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salt thereof or a solvate thereof, a pharmaceutica
conmposition containi ng PEECREPEIGKNd a pharmaceuti ca

use thereof. 10 BACKGROUND ART Di abetes nellitus (DM

is a disease characterized by sugar and |ipid
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suffer fron1type 25 2 diabetes nellitus. Type 1

di abetes nellitus is characterized by | oss of

BACKGROUND ART

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
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
exercise in addition to genetic factors. Diabetes mel;itus 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

2 diabetes mellitus.

Type 1 diabetes mellitus is characterized by loss of

insulin-seéreting f 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
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insulin-secreting t cells of the islets of Langerhans

in the pancreas and type 2 diZabetes nellitus is

caused by two factors which are deficient insulin
secretion due to reduced glucose *c00002* 2

sensitivity of pancreatic (3 cells and reduced insulin
sensitivity of peripheral tissues such as nuscl e,
sehposivanyl of verandmwateind | i @616 sentihegapyicadd insulin
diet therapy are used in 5 the treatnent and _

PR VoY Gf gcaiehesadetirsyes andgh arediusstlieon adipose and
therapy is used as well. A typical nedication therapy
H%rrent use includes insulin t herapy and oral

hypo 1.¢.,.ag .Jhe oral . hypogl ycem ¢ _agents .
(S R Er e e ot e B B B hsae S vsed 1n
#IR05 Jor A0S H@SepBPERLE 8RS 62 Q@S mellitus, and
t hi azol i dine derivatives (TZDs). However, these

nieRdl €4 tibsn hetver spylei f hesd sasupbiras hypogl ycem a,

i ver damage and gastrointestinal disease, and

t her&f dy@imalefiedicationt Hberfagy ubn ngurllesé use includes
medi ci nes_has been 15 studi ed and devel oped. In '

Rt in ther@pYesabd c [Pt ahieeslycapihariasnbased The oral

hod has, been_. under wa

o !
TPl A4S () Gledtien. oagpaaLareas  (SUs).,

e ( hayve .. led to the discavery of GPR40
tglc@g%’?‘é?%- c %)?%’d ;aecgelp G AH3se fdl%%ﬂ%)r%omﬂ %s %&S) and
fHEzd i dinacasriesenios drgbERL), which is a protein
havi ng seven transnenbrane domai ns and whose |igand is
a fridewéuwéety acheke i meghrdiined ahagen didanckt®dgt€haiych as
fatt ' _
hypoglycemia, liver damage and gastrointestinal disease, and

therefore an effective method for using these medicines has been

studied and developed. 1In 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),
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,
GPR40 is shown to be expressed in the braih as well as pancreatic
f 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

p cells, and thereby f§ cells secrete insulin depending on glucose
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acid. GPR40 is known to be highly expressed in the
pancreas of rodents, in parti3cular in pancreatic (3
cells. Meanwhile, 25 GPR40 is shown to be expressed in
the brain as well as pancreatic (3 cells of human.
Wth regard to the function of GPR40, it is known that
a free fatty acid, a ligand for GPR40, acts on GPR40
levehncrisatbddi tidncelanalyand oifeGely o Bneekbaitsageet eeveals
i nsulin depending on glucose 3 level. In addition, _
vt R4 Ooha iR dnvedyeduin maddaloagabs obéat tyRR4Ddiabetes
may_. be i nvol ved in pathol ogy of obesity and di abetes

11t88: As a GPR4O-rel ated di sease, diabetes

melljtus,_ 5 | ycem a, ijmpaired glugose ,
t ol e}r3‘§'\nce'—:,1 i NS 4%1'%%5?%%§ncéi,}%ei%i re llagﬁtieﬁg mellitus,

L abet. j ' n t .
405 By Bhabe inh A PRI o L APEL e NSIVARGE B stance
per £80| e ELMAUIBRE t 13i@ned8d d8Buopathy, diabetic
dysl i pi dem a, hyperli poprotei nem a, netabolic
sgphiropatht ) obedlitahetaidier osdegriowpathet,c. ar Rekbaviidosis,
For these reasons, attention has been drawn to GPR40
hper hbpibfenia gdiypeérdhabesbesrofeniat uByPErSCLOSYREr@Bemia,

%QE%I NV%NTI ON 15 PROBLEM TO BE SOLVED BY THE | NVENTI ON
SHHRPECE™H3 - t hBYBPELEROPTRFEATEHIH A s tRetRRRI M@ asyndrome,

. . o ! PLAAAVAIS
5@9%?%}3;%1:’1'%%04& %O%iglg ettce.(ﬁlégg }lgg)VglP”?St cf%ﬁ:%eslenreasons,

par medi canent as a

At €ht08n HaPHEYANIF 0N & 8PRUBSa SR hibl S target of diabetes
hypergl ycem a, inpaired glucose tolerance, 2%

maphites. fasti ng gl ucose and the |iKke.

DISCLOSURE OF THE INVENTION
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 toleranée,

impaired fasting glucose and the like.

MEANS FOR SOLVING THE PROBLEM

The present inventors have intensively carried out
invéstigations to develop 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, 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
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MEANS FOR SOLVI NG THE PROBLEM The present inventors
have intensively carried out 4nvestigations to

devel op a nedi canent for nodulating the 25 function
of GPR40, in particular, a nedicament as GPR40 agoni st

for

treating or preventing diabetes nellitus,

hypergl ycem a, inpaired glucose tolerance, inpaired
fusthayg ghuessigahdohbeantli kempardefiothed arepent invention.
conmpound havi ng GPR40 agoni st activity. Based on the
f|ndNﬁ@@leh§h9rE§%ﬁ@ntn¥%¥@%¢%0haN%lQ%#$|R§jHhﬁ:f¢llOWln98
furth i nvestigations and _conpleted the present

i nvert i%ﬁPWPVPWHQ BF éé%?onlﬁr\?é’ﬁf‘ugoﬂe?%ﬁ%e’%o-’frﬂ)ula [Ia]:
t he fow

|n‘L\A,hJ-h R11 a(rgd R12 &

owi ngs. 1) A Spiro compound of the follow ng
formula[ la] : n1 ARO n2g )n3 X | COH -1

¥en atom (2) a Cl-C6 aI grbup, (3) a C2-C6
group, (4) a C2-C6 alk group, 10 (5) a

: &Q%y group, e HaI kyl group,

1< al koxy ( (8) -CONRL1R12
L same or differe t and

each rep e?CeIrIZSfmI\?CHZ ; g&h atom or a Cl1-C6 ele

(wherein R! is

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

a hydrogen atom,

a C;-C¢ alkyl group,

a C,-C¢ alkenyl group,

a C;-Cq alkynyl group,

a C,-C¢ alkoxy group,

a hydroxy C:-C¢ alkyl group,

a C;-C¢ alkoxy (C;-C¢) alkyl group,

-CONR™R!? in which R'! and R'? are the same or different and

each represents a hydrogen atom or a C;-C¢ alkyl group,

(9)

a phenyl group or

(10) a five-membered heteroaryl group which has at least one

heteroatom selected £rom 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;

R? is

(1)
(2)
(3)
(4)

a halogen atom,
a C;-C¢ alkyl group,
a hydroxy group or

a C1-Cy alkoxy group;
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15 (9) a phenyl group or (10) a five-nenbered
het eroaryl group whi ch has at 5l east one heteroatom
selected fromthe group consisting of a nitrogen atom
an oxygen atom and a sulfur atom and which may be
substituted by a Cl1-C6 alkyl group; 20 R2 is (1) a
hal ogen atom (2) a Cl1-C6 al kyl group, (3) a hydroxy
mriompo orl, (2)om - C6 al koxy group; 5 pis 0, 1, 2 or
3; Xis a carbon atomor a nitrogen atom m is 0, 1
»rig;a gaykom afom ;o5 @ mpirogen ngte®d; may be
substi t ut ed by 1 to 5 sane or different
@&m%§|9ueht?%) sel ected fromthe group consisting of
I{%) a &ydro y group, (2) a Cl1-C6 al kyl group, (3) a
group and 10 (4) an oxo group; nl is O,

é-' tpﬁ. oﬁr&rngA’AB Hgt?rhaef- %ngstﬁé@feéi)wg {:8 Qsa]‘neofarzdlfferent

e proviso or 4,

él%@'tiﬁpé&@@éli esb Ycide S¥HhOthe 1§ra@§n§oﬁs§gﬁghs 8:9”0'

or a double bond with proviso that three
(1) a hydroxy group,

(2) a C;-C¢ alkyl group,

(3) a C;-C¢ alkoxy group and

(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:

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:

C C C

).,
a pharmaceutically acceptable salt thereof or a solvate

thereof.

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

wherein the spiro-ring AB is represented by the formula:
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conti guous carbon atons do not constitute an all ene
bond represented by the forméla:, CCC 20 ), a
pharmaceutically acceptable salt thereof or a solvate
thereof. 2) The spiro conpound, the pharmaceutically
acceptable 25 salt thereof or the solvate thereof
according to the above 1) , wherein the spiro-ring AB
piesented by the fornula: 6 ni A n2B (, )n3

gi n each synbol is as defined above). 3). The
gonpound, the pharmaceutically acceptable 5
hereof or the solvate thereof according to the
or 2), wherein the nunber of the double bond
@ 3of the spiro-ring ABis O or 1. 4) The
gonmpound, the pharmaceutically acceptable 10

‘ above 1) to 3), wherein the nunber of the
doubl e bond i n ring B of the spiro-ring ABis 0 or 1.
5) The spiro conmpound, the pharmaceutically acceptable
(Mhesz in témeleafymisol hies sad vae£ihbeér&odvagcordi ng to
any one of the above 1) to 4), wherein n3 is 1 or 2.
6) The spiro conmpound, the pharmaceutically acceptable

salt_thereof or the sol vate thereof according to any
one %% spiro compound, the pharmaceutically acceptable

salt thereof or the solvate thereof according to the above 1)
or 2), wherein 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

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
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
above 1) to 5), wherein the spiro-ring AB may be substituted

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

7) The spiro compound, the pharmaceutically acceptable

salt thereof or the solvate thereof according to any one of the
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20 above 1) to 5), wherein the spiro-ring AB may be
substituted by 1 to 3 sane off different
substituent(s). 7) The spiro compound, the
pharmaceutically acceptable salt thereof or the
sol vate thereof according to any one of the 7 above
1) to 6), wherein RLis (1) a hydrogen atom (2) a
abboves 1) kyd ejroup, 5 (3) a C2-C6 al kenyl -group, (4) a
C2-C6 al kynyl group, (5) a Cl1-C6 al koxy group, (6) a
wtemssim|Koxyg (Cl- C6) al kyl group, (7) - CONRLIRL2 in
V\,hl ch R11 and R12 are the sane or different and 10
H rspieagaht LMy drogen atomor a Cl-C6 al kyl

ou five-menbered heteroaryl group which
(%? Egtcli Sasi@%%i 9h8PBroat om sel ected fromthe group

atom an oxygen atom and a
&ﬂ]fur atg gik&ay ngslgréy be substituted by a Cl-C6
@ Kyd @ eupaidfndl Fb6uspi ro conpound, the
pharmaceutically acceptable salt thereof or the

(so) vat@ -Cheatkdxpcgoodpng to any one of the above 1)
to 7), wherein RlL is 20 (1) a hydrogen atom (2) a
@) @ Gl-KenglkgrpupCi-¢a) alkyd- @Faitkynyl group,

(7) -CONR'R!'? in which R' and R'? are the same or different and

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 £rom 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.

8) The spi;:o compound, the pharmaceutically acceptable
salt thereof or the solvate thereof according to any one of the
above 1) to 7),
wherein R' is
(1) a hydrogen atom,

(2) a C,-C¢ alkenyl group,

(3) a C,-C¢ alkynyl group,

(4) a C;-Cs alkoxy group or

(5) a five-membered heteroaryl group which has at least one
heteroatom selected from the group consisting of anitrogen 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
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(4) a Cl1-C6 al koxy group or (5) a five-nenbered
het eroaryl group which has at 8 east one 25 heteroatom
selected fromthe group consisting of a nitrogen atom
an oxygen atom and a sulfur atom and which may be
substituted by a Cl1-C6 al kyl group. 9) The spiro
conpound, the pharmaceutically acceptable 8 salt
skt ddfengoft he she wtleratwetbereafcacdonging mnpnygnenefof the
the above 1% to 8), wherein pis 0 or 1. 10) The

d; vherphBr Reédubiesl by acceptable 5
salt thereof or the solvate thereof according to any
one of the above 1) to 9), wherein R2 is (1) a Cl-C6

)09 PR oot} SUARRL SR Bt Bepvanne

PR NS UI £ 8k ¥h8CERIA @hesdbl égééfagﬁgrtéa%%y ori? of the

sol vate thereof according to any one o bove
&boidd)1)whereip m is 0 or 1. 15 12) A pharnmaceutica
conposi tion, which conprises the Spiro conmpound, the
phereseeRi iical | y acceptable salt thereof or the
sol vate thereof according to any one of the above 1)
£d) 31§1-Gnal¥ygh&med®eutical |y acceptable carrier. 20
g%} Ang%MO agoni st nedi cament, which conprises the
(r3 “EOhPInE°PRe®bhar maceut i cal |y acceptabl e salt

t§¢rgo¢, ¥, Yh&oxy 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.

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 pharmaceuticaliy 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 1ll1),

as an effective ingredient.

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.
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sol vate thereof according to any one of .the above 1)
to 11), as an effective ingré&dient. 25 14) An insulin
secretion-pronoting agent or a hypoglycem c agent,

whi ch conprises the spiro conpound, the '
pharmaceutically acceptable salt thereof or the

sol vate thereof according to any one of the above 1)
to 11), as an effective ingredient. 9 15) A

phar maceuti cal conposition for treating or preventing
a di t2hsk sehcwacdutioalt bemposiipionn§bst tngaving or
di abetes nellitus, hyperglycem a, inpaired glucose
RERERRERT & %ﬂe@maﬁ%@c%@tfﬁ@mggg@oséc?umc@hsisting of

onprises the Spirq co und, the pharnaceutically

‘%c%@%’i%%l“éelgdr‘i‘?ﬁ hg’ryé’&r}p YGEE-a s diMparideh 8lagpse” tolerance

oy di e _above 1) to 11 an_.
BE i E0-08 PR ORE 1niqEs TAMEh oo rtlege, BRe"Poiro

; tHee phamaReeiiceahly ac8epeRbak! afflthereof or the

thereof or the solvate theredf according to any one
b lvdiee attoaredy decddding fior drie qifeo BFCtthen adove TYR46 11),
agoni st nedi cament. 15 17) A use of the spiro
o ekifechivephingrediental |y acceptable salt

thereof or the solvate thereof according to any one
of the above 1) to 11), for the production of an

et o) 2585 R ER FPEhe "o PE g Brapharphee Tt catty
ROPREEIL |l ¥neBE6ERLANLE S0 Yal 09iR0aod alifraing o any

sol vate thereof according to any one of the above

ée bE) the fabovidhe ) HO UG, | o @hedp PHALBREEHIICAIGPR40 agonist
conposition for treating or preventing a disease

medecarentr om

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.

18) 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 pharmaceutical
composition for treating or preventing a disease selected from
the group consisting of diabetes mellitus, hyperglycemia,

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
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t he group consisting of diabetes nellitus,

hypergl ycem a, 25 inpaired gl ugose tol erance and

i mpaired fasting glucose. 19) A nethod for activating
GPR40, which conprises admnistration of the Spiro
conmpound, the pharmaceutically acceptable salt
thereof or the solvate thereof according to any 10

one of tie stwwme 1) Hoo 111) HoO a8 mamiAEAl inhadpharmaceutically
pharmaceutically effective amount. 20) A nethod for
pfbeotivig amguhtn secretion or lowering 5 blood
gl ucose | evel, which conprises adm nistration of the
spiro conpound, the pharmaceutically acceptable salt
thereqf _or the_solvate thereof according to any one

Al ab Rl eretion

of t dhetigd PHORY PR Ly secretion or lowering
Lgal feghi t..10.21) A nmethod f
PREGTTHERELSE Ll b, EERUR eef cabhn e PRy 8F tne

g or preventing a di sease

§hoHe cONSdehd N1 gHARRIGR R 1P %e il $8Tt2 thereos

i mpai red gl ucose tol'erance and 1 npaired fasting

ot uttos &0 Wateh the@BpEi aegoadihgi 66 raly @hedbet Hee SPhdwe 1) to
compound, the pharnaceutically acceptable salt thereof
bl)the sohgmmalt heraophatBacevtidanfyt effingtame aftothé .
above 1) to 11) to a manmal in a pharnmaceutically

ef fective anmount. 22) A Spiro conpound of the

11U SR LA oLl o B 0 2 128 (oot
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
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

( )n3 OH

0 [1]
~ _
(CH,) '“1\ (CH,)m,
(wherein R! is
(1) a hydrogen atom,

(2) a C;-C4 alkyl group,
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(1) a hydrogen atom (2) a Cl-C4 al kyl group, 11 (3)
a C2-C4 al kenyl group, (4) a XR2-C4 al kynyl group, (5)
a Cl-C4 al koxy group, (6) a hydroxy Cl-C4 al kyl group,
5 (7) a Cl-C4 al koxy (Cl1-C4) al kyl group, (8)

- CONR11R12 in which R11 and R12 are the sane or
different and each represents a hydrogen atomor a
Q) & Gl-kyl abkenpl §Bdup, phenyl group or (10) a
five-menbered heteroaryl group which has at | east one
1) retCerfat abkgeydcgrdubrom a nitrogen atom an oxygen
atomand a sul fur atom and which may be substituted
R) & E-€4 alK9XY §FBUBr m is 0, 1 or 2; n2 is O or

-y 15 .a i.ro-ring AE y be substituted by 1 to 5

(iaa)rrea (‘}}Y%Pcf’?yer({éﬁ?“ g8 Bg?i Ph8HP¢s) selected from (1) a
rOXY, -gr OLpP, 3R &Z)C %J_Ik% group; ni is 2,

Qy)grﬁ;l g@ ngklsgl,( 2 o‘{j : ;’ﬂs %,p'l or 2 with the _
(B PHCOMR T 1% whilth RS An® R® a2Bdthd &80 or different and
represented by the synbol: neans a single bond or a
eeth | e forwenii 4 e iydttegend hatort hdeea @5 @oallkglogsoup,
carbon atons do not constitute an all ene bond '
(9) a phenyl group or
(10) a five-membered heteroaryl group which has at least one
heteroatom selected from a nitrogen atom, an oxygen atbm and
a sulfur atom, and which may be substituted by a C;-C, alkyl
group;
ml is 0, 1 or 2;
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 group and
(2) a C;-C, alkyl group;
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:

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

represented by the formula:

C C C
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represented by the fornula: CC C 12 a
pharmaceutically acceptable sakt thereof or a solvate
thereof. 5 23) The spiro conmpound, the '
pharmaceutically acceptable salt thereof or the

sol vate thereof according to the above 22), wherein
the spiro-ring ABis represented by the formula: nl1 A
n2 B )n3 (wherein each synbol is as defined above).

10 24) The spiro conmpound, the pharnaceutically
aceleptmdteut Sahllyhaceeptable heatvl theeeblicoeoh solvate
according to the above 22), wherein the nunber of the
Ehepedk - di fferent substituent(s) of the spiro-ring AB
is 1, 2 or 3. 15 25) The spiro conpound, the
pharmaceutically acceptable salt thereof or the

I A di h b 22) . [
2ol VAL RSBl bl o3RS ARBMS Ry 05 B Bpeanie

431t (ﬁ)er%o%zbgtﬁé i&%‘ﬂzlat%r E’HQre&é)a@ccgng%g Etlok’yﬂglabove 22),
group, (5) a Ci1-C4 al koxy group,

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

ni

/
’

(wherein each symbol is as defined above).

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.

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

(2) a C;-C4 alkyl group,
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(6) a C1-C4 al koxy (Ci1-C4) al kyl group, 5 (7)
-CONR11R12 in which Rl' and RI2 are the sane or
different and each represents a hydrogen atomor a
Cl-C4 al kyl group, or (8) a five-nenbered heteroaryl
group which has at | east one heteroatom selected from
a nitrogen atom an oxygen atomand a sulfur atom
(@nd amd.clc, raykérysugsdupyted by a CL-C4 al kyl 10
group. 26) The Spiro conpound, the pharmaceutically
(d@dcept@blCe atkhynylhgrewp, or the sol vate thereof
accordin% to the above 23), wherein RlL is 15 (1) a
(Rdrodantat 8hKOXY) 95OWR- C4 al kenyl group, (3) a C2-C4

kynyl 4 Cl- C4 _al k 5
(1?4 )vghﬁ%x;?%gkﬂﬁ{’e? Sg'rciﬂljj 5‘116‘3(& %1}/ r'ggg gtr I(ezelsfl one
h 1f 1Nt t .
R R e R R S

e Sl Yo & yerd At diConPh €, FQNMRPKY: ?%‘Eﬁp, or

pharmaceutically acceptable 25 salt thereof Or

(S0 \eati vdramanite 0T Qietht dxh d 0y 1 hgr b Weh ) , hashet eldast one
m is O or 1. 28) The Spiro compound, the

hetiterrecton | sssldgtet dopmlel @itsmigent adoeof aor oklrgen atom and
sol vate thereof according to the above 22), 14
PRGBS RRDID IR TG RE CORBUHItahdY a Ci-Cq alkyl
Sgrha{{naceutically acceptable salt thereof or the :

ol VFat e t her eof accor di ng to the above 22),

'26) The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof according to the above 23),
wherein R' is
(1) a hydrogen étom,

(2) a C;-Cs alkenyl group,

(3) a C,-C4 alkynyl group,

(4) a .Cl-C4 alkoxy group or

(5) a five-membered heterocaryl group which has at least one
hete;‘oatom 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
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),
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5 wherein nl is 2 or 3. 30) The Spiro conpound, the

pharmaceutical ly acceptable »&alt thereof or the
sol vate thereof according to the above 22), wherein
n2 is 1 or 2. 10 31) The spiro conpound, the
pharmaceutically acceptable salt thereof or the

sol vate thereof according to the above 22), wherein
widetsid m2 £s d5 32) A pharnaceutical conposition,
whi ch conprises the Spiro conmpound, the
pharmaceutically acceptable salt thereof or the

sol vate thereof according to any one of the above 22)

to 339) The sprpharaereounéal theaphepnapeutiaallyr acgeptable
whi ch conpri ses the

33). A.GPR40. agoni st nedi canent, ]
Sl ShTomoRh e fie [SRIFTARBEE P E AGGP et Ao 2e Shave 22)
Iyate t hereof according to any one _

%ﬁg%éégaﬁi {Qg%)éfo 31), as an effective ingredient.

ove
25 34) An insulin secretion-pronoting agent or a

hypogl ycem ¢ agent, which conprises the spiro
conpaandThé hepphar cempothaal ke pracpbhabheisalily acceptable
thereof or the solvate thereof according to any one

o4lt Hbeglppfeo2 )he sodvpteathaneef famondinqdgoetherhove 22),

15 35) A pharmaceutical conposition for treating or

Yhretetti By 1S ol sRBse: sel ected fromthe group
consi sting of diabetes nellitus, hyperglycem a,

i npai red glucose tolerance and inpaired fasting

lucgse, i gh; ' he.sni - -ih
- Bhar nadettboat 1§ aconprapre. saP: bipEaGPugtehay oceptable
sal v alrreidvF 6eftias 60Ndiadte the2BYf Wil tADENE Aove 22),

to 31),
wherein n3 is 1 or 2.

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.

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.

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.
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as an effective ingredient. 36) A use of the Spiro
conpound, the pharmaceuticalllp 10 acceptable salt
thereof or the solvate thereof according to any one
of the above 22) to 31) , for the production of a
GPR40 agoni st nedi canent. 37) A use of the Spiro
conpound, the pharmaceutically 15 acceptable salt
t herspf orpHammasmdwiaical hesmmss BELat df iy tveabing omne
of . the above 22) to 31), for the production of an
poes@n iings ec [ddtse@srentsd eyl sgmm e ggipywgtoreeistting of
agent. 38) A use of the Spiro conpound, the

geildditby . hypaEgeycepiea . shnpairefegtuepse holerance
so] vat e thereof according to any, .one of the ahove 22
25 $Hpatinnd Has SR o G AT e SBLto

L ¢ . ; . .

SRR, 80e! O abhEBLLRU 10 HELLLION 8 P T5Rreot or tne
JRlJd IS he rRVBCREBLVEATH tbNRAY &k HAIGIRE shRhver 88Geto 31),
and inpaired fasting 25 glucose. EFFECT OF THE _
as\\An\NH 3 clhieres pingreanigrotind, the pharnmaceutical ly
acceptable salt thereof and the sol vate thereof
according to the present 16 invention are useful as a
medi canment for nodul ating the function of GPR40, in
par t3&LIArusePE nhe | FPEER r ePTRPURE onblRe nphageaceusically
hypogl ycem ¢ nt_to.serve as .GPR40 oni st. The..
A A B A D T RE pivdr HRE SOV ET JRAEEER ARFE &I to any
JebE AR89 D fée!s\a&st,efwecrh%%réa&cegéﬁ B8R APafonist
nmedi canent for treating or preventing di abetes

melidddment hypergl ycem a, inpaired glucose tol erance,
i npai red fasting glucose and the I|ike.

37) A use of the spiro compound, the pharmaceutically
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
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 frqm the ‘group consisting of diabetes mellitus,
hyperglycemia, impaired glucose tolerance and impaired fasting

glucose.

EFFECT OF THE INVENTION

The spiro compound, the pharmaceutically acceptable salt

thereof and the solvate thereof according to the present
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BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 10 The
substituents as used herein are defined as foll ows.
"Cl-C6 alkyl" refers to a linear or branched al kyl
group having 1 to 6 carbon atons and includes, for
exanple, methyl, ethyl, n-propyl, isopropyl, n-butyl,
i sobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,

NPENENToH arbaidenentyla aodi d5mbBaxyior Bb&ﬁ@&ffﬂg'tﬁleafunctlon
| i near or branched al kyl group having 1 to 4 carbon

cff GPR40VbAe particukadr| saretimgulim geepgltioni-papmopihg agent
n-butyl, isobutyl or sec-butyl. "C2-C6 al kenyl" refers

QD aa hyyipegdiy cemilsr agehsdtal kenye as diﬁﬁwraagmgszt toTBe spiro
carbon atonms, and includes, for example, viny

20
R Ry |thezpla?-51ﬁeﬁ?rltlee%by@ﬁﬁntaqlebataéﬁyrhereof and the

R

h h hyl |
G IS bpT et eg oI e onsa,  smpaszes

Pl sk aTet dlve PAREE NYimpadred ef.aykbﬂgegyhcoaé gnef ehé edike.
Is a linear or branched al kenyl group having 2 to

carbon atons. More preferred is vinyl, 1-propenyl,

2-£ro eq¥l or iso " C2- C6 alkyn [ refers to

BE Tr&bﬁ of OB r GARR %N 6ﬁyTH§rBNBENﬁ59Nng 2to 6

carhg atogs and |ncludes for exanple, _ethy ngl 17

pr op* eyﬁu §FtFﬁPBBa?§yF§edp?ﬁﬁein ATE. gpflne as follows.
1- but

2- but%h i %ﬂk pen?%%é %3%%% oﬁré grragd; glkyl group
RN 1ortobrsaesheenaar_<mylaﬁ QLR N 19 £ te%aﬂ‘rlp(i%r bRBthy1,

atons. More preferred is ethynyl, prop-2-yn-1-y

dihwpar gybropy1nr opsdpydpydt y| n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, isopentyl, neopentyl, tert-pentyl and
hexyl. Preferred is a linear or branched alkyl group having
1l to 4 carbon atoms. More preferred is ethyl, n-propyl,
isopropyl, n-butyl, isobutyl or sec-butyl.

"C,-Cgs alkenyl” refers to a linear or branched alkenyl group
having 2 fo 6 carbon atoms, and includes, for example, vinyl,
l-propenyl, 2-propenyl, isopropenyl, l-butenyl, 2-butenyl,
3-butenyl, 2-methyl-2-propenyl, n-pentenyl, isopentenyl,
neopentenyl, l-methylpropenyl, n-hexenyl, isohexenyl,
l,1-dimethylbutenyl, 2,2~-dimethylbutenyl,
3,3-dimethylbutenyl, 3,3-dimethylpropenyl and 2-ethylbutenyl.
Preferred is a linear or branched alkenyl group having 2 to 4
carbon atoms. More preferred is vinyl, l-propenyl, 2-propenyl
or isopropenyl.

"C,-C¢ alkynyl” refers to a linear or branched alkynyl group

having 2 to 6 carbon.atoms, and includes, for example, ethynyl,
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"Cl-C6 al koxy" is a substituent represented by the

formula: -O(Cl-C6 al kyl), amd includes, for exanple,

nmet hoxy, ethoxy, n-propoxy, isopropyloxy, n-butoxy,

i sobutyl oxy, sec-butyloxy, tert-butyloxy

(tert-butoxy), pentyloxy, tert-pentyloxy and 10

hexyl oxy. Preferred is a Cl-C4 al koxy group, an al koxy
IQFGBHR - FrePr esent(@d-dparidia )f or Bba-1-6n-1C31C4 alktyn-1-v1,
More preferred is nethoxy, ethoxy, n-propoxy or
lSopryopy3 oxly, " C2bE6yalkyyane” r-&fgysn-tloyd | i nesitynyl and
al kyl ene -group having 2 to 6 carbon atons and it may
hescnibst | Predemnedal €2 10ned Rk pic, brargeh@id abkuhiwdxgroup having

hydroxy or oxo group. Its exanples include_ -(CH2)2-,

2 %a&)%r,bo-n( ekpfa.  Moug Preteangd {EREPIAYLyBFERy2-Yn-1-¥1
6H’§B:Q|Kftn refers_io th§ agove-defined "Cl-C6

al A G ol hotioeP or ¥ -substituted by a hydroxy

gr OUpcl—CQrgi}@(S}??* % STROTRHDSE d d it F:gpg%§ nB¥A 9% he Formula:

group, and i ncludes, 20 tfor exanp roxynet hyl,

Dhycl-osyeikyl) , dndidicniads Tetdly IeQ‘al‘hi)'le, methoxy, ethoxy,
1, 2-di hydroxyet hyl, 3-hydroxypropyl, - hydr oxybutyl ,
I5-Iyay oxy p eisoph-opyd o&yh ynls buybeyy lis obrtgflexyedskes-butyloxy,
hydroxy Cl1-C4 al kyl. More preferred is

YR Y F e ®y | (test-bpiegYal k PepLYSPxEs) ekyipertybexy and

to the above-defined. "Cl1-C6_al kyl " group npbno- or

RAXLTRY | t \Ll?lr&% ed'}?etqw &SaBofe: ﬁ’efai%d‘yg 'IEP? Bk §Ryroxy group
nelyyde exampl e, pet hoxyneth

et of?ﬁgg %I, gﬁ%?%%%&gﬁﬁ%hng(?abg?gg%ﬁégﬁylﬁore preferred

%5 1Rt FI0oYpt n6S y )
= TS, Mol ™ e oo

3- et hoxyQy apkiledel- deeeboxypraomine ardamiyn@ndwinsup having
5- met hoxypentyl, 5-ethoxypentyl,
2 to 6 carbon atoms and it may be substituted by a C;-Cs alkyl,
C.1-Cs alkoxy, hydroxy or oxo group. Its examples include
-(CH2)2-, -(CH2)3-, -(CH2)4-, -(CHz)s- and -(CH;)¢-.

“"Hydroxy C;-C¢ alkyl” reférs to the above-defined "C;-Cs
alkyl™ group mono- or di-substituted by a hydroxy group,
preferably mono-substituted by a hydroxy group, and includes,

for example, hydroxymethyl, 2-hydroxyethyl,

l1-hydroxy-l-methylethyl, 1,2-dihydroxyethyl, 3-hydroxypropyl,

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

"C1-C¢ alkoxy (C;-Cg¢) alkyl” refers to the above-defined
"C1~-Cs 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,



10

15

20

25

6- met hoxyhexyl , 6-ethoxyhexyl, pentyl oxynmethyl and

hexyl oxynmet hyl . Preferred is £4-C4 al koxy (Cl-C4)

al kyl. More 5 preferred is nono- (Cl-C4 al koxy)

-substituted (Cl1-C4) al kyl such as nethoxynethyl,

et hoxynet hyl , n-propoxynet hyl, t-butoxynethyl,

2- met hoxyet hyl, 1-nmethoxy-1|-nethyl ethyl,

S-methexypropyl, 3- etheeHy8pHond 4- mebhexybue¥bxypropyl,

Even nore preferred is nethoxynethyl. 10 The group

4 epetherybdtpy, t he foranmethoxy@REER12 i ncl ugesthokgpentyl,

exanpl e, carbanoyl, nethyl am nocarbonyl,

ermethgkahexvtar bon§tetbokyherivhocar bpaptyloxymethyl and

di et hyl am nocar bonyl , methyl (et hyl ) am nocar bonyl , '

RepY bpFYEaT vt ar FHRACTTRA Byl Cir- r@b’?‘l”f&rﬁ%o@ayml-, More

15 p-butyl.am nocar honyl i - n-butyl am nocar pony]|

BB BRI BRRP Ry TC: AeREBAnpybaE HOEaRbEays) alkyl such
thyl (s 8854y j.nocar b I l.am nocarb

%?-hex;%émluﬁﬂﬁéﬁgb1 and%ﬂ%¥ﬁ?ﬁ14%??r)aninécggégﬁ§?wethyl'

PreteokgdetBy IRt hyl -MatRGardaY, O 1-methoxy-1-methylethyl,

di met hy aniﬁ%carbonyl. 20 " A five-nmenbered Keteroargl Y

groephbaypngpal , | Sastthang/pdaiyar oahamssaeletiegd/duigfl.a Even

nitrogen atom an oxygen atomand a sulfur atont,

mprenhpPrefarsedchs | mgthokymeth¥dber ed heteroaryl group

havipg at | east one heteroatom sel ected from the group

consi 5 WP TPRAITFYR MorPeahobRYyRn MR aRd 4ncludes,
yLfur atgg%?é§els prefgg?g%égggtlve-negb&keqﬁmgpgﬁﬁrbonyl'

eteroary up’having a one nitroge
PhetRYEERIh6EatBoAyli ve- nenbered het er @apyh -g@WRarbonyl,
having 1 to 4 nitrogen atons and, one oxyge at om

aiéanglanenschfbonglom Exanpl esmethiheethye-)emabecedbonyl,

het eroaryl group include pyrolyl, imdazolyl,

Rrprepy¥yaminocarbonyl, methyl(n-propyl)aminocarbonyl,
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.
"A five-membered heteroaryl 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,
is preferably a five—membéred heteroaryl group having at least
one nitrogen atom. More preferred is a five-membered
heteroaryl group having 1 to 4 nitrogen atoms and, one oxygen

atom 6r/and one sulfur atom. Examples of the five-membered

" heteroaryl group include pyrolyl, imidazolyl, triazolyl,
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19 tetrazolyl, furyl, thienyl, thiazolyl,

i sot hi azol yl, oxazolyl, oxadi@azolyl, isoxazolyl,
1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl and
1,3,4-thiadiazolyl. Preferred is tetrazolyl, oxazolyl
or thiazolyl and nore preferred is 5 tetrazolyl or
oxazolyl. Especially preferred is tetrazolyl. A

satbusd 2 Len) £lue@ty 1t hehi Xl neriesach ! akeahlaz@n9up bfazolyl,
preferably a Cl-C6 al kyl group, nore preferably a
Glalazmdkyl, group. BEvsexarolglpreferred Ls2petbyiadiazolyl,
ethyl, n-propyl or isopropyl. Especially preferred is

het iyt thigdige by bgemdt éni3 . detbigdiazeliiluor i Reedeosmed is
a chlorjne atom _a_brom ne atom or an _.i odi ne at%? )
LR FROBrbf ePCEBIRP 1Y If | BFr i HELaZR Rt oPRE RPBR | MFesesimed is
) | oup" refers_to a.chlorine_atom. a bron ne
AR O RRad i S meleRaRdadl PoRsRoETa oS thazoLyL.
15 paragbet vensst! £90YLAXY £ 90 8URemBePERZARREULELYY! §X¥up is
group, an acetyl group or a

preéfé ot Dyved laresuairpy! gxyup! otidre apfefsrapl¢f £rablcy alkyl
a bromine atomor an iodine atom In the foll ow ng

explimnat Even ofmotree moresfrardd obs maehbgl, atledv ng-propyl or
group of Lvl is preferably a chlorine atom a brom ne

LIPRERY L a MEDSSISIAT ARATBREF et oup methyl.

o AL o U R ey St i ne acom.
@rlﬁfcﬁ‘r{i% ﬁt@mcpi‘oéxjx rﬁ.%dﬁ{é)%‘toﬂi,bgﬂai :[lgﬁé)f%]p{b% a fluorine
nmet hanesul fonyl oxy group. ['eavi ng gr oup o V2 i's

PtGhesabd Ycr1 6P 61 Aort om a 25 bronine atom a
nmet hanesul f onyl oxy group, a para-tol uenesul f onyl oxy

gr oupa lzavemzegesupf arefaxxy tgrabohloafine atom, a bromine atom,
an iodine atom, a methanesulfonyloxy group, a
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
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
bromine atom, a methanesulfonyioxy 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.
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acetyl group or a trifluoronethanesul fonyl oxy group,

nore preferably a nethanesul2enyl oxy group, a
trifluoromethanesul fonyl oxy group or an acetyl group.

20 Preferably, L1 and L2 are each independently a

chlorine atom a brom ne atom a nethanesul f onyl oxy

group, a para-toluenesul fonyl oxy group, a

benzeaesthh 0y Ih JLOERe dacHiiTRldBEraditORi HMBHAIcHiMe atom,
or a trifluoronethanesul fonyl oxy 5 group. More

Pprefbrapipe L1ahmwmh, 2 are eaetrhanespdfdayilogya group, a
brom ne atom or a net hanesul fonyl oxy group. "A hydroxy

PR e 1 wrnes Lo N REOXE ey 4itP eidh bedfzenestud famyloxy group, a
ether-based or acetyl -based hydroxy protecting group

e thy ey %%%Jela“ hy R 9ot Ect .tﬁg g\laaamf—‘*éhef@s%fonyloxy
%I%Rpgxa@oré %&%bjéig)z/g glé(? (a)‘gb,a [ ougéh algggégndently a
ﬁlecgrﬁlrpé“é/{gth p&_engl lﬁééﬂ n&é@i‘f’on?lox grou
tert-butyldinethylsilyl group of a {rime ﬁyIS|IyI

gr oupa Rydiroxg prefedadhy drdedr ady Ay MhdirgrefersAto an
par anmet hoxy benzyl group, a tert-butyl di phenylsilyl
grhep-ased 16rt ecetlyltphdiede thydsoty | poobeptifigegroup. The
acetyl -based hydroxy protecting group is an acetyl

%?‘6% based °>@f<ﬂﬁ9fcﬁctaln$)aﬂrépw mefissiz G- gosuprample,

L.y Spi AB"
P55 Ealea By Hve PP Bnan e P v L HoUy RATAT thoxy benzyl
J;P(Sl%’! a: 20 nI A £ePt—Bouty3.d51§henylSJ.lyl 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
tert-butyldimethylsilyl group. The acetyl-based hydroxy
protecting group is an acetyl group, a benzoyl dgroup or a
para-nitrobenzoyl group, preferably an acetyl group.
"Spiro-ring AB" represented by the following partial

structural formula:

(wherein each symbol is as defined above)

refers to a monospiro hydrocarbon with two monocyclic rings,
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(wherein each synbol is as defined above) refers to a
nmonospi ro hydrocarbon with twy nonocyclic rings, 21
in which a carbon atoma of ring A represented by the
following partial structural formula: Rni A C 5 is
a Spiro carbon atomidentical with a carbon atom (3 of
ring B represented by the follow ng partia

e A el pom ERE i s R chlod B, §18 soLtoning
patrciia 1T heet ffud huvd INGE syriiod : bound to the ring B refers

to the following partial structural formula: R 0 X

OH ,0\ (CH2) ML (CH2) nm2 (R 2) p "Ring A of the
spiro-ring AB" refers to a ring A part of 15 the

fienti oned spiro-ring AB, which is a 3- to

ered saturated or unsaturated hydrocarbon ring
ti@na ly having 1 to 3 double bonds, preferably one

bond in the ring. 22 nl is 0, 1, 2, 3 or-4,
prefgrably 2 or 3. Exanples of "the ring A of the
spiro®ring AB" are as follows :

is a spiro carbon atom identical with a carbon atom § of ring

B represented by the following partial structural formula:

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

carbon atom. The following symbol bound to the ring B
\’,’

refers to the following partial structural formula:

X~ OH

0 -
NG

(CH)m, ~(CH,)m, ® 0o

"Ring A of the spiro-ring AB” refers to a ring A part of

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.
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ri ngA3a, ringA3b, ringAda, ringAdb, ringA5a, ringA5b,
ringAsc, QQ Q Q Q Q QringAbgz ringA6a, ringA6b,

ri ngAéc, ringA6d, ringA6e, ringA7a, ringA7b, ringAT7c,
ri ngA7d, ringA7e, ringA7f, ringA7g, ringA7h, or
ringA7f. 5 Preferred is ring A3a, ring Ada, ring Asa,
ring ASb, ring AS5c, ring Asd, ring A6a, ring A6b,
ringnf\6gs bing,Aed, 3rbEg4A6§refE!r:Q.gA?‘7§ okl BY Al b,
ring A7c, ring A7d, ring A7ée, ring ring A7g,

ri ngEAainpmes oMYt AL irindR & HtRé epied -irS nig g” AR, ad EBUlows:
10 Ada, ring A5a, ring A5b, ring ASc, ring A5d, ring
A6a., ring A6b, ring A6c, ring A6d, ring A6e, ring
A7a ring A7b ring A7c or ring A7d. Even m)re

re red |ng A3 ring rlng 6a,
r| n A6b or |ng A7a n anot errbod t of
i on, rre is ripg

ng. . rin ri rin A6b r|n
%?gA?%ng %g%ﬁ%rl ng r%%qa riﬁ%@gg’ rif n%ffs_r?, rfjr?gj’g‘ﬁﬁc ringhSc,

A7d, g A7 ng AT7f ng A7
7| ‘ erred ing A
A5c, A6a g A6b ng A6%

rlngAIb g A7cC -Of “xing AZd ven P
TS ngAiny AEBngH'dang Ab®gaei, Ng AﬁtyA@e ringngdes, " Birﬂﬂ\t’:@

n A R
of the spiro-ring AB referstoarlng B part of ringATa
ringA7b, ringA7c, ringA7d, ringAve, ringA7f, ringA7g, ringA7h,

or

ringA7i.

Preferred is ring A3a, ring Ada, ring A5a, ring AS5b, ring
A5c, ring A54, ring A6a, ring A6b, ring A6c, ring A6d, ring Aée,
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
Ada, ring A5a, ring ASb, ring A5c, ring A5d, ring Aé6a, ring A6b,
ring A6c, ring A6d, ring A6e, ring A7a, ring A7b, ring A7c or
ring A7d. Even more preferred is ring A3a, ring Ad4a, ring Aba,
ring A6a, ring A6b or ring A7a.

In another embodiment of the present invention, preferred
is ring A5a, ring A5b, ring A5c, 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



bond in the ring. n2is 1, 2, 3 or 4, n3is 0, 1 or 2
and n2 + n3is 2, 3 10 or 4.,%freferably, n2 is 1, 2
or 3; n3is 0, 1, or 2; and n2 + n3is 2 or 3. Mire
preferably, n2 is 1 or 2;, n3is 1 or 2; and n2 + n3
is 3. Exanples of "the ring B of the spiro-ring AB"
are as follows : ringB5a,ringB5b, ringB5c, ringB5d,

r n n
HeS HTSED sk o XA IO L4 xe

©ind 2T ¢ g7 Ay ar i AOBSi A7EY efield @dd srr 18 I ER@n more

B5b, ring B5c, ring B5d, ring B6a, ring 86% rlng

Beeferred Bbdring ngS86erbngriég, BrangVaes opreirgr 2ua.

is ring B5a, ring B5b, ring B5c, ring B6a, ring B6b,

24 rRh@g BBcobrthe P B ring At (reafamshddi rentingf Bt hert of
ese invention, preferred is _ring B5a, ring B5b,

r
5 ﬁh%ga gue- Pﬁﬁélgﬁfd $P+EPEE%P9rPﬁ© BeBicki 4§ BocP-- 6- or

i r To_be pre.s |f|c .

{ i ngg&) ] sritrdten Dero MRRGCRRRTER, AR ing
& pOOERa By Brof INWEH12 HoRdESd pae £l _BLgﬂ

a rlngBGb a ring 60(3 rlngBG& % ng§6ea r%%n B?ne double
Bomd Baadthe | OB ( 3, rlngBSCrlngBSd ri ngBéa ri ngB6b

ringBéc , ringB6d(3, ringB6e(3, ringB7ra p, / \ | or

ri ng®days ¥i ngB6byorr4 ngBbchs Q. rigkBdy?; rAmigBRey, n3 is 2, 3
rquB7%y Preferred is as follows: 10

10 referably, 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:

ReReRsRoleRoRe

ringB5a, ringB5b, ringB5c, ringB54d, ringB6a, ringB6b, ringBéc, ringBéd,

00000000

ringBé6e, ringB7a, ringB7b, ringB7c¢, ringB7d, ringB7e, ringB7f, ringB7g,

- O- 0

ringB7h, ringB7i.

Preferred is ring B5a, ring B5b, ring B5c, ring B5d, ring
B6a, ring Béb, ring Bé6c, ring B6d, ring B6e or ring B7a. -More

preferred is ring B5a, ring B5b, ring B5c, ring Bé6a, ring Béb, -
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25 ringB5a , ringB5b , ringB5c (3 , ringB5d , ringB6a
, ringBéb , ringB6c , ringBGd24 ringB6e ringB7a , / \
|l or ---- ---- --- ringB6ay, ringB6by, ringB6cy,

ri ngBédy, ringB6ey, ringB7ay. The Spiro-ring ABis
preferably as follows: 26 ringA3aB5(3, ringAd4aB5(3,

ri ngA5B5(3, ringA6B5(3, ringA7aB513, J J J J

HARECL3 (1L00M855(3, LLDBASESLE 0l AEAPEELS11e prcson

j Y ol j 6 ¥inLiBYA7 -
ﬁ‘ﬁg‘i@g@(ffén ng aé?(%ﬁgéﬁgASéli?é, r.n%igéﬁ%g ring B3d,
FingAE8B7 (BingOBeBl | r#hg BEL, T LRAA3BBEYor EREA4BBEY .
ri ngA5B7y, ringA6B/7y, ringA7aB7y (wherein the synbo
r epr @sendecdmbye t Bpekakliew ngrampeanstfa iyl eihgn® os6£ the
a double bond with the proviso that three 27
sphrogubug BBI baneaasnoddonst constitute an all ene
bond represented by the fornula: CC C5 Mre
preferably, the spiro-ring AB is represented by the
fol |l ow ng:

e T T O

ringB5aa, ringB5ba, ringB5ca,ringB5da, ringB6aa,ringB6ba,ringBéca,ringBéda,

N
v N
b .
N

ringB6ea, ringB7aa,

. ’
, ‘ ’ ' 6\,’ é\r é\' @\/
. ! ' ' ) d 4 v
A d ) ’ . J ’
/ ' ' !

ringB5af, ringB5b B, ringB5¢cf§, ringB5d B, ringB6af, ringB6bp,ringBéc B, ringB6d f,

’
’
4 g
; A .
’

ringB6ef, ringB7ap,

P04 9-Q

ringB6ay, ringB6by, ringBé6écy, ringB6dy, ringBéey, ringB7ay.

Preferred is as follows:



28 all ringAdaB5a ringAd4aB5bl, ringA5aB5a S,

ri ngA5aB5b(3, ringA5aB5c ringd6aB5a(3, ringA6aB5b(3,
ri ngA6aB5c ringA7aB5a ringA5aB6a(3, ringA5aB6b( 3,
“ringA5aB6c(3, ringA6aB6a(3, ringA6aB6b(3, ringA6aB6c
ri ngA6bB6a( 3, ringA7aB6a ringA7aB6c(3, or

ri ngA5aB6ay, ringA5aBécy, ringA6aB6éc y, ringA3aBra and
nanely, it is a splro rlng haV|ng no doubl e bonds such

ey

g f ’ z > r|n
B5bf 3 5aB6 r.in aB6
ﬁsﬁg 2‘€9 r,lbf[ a%‘%%Aﬁg@%gég é’%%% m? agﬂ Kéb%%sbAé P cB%ﬁB’ ringB6Ap.
g A5aBch or ring A6aBch Even nore
i ng AbaB6a(3, ring A5aB6b(3, ring
A6aB6a(3, ring A6aB6b(3 or ring
a spiro-ring having no doubl e bonds,

rﬂlagsdé?ga,ﬁqc’;\g&aq{ ring A6aB6a(3 is especially
preferable As a_splro ring having_one doubl e bond,

mlarly, i
er e 3 is PG pref
a clombi natfon of r [ ,| ring A5c, ring

- ring- i RG- FEng A7a, ring A7b, ring A7c¢”

ﬂrngﬁéanﬁ rifdbev, t Binbh &gy, Bg’.\.fi‘nggdﬁg ﬁ%QBsew ng B5c, rg.lllﬁsgay.
B6a, ring B6b or

The spiro-ring AB is preferably as follows:



ring Bé6c. The spiro-ring ABis nore preferably a
conbination of ring Aba, ringg A6a, ring A6b, ring A7a
or ring A7d with ring 15 B5a, ring B5b, ring B5c, ring
B6a, ring B6b or ring B6¢c. Even nore preferably, the
spiro-ring AB is a conbination of ring ASa with ring
BSa, ring B5b, ring B5c, ring B6a, ring B6b or ring
B6c; a conbination of ring A6a with ring B5a, ri
B5b, ring B5c, ri B6a, ri ;

cordbinati on 20 i ng A6b

co natlon of rixg A7a with
ri or a } nati on o
ri 6a or ring c.,Simla

enbodi meént, the spiro-ring AB i s hor e S /

Cofvyanabs PN Clinghiipsoa W dnghbBgp ASar; hedi@s Ao, n% A7aBS
ring A7a or ring A7d; a conbi nation of r| ng B5b Wt

ring Asa or ring A6a a combi nation of

r| ng Aba or '

of the pr esent |nvent|on the spito-ring AB is
prgheardhy a condi4eacbon ofrlngh@f#ﬁsa nrm@@Ma
A5a, ring A6a, ring A6b, ri
[ BSa, ring B%D

ing AB I
ring B7b;
5" ring B5c;
ring B5b '
ringA3aBé6 Yy, ringA4aBsy, ringAS5B6 Yy, ringA6B6y, ringA7aBé6y,
ringA3aB7f, ringaA4aB7 3, ringA5B7 B, ringA6B7 B, 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



10 ring B6c; a conmbination of ring A6a with ring B5a,
ring B5b, ring B5c, ring B6ag7ring B6b or ring B6c; a
conmbi nation of ring A6b with ring B6a; a conbination
of ring A7a with ring B5a, ring B6a or ring B6c; or a
conbi nation of ring A7d wth ring B5a, ring B6a or
ring Béc. 15 Simlarly, in another enbodi ment, the
St Dgid® ABrbon MR a8bY ndtCo8bASRL8Pe Ohn! i1l B2 bond
with ring A5a, ring A6a, ring A7a or ring A7d; a
coptrdaitad ©f thagf@®hukath ring ASa or ring Ab6a;-a
conbination of ring B5c with ring Asa or ring A6a; a

tlQn of . ring B6a with ring Aba, ring A6a, ring

ra or ring A7d; a conbination of ring
B6b mnth ring A5a or ring A6a; a conbination of ring
Bgc wth ring Asa, ring A6a, ring A7a, or ring A7d; a
nbi nation of ring B7a with ring A3a; or a

Conbﬂdgi’.i&'t]glp %érg 99 5_71?3 Vﬂﬂ:gr#'flzgnﬁsﬂs zjgv@ép}i%sented by the

substitu e Sane or fere

§¢¢@6wiygnt(s) nmeans that a spiro-ring ABis
non-substituted or substituted by one or nore sane or
di fferent substituents. The substituent(s) of "the
spiro-ring AB" is/are 1 to 5 preferably 1 to 3, sane
or different Cl1-C6 al kyl, hydroxy, oxo or Cl-C6

al koxy groups, nore preferably 1 to 3 sane or
different 31 C1-C6 al kyl or hydroxy groups. The Cl-C6
al kyl group is preferably a Cl1-C4 al kyl group.
Further, the substituent (s) of the spiro-ring AB
is/are even nore preferably 1 to 5 sane or different
met hyl, ethyl, n-propyl, isopropyl or hydroxy groups.
5 Especially preferred are 1 to 3 sane or different

nmet hyl , ethyl, n-propyl, isopropyl or hydroxy groups.



- Furthérnore, a non-substituted spiro-ring ABis
preferable. The substituent(sgof "the ring A of the
spiro-ring AB" 10 is/are 1 to 5, preferably 1 to 3,
same or different C1-C6 al kyl, hydroxy, oxo or Cl-C6
al koxy groups, nore preferably 1 to 3 same or
different C1-C6 al kyl, hydroxy or oxo groups. The
Cl-C6 alkyl group is preferably a C1-C4 aIkyI group.
Furt , the hst it uent (s) the ring 3/ are ev
nmor e\pt ef er abl to 15 5 s or differe ;

eth n- propy I sopr opy| oups. Especrally nor
pre d are o 3 sanme o fferent net , ethy
n- propyl “or i sopropyl groups. o't her nor e, e ring

{)Tfngf\h@59}§l r o-inpgkApBABB . | S rpﬁ@fsew&)a y mogassabsk | t uggchaBscB,
ubstityent{s) of "the ng B of t' Spi ro-ring

AB" lare 1 pref erg 1to 3, Or

di f ent Cl-C6 yl, hydr 0X0 or al koxy
gro Preferr re l1to pr ef erabl y o 3) sane
or erent Cl al kyl , hydeaxy, or oxo\g oups Mor e

preferred are 1 to 5 sane or different Cl-C4 25 al kyl
OFifppdrRPR\S .griompghcaBEy 8n Iner(aBEs Br r ed1BFAT 2852k 3 sane

or di/fferent Cl-C4_al kyl or h

Furt pre, "the g B of t

pr ef bly non-sukstituted.

al k group or -C6 al kg

conf ration of arbon 3

racemat e "(RSor (7)) R S, , ?

prieferarbh f, ScongAGadeb p, ringA5aBécf, ringA6aBéaf, ringA6aBébf,

5. 8.8 9

ringA6aBé6c §, ringA6bB6a B, ringA7aBéaf, ringA7aBéc f,

0 6§

ringA5aBéay, ringASaBécy, ringA6aB6cy,

ringA3aB7af,

and namely, it is a spiro-ring having no double bonds such as
ring A4aB5af}, ring A5aB5af, ring A6aB5af3, ring A7aB5af, ring
A5aBé6af}, ring A6aBé6afl, ring A7aB6afl, ring A5aB6ay or A3aB7af;
or a spiro-ring having one double bond such as ring A4aB5bf,

ring A5aB5bf, ring A5aB5cf, ring A5aB6bf, ring A5aB6cf, ring
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R2 is preferably a Cl1-C6 al kyl group, a hydroxy group

or a C1-C6 5 al koxy.group. pas 0, 1, 2 or 3,

preferably O or 1, nore preferably 0. X is preferably

a carbon atom m is preferably O or 1, nore

preferably 1. nR is preferably 0. 10 The genera

formula [la] is preferably the followwng: ni AR O

(25 3rXn ) | nPA6bRs r(gqﬁe B Re)ndasaB6c
(V\heér%q]n eagﬁk%?/ éc{k |I§'L agg g](?:fig:ﬁi?édwgllbove))':1 g%lﬁgn larly, i
¢ ef B ebasedh N ARLO n2B (' )n3 X~ OHO [1 a-

31 (CH2 ML (CHQ) n2 (R2) P (wherein each synbol is as

_ defimdnarb@ne)pr&ﬁeerpdeierrﬂadgissahéa@eneiab ABaBEbA, ring

l£|a2 or [ la-3 ] in 33 which "the spiro-ring AB"
BARGCH ol TvE : AeaBRplla B5HIS, A&a&@ﬁassbrmmgen@@%@&-s,

ri ngA5aB5b( 3, ringA5aB5¢ ringA6aB5a ri ngA6aB5 SS

ri ng28aBse %rorFﬁ’éﬁﬂﬁﬁgéngl ﬁ@A@%‘B%%erPﬂﬁ BapBHRY ASaB6ap or

rrir@@%?éaelggaé is résn c:La fyrprngglaaBDGIpe.

As a spiro-ring having one double bond, ring A5aB6bf, ring
A5aB6cf, ring A6aB6bf or ring A6aB6cf is especially preferable.

Similarly, in another embodiment, the spiro-ring AB is
preferably a combination of ring A5a, ring A5b, ring A5c, ring
A6a, ring A6b, ring A6c, ring A7a, ring A7b, ring A7c or ring
A74 with ring B5a, ring B5b, ring B5c, ring Bé6a, ring B6b or
ring B6c. The spiro-ring AB is more preferably a combination
of ring AS5a, ring A6a, ring A6b, ring A7a oxr ring A7d with ring
B5a, ring B5b, ring B5c¢, ring B6a, ring B6b or ring Bé6c.

Even more preferably, the spiro-ring AB is a combination
of ring A5a with ring B5a, ring B5b, ring B5c, ring Bé6éa, ring
B6b or ring B6c; a combination. of ring A6a with ring B5a, ring
B5b, ring B5c, ring Bé6a, ring B6b or ring B6c; a combination
of ring A6b with ring Bé6a; 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 Beé6c.

Similarly, in another embodiment, the spiro-ring AB is more
preferably a combination of ring B5a with ring A5a, ring Aé6a,
ring A7a or ring A7d; a combination of ring B5b with ring Ab5a
or ring A6a; a combination of ring B5c with ring ASa or ring
Ab6a; a combination of ring Bé6a with ring AS5a, ring A6a, ring
A6b, ring A7a or ring A7d; a combination of ring B6b with ring

Ab5a or ring Aé6a; or a combination of ring B6c with ring Aba,
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ri ngA6aB6c ri ngA6bB6a ringA7aB6a 3, ringA7aB6c or

ri ngAs5aB6ay, ringA5aB6c y, rifgA6aB6c y, ringA3aB7a(3.
5 34 "The benzylic carbon atomt' refers to the carbon
atomwhich is represented by "CA" as bel ow and
substituted by RL in the general formula [ | a] or [
I 1] (i. e. , the carbon atomin a nethine group): nl

; = 82 . V[ 2 M (CH2
ﬁlQ R%?ab%l?ﬁh‘gzaepﬁréjé%'s?%bl i[c, ag] de1gi ned above).

I f thereBeboniftHmdtiten dfbdd@imerdt AN MOPre'skA® invention,
chirality at the benzylic carbon" refers to the

tine rsgiliirtor rdfng AB i s iparedemaiiliyoa exbnithiaretyd o1c ofarbo® A3a, ring
aton. The chirality is 10 expressed as, for exanple,
Meemairg A83 sdrty 254 sandig A6b,) rimpddia e ipg A7d with
-{soner. The same w.l | ag |3§_~-tn° such a carbon atomin rin
THeS Gefer B dt e 470 ¥ ? 9 HOR ahtP9 Ao nEHPaRes . Ting
HEESY 2B HA e BEERERbGTC IO W b 20 5o o
&&hbPRation of ring A3a with ring B7a or ring B7b; a combination
of ring Ad4a with ring B5a or ring B5c; a combination of ring
A5a with ring B5a, ring B5b, ring B5c, ring B6a, ring B6b or
ring Bé6c; a combination of ring A6a.with ring B5a, ring B5b,
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 A74 with ring B5a,
ring B6a or ring Bé6c.

Similarly, in another embodiment, the spiro-ring AB is
preferably a combination of ring B5a with ring A5a, ring Aé6a,
ring A7a or ring A7d; a combination of ring B5b with ring A5a
or ring A6a; a combination of ring B5c with ring AS5a or ring
A6a; a combination of ring B6a with ring A5a, ring A6a, ring
A6b, ring A7a or ring A74; a combination of ring B6b with ring
Aba or ring Ab6a; a combination of ring B6c with ring A5a, ring
Aba, ring A7a, or ring A7d; a combination of ring B7a with ring
A3a; or a combination of ring B7b with ring A3a.

"May Dbe substituted by the same or different
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;-C¢ alkoxy groups, more preferably 1 to 3 same or different
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15 atomrepresented by C* as bel ow anong the carbon
atons of the ring B of the Spjro-ring ABin the
general formula [la] or [ I ] : nl1 AR 0 n2g n3 X~
OH- -~\ 0\ \ [I a] CH2 ML (CH2) nR2 (R2) P (wherein
each synbol is as defined above). If the carbon atom
is a chiral carbon atom "the chirality of 35 the

C,Clabpo%l@cﬁrlt h@rsﬁif&d:%n%car srefepg. te t(ﬂ éﬂk#fl idbup is

of the above-nenti on atom at’'t

prefEtayly altve c, Ak igbuips exprensed @se SEB%tltuent(s) of
exanpl e, racemate, R-isoner, S-isoner, (-)-isoner,

e spsiorernimghiAmlis /Arer evainr aioreBpx‘éf'Qi%bS.&I’TE wol B same or
ly to such a carbon atomin the general fornulae
qﬁ) fenqm] mahlYilntesintldi At psorkidn sicforronsledr iy driesy groups.
resent. description. "A pharmaceutically acceptable

%cncﬁl%mer%ﬁﬁaeﬁoar@ éﬁ%%‘iﬁ% o3ydi hECERREeMgthyl, ethyl,
J_g)rn%ﬁ J]r c%herelfaft eoferredo 1g to as the
canpound B estht ™ Y Vet | $h°3PS conpound [17)"

a phasimcandical | v acgggt ?JDEti%'utt af  tdye; GO d ap  is
repr esent ed by t he general fornula F I a] erei nafter
peifirasie t0 as the conpound of the present invention
or Conpound [ la]) " may be any salt with the proviso
t hatThe swebstihbwenbkst chl 1tié& fonged wftthé h@piro—ring AB"
compound of the present invention. For exanple, in
I HET et D15 1 RESESHIOINGL Her Bngsamp ey cilélféﬁsné;u@h— Gsalkyl,
andraom no xgroupb _n t nol ecul e, a salt Wlf %l 1

ordgn'l XD O & SHKoxy groups, more preferably 1 to 3 same
or different C;-C¢ alkyl, hydroxy or oxo groups. The C;-Cq alkyl
group is preferably a C;-C;, alkyl group. Further, the
substituent(s) of the ring A is/are even more preferably 1 to
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.

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;-Cs alkoxy groups. Preferred are 1 to 5
(preferably 1 to 3) same or different C,-C¢ alkyl, hydroxy or
Oox0 groups. More preferred are 1 to 5 same or different C;-Cy
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;-Cs alkoxy
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15

with an organic acid and a salt with an acidic am no

acid can be used. In the casg,of the conpound having

an acidic group 20 such as a carboxyl group and a
sulfonic group in the nolecule, a salt wth an

I norgani c base, a salt with an organic base and a
salt wwth a basic am no acid, etc. can be used.

les of the salt with an inorganic acid include a

salt™ with hydrochloric acid, nitric acid, sulfuric
B GooPOSPROFidn O @Bfd Gafys o fd A PR A8 racemate
i ke. Exanples of the salt with an organic acid
{pel ode(a~5p) tR, VB h( oxabtc(af| danfepeetengblly Si bri ¢-).
acid, fumaric acid, lactic acid, nalic acid, succinic
Riciig, prafesabtyatiCd; Cacdtkivl gaiogp, arhydoexyapmiim or a C1-Ce
acid, gluconic acid, ascorbic acid, 36
FHEEPANSEPERNI ¢ aci d, - benzenesul foni ¢ aci d,

-1 ol yenesul f oni acid or_the |ike, Exanples aqf t
AT O rE o O B PERfREERLEr Y Phct udBoREsREEERFRRLY ©-

spartj i gl u L cacid or the |ike. 5 Exanples
'%fP?h fé%?fég%Yhéa%g?%g?ggkgg'base i ncl ude a sodi um
B8l is propéAsSEIYM Sert 1, amsaéc?yafé%blyamagnes' um

salt or an ammoniumsalt. Preferred is a sodiumsalt,
2 pbs apsefiersaly Oor a calciumsalt, and nore

preferred is a sodiumsalt or a calciumsalt. 10
Exanphesgenerpé sarnuhpt hlad dsgamefebadbdyi dleudeldowing:
salt wth nethylam ne, diethylamne, trinmethylam ne,
triethylam ne, ethanol am ne, diethanol am ne,
tri-trgnolanine, et hyl enedi am ne, tris(hydroxynethyl)

met )9l am ne, di cycl ohexyl am ne,
anyl et hyl enedi ani ne, ggani di ne,
0

)n3 OH
0 [la— 2]
“TN\
(CH)m, ~(CH)m, ®p
(wherein each symbol is as defined above).
Similarly, preferred is
ni
( )n3 OH
/0\ [I a— 3]

(CHYm. ~(CH)m, (Rz) )

(wherein each symbol is as defined above).

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



15 pyridi ne, picoline,choline,cinchonine, meglum ne or
the like. Preferred is a salgzwith ethanol am ne,
di et hanol am ne, triethanol am ne, dicycl ohexyl am ne or
N, N- di benzyl et hyl enedi am ne. Exanples of the salt with
a basic amno acid include a salt 20 with |ysine,
arginine or the |ike. Preferred is asalt with
dyﬂféﬁ‘e“%ﬂf@ Q%fe&trfﬁ ggaageeoby rlsact' ng the
conpoun r epresente e general formula [I] or [
la ] with an inorganic base, an organi c base, an
inorganic acid, an organic acid or 25 a basic or
aci dixc amno acid in accordance with a nethod_known
t he conpoun
Aula [ | ] o la] ,
3l accept ab alt thereo whi ch
A2 coordi nat |nclud|ng a ,
hydrate The solvaté is preferabty a pharmaceutixcal ly ,
abooRpericl o solivgh4epSafd i ndhudessaffor exaggda@sbf.  ringaAsaBsc f,

rate, - hydrat e, hydr at e, di um

nohydrat nonomnet ate, a

hanol at e, - pr opanol a 5 2-propanglate, a
and a dih hl ori de 2/23

“T1] or [Ia]/ The sol vat eé~can be obtai ned by a
et hpdaktopnN RehgAcaBsh BN adiightase # her emq@wsssa/ar i ous

of the compound 10 represented by the formnul
la]. For eI e, E- g - geone i somers
’| . Al'so, ix e case e a chirs

ringAS5aBé6a f§, ringAS5aBébf, ringASaBé6c f, ringA6aBéa 6 , r:LngA6aB6b B,

’ ‘ ’
, 4 ’
. 4 ’

ringAéaBéc B, ringA6bBé6a f, ringA7aBé6af, ringA7aBéc B,

R

ringAS5aBé6a vy, rlngASaBGC Y. ringA6aB6cC vy,

’
,
7
’

ringA3aB7a f.
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carbon atomis present in the nol ecule, enantioners
and diastereoners can exist ag a stereoisoner based
on the chiral carbon atom In the case where an axi a
chirality is present 15 in the nol ecule, there can
exi st stereoi soners based on the axial chirality. In
sSone cases, tautoneric isoners also can exist..
ACCOR ‘%hp% nzf:il 838 SQURFS ERL-2 1 %h%rc‘?ah?c% &om which
are incruded 1n TRe scope 0 the present 1 nvention.
Iserggﬂpggﬂeeae%%ém ok peitdie aeneldsd @ dy IRY in the
or [ Ta] 20 nmay be Tabeled with an I sot ope such "as
dehetd4C moveh3hS.[ Tlat] b5 [r ef(er.abl ethbatath @@@ROUNG methine
represented by the general fornula [I] or [la], a
ghaupdceutical ly acceptable salt thereof or a solvate
thereof is substantially purified. Mre preferably,
t he (epmpound represented by the general fornula [I] 25

a] , a pharmaceutically acceptable salt thereof

or vate thereof is purifRed sgpthat it has a
pur ¥y of 80% or nore. Accordﬂng tg| t he present
[ nthon, a pro-drug §npguﬁg\represented by
(Bred formula | [ 1a] can B8 useful as a
medi caent. " The pro-¢rug efers to a derivative 38
' sQnp oLl of ent invention whiEhlhas a
cheni cal | y(CHorm, me{Gthbi,i cal éﬁﬂegradable group and
reveal s an original pharmatetfical effect after

regainLng its original conmpound form by, for exanple,
RYBPEPYBI 82CBoEYBPPY dSopSd86E4R8G 8RO¥eUnder a

i ol ogi.cal diti ] dni ni d t, RV .
Bouthe SR AT 3 B CORBPEEEA. L ity at
?ﬁea! 8@nziAgkuded niie Prerdidd iy fifle el)@milaq’it'ﬂzse%f the

or. | U‘pfOVI !’19 t he ab.sorp_tl on rate In ora
adpivelmeha@tibaedor- wiiweld Nngadb8hUGtiom”. The chirality is

- 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

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]:

//0\\ [la]

(CH)m (CH)m,

N

2
R)p
(wherein each symbol is as defined above).

If the carbon atom is a chiral carbon atom, “the chirality of
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the target site. A nodification site of the conpound
of the 10 present invention ngy be a highly reactive
functional group such as a hydroxy group, a carboxyl
group, an am no group and a nercapto group.
Specifically, a nodifying group for a hydroxy group

i ncl udes an acetyl group, a propionyl group, an

b ' .
'&I?‘é) égﬁ/lg %enzo slpg:l%a Jill \@:Itlh qre%s %op@h@ EﬂyL!rallty of

group, benzol

ﬂh@%ﬁ%éﬂﬂé}ﬂm{e(ﬂr“%&bﬁ atom at the spiro junction”. The

di nmet hyl am nonet hyl car bonyl group, a sulfo group, an

ch iyl itgr ospegpréseduay| g60UBxamp3edi Haremhtef Raisomer,

3- car boxybenzoyl or 2-carboxyethyl carbonyl group,

%ftsomeraISe)+hs¢ded (2D-Bpeneti cahliyala Aodrf ghhgal: B.
oup for a carbox group includes a nethyl group,

’&wa ngb@pplé{ %@ GEh @@F&oraﬁtomsléptbpwergermﬂofomulae

LA 8h 8 Bher T gPe = B R g Vit BHE' pResent

| nomet hyl group, a 1-(acetyl oxy)ethyl group,
%é%§£qgkg€%bxycarbonyloxy)ethyl group, a

1- (i sgpr r@%&@t@ﬁmjﬁp dPpdatillePUBa1®2 of the compound
1- (cycl ohexyl oxycar bonyl oxy) ethyl group, a

tépresdayted-oxotHe Jatdiavall -Fbryylargtliy l( hgtredpafdter referred.
benzyl group, a phenyl group, an o - tolyl group, a
orghdiiencompepndgpfuphe aprggent invention or Compound [I])”

N, N-dlethylcarbannylnethyl group or a phtha||d
QFouf SpeEmaceMtirald i arrePigtdeoupatbr @ a'!:&:}enocompound

Qé i“gs%g?/l?n&% 1?1 t e[agleg%&yjfog{ngfgah Fg(gxesraer}.ryafiger 0lJJ:%’ferred

Iva group, an a

g&g% ﬁ:sfebélﬁghpbuﬂﬁo&f’ e priegint Eﬂbgﬁ@% Gt Qhpdangd [Ia])"
may be any salt with the proviso that it is a non-toxic salt
formed with the compound of thé 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 aci.d and a salt with an acidic amino acid can
be used. In the case of the compound having an acidic group
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 sélt
with hydrochloric acid, nitric acid, sulfuric acid, phosphoric
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,
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1- (acetyl am no) propyl car bonyl group, a 1-sulfo-

1- (3- et hoxy-4-hydroxyphenyl ) ng¢ hyl group, a

(5- net hyl - 2- oxo- 1, 3-di oxol -4-yl ) et hyl group, a

(5- nmet hyl - 2- oxo- 1, 3- di oxol - 4-yl ) met hoxycar bonyl group,
a 10 tetrahydrofuranyl group or a pyrolidyl nethyl

‘group. In the present invention, the spiro conpound

f ' I f. | .
PFPIEERERon Y 10 b 0u 00, 000RE o L THL Bl Lhal ot consc

selyade theredde . eXahiched be tae sahfegl t8Sahh8cidic amino

conpound represented by the 15 general formula [1]

acid alnchuddad nacettical lasprocapt alid,Sallutaiier @efidobr the
a solvate thereof , and can be used |ike the conmpound

k&g esented by the general fornula [I] or [la], a
pharnaceuticalIépacceptable salt thereof or a solvate _

t her B¥pmPLap of Rhe satpwiAl a0 Apprggnicbasq fnplyde a sodium
qu)wl n2 (R21 p 0 20 (whereiin each synbol is as

i('f% hetl PREGYE B aSBr-&f F a‘iﬂ]eéle%ﬁﬁ'llé‘ oft ‘[‘?I%X%%h’ﬁ‘aﬁﬁlat or an

AR tgglpy tﬂleef?q;g!é%: qls fa]?rs@ﬂili%m[ Isl.a?.lt ,' a gg%ixgsiup salt
compound represente y the ol T"owm ng formil a: n

or a calcium salt, and more preferred is a sodium salt or a

calcium salt.

Examples of the salt with an organic base include a salt
with methylamine, diethylamine, trimethylamine, triefhylamine,-
ethanolamine, diethanolamine, triethanolamine,
ethylenediamine, tris(hydroxymethyl) methylamine,
dicyclohexylamine, N,N-dibenzylethylenediamine, guanidine,
pyridine, picoline, choline, cinchonine, meglumine or the like.
Preferred 1is a salt with ethanolamine, diethanolamine,
triethanolamine, dicyclohexylamine or
N,N-dibenzylethylenediamine.

Examples of the salt with a basic amino acid include a salt
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
a basic or acidic amino acid in accordance with a method known

per se.

"The solvate” refers to the compound represented by the

: generalformula[I]or[IaJ,(n:apharmaceuticalacceptablesalt

thereof to which a solvent molecule coordinates, including a
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ARO (283N /ON\ S--~]1 1] (CH2) m (CH2)
m2 0 (wherein each synbol is @5 defined above). Al so,
each substituent in the general formulae Ella] and
[I'l] 5 is as defined in the general formula [I] or
[la]. The pharmaceutical conposition of the present

i nvention can be prepared by appropriately mxing the

@ax{aﬁﬁwm%ﬁ ISR} eent d Bxetf%% ner gl ,;r?{, A&H[;Hcany
a arnace |ca Y- accepta e Sal ereo
Scdh i MR 1hRILOohnd0i Mo 1 Hadt | | £3S e} I, ng Rbnéhydrate,

pharmaceutical |y acceptable carrier and the [ike in

@ppyephiyatatanount 8iReeps € NJ ol Os&dDWR BBULROGPHNRBfArHte, a

in the art of pharmaceutical preparations. The anount

nuinadniest fegnpladnel, r epr esenbethbyoflhtegener al 1 fmropdroJate, a
or [ la] , a pharmaceutically acceptable salt

TRAGFNVF2 e s @ Papearnépedtridate aneé pHabrdceghilegide 2/3

0 ion js._about 0. 1 to 100% ht of the
THEOIAGRE Ire RETEOHpOST TP oRseBELa £ i general formula
%(,epec[%d on a dosage form a dose and the I|iKke.

anpl es o]f the pharnaceutical conposition of the
presend sbiWepLi €8ni DEl UBEaPh8l BYeRAMAEHBASKANGH Ber se.

tabl ets, capsules, 20 granules, powders, troches,

syrum,ammmnsth@tsmmﬂ&rmlm i(yonreadrsemfeltnla compound
preparations such as external preparations,

reppssntied &y ithe dtaimns [k air didsy] t r Eosnesaimple, E- and

agents transgylnonary a%ents etc.
~geometric isomers can exi Also, in the case where a chiral

carbon atom is 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
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]
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]
or [Ia], 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 [Ia] can be

useful as a medicament. "The pro-drug” refers to a derivative
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"The pharmaceutically acceptable carrier” includes 41
various organic or inorganic garrier substances used
coomonly as a material for pharmaceutica

preparations, and the exanples are fillers,

di sintegrants, binders, fluidizers, |lubricants, etc.

in the formof a solid preparation, or solvents, 5

solyll Ebﬁ%&g?é‘%’f“tﬁe gé#%@&[‘g'i A48 S yn BH'H?%& % chemically
agents, uffering agents, soothing agents, etc. In
dPentaBLOA cA1h g raddiARAr 95 ahlHl HRYELERLE, aPt BBEginal
addi tives such as preservatives, antioxidants,

S e £0¢ $t A8l SYEEEENea St dRYyrdaitsrd itsneLdginalOcompound
Exanpl es of the filler include | actose, saccharose,

yranyy t ofor Besample ol hydoohgsadschsotteslyshs or degradation
m crocrystalline «cellulose, crystalline cellulose, :

RieR|d Sy siedioadicads eondiltdponpnge diymd ke hRsedrdithy@ 1iving
tarch, | bstituyted hyd | | 1 ul ,
SO0 BV S maBUE R REIRA, oE 4 Bl B 2o
i Si i.pcd ud , 1 :
e R b L o Ry £ s STE PR rfEoving the

S S6LHt 1 6h AL HRI L SBCH 8 + £4 O5H0Wr 18881 vhPYng a drug to
substituted hydroxypropyl cellul ose, hydroxypropyl

ties hydrget | sibse ancthoddF ievatsiionl |dirte of khleogempound of the
Exanpl es of the binder include hydroxypropyl
ke $eih bdaveniidmorgy bepy higbilyyieat t ive funcpiengdngroup such
crystalline cellulose, saccharose, dextrin, starch,
2| at PRITEEY mIMCYPe 8 GRTRAXYu AW AP HRP yoFAYP and a
ﬁ¥£r0|{ one.u25 Exanpl es of the fluidizer include
FoRTPaRNYaratis silicic |
Specifically, a modifying group for a hydroxy group
includes an acetyl group, a propionyl group, an isobutyryl group,
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.
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

1-(ethoxycarbonyloxy)ethyl ' group, a
1-(isopropyloxycarbonyloxy)ethyl group, a.
1-(cyclohexyloxycarbonyloxy)ethyl group, a

(5-methyl-2-ox0-1,3-dioxol-4-yl) methyl group, a benzyl group,

a phenyl group, an o-tolyl group, a morpholino ethyl group, an
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acid and magnesi um st earate. Exanples of the |ubricant
i ncl ude magnesium stearate, gglciumstearate, talc
and colloidal silica. Exanples of the solvent include
purified water, ethanol, 42 propyl ene glycol,
macrogol, sesane oil, corn oil and olive oil. Exanples
of the solubilizing agent include propylene glycol,

- hanol . :
Bl DALy EEERLBLBSRD v P hgAE8L P
susp QP@E&@ iegent iq %o&%ﬁ?‘l&z ?EEQB' £88 2ehhf¥h 98 roup include

carnel |l ose, hydfoxypropyl ul ose, propylene

gl yeet -vpeyidgreupehhibeskhub9ie g28dpg! ¥CBEOhloylmethyloxy

nonost earate. Exanples of the tonicity agent |ncFﬁde

gkagupse, d> soababpl, gswdipum cal ohetylaadbBmogini t gtoup, a

10 Exanpl es of the buffering agent include sodium

RYBEHHEATLPROYphat e, sodF@HPacet at e, €odi um caBbowedihwlthio-
mcitrate. _Exanpl es of the soothing agent

nd sodi .
?ﬁgﬁﬁﬂéygéﬂ}9P)BFEBﬁﬁF?rbE?XﬁpIes §F°PRe presérvati Ve sulfo-

kneku I e, chiorobutanal,

%éﬁgyﬁﬁg?%g%3r89§gg¥gh$é§gigé%3§¥%acetate ard “S8rbi ¢ a
asifle thya0PLES00N , DG 8RbI 4L daNheitRGhUde sodighyp, a
sulfite and ascorbic acid. Exanples of the cdl orant

(Bemadhya-boostocal, oring=oe - 4gylf)medhok§da®on®10r group, a
or food yellow No. 4 or 5, etc. ) and n -carotene. 20
Erénph¥drofurhaydwespspepri ac pyde lidgilumeshydhgmriomp .

di potassi um gl ycyrrhi zate_and aspartanme. The
phar f8cEBPi BAPSEBRpIRTSIBHOB! Hhe sRiRMompRpad Tepresented

by the following general formula [IIa] or [II], a
pharmaceutically acceptable salt thereof or a solvate thereof
exhibits the same effect as the compound represented by the
general formula [I] or [Ia], 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 thereof.

ni :
i'ii _ R1

( )n3 NH

[i1a]

0
~
(CHZ) m]\ (CHZ) m, (RZ) D 0

(wherein each symbol is as defined above.)
A preferable example of the compound represented by the

general formula [IIa] is the compound represented by the

following formula:
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can be administered orally or parenterally (e.qg.

“topically, rectally, intrav usly, etc.) into, not-

only human, but also 25 the other manmals (e.g. nouse,
rat, hanster, guinea pig, rabbit, cat, dog, pig,
bovi ne, horse, sheep, nonkey, etc.). A dose differs

~according to the subject, disease, synptom dosage

form- dosing route, etc. For exanple, when the
conposition is orally adnministered to an adult
[ gla wei ghi ng about 60 kg, the dose 43 of the
conpu nd represented by the general formula [ | ] or [
the present invention,gla pharnmaceutically
able salt thereof or a solvat@ thereof, which
effective ingredient, u ranges from about

) [ : [ ed 5 dose can be
red at one tlne of| i veradeivided

Theoconpou esent t he gqﬂeﬁal

t@;' gs a pharnac tically
acceptablé Mt 6& ©f or a solvate g hereof is

suitable for treating or preventing a GPR40-rel at ed
AiseRSEn ddbn ThandRADs 84 ahefl digeassve h ncl udes

di abetes nel litus, hyperglycem a, inpaired glucose

ADs @[ aderth sumutlutmlernets et Bheegené PRI i Bed I[MTa] and [II)
gl ucose, diabetic neuropathy, diabetic nephropathy,

s apet defined nopathy, gkeevati fosngla hypeeki pldéwni a

hyper chol esterol em a, _hypertriglyceridem a, 15
dysl?B?d%ﬂﬁﬁmaﬁ?ﬁEFPPboﬁPﬁPQFhghPa ofethpoPresent invention

?%neésnsff???fé%ab§9¥¥ %%%Eﬁpgia%eiyeﬁ%fw% 8CLBbkYcbhpouna

£€€§% ucgge tler d Fgpaiig
gl coé %éabg esﬁﬁelll us'?gyerg to type[?ﬁan 2 [tal, =
ﬁh@ﬂﬁé@éuf@ééli#%cceptable salt thereof or a solvate thereof

with at least one kind of a pharmaceutically acceptable carrier
and the like in appropriéte 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, s'uspensions .
etc. or parenteral preparations such as external preparations,
suppositoriee , injections, eye drops, transnasal agents,
transpulmonary agents, etc.

"The pharmaceutically acceptable carrier” includes
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20 and preferably type 2 diabetes nellitus. A suitable
subj ect adm nistered with the,conpound represented by
the general fornula [I] or [Iaf, a pharnaceutically
acceptable salt thereof, a solvate thereof or a

phar maceuti cal conposition containing any of themis
25 preferably a patient with such a GPR40-rel ated,

' nost. ent with a di sease

P 838 Pt s R uRoRg 15 SAEEERG FoehnirSdseh conmonly
HBld hitsri BY BRIOb NS ek eui%éirﬁdegﬂg&f&% t ghgr%gxamples

and I npaired fasting g ucose

adreatetlerdd didBaidBtntd eiBmderA4 fl"ﬁmall'z r%t ' A89bPhicants,
curing a synptomor a dlsease and/or a sign

essociiat edhiehefewt hpf ard soRlidorgtéparattosaAndr solvents,
"Preventing", "being prevented" and "prevention" refer
solublhprhnd fagerded aysngprendingyeagentyst hewrigsittof agents,
sypptomor 5 a disease and a sign associ ated o
‘?‘ﬁgf W% 2% He h§QotBingragents ne e l§u@?%ét°rﬂ @ﬁna liquid

ew '
i R S E?Sictam. %8 yhpi o e

?rgé§§@§€1vgge &9?989?&aﬁ€§ fgnp¥ gﬁﬁaéq%g¥éﬂers may be

ormul a arnaceutl
aﬁe@piﬂbhee&aat t hereof or a solvate thereof is

useful as a nedi canent for nodul ating the function of
GPR4BxafiplPR40 afjortitet fedileaneinh¢ludad Jrtdsmil aslkycaarose,
an insulin secretion-pronoting agent and a

‘Hy‘ﬁ%’@’P%/E%h O-HERitle FOTRESarChRAR RO stnl&!éfplc\limsyialllne

exanpl dlagnostlc criteria faqr. diabete
+f#¥% e 5%%%%§% ﬁﬁnteﬁ??ﬁ%ﬁ%ﬁ?%mujcarmellose
Xgiéguﬁ?alggdlum carboxymethyl starch, low substituted

hydroxypropyl cellulose, gum arabic and 1light anhydrous silicic
acid.

Examples of the disintegrant include carmellose,
carmellose calcium, carmellose sodium, sodium carboxymethyl
starch, croscarmellose sodium, crospobidone, low'éubstituted
hydroxypropyl cellulose, hydroxypropyl methyl cellulose and
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. |

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,
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Organi zation (WHO are as follows. According to the
di agnostic criterion for diahgtes mellitus issued by
Japan Di abetes Society (JDS) 1 n 1999, 20 diabetes
mellitus refers to any of the follow ng conditions:
fasting plasma glucose |level (FPG of 126 ng/dl or

hi gher, 2-hour post-load plasnma glucose |evel (2hPQ

' | T). . of . .
dedeidhhiinel d850dSt *SHERS SEL R pid artPrags o1t
o/ dxAp L INeE @ ALs_%QubELHS.zQL%ﬁ%ﬁ %(‘?%1?{1 balengs plt'%%ylene

neither to the above di abetes us and nor to

digfdal, bymanhavong werHydiderbaife f aghkigl, ptasd®hanolamine,
gl ucose level of |ower than 110 ng/dl or 2-hour

guokitunt asd-bgl stssreargl ucokient evietrate 75 g oral gl ucose

tol erance test (OGIT) of lower than 140 ng/dl is

def i imeamke 3 hefbdihgersusrendirg 489epitnpaiaiadley hewzalkonium
regul ation: 1GR).. According to the diagnostic criteria
GO et SETRALLANES ngg'eatywamé i ie1488°8Rd RToPYlene

[{ca A tes it DA) - | '
AR oR DS BB B 1,300, et Sicace.
9l ueSRp] &Y elr Phe k2l agEnki ST udDG14cRRY D-sorbitol,
post-1oad plasma glucosé [evel in 75 g oral glucose

donl iamarerel dieisde n@AD-mavHto0r hi gher. These criteria

al so heavily focus on detecting a high-risk diabetic _
popuizanphes ppdidchetieriihe sgent obsctudée ngodi@n hydrogen
transition from predi abetes to diabetes nellitus

RRRIRRAES nPafi el afieicdse FefénmfarRanehe apfradisen citrate.
fast] | FG d nbi nat i th f

| PR CaE e the  epafiind, SERL "Theliag fraRsh arconor.

whi ol iRS1Ss f astdig phAs™ QUEOSE AE¥EL  include  ethyl

parahydroxybenzoate, chlorobutanol, benzyl alcohol, sodium

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 f-carotene.

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
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
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<126 ng/dl and 2-hour post-|oad plasma glucose |evel
in 75 g 15 oral glucose tolerggce test _140ny/dl but
<200 ny/dl. Inpaired fasting glucose refers to a
condition which neets fasting plasma gl ucose | evel
> 110 ng/dl but <126 ng/dl and 2-hour post-I|oad

pl asma gl ucose level in 75 g oral glucose tolerance

DBt B HRIAER AR LS e
&)fvw.ellle 213:.[@5&9{! q.n\}éﬁtlﬂ‘?(s aﬂgfr ‘yr}naceu-mﬁaﬁq_@p%lé% ble salt

t he present |1 nventl on, maceut 1 ca accep ab

SRétebhyreafslvak e Qhéiie%ft h@h £8h i&A8n b—ﬁ‘@é&\}@ Qﬁgréalent
a medi canment for preventlng or treating the diabeteés

usballysangesof ten bboatdl albet €2 fehil{yus, ThépBoédmentioned
gl ucose tol erance and 25 inpaired fasting gl ucose

deser Aanelebpdmiaisberednait ioredtimay orrinesederal divided
Furt her, the compound of the present invention, a
BﬂﬁFﬁﬁE%utlcally acceptabl e salt thereof or a sol vat e

h d
Lrgére33|%% Vent??%ﬁgehgfagg?égﬁﬁﬁq ?%Emu}ﬁﬂ$hﬁﬁﬂla]'
|§ff§l§r%ée‘?1t§.rcﬁﬁqsr éggebgg i@%f@th%@é%!ﬁt g'é’@ﬁ?‘ e thereof

Into diabetes nel’litus. e conmpoun e presen

is\riitable fophalesmasiy b@'qiﬂ'é/verﬁ_cﬁﬁj?h&iﬁlﬁi catd1dted @8kease.
or a solvate thereof is useful as a nedicanent for

treal'’hg GPBhEtEslatkli tHiseasell secandesydiabaitlesr meaflitus,

sul fonyl urea therapy. In the treatnment of diabetes

%PPFE&CWM sERsHEe Y FLacogectolesaneonyingwdin resistance,
su) fonyl urea conpound or a fast-actin

IRGREPEe Zeeftladn ahisns ng Gt Jr,canﬁ‘&t‘lr&PértthY'g aiabetic
REREGPBRLATE Do AAERe Lo deridrionely Eyen <BiBaidosts.
Hﬂbé@ﬂiﬁi&éﬁha?Uﬁ?percholesterolemla, hypertriglyceridemia,
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,
and preferably type 2 diabetes mellitus.

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

i nvention, a pharnaceutlcallx acceptabl e salt thereof
or a solvate thereof can be used The sul fonyl urea
conmpound refers to a conpound having a 15

sul fonyl urea backbone or a derivative thereof, and

i ncl udes tol butam de, glibenclanide, glicl azi de,

| d oh i.de, )
G2 BESRRCE: afﬂ?&@a.aﬁ GanplER BRe Ao g iaeass FRALGFe2 Sion

IEEOEéﬁtteaCEhQQeW%H' ' Qgﬁegﬁlgﬁ.iggaﬂﬁ.ﬁgtthgg sagent

refers to a COﬂ"pOUI’] havi ng no su ony ur ea

baCkb@&%%eﬂ’&dn@P'OWBéﬂﬂg pheydsdd Bndeepebi8AtibRMrefer to
pancreatic (3 cells |ike a sulfonylurea conpound, and

anmétided £oxldeliade rop o pre venthings theepagkt noflea symptom or
senagl i nide, nateglinide, mtiglinide or a calcium
galdidpafeat @ndher esign2msHeeisgied tbﬁpewmdh a method for

represented by the general formula [I] or la] ,
BREVRAEEDH Eaf | Sriteh i aSHUL TiRG 80FYHP LaMsQT \Patdésease

ereq used..i n. comni nati.on
h%relnat%gE Q% (59QQF%Q9r%§ﬁ)?ﬁﬁjﬁég)smffgﬁoﬂg gFauiring a
u S s hereinafter referred to drugs
?gﬁgggglggdgugg§gkgga conventional 47 manner in the

phar mapectdmsaind rebgte sERE eGPy @heQfEHBHKL E@l@fnﬁs’aamleldor [Ial,
by the general formula [ | ] or [ Ia]

pleiraranEct tiatd 31 neceppaialbd essal t tthenre@ff or aassbvabé ehereof

thereof and the drug in conbined use can be
aénﬁlﬁfﬁ%%ra&j avw%eﬁmsnltu FO¥ MABH sinD thieefupathgn of GPR40

ISR RR PR L0 S0 pStPLEStak T8 8 Tamusn
§'e€% tt‘lBﬁOBi*HﬁoQEn@egaéﬁEeéﬁfda& h@p%%rl%eql anS }@l due to its
GPR40 agonist activity.

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,
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 (QGTT) of 200 mg/dl or higher and basal
plasma glucose level of 200 mg/dl or higher.

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_llO mg/dl or 2-hour post-load
plasma glucose levél in 75 g oral glucose tolerance test (OGTT)

of lower than 140 mg/dl is defined as the borderline type
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They may be used as a nedicanent in the formof a kit
conprising the pharnaceuticaisconposition of the
present invention and the 10 drug in conbi ned use. The
dose of the drug in conbined use may be enployed in
conpliance with the dose used in the clinical field
and can be appropriately selected according to the

bj ect di : t d f dosi te,
SR o0, TGRS ERHTRACRboIoRRRE o v o ot
f ' [ ' . i e .
o L REGUE B OB Rl o PoELI U2 ey s

£o5POE Y Wito ike1 Po e bl NRIM i h DRabRkbstAWE SO atXn (ADA)
a solvate thereof, and the drug in conbined use are

tonbd aed. didbetdsugelhicasbreedryseoi Ackodds tidh af fasting
drug for treating or preventing hyperlipidema; 20

p2ysma drlwgofser leveatding2o6mopidy enth ighehesidt 3-hq8y past-load
drug for. treating qor preventing diabetes nellitus;

PUFSHR FLRPT Leved ihg bF BrebaniGrpaitaberesce test of 200

cQ icatjon: _and (5) a drug for treating or
%9Z€%n Fn%l ?%Eftension. One to 25 three of the

abOV@hgegbéf@eiegw%as%aﬂegsihig%g%éﬁ%%g%&}ceggr%ﬁgh-risk

the spiro conpound represente € genera

fiabeto¢[ IPdpuraPha MGHEdiGHdtesaccept ot € Salgtoms during
thereof or a solvate thereof. "The drug for treating
dnansitporvditarmgpirggénbepedenia” d4d@beitesl udeslifws include
exanpl e, apol i poprotein-A (Apo-Al) inducer,

tHBResedr glueeser trlarsmae iRl n {wPFprednfppitisg, glucose

FRREL T LRI N e S BA LR RS . oterance
%f59§%|a E&hgg}ggﬁ' vgk?ich meets fasting plasma glucose level
<126 mg/dl and 2-hour post-load plasma glucose level in 75 g
oral glucose tolerance test =140 mg/dl but <200 mg/dl. Impaired
fasting glucose refers to a condition which meets fasting plasma
glucose level zilo 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
meets fasting plasma glucose level =100 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 amedicament for preventing or treating the diabetes mellitus,
borderline diabetes mellitus, impaired glucose tolerance and
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
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5 transfer protein (MIP) inhibitor, PPARa receptor
agoni st and PPARS receptor aggnist. "The drug for
treating and/ or preventing obesity" includes, for
exanpl e, acetyl - CoA carboxylase 1 (ACCl) inhibitor,
acetyl - CoA carboxyl ase 2 (ACC2) inhibitor, bonbesin
receptor 10 subtype 3 (BRS-3) agonist, diacylglycero

t . i nhi bit ] -d dent
PRUHEH GRS R bebBEe a®y s Balor antagonist,
s pe| _ |
agont BF A ek M Sh® e RV R P EE R Bp ticanty

PEEeptMIe | H41 DI tREreyACOHPLI 81 PAOLELAeE80E UEE) useful as a
i nducer/activator, 1113-HSD-1 inhibitor, adi ponectin

medepanenagdorst trdd/Piagt iddaibect gy omelnikuipasei ttAMPKrondary
activator, PPARy receptor agonist/antagonist and (33

Bt buee gifcsul oppilureagbmésapy ! THe dhegtfeatnerbtdihgiabetes
and/ or preventing di abetes 20 nellitus” includes, for

B&ahbFeS VhEHI FROFPEFEFathAdd IS Mlectrbhgnylurea therapy, a
£r%?883fﬁ%e§-bl§§Q%%§§§%ase FBPase) Hggégéfg%ggpto}nsulin

gl'acagon recept of ni sf; gld%oco C

S8EAGENOSL prGhyELiGNase Zehivat or t t _ ipsuli
qutanine:??uctose§6-phg phateimﬁ%ﬁﬁ?ansfe?égg ( GFAT suLin

£6ctobibh Lt promgt yfigoenrpespheidy | aserd fFe | DBEbhBbglycemic
gl ycogen synthase kinase 3 (GSK-3) inhibitor, GPR40
afbectt is phessphefacitpyyuyatyemarfoox ykhe aset {EPEKyith such
i nhibitor, protein tyrosine phosphatase 1B (PTPase
4Bpbehas bIF%g%,lth ubheecopayBfogénkbe Rregaset( ppMRption, a

ARLRLLRC ST It oL, S8 3 GBS Nnercor
can be used.

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

The spiro compound represented by the general formula [I]
or [Ial]l, a pharmaceutically 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 ref_erred to drugs in combined use) in a conventional
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di peptidyl peptidase IV (DPP-1V) inhibitor, tGP-1
pepti de anal og, a-glucosidas i nhi bitor, |nsuI|n
sensitivity enhancer, squonyTurea receptor agoni st
(SU agent), fast-acting insulin 5 secretion-pronoting
drug (nateglinide), |ow nolecular weight agonist of
tGLP-1 receptor or al Iom#nnlecular wei ght insulin

aratio uani des H$B%1 i nhi bi tor,
ﬁﬁ? %ﬁeﬁ?l %ﬁW?ﬁe%Ebﬂ? tfl%‘ activated protein
ki na co tdu\ﬁag Q're r @(:edeggphg% q’enerat\l formula [I]

agonlst/ agonl and | rener gl ece

@8QiaSt,- a piﬁﬁ%m%!éﬁtfl@:raltl G 1P ES‘i%nEﬂé‘Ele 3kef 881vate
conplication™ includes, for exanple, advanced

thycedf anhdetite dﬁru@dﬂﬁt@n(b&(ﬁ@d 950 UL beadnii 18 tefed without
al dose reductase inhibitor, angiotensin Il receptor

himagehisen asl Soahpe ot Enshg- c Ginearet inay bazadeif g red to the

I nhi bitor and protein kinase C(3 (PKC I) inhibitor.

syipieqk ug:'-lil orthe eéﬁ‘?% &f p@ev@ﬁﬂbﬁgaﬁyﬁé‘rt eFgpgration, or
a blocker, Dblo

d
afigi BFehersd s&wi?fpﬁnﬁgugﬂzvy% SEPRFBLEGY Theertain interval.
t n% k?datf[))a a%ag%égg.& I1 bl:ﬁ)g k@orrn?%% 5%{;&1‘.” comprising

exenplary or preparing t

défedtﬁ%alpééﬁﬁabltﬂMﬁrBﬂ fheWddsdift hakBnRALLAING the
explalned but the present invention is not limted

direg et colnbiwek ube . urTies Sosedofttied drivgy canpoubined use may
the present invention can be prepared in 25 accordance

B¢ t eMRLope @ obh |Gl rnce avitpdihe [t gy emchtmmrtheopllnlcal
% onpound of the present inventiaon, the_order of

LEAGHECaR B IRPEARFHR L LpSrIsRtatel geoRARRA O %@Subneot
J eC dé)f“o&ﬁ]r& Orl r%‘ge]; 'éfrgci’n Oéog Sfjcpt‘f%ét (fos:Lng )éluratlon
comblnatlon, 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, aﬁd the drug in combined use are combined.
The drug in combined use iﬁcludes
(1) a drug for treating or preventing hypei‘lipidemia;
(2) a drug for treating or preventing obesity;
(3) a drﬁg for tfeating or preventing diabetes mellitus;
(4) a drug for treating or preventing'diabetes complication;
and
(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], a pharmaceutically acceptable salt thereof or a solvate

thereof.

"The drug for treating and/or preventing hyperlipidemia”
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as long as it is considered to be reasonable. 50 A

step to convert a substituent, (i.e., conversion or

addi tional nodification of a Substituent, including,

for exanple oxidation or reduction of a substituent)

may be optionally inserted between each step. A

reactive functional 5 group, if any, may be

a opri at gl rotected or deprotected. . Further, any

BERLIaTRagtit ERATEIRe GRATHHIRRRES Exfon GiRaTAL belfiduces,
ri Ly to onpte the reactio ward. . .. .

ﬁgg?ép%ﬁggct ?tg%‘%an %lgérbse%? or mBEChRdEr & roustipibitor,

ER86tAe O] T PEpaGXadRnG b1 ¥RIET Hd I QUEN-B400SDLET Shnibi tor,

needed. 10 A conpound obtai ned at each step nay be

1spdpiete andLipase f ( EOLPYast £oaVEDRT | ARBFoBBHARItriglyceride

appropriately selected from crystallization

teanySénlpiotad ion MR StiidHiaditeonr, HoARY deddepptiof agonist and

separation, columm chromat ography and preparative

PPAR) raqepter agomshati on thereof . In sonme cases,
15 ¢ ext glep can pbe started without isolating or

pur i Eg? RO h R eT RS ¥SRR1RE GPes it} hancludes,
| herai naf ; turer ..
B et e 1R PO B8 L ST Snnta o,

ers to a'te ure of
AGkt P Oeh DB REEasE DQEAHPLEIEH 4G DY bhiBesYRbeLceptor
20 neans a single bond or a double bond with the

Puidtyse® BhalBRIWEER. agealkitguUadisa3Al IOycatSNBad9180hnsferase
constitute an allene bond represented by the fornul a:
PEATL 25 iImhietterbed apbyeose-dependent insulinotropic
polypeptide.(GIP) receptor antagonist, 1eptin:recept6:~agonist,
melanocortin (MC) receptor agonist, neuropeptide Y5 (NPY5)
receptor antagonist, perilipin inhibitor, uncoupling protein
(UCP) inducer/activator, 11f§-HSD-1 inhibitor, adiponectin
receptor agonist, AMP-activated protein kinase (AMPK)
activator, PPARy receptor agonist/antagonist and B3 adrenergic
recéptor 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
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Al so, for exanple, "a conpound represented by
(General) Fornmula 51 (1)" %1/% al so be represented as
"Conpound (1)". Preparation thod AR 0 R51 pl 52
", (CH2n2 (2) nl n1 n1 A RVOARO R51n2)n3 ( n2
)n3 On3 CH ---- XSPreparation B Preparation --- 0O\
(CH2) m Method Al (CH2)m (CHM Method A2 (CHZm N

G el Hhebihal e GRS, e BRnE R A Moo,
%%%§§gﬁ€§%Cﬁgktéga?SH&yoé&H?%ﬁag)n§n§§§{€§rF§E§LP—l peptide
analog, a~glucosidase inhibitor, insulin sensitivity enhancer,
sulfonylurea receptor agonist (SU agent), fast-acting iﬁsulin
secretion-promoting drug (nateglinide), low-molecular weight
agonist of tGLP-1 receptor, oral low-molecular weight insulin
preparation, biguanides, 11f-HSD-1 inhibitor, adiponectin
receptor agonist, AMP-activated protein kinase (AMPK)
activator, PPARy receptor agonist/antagonist and 3 adrenergic
receptor agonist.

“The drug for treating or preventing diabetes
complication” includes, for example, advanced glycation end
products (AGE) production 4inhibitor, aldose reductase
inhibitor, angiotensin II receptor antagonist,
angiotensin-converting enzyme (ACE) inhibitor and protein
kinase Cf (PKC ) inhibitor.

"The drug for treating or preventing hypertension”
includes, for example, a blocker, B blocker,
angiotensin-converting enzyme inhibitor (ACE inhibitor),
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. Itwill beunderstood
that the compound of the present invention can be prepared in
accordance with a method known per se. Upon the preparation
of the compound of the present invenfion, the order of reactions
can be changed appropriately. Namely,anystepmaybeperformed
first or any substituent may be subjected to the first reaction

as long as it is considered to be reasonable.
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5 (wherein Rl is a Cl-C6al kyl group, a C2-C6al kenyl

group, a C2-C6al kynyl group, 58 phenyl group, a

hydroxy group, a five- nEnbered het er oaryl group which

has at | east one heteroatom selected froma nitrogen

atom an oxygen atomand a sulfur atom and which may

be substituted by a Cl-C6al kyl group, 10 or a

di ( alk ) net h grou R I 1- C6a k

grou% C@ ffO&Yg&alaKygﬁB?BfJBue%% ? . 1¥vers:.on or

%%@%5:9 y%gd'l(fq.)caaél gEoup, suﬁ%‘ é rebresents ng, for

are t e sane ferent an
E¥EhPYEN ALHA Ao &;.L %c’ﬁid@ﬁ.on gpeURY sﬁbsﬂltuent{ may be
five-nmenbered heteroaryl group which has at | east
opeibrs il gaimse Sed & tlettrddro@aghnstepgern ate@tidfe functional
oxygen atom and a sulfur atom and which may be
gubepi tUf edhyby mayGe Cepkyprigtely,pr@ieciall X52 dapaotected.
the same or different and each represents a hydroxy

Erbtbesr any el rngwt A fthes eate@pleefaq@ﬂreagents can

and ot her Is are

B i e e s Bt PR P REEnE R AT e L PR PR  Also,

r . hAN t hd . a
£ Egag%&bﬁcgﬁlx%ound%%féﬂn etlpxg %\’i %ﬁla???g?ngcgzbﬁﬁltaon (for
étampid, Cannevntlitdyenacaemndspletre)t ¢ hekliew.ng Step
1 or Step 1'. Step 1 Conpound (3) can be obtai ned by
cond@nsammrunef Gotpimed atl ddgh i stepi alayX3ie i $salated and
hydroxy group and Conpound (2) in which X52 is a

| nym’é*?dgtnmﬂocrmvan{frép@@ﬁt mgthp@onprpeepetatety plegied from

crystallization, recrystallization, distillation,
ligquid-liquid separation, column chromatography and
pfeparativeHPLC,etc.cn:acombinationthereof. In some cases,
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:

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¢

as described above.

Also, for example, "a compound represented by (General) Formula
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heat. The reagent is preferably
1,1'-(azodicarbony|)dipiperiq%Qe, tri phenyl phosphi ne,
or the like. The solvent is ef erably, for exanple,
an ether solvent 15 such as tetrahydrofuran. Step 1'
Compound (3) can be obtained by reacti on of Conpound
(1) in which X51 is a hydroxy group and Conpound (2)
in which X562 20 is a |eaving group, or Conpoyund (1)
(1) WHFEh S0 |KE FEREGS TG o SRR LAl {2) i n
which X52 is a hydroxy group, in a solvent in.the
presence of a base at roomtenperature or with heat.
BhSpd LY e OWpai 8 preferably a chlorine atom a
brom ne atom an i odine atomor a nethanesul f onyl oxy
group, and 25 nore preferably a chlorine atom a

brom ne at gm ran iodine atom The base is
prefer an al'kali netal carbonate such as

_ pot asgijiwT canbonate or cesium carbonate. The sol vent

preferiably a pol ar sol vent such as
7de. 53 Preparation Method

0 0
aratdBl vent i esence ofmanbase at

, potas# um

or the Jike. is preferagkyn
reparation Method A2
an et herwsofvent sgoh Bs .
éfuran, an al coholic sglvent such asf |
20k a Ufe thereo @n ot

0 0
C)m (CHm, (ciym (CA)m,
(4) (37)

(wherein R! is a C.:-Cg¢alkyl group, a C;-Cgsalkenyl group, a

C.-C¢alkynyl 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
a sulfur atom, and which may be substituted by a C;-C¢alkyl group,

or a di(C;-Csalkoxy)methyl group;

R is a C:-Cg¢alkoxy group, &a hydroxy C;-Cgalkyl group, a
C,-Csalkoxy(C;~-C¢)alkyl group, —CONRanz(Rll and R are the same
or different and each represents a hydrogen atom or a C;-Cg alkyl
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;-C¢alkyl
group;

X°!' and X*? are the same or different and each represents a hydroxy
group or a leaving group;

R’ is a C.-Csalkyl group; and other symbols are as defined
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Preparati on Method A3 Conpound (3') can be obtai ned
from Conmpound (3) according ﬁ%? the foll ow ng nethod.
Exanpl es of the Preparation thod A3 are shown in 15
Preparati on Methods A3-1 to A3-5 bel ow. Preparation
Met hod A3-1 Conmpound (3') in which R'" is a hydroxy
Cl- Coal kyl group can be. obtained from Conpound (3) in
ﬂ& fﬂ, is a 20 di(Cl-C6al koxy) net hyl group

according to the following steps. Step 1 An al dehyde

i nt b e ;
oot f4f 50, R PRREpPEIsRLHREL B o Bl oo 1o

EﬁéﬂﬂratibﬁiM@&hﬁmﬁ ADOES @SIﬂéLoﬁOndltlon at room
tenperature or with 25 heat. The acid is preferably
canphorsul fonic acid, trifluoroacetic acid, or the

i ke. The solvent is preferably a ketone solvent such
Rreppiaabirn Mpeho@ Eh Compound (3') in which RL., is
a hy drox%uCJ Céal k roug}can be obt ai ned

r edutPTBARE Hecd o‘%%;‘)’aé HFQr%’"e%‘thoé‘P%’é’tda{ﬁé@qucompound
C&ﬁf Eredfahgled e Mea ek e e er e Bor seloti tm 5

daL.ohydride. The solvent is preferably an alcohollc
sol'vent such as nethanol. Preparation Method A3-2

~ ConpoompoGtd) (3 ) &dm e Rbtaiirfed vyl <ohdrins@ty onCd£C8pmpound

al kyl 10 group can be obtai ned by al kyl ati on of
(bhpuurvdu(cs’i)X| msva diydroxy group and Compound (2) in which

xX*? 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

such as tetrahydrofuran.

Step 1°

Compound (3) can be obtained by reaction of Compound (1)
in which X*' is a hydroxy group and Compound (2) in which X532
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
more preferably a chlorine atom, a broinine atom or an iodine
atom. The base is preferably an alkali metal-carbonate such
as potassium carbonate or cesium carbonate. The solvent is

preferably a polar solvent such as N,N-dimethylformamide.
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Rl,, is a hydroxy Cl1-C6 al kyl group obtained in the
above Preparation Method A3-1,Step 2 in a solvent in
the presence of a base, and ih the presence of an
additive as needed, with cooling or heating. The base
is preferably an organic am ne such as 15

N, N- di i sopropyl et hyl am ne or

i | - 4 et hyl di The al kyl at i
ZodattakEOh BRGS0 Y O ol kyi ) oxom um

tetraf id
Tﬁergr%%@EB g?t%??%i%ﬁﬁﬁgﬁg%kgéaf uofgbo%%Fg%aa'%I] can be
o6 €4 ehad| vy tHy IR 1aX H QGM%QuhﬁtﬁgﬁlHPﬁﬂ?@% faq3),

triethyloxoniumtetrafluoroborate. The C al kyl

solivelet i Bn pited erakienceebliyh badedet lﬁithteln@)@I@:ure or with
n- propyl iodide or isopropyl iodide. Wen the

Re&y| atThry agntis iprefietsal kyanbaguedesosolotide, ofhgodium
additive is preferably silver(l) oxide or silver(l)
I?Y‘?’F?’lﬁbﬁi%nef’ﬁ’éﬂ%%hlﬁﬁofﬁé@@x#‘% 28 ey hitkg s The solvent is

g a%i%T Iogenated hydr ocar bo solvenh?1¥ such as

TOr0 & chl YNt hane 2%pr € %’fl o ONEERGd ARG as

@E‘P&’h‘f&réxélﬁﬂ'gnlzal( %icéﬁo%\ﬂf C&R/ n’é S’s cqu% Iﬁle(tlﬁja&'xol or a
d ead

and Rare the 55 same or fere

hEeptesentBedebydrogen atomor a Cl- C6a|ky| group) can
be obtai ned fromthe al dehyde internedi ate obtained

in the above Preparation Method A3-1 Step 1 according
to the following steps. 5 Step 1 A carboxylic acid
??ﬁ%@ﬁ%ﬁ%ﬁPeMehhoﬁeA bt ai ned by oxidation of the

aldeg¥ i n e i ate_obtained in_the above
Prep TUPPYR 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;-Cealkyl group
can be obtained from Compound (3) in which R} is a
di(Ci-Cealkoxy)methyl group according to the following steps;
Step 1

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

a ketone solvent such as acetone.

Step 2
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Met hod A3-1 Stepl in a solvent in the presence of an
additive 10 at roomtenperatugg or with heat. The
oxidant is preferably sodiumchlorite, and the
additive is preferably sodium di hydrogen phosphate
and 2-net hyl - 2-butene. The solvent is preferably an
al coholic solvent such as tert-butanol, a polar

sol veg}nggtﬂgg) 25" mﬁrﬁh%h Rm x&%(ﬁl Fﬁ%g}g% Rci group

é‘éﬁ ble oy o f I:S{iﬁe‘:laﬁd oFacthd e&’:[&éﬁg&é fa._ntermedlate
hydrogen atomor a Cl1-C6 al kyl group) can be obtai ned

dytaondansattod afodd g teny hoxyl & Cs2Braot hi HovmTRGmpleeature
obtained in the above Step 1 and HN R11R12 (R11 and
@ﬂZwﬁEhahamﬁinemhammﬂgu¢inghegﬁmmliaammaferably sodium
Preparati on Met hod A3-4 Conpound (3' ) in which R'"" is

hﬁrRhmIlé;@al KShe teakeait d s prefiesiablyamnbalesheilied solvent

é& eaction_of nmpound (3') in which RL is -CONR'R12
t 7§ R°fBAPBYen atom here, and ot her synbols are

as defined above) , obtained in the above Preparation
Method A3 - 3 Step 2 in a solvent in the presence of

ﬁgegghgggbgnMgggaa aRdo a dehydrating agent at room
tenperature or with heat. The 56 dehydrating agent is

pr ef evaipoynidr i(B3I'Yoremetiame R f a @ @RLydai”exy(0e-Cq)alkyl
azidation agent is preferably sodium azide. The

goPupncan sbgradfiarigidd by pékynatdonenf Gempouard (3°) in which
agetonltrlle 5 Preparation _Method A3-5 Conpound g ")

Rn wHithe RPYATreXy &h-Esalld P BRIEP cSPtBénegbthR nege above

{Dg:grpnaggt onngeég’g)dlz{b VTI r<]epR"2 Jl.f?f a f(]))i(\j’re% :1.1C-1r gﬁg 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
N,N-diisopropylethylamine or
2,6-di-tert-butyl-4-methylpyridine. The alkylating agent is
preferably tri(C;~Csalkyl)oxonium tetrafluoroborate or
Ci-Céalkyl bromide or iodide. The tri(C;-C¢alkyl)oxonium
tetrafluoroborate is preferably trimethyloxonium
tetrafluoroborate or triethyloxonium tetrafluoroborate. The
C1-Cealkyl iodide is preferably methyl iodide, ethyl iodide,
n-propyl iodide or isopropyl iodide. When the alkylating agent
is C;-Cealkyl bromide or iodide, the additive is preferably
silver(I) oxide or silver(I) trifluoromethanesulfonate. The
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
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the same manner as in the above Preparati on Method
A3-2. 10 Preparation Method A4 Conpound (4) can be
obt ai ned from Conpound (1) antd the follow ng Conmpound
(20): X 52 (CH2) n2 (20) 15 (wherein synbols are as
defi ned above,) in the sane manner as in the above
Preparation Method Al Step 1 or Step 1'. The Conpound

itttk A RERRond ehifoskr-carion DooanmRaeton or o

N T A LR T e
&b epeh 84 110D YRt Hi9sse ﬁe"péroataiﬁ)rg M@ﬁ:h%\ﬁ a32 f[.I Pé@@ﬁrlasbeerdlng
Met hod A5-1 Conpound ( I'n which I's a hydroxy

g@ou@eCﬁﬁlp@wp@§a$6@§557 by al dol reactlon of
Conpound (4) with an acetate represented by the
formul a: CH3CO2R51 (the synbol is as defined above) in
a solvent in the presence of a base with cooling or at
$B%R11tenperature The base is preferably l'ithium

dii sopropyl am.de. 5_The sol vent referably an ether .
Sol VERERR L ap 2 TEARMAGHERE CPRdmPRERGH SR B3 dation

: @E't%e aldehyde intermediate obtained in the above Preparation

Method A3-1 Stepl in a solvent in the presence of an additive
at room temper_‘ature or with heat.‘ The oxidant is preferably
sodium chlorite, and the additive is 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.

Step 2

Compound (3') in which R'"" is -CONR!R'?(R*! and R'? are the
same or different and each represents a hydrogen atom or a C1-Cs
alkyl group) can be obtained by condensation of the carboxylic
acid intermediate obtained in the above Step 1 and HN RY™R'? (R'

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

Preparation Method A3-4

Compound (3') in which R!’ is an N-(C,-Csalkyl)tetrazole
group can be obtained by reaction of Compound (3') in which R
is -CONR'R'? (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
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Compound (3) in which Rl, is a hydrogen atom can be
obtai ned- 10 from Conpound ( according to the
following steps. Step 1 An aA%% unsat urated ester

i nternedi ate can be obtained by reaction of Conpound
(4) with di (Cl-C6)al kyl phosphonoacetic 15 acid
reagent in a solvent in the presence of a base at room

ASTPEAINS, fotls "the bre er#@yd.%a%%%%%%#ﬂanesulfonic
ACONS ARG (RANont 51 BT SECEGRINI] TLEAIN azide.

phosphonoacet ate. The solvent Is pre era an et

B ¢ollveRChs FrdrRinad Nl P &0 sodFeditePuch @@meéaenltmle
(3) in which RL, is a hydrogen atom can be obtai ned

by reduction of the a, (3-unsaturated ester
intermedi ate obtained in the above Step 1 in a
Branapatien riderhe@nbrat ure or with 25 heat. The

reducti on nethod is preferably catalg;
hydr%@@ﬂ%??ﬂn(?n)th% %ﬁ%g%n%e ofSaac §k9§kox7hgroup can be

paII ar hon. sol vent
'S pre%eraxgm cpgmé T4 So%)ven succhrR gs e"'tsnfl &4 9TOUP in
O 1 903 | Manndt PRSV sthd | 6008 BhE 5£5€18§nmﬁ€h88d5§-2.
as an additive. 58 Preparation I\/btﬁ d Bnlnl n1 A A
A. n2)n3 n2)n3 n2 )n3 Bs, B; B- X OH ~Lvl
Preparation Method A4
Compound (4) can be obtained from Compound (1) and the

following Compound (20):

@0
52
.

(CH) m, (20)

(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.

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.

Preparation Method A5-1

Compound (3) in which R' is a hydroxy group can be obtained
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(CH2)mIl (CH2)mIl (CR2) m (1) (1 a) (1 b) 5 (wherein
Lvl is a | eaving group, and of her synbol s are as
defined above.) Conpound (1) nmeans Conpound (la) or
Conpound (1b), and 10 Conpound (| b) can be produced
by converting Conpound (la) into a conpound having a
| eaving group by a general nethod. For exanple,

U L R R ar PR S uBEn( 2 ERT A e TR g Rgpresented
Iﬁ%eﬁé‘%ﬁoﬂ&u?ﬁ: @ddd fve é&’cther dARE %tsuggfqﬁle\ﬁ' tove) in
at . e ha ogenéilng 15 agent 1s preferably

A b6 0pBAHCEhNEAL dBredBRcaddEt hVBake wRERT 868RENG or at room
tri phenyl phosphi ne. The solvent is preferably a

hahpgeaatied. hyrhieobasbds pek¥entbdychi s whiaiebpidpylamide.
Preparation Method C 20 Rnl n1 A Preparation A

Tee hogolventh2 Gsn2ppederBbly G 0 €CQH) nsolyéht(lsayh as
wherein synbols are as defined above.) 59 Conpound

%?Efa%gﬂrﬁéuBBPained f rom Conpound (5) accordi ng

Preparation Method A5-2
Compound (3) in which R! isa hydrogen atom, can be obtained

from Compound (4) according to the following steps.

Step 1

An o,f-unsaturated ester intermediate can be obtained by
reaction of Compound (4) with di(C;-C¢)alkyl phosphonoacetic
acid reagent in a solvent in the presence of a base at room
temperature or withheat. The base is preferably sodiumhydride
or the like. The di(C,-Cs)alkyl phosphonoacetic acid reagent
is preferably triethyl phosphonoacetate. The solvent is

preferably an ether solvent such as tetrahydrofuran.

Step 2

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

hydrogenation in the presence of a catalyst. The catalyst is

- preferably palladium-carbon. The solvent is preferably a

polar solvent such as ethyl acetate. Optionally,

diphenylsulfide or the like can be added as an additive.
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to the follow ng Preparation Method Cl1 for preparing
Compound (la-1), Conmpound (lasz2) or Conpound (I a-5)
in which the carbon 5 atomal the Spiro junction of
the ring B of the Spiro-ring AB to which a side chain
(CH2) mlCH binds is an sp2 carbon atom or the
follow ng Preparation Method C2 for preparing Conpound
(1a-6), Compound (la-7), Conpound (la-8) or Conpound
(la-9) in which the sane carbon atomat the Spiro

| .on. | arbon 10 atom Exanples are shown
%ﬁgéétgg}%ﬁiﬁﬁkig?h%ds Cl to C2 below. Preparation
Method G nl nl 4nl Preparation A A Mthod Cl1 k )n3
po- nB2 )n3 n2 )n3 -CHB 0 02) M SOH (5 ) (CHz) M
11.) (1 a-2) 15 erei n synbol s arexa defined
2. ) Exanpl es of ' X

n in Preparatiop
. gp AAt i.on Met hod \\a&1
{'n the case ©

en n3 is 1 in‘Clnd
( ] und (la- |a))=60-4% nl
nl nl « th O0n2 -~ ( n2 "n2 LYz Stepi B Stggg‘B
St€p3 B Step4 No (1a) (1b)

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

above.)

Compound (1) means Compound (la) or Compound (1b), and
Compound (1b) can be produced by converting Compound (la) into
a compound having a leaving group by a general method. For

example, Compound (1b) 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
agent is preferably N-bromosuccinimide. The additive is
preferably triphenylphosphine. The solvent is preferably a

halogenated hydrocarbon solvent such as chloroform.

Preparation Method C

nl nl
0 Preparation 0
Method C
( Gind ————————— - @7 Jn3
: OH

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

(wherein symbols are as defined above.)
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CO2Rei COR5t CO2R 51 (5-1) (5-1 a) (5-1 b) (5-1
c) nt . nl n2 ( nB Steps (B, OH CO=R100 (5-1 d) (1
a-1 a) (wherein Rloo is a Cl-Tbal kyl group, Lv2 is a

| eavi ng group, and other synbols are as defined
above.) 5 Step 1 Conmpound (5-1a) can be obtai ned by
reacti on of Conmpound (5-1) with di (Cl-C6al kyl)
carbonate in a solvent in the presence of a base at
roomtenperature or mﬁth heat. The di (Cl-C6al kyl ) 10

car begg P%uhﬁ Pi% 3% A ygb%’g&%h EP&ROcE‘@l{founT&‘e( 3288 cording

is prefterably pot assi um

tertnd o dein Pl dadtien MERRoROE Y &Y r 'pfregfﬁfﬁfga@b)hpound

an ether solvent such as tetrahydrofuran

Coapoindcdmpdind qaa-29 ebt@omesuby (ead) @A which the carbon
Conmpound (5-la) with a reducing agent such as sodi um

borohytrihie spizp Rulotdmn aif tbenriergpRref e epiwia-dring AB
heat, or by catalytic reduction of Conpound (5-1a)
hPtWhick & Aidle C§eeﬁ £SHp)aPHNkR 39 Jokiade SPn @@rPbon atom; or

f d Th I f bl
ShRcrodariute Breradetion Mgl (rantob S5reaRsho, Conpound
295\185‘2 cSduRé (TRl-F3NOkomBbufta i%-uéﬁ o€bfiBbund €Pa-9) in
which the same carbon atom at the spiro junction is an sp3 carbon

atom. Examples are shown in Preparation Methods C1 to C2 below.

Preparation Method Cl

nl 1

nl n
Preparation 0 6
Method Cl
()n3 _— - ()n3 (
~OH _-OH

0 (CH)m, (CH)m
(ta—1) (1a—2)

()n3

l%

(5)

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

Preparation Methods Cl-1 to Cl1l-3 below.

Preparation Method Cl-1

Whenn3 is 1 in Compound (la-1) (in the case of Compound (la-1la)):
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61 Conpound (5-ic) can be obtained by reaction of
Conmpound (5-1b) with nethanesgbfonyl chloride or the
like in a solvent wunder basitC condition at room
tenperature or with heat. The base is preferably an
organi ¢ base such as triethylamne or 5 pyridine. The’
solvent is preferably a hal ogenated hydrocarbon

nvent such asgychloroform Qptionally, al
' ' @ li ke can bdded as an
N8 1d) can ke tai ned
' ' [ N s8ep30[ V& undegrtep4
basic conditiop qf”roon1tenp§r4§hre or with®gat. The
base is preferably an organi c base such as

8 [ 5. 4. 0] undec-7-ene. The solvent is

K (la-1a) can be obtai ned by
s $%ﬁp ‘wo‘md (5-1d) in a solvent with

c@ok Efig or at raem.ienperature. The reducing agent is
preferably diisobutylalum num hydride. The 20 sol vent
is preferably an ether sol vent such as

gﬁ%éﬁgxgrﬁﬁou eoﬁjp %grk?} 8)25)1“{%::2 d Cl 2 ZI\_/c\glaenirl?g2 t_:ijfc’oﬁzp, and

I's 1 heSc8se™d
GPHEPUB9m65§92§¥é ad°3f2indaNdoBleN} A A A

Step 1

Compound (5-la) can be obtained by reaction of Compound
(5-1) with di(C,-Csalkyl) carbonate in a solvent in the presence
of a base at room temperature or with heat. The di(C;-Csalkyl)
carbonate 1is preferably dimethyl carbonate. The base is
preferably Sodium hydride, potassium tert-butoxide, or the like.
The solvent is preferably an ether solvent such as

tetrahydrofuran.

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
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
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Stepl CO2RS' Step2 Co as' Step3 Co R51 Step4d 0 0 OH
Lvt (5-2) (5-2 a) (5-2 b) (522 ¢c) n1lnl A ACOR
Steps off (5-2d) (1 a-2 a) (Wherein synbols are as
defined above.) 5 Step i Conpound (5-2a) can be
obt ai ned by reaction of Conmpound (5-2) wth
di (Cl1- C6al kyl ) carbonate in a solvent in the presence
of a _base a roon1& ﬁ erature or wi_ith heat. The di

0

(Cl- %QPRW ) (5z&Phofiabebps OBtaft-apdoPy HPFPEFH?P of Compound

Y B A % o
§Qh¥§nﬁa§ﬂéhc@ﬁdi@iéﬁhggrfgémEﬂbm f%k (%FEE heat. The
(5-2Db) 0

can be obtained by reaction Conpoun

basda)l sWptBreraplyiChnJoaganl cSBaBeagusfdadMtriethylamine or
borohydride in a solvent at roomtenperature or with

byaidifiae SHiesenflveat js gfrerfaiiablanadidisrgea shhysokcarbon
as tetrahydrofuran, an alcoholic solvent such as
ﬁé%ﬁﬁﬂél orSUCH xt uras t her edtlorofompep 3 Conpo@dionally,

&f %ﬁ be obtained by reaction of Cb ound %S@Qﬁ%
ek ﬁ@%BPP8ﬁ§ 1BRIGT FAE Torkq gt Ba@ @ﬁdés tive.
under basic condition at roomtenperature. The base is

63 preferably an organic base such as triethyl am ne

Stepyli di ne.

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.

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

solvent is preferably an ether solvent such as tetrahydrofuran.

Preparation Method Cl1-2
When n2 is 2 and n3 is 1 in Compound (la-2) (in the case of

Compound (la-2a)):
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The solvent is preferably a hal ogenated hydrocar bon
sol vent such as chl orof orm tionally,
4- di met hyl am nopyri di ne or t%& 1i ke can be added as
an additive. 5 Step 4 Conpound (5-2d) can be obtai ned
by reaction of Compound (5-2c) in a solvent under
basic condition at roomtenperature or with heat. The
base is preferably an organic base such as 10

‘ dlazablcyq‘) 5. 4. 0] undec#¥
erably an he solvent

room t enperature. The reducmng'agent i's pr@ferably
di*i$bbut yl al unisum hydri de. @he» sol vent is-peeferably
sol vengymsuch as tetrahydrofuran

gpar ati on Nb‘@»d Cl-3 20 Whien n2 is 1 and n3is 2 in
| a- in the case of Conpound (la-5)): nl

Nl sie Ay MD.- IN Stepl Step2 Step3 Stepd
cQz (5-2) (5-3 a) (5-3 b) (5-3¢c) (1

(wherein symbols are as defined above.)

Step 1

Compound (5-2a) can be obtained by reaction of Compound
(5-2) with di(C;-Csalkyl) 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 base is

preferably Sodium hydride, or the 1like. The solvent is

preferably an ether solvent such as tetrahydrofuran.

Step 2

Compound (5-2b) can be obtained by reaction of Compound
(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.

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 is
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25 (wherein synbols are as defined above.) 64 Step 1
Conpound (5-3a) can be obtaingd by reaction of
Compound (5-2) with a cyanat ﬁg agent in the presence
of an additive in a solvent at roomtenperature or
with heat. The cyanating agent 5 is preferably
trinmethylsilylcyanide. The additive is preferably
tetra-n-butyl ammoni um fl uori de. The solvent is

Breferably &m ViticHasentushcps akrietpruhyming prapyridine.
ep._2-10 rpound _( 5- cap_be obtai ne reaction

ThECSRALORE TPoPaaT CRAPr Ya ScHRAPERAANTY RYEHOCrT bgn Solvent

e en . aseg _at. I

SOLCRE RILBGRLRECIE0e 0hat D258 B 0T LSIREL A ine or

¢hkoniiRat tAE BEeRbakd Bsehar ably titARi.onyl chloride.

The solvent is preferably an ether solvent 15 such as

tetrahydrofuran. Step 3 Conpound (5-3c) can be

obt ai ned by reaction of Conpound (5-3b) in a solvent

Git@er 4aci dic condition at roomtenperature 20 or with

heat. The acid is preferably concentrated sulfuric

aci d COFRRUES) \ient2G)s e e RBILR 186 d R FRact iom wén{Compound
ch as.ethanal. .Step 4 ound (La-5) can be
B 2P Aot AT N B rCRRUOnIon 9801 8hak} T9PY frgmperature
; as mgiyk t I;ep ' d 5 s St
%?gﬁﬁ?%ﬁ%%t e tT%bd l%%eg é'% prakLeapet Badofdart: SltPse Juch as
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
(5-2d4) 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 Cl-3

When n2 is 1 and n3 is 2 in Compound (la-2) (in the case of

Compound (la-5)):

' a"‘ nl i nt i al
—_— e - —_—
‘ Stepl ‘ Step2 X Step3 ‘ Step4 N
HO N o
0 ch
oH

Co R

(5-2) (5—13a) (5-3b) (s-3¢) (1a-5)

(wherein symbols are as defined above.)
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nl nl Preparation Method C2 n2 0 ( n2n3 BBOH O
02)m (5 (1 a-6) (wherein s¥nbols are as defined
above.) Exanpl es of the Prepa 4tion Method C2 are
shown in 5 Preparation Methods C2-1 to. C2-3 bel ow.
Compound (la-6) in which the carbon atomat the spiro
junction of the ring B of the spiro-ring AB to which a
side chain (CH2)m OH binds is an spa carbon atom can
PESBbtai ned by the 10 follomnng preparati on methods as

[ b ng the und aobtained in the
:ﬁovga%PQ Qpa? gha FﬁBdba w%% %§1rfacéi°§ gf Compound

SEHEGE SRl PR s it

1 I 1
135100 8L CORLIBE Rt WO 1910 | OB

{s Nrpfeably n2rlimeInyBsB1§10¢aniBe.(1l aThe 2@dditive is
(wherein synbols are as defi ned above.)
preferably tetra-n-butylammonium fluoride. The solvent is

preferably an ether solvent such as tetrahydrofuran.

Step 2

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 is
preferably pyridine. The chlorinating agent is preferably
thionyl chloride. The solvent is preferably an ether solvent

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
orwith heat. The acid is preferably concentrated sulfuric acid.

The solvent is preferably an alcoholic solvent such as ethanol.

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

5.

Preparation Method C2
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66 Conmpound (la-7) can be obtained by reaction of
Conmpound (5) with a redu0|ng ggent such as sodi um
bor ohydri de in a sol vent omtenperature or with
heat. The solvent is preferably an al coholic sol vent
such as nethanol. 5 Preparation Method C2-2 Wen nml is
1 in Conpound (la-6) (in the case of Conpound (la-8))
nl " nl nl nl Steel Step2 Step3 00. k) n3 (, n2
’ K n3 n2 )n3 11 o ) CHO OH (5) (5-4 a) (5-4 b)
%whereln SYR] are as defined above.)
waound ( = %ég be

RO ) 3O oYy
re azct)onn of Conpoun?
sind in a solvent in
g t%nperature or with heat
c gﬁound is preferably (1a—6
di met hyl ( 1- di azo- 2- oxo- propyl)phosphonate. The base is
preferably an al kali netal salt such as potassium
garbonate The solvent is preferably an al cohol i c

BREERLD s HERPALS @t RafiBl def38e4; afove. )

Examples of the Preparation Method C2 are shown in

9y4a) can be obtained by
P a dlazophosphonate

ence of a base at
(8§We 20 di azophosphonat e

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
(CH;)m1OH binds is an sp3 carbon atom, can be obtained by the
following preparation methods as well as by reducing the
compound obtained in the above Preparation Method Cl, namely
Cl-1, C1-2 or C1-3 (i.e., Compound (la-la), Compound (la-2a)

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

Preparation Method C2-1

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

En? inl
UQiIV)nS P (‘HH")M

0 OH
(5) (1a—-7)

(wherein symbols are as defined above.)
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Compound (5-4b) can be obtained by reaction of the

above 67 Conpound (5-4a) in a solvent under acidic
condition at room tenperatur&® The acid is preferably
di l ute aqueous hydrochloric acid solution. The

solvent is preferably a polar solvent such as

acetonitrile. 5 Step 3 Conpound (|l a-8) can be obtained

by reaction of the above Conpound (5-4b) with a

r eduEPRGoHFENK Leudh gensbei olvtbdneidy dyi deadtiom of Compound

vent at roomtenperature or with heat. The sol vent
78) .7 s Rt AHOAT I P& SO VEbOSOBYGRAE 1n & solvent

B b RREBREAHLO0E LR, e S WED il ecoravay

n I p2.Ske )) n3 M- ( n2 B
,aﬂsg%ﬁgﬂ(gl%ﬁsgﬁ%%ﬁg sg58Ras hERRepBy-) 5 (5) OH 15
(5-5 a) (5-5 b) 0 a-9) (wherein synbols are as defined
above.) Conpound (la-9) can be obtai ned through the
Poebawahion2Beshepsc2Seep 1 Conpound (5-5a) can be

obt ai ned by Horner-Emmons reaction
Whenm; is 1'in Compound (la-6) (in the case of Compound (la-8)):

EM in1 Bnl inl
Stepl - Step2 Step3
()n3 —_— ()ns-—>(n3 ——L> ()n3
. nOMe OH

0 CHO
(5) (5—4a) (5—-40b) (1a—8)

(wherein symbols are as defined above.)

Compound (la-8) can be obtained through the following

steps.

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
diazophosphonate compound is preferably
dimethyl(l—diazo—z-oxo—propyl)phosphonate. The base is
preferably an alkali metal salt such as potassium carbonate.

The solvent is preferably an alcoholic solvent such as methanol.

Step 2

Compound (5-4b) can be obtained by reaction of the above
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of Compound (5) in a solvent in the presence of a base

at room tenperature or wwth heat. The base is

preferably sodi um 25 tert-but@%ide._The solvent is
preferably an aromatic hydrocarbon sol vent such as

toluene. 68 Step 2 Conpound (5-5b) can be obtai ned by
reduction of the above Conpound (5-5a)in a solvent at
roomtenperature, The reduction_ 5 nmethod is _

OrRPRERG| (Schdeal YRie BQHYeREnERABH PR1EKE ppedékéenopt room

talyst. Th talyst .is. f | .
Bl en bonthe ThECSS! vam i BE TR il Iihute  aqueous
' | ve . 3 d
Rrdfathiorel A DU B8 . P BAE oty S e R p e CRBRY K potax

$OTPONAJshon S8 hBeBoRPt¥ENE Wi th cooling or at room
tenperature. The reducing agent is preferably Iithium

al umi num hydride, or the like. The solvent is

preferably an ether solvent such as tetrahydrofuran.
qEePr@paration Method D nt A ( n2 )n3 B 0 (5) 20
(wherein synbols are as defined above.) Conpound (5)

can beMBBEARNEH2 2B L P YR RE (P EHENGR I RDWaRFtion of the above
gcrm? cg%a‘%l(??g'\ﬁ ;vb:e gré lEC{I?é rggrga taséclzl'T%SAscI)giL?m borohydride
in a solvent at room temperature or with heat. The solvent is

preferably an alcoholic solvent such as methanol.

Preparation Method C2-3

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

(wherein symbols are as defined above.)

Compound (la-9) can be obtained through the following
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 is preferably Sodium
tert-butoxide. The solvent is preferably an aromatic

hydrocarbon solvent such as toluene.
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the ring B of a spiro-ring AB, or the foll ow ng
Preparation 25 Method D2 for formng aring Bin a
compound having the ring A oP8a spiro-ring AB.
Exanpl es are shown in Preparation Methods 69 D1 to D2
bel ow. Preparation Method D Exanpl es of the
Preparati on Method D1 are shown in Preparation 5
Met hods D1-1 to D1-2 bel ow. Preparation Method D1-1
nl A(npO Stepl 0O B-~B (6 b) (5b) 10 (wherein
gﬁ s 0, 1 or 2, and other synbols are as defined

R e ) Step 1 15 Conpound (5b) can be obtalned by

rea%g@gﬁgg roggipﬁgp é;@@e LN ek 5327 lﬁlqeofzthe above

(L1 an same of | &én

teRp8IRALS -%a')eﬁ\l N B OWP L t Fodin %Q}niﬁggﬁthget he'I'he reduction
presence of a base at roomt enper ature or wt eat .

méehbases Iﬁreﬁﬁtﬁl}ﬂbiaftMﬂ:S@|h§fﬁﬁdijénamlitdh<lldﬁ-th-al ®resence
L1- C2- Coal kyl ene-L2 is 20 preferably L-C2-C6al kyl ene-L
¢f ascprairsabl The lcaltedars @tismprefelrahd ya pelilladiive -carbon.
atomor a bromne atom. The solvent is preferably an

TR fR ey dF R TR LY Pénelsobnlas sivisifesuch as ethanol.
Optionally, ultrasound can be used for reaction.

Step 3

Compound (la-9) can be obtained by reduction of the above
Compound (5-5b) in a solvent with cooling or at room temperature.
The reducing agent is preferably lithium aluminum hydride, or
the like. The solvent is preferably an ether solvent such as

tetrahydrofuran.

Preparation Method D-

(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
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
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25 Preparation Method D1-2 70 O g k1) ( Q )@ g2
Steps Step2 Step3 n2 n2( n2 BBB ORO 0 (6c) (6c-1)
(6¢c-2) (5¢) (wherein Ris a e1.- Coéal kyl group, gl is 1
or .2, g2 is 1 or 2, and other synbols are as defined
above.) 5 Step 1 Cbnpound (6c-1) can be obtained by
Gignard reaction of Conpound (6¢) in a solvent with
cooling or at roomtenperature. The solvent is
B?e?%rggl9eéﬂwether sol vent such as 10
tetrahydrofuran. Step 2 Conpound (6c-2) can be

obtai ned by Grignard reaction of Conpound (6¢c-1) in a
§P%%595t&8ntﬁ§tﬁ5§sﬁﬂce of an additive at 15 room

erature or w eat. The additive is preferably a

ERRRBLcbad# dReSHEBPASat9BRMEtDod Ol HBeOfhéWn Al K@leparation
metal halide such as lithiumbrom de. The solvent is

peehedabby-antetber2 belwent such as tetrahydrof uran
20 Step 3 Conpound (5c) can be obtained by reaction of
Compound (6¢-2 ) in a solvent in the presence of a
catal yst at roomtenperature or wth heat. The
Raemrpyetipy %?Eheﬁagﬁyla Grubbs' catal yst such as 25
benzyl i dene[ 1, 3- bi s(2, 4, 6-trinmet hyl phenyl)-2-i m dazol
di nyl ,

ni

0 0

(6b) (5b)

(wherein n2’'' is 0, 1 or 2, and other symbols are as defined

above.)

Step 1

Cbmpound (5b) can be obtained by reaction of Compound (6b)
with L;-C;-Cg¢alkylene-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;1is
preferably L-C,-Cgsalkylene-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.

Preparation Method D1-2
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71 idene]dichloro(tricycl ohexyl phosphi ne)rut heni um
The solvent is preferably an_aromatic hydrocarbon
sol vent such as toluene. 5 ﬁ?%paration Met hod D2
Exanpl es of the Preparation Method D2 are shown in
Preparati on Methods D2-1 to D2-3 bel ow. Preparation
Method D2-1 10 nl" nl'" )nl"" A A A Stepl Step2 >
30BB CHOO ( 6a) (6a 1) 0 (5 a) (wherein nl
"' is 2, 3, 4 or bol s are as defi ned
above.) 15 Step Conpouna can be obtai
reaction of Conpdund (6a) width et hyl  vi ny

a solvensStepl t he\pr eSEPR%e of >an aci 8temd al yst~ at room
t fypleyiat ureor ¢ h heat. Tid Zo—catal(is
pr ably concentated sul fb acid. The \B

OR 0 0 0
(6¢c) (6c—1) (6c—2) (5¢)

(wherein R is a C;-Cesalkyl group, gl is 1 or 2, g2 is 1 or 2,

and other symbols are as defined above.)

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 1is preferably an ether solvent such as

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
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.

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

benzylidene[l,3-bis(2,4,6-trimethylphenyl)-2-imidazolidinyl
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solvent is preferably an aromati c hydrocarbon sol vent

such as toluene. Step 2 72 GConpound (5a) can be

obt ai ned by reduction of Conpddind (6a-1) in a sol vent

at roomtenperature. The reduction nmethod is

preferably catal ytic hydrogenation in the presence of

a catalyst. The catalyst is preferably

pal | adi um carbon. The 5 solvent is preferably an ether

é@ﬁv@h@lgbéﬁraétFéFYﬁh%%V&p&ﬁsphmrl@pﬁﬂéhle@ﬁuwet hod The
D2-2 n AA AA &eg Step2 Step3 B B

%ﬁ%ﬂen R?ec%ﬁ@%lyla@ Bropatif pydregarpon)sqsvent such as

ég reinnl’ is 2, 3 or 4, and other synbols are as
%lne above.) Step 1 15 Conpound (7-1) can be

obt ai ned by oxidation of Conpound (5a) obtained in

the Preparation Method D2-1 in a solvent under basic

poegataonont MeeRBUt poperature or with heat. The base

is preferably sodi um hydroxi de, and the oxidant is

pr ef Erappy}espovfisginem peepangianane. MdtirodolD2entares shown in

greferabl a pol ar
reparation Methods D2-1 to D2-3 below.

Preparation Method D2-1

(6a) (63.“1) (5a)

(wherein nl is 2, 3, 4 or 5, and other symbols are as defined

above.)

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
catalyst is preferably concentrated sulfuric acid. The
solvent is preferably an aromatic hydrocarbon solvent such as

toluene.

Step 2
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20 solvent such as water. Step 2 Conmpound (7 -2) can

be obtai ned by reacti.on of Cbngound (7- 1) in a

sol vent in the presence of an’&l kyl ati ng agent under

basic 73 condition at roomtenperature or with heat.

The base is preferably an alkali netal carbonate such

as potassium carbonate or cesium carbonate. The

al kyl ating agent is preferably benzyl bromi de. The

sol vé"ﬁf“PPémﬁ‘r ddérlalsiagn PooPakabtngd| benredyechigs of Compound

wtnleg N, N-di net hyl formanm de. Step
Ebfpodntr (58P LaR thet iR %&@pﬁfa&@mb&waﬁ@ﬁcaon method

n‘gg#%gr%%&@ dar{aq#g:qﬁq';&dpcy ne g:gcfergl :h%n?%e pre[s:;%nce of a
BMGEQ Y1, NOr o Npous dﬁ%ég £ ﬁf@fﬁ}lﬁ%ﬁﬁﬁ thﬁgﬂn'@grbon The

ile, Conpoun I a- 3)
samvehe bpeeredab) yl@aether %l@lﬁ'@%&h@:@h 44 tdtrahydrofuran.
obt ai ned above in the 15 sanme nmanner as in the
Preparati on Method Cl 1 Steps 2to 5. nl' nl AA B3
B 0 CO2R5 1 OH (7- (1 a-3) (wherein synbols are
3§eEéF?ﬁéanaHG§B°§ D202Pr epar ati on Met hod D2-3 74

Stepl ‘ Step2 = Step3 =
CO,RS 1
(7—-1) (7-2) (5e)

(wherein nl’ is 2, 3 or 4, and other symbols are as defined

above.)

Step 1

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

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
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nl* nl" ni" ( nl,,, AA Stepl Step2 OSiEt Step3 OH A
3BB------------ A- B OHC 52 52 52 CHO CO2R CO z R

C02 ROH (6 a) (8-1) (8-2) (833) (5 f) (wherein nl'

"' is 2 or 3, R52 is a Cl-Ce6al kyl group, and ot her

synbol s are as defined above.) 5 Step 1 Conpound (8-1)

can be obtained by reaction of Conpound (6a) wth
2-hgdroxy-3-butenoic acid nethyl ester in a solvent in )
EREALp1EReAte XN GEPETEAVARY SIT afitBokeRdnpertiqrkase is

BEebPbaRelidn g " M hehdeh SEffore | gocassionm
PRFRERETEL ) BB reliRbRiRt 2D kg iR b ey 1o

peaetran19fodespPWitbifae 1) the tB1VELe! byl 514ABLab Ty & polar

solvent in the presence of a catalyst at Ttoom
belpenat shehOasWatBtbaadtriibe ogahgNy st me: hgiEoemallivie .
tris(triphenyl phosphi ne)rhodi un(1l) chloride. The
solvent is preferably an aromatic hydrocarbon sol vent
such as toluene. 20 Step 3 Conpound (8-3) can be
BbeRi Aed by deprotection of Compound (8-2) in the

I nner,.
usuaCopn%ou%d (5e) can be obtained by decarboxylation of

Compound (7-2) in a solvent by a general method. For example,
Compound (5e) can be obtained by hydrolyzing Compound (7-2) and

subsequent heating.

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

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

Inl
0 co,R®’ OH
(7-2) (1a-3)

(wherein symbols are as defined above.)

Preparation Method D2-3
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Compound (5f) can be obtained by reaction of Conpound
(8 - 3) 25 obtained above in_the sane manner as in
the Preparation Method 75 C17% Step 3 to Step 5.
Preparati on Method E Conpound (2) in the Preparation
Met hod A can be obtained 5 as the follow ng Conpound
(2a), (2b), (2c) or (2d). Exanples of the Preparation
Met hod E are shown in Preparation Methods El to E3

bel ow. Preparation Method¢gh''10 O Il O L@ O Stepl

I Qyt-ep2 , 0 Step3 OH Steq HO O 0\

(ZrN) §op2) (BU3)  IStepe |
() (27a)

reaction of ydr oxybenkal dehyde w Mel drum s

act in a SO vent fdom temp&rature or Wi heat .

Thee)sol vent i pneferably @_pglar soqugL3§uch as

water. Step 2 (5 1)

(wherein nl''’ is 2 or 3, R’® is a C;-Cgalkyl group, and other

symbols are as defined above.)

Step 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
bresence of an acid catalyst at room temperature or with heat.
The acid catalyst is preferably p-toluenesulfonic acid or the
like. The solvent is preferably an aromatic hydrocarbon

solvent such as toluene.

Step 2

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.

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)

obtained above in the same manner as in the Preparation Method



10

20 Conpound (9-2) can be obtained by reaction of
Conmpound (9-1) wth 1-propyn%Enagnesiun1bron1de in a
solvent with cooling or at roomtenperature. The
solvent is preferably an ether solvent 76 such as
tetrahydrofuran. Step 3 Conpound (9-3) can be obtained
by heating Conpound (9-2) 5 in a solvent. The sol vent
'g grggeragl¥ a geto e solvent such as 3-pentanone, a
E [&r S58PvantOsttfPag water, or a mixture thereof.
Step 4 10 Optically active Conpound (9-4) can be
obt ai ned by reaction of Conpound (9-3) with an

ppLhsahkYoACMEY¥RoRagI ¢ conpound in a solvent followed
by recrystallization and desalination in the wusua

manneobmpbfdsobyenh tile PEEEaPHt VoRMetEOD QA idars We/ebttained

such as 2-propanol. The optically active basic

genmpbenfioildowingr €bmpabhy (28)2R(2b)amni(Re-)2eorndadgdl. or
(S)-a-nmethyl benzyl am ne. Step 5 Conpound (2a) can be

obt aEFéaPE¢sr ea€t i Bt off TERAIRUIHPY 9Meithogy R taren shown in
| kyl ating agent i.n solvent _wi.th cooling or at room

?5 3F3F588. ?ﬁéogﬁkgﬂaang3aB§ﬁPwrs preferably

trinmethylsilyldiazonet hane, or the like. The sol vent

is preferably an aromatic hydrocarbon sol vent such as

pekpgapratrishl Mak&eRokhC sol vent such as nethanol, or a

m xture thereof. 25 Conpound (2a) which is racemate,

can be obtained from Conmpound (9-3) by performng

this Step

: 0 ' |l 0 |] 0
7 AN
x —_— - .
HO HO )V .
0 0 HO 0 0 HO

(9-1) (9-2) (9-3)

Step5 -

HO

HO
(9—4) (2 a)

Step 1

Compound (9-1) can be obtained by reaction of
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
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 an ether solvent
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Preparation Method E2 Conpound (2b) or (2c) can be
obt ai ned according to the 77 _follow ng nethods, as
wel |l as the Preparation Met hod®El . An exanpl e of the
Preparati on Method E2 is shown in Preparation Method
E2-1 below. 5 Preparation Method E2-1 0 R53 0 1 1.1
X570 1 I 0O/ O (CH ) mSte 1 X530\ 53 z 2 P (CH2)n2
O p Step2 X 0~ /~ Step3 (CH2)n2 O O (10-1) (10-2)

gy 3gs RBRThBEArREBTEN-R 0 ORS' 51 OR 51 s3 OR sz X
O\ (CPM2 Ste ps HO (CH) m1 Step6 X (CHz 2 (2 c¢c) (1
0-4) (2 b) Stepd 54 Step5 R 0O OR51 53 X. 0" 02) z (1

8:a) 3
Compound (9-3) can be obtained by heating Compound (9-2)
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

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 combound is
preferably (1S,2R)-1-amino-2-indanol or

(S)-o-methylbenzylamine.

Step 5

Compound (2a) can be obtained by reaction of Compound (9-4)
with an alkylating agent in a solvent with cooling or at room
temperature. The alkylating agent is preferably
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.

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
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(wherein X53 is a hydroxy protecting group, R53 is a
C2- Coal kynyl 10 group, a phe y group, or a
five-menbered heteroaryl groug whi ch has at |east one
het eroat om sel ected froma nitrogen atom an oxygen
aton1and a sulfur atom and which may be substituted

a Cl- Céal kyl group (for exanple, a 2-oxazolyl

54 |s _a Cl-C6al k r ou C2- C6al ken
&»iﬁ%%lw %GE%OG?(éi W%H‘k%ﬁy? By eBgrangonrbs thed,El
roup a ken r
al I?é{r?"ﬁ) geroﬁg 1:a%“ephen Paﬁ‘?%bﬁg g)fjé%‘?ﬁ%e Fendér etpown in
ﬁggﬁgpg{ %nQMQHHo&hEQh 1hgs18y,. | east one heteroatom
selected froma nitrogen atom an oxygen atom and a
sul fur atom and which nmay be substituted by a
Cl- Coal kyl group 20 (for exanple, a 2-oxazolyl group)
Prepadat{in Qdatkodykoetthyl 78 group; and ot her
synbol s are as defined above.) Step 1 Conpound (10-2)

can be obtained by reaction of Conmpound 5 (10-1) wth
Mel drum s acid in a solvent in the presence of an

acid catalyst and an additi Ve at roon1tenperaturu om
wi t h @ S0 The aci abI y acetic aci

Add| hve i s prekera 8ssSOl i
preferably an arong?lt Eyd? rbonpsolveﬁﬂw~‘

tol uene’ 10 Step 2 Conpourtd (10-3) can be obtai ned-by
reacti on qf Cbnpound (10- 2) with a nucl eophilic qgent

in a solvent{with cooling or® at roon1tenperature The

nucl ent is pre % o
€2 ynyl magrestym b phen grx
br offftie, or t heSteP® lFHm(tsmm XL JfRanesi b

(10— 4) (2b)
Step4 /StepS
X 0 /@/K/u\
\(CHz)mz

(10-5)

(wherein X%} is a hydroxy protecting group, R*® is a C,-Csalkynyl
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 C:1-Cealkyl group, a C,-Cgalkenyl group, or a
di(C,-Csalkoxy)methyl group; R°° is a C;-Csalkyl group, a
C,-Cgalkenyl group, a C,-C¢alkynyl group, a phenyl group, 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,-Csalkyl group

(for example, a 2-oxazolyl group) or a di(C;-Cgalkoxy)methyl
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i ke. The solvent is preferably an ether solvent such
as tetrahydrofuran. Step 3 2Q_Conpound (10-4) can be
obt ai ned by heati ng Conpound ?30-3) in a solvent. The
solvent is preferably an al coholic solvent such as
et hanol , a pol ar sol vent such as pyridine, or a
m xture thereof. 25 Step 5 Conpound (2b) can be
obt ai ned by deprotection of X53 , which is a hydroxy
PrOtREt in.aé ]Bgﬁ FATRSHPoTRE R2098F 1BPICBREBEN
(10-5), in the usual manner. For exanple, when the
protecting group is a 2-tetrahydropyranyl group, the

oynd can be 79 obtained by reaction of Conpound
(10-4) or Conpound (10-5) in a solvent in the
presesgmpoahdaniackd eahab¥sbbihiheeMplyerRatREBhe ofOCompound
with heat. The acid is preferably
Caophdreith Meldracid.acithdansal gelrens pnefles gaseaice of an
al coholic solvent such as ethanol. 5 Step 6 Conpound
?9%‘5‘ e Joes hpRg %@d&ltrlé’@cﬁfco?p@ft Eenpsaatgne2oy with heat.

th a alo enatlnbg;hr ggnt in a solvent in the presence
© &7+ Cddi o ﬁ\ettéﬁp%?%@ur e adfihiveats Prgferably

ﬁf%?&fﬂ&iﬁ@g.lp @ggnt? iv%é.ferab ygreg?g?%+%blan aromatic

rono-Ssuccl nim |t|ve |

hyaPb&RYbBRAOSBIN8R Eﬁehsagveaﬁuleaepr eferably a
hal ogenat ed hydr ocarbon sol vent such as chl orof orm

Step 4 15 Conpound (10-5) can be obtai ned from
Conmpound (10-4)
Step 2

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
C,-Csalkynylmagnesium bromide, phenylmagnesiunrbromide, or the

like. The solvent is preferably an ether solvent such as

tetrahydrofuran.

Step 3

Compound (10-4) can be obtained by heating Compound (10-3)
in a solvent. The solvent is preferably an alcoholic solvent
éuch as ethanol, a polar solvent such as pyridine, or a mixture

thereof.

Step 5

Compound (2b) can be obtained by deprotection of X°3, which
is a hydroxy protecting group in Compound (10-4) or Compound
(10-5), in the usual manner. For example, when the protecting

group is a 2-tetrahydropyranyl group, the compound can be
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according to the follow ng nethods. Step 4-1 Conpound
(10-5) in which R54 is a Cl-Cgal kyl group can be
obt ai ned by reduction of Cbnp%ﬁnd (10-4) in which R53
is a 20 C2-Cé6al kynyl group in a solvent at room
tenperature. The reduction nmethod is preferably
catal yti c hydrogenation, and the catalyst is
referably pal |l adi um carbon. The solvent is
BPERERSBI §Y Frat T S enposgch (1001 aiGameupdn] 10-5) 4n

an alcqpoll sol vent suc a nmx

B B Cauhg BE S ThoR R e (LG BT RE i EfPR Amperature

%g?ﬁg‘hﬁgy' PhOUBckE s gsgrg%%ﬁ‘ég %ém%&@%%h'l%r%g‘lc acid.

THe%&P}é&?@EsaﬁréP@ﬁéﬁ) gidbRo11R&s SR edieduehi &8 ethanol .
met hod is preferably catal ytic hydrogenation, and the

catalyst is preferably palladi umbarium sul fate. The
solvent is preferably an ether solvent such as
seepahydrof uran, an al coholic solvent such as
met hanol, or. a m xture thereof. 5 Step 4-3 Conp
(10 §Pmpﬁum1 ERchean deqohtpanedduy r?mtrmnhyf Cﬁvwd (2b)
ai ned_from i.ch RS54 is
650 BRlSPORRE RS PAPREGHA A P bTPBh Y B esgcd of an

§Hﬁ@t§v§ ;tC?HBﬂUPQm§&9a§&rénofmﬁfghFﬁéaﬁS %%émﬂgﬁaggiatlng

group can
agent is preferably N-bromo- succ1n1m1de The additive is

preferably triphenylphosphine. The solvent is preferably a

halogenated hydrocarbon solvent such as chloroform.

Step 4

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 C;-Csalkyl group can be
obtained by reduction of Compound (10-4) in which R®? is a
C;-Csalkynyl group in a solvent at room temperature. The
reductionmethodis;meferablycétalytichydrogenation,andthe
catalyst is preferably palladium-carbon. The solvent is
preferably an ether solvent such as tetrahydrofuran, an

alcoholic solvent such as methanol, or a mixture thereof.

Step 4-2
Compound (10-5) in which R** is a C,-Cgalkenyl group can be
obtained by reduction of Compound (10-4) in which R®?® is a

C;-C¢alkynyl group in a solvent at room temperature. The
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obt ai ned by two-step oxidation of Conpound (10-5) in
which R54 is a C2-C6a|keny|ngroup in a solvent in the
presence of a base 15 at roo ?enperature The base is
preferably 2, 6-lutidine. The oxidant for the first
step is preferably osmumtetroxide, and the oxi dant
for the second step is preferably sodi um peri odate.
The solvent is preferably an ether solvent such as

gedugiramethod o paetegioPditcatrhy bke hadepgegatdon, and the
f
%F%ﬁ%&?ﬁerﬁ%f&F&%ﬁtc%%F&siwwgﬁ%-umgfré%%%%n e solvent

'P.Qt g!ﬁgggggﬁigegﬁt 'ecﬁ]le‘lf sq?.l. %ﬁ ég 'l:gt%'g%mgﬁrogé%an, an

e group, obtalne e above
éléoﬂolha 3619ca®! ¥88h kB haéhaﬁs§en5§ QmeQtQQEdthereof
catalyst at roomtenperature or W th heat. The acid
is preferably canphorsul fonic-acid. The solvent is
preferably an al coholic solvent such as nethanol .

- PrepataBion Method E3 81 00 Il O/ I \0 Stepl I \' O

Step / O Step3 / OH Step4 HOHQO O\ HO\ 0 O~ ~" HO
\ (909?Peyn§)(é§ -3) #H|W%F%hs$ep§s @H 8L (1153 boxy)methyl
géup, czgndge obtained from Compound (10-5) in which R* is a

C;-Csalkenyl group, through the following steps.

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
at room temperature. | The base is preferably 2,6~1utidine. The
oxidant for the first step is preferably osmium tetroxide, and
the oxidant for the second step is preferably sodium periodéte.
The solvent is preferably an ether solvent such as 1,4-dioxane,

a polar solvent such as water, or a mixture thereof.

Step 4-3-2

Compound (10-5) in which R>* is a di(C;-Csalkoxy)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
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
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Compound (9-4") or Conpound (2d) can be obtai ned by
the 5 sane reaction as in the Preparation Method El1-1
using (1R 2S) -1 -amno- 2 =tndanol or

(R) - a- et hyl benzyl ami ne as an optically., active basic
conmpound in Step 4. Preparation Method As of a
conpound represented by the 10 general fornula [Ia]
(Preparation Methods Ais, A2s, A3s, Ads and A5s) can
be perforned in the same manner as in Preparation

Met hod A of a conpound represented by the above
general fornmula [1 ] (Preparation Mefhods A, A2, A3,
A4 and A5.), respectively. 15 Preparjg

82 R \i si I OIR X X 0)nZ = 2 s)
AOR'te;(i
o< - 1 Pr ep’a};0

on8tgp2n2

nmi Method Als CH)- (cFE)\mt ()

m (CH:r me: (1%)"(3s) (R)D [l-af
y .ﬁ

: Step5s : -
| OH 0
HO

(8—4") _ (2d)

N

4

HO

Compound (9-4') or Compound (2d) can be obtained by the
same reaction as 1in the Preparation Method El1-1 wusing
(1R,2S)-1-amino-2-indanol or (R)-o-methylbenzylamine as an

optically active basic compound in Step 4.

Preparation Method As of a compound represented by the
general formula [Ia] (Preparation Methods Als, A2s, A3s, Ads
and A5s) can be performed in the same manner as in Preparation

Method A of a compound represented by the ébove general formula

-[I] (Preparation Methods A1, A2, A3, A4 and AS-) , respectively.

Preparation Method As
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Preparation Preparation tion Method Ad4s Method A3s
Prepar Met hod A2s nl Prepara;ggn n~ A, Method A5s %A,
RV. n2 n3 Xi CHO (, n2 )n3 Rsi CH~m (CHZ)ns
(R2) (A2)ml (CH2)nt (R) p (4 s) (3 s) (wherein
synbol s are as defined above, and in Preparation

Met hod Ad4s, the follow ng Conmpound (20s): X~ 1 ~0
X52 502) n2 (R2p (2 0s) (wherein synbols are as
defined aboye} can be used.) Wien X is a nitrogen atom
and n2 &0 ¥ notthe general formula [la], the

pon (Mgt hod Al's below i s preferabletothe 10
repﬁ“df ation Method Al. Preparation Method Al's

1 Conpound (35 in which Xin the general fornula

ctlon of Conpourd (is) |ch,,X51 is a hyd
up grd_Cor @’ %) |n*/ it? -+s—0—and X§2 ps a S

aratio;

Tl @B@MOr an | o@;nen in a salwedt in T
plﬂegence of a base and ans>add| t%<1t roomten‘perature[,a]

with heat. The"baserdsupref erably cesifim

Preparation

(o Iﬁeb)@nat e The Method A3s

Preparation
Method ASs

CHO 3
@1 yn3 Q @1 )nd _ Q/]\/ko/k
0 x 0 X
iy m (Ci), ®o (Y m> (i) m, ®p
(4s) . (37 s)

Preparaticn
Method A2s

(wherein symbols are as defined above, and in Preparation Method

A4s, the following Compound (20s):

~0

(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

above Preparation Method Al.

Preparation Method Als
Step 1

Compound (3s) in which X in the general formula [Ia] is
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

®p
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additive is preferably palladiumll) acetate,
2-(di-tert-buty|phosphino)-l,gé-binaphthyl or the
like. The solvent is, for exanple, preferably an
aromati ¢ hydrocarbon 5 solvent such as tol uene.
Preparati on Method Es Conpound (2s) in the Preparation
Met hod As can be obtained as the follow ng Conpound

ErBthdTRER: of<rRisd somfbinies Y s DL cRRp TS e
HBLEETE N N o ErEOEaBRY By) YA BT [TC Geetare,

fk@@ﬁlﬁéfﬁnbﬁ@§2§g0§§hﬁﬁ§)3@9?“—5@na§ﬁ%ﬁ9ia$fcﬂhe like. The

Met hods Esl to bel ow. 15 Preparation Method Esl O

folvelt X, SEepl eXamPl &l epPefeeaBly ahJaXofdlaPi¥ Bldrocarbon
Step4d HOR2) PHOO O ~-y HO\ I \ 0 0~ HO(9 s - 0)
$ELyept (RIFhPag RRY1Ee1®.5-1 (9 s - 2) (9 5-3) |1 0 I

0 X OH Steps X0 HO HO(R) P (RZ) P

Preparation Method Es

C.ompound (2s) in the Preparation Method As can be obtained
as the following Compound (2s-a), Compound (2s-b), Compound
(2s-c) or Compound (2s-d). These compounds can be obtained in
the same manner as in 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.

Preparation Method Esl

®)p RYp

(9s—4) (2s—a)

(wherein symbols are as defined above.)

Preparation Method Es2



(9s-4) (2 s-a) (wherein synbols are as defined above.)
20 Preparation Method Es2 84 Q R53 0 X~ 0 X 0 X530
X570 X -- I 0 (CH2)nm2 (R2)P Ftel ~(CH2)n2 0 O Step2
Xs70\ \ ~ Step3 (R) ) P(CH2) nm2 0 0 (R) P (10s-1)
(10s-2) (10s-3) R53 0 R55 0 R55 0 OR51 XOR51 X i
OR51 Q2571 X52XO0- (CH2) nz 2 Steps HO~ (CH) m
Step6 (C2 (R P22 (R) (R P (1 0s-4) (2s-b)

sc) 54 ~SteS 0 X, OR51 57 X (CH) {2
2 @e& §,5)X rdinidsynbols are as i 0
a%\o M) (Rhyp Stepl <CH)m 0 o/% Step2 X0 AN /% Step3
(RYp 0
(10s-1) (10s-2) (10s-3) '
RSJ 0 0

X/
XSJO J\)J’
S(ehyw Step5 H° (CH) SteP6 @H)%

T

(10s-4) o (2s-—b) (2s-c¢)
Step4 Steps
P\ Rsa/

X7 | oR”

§3
X0 X
(e, my

(10s-5)

(wherein symbols are as defined above.)

5 Preparation Method Es3

0
X// Stepl StepZ Step3 |
\\ X~ X7 | H
HO (R Yp

@5 (Rz) b

9s-0
(9s-0) (9s—1) (95_2) (9s-3)
ﬂl U :
Step5 A ~
Z | oH X7 | 0
Y
o X Ho ,
®RYp Rp
(8s—4") (2s—d)

(wherein symbols are as defined above.)

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

provided, but the present invention is not limited thereto.
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5 Preparation Method Es3 O Il O Il 0 )j Il O Stepl X~
0O Step2 X 0 Step3 X~ OH Step4__HO (R2)P HO 2 0 0 HO \
I \ 00"17 HO(9 S-0) (R P %%2) P(R2) p (9s-1)
(9s-2) (9s-3) 111 11l o O XOH St ep5 X0 HO

(R2) P(R2) P (9s-4') (2s-d) (wherein synbols are as
defi ned above.) EXAMPLE 10 The preparation nethod for
t he conEound of the present inyention will be

her e HaftPEr B}ﬁPgFHQdeFﬁmBéFﬁv "WOCR EgRpsrasure” refers to

l " [
B GehoEtecel B0 B SE Y A Tl 0 Sbeers o 4
tgms&aﬁersnlésgesﬁhaewﬂsgeggstﬁk%a of 110 40C In

e exanples, refers wel ght unl ess ot herw se

~specified. 5 Exanple 1 Preparation of

Example 1
Preparation of
(S)-3-[4-(spiro[5.5]undec-2-en-2-ylmethoxy)-phenyl]-hex-4-y

noic acid

Stepl [:q StePZ (:% Step3 E:q 0 Step4 (:{:jfk

0

I,
1]

1 Steps
Steps,s' [:q . Steps,6 E:%:jji Step7 (1 " p 0~
<%:T«0

| 0
Step9
—_— OH
S
i

S Substepl Substepz 9
*T 00N

Substep3 J::rlw)k Substep4 0 Substeps 0
Z =~
X ] =

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 ﬁour and then
heated under reflux while stirring for;4 hours. After cooling
down to room temperature, saturated agueous sodium bicarbonate
solution was added to the reaction mixture, f&ilowed by

separation of the organic layer. Then, after the agqueous layer
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(S)-3-[4-(spiro[ 5. 5] undec- 2- en- 2-yl net hoxy) - phenyl | - he
Xx-4-y noic acid 11 1 0110 Sagp Step2 Step3 00 Stepd
0 Ga da- ct~ OH Steps, 5’ Step6,6' O Step7 Step8
[ 0 00 0Ola~ 1OH000C\I O0=5=00 Step9 ~r
OH O~ ~0 Substepl 0 Substep2 0 HOHOYOO- HOCO
O Substep3 Il O Substep4 UO Substep5 0 HO I OH\ |
I 0 HO HO 10 Steg 1 To a solutiaon of
%@%I%ﬁﬁ%ﬁ&ﬁéﬁéﬁ%&PdEﬂ&H@ Flotbenﬁﬁg??ﬂct%ﬂy@éﬁéWFfﬁocﬁEPlned
d sug Si.V met hyl .vi.nyl
d§%§ngg%Praf@%aéﬁ%aﬂ?rl%%rdd g° & Qﬁ§ ¢6 énérg%gd The

f@ E&u&”w eﬁifl ?tbéiﬁ aEhE?H?EéS&E?pgtBhesﬁﬂﬁca gel

our ed under stirring

(@fhﬁl fhi&ls!ﬁatéf tﬁx&@'(b@uu@%t&@)f oom ienperalil e to give
sat urated aqueous sodi um bi carbonate solution was

splied[ 5 05 | edeeattenn3 poneu 8. 9f ghl.owed by separation
of the organic | ayer. Then, after the aqueous | ayer
'H-NMR(CDC15)6:1.63-1. 45(10H m),1.92(2H,t,J=6.5Hz),2.44(2H,

t,J=6.5Hz),5.89(1H,d4,J=10.2Hz),6.85(1H,d,J=10.2Hz).

Step 2

To a solution of spiroi5.5]Jundec-l-en-3-one (8;9 g)
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
filtered through Celite and the filtrate was concentrated to
obtain spirol[5.5]Jundecan-3-one (9.3 g).

'H-NMR(CDC13)8:1.54-1.43(10H,m),1.71(4H,t,J=7.2Hz),2.33(4H,
t,J=7.2Hz).

Step 3

To a solution of dimethyl carbonate (17.9 g) in
tetrahydrofuran (130 mL) were added 60% sodium hydride (9.9 g)
and potassium tert-butoxide (0.14 g). To the mixture was added
a solution of spiro[5.5]Jundecan-3-one (20.6 g) obtained in the
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
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86 was extracted with toluene, the organic |ayers
were conbi ned, washed with s Burated brine, dried and
concentrated. The residue waS'purified by colum
chromat ography on silica gel (ethyl acetate: hexane
(volume ratio) = 1:20 to 1:12) to give 5

spiro[5 5] undec- I-en 3 one (8.9

1H NVR CE?I 45(1QH 92(2H,t,J=6.5Hz), 2.4
xg ﬁll.]las( ):h saturated %rlnen,) drled (and concentra%:ed to give

ét éﬁgzg”@?ﬁsSgi%f'ﬂﬁ%?%%gez?s?rpgréiéf e PR b sar (296

%f obtained in Step 1 in tetrahydrofuran (360
) mas added 5% pal | adi um carbon (0.89 g), followed

by- MR (dodg, )Bhe  beaegt, '5@'@14@? Y ae 2ab7f(%%mst)effp%f66ttz‘# & ,J=6.

in an atnosphere of hydrogen un nor mal "pressure
¥Be) 23ho6(3H, Shebh2.1BE¢1Heagti on m xture was 15
filtered through Celite and the filtrate was
concentrated to obtain spiro[5.5]undecan-3-one (9.3

%Lﬁ&wﬁ(coas)s 1.54-1. 43(10H, m), 1. 71(4Ht 3=7.2Hz), 2. 3

3(4Hy, H e & 3.1 f d
cgrbonatesf¥#%f33 ?% §t8??aﬁ§§?§#§?gﬁ %%60 Imstg%oxyllc
addeshdipredeuin (el 4 68:difba fm@tegt 3531 Ui xed solvent

tert-butoxide (0.1 he m xture was ad

sf| ut methaholP2o0[ 5 ﬁmnd@mr&mdx?& G@®) omt.3i nedsodium
in the 25 sanme manner as in Step 2 in tetrahydrofuran
popohwdride g5GC6Dvan 2wahsuraldddl Howethbgestportiops under

the reaction m xture at 85C for 1.5 hours. After
t6Br PRGN o1+oBRT (RPEHETART AP TeRA TP FYexture under

§88e8881§88t£0 agi oug|Ut%hQn(94fge Ladgggoge%%tu%naqueous

hydrochloric acid solution to the reaction mixture, the
resulting insolubles were filt%;ed off. Methanol in the
filtrate 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
{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 g).
lH—NMR(t_rans—isomer,CDCl3)6:1.05-1.25(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
(1H,m),2.74(1H,brs),3.72(3H,s),3.74-3.80(1H,m).
lH-NMR(cis-isomer,CDCl3)6:l.23—l.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
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m xture was extracted with ethyl acetate. The organic

| ayer 87 was washed with satggated brine, dried and

concentrated to give

3- 0x0-spiro[ 5. 5] undecane- 2- car boxyl i ¢ aci d net hyl

ester (29.6 Q)

1H-NNR(CDC13)5 1.26-1.53(14H brm, 2. 07(2H,s), 2. 26(2H, t
%Og 76(3H,s),12.13(1H,s). Step 4 To a

go?btloﬁ604 xB §5|ro[5 5] undecane- 2- car boxyl i c

acid nethyl ester (29.6 g) obtained in Step 3 in a

m xed solvent 10 of nethanol (200

8k)pt gt rahydrofuran(50 nl), sodi um borohydride (4.67

g) Was added in three portions under ice-cooling,

foll @ged by stirringathe reaction mgghys gander of
ice-cooling for 1 hour. Then, after addition of i N

agaesu3-hphgdorghkphiire [acB6duadkuhnen 2t-caribexiyddet aeid methyl
m xture, the 15 resulting insolubles were filtered
esterMéRhangl) iabtainedinrthe wageegIgYeR eas oft Fhep 4 in
vacuo, foll owed by extraction wth ethxy acetate. The

SPbaﬁPEOFIHy(e‘]’O\Rﬁs Wﬁé}%ad%ﬂrﬁ%‘é‘f%ﬁ%‘éﬂ b‘i'lfjrf‘ethﬁﬁlrar“é"cf‘e (1.7

Th i.d
ARY SRPGETHRC iRy ] TG T oPYE T lhuler S8 W01 1ng,
fBQhHW@dTE?'éﬁlrrﬂn&ijpr@aé ib® Bi¥%fure at room temperature

t rans- 3- hydroxy-spiTo[ 5. 5] unﬁecane 2-carboxyl1c aci

frerhyl. 5 esders (4. Hndy, aﬁd the reaction mixture was added
ci s- 3- hydr oxy-spiro[ 5. 5] undecane- 2- car boxylic acid.
rathyhtedsagueons) spdild HitdiMpYnabessolution, followed by
-isonerLCIiﬂs%g 1.05-1.25(3H,n, 1. 37-1.52(10H, m
pxirggtiongyithnphioreferys( Fhejongamia bayeH whs Auied and

céhdsntrated _ to give
trans-3-methanesulfonyloxy-spiro[5.5]undecane-2-carboxylic
acid methyl ester (3.0 g).
lH-NMR(CDCl;,)é:.l.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).

Step 5°

To. a i 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),
4-dimethylaminopyridihe (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 agqueous sodium bicarbonate

solution, followed by extraction with chlbroform twice. The
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(1H, M, 2. 74(1H, brs), 3. 72(3H,s), 3. 74-3.80(i H, M.

1H NVR(cis -isoner, -

CDC13)5: 1.23-1.31(3H, m, 1. 67-8236(11H, 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,s),4.16-4.20(1H, M. Step 5 To a solution
of 5 trans-3-hydroxy-spiro[5.5]undecane-2-carboxylic

acid nmethy] ester (2.0_.g) obtained in the same manner
EIRRLGt eptW G ®RFor ofbFAY (4®DHL) GePseRygeged to give

S Ret R b b EhrY PR "Ba pal P TR anes 2csarpRgy L ic
£k hoyednby g%k%giQ%.gh yreaction mxture at room

tenperature 1 ours. Then, to the reaction

¥ Xwes EC VS, ad ;13. Y -S.L%;é)ro(ﬁl@ﬁq pRAHEQUS 550 WM 7= 8.5Hz),1.70-1

bi car bonat e 'sol uti on, owed by extraction

chbotsfm) i . Ba¢ 18r, ganve1bayer . vaz )dri.ad (amj dd, J=15.1, 3.2Hz)
concentrated to give

t PaR8{3Hpthdr8s bl ReRilzox ¢~ §Pi( A8, 8t ,J=13.1,3.2Hz),3.00(3H, s
g]undecane-z-carboxylic 15 acid nethyl ester (3.0 Q).

H NRR; D281 B> M1 - 8472 (38 SX-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
sdep- @ ,13.2,11.4Hz),3.00(3H,s),3.72(3H,s). 20 Step
5' To a solution of
ci s- $ohydr oxy-spi ro[ & 5] undecane- 2- gyik®pddn ¢ acid of
methyl ester (1.2 g) obtained in the same manner as
tnassep -#eithanekhd fonyloxy25pairo [\WeSd wddekne - 2-carboxylic
successively pyridine (0.6 nm), 25 _
aCy e FT-hiRStEFy € PdP i) OBZadgRdahl Thamant® Heftaigpydrofuran .
tObUL P8as added 1,8-atazabicyclo[5.4.0]undec-7-ene (2.65 mL)
followed by stirring the reaction mixture at 70°C for 6 hours.
After cooling down to room temperature and adding 2N agqueous
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).
lH—NMR(CDCl3)6:1.23-1.37(4H,m),1.41—1.50(8H,m),2.10—2.13(2H

,m),2.16-2.22(2H,m),3.74(3H,s),6.94-6.96(1H,m).

Step 6°
Cis-3-methanesulfonyloxy-spiro[5.5]undecane-2-carboxyl

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 g).

Step 7



10

15

20

25

(1.85 nL) under ice-cooling, followed by stirring the
reaction mxture at roomtenperature for 1.5 hours.
Then, to the reaction nixturé®as added saturat ed
aqueous sodi um bi carbonate solution, followed by
extraction with chloroformtw ce. The 89 organic

| ayer was dried and concentrated to give

ci s- 3- met hanesul f onyl oxy-s

iro[5.5
unded&n@- 290LtAFHBR VP @Pja&qlgé %mg%ﬁﬁne{ﬂ -cgpboxylic acid
H R CDELD) B 1, 275 L 80020 M S22 80020 810 K 6
p%%?@n“le%r%%fb?ﬁr&ﬁ 100l mf) 355 atabd(dth 891 451010 b 1uene

54188680, IoF IH8isvrh 2 B FhPr 984 3 (31 3mEh2 Juréi 0 argon
(3H,s ),3.07-3.09(1H m,3.72(3H,s). Step 6 10 To a
athokpheref at -70°C, followed by stirring the reaction mixture
t rans- 3- net hanesul f onyl oxy-spi ro[ 5. 5] undecane- 2- car box

Wti c 7@€ Earet hyhowgt.er TiBn) gftebt @dvddion ShE£p 28 iagueous
tetrahydrofuran, (20 nL) was_added )
?Yé‘-r&Pg‘}QEilé‘y%Fi‘aflEﬁqﬂLﬁﬁﬁfﬂeéhﬁ- Epactopamyturg wasohegted up

ti [ th ti i Xt t 7 f h
B SHL G20 FLELUCE B0 06 1968 BB e
%&'g%‘ﬁ'i%o%yéyd{ﬂgghlvﬁiﬁfe@%vﬂtﬁ°'§é%u@&te@%fﬁ&$' Ytied and
m Xture was extracte wth et yl acet at e. e organi c

lceyeentaateashed wrhd satdyatld Qeakne pulfieb@ndby column
concentrated to give

shinomas oginapiiac -0 erid-idac gedoxd iy lac ok tregttdry |hessdes  (volume

(1.9 g). 20

mtmngl( TBCAI) 8o Bive 3pBYe 4P, Ajundac-2-50¢8HyAymethenpl (1.59

ét?S(ZH , M, 2.16-2.22(2H,m), 3. 74(3H,s), 6.94-6.96(1 H, m . -
ep 6' :

iR FEDERNSM [2 LW BV R O 24 ol NS EAR G f £25 801 Va8 (2m

,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
(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
for 4 hours. Then, the reaction mixture was concentrated and
the residue was purified by column chrométography 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-y

noic acid methyl ester (0.82 g).
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25 is acid nmethyl ester (1.7 g) obtained in Step 5'
was subjected to the reactlog in the sane condition
as-in Step 6, to give Spiro

[ 5. 5] undec- 2- ene-2-carboxylic acid methyl ester. (0.42
g). Step 7 90 To a solution of

spi ro[ 5. 5] undec- 2- ene- 2-car boxylic acid nethyl ester

Rl 00 O 2 1 S4B RTE) ThadBraads (TEo M4 83 Lot . 3=
ﬁohusvel §@kﬂﬁ'92 QfOQkQﬁOQth'@hgggﬁaggpxqgt 67(%ﬁz) 2.75(

under ~ ar gon at nosphere
smaal pgishe, segmkh 08, gXBHL 8) , @tOZZQCOf9Qr1H1m|70‘4r34(2H s),5
Then, after addition of 2N aqueous hydrochloric acid
smBunHoa) 6 hes5( 2HCHI, gasn7HEYL 2. A 2Hedtl, ge8UpHzZH QO room
tenperature and extracted with ethyl acetate. The
organi c | ayer was washed with saturated brine, dried
%nd 10 concentrated. The residue was purified by
bPRM chromat ogr aphy on silica gel (ethyl acetate:
hexa (volume ratiqQ) = 1:4) to give .
spi ro[’5. 5] undec- 2- en2- -yl - met hanol Efl§§l%b. of

gé?g%ﬁ%£I¥§§i§bi52§1&n§é&4ﬂuah - 349l ARSI .- Bhehy83 - hex-4-y

no) ¢ 2afid 2 PH 69tk Q8. QBLZL ¢)JeBtAAaka 5nbdtEp 6O (AHdmixed

). Step 8 To a solution of

spilveps. &f urelerally @noRuyén (ettiianohe (ifanbl ( ¢ mbbtwasedided 2N

in the sane manner as in Step 7 in tetrahydrofuran 20

?quﬁgysm@%@é@r%@@sgp@ggyon (2 mL), followed by stirring
ex-4- aci d _net

%ﬁ%%%eéésf BB S Ther e hoPAEE L Be i Bel ipoats . Then,
P R A AT T Al o i 2ot 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 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.

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
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
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followed by stirring the. reaction m xture at room

tenperature 25 for 4 hours. TQ n, the reaction mxture

was concentrated and the residue was purified by

col utm chr omat ography on silica gel (ethyl acetate:

hexane (volune ratio) = 1:4) to give

(S) 3-[4-(spiro[ 5. 5] undec- 2- en- 2-yl net hoxy) - phenyl | - he
% %R noiic acid nmethyl ester (0.82 g). 91

TH—ﬁ ? 13)5:1.24-1.34(5H, M, 1.40-1. 46(7H, m, 1. 83(3H

A 3’@% (MY S o)t -7 94 )S)6 B %A S ol OB 0y B 1A 4 0=
8.8h86), 8. 25(1H s),10.93(1H,s
1H, dd, J 8. 3Hz), 3. 66( 3H, s) 4.02-4.09(1H ), 4. 34(2H
,S),5
. 7)3( 1H, s), 6. 85(2H, d, J=8. 7THz) , 7. 26( 2H, d, J=8. 7THz) . 5
§Pb§t9PTé a sol ution of

i ro[ 5.5]undec- 2-en

3-[ 4- | net hox h ]1-h
x (A O ! S RO s eRy S8 E308) SBik- )enn%@%?w&mag%esmm

0 | f dr of
BE PR ek adly i 88 1a8ie3e | AREHESSodpunEolution o
B¥qﬁoﬁyé§o§9£%5%9ﬁ1G%n@5)Q Holdioed, Y. ¢ Sﬁ'if f&kaﬁéki,6—dion

.reaction m Xture-at roon1tenperatur

&heny . 3ag) esbaddhedonn 0§uddt & UEOLIS twﬂfmﬁﬁf@ra&cl(obso mL )
solution, the reaction m xture was extracted with

enfdglr argbat etmbsphemgaritc 115C| ayerr was miasited Wfidllowed by

saturated brine, dried and concentrated. The residue

\ﬁé?érEErPBf Fed BYaebiarMiHr Wi ady rasHy t@mpgrlarcelaeg’épr 1 hour.
tate: hexane . olune ratiQ) =

TBPY 14 ST B s e & pRBeRCRYSRRTR 1Y rRaueous
é:nﬁoxlumoeﬁléfige (@16t%h 03¢ YR B55ideHeSOMRANE) , 2011 ovea

by removing the organic layer. After adding saturated.aqueous
potassium hydrogen sulfate solution to the aqueous layer and
adjusting a pH to 1, the aqueous layer was extracted.&ith ethyl
acetate twice. The organic layer was dried and concentrated
to give
5—[1-(4-hydroxyphenyl)-but-z-ynyl]-2,2-dimethyl-[1,3]dioxan
e-4,6-dione (54.8 qg).
1H-NMR(DMSO-ds)S:1.60(3H,s),1.77(3H,s),l.81(3H,d,J=2.6Hz),4
.60(1H,t,J=2.4Hz) ,4.83(1H,d4,J=2.8Hz),6.67(2H,d,J=8.6Hz),7.3
0(2H,d4,J=8.6Hz),9.30(1H,s).

Substep 3

To a suspension of
5—[1-(4—hydroxyphenyl)—but-2—yn§l]-2,2-dimethyl-[l,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
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Substep 1 To a suspensi on of 4-hydroxybenzal dehyde (35
g) in water (300 nL) heated to 75C was added a
suspensi on of Meldrumis acid’(43.4 g) in water (300
m.), followed by stirring the 25 reaction m xture
successively at 75C for 8.5 hours, at room
tenperature for 14 hours and under ice-cooling for 2

PitEDre BT 1ETR. AP R G oo BefBrerommang) g nto zoom

Lve . .
K as bahs, AESY® I o nihe ToarhiaRamzE e vas

. sdtQRa®d RitA7s339hm chloride, followed by extraction with

1H NVR( DMSO- d6) 8: 1. 71( 6H, s), 6. 89( 2H, d, J=8.8Hz) , 8. 17(2H
JdpéntaBofieiz) , Ba@56itghs)c10a98r1tHas) drieaSubst @neelirrated,
a 0.5Mtetrahydrofuran solution of 1-propynyl magnesi um
brohPyed( 8oy mécvmstabtiiezidgoprhse zesodud i diraof an ethyl
5-%4-hgdroxybenzylidene)-2,2-dineth | -1, 3] di oxane-4,6
2grbAtesheA?ng o) obtBi¥Rd in Subzekyentin to give

YT SRR GV hRRn 3 o A et 6, ool i ding Ble
RO C R e o i D TTEER

aquevHsz) , argBORHNBENboBI de15akuYi,on 16341g/4al bk .8Nd . 212) , 9.
hexane (1 L) , followed by renoving the organic

P8YLH, sMf L2r2addHng)sat ur at ed aqueous 15 pot assi um

hydrogen sul fate solution to the aqueous |ayer and
adjusting a pHto 1, the aqueous | ayer was extracted

with ethyl acetate twice. The organic | ayer was dried
ah

ABSkSRcé&ntrated to give
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
(560 mL) was added a solution of (1S,2R)-1-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
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 in ethyl acetate(150 mL)-water(60 mL). To the
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
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5-[19(4-hydroxyphenyl)-but-2-yny|]-2,2-dinethyl-[l,S]d

i oxan 20 e-4, 6-dione (54.8 g), :

1H—NNR(DNBC>d6)5:1.60(3H,s),1.§7(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
nsi,on_qf : .

L2y 137 B4R Db sRRRDY ) hEX s 4y RPPEC2 283G B0y Fr1 2y d¥ee)

X a -4.,6-di ( 8 .ai.ned.jn e [ ;

%R0 RO b (5de S otk OAREGy Nopkbaf eRrec! Bnatysts

{ebhawBd byisdichirgipaeaberet imbER pgladdir @53t /+00Gqueous

for 2 days. After cooling down to room tenperature,

tbetaglientitel syhitdn idod Hadatiin 0 . UL %t tif £f WSroacetic acid).

.saturated with sodiumchloride, foll owed by
extraction with 3-pentanone. The organic | ayer was

‘dried and concentrated, 5 followed by recrystallizing

PHBSFERI due from an ethyl acetate-hexane miXxed sol vent.
;;) . 9 l‘I‘\éea s%_l(ué'[:_iho\fldcr)g x(y§)|1 _e§1 Y J 2 - ﬁ}?éféi%g]t%r?yf fl l'(ile:(c —3 Z" '—%noic acid
% ?IQIN?% \ BB f8k5: 1 st Sn 2 mikedisbadeht/ b8 )echBhe (100

mE] -~-fEEhafo®863HnUdY, 4a8. GdbetHArobwlidelld téxkrd Golviton of
z),9. 10 28(1H,s),12.20(1H,s). Substep 4 To a

. tolimeitbylefilglifdabpoedhpplect2M) - B2xmH) yroder aided-cooling for

&34.2 g) obtained in the same manner as in Substep 3
LA ML eRfandPLllewedds SHFridg atdaPmtemperasureffor 1 hour.

BEFhat 900 APRGE e SLRFRE or ke AAAd) poRadapeadofd 53 )
ESERSC:@E%& cfo%rce%ocxl}:loclirosﬁ. t t}%er Sé&k&h@gnas purified by column
chromatography on silica gel (ethyl acetate: hexane (volume
ratio) = 1:3 to 1:2) to give
(S)-3-(4-hydroxyphenyl)-hex-4-ynoic acid methyl ester (10.6
g). |
1H-NMR(CDCl3)6:l.84(3H,d,J=2.6Hz),2.66(1H,dd,J=15.2,7.le),
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,d4,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

noic acid sodium salt

I | 0
1]
H & ——— o-N2
(%:T“o (}:jAo

To a solution of the compound (0.77 g) obtained in Example
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crystal was collected by filtration and heat-di ssol ved
in. 2 -propanol (1. 11L) . er this mxture was
further stirred at 20 room tefperature for 15 hours,
the resulting crystal was collected by filtration and
heat - di ssol ved in 2-propanol (800 nlL). After this

m xture was stirred. at roon1tenperature for 18 hours,

LS ST T 1 aHE e o e b B A B
ggs}l@oﬁwsweé*ﬁlltgn ¥6$ &ggs%fgessg Oéta%%' mél@(géroaqme for

ate sol ut n Wt VI gorous s Ing un
SOSRENSHON. bme%ctignuﬁlhﬁﬂurgh@aé CASA QM A XL YN &g after

. was extracted with ethyl acetate tw ce. The organic

dagetivasofasticanyd t bo Setielrtd €liud) i1 Hd@d dnthixture was
concentrated to give 94

fertBef4- bpdcenypiaded ) -tex-dzgoorepici ddfs0i%lgtion twice
99. 4%e). The optical purity was deternmined by chiral
FPEEG&HSF?%FS abPE@[V&Iﬁ’FqueﬂfceT@#?Jalrb%ﬂABZRHtrﬁBBPPélY with

? E v/ v q/aqueous acetonitrile_solution
con arning 0.0

5t r FEFLBPGackefc SELGf. 18 SyBSPep 0 9give
Tg)a3SFhutégﬂr§&5(§huﬁd%é BYggoggggggﬁh%ﬁgg—ﬁﬁfég ]-hex—4-y

obf ai ne

ﬁ@h&eablﬁfsbahﬁﬁngaﬁ¥0Q0.ﬁb)?Wiggaﬂﬁk(%%sqkde@%m%QQ%@.

dropwi se a hexane solution o

trimethylsilyldiazonethane (2M 32 ni) under

ice-cooling for 10 mnutes, followed by stirring at

F¥emPienperature for 1 hour. Then,. to the reaction

g] xture, was added acetic acid (O. 93 m.) , followed by
bRR8AEFAPToN. The residue was purified by col um of

F81 2521291 8B1¥0P8 . 1 botR oIS h YR HBS - phEEHG -hex-4-y

noic acid

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.

lH—NMR(CDCl3)6:1.65—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 E#ample 1, the
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.
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15 ratio) = 1: 3 to 1:2) to give
(S)-3-(4- hydroxyphenyl) hex- 4- ¥n0|c acid nethyl ester
(10.6 :
1H NVR(CDC13) 5: 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.
égé%% 20 ,s),6.78(2H,d, J=8.6Hz), 7. 25(2H, d, J=8. 6Hz) . .
Preparation of

-3-[4:(spiro[5.5]undec- 2-en- 2 ylnethoxy) phenyl ] - he
§§%p§rgﬁég§0|c acid sodlun1salt ol P OOHO -Na of
63-3Tpaa (sghtibien ong _ hex-4-
P R A e B T R e R

ﬂqﬂeoaalaodbamhhygamﬁlde solutlon (0. 5nl) ,
followed by stirring at roomtenperature for 30

m nuffesth&éheameacénmer nax tin eExeasp 1o 1,2 tihed ided i 1@l compound
after addition of ethanol to the residue, the
YaacebPbalinedt fremwsbesconpolrd obtednedatiedEpmple 3.
azeotropic distillation twice (hereinafter

abbreviated as "distilled azeotropically with

§%§§§ %"g The residue was dried in vacuo to give

4-(spiro[ 5. 5] undec- 2- en- 2-yl net hoxy) - phenyl ] - he
¥rdp¥raB®bs acid sodiumsalt (0.73 g) as the desired of
conmpound. 10 Exanple 3 Preparation of

(S) -3-[ 4~ (spirof 4. 6] deder-anen-1ierabheyy brhgnyl-kele 4 -yno
1o%ad1a
Step 1

In the same manner as in Steps 1 to 7 of Example 1,
spiro{4.5]dec-7-en-7-yl-methanol was obtained from
cyclopentanecarbaldehyde.
1H-NMR(CDC13)6:1.22(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

,8),5.64-5.68(1H,m).

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.

Example 6

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

In the same manner as in Example 2, the desired compound
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noic acid 15 Step 1 In the same manner as in Steps 1

to 7 of Exanple 1, spiro[5.6%§odec-2-en-2-yl-nethano

was obtai ned from cycl oheptanecarbal dehyde. 20

1H NVR(CDC13) 5: 1. 65-1. 20(14H, m, 1. 78-1. 80(2H, m, 2. 00- 2
.06(2 HmM,3.98(2H,s),5.65-5.68(1H M. Step 2 In the

same manner as in Steps 8 to 9 of Exanple 1, the 25

| ?’?&? ég?ﬂ”@%ﬁ-%?% % GRS, B EAEh SRy FBHEAYP [RRer as

ggbc saci d was obtained fromthe conpound

talne in"the above Step 1. 96 Exanple 4

Preparat|on of

(S)-3-[4-(spiro[5. 6] dodec- 2- en- 2-yl et hoxy) - phenyl ] - he

Exédmplengi c acid sodiumsalt 5 In the same manner as

in Exanple 2, the desired conpound was obtained from

Pmepesapdond obtained in Exanple 3. Exanple 5 of

Preparation of 10

6§)> -3-[4-( spitref 4. 5] dec-P-en-T-lmethoxy)-Hheny ) 1 thex-4-yno
yno is acid Step 1 In the sane nmanner as in Steps 1

CEf Exanmpl e 1,

080

StePl 9 Step2 0 0  Step3s 0H 0 Step4 ” steps 0
CA ) (%:TW’ C{j* C} ' C%j*

0
Stepé Step7 Q/W\/Kof Steps 0
- M <%jrm — “0H

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 toluené (30 mL) while
stirring, followed by stirring the reaction mixture at 95°C for
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 aqgueous layer wés extracted with
ethyl acetate, the organic layers were combined, washed with
saturated brine, dried and concentrated. The residue was
distilled 4in wvacuo (90 to_ 100°C/3 to 4 mmHg) to give
spiro[4.5]decan-6-one (7.85 g).
lH-NMR(CDC13)6:1.36-1.43(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).
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spiro[ 4. 5] dec-7-en-7-yl - met hanol was obtained from 15

cycl opent anecar bal dehyde. 9

1H NVR(CDC13) 5: 1. 22( 1H, brs), 1. 57.1. 42(4H, m, 1. 46(2H, t,

J=6.4

Hz),1.61-1.68(4H n), 1.89-1.92(2H n), 2.06-2. 12(2H, ), 3.

98(2H ,s),5.64-5.68(1H M. 20 Step 2 In the sane

g@gneE as in Steps 8 to 9 of Exanple 1, the desired
oliind was obt ai ned fromthe conpound obt ai ned in

E g)e éf%[ﬁ\éﬁ Efg?g f'gt 5‘%3 %E}rd%? % 25lo 2 % éﬂy?ﬁlt_i potassium

ﬂei‘ﬁobult:&x&!&éd(ﬁoﬁltugﬁr) Sﬁhttéaré LA AR Mo %) Was added
Exanpl e 2, the desired compound was obtal ned Trom

ﬁhmecnymouaﬂbob&aenewl 89 ©h¢ SAAEr NBNGES @SmosPhere at 85°C.

Exanple 5. Exanple 7 5 Preparation of

'('S) 31’{1'45 ( spixoize 5] ves- 6- @dﬂédyl febhwige- phenybpihexen of
¥ is.acid 0= 0 Ste O Step2 Step3 OH O , Step4 o

BR1gPEps5dfecrrp-ons;: e%we o baRjEiged 1n the3ape manner as

$n lSth q. in tetrahydrofuran (70 mL) over 1.5 hours. The
reaction mixture wa‘s ‘heated under reflux for 3 hours. After
ice-cooling, to the reaction mixture were added successively
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
6-oxo-spiro[4.5]decane-7-carboxylic acid methyl ester (9.99
g).

lH—NMR(CDC13)6:1.07fl.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(1.5H,s),3.74(1.5H,s),12.41(0.5H,s).

Step 3

To a solution of 6-oxo-spirof4 .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
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 filtered off. The filtrate was concentrated and then dried
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10 Step 1 To a suspension of potassiumtert-butoxide
(22.4 g) in toluene (120 n1_)9 s added a sol ution of
cycl ohexanone (9.82 g¢g) and 1] 4-di bronobutane (21.6 @)
in toluene (30 nL) while stirring, followed by
stirring the reaction mxture at 95C for 15 3.5 hours.
Adter cooling down to roomtenperature and addi ng

ce- cold wat.er (100 and .2N aq us drochl ric.. .
aC|V CUF I HIF %'8‘3’ )C)xty r@‘ g’%%ﬁ‘? &t arE T lic acid

&g iceé@ggr(ﬁ@sll arated Then, after the aqueous
ayer” was extracted ethyl acetate, the organic
”rﬁw CHRI1G) 50101 ged, 1 veghadn Hh320,S t 1H,d,
drleéﬁand concentrateéé@ Ee ?zg%dug %ﬁék?%ﬁ ﬁq ? g@% J
y2C30z | 9. 60-1 005 BHf@) 4 nmHg) to give
spi ro[ 4. 5] decan-6-one (7.85 g).
1H NVR(CDC13) 6: 1. 36-1.43(2H, m, 1. 54-1. 63(4H m, 1.69-1.
74( 4H
S¥§P 14 79- 1. 86(2H, m), 2. 01- 2. 09( 2H, M) , 2. 38- 2. 42(2H n)

(4. 560 TRHTIRREE, ﬁﬁﬁ%b%aﬁ%bggé"f??' §5egp-Frearboxylic
S84 AAAT BE20x (10D 1) ¥BRa2fddn LR DY £REBERAY Sanine

(7.89 i) “under argon nDsp ere at

olgtmramMﬁs afldesh o BprbeR a($0bUt DR OfasSPhBBel 4dropwise
5 ] decan- 6-one (8.74 g) obtained in the sane manner
resthame St oyl rehtletmiadyy disofunhn rivyderrlilceovweiolliny, followed
hours. The reaction m xture was heated under refl ux
l?ibﬁtarﬁ'éﬂﬂsth%ﬂle@@tji%méﬁ‘éurﬁgﬁt r@omr@mmttmﬂ for 2 hours.
ﬁ%xture wer e added suc eSS|veIé&10 acetic acid

?ﬁﬁ%ﬁ lE{?naﬂ Fﬁ?Fh anipg 6}95mﬁL) ghe reaction

mixture was stirred at room temperature for 30 minutes. After
ice-cooling, ice-cold water (30 mL) and saturated aqueous
sodiunlbidarbonate 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

methyl ester (22 g).

Step 5
To a solution of the crude
6-methanesulfonyloxy-spiro[4.5]decane-7-carboxylic acid

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 ice-cooling and adding 1N aqueous hydrochloric acid

solution (102 mL), the reaction mixture was extracted with ethyl
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foll owed by separation of the organic |layer. The
organic |layer was washed wt @gturated brine, dried
and concentrated. The resid s purified by colum
chromat ography on silica gel (ethyl acetate: hexane
(volume ratio) = 1: 100 to 1:90) to give 15
6-oxo-spiro[4 5] decane- 7- car boxylic acid nethyl ester

9.99. 0) H-NI\/R(CDC1325 1.07-1.18(0,5H n, 1. 39-1.
6? agﬁ Thqa %l’f‘ﬁalll% yver was washed with 'saturated brine,

é£§ﬁé Hami %oggegt%?&%ﬁ m lele res 1%4 gowas E%rs 3 7 by ‘column
éﬁrgmﬁt 8 ?i‘hpﬁ}ﬂ 6(’11 s E__?.Ha.%)a %ez.“' (( la't%lir"ls )a'cle%'az{:la(: 0 h%li'asn)e (volume

St ep solution o

_ ﬁaexejsplro[A.S]deQﬁner7 carhexylic asids)methyligster give

(9.99 g) obtained in Step 2 in nethanol (200 nL) was
added[ pl. A drurbernde 7¢@a2bgky lfial hoi@denhyal esitierg($ 485 g) .
an 25 atnosphere of hydrogen (<0.3 Mpa) at room

PR GERE s Jovar- r4|4glit 75 (U2éh m)t 1 224t .idehd =6 X 6 Vsl . 9Hz

t thro nd the filtrate was
th Z%?ggt %APP ab&?ﬁg ethyl acetate (30 nL) and
n- hexane (30 m.) to the residue, the resulting
insolubles were filtered off . The filtrate was
gegge'trated and then dried 99 in vacuo to give 6

-hydroxy- spiro [ 4. 5]decane-7-carboxylic acid
met hyo estss1ytlibrl lof) spiro[4.5]dec-6-ene-7-carboxylic acid

1H NMR(CDC13) 5: 1. 18-2. 12(13H, m, 2. 31-2.56(2H, m, 2. 86(1
rethyl ePtSHAY, -3.068) RIMH e d)in StEpepin Tetwakpinefenan (70
of 6- hydroxy splro[ 4. 5]decane 7- carboxyllc

mL) ed dropwise 1M toluene solution of
diisobutylaluminum hydride (54.6 mL) under argon atmosphere at
-70°C over 15 minutes, followed by stirring the reaction mixture
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
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).
lH—NMR(CDC13)6:1.25-1.30(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).

Step 7
To a solution of spiro[4.5]dec-6-ene-7-methanol (1.0 g)
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
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acid nethyl ester (10. 1 g) obtained in Step 3 and
triethylamne (19.9 nlL) in ggloroforn1(100 nm.) was
added dropwi se 10 net hanesul Hyl chloride (5.2 nl)
under ice-cooling, followed by stirring the reaction
m xture at roomtenperature for 2 hours. Then, after
addition of triethylamne (10 nL), the reaction

m xture was stirred at _room.tenperature for 30

i nBtes EXAMPP  ilce-2R0 i hgIPPEBYEBPESRELEL (IR MY 9) in
ﬁggr%€§&%§$gga§queous %§4§od|un1ghﬁ?rbonate sol ution added

€ added to t'he reacti m xt ure,wa]‘sbl | owed

Py1 SEPé‘é%i%&rﬁég%?g?g{)g@@%ﬁi% . %é; D, g.a%@ Gcba%Eb1ing,

was wash t _ rine,

£ONCOMEd AL tli@rdn¥eat rddil® emperature for 1.5 hours. After
6-nethanesu|fony|oxy-sp|ro[4.5fﬁecane-7-carboxyl|c

Tee dre@6teh hplixeater wa22 apnceditafated,,0 toBodnd | PD50hL.) and
t he crude

e %R ¢ s ML) ovgregddssd rte] 18] veshdee 7-Tnkbwsgd iy stirring
acid 25 nmethyl ester (22 g) obtained in Step 4 in
?’%ﬁ%&lﬁ&fﬂﬁ%ﬁ%‘fﬁs?oﬁ}o kg The resulting insolubles

- dj [ | 4. dec-.7- 13.8 nL
P obd RO I e L AP R R TR i cCabeRBETREPE.  The

HesPaOUr8s pd¥ified CHyCOOLLRT éﬂgoﬁtgﬂbgga.ggyagﬂegﬁiica gel"

hydrochl oric acid solution (102m.),the re ion

e byl CaddiSa Bxi Mgl Wvidl widhyhti0) =agebqt€o 8i¥2) to give
organi c | ayer was washed with saturated brine, dried
aPH-3oht¢ehspireds. Thdecesi dne7vaimptinoky¢dphgngdlluhex-4-yno
chromat ography on silica gel (ethyl acetate: hexane

¥S orerhe m?E%Yﬁ)e%t%F9¢2t6 2597¥5) to give 5

irol4.5]deg-6-ene-7-carboxylic acid nethyl ester
%é;qﬁg§qﬁé13?%:l.45-l.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,d4d4,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
(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.
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



10

15

20

25

1H NVR(CDC13) 5: 1. 44-1. 75(12H, m, 2. 22( 2H, ddd, J=6. 3, 6. 3,
1.9Hz ), 3.72(3H,s), 6. 76( 1H, %ez) Step 6 10 To a

sol ution of spiro[4.5]dec-6-¢€ 7-carboxylic acid

met hyl ester (3.50 g) obtained in Step 5 in
tetrahydrofuran (70 nlL) was added dropwi se a 1M

tol uene solution of diisobutylalum num hydride (54 6

, under argon atnospher -70C over 15 nln
REtr e e e r A (uBlenen FASie) e 5200 B05oco give

(%rtéeT &gPlgéEg{xgure merehzdggngg a%%@i#ﬁ%q?qﬂN£ex 4-yno
agugeys éb%gfﬂ%@ Qi %h@CqugagJeﬁt -8R ()Q,Q,drrt) and et hyl

acetate y sepa atlon of the

organic layer. The organic |ayer was washed wth

saturated brine, dried and concentrated. The 20

Egampde ®as purified by col unmm chromat ography on

silica gel (ethyl acetate: hexane (volune ratio) =
Brepargtisngs) to give spiro[4.5]dec-6-ene-7-methanol of

18 Romd A} 501 428 g0 AN -7 Uie thoRR GRARRTL loBer- 4- 0o

g%g?ifi‘?fﬁﬁilé?‘dﬁa}te 3,6.3Hz), 3. 98(2H, s) , 5. 46( 1H, s) .
25 Step 7 To a solution of

sp|r0[4 5]idec- 6- ene- 7- met hanol (1 0, g) obtained in
<84 (4- hydr oxyphenyl ) d,ynoi c acid

ter (1.77 g) ob t he sane manner as
in bstep 101 5 of Exanp .1 and tri phenyl phosphi ne
(2.64 g) in tetrahydrofuran (14 nL) was added
1, 1" - (azodi car bonyl ) di pi peri dine (2.26 g) under
|ce-%%pllng, a . solution of
(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 1N aqueous sodium hydroxide
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
(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
(S)-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl]-hex-4-y
noic acid

Step 1
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hours. After 5 the reaction q) ture was concentrated,
toluene (15 nL) and hexane (8 nm.) were added to the
residue, followed by stirring at roomtenperature for
10 m nutes. The resulting insolubles were filtered
off and the filtrate was concentrated The. residue
was purified by colum chromato Bhy on silica gel 10

(ethyP &8t A0 hBRARET (VS utfe L 5096 (f gE¥pyple 7,

t=dia B SR aRCTA B0 ol - pr oA 2o

t
G¥noh kéné%saﬁﬁ BY5- 8§%§5‘“& eg%éz 1. 69(6H, n) 1. 82(3H

'1Pﬂ-Nthc1612415312H 1.55-1.57
Hz)( >, oé’e (322 da

2H brdd, J=6.3,6.3Hz), 65(1Hde1527O

_EEH 2t,389.2,3.1Hz),1.97(2H,t,Jd= 6 2Hz) 3.99(2H,d4,J=6.0Hz),5

L%H dd, J=15. 2, 8. 2Hz), 3. 66(3H,s), 4. 02-4.08(1H, M, 4. 3
3BDHH.8) ;5 58(1H,s), 6. 84-6. 88(2H, ), 7. 24- 7. 27(2H, 1) .
Step 8 To a solution of 20
(S)-3-[4-(spiro[4.5]dec-6-en-7-yl net hoxy) - phenyl | - hex-
%tXﬁo is acid nmethyl ester (1.33 g) obtained in Step
a m xed solvent of tetrahydrofuran(13

) - gRt RAROLGHE HEhn@%Saédﬁﬁds%@ s2gueuy 2digdiinple 7, the
hydr oxi de solution (4.6 niL) Fbmed by stirring the
deattearcoiipduti® wals dsmmﬁ@drﬁe:roat the evmpaighbbtained in the
Then, to the reaction m xture were added successively
anpugqueter lhydrochloric acid solution (5.1 nlL), ethyl
acetate (100 nL) and sodiumsulfate (50 g) , followed

by stirring for 30 mnutes. The reaction m xture was

iIteggd&gnd the filtrate was concentrated. The

&8 s purified by colum chromat ography on
§£%ngagggn102 (ethyl acetate: hexane (volune ratio) of
to give

(S)-3-[4-(spiro[5.5]undec-1l-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.

Example 11
Preparation of
(S)-3-[4-(spiro[4.4]lnon-2-en-2-ylmethoxy)-phenyl]-hex-4-yno

ic acid



10

15

20

(S)-3-[4-(spiro[4. 5] dec-6-en-7-yl net hoxy) - phenyl | - hex-

4-yno is acid (895 ny) as thl Pesi red conpound. 5

Exanpl e 8 Preparation of

(S)-3-[4-(spiro[ 4. 5] dec-6-en-7-yl net hoxy) - phenyl ] - hex-

4-yno icacid sodiumsalt O LONa |- O b 10 To a

sol ution of

(S)-3-[4-(spiro[ 4. 5] dec-6-en- 7 yl met hoxy) - phenyl ] - hex-

4 no iscaeid 12 g) sabizi ned~inft he sangegmnner. ag
anpreﬁ’ e K&no—36- nL V\@.S °"added —+N-eaqu O°©

SOdI um hydr oxi de solution (2.9 nm.), foll owed by

stirring the reaction mxture at _xoomtenperature for

1.5 hours. The reaction mxture concentrated and

the residue wgs distilled azeotropically with ethanol

t wiS¢ep4 Th b wasStehrb ed @Mg at 61(1@96 or
day to gi W % Hﬁj WOH

(S)-3-[4-(spi ro[4 5] dec- 6- en- 7- yl met hoxy) - phenyl | - hex-
4-yno is acid soom umsalt (1.15 g) as tl[l‘ne desired
coptRind. Exanpl € 8Pre§a¢m| on of 25

(S)=3-T4- ol 5. ndec-T-¢&n- 2-yl rre(ﬁpxﬁ)o”phenyl] he
X-4-y noi@&g?d Step 1 .103 |f® XKe®sane manner as in
Steps 1 to 6 of Exanple 7,

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
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 aqueous
solution was acidified by addition of concentrated hydrochloric
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-(1l-carboxymethyl-cyclopentyl)-propionic acid.

Step 2
To a solution of the crude product (12.75 g) containing

3-(l-carboxymethyl-cyclopentyl)-propionic acid obtained in
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spiro[ 5. 5] undec-1I - en- 2-yl - net hanol was obt ai ned from

cycl ohexanone and 1, 5-di bro %ptane.

1H NVR(CDC13) 8: 1. 24-1. 53(123%% 1.55-1.57(1H, mM,1.62 5
(2H,tt,3=9.2,3.1Hz),1.97(2H,t, J=6. 2Hz), 3. 99( 2H, d, J=6.

Ckh),S .55(1H,s). Step 2 In the sane manner as in

Steps 7 to 8 of Exanple 7, the 10 desired conpound

4855 FLr ! O Npssaboud, obLel ned i L. above 15

'&Ea ﬁ ﬁ4d£ﬁ8£ﬁ?%§ %gﬁgﬁg % eqmg%yl O%%hegpe cLF%%ively

X-4-y rum S he same manner

Eéﬁmebﬁ@mw@ desiy %{i.)C%H%O%%gluWP§aQBBﬁh@§d(§ﬁo§3 tzgte 50°C,

conmpound obtained I n the sane manner as 1In
201 Exwapls; ttilrepar at isuPcofor 2 hours. Then, after addition

- (S)-3-[4-(spiro[ 4. 4] non- 2-en-2-yl net hoxy) - phenyl ] - hex-

dfybenzyd &aiothiti] (Streh) et SesGunStepddrate (3dbg), the
Oltu "YOO OHO Stepd4 O0-Steps o Step6 MH

reaction mixture was heated at 60°C for 45 minutes. After
cooling 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

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-(1l-benzyloxycarbonylmethyl-cyclopentyl)-propionic acid

benzyl ester.

Step 3

To a solution of the crude product (14.9 g) containing
3-(1l-benzyloxycarbonylmethyl-cyclopentyl)-propionic acid
benzyl ester obtained in Step 2 in tetrahydrofuran (150 mL) was
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
concentrated. The residue was purified by column
chromatography on silica gel (hexane: ethyl acetate (volume
ratio) =20:1to10:1) to give a crude product (5.23 g) containing

3-oxo-spiro[4.4]1nonane-2-carboxylic acid benzyl ester.
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Step? LO Step8 0 O OH IlI O~O~ Step 1 To a solution
of potassi um per nanganat e (Sgdﬁ;g) in 1IN 5 aqueous.
sodi um hydr oxi de sol ution (3 nm.) was added
spiro[ 4.5] decan-8-one (10.6 g) obtained from
cycl opent anecar bal dehyde in the sane manner as in
Steps 1 and 2 of Exanple 1, followed by stirring the
% actlon m xture at roomtenperature for 3 hours.

o the reaction nixture 10 was added aqueous

SOd'%ﬁ‘%U' fﬂ%f%ﬂlgf(¥heféku e gureugéi?§gaﬁigh?%gptaining

reaction th ure at roomtenpera

§h8xoL§§9£HPhe§ﬂthEH§ heaat-haRy Akt ur Fggaslggbkgﬁed ester

and the filtrate was washed with

dbeainedl inngGpegusin sl tHdrn WasoaCd)f ivres bidded sodium
addi tion of concentrated hydrochloric 15 acid thereto

hodobytirade eti2 hvt tihg ptunydeacieteatano Mgy orfyaliawed aApestirring
was washed with water, dried and concentrated to give
ynder jire rerhins Frr 79 mingees ai MhRp. after addition of 10%

Sab5oSS TBOLEEB RN B OB date TR o SRR 100 2( 18 B)) to the
hyl I
gg?é@%gbg%}%@%t{%e ig@%%ggﬁ%tl yw%ggcerxﬁ%ogonte}/t d pr%@ IJ‘.Jrrl1 vacuo,

a6et enkl by elddhctidn Mll\lhﬁ'e’!‘fﬁ bteggeal defpd JELQanJ.c layer

wer e added successively benzyl brom de (18.3 ni)
wvasidmexbahanadmcdibirgieat HM6 refobiliewess l@mﬁtﬂlbﬁl usrg column

at 50C for 2 hours. Then, after addition _
chromatography on silica gel (hexane: ethyl acetate (volume
ratio) = 10:1 to 3:1) to give
3-hydroxy-spiro[4.4]lnonane-2-carboxylic acid behzyl ester
(less~-polar isomer; 1.29 g, more-polar isomer; 2.23 g).
Less-polar isomer
lH-NMR(CDC13)6:1.45-1.66(9H,m'),l.78(1H,dd,J=13.l,10._1Hz),1.
93-2.02(2H,m),2.13(1H,d4,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
1H—NMR(CDC13)6:1.37—1.51(2H,m),.1.68-1.52(7H,m),l.74(lH,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,Jd=1.9Hz),7.29-7.42(5H,m) .

Step 5

3-Hydroxy-spiro[4.4]nonahe—2—carboxylic acid benzyl
ester (less-polar isomer; 1.29 g, more-polar isomer; 2.23 g)
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).
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5 of - benzyl bromde (9 nlL) and cesium carbonate (30"
g), the reaction mxture was_heated at 60C for 45
m nutes. After cooling down %87roon1tenperature and

adding ice-cold water to the reaction mxture, the

reaction m xture was extracted with diethyl ether.
The organic | ayer was washed with water, dried 10 and
qoncen%rated. The residue was purified by col um

cHr UMRE GBF ApR Jor il 44 &Fbim ) Aexbhe2H eq hif2 s ht2. 52(2H, g

lu rati = 1Q: to gi.ve crude product, (14.9
g;ﬁgén gi)m%ﬁél%)( o1 XY, A2 69 B SR A oAU

"~ 3-(1-benzyl oxycar bonyl et hyl - cycl opentyl ) - propi oni ¢

acid benzyl ester. 15 Step 3 To a solution of the

Stege 6pr oduct (14.9 g) containing

3-(1- benzyl oxycar bonyl net hyl - cycl opentyl ) - propi oni c

aci d Spdemdyl . 4jstear- Dies 1BEdrbtEPi@ ddlid benzyl ester (3.2

tetrahydrofuran (150 nL) was 20 added potassium

@er P bRipRidn Sdep §)was subdgettasy tot the irepcttion donthe same
erature for- 2 hours. Then, to the reaction mxture

fﬁﬁgﬁ&&&é’& dr BBwi stPa HTSR i o of Cdcet Exameile (5lni)ton give
: der _ji.ce-cooling,, foll awed b
S5 P AR S SRR, o e Py

extracti with e mc |ayer was

*asked #hED, YRULl5e -gf Ls?d(CA%{‘Sn rffl .gcﬁir‘-cf.n(% § BheY; ,Tf‘o.ﬁz 5-2.30(4H

resi due was purifie onmat ograp
sml)i,ealg¢RH( boxane3 -at. Byl 1@cat)at e (volume ratio) =
20:1 to 10:1) to give a crude product (5.23 Q)
cont ai ni ng 3-0xo0-spiro[ 4. 4] nonane-2-carboxylic acid
benzy|l ester. 106 Step 4 To a solution of the crude
Br&8udt (5.23 g) contai ning

Spiro[4.4]non-2-en-2-y1-methanol(0.85;)obtainedelstep
6 and (S5)-3-(4-hydroxy-phenyl)-hex-4-ynoic acid methyl ester
(1.6 g) 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
(S)—3—[4-(spiro[4.4]non-2-en—2-ylmethoxy)-phenyl]-hex-4—yno
ic acid methyl ester (1.55 g).
lH—NMR(CDC13)6:1.59—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).

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
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3- 0x0-spiro[ 4. 4] nonane- 2- car boxylic acid benzyl ester
obtained in Step 3 in nethanq{ %100 nm.) was added
sodi um 5 borohydride (254 ng) Whder i ce-cooling,
followed by stirring wunder ice-cooling for 30

m nutes. Then, after addition of 109. aqueous

pot assi um hydrogen sulfate solution (10 nL) to the

reacti xture, t hangl was evaporated off in

6§§-§-?Qr?ﬁpam$4b3?a§ep-aeepaa-mﬂm thiy) -Roeriid - e 4-vao
g gy S r| c ted. The

rgs? sgzu§9f%%dt y ?g ﬁ@%d %%%ggbpﬁgraphy on

sillca gel (hexane: ethyl acetate (volunme ratio) =

10:1 to 3:1) to give

BxbBpgnexy2spi r o[ 4. 4] nonane- 2- car boxyl i c acid benzyl

ester (less-polar isoner; 1.29 g, nore-polar isoner;

Prepagpti®h Less-pol ar isomner of

1H—NNR&CDC13)5 1.45-1. 6689H m,1. 78(1H, dd, J=13.1,10..1
y 31[4-(spiro[4.4]1non en-2- ylmethoxy) phenyl] -hex-4- -yno

0 1H, d, J=3. 8Hz) , 2. 80- 2. 88(1H, ), 4. 46
Hil 8815( ﬁmémls?i% 3. 8Hz), 5. 17%2H s) 7. 30(7 4?(5H m(

g/t;r i"lgxo%% .%f“%ﬁé%‘ggﬁ %%%?91? 2 z?(rlﬁ d:éxe desired compound

waéd. &b%alh'é}i Er8a- %h%]-ﬁ%ﬁlp@%n% %21 HEE A EAnfpred 191
(1Hm ).5 17(2H d. J=1.0Hz), 7. 29-7.42(5H M) . Step 5 25

3- Hydr oxy- splro[4 4]nonane 2. carboxyllc aci d benzyl
ester (less-polar isonmer; 1.29 g, nore-polar isoner;
Bxanpde 1dbtained in Step 4 was subjected to the
reaction in the sane condition as in Steps 5, 5 and

8TGPREREMBPe 1 to give of

5)%9%;’ 4’]{.635&0 [%n% ]%eCar bO)I(lylzl %rl%%t%ot}){% Z)iahe%sirtl%r—hex_-4-yno
ic acid

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.
lH—NMR(CDC13)6:1.49—1.36(10H,m),2.14-2.19(4H,m),4.12-4..16(2
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

above Step 1.

Example 14
Preparation : of

(S)-3-[4-(spiro[4.5]dec-2-en-2-ylmethoxy)-phenyl]-hex-4-yno
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1H NVR( CDC13) 8: 1. 71-1. 44(8H, m), 2. 42(2H, q, J=2. 5Hz) , 2. 52
(2H q

1 J=2.2Hz), 5. 18(2H, s) . 6. 75- 6. 78C1H ), 7. 29- 7. 39(5H, ) .
Step 6 5 Spiro[4. 4] non-2-ene-2-carboxylic acid. benzyl
ester (3.2 g) obtained in Step 5 was subjected to the
reaction in the sane condition as in Step 7 of

J(E(gl(a i§ Soéluﬂgl veltspl ro[ 4. 4] non- 2- en- 2- yl - met hanol

30( 4H 1%%@%%4 g"fg?‘flﬁ gé( 3#5%51%'&%?%' Jﬁ ﬁ)%%gdg)sn.%eaSC&npound

wild [ b A0 Fréneihd- ¥ompBhRangbt 49n8d %in MHAISME mAnner as
Step 6 and (S) - 3 - (4 -hydroxy-phenyl) -hex- 4
fryrExam@are dl3et hyl ester 15 (1. 6 g) obtained in the
sanme manner as in Substep 5 of Exanple 1 were
subjected to the reaction in the same condition as in

Ste 80f Exanplelto gi ve
’Sﬁ’E spl ro[ 4. 4] non- 2- en- 2- yl met hoxy) - phenyl ] - hex-

ﬁ%/no i acid nethyl ester (1.55 g). 20 of
3)8:1.59-1. 56(4H m,1l. 62-1.67(4H, m, 1. 84(3H

§|J3-4 spirql4 sidec-l-en 2 ho henyl]-hex-4-yno
IS AR i e c G A B IR T U NSRS M 1S T
id], &leh a

J=15. 3, 8. 3Hz) , 3. 67(3H, s) , 4 03-4.09(1H, ), 4. 52(2H, s) , 5.
64:5., 68(1H 6 87( 2,0, )=819%, 7. 27( M, d, =B BHe keops

(S - 3- [4 (spi ro[% non- 2- en-;-yi nmet hoxy) - phenyT] - hex-

4-ynoi c acid nmethyl ester (1.55 g) obtained in step 7

was gsubj gct?d to the reagtj iy in the sang, 1(;.pndltl on@/w\)L
o

Sen:

Step 1

To a solution of cyclohexanecarbaldehyde (6.3 mL) and
2-hydroxy-3-butenoic acid methyl ester (5 mL) in toluene (40
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
(hexane: ethyl acetate (volume ratio) = 50:1 to 10:1) to give
4-(l-formyl-cyclohexyl) -but—2—enoilc acid methyl ester (3.7 g).
lH—NMR(CDCl3)E>: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.
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(S)-3-[4-(spiro[4. 4] non-2-en-2-yl net hoxy) - phenyl ] - hex-.
4-yno is acid (1.37 g) as trlel desi red conpound.
Exanple 12 5 Preparation of
(S)-3-[4-(spiro[4. 4] non-2-en- 2-yl net hoxy) - phenyl | - hex-
4-yno is aC|d sodiumsalt In the same manner as in
Exarrpl e 2 or 4, the desired conpound was obtained
onpound obtal ned_in le 11. 10 Exanpl e
%Iézg]r%p%&g}ggﬂdgf‘] ,15.7,7. 8Hzr)rp9 48(1H,s). P
(S)-3-[4-(.spiro[ 4. 5] dec 2- en- 2-yl met hoxy) - phenyl ] - hex
-4-yno is acid 15 Step 1 In the sane manner as in
1to 6 of Exarrple 11,
spl rof4 5] dec- 2-en- 2-yl - net hanol was obt ai ned from

cycl @B%@BQ@%&Q@J gehyda. formyl czyclohexyl) -but-2-enoic acid
1H NVR(CDC13) 8: 1. 49-1. 36(10H, m

AOtHyl m ,dstlx4. . 18(2 28)H, nﬂbbﬁaﬁiea 5041H, nBtept ep12 and
In the sane manner as in Steps 7 to 8 of Exanple 11,
théS(ﬁE%PheUYéphpénhélne\As wWindivred. | r ghltdrd deonpd6Ad mg) in

obtained in the 25 above Step 1. Exanple 14
W%‘ﬁ%\?eolt Bé)nmIo} was added dropwise triethylsilane (5.9 mL) under

%f%%% %ngs L4 %Lge&&Zmln&%ggne%hffg%eghg gklrrlng the
reaction mixture at 55°C for 27 hours. After cooling down to
room temperature and adding aqueous sodium 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
1-trieth§lsiloxy-spiro[4.5]decane—2—carboxyli£: acid methyl

ester (5.0 g).

Step 3

To a solution of
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
agqueous 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 - ratio) = 5:1) to give
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is acid sodiumsalt In the same manner as in Exanple

12, the desired conpound was qbtained fromthe

conmpound obtai ned in the sane anner as in Exanpl e

13. 5 Exanple 15 Preparation of _
(S)-3-[4-(spiro[4.5] dec-I -en-2-yl net hoxy) - phenyl ] - hex-
4-yno is acid EKSi HOO O Stepl ~--~ o0 o- Step2 1

Step3 Stepd O O Steps Step6 Step7 O Br O, O Step8 OH
HIP%%E&FX?%3139§6r@i %%a%?‘%yEPBE@%XﬁéEaﬁHéFEeHFG@Yl ester

(RS BB AR oL
ﬁ@%étégﬁgfnggg&égnic aci d nonohydrate (20 ng), and the

reaction m xture was heated under ref lux by using a

%ﬁ@ﬁnﬁkﬁkﬁdéﬁpﬁt§§U§.§§(6ﬁ§m§,HQ%%SiJ%ﬁRih,ﬁQQHRaggl.85(2H

down to room tenperature, the reaction mxture

conckengg at eols { DHyagyup. 02 ThR, deg=dusHBAS2pUL-Ri@d(1H, m) ,3.72
by. col um chromat ography on silica gel 20 (hexane:

€3hys ) aBeTaf BH (4| dne-Padi 3¥z¥.50: 1 to 10:1) to give
4-(1-fornyl -cycl ohexyl)-but-2-enoic acid nethyl ester

(3.7 9).

Step 4

1-Hydroxy-spiro[4.5]decane-2-carboxylic acid methyl
ester obtained in Step 3 (more-polar isomer; 0.95 g) was
subjected to the reaction in the same condition as in Steps 5
and 6 of Example 1 to give spiro[4.5]dec-1l-ene-2-carboxylic
acid methyl ester (800 mg).
lH-NMR(CDCl3)6:1.39-1.52(10H,brm),l.77(2H,t,J=7.4Hz),2.56(2
H,t4,J=7.4,1.8Hz),3.73(3H,s),6.69(1H,s).

Step 5

Spiro[4.5]dec-1-ene-2-carboxylic acid methyl ester (800
mg) obtained in Step 4 was subjected to the reaction in the same
condition as in Step 7 of Example 1 to give
spiro[4.5]dec-1-eh—2-yl—methanol (675 mg).
1H-NMR(CDCl3)6:1.33-1.50(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).

Step 6

To a solution of spiro[4.S]dec-l—eh-z-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
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1H NMR(CDC13) 5: 1. 30-1.42(4H, m, 1. 53-1.58(4H, nm, 1. 85-1.
91(2H

'm, 2.33(2H, dd, J=7. 7, 1. 3Hz) , 3*2(3H, ), 5. 84( 1H, dt , =15
.7,1. 110 :
3Hz), 6. 81(. 1H, ddd, J=7.7,15.7,7.8Hz), 9.48(1H,s). Step
2 To a solution of 4-(1-fornyl-cycl ohexyl)-but-2-enoic

12 ARSIk s AT b e
Bn Lalieneq( §9 ghi,%es édgﬁ% ALOPY S € %g EHE%%E&&%P column
f § t) tnde M

argon At nospher é over

calrbawed gRupsll 1ridi thesii1§gacti Qi xt weale SC hor

27 hoursg Al tgL cool i ng éomm to %%aroonﬁgenpé?gture give
anb ratdimed hgquepusosadisumed-qahenass w@f)uti on, the
reaction mxture was extracted with ethyl acetate. The

OH gEMR ¢CDAYEXd A S 6adsIBad MIH foriel &r. 7 Srded: andy . 4Hz) ,2.42(2
concentrated. The residue was purified by col um
Ehtorat’odHzphy - 84 (2f,i5da Sgdll (LfEheXane: et hyl acetate
(volune ratio) = 20:1) to give 15
trlethyIS|ony spiro[4. 5]decane-2-carboxylic acid
?y ester (5.0 g). Step 3 To a solution of 20
1-triethyl siloxy-spiro[4.5] decane-2-carboxylic aci d

met hyllo a @188t ilon 0o 2 ric l%pﬁiﬁﬁ@ JHec-1-ene (55 mg)
tetrahydrofuran (30 nmL) was added a

obttazimedr mﬁus'aeap s&)lmnt NON «m‘lnte&mmfomrhumdeammwnixzere added

fl uoride &N , followed by stirring the

r(§act3i-dr4 ﬂﬂ?@ﬂéfph@mrldoﬂnet}rerﬁpmmw acfidrme3thyd ety (60 mg)
after addltlon of 25 aqueous_ammoni um chl ori de

§ | &ﬁn&ﬁl 1pnENPeRRTFGHSARSEURE HASSUBKESRCE et WiFMDle 1 and
f)totl%lss%_(fﬁt égfboﬂ-gge o(r ég&amgc) ,l %‘Xﬂoweé ’SA}’?%I%%.drrvfnghthe reaction

mixture at room temperature for 15 hours. Then, after addition
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

(S)-3-[4-(spiro[4.5]dec-1-en-2-ylmethoxy)-phenyl]-hex-4-yno
ic acid methyl ester (71 mg).

lH—NMR(CDCl3)6:l.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

),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
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water, dried and concentrated. The residue was
purified by colum chronmato HﬁPhy on silica ge
(hexane: ethyl acetate (volune ratio) = 5:1) to give
111 1- hydroxy-spiro[ 4. 5] decane-2-carboxylic acid

met hyl ester (less-polar isoner; 1.6 g, nore-polar
isoner; 0.95 g). More-polar isoner

%g%’%\lﬁws(:%g %g)%léll'géétfc% 6JJ._I|"1 r@l’ié'ssa%ﬁel'c%lrsdd'il_tlfi n 1a's76i_nl Step 9

p),1.89-1.9 %ﬂ#j( 2.02(1H,d, J=4.5Hz),2.74-2. 79(I H, ' m) _.
°3. 72 (3H,s)8f$ T 4H, dd, J=9. o,le_L 2Hz) . Stngtoézl give

Lshvgrpxyy §?i£8[ 4.8} dgeaneeg- QaWﬁaéxhb&yé\%ﬂewlgxhex- 4-yno
10 ester obtained in Step 3 (nore-polar isonmer; 0.95
9¢ wesd ¢85Hjmgyedst ehkh@ekedeli 66mpBubAe sane
condition as in Steps 5 and 6 of Exanple 1 to give
spiro[ 4. 5] dec- I -ene-2-carboxylic acid nethyl ester
800 ny).
FERRRE CHP13) 8: 1. 39-1. 52( 10H, brn) , 1. 77(2H, t, J=7. 4Hz) , 2
56(2 5 Htd,J=7.4,1.8Hz),3.73(3H,s),6.69(1H, s).
%f%éagaé%?Po[4.5]dec-l-ene-2-carboxy|ic aci d net hyl of
e 0 btaj.ped,ip.Ste bj t
R R o e W i e S A
E£xaapie dolPuAi ¥81tSpi ro[ 4. 5] dec-1-en-2-yl - met hano
(675 ny).
1H NVR({HCE3jn8: radBel aS0{rl Zkampiie, 4 0#34 2 e, degi £ cohpound
.31(2 Ht,J=7.0Hz),4.16(2H,d, J=6.5Hz),5.56(1H,s). 25
g@gpogtqéngdsgrgmi@heopompound obtained in Example 15.

spiro[ 4.5] dec-I -en-2-yl-nmet hanol (50 np)

-Example 17

Preparation | of
(S)-3-[4-(spiro[4.4]lnon-1l-en-2-ylmethoxy)-phenyl]l-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
cyclopentanecarbaldehyde.
lH-NMR(CDC13)6:1.56-1.47(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,4,J=4.6Hz),5.48(1H,s).

Step 2
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
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obtained in Step 5 in chloroform (1 nL) were added

tri phenyl phosphi ne (87 nm) aqg_ br ono- succi ni m de (87

ng) under ice-cooling, followed by stirring the

reaction m xture 112 at roomtenperature for 1 hour.

Then, the reaction mxture was concentrated in vacuo

and the residue was purified by colum chromatography

gg siliﬁg ﬂ (hexane) to give of
GP8hBEPRYI - spiro[ 4. 5] dec-1-ene (55 ng). 5

M SRS} 0oL LA B 8 42 - vme

@csghgalgadgﬁnggqqnnnethyl spiro[ 4. 5] dec-1-ene (55
nyg) 10 obtained in Step 6 in N, N-di nethylformam de
(1 nith vReesaddatanidy -ab (4 Bydmpiyphenytie s re@ctnpound.
acid nethyl ester (60 ng) obtained in the same manner
wesi pbSabsedpfFonf thEeagphmpolingndb tadinesks iimmEs@mpdreatls .
(93 nmy), followed by stirring the reaction mxture at
roomtenperature for 15 hours. Then, after addition 15
E% i N aqg§gus hydrochl oric acid solution, the reaction
} s extracted with diethyl ether. The organic

b%g grg@g opashed with water, dried and concentrated. of

e residue was purified by colunn chr omat ogr aphy on
$i3ki)c3 -gal- ((herang:imRichyl -aeatdt[e . A MRldeE 73 -@)-yimethoxy)
50:1 to 20:1) to give 20
¢ Bhedy[l4-bhegi-Aohoilcdacild en- 2- yl met hoxy) - phenyl ] - hex-
4-yno is acid nethyl ester (71

ny) .
1k NI\/R(SQQSI_ELB)S 1940-1.5 1orgpérpg) 1. B6(2H, t, Jstgpsz)

(3

=2, 3Hz) 2. =%’ OHz) 2.66 d\,J—15. 3, 7.
2), 2.
76614h4dd, .3, 7. 8tdpy, 3. @iurps) StefH- 4. @ | Ehdt) Stes?
(Z-H—» ¢ —_— —_—

\v/\go\~Substep Nyt

[
T _,YAP

StepB Step9 Q
[}: ~ o
o

SteplO ; ii:ryvl

Step 1

To a solution of 4,4-dimethyl-cyclohexane-1,3-dione (6.0
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

(hexane: ethyl acetate (volume ratio) = 3:1) to give a
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25 ),5.68(1H,s),6.87(2H,d, J=8. 7THz), 7. 27(2H, d, J=8. 7THz) .
Step 8 5
(S)-3-[4-(spiro[4.5]dec-|-en-5&y|nEthoxy)-phenyI.]-hex
- 4-ynoic acid nmethyl ester (71 ng) obtained in Step 7
was 113 subjected to the reaction in the sane
condition as in Step 9 of Exanple 1 to give

S5RapoLataRrhReEy e "y PR BLEPFEGRELHR0RRARS (11 o).

ation of
%§§QDLF%%?SE%§§ . 5] dec-1-en-2-yl net hoxy) - phenyl ] - hex-
isd 1SQdi | t I a nefs i

B0 a0 905 4 39 PRElEs N S e R
8¥2in Bheo¢onpeyng. ehbt aiuned.in Exanpl e 15. Exanple 17
Preparation of 15

More3ppdagspipwpz. 4] non- | - en- 2-yl net hoxy) - phenyl ] - hex-
4-yno is acid Step 1 In the sane manner as in Steps 1

T NMRy¢ CRGcbhdl: & - 29 ( 6Hs §i)r. 3] 8.4 2¥0 k- 13=6n 722, 2vedt INBFbI t , T=6 .

S, 0 o ycl.opent anecar bal dehyde.
?%NNE&(%E&?%)% S%gglﬁ A, m), 1.69-1. 63(4H, m), 1. 80( 3H
b, =
7.2Hz), 2. 33(2H,t, J=7. 2Hz) , 4. 18(2H, d, J= 4.6Hz), 5. 48(1H, s
$tepShep 2

To magnesium (237 mg) was added dropwise a solution of
S-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
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%
agueous hydrochloric acid solution (10 mL) under ide—cooling,
the reaction mixture was extracted with diethyl ether. The
organic layer was washed with wafer, 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).
lH—NMR(CDC13)6:1.17(6H,S),l.61(2H,tt,J=7.5,7.5Hz),1.86(2H,t
,J=6.8Hz),2.12(2H,q,J=7.5Hz),2.22(2H,f,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
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25 In the sane manner as in Steps 6 to 8 of Exanple
15, the desired conpound was, obtained fromthe
conmpound obtained in the abotE® Step 1. Exanple 18 114

~Preparation of

(S)-3-[4-(spiro[4. 4] non-1I - en-2-yl nmet hoxy) - phenyl ] - hex-
4-yno is acid sodiumsalt In the sanme manner as in
16, the desired conmpound 5 was obtained from

%ggg%ﬁpp%wlbbt(&ione‘al‘? n ¥B&npléed7 drqpupkgs e @19solution of
R TE  ToTo L T AF LLLY MG IY C W §
BBXULglCsPRe | P adoHPLEGBELE SR B3R cooning
3?238‘1?’: ke %4@'30%11%%(3% Y8 Jé'ﬁ%%)gg? ZFE’%? TrgetLon
migolhinei oundér 4,ikaHgriitg cyolrohgganetduBesli oneThién ) after
successive dropwise addition of water (0.25 mL), 4N aqueous
sodium hydroxide solution (0.25 mL) 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
was concentrated. The residue was purified by column
chromatography on silica gel (hexane: ethyl acetate (volume
ratio) = 15:1 to 10:1) to give
4,4-dimethyl-3-pent-4-enyl-cyclohex-2-enol (830 mg).

lH-NMR(CDCl3)6:O.98(3H,S),1.04(3H,s),1.32—1.65(5H,m),1.83-1
.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)
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 watef, the reaction mixture was
extraéted.with chlorofbrm. The organic layer was washed with
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-2-0l1 (340 mg).
lH-NMR(CDC13)6:O.86(3H,s),0.89(3H,s),l.ll(lH,dq,J=4.6,ll.6H

z),l.21—l.44(4H,m),1.49-1.71(3H,m),l.79(1H,dq,J=ll.6,2.le).
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15 g) in nethanol (80 nL) was added

par a-tol uenesul fonic acid nopnohydrate (813 ng),

foll owed by heating the reactildn’ mi xture under ref
lux for 2 hours. After cooling down to room
tenperature, the reaction m xture was concentr at ed.
The residue was purified by col umm chr omat ogr aphy on
silica_gel 20 (hexane: ethyl acetate (volunme ratio) =

31198t 9" @?(/%H at1153- BPégsaangrmpSéﬂé?'@3§$(é;’1'3ﬁd5a7l(1H'dd
somer (1.1 g). Less-polar isoner
n?FER/R?C%(ﬂ% r1.12(6H, s) 1.81(2H,t,J=6.3Hz), 2. 44(2H, t
J=6 3Hz), 3.69(3H,s),5.27(1H,s). 5 Mre-polar

ISOITEI‘
$FLAIMR( CDCL3) 5: 1. 20( 6H, s), 1. 83(2H, t, J=6. 7THz) , 2. 41( 2H, t
,J=6. 7Hz), 3.68(3H s.),5.26(1Hs). Step 2 10 To

nmagnesiaso(@8Zonyf vas1addenedhgDWss8 rd [$Ql5Uin@@cOf7-en-2-01
5-brono-1-pentene (1.15 nL) in tetrahydrofuran (15 nL)
(Agermgargohaitnedsphestepvér i0chilpubéornf ¢lLoowsd bps added
stirring . the reaction mxture at roomtenperature for

S0l nf nhE LS (A98EYAEXY) chel r GARKARPOR e 2nkenEd@89K01-3 - ( LH) -on

B A e e 5 DR S, Fonrovec
Hﬁ@d’lfﬁ% PRbI Ah o f £44 ﬂl\ﬁ%ur@uﬁaéf J@-ﬁ&eﬂ. ngtf%gkoiphours.

m Xt ure roomtenperature overni

BHeh | umaf aha%tlaﬂlusm@qm&w@aﬂdnp s@QiFd +30k¥ihPlon to the
(10 nL) under ice-cooling, the reaction mxture was

eeachtordnintirel etiydretdme waBhevapoaagad offajyerva@so. To
washed with water, dried and concentrated. The
FRsi gaEidus pasi fAddedbyageraim sodbwmt bjcaphpnete solution,

E(I)!Ligva}egetl)y extraction 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

11,11—dimethyl-spiro[5.5]undec-7-en-2-one (290 mg).

Step 6

To a solution of
11,11-dimethyl-spiro[5.5]undec-7-en-2-one (290 mg) obtained
in Step 5 and dimethyl (1-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
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
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(hexane: ethyl acetate (volune ratio) = 10:1) to give

4, 4- di net hyl - 3- pent - 4- enyl - cy. ghex-Z-enone (1.07 9).
1H—NNR(CDC13)8:1.17(6H,s),1.6§% Htt,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(2
Ht,J =6.8Hz),4.95-5.08(2H, m,5.75-5.87(2H, M. Step 3

a_suspensi on of |.ithium al.unm num hydride (250 ng) )

Zﬁeffge’di%Fm aFrateo (Molumss 2addQ)dropwtseld to give
ol ut . . .

35t Gh8EpRiyms thyaidene ) oo 8 SBRERYS - gRIRE O1 Sd8mgpo-1-ene
@ba@imgg.in Step 2 in diethyl ether (5 nL) under
ice-cooling and nitrogen atnosphere, followed by

stirring the reaction 5 m xture under ice-cooling for

30 mnutes. Then, after successive dropw se addition

Btempaler (0.25 nli), 4N aqueous sodi um hydroxi de

solution (0.25 nm.) and water (0.75 nL), the  reaction

m xt #Ce was stirred & room tenper as@latien 30 of
After resglting i.nsol ubles were filtered

B R FR bRy kh  S0oRRd - S0 ACEH MR Ta - SPH o S S e 1 -ene

i . ( h . Sili |
P 489 BTN BRSSO A, SO,y s
1R ghvBoud, AyArEBhA¥-i13- BRAW 4oamHiony ¢hohexad- ei1owed by
(830 ng). 1H NVR{CDC13)6:0.98(3H, s), 1. 04(3H, s)

stiBd?2i hg6bfSegcthdBmixti®e at room temperature for 3 hours.
.92(1H, m,1.92-2.02(2H, m, 2. 08(2H,q,J=7.3Hz),4.12-4.21
Thenm after addition of saturated brine, the reaction mixture

é’ 4. 93-5. 06(2H,_r%,e5: 37-5, 41(1H, m) , 5. 75- 5. 90( 1H, 1) .
fE AR e d Vdithet he TR Bl fdihtets. o Fe- @583 He -2y eahwps washed

%gégﬂn‘%}e?gl rg\%té%gg dcéu?cégrtlggaée&\es 'I%ded%%sE rtTn% gg'i.;gdue was
dissolved in-a mixed solvent of methanol(5.4 mL)-watex (0.6 mL).
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
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) = 40:1) to give
11,11-dimethyl-spiro[5.5]undec-~7-ene-2-carbaldehyde (195 mg).
'H-NMR(CDC13)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.
63(1H,m).

Step 8
To a solution of

11,11-dimethyl-spiro[5.5]undec-7-ene-2-carbaldehyde (195 mg)
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stirring the reaction nixture at room tenperature for
2 hours and then at 50C for hours. After cooling
down to room tenperature an&%%khng wat er, the
reaction nmixture was extracted with chloroform The
organic |ayer was washed with 25 water, dried and
concentrated. The residue was reduced in the sane
condition as in St%p 3 to give

qata3ngd rethy FEep; ro[E%]"EF‘rH&n"?l eh52) (49as n@‘}ded sodium
l]_(i_rgw&CDgls()S% g? (n%_éfc’}.bg sﬁlhg i:loljlléwel_a %S‘; stlrring the

Pl Hn et Blade Aok JH P ok A HIES) " 1indn Zas s

aéd%ianc&( 3H5ma%1_e§&lé3 SRUYR Fyaporiae- sfi{%(uldidﬁ (20%dL) , the
1H,dd ,J=10 Step 5 5 To asol ution of

ﬂé.ad:itidnmabmdréwas d}&ﬂdﬂé&ﬂi?hﬁl—é&:l@}l etB82@ .ngThe organic

obtained in Step 4 in chloroform (10 nL) was added

J.LaIeI Maiss (versdied oxd/hh 1 wateirhy dimien, ZaIbénz'pBQGn@rraEe@l The
-0on %Dess Martin periodinane; 735 ny) under

F%%léBGIW 9, PFBFFbﬁEdebyoéPWPrFH@OWE§°H€§@Pﬁbﬁn silica gel

! 3_h 0, T t
ChtehEn 8FRiy, A5eES8e o Tt Sor e BEDi i 1 (i eo save
(26141 081AbYAYI €5pghbe505LRANRS 72LARYL 9&3%@%&&& (190 mg) .

vacuo he resi due was added aqueous sodi um

ki opid ot £, )92bUB5QBH , of, 910G )oY mt(&@ptﬁ Qﬁ-lV;’! tihz) 1.17-
ethyl acetate. The organic |ayer was washed with
haBB( 10Hrmedlahb-2oAcéRH, at)ed.. 4ThE . &S RHu® )wds 5PF 1H,dt, J=10

purified g col um chronatograp%é on silica ge

¢ RexalB2z) ebn§p (LHeBtads 10vadl - dndHZdti 0) = 20:1) to give
11, 11-di met hyl - spi ro[ 5. 5] undec- 7- en- 2-one (290 np).
Step 6

Step 9

(11,11-Dimethyl-spiro[5.5lundec-7-en-2-y1l)-methanol (67
mg) obtainedjilstepiiand.(S)—3—(4-hydroxyphenyl)-hex-4-jnoic
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 in Step 8 of Example 1 to give

(3S)-3-[4-(11,11-dimethyl-spiro[5.5]Jundec-7-en-2-ylmethoxy)
-phenyl]-hex-4-ynoic acid methyl ester (119 mg).

lH-NMR(CDC13)6:0.87(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
.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,4%t,J=10.2,2.0Hz),6.84(2H,d,J=9.4Hz),

7.27(2H,d4,J=9.4Hz).

Step 10
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20 To a solution of
11, 11-di et hyl - spi ro[ 5. 5] unrorlgl;: 7-en-2-one (290 ny)
obtained in Step 5 and di
(1-di azo- 2- oxopr opyl )-phosphonate (435 ng) obtained
in the foll ow ng Substep in nethanol (6 nL) was added
pot assi um car bonate (420 ng) under ice-cooling,

the reaction_m xture at room

LT TRET L LI T -

ATy BB LR B TE A L REreSTREL b M, cpratnea
Laveteyap s el jUcld dake hegfoﬁ%%ggﬁ £ONGENtY, a@,Le@Dndltlon

resi due was “puri romat ogr a

§gllcalgel 1 e hexage: ebhyl aesd=ta o Vol upe ragbo) give
= 15:1) to give
83$1-Be(hekymelhy&hﬂenhyiSSﬁidbmﬁtByhnﬂpbpoﬁénspugdmethoxy)
| -ene 3240 5 Step 7 To a solution of
grirenyd hbﬁ?ggtﬁyPiﬁeﬂé}dS(EoélWﬁﬂh?s Sper dp5isedngempound.
| -ene (240 ng) obtained in Step 6 in acetonitrile (6
nm.) was added 1N aqueous hydrochloric acid solution
é&b%tgé)’ followed by .10 stirring the reaction

at roomtenperature for 3 hours. Then, after

addi tb) sk peALYLAlSE 6 BRI S50 b Bya2aEE £F. 5Nt 1k & 01¥R%e (100

extracted w t h diethyl ether. Thé organic |ayer was
mAjhedtrahtirvauean (doi ad)andscaaaedt GabpehisBh@ solution of
resulting residue was dissolved ina m xed sol vent of
denpshyl (5 akonyonet phEsphenatel 61T @t he sotahydregisran (40
added pot assi um car bonate (150 np) foll onwed by

@) r‘?9‘£@r tlﬁ@ COLIENShaRt @ tiFeegsn @Gmapém’@r gverel § ginutes,

%nolg?ﬁvrvéd 1rr§];1tgetrheag'ce“atclt9.r(])no£1x &J?é 'unde?: .{Ce:ea Céclagflng for

1 hour. Then, to the reaction mixture was added dropwise a
solution of para-dodecylbenzenesulfonyl azide (22 g) in
tetrahydrofuran (40 mL) over 10 mihutes, 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
fesulting residue was purified by column chromatography on
silica gel (hexane: ethyl acetate (volume ratio) = 1:1) to give

dimethyl(l-diazo-2-oxo-propyl)-phosphonate (4.2 g).

Example 20
Preparation of
(35)-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.
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extracted wth diethyl ether. The organic |ayer was
washed with water, dried and concentrated. The
resi due was purified by 20 cdiddm chromat ogr aphy on
silica gel (hexane: ethyl acetate (volunme ratio) =
40:1) to give 11, 11 - dinmethyl - spiro [ 5.

5] undec- 7- ene- 2- car bal dehyde (195 ny).

1H NVR(CDC13) 8: 0. 91- 0. 86( 6H, m), 1. 08-

Exampde, &), 1. 94- 2. 06(3H

_2.45-2.56(1H n), 5. 62-5. 70(1H, n), 5. 76-5. 83(1H, ) , 9.
gg%@?ragSOBS(lH,n). Step 8 To a sol ution of of

1.11-dic | -sRi 5.5] yndeg- 7- - 2- bal dehyd .
(18 1 EbReRY. 1 bR 2 K P e o F v R nar opashiy acta
was added sodi um borohydride (55 ng) under .

i ce- i.ng, ofoll d tirrj th tion-
o8 coplng dfol Loty oLl T g Do TeagLn

i ure und ice-Cco

CHO
QEL\_ I ng*§ or : it efteps
addbti on of 05N aquéous di umiydr de—sotuti —
' A

(10\nL), the 5 reaction xture was extfacted wt
di ethyl ether. The organic |ayer was washed with

water, diied and conoéentrated. The residyge was 0
ptiepd | by sedgwm ehr omgtegs aphy on)@f\i/t(a sgebo OMOH
t hyl—acet ( i = 10:1_LQ_5(E)CTAO

(-hexan
to give

(11, 11-di net hyl - spi ro[ 5. 5] undec- 7- en- 2-yl ) - met hano

6488ng) . 10 1H NMR(CDC13)8: 0. 85(6H, d, J=2. 3Hz), 1.

04(1H, t,J=12. 2Hz), 1. 17-

1. 85Cd0H, molhitdor?. 62 ( 2FethoBydPe Bogdh2Hampnbnb9(21H3dt g) in

,J=10 .2,3.0Hz),5.85(1H, dt,J=10.2,2.3Hz). Step 9 15
tetrabhydrafuhgh- spi3®[ 5mb) undes 7- eddgdy| )dnopwiaeol a  0.5M
67 obtained in Step 8 and
%%F¥§g%é¥ﬂ§BF6§y§ﬂéH§F?Dh%&-QFRHﬁﬁQYlmagneSium bromide (38.4
mL) under nitrogen atmosphere at -78°C over 10 minutes, followed
by stirring at -78°C for 3 hours and then at room temperature
overnight. Then, after addition of 2N aqueous hydrochléric
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
residue was purified by column chromatography on silica gel to
give 3-(3-butenyl)cyclopent-2-enone (1.1 g).
lH—NMR(CDCl3)5:2.37(4H,dtd,J=l7.90,5.65,2.95Hz),2.50-2.61(4
H,m),5.04-5.09(2H,m),5.75-5.89(1H,m),5.98(1H,s).

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
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acid nethyl ester (77 ng) obtained in the sanme nmanner
as in Substep 5 of Exanple 1 were subjected to the
reaction in the sane conditid as in Step 8 of
Exanple 1 to give 20

(3S)-3-[4-(11, 11-di nmet hyl - spi ro[ 5. 5] undec- 7- en- 2- yl net
hoxy) -phenyl]-hex-4-ynoic acid nethyl ester (119

ﬁ%i\l&/ﬁ(‘&bcﬁ%%.r ORBYIG¥LR)abmnesppeng(aH, nj8°L PyErH6 mjautes,
2.4H C . . o :
3o16u8a pystFF I EhssraRp b OR R eRb P HE R AQ mnutes .
1 . c . . .
?%%32. 13RS 22551 Hdd 08, S5, PORSY ST rRTddey diethyl

8tBe8 éempl . j i
J3hH), 3.569( St $7 7 3280™5) 76 SHThY 185 4080 PR Ty o5 Ve 2dded
3H(Bdbutenyl)cyclopent-2-enone (0.6 g) obtained in Step 1.
,J=3.0, 10. 2Hz) , 5. 89( 1H, dt, J=10. 2, 2. OHz) , 6. 84( 2H,
Halfgan|Hppr latfeps @Zited, dd9itteh ofSbepohOtifluoride diethyl
%38)-3-[4- 11, 11-di met hyl - spiro[ 5. 5] undec- 7- en- 2-y| net

ERET- pPERAYEY - 2 30 Yo ¢ thei gepsthpn BixEwRre Mas (ffirred at

Lngd_ Ln, St 9 bjected to t ti
T S CRG A TIE LR ENE AR

SIS 91507 FARREN £ S5V 2B/ BFARARL o o Thsy afeer

80aY}ionpbenyhtuheked- YN Sus Carbind 04 N1 ASidd&o1ution and

desi red conpound. Substep To a suspension of 60%

268 ungigyons deanihrbiay) sioluttdlorene th#00redftion mixture was
nL%-tetrahydrofuran 40 nL) was added dropwi se a
8¥rgersadoMithi pEbay agedrdsr-opFhephogphdcsatleyero wis washed
In tetrah [dLrof_uran 40 nl) -under jce-cooling and )
RRPPEEAYELRISIHLRAEUE0RF STtaR R .FLLUC1 PRI, BAL B ated brine,

kLR t ' [ m x e r. ice-cooll. for 1
Asurt 3g, POpbEREEREaar, (HHe T IR Thel 8o R M e, forumn
g?_;i@ﬂg%gghgﬁyof par gy dodecyl jngnzenesul Bgrjyl azide (22 give
3,3-dibut-3-enylcyclopentanone (380 mg).

'H-NMR(CDC13)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) .

Step 3

A solution of 3,3—dibut—3-enylcyclopéntanone (380 mg)
obtained in Step 2 in toluene (80 mL) was degassed with argon.
After _ addition of benzylidene
'tl,3-bis(2,4,6—trimethylphenyl);Z—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
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tetrahydrofuran (40 nL) over 10 m nutes, followed by
stirring 1in the range of ice; fgollng to room .
tenperature for 3 hours. The% the reaction m xture
was concentrated in vacuo and the resul ting residue
was purified by col um chromatography on 20 silica gel
(hexane ethyl acetate (volune ratio) = 1: 1) to give

neth azo- 2- 0X0- propy phosphonate (4.2 g).
§RBP %6a9b¥parat|%% of Z§? %

[ 1.di nethyl - spifal 5. 5] undec- 7- en- 2- yl net
%§§}O%4 6 é#éF% §n45y§&%g%3#¥i§§d|un1salt In the
same nanner as in Exanple 2 or 4, the desired conpound
was obtained fromthe conpound obtained in Exanple 19,
$2&p Exanple 21 Preparation of
3-[4-(spiro[ 4. 6] undec- 2-yl net hoxy) phenyl ] - propi oni c
aci dTo SteplolitIiomp2o0 Stpepd [A .$tlepriecs 8Ste {I5-doHO (860 mg)
OHO0 O Step6 Step7 Step8 0 0 Step9 OH 5 Step i To a
88rtaineA of 3- et hoXytycl opent - 2St@Bne (2. 37 gﬁ |n and

etr g rran (30 nL) was aqded dr opwi se a_O0.

PR R RIS BhBR oS A arebRtop T siveRREge Gﬁ#b!ﬁ%}n%tamed
8

iefte e WRGHes "y B SuBHFRR e eBiprel 35 SHigpaanct (10

ang \kﬁgrhd’ded YV LR @ali:rb%na‘?:\éer( BR8hhg) Teder &fdflcooling,
addi ti on of 2N aqueous hydrochloric

followed by stirring the reaction mixture under ice-cooling for

give

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
2-(l-methoxymethylidene)spiro[4.6]undec-8-ene (900 mg) as a

crude product.

Step 5

To a solution | of the crude
2-(l-methoxymethylidene)spiro[4.6]undec-8-ene (900 mg)
obtained in Step 4 in acetonitrile (10 mL) was added 1N agueous
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
organic laye: 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).
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acid solution, the reaction m xture was stirred for 30
m nutes and then extracted geth ethyl acetate tw ce.
The organic | ayer was washe Afith saturated bri ne,

dri ed and concentrated. The 15 residue was purified by
col uim chr omat ography on silica gel to give
3-(3-butenyl)cycl opent-2-enone (1.1 g).

1H NVR(CDC13) 5: 2. 37(4H, dt d, J=17. 90,

%t%B 9 95Hz) , 2. 50- 2. 61(4

SteIOTQ al'goliuggg’pe% gr?‘rcﬁ o%ﬁlé'r]a(%'c)njq oecf?egé (‘?%b%])dz‘%%de (44

h e 2 ) f 5
hig) "ok REATL AL g‘et%P B}t EARON (P ML w6 pliaba poaium
8095h§&¥i&@90@3h@ﬁ1tEéiﬂ&Wbé15§ éé%%ﬁiﬂﬁ)aﬂ“¥$@m temperature
ni trogen atnosphere at -78C over 6 mnutes, followed
byveshiight ng THen ; edftdroaddittivheoftaqudsir$ Q’fyd}ﬂ)chlorlc acid
m nutes. Then, 5.m nutes after addition of boron
selationi d@edre@hynonemmumwpseex'(m@md with ethyhacetate
reaction _m xture was added 5

‘gw%ge but By PFEFRLEpANEDVRAMRENEY 61 5} safiusiated prine. dried
Ebiicseri an gt o ue e e A )2 W flenos (s

h§§ction mxture was stirred at -78C for .2 hours
and further stirred at roomtenperature overnight
after renoving a dry-ice/ethanol bath. Then, after 10
addi tion of saturated aqueous ammoni um chl ori de

soept fon and 28% aqueous ammoni a sol ution, the

reaction mxture was extracted with ethyl acetate.
The 6r@HﬁP@nFa9€r°§wﬁP¥ﬁ%W&xﬁ]ERRQQS%T%%$y2mW¢hhan01 (44 mg)

AHHSTBREEY e D The RBS, o ARSI c@oBPBol bim m9) 47

tetrahydrofuran( 1 mL)-ethanol(l mL) was stirred in an
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(CDC1;)8:0.98(1H,dd,J=12.43,9.42Hz),1.24-1.36(3H,m),1
.44-1.53(12H,m) ,1.69(1H,d4,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 spirol[4.6]undecane-2-methanol (43 mg)
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
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15 chromat ography on silica gel to give
3, 3-di but - 3- enyl cycl opent anone_ (380 ny) .
1H NVR(CDC13) 8: 1. 48-1. 57(4H, rﬁz .84(2H,t,J=8.0Hz),1.95

- -2.09

(4H, M, 2. 11(2H,s), 2. 28(2H,t, J=8. OHz), 4. 95-5.08(4H, M, 5
795 .85(2H, M. 20 Step 3 A solution of
3- di but - 3- enyl cycl opent anone (380 ng) obtained in
gPéﬁGQtFﬁtﬁéﬁ u (%‘%)r%\%%d‘él%ga@@éd RurAfaegonby column
E:Ar r ddltl n of benzyli dene .
R 8 QP2 R -tri mePhyl pherﬁﬂtl)lc‘zal ni dag6rs d| nyIF%ene] give

I ol I h .
S U-FERLE SR RPN Y b ccta
h@lﬁh_%l Akter (G80kigng down to room t enper ature t he

~reaction mxture was concentrated. The residue was

PHIF MR eCD OV YU (128 a&-anBteyy asz) on sili C@(gﬁH )1
to give spiro[4.6]undec-8-en-2-one ( 350 ng). Step 4

T3 -3 - 88I(&Hi, an . &f- 49pi2r-d[34 18] md &c 53 (@i, % ,ohd (1350 @)BB(ZH t,
obtained in Step 3 and
drifet Ryl ¢ 2- élsa(z'”%-'f )o30- 89 @y 18- Istbo Siitondt -8 Y (26B Gny=8 - 7THz) , 7
gtg?zﬁ ﬁ sama manner as in Substep of Exanple
t’fqa ol 0 m.) was added potassi um carbonate
(830 ng) under ice-cooling, 10 followed by stirring
the reaction m xture under ice-cooling for 2.5 hours.
Fltep, ot he reaction m xture was poured into water,
followed by extraction with ethyl acetate. The organic
| ayefTo a solution of

3-[4-(spiro[4.6]undec-2-ylmethoxy)-phenyl]-propionic acid
methyl ester (75 mg) obtained in Step 8 in a mixed solvent of
ethanol(1l mL)-tetrahydrofuran(l mL) was added 1N aqueous sodium
hydroxide solution (0.22mL), 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 £iltration, washed with water and
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
Preparation of
(S)-3-[4-(spiro[4.5]dec-8-ylmethoxy)-phenyl]-hex-4-ynoic

acid
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was washed successively with water and saturated

brine, dried and concentrated to give 15

2- (1- met hoxynet hyl i dene) spi r %2 6] undec- 8- ene (900 ng)
as a crude product. Step 5 To a solution of the crude
20 2-(1-net hoxynet hyl i dene) spi ro[ 4. 6] undec- 8-ene (900
ng) obtained in Step 4 in acetonitrile (10 nmL) was
added 1N aqueous hydrochloric acid solution (2 L) |,
fol Lowedshygpstirring gt reesp2tenperatliretéps 4 houﬂ&/\
Then,[ t he—reaet i onm *H%%AM%}-po‘igo L4n4}Jwa2§gi:rko

f owed by extr Mon wWith et hycet ate. The

organi c |l ayer was washed with saturated brine, drie
and concentrated. The residue was purified by colu

cBtepmt ogr aph ong%gbgca gel to gi

f@ 6
spirol4. ell 8-"ené: 2-c@+hy§e Iz 44 ny) g
<;g; obt a

Step 6 T sol uti on of

spi ro[ 4. 6] undec- 8- ene- 2- car bal dehyde (44

in Step 5 in nmethanol (1 nm) was added sodi um

bor ohydri de (9 ng)” followed by stirring at room
t erature 5 overni ght. Then, after addition of

agg%%us hydroch(;] agid solution, the reaction
m xture xtrdcted wth ethyl acetate tw ce. The
organi c r was washed with saturated brine, dried
and concentrated to give spiro [ 4.6 ]Jundec-8-ene-2

sf®phanol (44 ng). 10 Step 7

To a solution of spiro[4.5]decan-8-one (4.2 g) produced

i ned

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 saturated
agueous 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(CDC13)0:1.41-1.47(4H,m),1.54-1.65(8H,m),1.76-1.80(4H

,m).

Step 2

To | a . solution of
8-hydroxy-spiro[4.5]decane-8-carbonitrile (3.9 g) obtained in
Step 1 in tetrahydrofuran (30 mL) were added successively

pyridine (4.4 mL) and thionyl chloride (1.8 mL), followed by
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A suspension of spiro[4.6]undec-8-ene-2-nethanol (44

ng) obtained in Step 6 and 5% pal | adi um carbon (4 ng)

in tetrahydrofuran(l ni)- ethﬁﬁgl(l nm.) was stirred in

an 15 at nosphere of hydrogen for 3 hours. Then, the
reaction mxture was filtered through Celite and the
filtrate was concentrated. The residue was purified

by col um chromat ography on silica gel to give
§[§F-F§P.496'gtlamg:@@aﬁé_0@. nixhanelay rgomiemperature for 15 hours.

1H—NN3§CDC1%? 0.98(1H,dd, J=12. 43, 9.42Hz), 1. 24- 1, 36( 3H
bger ddition of IN 'agueous hydroch oric acid solution,"

1.53(12H, 1H dd, J=1 74-1.83
%ﬂénfeac 155 ool Mee Sesiad widt Sagil quy e
| f 6 3
Eggﬁnig g&?g?ﬁgdwﬁg'ggéﬁﬂ%d ]§€g@%§%fv %ﬁeny prfﬁ- aqueous

harechlbgiketdnilad §618ti6R1laRd) Htdirated brine, dried and
tri phenyl phosphine (74 ng) in tetrahydrofuran 1 ni)

wasceddedtedltoagbve KN i [l rEEldyd { Draresn sledafBon Mggile (2.8
under ice-cooling, followed by stirring the reaction
ﬁﬂxture at roomtenperature overni ght. The reaction

ture was 125 concentrated and the residue was

TR GG 6] X5t - Jor el g ot/ GHRL 4 T 4980 1 627167
MFZ 5 Pg[ FUﬁgéc flné?ﬂdxyf4phe%ﬂﬁzqﬁqﬁﬂQNﬁs 6.59(1H

agl)d nethyl ester (75 nmg)

1H—NNR(CDC13)8 1.08(1H, dd J= 12 6,9.3Hz), 1.41-1. 49(15H
,m, 1.

77-1.85(2H,n),2.40-2.43(1H,n),2.59(2H,t,J:7.7FE),2.88(

Sidep, 3

J=7.7Hz), 36FI1(:3HS) 3. 80(2H, d, J=6. 8Hz) , 6. 81(2H, d, J=8. 7
Hz) , ﬁk>aog?é aogagf7yﬁyroh@ Q@pgﬁ ene-8-carbonitrile (2.8

g) obtained in Step 2 in ethanol (30 mL) was added concentrated
sulfuric acid (3 mL), followed by heating the reaction mixture
under reflux while stirring for 5 days. After cooling 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
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).

lH-NMR(CDCl3)(°):l.29(3H,t,J=7.0Hz),1.36—1.42(4H,m),1.52(2H,t

,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
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To a solution of

3-[4-(spiro[ 4. 6]undec-2-yl net hoxy) - phenyl ] - propi oni c

acid methyl ester (75 ng) obBt%®ned inh Step 8 in a

m xed sol vent of et hanol

(1nml) -t etrahydrof uran(1nli)was added 1N aqueous sodi um

15 hydroxide solution (0.22 nlL),followed by stirring

the reaction mxture at roomtenperature for 5 hours.

Thavl efter (Ldh@nrbieingdt he $eert3 om rHetmahydrioguran (40
the residue was added dropw se 2N aqueous ]
‘H%rgn’”@aq%ﬁl?é dromRyiss attigiermaeolptéepmf didsphytylaluminum

lg}(r)c:i}.e' eglte 3%\, %Jfgl kgtrrglf‘ | grﬂ’de\éﬁasrhgeodn \éMtEng :,p te(xe:re gtng 7%9C . followed
_ i r 2= c = 1.0Nl.C
1 T TDE o ERC Lo RLEPE L DR Lot P L g Tmen,

&F eBI2ddi8Yy o agueous hydrochloric acid solution and raising
(S)-3-[4-(sp|ro[%.S]dec-S-yInethoxy)-phenyl]-hex-4-yno
the tmpkdfird tot eplomdtBobkethepReSt €R8 Keadtibn Hisdire was
OH Step5 OH Step6 ~ ~~ 0 Sr Step? OH Cr O Step 1 To
X EBREEeSnWhLhs pitho[l4 Blafadsn-t8viorre. (4The gyrganiacédyer was
fron18yclo ent anecar bal dehyde in the same nmanner as in

wpaped” withy jptnratetahpteel dries: rad dFerGpRRTebed. The
P&%i&@éewggd&grified by column chromatography on silica gel

(ethyl acetate: hexane (volume ratio) = 1:4) to give
spiro[4.5]dec-7-en-8-yl-methanol (1.95 g).
lH-NMR(CDCl3)6:1.37—1.41(4H,m),l.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(lH,s
).

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),
followed by stirring the reaction mixture at room temperature
under normal pressure in an atmosphére 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
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 1N aqueous hydrochloric acid solution, the reaction

mixture was extracted with ethyl acetate twice. The organic
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successively trinmethylsilyl cyanide (2.9 nL) and a

tetrahydrofuran sol ution of tetra-n-butylanmoni um

fluoride (1M 22 nl) , foll dvied by stirring the

reaction mxture at room tenperature for 4 hours.

Then, after addition of saturated 10 aqueous sodi um

bi carbonate solution, the reaction m xture was

extracted with ethyl acetate twi ce. The organic .l ayer

%«é&er\fo@sﬁw@@sﬂe@hwg e tnd beingri @gigdg@nd concentrated.
centr ted to qi

%HPFo?‘gé%ﬁ%o%dcaﬂeC%lwa? e tesqephy g silica gel
ég%ﬁ%( C%&ﬁ%ée ét Ae‘ﬂ-e (4“7(91 >4 é‘t 5{ 8 n,)l’::lll' )76_-t]o' -give

IOﬂ

o%hygmxzjaebtngliSl\Q%aHsle6a5§gngf>rI le (3.9 g)

tained in tep 1 1n tetrah uran (30 nL) were

addesk cesCEyY: 1€l -BY Adhe m()4-14 281 . itshi @) , 3. 46 (2H, d
chl ori de (%98 m), follgmed gy 127 stlﬁrlng th g (

réa6t 4Bm)m xture at roomtenperature for 15 hours.
Then, after addition of i N agueous hydrochloric acid
solution, the reaction mxture was extracted with
gtethgl ether. The organic |ayer was washed
€Re8sively with 1IN aqueous 5 hydrochloric acid

sol “Es{gﬁ%%d 53@%%] gt ?‘i %Lt%%éuo rigd 5‘3%0' &E‘g&gﬁé&tﬁg Step 5

to gl irof carbonitr P

géﬁl\%@%&& t3e teddt46nMn knd (satld Eoﬂd@tﬂ:@ﬁ) ad-fn Step

84H m, 2. X 2H, dd, J=Bxdmgl1dHz), 2. 24-2. 30( 2H, nte6. 55- 6. give
59§1H 10 ,m. Step 3
(S)-3-[4-(spiro[4.5]dec-8-ylmethoxy)-phenyl]-hex-4-ynoic
acid methyl ester (1.1 g).
1H-NMR(CDCl3)6:1.13-1.21(2H,m),1.27-1.29(3H,m),1.33—1.43(3H
,m),1.48-1.60(6H,m),1.71-1.76(3H,m),1.82(3H,d,J=2.3Hz),2.65
(1H,dd4,J3=15.3,7.0Hz),2.75(1H,d4d4,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

,4,J=8.6Hz).

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
(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
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To a solution of spiro[4.5]dec-7-ene-8-carbonitrile’
(2.8 g) obtained in Step 2 in ethanol (30 nL) was
added concentrated 15 sul furit? acid (3 m) , followed
by heating the reaction m xture under ref |lux while
stirring for 5 days. After cooling down to room
tenperature and addi ng water, the reaction m xture was
extracted with ethyl acetate twi ce. The organic |ayer
&%§-3mééhéapéﬁe&és§ﬂ@@Py8mﬁﬂﬁ6§§9§¥érgaeaﬁgéoungédwuﬁﬂc
bi cgr boaate 20 ﬁol ution and saturated brine, dried and
efiPPat8dSathe residue was purified by col um
chr oﬂt% gBR% nga[}TSéAJ) lax%%i.rg..%&am%ﬁtehyloraf,ettﬂgede m%@cﬁ] %ompound
ro) = 1: 0 give

(volune ra

»g)ﬂéfsﬁﬂa%%cffbﬁn@hé' e8mpexly 6r2aifeqt BY E&BMPRE( 228

TH NVR( CDC13) 8: 1. 29( 3H, t , J=7. OHz) , 1. 36- 1. 42(4H, n) , 1. 52
(2H t 25

EQaBpael P41, 61- 1. 66(4H, n), 2. 07( 2H, dd, J=6. 4, 2. 6Hz) , 2. 29
2.31 (2H m,4. 18(2H, q, J=7. OHz) , 6. 90- 6. 94( 1H, ) .
Brepayatdon sol uti on of of

iro[4.5]dec-7-¢ene-8-carbgoxylic acid 12 ethyl ester .
P8} 825 a2h P RERALST R 1 dndes H ke Adiyar Bheray 1Lhe S jmote
gadded dropw se a toluene solution of _
di i sobutyl al um num hydride (0.99 M 41 nlL) under
gtgpniat nosphere at -78C, followed by stirring the
reaction mxture at -78C for 1 hour. Then, 5 after
addi Ag AYeaoummeismayoeoclalsorirc Stepls sdl dol h @afdExample 22,

rai si ng the tenperature to roomtenperature, the
$RAEPL onSdrEgFe3nis -mekhpacled wi WRSet hy| oldatiaed from

tw ce Th? organi c Iaéer was . washed with saturated
BPR.L Sdri BRAGARENE 3REBRt PREEGRSFhdD SE&P]Fe OfaEXample 1.

B ConCtaids Rdrdne YA e et 2 g it -39 (7

,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

above Step 1.

Example 25
Preparation _ of
(S)-3-[4-(spiro[4.5]dec-7-en-8-ylmethoxy)-phenyl]-hex-4-yno

ic acid

Stepl 9 oo
]
<:Q/\OH ep 0/ Step2 OH

R=SA =
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spiro[ 4. 5] dec-7-en-8-yl -nethanol (1.95 g).

1H NVR(CDC13) 6: 1. 37-1. 41(4H n) 1 51(2H,t,J=6.5Hz), 1. 59
-1.65
(4H,n),1.90-1.93(2H,n),2.04-2.06(2H,n),4.00(2H,s),5.62
(1H,s 15 Step 5 To a solution of
spiro[4.5]dec-7-en-8-yl-nmethanol (0.7 g) obtained in
Step 4 in a mxed solvent of tetrahydrofuran ( 7

mL) - met hanol (7 nmL) was added 5% pal | adi um carbon (70
g%%h120 followed by stirring the reaction m xture at

}enperature under nornal pressure in an

h h d.th d
o 08908 ook BALIUER b0y LacBLENS S 0 BE0a 4RO un seep

Ml Rash & ry3 ;E&yr hen.. E’ta&"?s’a & A .
filtere t%r oug Cel%l)t-eg gﬁd he ;b %Sll%ﬁe%eh tc acid
HORCENlelsaledd (0 THE32P) botRdUe VRS thieSSOMY fhridbMBENBNGUbstep
(5 m) . To the solution was added sodi um borohydri de

§ Oof4Egampfiel |lowetirdyssbjjectad the thecastddnion xtmr €ehe same

at roomtenperature for 30 mnutes. After addition of .
¢SRS Hyﬂroéﬁ1orﬁ¢eabldBSoIGflCHEXQm@ﬂ¢eadk|o¢0 give
with ethyl acetate tw ce.

s extract
05 b e @plrayér5iaecwasﬁaawmegapmreaeamehex 4-yno
legglgqﬂ eQ££8%691 g reS|due was purified by
c phy ‘on Si Pi

col um o ra ca gel (ethyl acetate:

‘i r§t7' Q), 40(11H4}n) 5%5 “i)sséZH,m),l.so-l.GS(m

splro 4. ec - met hano

1mame%EIEHSd8J420@Hi)12(§H mist(iﬁ in)64( dBH2bnEN283m4 ,2.64
6(2H,d ,J=6.4Hz). Step 6 Spiro[4.5]dec-8-yl-nethano
(D528, J51obt a? neHz) n25FEPH1E,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).

Step 2
(S)-3-[4-(spiro[4.5]dec-7-en-8-ylmethoxy)-phenyl]-hex-
4-ynoic acid methyl ester (l.OIg) obtained in Step 1 was
subjected to the reaction in the same condition as in Step 9
of Example . 1 to give
(S)-3-[4—(spiro[4.5]dec-7—en—8-ylmethoxy)-phenyl]-héx-4-yno

ic acid (0.924 g) as the desired compound.

Example 26
Preparation of
(3S)-3-[4-(spiro[4.5]dec-2-ylmethoxy)-phenyl]-hex-4-ynoic

acid
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10 was subjected to the reaction in the sane condition
as in Step 8 of Exanple 1 to give

(-S) - 3- [ 4- (spi r o[ 4. 5] dec- 8-yl netthoxy) - phenyl | - hex- 4- yno
ic acid nethyl ester (1.1 g).

1H NVR(CDC13) 8: 1. 13-1. 21(2H, m), 1. 27-1. 29(3H, m, 1. 33- 1.
43(3H 15
,Mm,1.48-1.60(6H m,1.71-1. 76(3H, m, 1. 82(3H, d, J=2. 3Hz)

12,65
(1H, dd, J=18ega7. OHz) , 2. 75( Heegsl, J=15. 35;@5\) . 3.6663H,
OH OH

— —_——

. o T —=
74(2H, d, J=6. OHz) , 4.02-4. 07( 1H, v d, J=8. 6Hz), 7.
26(2H ,d,J=8.6Hz). 20 Step 7 nk:§:§3g

(S)-3-[4-(spiro[ 4. 5] dec- 8-yl nmet hoxy) - phenyl ] - hex-4-yno
is acid nmetyny ester (1. 3 g) obtained in the sane
manner ' Btep 6 was subjected to the reaction in
tqexsarme condition as in Step 9 of Exanple 1 to give
25
(S)-3-[4-(spiro[ 4. 5] dec- 8-yl net hoxy) - phenyl ] - hex-4-yno
ic acid (1.09 g) as the desired conpound. Exanple 23
%E;gaiation of 130

3-[4-(spiro[ 4. 5] dec- 8-yl met hoxy) - phenyl ] - hex-4-yno
: . : t .
% or 35 £ FEUBER bt IE SRR TEIDE 225 LA BHAIRL 50 me

2 or sire from

6pEROHEH DPIFILG bR APl & 1224 n0tEX2HRYAréfuran (1 mL) was

Pr ration of

(16;22- EZ Z)apg.laﬂ[i&nB]dﬁtdﬂr 3y |m@) Nory)1pweayby- Bexrting the
Qgggtion mixture under normal pressure in an atmosphere of
hydrogen at room temperature for 20 hours. Then, the reaction
mixture was filfered through Celite and the filtrate was
concentrated. The residue was dissolved in methanol (1 mL).
To the solution was added sodium borohydride (10 mg), followed
by stirrihg the reactioh mixture at room temperature for 1 hour.
Then, after addition of 1N aqueous hydrochloric acid solution,
the reaction mixture was extracted with ethyl acetate. The
organic layer was washed with water, dried and concentrated to
give spiro[4.5]dec-2-yl-methanol (30 mg).
1H-NMR(CDC13)6:O.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).

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 fhe samé manner as in Substep 5 of Example 1 were

subjected the reaction in the same condition as in Step 8 of
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acid 10 Step 1 In the same manner as in Steps 1 to 5
of Exanple 22, spiro[5.5]undec-3-yl-nethanol was
obt ai ned from spiro[5.5]undé5%%-3-one obt ai.ned in
Step 2 of Exanple 1. :

1H NVR(CDC13) b: 1. 12-1. 02(4H, nm, 1. 26-1. 21(4H, m, 1. 42- 1.

39(7H 15
1,57-1.51(2H, ), 1. 68- 1. 65(2H, M), 3. 47(2H, brs). _
%%@5Péeln the same manher as in Steps 6%o 7 of give

FEER I R R T R RS

'%%&ErﬁFﬁﬁ?sbggsF% 543294 en- 8- yl et hoxy) - pheny | -hex.

agGi Stee S \
131 S ep doels) p?rgof&QS g 0 '%HZ t gﬁgﬁ.98(éoqeﬁ) 1.
DBt . ee@ISHnm$t,2p38420ﬁ6k2mrml)622%5m1@t dd,J=15.3,7.0Hz),2.75
(S)-3-(4-hydroxy-phenyl)-hex-4-ynoic acid 5 nethyl
EtHedd(0=8633¢gP . 6B i Bed6i(3HL Ise ,SaBd (BHNAeT=&s 7H=Z) ,4.02-4.0
Substep 5 of Exanple 1 were subjected to the reaction
7ﬁlﬁh@)sﬁﬁ§3(85m§p€réﬂ73§)pﬁ §26H8doﬂ=§xaﬁﬁ0e 1to
gi ve
(S)-3-[4-(spiro[4.5] dec-7-en- 8-yl net hoxy) - phenyl ] - hex-
§t¥ﬁ°3 is acid nmethyl ester (1.05 Q).

(3S)-3-[4-(spiro[4.5]dec-2-ylmethoxy)-phenyl]-hex-4-yn
oic acid.methyl eéter (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
acid (20 mg) as the desired compound. _
1H—NMR(CDC13)6:1.11(1H,dd,J=12.4,9.6Hz),1.48—1.29(13H,m),l.
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,d4,J=8.1Hz).

Example 27
Preparation : of
(3S)-3-[4-(spiro[4.5]dec-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 the same manner as

in Example 26.

Example 28
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10

1H NVR(CDC13) 5: 1. 37-1. 40( 4H, n? 1.52-1.56(2H, m, 1. 60- 1.

65( 4H 34
,mM,1.82(3H,d,J=2.3Hz),1.93-1.96(2H, ), 2. 08-2. 13(2H, n)

, 2. 64

(1H,dd, J=15.1,7. OH), 2. 75(1H, dd, J=15. 1, 8. 3Hz), 3. 66( 3H,

s), 4.

83epagatinnm , 4. 36(2H, s), 5. 73(1H, s), 6. 85(2H, d, J=8. 6Hz) of
,é.36 &ZH,d,J:S.GFhé. 15 Steg 2 .
( 87334 A4 5PAEPA 25 PdBRARCa R g neibOmdy PRSASI Tefef-ynoic
éa{_ﬁoi c acid nethyl ester (1.0 g) obtained in Step 1

wasS ~ subjected to the reaction in the same condition
83epniStep 9 20 of Exanple 1 to give

(S)-3-[4-(spiro[4.5] dec-7-en- 8-yl met hoxy) - phenyl ] - hex-
4-ynQan i $haci dafB8. 9B4nfrrasatheidesst&g conotintexample 26,
Exanpl e 26 25 Preparation of

6p3rol 5. 4-1(ewdieco4y3l-aedh2anplinet hoxgs- phenyddtdigmed- yn from
oic acid .132 Steps Step2 O Step3 CHyJ- HO to O
gp@mo[gpéﬁugd$g—3-g@r@rygnngﬂhanol obtained in the same

spiro[4.5] dec-J) -en-2-yl -net hanol, (50 ng) 5 obt ai ned
PR78EEp 35 o é%ﬁﬁpﬁe%S%’ﬁ'?‘“iP&ter&hydrofuran (1 nL) was

fﬁgﬁﬂR ?ChRR Y WD G Rory (3 ).,y ol oved, by, stiiring 1 4

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

above Step 1.

Example 29
Preparation of
(38)-3-[4-(spiro[5.5]undec-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 the same manner as

in Example 28.

Example 30

Preparation of
(3S)-3-[4-(spiro[4.4]non-2-ylmethoxy)-phenyl]-hex-4-ynoic
acid

Step 1
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reaction m xture under normal pressure in an

at nosphere of hydrogen at roomtenperature for 20

hours. Then, the reaction nid3d%ure was filtered

through Celite and the filtrate was 10 concentr at ed.

The residue was di ssolved in nethanol (1 nL). To the

sol uti on was added sodi um bor ohydride (10 np)

followed by stirring the reaction m xture at room

tenpéflat the fsame heapnerThes, Bftc¥tepldili of ofExEmple 26,
Ueo hydrochl oric acid solutlon the reaction

%FB é ﬁggoﬁx?rgéf@&tﬁﬁpﬁlethyl %%%tate Otpea jmed from

n?ghtféié tgg %@§h§ 8%2 EtﬁlyﬁgnéPhg%%|S%%ﬁ)manner

%ELH\I/R?E%&%) B 0EEE™P 1630 1, ), 1. 31-1. 47(12H, brm), 1. 66

;%—elglﬂ% éslgdlirag)& 2., l%é%nzgtg%lj—‘"ﬁ) _ojlﬁ%ﬁfz{jaﬁiofxé 18":@81H 9 ,1.53

obt aRGéd,mn, St 6p-1. Snd4H m),1. 69(1H dd,J=12.6,8.0Hz),1.85-1
(S)-3-(4-hydroxyphenyl)-hex-4-ynoic acid nethyl ester

¢33 (AHym) 0Bt ARh&H . ith .t He 16afe Sndkirdr, 3a$ 4 (RHS¥hsh=5p 05z ) .

of Exanple 1 were subjected the reaction in the sane
condition as in Step 8 of 133 Exanple 1 to give

é%g% 3-[4-(spiro[ 4. 5] dec-2- ylnethoxy) phenyl ] - hex-4-yn

ol c- acid nethyl ester (49 ny)

L N G 2 Lnd L €9 1713c0p9- 2Hed - 3 36 FxAY 06, the
ags %g8a(c5$1hp'6ur?d 3208661k 8)Erbrb bhéttsibdad® obtaidds) in the
gbpivedS3ep513, 8. 5Hz), 3. 66(3H, s), 3. 81(2H, d, J=6. 7THz) , 4. 0
2-4.0 7(1H m, 6.83(2H d, J=8. 7THz), 7. 26(2H, d, J=8. 7Hz) .

Step 3 10
E%g%bﬁé[éi(spiro[4.5]dec-2-y|nethoxy)-phenyl]-hex-4-yn

Preparation of
(35)-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.

Example 32
Preparation of
(3S)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hex-4-ynoic

acid (chiral: A)
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oic acid nmethyl ester (49 ng) obtained in Step 2 was

subjected to the reaction in the sane condition as in

Step 9 of Exanple 1 to give 136

(3S)-3-[4-(spiro[4.5]dec-2-yl met hoxy) - phenyl ] - hex-4-yn

oic 15 acid (20 ng) as the desired conmpound.

1H NVR(CDC13) 5: 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 n, 2. 84-2.6%(2H,n)c,2.84-é%§§r‘E o
Step3

9(2H, ¢ Stepl Step2 %{Lo S

E(ZHTUT?=6. 4906 4 04( 1H 5 85(2H,d, J .
1%&), 7.28(2H,d,J=8.1Hz). 20 Exanple 27 Preparation )}
of '

(3S)-3-[4- (splro[4 5] dec- 2- yl et hoxy) - phenyl ] - hex-4-y
0i Cg agld sodi um alé 25 In the sgng nagper as in I:jyv*

Exag@ oy esi reduGo S obt 2l
fron1thezggﬁﬁ§und__ﬁrﬁlﬁgiiyno sane nanner%;;:Tr
Exanpl e 26. Exanple 28 13 Preparation of
3S)-3-[4-(spiro[5.5]undec- 2-yl met hoxy) - phenyl ] - hex- 4-
%ﬁépcl acid Step 1 5 1In the sane nanner as in Step 1
of Exanple 26, spiro[5. 5] undec- nethanol was

obt ai'ifef ?%Wfl%.?%[@ﬂéﬁqj@e%l@de%z? 1AR9R 1A oXYlic acid
@Qrtﬁjyﬁ].egsltgrt '090631“8) ggggﬂxegslﬂntr% egameorﬁarixzr)l(gnpés in Step

6 of Example 1 in tetrahydrofuran (15 mL) was added 5% palladium

O

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
vacuo to give spiro[5.5]Jundecane-2-carboxylic acid methyl
ester (300 mg).
'H-NMR(CDC15)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,J=12.3,3.6Hz),3.67(3H,s).

Step 2

To a solution of spiro[5.5]undecane-2-carboxylic acid
methyl ester (500 mg) obtained in the same manner as in Step
1l in a mixed solvent of tetrahydrofuran(5 mL)-methanol(5 mL)
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,
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1H NVR( CDC13) 5: 0. 65( 1H, t, J=13. 2Hz), 0. 75- 0. 97( 2H,
1-1.1 10 8(16H, m,3.41(2H,d,J=4.1Hz). Step 2 In
same manner as in Steps 2 to B3pf Exanpl e 26, the
desi red conpound was obtai ned fromthe conpound
obtained in the 15 above Step 1. Exanple 29
Preparati on of

3S)-3-[4-(spiro[5.5]undec- 2-yl net hoxy) - phenyl ] - hex- 4-
%ﬁéi)lewe OPHGHF =l 1R sdith Iel’F¥‘tYHea§8ﬁfétﬁann'@?e fFrgapic layer

FRRPLc g 1, CERALES SRROUNS e SLADPS 11D e
I I ti. f
FERPRLS 25,085, SHaTLe-0 Lm0l 0 g o,

oic acid Step 1 135 1In the sanme manner as in Step 1

of Exanpl e 26, spiro[4.4]non-2-yl-nethanol was

ghtpi sed from spiro[4. 4] non-I-en-2-yl-nethano

obtained in the sane manner as in Step 1 of Exanple

17. %o asolution of spiro[5.5]undecane-2-carboxylic acid (570

1H- NI\/R%CDC13) 8:1.18(1H,td, J=9.0,3.3Hz),1.38-1.31(1 H, nz
mg)sgbtained in the same manner as in Step 2 in chloroform (6

kg 20850 LaBded TR\ 1 OG0 I1% 55 O e ama
AL dgm@tﬁyﬁ.)fogm%&%@' d(OJ:(76 qﬁ'f.b - AR ofrea by stirring the
reaction mixture at room temperature for 2.5 hours. Then, the
reaction mixture was concentrated and the resulting residue was
dissolved in tetrahydrofuran (6 mL). To the solution were added
successively triethylamine (1.21 mL),
(R)-4-benzyl-2-oxazolidinone (670 mg) and
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
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[S.5]undecane—2-carbonyl)-oxazolidin—
2-one (less-polar isomer (chiral: A); 430 mg, more-polar isomer

(chiral: B): 390 mg).

Less-polar isomer (chiral: A):

1H-NMR(CDCl;;)f):O.98—1.06(1H,m) ,1.12-1.29(3H,m),1.38-1.63(11
H,m),1.70(1H,d4,J=13.2Hz),1.78-1.85(1H,m),1.92(1H,dd,J=12.6,

2.2Hz),2.79(1H,d4d,J=13.4,9.5Hz),3.26(1H,dd,J=13.4,3.2Hz), 3.
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10 In the same manner as in Steps 2 to 3 of Exanple

26, the desired conpound was obtained fromthe

conpound obtained in the abdA8 Step 1. Exanple 31 15
Preparation of
(3S)-3-[4-(spiro[4. 4] non-2-yl met hoxy) - phenyl ] - hex-4-yn

oic acid sodiumsalt In the sane nanner as in Exanple

27, the desired conpound was obtained fromthe

é%nﬁouﬁﬁlﬁbmbbﬁeé4rﬁ BR4RPl®) 38 . 6304EXAfBpHem327.22-7.37(5H,
%eparatlon of

T S)-3-[4-(spiro[5. 5] undec- 2-yl net hoxy) - phenyl | - hex- 4-

n0|c Cld chlral hiral o Stepl o Step2 o
é Ei ?m%feﬁﬁh&%Pi fep5 Step6 chiral \ O -

Ste oI t|o
Sp,%%é%ﬁ}ﬁg 1 923 %cgr k%xyl P‘c%g{czl)dl'neat—hylwe@tl{éf")’1'3
73006891 10bh i ned7Ln, Bhg BORE IIH@Ii‘eEL @%(llﬁ A)en . 75é§H,dd,J=
of Example 1 in tetrahydrofuran (15 ni) was added 5%
pal kadi BHe¢aBbpa( (BQOdaAy Y= 13fnlbomﬂd)by gei(nH, g ,Uee2.1,3.3H
reacti on m xture under increased pressure of 0.3 MPa
Eh-4nlatAo3pheHemdt 4n$8r4g6A (AH, m) oBmliefpd0d Bl @ )f.or

4 hours. Then, the reaction m xture was
As used herein, when a carbon atom at the spiro junction is a

chiral carbon as represented by, for example, the following
formula:
carbon atom

at spiro
junction

ok

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
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

the end thereof.

Step 4
To a suspension of lithium aluminum hydride (55 mg) in

tetrahydrofuran (5 mL) was added dropwise a solution of



10

15

20

25

filtered through Celite. The filtrate was concentrated
in 10 vacuo to give spiro[5.5]undecane-2-carboxylic
acid nethyl ester (300 ny). 139

"1H NVR(CDC13) 5: 0. 98( 1H, t d, 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,J=12.3,3.6Hz),3.67(3H,s). 15 Step 2 To a

@RI t-idoreniz ydpidr-d[sP15jou3d Ed ameeZ-anar-2oy0d itorgdi )Jd oxazolidin -
nmet hyl ester (500 é obtained in the sane manner as
|2n°9@ebch11r% &nf 22 mgg)| Yk ined tiax PAAPE dndrefiahydrofuran

) tha oI(5 d%)%g_mas dded 2N aqueous sodi um
WIS i GrP 5L e nltFBBFB\AEHmB§P§FFPr|%@llowed by

EQQFES%%t%R% ?Eé%%&%na&légc f0£ 3t€%ﬁ%% %%u%£ ice-cooling to

tenperature

Ii‘)b@hoﬁgﬂnﬁéi‘&tuﬁe'ﬁolsql Lt heﬁrés SPhdi) “8REnRAHES-E Ooh Mixture

reacti on m xture. Methanol in the reaction m xture

wat e \sfiddatattceddsive Macwi@ted 370 . b6l movwed 4dy aqueous sodium
extraction with ethyl acetate. The organic |ayer was

dyidedxdde shéntdoncént Patrell) tandyiwacer (0.18 mL), followed by
spi.ro[ 5. 5] undecane- 2- carboxylic acid (440 ng). 5 Step
§t1t6r&n§o he F@ﬁ%ﬂ%ﬁv%\?@%mmﬁe@e@aﬁwm ¢ 30 minutes.

o ERrorRl i eRs ngeiunde tghgadg: TRermpnet: ooy 0aShele were
ﬂl%%?‘ ?‘%5?2?1{1%%@" i?j'h %&}/ m%%n( QCaQ%dT}'L}i Vacuo The

fol | owe reaction m xture

reFpdud Was paridied %olmﬁﬁ,cﬂﬁtﬁnaﬁcgfﬁé;bw on Xéﬂﬁ:a gel
was concentrated and the resulting residue

(ethyl acetate: hexane (volume ratio) = 1:20 to 1:10) to give
spiro[5.5]undec-2-yl-methanol (chiral: A)(185 mg).
lH—NMR(CDC13)6:O.65(1H,t,J=l3.2Hz),0.75—0.97(2H,m),1.81-1.1

8(16H,m),3.41(2H,d,J=4.1Hz).

Step 5

Spiro[5.5]undec-2-yl-methanol -(chiralg A) (100 mg)
obtained in Step 4 and (S)-3-(4-hydroxy-phenyl)-hex-4-ynoic
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
(38)-3-[4~(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hex~-4-ynoic
acid methyl ester (chiral: A)(200 mg) .
'H-NMR(CDC13)8:0.76(1H,t,J=12.6Hz),0.86-0.99(2H,m),1.30-1.2
0(3H,m),1.49;l.37(9H,m),1.65—1.79(2H,m),l.82(3H,d,J=2.4Hz),
1.87-1.99(2H,m),2.65(1H,dd,J=15.2,8.4Hz),2.75(1H,d4d,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).
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di ssolved in tetrahydrofuran (6 nL) . To the solution
wer e added successively triethylamne (1.21 nl),

(R) - 4- benzyl - 2- oxazol i di none X970 ny) and 15

4- di met hyl am nopyri di ne (35 ng) under ice-cooling,
followed by stirring the reaction m xture at room
tenperature f or 12 hours. Then, after addition of
ice-cold water, the reaction m xture was extracted
with ethyl acetate. The organic | ayer was washed wth
aqueous potassi um hydrogen sulfate solution, dried and
S5eBofcentrated. The residue was purified by col um

Cvor SasTonaR Y bsSie iy gl T Y e Hoy) FHEA -nexc-a-
VABLe 608d Do Tl Mgl S ML B 205 5 Y f8E Un step

BOF £ BAbedtee™®h tHe reabkidh! i Blthe32dmBBond L8P Als?n Step
i somer (chiral: A)

aH NVR( CDGI3) 5: 0. 98- £x8fp1E, M), 1. 12-11. 29( 3H, mkol. 38-1. give
63(11
K3F) - 3-70¢ { Bpdro$ 53 51Mnflet - 28 YL@ yn)-Dhe@¥LiHhék = ynoic

12.6, _

acify fchirgdiHPdd 1991994, 9ssihe fesdend gempornds 3. 2H
z),3. 138

6)7- 3.75(1H, m, 4. 14-4.23(2H, M, 4. 65-4. 71(1H n), 7. 22-7. 3

Ekgﬁﬁﬁ M3 More-pol ar isonmer (chiral: B)

1H CDC13)8:1.02(1H,td, J=13.0,4.6Hz), 1.18-1. 28(3H, m
Prépdration of
7-1.66(11H mM,1.67-1.82(2H,n),1.91-1.98(1H m, 2. 77(1H
d85)=3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hex-4-ynoic

13.2,9.5Hz), 3. 26(1H, dd, J=13. 2, 3. 3Hz), 3. 72(1H,tt, J=12.1
ggigHsodium salt (chiral: A)

,4.14-4. 24(2H ,4.63-4.Q9( 1H, 7.17-7.40(5H, m .
2 BB BAE MGRBAL A% 4P SRR IR flhetfgepfiﬁslped compound

Mggc%bggih%dafrom the compound obtained in Example 32.

Example 34
Preparation of
(35)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hex-4-ynoic
acid (chiral: B) |
Step 1

In the same manner as in Step 4 of Example 32,
spiro[5.5]Jundec-2-yl-methanol (chiral:B) was obtained from
the more-polar isomer (chiral:B) obtained in Step 3 of Example
32.
'H-NMR(CDC13)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
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chiral carbon as represented by, for exanple, the

followng 10 fornula: carbon atom at Spiro junction

OO0 IF 11 8 NO chiral: Al&lfers to a chirality of

a carbon atomat the spiro junction in a |ess-polar

isonmer. Also, the follow ng conpounds obtained from

t he conpounds having the above chirali:ty will be 15
represented by the names with (chiral: A) at the end

t her éof th8i sanarhgnnehi aal inBtepers t® A cFhiExaalpgley 32, the
of a carbon atomat the Spiro junction in a
HeFérpd|campaHEras pained from the mpmpyimsbobdeined in the
oﬁtaingg fromthe compounds having the above

BRPYSI PEGPWt1 be represented by the names with

(chiral: B) at 20 the end thereof. Step 4 To a

suspensi on of |ithiumalum num hydride (55 ng) in
Egg&gﬂgdggfuran (5 nm.) was added dropwi _se a sol ution

of 139

PARpadabeoryl - 3- (spi ro[ 5. 5] undecane- 2- car bonyl ) - oxazol of
idin- 2-one (chiral: A (425 ng) obtained in Step 3 in
f 35) aByb4 of spano[ 555 iuhdand@ryilmethoalyi) Aghang 1i-hegg@nrynoic
at nosphere, followed by stirring the reaction m xture
Arigheodhngeseaiti éebéBaling)lto 5 room tenperature for
1. Zgh urs. Then, to the reaction nm xture were added

S

succ 81 SPUREPIET. G6 iP) ExaRPaGuddusthg fafhred compound

was obtained from the compound obtained in the same manner as

in Example 34.

Example 36
Preparation of
(3S)-3-[4-(spiro[4.5]dec—7-ylmethoxy)—phenyl]—hex-4-ynoic
acid (chiral: 2a)
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:
B) _ of

(4R)—4—benzyl-3—(spiro[4.5]decane-7~carbonyl)-oxazolidin—z—

one were obtained from spiro[4.5]}dec-7-ene-7-carboxylic acid

methyl ester obtained £rom cyclopentanecarbaldehyde in the same
manner as in Steps 1 to 6 and 6' of Example 1.

Less-polar isomer (chiral: A):
lH—NMR(CDCl3)6:1.22—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) ,4.63-4.69(1H,m),7.20-7.23(2H,m),7.26-7.36(3H,m)
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hydr oxi de solution (0.06 nL) and water (0. 18 niL) ,
followed by stirring the reaction m xture at room
tenperature for 30 mnutes. 1M precipitated
insolubles in the reaction m xture were 10 filtered
off and the filtrate was concentrated in vacuo. The
resi due was purified by colum chromat ography on
silica gel (ethyl acetate: hexane (volunme ratio) =
Nope-polarifyomergiebirgpi:r B)5. 5] undec- 2-yl - met hano

chiral: A)(185
Qm;sgﬁ?)l@zeza(llmt( 15H331}2Hz)?6@ 1¥5.40., 9#1L3H2np,- BHR ) . 3.
BB adopahion. 3 shehetnaion fohiak) . & 1B1802agpH.m) 465
(%)§§??% ﬁ@d?g§§ phengﬁy Wéx74 yﬁZFSG(EH'gerd nmet hyl

ester obtained in the same nanner as in Substep 5 of
Exanple 1 were subjected to the reaction in the sane
soaegdikion as in Step 8 of Exanple 1 to give
(3S)-3-[4-(spiro[5.5]undec- 2-yl net hoxy) - phenyl ] - hex- 4-

ynoi én athd neahg| msneer(césraln ASt(@ﬁ)O 4g)of 2Example 32,

1H—NNR£CDC13)5 0.76(1H,t,J=12. 6FE) 0.86-0.99(2H, m, 1.3
gp};g[ 5]dec-7-yl- -methanol (chlral A) was obtained from the

g%éHLgEl%r4gsomer(?thkhl 62) O%%glneg? %%g3H d, J=2.

ﬂlfgfi\gm%(@n%l%")"an% 2404 edd 3245 2 84 2/ N B A ) 52 (1m
8adtz>13. 6513. 781N 5418354a0 4610, M), 10..83620He)J1824-1. 67
Hz),7 .26(2H,d,J=8.4Hz). 140 Step 6
(B$H739L&=Q%plnﬁB5lHLmndec42(yHnetbesyﬂﬂphenyl]-hex-4-
ynoi ¢ acid nethyl ester (chiral: A) (200 ng) obtained
in Step 5 5 was subjected to the reaction in the sane
ggggigion as in Step

In the same manner as in Steps 5 to 6 of Example 32, the

desired compound was obtained from the compound obtained in Step

2.

Example 37
Preparation of
(35)-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.

Example 38
Preparation of
(BS)—3—[4—(spir6[4.5]dec—7—ylmethoxy)—phenyl]-hex—4—ynoic

acid (chiral: B)
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9 of Exanple 1 to give

(3S)-3-[4-(spiro[5.5]undec- 2-yl net hoxy) - phenyi | - hex- 4-
ynoic acid (chiral: A)(190 )3 as the desired

conmpound. 10 Exanple 33 Preparation of
(3S)-3-[4-(spiro[5.5]undec- 2-yl net hoxy) - phenyl ] - hex- 4-
ynoic acid sodiumsalt (chiral: A In the sane manner

as in Exanple 2 or 4, the desired conpound 15 was

86eRi hed from t he conpound obtai ned i n Exanpl e 32.

Exampl e 34 Preparation of

(3S) 13- [ BhEspFRBPS. BRBRAEEC-29 yI Wit OXSH - pherRA | Frsgmpde 32,

gg).!rﬁ[ét. g& %Icgg gﬂ;fl}%:tgagél glg)lra_lL ].;»)h(vevassaggtalnece{ from the
?Bkéobtérl]élsul‘g&ﬁeig (BGhl'I%t haﬁ?' rF@ch J.E% s’é‘g?afgg?{‘%ﬁple 36.

rom e nore- polar | soner
§i M @b £ 4 (4% Hdad, L
1H NNR% CDCl:g 5: 0 6% dJ 13 2HZ) 12 7 12 97( 1S 9an)) 0. 92( H

lad., I= 18(I6H2nWH3)41(ZH(dHJédleEﬁz Stam 2 3leHuz)l,n. 24 1.67
the sane manner as in Steps 5 to 6 of Exanple 32, the
dé&4FrBd . dopodnd 8kAE . Bt 3i- #8d 2Hr, bmstihe conpound

obtained in the above Step 1. 5 Exanple 35

Preparation of

Step 2
In the same manner as in Steps 5 to 6 of Example 32, the

desired compound was obtained from the compound obtained in the

above Step 1.

Example 39
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.

Example 40
Preparation of
3-(l-methyl-1H-tetrazol-5-yl)-3-[4-(spiro[5.5]undec-2-ylmet

hoxy)-phenyl]—propionic acid
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(3S)-3-[4-(spiro[5.5]undec-2-yl met hoxy) - phenyl ] - hex- 4-
ynoic acid sodiumsalt (chiral: B) In the sane manner
as in Exanple 33, the. desiret4onpound 10 was

obt ai ned fromthe conpound obtained in the sane manner
as in Exanple 34. Exanple 36 Preparation of 15
(3S)-3-[4-(spiro[4.5]dec-7-yl met hoxy) - phenyl ] - hex-4-yn
oic acid (chiral: A) Step 1 In the sane nanner as in
Steps; 1 to 3 of Exanple 32, |ess-polar isomar

(chi rialo Akrand rmre p Iar | gedpr (chir s 20stBp3 of
(4 enzyl-3- 7] decane- /~c })-) ~exazol

iw-Z- one were ob}-gj dfrom h (r\ﬂw
spiro[ 4. 5] dec-7-ene- 7-car boxylic aci d nmet hyl ester

obt ai ned from cycl opent anecar bal dehyde in the sane

rmsnner as d.n Steps 1 to 6 and B, of @éeprgplel 25&
(1

Les§- pow et fthiral : A
L 1—2._7’1 Wgo 196 (1@@4&
Hdd
9 SBizpp3 ( H dd, J=13. 2, 3. 4+g) , 3.59- 3. 67(1H, )
i E:’3;Hn)463 9(1Hn)720723(2Hn)726736(

.N=N.

142 l\/bra\-\fpol ar_ i somer (chirgr B):

1HF€NR/R( by\i’é T 8%(16H m, 2.7 ( H dgeRP=13,
R Q@:ﬁ Q@
27(1H, dd 13.2,3.2Hz), 3.5 g(lH , 4. 15-4. 22(2H, m
),4.65 -4. 71(1H m,7.20-7.24(2H, m, 25 7.36(3H 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
a mixed solvent of toluene(30 mL)-methanol(1l0 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
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 aqueous sodium bicarbonate
solution to the reaction mixture, methanol 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 (volume

ratio) = 1:4 to 1:3) to give
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Step 2 In the same manner as in Step 4 of Exanple 32,
spiro[ 4. 5] dec-7-yl -nmet hanol (chiral: A) was obtained
fromthe |ess-polar isoner (IAhiral: A) obtained in
Step 1. 10 1H NWMR(CDC13) 6: 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), 1. 25
-1.67 (14H, m,21.71-1.78(1H m, 3.43(2H,t,J=5.1Hz).

St ép-8tébrhhytihepgaan-paghexyasphrn$l¢phex-toyhiodk acid
Exanpl e 32, the desired conpound was obtained from
PRELESNPELAY OBtBVNEA-in Step 2. Exanple 37 20
Preparation of

(

SR 0P 18] I8P Pl Koy SOHSH)-HerPl 296 (11
b7 3 BeTaBr Busd Tna. deBhed e dhsolngd” Rl Sonr Brag) 3-59-
61 81\ 1hemg0BPeYNgHOkY 25189 5N oBX Mk , 30052 . BYATRL. &) 5. 40

8 Preparafio

(85)- 3=p43tapi, vobé(2hdagaisylemrhhoxys{pheay uk-shex=z4-yn
oic acid (chiral: B) 143 Step 1 In the sane nmanner
as in Step 4 of Exanple 32,

spiro[4.5]dec-7-yl -nmethanol (chiral: B) was obtai ned
PEBM Ehe nore-polar isoner (chiral: B) obtained in

StepT% of Exanple 36é solution of

3—[4;(tetrahydropyran—Z—yloxy)-phenylj—hex—4—ynoic acid
methyl ester (4.07 g) obtained in Step 1 in ethyl acetate (70
mL) were added successively gquinoline (1.52 mL) and 5%
palladium—barium sulfate (0.4 g), followed by stirring the
reaction mixture under normal pressure in an atmosphere of
hydrogen at room temperature for 15.5 hours. Then, after the
reaction mixture was filtered through Celite, water and 1N
aqueous hydrochloric acid solution were added to the filtrate,
followed by extraction with ethyl acetate. The organic layer
was washed successively with 1N aqueous hydrochloric acid.
solution and saturated brine, dried and concentrated to give
(Z2)- 3-[4—(tetrahydropyran-z—yloxy)-bhenyl]-hex-4—enoi&:acid
methyl ester (3.83 g).

Step 3
To a solution of - (2)-
3-[4—(tetrahydropyran-z—yloxy)-phenyl]—hex—4—enoic acid

methyl ester (3.83 g) obtained in Step 2 in a mixed solvent of
dioxane(60 mL)-water(1l5 mL) was added 2,6-lutidine (2.8 mL).

Then, to this was added dropwise a tert-butanol solution of
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5 .

1H NVR(CDC13) 5: 0-. 84( 1H, dddd, J=12.7,12.7,12.7,3.9Hz), 0
.92(IH 146
,dd,J=12.7,12. 7THz), 1. 15(1H, ddd, J=12. 7, 12. 7, 3. 9Hz) , 1. 24
-1.67 (14H, m,1.71-1.78(1H,m, 3.43(2H,brs). Step 2

10 In the sane nmanner as in Steps 5 to 6 of Exanple

32, the desired conpound was obtained fromthe
esmpountiebbenided(d ma /el , diowéd )Spveprls wEanpts, FpHwed by
Preparation of

Fﬁéfl-‘énﬁﬂz%ﬁﬁﬁe[caos]r@éatmeyPﬁertqma(wmpﬁﬁﬁyuferf@a: amjputes .
[ C cig sodi um sal t hiral : | n_the sane manner .
B6Shn 68 e Ee4St Son T e g d-opid St ey coaiom
&%Qg&ig@e Q}BSEQ OPM" :Ele&/igi %.X)anprle% ; mlnutes a@oﬁ.owed by

reparati on

§t§.¥rﬁﬁ%hﬁ’ﬂxe |ﬂ7éatc,951rcﬁxz RlisRue) a8-Fdborh HnpRir2 e @8¢- Lghours
yl met oxy) - phenyl ] -propionic acid 144 "Step3 L Stepl

Aft8rShaep2tiop 60 Ot datetdtd8 o ltle rdacthidh Grikthre, the
00 Stepd 0 0 Steps 0, 0 0 Step6 HOO 0O- \I 0" Y ~I

g;gam@couaya$|yaaj$§§Q¥ﬂted. The organic layer was washed
successively with 1N aqueous hydrochloric acid solution, water,
saturated aqueous sodium bicarbonate solution, saturated
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—oxo-3—[4-(tetrahydropyran-z—yloxy)-phenyl]-butyric acid

'methyl ester (2.59 g).

'H-NMR(CDC13)8:1.57-1.72(3H,m),1.84-1.88(2H,m),1.95-2.03(1H
,m),2.58(1H,d4d,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,q,J=3.1Hz),7.04-7.12(4H,m),9.67(1H,s).

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)
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
mL), the reaction mixture was concentrated. To the residue was

added water, followed by extraction with ethyl acetate. The
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OHBr NEN N=NY .-NOO Step8 "NYN O Step9 ~N N

Step7 0 % QJOjo Step 1 To a solution of

3- (4- hydr oxyphenyl ) - hex-4-ynoi47 acid (3.0 g) obtained

in the sane manner as in Substep 3 of Exanple 1 in 5

a m xed sol vent of toluene(30 ni)-nethanol (10 nL) was

added dropwi se a hexane sol ution of
trimethylsilyldiazonet hane (2M 8.8 ni) under

prtoandol ivayeovewas washieds, with| satdrbyest ibrinegg ¢&hked and
reaction mxture at roomtenperature for 2 hours.
FRBASNtERECHeact | oP®i xTEFddNEs cW¥atentuaiddesdnd Pe column

SRS R A T A R i

gaﬁag QY% g?gﬁﬁﬁgagg Ive nk%g%%'gqgg hor?ﬂlfoqrﬁﬁmfthoxy

bti%yf@ecab@a Hﬂe’&hk}rlee%@gg ('oc%cgﬂ' ing for 2 hours.
hen, after addition of saturated aqueous sodi um

mqmwm&t:fg)rﬁ 25 @loirod, @ =hlte 7, eAHON zfﬂeg(tifrﬁ dd J=15.7,5
nmet hanol was evaporated off in vacuo, d

eXHEdcBi 8A (BHt 5 )eBh PP -3¢ 48418, mThe . 5@d@ﬂhmd Maﬁ@dhﬂ%d,J=6.o
washed with saturated brine, dried and concentrated.

HRe - fe2PELE . ds bpUrti(RHed - 5 9c 8HamM 7 - AR @Hato grdpiizon

silica gel (ethyl acetate: hexane (volune 20 ratio) =
1:4 to 1:3) to give 145

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

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 suc'cessively with water and saturated
brine, dried and concentrated. The residue was purified by
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-ylmeth6xy)—phenyl]-bu

tyric acid methyl ester (0.297 g).

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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3-[4- (tetrahydropyran-2-yl oxy) - phenyl ] - hex-4-ynoi c

acid nethyl ester (4.07 Q).

1H NVR(CDC13)5: 1. 57-1. 7. 3(3H,%$81. 82-1. 89(5H, n), 1. 96- 2
.06(1H

, M, 2.66(1H, dd, J=15.3,7. OHz), 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,

g_ddg(i in three portions hourly, followed by stirring the
1H t, J=3. 3I_—|22§, 7.00(2H,d, J=8. 6Hz), 7. 28(2H, d, J=8. 6Hz) .
Seaptiopomixspratdtofoem tepgperature for 3 hours. Then, after

R L R R A

I 70 ) ivel .
FERYLOBISE © 600 sG] REFRE, SHESPERIYEL Y ca, g othyn
6Betath. fofhOwedghyistiTdydd LA Jae'ﬁ‘féc* 0% Hhéggﬁgely with
under normal presSure in an atnosphere o 5 ydrogen

ahtneatelde Mgtedtus’ € oldauml birdidonntel RYLutdfdieradd&aturated
reaction mxture was filtered through Celite, water

brdneN dajedoasdhyohozitoated ad dise at condecatdatigdd. To a
tothe filtrate, followed by extraction with ethyl
gedviten TRE o'F]@%nicerr%%/eral‘{Qﬁ’%sH@d gucedseflye$glvent of

ith i N.aqu s hydrochlorjc_acid 20 solution and .
?%FEF nggﬁﬁﬁﬁe,m%?fﬁﬁ 3ﬁéicand@$lr§F§8 t%éé?@e S%%ﬁ§$SlvelY

= o4 -2-y - phe - hex- 4- enoi

Soa i A AN BREEBRRT S ) P 2R G063 )
ahd(g9dium chlorite (218 mg), followed by stirring the reaction
3-[4-(tetrahydropyran-z-ffoxy)-phenyl]-hex-4-en0|c
mikdureethytroest ssmiSr88uxe o d hedri.n 'Bhep, 2aftef addition
m xed sol vent of dioxane(60 nlL) -water (15 nlL) was

28dER awrqug hydgechogig gcid Mkutian i fthe nescaddadnixture
dropwi se a tert-butanol solution of

was extracted with ethyl acetate. The organic layer was washed
with saturated brine, dried and condentrated to give

2-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-succinic acid

4-methyl ester (310 mg).

Step 7
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
(163 mg), 1l-hydroxybenzotriazole hydrate (115 mg) and a
tetrahydrofuran solution of methylamine (2M, 0.53mL), followed
by stirring the reaction mixture at room temperature for 13
hours. Then, after addition of water, thé reaction mixture was

extracted with ethyl acetate. The organic layer was washed
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146 osmumtetroxide (5 ng/nL, 12 nL) over 5 m nutes,
followed by stirring the reaction m xture at room
tenperature for 3 mnutes. Theh, to the reaction

m xture was added dropw se aqueous sodi um periodate
solution (10.3 g/25 nlL) over 7 mnutes, followed by 5
stirring the reaction mxture at roomtenperature for

2 hours. After addition of ethyl acetate to the
suactbehvailywirtdh 1Y kerueanugainydrbayboriaaciepas st etlon, water,
The organic | ayer was washed successively with 1IN

g8tBsaseAyaavenrsr sedaumdbigrabpoatewardntiosatemdasedurated

yeous _sodi_um bi carbonate solution, saturated 10 =
SgﬁxBSusd§68fiuﬁPFhF8§EﬁP§F€t§6’i-ut rBf ARgidHeuMaSepurified by

i ' n ncentrated. The resjdue was
gﬁ?ﬁﬁPegkgﬁaééﬁﬁ%ﬁ% hriSmet o %ﬂﬂgpbnsétgygaaﬁgFate‘ hexane
gggg¥bgacetatefag§5§ne (vol une rathgh): 1: 4 tqog:s) give

N-nxehgif3- (el sphydl epgnanddcyboyYhepheory)]-phidny1i1C succina
acid 15 nethyl ester (2.59 Q).

micNVERLGD0e8hF1 leSTet. T2(08Hmg),.1. 84- 1. 88(2H, ), 1. 95- 2.

03( 1H

"HYNMR GSRQAH, )dd 01 276 18, 6., ZHA)5, -3 HE3(, DHBGd, 11008, 23 801 )3Hz)2 1~ 1. 2

g:‘ gg(‘fh fy 38- 8640105 - B) 8d- 8693 PR (Afl, ) 13- £ 3¢ A ddnyT=16 - 6,
& é‘%gi 2579(380a; 5Lk 1097 5 28( 18, Bl 396086500 5. 66 (am,

o a solufi

4030781 bA; GheHE8NEULOBKEZYN 32 Yl 2XY haPhesY le] eRWnH) & . 36-5. 4
acid methyl ester (1.29 g) obtained in Step 3 in
RélHamol, 6( 88 (2H) d25=8asHaddad 1042Ehar, guisf.amzg .aci d (98

ng), followed by stirring the reaction m xture at
roomtenperature for 6 hours. Then,

Step 8

To a solution of
N-methyl-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-succina
mic acid methyl 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 aqueous 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-(l-methyl-1H-tetrazol-5-yl)-3-[4-(spiro[5.5]undec-2-ylmet
hoxy)-phenyl]-propionic acid methyl ester (41 mg).

lH—NMR(CDCl;;)&:O.'75(1H,1:,J=12.1Hz) ,0.86-0.99(2H, m),1.19-1.2
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after addition of 1N aqueous sodi um hydroxi de sol ution
(0.42 nl), the reaction nixH_(P was concentrated. To
the residue was added water,”Tollowed by extraction
with ethyl acetate. The 147 organic |ayer was washed
with saturated brine, dried and concentrated. The

resi due was purified by col umm chr omat ogr aphy on

LN LTI TET Y (TR NI
(?H_'?% %:D%i%lg) Eg%igﬁzg?gHg_g\)g%.g)Z(BH,s),4.57(1H,dd,J=5.5

789 2 d ,
J868ﬁk§)gg?%gégyh 9 é lﬁ §(5 11(2H

Hz), 4. 95(1H, s), 6. 74(2H,d, J=9. 2Hz), 7. 12(2H, d, J=9. 2Hz) .
S0eptep 5 To a solution of
3- (4- hydroxyphenyl) -4, 4-di met hoxy butyric acid nethyl

5883H s) l 38( 1H, d,

esteFO(O 257 g) obtaPned in Step 4 &edution of

h%egggiyltl)w' 85: %Bg?]g _eﬁag [%9&522583)5 (ﬂt a:qlgg:ez -ylmet
‘é ST BB R LA STy o snes 1

8t&puh s mikea, scﬁweﬁ{t 3@t d 9 Par YBE LA (1 19 -methanol (0.5
reaction mxture was extracted wth ethyl acetate. The

nLyawaterfgeb wds) waslsedadded e N vakyevush $@dimamfydroxide
saturated brine, dried and concentrated. The residue
méubwnf (@d 9y M0 .cEPLimvedrstitdgniptey tbe s¢d¢togalixture

th atetate hexane volume ratio) = 1:20 to_1:6)
E ¥% emperature for 18 hours. Then, after addltlon of 1IN

A e L e
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 triphehylphosphine (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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To a solution of

4, 4-di met hoxy-3-[4-(spiro[5. %] ndec- 2- yl nmet hoxy) - pheny
I]-bu tyric acid nethyl ester (820 ng) obtained in
the same manner as in Step 5 in acetone (8 nL) , trif
| uoroacetic acid (6 nL) was 148 added in three
portions hourly, followed by stirring the reaction

Thh a8 RSB SRR GRS Sk (Fras @fbai ene Filtrate
t tuy
B85 ettt PO CRL | Per 188 SAEL | Haddd - bb?és column

YRE6RLEYEEERTI 8R! ¥iviER g8at Yeahod agHeqys. Sﬁ@lx'ame (volume
bi carbonate sol ution and Saturated brine, dried and

cabcent = at of) e give 2-bidaemtislydeirtd 5a 5 1eRldddae (0.83
of the crude al dehyde in a m xed sol vent of
gert-butanol (6 nm)-water(1.5 nL) were added
uccessi vely 10 sodi um di hydrogen phosphate (88 ny
TRRAIRCL)BuPeh8 (L8, t3 IR - 257d . Ho Gilurd - A6l (B4 ﬂé GZﬂ@ 1.2

FER BLaperht i o SPH ot 23 FRERE IrBe7 B i on of

1IN aqueous hydrochloric acid solution, the reaction

m xture was extracted with ethyl acetate. The organic
ERy@piwagiwashed 15 with saturated brine, dried and
concentrated to give

Rrégar@spono[ 5. 5] undec- 2- yl met hoxy) - phenyl ] - succini c of
acid 4- nethyl ester (310 ng). Step 7 20 To a solution
dfethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl]-pr

spiro[ 5. 5] undec- 2-yl met hoxy) - phenyl ] - succi ni c
B%ﬂngﬁ fEtHyl ester (310 ng) obtained in Step 6 in
N, N- di met hyl formami de (4 nL) were added successively

Stepl 0  step2 00 Step3 OH 0 Step4 0 Steps
— —_ %}ko/ S o _o/ — 0

Stepé6 | OH Step?7 . 0 Step8 Lo 2
ep
E:tj/mH — E]:j”ﬁlzrk : Ojij*vky\ OI:IAV*W\
L
Step9
Step 1

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 rbom temperature, the resulting solid was
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
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1- et hyl - 3- (3-di et hyl am nopr opyl ) car bodi i m de
hydrochl oride 25 (163 ny), 1-hydroxybenzotriazole
hydrate (115 ng) and a tetr drof uran sol ution of
nmet hylam ne (2M 0.53 nlL), followed by stirring the
reaction mxture at roomtenperature for 13 hours.
Then, after addition of water, the reaction mxture

was, xgrﬁpggg mﬁth,ethgl_acetate. The organi c | ayer
ﬁﬁg she tQ @t sFREF9 L vi PHURRPGRRE08 e (11.85 g).
S ter, _saturated aqueou

sogﬁﬁﬁﬂgﬁ%ﬁﬁé ﬁa?g goggﬁggnmga& 85¢ dr AE44H BYi-de 19- 1791 (4H

?eg g@ﬁzgopcgn@rgﬁgy The residue was purified by

umm chromat ography’ on silica gel (ethyl acetate:

hexane 5 (volune ratio) = 1:1) to give
N- et hyl - 3-[ 4- (spi ro[ 5. 5] undec- 2- yl net hoxy) - phenyl ] - su

fteépa2 nmic acid nethyl ester (278 ng)

1H NMR(CDC13) 6: 0. 77(1H,t, J=15. 1Hz), O. 88 1.02(2H, m, 1.2
1- 1. B0 a suspension of 609 sodium hyer_de (5.7 g) and potassium

E%rgtg%%gxgge (§4é10r|ﬂl %eggagygggéggg% (2%%(%E)d3ag_added
r?«ggﬂyf cé%%'f‘l’a%e ('& é'ﬂ‘ﬁ.)) ‘g’roog'nllc_le é%é%grg’w':l.sflz)s’tlrring

BSOS SR SRl

ﬁizpuﬁelS Teaa sol adided of dropwise solution of
N- net h 3-[4-(spiro[5.5]undec- 2- ylnethoxy) phenyl ] -su
geiral r@l:u%ﬁi@amlhgnees(tlelr g5178) mpbodimededn nSBepp 1 in
7 in acetonitrile 5 nmL) were added successively

E%H’F%W%E?%%ri‘%s( %)mlahoovw i (hesyondicidinsng fqmm@atlng the

29 nL 0
reac i%ﬂgﬁé&uﬁFb FdBﬁ#f%ﬁ%EF%? %sé%:rln F§?'°°°lln9'
dEe c alhigr (pgds HL()anE afted 8£88w§.‘gg g:oou‘ls_héoldéé'& ion mixture.

bi car bonat e
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 g).

lH-NMR(CDCl3)6:l.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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solution, the reaction m xture was extracted with

ethyl acetate. The organic | £r vas washed wi th

brine, dried and concentrated.”” The resi due was

purified by thin-layer colum chromatography 25 on

silica gel (ethyl acetate: hexane (volune ratio) =

1:1) to give

3-(1-methyl -1 Htetrazol -5-yl|)-3-[4-(spiro[5.5]undec- 2-
Wﬁ&? lﬁ&iﬁ’%ﬁ&%ﬁylﬁqrpr%%i%ﬂ?‘%t% i d Teehy| 2é§egr addition of
TRERRAFRACRE 20, 2 A0 PYREICRLOELE. 86¢dHsRjution vas
PuttBetoRldaded d ise t i - '

8(2H ™ . 1 361 95039 H %5 00aHT§aCT20R S EBES HRELt the
é¥bldtion of gases ceased, followed by extraction with ethyl
d, J=17.4,8.8Hz), 3.63-3. 70(5H, m, 3. 82(3H,s), 4. 57(1H, dd,
dcBtbte, 8wakle), 6TBE( dHgdnic8l4ke), waslwadndd) Wi thHaaturated

5 Step 9 To _a solution of
Bripepefkypd| ARfecrassntzated.3- Fhe( spisidu®. Fasnaecified by

%oTEhn, Stheathbtabhy o ELla caskof SERTLopcetate: hexane
dr of 1 nl)_-nethagol (Q. 5 10 _
Eﬁ%ﬁagge:?og%ﬁﬁf§)mas)zdggdqg anggﬁhs solif to give

bydhexi dayasekyt s8R b} g’tl 44 uﬂ‘ﬂlac%ﬂlel-g\ﬂ%gr%?%iﬂi% iRd g methyl

the reaction mxture room t enperat ure
beues. (Zhen, gafter addition of 1IN aqueous

pydrochloric acid solution (0.3 nL), the reaction

TH AR €CEE: )@ Or. 82t (ad Vit [T =at3h\dl, Saodtz)t 6l . OThel @ @H Gn) , 1.3

iaxer %5 was washed with saturated brine, dried and
onc8it raHe®) - Fn84-ReSild3E Hds 2pdrilLHe @ty U7 -9-1428Z) . 2. 39

ERRVIER! QRO 830% 90 (K WSS At 8 a5 7
1038l 4§, .
3-(1-nethyl-1Htetrazol -5-yl)-3-[4-(spiro[5. 5] undec- 2-
yl met
Step 4

To a solution of
trans-1-hydroxy-spiro[5.5]Jundecane-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-_?-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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gpyrol

20 hoxy) -phenyl] -propionic acid (39 ng) as the
desired conpound. Substep 1,Eg a solution of

spiro[ 5. 5] undec- 2-yl met hanol "(0.65 g) obtained in the
same manner as in Step 1 of Exanple 26 from 25

spi ro[ 5. 5] undec- 2- en- 2-yl - met hanol obtained in the
sanme manner as in Step 7 of Exanple 1, in chloroform

r ded successively triphenyl phosphine .
14095 5 e R BRr Sr bR EERah iR pEhY By tte oullip pyoentc
Dl . pe ¢ .
RIS PPt e AR R LB QTR A I Yo acia
96 Bet Pbh abhRAWVES thidateehofde angride hhht EBhBen@Bted. The
concentrated. The residue was purified by col um
Tés bime ogaappyrnfisdl bgacgelimpethybma¢egabphyhexaselica gel
volume ratio) = 1:4) to give
Brvhoneeeydtepi riefsang undeglune ((x@3iob ¢ . 1:8) to give
1k+hmmgcxx13 8:0,69(1Ht,J=13.2Hz),0.81-0.96(2H m, 1.1
47 PRPAFC 11 0806 - 35PaRPPRy 13C28C2A, mebylypsfer (2.075
§¥anple 41 10 Preparation of
- et hoxy-3-[4-(spiro[5.5]undec- I -en-2-yl net hoxy) - pheny

2B TN O BP0 SR G oo

Step1H0 0 H\Y 0OV HN O\ | O Step8 \ O\ | 0O-~

Stgp 5

To a solution of spiro[5.5]Jundec-l-ene-2-carboxylic acid
methyl ester (2.07 g) obtained in Step 4 in tetrahydrofuran (30
mL ) was added dropwise a 1M toluene solutibn of
diisobutylaluminum hydride (30 mL) at -70°C under argon
atmosphere over 15 minutes, followed by stirrin_g the reaction
mixture at -70°C for 1 hour. Then after careful addition of
methanol (2 mL) and 6N agqueous hydrochloric acid solution (5
mL) to the reaction mixture, the temperature was raised to room
temperature. The reaction mixture was poured into saturated
briné, followed by extraction wifh 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]Jundec-1-ene-2-methanol (1.685 g).
1H—NMR(CDCl3)6:1.24—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).
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Step9 10 0 OH O Step 1 15 To a suspensi on of
potassiumtert-butoxide (24.4 gi in toluene (100 nl)
was added a sol ution of cyclo% anone (10.67 g) and
1, 5-di bronopentane (25 g) in toluene (50 nL) while
stirring. The m xture was stirred at 100C for 4 hours.

After cooling dowmn to roomtenperature, the resulting

solid was 20 filtered off and washed with tol uene. The

- PitPPr &t e was concentrated and the resi due was

(ot S Bt AE BB Re b C0) il e €T Ly £ S agned, (3. 169
Y PP ! T50. ThEL oRcRy, 1 BERs 4 A1 m 1B 7oSieR S

9164 roxfbed z28(RHyAe) T8 8H3) g) Sa%%ggﬂ_éh phosphine (5.56

suspensi on of 60% Sodi um hydride ( and ‘pot assi um

gor inbukoxadedrdfGrgh (Dobeilahyds cidded (2OOwIEd adsolution
added di-nethyl carbonate (9.6 nlL) at room

Pénplhdt ut elwhiliésepropivhg. azd@dcachokidatei x( 4r ¢46asnl) in
heated under ref |ux. To the reaction 10 m xture was
5&&5&%@6&&%@%( %&Iu)t HBAesticereel RG] é@éé@am byrtirring
obta in t et rahydr of yr (4

shp 28aPta SR fiping Rib0n) bty BV Radofiton Then. tne
FeXlcy: f I f 0
ace%l%é-%’ggﬁgﬁ{liﬁg walé"éo&,g:s aé%% d(sj?gév\%rgéé IJtegﬁtd]?]:l% Jﬂlaggpurlfled
bgaeblﬁiﬂnrﬂ:lecbtﬁ@toéﬁafmﬁrbn tdl@ﬂd%‘@b‘loﬂeﬁhiﬁlué@eﬂ\@‘ée hexane

poured into saturated brine,

(volume ratio) = 1:9) to give
4-(spiro[5.5]undec-1-en-2-ylmethoxy)-benzaldehyde (4.27 g).
lH—N'MR(CDCl;;)f):1.24-1.51(12H,m) ,1.60-1.68(2H,m),2.03(2H,dt,

J=6.2,2.7Hz) ,4.46(2H,s),5.70(1H,s),7.01(2H,dt,J=9.3,2.3Hz),

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
/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
4-(spiro ['5 .5]Jundec-1-en-2-ylmethoxy)-benzaldehyde (4.27 g)
obtained in Step 6 in tetrahydrofuran (15 mL) over 10 minutes,
followed by stirring the reaction mixture at -78°C for 40 minutes.
After the temperature was raised to room temperature, saturated

agqueous ammonium chloride solution (100 mL) was added carefully
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foll owed by extraction with ethyl acetate. The organic
| ayer was washed with satur EF brine, dried and
concentrated. The residue purified by colum
chromat ography on silica gel (ethyl acetate: hexane
(volume ratio) = 1:15) to give 20

1- oxo-spiro[ 5. 5] undecane- 2- car boxyl i c acid nethyl

£, %ﬁ}ﬁ( %%%fg)zlgg)l'%tfrﬁa( B oved oy gﬁ{ﬁﬁ@ﬁi?g. with ethyl
H . .2 . .

%ggte’ m?hél >£ s%lzrl%%qu] nd?@fﬁlee%z V}c?aqfno@?\}l%ir%ted brine,

éfhgdnﬁﬁayhoﬁééﬁEfg{édoz ) opéﬁigﬁg hgfgbggl%léﬁ by column

met hanol Sodi um bor ohydr i de

andeflatogsaphy 68! 5L0Msa Qéieﬁetﬁ?icﬁﬁhhﬁﬁe .f elekawed (volume
by stirring the reaction m xture under

raeiopol ing For 30 mi:Autes. Twen, aftee3pdditi omoof give
saturated brine, 2N aqueous hydrochloric acid solution
%a%Yd¥9¥Yhér[édﬁéﬁlﬁpbémﬁéénﬂectheeneacwﬂmnthpxwdrehenyl] P
unti.l the ﬁgo uti on of gases _ceased, followed by

ERPFOREF oRCHRt ATBY fiyPSEeRcfaPB Blice. The organic

h b dried
D (R 2Bl 3R AL B gy okt o m) 1.5
@hQHn§§ngé@bYHOEtSULbC§ thﬂﬁ?tbyblaﬁebikﬁﬂ R§%X3N87(1H, a4,
(volune ratio) = 1:5) t

geans213hyHE PXy- spxnHLad5humdeaa9esﬂzqaBbq&xhucdaQEQ 4Hz) , 4
methyl 10 ester (2.74 Q).
1P NVRRZORH 3 b 6. 88( 2H, 61 , 3= ms(aHSdeHﬂy91102-4Hz225267(1H s

gzi:%? (3Bt J1983-2-BHEIH mP 5271 20{RHAM)3=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

%t§p78

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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1(3H,s). .15 Step 4 . To a solution of
trans-1-hydroxy-spiro[ 5. 5] und %ﬁane-Z-carboxylic acid
nmet hyl ester (2.74 g) obtained in Step 3 in
chloroform (20 nL) was added 20 triethylam ne (2.02
m.). To the reaction m xture was added dropwi se a
sol uti on of nethanesul fonyl chloride (1.03 nL) in

E01PhER oA P "o Pk BoRer £E7a5aP P oom 1 enper at ur e

reag@@éﬁ Q{ag?’él\%gﬁr Sﬁdg bﬁ%ﬁé‘l‘c 2%‘3%’1—.[3:125%7 6,3.1Hz), 1

separasediongani ¢. bayen, wag-dr sad)and caqQneertr ateds , 301uz) ,
the residue were added tetrahydrofuran (30 m’) and

2, 8e(2Hzabj aytkoB57418k0ndes{THead, (2162 onis). 1HzQl,kowed 1H, dd

by heating the reaction m xture at 60C for 3 hours.

Af+tb.00Bl PHY) . dodB-Bo4idH menpelat @He dddhd = ﬂéa@tﬂoﬁ 2.1Hz
was poured into 154 water, followed

éx?r%é??%ns%wﬁhGE(E?Pdgcéfﬁté 5Tﬁgzéréaﬁﬂlel e -4 2H. dt,
h d hyd hi i d
J T 2R L f L deR a2y S Mhd concent r ar ed.

The resi due was purified by columm chromatography on

silica gel 5 (ethyl acetate: hexane (volune ratio) =

§t8) bo give spiro[5.5]undec-I|-ene-2-carboxylic acid

nmet hyl ester (2.075 .

1H NWR( CDC13) 5: 1. 32- &. 65( 14H, n) 2. 2@oduthedH, m, 3. 73(3 of
H s 6. 84$1H s). 10

3-e hoxy—3— 4—(spiro[5.5]undec—l-en—z-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
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
saturated brine and 2N aqueous hydrochloric acid solution (8
mL) was added thereto, followed by extraction with 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

opionic acid (2.95 g).

Example 42
Preparation of

(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1l-en-2-ylmethoxy)-phenyl
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Step 5 To a sol ution of

spi ro[ 5. 5] undec- | -ene-2-carb ic acid nethyl ester

(2.07 g) obtained in Step 4 in tetrahydrofuran (30

nm.) was added dropwi se a 1M tol uene solution of 15

di i sobutyl al um num hydride (30 nL) at -70C under argon

at mosphere over 15 mnutes, followed by stirring the

£é$ct|ognl xfucre at ~70C for 1 hour. Then after
eTRTO%Edi TF¥oN of  met hanol (2 nm.) and 6N aqueous

hydrochloric acid solution (5 nl) to the reaction

m xture, the tenperature was raisgd to room 20 L

tenperature0 he reaction m xture wag pgured into 00
urate i g, Sferdll owe i by e ey Wi th

ggggzpé e organrc*‘la\ Mg th s-ﬂn _

br i dried and concentra TH%’ﬁ i due was chiral )

purified by col um chronatography on Iica gel ~

(ethyl acetate: hexane (vol une modtri 0) = 1:5) to giviess polar
25 spiro[5. 5] undec-1-ene-2-net hanol (1.685 g).
1H-NNR(CDC13)5:1.24-1.53(12H,n),#.SEeﬁ257(1H,n),1.62(2
Htt

J=9.2, 3. 1Hz) , 1. 97( 2H, t, J=6. 2Hz) , 3. 99¢ 2f dJ6()—|z)55
5(1H, s). 155 Step 6 To a sol ut
spiro[ 5. 5] undec-1| - ene- 2- 189 g) obt ai ned

in the sane manner as in S 5
4- hydr oxybenzal dehyde (2.589 g) and triphenyi phosphine

'éS 56 5 g) in tetrahydrofuran (100 nlL) was added

E®Pwse a solution of 94% 1, 1'-dii sopropyl
azod#carboxylate (4.446 nL) in tetr%ﬂégfofuran (3 nm) £
under i ce-cool i ng, f81owed by stirf5 reaction °

gié%ﬂ&ﬁygg—fngkbﬁgg?EggWﬁﬁdg%gﬁukghb=y1%%Qho&§%-phenyl]-pr
opionic acid (2.95 g) obtained in Example 41 and triethylamine
(3.3 mL) in tetrahydrofuran (60 mL) was added dropwise a
solutioﬁ of pivaloyl chloride (1.265 mL) in tetrahydrofuran (5
mL) at -35°C, followed by stirring the reaction mixture at -35
to -30°C for 30 minutes. Then, to the reaction mixture was added
dropwiée a solution of (R)-4-benzyl-2-oxazolidinone (1.82 g)
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
into ice~cold water, followed by extraction with ethyl acetate.
The organic layer was washed with saturated brine, dried and
concentrated. The residue was pﬁrified. by mid-pressure
preparafivechromatographycn1silicagel(ethylacetate:hexane

(volume ratio) = 1:5) to give

| (R)-4-benzyl-3-{3-ethoxy-3-[4-(spiro[5.5]undec-1l-en-2-ylmet

hoxy)-phenyl]-propionyl}oxazolidin-2-one.



10

15

20

25

reaction m xture was concentrated and the residue was
purified 10 by col um chronat%%raphy on silica ge
(ethyl acetate: hexane (volune ratio) = 1:9) to give
4- (spiro[ 5. 5]undec-1 -en-2-yl net hoxy) - benzal dehyde
(4.27 9).

1H NVR(CDC13) 5: 1. 24-1.51(12H, m, 1. 60-1. 68(2H, m), 2. 03(2

dt , ]
€%%$2P5%3£t§1asa%faewgf 517661ﬁ>s) 7.01(2H, dt, 129, 3, 2.
2(2 9.89(1H, t 7
%gﬁ?R Ll%%g éfkg?h acetate (;123§L§ E4%E5HS %pl 64 (2H,

el sabydr of unan, z(d@oznib(msmaddede@mpwdsg 2328, 9.4Hz),3.
hept ane 20 /tetrahydrofuran/ethylbenzene sol uti on’ of

10( hiyad di+s6p1 ppydH) (B ( 29 (26nH{, at138€, ondeEk )aBQaen (2H, ddt
at nrosphere over 15 minutes, followed by stirring the
ré&atéi dn7nP x2uVBz it 3. §B3CLHL d, 361A1 AuBeFHZThdn36t(8Ht ke ,4.62
reaction m xture was _added dropw se a solution of 25
24 (8P(187B) 5t uBhELE) d€nI 28y T nBe hBZY) SbEALAHdENy fe 88-6.92(2H
(4 2; 91 Qﬁrz ed |n Step 6 in tetrahydrofuran (15

ovVer te foll owed by stirring the

ﬁ@é&tbQEaﬂ1éi&é@e@éomé?c(ﬁoﬁ g4gyminutes. ~After the

tenperature was ralised to roomtenperature, saturated

DB 4 ke, kdg -0 vkz9n 1( 38Q 1Mo (was, m':ydcie%s (2H,
carefully 156 to the reaction m xture, followed
ekt La6ai2H, bkt =2t RyB. 1Hzetate4(IHeqoﬂganBHzDayeﬂOwaH dd,J=

washed with saturated brine, dried and concentrated.
Fhetr@sPHae- dass pbiHi Afed =By - 8oluAHZ) cRr 8R4l HgAdpHy1n 4. 3 . 3H

S llcg4g§|§£fgﬂé%%:S?E%&§H GSxane (Voguggzﬁ Zaa%%EH dt,Jd=12
F ydbﬁéy -B&768PLHOL569)4YNd8¢ 1k &Y 2 BB RS )y -RNGN 4 | 112
),5.67(1H,s),6.90(2H,dt,J=9.3,2.4Hz),7.15-7.18(2H,m),7.27—7

.34(5H,m).

Step 2

To a solution of
(R)~-4-benzyl-3-{3-ethoxy-3-[4-(spiro[5.5]Jundec-1l-en-2-ylmet
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 aqueous lithium
hydroxide solution (1.1 mL) and 30% hydrogen peroxide solution
(0.88 mL) under ice-cooling, followed by stirring the reaction
mixture at room temperature. After 1.5 and 5.5 hours, to the
reaction mixture was further added a mixture of 4N agueous
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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ropionic acid ethyl ester (4.98 g).

1H NVR( CDC13) 5: 1. 26( 3H, dq, . J:%%. 4,2.7Hz), 1. 30- 1. 49( BH,
m,1.5 1
4(2H,s),1.64(2H,tt,J=9.2,3.1Hz), 2. 01- 2. 04(4H, M), 2. 67(|

- H dd, 10

J=16., 2, 3. 9Hz), 2. 75( 1H, dd J=16.4,9. 3Hz), 3. 11(1H, d, J=3.

W%Q &déﬁézﬂlweass%%lm sscad@rfegeiﬁlaﬁ (20785 §>4¢-&§1 a ggueous
éﬁ%égéﬁ%%6 %gg%ghffgﬁ?%F? Zu% 690 mL) under

Y, [ [ J@éh -
ﬁf -%&ir(%rﬁ)?gon]ié%ﬁz&%& b%f% ester r&rglét obt ai ne I%%n The
éigﬁhfbamayeMJwéblﬁaeheaywﬂﬂnd§@&@§aééd9%r&hhlrarled and
chloroform (100 nL) was added dropwi se a 1M

chrdd ot oaeedane sdahd i onesidtiei etdad oxporifiad by column
tetrafl uoroborate (20 nlL) under ice-cooling over 5
FPRIRRIEOITARIY ovedSbyisei gelnfethelr egetrbn: nherane (volume
under ice-cooling for 10 mnutes and then at room

¥2MRtature for Z 5 hours. Théd) the reacti®n mixture 9ive

er was was

Fuﬁfgﬁﬁbﬂféya&i&h(E@Eeﬁg§ngssﬁhéréE§QrQﬁ'E%mpgﬁhﬁd and
concentrated. The residlue was purified by co

THé GRiGgiapbytakadi totatgeh ¢Ltthils acppatiad wexane follows.
(volunme ratio) = 1:5) to give

Beb*Aox y-3 [3F-((c2pioref,5 EFjamdec- | - en- 2. yl met hoxy) - pheny
[]-pr 157 opionic acid ethyI ester (2.175 Q).

1H NVR(CDC13) 5: 1. 13(3H,t, J=7. OHz) , 1. 22(3H td, J=7.6, 3.1

R e Ul

g%nggﬁ(igH m, 1. 53(2H, d, J=4. 8Hz) , 1. 64(2H, tt, J=9.2, 3. 1

OH, dt . J=12. 8, 7. 1Hz) , 2. 5( 1H, dd, J=15. 0, 5.
?aﬁg5g§§H,dd 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-1l-en-2-ylmethoxy)-phenyl
l-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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J=15.0, 8. 9Hz) , 3. 28- 3. 41( 2H, g);44. 12(2H, ddd, J=14. 3, 7. 1,
2.1Hz )
4.35(2H,s),4.68(1H, dd, J=8.9,5.1 Hz),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
5. 5] undec -yl me hox heny

i SR T Sk e e At
the sanme manner as in Step 8 in a m xed sol vent of
et hanol (10 nL)-tetrahydrofuran(10 nL) was added 4N
ReRols ¢@di um 15 hydroxide solution (4 ni) under
ice-cooling, followed by stirring the reaction.
Piepar&tbdnr oom tenperature for 10 m nutes. Then, of
after addition of ethanol (5 nlL) and tetrahydrofuran
(%) -t)4-(spirehdt b bandest Arenwdsydmethedyatpheoyl | -hex-4-y
tenperature _overnight. Then, the reaction m xture was
Qﬁ+%t%ﬂlﬁn9h5293%%%8?a?%8tbr|ne and 2N aqueous
hydrochloric acid solution (8 nlL) was added thereto,
foll owed by extraction with ethyl acetate. [The
organi c | ayer fwas mashed with saturated brire, dried
and conce Na give o
-o (Spl ro[5 5] undec- n-2-y| hoxy)o-pheny

- oplonlc acid (2.95 g). :@o 42 0. 5Ca+
Prep ratlon of
(-)-3-ethoxy-3-[4-(spiro[5. 5]undec | - en-2-yl nmet hoxy)-p
henyFo158 ]-propiondc acid "0 0 LOs@lgtdop 0 OH of

Fgfpg Fh (sp1ro[5 5}undec-2-en-2-ylmethoxy)-phenyl]-hex-4-y

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
Preparatlon of
(S)-3-[4-(spiro[4.5]dec-6-en-7- ylmethoxy) phenyl]-hex-4-yno

ic acid 0.5 calcium salt
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O\ 1l #x0 O1l# 0 Ochiral chiraE -D polar |ess polar
Step2 ~0 0 qOCH # Step 1 Tg solution of 5

3- et hoxy-3-[4-(spiro[5.5]undec-1-en-2-yl net hoxy) - pheny
|]-pr opionic acid (2.95 g) obtained in Exanple 41
and triethylamne (3.3 nL) in tetrahydrofuran (60 ni)
was added dropwi se a solution of pival oyl chloride
(1. 265 nmL) in tetrahydrofuran (5 nlL) at -35C

- followed by stirring the reaction mxture at -35 10 to

-30Gpfor 30 minutes. ;Then, to the reagtiQR,m xture was = ¢
added dropw se a so?utlon of

(R - ﬂupﬁnzybiﬁopxagphééLaoeﬁ 61y§%e9hox§wd héh?&ﬁnhex 4-yno
brom de (892 ng) in tetrahydrofuran (10

by aqicisogiime sherpeR ab0re) Wbt ka ti\tﬁltha Ja@mesnmimé:e as in
stirring the reaction mxture. The reaction m xture
kvsampbeifedn Mater d 3i5ceL ¢ oleravaddied $uttesetiveyy 0. 1M aqueous
extraction wwth ethyl acetate. The organic |ayer was

GREFEY e ride  Fat BELBRI (23 - HiMlddanAdatesnééAtlat edollowed
fied b pressyre re tive

ﬂr onma og?gitﬁl%srgﬁu;s:: %gaat gel ont(%t SIS & gorpéxgﬁéour The

%%@éﬁﬁﬁg%%: Qés{ fjoé%e&t%%l?4 %g%itfgfé.og] GhfeTieq. 5o give

y$ yes- [ pokypipbeaybjageopienyh} ;}mé@hbsiw-gneﬁg.l 112@x-4-yno
Less-pol ar di astereoner (1.24
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

ic acid L-lysine salt

To a solution of
(S)-3—[4-(spiro[4.5]dec—6-en—7—ylmethoxy)—phenyl]—hek—4—yno
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 ij 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
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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1H NMR(CDC13) 5: 1. 14(3H,t, J=7. OHz) , 1. 34- 1. 54(15H, ) , 1. 6
4( 2H,

tt,J=9.2, 3. 1Hz), 2. 02- 2. 10( 1H,'®° 2. 78(. 1H, dd, J=13. 5, 9. 4
Hz), 3.

10( 1H, dd, J=16. 1, 5. OHz) , 3. 29( 1H, dd, J=13. 5, 3. 1Hz) , 3. 37(2
H ddt 5

1473818 7 0B AL BT 0] 726 2.8 TH) 4. 36(2H.9)

-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-pol ar diastereoner
E:la:ih 18) 93

(CDC13)5: 1. 14(3H,t,J=7.12Hz), 1. 34-1.49(9H, m, 1.5

Bfép'braﬁ)on of
s),1.64(2Htt,J=9.2,3.1Hz), 2. O4(2FIq J=3.5Hz), 2. 70( 1H,
ﬂﬂ);]& [4- (sp1ro[4 5]dec-6-en-7-ylmethoxy)-phenyl]-hex-4-yno
13.4,9.5Hz), 3.18(1H, dd, J=. 16. 2, 4. | Hz), 3. 25(1H, dd, J=13.
JicsaSHd

z),3.34-3.41(2H, m, 3. 50( 1H, dd, J=16.-2, 9. 4Hz) , 4. 18( 2H, dt

,J=1

.6, 5.[0Hz) stem36( 2H, sJ' 4. 67- 4. TSTHORH, 1) , i" 8/ ( 1+5t683 J=9. 4"'

OH @(@M NH, m 1@/\/“\
“67(1H, s), 6. 2H dt/ﬁEE 3,2.4 7.15-7.18(2Hp
7.27-7 15 .34(5H,m. Step 2 Tolg sol uti on of

(R) - 4- benzyl - 3-{ 3 &) fihoxy- 3- [ 4- (d |oro[5 541undec | -en-2-1

yl net 20 hoxy)_phen¥ rop| F6FP ] n- -onewﬁgf\/Km
(more-pol ar di astéreo g) obtalned
in tetra@xdrofura (20 and water (5 L) added

a<§ﬁ§ruH ENap eous lithium hydroxide solution

(1. nti and 50%)ﬂ§or )gen peroxide solution (0.88 mnl)

under ice-cooling, followed by stirring the reaction

gbepi xture at roomtenperature. After 1.5 and 5.5

hours, to the reaction mxture was further added a

M xt Toea 8b14NidgueD s ( 4l-hiykdireybhdnhei)deesoldityic acid (100
(0.55 nL) and 30% hydrogen peroxide solution (0.44

my), obbhineddibytise | samagnaheer castinrSubstep e3 ot Example 1
roomtenperature. After 7 hours, to the reaction

Fd1propanol (2 mL) was added (R) -a-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 then dried

to give (R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid

(R)-a-methylbenzylamine salt (68 mg, 66%ece). Meanwhile, to a
solution of (R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid (300 g,l
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)-a-methylbenzylamine (151 g) was added at 75°C. This
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160 were added successively sodiumsulfite (2.785 Q)
and an aqueous potassium hydgggen sul fate (1.2 g)
solution (30 mL) under ice- coollng, fol |l oned by
extraction with ethyl acetate. The- organic | ayer was
washed with saturated brine, dried and 5 concentr at ed.
The residue was purified by columm chromat ography on

Piegas (ethds acetalgealiggane (vopgre i) ana

§Fp §L@irﬂydréxﬁﬁhéﬁfifDﬁéx519998§c|'en 2-yl met hoxy) -p acia
enyl -propionic acid (443 ny) as the desired

mt&g@atl\w./\%gb g§§¥§&ﬁfﬂaé 's%.lfbt’s 36 %Hg _)f&% g&i?,:?é‘d Q%;&H'e%w&_?) added

>Ehﬁw¢ﬂ@ 43THe eparatirenwak stﬁrred at 80°C for 2 hours, and

éﬁ#} -ethoxy-3-[4-(spiro[5.5]undec-1-en-2-yl met hoxy) -p
fher |shiopednfer a?cq oyl whissl graduaid vs @ee limendown to

as in Exaggle 2 or the desired conmpound was

T ﬁ@ﬂp GﬁPFFre c%mwme&rwﬁte}amﬁ 99llegted by

‘(Eﬁ)a{% oxy §pq£%§1;8&11r ST BB GindBe 2|-pgr?pfrwmﬁlo§(y5a) while

éi] pfﬂ@'ﬂﬂk@uf@'@a%ngﬁmifﬁﬁn%{n%§WH £or 1 B ﬁ%ﬁ?s, and
2 of anple 42, the desired 25 conpound was obtai ned

fumm¢:h%ﬂl&ﬁf&&ﬁkf@tnﬁlglﬁ:tﬁhﬁDﬁ@ralhiﬂlr}ed:oollﬂngt €6wi to room
of Exanple 42. Exanples 45 to 89 The conmpounds shown

tempRmbieerd. t o Ithewereepukbbimed byyshel 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:
DaicelChiralpakAD-RH, mobile phase: 15 v/v% aqueous
acetonitrile solution containing 0.01% trifluorocacetic acid).
'H-NMR (DMSO-d4)8:1.28(3H,d,J=6.5Hz),1.75(3H,d, J=3.0Hz),2.32
-2.55(2H,m),3.88(1H,ddd4,J=8.0,3.0,8.5Hz),4.04(1H,q,J=6.5Hz)
,6.67(2H,4,J=9.0Hz),7.12(2H,d4,J3=8.5Hz),7.17-7.25(1H,m),7.27

-7.35(2H,m) ,7.35-7.42(2H,m) .

Step 2

(R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid

"(R)-o-methylbenzylamine salt (40 g) obtained in Step 1 was

suspended in ethyl acetate(300 mL)-saturated aqueous 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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161 sane preparation nmethod as in any of Exanples 1
to 44. Exanple 90 Preparatiq_ f 5
(S)-3-[4-(spiro[5.5]undec- 2-en-". 2-yl net hoxy) - phenyl ] -h
ex-4-y noic acid 0.5 calciumsalt ..Na OCbro'a \ | O
0 0.5Ca2+ To a solution of

(S) 3-[4-(spiro[5. 5] undec- 2- en- 2- yl net hoxy) - phenyl | - he

O d It (.2.33 t d i .
fatadahdann ke tae Soﬂ' ﬁuﬁmgsnpa| 8n5" | CRAreR OO B SV
I
eﬂ?_§_941§§g93§ ??ﬁ gknggkgpg@:P%gdugbgn 630 ")

t}ﬂm@é WS- 4961 . bgldﬁﬂ E%)plrze%'stk'ztlﬁtdea‘ﬂ@isﬁ&'ﬂ oLl 11, t,

by fi tration and dried
§Sy- 3Hk4- 6spB(H538] urdee-, 2-. QH23 Lyl st ey i, pkenyl, J1-. 21z ) , 9.
X-4-y noic acid 0.5 cal ci um sal t (1.82 g). Exanple 91
PBEpHr adi dRA-8P(1HOs) .

(S)-3-[4-(spiro[4.5] dec-6-en-7-yl net hoxy) - phenyl ] - hex-
4-yno is acid 0.5 calciumsalt O HO \ O O Na 1b
§%ép*3\| 0 0. 5Ca2+ 162

To a solution of (R)-3-(4-hydroxyphenyl)-hex-4-ynoic acid
(25 g) obtained in Step 2 in methanol (125 mL) was added
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 the reactionmixture were addedwater and saturated
aqueous sodium bicarbonate solution, followed by extraction
with ethyl acetate. Theorganicléyerwaswashedwithsaturated
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
g).
'"H-NMR (CDC13)8:1.84(3H,d,J=2.6Hz),2.66(1H,dd, J=15.2,7.1Hz),
2.77(1H,d4d4,J=15.3,8.3Hz),3.67(3H,s),4.03-4.09(1H,m),4.80(1H

,8),6.78(2H,d4,J=8.6Hz),7.25(2H,d,J=8.6Hz).

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-spirof4.5]dec-6-ene (17.3 g) obtained in the

following Substep in N,N-dimethylformamide (150 mL) was added
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To a solution of

(S)-3-[4-(spiro[4.5]dec-6-en- | met hoxy) - phenyl ] - hex-

4-yno is acid sodiumsalt (21 g) obtained in the

same manner as in 5 Exanple 8 in water (35 nmL) were

added successively 0. 1M aqueous cal cium chl oride

solution (33.4 nL.) and water (20 n.) , followed by
ure for 0.5

AR SR P ST NN

V(S¥Qg¥ﬁ4afs§qpqz1%ﬂgﬁaa eh- °§I%%tﬁoxyf phenyﬁfﬁwreaCtlon

Ai¥RArelPakb Sadiddl WAtR1C, alf%'l‘i@w%%l by(Exfladt i oA & -hexane
92 Preparation of

t8ica-[ 47hs prefridldgers aaré- yoiBiNed Y widteay |§udw§sn.vely
4-yno 15 is acid L-lysinesalt | 00 /~11 L OHOH
with-@ater @pd 9abutatedizbiine, - @AMl M@ cdmcentrated. The
sol uti on of

t8FidupvpspPPE[A1sHdbY- epéﬁmg Mwﬁm@hm Sghica gel

- t.h

(eHRE Ao el a1 Byt %3;353. b 33 ia0) to give
|

HUEI R RN UL A P,

ieraézdhm@&ﬁygngstagn(agl@r@q at roon1tenperature for
8 hours. The precipitate was collected by filtration,

Wasinerl( @dCD;)6:1.45-1.48(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,d4d4,J3=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 5

To a solution of
(R)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy) -phenyl]-hex-4-yno
ic acid methyl estér (23.5 g) obtained in Step 4 in a mixed
solvent of tetrahydrofuran(94 mL)-methanol (94 mL) was added 2N
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

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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25 2-propanol and dried to give '
(S)-3-[4-(spiro[4.5] dec-6-en- 7-%/I nmet hoxy) - phenyl ] - hex-
4-yno 163 is acid L-lysine s (87.8 ng). Exanple

93 Preparation of 5

(R -3-[4-(spi ro[ 4. 5] dec- 6- en- 7-yl net hoxy) - phenyl ] - hex-
4-yno is acid O Stepi 0 Step2 Ii OStepSO I~C]—I~~

o1 el et Lph oF it b hies 6 & ‘Fu?u'B‘ﬁt%?nOl P11 @)
d.(100
Spraiiiedr OV A Lanl Ktk ds A0TSR 6,10 "Bkample 7 in

Eé@&ﬁh?&rofﬁranpﬂgﬂ@PQM;Xzwﬁi)a&@édaggggthglam;ne (1.25 mL)
(R) - a- et hyl benzyl am ne m xture

vadest | t1¢edcGiggsi @l %he&5ct$ ortHi & wﬁ%uradéédAfQﬁ‘opw:Lse

for 2 hours and at room tenperature overnight.
mesbhneaylérypyilathhasidel &0t 8dmby, ffd:lla@ednbpmitiﬂemg the
dried 15 to give (R -3-(4-hydroxyphenyl)-hex-4-ynoic
Q&FaureRPn&%tmb@eJﬁ%n hersdl-t (lssurgy: 6B9edhe reaction

HERDi2eaas RS R B ROn10Rcf 12 801.qfpadgUga bY stirring
%ﬁé‘eﬁﬁ.f{’tum' ﬁgdgﬁ‘s i %e%o%q. %éﬁ%rbyz cl'Pcpﬁ:.tespt r afto chile reaction

trat

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).
lH—NMR(DMSO—d.—,)(S: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

S b

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°cC, followed by stirring overnight while gradually cooling
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byproduced in the sane manner as upon
recrystallization in 20 Substjgy 4 of Exanple 1 and
extraction of the concentrate under acidic condition
in the sane manner as upon crystallization in Substep
4 of Exanple 1, in 2-propanol (6 L),

(R) - a- net hyl benzyl am ne (151 g) was added at 75C. This

4 0 s ;he - .
%£% %§%EH%§d?8$@pﬁghé%?gh I%‘S)ynmc aC|dTh?R§reClpltate was
cét & Fyd benzy | ar@ﬂﬁ?ﬂ.@éﬂlc(ﬁgo MBRa Obtaidied &Rfilder %S give
added thereto. The m xture was stirred at 80C for
(W 3 [ anfsHifel[ 4 hefasti s red-foy1retheuys -phehe1 ] hex 4-yno
gradual ly cooling down to roomtenperature. The
fesatidnlg- tygsnel sadt ¢blb6écged by filtration and
then di ssolved in 2-propanol (5.5 L) while heating.

The nixture was stirred at 65C for 4 hours, and

.éurt i%lrred overni ght while gradually cooling down

%FT% %1 tenperature. The resulting crystal was

%ﬁgg%ﬁ filtration and dried to give of
%ydroxyphenyl) hex- 4-ynoi ¢ acid

(5§ -aehbyybengyl aghneo 8l 140A84c01-28%8e)1mERBoxy) -phenyl
optical purity was determ ned by chiral HPLC anal ysi s
[eptophonils &aidedChi calpalDsRHE nobi | e phase: 15

v/ v% aqueous acetonitrile solution containing-0.01%
trifluoroacetic acid).

1H—Nl\/R(DI\/SOdi)6 1.28(3H,d, J=6.5Hz), 1. 75(3H, d, JLS O—Iz)

2.32
2. 55(2H nﬁ;iTaggﬁﬁ Ngld, J=8.0,3.0,8 5H), 4. 06
<9, OHz) , 7. 12(2H, d, J=8. A7725(1H, H)5C¥+

20 [7.35(2H, M), 7. 35-7. 42( 2H, n) . tep 2

To a solution of
(-)-3-ethoxy-3-[4-(spiro[5.5lundec-1-en-2-ylmethoxy)-phenyl
]-propionic acid sodium salt (3.71 g) obtained in the same
manner as in.Example 43 in water (70 mL) was added 0.1M agqueous
calcium chloride solution (47.1 mL), followed by stirring the
mixture at room temperature for 0.5 hour. The precipitate was
éollected by filtration and then dried to give
(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-ylmethoxy)-phenyl

l-propionic acid 0.5 calcium salt (3.60 g).

Example 96
Preparation of
(35)-3-[4-((5S)-2-0ox0-spiro[4.5]dec-6-en-7-ylmethoxy)-pheny

l]-hex-4-ynoic acid
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(R) - 3-(4- hydroxyphenyl ) - hex-4-ynoi c acid
(R) -a- et hyl benzyl am ne salt g) obtained in Step 1
was 25 suspended in ethyl acetate(300 nL) -saturated

. aqueous potassi um hydrogen sul fate solution(30 ni).

The suspension was vigorously stirred until it becane
a solution, followed by extraction of the reaction
m xture with ethyl acetate twice. The organic |ayer
was washed ucceSS|ver with water jand 165 saturated
brj ne, drlem and concentrated to gﬂwa

kd (25 9).

(R)-3- (%@thﬁmﬂq hex- 4-y
K}EENNR( deJ 76(3H<b%?A (2H, d, J=7. 7THz) , 3. 87(

J=777Hz), 6. 68(2H, dd, J=8. 6, 1. 4Hz), 7. 13( 2H, dd, J=8. 6, 1. 2H

z),9. 5 28(1H,s),12.20(1H,s). Step 3 To a solution of

(R) - 3- (4- hydr oxyphenyl ) - hex-4-ynoic acid (25 Q)

obtained in Step 2 in nmethanol (125 nL) was added _10

concérﬂtrat%‘besul f@Mec acParper2s My, f R owexkayple 102,

rin i xture at _80C fo .5 hours.

It Ea%-&ﬁ oF87rBaRD | Aan)Besr dren VRt byy) -Bheny
) d s bi nat 4.1 ) ad ; he

?Ea%??oﬁ B o, T onebby clelnt 1S on Sptpified™ £xom

(Bsh use[4TQ(bhesseaot hgarskyl epe reane sadded suainery -3the thoxy

saturated 15 aqueous sodi um bi carbonate sol ution,

b ebhengd ] brextFgobiicnacuilt meebpy| eatetra( 20 Tig) obtained in

organi c | ayer was washed with saturated brine, dried

aR8PcéneénErarede 9Be residue was distilled

azeotropically with toluene to give
(R) - 3-(4- hydroxyphenyl ) - hex- 4-ynoi c acid nethyl ester

£28mB1e2979) -

Preparation of

(35)-3-[4-((55)-2-oxo-spiro[4.5]dec-6-en-7-ylmethoxy)-pheny

l]-hex-4-ynoic acid sodium salt

—
o
.
-

To a solution _ of
(35)-3-[4-((58)-2-0ox0o-spiro[4.5]dec-6-en-7-ylmethoxy)-pheny
l]-hex-4-ynoic acid (82 mg) obtained in the same manner as in
Example 96 in a mixed solvent of ethanol(5 mL)-water(l mL) was
added dropwise 0. 1N aqueous sodium hydroxide solution (2. i3 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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1H NMR(CDC13) 5: 1. 84(3H,d, J=2. 6Hz), 2. 66( 1H, dd, J=15. 2, 7.
1Hz), 70
2.77(1H,dd,J:15.3,8.SFE),3.6%(3H,s),4.03-4.09(1H,n),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 nethyl ester (15 g) obtained in

].Ség dgeand %ﬁgr ormr‘r%&_fi)él spi r03£4 5] de&agugne (11Z.b3 9) give

arnéd in follomnng Substep in

Ns &Yy di ol by | § 85 mRDLd éﬂégo')[q&) ?‘T@écaad@fl—%(j?_lme_thoxgy)épheny

potaSS|un1carbonate [ owed by stirring

1eapékon-yRbXEUABi At sHQ It BAREr aBYr Agif or 19 hours.

To the reaction mxture was added water, followed by

extraction with n-hexane tw ce. The organic | ayers

wer e conbi ned, washed successively 5 wth water and

Bxampaee®8bri ne, dried and concentrated. The residue
urified by colum chronat ography on silica gel

fﬁ?ﬂgFaSEQPate hexane (volume ratio) = 1: 100 to of

(553 Re 0\ b Fs o) pameszosy- oo Fnét‘*hc?%?)ecpheni‘l] “jafrethoxy

d 23.5 g).
ﬂﬁﬂm&ﬁek 40959351513%%%'_'(”) T 821, 69(6H m
1.82(3H, d, J=

mzstgggmt%&d J=6:836. j&f 2.65(1H, dd, J=15.2,7.0

. 75( 1H, dd J=15. %\sksza 3. 66( 3K ),4.02 4.08(1H, m,4.3
3(2H s) 5.58(1H, s), 6. 84-6. 88( V. 24-7.27(2H, n) .
15 Step 5 To a sol utjon of
(R) L4 (oapl ro[ 4. 5] flec- 6- egrepa y! nEt hoxy) - -

4-ypo—ks_aci d er—23:5 obt din"Step
4 in a m ket t of tetrahydgg%:jaﬁ
nmL) - met hano 4 nmL) was added 2N

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,
followed by stirring the mixture at room temperature for 13
hours. To the reaction mixture were further added imidazole
(0.59 g) 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
with ethyl acetate. The organic layer was washed successively
with 1N aqueous hydrochloric acid solution, 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
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20 aqueous sodi um hydroxi de solution (48 niL), fol |l owed

by stirring the m xture at rgqn1tenperature

overnight. To the reaction fi’xture was added 2N

aqueous hydrochloric acid solution (48 nm.), followed

by extraction with n-hexane tw ce. The organic |ayers

wer e conbi ned, washed with saturated brine, dried and

25 CO centrated to gi ve )
f§§l Y[ 4- (spiro[ & 5] dec- 6- er- ?QQIwethoxy) phRnyl ] - hex- 9ive

7o a0 SRS s E e P TEREPo 02D) 1 52 BBk MAREBpRhy 152120

dhegsggegpanner as in Step 6 of Exanple 7 in
tetrahydrofuran (320 nL) was added triethylamne (1.25

YHONMR IR, ) BE 8- 69QblNG,) , @n%tbeaskéﬂt lEH)S 3\/\@57(22‘#'%% 5.0Hz
dropwi se 5 nethanesulfonyl chl ori de m),

) oBl 6E2H Y, 3+7r0HAY, thel-4i a6 (1LE, mmdérBBeé 60¢bHRY) ,7.73-7
for 1.5 hours. To the reaction mxture was added
t 7@ h#ErPbromi de (33 g) , followed by stirring the
m xture under ice-cooling for 2 hours. To the reaction
m xture was added water, followed by extraction with
xgne. 10 The organic |ayer was washed with
saturated brine, dried and concentrated to give

7- br ogoBEh WarEPimlfe 5] 46C1 8- QE@ 629 %0 9} - of Example 104,
1H NVR( DVBO- 06) 5: 1. 31- 1. 46(6H, ), 1. 53- 1. 68( 60, m) . 1. 58

2(@3(SSZHZFQtérﬁ7bﬁi:|y$)1j.’§héﬂfrl‘sh.$)my15x§)9a@plle"094 5]dec-6-e
Preparatlon of

7-yvl]l-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.
1H—NMR(CDC13)6:1.06(9H,S),1.18—1.23(1H,m),1.35—1.43(1H-,m),1
.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.l,5.le),5.32(1H,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,
(35)-3-[4-((2S5,5S)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy
) -phenyl]-hex-4-ynoic acid methyl ester (335 mg) was obtained
from
[(25,5S)-2~(tert-butyldiphenylsilanyloxy)-spiro[4.5]dec-6-¢e
n-7-yl]-methanol (452 mg) obtained in Step 2.
lH'--NMR(CDCl;;)f):l.38-‘1.78(9H,m),l.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,J=15.1,7.0Hz), 2.
76(1H,44,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,d4,J=8.6Hz),7.27(2H,d,J

=8.6Hz).
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(R -3-[4-(spiro[ 4. 5] dec-6-en-7-yl net hoxy) - phenyl ] - hex-
4-yno is acid L-lysine salt {4,011 0O j OH4\ OH 0 O
10 ~ 2N ~ -r--"-0OH 20 NH2 o a solution of
(R)-3-[4-(spiro[ 4. 5] dec-6-en-7-yl net hoxy) - phenyl ] - hex-
4-yno is acid (5.0 g) obtained in Exanple 93 in
2-propanol (75 nL) 25 was added a sol ution of
L-lysine (2.07 g) in water (5.75 nL) at 70C, followed
by stirring overnight while gradually cooling 168 the
grxpupe down to roomtenperature. The precipitate was
collTected by filtration and then dried to give

(R) - 3n[ 4thepi cahé. Sheases- eas/- YhTeishery) dhepy| Exdgpie 1,
4-yno is acid L-lysine salt (5.64 g). 5 Exanple 95
PB8paBal#ef(d6,5S)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy
&-)-3-ethoxy-3-[4-($piro[5.5]undec-|-en-2-y|nethoxy)-p
eBpeny}l pheprényeodei dagis cdl3h urmahl twes0 Obgai@eMa from
- ., 5Ca2+ 0.10
?3S§{g{f£-%?zs,SS)-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).

Example 99
Preparation of
(35)-3-[4-((25,58)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy

) -phenyl]-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.

Example 100

Preparation of
(35)-3-14-((2R,58)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy

) -phenyl] -hex-4-ynoic acid
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To a sol ution of

(-)-3-ethoxy-3-[4-(spiro[5. 5]undec-1-en-2-yl net hoxy) - p
henyl ]-propionic acid sodlun1salt (3.71 g) obtained
in the sane 15 manner as in Exanple 43 in water (70
m.) was added 0. 1M aqueous cal cium chloride solution
(47.1 mL), followed by stirring the mxture at. room
tenperature for. 0. 5 hour. The precipitate was
collected by filtration and then drjed to give

(-9 -3- ethox:-% [4-(spiro[5.5]undec-|l - gn- 2-yl net hoxy) - p

henyl pionLC_aCkﬂ\0.5 c ,salt (3.60 g).
a Preparation of > l_
(3% - Fa((59) - 2. ox0- spi TG 4. 8] dec- 6- en- 7- yI met hoxy) -
I

pheny 25 1]-hex-4-ynoic acid 169 off 11 0 o o 0"
CH In the sane manner as in Exanple 102,
(3S) - 3- [4 ((5S)-2-o0xo0-spirof 4. 5]dec 6- en- 7-yl met hoxy) -

hen¥ hex oic acid %_mas obt ai ned from
(3S) 8- [ 4- %]I(?Sl SS)J“? hy dFeR§e p| (rjcﬁ 5] d8c- 6-EFRMRP ne 106,
ﬁnﬂ 3t b RO 5s & o B R o Ta, Pl RS gl 2 gpmethoxy

Rehel 1 0ReQt
[SEREERL) Mo poynote acld ) (33, mq)  was | obtpined Erom

phsmy3 1k- hQZS45$I)OBGh§ﬂr6x§0@Iplimoi{&| 5lldec-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).

Example 101
Preparation of
(35)-3-[4-((2R,58)-2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy

) -phenyl]-hex-4-ynoic acid sodium salt
%QLW——’A Q**

In the same manner as in Example 97, the desired compound

was obtained from the compound obtained in Example 100.

Example 102
Preparation of
(35)-3-[4-((5R)-2-0x0o-spiro[4.5]dec-6~-en-7-ylmethoxy)-pheny

l1]-hex-4-ynoic acid
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UOOOoO i OH-Na @O 15 To a solution of :
(3S)-3-[4-((5S)-2-0x0-spiro[ 4 §idec-6-en-7-ylnethoxy)-

pheny 1]-hex-4-ynoic acid (85 ng) obtained in the

sane manner as in Exanple 96 in a mxed sol vent of

ethanol (5 nmL) -water (1 nL) was 20 added dropw se O.

1N aqueous sodi um hydroxide solution (2.13 nlL) at

-10C, followed by stirring the reaction m xture at :
-10C- for 15pm nutes. The reaction fixture was ' ||| .
concentrat gdl and tdepiresi due was dIsiil | &dep2 .
aredtyr.opi 'y W th—ethartet™ The (170 Pestduewds ™ e
drie n vacuo to give 0
(3S)-3-[4-((5S)-2-0x0-spiro[4.5]dec-6-en-7-yl met hoxy) -
pheny 1]-hex-4-ynoic acid sodiumsalt (87 ng). 5

Exanpl e 98 Preparation of

(3S) I3[ 4- ((2S, 5S) - 2-ahydr oxy- spi r o] &dBweior6- en- 7-yl me of
t hoxy -phen)él ]-hex-4-ynoic acid OH Stepl S Step2-sb
B3SRr3=bd4-6 ( EHsgﬂegghQﬂI@xgr§@4ro[4.5]dec—6—en—7—ylmethoxy

)-phenyl]-hex-4-ynoic acid methyl ester (195 mg) obtained in

Step 9 of Example 104 in chloroform (2 mlL) was added
1l,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
at room temperature for 1 hour. To the reaction mixture was
added dqueous sodium sulfite solution, followed by extraction
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 (ethyl acetate:
hexane (volume ratio) = 1:6 to 1:4) to give
(35)-3-[4-((5R)-2-o0x0-spiro[4.5]dec-6-en~-7-ylmethoxy) -pheny
l]-hex-4-ynoic acid methyl ester (190 mg). ,

'H-NMR (DMSO-d¢)8:1.43-1.71(4H,m),1.77(3H,d,J=2.3Hz),1.79-1.

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
In the same manner as in Step 9 of Example 1,
(35)-3-[4-((5R)-2-0x0-spiro[4.5]dec-6-en-7-ylmethoxy)-pheny

l]—hex-4—ynoic acid (129 mg) was obtained from

OH
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OH 0 o~
Step4 %%;M <:% 90 Step5 %g;i%' [, Step6 C)\s. Y _ Step? §§;3§-<:fjj/\m
Step8 % _ steps & _ stepl0

— §.<A?
SO

o OH OD 10 Step 1 To a solution of'

(S) -1, 4-di br ono- 2- but anol (Sf; ) in

N, N- di net hyl f or mam de (30 ni) mere added i m dazol e

(1.91 g) and tert-butylchlorodi phenylsilane (7.1 nlL)

under i ce-cooling, 15 followed by stirring the mxture
roomtenperature for 13 hours. To the reaction

| f”érﬁ REIITLRPEY éh§%8ﬁ%5§igpl;?e9?§e?76%3‘-@9a3#%%§&vay-bheny |

| n L@t
NS ?eéf@?%%‘né%nfé%e?%%%%?%&*é T bBhrLngg f srer -
extraction 20 with ethyl acetate. The organlc Iayer

was washed successively wth 1N aqueous hydrochloric
Beadptel Logon, saturated aqueous sodi um bicarbonate
solution and saturated brine, dried and concentrated.
Rhepaestﬁqe was purified by colum chromat ography on of

silica ? et hyl acetate: hexane (volune 171 ratio)
£39) 58y [ o( §phe-2-oxo-spiro[4.5]dec-6-en-7-ylmethoxy) -pheny

oND: I-bro - propoxy)-tert-butyl di phenyl
iﬁﬁ%ﬁx g ¥%o 8fl h %m g 9%
1H NMR(CDC13) 5: 1. 09(9H, s), 2. 16-. 2. 26(2H, m, 3. 27(2H, d, J
=5.0H#z 5
),3.42(2H,t, §=% OHz), 4.01-4.06(1H, m, 7 38 7.50(6H M, 7
L 13-7 7 Step 2 Inﬁ;be sa i

§F€§§5f\5 7 of %&anple 104; xjéik\ :
[(2 S) - 2-(tert-butyl di phenyl Ianyloxy) spiro[ 4. 5] de

c-6-e

In the same manner as in Example 97, the desired compound

was obtained from the compound obtained in Example 102.

Example 104

Preparation of
(35)-3-[4-((2R,5R) -2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy
)-phenyl]-hex-4-ynoic acid

g ~2

Step2

J( Stepl 0 0 oS Step3
/\/9\/\0 P 0/\/'\/0 7 — 0. 0 0 I© > Br/\)\/Br

07— = Ho... . 07 — Ho'.. . l\
8 Gt

Step 1

To (4R)-4-(2-hydroxyethyl)-2,2-dimethyl-1, 3-dioxolane

(10.27 g) was added 2N aqueous hydrochloric acid solution (20

0

OH
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n-7-yl]-methanol (0.90 g) was obtained from

((S)-3-brono-1|-brononet hyl Q%)oxy) tert-butyl di phenyl

silan e (9.7 g) obtained |n]t € same nmanner as in

Step 1.

1H- NMR( CDC13) 5: 1. 06(9H,s), 1. 18-1. 23(1H,n), 1. 35-1. 43(1H
,1 15 62 1. 85(8H m)

3 9 3. 94 4.34(1H,t
’E‘Lg 4L ESve B SN theghiRekstent oo GETRIFTe Fox

E)'?lnqt%tsigéﬁhezﬁea fgIEr?nl rﬁrll:%rwaaéc’ clorr]m%tn rat8edt gng dlStllled

ggébtzgog) §§§ JB&L%Q?@’ Spf' [ée%:].:?\?é: Qégnzié.'gélo%ed in

hoxy enyl ] ex 4-ynol c aC| ester
hwﬂﬁeqbtcﬁmnqegi arfd ©81this was added dropwise methanesulfonyl
[(2S,5S)-2-(tert-butyl di phenyl silanyl oxy)-spiro[4.5]de
chBberida- (7047 niat) haniddr (462 cop)l inkt, af oklowed Syept Prring the
25
TPRNMROEDEEY) B 6l 2 8g-opny B¢mpp R§ turg FozH. Yonr2. 3MZTer aggiition

b 08 3a3e gus AnoFBLor 17 AOG§ O LU BEYL ARSI L8 G091 ERG . the
£knbrion mixtuze yas extracted sugcesyivelyyith ethyl pretate

(:3'1"05. and with ethyl acetate: tetrahydrofuran ()volume ratio)
),4.38-4.44(1H, m ,5.56(1H,s), 6.86(2H,d, J=8.6Hz), 7. 27(2

H o; ] o 6Hzr)he b}%anStoe.nagvelr@ B eSa6mbIABASI dBSefiNfand then
Step 9 of Exanple 1,

ce8petfateas, SBre 2 depdidmey - psr oot sdect-1g-zed 7£ybme ethyl
thoxy 5 )-phenyl]-hex-4-ynoic acid (37 ng) was .
BS?‘&F‘ﬁ@d from to give methanesulfonlc acid

>"<_§? 'hg’-é_‘p" R |4]5§%$§‘a21%%51‘3?§ St Gt ) -
%ﬁ%%%ﬁ%@t&g;@ '%l\?liqos pe(g#{ S&r& OJN&EI;\} % .fmt H&7(31,s)

,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
(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 jice-cooling, followed by stirring. the reaction mixture
at room temperature for 12 hours. To the reaction mixture was
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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10 Exanple 99 Preparation of
(3S5)-3-[4-((2S,59)-2-hydroxy-spjro[ 4. 5] dec-6-en-7-yl me
t hoxy )-phenyl]-hex-4-ynoic acid sodiumsalt OH 0 CH
O OHONa 15 In the same nmanner as in Exanple 97,

the desired conmpound was obtained fromthe conpound
obt ai ned in Exanple 98. 20 Exanple 100 Preparat|on of

3 - 6-en
%ﬁi&; IO T R T .
10256k P11 R Lhe sane manner as in Exan'pl e 106,

%) 3-[4- (fZR 5S) - 2- hydr oxy-spiro[ -4. 5] dec-6-en-7-yl m
mlmw@d -2HeRY . b1lex, 49y0ieq (3%, &t( 3268, V8% ) ,3.00(3H
obt ai ned from
(8b) 33%43(1(%1539924 hyd( 8Ky m$ pir. ab445pd¢_HOmMYN 7L 4l-Te 51 (6H
t hox - phenyl ] - hex-4-ynoic acid nethyl ester (65 ng)
o‘B@aynéH Vn66K&H.Bhme manner as in step 3 of Exanple
98. Configuration of the structure was determ ned by
NMR spectrum ( NOESY, HSQC). 10

Step 3

To a solution of methanesulfonic acid
(R)-3-((tert-butyldiphenylsilanyl)-oxy)-4-methanesulfonylox
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. Tﬂe organic layer
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.
lH—NMR(CDC13)6:1.O9(9H,S),2.16—2.26(2H,m),3.27(2H,d,J=4.9Hz
),3.42(2H,f,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,
(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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Exanpl e 101 Preparation of
(3S)-3-[4-((2R, 55)-2- hydr oxy-;sfy ro[ 4. 5] dec- 6-en-7-yl e
t hoxy )-phenyl]-hex-4-ynoic acid sodiumsalt OH1 | O
OHI1l 0O ~i OHQONa 0 15 I b- In the same manner as

i n Exanple 97, the desired conmpound was obtained from
t he conpound obtai ned i n Exanpl e 100. 20 Exanple 102

R [ .on . of :

ELRPEAE By 05408 831 Fold -3y AB418FMI7 Ay Fetndiyy 5. m
pRenys(3ii; 88xa 42 Y09l G9¢H0md74.55-9  4S(BR!, ¥, OR42-7.71(4H, m
HO'... 0- 0~'0 CHo G To'a solution of
{352:37[4:6h28) 5R) - 2- hydr oxy- spiro[ 4. 5] dec- 6-en-7-yl me
thoxy 5 )-phenyl]-hex-4-ynoic acid nethyl ester (195

ng) obtained in Step 9 of Exanple 104 in chl orof orm

%2 m.) was added

tep1otris(acetyl oxy)-1, 1-di hydro- 1, 2- benzi odoxol - 3- (1

H) -0 e(Dess_-Martin ri odi nane; 259g) under

ice-EBOIing, ?ollomedsgﬁ?t%??rring t¥e m xt ur'dunder crude

|80k 200 -GN R RS0l Bl B o opgrots 100
cane-7-carboxylic acid methyl ester (1.65 g) obtained in Step
4 ip toluene (1.6 mL) were added trifluoroacetic acid (5 mL)
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 mixtﬁre was stirred
under ice-cooling for 10 minutes, followed by extraction with
ethyl acetate. The organic layer was washed with saturated
brine, dried and concentrated to give
(2R,5R)-2-(tert-butyldiphenylsilanyloxy)-6-hydroxy-spiro[4.
5]decane-7-carboxylic acid methyl ester (1.76 g) as a crude
product.
'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
(2R,5R)-2-(tert-butyldiphenylsilanyloxy)-6-hydroxy-spiro[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 reaction mixture
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added aqueous sodiumsulfite solution, foll owed by
extraction wth ethyl acetatje.q The organic |ayer was
washed successively wth saturated aqueous sodi um
bi car bonate solution and saturated brine, dried and
concentrated. The residue was 15 purified by col um
chromat ography on silica gel (ethyl acetate: hexane

PRRAA B T R S e R e st assgpes e

OPAYiclh 4WH§°WESﬁ65dﬁE%ﬂWEa%§ESEeﬁl%}fHQ grled and
TH NVR( DVBO- d6) 5 1. 43-1. 71(4H m) . 1. 77( 3k d.

' dOndent?Z8ted. The re51due was dlssolved in tetrahydrofuran

84(2H, m,1.98-2.07(3H,m, 2. 15-2. 26(3H, m, 2. 68(2H, d, J

(QGQ) mL) To thlS solution was added
3.56(3H,s),3.94-3.99(1H m, 4. 36(2H, s), 5. 69(1H, s), 6. 87

%24‘1*@16291;8089&?[5 zséiw@eg =8- 6H@) (f&&aqo pL)5 |$ollewed by

in St e}ca 9 .aof Examp
e R0 M e BRF DR B0 P f o o e BoBimen 7AEEAB(IRALARY down
@&;%%m TonBtatorOhfia i di dd 42 ¢, Vg QBLEL 0SS 18N re was
€2astéd- (i8R =2n9x0a8BLeES 5%H€Co§gSH%Z X5§Ekh9§¥)washed

pheny 1]-hex-4-ynoic acid nethyl ester

ohtee peiivehy Sweéphl 1N Eyasphe ﬁ?ar5cBﬂ©&abathﬂ @blutlon and

(3S)-3-[4-((5R)-2-0x0-spiro[ 4. 5] dec-6-en-7-yl met hoxy) -

%‘éwyatqql axinge .y i e icand s congendaated. 0 T oresifue was
he sane manner as in Exanple 97, the desired

I&%Jp%hﬁﬁ \ES LBBR SRt ARAnRY eanpbLice o8tlaf ity gcetate:
ﬁgﬁg@ée ]{6%lume ratio) = 1:30 to 1:25) to give

(2R,5R)-2-(tert-butyldiphenylsilanyloxy)-spiro[4.5]dec-6-en
e-7-carboxylic .acid methyl ester (0.615 g).

1H—NMR(CDC13)6:1.06(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

To a solution of
(2R,5R)-2-(tert-butyldiphenylsilanyloxy)-spiro[4.5]ldec-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;
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 hdurs, and the

reaction mixture was extracted with toluene. The organic layer
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Exanpl e 104 Preparation of 15
(35)-3-[4-((2R 5R) - 2- hydroxy-14y r o[ 4. 5]dec 6-en-7-yl nme
t hoxy )-phenyl]-hex-4-ynoic acid 0-c Stepl 0 OH Step2

S Step3 0-Si ~ 0 0 Stepd' (r-50 St-ep5' ~S: HO
0- Ste SO0 ,. O Step7 bl "~~~ OH Step8 to Step9 |
O Stepl 00 S-0..~0HQ.. 01 HO. OH Step 1 To

{zég)wés %dnqurf)%%éﬂ%t)edzbglw ”ehgiéal a CEcﬂ‘?s;clalrf'lﬂ‘.eated. The
was a aqueous hy roch oric acid

ﬁ@bﬂ&u@nwégop&fﬁflgh)byf@bhﬁﬁﬁdcﬂfo&h&b@&%@hﬁh%n silica gel
m xture at roomtenperature for 5 mnutes he -
(edhylloacstitd: eheganeonoenumat edtand 6 dt:isl kted1:5) to give
azeotropically with toluene. The residue was di ssol ved

[ A2RpHRI) dRnétend-buryldinbenylshilenydoxyddst idodpgwnisdelec-6-¢
nmet hanesul fonyl 5 chlorlde (10.87 nlL) under
Rcé- XéérmﬁﬁhaPeﬂléﬁéa Bglstirring the reaction

-room tenperature for 1 hour.
i e ST T AT D! lsafm% 3 (1H,m) 1
Qagei.bﬁ?sﬁoﬁ')' R993LRe g 8RCHHOR Bthly &, %ﬁx&’)a%%(m t
successi ve h et hyl "acet'at'é ” ‘tw ce ‘an t'hyl

a¢etst e, 5t @H&qhsd sefuuan ) ( vokumey uatis®), mh0 7= sb--b GWQH,m) .
The organi c-layers were conbi ned, dried and then
concentrated. The residue was recrystallized from

ethyl acetate to give nethanesul fonic acid
SR$P38hydr oxy- 4- met hanesul f onyl oxy- butyl ester (7.88

9) In the same manner as 1in Step 7 of Example 7,
(38)-3-{4-[(2R,5R)-2-(tert-butyldiphenylsilanyloxy)-spiro[4
.5]dec—6-en—7—ylmethoxy]-phenyl}-hex-4-ynoic acid methyl
ester (738 mg) was obtained from
[(2R,5R)~2-(tert-butyldiphenylsilanyloxy)-spiro[4.5]dec-6-e
n-7-yl]l-methanol - (529 mg) obtained in Step 7.

'H-NMR(CDC1;)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
+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
(35)-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



10

15

20

25

1H- NVR( DVBO- d6) 5: 1. 66- 1. 75( 1H, m), 1. 83- 1. 91( 1H, m), 3. 17(
3Hs) 15
3.18(3H,s), 3.79-3.87(1H, ), £%3--4.08(1 H, ), 4. 11- 4. 16

: (IH m ,4.27-4.32(2H, m,5.35(1H brs). Step 2 To a

solution of net hanesulfonic acid 20
(R - 3- hydroxy 4- met hanesul f onyl oxy-butyl ester (7.5 g).

Qg ] neg eﬁe g]a‘% otiogur('% Sl- ’Igzl) r@{gg)gefa%rtq%rﬂi gn?.x(t%(g:en%v)aé édded
ngférb%cyllque% P? &b%p%éf‘i{)ﬁ%{l’g'gtﬁgﬁce nder e organic

I Cce- coollng Irring t reac 1 on mx

BayEPGHAd %%ﬁé@tdﬂﬁl fsthliE:?a{EHJ bSink0 &PLed eafd 'c%?xcentrated
m xture was 25 added water under ice-cooling, followed

Biye exdtsrianid wasWudi£fiatdiply 86Etuah &hrbie tIGIpGy bﬁ)’ﬁllca gel
was washed with saturated brine, dried and

toblrht r@@@'@lata'he hesaneie (weslpue i fraddid)y =collurd) to give
chronato F on silica gel (ethyl acetate: hexane
(391 udel ai %%/ SR)-2-hyaroxy-68igpla - hbfhgnéserfdnydmethoxy

‘R?‘q%&ﬁé"i‘e’éa% WP BReAGLS: PRAYFEx§FEAT mbPRENBGNIf onyl
%ﬁ%(%{%% 62;’251g%139ﬁ9§fH1m§1(12|‘-’17dr1 - §34 6F 8|y 5551 - T1(

08(m®H, 1.77(3H,d4,J=2.6Hz),1.80-1.89(1H,m),1.92-1. 97(2H m),2.
,S), 3.06(3H,s),3.99-4.12(3H, ), 4. 15-4.29(2H, m) , 7. 41°7.

6&(1511{1 d5J=") 9Hz B 13 756 68K Hsy), 3.8kep .80 ToHam$QhUt2eR .QD (1H, m)
nethanesulfonlc aci d
(ﬁ)333(%7(1t§9t4b%|9§/lfélr9héﬁ9l HEARD- ﬁ?éw)sat freBlhdREsdl, P8 . 6Hz

ylo yl ter (10.9 g) obtained in Step 2 in
Rhé?ﬁéﬁhé 19 e (80 mL) was added |ithium
brom de (5.7 g), followed by stirring the mxture at
105C for 2 hours. To

Step 10

In the same manner as in Step 9 of Example 1,
(38)-3-[4-((2R,5R) -2-hydroxy-spiro[4.5]dec-6-en-7-ylmethoxy
) -phenyl]-hex-4-ynoic acid (71 mg) 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
Step 9. Configuration of the structure was determined by NMR

spectrum (NOESY, HSQC).

Example 105
Preparation - of
(35)-3-[4-((2R,5R)-2-hydroxy-spiro[4. 5ldec-6-en-7-ylmethoxy

) -phenyl]-hex-4-ynoic acid sodium salt
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the reaction m xture was added water under

i.ce-cooling, a followed by Jaction with et hyl .
acetate. The organic |ayer was washed with '
saturated brine, dried,and concentrated. The residue
was distilled azeotropically with toluene-to give
((R)-3-brono-I -bronmonet hyl - propoxy) - tert-butyldiphenyl
silan e (10.8 g) ‘asa crude product.

1H NVR( CDC13)5: 1. 09(9H, s), 2. 16- 2. 26(2H, m, 3. 27(2H d, J=

4.9Hz 20 I 1
3,42(2H, L OHz) , 4. Q1- 4. 06( 1H, 38 %, 49(6H, M) , 7
L% H, n) Step 4 - _mannér as in

Step toZ(ﬁ Exanpl e 7,

(2R 5R)-2-(tert-butyl di phenyl sil anyl oxy) - 6- oxo-spiro[ 4
.5]de cane-7-carboxylic acid nethyl ester (1.65 g) as

a crude product was obtained fromthe crude

((R)-3-bromo-1 -brononet hyl - pr opoxy) -tert - but Idiphenyl
silaf® P} RPme glenifmiafed ™ ﬁxazmeﬁes” i7he desized compound

%g%ﬁ%?%g¥§%§)§r%mogggH S)npou g b%ZS H HL Examp e7&%q

),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 sol ution of

ERampledeos

(2R, 5R)-2-(tert- butyldlphenyIS|Ianonxy) 6- oxo-spiro[ 4

PS?Eératane 7 carboxylic acid methyl ester (1.65 Q) of
bt ai ned in g 4 in toluene (1.6 nL) were added

{ pP9 rdok 6aéét’-$e Rérd-hydxpxyrerang [ Sdded-Si-leand -ylmethoxy

S_pgeng}] nder i ce- coollﬁg, fol |l oned by

-ynoic aci

| | il
9/ Stepl -0 0 Step2 9
HO: ™ LN T 07—+ H~S OH
Step 1
To a solution ~ of

(35)-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

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
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-((ZS,5R)—2—acetoxy-spiro[4.5]dec-6—en—7—ylmethoxy

) -phenyl]-hex-4-ynoic acid methyl ester (107 mg).
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stirring.the m xture under ice-cooling for 3 hours.

Then, to the reaction m xturg4vas added dropw se a
sol ution of potassium carbonate (4.95 g) in water (20
m.), and the m xture was stirred under ice-cooling
for 10 mnutes, followed by extraction with 15 ethyl .

.acetate.. The organic |ayer was washed with saturated

ST TR0 oy o1

$P{ f1, mP) desaneg: ga@éﬁbﬂ)(;zfii. 6926l g778kh) , 85681 261 a’G=7.9Hz)
g) as a crude product. 20

af+$$f¢ﬁx§133893raaostus)m1,2132<aﬁ(asusnb4355@oalﬁsﬁ3,5.66

, M,
G11®9¢ BHp s37 42R744738( 6Hzir) 7723%2R., d4(06B,.6Hz7..64- 7. 69( 4
Hm. Step 6 To a solution of the crude 25
(2R 5R) - 2-(tert-butyl di phenyl sil anyl oxy) - 6- hydr oxy-sp
oé4. 5] decane- 7-car boxylic acid methyl ester (1.76
%5 Rbt ai ned in Step-5 in pyridine (5 n) was added
met hagesul f onyl chlogide (0.25 nL) %&%%Eoice-cooling,
foll owed by stirring the m xture a?roomf%mmr&ure
{95) 15 hou( s2sTHRY.- 2L Qcé%x?e@ﬁti_ke'? a4 heEe 6143 - W8S me thoxy
added water, followed by exiraction wth ethyl
pephanel ] Thex-orgaoic adayermabhyvessesr W 147 s@g Urctedined in
brine, dried and concentrated. The residue was
FteRol véd i niket r ghydroixedn (bl ven)t Toof hi smethanol(0.65

of

sol uti on was a

dded 5
:H?Blza‘ayéye#e?s?@o?énd@cl 7V8fe 3B ALY  2qeePRHedodium
i ' I ' 70C f 3.5 hoyrs. Af
gL RS HS8 B B 55 R romes v
LPe-FEAGTLAR MiXhULE Sro%%@%%%ﬁﬁ%ﬁ?dﬁé(gJBQnight. To the

acetate. The organic [ayer was
reaction mixture was added 2N agqueous hydrochloric acid

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
chromatographyonsilicagel(aceticacid:methanol:chloroform
(volume ratio) = 0.1:1:20) to give
(35)-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
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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successively with 1N aqueous hydrochloric acid
solution and 10 saturated bripg, dried and
concentrated. The residue was purified by col um
chromat ography on silica gel (ethyl acetate: hexane
(volume ratio) = 1:30 to 1:25) to give '

(2R 5R) - 2-(tert-butyl di phenyl sil anyl oxy) - spi ro[ 4..5] dec

'-6-en e-7-carboxylic.acid nethyl ester (0.615 g). 15

' H NVR( CDC13)

51.06(9H,S),1.46-1.54(1H,m?,1.61-1.85(8H
. : 1 0

.19-2. 23(2H, 1) 2, 37(1H, s) , 3, 70(3H, 5), Bt t, J=5.8,
Y09 O 5 THoa ™ }
), 660U 1H t, J=1. 7Hz) , 7. 35- 7. 46{6H Y, 7. 64- 7. 68(4H, ) .

Step 20 To a solution of

(2R, 5R) - 2-(tert-butyl di phenyl sil anyl oxy) -spi ro[ 4. 5] dec
-6-en. e-7-carboxylic acid nethyl ester (615 np)
obtained in Step 6 in toluene (7 nL) was added

dr opvis &P§o 8T MPRRED-Fetifo Byremmdey P Al ukh e ude FiBed (rompound
% _t Ql | uti . 25 486 d i.ce- | ,
PaR/ ShEg BRA EROR 538 commoig onstaea 1 BTG 106

for 0.5 hour. To the reaction m xture was added
dropwi se 1M aqueous Rochelle salt solution (10 ni),
Eabhpwed 1lpg stirring at roomtenperature for 2 hours,
and the reaction mxture was extracted with tol uene.
Plrepergdriion | ayer 180 was washed with saturated of
brine, dried and concentrated. The. residue was

gat 2f-c8d 0B -dol (§@d ret o PSS —HotaR oiT Wlimea tdpxge) -phenyl ] -prop
éethgl ac%ﬁate: hexane (volunme ratio) = 1:6 to 1:5) to

IO%}é. acl . )

[ (2R 5R)-2-(tert-butyl di phenyl sil anyl oxy)-spiro[ 4. 5] de
c-6-e 5 n-7-yl]-nmethanol (539 ny).

0
1H- CPC13) 8: 1. 06( 9H, s), 1. 18- 1@&%&)0”1. 35- 1. 43(1H
0 Cl

, M e
HO

ClI

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

2-chloro-4-hydroxybenzaldehyde (250 mg).

Example 109
Preparation of
3-[2-methyl-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-prop

ionic acid

0
o o
—_—
HO <:%:j/\o
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.62-1.86(8H, m, 1.93-1. 98(2H, m), 3. 94( 2H, d, J=4. . 2Hz) , 4. 3
4(1H, t

' t,J=5.1,5.1H), 5.32(1H, s), 735745(6Hm) 7.65-7. 69( 4H

,n). 10 Step 8 In the same manner as in Step 7 of
Exanpl e 7,

(3S)-3-{4-[ (2R 5R) - 2- (tert but yl di phenyl si | anyl oxy) - sp
iro[4 .5]dec-6-en-7-yl methoxy]-phenyl }-hex-4-ynoic
acid nethyl ester (738 ng) was obtained from 15

[(2R1§F9h<2 s%&r@haﬁ%%)é' Qé H}?@Heiié Qné(ﬁéi’wzg S@'éﬁ[liéta'i_’r]ﬂ% 110,

c-6-e n-7-yl]-nmethanol (529 obt al ne Step 7

:ﬁmmaa 3p 066 Pitl. 5)déc36’ énMéﬂ:an)ch&x% @n&ﬁgw prop

i83{8H, d, IxA.BHz) , 2.100- 2. 0508MH, n) , &S ( 1H, ddbtkitfe®, 6. from
8Hz) ,

$- lwzf(lqwndZﬂmq'shzlbesm}d@hztiesl@l@y mg()2- 4. O8(1H m, 4.
28(2H 20

,S),4.32-4.37(1H, n),5.44(1H, s), 6.83(2H,d, J=8. 8Hz), 7. 25

é%g%gb Tf §- 8Hz) , 7. 35-7.45(6H m), 7. 65-7. 69(4H m) .
0]

a solutlon of .25

a§a{fo£(2R S5R)-2-(tert-butyl di phenyl silanyl oxy)-sp of
4 .5]dec-6-en-7-yl net hoxy] - phenyl ) - hex- 4-ynoi c

ae[ Bi-nyﬁhgxky- es{epitrdB8.bYfieebbakbned-yImetBpPxy )i-Pphenyl] -pro
tetrahydrofuran (3.7 nL) was added tetra-
piouigl ark@ni um fl uori de (1M tetrahydrofuran

solution; 2.97 nL), followed by stirring the mxture

at roon1181 tenperature for 17 heyss. To the reaction

mxture ses: adaﬁd wat estepd ol r ct it ot h
e} I ‘acetate. w0 rgaﬁrc*-I§§:E~
saturated brine, dried and conc trated e reS|due

was purifiew’by col um chromgbography on silica g§1 5

(Eteryl @E%tﬁa‘fg‘ﬂhe%?ﬁ‘é (iol uﬁﬁ:kaﬁoo\} e 5%) %/g
Step6 i W

Step 1

To a solution of 3,4-dihydroxybenzaldehyde (5.0 g) in
N,N-dimethylformamide (36 mL) was added 60% sodium hydride
(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 temperat_ure for 1 hour. To the reactionmixture
was added 2N aqueous hydrochloric acid solution under
ice-cooling, followed by extraction with ethyl acetate. The
organic layer was washed with saturated agueous sodium
bicarbonate solution and saturated brine, dried and

concentrated. The residue was purified by column
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(3S5)-3-[4-((2R 5R) - 2- hydr oxy-spi ro[ 4. 5] dec- 6-en-7-yl ne
thoxy )-phenyl]-hex-4-ynoic ;a¢id nethyl ester (395

ng) .

1H NVR(DVBO- d6) 5: 1. 34-1. 42(2H, m), 1. 47-1. 63(6H, ), 1. 65-
1. 71(

1H, ), 1. 77(3H,d, J=2. 6Hz), 1. 80- 1. 89(1H, n), 1. 92- 1. 97( 2H,

ShrBne i09zarty, o asidise g5ls(85hyloaeRkalp: shpsaRe o Lune

}?t%z 2H, 5), 4. 487 1H, 0%1=3 %) 5. 5% (11 %"%. se7SREEC 5= 20t
§—ﬁb¥my1r3—39625k§8ﬂ§§yﬁkﬁkte§ §Q.§0935 In the sanme

t
manner as in Step of “Exanpl e :
{EBIMIBt d e f Az BfF5- 2-. Ryder ¥ S pi. 0l (4 Hlad eeel4aa) N I6T] 1H, d
thoxy )-phenyl]-hex-4-ynoic acid (71 ng) was obtai ned
t Ps@y LHz),7.70(1H,dd,J=8.4,2.1Hz),9.35(1H,brs),9.85(1H,s).
(3S)-3-[4-((2R 5R) - 2- hydr oxy-spi ro[ 4. 5] dec- 6-en-7-yl ne
thoxy )-phenyl]-hex-4-ynoic acid nethyl ester (75 ng)
gl%si Eed in 20 Step 9. Configuration of the structure
was det erm ned by NVR spectrum (NOESY, HSQC). Exanple

105 Rpeparabiop; 5 ; id 5- o |
(39 5 A ORI 85 RN aPH e R AR s Rk en T

eboxy (2 -1herydiaiiexd 4nyseep 198h0 SOARFASHIrdi82 20 M) were
HO.,. OHHO,. LIO 0O In the sane manner as in Exanple

8ddetlihe desiccegsdiovmigund wakplodriwlpledspnimet he (4.3 g).
conmpound obtai ned in Exanple 104. 5
spiro[4.5]dec-6-ene-7-methanol (3.55 g) obtained in the same
manner as in Step 6 of Example 7 and
l,1'-azobis(N,N-dimethylformamide) (2.85;)under‘icé-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
5-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,CDCl3)6:1.45-1.50(6H,m),1.63—1.70(6H,m),2.04(2H,t,J=5
.7Hz),4.54(2H,s),5.64(1H,s),5.79(1H,s),6.98(1H,d,J=8.4Hz),7

.41(1H,d4,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—formylf2—(spiro[4.5]dec-6—en—7—ylmethoxy)-phenylesterand
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Exanpl e 106 Preparation of

(3S)-3-[4-((2S, 5R) - 2- hydr oxy- J.;éJ?roM 5] dec-6-en-7-yl ne
t hoxy )-phenyl]-hex-4-ynoic I OIl o | Steel 0O
Step2 HO I 0 -~ O0-1~1 100" HO- 1 OH 10 Step 1 To
a sol ution of

(39)-3-[4-((2R, 5R) - 2- hydr oxy- sp|r0[4 5] dec- 6-en-7- ylms

%@%ﬁ?&?ﬁga?%ﬁl—tfe%hg B S dhdr ”igl%-ytﬁl%fiféﬁ%g 1denyae
G¥20RhEa1{ 45%;@ % ﬁé}?ﬂ%osp%% ég(%gdgﬁe’ wer e. ade e%gly&.amlne

successi ve acetl C

(9. an[ﬂ—)) ﬁlﬁg G.li'c@q:tyljyl Mi&ér Q@XYJ %I.‘?)( n&&8 Mle - coollng,

under i ce- cooling, ‘followed by stirring the mxture

£odiroweanpe rsatiltre P thé brd@ett fon Migktigarihaerm %é Ué601ng for
was 20 concentrated and the residue was purified by

i hioqur ay &f teal addi t tdn ofes atuaphyd aaqusiduscaodelm (eidatbonate
acetate: hexane (volume ratio) = 1:5) to give
g3Lytion,. fhe segRf iongektoxye ¥gisr oxur&ftied wi-tdnevhyl mcetate.

hg? Xig%nghefgygrhv?éé 4v3Xsr,]t(1Ji 3 v?ﬂ:rg sat hgatggtberrirgeuﬂdried and
%%%gﬁ%ﬂd& S ]Tﬁ'é‘ 1‘ré%(1%en) v%'agn %’ﬁ]%.f]le% 6'_%27 1. ‘column
&h96m$t8§§:55h'ﬁ oh gg_lgcg7gla|]i rneat% 8t tls 7 Hi%ne Avolume

,3.56(3H,s),3..93-4.00(.1 34(2H,s),5.04-5. 10(1
nﬁt5066 GJFISb,EBS?(EH d, 148)6FE)UY 24g2Ykd, Ja8eke) . acid
5-formyl-2-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl ester
(1.59 g).
"H-NMR(CDC13)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),

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
(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
5-formyl-2-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl ester
(0.75 g) obtained in Step 3 in tetrahydrofuran (3.8 mL), |
followed by stirring at room temperatﬁre for 10 rﬁinutes . After
addition of ice-cold wafer, the reaction mixture was extracted
with ethyl acetate. The orgaﬁic layer was washed with saturated
brine, dried and concentrated. The residue was purified by

column chromatography on silica gel (hexane—rethyl acetate:



10

15

20

25

5 Step 2 To a sol ution of :
(38)-3-[4-((28,5R)-2-acetoxy-fgéro[4.5]dec-6-en-7-y|ne
thoxy )-phenyl]-hex-4-ynoic acid nethyl ester (107
ng) obtained in 10 Step 1 in a m xed sol vent of

met hanol (0.65 nL)-tetrahydrofuran(0.65 nL) was added
2N aqueous sodi um hydr oxi de solution (0.28 nL) under

o cool i followed, b stirri he Xt u room |
Pe%ﬁgfatu?g 5VE8Pni ght? ¥6 t he %IOHQ%1XtLT%? sto  give

. qﬁqeé %Pa} %%%3%%&? hydrg &*110%' & 13 A —t6h-%n- .g}lnfe'h{&@ﬁ.ghenyl]

extr ction.

0%@:&&}'ch' areq \é&s}lyma%@e;@fwtoh 9’56& urated brine, dried
and concentrated. The residue was purified by

thiRMR agBC1 M Ui 8 -GN EIOGH ANV DM 94 (8, L] 1. 60-1.69(6H
(acetic acid: nethanol: chloroform (vol une ratlo) =

omd:. 1..209) 2#, tgifw® .BBz) ,2.32(3H,s),4.26(2H,q,J=7.2Hz),4.42(2

hyd - d 6- I
ﬁ?ﬂy B0 On 9 (AR {76 15 LE, &, 5= J6HE) 7. 24

S3B PR iRy ey Wl R Ss et ol - 0me)
(38) 3-[4-((2S, 5R) - 2- hydr oxy-spi ro[ 4. 5] dec- 6-en-7-yl ne
thoxy )-phenyl]-hex-4-ynoic acid sodiumsalt 184 O
Sltep Ma HO-Z-'- CHHOOp O

.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),
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
(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).
1H-NMR(CDCl3)6:1.24(3H,t,J=7.2Hz),l.44-l.51(6H,m),1.62—1.68
(6H,m),l.99(2H,t,J=5.8Hz),2.30(3H,s);2.59(2H,t,J=7.8Hz),2.8
9(2H,t,J=7.8Hz),4.13(2H,q,J=7.le),4.35(2H,s),5.56(1H,S),6.

89(2H,t,J=4.1Hz),7.00(1H,dd4,J=8.4,2.1Hz).

Step 6

In the same manner as in Step 9 of Example 1,
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In the sane manner as in Exanple 97, the desired
conpound was obtained from thg conpound obtained in
Exanpl e 106. 5 Exanple 108 Preparation of
3-[2-chloro-4-(spiro[ 4. 5] dec-6-en-7-yl net hoxy) - phenyl ]
-prop ionic acid O O O HOC C 10 In the sane
manner as in Steps 2 and 4 to 6 of Exanple .110,

3: | £5PAkey 4 (PRLIDL S 551802 O 205 7yl IRLDRX) PRRINLL ) pro

op al ne rom

%1&1ti‘:|.<9r 0- 4&*2‘)5.@ oxybgmrzal dehyde (25Q,20). Bmli® el from

reparatlon of

8- [ 2-a@d tyky 44 L 69D 1B 114 5F @ec 66 c8n 77y matelaﬁzsseim pbﬁaﬁ{vk ]-pro
-prop 20 ionic acid 0O n j%OH HO 185 In
shomicemnbtd eshyh Stees Qlaodmg)tobﬁamheﬂxanpseeﬁls,
3-[2-net hyl -4-(spiro[ 4. 5] dec-6-en-7-yl net hoxy) - phenyl ]
--prop

Example 111
Preparation of
3-[3-methoxy-4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-pro

pionic acid

0 ! 0 ' g
HO I Stepl 0 -~ Step2 NP2\ O0H
(:E:Tﬂm 7 <:E:j/\0 0

Step 1

To a solution. of
3e[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
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
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
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



ionic acid (107 ng) was obtained from 5

4- hydr oxy- 2- net hyl benzal dehyggy( 507 ng). Exanple 110

Preparati on of

3-[ 3- hydr oxy- 4- (spi ro[ 4. 5] dec- 6- en- 7- yl met hoxy) - phenyl

] pro 10 pionic acid -YYo HOO Stepl p O Step2 0 0
HO %r0 HOHO~0 O Step3 0O\ \0 Step4d \ 0\ Steps O

| gY Y&QEydfoﬁy%N gi%éégge.%ng& ;8.§=§9hu5|9ﬁz9f6.72(1H,d,J
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bhhkﬁ&ym%hyigpﬁnanydg {88)nL) was added 60% sodi um
hydride 15 g) under i ce-cooling, followed by

stirring the reaction m xture at roomtenperature for

10 mnutes. Then, after addition of acetic anhydride

$Be® 2rl), the reaction mixture was stirred at room
tenperature for 1 hour. To the reaction m xture was

added- PR-Y¥ebbouy - Hy&FBéﬁPbﬂléléépdGS@PuﬂldﬂmﬁﬁaéﬂY2OPhenYl

ce-copolinp f ol y extraction th et

cBrSoton ffac it givtiyy Brdendd 7raBadoRF Enea R ditep 1 was
%?Iyﬁcggﬁe&ogé UBe bf&@ép J'g} é:g'l Lt a%]e acﬂ; qll% ta%d in Step 9

dri ed and ~ concen e reS|
oprified by colupgme 186 chromet ography onf% I|ca gel  give
(ethyl acetate: hexane (vol une
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

i
.

In the same manner as in Steps 2 and 4 to 6 of Example 110,
3-[3—fluoro—4-(spiro[4.5]déc-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-7-ylmethoxy)-pyridin-3-yl]-propionic

acid hydrochloride
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ratio) _ .1:2 to 1:1) to give acetic acid

5-fornyl - 2- hydr oxyphenyl estq@1(4.9 g).

1H NVR(acet one-d6) 8: 2. 29(3H, s), 7. 13(1 H, d, J=8. 4Hz), 7. 61
(IHd 5

,J=2.1Hz),7.70(1H,dd; J=8.-4,2.1Hz), 9.35(1 H, brs), 9. 85(

Hs). Step 2 To a solution of acetic acid
5-forpyl - 2- hydr oxyphenyl ester (2.1 g) obtained in |

0 .
{Eﬁq iSieR%et r@pydr ofSttAn (20 nl) xRy ETeP30 gdded 4~ o~
sucdessively tr ehénylphosgﬁiﬁgﬁ( .30, %j;gfw*:INJK
spiro[ 4. 5] dec- 6-ene-7-nmet hanol (3.55 g) obtained in
tHg,sane  manpe Ein Step 6 of Exanple 7 and 1,1

azoﬁ#s( Jiﬁﬁjﬁétﬁornanide) (2.8 g) under

i ce-cool fog, followed by stirring the reaction

m xture at roomtenperature 15 for 1. 5 hours. After
et on of diethyl ether to the reaction nixture,

the insolubles were filtered off and the filtrate was i
concEft PatSed Ut (s SREFABS - PULRET €deB§ - ¢oFaRRoxYlic acid

h t h ilica.qgel (ethyl tate: h .
TR AN L ) shiRids, S8, 8580 fidinrs . Step 5
& e A G et 3 R B, 10 ) pattadtum

€sieon Aw.5 g), followed by stirring under increased pressure
3- hydr oxy-4-(spiro[ 4. 5] dec- 6-en-7-yl net hoxy) - benzal deh
(0de4 MPa) in an atmosphere of hydrogen at room temperature for
1H NMR( 3- hydr oxy- 4- (spi ro[ 4. 5] dec- 6- en- 7-yl met hoxy) - be
hZ Houprs. he reaction mixture was filtered through Celite and

fﬂ% gzgés% I}e?’)v?aisl'wiss_l'l]é'dsgvg.gkl_l" %t%aﬁ%&%bﬁ&gﬂ' ( ozn'ﬂ9 )4 ( Zl_f}‘o this

%;@%aé‘%g%@" Sda@e (@b 1 e U 1Hp) SR ddkibn o
dﬂéamgglaf&nﬂnam%arzdé5&mﬁ)J(agn%)a B GhRhcDphere at

Step 3 a solution of a mxture ) Of acetic
ato, followed by raising the temperature to -20°C over 1.5

5-fornyl -2-(spiro[4.5] dec-6-en-7-yl met hoxy) - phenyl

kotrs afiled7 stirring the .reaction mixture. 2N aqueous
hydrochloric acid solution was added to the reaction mixture
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
spiro[4.5]dec-7-yl-methanol (3.6 g).
lH-NMR(CDCl_a,)G:O.84(1H,qd,J=12.6,4.2Hz) ,0.92(1H,t,J=12.6Hz)
,1.15(1H,td,J=12.6,4.2H2),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).

Step 2

To a mixture of palladium(II) acetate (135 mg),
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3- hydr oxy-4- (spiro[ 4. 5] dec- 6-en-7-yl net hoxy) - benzal deh
yde obtained in Step 2 in chi&;oforn1(9 m.) were
added triethylamne (1.7 nL)"dahd acetyl chloride (0.4
m.) under ice-cooling, followed by stirring the
reaction m xture under ice-cooing for 5 1 hour. After
addi tion of saturated aqueous sodi um bi carbonate
action m xture was extracted with

ol ution, the. r aAS

2ok SR PRty TP ReSBRgBR C T by eP IREENRSHed (4R ma) and
t ' i ed_an concentrated. T resjd

SRLLH! BReBEhIRe, 05180 s HRSET IR e Iy S S 10ved
()_?t Byl rBeRL AL Sde P AN, %WOLQEIG]I% Lt £8)3m:térhﬂ;gr£9ure for 10
179) to give acetic 7aci
ﬁi?ﬁtﬁﬁ%iZégSp?bo[4tﬁh§ec'r§a@ﬁ13ny|nﬁﬁ&ﬁ%ﬁ*rphﬁﬂﬁﬂe added
est er : ) .
SELNMRACECEBYE 7 yA6me thanhoH, )L, .0 6Py lobtained in Step 1 and
71(6H, ), 1. 99(2H, t, J=

§ -phepopy33dines B -gazbexpldehydel ( 14 s}, 7.908( 1HEd1laged by

6Hz) . 15 _ o - :
?F%%Hﬁ,gd e, mighure 73£1 9046, FoF. 5 5 1ppyre. g7{hy Fyeaction

A T ' f 9 di dri 0.118
RSP St o8 LB AP AT AL, (B 118 ks v

was ad

poaseheraaealate 2Re (0G4 e UNFRE aAnAAN AIIMSPRE € column
and ice-cooling, followed by stirring under
coeonatbigrgpher ohO sAilddiae e 1Tq ethiys. HodtH @ Watex a0t eGr0lume
a solution of acetic acid

Batdeny| - 2- (spi r o[ 415K@ec- 6- ervo7- yl netlhéXy) - phernyd give
ester  (0.75 g) obtained in Step 3 in tetrahydrofuran

p3!( §PME§>,[ 438 1%Pl-am&m&ih@m)rmgl&tmec&nqa@waak%@de

'?8(3§9 ﬁBnutes. After addition of ice-cold water, the
eacfio

M xture was extracted wth ethyl acetate.
Z'lﬁa_eN BEHE L, ) ANETg NAS MBSHS vvit(fjl3 > at fr'n .3
riégﬁand dgnéeﬁtratééﬂﬁfﬁgqpéér &éqwggﬂgﬁfﬂ? é%’%@ 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,dd4,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 tb give
3-[6-(spiro[4.5]dec-7-ylmethoxY)—pyridin—3-yl]-propionic
acid ethyl ester (36 mg).
lH-NMR(CDC13)6:O.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,d4,J=8.6Hz),7.42(1H,d4d4,J=8.6,2.5Hz),7.98(1H,d,J=2.4Hz).
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col um chromat ography on silica gel (hexane-ethyl
acetate: 188 hexane (volume patio) = 1:19 to 1:9) to
give

(E)-3-[3-acet oxy-4-(spiro[4.5]dec-6-en-7-yl met hoxy) - ph
enyl] -acrylic acid ethyl ester (0.9 g).

1H—NNR(CDG 3)8:1.28-1.38(3H m, 1.43-1. 53(6H n, 1. 60- 1.

é%gl 99(2H, t, J=6. OHz), 2. 32(3H, ), 4. 26( 2H, q, J=7. 2Hz) , 4

H s) 8.58(1H,s), 6. 290 1H, d, J=16. o) S8 85(%R o, 3=8. 6Hz)  °F

374 (spiro[4.5]dec-7-ylmethoxy) pyrldln 3-yl]-propionic
(1H, d, J=2. 1Hz) . 7. 34(1H. dd. J=8. 6, 2-1ti), 7. 60U 1H, 4. 3216,

&g etiStlepstel (36 mg ¥y dtaiorediin Step 3 in a mixed solvent
(E)-3-[ 3-acet oxy-4-(spiro[ 4. 5] dec-6-en-7-yl net hoxy).
%nyp]trahaéryﬁu@aaé 0d 36t ] ) exthangn( &33 §) mbbt asodded 1N

Ste in eth acetate (8 nL) were added 10%
At %‘6‘? ufPed \é‘orPY%’BO’ﬁ’g‘?e af@latign M @thy| Mhdet fitlowed by

§?ﬂ’ﬂr?%t ) d‘d é’@?{‘é’ﬁ ragbide { L.08 ’ber)lgl_ Rl%g;u‘??l :11?8\"‘31‘]' P¥ours.

| ACT eaSéd pressure (

B A0S R Be He N QUM xR L r EQP4R ta%ﬁé%{ W,

cﬁh{l Kdrochlorlc
hours. The reaction mxture was filtere roug
el d ts@ laitd dohe£bi h bivatieby &% ra@tCiIH vatbde tHVE dctatiee.  The

was purified by colum chromatography on silica ge

Qh@a@i@ dapr avet aweshhéxand20sgvoratedr drige ,= dri€d and

to 1. t

SRR 3. 4. T8I (A BIRIERS. SA5POJVRE: Hokyd - Bréngitoxane

%ﬁ&fﬁ@@%@%’*@fﬁ'%ﬁe besSE Pl P -5 o epithis rap addea
PR {03 ALY, Y2818 N TS, SIS o

éoiiébﬁﬁﬁ by filtration and the to give
(2 1. J=7. 810) . 4 13(2H 0 3=7.TF2), 4 380215 % 56(TH

3} [ &~ (sBEEQH t 5 Jadc- 1H  lm@t ROk M- dgtria@nd 32ylhzpropionic
acid hydrochloride (33 mg).

Example 114
Preparation of
3-[4-(9-methoxy-spiro[5.5]undec-3-ylmethoxy)-phenyl]-propio

nic acid

N .

Stepl igL_ Step2 >si Step3 oS
0

Step4 /[)O/\o } Step5 C/\ Step6 OH Step7 /CC/\

Step 1
To a solution of cyclohexane-1,4-dimethanocl (10.0 g) in

N,N-dimethylformamide (100 mL) were added successively

H
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Step 6 In the sane manner as in Step 9 of Exahple 1,
189

3- [ 3- hydroxy-4-(spiro[4. 5]dec 6 -en-7-yl met hoxy) - pheny
[]-pro pionic acid (51 ng) was obtai ned from

3 [ 3- acet oxy-4-(spiro[ 4. 5] dec-6-en- 7-yl nmet hoxy) - phenyl
]-pro pionic acid ethyl ester (100 ng) obtained in

SEE- Ruria Rt esprronosiaBestind ) rrecimidaraied 5 90
ﬁ%fggweﬁh@ﬂ's%l%ﬁq}ﬁo t?le r?E@tg_'nS{anl:uQ atStr%%%l Qegf)lerature

tep 0 a so
8ot 31BY Gowrk 4- ('ﬁplfﬁé 4réLe%90ﬁ Gl xR Yda@deNY ke ana
]-pro pionic acid (188 ng) obtained in the sane
sabeeatas iagen®! aithilhd bRoNiledi s®ityld®) MEEXOWed by
(2 m.) were added nethyl iodide (0.082 nlL) and
evtasstioncuibbndietiiyl IOtngdr, e cwrrhrbyc lstyienr wag washed
the m xture at roomtenperature for 16 hours. To the
Wé‘é’étﬁ%@?ﬁ‘s‘&% rEIUReI S ddEf 1R Bﬁ 8@69@ $OHE BN ANt saturated

f ol h h
Ehe s TRE 3000 PORRF B FAFER wal bR ERERCHP: HoRa PUFLELed by
eaﬁu@at U2 BBy AL CRRECPLERYPUaaTlEee . nexane

resi due was ur|

- girbiaaegel (rQlttI})d) acetate: hewane (t\ép| uney . 3) to give

[4-(tert-butyldimethylsilanyloxymethyl)-cyclohexyl]-methano
1 (8.7 g).

1H-NMR(CDC13)6:0.04(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 _
,J=6.7,5.8Hz) .

Step 2

To a solution of
[4-(tert-butyldimethylsilanyloxymethyl)-cyclohexyl]-methano
1l (8.5 g) obtained in Step 1 in chloroform (85 mL) was added
1,1,1-tris( acetyloky) -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

bicarbonate solution, the reaction 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 chromatography on silica gel

(ethyl acetate: hexane (volume ratio) = 1:19 to 1:9) to give
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ratio) = 1:40 to 1:10) to give
3- [ 3- et hoxy- 4- (spiro[ 4. 5] deg-o en- 7- yl met hoxy) - phenyl
]-pro 25 pionic acid nethyl ester (176 ng).

1H NMR(CDC13) 5: 1.43-1.47(6H,m, 1. 61-1. 68(6H, n), 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

§§§E§E%9§¥F§}d%m%E?¥%Fi}a%Y%BfXEFEByﬁ18°¥°£°Pﬁ§??8??§Paldeh
%&gd( IFE) 6.82(1H,d,J=8.1Hz). Step 2 5
[ 3- thhoxy 4- (spirof 4. 5]dec 6- en- 7-yl met hoxy) - phenyl

el @t £,)3¢hd 0B8R ERY L ) Bt 85 -01 86 (38D, m9hbaioned igd (2H,m) , 1

Step 1 was subjected to the reaction in the sane

cRBdlt BBN1HSM) n1S#epl9690BHEmANDL 6821t 62¢RHem) ,2.00-2.04(1H
3-[ 3-net hoxy-4-(spiro[ 4. 5] dec-6-en-7- ylnethoxy) phenyl
]m&r% 0962pRahilt.meid-B859 - A4 2HEwanpl- €31025H,d, J=1.6Hz),9.

aration of
élf : PR uBl o- 4- (spi ro[ 4. 5] dec- 6- en- 7- yl met hoxy) - phenyl ]
-prop 15 ionic acid 0O FO OH HOO In the sane
manner as in Steps 2 and 4 to 6 of Exanple 110,
3e&g- &l uoro-4-(spiro[ 4. 5] dec-6-en-7-yl met hoxy) - phenyl |
-prop 20 ionic acid (80 ng) was obtained from

3-f | uar e hyghexyaanaal dehyde G¥epsng) . t&xanf fxdmple 1,
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.

.1H-NMR(CDCl3)6:0.04(6H,s),0.90(9H,s),1.12(2H,qd,J=12.8,3.4H

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

To a solution of
9-(tert-butyldimethylsilanyloxymethyl)-spiro[5.5Jundecan-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.
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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Preparation of 25 -
3-[6-(sprro[4.5]dec-7-ylneth%éy -pyridin-3-yl]-propion
ic acid hydrochloride 191 | Step2 N O Step3 0
OHS ~0 ~ - O Stepd NOH O HO Step 1 To a solution
of spiro[4.5]dec-6-ene-7-carboxylic acid nethyl ester
(4.5 g) obtained in the sanme manner.as in Step 5 5 of

anple 7 in_tetrahydrofuran (45 nL) was added 5% -
Egﬁgg&i ur(E9FBBR (0F8ELP) fof | owkid by kG rritiftlindde  give

By AF BB SuRYT Al B e AP a chspe B9 A ape  oFie 51 ndecan-3-

beaghi an ghxture was filtered through Celite and the
resi due was washed with tetrahydrofuran (50 nL) . To

?ﬁiﬁmﬂ@cﬁéiiﬁﬁbﬁdﬁ%%ﬂ@%ﬁ%%.%MR@M%?@H%.%MJﬂﬂii m) . 1.29-1

sol ution of  diisobutylalum num ide (70 nL) unde
abg@BHatmpipkbere .as (3H7ag, 1f.gbl-awed (b, m)i,3i.133 (2 d, J=6 . 2Hz
tenperature to -20C over 1.5 hours while stirring the
PedcBi’ol - filxdHr®) - 2N aqueous hydrochloric acid

sol ution was added to the reaction m xture 15 and the
tenperature was raised to roomtenperature, followed
ggéegx%r action with ethyl acetate. The organic |ayer
was-washed wth saturated brine, dried and

concapf rated. The regj due was puri fé'oq‘iﬂ:t)])b:{:"' um of
chr omat ography on silica gel (hexane-ethy acet at e:

bex aeet(-vatyraimathg)l s 1hnY)l okYm@ith§ 1) -spiro[5.5Jundecan-3-
ol (309 mg) obtained in Step 4leN,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
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,
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.
lH-NMR(CDC13)6:0.O4(6H,S),0.90(9H,s),0.95—1.20(8H,m),1.27—1
.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 cfude



10

15

20

25

20 spiro[4.5]dec-7-yl-methanol (3.6 g).

1H NVR(CDC13) 5:0. 84( 1H, qd, J= ]129_;5 4. 2I—|z) 0.92(1H,t,J=12
. 6Hz)

, 1.15(1H,td, J=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 m xture of paIIadl um(ll) acetate (135 rrg)\ 192

R0 BUGY Ul CaPRORAFE PA=8 o) SMABCRAoT AR ) Lt ime thyLs

f d
Ry v A
HuybYr & mr&w&%&%w[ﬁoﬁl@f&n o8 BN MNYu tiyh dhmonium
g) obtained in Step 1 and

Gihbonapy(Bdnng- dndarbaxal-debided(l £bidowd®d Hyowad M¥ing the
stirring the mxture at 90C for 1.5 hours. The

Feactiion miktugnee atagoom ttempeainoeghfd@ell t% faouwdrs he To the
filtrate was concentrated. The residue was purified _
bF2ESaRTM BT ERE ofds GidashyadeTsi Fpédoyen ptewtraction with

AR NI N Y TE,
e R CPATS 876 §5PPRSTRANT, 1785, FoSHCHR Mo BuiEiELe oY

68¢9Hn thromatograp %X on s1llca gel ethgl acetate: hexane
M, 1.82-1.97(2H. . 4. 19(2H,d, 1=6. 4Fiz) , 6. 83(| H, d. J=8. 6

Hwblﬁme ratio) = 1: 19 to 1:4) to give

05(1H, dd, J=8. 6, 2. 4Hz) , 8. 60( 1H, dd, J=2. 3, 0. 6Hz), 9. 94( 1H

(8 yethgxgﬁp}ro$ﬁe§]gng@c 3- yl)methanol (217 mg)

§ (Spl ro[ 4. 5] dec- 7-yl met hoxy) - pyri di ne- 3- car boxal dehyd
%”£ )](f’otoal%d- i3 (o )2 b6 Aibjkiled @0l - 89(7H, m) , 3

t.'i%-%‘?i‘%t(hﬁr,‘m) ,3.33(3H,s),3.47(2H,d,J=6.0Hz).

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
Step 6.

Example 115
Preparation ' of
3-[4-(9,9-dimethyl-spiro[4.5]dec-7-ylmethoxy)-phenyl]-propi

onic acid
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in the sane condltlon as |n Steps 4 and 5 of - Exanple
110 to give
3-[6-(spiro[4.5] dec-7- ylnethoxyg pyrldln 3- yI] pr opi-on
ic acid ethyl ester (36 ng). 25 -
1H NVR(CDCL3) 5: 0. 90- 1. 08(4H, m)', 1. 15- 1. 31(3H, ), 1.38-1.
50( 7H
, M, 1.56-1.67(9H, n) 1.83-1.93(2H m, 2. 58(2H,t, J=7. 7Hz)
20 87

(ggzt §E9PY 1)y ! gH,EFSE%.3%@;E§T4%e2ﬁ¥§93=7.é}b¢Y6mH
2.5

H, J=8. 6Hz), 7. 42¢1H,-dd, J=8. 6 ), 7.98(1H, d, J=2:
). 193 Step 4 To a solution of

3-[6- ro[ 4. 5] dec- 7¢ t hoxy) - pyri [']-propio
ni c g%%%iet %%ﬁ? oct.| ﬂfﬂﬁ\%;%p 3in a
m xed sol vent f tetrahydrofgg/E 36 ni) - et hanol
(0.36 L) was ed i N aqueous gvdi um hydroxi de
solution (0.21 nL), followed by stirring the reaction
glxture at roomtenperature for 1.5hours. Then, to
hePreaction mxture was added 1N aqueous hydrochlorlc

aci d 130! {Hd OBamb Olla2Rd ys exhr ﬂév%qsl;hw 8 %héq:‘ Example 7,

acetate. The 10 organic |layer was

sgbugamedninigeoxdrspdrand . 5q@@aaﬂéuvnaarﬁg%§ﬂﬁ§aeyanethyl
was di ssolved in a 1,4-di oxane solution of hydr ogen

eblteri (46X Aly) was Sbhdlnedrfitdnodt hi-dimashalldedlohexanene (800
(0.5 nm) while stirring. The resulting solid was

B8 l-ect ed by flltratlon and then dried to give 15

b PGB Tk 83 oyt b i (o S Se s
' 0
??%Q?gﬂ#@t ﬁgff())} éploﬁé[‘lg g'])unde‘l(33 Sr?ﬁt%gf))()o-'pwerﬂﬂ’]‘kpl?"g’s

L8RZ0,12.46(0.7H,s).

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
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-cooiing for 1.5 hours.
To the reaction mixture were added successively 2N aqueous
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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nic acid OH Stepi 0_Si Step? - _Si Step30'SI HO ~ HO-\

o "O0~\ 00 Step4d 0'Si ;5% O Si Step6 OH Step7 A

1 O \' I OH HAQJ:y O Step [ a solution of

cycl ohexane-1, 4-di net hanol (10.0 g) in 25
N,N-dinethylfornanide (100 nL) were added successively
194 tert- butyrdinethylchlorosilane (8.9 g) and

g ol e q% fol{omed by stirrin the reaction . _
PkEeE cadet At R ermis o o UP R S0 honrs L e ©) Yo sive
B A e e R R L 41 BEBRELS acta

MetRyei ekhyl etherpgyhe organic layer was washed with
saturated aqueous I| hi um broni de sol uti on and

JatnMRt st 1 hbi: Geald&' 89 (3nd rooncantnated BHT'HF) flesz'3dlée 01(4H

was purified by columm chromatography on sil’i’ca ge
(B hgl 4acet atied, hexanBz ) (2068110 . 6HL AAf, 3= 1396tQ0213)3.0Hz) 2

to give 10
516?9eéﬁ 8at yr 43 nBi hyBHED ady BaX PréHnsll. y=2y 6Hal e By 6R{fp 6H, dd

1&?%0&&%%%:62 (BHAEYSO.8572(85¢ 8N m), 0. 89(9H, s), 1
L 21-1
.31(2H, ), 1.33-1.56(3. 4H m, 1. 61- 1. 72(0. 6H,m), 1. 82( 2H,

gtéﬂ%
), 3.41(1. 4H, d, J=6. THz) , 3. 47(2H, q, J=6. 3Hz) , 3. 55( 0.
6H, ddin 15heJ=§ianYe5rrﬂ:'l'ﬂa')er Steap dn Step 6 of Example 104,

(9,9-dimethyl-spiro[4.5]dec-6-en-7-yl)-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.
lH—NMR(CDCl3)6:O.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 in Step 5 of Example 22,
(9,9-dimethyl-spiro[4.5]dec-7-y1l)-methanol (169 mg) was
obtained from
(9,9-dimethyl-spiro[4.5]dec-6-en-7-yl)-methanol (199 mg)
obtained in Step 3.
1H—NMR(CDCl3)6:O.90(3H,s),0.96(3H,s),1.23-1.57(10H,m),1[57-
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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To a solution of - _

[4-(tert- butyldlnethyIS|IanyI%éynethyl)-cyclohexyl]-ne
thano 20 1 (8.5 g) obtained™n Step 1 in chloroform
(85 nmL) was added

1,1, 1-tris(acetyloxy)-1.,1- dlhydro 1, 2- benZ|odoon 3-(
1FD on e (Dess-Mrtin perlodlnane 15 39) under

ice-coolin follo by - stlrrlng t he n1xt re un
&% cool iH %}qor 2.5 %burs. "t er gaﬁltlon é&ﬁgous from

g@% u%llﬁé’%ﬂ}}ie %fi‘b'Ehog &Qg 9q¥f9uﬁe§ﬂgh8.ﬁ.ﬂ @f’oo mg) obtained

| carbonat € soluti on e reaction m xture was
fhlgeepdat hrough . Celite, followed by extraction with
ethyl acetate. The organic |ayer was washed with
saturated brine, dried and concentrated. The residue
was purified by columm chromat ography on silica ge
Eeanhpleatté at e: hexane (volunme ratio) = 1:19 to 1:9)
to give 195
Prepa¥etbeRyl di met hyl si | anyl oxynet hyl ) - cycl ohexanecarb ~ ©f

@#ﬁﬁmé&&%%r%?%aféwg OYABeERE%Y S FPREPE LA sRER 08 FRPIC

adlal
- 23-1.33(1H, m, 1. 40-1. 69(3H, m), 1. 88- 1. 92( 2H, m) , 2. 00- 2.
04(1H 5

, 2.09 22 3 38--3. 2H, 9.63 5H, d, H
19,2 09,2 2214t m 335 404,(@2% (9. 5H bt

eps 1 to 2 nple 1, <\40 Q%i;fa
9-(tert- butyldlnethyIS|Ianonxynethy ) - spi 5 5]undec

an-3- one (1.5 g) was obtained from |
4- (t eftepiut y myBSeﬁanyloxynet
al del—yde (L g) obtarned i 2.

1H NVR( CDC13) 570. 04(6H, s), o@ ok, s),1.12(2H, gd, 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(
gtep) 1

To a suspension of potassium tert-butoxide (3.48 g) in

%Nclohexanecarb

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]lnonan-4-one (1.40 g).
1H-NMR(CDCl3)6:O.67(2H,ddd,J=3.4,3.4,3.4Hz),_l.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,

OH
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1.73-1.79(4H, m, 2. 28(2H,t, J=7. OHz), 2. 35(2H,t, J=7. OHz),

3.45 (2H,d,J=6.3Hz). Step 4,29 To a sol uti on of

9-(tert-butyl di nethyl silanyl oxynet hyl)-spiro[5. 5] undec

an-3- one (1.5 g) obtained in Step 3 in nethanol (24

m.) was added sodi um borohydride (0.17 g) under

i ce-cooling, followed by stirring the reaction

&%xture under ice-cooling for 0.5 hour. 25 After

addi ti on of saturated aqueous citric acid solution,

the reaction mxture was concentrated in vacuo,

foll owed by extraction with ethyl acetate. The

@f%@nic | ayer was washed with saturated brine, dried

and concentrated. The residue was purified by colum

chr oimt tige apaye omasnércasgeh Seepyk aceEabmpléo6 and Step 2

hexane (volune ratio) = 1:19 to 1:4) to give _

of Examplsuthlisdi hebidiroklyaspliowry Retiponaggi-Sejcarboxylic acid
undecan- 3- of (

5.5 0.47 g).

net R REEE3) 8:-¢.709) 6‘119%%?@6@4{%?@?0.88#:91 21p1RORpN14-one
9; . o |

?%5‘{%%??3)?‘1’?%45‘3?‘?7%’63%'?%?,'1: 80- 1. 90( 2H, m), 3. 38(2H, d, J=

%*_-f“?é‘r<c)”&3§§a§ﬁ§%(3H4H’< 3H8ﬁ2po§5ygoas§g'1ﬁ?'g§”o°f74 @ggO(lH

t - but hyl st Ianyl oxyret hyl')y ~spi 5.°5]'Un

Af)y 3t. 94 -1 30D sm@)mpbLayned, 88 ( HeR)42.08-2.25(2H,m),2.66(1H
N, N-di net hyl formam de (5 nmL) was added 60% sodi um
hgdrJ=<lkl (502 ngiz undeV1( t¥; ¢odFR2nQHz) oBl. 2REHH,bY ,3.69(3H,s) .
stirring the reaction m xture at roomtenperature for
5 mnutes. To the reaction m xture was added
ég&gn;thane (0.19

To a solution of 4-hydroxy-spiro[2.6]lnonane-5-carboxylic
acid methyl ester (0.899 g) obtained in Step 2 in chloroform
(18 mL) were added successively triethylamine (6.33 mL),
4-dimethylaminopyridine (0.11 g) and acetic anhydride (2.15mL)
under argoh 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).
1H-NMR(CDC13)6:O.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),l.77-l.
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15 m) , followed by stirring at roomtenperature for
15 mnutes. To the reactlonzn%u(ture were further
added 60% sodi um hydri de ng) and i odonet hane (O.
38 nL) , followed by stirrlng at room tenperature for
15 mnutes. To the reaction m xture was added i N
aqueous hydrochloric acid solution under ice-cooling,

%Psié' huedsY y cHL B3N, Mol dh gt byl pStOeh 1 BEES) 2 78 (1

gngra e

b%? F ? Bﬁ%?héx?% PFéf%f&]Sﬁéec- ylnetﬁoxy) di me
th Is |Iane (393 ny) as a crude product.
1H—NNR(CDC13)8:0.04(6H,s),0.90(9H,s),0.95-1.20(BH,n),1
SPépla 25
.58(4H,m,1.72-1.87(5H,n), 3.12-3.18(1H n), 3. 34(3H,s), 3
. 42( o &l shBiGHOE 4Saep toxTo spigoll@t.iedmonfantehé -carpoxylic

197
feif- Bathyl (osherhbkyRpi 9 b B 53 tmRR cLB- %#%t%o%(y)t%we (11

”Q%‘ra'ﬁfd%?fﬁﬂf (& s fabEPeiaba- " ChpRacfanyarsr (Pan ™)
g?ﬂkhgﬁﬁ?}s{: I-H‘ng”c u£‘¥5g€g8ﬂ'lﬂi@ttfﬂeu9£'l% E:?fcm‘;}: 5 hours.

I ce- coo stirring the 5 reaction
Hfiﬁbhﬂ Ecat—cb@@ﬂhbeﬂﬁérﬁéééﬁl&ﬁrmi—xéuf‘éurﬁatgﬁ {$€ mn) and 1IN
reaction m xture was added water, followed by
egticauti oydyechl ot dydcial ebaueloiﬁhezbn@a)nwerbaq@deﬂlashereto
washed with saturated brine, dried and concentrated.
frélpweddbe ewlraciklon ety etbyllupsetnitennt Bae aprgamic layer
Sili caaggl (ethyl acet at e hexane 10 (volupe ratio) =

yagg ¥ eg) {sb'\c F\?élve with saturated aqueous sodium
bRCRERBRALSS) sg%ﬁbtii#*”gi%aé y's)#%?é?%ﬁ Bring) gpeg ano
cB’)uc%ntrated residue as purlfled by column

chromatography on silica gel (diethyl ether: hexane (volume
ratio) = l.:20) to give spiro[2.6]non-4-en-5-yl-methanol (0.32
g).
lH—NMR(CDC1;4)6:O.-49—0.57(4H,m),l.27(lH,brs),1.46(2H,t,J=5.7
Hz),1.65-1.75(4H,m),2.22(2H,d44,3=6.8,4.1Hz),3.95(2H,s),5.24
(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
(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:



10

15

20

25

.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 Stgps 8 to 9 of Exanple 21,
3-[4-(9- et hoxy-spiro[ 5.

5] undec- 3-yl net hoxy) - phenyl ] -propio nic acid (109 ny)
was obt ai ned from
(9- met hoxyspiro[ 5. 5] undec- 3-yl ) net hanol (208 ng)

ined i 6. le 115 P i f .
§?%§h?8 o- df Vg%#ﬁ%egpurdgﬁ an:c f=y|L:t%r 3?Bh3ﬁy|]- gtve
)9?9%[22§§§2205%g|1dmé9ﬁan918k@@h QgsﬁtepZ OH O Step3 C

St ep4 o Step 1 t he sane manner as

Fm-lﬁ&ﬁpénélt)% 8.95- EXQ%Rbesﬁ Lm)(0.86-0.93(0. 4H,m),1.12-1.3
9, |nethy1 6- oxo- spi ro[ 4. 5ldecane- 7 “carboxyl’i ¢ ‘aci d

mennym) 5.4t 8846H, mg)3mas -Gb#ai(addmfr.om 4,

4- di met hyl cycl ohexanone (800 ng).

1H NVR(CDC13) 5: 0. 96(4. 2H,s), 1. 02(0.9H,s), 1. 21(0. 9H, s),
1.49-

$T88(8H ), 2. 01-2. 07(4H, m, 3. 74(3H s), 3.78(0. 3H,dd, J=1

3'9’§n'éﬁ3)s&%e4gggh£@ s 1n §% %528 to 9 of Example 1,

(3S)-3-[4-(spiro[2.6]non-5-ylmethoxy)-phenyl]-hex-4-ynoic
acid (157 mg) was obtained from spiro[2.6]non-5-yl-methanol

(100 mg) obtained in Step 5.

Example 117
Preparation _ of
3-[4-(spiro[3.4]oct-5-en-6-ylmethoxy)-phenyl]-propionic

acid

Stepl OH Step2 0 Step3 Step4 J::rA\)k
<>=o—><>—<>——>% Ty,

Step 1

To a solution of 1lithium chloride (2.12 g) in
tetrahydrofuran (60 mL) was added samarium(II) iodide (5.0 g)
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 (5mL), followed by stirring the mixture at room
temperature for 1 hour. To the reaction mixture was added
saturated agueous 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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To a solution of 9,9-dinmethyl -6-o0xo0-spirof 4.
5] decane- 7-car boxylic acid m%J1 ester (450 ny)
obtained in Step 1 in nethan %4 5 nmL) was added 15
cal cium chl ori de di hydrate (417 ng), followed by
stirring under ice-cooling for 15 mnutes. Then, to
the reaction m xture was added sodiun1borohydride (90
in t ree ortio s, followed b |rr|ng th

PRLEER oo PRALPETARIS: SToe it gt of SENYA RGgEate: Tgexane

c xtur d ce veI '
ggﬁ%gﬁg éégﬁﬁ roc Igrrggg%l q1§ﬁ%' Ci%buﬁyl 1,17-diol
$abyraged brine, and the mxture was stirred for 5
m nuteS, followed by separation of the aqueous |ayer.
Tmaqmg@mg)léanerss\ﬂas m&hle%)sqcce@&sz M2l (6H \M)t fE V!@’I(QYH s),2
and saturated brine, dried and concentrated
r83rdud70al,porifi ed by colunn chronatography on
silica gel 199 (ethyl acetate: hexane (volune ratio)
= 1:19 to 1:6) to give
g-h§d5oxy-9,9-dinethyl-spiro[4.5]decane-7-carboxy|ic

PB “methyl ester (341 ny)

o M RGO AU (b W% by e F ke same
mﬁgmardé‘s( Qn%“:é’p J~dadHdaca Qa@oacﬁﬂa&i&@ st clfcia 3Rution

{Z26(0L A H, o, Uosdesd Tyl s@HA)rin.g88h8. Miktdudes2a 6H0)°c3£62 (D hours.
6H dd ,J=10.6, 4.1Hz), 3.69(0.4H,s),3.72(3H,s). Step 3
Tbellﬁew@@ram&‘mmeewaaslw-@@be@ agfd EximpicdetdOwith diethyl

dlnethyl spiro[4. 5] dec-6-en-7- gl - met hanol (. 243
ye Qﬁn%ﬁ?@&ﬁ?r%ﬁﬂer was washed successively with water

h 4.5]d 7-
gnﬁygagu %1??3 IJrérrfé %%)an Fg ﬁ%c n%tﬁ Cargge res:.due was

purified by column chromatography on silica gel

- (hexane—diethyl ether: hexane (volume ratio) = 1:6) to give

spiro[3.4]Joctan-5-one (583 mg).

lH—NMR(CDCl3)6:1.77-1.86(4H,m),1.90—2.03(4H,m),2.17(2H,t,J=
7.6Hz),2.23-2.30(2H,m).

Step 3

In the same manner as in Steps 2'to 4 of Example 116,
spiro[3.4]Joct-5-en-6-yl-methanol (116 mg) was obtained from
spirof3.4]octan-5-one (545 mg) obtained in Step 2.

lH—NMR(CDCl3)6:1.77-1.90(2H,m),1.92-2.10(6H,m),2.30(2H,t,J=
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



10

15

20

25

15 :
| H NVR( CDC13) 8: 0. 96( 6H, s) 1. 491 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 in Step 5 of Exanple 22,
20 (9 9- dlnethyl spi ro[ 4. 5] dec-7-yl)-net hanol (169 ng)
obtaln rom

%- di met h spl rof 4™P dec- 6- e¥2F- yI ) - mAFRAI®Y 190  EFrOm

%‘Eﬁm&?&%&?@?éz SeB6E S e hgBe,{ 35 oL eurainh iR Ster 3-

1.57- 25

'1.69(4H, m), 1. 69-1. 81(1H, ), 3. 45(2H, d, J=4. 4Hz). Step 5

Exampee sape manner as in Steps of 8 to 9 of Exanple

21,

Br%Ea(@tQOUinethyl-spiro[4 5] dec- 7- yl net hoxy) - phenyl ] - of

ropi 200 onic acid (129 %{ was obtained from _

E 7 bt hyPizpi POHOSPUQCY nethoxg) nRReryYLiobermgp -ynoic
|ned in Step 4. 5 Exanple .116 Preparation of
-3-[4-(spiro[ 2. 6] non-5-yl net hoxy) - phenyl ] - hex-4-yn

oic acid O O Stepl Step2LO Step3 0 Stepd OH 0 Stepb

OH Step6 OH

0

1
Stepl Step2 N o

w —— Uy T e

Step 1

In the same manner as in Step 5 of Example 116,
spiro[3.4]Joct-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.
1H—NMR(CDCl3)6:1.24—1.32(3H,m'),1.63(2H,t,J=7.2Hz),1.70—1.79
(1H,m),1.79-1.91(7H,m),2.08-2.20(1H,m),3.49(2H,d4,J=7.2Hz).

Step 2

In the same manner as in 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]Joct-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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~ODtol 10 Step 1 To a suspension of potassi um
tert-butoxide (3.48 g) in tey - butanol (32 nL) was
added cycl oheptanone (1.9 nlL) ile stirring under

ni trogen atnosphere, followed by stirring the mxture
at roomtenperature for 0.5 hour. Then, to the

~reaction 15 m xture was added

(2-chl oroethyl)-di net hyl sulfoniumiodide (3.7 g) in
ei ght- portigns over 1.6 hours, follpwed by stirring
the mxture jatoroomtenperature fory16.5 hours. To the
reaction
ekt e Wi th di et hyl Q1

washed with saturated brine-"dri edi20-and g

concentrated. The residue was purified bywcol um

chromat ography on silica gel (diethyl ether: hexane

(volunme ratio) = 1:15) to give spiro[2. 6] nonan-4-one

(1.40 g). 1H NWVR(CDC13)8:0.67(2H, ddd, J=3. 4, 3. 4,

3. 4HAP, 1. 24( 2H, ddd, J=8 solution of

$Fare" 38 ey oo bR e e e gty ey
% EXQEEhe KOQH afheé:@fcgéh 52 & hiRn nex %ﬁ %xample 1

ydroxy p|ro nonane y |c acrd

aster 1. Hlﬁdmssgi?{réhﬁed brom %P'N—‘Hl%xéﬂﬂiﬂ%ni’a:ﬁtﬁa(o 75
(1.40 g) obtained in Step

frie) NWR(EDQCI03 0590 md.)- @zaﬁbﬁl(aiﬂd,enj S5 BdhdiR(d H,Dydidet-dblution
80(1 H

P, £335-mL )71 £8H, 59°CL. 77011 Sug@ HbY) , St DB NP5 EBrAYigRte while
6(1H | . .
,939931911%1’1 c903iipg Fhel MEtYre=goyR, FO3rooN feEpesagyry- The

gfgkipi§%%% %as collected by filtration and then dried to give

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

noic acid L-lysine salt (45 mg).

Example 120

Preparation of

(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1l-en-2-ylmethoxy)-phenyl

_]-propionic acid L-lysine salt

oJo OJQ
oH ——————> OH

NH

To a solution of
(-)-3-ethoxy-3-[4-(spiro[5.5]Jundec-1l-en-2-ylmethoxy)-phenyl
l-propionic acid (50 mg) obtained in the same manner as in

Example 42 in a mixed solvent of N,N-dimethylformamide(0.75
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To a solution of

4- hydr oxy- spi r o[ 2. 6] nonane- 5- Qg;boxylic aci d net hyl
ester (0.899 g) obtained in & p 2 in chloroform 15
(18 m.) were added successively triethylamne (6.33
m.), 4-di nmet hytam nopyridine (0.11 g) and acetic
anhydri de (2 15 nL) under argon atnosphere and

coolln by stirrin the m xture at room
BEFEREeErY  04f nTh Rany adnf 5PY peBoens bagvease Selution

g&aﬁﬁ.b O%L?ar%‘yr %oa@d %%q.logzet% r at q‘tr%e %I%gg%(?z%rhlght while

odr um Dbi onate solution

éauaﬁlyﬂéooffﬁgaeﬁgqnﬁkﬁﬁkft&a%nf%&ﬂfﬂsh tHHLUL  The

ayer was washed™ successively wth saturated aqueous
pPEt Upi bacaRaNabe 1eedled bons anersetsk aredthenN@ried to give
dried and concentrated. The residue was purifi.ed by

ol uBnethoxyaB et apbpioalsi biluadgel 126n¢di-glLhglthekkérphenyl
hexane (volume ratio) = 1:9) to give
4-pERPHRYigprEdi ol 6l viehBRes8lEafbaxpde aci d net hyl

ester (1.06 Q).

1H NVR(CDC13) 5: 0. 35-0. 40(1H, m), 0. 43-0. 48(1H, m, 0. 50- 0.

55(1 . .
,n),gh?zﬁfrfﬁﬁﬁﬁﬁﬁ 5885289 P, HiS 1 °§§Pfuﬂﬁﬁy$?ﬁaﬁFed Hn
E:Zaﬂl';illggzl to 120 are shown in Tables 1 In Tables 1 to
85(1H, mM,1.87-1.95(1H, m, 1. 97- 215(2Hn’) 207(3 s),

178( HHe chirality of the carbon atom in a methine group
,dq,J=11.2,1.8Hz), 3.63(3H,s), 4. 64(1H,t, J=0. 9HZ) . Step
gqubsThptuted|y agphefiyl group or a pyridyl group is represented

4-aget oxy-spiro[ 2. 6] nonane-5-carboxylic acid nethyl
E§tthF1°bBr@}l ¥t &F nEhe Reng¥pis FATPERUene (11 nl)

12 R S as ShNLR RdoR e n2
ne Qe“ééundpmés PR BT T 18 o 26

wat er and oric ‘aci
aﬁaunhomabiésnh7 ver esadgedpbbenoboy .



foll owed by extraction with ethyl acetate. The organic
| ayer was washed successi vel ith saturated aqueous
sodi um bi carbonate sol ution ‘and saturated brine,
dried and concentrated. The residue was purified by
col um 15 chromat ography on silica gel (diethyl ether:
hexane (volune ratio) = 1:20) to give -

splrﬁ%ﬁgﬁ% on- 4-en-5-yl -methanol (0.32 Q).
1H- N )5:0.49-0.57(4H,n),1.27(1H,brs),1.46(2H,t,

JFES. 7 Chirality of Other
Hz) E&. 63- | Hzdzb3n 5 2H),
5. Rd. 20 E%ﬁé ey tep ég aEF ﬁ ﬁy ﬁc)f spiro Sthizal

. carbon

i ro[2.16]1 non-4-en-5-yl - nethandf 70 nog) juebtimnned in

tep 4 ijn ethanol (3.4 nlL) was added pliati num oxi de
5 (35 ng), f owed by stirfring the reaction m xture
I roomite @ _pnder nornal pressuyre in an

I rogphere hydr og 2 BOWosmer Then, the -
paction m xture was fi t%hed through |Celite. The
[trate was concentrateg and the resi due was
urified by colum chronflt ogr aphy. on sillica gel (etlhyl

etate 203 hexane(votunmerratio) = 3 7) to girve
pi ro[ 2./6] non-5-yl - met hanol (164 ng).
H NVR( CDC13) 5: 0. 23- Q). 36( 3. 6H m, 0.86-0.93(0.4H, m,|1.
P-153 |7(4H m, 1. 44-41.183(.7H m,, 3. 35 3./44(2H_m . §

omer

ep 6 In e sa net” as|in eps § to 9 of
xanpl e |1} ()
3S) - 3- [14- ( ro[ 2. 6] non- 5-y| net hoxy) - phenyl ] - hex-4-yn

O~ MNP FRPNIIT SO NNG -

C

3 ' /@J\)l\oH S-isomer - -
<::E:]/\o

Il
4 o-Na S-isomer - -
: :{ J (o]

I
5 OH S-isomer - -

6 7 o-Na S-isomer - -




acid (157 ng) was obtained from
spi ro[ 2. 6] non-5-yl - net hano

g&b(loo ng) obtained in
Step 5. Exanple 117 Preparati‘on of

3-[4-(spiro[ 3. 4] oct-5-en-6-yl met hoxy) - phenyl ] - pr opi on

c 15 acid 0O Step
OHO OH Step 1 To a solution of

OH Step2 0 Step3 Stepd OH 0- O -
[ithiumchloride

([2.12 g] 1n
amarium(l1)

i odide (5.0 Q)

tetrahydrofuran (60 nL)
20 under

RS added
ar gon

tmosphere, followed|by stirfring the mxture at

tlenperature for 15 mlnutes.

s added OpW @ a sdl'utijon” o
) in |[tetfahydrofuran (5 mL) |,
tihe mi xture at room tenperature for 1

To.this re

hour .

act i on_m xt ur
bbut anone (82
ved by stirri
To the

I 0@

m

e
5
n

r'eacti-oem—modure—was—added 25—sat urat ed—agueous—sodi-tmn-
t hi osul fate sol ution under ice-cooling, followed by
extraction with diethyl ether three tinmes. The

organi c | ayers were conbi ned, washed wth saturated
brine, dried and concentrated. The residue was

purified by 204 colum chromat ography on silica ge
(ethyl acetate: hexane (volune ratio) = 1:19 to 3:2)

to give bicyclobutyl-1,1"-di ol

1H NVR( CDC13) 5: 1. 58- 1. 71( 2H, m), 1. 93- 2. 07( 6H, ), 2. 15( 2H

,S), 2




5 .27-2.37(4H,m. Step 2 To bicycl obutyl-1,1"-diol
(1.95 g) obtained in the san921 manner as in Step 1 was
added 10% aqueous sul furic aci ¢ solution 10 (20 nm.) ,
followed by stirring the m xture at 90C for -3 hours.
The reaction m xture was ice-cooled and extracted with
diethyl ether. The organic | ayer was washed
succgsﬁévely with water and saturated brine, dried
‘and ¢BR¢Enfrated. The residue was purified by colum

hexare. (Yol yme ratio) = 1:6) £BYHVE | carbon at Other
spi red 3. 4] oscttrﬁﬁt-qsr-agn’)eorfngéﬁ )t Peneylic spiro Chlial
1H NVR(CIDC13) 8: 1. 77- 1. 86(4H.|m “F7 8% 2. p3(Ademor2. 17( SAT°"

chromat ogr aphy on silica gel 15_%hexanec1diﬁulﬂy§ ogtlher

~—+

,J= 7.,6Hz),2.23-2.30(2H, M. 20 Step| 3 In the sane
nner as in Steps 2 to 4 off Exanpl e 116,
i ro[ 3. 4] oct-5-en-6-yl -gret Hanol (116 ng) was obt gi ned
omagspifrof 3. 4] oc e ((Sel3sbfpr Optained in Step -
1H- NN L 77-1.90(2H, m, 1. 9p- 2.
(6H, m |2.30(2HX,J= 25
OHz),4.117(2H,s),5. 73(1H,s)]. Step 4 Ih the sane

nNer_ag in Steps 8 o0 9 off Exanpte 21,
[ 4- (spijro[ 3. 4] oct - 5- en- 6- y|l met hoxy) - phenyl ] - pr opji oni
205 agid (108 ng) was obtlai-ned from
iro§3.4]oct-.5-en-6- netihafiQk .48 Py) obfained in _

. le 1 P i f
ep 3 E{a%g\o r@aration o

R CPINENISE

10 oM | sS-isomer - -

11 OH S-isomer - -

12 ! S-isomer - . -

13 /@/‘\/LOH S-isomer - -
T




(3S)-3-[4-(spiro[3.4]oct-6-yl met hoxy) - phenyl ] - hex-4-yn
oic acid 0O Stepl Step2 OH ,Q;O0HOH CIO 0O Step 1 10
In the sane manner as in Step é of Exanple .116,

spiro[ 3. 4] oct-6-yl -net hanol (53 ng) was obtained from
spiro[ 3. 4] oct-5-en-6-yl-nmethanol (50 ng) obtained in
Step 3 of Exanple 117.

18- NVR(CPC13) 5: 1. 24-1. 32(3H|m . 1. 63(2H,t, J=7. 2Hz) |1. 70
-1.79 16
(1H, M, . 1. 79-1. 91(7H, 1) ,2. 08- 2. 20( 1H, ny , 3. 49( 2H, d,|I=7.
2Hz) 14 Step 2 In t , MBNeisatri N Steps 8 to9 of -
Exanpl e 1, Na
(ES)-B-[4-Q;k:T8F3.4]oct-6-ylnethoxy)-phenyl]-hex-4-yn
oilc 20 acid (88 ng) was_obtlai ned from

spiro[ 3.4] oct-6-yl -nmethanol (50 ng) obtained in Step
1. Exanple 119 Preparation of 25 _
(S)-3-[4-(spiro[5.5]undec- 2- en- 2-yl net hoxy) - phenyl ] - he
X-4-y noic acid L-lysine salt 206 pOi OHOH



O ~0x HZN_. 7 OH NH2 To a solution of
(S)-3-[4-(spiro[5.5]undec- 2-en-2-yl met hoxy) - phenyl ] - he
X-4-y 5 noic acid (50 ng) obt7a3;"f‘1ed in the sane manner
as in Exanple 1 in a mxed sol vent of

N, N- di net hyl f ormam de(0.75 nlL)-water(0.059 nL) was
added 50% aqueous L-lysine solution (0.032 nlL) at
50C, followed by stirring overnight while gradually
cool iT@%1ehé ni xture down to room tenperature. The 10

precirprtgte was colTected by fittrati on.gyE{ i{lEg0ried

to gEMe Chirality carbon .at Other )
(S) - Ro[ 4-|( SPIEFS-28] Trrdwee 2- &F-BrgY et hoxyjsbenyl|] - Irdiral
X-f-y nqgic acid L-lysine s3lt “®3%°"y)| Exapplsk 120 Forbon

ol—l

Prepar atijon of .
(-)-3-ethoxy-3-[4-(spito[5.5]undec-I-en-2-yl net hoxy)-p
henyl . 1-propionic acjjd,L-llysine salt; 0J 0 0J O rll OH
OH a&'~'| 0 H2N ~~' . OH NH2 ) . sol ution of :
(-] - 3-et hoxy<3-[ 4- r(%lé’ﬂE]ﬁ:ﬁaggﬁa{en-Z-yl met hoxXy) - p
henyl ] pé’ acid (50|ng) obtained in the sdne
manner ag in Exanple 42 inja m xed so| vent of

N, Ndinetthyt-formantde(6—+5—26+

I o
16 (JJla S-isomer - -

O

. o .
17 /@J\/M S-isomer - -
OH

18 ONa S-isomer - -

Il
19 S-isomer racemate spiro-Cé:
[s}

spiro-Cé6:

20 oNa S-isomer racemate
racemate
o
F | tj




m.) -water (0.044 nL) was added 50% aqueous L-I|ysine
solution (0.032 nL) at 50C, 0] lowed by stirring
overnight while gradually cog1|ng the m xture down to
roomtenperature. The precipitate was collected by
filtration and then dried to give 5
(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1-en-2-yl met hoxy)-p

henyl ]-{propionic acid L-Tysine salt |(52 ng). The€
stiructural fornulae of the ¢onmpounds abtained in

Exanpl es | X t 20, are shown|in Tables |1 to 17. In
Tdbl @3 1|t's.” 10 7@22 chifality of tlhe raashar atjom
in a nethine group ?V?uted by a phenyl group ar a
pyridyl group is represefted as "the chirality at| the
benzyliclcarbon".. Wth regand to the donpounds

obtained in Exanples 1 to 120, the conpound nanes and
NVR data are shown in Tables 18 to 26 15 and in
Tables 27 to 38, respectively. 208 Table 1 Chirality
Chirality of Gther Ex. carbon at No. Structura
formula at benzylic spiro chiral carbon carbon
junction 1 CD'o S-isoner - - CHO Il 0 2 ONa
S-isomer - - O




O 3 OHSisoner - - 040aSisoner - -0~0 51\
- - OH S-isomer i | S-isomer 5, allONa 209 OH
S-isoner 210 Table 2 Chiral i2ty Chirality of O her

Ex. carbon at No. Structural fornula at benzylic spiro
chiral carbon carbon junction 0 8 | ONa S-isomer -

- LOH9 Sisomer - ~~ 010 OMa S-isomer - - O~ 0
Table 4
- - e
Chirality | ChiFality o Other
Ex. i carbon at .
Structural formula at benzylic . chiral
No. spiro
carbon . R carbon
junction
| o
22 S-isomer - -
23 S-isomer - -
24 S-isomer - -
25 S-isomer - -
.
26 S-isomer racemate -
OH
X7
I o
27 oMNa| S-isomer racemate -
O




11 OH S-isonmer - - ~0 O 12 ONa S-isonmer - - Co O 13
| OHH S-isoner - 211 14 0 4 soner OyO Na 212
Table 3 Chirality Chirality 02f O her Ex. No.
Structural fornula at benzylic carbon at chiral

carbon Spiro carbon junction ~~ Q 15 .~0oH S-isoner -
- Q~11 016 QNa S-isonmer | - - Cc~t 0 ° S-isoner

28 (\QV \Q\/\f S-isomer racemate -




- - 17 OHI Qi

S-i soner
S-i soner
21 ~~ -

Ex. Chirality carbon at O her
benzylic chiral No.

~ ~0 racenmate

22 j%aggessisoner - -

0O 18 ONa S-isoner -
racemat e Spiro- C6: % éacenate
racemat e spiro-C6: % emat e
OH 214 Table 4 Chirality of
fornmul a at

junction O

Structural
carbon spiro carbon

l 19 OH

0 Q 20 OAm

10 ~i-j--0 213

hi i f
- Chirality | Chirality o Other
Ex. . carbon at .
Structural formula at benzylic i chiral
No. spiro
carbon ) . carbon
junction
-
29 oNa S-isomer racemate -
(:t:r“o
I
30 S-isomer racemate -
OH
Ly e
l_0
31 ONa S-isomer racemate -
X o
| | I,
32 ::: OH S-isomer chiral:Aa -
0
| o
33 . o S-isomer chiral:A -
%/\o Na
~N
e Il o
z oM S-isomer chiral:B -
o




23 ON, S-isonmer - - 24 S-isonmer - - Il OHO 25 (H
S-isoner - - ol Il o0 26 S-i r racemate - 0 27 0 Na
S-isoner racemate 215 C-:D0 28 o S-isoner racemate
CH 216 Table 5 Chirality Chirality of OQther Ex.
carbon at No. Structural formula at benzylic chiral

carbon Spiro carbon junction ~~.0 29 O Na S-isoner
racemate |- O 30 OH S-isorer [racenate -] ~ O
|-
35

0 S-isomer chiral:B
%/\0 Na




31 Ma S-isoner racemate - 32 off S-isomer chiral: 0
33 Q S-.isoner chiral:A - uO 34 S—lsomer
chiral:B - OH 217 ~~035I23}S-|sorrer chiral: Q Na
218 Table 6 Chirality Chirality of OQther Ex. carbon
at Structural fornmula at benzylic chiral No. carbon
spiro carbon junction O 36 OH S-isonmer chiral:A - O
0T§17318' %la S-isoner chiral:A Cb_0 0
Ex Chirality Chci:;lointyat"f Other
: Structural formula at benzylic - chiral
No. spiro
carbon . " carbon
junction
36 /Oj\)l\ S-isomer chiral:A -
37 /OJ\)L ' S-isomer chiral:Aa
38 /@J\/N\ S-isomer chiral:B -
I
39 oNa S-isomer chiral:B -
OO/\O
N=N
~N._2N 5
40 : .l/t OH racemate racemate -
q: A
L0 (o]
41 /©/‘\/‘LOH racemate - -
%o
o _




38 OH S-i soner

chiral:B -

0 Il

0 39 OL}Na S-isoner

chiral:B - N=N _N zN 40 off rﬁ}: mate racemate - 0 0 41
n "~ AOHracemate - - L o0 4270 (-)-isonmer - .219
Table 7 Chirality Chirality of Other Ex. carbon at
Structural fornula at benzylic chiral No. carbon
spiro carbon junction of o043 ID ~ ONa - - O
(-)-i r.0 i 44\ 1 OH(+)-isomer - - Cb-- 450 Q
raceng% e 7
Ex Chirality Chcl:rzlol:ya:f Other
) Structural formula at benzylic . chiral
No. spiro
carbon . . carbon
junction
oJ 0
43 C@ﬂ . (-)-isomer - -
-0 0
44 /@j\/KOH (+)-isomer - -
)
| P
45 /@UQ racemate - -
O(j/\o Na
46 OOVO \Q\/Y - racemate -
0
OH
o
47 : 0 racemate racemate -
H OH
48 /b(j\/o - - racemat spiro-Cé:
OH acemate racemate
(o]
0
49 OVYO - racemate -
OH




Na 46 Ol - racemate - OH C3,0 O racenate r.acerrate 47
Il OH O 48 off - racemate s%j%(f)-CG: racemate 0 o ~
49 | o - racemate - OH 220 able 8 Chirality

Chirality of Gther Ex. carbon at Structural fornula
at benzylic chiral No. carbon spiro carbon junction
spiro-C6, 50 OHracemate Cll: racemate O spiro-C7,
51 - racemgte Cl1:
Tabie 8
ex Chirality Chl;;lolntya:f Other
: Structural formula at benzylic € . chiral
No. spiro
. carbon . . carbon
junction
' (4] spiro-Cé6,
50 \[:j\«”jr - racemate Cli:
OH
racemate
4]
D spiro-C7,
51 - racemate Cl1l:
OH racemate
(¢}
(Ko
52 \©\/Y0 - racemate -
"OH
{)Owo
53 4 1i:l\_/\TrOH - racemate spiro-Cé:
racemate
. (o]
o]
54 T::l\/\ro“ - racemate -
0
(4] : - .
55 Eiﬂi:l\/ Tijl\/”ﬁ( - racemate spiro-Cé:
OH racemate
(¢}




OH racemate 0 0O 52 0 - racemate - OH 53 off -
racemat e spiro-C6: racemate,,q O 54 | OH - racemate
- 0p siro-C6: 55 6(:1-0"I'"7)~0H - racemate
racemate 0 221 56 OH - racemate spiro-C6: racenate
0 222 Table 9 Chirality Chirality of OGher Ex.
carbon at Structural fornmula at benzylic chiral No.

" darbon Bpiro carbon junction

o
S iro-Cé6:
56 tiiﬁ:: | OH - racemate Spiro

7 racemate




57 o(D'O- - - 0 OH 581
"IN O 59 CH racemate racemat

racenmate racemate -
62 OH - racemate -

o 4l

0

0 Risoner

22200 - 1

racemate - |1 OH

~ 0 60 off
acemate - 0 0 ~

0 0 0104 63 0 S-isoner - 223

Table 10 Chirality Chirality of Ex. Structural fornula
at carbon at Other chiral No. benzylic Spiro carbon
carbgn._junction Il O
gabhe 8
Chirality | Chirality of Other
Ex. X carbon at .
Structural formula at benzylic . chiral
No. spiro
carbon , . carbon
junction
57 [:%:j\/o - - -
0.
OH
Ooyo
58 R-isomer racemate -
H OH
|
_N_O
59 /[::TjiijOH racemate racemate -
. [:%::r“o
.
60 O OH racemate racemate -
‘ %o
0
61 \[::L\/AerH - racemate -
(o]
0
62 t:j Wi:l\/\roﬂ - racemate -
o]}
(0]
OO ©VY°“
63 @ o S-isomer - -




64 OH S-i soner
racenat e -

00

racemate -

g0 0 ,N 66 cc: ch~
\' NH thlazolldlne
O racemate 1|1

67 0
O thi azoli di ne

I HN O 65 OH racemate
O H racemate racemate -
§¥ - racennate
68 0 S~NH S-i somer

-di one- C5:

racemate -dione-C5: O racemate HO OH 69 O racemate
racenate 224 0 7 0 OH OH S-isoner racenate
spirg % C%ﬂ ~ cis-isomer o 225 Table 11
Chi r af irality of Cther
Chirality | Chirality of
Ex. i
b4 Structural formula at - carb?n at Other chiral
No. benzylic spiro carbon
carbon junction
I,
64 OH S-isomer racemate -
_: (o]
|
HN.__O
65 ' OH racemate racemate -
0
0O__N
66 OH racemate racemate -
[:%::r“o
[0}
/[::fAW/KNH thiazolidine
67 0 S\( - racemate -dione-C5:
0 racemate
I,
thiazolidine
68 §_NH S-isomer racemate -dione-C5:
(o} \% racemate
HO
| = OH
69 [:qijj/\° p racemate racemate -




Ex. carbon at No. Structural fornula at benzylic spiro

chiral carbon carbon junct iS%] l 01 0 711 j OH

racemate racemate - 0 72 OH -|'§orrer racemate - O Il O
731 OH S-isomer - - 0 74 S-isoner racemate - Na O 75
n OH racemate racenate - | 0 76 O Na S-isoner racemate

- 0226 77 Cr 0 OH R-isoner racenmate 227 Table 12

iralify of Chirality (afer EX. carbon at

I
spiro-Cl-C2:

70 OH OH S-isomer racemate ..
[::kij/\ : cis-isomer
[0} .




No. Structural
car bon car bon

junction 78

79 0 racenate racemate -

racenate -
racemate racemate -

84 OH racemate racemate -

0 D

0 81 .H racenate racemate -
O Ca 83 OHracemate racemate -
0 228 Table 13 Chirality

formula at benzylic spiro chira

i soner racemate 0 0 O
0 80 OH racenate
OIll 0O 82 H

Chlr@ b&é O her Ex. carbon at No. Structura
f or muft t "benzylic chiral carbon spiro carbon
) : . £
Chirality | CPirality o Other
Ex. . : carbon at .
Structural formula at benzylic . chiral
No. ) spiro
carbon R R carbon
junction
|
%y o
71 % /E:(‘\/LOH racemate racemate -
o]
-
72 OH S-isomer racemate -
0
-
73 OH S-isomer - -
OUv 0
- |
74 0 S-isomer racemate -
' o Na
[\ o}
75 O/\/\ /@MOH racemate racemate -
] 0
N
76 % /@J\io’m S-isomer racemate -
[0}




junction o OH 8 5 racemate racemate - i OH 86 O
racemate racemate - OH 87 raggg&te racemate - OH 88 0
- chiral:A- 89 OH - chiral : - 090 0 S-isomer - -
0 0.5Caz+ .229 O _ 91 nO S-isonmer - - ~0 / 0.5Caz+
230 Table 14 Chirality Chirality of Gther Ex. carbon
at No. Structural formula at benzylic chiral carbon

gpiro chrbon junction o

A (o]
OH ]
77 % R-isomer racemate -
o]}




jr:) off 92 10- 0 O S-isomer - - ENOHNH2 0 93 OH
R-isonmer - Il 0 941 HR—iso%- - 01 ~0 H2ZN---- OH
NH2 0J 0 95 (-)-isonmer - - 0.5Ca2+ 0 96 0 1 OH
S-isoner _ spiro-C5: | S-isomer 97 0 0'"a S-isonmer
spiro-C5: ICY S-isonmer 231 HO O spiro-C2: 98 OH
S-isoner - S-isoner O/ spiro-C S-isonmer 232 Table
15 Chyrald by, of
£ Chirality Chira{)lity of Other
) Structural formula at benzylic car ?n at chiral
No. spiro
carbon . R carbon
junction
78 /[:;:LVJiOH S-isomer racemate -
%o
L0 0
79 J::j/LV)LQ racemate racemate -
Cb/\ Na
0
0 o
80 [:%::I/\ J::j/kVJLOH racemate racemate -
70
|
0 o
81 [ q Ji:TE$/m°H racemate racemate -
(o]
-
|
82 OH racemate racemate -
::,O
8
83 OH racemate racemate -
%o
I
84 OH racemate racemate -
[% ] [¢]




Chirality O her Ex. carbon at Structural fornula at
benzylic chiral No. carbon spigo carbon junction HO
O spiro-C2: 99 0'Na S-isomer _ S-isomer O spiro-C5:
S-isomer LOH spiro-C2: HO R-isoner 100 S-isoner - s
iro-C5: O P S-isoner O spiro-C2: HO 101 Na
S-isoner - Risoner. O spiro-C5: S-isonmer jOH

-1 SORBL e §RIT0-C5: 102 S Risomer O Na 103 0 /
S-isomer  Spiro-C5: R-isoner

Chirality of

Fx Chirality arbon at Other
: ) Structural formula at benzylic ¢ ? chiral
No. spiro
carbon . . carbon
junction

OH
85 [:%i:]/\oji:j/kvjt racemate racemate -

_ =
OH
86 [::t:j/\o racemate racemate -

racemate racemate -

| oo™

- chiral:A -

OH

90 ' Hoo_ S-isomer - -

0
%0 0.5Ca2+




spiro-C2: 104 OH S-isoner _ Risonmer HO O spiro-C5:
R-i sonmer 233 spiro-C2: 105 S-isoner - R-isoner
HO spiro-C5: R-isonmer 234 Tabl'e 16 Ex. Chirality
Chirality of Gher No. Structural fornula at benzylic
carbon at chiral . carbon Spiro carbon junction O

Spiro-C2: 106 OH S-isoner _ S-isonmer Spiro-C5:

R-i[somer | Spiro-CZ: 107 ONa[S-isomer | S-1somer  HO O
Spiiro-C |R-isomer 0|1 108 |{OH - - -

91 0 S-isomer -




O XIICO 109 CH 0 110 HOIOH O I 0 111 OH - - -
0)),-1 0235 0 F I ICH 112 ~3%E; - 236 Table 17
Chirality of Chirality O her . carbon at No.

Structural formula at benzylic spiro chiral carbon
carbon junction O NOH 113 Ib- Oi - racemate - CIH
Table 14
Chirality | Chirality of Other
Ex. : carbon at .
Structural formula at benzylic . chiral
No. spiro
carbon . . carbon
junction
»
OH
92 %/\0 0 S-isomer - -
HN o~y
NH,
B
93 O/\A O | R-isomer _ _
Q@Ao |
Ill 0
94 0 ® OH R-isomer - -
: 0
HZN\/\/\(U\OH
NH,
0J 0
95 IO_ (-)-~isomer - -
i:t:fNO - 0. 5Ca*
0 a
96 % N o S-isomer - spiro-C3:
= S-isomer
CQ/\O
0 >
97 K 1 oM S-isomer - spiro-Cs5:
. t(:ﬁ S-isomer
N




0 sbiro O structure 114 - - (axial chirality) ps O
:racemate 0 crO 115 O - racei'galte - 0 116 OH S-i soner

racemate - 0 OH 117 0 ~~ - -"-7 118 S-isoner racenmate
- OHO0 119 off Sisomer - - C YO UHN--i-r-"-CH
NH2 237 o0Jo 120 off oo ( -) -isomer - - H2N-----OH
NH, 238
HO 0 spiro-C2:
98 ; OH S-isomer - S-isomer

<:;::j/\ spiro-C5:
i S-isomer




Tabl e 18 Ex. Conpound nanme No. 1
(S)-3-[4-(spiro[5.5]undec-2-g£i£-yrnethoxy)-phenyl]-he
X-4-ynoic acid 2
(S)-3-[4-(spiro[5.5]undec- 2- en- 2-yl net hoxy) - phenyl ] - he
X-4-ynoic acid sodiumsalt 3
(S)-3-[4-(spiro[5. 6] dodec- 2- en- 2-yl met hoxy) - phenyl ] - he

X-4-ynoi.c 3cid 4 .
(S)- P%&-e( Pi r o[ 5. 6] dodec- 2- en- 2- yl met hoxy) - phenyl ] - he
X-4-ynoi g acid sodiumsalt § . Chirality of
()| &f.4-|(spi 1 0] 4. 8] dec-7-en- A hdx y yasfeanyd | -hex@ther
4-erNdl aci%}rgc ural’ formula at benzylic spiro chiral
(S)l- 3- [ 4-|(spi r o] 4. 5] dec- 7- en- 7°9F 1% haxy)jupbersyl | - heXacbon
4-ynoi c dcid sodiumsalt 7
(S)|-3-[4-|(spiro[ 4. 5] dec-6-en-7-yl met hgxy) - phenyl ] -[lhex-
4-ynoi c aciyd 8 spiro-C2:
(S)|-39p4-|(spirof 4. §Yen- &-yksmi-haxy) - phenyl ] -|lhék-isomer
4-yinoi ¢ aciq ;sedi 9 , Spiro-C5:
(S)}- 3-[ 4-|(spi%d[ 5. 5] undec- | -len- 2- yl met|hoxy) - phenyl|] -hésomex
x-4-ynoi ¢ acid 10
( S)F 3 A=Csprrof 5 5fundec=t=en=—2=ytnetthoxy)=phenyti=he
Xx-4-ynoi ¢ acid sodiumsgalt 11
(S 3[4 -2-yl met haxy) - pheny! ] -[hggzro-ca:
-ynagl a . R-isomer
(s)-gU14, - 2yPASThdxy) - pRenyl ] -lhegiro-cs:
S-isomer
spiro-C2:
101 S-isomer - R-}somer
spiro-C5:
S-isomer
102 S-isomer - spiro-C5:
R-isomer
103 S-isomer - spiro-C5:
R-isomer
0 spiro-C2:
104 OH S-isomer - R-}somer_
Ho - { : Spiro-C5:
<:{:j/\0 R-isomer




4-ynoic acid sodiumsalt 13
(S)-3-[4-(spiro[4.5]dec-2-enzgﬁylnethoxy)-phenyl]-hex
239 4-ynoic acid 14
(S)-3-[4-(spiro[ 4. 5] dec- 2- en- 2-yl net hoxy) - phenyl ] - hex-
4-ynoic acid sodiumsalt 240 Table 19 Ex. Conpound
name No. 15

(S)[-3-T44(spiro[ 4. 5] dec-T-en-2-yI net hgxy) - phenyl [ Thex-

4-yinoi c acid 16

(S)|-3-[4-(spiro[ 4. 5] dgc- | - en-2-yl met haxy) - phenyl | 1 hexiro-c2:

4-yng_i0F acid sodiu o7 R-isomer
-3-T4-

(S ( ®pKLofk s on-I-en-5:§(ﬁgfhcxy)-pﬁenyl]-hemnw-csy
4-ynoic acid 1 R-isomer
(S)|-3-[4-(spiro[4. 4] non-1I - en- 2-yl met hgxy) - phenyl ] - hex-

4- yneic—aci-d-sodi-um-salt 19
(3S)-3-[4-(11, 11-di et hyl - spi ro[ 5. 5] undec- 7- en- 2- yl net
hoxy) - phenyl ] - hex-4-ynoi ¢ acid 20
(3S)-3-[4-(11, 11-di et hyl - spi ro[ 5. 5] undec- 7- en- 2- yl net
hoxy) - phenyl ] - hex-4-ynoi ¢ acid sodiumsalt 21
3-[4-(spiro[ 4. 6] undec- 2-yl met hoxy) - phenyl ] - pr opi oni ¢
acid 22
(S)-3-[4-(spiro[4.5] dec- 8-yl met hoxy) - phenyl ] - hex-4-yno
is acid



23
(S)-3-[4-
.ic acid

(spiro[ 4. 5] dec- 8-yl
sodium salt 24

n;%?oxy)-phenyl]-hex;4-yno

(S)-3-[4-(spiro[5.5]undec- 3-yl net hoxy) - phenyl ] - hex-4-y
noi ¢ acid 25
(S)-3-[4-(spiro[4.5] dec-7-en- 8-yl met hoxy) - phenyl ] - hex-

4-yn%j aci.d 26
(39) - §_%[1E_ Lpi r o[ 4. 5] dec- 2- yI net hoxy) - phenyl ] - hex- 4-yn
oi c| aci d |27 T Chiralityv of
(39) e 4-(315; r o[ 4. ﬂfdec- 2- || FRETROAT] - phenyldy Bex-|4- yAthes
241/ 1ai.c |act T USHUTUNT ¥FPLa 28 at benzylic spiro chiral
(39) - 3-[4- (spiro[5.5] undec- 3- yIREPHbxY) - phevyidr hex- 4£arbon
ynoj ¢ acild 242 Table 20 Ex.] Conpound pane No. 29
(39)-3-[4-(spiro[5.5]undec- 2-yl net hoxy) - phenyl ] - hex- 4-
ynoli ¢ acild sodi um sal t 3 spiro-C2:
(39) -13d 4- (spiro[ 4. y| netibgxan - phenyl ] - hex-|4-SHisomer
oicl acid ﬂ‘%o spiro-C5:
(39)-3-[4-(spi 4. 4] non- 2- yl met hoxy) - phenyl ] - hex-|4-Brjsomer
oi c| acid {sodiumsalt 32
(393 T4a(sprrof 5 5jundec=2=ytrethoxy)—pheryt-—hex—4
ynoi ¢ aciid (chiral: A), 33
(39)-3-[4-(spiro[5.5]uy qsc-z-ylnethoxy -phenyl]-hexbéinyczz
107 oM | s-isomer _ S-isomer
HO . spiro-C5:
0 .
_C(jﬁ R-isomer
9
0 C!
:
105 o0 _ _
0
:
HO
110 WOH - - )
Rog
N
0
111 WOH - _ -
o




ynoi ¢ acid sodiumsalt (chiral: A 34

(3S)-3-[4-(spiro[5. 5] undec- 2- ngethoxy) phenyl ] - hex- 4-

ynoic acid (chiral: B) 35

(3S)-3-[4-(spiro[5.5]undec- 2-yl net hoxy) - phenyl ] - hex- 4-

ynoi ¢ acid sodiumsalt (chiral: B) 36
(3S)-3-[4-(spiro[4.5]dec-7-yl met hoxy) - phenyl] hex-

4-yn

oi c[acid [(chiral: Ay 37
(BSP 3-[4-(spiro[ 4. 5] ded- 7- ylnethoxy)<phenyl]-hex-
oi c| acid |sodi um s @al: A) 38
(38-5%i4~(éﬁ|ro>4 dec- | met hoxy) - phenyl ] - hex-
oi c{ acid |(ch 0'Bj 39
(39 -3-[4-(_sp ro[4 5] dec- 7-|yl net hoxy) | phenyl ] - hex
n pic aciid sodium salt (chlral- B) 40

4-yn
4-yn _
_4_y

C-2-

3- (Lmethyl -1 Htetrazol -5-yI)-3-[4- (spiro[5 5] unde
IyIhethoxy)-phenyl]-propionlc acid 41

3- et hoxy-3-[4-(spiro[5.5]undec-I -en-2-yl net hoxy) - pheny

243 11-propionic acid 42
(-)-3-ethoxy-3-[4-(spiro[5.5]undec-1I-en-2-yl met hox
henyl | - propionic acid 244 Table 21 Ex. Conpound n
No. 43

(-)-3-ethoxy-3-[4-(spiro[5. 5] undec-1 - en- 2- ylnethox
henyl ] - propi oni ¢ aci d sodi um sal t

y)-p
ame

y)-p




44

(+)-3-ethoxy-3-[4-(spiro[5. Shuypdec-1 -en-2-yl net hoxy) - p
henyl ] - propionic acid 45

3- et hoxy-3-[4-(spiro[5.5]undec-1I-en-.

2-yl met hoxy) - phen

y 1] -propionic acid sodiumsalt 46
3-[4-(spiro[5.5]undec- 2-yl net hoxy) - phenyl ] - propi oni c
aci dp %gle _
3-[4 solroFS 5] undec- 2-yl net hoxy) - phenyl ] - hex- 4-ynoi c
acijd 48 . Chirali Chirality of
3-[4268, 8- gty snihels. SLUBEREAT: | netionye phenyl T
] - pr &k oni ¢ aci 3 arb spiro carbon
3-[[4=(spilro[5 6] dodec-. 2- vlnptﬁoxy,-pkenghycywopi ni c
acijd 50
3-[|4- (7, 11-di met hyl ~spi tof 5/5] undec- 7-|en- 2- yl met hoxy) -
phen&l% pro onlcy§§zg\éi
3- [|[41¢3, 11- pi kRl 5{5] undec- 2-ly| FEEHELY) - pheny -
1]-prop|0n|c id 52
3-[|4- (spi|ro[ 4. 5]dec 2-yl met hoxy) - phenyl ] - pr opi oni ¢
acifd—53
3-[14- (9, 9-di met hyl =spi r a[ 5. ] undec- 7- ¢n- 2- yl met hoxy) -dpiro
henyl ] - propi oni ¢ acj 0 structure
3-[|41@19, 9- di ne ¢Sl ro[ 5. B].undec- 2- yfl met hexy) - phenyhxial
] - gropi oni c i 55 chirality)
3-[|4- (11,11 thyl - spiro[%. 5] undec- 7- en- 2- yl net hoxygcemate
245 phenyH—proptonic—aci¢-56
3-[|4- (7, 7- di met hyl - spi r o[05. 5] undec- 2- yjl et hoxy) - phenyl
1- gropi oni c_aci d o
115 <:QA0 - racemate -
o
116 ! OH S-isomer racemate -
%t j/\o
0
OH
117 e AOW - - -
118 | 0 S-isomer Tacemate -
OH
T
0
119 OH S-isomer - -
0 0
tj HzN\/\/\::koH




246 Table 22 Ex. Conpound nane No. 57 .
3-[4-(spiro[5.5]undec- 3- ylnethoxy) phenyl ] - pr opi oni c
acid 58
(3R)-3-[4-(spiro[5.5]undec- 2-yl net hoxy) - phenyl ] - hex- 4-
ynoi c acid 59

N, N-di et hyl - 3- [4 (sp|r0[5 5] undec- 2- yl et hoxy) - phenyl

] - spceimamt aci o660
3- phenyl -|3-[ 4- (splro[? 5] undec- 2- yl net hoxy) - phenyl{] - pr
opipnic acid 61

gé[A'ffHN ro 'S]EngéVEW%JOXyzq-QSQ I] propi oni c acid

3-[ - (2- gpi r of5. 5] tihdee~2Z~wyl|- et hoxy) - phenyl ] - pr opijoni ¢
acid 63 W,
(39)-3-14-(spiro[5. 5]undec-3-yl oxy) - phenyl ] - hex- 4-lyno

c acid 64
(3S)-3-[4-(spiro[5.5]undec-2-yl oxy) - phenyl ] - hex-4-yno
c acid 65

N- et hyl - 3-[ 4- (spi ro[ 5. 5] undec- 2- yl net hoxy) - phenyl ] - su
ccinam c acid 66

3-oxazol - 2-yl -3-[4-(spiro[ 5. 5] undec- 2- yl net hoxy) - pheny
1] -propionic acid 67
5-[4-(spiro[5.5]undec-2-yl net hoxy) - benzyl ] -t hi azol i di n
e- 2, 4-di one 68

5-{(1S)-1-[4-(spiro[5.5]undec- 2- ylnethoxy) phenyl ] - but



_'2 y
4- hy

nyl ) -t hi azol i di ne-2, 4-di one 69
dr oxy-3-[4-(spiro[5. 5]unq§ﬁ32 yl met hoxy) - phenyl ] -b

ay-

utyric acid 247 70

(3S)-3-[4-(1-hydroxy-spiro[5. 5] undec-2-yl met hoxy) - phen
yl]-hex-4-ynoic acid 248 Table 23 Ex. Conpound nane
No. 71

4-me [ 4- (sp|r0[5 5] undec- 2-yl met hoxy) - phenyl ] -b
utyrléﬁz;? é

€3S) - 3-[ 4- (splro[5.5]undec-1-y|nethoxy)-phenyl]-hex-4
ynoijc acid 73 pou a

§3S) | 3-[4- (spiro[ 5. 5] undec- én f?né%hoxy) phenyl]-h

-vnnlr acid 74

(39)f
Cc ac
3-¢t

(39)|-

- yn
(2)-

Bsi43(§mL(@bﬁrénynﬁp@nae&Lquh pbhemMbinbayy 4pHBAY1] -he
id sodiumsalt 75

heox 4 - gn@ﬂc(sgido[S 5] undec- 2- yl net hoxy) - phenyl ] - pr

T clblu IO
GS[43(éérf@P5r6!@n@b@nde9kﬂeehoileEHEhkaP bbrngl]-he
oic acid sodiumsalt 77

&E %n?ﬁc(§5+¢of%dBT%nﬁéét2 yl met hoxy) - phenyl ] - he

4-
?§S)

C08) 53T EhT 1P Lre) Antildodesr 7sehoRy Y LBRLRIY) ~RBRERL] -he

I Sxaglghoic 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-7-en-7-ylmethoxy)-phenyl]-hex-
4-ynoic acid

6 (S)-3-[4-(spiro[4.5]dec-7-en-7-ylmethoxy)-phenyl]-hex-
4-ynoic acid sodium salt

7 (S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex-
4-ynoic acid

8 (S)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-phenyl]-hex-
4-ynoic acid sodium salt

9 (S)-3-[4-(spiro[5;5]undec—l—en-z-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]non—2—en—2-ylmethéxy)-phenyl];hex-
4-ynoic acid sodium salt

13

(S)-3-[4-(spirol4.5]dec-2-en-2-ylmethoxy)-phenyl]-hex-




79 _
I3-ethoxy-3-[4-(spiro[5.5]ung%§§2-ylnethoxy)-phenyl]-p
r opionic acid sodium salt

3- met hoxy- 3- [ 4- (spiro[5.5] undec- 2- ylnethoxy) phenyl ] -p
ropionic acid 81
3-isopropoxy-3-[4-(spiro[5.5]undec-2-yl net hoxy) - phenyl

J-priopi oni ¢ aci d_82
3-[4r %s%??bea%}@ndec 2-yl oxymet hyl ) - phenyl ] - hex- 4- yno

Ty bbky 33l $al FREFP b s5316RaRce: §riipRbRGFYBRERGFY ) -hex-
A Lol $oRb00 Sa e Bodt

3-[4 dec Emvfnethoxv) phenyl ] - hept - 4- ynoi_

c acid 250 Table 24 Ex. Compound nane No. 85
3-[4-(spiro[5.5]undec-2-yl net hoxy) - phenyl ] - pent - 4-yno
c acid 86
3-[4-(spiro[5.5]undec- 2-yl met hoxy) - phenyl | - pent - 4- eno
c acid 87
3-[4-(spiro[5.5]undec- 2-yl net hoxy) - phenyl ] - pent anoi c
acid 88
3-[4-(spiro[5.5]undec- 2-yl met hoxy) - phenyl | - pr opi oni c
acid (chiral: A 89

[4- (spiro[5. 5] undec- 2-yl net hoxy) - phenyl ] - pr opi oni ¢




acid (chiral: B) 90

(S)-
X-4-

(S)-

3-[4-(spiro[5.5]undec- 2- %gt -yl met hoxy) - phenyl ] - he
ynoi ¢ acid 0.5 cal cium sa
3-[4-(spiro[ 4. 5] dec-6-en-7- ylnethoxy) phenyl ] - hex-

4-ynoic acid 0.5 calciumsalt 92

(S)-

3-[4- (sp|r0[4 5] dec- 6-en- 7-yl met hoxy) - phenyl ] - hex-

4- yng g .lysine salt 93
(R) E& i rof 4. 5] dec- 6- en- 7- yl met hoxy) - phenyl ] - hex-

noi c aC|d 94
# -13-[4-(spiro[ 4. 5] dec- Gdai?7d£dn§£§gy) phenyl ] - hex-
ﬁoyn0|c acid L-lysine sa
(-)-13-et hoxy-3-[4-(spiro[5. 5] undec-1-en-2-yl nethoxy)-p
hﬁﬁy|dS¥”3¥¥4U%§pfﬁbphQSFdé@dﬁléﬂnﬁ 1m8§hox %henyl] -hex-
(39)]-3-[4-((5S)-2-0x0-spiro[4.5]dec- 7-yl met hoxy) -
phenyd Jyrede agidi ¢ acid 97
(38) 3 IA 55266 opllur4 5l dee—6—er—F ‘In’c;h Ay

S) )
(pfh)emﬂ I]4hbs<pxlroyh©a &1@e¢ ol senlt ZjﬂyslaethQSY) phenYl] -hex-
-3-14-((2S,5S) - 2-hydr %f-splro[4 5] dec-6-en-7-yl e
BTN AG i ke Q@1 YRoFRIECi d 252 Table 25 Ex.

A B R0l by o= LR of AY BPALROBY drPRERY b hox-
Y2 =Py d s higx- 4-ynoi ¢ acid sodium sal t

18 | (S)-3-[4-(spiro[4.4]non-1-en-2-ylmethoxy)-phenyl]-hex-
4-ynoic acid sodium salt

19 (3S)—3—[4-(1l,il-dimethyl—spiro[5.5]undec-7-en-2-ylmet
hoxy)-phenyl]-hex-4-ynoic acid

20 | (38)-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

27 | (38)-3-[4-(spiro[4.5]dec-2-ylmethoxy)-phenyl]-hex-4-yn




100

(3S)-3-[4-((2R, 5S) - 2- hydr oxy-spi r o[ 4. 5] dec- 6-en-7-yl ne
t hoxy) - phenyl ] - hex- 4-ynoi c ad 101 :
(3S)-3-[4-((2R 5S) - 2- hydr oxy-spi ro[ 4. 5] dec- 6-en-7-yl ne
t hoxy) - phenyl ] - hex-4-.ynoic acid sodiumsalt 102
(3S)-3-[4-((5R)-2-0x0-spiro[ 4. 5] dec-6-en-7-yl met hoxy) -

pnenx%i-nex;4- noj ¢ acid 103
(39)- B¢ AHERH2AL YR 052bF r of 4. 5] dec- 6- en- 7- yl net hoxy) -

PSP 635 3 O B £ ES o Dyaety T oy hme Phigy b-mhenry paex-4-

t hoxy, -ﬁﬂ@ hex- 4-ynoi c acid 105
(Eﬁﬁ-%ﬂl4-?%%%gSR)-Z-hvdroxv-soiro[4.51dec-6-en-7-v|we

t hoxy) - phenyl ] - hex-4-ynoi ¢ acid sodium salt 106
(3S)-3-[4-((2S, 5R) - 2- hydr oxy-spi ro[ 4. 5] dec-6-en-7-yl ne
t hoxy) - phenyl ] - hex- 4-ynoi c acid 107
(3S)-3-[4-((2S, 5R) - 2- hydr oxy-spi ro[ 4. 5] dec- 6-en-7-yl ne
t hoxy) - phenyl ] - hex-4-ynoi ¢ acid sodium salt 108
3-[2-chl oro-4-(spiro[4.5] dec-6-en-7-yl nmet hoxy) - phenyl ]
-propionic acid 109

3-[2-net hyl - 4- (spiro[ 4. 5] dec- 6- en-7-yl net hoxy) - phenyl ]
I -propionic acid 110
3-[3-hydroxy-4-(spiro[4.5]dec-6-en-7-yl met hoxy) - phenyl
]-propionic acid 253 111

3-[ 3- net hoxy- 4- (spi ro[ 4. 5] dec- 6- en- 7-yl met hoxy) - phenyl
]-propionic acid 112
3-[3-fluoro-4-(spiro[4.5] dec-6-en-7-yl net hoxy) - phenyl ]
-propionic acid '




254
3-[6-

Tabl e 26 Ex. Conpound nane No. 113
(spiro[4.5]dec-7- ylnethQ%Zg pyridin-3-yl]- proplon

is acid hydrochloride 114

3-[ 4-

r opi
3-[4-
prop
(39) -

(9- met hoxy-spi ro[ 5. 5] undec- 3-yl nmet hoxy) - phenyl ] -p
onic acid 115

(9, 9-di net hyl -spi ro[ 4. 5] dec- 7-yl et hoxy) - phenyl | -
ioni.c acid 116
Tablg. @0 r o[ 2. 6] non- 5- yl net hoxy) - phenyl ] - hex- 4- yn

&c acid 117
“T4- (spiro[ 3. 4] oct-5-en- (i:alnl1 Othé)xlygmghenyl] pr opi oni
acid 118 P
\§S)-3 [4- (spiro[3.4]oct-6-yl nmethoxy) - phenyl]-hex-4-yn
0Y:” aF3§ 139[4-(spiro[5.5]undec-2-ylmethox )-phenyl]-hex-4-
(S)-13-[4- (spfrofSPS]undec 2-en-2-y nethoxyy pgenyY]-he
x-4-yﬁmofcaacﬂdstaﬁmmeséﬂtt 120
{ ) 3—ethoxyv—3 r4 /cpl rnrR R1||nr~lar~ | -en-2-v| et hnvy\ P
hﬁhqu3®)e@rbersp£rd[L 4ysoneZSERme255xyTabhen21]Ehex 4-yn
NVR |[data of conmpound No. 1H NWR (CDC13) S: 1.42-1.28
(12H, °%§ acidgy4 (3H, d, J = 2.6 Hz), 1.90 (2H, s),
2,
BPb 83§3-3—[4-(spiro[4.4]non-2—ylmethoxy)—phenyl]—hex—4—yn
oic acid sodium salt
32 | (35)-3-[4-(spiro[5.5]Jundec-2-ylmethoxy)-phenyl]-hex-4-
ynoic acid (chiral: A)
33 | (38)-3-[4-(spiro[5.51undec-2-ylmethoxy)-phenyl]-hex-4-
ynoic acid sodium salt (chiral: 3a)
34 | (35)-3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-hex-4-
ynoic acid (chiral: B)
35 !(35)-3-[4-(spiro[S.5]undec—2-ylmethoxy)-phenyl]—hex—4-
ynoic acid sodium salt (chiral: B)
36 | (3S)-3-[4-(spiro[4.5]dec-7-ylmethoxy)-phenyl]-hex-4-yn
oic acid (chiral: a)
37 | (38)-3-[4-(spiro[4.5]dec-7-ylmethoxy)-phenyl]-hex-4-yn
oic acid sodium salt (chiral: A)
38 | (35)-3-[4-(spiro[4.5]dec-7-ylmethoxy)-phenyl]-hex-4-yn
oic acid (chiral: B) |
39 | (35)-3-[4-(spiro[4.5]dec~-7-ylmethoxy)-phenyl]-hex-4-yn
oic acid sodium salt (chiral: B)
40 | 3-(1l-methyl-1H-tetrazol-5-yl)-3-[4-(spiro[5.5]undec-2-
ylmethoxy) -phenyl]-propionic acid
41 !3—ethoxy—3—[4-(spiro[5.5]undec-l—en—z-ylmethoxy)-pheny




1 2.70 (1H, dd, J = 15.8, 6.8 Hz), 2.80 (1H, dd, J =
15.8, 8.5 Hz), 4.06-4.04 (1H 45)2 5.73 (1H, s), 4.3
(2H, 's), 6.86 (2H, d, J = 8 79F¢), .7.27 (2H, d, J
8.7 Hz). 1H NVR (DNVBO- d6) s 1.29-1.18 (4H, m,
1.32-1.43 (8H, n), 1.74 (3H, d, J = 2.6 Hz), 1.84
(2H, s) , 1. 95 02 (2H m , 2.09 (1H, dd, 2 J =

I &

14,6, 742 H,dd, 146, 6.7 FZ),
39 35 n%ﬁac 2 (2H, s) 5.68-5.73 (1H m,

w
O -
r\

Vi

o
Z‘i

s efl%s-ﬁ'z %‘ﬁmxw B

, 0-2.09 (2H, 2.71 (1H,
hei 3’6“%&7% r%a‘?“gouH ((jd J :158 86(Hz)

3

oR
P

4.02-4.09 (1H, . 4.35 (2H, s), 5.76-5.80 (1H,

m, 6.87 (2H d, J— 8.6 Hz), 7.28 (2H, d, J = 8.6
Hz). 1H-NMR (DMBO- d 6) S: 1.50-1.23 (14H, m) , 1.47
(2H, s), 1.74 (3H, d, J = 2.6 Hz), 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, s) ,
5.71-5.76 (1H, n), 6.79 (2H, d, J = 8.6 Hz), 7.20
(2H, d, J =8.6 Hz). 1HNWR (DMSO d 6) S 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 = 2.3 Hz), 1.89 (2H, br s),
5 2.03-2.07 (2H, n), 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, 7.22-7.262%%H , 12 23 (1H s).
(4H,

1H-NWVR (DMSO- d 6) 6: 1.37-1

t, J

, 1.41 (2H,
= 6.3 Hz), 1.55-1.62 (4H n), 1. 76 (3H, d, J =

2.4 Hz), 1.87-1.90 (2H, ), 6 2.01-2.08 (2H, m), 2.11

(1H

dd, J = 14.5, 7.2 Hz) , 2.27 (1H, dd, J = 14.5,

. 715%%}§ ? 94-4.01 (1H m , 4.33 (2H, s) ,

tH m ., 6.79 (2H d, J =8 5 H) , 7.21

gk d, J 8. 5 Hz) . 1HNWR (DVBO d 6) 6:

9-1.44 (6H m, 1.57-1. ql IH 78 (3H, d, J =

ﬂo. Hz), 7 1.98 (2H, dd, C?)_ﬂog}ﬂ% agne17 Hz) , 2.57-2

60(2H m 3 01-3 96 (1H m 4 .33 (?2H s) . 5 59

(41H, (5»ﬂ3féﬁﬁbi§&$ I - Qsp1fbH5Fﬁ)un&ég4l(8ﬁL2dylﬂeth0xy) -p

8.4 Hz), 12.23 (1H, br s).

1.4Ohbnﬁix{ﬁtop@0nld.&Eid.ﬁﬁﬂiﬁﬁism@t 1 75 (3H d, J

- “) OJ.UB(Z{—'F,dd,\J:S\PﬁJSHL),ng

(414H (cm) 3F ethiopy- 371 &- m)lrcz[ 85 [unfleddl -gn=2 ¢l fethoxy) -p

7.3 lg%y 3.94-4,00 (1H, , 4.31 (2H, s), 5.59 (1H,

s), bprepiopic sa%l%) 7.21 (2H, d, J .256 8.8

14

ZA,ZE? 3 t'}lzp’ﬁésg At %SRJZW 7.5 yinaec f'pﬁﬁl Zzyl}*aetbémrpheny

dd Jl]—-;;&%;ﬁorﬁlé d%la o8Pk 1thifdd,

46 | 3-[4-(spiro[5.5}undec-2-ylmethoxy)-phenyl]-propionic
acid |

47 | 3-[4-(spiro][5.5]Jundec-2-ylmethoxy)-phenyl]-hex-4-ynoic
acid

48 | 3-[4-(8,8-dimethyl-spiro[5.5]}undec-2-ylmethoxy)-phenyl
l-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[5.5lundec-2-ylmethoxy)-pheny
l]-propionic acid

52 | 3-[4-(spiro[4.5]dec-2-ylmethoxy)-phenyl]-propionic
acid |

53_ 3-14-(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
l-propionic acid

55 | 3-14-(11,11-dimethyl-spiro[5.5]undec-7-en-2-ylmethoxy)




-4.03 (1H, m), 4.34 (2H, s),

15.5, 8.5 Hz), 4.06

7 (2H d, J =87 k), 7.27 (2H d,
(
1

.66 (1H, s), 6

= 8.7 Hz). ' H NWR
.54-1.60 (2H., m), 1.74 (3H, d, J
.00-1.95 (2H, m), 2.10 (1H, dd, J = 14.6, 6.7 Hz) ,

DVMSO- d%)° 6: 1.27-1.48 (12H, 1),
.25 (1H, dd, J = 1-4.6, 6.7 H) , 3.93-4.00 (1H m
U

2.3 Hz), 10

E‘ NN GO

73T (2H,.S) , D,00 (1H,_ 35) , 6.80 (2H— o, J =8¢
), WP%Rﬁx%LrP%PPHORJQ;QP+%) 257 Table 28 Ex. NNR

1 451 £°UF gt dimethylr spyrot8 ATEmgEc od - yincgngy) yBneny1
11 2 _?5]._2043:2%‘{]?%;—?8%%2 55-2.61 (2H, m, 3.90-3.96

(1H 5.61-5.65 (1H m . 6.87 (2H,

~

d, J =9.0 Hz), 7.24 (2H d, J = 9.0 Hz), 12.23 (1H
br s). 1HNMR (DMBO- d 6) 6: 1.63-1.48 (8H m), 1.75
(3H, d, J =2.0 H), 2.12 (1H, dd, J = 14.6, 12 7 . 4
Hz) , 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 = 8.7
Hz), 7.21 (2H, d, J = 8.7 Hz). 1H NVR (CDCL3) 6:
1.49-1.35 (10H, m), 1.83 (3H, d, J = 2.4 Hz),
2.18-2.23 (4H, m), 2.70 (1H, 13 dd, J = 15.7, 8.5 Hz)

, 2.79 (1H dd, J = 15.7,




(2H, s), 5.58-5.62

8.5 Hz), 401408(1H m, 4.5

(1H, n), 6.86 (2H, d, J = 8. éﬂ’? 7..27 (2H, d, J =

8.2 Hz). 1H NVR ( DVBO- d 6) .45-1.32 (.10H, m ,

1.75 (3H, d, J = 2.4 Hz), 2.08-2.17 (5H, m), 2.26 14

(1H, dd, J = 14. 5, 6.8 Hz), 3.95-3.99 (1H, m), 4. 49

(2H, s), 5.56-5. 60 (1H m, 6.80 (2H, d, J = 8.5 Hz),

7. 21 gﬁl %2 = 8.5 Hz). H-NI\/R(CDC13) b: 1.54-1.27

(10 76(2H t, J = 9 6 Hz) , 1.85 (3H, d, J

§x3-0 M), 2.39 15 (2H, t, J = 6.8 M), 2.7T (IH dd,
=115.7, 6.6 Hz) , 2.80 J = 15.7, 8. 5 H)

Nod- 52 (2H s) 4 08- 4. 0?02“%3‘%‘?3 naé“ees (1H, s), 6.88

(20 4 7.28 (2H d, J = 9.4 Hz). ~1H N\R

GENG 5)s ré§75 r?@eél 1 ~pPopioni

5 Ft)p4 0%@1 [ ﬂu 9f§ Hlthéx9?0p§%€?l%d?fgpéonlc

14. 6 gacia 4 Hz) , 2 26 (1H dd 16 J = 14.6, 6.8 Hz),

233 (ot ¢+ 3 =6 8 He)— 3.09-3-94 {1H ) 449

(581| €3R) -3 Bb- (Spire bs 5]6n@dc{ 2Hylule tHoxy - phéryl] -hex-4-

7.21 (2H, d, J = 8.6 Hz). 1H NMVR (CDC13) .1.68-1.48

(7H, YF}Olcla%Bdl 82 (6H m 2 40 (2H, t, J = 7.2 H),

,33!3

Ny (et "1 b (qpirals o ugdde"p pypne fhogy )  phenyl

g:G'F%%quééﬁ%ﬂ%%iré&d = 8.6 Hz). 1H NWR (DVBSO d 6)

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 | (35)-3-[4-(spiro[5.5]undec-3-yloxy)-phenyl]l-hex-4-ynoi
c acid

64 | (3S5)-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;z—ylmethoxy)theny
1] -propionic acid

67 5-[4—(spiro[5.S]ﬁndec-z—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




1.76-1.73 (5H, m) , 2.12 (1H, dd J=14.7, 7.5 18 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?450(2H s), 5.59 (1H,

s), 6.82 (2H, d, J = 8.7 H), 7.22 (2H,d, J = 8.7

Hz). H NVR (CDC13) 6: 0.98-0.84 (7H, m), 1.14 (1H t,
:125Hz) 1.26-1.72 (7H, ), 183(3H 19 d, J =
Z

J

Z, :g 88-2 13 (4H—m, 270 (% =157,

6 BHb3 9)2330[4(144 hAropey ST BS - 3] pdec- 3-wmatiaxy) -phen
1-4.08 (1H m , 258 5.61 (1H dt, J =

(2

10. GYrQé]Bh% “EIQEC 3¢yt J= 10.6, 2.0 Hz), 6.84
(2A, d, J = 8.4 M), 7.27 (2H, d, J = 8.4Fz). FNWR
(DMBO- d 6) S: 0.95-0.81 (7H, m) , 1.13 (.1H t, J =
12.4 Hz), 1.29-.1.47 (4H n), 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, n), 2.08 20 (1H, dd, J = 14.7, 7.5 Hz),
2.24 (1H, dd, J = 14.7, 6.7 H), 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). 259 Table 29
Ex. NMR data of conmpound No.

.
.9
.2
)
)




H NVR (CDC13) 8: 1.10 (1H, dd, J = 12.8, 9.3 Hz),

1.48 (15H, m, 1.91-1.77 (2H,24I’Q;2 21 2.47-2.39 (1H
m, 2.66 (2H t, J = 7.8 Hz) 9.1 (2H, t, J = 7.8
Hz), 3.82 (2H, d, J =7.0 Hz), 6.83 (2H, d, J = 8.6
Hz), 7.12 (2H, d, J 8.6 Hz). 1H NMR (CDCl1l3) 8:
1.44-1.11 (8H, n) 1.65-1.50 (7H, m, 1.77-1.73 (2H,
n, ( = 22 2.6 Hz), 2.71 (1H, dd, J =
155%‘3‘%&‘?%5') 281(1H dd, J=155 8.5 Hz), 3.76
§§H = 6.3 Hz), 4.07-4.04 (1H, , 6.85 (2H, d,
= 8 O Hz), 7.28 (2H, d, . "H NWR (DNBO—
fo6)| 8: 1.78-1.04 (17H, C°4“Pf“§’96 I%’;ﬁ d J =23
Hz) 1 2 12 (1H dd, J = 14 5 23 7.42 Hz) , 2.3 (1H,
dh,  |J4 Fndidhdic 5—?341‘?51 1r§[§351131'ﬂieéi+2*] Im@tlQo henyll-b
3.03-3.99 (10 m. 6.78 Y kﬂ% of
2H, d.;lty}rrc Eiac:ﬁdHZ) .1 H-NI\/R (CDC13) 8 1 28 1.02
\7H —1+ 4013+ (8H—m—1+68-165(2H—m—31-30
(B, QBSU'irEﬂkQEEFEQD5 Qlﬂﬂdécﬁy Yﬂmﬁth®$YB PRBe2H] -hex-4-
d J= 6.4 H 4.04-4.01 (.1H, m, 6.82 (2H, d, J =
8.7 H?}OJ-CZ%J- 2H d J =8.7 Hz). 1H-NI\/R(CDC13) 8:
3 H, . 1.83 (3H d,
= .3< %1-1?)- g %0[§55§L}ndﬁzcﬁ-%lz¥-§}rpe§h%y 1phehyl]-h
dd, 4. ), 2.80 (1H, dd, J = 14.6, 7.7
Hz) | b o7}§’o’%c %{? . 4.36 (2H_s). 5.73 (1H_s).
6486 (§§1 3-[4- (sp1ro[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-1l-ylmethoxy)-phenyl]-hex-4-
ynoic acid sodium salt
77 (Z)-(3R)-3-[47(spiro[S.5]undec—2-ylmethoxy)-phenyll-he
Xx-4-enoic acid |
78 | (38)-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
l-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]l-p




d, J =8.7 Hz), 7.27 (2H, d, J =
(CDC13) 8: 1.11 (1H, dd,
m)%é’

(13H, m), 1.85-1.79 (5H, 2( Hm, 2
,382(2H, d, J =
6.5 Hz), 4.06-4.04 (1H, br n) , 6.85 (2H, d, J =18. 1
Hz),7.28(2H d,J:81Hz). NVR (DVBO- d 6) 8:
-1

1.0 1H, dd, J.U4HZ), O (12817,

e
9.
44-
84-2.69 (2H, m) , 2.84-2.69 (2H, n)
|_|_

( = . Y, 1. 3
1.78 0%0‘635%&1-& 2.11 (1H, dd, J = 14.6 , 7.4 Hz)

2.36 = 79Hz) 3.79 (2H, d, J =
3 &&Adoos 4

84,3 gl snirgfs o) i ¢ 17 Yifethbiy 1 10geh ) hppy T 4-yno
94 (1
8.

i H 'm. 6.78 (2H d. J = 8.8 Hr),
7.2 (2H, d, J 8 Hz). 1H NWR (CDC13) 8: 0.76 (1H,

t. 3 =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, 28 d, J = 2.3 Hz), 1.92-1.88 (2H, m), 2.70

( 6. 8 Hz) , 2.80 (1H, dd, J = 15.6
67 (2H, m , 4.06-4.03 (1H, m

8
1H, dd, J = 15.8 ,
8. 5 Hz) , 3.71-3.67
8. 7Hz),7.27(2H, d J =28 7
( DVB
2

6.84 (2H, d, J =

Hz). 260 1H NWVR d6) S 0.75 (1H, t, J = 12.9
Hz), 0.96-0.83 (2H, n) 1.53-1.16 (12H, m,
1.61-1.75 (5H, m , 1.76-1.91 (2H, m , 2.07 (1H,




29 d

6. 7 Hz) , 3.64-3.72 (2H m

6. 77
Hz) .
Hz)
2 47-

d, J =14.6, 7. 4 H) , 2.23 (1H, dd, J = 14.6,
3.92-3.98 (1H, m |
((2H d, J =8 6H) ,2%9 (2 d, J =B 6
"H-NVR (CDC13) S: 1.28 (1H, dd, J = 12.8, 8.7
1.63-1.40 (9H, brm), 1.86-1.79 (5H, ),
244(1H m, 2.47-2.44(1H, ny, 2.47-2.44 30 (1H,
% 47-2.44 (1H M, 2.70 (1H dd, J = 15.6, 6.8
ablgy2f1H dd, J = 15.6, 8.5 Hz) , 3.82 (2H, d,

éx 6 4 Hz) , 4.06-4.03 (1H, br m , 6.84 (2H d, J =
Hz), 7.27 (2H, d, J = Eﬁéﬁ Tabl e 30 Ex.
MR |data of conmpound No. d 6) 8 1.25

{1H dd, J =12 6,85 Hz) 1 .62-1.37 (11H ),

]851 j—ﬁ@—(éﬁiré@S §Jﬂﬂde&3iLtheﬂhox§)4pﬁ@ﬂyl]- ent-4-ynoi

1.86-1.77 (1H, m, 2.12 (1H 31 dd, = 7.% Hz),

2.28 ¢ ldtidd, J = 14.5, 6. 9 Hz) , 2 44 2 33 (1H, m

—3 80— 2H—dd; J =70 O—+Hz)—3-98-3-96—(1H

g6 , @-V@-(Qﬁir@ 5J5lu@ﬁe6 ¥tylm€tQQXY2+PhdnYl]'PSHB 4-enoi

Hz) . 1H—NNR (DMSO- d 6) 8 0.75 (1H, t, J = 12.6 Hz),

0.96-9 %quZH m, 1.17-1.21 (2H, m, 1.33-1.54 (1OH

IQ7’ 3-[g}(épzﬁbfgkk]Sgdécl27§l&3thogy)gpﬁeéYi]—pentanoic
acid

88 | 3-[4-(spiro[5.5]undec-2-ylmethoxy)-phenyl]-propionic
acid (chiral: A)

89 | 3-[4-(spiro[5.5]Jundec-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-7-ylmethoxy)-phenyl]-hex-
4-ynoic acid 0.5 calcium salt

92 | (S)-3-[4-(spiro[4.5)dec-6-en-T7-yimethoxy)-phenyl]-hex-
4-ynoic acid L-lysine salt

93 | (R)-3-[4-(spiro[4.5]dec-6-en-7-ylmethoxy)-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-1l-en-2-ylmethoxy)-p
henyl]-propionic acid 0.5 calcium salt

96 | (35)-3-[4-((58)-2-0ox0o-spiro[4.5]dec-6-en-7-ylmethoxy) -
phenyl]-hex-4-ynoic acid

97 (3S)-3-[4-((58)-2-0ox0-spiro[4.5]dec-6-en-7-ylmethoxy) -




32 Hz), 1.79-1.92 (2
Hz), 3.66-3.73 (2H,

d, J =8.1 Hz), 7.23
br s). 1H NVR (DVBO
Hz), 0.97-0.84 (2H,
(9H, m, 1.47-1.54 (

H m, 2 58 (2H, dd J=7.5 1.7
m, 3. 2%94(1H ., 6.84 (2H,
(2H, d, = 8.1 Hz), 12.23 (1H
d6) 8 0.75 (1H, t, J = 12.68
m, 1.16-1.22 (2H, n), 1.32-.1.46
1H, m, 1. 61 1. 72 (2H m, 33 1.75

(SH,

1.60-1. 390 Z. 1U (J.H dd;,

d,, J:]6]z. 4
prReny él 1@% (amd o%PdJsum 3l% 6.8 He),

J
SET 43{%@%35%)3 5 S ol (EibFE g 37 -vime

) J Ghibnta) 8t ooy 29,084 (2 1),

(1H, n) 1.62-1.91 (

3.66-3.73 (2H, m, 3.

= 8.6 Hz), 7.23 (2H,

s). HNMWR (DMBO- d 6) 8 0.75 (1H, t,
0.84-0.96 (2H, m), 1.
m, 1.63-1.71 (2H, m), 1.74 (3H d, J
1.79-1.91 (2H, m, 2.
2.24 (1H, dd, J = 14.5, 6.8 Hz) ,

3.93-3.99 (1H, m, 6.
(2H, d, J = 8.7 Hz).
dddd, J = 12.8, 12.
= 12.8, 12.8

7H, ™), 2.56-2.59 (2H, m),
89-3.95 (1H, m), 6.84 (2H, d, J
d, J =8.6 Hz), 12.23 (1H, br

J = 12.7 Hz),
17-1.24 (2H, m), 1.34-1.52 (10H,
= 2.7 35 Hz),
08 (1H, dd, J = 14.5, 7.5 Hz) ,
3.65-3.72 (2H, m,
77 (2H, d, J =8. 7 H), 7.20
1 HNMR (DVBO- d 6) 8: 093(1H
8, 12.8, 3.7 Hz) , 1.02 (1H, dd, J




Hz), 1.15 (1H, ddd, J = 12.8, 12.8, 3.7 Hz), 36

1.30-1.48 (6H, n), 1.51-1.63 (6H m), 1.76-1.82 (2H

M , 1.77 (3H, d, J = 2. 4 HA2 2.57-2 ..60 (2H ),
3.68-3.75 (2H, m), 3.90-3.96 (1H, n), 6.84 (2H d, J

= 8.4 Hz), 7.24 (2H, d, J = 8.4 Hz), 12.21 (1H, br

s). HNWR (DMBO- d 6) 8: 0.92 (1H, dddd, J = 12.7, .

12.7, 12.7, 3.7 Hz), 1.01 (1H dd, J = 12.7, 6.3 Hz),
1.157eble d8d, J = 12.7, 12.7, 3.7 Hz), 37 1.29-1.47

EGH, m, 1.50-1.62 (6H, m, I.75 (SH d, J = 2.3 Hz)
»¥1.175-1.82 (2H, m 2 1 %}H qg = 14.6, 6.9

Kg) .| 2.28 (1H dd, J = € 3. 66 3.73 (2H

n, 13.94-4.00 (1H m, 6 78 (2H d J =865 H), 7.21

(21, - By 5 (

(4 PuS b o920 RN (VR . 818 095 7-vame
dd, [Jcio ﬁébfbhéﬂyﬁl ﬁ3i741yﬂ51&1$blddgodﬂum 3218,

12 3 U !_I-r\ QQ ._.., 1 47 (RI—I __ 1.51-1.63 (Rl—l

apo 1£3$»13824 (QIR 0 R Zihﬂaréﬁyksﬁlrd[i Qldetiﬁ -en-7-ylme
2.53-2.63 (2H m), 3.68-3.75 (2H, n), 3.90-3.96 (1H

m, |6ty ) -Rhenyl - heg- 6-¥p9ic7aQid(2H d, J = 8.6

kzg, 1221 (IH Dbr é I FNVR(DVBO—d og 8—0.952

L9 | GRRir 37 & 28, 5 h227hYQEP¥Y §P¥r9& 1de@16tepi 7-ylme
dd, [J..= .12 7., 12. 7 Hz), 1. .15 = 7,

12, 7. EBpxs} pRhengl § - 53}144ﬁ“?% aﬁ} i°%6“T %Q%EGH,

@52 1(3‘_7SE5)-(33-F[4—((5R)—2-oxo-sp:|.ro[4.5]dec—6—en-7-ylmethoxy)—

phenyl]-hex-4-ynoic acid

103 | (35)~-3-[4-((5R)-2-0x0-spiro[4.5]dec-6-en-7-ylmethoxy) -
phenyl]-hex-4-ynoic acid sodium salt

104 (38)-3—[4-((2R,5R)—2-hydroxy—spiro[4.5]dec-6-en—7—ylme
thoxy) -phenyl]-hex-4-ynoic acid

105} (35)-3-[4-((2R,5R)-2-hydroxy-spiro{4.5]dec-6-en-7-ylme
thoxy)-phenyl]-hex-4-ynoic acid sodium salt

106 | (35)-3-[4-((2S,5R)-2-hydroxy-spiro[4.5]dec-6-en-7-ylme
thoxy) -phenyl]-hex-4-ynoic acid

107 (3$)—3—[4-((ZS,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




J

2. 6 Hz) , 1.76-1 .83 (2H, m , 2.24 (1H, dd,
8, 7.3 Hz), 2.37 (1H, J =14.8, 7.3 Hz),
.3.73 (2H, m, 3.93-3.9 H m, 6.79 (2H d, J
Hz), 7.21 (2H, d, J = 8.5 Hz). 263 Table 31 Ex.
ata of conpound No. 'H NWR (CDC13) 8: 0.76 (1H,
:12 52 Hz), 0.86-0.99 (2H, n) 119125(2H

14.

o 1l

6

INwao
o
Q o’

J

.60 (9H g; T.66-1.77 rr% 83-2.00
zme%h%%y - IQJ_H:P[ﬁ)S]§69863e@4 (ﬂ.;neﬁ:)aoxy) phenyl
ﬁééo?g i%ngc .64-3.69 (2H, m, 3.78 (3H, s),

.82 (2H, d, J =8.4 H) , 7.10

W~ Z

OI—"

WHN |

e G T e

Q@p;{&lrh_cnacle 45 (1H, dd, J = 5.2, 14.8 Hz),
__I—l dd,__41 7

/\

H _ 148 |—|7\ 3. 17-3 26 (2H_m)
(2H s), 4.57 (1H, dd, J 8.7, 5.2 Hz), 5.66 (1H,
6. 89 (2H, d, J = 9.0 Hz), 7.19 (2H, d, J = 9.0
, 12.11 (1H br s). 1HNVR (CDCL3) 8:1.18 (3H t, J
.OHz) , 1.30-1.51 (12H nm) , 1.64 (2H tt, J =9 .

3.1 Hz) , 2.01-2.16 (2H, m), 2.62 (1H, dd, J =
7, 4.1 Hz), 2.83 42 (1H, dd, J = 15.7, 9.7 Hz),
4-3.47 (2H, n), 4.36 (2H, s) , 4.66 (1H, dd, J =

4.0 Hz), 5.67

oomcoI:g;mh:[E-r

O BANPEPTED W
01 ¢ U'I'

T2

=
\l\./-

©w: NI
_cnooo-r




(1H,
dt,
dt,
.07

( ZHBQS)}J = 8.7 Hz). 1H NVR (CDCL3) 6: 1.

5,
3 13 3.29 (4H, m), 4.34 (2H, s), 4.59 (1H,
5

3, 2.4 Hz),
o
0

7.22 (2H,

8: 1.02 (3H,
m , 1.97-2
7.0 Hz),

t,
Hz) ,
1
t

s), 6.91 (2H, dt, J = 9.
= 9.2, 2.4 Hz). 1H NWR
=22.9, 7.9 Hz) , 1.3
(30, m . 2.32 43 (1H dd.

J d 6
J (13H,
1

LICD

3
= 14.

= 6.5
5.67 (1H, s), 6.84 (2H, d, J = 8. .16
J

£830-1. 51 (12H m , 1.64 (2H,

IHZ
1
o

0 _Hz7

8
t,
2.01-2. 16 (2H, M, 2.62 (1A, _dd, J
Hz) 28344(1H dd, 7HZ)
M. 4.36 ( 2H s ) ,C]"E'pé’é"srtdlﬁ =
Y - 567 (IH s), 6.91 (2H_dt = 9.3

J
7
(3H,

J=9.
= 15.
3.34-3. 47
9. 5,

2

)

1132
1.

1 55

t,
9. 2,
5.7,
4- 3.
J 5, 4.

9 4 _Hz

23( spiiro 4-5 @c ?- lﬁgiho i&&ﬁxb— ) ropion

?éi( ﬁ& p ?H f- 1. 48- €524 (12H, ? @ proP

H, 2
-ﬂcaacmmmecm@ﬁl&em 45 (3H m, 2.30 (1H
A

Y
LI—;\ ’) 1') ’) ')E (2D (2Dl
E z

g4
(2H

\J—J.'-r '-|-, I \J 1z LII, n"}, 3\(?1\ T
43584« (19+m¢th<3x3t— @Brdr&.’) 5 lﬁnﬁé'C( Iii—ylwthOSYsSphenyl] p
d, J =9.3 H) , 7.15 (2H, d, J = 9.3 Hz). HNWR
CDQIEIPHOnEe @C¥dH, t, J = 12.6 Hz), 0.97-0.90 (2H,

?l%
:

6.8

131?@‘5‘1((53?"(% e‘riﬂﬁé% ip’g’égﬁgiﬂ?r?c 5 %%‘q%‘ipexy)-ghgnyll-

8 = 7.8 Hz), 3.71-3.67 (2H n,
Fg’;@&d‘%@‘i(%&e‘iﬁ H), 7.11 ()2H. d J = 8.§5 HZ)TT)

116 | (3S)-3-[4-(spiro[2.6]non-5-ylmethoxy)-phenyl]-hex-4-yn
oic acid

117 | 3-[4-(spiro[3.4]oct-5-en-6-ylmethoxy)-phenyl]-propioni.
c acid

118 | (3S)-3-[4-(spiro[3.4]Joct-6-ylmethoxy)-phenyl]-hex-4-yn
ocic 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—l-en—z—ylmethoxy)—p

henyl]-propionic acid L-lysine salt




1H- NMR (CDC13) 0.75 (1H, t, J = 12.6 Hz), 0.9

(2H, m, 1.49-1.24 (11H br n), 47 1.87-1.74 (8H
2.67 (1H, dd, J = 6.6, 15.6 42, 2.77 (1H dd, J
8.6, 15.6 Hz), 3.70-3.65 (2H, m), 4.06-4.00 (1H,
6.82 (2H, d, J = 8.7 264 Hz), 7.26 (2H, d, J = 8.
Hz). HNVR (DMSO- d 6) 8: 0.72-1.03 (10H, m ,

1.15-1.48 (10H, m) , 1.64-1.99 (3H, m , 2.45 (2H t,

9-0. 83
8

m
m,
n

J = 6abse 23 7), 2.72 (2H t, J=6. 5 Hz), 3.68 (2H,
t, J[FEX3.6 Hz), 6.79 (2H Fz), 7. 10 (2H
d, J moS.6 Hz). 12.10 {ofRy d@}a OfI—PRIWROPBQ’BO d 6) 8:
0. 74 |(1H t, 'HINMRICCECTR)§: 1Q.49410.287 (1 2H, n), 11807 3H,
(1H |d, J Fd2.2% +H2).6 #9 1.1500. 38 (15H o5 4247, s),
(2H |t, 3 3277 Kap, 4481l & 73.62H. 8)Hz) 2240( @H, tad,
J = 7.5 Hz) J =31828, 825,H5), 43068 4.2 (UH, n)s 3.03HAH,
6.80 |(2H, d,s).J 4 B A3k) ,s)7. ¥ g&H2H, d, T & B Hz)Hz),
265 |Tabl e |32 &K, (MR dlath of8 corfpound No. ' H NMR
(.DVBO d 6)HSNMB. dDMSQHdsd, 60 . BIBLHEP, (4H, Ob) 0. 89
(1H [, 178 32H .43 (BE: m.olkgp (3H.28.2J08 i&emlz)
n, 2.12-2.2108(41+(12Hm8)2l4?5(22H0 628, m) = 2209

2.73 (2R, {9 i 7—4&‘32 H§)7'02(2H(1Hdg§d?2§ 1;;19 .
Hz), |5, 28- 3 gjﬁ* gﬁ(lH é§6L% 79 (2H, 4, J = 8.6 Hz),

7 20 (2H, 4, J = 8.6 Hz).

'H-NMR (CDC1;) 6: 1.36-1.30 (2H, m), 1.40-1.55
(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, 4, J =
8.6 Hz), 7.28 (2H, d, J = 8.6 Hz).

'H-NMR (DMSO- d ¢) &: 1.50-1.23 (14H, m), 1.47
(2H, s), 1.74 (3H, 4, J ='2 6 Hz), 1.95-2.02
(2H, m), 2.11 (1H, 44, J = .6, 7.2 Hz), 2.26
(1H, 44, J = 14.6, 6.5 Hz), 3.93-4.00 (1H, m),
4.32 (2H, s), 5.71-5.76 (1 , m), 6.79 (2H, 4,
J = 8.6 Hz), 7.20 (2H, d, J = 8.6 Hz).

'H-NMR (DMSO- d ¢) 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, 4, 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).

"H-NMR (DMSO- d ¢) &: 1.37-1.31 (4H, m), 1.41
(2H, t, J = 6.3 Hz), 1.55-1.62 (4H, m), 1.76
(3H, 4, J = 2.4 Hz), 1.87-1.90 (2H, m),

6 2.01-2.08 (2H, m), 2.11 (1H, 4d, J = 14.5, 7.2
Hz), 2.27 (1H, 44, 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, 4, J = 8.5 Hz).

"H-NMR (DMSO- d ¢) 8: 1.39-1.44 (6H, m),
1.57-1.66 (6H, m), 1.78 (3H, 4, J = 2.3 Hz),
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, &, J = 8.4 Hz), 7.24 (2H, 4, J
= 8.4 Hz), 12.23 (1H, br s).

"H-NMR (DMSO- d ) 0: 1.40-1.45 (6H, m),
1.57-1.65 (6H, m), 1.75 (3H, d, J = 2.6 Hz),
8 1.98 (2H, dd, J = 5.6, 5.6 Hz), 2.13 (1H, 44,
=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




Hz), 7.10 (2H, d, J = 8.4 Hz), 12.06 (1H,

i astereoneric m xture
.87 (3H, d, J = 51
), 1.15-2.10 (17H,
(2H, t, J =17.5

ﬁ;-

d, J
0.71-
(4H,
H),
6. 79-

93—Lomc)1 95[(]2& szes 2 (B, (19, dal.B4 1454 6.
B 12925( 4, G, I 46.65% (RHz)t ,3.03=4. (BO
2HH: m) .=4736 (l—&h)., s3..65- 86761H 214 ,np, 80 (2H,
214 Jﬁ & HHFPH7.20 (28, 8d6 Hzy,81P B7).

AN

(1H,
(1H,
m

s).
m

H NVR (DMBO- d 6) 0.83 (6H, s), O0.86-0.95
1.13 (1H, t, J = 12.5 Hz) , 1.46-1.29 (4H,




1.51-1.62 (3H, nm), 1.78-1.86 (1H, m), 1.92-2.03 55
(3H, m), 2.47 (2H, t, J :74512{_5) 274(2H t, J =
7.5 Hz), 3.70 (2H, d, J =7 ), 5.59 (1H, dt, J =
9.9, 3.1 Hz), 5.9 (1H, dt, J = 10.0, 2.0 Hz), 6.81

(2H, d, J = 8.6 Hz), 7.10 (2H, d, J = 8.6 Hz), 12.05
(1H, s) H NVR (DMBO- d 6) 8: 0.77-0.87 (7H, m) , 1.02

(1H, J =12.6 Hz), 1.20-1.53 (12H, n) , 1.61-1.68
(1H, Ta}?éen)w 1.74-1.92 (2H n) 2.47 (2H t, J =75
Hz), 2E&& (2A t, J = 7.5 3.65-3. 74 (ZH, M, 6.81
(2H. |dNol = 8. 4 Hz) | WEodP’éﬂ of cginpoghd, H) |

12. 09 (1H] *s)-NMRHH 881 1 1596( 4EH m
1.27-/1.21 ((4H 6340.57 1(4};151@ A4Q.G8H(3m), a,1379-4. @GHz)

l\)/\

m BRI{2H 26 57AH, o) = 27@54-2)612(31 (RH, t, J
= 7.4 HJ, |= 70{(2H6 d(18, mp, &.5%)(2H6.8B, (2614565
= 8. |6 Hz) ,(m;tm)(,zre,.aw,(zn,:ds.e Hz9 . 0 266) , HF NAMR (2H,
(CDC1i3) 8: |03.737 (41 .Q HZ) = 12. B3 HAH, r 96)0.88 (2H,
M, 1.51- 1.|7H-NMRH(DNFO-1d68) 5:65.68- %6&1:8 tpH, m) 88L 175
.84 (|2H, m| (3B, 84, (1H, 2d@, H3)= 2518, (18,8ddz)J =2146%6,
(1H, |ddi2] | 16Hs) , B.23-2£30 (58.62) 3 359411 (H, m),
3.98-[3.95 (|1H5 (,2 H$3 (§ d5 954@6m)Hz)6 8? {8, 4,

C l 5 ol :
b ]%Efz) 93 I"(Zzzg(z%% Sty
C d 15.7,
(1H |ddi3J ‘8%3'1?2), 4.01-4. 08 (1H m) 4 5 (2H, s),
5.58-5.62 (1H, m), 6.86 (2H, d, J = 8.2 Hz),
7.27 (2H, 4, J = 8.2 Hz).
‘H-NMR (DMSO- d ¢) &: 1.45-1.32 (10H, m), 1.75
(3H, d, J = 2.4 Hz), 2.08-2.17 (5H, m), 2.26
14 (1H, dd, J = 14.5, 6.8 Hz), 3.95-3.99 (1H, m),
4.49 (2H, s), 5.56-5.60 (1H, m), 6.80 (2H, 4,
J = 8.5 Hz), 7.21 (2H, 4, J = 8.5 Hz).
*H-NMR (CDC1;) 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
15 |(2H, t, J = 6.8 Hz), 2.71 (1H, d4, 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 =9.4Hz), 7.28 (2H, d, J = 9.4 Hz).
"H-NMR (DMSO- d ¢) 6: 1.47-1.30 (10H, m), 1.68
(2H, t, I =7.2Hz), 1.74 (3H, 4, J = 2.3 Hz),
2.10 (1H, dd, J =14.6, 7.4 Hz), 2.26 (1H, 4d,
16 |J = 14.6, 6.8 Hz), 2.33 (2H, t, J = 6.8 Hz),
3.99-3.94 (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). '
‘H-NMR (CDC1l;) 8: 1.68-1.48 (7H, m),
1.86-1.82 (6H, m), 2.40 (2H, t, J = 7.2 Hz),
17 |2.71 (1H, dd, J=15.7, 6.6 Hz), 4.08-4.04 (1H,
m), 4.53 (2H, s), 5.60 (1H, br s), 6.88 (2H,
d, J =8.6 Hz), 7.29 (2H, d, J = 8.6 Hz).
‘H-NMR (DMSO- d ¢) O0: 1.58-1.50 (8H, m),
1.76-1.73 (5H, m), 2.12 (1H, dd, J = 14.7, 7.5
18 |Hz), 2.28 (1H, 4d, 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 (2H, 4, J = 8.7 Hz),
7.22 (2H, 4, J = 8.7 Hz).

'H-NMR (CDCl;) 8: 0.98-0.84 (7H, m), 1.14 (1H,
t, J=12.5 Hz), 1.26-1.72 (7H, m), 1.83 (3H,
, J =2.4 Hz), 1.88-2.13 (4H, m), 2.70 (1H,
,J=15.7, 6.8 Hz), 2.80 (1H, 4d, J = 15.7,
.4Hz), 3.67-3.74 (2H, m), 4.01-4.08 (1H, m),

19




590 4. 6 Hz) , 2.79 (3H, s) , 2.85- 2.93 (4H, m
3.67-3.72 (2H, m , 4.21 (1}_%565(]' J = 10.1, 4.6 Hz),
6.85 (2H, d, J = 8.6 Hz), (2H, d, J = 8.6 Hz),
12.06 (1H, br s). 267 Table 33 Ex. NVWR data of
compound No. 1'HNWR (DMSO- d 6) S: 0.74 (1H, dd, J =
12.6, 12.6 Hz), 083-0.95(2H m, 1.16-1.24 (2H, nm,

1. 32-T5Z (161 e Tael- . ; dt,
'2474\)(2%65(.1#'= éﬁ%ﬁl)'

(2H M , 2.96 @BHed2.b 1w 3 ,

= 8.7, 6.3 |—¢)273(@§ (&H, gd 334Hz$ 7, 6.3 Hz),
(1H t, J 480 Hz), 6.80 (2H, d, 3 =8.8 H),
7.12-7.20 (]3H, m, 7.23-7.29 (4H, m) 12.06  (1H, br
s). 1H NVR |(GDOMR (SMS®-8@-0) 90 018i5-10). 811(GR, 1m]17 1.13
(2H, M), 1.]2@1H, 69, (I3#, 1294 RBzD3-2,29-1287 (BH, B8],
2.65 (2H, dt1.91=1762 (3He ) 1.7003LHAtJT 3 2.4 .H7),
Hz) | 4.32 [(LH79t1,80 €1HQ 8), 4.92-Pzpl, (BHGIm) (2B, 08
dt, 3| =28, 2 (Mg dg) J7-08477117 PHizZi . 2. 34 NWR dd, J

(CDCIB) S: o=6354o794 ( Bz 7{3Hg2d, (d2F 6pf, Hz),
1.59-11. 78 ( ??”t 2[) d% 53 (—_il-b%d‘}c Hzi)?ég ﬁzzgﬁs
G 53 kot tt,' ] —ff 19 ﬁ zzéiqm, @')EJ RS N

9.3, 2.5 Hz). 1HNVR (DVBO- d 6) S 1.18-1.60 (14H
1.74-1.78



(5H, ), 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), 629 (2H t, J = 4.3 H),
7.23 (2H, d, J = 8.6 Hz), 12.22 (1H s). 'HNWR

(CDC13) S: 1.79-0.92 (16H, nm), 1.82-1.85 64 (3H, ),
202212(2H m, 2.68-2.83 (2H, n), 4.01-4.08 (1H,
m, 4.29-4,38 (1H, n), 6.81-6.86 (2H 1), 7.25-7.29

(2H, Tﬁ?lellzﬁNNR (CDC 3) S o 72 o 81 (1H, m,

0. 87-0
m,

(2H, .1.18- 3/-1.50 (8H,

T
1 Nol- 1‘ 60 (1H n WRGsialtam)ﬁ ﬁ?mﬁﬁundl 83-2. 01

65 (2
(3H,
Hz) ,
Hz) ,
(2H,
12.6

H m

T2-6MRr( 1dpcdd) &: = 1m0 314, 68 Hz) .= 2278, 9.3
He )6, Hz)48 31251 (I, , ad, 90-F. 7A6( 3, I,

27471 {2439 n1H 3185 (2LH6 dkH,J & U G 7.4 Giz),
BOY EH,nk, 6.817 658 k) 21.89 (2H]. #2-J.217.0
FEVR (EDNISO-( 2 ,61,bT 6. B46(HE) ,dd, 12 2H2.&, J
GO (2H m., 1.17-1.24 (2H. m.,

1.34-
(2H,

dd, J
dd, J
(1H,
12. 3

THHNME) (CRCB2) D:73.¢2H1 . AL, (8H7 M), 92 666-1.50

.7(87%r1H1).dd1 = 163 5215, 3n}z)l - %41(33H(1¢| J =

%92 i} 73 6LH3. @@Oé@ﬁ 1@) 5. 8:4g1g1H2 81

q%) L ( ’ I-’I 8_9_{%2213’73:113 =

12. 6
(9H,
m .

(g
ik
1

3
312 DS 95
i R 34 7 mh
j. T1E> '.8% @6:14?"}3 73

Hz), 3 93-3.99 (1H, m), 6.78
) .

3H,
-%!.44%3;,,5{
7.20 (2H, d, J = 8.6 Hz).

(2H, 4, J

) 8: 1.28-1.02 (7H, m), 1.40-1.37
(8H, m), 1.68-1.65 (2H, m), 1.80 (3H, 4, J
2.2 Hz), 2.77-2.67 (2H, m), 3.73 (2H, 4, J
6.4 Hz), 4.04-4.01 (1H, m), 6.82 (2H, 4, J
8.7 Hz), 7.26 (2H, 4, J = 8.7 Hz).

25

"H-NMR (CDC1;) &: 1.41-1.38 (4H, m), 1
(6H, m), 1.83 (3H, 4, J = 2.3 Hz), 1.
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
(1H, m), 4.36 (2H, s), 5.73 (1H, s), 6
d, J = 8.7 Hz), 7.27 (2H, 4, J = 8.7

26

'H-NMR (CDC1l;) &: 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, 4, J = 6.5 Hz), 4.06-4.04
(1H, br m), 6.85 (2H, &, J =8.1 Hz), 7.28 (2H,
d, J = 8.1 Hz). :

27

“H-NMR (DMSO- d ¢) O: 1.07 (1H, d4d, 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, &, J
7.3 Hz), 4.00-3.94 (1H, m), 6.78 (2H, 4, J
8.8 Hz), 7.2 (2H, d, J = 8.8 Hz).

28

‘H-NMR (CDC1l,;) &: 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, 4, J = 8.7 Hz), 7.27 (2H, 4, J = 8.7
Hz).




67 3.10 (1H, dd,
14.1, 4.0 Hz),

(1H,

7.13 (2H, d, J

dd, J

J =14.1, 9.4 Hz), 3.45 (1H, dd, J =
3.69 (2H, dd, J = 7.0, 2.0 H), 4.50
="9.6, 4.0 Hz), 6.8 (2H, d, J = 8.7 H),
= 8.7 H), 7.87 (1H, s). 268 1H NMR

(CDC13) b: 0.79-0.75 (1H, m), 0.96-0.90 (2H m,
1.28-1.20 (3H, m), 1.48-1.41 (10H, m), 68 1.72 (2H t,

J =1
(1H,
, 4.6
(2H,
dd, J
(2H,
1.78-

J. 0

JH-PR (DMSH- & Y 5 ©.95 [dH, -&; I=11299 Hz),
-5 &Y. dZH 280 m@; 40.581H 14, (2iF, 3m) 4 Hz)

1141-1m75 (§u86ny 2H.. 7611 . D1=( 87 nbi2) 2. 67301H,
&7 Hz) 14 165 NWRL ((IDMPO2 o 65)( 168, @a76J(dH4 .6,

|66 . A A0, Blzg4-0.82- 0296 ()2H3 .90 31987¢102%n),

8377 (53,(80Hy =)8.4. 1863y 1.7739 2B ,M1, J = 8.6
(BH.m, 2.37 (1H, dd,. J = 15.5, 9.6 Hz),

2.7.2

m,

= 10.
(1H,
6. 80
11. 84

conpg
1.83

HH-0MR J€BC15)50: 51 281z} 1H 3. &D; I OF 1AM, 8.7
%) dd,. 6B-21 .40 G 9H,. BbrHm), B.46-11%0 OSH, ),
HA7-B. 67 (LEHm)Xd2 .3 7=294@, (¥ Ombiz)2 . 4 B- 7044
<P, 1), 26470 2HA4 (1H.69)( 1R, 7br (3}, dad, J =
19.6, .8 Bg), 7.90 (HH dd4, J =18.%5. Bz p Hz),

(2¥50d. Thisl € -34HEX, A\ tht0B ¢fLH. br m),

1
, |bt-&
Iof.l-al ¥R depé13)8s? Hzbp 7.2y (RHeHE .1y, = 8.7




d, J =2.64 Hz), 2.14 (1H, s), 2.69 (1H, dd, J 70 =
15.64, 6.59 Hz) , 2.79 (1H, (jdl‘J = 15.60, 7.80 Hz),
3.70 (1H, s), 3.87 (1H dd, *®% 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). 'HNWR (Dw5c> d 6) S 0.76 (1H
dd J = 12. 6 12.6 Hz), 0.85-0.96 (2H, m, 1.17-1.24

nk 35-1.53 (10H, m, 1.63-1.75 (2H, m , 1.
79 1T9 1?1392H m, 2.37 (1H dd J =15.7, 8.7 Hz),
ELH[ dd, J = 15.7, G. . 3. 19 (3H—35)
“Ro24 | (1H, m) , 3. 38R, dzmta(z# ggmpownd7 (1H, dd,
9 . 5[,'H-8MRO(DMSO- 3 408t IH 2401, dd2- Jo= P2 Us, 8 5
, 6.80HDH, 1.62-1.378(014z)m) 7117 (2H e 1%, =m$, &
H NVR (3BDC#3) 7 S 2140820, 9D. 444 . 1 , (1h 1#91. 4012 (1H
N1, | BBO0-I.2n4.165H,7.9 Hz)l, 88. {B8H 1w, di~= 2.4 14.5,
1.91-%6 87HEIH 2 M4-2.33 (1M, milgl,3.J80= (2H.,6d4/2 6.7.0,
2.80 |(AH Hatd, 3.9813.66 81H,Hr), 63.'794(2(H],Hd tg 39 8.6
18 Hz), HIZ)O774-Z]2((2_LEH an . J 4= 1%5. € 1) . J 9. 3,
Hz), 6.85NMRH(DMSO3 & @) ®:Hp).75 T1ES t6FU 4 12.6Hz),
Hz) . @mqmcmﬁ.sm)l 3017-24204RHmmp), 1.33-1.54
-1. 40 lfgz ,115831M75d(21:§ m)2 2.AZ)(3HL.®OJ = 2.3
s3z, 3).210579( ?sg_(ZIiz 7'@)(1345961d(2 sidl.st— 7.5,
AN S TR o e

r 9 6\ 17218 o)

HZ;]), ‘f@? ("(1,323 0(113_&7 (J‘/s (1H“"” (EI'Eglzdstsg)H )

! = . z),
1'00'1'Q§9EE%_|’8 (Z’H('il'm 4 QS%B 1.22 (2H, m), 1.32-1.46
(9H, m), 1.47-1.54 (1H, m), 1.61-1.72 (2H, m),
33 |1-75(3H, &, J=2.4Hz), 1.80-1.90 (2H, m), 2.10

(1H, 44, 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, 4, J = 8.7
Hz).
"H-NMR (DMSO- d ¢) o: 0.75 (1H, t, J = 12.5 Hz),
0.96-0.84 (2H, m), 1.15-1.24 (2H, m), 1.33-1.45
34 | (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 (2H, d, J = 8.6 Hz), 7.23 (2H, 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, 4, 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, &, J = 8.7
Hz), 7.20 (2H, d, J = 8.7 Hz).

[y

SR

OTOTU OO T NUJ

N
bl Q
) =

=

'"H-NMR (DMSO- d ¢) 0: 0.93 (1H, ddad, J = 12.8,
12.8, 12.8, 3.7 Hz), 1.02 (1H, dd, J = 12.8, 12.8
Hz), 1.15 (1H, ddd4, J = 12.8, 12.8, 3.7 Hz),
36 |1:30-1.48 (6H, m), 1.51-1.63 (6H, m), 1.76-1.82

(2H, m), 1.77 (3H, 4, J = 2.4 Hz), 2.57-2.60 (2H,
m), 3.68-3.75 (2H, m), 3.90-3.96 (1H, m), 6.84
(2H, 4, J = 8.4 Hz), 7.24 (2H, 4, J = 8.4 Hz),
12.21 (1H, br s).

"H-NMR (DMSO- d ¢) 0: 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),
37 |1.29-1.47 (6H, m), 1.50-1.62 (6H, m), 1.75 (3H,
d, J=12.3 Hz), 1.75-1.82 (2H, m), 2.13 (1H, 44,
J =14.6, 6.9 Hz), 2.28 (lH, d&d, J = 14.6, 6.9
Hz), 3.66-3.73 (2H, m), 3.94-4.00 (1H, m), 6.78
(2H, 4, J = 8.5 Hz), 7.21 (2H, 4, J = 8.5 Hz).




.03-1.90 (2H, m , 2.08 (1H, dd,

d, J =2 4H), 2

74 ] = 14.3, 6.6 Hz), 2.23 (1H_dd, J = 14.3, 6.6 Hz),
3.92-3.99 (1H, n), 4.32-4.40%°P4, m), 6.76 (2H d, J

= 8.4 Hz), 7.20 (2H, d, J = 8.4 Hz). 1H NMR (CDC13)

S: 0.88-0.99 (2H, m, 1.17-1.28 (6H, nm), 1.42-2.01
(14H, m, 2.62 (1H, dd, J = 15.66, 3.97 Hz), 2.83
(1H,dd; T -“-'RS’( "S"_") )& .AA-S('ﬂ-? 2 =".2.8
7.1 \(2H, Cdl% izf = ). 4. 3?'%&88 da ?rdﬁl i ?’12.8
J=9.17, 4.04%) 1688 {RHaadl 7L 5409,13.8 S’Hz),
7.22 (2H dt.29l F & Z612. f’n}i ) 511 BYR 6IPVEE | d6)7621 82
1.02- 0399 (@, W), 1.78-H3a (37H2 1 3., 99:4588 3Hou,
m, 2.12 (4., d68F 756, fa) 7.3 d#)3. 5 261K Lkh) A& . 84
J =114.7, |6 H, BB (elHhiz}, 7.2 8 MmHa, 35 B-83.0%z),
(1H| ), 4.10L 21 IHuddbr sF. 9.6, 4.0 Hz), 6.81 (2H d,

J =18.6 HZH-NMR2IDMBH- & ¥ & S HHz)1u IRME (LX13).7, |
S: (.75 (1H217, 12=712367H3), 1Q.087{QH90a4 2K =m) 2.7, 12.7
1.22-1.20 |(281,, M), 15. 7 1. a&dd, 77 £ 184, 7 )12 17 903 17 88z ) ,
(3H,| Mg 2.6R4AH 4Hd6H, m)151150817 6Bz ) pH2. )}, (LH5 (3H,
dd, |J = 15.4, J6=82H6)Hz) 3.169 §-2H,83d,2H), m)6. 0,23 OLH, 44,
Hz),| 4. 16-47 70 X4+8. )3 HE) 5R S BUYDHAd) J ©.80.8, 7.3
(2H,| d, J |HB). 6 3H6-3. T (2H.1m)(2B-9d-3398 §18.Hp). 6.79
1' HINVR (aDEB) & J DB B BrY6H -2 (2Hpdg d& §./HzZ).

m, 1.75-1.51 (13H, n), 1.97-1.86 (2H n),



78 2.66-2.51 (2H, n), 3.08-2.98 (1H, m, 3.62 (2H m
, 3.70-3.66 (2H, m , 6.81 ( d, J = 8.2 Hz) , 7.07
(2H, d, J = 8.2 Hz). H NWR ( 6) 6: 0.73-0.96
(3H, n) , 1.01 (3H, t, J=7.0 Hz) , 1.18-1.88 (16H,
n) , 2.05 (.1H dd, 79 J = 14.5, 6.5 Hz), 2.33 (1H,

J = 14.5, 7.0 Hz), 3.13-3.26 (2H, n), 3.66-3.74
4,59 (1H, t, J =

6.6 Hz) , 6.81 (2H, d, J =
3116 (2H d, J = 8.6 Hz). 271 Table 35 Ex.

da!txa, df conpound Nqo. HNVR (CDCI3) S 0. /75-1.00
Mo. 1.21-1.26 (2HNMY data R eampaund oy, 2. 63

H-NB® YTDC1.4. 8: Ha)762(8Bh, (EH J0d,1d.52 Hz),
Hz)g6-30 9% ((3#, w)),, 3.69-3..28 (2K, M), B.3H-1.60
J(SH 9.b), 4 XH64).,76. OH ( A, doddg3 -2 0®. R2H, m),
FHz)Q6 72 209 ((2H, dt),, 2.88933042(4HHm), 3 HINVR 54
OL5-m) 008 (&3 09, (AH10m{3H3.d8 (3H-= 6)3

1.19 ‘((&“H) 4, 63]( 6. 0) FHz§ . 82 1( 24, 8,28 = @24, Ha) , 7.10

(1@1—!% =-282) (24 n), 81 2.61 (1H

1?1 NMRg{ Pi§$O- zisbé( 194 9%id1 04 (3H,5my, B.Z3-1.49
3622*(144 ﬂgﬁ 4317158%(2% . 3.2518.80 628, m),
(4+45 dﬁlﬂ 6.9 & gz b, 3. 4o 1y ad,
(Jm, T4 Dl\/éOl7d36%266(2§ 74, 6735 (2H,
2 Hz), 5. 66 (1H, s),

5§ (1H,
6 . 4, J = 9,0 Hz), 7.19 (2H, 4, J = 9.0
Hz) 12.11 (1H, br s).

lH—NMR(CDCl3)6:l.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, 44, J = 15.7, 4.1 Hz), 2.83
(1H, 44, J = 15.7, 9.7 Hz), 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 H ), 7.22 (2H,

dt, J = 9.2, 2.4 Hz).

"H-NMR (DMSO- d ¢) 0: 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, 4d, J = 14.5, 7.0 Hz), 3.13-3.29 (4H, m),
4.34 (2H, s), 4.59 (1H, t, J = 6.5 Hz), 5.67 (1H,
s), 6.84 (2H, 4, J = 8.5 Hz), 7.16 (2H, 4, J =
8.7 Hz).

"H-NMR (CDC1;) §:1.18 (3H, t, J = 7.0Hz),l.30-1.51
(12H, m), 1.64 (2H, tt, J=9.2, 3.1Hz), 2.01-2.16
(2H, m), 2.62 (1H, d4d, J = 15.7, 4.1 Hz), 2.83
(1H, 44, J = 15.7, 9.7 Hz), 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, 2.4 Hz). -

'H-NMR (DMSO- d ) O0: 1.0l (3H, t, J = 7.0 Hz),
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, 7.0Hz), 3.12-3.25
(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), 7.15 (2H,
d, J = 9.3 Hz).

"H-NMR (CDC1l;) &: 0.76 (1H, 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).

(2H
8. elzZple
NVR
(3H,
(1H,[dd, J
15.7, 9.5
(1H,| dd,
4.4, 201
(CDGL13) 6:
Hz) |,
1.43-1_79
dd, J = 1
Hz),| 3.53-[3
Hz),| 4,79
7.22- 7457
(16H, m |,
42
43
44
45
46
47

'H-NMR (CDCl;) &: 0.75 (1H, t, J = 12.6 Hz),
0.99-0.83 (2H, m), 1.49-1.24 (11H, br m),
1.87-1.74 (8H, m), 2.67 (1H, dd, J = 6.6, 15.6
Hz), 2.77 (1H, 44, 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




d, J = 2.3 Hz), 1.87-1.99 (2H, n) 2.62 (2H, d, 82 J

=" 7.7 Hz), 3.34-3.53 (1H, 1), 3.96-4.01 (1H n) , 4.45

(2H, s) , 7.25 (2H, d, J = 2611 Hz) , 7.32 (2H, d, J

= 8.1 Hz), 12.26 (1H, br s). 1H NVR (CDCL3) 6: 0.78

(1H, t, J 12.6 Hz) , 0.90 (3H dd, J = 12.6, 5.2 Hz),

0.94-1.00 (1H m), 1.22 (2H, dt, J = .17.9, 5.2 H),

1. 43=179 —§8- STHI P ,

dt, [J = 11.'8, " 4% AzQ) g b 84 (1H, of{, J=15.7, 9. 9

Hz) |, 3.26-3.37 (2H m, 3.73 (2H tt, J = 10.2, 4.1

Hz),| 4.66| (1H, dd, J = 9.7, 3.7 Hz) , 6.88-6.91 (2H,

m 1 7.23] (2H ddd. J 9.7. 5.3, 2.9 Hz). 1H NWR

(CDG13) 6:| B-WER((DYMSQ- d%)=D:10.72H2)03 (3.085 m), (. .9P-1.48

(2H, , 1(11>3i B, 1,64-E. 795(3k) m) .122851( 2, t84J = 6.5

(3H, ?}i‘? 1.5y I 138, #., J2=26-p2HE) dddl. 68 2Hp. '0 J =

7.5 2.2 Hzf 6217-75 (52|1|9 §aH, 4. 4%846 ¥555 7.%0 G2H,

Hz) |, Q_gé 1241dm( Hy sk J’{ 1 = 52 1

Hz),| 6. 8246 HSB'MBz 6}2)737§ 6& glt ~1Hf 6 HZ)

(CDG13) 6: ()2 86‘75)—9 gE

O 1}629)_1%’1 AEL ,ﬂfﬂ : ?H }% e
] i) 3 (

L1 D 1 5’%& 25,0, (B
). 2787 (1H J=15: ; o:):slo\L

m, 4.08-4 13(1H, m, 685(2H, d = 8.4 H), 7.29

(2H, d, J = 8.4 Hz). HNWR (DVBO d 6) 6. 0.75 (1H,

dd, J = 12.6, 12.6




Hz), 0.85-0.96 (2H, n), 1.18-1.24 (2H, m, 1.34-1.53
(10H, m), 1.62-1.75 (2H, m), 1.79-1.92 86 (2H, m,
2.54 (1H, dd, J = 15.4, 75»%}) 263 (1H, dd, J =
15.4, 7.5 Hz), 365373(3H' , 4.98 (2H, br d, J =
14.0 Hz), 5.89-5.98 (1H, m), 6.83 (2H d, J = 8.6
Hz), 7.11 (2H, d, J = 8.6 Hz), 12.06 (1H br s). 272
H- NVR DI\/ISO d6) 8 0.69 (3H, dd, J = 7.4, 7.4 H) ,

0. 76TRLe J =12.6, 12.6 HzZ) , 0.85-0.97 (2H, 1),
1.1 L:Q4(2H m 135153 TIH, 2?5 87 1.56-1.75

(3H,| mb,. 1.79-1.92 (2H, WR 9aks ofcompgung - 15 3
8.0 [Hz), 2.'53nfikH(Dsg0- Jd—615§>3 0.615(31),da2. 37-.8,84Hz),
(1H| M, 3.16913-0/.B3Y AHH,Mm), & 88 (A, ds, JJ =815. $iziz),

7.08 (2H, |d,.2B-2.8& (148),, m)1. 93161, 2br (sH, th NVR 47 (2H,

(CDC1330 S| 10. 37= (7LH6 Hiz) ,J27732(Bi Ht),, I 4.706 8287 $21) (2H,

1.21-1.687, (2+,1 .9, 61238z], 59.28% (IDH,1HY m), 6.80 (2H,

-1.81 |(RHJ ) ,8-K §BR. 0. Y2H2Hy) 4.2.56 (M4 Hz).J 12.06
), 2QH(DH_t_ 1 =78 H) . 3.66-3. 74 (2H

CDOUI‘

6. 83 |(HHNMB, (DMS08. § ¢k )ca 2:1D qimsterequeris guixture

1H NVR: (@D@fs)(Z Mg.79.(dH §.8 Hz) 120637—Iz§3H d, J =

- 05 87 ( Wﬁ Pﬂ?l(l ©HA myJ =173. Gl5-2.10

m J o= 071 rriz §4 %ZH t,
EZI).H

H'1 6
(3H, (2H, 4, J =
’ 7 %Qg%zgz 2 Sg 06 (1H. s).

T3~Nr3

w/\/\H
TN

OO T OO
N N

b

_
! “ﬁ"NMR’(CDdl y 8 “1" 1U (I’H a’d J -J13 0, 9.2 Hz),
1.42 (13H, tt, J = 17.7, 5.8 Hz), 1.86-1.77 (2H,
52 m), 2.47-2.37 (1H, m), 2.64 (2H, t, J Hz),
2.90 (2H, t, J=7.7 Hz), 3.81 (2H, 4, z),

7.
7.
8.

= 7

= 2

= 3 )
"H-NMR (DMSO- d ) 6: 0.94-1.12 (9H, m), 1.33-1.65
(8H, m), 1.78-2.01 (2H, m), 2.46 (2H, 4, J = 7.6
Hz), 2.73 (2H, t, J =7.6 Hz), 3.66-3.73 (2H, m),
53 5.11 (0.5H, 4, J = 9.9 Hz), 5.29 (0.5H, d, J =9.9
Hz), 5.34 (0.5H, 4, J = 10.4 Hz), 5.82 (0.5H, 4,
J=10.4 Hz), 6.81 (2H, t, J = 4.3 Hz), 7.10 (2H,
d, J = 8.6 Hz), 12.07 (1H, s).

J H
6.82 (2H, d, J =8.3Hz), 7.11 (2H, d, J Hz).
1

"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
54 | (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 = 8.6 Hz), 12.07 (1H, s). :

“H-NMR (DMSO- d ¢) 6: 0.83 (6H, s), 0.86-0.95 (1H,
m), 1.13 (1H, t, J = 12.5 Hz), 1.46-1.29 (4H, m),
1.51-1.62 (3H, m), 1.78-1.86 (1H, m), 1.92-2.03
55 (3H, m), 2.47 (2H, t, J = 7.5 Hz), 2.74 (2H, t,
J=7.5 Hz), 3.70 (2H, 4, J = 7.4 Hz), 5.59 (1H,
dt, J = 9.9, 3.1 Hz), 5.9 (1H, dt, J = 10.0, 2.0
Hz), 6.81 (2H, 4, J = 8.6 Hz) 7.10 (2H, 4, J =
8.6 Hz), 12.05 (1H, s).

*H-NMR (DMSO- d ) &: 0.77-0.87 (7H, m), 1.02 (1H,
t,J=12.6Hz), 1.20-1.53 (12H, m), 1.61-1.68 (1H,
56 |m)., 1.74-1.92 (2H, m), 2.47 (2H, t, J = 7.5 Hz),

2.74 (2H, t, J = 7.5 Hz), 3.65-3.74 (2H, m), 6.81
(2H, d, J=8.4Hz), 7.10 (2H, d, J =8.4 Hz), 12.06
(1H, s).

"H-NMR (CDC13) 6: 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,

57 t, J=7.8Hz), 2.91 (2H, t, J=7.8 Hz), 3.76 (2H,
d, J=6.5Hz), 6.83 (2H, d, J =8.6 Hz), 7.12 (2H,
d, J = 8.6 Hz).




7.12 (2H, d, J = 8.6Hz). 273 Table 36 NWVR data of
conpound . No. 'H NVR (DVBO. d 6) 8: 1.19-1.43 (12H,
m , 1.74 (3H .s), 1.82-1.889%2H m), .1.95-2.02
(2H. n), 90 2.19-2.28 (1H, n), 2.34-2.44 (1H m),
3.97-4.06 (1H m), 4.31 (2H s), 569(1H, s), 6.79
(2H, d, J =7.2 H), 7.23 (2H d, J = 7.2 H). HNR

( - ad )IHﬁNMk &pE1dd §PM - L ogh

1.74 (3H, 35 543) 9@% 1 51 TP A
2.19-2.28 m 3 & G1H15 .6
m, |4.2% (25Ha ﬂ)z) 525(72((]1|Fi ddS)J 23153 d4z)) =636 .57
Hz),| 7. 23 [((2#, &) ,J 3= 983.36 odz 1t WYR (5DN§0( 46)a8:7 = 8.6
1.27-1.39 |8H,, m.18. @k 1.d4 J (436 z). 1. 91 (2H t,

J =1|5. 7 HZH-NMR. 283ME0H, add) 6J & I8l. (AH 7., Hz)s 22 31 Hz),
(1H,| dd, J0=8b407.,96.R®2 ntk),1.A6MA3 (ZH, (2H, I, A.83-1.54

7, -

), 3.28 |(MBH tm)) = 616-10. 9 ) AH3.BA- 3..8% (1, aa),,J = 16.8,
27 (2H, |#).6 Bz53 2 (7H( 38) ,s )6. 2986 2B, 94, (4H ~m3., B .147)-3 .72
.18 (2H, d2H Jmy, 8462Hz()1H A 8ANMR= DVBD, 4. ®Hz9:, 6.8 .
38-1. 44 {@HJI ) 8.6, HBp 17.65 (BH, &y ,J 1= 77§ 3#%) .d,12.06
:?GHﬂ(lHI dar(szh t 93 J = 6.3 Hz), 2.58 (2H,

d J =281 1.9 Hz), 3.89-3.96 (1H, m), 4.32 (2H s),

.59 (1H s)




6.86 (2H, d, J = 8.8 Hz), 7.24 (2H, d, J = 8.8 Hz),
12.22 (1H, s). 1H NVR (DMBO d_6) 6: 1.27-1.42 (8H,

52 (2H, m), 1.53-4%%0 (8H, m), 1.73 (3H,
3 Hz), 1.94 (2H t, J = 5.9 Hz), 2.28 (2H,
40.2, 7.4 Hz), 2.68 (2H, t, J = 7.3 Hz),
t, J =6.6 H) , 3.88-3.95 (1H, ) , 4.29
556 (1H s), 6.80 (2H d, J = 8.8 Hz), 7.19

(2H, T@PLe 333 8 Hz). 1H- NVR (DVBO- d 6) 8: 1.02 (3H,

Hz), 1.27-1.48 (1IZH, , L. 54-1.62 (2Z2H;
01 95 (2H, anMde@‘eazo 7CPRPPURG

HLMATY DMS01oa 3) 2. (ZFh4 Thu,4ad? .iAleSB 12.6
tHz), &.63-0.48) (2u5.87,(1Hi6s).246(88, (RN,
61 Hz2 1. 52 1@ 0 2Hn) ], 1 J6 £- 8. B3 HDH, A, (DMREX 1. 90

1./4@28, ®) (4H 96M)(2H,1d77J(3H .0 &iz)J, 3.35 61H7)ad,

SJ (=218, ) 6, 31HDB; 23 (6B (IH, a86 s 82.7166232Hz),
&£632. 6UH( 2], &)= 8.Q0H3)966(4bl, (K, 4,36 = 8.8
¥9) ( TH,1337.26.(8H,(2H, d,23-7%. 39 § 4H#z) m)7. RB.06
_(EHS bEz$) 12 13 (1H,_br s). 1H (DVBO d 6)

. (§DCLs). P4 P3B7-0d90J (2H2, m3 ,HZ). 02-1.17
-n%H 12498 69 , m)972pP3-2.19- £2H7 m),
é26 (1@F 473 (2H6 BF), 2.80 (3W, t, J

Hz) — i, t 412_Hg)gs 6.81
(?EL B J S?H%) T%M%éb7 {1 (gHG m) .

"H- NMR (CDCl3) 5 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 =6.6 Hz), 6.83 (2H, dt, J = 9.3, 2.5 Hz),
7.11 (2H, dt, J = 9.3, 2.5 Hz).

"H-NMR (DMSO- d) 0: 1.18-1.60 (14H, m), 1.74-1.78
(5H, m), 2.50 (2H, t, J = 7.7 Hz), 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, 4.0 Hz), 6.85 (2H, t, J = 4.3
Hz), 7.23 (2H, 4, J = 8.6 Hz), 12.22 (1H, s).

'H-NMR (CDC1,;) 8: 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 (CDCl;) 6: 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, 4, 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,
4.6 Hz), 5.49-5.69 (1H, m) 6.81-6.89 (2H, m),
7 12-7.21 (2H, m).

*H-NMR (DMSO- d ¢) 0: 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, 44, J = 16.5, 9.2 Hz), 3.65-3.73 (2H, m),
4.48 (1H, 44, J = 9.2, 6.3 Hz), 6.84 (2H, 4, J
= 8.6 Hz), 7.11 (1H, s), 7.13 (2H, 4, J = 8.6 Hz),
7.95 (1H, s), 12.39 (1H, br s).

n, 1.44-1.
d, J = 2.
dq, J 94 =
3.19 (1H,
(2H, s),
b, J E=A T
m, [1.gh-2
. 2.31-7. 42
4.6l (1H,
d, J = 8.
d 6)| 8:
, 1.7999.8
(3H,| m, 2
(2H,| s), b5
(2H, |d, ]
8: 1. 42-1.
1.79-1.85
(4H| Pl 3
s) ,| 6.81
Hz) . 274
62
63
64
65
66
67

'H-NMR (CDCl;) 0: 0.77 (1H, 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, 44, J = 14.1, 9.4 Hz), 3.45 (1H, 44,
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, 4, J
= 8.7 Hz), 7.13 (2H, 4, J = 8.7 Hz), 7.87 (1H,
s).




1'HNWR (DMSO- d 6) b: 1.35-1.42 (2H, m , 1.47-1.63

(6H,

1.80-1.90 (1H, m, 1.92-1.97

m

1.65-1.71 (1H, m, (2%7 M d98JZZSé g 5£S|z),

(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, d,

J =8.8 H), 7.23.(3H d, J = 8.8 Hz), 12.28 (1H br
S) . [HNVR YR ((tdvl 51 647§»647‘54'(11H”Pm 0.96-0.90
1.47-1.62 § ) e?l 4 oo/ k 3l H & ‘{ @3thof;, m),
J = P. 8HZ.7i 1189;(144151)31& 21187((3% ang = 2.8
2.09| 98 (1mzp¢ Joe- 1498, (1 Onﬂz)a 2025 .(EhH( 280, my, =4 49
14. 6, 7.0 tem, .4,3396 {MH=)d, 4)65740642( B HAY) . 6.86 (2H,
4.12+4.18 | 41H m8,74H29,(2H31812H,4d55J(1H8.er3).,
5.56| (1H, | ¥)-NMR (9MERH, dd,) J: 0 .8/ (HA),, ad, 20 < 26 64,12.6
J =1 8.6 Hzz) 276.8Fabl 86 372K)\Rujat a. of -corpoynd, m),

No. f1' H NMRL (EBBD 53 (6)0H, m).,35-6342. {#H2H) m), 1.78-1.92
1.47-1.71 | (B#, m),,21377(18BH,dd, J 2.B5H8) 9.6 Hz), 2 72
.1.7B- 85| (1#, ddE0Tny 15.3,99-4.187) ( 23,009 3,02, 6BH,

(2H, | dd, J| % 392 7(1B, 3d¢-|z}gJ 3.D8.Q1H/ - pdHz ), =3746 (DH3 dd
Hz),| 4. 13- 4Jf810 91, 6 Z).33- ZH(llé) dd, §o=(946. §) 0 Hz),
6.86| (2H, | ¥ 7% (=118 § —732% %LP sz)lg 4{261;? 6§1ﬁz br s)
' 4 7-9:7 .
(ELH!“NBA(le Eing& %1 rQ 1)_17\ : ?r) 185 /_1|_|

Ty ]




1.91-1.96 (2H m, 2.09 (1H, dd, J = 14.6,

101 7.4

), .2.25 (1H, dd, J = 14.6, 7.4 Hz), 3.96 (1H, td,
= 7.4, 2.3 Hz), 4.12-4.18 (*8% m, 4.30 (2H, s)
52 (1H, br s), 5.67 (1H s), 6.80 (2H, d, J = 8.6
), 7.20 (2H, d, J = 8.6 Hz). 1H NVR (DVMSO- d 6) 6
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, 102 m) , 2.16-2.27
(3H, Tﬁf’le 2,57 (.2H, dd, J 8.2, 2.4 Hz), 3.94 (1H
td, -;;82,24Hz)436 ZH S) , 5. 70 (IH s) ,
6.8 @, |[d, J = 8.6 Hz) Rﬂ‘az‘fsaf( IFOMPOYNG 6 Hz) .
1H NVR ( DNB@-N#RO) Cbe1l) 48 T /8 {22 M 16H, Tm) /2 (850 (38,
= 2.3 d2)J = 12 78+ WuBp, (RH4 Miu, s P8- 2259’30(1(12;&1 J
5 7.80

103 n)57%9 Da.5.84, 6d59JHE)7. D, 7. QLHiz)dd, J4=38

HA, .70 .(BB1s()2H3.87 J1H,8dd6 bizy 9.23215.46

(2H,| d, JHzB. @.Ha)r4.DE NMR, @ONSE:8d @H5HA,1336816%41z),

(2H | m , 1748 1(B4, 4d6H 8,70 HEH-1.73 (1H,

m,

1.77 (3H, &H ~NMR PDMSOH] o) 10 8D- 1.600TA1HIA )] =
1.93-1.98 852—(!;79510(42fézm)dd1 D7=1726, (2
3.93 (1H, tJd 35:1— 573610Hz o) Hz 634—114154 (28, (mm,

C)

12.6, 12.6

H4 wiy),
F)79-1.91

rgz)a 2.58
621324

9.5,
B‘%O(ZH
I;I)

4. 31 (7;’_2H, Jslj H QJ E
Hz),| 7. 24
.35-1. 43 f@) %g 2H(’6F’|) n} 671 (6%1 (é
1§ o i o 0'5(2];)9'9 i 7
J = 14-1(%}11\],]}41%, é 931 (16H, m), 1.83 (3H,
Hz), 1.91- l 87 (lH, m), 2.71 (1H, 44,
72 6.7 Hz), 2.80 (1H, 44, J = 15.6, 8.4
: (1H, t, J =8.8Hz), 4.07-4.02 (1H, m),
dd, J = 9.3, 4.0 Hz), 6.85 (2H, 4, J
7.28 (6H, d, J = 8.8 Hz).

"H-NMR (CDCl;) &: 1.30-1.24 (4H, m),
(8H, m), 1.83 (3H, 4, J = 2.2 Hz), 1.9

m), 4.34 (2H, s), 5.70 (1H, s), 6.86
= 8.6 Hz), 7.27 (2H, d, J = 8.6 Hz).

73 2.05 (2H, s), 2.70 (1H, a4, J = 15.7,
2.79 (1H, dd, J = 15.7, 8.6 Hz), 4.06-

1.50-1.40
0 (2H, s),
6.6 Hz),
4.02 (1H,
(2H, 4, J

74 J =14.3, 6.6 Hz), 2.23 (1H, d4, J =

"H-NMR (DMSO- d4) 0: 1.00-1.58 (16H, m),
d, J=2.4 Hz), 2.03-1.90 (2H, m), 2.08 (1H, 44,

1.74 (3H,

14.3, 6.6

Hz), 3.92-3.99 (1H, m), 4.32-4.40 (1H, m), 6.76
(2H, 4, J = 8.4 Hz), 7.20 (2H, 4, J = 8.4 Hz).

*H-NMR (CDCl;) d: 0.88-0.99 (2H, m),
75 |3.34-3.47 (2H, m), 3.71 (2H, ddd, J =

Hz).

4.7Hz), 4.66 (1H, dd, J=9.7, 4.0 Hz),
dt, J =10.9, 3.5 Hz), 7.22 (2H, dt, J =

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),

13.5, 7.3,
6.88 (2H,
9.2, 2.4

"H-NMR (DMSO- d ) 8: 1.02-0.99 (1H, m),

(1H, dd, J = 9.6, 4.0 Hz), 6.81 (2H,
Hz), 7.21 (2H, 4, J = 8.6 Hz).

1.75-1.13

(17H, m), 1.90-1.85 (1H, m), 2.12 (1H, d4d4, J =
76 14.7, 7.4 Hz), 2.28 (1H, dd, J = 14.7,
3.72 (1H, t, J = 8.6 Hz) 3.98-3.93 (1H, m), 4.11

6.8 Hz),

d, J = 8.6

0.97-0.90 (2H, m), 1.22-1.20 (3H, m),

"H-NMR (CDC1l;) 6: 0.75 (1H, t, J = 12.6 Hz),

1.77-1.41

77 (13H, m), 1.90-1.85 (3H, m), 2.63 (1H, dd, J =
15.1, 8.7 Hz), 2.74 (1H, 44, J = 15.1,
3.68 (2H, dd, J = 6.0, 3.0 Hz), 4.16-
m), 5.55-5.51 (2H, m), 6.82 (2H, 4, J =

6.8 Hz),
4.10 (1H,
8.6 Hz),




(1H, dd, J = 14.6, 7.5 Hz), 3.93-4.00 (1H, m,
4.13-4.19 (1H, nm) , 4.29 (2H_.s) , 4.53 (.1H, br s) ,
5.56 (1H, s), 6.79 (2H, d, J~%.6 H), 7.20 (2H, d,
J =86 H). IHNWR (DVMBO d 6) 6: 1.35-1.43 (4H, ),
1.47-1.71 (5H, m) , 1.77 (3H, d, J = 2.3 Hz) ,

1.78-1.85 (1H, 106 m), 1.92-1.97 (2H, m), 2.52-2.57

(2H, M 393 { tHtd J_=/?6—72;;3—sz,—4.—13-—ﬁh
(1H,| m 473614 (}H O% 569(1H s), 6.86 (2H, d, J =

8.8 |Hz) . 716(2H d, J = 8.8 H). 1HNVR (DVBO- d 6)
: 3
2

)
6 5-1.142 (4H, m , 1.47-1.71 (5H, m , 1.74 (3H,
d, 6 hz), 1.77-1.85 (1H, 107 m, 1.92-1.97 (2H,
n, [2.09 (fH NYR (FDE€13d &: ¥.60+P)722(6H4 plH, 1dd2-3-14
_ gm)g d6 75¢-1H51 §138.=m}, 51 9761 HE§, (2H, m),
! (21+1'> H, 338, 249§1 AHp mpy %62 (2H,
H %’ﬂd 7’%3('34 s my, §.8 HﬂrJ72 -2 Hz),

)Lﬂhﬁ }m d RL,Q 1.38-1_43

Hse;% ;gw i 551%;31*;

Z % m_)% o
”2"'?{6;&? ?&éﬁ %*";*:

2.21 (3H, s), 109 2. 7.8
t, J = 8

N

=

l N
T
~DhNO
=~
[Nee]
O

(o2}
I
3

,\
N
T
TN
»\].
~ ©

. \l!—‘\l'

(]
|
o1 '} 0o

HE‘(&LTT
A~

2H,

N -
\l

7.



3geeg

—+

T%%He? 559(1H s) , 5.64 (1H d, J =12 .

(2H, s), 5.58 (1H, s), 6.66 (1H, dd, J =
|'|Z)

, 6.72 (1H, d, J,7,2.88 Hz) , 7.01 (1H,
Hz), 12.08 (1H s)2'277 Table 38 Ex. NWR
mpound No. H NVR (CDC13) S: 1.46-1.49 (6H,
.70 (6H, m) , 2.02-2.05 (2H, n) , 2.65.(2H,
.3, 110 3.5 Hz), 2.88 (2H, t. J 7.8 Hz),

(1H, 8.2, 2.2 Hz), 6. 79 (ZH t, J

InN-orh Qo
-bE-b

(ELHNNEﬁ(leéh?lgk?al‘Félﬁé 51% 2 67

1'HFNMRB (ED€d);) 8:90.(¢3H1.DD J3H, 8m()) H2). 21-1.26
63H, mU2 Y 243-2)015(5FH( 1)) , s3,65. 6VHH. 48, J =
61807 6. 87 (He), . 1B-.8H NWR sdavso} =dlB)7S:9.5 Hz),
(%i—?4n§3H 1555-3. 63-3¢BH, (2H) m) 1. 9857 2HHt 44,
Y 995 474 22 5% | prb - 99162H) , d@d 74T (24P .0, 4.4,
iz ) oy - 34 (2H,0d8. )= B.8g 214 Ha) .

NPR20o I |
@(OU'IQOO(O\ILI
=
ol

;mm@%a%ﬁﬁdwwwm&lkmd

1%ﬁﬁ -1.26
( A 1 732; ;gg :§53 -3 .6 éﬁgjﬁé i((;l.: (22%
(3 W !

thzy, ‘668$ gﬁéo (Ié_é!;f%fl ¢iﬁ9 L7 2% 2H5§m? >

"H-NMR (DMSO-dg) 6: 0.77-1.57 (16H, m), 1.78 (3H,
d, J =2.3 Hz), 1.87-1.99 (2H, m), 2.62 (2H, 4,
J =7.7 Hz), 3.34-3.53 (1H, m), 3.96-4.01 (1H,
m), 4.45 (2H, s), 7.25 (2H, 4, J = 8.1 Hz), 7.32
(2H, 4, J = 8.1 Hz), 12.26 (1lH, br s).

'H-NMR (CDC1;) d: 0.78 (1H, t, J = 12.6 Hz), 0.90
(3H, 44, J = 12.6, 5.2 Hz), 0.94-1.00 (1H, m),
1.22 (2H, d&t, J = 17.9, 5.2 Hz), 1.43-1.79 (15H,
m), 1.88-2.03 (2H, m), 2.63 (1H, 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
(1H, dd4, J=9.7, 3.7 Hz), 6.88-6.91 (2H, m), 7.23
(2H, ddd, J = 9.7, 5.3, 2.9 Hz).

'H-NMR (CDC1l;) &: 0.76 (1H, t, J = 12.7 Hz), 0.86
-0.99 (2H, m), 1.13 (3H, t, J=7.5Hz), 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, 444, 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 (CDCl;) 6: 0.76 (1H, t, J = 12.6 Hz),
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 (2H, m), 2.29 (1H, d, J = 2.4 Hz), 2.76
(1H, 44, J=15.9, 6.4 Hz), 2.87 (1H, 44, J = 15.9,
8.4 Hz), 3.65-3.73 (2H, m), 4.08-4.13 (1H, m),
6.85 (2H, d, J = 8.4 Hz), 7.29 (2H, d, J = 8.4
Hz).

'H-NMR (DMSO- d 4) 0: 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, 44, J = 15.4, 7.5 Hz), 2.63
(1H, 4d, J = 15.4, 7.5 Hz), 3.65-3.73 (3H, m),
4.98 (2H, brd, J = 14.0 Hz), 5.89-5.98 (1H, m),
6.83 (2H, d, J = 8.6 Hz), 7.11 (2H, 4, J = 8.6
Hz), 12.06 (1H, br s).
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4.
Hz), 8.05 (1H dd,
J =

35 (1H, dd, J = 9.5, 6.2 8 (1H, d,
J_

2.2 Hz). 1H NMVR (CDC13) 11.30 (6H,

"1.34-1.52 (4H, m), 1.67-1.91 (7H, ), 2.64 (2H,

w

. 20

7.8 114 Hz) , 2.89 (2H t, J = 7.8 Hz) ,

(1H, m , 3.35 (3H, s), 3.75 (2H, d, J = 6.3

TeOr3

@@ o~ K=
IIoTR

ETNRE

T

2

6. 82
Hz) .
S

)
w?,
z) , 7.

H-NI\/R (Dl\vs‘(}BJd l@iﬂs dp,. 6= 08 & rqu )08 (12M7-4.25 = 8.6

f—

(‘EHNMRA{(DM$O= Q. 3) &. 9.16®) (38, 184(2H, =d7. 4, =7.4
Ay NUR 16DVB@, dd6)J6: 12.89 (2Hs BY), ©.850.97
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(13H, m), 1.91 (2H t, J=5.7Hz), 2.23 (1H,
J =14.7, 7.0 Hz), 2.31 (1H, 44, J = 14.7,
92 Hz), 2.73 (2H, t, J = 7.5 Hz), 3.28 (1H, t,
6.0 Hz), 3.84-3.91 (1H, m), 4.27 (2H, s),

118 7.2 Hz), 2.60 (1H, dd, J = 15.1,' 8.0 Hz), 3.78
(2H, d, J = 6.8 Hz), 3.93 (1H4dg, J =8.0, 7.2, 2.4
Hz), 6.83-6.86 (2H, m, 7.22- Y %6 (2H, m, 12.26 (1H,
“br s). 278 1HNWR (DVMSO- d 6) 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,
119 14.7, 7.4 Hz), 2.31 (1H, dd, J = 14.7, :
qq)bl% ?f (2H, t, J = 7.4 Hz), 3.24 (1H, t, J =

6 2 . 85-3.93 (2H, (1H,

s), YA A 5 25 gl dadf dfbodouraS7_ (1T

Hz) .| 1H NNRECDMBOIDHS@Y d6¢) 0: I8 (31, - 43 (128, L, Illz%7,4 (3H,
1.24-1. 68 %)1441#}2 h.98 (24 m) J1=95-8.02) (28, 1

(1H,| d&% J Zﬂlﬁr% 851 M), 2.3438. fH(lad m), _31217-64 06
120 (7.9 Hz)(lfé 7‘1){;2%3% (2 ) 4 1499 GlHg ‘§]BH6 9 (2H,
4. 30 (24 |4, 5% 21I|Iz dg7682I3 —(2Hg @&, RJI—E) ,2q155&1 -

1H,| s), 4. NP?@ ¥t§8 # 48 g -
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1.74
dd,
8.0
J=

5.53

(1H, s), 6.79 (2H, 4, J = 8.6 Hz), 7.18 (2H, 4,
J = 8.6 Hz).
‘H-NMR (DMSO- d¢) 0: 1.38-1.44 (6H, m), 1.56-1.65
(6H, m), 1.77 (3H, d, J = 2.6 Hz), 1.97 (2H, t,
93 |J = 6.3 Hz), 2.58 (2H, 4d, J = 8.1, 1.9 Hz),
. 3.89-3.96 (1H, m), 4.32 (2H, s), 5.59 (1H, s),
6.86 (2H, d, J = 8.8 Hz), 7.24 (2H, 4, J = 8.8
Hz), 12.22 (1H, s).
"H-NMR (DMSO- d¢) 6: 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, dq, 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 ¢) 0: 1.02 (3H, t, J = 7.1 Hz),
1.27-1.48 (12H, m), 1.54-1.62 (2H, m), 1.95-2.01
95 (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

7.18 (2H, 4, J = 8.6 Hz).

=6.7 Hz), 5.67 (1H, s), 6.85 (2H, d, J = 8.6 Hz),

"H-NMR (DMSO- d ¢) 0: 1.42-1.71 (4H, m), 1.77
d, J=2.6Hz), 1.79-1.85 (2H, m), 1.98-2.07
96 |Mm). 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,
6.87 (2H, 4, J = 8.8 Hz), 7.25 (2H, 4, J =
Hz),12.13 (1H, br s).

(3H,
(3H,

s),
8.8

"H-NMR (DMSO- d ¢) 0: 1.42-1.71 (4H, m), 1.74
d, J=2.3Hz), 1.79-1.85 (2H, m), 1.98-2.11
97 |m), 2.17-2.27 (4H, m), 3.92-3.99 (1H, m),
(2H, s), 5.69 (1H, s), 6.81 (2H d, J=28.6
7.20 (2H, 4, J = 8.6 Hz).

(3H,
(4H,
4.33
Hz),




4) Magnesium stearate 1 ng The ingredients 1) to 4)
are mxed and filled into a Atin 10 capsule.
Preparation exanple 2 (tablet preparation) 1)
Conpound of Exanple 1 10 g 2) Lactose 50 g 15 3)
Cornstarch 15 g 4) Carnellose calcium44 g 5)
Magnesi um stearate 1 g The whol e anounts of 1) , 2)

and
in
g of
powg
nmach
of t

25 T

3), andHOMR 0bME0- &t ) Knendesl- 1yat f2@atey, Urded .63
acuo an(bisj en)ed 1t.@5gilvg 1a (gHaNW) arl powdey, d20314 2.3
4) andid) g bfs®1 9@ (iEedmy th. ¢hel gyaNURRl m),

ersénd 2 hes 2 x3ur(@H,smyqnpr.8ssadoby ( aH{ ab) pt4 JuB-4.19

i ne. |
he con
est e

n( Wi :)way, 301( D00 s)abkeds CbmMi dimisng 305n( 1H,
poUNde 086 Bx2thpld, 17 per8. 8 dbd et Aras pr3pared.J =
ghpft ) Fyvid yed i O pfbef$pet of test

cony
GPRA

st ab
(2)

susq
aboy
in g

ounds
0- expr
| e hun
Cedd n
ensi on
e- ment
cel |

ot -OHR DMBB1 |14 zhtdi:oh- BY-1 us2 (@Ha ®Y abl €27- l 62
esH nghloelll- 6tedt 7del ABd m§ 1)1 G4 [(33B04A.AT =

fﬁ?k}D {ﬁ ﬁé&él FEK20392ell 9%aé2Hs ) . 2 09
12 %a‘rét‘r@ 'erHééllzc%ﬁt(l}F’eQ eel F 14.6,

6HZ) 4 12 4.18
! tgnr né’dge Djlse)g(r\e;(ﬁ\l%ﬁ K’qufog Pré nq_lH

Lab

+
I at Ul

.-....—;.—; e nt ”l :Eh E](’(!« \;‘\‘) :Fet al___b.e_v_'._ﬂ.e____
DUPIJI CchTiTt

serum (Bi ovvest) and



1% v/ v) penicillin-streptonmycin solution
(Invitrogen)). The cell suspgpsion was plated in a
well plate (poly-D-lysine 10 coated pl ate; Fal con)
in a volune of 25l /well, and the plate was incubated
at 37C in an atnosphere of 5% C02 overni ght. Each
test conmpound was added to the cell at each
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5.69 (1H, s), 6.81 (2H, 4, J =8.6 Hz), 7.21 (2H,
d, J = 8.6 Hz).

104

1H—NMR(DMSO-ds)f):1.36-1.44(2H,m),1.48-1-.64
(6H, m), 1.66-1.73 (1H, m), 1.77 (3H, 4, J = 2.4
Hz), 1.81-1.90 (1H, m), 1.93-1.98 (2H, m), 2.57
(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
(1H, s), 6.86 (2H, 4, J = 8.6 Hz), 7.24 (2H, 4,
J = 8.6 Hz).
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"H-NMR (DMSO- d¢) 8: 1.35-1.43 (2H, m), 1.48-1.63
(6H, m), 1.68 (1H, dd, J = 13.3, 6.7 Hz), 1.74
(3H, d, J=2.4 Hz), 1.80-1.89 (1H, m), 1.93-1.98
(2H, m), 2.09 (1H, 44, J = 14.6, 7.5 Hz), 2.24
(1H, dd, 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). '

106

'H-NMR (DMSO- d¢) 8: 1.35-1.43 (4H, m), 1.47-1.71
(5, m), 1.77 (3H, d, J=2.3Hz), 1.78-1.85 (1H,
m), 1.92-1.97 (2H, m), 2.52-2.57 (2H, m), 3.93]
(1H, td, J=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).

107

"H-NMR (DMSO- d ) 6: 1.35-1.42 (4H, m), 1.47-1.71
(5H, m), 1.74 (3H, 4, J = 2 6 Hz), 1.77-1.85 (1H,
m), 1.92-1.97 (2H, m), 2.09 (1H, 44, J = 14.5,
7.5 Hz), 2.24 (1H, dd4, 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, brs), 5.67 (1H, s), 6.80 (2H,




i ncubated at 37C in an atnosphere of 5% CO2 for 90
mnutes to pronote the fluor ent dye uptake in the

cell. Meanwhile, the test conpounds (i.e., the
conmpounds prepared in Exanples) 10 dissolved in
di - met hyl sul foxi de (DMSO, Nacal ai Tesque) were

diluted with the diluent buffer solution, to prepare

each conpgaunds solgifa oz pf gagh g@@ce@tr@tgog glfz).
addition, la palnmtic acid solution was prepared as a
posifti ve control solution (hereinafter abbreviated as

Posi|C). A40 | aliquot 15 of each sanple solution

prepared-as—above was added to each well of a
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palmtic acid (a GPR40 agonist) sef to 1I00% Next,

each conpound concentration corresponding to 50% _
Posi C was 282 cal cul ated based on the % Posi C val ue,
to conpare between agonist activities of the test

conmpounds. (6) Result




5 The results are shown in tables 39 to 42. In the

t abl es,

0.1 pM
[1] ++II

n +II

1M
and

++++" indicates 0.0L7¥M or nore but |ess than
"+++" indicates 0.1 'uMor nore but less than -

indicates 1 Mor nore but |less than 10 pM

indicates 10 ECM or nore for 50% posi C val ue.

10 In the tables, "N.T." indicates "not tested". 283
Tabl g,89e' §%- No. 50% Posi C value 1 ++++ 2 ++++ 3

NT. 4 ++++ 5 NT. 6 +++ 7 N.T. 8 +++ 9 +++ 10
N.T.| EXE 4++ 12 N.T. :l@lli\l'data ]oAf +c+o-‘inp<3|1§’11d\l' T. 16
-+++4 Npz 444+ 18 N T

110

'H-NMR (CDCl;) &: 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,
3.5 Hz), 2.88 (2H, t, J = 7.8 Hz), 4.40 (2H, s),
5.59 (1H, s), 5.64 (1H, d, J = 12.5Hz), 6.66 (1H,
dd, J = 8.2, 2.2 Hz), 6.79 (2H, t, J = 4.1 Hz).

111

'H-NMR (CDC1l;) &: 1.41-1.51 (6H, m), 1.59-1.70
(6H, m), 2.06 (2H, t, J = 7.0 Hz), 2.67 (2H, t,
J =8.0 Hz), 2.91 (2H, t, J = 8.0 Hz), 3.85 (3H,
s), 4.42 (2H, s), 5.57 (1lH, s), 6.67-6.78 (2H,
m), 6.80-6.87 (1H, m).

112

‘H-NMR (DMSO- d ) 0: 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 = 7.54 Hz), 4.40 (2H, &, J =
9.3 Hz), 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 (1H,
m), 12.11 (1H, s). :

113

'H-NMR (CDCl;) &: 0.97-1.22 (3H, m),

1.35-1. 50
(6H, m), 1.54-1.69 (6H, m), 1.88 (1H, 4,

J=12
Hz), 1.95-2.03 (1H, m), 2.75 (2H, t, J = 6.8 Hz ),
2.99 (2H, t, J =6.8 Hz), 4.31 (1H, 44, J = 9.5,
6.2 Hz), 4.35 (1H, dd4, J = 9.5, 6.2 Hz),7.08 (1H,
d, J = 8.8 Hz), 8.05 (1H, d4d, J = 8.8, 2.2 Hz),

8.33 (1H, 4, J = 2.2 Hz).

114

"H-NMR (CDCl;) &: 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=7.8Hz), 3.14-3.20 (1H, m),
3.35 (3H, s), 3.75 (2H, 4, J =6.3 Hz), 6.82 (2H,
dat, J = 9.3, 2.5 Hz), 7.11 (2H, 4, J = 8.6 Hz).

115

"H-NMR (DMSO- d ¢) &: 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, 4, J = 8.6Hz), 7.10
(2H, 4, J = 8.6 Hz), 12.06 (1lH, s).

116

"H-NMR (DMSO- d¢) 8: 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 (1H, 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,
J=8.0 Hz), 2.92 (2H, t, J = 8.0 Hz), 4.52 (2H,
s), 5.85 (1H, s), 6.86 (2H, d, J = 9.0 Hz), 7.12
(2H, d, J = 9.0 Hz).

118

"H-NMR (DMSO- d¢) 8: 1.30-1.40 (2H, m), 1.61-1.66
(2H, m), 1.71-1.91 (8H, m), 1.77 (3H, 4, J = 2.4
Hz), 2.26-2.38 (1H, m), 2.56 (1H, dd, J = 15.1,
7.2 Hz), 2.60 (1H, 44, J = 15.1, 8.0 Hz), 3.78
(2H, 4, J = 6.8 Hz), 3.93 (1H, ddq, J = 8.0, 7.2,
2.4 Hz), 6.83-6.86 (2H, m), 7.22-7.26 (2H, m),
12.26 (1H, br s).




19 ++++
26 N.T. 27 +++ 28 ++++ 7,29 +++ 30 +++ 284
Tabl e 40 Ex. No. 50% Posi C value 31 N.T. 32 +++ 33

+++

N. T.
+++

34

20 NT. 21 + 22 +++ 23 N.T. 24 +++ 25

+++ 35 NT. 36 NT. 37 +++ 38 NT. 39

40 ++++ 41 ++++ 42 ++++

119

'H-NMR (DMSO- d¢) &: 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, dd4, J = 14.7,
7.4 Hz) 2.71 (2H, t, J = 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, 4, J = 8.8 Hz), 7.18 (2H, d,
J = 8.8 Hz).

120

‘H-NMR (DMSO- d ¢) 8: 0.98 (3H, t, J = 7.1 Hz),
1.24-1.68 (21H, m), 1.93 (2H, t, J=5.8Hz), 2.14
(1H, d4, J=14.6, 5.8 Hz), 2.38 (1H, dd, J = 14.6,
7.9 Hz), 2.71 (2H, t, J = 7.4 Hz), 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, 4, J = 8.8 Hz), 7.16 (2H, 4,
J = 8.6 Hz).




10

15

20

25

43 N. T. 44 ++ 45 N. T. 46 ++ 47 +++ 48 ++ 49 ++
50 +++ 51 -++ 52 ++ 53 ++,/A4 ++ 55 +++ 56 ++ 57
++ 58 ++ 59 +++ 60 ++ 285 Table 41 Ex. No. 50%
Posi C value 61 + 62 + 63 +++ 64 +++ 65 ++ 66 +++

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) are mixed and filled into a gelatin

capsule.

Preparation example 2 (tablet preparation)

1)_Compound of Example 1 N 10 g
2) Lactose 50 g
3) Cormstarch 15 g
4) Carmellose calcium 44 g
5) Magnesium stearate lg

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 gof 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 Exa.mple 1 per

tablet are prepared.

Test example 1

Evaluation of effect of test compounds on Ca®* mobilization by
using a stable GPR40-expressin§ cell

Test method

(1) Cell



10

15

20

25

67 + 68 ++ 69 ++ 70 +++ T1 ++ T2 -++ 73 +++ 74
NT. 75 -+++ 76 NT. 77 +4§5 78 ++ 79 N.T. 80 ++
81 +++ 82 ++ 83 +++ 84 ++ 85 ++ 86 ++ 87 ++ 88
++ 89 ++ 90 N.T. 286 Table 42 Ex. No. 50% Posi C

‘val ue

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%3(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

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 Teéque). Ne#t, 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 Fluo-4NW calcium assay kit (Invitrogen), followed
by addition of bovine serum albumin (Sigma) to a final
c@ncentration of 0.1%(w/v). The diluent buffer solution was

prepared by adding bovine serum albumin (Sigma) to the assay
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91 +++ 92 +++ 93 NT. 94 ++ O5 N.T. 96 NT. 97
+++ 98 N.T. 99 ++ 100 N T,5,101 +++ 102 N.T. 103
+++ 104 NT. 105 ++ 106 N*PY 107 +++ 108 ++ 109
++ 110 +++ 111 + 112 + 113 ++ 114 + 115 ++ 116
++ 117 ++ : ' _ :

buffer to giVe a final concentration of 0.1%(w/v).

(4) Pretreatment for FLIPR assay

After removing a medium supernatant from the cell cultune
plate incubated overnight, the fluorescent dyevsolution 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)
dissolved in dimethyl sulfoxide‘(DMSO; Nacaléi Tesque) were
diluted with the diluent buffer solution, to prepare each
compound solution at each concentration. In addition, a
palmific acid solution was prepared as a positive gontrol
solution (hereinafter abbreviated as PosiC). A 40 pl aliquot
of each sample solution prepared as above was added to each well

of a 384-well polypropylene plate to prepare a compdund.plate.

Finally, after the sufficient uptake of the fluorescent dye in

the cell, the cell plate and the compound plate were set to

- FLIPRTETRA |

(5) FLIPR assay
After the above pretreatment, the change in intracellular

calcium level was measured by FLIPRTETRA

upon addition of 25 ul
of each test compound solution at each concentration.

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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118 +++ 119 +++ 120 +++ 287 Test exanple 2
Eval uation of test conpounds gy insulin secretion
using rat isolated islets of Langerhans Test nethod 5
(1) Rat .islets of Langerhans are isolated frommale
Wster rats (Charles River Laboratories). (2)
Preparation of each solution for use in the isolation
' f n 0 jon_for in
Prichiafhl, Bacsl '] 0PE 3 splel AL e kolipEse" petveen
58bhagenase: §9kybkoBe $nar %Q@rte@omfou%'a%st)! ving
col | agenase at a concentration of nmg/ mL i n Hanks'
Bal anced Salt Solution (Invitrogen) containing 1%
(v/v) kananycin sulfate (Invitrogen) (hereinafter
fé)eReedlto as 15 HBSS/ 19%{v/v) kanamycin sol ution).
Ficoll-Conray solution Ais prepared by dissolving
Fi coffihe( N&§Hi5$ FEQ RRYWR LM tatlem i@t éo, 421 ol TVt thables,

addi ng Conray400 (Conray is the trademark registered _ .
by*bai | tRELPRLPRR eB%ik&'}él OBdn9re et +ess Fikay 12 Cortlthy " +++

Lon D.i repared b 1 Xi N ual .val ungs 20, of.
RLYERSST0L B SRRSO X S 1 VRS, 20, s caces 1
Lt SH kR PRALTREEU LS 1@%&4‘??3{)@ Fleql] g ay 1f0 pi or more
solution C's prepare by Xi ng equal Vol Linmes. o e
Foeobb3Cposayg saluei.ons A and D, and Ficoll-Conray
solution B is prepared by m xi ng equal volunmes of the

Fi con- Cher &pbdeisut i"Oh§ -A dmdiCatesculnal eested”.
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is useful as a 2JR4U agoni St nedicament| for treating
or preventijng di Bet es | mel Lit 1§ hyper gl ycem a,
i mpai red gllucose7tol ergnce, inpaired fasting glucose
and the |ikes:
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20 291 CLAIMS 1 . A Spiro conpound of the foll ow ng
general formula [ la] : é?% n2 yn3 X OHO \ [ |
a (CH2) MI(C2) 2 (Re) b B 86herein RL is (1) a
hydrogen atom - (2) a Cl-C6 al kyl group, (3) a C2-C6
al kenyl group, (4) a C2-C6 al kynyl group, 10 (5) a
Cl- C6 al koxy group, (6) a hydroxy Cl-C6 al kyl group,

(7) al koxy (Cl-C6) al kyl group, (8) -CONRL11R12
mﬁlgﬁeg%f and R12 are the sane or different and

S STt Y T
het er oaryl |group9®hi ch jhas at +east one| heteroatom
sel ected fron1tn§agrou consistingof—ani trogen atom
an oxygen atom anfl a sul fur atbht and whi ch may be
substituted by a3Cl-CqH aIkyINgﬁoup 20lR2 is (1) a
hal ogen at om—2)—a—C1+—C6—alky—group;
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(3) a hydroxy group or (4) a Cl-C6 al koxy group; 292
pis O 1, 2 or 3; Xis a car?gp atomor a nitrogen

atom mnm is 0, 1 or 2, nis or 1; 5 a spiro-ring

AB may be substituted by 1 to 5 sanme or different

substituent(s) selected fromthe group consisting of
(1) a hydroxy group, (2) a Cl-C6 alkyl group, (3) a
1-%6 aIko&y group and 10 (4) an oxo group; nl is 0,
5% ©%8fP-% 2 n2is 1, 2, 3 or 4, n3is 0, 1 or 2

' i h 3 is.2. 2.0r 4 and o
Pl ol 3% 1<l HonBouhdld on® iivsul . stefidorl sing rat

‘@08 ad@ublig189Rd oM LhFQ¥5Q that three contiguous

carbon atons do not constitute an all ene bond

Tepgtemenhed by the formula: CCC 20 ), a

phar maceutically acceptable salt thereof or a solvate
t(Rarkat .isdetEhefshange cloapswrd isbktapbdrimanemaileaNiyter rats
acceptable 25 salt thereof or the solvate thereof as

dCherdEsi Rivea maboratories).

(2) Preparation of each solution for use in the isolation of
islets df Langerhans

Each solution for use in 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'
Balanced .Salt_ Solution (Invitrogen) containing: 12 (v/v)
kanamycin sulfate (Invitrogen) (hereinafter referred to as
HBSS/1%(v/v) kanamycin solution). Ficoll-Conraysolutionl\is
prepared by dissolving Ficoll (Nacalai Tesque) inMilli Q water,
followed by adding Conray400 (Conray is the trademark
registered by Daiichi Pharmaceutical Co.) thereto.
Ficoll-Conray solution D is prepared by mixing equal volumes
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
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)(hereinafterreferred1x>asD—MEM(LG)/lO%

FBS/1% kanamycin).
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wherein the spiro-ring AB is represented by the
formula: 293 nl A n2B )n3 Qwherein each symbol is as
defi ned above). 3. The spiro conpound, the
pharmaceutically acceptable 5 salt thereof or the
solvate thereof as clainmed in Aaim1l or - 2, wherein
the nunber of the double bond in ring A of the
spiro-ring ABis 0 or 1. 4. The Spiro compound, the
pharmaceutically acceptable 10 salt thereof or the

g@i @t@lotdwﬁbgois@n%ﬁiﬁ‘é dik %?fy{_.gﬂgeg an& ALIR W]_Lgtt%fr rats

wherein the e doub ond I1nring
the RPLEQurfd RGARHet G eH wlth%eﬁh@b@pb&@ai%m%%gected to
t he pharnmaceutically acceptable 15 salt thereof or
lépasot ey €otrhexpofiag thleadb@ominadmtrdarss .of AfCeaittee tommon
to 4, wherein n3 is 1 or 2. 6. The Spiro conpound, the
bhke hiteutiisc glianpedc apt Bbe cddusdénal widofanst thiea cannulated
sol vate thereof as_clained in any one of 20 C ains

'%0% thferdiied neldpr r 6 r‘i‘ﬂgla}l%erﬁ?a’i/e b&odUbiPRt dtlednwnl) is

e e
i&?I&Qéd Und %ép'ﬁ%%att%%r §ef 38 Gl [ﬂ;?gtfnﬁsgﬂéérgngf 5% CO,
of 294 Cainms 1to wherein Rl is a hydrogen
BdOMbout 20 mlnutes. The digested pancreas is suspended in
HBSS/1%(v/v) kanamycin solution and the suspension is
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 C and 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) in a volume of 1.5 mL/well. After islets of Langerhans

of almost the same size are selected with a stereomicroscope,
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(2) a C1-C6 al kyl group, 5 (3) a C2-C6 al kenyl group,

(4) a C2-C6 al kynyl group, %) a Cl-C6 al koxy group,

(6) a Cl-C6 al koxy (C1-C6) al % group, (7) -CONRL1R12
in which R11 and R12 are the sane or different and 10
each represents a hydrogen atomor a Cl-C6 al kyl

group, or (8) a five-nenbered heteroaryl group which

Eonefer T bR TR OGEnCREBrT o o LybeHT g ggerhans
é#éfﬁgarﬂﬁégr%qg%ﬁgogg rbbe wc‘éjff %l&l{t eﬂFaP¥o§) %Jiﬁ%d with

group TO cOnpo

pharpmcgutib6abl ¥oataeREAPk BebeaRY NS QQEa%ohB%e {o .2%(w/Vv)
solvate thereof as clained in any one of Cains to
Boviher ei Belfln S 201 Hdnim hydhiepentat omMrde?) ar&2t¢b acids
al kenyl group, (3) a C2-C6 al kynyl group, (4) a
Gligeadlkexgigabtprarefienrexi frioves IREYEY 2% BSResmarydon), and
group which has at |east one 25 heteroatom selected

IR ) ?H%dﬁBéﬁ EdrispBtaRP SRR araial 8§cfPat off ter PO minutes,

SRS MR ST g o .
5
lF‘lﬁgTr&io?“%or I}%e so vate t }éd?é%%[ g§%§géﬂ%&n c°§9‘ginln9 the

.ﬂéspectlve test compounds, followed by 1ncubat10n at 37°C in

an atmosphere of 5% CO, for 60 minutes. The respective test
compounds are dissolved in dimethyl éulfoxide (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 supernatan.t is determined
by ﬁsing 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
thé 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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Clains 1 to 8, wherein pis O or 1. 10. The Spiro
conpound, the pharmaceuti call bd acceptable 5 salt
thereof or the solvate there as clainmed in any one
of Cainms 1to 9, wherein R2 is (1) a Cl-C6 al kyl
group, (2) a hydroxy group or 10 (3) a Cl-C6 al koxy
group. 11. The Spiro conpound, the pharmaceutically
acceptable salt thereof or the solvate thereof as

blartedarnlasy( peubi20Q kit heaze e e Cciak s the itaid vein
Sk %ac%sf%%]é%pgg{gPﬁngl§ils%%h é&ég]le flend plasma

conpri ses Iro COﬂpO arnmaceutl ca

i‘ﬁéﬁ@lﬂbhévéi‘lst t 3sn9{ g}lhfco‘i:,ca \i%%féﬂ%&eeofde%rmmea by

claimed 1n any one of alms 1 to 11,
RBabREAAHE felthydaceapiad ebﬁ@éﬁéﬁistﬁ@ Aatoﬁaeﬁfe%nalyzer

agoni st nedi canent, which conprises the Spiro

Thapquirekma hEnpthrradmnenal ayeaciepimibi e dalbly tERISNf using

or the solvate thereof as clainmed in any one of _

elirasersigive, mataninepfdsti wdt néM@G‘il@ﬁBa 23nprityte of

'gn illnscretloné)rormtlng ageggt or, ahg g ycem c -

BhPILGAL P EHIRFG bes tTRE s hecompounds  are
ti aI p 1S I reof. or the.

R T A %g%ﬂl'%%e%o o §e55 1p he oval

&&mlﬁis%Ba%EBﬁgt'V@héngféﬁ&f%ﬁ é%%%p is administered with

0.5%(w/v) methyl cellulose solution. For evaluation, a paired

or multiple comparison test is performed with the control group

. to determine an efficacy.

INDUSTRIAL APPLICABILITY

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.
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15. A pharmaceutical conposition for treating or
preventing a di sease selectegﬁfronmthe gr oup
consi sting of diabetes nelli hyper gl ycem a,

~inmpaired glucose tolerance 5 and inpaired fasting

gl ucose, which conprises the Spiro conmpound, the
phar maceutically acceptable salt thereof or the

‘sol vate thereof as cl ai med |n a%y one of Cains 1 to

11, as an effective |ngre 10 16. A use of the

Spi ro conpound, the pharnaceutlcally acceptabl e salt
thereof or the solvate thereof as clained in any one

of G ail8plrbOocdrpohifg 5%‘%h%r991’ﬂ§§5{v$ﬂ oéer?egfdf%rmula [Ia]:
agoni st nedlcanen 15 17. A Use of the spir

d, the pharnaceutlcally accept abl e salt

thefegf or the solvate thereof as clainmed in any one
oK Chapns 1 to 11, for the promhctl n of an insulin

se Yl on- pronoti ng agent or a|hypogl ycem c agent. 20
18, A\use of the spiro phar maceutical |y
gGoeépt ghj|g salt ther i hereof as

chai in any one o for the

(i on QLJﬁ phar euw jcal  conposition

treati ng™~qey Eg sease selected from the
group consi s |hg of dfabet é® el I i tus, hypergl yceni a,
25 inpaired glucose tol erance and inpaired fasting
OWtiepstn R19s A nethod for activating GPR40, which
conprises admnistration of the spiro conpound, the
pharasledrogen | ytomecept abl e salt thereof or the
solvate thereof as clained in 297 any one of Cains
12 31C1Fea2hkiaPTPRPa pharnaceutlcally ef fective

?gPuntCZ -C¢ alkenyl group,

(4) a C;-C¢ alkynyl group,

(5) a C;:-C¢ alkoxy group,

(6) a hydroxy C;-C¢ alkyl group,

(7) a C;-Cs 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;-Ce alkyl group,

(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 substituted
by a C;-C¢ alkyl group; |

R? is

(1) a halogen atom,

(2) a C;-C¢ alkyl group,

(3) a hydroxy group or

(4) a C;-C¢ alkoxy group;
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20. A nethod for pronoting insulin secretion or
lowering 5 blood glucose |ev whi ch conpri ses

adm ni stration of the spiro ¢Ohpound, the
pharmaceutically acceptable salt thereof or the
solvate thereof as clainmed in any one of Clains 1 to
11 to a mammal in a pharmaceutically effective
anoun@. 10 _21. A method for treating or preventing a
Bi 48afe del &cPEd 3 from t he group consisting of

| 38eeaaUBLl Lty Biber e, odgpai red of ucose

erance an |npa|red astin S€, which
ﬁ@ﬁ@gl@eslagm letratlon of the spiro compound, the
pharmaceutical Iy acceptable salt thereof or the
sal vat @ blrengof 15 as clainmed in any one of Clains 1
to 11 to a manmmal in a pharmaceutically effective
ansphto-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 C;-C¢ alkyl group,

(3) a C1-C¢ alkoxy group and

(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:

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:

C C C

).,
a pharmaceutically acceptable salt thereof or a solvate

thereof.

2. The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof as claimed in Claim 1,

wherein the spiro-ring AB is represented by the formula:
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(wherein each symbol is as defined above).

3. The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof as claimed in Claim 1 or
2, wherein 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
salt thereof or the solvate thereof as claimed in any one of
Claims 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
salt thereof or the solvate thereof as claimed in any one of

Claims 1 to 4, wherein n3 is 1 or 2.

6. The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof as claimed in any one of
Claims 1 to 5, wherein the spiro-ring AB may be substituted by

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

7. The spiro compound, the pharmaceutically acceptable

salt thereof or the solvate thereof as claimed in any one of
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Claims 1 to 6,

wherein R! is

(1) a hydrogen atom,

(2) a C;-C¢ alkyl group,

(3) a C-C¢ alkenyl group,

(4) a C,-C¢ alkynyl group,

(5) a C;~-C¢ alkoxy group,

(6) a C,-C¢ alkoxy (C;-C¢) alkyl group,

(7) ~CONR'R' in which R'* and R'? are the same or different and
each represents a hydrogen atom or a C;-Ce¢ alkyl. group, Or
(8) a five-membered heteroaryl group which has at least one
heteroatom selected £rom 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.

8. The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof as claimed in any one of
Claims 1 to 7,
wherein R! is
(1) a hydrogen atom,

(2) a C;-C¢ alkenyl group,

(3) a C;~C¢ alkynyl group,

(4) a C;-C¢ alkoxy group or

(5) 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.

9. The spiro compound, the pharmaceutically acceptable
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salt thereof or the solvate thereof as claimed in any one of

Claims 1 to 8, wherein p is 0 or 1.

10. The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof as claimed in any one of
Claims 1 to 9,
wherein R? is
(1) a Ci—Cs alkyl group,

(2) a hydroxy group or

(3) a C;-C¢ alkoxy group.

11. The spiro compound, the pharmaceutically acceptable
salt thereof or the solvate thereof as claimed ;n any one of

Claims 1 to 10, wherein ml is 0 or 1.

12. A pharmaceutical composition, which comprises the
spiro compound, the pharmaceutically acceptable salt thereof
or the solvate thereof as claimed in any one of Claims 1 to 11,

and a pharmaceutically acceptable carrier.

13. A GPR40 agonist medicament, which comprises the spiro
compound, the pharmaceutically acceptable salt thereof or the
solvate thereof as claimed in any one of Claims 1 to 11, as an

effective ingredient.

1l4. An insulin secretion-promoting agent or a hypoglycemic
agent, which comprises the spiro compound, the pharmaceutically
acceptable salt thereof or the solvate thereof as claimed in

any one of Claims 1 to 11, as an effective ingredient.
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15. A pharmaceutical composition for treating or
préventing a disease selected from the group consisting of
diabetes mellitus, hyperglycemia, impaired glucose tolerance
and impaired fasting glucose, which comprises the spiro

compound, the pharmaceutically acceptable salt thereof or the

solvate thereof as claimed in any one of Claims 1 to 11, as an

effective ingredient.

16. A use of the spiro compound, the pharmaceutically
acceptable salt thereof or the solvate thereof as claimed in

any one of Claims 1 to 11, for the production of a GPR40 agonist

medicament.

'17. A use of the spiro compound, the pharmaceutically
acceptable salt thereof or the solvate thereof as claimed in
any one of Claims 1 to 11, for the production of an insulin

secretion-promoting agent or a hypoglycemic agent.

18. A use of the spiro compound, the pharmaceutically
acceptable salt thereof or the solvate thereof as claimed in
any one of Claims 1 to 11, 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 glucose.

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

acceptable salt thereof or the solvate thereof as claimed in
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any one of Claims 1 to 11 to a mammal in a pharmaceutically

effective amount.

20. A method for promoting insulin secretion or lowering
blood glucose level, which comprises administration of the
spiro compound, the pharmaceutically acceptable salt_thereof
or the solvate thereof as cléimed in any one of Claims 1 to 11

to a mammal in a pharmaceutically effective amount.

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
comp:ises admini;tration of the spi:o qqmpound, the
pharmaceutically acceptable salt thereof or the solvate thereof
as claimed in any one of Claims 1 to 11 to a mammal in a

pharmaceutically effective amount.



