1 DESCRIPTION SPIRO COMPOUNDS AND PHARMACEUTICAL USE THEREOF 5 TECHNICAL
FIELD The present invention relates to spiro compounds having GPR40 agonist activity, a
pharmaceutically acceptable salt thereof or a solvate thereof, a pharmaceutical composition containing
the same and a pharmaceutical use thereof. 10 BACKGROUND ART Diabetes mellitus (DM) is a
disease characterized by sugar and lipid metabolic disbrder, and there is a risk that it may lead to
various pathognomonic complexities resulting from an 15 abnormally high blood sugar level (blood
glucose level). The number of patients with diabetes mellitus in the world is estimated to exceed 180
million as of 2006. The onset of diabetes mefiti<had beEn reported to relate to environmental
factors such as overeating, obesity, lack of 20 exercise in addition to genetic factors. Diabetes mellitus
is mainly classified into type 1 diabetes mellitus (insulin-dependent diabetes mellitus (IDDM)) and type
2 diabetes mellitus (noAIStincd@FepidenEdiabetesHARNAEENI DON) ) UMb sT aftheqiatients (about
90%) suffer from type 252 diabetes mellitus. Type 1 diabetes mellitus is characterized by loss of
insulin-secreting 13 cells of the islets of Langerhans in the pancreas and type 2 diabetes mellitus is
caused by tworfastars which-akg deficient insulin secretion due to reduced glucose 2 sensitivity of
pancreatic 13 cells and reduced insulin sensitivity of peripheral tissues such as muscle, adipose and
liver. Currently Texencisethetapyrarehdieb therapy arsused 3 the treatpoentémdprevention of
diabetes mellitus, and medication therapy is used as well. A tygical medication therapy in current

use includes ifSUINthEAPY HHd GtEItHYPdgycemid 3GEME CTHE bral hihoglyCEMIERdénts TOHAS)
include sulfonylysas{(SUs), 10 bigugnides (BGs) arglugosidase inhibitors. (2 Gls) and thiazglidine

derivatives (TZDs).  However, these medicines have side effects such as hypoglycemia, liver
damage and gastromiestinal diseasej@nd tierefopd anredfeetive nrethod fortusingethese medicines has
been 15 studied and developed. In addition, the research on a novel mechanism-based treatment and
preventi%)ﬂ method has been underway actively.  Recent studies of G protein-coupled receptors
(GPCRs) haveslegitethegisconery of GPR40 (G protein-coupled receptor 40),

Diabetes mellitus (DM) is a disease characterized by sugar
and lipid metabolic disorder, and there is a risk that it may
lead to various pathognomonic complexities resulting from an

15 abnormally high blood sugar level (blood glucose level). The
number of patients with diabetes mellitus in the world is
estimated to exceed 180 million as of 2006.

The onset of diabetes mellitus has been reported to relate

to environmental factors such as overeating, obesity, lack of
20 exercise in addition to genetic factors. Diabetesmellitus is

mainly classified into type 1 diabetes mellitus

(insulin-dependent diabetes mellitus (IDDM)) and type 2

diabetes mellitus (non-insulin-dependent diabetes mellitus

(NIDDM)). Most of the patients (about 90%) suffer from type
25 2 diabetes mellitus.

Type 1 diabetes mellitus is characterized by loss of
insulin-secreting B cells of the islets of Langerhans in the
pancreas and type 2 diabetes mellitus is caused by two factors

which are deficient insulin secretion due to reduced glucose



20 also known as free fatty acid receptor 1 (FFR1), which is a protein having seven transmembrane
domains and whose ligand is a free fatty acid, in particular a mid- and long-chain fatty acid. GPR40 is
known to be highly expressed in the pancreas of rodents, in particular in pancreatic 13 cells.
Meanwhile, 25 GPR40 is shown to be expressed in the brain as well as pancreatic 13 cells of human.
With regard to the function of GPRA4O0, it is known that & free fatty acid, a ligand for GPR40, acts on
GPRA40 in pancreatic 13 cells, and thereby 13 cells secrete insulin depending on glucose 3 level. In
addition, analysis of GPR40 knockout mice reveals that GPR40 may be involved in pathology of
obesity and dig5&tes maliitus. ASAGHRAT-FSatetdisdhsecdiabétesmidllitus S5 HyBErglydETHial fmpaired

glucose tolerance, Jnsylip; resigiance [impairedhfastiag glucase. diabetic, aeyropathy, diabetic, 4
nephropathy, diabetic retinopathy, ketoacidosis, hyperlipidemia, hypercholesterolemia,
hypertriglyceridénmis;, dyslipidemia, hyperlipoproteinemia, metabolic syndrome, 10 obesity,
atherosclerosis, etc. are known. For these reasons, attention has been drawn to GPR40 as a novel

target of diabetes melfd€< BISELGESORE 68 FHEIRRENRTON 1S PREBIEM FO BESBLVED BY
THE INVENTION.  An object of the present nventign is ¢ pravide a-medicamentfor modylating the

function of GPRA4Q0, in particular, a medicament as GPR40 agonist for treating or preventing diabetes
mellitus, hyperglytemia, immpditedrglogosestaleradce s20anpaired fasting glucose and the like. MEANS
FOR SOLVING THE PROBLEM The present inventors have intensively carried out investigations to

develop a medicamént féFroadlafiiy the?ss AihctidiEoFEPRAS, it Pakitllar, HoMmediBamentas

GPR40 agonist far treating0x preventing;diahetes mgwwlyxes‘n@éw%@&&@pair_e@hgéucg%1 _
tolerance, impaired fasting glucose and the like, and found a spiro compound having GPR40 agonist
activity. Basechgm thel findings, theqeresent iCVEAFs hawe tadied eutl4onylureas (SUs),

10 biguanides (BGs), 0O-glucosidase inhibitors (o GIs) and
thiazolidine derivatives (TZDs).

However, these medicines have side effects such as
hypoglycemia, liver damage and gastrointestinal disease, and
therefore an effectivemethod for using these medicines has been

15 studied and developed. In addition, the research on a novel
mechanism-based treatment and prevention method has been
underway actively.

Recent studies of G protein-coupled receptors (GPCRs) have
led to the discovery of GPR40 (G protein-coupled receptor 40),

20 also known as free fatty acid receptor 1 (FFR1), which is a
protein having seven transmembrane domains and whose ligand is
a free fatty acid, in particular a mid- and long-chain fatty
acid. GPR40 is known to be highly expressed in the pancreas
of rodents, in particular in pancreatic B cells. Meanwhile,

25 GPR40 is shown to be expressed in the brain as well as pancreatic
B cells of human.

With regard to the function of GPR40, it is known that a
free fatty acid, a ligand for GPR40, acts on GPR40 in pancreatic

Bcells, and thereby P cells secrete insulin depending on glucose



further investigations and completed the present invention. Namely, the present invention relates to
the followings. 1) A spiro compound of the following general formula [la]: each represents a
hydrogen atom or a 01-06 alkyl group; 15(9) a phenyl group or (10) a five-membered heteroaryl group
which has at least one heteroatom selected from the group consisting of a nitrogen atom, an oxygen
atom and a sulfur atom, and which may be substituted3y a 01-06 alkyl group; 20 R2 is (1) a halogen
atom, (2) a 01-06 alkyl group; (3) a hydroxy group or (4) a 01-06 alkoxy group; 5pis0,1,2or 3; Xis
a carbon atom or a nitrogen atom; mlis 0, 1 or 2; m2is 0 or 1; 5 a spiro-ring AB may be substituted by

1 to 5 same or'Gifi&rent sUbsHHENtES Selettéd-HSmthegrStp tOnsisting Of by R§droxyGtodp, (2) a
01-06 alkyl gr%ésé%]g%@l@éyigl@éﬁ'&%@ in pathology of obesity and diabetes

mellitus.

As a GPR40-related disease, diabetes mellitus,
5 hyperglycemia, impaired glucose tolerance, insulin resistance,
impaired fasting glucose, diabetic neuropathy, diabetic
nephropathy, diabetic retinopathy, ketoacidosis,
hyperlipidemia, hypercholesterolemia, hypertriglyceridemia,
dyslipidemia, hyperlipoproteinemia, metabolic syndrome,

10 obesity, atherosclerosis, etc. are known. For these reasons,
attention has been drawn to GPR40 as a novel target of diabetes

mellitus.

DISCLOSURE OF THE INVENTION
15 PROBLEM TO BE SOLVED BY THE INVENTION
An object of the present invention is to provide a
medicament for modulating the function of GPR40, in particular,
a medicament as GPR40 agonist for treating or preventing
diabetes mellitus, hyperglycemia, impaired glucose tolerance,

20 impaired fasting glucose and the like.

MEANS FOR SOLVING THE PROBLEM
The present inventors have intensively carried out
investigations to develop a medicament for modulating the
25 function of GPR40, in particular, a medicament as GPR40 agonist
for treating or preventing diabetes mellitus, hyperglycemia,
impaired glucose tolerance, impaired fasting glucose and the
like, and found a spiro compound having GPR40 agonist activity.

Based on the findings, the present inventors have carried out



10(4) an oxo group; n1is 0,1, 2,3 0r4;n2is 1, 2,3 or 4;n3is 0, 1 or 2 with the proviso that n2 + n3
is 2, 3 or 4; and a bond represented by the symbol: 15 means a single bond or a double bond with
proviso that three contiguous carbon atoms do not constitute an allene bond represented by the
formula: CCC 20), a pharmaceutically acceptable salt thereof or a solvate thereof. 2) The spiro
compound, the pharmaceutically acceptable 25salt theteof or the solvate thereof according to the
above 1), wherein the spiro-ring AB is represented by the formula: 6 (wherein each symbol is as
defined above%. 3) The spiro.compound, the pharmaceuticall}éacceptable 5 salt thereof or the

solvate thereof BE&Iag 3 1RE GhdE 19'8F 25 \Whé&rdiR e rimbarofthe Hduble BEAd in fiRg A of the
spiro-ring AB is 0 onL, 4) the $piko compoppd; the.pharmaceuticaliacceptable: 10 §8M'P§]{§9f or the
solvate thereof according to any one of the above 1) to 3), wherein the number of the double bond in
ring B of the spiro-rihg ABsis Oror tompouBs)dlheé spire Eompoundcthesplaraiaceutically acteptable 15
salt thereof or the solvate thereof according to any one of the above 1) to 4), wherein n3is 1 or 2.

6) The spiro compdagt! the pharmaceutically acceptable salt thereof or the solvate thereof according
to any one of th ve 1) to 5), wherein the spiro-riﬁﬂg AB may be substituted by 1 to 3 same or
different substituert(sy. 0

)n3 x> | OH

0 AN [Ta]
(CHym, (CH)m, ®p
5 (wherein R' is

(1) a hydrogen atom,
(2) a C1—-C¢ alkyl group,
(3) a C,-Cq alkenyl group,
(4) a C,-Cg alkynyl group,

10 (5) a C1-C¢ alkoxy group,
(6) a hydroxy C;-C¢ alkyl group,
(7) a C1-C¢ alkoxy (C1-C¢) alkyl group,
(8) —CONRMR!? in which R and R!? are the same or different and
each represents a hydrogen atom or a C;-C¢ alkyl group,

15 (9) a phenyl group or
(10) a five—-membered heterocaryl group which has at least one
heteroatom selected from the group consisting of a nitrogen atom,
an oxygen atom and a sulfur atom, and which may be substituted
by a C;-C4 alkyl group;

20 R? is
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7) The spiro compound, the pharmaceutically acceptable 7 10 each represents a hydrogen atom or
a 01-06 alkyl group, or (8) a five-membered heteroaryl group which has at least one heteroatom
selected from the group consisting of a nitrogen atom, an oxygen atom and a sulfur atom, and which
may be substituted by a 01-06 alkyl group. 15  8) The spiro compound, the pharmaceutically
acceptable salt thereof or the solvate thereof according to any one of the above 1) to 7), wherein R1 is
20(1) a hydrogen atom, (2) a 08-06 alkenyl group, (3) a 08-06 alkynyl group, (4) a 01-06 alkoxy
group or (5) a five-membered heteroaryl group which has at least one 25 heteroatom selected from
the group conéistirty 8t a%itr&ge‘?Fat%r'n, an oxygen atom and a sulfur atom, and which may be

substituted by-a Q1-06 alkyl,group, 9T h&sgrqﬁqrp[g%g@ld,atggrpparmaceutically acceptable 8 salt
thereof or the solvate thereof according to any one of the above 1) to 8), wherein pis O or 1. 10)

The spiro compbund, the pharmazeutically acceptable 5 salt thereof or the solvate thereof according to
any one of themazboivse 18 t(o)rg),l ;
5 a spiro-ring AB may be substituted by 1 to 5 same or different

substituent (s) selected from the group consisting of

(1) a hydroxy group,

(2) a C1—-C¢ alkyl group,

(3) a C1—-C¢ alkoxy group and
10 (4) an oxo group;

nl is 0, 1, 2, 3 or 4;

n2 is 1, 2, 3 or 4;

n3 is 0, 1 or 2 with the proviso that n2 + n3 is 2, 3 or 4; and

a bond represented by the symbol:

15
means a single bond or a double bond with proviso that three
contiguous carbon atoms do not constitute an allene bond
represented by the formula:

20 ),

a pharmaceutically acceptable salt thereof or a solvate

thereof.

2) The spiro compound, the pharmaceutically acceptable
25 salt thereof or the solvate thereof according to the above 1),

wherein the spiro-ring AB is represented by the formula:



wherein R2 is (1) a 01-06 alkyl group, (2) a hydroxy group or 10(3) a 01-06 alkoxy group. 11) The
spiro compound, the pharmaceutically acceptable salt thereof or the solvate thereof according to any
one of the above 1) to 10), wherein mlis O or 1. 12) A pharmaceutical composition, which
comprises the spiro compound, the pharmaceutically acceptable salt thereof or the solvate thereof
according to any one of the above 1) to 11), and a phatmaceutically acceptable carrier.  13) A
GPR40 agonist medicament, which comprises the spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof according to any one of the above 1) to 11), as an effective
ingredient. 14) & Msulin secretion-promoting agent or a hypoglycemic agent, which comprises the
sarmaceutically acceptable salt thereof or the solvate thereof according to any

. 1) , as an effective ingredient. 9 15) A pharmaceutical composition for
treating or preventiig.a disease selected from the group consisting of diabetes mellitus,
hyperglycemiag ireﬂlllgcose tolerance 5 and impaired fasting glucose, which comprises the spiro
compound, the haana eutically acceptable salt thereof or the solvate thereof according to any one of
the above 1) to 1E)-asan effective ingredient. 1016) A use of the spiro compound, the
pharmaceutically acceptabig salt thereof or the solvate thereof according to any one of the above 1) to
11), for the production of a'GPR40 agonist medicament. 1517) A use of the spiro compound, the
pharmaceutically acceptable salt thereof or the solvate thereof according to any one of the above 1) to
11), for the prodUttibfi gt andRSuliY8&rétionpfomofing BgEnESHH Ay poglycemic agent. 2018) A use
of the spiro compound, the pharmaceutically acceptable salt thereof or the solvate thereof according to
any one of the above 1) to for the production of apharmaceutical composition for treating or preventing
a disease selected fBomTthe gspup consistingofidiabetespheliitus: Ayperghicemiac2s impaited glucose
tolerance and imiaired fastinﬁ]glucose. 19) A method far activating GPR40, which comprises

administration 6t tire SPid TOMpGuid:She phatinacelifcan fadseptable LAt therdst 5FRE Solate

thereof according $0 anynlQ cin the number of the double bond in ring A of the

spiro-ring AB is 0 or 1.

4) The spiro compound, the pharmaceutically acceptable
10 salt thereof or the solvate thereof according to any one of the
above 1) to 3), wherein the number of the double bond in ring

B of the spiro-ring AB is 0 or 1.

5) The spiro compound, the pharmaceutically acceptable
15 salt thereof or the solvate thereof according to any one of the

above 1) to 4), wherein n3 is 1 or 2.

6) The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof according to any one of the
20 above 1) to 5), wherein the spiro-ring AB may be substituted

by 1 to 3 same or different substituent(s).

7) The spiro compound, the pharmaceutically acceptable

salt thereof or the solvate thereof according to any one of the



one of the above 1) to 11) to a mammal in a pharmaceutically effective amount. 20) A method for
promoting insulin secretion or lowering 5 blood glucose level, which comprises administration of the
spiro compound, the pharmaceutically acceptable salt thereof or the solvate thereof according to any
one of the above 1) to 11) to a mammal in a pharmaceutically effective amount. 1021) A method for
treating or preventing a disease selected from the group consisting of diabetes mellitus,
hyperglycemia, impaired glucose tolerance and impaired fasting glucose, which comprises
administration of the spiro compound, the pharmaceutically acceptable salt thereof or the solvate
thereof 15 accordiig tg hn§ On@)of the above 1) to 11) to a mammal in a pharmaceutically effective
amount. 22) A spiro.compound of the following general formula [I]:  20(wherein Rl is (1) a hydrogen
atom, (2) a Ci-C4 alkyl group, 11 (3) a C2-C4 alkenyl group, (4) a 02-04 alkynyl group, (5) a 01-04
alkoxy group; (6))a hydrosty ©3<04 atkghgroup; 5(7) a 01-04 alkoxy (01-04) alkyl group, (8) -CONR11
R12 in which Ril and R12 are the same or different and each represents a hydrogen atom or a 01-04

alkyl group; (9 pRefyl Group'dyt group,

5 (3) a C,-Cq alkenyl group,
(4) a C,-C¢ alkynyl group,
(5) a C1-C¢ alkoxy group,
(6) a C1—-C¢ alkoxy (C1-Cq) alkyl group,
(7) —CONRMR'? in which R'' and R'? are the same or different and
10 each represents a hydrogen atom or a C;-C¢ alkyl group, or
(8) a five—-membered heteroaryl group which has at least one
heteroatom selected from the group consisting of a nitrogen atom,
an oxygen atom and a sulfur atom, and which may be substituted
by a C;-C¢ alkyl group.
15
8) The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof according to any one of the
above 1) to 7),
wherein R' is
20 (1) a hydrogen atom,
(2) a C,-C¢ alkenyl group,
(3) a Cy,-C¢ alkynyl group,
(4) a C1-C¢ alkoxy group or
(5) a five-membered heteroaryl group which has at least one
25 heteroatom selected from the group consisting of a nitrogen atom,
an oxygen atom and a sulfur atom, and which may be substituted

by a C;-C¢ alkyl group.

9) The spiro compound, the pharmaceutically acceptable



(10) a five-membered heteroaryl group which has at least one 10 heteroatom selected from a nitrogen
atom, an oxygen atom and a sulfur atom, and which may be substituted by a 01-04 alkyl group; ml is
0,1o0r2; m2is 0or 1; 15 a spiro-ring AB may be substituted by 1 to 5 same or different substituent(s)
selected from (1) a hydroxy group and (2) a 01-04 alkyl group; nlis 2, 3 or 4; 20n2is 1, 2 or 3; n3is 0,
1 or 2 with the proviso that n2 + n3 is 2 or 3; and a borid represented by the symbol: means a single
bond or a double bond with proviso that three 25 contiguous carbon atoms do not constitute an allene
bond represented by the formula: CCC 12), a pharmaceutically acceptable salt thereof or a solvate

thereof. 523) Tife-Spir8 ToRtHotHd the pRarmiace ticaly AbcRptabié $af therédroriNe SAIVAEE thereof

according to thg.abave 22), wheyein, the spirg-ring; AB s represented by the formula: (wherein each
symbol is as defined above). 10 24) The spiro compound, the pharmaceutically acceptable salt

thereof or the solvate thereof according to the above 22), wherein the number of the same or different
substituent(s) of the s&airo-ring ABis 1, 2or3. _
10) The spiro compound, the pharmaceutically acceptable
5 salt thereof or the solvate thereof according to any one of the
above 1) to 9),
wherein R? is
(1) a C1-C¢ alkyl group,
(2) a hydroxy group or

10 (3) a C1—-C¢ alkoxy group.

11) The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof according to any one of the
above 1) to 10), wherein ml is 0 or 1.

15

12) A pharmaceutical composition, which comprises the
spiro compound, the pharmaceutically acceptable salt thereof
or the solvate thereof according to any one of the above 1) to
11), and a pharmaceutically acceptable carrier.

20

13) A GPR40 agonist medicament, which comprises the spiro
compound, the pharmaceutically acceptable salt thereof or the
solvate thereof according to any one of the above 1) to 11),
as an effective ingredient.

25

14) An insulin secretion-promoting agent or a hypoglycemic
agent, which comprises the spiro compound, the pharmaceutically
acceptable salt thereof or the solvate thereof according to any

one of the above 1) to 11), as an effective ingredient.



15 25) The spiro compound, the pharmaceutically acceptable salt thereof or the solvate thereof
according to the above 22), wherein Rl is (1) a hydrogen atom, 20(2) a Ci-C4 alkyl group, 13 (3) a
02-04 alkenyl group, (4) a 02-04 alkynyl group, (5) a 01-04 alkoxy group,

9

15) A pharmaceutical composition for treating or
preventing a disease selected from the group consisting of
diabetes mellitus, hyperglycemia, impaired glucose tolerance

5 and impaired fasting glucose, which comprises the spiro
compound, the pharmaceutically acceptable salt thereof or the
solvate thereof according to any one of the above 1) to 11),

as an effective ingredient.

10 16) A use of the spiro compound, the pharmaceutically
acceptable salt thereof or the solvate thereof according to any
one of the above 1) to 11), for the production of a GPR40 agonist

medicament.

15 17) A use of the spiro compound, the pharmaceutically
acceptable salt thereof or the solvate thereof according to any
one of the above 1) to 11), for the production of an insulin

secretion-promoting agent or a hypoglycemic agent.

20 18) A use of the spiro compound, the pharmaceutically
acceptable salt thereof or the solvate thereof according to any
one of the above 1) to11l), for the production of a pharmaceutical
composition for treating or preventing a disease selected from
the group consisting of diabetes mellitus, hyperglycemia,

25 impaired glucose tolerance and impaired fasting glucose.

19) A method for activating GPR40, which comprises
administration of the spiro compound, the pharmaceutically

acceptable salt thereof or the solvate thereof according to any



(6) a 01-04 alkoxy(01-04)alkyl group, 5 (7) -CONR11R02n iwhich Ril and R12 are the same or
different and each represents a hydrogen atom or a 01-04 alkyl group, or (8) a five-membered
heteroaryl group which has at least one heteroatom selected from a nitrogen atom, an oxygen atom
and a sulfur atom, and which may be substituted by a 01-04 alkyl 10group.  26) The spiro
compound, the pharmaceutically acceptable salt therédf or the solvate thereof according to the above
23), wherein R1 is 15(1) a hydrogen atom, (2) a 08-04 alkenyl group, (3) a 08-04 alkynyl group,
(4) a 01-04 alkoxy group or (5) a five-membered heteroaryl group which has at least one 20

heteroatom sefétted frofa Aitt8gen atorh®an bky§en At &t a Stlfar Bl "fePWwhichahay be

substituted by a-Q1L:-04alkyl graup,+ ~ 27) The spiro compound, the pharmaceutically acceptable
25salt thereof or the solvate thereof according to the above 22), wherein mlis O or 1.

20) A method for promoting insulin secretion or lowering

5 blood glucose level, which comprises administration of the
spiro compound, the pharmaceutically acceptable salt thereof
or the solvate thereof according to any one of the above 1) to

11) to a mammal in a pharmaceutically effective amount.

10 21) A method for treating or preventing a disease selected
from the group consisting of diabetes mellitus, hyperglycemia,
impaired glucose tolerance and impaired fasting glucose, which
comprises administration of the spiro compound, the
pharmaceutically acceptable salt thereof or the solvate thereof

15 according to any one of the above 1) to 11) to a mammal in a

pharmaceutically effective amount.

22) A spiro compound of the following general formula [I]:

ni
1
R
( )n3 OH
0 [I]
~
Cyn, > Chn,
20 (wherein R!' is

(1) a hydrogen atom,

(2) a C1—-C4 alkyl group,



28) The spiro compound, the pharmaceutically acceptable salt thereof or the solvate thereof according
to the above 22), 14 wherein m2 is 0. 29) The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof according to the above 22), 5 wherein nlis 2 or 3. 30) The spiro
compound, the pharmaceutically acceptable salt thereof or the solvate thereof according to the above
22), wherein n2is 1 or 2. 10 31) The spiro compouid, the pharmaceutically acceptable salt thereof
or the solvate thereof according to the above 22), wherein n3is 1 or 2. 1532) A pharmaceutical
composition, which comprises the spiro compound, the pharmaceutically acceptable salt thereof or the
solvate thereof aécérdirig to ahy SHRYdf tHE ABBve 22) to 31), and a pharmaceutically acceptable
carrier. 2033) A/GPR40 agonisy iGamgent,, which comprises the spiro compound, the
pharmaceutically acceptable salt thereof or the solvate thereof according to any one of the above 22)
to 31), as an effective hgredientk 2534 oA insulin secretion-promoting agent or a hypoglycemic agent,

which comprises the slg&o compound, the pharmaceutically acceptable salt thereof or the solvate

thereof accordhfd t¢*any GR8SY tl?éé%bv%lz@j]to%‘iﬁ’?gs an effective ingredient. 15  35) A

pharmaceytical-gpmpasitien far freating er p@lyerg[\g)iq diseasg selected from the group consisting of
diabetes mellitus, hyperglycemia, impaireé] glucose tolerance and impaired fasting glucose, which

comprises the 6piro-5@BRipBUNd, thelphamraceatidally ‘acceptabke saltthereaf Of fre- solvaterthereof
according to any one of the above 22) to 31), as an effective ingredient. 36) A use of the spiro

compound, th€ PRArm&EERRaIN 1 0BLEREbIE Balf fHdPeSlorthe soivate théte HadBrding to any one
of the above 22} 1o 31),farthe production of a GPRA0 agonist medicament.  37) A use of the spiro
compound, the pharmaceutically 15 acceptable salt thereof or the solvate thereof according to any one
of the above 22} f0 34),for thensrodectoh bear mmsutin Isegretion-promobtingagent dea hypoglycemic
agent. 10 heteroatom selected from a nitrogen atom, an oxygen atom and
a sulfur atom, and which may be substituted by a C;-C4 alkyl
group;
ml is 0, 1 or 2;
m2 is 0 or 1;
15 a spiro-ring AB may be substituted by 1 to 5 same or different
substituent (s) selected from
(1) a hydroxy group and
(2) a C1—-C4 alkyl group;
nl is 2, 3 or 4;
20 n2 is 1, 2 or 3;

n3 is 0, 1 or 2 with the proviso that n2 + n3 is 2 or 3; and

a bond represented by the symbol:

means a single bond or a double bond with proviso that three
25 contiguous carbon atoms do not constitute an allene bond

represented by the formula:

C C C




38) A use of the spiro compound, the pharmaceutically 20 acceptable salt thereof or the solvate
thereof according to any one of the above 22) to 31), for the production of a pharmaceutical
composition for treating or preventing a disease selected from the group consisting of diabetes
mellitus, hyperglycemia, impaired glucose tolerance and impaired fasting 25glucose. EFFECT OF THE
INVENTION  The spiro compound, the pharmaceutically acceptable salt thereof and the solvate
thereof according to the present 16 invention are useful as a medicament for modulating the function
of GPRA40, in particular, an insulin secretion-promoting agent or a hypoglycemic agent to serve as
GPR40 agonigt.’ The spiro compound, the pharmaceutically acceptable salt thereof and the 5 solvate
thereof are alsp ﬁ%ﬁ}k@asc@&qdegqmgma@wg@%q or praventing diahetes mellitys . hyperglycemia,
impaired glucose tolerance, impaired fasting glucose and the like. BEST MODE FOR CARRYING
OUT THE INVENHON 10The substituents as used herein are defined as follows.  "C1-C6 alky!l"
refers to a linear or branched alkyl group having 1 to 6 carbon atoms and includes, for example,
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl,
tert-pentyband 15 hexy. %@?ée@?%soa@eﬁa%%w?nened iyl group having 1o 4carbonatoms.
More preferred is ethyl, n-propyl, isopropyl, n-butyl, isobutyl or sec-butyl. ~ "C2-C6alkenyl" refers to a
linear or branchedtalkeaylgrouprhaliiags 2 to écarboaatomns; andrddludesp fohexample; viayl, 20
1-propenyl, 2-propenyl, isgpropenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-methy1-2-propenyl, n-pentenyl,
isopentenyl, n88F&teRyI By igtoperyd, AhexEnyl SRRBRERET 1, 2 dimethyIBdtEHy 1 -
2,2-dimethylbutenyl, 3,3-dimethylbutenyl, 3,3-dimethylpropenyl and 2-ethylbutenyl. 25 Preferred is a
: ﬁtlp having 2 to 4 carbon atoms. More preferred is vinyl, 1-propenyl,
"C2-Cé6alkynyl" refers to a linear or branched alkynyl group having 2 to 6

(wherein each symbol is as defined above).

10
24) The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof according to the above 22),
wherein the number of the same or different substituent(s) of
the spiro-ring AB is 1, 2 or 3.
15

25) The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof according to the above 22),
wherein R' is
(1) a hydrogen atom,

20 (2) a C1—-C4 alkyl group,



5(propargyl) or prop-1-yn-1-y3.  "01-06 alkoxy" is a substituent represented by the formula:
-0-(01-06 alkyl), and includes, for example, methoxy, ethox17, n-propoxy, isopropyloxy, n-butoxy,
isobutyloxy, sec-butyloxy, tert-butyloxy (tert-butoxy), pentyloxy, tert-pentyloxy and 10 hexyloxy.
Preferred is a 02-02 alkoxy group, an alkoxy group represented by the formula: -0-(02-02 alkyl). More
preferred is methoxy, ethoxy, n-propoxy or isopropyloxy. "02-06 alkylene" refers to a linear
alkylene group having 2 to 6 carbon atoms and it may be substituted by a 01-06 alkyl, 15 C2-06
alkoxy, hydroxy or oxo group.lts examples include -(CH2)2-, -(CH2)3-r -(CH2)4-, -(CH2)5- and
-(CH2)6-. "lﬁ%r(ﬁ(ycﬁf% atk§ P pererg FP e above-defined "01-06 alkyl" group mono- or

di-substituted by a hydsoxy fxgrgyl;g g@ier%p[ydigpno-substituted by a hydroxy group, and includes, 20
for example, hydroxymethyl, 2-hygroxyet yl, I-hydroxy-1-methylethyl, 1,2-dihydroxyethyl,
3-hydroxypropyh ¥-hydroxybutyll k5-hydroxypentyl and 6-hydroxyhexyl. Preferred is hydroxy 02-02
alkyl.More preferred is hydroxylmethyl. 25"01-06 alkoxy (01-06) alkyl" refers to the above-defined

"01-06 alkyl" gf8dp Mdrio-"or Bitsubstitutea 15y the*abdve-BEfiM&d “01-06alkoxy" group, and includes,

for exampje, methoxymethyk ethoxymethyl =propexymethy, tbutexymetyly 18cerent and
3-methoxypropyl,3-ethoxypropyl,2,3-diethoxypropyl, 4-methoxybutyl,5-methoxypentyl,5-ethoxypentyl,

6-methoxyhexyh6lethoxyhexyipenty oxyrdethytan daliexylaxy nzetbyt Rreferred issCrCdalkoxy (Ci-C4)
alkyl. More 5 preferred is mono-(Ci-C4aIkOX)é)-substituted (Ci-C4) alkyl such
asmeﬂmxymeﬂ@{eﬁm&ﬁﬁﬁiﬁﬁ?@ﬁﬁﬁ%x&% ﬂﬁaaryl group which has at least one

t-butoxymethy}, 2:methoxyethyl1-methgxy-1smethylethyl, 3=methoxypropyl -3-pthoxypropyl ang
4-methoxybutyl.Even more preferred is methoxymethyl. 10The group represented by the formula:
_cONROORmM iacledésur atom, and which may be substituted by a C;-C4 alkyl

10 group.

26) The spiro compound, the pharmaceutically acceptable

salt thereof or the solvate thereof according to the above 23),

wherein R' is
15 (1) a hydrogen atom,

(2) a C,-C4 alkenyl group,

(3) a C,-C4 alkynyl group,

(4) a C1—-C4 alkoxy group or

(5) a five-membered heteroaryl group which has at least one
20 heteroatom selected from a nitrogen atom, an oxygen atom and

a sulfur atom, and which may be substituted by a C;-C; alkyl

group.

27) The spiro compound, the pharmaceutically acceptable
25 salt thereof or the solvate thereof according to the above 22),

wherein ml is 0 or 1.

28) The spiro compound, the pharmaceutically acceptable

salt thereof or the solvate thereof according to the above 22),



forexample,carbamoyl,methylaminocarbonyl, dimethylaminocarbonyl,ethylaminocarbonyl,
diethylaminocarbonyl,methyl(ethyl)aminocarbonyl,
n-propylaminocarbonyl,methyl(n-propyl)aminocarbonyl, 15
n-butylaminocarbonyl,di-n-butylaminocarbonyl, n-pentylaminocarbonyl,di-n-pentylaminocarbonyl,
methyl(n-pentyl)aminocarbonyl,hexylaminocarbonyl, 14
di-hexylaminocarbonylandmethyl(hexyl)aminocarbonyl. Preferred is methylaminocarbonyl or
dimethylaminocarbonyl. 20 "A five-membered heteroaryl group having at least one heteroatom
selected from WHitr6géh font,Sar oxygen atom and a sulfur atom”, which is also called a
five-membered heteroaryl group having at least one heteroatom selected from the group consisting of
a nitrogen atom, an oxygen atom and a sulfur atom, 25 is preferably a five-membered heteroaryl group
having at least one fGifrogeéhatemi More prefenred, is ahftvesimemizared hieterdary| grawgprhavwing 1 to 4
nitrogen atoms and, one oxygen atom or/and one sulfur atom. Examples of the five-membered
heteroaryl groﬁﬁ‘%Iﬁﬁgﬁwgﬂrirﬁiaﬁzﬁi%‘iﬁa?o%eE@ EtrAZGE FdryP thaeryF fHaa%sii2) -
dsothdazalyl, @xazolyl, oxaddazolyl,dsoxazolyl,1,2,4-thdaddazolyl, 1,2,5-thiadiazolyl and
1,3,4-thiadiazolyl.Preferred is tetrazolyl, oxazolyl or thiazolyl and more preferred is 5 tetrazolyl or
oxazolyl. Especially preferred is tetrazolyl. A substituent for the five-membered heteroaryl group is
preferably a 01-06 alkyl group, more preferably a 02-04 alkyl group. Even more preferred is methyl,

ethyl, n-propyl or isoptdpyiEspediafly HrEtErEETs metsyI PLO A R&IGYEA Sfom?Y rét&SB e idsTine

atom, a chloring, atomy, g .remipe atpm of apjeding,atem, and is-prelergbly, a-uorpg atomgr, a
chlorine atom.  "A leaving group" refers to a chlorine atom, a bromine atom,

aniodineatom,ahetkamesutfonglokygroup,a 15 para-toluenesulfonyloxy group, a benzenesulfonyloxy
group, an acetyl group or a trifluoromethanesulfonyloxy group, and is preferably a bromine atom or an
iodine atom.

31) The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof according to the above 22),

wherein n3 is 1 or 2.

15 32) A pharmaceutical composition, which comprises the
spiro compound, the pharmaceutically acceptable salt thereof
or the solvate thereof according to any one of the above 22)

to 31), and a pharmaceutically acceptable carrier.

20 33) A GPR40 agonist medicament, which comprises the spiro
compound, the pharmaceutically acceptable salt thereof or the
solvate thereof according to any one of the above 22) to 31),

as an effective ingredient.

25 34) An insulin secretion-promoting agent or a hypoglycemic
agent, which comprises the spiro compound, the pharmaceutically
acceptable salt thereof or the solvate thereof according to any

one of the above 22) to 31), as an effective ingredient.



In the following explanation of the preparation method, a leaving group of Lv2 is preferably a chlorine
atom, a bromine 20 atom, a methanesulfonyloxy group, a para-toluenesulfonyloxy group, a
benzenesulfonyloxy group or a trifluoromethanesulfonyloxy group, more preferably a chlorine atom, a
bromine atom or a methanesulfonyloxy group. A leaving group of Lv2 is preferably a chlorine atom, a
25 bromine atom, a methanesulfonyloxy group, a pard-foluenesulfonyloxy group, a
benzenesulfonyloxy group, an acetyl group or a trifluoromethanesulfonyloxy group, more preferably a
methanesulfonyloxy %rouegs, a_ 20 Preferably, 121 and L2 are each independently a chlorine atom, a

bromine atom, a methandsufBAYIBRY Grdur: HpaaBRihesGforiytéxy gfotibl A berzenesulfonyloxy
group, a dimethylsplfgpium, group; ar.a triflugramethanesulionylexy 5 grepp. MoresprefergblyeL1 and

L2 are each independently a bromine atom or a methanesulfonyloxy group. "A hydroxy protecting
group” as used herein¢efers 10 ahwethekbased oy acetybbasew hydrexyqrotectingtgroap ahlaes

ether-based hydroxy protecting group refers to, for example, 10 a tetrahydropyranyl group, a benzyl
group, a parafiBthox{ehz§Cgroap Ha trt-ButyidipRenyiSi i grotpPa %@r‘f—%u%n@?ﬁﬂ&lyl group or a

trimethylsilyl group,and is preferably.atetrahydropytanyl groyp, & patamethaxy.henzyl greyp, a
tert-butyldiphenylsilyl group or a 15 tert-butyldimethylsilyl group. The acetyl-based hydroxy protecting

group is an acetyl gedup,tehberzodyl growp di apara-nittgbenzoyl igroup, preferably antacetyl)group.
"Spiro-ring AB" represented by the following partial structural formula: 20 (wherein each symbol is as
defined above] 2 WhHith & carbon B H 6fing A represented by the following partial structural
formula: 5 is a spiro carbon atom identical with a carbon atom 13 of ring B represented by the
following partial structural formula: and both rings are spiro-condensed (spiro-bonded) at the spiro
10 carbon atom. Thé4olldwing symbot beurg forthecdimgpBund, the pharmaceutically

10 acceptable salt thereof or the solvate thereof according to any
one of the above 22) to 31), for the production of a GPR40 agonist

medicament.

37) A use of the spiro compound, the pharmaceutically
15 acceptable salt thereof or the solvate thereof according to any
one of the above 22) to 31), for the production of an insulin

secretion—-promoting agent or a hypoglycemic agent.

38) A use of the spiro compound, the pharmaceutically
20 acceptable salt thereof or the solvate thereof according to any
one of the above 22) to 31), for the production of a
pharmaceutical composition for treating or preventing a disease
selected from the group consisting of diabetes mellitus,
hyperglycemia, impaired glucose tolerance and impaired fasting

25 glucose.

EFFECT OF THE INVENTION
The spiro compound, the pharmaceutically acceptable salt

thereof and the solvate thereof according to the present



refers to the following partial structural formula: Ri O "ONN (CH2) mi(CH2) ni2(R2) p "Ring
A of the spiro-ring AB" refers to a ring A part of 15 the above-mentioned spiro-ring AB, which is a 3- to
7-membered saturated or unsaturated hydrocarbon ring optionally having 1 to 3 double bonds,
preferably one double bond in the ring. 22 nlis 0, 1, 2, 3 or 4, preferably 2 or 3. Examples of "the ring
A of the spiro-ring AB" are as follows: 16

invention are useful as a medicament for modulating the function
of GPR40, in particular, an insulin secretion-promoting agent
or a hypoglycemic agent to serve as GPR40 agonist. The spiro
compound, the pharmaceutically acceptable salt thereof and the
5 solvate thereof are also useful as a medicament for treating
or preventing diabetes mellitus, hyperglycemia, impaired

glucose tolerance, impaired fasting glucose and the like.

BEST MODE FOR CARRYING OUT THE INVENTION
10 The substituents as used herein are defined as follows.
“C1-C¢ alkyl” refers to a linear or branched alkyl group
having 1 to 6 carbon atoms and includes, for example, methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, isopentyl, neopentyl, tert-pentyl and
15 hexyl. Preferred is a linear or branched alkyl group having
1 to 4 carbon atoms. More preferred is ethyl, n-propyl,
isopropyl, n-butyl, isobutyl or sec-butyl.
“C,—Cg alkenyl” refers to a linear or branched alkenyl group
having 2 to 6 carbon atoms, and includes, for example, vinyl,
20 l-propenyl, 2-propenyl, isopropenyl, l-butenyl, 2-butenyl,
3-butenyl, 2-methyl-2-propenyl, n-pentenyl, isopentenyl,
neopentenyl, l-methylpropenyl, n-hexenyl, isohexenyl,
1,1-dimethylbutenyl, 2,2-dimethylbutenyl,
3,3-dimethylbutenyl, 3,3-dimethylpropenyl and 2-ethylbutenyl.
25 Preferred is a linear or branched alkenyl group having 2 to 4
carbon atoms. More preferred is vinyl, l-propenyl, 2-propenyl
or isopropenyl.
“Cy,—Ce alkynyl” refers to a linear or branched alkynyl group

having 2 to 6 carbon atoms, and includes, for example, ethynyl,



ringA3a, ringA3Db, ringA4a, ringA4b,ringA5a, ringA5b, ringA5c, ringA5d, ringA6a,
ringA6b,ringA6c¢,ringA6d, ringA6e, ringA7a, ringA7b, ringA7c, ringA7d,ringA7e,ringAT7f, ringA7g,
ringA7h, or 5 ringAYi. Preferred is ring A3a, ring A4a, ring A5a, ring A5b, ring A5c, ring A5d, ring
Ab6a, ring A6b, ring A6c, ring A6d, ring A6e, ring A7a, ring A7b, ring A7c, ring A7d, ring A7e, ring A7f,
ring A7g, ring A7h or ring A7i. More preferred is ring A3&, ring 10 A4a, ring A5a, ring A5b, ring A5c,
ring A5d, ring A6a, ring A6b, ring A6c, ring A6d, ring A6e, ring A7a, ring A7Db, ring A7c or ring A7d.
Even more preferred is ring A3a, ring Ada, ring A5a, ring A6a, ring A6b or ring A7a. In another

embodiment of T present ihv&htio PhIEFETEd 15 is rigORSa, Y ASH, ring ASRUHKG ASGY fing A6a,

ring A6b, ring ABE, king, AGd, fing ABeyfing A7a. tiRg A7, fing A7c; ring A7d Jing A7, ringLAZf, ring
ATg, ring A7h or ring A7i. More 23 preferred is ring A5a, ring A5b, ring Asc, ring A6a, ring A6b, ring
A6c, ring A7a,ringyAYR,.ring Aeiteorrindy 5657 d. JEveremaore preferreddsaingyASa, ginguatiaa king A6b or
ring A7a. "Ring B of the spiro-ring AB" refers to a ring B part of 5 the above-mentioned spiro-ring AB,

which is a 5-, 6- of 7Arhambered SiFratef OF Grivatirated Ay dro 4 b¥RYig BhfisnaRaving t or 2
double bands, preferably.one dquble bgnd in the ring.

“C1-Cs alkoxy” is a substituent represented by the formula:
-0-(C1—-C¢ alkyl), and includes, for example, methoxy, ethoxy,
n-propoxy, isopropyloxy, n-butoxy, isobutyloxy, sec-butyloxy,
tert-butyloxy (tert-butoxy), pentyloxy, tert-pentyloxy and

10 hexyloxy. Preferred is a C;-C, alkoxy group, an alkoxy group
represented by the formula: -0-(C;-C4; alkyl). More preferred
is methoxy, ethoxy, n-propoxy or isopropyloxy.

“Cy-C¢ alkylene” refers to a linear alkylene group having
2 to 6 carbon atoms and it may be substituted by a C;-C4 alkyl,

15 C1—C¢ alkoxy, hydroxy or oxo group. Its examples include
- (CHz2) 2—, —(CHz)3—, —(CHz)4—, —(CHz)s— and —(CHz)s—.

“Hydroxy C1-C¢ alkyl” refers to the above-defined “C;-Cg
alkyl” group mono—- or di-substituted by a hydroxy group,
preferably mono-substituted by a hydroxy group, and includes,

20 for example, hydroxymethyl, 2-hydroxyethyl,

l-hydroxy—-1l-methylethyl, 1,2-dihydroxyethyl, 3-hydroxypropyl,

4-hydroxybutyl, 5-hydroxypentyl and 6-hydroxyhexyl.
Preferred is hydroxy C;-C, alkyl. More preferred 1is
hydroxylmethyl.

25 “C1—-C¢ alkoxy (C1-C¢) alkyl” refers to the above-defined

“C1-Ce alkyl” group mono— or di—-substituted by the above-defined
“C1-C¢ alkoxy” group, and includes, for example, methoxymethyl,
ethoxymethyl, n-propoxymethyl, t-butoxymethyl,

2-methoxyethyl, 1-methoxy-1l-methylethyl, 1,2-dimethoxyethyl,



n2is1,2,30r4;n3is0,1or2;andn2 +n3is 2, 310 or 4. Preferably,n2is 1,2 or 3; n3is 0, 1, or 2;
and n2 + n3is 2 or 3. More preferably, n2is 1 or 2; n3is 1 or 2; and n2 + n3 is 3. Examples of "the
ring B of the spiro-ring AB" are as follows: ringB5a,ringB5h, ringB5c, ringB5d, ringB6a,ringB6h,
ringB6c, ringB6d, ringB6e, ringB7a, ringB7h,ringB7c,ringB7d, ringB7e,ringB7f, ringB7g,
15ringB7h,ringB7i.  Preferred is ring B5a, ring B5b,rihg B5c, ring B5d, ring B6a, ring B6b, ring B6c,
ring B6d, ring B6e or ring B7a. More preferred is ring B5a, ring B5b, ring B5c, ring B6a, ring B6b, 24
ring B6c¢ or ring B7a. In another embodiment of the present invention, preferredisringB5a, ringB5b,
ringB5c, ringB3dTAhg BEELRAG B6h, ring B6E Ty BBY U ¥ihy B6e. %o%‘e%%@gﬁ{éfé?ﬁé?@kﬁmples of
"the ring B of the pspirgsring AB1 are as follewg:. fingEoaa, FipgESba, ringB5¢.a, fingBagla, fingE6a
ayringB61Da,ringB6c¢ ay ringebda, ringE6ea, ringB7a ringE5aringB51Dis, ringB5c ringasdis, ringE6a
ringB61Dis, rirgBGoringESdés; yingE6eist ringEdayhexyl, pentyloxymethyl and

hexyloxymethyl. Preferred is C;-C; alkoxy (C1—-C4) alkyl. More
5 preferred is mono—-(C;-C4 alkoxy)—-substituted (C;-C4) alkyl such
as methoxymethyl, ethoxymethyl, n-propoxymethyl,
t-butoxymethyl, 2-methoxyethyl, l-methoxy-1-methylethyl,
3-methoxypropyl, 3-ethoxypropyl and 4-methoxybutyl. Even

more preferred is methoxymethyl.

10 The group represented by the formula: —CONR'R'? includes,
for example, carbamoyl, methylaminocarbonyl,
dimethylaminocarbonyl, ethylaminocarbonyl,
diethylaminocarbonyl, methyl (ethyl)aminocarbonyl,
n-propylaminocarbonyl, methyl (n—propyl)aminocarbonyl,

15 n-butylaminocarbonyl, di-n-butylaminocarbonyl,
n-pentylaminocarbonyl, di-n-pentylaminocarbonyl,
methyl (n-pentyl)aminocarbonyl, hexylaminocarbonyl,
di-hexylaminocarbonyl and methyl (hexyl)aminocarbonyl.

Preferred is methylaminocarbonyl or dimethylaminocarbonyl.
20 “A five-membered heterocaryl group having at least one
heteroatom selected from a nitrogen atom, an oxygen atom and
a sulfur atom”, which is also called a five-membered heteroaryl
group having at least one heteroatom selected from the group
consisting of a nitrogen atom, an oxygen atom and a sulfur atom,
25 is preferably a five-membered heteroaryl group having at least
one nitrogen atom. More preferred 1is a five-membered
heteroaryl group having 1 to 4 nitrogen atoms and, one oxygen
atom or/and one sulfur atom. Examples of the five-membered

heteroaryl group include pyrolyl, imidazolyl, triazolyl,



ringB6ay, ringE6by, ringB6cy, ringE6dy, ringB6ey,ringE7ay. Preferred Is as follows: 10 25 ringB5aPf
ring1351DP, ringa5cP, ringa5dP, ringE6aP, ring1361DP,ringE6CP, ringe6dP, ringB6ePf ringE7aP, SS
ringE6ay, ring1361Dy, ringE6cy, ringE6dy, ringE6ey, The spiro-ring AB is preferably as follows:
rngASakE77,ringAd4akE7y,ringASE7y,ringAGE7ringA7aE7 y (wherein the symbol represented by the
following: 27 contiguous carbon atoms do not constitdte an allene bond represented by the formula:
CCC

tetrazolyl, furyl, thienyl, thiazolyl, isothiazolyl, oxazolyl,
oxadiazolyl, isoxazolyl, 1,2,4-thiadiazolyl,
1,2,5-thiadiazolyl and 1,3,4-thiadiazolyl. Preferred 1is
tetrazolyl, oxazolyl or thiazolyl and more preferred 1is
5 tetrazolyl or oxazolyl. Especially preferred is tetrazolyl.

A substituent for the five-membered hetercaryl group is
preferably a Ci-C4 alkyl group, more preferably a C;-C; alkyl
group. Even more preferred is methyl, ethyl, n-propyl or
isopropyl. Especially preferred is methyl.

10 “A halogen atom” refers to a fluorine atom, a chlorine atom,
a bromine atom or an iodine atom, and is preferably a fluorine
atom or a chlorine atom.

“A leaving group” refers to a chlorine atom, a bromine atom,
an iodine atom, a methanesulfonyloxy group, a

15 para-toluenesulfonyloxy group, a benzenesulfonyloxy group, an
acetyl group or a trifluoromethanesulfonyloxy group, and is
preferably a bromine atom or an iodine atom.

In the following explanation of the preparation method,
a leaving group of Lv; is preferably a chlorine atom, a bromine

20 atom, a methanesulfonyloxy group, a para-toluenesulfonyloxy
group, a benzenesulfonyloxy group or a
trifluoromethanesulfonyloxy group, more preferably a chlorine
atom, a bromine atom or a methanesulfonyloxy group.

A leaving group of Lv, is preferably a chlorine atom, a

25 bromine atom, a methanesulfonyloxy group, a
para-toluenesulfonyloxy group, a benzenesulfonyloxy group, an
acetyl group or a trifluoromethanesulfonyloxy group, more
preferably a methanesulfonyloxy group, a

trifluoromethanesulfonyloxy group or an acetyl group.



.) S5More preferably, the spiro-ring AB is represented by the following: 28 ringA6al35a p,
ringA6al351D pringA6aB5c 131ringA7al35a p, ringA5al36a pringA5al361D pringA5aB6c
pringA6al36a p,ringA6al361D p ringA6aB6¢ pringA61DB6a pringA7al36a pringA7aB6c p
ringAb5al36a 7,ringA5aB6c¢ 7,ringA6aB6c¢c 7, ringA3al37a p and namely, it is a spiro-ring having no
double bonds such as ring A4aB54, ring A5aB54, ringgA6aB54, ring A7aB54, ring A5aB64, ring
A6aB64, ring A7aB64, ring A5aB6a7 or A3aB74;

Preferably, L; and L; are each independently a chlorine atom,

a bromine atom, a methanesulfonyloxy group, a

para-toluenesulfonyloxy group, a benzenesulfonyloxy group, a

dimethylsulfonium group or a trifluoromethanesulfonyloxy

5 group. More preferably, IL; and L, are each independently a
bromine atom or a methanesulfonyloxy group.

“A hydroxy protecting group” as used herein refers to an
ether-based or acetyl-based hydroxy protecting group. The
ether—-based hydroxy protecting group refers to, for example,

10 a tetrahydropyranyl group, a benzyl group, a paramethoxy benzyl
group, a tert-butyldiphenylsilyl group, a
tert-butyldimethylsilyl group or a trimethylsilyl group, and
is preferably a tetrahydropyranyl group, a paramethoxy benzyl
group, a tert-butyldiphenylsilyl group or a

15 tert-butyldimethylsilyl group. The acetyl-based hydroxy
protecting group is an acetyl group, a benzoyl group or a
para-nitrobenzoyl group, preferably an acetyl group.

“Spiro-ring AB” represented by the following partial
structural formula:

20

(wherein each symbol is as defined above)

refers to a monospiro hydrocarbon with two monocyclic rings,



5 or a spiro-ring having one double bond such as ring A4aB54, ring A5aB54, ring A5aB54, ring
A5aB64, ring A5aB64, ring 29 A6aB64, ring A6aB64, ring A6bB64, ring A7aB64, ring A5aB6c¢7 or ring
A6aB6c7.  Even more preferred is ring A5aB64, ring A5aB64, ring A5aB64, ring A6aB64, ring
A6aB64 or ring A6aB64. 5As a spiro-ring having no double bonds, ring A5aB64 or ring A6aB64 is
especially preferable.  As a spiro-ring having one dduble bond, ring A5aB64, ring A5aB64, ring
A6aB6bl3 or ring A6aB6cI3 is especially preferable. Similarly, in another embodiment, the spiro-ring
AB is 10 preferably a combination of ring A5a, ring A5b, ring A5c, ring A6a, ring A6b, ring A6c, ring
AT7a, ring A7b iing Aretofring AARIWIRYTH§ BSa fidy BSE, ThicPBSE bty IB%aE%mgf Bbb O +ng B6C.
The spiro-ring, AB-is;mere, preferably a combination of ring A5a, ring A6a, ring A6b, ring A7a or ring
A7d with ring 15B5a, ring B5Db, ring B5c, ring B6a, ring B6b or ring B6¢c.  Even more preferably, the
spiro-ring AB is a combination of ring A5a with ring B5a, ring B5b, ring B5c, ring B6a, ring B6b or ring
B6c; a combination of ring A6a with ring B5a, ring B5Db, ring B5c, ring B6a, ring B6b or ring B6c; a
combination 20 of irg ABb with ring B6a; a combination of ring A7a with ring B5a, ring B6a or ring
B6c; or a combinatforngf ring A7d with ring B5a, ring B6a or ring B6¢. Similarly, in another
embodiment, th€ spjto-nngAB is more preferably a combination of ring B5a with ring A5a, ring A6a, 25
ring A7a or ring ARd; & combination of ring B5b with ring A5a or ring A6a; a combination of ring B5c
with ring A5a or rin(ﬁ%a; a combination of ring B6a with ring A5a, ring A6a, ring A6b, ring A7a or ring
A7d; a combination of ring B6b with ring A5a or ring A6a; or a combination of ring B6¢ with ring A5a,

5 is a spiro carbon atom identical with a carbon atom B of ring

B represented by the following partial structural formula:

and both rings are spiro—-condensed (spiro-bonded) at the spiro

10 carbon atom. The following symbol bound to the ring B

~

’

refers to the following partial structural formula:

X" OH

\ /O\ \
(CH)m, ~(CH,)m, (Rz)p

“Ring A of the spiro-ring AB” refers to a ring A part of
15 the above-mentioned spiro-ring AB, which is a 3—- to 7-membered
saturated or unsaturated hydrocarbon ring optionally having 1

to 3 double bonds, preferably one double bond in the ring.



30 ring A6a, ring A7a or ring A7d.  Further, in another embodiment of the present invention, the
spiro-ring AB is preferably a combination of ring A3a, ring Ada, ring A5a, ring A6a, ring A6b, ring A7a
or ring A7d with 5 ring B5a, ring B5b, ring B5c, ring B6a, ring B6b, ring B6c, ring B7a or ring B7b. More
preferably, the spiro-ring AB is a combination of ring A3 a with ring B 7a or ring B7b; a combination of
ring Ada with ring B5a or ring B5c; a combination of ring A5a with ring B5a, ring B5b, ring B5c, ring
B6a, ring B6b or 10 ring B6c; a combination of ring A6a with ring B5a, ring B5b, ring B5c, ring B6a,

ring B6b or ring B6¢; a combination of ring A6b with ring B6a; a comblnatlon of ring A7a with ring B5a,

ring B6a or ring B6c°13r atoMmbinaticn ofrifd A7d Al ﬁ&%@%{ynﬁg ®6a’or ring B6c. 15Similarly, in
another embodiment, the spiro-fing ABJS preferablya,co @%tlom ing-B2awith Fing ABa. ting Aba,
ring A7a or ring A7d; a combination of ring B5b with ring A5a or ring 6a a combination of ring B5c
with ring A5a or ring A6a; a combination of ring B6a with ring A5a, ring A6a, ring 20 A6b, ring A7a or
ring A7d; a combination of ring B6b with ring A5a or ring A6a; a comblnatlon of ring B6¢ with ring A5a,
ring A6a, ring A ring combi n of rin a with r| ;ora b|nat| mg B7b
with ring A3a. "’ m%}subst ted by thesdme or different 25 sub ent(s) eans tha spiro-ring
AB is non-substitGted or substituted by 6ne or more’same or diffefent substitients. The substituent(s)
of "the spiro-ringiAB!is/are 1nerSPprefarabhid, to Blsaml@or differegt 64,-06- allgadshydrexygaxe or

01-06 alkoxy groups, more preferably ps.The
01-06 alkyl grou : < of the spi AB
is/are even morepreterabl

groups. 5 Espe |aIIy ‘ [ isopropybar hydroxy
groups. Furthemm@e@nork§HQ§gthedr§at§@gw)g AB ﬁ@g@f;erablgl;mgﬁgubg&tggﬂg@ of 'the ri ng A of
the spiro-ring AB" 10 is/are 1to 5, preferably 1to 3, same or different 01-06 aIkyI hydroxy oxo or
01-06 alkoxy grotp re i 4

ringA7b, ringA7c, ringA7d, ringAe, ringA7f, ringA7g, <ringA7h,

or

ringA7i.

Preferred is ring A3a, ring Ada, ring Aba, ring Abb, ring

Ab5c, ring A5d, ring A6a, ring A6b, ring A6c, ring A6d, ring Abe,

ring A7a, ring A7b, ring A7c, ring A7d, ring A7e, ring A7f, ring

A7g, ring A7h or ring A7i. More preferred is ring A3a, ring

10 Ada, ring Aba, ring ASb, ring Abc, ring A5d, ring A6a, ring A6b,

ring A6c, ring A6d, ring A6e, ring A7a, ring A7b, ring A7c or

ring A7d. Even more preferred is ring A3a, ring Ada, ring Aba,
ring A6a, ring A6b or ring A7Ta.

In another embodiment of the present invention, preferred

15 is ring AS5a, ring A5b, ring Ab5c, ring A5d, ring A6a, ring A6b,

ring A6c, ring A6d, ring A6e, ring A7a, ring A7b, ring A7c, ring

A7d, ring A7e, ring A7f, ring A7g, ring A7h or ring A7i. More



15 5 same or different methyl, ethyl, n-propyl or isopropyl groups. Especially more preferred are 1 to 3
same or different methyl, ethyl, n-propyl or isopropyl groups.  Furthermore, "the ring A of the
spiro-ring AB" is preferably non-substituted. 20The substituent(s) of "the ring B of the spiro-ring AB"
is/lare 1 to 5, preferably 1 to 3, same or different 01-06 alkyl, hydroxy, oxo or 01-06 alkoxy groups.
Preferred are 1 to 5 (Preferably 1 to 3) same or differetit 01-06 alkyl, hydroxy or oxo groups. More
preferred are 1 to 5 same or different 01-04 25 alkyl or hydroxy groups. Even more preferred are 1 to 3

same or different 01-04 alkyl or hydroxy groups. _ Furthermore, "the ring B of the spiro-ring AB" is
preferably norRSGdstitdied. Af i prefe 62968 ARynY g8 617a B106 Afdxy33'g r&?g? The

configuration of the carhon atom bound to R2 is yacemate;, (RSOLE-D; Ry i3 OF £H)-ang preferably
S or (-). R2 is preferably a 01-06 alkyl group, a hydroxy group or a 01-06 5 alkoxy group. pis 0, 1, 2 or

3, preferably QoareX,emorsipresterablyc0.2% is, preferabhoa carboncataat nlis piefgrabiy0 or 1, more
preferably 1. m2 is pref_erab)lg 0. 10The general formula [la] is preferably the following: (wherein each

symbol is as defined 8b8%e)> Sthilafly, praferred isiHHerein&dchrsy hbolis B e fih e diove)

5 the above-mentioned spiro-ring AB, which is a 5-, 6- or
7T-membered saturated or unsaturated Thydrocarbon ring
optionally having 1 or 2 double bonds, preferably one double
bond in the ring.
n2 is 1, 2, 3 or 4; n3 is 0, 1 or 2; and n2 + n3 is 2, 3
10 or 4. Preferably, n2 is 1, 2 or 3; n3 is 0, 1, or 2; and n2
+ n3 is 2 or 3. More preferably, n2 is 1 or 2; n3 is 1 or 2;

and n2 + n3 is 3.

Examples of “the ring B of the spiro-ring AB” are as follows:

OO0 00000

ringB5a,ringB5b, ringB5c, ringBSd,ringB6a,ringB6b, ringB6c, ringB6d,

00000000

ringB6e, ringB7a, ringB7b,ringB7c,ringB7d, ringB7e,ringB7f, ringB7g,

575

15 ringB7h, ringB7i.

Preferred is ring Bb5a, ring B5b, ring B5c, ring B5d, ring
B6a, ring B6b, ring B6c, ring B6d, ring B6e or ring B7a. More

preferred is ring Bb5a, ring B5b, ring B5c, ring B6a, ring B6b,



33 which "the spiro-ring AB" is as follows: ringA4aE54, ringA4aE54, ringA5aE54, ringA5aES5S4,
ringA6aE54, ringA6aE54, ringA6aES54,ringA7aE54, ringA5aE6G4, ringA5aE64,
ringA5aE64,ringA6aE64, rongA6aE64, ringA6aE64, ringA6bE64, ringA7aE64,ringA7aE64,

24

ring B6c or ring B7a. In another embodiment of the present
invention, preferred is ring B5a, ring B5b, ring B5c, ring B5d,
ring Bb6a, ring B6b, ring B6c, ring B6d or ring Bb6e.

To be more specific, examples of “the ring B of the

5 spiro-ring AB” are as follows:

\ \ \ N
\ \ v \
N N
' 1 \ v \ \ N N
) \ \ \
\ ' \ v

ringB5ad, ringB5ba, ringB5c®, ringB5da, ringB6éad,ringBéba, ringB6c, ringB6da,

N
N A
N
N
N

ringB6e, ringB7ad,

N ’ 7 ’ ,' ’ ’ ,,
/ ' i ' > y /

' ' 7 . ’ ,’ ’

’ ! ’ ’

ringB5aPB, ringB5bP, ringB5cP, ringB5dp, ringB6afP, ringB6bB, ringB6cP, ringBedp,

.
, 0
7
4 ’
’

ringB6eB, ringB7ap,

@ Og 8- 0

ringB6a?y, ringB6bYy, ringB6cYy, ringB6dYy, ringBé6eY, ringB7a¥y.

Preferred is as follows:

10



ringASaE6ay, ringA5aE6cy,ringA6aE6ey, ringA3aE74. 34 "The benzylic carbon atom” refers to
the carbon atom which is represented by "CA" as below and substituted by Rl in the general formula
[Ia] or [I] (i.e., the carbon atom in a methine group): (wherein each symbol is as defined above). If the
carbon atom is a chiral carbon atom, "the chirality at the benzylic carbon" refers to the chirality of the
above-mentioned "benzylic carbon atom". The chiralit93s 10 expressed as, for example, racemate,
R-isomer, S-isomer, (-)-isomer or (+)-isomer. The same will apply to such a carbon atom in the general
formulae [I], [la] and intermediates thereof as used in the present description. "The carbon atom at the

spiro junction” refers to the carbon 15 atom represented bi(ﬁ\ Ejé\ tiﬁlo\ms of
the i i i E ’j

rlngBSaB rlngBSbB rlngB5c[3 rlngBSdB ringB6af, ringB6bB, ringB6cP, ringBedp,

1
’
’ 1
’ ‘
’

ringB6ef, ringB7ap,

003 §-Q

ringBé6ay, ringBéby, ringBé6cYy, ringB6dy, ringBé6eY, ringB7ay.

The spiro-ring AB is preferably as follows:



ring B of the spiro-ring AB in the general formula [la] or [I]:  (CH2) mi (CH2) m2(R2) p (wherein each
symbol is as defined above). 35 the carbon at the spiro junction” refers to the chirality of the
above-mentioned "carbon atom at the spiro junction”. The chirality is expressed as, for example,
racemate, R-isomer, S-isomer, (-)-isomer, (+)-isomer, chiral: A or chiral: B. 5 The same will apply to
such a carbon atom in the general formulae [l], [la] angkintermediates thereof as used in the present
description. "A pharmaceutically acceptable salt of the compound represented by the general
formula [I] (hereinafter referred 10 to as the compound of the present invention or Compound [I])" or "a
pharmaceutically acceptable salt of the compound represented by the general formutafa] (hereinafter
referred to as the compound of the o@ a ‘ may be a

proviso that it is a i ¢ [ e e pre

in the case of th

case of the compound havmg an aC|d|c group 20 such as & carboxyl group yand a sulfonl ,roup in the
molecule, a saltwith’srrirdtganic bastEe Salt with Brvdbgamic baserand zbsalt withi adbasiesgmino acid,
efc. can be used Examples of the salt with an morganlc acid include a salt with_hydrochloric acid,

salt with an morganlc bade include a sodlurﬁ salt, a potassium salt, a calcium salt, a agnesmm salt or
an ammoniumrsaliAPréfebred is aiSodittR Sk, a potasEiaRs Salt orr&%%ﬂéllﬁﬁrﬁsalt 6}% preferred

is a sodium salt or a calcium salt. 10Examples of the gattwith an o ¢ base incI

ringA3aB6 Y, ringA4aB6 Y, ringA5B6 Y, ringA6B6 Y, ringA7aB6 Y,
ringA3aB7j, ringAd4aB7 B, ringA5B7J, ringA6B7J, ringA7aB7 B,
ringA3aB7Y, ringA4aB7Y, ringA5B7Y, ringA6B7Y, ringA7aB7Y

(wherein the symbol represented by the following:

5 means a single bond or a double bond with the proviso that three



with methylamine, diethylamine, trimethylamine, triethylamine,
ethanolamine,diethanolamine,triethanolamine, ethyleneddamdne,trds(hydroxymethyl)methylamdne,
dicyclohexylamine, N,N-dibenzylethylenediamine, guanidine, 15 pyridine,picoline, choline,
cinchonine,megiumineorthelike. Preferred is a salt with ethanolamine, diethanolamine,
triethanolamine, dicyclohexylamine or N,N-dibenzyletBylenediamine. Examples of the salt with a
basic amino acid include a salt 20 with lysine, arginine or the like. Preferred is a salt with lysine.

Each salt can be obtained by reacting the compound represented by the general formula [I] or [Ia] with

an inorganic ba88 ¥ BRIEhic RO An fHorgEni¢Acid Hn drgaTit Heth6r 25a Basic Bf adidithmino
acid in accordance with & methad known pef,se., . "The solvate” refers to the compound represented
by the general formula [I] or [Ia], or a pharmaceutical acceptable salt thereof to which a solvent
molecule coordinates, including a 37 hydrate.The solvate is preferably a pharmaceutically acceptable
solvate, and in&lrdes,—ftﬁex&mp@, a monohydrate, a 1/2-hydrate, a dihydrate, a sodium salt
monohydrate, a monomethanolate, a monoethanolate, a 1-propanolate, a 5 2-propanolate, a
monoacetonitrilate and a dihydrochloride 2/3 ethanolate of the compound represented by the general
formula [I] or [la] . The solvate can be obtained by a method known per se. In addition, there exist
various isomers of the componariiepresértesidyrtherformgulelllier ffajpfeoreaxampleyEt aad
Z-geometric isomers can exist. Also, in the case where a chiral carbon atom is present in the
molecule, enahfiorm@Fs-3fd diastereomers can exist as a stereoisomer based on the chiral carbon
atom. In the case where an axial chirality is present 15 in the molecule, there can exist sterecisomers
based on the axial chirality. In some cases, tautomeric isomers also can exist. Accordingly, all these
isomers and a mixture thereof are included in the scope of the present invention. The compound
represented by the general formula [I] or [la] 20 may be labeled with an isotope such as 3H, 140 and
35S. It is preferable that the compound represented by the general formula [I] or [la] , a
pharmaceutically acceptable salt thereof or a solvate thereof is substantially purified. More preferably,
the compound represented by the general formula [I] 25 or [la] , a pharmaceutically acceptable salt
thereof or a solvate thereof is purified so that it has a purity of 80% or more.  According to the
present invention, a pro-drug of the compound represented by the general formula [I] or [la] can be
useful as a medicament. "The pro-drug" refers to a derivative




38 of the compound of the present invention which has a chemically or metabolically degradable group
and reveals an original pharmaceutical effect after regaining its original compound form by, for
example, hydrolysis, solvolysis or degradation 5 under a physiological condition once administered to
a living body. A non-covalently bonded complex and a salt may be also included. The pro-drug is, for
example, used for improving the absorption rate in oral&dministration or delivering a drug to the target
site. A modification site of the compound of the 10 present invention may be a highly reactive
functional group such as a hydroxy group, a carboxyl group, an amino group and a mercapto group.
Specifically, a modifying group for ashydroxy group ipc [

isobutyryl group, 15.a pivaloyl groyp,/a palmitoyl group,\a benzoyl gro , a
ddmethylcarbamo up, a dim minomethylcarhonyl group, a s | group or a
fumaryl group. A s salt of a rboxybenzo -carboxyethylcarbpny! group, is also
included. 20 Specifically,’a modifying group for a carbox I group includes aThethyl group n ethyl

group, a propyl ‘gréusBan isopropyrgrdtiplPa buttylr@mgzy@5a|ﬁ ,|sobutwpgir@m fa tert;butyl@mm a

S ethylgroup a
loxy)ethylgroup,a (5-methyl b methyl group, a benzyl

for an amino group include a tert- butyl group, a docosanoy! group, a pivatoy ethyloxy group, an
alanyl group, a hexylcatarpoyl grous.-a= pentylcashameygroupsadsaietipAthio-

1-(acetylamino)propydearbonylgroup, al sulfo- 1-(3-ethoxy-4-hydroxyphe nyl)methyl oY
(5-methy1-2-0x0-1,3 1-2-ox0-1
group,a 10 tetrahydroft rolldyl methykgroup.

ringA5aB6a B ringA5aBé6b B, ringA5aB6c B ringA6aB6a P ringA6aB6b B,

rlngA6aB6c rlngA6bB6a ringA7aB6a rlngA7aB6c

EER

ringAb5aB6a ¥, ringA5aBé6cY, ringA6aB6c Y,

ringA3aB7a B,

and namely, it is a spiro-ring having no double bonds such as
ring Ad4aB5af, ring ASaB5af, ring A6aB5af, ring A7aB5af, ring
A5aB6aP, ring A6aB6af, ring A7aB6aP, ring ASaBé6ay or A3aB7aP;
5 or a spiro-ring having one double bond such as ring A4aB5bp,

ring A5aB5bP, ring A5aB5cP, ring A5aB6bP, ring A5aB6cf, ring



In the present invention, the spiro compound represented by the following general formula [ha] or [I1], a
pharmaceutically acceptable salt thereof or a solvate thereof exhibits the same effect as the compound
represented by the 15 general formula [I] or [la], a pharmaceutically acceptable salt thereof or a
solvate thereof, and can be used like the compound represented by the general formula [I] or [Ia], a
pharmaceutically acceptable salt thereof or a solvate #tereof. (wherein each symbol is as defined
above.) A preferable example of the compound represented by the general formula [ha] is the
compound represented by the following formula: 40 (wherein each symbol is as defined above).

Also, each suB&rESin thé yehcrablorhwiaé THaPaRs fifsistds getined i the HenerabreRAGIA [I] or

[1a]. The pharmaceutical eomposition of the present invention can be prepared by appropriately
mixing the spiro compound represented by the general formula [I] or [la], a pharmaceutically
acceptable salt thereotor anselvatertheseafdd with at teashoae kifd, ofra phamsacaigally aaeeptable
carrier and the like in appropriate amounts according to known methods per se in the art of

pharmaceuticdi }#8p&RtioRs "Phé 4aToRmb of thecormpaiidiepiesérted by hBGdheral formula [I] or
[a], & phaymaceutically acg ot?gl—ersiarlltgt_hﬁge{%f DL a-solvate,thereof 13 in ”}eiBBa({%%%%ﬁig%r

composition is about 0.1 to 100% by weight of the total weight of the composition, but it varies
depending on aidosagedarafa deose anddthe like. prExamptasof the pharmaceutical composition of
the present invention include oral preparations such as tablets, capsules, 20 granules, powders,

troches, syrups, em{fsiGnEPduspensiond Bd. 6 parerierdp breparations SieH as Bkighnar 109

preparations, supRositgries, iniections sy drops.Jransaasal agents, lanspylgnan.agepts etc. "The

pharmaceutically acceptable carrier”includes 41 various organic or inorganic carrier substances used
commonly as a maténalifor pharmaceuticaltgreparations) ianehthe exampies. are-fillers; digintegrants,
binders, fiyidizers, JuRnGants, eic i e, 1orm oLa splid preparation, o SQVeNS: ¢ asc, ring
A6a, ring A6b, ring A6c, ring A7a, ring A7b, ring A7c or ring
A7d with ring Bb5a, ring B5b, ring B5c, ring B6a, ring B6b or
ring B6c. The spiro-ring AB is more preferably a combination
of ring Aba, ring Aba, ring A6b, ring A7a or ring A7d with ring
15 B5a, ring B5b, ring B5c, ring B6a, ring B6b or ring B6c.
Even more preferably, the spiro-ring AB is a combination
of ring ASa with ring B5a, ring B5b, ring Bb5c, ring B6a, ring
B6b or ring B6c; a combination of ring A6ba with ring Bb5a, ring
B5b, ring B5c, ring B6a, ring B6b or ring B6c; a combination
20 of ring A6b with ring B6a; a combination of ring A7a with ring
B5a, ring B6a or ring B6c; or a combination of ring A7d with
ring Bb5a, ring B6a or ring Bé6c.
Similarly, in another embodiment, the spiro-ring AB is more
preferably a combination of ring B5a with ring Aba, ring A6a,
25 ring A7a or ring A7d; a combination of ring B5b with ring Aba
or ring A6a; a combination of ring B5c with ring Ab5a or ring
A6a; a combination of ring B6a with ring Aba, ring A6a, ring
A6b, ring A7a or ring A7d; a combination of ring B6b with ring

Aba or ring Aba; or a combination of ring B6c with ring Aba,



5 solubilizing agents, suspending agents, tonicity agents, buffering agents, soothing agents, etc. in the
form of a liquid preparation. Furthermore, other additives such as preservatives, antioxidants,
colorants and sweeteners may be used if needed. 10Examples of the filler include lactose,
saccharose, D-mannitol, D-sorbitol, cornstarch, dextrin, microcrystalline cellulose, crystalline cellulose,
carmellose, carmellose calcium, sodium carboxymethyDstarch, low substituted hydroxypropyl
cellulose, gum arabic and light anhydrous silicic 15acid. = Examples of the disintegrant include

carmellose, carmellose calcium, carmellose sodium, sodium carboxymethyl starch, croscarmellose
sodium, crospbvidenéCow Subkditdtdd nyardxyprogyl Cellulose, hydroxypropyl methyl cellulose and

20crystalline Ce”u'0§%-rthE%?”%e%%'%h‘?eqingﬂ%@k"rﬁ’@n@@f?xm@%ﬂ8%'MQSQ'WQHQ>SLV&GQPY|

methylcellulose, povidone, crystalline cellulose, saccharose, dextrin, starch, gelatin, carmellose
sodium, gum arabic and potyinyAR/ricligerd. 25HXaymple oftheftuidizer incliideg lkght anhiydgous
silicic acid and magnesium stearate, Examples of the lubricant include magnesium stearate,

calcium steardté 2ald and coRGidardiich. B3ampleE B e soeRBint Il e BuriidtPwate?, 8thahol, 42
pfopy|en%9|ygpi’r{83§5%90!rJ‘:‘ﬁaa@?s%?”r?t%? gl and.qlive g, Examples ofthe salwbilizing agent

include propylene glycol, D-mannitol, benzyl benzoate, ethanol, triethanolamine, sodium carbonate
and sodium cidte. BExamples B the sispendingeigent iNcludetihenzaikonium chiprid®, casmellose,
hydroxypropyl cellulose, propylene glycol pov_idone,,methzlcellulose and_glycerol monostearate.

! .
Examples of theToM&R agéhtihdidde dhico¥e B-Sorbiiof Soditm thibfide arfdl BRHRNRRGH OP
10Examples of the byfering, agentinclude sedium hydrogen phosphats, sodiym: acetate, s gdium

carbonate and s odium citrate . Examples of the soothing agent include benzyl alcohol.
Examplesofthépresenvativeinctudeethylring B5b, ring B5c, ring B6a, ring B6b or

10 ring B6c; a combination of ring A6a with ring Bb5a, ring Bb5b,
ring B5c, ring B6a, ring B6b or ring B6c; a combination of ring
A6b with ring B6a; a combination of ring A7a with ring B5a, ring
B6a or ring B6c; or a combination of ring A7d with ring Bb5a,
ring B6a or ring Bé6c.

15 Similarly, in another embodiment, the spiro-ring AB is
preferably a combination of ring B5a with ring Aba, ring A6a,
ring A7a or ring A7d; a combination of ring B5b with ring Aba
or ring A6a; a combination of ring B5c with ring Ab5a or ring
A6a; a combination of ring B6a with ring Aba, ring A6a, ring

20 A6b, ring A7a or ring A7d; a combination of ring B6b with ring
Aba or ring A6a; a combination of ring B6c with ring Aba, ring
A6a, ring A7a, or ring A7d; a combination of ring B7a with ring
A3a; or a combination of ring B7b with ring A3a.

“May  be substituted by the same or different

25 substituent (s)” means that a spiro-ring AB is non-substituted
or substituted by one or more same or different substituents.

The substituent(s) of “the spiro-ring AB” is/are 1 to 5,
preferably 1 to 3, same or different C;-C¢ alkyl, hydroxy, oxo

or C;-C4 alkoxy groups, more preferably 1 to 3 same or different



parahydroxybenzoate, chlorobutanol, benzyl alcohol, sodium 15 dehydroacetate and sorbic acid.
Examples of the antioxidant include sodium sulfite and ascorbic acid. = Examples of the colorant
include a food coloring (e.g. food red No. 2 or 3, or food yellow No. 4 or 5, etc.) and I3-carotene.
20Examples of the sweetener include sodium saccharin, dipotassium glycyrrhizate and aspartame.
The pharmaceutical composition of the present inventsidn can be administered orally or parenterally
(e.g. topically, rectally, intravenously, etc.) into, not only human, but also 25 the other mammals
(e.g.mouse, rat, hamster, guinea pigééabbit, cat, dog, pig, bovine, horse, sheep, monkey, etc.). A dose

differs accordiﬁg_tgﬁthé‘%E%ﬂact?&is AT fhptBhT Yosage TORT, dosifg réuté Yétc. EorBrample, when
the compositiqn is qrallyy administered.to.an agduls patiert weighing about,60 kg thedases #3,f the

compound represented by the general formula [1] or [la] of the present invention, a pharmaceutically
acceptable salt tlerepf opasbdhvaté theredh mehiely isnameffectives ingredient, Usually rarges fsom about
1 mg to 2 g daily. The above-mentioned 5 dose can be administered at one time or in several divided

portions.  THe CORpothd féptédented By the generalforiitfX fiPBY 1 A M APHaFh aceUticalty
acceptable salf thereofon g solvate thereafis suitable for reating er-prevepting:a, GPR4Qglated

disease. 10 "The GPR40-related disease" includes diabetes mellitus, hyperglycemia, impaired
glucose toleranegrinsylin resstance; ympaireth fastingyglgcoses; gliabetic neuropathy, diabetic
nephropathy, diabetic retinopathy, ketoacidosis, hyperlipidemia, hypercholesterolemia ,
hypertriglyceridemid, 15 dysliPidEfia, hiperfioprotiremiat ffetaboli® syrarbms? obeiéri}ty and
atherosclerosi]grg%%qqg% it is exemplified by diabetes mellitus, hyperglycemia, impaired glucose
tolerance and impaired fasting glucose. Diabetes mellitus refers to type 1 and 2 diabetes
mellitus, 20 and preférablyuppe 2tdiahbatés mellituSthe Arduitable sdibjebtadministerechyithBfe
compound represented by the general formula E] or [la], a pharmaceutically acceptable salt thereof, a

solvate thereot 8f & pharmidcautiBAITomFoSiton ddhtainiig hy 6f them 5 35 preferably A Fatient with
SUCh_a_GPR4Qﬁ9€1§@9ﬁ'58§%e@H‘Qﬁtl%’gefae{ﬁ%%ﬁ&EB%C;[&%W'EH&@' eselgsted from the graup
consisting of diabetes mellitus, hyperglycemia, impaired glucose tolerance and impaired fasting
glucose. "Treatng'} fHeimg tredtedC and Riyéatmedt' vefeto Abammeligrating dheing a aykyptom or a
disease and/or a sign associated therewith, and ameliorating the same.
group 1s preterably a C;-Cs alkyl group. Further, the
substituent (s) of the ring A is/are even more preferably 1 to
15 5 same or different methyl, ethyl, n-propyl or isopropyl groups.
Especially more preferred are 1 to 3 same or different methyl,
ethyl, n-propyl or isopropyl groups.
Furthermore, “the ring A of the spiro-ring AB” is preferably
non-substituted.
20 The substituent(s) of “the ring B of the spiro-ring AB”
is/are 1 to 5, preferably 1 to 3, same or different C;-C¢ alkyl,
hydroxy, oxo or C;-C¢ alkoxy groups. Preferred are 1 to 5
(preferably 1 to 3) same or different C1;-C4 alkyl, hydroxy or
0x0 groups. More preferred are 1 to 5 same or different C;-Cy4
25 alkyl or hydroxy groups. Even more preferred are 1 to 3 same
or different C;-C, alkyl or hydroxy groups.
Furthermore, “the ring B of the spiro-ring AB” is preferably

non-substituted.

R' is preferably a C,-C¢ alkynyl group or a C;-Cg alkoxy



"Preventing”, "being prevented" and "prevention” refer to a method for delaying or preventing the onset
of a symptom or 5 a disease and a sign associated therewith, a method for preventing the subject from
acquiring a symptom or a disease, or a method for reducing the subject's risk of acquiring a symptom
or a disease. The compound represented by the general formula [I] or[1a], 10 a pharmaceutically
acceptable salt thereof or a solvate thereof is useful as“a medicament for modulating the function of
GPR40 (GPR40 agonist medicament), and particularly as an insulin secretion-promoting agent and a
hypoglycemic agent due to its GPR40 agonist activity. 15For example, the diagnostic criteria for
diabetes mellift’sYeEommended in Japan, United States and World Health Organization (WHO) are as
follows.  Acgerding,torthe diagnostic griterion for,digbetes melitys issued Ry JapapDiahetes Society
(JDS) in 1999, 20 diabetes mellitus refers to any of the following conditions: fasting plasma glucose
level (FPG) of (26 mg/di ef higheRr, 2-Bipur( postdoad plasma glucosé devsh 2hRBGHin 15 g.oral glucose
tolerance testag;GIT) of 200 mg/di or higher and basal plasma glucose level of 200 mg/di or higher.
25Als0, the caSe Whigh BEONGE heitheritothé abéve AabBtes MBIt AYd AbP T tie ndriial type
having a eonditipp of fasting plasma glucose level of lower than 110 mg/d1 or 2-hour post-load plasma
glucose level in 75 g oral glucose tolerance test (OGIT) of lower than 140 mg/di is defined as the
borderline type 45(ithpaired glucose regukatienalGR). 0 Accbrdingte tive diggnabtiy cfiteria for
diabetes mellitus issuedbyWHOQOIin 1998 and by American Diabetes Association (ADA) in 1997,
diabetes mellitis r&féts 3¢ 8 Ondtich SIFa&HY 5 bPsma glucose level of 126 mg/di or higher and
2-hour post-logd plasma glicpse leved in, 75 g, orglglucgse tolerance test of 200 mg/di or higher.
These criteria also heavily focus on detecting a high-risk diabetic population (prediabetes).The
symptoms dunirigy 16 transifien dtohy pfediabetes to diabetes mellitus include impaired glucose
tolerance (IGT), impaired fasting glucose (IFG) and a combination thereof. Impaired glucose tolerance
refers to'd condition WicH Ph&et8 fadtigpladma gidcose BYETEIAE MY/ diEhd 22 hoar postload
plasma glucose level in 75 g 15 oral glucose tolerance test 7.40 mg/di but <200 mg/d1. Impaired
fasting glucose refers to a condition which meet s f asting plasma glucose level 110 mg/di but <126

e et and 25 impaired fasting glucose
determined by the aBove Miéntioned new dtiteria. Rurther, the conQHound of the present invention, a
aceeptable saltfhereof o asolv e thereof can prevent 'abetf mellitus and the
. . . . > a— .
progression of borderline |€aﬁesﬁ% Us, | ed glucose tolerance and impaired

o/ Iy o/ Ty (R%p

(wherein each symbol is as defined above).

Similarly, preferred is

nl

( )n3

15

0 [Ta— 3]

(CHZ)ml\\(CHZ)m2 (RZ)p

(wherein each symbol is as defined above).

More preferred is the general formula [Ia-2] or [Ia-3] in



46 fasting glucose into diabetes mellitus. The compound of the present invention, a
pharmaceutically acceptable salt thereof or a solvate thereof is useful as a medicament for treating
diabetes mellitus with secondary 5 failure of sulfonylurea therapy. In the treatment of diabetes mellitus
with secondary failure of sulfonylurea therapy, a sulfonylurea compound or a fast-acting insulin
secretion-promotingagentcannotexertinsulin secretion3gromoting effect, and therefore its hypoglycemic
10 effect is unsatisfactory. Even for the patients with such diabetes mellitus, the compound of the
present invention, a pharmaceutically acceptable salt thereof or a solvate thereof can be used.

The squonyIur@ﬁJc%l?npdi}h% rBer 36 BlcEmpslnd-Raifg B°1s Stifonylurea backbone or a derivative
thereof, and includes tolbutamide, glibenclamide, gliclazide,chlorpropamide,
tolazamide,acetohexamide, glyclopyramide, glimepiride, glipizide and glybuzole. The fast-acting insulin
[ [ aving no sulfonylurea backbones and promoting

, mitiglinide or a
uIa [llor[la], &
} ian.(sometimes heréi '

combined use) with one; ok moa%ggagﬁg(%@wet'nm@ﬂ%g%fser referredsto.drygs in ggmggg%q, yse)ina
conventional 47 manner in the ph aceutical field. ~_The Spiro competRd represen(%ed by the

; ate thereof and the drug in
se may be administered to
preparation administered sj aneously or separately at a
ey 11 medicamen prising the pharmaceutical
composition of the present invention and‘the 10 drug in combined use. The dose of the drug in
combined use may@ée?ﬁplbyedm%ﬁﬁpﬁaﬁee WFtﬁ%@aéégﬁfusedh?ﬂ%éa(ﬁﬁﬁ@al field and can be
appropriately selectéd 3 i )SAE
duration, combinati
limited and any me
thereof or a solvatg

ringA5aB6af, ringA5aB6bf, ringA5aB6cf, ringA6aB6af, ringA6aB6bf,

888

ringA6aB6cf, ringA6bB6af, ringA7aB6aP, ringA7aB6cP,

086

ringAb5aB6aY, ringA5aB6cy, ringA6aBé6cy,

’
’
7
’

ringA3aB7af.



The drug in combined use includes (1) a drug for treating or preventing hyperlipidemia; 20(2) a
drug for treating or preventing obesity; (3) a drug for treating or preventing diabetes mellitus; (4) a
drug for treating or preventing diabetes complication; and (5) a drug for treating or preventing
hypertension. One to 25 three of the above-combined drugs can be used in combination with the spiro
compound represented by the general formula [I] or [Ia}t, apharmaceutically acceptable salt thereof
orasolvate thereof. "The drug for treating and/or preventing hyperlipidemia” 48 includes, for example,
apolipoprotein-Al (Apo-Al) inducer, cholesteryl ester transfer protein (CETP) inhibitor, endothellal

lipase inhibitor, HMGT@@A 2RAEthE inRDRGF I?ﬁdﬁ?otéﬁﬁﬂ55§et(EFfL}}%&%lE6?nn’?iE%§6m&I
triglyceride 5 transfey protein (MTR) m@'tﬂr RPARaJgceptor agonist and RPARS fecepor agonist.
"The drug for treating and/or preventing eS|ty" includes, for example, acetyl-CoA carboxylase 1
(ACC1) inhibitgr racetyl- (foArmalbox)ZlaSecﬁr(ACCZ()unhlb;totb@oaﬂuelswnreaﬁptomﬂLOsuhE)maﬁe{BRS 3)
agonist, diacylglycerol acyltransferase (DGAT) inhibitor, glucose-dependent insulinotropic polypeptide
(GIP) receptorgaﬁﬂﬁﬁéﬁist, leptin receptor agonist, melanocortin (MC) receptor agonist, neuropeptide
Y5 (NPY5) recepto rPltPgonist perilipin inhibitor, uncoupling protein 15 (UCP) inducer/activator,
1113-HSD-1 inhibE% adiponectin receptor agonist, AMP activated protein kinase (AMPK) activator,

PPART7receptor € antagonist and 133 adrenergchecept r agonist. "The drug for treating
and/or preventing digbetes 20 mellitus” includes,for exalmple imsulin preparation (injection),

1 recetor antagonist,glucocorticoid receptor
-6-phosphateabtinotransferase(GFAT) 25 inhibitor,
nthase kinase 3 (GSK-3) inhibitor, GPR40 agonist,
phosphoenolpyruvate carboxyki rfEQ Ibitor, protein tyrosine pﬂﬁphatase 1B (PIPase 1B)
inhibitor, pyruvate dehydrog@ﬁa?si@a Ki Ee)(TBDHK) mlf)ltor SGLUT inhibitor, SH2

(wherein each symbol is as defined above).
If the carbon atom is a chiral carbon atom, “the chirality at
the Dbenzylic carbon” refers to the chirality of the
above-mentioned “benzylic carbon atom”. The chirality 1is
10 expressed as, for example, racemate, R-isomer, S-isomer,
(-)—isomer or (+)—-isomer. The same will apply to such a carbon
atom in the general formulae [I], [Ia] and intermediates thereof
as used in the present description.
“The carbon atom at the spiro junction” refers to the carbon

15 atom represented by C* as below among the carbon atoms of the

ring B of the spiro-ring AB in the general formula [Ia] or [I]:

\_____' %

\<c6rg\ (CH )m\ ) e
2 R)p

(wherein each symbol is as defined above).

If the carbon atom is a chiral carbon atom, “the chirality of



49 domain-containing inositol phosphatase (SHIP2) inhibitor, dipeptidyl peptidase IV (DPP-1V)
inhibitor, tGLP-1 peptide analog, a-glucosidase inhibitor, insulin sensitivity enhancer, sulfonylurea
receptor agonist (SU agent), fast-acting insulin 5 secretion-promoting drug (nateglinide), low-molecular
weight agonist of tGLP-1 receptor, oral low-molecular weight insulin preparation, biguanides,
1113-HSD-1 inhibitor, adiponectin receptor agonist, ABAP-activated protein kinase (AMPK) activator,
PPART7receptor agonist/antagonist and 133 adrenergic 10receptor agonist. ~ "The drug for treating or
preventing diabetes complication" includes, for example, advanced glycation end products (AGE)

production inhiBitor CAHB8E rédudtise hibitor] BRGbteHsin fiTEEEStor antdforfisti 1511ty of
angiotensin-cqnyerting enzyme (AGE) inhibitor,and profein kinase Cr,,(FKG,13) inhibjtor. 1, dhe drug

for treating or preventing hypertension” includes, for example, a blocker, 3 blocker,
angiotensin-cartvertiigi egzyinse intlpitor {ACEimhibitor), 20=caddiem charwebblock&r-ardrenin
inhibitor.  An exemplary method for preparinr? the compound of the present invention will be

hereinafter explairsd™Bht the Pres8ntiavention is it ifditedtheretd. It WilPBe thdEmstdofthat the
compoung of thgpregent iavention can bepreparediingh,accardance yuth amethod kpwn per se.

Upon the preparation of the compound of the present invention, the order of reactions can be changed
appropriately. Namely,Iarly step maycke pedomed fitstor any sabstitgent may bésubjeeteshto the first
reaction as long as it is considered to be reasonable. 50 A step to convert a substituent (i.e.,

conversion or 3dditibn&iFm3tification of a substituent, including, for example oxidation or reduction of a

substituent) may be.gptiqnallyjpserted;befween gach.steppAreactive fupetionals groyp, df.apy, may
be appropriately protected or deprotected. Further, any other reagent than the exemplified reagents

can be used appropriately ¢o!l promotes theereacidon forvard 2 Alsb] a(teactomean de perfamestunder
anhydrous condition (for example, under nitrogen atmosphere) if needed. 10A compound obtained at

each step’may-BeISolatsd SRETpURREd DY glﬁgﬁgﬁﬁ&%ﬁ) MEHSR EppropriateR/ 8B d frdrh

crystallization,gecrystallization,distillatiop g liqujd-liquidseparation,calumnchromatagraphyandng
preparative HPLC, etc.oracombinationthereof. In some cases, 15 the next step can be started without
isolating or purifjingeacotgrbund bhtaised at eachstepila (Ihdhe (reparation teethoeScheremafter,
"room temperature” refers to a temperature of 1 to 40C. Also in the following formulae, a bond

represented by thé SymiSol” SBHREAIS &lsihgfe BoRE BFh dUisiE bbRB With thERFVISo tHat three
contiguous carhon atoms,do not constitute an allene, bondygpreseptedsby the formuilac sa1+¢

15 formed with the compound of the present invention. For example,
in the case of the compound having a basic group such as an amino
group in the molecule, a salt with an inorganic acid, a salt
with an organic acid and a salt with an acidic amino acid can
be used. 1In the case of the compound having an acidic group

20 such as a carboxyl group and a sulfonic group in the molecule,
a salt with an inorganic base, a salt with an organic base and
a salt with a basic amino acid, etc. can be used.

Examples of the salt with an inorganic acid include a salt
with hydrochloric acid, nitric acid, sulfuric acid, phosphoric

25 acid, hydrobromic acid or the like.

Examples of the salt with an organic acid include a salt
with oxalic acid, maleic acid, citric acid, fumaric acid, lactic
acid, malic acid, succinic acid, tartaric acid, acetic acid,

trifluoroacetic acid, gluconic acid, ascorbic acid,



CCC 25 as described above. 51 (1)" can also be represented as "Compound (1)". Preparation Method
A 5 (wherein R1'is a C1-C6alkyl group, a C2-C6aikenyi group, a C2-C6alkynyi group, a phenyl
group, a hydroxy group, a five-membered heteroaryl group which has at least one heteroatom
selected from a nitrogen atom, an oxygen atom and 10 a sulfur atom, and which may be substituted by
a Ci-C6alkyl group, or a di (Ci-C6alkoxy ) methyl gréap; R1''is a C1-C6alkoxy group, a hydroxy
C1-C6alkyl group, a C1-C6alkoxy (C1-C6) alkyl group; -CONR11R12 (Rn and R12 are the same or
different and each represents a hydrogen atom or a C1-C6 alkyl 15 group) , or a five-membered

heteroaryl grétf-WAChTHS A 1e4sE 6né h&tBRFRamSEld&Bd from & niftodeh Aok STh- dxgen atom
and a sulfur atom, and which may be substifted by g GlrC6alkyl graup; o, X3iand Xp2 ke the

same or different and each represents a hydroxy 20 group or a leaving group; R51 is a C1-C6alkyl
group; and other symbuols arkeas definedw52 hbegeq r t ikExamplés of the #néparation MethodeA are
shown in Preparation Methods Al to AS below. 5 Preparation Method Al Compound (3) can be

obtained from Jffd?ﬁpound (1) and Compound (2) according to the following Step 1 or Step 1'. Step 1

5 Examples of the salt with an inorganic base include a sodium
salt, a potassium salt, a calcium salt, a magnesium salt or an
ammonium salt. Preferred is a sodium salt, a potassium salt
or a calcium salt, and more preferred is a sodium salt or a
calcium salt.

10 Examples of the salt with an organic base include a salt
with methylamine, diethylamine, trimethylamine, triethylamine,
ethanolamine, diethanolamine, triethanolamine,
ethylenediamine, tris(hydroxymethyl) methylamine,
dicyclohexylamine, N,N-dibenzylethylenediamine, guanidine,

15 pyridine, picoline, choline, cinchonine, meglumine or the like.
Preferred is a salt with ethanolamine, diethanolamine,
triethanolamine, dicyclohexylamine or
N, N-dibenzylethylenediamine.

Examples of the salt with a basic amino acid include a salt

20 with lysine, arginine or the like. Preferred is a salt with
lysine.

Each salt can be obtained by reacting the compound
represented by the general formula [I] or [Ia] with an inorganic
base, an organic base, an inorganic acid, an organic acid or

25 a basic or acidic amino acid in accordance with a method known
per se.

“The solvate” refers to the compound represented by the
general formula [I] or [Ia], or a pharmaceutical acceptable salt

thereof to which a solvent molecule coordinates, including a



Compound (3) can be obtained by condensation of Compound 10 (1) in which X51 is a hydroxy group
and Compound (2) in which X52 is a hydroxy group in a solvent at room temperature or with heat. The
reagent is preferably 1,1'-(azodicarbonyl)dipiperidine, triphenylphosphine, or the like. The solvent is
preferably, for example, an ether solvent 15such as tetrahydrofuran. Step I Compound (3) can be
obtained by reaction of Compound (1) in which X51 is3& hydroxy group and Compound (2) in which
X52 20 is a leaving group, or Compound (1) in which X51 is a leaving group and Compound (2) in
which X52 is a hydroxy group, in a solvent in the presence of a base at room temperature or with heat.

The leaving gro¥iptié preferably’& chfSHn&&tom, & bréthime Ao, an dikd afdi oFgtically
methanesulfonyloxy.group. and:2» more preferably, i chloring,atom, g.bromine,atog, o an iedine

atom. The base is preferably an alkali metal carbonate such as potassium carbonate or cesium
carbonate. The sdlvéntigrefeeablyaa pdlaysoleent, sueh as i Nrdimethylfornramhide r H3<Rreparation
Method A2 A compound represented by the general formula [I] can be obtained by hydrolysis of

Compound (3)'6FEBMpBaRA {3y Sn a SivehtiiPeFresencE of a Base atrodhf tsmperature dr with 5
heat. Thesbase is,preferabh,an aquequssolution of sodium hydraxid %bi@ﬁé%%l Wiy hydrgxide, or the

like. The solvent is preferably, for example, an ether solvent such as tetrahydrofuran, an alcoholic
solvent such asthethahet, ©rc niktere shereohdL G Preparatior Méthodha3 gen Comipdanch(@pcan be
obtained from Compound (3) according to the following method. Examples of the Preparation
Method A3 are ShoWwh irl 18 Preparation Methods A3-1 to A3-5 below. Preparation Method A3-1

Compound (3) in whigh Riz is,2 hydroxy GlsCoalkyt geayipsanbe obtained fram,Compoyad (3) in
which R1'is a 20 di(C1-C6alkoxy)methyl group according to the following steps. Step 1  An

aldehyde intermediate candie obtainethby deprotettion of Compaoimae(33 i Whiche Ridisceund
di(C1-Co6alkoxy)methyl group in a solvent under acidic condition at room temperature or with 25 heat.

The acid 15 préfeRdtty Eainphorslifonic AGE iHGoroacetit akid br the TkeSFAERORentis préferably a

ketone SOIVemZ&b@B%%@Q@@Q%é&@E@ can exist. Also, in the case where a chiral

carbon atom 1is present in the molecule, enantiomers and
diastereomers can exist as a stereoisomer based on the chiral
carbon atom. In the case where an axial chirality is present

15 in the molecule, there can exist stereoisomers based on the
axial chirality. In some cases, tautomeric isomers also can
exist. Accordingly, all these isomers and a mixture thereof
are included in the scope of the present invention.

The compound represented by the general formula [I] or [Ia]

20 may be labeled with an isotope such as °H, '*C and °°s.

It is preferable that the compound represented by the
general formula [I] or [Ia], a pharmaceutically acceptable salt
thereof or a solvate thereof is substantially purified. More
preferably, the compound represented by the general formula [I]

25 or [Ia], apharmaceutically acceptable salt thereof or a solvate
thereof is purified so that it has a purity of 80% or more.

According to the present invention, a pro-drug of the
compound represented by the general formula [I] or [Ia] can be

useful as a medicament. “The pro-drug” refers to a derivative



54  Compound (3') in which RI- is a hydroxy C1-C6alkyl group can be obtained by reduction of the
aldehyde intermediate obtained in the above Step 1 in a solvent at room temperature or with heat. The
reducing agent is preferably sodium 5 borohydride. The solvent is preferably an alcoholic solvent such
as methanol. Preparation Method A3-2 Compound (3') in which Ri- is a C1-C6 alkoxy(C1-C6)alkyl 10
group can be obtained by alkylation of Compound (3')3if which Ri- is a hydroxy C1-C6 alkyl group
obtained in the above Preparation Method A3-1 Step 2 in a solvent in the presence of abase, and in
the presence of an additive as needed, with cooling or heating. The base is preferably an organic

amine such aLT5T N UHEBErOpYIEthyrAIfiRe BF 9 6-di-terEBhtA 4 heHYIBdridihe Ik &Ry IAkNg
agent is preferaply (Gl Coalky)oyonjum, tetraflyoroborate, or,G1-Coalkyl bromjide gripdide.The

tri(C1-C6alkyl)oxonium tetrafluoroborateispreferablytrimethyloxonium 20 tetrafluoroborate or
triethyloxoniurpltetrafiugrolcratd. Efef€t+Cee3ky3 iodide is preferably methyil nedide,cethyhiodide,
n-propyl iodide or isopropyl iodide. When the alkylating agent is C1-C6alkyl bromide or jodide, the
additive is prefetaBly Siver{§ oxid&BFsifver (MfiGarometharsduifonite: THe 25 SRS 8ferably a

halogenated hydracarhosoluent sych as chigreferm ar dighloromethane RreparatignMethod A3-3

55 same or different and each represents a hydrogen atom or a C1-C6alkyl group) can be obfained
from the aldehydéyntermediatecabtaihedtin théabdeel Rreparationaviethrod ABEL iBigp eaccosding to
the following steps. 5 Step 1 A carboxylic acid intermediate can be obtained by oxidation of the

aldehyde intermEHiARThtained i iHe 4BdVe Brephrdticn MEhed ASI°Ster inPEaVenshe
presence of an gdditive 10-at-room femperatyrg.onyvith beat; Theexidant isfreferably sadiym chlorite,
and the additive is preferably sodium dihydrogen phosphate and 2-methy1-2-butene. The solvent is
preferably an &lcehtko selvenstisieh ad tervdutanod,ta polas sokvent stitle asawwateror somixtbre
thereof. 15 Step 2 , , , _ ,

10 present inventionmay be a highly reactive functional group such
as a hydroxy group, a carboxyl group, an amino group and a
mercapto group.

Specifically, a modifying group for a hydroxy group
includes an acetyl group, a propionyl group, an isobutyryl group,

15 a pivaloyl group, a palmitoyl group, a benzoyl group,
4-methylbenzoyl, a dimethylcarbamoyl group, a
dimethylaminomethylcarbonyl group, a sulfo group, an alanyl
group or a fumaryl group. A sodium salt of a 3-carboxybenzoyl
or 2-carboxyethylcarbonyl group, etc. is also included.

20 Specifically, a modifying group for a carboxyl group
includes a methyl group, an ethyl group, a propyl group, an
isopropyl group, a butyl group, an isobutyl group, a tert-butyl
group, a pivaloyloxymethyl group, a carboxymethyl group, a

dimethylaminomethyl group, a 1l-(acetyloxy)ethyl group, a

25 1-(ethoxycarbonyloxy)ethyl group, a
1-(isopropyloxycarbonyloxy)ethyl group, a
1-(cyclohexyloxycarbonyloxy)ethyl group, a

(5-methyl-2-oxo-1,3-dioxol-4-y1l) methyl group, a benzyl group,

a phenyl group, an o-tolyl group, a morpholino ethyl group, an



Compound (3') in which Ri is -CONR11R12(R11 and R12 are the same or different and each
represents a hydrogen atom or a C1-C6 alkyl group) can be obtained by condensation of the
carboxylic 20 acid intermediate obtained in the above Step 1 and HN Ril Rm ( R14 and R12 are as
defined above) in the usual manner. Preparation Method A3-4 Compound (3') in which Ri- is an
N-(C1-Cé6alkyl)tetrazole 25 group can be obtained by 8&action of Compound (3') in which R1- is
_coNRnRis (Rik is a hydrogen atom here, and other symbols are as defined above) , obtained in the
above Preparation Method A3-3 Step 2 in a solvent in the presence of an azidation agent and a

dehydrating agent éﬂ&&%@ﬁﬁfé@fﬂ?@ OPGith e aB A S8FdéhyRIrFtiRyagenlt IS prétBrably
trifluoromethanesulfepic anhydride, The azidag g%ﬁ@ecﬂ I,prefgrally sodium azide, The-soluent is

preferably a polar solvent such as acetonitrile. reparation Method A3-5 Compound (3') in which

R1- is a C1-Cealkexytgloupycandie obtairedifromsGompbupd ¢3)oin whiph R ¢s/a thydioxyagreup in
the same manner as in the above Preparation Method A3-2. 10 Preparation Method A4 Compound

(4) can be obtdingdirom EBmp8dRd¥L) and théFollowihg Coipourth Q) 1 5(wher&HRymbals are as

defined a@oveg)égggq same-mapner as in the g PreparationMethod Al Step . r $tep; L. The
Compound (20) is preferably 4-hydroxybenza dehyde 20 Preparation Method AS Compound 3)

can be obtainéd-freneCeipoiund X#)accordmgkiornheé following method.  Examples-cfithéo-
Preparation Method AS are shown in Preparation Methods A5-1 to A5-2 below.

1-(3—-ethoxy—-4-hydroxyphenyl)methyl group, a
(5-methyl-2-oxo-1,3-dioxol-4-yl)methyl group, a
(5-methyl-2-oxo-1,3-dioxol-4-yl)methoxycarbonyl group, a

10 tetrahydrofuranyl group or a pyrolidyl methyl group.
In the present invention, the spiro compound represented
by the following general formula [TTIa] or [TT], a
pharmaceutically acceptable salt thereof or a solvate thereof
exhibits the same effect as the compound represented by the
15 general formula [I] or [Ia], a pharmaceutically acceptable salt
thereof or a solvate thereof, and can be used like the compound

represented Dby the general formula [I] or [Ia], a

pharmaceutically acceptable salt thereof or a solvate thereof.

nl
4ilii> Rl

( )n3 \H

_0 [I1a]

N
20 (€, m,(CHm, - gy 0

(wherein each symbol is as defined above.)
A preferable example of the compound represented by the
general formula [IIa] 1is the compound represented by the

following formula:



25 57 by aldol reaction of Compound (4) with an acetate represented by the formula: CH3CO2R51

(the symbol is as defined above) in a solvent in the presence of a base with cooling or at room

temperature. The base is preferably lithium dii s opropylamide 5 The solvent is preferably an ether

solvent such as tetrahydrofuran. Preparation Method A5-2 Compound (3) inwhichRI' is a

hydrogen atom, can be obtained 10 from Compound @) according to the following steps. Step 1

An

U,13-unsaturated ester intermediate can be obtained by reaction of Compound (4) with di(C1-C6)alkyl
phosphonoacetic 15 acid reagent in a solvent in the presence of a base at room temperature or with

heat . The base is preferably s odium hydride or the like. The di(C1-C6)alkyl phosphonoacetic acid
reagent is preferably tg?thyl phosphonoacetate. The solvent is preferably an ether solvent such as
tetrahydrofuran. 20
byreductionofthe@

solvent such a$
Preparation MetR

10

15

20

tep 2 Compound (3) inwhichRI' is a hydrogen atom, can be obtained

tate. Optionally,
)n3 51/all ) n 3)

Sy a
el

m,(CH,)~.m,
( )S\\< [11]
0

(wherein each symbol is as defined above).

~
(CHz)ml\\(CHQ)m2

Also, each substituent in the general formulae [IIa] and [ITI]
is as defined in the general formula [I] or [Ia].

The pharmaceutical composition of the present invention
can be prepared by appropriately mixing the spiro compound
represented by the general formula [T] or [Ta], a
pharmaceutically acceptable salt thereof or a solvate thereof
with at least one kind of a pharmaceutically acceptable carrier
and the like in appropriate amounts according to known methods
per se in the art of pharmaceutical preparations. The amount
of the compound represented by the general formula [I] or [Ia],
a pharmaceutically acceptable salt thereof or a solvate thereof
in the pharmaceutical composition is about 0.1 to 100% by weight
of the total weight of the composition, but it varies depending
on a dosage form, a dose and the like.

Examples of the pharmaceutical composition of the present
invention include oral preparations such as tablets, capsules,
granules, powders, troches, syrups, emulsions, suspensions,
etc. or parenteral preparations such as external preparations,
suppositories, injections, eye drops, transnasal agents,
transpulmonary agents, etc.

“The pharmaceutically acceptable carrier” includes

Julfide of the Kfﬁ can be added as an additive.

msaturatedester intermediate obgained in the above Step 1 in a solvent at room
, ()



(1)(1a)(@ b)5 (wherein Lvi is a leaving group, and other symbols are as defined above.) Compound
(1) means Compound (la) or Compound (Ib), and 10 Compound (Ib) can be produced by converting
Compound (Ia) into a compound having a leaving group by a general method. For example,
Compound (Ib) can be obtainedby reacting Compound (la) and a halogenating agent in a solvent in the
presence of an additive at room temperature or with héat. The halogenating 15 agent is preferably
N-bromosuccinimide. The additive is preferably triphenylphosphine. The solvent is preferably a
halogenated hydrocarbon solvent such as chloroform. Preparation Method C 20 (5 )(1a) (wherein

symbols are a¥HetifBd dHoVRN 59ComBuRa 1) G be BbtaiHed FronT EdMEEdhd (5"%etbYding to
the following FPreparation Methad, Clfor, preparing Compornd(1al) ;Gompaundi{dasz).or.¢empound

(1a-5) in which the carbon 5 atom at the spiro junction of the ring B of the spiro-ring AB to which a side
chain (CH8),) ¥0t+¢ bindslisam, sp2 carbioncaten; of the folloning Preparation MethodrG2 fortpreparing
Compound _ . .

etc. 1in the form of a solid preparation, or solvents,

5 solubilizing agents, suspending agents, tonicity agents,
buffering agents, soothing agents, etc. in the form of a 1liquid
preparation. Furthermore, other additives such as
preservatives, antioxidants, colorants and sweeteners may be
used if needed.

10 Examples of the filler include lactose, saccharose,
D-mannitol, D-sorbitol, cornstarch, dextrin, microcrystalline
cellulose, crystalline cellulose, carmellose, carmellose
calcium, sodium carboxymethyl starch, low substituted
hydroxypropyl cellulose, gum arabic and 1ight anhydrous silicic

15 acid.

Examples of the disintegrant include carmellose,
carmellose calcium, carmellose sodium, sodium carboxymethyl
starch, croscarmellose sodium, crospovidone, low substituted
hydroxypropyl cellulose, hydroxypropyl methyl cellulose and

20 crystalline cellulose.

Examples of the binder include hydroxypropyl cellulose,
hydroxypropyl methylcellulose, povidone, crystalline
cellulose, saccharose, dextrin, starch, gelatin, carmellose
sodium, gum arabic and polyvinyl pyrrolidone.

25 Examples of the fluidizer include light anhydrous silicic
acid and magnesium stearate.

Examples of the lubricant include magnesium stearate,
calcium stearate, talc and colloidal silica.

Examples of the solvent include purified water, ethanol,



(1a-6), Compound (1a-7), Compound (1a-8) or Compound (1a-9) in which the same carbon atom at
the spiro junction is an sp2 carbon 10 atom. Examples are shown in Preparation Methods Cl to C2
below. Preparation Method CI (wherein symbols are as defined above.) = Examples of the
Preparation Method Cl are shown in Preparation Methods C1-1 to C1-3 below. 20 Preparation Method
C1-1 When n3is 1 in Compound (1a-1) (in the case of Compound ( la-1a) ) : (wherein R1H is a
C1-Cé6alkyl group, Lv2 is a leaving group, and other symbols are as defined above.) 5 Step 1

Compound (5-1a) can be obtained by reaction of Compound (5-1) with di(C2-C6alkyl) carbonate in a
solvent in the PredBRCE B £HASE at rBGMTBHpErafiff 8 BFwih hedt OFRedifc2 €62k i°L6 tarbonate

is preferably dimethyl.carbenate. JThehase isjareferably sodium,hydride , potagsiupytert:putoxide, or

the like. The solvent is preferably an ether solvent such as tetrahydrofuran. 15Step 2 ~  Compound
(5-1b) can be gbtaindd by-neactiort ofl.Copepound ¥edad nith a eedhucing agent stutlras sadiune ,
borohydride in a solvent at room temperature or with heat, or by catalytic reduction of Compound

(5-1a) with a cAPAySTSUCAERPATFUR™ZD Sxided i af BtmdsEhere of hydrogen. The solvent is

preferably;an ether sqlyentisuch as tetrahydrafuran, anplcoholie salyent such asimethapph gpa
mixture thereof. Step 3 61 Compound (5-1c¢) can bé obtained by reaction of Compound (5-1b) with

methanesulforyl thlotide,or thedike il assolvemtyuhdex rasicooonditien atifoose temperatuiesorwith
heat. The base is preferably an organic base such as triethylamine or 5 pyridine. The solvent is

preferably a hdib§ERated HrBEABONMSoNE Stth A CHiofbtonH B RoMal oo stearate.
4-dimethylaminopysiding, ok the fikecan beadded aganadditiyeae g1ucose, D-sorbitol,

sodium chloride and D-mannitol.
10 Examples of the buffering agent include sodium hydrogen
phosphate, sodiumacetate, sodium carbonate and sodiumcitrate.

Examples of the soothing agent include benzyl alcohol.

Examples of the preservative include ethyl
parahydroxybenzoate, chlorobutanol, benzyl alcohol, sodium

15 dehydroacetate and sorbic acid.

Examples of the antioxidant include sodium sulfite and
ascorbic acid.

Examples of the colorant include a food coloring (e.g. food
red No. 2 or 3, or food yellow No. 4 or 5, etc.) and B—carotene.

20 Examples of the sweetener include sodium saccharin,
dipotassium glycyrrhizate and aspartame.

The pharmaceutical composition of the present invention
can be administered orally or parenterally (e.g. topically,
rectally, intravenously, etc.) into, not only human, but also

25 the other mammals (e.g. mouse, rat, hamster, guinea pig, rabbit,
cat, dog, pig, bovine, horse, sheep, monkey, etc.). A dose
differs according to the subject, disease, symptom, dosage form,
dosing route, etc. For example, when the composition is orally

administered to an adult patient weighing about 60 kg, the dose



Step 4 10Compound (5-1d) can be obtained by reaction of Compound (5-1c) in a solvent under basic
condition at room temperature or with heat. The base is preferably an organic base such as
1,8-diazabicyclo[5.4.0Jundec-7-ene. The solvent is preferably an ether solvent such as
tetrahydrofuran. 15 Step 5 Compound (1a-la) can be obtained by reduction of Compound (5-1d) in a
solvent with cooling or at room temperature. The redugéihg agent is preferably diisobutylaluminum
hydride. The 20 solvent is preferably an ether solvent such as tetrahydrofuran. Preparation Method
Cl-2Whenn2is2andn3is 1lin Compoundéil)a-zg(in the case of Compound (1a-2a)): 25 (wherein
symbols are aSdefihedCaBREY'S St8B1° S TompOind t5- 29 e btaiHeR bl rbdttioh st

Compound (52} wWith.dikC1-Cealkyl) carbonate ina,solvens intheipreseqce of a;base at rogmy:

temperature or with heat. The di(C1-00alkyl) carbonate is preferably dimethyl carbonate.The base is
10 preferably sodiumdiydride, oo tve tiketHrersalventisipreférably af etherisolvemisushiant ,
tetrahydrofuran. Step 2 Compound (5-2b) can be obtained by reaction of Compound 15 (5-2a) with a
reducing agent SHer 4¥ SGdHAPODFOR/ 8RAE In a8 Ivent &t fadrhiempetataReSEntR heal solvent

is preferably ag sthersplvent sych, a3 {etrabydiofyran, an alggfolig,solvent syeh-gs methanlgor a

mixture thereof.
portions.

The compound represented by the general formula [I] or [Ia],
a pharmaceutically acceptable salt thereof or a solvate thereof
is suitable for treating or preventing a GPR40-related disease.

10 “The GPR40-related disease” includes diabetes mellitus,
hyperglycemia, impaired glucose tolerance, insulin resistance,
impaired fasting glucose, diabetic neuropathy, diabetic
nephropathy, diabetic retinopathy, ketoacidosis,
hyperlipidemia, hypercholesterolemia, hypertriglyceridemia,

15 dyslipidemia, hyperlipoproteinemia, metabolic syndrome,
obesity and atherosclerosis. Especially, it is exemplified by
diabetes mellitus, hyperglycemia, impaired glucose tolerance
and impaired fasting glucose.

Diabetes mellitus refers to type 1 and 2 diabetes mellitus,

20 and preferably type 2 diabetes mellitus.

A suitable subject administered with the compound
represented Dby the general formula [I] or [Ia], a
pharmaceutically acceptable salt thereof, a solvate thereof or
a pharmaceutical composition containing any of them is

25 preferably a patient with such a GPR40-related disease, most
preferably a patient with a disease selected from the group
consisting of diabetes mellitus, hyperglycemia, impaired
glucose tolerance and impaired fasting glucose.

“Treating”, *"being treated” and “treatment” refer to



20Step 3  Compound (5-2c) can be obtained by reaction of Compound (5-2b) with methanesulfonyl
chloride or the like in a solvent under basic condition at room temperature. The base is 63 preferably
an organic base such as triethylamine or pyridine. The solvent is preferably a halogenated
hydrocarbon solvent such as chloroform. Optionally, 4-dimethylaminopyridine or the like can be added
as an additive. 5 Step4  Compound (5-2d) can be dBtained by reaction of Compound (5-2c) in a
solvent under basic condition at room temperature or with heat. The base is preferably an organic
base such as 101,8-diazabicyclo[5.4.0]lundec-7-ene.Thesolventis preferably an ether solvent such as

tetrahydrofura™Stel®s EohFolitd @A) Tdh 5&BBiMePby fedliction Tt CoMpoIndt151524d) in a
solvent with cogling or atrgomfemperatyre. .The reducing agent is preferably diisobutylaluminum

hydride. The solvent is preferably an ether solvent such as tetrahydrofuran. Preparation Method C1-3
20 When n2 is 1 andmB8ds 2nn Cafipotihd {ba-Dr(@vthetecasé eh@ompeureh{lash)): & Step d
Compound (5-3a) can be abtained by reaction of Compound (5-2) with a cyanating agent in the

presence of aff dHAVRIN P SoNEREATFOBNT TempEiAtire oY with Hiedt Shfe YafafidBGEAt 87s
preferably; trimethylsilylgyanide, The additive is preferally tetramn-putylammonjum dugride. Ahe solvent
is preferably an ether solvent such as tetrahydrofuran. Step 2 10Compound (5-3b) can be obtained by
reaction of Compouadt ing the subject from acquiring a symptom or a disease,
or a method for reducing the subject’s risk of acquiring a
symptom or a disease.
The compound represented by the general formula [I] or [Ia],

10 a pharmaceutically acceptable salt thereof or a solvate thereof
is useful as a medicament for modulating the function of GPR40
(GPR40 agonist medicament), and particularly as an insulin
secretion-promoting agent and a hypoglycemic agent due to its
GPR40 agonist activity.

15 For example, the diagnostic criteria for diabetes mellitus
recommended in Japan, United States and World Health
Organization (WHO) are as follows.

According to the diagnostic criterion for diabetes
mellitus issued by Japan Diabetes Society (JDS) in 1999,

20 diabetes mellitus refers to any of the following conditions:
fasting plasma glucose level (FPG) of 126 mg/dl or higher,
2-hour post-load plasma glucose level (2hPG) in 75 g oral
glucose tolerance test (OGTT) of 200 mg/dl or higher and basal
plasma glucose level of 200 mg/dl or higher.

25 Also, the case which belongs neither to the above diabetes
mellitus and nor to the normal type having a condition of fasting
plasma glucose level of lower than 110 mg/dl or 2-hour post-load
plasma glucose level in 75 g oral glucose tolerance test (OGTT)

of lower than 140 mg/dl is defined as the borderline type



(5-3a) with a chlorinating agent in a solvent in the presence of a base at room temperature or with
heat. The base is preferably pyridine. The chlorinating agent is preferably thionyl chloride. The solvent
is preferably an ether solvent 15such as tetrahydrofuran. Step 3 Compound (5-3c) can be obtained by
reaction of Compound (5-3b) in a solvent under acidic condition at room temperature 20 or
withheat. The acid is preferably concentrated sulfuric &6id. The solvent is preferably an alcoholic
solvent such as ethanol. Step 4 Compound (1a-5) can be obtained by reaction of Compound

25(5-3c) in the same manner as in the Preparation Method C1-1 Step 5. Preparation Method 02 65
(wherein symbot&Bre- 28 definé¢ aBGve § 91 2 ExaipléS Bt the Preparation Method 02 are shown in 5

Preparation Methodg 0251 {0 §2-3 belaw. ; ;Garpound-(12:6) inwhich the, earbon atom at the spiro

junction of the ring B of the spiro-ringAB to which aside chain (CH2),)10H binds is an sp3 carbon atom,
can be obtaineds by ¢k fallowing peeparatibry ethodsaas Wisllastlsys radgcing dhe compaund
obtained in the above Preparation Method C|, namely C1-1, 01-2 or 01-3 (i.e., Compound (1a-la),
Compound (1d-2a} 3¢ Compatidt@a-5)§ by Loty tEhydrogéRator REatton o5 Plegetafidn Method

02-1 Whef' mjpﬁa%b%%%%dl(é@@ @'% tb?&ﬁﬁﬁ@ﬁ%@?&ﬂ@ﬁ%@)—hour post—-load

plasma glucose level in 75 g oral glucose tolerance test of 200
mg/dl or higher.

These criteria also heavily focus on detecting a high-risk

diabetic population (prediabetes). The symptoms during

10 transition from prediabetes to diabetes mellitus include

impaired glucose tolerance (IGT), impaired fasting glucose

(IFG) and a combination thereof. Impaired glucose tolerance

refers to a condition which meets fasting plasma glucose level

<126 mg/dl and 2-hour post-load plasma glucose level in 75 g

15 oral glucose tolerance test 2140 mg/dl but <200 mg/dl. Impaired

fasting glucose refers to a condition whichmeets fastingplasma

glucose level 2110 mg/dl but <126 mg/dl and 2-hour post-load

plasma glucose level in 75 g oral glucose tolerance test <140

mg/dl (ADA defines impaired fasting glucose as a condition which

20 meets fasting plasma glucose level 2100 mg/dl but <126 mg/dl).

The compound of the present invention, a pharmaceutically

acceptable salt thereof or a solvate thereof can be also used

as a medicament for preventing or treating the diabetesmellitus,

borderline diabetes mellitus, impaired glucose tolerance and

25 impaired fasting glucose determined by the above-mentioned new

criteria. Further, the compound of the present invention, a

pharmaceutically acceptable salt thereof or a solvate thereof

can prevent diabetes mellitus and the progression of borderline

diabetes mellitus, impaired glucose tolerance and impaired



66  Compound (1a-7) can be obtained by reaction of Compound (5) with a reducing agent such as s
odium borohydride in a solvent at room temperature or with heat. The solvent is preferably an alcoholic
solvent such as methanol. Preparation Method C2-2 When m1 is 1 in Compound (1a-6) (in the case of
Compound ( la-8) ) (wherein symbols are as defined above.) Compound (1a-8) can be obtained
through the following steps. Step 1 Compound (5-4a) €an be obtained by reaction of Compound (5)
with a diazophosphonate compound in a solvent in the  presence of a base at room temperature or

with heat. The 20 diazophosphonatecompoundispreferably
dimethyl(1-diaZz82=0X8 pfopyHphdsphdiate THeEse @%ié?e?éﬂﬁly an alkali metal salt such as

potassium carbonatey, Lhe splvent is prefarably.an alcohplic splveph suchas methanal..255tep 2 67

Compound (5-4a) in a solvent under acidic condition at room temperature. The acid is preferably dilute
aqueous hydrechtenc atitiesodution. Thersehfentis preferablyta polar setveni sucts as acetonitele. 5
Step3  Compound (1a-8) can be obtained by reaction of the above Compound ( 5- 4b ) with a

reducing agerf S8 38 diuhborbh§aride i a5ohstt &F roBf tehipetattired-8r withi ekt 2 Fie
solvent iss10 preferably ralconolis solyent sughaspethanol, PreparationMethod £2:8c e s

mellitus with secondary failure of sulfonylurea therapy, a
sulfonylurea compound or a fast—-acting insulin
secretion-promoting agent cannot exert insulin
secretion-promoting effect, and therefore its hypoglycemic

10 effect is unsatisfactory. Even for the patients with such
diabetes mellitus, the compound of the present invention, a
pharmaceutically acceptable salt thereof or a solvate thereof
can be used.

The sulfonylurea compound refers to a compound having a

15 sulfonylurea backbone or a derivative thereof, and includes
tolbutamide, glibenclamide, gliclazide, chlorpropamide,
tolazamide, acetohexamide, glyclopyramide, glimepiride,
glipizide and glybuzole.

The fast—-acting insulin secretion-promoting agent refers

20 to a compound having no sulfonylurea backbones and promoting
the insulin secretion from pancreatic P cells 1like a
sulfonylurea compound, and includes a glinide compound such as
repaglinide, senaglinide, nateglinide, mitiglinide or a
calcium salt hydrate thereof.

25 The spiro compound represented by the general formula [I]
or [Ia], apharmaceutically acceptable salt thereof or a solvate
thereof can be used in combination (sometimes hereinafter
referred to combined use) with one or more drugs (sometimes

hereinafter referred todrugs in combined use) in a conventional



When m1lis 2 in Compound (1a-6) (in the case of Compound (la-9) ) Stepl Step2 Step3

10

15

20

25

47

manner in the pharmaceutical field.

The spiro compound represented by the general formula [I]
or [Ia], apharmaceutically acceptable salt thereof or a solvate
thereof and the drug in combined use can be administered without
limitation as to the timing. These may be administered to the
subject 1in the form of a combination preparation, or
administered simultaneously or separately at a certain interval.
They may be used as a medicament in the form of a kit comprising
the pharmaceutical composition of the present invention and the
drug in combined use. The dose of the drug in combined use may
be employed in compliance with the dose used in the clinical
field and can be appropriately selected according to the subject,
disease, symptom, dosage form, dosing route, dosing duration,
combination, etc. The dosing method of the drug in combined
use is not particularly limited and any method may be employed
as long as the compound of the present invention, a salt thereof
or a solvate thereof, and the drug in combined use are combined.

The drug in combined use includes
(1) a drug for treating or preventing hyperlipidemia;

(2) a drug for treating or preventing obesity;
(3) a drug for treating or preventing diabetes mellitus;

(4) a drug for treating or preventing diabetes complication;

(5) a drug for treating or preventing hypertension. One to
three of the above-combined drugs can be used in combination
with the spiro compound represented by the general formula [I]
or [Ia], apharmaceutically acceptable salt thereof or a solvate
thereof.

“The drug for treating and/or preventing hyperlipidemia”
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includes, for example, apolipoprotein-Al (Apo-Al) inducer,
cholesteryl ester transfer protein (CETP) inhibitor,
endothelial lipase inhibitor, HMG-CoA reductase inhibitor,
lipoprotein lipase (LPL) activator, microsomal triglyceride
transfer protein (MTP) inhibitor, PPARQ receptor agonist and
PPARO receptor agonist.

“The drug for treating and/or preventing obesity” includes,
for example, acetyl-CoA carboxylase 1 (ACCl) inhibitor,
acetyl-CoA carboxylase 2 (ACC2) inhibitor, bombesin receptor
subtype 3 (BRS-3) agonist, diacylglycerol acyltransferase
(DGAT) inhibitor, glucose—dependent insulinotropic
polypeptide (GIP) receptor antagonist, leptin receptor agonist,
melanocortin (MC) receptor agonist, neuropeptide Y5 (NPY)5)
receptor antagonist, perilipin inhibitor, uncoupling protein
(UCP) inducer/activator, llﬁ—HSD—l inhibitor, adiponectin
receptor agonist, AMP-activated ©protein kinase (AMPK)
activator, PPARY receptor agonist/antagonist and B3 adrenergic
receptor agonist.

“The drug for treating and/or preventing diabetes
mellitus” includes, for example, insulin preparation
(injection), fructose-1,6-bisphosphatase (FBPase) inhibitor,
glucagon receptor antagonist, glucocorticoid receptor
antagonist, glucokinase activator,
glutamine:fructose-6-phosphate aminotransferase (GFAT)
inhibitor, glycogen phosphorylase (GP) inhibitor, glycogen
synthase kinase 3 (GSK-3) inhibitor, GPR40 agonist,
phosphoenolpyruvate carboxykinase (PEPCK) inhibitor, protein
tyrosine phosphatase 1B (PTPase 1B) inhibitor, pyruvate

dehydrogenase kinase (PDHK) inhibitor, SGLUT inhibitor, SH2



(1a-9) (wherein symbols are as defined above.) Compound (1a-9) can be obtained through the
following 20steps. Step 1 Compound (5-5a) can be obtained by Horner-Emmons reaction of
Compound (5) in a solvent in the presence of a base at room temperature or with heat.The base is
preferably sodium 25 tert-butoxide.The solvent is preferably an aromatic hydrocarbon solvent such as
toluene. 68 Step 2 Compound (5-5b) can be obtained! by reduction of the above Compound (5-5a) in a
solvent at room temperature. The reduction 5 method is preferably catalytic hydrogenation in the
presence of a catalyst. The catalyst is preferably palladium-carbon. The solvent is preferably an

alcoholic solvétt’&ticR asBthandll 8tep B HECoMpodtid @Be) &ifbe bHtainéd by réddetibATof the
above CompoH%é?@P&ﬂaﬁgkﬁ%‘é’gg coglingeratroem;tgmperatyre. Therreducing,agentis

preferably lithium aluminum hydride, or the like. The solvent is preferably an ether solvent such as
tetrahydrofuraan35og, a-glucosidase inhibitor, insulin sensitivity enhancer,
sulfonylurea receptor agonist (SU agent), fast-acting insulin
5 secretion-promoting drug (nateglinide), low-molecular weight
agonist of tGLP-1 receptor, oral low—-molecular weight insulin
preparation, biguanides, 11B-HSD-1 inhibitor, adiponectin
receptor agonist, AMP-activated protein kinase (AMPK)
activator, PPARY receptor agonist/antagonist and B3 adrenergic
10 receptor agonist.

“The drug for treating or preventing diabetes
complication” includes, for example, advanced glycation end
products (AGE) production inhibitor, aldose reductase
inhibitor, angiotensin IT receptor antagonist,

15 angiotensin-converting enzyme (ACE) inhibitor and protein
kinase CP (PKC B) inhibitor.

“The drug for treating or preventing hypertension”
includes, for example, o blocker, B blocker,
angiotensin-converting enzyme inhibitor (ACE inhibitor),

20 calcium channel blocker and renin inhibitor.

An exemplary method for preparing the compound of the
present invention will be hereinafter explained, but the
present invention is not limited thereto. It will be understood
that the compound of the present invention can be prepared in

25 accordance with a method known per se. Upon the preparation
of the compound of the present invention, the order of reactions
can be changed appropriately. Namely, any step may be performed
first or any substituent may be subjected to the first reaction

as long as it is considered to be reasonable.



Preparation Method D  20(wherein symbols are as defined above.) Compound (5) can be obtained
according to the following Preparation Method D1 for forming a ring A in a compound having the ring B
of a spiro-ring AB, or the following Preparation 25 Method D2 for forming a ring B in a compound
having the ring A of a spiro-ringAB. Examples are shown in Preparation Methods 69 D1 to D2 below.
Preparation Method D1 Examples of the PreparatidrOMethod D1 are shown in Preparation 5
Methods D1-1 to D1-2 below. Preparation Method D1-1 Stepl (6 b) (5 b)

A step to convert a substituent (i.e., conversion or
additional modification of a substituent, including, for
example oxidation or reduction of a substituent) may be
optionally inserted between each step. A reactive functional

5 group, if any, may be appropriately protected or deprotected.
Further, any other reagent than the exemplified reagents can
be used appropriately to promote the reaction forward. Also,
a reaction can be performed under anhydrous condition (for
example, under nitrogen atmosphere) if needed.

10 A compound obtained at each step may be isolated and
purified by a conventional method appropriately selected from
crystallization, recrystallization, distillation,
liquid-liquid separation, column chromatography and
preparative HPLC, etc. or a combination thereof. 1In some cases,

15 the next step can be started without isolating or purifying a
compound obtained at each step.

In the preparation methods hereinafter, “room temperature”
refers to a temperature of 1 to 40°C. Also in the following

formulae, a bond represented by the symbol:

20
means a single bond or a double bond with the proviso that three
contiguous carbon atoms do not constitute an allene bond

represented by the formula:

C C C

25 as described above.

Also, for example, “a compound represented by (General) Formula



10 (wherein n2"is 0, 1 or 2, and other symbols are as defined above.) Step 1 15Compound (5b) can
be obtained by reaction of Compound (6b) with L1-C2-C6alkylene-L2 (L1 and L2 are the same or
different and each represents a leaving group) in a solvent in the presence of a base at room
temperature or with heat. The base is preferably potassium tert-butoxide. The L1-C2-C6alkylene-L2 is
20 preferably L-C2-C6alkylene-L (L is preferably a halogen atom such as a chlorine atom or a bromine
atom). The solvent is preferably an aromatic hydrocarbon solvent such as toluene. Optionally,
ultrasound can be used for reaction. 70 (wherein R is a C1-C6alkyl group glislor2,g2is1or?2,
and other symbbls are?ds defiedPEbdEFs EF 39 2 TomPamRPEE-19 Ldan be obtained by Grignard
reaction of Compound (6¢) in a solvent with cooling or at room temperature. The solvent is preferably
an ether solvent such as 10 tetrahydrofuran. Step 2 Compound (6c¢-2) can be obtained by Grignard
reaction of Compaumda6¢-<r) iMatsodvent in the presence of an additive at 15 room temperature or with
heat. The additive is preferably a copper halide such as copper (1) iodide or an alkali metal halide such
as lithium bromide. The sol en is preferably an ether solvent such as tetrahydrofuran. 20Step 3
Compound (Sc) Can b by reaction of Compound (6¢-2) in a solvent in the presence of a
catalyst at room tempeﬁ re’or with heat. The catalyst is preferably a Grubbs' catalyst such as 25
benzylidene[1,3:bis(2,4,6- rimethylp enyl)-2- |m|dazoI|d|nyI

@l )n3
X

n
R
l )n3 U/ q In3
51
! Preparation Preparatlon
(CHy)m,

Method Al Lll)m ((,]l)mZ Method A2 (*”)," (CH,)m,

Preparatlcn
Preparation Method A3 t
repara ion
Method a4 Preparation Method A2
1

Method A5 n
CHO
/©/ f )n3

Lll)m ((,]l)m Lll)m ((,]l)m

6?0

(4)

(wherein R'" is a C;-Csalkyl group, a Cy-Csalkenyl group, a
C,—Cgalkynyl group, a phenyl group, a hydroxy group, a
five-membered heterocaryl group which has at least one
heteroatom selected from a nitrogen atom, an oxygen atom and
10 a sulfur atom, and which may be substituted by a C;-Cgsalkyl group,
or a di(C;-Cgalkoxy)methyl group;
R is a Ci—Cgalkoxy group, a hydroxy C;-Cgalkyl group, a
Ci1—Cgalkoxy (C1—-C¢)alkyl group, —CONRllRlZ(RllandR12 are the same
or different and each represents a hydrogen atom or a C;1-C¢ alkyl
15 group), or a five-membered heterocaryl group which has at least
one heterocatom selected from a nitrogen atom, an oxygen atom
and a sulfur atom, and which may be substituted by a C;-Cgalkyl
group;
land}<52arethesameordifferentandeachrepresentsahydroxy
20 group or a leaving group;

R’ is a C;-Csalkyl group; and other symbols are as defined



71 idene]dichloro(tricyclohexylphosphine)ruthenium.The solvent is preferably an aromatic hydrocarbon
solvent such as toluene. 5 Preparation Method D2  Examples of the Preparation Method D2 are
shown in Preparation Methods D2-1 to D2-3 below. Preparation Method D2-1 10  (wherein nl"is 2,

3, 4 or 5, and other symbols are as defined above.) 15 Step1  Compound (6a-1) can be obtained by
reaction of Compound (6a) with methyl vinyl ketone irba solvent in the presence of an acid catalyst at
room temperature or with heat. The acid 20 catalyst is preferably concentrated sulfuric acid. The
solvent is preferably an aromatic hydrocarbon solvent such as toluene. Step 2 72 Compound (5a)
can be obtain@&DBy?eduction of Compound (6a-1) in a solvent at room temperature. The reduction

method is preferably; catalytic hydregepgtionin the,presepee qia-¢aialysk The catalyskis preferably

palladium-carbon. The solvent is preferably an ether solvent such as tetrahydrofuran. Preparation
Method D2-2 Preparation Methods Al to A5 below.

5 Preparation Method Al
Compound (3) can be obtained from Compound (1) and Compound
(2) according to the following Step 1 or Step 1'.
Step 1
Compound (3) can be obtained by condensation of Compound
10 (1) in which X°! is a hydroxy group and Compound (2) in which
X°? is a hydroxy group in a solvent at room temperature or with
heat. The reagent is preferably
1,1'-(azodicarbonyl)dipiperidine, triphenylphosphine, or the
like. The solvent is preferably, for example, an ether solvent

15 such as tetrahydrofuran.

Step 17
Compound (3) can be obtained by reaction of Compound (1)
in which X°! is a hydroxy group and Compound (2) in which X
20 is a leaving group, or Compound (1) in which X! is a leaving
group and Compound (2) in which X°? is a hydroxy group, in a
solvent in the presence of a base at room temperature or with
heat. The leaving group is preferably a chlorine atom, a
bromine atom, an iodine atom or a methanesulfonyloxy group, and
25 more preferably a chlorine atom, a bromine atom or an iodine
atom. The base is preferably an alkali metal carbonate such
as potassium carbonate or cesium carbonate. The solvent 1is

preferably a polar solvent such as N,N-dimethylformamide.



Stepl Step2 Step3

10

15

20

25
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Preparation Method A2

A compound represented by the general formula [I] can be
obtained by hydrolysis of Compound (3) or Compound (3’), in a
solvent in the presence of a base at room temperature or with
heat. The base is preferably an aqueous solution of sodium
hydroxide, potassium hydroxide, or the like. The solvent is
preferably, for example, an ether solvent such as
tetrahydrofuran, an alcoholic solvent such as methanol, or a

mixture thereof.

Preparation Method A3

Compound (3’) can be obtained from Compound (3) according
to the following method.

Examples of the Preparation Method A3 are shown in

Preparation Methods A3-1 to A3-5 below.

Preparation Method A3-1

Compound (3’) in which R'"" is a hydroxy C;-Cgalkyl group
can be obtained from Compound (3) 1in which RY is a
di (Ci1—Cgalkoxy)methyl group according to the following steps.
Step 1

An aldehyde intermediate can be obtained by deprotection
of Compound (3) in which R is a di (Ci1—-Cgalkoxy)methyl group
in a solvent under acidic condition at room temperature or with
heat. The acid 1is preferably camphorsulfonic acid,
trifluoroacetic acid, or the like. The solvent is preferably

a ketone solvent such as acetone.

Step 2



0(a) (7-1) (7-2) (5€) 10 (whereinnl'is 2, 3 or 4, and other symbols are as defined above.)
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Compound (3’) in which R'"" is a hydroxy C;-Cgalkyl group
can be obtained by reduction of the aldehyde intermediate
obtained in the above Step 1 in a solvent at room temperature
or with heat. The reducing agent 1is preferably sodium

5 borohydride. The solvent is preferably an alcoholic solvent

such as methanol.

Preparation Method A3-2
Compound (3’) in which R'"’ is a C;-Cs alkoxy (C1-Cg)alkyl
10 group can be obtained by alkylation of Compound (3’) in which
R'" is a hydroxy Ci;-Cs alkyl group obtained in the above
Preparation Method A3-1 Step 2 in a solvent in the presence of
a base, and in the presence of an additive as needed, with cooling
or heating. The base is preferably an organic amine such as
15 N,N-diisopropylethylamine or

2,6-di-tert-butyl-4-methylpyridine. The alkylating agent is

preferably tri(C;—-Cgalkyl)oxonium tetrafluoroborate or
C1—-Cgsalkyl bromide or iodide. The tri(Ci—-Cgalkyl)oxonium
tetrafluoroborate is preferably trimethyloxonium

20 tetrafluoroborate or triethyloxonium tetrafluoroborate. The
C1—-Cgalkyl iodide is preferably methyl iodide, ethyl iodide,
n-propyl iodide or isopropyl iodide. When the alkylating agent
is Ci1—Cgalkyl bromide or iodide, the additive is preferably
silver (I) oxide or silver (I) trifluoromethanesulfonate. The

25 solvent is preferably a halogenated hydrocarbon solvent such

as chloroform or dichloromethane.

Preparation Method A3-3

Compound (3’) in which R is —-CONRMR'?(R' and R'? are the



Step 1 15Compound (7-1) can be obtained by oxidation of Compound (5a) obtained in the
Preparation Method D2-1 in a solvent under basic condition at room temperature or with heat. The
base is preferably sodium hydroxide, and the oxidant is preferably potassium permanganate. The
solvent is preferably a polar 20solvent such as water. Step 2 Compound (7-2) can be obtained by
reaction of Compound (7-1) in a solvent in the presentgé of an alkylating agent under basic 73
condition at room temperature or with heat. The base is preferably an alkali metal carbonate such as
potassium carbonate or cesium carbonate. The alkylating agent is preferably benzyl bromide. The

solvent is preféfIBy & pofit SbRERT Sudi'ds G8EfonitiB ST N REdinfethifdrmariidé SBp3r @

Compound (5¢), can-be.ohtajped by decarboxylation of Gompaund (1-2) iR, aSalyenthy.a geperal
method. For example, 10 Compound (5e) can be obtained by hydrolyzing Compound (7-2) and

subsequent heatingi MeanwhilécCompouit: fze B piniwhichathis? A3 ot 45 tan heabtandd oy
reactionofCompound (7-2) obtained above in the 15 same manner as in the Preparation Method C1-1
Steps 2 to 5. CQvHEIBIN“&Mi81s Ae 25TRfined above.) Preparation Method D2-3  (wherein nl™ is 2
or 3, R524s a C1-C6alkyl group, and other symbols are as defined above.)

Step 1
A carboxylic acid intermediate can be obtained by oxidation
of the aldehyde intermediate obtained in the above Preparation
Method A3-1 Stepl in a solvent in the presence of an additive
10 at room temperature or with heat. The oxidant is preferably
sodium chlorite, and the additive 1s preferably sodium
dihydrogen phosphate and 2-methyl-2-butene. The solvent is
preferably an alcoholic solvent such as tert-butanol, a polar
solvent such as water, or a mixture thereof.
15
Step 2
Compound (3’) in which R is —CONR1%92(RM'and R'? are the
same or different and each represents a hydrogen atom or a C1—-Cq
alkyl group) can be obtained by condensation of the carboxylic
20 acid intermediate obtained in the above Step 1 and HN RM'IR'? (R11

and R'? are as defined above) in the usual manner.

Preparation Method A3-4
Compound (3’) in which R is an N-(C;-Cgalkyl)tetrazole
25 group can be obtained by reaction of Compound (3’) in which R'"’
is —CONRMR*? (R'' is a hydrogen atom here, and other symbols are
as defined above), obtained in the above Preparation Method A3-3
Step 2 in a solvent in the presence of an azidation agent and

a dehydrating agent at room temperature or with heat. The



5Step 1 Compound (8-1) can be obtained by reaction of Compound (6a) with
2-hydroxy-3-butenoic acid methyl ester in a solvent in the presence of an acid catalyst at room
temperature or with heat. 10 The acid catalyst is preferably p-toluenesulfonic acid or the Like. The
solvent is preferably an aromatic hydrocarbon solvent such as toluene. Step 2 15Compound (8-2) can
be obtained by reaction of Compound (8-1) with trieth§ksilane in a solvent in the presence of a catalyst
at room temperature or with heat. The catalyst is preferably tris(triphenylphosphine)rhodium(l)
chloride. The solvent is Ereferably an aromatic hydrocarbon solvent such as toluene. 20 Step 3

Compound (8%5 't 5 0Bt dinetP6y Bepictechiorn bf EdMpburtd (82 ntRBUstiarmanhérnic

Compound (5%_&?}%/[%?‘1@@‘!19%5/&9%99988@%p%‘ré’é%@'%%?@?é@%%@ O\e, i the sameymanner as
in the Preparation Method 75 01-1 Step 3 to Step 5. Preparation Method Compound (2) in the

Preparation Metlmod Alcambeicbtairat: as they fallowing-Compeurd ¢2a&), (2b)a2e) on{2d)i 1e.
Examples of the Preparation Method E are shown in Preparation Methods El to E3 below. Preparation
Method EI  (9-1)

5 Preparation Method A3-5
Compound (3’) in which R'"" is a C;-Csalkoxy group can be
obtained from Compound (3) in which R'" is a hydroxy group in

the same manner as in the above Preparation Method A3-2.

10 Preparation Method A4
Compound (4) can be obtained from Compound (1) and the

following Compound (20):

0
NG

(CH,) m, (5 0)

15 (wherein symbols are as defined above,)
in the same manner as in the above Preparation Method Al Step
1 or Step 1. The Compound (20) is preferably

4-hydroxybenzaldehyde.

20 Preparation Method A5
Compound (3) can be obtained from Compound (4) according
to the following method.
Examples of the Preparation Method A5 are shown in
Preparation Methods A5-1 to A5-2 below.
25
Preparation Method A5-1

Compound (3) in which R'" is a hydroxy group can be obtained



(2 a) Step 1 Compound (9-1)can be obtained by reaction of 15 4-hydroxybenzaldehyde with
Meldrum's acid in a solvent at room temperature or with heat. The solvent is preferably a polar solvent
such as water. Step 2 20Compound (9-2) can be obtained by reaction of Compound (9-1) with
1-propynylmagnesium bromide in a solvent with cooling or at room temperature. The solvent is
preferably an ether solvent 76 such as tetrahydrofuram/ Step 3 Compound (9-3) can be obtained by
heating Compound (9-2) 5 in a solvent. The solvent is preferably a ketone solvent such as
3-pentanone, a polar solvent such as water, or a mixture thereof. Step 4 100ptically active Compound

(9-4) can be obtiféd By readfion 8 CompOIRPEES) With &t bptigally* SEthvE BasiEoRiotngin a
solvent followed, by recrystalization and-degalingtign in the ysual manneyr. Fhesolventis.preferably an
alcoholic solvent such as 2-propanol. The optically active basic compound is 15
preferably(1S,2Rydtamirio-2+indarolpr &) ez mretivibenzydaminel Stegboling or at room
temperature. The base is preferably lithiumdiisopropylamide.

5 The solvent 1is ©preferably an ether solvent such as

tetrahydrofuran.

Preparation Method A5-2
Compound (3) in which R'" is a hydrogen atom, can be obtained

10 from Compound (4) according to the following steps.

Step 1
An o, PB-unsaturated ester intermediate can be obtained by
reaction of Compound (4) with di(C;-Cg)alkyl phosphonoacetic
15 acid reagent in a solvent in the presence of a base at room
temperature or with heat. The base ispreferably sodiumhydride
or the like. The di(C;-Cg)alkyl phosphonoacetic acid reagent
is preferably triethyl phosphonoacetate. The solvent is

preferably an ether solvent such as tetrahydrofuran.

20
Step 2
Compound (3) in which R' is a hydrogen atom, can be obtained
by reduction of the o, B-unsaturated ester intermediate obtained
in the above Step 1 in a solvent at room temperature or with
25 heat. The reduction method 1is preferably catalytic

hydrogenation in the presence of a catalyst. The catalyst is
preferably palladium-carbon. The solvent 1is preferably a
polar solvent such as ethyl acetate. Optionally,

diphenylsulfide or the like can be added as an additive.



Compound (2a) canbeobtainedbyreactionofCompound (9-4) 20 with an alkylating agent in a solvent
with cooling or at room temperature.Thealkylatingagentispreferably trimethylsilyldiazomethane, or the
like. The solvent is preferably an aromatic hydrocarbon solvent such as toluene, an alcoholic solvent
such as methanol, or a mixture thereof. 25Compound (2a) which is racemate, can be obtained from
Compound (9-3) by performing this Step. PreparationMMethod E2 77 following methods as well as the
Preparation Method EI.  An example of the Preparation Method E2 is shown in Preparation Method
E2-1 below. 5 Preparation Method E2-1 (wherein X55 is a hydroxy protecting group, R55 is a
02-00alkynyl 10 group, a phenyl group, or a five-membered heteroaryl group which has at least one
heteroatom selgcted from g nitiege atom, an oxygen atom and a sulfur atom, and which may be
substituted by a 01-00alkyl group (for example, a 2-oxazolyl group); R54 is a 01-00alkyl group, a
02-00alkenyl group, or a 15 di(C1-00alkoxy)methyl group; R55 is a 01-00alkyl group, a 02-00alkenyl
group, a 02-00alkynyl group, a phenyl group, a five-membered heteroaryl group which has at least one
heteroatom sel atom, and which may be

X p>Qr a di(01-C6alkoxy)methyl 78
group; and oth :v bols are as defined(@izo )) can be obtained by reaction
of Compound 5%38<1) with Meldrum's acteFia a solwent in the presen &-4 an acid catalyst and an
additive at room tempé%)[“ﬂre or with heat. The &didis preferably acetic acid *PHe additive is preferably
pyrrolidine. The solvent is preferably an aromatic hydrocarbon solventsuch as toluene. 10 Step 2

5

(wherein Lv; is a leaving group, and other symbols are as defined

above.)

Compound (1) means Compound (la) or Compound (1lb), and

10 Compound (1b) can be produced by converting Compound (la) into
a compound having a leaving group by a general method. For
example, Compound (1lb) can be obtained by reacting Compound (la)

and a halogenating agent in a solvent in the presence of an
additive at room temperature or with heat. The halogenating

15 agent 1s preferably N-bromosuccinimide. The additive is
preferably triphenylphosphine. The solvent is preferably a

halogenated hydrocarbon solvent such as chloroform.

Preparation Method C

20

nl nl
0 Preparation 0
Method C
( 0)n3 —————— = 7 )n3
—~OH

0 (CHy) m,
(5) (1a)

(wherein symbols are as defined above.)



Compound (10-3) can be obtained by reaction of Compound (10-2) with a nucleophilic agent in a
solvent with cooling or at room temperature. The nucleophilic agent is preferably 15
C2-C6alkynylmagnesium bromide, phenylmagnesium bromide, or the Like. The solvent is preferably
an ether solvent such as tetrahydrofuran. Step 3 20Compound (10-4) can be obtained by heating
Compound (10-3) in a solvent. The solvent is preferalily an alcoholic solvent such as ethanol, a polar
solvent such as pyridine, or a mixture thereof. 25Step 5  Compound (2b) can be obtained by
deprotection of X53, which is a hydroxy protecting group in Compound (10-4) or Compound (10-5), in
the usual manner. For example, when the protecting 79 obtained by reaction of Compound (10-4) or
Compound (10-5) in-3 sglventin thepresense ofan acidcatalyst @gmﬂ%mpq_a%%gmweat
The acid is preferably camphorsulfonic acid. The solvent is preferably an alcoholic solvent such as
ethanol. 5 Step® t heConipiounitn(@ch cap deadghitaimedety reictipnfofrConmgpoundn(@ b evithcannd
halogenating agent in a solvent in the {t)?rresence of an additive at room temperature or with heat. The

halogenating 10 8gentisHeRMBIY Nitiomo-ShccMmiEl Fhelddditive Ts Prefefablye carbon

triphenylpfosphing, The sglvent is-preferably; a halggenated hydrecasbopsolvent,sych agchigroform.
Step 4 15Compound (10-5) can be obtained from Compound (10-4) according to the following

methods. Step-4-IvhicBompautel (E0:5nin(Which RBA4 lis adG1 -Cealkylsgroupcam beaobiainetby
reduction of Compound (10-4) in which R53 is a 20 C2-C6alkynyl group in a sglvent at room

temperature. THE redUctON Methdd —RsHeferably AEIVRChydrodétatiBh SRAT i cAtalBe teferably
palladium-carbon, The selyeptisprefarably)an ethersalkent suchy as fetrahydrofuram andicoholic

solvent such as methanol, or a mixture thereof. 25 Step 4-2
which the same carbon atom at the spiro junction is an sp3carbon

10 atom. Examples are shown in Preparation Methods Cl to C2 below.

Preparation Method C1

nl nl nl
0 Preparation 0 0
Method C1
(>n3 — = <>n3 <>n3
~OH _0OH
0

(CH,) m, (CHz) m,

(5) (1a—1) (1la—2)

15
(wherein symbols are as defined above.)
Examples of the Preparation Method Cl1 are shown in

Preparation Methods Cl-1 to Cl1-3 below.

20 Preparation Method Cl-1

When n3 is 1 in Compound (la-1) (in the case of Compound (la-1la)):



Compound (10-5) in which R54 is a C2-C6alkenyl group can be obtained by reduction of Compound
(10-4) in which R53 is a C2-C6alkynyl group in a solvent at room temperature. The 80 reduction
method is preferably catalytic hydrogenation, and the catalyst is preferably palladium-barium sulfate.
The solvent is preferably an ether solvent such as tetrahydrofuran, an alcoholic solvent such as
methanol, or a mixture thereof. 5 Step 4-3 Compotfid (10-5) in which R54 is a
di(C8-C6alkoxy)methyl group, can be obtained from Compound (10-5) in which R54 is a C8-C6alkenyl
group, through the following steps, 10 Step 4-3-1 Gompound (10-5),in, which R54 is an aldehyde
group can be of @ R54 is a C8-C6alkenyl
group in a solw ) e is prefgrably
2,6-lutidine. Th tc%gliss’isﬂ@era y-esmiurfictettoxide;-a d thesexidant for the
second step is preferably sodiumperiodate. The solvent is preferably an-ether solvent such as
1,4-dioxane, a polar solvent such as water, or a mixture thereof. 20 Step 4-3-2 Compound (10-5) in
which R54 is \e@;\ 8-Co6alkoxy) ci» yl group can be obtained by reaction of Compound (10-5) in which
R54 is an aldehytle group, olyfaiped,in the above Step 4-3-1, in 25 a solvent in the presence of an acid
catalyst at room te¢mperatire or with heat. The acid is preferably camphorsulfonic acid. The solvent is
preferably an alcohdlit solvent such as,methanol. Preparation Method E3 81

100

(wherein R is a C1-Cgalkyl group, Lv, is a leaving group, and

other symbols are as defined above.)

5

Step 1
Compound (5-1a) can be obtained by reaction of Compound

(5-1) with di (C1-Cgalkyl) carbonate in a solvent in the presence
of a base at room temperature or with heat. The di(C;-Cgalkyl)

10 carbonate is preferably dimethyl carbonate. The Dbase is
preferably sodium hydride, potassium tert-butoxide, or the like.
The solvent 1s ©preferably an ether solvent such as
tetrahydrofuran.

15 Step 2

Compound (5-1b) can be obtained by reaction of Compound

(5-1a) with a reducing agent such as sodium borohydride in a
solvent at room temperature or with heat, or by catalytic
reduction of Compound (5-1la) with a catalyst such as platinum

20 oxide in an atmosphere of hydrogen. The solvent is preferably
an ether solvent such as tetrahydrofuran, an alcoholic solvent

such as methanol, or a mixture thereof.

Step 3



Compound (9-4") or Compound (2d) can be obtained by the 5 same reaction as in the Preparation
Method E1-1 using (1R,2S)-1-amino-2-indanol or (R)-a-methylbenzylamine as an optically active basic
compound in Step 4. Preparation Method As of a compound represented by the 10general
formula [la] (Preparation Methods Als, A2s, A3s, A4s and A5s) can be performed in the same manner
as in Preparation Method A of a compound representéd by the above general formula [I] (Preparation
Methods Al, A2, A3, A4 and A5), respectively. 15 Preparation Method As (wherein symbols are as
defined above, and in Preparation Method A4s, the following Compound (20s): x 52 X N. (CH2)1112(R
)P(2 0 s) (Wherein syTABBRUIE a%%éfﬁ?ed%b\}éﬁf cBRERIGSEH.PY VRt %98 atitr6G8% atBH and m2

is 0 in the genetal formyladial, the Rreparation Methed Als; belowyis preferable fo,the 10:ahaye
Preparation Method Al. Preparation Method Ms Step 1

under basic condition at room temperature or with heat. The

base is preferably an organic base such as triethylamine or

5 pyridine. The solvent is preferably a halogenated hydrocarbon

solvent such as chloroform. Optionally,

4-dimethylaminopyridine or the like can be added as an additive.

Step 4

10 Compound (5-1d) can be obtained by reaction of Compound
(5-1c) in a solvent under basic condition at room temperature
or with heat. The base is preferably an organic base such as
1,8-diazabicyclo[5.4.0]undec-7-ene. The solvent is
preferably an ether solvent such as tetrahydrofuran.

15
Step 5

Compound (la-la) can be obtained by reduction of Compound

(5-1d) in a solvent with cooling or at room temperature. The
reducing agent is preferably diisobutylaluminum hydride. The

20 solvent is preferably an ether solvent such as tetrahydrofuran.

Preparation Method Cl-2
When n2 is 2 and n3 is 1 in Compound (la-2) (in the case of
Compound (la-2a)):

25



Compound (3s) in which X in the general formula [la] is 15 a nitrogen atom, can be obtained by
reaction of Compound (1s) in which X51 is a hydroxy group and Compound (2s) in which m2 is 0 and
X52 is a bromine atom or an iodine atom, in a solvent in the presence of a base and an additive at
room temperature 83 or with heat. The base is preferably cesium carbonate. The additive is preferably
palladium(ll) acetate, 2-(di-tert-butylphosphino)-1,1'-binaphthyl or the like. The solvent is, for example,
preferably an aromatic hydrocarbon solvent such as toluene. Preparation Method Es ~ Compound
(2s) in the Preparation Method As can be obtained as the following Compound (2s-a), Compound
(2s-b), Compo 10 (2s-c) or Cound (2s-d). Te compounds ce obtained in the same
manner as in the W Method E (Prepatation Method EI, B2 or E3).  Examples of the
Preparation Method Es are stfo Preparati I&Prepamtlon Method
Esl 110 Step30H Step4 @vhereln synitols cog’ Stepd

<sz> (5—2a) (5—2b) (5—2¢)
E nl I nl
S
‘ 51 Stepb ‘ OH

c0, R’

(5—24d) (1a—2a)

(wherein symbols are as defined above.)

5 Step 1
Compound (5-2a) can be obtained by reaction of Compound
(5-2) with di (C1-Cgalkyl) carbonate in a solvent in the presence
of a base at room temperature or with heat. The di(C;-Cgalkyl)
carbonate is preferably dimethyl carbonate. The Dbase is
10 preferably sodium hydride, or the 1like. The solvent 1is

preferably an ether solvent such as tetrahydrofuran.

Step 2
Compound (5-2b) can be obtained by reaction of Compound
15 (5-2a) with a reducing agent such as sodium borohydride in a
solvent at room temperature or with heat. The solvent is
preferably an ether solvent such as tetrahydrofuran, an

alcoholic solvent such as methanol, or a mixture thereof.

20 Step 3
Compound (5-2c) can be obtained by reaction of Compound
(5-2b) with methanesulfonyl chloride or the like in a solvent

under basic condition at room temperature. The base 1is



eh, (9 s-3) Step5 0 H HOO (ss-a) are as defined above.) R530 R550 X -...-.....C").A OR51 X530.2.
-21'.1/4-' St e p 5 Mk. (0{2) m2 (R2) p OA (R2) P x--.73Y-555--)5550R51 3-Ls-")cL 02)62 022)p (10's -
5)
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preferably an organic base such as triethylamine or pyridine.
The solvent is preferably a halogenated hydrocarbon solvent
such as chloroform. Optionally, 4-dimethylaminopyridine or

the like can be added as an additive.

Step 4
Compound (5-2d) can be obtained by reaction of Compound
(5-2c) in a solvent under basic condition at room temperature
or with heat. The base is preferably an organic base such as
10 1,8-diazabicyclo[5.4.0]undec-7—-ene. The solvent is

preferably an ether solvent such as tetrahydrofuran.

Step 5
Compound (la-2a) can be obtained by reduction of Compound
15 (5-2d) in a solvent with cooling or at room temperature. The
reducing agent is preferably diisobutylaluminum hydride. The

solvent is preferably an ether solvent such as tetrahydrofuran.

Preparation Method C1-3
20 When n2 is 1 and n3 is 2 in Compound (la-2) (in the case of

Compound (la-5)):

H H
Stepl ; Step2 ‘ step3 ‘ Step4 *
HO CN

€0, R’
OH

(5—2) (5—3a) (5—3b) (5—3¢) (1a—5)

25 (wherein symbols are as defined above.)



(wherein symbols are as defined above.) 5 Preparation Method Es3 Step4 (wherein symbols are as
defined above.) EXAMPLE 10The preparation method for the compound of the present invention will
be hereinafter explained in detail with examples provided, but the present invention is not limited
thereto. 85 In the following examples, "room temperature” refers to a temperature of 1 to 4000. In
the examples, "%" refers to % by weight unless otherwikse specified. 5 Example 1 Preparationof
(S)-3-[4-(spiro[5.5]undec-2-en-2-yImethoxy)-phenyl1-hex-4-y noic acid 10Step 1 To a solution of
cyclohexanecarbaldehyde (10.7 mL) in toluene (100 mL) were added successively methyl vinyl ketone
(15 mL) and cOh&&htrated sulfuric acid (0.1 mL). The reaction mixture was stirred at room temperature

for 1 hour and then d3.heatedhunderyeflux whilg stiging, for 4hours - Afer 6QQlings compound
(5-2) with a cyanating agent in the presence of an additive in

a solvent at room temperature or with heat. The cyanating agent

5 is preferably trimethylsilylcyanide. The additive 1is
preferably tetra-n-butylammonium fluoride. The solvent 1is

preferably an ether solvent such as tetrahydrofuran.

Step 2

10 Compound (5-3b) can be obtained by reaction of Compound
(5-3a) with a chlorinating agent in a solvent in the presence
of a base at room temperature or with heat. The base 1is
preferably pyridine. The chlorinating agent is preferably
thionyl chloride. The solvent is preferably an ether solvent

15 such as tetrahydrofuran.

Step 3
Compound (5-3c) can be obtained by reaction of Compound
(5-3b) in a solvent under acidic condition at room temperature
20 or with heat. The acidispreferably concentrated sulfuricacid.

The solvent is preferably an alcoholic solvent such as ethanol.

Step 4
Compound (la-5) can be obtained by reaction of Compound
25 (5-3c) in the same manner as in the Preparation Method C1-1 Step

5.

Preparation Method C2



down to room temperature, saturated aqueous sodium bicarbonate solution was added to the reaction
mixture, followed by separation of the organic layer. Then, after the aqueous layer 86 was extracted
with toluene, the organic layers were combined, washed with saturated brine, dried and concentrated.
The residue was purified by column chromatography on silica gel (ethyl acetate: hexane (volume ratio)
=1:20 to 1:12) to give spiro[5.5]undec-1-en-3-one (8.9 ).
1H-NMR(CDC13)8:1.63-1.45(10H,m),1.92(2H,t,J=6.5Hz),2.44(2H,
t,J=6.5Hz),5.89(1H,d,J=10.2Hz),6.85(1H,d,J=10.2Hz). Step 2 10To a solution of
spiro[5.5]undec-14€nt3-one (8.9 g) obtained in 3tep! 1 in tetrahydrofuran (360 mL) was added 5%
palladium carb9 9), fellowed by stirring action mixture at room temperature in an
atmosphere of hydtogen undesigmasd pressurear 2 hours. Then, the reaction mixture was 15 filtered
through Celite W 3 ﬁttrate—\,vas—eeneen&atbta%in spiro[5.5]undecan-3-one (9.3 g).
1H-NMR(CDC18)8:1.54-1.43(10H,m),1.71(4H\t, 3= 2Hz) #133(4H, t,J=7.2Hz). 20Step 3  Toa
solution of dimethyl carbonate (17.9 g) in tetrahydrofufam)i@30 mL) were added 60% sodium hydride
(9.9 g) and potasgium tert-butoxide (0.14g). To theamixture was added a solution of
spiro[5.5]undecan-3-one (20.6 g) obtained in the 25 same manner as in Step 2 in tetrahydrofuran (120
mL) at 85C over 2 hours, followed by stirring the reaction mixture at 85C for 1.5 hours. After cooling
down to room temperature and adding 15% aqueous acetic acid solution (94.2 mL), the reaction

mixture was extfaGEd WithdYPacetates ThE SGanit T €r°87 Wwaks washed with saturated brine, dried

and concentrated tozgiye, 310x0-spiro[3 plundecane-2carhoxylicagidmethyl ester (29.6.8)  in
1H-NMR(CDC13)8:1.26-1.53(14H,brm),2.07(2H,$),2.26(2H,t,J=6. 7Hz),3.76(3H.$),12.13(1H.$). Step 4

5 Preparation Methods C2-1 to C2-3 below.

Compound (la-6) in which the carbon atom at the spiro
junction of the ring B of the spiro-ring AB to which a side chain
(CH2) miOH binds is an sp3 carbon atom, can be obtained by the

10 following preparation methods as well as by reducing the
compound obtained in the above Preparation Method Cl, namely
Cl-1, Cl1-2 or Cl1-3 (i.e., Compound (la-la), Compound (la-2a)

or Compound (la-5)) by catalytic hydrogenation reaction.

15 Preparation Method C2-1

When m; is 0 in Compound (la-6) (in the case of Compound (la-7)):

i nl l nl
@c Y3 - @c Y3

0 OH
(5) (1a—7)

20 (wherein symbols are as defined above.)



To a solution of 3-oxo-spiro[5.5]undecane-2-carboxylic acid methyl ester (29.6 g) obtained in Step Bin
a mixed solvent 10 of methanol(200 mL)-tetrahydrofuran(50 mL), sodium borohydride (4.67 g) was
added in three portions under ice-cooling, followed by stirring the reaction mixture under ice-cooling for
1 hour. Then, after addition of 1N aqueous hydrochloric acid solution to the reaction mixture, the 15
resulting insolubles were filtered off. Methanol in the filtfate was evaporated off in vacuo, followed by
extraction with ethyl acetate. The organic layer was washed with saturated brine, dried and
concentrated. The residue was purified by column chromatography on silica gel (ethyl acetate: hexane

20 (volume ratio) = TABIGUS) thlGive tran& 3-R§droRyhitob. Sind8e&e-2 e dtboxiitRaid thethyl
ester (4.15 ) aad gjs13:hydroxy-spirgla Slyndecanes2-carhoxylic acidmathyhester {48 Ghent
251H-NMR(trans-isomer,CDC13)8:1.05-1.25(3H,m),1.37-1.52(10H,m
),1.68-1.76(1Hym) Ao br 1t85(tb ), 1.:90- 0O /(i im)244-2.51lhe solvent is preferably
(1H,m),2.74(1H,br@s}L,3.72(3l-_|,$),3.74-3.80(1H,m).

1H-NMR(cCis-i$omEr-€PEAs)8: 1531 F {315 1. 87- 186~ M),
1.69-1.77{2H,m),2.58(1H,td,J=8.6,2.3Hz),3.08(1H,brs),3.71(3 88 H,$),4.16-4.20(1H,m). Step 5
Toasolutionof trans-3-hydroxy-spiro[5.5]undecane-2-carboxylic acid methyl ester (2.0 g) obtained in
the same manheegs iz Stem4 e chlorofoAm {40 mL) were added successively triethylamine (1.7 mL)
and methanesulfonyl chloride (0.75 mL) under ice-cooling, followed by stirring the reaction mixture at
room temperatUFe18'Fot .5 hBUrS™FveH 9o the T8Aclion Mmil&uré Was AddetRsatirtbdhdukbiis
sodium bicarbonate solution, followed by extraction with chloroform. The organic layer was dried and
concentrated to give trans-3-methanesulfonyloxy-spiro[5.5]undecane-2-carboxylic 15acid methyl ester
(3.0 g). 1H-NMR¢EDC13)8:1.14-1.31(5H4
2H,m),1.95(1HAJ2*13.2Hz),2.17-2.23(1H (H dd ;
20Step 5' Toasetitionof cis-B=wdroxy-spira[5.5]undetane,2- lic adi ety
obtained in the§ ié"manner as in §te >lE:anl(groform (25 ?én%e added succes%“

(0.6 mL), 25 4-diméthylaminopyridine (32 mgydnd methanesulfonytihloride
(5) (5—4a) (5—4b)

),2.77(1H,ddd,J=5.0,13.2,11.4Hz),3.00(Sth3

10

(wherein symbols are as defined above.)

Compound (la-8) can be obtained through the following
steps.
15
Step 1
Compound (5-4a) can be obtained by reaction of Compound
(5) with a diazophosphonate compound in a solvent in the
presence of a base at room temperature or with heat. The
20 diazophosphonate compound is preferably
dimethyl (1-diazo-2-oxo-propyl)phosphonate. The base 1is
preferably an alkali metal salt such as potassium carbonate.

The solvent is preferably an alcoholic solvent such as methanol.

25 Step 2

Compound (5-4b) can be obtained by reaction of the above



(1.85 mL) under ice-cooling, followed by stirring the reaction mixture at room temperature for 1.5
hours. Then, to the reaction mixture was added saturated aqueous s odium bicarbonate solution,
followed by extraction with chloroform twice. The 89 organic layer was dried and concentrated to give
cis-3-methanesulfonyloxy-spiro[5.5]undecane-2-carboxylic acid methyl ester (1.7 g).
1H-NMR(CDC13)8:1.27-1.60(10H,brm),1.65(2H,d,J=8.5Hz),1.70-1
.76(1H,m),1.84(1H,dt,J=15.1,2.2Hz),2.13(1H,dd,J=15.1,3.2Hz2)
,2.58(1H,td,J=8.5,2.2Hz),2.69(1H,dt,J=13.1,3.2Hz),3.00(3H,s ),3.07-3.09(1H,m),3.72(3H,$). Step 6
10ToasolutionoPHRAS 3 métharsuliEnyloRRSpirols. sliidecane s tarddyfic Aciamethyr 85%r (3.0 g)
obtained in Step Sin tetrahydrofurani(20 mL) was added %@é@@z%@%'o[éﬁgly@deg N8,(2-65
mL), followed by stirring the reaction mixture at 70C for 6 hours. 15 After cooling down to room
temperature ahgdddirigl2N iagueoius hydrochlanic adit salutiors theireaetion emixtute was ekéracted
with ethyl acetate. The organic layer was washed with saturated brine, dried and concentrated to give
spiro[5.5]undet-ERB2-CADOxSIRt 458 MdthiFestér (1.9 g).
201H-NMR(CDC13)8:1.23-1.37(4H,m),1.41-1.50(8H,m),2.10-2.13(2H
,m),2.16-2.22(2H,m),3.74(3H,$),6.94-6.96(1H,m). Step 6'
Cis-3-methanesuliongloxy-spiro[5.5]undecane-2-carboxyl 25 ic acid methyl ester (1.7 g) obtained in
Step 5' was subjected to the reaction in the same condition as in Step 6, to give spiro
[5.5]undec-2-ene-2-CAMBSXYRE aditimethyT 28ter 04 G): 'Step 7Y 9652 T°X sBiutioho Ve
spiro[5.5]undes 2:6R8:2:CaERONYiG,acid Q‘%@é(h%%%%@%@c%@ﬂ%@_%ﬁ%% ner agdn Step 6
or 6" in tetrahydrofuran (40 mL) was added dropwise a IM:toluene solution of diisobutylaluminum
hydride (21 mijpuadep argontatmospleeretatm7OCs followed byistiring dtte redtteors mixtargat s70C for
1 hour. Then, after addition of 2N aqueous hydrochloric acid solution, the reaction mixture was heated

up to rodm terMPERTIE ARG Extracte® With ethyI HCEtatE. THE drganit fHya? Was washed with saturated

brine, dried and

Preparation Method C2-3

Whenm; is 2 in Compound (la-6) (in the case of Compound (1a-9)):

nl nl nl nl
g Stepl a Step2 a Step3 a
(QE’WQ-——————a>(QE'>ﬂ—_____*’qu'>m "(‘E’wm
51 5
X atCOR coR”
(5) ( )

0 OH

15 5—5a (5—5b) (1a—9)
(wherein symbols are as defined above.)
Compound (la-9) can be obtained through the following
20 steps.
Step 1
Compound (5-5a) can be obtained by Horner—-Emmons reaction
of Compound (5) in a solvent in the presence of a base at room
temperature or with heat. The base 1is preferably sodium
25 tert-butoxide. The solvent 1is preferably an aromatic

hydrocarbon solvent such as toluene.



10 concentrated. The residue was purified by column chromatography on silica gel (ethyl acetate:
hexane (volume ratio) = 1:4) to give spiro[5.5]undec-2-en-2-yl-methanol (1.59 g)
1H-NMR(CDC13)8:1.22-1.35(4H,m),1.40-1.49(8H,m),1.85-1.88(2H
15,m),2.01-2.07(2H,m),3.98(2H,d,J=4.9Hz),5.61-5.65(1H,m). Step 8 To a solution of
spiro[5.5]undec-2-en-2-yl-methanol (0.45 g) obtained #8the same manner as in Step 7 in
tetrahydrofuran 20 (7 mL) were added successively (S)-3-(4-hydroxypheny1)-hex-4-ynoic acid methyl
ester (0.73 g) obtained in Substep 5 described below, triphenylphosphine (0.92 g) and
1,1'-azobis(N,N-dimethylformamide) (0.6 g), followed by stirring the reaction mixture at room
temperature 23far4 hours. Then, the reaction mixture was concentrated and the residue was purified
by column chromatography on silica gel (ethyl acetate: hexane (volume ratio) = 1:4) to give
(S)-3-[4-(spiro[5.5]|ufideprert 2¢yrTethoxy)rphenyli-héx-ddy npic adidanethy| estert(0.82gy.e91
1H-NMR(CDC13)8:1.24-1.34(5H,m),1.40-1.46(7H,m),1.83(3H,d,J= ,
2.3Hz),1.90(2M FJELOH2H 3), 2284t I RIS |, 7 A KR8 pspiperature . The reduction
1H’dd"]:!55'1'§é3d_1|@c§'§§( @fér%ﬂgo%:!alﬂéﬂl;%g’é(%'i}@égenat_ion in the presence
.73(1H,$),6.85(2H,d,J=8.7Hz),7.26(2H,d,J=8.7Hz). 5 Step 9 Toasolutionof
(S)-3-[4-(spirofs. Shundecz2-gn+2-ylriéthoxy)-phemyl I-herey aordcid padthyldester-(0:82 gh obtained
in Step 8 in a mixed 10 solvent of tetrahydrofuran(4 mLEr?nethanoI]ﬁrff( mL) was added 2N aqueous

|

sodium hydroxXid€ sSIdtoH (2 MLY T6HswaPhy StirmbIRE Pea&ticn iktire S TBoRT teiiperature for 14

hours. Then, after addition of 1N aqueous hydrochloric acid solution, the reaction mixture was
extracted with ethyl acetate. The organic 15 layer was washed with saturated brine, dried and
concentrated. ThemesSidue was purified by column chromatography on silica gel (ethyl acetate: hexane
(volume ratio) = 1:1) to give (S)-3-[4-(¥s iro[5.5]undec-2-en-2-yImethoxy)-phenyl1-hex-4-y noic acid
(0.77 g) 5 the desirecTESHpoLIA. Z0 SUBS'T. ° P8 Hsiipdheion 8F I-HyRrtybetizdétide (35 o
in water (300 mbxpeated up18/pG wassadded,a spspensien ofMeldrum’s agid(43skeipyater (300
mL), followed by stirring the 25 reaction mixture successively at 75C for 8.5 hours, at room
temperature fortiel hedrscamyuadenicetcopliref for2 hours. ifttiel res uitingndnystal was-dollected by
filtration, washed with ice-cold water and dried in vacuo to give
5-(4-hydroxyb&R%y lidehg)-2, 2 Himethyl 1 3]dioxBhE XEUDN e (g7 TgSolvent such as
1H-NMR(DMSQ-6)8;4 166t :$)6.89(2H,d,J=8.8Hz),8.17(2H,d,J= 8.8Hz),8.25(1H,$),10.93(1H,$).

15
Preparation Method D
inl
()n3
. (5)
20 (wherein symbols are as defined above.)

Compound (5) can be obtained according to the following
Preparation Method D1 for forming a ring A in a compound having
the ring B of a spiro-ring AB, or the following Preparation

25 Method D2 for forming a ring B in a compound having the ring

A of a spiro-ring AB. Examples are shown in Preparation Methods



Substep2  To a 0.5M tetrahydrofuran solution of 1-propynylmagnesium bromide (800 mL) was
added dropwise a solution of 5-(4-hydroxybenzylidene)-2,2-dimethyl-[1,3]dioxane-4,6-dion e (47.3 Q)
obtained in Substep 1 in tetrahydrofuran (650 mL) 10 under argon atmosphere at 11C over 40
minutes, followed by stirring the reaction mixture at room temperature for 1 hour. Then, to the reaction
mixture were added successively agueous ammoniun ghloride solution (34g/1 L) and hexane (1 L),
followed by removing the organic layer. After adding saturated aqueous 15 potassium hydrogen
sulfate solution to the aqueous layer and adjusting a pH to 1, the aqueous layer was extracted with
ethyl acetate titice: THe‘orgghiciayer was dried and concentrated to give
5-[1-(4-hydroxyphenyl)-but-2-yny11-2,2-dimethyl-[1,3]dioxan 20e-4,6-dione (54.8 g).
1H-NMR(DMSO0-d6)8:1.60(3H,$),1.77(3H,%$),1.81(3H,d,J=2.6Hz),4
.60(1H,t,J=2.4Mz3 4831 Heoh J 2 8hzg, 6067 (2H,d,J=8.6Hz),7.3 0(2H,d,J=8.6Hz),9.30(1H,$). 25
Substep 3 Toasuspensionof 5-[1-(4-hydroxyphenyl)-but-2-yn 11-2,2-dimeth_yl-[%],€]dioxan e-4,6-dione
(54.8 g) obtaifgtF RS Ibstep i 3Epéranare odqiWal gd%j%% RARF( 100 MLPRTIGWEE by
stirring the reagtion (93, mixture at,18QC Jor 2 days. After cooling down to room temperature, the
aqueous layer of the reaction mixture was saturated with sodium chloride, followed by extraction with
3-pentanone. The organic layer was dried and concentrated, followed by recrystallizing the residue
from an ethyl acetate-hexanemixedsolventtogive 3-(4-hydroxyphenyl)-hex-4-ynoic acid (34.2 g).
1H-NMR(DMs%-%%i’é:i.tﬁs?§H%%)l?§%5%,g,Jz7.7Hz),3.87(1H,t,
J=7.7Hz),6.68(2H,dd,J=8.6,1.4Hz),7.13(2H,dd,J=8.6,1.2Hz),9. 1028(1H,$),12.20(1H,$). Substep 4
To a solution of 3-(4-hydroxyphenyl)-hex-4-ynoic acid (34.2 g) obtained in the same manner as in
Substep 3 in 2-propanol 15 (560 mL) was’added a solution of (1S,2R)-1-amino-2-indanol (26.1 g) in
2-propanol (560 mL) at 70C. After this m was stirred at room temperature for 20 hours, the

resulting crystal cteﬁ@gﬁiltrati{) DN bedt-dissolved in 2-propanol (1.1 L). After this mixture
was further stirned at 20 room-tesperatyresfor (15 hours, the resulting crystal was collected by filtration
and heat-dissolved i#2-propanol (800 mL), After this mixture was stirred at room temperature for 18
hours, the resuliigg,grystal was collected by fjltration and suspended in ethyl acetate(150 mL)-water(60
mL). To the 25 suspension was added aqueous potassium hydrogen sulfate solution with vigorous
stirring dntil the suspension became a solution. The reaction mixture was extracted with ethyl acetate
twice. The orgapicdayerwas washedgwith saturatedbrine,dried andheencentrated {0 gives ned

a

above.)

Step 1

15 Compound (5b) can be obtained by reaction of Compound (6b)
with L;-C,-Cgalkylene-L, (L; and L; are the same or different and
each represents a leaving group) in a solvent in the presence
of a base at room temperature or with heat. The base is
preferably potassium tert-butoxide. The L;-C,-Cgalkylene-L;is

20 preferably L-C,-Cgalkylene-L (L is preferably a halogen atom
such as a chlorine atom or a bromine atom). The solvent is
preferably an aromatic hydrocarbon solvent such as toluene.

Optionally, ultrasound can be used for reaction.

25 Preparation Method D1-2



94 (S)-3-(4-hydroxypheny1)-hex-4-ynoic acid (10.9 g, 99.4%ee). The optical purity was determined by
chiral HPLC analysis (column: DaicelChiralpakAD-RH, mobile phase: 15 v/v % aqueous acetonitrile
solution containing 0.01% trifluoroacetic acid). 5 Substep  To a solution of
(S)-3-(4-hydroxyphenyl)-hex-4-ynoic acid (10.99) obtained in Substep 4 in a mixed solvent of
toluene(100 mL)-methanol(33 mL) was added dropwiSé a hexane solution of 10
trimethylsilyldiazomethane (2M, 32 mL) under ice-cooling for 10 minutes, followed by stirring at room
temperature for 1 hour. Then, to the reaction mixture was added acetic acid (0.93 mL), followed by
concentration. The residue was purified by columa chromatography on silica gel (ethyl acetate: hexane
> ic/aci] methyl ester (10.6 Q)
) a2

3 4.03-4.09(1H,
20,%),6.78(2H,d,Jc8.6Hz),7.25(2H) 8.6Hz). Example/2 Preparationof
(S)-3-[4-(spiro[5.5]undeg-2-en-2-yImetR xy)-phenyll-h64-y 25 noic acid sodium salt 95 1 in

ethanol (7 mL) ygac? added 4N aggecquIc,)odium hydrggigg §9Iution (0.5 mltg C1‘5)ﬂowed by stirring at
room temperature for 30 minutes. The reaction mixture was concentrated, and after addition of ethanol
to the residue, the reaction mixture was further concentrated by azeotropic distillation twice
(hereinafter abbreviated as "distilled azeotropically with ethanol”). The residue was dried in vacuo to

give (S)-3-[4-(SPiPSTB Bitinded-3-éh-Siyiméthoky)-BREMI1-Rex-43y hofFadid s&didm sal®.73 g) as
the desired comppungd, 10 Example 3 Rreparalionof i neq apove. )

(S)-3-[4-(spiro[5.6]dodec-2-en-2-yImethoxy)-phenyl1-hex-4-y noic acid 15 Step 1
5
Step 1
Compound (6c-1) can be obtained by Grignard reaction of
Compound (6c) in a solvent with cooling or at room temperature.
The solvent 1s preferably an ether solvent such as

10 tetrahydrofuran.

Step 2
Compound (6c-2) can be obtained by Grignard reaction of
Compound (6c-1) in a solvent in the presence of an additive at
15 room temperature or with heat. The additive is preferably a
copper halide such as copper (I) iodide or an alkali metal halide
such as lithium bromide. The solvent is preferably an ether

solvent such as tetrahydrofuran.

20 Step 3
Compound (5c) can be obtained by reaction of Compound (6c-2)
in a solvent in the presence of a catalyst at room temperature
or with heat. The catalyst is preferably a Grubbs’ catalyst
such as

25 benzylidene[l,3-bis(2,4,6-trimethylphenyl)-2-imidazolidinyl



In the same manner as in Steps 1 to 7 of Example 1, spiro[5.6]dodec-2-en-2-yl-methanol was obtained
from cycloheptanecarbaldehyde. 201H-NMR(CDC13)8:1.65-1.20(14H,m),1.78-1.80(2H,m),2.00-2.06(2
H,m),3.98(2H,$),5.65-5.68(1H,m). Step 2 In the same manner as in Steps 8 to 9 of Example 1, the 25
desired (S)-3-[4-(spiro[5.6]dodec-2-en-2-yImethoxy)-phenyl1-hex-4-y noic acid was obtained from the
compound obtained in the above Step 1. 96 Exampl€’4 Preparationof
(S)-3-[4-(spiro[5.6]dodec-2-en-2-yImethoxy)-phenyl1-hex-4-y noic acid sodium salt In the same
manner as in Example 2, the desired compound was obtained from the compound obtained in
Example 3. EX4HipIe 5P rdphratiorior 16YS)- 812402 B 7 )en2 PR fféttbxy)-pheny 1 1L hEx-4-yno
Ic <_';10|d Step 1 sol%m@ %%ﬂ@@@@%rbafy"h§t%%gnéc& ZQthFy)éﬂ[BElngbon solvent such as
spiro[4.5]dec-7-en-7-yl-methanolwasobtainedfrom 15 cyclopentanecarbaldehyde.
1H-NMR(CDCi8)8:&122(1H,brs),1.37-1.42(4H,m),1.46(2H,t,J=6.4
Hz),1.61-1.68(4H,m),1.89-1.92(2H,m),2.06-2.12(2H,m),3.98(2H ,$),5.64-5.68(1H,m). 20Step 2 In
the same manner as in Steps 8 to 9 of Example 1, the desired compound was obtained from the

compoungobtaipedin.the AbOVESIEB I p2

Examples of the Preparation Method D2 are shown in

Preparation Methods D2-1 to D2-3 below.

Preparation Method D2-1

10
1’ ’ nl
(onl’’
Stepl @ Step2
—_—> —
CHO °
0
(6 a) (6a—1) (50a)
(wherein nl’’ is 2, 3, 4 or 5, and other symbols are as defined
above.)
15
Step 1
Compound (6a-1) can be obtained by reaction of Compound
(6a) with methyl vinyl ketone in a solvent in the presence of
an acid catalyst at room temperature or with heat. The acid
20 catalyst 1is preferably concentrated sulfuric acid. The

solvent is preferably an aromatic hydrocarbon solvent such as

toluene.

Step 2



25 Example 6 Preparationof (S)-3-[4-(spiro[4.5]dec-7-en-7-ylmethoxy)-phenyl11-hex-4-yno ic acid
sodium salt In the same manner as in Example 2, the desired compound 97 was obtained from the
compound obtained in the same manner as in Example 5. Example 7 5 Preparationof
(S)-3-[4-(spiro[4.5]dec-6-en-7-yImethoxy)-phenyl1l-hex-4-yno ic acid 10Step 1 To a suspension
of potassium tert-butoxide (22.4 g) in toluene (120 mL}j2vas added a solution of cyclohexanone (9.82
g) and 1,4-dibromobutane (21.6 g) in toluene (30 mL) while stirring, followed by stirring the reaction
mixture at 95C for 15 3.5 hours. After coolinggdown to room temperature and addingcice-cold water

(100 mL) and 2N adu@888 #ydrothforictid S61ubSH B0 AfL) B theSEREhd? Mixtdre; tHE 8HHhic layer
was separated, SLthep, afierthe aquequslayes was extracted. with ethyl acelale the organic layers

were combined, washed with 20 saturated brine, dried and concentrated. The residue was distilled in
vacuo (90 to 108C{3 tofr4 mainHy) tagiwe spiro[4yldecar-bz0ne (V.85 gk.he presence of a
1H-NMR(CDC13%%1.36-1.43 2H,m),1.54-1.63(4H,m),1.69-1.74(4H ,

,m),1.79-1.86(3H M}, 201-2.09(BH MY, 213835 4072 F Y- 68 Btep B2 1 1 49 alispahSidhofe 088 sodium

hydride (4,599) and patassiumJershitexide (1.52.9) intetrahydrofuran (100 ML) was added, dimethy!

carbonate (7.89 mL) under argon atmosphere at 85C.

Preparation Method D2-2

anl’ nl’ nl’ nl’
Stepl Step? 0 Step3 0
"y ()
B
CO,H
Co,H
0

CO.R51 O
0 2
(5a) (7—1) (7—2) (5e)
10
(wherein nl’ is 2, 3 or 4, and other symbols are as defined
above.)
Step 1
15 Compound (7-1) can be obtained by oxidation of Compound

(5a) obtained in the Preparation Method D2-1 in a solvent under
basic condition at room temperature or with heat. The base is
preferably sodium hydroxide, and the oxidant is preferably
potassium permanganate. The solvent is preferably a polar

20 solvent such as water.

Step 2
Compound (7-2) can be obtained by reaction of Compound (7-1)

in a solvent in the presence of an alkylating agent under basic



5 To this mixture was added dropwise a solution of spiro[4.5]decan-6-one (8.74 g) obtained in the
same manner as in Step 1 in tetrahydrofuran (70 mL) over 1.5 hours. The reaction mixture was heated
under reflux for 3 hours. After ice-cooling, to the reaction mixture were added successively 10 acetic
acid (7.3 mL), water (85 mL) and ethyl acetate (175 mL), followed by separation of the organic layer.
The organic layer was washed with saturated brine, dii@éd and concentrated. The residue was purified
by column chromatography on silica gel (ethyl acetate: hexane (volume ratio) = 1:100 to 1:90) to give
156-ox0-spiro[4.5]decane-7-carboxylic acid methyl ester (9.99 g)cén ,
1H-NMR(CDCI%)8'1 10721 18(0.5FP A1y, 1 B9 P SOFL BFGm) F 5304 g heat.  The base is
7(8'5H’m)’1'9%12@%%(§|5w 2'%?1'2'%&(19a§|1'm)néézﬁo's&ggg&ﬁate such as potassium
12.2,6.2Hz),3.74(1.5H,%),3.74(1.5H,%$),12.41(0.5H,$). 20 Step 3 To a solution of
6-0x0-spiro[4.5llebane-Zecarbhoxyie sicichmethybestet €3.99 g)robtamnigdyinsStép impwethandk(200
mL) was added platinum oxide (0.2 g), followed by stirring in an 25 atmosphere of hydrogen (<0.3
Mpa) at room %ﬁﬁ%ﬁﬂé%\%@ﬁi@%f 'hlfélﬁ‘}ltﬂ@ realtivh noxt(TeE WwasShikerabthriiugh edite'and the

filrate was concenfrated After adding. ethyl acetate (30 mk) and n:hexane-(39,mk) to.the residue, the

resulting insolubles were filtered off. The filtrate was concentrated and then dried 99 in vacuo to give
6-hydroxy-spiro [4.5] decane-7-carboxylic acid methyl ester (10.11 g) . 1-51-NMR (CDC13) 8:
1.18-2.12 (13H,m) , 2.31-2.56 (2H,m) , 2.86 (1H, d, J =2.3Hz) ,3.64-3.75 (4H,m) .5 Step4 Toa
solution of 6-h%ﬁ&y%piro[4.5]decane-7-carboxylic acid methyl ester (10.1 g) obtained in Step 3 and

triethylamine (19.9 mb),inchiarofrm)(100,mL)yuas gaded, drapwise 1-methanesulfenyl chigrde (5.2

mL) under ice-cooling, followed by stirring the reaction mixture at room temperature for 2 hours. Then,
after addition dfamethyraimirie-@0 mrl )z tlse teactionomixtuye wasadtimed ab roomitemperatuvé ¢or 30
minutes. After ice-cooling, ice-cold water (30 mL) and saturated aqueous 15 sodium bicarbonate

solution {80 mt Y WRPE Addedftd HE rESRGH fixtGire OINTER by 8P ABIPSHRE drianic Tér. The

organic layer wag,washed with-saturated brine, dried and concentrated to give a crude
6-methanesulfonyloxy-spiro[4.5]decane-7-carboxylicacid 20methyl ester (22 g). Step 5

Meanwhile, Compound (la-3) in which nl is 2, 3 or 4, can
be obtained by reaction of Compound (7-2) obtained above in the

15 same manner as in the Preparation Method Cl-1 Steps 2 to 5.

0 COR” OH
(7—2) (1a—3)

(wherein symbols are as defined above.)
20

Preparation Method D2-3



Toasolutionofthecrude 6-methanesulfonyloxy-spiro[4.5]decane-7-carboxylicacid 25 methyl ester (22 g)
obtained in Step 4 in tetrahydrofuran (135 mL) was added 1,8-diazabicyclo[5.4.0Jundec-7-ene (13.8
mL), followedby stirring the reaction mixture at 60C for 1.5 hours. After ice-cooling and adding 1N
aqueous hydrochloric acid solution (102 mL) , the reaction mixture was extracted with ethyl 100
acetate. The organic layer was washed with saturated’Brine, dried and concentrated. The residue was
purified by column chromatography on silica gel (ethyl acetate: hexane (volume ratio) 3:97 to 25:75) to
give 5spiro [4.5] dec-6-ene-7-carboxylic acid methyl ester (5.485 g) .
1H-NMR(CDC13)8:1.44-1.75(12H,m),2.22(2H, . : H.fprs). Step 6

10To a solution Qfs:spirg gf.?]de n-lene-7s-tcar2bo 3 Step 51in
tetrahydrofura mlg_sl_&as @ dropwise

hydride
(54.6 mL) under argon atmosph ( lon mixture
15 at -70C for 2 hours. Afterfaising the temperaturg, yp Je vere added
successively 2N aqueous hydrpcbl{))ric acid solution (60 mL) and ethyl acetate (100 mL), fo otved by
separation of the organic layer. Thé organic Iay%‘gr wAs washed witfi saturated brine, dried and

concentrated. The 20 residue was purified by column chromatography on silica gel (ethyl acetate:
hexane (volume ratio) = 3:97 to 15:85) to give spiro[4.5]dec-6-ene-7-methanol (2.375 g).
1H-NMR(CDC13)8:1.25-1.30(1H,m),1,42-1.47(6H,m),1.60-1.69(6H

M), 1.97(2H,brd 52638, 3812),3.98t2H, $)5.46(TH,$). 25'Step 722 L 76'a ORS8N 617 Other

spiro[4.5]dec-G-eng-A-methanqgl {1 9.g):ehtained dn Step 6, (S)-3-(4-hydroxypheny1)-hex-4-ynoic acid
methyl ester (1.77 g) obtained in the same manner as in Substep 101 5 of Example 1 and
triphenylphosphine (2.64 g)in tetrahydrofuran (14 mL) was added 1,1'-(azodicarbonyl)dipiperidine
(2.26 g) under ice-cooling, followed by stirring at room temperature for 1.5 hours. After 5 the reaction
mixture was c ﬁ(‘?&tﬂated, toluene (15 mL) and hexane (45 mL) were added to the residue, followed

by stirring at room lemperatie {10 fEiQHt%% E[B%é?%@ﬁ”@;}@&&@&%%ﬁ’%ﬁ&'&%ﬁg@ﬁda@@zﬂ)‘e filtrate
was concentrated. The residue was purified by column chromatography on silica gel 10(ethyl acetate:

hexane (volume. rtie)y-+h yD6otoy8:92ptorgiveic acid methyl ester in a solvent in the

(S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyi]-hex-4-yno ic acid methyl ester (2,085 g).
1H-NMR(CD %%ﬁ_rkﬁ)e_l?&c%ﬁ,ﬁ%}EGQ?f%é%@{rﬁ)ﬁlw%‘%&@gerature ot With Blat.

2.4Hz),2,.93(2Hhedd J=6.3 6:3H )52:-65@51(@5%?]5%%57-9':'@3?:116116Sulfonic acid or the
15.75(1H,dd,J=15.2,8.2Hz),3.66(3H,$),4.02-4.08(1H,m),4.33(2H,

like. The solvent 1is preferably an aromatic hydrocarbon

solvent such as toluene.

Step 2
15 Compound (8-2) can be obtained by reaction of Compound (8-1)
with triethylsilane in a solvent in the presence of a catalyst
at room temperature or with heat. The catalyst is preferably
tris(triphenylphosphine)rhodium(I) chloride. The solvent is
preferably an aromatic hydrocarbon solvent such as toluene.
20
Step 3
Compound (8-3) can be obtained by deprotection of Compound
(8=2) in the usual manner.
Compound (5f) can be obtained by reaction of Compound (8-3)

25 obtained above in the same manner as in the Preparation Method



s),5.58(1H,%$),6.84-6.88(2H,m),7.24-7.27(2H,m). Step 8 Toasolutionof 20 (S) -3- [4- (spiro [4.5]
dec-6-en-7-ylmethoxy) -phenyl] -hex-4-yno ic acid methyl ester (1.33 g) obtained in Step 7 in a mixed
solvent of tetrahydrofuran (13 mL) -methanol (13 mL) was added 2N aqueous sodium hydroxide
solution (4.6 mL) , followed by stirring the reaction mixture at room temperature overnight. 25 Then, to
the reaction mixture were added successively 2N aguébus hydrochloric acid solution (5.1 mL) , ethyl
acetate (100 mL) and sodium sulfate (50 g) , followed by stirring for 30 minutes. The reaction mixture
was filtered and the filtrate was concentrated. The residue was purified by column chromatography on
silica gel 102 (éthyl &¢&thte® heRarrd fidldme ratio) = 20:80) to give
(S)-3-[4-(spiro[4.5]dec-6-en-7-yImethoxy)-phenyl]-hex-4-yno ic acid (895 mg) as the desired
compound. 5 Example 8 Preparationof (S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-pheny1l]-hex-4-yno
ic acid sodiumesatto a 18 thioasolutionofi(F)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex-4-yno ic
acid (1.12 g) obtained in the same manner as in Example 7 in ethanol (30 mL) was added 1N aqueous

sodium hydroxide 15°88IGHI (2.87 mD), i8fowed By ST tHETeacHoh nMixturBt¥65m Bhierature
for 1.5 hoyrs. The reactiommixfurevas goncenirated and the residye. yag,distiled azeotropically with

ethanol twice. The residue was dried in vacuo at 60C for one day to give
20(S)-3-[4-(spiro[4.5]decy6iers 7-yimethbry)-phemyl] heked-yndat lacitl sa@divnr salt{hbbng) as the
desired compound. Example 9 Preparationof

25(S)-3-[4-(sproE5RE&A - iR tHoxy -PhBry DHE 4-y

Preparation Method E1

10

0 (/- (/-
o N Step2
Stepl 0 ep 0 Step3 o Step4
HO HO N\
o0 HO 0@ o\ Ho
(9-1) (9—2) (9—3)
- 0
Stepb 0/
oH —
- HO
(9—4) (2a)
Step 1
Compound (9-1) can be obtained by reaction of

15 4-hydroxybenzaldehyde with Meldrum’s acid in a solvent at room
temperature or with heat. The solvent is preferably a polar

solvent such as water.

Step 2
20 Compound (9-2) can be obtained by reaction of Compound (9-1)
with l-propynylmagnesium bromide in a solvent with cooling or

at room temperature. The solvent is preferably anether solvent



noic acid Step 1 103 In the same manner as in Steps 1 to 6 of Example 7,
spiro[5.5]undec-1-en-2-yl-methanolwasobtainedfrom cyclohexanone and 1,5-dibromopentane.
1H-NMR(CDC13)8:1.24-1.53(12H,m),1.55-1.57(1H,m),1.62
(2H,tt,J=9.2,3.1Hz),1.97(2H,t,J=6.2Hz),3.99(2H,d,J=6.0Hz),5 .55(1H,$). Step 2 In the same
manner as in Steps 7 to 8 of Example 7, the 10 desiretbcompound was obtained from the
compoundobtainedin the above Step 1. Example 10 Preparationof
15(S)-3-[4-(spiro[5.5]undec-1-en-2-yImethoxy)-pheny1]-hex-4-y noic acid sodium salt In the same
manner as in EX&RpRSs, tR&eRiFed Comiptind was obtained from the compound obtained in the
same manner as in Example 9. 20 Example 11 Preparationof
(S)-3-[4-(spiro[4.4]non-2-en-2-ylmethoxy)-pheny11-hex-4-yno ic acid OH

Step 3

Compound (9-3) can be obtained by heating Compound (9-2)
5 in a solvent. The solvent is preferably a ketone solvent such
as 3-pentanone, a polar solvent such as water, or a mixture

thereof.

Step 4
10 Optically active Compound (9-4) can be obtained by reaction
of Compound (9-3) with an optically active basic compound in
a solvent followed by recrystallization and desalination in the
usual manner. The solvent is preferably an alcoholic solvent
such as 2-propanol. The optically active basic compound 1is
15 preferably (15, 2R) -1-amino—-2-indanol or

(S)—-0-methylbenzylamine.

Step 5
Compound (2a) can be obtained by reaction of Compound (9-4)
20 with an alkylating agent in a solvent with cooling or at room
temperature. The alkylating agent is preferably
trimethylsilyldiazomethane, or the like. The solvent 1is
preferably an aromatic hydrocarbon solvent such as toluene, an
alcoholic solvent such as methanol, or a mixture thereof.
25 Compound (2a) which is racemate, can be obtained from

Compound (9-3) by performing this Step.

Preparation Method E2

Compound (2b) or (2c) can be obtained according to the



Step 1 To a solution of potassium permanganate (55.3 g) in 1N aqueous sodium hydroxide
solution (300 mL) was added spiro[4.5]decan-8-one (10.6 g) obtained from cyclopentanecarbaldehyde
in the same manner as in Steps 1 and 2 of Example 1, followed by stirring the reaction mixture at room
temperature for 3 hours. Then, to the reaction mixture 10 was added aqueous sodium sulfite solution,
followed by stirring the reaction mixture at room tempé&rature for 15 minutes. The insolubles in the
reaction mixture were filtered off and the filtrate was washed with diethyl ether. The resulting aqueous
solution was acidified by addition of concentrated hydrochloric 15 acid thereto and extracted with ethyl

acetate. The orgarie Tayr¥ W Washed WithWdte: Driddtarid EdHdentratad 16°Give %4 &lide product
(12.75 g) containing,3; (1:carhpxymethyl-cyclopentyl)-propionicyacid; 20Step 2; s - Ipg,solution of the
crude product (12.75 g) containing 3-(1-carboxymethyl-cyclopentyl)-propionic acid obtained in 105
Steplinamixedsaiyentetacetoniteite( 250 11l-)IN e dlimwethylformamide(50 mL) were added successively
benzyl bromide (18.3 mL) and cesium carbonate (57 g) at 50C, followed by stirring at 50C for 2 hours.
Then, after addition 5 of benzyl bromide (9 mL) and cesium carbonate (30 g), the reaction mixture
was heated at:§0C. for 45 minuies. Aftercooling down to room temperature and adding ice-cold water
to the reaction mixture, the reaction mixture was extracted with diethyl ether. The organic layer was
washed with water, dried 10 and concentrated. The residue was purified by column chromatography
on silica gel (hexane: ethyl acetate (volume ratio) = 10:1) to give a crude product (14.9 g) containing
3-(1-benzyloxycarbonylmethyl-cyclopentyl -propioic acid benzyl ester. 15 Steg3 ¢ To a solution of
the crude product (14.9 fj) cdhtaining 3-(Fbanzyioxycarbonylmethyl-cyclopentyt)<pro pionic acid
benzyl ester obtaingghin Step 2 dp t&ttahyiirefuram(150-mL)was 20 ﬁ@leass' m fert-bfgxide (6.6
g), followed by stirri(nlg at room temperature for 2 hours. Then, to the reattién n}i‘}%tgrg S added
dropwise a solution of acetic acid (5 mL) in water (100 mL) under ice-cooling, followed by extraction
with ethyl acetate. The orgéniciayer was washed wjth water, dried and 25 concentrated. The residue
was purified by colump.chromatography on silica gel (h¢xane: ethyl acetate {volame (;[]LQ)
=20:1t010:1) to-give deproduct{5-23Q9) @ ining 3-8xo-spiro[4.4]no -2-carboxylic acid
benzyl ester. 106 Ste To a &ohkitibh of the crude produtt {523 g) €b aining
3-oxo-spiro[4.4]non@n&2>-nqg)§:ylic acid benz¥I2§§ter obtained in Step 3 in me&l?ﬁénol (100 mL) was

added sodium borohydrigg (4 4 mg) und i(ég-cooling, followed by stirring under ice-cooling for 30
minutes. Then, after additioh of€ 0% agteous Botassium hydrogen sulfate solution (10 mL) to the
reaction mixture, methanol was evapar ngff in vacuo, followed by extraction with ethyl acetate. The

organic layer )
> (CH)m

(10-5)

(wherein X°° is a hydroxy protecting group, R’

is a C;—Cgalkynyl
10 group, a phenyl group, or a five-membered heteroaryl group which
has at least one heteroatom selected from a nitrogen atom, an
oxygen atom and a sulfur atom, and which may be substituted by
a C;—-Cgalkyl group (for example, a 2-oxazolyl group); R is
a Ci1—Cgalkyl group, a C,—Csalkenyl group, or a
15 di (Ci1—Cgalkoxy)methyl group; R’ is a C;-Cgalkyl group, a
C,—Cgalkenyl group, a C,-Cgalkynyl group, a phenyl group, a
five-membered heterocaryl group which has at least one
heteroatom selected from a nitrogen atom, an oxygen atom and

a sulfur atom, and which may be substituted by a C;-Cgalkyl group

20 (for example, a 2-oxazolyl group) or a di(Ci—-Cgsalkoxy)methyl



10 was dried and concentrated. The residue was purified by column chromatography on silica gel
(hexane: ethyl acetate (volume ratio) 10:1 to 3:1) to give 3-hydroxy-spiro[4.4]nonane-2-carboxylic acid
benzyl ester (less-polar isomer; 1.29 g, more-polar isomer; 2.23 g). 15 Less-polar isomer
1H-NMR(CDC13)8:1.45-1.66(9H,m),1.78(1H,dd,J=13.1,10.1Hz),1.
93-2.02(2H,m),2.13(1H,d,J=3.8Hz),2.80-2.88(1H,m),4/86(1H,dd
d,J=15.1,7.4,3.8Hz),5.17(2H,$),7.30-7.42(5H,m). More-polar isomer
201H-NMR(CDC13)8:1.37-1.51(2H,m),1.68-1.52(7H,m),1.74(1H,dd,J

=14.1,3.2Hz), BP9 1 @ m 288-2041PA M), 3 4%-42 81 A pfred above.)
),5.17(2H,d,J=1.9Hz),7.29-7.42(5H,m). Step 5 253-Hydroxy-spiro[4.4]nonane-2-carboxylicacidbenzyl
ester (less-polar isomer; 1.29 g, more-polar isomer; 2.23 g) obtained in Step 4 was subjected to the
reaction in thesSaspe tondition as in Steps 5, 5' and 6 of Example 1 to give

spiro[4.4]non-2-ene-2-carboxylic acid benzyl ester (3.2 g). 107 ,
1H-NMR(CDC13)8: L FILPARBH M) 2 42 O g Be 0B A 13165y greact ion of Compound
J=2.2H2);5.18(2h1.$),6.7 56 ALk, M)/ 2920 38(5H, M) 18R 6n ¢ 19PiFRl4-4lnoae2seneZrcarboxylic
acid benzyl ester (3.2 g) obtained in Step 5 was subjected to the reaction in the same condition
asinStep7of Examplettogivesspieold.4meridient2¢/lanetivamolt@r®gyature or with heat.
1H-NMR(CDC13)8:1.58-1.54(4H,m),1,62-1.68(4H,m),2.25-2.30(4H 10,m),4.16(2H,$),5.53-5,57(1H,m).
Step 7 SpiT&ﬁ.ﬁ]ﬁbﬂ-é?eﬁ-l”ze-§l%%ﬁ1]aY1&?6?839(5 Gbtafhed ih"Stég'6 ahyve 15 preferably
(S)-3-(4-hydroxy-pheny1)-hex-4-ynojg,acid mathyl ester;15 (16 gk abtained in the samg manper as in
Substep 5 of Example 1 were subjected to the reaction in the same condition as in Step 8 of Example
1 to give (S)-3H4dspirefdAinosRlem2tyimetihoxed-phehytbaex-4-yno ic acid methyl ester (1.55 g).
201H-NMR(CDC13)8:1.59-1.56(4H,m),1.62-1.67(4H,m),1.84(3H,d,J=
2.5Hz),21.99-2.33(4H,m),2.66(1H,dd,J:15.3,6.8Hz),2.76(1H,dd,
J=15.3,8.3Hz)3.6 4(341,$),4.03-4.09(1H,m),4.52(2H,$),5.64-5.
68(1H,m),6.87(2H,d,J=8.3Hz),7.27(3H,d,J=8.3Hz). 25Step 8
(5)-3-[4-(spiro[4.4]n6rm2een-2yIrmethaXy ) phenpkhekd-ynhorcadid methyltester (155 ghpbtaired in
step 7 was subjected to the reaction jn the same condition as in Step 9 of Example 1 to give

(10-2) with a nucleophilic agent in a solvent with cooling or

at room temperature. The nucleophilic agent is preferably

15 C,-Cgalkynylmagnesium bromide, phenylmagnesium bromide, or the

like. The solvent is preferably an ether solvent such as
tetrahydrofuran.
Step 3

20 Compound (10-4) can be obtained by heating Compound (10-3)

in a solvent. The solvent is preferably an alcoholic solvent
such as ethanol, a polar solvent such as pyridine, or a mixture

thereof.

25 Step 5
Compound (2b) can be obtained by deprotection of X°°, which
is a hydroxy protecting group in Compound (10-4) or Compound
(10-5), in the usual manner. For example, when the protecting

group 1s a 2-tetrahydropyranyl group, the compound can be



108 (S)-3-[4-(spirc[4.4]=5-2-en-2-yImethcxy)-phenyl]-hex-4-ync ic acid (1.37 g) as the desired
compound. Example 12 5 Preparationof (S)-3-[4-(spiro[4.4]=n-2-en-2-yimethoxy)-phenyi]-hex-4-yno ic
acid sodium salt In the same manner as in Example 2 or 4, the desiredcompound was obtained from
the compound obtained in Example 11. 10 Example 13 Preparationof
(S)-3-[4-(spirc[4.5]dec-2-en-2-yImethcxy)-phenyl]-hext4-ync ic acid 15Step 1 In the same manner
as in Steps 1 to 6 of Example 11, spirc[4.5]dec-2-en-2-yl-methanclwasobtainedfrom
cycichexanecarbaldehyde. 1H-NMR(CDC13)8:1.49-1.36(10H,m),2.14-2.19(4H,m),4.12-4.16(2
20H,m),5.47-5250@ Hm)L Steg 22 L i saRfeRRaRRer 48 Tif StéPs THR G Exdrmpre11 e

desired compaung was ebtaingd-fiom the,compoundehtainedin the 25abave Step. 1 Example.14
Preparationof (S)-3-[4-(spirc[4.5]dec-2-en-2-ylmethcxy)-phenyl]-hex-4-ync

or with heat. The acid is preferably camphorsulfonic acid.

The solvent is preferably an alcoholic solvent such as ethanol.

Step 6
Compound (2c) can be obtained by reaction of Compound (2Db)
with a halogenating agent in a solvent in the presence of an
additive at room temperature or with heat. The halogenating
10 agent 1is preferably N-bromo-succinimide. The additive 1is
preferably triphenylphosphine. The solvent is preferably a

halogenated hydrocarbon solvent such as chloroform.

Step 4
15 Compound (10-5) can be obtained from Compound (10-4)
according to the following methods.
Step 4-1
Compound (10-5) in which R’ is a C1—-Cgsalkyl group can be
obtained by reduction of Compound (10-4) in which R>’ is a
20 C,-Cgalkynyl group in a solvent at room temperature. The
reduction method is preferably catalytic hydrogenation, and the
catalyst 1is preferably palladium-carbon. The solvent 1is
preferably an ether solvent such as tetrahydrofuran, an
alcoholic solvent such as methanol, or a mixture thereof.
25
Step 4-2
Compound (10-5) in which R°* is a C,-Csalkenyl group can be
obtained by reduction of Compound (10-4) in which R> is a

C,—Cgalkynyl group 1in a solvent at room temperature. The



109 ic acid sodium salt In the same manner as in Example 12, the desired compound was
obtained from the compound obtained in the same manner as in Example 13. 5 Example 15
Preparationof (S)-3-[4-(spiro[4.5]dec-1-en-2-yImethoxy)-phenyl]-hex-4-yno ic acid Step 1 Toa
solution of cyclohexanecarbaldehyde (6.3 mL) and 2-hydroxy-3-butenoic acid methyl ester (5 mL) in
toluene (40 15 mL) was added para-toluenesulfonic agiel monohydrate (20 mg), and the reaction
mixture was heated under reflux by using a Dean-Stark apparatus for 16.5 hours. After cooling down
to room temperature, the reaction mixture was concentrated in vacuo. The residue was purified by

column chromBfsHtapHy Birsiies get 26 kaRE T Abatate hroltie PARI) 862 t&16- 11 give

4'(1'formyl'cyggbg)ﬂg)s'pufg' Pgiﬁé%cé% ?Xlle_t%{:gri(ﬁnz}ggrrium sulfate. The solvent
1H-NMR(CDC13)8:1.30-1.42(4H,m),1.53-1.58(4H,m),1.85-1.91(2H

,m),2.33(2H,dd =P 7.8z By7 243H $), 584 (bld it d=t 5.5 kh1Hs tetrahydrofuran, an
3Hz),6.81(1H,ddd,J=7.7,15.7,7.8Hz),9.48(1H,$). Step 2 To a solution of
4-(1-formyl-cy@IbRERYI-biit-8 ¥hbi acid U6 ety MEStErE 7 o) Bbtaindt it Step 1-afd S°* -
tris(triphegylphosphine) rhodium(l) chloride (163 mg) in toluene (80 mL) was added dropwise
triethylsilane (5.9 mL) under argon atmosphere over 10 minutes, followed by stirring the reaction
mixture at 55CGtor2 74haurs. After cooling down to

Compound (10-5) in which R’* is a di(Ci-Csalkoxy)methyl
group, can be obtained from Compound (10-5) in which R’ is a
C,—Cgalkenyl group, through the following steps.
10
Step 4-3-1
Compound (10-5) in which R’* is an aldehyde group can be
obtained by two-step oxidation of Compound (10-5) in which R”*
is a C,-Cgalkenyl group in a solvent in the presence of a base
15 at room temperature. The base is preferably 2,6-1lutidine. The
oxidant for the first step is preferably osmium tetroxide, and
the oxidant for the second step is preferably sodium periodate.
The solvent is preferably an ether solvent such as 1,4-dioxane,
a polar solvent such as water, or a mixture thereof.
20
Step 4-3-2
Compound (10-5) in which R’ is a di(Ci—Cgalkoxy)methyl
group can be obtained by reaction of Compound (10-5) in which
R’* is an aldehyde group, obtained in the above Step 4-3-1, in
25 a solvent in the presence of an acid catalyst at room temperature
or with heat. The acid is preferably camphorsulfonic acid.

The solvent is preferably an alcoholic solvent such as methanol.

Preparation Method E3



10 room temperature and adding aqueous s odium bicarbonate solution, the reaction mixture was
extracted with ethyl acetate. The organic layer was washed with water, dried and concentrated. The
residue was purified by column chromatography on silica gel (hexane: ethyl acetate (volume ratio) =
20:1) to give 151-triethylsiloxy-spiro[4.5]decane-2-carboxylic acid methyl ester (5.0 g). Step 3
Toasolutionof 20 1-triethylsiloxy-spiro[4.5]decane-2-catboxylic acid methyl ester (5.0 g) obtained in
Step 2 in tetrahydrofuran (30 mL) was added a 1M tetrahydrofuran solution of tetra-n-butylammonium
fluoride (18.4 mL), followed by stirring the reaction mixture at room temperature for 30 minutes. Then,
after addition of 25 aqueous ammonium chloride solution, the reaction mixture was extracted with ethyl
acetate. The organic layer was washed with water, dried and concentrated. The residue was purified
by column chromatography on silica gel (hexane: ethyl acetate (volume ratlo) =5:1) to glve 111
1-hydroxy-spiro[4.5]decane-2- carboxyllc a|d methyl ester (i '
isomer; 0.95 g). |som §)8 1,17-1.53(6H rsnt 1358 1 61( H
m),1.89-1.98(1Hhr)2. ozeﬁio]u Hz 2 7)% £

4 1-Hydroxy- sp|r0[4 5]decane-2-carboxylicéci methyd e
0.95 g) was subjected to the reactionvinithe same condition ag in Steps 5 and 6 afsExampIe lto give
spiro[4.5]dec-l-ene-Z-%arboxylic acid methyg]ester (800 mg).
1H-NMR(CDC13)8:1.39-1.52(10H,brm),1.77(2Ht,J=7.4Hz),2.56(2

15H,td,J=7.4,1.8Hz),3. 73( - $) 6,69(1H,$). Step5 ~  Spiro[4.5]dec-1-ene-2-carboxylic acid methyl
ester (800 mg) ol p 4-was jected t8 the reaction in the same 20

conditionasin xampleltogww Sp 7¥4 5]dec-1-en-2-yl-methanol (675 mg).

1H- NMR(CDC13)8 1(3341)50(14H,brm),1.73(2H,t,J=7.0Hz),2.31(2
H,t,J=7.0Hz),4.16(2H,d,J=6.5HZz),5.56(1H,$).

e

Compound (9-4'") or Compound (2d) can be obtained by the
5 same reaction as 1in the Preparation Method EI1-1 wusing
(1R, 2S)-1-amino-2-indanol or (R)-0O-methylbenzylamine as an

optically active basic compound in Step 4.

Preparation Method As of a compound represented by the

10 general formula [Ia] (Preparation Methods Als, A2s, A3s, A4s
and AS5s) can be performed in the same manner as in Preparation
Method A of a compound represented by the above general formula

[I] (Preparation Methods Al, A2, A3, A4 and A5), respectively.

15 Preparation Method As



25Step 6 To a solution of spiro[4.5]dec-1-en-2-yl-methanol (50 mg) obtained in Step 5 in
chloroform (1 mL) were added triphenylphosphine (87 mg) and N-bromo-succinimide (87 mg) under
ice-cooling, followed by stirring the reaction mixture 112 at room temperature for 1 hour. Then, the
reaction mixture was concentrated in vacuo and the residue was purified by column
chromatographyonsilicagel(hexane)togive 2-bromomeiRyl-spiro[4.5]dec-1-ene (55 mg).
1H-NMR(CDC13)8:1.36-1.51(10H,brm),1.75(2H,t,J=7.4Hz),2.42(2 H,t,J=7.4HZ),4.04(2H,$),5.71(1H,$).
Step 7 To a solution of 2- bromomethyl spiro[4.5]dec-1-ene (55 mg) 10 obtained in Step 6 in
N,N-dimethylformamide (1 L)Owere added (S)-3-(4-hydroxyphenyl)-hex-4-ynoic acid methyl ester (60
mg) obtained in the;;/ﬁﬁﬁr as in Substep 5 of Example 1 and potassium carbonate (93 mg),
followed by stirring clionmixture at room temperature for 15 hours. Then, after addition 15 of
1N aqueous hydrochloric cid solution, the reaction mixture was extracted with diethyl ether. The
organic layer was ith water dried and concentrated The reS|due A
chromatograp Q )
20(S)-3-[4- (Spl 4.5]dec- 6t
1H- NMR(CDC S gﬁ/ﬁomﬁE‘(\iﬂH brm), S
H,d,J=2.3Hz),2.39(2H.t,J=8.0Hz),2.66(1H dd,J=15 3,7.0Hz).2.

76(1H,dd,J=15.3,7.8Hz),3.67(3H,$),4.04%.08(k:m),h52(2H,s "
25),5.68(1H,$),6.87(2H.d,J=8.7Hz),7 7(2H d ﬁe%’dmsz) ep 8

aff-2-yImethoxy)-phény11-hgxd-yhoic acid methyl ester (71 mg) obtained in
Step 7 was 113 subjectexto the reactiop,in the same>xondition as in St p 9 of Example 1 to give
(S)-3-[4-(spirol4. =] r>2-ylm§§§&y) pheny11- h4 “yno id agjd (57 ing) as the desired
compound. 5 Example 16 P elperram\ ef (S)-3-[4-(spiro @}de@m “en-2-ylmethoxy)-pheny11-hex-4-yno
ic acid sodium salt (45) (37 )

8.0Hz), 1;84(3:."

A2s

J=
3

O

(wherein symbols are as defined above, and in Preparation Method
Ads, the following Compound (20s):
X~ 0

52 |

(CH2) m2 (R2) P ( 2 O S )

(wherein symbols are as defined above) can be used.)
When X is a nitrogen atom and m; is 0 in the general formula
[Ia], the Preparation Method Als below is preferable to the

10 above Preparation Method Al.

Preparation Method Als
Step 1
Compound (3s) in which X in the general formula [Ia] is
15 a nitrogen atom, can be obtained by reaction of Compound (1s)
in which x°! is a hydroxy group and Compound (2s) in which m;
is 0 and X°? is a bromine atom or an iodine atom, in a solvent

in the presence of a base and an additive at room temperature



10In the same manner as in Example 2 or 4, the desired compound was obtained from the compound
obtained in Example 15. Example 17 Preparationof
15(S)-3-[4-(spiro[4.4]non-1-en-2-yImethoxy)-phenyl1-hex-4-yno ic acid Step 1 In the same manner
as in Steps 1 to 5 of Example 15, spiro[4.4]non-1-en-2-ylemethanolwasobtainedfrom 20
cyclopentanecarbaldehyde. 1H-NMR(CDC13)8:1.56-847(4H,m),1.69-1.63(4H,m),1.80(3H,t,J=
7.2Hz),2.33(2H,t,J=7.2Hz),4.18(2H,d,J=4.6Hz),5.48(1H,$). Step 2 25In the same manner as in Steps 6
to 8 of Example 15, the desired compound was obtained from the compoundobtainedin the above

Step 1. Exampi& 18'Prepatation (S)3-[2486ird(3.41n6 156 2% 1M Hoky) pheRgLi-hex-4 318 ic acid
sodium salt  _ 4411 the.same manner aérigi@g_agw%m, the desirgd compeund 5 was.ebtained from
. Ex

the compound obtained in Example 17. Example 19 Preparationof

(3S)-3-[4-(11, Pt-dimiethyl-spitol5 plurdecs rene2-yImatheky)nkd Hpttenylldex-Aeynoik acid $tep 1 To a
solution of 4,4-dimethyl-cyclohexane-1,3-dione (6.0 15 g) in methanol (80 mL) was added
para-toluenesdIfdni€ AEid mondRydrate 8155 gl f6licwePby hdating the fesction TrRtefe Pon

5 solvent such as toluene.

Preparation Method Es
Compound (2s) in the Preparation Method As can be obtained
as the following Compound (2s-a), Compound (2s-b), Compound
10 (2s—c) or Compound (2s-d). These compounds can be obtained in
the same manner as 1in the above Preparation Method E
(Preparation Method E1, E2 or E3).
Examples of the Preparation Method Es are shown in
Preparation Methods Esl to Es3 below.
15

Preparation Method Esl

NS >
N
HO , 0

®)p HO
®)p

(9s—1)

0
0

(9s—0)

®p ®)p
(9s—4) (2s—a)

(wherein symbols are as defined above.)

20 Preparation Method Es2



under reflux for 2 hours.After cooling down to room temperature, the reaction mixture was
concentrated.The residue was purified by column chromatography on silica gel 20(hexane: ethyl
acetate (volume ratio) = 3:1) to give a 115 less-polar isomer (3.7 g) and a more-polar isomer (1.1 g).
Less-polar isomer 1H-NMR(CDC13)8:1.12(6H,$),1.81(2H,t,J=6.3Hz),2.44(2H,t,J=6.
3Hz),3.69(3H,%),5.27(1H,%$). 5 More-polar isomer 84
1H-NMR(CDC13)8:1.20(6H,%$),1.83(2H,t,J=6.7Hz),2.41(2H,t,J=6. 7Hz),3.68(3H,$),5.26(1H,$). Step 2
10To magnesium (237 mg) was added dropwise a solution of 5-bromo-1-penteng (1.15 mL) in
tetrahydrofuran (15 er argon atmosph er 20 minutes, followed by stirring the reaction
mixture at roorpotem@%?r% for 30 mlnuj%/;{%ﬁ action mixtuyre was p i se a solution of
the less-polar 15 i§bmerx(1. Osgépob)iahew tra*wdrzofuram@( - @oémag,
followed by stirring the reaction mixture at robM temperature overnight. Then <fa%ter addltlon of 12%
aqueous hydrochlori¢ acid’solution (10 mL) uhtier ice-cooling, the reaction mixtire'was extracted with
diethyl ether. The 20 orgartic layer was washed with"water, dried and concentrat 'd he residue was
purified by column c hy on silica a 'O%l;hM)etate (val

4,4-dimethy1-3pen yl- cycloheﬁz-’qlpon (1107 g). Steps X1
1H-NMR(CDC13)8™ 17 (6H,$), 1.6 1(FH i, Jicw 5Hz),1.86(2H,t
25,J=6.8Hz),2.12(2H,0;J=T. %:;\:2 22(2H,t)= <5H23 2.45(2H,t,J (25 )

=6.8Hz),4.95-5.08(2H,m),5, 87(2H,m). Stgp 3 116 diethyl ether (20 mL) was added dropwise a
solution of 4,4-dimethy1-3-pent-¥-e 1-éyclohex-2-enone (1.05 g) obtained in Step 2 in diethyl ether (5
mL) under ice-cooling and nitr here, followed by stirring the reaction 5 mixture under
ice-cooling for 30 minuteSe.T fter successive dropwise addition of water (0.25 mL), 4N aqueous
sodium hydroxide solution ((5 o8 mk),and water (0.75 mL), the reaction mixture was stirred at room
temperature for 30 minutes. After the)resulting insolubles were filtered off, the filtrate 10 was
concentrated.The residue was purified by column chromatography on silica gel (hexane: ethyl acetate

(volume

(wherein symbols are as defined above.)
5 Preparation Method Es3

0

(950 (9s—1)
| | '
L
x/‘ ; . StepBX/‘ O/
N
HO X Ho 2
®)p ®)p
(9s—4") (2s—4d)

(wherein symbols are as defined above.)

EXAMPLE
10 The preparation method for the compound of the present
inventionwill be hereinafter explained in detail with examples

provided, but the present invention is not limited thereto.



ratio)15:1to10:1)togive 4,4-dimethy1-3-pent-4-enyl-cyclohex-2-enol (830 mg).
1H-NMR(CDC13)8:0.98(3H,%$),1.04(3H,%$),1.32-1.65(5H,m),1.83-1
15.92(1H,m),1.92-2.02(2H,m),2.08(2H,q,J=7.3Hz),4.12-4.21(1H,m
),4.93-5.06(2H,m),5.37-5.41(1H,m),5.75-5.90(1H,m). Step 4 To
4,4-dimethy1-3-pent-4-enyl-cyclohex-2-enol (810 mg)&D obtained in Step 3 was added formic acid (60
mL), followed by stirring the reaction mixture at room temperature for 2 hours and then at 50C for 3
hours. After cooling down to room temperature and adding water, the reaction mixture was extracted

with chloroform. The BrddHic IEyer WS FasHE RS 25 wateP Hried B 8dndentratéd St felidue
was reduced in the sameconditionasinStepgtegive 14,1 1,dimethyl:spiral5.Slundec7zen-2:ql (340 mg).
1H-NMR(CDC13)8:0.86(3H,%),0.89(3H,%$),1.11(1H,dq,J=4.6,11.6H
2),1.21-1.44(4Blym)d i48r 1. 7463 313), b 7BEM dg) =43 652 AHR) 117
,1.98-2.03(3H,m),3.82-3.89(1H,m),5.57-5.63(1H,m),5.71(1H,dd ,J=10.3,2.0Hz). Step5 Toa
solution of 11,11-dimethyl-spiro[5.5]undec-7-en-2-ol (320 mg) obtained in Step 4 in chloroform (10 mL)
was addesl 1,]E;atm§(§getyloxy)-l,1-dihydro-l,2-benziodox01-3-(1H)-on e (Dess-Martinperiodinane;
735 mg) under ice-cooling, followed by stirring the reaction mixture under ice-cooling for 3 hours. 10
Then, after additiopaofaiqueous sodium sulfite solution to the reaction mixture, chloroform wag
evaporated off in vacuo. To the residue was added aqueous sodium bicarbonate solution, followed by
extraction with'€thyFadetate>Fhe Drganic 1Ay was WRsHed wWith WAy, drideFand- dondehtraidd. The
residue was 15 purified by column chromatography on silica gel (hexane: ethyl acetate (volume ratio)
= 20:1) to give 11,11-dimethyl-spiro[5.5]undec-7-en-2-one (290 mg). Step 6 20Toasolutionof
11,11-dimethyl-spiro[5.5]undec-7-en-2-one (290 mg) obtained jn Step 5 and dimethyl 0
(1-diazo-2-oxop|@@%)-ﬁlﬁﬁ%lpho ate 435 o tﬁ%@énﬁ%dlo@@ﬁgbsféﬁf@ﬂ T (6 mL)

( ling, followed-~o oA

was added potassium carbonate (420ang) under ice>

Stepb5,5"

0:

Step?9

Step8 0

i _ Step6,6" 0 Step7 P
—_— > 0 - O/ —_— > OH > 0

0 0

O

I,

—_— Ol
%0
I o

ii:rQO Substeplri:j/\tﬁ Substep?2 ‘

A 0 0
—_—— —_—
H Ho 00N o

0 HO 0”0
Substep3 ! 9 Substep4 | o substeps | 0
- = OH — > 0HH —> 0~
HO Ho HO
10 Step 1

To a solution of cyclohexanecarbaldehyde (10.7 mL) in

toluene (100 mL) were added successively methyl vinyl ketone

(15 mL) and concentrated sulfuric acid (0.1 mL). The reaction

mixture was stirred at room temperature for 1 hour and then
15 heated under reflux while stirring for 4 hours. After cooling
down to room temperature, saturated aqueous sodium bicarbonate
solution was

added to the reaction mixture, followed by

separation of the organic layer. Then, after the aqueous layer



25 by stirring the reaction mixture at room temperature overnight. Then, after addition of aqueous
ammonium chloride solution, the reaction mixture was extracted with diethyl ether. The organic layer
was washed with water, dried and concentrated. The residue was purified by column chromatography
on silica gel 118 (hexane: ethyl acetate (volume ratio) = 15:1) to give
8-(1-methoxymethylidene)-5,5-dimethyl-spiro[5.5]undé¢-1-ene (240 mg). 5 Step 7 Toasolutionof
8-(1-methoxymethylidene)-5,5-dimethyl-spiro[5.5]undec-1-ene (240 mg) obtained in Step 6 in
acetonitrile (6 mL) was added 1N aqueous hydrochloric acid solution (1.1 mL), followed by 10 stirring

the reaction middre & rovn EmPFature 1ot Roufs) T HEnd afteF atdiioh o SatGrated Bting Yhe
reaction mixtuie, wias extracted with, diethylether; Jhe oxganig laygpwas washed withywater,gltied and

concentrated. The resulting residue was dissolved in a mixed solvent of methanol(5.4 mL)-water(0.6
mL). 15 To the-sclutior wassaddedigotassitm carbonatedl1 56mago,cfollphed by stitring-thegeaction
mixture at room temperature for 2 hours. Then, after addition of water, the reaction mixture was

extracted with (iéthyether TPHE ordHmie iy el WS Washed With water28rie8 dnd'éondehtfat&d. The

residue was putified,by 29 colimp chramatography an siliga gel (hexane: ethyl acetate
(volumeratio)=40:1)togive 11,11-dimethyl-spiro[5.5]undec-7-ene-2-carbaldehyde (195 mg).

1H-NMR(CDC13)8MRIT0E6(6H,m)c1308-1479(9bmn 1,94-2 0643 t , =6 . 5Hz) , 2. 44 (2H,
,m),2.45-2.56(1H mg,5.62-5.70(1H,m),5.76-5.83(1H m),9.59-9. 2563(1H,m¢1. Step 8 Toasolutionof
11,11-dimethff-sgﬁ [58]6hdEc-7%end 2 Larbdide (195°m§) '11Y obtaihedtin Step 7 in methanol (5
mL) was added sodium borohydride (55 mg) under ice-cooling, followed by stirring the reaction mixture
under ice-cooling for 15 minutes. Then, after addition of 0.5N aqueous sodium hydroxide solution (10
mL), the 5 rea6tiepniixture was extracted with diethyl ether. The organic layer was washed with water,
dried and concentrated. The residue was purified by column chromatography on silica gel (hexane:

ethyl acefate (volumeratid) £ 10 t675:1) 35 giv€ t1 L1 2-dirhdlifyT-Spitofs5]0ndEE-7-€R-22y 1 f-methanol

(190 mg). obtained in Step 1 in tetrahydrofuran (360 mL) was added 5%
palladium carbon (0.89 g), followed by stirring the reaction
mixture at room temperature in an atmosphere of hydrogen under
normal pressure for 2 hours. Then, the reaction mixture was

15 filtered through Celite and the filtrate was concentrated to
obtain spiro[5.5]undecan-3-one (9.3 g).
'H-NMR (CDC13)&:1.54-1.43(10H,m),1.71(4H,t,J=7.2Hz),2.33 (44,

t,J=7.2Hz) .

20 Step 3
To a solution of dimethyl carbonate (17.9 g) in
tetrahydrofuran (130 mL) were added 60% sodium hydride (9.9 qg)
and potassium tert-butoxide (0.14 g). To the mixture was added
a solution of spiro[5.5]undecan-3-one (20.6 g) obtained in the
25 same manner as in Step 2 in tetrahydrofuran (120 mL) at 85°C
over 2 hours, followed by stirring the reaction mixture at 85°C
for 1.5 hours. After cooling down to room temperature and
adding 15% aqueous acetic acid solution (94.2 mL), the reaction

mixture was extracted with ethyl acetate. The organic layer



101H-NMR(CDC13)8:0.85(6H,d,J=2.3Hz),1.04(1H,t,J=12.2Hz),1.17-
1.85(10H,m),1.95-2.02(2H,m),3.40-3.47(2H,m),5.59(1H,dt,J=10 .2,3.0Hz),5.85(1H,dt,J=10.2,2.3Hz).
Step 9 15(11,11-Dimethyl-spiro[5.5]undec-7-en-2-y1)-methanol (67 mg) obtained in Step8 and
(S)-3-(4-hydroxypheny1l)-hex-4-ynoic acid methyl ester (77 mg) obtained in the same manner as in
Substep 5 of Example 1 were subjected to the reactiof’in the same condition as in Step 8 of Example
1 to give 20(35)-3-[4-(11,11-dimethyl-spiro[5.5]undec-7-en-2-yImethoxy) -phenyll-hex-4-ynoic acid
methyl ester (119 mg). 1H-NMR(CDC13)8:0.87(6H,$),0.90-0.96(1H,m),1.15(1H,t,J=12.4H
2),1.68-1.33(7HM) " CESEH WLt SHA126SA BT T2 SR §q and concentrated to give

-98-2-12(3H,m§io%llgﬁ@qqnéf%f?-§ﬂ7u9l§ébéﬁ<§i%ﬂ@91%=&§%§8écid methyl ester (29.6
:3H2),3.67(3H.,$),3.69-3.76(2H,m),4.03-4.09(1H,m),5.62(1H,1d

,J=3.0,10.2Hz}%.89(1H,dt,J=10.2,2.0Hz),6.84(2H,d,J=9.4Hz), 7.27(2H,d,J=9.4Hz). Step 10 120
(38)-3-[4-(11,Jll-dimethyl-gg[fircg.5]undec-7-en-2-ylmet hoxy)-phenyll-hex-4-ynoic acid methyl ester
(119 mg) obtaikedHFStepd W subsiectedo thé Fedtihin the' $ameContitidh(@slm-StEp®o of
Example 4 to giye ég%);?,—ﬁ-ﬁ;,;;L;qi@.eﬂygf@irg[ﬁ:5]undec-7-en-2-y|methoxy) -phenyll-hex-4-ynoic
acid (104 mg) as the desired compound. Subs tep To a suspension of 60% sodium hydride (2.5 g) in
toluene(100 10 mL)-tetrahydrofuran(40 mL) was added dropwise a solution of dimethyl
2-oxopropylphosphonate (10 g) in tetrahydrofuran (40 mL) under ice-cooling and nitrogen atmosphere
over 10 minutég,efBIIo%Ned by stirring the reaction mixture under ice-cooling for 1 hour. Then, to the

reaction mixture wag added;dropwise a 1» solutiopof para;Aedegylpanzengsulfonyl,azids, (22-9) in
tetrahydrofuran (40 mL) over 10 minutes, followed by stirring in the range of ice-cooling to room
temperature fard@houes. ITher, the reégtion mixtare-was ednceritrated3ini vaeuoiarwebtise testilting

residue was purified by column chromatography on 20silica gel (hexane: ethyl acetate (volume ratio) =
1:1) to give difiEthyl(T<tidzd22-oko Propy 11 phosphoAZE G 5. Exanible 20 PreparafiShiof™
25(35)-3-[4-(1%éﬁ<3qiim%|1ﬂépir(QIf?é'ﬁung?C%vge'z'é{!{H%@OXﬂ three portions under

ice-cooling, followed by stirring the reaction mixture under
ice-cooling for 1 hour. Then, after addition of 1IN aqueous
hydrochloric acid solution to the reaction mixture, the

15 resulting insolubles were filtered off. Methanol in the
filtrate was evaporated off in vacuo, followed by extraction
with ethyl acetate. The organic layer was washedwith saturated
brine, dried and concentrated. The residue was purified by
column chromatography on silica gel (ethyl acetate: hexane

20 (volume ratio) = 1:10 to 1:3) to give
trans-3-hydroxy-spiro[5.5]undecane-2-carboxylic acid methyl
ester (4.15 g) and
cis—-3-hydroxy-spiro[5.5]undecane-2-carboxylic acid methyl
ester (4.9 qg).

25 lH—NMR(trans—isomer,CDCl3)5:1.05—1.25(3H,m),1.37—1.52(10H,m
),1.68-1.76(1H,m),1.77-1.85(1H,m),1.90-1.97(1H,m),2.44-2.51
(l1H,m),2.74(1H,brs),3.72(3H,s),3.74-3.80(1H, m) .
lH—NMR(cis—isomer,CDCl3)8:1.23—1.31(3H,m),1.67—1.36(11H,m),

1.69-1.77(2H,m),2.58(1H,td,J=8.6,2.3Hz),3.08(1H,brs),3.71(3



-phenyll-hex-4-ynoic acid sodium salt In the same manner as in Example 2 or 4, the desired
compound was obtained from the compound obtained in Example 19. 121 Example 21 Preparationof
3-[4-(spiro[4.6]undec-2-ylmethoxy)phenyll-propionic acid Step6 Step8 00 trILO' Step 9 .0"Aoll ----
aro 5Stepl  To a solution of 3-ethoxycyclopent-2-enone (2.37 g) in tetrahydrofuran (30 mL) was
added dropwise a 0.5M tetrahydrofuran solution of 3-B@tenylmagnesium bromide (38.4 mL) under
nitrogen atmosphere at -78C over 10 minutes, followed 10 by stirring at -78C for 3 hours and then at
room temperature overnight. Then, after addition of 2N aqueous hydrochloric acid solution, the
reaction mixtufe f#hs %tifred for8d thinlites and then extracted with ethyl acetate twice. The organic
layer was washed with saturated brine, dried and concentrated. The

Step 5
To a solution of
5 trans—-3-hydroxy-spiro[5.5]undecane-2-carboxylic acid methyl
ester (2.0 g) obtained in the same manner as in Step 4 in
chloroform (40 mL) were added successively triethylamine (1.7
mL) and methanesulfonyl chloride (0.75 mL) under ice-cooling,
followed by stirring the reaction mixture at room temperature
10 for 1.5 hours. Then, to the reaction mixture was added
saturated aqueous sodium bicarbonate solution, followed by
extraction with chloroform. The organic layer was dried and
concentrated to give
trans—-3-methanesulfonyloxy—-spiro[5.5]undecane-2-carboxylic
15 acid methyl ester (3.0 g).
'H-NMR (CDC13)&:1.14-1.31(5H,m),1.40-1.46(8H,brm),1.72-1.81(
2H,m),1.95(1H,d,J=13.2Hz),2.17-2.23(1H,m),2.77(1H,ddd, J=5.0

,13.2,11.4Hz),3.00(3H,s),3.72(3H,s) .

20 Step 57
To a solution of
cis—-3-hydroxy-spiro[5.5]undecane-2-carboxylic acid methyl
ester (1.2 g) obtained in the same manner as in Step 4 in
chloroform (25 mL) were added successively pyridine (0.6 mL),
25 4-dimethylaminopyridine (32 mg) and methanesulfonyl chloride
(1.85 mL) under ice-cooling, followed by stirring the reaction
mixture at room temperature for 1.5 hours. Then, to the
reactionmixture was added saturated aqueous sodium bicarbonate

solution, followed by extraction with chloroform twice. The



15 residue was purified by column chromatography on silica gel to give
3-(3-butenyl)cyclopent-2-enone (1.1 g).
1H-NMR(CDC13)8:2.37(4H,dtd,J=17.90,5.65,2.95Hz),2.50-2.61(4
H,m),5.04-5.09(2H,m),5.75-5.89(1H,m),5.98(1H,$). 20 Step 2  To a suspension of copper(l) iodide
(2.6 g) and lithium bromide (1.2 g) in tetrahydrofuran % mL) was added dropwise a
0.5Mtetrahydrofuran solution of 3-butenylmagnesium bromide 122 (26.5 mL) under nitrogen
atmosphere at -78C over 6 minutes, followed by stirring the reaction mixture at -78C for 40 minutes.

Then, 5 minut€S Aft8r-&dditibH'Fborofirifluorite HiethyfBther ESHFRR (6 3529ML) 50 thedredRtion
mixture was added 3-(3huteny)cyclopent-g:gnane: (0.6 g) ebtaiped-inStep 1. Half.an hour later, after

addition of boron trifluoride diethyl ether complex (0.250 mL), the reaction mixture was stirred at -78C
for 2 hours, antcfidthee stiyéd at reom témperature overnight after removing a dry-ice/ethanol bath.
Then, after 10 addition of saturated aqueous ammonium chloride solution and 28% agueous ammonia

solution, the reHchBRMHBRGre Wislextracted With Win e btate S PHe Brganic fayel washwashet
successively witfl.aquequs, ammppia; salution and-saiurated brine, dried and goneenirated. The residue

was purified by column 15 chromatographyonsilicageltogive 3,3-dibut-3-enylcyclopentanone (380 mg).
1H-NMR(CDCA13)8:8 481 57 (4Hn)5%.84 (21,028 OHEZ) 1,98:=2.0913.1, 3.2Hz) ,3.00 (3H, s
(4H,m),2.11(2H,%),2.28(2H,t,J=8.0Hz),4.95-5.08(4H,m),5.79-5 .85(2H,m). 20 Step 3 A solution of
3,3-dibut-3-enfll’c cl%é ta %ﬁé%é‘d frf’g')yoﬁiﬁea in Step 2 in toluene (80 mL) was degassed with
argon. After addition of benzylidene 25[1,3-bis(2,4,6-trimethylpheny1)-2-imidazolidinylidene]
dichloro(tricyclohexylphosphine) ruthenium (84 mg), the reaction mixture was heated under reflux for 6
hours. After cdilieg down to room temperature, the reaction mixture was concentrated.The residue
was purified by column 123 chromatographyonsilicageltogive spiro[4.6]undec-8-en-2-one (350 mg).
10 To a solution of
trans—-3-methanesulfonyloxy-spiro[5.5]undecane-2-carboxylic
acid methyl ester (3.0 g) obtained in Step 5 in tetrahydrofuran
(20 mL) was added 1,8-diazabicyclo[5.4.0]undec-7-ene (2.65mL),
followed by stirring the reaction mixture at 70°C for 6 hours.
15 After cooling down to room temperature and adding 2N agueous
hydrochloric acid solution, the reaction mixture was extracted
with ethyl acetate. The organic layer was washedwith saturated
brine, dried and concentrated to give
spiro[5.5]undec-2-ene-2-carboxylic acid methyl ester (1.9 g).

20 '"H-NMR (CDC15)8:1.23-1.37(4H,m),1.41-1.50(8H,m),2.10-2.13 (2H
ym),2.16-2.22(2H,m),3.74(3H,s),6.94-6.96(1H, m) .

Step 67
Cis-3-methanesulfonyloxy—-spiro[5.5]undecane-2-carboxyl
25 ic acid methyl ester (1.7 g) obtained in Step 5’ was subjected
to the reaction in the same condition as in Step 6, to give spiro

[5.5]undec—-2-ene—-2-carboxylic acid methyl ester (0.42 qg).

Step 7



Step 4 To a solution of spiro[4.6]undec-8-en-2-one (350 mg) obtained in Step 3 and
dimethyl(1-diazo-2-oxo-propyl)-phosphonate (768 mg) obtained in the same manner as in Substep of
Example 19 in methanol (10 mL) was added potassium carbonate (830 mg) under ice-cooling, 10
followedby stirring the reaction mixture under ice-cooling for 2.5 hours. Then, the reaction mixture was
poured into water, followed by extraction with ethyl acetate. The organic layer was washed
successively with water and saturated brine, dried and concentrated to give

152-(1-methoxymethylidene)spiro[4.6]undec-8-ene (900 mg) as a crude product. Step 5 .
Toasolutionofthecrud® 20 291 hetHbYmEIRYiddme)2pirold Blarasd:8-ene (oY) dbtamtedin Step

4 in acetonitrilg (19 ML) wag added N, aqugeys Axdrachlerc.acid-solytion, (2-mi), fglloyed by stirring

at room temperature for 4 hours. Then, the reaction mixture was poured into water, followed by
extraction withoetltyl acetate. rHiey25 ofganic |dyer mas washeddsithdatyraied:bring] dvediand
concentrated.The resjdue was purified b% column chromatographyonsiIicageltogive

¢

spiro[4.6]undet8-Bhe Dlcdtbaldbhyde (4 hiy) W i2A e f 60T 190 o &dlutidn ofnder argon
spiro[4.6]yndeg-8;50e12scarbaldehyde (444mg).pbiaingd dn Step pdindmethanol (1 gy was added

sodium borohydride (9 mg), followed by stirring at room temperature overnight. Then, after addition of
aqueous hydrechlori¢tacid solutian, theireactidh mixturefvas extratted with ethyPatcetate ¢wice. The
organic layer was washed wjth saturated brine, dried and concentrated to give

spiro[4.6]undetystBRE R iietitafGr @4 MY) TP Btepy 7° © ASisiendion bf - © was heated up

Spif0[4-6]UndeEbS'%%'r%f’B@FK?@PE%“r@%HQta&@QﬂQo'itée 6,and,5%palladium.carbon (44pg) in
tetrahydrofuran(1 mL)-ethanol(1 mL) was stirred in an 15 atmosphere of hydrogen for 3 hours. Then,
the reaction mixtgeenwas filtered thwewsghvQ@elite dnd thienfiltsatewwas edncentrated. The essicduedwvas

purified i)& column chromatography on silica gel to give spiro[4.6]Jundecane-2-methanol (43 mg).

151-NMR(CDE3J&5 68115 dd,J=12.439.42F25 1 D41 38@R,mppr 1 f1ed by column

20-44’1-53(12%@%&5@9&%@%%/Z%A'gii?la?éiz)gjezdf'@e%?ﬁ}b'%Qvetate: hexane (volume
2.12-2.22(1H,m),3.53(2H,d,J=5.27Hz).
ratio) =1:4) togive spiro[5.5]undec-2-en-2-yl-methanol (1.59

g) .
'H-NMR (CDC13)8:1.22-1.35(4H,m),1.40-1.49(8H,m),1.85-1.88(2H
15 ,m),2.01-2.07(2H,m),3.98(2H,d,J=4.9Hz),5.61-5.65(1H, m) .

Step 8
To a solution of spiro[5.5]undec-2-en-2-yl-methanol (0.45
g) obtained in the same manner as in Step 7 in tetrahydrofuran
20 (7 mL) were added successively
(S)-3-(4-hydroxyphenyl)-hex-4-ynoic acid methyl ester (0.73
g) obtained in Substep 5 described below, triphenylphosphine
(0.92 g) and 1,1’-azobis(N,N-dimethylformamide) (0.6 g),
followed by stirring the reaction mixture at room temperature
25 for 4 hours. Then, the reaction mixture was concentrated and
the residue was purified by column chromatography on silica gel
(ethyl acetate: hexane (volume ratio) = 1:4) to give
(S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-hex-4-vy

noic acid methyl ester (0.82 g).



Step 8 To a solution of spiro[4.6]Jundecane-2-methanol (43 mg) 25 obtained in Step 7,
3-(4-hydroxyphenyl)propionic acid methyl ester (51 mg) and triphenylphosphine (74 mg) in
tetrahydrofuran (1 mL) was added 1,1'-azobis(N,N-dimethylformamide) (49 mg) under ice-cooling,
followed by stirring the reaction mixture at room temperature overnight. The reaction mixture was 125
concentrated and the residue was purified by column ghromatographyonsilicageltogive
3-[4-(spiro[4.6]undec-2-ylmethoxy)-phenyl1-propionicacid methyl ester (75 mg).
1H-NMR(CDC13)8:1.08(1H,dd J=12.6,9.3Hz),1.41-1.49(15H,m),1.
77-1.85(2H,m),Ii.—zi@ﬂ@.ﬂ%?m;rh§,2159?(éﬂ}t;ﬁ: (PHzy2 88¢A9 L - 46 (7H,m), 1.83(3H,d,J=

J=1.7Hz) 3.66(3H,5),3,80(3H & 4=6.8Hz).6 812H 8. J58.77) 7 .Q9(2H.d J=8. 7H2),10Step 3 |
Toasolutionof 3-[4-(sp|ro[4.6]undec-2-ylmethoxy5-p enyll-propionicacid methyl ester (75 mgQ)

obtained in Step 3dd aJmiXedlsovwerit of ethamol(AmLytetralydréfuran(Imim)was added 1) agueous
sodium 15 hydroxide solution r(é).zz mL), followed by stirring the reaction mixture at room temperature

for 5 hours. Theft aftr Eonleritratin the teictiirhixfure® ¢ theredititie WAL added dropwise 2N

aqueous Bydrochloric acid solution. The precipitate was collected by filtration, washed with water and
20 driedinvacuotogive 3-[4-(spiro[4.6]undec-2-ylmethoxy)-phenyl1-propionicacid (70.6 mg) as the
desired compaurek Example 22 25 Preparationof
(S)-3-[4-(spiro[4.5]d%g-8-ylmethoxy)-phenglll-hex-4-ynoic acidSolution of
(S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-hex-4-vy
noic acid methyl ester (0.82 g) obtained in Step 8 in a mixed
10 solvent of tetrahydrofuran(4 mL)-methanol (4 mL) was added 2N
aqueous sodium hydroxide solution (2 mL), followed by stirring
the reaction mixture at room temperature for 14 hours. Then,
after addition of 1IN agqueous hydrochloric acid solution, the
reaction mixture was extracted with ethyl acetate. The organic
15 layer was washed with saturated brine, dried and concentrated.
The residue was purified by column chromatography on silica gel
(ethyl acetate: hexane (volume ratio) = 1:1) to give
(S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-hex-4-y
noic acid (0.77 g) as the desired compound.
20
Substep 1
To a suspension of 4-hydroxybenzaldehyde (35 g) in water
(300 mL) heated up to 75°C was added a suspension of Meldrum's
acid (43.4 g) in water (300 mL), followed by stirring the
25 reaction mixture successively at 75°C for 8.5 hours, at room
temperature for 14 hours and under ice-cooling for 2 hours. The
resulting crystal was collected by filtration, washed with

ice-cold water and dried in vacuo to give

5-(4-hydroxybenzylidene) -2, 2-dimethyl-[1, 3]dioxane-4, 6-dion



126 Step 1l To a solution of spiro[4.5]decan-8-one (4.2 g) produced from
cyclopentanecarbaldehyde in the same manner as in Steps 1 and 2 of Example 1 in tetrahydrofuran
(30 mL) were added successively trimethylsilyl cyanide (2.9 mL) and a tetrahydrofuran solution of
tetra-n-butylammonium fluoride (1M, 22 mL), followed by stirring the reaction mixture at room
temperature for 4 hours. Then, after addition of satura®€d 10 aqueous sodium bicarbonate solution, the
reaction mixture was extracted with ethyl acetate twice. The organic layer was washed with saturated
brine, dried and concentrated to give 8-hydroxy-spiro[4.5]decane-8-carbonitrile (3.9 g).
151-NMR(CDE13)8/t.41%0.47(4H,m),1.54-1.65(8H,m),1.76-1.80(4H 15,m). Step 2 Toasolutionof
8-hydroxy-spir éﬁ&e 8- Qnitri % obtai in 20 Ste lig tetrgh an (30 mL) were
added SUCCES?I%/G y py%?r?g (fé:%{?ng 'a?%gt %’r%f étk%ftlbréi]gg %%SQrﬁ%, ?dl olﬁ\;\%e?d gy%dzf?%%fr?n’gihe
reaction mixtufe atiroons terhgerature, fo0 15 hours. shen, after addition of 1N aqueous hydrochloric
acid solution, the reaction mixture was extracted with diethyl ether. The organic layer was washed
successively with 1N aqueous hydrochloric acid solution and saturated brine, dried and concentrated

to give spiro[4{]deg¢-Zzene-8-carbonitrile (2.8 g)
1H-NMR(CDC13)8:1.35-1.44(4H,m),1.54(2H,t,J=6.4Hz),1.62-1.67

(4H,m),2.06(2H,dd,J=<6 & ,2 .4F7 ), 2.24=h 32, ) 5055 6L 59 ((l+-h 10fm) ~Steped ny 1 Tie @rsodution of
spiro[4.5]dec-7-ene-8-carbonitrile (2.8 g) obtained in Step 2 in ethanol (30 mL) was added
concentrated 15 ST actd €3 mLdllowktPby REQTTY the T8&MiGH mixture TRASTrETTX while

stirring for 5 days; M;yr&peﬁ%ggwglt@cﬁgg@)tempﬁ@t%999ﬁdﬁin,ggwaaecsxtgﬁgre@szmmure was
extracted with ethyl acetate twice. The organic layer was washed successively with saturated aqueous

sodium bicarbenate’2® solutiohtanthsaturated Wrineedriéd amdtconcenirdted. Therresidue was purified
by column chromatography on silica gel (ethyl acetate: hexane ivolume ratio) = 1:4) to give

spiro[4.5]dec-730e8-2arbokyiic Acialetfiyi estér (28 ). 0ver 0 minutes, followed by
1H‘NMR(CDCQ-@)%%:@%?’%@%%QH@L%@%;M@%’@klr%%kuemperature for 1 hour.

25,J=6.4Hz),1.61-1.66(4H,m),2.07(2H,dd,J=6.4,2.6Hz),2.29-2.31
(2H,m),4.18(2Ht e 377 OHL)6: 90e6.94 [ m)i xture were added successively aqueous
ammonium chloride solution (34 g/1 L) and hexane (1 L), followed
by removing the organic layer. After adding saturated agueous
15 potassium hydrogen sulfate solution to the aqueous layer and
adjusting a pH to 1, the aqueous layer was extracted with ethyl
acetate twice. The organic layer was dried and concentrated
to give
5-[1-(4-hydroxyphenyl)-but-2-ynyl]-2,2-dimethyl-[1,3]dioxan
20 e-4,6-dione (54.8 qg).
'"H-NMR (DMSO-dg)8:1.60(3H,s),1.77(3H,s),1.81(3H,d,J=2.6Hz), 4
.60(1H,t,J=2.4Hz),4.83(1H,d,J=2.8Hz),6.67(2H,d,J=8.6Hz), 7.3

0(2H,d,J=8.6Hz),9.30(1H,s).

25 Substep 3
To a suspension of
5-[1-(4-hydroxyphenyl)-but-2-ynyl]-2,2-dimethyl-[1, 3]dioxan
e—4,6-dione (54.8 g) obtained in Substep 2 in 3-pentanone (200

mL) was added water (100 mL), followed by stirring the reaction



Step 4 128 ethyl ester (2.8 g) obtained in Step 3 in tetrahydrofuran (40 mL) was added dropwise a
toluene solution of diisobutylaluminum hydride (0.99M, 41 mL) under argon atmosphere at-78C,
followed by stirring the reaction mixture at -78C for 1 hour. Then, after adding 2N aqueous
hydrochloric acid solution and raising the temperature to room temperature, the reaction mixture was
extracted with ethyl acetate twice. The organic layer v#as washed with saturated brine, dried and
concentrated. The residue was purified by column chromatography on silica gel 10(ethyl acetate:
hexane (volume ratio) = 1:4) to give spiro[4.5]dec-7-en-8-yl-methanol (1.95 g).
1H-NMR(CDC&%%&F@-EM(&&%S,1%%{2#,t,ﬁ§62§Hz),1‘)%5-%?65000 ing down to room

(4H,m),1.90-1,93(2,m),2.04-2.06(2H.m),4 02K H) 5-62(kH;s,L5 Slen s 192 galution of o5

spiro[4.5]dec-7-en-8-yl-methanol (0.7 g) obtained in Step 4 in a mixed solvent of tetrahydrofuran(7
mL)-methanoléamby) svascaddethS%qualhadiurh tarbiaihe(7 0fim ), @0=idllbwed byrsticrting thewreaiction
mixture at room temperature under normal pressure in an atmosphere of h%/drogen for 1.5 hours and

then under incTeX$841E8EGre of 63 MPIIA 4R atmbsphérSoihytrsy r 3HGUTE FRE The
reaction mixtuge, was filigred,through Celite and he,filtrate was canceptrated. Jhe 25 regidye was

dissolved in methanol (5 mL). To the solution was added sodium borohydride (0.14 g), followed by
stirring the reagtion aixttine a& reom temperataegifor 30 minutéscAfter addition of 1N aquedus:
hydrochloric acid solution, the reaction mixture was extracted with eth%I acetate twice. The organic
3-(4-hydroxyphenyl) -hex—-4-ynoic acid (34.2 g).
'"H-NMR (DMSO-dg) 8:1.76 (3H,brs),2.55(2H,d,J=7.7Hz),3.87 (14, t,
J=7.7Hz),6.68(2H,dd,J=8.6,1.4Hz),7.13(2H,dd,J=8.6,1.2Hz), 9.

10 28 (1H,s),12.20(1H,s) .

Substep 4
To a solution of 3-(4-hydroxyphenyl)-hex—-4-ynoic acid
(34.2 g) obtained in the same manner as in Substep 3 in 2-propanol
15 (560 mL) was added a solution of (1S,2R)-1l-amino-2-indanol
(26.1 g) in 2-propanol (560 mL) at 70°C. After this mixture
was stirred at room temperature for 20 hours, the resulting
crystal was collected by filtration and heat-dissolved in
2-propanol (1.1 L). After this mixture was further stirred at
20 room temperature for 15 hours, the resulting crystal was
collected by filtration and heat-dissolved in 2-propanol (800
mL). After this mixture was stirred at room temperature for
18 hours, the resulting crystal was collected by filtration and
suspended 1in ethyl acetate (150 mL)-water (60 mL). To the
25 suspension was added aqueous potassium hydrogen sulfate
solution with vigorous stirring until the suspension became a
solution. The reaction mixture was extracted with ethyl
acetate twice. The organic layer was washed with saturated

brine, dried and concentrated to give



129 layer was washed with saturated brine, dried and concentrated. The residue was purified by
column chromatography on silica gel (ethyl acetate: hexane (volume ratio) = 1:4) to give
spiro[4.5]dec-8-yl-methanol (0.528 g).
1H-NMR(CDC13)8:1.00-1.12(2H,m),1.23-1.64(15H,brm),3.46(2H,d ,J=6.4Hz). Step 6
Spiro[4.5]dec-8-yl-methanol (0.528 g) obtained in Step4% 10 was subjected to the reaction in the same
condition as in Step 8ofExampleltogive (S)-3-[4-(spiro[4.5]dec-8-ylmethoxy)-phenyl1-hex-4-ynoic acid
methyl ester (1.1 g). 1H-NM§%CD013)8:1.13-1.21(2H,m),1.27-1.29(3H,m8,1.33-1.43(3H015
,m),1.48-1.60(6R) my, 1.7~ L 6 TSR Y ‘£ 8B (31 0SF=23np)>2 gsactd (10.9 g, 99.4%ee).

(1H,dd,J=15.3.1,0Hz),2.75(tH.dd.JT15.3,8.3H2)3.66(3H343 by chiral HPLC analysis
74(2H,d,J=6.0Hz),4.02-4.07(1H.m).6.83(2H.d,J=8.6Hz),7.26(2H ,d.J=8.6Hz). 20Step 7

(S)-3-[4-(spiro[4=5]tens8-yimethok ¢k phenyidkhéx-AHnmicecid methykestes (L/3-gF ootained in the
same manner as in Step 6 was subjected to the reaction in the same condition as in Step 9 of

Q

Example 1 to Giv& Z5{S)-3{Aspro- 1R 8 ifidthoR§) bhehy 11 Hex- 4mofeadid (1909 §) as the
desired cgmpound. Example 23 130 (S)-3-[4-(spirc[4.5]dec-8-yImethcxy)-phenyl]-hex-4-yncic acid
sodium salt In the same manner as in Example 2 or 4, the desired compound was obtained from the
compound obtairtegtiadExample 22. 5 Example 24 Preparationof

To a solution of (S)-3-(4-hydroxyphenyl)-hex—-4-ynoic acid
(10.9 g) obtained in Substep 4 in a mixed solvent of toluene (100
mL) —-methanol (33 mL) was added dropwise a hexane solution of
10 trimethylsilyldiazomethane (2M, 32 mL) under ice-cooling for
10 minutes, followed by stirring at room temperature for 1 hour.
Then, to the reaction mixture was added acetic acid (0.93 mL),
followed by concentration. The residue was purified by column
chromatography on silica gel (ethyl acetate: hexane (volume
15 ratio) = 1:3 to 1:2) to give
(S)-3-(4-hydroxyphenyl)-hex-4-ynoic acid methyl ester (10.6
g) .
'H-NMR (CDC13)8:1.84(3H,d,J=2.6Hz),2.66(1H,dd,J=15.2,7.1Hz),
2.77(1H,dd,J=15.3,8.3Hz),3.67(3H,s),4.03-4.09(1H,m),4.80(1H

20 ,s),6.78(2H,d,J=8.6Hz),7.25(2H,d,J=8.6Hz) .

Example 2
Preparation of
(S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-hex-4-y

25 noic acid sodium salt

To a solution of the compound (0.77 g) obtained in Example



(S)-3-[4-(spirc[5.5]undec-3-yimethoxy)-phenyi]-hex-4-ynoic acid 10Step 1 In the same manner as
in Steps 1 to 5 of Example 22, spirc[5.5]undec-3-yl-methanclwasobtainedfrom spirc[5.5]undecan-3-one
obtained in Step 2 of Example 1. 1H-NMR(CDC13)8:1.12-1.02(4H,m),1.26-1.21(4H,m),1.42-1.39(7H
15,m),1.57-1.51(2H,m),1.68-1.65(2H,m),3.47(2H,brs). Step 2 In the same manner as in Steps 6
to 7 of Example 22, the desired compound was obtairtgd from the compoundcbtainedin the 20above
Step 1. Example 25 Preparationof (S)-3-[4-(spirc[4.5]dec-7-en-8-yImethcxy)-phenyl]-hex-4-ync
25ic acid 131 Step 1 Spiro[4.5]dec-7-en-8-yl-methanal (0.5g) obtained in Step 4 of Example 22 and
(S)-3-(4-hydroky-pHeMf1) X 4-Jroil htid "G Mef i 8Stef (D. 8681 Bhtaired it the LA indhher as in
Substep 5 of Example 1 wese subiscted.tothg Jgaction.in,the same sondition asdn Step 8 ef Example
1 to give (S)-3-[4-(spiro[4.5]dec-7-en-8-yImethoxy)-phenyl]-hex-4-yno ic acid methyl ester (1.05 g).
101H-NMR(CDC13)8:1t351.40(4# ,my AcS2-Ar56(2kkmyd . 606-4.65@eentrated, and after
,m),1.82(3H,d,J=2.3Hz),1.93-1.96(2H,m),2.08-2.13(2H,m),2.64 , ,

(1H,dd,J=15.12F 8y, 27 St T HSHd 3215, 1 ' 32§ 3766(3A %) 4. the reaction mixture was
03-4.08(1H, m):4.36(2H.9). 5 73(LH ) 6:85(2H,d|,9=8,6l2), 7.26:(2H.¢1J=8.6Hz). 15, §tep2, s e
(S)-3-[4-(spiro[4.5]dec-7-en-8-yImethoxy)-phenyl]-hex4-ynoic acid methyl ester (1.0 g) obtained in
Step 1 was subjected toatheaeactidrriasthe sameacontidiontaslineStep 9eotropically with

ethanol”). The residue was dried in wvacuo to give
(S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-hex-4-vy

noic acid sodium salt (0.73 g) as the desired compound.

10
Example 3
Preparation of
(S)-3-[4-(spiro[5.6]dodec-2-en-2-ylmethoxy)-phenyl]-hex—-4-y
noic acid

15

Step 1
In the same manner as in Steps 1 to 7 of Example 1,
spiro[5.6]dodec—2-en-2-yl-methanol was obtained from
cycloheptanecarbaldehyde.
20 'H-NMR (CDC15)8:1.65-1.20(14H,m),1.78-1.80(2H,m),2.00-2.06 (2
H,m),3.98(2H,s),5.65-5.68(1H, m) .

Step 2
In the same manner as in Steps 8 to 9 of Example 1, the
25 desired
(S)-3-[4-(spiro[5.6]dodec-2-en-2-ylmethoxy)-phenyl]-hex-4-y
noic acid was obtained from the compound obtained in the above

Step 1.



20 of Example 1 to give (S)-3-[4-(spiro[4.5]dec-7-en-8-yImethoxy)-pheny11-hex-4-yno ic acid (0.924 g)
as the desired compound. Example 26 25 Preparationof
(35)-3-[4-(spiro[4.5]dec-2-yImethoxy)-phenyl11-hex-4-ynoic acid 132 SteplStep20Step3 Step 1

To a solution of spiro[4.5]dec-1-en-2-yl-methanol (50 mg) obtained in Step 5 of Example 15 in
tetrahydrofuran (1 mL) was added 5% palladium carbéa (5 mg), followed by stirring the reaction
mixture under normal pressure in an atmosphere of hydrogen at room temperature for 20 hours. Then,
the reaction mixture was filtered through Celite and the filtrate was 10 concentrated. The residue was
dissolved in metifEHdt €1 fL). To the solution was added sodium borohydride (10 mg), followed by
stirring the reaefion mixture At room temperature for 1 hour. Then, after addition of 1N aqueqys
hydrochloric acid solution, the reaction mixture was extracted with ethyl acetate. The 15 organic layer
was washed with)watef ddriechamd ¢onéenirated t@ gire-spirp]s Sides:@-yl-piethaniol (3@ mg)-v
151-NMR(CDC13)8:0.95-1.03(1H,m),1.31-1.47(12H,brm),1.66-1.81
(3H,m),2.13-2 23t FH ) 8 530K d=581z). 20Step 2~ Spiro[4.5]dec-2-yl-methanol (30 mg)

obtained i Step land (S):3:(4-hydraxyphenyLshex;4zynoie acidmethyl ester {52 mg).abiaingd in the

same manner as in Substep 5 of Example 1 were subjected the reaction in the same condition as in
Step 8 of 133vExampledtogie {38344 <spirofdGldec-2himetiwaky)-phBrydienex-4-ynoic acid methyl
ester (49 mg). 1H-NMR(CDC13)8:1.10(1H,dd,J=13.0,9.2Hz),1.36-1.49(10H,m),1.
78-1.83(5H,m),2.38-2.46(1H,m),2.65(1H,dd,J=15.3,7.0Hz),2.75
(1H,dd,J=15.3;8.5Kz2),3.66(3H,$),3.81(2H,d,J=6.7Hz),4.02-4.0
7(1H,m),6.83(2H,d,J=8.7Hz),7.26(2H,d,J=8.7Hz).

Preparation of
10 (S)-3-[4-(spiro[4.5]dec-T7-en-7-ylmethoxy)-phenyl]-hex—-4-yno

ic acid

Step 1

In the same manner as 1in Steps 1 to 7 of Example 1,

spiro[4.5]dec-7-en-7-yl-methanol was obtained from
15 cyclopentanecarbaldehyde.

'H-NMR (CDC13)8:1.22(1H,brs),1.37-1.42(4H,m),1.46 (2H,t,J=6.4

Hz),1.61-1.68(4H,m),1.89-1.92(2H,m),2.06-2.12(2H, m),3.98(2H

;5),5.64-5.68(1H, m) .

20 Step 2
In the same manner as in Steps 8 to 9 of Example 1, the
desired compound was obtained from the compound obtained in the

above Step 1.

25 Example 6
Preparation of
(S)-3-[4-(spiro[4.5]dec-T7-en-7-ylmethoxy)-phenyl]-hex—-4-yno
ic acid sodium salt

In the same manner as in Example 2, the desired compound



Step 3 10(35)-3-[4-(spiro[4.5]dec-2-yImethoxy)-phenyl]-hex-4-yn oic acid methyl ester (49 mg)
obtained in Step 2 was subjected to the reaction in the same condition as in Step 9 of Example 1 to
give (35)-3-[4-(spiro[4.5]dec-2-ylmethoxy)-pheny1]-hex-4-ynoic 15acid (20 mg) as the desired
compound. 1H-NMR(CDC13)8:1.11(1H,dd,J=12.4,9.6Hz),1.48-1.29(13H,m), 1.
85-1.79(5H,m),2.44-2.42(1H,m),2.84-2.69(2H,m),2.8422.69(2H,
m),3.82(2H,d,J=6.5Hz),4.06-4.04(1H,brm),6.85(2H,d,J=8.1Hz), 7.28(2H,d,J=8.1Hz). 20 Example 27
Preparationof (35)-3-[4-(spiro[4.5]dec-2-yImethoxy)-phenyl]-hex-4-ynoic acid sodium salt 25In the
same manner ‘&3n PIED bF ﬂ,th%h&eﬁPéﬂD(%]rﬂBoﬁﬁ% WAEGhtHh & fofi e BamMPBEndDbtained
in the same mapnex.as,im Example 26. Example 28 134 Preparationof
(3S)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-pheny1]-hex-4-ynoic acid Step 1 In the same manner as in
Step 1 of Example 26, spiro[5.5]undec-2-yl-methanolwasobtainedfrom
spiro[5.5]undec-2-en-2-yl-methanol obtained in the same manner as in Step 7 of Example 1.
151-NMR(CDE¥3y8d.85(1H,t,J=13.2Hz),0.75-0.97(2H,m),1.81-1.1 108(16H,m),3.41(2H,d,J=4.1Hz).
Step 2 5 Preparation of
(S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex-4-yno
ic acid

0:§:0

o

0

9 stepl 0 Step2 00 Step3 0HOQ Step4 . Step5 0
Etj <:%jj <:tij/k0/ (:tjj/koz (:tij)ko <:%::rk0/

0
Step6 Step7 I:I&VAU, Step$ 0
— OH > Cb/\o OH
O@”o

10 Step 1
To a suspension of potassium tert-butoxide (22.4 g) in

toluene (120 mL) was added a solution of cyclohexanone (9.82
g) and 1,4-dibromobutane (21.6 g) in toluene (30 mL) while
stirring, followed by stirring the reaction mixture at 95°C for

15 3.5 hours. After cooling down to room temperature and adding
ice-cold water (100 mL) and 2N aqueous hydrochloric acid
solution (50 mL) to the reaction mixture, the organic layer was
separated. Then, after the aqueous layer was extracted with
ethyl acetate, the organic layers were combined, washed with

20 saturated brine, dried and concentrated. The residue was
distilled in wvacuo (90 to 100°C/3 to 4 mmHg) to give
spiro[4.5]decan-6-one (7.85 qg).
'H-NMR (CDC13)8:1.36-1.43(2H,m),1.54-1.63(4H,m),1.69-1.74(4H
,m),1.79-1.86(2H,m),2.01-2.09(2H, m),2.38-2.42(2H, m) .

25



In the same manner as in Steps 2 to 3 of Example 26, the desired compound was obtained from the
compoundobtainedin the 15above Step 1. Example 29 Preparationof
(35)-3-[4-(spiro[5.5]undec-2-yImethoxy)-phenyllehex-4-ynoic 20 acid sodium salt In the same
manner as in Example 27, the desired compound was obtained from the compound obtained in the
same manner as in Example 28. 25 Example 30 Prepagationof
(35)-3-[4-(spiro[4.4]non-2-yImethoxy)-phenyl]lehex-4-ynoic acid Step 1 135 In the same manner as
in Step 1 of Example 26, spiro[4.4]non-2-yl-methanolwasobtainedfrom
spiro[4.4]non-f—te?lpz-gll-methanol obtained in the same manner as in Step 1 of Example 17.

1H-NMR(CDC13)8:¢.18(1H i, J59 0,3 323, d 3843 L(HHM1-33 (4.59 ) and potassium
-1.42(6H,m),1.64-1.57(4H,m),1.69(1H,dd,J=12.6,8.0Hz),1.85-1 .75é1H,m),%.22(1 i,

J=16.0,5.3Hz)t3:54(2t;d I=¥BHZ)1 Step 2)10lIn the saateyianneras: in( $tEpsn2. jo B=of Exairple 26,
the desired compound was obtained from the compoundobtainedin the above Step 1. Exargrgle 3115

Preparationof {38 34 (spirE[RAAGA-2 Y InfethBXy)-pHEHYA |- FEX Ay AGTE AR §6Gums&lP I the same
manner as in %)éampvjﬁgg’ thﬁﬂg@@{gg Cowggundadded dropwise a solution of

spiro[4.5]decan-6-one (8.74 g) obtained in the same manner as
in Step 1 in tetrahydrofuran (70 mL) over 1.5 hours. The
reaction mixture was heated under reflux for 3 hours. After
ice-cooling, to the reaction mixture were added successively
10 acetic acid (7.3 mL), water (85 mL) and ethyl acetate (175 mL),
followed by separation of the organic layer. The organic layer
was washed with saturated brine, dried and concentrated. The
residue was purified by column chromatography on silica gel
(ethyl acetate: hexane (volume ratio) = 1:100 to 1:90) to give
15 6-oxo—-spiro[4.5]decane-7-carboxylic acid methyl ester (9.99
g) .
'H-NMR (CDC15)8:1.07-1.18(0.5H,m),1.39-1.50(1.5H,m),1.53-1.8
7(8.5H,m),1.98-2.29(3H,m),2.37-2.44(0.5H,m),3.57(0.5H,dd, J=
12.2,6.2Hz),3.74(1.5H4,s),3.74(1.5H,s),12.41(0.5H, s) .
20
Step 3
To a solution of 6-oxo—-spiro[4.5]decane-7-carboxylic acid
methyl ester (9.99 g) obtained in Step 2 in methanol (200 mL)
was added platinum oxide (0.2 g), followed by stirring in an
25 atmosphere of hydrogen (<0.3 Mpa) at room temperature overnight.
Then, the reaction mixture was filtered through Celite and the
filtrate was concentrated. After adding ethyl acetate (30 mL)
and n-hexane (30 mL) to the residue, the resulting insolubles

were filteredoff. The filtrate was concentrated and thendried



was obtained from the compound obtained in Example 30. 20 Example 32 Preparationof
(35)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-pheny1]-hex-4-ynoic acid (chiral: A) Step 1 To a solution
of spiro[5.5]undec-2-ene-2-carboxylic acid methyl ester (300 mg) obtained in the same manner as in
Step 6 of Example 1 in tetrahydrofuran (15 mL) was added 588 palladium carbon (50 mg), followed by
stirring the reaction mixture under increased pressure®df 0.3 MPa in an atmosphere of hydrogen at
room temperature for 4 hours. Then, the reaction mixture was filtered through Celite. The filtrate was
concentrated in 10 vacuo to give spiro[5.5]undecane-2-carboxylic acid methyl ester (300 mg).

1H-NMR(CDC13)835-88(H9, 1322 $ 2y P oYY 18P £ 5413 Pifpyane-7-carboxylic acid

,1.22-1.50(13%@@%&@5@%&]:@@]—1@,Jg§2_-1.94(2H,m),2.47( 1H,1t,J=12.3,3.6Hz),3.67(3H,$). 15
Step 2 To a solution of spiro[5.5]undecane-2-carboxylic acid methyl ester (500 mg) obtained in the
same manner as-imsteprcin; adnixed sobvent of tetrahydpafarants pal)zmetharol(SamiL)}26 was added
2N aqueous sodium hydroxide solution (3.57 mL), followed by stirring the reaction mixture at 50C for 3
hours. After co:o%iné P to’room Fe?ﬁf)l a]’ﬂ}re, 2N agueous hydrochloric acid solution (3.57 mL) was
added to the reaction mixture. Methanol in the reaction mixture was evaporated off in vacuo, 137

Step 4
To a solution of 6-hydroxy—-spiro[4.5]decane-7—-carboxylic
acid methyl ester (10.1 g) obtained in Step 3 and triethylamine
(19.9 mL) in chloroform (100 mL) was added dropwise
10 methanesulfonyl chloride (5.2 mL) under ice-cooling, followed
by stirring the reaction mixture at room temperature for 2 hours.
Then, after addition of triethylamine (10 mL), the reaction
mixture was stirred at room temperature for 30 minutes. After
ice-cooling, ice-cold water (30 mL) and saturated aqueous
15 sodium bicarbonate solution (50 mL) were added to the reaction
mixture, followed by separation of the organic layer. The
organic layer was washed with saturated brine, dried and
concentrated to give a crude
6-methanesulfonyloxy—-spiro[4.5]decane-7-carboxylic acid

20 methyl ester (22 g).

Step 5
To a solution of the crude
6-methanesulfonyloxy—-spiro[4.5]decane-7-carboxylic acid

25 methyl ester (22 g) obtained in Step 4 in tetrahydrofuran (135
mL) was added 1,8-diazabicyclo[5.4.0]undec-7-ene (13.8 mL),
followed by stirring the reaction mixture at 60°C for 1.5 hours.
After dice-cooling and adding 1IN aqueous hydrochloric acid

solution (102 mL), the reaction mixture was extractedwith ethyl



followed by extraction with ethyl acetate. The organic layer was dried and then concentrated to give
spiro[5.5]undecane-2-carboxylic acid (440 mg). 5 Step 3 To a solution of
spiro[5.5]undecane-2-carboxylic acid (570 mg) obtained in the same manner as in Step 2 in chloroform
(6 mL) were added thionyl chloride (0.425 mL) and N,N-dimethylformamide (0.06 mL), followed by
stirring the 10 reaction mixture at room temperature fof 2.5 hours. Then, the reaction mixture was
concentrated and the resulting residue was dissolved tetrahydrofuran (6 mL) . To the solution were
added successivelytriethylamine(1.21mL), (R)-4-benzyl-2-oxazolidinone(670mg)and 15
4-dimethylamifGyridifie (35 HigParderice-todfitg, TofoWed By Sttty the FedctioR IniRfur8 St room
temperature for, 12.hours Then, after additien offige-coldwater, theseggtion:mixuis, was exfracted
with ethyl acetate. The organic layer was washed with aqueous potassium hydrogen sulfate solution,
dried and 20 concentratedr #hé yesidue wasqpurifiet bietdlymnechromatagraphy oa silicalgetéhexane:
ethyl acetate (volume ratio) 20:1) to give ,
(4R)-4-benzy1=3%4pito[5.5]undecane-23catbony1)-0k&zolidin2-oné {Rss-polar isomer (chFalFd):;
430mg,mere-palarisomersas(chirgl: B).390 mo),Jgssrnolar isomer (ehjale8er (5. 485 g) .
1H-NMR(CDC13)8:0.98-1.06(1H,m),1.12-1.29(3H,m),1.38-1.63(11
H,m),1.70(1H,did=&R2H2) 1 4S5 1185(AHimY, 3.02¢ ik, I=126,2H, ddd, J=6 .3, 6.3, 1.9Hz
2.2Hz2),2.79(1H,dd,J=13.4,9.5H2),3.26(1H,dd,J=13.4,3.2Hz),3. 138
67-3.75(1H,m),4 144 53218 i) % 68-4 17 (RF5rh), 7.22-7.37(5H, m). More-polar isomer (chiral: B):
1H-NMR(CDC13)8:1.02(1H,td,J=13.0,4.6Hz),1.18-1.28(3H,m),1.3
7-1.66(11H,m),1.67-1.82(2H,m),1.91-1.98(1H,m),2.77(1H,dd,J=
13.2,9.5Hz),3.26€kH,6ld,J=13.2,3.3Hz),3.72(1H,tt,J=12.1,3.3H
z),4.14-4.24(2H,m),4.63-4.69(1H,m),7.17-7.40(,5H,m§. As used herein, when a carbon atom at the
spiro :uriction is a cifal Tarbohas (EpreSentdd by, for xaifiple’ i foldwiryg Toro¥mafa: &&rbon atom

at Spiro junctign. 10 0 chisal: A referstesq chiralit, efaicarbop atom;at tbe spirgjungtian.in 3 fess-polar
isomer. Also, the following compounds
mL) was added dropwise a IM  toluene solution of
diisobutylaluminum hydride (54.6 mL) under argon atmosphere at
-70°C over 15 minutes, followed by stirring the reaction mixture
15 at -70°C for 2 hours. After raising the temperature up to -15°C,
to the reaction mixture were added successively 2N aqueous
hydrochloric acid solution (60 mL) and ethyl acetate (100 mL),
followed by separation of the organic layer. The organic layer
was washed with saturated brine, dried and concentrated. The
20 residue was purified by column chromatography on silica gel
(ethyl acetate: hexane (volume ratio) = 3:97 to 15:85) to give
spiro[4.5]dec-6—-ene-7-methanol (2.375 g).
'H-NMR (CDC15)8:1.25-1.30(1H,m),1.42-1.47(6H,m),1.60-1.69(6H
,m),1.97(2H,brdd,J=6.3,6.3Hz),3.98(2H,s),5.46 (1H, s) ..
25
Step 7
To a solution of spiro[4.5]dec-6-ene-7-methanol (1.0 qg)
obtained in Step 6, (S)-3-(4-hydroxyphenyl)-hex-4-ynoic acid

methyl ester (1.77 g) obtained in the same manner as in Substep



obtained from the compounds having the above chirality will be 15 represented by the names with
(chiral: A) at the end thereof. Similarly, chiral: B refers to a chirality of a carbon atom at the spiro
junction in amore-polar isomer. Also, the following compounds obtained from the compounds having
the above chirality will be represented by the names with (chiral: B) at 20 the end thereof. Step 4

To a suspension of lithium aluminum hydride (55 mg)Linltetrahydrofuran (5 mL) was added dropwise a
solution of 139 (4R)-4-benzy1-3-(spiro[5.5]undecane-2-carbonyl)-oxazolidin2-one (chiral: A) (425 mg)
obtained in Step 3 in tetrahydrofuran (5 mL) under ice-cooling and nitrogen atmosphere, followed by

stirring the reactior? ixtGreARNE range & ite-cddiing 6 BYrodh? Epgeraturd for’L's hlirs. Then, to

the reaction m@gg&ea\p{(?@rgqqlqddﬁuccessivelx yater (0.06 mk), 4N aqueoys sodium hydraxide solution
(0.06 mL) and water (0.18 mL), followed by stirring the reaction mixture at room temperature for 30

minutes. The pretipitatetbinsolublesnin lthe iedgtionimixbere (We 5 10 filteneld offiard-thedfiltrate, was
concentrated in vacuo. The residue was purified by column chromatograé)h% on silica gel (ethyl
-y|=

acetate: hexari® (VONIIRE Yo 15616 £ 10§ (o GiveEEirdE Blardées StRATA (chithlt &) (185

mg). IH-NMR(GRC13)3:Q.65(1H 6 4713-2H2LQ. 780,842 M) d8l-L i vene (15 mL) and
158(16H,m),3.41(2H,d,J=4.1Hz). Step 5 Spiro[5.5]undec-2-yl-methanol(chiral:A)(100 mg) obtained in

Step 4 and (Sk38x4+wdirékyspghenyddeddemnoic 20racidanettybester bbtairedly thé samenmanner
as in Substep ofExamplel were subjected to the reaction in the same condition .
asinStep8ofExAmpRIbJiTERNSE)23- 14T ird]5 5| URHREZE imethdRy BRIV I Ae X EGHGIE HEf methyl

ester (chiral: A)200 g, 251ENMR(CDG3)8:0. 76(1H,t1712.6H2).0.86:099(2H,m) 1. 307,2
0(3H,m),1.49-1.37(9H,m),1.65-1.79(2H,m),1.82(3H,d,J=2.4Hz),

1.87-1.99(2H,my,2i685(& Hyddk JP15. 2 {81.4H2 ). 7601Hyad, JH1501at ography on silica gel
8.4Hz),3.65-3.72(5H,m),4.03-4.07(1H,m),6.83(2H,d,J=8.4Hz),7 .26g2H,d,J:8.4HZ£. 140 Step 6
10 (ethyl ‘acetate: hexdne (volume ratio) = 4:96 to 8:92) to give
(S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex—-4-yno
ic acid methyl ester (2.085 g).
'H-NMR (CDC15)8:1.45-1.48(6H,m),1.62-1.69(6H,m),1.82(3H,d,J=
2.4Hz),2.03(2H,brdd,J=6.3,6.3Hz),2.65(1H,dd,J=15.2,7.0Hz), 2
15 .75(1H,dd, J=15.2,8.2Hz),3.66(3H,s),4.02-4.08(1H,m), 4.33(2H,

s),5.58(1H,s),6.84-6.88(2H,m),7.24-7.27(2H, m) .

Step 8
To a solution of
20 (S)-3-[4-(spiro[4.5]dec—-6—-en-7-ylmethoxy)-phenyl]-hex—-4-yno
ic acid methyl ester (1.33 g) obtained in Step 7 in a mixed
solvent of tetrahydrofuran(l3 mL)-methanol (13 mL) was added 2N
aqueous sodium hydroxide solution (4.6 mL), followed by
stirring the reaction mixture at room temperature overnight.
25 Then, to the reaction mixture were added successively 2N aqueous
hydrochloric acid solution (5.1 mL), ethyl acetate (100 mL) and
sodium sulfate (50 g), followed by stirring for 30 minutes. The
reaction mixture was filtered and the filtrate was concentrated.

The residue was purified by column chromatography on silica gel



(3S)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-pheny1]-hex-4- ynoic acid methyl ester (chiral: A) (200 mg)
obtained in Step 5 5was subjected to the reaction in the same condition as in Step 9 of Example 1 to
give (3S)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl1]-hex-4-ynoic acid (chiral: A)(190 mg) as the
desired compound. 10 Example 33 Preparationof
(3S)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hexi4-ynoic acid sodium salt (chiral: A) In the
same manner as in Example 2 or 4, the desired compound 15 was obtained from the compound
obtained in Example 32. Example 34 Preparationof . .
(3S)-3-[4-(spirdB-ENhdet 2y méthoxy pRBARY 1] Kex- A% hoit Poheid (Chirdl®BS Step™®  Ih‘the same
manner as in Step 4 of Example 32, ,spirplR.alundeg-2-ybmethanal (shital:B) was ehtaingd from the
more-polar isomer (chiral:B) obtained in Step 3 of Example 2532.
151-NMR(CDCt3)8:0.65(139,5,J=13. 24z, 0hS-0 97 {2 dn s b8 el b B(16H,m),3.41(2H,d,J=4.1Hz).
Step 2 141 In the same manner as in Steps 5 to 6 of Example 32, the desired compound was
obtained from the compoundobtainedin the above Step 1. 5 Example 35 Preparationof

(3S)-3-[4+spirg[p,5lyndee-2-yImethoxy)-pheny11-hex-4-ynoic acid sodium salt (chiral: B) In the
same manner as in Example 33, the desired compound 10 was obtained from the compound obtained
in the same manperas initExample 34. Example 36 of

(S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex—-4-yno

ic acid sodium salt
0 0
b 0-Na

To a solution of

10

(S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex—-4-yno
ic acid (1.12 g) obtained in the same manner as in Example 7
in ethanol (30 mL) was added 1IN aqueous sodium hydroxide
15 solution (2.97 mL), followed by stirring the reaction mixture
at room temperature for 1.5 hours. The reaction mixture was
concentrated and the residue was distilled azeotropically with
ethanol twice. The residue was dried in vacuo at 60°C for one
day to give
20 (S)-3-[4-(spiro[4.5]dec-6—-en-7-ylmethoxy)-phenyl]-hex-4-yno

ic acid sodium salt (1.15 g) as the desired compound.

Example 9

Preparation of
25 (S)-3-[4-(spiro[5.5]undec-1l-en-2-ylmethoxy)-phenyl]-hex-4-vy

noic acid

Step 1



Preparationof 15(35)-3-[4-(spiro[4.5]dec-7-ylmethoxy)-phenyl11-hex-4-ynoic acid (chiral: A) Step 1

In the same manner as in Steps 1 to 3 of Example 32, less-polar isomer (chiral: A) and more-polar
isomer (chiral: 20 B) of (4R)-4-benzy1-3-(spiro[4.51decane-7-carbonyl)-oxazolidin-2- one were
obtained from spiro[4.5]dec-7-ene-7-carboxylic acid methyl ester obtained from
cyclopentanecarbaldehyde in the same manner as inl®téps 1 to 6 and 6' of Example 1. 25Less-polar
isomer (chiral: A): 1H-NMR(CDC13)8:1.22-1.75(15H,m),1.90-1.96(1H,m),2.77(1H,dd,
J=13.2,9.5Hz),3.27(1H,dd,J=13.2,3.4Hz),3.59-3.67(1H,m),4.15

-4.23(2H,m),4.63-4.68(1H®), #2057 TSERER), 726 37“36%)3;13% 142 RMofe-potar FEGREL @hifal: B):

1H-NMR(CD éfzﬁ% 23 B3R M). 2. A6AH,dd J=13.2.96H2).325  optained  from
27(1H,dd,J=13.2,3.2Hz),3.57-3.65(1H,m),4.15-4.22(2H,m),4.65

-4.71(1H,m),7 20=1.24H m)nk 25:vd36(3bm). b Stepp2nt atrethe same manner as in Step 4 of
Example 32, spiro[4.5]dec-7-yl-methanol (chiral: A) was obtained from the less-polar isomer (chiral: A)

obtained in Step PNMDIFRRMRICDEA%)E:0 B FAttdelt, J=1257 1257 12 5, 29 H%), 6D2(1H

,dd,J=12.7,12. (hiz) L 15{1H,ddd 512 7,12. 53 8H2)11.294.6%1,) 3,99 (2n,d, J=6.0Hz),
(14H,m),1.71-1.78(1H,m),3.43(2H,t,J=5.1Hz). Step 3 15In the same manner as in Steps 5 to 6 of

Example 32, thé desited compound was obtained from the compound obtained in Step 2. Example 37
20 Preparationof (3S)-3-[4-(spiro[4.5]dec-7-yImethoxy)-phenyl1-hex-4-ynoic acid sodium salt (chiral:
A)

Step 2

In the same manner as in Steps 7 to 8 of Example 7, the
10 desired compound was obtained from the compound obtained in the

above Step 1.

Example 10
Preparation of
15 (S)-3-[4—-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl]-hex-4-y
noic acid sodium salt
In the same manner as in Example 8, the desired compound
was obtained from the compound obtained in the same manner as
in Example 9.
20
Example 11
Preparation of
(S)-3-[4-(spiro[4.4]non-2-en-2-ylmethoxy)-phenyl]-hex-4-yno

ic acid



In the same manner as in Example 33, the desired compound was obtained from the compound
obtained in Example 36. 25 143 Step 1 In the same manner as in Step 4 of Example 32,
spiro[4.5]dec-7-yl-methanol (chiral: B) was obtained from the more-polar isomer (chiral: B) obtained in
Step 1 of Example 36. 51H-NMR(CDC13)8:0.84(1H,dddd,J=12.7,12.7,12.7,3.9Hz),0.92(1H
,dd,J=12.7,12.7Hz),1.15(1H,ddd,J=12.7,12.7,3.9Hz),124-1.67 (14H,m),1.71-1.78(1H,m),3.43(2H,brs).
Step 2 10In the same manner as in Steps 5 to 6 of Example 32, the desired compound was obtained
from the compoundobtainedin the above Step 1. Example 39 15 Preparationof
(3S)-3-[4-(spirof4,5]dec-7sylmethoxy)- Iﬁ’%ﬂylls-tt@xA-y ic acid sodiurmsa&(chir%%ﬁg he same
manner as in E le 33, thedesiredcompound was obt Lroe&ﬁ@l the compou ained’in
Example 38. 20 Example 40 Preparationof °©
3-(l-methyl-1H-tetrazol-5-y1)-3-[4-(spiro[5.5]undec-2-y|me@oxy)-phenyll-propionic acid

Step4 Stepb Stepb6

? 9
|

Steps oy SRR oy RS o
OH

Step7 | o Step8 f Q
- > 0o — OH
Oae Oae
Step 1

To a solution of potassium permanganate (55.3 g) in 1IN

5 aqueous sodium hydroxide solution (300 mL) was added
spiro[4.5]decan-8-one (10.6 g) obtained from
cyclopentanecarbaldehyde in the same manner as in Steps 1 and

2 of Example 1, followed by stirring the reaction mixture at
room temperature for 3 hours. Then, to the reaction mixture

10 was added aqueous sodium sulfite solution, followed by stirring
the reaction mixture at room temperature for 15 minutes. The
insolubles in the reaction mixture were filtered off and the
filtrate was washed with diethyl ether. The resulting agueous
solution was acidified by addition of concentrated hydrochloric

15 acid thereto and extracted with ethyl acetate. The organic
layer was washed with water, dried and concentrated to give a
crude product (12.75 g) containing

3-(l-carboxymethyl-cyclopentyl)-propionic acid.

20 Step 2
To a solution of the crude product (12.75 g) containing

3-(l-carboxymethyl-cyclopentyl)-propionic acid obtained in



Step 1 To a solution of 3-(4-hydroxyphenyl)-hex-4-ynoic acid (3.0 g) obtained in the same manner
as in Substep 3 of Example 1 in 5 a mixed solvent of toluene(30 mL)-methanol(10 mL) was added
dropwise a hexane solution of trimethylsilyldiazomethane (2M, 8.8 mL) under ice-cooling over
8minutes, followed by stirring the reaction mixture at room temperature for 2 hours. Then, the reaction
mixture was concentrated and the residue was 10 disgoived in chloroform (60 mL). To the solution
were added successively 3,4-dihydro-2H-pyrane (1.6 mL) and camphorsulfonic acid (0.17 g) under
ice-cooling, followed by stirring the reaction mixture under ice-cooling for 2 hours. Then, after addition

of saturated a§(i€8Us sddiumBicarbdnate™5 €dlutiori 23 Hid feactiBh mixfiré TRBtHanbl fAS>©
evaporated offinvaeug. follawedbyextraction withyethyl acetate..The grganic layerwas washed with
saturated brine, dried and concentrated. The residue was purified by column chromatography on silica
gel (ethyl acetate: hegkahe qwdldme( 145 3-pME(tetrakly dropyran-2 addxy)phenyi-hex-4amndicacid methyl
ester (4.07 g). 1H-NMR(CDC13)8:1.57-1.73(3H,m),1.82-1.89(5H,m),1.96-2.06(1H o
m),2.66(1H,dd L1857 oz 2 7T 4 5=15.5,8.6H 5,369 - Then, after addition
53'61(1H§n)’30§8(§'é|r@ 8%?0%{%31'@'*”1)9491%‘)4%&H@%)3§ﬁg( carbonate (30 g), the
1H,t,J=3.3Hz),7.00(2H,d,J=8.6Hz),7.28(2H,d,J=8.6Hz). Step 2 Toasolutionof 10
3-[4-(tetrahydropyran:21yloxy)pherylvhex-4emoiacid medigl ester (4 D7ng)robtaised ik Step 1 in
ethyl acetate (70 mL) were added successively quinoline (1.52 mL) and 5% palladium-barium sulfate

(0.4 g), followétP By StffiftPte feactivR mbdireSiftier moraf preEssiie in 3h atmosphre bf 18

hydrogen at rogm temperatyre for.da,2 hours.Then, aftes thg reaction mbdure was filigrsed through
Celite, water and 1N aqueous hydrochloric acid solution were added to the filtrate, followed by

extraction withdethyhadetatéicthe offanicdayerwas atashecbsuccessaely with INtaguecusied
hydrochloric acid 20 solution and saturated brine, dried and concentrated to give (Z)-
3-[4-(tetrahydAP§rark 33 i6R) pheny]-hex-42Enoic Htid HiethYitestePEE 83 45 SStepya  coLumn
25Toasolutiongf(Z)m 3 4{tetralydrepysan-2-yoxy) iphenyi]-hex-4-engic acid methyl esten (333 9)

obtained in Step 2 in a mixed solvent of dioxane(60 mL)-water(15 mL) was added 2,6-lutidine (2.8
mL). Then, to this was addéd dropwise @aitet-Butamoldolutionbf d46 Ostiimatetrogided5mgienL, 12
mL) over 5 minutes, followed by stirring the reaction mixture at room temperature for 3minutes. Then,

to the reaction mixturdSN&Y added AFSPHie BguBYhs SEGiuRP el iddate SofitibR(16.3 g/28ME) over 7

minutes, followed, by stiingthe reaction mixture at room temperature for 2 hours. After addition of
ethyl acetate to the reaction mixture, the organic layer was separated. The organic layer was washed
successivelywith 1N aqueous hydrochloric acid solution, water, saturated aqueous sodium bicarbonate
solution, saturated 10 aqueous sodium thiosulfate solution and saturated brine, dried and
concentrated. Thettesidue was purified by column chromatography on silica gel (ethyl acetate: hexane

(volume ratio) 1:4 torL;3)togive #1ex0-3i4-(telrabydropyransZnylaxy)-pheny L pubyicagich i ng
3-(l-benzyloxycarbonylmethyl-cyclopentyl)-propionic acid
benzyl ester obtained in Step 2 in tetrahydrofuran (150 mL) was

20 added potassium tert-butoxide (6.6 g), followed by stirring at
room temperature for 2 hours. Then, to the reaction mixture
was added dropwise a solution of acetic acid (5 mL) in water
(100 mL) under ice-cooling, followed by extraction with ethyl
acetate. The organic layer was washed with water, dried and

25 concentrated. The residue was ©purified by column
chromatography on silica gel (hexane: ethyl acetate (volume
ratio) =20:1to010:1) togive a crude product (5.23 g) containing

3-oxo-spiro[4.4]nonane-2-carboxylic acid benzyl ester.



15methyl ester (2.59 g). 1H-NMR(CDC13)8:1.57-1.72(3H,m),1.84-1.88(2H,m),1.95-2.03(1H
,m),2.58(1H,dd,J=16.9,6.2Hz),3.13(1H,dd,J=16.9,8.3Hz),3.58-
3.64(1H,m),3.66(3H,$),3.85-3.93(1H,m),4.15-4.07(1H,m),5.41(
1H,q,J=3.1Hz),7.04-7.12(4H,m),9.67(1H,$). 20 Step 4 Toasolutionof
4-0x0-3-[4-(tetrahydropyran-2-yloxy)-pheny1]-butyricaifl methyl ester (1.29 g) obtained in Step 3 in
methanol (13 mL) 25 was added camphorsulfonic acid (98 mg), followed by stirring the reaction
mixture at room temperature for 6 hours. Then, after addition of 1N aqueous sodium hydroxide
solution (0.42 ﬁ‘?@?thﬂe reaction mixture was concentrated. To the residue was added water, followed

by extraction with ethyl acelale, The 147 organic layer was,washed with satuggted bring, drigd and

concentrated. The residue was purified by column chromatography on silica gel (ethyl acetate: hexane
(volume ratio) 1o to-213) to §ivedd-(d-hydroxyphemyk):4;4-dimethoxybbutyrenacid methyltester (0.99
g). 1H-NMR(CDC13)8:2.60(1H,dd,J=15.7,9.0Hz),2.85(1H,dd,J=15.7,5 ,
7HZ),3.29(3HYY F36-3U3tH, M F58(3H $), A3 glu=61P0 mL) was added sodium

Hz),4.95(3H,$),6,74(2H,%: 99 252), 7L A(2hh e d79,2H2) - 109tER S £ TR ASQUHON Of 5 i
3-(4-hydroxypheny1)-4,4-dimethoxy butyric acid methyl ester (0.257 g) obtained in Step 4 an&T

2-bromomethylspiro[5.5fmndecane 0225 g) obtained in th& fallowiagtSubsteép dltinon of 10%
N,N-dimethylformamide (3 mL) was added 15 cesium carbonate (0.597 g), followed by stirring the
reaction mixtufSTAESHE B2 8 HOUrE ThENT 3REFadditidi bPwakT theFeadtich Mixturewds Extracted

with ethyl acetate, hearoanic layer was,washed suceessively, wish yater apdgsatupatedibring, dried
and concentrated. The residue was purified by 20 column chromatography on silica gel (ethyl acetate:

hexane (voluniefatioyedl 120 toxt.6ptdgive with ethyl acetate. The organic layer

4,4-dimethoxy-3-[4-(spiro[5.51undec-2-yImethoxy)-phenyl11-bu tyric acid methyl ester (0.297 g).
25Step 6 Toadititionor A £BimetHEXy 34 t$piro[5 BHmbee-Lyimemhos) - phehy f1Butgric 4tid

methy! ester (820 p1g) obtained in the same manner agin.Sigr 5 inaceioneBml), tifluprogeetic acid
(6 mL) was 148
ratio) = 10:1 to 3:1) to give
3-hydroxy-spiro[4.4]nonane-2-carboxylic acid benzyl ester
(less—-polar isomer; 1.29 g, more-polar isomer; 2.23 g).
15 Less—polar isomer
'H-NMR (CDC13)8:1.45-1.66(9H,m),1.78(1H,dd,J=13.1,10.1Hz), 1.
93-2.02(2H,m),2.13(1H,d,J=3.8Hz),2.80-2.88(1H,m),4.46(1H,dd
d,J=15.1,7.4,3.8Hz),5.17(2H,s),7.30-7.42(5H, m) .
More-polar isomer
20 'H-NMR(CDC15)8:1.37-1.51(2H,m),1.68-1.52(7H,m),1.74(1H,dd,J
=14.1,3.2Hz),1.82-1.91(2H,m),2.88-2.94(2H,m),4.45-4.51(1H, m

),5.17(2H,d,J=1.9Hz),7.29-7.42 (5H, m) .

Step 5

25 3-Hydroxy-spiro[4.4]nonane-2—-carboxylic acid benzyl
ester (less-polar isomer; 1.29 g, more-polar isomer; 2.23 Q)
obtained in Step 4 was subjected to the reaction in the same
condition as in Steps 5, 5’ and 6 of Example 1 to give

spiro[4.4]non-2-ene-2-carboxylic acid benzyl ester (3.2 g).



added in three portions hourly, followed by stirring the reaction mixture at room temperature for 3
hours. Then, after addition of saturated aqueous s odium bicarbonate solution under ice-cooling, the
reaction mixture was extracted with ethyl acetate. The organic layer was washed successively with
saturated aqueous sodium bicarbonate solution and saturated brine, dried and concentrated to give a
crude aldehyde. To a solution of the crude aldehyde i0& mixed solvent of tert-butanol(6 mL)-water(1.5
mL) were added successively 10 sodium dihydrogen phosphate (88 mg), 2-methy1-2-butene (0.3 mL)
and sodium chlorite (218 mg), followed by stirring the reaction mixture at room temperature for 1 hour.

Then, after additidR’6f (R adudus-hrdcHiéré Hem)sotutibh e Feaktion Hikiurd was(@xiratted with
ethyl acetate. The organic layey was.washed 15 with;satyrated brine odriedsgnd gopgentrated to give
2-[4-(spiro[5.51undec-2-ylmethoxy -phenyl1-succinic acid 4-methyl ester (310 mg). Step 7
20Toasolutionof 2-[4-(spiro[5.5]undec-2-yImethoxy)-phenyl1-succinic acid 4-methyl ester (310 mg)
obtained in Step 6 in N,Ndimethylformamide (4 mL) were added successively
1-ethy1-3-(3-d%8ﬁ1y?aminopropyl)carbodiimide hydrochloride 25 (163 mg), 1-hydroxybenzotriazole
hydrate (E15 mg) angd.a tefrahydrofyran saltion of methylamine (2M0:33mi); followed by-stigring the
reaction mixture at room temperature for 13 hours. Then, after addition of water, the reaction mixture
was extractedwitlvlethyyl aeetate. Themrgaric laydr jras washed 14 X successivelywith d N ageeous
hydrochloric acid solution, water, saturated aqueous sodium bicarbonate solution and saturated brine,

dried and con&&Htrhatéd Crhe réSidue Whs pdfifidd by Coluh chrEfdByraphy on sifica geP (etfiyl

acetate: hexa Qf@#@@@ﬁ%%%ngQWEZ—yl—methanol (1.8 g)..
N-methy1-3-[4-(spiro[5.5]undec-2-yImethoxy)-phenyll-succina mic acid methyl ester (278 mg).

1H-NMR(CDC13)8MRAT[AEN L IS15.1582) 0.88- 1 D22, ), 5 2411.28 (4H,m) , 2.25-2 .30 (4H
9(2H,m),1.38-1.54(10H,m) 1.66-2.02{%&4,m),2.61(1H,dd,J:16.6, 10

6.3Hz), 2L 75(3HW. 324 ARi5Y 3 2Bl1H R T=16°6, 815H3)3.66(3H,
s),3.70(2H,dd,J=5.6,2.8Hz),3.87(1H,dd,J=8.6,6.3Hz),5.36-5.4
3(1H,m),6.86(2H,d,J=8.1Hz),7.19(2H,d,J=8.1Hz). Step 8 15Toasolutionof
N-methy1-3-[4S(spiro[5.5]undec-2-yImethoxy)-phenyl1-succina mic acidmethyl ester (178mg) obtained
in Step 7in acetonitrile (5 mL) were added successively sodium azide (85 m

d
trifluoromethanesulfoRic-ahhydrid8 .20 mLy, folow B{)%os]tirfi%g%h%)r@f%%i%?r}ﬁ&tafé At réom

temperature foy 24, hoyks. Thepy afieraddition of saturated aqueous §8d§E‘E‘L<§’i‘&@99%§tE‘e§@HE}On, the
reaction mixture was extracted with ethyl acetate. The organic layer was washed with brine, dried and

concentidted. Thetresidudhasperified by thindaygemeolomn elsromatograpisyp25onisiicagell(ethyl
acetate: hexane (volume ratjo) = 1:1) to give

V . . - .
3-(1-methyl-1ﬁ-fé?fé%oﬁ%%§%t-ﬁ@(stb?rc?f§%]Lﬁ\%ae%%?/ﬁnéfh(%/?-p%aelﬂﬁll-%?gﬁbﬁfco&i& ethyl ester
(41 mg). TH-NMR(CDC13)8:0.75(1H,t JF12.1H2) 0,86:0.09(2H,m), 1,19-1.2 150 give

(S)-3-[4-(spiro[4.4]non-2-en-2-ylmethoxy)-phenyl]-hex-4-yno
ic acid methyl ester (1.55 g).

20 'H-NMR (CDC15)8:1.59-1.56 (4H,m),1.62-1.67(4H,m),1.84(3H,d,J=
2.5Hz),2.29-2.33(4H,m),2.66(1H,dd,J=15.3,6.8Hz),2.76(1H,dd,
J=15.3,8.3Hz),3.67(3H,s),4.03-4.09(1H,m),4.52(2H,s),5.64-5.

68 (1H,m),6.87(2H,d,J=8.3Hz),7.27(3H,d,J=8.3Hz) .

25 Step 8
(S)-3-[4-(spiro[4.4]non-2-en-2-ylmethoxy)-phenyl]-hex-
4-ynoic acid methyl ester (1.55 g) obtained in step 7 was
subjected to the reaction in the same condition as in Step 9

of Example 1 to give



8(2H,m),1.36-1.99(14H,m),3.00(1H,dd,J=17.4,5.5Hz),3.53(1H,d
d,J=17.4,8.8Hz),3.63-3.70(5H,m),3.82(3H,%$),4.57(1H,dd,J=5.5
,8.8H2),6.83(2H,d,J=8.4Hz),7.11(2H,d,J=8.4Hz). 5 Step 9 Toasolutionof
3-(1-methyl-1H-tetrazol-5-y1)-3-[4-(spiro[5.5]undec-2-ylmet hoxy)-phenyll-propionic acid methyl ester
(41 mg) obtained in Step Bin a mixed solvent of tetrahgdrofuran(1mL)-methanol(0.5 10 mL)-water(0.5
mL) was added 2N aqueous sodium hydroxide solution (0.144 mL), followed by stirring the reaction
mixture at room temperature for 18 hours. Then, after addition of 1N aqueous ’]rggjrochloric acid

solution (0.3 m1S) the rkacticr tikthife fHERBxtracted withl BHRT acsake PR 8rganiChyr 18 Was
washed with saturgted.prine, thied and.cqoncentrated. Jhesgsiduewas purified by thin-layer column

chromatography on silica gel (acetic acid: ethyl acetate: chloroform (volume ratio) 0.1:1:10) to give
3-(1-methyl-1H-tetrazol-5-y1)-3-[4-(spiro[5.5]undec-2-ylmet 20 hoxy)-phenyll-propionic acid (39 mg)
as the desired compound. Substep 1 To a solution of spiro[5.5]undec-2-ylmethanol (0.65 g)
obtained in th&¥aMR Rander as in Step 1 of Example 26 from 25 spiro[5.5]undec-2-en-2-yl-methanol
obtained in the same,manner as in Step 7 of Example 1, in chloroform (10 mL) were added ¢
successively triphenylphosphine (1.12 g) and N-bromosuccinimide (0.76 g), followed by stirring the
reaction mixtures at-rooid tefapenaturé fér 19 holrs: Theny afte-addition dbé rof hexare,theprecipitate
was filtered off and the filtrate was concentrated.The residue was purified by column chromatography
on silica gel (etffyl Hcethtd Rexdhe’@olume ratio) = 1:4) to give 2-bromomethyl-spiro[5.5]undecane

(0.83 9). 1H‘NMR(CRCE@%%%Q%(%EMIQ@E-%@&@@@ﬁ?@@@%fﬂli;%gé&;’esired compound
4(2H,m),1.91-1.36(14H,m),3.25(2H,d,J=5.7Hz). Example 41 10 Preparationof

3-ethoxy-3-[4-(spiroffh s hmnued- I-en:2-yinethoxy) phehyd bipr opiohic acickSteplStep20 0Step3 2:501
Step4 0(1).02 Step5 n"

Example 13
Preparation of
(S)-3-[4-(spiro[4.5]dec-2-en-2-ylmethoxy)-phenyl]-hex—-4-yno
ic acid
15 Step 1
In the same manner as in Steps 1 to 6 of Example 11,
spiro[4.5]dec-2-en-2-yl-methanol was obtained from
cyclohexanecarbaldehyde.
'H-NMR (CDC15)8:1.49-1.36(10H,m),2.14-2.19(4H,m),4.12-4.16 (2
200 H,m),5.47-5.50(1H, m) .

Step 2
In the same manner as in Steps 7 to 8 of Example 11, the
desired compound was obtained from the compound obtained in the

25 above Step 1.

Example 14
Preparation of

(S)-3-[4-(spiro[4.5]dec-2-en-2-ylmethoxy)-phenyl]-hex-4-yno



r Step9 Step 1l 15To a suspension of potassium tert-butoxide (24.4 g) in toluene (100 mL) was
added a solution of cyclohexanone (10.67 g) and 1,5-dibromopentane (25 g) in toluene (50 mL) while
stirring. The mixture was stirred at 100C for 4 hours. After cooling down to room temperature, the
resulting solid was 20 filtered off and washed with toluene. The filtrate was concentrated and the
residue was purified by column chromatography on sili¢a gel (ethyl acetate: hexane (volume 152
ratio) = 1:15) to give spiro[5.5]undecan-l-one (11.85 g).
1H-NMR(CDC13)8:1.30-1.51(8H,m),1.66-1.74(4H,m),1.79-1.91(4H ,m),2.38(2H,t,J=6.8Hz). 5 Step 2
To a suspensiof ot 60% S66itH hydride (5.7 g) and potassium tert-butoxide (1.6 g) in tetrahydrofuran

(200 mL) was added dimgthyl cadbanaig £9.6,mL) atroomtemperatyrewhile stirring. Jhesgagtion

mixture was heated under reflux. To the reaction 10 mixture was added dropwise a solution of
spiro[5.5]undegan-bonhe {hEB5cg)oobtaired mrteprtintetahydrofuran (40 sinoverrinkaur followed
by heating the reaction mixture under reflux for 2 hours. After ice-cooling, acetic acid (14.6 mL) was
added dropwisg'td"the¥8actidr mixture. 15 Then, the reaction mixture was poured into saturated brine,
followed by extraction with ethyl acetate. The organic layer was washed with saturated brine, dried and
concentrated. The residue was purified by column chromatography on silica gel (ethyl acetate: hexane
(volume ratio) Exkrib) to give 201-oxo-spiro[5.5]undecane-2-carboxylic acid methyl ester (13.02 g).

1H-NMR(CDC13)8:1.29-1.74(8H,m),1.78-1.98(6H,m),2.16-2.22(2H ,m),3.74(3H,$),12.64(1H,m).
25Step 3 Préparation of

(S)-3-[4-(spiro[4.5]dec-1-en-2-ylmethoxy)-phenyl]-hex-4-yno
ic acid

FSo 0 Step3 HO @ Step4

QO Stepl O Oo- Step2 N B
O st (0.0 st (B e B ers

o Stepb Step?7 0
Stepb5 P p
OXre

10

Step 1
To a solution of cyclohexanecarbaldehyde (6.3 mL) and
2-hydroxy—-3-butenoic acid methyl ester (5 mL) in toluene (40
15 mL) was added para-toluenesulfonic acid monohydrate (20 mg),
and the reaction mixture was heated under reflux by using a
Dean—-Stark apparatus for 16.5 hours. After coolingdown to room
temperature, the reaction mixture was concentrated in vacuo.
The residue was purified by column chromatography on silica gel
20 (hexane: ethyl acetate (volume ratio) = 50:1 to 10:1) to give
4—(1-formyl-cyclohexyl)-but-2-enoic acid methyl ester (3.7 g).
'H-NMR (CDC13)8:1.30-1.42(4H,m),1.53-1.58(4H, m),1.85-1.91(2H
,m),2.33(2H,dd,J=7.7,1.3Hz),3.72(3H,s),5.84(1H,dt,J=15.7,1.



To a solution of 1-oxo-spiro[5.5]undecane-2-carboxylic acid methyl ester (13.02 g) obtained in Step 2
in methanol (300 mL), sodium borohydride (2.2 g) was added in small portions under ice-cooling,
followed by stirring the reaction mixture 153 under ice-cooling for 30 minutes. Then, after addition of
saturated brine, 2N aqueous hydrochloric acid solution was further added dropwise to the reaction
mixture until the evolution of gases ceased, followed by &xtraction with ethyl acetate twice. The
organic layer was washed with saturated brine, dried and concentrated. The residue was purified by
column chromatography on silica gel (ethyl acetate: hexane (volume ratio) = 1:8 to 1:5) to give
trans-1-hydro>&ﬂ§ﬁiroﬁ5.%ﬁjﬂd@cﬁ??gl -EgrbZ)xg/I?c deid rﬁ&m/v fOe%%érl&’.ﬁ 9).
1H-NMR(CDC13)8:0.82(1H,tt,J=13.6,5.0Hz),1.07-1.22(2H,m),1.3
1-1.67(10H,m),1.84-2.01(2H,m),2.17(1H,dt,J=12.0,4.2Hz),2.39
(1H,d,J=4.4HZ){2=52-2.59(1H,m),3.42(1H,dd,J=10.7,4.2Hz),3.7 1(3H,$). 15 Step 4 Toasolutionof
trans-1-hydroxy-spiro[5.5]undecane-2-carboxylic acid methyl ester (2.74g) obtained in Step 3 in

chloroform (20 mL) Wasatidtt 2o Ficthy tantihe (30 § Yo hereattion ixttre Was added

dropwise & sojytion.of methanesulfonykchjoride, (1.03 sal).in,chlproform (5 ML) ynderice-copling,
followed by stirring the reaction mixture at room temperature overnight. Then, after addition of water,

the reaction mixtire(was washedtherewithn 25 Thé sdparated orgardiofaybr wds @siedrand in
concentrated. To the residue were added tetrahydrofuran (30 mL

d
1,8-diazabicyc?6{%%@]‘°un(dgeocl“ﬁénvéa(%%ﬁdrﬁE)%‘HB\‘%E%)tfﬁéﬁﬁﬁé%l%eir]ﬁ&ﬁo@m?x%é HO6GE for 3

hours. After cogligg doyn{949081 lempRIatule, the feaction mixiure.was paUred inte ; 1oA water,
followed by extraction with ethyl acetate. The organic layer was washed successively with 1N aqueous

hydrochloric acigesoiution anc saturated bAne, dried 2hdconcentraiéd.sthe residugywasvypurified by
column chromatography on silica gel (ethyl acetate: hexane (volume ratio) = 1:8) to give

spiro[5.51inderSLBAEIRSTBRR i 300 Mty SEEPELBTPgf - um bicarbonate solution,
1H-NMR(CDCI3)8:1 32+ 1 65(L4H.1),2- 20:2:27 (2B 3 733H )16 S4AH.$h A0 Step 5 7 Toa

solution of spiro[5.5]undec-1-ene-2-carboxylic acid methyl ester (2.07 g) obtained in Step 4 in
tetrahydrofuranx8emilc) wag added dropwiseca 4 M toluertesolution ©f 15rdlisobutydal bmirad hydride

(30 mL) at -70C under argon atmosphere over 15 minutes, followed by stirring the reaction mixture at

-70C for 1 hout ™ FhERaiEY CarefulFAtiditior™of Mefrandl (2 ) Akt BN tie6 e Y drothfbE Acid

solution (5 mL) t@ thereactigpmixturg. thestemperaturgyas yaised 1o raomy20 fgmpegatuge.the
reaction mixture was poured into saturated brine, followed by extraction with ethyl acetate. The organic
layer wasSwashet miitht $aturatéd byine pdried 4nd tancemteated cEné residue was pdrified Byycolumn
chromatography on silica %el éethyl acetate: hexane (volume ratio) = 1:5) to give

25spiro[5.5]undiec t-erg-2°meéthanol (1.685 g).

Step 3
To a solution of
20 l-triethylsiloxy-spiro[4.5]decane-2-carboxylic acid methyl
ester (5.0 g) obtained in Step 2 in tetrahydrofuran (30 mL) was
added a 1M tetrahydrofuran solution of tetra-n-butylammonium
fluoride (18.4 mL), followed by stirring the reaction mixture
at room temperature for 30 minutes. Then, after addition of
25 aqueous ammonium chloride solution, the reaction mixture was
extractedwith ethyl acetate. The organic layer was washedwith
water, dried and concentrated. The residue was purified by
column chromatography on silica gel (hexane: ethyl acetate

(volume ratio) = 5:1) to give



1H-NMR(CDC13)8:1.24-1.53(12H,m),1.55-1.57(1H,m),1.62(2H. tt,
J=9.2,3.1Hz),1.97(2H,t,J=6.2Hz),3.99(2H,d,J=6.0HZ),5.55(1H, s). 155 Step 6  To a solution of
spiro[5.5]undec-1-ene-2-methanol (3.189 g) obtained in the same manner as in Step 5,
4-hydroxybenzaldehyde (2.589 g) and triphenylphosphine (5.56 g) in tetrahydrofuran (100 mL) was
added dropwise a solution of 94% 1,1'-diisopropyl azbditarboxylate (4.446 mL) in tetrahydrofuran (3
mL) under ice-cooling, followed by stirring the reaction mixture at room temperature overnight. Then,
the reaction mixture was concentrated and the residue was purified 10 by column chromatography on

silica gel (ethyl ab&taté hexaRe (Pdltme! Aoy 2org) fogive xy 1 ic acid methyl ester
4'(Spir0[5'5]ungf&é]s'gzﬂ'c%glpq_tggﬁ@igenlz%d? dﬁéf‘@%@lar isomer; 0.95 g).
1H-NMR(CDC13)8:1.24-1.51(12H,m),1.60-1.68(2H,m),2.03(2H,dt,
J=6.2,2.7Hz),41462H:8),570(Hd;$)7.01(2H,dt,J=9.3,2.3Hz), 157.82(2H,dt,J=9.3,2.3Hz),9.89(1H,$).
Step 7  To a solution of ethyl acetate (2.2 mL) in tetrahydrofuran

(100mL)wasadteditfop Mhéptahel20 Ak EnrofurafetmitdiZend)solutidh éfRRiG AT
diisopropylamidg)(11.25mi-) 5/8C Hpder argpnatmosphers,oyersL5;minutes, followed By stirring the
reaction mixture at -78C for 30 minutes. Then, to the reaction mixture was added dropwise a solution
of 25 4-(spiro[3 Bjurdec3l-en+2-ylmethoxy)-erizatdenyde (4.27 g) obtained in Step 6 in
tetrahydrofuran (15 mL) over 10 minutes, followed by stirring the reaction mixture at -78C for 40
minutes. After the temperature was raised to room temperature, saturated aqueous ammonium
chloride solutigp £00,mL) was added carefully 156 to the reaction mixture, followed by extraction with
ethyl acetate. The organic layer was washed with saturated brine, dried and concentrated. The residue
was purified by columiiighromategraphy oh.siliciegelr(eti3t agetatesshiexane (wolufe methyl
5ratio)=1:4to1:3)togive 3-hydroxy-3-[4-(s iro[5|._5F]undec-1-en-2-ylmethoxy)-phenyll—p ropionic acid
ethyl ester (4.@%)?3‘1%8%@(1&%5301%}8:%?*2%?3 dg\ TG a0 7A%), 1156 4g(8 m); 1.8 Wes
4(2H’$)'1-64(%Ej]e:§t%§-Wk%-@lfégé@i%m)i%@ﬁwadﬁnelgondition as in Steps 5
J=16.2,3.9Hz),2.75(1H,dd,J=16.4,9.3Hz),3.11(1H,d,J=3.4Hz),4

.15-4.22(2H,my A3 6( 261 S B 08(LH:; df, J+D 1 Bi4Hz 55.67¢1H,s5 ] dec-1-ene-2-carboxylic
),6.90(2H,dt,J=9.3,2.5Hz2),7.25-7.29(2H,m). Step 8 15Toasolutionof
3-hydroxy-3-[éﬁ(:§pﬁirol[‘59.%ﬁ%ﬁe@-slt-gﬁ-ﬂﬁl 1tAXy)-pheny11-p ropionic acid ethyl ester (4.98 g)
obtained in Step Faad NN dijgpproyethylaming{(6,97.mL) ivehloroform (100 mil) wassadded dropwi
se a 1M dichloromethane solution of triethyloxonium 20 tetrafluoroborate (20 mL) under ice-cooling
over 5 nmihuted! folfowed by stirrfiitztheYeddticiinmixture. @ideriee-cooling for 10 minutes and then at
room temperature for 2.5 hours. Then, the reaction mixture was concentrated and the residue was
extracted with ethyl acetate. The organic layer was washed 25 successively with water and saturated
brine, dried angk.egncentrated. The residue was purified by column chromatography on silica gel (ethyl

acetate: hexane (volume ratio) 1:5) to give 157
Spiro[4.5]dec-1l-ene-2-carboxylic acid methyl ester (800

mg) obtained in Step 4 was subjected to the reaction in the same
20 condition as in Step 7 of Example 1 to give

spiro[4.5]dec-1-en-2-yl-methanol (675 mg).

'H-NMR (CDC15)8:1.33-1.50(14H,brm),1.73(2H,t,J=7.0Hz),2.31(2

H,t,J=7.0Hz),4.16(2H,d,J=6.5Hz),5.56(1H, s) .

25 Step 6
To a solution of spiro[4.5]dec-1-en-2-yl-methanol (50 mg)
obtained 1in Step 5 1in chloroform (1 mL) were added
triphenylphosphine (87 mg) and N-bromo-succinimide (87 mg)

under ice-cooling, followed by stirring the reaction mixture



(picnic acid ethyl ester (2.175 g). 1H-NMR(CDC13)8:1.13(3H,t,J=7.0Hz),1.22(3H,td,J=7.6,3.1Hz),1
.31-1.50(10H,m),1.53(2H,d,J=4.8Hz),1.64(2H,tt,J=9.2,3.1Hz),
2.06(2H,dt,J=12.8,7.1Hz),2.5(1H,dd,J=15.0,5.1Hz),2.79(1H,dd
,J=15.0,8.9Hz),3.28-3.41(2H,m),4.12(2H,ddd,J=14.3,7.1,2.1Hz
),4.35(2H,$),4.68(1H,dd,J=8.9,5.1Hz),5.67(1H,$),6.89(2H,dt, J=9.2,2.4Hz),7.23(2H,dt,J=9.2,2.4Hz).
Step 9 10Toasolutionof 3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl1-pr opionic acid
ethyl ester (3.169 g) obtained in the same manner as in Step 8 in a mixed solvent of ethanol(10
mL)-tetrahydrGthraf@® hARELAGIE IR adEdUs sodili15 Hyarbkide Sotitin 4 Wi hder
ice-cooling, followed by stitring the reaction mixturg at raomdemperatuse forslQ mindtes, Thep, after
addition of ethanol (5 mL) and tetrahydrofuran (5 mL), the reaction mixture was stirred at room
temperature ovemightt Thenathe reaction mixtuie was dilgtet! with 2Csatueated brive andy2Neaqueous
hydrochloric acid solution (8 mL) was added thereto, foIIowegébé\)/nextraction with ethyl acetate. The

organic layer wadWaBRBE satbraied brine 9Ged - afd to tf4ted to give

3-ethoxy-3 [4-(spitala pldnde 3:en-imethoy syt pr 2o0pionic adld (292)9), Bxample 42
Preparationof (-)-3-ethoxy-3-f4-(sp|ro[5.5]undec-1-en-2-y methoxy)-phenyl 1-propionic acid o o
C7''%0-L099'&i, Step-1 Tédasolutionaf(3Hethoxys3-4-(Spirof3.5]undec-1-en-2-ylmethoxy)-phenyl1-pr
opionic acid (2.95 g) obtained in Example 41 and triethylamine (3.3 mL) in tetrahydrofuran (60 mL)
was added dropwise a solution of pivaloyl chloride (1.265 mL) in tetrahydrofuran (5 mL) at -35C,
followed by stiging the reaction mixture at -35 10 to -30C for 30 minutes. Then, to the reaction mixture
was added dropwise a solution of (R)-4-benzyl1-2-oxazolidinone (1.82 g) and lithium bromide (892 mg)
in tetrahydrofuran (I®raL3ofolibwed by raismgtherteniperatewe up t6 000ver P-rouwrs(Whikesstirring
the reaction mixture, The reaction mixture was poured 15 into ice-cold water, followed by extraction

with ethylacefats: FHEGrgahic fayer Wwad whdhed With SatFAEBBRhES diibd™nd KEhcertrated. The
residue was pygifjedsby Em'i-?lg%!i? eipseparative chromatography gn.silies, gek (athyl aeefate;hexane

(volume ratio) 1:5) to give 20(R)-4-benzy1-3-{3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-yImet
obtained in the same manner as in Substep 5 of Example 1 and
potassium carbonate (93 mg), followed by stirring the reaction
mixture at room temperature for 15 hours. Then, after addition

15 of 1N aqueous hydrochloric acid solution, the reaction mixture
was extracted with diethyl ether. The organic layer was washed
with water, dried and concentrated. The residue was purified
by column chromatography on silica gel (hexane: ethyl acetate
(volume ratio) = 50:1 to 20:1) to give

20 (S)-3-[4-(spiro[4.5]dec-1-en-2-ylmethoxy)-phenyl]-hex-4-yno
ic acid methyl ester (71 mg).

'H-NMR (CDC15)8:1.40-1.59(10H,brm),1.76 (2H,t,J=8.0Hz),1.84(3
H,d,J=2.3Hz),2.39(2H,t,J=8.0Hz),2.66(1H,dd,J=15.3,7.0Hz), 2.
76 (1H,dd,J=15.3,7.8Hz),3.67(3H,s),4.04-4.08(1H,m),4.52(2H, s

25 ),5.68(1H,s),6.87(2H,d,J=8.7Hz),7.27(2H,d,J=8.7Hz) .

Step 8
(S)-3-[4-(spiro[4.5]dec-1-en-2-ylmethoxy)-phenyl]-hex-

4-ynoic acid methyl ester (71 mg) obtained in Step 7 was



hoxy)-phenyll-propionylloxazolidin-2-one. 159 Less-polar diastereomer (1.24 g)
1H-NMR(CDC13)8:1.14(3H,t,J=7.0Hz),1.34-1.54(15H,m),1.64(2H,
tt,J=9.2,3.1Hz),2.02-2.10(1H,m),2.78(1H,dd,J=13.5,9.4Hz),3.
10(1H,dd,J=16.1,5.0Hz),3.29(1H,dd,J=13.5,3.1Hz),3.37(2H,ddt
,J=16.5,7.0,2.7Hz),3.67(1H,dd,J=16.2,8.7Hz),4.36(2H §},4.62
-4.68(1H,m),4.82(1H,dd,J=8.7,5.1Hz),5.67(1H,$),6.88-6.92(2H ,m),7.21-7.36(7H,m). More-polar
diastereomer (1.18 g) 1H-NMR(CDC13)8:1.14(3H,t,J=7.12Hz),1.34-1.49(9H,m),1.55(2H, 10
s),1.64(2H, tt, IS82I5 THA 2004 (PRFq IE3BHA D 76(1H Bd e condition as in Step 9
13.4,9.5Hz),3.18(1H,dd,J=16.2 4 13,25(1H,dd,J=13;4,3.3H to give
2),3.34-3.41(2H,m),3.50(1H,dd,J=16.2,9.4Hz),4.18(2H,dt,J=12

.6,5.0Hz),4.36(2H ;$}4 [6i/-4 512{1d d),4.84€1H, dda)=R4 ¢ 1z hoxy) —-phenyl] -hex-4-yno
),5.67(1H,%$),6.90(2H,dt,J=9.3,2.4Hz),7.15-7.18(2H,m),7.27-7 15.34(5H,m). Step 2 Toasolutionof
(R)-4-benzyl-é-({?)-ae‘fﬁé&y(-é-hl?gﬂircﬁg.Sﬁ@ﬁd&e-f-Jeﬁ@iyﬁﬁwnd .
hoxy)-phenyll-propionylloxazolidin-2-one (more-polar diastereomer 1.178g) obtained in Step 1 in
tetrahydrofuran (20 mL) and water (5 mL) was added a mixture of 4N aqueous lithium hydroxide
solution (1.1 nilxzanel 80%dydrogen peroxide solution (0.88 mL) under ice-cooling, followed by stirring
the reaction 25 mixture at room temperature. After 1.5 and 5.5 hours, to the reaction mixture was
further added ATfiRr& 'of AN aqueous lithium hydroxide solution (0.55 mL) and 30% hydrod&n
peroxide solutiog) (0:44 mL) sfollowed by sticring the reactjon mixie 91@%ﬂﬁmpﬁ@ur@*%r 7
hours, to the reaction mixture 160 were added successively sodium suliite (2.785 g) and an aqueous
potassium hydrogere sdlfateq 112ng)ssalation (30 mL) under ice-cooling, followed by extraction with ethyl
acetate. The organic layer was washed with saturated brine, dried and concentrated. The residue was
purified by column chPor&tottAEHY O SificaYer (Eth§TEcetate” hekard fvofime FaicP BT 15 give
(-)-3-ethoxy-3-/A-(spital5. Sjungec: Ligne2-yImeihaxy)-phenyl 1:propionic agid (443 mg) as the desired
compound. 10 The specific optical rotation of this compound was as follows. [U]p25= -33.3(c1.020,
EtOH) Example 43 Preparationof 15(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl
1-propionic acid sodium salt In the same manner as in Example 2 or 4, the desired compound was
obtained from thé'€8mpolidd obtained in Example 42. 20 Example 44

Preparation of
15 (S)-3-[4-(spiro[4.4]non-1-en-2-ylmethoxy)-phenyl]-hex-4-yno

ic acid

Step 1

In the same manner as in Steps 1 to 5 of Example 15,

spiro[4.4]non-1-en-2-yl-methanol was obtained from
20 cyclopentanecarbaldehyde.

'H-NMR (CDC15)8:1.56-1.47(4H,m),1.69-1.63(4H,m),1.80(3H,t,J=

7.2Hz),2.33(2H,t,J=7.2Hz),4.18(2H,d,J=4.6Hz),5.48(1H, s) .

Step 2
25 In the same manner as in Steps 6 to 8 of Example 15, the
desired compound was obtained from the compound obtained in the

above Step 1.

Example 18



Preparationof (+)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl 1-propionic acid In
the same manner as in Step 2 of Example 42, the desired 25 compound was obtained from the
less-polar diastereomer obtained in Step 1 of Example 42. Examples 45 to 89 161 same preparation
method as in any of Examples 1 to 44. Example 90 Preparationof
(S)-3-[4-(spiro[5.5]undec-2-en-2-yImethoxy)-phenyl]-hek-4-y noic acid 0.5 calcium salt Toasolution
(S)-3-[4-(spiro[5.5]undec-2-en-2-yImethoxy)-phenyl]-hex-4-y 10 noic acid sodium salt (2.33 g)
obtained in the same manner as in Example 2 in water (60 mL) was added 0.1M aqueous calcium
chloride soluti6f €36 hfL) Hfollowed by stirring the mixture at room temperature for 1 hour. THeE

mecm“aE”Na§§ myl?qbygwyygﬁﬁqqqggﬁqﬂlgwg2—ylmethoxy)—phenylifhex—4— no

15(S)-3-[4-(spiro[5.5]undec-2-en-2-yImethoxy)-phenyl]-hex-4-y noic acid 0.5 calcium salt (%.82 0).

Example 91 Pieparationof 20{8)=34(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex-4-yno ic acid 0.5
Ici It

caiciim sa In the same manner as in Example 16, the desired compound

5 was obtained from the compound obtained in Example 17.

Example 19
Preparation of
(3S)-3-[4-(11,11-dimethyl-spiro[5.5]undec-7-en-2-ylmethoxy)

10 -phenyl]-hex-4-ynoic acid

- (0] OH
O\ Stepl Q (H) Step2 Step3
NS + —_— —_—
%O QO o~ X X

Step4 OH Stepb o Stepé6 o Step7
e — e —— i 4444¥>- e —

O
1. 0_ Subst
YP N step \NO

0 o PO

0 0o
Step8 Step9 ? _
S0 OH > o]
[ j[ ]/ (6]

o}
SteplO HOH
o}

Step 1
To a solution of 4,4-dimethyl-cyclohexane-1,3-dione (6.0
15 g) in methanol (80 mL) was added para-toluenesulfonic acid
monohydrate (813 mg), followed by heating the reaction mixture
under reflux for 2 hours. After cooling down to room
temperature, the reaction mixture was concentrated. The
residue was purified by column chromatography on silica gel

20 (hexane: ethyl acetate (volume ratio) = 3:1) to give a



162 Toasolutionof (S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex-4-yno ic acid sodium salt
(2.50 g) obtained in the same manner as in 5 Example 8 in water (35 mL) were added successively
0.1M aqueous calcium chloride solution (33.4 mL) and water (20 mL), followed by stirring the mixture
at room temperature for 0.5 hour. The precipitate was collected by filtration and dried to give
(S)-3-[4-(spiro[4.5]dec-6-en-7-yImethoxy)-phenyl]-hexi4-yno 10ic acid 0.5 calcium salt (2.47 Q).
Example 92 Preparationof (S)-3-[4-(spiro[4.5]dec-6-en-7-yImethoxy)-pheny1]-hex-4-yno 15 ic acid
L-lysine salt Toasolutionof (S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex-4-yno 20 ic acid
(82.5 mg) obtdifiéd iPthedamé Minef as in Exaiiple 7 iR 2=FropandF (LS HLY wds added a solution
of L-lysine (32;3.mg) in, water;(Q-l4-mL) at 60C. The mixture was stirred at SO 00 for 12 hours and
then stirred at room temperature for 8 hours. The precipitate was collected by filtration, washed with 25
2-propanolanddriedtegive c16343c acicbL-tysine salt (87(8mg), Exanpie 93 Preparatipnei=6 .
(R)-3-[4-(spirogé‘ﬁg])d’eg-%-gr(]-37H-)’/I£n)e’tg(?>§y_)-(pthe’ng/)l.l-hex-4-yno ic acid
5 More-polar isomer
'H-NMR (CDC13)8:1.20(6H,s),1.83(2H,t,J=6.7Hz),2.41 (2H,t, J=6.

7Hz),3.68(3H,s),5.26(1H,s).

Step 2
10 To magnesium (237 mg) was added dropwise a solution of
5-bromo-l-pentene (1.15 mL) in tetrahydrofuran (15 mL) under
argon atmosphere over 20 minutes, followed by stirring the
reaction mixture at room temperature for 30 minutes. To the
reaction mixture was added dropwise a solution of the less—-polar
15 isomer (1.0 g) obtained in Step 1 in tetrahydrofuran (10 mL)
under ice-cooling, followed by stirring the reaction mixture
at room temperature overnight. Then, after addition of 12%
aqueous hydrochloric acid solution (10 mL) under ice-cooling,
the reaction mixture was extracted with diethyl ether. The
20 organic layer was washed with water, dried and concentrated.
The residue was purified by column chromatography on silica gel
(hexane: ethyl acetate (volume ratio) = 10:1) to give
4,4-dimethyl-3-pent-4-enyl-cyclohex—-2-enone (1.07 g).
'H-NMR (CDC13)8:1.17(6H,s),1.61(2H,tt,J=7.5,7.5Hz),1.86(2H,t
25 ,J=6.8Hz),2.12(2H,q,J=7.5Hz),2.22(2H,t,J=7.5Hz),2.45(2H,t,J

=6.8Hz),4.95-5.08(2H,m),5.75-5.87(2H, m) .

Step 3

To a suspension of lithium aluminum hydride (250 mg) in



Step 1 To a solution of 3-(4-hydroxypheny1l)-hex-4-ynoic acid (100 10 mg) obtained in the same
manner as in Substep 3 of Example 1 in 2-propanol (2 mL) was added (R)-a-methylbenzylamine (58
mg) at 85C. The mixture was stirred successively at 85C for 0.5 hour, at 40C for 2 hours and at room
temperature overnight. The resulting crystal was collected by filtration and then dried 15 to give
(R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid (R)-a-methylbenzylamine salt (68 mg, 66%ee). Meanwhile,
to a solution of (R)-3-(4-hydroxypheny1l)-hex-4-ynoic acid (300 g, 5 8 %ee ) , which has been obtained
by concentration of the filtrate byproduced in the same manner as upon recrystallization in 20 Substep

4 of Example £anbiBktradionsdt the’Confentratéfindératidic LoRaton i the SMé mtherds upon

crystallization in %ueﬁnﬁet%g}flE@rpe&?tL4’n@agri)p@dpell@@x@kem%@ylbenzyia.rai@e (151,9) was
added at 75C.This 164 solutionwasheatedat80Can (R)-3-(4-hydroxypheny1)-hex-4-ynoic acid

(R)-a-methylbemtydamae salt (30=mg) obtainéd Eaylieravasaddéd thoretondine mixtureowas stirred at
80C for 2 hours, and further stirred for 20 hours while gradually cooling down to room temperature.

The resulting GYStal"whs ¥Bflct8d By TR andPtheR"HiSsoRedSh 2= propanbi®. 5 Efwhite Reating.
The mixture was sfifred at Bpe for 4 hours, and fyrtheg stirrgd oxgright while graduyally geeling down

to room 10 temperature.The resulting crystal was collected by filtrationanddriedtogive
(R)-3-(4-hydroxyphlend)shexdd-yneicacidy®)-a:=methydlie nzytaminetsaity 181 )g, 98%egjukieptical
purity was determined by chiral HPLC analysis (column: 15 DaicelChiralpakAD-RH, mobile %hase: 15
VIV% aqueous Ltfitrig SoREOAToRtHiRing B 049 FifluBtdacstid a@dcr (0. 7> mb), the

1H’NMR(DMSLC%Q@%&Q;I??}[@%QIJg@ébé)t%Z§&|a%JF§oM[gp%%ature for 30 minutes.
-2.55(2H,m),3.88(1H,ddd,J=8.0,3.0,8.5Hz),4.04(1H,q,J=6.5Hz)

,6.67(2H,d,J=%.0kEz), . 12( 2+, sh =81 Bld z), 7 kv U IR B¢ BHym), & . 27 R0 88(2H fm), 7185-7142(2kitm). Step
2 (R)-3-(4-hydroxyphenyl)-hex-4-ynoicacid (R)-a-methylbenzylamine salt (40 g) obtained. in Step 1
was 25 dispeNaed irf 8fHyFRESAIEB00 mi) Satdrafed A§uedds potassiunt Riydrégen SAitatE™
solution(30 mly)., The suspensian was \dgarouslystirredhuntil ithecame, a solution, followed by,
extraction of the reaction mixture with ethyl acetate twice. The organic layer was washed successively
with water andcatio) = 15:1 to 10:1) to give

4,4-dimethyl-3-pent-4-enyl-cyclohex-2-enol (830 mg).

'H-NMR (CDC13)8:0.98(3H,s),1.04(3H,s),1.32-1.65(5H,m),1.83-1

15 .92(1H,m),1.92-2.02(2H,m),2.08(2H,q,J=7.3Hz),4.12-4.21(1H, m

),4.93-5.06(2H,m),5.37-5.41(1H,m),5.75-5.90(1H, m) .

Step 4
To 4,4-dimethyl-3-pent-4-enyl-cyclohex—-2-enol (810 mg)
20 obtained in Step 3 was added formic acid (60 mL), followed by
stirring the reaction mixture at room temperature for 2 hours
and then at 50°C for 3 hours. After cooling down to room
temperature and adding water, the reaction mixture was
extracted with chloroform. The organic layer was washed with
25 water, dried and concentrated. The residue was reduced in the
same condition as in Step 3 to give
11,11-dimethyl-spiro[5.5]undec-7-en-2-01 (340 mg) .
'H-NMR (CDC15)8:0.86 (3H,s),0.89(3H,s),1.11(1H,dq,J=4.6,11.6H

z),1.21-1.44(4H,m),1.49-1.71(3H,m),1.79(1H,dqg,J=11.6,2.1Hz)



165 saturatedbrine,driedandconcentratedtogive (R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid (25 g).
1H-NMR(DMSO0O-d6)8:1.76(3H,brs),2.55(2H,d,J=7.7Hz),3.87(1H,t,
J=7.7Hz),6.68(2H,dd,J=8.6,1.4Hz),7.13(2H,dd,J=8.6,1.2Hz),9. 28(1H,%$),12.20(1H,$). Step 3 Toa
solution of (R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid (25 g) obtained in Step 2 in methanol (125 mL)
was added 10 concentrated sulfuric acid (1.25 mL), félloived by stirring the mixture at 80C for 2.5
hours. After cooling down to room temperature, water (100 mL) and sodium bicarbonate (4.14g) were
added to the reaction mixture, followed by concentration of the mixture. To the reaction mixture were
added water antl shtratédf 15 Befiods S4didint Bithriohate soI(ion SoloWet oy extratibin With ethyl
acetate. The organig layes was washed with saturated brine, dried and concentrated. The residue was
distilled azeotropically with toluene to give (R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid methyl ester
(28.5 20g). 1H-NMR(0D013)8:1.84(3H,d,J=2.6Hz),2.66(1H,dd,J=15.2,7.1Hz),
2.77(1H,dd,J=15.3,8.3Hz),3.67(3H,$),4.03-4.09(1H,m),4.80(1H

$),6.78(2H,d, FLEBH2),7.25(2H,d,J=8.6Hz). 25Step 4  To a solution of
(R)-3-(4-hydroxyphepyl)-fexi-yaeic,acid methy] £3Lar{ %@ﬁ%@%@ in JeR3anden 201
7-bromomethyl-spiro[4.5]dec-6-ene (17.3 gS obtained in the following Substep in
N,N-dimethylfarfzdamide) (160 talihweds addéd 4664 otassimacariiomate (12.4g),) followed dysstirring the
reaction mixture at room temperature for 19 hours. To the reaction mixture was added water, followed

by extraction with n-Hexah8 tdie" Tha’drdanic laykrE ViEra confbiRed: ivashei ductesdivéy Bwith

water and saturatgd fring, dried and-concentrated; The, rgsiduearas purifisd oy-column 1 owed
chromatography on silica gel (ethyl acetate: hexane (volume ratio) = 1:100 to 1:30) to give

(R)-3-[4-(spiropd/5}dec:6-ers 7eyimethoxy)-pheny k1hex-dryhericiacid methyrester (23 5g)rs -
101H-NMR(CDC13)8:1,45-1.48(6H,m),1.62-1.69(6H,m),1.82(3H,d,J= . |
2.4Hz),203(2R b7, 7656, 3R 2 58 (LATIG IRT5 257 Gy S Sulfite solution to the

-75(1H1dd:‘]:1§%§@M’%§§@Lﬂ'g),’4&12I610§fQilxﬁn)/wé§?gglé|porajced off in vacuo. To
s),5.58(1H,%$),6.84-6.88(2H,m),7.24-7.27(2H,m). 15Step 5 Toasolutionof

(R)-3-[4-(spirofh5]deebidn< -ymethokyppheayklchex-4omoun abidoaethyhester 28.5g) obtained in
Step 4 in a mixed solvent of tetrahydrofuran(94mL)-methanol(94mL¥ was added 2N 20 g\(}g{eous
sodiumhydroxide'ssilifish t48 TR fsilbwedby Stifrifig e rikitré 5t roo fenipérature might. To

the rea_ction _”\i?ﬁ'ér%{\%e%dﬁ%@1@Nlréﬂ%?}’éﬂygaﬁogh@r&%@gé@%i@@oﬁm 'T‘He) rfollowed QX_S _
extraction with n-hexane twice. The organic layers were combined, washed with saturated brine, dried
and 15 purified by column chromatography on silica gel (hexane: ethyl

acetate (volume ratio) = 20:1) to give

11,11-dimethyl-spiro[5.5]undec-7-en-2-one (290 mg) .

Step 6

20 To a solution of
11,11-dimethyl-spiro[5.5]undec-7-en-2-one (290 mg) obtained
in Step 5 and dimethyl (l-diazo-2-oxopropyl)-phosphonate (435
mg) obtained in the following Substep in methanol (6 mL) was
added potassium carbonate (420 mg) under ice-cooling, followed

25 by stirring the reaction mixture at room temperature overnight.
Then, after addition of agueous ammonium chloride solution, the
reaction mixture was extracted with diethyl ether. The organic
layer was washed with water, dried and concentrated. The

residue was purified by column chromatography on silica gel



25 concentrated to give (R)-3-[4-(spiro[4.5]dec-6-en-7-yImethoxy)-pheny11-hex-4-yno ic acid (26 g).
Substep 167 To a solution of spiro[4.5]dec-6-ene-7-methanol (21.1 g) obtained in the same
manner as in Step 6 of Example 7 in tetrahydrofuran (320 mL) was added triethylamine (1.25 mL)
under ice-cooling, and then to this was added dropwise methanesulfonyl chloride (10.8 mL), followed
by stirring the mixture under ice-cooling for 1.5 hoursl T8 the reaction mixture was added lithium
bromide (33 g), followed by stirring the mixture under ice-cooling for 2 hours. To the reaction mixture
was added water, followed by extraction with n-hexane. 10 The organic layer was washed with

saturated briné "G &rid cohtEhtratsdbive 7 BoMBRetfyA-spiRo[4.5]dec26-the (29.2 95V

1H-NMR(DMSQ-d6)&:1 3151 -40LaHm); 11231, 68(65.00) 1.98:2 06( 2H 1) 4.G7 (G5 1261t 9)- 15
Example 94 Preparationof (R)-3-[4- splro[4.5{dec-6-en-7-ylmethoxy)-phenyll-hex-4-yno ic acid

L-lysine salt 20NHR2 moasolutionof (R)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl1-hex-4-yno ic
acid (5.0 g) obtained in Example 93 in 2-propanol (75 mL) 25was added a solution of L-lysine (2.07 g)
in water (5.75 mL) at 70C, followed by stirring overnight while gradually cooling 168 the mixture down
to room tempegature.;The precipitate was collected by filtration and then dried to give
(R)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-pheny1]-hex-4-yno ic acid L-lysine salt (5.64 g). Example 95
Preparationof To a solution of

8- (1l-methoxymethylidene)-5,5-dimethyl-spiro[5.5]undec—-1-ene
(240 mg) obtained in Step 6 in acetonitrile (6 mL) was added
IN aqueous hydrochloric acid solution (1.1 mL), followed by
10 stirring the reaction mixture at room temperature for 3 hours.
Then, after addition of saturated brine, the reaction mixture
was extracted with diethyl ether. The organic layer was washed
with water, dried and concentrated. The resulting residue was
dissolved in a mixed solvent of methanol (5.4 mL)-water (0.6 mL) .
15 To the solution was added potassium carbonate (150 mg), followed
by stirring the reaction mixture at room temperature for 2 hours.
Then, after addition of water, the reaction mixture was
extractedwith diethyl ether. The organic layer was washedwith
water, dried and concentrated. The residue was purified by
20 column chromatography on silica gel (hexane: ethyl acetate
(volume ratio) = 40:1) to give
11,11-dimethyl-spiro[5.5]undec-7—-ene-2-carbaldehyde (195 mg) .
'H-NMR (CDC15)8:0.91-0.86 (6H,m),1.08-1.79(9H,m),1.94-2.06 (3H
,m),2.45-2.56 (1H,m),5.62-5.70(1H,m),5.76-5.83(1H,m),9.59-9.

25 63 (1H, m) .

Step 8
To a solution of

11,11-dimethyl-spiro[5.5]undec-7-ene-2-carbaldehyde (195 mg)



(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-yImethoxy)-phenyl ]-propionic acid 0.5 calcium salt
Toasolutionof (-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl ]-propionic acid sodium salt
(3.71 g) obtained in the same 15 manner as in Example 43 in water (70 mL) was added 0.1M aqueous
calcium chloride solution (47.1 mL), followed by stirring the mixture at room temperature for 0.5 hour.
The precipitate was collected by filtration and then driePto give
(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-yImethoxy)-phenyl 20]-propionic acid 0.5 calcium salt (3.60
g). Example 96 Preparationof (30)-3-[4-((50)-2-0x0-spiro[4.5]dec-6-en-7-ylmethoxy)-pheny 25
1]-hex-4-ynoic’atid 165  hthesamemdnnttasiiExaiiife108? ™L) was “added “sodium
(35)-3-[4-((5S)y2:x05spirald - Sldec:G-enn{admethoxyspheny ll-AexAsyaoicacid A0 mgywas
obtained from (3S)-3-[4-((2S,5S)-2-hydroxy-spiro[4.5]dec-6-en-7-yImethoxy )-phenyl]-hex-4-ynoic acid
methyl ester (12(: mig) @btainedun<Stepid ofiExampleldth d @ &xdrhpie 9 tRreparafignof after
(38)-3-[4-((58)-2-o,xo,-spiro[4.5]dec-6-en-7-y|methoxy)-gheny 1]-hex-4-ynoic acid sodium salt

addition of 0.5N aqueous sodium hydroxide solution (10 mL), the

5 reaction mixture was extracted with diethyl ether. The organic

layer was washed with water, dried and concentrated. The

residue was purified by column chromatography on silica gel

(hexane: ethyl acetate (volume ratio) = 10:1 to 5:1) to give

(11,11-dimethyl-spiro[5.5]undec-7-en-2-yl)-methanol (190 mg) .

10 'H-NMR(CDC13)8:0.85(6H,d,J=2.3Hz),1.04(1H,t,J=12.2Hz),1.17-
1.85(10H,m),1.95-2.02(2H,m),3.40-3.47(2H,m),5.59(1H,dt,J=10

.2,3.0Hz),5.85(1H,dt,J=10.2,2.3Hz) .

Step 9
15 (11,11-Dimethyl-spiro[5.5]undec-7-en-2-yl) -methanol (67
mg) obtained in Step 8 and (S)-3-(4-hydroxyphenyl)-hex—-4-ynoic
acid methyl ester (77 mg) obtained in the same manner as in
Substep 5 of Example 1 were subjected to the reaction in the
same condition as 1in Step 8 of Example 1 to give
20 (3S)-3-[4-(11,11-dimethyl-spiro[5.5]undec-7-en-2-ylmethoxy)
-phenyl]-hex-4-ynoic acid methyl ester (119 mg).
'H-NMR (CDC15)8:0.87(6H,s),0.90-0.96 (1H,m),1.15(1H,t,J=12.4H
z),1.68-1.33(7H,m),1.83(3H,d,J=2.3Hz),1.93(1H,d,J=12.5Hz),1
.98-2.12(3H,m),2.66(1H,dd,J=15.3,7.0Hz),2.76 (1H,dd,J=15.3,8
25 .3Hz),3.67(3H,s),3.69-3.76(2H,m),4.03-4.09(1H,m),5.62(1H,td
,J=3.0,10.2Hz),5.89(1H,dt,J=10.2,2.0Hz),6.84(2H,d,J=9.4Hz),

7.27(2H,d,J=9.4Hz) .

Step 10



15 Toasolutionof (35)-3-[4-((55)-2-oxo-spiro[4.5]dec-6-en-7-ylmethoxy)-pheny 1]-hex-4-ynoic acid (82
mg) obtained in the same manner as in Example 96 in a mixed solvent of ethanol(5 mL)-water(1 mL)
was 20 added dropwise 0.1N aqueous sodium hydroxide solution (2.13 mL) at -10C, followed by
stirring the reaction mixture at -10C for 15 minutes. The reaction mixture was concentrated and the
residue was distilled azeotropically with ethanol. The12P0 residuewasdriedinvacuotogive
(3S)-3-[4-((5S)-2-0x0-spiro[4.5]dec-6-en-7-yImethoxy)-pheny 1]-hex-4-ynoic acid sodium salt (87 mg).
5 Example 98 Preparationof (38)-3-[?—(1(28,55)-2-hydroxy-spiro[ng.5]dec-6-en-7-ylmethoxy
-phenyl]-hex-4-ynoid aciti 10 $ep't 1 - 1o & E81htion of E8) L A-UibroMsie butaidl (5 07 giR "

N.N-dimethy formamic, (30, ) wese addegdimidazale (L 91.0) ancsst buplchlorodiphenysiiane (7.1

mL) under ice-c , 15 followed by stirring the mixture at room temperature for 13 hours. To the
reaction mixtuienwere fulheradded imidazdle: (©.59 g) anadertdbutylchtdrediphenyisilade {1 77 mL),
followed by stirring the mixture at room temperature for 7 hours. To the reaction mixture was added

water, followe@ By extraBtion 26°WRR ethyl Acetate® The or§&REPdyer was washel SuccesEively with

1IN aqueoyss hydrochlorie acid solution,; saiviaied agueoys; sediymybicarponate solution gnd spturated
brine, dried and concentrated. The residue was purified by column chromatography on silica gel (ethyl
acetate: hexanebolyme -bekratioynd:b0)tagive (104 mg) as the desired compound.

Substep
To a suspension of 60% sodium hydride (2.5 g) in toluene (100
10 mlL)-tetrahydrofuran(40 mL) was added dropwise a solution of
dimethyl 2-oxopropyl phosphonate (10 g) in tetrahydrofuran (40
mL) under ice-cooling and nitrogen atmosphere over 10 minutes,
followed by stirring the reaction mixture under ice-cooling for
1 hour. Then, to the reaction mixture was added dropwise a
15 solution of para-dodecylbenzenesulfonyl azide (22 g) in
tetrahydrofuran (40 mL) over 10 minutes, followed by stirring
in the range of ice-cooling to room temperature for 3 hours.
Then, the reaction mixture was concentrated in vacuo and the
resulting residue was purified by column chromatography on
20 silica gel (hexane: ethyl acetate (volume ratio) =1:1) to give

dimethyl (1-diazo-2-oxo-propyl)-phosphonate (4.2 qg).

Example 20
Preparation of
25 (3S)-3-[4-(11,11-dimethyl-spiro[5.5]undec-7-en-2-ylmethoxy)
—-phenyl]-hex-4-ynoic acid sodium salt
In the same manner as in Example 2 or 4, the desired compound

was obtained from the compound obtained in Example 19.



((5)-3-bromo-1-bromomethyl-propoxy)-tert-butyldiphenylsilan e (8.56 Q).
1H-NMR(CDC13)8:1.09(9H,$%$),2.16-2.26(2H,m),3.27(2H,d,J=5.0Hz
),3.42(2H,t,J=7.0Hz),4.01-4.06(1H,m),7.38-7.50(6H,m),7.73-7 .70(4H,m). Step 2 In the same
manner as in Steps 4 to 7 of Example 104,
10[(2S,5S)-2-(tert-butyldiphenylsilanyloxy)-spiro[4.5]d&étt6-e n-7-y11-methanol(0.90g)wasobtainedfrom
((5)-3-bromo-1-bromomethyl-propoxy)-tert-butyldiphenylsilan e (9.7 g) obtained in the same manner as
in Step 1. 1H-NMR(CDC13)8:1.06(9H,$),1.18-1.23(1H,m),1.35-1.43(1H,m),1
15.62-1.85(8HAI 0921 98(2H,m),3.94(2H,d,J=4.4Hz),4.34(1H.t

t,J=5.1,5.1Hz)5.32(1H,$), £,35-7.45(6H,m),7.65-7.68(4H,m). Step 3 In the same manner as ij}: Steps 8
to 9 of Example 104, 20(35)-3-[4-((25,55)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy
)-phenyll-hex-2-yhéic (@gid methylcdsierd@35mg)Lwas lobtained énopil ] -propionic acid
[(2S,5S)-2-(tert-butyldiphenylsilanyloxy)-spiro[4.5]dec-6-e n-7-y11-methanol (452 mg) obtained in Step
2. 251H-NMR(CDC13)8:1.38-1.78(9H,m),1.83(3H,d,J=2.3Hz),J.89(1H,d = .0

d,J:13.8,5.4Hz)¢7§9§@j(3 ),2.66(H dd, Ix15.15FBrFz), stepd N steps
76(1H,dd,J=15.1; .3Hz),3.6%,4.6ﬂoﬁi@,mw — —
),4.38-4.44(1H,m)\5.56(1H,$),6.86(2H,d,J=8-8Hz),7.27(2H,d,J =8.6Hz). 172 Step4 In thé same
manner as in Step 9 of Example 1, (35)-3-[4-((25,55)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy

)-pheny1]-hex-4-ynoic a¢id (37 mg) was #btained from 0 0
(35)-3-[4-((25,§5§Qﬁh%y-sﬁlﬁl.5]%-eﬁﬁpﬁl 0X ﬂ]%@?—%-y ic aci@“refﬁw ester
(77 mg) obtainedifr Step 3. Configuratidn of the sfru ds determined’by I@@ﬁﬁec rum (NOESY,
HSQC). Example 99 Preparationof
5 Step 1
To a solution of 3-ethoxycyclopent-2-enone (2.37 g) in
tetrahydrofuran (30 mL) was added dropwise a 0.5M
tetrahydrofuran solution of 3-butenylmagnesium bromide (38.4
mL) under nitrogen atmosphere at —-78°C over 10 minutes, followed
10 by stirring at -78°C for 3 hours and then at room temperature
overnight. Then, after addition of 2N aqueous hydrochloric
acid solution, the reaction mixture was stirred for 30 minutes
and then extracted with ethyl acetate twice. The organic layer
was washed with saturated brine, dried and concentrated. The
15 residue was purified by column chromatography on silica gel to
give 3-(3-butenyl)cyclopent-2-enone (1.1 g).
'H-NMR (CDC15)8:2.37(4H,dtd,J=17.90,5.65,2.95Hz),2.50-2.61 (4
H,m),5.04-5.09(2H,m),5.75-5.89(1H,m),5.98(1H, s) .

20
Step 2
To a suspension of copper(I) iodide (2.6 g) and lithium
bromide (1.2 g) in tetrahydrofuran (25 mL) was added dropwise

a 0.5M tetrahydrofuran solution of 3-butenylmagnesium bromide



(35)-3-[4-((25,55)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy )-pheny1]-hex-4-ynoic acid sodium salt
In the same manner as in Example 97, the desired compound was obtained from the compound
obtained in Example 98. 20 Example 100 Preparationof
(35)-3-[4-((2R,55)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy )-phenyl]-hex-4-ynoic acid 173
InthesamemannerasinExample106, (3S)-3-[4-((2R,53)22-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy
)-phenyl]-hex-4-ynoic acid (33 mg) was obtained from

(3S)-3-[4-((28,&?-Z-hydroxy-s iro[4.5]dec-6-en-7-ylmethoxy ) -pheng/ﬁlL-hexA-ynoic acid methyl ester
(65 mg) obtainEdinthBshnie ffanner hE WY Sie "3 BPERARpTe 88. CoRfiguration & thestiuefure was

determined by NWR,spectyn(NOESY, HRQG), Exapple; 101, Preparatenele o 40 minutes.
(3S)-3-[4-((2R,5S)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy )-pheny1]-hex-4-ynoic acid sodium salt

Then, 5 minutes after addition of boron trifluoride diethyl
ether complex (0.554 mL), to the reaction mixture was added
5 3-(3-butenyl)cyclopent—-2—-enone (0.6 g) obtained in Step 1.
Half an hour later, after addition of boron trifluoride diethyl
ether complex (0.250 mL), the reaction mixture was stirred at
-78°C for 2 hours, and further stirred at room temperature
overnight after removing a dry-ice/ethanol bath. Then, after
10 addition of saturated aqueous ammonium chloride solution and
28% aqueous ammonia solution, the reaction mixture was
extracted with ethyl acetate. The organic layer was washed
successively with agqueous ammonia solution and saturated brine,
dried and concentrated. The residue was purified by column
15 chromatography on silica gel to give
3,3-dibut-3-enylcyclopentanone (380 mg).
'H-NMR (CDC15)8:1.48-1.57(4H,m),1.84(2H,t,J=8.0Hz),1.95-2.09
(4H,m),2.11(2H,s),2.28(2H,t,J=8.0Hz),4.95-5.08(4H,m),5.79-5
.85(2H, m) .
20
Step 3
A solution of 3,3-dibut-3-enylcyclopentanone (380 mg)
obtained in Step 2 in toluene (80 mL) was degassed with argon.
After addition of benzylidene
25 [1,3-bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene]
dichloro(tricyclohexylphosphine) ruthenium (84 mg), the
reaction mixture was heated under reflux for 6 hours. After
cooling down to room temperature, the reaction mixture was

concentrated. The residue was purified by column



In the same manner as in Example 97, the desired compound was obtained from the compound
obtained in Example 100. 20 Example 102 Preparationof
(3S)-3-[4-((5R)-2-0x0-spiro[4.5]dec-6-en-7-ylmethoxy)-pheny 1]-hex-4-ynoic acid 174 Toasolutionof
(3S)-3-[4-((2R,5R)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy )-phenyll-hex-4-ynoic acid methyl ester
(195 mg) obtained in Step 9 of Example 104 in chlordgf@dm (2 mL) was added
1,1,1-tris(acetyloxy)-1,1-dihydro-1,2-benziodoxol1-3-(1H)-on e (Dess-Martinperiodinane; 259mg) under
ice-cooling, followed by stirring the mixture under ice-cooling for 3 hours and then 10 at room

temperature f&PF RBGE T9HAB M¥action nfikture was’dddéd aqueoud Sodium suffite solutidh: Y6llowed

by extraction with ethyh agstate; Jheorganic Igyer was washed successively with saturated agueous
sodium bicarbonate solution and saturated brine, dried and concentrated. The residue was 15 purified

by column chromatography on silica gel (ethyl acetate: hexane(volumeratio)=1:6to1:4)togive
(35)-3-[4-((5R)-2-ox0-spiro[4.5]dec-6-en-7-ylmethoxy)-pheny 1]-hex-4-ynoic acid methyl ester (190
mg). 1H-NMRﬁﬁlﬁ%Cﬁd6)8;1.43-1.71(4H,m),1.77(3H,d,J:2.3Hz),1.79-1. 20

84(2H,m)51-98-2-07&%',@),%éﬁa?-t%%%H6%),256@(2'5'{%4%%-%@%@-8-en-2-one (350 mg)
3.56(3H,9),3.94-3.99(1H,m) 4.36(2H,$),5.69(1H,$),6.87(2H,d ,J=8.6Hz),7.25(2H,d,J=8.6Hz). Step 2
3

25In the sameanaaneras in Step 9 of Example 1, Step and
(35)-3-[4-((5R)-2-0x0-spiro 4.5]dec-6-en-7-y|methox%)-pheny ,
1]-hex-4-ynoicatit 2o waschtsinédfisim B8Py L) ~phosphonate (768 mg) obtained

(3S)-3-[4-((5R)-2-0xQ: Spiypl4-pldec-6-ens 7 ylmethaxydiphenyt 11:hex-4-ynoic. acid methylesten (190
mg) obtained in Step 1. Example 103
mL) was added potassium carbonate (830 mg) under ice-cooling,
10 followed by stirring the reaction mixture under ice-cooling for
2.5 hours. Then, the reaction mixture was poured into water,
followed by extraction with ethyl acetate. The organic layer
was washed successively with water and saturated brine, dried
and concentrated to give

15 2—(l-methoxymethylidene)spiro[4.6]undec-8-ene (900 mg) as a

crude product.

Step 5
To a solution of the crude
20 2—(l-methoxymethylidene)spiro[4.6]undec—-8-ene (900 mg)

obtained in Step 4 in acetonitrile (10 mL) was added 1N agqueous
hydrochloric acid solution (2 mL), followed by stirring at room
temperature for 4 hours. Then, the reaction mixture was poured
into water, followed by extraction with ethyl acetate. The
25 organic layer was washed with saturated brine, dried and
concentrated. The residue was ©purified by column
chromatography on silica gel to give

spiro[4.6]undec-8-ene-2-carbaldehyde (44 mg) .



5 Preparationof (35)-3-[4-((5R)-2-oxo-spiro[4.5]dec-6-en-7-ylmethoxy)-pheny 1]-hex-4-ynoic acid
sodium salt 10In the same manner as in Example 97, the desired compound was obtained from the
compound obtained in Example 102. Example 104 Preparationof
15(35)-3-[4-((2R,5R)-2-hydroxy-spiro[4.5]dec-6-en-7-yImethoxy -phenyl]-hex-4-ynoic acid Step241C1
Step341C1 Si 0-V Step'090so9H osiou A OO0 0. DDiStep 1
To(4R)-4-(2-hydroxyethyl)-2,2-dimethy1-1,3-dioxolane

Step 6
To a solution of spiro[4.6]undec—8—-ene-2-carbaldehyde (44
mg) obtained in Step 5 in methanol (1 mL) was added sodium
borohydride (9 mg), followed by stirring at room temperature
5 overnight. Then, after addition of agqueous hydrochloric acid
solution, the reaction mixture was extracted with ethyl acetate
twice. The organic layer was washedwith saturatedbrine, dried
and concentrated to give spiro[4.6]undec-8-ene-2-methanol (44
mg) .
10
Step 7
A suspension of spiro[4.6]undec-8-ene-2-methanol (44 mg)
obtained in Step 6 and 5% palladium carbon (4 mg) in
tetrahydrofuran(l mL)-ethanol(l mL) was stirred in an
15 atmosphere of hydrogen for 3 hours. Then, the reaction mixture
was filtered through Celite and the filtrate was concentrated.
The residue was purified by column chromatography on silica gel
to give spiro[4.6]undecane-2-methanol (43 mg).
'H-NMR (CDC15)8:0.98(1H,dd, J=12.43,9.42Hz),1.24-1.36 (3H,m), 1
20 .44-1.53(12H,m),1.69(1H,dd,J=12.40,7.72Hz),1.74-1.83(1H, m),

2.12-2.22(1H,m),3.53(2H,d,J=5.27Hz) .

Step 8
To a solution of spiro[4.6]undecane-2-methanol (43 mg)
25 obtained in Step 7, 3-(4-hydroxyphenyl)propionic acid methyl
ester (51 mg) and triphenylphosphine (74 mg) in tetrahydrofuran
(1 mL) was added 1,1’-azobis(N,N-dimethylformamide) (49 mg)
under ice-cooling, followed by stirring the reaction mixture

at room temperature overnight. The reaction mixture was



(10.27 g) was added 2N aqueous hydrochloric acid solution (20 176 mL), followed by stirring the
mixture at room temperature for 5 minutes. The reaction mixture was concentrated and distilled
azeotropically with toluene. The residue was dissolved in pyridine (40 mL) , and to this was added
dropwi se methane sulfonyl chloride (10.87 mL) under ice-cooling, followed by stirring the reaction
mixture at room temperature for 1 hour. After addition 862N aqueous hydrochloric acid solution under
ice-cooling, the reaction mixture was extracted successively with ethyl acetate twice and with ethyl
acetate: tetrahydrofuran (volume ratio) 10 = 1:1 once. The organic layers were combined, dried and

then concentr&@B SHE Feidife Wﬁ‘é‘ijecrﬁ?ﬁlIizerdaﬁéﬁuahyl‘”é?c%tat&bﬁ?\felrﬁ&haﬂ?éfsuIfSHFc‘é@F&I

(R)-3-hydroxy-4s lignyloxy-buty] ester (7.88 ) .
1H-NMR(DMSCO-d6)8:1.6%-1%5)‘?1H,m),1.83-1.91(1H,m),§é17(3H,$)gel ce give

15,3.18(3H,$) 3-719-3 85 1 Hen Y14 ©Bh 08 (L, m) M4t T HokG( 1 Home 14,2 7-4:32(2Hom),5.35(2H;his). Step
2 Toasolutionofmethanesulfonicacid 20 (R)-3-hydroxy-4-methanesulfonyloxy-butyl ester (7.5 g)
obtained in St&F 14% N, Rediffetdyiforfahide (30 mL) were added imidazole (2.9 g) and

tert-butylehlorodippgryieiiane (493 mk) vndacics:coolipgsfoligwed by.sfifting e ieaction mixture at
room temperature for 12 hours. To the reaction mixture was 25 added water under ice-cooling,
followed by exiraction withtsthyl, atetdte 2 THE Orglame Jayyer wasiwashied/ witH saturatet (drine, dried and

concentrated. The residue was purified by column chromato%raphy on siIicaHg(CeiI (gthgl %et)elt(%: hexane
rJv=0. Z)y

(volume ratio) £7:2 183} 1yt00Give tethanestiionit Seid 197°H2) 7 6 - 81 (2H,
(R)-3-(tert-butylgiphenylsilanyoxy)-A-methanesulfonyloxy-b utyl ester (11.4 g).
1H-NMR(DMSO0-d6)8:1.01(9H,$),1.91(2H,dt,J=6.1,6.1Hz),3.00(3H
$),3.06(3H,%$),3.99-4.12(3H,m),4.15-4.29(2H,m),7.41-7.51(6H ,m),7.61-7.66(4H,m). Step 3
Toasolutionofmethanesulfonicacid (R)-3-((tert-butyldiphenylsilany1)-oxy)-4-methanesulfonylox 10
y-butyl ester (f&@%)%btained in Step 2 in N,N-dimethylformamide (80 mL) was added lithium bromide
(5.7 g), followed by stifring the mixture at J05C for 2 hours. Tasthe feagtion mixture was addgg water
under ice-cooling, followed by extraction with ethyl acetate. The organic layer 15 was washed with
saturated brinédrfed(amd coricerftiated cThe: residws was Wistitled razébtropicaly with toluenedo give

((R)-3-bromo-1-bromomethyl-propoxy)-tert-butyldiphenylsilan e (10,8 g) as a crude product.
1H-N|v|R(CDd&%}éﬁb@(@ﬁ‘?ﬂf),é.f%-ﬂ%(ﬂﬁ’}r?)}é%%(éﬁ,d?iz%g 70 e mixed solvent of

ethanol (1 mL)-tetrahydrofuran (1l mL) was added 1N aqueous sodium
15 hydroxide solution (0.22 mL), followed by stirring the reaction
mixture at room temperature for 5 hours. Then, after
concentrating the reaction mixture, to the residue was added
dropwise 2N aqueous hydrochloric acid solution. The
precipitate was collected by filtration, washed with water and
20 dried in vacuo to give
3-[4-(spiro[4.6]undec-2-ylmethoxy)-phenyl]-propionic acid

(70.6 mg) as the desired compound.

Example 22
25 Preparation of
(S)-3-[4-(spiro[4.5]dec-8-ylmethoxy)-phenyl] -hex—-4-ynoic

acid



20),3.42(2H,t,J=7.0Hz),4.01-4.06(1H,m),7.38-7.49(6H,m),7.67-7 .73(4H,m). Step 4 In the same
manner as in Steps 1 to 2 of Example 7, 25

(2R,5R)-2-(tert-butyldiphenylsilanyloxy)-6-oxo-spiro[4.5]de cane-7-carboxylic acid methyl ester (1.65 Q)
as a crude product was obtained from the crude
((R)-3-bromo-1-bromomethyl-propoxy)-tert-butyldiphérdsilan e (10.3 g) obtained in Step 3. 178
1H-NMR(CDC13)8:1.06(9H,%$),1.47-2.22(12H,m),3.67-3.71(0.5H,m

),3.73(3H.9),4.44-4.49(1H,m),7.35-7.45(6H,m),7.62-7.71(4H,m ),12.27(0.5H3). 5 Step 5

Toasolutionofthecrude, (2R BR)-2-(tert-butyldiphetiydsitanyloxy)6-0xo°$sird[4.5]de. cane-7-carboxylic
acid methyl est%a@S g) obtairted i'm totuene(1 were add&d %etic acid (5 mL)
10 and triethylsttane (0.52 mL) unde e-cooling, followed by stirring the mixture under ice-cooling for
3 hours. Then, to the reaction mixture was added dropwise a solution of potassium garbonate (4.95 g)
in water (20 mL)SE':mdthhe mixture was stirred under ice-cooling for 10 minutes, follo ) ed by extraction
with 15 ethyl acétate. The o [ Hayéﬁﬁ%g wash ithysafiira®éd brine, driedd oricentrated to
give (2R,5R)-2-(tert-butyl@@r§fsiIanyloxy)-6-hmmﬂ2ﬁ5]ﬁ’eCWQoxylic acid methyl
ester (1.76 g) as a crude product.
201H-NMR(CDC13)8:1.06(9H,$),1.21-2.04(13H,m),3.50-3.73(2H,m),
3.69(3H,%$),4.27-4.39(1H,m),7.35-7.44(6H,m),7.64-7.69(4H,m). Step 6 Toasolutionofthecrude 25
(2R,5R)-2-(tert-lglég/ﬁl)d,iphenylsilanylo y)t6-hydroxy-spiro[4. 5]decane-7-carboxylic acid methyl ester
(1.76 g) obtained in Ste;\);;jﬁ]jy(id' (5 mLY} was added methanesulfonyl chloride (0.25 mL) under

ice-cooling, followed by sfi the mixture at room temperature for 15 hours. Then, to the reaction
mixture 179 was added er, followed by extraction with ethyl acetate. The organic layer was washed
with saturated brine, dried and concentrated. The residue was dissolved in tetrahydrofuran (10 mL). To
this solution was%dded 1,8-diazabicyclo[5.4.0]Jundec-7-ene (0.88 mL), followed by stirring the mixture

at 7000 for3.5 hQUVSE&@@QPU‘EQ dawpo Jgomdempef @@é%ﬁm@M@Q(W@?rgtﬁeﬁﬁé‘&ﬂ%ﬁ‘ixwre
was extracted with ethyl acetate. The organic layer was washed successively with 1N aqueous

hydrochloric a€idesolgtion. ape 10aatwratéthbrré, difrediand tencentratednThe residue Wasparified by
column chromatograp% on silica gel (ethyl acetate: hexane (volume rati%) =1:30 to 1:25) to give
[

(2R,5R)-2(tert-h A ttighenyIsiEAVIBAY)-spirof4. 5T 816 &-7°EaBoxylic d-id m&ayT et {6.615 g).
151H-NMR(CRGA3)3;1.06696.9), L AB- L BACLHL A, 1161-1.83@HM).2 (2.9 mL) and a

.19-2.23(2H,m),2.37(1H,%$),3.70(3H,%$),4.38(1H,t,J=5.8,3.9Hz
),6.60(1H,t,J=1 FHz3 7353 A6(6IH, mH7.64-7088(4H,m)et ra—n—butylammonium fluoride
(1M, 22 mL), followed by stirring the reaction mixture at room
temperature for 4 hours. Then, after addition of saturated
10 aqueous sodium bicarbonate solution, the reaction mixture was
extracted with ethyl acetate twice. The organic layer was
washed with saturated brine, dried and concentrated to give
8-hydroxy—-spiro[4.5]decane-8-carbonitrile (3.9 g).
'H-NMR (CDC15)8:1.41-1.47(4H,m),1.54-1.65(8H,m),1.76-1.80 (4H
15 ,m) .

Step 2
To a solution of
8-hydroxy-spiro[4.5]decane-8-carbonitrile (3.9 g) obtained in
20 Step 1 in tetrahydrofuran (30 mL) were added successively

pyridine (4.4 mL) and thionyl chloride (1.8 mL), followed by



Step 7 20Toasolutionof (2R,5R)-2-(tert-butyldiphenylsilanyloxy)-spiro[4.5]dec-6-en e-7-carboxylic acid
methyl ester (615 mg) obtained in Step 6 in toluene (7 mL) was added dropwise sodium
bis(2-methoxyethoxy)aluminum hydride (65% toluene solution; 25 486 mg) under ice-cooling, followed
by stirring the mixture under ice-cooling for 0.5 hour. To the reaction mixture was added dropwise 1M
aqueous Rochelle salt solution (10 mL), followed by stifing at room temperature for 2 hours, and the
reaction mixture was extracted with toluene. The organic layer 180 was washed with saturated brine,
dried and concentrated. The residue was purified by column chromatography on silicagel (ethyl

acetate: hexar?etfv‘blfd'rﬂg %&@f%ttbo_ﬂgsutgb%e at room temperaturée for 15 hours.
[(2R,5R)-2-(terizhutyldiphenyisilanyloxy)-spiralg. Sldec-f:e @gaxﬂaeﬁt%waola@%g 09)ution,
1H-NMR(CDC13)8:1.06(9H,%$),1.18-1.23(1H,m),1.35-1.43(1H,m),1

.62-1.86(8H,m) 1e93-4 BB(2Hym);3 04 (24, dyds=t 2424 84EH with diethyl ether. The
t,J=5.1,5.1Hz),5.32(1H,$),7.35-7.45(6H,m),7.65-7.69(4H,m). 10Step 8  In the same manner as in
Step 7 of Exafpe7 (3S) R 2RSR)-2 4 st blty I dipRERiSitarioky) &piro[4 1N aqueous
.5]dec-6-en-7-ylmethaxyl-phenyll-hex-4ymoic acid methy! ester (738 mo) wasobtajned from, 4
15[(2R,5R)-2-(tert-butyldiphenylsilanyloxy)-spiro[4.5]dec-6-e n-7-y11-methanol (529 mg) obtained in
Step 7. 1H-NMR(C2C 1 8)8: 2 Q6({8HB )R 37p1. 44 (1H, M) ke64-1-8HOHIME,drbonitrile (2.8
.83(3H,d,J=2.6Hz),2.00-2.05(2H,m),2.65(1H,dd,J=15.2,6.8H2z),
2.75(1H,dd,Jz‘i%.“z,8.3Hz),3.67(3H,$),4.02-4.08(1H,m),4.28(2H

20,9) 4.32-4. 37415 m) 544 15158),6.83(2H 0 J8.8H2) 7 28R « 5-6 4n2),1.62-1.67
,J=8.8Hz),7.35-7.45(6H,m),73.835-7.69(4H,m). é_tep 9 Toasolutionof 25

(39)-3-{4-[(2R ,BR) 2+[ tett- Ity i emylsHanyloky)4spito[4 . 24-2.30 (2H, m) ,6.55-6 .59 (1H
.5]dec-6-en-7-ylmethoxyl-phenyll-hex-4-ynoic acid methyl ester (738 mg) obtained in step 8 in
tetrahyd}(g)furannfé.‘? mL) was added tetra-n-butylammonium fluoride (1M tetrahydrofuran solution; 2.97
mL), followed by stirring the mixture at room 181 temperature for 17 hours. To the reaction mixture
was added water, followed by extraction with ethyl acetate. The organic layer was washed with
saturated briné;tdfedBand concentrated. The residue was purified by column chromatography on silica

gel (ethyl acetate: hexane (volume ratio) = 1:3) to give L.
(3S)-3-[4-((2R,5R)- 2 RyarSX-S5irsi4. 5] eé-%l-éﬁhg ISy )-BREMIFTEEAS bl adid méthil ester

(395 mg)- 1H'@MB@M§%‘@®§%§@' ér%%'féﬂﬂénﬂ-%%(%,m%ésﬁ%édé]& concentrated
1H,m),1.77(3H,d,J=2.6Hz),1.80-1.89(1H,m),1.92-1.97(2H,m),2. 10

68(2H,dJ=7.981z) B.B6(BH1$),8.9B 4100 (1 H,m) [ t2d RO(Hdmr)ing the reaction mixture
,4.31(2H,$),4.49(1H,d,J:3.7H22J,5.57(1H,$),6.86%2H,d,J:8.6Hz ),7.24f(2H,d,J:
h days’. After co

under reflux while stirring for 5 §f¥§2'down to
room temperature and adding water, the reaction mixture was
extracted with ethyl acetate twice. The organic layer was
washed successively with saturated aqueous sodium bicarbonate

20 solution and saturated brine, dried and concentrated. The
residue was purified by column chromatography on silica gel
(ethyl acetate: hexane (volume ratio) = 1:4) to give
spiro[4.5]dec-7-ene-8-carboxylic acid ethyl ester (2.8 g).
'H-NMR (CDC13)8:1.29(3H,t,J=7.0Hz),1.36-1.42(4H,m),1.52(2H,t

25 ,J=6.4Hz),1.61-1.66(4H,m),2.07(2H,dd,J=6.4,2.6Hz),2.29-2.31

(2H,m) ,4.18(2H,q,J=7.0Hz),6.90-6.94 (1H, m) .

Step 4

To a solution of spiro[4.5]dec-7-ene-8-carboxylic acid



Step 10 15In the same manner as in Step 9 of Example 1,
(35)-3-[4-((2R,5R)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy )-phenyll-hex-4-ynoic acid (71 mg) was
obtained from (35)-3-[4-((2R,5R)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy )-phenyll-hex-4-ynoic acid
methyl ester (75 mg) obtained in 20 Step 9. Configuration of the structure was determined by NMR
spectrum (NOESY, HSQC). Example 105 PreparatiohdB
25(35)-3-[4-((2R,5R)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy )-phenyll-hex-4-ynoic acid sodium salt
In the same manner as in Example 97, the desired compound was obtained from the compound

obtained in Exapie 104" 8TEXdmple?106 Prépafationdf Step 3 in tetrahydrofuran (40
(35)-3-[4-((25,3R)-2-hydrgxy-grirol4 pldec-6-en-7:yimethoxy -phenyl-ex-4-ynaic acig, ., $tep,1

Toasolutionof (35)-3-[4-((2R,5R)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy
hydride (0.99 M, 41 mL) under argon atmosphere at —-78°C, followed
by stirring the reaction mixture at -78°C for 1 hour. Then,
5 after adding 2N aqueous hydrochloric acid solution and raising
the temperature to room temperature, the reaction mixture was
extracted with ethyl acetate twice. The organic layer was
washed with saturated brine, dried and concentrated. The
residue was purified by column chromatography on silica gel
10 (ethyl acetate: hexane (volume ratio) = 1:4) to give
spiro[4.5]dec-7-en-8-yl-methanol (1.95 g).
'"H-NMR (CDC15)8:1.37-1.41(4H,m),1.51(2H,t,J=6.5Hz),1.59-1.65
(4H,m),1.90-1.93(2H,m),2.04-2.06(2H,m),4.00(2H,s),5.62(1H, s
) .
15
Step 5
To a solution of spiro[4.5]dec-7-en-8-yl-methanol (0.7 g)
obtained in Step 4 in a mixed solvent of tetrahydrofuran (7
mL) —-methanol (7 mL) was added 5% palladium carbon (70 mg),
20 followed by stirring the reaction mixture at room temperature
under normal pressure in an atmosphere of hydrogen for 1.5 hours
and then under increased pressure of 0.3 MPa in an atmosphere
of hydrogen for 3 hours. Then, the reaction mixture was
filtered through Celite and the filtrate was concentrated. The
25 residue was dissolved in methanol (5 mL). To the solution was
added sodium borohydride (0.14 g), followed by stirring the
reaction mixture at room temperature for 30 minutes. After
addition of 1IN aqueous hydrochloric acid solution, the reaction

mixture was extracted with ethyl acetate twice. The organic



)-phenyll-hex-4-ynoic acid methyl ester (133 mg) obtained in 15 the same manner as in Step 9 of
Example 104 in tetrahydrofuran (1.5 mL) were added successively triphenylphosphine (119 mg),
acetic acid (0.03 mL) and dimethyl azodicarboxylate (0.168 mL) under ice-cooling, followed by stirring
the mixture at room temperature for 16 hours. The reaction mixture was 20 concentrated and the
residue was purified by thin-layer column chromatography on silica gel (ethyl acetate: hexane (volume
ratio) 1:5) to give (35)-3-[4-((25,5R)-2-acetoxy-spiro[4.5]dec-6-en-7-ylmethoxy )-phenyll-hex-4-ynoic
acid methyl ester (107 mg). 183 1H-NMR(DMSO0-d6)8:1.41-1.70(8H,m),1.77(3H,d,J=2.6Hz),1.84-1.
91(1H,m),1.94-F BB{5HM) 1269 2D A H N2 BB T 4, JE 7. BRiz) dr 1ed and concentrated.

’3'56(3H'$)3'%’3'9@@%&5@’éﬁ'g’s“’gﬁ@fg'gé'g}%mm%%ﬁgoma_tography on silica gel
(1H,%$),6.87(2H,d,J=8.6Hz),7.24(2H,d,J=8.6Hz). 5 Step 2 Toasolutionof

(35)-3-[4-((25,5R)2vdacetexy-spire[4.5[degdHren-7tylmethexy rphenyll-hex-4tyrdoic acid metiwd ester
(107 mg) obtained in 10 Step 1 in a mixed solvent of methanol(0.65 mL)-tetrahydrofuran(0.65 mL) was
added 2N aqueBus Sbdiun H§GroXide sAIGHIF 28 ML)mtie? lce-cooling, followed by stirring the

mixture atroomtsmpcratyre gyernighs. To the isaciion Mmistire wap qded 21 payegys Aydrochloric

acid 15 solution (0.28 mL), followed by extraction’with ethyl acetate. organic layer was washed
with saturated,bfirte, dHed and concentrated. The residue was purified by thin-layer column
chromatography on silica gel (acetic acid: methanol: chloroform (volume ratio) = 0.1:1:20) to give
20(35)-3-[4-((25,5R)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy )-phenyll-hex-4-ynoic acid (79
mg).Configuratipp of ghe structure was determined by NMR spectrum (NOESY, HSQC). Example 107
25 Preparationof (35)-3-[4-((25,5R)-2-hydroxy-spiro[4.5]dec-6-en-7-yImethoxy )-phenyll-hex-4-ynoic
acid sodium salt 183piro[4.5]dec-8-yl-methanol (0.528 g) obtained in Step 5
10 was subjected to the reaction in the same condition as in Step
8 of Example 1 to give
(S)-3-[4-(spiro[4.5]dec-8-ylmethoxy)-phenyl] -hex—-4-ynoic
acid methyl ester (1.1 qg).
'H-NMR (CDC13)8:1.13-1.21(2H,m),1.27-1.29(3H,m),1.33-1.43(3H
15 ,m),1.48-1.60(6H,m),1.71-1.76(3H,m),1.82(3H,d,J=2.3Hz),2.65
(1H,dd,J=15.3,7.0Hz),2.75(1H,dd,J=15.3,8.5Hz),3.66(3H,s), 3.
74(2H,d,J=6.0Hz),4.02-4.07(1H,m),6.83(2H,d,J=8.6Hz), 7.26(2H

,d,J=8.6Hz) .

20 Step 7
(S)-3-[4-(spiro[4.5]dec—-8-ylmethoxy)-phenyl]-hex—-4-yno
ic acid methyl ester (1.3 g) obtained in the same manner as in
Step 6 was subjected to the reaction in the same condition as
in Step 9 of Example 1 to give
25 (S)-3-[4-(spiro[4.5]dec-8-ylmethoxy)-phenyl] -hex—-4-ynoic

acid (1.09 g) as the desired compound.

Example 23

Preparation of



In the same manner as in Example 97, the desired compound was obtained from the compound
obtained in Example 106. Example 108 Preparationof
3-[2-chloro-4-(spiro[4.5]dec-6-en-7-yImethoxy)-phenyll-prop ionicacid 0 10  In the same manner
as in Steps 2 and 4 to 6 of Example 110, 3-[2-chloro-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl1-prop
ionic acid (75 mg) was obtained from 152-chloro-4-hyidrdxybenzaldehyde (250 mg). Example 109
Preparationof 3-[2-methy1-4-(spiro[4.5]dec-6-en-7-yImethoxy)-phenyll-prop 20ionic acid 185 In
the same manner as in Steps 2 and 4 to 6 of Example 110,

3-[2-methy1-4{(Epira[a Blad S TAImER Sy -ph W?IFBdeylan&éf Yo fig) Wad'Gdtined from

4-hydroxy-2-methylbenzaldehyde, (507 mg) Example 110 Preparationof
3-[3-hydroxy-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl1-pro 10 picnic acid

In the same manner as in Example 2 or 4, the desired compound

was obtained from the compound obtained in Example 22.

5
Example 24
Preparation of
(S)-3-[4—(spiro[5.5]undec-3-ylmethoxy)-phenyl] -hex—-4-ynoic
acid

10 Step 1

In the same manner as in Steps 1 to 5 of Example 22,
spiro[5.5]undec-3-yl-methanol was obtained from
spiro[5.5]undecan-3-one obtained in Step 2 of Example 1.
'H-NMR (CDC13)8:1.12-1.02(4H,m),1.26-1.21(4H,m),1.42-1.39(7H

15 ,m),1.57-1.51(2H,m),1.68-1.65(2H,m),3.47(2H,brs) .

Step 2
In the same manner as in Steps 6 to 7 of Example 22, the
desired compound was obtained from the compound obtained in the

20 above Step 1.

Example 25
Preparation of
(S)-3-[4—-(spiro[4.5]dec-T7-en-8-ylmethoxy)-phenyl]-hex-4-yno

25 ic acid

Il
ol Stepl o~  Step2
: —_—
Cj 0 <j



Step1l To a solution of 3,4-dihydroxybenzaldehyde (5.0 g) in N,N-dimethylformamide (36 mL) was
added 60% sodium hydride 15(1.45 g) under ice-cooling, followed by stirring the reaction mixture at
room temperature for 10 minutes.Then, after addition of acetic anhydride (3.6 mL), the reaction
mixture was stirred at room temperature for 1 hour. To the reaction mixture was added 2N aqueous
hydrochloric acid solution under 20 ice-cooling, followed by extraction with ethyl acetate. The organic
layer was washed with saturated aqueous sodium bicarbonate solution and saturated brine, dried and
concentrated. The residue was purified by column 186 chromatography on silica gel (ethyl acetate:
hexane (volume ratio)=1:2tol:1)togiveaceticacid 5-formy1-2-hydroxyphenyl ester (4.9 g).
1H-NMR(aceth%-ﬂGp:Z.ZQ(BH,$),7.13(1H,d,J:8.4Hz),7.61(1H,d
5,J=2.1Hz),7.70(1H,dd,J=8.4,2.1Hz),9.35(1H,brs),9.85(1H,$). Step 2  To a solution of acetic acid
5-formy1-2-hydroxyphemyd ester (2€q) Obtainéd in. Stepc b amtetralydvofurar (20Lmedl were tkpadded
successively triphenglphos hine (4.3 (;) sPiro[4.5]dec-6-ene-7-methanol (3.55 g) obtained in the same
manner as in $télf 6 Wﬁﬁp@?% iS_L 2z obis X ERFRYRGMYEnides 2.8 gjtmtericedLooling,

followed by stifring, the reaction mixiyre a1 ropmytemperaturg 5 ford o-howrs. Afteradditiopof diethy!
ether to the reaction mixture, the insolubles were filtered off and the filtrate was concentrated. The
residue was pétrified Bxeolpim chromatographyaartsiticagel (ethylracetateo hexanet{veluawenratio) =
1:9 to 1:6) to give a mixture (1.8 g) of acetic acid 20 ,
5-formy1-2-(spifS4 5jdet 6-erft 7-ylmethoxy) pHenyl Esterdnd Example 1 to  give
3-hydroxy-4-(spirp[4 5]decGsen: 5yl - 88ethoxy) —phenyl] ~hex—4-yn
1H-NMR(3-hydpr$o’>)<y£-§4-(gf>ir§[ .5]d%{-6%ﬁ;-8;é}§mnz§do y)mphenyiizhe yhe
ehyde,CDC13)&: 145: 8. 5066 1), £68<l. 70(BH)M) 2104(2H,t,J=5
.7Hz),4.54(2H%5.64(1H,$7{,5.795.|1H,$),6.98 1H,d,J=8.4Hz),7

25.41 (1A Yd, 28 ABENH A 2501 1 of J=2. 02, 6851 1 15y 52 1 - 56 (2H,m) , 1.60-1.65 (4H

,m),1.82(3H,d,J=2.3Hz),1.93-1.96(2H,m),2.08-2.13(2H,m),2.64
(1H,dd,J=15.1,7.0Hz),2.75(1H,dd,J=15.1,8.3Hz),3.66(3H,s), 4.
03-4.08(1H,m),4.36(2H,s),5.73(1H,s),6.85(2H,d,J=8.6Hz),7.26

(2H,d,J=8.6Hz) .

15

Step 2
(S)-3-[4-(spiro[4.5]dec-T7-en-8-ylmethoxy)-phenyl]-hex-

4-ynoic acid methyl ester (1.0 g) obtained in Step 1 was
subjected to the reaction in the same condition as in Step 9

20 of Example 1 to give
(S)-3-[4-(spiro[4.5]dec-T7-en-8-ylmethoxy)-phenyl]-hex-4-yno
ic acid (0.924 g) as the desired compound.
Example 26

25 Preparation of

(3S)-3-[4-(spiro[4.5]dec-2-ylmethoxy)-phenyl]-hex—-4-ynoic

acid



Step 3  To a solution of a mixture (1.7 g) of acetic acid
5-formy1-2-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenylesterand 187
3-hydroxy-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-benzaldehyde obtained in Step 2 in chloroform (9 mL)
were added triethylamine (1.7 mL) and acetyl chloride (0.4 mL) under ice-cooling, followed by stirring
the reaction mixture under ice-cooing for 5 1 hour. AftérZaddition of saturated aqueous sodium
bicarbonate solution, the reaction mixture was extracted with ethyl acetate. The organic layer was
washed with saturated brine, dried and concentrated. The residue was purified by column
chromatography on silica gel (ethyl acetate: hexane (volume 10ratio)=1: 19t01:9)togiveaceticacid

5-formy1-2-(spiro[4.5]dec-65¢r¥2-yIm ox hen%est%r (2.59 g). H Step3

151- NMR(CDcﬁ;[a@ £6-1-49(6H;m); 1(6H,m); T;99(2H 1, J —
5.7Hz),2.33(3H,$),4.48(2H,$),5.61(1H,$),7. 08(1H d,J=8.
157.59(1H,d,J=2.1Hz),7.73(1H,dd,J=8.5,2.1Hz),9.87(1H,$). Step 4  To a solution of 60% sodium
hydride (0.118 g) in tetrahyd furan (11.5 mL) was added triethyl phosphonoacetate 20 (0.64 mL)
under argon atmosphere gooling, followed by stirring under ice-cooling for 10 minutes. To this
mixture was addega’s on of acetic acid 5-formy1-2-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenylester
(0.75 g) obtained in Step 3 in tetrahydrofuran (3.8 mL), 25 followed by stirring at room temperature for
10 minutes. After addition of ice-cold water, the reaction mixture was extracted with ethyl acetate. The
organic layer was washed with saturated brine, dried and concentrated. The residue was purified by
column chromatqgraphy on silica gel (hexane-4ethyl acetate: 188
hexane(volumeratio)=1:19to1:9)togive (E)-3-[3-acetoxy-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]
-acrylic acid ethyl ester £€0=®¢): 153-NMR$C DG 848:1 12821 -3B(8H 1), 1.43rk 5 BGH ) (D.604.69(6H 5
,m),1.99(2H,t,J=6.0Hz),2.32(3H,%$),4.26(2H,Q, J 7 2Hz2),4.42(2

H,$),5.58CLH, $)6. 38 (1F7 3L 16 6F17), € 96 LT BB 617 7 bg trahydrofuran (1 mL) was

(1H,d,3= 21H4L1ﬁ¥Klﬁ%kb%ﬁi9&&%%2%%@99&*Qé-%épfu%ollowed by stirring the

reaction mixture under normal pressure in an atmosphere of

hydrogen at room temperature for 20 hours. Then, the reaction
mixture was filtered through Celite and the filtrate was
10 concentrated. The residue was dissolved in methanol (1 mL).
To the solution was added sodium borohydride (10 mg), followed
by stirring the reaction mixture at room temperature for 1 hour.
Then, after addition of 1IN aqueous hydrochloric acid solution,
the reaction mixture was extracted with ethyl acetate. The
15 organic layer was washed with water, dried and concentrated to
give spiro[4.5]dec-2-yl-methanol (30 mg).
'H-NMR (CDC15)8:0.95-1.03(1H,m),1.31-1.47(12H,brm),1.66-1.81
(3H,m),2.13-2.23(1H,m),3.53(2H,d,J=6.8Hz) .

20 Step 2
Spiro[4.5]dec-2-yl-methanol (30 mg) obtained in Step 1 and
(S)-3-(4-hydroxyphenyl)-hex—-4-ynoic acid methyl ester (52 mg)
obtained in the same manner as in Substep 5 of Example 1 were

subjected the reaction in the same condition as in Step 8 of



Step 5 10Toasolutionof (E)-3-[3-acetoxy-4-(spiro[4.5]dec-6-en-7-yImethoxy)-phenyl] -acrylic acid ethyl
ester (0.43 g) obtained in Step 4 in ethyl acetate (8 mL) were added 10% palladium carbon (86 mg)
and a 0.1M ethyl acetate solution of diphenyl sulfide (1.08 mL), 15 followed by stirring under increased
pressure (0.4 MPa) in an atmosphere of hydrogen at room temperature for 6 hours. The reaction
mixture was filtered through Celite and the filtrate wa$ £oncentrated. The residue was purified by
column chromatography on silica gel (hexane-4ethyl acetate: hexane 20(volumeratio)1:19to1:9)togive
3-[3-acetoxy-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl1-pro picnic acid ethyl ester (0.332 g).
151-NMR(CDEFJE 1 24(3H,t,J=7.2Hz),1.44-1.51(6H,m),1.62-1.68° grve

(BH.m), 1.99(2kts{s)=5:8H2).2-30¢ 2 dp)= ) —phen —-hex—-4-ynoic
259(2H,t,J=7.8(I-%§])),4§13L3 ﬁ%?ﬁ%ﬁ})A é(%z'éH,%]), igg%?ﬁ%%%) phenyl]-h 4—vy

89(2H,t,J=4.1Hz); A.00EH,ddl, J=84:,2. 1HD). Btep.6 189

3-[3-hydroxy-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl1-pro picnic acid (51 mg) was obtained from
3-[3-acetoxy-jfl-1(]s‘ﬁi PB4 S50 i-71A &%@h@%&-{fﬁ%ﬁy:@lgr@ Bichiclacifl ethyl ©5t&H{200 mlg) obtained

in Step 5.55 Exgimpledklsreparationof 3:[2:methaxy-4 (spiel4:ldecB-e5- sylmethoxy)-phenyll-pro
picnic acid SteplOStep2 asolution 3-[3-hydroxy-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl1-pro
picnic acid (188lig) dbtairied. ih, the Same mamhmes Bs $n ExampleH, d, J=6.7Hz) ,4.02-4.0

7(1H,m),6.83(2H,d,J=8.7Hz),7.26(2H,d,J=8.7Hz) .

Step 3
10 (3S)-3-[4-(spiro[4.5]dec—-2-ylmethoxy)-phenyl]-hex-4-yn
oic acid methyl ester (49 mg) obtained in Step 2 was subjected
to the reaction in the same condition as in Step 9 of Example
1 to give
(3S)-3-[4-(spiro[4.5]dec—2-ylmethoxy)-phenyl]-hex-4-ynoic
15 acid (20 mg) as the desired compound.
'H-NMR (CDC13)8:1.11(1H,dd,J=12.4,9.6Hz),1.48-1.29(13H,m), 1.
85-1.79(5H,m),2.44-2.42(1H,m),2.84-2.69(2H,m),2.84-2.69 (2H,
m),3.82(2H,d,J=6.5Hz),4.06-4.04(1H,brm),6.85(2H,d,J=8.1Hz),

7.28(2H,d,J=8.1Hz) .

20
Example 27
Preparation of
(3S)-3-[4-(spiro[4.5]dec-2-ylmethoxy)-phenyl]-hex—-4-ynoic
acid sodium salt

25 In the same manner as in Example 2 or 4, the desired compound

was obtained from the compound obtained in the same manner as

in Example 26.

Example 28



15 110 in N,N-dimethylformamide (2 mL) were added methyl iodide (0.082 mL) and potassium
carbonate (0.30 mg), followed by stirring the mixture at room temperature for 16 hours. To the reaction
mixture was added 1N aqueous hydrochloric acid solution, followed by extraction with ethyl acetate.
The 20 organic layer was washed with water and saturated brine, dried and concentrated. The residue
was purified by column chromatography on silica gel 18thyl acetate: hexane (volume ratio) 1:40 to
1:10) to give 3-[3-methoxy-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl1-pro 25 picnic acid methyl ester
(176 mg). 151- NMR(CDC13)8 1.43-1.47(6H,m),1.61-1.68(6H,m),2.04-2.09(2H
m),2.60-2.64(BEFRT-5300(9R, t,J=7.9HZ),3.68(3H,$),3.85(3H,s 190 of

),4.42(2H,$),5. H$$),646 i 8. 6. 5 ¢,Jz8 o 2
5515 Moo 1 (Cpitols SGE b 1 i) oreni T oo o ety eater (178 1)

obtained in Step ddvas subjected to the reaction in the same condition as in Step 9 of Example 1 to
give 3-[3- methoxy -4- S piro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-pro 10picnic acid (159 mg). Example
112 Preparatl 3-[3-fluoro-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-pheny1]-prop 15 ionic acid 0

In the sarge manneras in §ieps:2 4Rd 4106, 0L Example 11050, 1 of Example 26,
3-[3-fluoro-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-prop 20 |on|caC|d(80mg)wasobta|nedfrom

3-fluoro-4-hydraxiybenzaldéhyde (50D-my)rExample1113 Prepasationofobtained from

spiro[5.5]undec-2-en-2-yl-methanol obtained in the same

manner as in Step 7 of Example 1.

'H-NMR (CDC13)8:0.65(1H,t,J=13.2Hz),0.75-0.97(2H,m),1.81-1.1
10 8(16H,m),3.41(2H,d,J=4.1Hz) .

Step 2
In the same manner as in Steps 2 to 3 of Example 26, the
desired compound was obtained from the compound obtained in the

15 above Step 1.

Example 29
Preparation of
(3S)-3-[4-(spiro[5.5]undec—-2-ylmethoxy)-phenyl] -hex—-4-ynoic
20 acid sodium salt
In the same manner as in Example 27, the desired compound
was obtained from the compound obtained in the same manner as

in Example 28.

25 Example 30
Preparation of
(3S)-3-[4-(spiro[4.4]non-2-ylmethoxy)-phenyl]-hex-4-ynoic
acid

Step 1



253-[6-(spiro[4.5]dec-7-ylmethoxy)-pyridin-3-y1]-propionic acid hydrochloride Step 1 To a solution
of spiro[4.5]dec-6-ene-7-carboxylic acid methyl ester (4.5 g) obtained in the same manner as in Step 5
5 of Example 7 in tetrahydrofuran (45 mL) was added 5% palladium carbon (0.5 g), followed by stirring
under increased pressure (0.4 MPa) in an atmosphere of hydrogen at room temperature for 17 hours.
The reaction mixture was filtered through Celite and theSresidue was washed with tetrahydrofuran (50
mL) . To this 10 filtrate was added dropwise a 1M toluene solution of diisobutylaluminum hydride (70
mL) under argon atmosphere at -70C, followed by raising the temperature to -20C over 1.5 hours while

stirring the reaction Mixtur& 2N SfigouSHyBFdchIGrc adil sofdtion was dtded ARE T&actidhr mixture
15 and the temperatire was,raised to,rogm femparature, followed by exfraction with ethyl-acetate. The

organic layer was washed with saturated brine, dried and concentrated. The residue was purified by
column chromatography. én sdicalget thexane-4ethylacelateo hexarel (volunteratio) e b)te give
20spiro[4.5]dec-7-y3-methanol (3.6 q).

151-NMR(CDE£3)8%0. 846FH, §dIE %%@@%?z)b?gz(m,t,J:12.6Hz)

L 15(1H 1,132 A2HEICL 7 I 2HLL SLL 87U ) 171 LT H M3 423406 01,

25Step 2 192 2-(di-tert-butylphosphino)-1,1-bihaphthyl(478 mg)and cesium carbohate (3.9 g) was
added toluene(1L54%1(} Hollowed: by stirring (Witlen argor atimasplieré-at Poem dempeiatiiresfor 1.0
minutes.Tothisreactionmixturewereadded 5spiro[4.5]dec-7-y3-methanol (1.0 gg_oobtained in Step 1 and

6-bromopyriding-%-(éﬁ}b&alaeﬁ);delfil'.itg), owed ‘b?/ 's%ilflﬁr?g the rmixttre“at-goC f6142)5 hours. The

reaction mixture was filtered through Celite and the filtrate was concentrated. The residue was purified
by column 10 chromatography on silica gel (ethyl acetate: hexane (volume ratio)1:49to1:9)togive
6-(spiro[4.5]dett Byylraethoxy)-pyridine-3-carboxaldehyde (0.313 Q).
151-NMR60D013)8:0.95-1.23(4H,m),1.32-1.52(4H,m) 1.55-1.68(9H
1 In the same manner as in ‘Steps 2 to 3 of Example 26, the
desired compound was obtained from the compound obtained in the

above Step 1.

Example 31

15 Preparation of
(3S)-3-[4-(spiro[4.4]non-2-ylmethoxy)-phenyl]-hex—-4-ynoic
acid sodium salt

In the same manner as in Example 27, the desired compound

was obtained from the compound obtained in Example 30.

20
Example 32
Preparation of
(3S)-3-[4-(spiro[5.5]undec—2-ylmethoxy)-phenyl] -hex—-4-ynoic

acid (chiral: A)



15 ,m),1.82-1.97(2H,m),4.19(2H,d,J=6.4Hz),6.83(1H,d,J=8.6Hz),8
.05(1H,dd,J=8.6,2.4Hz),8.60(1H,dd,J=2.3,0.6Hz),9.94(1H,d,J= 0.6Hz). Step 3
206-(Spiro[4.5]dec-7-ylmethoxy)-pyridine-3-carboxaldehyd e (0.313 g) obtained in Step 2 was
subjected to the reaction in the same condition as in Steps 4 and 5 of Example 110 to give
3-[6-(spiro[4.5]dec-7-ylmethoxy)-pyridin-3-y1]-propioriié @cid ethyl ester (36 mg).
25151-NMR(CDC13)8:0.90-1.08(4H,m),1.15-1.31(3H,m),1.38-1.50(7H
,m),1.56-1.67(9H,m),1.83-1.93(2H,m),2.58(2H,t,J=7.7Hz),2.87 -

(2H,t,J=7.7Hz),4. 03(2H d, J 6 3Hz) 4.1 (2Hog J= 7 gsz) 6. 6 Step3
H,d,J=8.6Hz), 7.&;{ dd,JZE8,2. Moaseluﬂ%
3-[6-(spiro[4.5]de g Imethoxy) pyrldln- ] proplonlc aC|d et ester (36 mg) obtained’in Step 3ina

mixed solvent 5 of tetrahydrofuran(0.36 mL)-ethanol(0.36 mL) was added 1N aqueous |um
hydroxide solution (0.21 mL), followed by stirring the reaction mixture at room temperature for 1.5
hours. Then, to the reaction mixture was added 1N aqueou derochlorlc acid solution, f IlcaNed by
extraction with eth{igcetate), Fhie'10 dr§anic | with Satlrated brine,
concentrated. The residue was di¥solved ift a solution of hydro ide (4M, 0.5 mL),
and to this was added hexane (O 5 mL) while stirring. The resulting solid was collected byfiltrationand
thendrledtoglve 153- [aL6t (spiro[4.5]dec-7-ylmethoxy)-pyridin-3-y1]-propionic acid hydrochloride (33 mg).
Example 114 Feep%r ionof 203-[4-(9-methoxy-spiro[5.5]undec-3-ylmethoxy)-phenyl1-propio nic acid
Step 1 To a slution of cyglghexanels4-dimethanghel0.9 g3 in.25 N.N:dimethyiformapide (100
mL) were added successively

methyl ester (300 mg) obtained in the same manner as in Step

5 6 of Example 1 in tetrahydrofuran (15 mL) was added 5% palladium
carbon (50 mg), followed by stirring the reaction mixture under
increased pressure of 0.3 MPa in an atmosphere of hydrogen at
room temperature for 4 hours. Then, the reaction mixture was
filtered through Celite. The filtrate was concentrated in

10 wvacuo to give spiro[5.5]undecane-2-carboxylic acid methyl
ester (300 mg).
'H-NMR (CDC13)8:0.98 (1H,td,J=13.2,4.1Hz),1.16 (1H,t,J=13.2Hz)
,1.22-1.50(13H,m),1.65(1H,d,J=12.3Hz),1.82-1.94(2H, m),2.47(
1H,tt,Jd=12.3,3.6Hz),3.67(3H,s) .

15
Step 2

To a solution of spiro[5.5]Jundecane-2-carboxylic acid

methyl ester (500 mg) obtained in the same manner as in Step
1 in a mixed solvent of tetrahydrofuran(5 mL)-methanol (5 mL)

20 was added 2N aqueous sodium hydroxide solution (3.57 mL),
followed by stirring the reaction mixture at 50°C for 3 hours.
After cooling down to room temperature, 2N aqueous hydrochloric
acid solution (3.57 mL) was added to the reaction mixture.

Methanol in the reaction mixture was evaporated off in vacuo,



194 tert-butyldimethylchlorosilane (8.9 g) and imidazole (9.5 g), followed by stirring the reaction
mixture at room temperature for 16 hours. To the reaction mixture were added ice and saturated
aqueous lithium bromide solution, followed by 5 extraction with diethyl ether. The organic layer was
washed with saturated aqueous lithium bromide solution and saturated brine, dried and concentrated.
The residue was purified by column chromatographyIoh’silica gel (ethyl acetate: hexane (volume ratio)
= 1:9 to 2:3) to give 10[4-(tert-butyldimethylsilanyloxymethyl)-cyclohexyl1-methano 1 (8.7 g).
151-NMR(CDC13)8:0.04(6H,$),0.85-1.05(3H,m),0.89(9H,$),1.21-1 .
31(2H,m),1.33A 565 ), T B L T(CBHIM) 1. 832 d=qtate. The organic layer
0.4Hz),3.41(1.45,d,J=6.4Hz),3.47(2H,8,4=6.3H2) 3.55(0.6H,dd. 13,J=6,7.3.8Hz).,Step 2 nglutionof
[4-(tert-butyldimethylsilanyloxymethyl)-cyclohexyll-methano 20 1 (8.5 g) obtained in Step 1 in
chloroform (85spmly wigs .addeddk d frtristacetyloxy)yl, ledibydrd- 1, 24senzindoxol1-3-(1H)-on e
(Dess-Matrtinperiodinane; 15.3g) under ice-cooling, followed by stirring the mixture under ice-cooling
for 2.5 hours. After addition of aqueous sodium sulfite solution and aqueous sodium 25 bicarbonate
solution, the reagtign-mixture was filtered through Celite, followed by extraction with ethyl acetate. The
organic layer was washed with saturated brine, dried and concentrated. The residue was purified by
column chromatogrdphy e silica geldéthyliaceiate> hexare frotuie catid)ox § 110t@ ¢ 19) tbgive 195

4-(tert-butyldimethylsilanyloxymeth I%%/clohexanecarbaldeh,yde (6.9 9). .
151-NMR(CD€‘3%)8?8%%@3%)3@8%- “9S@E V981 652K m)£P ¢ 1n chloroform (6

23-1.33(1H,my;1)40-1,69(3H,m), 1 88:1.92(2H M), 2.00- 208 Hqe (0,425 mn)  and
5,m),2.09-2.22(1H,m),3.38-3.44(2H,m),9.63(0.5H,d,J=1.6Hz),9. 71(0.5H,$). Step 3 In the same
manner as in Stepsdlites2 bf Exampieni dE094@ert-butyldimethylsilamydoxyinyettsi)-spifo{§.5huneecan-3-
one(1l.5g)wasobtainedfrom 4-(tert-butyldimethylsilanyloxymethyl)-cyclohexanecarbaldeh yde (1.16 g)
obtained th St&F 2 152NNRY ﬁ&é)é:ﬁ?ﬁ?ﬁ?ﬁ%ﬂ?&@@@ﬁ,%)j%?fz?zﬁdb‘?j’:ffz.s,éf.ﬁﬁn' the

reaction mixture was concentrated and the resulting residue was

dissolved in tetrahydrofuran (6 mL). Tothe solution were added
successively triethylamine (1.21 mL),
(R)—-4-benzyl-2-oxazolidinone (670 mg) and

15 4-dimethylaminopyridine (35 mg) under ice-cooling, followed by
stirring the reaction mixture at room temperature for 12 hours.
Then, after addition of ice-cold water, the reaction mixture
was extracted with ethyl acetate. The organic layer was washed
with aqueous potassium hydrogen sulfate solution, dried and

20 concentrated. The residue was ©purified by column
chromatography on silica gel (hexane: ethyl acetate (volume
ratio) = 20:1) to give
(4R) —-4-benzyl-3-(spiro[5.5]undecane-2-carbonyl)-oxazolidin-
2-one (less-polar isomer (chiral: A); 430 mg, more—-polar isomer

25 (chiral: B); 390 mg).

Less—polar isomer (chiral: A):
'H-NMR (CDC13)8:0.98-1.06 (1H,m),1.12-1.29(3H,m),1.38-1.63(11
H,m),1.70(1H,d,J=13.2Hz),1.78-1.85(1H,m),1.92(1H,dd,J=12.6,

2.2Hz),2.79(1H,dd,J=13.4,9.5Hz),3.26(1H,dd,J=13.4,3.2Hz), 3.



15 7),1.25(2H,td,J=12.8,3.4Hz),1.43-1.54(1H,m),1.61-1.67(4H,m)
,1.73-1.79(4H,m),2.28(2H,t,J=7.0Hz),2.35(2H,t,J=7.0Hz),3.45 (2H,d,J=6.3Hz). Step 4 20Toasolutionof
9-(tert-butyldimethylsilanyloxymethyl)-spiro[5.51undecan-3- one (1.5 g) obtained in Step 3 in methanol
(24 mL) was added sodium borohydride (0.17 g) under ice-cooling, followed by stirring the reaction
mixture under ice-cooling for 0.5 hour. 25 After additidoa ®f saturated aqueous citric acid solution, the
reaction mixture was concentrated in vacuo, followed by extraction with ethyl acetate. The organic
layer was washed with saturated brine, dried and concentrated. The residue was purified (bg/Hcqumn

chromatograpﬁy on S?If&:éléblr@émﬁl/l' acetare? 31(§6LIh@)?ané}e(@élﬁﬁe?&tf&)@ﬂfmgl:%1 65iv%7

9-(tert-buty|dirﬁgthylsiIanyloxymethyl)-spiro[5.5]undecan-3- ol (0.47 g).
151-NMR(CDC13)8:0.01(6H,$),0.84(9H,$),0.87-1.21(7H,m),1.29-1
5.55(5H,m),1.651c73{8Ham),1 80wEH0(2H,m):3.382H,d,J=6.2Hz ),3.57-3.61(1H,m). Step 5

Toasolutionof |10 9-(tert-butyldimeth¥|I%siIanyloxymeth%l)-spiro 5.5]undecan-3- ol 5309 mg) obtained in
Step 4 in N,N-dim&Hy ffoRnamife (5 ML) Has Added 50% Sodiim hydrids (602H§F inBér itetooling,

followed by stifring the reagtion mixtgre at pom temperature for §gninytes, To the feaction mixture
was added iodomethane (0.19
13.2,9.5Hz),3.26(1H,dd,J=13.2,3.3Hz),3.72(1H,tt,J=12.1,3.3H
z),4.14-4.24(2H,m) ,4.63-4.69(1H,m),7.17-7.40(5H, m) .
As used herein, when a carbon atom at the spiro junction is a

chiral carbon as represented by, for example, the following

10 formula:

carbon atom
at spiro
junction

chiral: A refers to a chirality of a carbon atom at the spiro
junction in a less—-polar isomer. Also, the following compounds
obtained from the compounds having the above chirality will be
15 represented by the names with (chiral: A) at the end thereof.
Similarly, chiral: B refers to a chirality of a carbon atom at
the spiro junction in a more—-polar isomer. Also, the following
compounds obtained from the compounds having the above
chirality will be represented by the names with (chiral: B) at

20 the end thereof.

Step 4
To a suspension of lithium aluminum hydride (55 mg) in

tetrahydrofuran (5 mL) was added dropwise a solution of



15 mL), followed by stirring at room temperature for 15 minutes. To the reaction mixture were further
added 60% sodium hydride (120 mg) and iodomethane (0.38 mL), followed by stirring at room
temperature for 15 minutes. To the reaction mixture was added 1N aqueous hydrochloric acid solution
under ice-cooling, 20 followed by extraction with diethyl ether three times. The organic layer was dried
and then concentrated to give tert-butyl-(9-methoxyspisd[5.5]undec-3-ylmethoxy)-dimethyls ilane (393
mg) as a crude product. 151-NMR(CDC13)8:0.04(6H,$),0.90(9H,$),0.95-1.20(8H,m),1.27-1
25.58(4H,m),1.72-1.87(5H,m),3.12-3.18(1H,m),3.34(3H,%$),3.42(2 H,d,J=6.5Hz). Step 6 197
tert-butyl-(9-méfHoxySpirsB BAtindeé SRy ihtetHoxy) UifeHRIS Tané E39%5° MY} bbBReP it StEp 5 in

tetrahydrofurap (3,0al) was.added a %%t@%ﬁyg@E%@Qe%?'i‘ﬂ%%?%”@fﬂt@@%}}ﬁ%EGE%‘%P”de (3

mL) under ice-cooling, followed by stirring the 5 reaction mixture at room temperature for 1.5 hours. To
the reaction mixduré.wasnacded watero followe cabyl extractiore withtethgldcetate . Aihelargadictayer was
washed with saturated brine, dried and concentrated. The residue was purified by column

chromatograpfy bh'siita dél{etifyf atétate hekane L oolunterafiBfl: Pétol Hidgive 179 T

(9%neﬂm%ysmg§§5ﬂygg %f%ﬂﬂ?%ﬂF%Eﬂﬂ2%7HHg}s. Then, to the reaction mixture
151-NMR(CDC13)8:0.94-1.51(4H,m),1.56(4H,m),1.70-1.89(7H,m),3

.12-3.18(1H,mySc33(3H®B)B.47(2Ekd, L6 OHz) wESStep 70 . 0 the)samEimannepas insStépsr8 to 9 of
Example 21, 3-[4-(9-methoxy-spiro[5.5]undec-3-ylmethoxy)-phenyl1-propio nic acid (109 mg) was

obtained from {IHEROLYspiro[E B33 MkthaHor (208 fifg) Shtdinddlih 20Step B Edmiple 115
Preparationof g 3-[4: (%9 dimethyl-spital4. bldec- - yimethoxyphenyl prapnt 2o 9pig agid: 198

The precipitated insolubles in the reaction mixture were
10 filtered off and the filtrate was concentrated in vacuo. The

residue was purified by column chromatography on silica gel

(ethyl acetate: hexane (volume ratio) = 1:20 to 1:10) to give

spiro[5.5]undec-2-yl-methanol (chiral: A) (185 mg).

'H-NMR (CDC15)8:0.65(1H,t,J=13.2Hz),0.75-0.97(2H,m) ,1.81-1.1

15 8(léH,m),3.41(2H,d,J=4.1Hz) .

Step 5
Spiro[5.5]undec-2-yl-methanol (chiral: A) (100 mg)
obtained in Step 4 and (S)-3-(4-hydroxy-phenyl)-hex-4-ynoic

20 acid methyl ester obtained in the same manner as in Substep 5
of Example 1 were subjected to the reaction in the same condition
as in Step 8 of Example 1 to give
(3S)-3-[4-(spiro[5.5]undec—-2-ylmethoxy)-phenyl] -hex—-4-ynoic
acid methyl ester (chiral: A) (200 mg).

25 'H-NMR(CDC15)8:0.76 (1H,t,J=12.6Hz),0.86-0.99(2H,m),1.30-1.2
0(3H,m),1.49-1.37(9H,m),1.65-1.79(2H,m),1.82(3H,d,J=2.4Hz),
1.87-1.99(2H,m),2.65(1H,dd,J=15.2,8.4Hz),2.75(1H,dd, J=15.2,
8.4Hz),3.65-3.72(5H,m),4.03-4.07(1H,m),6.83(2H,d,J=8.4Hz), 7

.26 (2H,d,J=8.4Hz) .



0 Stepl In the same manner as in Steps 1 to 2 of Example 7, 9, 9-dimethy1-6-o0xo-spiro [4 . 5]
decane-7-carboxylic acid methyl 5 ester (461 mg) was obtained from 4,4-dimethylcyclohexanone (800
mg). 151-NMR(CDC13)8:0.96(4.2H,%$),1.02(0.9H,$),1.21(0.9H,$),1.49-
1.89(8H,m),2.01-2.07(4H,m),3.74(3H,%$),3.78(0.3H,dd,J=13.9,5 .3Hz),12.46(0.7H,$). 10 Step 2
Toasolutionof 9, 9-dimethy1-6-oxo-spiro [4 . 5] decank4?-carboxylic acid methyl ester (450 mg)
obtained in Step 1 in methanol (4.5 mL) was added 15 calcium chloride dihydrate (417 mg), followed
by stirring under ice-cooling for 15 minutes. Then, to the reaction mixture was added sodium
borohydride (90 mg) in three portions, followed by stirring the reaction mixture under ice-cooling for 1.5
hours. To the jog mixture were added successively 2N aqueous 20 hydrochloric acid solution,
toluene and saturated brine, and the mixture was stirred for 5 minutes, followed by separation of the
aqueous layer. The ¢Bganic layer Wwasiwadhiedsuccéssive ywiitle watervandsatordtéd heine 2dried and
concentrated. The residue was purified by column chromatog ‘é)ﬁ@i on silica gel 199 (etrgrl acetate:

hexane (volumi@ o) 314 9“8} 1& §ive s-hghrda g, ohdim gilo[2 ) ae s t-7ath6ky licacid

methyl ester (34] ug). 151-NMR(CDG13)8:0.911.02(6H. [!Hel 1871 72(8H M) L:{3:2.QL(4R B
)m),2.44(0.6H,d,J=4.4Hz),2.63(0.6H,ddd,J=13.6,10.1,3.0Hz),2

.76(0.4H,dg,J*13.5,1.8Hz) 2{89(0.4H,d,JE2.&+12) 3.62(0.6H, ddl to give
,J=10.6,4. lHZ) 3 69(0 4H $) 3.72(3H,9$). Step 3 ,
(spiro[5.5]undec—2-ylmethoxy)-phenyl]-hex-4-ynoic

acid (chiral: A) (190 mg) as the desired compound.

10 Example 33
Preparation of
(3S)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hex-4-ynoic
acid sodium salt (chiral: A)
In the same manner as in Example 2 or 4, the desired compound

15 was obtained from the compound obtained in Example 32.

Example 34

Preparation of

(3S)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl] -hex—-4-ynoic
20 acid (chiral: B)

Step 1

In the same manner as 1in Step 4 of Example 32,

spiro[5.5]undec-2-yl-methanol (chiral:B) was obtained from

the more—-polar isomer (chiral:B) obtained in Step 3 of Example
25 32.

'H-NMR (CDC15)8:0.65(1H,t,J=13.2Hz),0.75-0.97(2H,m),1.81-1.1

8(16H,m),3.41(2H,d,J=4.1Hz) .

Step 2



10In the same manner as in Step 6 of Example 104, (9,9-dimethyl-spiro[4.5]dec-6-en-7-y1)-methanol
(243 mg) was obtainedfrom 6-hydroxy-9,9-dimethyl-spiro[4.5]decane-7-carboxylicacid methyl ester
(330 mg) obtained in Step 2. 15151-NMR(CDC13)8:0.96(6H,%$),1.49-1.54(4H,m),1.56(2H,$),1.62-1
.70(4H,m),1.78(2H,$),3.99(2H,d,J=4.9Hz),5.50(1H,$). Step 4 In the same manner as in Step 5
of Example 22, 20(9,9-dimethyl-spiro[4.5]dec-7-y1)-methanol(169 mg)was obtainedfrom
(9,9-dimethyl-spiro[4.5]dec-6-en-7-y1)-methanol(199mg) obtained in Step 3.

151-NMR(CDC13)8:0.90 3H,$),0.96(3H,$),1.23-1,57§1£H,m),1.57-

251.69(4H,m),1.69-1 B8, My 3ASZUREI=AAHLT SEPH ° I1hThé s8me FaReFas i StI5s of 8 to

9 of Example 21,.3-14:(0 Osdimethn-sRitold, ploecairmeinex)-PReRy I LROR 208ed in the
onicacid(129mg)wasobtainedfrom (9,9-dimethyl-spiro[4.5]dec-7-y1)-methanol (100 mg) obtained in

Step 4. 5 ExamplevElGtep 1.

5 Example 35
Preparation of
(3S)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hex-4-ynoic
acid sodium salt (chiral: B)
In the same manner as in Example 33, the desired compound
10 was obtained from the compound obtained in the same manner as

in Example 34.

Example 36
Preparation of
15 (3S)-3-[4-(spiro[4.5]dec-7-ylmethoxy)-phenyl]-hex—-4-ynoic
acid (chiral: A)
Step 1
In the same manner as in Steps 1 to 3 of Example 32,
less—-polar isomer (chiral: A) and more-polar isomer (chiral:
20 B) of
(4R) -4-benzyl-3-(spiro[4.5]decane-7-carbonyl)-oxazolidin-2-
one were obtained from spiro[4.5]dec-7-ene-7-carboxylic acid
methyl ester obtained from cyclopentanecarbaldehyde in the same
manner as in Steps 1 to 6 and 6’ of Example 1.
25 Less—-polar isomer (chiral: A):
'H-NMR (CDC13)&:1.22-1.75(15H,m),1.90-1.96 (1H,m),2.77 (1H,dd,
J=13.2,9.5Hz),3.27(14,dd,J=13.2,3.4Hz),3.59-3.67(1H,m),4.15

-4.23(2H,m),4.63-4.69(1H,m),7.20-7.23(2H,m),7.26-7.36(3H,m)



Preparationof (35)-3-[4-(spiro[2.6]non-5-yImethoxy)-phenyll-hex-4-ynoic acid 10Step1  To a
suspension of potassium tert-butoxide (3.48 g) in tert-butanol (32 mL) was added cycloheptanone (1.9
mL) while stirring under nitrogen atmosphere, followed by stirring the mixture at room temperature for
0.5 hour. Then, to the reaction 15 mixture was added (2-chloroethyl)-dimethylsulfonium iodide (3.7 g)
in eight portions over 1.6 hours, followed by stirring thé tixture at room temperature for 16.5 hours. To
the reaction mixture was added water, followed by extraction with diethyl ether. The organic layer was
washed with saturated brine, dried 20 and concentrated.The residue was purified by column

chromatograpHy bR shithgel (it eftfdthéxand Vblume ratio) = 1:15) to give

Spiro2 Elnonanssane (140 ) 15T MMR(CDEI 8 0 07420 =34 343 4112 (o ddd.0=3
.4,3.4,3.4Hz),1.66-1.7§ 6H,m),1.73-1.78 2H,m),2.63-2).66(2H, 01'in). 'Step 2'In’the same manner as
in Step 2 of Exahiple, dand Step 2 5of Bxample 115 34-hydioxyrspirb|2.5forah €25t canbokyhé acid
methyl ester (1.47 g) was obtained from s_ﬁir%%ﬁ]nonanA-one é1.40 g) obtained in Step 1.
151-NMR(CDC 13)8'd.57 :3" 443+ ), 0:57-6B3(T:nty,6 720 80 (i - ™) -
,m),1.55-£.71(3H,m),1.77-1.84(2H,m),2.08-2.25(2H,m),2.66(1H
10,dt,J=11.1,2.2Hz),2.71(1H,d,J=2.2Hz),3.22(1H,$),3.69(3H,$). Step 3 To a solution of
4-hydroxy-spiref2:6]nonane-5-carboxylic acid methyl ester (0.899 g) obtained in Step 2 in chloroform

15 (18 mL) were added successively triethylamine (6.33 mL), 4-dimethylaminopyridine (0.11g) and
acetic anhydride (2.18mUytnde? 3Gon BiH0STherd Aind'ite-ctiofiRg, follofed t%‘?fﬁﬂﬁﬁ thé ixture at

room temperatyre far;3. Shous. Aftenice.copling the reaction mixtuge andadding satyrated ggueous
20 sodium bicarbonate solution thereto, the reaction mixture was extracted with ethyl acetate. The

organic layer weas washéd successively whithrsaturated aguecusssodinmIgiearbbnate solution and
saturated brine, dried and concentrated. The residue was purified big)column chromato ra&kg;on silica
i

gel 25(didthyl et Résae (Alufne ftibl =L 850 givé 4ladetory-Spird[2 6 Rdrane. 5 darbéxylic acid

methyl ester (1.98 99-12.7,12.782),1.15(1H,ddd, J=12.7,12.7,3.9Hz),1.25-1.67

(l14H,m),1.71-1.78(1H,m),3.43(2H,t,J=5.1Hz).

Step 3
15 In the same manner as in Steps 5 to 6 of Example 32, the
desired compound was obtained from the compound ocbtained in Step

2.

Example 37

20 Preparation of
(3S)-3-[4-(spiro[4.5]dec-7-ylmethoxy)-phenyl]-hex—-4-ynoic
acid sodium salt (chiral: A)

In the same manner as in Example 33, the desired compound

was obtained from the compound obtained in Example 36.

25
Example 38
Preparation of
(3S)-3-[4-(spiro[4.5]dec-7-ylmethoxy)-phenyl]-hex—-4-ynoic

acid (chiral: B)



151-NMR(CDC13)8:0.35-0.40(1H,m),0.43-0.48(1H,m),0.50-0.55(1H
,m),0.72-0.77(1H,m),0.82-0.89(1H,m),1.55-1.74(3H,m),1.77-1. 202
85(1H,m),1.87-1.95(1H,m),1.97-2.15(2H,m),2.07(3H,$),2.78(1H
,dq,J=11.2,1.8Hz),3.63(3H,$),4.64(1H,t,J=0.9Hz). Step 4 5To a solution of
4-acetoxy-spiro[2.6]nonane-5-carboxylic acid methyl £4ter (1.06 g) obtained in Step 3 in toluene (11
mL) was added 1,8-diazabicyclo[5.4.0Jundec-7-ene (3.3 mL), followed by stirring the reaction mixture
at 120C for 5.5 hours. After ice-cooling the reaction mixture, water (25 mL) and 1N 10 aqueous
hydrochloric acigcSdldtion (25 mL) were added thereto, followed by extraction with ethyl acetate. The
organic layer was waghed succesgjyely with saturated aguieoys sgdium bigarbppate solutippand
saturated brine, dried and concentrated. The residue was purified by column 15 chromatography on
silica gel (dietlwy thdrd hexare (Volgrmhematid)emn ¢ 20)toigiee spid[&.6inomdaem&dylEmetharnat (0.32
g). 151-NMR(CDC13)8:0.49-0.57(4H,m),1.27(1H,brs),1.46(2H,t,J=5.7
Hz),1.65-1.75(&%&6%@(}2&88{9@6.éﬁﬁfﬁ?ﬁ3. (2RP8)5 226 H 5P steps B2 28 Esofution of
spiro[2.6gon-4eenogrylmethans] (170,mg) obtained in Step 4 in ethanol,(3,4 ) was addad; platinum
oxide 25 (35 mg), followed by stirring the reaction mixture at room temperature under normal pressure
in an atmospherelofkyidrogen for2ihours, ThehHthédeadtdr? mixtule Was fitered thradghl Celite. The
filtrate was concentrated and the residue was purifie((:iébﬁ column chromatography on silica gel (ethyl
6]

acetate: 203 héxaHe@blumeratio)=12)tbgivé spird2 EHoR5)3-methanol (164 mg).
151-NMR(CDC13)8:0.23-0.36(3.6H,m),0.86-0.93(0.4H,m),1.12-1.3
7(4H,m),1.44-1.83(7H,m),3.35-3.44(2H,m). 5 Step 6 In the same manner as in Steps 8 to 9 of
Example 1, (35)8444spiro[2.6]non-5-yImethoxy)-phenyll-hex-4-ynoic  acid (157 mg) was obtained
from spiﬂoo[z.6]non-51-y3-methanol 10(100 mg) obtained in Steg 5.
n the same manner as 1in Steps to 6 of Example 32, the
desired compound was obtained from the compound obtained in the

above Step 1.

Example 39

15 Preparation of
(3S)-3-[4-(spiro[4.5]dec-7-ylmethoxy)-phenyl]-hex—-4-ynoic
acid sodium salt (chiral: B)

In the same manner as in Example 33, the desired compound

was obtained from the compound obtained in Example 38.

20
Example 40
Preparation of
3-(l-methyl-1H-tetrazol-5-yl)-3-[4-(spiro[5.5]undec-2-ylmet

hoxy) -phenyl]-propionic acid



Example 117 Preparationof  3-[4-(spiro[3.4]oct-5-en-6-yImethoxy)-phenyl1-propionic 15 acid Step
1 To a solution of lithium chloride(2.12 g)in tetrahydrofuran (60 mL) was added samarium(ll) iodide
(5.0 g) 20 under argon atmosphere, followed by stirring the mixture at room temperature for 15
minutes. To this reaction mixture was added dropwise a solution of cyclobutanone (825 mg) in
tetrahydrofuran (5 ml) , followedby stirring the mixturé & room temperature for 1 hour. To the reaction
mixture was added 25 saturated aqueous sodium thiosulfate solution under ice-cooling, followed by
extraction with diethyl ether three times. Theorganiclayers were combined, washedwdthsaturated
brine, dried and congentrated. The residue was purified by 204 column chromatography on silica gel
(ethyl acetate: hexane {voluthertatio) = 1:19 te 3:2)%egive bicyclobutyl1-1,i*dol (399 mg)foﬁ )
151-NMR(CDC18)8:1.58-1.71(2A,m);1. . 6H,m),2’.1@|5| 25.97-2.37(4 H@;O p2° To
bicyclobuty1-1,1'-diol (1.95 g) obtained’in the same manner as in Step 1 was added 10% aqueous
sulfuric acid solution 10 (20 mL), followed by stirring the mixture at 90C for 3 hours. The reaction
mixture was ice-cooled ang extracted with diethyl ethgr.(‘)he osrgeargic layer was wFshgd successively

with water and sdttitated brine] driéd°and concentrated. The residue was purifi elumn
c r: hexane (volu 'o)1- :6) to give

chromatography on silj el 1§(hex né-4diethytg
13)8:1.77-1.86(4H,m),1.90-2.03(4H,m),2.17(2H,t,J=

spiro[3.4]octan-5-one (583 mg). 151-NMR(CD

7.6Hz),2.23-2.30(2H,m). 20Step! In_the same manner as in Steps 2 to 4 of Example 116,
spiro[3.4]oct-5-en<6-yl-Methandl ( ggj was obtained from spiro[3.4]octan-5-one (545 mg) obtained
in Step 2. 151-NMR(CDC13)8:1.%7-1.90(2H,m),1.92-2.10(6,m),2.30(2H,t,J= Ry

257.0Hz),4.17(2;%@),5.73(1H,$;6§MA:Step8 NeNG stepo /@/\@m
Step 1

To a solution of 3-(4-hydroxyphenyl)-hex—-4-ynoic acid (3.0

g) obtained in the same manner as in Substep 3 of Example 1 in

5 a mixed solvent of toluene (30 mL)-methanol (10 mL) was added

dropwise a hexane solution of trimethylsilyldiazomethane (2M,

8.8 mL) under ice-cooling over 8 minutes, followed by stirring

the reaction mixture at room temperature for 2 hours. Then,

the reaction mixture was concentrated and the residue was

10 dissolved in chloroform (60 mL). To the solution were added

successively 3,4-dihydro-2H-pyrane (1.6 mL) and

camphorsulfonic acid (0.17 g) under ice-cooling, followed by

stirring the reaction mixture under ice-cooling for 2 hours.

Then, after addition of saturated agqueous sodium bicarbonate

15 solution to the reaction mixture, methanol was evaporated off

in wvacuo, followed by extraction with ethyl acetate. The

organic layer was washed with saturated brine, dried and

concentrated. The residue was ©purified by column

chromatography on silica gel (ethyl acetate: hexane (volume

20 ratio) = 1:4 to 1:3) to give



In the same manner as in Steps 8 to 9 of Example 21,
3-[4-(spiro[3.4]oct-5-en-6-yImethoxy)-phenyl1-propionic 205 acid(108mg)wasobtainedfrom
spiro[3.4]oct-5-en-6-yl-methanol (58 mg) obtained in Step 3. Example 118 5 Preparationof
(3S)-3-[4-(spiro[3.4]oct-6-yImethoxy)-pheny1]-hex-4-ynoic acid Step 1 10In the same manner as in
Step 5 of Example 116, spiro[3.4]oct-6-y3-methanol(33 ng) was obtained from
spiro[3.4]oct-5-en-6-yl-methanol (50 mg) obtained in Step 3 of Example 117.
151-NMR(CDC13)8:1.24-1.32(3H,m),1.63(2H,t,J=7.2Hz),1.70-1.79 . .
15(1H,m),1.79°T.04 (AL P2 08 S0 FRR) 3 292KV, TR 217 ste fri theSdme marfiet @s in
Steps 8 to 9 of Example.1.(3p)-32[4(($pif9[3.4]oct-6-ylmethoxy)-pheny1]-hex-4-ynoic 20acid (88 mg)
was obtained from spiro[3.4]oct-6-yl-methanol (50

'H-NMR (CDC15)8:1.57-1.73(3H,m),1.82-1.89(5H,m),1.96-2.06 (1H

,m),2.66(1H,dd,J=15.3,7.0Hz),2.76(1H,dd,J=15.3,8.6Hz),3.59-

5 3.61(1H,m),3.68(3H,s),3.87-3.94(1H,m),4.05-4.09(1H,m),5.40(

1H,t,J=3.3Hz),7.00(2H,d,J=8.6Hz),7.28(2H,d, J=8.6Hz) .

Step 2
To a solution of
10 3-[4-(tetrahydropyran-2-yloxy)-phenyl]-hex—-4-ynoic acid
methyl ester (4.07 g) obtained in Step 1 in ethyl acetate (70
mL) were added successively quinoline (1.52 mL) and 5%
palladium-barium sulfate (0.4 g), followed by stirring the
reaction mixture under normal pressure in an atmosphere of
15 hydrogen at room temperature for 15.5 hours. Then, after the
reaction mixture was filtered through Celite, water and 1IN
aqueous hydrochloric acid solution were added to the filtrate,
followed by extraction with ethyl acetate. The organic layer
was washed successively with 1IN aqueous hydrochloric acid
20 solution and saturated brine, dried and concentrated to give
(Z)— 3-[4-(tetrahydropyran-2-yloxy)-phenyl]-hex—-4-enoic acid

methyl ester (3.83 g).

Step 3

25 To a solution of (Z) -
3-[4-(tetrahydropyran-2-yloxy)-phenyl] -hex—-4-enoic acid
methyl ester (3.83 g) obtained in Step 2 in a mixed solvent of
dioxane (60 mL)-water (15 mL) was added 2,6-lutidine (2.8 mL).

Then, to this was added dropwise a tert-butanol solution of



mg) obtained in Step 1. Example 119 Preparationof
25(S)-3-[4-(spiro[5.5]undec-2-en-2-yImethoxy)-phenyl]-hex-4-y noic acid L-lysine salt 206
Toasolutionof (S)-3-[4-(spiro[5.5]undec-2-en-2-yImethoxy)-phenyll-hex-4-y 5 noic acid (50 mg)
obtained in the same manner as in Example 1 in a mixed solvent of N,N-dimethylformamide(0.75
mL)-water(0.059 mL) was added 50% aqueous L-lysihétsolution (0.032 mL) at 50C, followed by
stirring overnight while gradually cooling the mixture down to room temperature. The 10 precipitate
was collected by filtration and then dried to give

(S)-3-[4-(spirofEBitin8et S5 ER22L Pt dtRoR§)-PrenyiF Bk 4-9 Fofe ac L <hie shR 149 H5g). Bkample
120 15 Preparationof; (;):3- gthoxys 3{4{Spirela- alundecs:1sen-2yimethoxy)-phenylslpropionic acid
L-lysine salt 20Toasolutionof (-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-yImethoxy)-phenyl 1-propionic
acid (50 mg) obtainedtin thecsameanannen astimExampled2énl almixediseiventiebus sodium
N,N-dimethylformamide(0.75 207 ,
periodate solution (10.3 g/25 mL) over 7 minutes, followed by
5 stirring the reaction mixture at room temperature for 2 hours.
After addition of ethyl acetate to the reaction mixture, the
organic layer was separated. The organic layer was washed
successively with 1N aqueous hydrochloric acid solution, water,
saturated aqueous sodium bicarbonate solution, saturated
10 aqueous sodium thiosulfate solution and saturated brine, dried
and concentrated. The residue was purified by column
chromatography on silica gel (ethyl acetate: hexane (volume
ratio) = 1:4 to 1:3) to give
4-ox0-3-[4-(tetrahydropyran-2-yloxy)-phenyl]-butyric acid
15 methyl ester (2.59 g).
'H-NMR (CDC15)8:1.57-1.72(3H,m),1.84-1.88(2H,m),1.95-2.03(1H
,m),2.58(1H,dd,J=16.9,6.2Hz),3.13(1H,dd,J=16.9,8.3Hz),3.58-
3.64(1H,m),3.66(3H,s),3.85-3.93(1H,m),4.15-4.07(1H,m),5.41(

1H,q9,J=3.1Hz),7.04-7.12(4H,m),9.67(1H, s) .

20
Step 4
To a solution of
4-0x0-3-[4-(tetrahydropyran-2-yloxy)-phenyl]-butyric acid
methyl ester (1.29 g) obtained in Step 3 in methanol (13 mL)
25 was added camphorsulfonic acid (98 mg), followed by stirring

the reaction mixture at room temperature for 6 hours. Then,
after addition of 1IN agqueous sodium hydroxide solution (0.42
mL), the reaction mixture was concentrated. To the residue was

added water, followed by extraction with ethyl acetate. The



mL)-water(0.044 mL) was added 50% aqueous L-lysine solution (0.032 mL) at 5000, followed by
stirring overnight while gradually cooling the mixture down to room temperature. The precipitate was
collected by filtration and then dried to give
5(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-yImethoxy)-phenyl 1-propionic acid L-lysine salt (52 mg).
The structural formulae of the compounds obtained il £xamples 1 to 120 are shown in Tables 1 to 17.
In Tables 1 to 10 17, the chirality of the carbon atom in a methine group substituted by a phenyl group
or a pyridyl group is represented as "the chirality at the benzylic carbon”. With regard to the

compounds oltaff iR Exaiipes 3% 1985 cotfigdund Aa &t MR Gata Fd SRovi'fh Tables
18 to 26 15and in Tahles 27.te 38, respgctively. 208 Lable 1 EX. I%[gl@tfg%tgral fg&mulg(g:lm;@llity at

benzylic carbon Chirality of carbon at spiro junction Other chiral
chromatography on silica gel (ethyl acetate: hexane (volume

ratio) =1:2 to 2:3) to give 3-(4-hydroxyphenyl)—-4,4-dimethoxy
5 butyric acid methyl ester (0.99 g).

'H-NMR (CDC15)8:2.60(1H,dd, J=15.7,9.0Hz),2.85(1H,dd, J=15.7,5

.7Hz),3.29(3H,s),3.39-3.43(1H,m),3.58(3H,s),4.38(1H,d,J=6.0

Hz),4.95(1H,s),6.74(2H,d,J=9.2Hz),7.12(2H,d,J=9.2Hz) .

10 Step 5
To a solution of 3-(4-hydroxyphenyl)-4,4-dimethoxy
butyric acid methyl ester (0.257 g) obtained in Step 4 and
2-bromomethyl-spiro[5.5]undecane (0.225 g) obtained in the
following Substep 1 in N,N-dimethylformamide (3 mL) was added
15 cesium carbonate (0.597 g), followed by stirring the reaction
mixture at 80°C for 2.5 hours. Then, after addition of water,
the reaction mixture was extracted with ethyl acetate. The
organic layer was washed successively with water and saturated
brine, dried and concentrated. The residue was purified by
20 column chromatography on silica gel (ethyl acetate: hexane
(volume ratio) = 1:20 to 1:6) to give
4,4-dimethoxy-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-bu

tyric acid methyl ester (0.297 qg).

25 Step 6
To a solution of
4,4-dimethoxy-3-[4—(spiro[5.5]undec-2-ylmethoxy)-phenyl]-bu
tyric acid methyl ester (820 mg) obtained in the same manner

as in Step 5 in acetone (8 mL), trifluorocacetic acid (6 mL) was
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added 1in three portions hourly, followed by stirring the
reaction mixture at room temperature for 3 hours. Then, after
addition of saturated aqueous sodium bicarbonate solution under
ice-cooling, the reaction mixture was extracted with ethyl
5 acetate. The organic layer was washed successively with
saturated aqueous sodium bicarbonate solution and saturated
brine, dried and concentrated to give a crude aldehyde. To a
solution of the crude aldehyde 1in a mixed solvent of
tert-butanol (6 mL)-water(l.5 mL) were added successively
10 sodium dihydrogen phosphate (88 mg), 2-methyl-2-butene (0.3 mL)
and sodium chlorite (218 mg), followed by stirring the reaction
mixture at room temperature for 1 hour. Then, after addition
of 1IN aqueous hydrochloric acid solution, the reaction mixture
was extracted with ethyl acetate. The organic layer was washed
15 with saturated Dbrine, dried and concentrated to give
2-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-succinic acid

4-methyl ester (310 mg).

Step 7

20 To a solution of
2-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-succinic acid
4-methyl ester (310 mg) obtained in Step 6 in N,N-
dimethylformamide (4 mL) were added successively
l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride

25 (163 mg), l-hydroxybenzotriazole hydrate (115 mg) and a
tetrahydrofuran solution of methylamine (2M, 0.53 mL), followed
by stirring the reaction mixture at room temperature for 13
hours. Then, after addition of water, the reaction mixture was

extracted with ethyl acetate. The organic layer was washed
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successively with 1N aqueous hydrochloric acid solution, water,
saturated aqueous sodium bicarbonate solution and saturated
brine, dried and concentrated. The residue was purified by
column chromatography on silica gel (ethyl acetate: hexane
(volume ratio) = 1:1) to give
N-methyl-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-succina
mic acid methyl ester (278 mg).

'H-NMR (CDC15)8:0.77(1H,t,J=15.1Hz),0.88-1.02(2H,m),1.21-1.2
9(2H,m),1.38-1.54(10H,m),1.66-2.02(4H,m),2.61(1H,dd,J=16.6,
6.3Hz),2.75(3H,d,J=4.4Hz),3.28(1H,dd,J=16.6,8.5Hz),3.66 (3H,
s),3.70(2H,dd,J=5.6,2.8Hz),3.87(1H,dd,J=8.6,6.3Hz),5.36-5.4

3(1H,m),6.86(2H,d,J=8.1Hz),7.19(2H,d,J=8.1Hz) .

Step 8

To a solution of
N-methyl-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-succina
mic acidmethyl ester (178 mg) obtained in Step 7 in acetonitrile
(5 mL) were added successively sodium azide (85 mg) and
trifluoromethanesulfonic anhydride (0.29 mL), followed by
stirring the reaction mixture at room temperature for 24 hours.
Then, after addition of saturated agqueous sodium bicarbonate
solution, the reaction mixture was extracted with ethyl acetate.
The organic layer was washed with brine, dried and concentrated.
The residue was purified by thin-layer column chromatography
on silica gel (ethyl acetate: hexane (volume ratio) = 1:1) to
give
3-(1l-methyl-1H-tetrazol-5-yl1)-3-[4-(spiro[5.5]undec-2-ylmet
hoxy) -phenyl]-propionic acid methyl ester (41 mg).

'H-NMR (CDC15)8:0.75(1H,t,J=12.1Hz),0.86-0.99(2H,m),1.19-1.2
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8(2H,m),1.36-1.99(14H,m),3.00(1H,dd,J=17.4,5.5Hz),3.53(1H,d
d,J=17.4,8.8Hz),3.63-3.70(5H,m),3.82(3H,s),4.57(1H,dd,J=5.5

,8.8Hz),6.83(2H,d,J=8.4Hz),7.11(2H,d,J=8.4Hz) .

Step 9

To a solution of
3-(1l-methyl-1H-tetrazol-5-yl1)-3-[4-(spiro[5.5]undec-2-ylmet
hoxy)-phenyl]-propionic acid methyl ester (41 mg) obtained in
Step 8 in a mixed solvent of tetrahydrofuran (1l mL)-methanol (0.5
mL) -water (0.5 mL) was added 2N aqueous sodium hydroxide
solution (0.144 mL), followed by stirring the reaction mixture
at room temperature for 18 hours. Then, after addition of 1IN
aqueous hydrochloric acid solution (0.3 mL), the reaction
mixture was extracted with ethyl acetate. The organic layer
was washed with saturated brine, dried and concentrated. The
residue was purified by thin-layer column chromatography on
silica gel (acetic acid: ethyl acetate: chloroform (volume
ratio) = 0.1:1:10) to give
3-(l-methyl-1H-tetrazol-5-yl)-3-[4-(spiro[5.5]undec-2-ylmet

hoxy) -phenyl]-propionic acid (39 mg) as the desired compound.

Substep 1

To a solution of spiro[5.5]undec-2-ylmethanol (0.65 g)
obtained in the same manner as in Step 1 of Example 26 from
spiro[5.5]undec—-2-en-2-yl-methanol obtained in the same
manner as in Step 7 of Example 1, in chloroform (10 mL) were
added successively triphenylphosphine (1.12 g) and
N-bromosuccinimide (0.76 g), followed by stirring the reaction

mixture at room temperature for 19 hours. Then, after addition
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of hexane, the precipitate was filtered off and the filtrate

was concentrated. The residue was purified by column

chromatography on silica gel (ethyl acetate: hexane (volume

ratio) = 1:4) to give 2-bromomethyl-spiro[5.5]undecane (0.83
5 g) .

'H-NMR (CDC15)8:0.69 (1H,t,J=13.2Hz),0.81-0.96 (2H,m) ,1.19-1.2

4(2H,m),1.91-1.36(14H,m),3.25(2H,d,J=5.7Hz) .

Example 41
10 Preparation of
3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl]-pr

opionic acid

0 Stepl 0 step2 0 0 Step3 OHR Step4 0 Step5
O— O — &y = Gy 5 Ot X

0 L
Step6 O/KH Step7 Oﬁl\{/gol\ Step8 ' 00/\
OQ/\()H R O(j/\o > O@/\O OO/\OO/\/K
L
00
9
Step O/\/KOH
: O
Step 1
15 To a suspension of potassium tert-butoxide (24.4 g) in

toluene (100 mL) was added a solution of cyclohexanone (10.67
g) and 1,5-dibromopentane (25 g) in toluene (50 mL) while
stirring. The mixture was stirred at 100°C for 4 hours. After
cooling down to room temperature, the resulting solid was
20 filtered off and washed with toluene. The filtrate was
concentrated and the residue was purified by column

chromatography on silica gel (ethyl acetate: hexane (volume



Other chiral carbon 8 010 4000 HO Na S-isomer --9 1 IT "--0 1111 | S-isomer - - 10 HO IN,Sil

10

15

20

25

152

ratio) = 1:15) to give spiro[5.5]undecan-1-one (11.85 qg).
'H-NMR (CDC15)8:1.30-1.51(8H,m),1.66-1.74(4H,m),1.79-1.91 (4H
,m),2.38(2H,t,J=6.8Hz).

Step 2

To a suspension of 60% sodium hydride (5.7 g) and potassium
tert-butoxide (1.6 g) in tetrahydrofuran (200 mL) was added
dimethyl carbonate (9.6 mL) at room temperature while stirring.
The reaction mixture was heated under reflux. To the reaction
mixture was added dropwise a solution of
spiro[5.5]undecan-1-one (11.85 g) obtained in Step 1 in
tetrahydrofuran (40 mL) over 1 hour, followed by heating the
reaction mixture under reflux for 2 hours. After ice-cooling,
acetic acid (14.6 mL) was added dropwise to the reaction mixture.
Then, the reaction mixture was poured into saturated brine,
followed by extraction with ethyl acetate. The organic layer
was washed with saturated brine, dried and concentrated. The
residue was purified by column chromatography on silica gel
(ethyl acetate: hexane (volume ratio) = 1:15) to give
l-oxo-spiro[5.5]undecane-2-carboxylic acid methyl ester
(13.02 qg).
'H-NMR (CDC15)8:1.29-1.74(8H,m),1.78-1.98(6H,m),2.16-2.22(2H
,m),3.74(3H,s),12.64(1H,m) .

Step 3

To a solution of l-oxo-spiro[5.5]undecane-2-carboxylic
acid methyl ester (13.02 g) obtained in Step 2 in methanol (300
mL), sodium borohydride (2.2 g) was added in small portions

under ice-cooling, followed by stirring the reaction mixture
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under ice-cooling for 30 minutes. Then, after addition of
saturated brine, 2N aqueous hydrochloric acid solution was
further added dropwise to the reaction mixture until the
evolution of gases ceased, followed by extraction with ethyl
acetate twice. The organic layer was washed with saturated
brine, dried and concentrated. The residue was purified by
column chromatography on silica gel (ethyl acetate: hexane
(volume ratio) = 1:8 to 1:5) to give
trans—-1-hydroxy-spiro[5.5]undecane-2-carboxylic acid methyl
ester (2.74 qg).

'H-NMR (CDC13)8:0.82 (1H,tt,J=13.6,5.0Hz),1.07-1.22(2H,m), 1.3
1-1.67(10H,m),1.84-2.01(2H,m),2.17(1H,dt,J=12.0,4.2Hz),2.39
(1H,d,J=4.4Hz),2.52-2.59(1H,m),3.42(1H,dd,J=10.7,4.2Hz),3.7

1(3H,s).

Step 4

To a solution of
trans—-1l-hydroxy-spiro[5.5]undecane-2-carboxylic acid methyl
ester (2.74 g) obtained in Step 3 in chloroform (20 mL) was added
triethylamine (2.02 mL). To the reaction mixture was added
dropwise a solution of methanesulfonyl chloride (1.03 mL) in
chloroform (5 mL) under ice-cooling, followed by stirring the
reaction mixture at room temperature overnight. Then, after
addition of water, the reaction mixture was washed therewith.
The separated organic layer was dried and concentrated. To the
residue were added tetrahydrofuran (30 mL) and
1,8-diazabicyclo[5.4.0]undec-7-ene (3.62 mL), followed by
heating the reaction mixture at 60°C for 3 hours. After cooling

down to room temperature, the reaction mixture was poured into
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water, followed by extraction with ethyl acetate. The organic
layer was washed successively with 1IN aqueous hydrochloric acid
solution and saturated brine, dried and concentrated. The
residue was purified by column chromatography on silica gel
(ethyl acetate: hexane (volume ratio) = 1:8) to give
spiro[5.5]undec-1-ene-2-carboxylic acid methyl ester (2.075
g) -

'H-NMR (CDC13)8:1.32-1.65(14H,m),2.20-2.27(2H,m),3.73(3H, s),
6.84(1H, s) .

Step 5

To a solution of spiro[5.5]undec-1-ene-2-carboxylic acid
methyl ester (2.07 g) obtained in Step 4 in tetrahydrofuran (30
mL) was added dropwise a IM  toluene solution of
diisobutylaluminum hydride (30 mL) at -70°C under argon
atmosphere over 15 minutes, followed by stirring the reaction
mixture at -70°C for 1 hour. Then after careful addition of
methanol (2 mL) and 6N aqueous hydrochloric acid solution (5
mL) to the reaction mixture, the temperature was raised to room
temperature. The reaction mixture was poured into saturated
brine, followed by extraction with ethyl acetate. The organic
layer was washed with saturated brine, dried and concentrated.
The residue was purified by column chromatography on silica gel
(ethyl acetate: hexane (volume ratio) = 1:5) to give
spiro[5.5]undec—-1-ene-2-methanol (1.685 g).
'H-NMR (CDC15)&:1.24-1.53(12H,m),1.55-1.57(1H,m),1.62(2H, tt,
J=9.2,3.1Hz),1.97(2H,t,J=6.2Hz),3.99(2H,d,J=6.0Hz),5.55(1H,

s).



Na 212 Table 3 Ex. No. Structural formula Chirality atbenzylic carbon Chirality of carbon at spiro
junction Other chiral carbon 15

155

Step 6
To a solution of spiro[5.5]undec-1-ene-2-methanol (3.189
g) obtained in the same manner as in Step 5,
4-hydroxybenzaldehyde (2.589 g) and triphenylphosphine (5.56
5 g) in tetrahydrofuran (100 mL) was added dropwise a solution
of 94% 1,1’-diisopropyl azodicarboxylate (4.446 mL) in
tetrahydrofuran (3 mL) under ice-cooling, followed by stirring
the reaction mixture at room temperature overnight. Then, the
reaction mixture was concentrated and the residue was purified
10 by column chromatography on silica gel (ethyl acetate: hexane
(volume ratio) = 1:9) to give
4—(spiro[5.5]undec-1-en-2-ylmethoxy)-benzaldehyde (4.27 qg).
'H-NMR (CDC13)&:1.24-1.51(12H,m),1.60-1.68(2H,m),2.03(2H,dt,
J=6.2,2.7Hz),4.46(24,s),5.70(1H,s),7.01(2H,dt,J=9.3,2.3Hz),

15 7.82(2H,dt,J=9.3,2.3Hz),9.89(1H, s) .

Step 7
To a solution of ethyl acetate (2.2 mL) in tetrahydrofuran
(100 mL) was added dropwise a 2M heptane
20 /tetrahydrofuran/ethylbenzene solution of lithium
diisopropylamide (11.25mL) at -78°C under argon atmosphere over
15 minutes, followed by stirring the reaction mixture at —78°C
for 30 minutes. Then, to the reaction mixture was added
dropwise a solution of
25 4—(spiro[5.5]undec-1-en-2-ylmethoxy)-benzaldehyde (4.27 g)
obtained in Step 6 in tetrahydrofuran (15 mL) over 10 minutes,
followed by stirring the reactionmixture at —78°C for 40 minutes.
After the temperature was raised to room temperature, saturated

aqueous ammonium chloride solution (100 mL) was added carefully
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to the reaction mixture, followed by extraction with ethyl
acetate. The organic layer was washed with saturated brine,
dried and concentrated. The residue was purified by column
chromatography on silica gel (ethyl acetate: hexane (volume
ratio) = 1:4 to 1:3) to give
3-hydroxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl]-p
ropionic acid ethyl ester (4.98 g).

'H-NMR (CDC13)&:1.26 (3H,dq,J=10.4,2.7Hz),1.30-1.49(8H,m), 1.5
4(2H,s),1.64(2H,tt,J=9.2,3.1Hz),2.01-2.04(4H,m),2.67(1H,dd,
J=16.2,3.9Hz),2.75(14,dd,J=16.4,9.3Hz),3.11(1H,d,J=3.4Hz) , 4
.15-4.22(2H,m),4.36(24,s),5.08(1H,dt,J=9.1,3.4Hz),5.67(1H, s

),6.90(2H,dt,J=9.3,2.5Hz),7.25-7.29(2H, m) .

Step 8

To a solution of
3-hydroxy-3—-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl]-p
ropionic acid ethyl ester (4.98 g) obtained in Step 7 and
N, N-diisopropylethylamine (6.97 mL) in chloroform (100 mL) was
added dropwise a 1M dichloromethane solution of triethyloxonium
tetrafluoroborate (20 mL) under ice-cooling over 5 minutes,
followed by stirring the reaction mixture under ice-cooling for
10 minutes and then at room temperature for 2.5 hours. Then,
the reaction mixture was concentrated and the residue was
extracted with ethyl acetate. The organic layer was washed
successively with water and saturated brine, dried and
concentrated. The residue was ©purified by column
chromatography on silica gel (ethyl acetate: hexane (volume
ratio) = 1:5) to give

3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl]-pr
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opionic acid ethyl ester (2.175 qg).

'H-NMR (CDC15)8:1.13(3H,t,J=7.0Hz),1.22(3H,td,J=7.6,3.1Hz),1

.31-1.50(10H,m),1.53(2H,d,J=4.8Hz),1.64(2H,tt,J=9.2,3.1Hz),

2.06(2H,dt,J=12.8,7.1Hz),2.5(1H,dd,J=15.0,5.1Hz),2.79 (1H,dd
5 ,J=15.0,8.9Hz),3.28-3.41(2H,m),4.12(2H,ddd,J=14.3,7.1,2.1Hz

),4.35(2H,s),4.68(1H,dd,J=8.9,5.1Hz),5.67(1H,s),6.89(2H,dt,

J=9.2,2.4Hz),7.23(2H,dt,J=9.2,2.4Hz) .

Step 9

10 To a solution of
3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl]-pr
opionic acid ethyl ester (3.169 g) obtained in the same manner
as in Step 8 in a mixed solvent of ethanol (10
mL)-tetrahydrofuran(10 mL) was added 4N aqueous sodium

15 hydroxide solution (4 mL) under ice-cooling, followed by
stirring the reaction mixture at room temperature for 10 minutes.
Then, after addition of ethanol (5 mL) and tetrahydrofuran (5
mL), the reaction mixture was stirred at room temperature
overnight. Then, the reaction mixture was diluted with

20 saturated brine and 2N aqueous hydrochloric acid solution (8
mL) was added thereto, followed by extractionwith ethyl acetate.
The organic layer was washed with saturated brine, dried and
concentrated to give
3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl]-pr

25 opionic acid (2.95 g).

Example 42
Preparation of

(-)—-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl
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Step 1
To a solution of
5 3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl]-pr
opionic acid (2.95 g) obtained in Example 41 and triethylamine
(3.3 mL) in tetrahydrofuran (60 mL) was added dropwise a
solution of pivaloyl chloride (1.265 mL) in tetrahydrofuran (5
mL) at -35°C, followed by stirring the reaction mixture at -35
10 to -30°C for 30 minutes. Then, to the reactionmixture was added
dropwise a solution of (R)-4-benzyl-2-oxazolidinone (1.82 qg)
and lithium bromide (892 mg) in tetrahydrofuran (10 mL),
followed by raising the temperature up to 0°C over 2 hours while
stirring the reaction mixture. The reaction mixture was poured
15 into ice-cold water, followed by extraction with ethyl acetate.
The organic layer was washed with saturated brine, dried and
concentrated. The residue was purified by mid-pressure
preparative chromatography on silica gel (ethyl acetate: hexane
(volume ratio) = 1:5) to give
20 (R)—4-benzyl-3-{3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmet

hoxy)-phenyl]-propionyl}oxazolidin-2-one.
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Less—polar diastereomer (1.24 g)

'"H-NMR (CDC15)8:1.14(3H,t,J=7.0Hz),1.34-1.54(15H,m),1.64 (2H,

tt,J=9.2,3.1Hz),2.02-2.10(1H,m),2.78(1H,dd,J=13.5,9.4Hz), 3.

10(1H,dd,J=16.1,5.0Hz),3.29(1H,dd,J=13.5,3.1Hz),3.37(2H,ddt
5 ,J=16.5,7.0,2.7Hz),3.67(1H,dd,J=16.2,8.7Hz),4.36(2H,s),4.62

-4.68(1H,m),4.82(1H,dd,J=8.7,5.1Hz),5.67(1H,s),6.88-6.92(2H

,m),7.21-7.36(7H,m) .

More-polar diastereomer (1.18 qg)

'H-NMR (CDC15)&:1.14(3H,t,J=7.12Hz),1.34-1.49(9H,m),1.55(2H,
10 s),1.64(2H,tt,J=9.2,3.1Hz),2.04(2H,q,J=3.5Hz),2.70(1H,dd,Jd=

13.4,9.5Hz),3.18(1H,dd,J=16.2,4.1Hz),3.25(1H,dd,J=13.4,3.3H

z),3.34-3.41(2H,m),3.50(1H,dd,J=16.2,9.4Hz),4.18(2H,dt,J=12

.6,5.0Hz),4.36(2H,s),4.67-4.72(1H,m),4.84(1H,dd,J=9.4,4.1Hz

),5.67(1H,s),6.90(2H,dt,J=9.3,2.4Hz),7.15-7.18(2H,m), 7.27-7

15 .34 (5H, m) .

Step 2
To a solution of
(R)—4-benzyl-3-{3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmet
20 hoxy) -phenyl]-propionyl}oxazolidin—-2-one (more—-polar
diastereomer 1.178 g) obtained in Step 1 in tetrahydrofuran (20
mL) and water (5 mL) was added a mixture of 4N agqueous lithium
hydroxide solution (1.1 mL) and 30% hydrogen peroxide solution
(0.88 mL) under ice-cooling, followed by stirring the reaction
25 mixture at room temperature. After 1.5 and 5.5 hours, to the
reaction mixture was further added a mixture of 4N aqueous
lithium hydroxide solution (0.55 mL) and 30% hydrogen peroxide
solution (0.44 mL), followed by stirring the reaction mixture

at room temperature. After 7 hours, to the reaction mixture
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were added successively sodium sulfite (2.785 g) and an agueous
potassium hydrogen sulfate (1.2 g) solution (30 mL) under
ice-cooling, followed by extraction with ethyl acetate. The
organic layer was washed with saturated brine, dried and
concentrated. The residue was ©purified by column
chromatography on silica gel (ethyl acetate: hexane (volume
ratio) = 1:3) to give
(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl
]-propionic acid (443 mg) as the desired compound.

The specific optical rotation of this compound was as follows.

[o]p?° = -33.3°(c1.020, EtOH)

Example 43
Preparation of
(-)—-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl
]-propionic acid sodium salt

In the same manner as in Example 2 or 4, the desired compound

was obtained from the compound obtained in Example 42.

Example 44
Preparation of
(+)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl
]-propionic acid

In the same manner as in Step 2 of Example 42, the desired
compound was obtained from the less-polar diastereomer obtained

in Step 1 of Example 42.

Examples 45 to 89

The compounds shown in Tables 1 to 13 were prepared by the
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same preparation method as in any of Examples 1 to 44.

Example 90
Preparation of
(S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-hex-4-vy

noic acid 0.5 calcium salt

0
0o > =
0
% %0 0. 5Ce*

To a solution of
(S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-hex-4-vy
noic acid sodium salt (2.33 g) obtained in the same manner as
in Example 2 in water (60 mL) was added 0.1M aqueous calcium
chloride solution (30 mL), followed by stirring the mixture at
room temperature for 1 hour. The precipitate was collected by
filtration and dried to give
(S)-3-[4—(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-hex-4-y

noic acid 0.5 calcium salt (1.82 g).

Example 91
Preparation of
(S)-3-[4-(spiro[4.5]dec—-6—-en-7-ylmethoxy)-phenyl]-hex-4-yno

ic acid 0.5 calcium salt

=

0
% %0 0. 5Cee*
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To a solution of
(S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex—-4-yno
ic acid sodium salt (2.50 g) obtained in the same manner as in

5 Example 8 in water (35 mL) were added successively 0.1M aqueous
calcium chloride solution (33.4 mL) and water (20 mL), followed
by stirring the mixture at room temperature for 0.5 hour. The
precipitate was collected by filtration and dried to give
(S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex—-4-yno

10 ic acid 0.5 calcium salt (2.47 g).

Example 92
Preparation of
(S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex—-4-yno

15 ic acid L-lysine salt

0 0
N —— oH
H2N\/\/Y\0H
NH2
To a solution of

(S)-3-[4-(spiro[4.5]dec—-6-en-7-ylmethoxy)-phenyl]-hex-4-yno
20 ic acid (82.5 mg) obtained in the same manner as in Example 7
in 2-propanol (1.75 mL) was added a solution of L-lysine (32.5
mg) in water (0.14 mL) at 60°C. The mixture was stirred at 50
°C for 12 hours and then stirred at room temperature for 8 hours.
The precipitate was collected by filtration, washed with
25 2-propanol and dried to give

(S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex—-4-yno
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ic acid L-lysine salt (87.8 mg).

Example 93

Preparation of
(R)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex—-4-yno
ic acid

I 0 Stepl ‘ Step?2 ‘M Step3 m

—>/©MA© @M @M

\‘\
e W

HO

Step4

Substep

Step 1

To a solution of 3-(4-hydroxyphenyl)-hex—4-ynoic acid (100
mg) obtained in the same manner as in Substep 3 of Example 1
in 2-propanol (2 mL) was added (R)-0O-methylbenzylamine (58 mg)
at 85°C. The mixture was stirred successively at 85°C for 0.5
hour, at 40°C for 2 hours and at room temperature overnight.
The resulting crystal was collected by filtration and thendried
to give (R)-3-(4-hydroxyphenyl)-hex—-4-ynoic acid
(R)—0—methylbenzylamine salt (68 mg, 66%ee). Meanwhile, to a
solution of (R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid (300 g,
58%ee), which has been obtained by concentration of the filtrate
byproduced in the same manner as upon recrystallization in
Substep 4 of Example 1 and extraction of the concentrate under
acidic condition in the same manner as upon crystallization in
Substep 4 of Example 1, in 2-propanol (6 L),

(R)-0-methylbenzylamine (151 g) was added at 75°C. This
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solution was heated at 80°C and
(R)-3-(4-hydroxyphenyl)-hex—-4-ynoic acid

(R)—0-methylbenzylamine salt (30 mg) obtained earlier was added
thereto. The mixture was stirred at 80°C for 2 hours, and
5 further stirred for 20 hours while gradually cooling down to
room temperature. The resulting crystal was collected by
filtration and then dissolved in 2-propanol (5.5 L) while
heating. The mixture was stirred at 65°C for 4 hours, and

further stirred overnight while gradually cooling down to room

10 temperature. The resulting crystal was collected by
filtration and dried to give
(R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid
(R) —a—methylbenzylamine salt (181 g, 98%ee). The optical

purity was determined by chiral HPLC analysis (column:
15 DaicelChiralpakAD-RH, mobile phase: 15 v/v% aqueous
acetonitrile solution containing 0.01% trifluoroacetic acid).
'H-NMR (DMSO-dg)8:1.28 (3H,d,J=6.5Hz),1.75(3H,d,J=3.0Hz),2.32
-2.55(2H,m),3.88(1H,ddd,J=8.0,3.0,8.5Hz),4.04(1H,gq,J=6.5Hz)
,6.67(2H,d,J=9.0Hz),7.12(2H,d,J=8.5Hz),7.17-7.25(1H, m),7.27

20 -7.35(2H,m),7.35-7.42(2H, m) .

Step 2
(R)-3-(4-hydroxyphenyl)-hex—-4-ynoic acid
(R)—0-—methylbenzylamine salt (40 g) obtained in Step 1 was
25 suspended in ethyl acetate (300 mL) -saturated agqueous potassium
hydrogen sulfate solution(30 mL). The suspension was
vigorously stirred until it became a solution, followed by
extraction of the reaction mixture with ethyl acetate twice.

The organic layer was washed successively with water and
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saturated brine, dried and concentrated to give
(R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid (25 qg).

"H-NMR (DMSO-d¢) 8:1.76 (3H, brs),2.55(2H,d,J=7.7Hz),3.87 (1H, t,
J=7.7Hz),6.68(2H,dd,J=8.6,1.4Hz),7.13(2H,dd,J=8.6,1.2Hz),9.

5 28 (1H,s),12.20(1H,s) .

Step 3
To a solution of (R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid
(25 g) obtained in Step 2 in methanol (125 mL) was added
10 concentrated sulfuric acid (1.25 mL), followed by stirring the
mixture at 80°C for 2.5 hours. After cooling down to room
temperature, water (100 mL) and sodium bicarbonate (4.14 g) were
added to the reaction mixture, followed by concentration of the
mixture. To thereactionmixture were added water and saturated
15 aqueous sodium bicarbonate solution, followed by extraction
with ethyl acetate. The organic layer was washedwith saturated
brine, dried and concentrated. The residue was distilled
azeotropically with toluene to give
(R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid methyl ester (28.5
20 g) .
'H-NMR (CDC13)8:1.84(3H,d,J=2.6Hz),2.66(1H,dd,J=15.2,7.1Hz),
2.77(1H,dd,J=15.3,8.3Hz),3.67(3H,s),4.03-4.09(1H,m),4.80(1H

,s),6.78(2H,d,J=8.6Hz),7.25(2H,d,J=8.6Hz) .

25 Step 4
To a solution of (R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid
methyl ester (15 g) obtained in Step 3 and
7-bromomethyl-spiro[4.5]dec-6-ene (17.3 g) obtained in the

following Substep in N,N-dimethylformamide (150 mL) was added
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potassium carbonate (12.4 g), followed by stirring the reaction
mixture at room temperature for 19 hours. To the reaction
mixture was added water, followed by extraction with n-hexane
twice. The organic layers were combined, washed successively

5 with water and saturated brine, dried and concentrated. The
residue was purified by column chromatography on silica gel
(ethyl acetate: hexane (volume ratio) = 1:100 to 1:30) to give
(R)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex—-4-yno
ic acid methyl ester (23.5 g).

10 'H-NMR(CDC1l3)8:1.45-1.48(6H,m),1.62-1.69(6H,m),1.82(3H,d,J=
2.4Hz),2.03(2H,brdd,J=6.3,6.3Hz),2.65(1H,dd,J=15.2,7.0Hz), 2
.75(1H,dd, J=15.2,8.2Hz),3.66(3H,s),4.02-4.08(1H,m), 4.33(2H,

s),5.58(1H,s),6.84-6.88(2H,m),7.24-7.27(2H, m) .

15 Step 5
To a solution of
(R)-3-[4-(spiro[4.5]dec—-6—-en-7-ylmethoxy)-phenyl]-hex—-4-yno
ic acid methyl ester (23.5 g) obtained in Step 4 in a mixed
solvent of tetrahydrofuran(94 mL)-methanol (94 mL) was added 2N
20 aqueous sodium hydroxide solution (48 mL), followed by stirring
the mixture at room temperature overnight. To the reaction
mixture was added 2N aqueous hydrochloric acid solution (48 mL),
followed by extraction with n-hexane twice. The organic layers
were combined, washed with saturated brine, dried and
25 concentrated to give
(R)-3-[4-(spiro[4.5]dec—-6-en-7-ylmethoxy)-phenyl]-hex-4-yno

ic acid (26 g).

Substep
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To a solution of spiro[4.5]dec-6—-ene-7-methanol (21.1 g)
obtained in the same manner as in Step 6 of Example 7 in
tetrahydrofuran (320 mL) was added triethylamine (1.25 mL)
under ice-cooling, and then to this was added dropwise
methanesulfonyl chloride (10.8 mL), followed by stirring the
mixture under ice-cooling for 1.5 hours. To the reaction
mixture was added lithium bromide (33 g), followed by stirring
the mixture under ice-cooling for 2 hours. To the reaction
mixture was added water, followed by extraction with n-hexane.
The organic layer was washed with saturated brine, dried and
concentrated to give 7-bromomethyl-spiro[4.5]dec-6—-ene (29.2
g) -

"H-NMR (DMSO-dg)8:1.31-1.46 (6H,m),1.53-1.68(6H,m),1.98-2.06 (

2H,m),4.07(2H,s),5.72(1H, s) .

Example 94
Preparation of
(R)-3-[4-(spiro[4.5]dec—-6-en-7-ylmethoxy)-phenyl]-hex-4-yno

ic acid L-lysine salt

| \
T Y

H NWOH

2

To a solution of
(R)-3-[4-(spiro[4.5]dec—-6—-en-7-ylmethoxy)-phenyl]-hex-4-yno
ic acid (5.0 g) obtained in Example 93 in 2-propanol (75 mL)
was added a solution of L-lysine (2.07 g) in water (5.75 mL)

at 70°C, followed by stirring overnight while gradually cooling
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the mixture down to room temperature. The precipitate was
collected by filtration and then dried to give
(R)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex—-4-yno

ic acid L-lysine salt (5.64 g).

5
Example 95
Preparation of
(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl
]-propionic acid 0.5 calcium salt
LO 0 0 O
E:q::j/\o 0 0. bCa?*
10

To a solution of
(-)—-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl
]-propionic acid sodium salt (3.71 g) obtained in the same

15 manner as in Example 43 in water (70 mL) was added 0.1M agueous
calcium chloride solution (47.1 mL), followed by stirring the
mixture at room temperature for 0.5 hour. The precipitate was
collected by filtration and then dried to give
(-)—-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl

20 ]-propionic acid 0.5 calcium salt (3.60 g).

Example 96
Preparation of
(3S)-3-[4-((5S)-2-oxo-spiro[4.5]dec-6—-en-7-ylmethoxy)-pheny

25 1]-hex-4-ynoic acid
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In the same manner as in Example 102,
(3S)-3-[4-((58)—-2-0oxo—-spiro[4.5]dec-6-en-7-ylmethoxy)-pheny

5 1]-hex-4-ynoic acid (40 mg) was obtained from
(3S)-3-[4-((2S,5S8)-2-hydroxy—-spiro[4.5]dec—-6—en-7-ylmethoxy

) —phenyl]-hex-4-ynoic acid methyl ester (120 mg) obtained in

Step 3 of Example 98.

10 Example 97
Preparation of
(3S)-3-[4-((5S)—-2-0ox0o-spiro[4.5]dec-6—-en-T7-ylmethoxy)-pheny

1]-hex-4-ynoic acid sodium salt

2 QJ\/OKOH - ‘(‘)\ ! 0o’Na
15
To a solution of
(3S)-3-[4-((5S)—-2-0ox0o-spiro[4.5]dec-6-en-T7-ylmethoxy)-pheny
1]-hex-4-ynoic acid (82 mg) obtained in the same manner as in
Example 96 in a mixed solvent of ethanol (5 mL)-water (1 mL) was
20 added dropwise 0.1N agqueous sodium hydroxide solution (2.13 mL)
at -10°C, followed by stirring the reaction mixture at -10°C
for 15 minutes. The reaction mixture was concentrated and the

residue was distilled azeotropically with ethanol. The
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residue was dried in vacuo to give
(3S)-3-[4-((5S)-2-0ox0o-spiro[4.5]dec-6—-en-T7-ylmethoxy)-pheny

1]-hex—-4-ynoic acid sodium salt (87 mg).

5 Example 98
Preparation of
(3S)-3-[4-((2S,5S8)-2-hydroxy—-spiro[4.5]dec—-6—en-7-ylmethoxy
) —phenyl]-hex-4-ynoic acid

s O me Y
" R N ?

i B
t Br >
i%i:r*m

o |l 0 OH ?
Step3  ° [ Stepd : o
: o = %
%ﬂ 0
0
10
Step 1

To a solution of (S)-1,4-dibromo-2-butanol (5.0 g) in

N, N-dimethylformamide (30 mL) were added imidazole (1.91 g) and
tert-butylchlorodiphenylsilane (7.1 mL) under ice-cooling,

15 followed by stirring the mixture at room temperature for 13
hours. To the reaction mixture were further added imidazole
(0.59 qg) and tert-butylchlorodiphenylsilane (1.77 mL),
followed by stirring the mixture at room temperature for 7 hours.

To the reaction mixture was added water, followed by extraction

20 with ethyl acetate. The organic layer was washed successively
with 1N aqueous hydrochloric acid solution, saturated agqueous
sodium bicarbonate solution and saturated brine, dried and
concentrated. The residue was purified by column

chromatography on silica gel (ethyl acetate: hexane (volume
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ratio) = 1:50) to give

((S)—-3-bromo-1l-bromomethyl-propoxy)-tert-butyldiphenylsilan

e (8.56 qg).

'H-NMR (CDC13)8:1.09(9H,s),2.16-2.26 (2H,m),3.27(2H,d, J=5.0Hz
5 ),3.42(2H,t,J=7.0Hz),4.01-4.06(1H,m),7.38-7.50(6H, m),7.73-7

.70 (4H, m) .

Step 2
In the same manner as in Steps 4 to 7 of Example 104,

10 [(25,58)-2-(tert-butyldiphenylsilanyloxy)-spiro[4.5]dec-6-¢e

n-7-yl]-methanol (0.90 g) was obtained from

((S)-3-bromo-1-bromomethyl-propoxy)-tert-butyldiphenylsilan

e (9.7 g) obtained in the same manner as in Step 1.

'H-NMR (CDC15)8:1.06 (9H,s),1.18-1.23(1H,m),1.35-1.43(1H,m),1
15 .62-1.85(8H,m),1.93-1.98(2H,m),3.94(2H,d,J=4.4Hz),4.34(1H, t

t,J=5.1,5.1Hz),5.32(14,s),7.35-7.45(6H,m), 7.65-7.68 (4H, m) .

Step 3
In the same manner as in Steps 8 to 9 of Example 104,
20 (3S)-3-[4-((2S,5S)-2-hydroxy—-spiro[4.5]dec-6-en-7-ylmethoxy
) —phenyl] -hex—-4-ynoic acid methyl ester (335 mg) was obtained
from
[(2S,58)-2-(tert-butyldiphenylsilanyloxy)—-spiro[4.5]dec—-6-e
n-7-yl]-methanol (452 mg) obtained in Step 2.
25 'H-NMR(CDCl5)8:1.38-1.78(9H,m),1.83(3H,d,J=2.3Hz),1.89(1H,d
d,J=13.8,5.4Hz),1.98-2.07(3H,m),2.66(1H,dd,JdJ=15.1,7.0Hz), 2.
76 (1H,dd,J=15.1,8.3Hz),3.67(3H,s),4.03-4.09(1H,m),4.32(2H, s
),4.38-4.44(1H,m),5.56(1H,s),6.86(2H,d,J=8.6Hz),7.27(2H,d,J

=8.6Hz) .
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Step 4
In the same manner as 1in Step 9 of Example 1,
(3S)-3-[4-((2S,5S8)-2-hydroxy—-spiro[4.5]dec—-6—en-7-ylmethoxy
5 ) —phenyl]-hex-4-ynoic acid (37 mg) was obtained from
(3S)-3-[4-((2S,5S8)-2-hydroxy—-spiro[4.5]dec—-6—en-7-ylmethoxy
) —phenyl]-hex-4-ynoic acid methyl ester (77 mg) obtained in
Step 3. Configuration of the structure was determined by NMR

spectrum (NOESY, HSQC).

10
Example 99
Preparation of
(3S)-3-[4-((2S,5S8)-2-hydroxy—-spiro[4.5]dec—-6—en-7-ylmethoxy
) —phenyl]-hex-4-ynoic acid sodium salt
0 b " | .
oH —> - U,Na
e oy
15

In the same manner as in Example 97, the desired compound

was obtained from the compound obtained in Example 98.

20 Example 100
Preparation of
(3S)-3-[4-((2R,5S) -2-hydroxy—-spiro[4.5]dec-6-en-7-ylmethoxy

) —phenyl] -hex—-4-ynoic acid
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In the same manner as in Example 106,
(3S)-3-[4-((2R,5S8)—-2-hydroxy—-spiro[4.5]dec—-6—en-7-ylmethoxy

5 ) —phenyl]-hex-4-ynoic acid (33 mg) was obtained from
(3S)-3-[4-((2S,5S8)-2-hydroxy—-spiro[4.5]dec—-6—en-7-ylmethoxy

) —phenyl] -hex-4-ynoic acid methyl ester (65 mg) obtained in the
same manner as in step 3 of Example 98. Configuration of the

structure was determined by NMR spectrum (NOESY, HSQC).

10
Example 101
Preparation of
(3S)-3-[4-((2R,5S) -2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy
) —phenyl] -hex—-4-ynoic acid sodium salt
(I (I
OH ‘ OH
g on > I o
15

In the same manner as in Example 97, the desired compound

was obtained from the compound obtained in Example 100.

20 Example 102
Preparation of
(3S)-3-[4-((5R)-2-0ox0o-spiro[4.5]dec-6—-en-7-ylmethoxy)-pheny

l]-hex-4-ynoic acid
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HO 00 s g PN OH
0 C@ﬂo 0
To a solution of

(3S)-3-[4-( (2R, 5R)—2-hydroxy—-spiro[4.5]dec—-6—en-7-ylmethoxy
5 ) —phenyl]-hex-4-ynoic acid methyl ester (195 mg) obtained in
Step 9 of Example 104 in chloroform (2 mL) was added
1,1,1-tris(acetyloxy)-1,1-dihydro-1,2-benziodoxol-3-(1H)-on
e (Dess—-Martin periodinane; 259 mg) under ice-cooling, followed
by stirring the mixture under ice-cooling for 3 hours and then
10 at room temperature for 1 hour. To the reaction mixture was
added aqueous sodium sulfite solution, followed by extraction
with ethyl acetate. The organic layer was washed successively
with saturated aqgqueous sodium Dbicarbonate solution and
saturated brine, dried and concentrated. The residue was
15 purified by column chromatography on silica gel (ethyl acetate:
hexane (volume ratio) = 1:6 to 1:4) to give
(3S)-3-[4-((5R)-2-0ox0-spiro[4.5]dec-6—-en-7-ylmethoxy)-pheny
1]-hex-4-ynoic acid methyl ester (190 mg).
'H-NMR (DMSO-dg)&:1.43-1.71(4H,m),1.77(3H,d,J=2.3Hz),1.79-1.
20 84(2H,m),1.98-2.07(3H,m),2.15-2.26(3H,m),2.68(2H,d,J=7.9Hz)
,3.56(3H,s),3.94-3.99(1H,m),4.36(2H,s),5.69(1H,s),6.87(2H,d

,J=8.6Hz),7.25(2H,d,J=8.6Hz) .

Step 2
25 In the same manner as 1in Step 9 of Example 1,
(3S)-3-[4-((5R)-2-0ox0o-spiro[4.5]dec-6—-en-7-ylmethoxy)-pheny

l]-hex-4-ynoic acid (129 mg) was obtained from
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(3S)-3-[4-((5R)-2-0ox0-spiro[4.5]dec-6—-en-T7-ylmethoxy)-pheny

1]-hex-4-ynoic acid methyl ester (190 mg) obtained in Step 1.

Example 103

5 Preparation of

(3S)-3-[4-((5R)-2-0ox0o-spiro[4.5]dec-6-en-7-ylmethoxy)-pheny

l]-hex-4-ynoic acid sodium salt

I, o
L .Na
0= O ———> 0= 0

10 In the same manner as in Example 97, the desired compound

was obtained from the compound obtained in Example 102.

Example 104

Preparation of

15 (3S)-3-[4-((2R, 5R) —2-hydroxy—-spiro[4.5]dec-6-en-7-ylmethoxy

) —phenyl]-hex—-4-ynoic acid

Ay
' stepl 08 /\/{LO Step2 igﬁié Step3 0 Si-C
oAt = 70 o8, T L T .

0 0

st g Gy o, G e 2 Ol Gt Gk

I | |
Steps 00/ Step9 00/ Stepl0 0OH
. ST — 0.
o G * G o

Step 1
To (4R) -4—-(2-hydroxyethyl)-2,2-dimethyl-1, 3-dioxolane

(10.27 g) was added 2N aqueous hydrochloric acid solution (20
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mL), followed by stirring the mixture at room temperature for
5minutes. The reactionmixture was concentrated anddistilled
azeotropically with toluene. The residue was dissolved in
pyridine (40mL), and to this was added dropwise methanesulfonyl
5 chloride (10.87 mL) under ice-cooling, followed by stirring the
reactionmixture at room temperature for 1 hour. After addition
of 2N aqueous hydrochloric acid solution under ice—-cooling, the
reaction mixture was extracted successively with ethyl acetate

twice and with ethyl acetate: tetrahydrofuran (volume ratio)

10 = 1:1 once. The organic layers were combined, dried and then
concentrated. The residue was recrystallized from ethyl
acetate to give methanesulfonic acid

(R) -3-hydroxy—-4-methanesulfonyloxy-butyl ester (7.88 g).
'H-NMR (DMSO-d4)&8:1.66-1.75(1H,m),1.83-1.91(1H,m),3.17(3H, s)
15 ,3.18(3H,s),3.79-3.87(1H,m),4.03-4.08(1H,m),4.11-4.16(1H,m)

,4.27-4.32(2H,m),5.35(1H,brs) .

Step 2
To a solution of methanesulfonic acid
20 (R) -3-hydroxy—-4-methanesulfonyloxy-butyl ester (7.5 g)
obtained in Step 1 in N,N-dimethylformamide (30 mL) were added
imidazole (2.9 g) and tert-butylchlorodiphenylsilane (10.3 mL)
under ice-cooling, followed by stirring the reaction mixture
at room temperature for 12 hours. To the reaction mixture was
25 added water under ice—-cooling, followed by extraction with
ethyl acetate. The organic layer was washed with saturated
brine, dried and concentrated. The residue was purified by
column chromatography on silica gel (ethyl acetate: hexane

(volume ratio) = 1:2 to 1:1) to give methanesulfonic acid
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(R)-3—-(tert-butyldiphenylsilanyloxy)-4-methanesulfonyloxy-b
utyl ester (11.4 qg).

"H-NMR (DMSO-dg) 8:1.01(9H,s),1.91(2H,dt,J=6.1,6.1Hz),3.00(3H
,8),3.06(3H,s),3.99-4.12(3H,m),4.15-4.29(2H, m),7.41-7.51(6H

5 ,m),7.61-7.66(4H,m) .

Step 3
To a solution of methanesulfonic acid
(R)-3-((tert-butyldiphenylsilanyl)-oxy)-4-methanesulfonylox
10 y—butyl ester (10.9 g) obtained in Step 2 in
N, N-dimethylformamide (80 mL) was added lithium bromide (5.7
g), followed by stirring the mixture at 105°C for 2 hours. To
the reaction mixture was added water under ice-cooling,
followed by extraction with ethyl acetate. The organic layer
15 was washed with saturated brine, dried and concentrated. The
residue was distilled azeotropically with toluene to give
((R)-3-bromo-1l-bromomethyl-propoxy)-tert-butyldiphenylsilan
e (10.8 g) as a crude product.
'H-NMR (CDC15)8:1.09(9H,s),2.16-2.26 (2H,m),3.27(2H,d,J=4.9Hz
20 ),3.42(2H,t,J=7.0Hz),4.01-4.06(1H,m),7.38-7.49(6H,m),7.67-7

.73 (4H, m) .

Step 4
In the same manner as 1in Steps 1 to 2 of Example 7,
25 (2R, 5R) -2—(tert-butyldiphenylsilanyloxy)-6-oxo—-spiro[4.5]de
cane-7-carboxylic acid methyl ester (1.65 g) as a crude product
was obtained from the crude
((R)-3-bromo-1-bromomethyl-propoxy)-tert-butyldiphenylsilan

e (10.3 g) obtained in Step 3.
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'"H-NMR (CDC15)8:1.06 (9H,s),1.47-2.22(12H,m),3.67-3.71(0.5H, m
),3.73(3H,s),4.44-4.49(1H,m), 7.35-7.45(6H,m),7.62-7.71(4H, m

),12.27(0.5H,s) .

5 Step 5
To a solution of the crude

(2R, 5R) -2—-(tert-butyldiphenylsilanyloxy)—-6—-oxo—-spiro[4.5]de
cane—-7-carboxylic acid methyl ester (1.65 g) obtained in Step
4 in toluene (1.6 mL) were added trifluoroacetic acid (5 mL)

10 and triethylsilane (0.52 mL) under ice-cooling, followed by
stirring the mixture under ice—-cooling for 3 hours. Then, to
the reaction mixture was added dropwise a solution of potassium
carbonate (4.95 g) in water (20 mL), and the mixture was stirred
under ice-cooling for 10 minutes, followed by extraction with

15 ethyl acetate. The organic layer was washed with saturated
brine, dried and concentrated to give
(2R, 5R) -2—(tert-butyldiphenylsilanyloxy)—-6-hydroxy—-spirol[4.
5]decane-7-carboxylic acid methyl ester (1.76 g) as a crude
product.

20 'H-NMR(CDC15)8:1.06(9H,s),1.21-2.04(13H,m),3.50-3.73(2H,m),
3.69(3H,s),4.27-4.39(1H,m),7.35-7.44(6H,m),7.64-7.69(4H, m) .

Step 6
To a solution of the crude
25 (2R, 5R) -2—(tert-butyldiphenylsilanyloxy)-6-hydroxy—-spirol[4.
5]decane-7-carboxylic acid methyl ester (1.76 g) obtained in
Step 5 in pyridine (5 mL) was added methanesulfonyl chloride
(0.25 mL) under ice-cooling, followed by stirring the mixture

at room temperature for 15 hours. Then, to the reactionmixture
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was added water, followed by extractionwith ethyl acetate. The
organic layer was washed with saturated brine, dried and
concentrated. The residue was dissolved in tetrahydrofuran
(10 mL) . To this solution was added

5 1,8-diazabicyclo[5.4.0]undec-7-ene (0.88 mL), followed by
stirring the mixture at 70°C for 3.5 hours. After cooling down
to room temperature and adding water, the reaction mixture was
extracted with ethyl acetate. The organic layer was washed
successively with 1IN aqueous hydrochloric acid solution and

10 saturated brine, dried and concentrated. The residue was
purified by column chromatography on silica gel (ethyl acetate:
hexane (volume ratio) = 1:30 to 1:25) to give
(2R, 5R) -2—-(tert-butyldiphenylsilanyloxy)—-spiro[4.5]dec-6—-en
e—T7—-carboxylic acid methyl ester (0.615 g).

15 'H-NMR(CDC13)8:1.06(9H,s),1.46-1.54(1H,m),1.61-1.85(8H,m),2
.19-2.23(2H,m),2.37(1H,s),3.70(3H,s),4.38(1H,tt,J=5.8,3.9Hz

),6.60(1H,t,J=1.7Hz),7.35-7.46(6H,m),7.64-7.68 (4H,m) .

Step 7

20 To a solution of
(2R, 5R) -2—(tert-butyldiphenylsilanyloxy)—-spiro[4.5]dec-6-en
e-T7-carboxylic acid methyl ester (615 mg) obtained in Step 6
in toluene (7 mL) was added dropwise sodium
bis(2-methoxyethoxy)aluminum hydride (65% toluene solution;

25 486 mg) under ice-cooling, followed by stirring the mixture
under ice-cooling for 0.5 hour. To the reaction mixture was
added dropwise 1M aqueous Rochelle salt solution (10 mL),
followed by stirring at room temperature for 2 hours, and the

reaction mixture was extracted with toluene. The organic layer
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was washed with saturated brine, dried and concentrated. The

residue was purified by column chromatography on silica gel

(ethyl acetate: hexane (volume ratio) = 1:6 to 1:5) to give

[ (2R, 5R)-2—-(tert-butyldiphenylsilanyloxy)-spiro[4.5]dec-6-¢e
5 n-7-yl]-methanol (539 mg).

'H-NMR (CDC15)8:1.06 (9H,s),1.18-1.23(1H,m),1.35-1.43(1H,m),1

.62-1.86(8H,m),1.93-1.98(2H,m),3.94(2H,d,J=4.2Hz),4.34(1H, t

t,J=5.1,5.1Hz),5.32(14,s),7.35-7.45(6H,m), 7.65-7.69 (4H, m) .

10 Step 8
In the same manner as 1in Step 7 of Example 7,
(3S)-3-{4-[ (2R, 5R)—2—-(tert-butyldiphenylsilanyloxy)-spirol[4
.5]dec-6-en-7-ylmethoxy] -phenyl}-hex—-4-ynoic acid methyl
ester (738 mg) was obtained from
15 [ (2R, 5R)-2—-(tert-butyldiphenylsilanyloxy)—-spiro[4.5]dec—-6-e
n-7-yl]-methanol (529 mg) obtained in Step 7.
'H-NMR (CDC15)8:1.06(9H,s),1.37-1.44(1H,m),1.64-1.81(9H,m),1
.83(3H,d,J=2.6Hz),2.00-2.05(2H,m),2.65(1H,dd,J=15.2,6.8Hz),
2.75(1H,dd,J=15.2,8.3Hz),3.67(3H,s),4.02-4.08(1H,m),4.28(2H
20 ;s),4.32-4.37(1H,m),5.44(1H,s),6.83(2H,d,J=8.8Hz),7.25(2H,d

,J=8.8Hz),7.35-7.45(6H,m),7.65-7.69(4H, m) .

Step 9
To a solution of
25 (3S)-3-{4-[ (2R, 5R) —-2—-(tert-butyldiphenylsilanyloxy)-spiro[4
.5]dec-6-en-7-ylmethoxy] -phenyl}-hex—-4-ynoic acid methyl
ester (738 mg) obtained in step 8 in tetrahydrofuran (3.7 mL)
was added tetra-n-butylammonium fluoride (1M tetrahydrofuran

solution; 2.97 mL), followed by stirring the mixture at room
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temperature for 17 hours. To the reaction mixture was added
water, followed by extraction with ethyl acetate. The organic
layer was washed with saturated brine, dried and concentrated.
The residue was purified by column chromatography on silica gel
5 (ethyl acetate: hexane (volume ratio) = 1:3) to give
(3S)-3-[4-( (2R, 5R)—2-hydroxy—-spiro[4.5]dec—-6—en-7-ylmethoxy
) —phenyl] -hex-4-ynoic acid methyl ester (395 mg).
'H-NMR (DMSO-dg) 8:1.34-1.42(2H,m),1.47-1.63(6H,m),1.65-1.71(
1H,m),1.77(3H,d,J=2.6Hz),1.80-1.89(1H,m),1.92-1.97(2H, m), 2.
10 68 (2H,d,J=7.9Hz),3.56(3H,s),3.92-4.00(1H,m),4.12-4.20(1H, m)
,4.31(2H,s),4.49(14,d,J=3.7Hz),5.57(1H,s),6.86(2H,d,J=8.6Hz

),7.24(2H,d,J=8.6Hz) .

Step 10
15 In the same manner as 1in Step 9 of Example 1,
(3S)-3-[4-((2R, 5R) -2-hydroxy—-spiro[4.5]dec-6-en-7-ylmethoxy
) —phenyl]-hex-4-ynoic acid (71 mqg) was obtained from
(3S)-3-[4-((2R, 5R) -2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy
) —phenyl]-hex—-4-ynoic acid methyl ester (75 mg) obtained in
20 Step 9. Configuration of the structure was determined by NMR

spectrum (NOESY, HSQC).

Example 105
Preparation of
25 (3S)-3-[4-((2R, 5R) -2-hydroxy—-spiro[4.5]dec-6-en-7-ylmethoxy

) —phenyl] -hex—-4-ynoic acid sodium salt
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In the same manner as in Example 97, the desired compound

was obtained from the compound obtained in Example 104.

5
Example 106
Preparation of
(3S)-3-[4-((2S,5R)—2-hydroxy—-spiro[4.5]dec—-6—en-7-ylmethoxy
) -phenyl]-hex-4-ynoic acid
I o Stepl 0 I o Step2 | 9
I ep
e CE e "
B 0 z 0 1 0
10
Step 1
To a solution of

(3S)-3-[4-((2R, 5R) —2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy
) —phenyl] -hex—-4-ynoic acid methyl ester (133 mg) obtained in
15 the same manner as in Step 9 of Example 104 in tetrahydrofuran
(1.5 mL) were added successively triphenylphosphine (119 mg),
acetic acid (0.03 mL) and dimethyl azodicarboxylate (0.168 mL)
under ice-cooling, followed by stirring the mixture at room
temperature for 16 Thours. The reaction mixture was
20 concentrated and the residue was purified by thin-layer column
chromatography on silica gel (ethyl acetate: hexane (volume
ratio) = 1:5) to give
(3S)-3-[4-((2S,5R)—2—acetoxy—-spiro[4.5]dec—-6—en-7-ylmethoxy

) —phenyl] -hex-4-ynoic acid methyl ester (107 mg).
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'"H-NMR (DMSO-dg)8:1.41-1.70(8H, m),1.77(3H,d,J=2.6Hz),1.84-1.
91(1H,m),1.94-1.98(5H,m),1.99-2.07(1H,m),2.68(2H,d,J=7.9Hz)
,3.56(3H,s),3.93-4.00(1H,m),4.34(2H,s),5.04-5.10(1H, m),5.66

(l1H,s),6.87(2H,d,J=8.6Hz),7.24(2H,d,J=8.6Hz) .

Step 2
To a solution of
(3S)-3-[4-((2S,5R)—2—acetoxy—-spiro[4.5]dec—-6—en-T7-ylmethoxy
) —phenyl]-hex-4-ynoic acid methyl ester (107 mg) obtained in
10 Step 1 in a mixed solvent of methanol (0.65
mL)-tetrahydrofuran(0.65 mL) was added 2N agueous sodium
hydroxide solution (0.28 mL) under ice-cooling, followed by
stirring the mixture at room temperature overnight. To the
reaction mixture was added 2N aqgqueous hydrochloric acid
15 solution (0.28 mL), followed by extraction with ethyl acetate.
The organic layer was washed with saturated brine, dried and
concentrated. The residue was purified by thin-layer column
chromatography on silica gel (acetic acid: methanol: chloroform
(volume ratio) = 0.1:1:20) to give
20 (3S)-3-[4-((2S,5R) -2-hydroxy—-spiro[4.5]dec-6-en-7-ylmethoxy
) —phenyl] -hex-4-ynoic acid (79 mg). Configuration of the

structure was determined by NMR spectrum (NOESY, HSQC).

Example 107
25 Preparation of
(3S)-3-[4-((2S,5R) -2-hydroxy—-spiro[4.5]dec-6-en-7-ylmethoxy

) —phenyl]-hex-4-ynoic acid sodium salt
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In the same manner as in Example 97, the desired compound

was obtained from the compound obtained in Example 106.

5
Example 108
Preparation of
3-[2-chloro-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-prop
ionic acid
i
—_—
HO cl %o C1
10

In the same manner as in Steps 2 and 4 to 6 of Example 110,
3-[2-chloro-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-prop
ionic acid (75 mg) was obtained from

15 2-chloro-4-hydroxybenzaldehyde (250 mg) .

Example 109
Preparation of
3-[2-methyl-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-prop

20 ionic acid

N
o on
o
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In the same manner as in Steps 2 and 4 to 6 of Example 110,
3-[2-methyl-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-prop
ionic acid (107 mg) was obtained from

5 4-hydroxy—-2-methylbenzaldehyde (507 mg).

Example 110
Preparation of
3-[3-hydroxy-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-pro

10 pionic acid

HO:©AO Stepl o StepZ :@ﬂ % :@A
HO

G 0 \ 0

Step3 0 o Stepid 0 ~ Step5 W
o %Oﬁ TGO T G
0

0

Step 1
To a solution of 3,4-dihydroxybenzaldehyde (5.0 g) in
N, N-dimethylformamide (36 mL) was added 60% sodium hydride
15 (1.45 g) under ice-cooling, followed by stirring the reaction
mixture at room temperature for 10 minutes. Then, after
addition of acetic anhydride (3.6 mL), the reaction mixture was
stirred at room temperature for 1 hour. To the reactionmixture
was added 2N aqueous hydrochloric acid solution under
20 ice-cooling, followed by extraction with ethyl acetate. The
organic layer was washed with saturated aqgqueous sodium
bicarbonate solution and saturated Dbrine, dried and

concentrated. The residue was purified by column
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chromatography on silica gel (ethyl acetate: hexane (volume
ratio) = 1:2 to 1:1) to give acetic acid
5-formyl-2-hydroxyphenyl ester (4.9 g).

'"H-NMR (acetone—d¢)8:2.29(3H,s), 7.13(1H,d, J=8.4Hz), 7.61(1H,d

,J=2.1Hz),7.70(1H,dd,J=8.4,2.1Hz),9.35(1H,brs), 9.85(1H, s) .

Step 2

To a solution of acetic acid 5-formyl-2-hydroxyphenyl
ester (2.1 g) obtained in Step 1 in tetrahydrofuran (20 mL) were
added successively triphenylphosphine (4.3 g),
spiro[4.5]dec-6-ene-7-methanol (3.55 g) obtained in the same
manner as in Step 6 of Example 7 and
1,1"-azobis (N, N-dimethylformamide) (2.8 g) under ice-cooling,
followed by stirring the reaction mixture at room temperature
for 1.5 hours. After addition of diethyl ether to the reaction
mixture, the insolubles were filtered off and the filtrate was
concentrated. The residue was ©purified by column
chromatography on silica gel (ethyl acetate: hexane (volume
ratio) = 1:9 to 1:6) to give a mixture (1.8 g) of acetic acid
S5-formyl-2-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl ester and
3-hydroxy-4—-(spiro[4.5]dec—-6-en-7-ylmethoxy)-benzaldehyde.
lH—NMR(3—hydroxy—4—(spiro[4.5]dec—6—en—7—ylmethoxy)—benzald
ehyde, CDC13)0:1.45-1.50(6H,m),1.63-1.70(6H,m),2.04(2H,t,J=5
.7Hz),4.54(24,s),5.64(1H,s),5.79(1H,s),6.98(1H,d,J=8.4Hz), 7

.41(1H,dd,J=8.4,2.0Hz),7.45(1H,d,J=2.0Hz),9.85(1H, s) .

Step 3
To a solution of a mixture (1.7 g) of acetic acid

5-formyl-2-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl ester and
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3-hydroxy-4—-(spiro[4.5]dec-6—-en-7-ylmethoxy)-benzaldehyde
obtained in Step 2 in chloroform (9 mL) were added triethylamine
(1.7 mL) and acetyl chloride (0.4 mL) under ice-cooling,
followed by stirring the reaction mixture under ice-cooing for
5 1 hour. After addition of saturated aqueous sodium bicarbonate

solution, the reaction mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, dried and
concentrated. The residue was purified by column

chromatography on silica gel (ethyl acetate: hexane (volume

10 ratio) = 1:19 to 1:9) to give acetic acid
S5-formyl-2-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl ester
(1.59 g).

'H-NMR (CDC15)8:1.46-1.49(6H,m),1.63-1.71(6H,m),1.99(2H,t,J=
5.7Hz),2.33(3H,s),4.48(2H,s),5.61(1H,s),7.08(1H,d, J=8.6Hz),

15 7.59(1H,d,J=2.1Hz),7.73(1H,dd,J=8.5,2.1Hz),9.87(1H, s) .

Step 4
To a solution of 60% sodium hydride (0.118 g) in
tetrahydrofuran (11.5 mL) was added triethyl phosphonoacetate
20 (0.64 mL) under argon atmosphere and ice—-cooling, followed by
stirring under ice-cooling for 10 minutes. To this mixture was
added a solution of acetic acid
S5-formyl-2-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl ester
(0.75 g) obtained in Step 3 in tetrahydrofuran (3.8 mL),
25 followed by stirring at room temperature for 10 minutes. After
addition of ice—-cold water, the reaction mixture was extracted
with ethyl acetate. The organic layer was washedwith saturated
brine, dried and concentrated. The residue was purified by

column chromatography on silica gel (hexane—ethyl acetate:



racemate racemate - 228 Table 13 Ex. No. Structural formula Chirality atbenzylic carbon Chirality of
carbon at spiro junction Other chiral carbon 85ill.40 1l

188

hexane (volume ratio) = 1:19 to 1:9) to give

(B)-3-[3-acetoxy—-4—-(spiro[4.5]dec-6—-en-7-ylmethoxy)-phenyl]

—acrylic acid ethyl ester (0.9 qg).

'H-NMR (CDC15)8:1.28-1.38(3H,m),1.43-1.53(6H,m),1.60-1.69 (6H
5 ,m),1.99(2H,t,J=6.0Hz),2.32(3H,s),4.26(2H,q,JdJ=7.2Hz),4.42(2

H,s),5.58(1H,s),6.29(1H,d,J=16.0Hz),6.96 (1H,d,J=8.6Hz), 7.24

(l1H,d,J=2.1Hz),7.34(1H,dd,J=8.6,2.1Hz),7.60(1H,d,J=16.0Hz) .

Step 5
10 To a solution of
(E)-3-[3—-acetoxy—-4—-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]
—acrylic acid ethyl ester (0.43 g) obtained in Step 4 in ethyl
acetate (8 mL) were added 10% palladium carbon (86 mg) and a
0.1M ethyl acetate solution of diphenyl sulfide (1.08 mL),
15 followed by stirring under increased pressure (0.4 MPa) in an
atmosphere of hydrogen at room temperature for 6 hours. The
reaction mixture was filtered through Celite and the filtrate
was concentrated. The residue was purified by column
chromatography on silica gel (hexane—ethyl acetate: hexane
20 (volume ratio) = 1:19 to 1:9) to give
3-[3-acetoxy—-4—-(spiro[4.5]dec-6—-en-7-ylmethoxy)-phenyl]-pro
pionic acid ethyl ester (0.332 g).
'H-NMR (CDC15)8:1.24(3H,t,J=7.2Hz),1.44-1.51(6H,m),1.62-1.68
(6H,m),1.99(2H,t,J=5.8Hz),2.30(3H,s),2.59(2H,t,J=7.8Hz),2.8
25 9(2H,t,J=7.8Hz),4.13(2H,9q,JdJ=7.1Hz),4.35(2H,s),5.56(1H,s),6.

89 (2H,t,J=4.1Hz),7.00(1H,dd,J=8.4,2.1Hz) .

Step 6

In the same manner as 1in Step 9 of Example 1,
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3-[3-hydroxy-4—(spiro[4.5]dec-6—-en-7-ylmethoxy)-phenyl]-pro
pionic acid (51 mg) was obtained from
3-[3-acetoxy-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-pro

pionic acid ethyl ester (100 mg) obtained in Step 5.

5
Example 111
Preparation of
3-[3-methoxy-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-pro
pionic acid
0 [ 0 [ 9
I:TNVKW
10
Step 1
To a solution of

3-[3-hydroxy—-4—-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-pro
pionic acid (188 mg) obtained in the same manner as in Example
15 110 in N,N-dimethylformamide (2 mL) were added methyl iodide
(0.082 mL) and potassium carbonate (0.30 mg), followed by
stirring the mixture at room temperature for 16 hours. To the
reaction mixture was added 1IN aqueous hydrochloric acid
solution, followed by extraction with ethyl acetate. The
20 organic layer was washed with water and saturated brine, dried
and concentrated. The residue was purified by column
chromatography on silica gel (ethyl acetate: hexane (volume
ratio) = 1:40 to 1:10) to give
3-[3-methoxy-4—-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-pro
25 pionic acid methyl ester (176 mg).
'H-NMR (CDC13)8:1.43-1.47(6H,m),1.61-1.68(6H,m),2.04-2.09 (2H
,m),2.60-2.64(2H,m),2.90(2H,t,J=7.9Hz),3.68(3H,s),3.85(3H, s
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),4.42(2H,s),5.56(1H,s),6.69(1H,dd,J=8.1,2.1Hz),6.72(1H,d,J

=2.1Hz),6.82(1H,d,J=8.1Hz) .

Step 2
3-[3-Methoxy—-4—-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl
]—-propionic acid methyl ester (176 mg) obtained in Step 1 was
subjected to the reaction in the same condition as in Step 9
of Example 1 to give
3-[3-methoxy-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-pro

pionic acid (159 mg).

Example 112
Preparation of
3-[3-fluoro-4-(spiro[4.5]dec-6—-en-7-ylmethoxy)-phenyl]-prop

ionic acid

N
—_—>

In the same manner as in Steps 2 and 4 to 6 of Example 110,
3-[3-fluoro—-4—-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-prop
ionic acid (80 mg) was obtained from

3-fluoro-4-hydroxybenzaldehyde (500 mg) .

Example 113
Preparation of
3-[6-(spiro[4.5]dec-T7-ylmethoxy)-pyridin-3-yl]-propionic

acid hydrochloride
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Step 1
To a solution of spiro[4.5]dec-6-ene-T7-carboxylic acid
methyl ester (4.5 g) obtained in the same manner as in Step 5
5 of Example 7 in tetrahydrofuran (45 mL) was added 5% palladium
carbon (0.5 g), followed by stirring under increased pressure
(0.4 MPa) in an atmosphere of hydrogen at room temperature for
17 hours. The reaction mixture was filtered through Celite and
the residue was washed with tetrahydrofuran (50 mL). To this
10 filtrate was added dropwise a 1M toluene solution of
diisobutylaluminum hydride (70 mL) under argon atmosphere at
-70°C, followed by raising the temperature to -20°C over 1.5
hours while stirring the reaction mixture. 2N aqgqueous
hydrochloric acid solution was added to the reaction mixture
15 and the temperature was raised to room temperature, followed
by extraction with ethyl acetate. The organic layer was washed
with saturated brine, dried and concentrated. The residue was
purified by column chromatography on silica gel (hexane—ethyl
acetate: hexane (volume ratio) = 1:9) to give
20 spiro[4.5]dec-7-yl-methanol (3.6 g).
'H-NMR (CDC13)8:0.84(1H,qd, J=12.6,4.2Hz),0.92 (1H,t,J=12.6Hz)
,1.15(1H,td,JdJ=12.6,4.2Hz),1.27(1H,t,J=4.2Hz),1.31-1.67(13H,

m),1.71-1.78(1H,m),3.42(2H,t,J=6.0Hz).

25 Step 2

To a mixture of palladium(II) acetate (135 mg),
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2—(di-tert-butylphosphino)-1,1’'-binaphthyl (478 mg) and
cesium carbonate (3.9 g) was added toluene (15 mL), followed
by stirring under argon atmosphere at room temperature for 10
minutes. To this reaction mixture were added
spiro[4.5]dec-7-yl-methanol (1.0 g) obtained in Step 1 and
6-bromopyridine-3-carboxaldehyde (1.1 g, followed Dby
stirring the mixture at 90°C for 1.5 hours. The reaction
mixture was filtered through Celite and the filtrate was
concentrated. The residue was ©purified by column
chromatography on silica gel (ethyl acetate: hexane (volume
ratio) = 1:49 to 1:9) to give
6—(spiro[4.5]dec-7-ylmethoxy)-pyridine-3-carboxaldehyde
(0.313 qg).

'H-NMR (CDC13)8:0.95-1.23(4H,m),1.32-1.52(4H,m),1.55-1.68(9H
,m),1.82-1.97(2H,m),4.19(2H,d,J=6.4Hz),6.83(1H,d,J=8.6Hz), 8
.05(1H,dd,J=8.6,2.4Hz),8.60(1H,dd,J=2.3,0.6Hz),9.94(1H,d, J=

0.6Hz) .

Step 3
6-(Spiro[4.5]dec-7-ylmethoxy)-pyridine-3-carboxaldehyd
e (0.313 g) obtained in Step 2 was subjected to the reaction
in the same condition as in Steps 4 and 5 of Example 110 to give
3-[6-(spiro[4.5]dec-T7-ylmethoxy)-pyridin-3-yl]-propionic
acid ethyl ester (36 mg).
'H-NMR (CDC15)8:0.90-1.08(4H,m),1.15-1.31(3H,m),1.38-1.50(7H
,m),1.56-1.67(9H,m),1.83-1.93(2H,m),2.58(2H,t,J=7.7Hz),2.87
(2H,t,J=7.7Hz),4.03(2H,d,J=6.3Hz),4.13(2H,q,J=7.2Hz),6.67 (1

H,d,J=8.6Hz),7.42(1H,dd,J=8.6,2.5Hz),7.98(1H,d,J=2.4Hz) .
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Step 4

To a solution of
3-[6-(spiro[4.5]dec-T7-ylmethoxy)-pyridin-3-yl]-propionic
acid ethyl ester (36 mg) obtained in Step 3 in a mixed solvent
of tetrahydrofuran(0.36 mL)-ethanol(0.36 mL) was added 1N
aqueous sodium hydroxide solution (0.21 mL), followed by
stirring the reaction mixture at room temperature for 1.5 hours.
Then, to the reaction mixture was added 1N aqueous hydrochloric
acid solution, followed by extraction with ethyl acetate. The
organic layer was washed with saturated brine, dried and
concentrated. The residue was dissolved in a 1,4-dioxane
solution of hydrogen chloride (4M, 0.5mL), and to this was added
hexane (0.5 mL) while stirring. The resulting solid was
collected by filtration and then dried to give
3-[6-(spiro[4.5]dec-T7-ylmethoxy)-pyridin-3-yl]—-propionic

acid hydrochloride (33 mg).

Example 114
Preparation of
3-[4-(9-methoxy-spiro[5.5]undec-3-ylmethoxy)-phenyl]-propio

nic acid

O

s Si
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Step 1
To a solution of cyclohexane-1,4-dimethanol (10.0 g) in

N, N-dimethylformamide (100 mL) were added successively
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tert-butyldimethylchlorosilane (8.9 g) and imidazole (9.5 g),
followed by stirring the reaction mixture at room temperature
for 16 hours. To the reaction mixture were added ice and
saturated aqueous lithium bromide solution, followed by
5 extraction with diethyl ether. The organic layer was washed
with saturated aqueous lithium bromide solution and saturated
brine, dried and concentrated. The residue was purified by
column chromatography on silica gel (ethyl acetate: hexane
(volume ratio) = 1:9 to 2:3) to give
10 [4— (tert-butyldimethylsilanyloxymethyl)-cyclohexyl]-methano
1 (8.7 g).
'H-NMR (CDC13)8:0.04(6H,s),0.85-1.05(3H,m),0.89(9H,s),1.21-1
.31(2H,m),1.33-1.56(3.4H,m),1.61-1.72(0.6H,m),1.82(2H,d,J=1
0.4Hz),3.41(1.4H,d,J=6.7Hz),3.47(2H,q,J=6.3Hz),3.55(0.6H,dd

15 ,J=6.7,5.8Hz) .

Step 2
To a solution of
[4—(tert-butyldimethylsilanyloxymethyl)-cyclohexyl]-methano
20 1 (8.5 g) obtained in Step 1 in chloroform (85 mL) was added
1,1,1-tris(acetyloxy)-1,1-dihydro-1,2-benziodoxol-3-(1H)-on
e (Dess—Martin periodinane; 15.3g) under ice-cooling, followed
by stirring the mixture under ice-cooling for 2.5 hours. After
addition of aqueous sodium sulfite solution and agqueous sodium
25 bicarbonate solution, the reactionmixture was filtered through
Celite, followed by extraction with ethyl acetate. The organic
layer was washed with saturated brine, dried and concentrated.
The residue was purified by column chromatography on silica gel

(ethyl acetate: hexane (volume ratio) = 1:19 to 1:9) to give
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4-(tert-butyldimethylsilanyloxymethyl)—-cyclohexanecarbaldeh

yde (6.9 g).

'H-NMR (CDC15)8:0.06 (6H,s),0.85-0.93(9H,m),0.93-1.09(2H,m), 1

.23-1.33(1H,m),1.40-1.69(3H,m),1.88-1.92(2H,m),2.00-2.04(1H
5 ,m),2.09-2.22(1H,m),3.38-3.44(2H,m),9.63(0.5H,d,J=1.6Hz),9.

71(0.5H, s) .

Step 3
In the same manner as 1in Steps 1 to 2 of Example 1,
10 9-(tert-butyldimethylsilanyloxymethyl)—-spiro[5.5]undecan-3-
one (1.5 g) was obtained from
4— (tert-butyldimethylsilanyloxymethyl)—-cyclohexanecarbaldeh
yde (1.16 g) obtained in Step 2.
'H-NMR (CDC15)8:0.04(6H,s),0.90(9H,s),1.12(2H,qd,J=12.8,3.4H
15 z),1.25(2H,td,J=12.8,3.4Hz),1.43-1.54(1H,m),1.61-1.67(4H, m)
,1.73-1.79(4H,m),2.28(2H,t,J=7.0Hz),2.35(2H,t,J=7.0Hz),3.45

(2H,d,J=6.3Hz) .

Step 4

20 To a solution of
9-(tert-butyldimethylsilanyloxymethyl)—-spiro[5.5]undecan-3-
one (1.5 g) obtained in Step 3 in methanol (24 mL) was added
sodium borohydride (0.17 g) under ice-cooling, followed by
stirring the reaction mixture under ice-cooling for 0.5 hour.

25 After addition of saturated aqueous citric acid solution, the
reaction mixture was concentrated in wvacuo, followed by
extraction with ethyl acetate. The organic layer was washed
with saturated brine, dried and concentrated. The residue was

purified by column chromatography on silica gel (ethyl acetate:
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hexane (volume ratio) = 1:19 to 1:4) to give

9-(tert-butyldimethylsilanyloxymethyl)-spiro[5.5]undecan-3-

ol (0.47 qg).

'H-NMR (CDC13)8:0.01 (6H,s),0.84(9H,s),0.87-1.21(7H,m),1.29-1
5 .55(5H,m),1.65-1.73(3H,m),1.80-1.90(2H, m),3.38(2H,d,J=6.2Hz

),3.57-3.61(1H,m) .

Step 5
To a solution of
10 9-(tert-butyldimethylsilanyloxymethyl)—-spiro[5.5]undecan-3-
ol (309 mg) obtained in Step 4 in N,N-dimethylformamide (5 mL)
was added 60% sodium hydride (60 mg) under ice—-cooling, followed
by stirring the reaction mixture at room temperature for 5
minutes. To the reaction mixture was added iodomethane (0.19
15 mL), followed by stirring at room temperature for 15 minutes.
To the reaction mixture were further added 60% sodium hydride
(120 mg) and iodomethane (0.38 mL), followed by stirring at room
temperature for 15 minutes. To the reaction mixture was added
IN aqueous hydrochloric acid solution under ice-cooling,
20 followed by extraction with diethyl ether three times. The
organic layer was dried and then concentrated to give
tert-butyl-(9-methoxyspiro[5.5]undec-3-ylmethoxy)-dimethyls
ilane (393 mg) as a crude product.
'H-NMR (CDC15)8:0.04(6H,s),0.90(9H,s),0.95-1.20(8H,m),1.27-1
25 .58(4H,m),1.72-1.87(5H,m),3.12-3.18(1H,m),3.34(3H,s),3.42(2

H,d,J=6.5Hz) .

Step 6

To a solution of the crude
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tert-butyl-(9-methoxyspiro[5.5]undec-3-ylmethoxy)-dimethyls
ilane (393 mg) obtained in Step 5 in tetrahydrofuran (5 mL) was
added a 1M tetrahydrofuran solution of tetra-n-butylammonium
fluoride (3 mL) under ice-cooling, followed by stirring the
5 reaction mixture at room temperature for 1.5 hours. To the
reaction mixture was added water, followed by extraction with
ethyl acetate. The organic layer was washed with saturated
brine, dried and concentrated. The residue was purified by
column chromatography on silica gel (ethyl acetate: hexane
10 (volume ratio) = 1:19 to 1:4) to give
(9-methoxyspiro[5.5]undec-3-yl)methanol (217 mg).
'H-NMR (CDC13)8:0.94-1.51 (4H,m),1.56 (4H,m),1.70-1.89(7H,m), 3

.12-3.18(1H,m),3.33(3H,s),3.47(2H,d,J=6.0Hz) .

15 Step 7
In the same manner as in Steps 8 to 9 of Example 21,
3-[4-(9-methoxy-spiro[5.5]undec-3-ylmethoxy)-phenyl]—-propio
nic acid (109 mg) was obtained from
(9-methoxyspiro[5.5]undec-3-yl)methanol (208 mg) obtained in

20 Step 6.

Example 115
Preparation of
3-[4-(9,9-dimethyl-spiro[4.5]dec-7-ylmethoxy)-phenyl]-propi

25 onic acid
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Step 1
In the same manner as in Steps 1 to 2 of Example 7,
9,9-dimethyl-6-oxo-spiro[4.5]decane-7-carboxylic acid methyl
5 ester (461 mg) was obtained from 4, 4—-dimethylcyclohexanone (800
mg) .
'H-NMR (CDC13)8:0.96 (4.2H,s),1.02(0.9H,s),1.21(0.9H,s),1.49-
1.89(8H,m),2.01-2.07(4H,m),3.74(34,s),3.78(0.3H,dd,J=13.9,5
.3Hz),12.46(0.7H, s) .
10
Step 2
To a solution of
9,9-dimethyl-6-oxo-spiro[4.5]decane-7-carboxylic acid methyl
ester (450 mg) obtained in Step 1 in methanol (4.5 mL) was added
15 calcium chloride dihydrate (417 mg), followed by stirring under
ice-cooling for 15 minutes. Then, to the reaction mixture was
added sodium borohydride (90 mg) in three portions, followed
by stirring the reaction mixture under ice—-cooling for 1.5 hours.
To the reaction mixture were added successively 2N aqueous
20 hydrochloric acid solution, toluene and saturated brine, and
the mixture was stirred for 5 minutes, followed by separation
of the aqueous layer. The organic layer was washed successively
with water and saturated brine, dried and concentrated. The

residue was purified by column chromatography on silica gel
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(ethyl acetate: hexane

=1:19 to 1:6)
6-hydroxy-9, 9-dimethyl-spiro[4.5]decane-7-carboxylic acid
methyl ester (341 mg).

(volume ratio) to give

'H-NMR (CDC13)8:0.91-1.02(6H,m),1.18-1.72(8H,m),1.73-2.01 (4H

5 ,m),2.44(0.6H,d,J=4.4Hz),2.63(0.6H,ddd,J=13.6,10.1,3.0Hz), 2
.76(0.4H,dq,J=13.5,1.8Hz),2.89(0.4H,d,J=2.6Hz),3.62(0.6H,dd
,J=10.6,4.1Hz),3.69(0.4H,s),3.72(3H, s)

Step 3

10 In the same manner as 1in Step 6 of Example 104,
(9,9-dimethyl-spiro[4.5]dec-6-en-7-y1l)-methanol (243 mg) was
obtained from
6-hydroxy-9, 9-dimethyl-spiro[4.5]decane-7-carboxylic acid

methyl ester (330 mg) obtained in Step 2.

15 'H-NMR(CDC13)8:0.96 (6H,s),1.49-1.54(4H,m),1.56(2H,s),1.62-1
.70 (4H,m),1.78(2H,s),3.99(2H,d,J=4.9Hz),5.50(1H, s)
Step 4
In the same manner as 1in Step 5 of Example 22,
20 (9,9-dimethyl-spiro[4.5]dec-7-yl) —-methanol (169 mg) was
obtained from
(9,9-dimethyl-spiro[4.5]dec-6—-en-7-yl) —-methanol (199 mg)
obtained in Step 3.

'H-NMR (CDC15)8:0.90(3H,s),0.96(3H,s),1.23-1.57(10H,m),1.57~
25

1.69(4H,m),1.69-1.81(1H,m),3.45(2H,d,J=4.4Hz)
Step 5

In the same manner as in Steps of 8 to 9 of Example 21,

3-[4-(9,9-dimethyl-spiro[4.5]dec-7-ylmethoxy)-phenyl]-propi
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onic acid (129 mg) was obtained from
(9,9-dimethyl-spiro[4.5]dec-7-y1l) —-methanol (100 mg) obtained

in Step 4.

Example 116
Preparation of

(3S)-3-[4-(spiro[2.6]non-5-yIlmethoxy)-phenyl]-hex—-4-ynoic

acid
2
0
! stepl ?  step2 M X, step3 70 §  Stepd N
e oy Ty B A By
0
Step5 OH Step6 |
o > OH
108
Step 1

To a suspension of potassium tert-butoxide (3.48 g) in
tert-butanol (32 mL) was added cycloheptanone (1.9 mL) while
stirring under nitrogen atmosphere, followed by stirring the
mixture at room temperature for 0.5 hour. Then, to the reaction
mixture was added (2-chloroethyl)-dimethylsulfonium iodide
(3.7 g) in eight portions over 1.6 hours, followed by stirring
the mixture at room temperature for 16.5 hours. To the reaction
mixture was added water, followed by extraction with diethyl
ether. The organic layer was washedwith saturatedbrine, dried
and concentrated. The residue was purified by column
chromatography on silica gel (diethyl ether: hexane (volume
ratio) = 1:15) to give spiro[2.6]nonan-4-one (1.40 g).
'"H-NMR (CDC13)8:0.67 (2H,ddd, J=3.4,3.4,3.4Hz),1.24(2H,ddd, J=3
.4,3.4,3.4Hz),1.66-1.73(6H,m),1.73-1.78(2H,m),2.63-2.66(2H,
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Step 2

In the same manner as in Step 2 of Example 7 and Step 2
of Example 115, 4-hydroxy-spiro[2.6]nonane-5-carboxylic acid
methyl ester (1.47 g) was obtained from spiro[2.6]nonan—-4-one
(1.40 g) obtained in Step 1.
'"H-NMR (CDC13)8:0.31-0.44(3H,m),0.57-0.63(1H,m),0.74-0.80(1H
,m),1.55-1.71(3H,m),1.77-1.84(2H,m),2.08-2.25(2H, m),2.66 (1H

,dt,J=11.1,2.2Hz),2.71(1H,d,JdJ=2.2Hz),3.22(1H,s),3.69(3H, s) .

Step 3

To a solution of 4-hydroxy—-spiro[2.6]nonane-5-carboxylic
acid methyl ester (0.899 g) obtained in Step 2 in chloroform
(18 mL) were added successively triethylamine (6.33 mnlL),
4-dimethylaminopyridine (0.11 g) and acetic anhydride (2.15mL)
under argon atmosphere and ice-cooling, followed by stirring
the mixture at room temperature for 3.5 hours. After
ice-cooling the reaction mixture and adding saturated aqueous
sodium bicarbonate solution thereto, the reaction mixture was
extracted with ethyl acetate. The organic layer was washed
successively with saturated aqueous sodium bicarbonate
solution and saturated brine, dried and concentrated. The
residue was purified by column chromatography on silica gel
(diethyl ether: hexane (volume ratio) = 1:9) to give
4-acetoxy-spiro[2.6]nonane-5-carboxylic acid methyl ester
(1.06 g).
'H-NMR (CDC13)8:0.35-0.40(1H,m),0.43-0.48(1H,m),0.50-0.55(1H
,m),0.72-0.77(1H,m),0.82-0.89(1H,m),1.55-1.74(3H,m),1.77-1.
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85(1H,m),1.87-1.95(1H,m),1.97-2.15(2H,m),2.07(3H,s),2.78(1H

,dgq,J=11.2,1.8Hz),3.63(3H,s),4.64(1H,t,J=0.9Hz) .

Step 4

5 To a solution of 4—-acetoxy—-spiro[2.6]nonane-5-carboxylic
acid methyl ester (1.06 g) obtained in Step 3 in toluene (11
mL) was added 1,8-diazabicyclo[5.4.0]undec-7-ene (3.3 mL),
followed by stirring the reactionmixture at 120°C for 5.5 hours.
After ice-cooling the reaction mixture, water (25 mL) and 1IN

10 aqueous hydrochloric acid solution (25 mL) were added thereto,
followed by extraction with ethyl acetate. The organic layer
was washed successively with saturated aqueous sodium
bicarbonate solution and saturated Dbrine, dried and
concentrated. The residue was purified by column

15 chromatography on silica gel (diethyl ether: hexane (volume
ratio) = 1:20) to give spiro[2.6]non-4-en-5-yl-methanol (0.32
g) .
'H-NMR (CDC13)8:0.49-0.57 (4H,m),1.27(1H,brs),1.46 (2H,t,J=5.7
Hz),1.65-1.75(4H,m),2.22(2H,dd,J=6.8,4.1Hz),3.95(2H,s),5.24

20 (1H,s) .

Step 5
To a solution of spiro[2.6]non-4-en-5-yl-methanol (170 mg)
obtained in Step 4 in ethanol (3.4 mL) was added platinum oxide
25 (35 mg), followed by stirring the reaction mixture at room
temperature under normal pressure in an atmosphere of hydrogen
for 2 hours. Then, the reaction mixture was filtered through
Celite. The filtrate was concentrated and the residue was

purified by column chromatography on silica gel (ethyl acetate:
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hexane (volume ratio) = 1:7) to give
spiro[2.6]non-5-yl-methanol (164 mg).

'H-NMR (CDC15)8:0.23-0.36(3.6H,m),0.86-0.93(0.4H,m),1.12-1.3
7(4H,m),1.44-1.83(7H,m),3.35-3.44(2H, m) .

Step 6

In the same manner as 1in Steps 8 to 9 of Example 1,
(3S)-3-[4-(spiro[2.6]non-5-yIlmethoxy)-phenyl]-hex-4-ynoic
acid (157 mg) was obtained from spiro[2.6]non-5-yl-methanol

10 (100 mg) obtained in Step 5.

Example 117
Preparation of
3-[4-(spiro[3.4]oct-5-en-6-ylmethoxy)-phenyl]-propionic

15 acid

0
0 J
Stepl o Step2 0 Step3 Step4 /@MOH
O=0 —— OO — > 0 I E%ir“o
OH

Step 1
To a solution of 1lithium chloride (2.12 qg) in
tetrahydrofuran (60 mL) was added samarium(II) iodide (5.0 g)
20 under argon atmosphere, followed by stirring the mixture at room
temperature for 15 minutes. To this reaction mixture was added
dropwise a solution of cyclobutanone (825 mg) in
tetrahydrofuran (5mlL), followed by stirring the mixture at room
temperature for 1 hour. To the reaction mixture was added
25 saturated agqueous sodium thiosulfate solution under
ice-cooling, followed by extraction with diethyl ether three
times. The organic layers were combined, washed with saturated

brine, dried and concentrated. The residue was purified by
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column chromatography on silica gel (ethyl acetate: hexane

(volume ratio) = 1:19 to 3:2) to give bicyclobutyl-1,1"-diol

(399 mqg) .

'H-NMR (CDC13)8:1.58-1.71(2H,m),1.93-2.07(6H,m),2.15(2H,s), 2
5 27-2.37(4H, m) .

Step 2
To bicyclobutyl-1,1"-diol (1.95 g) obtained in the same

manner as in Step 1 was added 10% aqueous sulfuric acid solution
10 (20 mL), followed by stirring the mixture at 90°C for 3 hours.

The reaction mixture was ice-cooled and extracted with diethyl

ether. The organic layer was washed successively with water

and saturated brine, dried and concentrated. The residue was

purified by column chromatography on silica gel
15 (hexane—diethyl ether: hexane (volume ratio) = 1:6) to give

spiro[3.4]octan-5-one (583 mg).

'H-NMR (CDC13)8:1.77-1.86 (4H,m),1.90-2.03(4H,m),2.17(2H,t,J=

7.6Hz),2.23-2.30(2H, m) .

20 Step 3
In the same manner as in Steps 2 to 4 of Example 116,
spiro[3.4]oct-5-en-6-yl-methanol (116 mg) was obtained from
spiro[3.4]octan-5-one (545 mg) obtained in Step 2.
'H-NMR (CDC15)8:1.77-1.90(2H,m),1.92-2.10(6H,m),2.30(2H,t,J=
25 7.0Hz),4.17(2H,s),5.73(1H,s) .

Step 4
In the same manner as in Steps 8 to 9 of Example 21,

3-[4-(spiro[3.4]oct-5-en-6-ylmethoxy)-phenyl]-propionic
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acid (108 mg) was obtained from

spiro[3.4]oct-5-en-6-yl-methanol (58 mg) obtained in Step 3.

Example 118
Preparation of

(3S)-3-[4-(spiro[3.4]oct-6-ylmethoxy)-phenyl]-hex-4-ynoic

acid
0
Stepl Step?2 \
QQA S, e, Ol
OH O Q@/\ 0
Step 1
In the same manner as 1in Step 5 of Example 116,
spiro[3.4]oct-6-yl-methanol (53 mg) was obtained from

spiro[3.4]oct-5-en-6-yl-methanol (50 mg) obtained in Step 3 of
Example 117.

'H-NMR (CDC15)8:1.24-1.32(3H,m),1.63(2H,t,J=7.2Hz),1.70-1.79

(l1H,m),1.79-1.91(7H,m),2.08-2.20(1H,m),3.49(2H,d,J=7.2Hz) ..

Step 2

In the same manner as 1in Steps 8 to 9 of Example 1,
(3S)-3-[4-(spiro[3.4]oct-6-ylmethoxy)-phenyl]-hex—-4-ynoic
acid (88 mg) was obtained from spiro[3.4]oct-6-yl-methanol (50

mg) obtained in Step 1.

Example 119
Preparation of
(S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-hex-4-y

noic acid L-lysine salt
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To a solution of
(S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-hex-4-y

5 noic acid (50 mg) obtained in the same manner as in Example 1
in a mixed solvent of N, N-dimethylformamide (0.75

mL) -water (0.059 mL) was added 50% aqueous L-lysine solution
(0.032 mL) at 50°C, followed by stirring overnight while
gradually cooling the mixture down to room temperature. The

10 precipitate was collected by filtration and then dried to give
(S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-hex-4-vy

noic acid L-lysine salt (45 mg).

Example 120
15 Preparation of
(-)—-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl

]-propionic acid L-lysine salt

0”0 00
/@/\/\\OH > /@/\AOH
oy oy !
H2N\/\/\‘/\OH

NH.

2

20 To a solution of
(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl
]-propionic acid (50 mg) obtained in the same manner as in

Example 42 in a mixed solvent of N,N-dimethylformamide (0.75



1 (S)-3-[4-(spiro[5.5]undec-2-en-2-y1methoxy)-phenyl]-15e x-4-ynoic acid 2
(S)-3-[4-(spiro[5.5]undec-2-en-2-y1methoxy)-phenyl]-15e x-4-ynoic acid sodium salt 3
(S)-3-[4-(spiro[5.6]dodec-2-en-2-y1methoxy)-phenyl]-15e x-4-ynoic acid 4
(S)-3-[4-(spiro[5.6]dodec-2-en-2-y1methoxy)-phenyl]-15e x-4-ynoic acid sodium salt 5
(S)-3-[4-(spiro[4.5]dec-7-en-7-y1lmethoxy)-phenyl]-héx4-ynoic acid 6
(S)-3-[4-(spiro[4.5]dec-7-en-7-y1lmethoxy)-phenyl]-hex4-ynoic acid sodium salt 7
(S)-3-[4-(spiro[4.5]dec-6-en-7-y1methoxy)-phenyl]-hex4-ynoic acid 8 , _
(S)-3-[4-(spirofﬂff§]a‘éﬁ-tﬁe@iéﬁ-oi'-)¥7frﬁeﬂ’{o&yﬁﬁﬁe SexaYhaicacidEddium sakys solution

(S)-3-[4-(spiro[gSlyndecylenz2ey Lmethoxyyphenylli 196 x-4ypeiciatid 1Qe rnignt  while

(S)-3-[4-(spiro[5.5]undec-1-en-2-y1methoxy)-phenyl]-15e x-4-ynoic acid sodium salt 11

(S)-3-[4-(spiropt-4hhoniZ-en<ylmethoxyy-pherylckexdbynoiccacidom temperature. The
precipitate was collected by filtration and then dried to give

5 (-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl

]—-propionic acid L-lysine salt (52 mg).

The structural formulae of the compounds obtained in
Examples 1 to 120 are shown in Tables 1 to 17. 1In Tables 1 to
10 17, the chirality of the carbon atom in a methine group
substituted by a phenyl group or a pyridyl group is represented

as *“the chirality at the benzylic carbon”.
With regard to the compounds obtained in Examples 1 to 120,
the compound names and NMR data are shown in Tables 18 to 26

15 and in Tables 27 to 38, respectively.



12 (S)-3-[4-(spiro[4.4]non-2-en-2-y1methoxy)-phenyl]-hex4-ynoic acid sodium salt 13
(S)-3-[4-(spiro[4.5]dec-2-en-2-y1lmethoxy)-phenyl]-hex- 239 4-ynoic acid 14
(S)-3-[4-(spiro[4.5]dec-2-en-2-y1methoxy)-phenyl]-hex4-ynoic acid sodium salt 240 Table 19 Ex. No.
Compound name 15 (S)-3-[4-(spiro[4.5]dec-1-en-2-y1methoxy)-phenyl]-hex4-ynoic acid 16
(S)-3-[4-(spiro[4.5]dec-1-en-2-y1methoxy)-phenyl]-héx4-ynoic acid sodium salt 17
(S)-3-[4-(spiro[4.4]non-1-en-2-y1methoxy)-phenyl]-hex4-ynoic acid

Table 1
hirali f
. Chirality | © Clarrabolntyato Other
X.
Structural formula at benzylic , chiral
No. sSplro
carbon carbon

junction

1 i; T::IRE;;// S-isomer - -
2 i::rj\;ioﬂa S—isomer - -

3 J::I/Lv/\ S—isomer - -
Crype
lji:rJ\JLONa S—isomer - -

Chyo
o8

ii:TJ\/MONa S—isomer - -




18 (S)-3-[4-(spiro[4.4]non-1-en-2-y1methoxy)-phenyl]-hex4-ynoic acid sodium salt 19
(3S)-3-[4-(11,11-dimethy1-spiro[5.5]undec-7-en-2-y1met hoxy)-pheny1]-hex-4-ynoic acid 20
(3S)-3-[4-(11,11-dimethy1-spiro[5.5]undec-7-en-2-y1met hoxy)-phenyl]-hex-4-ynoic acid sodium salt
21 3-[4-(spiro[4.6]undec-2-y1methoxy)-phenyl]-propionic acid 22
(S)-3-[4-(spiro[4.5]dec-8-y1methoxy)-phenyl]-hex-4-gf@ ic acid 23
(S)-3-[4-(spiro[4.5]dec-8-y1methoxy)-phenyl]-hex-4-yno ic acid sodium salt 24
(S)-3-[4-(spiro[5-5jundet-3-yimethoxy)-phenyij-hex-4-y noic acidr25
(S)-3-[4-(spiro[4.5]dec-7-en-8-y1methoxy)-phenyl]-hex4-ynoic acid 26
(3S)-3-[4-(spiro[4.5]dec-2-ylmethoxy)-phenyl]-hex-4-yn oic acid 27
(3S)-3-[4-(spiro[4.5]decH A-yn ;241 _ _




oic acid sodium salt 28 (3S)-3-[4-(spiro[5.5]undec-2-yimetboxy)-pbenyi]-hex-4ynoic acid 242 Table 20
Ex. No. Compound name 29 (30)-3-[4-(spiro[5.5]undec-2-yImethoxy)-pheny1]-hex-4- ynoic acid
sodium salt 30 (30)-3-[4-(spiro[4.4]non-2-ylmethoxy)-pheny1]-hex-4-yn oic acid 31
(30)-3-[4-(spiro[4.4]non-2-yImethoxy)-phenyl1]-hex-4-yn oic acid sodium salt 32
(30)-3-[4-(spiro[5.5]undec-2-yImethoxy)-phenyl]-hex4:G/noic acid(chiral:A) 33
(30)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-pheny1]-hex-4- ynoic acid sodium salt(chiral: A) 34
(30)-3-[4-(spiro[5.5]L%g%elce-z-ﬁllmethoxy)-phenyl]-hex-4- ynoic acid(chiral:B)

Chi lit f
. Chirality clarraboln yato Other
Structural formula at benzylic ) chiral
No. spilro
carbon . ) carbon
junction
I,
38 oNa S—isomer - -
%o
I o
9 o S—isomer - -
%o
I o
10 oM S—isomer - -
: o
| o
11 oH S—isomer - -
(X7 e
> I |
ONa S—1lsomer - -
XK
Il 0
13 Ol S—isomer - -
(X




35 (30)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl1]-hex-4- ynoic acid sodium salt(chiral:B) 36
(30)-3-[4-(spiro[4.5]dec-7-yImethoxy)-phenyl]-hex-4-yn oic acid(chiral:A) 37
(30)-3-[4-(spiro[4.5]dec-7-yImethoxy)-pheny1]-hex-4-yn oic acid sodium salt(chiral:A) 38
(30)-3-[4-(spiro[4.5]dec-7-yImethoxy)-phenyl]-hex-4-yn oic acid(chiral:B) 39
(30)-3-[4-(spiro[4.5]dec-7-yImethoxy)-pheny1]-hex-4-%fh bic acid sodium salt(chiral:B) 40
3-(1-methyl-1H-tetrazol-5-y1)-3-[4-(spiro[5.5]undec-2- ylmethoxy)-phenyl]-propionic acid 41

3-ethoxy-3-[4-(spirof5-5jundec-1-en-2-ytmethoxy)-piteny 243 1j-propicnic acid 42
(-)-3-ethcxy-3-[44(spirc[5.5]undec-1-en-2-yi ‘ethcxy -p henyi]-propicnic acid 244

0
14 S—isomer - -

o .




Table 21 Ex. No. Compound name 43 (-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-y1lmethoxy)-p
heny1]-propionic acid sodium sail) 44 (+)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-p
heny1]-propionic acid 45 3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-y1lmethoxy)-pheny 1]-propionic acid
sodium sail) 46 3-[4-(spiro[5.5]undec-2-y1methoxy)-phenyl]-propionic acid 47
3-[4-(spiro[5.5]undec-2-y1methoxy)-phenyl]-hex-4-y@aig acid 48
3-[4-(8,8-dimethy1-spiro[5.5]undec-2-y1methoxy)-phenyl 1-propionic acid 49
3-[4-(spiro[5.6]dodec-2-y1methoxy)-phenyl]-propionic acid 50

3-[4-(7,11-dimethy1- ?5.%]undec-?-en-2-y1methoxy)- phenyl]-propionic acid 51

3-[4-(7,11-dimethy1-spiro 5.5]undec-2-y1methoxy)-ph&nl%g.l-ipcrgp anic@agitdey of Other
Ex. ; carbon at )
Structural formula at benzylic , chiral
No. sSplro
carbon ) , carbon
junction
I o
15 OH S—isomer - -
Xy o
Il o
16 o'Na S—isomer - -
<:><:rﬂb
I o
17 S—-isomer - -
OH
X e
I 0 |
18 ONa S—isomer - -
KT e
H ? iro—-Cé6:
19 OH S—isomer racemate Sprro ’
; racemate
0
I o e
20 oMNa S—isomer racemate SP1ro=L6:
% racemate
[+]




52 3-[4-(spiro[4.5]dec-2-y1methoxy)-phenyl]-propionic acid 53
3-[4-(9,9-dimethy1-spiro[5.5]undec-7-en-2-y1lmethoxy)-p henyl]-propionic acid 54
3-[4-(9,9-dimethy1-spiro[5.5]undec-2-y1methoxy)-phenyl 1-propionic acid 55
3-[4-(11,11-dimethy1-spiro[5.5]undec-7-en-2-y1lmethoxy) 245 -phenyi]-propionic acid 56
3-[4-(7,7-dimethyl-spiro[5.5]undec-2-yimethoxy)-pherdyji 3-propionic acid 246 Table 22 Ex. No.
Compound name 57 3-[4-(spiro[5.5]undec-3-y1methoxy)-phenyl]-propionic acid

(e
@\/\fo - racemate -
OH




58 (3R)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hex-4- ynoic acid 59
N,N-dimethy1-3-[4-(spiro[5.5]undec-2-y1methoxy)-phenyl ]-succinamic acid 60
3-phenyl-3-[4-(spiro[5.5]undec-2-y1methoxy)-phenyl]-pr ()picnic acid 61
3-[4-(spiro[5.5]undec-2-yloxy)-phenyl]-propionic acid 62
3-[4-(2-spiro[5.5]undec-2-y1-ethoxy)-phenyl]-propiorié écid 63
(3S)-3-[4-(spiro[5.5]undec-3-yloxy)-phenyl]-hex-4-ynoi ¢ acid 64
(3S)-3-[4-(spiro[5.5]undec-2-y1oxy)-phenyl]-hex-4-ynoi ¢ acid 65
N-methy1-3-[4- (splr E‘:bé]ﬁné)éc 2-ylmethoxy)-pheny1]-su ccinamic acid 66

3-oxazo1-2-y1-3}[4-(spird[5.5]undec-2-y1methoxy)-p ny ]ﬂﬁ opjanicracidt®7o £ Other

5-[4-(spiro[5.5]unde®=2-y1methoxy);benzyll:thiazolidin e:2 419&0”9 68-bon at chiral
5-{(10)-1-[4-(spiro[S‘YB}undec-2-y1methoxy)-phenyl}-bugazﬁmlyll thiazédidine-2,4-diong bon

junction

23

S—isomer - -

| o
22 OH S—isomer - -
7
QJ“

24 @wfo S—isomer - -

OH
|‘|

25 iiirﬁ\/m S—isomer - -

26 J:jj/LM/L S—-isomer racemate -
OH

277 Ji;TJ\/k S—isomer racemate -




69 4-hydroxy-3-[4-(spiro[5.5]undec-2-y1methoxy)-phenyl]-b utyric acid 247
70(30)-3-[4-(1-hydroxy-spirc[5.5]undec-2-yimethcxy)-phen y1]-hex-4-yncic acid 248 Table 23 Ex. No.
Compound name 71 4-methoxy-3-[4-(spiro[5.5]undec-2-y1lmethoxy)-pheny1]-b utyric acid 72
(3S)-3-[4-(spiro[5.5]undec-1-y1methoxy)-phenyl]-hex-4- ynoic acid 73
(30)-3-[4-(spiro[5.5]undec-2-en-3-y1methoxy)-phenyZ]i 15 ex-4-ynoic acid 74
(3S)-3-[4-(spiro[5.5]undec-2-yloxy)-phenyl]-hex-4-ynoi ¢ acid sodium salt 75
3-ethoxy-3-[4-(spirof5-5jundec-2-ytmethoxy)-phenytj-pr()picnic @cid

CQ\/O
28 \©\__/Y° S—isomer racemate -




76 (3S)-3-[4-(spiro[5.5]undec-1-y1methoxy)-phenyl]-hex-4- ynoic acid sodium salt 77
(3)-(3R)-3-[4-(spiro[5.5]undec-2-y1methoxy)-phenyl]-15e x-4-enoic acid 78
(3S)-3-[4-(spiro[5.5]undec-2-y1methoxy)-phenyl]-hexano ic acid 79
3-ethoxy-3-[4-(spiro[5.5]undec-2-y1methoxy)-phenyl]-pr ()picnic acid sodium salt 80
3-methoxy-3-[4-(spiro[5.5]undec-2-y1methoxy)-phenyl]ép ropionic acid 81
3-isopropoxy-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl 1-propionic acid 82
3-[4-(spiro[5.5]undec-2-yloxymethyl)-phenyl]-hex-4-yno ic acid 83
3-propoxy-3-[4-(spirB?é?éﬁm ec-2-ylmethoxy)-phenyl]-p 249 ropionic acid 84

3-[4-(spiro[5.5]undec-2-yimethoxy)-phenyi]-hept-4-y n%'n%%‘f'idcy Chirality of Other
Ex. ; carbon at )
Structural formula at benzylic ) chiral
No. spiro
carbon , , carbon
junction
I .
29 : oNa S—isomer racemate -
o
I,
30 S—isomer racemate -
OH
Xy
.
31 ONa S—isomer racemate -
(X7
I o
32 :: OH S—isomer chiral:A -
o
I o
33 o S—isomer chiral:A -
%0 Na
I o
34 S—isomer chiral:B -
OH
%o




250 Table 24 Ex. No. Compound name 85 3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl1]-pent-4-ynoi c
acid 86 3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-pent-4-enoi ¢ acid 87
3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-pentanoic acid 88
3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-propionic acid(chiral:A) 89
3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-propioni¢adid(chiral:B) 90
(S)-3-[4-(spiro[5.5]undec-2-en-2-yImethoxy)-phenyl]-he x-4-ynoic acid 0.5 calcium salt 91
(S)-3-[4-(spiro[4.Bidec-6-en-7-yimethoxy)-phenyij-itex4-ynoic acid 0.5 catciunm sait 92
(S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)- ‘henyl]-hex4-ynoic acid L-lysine salt

fo) S—isomer chiral:B -
%o Na

35




93 (R)-3-[4-(spiro[4.5]dec-6-en-7-yImethoxy)-phenyl]-hex4-ynoic acid 94
(R)-3-[4-(spiro[4.5]dec-6-en-7-yImethoxy)-phenyl]-hex4-ynoic acid L-lysine salt 95
(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-yImethoxy)-p henyl]-propionic acid 0.5 calcium salt 96
(3S)-3-[4-((5S)-2-0x0-spiro[4.5]dec-6-en-7-y1methoxy)- phenyl]-hex-4-ynoic acid 97
(3S)-3-[4-((5S)-2-0x0-spiro[4.5]dec-6-en-7-yImethoxydL 251 phenyl]-hex-4-ynoic acid sodium salt 98
(3S)-3-[4-((2S,5S)-2-hydroxy-spiro[4.5]dec-6-en-7-yime thoxy)-phenyl]-hex-4-ynoic acid 252 Table 25

Ex. No. Compound name
Table 6

Chirality of

E Chirality carbon at Other
X. . .
Structural formula at benzylic , chiral
No. spilro
carbon , . carbon
junction

38

S—isomer chiral:B -

l 0
36 OH S—-isomer chiral:A -
0
|l
oNa
.
OH

37 /[:I/iji S—isomer chiral:A
<:%:j/\o
%0

39 oNa S—isomer chiral:B -

40 ‘i::%I;JiOH racemate racemate -
[ q ] (0]

41 Ji:TA\/MOH racemate _ _
[ %::r‘o

(o]
42 : Ji:T)\:ioH (-)-isomer - -
0




99 (3S5)-3-[4-((2S,5S)-2-hydroxy-spiro[4.5]dec-6-en-7-ylme thoxy)-pheny1]-hex-4-ynoic acid sodium
salt 100 (3S)-3-[4-((2R,5S)-2-hydroxy-spiro[4.5]dec-6-en-7-ylme thoxy)-phenyl]-hex-4-ynoic acid 101
(3S)-3-[4-((2R,5S)-2-hydroxy-spiro[4.5]dec-6-en-7-ylme thoxy)-pheny1]-hex-4-ynoic acid sodium salt
102 (3S)-3-[4-((5R)-2-ox0-spiro[4.5]dec-6-en-7-y1methoxy)- phenyl]-hex-4-ynoic acid 103
(3S)-3-[4-((5R)-2-0x0-spiro[4.5]dec-6-en-7-y1methox¥)-henyl]-hex-4-ynoic acid sodium salt 104
(3S)-3-[4-((2R,5R)-2-hydroxy-spiro[4.5]dec-6-en-7-ylme thoxy)-phenyl]-hex-4-ynoic acid 105
(3S)-3-[4-((2R,5R)-2-hydroxy-spiro[4.5]dec-6-en-7-ylme thoxy)-phenyl]-hex-4-ynoic acid sodium salt
106 (3S)-3-[4-((28,5¥?)é—%y roxy-spiro[4.5]dec-6-en-7-ylme thoxy)-phenyl]-hex-4-ynoic acid 107
(3S)-3-[4-((2S,5R)-2-hydroxy-spiro[4.5]dec-6-en-7-y Irrag }poi(yggphwwﬂﬂahex%qmoic agicqlggdium salt
108 3-[2-ch|oro-4-(§piro[4.5]%@gpéz-ﬁm%m%y)-pgteggﬂz-iplrgpionieaafcﬁelnleg chiral
3-[2-methy1-4-(spiftf4.5]dec-6-en-7-ylmethoxy)-phenyl}. sprgpionic acicFPLr° carbon

junction

OJ q
43 %OWONa (=) -isomer - -

-0 0

44 J::j/ky)LOH (+)—isomer - -
(o)

-0 o

45 /[:j/k”)LQ racemate - -
%o Na

46 [:j[:l\/O\[:]\v/\f - racemate -
(0]
OH
0
47 0

racemate racemate -

racemate

/%::F:]\/O spiro-Cé6:
48 T::LV/H(OH - racemate
(o)

(0]
49 (ﬁ;g:]\/ T[:j\vf\?o - racemate -
OH




110 3-[3-hydroxy-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl 1-propionic acid 253 111
3-[3-methoxy-4-(spiro[4.5]dec-6-en-7-y1lmethoxy)-phenyl ]-propionic acid 112
3-[3-fluoro-4-(spiro[4.5]dec-6-en-7-y1lmethoxy)-phenyl] -propionic acid 254 Table 26 Ex. No.
Compound name 113 3-[6-(spiro[4.5]dec-7-yImethoxy)-pyridin-3-y1]-propion ic acid hydrochloride 114
3-[4-(9-methoxy-spiro[5.5]undec-3-yImethoxy)-pheny2Ep ropionic acid

Table 8
hirali f
. Chirality | © clarrabolntyato Other
X.
Structural formula at benzylic , chiral
No. spilro
carbon carbon

junction

racemate

o spiro-Cé6,
50 ‘T:ileﬁﬁr - racemate Cll:
OH

o spiro-C7,
51 T:;LM/\W - racemate Cll:
OH
racemate
[+]
52 \[::L\/Aﬁ7o - racemate -
OH

(o]
iro-Cb6:
53 \{:;F:]\/ T:;Lb/\WOH - racemate Spiro

racemate

0
54 \{:jiil\/ TijL»/\WOH - racemate -

o .
spiro-C6:

55 tiiﬁ:j\/ - racemate p
OH racemate




115 3-[4-(9,9-dimethyl-spiro[4.5]dec-7-yImethoxy)-phenyl]- propionic acid 116
(30)-3-[4-(spiro[2.6]non-5-yImethoxy)-pheny1]-hex-4-yn oic acid 117
3-[4-(spiro[3.4]oct-5-en-6-ylmethoxy)-phenyl]-propioni ¢ acid 118
(30)-3-[4-(spiro[3.4]oct-6-yImethoxy)-pheny1]-hex-4-yn oic acid 119
(S)-3-[4-(spiro[5.5]undec-2-en-2-yImethoxy)-phenyl]-h&lx-4-ynoic acid L-lysine salt 120
(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-yImethoxy)-p henyl]-propionic acid L-lysine salt 255 Table
27 Ex. No. NMRdata offcompound 1 151-NMR(CDC13) 8 142-1.28(12H, m), 1-:84 (3H;

d,J=2.6Hz),1.90(2H,s),2.05(2H,s), 2.70(1H,dd,J = 15.8,6.8 Hz),2.80(1H,dd,

(4} .
spiro-C6:
OH - racemate
racemate

4]

56




J=15.8,8.5 Hz),4.06-4.04(1H, m),5.73(1H, s),4.34(2H,s),6.86(2H,d,J=8.7Hz), 7.27(2H,d,J=8.7Hz).
151-NMR(DMS0-d6)8:1.29-1.18(4H,/11), 1.32-1.43(8H,m),1.74(3H,d,J =2.6Hz),
1.84(2H,s),1.95-2.02(2H,m),2.09(1H,dd, 2 J = 14.6,7.42 Hz),2.2(1H,dd,J = 14.6,6.7
Hz),3.92-4.00(1H,m),4.32(2H,s), 5.68-5.73(1H,m),6.79(2H,d,J =8.6Hz), 7.20(2H,d,J=8.6Hz).
151-NMR (CDC13)8:1.36-1.30(2H, m),1.40-1.55 222

Table 9
hirali f
. Chirality | © Clarrabolntyato Other
X.
Structural formula at benzylic , chiral
No sSplro
carbon , , carbon
junction
57 bvo - _ _
(0}
OH
o
58 0 R-isomer racemate -

- 0
59 OH racemate racemate -
[ 1 ] (o)

60

racemate racemate -

(o)
61 T::j\/anOH - racemate -

o
62 ki:] \[:1\/Aﬁf0H - racemate -
o
OU \Q\Aﬁ“
63 H S—-isomer -




(12H,m),1.81-1.86(5H,m),2.00-2.09(2H, 3 m),2.71(1H,dd,J = 15.8,6.7 Hz),2.80(1H, dd,J= 15.8,8.6

Hz),4.02-4.09(1H,m),4.35 (2H,s),5.76-5.80(1H,m),6.87(2H,d,J = 8.6Hz),7.28(2H,d,J=8.6Hz).
151-NMR (DMSO0- d 6)8:1.50-1.23(14H, m),1.47 (2H,s),1.74(3H,d,J =2.6Hz),1.95-2.02 4
(2H,m),2.11(1H,dd,J = 14.6,7.2 Hz),2.26 (1H,dd,J= 14.6,6.5 Hz),3.93-4.00(1H,m),
4.32(2H,8),5.71-5.76(1H,m),6.79(2H,d, J=8.6Hz),7.20¢2H,d,J=8.6Hz).

Table 10
Chirality | Chirality of
Ex. at carbon at Other chiral
Structural formula ) )
No. benzylic spiro carbon
carbon junction
I o
64 OH S—isomer racemate -
(0]
\
HN/Oo
65 OH racemate racemate -
(o]
[\
(0] /No
66 i:: OH racemate racemate -
o
0
J[:j/Aﬁ/KNH thiazolidine
67 o S\( - racemate -dione-C5:
(o] racemate
-
thiazolidine
68 g NH S—isomer racemate ~dione-C5:
o \% racemate
HO 0
OH
69 [:%::j/\o racemate racemate -




151-NMR(DMSO- d 6)8:1.31-1.36(4H,m),1.41 (2H,dd,J = 6.4,6.4 Hz),1.56-1.61(4H,m),
1.78(3H,d,J=2.3Hz),1.89(2H,brs), 5 2.03-2.07(2H,m),2.55-2.61(2H,m),
3.90-3.96(1H,m),4.35(2H,s),5.74(1H,s), 6.84-6.88(2H,m),7.22-7.26(2H,m),12.23 (1H,s).
151-NMR(DMSO- d 6)8:1.37-1.31(4H,m),1.41 (2H,t,J =6.3Hz),1.55-1.62(4H,m),1.76

(3H,d,J=2.4Hz),1.87-1.90(2H,m), 6 2.01-2.08(2H,m),244(1H,dd,J= 14.5,7.2

70

S—isomer

racemate

spiro-Cl-C2:
cis—-isomer




Hz),2.27(1H, dd,J= 14.5,7.2 Hz),3.94-4.01 (1H,m),4.33(2H,s),5.71-5.75(1H,m),6.79 (2H,d,J = 8.5
Hz),7.21(2H,d,J = 8.5 Hz). 151-NMR(DMS0-d6)8:1.39-1.44(6H,in), 1.57-1.66(6H,m),1.78(3H,d,J
=2.3Hz), 7 1.98(2H,dd,J= 5.7,5.7 Hz),2.57-2.60(2H, m),3.91-3.96(1H,m),4.33(2H,s),5.59(1H,
s),6.87(2H,d,J =8.4Hz),7.24(2H,d,J =8.4Hz),12.23(1H,brs). 151-NMR(DMS0-d6)8:1.40-1.45(6H,in),

1.57-1.65(6H,m),1.75(3H,d,J =2.6Hz), 8 225
Table 11
. Chirality Chclarrablolnt yatOf Other
) Structural formula at benzylic , chiral
No. sSplro
carbon ) , carbon
junction

(o]
OH
71 [ % racemate racemate -
(o}

72 OH S—isomer racemate -
0
I
73 OH S—isomer - -
OOQ
I
74 o S—isomer racemate -
|
[::gi:to Na

(0]
75 OH racemate racemate -
(o]
76 o’Na S—isomer racemate -
(o]




1.98(2H,dd,J = 5.6,5.6Hz),2.13(1H,dd, J = 14.7,7.3 Hz),2.28(1H,dd,J = 14.7,7.3 Hz),3.94-4.00(1H,
m),4.31(2H,s),5.59(1H, s),6.81(2H,d,J =8.8Hz),7.21(2H,d,J 256 =8.8Hz). 151-NMR (CDC13) 8:
1.66-1.34 (14H, m),1.84 (3H, d,J = 2.3 Hz),2.03(2H,t,J = 5.1 Hz),2.70 9
(1H,dd,J=15.5,6.8Hz),2.80(1H,dd,J =15.5,8.5 Hz),4.06-4.03(1H,m),4.34(2H,
s),5.66(1H,s),6.87(2H,d,J=8.7Hz), 7.27(2H,d,J=8.7HZ}.6

N (0]
OH
777 R-isomer racemate -
(0]




151-NMR(DMCO-d6)8:1.27-1.48(12H,r(1), 1.54-1.60(2H,m),1.74(3H,d,J =2.3Hz), 10
2.00-1.95(2H,m),2.10(1H,dd,J= 14.6,6.7 Hz),2.25(1H, dd,J= 14.6,6.7 Hz),3.93-4.00
(1H,m),4.31(2H,s),5.66(1H,s),6.80(2H, d,J=8.1Hz),7.20(2H,d,J=8.1Hz). 257 Table 28 Ex. No. NMR
data of compound 11 151-NMR(DMSO0-d 6)8:1.45-1.55(4H,m), 1.63-1.57(4H,m),1.77(3H,d,J =2.6Hz),

2.23-2.26(4H,m),2.55-2.61(2H,m), 227
Table 12
o Chirality ChclarrablolntyatOf Other
) Structural formula at benzylic , chiral
No. spiro
carbon carbon

junction

0
78 [:q[:j/\ OH S—isomer racemate -
(0]

79 Q racemate racemate -
[::t:j/\o Na

OH
80 /[:j/k\)k racemate racemate -
(0]

81 J::T)\/MOH racemate racemate -
[ Ji I o

82 OH racemate racemate -
i:/o

83 J::T/L\/koH racemate racemate -
[:1 I (o}

84 OH racemate racemate -




3.90-3.96(1H,m),4.52(2H,s),5.61-5.65 (1H,m),6.87(2H,d,J=9.0Hz),7.24(2H, d,J=9.0Hz),12.23(1H,brs).
12 151-NMR(DMSO- d 6)8:1.63-1.48(8H,m),1.75 (3H,d,J =2.0Hz),2.12(1H,dd,J =14.6,
7.4Hz),2.23-2.30(5H, m),3.94-4.01(1H, m), 4.50(2H,s),5.61-5.65(1H,m),6.81(2H,d,
J=8.7Hz),7.21(2H,d,J=8.7HZ). 13 151-NMR (CDC13) 8: 1.49-1.35(10H, m),1.83(3H, d,J
=2.4Hz),2.18-2.23(4H,m),2.70(1H, dd,J= 15.7,8.5 Hz},2879(1H,dd,J= 15.7,
8.5Hz),4.01-4.08(1H,m),4.5(2H,s), 5.58-5.62(1H,m),6.86(2H,d,J =8.2Hz), 7.27(2H,d,J=8.2Hz). 14
151-NMR (DMSO- d 6)8:1.45-1.32(10H, m),1.75 (3H,d,J =2.4Hz),2.08-2.17(5H,m),2.26 (1H,dd,J=
14.5,6.8 Hz),3.95-3.59P19,m)° 4.49(2H,s),5.56-5.60(1H,m),6.80(2H,d, J=8.5Hz),7.21(2H,d,J=8.5Hz).
Chirality of

E Chirality carbon at Other
X. . .
Structural formula at benzylic ) chiral
No. sSplro
carbon ) , carbon
junction

OH
85 [:q::j/\o racemate racemate -

0
o
86 [::t:j/\o racemate racemate -
(0}
o
87 %o

racemate racemate -

88 - chiral:A -

OH

90 L - S—isomer - _




15 151-NMR (CDC13) 8: 1.54-1.27 (10H, m),1.76(2H, t,J = 9.6 Hz),1.85(3H,d,J = 3.0 Hz),2.39 (2H,t,J
=6.8Hz),2.71(1H,dd,J =15.7, 6.6 Hz),2.80(1H,dd,J = 15.7,8.5 Hz),4.52
(2H,s),4.08-4.03(1H,m),5.68(1H,s),6.88 (2H,d,J = 9.4 Hz),7.28(2H,d,J = 9.4 Hz). 16 151-NMR (DMSO0-
d 6)8:1.47-1.30(10H, m),1.68 (2H,t,J =7.2 Hz),1.74(3H,d,J = 2.3 Hz), 2.10(1H,dd,J = 14.6,7.4
Hz),2.26(1H,dd, J =14.6,6.8Hz),2.33(2H,t,J =6.8Hz), 3299-3.94(1H,m),4.49(2H,s),5.66(1H,s),
6.81(2H,d,J = 8.6 Hz),7.21(2H,d,J = 8.6 Hz). 17 151-NMR(0D013)8:1.68-1.48(7H,m),
1.86-1.82(6H,m),240(2H;53 =7-2Hz) 2:71( tH;dd; J=15.7,6.6 Hz);4-08-4-04( tH;
m),4.53(2H,s),5.60(1H,brs),6.88(2H, d,J=8.6Hz),7.29(2H,d,J=8.6Hz). 18

S—isomer - -

91




151-NMR(DMSO0-d 6)8:1.58-1.50(8H,m), 1.76-1.73(5H,m),2.12(1H,dd,J= 14.7,7.5 Hz),2.28(1H,dd,J=
14.7,6.7 Hz),2.34(2H, t,J =7.7Hz),4.00-3.94(1H,m),4.50(2H, s),5.59(1H,s),6.82(2H,d,J=8.7Hz),
7.22(2H,d,J=8.7Hz). 19 151-NMR(0D013)8:0.98-0.84(7H, m),1.14(1H, t,J = 12.5
Hz),1.26-1.72(7H,m),1.83(3H, d,J =2.4Hz),1.88-2.13(4H,m),2.70(1H, dd,J = 15.7,6.8 Hz),2.80(1H,dd,J
= 15.7, 8.4Hz),3.67-3.74(2H, m),4.01-4.08(1H, m), 25805.61(1H, J =10.6, 7.27(2H, at,J = 10.6,3.5
Hz),5.88(1H,at, 2.0Hz),6.84(2H,d,J=8.4Hz), d,J=8.4Hz).

Table 14
Chiralit f
. Chirality clarraboln yato Other
Structural formula at benzylic , chiral
No. sSplro
carbon , , carbon
junction
9
OH
92 <}[:f“0 0 S—isomer - -
NH,
@\ 0
93 Ji:T”\/“OH R-isomer - -
%0
\M 0
94 i::r\V*nH R-isomer - -
O@”o 0
HZNWOH
NH,
0 .
95 HO, (=) —-isomer - -
%0 0. 5Ca2*
i iro-C5
96 ¢ ‘ OH S—-isomer - SPiio=lo:
o S—1lsomer
C@Ao
(\) 1 C5:
97 % o-Ne S—isomer - Spiro :
= S—1lsomer
C:t :r "0




151-NMR(DMSO- d 6)8:0.95-0.81(7H,m),1.13 (1H,t,J =12.4Hz),1.29-1.47(4H,m), 1.51-1.62
(3H,m),1.74(3H,d,J =2.4Hz), 1.79-1.87 (1H,m),1.92-2.01(3H,m),2.08 20 (1H,dd,
J=14.7,7.5Hz),2.24(1H,dd,J =14.7,6.7Hz),3.70(2H,d,J=6.2Hz), 3.92-3.99 (1H,m),5.59(1H,at,J=

10.4,3.5 Hz),5.88 (1H,at,J= 10.4,2.0 Hz),6.77(2H,

231
HO spiro—-C2:
- I -
98 / OH S—isomer - S isomer
: spiro-C5:
° S—isomer




d,J=8.6Hz),7.20(2H,d,J=8.6Hz). 259 Table 29 Ex. No. NMR data of compound 21

151-NMR(0D013)8:1.10(1H,dd,J =12.8,9.3 Hz),1.48(15H,m),1.91-1.77(2H,m),
2.47-2.39(1H,m),2.66(2H,t,J=7.8Hz), 2.91(2H,t,J =7.8Hz),3.82(2H,d,J =7.0 Hz),6.83(2H,d,J
=8.6Hz),7.12(2H,d,J =8.6Hz). 151-NMR(CDC13)8:1.44-1.11(8H,m),1.65-1.50

(7H,m),1.77-1.73(2H,m),1.84(3H,d,J= 22 2.6Hz),2.7143R,dd,J =15.5,6.7 Hz),2.81

(1H,dd,J=15.5,8.5Hz),3.76(2H,d,J=

Table 15

Ex.
No.

Structural formula

Chirality
at benzylic
carbon

Chirality of
carbon at
spiro
junction

Other
chiral
carbon

99

Ho

Gy

S—isomer

spiro-C2:
S—-isomer
spiro-C5:
S—-isomer

100

0
Il

Ho
) OH
. 0

S—isomer

spiro-C2:
R-isomer
spiro-C5:
S—-isomer

101

0
‘ 0/Na

Ho
{;i:r\o

S—isomer

spiro-C2:
R-isomer
spiro-C5:
S—isomer

102

S—isomer

spiro-C5:
R—-isomer

103

S—isomer

spiro-C5:
R-isomer

104

S—isomer

spiro-C2:
R-isomer
spiro-C5:
R-isomer




6.3Hz),4.07-4.04(1H,m),6.85(2H,d,J= 8.0Hz),7.28(2H,d,J=8.6Hz). 151-NMR(DMSO- d
6)8:1.78-1.04(17H,m),1.74 (3H,d,J=2.3Hz),2.12(1H,dd,J =14.5, 23 7.42Hz),2.3(1H,dd,J =14.5,6.8
Hz),3.73 (2H,d,J=6.0Hz),3.93-3.99(1H,m),6.78 (2H,d,J =8.6Hz),7.20(2H,d,J =8.6Hz).
151-NMR(CDC13)8:1.28-1.02(7H,m),1.40-1.37 (8H,m),1.68-1.65(2H,m),1.80(3H,d,J= 24
2.2Hz),2.77-2.67(2H,m),3.73(2H,d,J= 6.4Hz),4.04-40181H,m),6.82(2H,d,J=

0 spiro-C2:

Il s
105 g-Na S—isomer _ R-isomer

HO  ( ?: ~0 spiro-C5:
R-isomer




8.7Hz),7.26(2H,d,J=8.7Hz). 151-NMR(CDC13)8:1.41-1.38(4H,m),1.65-1.51

(6H,m),1.83(3H,d,J=2.3Hz),1.94(2H, 25 s),2.11(2H,s),2.70(1H,dd,J =6.8,14.6 Hz),2.80(1H,dd,J=
14.6,7.7 Hz),4.07-4.01 (1H,m),4.36(2H,s),5.73(1H,s),6.86(2H, d,J=8.7Hz),7.27(2H,d,J=8.7Hz).
151-NMR(0D013)8:1.11(1H,dd,J =12.4,9.6 Hz),1.48-1.29(13H,m),1.85-1.79(5H,m), 26 2.44-2.42(1H,
m), 2.84-2.69(2H, m), 2.84-2.69 (2H,m),3.82(2H,d,J26.5Hz),4.06-4.04 (1H,br m),6.85(2H,d,J = 8.1

Hz),7.28(2H,
Table 16
E Chirality Chlrrabllnty tof tner
X. Structural formula at benzylic ca ? a chiral
No- spiro
carbon ) . carbon
junction
0 spiro-C2:
‘ .
OH S—i _ S—isomer
106 Ho - . lsomer spiro-C5:
R-isomer
0 spiro-C2:
107 oNa S—isomer _ Siisomer
HO ; spiro-C5:
’ R—-isomer
i
108 m O ) . )
0 Cl
i
109 WOH _ _ )
0
0
HO
110 WOH ) . )
0
‘ 0
0
111 Q/\AOH ) . )
0




d,J=8.1Hz). 151-NMR(DMSO0-d 6)8:1.07(1H,dd,J =12.9, 10.4Hz),1.47-1.30(14H,m),1.78-1.73(5H,
m),2.11(1H,dd,J =14.6,7.4 Hz),2.26(1H, 27 dd,J = 14.6,6.7 Hz),2.26(1H,dd,J = 14.6, 6.7
Hz),2.26(1H,dd,J =14.6,6.7 Hz),2.36 (1H,td,J=15.5,7.9Hz),3.79(2H,d,J=
7.3Hz),4.00-3.94(1H,m),6.78(2H,d,J= 8.8Hz),7.2(2H,d,J=8.8Hz).
151-NMR(0D013)8:0.76(1H,t,J=12.6Hz), 0.97-0.89(235m),1.26-1.21(3H, m),1.53-1.41

l
112 O@AO -




(8H,m),1.72(3H,t,J=16.9Hz),1.83(3H, 28 d'J=2.3Hz),1.92-1.88(2H,m),2.70(1H, dd,J
=15.8,6.8Hz),2.80(1H,dd,J = 15.6, 8.5 Hz),3.71-3.67(2H,m),4.06-4.03(1H,m), 6.84(2H,d,J =8.7
Hz),7.27(2H,d,J =8.7 Hz). 260 29 151-NMR (DMO0O0- a6)8:0.75(1H,t,J= 12.9 Hr),
0.96-0.83(2H,m),1.53-1.16(12H,m), 1.61-1.75(5H, m),1.76-1.91(2H, m),2.07(1H, ad,J = 14.6,7.4
Hz),2.23(1H,ad,J = 14.6, 6.7 Hz),3.64-3.72(2H,m),3.933.98(1H,m), 6.77(2H,d,J =8.6Hz),7.19(2H,d,J
=8.6 Hz).

Table 17
hi 11 £
o Chirality Cclarrabolntyato Other
) Structural formula at benzylic ) chiral
No. spiro
carbon . ) carbon
junction
0
NS OH
113 0 O - racemate -
CIH
9 spiro
i:j/\“KO structure
114 0 - - (axial
chirality)
™0 :racemate
¢
J::j/\v/\o
115 0 - racemate -
I 0
116 OH S—isomer racemate -
%/\0
i
117 WOH
XTI
118 | 0 S—isomer racemate -
OH
Xy e
i
119 OH S—isomer - -
0 0
% HzNW\A/koH
NH,




30 151-NMR(0D013)8:1.28(1H,ad,J =12.8,8.7 Hz),1.63-1.40(9H,br m),1.86-1.79(5H,m), 2.47-2.44(1H,
m), 2.47-2.44(1H, m), 2.47-2.44 (1H,m),2.47-2.44(1H,m),2.70(1H,ad,J = 15.6,6.8 Hz),2.80(1H,ad,J =
15.6,8.5 Hz), 3.82(2H,d,J = 6.4 Hz),4.06-4.03(1H,br m), 6.84(2H,d,J =8.7 Hz),7.27(2H,d,J =8.7 Hz).
261 Table 30 Ex. No. NMR data of compound 31 151-NMR(DMSO0- d 6)8:1.25(1H,dd,J = 12.6,8.5
Hz),1.62-1.37(11H,m),1.71-1.69(1H,m),1.74 (3H,d,J 2274 Hz),1.86-1.77(1H,m),2.12(1H,
dd,J=14.5,7.5Hz),2.28(1H,dd,J=14.5, 6.9Hz),2.44-2.33(1H, m),3.80(2H,dd,J= 7.0,
2.0Hz),3.98-3.96(tH,m),6179(2H, 0,3 =86

|
120 %OWOH )i somer




Hz),7.21(2H,d,J=8.6Hz). 32 151-NMR(DMSO0- d 6)8:0.75(1H,t,J = 12.6 Hz),
0.96-0.84(2H,m),1.17-1.21(2H,m),1.33-1.54 (10H,m),1.61-1.75(2H,m),1.77(3H,d,J = 2.3
Hz),1.79-1.92(2H,m),2.58(2H,dd,J=7.5, 1.7Hz),3.66-3.73(2H,m),3.90-3.94(1H,m),
6.84(2H,d,J=8.1Hz),7.23(2H,d,J=8.1 Hz),12.23(1H,brs). 33 151-NMR(DMSO0- d 6)8:0.75(1H,t,J = 12.68
Hz), 0.97-0.84(2H,m),1.16-1.22(2H,m),1.32-1.46 (9HARR1.47-1.54(1H,m),1.61-1.72(2H,m),
1.75(3H,d,J = 2.4 Hz),1.80-1.90(2H,m),2.10 (1H, dd, J=14.7,6.8 Hz),2.25(1H, dd, J=14.7,
6.8Hz),3.65-3.72(2H,m),3.93-4.00(1H,m), 6.78(2H,d,J=8.7Hz),7.20(2H,d,J=8.7 Hz). 34
151-NMR(DMSO0- d §58:6575(H,t,J = 12.5 Hz), 0.96-0.84(2H,m),1.15-1.24(2H,m),1.33-1.45
(9H,m),1.47- 54(1H,m),1.62-1.91(7H,m),

Compound name
No.

1 (S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-he

x—-4-ynoic acid

2 (S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-he

x—4-ynoic acid sodium salt

3 (S)-3-[4-(spiro[5.6]dodec-2-en-2-ylmethoxy)-phenyl]-he

x—4-ynoic acid

4 (S)-3-[4-(spiro[5.6]dodec-2-en-2-ylmethoxy)-phenyl]-he

x—4-ynoic acid sodium salt

5 (S)-3-[4-(spiro[4.5]dec-T7-en-T7-ylmethoxy)-phenyl]-hex-

4-ynoic acid

9 (S)-3-[4-(spiro[4.5]dec-T7-en-T7-ylmethoxy)-phenyl]-hex-

4-ynoic acid sodium salt

7 (S)-3-[4—(spiro[4.5]dec-6-en-7-yIlmethoxy)-phenyl] -hex-

4-ynoic acid

8 (S)-3-[4—(spiro[4.5]dec-6-en-7-yIlmethoxy)-phenyl] -hex-

4-ynoic acid sodium salt

9 (S)-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl]-he

x—4-ynoic acid

10 (S)-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl]-he

x—4-ynoic acid sodium salt

11 (S)-3-[4-(spiro[4.4]lnon-2-en-2-ylmethoxy)-phenyl]-hex-

4-ynoic acid

12 (S)-3-[4-(spiro[4.4]lnon-2-en-2-ylmethoxy)-phenyl]-hex-

4-ynoic acid sodium salt

13 | (S)-3-[4-(spiro[4.5]dec-2-en-2-ylmethoxy)-phenyl]-hex-




2.56-2.59(2H,m),3.66-3.73(2H,m),3.89-3.95 (1H,m),6.84(2H,d,J=8.6Hz),7.23(2H,d,
J=8.6Hz),12.23(1H,brs). 35 151-NMR(DMSO- d 6)8:0.75(1H,t,J = 12.7 Hz),
0.84-0.96(2H,m),1.17-1.24(2H,m),1.34-1.52 (10H,m),1.63-1.71(2H,m),1.74(3H,d,J = 2.7
Hz),1.79-1.91(2H,m),2.08(1H,dd,J =14.5, 7.5 Hz), 2.24(1H, dd, J= 14.5, 6.8Hz),3.65-3.72
(2H,m),3.93-3.99(1H,m),6.77(2H,d,J = 8.7 Hz),7.20(Z#3,8,J=8.7Hz). 36 151-NMR(DMS0-d
6)8:0.93(1H,dddd,J =12.8, 12.8,12.8,3.7 Hz),1.02(1H,dd,J = 12.8,12.8
Hz),1.15(1H,ddd;3512:8;12.8;3:7Hz), 1.30-148(6Hm); 1 51-1.63(6Hm); 1. 76-1.82 (2H;m); 1.77(8H,d,J=
2.4 Hz),2.5742.60(2H: TH}868-3:95(2H,m),3.90-3.96(1H,m),6.84 (2H,d,J=8.4Hz),7.24(2H,d,J=8,4Hz),

12.21(1H,brs). 37 ISINMR(DMSQ-d;6)8:0,92(1kLAddd, 1 =12.7,1 et hoxy) —pheny 1] —hex—

4-ynoic acid sodium salt




12.7,12.7,3.7Hz),1.01(1H,dd,J =12.7,6.3 Hz),1.15(1H,ddd,J=12.7,12.7,3.7Hz),
1.29-1.47(6H,m),1.50-1.62(6H,m),1.75(3H, d,J = 2.3 Hz),1.75-1.82(2H,m),2.13(1H,dd,
J=14.6,6.9Hz),2.28(1H,dd,J=14.6,6.9 Hz),3.66-3.73(2H,m),3.94-4.00(1H,m),6.78
(2H,d,J=8.5Hz),7.21(2H,d,J=8.5Hz). 262 38 151-NMR(DMS0-d 6)8:0.93(1H,dddd,J =12.8,

12.8,12.8,3.8 Hz),1.

02(1H,ad,J = 12.8,12.8 Hz),1.15(24#0ddd,J=12.8,12.8,3.8Hz),

1.29-1.47(6H,m),1.51-1.63(6H,m),1.76-1.82 (2H,m),1.78(3H,d,J= 2.4 Hz),2.53-2.63(2H,

m),3.68-3.75(2H,m),3.90-3.96(1H,m),6.84 (2H,d,J=8.6Hz),7.24(2H,d,J=8.6Hz), 12.21(1H,brs). 39

151-NMR(DMS0-d 8Y80.82¢1H,dddd,J =12.7, 12.7,12.7,3.7 Hz),1.01(1H,dd,J = 12.7,12.7

Hz),1.15(1H,Add,J-

No.

12.7,12.7,3.7Hz),

Compound name

15

(S)-3-[4-(spiro[4.5]dec-1-en-2-ylmethoxy)-phenyl]-hex-

4-ynoic acid

16

(S)-3-[4-(spiro[4.5]dec-1-en-2-ylmethoxy)-phenyl]-hex-

4-ynoic acid sodium salt

17

(S)-3-[4-(spiro[4.4]non-1l-en-2-ylmethoxy)-phenyl]-hex-

4-ynoic acid

18

(S)-3-[4-(spiro[4.4]lnon-1-en-2-ylmethoxy)-phenyl]-hex-

4-ynoic acid sodium salt

19

(3S)-3-[4-(11,11-dimethyl-spiro[5.5]undec-7-en-2-ylmet

hoxy) -phenyl] -hex-4-ynoic acid

20

(3S)-3-[4-(11,11-dimethyl-spiro[5.5]undec-7-en-2-ylmet

hoxy) -phenyl]-hex-4-ynoic acid sodium salt

21

3-[4-(spiro[4.6]undec-2-ylmethoxy)-phenyl]-propionic

acid

22

(S)-3-[4—(spiro[4.5]dec-8-ylmethoxy)-phenyl]-hex—-4-yno

ic acid

23

(S)-3-[4—(spiro[4.5]dec-8-ylmethoxy)-phenyl]-hex—-4-yno

ic acid sodium salt

24

(S)-3-[4-(spiro[5.5]undec-3-ylmethoxy)-phenyl]-hex-4-y

noic acid

25

(S)-3-[4-(spiro[4.5]dec-7-en-8-ylmethoxy)-phenyl] -hex-

4-ynoic acid

26

(3S)-3-[4-(spiro[4.5]dec-2-ylmethoxy)-phenyl]-hex—-4-yn

oic acid

277

(3S)-3-[4-(spiro[4.5]dec-2-ylmethoxy)-phenyl]-hex-4-yn




1.29-1.47(6H,m),1.50-1.62(6H,m),1.75(3H, d,J = 2.6 Hz),1.76-1.83(2H,m),2.24(1H,dd,
J=14.8,7.3Hz),2.37(1H,dd,J=14.8,7.3 Hz),3.66-3.73(2H,m),3.93-3.98(1H,m),6.79

(2H,d,J=8.5Hz),7.21(2H,d,J=8.5Hz). 263 Table 31 Ex. No. NMR data of compound 40
151-NMR(0D013)8:0.76(1H,t,J=12.52Hz), 0.86-0.99(2H,m),1.19-1.25(2H,m),1.35-1.60
(9H,m),1.66-1.77(2H,m),1.83-2.00(2H,m), 2.06-2.09(2KIm),2.88-3.04(1H,m),3.41-3.54
(1H,m),3.64-3.69(2H,m),3.78(3H,s), 4.50-4.63(1H,m),6.82(2H,d,J = 8.4 Hz),7.10 (2H,d,J=8.4Hz). 41

151-NMR (DMS0-

'6),8.0.9971.04 \3|-| m), 1.23-149(12H,m), 1.54-1.60(2H,m), 1.95-2.00(2H,m
oic acid sodium salt

28

(3S)-3-[4-(spiro[5.5]undec—-2-yIlmethoxy)-phenyl] -hex-4-

ynoic acid




2.45(1H,dd,J=5.2,14.8Hz),2.60(1H,dd, J =8.7,14.8Hz),3.17-3.26(2H,m),4.35(2H, s),4.57(1H,dd,J =
8.7,5.2 Hz),5.66(1H,s), 6.89(2H,d,J=9.0Hz),7.19(2H,d,J=9.0 Hz),12.11(1H,brs). 42 151-NMR(CDC13)
8:1.18 (3H, t, J= 7.0Hz) , 1.30-1.51 (12H, m),1.64(2H, tt, J= 9.2, 3.1Hz),2.01-2.16
(2H,m),2.62(1H,dd,J=15.7,4.1Hz),2.83 (1H,dd,J=15.7,9.7Hz),3.34-3.47(2H,m),
4.36(2H,s),4.66(1H,dd,J= 9.5,4.0 Hz),5.67 (1H,s),6.92€H,dt,J = 9.3,2.4 Hz),7.22(2H, dt,J=9.2,2.4Hz).
43 151-NMR(DMSO0- d 6)8:1.02(3H,dt,J = 22.9,7.9 Hz),1.30-1.60(13H,m),1.97-2.07(3H,m),2.32
(1H,dd,J=14.5,7.0Hz),3.13-3.29(4H,m), 4.34(2H,s),4.59(1H,t,J = 6.5Hz),5.67(1H,

s),6.84(2H,d,J=8.5HA 7 f6(2M,d,J= 8.7Hz). 44 151-NMR(CDC13) 8:1.18 (3H, t, J= 7.0Hz) , 1.30-1.51
(12H, m),1.64H, {, J= 9.2, 3.1Hz),2.01-2.16 (2H,m),2.62(1H,dd,J=15.7,4.1Hz),2.83

Compound name

No.

29 | (3S)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hex-4-

ynoic acid sodium salt

30 | (3S)-3-[4-(spiro[4.4]non-2-ylmethoxy)-phenyl]-hex-4-yn

oic acid

31 | (3S)-3-[4-(spiro[4.4]non-2-ylmethoxy)-phenyl]-hex-4-yn

olc acid sodium salt

32 (3S)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hex—-4-

ynoic acid (chiral: A)

33 (3S)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hex—-4-

ynoic acid sodium salt (chiral: A)

34 (3S)-3-[4-(spiro[5.5]undec—-2-ylmethoxy)-phenyl] -hex—-4-

ynoic acid (chiral: B)

35 | (3S)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hex-4-

ynoic acid sodium salt (chiral: B)

36 | (3S)-3-[4-(spiro[4.5]dec-T7-ylmethoxy)-phenyl]-hex-4-yn

oic acid (chiral: A)

37 | (3S)-3-[4-(spiro[4.5]dec-T7-ylmethoxy)-phenyl]-hex-4-yn

olc acid sodium salt (chiral: A)

38 (3S)-3-[4-(spiro[4.5]dec-7-ylmethoxy)-phenyl]-hex—-4-yn

olc acid (chiral: B)

39 (3S)-3-[4-(spiro[4.5]dec-7-ylmethoxy)-phenyl]-hex—-4-yn

olc acid sodium salt (chiral: B)

40 | 3-(l-methyl-1H-tetrazol-5-y1)-3-[4-(spiro[5.5]undec-2-

ylmethoxy)-phenyl]-propionic acid

41 | 3—ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-pheny




(1H,dd,J=15.7,9.7Hz),3.34-3.47(2H,m), 4.36(2H,s),4.66(1H,dd,J= 9.5,4.0 Hz),5.67 (1H,s),6.91(2H,dt,J
= 9.3,2.4 Hz),7.22(2H, dt,J=9.2,2.4Hz). 45 151-NMR(DMS0-d 6)8:1.01(3H,t,J =7.0Hz), 1.48-1.24(12H,
m),1.55-1.61(2H,m),1.96-2.04 (3H, m), 2.30(1H, dd, J= 14.4,7.0 Hz),3.12-3.25
(2H,m),4.33(2H,s),4.58(1H,t,J =6.6Hz), 5.67(1H,s),6.83(2H,d,J = 9.3Hz),7.15(2H, d,J=9.3Hz). 46
151-NMR(0D013)8:0.76(1H,t,J=12.6Hz), 0.97-0.90(2B#M),1.30-1.23(3H,m),1.57-1.42
(9H,m),1.76-1.69(2H,m),1.96-1.92(2H,m), 2.65(2H,t,J=7.8Hz),2.90(2H,t,J=7.8
Hz),3.71-3.6T(2H,m) 6:82(2H 0=8:6 Hz), 7-TH{(2H 0, 3=8-6Hz) 47
151-NMR(00013)8{0-75@FPPIL12 6HZY 1799-0.83(2H,m), 1.49-1.24(11H,brm),
L87{L74&**”Délng¢tgqg§§§§yi§—[4—(spiro[5.5]undec—l—en—Z—ylmethoxy)—p

henyl]-propionic acid




Hz),2.77(1H,dd,J =8.6,15.6Hz),3.70-3.65 (2H,m),4.06-4.00(1H,m),6.82(2H,d,J = 8.7 264
Hz),7.26(2H,d,J=8.7Hz). 151-NMR(DMSO-d6) 8: 0.72-1.03 (10H, m), 1.15-1.48
(10H,m),1.64-1.99(3H,m),2.45(2H,t,J = 6.5 48 Hz),2.72(2H,t,J=6.5Hz),3.68 (2H,t,J =
13.6Hz),6.79(2H,d,J =8.6Hz), 7.10(2H,d, J=8.6Hz),12.10(1H,s). 151-NMR(D1)40-d 6)8:0.74(1H,t,J

=12.6Hz), 244
Table 21
Ex.
Compound name
No.
43 (-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-p

henyl]-propionic acid sodium salt

44 (+) -3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-p

henyl]-propionic acid

45 | 3—ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-pheny

l]-propionic acid sodium salt

46 | 3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-propionic

acid

47 | 3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hex—-4-ynoic

acid

48 | 3-[4-(8,8-dimethyl-spiro[5.5]undec-2-ylmethoxy)-phenyl

] —propionic acid

49 | 3-[4-(spiro[5.6]dodec-2-ylmethoxy)-phenyl]-propionic

acid

50 | 3-[4-(7,11-dimethyl-spiro[5.5]undec-7-en-2-ylmethoxy) -

phenyl]-propionic acid

51 | 3-[4-(7,11-dimethyl-spiro[5.5]undec-2-ylmethoxy)-pheny

l]-propionic acid

52 | 3-[4-(spiro[4.5]dec-2-ylmethoxy)-phenyl]-propionic

acid

53 | 3-[4-(9,9-dimethyl-spiro[5.5]undec-7-en-2-ylmethoxy)-p

henyl]-propionic acid

54 | 3-[4-(9,9-dimethyl-spiro[5.5]undec-2-ylmethoxy)-phenyl

]—-propionic acid

55 | 3-[4-(11,11-dimethyl-spiro[5.5]undec-7-en-2-ylmethoxy)




0.94-0.87(2H,m),1.67(1H,d,J =12.4Hz), 49 1.50-1.36(15H,m),2.47(2H,t,J 1.81-1.77(2H,m),2.74(2H,t,J
= 7.5 =7.5Hz), Hz),3.32 (2H,s),3.68(2H,d,J=7.0Hz), 6.80(2H,d, J=8.7Hz),7.10(2H,d,J=8.7 Hz). 265
Table 32 Ex. No. NMR data of compound 50 1H-NMR(DMSO0-d 6)8:0.81(3H,d,J =6.8Hz),

245

-phenyl]-propionic acid

56 | 3-[4-(7, 7T-dimethyl-spiro[5.5]undec-2-ylmethoxy)-phenyl

] —propionic acid




1.01-0.89(1H,m),1.18(1H,t,J=12.9Hz), 1.28-2.08(14H,m),2.12-2.20(1H,m),2.47(2H, t,J= 7.6
Hz),2.73(2H,t,J= 7.6 Hz),3.70(2H, dd,J= 1.9,6.2 Hz),5.28-5.33(1H,m),6.80(2H,

d,J=8.4Hz),7.10(2H,d,J=8.4HZz),12.06 (1H,s). 51 1H-NMR (DMSO0- d 6)ca.2:1 diastereomeric mixture

8:0.76(2H Me,d,J =6.8Hz),0.87(3H,d,J = 6.6Hz),0.98(1H Me,d,J=7.3Hz),1.15-2.10

(17H,m),2.47(3H,t,J=7.5Hz),2.74(2H,t, J =7.5Hz),3.684%76(2H,m),6.81(2H,d,J = 8.6Hz),7.10(2H,d,J

=8.6Hz),12.06(1H,s). 52 1H-NMR(0D013)8:1.10(1H,dd,J = 13.0,9.2 Hz), 1.42(13H,tt,J

=17.7,5.8Hz),1.86-1.77(2H, m),2.47-2.37(1H,m),2.64(2H,t,J =7.7Hz), 2.90(2H,t,J = 7.7 Hz),3.81(2H,d,J

= 7.2 Hz), 6.82(2H,d.32'8.3442),7.11(2H,d,J = 8.3 Hz). 53 1H-NMR (DMSO0- d

6)8:0.94-1.13(9H,m

No.

),1.33-1.65 (8H,m),1.78-2.01(2H,m),2.46(2H,d,J =7.6

Compound name

57

3-[4-(spiro[5.5]undec-3-ylmethoxy)-phenyl]-propionic

acid

58

(3R)-3-[4-(spiro[5.5]undec-2-yIlmethoxy)-phenyl] -hex-4-

ynoic acid

59

N,N-dimethyl-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl

]-succinamic acid

60

3-phenyl-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-pr

opionic acid

61

3-[4-(spiro[5.5]undec-2-yloxy)-phenyl]-propionic acid

62

3-[4-(2-spiro[5.5]undec-2-yl—-ethoxy)-phenyl]-propionic

acid

63

(3S)-3-[4—-(spiro[5.5]undec-3-yloxy)-phenyl]-hex-4-ynoi

c acid

64

(3S)-3-[4—-(spiro[5.5]undec-2-yloxy)-phenyl]-hex-4-ynoi

c acid

65

N-methyl-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-su

ccinamic acid

66

3-oxazol-2-yl-3-[4-(spiro[5.5]undec-2-ylmethoxy)-pheny

l]-propionic acid

67

5-[4-(spiro[5.5]undec-2-ylmethoxy)-benzyl]-thiazolidin

e-2,4-dione

68

5-{(1S)-1-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-but

-2-ynyl}-thiazolidine-2, 4-dione

69

4-hydroxy—-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-b

utyric acid




Hz),2.73(2H,t,J =7.6Hz),3.66-3.73(2H,m), 5.11(0.5H,d,J = 9.9 Hz),5.29(0.5H,d,J = 9.9
Hz),5.34(0.5H,d,J=10.4Hz),5.82(0.5H,d, J =10.4Hz),6.81(2H,t,J =4.3Hz),7.10(2H,
d,J=8.6Hz),12.07(1H,s). 54 1H-NMR (DMSO0- d 6)8:0.71-0.94(9H,m),1.16-1.26 (6H, m),1.34-1.54(4H,
m),1.64-1.92(4H, m),2.46 (2H,t,J=7.6Hz),2.74(2H,t,J=7.6Hz),
3.65-3.73(2H,m),6.79-6.82(2H,m),7.10(2H, d,J=8.6HZ)}}12.07(1H,s). 55 1H-NMR(DMSO0- d
6)8:0.83(6H,s),0.86-0. 95(1H m),1.13(1H,t,J = 12. 5Hz) 1.46-1.29(4H, m)

1.51-1.62(3H; 8-1.86(1H,m);1.92-2:03(3H, M), 2.47(2H t,3=7.5Hz), 2. 74(2H 1, J

=7.5Hz),3.70(2 I:/pd JL%SAHE)éégélllﬂat@]‘—’%f%sfﬂffﬁ(mlm@ o plgethoxy) —phen

Hz),6.81(2H,d,J=8. °'§'Z{)‘k7t}@>§2'ﬂ%o§@% 12.05(1H,s). 56 1H-NMR(DMSO0- d
6)8:0.77-0.87(7H,m);1.02(1H




t, J = 12.6 Hz),1.20-1.53(12H, m),1.61-1.68(1H, m),1.74-1.92(2H,m),2.47(2H.t,J =7.5Hz), 2.74(2H,t,J
~7.5 Hz),3.65-3.74(2H,m),6.81 (2H,d,J= 8.4 Hz),7.10(2H,d,J= 8.4 Hz),12.06 (1H,s). 57 1H-NMR
(CDC13) 8: 1.10-1.06(2H, m),1.27-1.21(4H, m),1.45-1.40(8H, m),1.79-1.63(5H, m),2.65(2H, t,J= 7.8
Hz),2.91(2H,t,J= 7.8 Hz),3.76(2H, d,J= 6.5 Hz).6.83(2H,d,J= 8.6 Hz),7.12(2H, d,J=8.6Hz). 266 58
151-NMR(0D013)8:0.73(1H,t,J=12.8Hz), 0.96-0.88(2B#),1.51-1.21(11H,m),1.69-1.65 (6H,
m),1.88-1.84(2H, m),2.51(1H.dd,J=15.6, 6.8 Hz),2.62(1H,dd,J= 15.6,8.6 Hz).3.62-3.57
(2H,m),3.98-3 95(1H,m) 6.73(2H,d.J =8.6 H2),7.18(2H,d,3=8.6H2). 59 151-NMR(D1)40-d
6)8:0.75(1H,t.J =12 7M)e 2

Ex.

Compound name
No.

71 | 4—methoxy—-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-b

utyric acid

72 (3S)-3-[4-(spiro[5.5]undec-1-yIlmethoxy)-phenyl] -hex-4-

ynoic acid

73 | (3S)-3-[4-(spiro[5.5]undec-2-en-3-ylmethoxy)-phenyl]-h

ex—4-ynoic acid

74 (3S)-3-[4-(spiro[5.5]undec—-2-yloxy)-phenyl]-hex-4-ynoi

c acid sodium salt

75 | 3—ethoxy-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-pr

opionic acid

76 (3S)-3-[4-(spiro[5.5]undec-1-ylmethoxy)-phenyl]-hex—-4-

ynoic acid sodium salt

77 (Z)-(3R)—-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-he

x—4-enoic acid

78 (3S)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hexano

ic acid

79 | 3—ethoxy-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-pr

opionic acid sodium salt

80 | 3—methoxy-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-p

ropionic acid

81 | 3—isopropoxy—-3—-[4—-(spiro[5.5]undec-2-ylmethoxy)-phenyl

]-propionic acid

82 | 3—-[4-(spiro[5.5]undec-2-yloxymethyl)-phenyl]-hex-4-yno

ic acid

83 | 3—propoxy-3-[4—-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-p




0.86-0.96(2H,m),1.16-1.22(2H,m),1.33-1.54 (10H, m),1.61-1.92(4H, m),2.36(1H, dd, J= 16.8, 4.6
Hz),2.79(3H,s),2.85-2.93(4H, m),3.67-3.72 (2H,m),4.21(1H,dd,J= 10.1,4.6 Hz),6.85(2H,
d,J=8.6Hz),7.16(2H,d,J=8.6Hz),12.06 (1H,brs). 267 Table 33 Ex. No. NMR data of compound 60
151-NMR (DMSO0- d 6)8:0.74(1H,dd,J = 12.6,12.6 Hz),0.83-0.95(2H,m),1.16-1.24(2H,m),
1.32-1.52(10H, m),1.61-1.73(2H,m),1.76-1.90 (2H,m}{296(2H,d,J =8.0Hz),3.65(1H,dd, J = 8.7,6.3
Hz),3.68(1H,dd,J = 8.7,6.3 Hz), 4.34(1H,t,J=8.0Hz),6.80(2H,d,J=8.8
Hz),7.12-7.20(3Hm); 7-23-7-29(4H,m), 12:06 (1H brs)- 61
ropionic acid

84 | 3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hept-4-ynoi

c acid




151-NMR(CDC13)8:0.87-0.90(1H,m),1.02-1.17 (2H,m),1.24-1.69(13H,m),2.03-2.10(2H,m),
2.65(2H,dt,J=7.4,3.6Hz),2.90(2H,t,J =7.7Hz),4.32(1H,tt,J =10.6,4.2Hz),6.81
(2H,dt,J=9.2,2.5Hz),7.08-7.11(2H,m). 62 151-NMR(CDC13)8:0.65-0.94(3H,m),1.17-1.52
(12H,m),1.59-1.78(6H,m),2.65(2H,dt,J= 7.2,3.6 Hz),2.90(2H,t,J =7.7 Hz),3.96(2H, t,J
=6.6Hz),6.83(2H,dt,J =9.3,2.5Hz), 7.11(2H,dt,J=9.3,25Hz). 63 151-NMR(DMSO-d6) 8: 1.18-1.60
(14H, m), 1.74-1.78 (5H,m),2.50(2H,t,J=7.7Hz),2.57(2H,t, J =7.7 Hz),3.92(1H,td,J = 7.6,2.4 Hz),4.28
(1H,td,J =8.3,4. OHz)T6 85(2H t,J =4.3 Hz),7.23(2H,d,J=8.6Hz),12.22(1H,s). 64
151-NMR(CDC13)8! g2(16H,m),1.82-1.85 (3H,m),2.02-2.12(2H,m),2.68-2.83(2H,m),
4.01-4.08(1H,m),4.29- 4 38(1H m),6.81-6.86 (2H,m),7.25-7.29(2H,m).

Compound name

No.

85 | 3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-pent-4-ynoi

c acid

86 | 3—-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-pent-4-enoi

c acid

87 | 3—[4—(spiro[5.5]undec-2-ylmethoxy)-phenyl]-pentanoic

acid

88 | 3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-propionic

acid (chiral: A)

89 | 3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-propionic

acid (chiral: B)

90 (S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-he

x—4-ynoic acid 0.5 calcium salt

91 | (S)-3-[4-(spiro[4.5]dec-6-en-T7-ylmethoxy)-phenyl]-hex-

4-ynoic acid 0.5 calcium salt

92 | (S)-3-[4-(spiro[4.5]dec-6-en-T7-ylmethoxy)-phenyl]-hex-

4-ynoic acid L-lysine salt

93 (R)-3-[4—-(spiro[4.5]dec-6-en-7-yIlmethoxy)-phenyl] -hex-

4-ynoic acid

94 (R)-3-[4-(spiro[4.5]dec—6—-en-7-ylmethoxy)-phenyl] -hex-

4-ynoic acid L-lysine salt

95 (-)—-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-p

henyl]-propionic acid 0.5 calcium salt

96 (3S)-3-[4-((5S)—-2-oxo-spiro[4.5]dec-6—en-7-ylmethoxy) -

phenyl]-hex-4-ynoic acid

97 (3S)-3-[4-((5S)—-2-0oxo-spiro[4.5]dec-6-en-7-ylmethoxy) -




65 151-NMR(CDC13)8:0.72-0.81(1H,m),0.87-0.99 (2H,m),1.18-1.27(2H,m),1.37-1.50(8H,m),
1.51-1.60(1H,m),1.65-1.79(2H,m),1.83-2.01 (2H,m),2.67(1H,dd,J =16.3,4.63Hz),2.75 (3H,d,J = 4.6
Hz),3.26(1H,dd,J =16.3,9.0 Hz),3.65-3.77(2H,m),3.85(1H,dd,J=9.0,
4.6Hz),5.49-5.69(1H,m),6.81-6.89(2H,m), 7.12-7.21(2H,m). 66 151-NMR (DMSO0- d 6)8:0.74(1H,dd,J =
12.6,12.6 Hz),0.84-0.95(2H,m),1.17-1.24(2H,m), 1.323152(10H, m),1.62-1.73(2H,m),1.77-1.92
(2H,m),2.78(1H,dd,J=16.5,6.3Hz),3.13 (1H,dd,J=16.5,9.2Hz),3.65-3.73(2H,m),
4.48(1H,dd,J=9-2;6r3Hz);6-84(2H,0:3 = 8.6 Hz); 7-11(tH s), 7-13(2H 0 I =8:6 Hz);
7.95(1H,s),12.39(LHBIE 67 THENMROT013)8-0 177 (E AL 256H2),
1.00-0.87(2H,my)g1.28-1-20(3H; 1), L AR(OElc ) L. 73(RHLL, = 15:8 Fiz) 1981 86£2-Hm); g e

thoxy) -phenyl]-hex-4-ynoic acid




3.10(1H,dd,J=14.1,

9.4Hz),3.45(1H,dd, J= 14.1,4.0 Hz),3.69(2H,dd,J= 7.0,2.0 Hz),

4.50(1H,dd,J=9.6,4.0Hz),6.84(2H,d,J =8.7Hz),7.13(2H,d,J=8.7Hz),7.87(1H, s). 268 68

151-NMR(CDC13)8:0.79-0.75(1H,m),0.96-0.90 (2H,m),1.28-1.20(3H,m),1.48-1.41(10H,m), 1.72(2H,t,J

=15.3Hz),1.89(3H,d,J =2.8 Hz),1.96-1.95(1H,m),3.70-3.67(2H,m),4.49 (1H,d,J = 3.4
Hz),4.65-4.64(1H,m),6.86(2H, d,J=8.7Hz),7.31(2H,d,358.7Hz). 69 151-NMR (DMSO- d

6)8:0.76(1H,dd,J =

12.6,12.6 Hz),0.85-0.96(2H,m),1.17-1.22(2H,m), 1.33-1.53(10H,

m),1.63-1.75(2H,m),1.78-1.92 (2H,m),2.37(1H,dd,J=15.5,9.6Hz),2.72
(1H,dd,J=15.5,5.4H278:68-367(1H,m), 3.39(1H,dd,J=10.0,7.5Hz),3.46(1H,ad, J = 10.0,6.0

Hz),3.67(1H,dd,J =

No.

9.6,6.0 Hz),

Compound name

99

(3S)-3-[4-((2S,5S8)-2-hydroxy—-spiro[4.5]dec—-6—-en-7-ylme

thoxy) -phenyl]-hex-4-ynoic acid sodium salt

100

(3S)-3-[4-((2R,5S)-2-hydroxy—-spiro[4.5]dec—-6—-en-7-ylme

thoxy) -phenyl]-hex-4-ynoic acid

101

(3S)-3-[4-((2R,5S)-2-hydroxy—-spiro[4.5]dec—-6—-en-7-ylme

thoxy)-phenyl]-hex—-4-ynoic acid sodium salt

102

(3S)-3-[4-((5R)—-2-0ox0o-spiro[4.5]dec-6—en-7-ylmethoxy) -

phenyl]-hex—-4-ynoic acid

103

(3S)-3-[4-((5R)-2-0ox0o-spiro[4.5]dec-6—en-7-ylmethoxy) -

phenyl]-hex—-4-ynoic acid sodium salt

104

(3S)-3-[4-((2R, 5R) -2-hydroxy—-spiro[4.5]dec-6-en-7-ylme

thoxy) -phenyl]-hex-4-ynoic acid

105

(3S)-3-[4-( (2R, 5R)—2-hydroxy—-spiro[4.5]dec—-6—-en-7-ylme

thoxy) -phenyl]-hex-4-ynoic acid sodium salt

106

(3S)-3-[4-((2S,5R)—2-hydroxy—-spiro[4.5]dec—-6—-en-7-ylme

thoxy) -phenyl]-hex-4-ynoic acid

107

(3S)-3-[4-((2S,5R)—2-hydroxy—-spiro[4.5]dec—-6—-en-7-ylme

thoxy)-phenyl]-hex—-4-ynoic acid sodium salt

108

3-[2-chloro-4-(spiro[4.5]dec—-6—-en-7-ylmethoxy)-phenyl]

-propionic acid

109

3-[2-methyl-4-(spiro[4.5]dec—-6-en-7-ylmethoxy)-phenyl]

-propionic acid

110

3-[3-hydroxy—-4—-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl

]—propionic acid




3.70(1H,dd,J =9.6,6.0Hz),4.69(1H,brs), 6.80(2H,d,J=8.5Hz),7.10(2H,d,J=8.5 Hz),11.88(1H,brs). 269
Table 34 Ex. No. NMR data of compound 70 151-NMR(0D013)8:1.52-1.24(16H,m),1.83(3H,
d,J=2.64Hz),2.14(1H,s),2.69(1H,dd,J = 15.64,6.59Hz),2.79(1H,dd,J = 15.60,7.80
Hz),3.70(1H,s),3.87(1H,dd,J=9.23,5.46 Hz),4.04-4.01(2H, m),6.86(2H,d,J= 8.67Hz),
7.28(2H,d,J=8.70Hz). 151-NMR (DMSO0- d 6)8:0.76(28,dd,J = 12.6,12.6
Hz),0.85-0.96(2H,m),1.17-1.24(2H,m),

111 | 3-[3-methoxy—-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl

]-propionic acid

112 | 3-[3-fluoro-4-(spiro[4.5]dec-6-en-T7-ylmethoxy)-phenyl]

-propionic acid




1.35-1.53(10H, m),1.63-1.75(2H,m),1.79-1.91 71 (2H,m),2.37(1H,dd,J=15.7,8.7Hz),2.58 (1H, dd, J=
15.7,6.1Hz),3.19(3H,s),3.21-3.24 (1H, m),3.36-3.40(2H, m),3.67(1H,dd,J=9.5, 6.0 Hz),3.70(1H,dd,J =
9.5,6.0 Hz),6.80(2H, d,J=8.6Hz),7.12(2H,d,J=8.6Hz). 151-NMR(CDC13)8:1.05-0.99(1H,m),1.17-1.10
(1H,m),1.80-1.21(16H,m),1.83(3H,d,J = 2.4 Hz),1.91-1.87(1H,m),2.71(1H,dd,J =15.6, 72
6.7Hz),2.80(1H,dd,J=15.6,8.4Hz),3.74 (1H,t,J = 8.8 RIZ}4.07-4.02(1H,m),4.15(1H, dd,J
=9.3,4.0Hz),6.85(2H,d,J =8.8Hz),

Table 26

Ex.
Compound name
No.

113 | 3-[6-(spiro[4.5]dec-T7-ylmethoxy)-pyridin-3-yl]-propion

ic acid hydrochloride

114 | 3-[4-(9-methoxy-spiro[5.5]undec-3-ylmethoxy)-phenyl]-p

ropionic acid

115 | 3-[4-(9,9-dimethyl-spiro[4.5]dec-7-ylmethoxy)-phenyl] -

propionic acid

116 | (35)-3-[4-(spiro[2.6]non-5-ylmethoxy)-phenyl]-hex-4-yn

olc acid

117 | 3-[4-(spiro[3.4]oct-5-en-6-ylmethoxy)-phenyl]-propioni

c acid

118 | (35)-3-[4-(spiro[3.4]oct-6-ylmethoxy)-phenyl]-hex-4-yn

oic acid

119 | (S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-he

x—4-ynoic acid L-lysine salt

120 | (=) -3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy) -p

henyl]-propionic acid L-lysine salt




7.28(6H,d,J=8.8Hz). 151-NMR(CDC13)8:1.30-1.24(4H,m),1.50-1.40 (8H,m),1.83(3H,d,J
=2.2Hz),1.90(2H,s), 73 2.05(2H,s),2.70(1H,dd,J=15.7,6.6Hz), 2.79(1H,dd,J
=15.7,8.6Hz),4.06-4.02(1H, m),4.34(2H,s),5.70(1H,s),6.86(2H,d,J =8.6Hz),7.27(2H,d,J=8.6Hz).
151-NMR (DMSO0- d6) 8:1.00-1.58(16H, m),1.74 (3H, d,J = 2.4 Hz),2.03-1.90(2H,m),2.08(1H,dd, 74
J=14.3,6.6Hz),2.23(1H,dd,J=14.3,6.6 Hz),3.92-3.99(5Em),4.32-4.40(1H,m),6.76

Table 27

Ex.
No.

NMR data of compound

'"H-NMR (CDCls) &: 1.42-1.28 (12H, m), 1.84 (3H,
d, J = 2.6 Hz), 1.90 (2H, s), 2.05 (2H, s),
2.70 (1H, dd, J =15.8, 6.8 Hz), 2.80 (1H, dd,
J=15.8, 8.5Hz), 4.06-4.04 (1H, m), 5.73 (1H,
s), 4.34 (2H, s), 6.86 (2H, d, J = 8.7 Hz),
7.27 (2H, d, J = 8.7 Hz).
'"H-NMR (DMSO-d¢) &: 1.29-1.18 (4H, m),
1.32-1.43 (8H, m), 1.74 (3H, d, J = 2.6 Hz),
1.84 (2H, s), 1.95-2.02 (2H, m), 2.09 (1H, dd,
2 J=14.6, 7.42 Hz), 2.2 (1H, dd, J=14.6, 6.7
Hz), 3.92-4.00 (1H, m), 4.32 (2H, s),
5.68-5.73 (1H, m), 6.79 (2H, d, J = 8.6 Hz),
7.20 (2H, d, J = 8.6 Hz).
'"H-NMR (CDC1ls) 6: 1.36-1.30 (2
(12H, m), 1.81-1.86 (5H, m),
m), 2.71 (1H, dd, J = 15.8, 6.
dd, J=15.8, 8.6 Hz), 4. 02-4.
(2H, s), 5.76-5.80 (1H, m), 6.87
8.6 Hz), 7.28 (2H, d, J = 8.6 Hz).
TH- NMR (DMSO—d ¢) 0: 1.50-1.23 (14H, m
s), 1.74 (3H, d, J = 2.6 Hz),
H m), 2.11 (1H, dd, J=1
H, dd, J =14.6, 6.5 Hz
3

—

H, m), 1.40-1.55
2.00-2.09 (24,
7 Hz), 2.80 (1H,
09 (1H, m), 4.35
(2H, 4, J =

1.47

~
~

),

2 (2H, s), 5. 71-5.76 (1H,
8.6 Hz), 7.20 (2H, d, J =
"H-NMR (DMSO- d ¢) 0: 1.31-1.36
(2H, dd, J =6.4, 6.4 Hz), 1.56-1.61
1.78 (3H, d, J = 2.3 Hz), 1.89 (2H, br s),
5 2.03-2.07 (2H, m), 2.55-2.61 (2H, m),
3.90-3.96 (1H, m), 4.35 (2H, s), 5.74 (1H, s),
6.84-6.88 (2H, m), 7.22-7.26 (2H, m), 12.23
(1H, s).

TH-NMR (DMSO- d ¢) 8: 1.37-1.31 (4H, m), 1.41
(2H, t, J = 6.3 Hz), 1.55-1.62 (4H, m), 1.76
(34, d, J 2.4 Hz), 1.87-1.90 (2H, m),
6 2.01-2.08 (2H, m), 2.11 (1H, dd, J =14.5, 7.2
Hz), 2.27 (1H, dd, J=14.5, 7.2 Hz), 3.94-4.01
(1, m), 4.33 (2H, s), 5.71-5.75 (1H, m), 6.79
(24, d, J =8.5 Hz), 7.21 (24, d, J = 8.5 Hz).
TH-NMR (DMSO- d ¢) O: 1.39-1.44 (6H, m),
1.57-1.66 (6H, m), 1.78 (3H, d, J = 2.3 Hz),
1.98 (2H, dd, J=5.7, 5.7 Hz), 2.57-2.60 (2H,

(2
(2
(1
4.
J

7 m), 3.91-3.96 (1H, m), 4.33 (2H, s), 5.59 (1H,
s), 6.87 (2H, d, J = 8.4 Hz), 7.24 (2H, d, J
= 8.4 Hz), 12.23 (1lH, br s).
TH-NMR (DMSO- d ¢) O: 1.40-1.45 (6H, m),
1.57-1.65 (6H, m), 1.75 (3H, d, J = 2.6 Hz),
g 1.98 (2H, dd, J = 5.6, 5.6 Hz), 2.13 (1H, dd,

J=14.7, 7.3 Hz), 2.28 (1H, dd, J =14.7, 7.3
Hz), 3. 94 4.00 (1H, m), 4.31 (2H, s), 5.59 (1H,
s), 6.81 (2H, d, J = 8.8 Hz), 7.21 (2H, 4, J




(2H,d,J=8.4Hz),7.20(2H,d,J=8.4Hz). 151-NMR(CDC13)8:0.88-0.99(2H,m),1.17-1.28
(6H,m),1.42-2.01(14H,m),2.62(1H,dd,J= 15.66,3.97 Hz),2.83(1H,dd,J = 15.8,9.6 Hz), 75

3.34-3.47(2H,m),3.71(2H,ddd,J = 13.5,7.3, 4.7Hz),4.66(1H,dd,J = 9.7,4.0 Hz),6.88(2H, dt,J =
10.9,3.5 Hz),7.22(2H,dt,J = 9.2,2.4 Hz). 151-NMR (DMSO0- d6)8:1.02-0.99(1H, m),1.75-1.13

(17H,m),1.90-1.85(1H,m),2.12(1H,dd,J= 76 14.7,7.4R22.28(1H,dd,J =14.7,6.8Hz),

= 8.8 Hz).
TH-NMR (CDCl;) &: 1.66-1.34 (14H, m), 1.84 (3H,
d, J=2.3Hz), 2.03 (24, t, J=5.1Hz), 2.70
9 (14, dd, J = 15.5, 6.8 Hz) 2.80 (1H, dd, J
= 15.5, 8.5 Hz), 4.06-4.03 (1H, m), 4.34 (2H,
s), 5.66 (1H, s), 6.87 (24, d, J = 8.7 Hz),
7.27 (2H, d, J = 8.7 Hz).
'"H-NMR (DMSO- d ¢) &: 1.27-1.48 (12H, m),
1.54-1.60 (24, m), 1.74 (3H, d, J = 2.3 Hz),
10 |2-00-1.95 (2H, m), 2.10 (1H, dd, J =14.6, 6.7
Hz), 2.25 (1H, dd, J=14.6, 6.7 Hz), 3.93-4.00
(1, m), 4.31 (2H, s), 5.66 (1H, s), 6.80 (2H,
d, J = 8.1 Hz), 7.20 (2H, d, J = 8.1 Hz).




3.72(1H,t,J =8.6Hz)3.98-3.93(1H,m),4.11 (1H,dd,J =9.6,4.0Hz),6.81(2H,d,J =8.6
Hz),7.21(2H,d,J=8.6Hz). 151-NMR(0D013)8:0.75(1H,t,J=12.6Hz),
0.97-0.90(2H,m),1.22-1.20(3H,m),1.77-1.41 77 (13H,m),1.90-1.85(3H,m),2.63(1H,dd,J=
15.1,8.7Hz),2.74(1H,dd,J =15.1,6.8Hz), 3.68(2H,dd,J=6.0,3.0Hz),4.16-4.10(1H,
m),5.55-5.51(2H,m),6.82(2H,d,J =8.6 Hz), 270 7.14¢27,d,J=8.6Hz).

Table 28

Ex.
No.

NMR data of compound

11

'"H-NMR (DMSO- d ) &: 1.45-1.55 (4H, m),
1.63-1.57 (4H, m), 1.77 (3H, d, J = 2.6 Hz),
2.23-2.26 (4H, m), 2.55-2.61 (2H, m),
3.90-3.96 (1H, m), 4.52 (2H, s), 5.61-5.65
(14, m), 6.87 (24, d, J = 9.0 Hz), 7.24 (2H,
d, J =9.0 Hz), 12.23 (1H, br s).

12

'"H-NMR (DMSO- d ) 0: 1.63-1.48 (8H, m), 1.7
(3H, 4, J = 2.0 Hz), 2.12 (1H, dd, J = 14.6
7.4 Hz), 2.23-2.30 (5H, m), 3.94-4.01 (lH m)
4.50 (2H, s), 5.61-5.65 (1H, m), 6.81 (2 d
J =8.7 Hz), 7.21 (2H, d, J = 8.7 Hz).

13

'"H-NMR (CDC1l3) &: 1.49-1.35 (10H, m), 1.83 (
d, J=2.4 Hz), 2.18-2.23 (4H, m), 2.70 (
dad, J =15.7, 8.5 Hz), 2.79 (1H, dd, J = 15.
8.5 Hz), 4.01-4.08 (1H, m), 4.5 (2H, s),
5.58-5.62 (1H, m), 6.86 (2H, 4, J = 8.2 Hz),
7.27 (2H, 4, J = 8.2 Hz).

14

H-NMR (DMSO- d ¢) &: 1.45-1.32 (10H, m), 1.75

(3H, 4, J = 2.4 Hz), 2.08-2.17 (5H, m), 2.26

(1 dd, J =14.5, 6.8 Hz), 3.95-3.99 (1H, m),
9 (2

7.21 (2H, 4, J = 8.5 Hz).

15

4

J = 8.5 Hz)

'"H-NMR (CDCl3) &: 1.54-1.27 (10H, m), 1.76 (2H,
9.6 Hz

H, s), 5.56-5.60 (1H, m), 6.80 (2H, d,

), 1.85 (3H, 4, J =3.0 Hz), 2.39
J

), 2.80 (1H, dd, J=15.7, 8.5 Hz)

), 4.08-4.03 (1H, m), 5.68 (1H, s), 6.88

, J=9.4Hz), 7.28 (2H, d, J =9.4 Hz).

6.8 Hz), 2.71 (1H, dd, J = 15.7,

H , 4.52

H
H
4
t
(2H,
6.6
(2H,
(2H
I

16

, J=7.2Hz), 1.74 (3H, 4, J = 2.3 Hz),

1H, dd, J = 14.6, 7.4 Hz), 2.26 (1H, dd,
.6, 6.8 Hz), 2.33 (2H, t, J = 6.8 Hz),

-3.94 (1H, m), 4.49 (2H, s), 5.66 (1H, s),
H

t

z

S

, d
H-NMR (DMSO- d ¢) &: 1.47-1.30 (10H, m), 1.68

t

(

4

3
(2H, 4, J =8.6 Hz), 7.21 (2H, 4, J = 8.6

17

TH-NMR (CDCls) &: 1.68-1.48 (7H, m),
1.86-1.82 (6H, m), 2.40 (2H, t, J = 7.2 Hz),
2.71 (1H, dd, J=15.7, 6.6 Hz), 4.08-4.04 (1H,
m), 4.53 (2H, s), 5.60 (1lH, br s), 6.88 (2H,
d, J = 8.6 Hz), 7.29 (2H, d, J = 8.6 Hz).

18

"TH-NMR (DMSO- d ¢) O6: 1.58-1.50 (8H, m),
1.76-1.73 (54, m), 2.12 (1H, dd, J=14.7, 7.5
Hz), 2.28 (1H, dd, J=14.7, 6.7 Hz), 2.34 (2H,
t, J =7.7 Hz), 4.00-3.94 (1H, m), 4.50 (2H,
s), 5.59 (1H, s), 6.82 (24, d, J = 8.7 Hz),
7.22 (2H, d, J = 8.7 Hz).

19

'H-NMR (CDCls) &: 0.98-0.84 (7H, m), 1.14 (1H,
t, J=12.5Hz), 1.26-1.72 (7H, m), 1.83 (3H,
d, J =2.4 Hz), 1.88-2.13 (4H, m), 2.70 (1H,
dd, J=15.7, 6.8 Hz), 2.80 (1H, dd, J = 15.7,
8.4 Hz), 3.67-3.74 (2, m), 4.01-4.08 (1H, m),




151-NMR(CDC13)8:1.00-0.72(6H,m),1.22-1.14 (4H,m),1.75-1.51(13H,m),1.97-1.86 (2H,m), 78
2.66-2.51(2H,m),3.08-2.98(1H,m), 3.62(2H, m),3.70-3.66(2H,m),6.81(2H,d,J = 8.2Hz),
7.07(2H,d,J=8.2Hz). 151-NMR (DMSO0- a6)8:0.73-0.96(3H, m), 1.01(3H, t,J = 7.0
Hz),1.18-1.88(16H,m),2.05 (1H,ad, 79

258

5.61 (1H, dt, J =10.6, 3.5 Hz), 5.88 (1lH, dt,
J=10.6, 2.0 Hz), 6.84 (2H, d, J = 8.4 Hz),
7.27 (2H, 4, J = 8.4Hz).

TH-NMR (DMSO- d ¢) 0: 0.95-0.81 (7H, m), 1.13
(1H, t, J = 12.4 Hz), 1.29-1.47 (4H, m),
1.51-1.62 (3H, m), 1.74 (3H, d, J = 2.4 Hz),
1.79-1.87 (1H, m), 1.92-2.01 (3H, m), 2.08
20 (1H, dd, J = 14.7, 7.5 Hz), 2.24 (1H, d4dd, J
= 14.7, 6.7 Hz), 3.70 (2H, d, J = 6.2 Hz),
3.92-3.99 (1H, m), 5.59 (1H, dt, J=10.4, 3.5
Hz), 5.88 (1H, dt, J=10.4, 2.0 Hz), 6.77 (2H,
d, J =8.6 Hz), 7.20 (2H, d, J = 8.6 Hz).




J =14.5,6.5Hz),2.33(1H,ad,J = Hz),3.13-3.26(2H,m),3.66-3.74(2H, 14.5,7.0 m),4.59 (1H,t,J =6.6
Hz),6.81(2H,d,J = 8.6Hz),7.16 (2H,d,J=8.6Hz). 271 Table 35 Ex. No. NMR data of compound 80
151-NMR(CDC13)8:0.75-1.00(3H,m),1.21-1.26 (2H,m),1.43-2.01(14H,m),2.63(1H,dd,J=
15.7,4.1Hz),2.85(1H,dd,J =15.7,9.5Hz), 3.24(3H,s),3.69-3.77(2H,m),4.57(1H,dd,
J=9.5,4.2Hz),6.90(2H,ddd,J=9.0,4.4, 2.1Hz),7.24(2HA%,3=9.3,2.4Hz).

Table 29

Ex.
No.

NMR data of compound

'"H-NMR (CDCls) 0: 1.10 (1H, dd, J = 12.8, 9.3
Hz), 1.48 (15H, m), 1.91-1.77 (2H, m),
2.47-2.39 (1H, m), 2.66 (2H, t, J = 7.8 Hz),

21 2.91 (2H, t, J =7.8 Hz), 3.82 (2H, d, J =17.0
Hz), 6.83 (2H, 4, J = 8.6 Hz), 7.12 (2H, 4, J
= 8.6 Hz).

'"H-NMR (CDCls) 6: 1.44-1.11 (8H, m), 1.65-1.50
(7, m), 1.77-1.73 (2H, m), 1.84 (3H, d, J
29 2.6 Hz), 2.71 (1H, dd, J = 15.5, 6.7 Hz), 2.8

(1H, dd, J = 15.5, 8.5 Hz), 3.76 (2H, d, J
6.3 Hz), 4.07-4.04 (1H, m), 6.85 (2H, d, J
8.0 Hz), 7.28 (2H, d, J = 8.6 Hz).

=

'"H-NMR (DMSO- d ¢) 6: 1.78-1.04 (17H, m), 1.74
(3, 4, J = 2.3 Hz), 2.12 (1H, dd, J = 14.5,
23 7.42 Hz), 2.3 (1H, dd, J = 14.5, 6.8 Hz), 3.73
(24, 4, J = 6.0 Hz), 3.93-3.99 (1H, m), 6.78
(2H, d, J =8.6 Hz), 7.20 (2H, d, J = 8.6 Hz).
'"H-NMR (CDCls3) &: 1.28-1.02 (7H, m), 1.40-1.37
(8H, m), 1.68-1.65 (2H, m), 1.80 (3H, d, J =
24 2.2 Hz), 2.77-2.67 (2H, m), 3.73 (2H, d, J =
6.4 Hz), 4.04-4.01 (1H, m), 6.82 (2H, d, J =
8.7 Hz), 7.26 (2H, d, J = 8.7 Hz).
'"H-NMR (CDCls) 6: 1.41-1.38 (4H, m), 1.65-1.51
(6H, m), 1.83 (3H, 4, J = 2.3 Hz), 1.94 (2H,
25 s), 2.11 (2H, s), 2.70 (1H, dd, J = 6.8, 14.6
Hz), 2.80 (1H, dd, J=14.6, 7.7 Hz), 4.07-4.01
(1H, m), 4.36 (2H, s), 5.73 (1H, s), 6.86 (2H,
d, J =8.7 Hz), 7.27 (2H, d, J = 8.7 Hz).
'"H-NMR (CDCls) 0: 1.11 (1H, dd, J = 12.4, 9.6

Hz), 1.48-1.29 (13H, m), 1.85-1.79 (5H, m),
2.44-2.42 (1H, m), 2.84-2.69 (2H, m), 2.84-2.69
(2H, m), 3.82 (2H, d, J = 6.5 Hz), 4.06-4.04
(1H, br m), 6.85 (2H, d, J = 8.1 Hz), 7.28 (2H,
d, J = 8.1 Hz).

'"H-NMR (DMSO- d ¢) 0: 1.07 (1H, dd, J = 12.9,
10.4 Hz), 1.47-1.30 (14H, m), 1.78-1.73 (5H,
m), 2.11 (1H, dd, J = 14.6, 7.4 Hz), 2.26 (1H,
dd, J = 14.6, 6.7 Hz), 2.26 (1H, dd, J = 14.6,
6.7 Hz), 2.26 (1H, dd, J = 14.6, 6.7 Hz), 2.36
(1H, td, J = 15.5, 7.9 Hz), 3.79 (2H, d, J
7.3 Hz), 4.00-3.94 (1H, m), 6.78 (2H, d, J
8.8 Hz), 7.2 (2H, d, J = 8.8 Hz).

'TH-NMR (CDCl;) &: 0.76 (1H, t, J = 12.6 Hz),
0.97-0.89 (2H, m), 1.26-1.21 (3H, m), 1.53-1.41
(8H, m), 1.72 (3H, t, J = 16.9 Hz), 1.83 (3H,
d, J =2.3 Hz), 1.92-1.88 (2H, m), 2.70 (1H,
dd, J = 15.8, 6.8 Hz), 2.80 (1H, dd, J = 15.6,
8.5 Hz), 3.71-3.67 (2H, m), 4.06-4.03 (1H, m),
6.84 (2H, d, J =8.7 Hz), 7.27 (2H, d, J = 8.7
Hz) .

26

27

28




81 151-NMR(0D013)8:0.75-1.00(3H,m),1.10(3H,d, J = 6.3Hz),1.19(3H,d,J = 6.0Hz),1.21-1.26
(2H,m),1.43-1.79(12H,m),1.88-2.04(2H,m), 2.61(1H,dd,J=15.7,3.8Hz),2.80(1H,dd, J
=15.7,9.6Hz),3.53-3.62(1H,m),3.73(2H, dg,J = 15.6,5.0 Hz),4.79(1H,dd,J = 9.6,3.8
Hz),6.87-6.90(2H,m),7.22-7.27(2H,m). 82 151-NMR (DMSO0- d6) 8:0.77-1.57 (16H, m),1.78(3H, d,J
=2.3Hz),1.87-1.99(2H,m),2.62(2H,d, J=7.7Hz),3.34-353(1H,m),3.96-4.01(1H,
m),4.45(2H,s),7.25(2H,d,J =8.1Hz),7.32 (2H,d,J=8.1Hz),12.26(1H,brs). 83

151-NMR(0D013)8:0:

17.9,5.2 Hz),1.43-1.]
Hz),3.26-3.37 (2H,m

78(1H

79(15H,

3.73(2
29

= g8 R0 (3t ug, 5126,

S-2HZ)0-94-L00( T my), T2
). b 88<2,03(2hm). 263 (L. =118, 34 Hz), ZBA(LH, dd.
H]tt,3510.2 6 1H7),4:66 (1H,dd JE997,3(2 #Hz)6.386 @1 (2Hi m),7.23

dd, J =14.6, 7.4 Hz), 2.23 (1H, dd, J = 14.06,
6.7 Hz), 3.64-3.72 (2H, m), 3.92-3.98 (1H, m),
6.77 (2H, d, J 8.6 Hz), 7.19 (2H, d, J = 8.6
Hz) .

42(2H,dt,J =
J=15.7,9.9

30

'"H-NMR (CDCls;) &: 1.28 (1H, dd, J = 12.8, 8.7
Hz), 1.63-1.40 (9H, br m), 1.86-1.79 (5H, m),
2.47-2.44 (1H, m), 2.47-2.44 (1H, m), 2.47-2.44
(1H, m), 2.47-2.44 (1H, m), 2.70 (1H, dd, J =
15.6, 6.8 Hz), 2.80 (1H, dd, J =15.6, 8.5 Hz),
3.82 (2H, d, J=6.4Hz), 4.06-4.03 (1H, br m),
6.84 (2H, d, J 8.7 Hz), 7.27 (2H, d, J = 8.7
Hz) .




(2H,ddd,J=9.7,5.3,2.9Hz). 84 151-NMR(0D013)8:0.76(1H,t,J = 12.7 Hz),0.86 -0.99(2H, m),1.13(3H,
t,J= 7.5 Hz),1.20-1.27 (3H,m),1.37-2.03(13H,m),2.21(2H,ddd,J = 15.0,7.5,2.2 Hz),2.75(2H,ddd,J =
33.4,15.5, 7.6 Hz),3.65-3.73(2H, m),4.06(1H,td,J = 6.5, 2.1Hz),6.82-6.85(2H,m),7.27-7.30(2H,m). 85
151-NMR(0D013)8:0.76(1H,t,J=12.6Hz), 0.86-0.99(2H,m),1.20-1.24(2H,m),1.38-1.49
(8H,m),1.51-1.59(1H,m),1.65-1.79(2H,m), 1.85-2.00(2EIm),2.29(1H,d,J = 2.4 Hz),2.76 (1H, dd,
J=15.9,6.4Hz),2.87(1H, dd, J=15.9, 8.4Hz),3.65-3.73(2H,m),4.08-4.13(1H,m),
6.85(2H,d,J=8.4Hz),7.29(2H,d,J=8.4 Hz). 86 151-NMR (DMSO0- d 6)8:0.75(1H,dd,J = 12.6,12.6
Hz),0.85-0.96(2H,mJ 2221 D4(2H,m), 1.34-1.53(10H, m),1.62-1.75(2H,m),1.79-1.92

(2H,m),2.54(1H,dd J=15.4,7.5Hz),2.63
No.

NMR data of compound

'"H-NMR (DMSO- d 4) &: 1.25 (1H, dd, J = 12.6, 8.5
Hz), 1.62-1.37 (11H, m), 1.71-1.69 (1H, m), 1.74
(3H, d, J =2.4 Hz), 1.86-1.77 (1H, m), 2.12 (1H,
31 |dd, J = 14.5, 7.5 Hz), 2.28 (1H, dd, J = 14.5,
6.9Hz), 2.44-2.33 (1H, m), 3.80 (2H, dd, J=17.0,
2.0 Hz), 3.98-3.96 (1H, m), 6.79 (2H, d, J = 8.6
Hz), 7.21 (2H, d, J = 8.6 Hz).
'H-NMR (DMSO- d ¢) 6: 0.75 (1H, t, J = 12.6 Hz),
0.96-0.84 (2H, m), 1.17-1.21 (2H, m), 1.33-1.54
(10H, m), 1.61-1.75 (2H, m), 1.77 (3H, d, J=2.3
32 |Hz), 1.79-1.92 (2H, m), 2.58 (2H, dd, J = 7.5
1.7 Hz), 3.66-3.73 (2H, m), 3.90-3.94 (1H, m)
6.84 (24, d, J = 8.1 Hz), 7.23 (2H, d, J = 8.
Hz), 12.23 (1H, br s).
TH-NMR (DMSO- d 4) &: 0.75 (1H, t, J = 12.68 Hz),
0.97-0.84 (2H, m), 1.16-1.22 (2H, m), 1.32-1.46
(9H, m), 1.47-1.54 (1H, m), 1.61-1.72 (2H, m),
1.75 (3H, d, J =2.4 Hz), 1.80-1.90 (2H, m), 2.10
(1H, dd, J=14.7, 6.8 Hz), 2.25 (1H, dd, J=14.7,
6.8 Hz), 3.65-3.72 (2H, m), 3.93-4.00 (1H, m),
6.78 (2H, d, J = 8.7 Hz), 7.20 (2H, d, J = 8.7
Hz) .
'H-NMR (DMSO- d ¢) 6: 0.75 (1H, t, J = 12.5 Hz),
0.96-0.84 (2H, m), 1.15-1.24 (2H, m), 1.33-1.45
(9H, m), 1.47-1.54 (1H, m), 1.62-1.91 (7H, m),
2.56-2.59 (2H, m), 3.66-3.73 (2H, m), 3.89-3.95
(1H, m), 6.84 (24, d, J = 8.6 Hz), 7.23 (24, d,
J = 8.6 Hz), 12.23 (1H, br s).
'H-NMR (DMSO- d ¢) 6: 0.75 (1H, t, J = 12.7 Hz),
0.84-0.96 (2H, m), 1.17-1.24 (2H, m), 1.34-1.52
(10H, m), 1.63-1.71 (2H, m), 1.74 (3H, d, J=2.7
35 |Hz), 1.79-1.91 (2H, m), 2.08 (1H, dd, J = 14.5,
7.5Hz), 2.24 (1H, dd, J=14.5, 6.8 Hz), 3.65-3.72
(2H, m), 3.93-3.99 (1H, m), 6.77 (2H, d, J = 8.7
Hz), 7.20 (2H, d, J = 8.7 Hz).

[

33

34

'"H-NMR (DMSO- d 4) 0: 0.93 (1H, dddd, J = 12.8,
12.8, 12.8, 3.7 Hz), 1.02 (1H, dd, J =12.8, 12.8
Hz), 1.15 (1H, ddd, J = 12.8, 12.8, 3.7 Hz),

1.30-1.48 (6H, m), 1.51-1.63 (6H, m), 1.76-1.82
(2H, m), 1.77 (3H, d, J=2.4Hz), 2.57-2.60 (2H,
m), 3.68-3.75 (2H, m), 3.90-3.96 (1H, m), 6.84
(24, d, J = 8.4 Hz), 7.24 (2H, d, J = 8.4 Hz),
12.21 (1H, br s).
TH-NMR (DMSO- d ¢) &: 0.92 (1H, dddd, J = 12.7,
12.7, 12.7, 3.7 Hz), 1.01 (1H, dd, J =12.7, 6.3
Hz), 1.15 (1H, ddd, J = 12.7, 12.7, 3.7 Hz),
1.29-1.47 (6H, m), 1.50-1.62 (6H, m), 1.75 (3H,
d, J=2.3 Hz), 1.75-1.82 (2H, m), 2.13 (1H, dd,
14.6, 6.9 Hz), 2.28 (lH, dd, J = 14.6, 6.9
, 3.66-3.73 (2H, m), 3.94-4.00 (1H, m), 6.78
d, J =8.5 Hz), 7.21 (2H, d, J = 8.5 Hz).

36

37

.
.
14




(1H,dd,J=15.4,7.5Hz),3.65-3.73(3H,m), 4.98(2H,br d,J =14.0 Hz),5.89-5.98(1H,m),
6.83(2H,d,J=8.6Hz),7.11(2H,d,J=8.6 Hz),12.06(1H,brs). 272 87 151-NMR(DMSO- d 6)8:0.69(3H,dd,J
=7.4,7.4 Hz),0.76(1H,dd,J = 12.6,12.6 Hz),0.85-0.97 (2H,m),1.18-1.24(2H,m),1.35-1.53(11H,m),
1.56-1.75(3H,m),1.79-1.92(2H,m),2.39(1H, dd,J=15.3,8.0Hz),2.53(1H,dd,J=15.3,
6.5Hz),2.77-2.84(1H,m),3.65-3.73(2H,m), 6.81(2H,d,358.6Hz),7.08(2H,d,J=8.6 Hz),11.93(1H,brs). 88
151-NMR(0D013)8:0.77(1H,1,J=12.6Hz), 1.00-0.87(2H,m),1.21-1.27(2H,m) 1.39-1.59

(10H,m),1.67-1.81(2H,m); 118
Hz),3.66-3.74(2H,m),6.83(2

38

HJQ J&E 8162H8),,

Hz), 1.
1.29-1.

(2H, m),
3.68-3.75

m),
(2H, d,
12.21

(1H, br s).

o2 68(2h 8192).2-94

0.
@1@(&% T8 G
15 (1H, ddd, J 12.8, 12.8, 3.8 Hz),
47 (6H, m), 1.51-1.63 (6H, m), 1.76-1.82
1.78 (3H, d, Jd =2.4Hz), 2.53-2.63 (2H,
(2H, m), 3.90-3.96 (1H, m), 6.84
7.24 (2H, d, J 8.6 Hz),

J'— 12.8, 12.8

J 8.6 Hz),

39

TH-NMR

12.7, 12.7, 3.7 Hz),

Hz), 1.
1.29-1.

d, J=2.6 Hz),
. 8y
6

J = 14
Hz), 3.
(2H, d

6
, J

0.92 (1H, dddd, J = 12.7,
1.01 (1H, dd, g =12.7, 12.7
(1H, ddd, J 1z2.7, 12.7, 3.7 Hz),
(6H, m), 1.50-1.62 (6H, m), 1.75 (3H,
1.76-1.83 (2H, m), 2.24 (1H, 4dd,
7.3 Hz), 2.37 (1H, dd, J 14.8, 7.3
-3.73 (2H, m), 3.93-3.98 (1H, m), 6.79
8.5 Hz), 7.21 (2H, 4, J = 8.5 Hz).

(DMSO—- d 4) O:

15
47




89 151-NMR(0D013)8:0.77(1H,t,J=12.6Hz), 1.01-0.87(2H,m),1.20-1.27(2H,m),1.39-1.59
(10H,m),1.66-1.80(2H,m),1.86-2.01(2H,m), 2.66(2H,t,J=7.7Hz),2.91(2H,t,J=7.7
Hz),3.66-3.74(2H,m),6.83(2H,d,J= 8.6 Hz), 7.12(2H,d,J=8.6Hz). 273 Table 36 Ex. No. NMR data of
compound 90 151-NMR (DMSO0- d6) 8:1.19-1.43(12H, m),1.74 (3H,
s),1.82-1.84(2H,m),1.95-2.02(2H,m), 2.19-2.28(1H,m) £334-2.44(1H,m),3.97-4.06
(1H,m),4.31(2H,s),5.69(1H,s),6.79(2H, d,J=7.2Hz),7.23(2H,d,J=7.2Hz). 91 151-NMR (DMSO0- d6)
8:1.38-1.45(6H, m),1.55-1.63 (6H,m),1.74(3H,d,J=2.3Hz), 1.96(2Ht,

Ei' NMR data of compound
'"H-NMR (CDCl;) &: 0.76 (1H, t, J = 12.52 Hz),
0.86-0.99 (2H, m), 1.19-1.25 (2H, m), 1.35-1.60
(9H, m), 1.66-1.77 (2H, m), 1.83-2.00 (2H, m),
40 |2.06-2.09 (1H, m), 2.88-3.04 (1H, m), 3.41-3.54
(1H, m), 3.64-3.69 (2H, m), 3.78 (3H, s),
4.50-4.63 (1H, m), 6.82 (2H, d, J =8.4 Hz), 7.10
(2H, d, J = 8.4 Hz).

"H-NMR (DMSO-d ) 6: 0.99-1.04 (3H, m), 1.23-1.49
(12H, m), 1.54-1.60 (2H, m), 1.95-2.00 (2H, m),
2.45 (1H, dd, J = 5.2, 14.8 Hz), 2.60 (1H, dd,
41 |J = 8.7, 14.8 Hz), 3.17-3.26 (2H, m), 4.35 (2H,
s), 4.57 (1H, dd, J =8.7, 5.2 Hz), 5.66 (1H, s),
6.89 (2H, d, J = 9.0 Hz), 7.19 (2H, d, J = 9.0
Hz), 12.11 (1H, br s).

'"H-NMR (CDC1ls) 8:1.18 (3H, t, J=7.0Hz), 1.30-1.51
(12H, m), 1.64 (2H, tt, J=9.2, 3.1Hz), 2.01-2.16
(2H, m), 2.62 (1H, dd, J = 15. Hz), 2.83
(14, dd, J = 15.7, 9.7 Hz), 3. 7 (2H, m),
4.36 (2H, s), 4.66 (1H, dd, J=209. 0 Hz), 5.67
(1H, s), 6.91 (2H, dt, J=9.3, 2. ), 7.22 (2H,
dt, J = 9.2, 2.4 Hz).

'"H-NMR (DMSO- d 4) &: 1.02 (3H, dt, J =22.9, 7.9
Hz), 1.30-1.60 (13H, m), 1.97-2.07 (3H, m), 2.32
(1H, dd, J = 14.5, 7.0 Hz), 3.13-3.29 (4H, m),
4.34 (2H, s), 4.59 (1H, t, Jd =6.5Hz), 5.67 (1lH,
s), 6.84 (2H, d, J = 8.5 Hz), 7.16 (2H, 4, J =
8.7 Hz).

'H-NMR (CDC1l;) 6:1.18 (3H,
(12H, m), 1.64 (2H, tt, J =

(2H, m), 2.62 (1H, dd, J = 15.
(14, dd, J = 15.7, 9.7 Hz), 3.
4.36 (2H, s), 4.66 (1H, dd, J=09.
(1H, s), 6.91 (2H, dt, J=9.3, 2.
dt, J = 9.2, 2.4 Hz).

'H-NMR (DMSO- d ¢) &: 1.01 (3H, t, J = 7.0 Hz),
1.48-1.24 (12H, m), 1.55-1.61 (2H, m)

(3H, m), 2.30 (1H, dd, J=14.4, 7.0 Hz) . .
(2H, m), 4.33 (2H, s), 4.58 (1H, t, J = 6.6 Hz),
5.67 (1H, s), 6.83 (2H, d, J = 9.3 Hz)

d, J = 9.3 Hz).

TH-NMR (CDCls) &: 0.76 (lH, t, J = 12.6 Hz),
0.97-0.90 (2H, m), 1.30-1.23 (3H, m), 1.57-1.42
(9H, m), 1.76-1.69 (2H, m), 1.96-1.92 (2H, m),
2.65 (2H, t, J = 7.8 Hz), 2.90 (2H, t, J = 7.8
Hz), 3.71-3.67 (2H, m), 6.82 (2H, d, J = 8.6 Hz),
7.11 (2H, d, J = 8.6 Hz).

TH-NMR (CDCls) &: 0.75 (lH, t, J = 12.6 Hz),
0.99-0.83 (2H, m), 1.49-1.24 (11H, br m),

47 |1.87-1.74 (8H, m), 2.67 (1H, dd, J = 6.6, 15.6
Hz), 2.77 (1H, dd, J = 8.6, 15.6 Hz), 3.70-3.65
(2H, m), 4.06-4.00 (1H, m), 6.82 (2H, d, J = 8.7

4.

3.
4.
Hz

1H

7, 1

42 34-3.4
5,
4 H

43

t,J=7.0Hz), 1.30-1.51
9.2, 3. z), 2.01-2.16
Hz), 2.83

(2H, m),
Hz), 5.67
7.22 (2H,

1H
7, 4.1
44 34-3.47
5, 4.0
4 Hz),

45

46




J =5.7Hz),2.19-2.28(1H,m),2.34-2.44(1H, m),4.05-3.97(1H,m),4.29(2H,s),5.57(1H,
s),6.81(2H,d,J=8.6Hz),7.23(2H,d,J= 8.6Hz). 92 151-NMR (DMSO0- d6)8:1.27-1.39(8H, m),1.47-1.74
(13H,m),1.91(2H,t,J = 5.7 Hz),2.23(1H,dd, J=14.7,7.0Hz),2.31(1H,dd,J=14.7,8.0 HZz),2.73(2H.,t,J
=7.5Hz),3.28(1H,t,J = 6.0Hz),3.84-3.91(1H,m),4.27(2H,s),5.53 (1H,s),6.79(2H,d,J=8.6Hz),7.18(2H,d,
J=8.6Hz). 93 151-NMR (DMSO0- d6) 8:1.38-1.44 (6H, 40)1.56-1.65

(6H,m),1.77(3H,d,J=2.6Hz),1. 97(2H t, J=6. 3Hz) 2.58(2H,dd,J=8.1,1.9Hz),
3.89-3.96(1H,m),4.82(2Hs ﬁi)}ﬂsllj S5,c0- ?Q%I‘I, ,J—Wﬁ@ﬁ—dﬂ-&ﬁmﬂ‘zma). 94
151-NMR (DMSO0- d@6) 8:1.27-1.42(8H, m),1. 44-1.52 (2H,m),1.53-1.70(8H,m),1.73(3H,d,J = R.3

TH-NMR (DMSO-d ) 6: 0.72-1.03 (10H, m), 1.15-1.48

(10H, m), 1.64-1.99 (3H, m), 2.45 (2H, t, J=6.5

48 | Hz), 2.72 (2H, t, J = 6.5 Hz), 3.68 (2H, t, J =
13.6 Hz), 6.79 (2H, 4, J = 8.6 Hz), 7.10 (2H, d,

J = 8.6 Hz), 12.10 (1H, s)

'H-NMR (DMSO- d ¢) 6: 0.74 (1H, t, J = 12.6 Hz),

0.94-0.87 (2H, m), 1.67 (14, d, J = 12.4 Hz),

49 1.50-1.36 (15H, m), 2.47 (2H, t, J = 7.5 Hz),
1.81-1.77 (2H, m), 2.74 (2H, t, J=7.5Hz), 3.32
(2H, s), 3.68 (2H, 4, J = 7.0 Hz), 6.80 (2H, d,
J =8.7 Hz), 7.10 (2H, 4, J = 8.7 Hz).




Hz),1.94(2H,t,J=5.9Hz),2.28(2H,dq,J =40.2,7.4Hz),2.68(2H,t,J =7.3Hz),3.19 (1H,t,J = 6.6
Hz),3.88-3.95(1H,m),4.29(2H, s),5.56(1H,s),6.80(2H,d,J =8.8Hz),7.19 (2H,d,J=8.8Hz). 95
151-NMR(DMSO0-d 6)8:1.02(3H,t,J =7.1Hz), 1.27-1.48(12H, m),1.54-1.62(2H,m),1.95-2.01
(2H,m),2.08-2.17(1H,m),2.31-2.44(1H,m), 3.15-3.28(2H,m),4.34(2H,s),4.61(1H,t,J = 6.7
Hz),5.67(1H,s),6.85(2H,d,J = 8.6 Hz), 7.18(2H,d,J=8 Bkz). 96 151-NMR (DMSO- d6)8:1.42-1.71(4H,
m),1.77(3H, d,J = 2.6 Hz),1.79-1.85(2H,m),1.98-2.07(3H, m),2.16-2.27(3H,m),2.56-2.60(2H,m),
3.90-3.96(1H,m),4.36(2H,s),5.69(1H,s), 6.87(2H,d,J=8.8Hz),7.25(2H,d,J=8.8 Hz),12.13(1H,brs). 97

151-NMR (DMSO- db

32.71(4H, m),1.74(3H, d,J = 2.3 Hz),1.79-1.85(2H,m),1.98-2.11(4H,

Ex.
No.

NMR data of compound

50

'H-NMR (DMSO- d 4) &: 0.81 (3H, d, J = 6.8 Hz),
1.01-0.89 (1H, m), 1.18 (1H, t, J = 12.9 Hz),
1.28-2.08 (14H, m), 2.12-2.20 (1H, m), 2.47 (2H,
t, J=7.6 Hz), 2.73 (2H, t, J=7.6 Hz), 3.70 (2H,
dd, J=1.9, 6.2 Hz), 5.28-5.33 (1H, m), 6.80 (2H,
d, J = 8.4 Hz), 7.10 (2H, 4, J = 8.4 Hz), 12.06
(1H, s).

51

'H-NMR (DMSO- d 4) ca.2:1 diastereomeric mixture
0: 0.76 (2H Me, d, J = 6.8 Hz), 0.87 (3H, d, J =
6.6 Hz), 0.98 (1H Me, d, J = 7.3 Hz), 1.15-2.10
(17, m), 2.47 (3H, t, J = 7.5 Hz), 2.74 (2H, t,
J = 7.5 Hz), 3.66-3.76 (2H, m), 6.81 (2H, d, J =
8.6 Hz), 7.10 (2H, d, J = 8.6 Hz), 12.06 (1H, s).

52

'"H-NMR (CDCls3) &: 1.10 (1H, dd, J = 13.0, 9.2 Hz),
1.42 (13H, tt, J =17.7, 5.8 Hz), 1.86-1.77 (2H,
m), 2.47-2.37 (1H, m), 2.64 (2H, t, J = 7.7 Hz),

2.90 (2H, t, 3 =7.7Hz), 3.81 (24, 4, J="7.2 Hz),
6.82 (2H, d, J=8.3 Hz), 7.11 (2, 4, J

53

'"H-NMR (DMSO- d ) &: 0.94-1.12 (9H, m), 1.33-1.65
(8H, m), 1.78-2.01 (2H, m), 2.46 (2H, 4, J =
Hz), 2.73 (2, t, J = 7.6 Hz), 3.66-3.73 (2H
5.11 (0.5H, 4, J =9.9 Hz), 5.29 (0.5H, 4, J
Hz), 5.34 (0.5H, 4, J = 10.4 Hz), 5.82 (0.5H, d,
J=10.4 Hz), 6.81 (2H, t, J =4.3 Hz), 7.10 (2H,
d, J =8.6 Hz), 12.07 (1H, s).

>

0 3s

2.
~

54

"H-NMR (DMSO- d ¢) &: 0.71-0.94 (9H, m), 1.16-1.26
(6H, m), 1.34-1.54 (4H, m), 1.64-1.92 (4H, m), 2.46
(2H, t, J = 7.6 Hz), 2.74 (2H, t, J = 7.6 Hz),

3.65-3.73 (2H, m), 6.79-6.82 (2H, m), 7.10 (2H,
d, J =28.6 Hz), 12.07 (1H, s).

~J
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UOO
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R - dg) 0: 0.83 (6H, s), 0.86-0.95 (1H,
1 t =12.5 Hz), 1.46-1.29 (4H, m),

H
27
Z
2

W
D o~

J
1- 2 (3H, m), 1.78-1.86 (1H, m), 1.92-2.03
(24, t, J = 7.5 Hz), 2.74 (2H, t,
70 (2H, 4, J = 7.4 Hz), 5.59 (1H
.1 Hz), 5.9 (1H, dt, J = 10.0, 2.0

(2 J =

(2H, 4, 8.6 Hz), 7.10 H, 4,
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J =

) 12.05 (1H, s).

(DMSO- d ¢) 0: 0.77-0.87 (7H, m), 1.02 (1H,
12.6 Hz), 1 20-1.53 (12H, m), 1.61-1.68 (1lH,
.74-1.92 (2H, m), 2.47 (24, t, J = 7.5 Hz),
(2H, t, J = 7.5 Hz), 3.65-3.74 (2H, m), 6.81
d, J=8.4Hz), 7.10 (2H, d, J=8.4 Hz), 12.06
s) .

Nfiﬁ'iJ
::m;§~ ¢ m\«~
=Y
P o

57

E =N

NMR(CDClQ 0: 1.10-1.06 (2H, m), 1.27-1.21 (

), 1.45-1.40 (8H, m), 1.79-1.63 (5H, m), 2.65 (2H

’ 7.8 Hz), 2.91 (2H, t, J=7.8Hz), 3.76 (
6.5 Hz), 6.83 (2H, d, J =8.6 Hz), 7.12 (




m),2.17-2.27(4H,m),3.92-3.99(1H,m),4.33 (2H,s),5.69(1H,s),6.81(2H,d,J =8.6Hz), 7.20(2H,d,J=8.6Hz).
274 98 151-NMR (DMSO0- d6) 8:1.35-1.42(2H, m),1.47-1.63 (6H,m),1.65-1.71(1H,m),1.77(3H,d,J = 2.3
Hz),1.80-1.90(1H,m),1.92-1.97(2H,m), 2.55-2.59(2H,m),3.89-3.95(1H,m),4.13-4.19
(1H,m),4.30(2H,s),4.48(1H,brs),5.57(1H, s),6.86(2H,d,J=8.8Hz),7.23(3H,d,J= 8.8Hz),12.28(1H,brs). 99
151-NMR (DMSO0- d6) 8:1.34-1.42(2H, m),1.47-1.62 @+6,m),1.64-1.71(1H,m),1.74(3H,d,J = 2.6
Hz),1.80-1.89(1H,m),1.92-1.97(2H,m),2.09 (1H, dd, J=14.6,7.0Hz),2.25(1H, dd, J=14.6, 7.0
Hz),3.96(1H,td,J= 7.0,2.6 2yt kend 1@ DET ) 42 25t 0 (TH 015 ) 5568 T 17y
s),6.79(2H,d,J=8.6Hz),7.20(2H 908 682)21, m), 1.51-1.21 (11H, m), 1.69-1.65
58 (6H, m), 1.88-1.84 (2H, m), 2.51 (1H, dd, J=15.6,
6.8 Hz), 2.62 (1H, dd, J=15.6, 8.6 Hz), 3.62-3.57
(2H, m), 3.98-3.95 (1H, m), 6.73 (2H, d, J = 8.6
Hz), 7.18 (2H, d, J = 8.6 Hz).

'H-NMR (DMSO- d ¢) &: 0.75 (1H, t, J = 12.7 Hz),
0.86-0.96 (2H, m), 1.16-1.22 (2H, m), 1.33-1.54
(10H, m), 1.61-1.92 (4H, m), 2.36 (1H, dd, Jd=16.8,
59 4.6 Hz), 2.79 (3H, s), 2.85-2.93 (4H, m), 3.67-3.72
(2H, m), 4.21 (1H, dd, J=10.1, 4.6 Hz), 6.85 (2H,
d, J = 8.6 Hz), 7.16 (2H, 4, J = 8.6 Hz), 12.06
(1H, br s).




275 Table 37 Ex. No. NMR data of compound 100 151-NMR (DMSO0- d6) 8:1.35-1.42(4H, m),1.47-1.71
(5H,m),1.77(3H,d,J = 2.3 Hz),1.78-1.85(1H, m),1.92-1.97(2H,m),2.56(2H,dd,J= 7.7,2.3
Hz),3.93(1H,td,J=7.7,2.3Hz),4.13-4.18 (1H,m),4.32(2H,s),5.69(1H,s),6.86(2H,
d,J=8.6Hz),7.24(2H,d,J=8.6Hz). 101 151-NMR (DMSO0- d6) 8:1.35-1.42(4H, m),1.47-1.71
(5H,m),1.74(3H,d,J = 2.3 Hz),1.77-1.85(1H, m),1.91-286(2H,m),2.09(1H,dd,J=14.6,
7.4Hz),2.25(1H,dd,J=14.6,7.4Hz),3.96 (1H,td,J= 7.4,2.3 Hz),4.12-4.18(1H, m),4.30
(2H,s),4.52(1H,brs),%sé%7l(éH3sg,6.80(2H, d,J=8.6Hz),7.20(2H,d,J=8.6Hz). 102

Ei' NMR data of compound
"H-NMR (DMSO- d ¢) 8: 0.74 (1H, dd, J =12.6, 12.6
Hz), 0.83-0.95 (2H, m), 1.16-1.24 (2H, m),
1.32-1.52 (10H, m), 1.61-1.73 (2H, m), 1.76-1.90
60 (2H, m), 2.96 (2H, d, J =8.0 Hz), 3.65 (1H, dd,

J=8.7, 6.3 Hz), 3.68 (1H, dd, J =8.7, 6.3 Hz),
4.34 (1H, t, J = 8.0 Hz), 6.80 (2H, d, J = 8.8
Hz), 7.12-7.20 (3H, m), 7.23-7.29 (4H, m), 12.06
(1H, br s).

'H-NMR (CDCls) &: 0.87-0.90 (1H, m), 1.02-1.17
(2H, m), 1.24-1.69 (13H, m), 2.03-2.10 (2H, m),
61 2.65 (2H, dt, J = 7.4, 3.6 Hz), 2.90 (2H, t, J
= 7.7 Hz), 4.32 (1H, tt, J =10.6, 4.2 Hz), 6.81
(2H, dt, J = 9.2, 2.5 Hz), 7.08-7.11 (2H, m).
'H-NMR (CDCls) &: 0.65-0.94 (3H, m), 1.17-1.52
(12H, m), 1.59-1.78 (6H, m), 2.65 (2H, dt, J =
62 7.2, 3.6 Hz), 2.90 (2H, t, J =7.7 Hz), 3.96 (2H,
t, Jd = 6.6 Hz), 6.83 (2H, dt, J = 9.3, 2.5 Hz),
7.11 (2H, dt, J = 9.3, 2.5 Hz).

"H-NMR (DMSO-dg) 6: 1.18-1.60 (14H, m), 1.74-1.78
(5H, m), 2.50 (2H, t, J = 7.7 Hz), 2.57 (2H, t,
63 |J=7.7 Hz), 3.92 (1H, td, J=7.6, 2.4 Hz), 4.28
(1H, td, J = 8.3, 4.0 Hz), 6.85 (2H, t, J = 4.3
Hz), 7.23 (2H, d, J = 8.6 Hz), 12.22 (1H, s).
'H-NMR (CDCl;) &: 1.79-0.92 (16H, m), 1.82-1.85
(3H, m), 2.02-2.12 (2H, m), 2.68-2.83 (2H, m),
4.01-4.08 (1H, m), 4.29-4.38 (1H, m), 6.81-6.86
(2H, m), 7.25-7.29 (2H, m).

'H-NMR (CDCls) &: 0.72-0.81 (1H, m), 0.87-0.99
(2H, m), 1.18-1.27 (2H, m), 1.37-1.50 (8H, m),
1.51-1.60 (1H, m), 1.65-1.79 (2H, m), 1.83-2.01
(2H, m), 2.67 (1H, dd, J = 16.3, 4.63 Hz), 2.75
(3H, d, J = 4.6 Hz), 3.26 (1H, dd, J =16.3, 9.0
Hz), 3.65-3.77 (2H, m), 3.85 (lH, dd, J = 9.0,
4.6 Hz), 5.49-5.69 (1H, m), 6.81-6.89 (2H, m),
7.12-7.21 (2H, m).

TH-NMR (DMSO- d 4) &6: 0.74 (1H, dd, J = 12.6, 12.6
Hz), 0.84-0.95 (2H, m), 1.17-1.24 (2H, m),
1.34-1.52 (10H, m), 1.62-1.73 (2H, m), 1.77-1.92
(2H, m), 2.78 (1H, dd, J = 16.5, 6.3 Hz), 3.13
(1H, dd, J = 16.5, 9.2 Hz), 3.65-3.73 (2H, m),
4.48 (1H, dd, J = 9.2, 6.3 Hz), 6.84 (2H, d, J
=8.6 Hz), 7.11 (1H, s), 7.13 (2H, d, J = 8.6 Hz),
7.95 (1H, s), 12.39 (1H, br s).

TH-NMR (CDCls) &: 0.77 (lH, t, J = 12.6 Hz),
1.00-0.87 (2H, m), 1.28-1.20 (3H, m), 1.45 (9H,
m), 1.73 (2H, t, J =15.8 Hz), 1.98-1.86 (2H, m),
3.10 (1H, dd, J = 14.1, 9.4 Hz), 3.45 (1H, dd,
J=14.1, 4.0 Hz), 3.69 (2H, dd, J =7.0, 2.0 Hz),
4.50 (1H, dd, J = 9.6, 4.0 Hz), 6.84 (2H, d, J
= 8.7 Hz), 7.13 (24, d, J = 8.7 Hz), 7.87 (1H,
s) .

64

65

66

67




151-NMR (DMSO0- d6)8:1.44-1.70(4H, m),1.77(3H, d,J = 2.4 Hz),1.80-1.85(2H,m),1.99-2.08(3H,
m),2.16-2.27(3H,m),2.57(2H,dd,J= 8.2,2.4 Hz),3.94(1H,td,J=8.2,2.4Hz),4.36(2H,
s),5.70(1H,s),6.88(2H,d,J =8.6Hz),7.25 (3H,d,J=8.6Hz). 103 151-NMR (DMSO0- d6)8:1.42-1.70(4H,
m),1.74(3H, d,J = 2.3 Hz),1.78-1.85(2H,m),1.98-2.30(8H, m),3.96(1H,td,J =7.0,2.3 Hz),4.33(2H,s),
5.69(1H,s),6.81(2H,d,J = 8.6Hz),7.21(2H, d,J=8.6Hz). 484 151-NMR (DMSO0- d6) 8:1.36-1.44 (2H,
m),1.48-1.64 (6H,m),1.66-1. 73(1H m) 1.77(3H,d,J =24 Hz) 1.81-1. 90(1H m) 1.93-1. 98(2H m),2.57
(2H,dd,J = 7.6,2.4 Kiz),3:93(TH Ith==T, @Défr)lz;gﬁ 14-4,30(1H;81), (ql.ﬁj.urﬁl),S) 9585 _
(LH'5),6.86(2H.d,J28.6Hz) 7 2AEZ e, J=B, 6H2) 105 IBLINMIR (DMSG- deV8:L 353 A3EH,
m),1.48-1.63 1.72 (24, t, J =15.3 Hz), 1.89 (3H, d, J = 2.8

08 Hz), 1.96-1.95 (1H, m), 3.70-3.67 (2H, m), 4.49
(l1H, d, J = 3.4 Hz), 4.65-4.64 (1H, m), 6.86 (24,
d, § =8.7 Hz), 7.31 (2H, d, J = 8.7 Hz).
'"H-NMR (DMSO- d 4) &: 0.76 (1H, dd, J =12.6, 12.6
Hz), 0.85-0.96 (2H, m), 1.17-1.22 (2H, m),
1.33-1.53 (10H, m), 1.63-1.75 (2H, m), 1.78-1.92
(2H, m), 2.37 (1H, dd, J = 15.5, 9.6 Hz), 2.72

69 (1H, 4dd, J = 15.5, 5.4 Hz), 3.00-3.07 (1H, m),

3.39 (1, 44, J = 10.0, 7.5 Hz), 3.46 (1H, dd,
J=10.0, 6.0 Hz)
3.70 (1H, dd, J
6.80 (2H, 4, J
Hz), 11.88 (1H, br

67 (1H, dd, J =9.6, 6.0 Hz),
6, 6.0 Hz), 4.69 (1H, br s),
5 Hz), 7.10 (2H, d, J = 8.5
s) .

~

3.
9.
8.




(6H,m),1.68(1H,dd,J=13.3,6.7Hz),1.74 (3H,d,J = 2.4 Hz),1.80-1.89(1H,m),1.93-1.98
(2H,m),2.09(1H,dd,J=14.6,7.5Hz),2.24 (1H,dd,J=14.6,7.5Hz),3.93-4.00(1H,m),

4.13-4.19(1H,m),4.29(2H,s),4.53(1H,br s), 5.56(1H,s),6.79(2H,d,J = 8.6Hz),7.20(2H, d,J=8.6Hz). 106
151-NMR (DMSO0- d6) 8:1.35-1.43(4H, m),1.47-1.71 (5H,m),1.77(3H,d,J = 2.3 Hz),1.78-1.85(1H,

m),1.92-1.97(2H,m),2.52-2.57(2H,m),3.93 (1H,td,J= 2.6%.3 Hz),4.13-4.19(1H, m),4.32
(2H,s),5.69(1H,s),6.86(2H,d,J =8.8Hz), 7.16(2H,d,J=8.8Hz). 107 151-NMR (DMSO0- d6)
8:1.35-1.42(4H, m),1.47-1.71 (5H,m),1.74(3H,d,J = 2.6 Hz),1.77-1.85(1H,

m),1.92-1.97(2H,m) 289@H dd,J=14.5, 7.5Hz),2.24(1H,dd,J=14.6,7.5Hz),3.96 (1H,td,J= 7.5,2.6

Hz),4.12-4.19(1H, m)RE&30
No.

2H,5),4.51(1Hbrs)267(1H.).6 80RH, 1nq

70

'"H-NMR (CDCls) 06: 1.52-1.24 (16H, m), 1.83 (3H,
d, J =2.64 Hz), 2.14 (1H, s), 2.69 (1lH, dd, J
= 15.64, 6.59 Hz), 2.79 (1H, dd, J = 15.60, 7.80
Hz), 3.70 (1H, s), 3.87 (1H, dd, J = 9.23, 5.46
Hz), 4.04-4.01 (2H, m), 6.86 (2H, d, J =8.67 Hz),
7.28 (2H, d, J = 8.70 Hz).

71

'"H-NMR (DMSO- d 4) &: 0.76 (1H, dd, J =12.6, 12.6
Hz), 0.85-0.96 (2H, m), 1.17-1.24 (2H, m),

1.35-1.53 (10H, m), 1.63-1.75 (2H, m), 1.79-1.91
(2H, m), 2.37 (1H, dd, J = 15.7, 8.7 Hz), 2.58
(l1H, dd, J=15.7, 6.1 Hz), 3.19 (3H, s), 3.21-3.24
(1H, m), 3.36-3.40 (2H, m), 3.67 (1H, dd, J = 9.5,
6.0 Hz), 3.70 (1H, dd, J=9.5, 6.0 Hz), 6.80 (2H,
a =

72

;
6
d, J = 8.6 Hz), 7.12 (2H, d, J
'H-NMR (CDCls) &: 1.05-0.99 (1H
1H, m), 1.80-1.21 (16H, m), 1.8
), 1.91-1.87 (1H, m), 2.71 (1
.7 Hz), 2.80 (1H, dd, J = 15.6,
H ), 4.07-4.02 (1H, m),
, Hz), 6.85 (2H, d, J = 8.

o

.8
4,
J Hz) .

73

Hz

0

= 8.
'H-NMR (CDC1ls) &: 1.
(8H, m), 1.83 (3H, d
2.05 (2H, s), 2.70
2.79 (1H, dd, J =1

8

30-1.24 (4H, m), 1.50-1.40

, J =2.2Hz), 1.90 (2H, s),

(l1H, dd, J = 15.7, 6.6 Hz),

5.7, 8.6 Hz), 4.06-4.02 (1H,
0
d,

m), 4.34 (2H, s), 70 (1H, s), 6.86 (2H, 4, J

74

5.
= 8.6 Hz), 7.27 (2H, J = 8.6 Hz).
'"H-NMR (DMSO-d ) 0: 1.00-1.58 (16H, m), 1.74 (3H,
d, J=2.4Hz), 2.03-1.90 (2H, m), 2.08 (1H, dd,
J =14.3, 6.6 Hz), 2.23 (1H, dd, J = 14.3, 6.6
Hz), 3.92-3.99 (1H, m), 4.32-4.40 (1H, m), 6.76
(2, 4, J = 8.4 Hz), 7.20 (2H, 4, J = 8.4 Hz).

75

'H-NMR (CDCls) &: 0.88-0.99 (2H, m), 1.17-1.28
(6H, m), 1.42-2.01 (14H, m), 2.62 (1H, dd, J =
15.66, 3.97 Hz), 2.83 (1H, dd, J =15.8, 9.6 Hz)
3.34-3.47 (2H, m), 3.71 (2H, ddd, J = 13.5, 7.3
4.7 Hz), 4.66 (1H, dd, J=9.7, 4.0 Hz), 6.88 (2H
dt, J =10.9, 3.5 Hz), 7.22 (2H, dt, J =9.2, 2.
Hz) .

N ]

76

TH-NMR (DMSO-d ¢) 6: 1.02-0.99 (1H, m), 1.75-1.13
(174, m), 1.90-1.85 (1H, m), 2.12 (1H, dd, J =
14.7, 7.4 Hz), 2.28 (1H, dd, J = 14.7, 6.8 Hz),
3.72 (1H, t, J = 8.6 Hz) 3.98-3.93 (1H, m), 4.11
(1H, dd, J = 9.6, 4.0 Hz), 6.81 (2H, d, J = 8.6
Hz), 7.21 (2, d, J = 8.6 Hz).

77

TH-NMR (CDCls) &: 0.75 (lH, t, J = 12.6 Hz),

0.97-0.90 (2H, m), 1.22-1.20 (3H, m), 1.77-1.41
(13H, m), 1.90-1.85 (3H, m), 2.63 (1H, dd, J =
15.1, 8.7 Hz), 2.74 (1H, dd, J = 15.1, 6.8 Hz),
3.68 (2H, dd, J = 6.0, 3.0 Hz), 4.16-4.10 (1H,
m), 5.55-5.51 (2H, m), 6.82 (2H, d, J = 8.6 Hz),




276 d,J =8.8Hz),7.20(2H,d,J=8.8 Hz). 108 151-NMR (DMS0- d6) 8:1.38-1.43(6H, m),1.55-1.65
(6H,m),1.94-1.96(2H,m),2.45-2.52(2H,m), 2.83(2H,t,J =7.7Hz),4.34(2H,d,J =15.3
Hz),5.60(1H,s),6.85(1H,dd,J= 8.5,2.7 Hz), 7.00(1H,d,J=2.6Hz),7.22(1H,d,J=8.7 Hz),12.17(1H,s). 109
151-NMR (DMSO0- d6) 8:1.46-1.49(6H, m),1.62-1.70 (6H,m),1.96(2H,t,J =5.7Hz),2.21(3H,s),
2.42(2H,t,J=7.8Hz),2.71(2H,t,J=7.8 Hz),4.29(2H,s),5 58(1H,s),6.66(1H,ad, J = 8.4,2.8 Hz),6.72(1H,d,J
= 2.88 Hz),7.01 (1H,d,J=8.4Hz),12.08(1H,s). 277 Table 38

7.14 (2H, d, J = 8.6 Hz).

'"H-NMR (CDC1l3) &: 1.00-0.72 (6H, m), 1.22-1.14
(4H, m), 1.75-1.51 (13H, m), 1.97-1.86 (2H, m),
78 2.66-2.51 (2H, m), 3.08-2.98 (1H, m), 3.62 (2H,
m), 3.70-3.66 (2H, m), 6.81 (2H, 4, J = 8.2 Hz),
7.07 (2H, d, J = 8.2 Hz).

'"H-NMR (DMSO-d ) 6: 0.73-0.96 (3H, m), 1.01 (3H,
t, J=7.0Hz), 1.18-1.88 (16H, m), 2.05 (1H, dd,
J =14.5, 6.5 Hz), 2.33 (1H, dd, J = 14.5, 7.0
Hz), 3.13-3.26 (2H, m), 3.66-3.74 (2H, m), 4.59
(l1H, £, J=6.6 Hz), 6.81 (2H, d, J =8.6Hz), 7.16
(2H, 4, J = 8.6 Hz).

79




Ex. No. NMR data of compound 110 151-NMR(CDC13)8:1.46-1.49(6H,m),1.62-1.70 (6H,
m),2.02-2.05(2H, m),2.65(2H,dt,J= 7.3, 3.5Hz),2.88(2H,t,J =7.8Hz),4.40(2H,s), 5.59(1H,s),5.64(1H,d,J
= 12.5Hz),6.66(1H, dd,J =8.2,2.2Hz),6.79(2H,t,J =4.1Hz). 111
151-NMR(CDC13)8:1.41-1.51(6H,m),1.59-1.70 (6H,m),2.06(2H,t,J=7.0Hz),2.67(2H,t, J
=8.0Hz),2.91(2H,t,J =8.0Hz),3.85(3H, s),4.42(2H,s),%57(1H,s),6.67-6.78(2H, m),6.80-6.87(1H,m). 112
151-NMR (DMSO0- d6) 8:1.38-1.42(6H, m),1.55-1.63 (6H, m),1.98(2H,t,J= 5.68 Hz),2.47-2.50(2H,
m),2.74(2H,t,J =7. 54Hz) 4.40(2H,d,J = 9.3Hz),5.58(1H,s),6.93(1H,dd,J=8.45, 1.2 Hz),7.02(1H,d,J =
8.8 Hz),7.05-7. 08(1Ha 923 (1H,s).

NMR data of compound

'"H-NMR (CDC1l3) &: 0.75-1.00 (3H, m), 1.21-1.26
(2H, m), 1.43-2.01 (14H, m), 2.63 (1H, dd, J =
15.7, 4.1 Hz), 2.85 (1H, dd, J = 15.7, 9.5 Hz),
3.24 (3H, s), 3.69-3.77 (2H, m), 4.57 (1H, dd,
J=9.5, 4.2 Hz), 6.90 (2H, ddd, J = 9.0, 4.4,
2.1 Hz), 7.24 (2H, dt, J = 9.3, 2.4 Hz).
'"H-NMR (CDC1l3) 6: 0.75-1.00 (3H, m), 1.10 (3H, d,
6.3 Hz), 1.19 (3H, 4, J =6.0 Hz), 1.21-1.26
, m), 1.43-1.79 (12H, m), 1.88-2.04 (2H, m),
1 (14, dd, J = 15.7, 3.8 Hz), 2.80 (1H, dd,
15.7, 9.6 Hz), 3.53-3.62 (1H, m), 3.73 (2H,
, J=15.6, 5.0 Hz), 4.79 (1H, dd, J = 9.6, 3.8
), 6.87-6.90 (2H, m), 7.22-7.27 (2H, m).
H-NMR (DMSO-dg) 8: 0.77-1.57 (16H, m), 1.78 (3H,
d, J=2.3 Hz), 1.87-1.99 (2H, m), 2.62 (2H, d,
82 J = 7.7 Hz), 3.34-3.53 (1H, m), 3.96-4.01 (1H,

m

(

NO.
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81

Il mmll

J
(2
2.
J
dgq
Hz
T

), 4.45 (2H, s), 7.25 (2H, 4, J =8.1 Hz), 7.32
2H,

"H-NM
3

d, J =38.1 Hz), 12.26 (1H, br s).
R (CDCl3) &: 0.78 (1H, t, J =12.6 Hz), 0.90
dd, J = 12.6, 5.2 Hz), 0.94-1.00 (1H, m),

(3H
1.22 (2H, dt, J =17.9, 5.2 Hz), 1.43-1.79 (15H,
g3 |m), 1.88-2.03 (2H, m), 2.63 (lH, dt, J = 11.8,
3.9Hz), 2.84 (1H, dd, J=15.7, 9.9 Hz), 3.26-3.37
(2H, m), 3.73 (2H, tt, J = 10.2, 4.1 Hz), 4.66
(14, dd, J=9.7, 3.7 Hz), 6.88-6.91 (2H, m), 7.23
(2H, ddd, J = 9.7, 5.3, 2.9 Hz).
TH-NMR (CDCls) &: 0.76 (1H, t, J = 12.7 Hz), 0.86
-0.99 (2, m), 1.13 (3H, t, J=7.5Hz), 1.20-1.27
(34, m), 1.37-2.03 (13H, m), 2.21 (2H, ddd, J =
15.0, 7.5, 2.2 Hz), 2.75 (2H, ddd, J = 33.4, 15.5,
7.6 Hz), 3.65-3.73 (2H, m), 4.06 (1H, td, J=6.5,
2.1 Hz), 6.82-6.85 (2H, m), 7.27-7.30 (2H, m).
'H-NMR (CDCls) &: 0.76 (1H, t, J = 12.6 Hz),
0.86-0.99 (2H, m), 1.20-1.24 (2H, m), 1.38-1.49
(84, m), 1.51-1.59 (1H, m), 1.65-1.79 (2H, m),
1.85-2.00 (2H, m), 2.29 (1H, d, J =2.4 Hz), 2.76
(14, dd, J=15.9, 6.4 Hz), 2.87 (1H, dd, J=15.9,
8.4 Hz), 3.65-3.73 (2H, m), 4.08-4.13 (1H, m),
6.85 (24, d, J = 8.4 Hz), 7.29 (2H, d, J = 8.4
Hz) .
TH-NMR (DMSO- d 4) &: 0.75 (1H, dd, J = 12.6, 12.6
Hz), 0.85-0.96 (2H, m), 1.18-1.24 (2H, m),
1.34-1.53 (10H, m), 1.62-1.75 (2H, m), 1.79-1.92
(2H, m), 2.54 (1H, dd, J = 15.4, 7.5 Hz), 2.63
(14, dd, J = 15.4, 7.5 Hz), 3.65-3.73 (3H, m),
4.98 (2H, br d, J =14.0 Hz), 5.89-5.98 (1H, m),
6.83 (24, d, J = 8.6 Hz), 7.11 (2H, d, J = 8.6
Hz), 12.06 (1H, br s).

84

85

86




113 151-NMR(CDC13)8:0.97-1.22(3H,m),1.35-1.50 (6H,m),1.54-1.69(6H,m),1.88(1H,d,J = 12.8
Hz),1.95-2.03(1H,m),2.75(2H,t,J= 6.8 Hz), 2.99(2H,t,J = 6.8Hz),4.31(1H,dd,J =9.5, 6.2
Hz),4.35(1H,dd,J= 9.5,6.2 Hz),7.08(1H, d,J =8.8Hz),8.05(1H,dd,J =8.8,2.2Hz), 8.33(1H,d,J=2.2Hz).
114 151-NMR(CDC13)8:0.99-1.30(6H,m),1.34-1.52 (4H,m),1.67-1.91(7H,m),2.64(2H,t,J =7.8
Hz),2.89(2H,t,J = 7.8 Hz),3.14-3.20(1H,m), 3.35(3H,9%75(2H,d,J = 6.3Hz),6.82(2H, dt,J
=9.3,2.5H7),7.11(2H,d,J =8.6Hz). 115 151-NMR(DMS0- d 6)8:0.89(3H.5),0.95(3H,S),

1.22-1.62(10H,m), T
3.68-3.75(2H,m),6.
8:0.26-0.31(4H, m)

60-1.66
31(2H,d
1.17-1.2

87

PARLIUR-9PMEH DTS), 2 48:2- 8T, 19 2. (2 ML I=7.6,HZ),
Iz 8,612)7¢.101(2H @!@J 816J;|ZJ)212606(L1;I'-| §) £16, 151 NMR. (@M
26(2H, m), 1.18-1.24 (2H, m), 1.35-1.53 (11H, m),
1.56-1.75 (3H, m), 1.79-1.92 (2H, m), 2.39 (1H,
dd, J = 15.3, 8.0 Hz), 2.53 (1H, dd, J = 15.3,
6.5 Hz), 2.77-2.84 (1H, m), 3.65-3.73 (2H, m),
6.81 (2H, d, J = 8.6 Hz), 7.08 (2H, d, J = 8.6
Hz), 11.93 (1H, br s).

88

'H-NMR (CDCls) &: 0.77 (1H, t, J = 12.6 Hz),
1.00-0.87 (2H, m), 1.21-1.27 (2H, m), 1.39-1.59
(10H, m), 1.67-1.81 (2H, m), 1.88-2.01 (2H, m),
2.66 (2, t, J = 7.8 Hz), 2.91 (2H, t, J = 7.8
Hz), 3.66-3.74 (2H, m), 6.83 (2H, d, J = 8.6 Hz),
7.12 (2H, d, J = 8.6 Hz).

89

'H-NMR (CDCls) &: 0.77 (1H, t, J = 12.6 Hz),

1.01-0.87 (2H, m), 1.20-1.27 (2H, m), 1.39-1.59
(10H, m), 1.66-1.80 (2H, m), 1.86-2.01 (2H, m),
2.66 (24, t, J = 7.7 Hz), 2.91 (2H, t, J = 7.7
Hz), 3.66-3.74 (2H, m), 6.83 (2H, d, J = 8.6 Hz),

7.12 (2H, d, J = 8.6Hz).

SO- d6)



(2H,m),1.36-1.38(1H,m),1.56-1.65(6H,m), 1.76-1.83(4H,m),1.93-2.03(1H,m),2.55-2.59
(2H,m),3.64-3.72(2H,m),3.90-3.94(1H,m), 6.83(2H,dt,J =9.4,2.5Hz),7.23(2H,dt,J
=9.4,2.5Hz),12.23(1H,s). 117 151-NMR(CDC13)8:1.78-1.90(2H,m),1.93-2.11
(6H,m),2.36(2H,t,J=7.0Hz),2.66(2H.t, J =8.0Hz),2.92(2H,t,J =8.0Hz),4.52(2H,
s),5.85(1H,s),6.86(2H,d,J =9.0Hz),7.12 (2H,d,J=9.0Hz).3118 151-NMR (DMSO0- d6) 8:1.30-1.40(2H,
m),1.61-1.66 (2H,m),1.71-1.91(8H,m),1.77(3H,d,J = 2.4 Hz),2.26-2.38(1H,m),2.56(1H,dd,J =15.1,
7.2Hz),2.60(1H,dd,J=15.1,8,0Hz),3.78 (2H,d,J = 6.8 Hz),3.93(1H,ddqg,J = 8.0,7.2,
2.4Hz),6.83-6.86(2H A £22.9.26(2H,m), 12.26(1H,brs). 278 119

Ex.
No.

NMR data of compound

"H-NMR (DMSO-d ) O: 1.19-1.43 (12H, m), 1.74 (3H,
s), 1.82-1.84 (2H, m), 1.95-2.02 (2H, m),

90 |2.19-2.28 (1H, m), 2.34-2.44 (1H, m), 3.97-4.06
(1H, m), 4.31 (2H, s), 5.69 (1lH, s), 6.79 (2H,
d, J = 7.2 Hz), 7.23 (2H, d, J = 7.2 Hz).

"H-NMR (DMSO-d ¢) 6: 1.38-1.45 (6H, m), 1.55-1.65
(6H, m), 1.74 (3H, d, J = 2.3 Hz), 1.96 (2H, t,
J = 5.7 Hz), 2.19-2.28 (1H, m), 2.34-2.44 (1H,
s),
(

o1 m), 4.05-3.97 (1H, m), 4.29 (2H, 5.57 (1H,

s), 6.81 (2H, d, J = 8.6 Hz), 7.23 (2H, 4, J =
8.6 Hz) .
'H-NMR (DMSO- d
(13H, m), 1.91
J = 14.7, 7.
92 |Hz), 2.73 (2
6.0 Hz), 3.8
(1, s), 6.7
J = 8.6 Hz).
TH-NMR (DMSO-d ¢) &: 1.38-1.44 (6H, m), 1.56-1.65

§) 0: 1.27-1.39 (8H, m), 1.47-1.74
(2H, £, 3 =5.7Hz), 2.23 (1H, dd,
0 Hz), 2.31 (1H, dd, J = 14.7, 8.0
H, t, J="7.5Hz), 3.28 (1H, t, J =
4-3.91 (1H, m), 4.27 (2H, s), 5.53
9 (2, d, J = 8.6 Hz), 7.18 (2H, d,

(6H, m), 1.77 (3H, 4, J = 2.6 Hz), 1.97 (2H, t,

93 J=6.3 Hz), 2.58 (2H, dd, J = 8.1, 1.9 Hz),
3.89-3.96 (1H, m), 4.32 (2H, s), 5.59 (1H, s),
6.86 (2H, 4, J = 8.8 Hz), 7.24 (2H, 4, J = 8.8
Hz), 12.22 (1H, s).

TH-NMR (DMSO-d 4) &: 1.27-1.42 (8H, m), 1.44-1.52
(2H, m), 1.53-1.70 (8H, m), 1.73 (3H, d, J =2.3
Hz), 1.94 (2H, t, J = 5.9 Hz), 2.28 (2H, dg, J
94 | = 40.2, 7.4 Hz), 2.68 (2H, t, J = 7.3 Hz), 3.19
(1H, t, J=6.6 Hz), 3.88-3.95 (1H, m), 4.29 (2H,
s), 5.56 (1H, s), 6.80 (2H, d, J = 8.8 Hz), 7.19
(2H, d, J = 8.8 Hz).

'H-NMR (DMSO- d ¢) &: 1.02 (3H, t, J = 7.1 Hz)
1.27-1.48 (12H, m), 1.54-1.62 (2H, m), 1.95-2.0
(2H, m), 2.08-2.17 (1H, m), 2.31-2.44 (1H, m)

14
1
14
3.15-3.28 (2H, m), 4.34 (2H, s), 4.61 (1H, t, J
14

95
=6.7Hz), 5.67 (1H, s), 6.85 (2H, d, J = 8.6 Hz)
7.18 (2H, d, J = 8.6 Hz).
"H-NMR (DMSO- d ) 8: 1.42-1.71 (4H, m), 1.77 (3H,
d, J=2.6 Hz), 1.79-1.85 (2H, m), 1.98-2.07 (3H,
96 m), 2.16-2.27 (3H, m), 2.56-2.60 (2H, m),

3.90-3.96 (1H, m), 4.36 (2H, s), 5.69 (1H, s),
6.87 (2H, 4, J = 8.8 Hz), 7.25 (2H, 4, J = 8.8
Hz),12.13 (1H, br s).

"H-NMR (DMSO- d ) 8: 1.42-1.71 (4H, m), 1.74 (3H,
d, J=2.3Hz), 1.79-1.85 (2H, m), 1.98-2.11 (4H,
97 m), 2.17-2.27 (4H, m), 3.92-3.99 (1H, m), 4.33
(2H, s), 5.69 (1H, s), 6.81 (2H, d, J = 8.6 Hz),
7.20 (2H, d, J = 8.6 Hz).




151-NMR(DMSO-d6) 8: 1.15-1.40 (14H, m), 1.45-1.52 (2H,m),1.60-1.68(1H,m),1.71(3H,d,J = 2.6
Hz),1.79(2H,brs),1.95(2H,brs),2.21(1H, J=14.7,7.4Hz),2.31(1H,ad,J=14.7,
7.4H2)2.71(2H,t,J=7.4Hz),3.24(1H,t, J=6.2 Hz),3.85-3.93(2H, m),4.30(2H,s),5.67
(1H,s),6.78(2H,d,J=8.8Hz),7.18(2H,d, J=8.8Hz). 120 151-NMR(D1)40-d 6)8:0.98(3H,t,J =7.1Hr),
1.24-1.68(21H, m),1.93(2H,t,J= 5.8Hz),2.14 (1H, dd, 3#24.6,5.8Hz),2.38(1H, dd, J=14.6,
7.9H2),2.71(2H,t,J =7. 4Hz) 3. 18(3H m) 4 30(2H s) 4 56(1H dd,J= 7 9, 5 8 Hz),5. 62
(1H,s),6.83(2H,d,J=8: T6(2 ;

invention are as follows, bu Qrgq{pr%s)entm\@jmpnﬁ np_t ﬂ{mnﬁzﬂ thgre;t@ ngpa@UQﬂ exgmpl
(capsule preparation) 5 1) Campound &b Example( 180 nag 2) Micrpenystallineeellulose10 mg 3)
Lactose1l9 mg 98 2.55-2.59 (2H, m), 3.89-3.95 (1H, m), 4.13-4.19
(1H, m), 4.30 (2H, s), 4.48 (1H, br s), 5.57 (1H,
s), 6.86 (2H, 4, J = 8.8 Hz), 7.23 (3H, 4, J =
8.8 Hz), 12.28 (1H, br s).

"H-NMR (DMSO-d ) 6: 1.34-1.42 (2H, m), 1.47-1.62
(6H, m), 1.64-1.71 (1H, m), 1.74 (3H, d, J = 2.6
Hz), 1.80-1.89 (1H, m) 1.92-1.97 (2H, m), 2.09
(1H, dd, g =14.6, 7.0Hz), 2.25 (1H, dd, J=14.6,
7.0 Hz), 3.96 (1H, td, J=7.0, 2.6 Hz), 4.12-4.18
(1H, m), 4.29 (2H, s) 4.55 (1H, br s), 5.56 (1H,
s), 6.79 (2H, d, J = 8.6 Hz), 7.20 (2H, d, J =
8.6 Hz).

99




4) Magnesium stearatel mg The ingredients 1) to 4) are mixed and filled into a gelatin
10capsule. Preparation example 2 (tablet preparation) 1) Compound of Example 1 10 g 2) Lactose
50 g 15 3) Cornstarch 15¢

275
Table 37

Ex.

NG NMR data of compound
"H-NMR (DMSO-d ) &: 1.35-1.42 (4H, m), 1.47-1.71
(bH, m), 1.77 (3H, d, J =2.3 Hz), 1.78-1.85 (1H,

100 m), 1.92-1.97 (2H, m), 2.56 (2H, dd, J=7.7, 2.3
Hz), 3.93 (1H, td J= 7.7, 2.3 Hz), 4.13-4.18
(1H, m), 4.32 (2 s), 5.69 (1H, s), 6.86 (2H,
d, J = 8.6 Hz), 7 24 (2H, d, J = 8.6 Hz).
"H-NMR (DMSO-d ) &: 1.35-1.42 (4H, m), 1.47-1.71
(bH, m), 1.74 (3H, d, J=2.3 Hz), 1.77-1.85 (1H,
m), 1.91-1.96 (2H, m), 2.09 (1H, dd, J = 14.¢6,

101 | 7.4 Hz), 2.25 (1H, dd, J = 14.6, 7.4 Hz), 3.96
(1H, td, J=7.4, 2.3 Hz), 4.12-4.18 (1H, m), 4.30
(2H, s), 4.52 (1H, br s), 5.67 (1H, s), 6.80 (2H,
d, Jd = 8.6 Hz), 7.20 (2H, d, J = 8.6 Hz).
"H-NMR (DMSO- d 4) O: 1.44- 1 70 (4H, m), 1.77 (3H,
d, J=2.4Hz), 1.80-1.85 (2H, m), 1.99-2.08 (3H,

102 m), 2.16-2.27 (3H, m), 2.57 (2H, dd, J =8.2, 2.4
Hz), 3.94 (1H, td, J = 8.2, 2.4 Hz), 4.36 (2H,
s), 5.70 (1H, s), 6.88 (2H, 4, J = 8.6 Hz), 7.25
(3H, d, J = 8.6 Hz).
"H-NMR (DMSO- d 4) 8: 1.42-1.70 (4H, m), 1.74 (3H,
d, J=2.3Hz), 1.78-1.85 (2H, m), 1.98-2.30 (8H,

103 |m), 3.96 (1H, td, J=7.0, 2.3 Hz), 4.33 (2H, s),
5.9 (1H, s), 6.81 (2H, d, J =8.6 Hz), 7.21 (2H,
d, J = 8.6 Hz).

'"H-NMR (DMSO-d ) &: 1.36-1.44 (2H, m), 1.48-1.64
(6H, m), 1.66-1.73 (1H, m), 1.77 (3H, d, J = 2.4

Hz), 1.81-1.90 (1H, m), 1.93-1.98 (2H, m), 2.57
104 (2H, dd, J = 7.6, 2.4 Hz), 3.93 (1H, td, J = "7.6,
2.4 Hz), 4.14-4.20 (1H, m), 4.31 (2H, s), 5.58

(l1H, s), 6.86 (2H, d, J = 8.6 Hz), 7.24 (2H, 4,
J = 8.6 Hz).

"H-NMR (DMSO-d ) 0: 1.35-1.43 (2H, m), 1.48-1.63
(6H, m), 1.68 (1H, dd, J = 13.3, 6.7 Hz), 1.74
(3, d, J=2.4 Hz), 1.80-1.89 (1H, m), 1.93-1.98
105 (2H, m), 2.09 (1H, dd, J = 14.6, 7.5 Hz), 2.24
(l1H, dad, J = 14.6, 7.5 Hz), 3.93-4.00 (1H, m),
4.13-4.19 (1H, m), 4.29 (2H, s), 4.53 (1H, br s),
5.56 (1H, s), 6.79 (2H, d, J =8.6 Hz), 7.20 (2H,
d, J = 8.6 Hz).
"H-NMR (DMSO-d ) 9: 1 35 .43 (4H, m), 1.47-1.71
(5H, m), 1.77 (3H, d, J = 3 Hz), 1.78-1.85 (1H,
106 m), 1.92-1.97 (2H, m), 2 52-2.57 (2H, m), 3.93
(1H, td, g =7.5, 2.3 Hz), 4.13-4.19 (1H, m), 4.32
(2H, s), 5.69 (1H, s), 6.86 (2H, d, J = 8.8 Hz),
7.16 (2H, d, J = 8.8 Hz).
"H-NMR (DMSO-d ) O: 1.35-1.42 (4H, m), 1.47-1.71
(5H, m), 1.74 (3H, d, J =2.6 Hz), 1.77-1.85 (1H,
107 m), 1.92-1.97 (2, m), 2.09 (1H, dd, J = 14.5,
7.5 Hz), 2.24 (1H, dd, J = 14.6, 7.5 Hz), 3.96
(1H, td, J=7.5, 2.6 Hz), 4.12-4.19 (1H, m), 4.30
(2H, s), 4.51 (1H, br s), 5.67 (1H, s), 6.80 (24,




4) Carmellose calcium 44 g 5) Magnesium stearate 1 g The whole amounts of 1), 2) and 3),
and 30 g of 4) are kneaded with water, dried in vacuo and sieved to give a granular powder. 20 14 g of
4) and 1 g of 5) are mixed with the granular powder and the mixture is compressed by a tableting
machine. In this way, 1,000 tablets containing 10 mg of the compound of Example 1 per tablet are
prepared. 25 Test example 1 Evaluation of effect of téstccompounds on Ca22mobilization by using a
stable GPR40-expressing cell Test method (1) Cell 280 A stable human GPR40-expressing HEK293

cell was used. (2) Cett meu"ucgr) preRargtign F}Q()ilceij' .CQIEUFPZH, d, J = 8.8 Hz).

'"H-NMR (DMSO-d ) &: 1.38-1.43 (6H, m), 1.55-1.65
(6H, m), 1.94-1.96 (2H, m), 2.45-2.52 (2H, m),
2.83 (2H, t, J 7.7 Hz), 4.34 (2H, d, J = 15.3

108 Hz), 5.60 (1H, s), 6.85 (1H, dd, J=8.5, 2.7 Hz),
7.00 (1H, d, J = 2.6 Hz), 7.22 (1H, d, J = 8.7
Hz), 12.17 (1H, s).
"H-NMR (DMSO-d ) 0: 1.46-1.49 (6H, m), 1.62-1.70
(6H, m), 1.96 (2H, t, J =5.7 Hz), 2.21 (3H, s),

109 2.42 (2H, t, §J = 7.8 Hz), 2.71 (2H, t, J = 7.8
Hz), 4.29 (2H, s), 5.58 (1H, s), 6.66 (1lH, dd,
J=28.4, 2.8 Hz), 6.72 (1H, d, J = 2.88 Hz), 7.01
(1H, 4, J = 8.4 Hz), 12.08 (1H, s).




A cell suspension was prepared such that the 5 above-mentioned cells were present at 6 x 105
cells/mL in a cell culture medium (D-MEM (Nikken Bio Medical Laboratory) supplemented with
10%(v/v) fetal bovine serum (Biowest) and 1%(v/v) penicillin-streptomycin solution (Invitrogen)). The
cell suspension was plated in a 384-well plate (poly-D-lysine 10 coated plate; Falcon) in a volume of
25 Rl/well, and the plate was incubated at 37C in an atiosphere of 5% CO2overnight. Each test
compound was added to the cell at each concentration as below, and then the change in intracellular
calcium level was measured by FLIPRIETRA (Molecular Devices). Before the FLIPP. 15 assay, the
following preparatlvg 3B ftion& were prepared. (3) Preparation of preparative solutions for FLIPP.
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|0#C8P’#85¢§Miﬁgto %F%%Témﬁd% Qéﬁr m), 1.34-1.52
H, m), (7H, m), 2.64 (2H, t, J = 7.8

Hz), 2.89 (2H, t, J = 7.8 Hz), 3 14—3.20 (1H, m),
3.35 (3H, s), 3.75 (2H, d, J =6.3 Hz), 6.82 (2H,
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dt, J =9.3, 2.5 Hz), 7.11 (2H, 4, J = 8.6 Hz).
'"H-NMR (DMSO- d ¢) 0: 0.89 (3H, s), 0.95 (3H, s),
1.22-1.62 (10H, m), 1.60-1.66 (4H, m), 1.97 (1H,
brs), 2.45-2.51 (2H, m), 2.74 (2H, t, J=7.6 Hz),
3.68-3.75 (2H, m), 6.81 (2H, d, J = 8.6Hz), 7.10
(2H, 4, J = 8.6 Hz), 12.06 (1H, s).

116

TH-NMR (DMSO-d ¢) 6: 0.26-0.31 (4H, m), 1.17-1.26
(2H, m), 1.36-1.38 (1H, m), 1.56-1.65 (6H, m),
1.76-1.83 (4H, m), 1.93-2.03 (1H, m), 2.55-2.59
(2H, m), 3.64-3.72 (2H, m), 3.90-3.94 (1H, m),
6.83 (2H, dt, J = 9.4, 2.5 Hz), 7.23 (2H, dt, J
= 9.4, 2.5 Hz), 12.23 (1lH, s).

117

'"H-NMR (CDCl;) &: 1.78-1.90 (2H, m), 1.93-2.11
(6H, m), 2.36 (2H, t, J = 7.0 Hz), 2.66 (2H, t,
= 0 Hz), 2.92 (2H, t, J = 8.0 Hz), 4.52 (2H,
85 (1H, s), 6.86 (2H, d, J = 9.0 Hz), 7.12

J = 8.
s), 5.
(2H, J = 9.0 Hz).
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TH-NM
2

d

R (DMSO-d ) 0: 1.30-1.40 (2H, m), 1.61-1.66
m), 1.71-1.91 (8H, m), 1.77 (3H, d, J = 2.4
2

z), 2.26-2.38 (1H, m), 2.56 (1H, dd, J = 15.1,

2H, d, J =6.8 Hz), 3.93 (1H, ddgq, J = 8.0, 7.2,

(2H

Hz)

7.2 Hz), 2.60 (1H, dd, J = 15.1, 8.0 Hz), 3.78
(2H

2.4

1

Hz), 6.83-6.86 (2H, m), 7.22-7.26 (2H, m),
6

2.26 (1H, br s).




calculated based on the % PosiC value, to compare between agonist activities of the test compounds.
(6) Result 5The results are shown in tables 39 to 42. In the tables, "++++" indicates 0.01 RM or more
but less than 0.1 RM, "+++" indicates 0.1 RM or more but less than 1 RM, "++" indicates 1 RM or more
but less than 10 RM, and "+" indicates 10 RM or more for 50% posiC value. 10In the tables, "N.I."
indicates "not tested”. 283 Table 39 Ex.No. 50% PosiC&alue 1 ++++ 2 ++++ 3 N.[. 4 ++++ 5N.I. 6
+++

TH-NMR (DMSO-d ¢) 06: 1.15-1.40 (14H, m), 1.45-1.52
(2H, m), 1.60-1.68 (1H, m), 1.71 (3H, d, J = 2.6
Hz), 1.79 (2H, brs), 1.95 (2H, brs), 2.21 (1H,
dd, J = 14.7, 7.4 Hz), 2.31 (1H, dd, J = 14.7,
7.4 Hz) 2.71 (2H, t, § = 7.4 Hz), 3.24 (1H, t,
J=6.2Hz), 3.85-3.93 (2H, m) 4.30 (2H, s), 5.67
(1H, s), 6.78 (2H, d, J = 8.8 Hz), 7.18 (2H, d,
J = 8.8 Hz).

119

"H-NMR (DMSO- d ¢) &: 0.98 (3H, t, J = 7.1 Hz),
1.24-1.68 (21H, m), 1.93 (2H, t, J=5.8Hz), 2.14
(1H, dd, J=14.6, 5.8 Hz), 2.38 (1H, dd, J=14.6,
120 | 7.9 Hz), 2.71 (2H, t, J = 7.4 Hz), 3.18 (3H, m),
4.30 (2H, s), 4.56 (1H, dd, d=7.9, 5.8 Hz), 5.62
(1H, s), 6.83 (24, d, J = 8.8 Hz), 7.16 (2H, d,

J = 8.6 Hz).
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Preparation examples of the present invention are as

follows, but the present invention is not limited thereto.

Preparation example 1 (capsule preparation)

1) Compound of Example 1 30 mg
2) Microcrystalline cellulose 10 mg
3) Lactose 19 mg
4) Magnesium stearate 1 mg

The ingredients 1) to 4) aremixed and filled into a gelatin

capsule.

Preparation example 2 (tablet preparation)

1) Compound of Example 1 10 g
2) Lactose 50 g
3) Cornstarch 15 g
4) Carmellose calcium 44 g
5) Magnesium stearate 1 g

The whole amounts of 1), 2) and 3), and 30 g of 4) are kneaded
with water, dried in vacuo and sieved to give a granular powder.
14 g of 4) and 1 g of 5) are mixed with the granular powder and
the mixture is compressed by a tableting machine. 1In this way,
1,000 tablets containing 10 mg of the compound of Example 1 per

tablet are prepared.

Test example 1

Evaluation of effect of test compounds on Ca’’ mobilization by
using a stable GPR40-expressing cell

Test method

(1) Cell



18 N.I. 19 ++++ 20 N.I. 21 + 22 +++ 23 N.|. 24 +++ 25 +++ 26 N.|. 27 +++ 28 ++++

10

15

20

25

280

A stable human GPR40-expressing HEK293 cell was used.

(2) Cell medium preparation and cell culture

A cell suspension was prepared such that the
above-mentioned cells were present at 6 x 10° cells/mL in a cell
culture medium (D-MEM (Nikken Bio Medical Laboratory)
supplemented with 10%(v/v) fetal bovine serum (Biowest) and
1%(v/v) penicillin-streptomycin solution (Invitrogen)). The
cell suspension was plated in a 384-well plate (poly-D-lysine
coated plate; Falcon) in a volume of 25 ul/well, and the plate
was incubated at 37°C in an atmosphere of 5% CO, overnight. Each
test compound was added to the cell at each concentration as
below, and then the change in intracellular calcium level was

TETRA

measured by FLIPR (Molecular Devices). Before the FLIPR

assay, the following preparative solutions were prepared.

(3) Preparation of preparative solutions for FLIPR assay
First, an assay buffer was prepared for use in the
preparation of a fluorescent dye solution and a diluent buffer
solution. The assay buffer was prepared by adding 1M HEPES
solution (Invitrogen) to Hanks’ Balanced Salt Solution
(Invitrogen), followed by adjusting the pH to 7.4 with 1M NaOH
(Nacalai Tesque). Next, the fluorescent dye solution and the
diluent buffer solution were prepared. The fluorescent dye
solution was prepared in accordance with the instruction manual
attached to F1luo—-4NW calcium assay kit (Invitrogen), followed
by addition of bovine serum albumin (Sigma) to a final
concentration of 0.1%(w/v). The diluent buffer solution was

prepared by adding bovine serum albumin (Sigma) to the assay
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buffer to give a final concentration of 0.1%(w/v).

(4) Pretreatment for FLIPR assay
After removing a medium supernatant from the cell culture
5 plate incubated overnight, the fluorescent dye solution was
added to the plate in a volume of 25 pul/well. The plate was
incubated at 37°C in an atmosphere of 5% CO, for 90 minutes to
promote the fluorescent dye uptake in the cell. Meanwhile, the
test compounds (i.e., the compounds prepared in Examples)
10 dissolved in dimethyl sulfoxide (DMSO; Nacalai Tesque) were
diluted with the diluent buffer solution, to prepare each
compound solution at each concentration. In addition, a
palmitic acid solution was prepared as a positive control
solution (hereinafter abbreviated as PosiC). A 40 pul aliquot
15 of each sample solution prepared as above was added to each well
of a 384-well polypropylene plate to prepare a compound plate.
Finally, after the sufficient uptake of the fluorescent dye in

the cell, the cell plate and the compound plate were set to

FLIPR™FA,
20
(5) FLIPR assay
After the above pretreatment, the change in intracellular
calcium level was measured by FLIPR™™ upon addition of 25 ul
of each test compound solution at each concentration.
25 The GPR40 agonist activity of each test compound at each

concentration was determined as a relative activity level (%
PosiC) with the intracellular calcium level induced by 80 UM
palmitic acid (a GPR40 agonist) set to 100%. Next, each

compound concentration corresponding to 50% PosiC was
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(o)

calculated based on the % PosiC value, to compare between

agonist activities of the test compounds.

(6) Result

The results are shown in tables 39 to 42. 1In the tables,
“++++"” indicates 0.01 UM or more but less than 0.1 uM, “+++"”
indicates 0.1 WM or more but less than 1 UM, “++” indicates 1
UM or more but less than 10 UM, and “+” indicates 10 UM or more
for 50% posiC wvalue.

In the tables, “N.T.” indicates “not tested”.
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Table 39
Ex. No 50% PosiC wvalue

1 ++++
2 ++++
3 N.T.
4 ++++
5 N.T.
6 +++
7 N.T.
8 +++
9 +++
10 N.T.
11 +++
12 N.T.
13 N.T.
14 +++
15 N.T.
16 +++
17 +++
18 N.T.
19 ++++
20 N.T.
21 +

22 +++
23 N.T.
24 +++
25 +++
26 N.T.
27 +++
28 ++++
29 +++
30 +++
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Table 40
Ex. No. 50% PosiC wvalue
31 N.T.
32 +++
33 N.T.
34 +++
35 N.T.
36 N.T.
37 +++
38 N.T.
39 +++
40 ++++
41 ++++
42 ++++
43 N.T.
44 ++
45 N.T.
46 ++
477 +++
48 ++
49 ++
50 +++
51 ++
52 ++
53 ++
54 ++
55 +++
56 ++
57 ++
58 ++
59 +++
60 ++
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Table 41
Ex. No. 50% PosiC wvalue

61 +
62 +
63 +++
64 +++
65 ++
66 +++
67 +
68 ++
69 ++
70 +++
71 ++
72 ++
73 +++
74 N.T.
75 +++
76 N.T.
77 +++
78 ++
79 N.T.
80 ++
81 +++
82 ++
83 +++
84 ++
85 ++
86 ++
87 ++
88 ++
89 ++
90 N.T.
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Table 42
Ex. No. 50% PosiC wvalue

91 +++
92 +++
93 N.T.
94 ++
95 N.T.
96 N.T.
97 +++
98 N.T.
99 ++
100 N.T.
101 +++
102 N.T.
103 +++
104 N.T.
105 ++
106 N.T.
107 +++
108 ++
109 ++
110 +++
111 +
112 +
113 ++
114 +
115 ++
116 ++
117 ++
118 +++
119 +++
120 +++
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Test example 2
Evaluation of test compounds on insulin secretion using rat
isolated islets of Langerhans
Test method
5 (1) Rat islets of Langerhans are isolated frommale Wister rats

(Charles River Laboratories).

(2) Preparation of each solution for use in the isolation of
islets of Langerhans

10 Fach solution for use 1in the isolation of islets of
Langerhans is prepared. A collagenase solution is prepared by
dissolving collagenase at a concentration of 1 mg/mL in Hanks’

Ralanced Salt Solution (Invitrogen) containing 1% (v/v)

kanamycin sulfate (Invitrogen) (hereinafter referred to as
15 HBSS/1%(v/v) kanamycin solution). Ficoll-Conray solutionA is

prepared by dissolving Ficoll (Nacalai Tesque) inMilli Q water,
followed by adding Conray400 (Conray 1is the trademark
registered by Daiichi Pharmaceutical Co.) thereto.
Ficoll-Conray solution D is prepared by mixing equal volumes
20 of the above solution A and Otsuka Distilled Water (Otsuka
Pharmaceutical Factory). Ficoll-Conray solution C is prepared
by mixing equal volumes of the Ficoll-Conray solutions A and
D, and Ficoll-Conray solution B is prepared by mixing equal
volumes of the Ficoll-Conray solutions A and C. A culture
25 medium for islets of Langerhans is prepared by supplementing
D-MEM (low glucose) (Nikken Bio Medical Laboratory) with
10%(v/v) fetal bovine serum (Biowest) and 1% (v/v) kanamycin
sulfate (Invitrogen) (hereinafter referred to as D-MEM (LG)/10%

FBS/1% kanamycin) .
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(3) Method for isolating islets of Langerhans from Wister rats

Rats are anesthetized with pentobarbital and subjected to
laparotomy for exposing the abdominal organs. After the common
bile duct is clamped at the duodenal side and then cannulated
from the liver side, a collagenase solution (1 mg/ml) is
injected slowly to fill the pancreas with. The pancreas 1is
isolated and then incubated at 37°C in an atmosphere of 5% CO,
for about 20 minutes. The digested pancreas is suspended in
HBSS/1%(v/v) kanamycin solution and the suspension 1is
transferred to a glass tube. After centrifuging the suspension
and then removing the supernatant, the resulting precipitate
is suspended in 3.8 mL of Ficoll-Conray solution A. On this,
1.8 mL of Ficoll-Conray solution B, 1.8 mL of Ficoll-Conray
solution Cand 2.0 mL of Ficoll-Conray solution D are superposed
successively. After centrifugation, islets of Langerhans
present in the boundary between the solutions C and D are
collected into 6 mL of D-MEM (LG) /10% FBS/1% kanamycin, followed
by further centrifugation. After removing the supernatant,
the precipitate is resuspended in 6 mL of D-MEM (LG)/10% FBS/1%
kanamycin. After removing contaminants, the islets of
Langerhans are maintained at 37°C in an atmosphere of 5% CO,

until they are used for the evaluation of the compounds.

(4) Method for evaluating the test compounds on insulin
secretion

D-MEM (LG)/10% FBS/1% kanamycin is added to a 6-well plate
(Falcon) inavolume of 1.5mL/well. After islets of Langerhans

of almost the same size are selected with a stereomicroscope,
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5 islets are placed into each well. The islets of Langerhans
are transferred into another 6-well plate (Falcon) filled with
3.3 mM glucose-contained Krebs Ringer Bicarbonate/0.2%(w/v)
bovine serum albumin without free fatty acids
(Sigma) (hereinafter referred to as KRB/0.2% BSA solution), and
incubated at 37°C in an atmosphere of 5% CO,. After 60 minutes,
the above KRB/0.2% BSA solution is replaced with 3.3 mM or 11.2
mM glucose-contained KRB/0.2% BSA solution containing the
respective test compounds, followed by incubation at 37°C in
an atmosphere of 5% CO, for 60 minutes. The respective test
compounds are dissolved in dimethyl sulfoxide (DMSO; Nacalai
Tesque) and the final concentration of DMSO is 1%(v/v) upon
addition of the test compound to the cell. 60 minutes after
addition of the respective test compounds, the supernatants are
collected. The insulin level in the supernatant is determined
by using ultrasensitive rat insulin kit (Morinaga Institute of
Biological Science). The result of the evaluation is shown as
a relative activity level (% Control), which is represented as
the insulin secretion level of the group treated with the test

compound relative to that of the control group.

Test Example 3
Glucose tolerance test in Wister rats

Male Wister rats (Charles River Laboratories) are fasted
for about 16 hours from the day before the experiment day. 30
minutes after oral administration of the respective test
compounds at doses of 0.1 to 30 mg/kg body weight, rats are
administered orally with a glucose solution at a dose of 2 g/kg

body weight. 0, 30, 60 and 120 minutes after the administration,
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Langerhans Test method 5(1) Rat islets of Langerhans are isolated from male Wister rats (Charles
River Laboratories). (2) Preparation of each solution for use in the isolation of islets of Langerhans
10Each solution for use in the isolation of islets of Langerhans is prepared. A collagenase solution is
prepared by dissolving collagenase at a concentratiod ¥ 1 mg/mL in Hanks' Balanced Salt Solution
(Invitrogen) containing 1% (v/v) kanamycin sulfate (Invitrogen) (hereinafter referred to as 15
HBSS/1%(v/v) kanamycin solution). Ficoll-Conray solutionA is ﬁrepared by dissolving Ficoll (Nacalai

lesque) in MillPO3IWste? FBRIED by titing Eoniay4G0 ECoray S irftrddémanie régidtered by Daiichi
Pharmaceuticgl/Cq,), theretg. Ficll-Goptay,solutiom D is prepared, by mixing egual yolymes;2Q of the
above solution A and Otsuka Distilled Water (Otsuka Pharmaceutical Factory). Ficoll-Conray solution
C is prepared by sniking dgueat Velumes of thexBicallfJonray solutions A and DicarekrRicolCdnray
solution B is prepared by mixing equal volumes of the Ficoll-Conray solutions A and C. A culture 25
medium for isIBSGFLAHYEThaHS 8 prephied By SuppRhikHiihg B-MEM ([RF §iico S8y ANIdEN Bic)
Medical L@bor@ffgy)gwgg;ln%%(%@Lfﬁt@hboyg\%a%rurgr(glowg%ﬁﬂgrﬂe‘%q(vw kanapmycin, sulfa
(Invitrogen) (hereinafter referred to as D-MEM(LG)/10% FBS/1% kanamycin). 288 (3) Method for
isolating isletswf tamgerhansifrem Wister ratssRatsarekainesthietizedrwithepeitobarbitat and stibjected
to laparotomy for exposing the abdominal organs. After the common 5 bile duct is clamped at the

duodenal sideyREH CANNUTSEEHEM the liversideS §ROAdeTasd SSiuticrP@RRGMIY is Higcted

slowly to fill the papcreaswith, Thespaneress xisnlpted and thensincpbatedat 37C inan gimesphere
of 5% CO2 for about 20 minutes. The digested pancreas is suspended in 10 HBSS/1%(v/v) kanamycin
solution and thedsuspesisicrtisdransferféd to @cglass tubelrAfter cerdtrifaging the saspensiontand then
removin%the supeorn(?{t?nt, the resultingilprecipitate is suspended in 3.8 mL of Ficoll-Conray solution A.
On this, 1% mt ot FICEINEhray ¥oiftion 8 1 8mt orFicARcontay 1578oitiftér 8 and 2B rhE bf
Ficoll-Conray gl %@Dt@fi% superResed-suceassively. Aftes ceptiifigation, islets eflangerhaps
present in the boundary between the solutions C and D are collected into 6 mL of
D-MEM(LG)/10%FBS/4 9tkamanaycirg, foHoveed by further centrifugation. After removing the
supernatant, 20 the precipitate is resuspended in 6 mL of D-MEM (LG)/10%FBS/1% kanamycin. After
removing contaminants, the islets of Langerhans are maintained at 37C in an atmosphere of 5% CO2

until they are usgstfertheyevalgatiangkthecgempounds. 25(4) Method for evaluating the test
compounds on insulin

15 The compound, a pharmaceutically acceptable salt thereof
or a solvate thereof of the present invention is useful as a
GPR40 agonist medicament for treating or preventing diabetes
mellitus, hyperglycemia, impaired glucose tolerance, impaired
fasting glucose and the like.

20



secretion  D-MEM (LG)/10% FBS/1% kanamycin is added to a 6-well plate (Falcon) in a volume of
1.5 mL/well. After islets of Langerhans of almost the same size are selected with a stereomicroscope,
289 5 islets are placed into each well. The islets of Langerhans are transferred into another 6-well
plate (Falcon) filled with 3.3 mM glucose-contained Krebs Ringer Bicarbonate/0.2%(w/v) bovine serum
albumin without free fatty acids 5 (Sigma) (hereinaftes referred to as KRB/0.2% BSH&®kitbn), and
incubated at 37C in an atmosphere of 5% 002. After 60 minutes, the above KRB/0.2% BSA solution is
replaced with 3.3 mM or 11.2 mM glucose-contained KRB/0.2% BSA solution containing the
respective test compounds, followed by incubatictL&T¥#C in 10 an atmosphere of 5% CO2 for 60
minutes. The respective test compounds are dissolved in dimethyl sulfoxide (DMSO; Nacalai Tesque)
and the final concentration of DNS() is 1%(v/v) upon addition of the test compound to the cell. 60
minutes after addition ofdhe respective test sempunds, 16 sHRematanis-areIxcalieqted; The insulin
level in the supernatant is determined by using ultrasensitive rat insulin kit (Morinaga Institute of
Biological Science).) fine result of the evaluation is shown as a relative activity level (% Control), which
is represented nsulin secretion level of the group treated with the test 20 compound relative to
9

that of the contrq Wp. Test Example 3 Glucose toldfrance tgst in Wister rats Male Wister rats
(Charles River Labdratories) are fasted 25 for about 16 hours|from the day before the experiment day.

30 minutes af¢ ral"administration of th pectivete unds at doses of 0.1 to 30 mg/kg body

weight, rats are Adminjstered orally with & glucose solution at a d8&e of 2 g/kg body weight. 0, 30, 60

and 120 minutesg the admi@istration @ blgod samples (about 20 il%are collected via the tail
vels. The plasma glucose

vein of each rat to dete Iljﬁl/lgs}ﬁ cos els2 and plasma insulin |
levels are determined by HéXxokihas method using apbiochemistry automatic analyzer. 5 The plasma
insulin levels are determined by ELISA using ultrasensitive rat insulin kit (Morinaga Institute of
Biological Sciémee}.iTh&respective test compounds are suspended in 0.5%(w/v) methyl cellulose for
use in the oral adminjstration.The control group is administered with 100.5%(w/v) methyl cellulose
solution. For eballtiBy 4 PaFBd dF Wlitiple comparison test is performed with the control group to
determine anefficacy: INDUSTRIALARREJCABILITY 15The compound, a pharmaceutically
acceptable salt thereof

{3) a C;-Cs alkenyl group,

(4) a C;-Cgs alkynyl group,

10 {5) a 1-Cs aikoxy group,
{6} a hydroxy C,-Cs; alkyl group,
{7} a C1-Cs alkoxy (C:-Cg) alkyl group,
(8) ~CONR™R™ in which R and R' are the same or different and
each represents a hydrogen atom or a (;-Cs alkyl group,

15 {9) a phenyl group or
{(10) a five-membered heterocaryl group which has at least one
hetercatom selected from the group consisting of a nitrogen atom,
an oxygen atom and a sulfur atom, and which may be substituted
by a C:~Cs alkyl group;

20 R’ is
{1) a2 halogen atom,
(2) a C1-Cs alkyl group,
(3) a hydroxy group or

(4) a C;~Cs alkoxy group;



or a solvate thereof of the present invention is useful as a GPR40 agonist medicament for treating or
preventing diabetes mellitus, hyperglycemia, impaired glucose tolerance, impaired fasting glucose and
the like. 20 291MCSLLP CLAIMS 1. A Spiro compound of the following general formula [la] : 5
wherein R1 is (1) a hydrogen atom, (2) a C1-06 alkyl group, (3) a C2-C6 alkenyl groype ) & C2-C6
alkynyl group, 10(5) a C1-C6 alkoxy group, (6) a hyglsoxy C1-05 alkyl group, (7) a C1-C6 alkoxy
(C1-C6) alkyl group, (8) -CONR11R12 in which R11 and R12 are the same or different and each
represents a hydrogen atom or a C1-C6 alkyl group, 15(9) a phenyl group or (10) a five-membered
heteroaryl grgupiwhith Has at leastzone heteroatom selected from the group consisting of a nitrogen
atom, an oxygen atom and_a sulfur atom, and which may be substituted by a C1-C6 alkyl group; 20R2

is (1) a halogén aforft, & &ET-C6-8lRyPgrotipht trogen atom;

ml is 0, 1 or 2;
m2 ig 0 oxr 1:
5 a gpirc-ring 2B may be substituted by 1 to 5 same or different

substituent{s) selected from the group.consisting of
(1) a hvdroxy group,
(2} a C1-Cs alkyl group,
(3} a C1-Cy alkoxy group and

10 (4) an oxo group;
ni is ¢, 1, 2, 3 or 4;
n2 is 1, 2, 3 or 4;
n3 is 0, 1 or 2 with the proviso that n2 + n3 is 2, 3 or 4; and

a bond represented by the symbol:

15
means a single bond or a double bond with provisc that three
contiguous carbon atoms do not constitute an allene bond
represented by the formula:

20

or a pharmaceutically acceptable galt thereof, or solvate

thereof.

2. The spirc compound as claimed in Claim I, wherein the

25 spiro-ring AB is represented by the formula:



(3) a hydroxy group or (4) a C1-C6 alkoxy group; MCSLLP 292 pis 0, 1, 2 or 3; X is a carbon atom or
a nitrogen atom; mlis 0, 1 or 2; m2 is 0 or 1; 5 a spiro-ring AB may be substituted by 1 to 5 same or
different substituent(s) selected from the group consisting of (1) a hydroxy group, (2) a C1-05 alkyl
group, (3) a C1-C6 alkoxy group and 10(4) an oxo group; n1is0,1,2,30r4;n2is 1, 2,3 o0r4;n3is 0,
1 or 2 with the proviso that n2 + n3 is 2, 3 or 4; and adond represented by the symbol:weﬁr[\_%a single
bond or a double bond with proviso that three contiguous carbon atoms do not constitute an allene
bond represented by the formula: or a pharmaceutically acceptable salt thereof, or solvate thereof.
293MCSLLP ni

wherein each symbol is as defined in claim 1, or a

pharmaceutically acceptablie salt therecf, or solvate thereof.

5 3. The spiro compound ag claimed in Claim 1, wherein the
number cf the double bonds in ring A of the spiro-ring AR is
0 or 1, or a pharmaceutically acceptable galt thereof, or

solvate thereof.

10 4. The spiro compound as claimed in any one of Claims 1
to 3, wherein the number of the doublie bonds in ring B of the
gpiro-ring AB is 0 or 1, or a pharmaceutically acceptable zalt

thereof, or golvate thereof.

15 5. The gpiro compound as claimed in any one of Claims 1
to 4, wherein n3 is 1 or 2, or a pharmaceutically acceptable

salt thereof, or solvate thereof.

6. The gpiro compound as claimed in any one of Claims 1
20 to 5, wherein the spiro-ring AB ig repregented by the following

formula:



wherein each symbol is as defined in claim 1, or a pharmaceutically acceptable salt thereof, or solvate
thereof. 3. The Spiro compound as claimed in Claim 1, wherein the number of the double bonds in
ring A of the spiro-ring AB is 0 or 1, or a pharmaceutically acceptable salt thereof, or solvate thereof.
104. The spiro compound as claimed in any one of Claims 1 to 3, wherein the et the double
bonds in ring B of the spiro-ring AB is O or 1, or a phagmaceutically acceptable salt thereof, or solvate
thereof. 155. The spiro compound as claimed in any one of Claims 1 to 4, whereinn3is 1 or 2, or a
pharmaceutically acceptable salt thereof or solvate thereof. 6. The spiro compound as claimed in

any one of CIa 20 to 5, 2d by the folldwing formula:
MCSLLP rein the 0 5 same ifferent substituent(s)
selected from t Up tons Xy_group, x0 group and a CI-Cs
alkoxy group, or a pharmaceutlcally acceptable salt thereof or solvate thereof. 7.The spiro
compound as .

to 3 10 same o 1ie acce table salt thereof, or solvate
thereof. MCSL

and wherein the spiro-ring AB may be substituted by 1 to 5 same
or different gubstituent (g) selected from the group consisting
of a C;-C¢ alkyl group, a hydroxy group, an oxo group and a C;-Cg
5 alkoxy group, or a pharmaceutically acceptable salt thereof,

or solvate thereof.

7. The spiro compound as claimed in any one of Claims 1
to 6, wherein the spiro-ring AR may be subsgtituted by 1 to 3
10 same cr different substituent(s), or a pharmaceutically

acceptable salt thereof, or solvate thereof.

8. The spiro compound as claimed in any one of Claims 1



10 each represents a hydrogen atom or a C1-C6 alkyl group, or (8) a five-membered heteroaryl group
which has at least one heteroatom selected from the group consisting of a nitrogen atom, an oxygen
atom and a sulfur atom, and which may be substituted by a C1-C6 alkyl group, or ayphgymaceutically
acceptable salt 15 thereof, or solvate thereof. 9. The spiro compound as claimed in any one of
Claims 1 to 8, wherein Rl is 20(1) a hydrogen atom,(2) a 02-05 alkenyl group, (3) a C2-C6 alkynyl
group, (4) a Ci-C6 alkoxy group or (5) a five-membered heteroaryl group which has at least one 25
heteroatom selected from the group consisting of a nitrogen atom, an oxygen atom and a sulfur atom,
and which may, be substituted by a Ci-C6 alkyl group, or a pharmaceutically acceptable salt thereof, or
solvate thereof. MCSLLP 296 10. The spiro compound as claimed in any one of Claims 1 to 9,
wherein p is B%#4S 8F afpharfnaceutically acceptable salt thereof, or solvate thereof. 511. The spiro
compound as claimed in.any one of Claims 1 to 10, wherein R2 is (1) a C1-C6 alkyl group, (2) a
hydroxy grousé)gofarl 150( 3]?;11 CE%%% ﬁql%g?&’group, or a pharmaceutically acceptable salt

{2) a C-C¢ alkyl group,

g {3) a &;-C¢ alkenyl group,
{4} a C;-C alkynyl group,
{5) a C1-Cs alkexy group,
{6) a C-Cy alkoxy (;-C5) alkyl group,
(7) -CONR™R' in which R and R'® are the same or different and
10 each represents a hydrogen atom or a C;~Cp alkyl group, or
(8) a five-membered heterocaryl group which has at least one
heteroatom gselected from the group consisting of anitrogenatom,
an oxygen atom and a sulfur atom, and which may be substituted
by a C;-Cs; alkyl group, or a pharmaceutically acceptable salt

i5 thereof, or solvate thereof.

9. The spiro compound as claimed in any one of Claims 1
to 8,
wherein R' is
20 (1} a hydrogen atom,
(2} a Cy-Cs; alkenvl group,
(3} a Cy-Cs alkynyl group,
(4} a C1-C¢ alkoxy group Or
(5) a five-membered hetercaryl group which has at least one
25 heteroatom selected from the group consisting of a nitrogen atomn,
an oxygen atom and a sulfur atom, and which may be substituted
by a C1-Cs; alkyl group, or a pharmaceutically acceptable salt

thereof, or solvate thereof.



thereof, or solvate thereof. 12. The spiro compound as claimed in any one of Claims 1 to 11,
wherein mlis 0 or 1, or a pharmaceutically acceptable 15 salt thereof, or solvate thereof. 13. A
spiro compound of the following general formula [I] : n1  (CH2)m1(CH2)tn2 whergjjrR| {$20(1) a
hydrogen atom, (2) a C1-C4 alkyl group, (3) a C2-C4 alkenyl group, (4) a C2-C4 alkynyl group,
(5) a C1-C4 alkoxy group, 25(6) a hydroxy C1-C4 alkyl;group, MCSLLP 297 (7) a 01-C4 alkoxy
(CI-C4) alkyl group, (8) -CONR11R12 in which Rlland R12 are the same or different and each
represents a hydrogen atom or a C1-C4 alkyl group, (9) a phenyl group or 5 (10) a five-membered
heteroaryl group whith Hassatsieastonehptarodions seletiea:flonra aitrogereato, Ak oxygen atom
and a sulfur atom, and which may be substltuted b a Cl-C4 alkylcgroup, mlis 0, 1 or 2;

to ¢, wherelnp is 0 oY 1, Or a pharmaceuti 1y acceptable’'salt

thereof, or solvate thereof.

5 11. The spirc compound as claimed in any one of Claims 1
to 10,
wherein R® is
{1) a C:-Cs alkyl group,
(2) a hydroxy group or
10 (3} a C;-Cs alkoxy group, or a pharmaceutically acceptable galt

thereof, or solvate therecof.

12. The spiro compound as claimed in any one of Claims 1
to 11, wherein mi is 0 or 1, or a pharmaceutically acceptable

15 galt thereof, or solvate thereof.

13. A spiro compound of the following general formula [I]:
1

an
{ n3 OH

A {1
(CH,) m1\ (CH,) m,

wherein R® is

20 (1) a hydrogen atom,
(2) a Ci-C; 2lkyl group,
(3} a C,-C; alkenyl group,
(4) a C;-Cy alkynyl group,
(5) a C;-Cy alkoxy group,

25 (6} a hydroxy C.~C, alkyl group,



10 m2is O or 1; a spiro-ring AB may be substituted by 1 to 5 same or different substituent(s) selected
from (1) a hydroxy group and (2) a CI-C4 alkyl group; 15nlis 2,3 or 4;n2is 1, 2,0r 3;n3is 0, 1 or 2
with the proviso that n2 + n3 is 2 or 3; and a bond represented by the symbol: 20 ] ingle bond
or a double bond with proviso that three contiguous carbon atoms do not constitute % ;%ﬁe bond
represented by the formula: or a pharmaceutically acceptable salt thereof, or solvate 25 thereof.
MCSLLP 298 or a pharmaceutically acceptable salt thereof or solvate thereof; or which is
represented by one of the following formulae: MCSLLP 299

(7} a Ci1-C: alkoxy (C;-C.) alkyl group,

(8) —CONRMR™ in which R' and R"™ are the same or different and
each represents a hydrogen atom or a C;-C, alkyl group,

(2) a phenyl group or

(10) a five-membered heteroaryl group which has at least one

)

heteroatom selected from a nitrogen atom, an oxygen atom and
a sulfur atom, and which may be substituted by a Ci-Cy alkyl
group;
mi is 0, 1 or 2;
10 m2 is 0 or 1;
a spiro-ring AB may be substituted by 1 to 5 same or different
substituent (s} selected from
{1) a hydroxy grocup and
{2y a Ci~C; alkyl group;
15 nl is 2, 3 or 4;
n2 is 1, 2, or 3;
n3 is 0, 1 or 2 with the proviso that n2 + n3 is 2 or 3; and

a bond represented by the symbol:

20 means a single bond or a double bond with proviso that three
contiguous carbon atoms do not constitute an allene bond

represented by the formula:

=<

or a pharmaceutically acceptable salt thereof, or solvate

25 thereot.

14. The spirc compound as claimed in Claim 1, which is

represented by one of the following formulae:



OHOH 0 C/C 09 Ck:r NE12N112 MCSLLP 300  15. The spiro compound as claimed in Claim 1,
which is represented by the following formula: 0 or a pharmaceutically acceptable salt thereof, or a
solvate 5 thereof.  16. The spiro compound as claimed in Claim 1, which is represented by the
following formula: 10 or a pharmaceutically acceptable salt thereof, or solvate therdd€SLLE7. The
Spiro compound as claimed in Claim 1, which is repreggnted by the following formula:

OOJQ{ L
OH
0 H

l\O (o

or a pharmaceutically acceptable salt thereof or sclvate
thereof; or which is represented by one of the following

formulae:



15 or solvate thereof. MCSLLP 301  18. The Spiro compound as claimed in Claim 1, which is
represented by the following formula: or solvate thereof. 19. The spiro compound as claimed in
Claim 1, which is represented by the following formula: or solvate thereof. 20. The spiro compound
as claimed in Claim 1, which is represented by the following formula: OH 0 WH2yogsglvate thereof.
MCSLLP 302 compound as defined in any one of Clagms 1 to 20, or a pharmaceutically acceptable
salt thereof, or solvate thereof, and a pharmaceutically acceptable carrier.

0 0”0
COH 0_
SO 0

0
O@m | o Uyt 0
NHZ

3 3

or solvate thereof.



522. A GPR40 agonist medicament, which comprises a spiro compound as defined in any one of
Claims 1 to 20, or a pharmaceutically acceptable salt thereof, or solvate thereof, as an effective
ingredient. 1023. An insulin secretion-promoting agent or a hypoglycemic agent, which comprises a
spiro compound as defined in any one of Claims 1 to 20, or a pharmaceutically acce[#t&Bld.Balt thereof,
or solvate thereof, as an effective ingredient. 1524. A pharmaceutical composition for use in treating or
preventing a disease selected from the group consisting of diabetes mellitus, hyperglycemia, impaired
glucose tolerance and impaired fasting glucose, which comprises a spiro compound as defined in any
one of Claims 1 to 26, .or&phamiaceuticaly20@ceeptabie sedtithereaf L ari solvatevthérgof ias an
effective ingredient.  25. Use of a spiro compoundasdefined in any one of Claims 1 to 20, or a
pharmaceuticaffy SEESHtabTR 31t thefedt Cor 28 $BR afe iBYESt, for the production of an insulin
secretion-promoting agent or a hypoglycemic agent. MCSLLP 303 solvate thereof, for the production
of a pharmaceutical composition for treati preventing a disease selected from the group
consisting of diabetes mellitus, hypere}jﬂ'@ Bajred-glucose tolerance and impaired fasting
glucose. 27. The spiro compound efined in aQy dhe g&€laims 1 to 20, or a pharmaceutically
acceptable salt thereof, or solvate thereof, for use in promofing insulin secretion or lowering blood
glucose level. 10 28. The spiro compound as defined inag Phhe of Claims 1 to 20,0ra
pharmaceutically acceptable salt thereof, or solvate thereof, 8r use in treating or preventing a disease
selected from the group consisting of diabetes mellitus, hyperglycemia, 15 impaired glucose tolerance
and impaired fasting glucose. 29. The pharmaceutical composition for use in treating or preventing
a disease as Chifle @ IFEMIT 4 Witertin e fitdace & diadcteSNREIRAS. 26T 236°F&ESe of a
spiro compoungd.oLa pharmaceutically acceptablesaltthereof, orsolvatethereof, according to Claim 26,
wherein the disease is diabetes mellitus. 2531. The compound, or a pharmaceutically acceptable salt

16. The spiro compound as claimed in Claim 1, which is

represented by the feollowing formula:

10 or a pharmaceutically acceptable salt thereof, or solvate

thereof.

17. The spiro compound as c¢laimed in Claim 1, which is

represented by the following formula:

15

or solvate thereof.



thereof, or solvate thereof, for use in treating or preventing a disease as claimed in Claim 28, wherein
the disease is diabetes mellitus. MCSUP 304  32. The pharmaceutical composition for use in
treating or preventing a disease as claimed in Claim 24, wherein the disease is typélA tidbetes
mellitus. 533. The use of a spiro compound, or a pharmaceutically acceptable salt thereof, or of
solvate thereof, according to Claim 26, wherein the g&ease is type 2 diabetes mellitus. 34. The spiro
compound, a pharmaceutically acceptable salt 10 thereof, or solvate thereof, for use in treating or
preventing a disease as claimed in Claim 28, wherein the disease is type 2 diabetes mellitus.

18. The spiro compound as claimed in Claim 1, which is

represented by the following formula:

or solvate therecf.

5
19. The spirc compound as claimed in Claim 1, which is
represented by the following formula:
0
OH
q N 0
or solvate thereof.

10

20. The gpiro compound as claimed in Claim 1, which is

represented by the following formula:

0

OH
G o
%\ Hzﬁ \/\/\jui\gﬁ

or solwvate thereof.

15 21. A pharmaceutical composition, which comprises a spiro



10

15

20

25

MCSLLP
302

compound as defined in any cone of Claims 1 toc 20, or a
pharmaceutically acceptable salt thereof, or solvate thereof,

and a pharmaceutically acceptable carrier.

22. A GPR40C agonist medicament, which comprises a spiroc
compound as defined in any one of Claims 1 to 20, or a
pharmaceutically acceptable salt thereof, or solvate thereof,

as an effective ingredient.

23. An insulin secretion-promoting agent or a hypoglycemic
agent, which comprises a spirc compound as defined in any one
of Ciaims 1 to 20, or a pharmaceutically acceptable salt thereof,

or solvate thereof, as an effective Iingredient.

24. A pharmaceutical composition for use in treating or
preventing a disease selected from the group consisting of
diabetes mellitus, hyperglycemia, impaired glucose tolerance
and impaired fasting glucose, which comprises a spirc compound
as defined in any one of Claims 1 to 20, or a pharmaceutically
acceptable salt therecf, or solvate thereci, ag an effective

ingredient.

25. Usge of a spiro compoundasdefined in any cne of Claims
1 to 20, or a pharmaceutically acceptable salt thereof, or
golvate thereof, for the production of an insulin

secretion-promoting agent or a hypoglycemic agent.

26. Uge of a spirc compound as defined in any one of Claims

1 to 20, or a pharmaceutically acceptable salt therecf, or



10

i5

20

25

MCSLLP
303

solvate thereof, for the production of a pharmaceutical
compcsition for treating or preventing a disease selected from
the group consisting of diabetes mellitus, hyperglycemia,

impaired glucose tolerance and impaired fasting glucose.

27. The spiro compound as defined in any one of Claims 1
to 20, or a pharmaceutically acceptable salt thereof, or solvate
thereof, for use in promoting insulin secretion or lowering

blood glucose level.

28. The spiro compound as defined in any one of Claims 1
to 20, or a pharmaceutically acceptable salt thereof, or solvate
thereof, for use in treating or preventing a digease selected
from the group consisting of diabetes mellitus, hyperglycemia,

impaired glucose tolerance and impaired fasting glucose.

29. The pharmaceutical composition for use in treating or
preventing a disease as claimed in Claim 24, wherein the disease

is diabetes mellitus.

30. The use of a gpirc compound, or a pharmaceutically
acceptablesaltthereof,orsolvatethereof,accoxdingtociaim

26, wherein the disease 1isg diabetes mellitus.

31. The compound, or a pharmaceutically acceptable salt
thereof, or solvate thereof, for use in treating or preventing
a disease as claimed in Claim 28, wherein the disease is diabetes

mellitus.
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MCSLLP
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32. The pharmaceutical compogition for uge in treating or
preventing z disease as claimed in Claim 24, wherein the disease

is type 2 diabetes mellitus.

33. The use of a spiro compound, or a pharmaceutically
acceptable salt thereof, or of scolvate thereof, according to

Claim 26, wherein the diseage ig type 2 diabetes mellitus.

34. The spiro compound, a pharmaceutically acceptable salt
thereof, or solvate thereof, for use in treating or preventing
a disease as claimed in Claim 28, wherein the disease is type

2 diabeteg mellitus.





