bed before.

Met hod F-3
[ 0231]
X _0 A—Nr Fa1
Hl\‘l*A o X

D-N=C=0
(XXXVI)

H
X _O_A-N N-D
\ T b
, o ) N O T PP o]
10 T o
D-N N-A" 0" X

(XXXIX")

(XLI)

[ 0232]
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wherein X, A D and R® represent the sanme neani ngs as
those descri bed above. However, the hydroxy group and the
amno group in A and D are protected and the carboxyl group
may not be protected.

[ 0233]

Method F (Method F-3) is a nethod for producing a
compound having a general formula (XXXIX ) (the conpound
wherein R is a hydrogen aton).

The reaction is perforned by reacting a conpound
having a general formula (XXXVI) wth a conmpound having a
general formula (XLI) in an inert sol vent.

[ 0234]

The solvent to be used is not particularly limted,
as long as it is inert to the present reaction, but it may
be, for exanple, an aliphatic hydrocarbon such as hexane,
hept ane, ligroin and petroleum ether; an aromatic
hydrocarbon such as benzene, toluene and xylene; a
hal ogenat ed hydrocarbon such as nethylene chloride, 1, 2-
di chl oroet hane and carbon tetrachloride; an ether such as
di et hyl ether, diisopropyl ether, tetrahydrofuran, dioxane,
di met hoxyet hane and diethylene glycol dinethyl ether; a
ketone such as acetone; an amde such as formam de,
di met hyl f or mam de, di met hyl acet oam de and
hexanet hyl phosphoric triam de; a sul foxide such as dinethyl

sul foxi de; or sulfolane, and it is preferably a hal ogenated

182



hydrocarbon, an ether or amde and nost preferably
met hyl ene chl ori de, 1, 2-di chl or oet hane, di oxane,
t et rahydrof uran or di net hyl f or mam de.

[ 0235]

A base is not necessary, but it my be used to
pronote the reaction. For exanple, the base is a base
simlar to those used in the above-nentioned "(a) acid
halide method", and it is preferably an organic am ne and
nost preferably triethylamne, 4-(N, Ndinethyl-
am no) pyridine or N, N-diisopropyl ethyl am ne.

The reaction tenperature varies, depending on the raw
mat eri al conpounds, the solvent, the base and so on, but
it is usually -70°C to 150°C and preferably -10°C to 100°C.

The reaction tinme varies, depending on the raw
mat eri al conpounds, the solvent, the base, the reaction
tenperature and so on, but it is usually 30 mnutes to 3

days and preferably 1 hour to 48 hours.

<Met hod &
[ 0236]
1 G-1
—alkylene '-Halo + H-T'—alkylene?-Q' I — —alkylene1—T1—alkylene2—Q1
(XLI) (XL (XLIV)
G-2
—alkylene®-T>—H + Halo—alkylene*-Q? — > —alkylene®*~T2—alkylene*—Q?
(XLV) (XLVI) (XLvny
[ 0237]
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wherein “Halo” represents a halogen atom T!-H and
T2-H represent, an amno group, a hydroxyl group, a
sul f hydryl group, a carbanoyl group and so on,
bound to an al kyl ene group and @ and @ represent the group
of -COA-B-D the group -COEF or the group -COG
described before as -alkylenel-T!-al kylene2-@ and -
al kyl enes3- T2- al kyl ene4- @, respectively. However, a group
havi ng an active hydrogen atom such as a hydroxy group, an
amno group and a carboxy group in the alkylenet?,
al kyl ene?, al kyl ene3, al kylene4, @ and is protected.

[ 0238]

Method G is a nethod for producing a conpound having
the general formula (I) or a conpound having the general
formula (1') by reacting a halogenated alkyl conpound
having a general formula (XLIl) or a hal ogenated alkyl
compound having a general formula (XLVI) with a conpound
having a general formula (XLIIIl) or forrmula (XLV) which has
an active hydrogen atom such as an am no group, a hydroxyl
group, a sul fhydryl group, a carbanoyl group and so on.

[ 0239]

Steps G1 and G2 are steps for produci ng conpounds
(XLIv) and (XLVI1) having substituents -alkyl enel-T1-
al kyl ene2-@Q@ and -al kyl enes-T2-al kyl ene4-@, and they are
achi eved by reacting a conpound (XLIIl) or conpound (XLVI)

with a conpound (XLIII) or (XLV) in the presence of a base
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in an inert solvent.
[ 0240]

The base to be used is not particularly limted, as
long as it is used in ordinary organic reactions as a base,
but it my be, for exanple, an alkali nmetal carbonic acid
salt such as lithium carbonate, sodium carbonate, potassium
carbonate and cesium carbonate; an alkali netal hydrogen
carbonic acid salt such as lithium hydrogen carbonate,
sodi um hydr ogen carbonate and potassi um hydrogen carbonat e;
an alkali metal hydride such as Ilithium hydride, sodium
hydri de and potassium hydride; an alkali metal hydroxide
such as lithium hydroxide, sodium hydroxide and potassium
hydroxi de; an alkali netal alkoxide such as [|ithium
nmet hoxi de, sodi um net hoxi de, sodi um et hoxi de and pot assi um
t-butoxide; or an organic amne such as triethylamne,
tributyl am ne, 4- (N, N- di met hyl am no) pyri di ne, N, N-
di i sopropyl et hyl am ne, N-nethyl norpholine, pyridine, N N
di met hyl ani | i ne, N, N- di et hyl ani | i ne, 1, 5-di azabi cycl o-
[4.3.0] non-5-ene, 1, 4-diazabicyclo[2.2.2]octane (DABCO and
1, 8-di azabi cycl o[ 5. 4. 0] - 7- undecene (DBU) , and it i's
preferably 4- (N, N-di net hyl am no) pyri di ne, N, N-
di i sopropyl ethyl am ne, alkali netal hydride or an alkali
nmetal carbonic acid salt and nost preferably 4-(N N
di met hyl am no) pyridi ne, N, N-diisopropylethylam ne, sodium

hydri de, potassium carbonate or cesium carbonate.
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[ 0241]

The solvent to be used is not particularly limted,
as long as it is inert to the present reaction, but it may
be, for exanple, an aliphatic hydrocarbon such as hexane,
hept ane, l[igroin and petroleum ether; an aromatic
hydrocarbon such as benzene, toluene and xylene; a
hal ogenated hydrocarbon such as chloroform nethyl ene
chloride, 1,2-dichloroethane and carbon tetrachloride; an
ester such as nethyl acetate, ethyl acetate, propyl
acetate, butyl acetate and diethyl carbonate; a ketone such
as acetone and nethyl ethyl ketone; an ether such as
di et hyl ether, diisopropyl ether, tetrahydrofuran, dioxane,
di met hoxyet hane and diethylene glycol dinmethyl ether; an
am de such as f or mam de, di met hyl f or mam de,
di met hyl acet oam de and hexanet hyl phosphoric triamde; or a
m xed solvent of these solvents, and it is preferably a
hal ogenat ed hydrocarbon, an ether or an am de and nost
preferably nethylene chloride, dioxane, tetrahydrofuran,
di met hyl f or mam de or di net hyl acet oam de.

[ 0242]

The reaction tenperature varies, depending on the raw
mat eri al conmpounds, the base to be used, the solvent and so
on, but it is wusually -20°C to the boiling point
tenperature of a solvent and preferably 0°C to 100°C.

The reaction tinme varies, depending on the raw
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mat eri al conpounds, the base to be used, the solvent, the
reaction tenperature and so on, but it is wusually 30
mnutes to 5 days and preferably 1 hour to 3 days.

[ 0243]

When an amno group is present in the structure of
the conmpound having the general formula (1), a production
internmediate thereof and so on in the above-nentioned
production nmethod, a triphenylnmethyl group or a Boc group
can bind suitably as a protective group, and further the
protective group can be renoved suitably from these
protected groups. These can be carried out in accordance
with a well-known nethod in the technology of organic
synthetic chem stry, for exanple, that is, the method of T.
W Geene, (Protective Goups in Oganic Synthesis),
JohnWley & Sons; and of J. F. W Mome, (Protective
Groups in Organic Synthesis), Plenum Press.

For exanple, when the amino group is protected with a
triphenyl methyl group, the protection is performed by
reacting a conpound to be protected with triphenyl nmethy
chloride or triphenylnmethyl brom de usually at 0°C to the
boiling point tenperature of a solvent (preferably 0°C to
70°C) for 1 hour to 5 days (preferably 2 hours to 2 days)
in the presence of triethylamne or N, N-diisopropylethyl-
amine in dinethylformam de, tetrahydrofuran, net hyl ene

chloride or a m xed sol vent thereof.
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[ 0244]

When the amno group is protected with a Boc group,
the protection is perfornmed by reacting a conpound to be
protected with di-t-butyl-di-carbonate in an inert sol vent.

The solvent to be used is not particularly limted,
as long as it is inert to the present reaction, but it may
be, for exanple, an aliphatic hydrocarbon such as hexane,
hept ane, ligroin and petroleum ether; an aromatic
hydrocarbon such as benzene, toluene and xylene; a
hal ogenated hydrocarbon such as chloroform nethyl ene
chloride, 1,2-dichloroethane and carbon tetrachloride; an
ester such as nethyl acetate, ethyl acetate, propyl
acetate, butyl acetate and diethyl carbonate; a ketone such
as acetone and nethyl ethyl ketone; an ether such as
di et hyl ether, diisopropyl ether, tetrahydrofuran, dioxane,
di met hoxyet hane and diethylene glycol dinmethyl ether; an
am de such as f or mam de, di met hyl f or mam de,
di met hyl acet oami de and hexanet hyl phosphoric triamde; or a
m xed solvent of these solvents, and it is preferably a
hal ogenat ed hydrocarbon or an ether and nost preferably
chl orof orm nethylene chloride, 1,2-dichloroethane, diethyl
et her, tetrahydrofuran or dioxane.

[ 0245]
The reaction tenperature varies, depending on the raw

material conpounds, the solvent and so on, but it is
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usually 0°C to the boiling point tenperature of a sol vent
and preferably 0°C to 70°C

The reaction tinme varies, depending on the raw
mat eri al conmpounds, the solvent, the reaction tenperature
and so on, but it is usually from 1 hour to 5 days and
preferably from2 hours to 2 days.

[ 0246]

Renoval of a Boc group is performed simlarly to
Met hod A described before by reacting wth an acid.

[0247]

Further, when a carboxy group is present in the
structure of the conmpound having the general formula (1), a
production internediate thereof and so on in the above-
nmentioned production nethod, the carboxy group can be
suitably converted to a GC:-GCs al koxycarbonyl group, and
further the Ci-GCs al koxycarbonyl group can be reconverted
suitably to a carboxy group. Conversion to a carboxy group
from the Ci-GC al koxycarbonyl group is perforned simlarly
to Method A described before, and conversion to a G-Gs
al koxycar bonyl group from the carboxy group is perforned
simlarly to Method B descri bed before.

[ 0248]

Furthernore, when a hydroxy group is present in the

structure of the conmpound having the general formula (I), a

production internediate thereof and so on in the above-
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menti oned production nethod,, the hydroxy group can be
protected if desired, and the protective group for the
hydroxyl group can be suitably renoved if necessary.
Protection of the hydroxy group and renoval of the
protective group are performed in accordance wth, for
exanpl e, the description of the literatures related to the
protective group described bel ow

[ 0249]

The literatures related to the protective group are
as descri bed bel ow.

Literatures: PROTECTI VE GROUPS I N ORGANI C SYNTHESI S,
Theodora W Geene & Peter G M Wits, JOHN WLEY & SONS,
I NC. ,

PROTECTI NG GROUPS IN ORGANIC SYNTHESIS, Janmes R
Hanson, Sheffield Academ c Press, Bl ackwell Science., and

PROTECTI VE GROUPS IN ORGANIC CHEM STRY, J. F. W
McQOm e, PLENUM PRESS.

[ 0250]

In addition, the production nmethod described above is
al so perforned in accordance with, for exanple, the nethod
in the literatures described bel ow.

Literatures: FORVATION OF G- C BONDS, Jean Mathieu &
Jean Weill-Raynal, Preface by DD H R Barton, CGeorg Thiene
Publ i shers.

ORGANI C  SYNTHESES, Henry G Ilnman, Editor-in-Chief,
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JOHN W LEY & SONS, | NC. ,

ORGANI C REACTI ONS, Roger Adans, Editor-in-Chief, JOHN
W LEY & SONS, | NC.,

REAGENTS FOR ORGANI C SYNTHESIS, Louis F. Fieser and
Mary Fieser, JOHN WLEY & SONS, INC. ,

THE CHEM STRY OF FUNCTIONAL GROUPS, Saul Patai,
| NTERSCI ENCE PUBLI SHERS, a division of JOHAN WLEY & SONS,
I NC. ,

COMPREHENSI VE ORGANI C TRANSFORMATI ONS, Richard C
Larock, VCH Publishers, Inc.,

COVPREHENSI VE ORGANI C CHEM STRY, Sir Derek Barton,
F.RS and W David dlis, F.R S., PERGAMON PRESS. ,

COVPREHENSI VE ORGANIC SYNTHESIS, Barry M Trost,
PERGAMON PRESS., and

COVPREHENSI VE ORGANI C FUNCTI ONAL GROUP

TRANSFORMATI ONS, Alan R Katritzky, FRS, Oto Meth-

Cohn, Charles W Rees, FRS, PERGAMON PRESS.

[ 0251]

The compound (1) of the present invention may have
one or nore kinds of crystal form or noncrystalline form
As a nmethod for producing different crystal forns, they can
be produced by a nmethod to obtain a crystal polynorphismin
an active ingredient of a nedicine. Exanples of the nethod
for producing the crystal forns include a nethod to

di ssolve the compound (lI) of the present invention in a
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solvent and to precipitate the conpound (1) by adding a
poor solvent; a nmethod to precipitate the conpound (1) by
distill the solvent off; a nethod to precipitate the
compound (1) by lowering tenperature and so on, and these
met hods may be conbined. The crystal of the conmpound (1)
of the present invention can be precipitated selectively
and easily by adding a desired seed crystal. The
noncrystalline form can be produced by using a nethod to
obtain a noncrystalline formin an active ingredient of a
nmedi ci ne. For exanple, exanples of the nethod for
produci ng a noncrystalline forminclude a nethod to enhance
the precipitation speed at the tinme to produce the crystal
form descri bed above, a nethod to add a crystallization
i nhibitor such as a polynmer at the tinme to dissolve, a
nmethod to nelt using a biaxial extruder by adding a nelting
poi nt depressant and so on.

[ 0252]

The therapeutic agent of the present invention is
expl ai ned below. Meanwhile, a nedicine is explained as a
therapeutic agent in the present invention, but the
t herapeutic agent includes the neanings of an inprovenent
agent and a preventive agent, unless specifically stated.

The carotenoid derivative of the present invention
has a unique chemcal structure, and for that reason, it

has excell ent water solubility, has higher bioincorporation
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than a nature-producing, free form carotenoid or a
carotenoid derivative of a fatty acid ester and is useful
as an active ingredient of a nedicine in a warm bl ooded
ani mal including human. Wien a free form carotenoid such
as astaxanthin is an active substance, the acyl group
bi nding to the oxygen nolecule at the position 3 in the 6-
nmenbered cycles at both ends of the nolecule is cleaved by
esterase and so on, and the resulting free formacts in a
case where the carotenoid exhibits the activity in a living
body. In addition, the carotenoid represented by the
general fornmula (1) of the present invention itself or the
compound in which the urea bond noiety, the am de bond
noi ety or the ester bond noiety is cleaved in the nol ecul ar
structure, may exhibit the pharnmacol ogical activity.

Meanwhi | e, a free form carotenoid has hi gh
crystallinity, and it is difficult to perform significant
I nprovenent for solubility to water by using a nethod
usually wused for inproving solubility of a poor-soluble
drug such as formation of a solid dispersion using a
polymer, addition of a solubilizer and so on. For that
reason, it beconmes inportant to inprove solubility to water
in order to be easily bio-incorporated.
[ 0253]

The carotenoid derivative of the present invention

has effects on a di sease where an active oxygen is involved
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and of which curative effect is confirned by a free form
carotenoi d. Exanples of the disease where an active oxygen

is involved that can be inproved or prevented include, for

exanpl e, hyper | i pi dem a, obesity, I mpai r ed gl ucose
tol erance, hypertension, insulin resistance, a netabolic
syndr one, fatty liver di sease, di abet es, di abetic
conplication (for exanpl e, retinopat hy, nephr opat hy,
neur opat hy, cat aract, coronary artery disease, brain

infarction and so on), steatohepatitis, non-alcoholic
steatohepatitis (NASH), Type C hepatitis, arteriosclerosis,
gest ati onal di abet es, pol ycystic ovary syndrone, a
cardi ovascul ar disease (for exanple, an ischemc cardiac
di sease or nmyocar di al i nfarction), heart failure,
at heroscl erosi s, vascular insufficiency, cell damage caused
by an ischem c cardiac disease (for exanple, brain damage
caused by apoplexy and so on), gout, an inflammtory
di sease (for exanpl e, osteoarthritis, pai n, fever,
rheumatoid arthritis, inflamatory bowel disease, acne,
sunburn, psoriasis, eczema, an allergic disease, atopic
dermatitis, asthma, @A ulcer, cachexia, an autoinmmune
di sease, pancreatitis and so on), stomach ulcer, cancer,
ost eopor osi s, cat ar act, gl auconm, age-related rmacul ar
degeneration, dry eye, eyestrain, Al zheiner's disease,
depr essi on, bi pol ar di sor der, schi zophreni a, chronic

fatigue, di suse nuscle atrophy, anyotrophic latera
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sclerosis, anyotrophy, sarcopenia, cachexia, wuric acid
suppression action, hair growh pronotion action, wound
i nprovenent and inprovenent after surgery. In addition,
the therapeutic agent of the present invention can be al so
used as, for exanple, a preservative for an organ or a
preservative for cultured skin, cartilage and so on.

[ 0254]

Preferably, the therapeutic agent of the present
invention is a preventive agent and/or a therapeutic agent
for dry eye, eyestrain, cataract, glaucona, age-related
macul ar degenerati on, st eat ohepatitis, non- al cohol i c
steat ohepatitis, insulin resistance, diabetes, diabetic
conplication, hypertension, hyperlipidema, heart failure,
Al zheiner's disease, atopic dermatitis, sarcopenia and
cancer.

Most preferably, the therapeutic agent of the present
invention is for dry eye, non-alcoholic steatohepatitis,
heart failure and atopic dermatitis.

[ 0255]

Further, the carotenoid derivative of the present
i nvention may be blended with other active ingredients in
conbi nation. The effect of the other active ingredient may
be selected, depending on the properties of the other
active ingredient such as conplenentary action to each

ot her, synergistic effect, reduction of side effects of the
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ot her active ingredients and so on. Exanples of the other
active ingredient include a RXR activating agent, a
sul fonyl urea agent, an a-glucosidase inhibitor, an insulin
formul ation, an aldose reductase inhibitor, a biguanide
agent, a DPP-1V inhibitor, a GP-1-related conpound, a
statin conmpound, a squal ene synthesis inhibitor, a fibrate-
based conpound, a LDL catabolism accelerator, an
angi otensin converting enzynme inhibitor, an angiotensin Il
antagonist, a renin inhibitor, a calcium antagonist, an
al dosterone receptor antagonist, a diuretic, a secretase
inhibitor, an antitunor agent, a preventive agent and/or
therapeutic agent for diabetes, a preventive agent and/or
t herapeutic agent for diabetic conplication, a steroid and
a non-steroidal anti-inflammtory drug. Preferably,
exanples of the other active ingredient that is used in
conbination include a statin conpound, an angiotensin
converting enzynme inhibitor, an angiotensin Il antagonist,
a renin inhibitor, a calcium antagonist, an aldosterone
receptor antagonist, a diuretic, an antitunor agent, a
preventive agent and/or therapeutic agent for di abetes, and
a therapeutic agent for diabetic conplication, a steroid
and a non-steroidal anti-inflammtory drug.
[ 0256]

In conmbination wth a steroid, it is possible to

suppress or prevent amyotrophy that is a |ong-term dosing
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di sorder of a steroid. In conbination with NSAIDs (nhon-
steroidal anti-inflammtory drug), it is possible to
suppress or prevent a gastrointestinal tract disorder of
NSAI Ds.

[ 0257]

Wen the carotenoid derivative of the present
invention is used as the therapeutic agent or preventive
agent nentioned above, the carotenoid derivative itself or
as, for exanple, a tablet, a capsule, a granule, a powder,
a syrup and so on, which are prepared by m xing suitably
with a pharmaceutically acceptabl e nedical additive such as
an excipient, a disintegrator, a binder and so on, is
orally adm nistered. Al ternatively, the carotenoid
derivative of the present invention can be parenterally
adm ni stered as an injection, an eye drop, a suppository, a
per cut aneous absorption fornmulation and so on. The
carotenoi d derivative of the present invention is different
froman existing carotenoid or carotenoid derivative having
insufficient solubility to water and it is also effective
for a disease for which treatnment admnistration in a
liquid form such as an eye drop and an injection is
required.

[ 0258]
These formulations are produced by a well-known

nmet hod using additives such as a excipient (for exanple, it
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may be an organic excipient including a sugar derivative
such as | actose, sucrose, glucose, mannitol and sorbitol; a
starch derivative such as corn starch, potato starch, «
starch and dextrin; a cellulose derivative such as a

crystalline cellul ose; acacia; dextran; and pullulan; or an

i norgani c  exci pi ent including a silicic acid salt
derivative such as I'ight anhydrous silicic acid,
synthesi zed alum num silicate, calcium silicate and

magnesi um al um nonetasi licate; a phosphoric acid salt such
as cal ci um hydrogen phosphate; a carbonic acid salt such as
cal cium carbonate; a sulfuric acid salt such as calcium
sulfate; and so on), a lubricant (for exanple, it my be a
stearic acid netal salt such as stearic acid, calcium
stearate and magnesium stearate; talc; colloidal silica;
Veegum a wax such as a Gay wax; boric acid; adipic acid; a
sulfuric acid salt such as sodium sulfate; glycol; fumaric
aci d; sodium benzoate; an amno acid such as DL | eucine,
peptide; sodium salt of a fatty acid; a lauryl sulfuric
acid salt such as sodium lauryl sulfate and magnesium
lauryl sulfate; a silicic acid such as anhydrous silicic
acid and silicic acid hydrate; or the above-nentioned
starch derivative), a binder (for exanple, it my be
hydr oxypr opyl cel | ul ose, hydr oxypr opyl net hyl cel | ul ose,
pol yvi nyl pyrrol i done, macrogol or a conpound simlar to the

above-nentioned excipient), a disintegrator (for exanple,

198



it may be a cellulose derivative such as |ow substituted
hydr oxypropyl cellul ose, carboxynmethyl cellulose, calcium
car boxynet hyl cellulose and internally cross-linked sodium
car boxynet hyl cel | ul ose; a chem cal |y nodi fi ed
starch/cellul ose such as carboxynethyl starch and sodium
car boxynet hyl starch; or cross-1inked
pol yvi nyl pyrrol i done), a stabilizer (it my be a
par aoxybenzoate ester such as nethyl paraben and propyl
par aben; an al cohol such as chlorobutanol, benzyl alcoho
and phenyl et hyl al cohol; benzal konium chloride; a phenol
such as phenol and cresol; thinerosal; dehydroacetic acid;
sorbic acid; and so on), a corrective (for exanple, it may
be a sweetener, an acidulant, a perfunme and so on, which
are usually used), a diluent and so on.

[ 0259]

A liquid formulation such as a syrup, a drinkable
formul ati on, a suspension, an eye drop, an injection and so
on can be formulated by an ordinary nethod in the presence
of a pH regulator, a buffer agent, a solubilizing agent, a
suspendi ng agent, a tonicity agent, a stabilizing agent, a
preservative and so on, if necessary. Exanples of the pH
regulator may include, for exanple, hydrochloric acid,
sodi um hydr oxi de, potassi um hydroxi de, triethanol am ne and
so on. Exanples of the buffering material may include, for

exanpl e, sodi um phosphate, sodium acetate, sodium borate,
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sodium citrate, sodium aspartate and so on. Exanpl es of
t he suspendi ng agent may include, for exanple, polysorbate
80, nmet hyl cel l ul ose, hydr oxyet hyl cel | ul ose, sodi um
car boxynet hyl cel | ul ose, pol yoxyet hyl ene sorbitan
nonol aur at e, gum ar abi c, powder t ragacant h,
pol yvi nyl pyrrolidone, glycerin nonostearate and so on.
Exanples of the solubilizing agent wmy include, for
exanpl e, pol ysorbate 80, hydrogenat ed pol yoxyet hyl ene
castor oil, nicotinic acid am de, polyoxyethylene sorbitan
nonol aurate, macrogol, castor oil fatty acid ethyl ester
vasel i ne, glycerin, propylene glycol and so on. Exanples
of the stabilizing agent may include, for exanple, sodium
sulfite, sodium netabisulfite, sodium citrate, sodium
edet at e, nonoet hanol am ne and so on. Exanpl es of the
preservative may include, for exanpl e, nmet hyl p-
hydr oxybenzoat e, ethyl p-hydroxybenzoate, sodium benzoate,
sorbic acid, phenol, cresol, chlorocresol, benzal konium
chl oride, paraben and so on.

[ 0260]

To the conmpound (1) of the present invention, it is
preferable to add , for exanple, an anti-oxidant, a
colorant and so on. The anti-oxidant includes, for
exanpl e, sodium nitrite, ascorbic acid, sodium ascorbate,
L-ascorbyl stearate, ascorbyl palmtate, sodium hydrogen

sulfite, alpha-thioglycerin, erythorbic acid, cysteine
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hydrochl oride, citric acid, tocopherol acetate, potassium
di chl or oi socyanur at e, di but yl hydr oxyt ol uene, sodi um
t hi ogl ycol ate, sodiumthionalate, vitamn E, tocopherol, d-
o-tocopherol, tocotrienol, palmtic acid, ascorbic acid
gl ucosi de, sodium pyrosulfite, butylhydroxyanisole, 1, 3-
but yl enegl ycol, benzotriazole, pentaerythrityl-tetrakis|[3-
(3,5-di-t-butyl -4-hydroxyphenyl ) propi onate], propyl gallate
or 2-nercaptobenzim dazole and preferably tocopherol,
tocopherol acetate, tocotrienol, ascorbyl palmtate or
ascorbic acid glucoside. A colorant may be mxed in a
tablet or may be added to a gelatin layer for a sugar-
coated tablet or capsule.

[ 0261]

The dose of the carotenoid derivative of the present
invention is different, depending on synptons, age,
adm nistration route and so on, but it is, for exanple,
0.001 to 500 ng/kg body weight and preferably 0.01 to 50
ng/ kg body weight per one oral admnistration. In
intravenous admnistration, the dose of the carotenoid
derivative of the present invention is 0.001 to 50 ngy/kg
body wei ght and preferably 0.05 to 10 ng/ kg body wei ght per
one adm nistration. The concentration of the carotenoid
derivative in intravenous admnistration nay be suitably
sel ected anbng a concentration of 0.00001 to 1.0% by using

an ordinary nethod based on dose and adm ni stered anount of
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the liquid formul ati on.
[0262]

The concentration of the carotenoid derivative for
ocul ar adm nistration is adjusted within a concentration of
0.00001 to 5.0% and (the carotenoid derivative) is dropped
by one to several drops per one admnistration. The
droppi ng nunber per day nay be set up at a frequency of
once to ten tinmes, depending on the intended effects. The
concentration of the carotenoid derivative is preferably
0.001 to 1.0%

[ 0263]

In addition to application as a nedicine, the
carotenoid derivative of the present invention can be used
as an inprover of final redyeing or productivity or a
viability inprover at the time of fertilization by feeding
the carotenoid derivative to aninmals, or a protective agent
for an organ at the tinme of transplantation.

[ Exanpl es]
[ 0264]

Her ei nafter, Exanpl es, Ref erence  Exanpl es, Test
Exanpl es and Fornul ati on Exanpl es are shown and the present
invention will be further explained in detail, but the
scope of the present invention is not limted thereto.

[ 0265]

Exanple (1) (Exenplified conmpound No. 2-1)
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2-[3-(4-[18-[4-{3-(2-sul foet hyl am nocar bonyl ) -
propi onyl oxy}-2, 6, 6-trinethyl -3-oxocycl ohexa-1-enyl ] -
3,7,12, 16-tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-
enyl oxycar bonyl ) pr opi onyl am no] et hanesul fonic acid
[ 0266]

To a mxture of 6-(3-carboxypropionyloxy)-3-[18-]4-
( 3- car boxypr opi onyl oxy) - 2, 6, 6-tri net hyl - 3- oxo- 1-
cycl ohexenyl ]-3,7, 12, 16-t etr anet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ] -2, 4, 4-tri met hyl - 2-
cycl ohexen-1-one (6.11 g), taurine (3.82 g) and N hydroxy-
5-nor bor nene- 2, 3-di carboximde (2.75 g), anhydrous di-
nmet hyl f or mam de (70 m ) and subsequent |y N, N-
di i sopropyl ethyl am ne (19.86 g) were added and the reaction
vessel was substituted by argon. To the m xture, 1-ethyl-
3- (3-di net hyl am nopropyl ) carbodii m de hydrochloride (6.11
g) was added and the m xture was stirred for 4 days at room
tenperature. n-Hexane (300 m) was added and the n-hexane
| ayer was renoved by decantation, and further n-hexane (300
m) was added to the residue and the simlar operation was
performed. The residue was purified by silica gel colum
chr omat ography (eluent; nethylene chloride : nmethanol = 3 :
1 to 2 : 1) and a crystal was obtained from an ethyl
acet at e- n- hexane solution. The obtained crystal was washed

with nethanol to obtain the title conmpound (0.751 g) as a
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reddi sh bl ack powder
IHNWR (6, ppm) (DVMSO-ds): 1.19(s, ©6H), 1.33(s, 6H),
1.81(s, 6H), 1.97-2.00(m 16H), 2.36-2.38(m 4H), 2.51-
2.59(m 8H), 3.18-3.33(m 4H, overlapping with the peak of
water), 5.40-5.44(dd, 2H), 6.28-6.76(m 14H), 7.82(t, 2H)
[ 0267]
Exanple (2) (Exenplified conpound No. 1-2)

4-{18-[ 4- car boxymet hyl sul fi nyl acet oxy- 2, 6, 6-
trimet hyl - 3- oxocycl ohexa-1-enyl]-3,7,12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl } - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl net hyl sul fi nyl -
acetic acid
[ 0268]
Production net hod A

To a solution of astaxanthin (3.00 g), 2,2'-sulfinyl
diacetic acid (8.35 g), N Ndiisopropylethylanmne (17.1
m.), 4-(N, N-di methylam no)pyridine (1.23 g) and nethylene
chloride (90 nmL), N, N -diisopropylcarbodiimde (7.8 nL) was
added and the reaction solution was stirred for 3 hours
Conmpl etion of the reaction was confirmed by HPLC and the
sol ution of net hyl ene chl ori de and N, N-
di i sopropyl ethylamne was concentrated under reduced
pressure. The obtained residue was purified by silica gel
colum chromat ography (el uent; nmet hyl ene chl ori de

nmethanol = 2 : 1 to 1 : 2). The residue was purified again
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twice by silica gel colum chromat ography (el uent;
nmet hyl ene chloride : nmethanol = 2 : 1 to 1 : 9). The
purified product was dissolved in nethylene chloride (20
m.) and 1 N hydrochloric acid (20 nL) was added thereto
The net hyl ene chloride | ayer was separated and washed tw ce
with a saturated saline solution, and the precipitated
reddi sh black solid was collected by filtration and dried
to obtain the title compound (38 ng) as a reddish black
powder .
1H NVR 400 MHz (DMSO-de): & 6.79-6.29(14H, n), 5.55-5.50(2H,
n, 4.24-3.86(8H m, 2.07-2.03(4H, n), 2.01(6H, s),
1.97(6H, s), 1.83(6H s), 1.35(6H s), 1.21(6H, s)
Mass spectrum -ESI, mz = 891.34 (M)
[ 0269]
Production nmethod B

To a solution of 6-hydroxy-3-(18-][4-hydroxy-2, 6, 6-
trimet hyl - 3- oxo- 1-cycl ohexenyl ]-3, 7, 12, 16-tetr anet hyl -
octadeca-1, 3,5,7,9,11, 13, 15, 17- nonaenyl )-2, 4, 4-tri et hyl - 2-
cycl ohexen-1-one (astaxanthin) (1.50 g), 2,2'-sulfinyl
di acetic acid (4.18 g), N N diisopropylethylanmne (8.5 ni),
4- (N, N-di mret hyl am no) pyridine (0.61 Q) and net hyl ene
chloride (45 nmL), N, N -diisopropylcarbodiimde (3.9 nL) was
dropped and the reaction solution was stirred for 3 hours.
Compl etion of the reaction was confirnmed by HPLC and then

met hyl ene chloride (10 nlL), AQUALIC HL415 (NI PPON SHOKUBAI
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CO., LTD., 5 nL) and AQUALI C AS (NI PPON SHOKUBAI CO., LTD.,
5 g) were sequentially added. The reaction mxture was
stirred for 15 mnutes and filtered. The filtrate was
concentrated under reduced pressure and the residue was
dried under reduced pressure at 40°C. The obtained residue
was purified by silica gel colum chromatography (el uent;
nmet hyl ene chloride : nmethanol = 2 : 1 to 1 : 4) to obtain
the title conmpound (110 ng) as a reddi sh bl ack powder.

1H NVR 400 MHz (DMBO-de): & 6.78-6.29(14H, n), 5.51(2H,
dd), 4.24(2H, t), 3.85(2H, d), 3.75(2H t), 3.54-3.50(2H,
n, 2.09-2.06(4H, m, 2.00(6H s), 1.97(6H, s), 1.83(6H,
s), 1.35(6H, s), 1.21(6H, s)

Mass spectrum -ESI, mz = 891.4426 (M H)

[ 0270]

Exanpl e (3) (Exenplified conmpound No. 1-1)

4-{18-[ 4- car boxynet hyl t hi oacet oxy- 2, 6, 6-tri net hyl - 3-
oxocycl ohexa-1-enyl ]-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl } -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl t hi oacetic acid
[0271]

The reaction vessel was substituted by argon, 6-
hydr oxy- 3- (18- [ 4- hydr oxy- 2, 6, 6-tri net hyl - 3- oxo- 1-
cycl ohexenyl]-3,7,12,16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl )-2, 4, 4-tri net hyl - 2-

cycl ohexene- 1-one (astaxanthin, 2.00 g), 2,2'-thiodiacetic
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acid (5.03 g), N Ndiisopropylethylamne (8.66 g), 4-(N N
di met hyl am no) pyridine (0.82 g) and nethylene chloride (60
m.) were m xed and the reaction solution was stirred for 18
hour s at room tenperature. 1- Et hyl - 3- ( 3-di net hyl -
am nopropyl ) carbodiim de hydrochloride (6.42 g) was added
to the reaction solution and the reaction solution was
stirred further for 1.5 hours. Conpletion of the reaction
was confirmed by high performance |iquid chromatography
(HPLC) and polyacrylic acid (AQUALI C HL415 (NI PPON SHOKUBAI
CO., LTD.), 60 nL) was added to the reaction solution. The
reaction solution was stirred for 10 mnutes and further
pol yacrylic acid (AQUALIC AS (N PPON SHOKUBAI CO, LTD.),
10 g) was added thereto. Solidification of polyacrylic
acid was confirnmed, and the organic |ayer was isolated by
decantation and filtration, dried over anhydrous Na.SQ; and
concentrated wunder reduced pressure. The residue was
purified by reverse phase (ODS) colum chronmat ography (10%
CHC >-MeOH @ water = 8 : 2 to 9 : 1) once and purified by
t he chromat ography (10% CHCl - MeOH : water = 8 : 2 to 19 :
1) twice, and the fractions containing the product were
dried under reduced pressure. To the purified product,
CHC 2 (50 nL) and IN-HO (50 nL) were added and the CH.d >
| ayer was separ at ed. The CHC > |ayer was dried over
anhydrous Na>SQ:; and concentrated under reduced pressure.

The residue was purified by reverse phase (ODS) columm
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chromat ogr aphy (10% CHO - MeOH : water = 8 : 2 to 9 : 1)
and the fractions containing the product were dried under
reduced pressure to obtain the title conpound (90 ng) as a
reddi sh bl ack powder
1H NVR 400 Mz (CDOl3): & 6.69-6.18(14H, ), 5.58(2H, dd),
3.62-3.47(8H, n), 2.15-2.03(4H, m), 2.00(6H, s), 1.99(6H
s), 1.92(6H, s), 1.36(6H, s), 1.24(6H, s)
Mass spectrum -ESI, mz = 859.54 (MH)
[0272]
Exanple (4) (Exenplified conpound No. 2-10)

2-(3,5,5-trinethyl-2-oxo0-4-{3,7,12, 16-t et ranet hyl - 18-
[2,6,6-trinethyl-3-o0xo0-4-(2-sul foethyl car banoyl oxy) -
cycl ohexa- 1- enyl Joct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl } cycl ohexa- 3- enyl oxycar bonyl am no) et hanesul f oni ¢
acid
[ 0273]

A solution of imdazol-1-ylcarboxylic acid 4-
[ 18-{4- (i m dazol - 1-yl car bonyl oxy) -2, 6, 6-tri nmet hyl - 3-
oxocycl ohexa-1-enyl }-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl ester (the —conpound in Reference
Exanple 2, 5.73 g) in dry N, N-di nethylformam de (25 m) was
substituted by nitrogen, taurine (13.82 ), N, N-
di i sopropyl ethylamne (22.0 g), N hydroxy-5-norbornen-2, 3-

di carboxyimde (11.71 g) and N, N-di nethyl-4-am nopyri di ne
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(1.3 g) wer e added t heret o, further dry N, N-
dimethylformamde (25 m) was added thereto and the
reaction solution was stirred for 6 hours at room
tenperature. To the reaction solution, taurine (4.03 g),
N- hydr oxy- 5- nor bor nen- 2, 3-di carboxyimde (7.45 g) and N, N
di met hyl - 4-am nopyridine (1.5 g¢g) were added and the
reaction solution was heated and stirred for 7.5 hours on
the oil bath of 40°C. The reaction solution was further
stirred for 20 hours at room tenperature. N, N-
D net hyl formam de was distilled off under reduced pressure,
and the obtained residue was purified by silica gel colum
chromat ography (eluent; nethylene chloride : nmethanol = 7 :
3) and further purified by the silica gel chromatography
(eluent; nethylene chloride : nmethanol = 3 : 1) to obtain
the title conmpound (1.57 g) as a reddi sh black solid.
IHNVR (8, ppn) (DVMBO-de): 1.18(s, 6H), 1.33(s, 6H),
1.81(s, 6H), 1.92-2.05(m 16H), 2.61(t, 4H), 3.29-3.32(m
4H), 5.27(dd, 2H), 6.28-6.76(m 14H), 7.11(t, 2H
[ 0274]

Exanple (5) [sodium salt of conpound in Exanple (4)
(Exenplified conpound No. 2-10)]

2-(3,5,5-trinethyl-2-oxo0-4-{3,7,12, 16-t et ranet hyl - 18-
[2,6,6-trinmethyl-3-o0x0-4-(2-sul foethyl car banoyl oxy) -
cycl ohexa- 1-enyl ] -octadeca-1, 3,5,7,9, 11, 13, 15, 17-

nonaenyl } cycl ohexa- 3- enyl oxycar bonyl am no) et hanesul f oni ¢
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aci d disodiumsalt
[ 0275]

2-(3,5,5-trinethyl-2-oxo0-4-{3,7,12, 16-t et ranet hyl - 18-
[2,6,6-trinmethyl-3-o0x0-4-(2-sul foethyl car banoyl oxy) -
cycl ohexa- 1-enyl ] -octadeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl } cycl ohexa- 3- enyl oxycar bonyl am no) et hanesul f oni ¢
acid (the conmpound in Exanple (4), 0.6 g) was dissolved in
dry methanol (12 mi), a solution of 28% sodi um net hoxi de in
met hanol (265 pL) was added thereto and the reaction
solution was stirred for 1.5 hours at room tenperature.
Anhyrdrous nethanol (12 m) was further added, and the
reaction solution was stirred for 0.5 hour at room
t enper at ure. The reaction solution was added to hexane
(500 nL) and the reaction solution was stirred for 15
m nut es. A precipitate was collected by filtration to
obtain the title conmpound (0.579 g) as a reddish brown
solid.
IH NVR (8, ppn) (DMBO-de): 7.12(t, 2H), 6.79-6.28(m 14H),
5.27(dd, 2H), 3.30-3.24(m 4H), 2.59(t, 4H), 2.04-1.89(m
16H), 1.81(s, 6H), 1.33(s, 6H), 1.18(s, 6H)
Mass spectrum Fab-M5, mz = 897 (MH)
[0276]
Exanpl e (6) (Exenplified conmpound No. 1-102)

3-12-(4-(18-{4-[3-(3-t-butoxycarbonyl net hyl ur ei do) -

propi onyl oxy] -2, 6, 6-tri nmet hyl - 3- oxocycl ohexa- 1- enyl } -
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3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3- enyl oxy-
carbonyl)ethyl]ureidoacetic acid t-butyl ester
[0277]

To a solution of 3-am no-propionic acid 4-{18-[4-(3-
am nopr opi onyl oxy) -2, 6, 6-tri met hyl - 3- oxocycl ohexa- 1-enyl ] -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl } -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-enyl ester di-
hydr ochl oride (the conmpound in Reference Exanple 4, 2 g),
N- (i m dazol - 1-yl car bonyl ) gl yci ne t-butyl ester (the
compound in Reference Exanple 1, 2.77 ¢g) and dry NN
di ret hyl formam de (60 nlL), N, N-diisopropylethylamne (2.1
m.) was added and the reaction solution was stirred for 15
hours at room tenperature. N, N-dinethylformam de and N, N
di i sopropylethyl amne were distilled off wunder reduced
pressure, and the obtained residue was purified by silica
gel colum chromatography (eluent; nethylene chloride
ethyl acetate = 7 : 3 to 0 : 10), and the solvent was
distilled wunder reduced pressure. The residue was
di ssolved in nethylene chloride (30 nmL), 1 N hydrochloric
acid was added thereto and the |ayer was separated. The
organic layer was washed wth water (30 nL) and
subsequent|ly saturated saline solution (30 nL) twice, dried
over anhydrous sodium sulfate, concentrated under reduced

pressure and dried under reduced pressure. Further simlar
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operations were repeated twice to obtain the title conpound
(180 ng) as a reddi sh black powder.

1H NVR 400MHz (DVBO-de): 8 6.79-6.23(18H, n), 5.45(2H, dd)
3.66-3.64(4H, n), 3.32-3.23(4H, nm), 2.04-2.02(4H m),
2.01(6H, s), 1.97(6H, s), 1.82(6H, s), 1.41(18H, s),
1.34(6H, s), 1.20(6H, s)

Mass spectrum +ESI, nlz = 1053. 28( M+tH*), 1075. 60( M+Na*)

[ 0278]

Example (7) (Exenplified conpound No. 1-365)

| m dazol - 1-yl car bonyl am noacetic acid 4-{18-(4-
i m dazol - 1-yl car bonyl am noacet oxy-2, 6, 6-tri nmet hyl - 3-
oxocycl ohexa-1-enyl)-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl } -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester
[0279]

To nmethylene chloride (513 nl), 1,1 -carbonyl -
diimdazole (21.2 g) was added and the reaction solution
was stirred for 30 mnutes under ice cooling. To this
am noacetic acid 4-{18-[4-am noacetoxy-2,6,6-trinethyl-3-
oxocycl ohexa- 1-enyl]-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl }-3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester dihydrochloride (the conmpound in
Ref erence Exanple 6, 20.5 g) was added and the reaction
solution was returned to room tenperature. The reaction

solution was stirred for 3 hours, water (500 niL) was added
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and the |ayers were separated. To the organic |ayer, water

(500 nL) was added and the organic |ayer was separated.

Further, the organic |ayer was washed with water (500 mni)

and a saturated saline solution (400 nlL), dried over

anhydrous sodium sulfate , concentrated under reduced

pressure and dried under reduced pressure to obtain 24.0 g

of a reddish black powder.

1H NVMR (8, ppm) (DVMBO-de): 9.13(t, 2H), 8.28(s, 2H), 7.71(m

2H), 7.07(s, 2H), 6.79-6.29(m 14H), 5.50(dd, 2H), 4.22-

4.08(m 4H), 2.10-2.03(m 4H), 2.00(s, 6H), 1.97(s, 6H),

1.83(s, 6H), 1.35(s, 6H), 1.20(s, 6H)

Mass spectrum +ESI, nmz = 898. 72( M)

[ 0280]

Exanple (8) (Exenplified conpound No. 1-187)
4-(3-{4-[18-(4-[3-(3-carboxyl propyl ) urei doacet oxy] -

2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-

tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-

trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl net hyl } -

urei do)butyric acid

[ 0281]

4- Am nobutyric acid (1.4 g was suspended in
met hyl ene chloride (15 nlL), triethylamne (1.9 nlL) was
added thereto and the reaction solution was stirred under
i ce cooling. To the reaction solution, a solution of

chlorotrinmethylsilane (1.7 nlL) in methylene chloride (15
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m.) was dropped over a period of 5 mnutes. The reaction
solution was returned to roomtenperature and stirred for 3
hour s. | m dazol - 1-yl car bonyl am noacetic acid 4-[18-(4-
i m dazol - 1-yl car bonyl am noacet oxy-2, 6, 6-tri nmet hyl - 3-
oxocycl ohexa-1-enyl)-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester (the conpound in Exanple (7), 3.0
g) was added to the mxture under ice cooling and the
m xture was stirred for 22 hours at room tenperature. The
reaction solution was purified by silica gel colum
chromat ography (MeOH : CHC . = 1 : 2), by reverse phase
(ODS) colum chromat ography (MeOH : water = 8 : 2 to 19 :
1) and further by silica gel colum chromat ography (MOH :
CHC>=1: 2), and dried under reduced pressure to obtain
the title conmpound (147 ng) as a reddi sh bl ack powder.
1H NVR (8, ppm) (DVBO-ds): 6.79-6.23(m 18H), 5.44(dd, 2H),
3.93-3.80(m 4H) , 3.02-2.98(m 4H) , 2.19(t, 4H) ,
2.03(s,4H), 2.00(s,6H), 1.97(s, 6H), 1.82(s, 6H), 1.63-
1.56(m 6H), 1.34(s, 6H), 1.20(s, 6H)
Mass spectrum +ESI, mz = 969. 50( MtH)
[ 0282]
Exanple (9) (Exenplified conpound No. 1-63)
3-[4-(18-{4-(3-carboxynet hyl ur ei doacet oxy) - 2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl }-3,7, 12, 16-

t et ramet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17- nonaenyl ) - 3, 5, 5-
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trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl net hyl ] -
ur ei doacetic acid
[ 0283]

G ycine (1.03 g) was suspended in nethylene chloride
(15 nm), triethylamne (1.9 nL) was added thereto and the
reaction solution was stirred under ice cooling. To the
reaction sol uti on, a m xed sol ution of
chlorotrinmethylsilane (1.7 niL) and nethylene chloride (15
m.) was dropped over a period of 10 mnutes under ice
cooling and the reaction solution was returned to room
tenperature. The reaction solution was stirred for 2 hours
and i m dazol - 1-yl car bonyl am noaceti c acid 4-{18-(4-
i m dazol - 1-yl car bonyl am noacet oxy-2, 6, 6-tri nmet hyl - 3-
oxocycl ohexa-1-enyl)-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl } -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester (the conmpound in Exanple (7), 3.0
g) was added thereto. The reaction solution was stirred
for 18 hours, and THF (40 nL) and water (5 nL) were added
to the reaction solution and concentrated under reduced
pressure. 5% Aqueous acetic acid solution (100 nlL) was
added to the solution and filtered to obtain a reddish
bl ack powder. To the obtained powder, nethanol (100 nli)
and ethyl acetate (200nL) were added, concentrated under
reduced pressure to about 100 nL and kept for 15 hours at

no higher than -18°C. The reaction solution was filtered
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to obtain a reddish black powder. The powder was di ssol ved
in methanol (20 nL) and nethylene chloride (10 nlL),the
solution was dropped to ethyl acetate (500 ni) and the
precipitated solid was filtered to obtain a reddish black
powder. The obtai ned powder was dissolved in nethanol (1.2
L) at 60°C, the solution was dropped to 2% aqueous acetic
acid solution (1 L). The precipitated solid was collected
by filtration and dried under vacuum to obtain the title
conpound (558 g) as a reddi sh bl ack powder.
IH NMR (6, ppn) (DVSO-de): 6.78-6.28(m 18H), 5.44(dd, 2H)
3.96-3.84(m 4H), 3.72(d, 4H), 2.03(s, 4H), 2.00(s, 6H),
1.97(s, 6H), 1.82(s, 6H), 1.34(s, 6H), 1.20(s, 6H)
Mass spectrum +ESI, mz = 913. 36( MtH)
[ 0284]
Exanpl e (10) (Exenplified conpound No. 1-185)

3-(3-{4-[18-(4-[3-(2-carboxyet hyl )urei doacet oxy] -
2,6,6-trimethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-
t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl net hyl } -
urei do) propionic acid
[ 0285]

B-Alanine (1.22 g) was suspended in nethylene
chloride (15 nL), triethylamne (1.9 nlL) was added thereto
and the reaction solution was stirred under ice cooling.

To t he reacti on sol uti on, a m xed sol uti on of
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chlorotrinmethylsilane (1.7 niL) and nethylene chloride (15
m.) was dropped over a period of 5 mnutes under ice
cooling and the reaction solution was returned to room
tenperature. The reaction solution was stirred for 2 hours
and i m dazol - 1-yl car bonyl am noacetic acid 4-{18-(4-
i m dazol - 1-yl car bonyl am noacet oxy-2, 6, 6-tri nmet hyl - 3-
oxocycl ohexa-1-enyl)-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl } -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester (the conpound in Exanple (7), 3.0
g)) was added thereto. The reaction solution was stirred
for 16 hours, THF (40 ni) and water (5 nL) were added
thereto and the solution was concentrated under reduced
pressure. The residue was dissolved in MeOH (100 niL) at
50°C, 5% aqueous acetic acid solution (35 nlL) was added
thereto and the solution was left for 1.5 hours at -20°C
The precipitated solid was collected by filtration to
obtain a reddish black powder. The obtained powder was
purified by reverse phase (ODS) col um chromatography (MeCH
water = 7 : 3 to 19 : 1) and dried under vacuumto obtain
the title conmpound (560 ng) as a reddi sh bl ack powder.
NVR (6, ppm (DMSO-de): 12.2(brs, 2H),6.79-6.22(m 18H),
5.44(dd, 2H), 3.93-3.81(m 4H), 3.20(q, 4H), 2.35(t, 4H),
2.06-2.03(m 4H), 2.00(s, 6H), 1.97(s, 6H), 1.82(s, 6H),
1.34(s, 6H), 1.20(s, 6H)

Mass spectrum +ESI, mz = 941.51( MtH)
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[ 0286]
Exanple (11) (Exenplified No. conpound No. 2-11)

2-[3-{4-(18-[4-(3-[2-sul foet hyl]urei doacet oxy) -2, 6, 6-
trimet hyl - 3- oxocycl ohexa-1-enyl]-3,7, 12, 16-t etranet hyl -
octadeca-1, 3,5,7,9, 11, 13, 15, 17- nonaenyl )- 3,5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl } ur ei do] et hanesul f oni c
acid
[ 0287]

Taurine (2.55 g) was suspended in nethylene chloride
(15 nlL), N Ndiisopropylethylamne (3.6 nL) was added
thereto and a solution of chlorotrinethylsilane (2.5 nL) in
net hyl ene chloride (15 nlL) was dropped over a period of 5
m nutes under ice cooling. The reaction solution was
returned to room tenperature and stirred for 3 hours.
I m dazol - 1-yl car bonyl am noacetic acid 4-{18-(4-im dazol-1-
yl car bonyl am noacet oxy- 2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1-
enyl)-3,7,12, 16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl } -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-enyl ester (the
conmpound in Exanple (7), 3.0 g) was added to the reaction
solution and the solution was stirred for 1 hour (the
reaction solution A). In another vessel, taurine (0.88 @),
net hyl ene chloride (5 nL) and N, N-diisopropylethylam ne
(1.2 nmL) were added, a solution of chlorotrinethylsilane
(0.85 nL) in nethylene chloride (5 nL) was dropped thereto

over a period of 5 mnutes under ice cooling and the
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reaction solution was returned to room tenperature (the
reaction solution B). The reaction solution B was dropped
to the reaction solution A over 5 mnutes and stirred for 1
hour, and THF (40 nlL) and water (10 nlL) were added thereto.
The reaction solution was concentrated under reduced
pressure, and the residue was dissolved in 5% aqueous
acetic acid solution (600 nL) and purified by reverse phase
(ODS) colum chromat ography (MeOH : water = 0 : 1 to 3 : 1)
and by the chromatography (MeOH : water =1 : 1 to 3 : 1),
and dried under vacuum to obtain a reddish black powder.
To the obtained powder, ethyl acetate (150 nL) was added
and the solution was stirred for 17 hours. The powder was
collected by filtration to obtain the title conpound (189
ng) as a reddi sh bl ack powder.
NVR (8, ppm) (DMBO-dg): 6.78-6.23(m 18H), 5.44(dd, 2H),
3.90-3.78(m 4H), 3.28(t, 4H), 2.54-2.49(m 4H), 2.07-
2.02(m 4H), 2.00(s, 6H), 1.97(s, 6H), 1.82(s, 6H), 1.34(s,
6H), 1.20(s, 6H).
Mass spectrum -ESI, mz = 1011.51 (MH)
[ 0288]
Exanple (12) (Exenplified conmpound No. 1-366)

3- (1 m dazol - 1-yl car bonyl am no) propionic acid 4-[18-
(4-{3- (i mdazol - 1-yl car bonyl am no) pr opi onyl oxy}-2, 6, 6-tri -
nmet hyl - 3- oxocycl ohexa-1-enyl)-3,7,12, 16-tetranet hyl -

oct adeca-1, 3,5,7,9,11, 13, 15, 17- nonaenyl ] -3, 5, 5-tri net hyl - 2-
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oxocycl ohexa- 3-enyl ester
[ 0289]

To a mxed solution of nethylene chloride (200 ni)
and N, N- di met hyl f or mam de (200 m), 1,1 -
carbonyl dii m dazole (20 g) was added under ice cooling and
the reaction solution was stirred for 20 m nutes. Then, to
t he sol uti on, 3-am nopropi oni c acid 4-{18-[4-(3-
am nopr opi onyl oxy) -2, 6, 6-tri met hyl - 3- oxocycl ohexa- 1-enyl ] -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl } -3, 5, 5-tri net hyl - 2- oxocycl ohexa- 3-enyl ester di-
hydrochl ori de (the conmpound in Reference Exanple (4), 20 Q)
was added. The reaction solution was stirred for 2 hours
at room tenperature, nethylene chloride (200 nL) and water
(400 nmL) were added thereto and the |layers were separated.
The organic |layer was washed with water (400 niL) tw ce and
with saturated saline solution (400 nl), dried over
anhydrous sodium sulfate and concentrated under reduced
pressure. The residue was dissolved in ethyl acetate (500
m.), the resulting solution was dropped to n-hexane (1 L)
and the crystals were generated. The precipitate was
filtered to obtain the title conmpound (19.21 ¢g) as a
reddi sh bl ack powder.

NVR (8, ppm) (DVBO-de): 8.63(t, 2H), 8.24(m 2H), 7.67-
7.66(m 2H), 7.04-7.03(m 2H), 6.79-6.28(m 14H), 5.46(dd,

2H), 3.53(q, 4H), 2.73(t, 4H), 2.01-1.97(m 16H), 1.82 (s,
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10H), 1.33(s, 6H), 1.18(s, 6H)
Mass spectrum -ESI, mz = 925.17 (MH)
[ 0290]
Exanpl e (13) (Exenplified conpound No. 1-103)

3-{2-[4-(18-{4-[3-(3-carboxyl met hyl ur ei do) -
propi onyl oxy] -2, 6, 6-tri nmet hyl - 3- oxocycl ohexa- 1- enyl } -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3- enyl oxy-
car bonyl ] et hyl }urei doacetic acid
[ 0291]

A ycine (9.7 g) was suspended in nethylene chloride
(40 nL), triethylamne (18 nL) was added thereto and the
reaction solution was stirred under ice cooling. A
solution of <chlorotrinethylsilane (16 nL) in nethylene
chloride (40 nL) was dropped over a period of for 15
mnutes to the solution and the reaction solution was
returned to room tenperature. The reaction solution was
stirred for 2 hour s and 3- (i mdazol - 1-
yl car bonyl am no) pr opi oni ¢ acid 4-118-(4-{3-(i m dazol - 1-
yl car bonyl am no) pr opi onyl oxy}-2, 6, 6-tri net hyl - 3-
oxocycl ohexa-1-enyl)-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester (the compound in Exanple (12),
4.0 g) was added thereto. The reaction solution was

stirred for 1 hour and concentrated under reduced pressure.
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To the residue, nethanol (200 ni), water (200 ni) and
strong acidic cation exchange resin (RCP160M manufactured
by M tsubishi Chem cal Corporation, 20 nlL) were added in
this order and the reaction solution was stirred for 40
m nut es. The reaction solution was filtered using a
filtration aid (celite) and a reddish black solid attached
to the celite was eluted with nethanol (1.5 L). The eluted
solution was concentrated under reduced pressure, the
resi due was di ssolved in nethanol (800 nL) and a 5% aqueous
acetic acid solution (200 nL) was dropped thereto. Thi s
solution was purified by reverse phase silica gel (RP-18)
colum chromatography (MeOH : 5% aqueous acetic acid
solution = 4 : 1 to acetone : water = 7 : 3) to obtain the
title conpound (400 ng) as a reddi sh bl ack powder.
NVR (8 ppn) (DVBO-de): 6.79-6.23(m 18H), 5.45(dd, 2H),
3.69(d, 4H), 3.33-3.25(m 4H), 2.53-2.49(m 4H), 2.09-
2.02(m 4H), 2.00(s, 6H), 1.97(s, 6H), 1.82(s, 6H), 1.34(s,
6H), 1.20(s, 6H)
Mass spectrum +ESI, mlz = 941.58 (M+H")
[ 0292]
Exanple (14) (Exenplified conmpound No. 1-189)
3-13-(2-{4-[18-(4-{3-[3-(2-carboxyethyl) -
ur ei do] propi onyl oxy}-2, 6, 6-trimet hyl - 3-oxocycl ohexa- 1-
enyl)-3,7,12, 16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-

nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-
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enyl oxycar bonyl } et hyl ) ur ei do] propi onic acid
[ 0293]

B-Alanine (8.7 g was suspended in nethylene
chloride (30 nmL), triethylamne (14 nL) was added thereto
and the reaction solution was stirred under ice cooling. A
solution of <chlorotrinethylsilane (12 nL) in nethylene
chloride (30 nL) was dropped to the solution over a period
of for 15 mnutes and the reaction solution was returned
to roomtenperature. The reaction solution was stirred for
3 hours and 3-(imdazol -1-yl carbonyl am no) propi onic acid 4-
[ 18- (4-{3-(imdazol - 1-yl car bonyl am no) pr opi onyl oxy}-2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl)-3,7,12, 16-

t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-

trimet hyl - 2- oxocycl ohexa- 3- enyl ester (the conpound of
Example (12), 3.0 g) was added thereto. The reaction
solution was stirred for 2 hours and concentrated under
reduced pressure. To the residue, nethanol (200 nlL), water
(200 nmL) and strong acidic cation exchange resin (RCP160M
manuf actured by M tsubishi Chem cal Corporation, 20 nl)
were added in this order and the reaction solution was
stirred for 30 mnutes. The mxed solution was filtered
using a filtration aid (celite) and a reddish black solid
attached to the celite was eluted with nethanol (1 L). The
el uted solution was concentrated under reduced pressure to

approxi mately 850 nL, a 5% aqueous acetic acid solution was
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added thereto and the m xture was purified by reverse phase

silica gel (RP-18) columm chromat ography (MeOH : 5% aqueous

acetic acid solution =4 : 1 to acetone : water =7 : 3) to

obtain the title conpound (397 ng) as a reddish black

powder .

NVR (8, ppm) (DVMBO-ds): 12.2(s, 2H), 6.79-6.28(m 14H),

6.05(t, 4H), 5.44(dd, 2H), 3.29-3.16(m 8H), 2.51-2.47(m

4H), 2.34(t, 4H), 2.18-2.03(m 4H), 2.00(s, 6H), 1.97(s,

6H), 1.82(s, 6H), 1.34(s, 6H), 1.20(s, 6H).

Mass spectrum +ESI, nmlz = 969. 65 (M-H)

[ 0294]

Exanple (15) (Exenplified conmpound No. 1-191)
4-13-(2-{4-[18-(4-{3-[3-(3-carboxypropyl) -

ur ei do] propi onyl oxy}-2,6, 6-trinet hyl - 3- oxocycl ohexa- 1-

enyl)-3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-

nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } et hyl ) urei do] butyric acid

[ 0295]

y- Am nobutyric acid (10.0 g) was suspended in
nmet hyl ene chloride (30 nm.), triethylamne (14 nL) was added
thereto and the reaction solution was stirred under ice
cool i ng. A solution of chlorotrinmethylsilane (12 nL) in
net hyl ene chloride (30 nL) was dropped to the solution over
a period of 10 mnutes and the reaction solution was

returned to room tenperature. The reaction solution was
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stirred for 3 hour s, 3- (i mdazol -1-
yl car bonyl am no) pr opi oni ¢ acid 4-118-(4-{3-(i mdazol - 1-
yl car bonyl am no) pr opi onyl oxy}-2, 6, 6-tri net hyl - 3-

oxocycl ohexa- 1-enyl )-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-

oxocycl ohexa- 3-enyl ester (the conmpound in Exanple (12),
3.0 g) was added thereto. The mxture was stirred for 20
hours and concentrated under reduced pressure. To the
residue, water (1.5L) and nethylene chloride (400 nmL) were
added and the layers were separated. The obtai ned aqueous
| ayer was extracted twice with nethylene chloride (400 niL).
Then, the organic |ayer was conbined, washed wth a
saturated saline solution (600 nlL), dried over anhydrous
sodium sul fate, concentrated under reduced pressure and
dried in vacuum The residue was dissolved in nethanol
(425 nL) and water (75 nL) and purified by reverse phase
silica gel (RP-18) columm chromatography (nmethanol : water
= 17 : 3 to acetone : water = 7 : 3) to obtain the title
conmpound (790 ng) as a reddi sh black powder.

NVR (8, ppm) (DVBO-ds): 6.82-6.28(m 16H), 6.06(t, 4H),
5.90(t, 4H), 5.44(dd, 2H), 3.31-3.22(m 4H), 2.98(q, 4H),
2.52-2.49(m 4H), 2.19(t, 4H), 2.03-1.97(m 16H), 1.82(s,
6H), 1.66-1.49(m 6H), 1.34(s, 6H), 1.20(s, 6H)

Mass spectrum +ESI, nmlz = 997.81 (MH)

[ 0296]
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Exanpl e (16) (Exenplified conpound No. 2-12)

2-[3-(2-{4-[18-(4-{3-[3-(2-sul foethyl)-
ur ei do] propi onyl oxy}-2, 6, 6-trimet hyl - 3-oxocycl ohexa- 1-
enyl)-3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-
enyl oxycar bonyl } et hyl ) ur ei do] et hanesul fonic acid
[ 0297]

Taurine (11.4 g) was suspended in nethylene chloride
(28 nmL), triethylamne (13 nlL) was added thereto and the
reaction solution was stirred under ice cooling. A
solution of chlorotrinethylsilane (11 nlL) and nethylene
chloride (28 nL) was dropped to the solution over a period
of 10 minutes under ice cooling and the reaction solution
was returned to room tenperature. The reaction solution
was stirred for 2 hour s and 3- (i mdazol -1-
yl car bonyl am no) pr opi oni ¢ acid 4-118-(4-{3-(i m dazol - 1-
yl car bonyl am no) pr opi onyl oxy}-2, 6, 6-tri net hyl - 3-
oxocycl ohexa- 1-enyl )-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester (the conmpound in Exanple (12),
2.8 g) was added thereto. The reaction solution was stirred
for 1 hour and then kept in a freezer. After for 15 hours,
the reaction solution was returned to room tenperature and
concentrated under reduced pressure. To the residue,

nmet hanol (200 nlL) and strong acidic cation exchange resin
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(RCP160M nmanufactured by M tsubishi Chem cal Corporation
20 nL) were added, and the reaction solution was stirred
for 1 hour and filtered wth celite (Celite 545
manuf actured by Wako Pure Chem cal Industries, Ltd.). The
filtrate was purified by reverse phase silica gel (RP-18)
colum chromatography (MeOH : 5% aqueous acetic acid
solution = 1 : 1 to MeOH : water = 2 : 3) to obtain the
title conpound (1.3 g) as a reddish bl ack powder.
NVR (8, ppm) (DVMSO-ds): 6.79-6.28(m 18H), 5.54(dd, 2H),
3.28-3.23(q, 8H), 3.14-3.07(m 4H), 2.53-2.48(m 4H), 2.08-
2.03(m 4H), 1.97(s, 6H), 1.91(s, 6H), 1.82(s, 6H), 1.34(s,
6H), 1.20(s, 6H)
Mass spectrum -ESI, mz = 1039.85 (MH)
[ 0298]
Exanpl e (17) (Exenplified conpound No. 1-367)

4- (1 m dazol - 1-yl carbonyl am no) butyric acid 4-[18-(4-
{4- (i mdazol -1-yl car bonyl am no) butyryl oxy}-2, 6, 6-tri nethyl -
3- oxocycl ohexa-1-enyl)-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester
[ 0299]

To a solution of methylene chloride (250 nL) and N, N
di met hyl formam de (250 nL), 1,1'-carbonyldiimdazole (24.1
g) was added and the reaction solution was stirred for 15

m nut es under ice cooling. To the solution, 4-am nobutyric
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acid 4-{18-[ 4-(4-am nobutyryl oxy)-2,6, 6-trimethyl - 3-
oxocycl ohexa- 1-enyl]-3,7,12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl } -3, 5, 5-tri net hyl - 2-

oxocycl ohexa- 3-enyl ester dihydrochloride (the conmpound in
Ref erence Exanple (8), 25 g) was added and the reaction
solution was returned to room tenperature. The reaction
solution was stirred for 2.5 hours, nethylene chloride (250
m.) and water (500 nmL) were added thereto and the |ayers
wer e separ at ed. The organic |layer was washed twice wth
water (500 nL) and with a saturated saline solution (500
m.), and dried over anhydrous sodium sulfate. The organic
| ayer was concentrated under reduced pressure at room
tenperature to about 200 nL and the resulting solution was
dropped to n-hexane (4 L). The precipitated solid was
collected by filtration to obtain a reddish black powder.
This was dissolved in ethyl acetate (1.5 L), and n-hexane
(1 L) was dropped thereto while stirring. The precipitate
was collected by filtration to obtain the title conpound
(18.5 g) as a reddish black powder.

NVR (8, ppm) (DMBO-dg): 8.54 (t, 2H), 8.24 (s, 2H), 7.67
(s, 2H), 7.03 (s, 2H), 6.78-6.28 (m 14H), 5.43 (t, 2H),
3.35-3.30 (m 4H), 2.51-2.47 (m 4H), 2.00-1.97 (m 16H)
1.91-1.82 (m 10H), 1.33 (s, 6H), 1.18 (s, 6H)

Mass spectrum +ESI, nmz = 955.31 (MH)

[ 0300]
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Exanpl e (18) (Exenplified conpound No. 1-143)

3-(3-{4-[18-(4-{4-[ 3-car boxynet hyl -
urei do] butyryl oxy}-2, 6, 6-trimet hyl - 3-oxocycl ohexa- 1-enyl ) -
3,7,12, 16-tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-
enyl oxycar bonyl } propyl ) ur ei doacetic acid
[ 0301]

Gycine (7.1 g) was suspended in nethylene chloride
(30 nm.), triethylamne (13 nL) was added thereto and the
reaction solution was stirred under ice cooling. A
solution of chlorotrinethylsilane (12 nL) in nethyl ene
chloride (30 nL) was dropped to the solution over a period
of 10 minutes and the reaction solution was returned to
room tenperature. The reaction solution was stirred for
2.5 hours and 4-(im dazol -1-yl carbonyl am no) butyric acid 4-
[ 18- (4-{4- (i m dazol - 1-yl car bonyl am no) but yryl oxy}-2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl)-3,7, 12, 16-
t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl ester (the conpound in
Example (17), 3.0 g) was added thereto. The reaction
solution was stirred for 2.5 hours and Kkept 1in a
refrigerator. The reaction solution was concentrated under
reduced pressure at 25°C, to the residue, nethanol (100
nm.), water (100 nL) and strong acidic cation exchange resin

(RCP160M nmanufactured by M tsubishi Chem cal Corporation
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40 mL.) were added in this order and the m xture was stirred
for 1.5 hours. The m xed solution was filtered using a
filtration aid (celite) and a reddish black solid attached
to celite was eluted with nethanol (800 nlL). The eluted
solution was concentrated under reduced pressure to
precipitate crystals and cooled to -11°C, and water (300
nL) was dropped thereto. The precipitated reddi sh black
solid was collected by filtration and dried in vacuum
This solid was purified by reverse phase silica gel (RP-18)
col umm chromat ography (MeOH : water = 7 : 3 to 19 : 1) and
t he obtained reddish black solid was dissolved in nethanol
(30 ni). To the reaction solution, water (30 nL) was
dropped over a period of 5 mnutes and to the mxture,
strong acidic cation exchange resin (RCP160M manufactured
by M tsubi shi Chem cal Corporation, 6 nL) was added and the
m xture was filtered using celite (Celite 545, manufactured
by Wako Pure Chem cal Industries, Ltd.). The celite to
which the title conmpound was attached was eluted wth
net hanol (100 nlL) and water (50 nlL) was dropped thereto

The precipitated solid was collected by filtration and
dried to obtain the title conpound (277 ng) as a reddish
bl ack powder.

NVR (8, ppm) (DVMBO-ds): 6.78-6.23(m 18H), 6.04(t, 2H),
5.43(dd, 2H), 3.66(d, 2H), 3.04(q, 4H), 2.38(t, 4H), 2.06-

2.03(m 4H), 2.00(s, 6H), 1.97(s, 6H), 1.82(s, 6H), 1.72-
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1.64(m 4H), 1.33(s, 6H), 1.19(s, 6H).
Mass spectrum +ESI, nmz = 969.70 (M-H)
[ 0302]
Exanpl e (19) (Exenplified conpound No. 1-193)

3-[3-(3-{4-[18-(4-{4-[3-(2-carboxyet hyl) -
urei do] butyryl oxy}-2, 6, 6-trimet hyl - 3-oxocycl ohexa- 1-enyl ) -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-
enyl oxycar bonyl } propyl ) ur ei do] propi onic acid
[ 0303]

B- Al anine (8.4 g) was suspended in nethylene chloride
(30 nm.), triethylamne (13 nL) was added thereto and the
reaction solution was stirred under ice cooling. A
solution of <chlorotrinethylsilane (12 nL) in nethylene
chloride (30 nL) was dropped to the solution over a period
of 10 minutes and the reaction solution was returned to
room tenperature. The reaction solution was stirred for 2
hours and 4- (i m dazol - 1-yl car bonyl am no) butyric acid 4-[ 18-
(4-{4- (i mdazol -1-yl carbonyl am no) but yryl oxy}- 2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl)-3,7, 12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl ester (the conpound in
Exanmple (17), 3.0 g) was added thereto. The mxture was
stirred for 20 hours and concentrated under reduced

pressure. To the residue, nethanol (150 nL), water (150

231



m.) and strong acidic cation exchange resin (RCP160M
manuf actured by M tsubishi Chem cal Corporation, 30 nl)
were added in this order and the reaction solution was
stirred for 45 mnutes. The mxed solution was filtered
using a filtration aid (celite) and a reddish black solid
attached to the celite was eluted with nethanol (1 L). The
eluted solution was concentrated under reduced pressure,
and kept in a refrigerator for 2 days. The precipitated
reddi sh black solid was purified by reverse phase silica
gel (RP-18) colum chromatography (MeCH : water = 19 : 1)
to obtain the title conpound (413 ng) as a reddish black
powder .
NVR (8, ppm) (DVMBO-ds): 6.78-6.28(m 16H), 6.04(t, 2H),
5.86(m 2H), 5.43(dd, 2H), 3.18(qg, 4H), 3.03(q, 4H, 2.39-
2.31(m 8H), 2.03(s, 4H), 2.00(s, 6H), 1.97(s, 6H), 1.82(s,
6H), 1.66(quint, 4H), 1.34(s, 6H), 1.19(s, 6H)
Mass spectrum +ESI, mlz = 997.80 (MH)
[ 0304]
Exanpl e (20) (Exenplified conmpound No. 1-195)
4-13-(3-{4-[18-(4-{4-[3-(3-carboxypropyl) -
ur ei do] but yryl oxy}-2, 6, 6-trinethyl - 3- oxocycl ohexa- 1-enyl ) -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-
enyl oxycar bonyl } propyl ) urei do] butyric acid

[ 0305]
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y- Ami nobutyric acid (9.7 g9g) was suspended in
nmet hyl ene chloride (30 nL), triethylamne (13 nL) was added
thereto under ice cooling and the reaction solution was
stirred. A solution of chlorotrinmethylsilane (12 nL) in
net hyl ene chloride (30 nL) was dropped to the sol ution over
a period of 5 mnutes and the reaction solution was
returned to room tenperature. The reaction solution was
stirred for 22.5 hour s and 4- (i m dazol - 1-
yl car bonyl am no) butyric acid 4-118-(4-{4- (i m dazol - 1-
yl car bonyl am no) but yryl oxy}-2, 6, 6-tri net hyl - 3- oxocycl ohexa-
l-enyl)-3,7,12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester (the compound in Exanple (17),
3.0 g0 was added thereto. The m xture was stirred for 21.5
hours and concentrated under reduced pressure. To the
resi due, nethanol (150 nL), water (150 nlL) and strong
acidic cation exchange resin (RCP160M manufactured by
M t subi shi Chem cal Corporation, 30 nL) were added in this
order and the reaction solution was stirred for 25 m nutes.
The m xed solution was filtered using a filtration aid

(celite) and a reddish black solid attached to Celite was

eluted wth nethanol (1 L). The eluted solution was
concentrated under reduced pressure and Kkept in a
refrigerator. The precipitated reddish black solid was

purified by reverse phase silica gel (RP-18) colum
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chromat ography (MeOH : water = 19 : 1) and by the

chr omat ogr aphy (acetone : water = 3 : 2to 7 : 3) to obtain

the title conmpound (1.0 g) as a reddish bl ack powder.

NVR (8, ppn) (DVBO-de): 6.78-6.28(m 14H), 5.90-5.84(m

4H), 5.43(dd, 2H), 3.05-2.96(m 8H), 2.39-2.33(m 4H),

2.19(t, 4H), 2.02(s, 4H), 2.00(s, 6H), 1.97(s, 6H), 1.82(s,

6H), 1.70-1.55(m 8H), 1.33(s, 6H), 1.19(s, 6H)

Mass spectrum +ESI, mz = 1025. 44 ( MtH)

[ 0306]

Exanpl e (21) (Exenplified conmpound No. 2-13)
2-[3-(3-{4-[18-(4-{4-[3-(2-sul foethyl)-

ur ei do] butyryl oxy}-2, 6, 6-trinet hyl - 3- oxocycl ohexa- 1-enyl ) -

3,7,12, 16-tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-

nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } propyl ) ur ei do] et hanesul foni c aci d

[ 0307]

Taurine (11.8 g) was suspended in 30 niL nethylene
chloride, triethylamne (13 nL) was added thereto and the
reaction solution was stirred wunder ice cooling. A
solution of <chlorotrinethylsilane (12 nL) in nethylene
chloride (30 nL) was dropped to the solution over a period
of 12 mnutes and the reaction solution was returned to
room tenperature. The reaction solution was stirred for 2
hours and 4- (i m dazol - 1-yl car bonyl am no) butyric acid 4-[ 18-

(4-{4- (i mdazol -1-yl car bonyl am no) but yryl oxy}-2, 6, 6-
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trimet hyl - 3- oxocycl ohexa- 1-enyl )-3,7, 12, 16-

tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa-3-enyl ester (the conpound in
Example (17), 3.0 g) was added thereto. The reaction
solution was stirred for 17 hours and concentrated under
reduced pressure. To the residue, nethanol (200 nL) was
added, the mxed solution was filtered using a filtration
aid (celite) and the filtrate was purified by reverse phase
silica gel (RP-18) columm chromat ography (MeOH : 5% aqueous
acetic acid solution =7 : 3 to MeOH : water = 7 : 3) and
by the chromatography (MeOH : 5% aqueous acetic acid
solution = 1 : 1 to MeOH : water = 7 : 3) to obtain a
reddi sh black solid. To this, nmethanol (100 nL) and strong
acidic cation exchange resin (RCP160M manufactured by
M t subi shi Chem cal Corporation, 10 nmL.) were added, and the
reaction solution was stirred for 1 hour and filtered using
celite (Celite 545, manufactured by Wako Pure Chem cal
I ndustries, Ltd.). The filtrate was purified by reverse
phase silica gel (RP-18) colum chronmatography (MOH
water = 7 : 3 to MeOH : water = 4 : 1) to obtain the title
conpound (460 ng) as a reddish black powder.

NVR (3, ppm) (DVBO de): 6.78-6.28(m 18H), 5.43(dd, 2H),
3.26(t, 4H), 3.01(t, 4H), 2.54-2.48(m 4H), 2.37(t, 4H),
2.03-2.02(m 4H), 2.00(s, 6H), 1.97(s, 6H), 1.82(s, 6H),

1.66(quint, 4H), 1.34(s, 6H), 1.19(s, 6H).
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Mass spectrum -ESI, mz = 1067.67 (MH)
[ 0308]
Exanpl e (22) (Exenplified conpound No. 1-187 (2Na salt of
conmpound in Exanple (8)))

4-(3-{4-[18-(4-[3-(3-carboxypropyl)urei doacet oxy] -
2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl net hyl } -
urei do)butyric acid disodiumsalt

To 4-(3-{4-[18-(4-[3-(3-carboxypropyl)ureido-
acet oxy] -2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1-enyl )-3,7, 12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3-
enyl oxycar bonyl nmet hyl } urei do) butyric acid (the conpound in
Exanple (8), 730 ng) and sodi um 2-et hyl hexanoate (250 ng),
nmet hanol (15 nL) was added and the reaction solution was
stirred for 2 hours. To the reaction solution, ethyl
acetate (60 nlL) was dropped and the solution was
concentrated under reduced pressure to around 30 nL. The
precipitated solid was filtered, ethyl acetate (100 ni) was
added thereto and the reaction solution was stirred for 7.5
hour s. The solid was collected by filtration and dried
under vacuum to obtain the title conpound (680 ngy) as a

reddi sh bl ack powder.

NVR (5, ppm) (CDsOD): 6.77-6.29 (m 14H), 5.57 (dd, 2H),
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4.05-3.93 (m 4H), 3.17-3.12 (m 4H), 2.22 (t, 4H), 2.15-
1.99(m 16H), 1.89(s, 6H), 1.81-1.73(m 4H), 1.37(s, 6H),
1.25(s, 6H).
Mass spectrum +ESI, nmz = 1013.66 (M+HY); 4-(3-{4-[18-(4-
[ 3- (3- car boxypropyl ) urei doacet oxy] -2, 6, 6-tri net hyl - 3-
oxocycl ohexa- 1-enyl )-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl } ur ei do) butyric acid
di sodi um sal t,
mz = 991.52 (MtH"),; 4-(3-{4-[18-(4-[3-(3-carboxypropyl)-
ur ei doacet oxy] -2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1- enyl ) -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl -
nmet hyl }urei do) butyric acid sodium salt,
mz = 969.42 (MHY); 4-(3-{4-[18-(4-[3-(3-carboxypropyl -
) ur ei doacet oxy] -2, 6, 6-tri met hyl - 3- oxocycl ohexa- 1-enyl ) -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl -
met hyl } urei do) butyric acid
[ 0309]
Exanpl e (23) (Exenplified conpound No. 1-187 (dilysine salt
of conpound in Exanple (8)))
4-(3-{4-[18-(4-[3-(3-carboxypropyl)urei doacet oxy] -
2,6,6-trinmethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-

t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
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trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl net hyl } -
ureido)butyric acid dilysine salt
[ 0310]

To 4-(3-{4-[18-(4-[3-(3-carboxypropyl)ureido-
acet oxy] -2, 6, 6-trinmethyl - 3-oxocycl ohexa-1-enyl)-3,7,12, 16-
t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl net hyl } -
ureido)butyric acid (the compound in Exanple (8), 6.5 Q)
and L-(+)-lysine (1.96 g), nethanol (163 nL) was added and
the reaction solution was stirred for 2 hours. The
reaction solution was filtered and the obtained solid was
dried under vacuumto obtain the title conpound (3.99 g) as
a reddi sh bl ack powder
NVR (8, ppm (CD:OD): 6.77-6.29 (m 14H), 5.57 (dd, 2H),
4.05-3.93 (m 4H), 3.53 (t, 2H), 3.17-3.13 (m 4H), 2.92
(t, 4H), 2.22 (t, 4H), 2.09-2.00 (m 16H), 1.88 (s, 6H),
1.85-1.49(m 22H), 1.37 (s, 6H), 1.25 (s, 6H).
Mass spectrum -ESI, mlz = 967.60 (MH); 4-(3-{4-[18-(4-
[ 3- (3- car boxypropyl ) urei doacet oxy] -2, 6, 6-tri net hyl - 3-
oxocycl ohexa- 1-enyl)-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl } ur ei do) butyric acid
[ 0311]
Exanple (24) (Exenplified conmpound No. 1-378)

3-isobutyl-4-(3-{4-[18-(4-[3-(2-isobutyl - 3-
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car boxypropyl ) ur ei doacet oxy] -2, 6, 6-tri net hyl - 3-

oxocycl ohexa- 1-enyl )-3,7,12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl }ur ei do) butyric acid
[0312]

4- Am no- 3-i sopropyl butyric acid (16.0 Q) was
suspended in nethylene chloride (30 nlL), triethylamne (14
nm.) was added thereto and the reaction solution was stirred
under ice cooling. To the reaction solution, a solution of
chlorotrinethylsilane (12.7 nL) and nethylene chloride (30
m.) was dropped over a period of 10 mnutes and the
reaction solution was returned to room tenperature. The
reaction solution was stirred for 3.5 hours, imdazol-1-
yl car bonyl am noacetic acid 4-{18-(4-im dazol - 1-
yl car bonyl am noacet oxy- 2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1-
enyl)-3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl } -3, 5, 5-tri net hyl - 2- oxocycl ohexa- 3-enyl ester (the
compound in Exanple (7), 3 g) was added thereto under ice
cooling and the solution was returned to room tenperature.
20 Hours after, methylene chloride (140 nL) and a 5%
aqueous acetic acid solution (200 nL) were added to the
reaction solution and the |layers were separated. The
organi c |l ayer was washed with water (200 nlL) twice and with
a saturated saline solution (200 nlL), dried over anhydrous

sodium sulfate, concentrated under reduced pressure and
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dried in vacuum The residue was dissolved in nethanol
(425 L), water (75 nL) was dropped thereto and this was
purified by reverse phase silica gel (RP-18) colum
chr omat ogr aphy (nethanol : 5% aqueous acetic acid solution
= 17 : 3 to acetone : water = 4 : 1) to obtain the title
compound (1.4 g) as a reddish black powder.
NVR (8, ppm) (DVMSO-de): 12.0(brs, 2H), 6.79-6.20(m 18H),
5.44(dd, 2H), 3.94-3.81(m 4H), 3.10-2.86(m 4H), 2.24-
2.19(m 4H), 2.05-2.03(m 4H), 2.00(s, 6H), 1.97(s, 6H),
1.93-1.87(m 4H), 1.82(s, 6H), 1.68-1.60(m 2H), 1.34(s,
6H), 1.20(s, 6H), 1.17-1.00(m 4H), 0.86-0.83(t, 12H)
Mass spectrum -zESI, mz = 1081.50 (MtH)
[ 0313]
Exanpl e (25) (Exenplified conmpound No. 1-385)

1- (3-{4-[18-(4-[3-(1-carboxynet hyl cycl o-
hexyl met hyl ) ur ei doacet oxy] - 2, 6, 6-tri net hyl - 3- oxocycl ohexa-
l-enyl)-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl } -
ur ei domet hyl ) cycl ohexyl acetic acid
[ 0314]

1- Am nonet hyl cycl ohexyl acetic acid (17.2 g) was
suspended in net hyl ene chl ori de (30 m), N, N-
di i sopropyl ethylamne (17.5 nL) was added thereto and the

reaction solution was stirred under ice cooling. A
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solution of chlorotrimethylsilane (12.7 nmL) and nethyl ene
chloride (30 nL) was dropped to the solution over a period
of 5 mnutes and the reaction solution was returned to room
tenperature. The reaction solution was stirred for 2 hours,
I m dazol - 1-yl car bonyl am noacetic acid 4-{18-(4-im dazol-1-
yl car bonyl am noacet oxy- 2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1-
enyl)-3,7,12, 16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl } -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-enyl ester (the
conpound in Exanple (7), 3 g) was added thereto under ice
cooling and the mxture was stirred for 16 hours at room
tenperature. To the reaction solution, nethylene chloride
(140 nL) and a 5% aqueous acetic acid solution (200 m)
were added and the layers were separated. The organic
| ayer was washed with water (200 nL) and with a saturated
saline solution (200 nli), dried over anhydrous sodium
sul fate, concentrated under reduced pressure and dried in
vacuum The residue was dissolved in nethanol (350 nmi) and
water (150 nlL) was dropped thereto. This was purified by
reverse phase silica gel (RP-18) columm chromatography
(acetone : water = 7 : 3 to acetone : water = 3 : 1) and
further by the chromat ography (acetone : water = 3 : 2 to 3
1) to obtain the title conpound (84 ng) as a reddish
bl ack powder
NVR (8, ppm) (DVMSO-ds): 6.82-6.28(m 18H), 5.44(dd, 2H),
3.95-3.83(m 4H), 3.15-3.04(m 4H), 2.13(s, 4H), 2.06-
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2.02(m 4H), 2.00(s, 6H), 1.97(s, 6H), 1.82(s, 6H), 1.55-
1.23(m 26H), 1.19(s, 6H)

Mass spectrum -ESI, mz = 1105.54 ( MtH)

[ 0315]

Ref erence Exanple (1)

N- (i m dazol -1-yl carbonyl ) gl ycine t-butyl ester
[ 0316]

To a mixture of 1,1 -carbonyldiimdazole (9.15 g) and
dry tetrahydrofuran (100 nl), glycine t-butyl ester
hydrochloride (6.1 g) was added and the reaction solution
was stirred overnight. The solvent was distilled off under
reduced pressure, ethyl acetate and water were added to the
residue and the organic |ayer was separated. The organic
| ayer was washed with water twice and wth a saturated
saline solution, and dried over anhydrous sodium sulfate.
The solvent was distilled off to obtain the titled conpound
(6.72 g) as white crystals.

IHNVR (5, ppm) (DMBO-de): 1.43(s, 9H), 3.92(d, 2H),
7.06(dd, 1H), 7.69(dd,1H), 8.26(dd, 1H), 8.95(t, 1H)

[ 0317]

Ref erence Exanple (2)

| m dazol -1-yl carboxylic acid 4-[18-{4-(im dazol-1-
yl car bonyl oxy) - 2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1-
enyl }-3,7,12, 16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-

nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-enyl ester
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[ 0318]

To a mxture of 6-hydroxy-3-(18-[4-hydroxy-2, 6, 6-
trimet hyl - 3- oxo- 1- cycl ohexenyl ]-3,7, 12, 16-tetr anet hyl -
octadeca-1, 3,5,7,9,11, 13, 15, 17- nonaenyl )-2, 4, 4-tri net hyl - 2-
cycl ohexene-1-one (ast axant hi n, 5.97 g) and 1,1 -
car bonyl di i m dazole (4.87 g), anhydrous nethylene chloride
(150 M) was added. The reaction solution was substituted
by argon and then stirred for 2 days at room tenperature.
To the reaction solution, nethylene chloride (100 nml) and
water (300 m) were added, substituted by argon and stirred
for 3 hours at the sane tenperature. The nethyl ene
chloride |ayer was separated, washed with water tw ce and
with saturated saline solution, and dried over anhydrous
sodium sulfate. The nethylene chloride was distilled off
under reduced pressure to obtain the title conpound (7.99
g) as a reddi sh bl ack powder.

IHNVR (o,ppm (CDO3): 1.30(s, 6H), 1.41(s, 6H), 1.94(s,
6H), 2.00(s, 6H), 2.02(s, 6H), 2.21-2.26(m 4H), 5.65(dd,
2H), 6.21-6.70(m 14H), 7.09(d, 2H), 7.48(s, 2H), 8.18(s,
2H)

[ 0319]

Ref erence Exanpl e (3)

N-t - but oxycar bonyl am noacetic acid 4-118-{4-(N-t-
but oxycar bonyl am noacet oxy) - 2, 6, 6-tri net hyl - 3- oxocycl ohexa-

l-enyl }-3,7,12, 16-t et ranet hyl oct adeca-
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1,3,5,7,9,11, 13, 15, 17- nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester
[ 0320]

To 6-hydroxy-3-(18-[4-hydroxy-2,6,6-trinethyl -3-oxo-
1-cycl ohexenyl]-3,7,12,16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl )-2, 4, 4-tri et hyl - 2-
cycl ohexene-1-one (astaxanthin, 5.97 g), N-t-butoxycarbonyl
glycine (10.51 g) and 4-(N, N-di net hyl am no) pyri di ne (14.66
g), anhydrous nethylene chloride (300 m) was added, the
reaction solution was substituted by argon and N/ N -
di i sopropyl carbodiimde (15.13 g) was added thereto. The
reaction solution was heated and stirred for 3 days on the
oil bath of 35°C. The reaction solution was purified by
silica gel colum chromat ography (el uent; net hyl ene
chloride : ethyl acetate = 10 : 1 to 5 : 1) to obtain the
title conpound (6.01 g) as a reddi sh bl ack powder.

IH NVR (6, ppm (DVMSO-de): 1.20(s, 6H), 1.34(s, 6H), 1.39(s,
18H), 1.82(s, 6H), 1.97-2.00(m 16H), 3.77(dd, 4H),
5.46(dd, 2H), 6.28-6.76(m 14H), 7.29(t, 2H)

[ 0321]

Ref erence Exanpl e (4)

3- Am nopropionic acid 4-[18-{4-(3-am nopropi onyl oxy) -
2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl }-3,7,12, 16-tetra-
net hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] -3, 5, 5-

trimethyl - 2- oxocycl ohexa- 3-enyl ester dihydrochloride

244



[ 0322]

To a solution of 3-Nt-butoxycarbonyl am nopropionic
acid 4-118-{4-(3-Nt-butoxycarbonyl am nopr opi onyl oxy) -
2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl }-3,7,12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa-3-enyl ester (the conpound in
Ref erence Exanple (5), 6.00 g) and dioxane (60 nL), a 4 N
hydr ogen chl ori de/ di oxane sol ution (60 nL) was dropped over
a period of 10 mnutes and the reaction solution was
stirred for 30 mnutes at room tenperature. Conpletion of
the reaction was confirned, and the solution was
concentrated under reduced pressure and dried in vacuum
To the concentrated residue, nethanol (60 niL) and net hyl ene
chloride (120 nL) were added, the residue was dissol ved and
the reaction solution was concentrated under reduced
pressure to about 30 nL. After the concentration, diethyl
ether (120 nL) was slowy dropped to the solution while the
reaction solution was stirred and the precipitate was
collected by filtration. This was dissolved in nethanol
(60 nL) and nethylene chloride (60 nlL) and concentrated
under reduced pressure, and the concentrated solution was
dropped to diethyl ether (40 nL) . The precipitated solid
was collected by filtration and dried to obtain the title
conmpound (2.38 g) as a reddish black powder.

14 NVR 400MHz (DVBO-de): & 8.04(6H, s), 6.79-6.29(14H, ),
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5.47(2H, dd), 3.06(4H, m), 2.80(4H, t), 2.06-2.03(4H m,
2.01(6H, s), 1.97(6H s), 1.83(6H, s), 1.35(6H s),
1.21(6H, s)
Mass spectrum +ESI, mz = 739. 54( MtH)
[ 0323]
Ref erence Exanple (5)

3-N-t - but oxycar bonyl am nopropionic acid 4-[18-{4-(3-
N-t - but oxycar bonyl am nopr opi onyl oxy) - 2, 6, 6-tri net hyl - 3-
oxocycl ohexa-1-enyl }-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester
[ 0324]

The reaction vessel was substituted by argon, to a
m xture of astaxanthin (6.00 g), N-(t-butoxycarbonyl)-p-
alanine (9.50 g), nethylene chloride (180 nL) and 4-(N N
di met hyl am no) pyri di ne (6.10 g), N, N - di i sopropyl -
carbodiimde (7.8 nL) was added and the reaction solution
was stirred for 1 hour at room tenperature. The insoluble
substance was filtered off and the filtrate was
concentrated wunder reduced pressure. The residue was
purified by silica gel colum chromatography (nethylene
chloride : ethyl acetate = 1 : 0 to 1 : 1) and dried under
vacuum to obtain the title conpound (7.41 g) as a reddish
bl ack powder.

14+ NVR 400 Mz (CDO 3):86.69-6.19(14H, m, 5.57(2H, dd),

246



5.44(2H, brs), 3.49(4H, m), 2.64(4H, n), 2.12-2.02(4H m),
2.00(6H, s), 1.99(6H, s), 1.91(6H, s), 1.45(18H, s),
1.36(6H, s), 1.24(6H, s)

Mass spectrum +ESI, mz = 938. 61( MtH"), 961. 56( M+Na*)

[ 0325]

Ref erence Exanple (6)

Am noacetic acid 4-{18-[ 4- am noacet oxy-2,6, 6-tri -
nmet hyl - 3- oxocycl ohexa- 1-enyl ] -3, 7,12, 16-t et ranet hyl -
octadeca-1,3,5,7,9, 11, 13, 15, 17- nonaenyl }- 3,5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester di hydrochloride
[ 0326]

I n nmet hyl ene chl ori de (28 m), N-t-
but oxycar bonyl am noacetic acid 4-{18-[4-tert-butoxy-
car bonyl am noacet oxy- 2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1-
enyl]-3,7,12, 16-tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl } -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-enyl ester (the
conmpound in Reference Exanple (3), 5.50 g) was dissolved, a
m xed sol ution of 4 N hydrogen chl ori de/ di oxane (14 nmiL) and
net hyl ene chloride (28 nL) was dropped thereto over a
period of 10 mnutes under ice cooling and the reaction
solution was stirred for 1.5 hours at room tenperature.
Further, a m xed solution of 4 N hydrogen chloride/ dioxane
(14 nL) and nethylene chloride (56 nL) was dropped to the
solution over a period of 10 mnutes. The reaction

solution was stirred for 3.5 hours. Hexane (112 nl) was
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added to the reaction solution, and the precipitated solid
was collected by filtration and dried to obtain the title
compound (4.68 g) as a reddi sh bl ack powder.

IH NMR (8, ppm) (DVBO-de): 8.51(s, 6H), 6.79-6.30(m 14H),
5.55(dd, 2H), 3.94(d, 4H), 2.08-2.05(m 4H), 2.01(s, 6H
1.97(s, 6H), 1.84(s, 6H), 1.37(s, 6H), 1.22(s, 6H)

Mass spectrum +ESI, mz =711.50(M+H"); glycine diester of
ast axant hin

[ 0327]

Ref erence Exanple (7)

4- N-t - but oxycar bonyl am nobutyric acid 4-[18-{4-(4-N
t - but oxycar bonyl am nobut yryl oxy) -2, 6, 6-tri net hyl - 3-
oxocycl ohexa- 1-enyl }-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester
[ 0328]

To a mxture of astaxanthin (20 g), N-(t-
but oxycar bonyl ) - y-am nobutyric acid (34.1 g), nethylene
chloride (500 nL) and 4-(N, N-di net hyl am no) pyridine (40.9
g), N, N -diisopropylcarbodiimde (51.6 nlL) was dropped over
a period of 5 mnutes and the reaction solution was stirred
for 2 hours at roomtenperature. The reaction solution was
ice-cooled, 1 N hydrochloric acid was added thereto to pH
4, the mxture was filtered using a filtration aid (celite)

and the l|ayers were separated. The organic |ayer was
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washed with a saturated saline solution, dried over
anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The residue was purified by silica gel
col um chromat ography (CHC . : ethyl acetate = 5 : 1) and
the eluent was concentrated under reduced pressure to
around 200 nL. The concentrated solution was dropped to
hexane (3L) and the precipitated reddish black powder was
collected by filtration and dried under reduced pressure to
obtain the title conpound (29.2 g).
NVR (8, ppm) (DVSO-ds): 6.88-6.28(m 16H), 5.43(dd, 2H),
2.97(q, 4H), 2.37(t, 4H), 2.04-2.02(m 4H), 2.00(s, 6H),
1.97(s, 6H), 1.81(s, 6H), 1.71-1.64(m 4H), 1.38(s, 18H),
1.33(s, 6H), 1.19(s, 6H)
Mass spectrum +ESI, mz = 967. 26( MtH)
[ 0329]
Ref erence Exanple (8)

4- Am nobutyric acid 4-[18-{4-(4- am nobut yryl oxy) -
2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl }-3,7,12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3-enyl ester dihydrochloride
[ 0330]

In nethylene <chloride (290 nl), 4- N-t - but oxy-
car bonyl am nobut yric acid 4-118-{4-(4-Nt-but oxy-
car bonyl am nobut yryl oxy) - 2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1-

enyl }-3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
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nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-enyl ester (the
conpound in Reference Exanple 7, 29 g) was dissolved and a
m xed solution of 4 N hydrogen chloride/dioxane (145 ni)
and met hyl ene chloride (290 niL) was dropped thereto over a
period of 35 mnutes under ice cooling. The reaction
solution was stirred for 2.5 hours and hexane (810 nlL) was
added thereto. After the precipitated solid was confirned,
it was collected by filtration to obtain the title conpound
(25.3 g) as a reddish black powder.
NVR (3, ppm) (DVMSO-ds): 7.95(s, 6H), 6.79-6.29(m 14H),
5.45(dd, 2H), 2.91-2.83(m 4H), 2.58-2.47(m 4H), 2.09-
2.02(m 4H), 2.01(s, 6H), 1.97(s, 6H), 1.90-1.82(m 10H),
1.34(s, 6H), 1.20(s, 6H)
Mass spectrum +ESI, mz = 767.80 (MtH); 4-am nobutyric
acid 4-{18-[ 4-(4-am nobutyryl oxy)-2, 6, 6-trimet hyl - 3- oxo-
cycl ohexa-1-enyl ]-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl }-3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-enyl ester
[ 0331]
Test exanple (1)
Test for confirmation of water solubility (distribution to
wat er / met hyl ene chl ori de)

To each of the sanples (1 ng) in Table 43, water (5
m.) and nethylene chloride (5 nL) were added and the

m xture was shaken, which was called the group of Solution
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A. A 28% sodi um net hoxi de/ net hanol solution (463 uL (2.33
mmol)) was dissolved in water (10 nlL), and the aqueous
solution (1 nL) was collected and dissolved in water (100
m.), which was called Solution B. To each of the group of
Solution A, Solution B (1 nL) was added and shaken. The
solution was |left at room tenperature, each of the aqueous
| ayer and of the organic |ayer were neasured by HPLC and
the ratio of the conpound in the agueous | ayer was shown in
Tabl e 4.

[ 0332]

HPLC conditi ons were as foll ows:

chromat ograph  (H TACHI LaChrom Elite D 2000), col umm
(SHI SEI DO CAPCELL PAK C18 (3 um particle dianeter, 4.6 nm x
150 M), detection tenperature (40 °C), detection
wavel ength (474 nm), flow rate (1.0 nlL/mn) and nobile
phase set up( % = 0.025% TFA/water, % = 0.025%
TFA/ acetonitrile); 70% A 30% B (at the start), 50% B
gradient wuntil 2.5 mnutes, 98% B gradient wuntil 4.2
m nutes and the ratio (98% B) nmaintained until 15 m nutes.
The ratio in the aqueous layer was calculated from the

foll om ng equati on.

Ratio in aqueous layer [% [ peak area of a
compound in aqueous |ayer/(peak area of a conpound in
aqueous | ayer + peak area of a conpound in organic |ayer)]

x 100
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Ast axanthin manufactured by Signma-Aldrich Co. LLC
was used and astaxanthin disuccinic acid ester was produced
by the method described in Exanple 10 of a panphlet in WO

2003/ 066583 A.

[ 0333]

[ Tabl e 43]
Conpound Rati o of aqueous | ayer

[ %A

(A) Astaxanthin 0.0
(B) Astaxanthin disuccinate ester 43. 8
(C Conpound in Exanple (1) 99.7
(D) Conmpound in Exanple (2) 90. 8
(E) Conmpound in Exanple (4) 100.0
(F) Conpound in Exanple (8) 100. 0
(G Conpound in Exanple (9) 98. 3
(H) Compound in Exanple (10) 100.0

[ 0334]

Astaxanthin (A) was not detected in the aqueous |ayer
at all and has extrenmely low solubility in water. The
di ssolution ratio of the conmpound (B) (reference conpound)
in the aqueous | ayer was 43.8% |In contrast, the conpounds
(C to (H of the present invention have extrenely higher
di ssolution ratios in the aqueous |ayer conpared to the
reference conmpound and are extrenely excellent in water
solubility.

[ 0335]
Test exanple (2)
Test for oral absorption in nouse

Each of the conpound in Exanple 8, astaxanthin (free
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form and an extract from Haematococcus al gae (AstaReal
L10, manufactured by Fuji Chemcal Industries Co., Ltd.,
oi | containing 10% astaxant hin extracted from Haemat ococcus
algae) was diluted wth 33% dinmethyl sulfoxide, 60%
pol yet hyl ene gl ycol and 0.03% aqueous carboxynet hyl
cellul ose solution and prepared to have a concentration of
5 nmg/mM as a conversion to astaxanthin free form The
prepared sanple was adm nistered to a Wstar rat fasted one
night (male, 9 to 13 weeks old, 250 to 300 g of body
weight, 2 or 4 animals per group) by oral gavage in an
anmount of astaxanthin (50 ng) per 1 kg of body weight.
Then, the blood was collected at the tine points of 3
hours, 6 hours and 24 hours and the blood plasm was
isolated. To the obtained blood plasma (0.1 nl), acetone
in an anount of 6 folds and hexane in an anmount of 50 folds
were added, and the solution was stirred well and
centrifuged to obtain a hexane |ayer. The hexane | ayer was
dri ed under reduced pressure and dissolved in acetone (0.1
m). The obtained acetone solution (0.05 nL) was anal yzed
by high performance |iquid chromatography (HPLC) under the
followng conditions and the blood concentration was
measur ed.
HPLC condi ti ons:

Col um (YMC- Carotenoid), nobile phase ( nethanol : t-

butyl methyl ether : 1% aqueous phosphoric acid = 81 : 15 :
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4a0v . V : V)), elution (linear gradient), detection
wavel ength (470 nm, flow rate (1.0 m/mn) and colum
tenperature (25°0

Results which conpared the absorbability of the
conpound in Exanple 8 with that of commercially avail able
Ast aReal L10 oil in rats (average value) are shown in Table

44 and Fig. 1.

[ 0336]

[ Tabl e 44]

Bl ood plasnma | Conpound i n|Ast aReal L10 | Ast axant hi n
concentration | Exanpl e (8) oi | (free form
[ng/m]

3 hour 49.6 + 2.3 13.5 + 7.1 1.6 + 0.5

6 hour 43.3 + 18.2 15.9 + 7.4 0.9 £ 0.7
24 hour 4.1 + 5.8 0.2 +0.4 1.0 + 0.6
AUC 640. 4 209. 3 23.3

[ 0337]

It was confirmed that the conpound in Exanple (8) had
hi gher maxi num bl ood concentration and AUC of astaxanthin
in the bl ood plasma conpared to astaxanthin (free form and
to the extract from Haematococcus al gae and had hi gher oral
absorbability.

[ 0338]
Test exanple (3)
Test for anti-inflammtion in a cell

RAW264.7 cells (muse nonocyte cell, ATCC) in RPM
1640 nedium were dispensed into a 12 well mcro-plate.

These cells were cultured for 48 hours in 5% CO, at 37°C.
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After the nedium replacenent, an aqueous solution of the
sanple was added to the medium and the cell was cultured
for 24 hours. The nedium was then replaced, LPS (1 ng/ni)
was added thereto and the cell was cultured for 2 hours.
Then, the medium was renoved and the RAW264.7 cells
were washed w th physiological phosphate buffer solution
(PBS). This operation was perfornmed 3 tines. Then, Total
RNA was extracted using RNeasy Mni Kit (QAGEN Inc.), and
the production anount  of IL-18 nmRNA which is an
i nfl ammat ory cytokine, was neasured by a quantitative RT-
PCR method using PRISM 7000 (Applied Biosysten). The
results of IL-1B gene expressivity relative to the contro

are shown in Table 6 and Fig. 2.

[ 0339]
[ Tabl e 45]
Sanpl e I L- 1B
Sanpl e concentration Gene
[ uM expressivity
Cont r ol - 1.04
5 1.00
Ast axanthin (free form 25 0. 96
50 0.77
5 0.92
Compound i n Exanple (22) 25 0. 66
50 0.31
Conmpound i n Exanpl e (23) 5 0. 88
[ 0340]

Each of the sanples suppressed expression of [|L-1p
gene, a marker for inflanmation in a concentration-

dependent manner. It was confirmed that the conpounds in
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Exanpl es (22) and (23) of the present invention suppressed
I L-1p gene expression superiorly to astaxanthin and that
they were excellent in anti-inflammatory effects.
[ 0341]
Test exanple (4)
Test for anti-inflammation in rats

Six week-old Wstar rats (purchased from Sankyo Labo
Servi ce Corporation, 200-250 g body wei ght) were
acclimatized for 1 week with free access to food under a
12/ 12-hr light-dark cycle. An aqueous solution of 4 ng/kg
LPS (Ii popol ysaccharide, derived from Escherichia coli and
manuf actured by WAko Pure Chemical Industries, Ltd.) was
injected intraperitoneally and then an aqueous sol ution of
the sanple was injected intraperitoneally. After 9 hours,
the whole blood was collected from the ventral aorta and
centrifuged for 10 mnutes at 10,000 rpm and the blood
pl asma was col |l ected. The bl ood plasma TNF-a concentration
was neasured using a kit for measuring TNF-a (Rat TNF-al pha
Quanti kine ELISA Kit RTA00, manufactured by R&D Systens
Inc.) and the bl ood plasma IL-1B concentrati on was neasured
using a kit for measuring IL-1p (Rat IL-1b/IL1F2 Quanti ki ne
ELI SA Kit, manufactured by R&D Systens Inc.). The 3 to 4
animals per group were used. The blood plasma TNF-a
concentration is shown in Table 46 and Fig. 3 and the bl ood

plasma | L-1p concentration is shown in Table 46 and Fig. 4.
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[ 0342]
[ Tabl e 46]

TNF- oo concentration and IL-1B concentration in blood plasma

TNF- o | L- 1P
Sanpl e concentration concentration
[pg/m ] [pg/m ]
Water (Control) 142. 147. 7 177.1+4201.8
Ast axant hin 112. 0+35. 6 203. 9+165. 3
D sodi um
D succi nat e 99. 6+99. 9 311. 74269. 1
Ast axant hi n ( DDA)
Exogp”glugd( 'Zg) 81.8+483. 5 146. 3+98. 0
[ 0343]

It was confirned that the conpound in Exanple (23)
suppressed generation of TNF-o and of IL-1p nore
effectively than astaxanthin and disodium disuccinate
astaxanthin and that it was excellent in anti-inflanmatory
effects.
[ 0344]
Preparation exanple (1)
Tabl et

In the ratio of the conpound in Exanple 4 (17.5
wei ght parts), | actose (67.6 weight parts), | ow
substituted hydroxypropyl <cellulose (20 weight parts),
hydr oxypropyl <cellulose (2.5 weight parts), crystalline
cellulose (10 weight parts), vyellow iron sesquioxide
(0.0002 weight parts) and nagnesium stearate (1 weight

part), they are weighed, mxed and tableted under the
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conditions of 240 ng tablet weight, 7 N set up hardness and
8.5 mMmtablet dianmeter using a rotary tableting machine.
[ 0345]
Preparation exanple (2)
Tabl et

Lactose (100.5 weight parts) is fluidized in a
fluidized-bed granul ating nmachine and an aqueous solution
contai ning the conpound in Exanple 4 (17.5 weight parts)
and hydroxypropyl cellulose (3.9 weight parts) is sprayed
to obtain granules. The granules (65 weight parts),
crystalline cel | ul ose (15.0 wei ght parts), sodi um
croscarnell ose (19.5 weight parts) and nagnesium stearate
(0.5 weight parts) are mxed, conpressed and nol ded under
the conditions of 200 ng tablet weight, 7 N set up hardness
and 7 mmtabl et dianmeter using a rotary tableting machine.
[ 0346]
Preparation exanple (3)
Eye drop

An eye drop containing 0.00175% of the conpound in
Exanple (8), 0.05% polysorbate 80, 0.05% sodium edetat e,
0. 1% sodi um hydrogen phosphate hydrate, 0.5% glycerin, an
appropriate anount of hydrochl oric acid/ sodi um hydroxi de to
adjust pH to 6.5 to 7.0 and the remainder of water is
pr epar ed.

[ 0347]
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Preparation exanple (4)
I njection

The conpound in Exanple (23) (36 ng) is added to a
phosphate buffer Solution (pH 7.0) to obtain a mxture (1
m of the total anmount) and the m xture is dispensed into a
2 nmL glass anpule, sealed and sterilized to prepare an
anpul e soluble at tinme of use.
[ 0348]
Preparation exanple (5)
I njection

Sterilized water is added to the conpound in Exanple
(23) (36 ng), sodium chloride (90 ng) and polysorbate (an
appropriate anopunt) to obtain a solution (10 m of the

total anmount) and to prepare an injection.
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CLAI M5

1. A carotenoid derivative having a general formula (1):

X_ _O-R?

R-0" "X (1)

wherein X represents a carbonyl group or a nethyl ene group
at least one of Rl and R?2 represents a group selected from
the group consisting of follow ng general formnmulae (a) and
(b) and the other represents a group selected from the
group consisting of followng (a), (b) and (c), and a
hydr ogen atom

(a): -COA-B-D

wherein A represents a divalent group consisting of 1
to 10 groups of one or nore kinds selected from the group
consisting of (i) to (xi) described below provided that
the oxygen atom does not bind to another adjacent oxygen
at om
(i) a C-Cpo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent o(s)
descri bed below, (ii) a G-Cio al kenyl ene group wherein the
al kenyl ene group is linear or branched and optionally has
substituent o(s) described below, (iii) a C-Cio al kynyl ene
group wherein the alkynylene group is linear or branched

and optionally has substituent o(s) described below, (iv) -
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NR3- wherein R3 represents (al) a hydrogen atom (bl) a G-
GCs al kyl group, (cl) a GCs-Cio aryl group optionally having
1 to 5 substituent pB(s) described below or (dl) a G Cio
aryl - C-GCs al kyl group optionally having 1 to 5 substituent
B(s) described below in the aryl noiety, (v) an oxygen
atom (vi) a carbonyl group, (viia) a fornmula of -S(O)n-
wherein n represents an integer of 0 or 2, (viii) a GCs Cupo
di val ent aryl ene group optionally having 1 to 4 substituent
B(s) described below, (ix) a GCs-Cio divalent and saturated
cyclic hydrocarbon group optionally having 1 to 4
substituent oa(s) described below, (x) a divalent and 5- to
7-menbered ring heteroarylene group containing 1 to 3
hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s) described bel ow
and (xi) a divalent and 5- to 7-nmenbered ring saturated
het erocyclic group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally has 1 to 2
substituent y(s) described bel ow,

B represents (viib) a formula of -S(On wherein n
represents an integer of 0O to 2 or (xii) a formula of -
NR'CONRP- wherein R* and R® are the sanme or different and
each represents (al) a hydrogen atom (bl) a GC-GCs alkyl

group, (cl) a GCs-Cyo aryl group optionally having 1 to 5

261



substituent B(s) described below or (dl) a Gs-Cio aryl-GCi-GCs
al kyl group optionally having 1 to 5 substituent (s)
described below in the aryl noiety, or R and RS together
represent an ethylene group, a propylene group or a group
of -COCHy-, provided that when B is (viib) a fornmula of -
S(On- nmentioned above wherein n represents an integer of O
to 2, the binding site of Ato Bis a carbon atom and

D represents a nonoval ent group consisting of 1 to 10
groups of one or nore kinds selected from the group
consisting of followng (i) to (xi); and a group selected
fromthe group consisting of (xiii) to (xxiv)
(1) a C-Cyo alkylene group wherein the al kylene group is
i near or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent o(Ss)
descri bed below, (ii) a C-Cio al kenyl ene group wherein the
al kenyl ene group is linear or branched and optionally has
substituent a(s) described below, (iii) a G-Co al kynyl ene
group wherein the al kynylene group is linear or branched
and optionally has substituent o(s) described below, (iv)
a group having a fornmula of -N(Re3)- wherein Re3 represents
(al) a hydrogen atom (bl) a G-G al kyl group, (cl) a G-
Cio aryl group optionally having 1 to 5 substituent p(s)
described below or (dl) a GCs-Co aryl-G-GCs al kyl group
optionally having 1 to 5 substituent B(s) described bel ow

in the aryl noiety, (v) an oxygen atom (vi) a carbonyl
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group, (viib) a group having a formula of -S(On wherein
n represents an integer of 0 to 2, (viii) a Gs Cio dival ent
aryl ene group optionally having 1 to 4 substituent p(s)
described below, (ix) a G-Co divalent and saturated
cyclic hydrocarbon group optionally having 1 to 4
substituent o(s) described below, (x) a divalent and 5- to
7-menbered ring heteroarylene group containing 1 to 3
hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s) described bel ow
and (xi) a divalent and 5- to 7-nenbered ring saturated
het erocyclic group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s) described below, (xiii) a hydrogen atom
(xiv) a C-GCs alkyl group wherein the alkyl group is
linear or branched and optionally has substituent o(S)
descri bed below, (xv) a GC-GC hal ogenoal kyl group wherein
the alkyl group is linear or branched and optionally has
substituent o(s) described below, (xvi) a GCs-Cio cycl oal kyl
group, (xviia) a GCs-Cio aryl group optionally having 1 to 5
substituent p(s) described below, (xviii) a 5- to 10-
menbered ring heteroaryl group containing 1 to 3 hetero
atons selected from the group consisting of an oxygen

atom a nitrogen atom and a sulfur atom and optionally
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having 1 to 2 substituent y(s) described below, (xix) a
group having a formula of -NR?)(Re2) wherein Ral
represents (al) a hydrogen atom (bl) a C-GCs al kyl group

(cl) a GCs-Cio aryl group optionally having 1 to 5
substituent pB(s) described below or (dl) a GCs-Cyo aryl-G-
Cs al kyl group optionally having 1 to 5 substituent B(s)

described below in the aryl noiety and Re2 represents a
hydrogen atom or a GC-GCs alkyl group, (xx) a hydroxy
group, (xxi) a fornyl group, (xxii) a carboxy group,
(xxiii) a sulfo group and (xxiv) a phospho group, or
D nmay optionally form a heterocyclic ring containing a
nitrogen atomtogether with -NR- in B;

(b): -COEF

wherein E represents a dival ent group consisting of 1
to 10 groups of one or nore kinds selected from the group
consisting of (i) to (xi) described below provided that
the oxygen atom does not bind to another adjacent oxygen
atom
(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noi ety in the chain and optionally has the substituent o(s)
descri bed below, (ii) a C-Co al kenyl ene group wherein the
al kenyl ene group is linear or branched and optionally has
substituent o(s) described below, (iii) a CG-Cio al kynyl ene

group wherein the alkynylene group is linear or branched

264



and optionally has substituent o(s) described below, (iv) -
NR3- wherein R represents (al) a hydrogen atom (bl) a G-
GCs al kyl group, (cl) a Gs-Co aryl group optionally having 1
to 5 substituent B(s) described below or (dl) a Gs-Cio aryl -
Ci- G al kyl group optionally having 1 to 5 substituent B(s)
described below in the aryl nmpiety, (v) an oxygen atom
(vi) a carbonyl group, (viia) a formula of -S(On wherein
n represents an integer of 0 or 2, (viii) a Gs- Cio dival ent
arylene group optionally having 1 to 4 substituent (s)
descri bed below, (ix) a G- Co divalent and saturated cyclic
hydr ocarbon group optionally having 1 to 4 substituent o(s)
descri bed below, (x) a divalent and 5- to 7-nenbered ring
het er oaryl ene group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s) described below and (xi) a dival ent and 5-
to 7-nmenbered ring saturated heterocyclic group containing
1 to 3 hetero atons selected from the group consisting of
an oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s) described bel ow,
and

F represents (xxiii) a sulfo group; and

(c): -COG

wherein G represents a nonoval ent group consi sting of

0O to 10 groups of one or nore kinds selected fromthe group
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consisting of (i) to (xi) described below, and a group
selected from the group consisting of (xiii) to (xxiv)
descri bed below, provided that the oxygen atom does not
bi nd to anot her adj acent oxygen atom

(1) a C-Cyo alkylene group wherein the al kylene group is
i near or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent o(Ss)
descri bed below, (ii) a C-Cio al kenyl ene group wherein the
al kenyl ene group is linear or branched and optionally has
substituent oa(s) described below, (iii) a G-Co al kynyl ene
group wherein the al kynylene group is linear or branched
and optionally has substituent o(s) described below, (iv)
a group having a fornmula of -N(Re3)- wherein Re3 represents
(al) a hydrogen atom (bl) a G-GC al kyl group, (cl) a G-
Cio aryl group optionally having 1 to 5 substituent B(s)
described below or (dl) a GCs-Co aryl-G-GCs al kyl group
optionally having 1 to 5 substituent B(s) described bel ow
in the aryl noiety, (v) an oxygen atom (vi) a carbonyl
group, (viia) a group having a fornmula of -S(On wherein
n represents an integer of 0 or 2, (viii) a Gs G dival ent
arylene group optionally having 1 to 4 substituent p(s)
described below, (ix) a G-Cpo divalent and saturated
cyclic hydrocarbon group optionally having 1 to 4
substituent oa(s) described below, (x) a divalent and 5- to

7-menbered ring heteroarylene group containing 1 to 3
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hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s) described bel ow
and (xi) a divalent and 5- to 7-nenbered ring saturated
het erocyclic group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent vy(s) described below, (xiii) a hydrogen atom
(xiv) a GC-G alkyl group wherein the alkyl group is
linear or branched and optionally has substituent o(Ss)
descri bed below, (xv) a GC-GC hal ogenoal kyl group wherein
the alkyl group is linear or branched and optionally has
substituent o(s) described below, (xvi) a GCs-Cio cycl oal kyl
group, (xviia) a GCs-Cio aryl group optionally having 1 to 5
substituent p(s) described below, (xviii) a 5- to 7-
menbered ring heteroaryl group containing 1 to 3 hetero
atons selected from the group consisting of an oxygen
atom a nitrogen atom and a sulfur atom and optionally
having 1 to 2 substituent y(s) described below, (xix) a
group having a formula of -NR)(Re2) wherein Ral
represents (al) a hydrogen atom (bl) a C-GCs al kyl group,
(cl) a GCs-Co aryl group optionally having 1 to 5
substituent B(s) described below or (dl) a GCs-Cio aryl-GC-
Cs alkyl group optionally having 1 to 5 substituent p(s)

described below in the aryl noiety and Re2 represents a
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hydrogen atom or a GC-GCs alkyl group, (xx) a hydroxy
group, (xxi) a fornyl group, (xxii) a carboxy group,
(xxiii) a sulfo group and (xxiv) a phospho group;

wherein a substituent «a(s) represents follow ng
(xviib) to (xxx):
(xviib) a Gs-Cpo aryl group optionally having 1 to 5
substituent p(s) described below, a GC:-Cyo nonocyclo or
bi cycl oal kyl group or a GCs-Cyo nonocyclo or bicycloal kenyl
group, (xviii) a divalent and 5- to 10-nenbered ring
heteroaryl group <containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent pB(s) described below, (xix) a group having a
formula of -N(R)(Re2) wherein Rl represents (al) a
hydrogen atom (bl) a G-GCs al kyl group, (cl) a Gs-Co aryl
group optionally having 1 to 5 substituent p(s) described
below or (dl) a GCs-Cio aryl-C-GCs alkyl group optionally
having 1 to 5 substituent B(s) described below in the aryl
noi ety and Re2 represents a hydrogen atom or a GC-GCs al kyl
group, (xx) a hydroxy group, (xxi) a formyl group, (xxii) a
carboxy group, (xxiii) a sulfo group, (xxiv) a phospho
group, (xxv) a Ci-GCs al koxy group, (xxvi) a GCs Cio aryl oxy
group optionally having 1 to 5 substituent p(s) described
bel ow, (xxvii) a C-GC alkylthio group, (xxviii) a G Cio

arylthio group optionally having 1 to 5 substituent B(s)
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descri bed below, (xxix) a carbamoyl group or (xxx) a
guani dyl group;

a substituent B represents following (xiv), (xv),
(xviia), (xx) to (xxii), (xxv), (xxvi), (xxix), or (xxxi)
to (xxxvii):

(xiv) a C-GCs al kyl group, (xv) a C-GCs hal ogenoal kyl group,
(xvita) a GCs-Cio aryl group optionally having 1 to 5
substituent y(s) described below, (xx) a hydroxy group,
(xxi) a formyl group, (xxii) a carboxy group, (xxv) a CG-G
al koxy group, (xxvi) a GCs-Cio aryloxy group optionally
having 1 to 5 substituent vy(s) described below, (xxix) a
carbanmoyl group, (xxxi) a halogen atom (xxxii) a cyano
group, (xxxiii) a nitro group, (xxxiv) a GCs-Cuo aryl-C-Gs
al kyl group optionally having 1 to 5 substituent y(s)
descri bed below in the aryl noiety, (Xxxxv) an am no group

(xxxvi) a GCs-Cio aryl-Ci-GCs al koxy group optionally having 1
to 5 substituent y(s) described belowin the aryl noiety or
(xxxvii) a Ci- G al koxycarbonyl group; and

a substituent y represents followng (xiv), (xv),

(xx) to (xxii), (xxv), (xxxi) or (XxXxv):
(xiv) a G-Gs al kyl group, (xv) a C-GCs hal ogenoal kyl group,
(xx) a hydroxy group, (xxi) a fornyl group, (xxii) a
car boxy group, (xxv) a C-GCs al koxy group, (xxxi) a hal ogen
atom or (Xxxxv) an am no group;

a pharmaceutically acceptable salt t her eof or a
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pharmaceutically acceptable ester or am de thereof.

2. The carotenoid derivative according to claim 1, a
pharmaceutical ly accept abl e salt t her eof , or a
phar maceutically acceptable ester or am de thereof,

wherein A in the general formula (a): -COABD is a
di val ent group consisting of 1 to 6 groups of one or nore
ki nds selected fromthe group consisting of

(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent a(s),
(11) a G-Co al kenyl ene group wherein the al kenyl ene group
is linear or branched and optionally has substituent a(s),
(1i1) a G&-Co al kynyl ene group wherein the al kynyl ene group
is linear or branched and optionally has substituent o(s),
(iv) -NR3- wherein R represents (al) a hydrogen atom (bl)
a C-GC alkyl group, (cl) a GCs-Cio aryl group optionally
having 1 to 5 substituent B(s) or (dl) a GCs-Cio aryl-C-Gs
al kyl group optionally having 1 to 5 substituent B(s) in
the aryl noiety, (v) an oxygen atom (vi) a carbonyl group,
(vita) a formula of -S(On wherein n represents an integer
of 0 or 2, (viii) a GCs-Cpo divalent arylene group optionally
having 1 to 4 substituent B(s), (ix) a GCs-Cpo divalent and
saturated cyclic hydrocarbon group optionally having 1 to 4

substituent a(s), (x) a divalent and 5- to 7-nmenbered ring
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het er oaryl ene group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s) and (xi) a divalent and 5- to 7-nenbered
ring saturated heterocyclic group containing 1 to 5 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1

to 2 substituent y(s).

3. The carotenoid derivative according to claim 1, a
pharmaceutical ly accept abl e salt t her eof , or a
phar maceutically acceptable ester or am de thereof,

wherein A in the general formula (a): -COABD is a
di val ent group consisting of 1 to 6 groups of one or nore
ki nds sel ected fromthe group consisting of

(i) a C-Cpo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent oa(s),
(11) a G-Co al kenyl ene group wherein the al kenyl ene group
is linear or branched and optionally has substituent o(s),
(Tv) -NR3- wherein R represents (al) a hydrogen atom (bl)
a C-GC alkyl group, (cl) a GCs-Cio aryl group optionally
having 1 to 5 substituent B(s) or (dl) a GCs-Co aryl-C-Gs
al kyl group optionally having 1 to 5 substituent B(s) in

the aryl noiety, (v) an oxygen atom (vi) a carbonyl group,
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(vita) a formula of -S(On wherein n represents an integer
of 0 or 2, (viii) a GCs Cio divalent arylene group optionally
having 1 to 4 substituent B(s), (x) a divalent and 5- to 7-
menbered ring heteroaryl ene group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s), and (xi) a divalent and 5- to 7-
menbered ring saturated heterocyclic group containing 1 to
5 hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and

optionally having 1 to 2 substituent y(s).

4. The carotenoid derivative according to claim 1, a
phar maceutically accept abl e sal t t her eof , or a
pharmaceutically acceptable ester or am de thereof,

wherein A in the general formula (a): -COABD is a
di val ent group consisting of 1 to 6 groups of one or nore
ki nds selected fromthe group consisting of

(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
nmoiety in the chain and optionally has substituent o(s),
(11) a G&-Cyo al kenyl ene group wherein the al kenyl ene group
is linear or branched and optionally has substituent a(s),
(Tv) -NR3- wherein R represents (al) a hydrogen atom (bl)

a CG-GC alkyl group, (cl) a G-Cwo aryl group optionally
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having 1 to 5 substituent B(s) or (dl) a GCs-Co aryl-C-Gs
al kyl group optionally having 1 to 5 substituent B(s) in
the aryl noiety, (v) an oxygen atom (vi) a carbonyl group,
(viita) a forrmula of -S(On wherein n represents an integer
of 0 or 2 and (xi) a divalent and 5- to 7-nenbered ring
saturated heterocyclic group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1

to 2 substituent y(s).

5. The carotenoid derivative according to claim 1, a
phar maceutically accept abl e sal t t her eof , or a
pharmaceutically acceptable ester or am de thereof,

wherein A in the general formula (a): -COAB-D is a
di val ent group consisting of 1 to 6 groups of one or nore
ki nds selected fromthe group consisting of

(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
nmoiety in the chain and optionally has substituent o(s),
(iv) -NR3- wherein R represents (al) a hydrogen atom (bl)
a C-GC alkyl group, (cl) a GCs-Cio aryl group optionally
having 1 to 5 substituent B(s) or (dl) a GCs-Cwo aryl-GC-Gs
al kyl group optionally having 1 to 5 substituent B(s) in
the aryl noiety, (v) an oxygen atom (vi) a carbonyl group,

(viia) a formula of -S(On- wherein n represents an integer
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of 0 or 2 and (xi) a divalent and 5- to 7-nmenbered ring
saturated heterocyclic group containing 1 to 3 hetero atons
selected from the group consisting of an oxygen atom a
nitrogen atom and a sulfur atom and optionally having 1 to

2 substituent y(s).

6. The carotenoid derivative according to claim 1, a
pharmaceutical ly accept abl e salt t her eof , or a
phar maceutically acceptable ester or am de thereof,

wherein A in the general formula (a): -COAB-D is a
di val ent group consisting of 1 to 6 groups of one or nore
ki nds selected fromthe group consisting of

(i) a C-Cpo alkylene group the al kylene group is linear or
branched, optionally includes a cyclic alkylene noiety in
the chain and optionally has substituent a(s), (iv) -NRS-
wherein R® represents (al) a hydrogen atom (bl) a GC-Gs
al kyl group, (cl) a GCs-Cio aryl group optionally having 1 to
5 substituent B(s) or (dl) a GCs-Cio aryl-Ci-Gs al kyl group
optionally having 1 to 5 substituent p(s) in the aryl
noiety, (vi) a carbonyl group, (viia) a formula of -S(O)n-
wherein n represents an integer of O or 2 and (xi) a
divalent and 5- to 7-nenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a

sul fur atomand optionally having 1 to 2 substituent y(s).
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7. The carotenoid derivative according to any one of
claim 1 to claim 6, a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or am de
t her eof,

wherein B in the general fornmula (a): -COA-B-Dis selected
fromthe group consisting of

-S-, -SO, -SO»-, -NHCONH, -N(CHs)CONH-, -NHCON(CHs)-, -

N( CHg) CON( CHs) -, - N(GaHs) CONH-, - N(n-GsH7) CONH-, - N(i -
CsHy) CONH- - N( n- C4Ho) CONH-, - N( n- CsHys) CONH- - N( n-
Cs4Ho) CON( CHg) -, - N( Ph) CONH-, - NHCON( 4- Chl or ophenyl ) -, -
NHCON( CH.Phenyl ) -, - N(i - GHy) CON( 4- Met hoxyphenyl ) -, - N( 4-

Chl or ophenyl ) CON( 4- Met hoxyphenyl )- and a fornul a:

0]
0]
0 PN
_N)]\N \N)J\N/ —N N—
-/

- U, 4

8. The carotenoid derivative according to any one of
claim 1 to claim 6, a pharnaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or am de
t her eof,

wherein B in the general formula (a): -COA-B-Dis selected
fromthe group consisting of

-S-, -SO, -SO-, -NHCONH, -N(CHs) CONH, -NHCON(CHs)-, -

N(CHs) CON(CH) -, - N(GaHs) CONH-, - N(n- GsHy) CONH-, - N(i -
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CsHy) CONH- - N( n- C4Ho) CONH-, - N( n- CsHh3) CONH- - N( n-

CsHo) CON(CHs) - and a fornul a:

O
@)
_N)]\N_ \N)J\N/
\/  or v )
9. The carotenoid derivative according to any one of

claim 1 to claim 6, a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable ester or amde
t her eof,

wherein B in the general formula (a): -COA-B-Dis a group
selected fromthe group consisting of

-S-, -S(O-, -S(O2-, -NHCONH, -N(CHs) CONH, -NHCON(CHs) -,

- N( C2Hs) CONH-, - N(n- CsHy) CONH and - N(i - CsHr) CONH- .

10. The carotenoid derivative according to any one of
claim 1 to claim 6, a pharnaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or am de
t her eof,

wherein B in the general fornmula (a): -COA-B-Dis selected
fromthe group consisting of

-S-, -S(O-, -S(0O2, -NHCONH, -N(CHs)CONH-, - NHCON(CHs) -

and - N( C2Hs) CONH- .

11. The carotenoid derivative according to any one of
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claim 1 to claim 10, a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable ester or amde
t her eof

wherein D in the general formula (a): -COABD is a
nonoval ent group consisting of a divalent group consisting
of 0O to 6 groups of one or nore kinds selected from the
group consi sting of

(i)a C-Cwo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
nmoiety in the chain and optionally has substituent o(s),
(ii) a G-Cio al kenyl ene group wherein the al kenyl ene group
is linear or branched and optionally has substituent o(s),
(iii) a G-Cwo al kynyl ene group wherein the al kynyl ene group
is linear or branched and optionally has substituent o(s),
(iv) a group having a formula of -NRe)- wherein Re3
represents (al) a hydrogen atom (bl) a C-G al kyl group,
(cl) a GCs-Cyo aryl group optionally having 1 to 5
substituent p(s) or (dl) a GCs-Cwo aryl-CG-GCs al kyl group
optionally having 1 to 5 substituent p(s) in the aryl
noiety, (v) an oxygen atom (vi) a carbonyl group, (viib) a
group having a formula of -S(On wherein n represents an
integer of 0 to 2, (viii) a Gs-Cio divalent arylene group
optionally having 1 to 4 substituent pB(s), (ix) a G-Cipo
di val ent and saturated cyclic hydrocarbon group optionally

having 1 to 4 substituent a(s), (x) a divalent and 5- to
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7-menbered ring heteroarylene group containing 1 to 3
hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent v(s) and (xi) a
divalent and 5- to 7-nmenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s);
and a group selected fromthe group consisting of

(xiii) a hydrogen atom (xiv) a Ci-G alkyl group wherein
the alkyl group is linear or branched and optionally has
substituent o(s), (xv) a Ci-GCs hal ogenoal kyl group wherein
the alkyl group is linear or branched and optionally has
substituent o(s), (xvi) a G- Cwo cycloal kyl group, (xviia) a
Cs-Cio aryl group optionally having 1 to 5 substituent
B(s), (xviii) a 5- to 7-nenbered ring heteroaryl group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s), (xix) a
group having a formula of -N(Rel)(Re2) wherein Rel represents
(al) a hydrogen atom (bl) a C-GC al kyl group, (cl) a Gs-
Cio aryl group optionally having 1 to 5 substituent B(s) or
(dl) a GCs-Cio aryl-Ci-Gs al kyl group optionally having 1 to
5 substituent B(s) in the aryl noiety and Ré2 represents a

hydrogen atom or a GC-GCs al kyl group, (xx) a hydroxy group,
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provi ded that when the present hydroxy group binds to a
carbon atom the carbon atom is not a unsaturated carbon
atom (xxi) a fornyl group, (xxii) a carboxy group, (xxiii)

a sulfo group and (xxiv) a phospho group.

12. The carotenoid derivative according to any one of
claim 1 to claim 6, a pharnaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or anm de
t her eof,

wherein D in the general formula (a): -COAB-D is a
nonoval ent group consisting of a divalent group consisting
of O to 6 groups of one or nore kinds selected from the
group consi sting of

(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent a(s),
(11) a G-Co al kenyl ene group wherein the al kenyl ene group
is linear or branched and optionally has substituent o(s),
(iv) a group having a formula of -N(Re)- wherein Res
represents (al) a hydrogen atom (bl) a C-G al kyl group,
(cl) a GCs-Cyo aryl group optionally having 1 to 5
substituent p(s) or (dl) a GC-Cio aryl-G-GCs alkyl group
optionally having 1 to 5 substituent B(s) in the aryl
noi ety, (v) an oxygen atom (vi) a carbonyl group, (viib) a

group having a fornula of -S(On- wherein n represents an
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integer of 0 to 2, (viii) a GCs-Cio divalent arylene group
optionally having 1 to 4 substituent B(s), (x) a divalent
and 5- to 7-nmenbered ring heteroarylene group containing 1
to 3 hetero atons selected fromthe group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s) and (xi) a
divalent and 5- to 7-nmenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s);

and a group selected fromthe group consisting of

(xiii) a hydrogen atom (xiv) the alkyl group described in
the "C-GC alkyl group”, (xviii) the heteroaryl group
described in the "5- to 7-nenbered ring heteroaryl group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s)", (Xxix)
the am no group described in the "group having a formula of
-N(Rel) (Re2)" | (xx) a hydroxy group, provided that when the
present hydroxy group binds to a carbon atom the carbon
atom is not a unsaturated carbon atom (xxi) a fornyl
group, (xxii) a carboxy group, (xxiii) a sulfo group and

(xxiv) a phospho group.

13. The carotenoid derivative according to any one of
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claim 1 to claim 10, a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable ester or amde
t her eof

wherein D in the general formula (a): -COABD is a
nonoval ent group consisting of a divalent group consisting
of 0O to 6 groups of one or nore kinds selected from the
group consi sting of

(i) a C-Cpo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
nmoiety in the chain and optionally has substituent o(s),
(ii) a G-Cio al kenyl ene group wherein the al kenyl ene group
is linear or branched and optionally has substituent o(s),
(iv) a group having a formula of -NRe)- wherein Re3
represents (al) a hydrogen atom (bl) a GC-Gs al kyl group,
(cl) a GC-Co aryl group optionally having 1 to 5
substituent p(s) or (dl) a GCs-Cwo aryl-CG-GCs al kyl group
optionally having 1 to 5 substituent p(s) in the aryl
noiety, (v) an oxygen atom (vi) a carbonyl group, (viib) a
group having a formula of -S(On wherein n represents an
integer of 0 to 2 and (xi) a divalent and 5- to 7-nenbered
ring saturated heterocyclic group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s);

and a group selected fromthe group consisting of
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(xiii) a hydrogen atom (xiv) the alkyl group described in
the "C-GC alkyl group", (xviii) the heteroaryl group
described in the "5- to 7-nenbered ring heteroaryl group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s)" (XxiXx)
the am no group described in the "group having a formul a of
-N(Rel) (Re2) " | (xx) a hydroxy group, provided that when the
present hydroxy group binds to a carbon atom the carbon
atom is not a unsaturated carbon atom (xxii) a carboxy

group, (xxiii) a sulfo group and (xxiv) a phospho group.

14. The carotenoid derivative according to any one of
claim 1 to claim 10, a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or am de
t her eof

wherein D in the general formula (a): -COAB-D is a
nonoval ent group consisting of a divalent group consisting
of O to 6 groups of one or nore kinds selected from the
group consi sting of

(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent a(s),
(iv) a group having a formula of -NRe)- wherein Res

represents (al) a hydrogen atom (bl) a C-G al kyl group,
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(cl) a GC-Co aryl group optionally having 1 to 5
substituent p(s) or (dl) a GC-Cio aryl-G-GCs alkyl group
optionally having 1 to 5 substituent B(s) in the aryl
noiety, (v) an oxygen atom (vi) a carbonyl group, (viib) a
group having a formula of -S(On wherein n represents an
integer of 0 to 2 and (xi) a divalent and 5- to 7-nenbered
ring saturated heterocyclic group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s);

and a group selected fromthe group consisting of

(xiti) a hydrogen atom (xviii) the heteroaryl group
described in the "5- to 7-nenbered ring heteroaryl group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur
atom and optionally having 1 to 2 substituent y(s)", (XiXx)
the am no group described in the "group having a formul a of
-N(Rel) (Re2) " | (xx) a hydroxy group, provided that when the
present hydroxy group binds to a carbon atom the carbon
atom is not a unsaturated carbon atom (xxii) a carboxy

group, (xxiii) a sulfo group and (xxiv) a phospho group.

15. The carotenoid derivative according to any one of
claim 1 to claim 10, a pharmaceutically acceptable salt

thereof, or a pharnmaceutically acceptable ester or an de
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thereof, wherein Din the general formula (a): -COA-B-Dis
a nonovalent group consisting of a divalent group
consisting of 1 to 6 groups of one or nore kinds selected
fromthe group consisting of

(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
nmoiety in the chain and optionally has substituent o(s),
(iv) a group having a formula of -NRe)- wherein Re3
represents (al) a hydrogen atom (bl) a GC-Gs al kyl group,
(cl) a GCs-Cyo aryl group optionally having 1 to 5
substituent p(s) or (dl) a GCs-Cwo aryl-G-GCs al kyl group
optionally having 1 to 5 substituent p(s) in the aryl
noiety, (vi) a carbonyl group, (viib) a group having a
formula of -S(On- wherein n represents an integer of 0 to
2 and (xi) a divalent and 5- to 7-nenbered ring saturated
het erocyclic group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s);

and a group selected fromthe group consisting of

(xiii) a hydrogen atom (xix) the am no group described in
the "group having a formula of -N(Rel)(Re2)", (xx) a hydroxy
group, provided that when the present hydroxy group binds
to a carbon atom the carbon atom is not a unsaturated

carbon atom (xxii) a carboxy group, (xxiii) a sulfo group
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and (xxiv) a phospho group.

16. The carotenoid derivative according to any one of
claim 1 to claim 15, a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable ester or amde
t her eof

wherein E in the general fornmula (b): -COE-F is a divalent
group consisting of 1 to 6 groups of one or nore Kkinds
selected fromthe group consisting of

(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent o(s),
(ii) a G-Cio al kenyl ene group wherein the al kenyl ene group
is linear or branched and optionally has substituent o(s),
(iii) a C-Cwo al kynyl ene group wherein the al kynyl ene group
is linear or branched and optionally has substituent a(s),
(Tv) -NR3- wherein R represents (al) a hydrogen atom (bl)
a C-GC alkyl group, (cl) a Gs-Cyo aryl group optionally
having 1 to 5 substituent B(s) or (dl) a GCs-Cwo aryl-GC-Gs
al kyl group optionally having 1 to 5 substituent B(s) in
the aryl noiety, (v) an oxygen atom (vi) a carbonyl group,
(vita) a formula -S(On- wherein n represents an integer of
O or 2, (viii) a GCs-Cio divalent arylene group optionally
having 1 to 4 substituent B(s), (ix) a Gs-Cypo divalent and

saturated cyclic hydrocarbon group optionally having 1 to 4
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substituent a(s), (x) a divalent and 5- to 7-nmenbered ring
het er oaryl ene group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s) and (xi) a divalent and 5- to 7-nenbered
ring saturated heterocyclic group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1

to 2 substituent y(s).

17. The carotenoid derivative according to any one of
claim 1 to claim 15, a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or am de
t her eof,

wherein E in the general fornmula (b): -COE-F is a divalent
group consisting of 1 to 6 groups of one or nore Kkinds
sel ected from

(i) a C-Cpo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent a(s),
(11) a G-Co al kenyl ene group wherein the al kenyl ene group
is linear or branched and optionally has substituent o(s),
(iv) -NR3- wherein R represents (al) a hydrogen atom (bl)
a C-GCs alkyl group, (cl) a GCs-Cio aryl group optionally

having 1 to 5 substituent B(s) or (dl) a GCs-Cio aryl-C-Gs
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al kyl (s) group optionally having 1 to 5 substituent B(s) in
the aryl noiety, (v) an oxygen atom (vi) a carbonyl group,
(vita) a formula of -S(On wherein n represents an integer
of 0 or 2, (viii) a Gs-Co divalent arylene group optionally
having 1 to 4 substituent B(s), (x) a divalent and 5- to 7-
menbered ring heteroaryl ene group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s) and (xi) a divalent and 5- to 7-
menbered ring saturated heterocyclic group containing 1 to
3 hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and

optionally having 1 to 2 substituent y(s).

18. The carotenoid derivative according to any one of
claim 1 to claim 15, a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable ester or am de
t her eof

wherein E in the general fornmula (b): -COE-F is a divalent
group consisting of 1 to 6 groups of one or nore Kkinds
sel ected fromthe group consisting of

(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
nmoiety in the chain and optionally has substituent o(s),

(ii) a G-Cio al kenyl ene group wherein the al kenyl ene group
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is linear or branched and optionally has substituent o(s)
and (iv) -NR3- wherein R represents (al) a hydrogen atom
(bl) a G-GC alkyl group, (cl) a GCs-Cio aryl group
optionally having 1 to 5 substituent B(s) or (dl) a G- Cio
aryl -Ci-Gs al kyl group optionally having 1 to 5 substituent
B(s) in the aryl noiety, (v) an oxygen atom (vi) a
carbonyl group, (viia) a formula of -S(On wherein n
represents an integer of 0 or 2 and (xi) a divalent and 5-
to 7-menbered ring saturated heterocyclic group containing
1 to 3 hetero atons selected from the group consisting of

an oxygen atom a nitrogen atom and a sulfur atom and

optionally having 1 to 2 substituent y(s).

19. The carotenoid derivative according to any one of
claim 1 to claim 15, a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or an de
t her eof,

wherein E in the general fornmula (b): -COE-F is a divalent
group consisting of 1 to 6 groups of one or nore Kkinds
sel ected fromthe group consisting of

(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent a(s),
(Tv) -NR3- wherein R represents (al) a hydrogen atom (bl)

a C-GC alkyl group, (cl) a GCs-Cwo aryl group optionally
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having 1 to 5 substituent B(s) or (dl) a GCs-Co aryl-C-Gs
al kyl group optionally having 1 to 5 substituent B(s) in
the aryl noiety, (v) an oxygen atom (vi) a carbonyl group,
(viita) a formula of -S(On wherein n represents an integer
of 0 or 2 and (xi) a divalent and 5- to 7-nenbered ring
saturated heterocyclic group containing 1 to 3 hetero atons
selected from the group consisting of an oxygen atom a
nitrogen atom and a sulfur atom and optionally having 1 to

2 substituent y(s).

20. The carotenoid derivative according to any one of
claim 1 to claim 15, a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or am de
t her eof,

wherein E in the general fornmula (b): -COE-F is a divalent
group consisting of 1 to 6 groups of one or nore Kkinds
selected fromthe group consisting of

(i) a C-Cpo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent a(s),
(Tv) -NR3- wherein R represents (al) a hydrogen atom (bl)
a C-GCs alkyl group, (cl) a GCs-Cwo aryl group optionally
having 1 to 5 substituent B(s) or (dl) a GCs-Co aryl-C-Gs
al kyl group optionally having 1 to 5 substituent B(s) in

the aryl noiety, (vi) a carbonyl group and (xi) a dival ent
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and 5- to 7-nenbered ring saturated heterocyclic group
containing 1 to 3 hetero atons selected from the group
consi sting of an oxygen atom a nitrogen atom and a sul fur

atom and optionally having 1 to 2 substituent y(s).

21. The carotenoid derivative according to any one of
claim 1 to claim 20, a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or anm de
thereof, wherein F in the general fornmula (b): -COE-Fis a

sul fo group.

22. The carotenoid derivative according to any one of
claim 1 to claim 21, a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable ester or am de
t her eof

wherein Gin the general fornula (c): -CO-Gis a nonoval ent
group consisting of a divalent group consisting of O to 6
groups of one or nore kinds selected from the group
consi sting of

(i) a C-Cpo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
nmoiety in the chain and optionally has substituent o(s),
(ii) a G-Cio al kenyl ene group wherein the al kenyl ene group
is linear or branched and optionally has substituent o(s),

(iii) a G-Co al kynyl ene group wherein the al kynyl ene group
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is linear or branched and optionally has substituent o(s),
(iv) a group having a formula of -N(Re)- wherein Res
represents (al) a hydrogen atom (bl) a C-G al kyl group,
(cl) a GC-Co aryl group optionally having 1 to 5
substituent p(s) or (dl) a GC-Cio aryl-G-GCs alkyl group
optionally having 1 to 5 substituent B(s) in the aryl
noi ety, (v) an oxygen atom (vi) a carbonyl group, (viib) a
group having a formula of -S(On wherein n represents an
integer of 0 to 2, (viii) a Gs-Cio divalent arylene group
optionally having 1 to 4 substituent pB(s), (ix) a GCs-Cuo
di val ent and saturated cyclic hydrocarbon group optionally
having 1 to 4 substituent a(s), (x) a divalent and 5- to 7-
menbered ring heteroaryl ene group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent vy(s) and (xi) a divalent and 5- to 7-
menbered ring saturated heterocyclic group containing 1 to
3 hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s);

and a group selected fromthe group consisting of

(xiii) a hydrogen atom (xiv) a GCi-G alkyl group wherein
the alkyl group is linear or branched and optionally has
substituent o(s), (xv) a Ci-GCs hal ogenoal kyl group wherein

the alkyl group is linear or branched and optionally has
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substituent o(s), (xvi) a G- Ciwo cycloal kyl group, (xviia) a
Cs- Cio aryl group optionally having 1 to 5 substituent B(s),
(xviii) a 5- to 7-nenbered ring heteroaryl group containing
1 to 3 hetero atonms selected from the group consisting of
an oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent vy(s), (xix) a group
having a fornmula of -N(Ral)(Re2) wherein Rel represents (al)
a hydrogen atom (bl) a G-G alkyl group, (cl) a G Cio
aryl group optionally having 1 to 5 substituent p(s) or
(dl) a GCs-Cio aryl-GC-GCs al kyl group optionally having 1 to
5 substituent B(s) in the aryl noiety and Re2 represents a
hydrogen atom or a Ci-Gs al kyl group, (xx) a hydroxy group,
provi ded that when the present hydroxy group binds to a
carbon atom the carbon atom is not a unsaturated carbon
atom (xxi) a fornmyl group, (xxii) a carboxy group, (xxiii)

a sulfo group and (xxiv) a phospho group.

23. The carotenoid derivative according to any one of
claim 1 to claim 21, a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or am de
t her eof,

wherein Gin the general fornmula (c): -COGis a nonoval ent
group consisting of a divalent group consisting of 0 to 6
groups of one or nore kinds selected from the group

consi sting of
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(i) a C-Cpo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent a(s),
(ii) a G-Cio al kenyl ene group wherein the al kenyl ene group
is linear or branched and optionally has substituent o(s),
(iii) a C-Cwo al kynyl ene group wherein the al kynyl ene group
is linear or branched and optionally has substituent o(s),
(iv) a group having a formula of -NRe)- wherein Re3
represents (al) a hydrogen atom (bl) a GC-Gs al kyl group,
(cl) a GCs-Cyo aryl group optionally having 1 to 5
substituent p(s) or (dl) a GCs-Cwo aryl-G-GCs al kyl group
optionally having 1 to 5 substituent p(s) in the aryl
noiety, (v) an oxygen atom (vi) a carbonyl group, (viib) a
group having a formula of -S(On wherein n represents an
integer of 0 to 2, (viii) a GCs-Cwo divalent arylene group
optionally having 1 to 4 substituent pB(s), (ix) a Gs-Cio
di val ent and saturated cyclic hydrocarbon group optionally
having 1 to 4 substituent a(s), (x) a divalent and 5- to
7-menbered ring heteroarylene group containing 1 to 3
hetero atons selected from the group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s) and (xi) a
divalent and 5- to 7-nenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the

group consisting of an oxygen atom a nitrogen atom and a
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sul fur atomand optionally having 1 to 2 substituent y(s);
and a group selected fromthe group consisting of

(xiii) a hydrogen atom (xiv) a C-GCs alkyl group wherein
the alkyl group is linear or branched and optionally has
substituent a(s), (xvi) a GCs-Cio cycloal kyl group, (xviia) a
Cs- Cio aryl group optionally having 1 to 5 substituent B(s),
(xviii) a 5- to 7-nmenbered ring heteroaryl group containing
1 to 3 hetero atons selected from the group consisting of
an oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent vy(s), (xix) a group
having a formula of -N(Rel)(Re2) wherein Rel represents (al)
a hydrogen atom (bl) a GC-GC alkyl group, (cl) a G- Cio
aryl group optionally having 1 to 5 substituent p(s) or
(dl) a GCs-Cio aryl-GC-GCs alkyl group optionally having 1 to
5 substituent B(s) in the aryl noiety and Re2 represents a
hydrogen atom or a C;-GCs al kyl group, (xx) a hydroxy group,
provided that when the present hydroxy group binds to a
carbon atom the carbon atom is not a unsaturated carbon
atom (xxi) a fornyl group, (xxii) a carboxy group, (xxiii)

a sulfo group and (xxiv) a phospho group.

24. The carotenoid derivative according to any one of
claim 1 to claim 21, a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable ester or amde

t her eof
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wherein Gin the general fornula (c): -CO-Gis a nonoval ent
group consisting of a divalent group consisting of O to 6
groups of one or nore kinds selected from the group
consi sting of

(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
nmoiety in the chain and optionally has substituent o(s),
(ii) a G-Cio al kenyl ene group wherein the al kenyl ene group
is linear or branched and optionally has substituent o(s),
(iv) a group having a formula of -N(Re)- wherein Res
represents (al) a hydrogen atom (bl) a C-G al kyl group,
(cl) a GCs-Cyo aryl group optionally having 1 to 5
substituent p(s) or (dl) a GCs-Cwo aryl-CG-GCs al kyl group
optionally having 1 to 5 substituent p(s) in the aryl
noiety, (v) an oxygen atom (vi) a carbonyl group, (viib) a
group having a formula of -S(On wherein n represents an
integer of 0 to 2, (viii) a Gs-Cio divalent arylene group
optionally having 1 to 4 substituent p(s) and (xi) a
divalent and 5- to 7-nmenbered ring saturated heterocyclic
group containing 1 to 3 hetero atons selected from the
group consisting of an oxygen atom a nitrogen atom and a
sul fur atom and optionally having 1 to 2 substituent y(s);
and a group selected fromthe group consisting of

(xiii) a hydrogen atom (xiv) a GCi-G alkyl group wherein

the alkyl group is linear or branched and optionally has
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substituent a(s), (xviia) a GC-Cwo aryl group optionally
having 1 to 5 substituent B(s), (xviii) a 5- to 7-nmenbered
ring heteroaryl group containing 1 to 3 hetero atons
selected from the group consisting of an oxygen atom a
nitrogen atom and a sul fur atom and optionally having 1 to
2 substituent vy(s), (xix) a group having a formula of -
N( Rel) (Ra2) wherein Rel represents (al) a hydrogen atom (bl)
a C-GC alkyl group, (cl) a GCs-Co aryl group optionally
having 1 to 5 substituent B(s) or (dl) a GCs-Cio aryl-GC-Gs
al kyl group optionally having 1 to 5 substituent B(s) in
the aryl noiety and Re2 represents a hydrogen atom or a G-
GCs al kyl group, (xx) a hydroxy group, provided that when
the present hydroxy group binds to a carbon atom the
carbon atom is not a unsaturated carbon atom (xxi) a
formyl group, (xxii) a carboxy group, (xxiii) a sulfo group

and (xxiv) a phospho group.

25. The carotenoid derivative according to any one of
claim 1 to claim 21, a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or am de
t her eof,

wherein Gin the general fornmula (c): -COGis a nonoval ent
group consisting of a divalent group consisting of 0 to 6
groups of one or nore kinds selected from the group

consi sting of
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(i) a C-Cpo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent a(s),
(iv) a group having a formula of -NRe)- wherein Re3
represents (al) a hydrogen atom (bl) a C-Gs al kyl group,
(cl) a GC-Co aryl group optionally having 1 to 5
substituent p(s) or (dl) a GC-Cio aryl-G-GCs al kyl group
optionally having 1 to 5 substituent B(s) in the aryl
noi ety, (v) an oxygen atom (vi) a carbonyl group, (viib) a
group having a formula of -S(On wherein n represents an
integer of 0 to 2 and (xi) a divalent and 5- to 7-nenbered
ring saturated heterocyclic group containing 1 to 3 hetero
atons selected fromthe group consisting of an oxygen atom
a nitrogen atom and a sulfur atom and optionally having 1
to 2 substituent y(s);

and a group selected fromthe group consisting of

(xiii) a hydrogen atom (xiv) a Ci-G alkyl group wherein
the alkyl group is linear or branched and optionally has
substituent a(s), (xviia) a GCs-Cwo aryl group optionally
having 1 to 5 substituent B(s), (xviii) a 5- to 7-nenbered
ring heteroaryl group containing 1 to 3 hetero atons
selected from the group consisting of an oxygen atom a
nitrogen atom and a sul fur atom and optionally having 1 to
2 substituent vy(s), (xix) a group having a formula of -

N(Rel) (Re2) wherein Rel represents (al) a hydrogen atom (bl)
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a C-GC alkyl group, (cl) a G-Co aryl group optionally
having 1 to 5 substituent B(s) or (dl) a GCs-Cwo aryl-C-GCs
al kyl group optionally having 1 to 5 substituent B(s) in
the aryl noiety and Re2 represents a hydrogen atom or a G-
GCs al kyl group, (xx) a hydroxy group, provided that when
the present hydroxy group binds to a carbon atom the
carbon atom is not a unsaturated carbon atom (xxi) a
formyl group, (xxii) a carboxy group, (xxiii) a sulfo group

and (xxiv) a phospho group.

26. The carotenoid derivative according to any one of
claim 1 to claim 21, a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or am de
t her eof,

wherein Gin the general fornula (c): -CO-Gis a nonoval ent
group consisting of a divalent group consisting of 0 to 6
groups of one or nore kinds selected from the group
consi sting of

(1) a C-Co alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
nmoiety in the chain and optionally has substituent o(s),
(iv) a group having a formula of -NRe)- wherein Res
represents (al) a hydrogen atom (bl) a C-G al kyl group,
(cl) a GCs-Cyo aryl group optionally having 1 to 5

substituent p(s) or (dl) a GCs-Cwo aryl-CG-GCs al kyl group
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optionally having 1 to 5 substituent B(s) in the aryl
noiety, (vi) a carbonyl group, (viib) a group having a
formula of -S(On- wherein n represents an integer of 0 to
2 and (xi) a divalent and 5- to 7-nenbered ring saturated
het erocyclic group containing 1 to 3 hetero atons sel ected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent y(s);

and a group selected fromthe group consisting of

(xiii) a hydrogen atom (xiv) a Ci-G alkyl group wherein
the alkyl group is linear or branched and optionally has
substituent oSs), (xviii) a b5- to 7-nmenbered ring
het eroaryl group containing 1 to 3 hetero atons selected
from the group consisting of an oxygen atom a nitrogen
atom and a sulfur atom and optionally having 1 to 2
substituent v(s), (xix) a group having a formula of -
N( Rel) (Ra2) wherein Rel represents (al) a hydrogen atom (bl)
a C-GC alkyl group, (cl) a Gs-Cyo aryl group optionally
having 1 to 5 substituent B(s) or (dl) a GCs-Cwo aryl-GC-Gs
al kyl group optionally having 1 to 5 substituent B(s) in
the aryl npbiety and Re2 represents a hydrogen atom or a G-
GCs al kyl group, (xx) a hydroxy group, provided that when
the present hydroxy group binds to a carbon atom the
carbon atom is not a unsaturated carbon atom (xxi) a

formyl group, (xxii) a carboxy group, (xxiii) a sulfo group
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and (xxiv) a phospho group.

27. The carotenoid derivative according to any one of
claim 1 to claim 21, a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable ester or amde
t her eof

wherein Gin the general fornmula (c): -COGis a nonoval ent
group consisting of a divalent group consisting of O to 6
groups of one or nore kinds selected from the group
consi sting of

(i) a C-Cpo alkylene group wherein the alkylene group is
| inear or branched, optionally includes a cyclic alkylene
noiety in the chain and optionally has substituent a(s),
(iv) a group having a formula of -NRe)- wherein Res
represents (al) a hydrogen atom (bl) a C-G al kyl group,
(cl) a GC-Co aryl group optionally having 1 to 5
substituent p(s) or (dl) a GC-Cio aryl-G-GCs alkyl group
optionally having 1 to 5 substituent B(s) in the aryl
noi ety, (vi) a carbonyl group and (xi) a divalent and 5- to
7-menbered ring saturated heterocyclic group containing 1
to 3 hetero atons selected fromthe group consisting of an
oxygen atom a nitrogen atom and a sulfur atom and
optionally having 1 to 2 substituent y(s);

and a group selected fromthe group consisting of

(xiii) a hydrogen atom (xiv) a C-GCs al kyl group wherein
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the alkyl group is linear or branched and optionally has
substituent o(s), (xix) a group having a fornmula of -
N(Rel) (Re2) wherein Rel represents (al) a hydrogen atom (bl)
a C-G alkyl group, (cl) a GCs-Co aryl group optionally
having 1 to 5 substituent B(s) or (dl) a GCs-Cwo aryl-C-GCs
al kyl group optionally having 1 to 5 substituent B(s) in
the aryl npbiety and Re2 represents a hydrogen atom or a G-
GCs al kyl group, (xx) a hydroxy group, provided that when
the present hydroxy group binds to a carbon atom the
carbon atom is not a unsaturated carbon atom (xxi) a
formyl group, (xxii) a carboxy group, (xxiii) a sulfo group

and (xxiv) a phospho group.

28. The carotenoid derivative according to any one of
claim 1 to claim 21, a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or an de
thereof, wherein at |east one of Rl and R?2 in the general
formula (1) is (a): -COA-B-Dor (b): -COE-F and the ot her

is (a): -COA-B-D (b): -COEF or a hydrogen atom

29. The carotenoid derivative according to any one of
claim 1 to claim 21, a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or am de
thereof, wherein Rt and R?2 in the general formula (1) are

same or different and each is (a): -COA-B-Dor (b): -COE-
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30. The carotenoid derivative according to any one of
claim 1 to claim 21, a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable ester or amde
thereof, wherein Rt and R2 in the general formula (1) are

same and each is (a): -COA-B-Dor (b): -COE-F.

31. The carotenoid derivative according to any one of
claim 1 to claim 30, a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or am de

thereof, wherein X in the general fornmula (1) is a carbonyl

gr oup.

32. The carotenoid derivative according to any one of
claim 1 to claim 30, a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable ester or am de
thereof, wherein the conpound having the general fornula
(I') is one selected fromthe group consisting of

4-{18-[ 4- car boxynet hyl t hi oacet oxy- 2, 6, 6-tri net hyl - 3-

oxocycl ohexa-1-enyl]-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl }-3, 5, 5-tri net hyl - 2-

oxocycl ohexa- 3- enyl oxycar bonyl net hyl t hi oaceti c aci d,
(4-{18-[ 4-car boxynet hyl sul fi nyl acet oxy) -2, 6, 6-tri nethyl -

3- oxocycl ohexa-1-enyl]-3,7,12,16-tetranet hyl oct adeca-
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1,3,5,7,9,11, 13, 15, 17- nonaenyl } -3, 5, 5-tri net hyl - 2-

oxocycl ohexa- 3- enyl oxycar bonyl net hyl sul fi nyl )aceti c aci d,
3-[2-(4-(18-{4-[3-(3-t-butoxycarbonyl met hyl ur ei do) -

propi onyl oxy] -2, 6, 6-tri nmet hyl - 3- oxocycl ohexa- 1- enyl } -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-
enyloxycarbonyl)ethyl]-ureidoacetic acid t—-butyl ester,
3-{2-[4-(18-{4-[3-(3-carboxynet hyl ur ei do) pr opi onyl oxy] -
2,6,6-trimethyl -3-oxocycl ohexa-1-enyl}-3,7,12, 16-

tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) - 3, 5, 5-
trimet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl ] et hyl } -

ur ei doacetic acid,
2-[3-(4-[18-[4-{3-(2-sul foet hyl am nocar bonyl ) pr opi onyl oxy} -
2,6,6-trimethyl -3-oxocycl ohexa-1-enyl]-3,7,12, 16-

t et ramet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17- nonaenyl ] - 3, 5, 5-
trimet hyl - 2-xocycl ohexa- 3- enyl oxycar bonyl ) pr opi onyl am no] -
et hanesul foni c aci d,
2-(3,5,5-trinethyl-2-oxo0-4-{3,7,12, 16-tetranet hyl - 18-
[2,6,6-trinethyl-3-o0xo0-4-(2-sul foethyl car banoyl oxy) -

cycl ohexa- 1- enyl Joctadeca-1, 3,5,7,9, 11, 13, 15, 17- nonaenyl } -
cycl ohexa- 3- enyl oxycar bonyl am no) et hanesul foni ¢ aci d,
3-[4-(18-{4-[ 3-t-but oxycar bonyl net hyl ur ei doacet oxy] - 2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl }-3,7, 12, 16-

tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) -

3,5, 5-trinethyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl et hyl | -
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urei doacetic acid t-butyl ester,
3-[4-(18-{4-(3-carboxynet hyl ur ei doacet oxy) - 2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl }-3,7, 12, 16-

t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) -
3,5,5-trimethyl -2-oxocycl ohexa- 3- enyl oxycar bonyl net hyl ] -
ur ei doacetic acid,

i m dazol - 1-yl car bonyl am noacetic acid 4-[18-(4-

{i m dazol - 1-yl car bonyl am noacet oxy}-2, 6, 6-tri net hyl - 3-
oxocycl ohexa-1-enyl)-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl ] -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-

enyl ester,

3- (i m dazol - 1-yl car bonyl am no) propi onic acid 4-[ 18-
(4-{3-(imdazol -1-yl car bonyl am no) propi onyl oxy}-2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl)-3,7, 12, 16-

t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl | -
3,5,5-trinethyl -2-oxocycl ohexa- 3-enyl ester,

4- (i m dazol - 1-yl car bonyl am no) butyric acid 4-[ 18-
(4-{4- (i mdazol -1-yl carbonyl am no) but yryl oxy}- 2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl)-3,7, 12, 16-

tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl | -
3,5,5-trinethyl -2-oxocycl ohexa- 3-enyl ester,
2-[3-{4-(18-[4-(3-[ 2-sul foet hyl]urei doacet oxy) -2, 6, 6-
trimet hyl - 3- oxocycl ohexa-1-enyl]-3,7,12, 16-

t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) -
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3,5, 5-trinethyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl et hyl } -
ur ei do] et hanesul foni ¢ aci d,
2-[3-(2-{4-[18-(4-{3-[3-(2-sul foet hyl )ureido] propi onyl oxy} -
2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-

tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl | -

3,5, 5-trinethyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl } et hyl ) -
ur ei do] et hanesul foni ¢ aci d,

2-[3-(3-{4-[18-(4-{4-[3-(2-sul foethyl)ureido] butyryl oxy}-
2,6,6-trimethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-

tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl | -

3,5, 5-trinet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl } propyl ) -
ur ei do] et hanesul foni ¢ aci d,
2-[3-(1-{4-(18-{4-[2-(3-(2-sul foet hyl)ureido)propi onyl oxy] -
2,6,6-trimethyl -3-oxocycl ohexa-1-enyl }-3,7,12, 16-

t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) -

3,5, 5-trinethyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl } et hyl ) -
ur ei do] et hanesul foni ¢ aci d,

2-[3-(1-{4-(18-{4-[2-(3-(2-sul foethyl)ureido)-4-

nmet hyl t hi obut yryl oxy] -2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1-
enyl }-3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } - 3- net hyl t hi opr opyl ) ur ei do] et hanesul foni c
aci d,
3-{3-[4-(18-{4-[ 3-(2-carboxyet hyl ) urei doacet oxy] - 2, 6, 6-

trimet hyl - 3- oxocycl ohexa- 1-enyl }-3,7, 12, 16-
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t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) -
3,5,5-trinmet hyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl met hyl | -
ur ei do} propi oni ¢ aci d,
4-(3-{4-[18-(4-[3-(3-carboxypropyl)urei doacet oxy] - 2, 6, 6-
trimet hyl - 3- oxocycl ohexa- 1-enyl)-3,7, 12, 16-

t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl | -
3,5,5-trimethyl -2-oxocycl ohexa- 3- enyl oxycar bonyl net hyl } -
urei do)butyric acid,
3-[3-(3-{4-[18-(4-{4-[ 3- (2-carboxyet hyl ) urei do] -

butyryl oxy}-2, 6, 6-trinet hyl - 3- oxocycl ohexa- 1- enyl ) -
3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } propyl ) ur ei do] pr opi oni ¢ aci d,
4-13-(3-{4-[18-(4-{4-[3-(3-carboxypropyl)ureido]-

but yryl oxy}-2, 6, 6-tri met hyl - 3- oxocycl ohexa- 1-enyl ) -
3,7,12, 16-t etranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } propyl ) urei do] butyric acid,
2-{3-[4-(18-{4-[ 3-(1-carboxyet hyl ) urei doacet oxy] -

2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl }-3,7,12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) -
3,5,5-trimethyl -2-oxocycl ohexa- 3- enyl oxycar bonyl net hyl ] -
ur ei do} propi oni ¢ aci d,

3-phenyl -2-{3-[4-(18-{4-[ 3- (2- phenyl - 1- car boxyet hyl ) -

ur ei doacet oxy] -2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1- enyl } -
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3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl met hyl ] ur ei do} pr opi oni ¢ aci d,

4-met hyl thi o-2-{3-[4-(18-{4-[3-(3-nethylthio-1-

car boxypropyl ) urei doacet oxy] -2, 6, 6-tri net hyl - 3-
oxocycl ohexa- 1-enyl }-3,7, 12, 16-t et ranet hyl oct adeca-
1,3,5,7,9,11, 13,15, 17-nonaenyl )-3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl ] ur ei do} butyric acid,
6-am no- 2-{3-[4-(18-{4-[3-(5-am no- 1-car boxypentyl) -
ur ei doacet oxy] -2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1- enyl } -
3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl et hyl ] ur ei do} hexanoi ¢ aci d,

2-am no-6-{3-[4-(18-{4-[3-(5-am no-5-car boxypentyl) -
ur ei doacet oxy] -2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1- enyl } -
3,7,12, 16-t etranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl et hyl ] ur ei do} hexanoi ¢ aci d,

2-am no-5-{3-[4-(18-{4-[3-(4-am no-4-car boxybutyl) -

ur ei doacet oxy] -2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1- enyl } -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl met hyl ] ur ei do} pent anoi ¢ aci d,

5-guani dyl - 2-{3-[4-(18-{4-[3-(1-carboxy-4-guani dyl -

but yl ) ur ei doacet oxy] -2, 6, 6-tri met hyl - 3- oxocycl ohexa- 1-
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enyl }-3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl met hyl ] ur ei do} pent anoi ¢ aci d,
3-[3-(2-{4-[18-(4-{3-[3-(2-carboxyet hyl )ureido] -

propi onyl oxy}-2, 6, 6-trinmet hyl - 3-oxocycl ohexa- 1-enyl ) -
3,7,12, 16-tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } et hyl ) ur ei do] propi oni ¢ aci d,
4-13-(2-{4-[18-(4-{3-[3-(3-carboxypropyl)ureido]-

propi onyl oxy}-2, 6, 6-trinmet hyl - 3-oxocycl ohexa- 1-enyl) -
3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } et hyl ) ur ei do] butyri c aci d,
3-(3-{4-[18-(4-{4-[ 3-carboxynet hyl urei do] but yryl oxy} -
2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-

t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl | -
3,5,5-trinmethyl -2-oxocycl ohexa- 3- enyl oxycar bonyl } propyl ) -
ur ei doacetic acid,

4- car boxy-4-(3-<2-{4-[18-(4-{3-(3-[1, 3-di carboxypropyl ] -
ur ei do) propi onyl oxy}-2, 6, 6-trimet hyl - 3-oxocycl ohexa- 1-
enyl)-3,7,12, 16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } et hyl >urei do) butyric acid,
3-carboxy-3-(3-<2-{4-[18-(4-{3-(3-[1, 2-di car boxyet hyl ] -

ur ei do) propi onyl oxy}-2, 6, 6-trimet hyl - 3- oxocycl ohexa- 1-
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enyl)-3,7,12, 16-t et ranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } et hyl >ur ei do) pr opi oni ¢ aci d,

2-am no- 6- (3-<2-{4-[18-(4-{3-(3-[5-amn no-5-

car boxypent yl ] ur ei do) pr opi onyl oxy}- 2, 6, 6-

trimet hyl - 3- oxocycl ohexa- 1-enyl )-3,7, 12, 16-

tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl | -

3,5, 5-trinethyl -2- oxocycl ohexa- 3- enyl oxycar bonyl } -

et hyl >ur ei do) hexanoi ¢ aci d,

4- carboxy-4-(3-<3-{4-[18-(4-{4-(3-[1, 3-di carboxypropyl ] -
urei do) butyryl oxy}-2, 6, 6-trimet hyl - 3- oxocycl ohexa- 1-enyl ) -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } propyl >ur ei do) butyric acid,
3-carboxy-3-(3-<3-{4-[18-(4-{4-(3-[1, 2-di car boxyet hyl ] -
urei do) but yryl oxy}-2, 6, 6-trimet hyl - 3- oxocycl ohexa- 1-enyl ) -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } propyl >ur ei do) pr opi oni ¢ aci d,

2-am no- 6-(3-<3-{4-[18-(4-{4-(3-[5-am no-5-

car boxypent yl Jurei do) butyryl oxy}-2,6, 6-tri nmethyl - 3-
oxocycl ohexa-1-enyl)-3,7,12, 16-tetranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ] -3, 5, 5-tri net hyl - 2-

oxocycl ohexa- 3- enyl oxycar bonyl } pr opyl >ur ei do) hexanoi ¢ aci d,

2-am no-5-(3-<2-{4-[18-(4-{3-(3-[ 4-an no- 4-
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car boxybut yl ] ur ei do) pr opi onyl oxy}- 2, 6, 6-

trimet hyl - 3- oxocycl ohexa- 1-enyl)-3,7, 12, 16-

t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl | -
3,5, 5-trinethyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl } -

et hyl >ur ei do) pent anoi ¢ aci d,

2-am no-5-(3-<3-{4-[18-(4-{4-(3-[ 4-am no- 4-

car boxybut yl ] urei do) butyryl oxy}-2, 6, 6-

trimet hyl - 3- oxocycl ohexa- 1-enyl )-3,7, 12, 16-

tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl | -
3,5,5-trimethyl -2-oxocycl ohexa- 3- enyl oxycar bonyl } -
propyl >ur ei do) pent anoi ¢ aci d,
4-(3-{4-[18-(4-[3-(3-carboxypropyl)urei doacet oxy] -

2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl | -
3,5, 5-trinethyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl et hyl } -
urei do)butyric acid disodiumsalt,
4-(3-{4-[18-(4-[3-(3-carboxypropyl)urei doacet oxy] -

2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl | -
3,5, 5-trinethyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl et hyl } -
ureido)butyric acid dilysine salt,
3-isobutyl-4-(3-{4-[18-(4-[3-(2-isobutyl -3-carboxypropyl) -
ur ei doacet oxy] -2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1- enyl ) -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-

nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-
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enyl oxycar bonyl met hyl } ur ei do) butyri c aci d,
1-(3-{4-[18-(4-[3-(1-carboxynet hyl cycl ohexyl net hyl ) -

ur ei doacet oxy] -2, 6, 6-tri net hyl - 3- oxocycl ohexa- 1- enyl ) -
3,7,12, 16-tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17-
nonaenyl ] -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl et hyl } ur ei domet hyl ) cycl ohexyl aceti c aci d,
2-[3-(2-{4-[18-(4-{3-[3-(2-sul foethyl)ureido] propi onyl oxy} -
2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-

tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl | -
3,5,5-trimethyl -2-oxocycl ohexa- 3- enyl oxycar bonyl } et hyl ) -
ur ei do] et hanesul foni ¢ acid di sodiumsalt,
2-[3-(2-{4-[18-(4-{3-[3-(2-sul foethyl)ureido] propi onyl oxy} -
2,6, 6-trinethyl -3-oxocycl ohexa-1-enyl)-3,7,12, 16-

tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl | -

3,5, 5-trinethyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl } et hyl ) -
urei do] et hanesul fonic acid dilysine salt,
3-isobutyl-4-[3-{2-isobutyl-3-[4-(18-[4-{3-isobutyl-4-

[ 3-(2-isobutyl -3-carboxyl propyl ) urei do] butyryl oxy} -
2,6,6-trimethyl -3-oxocycl ohexa-1-enyl]-3,7,12, 16-

t et ramet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) -
3,5,5-trinmethyl -2-oxocycl ohexa- 3- enyl oxycar bonyl ] propyl } -
urei do] butyric acid,
1-(3-[1-{4-(18-[4-{1-(3-[1-carboxynet hyl cycl ohexyl met hyl ] -
ur ei donet hyl ) cycl ohexyl acet oxy}-2, 6, 6-tri net hyl - 3-

oxocycl ohexa- 1-enyl]-3,7, 12, 16-t et ranet hyl oct adeca-
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1,3,5,7,9,11, 13, 15, 17- nonaenyl ) -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3-

enyl oxycar bonyl et hyl } cycl ohexyl net hyl ] ur ei donet hyl ) -
cycl ohexyl aceti c acid,
6-(3-{4-(18-[4-{3-(6-carboxynet hyl - 3-et hyl bi cycl o[ 3, 2, 0] -
hept a- 3- en- 6- yl et hyl ) ur ei donet hyl acet oxy}-2, 6, 6-tri nmet hyl -
3-oxocycl ohexa-1-enyl]-3,7, 12, 16-t etranet hyl oct adeca-
1,3,5,7,9,11, 13, 15, 17- nonaenyl ) -3, 5, 5-tri net hyl - 2-
oxocycl ohexa- 3- enyl oxycar bonyl net hyl } ur ei donet hyl ) - 3-

et hyl bi cycl o[ 3, 2, 0] hept a- 3-en-6-yl acetic acid,
6-(3-[3-{4-(18-[4-[4-{3-(6-carboxynet hyl - 3-

et hyl bi cycl of 3, 2, 0] hept a- 3- en- 6-yl net hyl ) ur ei do} -

but yryl oxy] -2, 6, 6-tri met hyl - 3- oxocycl ohexa- 1-enyl | -
3,7,12,16-tetranet hyl oct adeca-1, 3,5,7,9, 11, 13, 15, 17-
nonaenyl ) -3, 5, 5-tri met hyl - 2- oxocycl ohexa- 3-

enyl oxycar bonyl } propyl } ur ei donet hyl ) - 3-

et hyl bi cycl o[ 3, 2, 0] hept a- 3-en-6-yl acetic acid and
6-(3-[6-{4-(18-[4-[6-{3-(6-carboxynet hyl - 3-

et hyl bi cycl of 3, 2, 0] hept a- 3- en- 6-yl net hyl ) ur ei donet hyl } -
3- et hyl bi cycl o[ 3, 2, 0] hept a- 3- en- 6-yl acet oxy] -
2,6,6-trimethyl -3-oxocycl ohexa-1-enyl]-3,7,12, 16-
tetranet hyl oct adeca-1, 3,5, 7,9, 11, 13, 15, 17- nonaenyl ) -

3,5, 5-trinethyl - 2- oxocycl ohexa- 3- enyl oxycar bonyl et hyl } -
3-et hyl bi cycl o[ 3, 2, 0] hept a- 3-en- 6-yl net hyl ] ur ei donet hyl ) -

3- et hyl bi cycl o[ 3, 2, 0] hept a- 3-en-6-yl acetic acid.
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33. A phar maceut i cal conposition conpri sing t he
carotenoid derivative of any one of claiml to claim32, a
pharmaceutical ly accept abl e salt t her eof , or a
phar maceutically acceptable ester or am de thereof as an

active ingredient.

34. The pharnmaceutical conposition according to claim 33
for preventing or treating diabetes, diabetic conplication,
insulin resistance, anyotrophy, sarcopenia, cancer, dry
eye, keratoconjunctive epithelium disorder, glaucona, age-
related macul ar degener ati on, eyestrain, depr essi on,
bi pol ar  di sorder, schi zophr eni a, Al zheiner's di sease

i nfl ammation, a netabolic syndrone, arteriosclerosis, brain
i nfarction, myocar di al i nfarction, heart failure,

hypertensi on or hyperli pi dem a.

35. The pharnmaceutical conposition according to claim 33
for preventing or treating diabetes, diabetic conplication,
dry eye, Al zhei mer' s di sease, heart failure or

hyper | i pi dem a.

36. Use of the carotenoid derivative according to any one
of claiml to claim 33, a pharnmaceutically acceptable salt

thereof, or a pharnmaceutically acceptable ester or an de
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t hereof for producing a pharnaceutical conposition.

37. The carotenoid derivative of any one of claim 1l to
claim 32, a pharmaceutically acceptable salt thereof, or a
pharmaceutically acceptable ester or amde thereof for
preventing or treating diabetes, diabetic conplication,
anyot rophy, cancer, dry eye, Kkeratoconjunctive epithelium
di sorder, gl aucom, age-related nmacular degeneration,
eyestrain, depression, bipolar disorder, schizophrenia,
Al zheiner's disease, inflamation, a netabolic syndrone,
arteriosclerosis, brain infarction, nyocardial infarction

heart failure, hypertension or hyperlipidem a.

38. The carotenoid derivative according to any one of
claim 1 to claim 32, a pharmaceutically acceptable salt
thereof, or a pharnmaceutically acceptable ester or an de
thereof for preventing or treating diabetes, diabetic
conplication, dry eye, Al zheiner's disease, heart failure

or hyperlipidem a.

39. A nmethod for preventing or treating diabetes,
di abetic conplication, anyotrophy, cancer, glaucoma, age-
rel at ed macul ar degenerati on, dry eye, eyestrain,
depression, bipolar disorder, schizophrenia, Alzheiner's

di sease, i nfl ammati on, a nmet abol i c syndr one,
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arteriosclerosis, heart failure, hypert ensi on or
hyper | i pi dem a, conprising admnistering an effective
anount of the conpound according to any one of claim1l to
claim 32 or a pharmaceutically acceptable salt thereof to a

war m bl ooded ani mal .

40. A method for producing the carotenoid derivative
according to any one of <claim 1 to claim 32, a
phar maceutically accept abl e sal t t her eof , or a

phar maceutically acceptable ester or am de thereof.
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