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Bl CYCLI C y- AM NO ACI D DERI VATI VE Technical Field
[000_] The present inventiomrelates to a bicyclic
y-am no acid derivative or a pharmacologically =
acceptable salt thereof. Particularly, the present

Lg\éeriﬂggﬂdrglngtgfsfitgi ?)}%? p‘.’ﬂgﬁ%?gyi Sgp:ﬁg M’"’MWM’I’”WW

channel subunit a28, or a pharmacologically  «sg50
acceptable salt thereof. The present invention further——

relates to a_pharpaceuti conpasiti rising the
conpound or PHEQbW Fnﬁé%ﬁgg?cgfﬁg ?%Eggﬁgggg sal t
thereof as an active ingredient. Background Art
[ 0002] Conpounds that exhibit high-affinity binding to
Techn i@t agessdependent cal ci um channel subunit a28 have
been shown to be effective for treating, for exanple,
[ooteur opathic pain (see e.g., Non-Patent Docunents
and 2). In this context, neuropathic pain refers to
chrasi @reaentcaused thypnnerictss tieSUeidijdirk a-aheo acid
like and is a disease that significantly inpairs
demjuatiitwe ofr |4 fehaonadrel extent 1Y hatccpat dleht ssalf f enezeor.
from depression due to severe pain attacks. [0003]
Pazfpriery M. 1909 (R19S9T0Y 140V F10R | F$12T¢F 1@ ¢ | compound
*@00002* 2 Several types of a25 |igands are currently
haWéﬂﬁM@%%%V%%kﬁﬁbéﬂiﬂ@5d#&§§nﬁoﬁﬁﬁuﬂ¥Qkﬁﬁ%méﬁﬁi&qﬁ%%ﬁe‘
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acceptable salt thereoZ. The present invention further

relates to a pharmaceutical compcsition comprising the
compcund or the pharmacologically acceptablie salt therecf as

ar. active ingredient.

Background Art
[0002]
Compocunds that exhibit high—éffinity pinding to a

voltage-dependent calcium channe’ subunit «;8 have been shown

ot

to be effective for treating, for example, neurcpathic pain
(see e.g., Non-Patent Documents 1 and 2). In this context,
neuropathic pain refers to chronic pain caused by nervous
tissue irnjury or the iike and is a disease that significantly
impairs guality of life to the extent that patients suffer
from depression due fo severe pain attacks.
[0003]
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as these conmpounds are useful for treating epilepsy
and neuropathic pain or the like (e.g., Patent
Docunent 1). [0004] However, it has been reported
that, for exanple, for gabapentine, its efficacy in
the treatnent of postherpetic neuraIgLa IS
approxi mately 60% according to patients' own
eval uations (see e.g., Non:Patent Docunent 3) and that
f oSevgiredaliaitas, qisnefﬂﬂga@¢5|ﬁVEheummeat&wnkn@Mn as
pai nful diabetic neuropathy is approximtely 500
theg@aradi Hy Yo patfent suchbwheteonitat Fopsifsedxmmples of a,d
Non- Pat ent Document 4). [0005] Q her conpounds are -
LiGRn]Y ogfet 148 %k?a%%%ngpm% a@%t@ﬂ?gab@éaﬁent@ 2 liganggd such
0 I scl ose t hese Pat ent
aséglunen éﬁ%ﬁ%ﬁg%rlgg 151ngyg %%c §T|%£sa urg%fﬁps and
ocay ‘1 ch evi de e n1 he
ne&y ound(gOESL tﬂgpg?gsen¥ﬁ%nven¥lonEEFOBO6F£ ém%égt
[od@@pnent 1. Panphl et of WO 04/006836 Patent Docunent
2: Panphl et of WO 99/21824 Patent Docunent 3:
Pamahicate 1of MOHAY 203948 rdtaderdd Dasaentod: o Ranphd etror
of WD 02/ 085839 Non-Patent Docunment 1: J Biol. Chem
galZfder(dil)e, SIAG8-&T7T7Hcact996 Noa- Patenhebocafepbs2hedpetic
Med. Chem 41: 1838-18445, 1998 Non-Pat ent Docunent
ne@algia NewrpproSuande 11080385983 1d1200003patibanPat entvn
Docunent 4. Drugs 64 (24): 2813-2820, 2004 Disclosure
evHiudheO hveiR T o Pr obN@PEPabehe B@FV@@n§y3ﬁhénd that for
Inventlon 0007 O great significance in treatnent
PT&F3ta bt o ot ovt JeC%CchﬁpBGﬁdtﬁaeFﬁ@ng gFegepful diabetic

therapeutlc effect. than. thgb
neuropatny 1is approximatel kG accordlng to patients' own

evaluations (see €.g., Non-Patent Document 4).
[0005]

Other compounds are disclosed in, for example, Patent
Documents 2, 3, and 4. However, the compounds disclosed in
these Patent Documents are, principally, bicyclic saturated
hydrocarbon compounds, which evidently differ from the
compounds of the present invention.

[0006]

Patent Document 1: Pamphlet of WO 04/006836

Patent Document 2: Pamphlet of WC 99/21824

Patent Document 3: Pamphlet of WO 01/28978

Patent Document 4: Pamphlet of WO 02/085839

Non-Patent Document 1: J Biol. Chem. 271 (10): 5768-5776,
- 199%e6

Non-Patent Document 2: J Med. Chem. 41: 1838-18445, 1998

Non-Patent Document 3: Acta Neurol. Scand. 101:359-371, 2000



conpounds having activity as an a26 |igand

conventionally wused in the treatnent. [0008] Thus,

an object of the present invention is to provide a

bi cyclic y-amno acid derivative having excellent

activity as an a26 |ligand, or a pharmacol ogically

acceptable salt thereof, a pharmaceutical conposition

havi ng an excellent therapeutic and/or preventive
NorefHagegntorbgaimeror 4li sordes sesuckd as 1hbse282byok 00 ag

the central nervous system and an internediate for

produci ng the sane. Means for Solving the Probl ens

. [0009] The_ present invention provides: (1) a conpound

Disclsisssentad Bye thevgehiemal fornula (1) or a

armacol qgi cal ] y acceptable salt thereof: [0010] 4 -
Pr hllf'ni‘@ 6 Wy?‘i‘)by RARINYERE1IGY wherein Rl, R,
[0 ', R4, RS, R R, Re, and R8, are each
|ndependently a hydrogen atom a hal ogen atom or a

d l ls 4 ! e¥in nd. 'me i |t oti]ovi e a
Dgggr%aKVSJ.rf%é%%ﬁﬁﬁ R2 2 Lé%§ Egg%thf B%:g?CfN? d

car atomt they are bound form a

I ; , j dr Falo hal oge
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al kyl group, a Cl-C6 al koxy-Cl-C6 al kyl group, a

usddl-i66 Hkemydagienp, a C2-C6 al kynyl group, a

[0008]

Thus, an object of the present invention is tc provide a
bicyclic y-amino acid derivative having excellent activity as
an o0 ligand, or a pharmacologically acceptable salt thereof,
a pharmaceutical composition having an excellent therapeutic
and/or preventive effect on pain or disorders such as those
involving the central nervoué syétem, and an intermediate for

producing the same.

Means for Solving the Problems
[0009]
The present invention provides:
(1) a compound represented by the general formula (I) or a
pharmacologicalily acceptable salt thereof:

[0C10:



Cl- C6 al koxy group, a Cl-C6 al kyl sul fanyl group, a
Cl-C6 alkylsulfan_yl-Cl-C6 al kyl group, a C2-C7 .
acylthio-C -C6 al kyl group, a C2-C7 acylox_y-Cl-C6
al kyl group, or a C3-C7 cychoal kyl group. According
to a preferred aspect, the present invention
provi des: [0011] (2) the conpound according to (1) or
a pharmacol ogically acceptable salt thereof, wherein
R1 a hydyogen atom (3) the conpound according to
(2Ror a phaﬁﬁaiglogically acceptabl e salt

' and R are hydrogen atons; S
ougdd according to any one of (1) to (3) or

dbl e 5glt thereof, wherein
J?gggyg‘ égﬁalkyl group; (5) the
g8to (4) or a pharmacol ogically
frer eof , wherein R3 is a hydrogen
92 WK group, an ethyl group, a propyl group,
or a botyl group; (6) the conpound according to (5)
or a pharmacol ogically accep-able salt thereof,
wheheiein R3 is a hydrogen atomor an ethyl group; (7)
t he conpound accordlng to any one of (1) to (6) or a
phd%naéﬁloglcamly aécdﬁtaﬁle Ba tan#ieRbokrewkerei n R4
a hydrogen atom (8) the conpound according to any
ln%ﬁ%°6@e%iivt% @yyregea aEﬂ@rnﬁcBPé@E@&lPﬁoﬁtcéﬁtébpé b6
salt thereof, wherein R5 is a_ hydrogen aton1 t he
al E%ﬁp%uﬂdpaCEBrﬁunﬁ“?oRanyOSﬁEh f Fir%tB FSFaS 8 atom to

nPLELPRED, coLoabl aceeR!sobe_ g L IeLaly wheceln.

R® is a hydrogen atom, a halogen atom, a Cl-C6 alkyl

group, a Cl-C6 alkyl halide group, a hydroxy-Cl-C6 alkyl
group, & sulfanyl-Cl-Cé alkyl group, a Cl-C6 alkoxy-Cl-Cé6
alkyl group, a C2-C6 alkenyl group, a CZ-Cé alkynyl group, a
Cl-Cé6 alkoxy group, a Cl—C6 alkylsulfanyl group, a Cl-C6
alkylsulfanyl-Cl-C6 alkyl group, a C2-C7 acylthio-C1l-C6 alkyl
group, a C2-C7 acyloxy-Ci-Cé alkyl group, or a C3-C7
cycloalkyl group. |

According to a preferred aspect, the present invention
provides:
[0011)]
(2) the compound according to (1) or a pharmacclogically
acceptable salt thereof, wherein R' is a hydrogen atom;
(3) the compound according to (1) or {2} or a
pharmacologicaily acceptapble salt thereof, wherein both R?

and R?' are hydrogen atoms;



(10) the conpound according to any one of (1) to (9)
or a pharnmacol ogically acceptable salt thereof,
wherein R is a hydrogen atom (11) the conpound
according to any one of (1) to_(10) or a
phar macol ogi cal |y acceptabl e salt thereof, wherein
both R8 and R8' are hydrogen atons; (12) a
~ pharmacol ogi cal |y acceptable salt of a conpound
(4gc‘é]@;?dFﬁI@PPénﬁn?Céﬁé%fIg(1? £8Y( PLF, OWhérei it HE)- o8 2
har macol ogi cal | y acceptable salt _is hydrochloride, .
oM B3 EnGSar FoRAY e O PpEPoFUSALSUFFERECE: (DSFean X° is e

[of0) oundgreprgseng dhgy ghe general formula (la) or a
hy%ﬁggﬁﬁcsr88i8alﬁy zéc pEabye gépPpthereof: [0012] R4 R
<5ggsgﬁzg%ﬂé&thgggB?rﬁgﬁgRg? é%ﬁ gé.gg hgrmg%%&%EQCgliy

e éeach
i t h: -.at.ar 2h or . -
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me@@&boﬁr@ﬁﬁﬂ1bﬁ e%ﬂ&@hgkgﬁﬁ,aéeﬁggﬁQq oM G3- 67 pury:
cycl oal kyl group; and R3 is a hydrogen atom a hal ogén
gratpm a Cl1-C6 al kyl group, a Cl-C6 al kyl halide
group, a hydroxy-Cl-C6 al kyl group, a sulfanyl-Cl-C6
(6al kKge goopppna €tcCbdahkoxy- Ch) Cor al kylargrawpogdcally
C2-C6 al kenyl group, a C2-C6‘alk¥nyl group, a d-C6
acapRogpigr eapt an€reCcs,akkygksakf &nyisgeobpdrag®l- €om or an
al kyl sul fanyl -C1-C6 al kyl group, a C2-C7
ethyyl ¥RPBPCL- C6 al kyl group, a C2-C7 acyl oxy- Cl- C6
alkxl group, or a C3-C7 _
(7) the Compound according to any one of (1) to (6) or a
pharmacologically acceptable salt thereo®, wherein R® is a
hydrogen atom;
(8) the compound according to any one of (1) to (7) or a
pharmacologically acceptable salt thereof, wherein R° is a
hydrogen atom;
(9) the compound according to any one of (1) to (8) or a
pharmacologically acceptable salt thereoZ, wherein R® is a
hydrogen atom;
(10) the compound according to any one of (1) to (9) or a
pharmacologically acceptable salt thereof, wherein R’ is a
hydrogen atom;
(11) the compound according to any one of (1) to (10) or a
pharmacologically acceptable salt thereof, wherein both R®
and R® are hydrogen atoms;

(12) a pnarmacologicaily acceptaple salt of a compound

according to any one of {1) to (11), wherein the



cycl oal ky_ group; [0013] (14) a conpound represented
by the general fornula (Ib) or a pharmacol ogically

acceptable salt thereof: 7 - [0014] RR5 6 , -NIIRR3
COOR? (Ib) 8 R =181R R R whereinl1 ", 21, 4
', 6, ', ER RRR, RRRR and " are each

i ndependently a hydrogen atom a hal ogen atom or a
C=-C6 alley= group, or R and R2, together with the
phaatdon @d dm by adiebciibey asetbbandyfiooohaoC34EY
cycl oal kyl group; and R3 is a hydrogen atom a hal ogen
berateom sal Cingdse al kylp- gmbugnﬂauCIOEBtatkyl hal i de
group, a hydr oxy- C1- C6 al kyl grou
(1xula @Omﬁﬁwﬂiﬂfimﬁ%ﬁ%%Faﬁr%ﬁpt a €§D€Baélk©%yuéﬁ ¢sa) or a
al kyl group, a C2-C6 al kenyl groug a C2-C6 al kynyl
Phayr W2 BHY aFkosHT @?bﬁpSG tcibeseafkyl sul fanyl
O@é? , a C1-C6 al kyl sul fanyl -C1-C6 al kyl group, a
7 acylthio-Cl-C6 al kyl group, a C-C7
acyl oxy-Cl-C6 al kyl group, or a C3-C7 cycloal kyl
group; [0015; (15) a conpound represented by the
general formula (l11) or a pharnacol ogically
acc abli{§alt t her eof : 40016] 8 NR3CErl__ COOH

(11 NHR
R3 / u'l,,”._ C O OR7 (Ia)
' ' R8
R1, g' R
R
wherein

4 6 ! .
' R%, R%, R’, R®, and R® are each

independently a hydrogen atom, a halogen atom, or a Cl-Cé6
alkyl group, or R? and R? together with the carbon atom to
which they are bound form a C3-C7 cycloalkyl group; and

R® is a hydrogen atom, a halogen atom, a Cl-Cé6 alkyl
group, & Ci-C6 alkyl halide group, a hydroxy-Cl-C6 alkyl
group, a sulfanyl-Cl-C6 alkyl group, a Ci-Cé6 alkoxy-Cl-Cé
alkyl group, & C2-C6 alkenyl group, & C2-C6 alkynyl group, a
Cl-C6 alkoxy groutp, a Cl-C6 alkylsulfanyl group, a Cl-Céb
alkylsulfanyl-Cl1-C6 alkyl group, a CZ-C7 acylthic-Cl-Cé alkyl
group, & C2-C7 acyloxy-Cl-Cé6 alkyl g¢group, or a C3-C7
cycloalky’l group;
[0013]
(14) a compound represented by the-general formula (Ib) or =

pharmacologically acceptable salt thereof:



wherein R3 is a hydrogen atom a hal ogen atom a O -C6
al kyl group, a Cl1-C6 al kyl halide group, a
hydr oxy- Cl-C6 al kyl group, a sulfanyl-d -C6 al kyl
group, a C-C6 al koxy-Cl-C6 aIkyI group, a C2-C6
al kenyl group, a C2-Co6 alkynyl group, a Cl1-C6 alkoxy
group, a Cl-C6 al kyl sul fanyl group, a Cl-C6
al kyl sul fanyl -C--C6 al kyl group, a C-C7

[O@cy] thio-C-C6 al kyl group, a C2-C7 acyl oxy-d -C6
al kyl group, or a C3-C7 cycloal kyl group; [001 7;
(16) a conpound selected fromthe group cons-sting of
the following: () - [ (1S, 5R 6R) -6- (am nonethyl)
b|c o [3. 2 0] hept-3-en-6- yl]acelic acid;

S, 5 R)-6-am n tdyl-- 3- met hyl bi cycl o: 3. 2. 0] hep

t 3- n -gsyl]aqérrﬁ}ﬁgﬁﬁ'

() -[ (& 6R§~%-aninonethyl 3- et hyl bi cycl o[ 3. 2. 0] hept
33-e 6-yl ] ace™
R() [N\LS, 5K, 6R) | 6- anlﬁgiggﬁgf ﬂg$5&lb|cyc lo[ 3.
2.0]h =3 en - gl ] acelLi c aC|d (-) - [ (1S, 5rR 6R
gs' r| i -pnet@y - 3- butylblcyclo [3.2. C] hep}-3-en-
yl]atetiR add;

[ (1R 55, 6S) - 6- (am nonet hyl ) bi cycl o[ 3. 2. O]hept 3- en- 6-
yI]acetlc acid; 9 -

whéfdS:5R, 6R) - 6- (an1nonethy|)b|cyclo[3.2.C]hept-3-en-6-
yl]acetic acid,

[ (1S, 5R?HRR? 6- @énlﬁbnemﬁyn§b|®yplaﬁ6 R® Ophepteahen- 6-

yl Jacetic acid hydrochl ori de; )
infi¢nSnERBRY- 6- hufirnomst Bybkhi ey bkdPIeR. @ivapt <3- enLs-C6

| ]acetic acid benzenesul f onat e;

alfy1RI5S.BS) OB- Biri #oreR hy FOIEENRYI BiLEYcitoE3 CRIBPRe FEOB tC

en- 6-
which they are bound form a C3-C7 cycloa*kyl group; and

R® is a hydrogen atom, a halogen atom, a Cl-Cé6 alky:

group, a Cl-C6 alkyl halide group, a hydroxy-Cl-C6 alky:
group, & sulfanyl-Cl-C6 alkyl group, a Ci-C6 alkoxy-Cl-Ceb
alkyl group, a C2-C6 alkenyi group, a C2-C6 alkynyl group, a
Cl-Cé6 alkoxy group, a Cl-C6 alkylsulfanyl group, a Cl-Cé6
alkylsulfanyl-Ci-Cé alkyl group, a C2-C7 acylthio-Cl1-Cé6 alkyl
group, a C2-C7 acyloxy-Cl-C6 alkyl group, or a C3-C7
cycloalkyl group:;
[0015]
(15) a compound represented by the general formuia (II) or a

pharmacologically acceptable salt thereof:

[0016]



acetic acid;
, 5S, 6S) - 6- aninonethyI-S-ethyIbicyclo[3.2.0]hept-3-
yl Jacetic acid p-tol uenesul fonat e;
, 5S, 6S) - 6- (am nonet hv-) - g-ethylbicyclo[3.2.C]kept-
6- yl]acetic acid benzenesul fonate; and
[ (1S, 5R, 6R) - 6- am nonet hyl - 3- et hyl bi cycl o[ 3. 2. 0] hept - 3-
er.-6- yl] aceti c¢ acid; (17) a pharnaceutica

conposi tion conpris%gggg compound or a

yl]
[(1IR
en- 6-
[(IR
3-en-

pharnacologlcal ac abl e salt thereof according to

.any- § to (16) as an active ingredient; (18)

2 arnnceuti rding to (17), for
R treaN ng dand/ dr preventlng palniiggg) t he

phar utical conposition according to (17), for

treating and/or preventing a di sease selected fromthe
whedl8yp consi sting of acute pain, chronic pain,. pain
caused by soft tissue or peripheral injury,
POgRE heg pgtdesg%ﬁ' g8, og%emlmng%ﬁ-' 9b8c1-ce alkyl
trigem nal neural gia, nyelonere’or i nt ér cost al
grdighr & gname;:%rmf% Rl fhe NeHduOPaY hhydpék? C1m9r§1 Re1
pai n associ at ed th osteoarthritis or articular
grdutguratd SiMarPal T ass®OCci Bt el ydiip CoNt UBH0H, a SREAVAC1 O 6
trauma, spondyl al gia, pain caused by spinal cord or
allprlaigratemad Mjangy alldénypagrnoum, tdheCle@erabagkyl group, a
sciatic neural gia, toothache, nyofascial pain
Clidrlodmy episint omCpata, a oyt yupsdmny L paraup caaset-8§
burn, cardiac pain, nuscular pain, ocular paln
al}ﬂnﬁualrﬁ?dtyolr)f:paq@} 2 BEOF aBF PP pad nS2 a%aoﬁi:mﬂhb%ﬂﬂl -C6 alkyl
pai n aSSOC|ated W th dysnenorrhea, |abor pain
gr%or?etcr% Ush @y sorarat g‘r%l aphayh @EQ0BRi a?édav\??hbner ve
c %I Jga;cular injury, pain associated with anputation,
Y4ie€ th, neuroma, or angiitis, pain caused by
“xg-ﬁbetlc neuropathy (or diabetic periphera
neur opat hic pain), pain caused by chenot her apy-
16'“%“E%%JHHH&KEHfBbt@&ypf&ﬁlt%@cba$u8685§§géawqg of the
neuropathlc
following:

(£)-[(1S,5R, 6R) -6~ (aminomethyl)bicyclo[3.2.0]hept-3-en-6-

(£)-[(1S,5R, 6R) -€-aminomethyl-3-methylbicyclo 3.2.0]hept-3-
en-6-yllacetic acid;

(£)-[(1S,5R, 6R) -6-aminomethyi~3-ethylbicyclo[3.2.0]hept-3-en-
o-yllacetzic acid:;

(£)-[(1S,5R, 6R)-6—-aminomethyl-3-propylbicyclo!3.2.0]hept-3-

(£)-[(1S,5R, 6R) -6-aminomethyl-3-butylbicyclo[3.2.0]lhept-3-en-
b-yljacetic acid;
[ (1R, 25,68) -6~ (aminomethyl)bicyclo[3.2.0]hept-3-en-6-

ylijacetic acid;



pain in the |l ower back, trigem nal neuralgia,
occi pital neuralgia, nyelonmere or intercostal
neural gi-a, neuralgia associated with H'V, neural gia
associated with AIDS, hyperglgesia, burning pain,
sudden pai n, pain caused by " chenot herapy, occipital
neur al gi a, psychogenic pain, pain associated with
gal | stone, neuropathi c or non-neuropathic .pain
[ (1&ps SBoi &t Jeth W aThi reirriery L )ohe®Y ©he [ 3 nd- phlhepTf mett6onal
. ,abdomi nal pain, headache, acute or chronic tension
v1lResdahet 1S nus- headache, cluster headache,
[

t.enpor omandi bul ar joint_ pain, iLlary sinus pain,
geicakidel et S T S e P S LA

Jnost.aper at i pain,. scar . pain, chronic non-
YlJﬁgﬁEﬂﬁn%ﬁﬁyg%Y TO??tﬁDHV§1gia, anyot rophi c | at er al

[ (15C18Y 08 8. Fﬁhiﬁ&ﬁ&@?&%& %ﬁ ¥i2 g@ﬁég«b?%k@ew

adul't’ partial” seizure f el’zure in

y118RId-ensYa Pad i 88t Sdnes gBASE A s zed anxi ety disorder, and
restl'ess | egs syndronme; (20) the pharnmaceutica

[ (IGOMEISE S i -0 26 LOsEk gy 103 {d¥hy 108 yclseatl b DL@@ﬁfOB—en—&
preventing pain caused by diabetic neuropathy; - it
vil(@bBtiuseeofda conpound or a pharnmacol ogically
acceptable salt thereof according to any one of (1)
[ (1Fo J51.6)S ¥-ov— gnodorcs nigy b 3 phalhvhiceay ¢ tal 3 conposedi ofren-6-
(22) the use according to (21), wherein the
yllpeatieccati¢ap-tebapossei bpnatea conposition for
treating and/or preventing pain: (23) the use ~
[ (o cordi g 2o RR)omsheY 2l 13 TR BHAF A¥E LRt f cat 01 hept-3-en-6-
..conposition is a conposition for treating and/or
y*lﬁngéﬁfi%@ﬁdb%?%z%%%g%ﬁk%?a Fab@tFc neuropathy; (24) a
t or-treating and/or_ preventing paip, conmprising .
[Hggéﬂﬁﬁgéér?n%mép% %E%%to?o%?%%#?y“%??%t igeogﬂgght§o?g 6
c&ompoynd;or a pharmacol ogi cal |y acceptable salt
thereo according to any one of (1) to (16) to a

(17V“Hﬁﬂﬁarmaceutical composition comprising a compound or a
pharmacologically acceptable salt thereof according to any
one of (1) to (16) as an active ingredient;

(18) the pharmaceutical composition according to (17), for
treating and/or preventing pain;

(19) the pharmaceutical composition according tec (17), for
treating and/or preventing a disease selected from the group
consisting of acute pain, chronic pair, pain caused by soft
tissue or peripheral injury, postherpetic neuralgia,
occipitail neuralgia, trigeminal neuralgia, myelomere or
intercostal neuralgia, central pain, neuropathic pain,
migraine, paln assocliated with osteoarthritis or articular
rheumatism, pain associated with contusion, sprain, or trauma,

spondylalgia, pain caused by spinal cord or brain stem injury,



(25) the nethod according to (24), wherein the painis
pain caused by diabetic neuropathy; (26) the method
according to (24) or (25), wherein the mamal is a
human; and [ 0018] (27) a c% ound represented by the
general formula (TI. [ 00 g? Rda R3a NH 2 R3a / COCH
(1) 8a R2a 2a Rla R8a R wherein 12 R a, p2a,
R2a’ , Rd4a, R a, Rea and Raa are each independently a
pa Hy dk b gee at g T abmkog%%—@wm nepral@iacetapkbpcheoup,
or R2a and Rea' together with the carbon atomto
my%&ﬁ%%l%hGWaa?eSY%QnﬁEPfo?ﬂ%%l@%O@Y B§eloaPRyEYgPBEp; Pain
and R3a is a h drogen at om halggen atom a Cl-C6
Ca%ﬁ%%loyg?%u% % =6 kY1 %%F?H jrBapls gocular palin,
1n§?§%§5 £ D alk% -group, _a. sulfg ¥F-C%1C6 al kyl
group; a‘ %B‘al XA TP Al ky T § Shp2laPEsRgePain

asé%%ﬁ%@i C%?s%%n%% %ahy¥£b§%8%9in,c§¥cﬁ dg %%%Xosis,

soﬁ@gyi%9£fa@¥i 1 Gz g@cﬁ&%&& QL OHPRe 8vE25C radicular injury,
acyl thio-Cl-C6 al kyl group, a C2-C7 acyl oxy-d -C6

pa Bh K¥b s §F DalPed Ohi 8h Bmbtatyehpat k¥l dgn08RreAdYaRtadesa, or
of the Invention [0020; The present invention can

angt ovi g wabhcyehsedypanibabeattdnderbyathye (bavhdigbetic
excel lent activity as an a2S liaand, or a
prephaheaedl ngicabéyhaccepiabl epgaht ceheedoby ahemotherapy-
phar maceuti cal conposition haV|ng an excel | ent
indpeedpeetfeprathy, atypical facial neuralgia, neuropathic
pain in the lower back, trigeminal neuralgiz, occipital
neuralgia, myelomere or intercostal neuralgia, neuralgies
associated with HIV, neuralgia associated with AIDS,
hyperalgesia, burning pain, sudden pain, pain caused by
chemotherapy, OCClpltal neuralgia, psychogenic pain, pain
assocliated with gallstone, neuropathic or non-neuropathic
pain associated with cancer, phantom limb pain, functionai
abdominal pain, headache, acute or chronic tension headache,
sinus headache, cluster headache, temporomandibular joint
pain, maxillary sinus pain, pain caused by ankylosing
spondylarthritis, postoperative pain, scar pain, chronic non-
neuropathic pain, fibromyalgiz, amyotrophic lateral sclerosis,
epilepsy (particulilarly, partial epilepsy, adult partial
seizure, and partial seizure in epilepsy patients),
generalized anxiety disorder, and restless legs syndrome;
(20) the pharmaceutical composition according te (17}, for
treating and/or preventing pain caused by diabetic

neuropathy;



and/ or preventive effect on pain or disorders such as
those involving the central nervous system and an
intermedi ate for producing the sane. Best Mbde for
Carrying Qut the Inventlon [0021] In the present
speci fication, a "hal ogen aton1 refers to a fluorine,
chl orine, brom ne, or |od|ne atom [00221 - 13 1In the
present specification, "Cl-C6 al kyl group" refers
21t)%5¢|®ea1 @Pmbe and hed alRyar@aegbOEavaﬁ@ylapeee able salt
carbon atons and i ncl udes net hyl ethyI propyl, .
theBpF opgFording yio @%bb%@@IOLséelePyl16ﬁeﬁPIbQF99UC¢ng a
oentyl, isooentyl, 2- nmethylbutyl, neopentyl,
PharpR &Y bt oY CO%%9§+th§ohexyl 4. met hyl pentyl ,

2§h3| tbhy' AL ET T, Egd i mﬁmth’ik@erh%ﬁ@acemcal
cot %51€£ butysmggé y gytfﬁ*|%5%y?l“ %d ULy8§§ venting

d neth oups.
paig the present speC|f|cat|on a "Cl-C6 aIkyI hallde
group" refers to the "Cl-C6 al kyl group” substituted
(2By the Ls@aé@eeﬂdﬁﬁ@n%cangl nclHdes i hr kheuphemdkRvhic ical
trichloronmethyl, difl uoronethyl, di chl or onet hyl ,
colb&& otDeRt hyl & ébmprﬂEEBM|forZLZeBtEhgfbM@V@ﬁtbybyenelng
2,2,2-trichloroethyl, 2-bronoe thyl, 2- chloroethyl,
pa?nftaoseethyl di2beodoetxykopdtohl or oor opyl, 4-
fluorobutyl, and 6-iodohexyl groups. [0024] 1In the
(2©reeemetepecfbrcarE@h;na ah?dpgxyreyecﬁia@kywin,gp@mprising
refers to the "C -C6 al kyl group” substituted by a
adﬁy@#éR?Fl@@o@pphﬁémﬁﬁ@ﬂ9§é§aﬁ9dr9X§ﬁ§FHVﬁ amount of a
2- hydr oxyet hy| , 3 hydroxypropyl, 4-hydroxybuty
CO@PﬁVH?oQ§n%n???rmé”oﬁ9aﬂ6§yHexﬁFceEtﬁP&Foﬁfeﬁh$her&ﬁd

accor¥9£8X¥grog¥|ogrou S to (16) to a mammal;

(25) the method according to (24), wherein the pain is pain
caused by diabetic neuropathy;
(26) the method according to (24) or (25), wherein the mammal

is a human; and

[0018]
(27) a compound represented by the general formula (III):
(0019)]
Ffm I{&’
3 .
R™ 2 | COOH (i)
8a
2a’ R
la - 8a'
R ]R?aI{ R

wherein



[0025] In the present specification, a "sul fanyl-Cl-C6
al kyl group” refers to the "d-C6 al kyl group”
substituted by a sulfanyl group and includes
mer captomet hyl , mercaptoethyl, _2 14 nercaptoet hyl,
mer capt opr opyl , 2-nercapt opiopyl, and 3-
mer capt opr opyl groups. [0026] In the present
speC|f|cat|on a "C2-Cb alkenyl group” refers to a
Ilﬁéarror,bRanchQ&,aBR%nﬁi *gerodpRiavieng 2ach éndeaeborntly
atons and includes vinyl, allyl, 1- propeny

a hysgmassefiiom 1- aomwe“ ?W'ermyla %1bu§e<nylm group, or
J2-methyl -| - ro enyl, 2-npeth

R*® 1?%%t%yl +O% eﬂleti h%?h§¥gppy|atOT 58nW8ﬁ§F they are

t | t te thyl -1 -
oot A .Gty 1 B B TR HR25: but enyl
2- ned t -~
5. %ztﬁg ngnﬁu %?% HQ?HQYA?EO eg¥%i a Ci-C6 alkyl
r t 1.n 535 P Lro 1 6 a -
e

grolap2 i nRithd @ - @Iﬂ@@né/ikyﬂ gef@uﬂ; | 2 PEOPEBYAL koxy—-C1-C6
-ethyl 2- propenyl hexen_y . 2- hexenyl , 3-hexenyl,

alidrihexeryd, H-texedyhikdndr djreibyl al e2bateaykyryl group, a
1, 1-di net hyl - 2- but enyl , 1,1-dinethy|-3-buteny|, 3, 3-
Cldiametiydxil-dbemyla Atned hylkyipehfenyl, group, a C1-Co6
1- net hyl - 2- pentenyl, 1-nethyl -3-pentenyl,
alKNlﬁﬂJﬁﬂﬁyﬂxﬁ#neﬁy$lkwln@I@yPriap@ﬁtéﬁyﬁcylthio—vl—06 alkyl
4- met hyl - $entenyl and 4- nethyI-S pent enyl grou
gr $€02?1C3T§ MRC P @EBNE L spect § Fat PBAUPa ®€2gcg Eyny
roup” _refers to a |linear or branched al kynyl group
Y2 9%6°6° - carbon atons and i ncl udes et hynyl,
1 propynyl, 2-propynyl, 1- butynyl, 2-butynyl,
3-butynyl, 1-nethyl-2- propynyl 1- pentynyl,

y pen I pentynyl , 3-methyl-1-
Aai% %%@ éﬁ ltl%Q%u%ﬁnyl 1- net hyl - 2- but ynyl ,

ﬂfthyl 3- butynyl, 1,1- dlnethyI-Z-propynyI,
exynyl, 2-hexynyl, 3-

The present invention can provide a bicycliic y-amino
acid derivative having excellent activity és an a0 iigand,
or a pharmacologically accepcable salt thereof, a
pharmaceutical compesition having an excellent therapeutic
and/or preventive effect on pain or disorders such as those
involving the central nervous system, and an intermediate ifor

producing the same.

Best Mode for Carrying Out the Invention
(00211

In the present specification, a "halogen atom" refers to
a fliuorine, chlorine, bromine, or iodine atom.

[0022]



hexynyl, 4-hexynyl, and 5-hexynyl groups. - 15 -
[0028] In the present specification, a "C-C6 al koxy
group” refers to the "Cl-C6 al kyl group"” bound to an
oxygen atom and includes nethoxy, ethoxy, propoxy,
I sopropoxy, butoxy, isobutoXy, s-butoxy, tert-butoxy,
pent oxy, isopentoxy, 2- nethyl butoxy, neopentoxy,
hexyl oxy, 4-nethyl pentoxy, 3- nethyl pentoxy, and
2- n%i Hy 1 e D56 g r rRsst L ooogn, | & the-ppesehyl group”
specification, a "Cl-C6 al kyl sul fanyl group" refers
reker s heC" €11 E8aFkGF BFdnpneBoahdvlodaosal haringt smtand
i.ncl udes neth¥lsulﬁan%l, eth&ésulf%nyl, ,
Canr oyt sUFFanft, 1PSopropyrEhl Y any PEREur yPSAPY any fsopropyl,
| sobu ulLfanyl, sec-butylsulfanyl . N
ouy Ty BT aRST S bentyFEAFI By, Dentyl, isopentyl, 2-
i n sul.f - et lsukfa .
e DA Su T am T L. ety B aBy PRl ahylyl, isonexyl, s
me ybsut{anyb, netsohsxyt sul f anylks nt -meth ty]
gﬁ%ﬁihylgentylsulfgng%,kg- ngtﬁslgg%?ipsﬁ%fa%yP,t ylpenty-,
3, 2-aehbyhpeptylsyl ﬁaﬁi’aiméthgﬁbhﬂ/ﬁ(?ntlyhSHanéEMIy,lbutyl, 1,2-
3, 3-di net hyl but yl sul fanyl, 2,2- di nethyl butyl sul fanyl,
difedngimethyl| but grauhéanyiputy2; di sethykbutybsubfanghg 2-
1, 3-di net hyl but yl sul fanyl, 2,3- dinethyl butyl sul fanyi,
ethanbdo@t gt hgrbupyl sul fanyl groups. [0030] In the
resent specification, a "CO-C6 al koxy-Cl-C6 al kyl
Oé%%hp" refers to the "C1-C6 al kyl group" substituted
by _the "Cl-C6 al koxy group" and ingcludes ) o
et Hoxy et PRF S e et HSG et FRF LOPr opoxyhet hydlkyl halide

o QUETELIY . Sl BorpEopYl ., Sethppropl oy oo
"h§H&yQ§'a%gm“ EQQBE%cludes trifluoromethyl, trichloromethyl,
difluoromethyl, dichloromethyl, dibromomethyl, fluoromethyl,
2,2,2-trifluoroethyl, 2,2,2-trichloroethyl, 2-bromoethyl, 2-
chlorocethyl, 2-fluorocethyl, 2-iodoethyl, 3-chloropropyl, 4—'
fluorobutyl, and 6-iodohexyl groups.

[0024]

In the present specification, a "hydroxy-Cl-Cé6 alkyl’
group" refers to the "Cl1-C6 alkyl group" substituted by a
hydroxyl group and includes hydroxymethyl, 2-hydroxyethyl, 3-
hydroxypropyl, 4-hydroxybutyl, 5-hydroxypentyl, 6-
hydroxyhexyl, l-hydroxyethyl, and l-hydroxypropyl groups.
[0025]

Irn the present specification, a "sulfanyl-Ci-C6 alkyl
group"” refers to the "CI-C6 alkyl group" substituted by a

sulfanyl group and includes mercaptomethyl, mercaptoethyl, 2-



In the present specification, a "C-C6
al kyl sul fanyl -Cl1- C6 al kyl group” refers to the "C -C6
al kyl group” substituted by the "Cl-C6 al kyl sul fanyl
group” and includes nmethyl syl fanyl nethyl,
et hyl sul fanyl net hyl, propylsul fanyl net hyl ,
i sopropyl sul fanyl methyl,  butyl sul fanyl net hyl,
i sobutyl sul fanyl net hyl, sec- butylsulfanylnethyl

me %GR LRI RN ou|HEHTA RRIPRADY | pedit e BeR B sepT aRY hyl and 3-
i sopentyl sul fanyl et hyl, 2- nethylbutylsulfanylethyl

e RN R VAR fRIRHRT hyl |, 1- ethylpropylsulfanylethyl,

‘o Q%%Isulfanylethyl |sohexylsulfanylethyl
thylpentylsulfanylethyl 3-

- neth ent yl sul f.an cgtnyl o _ .
é%}y|su| nﬁﬁproﬁﬁloq_ a "C2-C6 alkenyl group

V. e t | a
re%?ﬂ déﬁé$h %%éﬁg%ﬂfany %%% a}k n%l group having 2 to ©

caﬁ%éﬂr§%$ﬁgt&@&'ﬁﬂ&f@@@épéfﬁyi; 41141, 1-propenyl,
di met hyl but yl sul f anyl pr opyl’, )
1sdp£o@¢ﬁlgelhyiibuwérﬁymfaﬂyﬂ>@i@@y ; 3-butenyl, 2-methyi-1-
1, 3-di met hyl but yl sul f anyl propyl, 2, 3-
prdbémyhylI&ﬁ@dﬁ&ﬂéfﬂwiprI*métn@Ddl propenyl, l-methylallyl,
2-et hyl butyl sul fanyl propyl groups. [0032] 1In the
1- Rﬂmﬁﬂnw1sp%ﬂpéﬁi&ny1n1préMQemylac&+p®mbeﬁylCB3—mékyyl—l—
grou refers to the "C -C6 al kyl group” substituted
buwy @WWTW@@@YbupE nahey €= m‘anyltth%methyl 1-
gr ou refers to a "C2-C7 acyl group" bound

bu%ﬁﬂX r %ﬁ@ﬁﬁhﬂ#m?“Qﬁﬁ%ﬁylac%Tm%F%ﬁb“ r%?%?§Y¥o 1h@ethyl 1-

) b d b
buGERT el MRS o y?u@%’%ﬁlp;tfrfﬁ‘mii 32%&19353;??05[%23?]
t { t
dlﬁ%g%%%%% |foP§&%g% anoy g %%y?%gty y#?gl%ethyl_z_

(gggpf t anoyly,., L-£t onyl Xan e
- e Eylge%ta oy, g%&ﬁe&ﬁi %n?%%%%? §¥épeny1, 1-hexenyl,
Z—HE%éHyP?nﬁﬁHE&%nyﬁﬁd41h@§éﬁy1pe@1g@ggﬁyg;oyp§Ldimethy*_l_

butenyl, 1,l-dimethyl-2-butenyl, 1,1l-dimethyl-3-butenyl, 3,3-
dimethyl-l-butenyl, l-methyl-I-pentenyl, l-methyl-2-pentenyl,
l-methyl-3-pentenyl, l-methyl-4-pentenyl, 4-methyl-l1-pentenyl,
4—methyl—2¥pentenyl, and 4-methyX:-3-pentenyl groups.

[0027]

In the present specification, a "C2-Cé6 alkYnyl group"
refers to a linear or branched alkynyl group having 2 to 6
carbon atoms and includes ethynyl, l-propynyl, 2-propynyl, 1-
butynyl, 2-butynyl, 3-butynyl, l-methyl-2-propynyl, 1-
pentynyl, 2-pentynyl, 3-pentynyl, 4fpén£yny14 3-methyl-1-
butynyl, 2-methyl-3-butynyl, l-methyl-2-butynyl, 1-methyl-3-
butynyl, l,l—dimethyl—Z—propynyl,.l—hexynyl, 2~hexynyl, 3-

hexynyl, 4-hexynyl, and 5-hexynyl groups.



[0034] The "C2-C7 acylthio group” includes

acetylthio, propionylthio, butyrylthio,

i sobutyrylthio, sec-butyrylthic, tert-butyrylthio,

pent anoyl t hi o, isopentanoyl tgia, 2- nethylbutyrylthio,

neopent anoyl t hi o, 1-ethyl propi onylthi o, hexanoylthio,

4- met hyl pent anoyl t hi o, 3-net hyl pent anoyl t hi o,

2- met hyl pent anoyl t hi o, and 1-net hyl pentanoylthio
[Oog?rﬁdups [0035] The "C2-C7 acylthio-d-Cs al kyl group”

g?ﬁtﬁ?%%t %;gﬁ%&l{L&ﬁﬁﬁ?ﬁf%%ﬁ%&ﬁéﬁﬂg?ﬁoxy group"”

ro |onMJth| pr |onylth|o th . .
ref‘gu*tsgryq tHhi%me ‘hy gro ]S ]{)%6] O th% ?J?e%’@ﬁ? er atom and

B R - G PR R e Ry

bel Shy ,acy 0 + X Xy
I A T el S e

me@iyaButdd837necient &2y Chaeyl Oxy, Mo n{nsdnidesy, 3-
acetyl oxy, propionyloxy, butyryloxy, |sobutyryloxy

me tded-grituw,0and  1-and el eyt oxy , gpembanoyl oxy,
i sopent anoyl oxy, 2- nethyl butyryl oxy, neopentanoyl oxy,
(002t hyl propi onyl oxy, 18 hexanoyl oxy,
4-nethélpentanoyloxy, . 3- net hyl pent anoyl oxy, 2-
€

metlRy EpenPaEFEINGx pPregmid ipaﬁémyl pentCnsid c@dyc_\,glrampf@nw
[0038] _The "C2-C7 ac | oxy-C1-C6 al kyl group” includes
gr%ﬂﬁet yq‘?fa@rrﬁettkﬂllth? T% o@@y}é‘ifhy‘l?m‘sp ac}é@w@x?@r@pwl fur

=35 G B TR T G LAY VT SRS hA7 8k oups.
prcl >,\%]391;]1fkalrinylt Pel§c£§§§n§lgt?f§5r§§pat}58@ylsul§3n§%
isobutylsulfanyl, sec-butylsulfanyl, tert-butylsulfanyl,
pentylsulZanyl, isopentylsulfanyl, 2-methylbutylsulfanyl,
neopentylsulfanyl, l-ethylpropylsulfanyl, hexylsulfanyl,
isohexylsulfanyl, 4-methylpentylsulfanyl, 3-
methylpentyisulfanyl, 2-methylpentylsulfanyl, 1-
methylpentylsulfanyl, 3,3-dimethylbutylsulfanyl, 2,2-
dimethylbutylsulfanyl, 1,1—dimethylbutylsulfanyl, 1,2-
dimethylbutylsulfanyl, 1,3-dimethylbutylsulfanyl, 2,3-
dimethylbutylsulfanyl, and 2-ethylbutylsulfanyl groups.
[0030]

In the present specification, a "Cl-C6 alkoxy-Cl-Cé6
alkyl group" refers to the "Ci-C6 alkyl group" substituted by
the "Ci-C6 alkoxy group" and includes methoxymethyl,
ethoxymethyl, propoxymethyl, butoxymethyl, 3-methoxypropyl,
3-ethoxypropyl, 4-methoxybutyl, S—methokypentyl, and 6-

methoxyhexyl groups.



refers to a saturated cyclic hydrocarbon group having
3 to 7 carbon atons and incl udes cycl opropyl,
cycl obutyl, cyclopentyl, cyclohexyl, and cycl oheptyl
groups. [0040] - Since a canpgund represented by the
general fornmula (1), when having am no and/ or
.car boxyl groups in the structure, forns a salt
_ _through reaction with an acid or a base,  a
(00%har macol ogi.cal |y acceptable salt" refers to this

sal_t [0041] Salts based aon an amno gr i ncl ude:

hy dfofris Hith Eﬁ?%ﬁkﬁ%ﬁ%%&wu%e Chﬁﬁ$d§%¥ Fgetanyl-Cl-

hydr obrom de, and_ _hydrojodid ganic_aci d,sal R
ce gd?yas %yd9octh?|de © %?Tra?% EBY rcﬁﬁoga?ép ubfeituted

oy AL pospin By | oyl et g e

as rret anesu anesul fonate, and

meﬁ%ﬂzeﬁfuéﬂ Iﬁ%ehylar¥%§91£€ﬂaéﬁ§lﬁ% el %5

esul Tonat e and uenesul organi c acid

pr§@§1§u§ﬂ§@va@e@ﬁ§iﬂtEsoﬂﬁ$©§§sulféﬂ§ﬂﬁéghy§UCC|nate
Citrate, ascorbate, tartrate, oxalate,” and nal eate;

buansant moy aeeé dh gal) t sssbehyasulkyayneecsalktl, k9c-l ysine
salt, arginine salt, ornithine salt, glutamate, and
buaghaul ey lihadhgani ceattdusplesloengipkesblionates are
preferabl e, and hydrochl oride, benzenesul fonate, or n-
penfay LeneSany bhateyils horeepirienabraylpoby2) 2Salts
based on_a carboxyl group include: alkali netal salts
m°%mshb1a§>/%%\a% fanEaREnY pot %%@PafhtgéﬁthIaﬁalreutbwumsm t;
aline-earth ta ialts s ch_as c bun1salt and

e“?% BLPYhTY a?P 's%?¥¥ §b&ha§§ §F Mi-num sal t and
S A %nﬁ%?gag'séﬁ%ﬁ%‘?gxisgﬂ. B
meEn?fﬁX %g%ﬁ?hgl ﬂ%??”§¥h§€h9§péﬂk&isG?%BH?th%pyl, 1-
methylpentylsulfanylpropyi, 3,3-dimethylbutylsulfanylpropyl,
2,2-dimethylbutylsulfanylpropyl, 1,1-
dimethylbutylsulfanylpropyl, 1,2-dimethylbutylsulfanylpropyl,
1,3-dimethylbutylsulfanylpropyl, 2,3~
dimethylbutylsulfanylpropyl, and Z2-ethylbutylsulfanylpropyl
groups.

[0032]

In the present specification, a "C2-C7 acylthio—Ci—C6
alkyl group" refers to the "Cl-C6 alkyl group" substituted by
a "C2-C7 acylthio group". The "C2-C7 acylthio group" refers
to a "C2-C7 acyl group" bound to a sulfur atom. The "C2-C7
acyl group" refers to the "Cl-C6 alkyl group" bound to a
carbonyl group.

[0033]



phenyl gl yci ne al kyl ester salt, ethylenediamne salt,

N- net hyl gi ucam ne salt, guanidine salt, diethylamne

salt, triethylamne salt, dicyclohexylamne salt,

N, N - di benzyl et hyl enedi ani ng; sal t, chl oroprocaine

salt, procaine salt, diethanolamne salt,

N- benzyl phenet hyl am ne salt, piperazine salt,

t et r anet hyl anmoni um salt, and

triSthydroxyneddyl ) e wo et hahedsal acehrd, apkapiacyd,
salts such as glycine salt, IyS|ne sal t, arginine

bushFerorﬁPPHFHeY*saPFv BPuﬁaﬁaVet°éhd°§§§éﬂﬂat@en anoyl,

0043 A.co oung rese the general formula .
S OPFChnay L, OPRFLEULRFR Y I OPEPLor Y iehe it il propiony,
t II t b
ned Ry bR BB A RRROr 3 RtV BT RS

me@M%i%&ﬁ%Fﬁé ?!%gdeFog%ﬁ §%n$%e%? wﬁ% % ?gpﬁggented

o@y4 he general formula (1) or (11) has an asymmetric
carbon atomin its nolecule and therefore includes

OptTiEdl "¢ SOMer Scy M hidhgs6upSONRESuARE aBEXLUERS oOf
these isonmers are represented by a single fornula,

propeonytheigenenakrf;ochiba (lspbarylxhithused-eityrylthic,
conpound represented by the general formula (1) or

tefttpualsyltenconpassesogllithsweh ispieadla nioydrmeris aridt
m xtures of these optical isomers at appropriate

mefAY LB YFPO4510, TheCPEREERRY it tes dmedd vapridpeionylthio,
general formul a preferably a conpound

°¥%BP@%EH&@d 6ym?%€yﬁsﬁéﬁépowoﬁﬁﬁpa er&ftmmlaﬂqganqﬁﬂnglo,
L T e m LG s M
[0659%' Rl is preferably a hydrogen atom

The "C2-C7 acylthio-Cl-Cé alkyl group" includes
acetylthiomethyl, Z2-acetylthioethyl, 3-acetylthiopropy., 4-
acetylthiobutyl, propionylthiomethyl, 2-propionylthioethyl,
and butyrylthiomethyl groups.
[0036]

In the present specification, a "C2-C7 acyloxy-Cl-Cé¢
a_kyl group" refers to the "Cl-C6 alkyl group" substituted by
a "C2-C7 acyloxy group". The "C2-C7 acyloxy group" refers to

the "C2-C7 acyl group" bound to an oxygen atom.

The "C2-C7 acyloxy group" includes acetyloxy,
propionyloxy, butyryloxy, isobutyryloxy, sec-butyryloxy,
tert-butyryloxy, pentanoyloxy, isopentanoyioxy, 2-

methylbutyryloxy, neopentanoyloxy, l-ethylpropionyloxy,



In the general formula (1), (la), or (Ib), R2is
preferably a hydrogen atom In the general fornula
(1y, (rta), or (Ib), RZis preferably a hydrogen atom
In the general formula (1), %Ia) (Ib), or (1), R3is
preferably a hydrogen atom o & O - C6 al kyl group,
nore preferably a hydrogen atom a nethyl group, an
ethyl group, a propyl group, or a butyl group, even
hex&n@y*m&ﬁer%bhgtbylpgdt@@emlatpnmafmanhgﬂpyhtgnoymoxyn 2-
the general fornula él , (la), or (Ib), ROis
mefﬁnelf@@mryoyalmm oge étmﬁthyhoeheagemépabf forunka
% or (Ib), R is preferably a hydrogen atom
(0Q38) . [ 0046] In the general formula (1), (la), or

gerléis af“scfzo%paiﬁ%fc%xayb{fﬁa%%df@%ﬁ?gf‘%‘?g} o ghafes ani y
aC%BE%yOXﬁ% ST et R S T 2SS
IR ERR T hoerDeRnY BN PhY thel GRREF AP FaPRUPERYL, and
bu R S 6 RS & 2a PidL?SfeQr iy a ”htyQ?ogen

[o@®m In the general formula (I111), Rea'" is preferably
a hydrogen atom In the general formula (11l1), R3a is
pr efrertald yorae s drydragen stcom osna £ "C8-al kyycgsoupyl group"
nore preferably a hydrogen atom a nethyl group, an
refgthyltgroupatarpregytygtbaphydrocarbon group having 3 to 7
carbon atoms and includes cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, and cycloheptyl groups.
[0040]

Since a compound represented by the general formula (I),
when having amino and/or carboxyl groups in the structure,
forms a salt through reaction with an acid or a base, a
"pharmacologically acceptable salt" refers to this salt.
[0041]

Salts based on an amino group include: hydrohalides such
as hydrofluoride, hydrochloride, hydrobromide, and
hydroiodide; inorganic acid salts such as hydrochloride,
nitrate, perchlorate, sulfate, and phosphate; lower
alkanesulfonates such as methanesulfonate,
trifluoromethanesulfonate, and ethanesulfonate;
arylsulfonates such as benzenesulfonate and p-
toluenesulfonate; organic acid salts such as acetate, malate,

fumarate, succinate, citrate, ascorbate, tartrate, oxalate,

and maleate; and amino acid salts such as glycine salt,



or a butyl group, even nore preferably a hydrogen atom
or an ethyl group. In the general fornmula (I11), Rda
is preferably a hydrogen atom In the general fornula
(I'11) , Ryais preferably a 9hxdrogen atom In the
general formula (I11), R 8 é is preferably a hydrogen
atom In the general fornmula (I111), RBa, is preferably
a hydrogen atom 22 - [0047] The conpound represented

lyssyne e lgenevd itiorensal {1 )oisitispeei $ata) | glutamate, and
exenplified by conpounds described in, for exanple,

- asppgblakel: béneW I aRdwe PeY. & W@lﬁrse%ntaﬁyrﬂ\ﬁeﬂtﬁm’qeﬁ regte
limted to these. In the exanples below, n-Pr

Prefegrdsieht ith WPyl oGrdup Pemeereprl Feprbeenes an

i SOpro xj ar.oup. [ 0048] able 1] 4 Rs N HR6 R3
tl(‘f&‘i%? origfe oiis go IF?F@“%& 123 N R R R, R

HFHHH2CH3HHHH3HCH3
B

Salts based on a carboxyl group include: azlikali metal
salts such as sodium salt, potassium salt, and lithium salt;
alkaline-earth metal salts such as calcium salt and magnesium
salt; metal salts such as aluminum salt and iron salt;
inorganic salts such as ammonium salt; amine salts, for
example, organic salts such as t-octylamine salt,
dibenzylamine salt, morpholine salt, glucosamine salt,
phenylglycine alkyl ester salt, ethylenediamine salt, N-
methylglucamine salt, guanidine salt, diethylamine salt,
triethylamine salt, dicyclohexylamine salt, N,N'-
dibenzylethylenediamine salt, chloroprocaine salt, procaine
salt, diethanolamine salt, N-benzylphenethylamine salt,
‘piperazine salt, tetramethylammonium salt, and
tris (hydroxymethyl)aminomethane salt; and amino acid salts
such as glycine salt, lysine salt, arginine salt, ornithine
salt, glutamate, and aspartate.

[0043]

A compound represented by the general formula (I), (Ia),
(Ib), or (II), when left in the air or recrystallized, may
assoclate with adsorbed water through water absorption to
form & hydrate. Such hydrates are also encompassed by the
salt of the present invention.

[0044]



4 -H-H-H-CHB -H 5 -H-H-H-H6 -H-H-H-H-H 7
“H-H-HH -H 8 -H-H-H-CH2CH3 -H 9 -H -H -H
-CH7CH2CH3 -H 10 -H -H -H - CH2CH2CH2CH3 -H 11 -H -H

HCH(CHS)ZHlZHHiHCH(CHS)CHCHSHlB
H-H-H CHCH(CH3) 2 -H 41 TH -r_ -- -CH2CHECH2 -H
75 -H-H-H -cyciopentyi -H .6 -H-H -H -CH200(0) CH3
“H 17 -H-H -H -CH3OCH3 -H 18 -H -H -H - CH2SCH3 - H
19ThH chEmpHun@H3epCH3en26d- Hy- HheHge@d3@H3 foamhila2( I-)Hor
-H-H-H-H 22 -H-H-H-H-H 23 -H-F-H-H-H 24
(II)Hhay 28 asymRetay c jangaryatgn Hn Jg s ppalgc e Hpng

27 -H-H-H-H-H 28 -H-H-H-H-H 29 -H- -- -H-H
theggfoge pnuderagns19al 3FURIH - Alichpesre Lsgmegs And

m1xt@H§@4S%fggéquigé%%féaggéj¥iHgisgitgg'b;iéréigéliiformula,
i.e., the general formula (I) or (II). Thus, the compound
represented by the general foimula (I) or (II) also
encompasses all such optical isomers and mixtures of these
optical isomers at appropriate ratiocs.

[0045]

The compound represented by the general formula (I) is
preferably a compound represented by the general formulz (Ia)
or (Ib), more preferably, a compound represented by the
general formula (Ib).

In the general formula (I), (Ia), or (Ib), R! is
preferably a hydrogen atom.

In the general formula (I), (Ia), or {Ib), R? is
preferably a hydrogen atom.

In the general formula (I), (Ia), or (Ib), R?' is
preferably a hydrogen atom.

In the general formula (I), (Ia), (Ib), or (II), R® is
preferably a hydrogen atom or a Cl-C6 alkyl group, more
preferably a hydrogen atom, a methyl group, an ethyl group, a
propyl group, or a butyl group, even more preferably a
hydrogen atom or an ethyl group.

In the general formula (I), (Ia), or (Ib), rR? is
preferably a hydrogen atom.

In the general formula (I), (Ia), or (Ib), R® is

preferably a hydrogen atom.



36 -H-H-H-CH SC(OCH3 -H 37 -H-H-H -CH2SC (0)
CH2CH3 -H Cyciopropane formed by these nt_eties
together -H 38 -Hwth the carbon atom -H bound
thereto Cyclobutane formed hy 39 -H these noieties
together -F -C wth the carbon atonr. bound -hereto
40 -F -H-H-HH 41 -H- -H-H-H 42 -H-H-H-H -

43 -H-H-H-- =H 44 -H-H-CH CH3 -H 45 -H -H -H
[o0€BCH3 - H2446HHHCH2CH3H47HHH
CHZCH3H48HHHCH2CH-H4- H
- clpcile ggneg@l fagquls - GHrcHE ) H o5 JrP\HRHlS

|(D 1

H H-H-H-.H Igo RS R R7 Rfi R38-H
%Q%?Ha éroﬁl?kﬁtWH H 3-H-H-H-H-H 4 -H
-Hr Htl”l_é gdnesraleormLI_ia'_% H Fla‘),’or I}ID_S '127'_11
preferably a hydrogen atom.

In the generali formula (I), (Ia), or (Ib), R® is
preferably a hydrogen atom.

In the genera. formula (I), (Za), or (Ib), R® is
preferably a hydrogen atom.

In the general formula (IZI), R' is preferably a
hydrcgen atom.

In the general formuia (III}, R?? is preferably a
hydrogen atom.

In the general! formula (III), R%%' is preferably a
hydrogen atom.

In the general formula (III), R is preferably a
hydrogen atom or a Cl-C6 alkyl group, more preferably a
hydrogen atom, a methyl group, an ethyl group, a propyl group,
or a butyl group, even more preferably a hydrogen atom or an

ethyl group.

In the general formula (III), R* is preferably a
hydrogen atom.

In the general formuia (III), R is preferably a
hydrogen atom.

In the general formula {III}, R® is preferably &

hydrogen atom.
In the general formula (III), R®' is preferably a

hydrogen atom.



7-H-H-H-CHB -H 8 -H-H-H-H-H 9 -H-H-H-H ]
10 -H-H-H-H-H -H-H-H-H-H 12 -H-H -H -H -H
13 -H-H-H-H-H 14 -H-L -H-H-H 15 -H- -H -
“H 16 -H-H-H-H-H 17 -H H-H-H-H 18 -H -H -H
"H-H 19 -H- -H-H-H 20 <H-H-C(CH3)3 -H -H 21

-H-CH3 . -H-H-H 22 -H-CH3CH3 -H-H-H 23 -H
-n-Pr -H-H-H 24 -Hi -Pr -H-H-H 25 -H-H-CH3 -H
[004{7126 -H -H -CH2CH3 - H - H 27 -H-H-n-Pr -H-H 28
-H-Hi -Pr -H-H 29 -H - { -CH3 -CH3 3C -H - _
-H W? q@mggpn¢{ @pr@ﬁemﬁe@|bgz by gppepelHytopmudg (L) is
-H. - H_ H 34 -H-H-H.-H-H 35 -H-H-H-H-H_ 36
§?ﬂfﬁFaFFYFFX?Fpé?*lﬁd gy Homgougds dascrlbed in, for

example, Table 1 below. However the present invention is not

limited to these.
In the examples below, n-Pr represents an n-propyl group

‘and 1-Pr represents an isopropyl group.

[0048]
[Table 1]
R\ R’ NHR®
R COOR’ @
R, r! R R



38 -H-H-H-H 39 -H-H-H-H-H 40 -H-H-H-H-H
41 -H-H-H-H-H 42 -H-H-H-H-H- 25 - Table 1
continued 43 -F -H-H-H-H 44 -H-CH3 -H-H-H 45
-H-CH2CH 3 -H-H-H 46 H23n Pr -H-H-H 47 =H
-i-Pr -H- -H 48 -H-H-CH“-H-H 49 -H-H -CH CH3
-H-H 50 -H-H! -n-Pr -H-H 5 -H-H-i-Pr -H-H
52 -H! =r ! -H-F -H [0049] Anpng the exenplary
conpounds, the conpounds 1, 4, 8, 9, and 10 are
NPrefgrreds [1{3050][ S—tde—co |puu||da rept cocm € uyR:{ heg
1genelpf:u for T E a;conp und—whet g both o ae
ZH/ arE lyur Uglen dl IUIIb |@ pl duced u1¥ f-ot C)\a pT .c—’H &
3PTOCERS A (bl,_-ep l—\q I blﬁp A2, step— =3; Upl i rar—,
JSTEP A B any step A olq OT @ process i \m ep A e
step_ Dt st &p B 4, Upl ronat-—st ep A4, and—ste A—_C;‘?)
[ 0054 [ O tie ot frer ndélu of —the bUIIFUUIIua —
2T eprgseft ed rp{y te . gengT at oruta L) , d EJ.U“ ouTTg
sWhEergj N bot TyR6 and R _@re et E_%HO-IHII(:‘I tmama
ohyldrggen atam 'S producgd thyough, _chok; h}?Xdﬂpl Ty
1CTEP_ A B, agtep A7, am opt Onal_chCGR:H/-LIp and—a _;
11 -H -q -H —~CH (CHs) 5 -H
12 -H -H -H -CH (CH;) CH,CH; -H
13 -H -H -H -CH,CH (CH3) » -E
14 - -E -E -CH,CH=CH, -H
=5 -4 -hH -H -cyclopentyl -E
16 -4 -H -H -CH,0C (O) CH;3 -H
17 -1 -H -H ~CH,OCH, -H
18 -H -H -H —CH,SCH, -k
19 -H ~-H ! -H —CE, -CH,
20 -H -H -k —-CH,Ch, !
21 -H -H -H ~H -H
22 -H -H -E -H -H
23 -E -E -4 -h —H
24 -E -E -H -H -
25 -k -H -H -H -H
26 ~-H -H -H ~-H -H
27 —H -H -H -H -H
28 -H - -E -H -H
29 -3 - -K -H -E
30 -H -E -H -CH,CH,F -B
31 -H -H -H -CH,CHF, -H
32 -H -H -H —CH,CF, ~H
33 -q -H -E -F -H
34 -3 -3 -H -H -CHE,CHs
35 -H —-H ~h —-CH,CCE -H
36 —H -H -H -CH,SC (0) CHj -H
37 -4 ~-E -H ~CH,SC (O) CH,CH; -H
Cyclopropane formed by
these mcieties together ] .
38 -8 with the carbor atom “E “k
bound thereto
Cyclobutane formed by
39 _ these mcoieties together e _E
with the carbor atom i i
bouncd thereto
40 -F -H -H -E -
41 ! - -H ~-E -H
42 -1 ~-H -H ~-E -7
£3 - -H ! -E -= -E
44 -H -H -B —CH,CH,4 -H
45 | -H -H -4 —CH,CHj -3




step A-9 in this order follow ng the step A-5.

[ Processes A and D
R R- R- R
NO _NH A2 3 A3

26 -

R 1

(1) (2) R4 RS
R COOPL R ™"

[ 0052]

.RA RS R4 RS 0 COOP1 R Al
R8 Ra R2 Rl R8, Ra

R5

R4
' R2

R

RL RS Ra R2 RL R8 Ra (3) (5f* DI R4 R5 /D2 R3 COOPL

R RRLR3, R 2 (4 R4I#IR5 R4 RS NHP NH2 A-4 A-5
= COOPRCOON—s—Ra—R2-Ra-R R R Ry R8 (6) (7 R4 5 R4
4% IR MHP-— R NPRs -2 ~CH,Cris .
47 -H ~B -4 -CH,CHs -H
48 -H -B -3 ~CH,CH -H
49 -H -H -H ~CH,CH; -E
50 -H -H —-H —-CH,CH, -E
51 -H -H -K -CH,CH; -H
52 -H -E -H -B -H
No RS R® R’ R® R®
i -3 -H -E -H -H
2 -H -B -H -H -B
3 -H -H -H -H -H
4 -H -E -H -H -E
5 -H -4 -3 ~-B -H
6 -CHs, -H -E -H -4
7 -H -E -H -CH; -3
8 -H -3 - -B -H
9 -H -4 -4 ~H -H
10 -5 -H -H -4 -H
iz -3 -H -E -3 -g
12 -H -E -H -H -H
13 -H -B -H -H -1
14 -g -H -H -1 -H
15 -H -3 -E -4 -H
16 o -H -H -H -E
17 -4 -H -1 -H -H
18 -H -5 -A -H -1
19 -H -B -H -H -4
20 -4 -H -C(CHs) ;5 -K -E
21 -4 —CH,4 -H -H -E
22 -E -CH.CH, -K -H -3
23 -H -n-DPr -B -1 -H
24 -E -i-Pr -E -H -3
25 -H ~H ~-CH; -1 -H
26 -H . -H —CH,CH; -3 -H
27 -R -4 -n-Pr ~-d -H
28 -H -H -i-Pr -E -E
29 -H -E -q -CH, -CH,
30 -1 -E -H -H -k
31 -E -g -E -} -E
32 -E -H -H -H -y
33 -H -H -H -H -H
34 -4 -H -H -E -H
33 -4 -B -H -k -H
36 -H ~-E -E ~H ~E
37 -5 -E -B -E ~-E
38 -5 ~H -5 -3 -E
39 -E | -5 -E -H ~E
40 -H -H -H -H -H
41 -H -H -4 -H -H
42 -H -H -H -4 -H |




A6 A7 3 MRCOONRCOOH R- aR ' aRZER RaRR
RLRaR (8 (99 44 RR NP3BR6 RR NHR6 A-8 A-9 R
COOR R COOR RRL RB,Rs R RL RaRs (1) (10) - 27
wherein R, R2, R2, R3, R4, ,_ R6, R7, R8, and R8
are as defined above; P1 represents a protective
group for a carboxyl group; and P2 and P3 represent a
protective group for an am no group. [0053] Pl is
Tapbe parpitcuhaedy linmted as long as it is generally

A USEU_ ST d plq}eutqve grgup ot ualuu4* groups 5
s EX@Np[ €S IHEL§UI hnuluug HBlIyI, CLHyI propyt e
4ES pLQp)',_bwggyl, IbUU#lyl [SeC= UULyl lUIt'thyIJH
JHEXYL, Drom-tert- Uutyh, tT1 LHIUIUCl%yI, UCHL/I, =
4P I Cobenzyt, o-TrtTobgnzyt{ p=mettgxybenzy =
4p- (e - butyt benzyt, acs Huxyn,uuyu, 1 TH
2 PrOpLNyOXyIEtThyly; DU@X&yIU(yHBLHyI,H H
55 SODUL YTy OXyTet hyt, _yal.€ry nynelny@, 5
spi yatgyl oxXynel hyl,; aceroxyet y!, aceLoxXypropy q
5ACET 0XYDUT YT propi onyLgxyetrhyr, prQQIOHylonyrUQﬂ,
butyryroxyethyt— T sobutyrytoxyethyt;

plvaloyloxyethyl hexanoyl oxyet hyl ,

[0 iﬁgutyryloxynethyl et hyl but yryl oxynet hyl ,
g thylbutyryloxynethyl pent anoyl oxyet hyl ,

Dropoxy gﬁﬁ%ﬂ%: ﬁ%f§%£y+0m?ggggxycgﬁgoggggggggthy',4 9
and 10 are preferred.
[0C50]

Of the compounds represented by the general formula (I),
a compound wherein both R® and R’ are hydrogen atoms is
produced by, for example, a proceés A (step A-1, step A-2,
step A-3, optional step A-4, and step A-5) or a process D
(step A-1, step D-1, step D-2, optional step A-4, and step A-
5).

[0031}

On the other hand, of the compoundé represented by the
general formula (I), a compound wherein both R® and R’ are
mcieties other than a hydrogen atom is prodﬁced through, for
example, a step A-6, a step A-7, an optional step A-8, and a
step A-9 in this order following the step A-5.

[0052]

[Processes A and D]



RB

met
i sop
tr

but oxycar bonyl oxynet hyl ,
et hoxycar bonyl oxyet hyl ,
tert- butyldinethylsilyl,
nmet t oxynet hyl ,

I sopropoxynet hyl ; (2- methy

hoxycar bonyl oxyet hyl ,
r opoxycar bonyl oxyet hyl ,
i met hyl silyl,

ethoxynethyPthropoxynethyl,

i 0)-ethyl,

3-net hyl - 2-but enyl, 5-indanyl, and 3- phthalidyl
gr-oups. [0054] P2 andgP3 are not particularly limted
as | ng @s they are gepefRally used as protective

oups or amino groupg/ T2 | es thereof
Nclude fornyTT’pheﬁy7|arknnvl, nmet hoxycar bonyl ,
é7 oKXy & sbonyl , phenyt o yca&Q ayl, 9-
f&uo.renylnethyloxycarBén?l,‘adanantyloxycarbonyl,

benzyl oxycar bonyl , benzyl@ar
trityl, and phthal oyl

conmpound represented by

gr oups.
conditions for the produgtion processes
hetge

bonyl ,
[ 0055]

benzyl ,
0]

benzhydryl ,
t he vari ous

of the _, S
o,formula (1), fher

reacti on tinmeain eachR§t p

fders depend¢ng on, t #e

types of starting conponnds
catal ysts, reagents,

hours. On th
descri bed bel o

ot her hand, ©®
in detail fo

(2) through al kegyl atio P

ol/v eft 9
and is usually 1 to 48 hdurs,

r each step. [0056]
A-1] The step-IA\l is a skepgof nggucing compound

—|sETER@Rr y Tmateri al s
grR®EtC., used int
“preferably 1 to 24R
her conditions are

(5)
[ Step

acyion from-4a coapound

(1). Solvents used are«o0t

pa rly limted as

| ong as they are sol vent
reaction and can di ssol
sone extent. The solvents i
et her sol vents,
hydr ocar bon sol vents,

nitril

R* RS

R4

e rhe*8tarting materi al

ester sol véhts,

NHP?

at dp not inhibit the

to
ncl ude aromati c sol vents,
hal ogenat ed

e solvents, am de

5
R NH,

COOH

g g¥R°

RS

R4

NH,

COOP!

LEP goR®



sol vents, and sul foxi de solvents. Ether solvents are

preferable, and tetrahydrofuran is nore preferable.

Secondary materials used include: Horner-Enmons

reagents; al kyl dial kyl phos noacet ates such as et hyl

di et hyl phosphonoacet at e; phdsphorus glide reagents;

and - 29 phosphoniumylides such as

et hoxycar bonyl et hyl ene tri phenyl phosphor ane.
whReagenks REedRare RhoRjanke, basesR’, aRRal andeRll are as

al koxi des, organic bases, organic netal bases, and the
defiked abewegahl crérasescnie prefetapleveandospdfom a

hydride is nore preferable. The reaction tenperature
cagppx et sybependrhg Bn ale XygePraienthe Ruatsdgive group

conmpound, the solvents, the secondary materials, the
£OF e2lyeRTE1CefE"Pand is usually 0 to 100C, preferably
[Ogﬁgﬁo roomtenperature. [0057] After conpletion of

reacti on, the conpound of interest of the present
reagti.qn i s cal Jar t hy tq ] Xture,
ac%r di%némt“o%%gst?gcﬁ]u gﬂr‘d1 ngﬁ%%}eclgga?&eix%pn%rge%( accor di ng
eed, 18Xaess Lepyentsca ded, .

T T E e S et oa S hEYS, S RORY R omoups
Ex2RPLeprtatebyrnedtnakiczad-hior eever, i pseigihl e inelidrenyl,

if any, is renoved by filtration. To the residue,
bual er iasduaylyatec—bmiy3ci hleetobgayilc $elxwant wueh-asrt-

ethyl acetate are then added, and the organic |ayer
butehf at ni nglvheeconpoubdnalyl,i pterestoben zsaparairdd,robenzyl,

then washed with water or the Iike, and then dried
P-BeeRoHER§OETYs RE§RESTBRTIEPRARZY L  amfpdrasiyde dudi-um

sul fate, anhydrous sodi um bi carbonate, or the |ike.
PrIREANYLABYBBIREAr PELIFFLOKYEG tHRTL t & SOV Wiegymethyl,

conpound of interest. The obtained conpound of
Va%ﬁ?g(’;@@m%héfépa%t"é‘doé( 6PXYH‘§r“i%inqed W%F&&Xjat ely
acggggining itandard met hods .

ypropyl, acétoxyputyl, propionyloxyethyl,

propionyloxypropyl, butyryloxyethyl, isobutyryloxyethyl,
pivaloyloxyethyl, hexanoyloxyethyl, isobutyryloxymethyl,
ethylbutyryloxymethyl, dimethylbutyryloxymethyl,
pentanoyloxyethyl, methoxycarbonyloxymethyl,
ethoxycarbonyloxymethyl, propoxycarbonyloxymethyl, tert-
butoxycarbonyloxymethyl, methoxycarbonyloxyethyl,
ethoxycarbonyloxyethyl, isopropoxycarbonyloxyethyl, tert-
putyldimethylsilyl, trimethylsilyl, methoxymethyl,
ethoxymethyl, propoxymethyl, isopropoxymethyl, (2-
methylthio)-ethyl, 3-methyl-2-butenyl, 5-~indanyl, and 3-
phthalidyl groups.
[0054]

P? and P’ are not particularly limited as long as they

are generally used as protective groups for amino groups.



according to need, for exanole, usual nethods
routinely used in the separation and purification of
organi ¢ conmpounds, such 30 as recrystallization and
reprecipitation, followed_bygeelution wth an
appropriate eluent by use of chromatography.
Mor eover, in the subsequent procedures, the conpound
of interest of each reaction_is usually collected from
Exampd eg et 1 m et af @ ERY EonPheRy 62 BPORNKE r eact i on
in each step in the sane way as in the aftertreatnent
me?ﬂ°%¥ﬁ?%ﬁ%ﬁ¥%¥I?thT%XﬁﬁﬁbT%yip ROONYFREYSEEROAY S/ | §-a

1. 25 BURL 00, A, STeound () Lo b Compaund

a0 il | vent . ien
peri o T Eo Pl M ALl S SBLISTLS BLernyany, triey:,
and" ﬁ%ggfﬁyﬁég4§? Secondary materials used include

ni't ronet hane’ Rz

agents used include the same as those
[odgethe step A-I. Organic bases or organic netal bases
are preferable, and diazabicycl oundecene or

t etofaalHey lvaaneay worldideh d staoriehe ppef@i@b ¢n Jhecesses
reaction tenperature differs depending on the types

of afhd heomstaunid ngegoapennel bhetseol yentsalt hersetandany the
materials, the reagents, etc., and is usually 0 to

reg@o@n pied efabtycld soeBOEl I f0D59eppBdepgAcl] tithetypes of
step A-3 is a step of reducing the conpound (3) to

ST P ONE e~ ARIMPBUNAS EEPNABHY vEAE ST 1138 afF@tAdYSTS, reagents,
particularly limted as |lo s they are solvents

ng a
SOb¥At 3o %B?'inﬂ?%@tl?hEh?eﬁg?Poﬁngnascﬁﬁuéléi 1 to 48 hours,

preferably 1 to 24 hours. On the other hand, other
conditions are described below in detail for each step.
.[0056]
[Step A-1]

The step A-1 is a step of producing a compound (2)
through alkenylation reaction from a compound (1).

Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and can
dissolve the starting material to some extent. The solvents
include aromatic solvents, ether solvents, ester solvents,
halogenated hydrocarbon sclvents, nitrile solvents, amide
solvents, and sulfoxide solvents. Ether solvents are
preferable, and tetrahydrofuran is more preferable;

Secondary materials used include: Horner-Emmons
reagents; alkyl dialkylphosphonoacetates such as ethyl

diethylphosphonoacetate; phosphorus ylide reagents; and



di ssolve the starting material to sone extent. The
sol vents include al cohol solvents, ester solvents,
et her solvents, and aqueous solvents. Al coho
sol vents and aqueous sol vents are preferable, and
et hanol or water is nore prefeerable. Reagents used
i ncl ude radi um carbon, palladium hydroxide-carbon,
ni ckel chloride, tin chloride, sodium borohydride,
phospmopovwrieylidéeés, sgthecasanthbydeageanylmenhypewnder or
tinis preferable. The reaction tenperature differs
- tripendlpge N eReNeypes of the starting conpound, the
solvents, the reagents, etc., and is usually O to

. y (
1002 EferHRY B t 9 BN 00BVICS [ Stepr Bl i Pethe
step.D-1 is a step of producing a co und. (4) fro .
2 e BRpoURER T Y . DBOFTentbonabd TREFRAESCRE! saRd aBe like.
hose. | S - | hol solvents, . and.aquequs
I QETTEHE A et eob eneEtar e prdr ardnid g 29 18 Rore
NN dipet hyl formam de is nore preferable. Reagents
used i nclude: cyanating agents; and netal cyanide
I eagent S UCTH ASE Shd UM £ YaNE fler s QYapat N8 ag8NtSe types
are preferable, and sodi um cyani de or potassium
of Cymdi geatrsingoeempoehear abhe. sdheerneact kaa keapadatyre
differs depending on the types of the starting
matoOpaLsd, chbersab¥rots, etbe, reagentsusaktgly oamd i150°C,
usually 0 to 100C, preferably 60 to 80C. [0061] [Step
pr&¥@tabl 320°CThe stapn r@énpesratstep of reduci ng the
conpound (4) to produce the conpound (5). Solvents
[0@%£E i ncl ude the sane as those in the step D 1.

Al cohol solvents or ether solvents are preferable, and
After completion of the reaction, the compound o:i

pr

interest of the present reaction is collected from the
reaction mixture according to a standard method. For example,
according to need, excess reagents are degraded, and the
reaction is terminated. The reaction mixture is
appropriately neutralized. Moreover, insoluble matter, if
any, 1s removed by filfration. To the residue, water and a
water—-immiscible organic solvent such as ethyl acetate are
then added, and the organic layer containing the compound of
interest is separated, then washed with water or the like,
and then dried over anhydrous magnesium sulfate, anhydrous
sodium sulfate, anhydrous sodium bicarbonate, or the like.
Then, the solvent is distilled off to obtain the compound of
interest. The obtained compound of interest is separated and
purified by appropriately combining standard methods
according to need, for example, usual methods routinely used

in the separation and purification of organic compounds, such



met hanol or tetrahydrofuran is nore preferable.
Catal ysts used include transition netal catalysts.
Ni ckel chloride or cobalt chloride is preferable.
Reagents used include boron reagents. Sodi um
borohydride is preferable. ?he reaction tenperature
differs depending on the types of the starting
compound, the solvents, the catal ysts, the reagents,
as etecrysral I szasiah | ynd repd€00yipatienabfgldoved byoemmtion
tenperature. [0062] [Step A-4] A step of protecting
wntfheararﬁmrcwmu@fehh@n*éomowﬁ@ ?5) ch(@mébograthay
optionally be perforned to prepare a conpound (6)
SoMAsReY Siised Tt idt R IR RN RISCTHISEET n e %‘?I%Ebound of

A- 3 Al cohol sol vents or agueo sol yent s
in{RRE ST 4B A GRaT AT hanBl - Br LRATeLY i SOMbPEpref BPEbERS
ent s, used |n§Lude dl-te t- but¥l |carbogate

re RO b NRreS AFE rarTaeSt ok ROk PESREER: in pacn
stgglgﬁlgﬁ séﬂgrggg'Qsb§§e§heagkégktgggﬁheﬁLkgf'gﬁé Steo A-1.

or gani ¢ bases organi ¢ netal bases. D -tert
Oggg?rbonate i norganic bases, or organic bases are

preterable, and di-tert-butyl .dicarbonate, sodium
[shydrexpde, or triethylamine is nore preferable. 33

The reaction tenperature differs depending on the

typese wfed e-Btas ta ngteompbundodidengod vemhsoutde(3) from

reagents, etc., and is usually O to 100C, preferably

th@Cctmpoond (2iperature.  [0063] [Step A-5] The step
A-5 is a step of producing a conpound (7) from the
confrolifRNYS)usrd (BYe t Hrouggmeled? ot ket oRn ofhehetep A-1.

Ether solvents or nitrile solvents are preferable, and
tetrahydrofuran or acetoritrile Is more preferable.

Secondary materials used include nitromethane.

Reagents used include the same as those in the step A-1.
Organic bases or organic metal bases are preferable, and
diazabicycloundecene or tetraalkyl ammonium halide is more
preferable.

The reaction temperature differs depending on the types
of the starting compound, the solvents, the secondary
materials, the reagents, etc., and is usually 0 to 100°C,
preferably 0 to 60°C.

[0059]
[Step A-3]

The step A-3 is a step of reducing the compound (3) to
produce a compound (5).

Solvents used are not particularly limited as long as

they are solvents that do not inhibit the reaction ana can



protective group. Solvents used include the sane as

those in the step A-3. Ether solvents or ester

sol vents are preferable, and dioxane or ethyl acetate

is nore preferable. Reagent% used are inorganic acids,

i norgani ¢ bases, or organic aC|ds Hydrochl ori c aci d,

acetic acid, or trifluoroacetic acid is nore

preferable. The reaction tenperature differs depending
digpgrine thpestavtingemstarifhgteonpvandxtehe.solvensglvents

the secondary materials, the reagents, etc., and is ]
ingkude | §lochel 1@9€Yenb$ef%$59FySeéWﬁatﬁooﬁﬁﬂéﬁpépéW@ﬁéSr and

[ 0064] LSte 2% The step A-6 is a step of
aq%?%%%c%? YcEhe- a fﬁP%ﬂ%nﬁP%ﬁe“¥%ea%%n%%%%@u%7§O%B°n S are

odu a co g § nts used i nclude the sane
2 Rl L AT soha soﬁvsﬁ%%ﬂ&ueous
I t f
SO engav[s)rrtgeﬁ%e £ Caf)u(% ngl ude gﬁénor g\@i |s nor e

prere eagents USG I nc OSG in

hy&P@rxiS&@pcé‘réon, Diu&ﬁéi QHwhgkcaE%n%%rlB@ﬁ 9@%‘d‘ium

bases, or organic bases 34 are preferable,

bogbh§/§fldQUt ykofdi gai;henat €1nSOQhH@ Bwydr ayu%gear Iron
trlethylanlne is nore pref erabi e. 'The reaction

pol@spescat Ui e €kfpeescdependi ng on the types of the
starting conpound, the solvents, the reagents, etc.,
andrhies tsaat 1 yn Ot ¢opd G roréf ef abkyd®fehdingoon the types
tenperature. [0065; [Step A-7: The step A-7 is a step

ofothal Rypating thepecvnpeuhde( 8plventsrodhee rgagemsungtc. ,
(9). Solvents used include the sane as those in the

andt &p AshallPt RekosdPVet spaekeprleier 8l eo 80°C.

[0060]
[Step D-1]

The step D-1 is a step of producing a compound. (4) from
the compound (2).

Solvents used include the same as those in the step A-1,
alcohol solvents, and agueous solvents. Amide sclvents are
préferable, and N,N-dimethylformamide is more preferable.

Reagents used include: cyanating agents; and metal
cyanide reagents such as aluminum cyanide. Cyanating agents
are preferable, and sodium cyanide or potassium cyanide is
more preferable.

The reaction temperature differs depending on the types
of the starting compound, the solvents, the reagents, etc.,

and is usually 0 to 100°C, preferably 60 to 80°C.
[0061]

[Step D-2]



Secondary materials used include al kyl halide.

Reagents used include the sane as those in the step

A-1. Sodiumhydride is preferable. The reaction

tenperature differs dependlg on the types of the

starting conpound, the solv t he secondary

materials, the reagents, etc., and is usually -78C to -

room tenperature, preferably CC to room tenperature.

[ 00861 stfe$t 6 2A-181 aAfdtarp tdfe stdpcied, thdhiecotppuid 8(4) to

may optionally be perforned. The step A-8 is a step

prafucs kKitat¢empPewrd compound  (9) to produce a conpound

(10 Sol vents used include the same as those in the
gflﬁleilts B WGt S BRI SOt ves siarehe step D-1.
referabl e. Secondaj_e%e material s used include al kyl

Al ?Jdesolﬁé%@e%t%ru% Fn8PhlieRtRe25anB 25°FABSE | AlEhe
d bonat t bonat '
ne i Etel ai o g ST 28T %ﬁ"rﬁo?én%‘zi%%%%”?%?é. ffors
dera%n%hg&t%n Jdigs t d&ftfg}?sfr{ R £OMPOLNG, s L De
sol vent the secon ry mat er i reagen )

Nlé%vl'cﬁqEEiéeL@Uaééﬂalgsghieriggnlstg?@f%?EF
preferably OC to roomtenperature Step A- 9]

TheresiR2p A Qdet a1 OfbdFOdlued gt he. Cermpuund
represented by the general formula (1) fromthe

bo compatinge (B3 ptdfotgbldeprotecti on of the protective
group. Solvents used include the same as those in the

st eheArRactbtdrer: sgdamtsrordeSfers stdwvemd sn@ren the types
pref erabl e, and di oxane or ethyl acetate is nore
of pele @W@n@eﬁa@éﬁw@n@se’énﬁnépyﬁéﬂtﬁe shAecasathese, i fhe
the step A-4. Hydrochloric acid, acetic acid, or
re3gentsioroaecet i @@cig wsgually O to 100° c, preferably 0°C to

room temperature.
[0062]
[Step A-4]

A step of protecting the amino group of the compound (5)
(step A-4) may optionally be performed to prepare a compound
(6).

Solvents used include the same as those in the step A-3.
Alcohol solvents or agueous solvents are preferable, and
ethanol or water is more preferable.

Reagents used include di-tert-butyl dicarbonate,
chloroformate, acid halide, acid anhydride, sulfonyl chloride,
inorganic bases, alkali metal alkoxides, organic bases, and
organic metal bases. Di-tert-butyl dicarbonate, inorganic
bases, or organic bases are preferable, and di-tert-butyl

.dicarbonate, sodium hydroxide, or triethylamine is more

preiferable.



preferable. The reaction tenperature differs depending
on the types of the starting conpound, the solvents,
the secondary nmaterials, the reagents, etc., and is
usually 0 to 100C, preferablyy OC to room tenperature.
[0068] The conpound (1) obtai ned by the production
processes can al so be produced by, for exanple, a
process B, C, or E shown below. The process B
coftiestreast isnefem@eratire B-Ferpmem:udimheoprotessypes
C consists of steps C-1, B-3, and B-4. [0069]
of [threocesydsl B FRINCURG, -IRE ol renRs, RBheooPagpnisRrgetc. ,
B-2 COOP, ORBR2RR2O0(11) (122 RI1 RBRR8E R4 C1
andRgts sl ky (4550 REORB, PRSI RIaRBY30RE tREIrROB- BeRgeRature.
C;gPl COON R8' R R2, R8' R R2 OHOH (13) (14) R 4
0% B4/ o -

[Step A-5]

The step A-5 is a step of producing a compound (7) from
the compound (5) or (6) through deprotection of the
protective group.

Solvents used include the same as those in the step A-3.
Ether solvents or ester solvents are preferable, and dioxane
or ethyl acetate ié more preferable.

Reagents used are inorganic acids, inorganic bases, or
organic acids. Hydrochloric acid, acetic acid, or
trifluorocacetic acid is more preferable.

The reaction temperature differs depending on the types
of the starting compound, the sclvents, the secondary
materials, the reagents, etc., and is usually 0 to 100°C,

preferably 0°C to room temperature.

[0064]
[Step A-6]

The step A-6 is a step of protecting the amino group of
the compound (7) to produce a compound (8).

Solvents used include the same as those in the step A-3.
Alcohol solvents or agueous solvents are preferable, and
ethanol or water is more preferable.

Reagents used include the same as tThose in the step A-4.

Di-tert-butyl dicarbonate, inorganic bases, or crganic bases



- RBR2. RB RLR8 R2 (1) [0070] wherein R1 R2 R2
R3 RO RS RR RP R8 and P1 are as defined above.
[0071] [Step B-1] The step B-1 is a step of producing
a conpound (12) from a caonppund (11) through
substitution reaction. Solvents used include the sane
as those in the step A-1.. Ether solvents are
preferable. 37 Secondary material s used include allyl
ar%awiﬁéeaﬂﬁl@roﬁyﬁ dhatpderoALlyl dbcembdaase  csotym
chloride is preferable., -Reagents used include the
hydupil 48 t AbseI IR PHeBLRE ASI MOSEIPERTRYAPLEe or

butyllithiumis preferable. The reaction tenperature
di f%srﬁfe‘b%h%ﬁ n‘ge%e%%uwp%%ff%ﬁtﬂ%b@%ﬂg ngn the types

£C oun t he sol vent e ond terials, the
rgggen Lt ©°8 ﬁau“g uégalﬁy V?@ g%oﬁﬁagants’ ste.

f Ly 0C
an%e“925%§%?§¥h@f§t: %g- ’igré %Héé%%E ggg%%gm emDerature.

rogespound (13) from the conpound (12) through
reduction reaction. Solvents used include the sane as
[st@$5§ 7n the step A-I, alcohol solvents, and aqueous
ol vents. Ether solvents, alcohol solvents, or m xed
solMentscdthexcofiare predesfibbekylaning the compound (8) to
t et rahydr of uran- nmet hanol is nore preferable.
produce a compound (9).

14

Solvents used include the same as those in the step A-1.
Ether solvents are preferable.

Secondary materials used include alkyl halide.

Reaéents used include the same as those in the step A-1
Sodium hydride is preferable.

The reaction temperature differs depending on the types
of the starting compound, the solvents, the secondary
materials, the reagents, etc., and is usually -78°C to room
temperature, preferably C°C to room temperature.

[0066]
[Step A-8].

After the step A-7, the step A-8 may optionally be
performed. The step A-8 is a step of alkylating the compound
(9) to produce a compound (10).

Sclvents used include the same as those in the step A-1.
Ether solvents or amide solvents are preferable.

Secondary materials used include alkyl halide.

Reagents used include the same as those in the step A-1.

Sodium carbonate or potassium carbonate is preferable.



Reagent s used i ncl ude borohydride reagents. Sodi um

borohydride is preferable. The reaction tenperature

di ffers depending on the types of the starting

conpound, -the solvents, the yfagents, etc., and is

usual ly 0 to 100C, preferably OC to room tenperature.

[00731 [S-yep C 11 The step CG-1 is a step of producing

-the _conpound (13) froma conpound (15) through

Lﬁﬂ?rﬁf%%%&ﬂqcﬁ?mﬁﬁﬁ%%#%% %é%%e¥%c@%8%n@h%gsaﬁe ke tYPeS
e [nthe s bor Lc a i d rivatives.

OfE%%%rSSBFEéH?sC8$pBBP?c BEra 2o 58 e ¢ st PrEstaey

referable, and tetrah drofur dlneth
nafF Fhat gl CBor AFRSPLF ror 65 fr of BPUORE, DSBbdary B0 Co zoom

rofBLecials used-Loghudeod kL gshal ogenoacetate. Al ky

te rspre and ronn%cetate
[o§thyl bronpacetate, or tert- butyl bronnacetate is nore
preferabl e. Reagents used include zinc. The reaction
[stepprrature differs depending on the types of the
starting conpound, the solvents, the secondary
mat B¢ adtsep tAed reagensseped €. praddcisgusual tympPotind
100C, preferably 60 to 80C. [0074] [Step B-31 The
regtepeBt8di syatstepentrhydrolryzilag (The fcompabrd coiiPound (9)
to produce a conmpound (14). Solvents used are not
thpanshcUEREPYEFE APRedfashEoRGCaS CTEREY IEPEPsOl vent s
that do not inhibjt the reaction and can dissolve the
staﬁ?}ﬁ%“ﬂ%t%$?%ll@%l%%%ebgﬁtéﬁ@° FhetBBFGenfsthe step A-3.
ncludgy natlc S?Ivent enat ed

h | t I
Bt RO SE0T BB BT VER e, APLYErS b eokrerexarng i i %xane

0“88£K§TtaCeuate is more preferable.

Reagents used include the same as those in the step A-4.
Hydrcochloric acid, acetic acid, or trifluoroacetic acid is
preferable.

The reaction temperature differs depending on the types
of the starting compound, the sclvents, the secondary
materials, the reagents, etc., and is usually 0 to 100°C,
preferably 0°C to room temperature.

[0068]

The compounc (1) obtained by the production processes
can also be produced by, for example, a process B, C, or E
shown below. The process B consists of steps B-1, B-2, B-3,
and B-4. The process C consists of steps C-1, B-3, and B-4.
[0069]

[Processes B and C]



sul f oxi de sol vents, al cohol solvents, and aqueous

sol vents. Al cohol solvents, aqueous solvents, or

m xed sol vents thereof are preferable, and

met hanol -water is nore prefsrable Reagents used

i ncl ude i norgani c bases g33|un1 hydr oxi de, sodi um

hydr oxi de, or lithiumhydroxide is preferable. 39

The reaction tenperature differs depending on the

types Rof the starting conmpound, he solvents t he

reagen s, etc. and is usually ? to DOCI{preferany
R nperatBne [O 35] Step| B-4] ] The step B-2

B 4ais a glof—eye++z+ng

al k treatnment to produce t npeeend (1) .

Sol vents used are not particularly |ined as |ong as

theylBre solvents that do not inhi 12 the reaction and

can dissolve the starting naterial to sone extent.

The solvents include aromatic solvents, ether

sol vents, hal ogenatRed dr ocar bon solvents ni

sol vents, aci aﬁhydrldes

anhydri des are nd acetiT acid or acetic

anhydride is nore_ prgeferable. Reagents used include

al kali net al saIR§ otassPum acetate is preferable.

The reaction tenpera )e di ffers depending on the

types of the starting’conmpound, the solvents, the

reagents, etc., and is usually O to 150C, preferably

roomtenperature to 140C. [0076] [Process E] 40 R1

R3 b E1$3R%IEB R5 Rg COOH Rg COCl Rl R3 RS

R

| R
RS _ - B-3 RS _
COOP! COOH
8 n2 2 8 p2 2
R*R® R° 4y R¥R* R* 4y
(13) (14)
R* 5
B-4 T 0
R3 /
R? Rg
» R! R’
R
(1)
[0070]

wherein R!, R?, R?, R?), R R% R®% R’, R’ R%®, and P! are as
defined above.
[0071]
[Step B-1]

The step B-1 is a step of pfoducing a compound (12) from
a compound (11) through substitution reaction.

Sclvenis used include the same as those in the step A-1.

Ether solvents are preferable.



Ry R RZR4 8 R2R. 4. (16) (17) R4 R5 E-2 RR8

R- RR RL Rg (1) wherein RL R2, Rz R3 R9, R5, R,

R, R8, and R8' are as defined above. [0077] [Step

E-1] The step E-1 is a step of producing a conpound

(17) from a conpound (16]. 3dorvents used include the

sane as those'in the step A-1 and hydrocarbon

solvents. Aromatic sol vents, hal ogenated hydrocarbon

Solseenthsia rgr rhydracardas<solivertisiarel pyefiesaide,and@ngrotyl

toluene is nore preferable. Reagents used include
haloxad yl AdAlar iderdnid tdi arylt yickhdrddiede Cxalyte i arliade

is preferable. The reaction_. tenperature differs

deperdieng som stelte inglesie afne kerst ard | Mg sonpouwrits 4%ep A-L
' sol vents, the reagents, etc. and is usually O to
SOdllBUEfl}fﬁxelfCéﬁ’&blryblﬁ‘@)bhhﬂwmat%lr@r?ée”iéﬁm [0078] -
41 - [Step E-2] The step E-2 is a step of produci g

héhéo r%&é‘tﬁ’f&o(“l)be”fﬁeo‘?ﬁtt%@ (fjdLl’fpf(ﬁ.ﬁﬂ {975nd gy Wht'gie types

d lude th th
of msfﬁ%a%'ﬁn%%d?egveﬁ%ggﬁﬁi33%%?%%%%%8ca bEPsEsohdary.

natly; Wdrogarbon, sol vent s are preferable, ) and toluene o
temperature, preferably 0°C to room temperature.

[0072]

{Step B-2]

The step B-2 is a step of producing a compound (13) from
the compound (12) through reduction reaction.

Solvents used include the same as those in the step A-1,
alcohol solvents, and agueous solvents. Ether solvents,
alcohol solvents, or mixed solvents thereof are preferable,
and tetrahydrofuran—methanol is more preferable

Reagents used include borohydride reagents. Sodium
borohydride ié preferable.

The reaction temperature differs depending on the types
of the starting compound, the solvents, the reagents, etc.,
and 1s usually 0 to 100°C, preferably 0°C to room temperature.
[0073]

[Step C-11

The step C-1 is a step of producing the compound (13)
from a compound (15) through coupling reaction.

Solvents used include the same as those in the step A-1

and boric acid deriwvatives. Ether solvents or boric acid



Reagents used include organic bases. Triethylanmne is
preferable. The reaction tenperature differs dependi ng
on the types of the starting conpound, the solvents,
the reagents, etc., and isysually 0 to 150C
preferably roomtenperature to 120C. [0079] The
conpound represented by the general formula (II) can

d d th th
oot o ATt SRS
d d th | 1 I
RIS el 5 R0 Bl 12

t he ener fornula and

p GEeE3 YIE eI kahS o5 %ﬂcﬁu%rogé Eced&fx8g efjoacetate.
W9r5@$ perEQS}i ££¥ p§§§eF]aIBemBE§§§S§rgm%§ etate,

OCGSS 0] ormn ter the st ep

ﬁ&PQ§S§m£ac@9£*&a| £e§9£91b98y5ObEBQQHE@tQEE'E@'more
i'somers (3a) and (3b) of the Conpound (3) Fromthe

propit@ale. i somer (3a) or (3b), the conpound represented
by the general - .42 fornmula (T a) or (Ib) is
pr@@agﬁhﬂdwungﬁ1Iduiud&ﬂﬁndbs to A-5 or the steps
A-3 to A-9. [0082] [Process F] R4 R5 NO R3 COOPl1l
R2 TRE s RILRY RBupeRr R ure differs depending on the types
of the starting compound, the solvents, the secondary
materials, the reagents, etc., and is usually 0 to 100°C,
preferably 60 to 80°C.
[0074]
[Step B-3]

The step B-3 is a step of hydrolyzing the compound (13)
to produce a compound (14).

Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and can
dissolve the starting material to some extent. The solvents
include aromatic solvents, ether solvents, halogenated
hydrocarbon solvents, nitrile solvents, amide solvents,
sulfoxide solvents, alcohol solvents, and agueous solvents.
Alcohol solvents, aqueous solvents, or mixed solvents thereof
are preferable, and methancl-water is more preferabple.

Reagents used include inorganic bases. Potassium
hydroxide, sodium hydroxide, or lithium hydroxice is

preiferable.



NOZz 3 (3a) R COOP, R2" or 2 RlL Rg, Rg A R (3 ;
-NO2 R3 COOP, R2° Rs R2Z RL R8 (3b) wherein Rl, R2,
R2 , R3, R4, R, R6, R7, R8, RED, and P'' are as
defi ned above. [0083] Sol vents used include the sane
as those in the step A-1, ~ hydrocarbon sol vents,
al cohol solvents, and m xed sol vents of hydrocarbon
sol vents and al cohol solvents. Hexane- isopropanol or
hexaree -retdvenioln itenrefaratd edi e colepandised ém the types
optical resolution is not particularly limted as
of |omy skaiting eompdwad, c*@hanﬁOiﬁantSpth?t scppenEal ecc.,
resolution. The columm is preferably CH RALPAK
and riegi sseebllyt PatdemdPRFC ADPHeber ERll RAPFAKE43room temperature.
é:_.,n ﬁqstered trademark) |1 C manufactured by Dai cel
cal Industries, Ltd. The tenperature used is
usua]%3 %/ 0 to 40C, preferably 20 to 40C. After
etion of the reaction, the eluent (solvent) is

?Ihzltﬂép:rses é)nzg r%gcoP%ﬁé@T%chﬁ Q%P“P&thhé‘t 8£ﬁ§5u8£
through alkali treatment to produce the compound (1).

Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and can
dissolve the starting material to some extent. The solvents
include aromatic solvents, ether solvents, halogenated
hydrocarbon solvents, nitrile solvents, acids, and acid
anhydrides. Acids or acid anhydrides are preferable, and
acetic acid or acetic anhydride is more preferable.

Reagents used include alkali metal salts. Potassium
acetate is preferable.

The reaction temperature differs depending on the types
of the starting compound, the solvents, the reagents, etc.,
and is usually 0 to 150°C, preferably rocom temperature to
140°C.

[0076]

[Process E]



The conpound represented by the general fornula (1a)
or (Ib) is produced by subjecting the conpound (1) to
optical resolution as shown bel ow and then perform ng
- the sanme steps as those in &hg process A. [0085] The
process Gis a process of pé formng, before the step
A-1 in the process A optical resolution to produce
optical isomers (la) and (I b) of the conmpound (1)
Fron]the3 optgcal isomer (la) or (lIb), the conpound
ed B/ the generalgformula (1aRlor ®b)
r3Produced| through the steps A- 1 to 5 ar thg steps
A-9yA10086j0H [ Process G 44 ] R Cl
1 2 O 22 g Rg RRL Rg,Rs RI1' b (1)
&) R4B€gRs R51.0P4 ,0H R3 R3RPRY ng"R"Rle
R8 R”(lg)l Rg,Rs (19a) (20a) G3 G4 or or

(17)
R4 R5 0
E-2 J /
R3
R? &
Z R8|
Rl
R2
(1)

wherein R!, R?, R?
defined above.
[0077]

[Step E-1]

The step E-1 is a step of producing a compound (17) from
a compound (16). |

Solvents used include the same as those in the step A-1
and hydrocarbon solvents. Aromatic solvents, halogenated
hydrocarbon solvents, or hydrocarbon solvents are preferable,
and toluene is more preferable.

Reagents used include oxalyl chloride and thionyl
chloride. Oxalyl chloride is preferable.

The reaction temperature dififers depending on the types
of the starting compound, the solvents, the reagents, etc.,
and is usually 0 to 150°C, preferably room temperature to
120°C.

[0078]



RA5S5RASROPARMH RRRI R 8R, gl s RRLRs
R2 RRgR (19b) (20b) OR3 R4 4R1,1 58 RaR8 R
a) or RARRS 0 RBRR2. 9R8 R R R3(1 b) whe rein
Rl, R2, RZ R3, Rs, R5, R6, R,, R3, and R8' are as
defined 45 above; and P4 represents a protective
group for a hydroxyl group. [0087] P4 is not
particularly limted as long as it is generally used

[Steep Eptbtective group for hydroxyl groups. Exanples
thereof include trinethylsilyl, tert-
buthledisttthyl =4 134 a,ﬁaqgnqﬁng¢®¢uc1ng the compound (1)
2- met hoxyet hox neth |, tetrahydropyranyl, benzyl,

fr?ﬂrﬁﬁ?ﬂﬁ@ﬂﬁ@&? - di met hoxybenzyl, o-nitrobenzyl,

|trobenz

|, . farnyl | :
P st et s, 128 oo =

Aromatic solvents, halogenated hydrocarbon solvents, or

R
(1

hydrocarbon solvents are preferable, and toluene is more
preferable.

Reagents used include organic bases. Triethylamine 1is
preferable.

The reaction temperature differs depending on the types
of the starting compound, the solvents, the reagents, etc.,
and is usually 0 to 150°C, preferably rocom temperature to
120°C.

[0079]

The compound represented by the general formula (II) can
be produced in the same way as in the compound represented by
the general formula (I).

[0080)

The compound represented by the general formula (Ia) or
(Ib) is an optical isomer of the compound represented by the
general formula (I) and is produced by the process A plus,
for example, a process F, G, or H shown below.

[0081]
[Process F]

The process ¥ is a process of performing, after the step
A-2 in the process A, optical resolutiorn to produce optical
isomers (3a) and (3b) of the compound (3). From the optical

isomer (3a) or (3b), the compound represented by the general



trichl oroet hoxycar bonyl, 2-propenyl oxycarbonyl,

2-chl oro- 2- propenyl oxycar bonyl ,

3- met hoxycar bonyl - 2- pr openyl oxycar bonyl ,

2- met hyl - 2- pr openyl oxycar bonyl ,_ 2- but enyl oxycar bonyl ,

€_nnanyl oxycar bonyl, benzyl oxycar bonyl, p-

nmet hoxybenzyl oxycar bonyl , o-nitrobenzyl oxycar bonyl,

and p- nitrobenzyl oxycarbonyl groups. [0088] [Step
foxala Thea step GH) ilss pxstdpcof tedoeihgthtiesteppolind to A-S

(1) to produce a conmpound (18). Sol vents used are: not
or pare izidrs 13- 3imethtPas long as they are solvents

that do not inhibit the reaction and can dissolve the
(0Q%%kting material to some extent. The sol vents

i nclude_aromatic solvents, ether solvents, ester

PEffS®ntS!  hal ogenat ed hydrocarbon solvents, nitrile

solvents, am de solvents, sulfoxide solvents, and

hydrocarbon solvents. Aromatic sol vents, hal ogenated

hydr ocar bon sol vents, or - 46 hydrqgarbon sol vents

are preferable, and tetrahydrofuranis R

pref erabl e. Reagents used incl ude bor, |r eadent's and

al um num reagents. Trinethoxy ak Uﬁun1hij|de Qﬁ

preferable. The reaction tenperat itfets de Elng

on the types of the starting co u d_FS qgssqﬁvents

t R rgagents, etc. and is usuaIIyIé78 room
t enperfat ug, I}§@ezferably -78 to 0C. ﬁ‘i%]n [ Step
;G e tep G2 is a process of perfor g optica
R-r. ol Uti on-ofCOBR! conpound—1) using an enzyne such as
Ripasd tain a conpound (19a) or (19b). Solvents
u

&'eRAot partlcularly linmted as Iong as

R* 5
) ¥ —no,
) CcOOoP
R~* z
R2 }_{1 }{8l R8
(3b)

w

wherein R?, R?, Rz', R®, RY, RZ, R6, R’, Rs, R®', and P' are as
defined above.
[0083]

Solvents used include the same as those in the stepr A-1
hydrocarbon solvents, alcohol solvents, and mixed solvents of
hydfocarbon solvents and alcohol solvents. Hexane-
isopropanol or hexane-ethanol 1is preiferable.

The column used in the optical resolution 1is not
particularly limited as long as it is a chiral column that
permits optical resolution. The column is preferably

CHIRALPAK (registered trademark) AD-H or CHIRALPAK



they are solvents that do not inhibit the reaction and
can dissolve the starting material to sone extent.
The solvents include aromatic solvents, ether
sol vents, ester solvents, halogenated hydrocarbon
solvents, nitrile solvents, 1 de solvents, sulfoxide
sol vents, and hydrocarbon solvents. Aromatic
sol vents, hal ogenat ed hydrocarbon sol vents, or
(rhydsoeacthonrademenks afempnefecablred @wdthex&dedhgmical
nore preferable. Reagents used include ester
Infeagenes: Mayl esters are preferable, and vinyl
acetate is nore preferable. The enzyme used includes
Cartiielatenperatica kpases uPsebdbnBnas *PUer escehsrably 20
| i pase, Pseudononas cepacia |ipase, porcine
topé c*eatlc | i pase, porC|ne liver esterase and
da rugosa |ipase. The reactlg er
dlf ST e g%n Fh}én‘?ypegc b?“fhé St sﬂﬁeﬁg 1582vent)
c 0 t splvents,; .t q e s =
3Rt Ry .5?538% PO Bir, e IR SO v T oga T ©oF =he
prgﬁgggr§gg5eégp 40C. [0090] Moreover, in the_step G 2,
the compound (18) can al so be converted, usi ng an
[oappropriate chiral auxiliary, to diastereoners, which
are then subjected to resolution by an appropriate
met hied supo@sd reepyskahtedabiyofhedygshielrhat ifefmulandia) or
col utm chr omat ogr aphy. The resol ution can be perforned
(Iby asnpthodcddsbori betjiem,t ihgr tdeanpimpodEdelrli)ment alptical
Chem stry 18, Reaction of Organic Conpound -(I1)-,
refdst vl afesiiNown. bed®w BISY thgublbesiedmhyNartirersaliy steps
Ltd., ed. by the Chem cal Society of Japan), p.
aSSGQQEEG—DNEﬁé gpeceriscdl-ly, the conpound (18) is
ted with a carboxylic acid reagent such as
Oﬁ%Pﬁalic anhydride, and fromthe resulting m xture of

?2;@?%{#%& g%%d deglga%&gggs %)perLo 19%% before the

step A-1 in the process A, optical resolution to produce
optical isomers (la) and (lb) of the compound (l). Irom the
optical isomer (la) or (1lb), the compound represented by the
general formula (Ia) or (Ib) is produced through the steps A-
1 to A-5 or the steps A-1 to A-9.

[0086]

[Process G!



be perforned by recrystallization or the |ike using
phenet hyl am ne, qui ni ne, cinchoni dine,

nmet hyl benzyl am ne, napht hyl et hyl am ne, or the |ike.
[0091] [Step G 3] The step G3 is a process.of
hydr ol yzi ng t he conpound YI@%)_or (19b) to synthesize
a conpound (20a) or (20b). So'-vents used are not
particularly Iimted as long as they are sol vents that
do noﬁ4inhibit the reaction and caps dissolve the
starti\ngRiat g5i al to sone extent. eRdol vgpt s

i ncl uge~aravtic sol yepts, ether s s ester G2
sopeits,| -|48 hal egenat ed hydr®

$ol vents, ——
ni t Rzbe—goTents, am de sol vent 2-% oxlde sol vents,
hydr ogar onR@%ivents, al cohol sol yentgd, r&yueous

sol vefits, and m xed solvents thereof. Ether solvents,
al cohol @bl vents, aqueous solvents, ©8 nixed sol vents
thereof are preferable, and nethanol, ethanol, or
water is nore preferable. Reagents used include

| por gahi ¢ bases. Potassium cafbongte, ,sodi um

ydroxid > or ppot assi um hydr oxi de | Rpref\@qable. The
eact i enperature differs [depen off the types

f rRE startli ng conpound, the| sk ntg, the reagents,
tc.g sually 0 to 60C, R*eferjably OC to room
enper_tqﬂeRFRFOO92] [Step GB] The:sképrG 4 is a
roceds of oxi di zi ng the conppund (2%&% or (20b) to
ynt hesi £&98) he conpoung,(la) or (Ib).( ol vents used
re not particularly lm.ted/as long as they are G-4
ol vent® that do not inhibit Yhe reaction and can

di ssolye the starting material to gpme extent. The
sol ve sgﬁinqégde aromatic so|vent & ®’hergol vent s,
gster ve , -
R3 R3
R% - 8 R* - 8
51 pgR =1 »8R
N (19b) (20b)
4
/- R R5 o
S
R3
R} 8
1 pgR
R2 R* R
(12)
< or
4
R RS o
7
R3
R g
” Rl RS'R

1
(15) whe

rein R', R?, R?, R3, RY, R, R®, R7, R®, and R® are as defined



hal ogenat ed hydrocarbon solvents, nitrile solvents,

am de solvents, sulfoxide solvents, and hydrocarbon

sol vents. Hal ogenated hydrocarbon solvents are

preferable, and dichloromethane is nore preferable.

Reagents used include acid c oride. Oxalyl chloride

is preferable. The reaction tenperature differs

depending on the types of the starting conpound, the
absod vemtd, Pt heepesgenis a2 gimetect U8 @moup sfasuml hydroxyl

-78C to roomtenperature, preferably -78 to O0C .
gr¢@93] [Process H The process His a process of

gerforn1ng, before the step A-1 in the process A,

Ovptical resolution to produce the conpound (la) or

(Ib as an optical |soner of the co ound (1) From

c&ﬁbéﬁﬁkﬂHﬁ%ﬂlQH ?q%% l%mn¥qgnﬁﬁ) Fﬁbﬁeséﬁﬁed

%“ gene&al fo %L % g % g
st hFough ERECoPEpe RLTCPGE ATS BF OPRe “SFely CACE d0 AP
Ex%@%g %)Eégpg S§n§hu 50*1§é§§4 ggl RE QLR' o (1n

B RS Ve RR'R Ra Ra

bu&}idgﬁé%hyﬁsﬁﬁyB ReRnB4 R+ Qy10 2-methoxyethoxymethyl,
tetrahydropyranyl, benzyl, p-methoxybenzyl, 2,4-
dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, trityl, formyl,
acetyl, tert-butoxycarbonyl, 2-iodoethoxycarbonyl, 2,2,2-
trichloroethoxycarbonyl, 2-propenyloxycarbonyl, 2-chloro-2-
propenyloxycarbonyl, 3-methoxycarbonyl-2-propenyloxycarbonyl,
2-methyl-2-propenyloxycarbonyl, 2-butenyloxycarbonyl,
cinnamyloxycarbonyl, benzyloxycarbonyl, p-
methoxybenzyloxycarbonyl, o-nitrobenzyloxycarbonyl, and p-
nitrobenzyloxycarbonyl groups.
[0088]
[Step G-1]

The step G-1 is a step of reducing the compound (1) to
produce a compound (18).

Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and can
dissolve the starting material to some extent. The solvents
include aromatic solvents, ether solvents, ester solvents,
halogenated hydrocarbon solvents, nitrile solvents, amide

solvents, sulfoxide solvents, and hydrocarbon solvents.

Aromatic solvents, halogenated hydrocarbon solvents, or



RRR R R' R R RaRs Rz TR3,R8 (21a) H3 (1a)
or or RARR OYNnRAR O R ~RBRZ =2z aRa R
Ra, Ra R LR2RR (21b) (Ib) [0095] [Step H 1] The step
H1is a step of producing a, gonpound (21) from the
compound (1). Sol vents used are not particularly
limted as long as they are solvents that do not
inhibit the reaction and can dissolve the starting
hyfuperirgPnt 60dgrBtExBERt PrRRE redllventsd teElngdeydrofuran 1is
aromati c solvents, ether solvents, ester solvents,
moﬁﬁlBééﬁﬁtéalﬁydrocarbon solvents, nitrile solvents,
am de solvents, sulfoxide solvents and hy dr ocar bon

soI%eﬁ@%ntsAk%ﬁ%t?tC%BPveHP§°nh5?6§eH5Feénﬂyéﬂﬁ@éPHQn

ol.vents are

51 rocarbo e
red e e Panl B IR e e Ge R iR dE L2 BrErerabre
or efgt.abl o RoaoenlscusedLngl ude <! hgneriohoand no -yoe

pr opanedi 0 nzorn i S prefer reaction

oft €HRer %%%%%n%‘LB%%%uQ%pen%%n%cﬁQm%R% UYRRS rfgddiss, etc.,

starting conpound, the solvents, the reagents,” etc.
ananqsl %s"ch%lialyl Y 7878C: b 0r b8kl V¥ngendiLiensy Rrekarabl Y75 to

refl"'ux conditions.
O°C.
[0089]
[Step G-2]

The step G-2 is a process of performing optical
resolution of the compound (1) using an enzyme such as lipase
to obtain a compound (19%a) or (18b).

Solvents used are not particularly limited as long as
they are solvents that do not inhibit_the reaction and can
dissolve the starting material to some extent. The solvents
include aromatic solvents, ether solvents, ester solvents,
halogenated hydrocarbon solvents, nitrile soivents, amide
sclvents, sulfoxide solvents, and hydrocarbon solvents.
Aromatic solvents, halogenated hydrocarbon solvents, or
hydrocarbon solvents are preferabie, and hexane is more
preferable.

Reagents used include ester reagents. Vinyl esters are
preferable, and vinyl acetate is more preferable.

The enzyme used includes Candida antarctica lipase
Pseudomonas fluorescens lipase, Pseudomonas cepacia lipase,
porcine pancreatic lipase, porcine liver esterase, and

Candida rugosa lipase.



[00.96] [Step H 2] The step H2 is a step of

subj ecting the conpound (21) to optical resolution to

produce a conpound (21a) or (21b). Sol vents used

include the sane as those_in-the step A-1, hydrocarbon

sol vents, al cohol solvents, ‘and m xed sol vents of

hydr ocar bon sol vents and al cohol solvents. Hexane-

I sopropanol or hexane-ethanol is preferable. The

colliyen rgsedicn teErsptEatedle rdisidlany ciepered ifeson Hene types

sanme as those in the process F. The tenperature used .
Ofi%?%ﬁﬁkﬁqE}QﬂtQPmRREn%re?%?aﬁ?&V?@tstogBGCFe%E?@FS' tne

conpletion of the reaction, the eluent (solvent) is
enZH i 1§t ofFnd ot DBt ERE-t hel cofpbrhd ofPTRHERFE}LY gfoom

the present ée@ction. [0097] [Step H 3] The step H 3
CeRReTA Y G Nithesi zi ng the conpound (1a) or (Ib)
[Ogg§p1the compound (21a) or (21b). 52 Solvents used

are not particularly limted as long as they are

sohgissctrhat fde Hotsddphidid, the reagtdeaapdscafan also be

di ssolve the starting naterial to sonme extent. The
corSd MedY S ud Ned Uugle apsprBbLcatel ¥entsi ehhenisekyenss,

ester solvents, hal ogenated hydrocarbon sol vents,
diddididemsmd vest 5ch anrdethsol webtsctsdl toxirdeodakvent by an

hydr ocar bon sol vents, ketone solvents, and aqueous
appodvedse etlome sotheassrocryugtedlszasobpentidsaiélation,

preferable, and acetone or water is nore preferable.
anReaeiedns ¢Reend ey vaehdici dleatzd el et idnrcaxapplrerformed

I norganic or organi c acids such as hydrochloric acid, |
bya%éﬁ?%“o%c?%ﬁc%EW?%r¥EraEPH,ef%ﬁﬂéﬁesﬁ??@ﬁﬁ@eﬁéﬁé,C&ﬁ&lStrY

18, Reaction of Organic Compound -(II)-, first volume (Nov.
25, 1957, published by Maruzen Co. Ltd., ed. by the Chemical
Society of Japan), p. 503-556. More specifically, the
compound (18) is reacted with a carboxylic acid reagent such
as phthalic anhydride, and from the resulting mixture of
carboxylic acid derivatives (19a) and (19b), resolution can
be pérformed by recrystallization or the like using
phenethylamine, gquinine, cinchonidine, methylbenzylamine,
naphthylethylamine, or the like.
[0091)
[Step G-3]
The step G-3 is a process of hydrolyzing the compound
(19a) or (19) to synthesize a compound {20a) or (20b).
Solvents used are not particularly limited as 1long as
they are solvents that do not innibit the reaction and can
dissolve the starting material to some extent. The solvents

include aromatic solvents, ether solvents, ester solvents,



canphorsul fonic acid. The reaction tenperature differs

dependi ng on the types of the starting conpound, the

solvents, the reagents, etc., and is usually O to

100C, preferably 60 to 1OQC.4 0098] The conpound

represented by the general formula (1), (la), (lb),

or (Il), obtained by the processes, or the

phar macol ogi cal |y acceptabl e salt thereof exhibits
habhegenvbtyd aydarw@E2®dn gambvantdsaf hilittyl  grolvents, amide

vol t age- dependent cal cium channel subunit alb and is
solLgen b, a§ udr oakitd sy es 9 g s enh v B o ca nsiedy riscieie i eal

conp05|t|on used for treating and/or preventing pain,
al@pRet ders VieRrAl vidf e dieS ceptYar taer 9aasm“ 1%pdt éﬁ?vaﬁas -

ot her disaqrders 0099 ain includ
th%a%feé pmweuﬁ%n#%ntp%? AT Safitelhy 2Bfeots sapbvents,
ost her neur al

h
or GhFBHt S TREOFAl brar oo  gbm RaF TReaPAPei 470 Rosl Grare
etg£n5nte5§o§gaL nggrﬁggéabrggggéghepaln neur opat hi c

m gral ne, paln assocl ate Wth osteoarthritis or

artﬂéé!jéi{ti hesuat § $m , fpa {h@J_SéQ:@ié‘t Bes¥&t h antdsi gn,
sprain, or trauma, spondylalgia, pain caused by

caﬁpbﬂﬁieCOéQdQﬁmbh§dBox§86n1bBJEbias@&bﬁ hat-B& i hewek
back, sciatic neuralgia, toothache, nyofascial pain

preyadsiobhe, episiotomy pain, gouty pain, pain caused by
burn, cardiac pain, nuscul ar pain, ocular pain,
i nfTreamet T iyl pai rempe of actal dpafar s adpandahg pai hhe types
pai n associ ated with dysnmenorrhea, |abor pain, or
o:ehlenetrIbBsNSg, COBRANAFGI ahepaPAVEsSeei ahed rRRERNAGHVETC -,
or radicular |nJury, pai n associ ated wi th anputati on,
andj &s deukblielxtonélromprofenagivt P frairrwausutbgrature.
Oﬁég betic neuropathy (or diabetic periphera
topathic pain), pain caused by
[Sggsnggg?rapy-induced neur opat hy, atypical faci al

The step G-4 is a process of oxidizing the compound
(20a) or (20b) to synthesize the compound (la) or (1lb).

Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and can
dissolve the starting material to some extent. The solvents
include aromatic solvents, ether solvents, ester solvents,
halogenated hydrocarbon solvents, nitrile solvents, amide
solvents, sulfoxide solvents, and hydrocarbon solvents.
Halogenated hydrocarbon sclvents are preferable, and
dichloromethane is more preferable.

Reagents used include acid chloride. Oxalyl chloride is
preferable.

The reaction temperature differs depending on the types

of the starting compound, the solvents, the reagents, etc.,



neural gi a, neuropathic pair. in the | ower back,
trigem nal neuralgia, occipital neural gia, nyel onere
or intercostal neuralgia, neuralgia associated wth
H'V, neuralgia associated h AI DS, hyperal gesi a,
burni ng pai n, sudden pain, ai n caused by
chenot her apy, occipital- neural gia, psychogenic pain,
pai n associ ated with gall stone, neuropathic or non-
andiells opat &l Ty pai ° @S i adre - ampbdir staumcey |, pypddadtam ¥ i b8 to
pain, functional abdom nal pain, headache, acute or
0°CGchroni c tension headache, sinus headache, cluster
headache, tenporomandibular joint pain, maxillary
[0@PAlLs pain, pain caused by ankyl osing
spondylarthrltls post operative pain, scar pain,
[PERFBARP cFhon- neuropat hic pai n, pain attributed to

hyper| i |den1a fibronuscul ar aln -.and. fibro a
SAE 0T Bt bt o S8 daF P hea 01 Ryt Rerere

5 u eminclk f ai.nt.i i sad -
%mwﬁam%m%ﬁgwﬁwm%mwme

coﬂé{ﬁh ?g | zyre, 1gnd,panhi 8he$853UL & o reBifl B8Y compound
nts as hyX|a, general anoxi a, hypoxia, spina
1£Or deddhh Wiye éé@mcﬂcm&ﬁl Sri piYry, theadohPpunyl,
cerebral ischema, seizure, cerebral angi opathy,
repeyseaaedi bgenhe gyneepe, foemudgerila)syrcdi®,) is produced
hypersensitive carotid sinus, neurovascul ar syndrone,
thaonbiit hheasterpedA-di sor deb fe. ghe deppesgi-Gnko A-9.
treatnent -resi stant depression, seasonal affective
[0dP4order, child depression, prenenstrual syndroneg,
prenmenstrual dysphoric disorder, hot flash, bipolar
[Papserd@ef] nmani c depression, conduct di sorder,
di sruptive behavior disorder, stress-related physica
di sorder, anxiety disorders, borderline personality
di sorder, schizophrenia, schizoaffective disorder,
del usi onal disorder, brief psychotic disorder, shared
psychotic di sorder, substance- induced psychotic
di sorder, anxiety associated with psychosis,

u



psychotic nood di sorder,
schi zophreni a, behavi or di sorder associ ated w

nmental retardation, insomia (e.g., primary i
secondary insomia, and tr ient insommia),
noctanbul i sm sleep deprivation, REMsleep d

hypersomi a, parasomi a,
jet lag, narcol epsy,
di sorder. [0101] Exanpl gst o
chponi c obstructive airway
unoni a, gagonic bronchiyi €
adul t resptratory diRstKess
osp&sgl cough, pertussi sr*
it iggR°at opi ¢ dermatitis, 1iRarR§R
prBfltus associated with henndl ysi s,
bowel (4Ji sease, psoriasis, ost eoart HRit i s,
injury, articular rheumati sm
ma, sunburn, hypersensitivity,
sease, HuntingtRn' s di sease, Al Zheiner's
liri e e g, forgetful ness, auti
ficit erlactivity disorder, Reiter'
ﬁg syndron@, Sj ogren's syndro per
t gpoi post oper ati ve neuyong,,\oe
ostatyc Myp grophy, periodontal & as
norrméidg R?issure in-ano, infertili Ry
npathet g dystrophy,
sease col | aggn di se

hepatitis,}| vasodil 5
{ br osi ng e, ang
{ gr ai ne, _Raynaud' s di-sease;~dr

sl eep apnea,
cycl e di sorder,

anﬁﬁet
i n¢ uaé

IS

hdr one,
gont

Sy
gray>

Par ki nson'
d

e

an
I

eye syndrone,

nood di sorder associated with

th
nsomi a,

sor der,

sl eep- wake
and generallzed

hgvz i sorders

- ystdc 55 H-2

—_——

act

pruritus,
i nfl ammat ory
cartil age
psoriatic arthritis,

S
sease,

mRattention

syndgghe

nsi on,
RE

réﬁlex

on,

pectoris,

bnjuncti¥itis, vernal conjunctiVitis, PFoliferative
V|treoret|nopathy mul tiple sclefosis, anmyotrophic
| at er aR*sclserosis, pervasive devel opmagt disorder,
hdman i odef ictency virus infegtion, FV /;)
enceph atHy-0di ssoci ati ve di sofder, f-hg
di| s r, |ullcerative colitis, CrphR¥*sXdisease,
inriwd bo gSyndrone, chronl‘ paRt 1t 38
] =1 g
ch\onl (sz&(l@ﬁ syndrorre sudden |@antR R! R
(21b) (1b)
[0095]
[Step H-1]

The step H~1 is a step of producing a comp

(1) .

the compound

ound (21)

from

Solvents used are not particularly limited as long as

a

they are solvents that do not innibit the reaction and can

dissclve the starting material to some extent.

include aromatic solvents, ether solvents,

halogenated hydrocarbon solvents, nitrile sol

solvents, sulfoxide solvents,

Aromatic solvents,

and hydrocarbon

halogenated hydrocarbon solvents,

The solvents

vents,

solvents.

or

ester solvents,

amide



deat h syndrone, overactive bl adder, chronic cystitis,
chenot her apy-i nduced cystitis, primary notor disorder,
aki nesi a, dyskinesia, cranp, Tourette's syndrone,
Scott syndrome, paralysis, _extrapyram dal notor
di sorder, restless |egs §yﬁ3r6ne, mast al gi a syndrone,
noti on sickness, |upus erythenmatosus,
i mrunodefi ciency, inflammtory gastrointestina
hydit S clesn gestent $ Sarorocéféishle, 56ndgasthredaodenabluene
ul cer, peptic ulcer, dyspepsia, enesis, breast
is aancerprestab e cancer, gastric | ynphoma
gangl i oneur obl ast ona, and snall-cell cancer. [0102] A
ph&arseats caed onposidd atloomati sl nd Her bl -
represented by the general formula (1), (la), (Ib), or
Hyqdrohengpin his phat hatdPbyi cal |y acceptabl e salt

t hereof, when adm ni stered nel, s
hordiss, 836w, Bt tyﬁ%eraﬁ%%er ecgja‘bga é g?% on the ' types
i stered system cal I rough _an.ora
o SHLTLBL L o0, System cal 0 S%ﬁvenkérnégeutr?c Frcs; fece.,
0Si ti of rese nvention  can be red-o-~
SER eI %ﬁ%@ﬂ& el ng ter S fely “Forc to
regggkn&gﬁggaiggsnethod by preparation nethods of
various preparations usually used. [0104] The form
(0066t he pharmaceutical conposition for ora
adm ni stration includes tablets, pills, powders,
[sgepnyles, capsules, solutions, suspensions,
enul si ons, syrups, and eIixirs. The pharnaceuti ca
conposisieam 2 susha asfep nof ssulpjepaied abeordipgund 421)
standard nmet hod by appropriately selectlng, accordin
totophéed; addpiitésnf tonpamdngeercicpimerusd (Bilgders, (21b) .
di sintegrants, lubricants, swelling gents swel lin

ald%01%%%ﬁ$n@s%%eh@§lu%?a%??c?%@?sas BBPFFi 2Br §he step A-1,

antISGtICS .
hydrocarbon solvents, alcohol solvents, and mixed solvents of

hydrocarbon solvents and alcohol:solvents. Hexane-
isopropanol or hexane-ethanol is preferablg.

The cclumn used in the optical resolution includes the
same as those in the process F.

The temperature used is usually 0 to 40°C, preferably 20
to 40°C.

After completion of the reaction, the eluent (solvent)
is distilled off to obtain the compound of interest of the
present reaction.

[0097]
[Step H-3]
The step H-3 is a step of synthesizing the compound (la)

or (1lb) from the compound (2la) or (21b).



anti oxi dants, coloring agents, solubilizers,
suspendi ng agents, enulsifiers, sweeteners,
preservatives, buffers, diluents, wetting agents,
etc. usually used. [0105] 57_The formof the
phar maceuti cal conposition Pér ~ par ent er a
adm ni stration includes injections, ointnents, gels,
creams, poultices, patches, aerosols, inhalants,
SPLAYSTently i sHORS e Magalpadrops; ] stipposinioré®sss anshg as
i nhal ants. The pharmaceutical conposition in such a
thdorame ssqrepat €d-haccos dioty tohabst andar deaethod byd can
appropriately selecting, according to need, additives
difsoimanong stabilngenzsteromiisepspns, exbeUbi | | Heg ssolvents
hunectants, preservatives, antioxidants, flavors
ingleldé M aReht S, SALTRRES | 28 Hac AgeRt ¥entsol BBERFzEP4VENtS,
buffers, tonicity agents, surfactants, coloring _
ha he@at s L eBuPrEr s EFeht S LY AR ERenBris & et 15Ny Syeht samLde
illers, alksorption pronoter suspendi n en
SO%Y%HE?S, SEtE O ual Ty Ul F%Tﬁg]car%ﬁen %oosg\’%%é%heketone
0 und _r epresent ed en ) -
Son%g?SOr APFH P e %%lal\;rgn}%:%l og{egéﬁr}{/%%%p éabcire agueocus
sof@éﬁ%&h§£8°£rQE££§E§egegﬁadhegteﬂe$$gpkgﬂgr agemorkody
wei ght, etc and Is, for oral admnistration, 1 to
préPOPp1g, preferably 10 to 600 ng (in terms of the
anmount of the conpound) per dose which is
admdi gder edusageinOl s@yes@ld tapeSyardayroo apaadiet
(body wei ght: approximately 60 Kg) and, for
inpagenier ak adgknist patidensuBhlatohi@@choripr efcedablagetic
1 to 300 ng (in ternms of the anbunt of the conpound)
acpér doséuwhicchciid, atinmilneseenédonnce acddse@ddal tines

a day to an adult. 58 - Exanpl es
camphorsulfonic acid.

The reaction temperature differs depending on the types
of the starting compound; the solvents, the reagents, etc.,
and is usually 0 to 100°C, preferably 60 to 100°C.

[0098] |

The compound represented by the general formula (I),
- (Ia), (Ib), or {(II), obtained by the processes, or the
pharmacologically acceptable salt thereof exhibits activity
as an a8 ligand and affinity for voltage-dependent calcium
channel subunit a8 and is useful as an active ingredient in
a pharmaceutical composition used for treating and/or
preventing pain, disorders involving the central nervous
system, and cher disorders.
[0099]

Examples of pain include acute pain, chronic pain, pain

caused by soft tissue or peripheral injury, postherpetic



[01071 (Exanple 1) () - [ (1S, 5R 6R) -6-

(am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetic acid

(exenpl ary conmpound No: 1) (1-a)

(2E) - hepta- 2, 6-di enoic acid 4:Pentenal (4.45 g, 51.4

mml ) and nal onic acid (6]145 , 61.6 mmol) were

di ssolved in pyridine (9.9 nL) To the . solution,

pi peridine (1.9 nL) was added, and the m xture was
nethehgstj roedipft t90Chéorabgheur s rifeeaimaxt neeredsia,

allowed to cool and then made acidic by the addition
myelofleNehydr dbohkocpetaachdpridbliewedemy rext padri, omamncpathic

di et hyl ether. The organic |ayer was washed w th
patat uhagedisal i ReiandsdpPréedtede i tAnRPHCOGS thEgHRES PH

sul fate, and the filtrate was then _cancentrated under ,
arrg@uéad predsareésSTThRatBsPEFEWES Sdivsttil ICOF thFd&r sprain,

reduced pressyre to.obtain the conmpound af .interest

©*asT3UEGY oPPESS Y0P IS tbsPante CEYSTTHYY FRENPL6E 3. F7 Pratn
g, 50%. (1-bh) Tgrt;ggtyl - ck atic : 1
St(‘ﬁ“- (‘Té?%?ﬁ)b?gégl 6f'3-250] REBT- 3°6n~6-° V1o dénéacétare
cofXAbLheChoblde (10 L) was a0ded dIONWSR M dain, gout
O%%ﬁuene sglﬁtlon 6 nf) g? (2E)-'hepta- 2, 6- |§ﬁO|c J Y
padfl dp63n272:95e8509 pERI) cundelad ¢8R iGO0IUGEuIEhe pain,
mxture was stirréd for 20 mnutes, then renoved from
ochheri geiwat enhrhakhatand gradyaldnyfaeaiiecddio,r edoninal
tenperature. After stirring for 50 mnutes, the
pafi@acbaon aelswidianewasish dyethererr rherurl amdepadieat iamg
to reflux. The solution was allowed to cool,. and the
enslomeamti osums tsloga tdilstiial, | ed iof fa aawdura e pciddr nerve or
pressure. To the - 59 residue, toluene was further,
ragddeda rand ity s glaien e sges tatad i tdt i anmd- agtforag di ¥t
under reduced pressure. The residue was _di %glv din.
doPgPHEFE X 2B PN Ean @4t BTG 1dd1 i dif Whs® Xr Set©
over 1 hour to .a toluene solutian (20 ni) .of . .
neurcpathy (or diabetic peripheral neuropathic pain), pailn
caused by chemotherapy-induced neuropathy, atypical facial
neuralgia, neuropathic pair in the lower back, trigeminal
neuralgia, occipital neuralgia, myelomere or intercostal
neuralgia, neuralgia associated with HIV, neuralgia
associated with AIDS, hyperalgesia, burning pain, sudden pain,
pain caused by chemotherapy, occipital neuralgia, psychogenic
pain, pain associated with gallstone, neuropathic or non-
neuropathic pain associated with cancer, phantom limb pain,
functional abdominal pain, headache, acute or chronic tension
headache, sinus headache, cluster headache, temporomandibular
joint pain, maxillary sinus pain, pain caused by ankylosing
spondylarthritis, postoperative pain, scar pain, chronic non-

neuropathic pain, pain attributed to hyperlipidemia,

fibromuscular pain, and fibromyalgia.



triethylamne (9.19 g, 91 mmol) heated in advance to
90C. "After conpletion of the dropw se addition, the
m xture was further heated with stirring for 2 hours.
The reaction solution was cooled then diluted with
saturated saline and watér,%nd filtered t hrough
Celite. The filtrate was separated into organic and
aqueous | ayers. The organic |layer was then washed
[oMddh 1 N hydrochloric acid, then dried over nagnesium
sulfate, and filtered. This filtrate was added to a
r edtdangrl esolaft idirs quraepay eich val adtvandes feeam 8al nervous
di met hoxyet hane solution (20 nL) of tert-butyl
syshieret hoxyphoshhonylagetat o5, 98pyleR5y9 (papk)cahdrly,
sodi um hydride (>65%o0il, 986.7 ng, 25.9 mol), and
patthea hi xpubersas 2delFredrtorl156inBues. 2 pRstial seizure
. reaction solution, a saturated aqueous sol ution of
UTdﬁﬂ%%*%%Ycﬁ?b%?@%S sa@EP%YéaasaE?H@raénanoﬁé?erhMEPélar
in.this order, and the reaction solution

Sp%%%fe%?%% %%3%X¥raEf?Bﬂaﬁt?hD§Fﬁ9llﬁéﬁfﬁte SFeiriury,

er was dried over %drous nag esi um

ce QPR 1 g LBURT o 1S fE 080 QYELARORY LR FRINGS VT | o
h -
ne£¢$¢£9Q96 é§980§gnp8ﬁ HLSroéeghFo§g§§éFgueh9?éLsen51 ive

purified y silita ge "col um aphy

caPbt 8k nsm@sCOﬁ@@yadagéuwkeg%ar@ﬁea Qi‘lrﬁyt}ﬁ?nl Lown8by
substance (1.7 2% E/Z mxture). (1-¢) Tert - but'yl

diddrdel (&£5g. 5Rde§5&ss§on treatment-resistant depression,
(nitronet hyl ) bi cycl of 3. 2. O]hept-3-en-6-y|]acetate - 60
sedecthabubyfe)i (4Si5Rpbdeycl oh312. Bkpepts3oan- @remenstrual
yl i deneacetate (1.73 g, 8.39 mml) was dissolved in
symiltoneet hagee(i40rnk) . d¥ephbheisobuspoder]l, 8ot flash, bipolar
di azabi cycl o[ 5. 4. 0OJ undec-7-ene (1.3 nL, 8.4 mmol) was
di%@ﬁ@@r, madicheeprReatenwasostilctedigprdggm disruptive
enperature for 1 hour and then heated with stirring
be%§V5®' 81808e6r 8LRBEPSICFRECINPRYGrE2MasiarFEREd PBXletY

cool. and luted with drochl oric_acid, and
dl%%fﬁrﬁ?edg E?néln?OPFBQBaaéﬁtv g¥sor%er, schizophrenia,

schizoaffective disorder, delusional disorder, brief
psychotic disorder, shared psychotic disorder, substance-
induced psychotic disorder, anxiety associated with psychosis,
psychotic mood disorder, mood disorder associated with
schizophrenia, behavior disorder associated with mental
retardation, insomnia (e.g., primary insomnia, seéondary
inscmnia, and transient insomnia}, noctambulism, sleep
deprivation, REM sleep disorder, sleep apnea, hypersomnia,
parasomnia, sleep-wake cycle disorder, Jjet lag, narcolepsy,
and generalized anxiety disorder.
[0101]

Examples of other disorders include chronic obstructive

alrway disease, bronchopneumonia, chronic bronchitis, cystic



extraction with ethyl acetate. Then, the organic |ayer
was dried over anhydrous nagnesium sul fate, and the
solvent was distilled off under reduced pressure. The
residue was purified by silica gel colum
chr omat ogr aphy to obtain fhe> conpound of interest as
a colorless oil substance (1.98 g, 89%. (1-d)
Tert-butyl () - [ (1S, SR 6R) -6-

£ i o8 NOeidiyl ) bt €361 04 So 2y Ot hepte Ss epyhdybhacebabachospasm,
Tert-butyl () - [ (1S, 5R 6R) -6

coldtt t rpaetuyd )bj cytlofdy 2. Opheptt 3denmbiytacet atepic
(1.98 g, 7.41 mmol) was dissolved in ethanol (20 nlL)

demmat water 1Ol edyia, Torvhetgsl upronithpoaspondered. @Zth
g, 37.0 mmol ) and ammoni um chloride (392.7 ng, 7.41

hemp@dia)ywes e BRIEEIMARATY heOTE Xt B eeRaS  sPEPFedsSt6r 4.5
hours under heating_to reflux. The m xture_ was

oS hEPRWER ot TooF2 T EheRIBI i BAY wi RRTI&FIRAL 8 BAIAE;

o SheaLHLch o aoueaue seLull on ol o0 yLBLcarhooalec,

paf RTBYS) LLnBEERLE, TBLLELaqflE [\ LiLALRes, sRaanaL ed

ag ueous ayers. ani c

di%@%s%asgggl¥iﬁﬂ _5@%&52539 §8Eb@€f@@9e§@enaqnh%% OV€hkention

f oUs nagnesi um - fate. The t he sol vent

deWas 19“ sipilede szit9n@l§éo!‘rae@gedelﬁeessuvs@nmoﬁat aidwn ' s
t he conpound of interest as a pale yellow solid (1.99

syfdrbiiks Spopedndswagnusesedi hepkhyensihe hextatopoiesis,
reaction without being purified). (1-e)

poéiebéi&%ﬁﬁhGﬁ&uﬁemanlben&ghybﬁbs&y&h@[®y®EGﬁh@phﬁ3-en-
6-yl]acetic acid A 4 N hydrochloric acid-ethyl acetate
pesobdbnbal (d0sakye, wasmaddbaits  t éhtsseylinC-ano,[ jnfsrtility,
5R, 6R) -6-
re€ém<n@w@1>ﬁyh§ﬂ5néyém§[c302n@i} h8pPa3idh-s6- YIFgsacetiatte on
(0.99 4.17 mol ), and the m xture was stirred at
flPé@ﬁﬂﬂénﬁé?ﬁFé?e CPé#aEeﬁoﬁlﬁse’?%n e NS IRFEHO Tvigs
dlstlllegaoff %nde

migraine, ynau disease, dry eye syndrome, conjunctivitis,
vernal conjunctivitis, proliferative vitreoretinopathy,
multiple sclerosis, amyotrophic lateral sclerosis, pervasive
development disorder, human immunodeficiency virus infection,
HIV encephalopathy, dissociative disorder, eating disorder,
ulcerative colitis, Cronn's disease, irritable bowel syndrome,
chronic pancreatitis, chronic fatigue syndrome, sudden infant
death syndrome, overactive bladder, chronic cystitis,
chemotherapy-induced cystitis, primary motor disorder,
akinesia, dyskinesia, cramp, Tourette's syndrome, Scott
syndrome, paralysis, extrapyramidal motor disorder, restless
legs syndrome, mastalgia syndrome, motion sickness, lupus
erythematosus, immunodeficiency, inflammatory

gastrointestinal disorder, gastritis, proctitis,



reduced pressure. The residue was suspended by the
addition of dichioronethane. To the suspension,
triethylam ne was then added dropw se, and the
resul ti ng powder was coIIec&Ed by filtration. The
obt ai ned powder was washed th dichl oronet hane and
then dried under reduced pressure to obtain the
conmpound of interest as a white powder (211 6 ng,
gasXBWA D1 (Exedtp) eehtic ulcer, dyspepsia, emesis, breast
[ (1R, 5S, 6S) - 6- (am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3-
carete- Wdsawetd ccaciet ( exeenpt Be yl goppooad No: 1,
optically active form H NH2 COOH 62 (2-a)
garRgsicintiiovb fstema - bang|sriigll-¢el1SaBREI6R) - 6-
(nitromet hyl ) bi cycl o[ 3. 2. 0] hept-3-en-6-yl ] acetate
[(0T&2Y-butyl () - [ (1S, 5R 6R) -6

(nltronethyl)blcyclo 3. 2. 0] hept - 3-en acetate 4
G 5 TR T RRA M s SSIEAE AEh @ﬁlﬁa%%%i S5 Fpond

rem%%“%?t%%?c%ﬁwi%ﬁ%ﬁ? Sy t 5”‘5‘22; g{%&%s’ bxr (11
65.5
gﬂ&gl %rmacglgél Efg 35 %ég%ﬁg%lgglE' egéo%,”&ﬁkn

gnbg ébﬁg;%%m%%i R6T5§pf6§%maﬁs(aﬁbrses, cow, or pigs,

nnone h yl ] acet ate

pr%EéEa@P§yﬁuﬁéﬂB ) 5S; 8S)dfinistered systemically or locally
ni t romet hyl) bi cycl o 3. 2. 0] hept - 3- en- 6- yl]acetate

th{P88K 2n 0201708, pdfedtoppl) romsedi ssol ved in ethano
(200 nmL) and water (100 nL). To the solution, iron
[oposdler (34.69 g, 619.5 nmmol) and amoni um chl ori de
(2.09 g, 38.72 mmol ) were added, and the m xture was
st i ThedfarnscSuhoue s @Wﬂ@@Shea@anfteheréfﬁaﬁntThéventhT
m xture was allowed to cool, then diluted with

casabar RreHasari A8, a8 SAPUPREEA T&qdeSHs SSASHLSSh agcording to

sodi um
the administration method, by preparation methods of various

preparations usually used.
[0104]

The form of the pharmaceutical composition for oral
administration includes tablets, pills, powders, granules,
capsules, solutions, suspensions, emulsions, syrups, and
elixirs. The pharmaceutical composition in such a form is
prepared according to a standard method by appropriately
selecting, according to need, additives from among excipients,
binders, disintegrants, lubricants, swelling agents, swelling
aids, coating agents, plasticizers, stabilizers, antiseptics,
antioxidants, coloring agents, solubilizers, suspending
agents, emulsifiers, sweeteners, preservatives, buifers,
diluents, wetting agents, etc. usually used.

[0L05]



bi carbonate, and ethyl acetate, and filtered through

Celite to renove insoluble matter. The filtrate was

separated into organic and aqueous | ayers. The

organi c |l ayer was washed w.th saturated saline and

then dried over anhydrous‘nﬁ nesi um sul fate. Then,

the solvent was distilled off under reduced pressure

to obtain a m xture of the conpound of interest and

t henst &olriing fmaiher ipdla rada catumista 11 compatsia (R0, &8 g,

estimated by 'H-NWR). This m xture was di ssol ved
pamgaidrdn atrhianod t X200on nir)c hnde svat j e ¢ 100N &l ) o~ Tomehes,

solution, iron powder (40.36 g, 720.7 mmol) and
gelavroniaanshipel del ¢4s 18pa; cl78s 1 andPJoher elnhgdants, sprays,

added, and the m xture was stirred for 9 hours under
eyehehtdgy 53 efEERPHhi FEPRI DRt PHiBer 32, ¥Bhalangd. 5 The

mol ) was further added thereto in_three portions.
PhapHEn G Wi 12 veQTRPF bkt to? 0o, 2t hef™di F uPEEP#F EH

t ur at ed [ L ur d sol] ut | o
2c SR bi G Lo A Eerol > acarareer SRat i Pearegine:
ac%$¥§%ﬁ§‘g§lﬁ£§dtoaé ggyge nf?bgbéﬁoﬂgtéﬁgbiIggers,

e Wwas Separa I hi 0O of gani ¢ and aqueous

an ég@icghes QﬁgﬁfiEe£§yeﬁuﬂ@§tﬁﬁ§Q?dpEEEEr§§E§5§E¢d
sal ine and t%en dried over anhydrous nagnhesi um

anSibiptgncdhen; atbessobyeninyasqgedt sti hkedrafif zingeagents,
reduced pressure to obtain the conpound of interest
soBSbal pabesyebhoveos| suhstangea§arts3 gur8bhorantE?- cploring
(-) - [ (IR, 5S, 6S) -6- (am nonethyl) bicyclo [3.2.
agOpthpabuBfeningbaykhaset tbiakedeAs4 Nehydrgchbenics, fillers,
aci d-ethyl acetate solution (200 nL) was added to
abserptbonybrpoResS, 6Syspending agents, binders, etc.
(am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetate
usgaylg3uged.7. 4 mmol ), and the mixture was stirred at
roomtenperature for 1.5 hours. Then, the solvent was
[04P&tilled off under reduced pressure. The residue was

R e L LB 18 AP e
foggﬂggr(ﬁ@§ QEEB?C%?d(%%) or the pharmacologically
acceptable salt thereof differs depending on symptoms, age,
body weight, etc., and is, for oral administration, 1 to 2000
mg, preferably 10 ﬁo 600 mg (in terms of the amocunt of the
compound) per dose which i1s administered once to several
times a day to an adult (body weight: approximately 60 Kg)
and, for parenteral administration, 0.1 to 1000 mg,
preferably 1 to 300 mg (in terms of the amount of the
compound) per dose which is administered once to several

times a day to an adult.



filtration, then washed wi th dichl oronet hane, and then
dried to obtain a white-powder A (6.85 g). Fromthe
filtrate, the solvent was distilled off under reduced
pressure. To the residue_ 3 4 _N hydrochloric
aci d-ethyl acetate sol ution PZOO m.) was then added
again, and the mxture was stirred at room
tenperature for 2 hours. The solvent was distilled off
Exairde&ts reduced pressure, and the residue was suspended
in - 64 dichloronmethane. To the residue,
O%q7bthylan1ne was added dropw se, and the resulting

powder was collected b filtration, then washed with
(Exfifiht or'onethanel L SmR1Heh @fied to obtain a white

aﬂ"l%m%hevlazbov S IR g P B e ot

qgg: 9991 yl{acetate to obtain the conpound
- |ﬁt eres % |teﬁpomder (7.39 g, 550). [0109]

éf)xa%& a-2, 6-di
"TUIR 58 6926 (A nomet iyl ) BT eyl of 3. 2. 0] hept - 3-

en-16-oeinjragetli ¢ Ay J exenpl amoloomralnth NYid,acid (6.41 g,
optically active formdiffering in production process

61 f& amd hatwefe dExaspleed)idd SOtk ( 39 ay mert-bmd wWhd
(1R, 5S, 6S) -6- (r.ert-
solout oxyc ar el dmaohket Hyh) bi eyel afi@e@, 0fhdpthe-Bighube was
yl Jacetate Tert-butyl [(1R 5S, 6S)-6-
the(rnistrjomaqmya‘;\ b%‘SCcI_G{IS P Iejhept - Thenmgxyliracetast @llowed to
peak 2, 30 , 0.11 rmol) was dissolved in ethano
CO%%KRP?th%ﬁmP@%ﬁe@C%QBQ thFheT%d?h%lgﬁlaﬁl%nN PV@HOCth*lC

wder. (18. 8 34 no an chloride (3.6
aCJSX e%o%%?)gmétaa%a o e AL PR FehOE il Grpanic

qugghé@ @ftgléaggrgtg& §Q£&ne and dried over

anhydrous magnesium sulfate, and the filtrate was then
concentrated under reduced pressure. The residue was
distilled under reduced pressure to obtain the compound of
interest as a colorless cil substance (3 mmHg, 110-116°C,
3.27 g, 50%).
(1-b) Tert—butyl (£)-(1S,5R)bicyclio[3.2.0]hept~3-en-6-
ylideneacetate

Oxalyl chloride (10 mL) was added dropwise to a toluene
solution (60 mL) of (2E)-hepta-2,6-dienoic acid (3.27 g, 25.9
mmol) under ice cooling. The mixture was stirred for 20
minutes, then removed from the ice water bath, and gradually
heated to room temperature. After stirring for 50 minutes,
the reaction solution was stirred for 1 hour under heating to
reflux. The solution was allowed to cool, and the solvent

was then distilled off under reduced pressure. To the



Since the nitro formof the starting materi al
remai ned, iron 65 powder (18.8 g, 0.34 nmmol) was
added thereto, and the mixture was stirred in an oi
bath at 80C. After 3 hours, dgon powder (18.8 g, 0.34
mmol ) was added thereto, and the mixture was further
stirred for 4 hours in an oil bath at 80C and then
| eft overnight. Iron powder (18.8 g, 0.34 mol) was
regdes) theleene wad fhetheéxtaddedasast thedsbovelat was then
hours in an oil bath at 80C. Al though further iron
Cipoerd 48, BIYINOUBACENBPIUGAS BABEGUERer efle ¥heidue was
m xture pecane difficult to stir, Therefore, the
di$3ACYT O s+ BFRF nat BdL) ThaNfi kxPdFe SRas taPPoled ?6d°d
cool and the

d | ubl
dr gt 341 TYet o ‘e%at)e b5 e 5oL SERYE s o IR LV G TRE °F
t t | 0.34 add
ex{LS AR P (£6.8, T B | Rk EE 5" F&?aﬁvﬁogps 5B
arddbe c&%@?@ﬁ£o§obfe9ﬁem@$o stil Lad;ef BHUHQ%L reduced oo

pressure, followed by extraction Mﬁth éthyl” acetate

fut £ 08% 1hEa £ EHBY NEATst AGUERYSThAY e noliRe  Or 9301 S YL
was washed with an aqueous citric acid solution,

solvat Bfn wad utab eddaqurensdsodtum whi-eachenatecdadline and
saturated saline and dried over anhydrous mnagnesi um

watself f admed ThenertfietbobuentCaastdi. stThéedibf fauadess
reduced pressure. The residue was purified by silica

sepprated| unho chroant ogeaphyatecobt akyetise cBnpoungamic layer
interest as a colorless oil (30.8 g). (3- b)

wag. §DTQIV?§@$@SW16 2(aninbrer AGRYBréycBeis, 2 tOFReprigdepver

glg Jace_io acid A_4 N hydrochl oric. acid-ethyl

magret e Sof GiFen ¢BE0TALFTREs Akl fbr gﬁa%%hv@s added to

acetate (15? gtg sol ution,of tert but yl % gIR 5S,
$RFPTLOR fro

a g on( prepared in advance
di Q gwg I Tet h b clq[ .0 t,-3-en-6 66

. %%ace ate9€¥6§ghg?g§52gbgnﬁ§y gnd%F%e_#pEEUre was
dlﬁé%ﬁ5§9p95sphorylacetate (5.98 g, 25.9 mmol) and sodium
hydride (>65% oil, 986.7 mg, 25.9 mmol), and the mixture was

-

stirred for 1.5 hours. Tc the reaction solution, a saturated
agueous solution of ammonium chloride, saturated saline, and
water were added in this order, and the reaction sclution was
subjected to extraction with ethyl acetate. The organic
layer was dried over anhydrous magnesium sulfate and then
filtered. The solvent was distilled off under reduced
pressure, and the residue was purified by silica gel column
chromatography to obtain the compound of interes:t as a pale
yellow oil substance (1.72 g, 32%, E/Z mixture).

(l-¢) Terz-butyl (x)-{(1lS,5R, 6R)-6-

(nitromethyl)bicyclo[3.2.0lhept-3-en-6-yl]acetate



roomtenperature for 5 hours. Then, the deposited
powder was <collected by filtration and dried. Since
the partial tert- butyl ester was not elimnated, the
obt ai ned powder was suspenqg? againin a4 N
hydrochl ori c aci d-ethyl acet solution (300 ni),
and the suspension was stirred at room tenperature
for 4 hours and then | eft overnight. The deposited
povitker t viast ¢l [Ect e byRfvltyai o oh. and] deped3toen-6-
obtain the hydrochloride of the conpound of interest
yladeneaghtagepowdérs ¢43823§) mhela wetshyiene lygidorinde
(800 ni) susgension of the obtai ned hydrochl ori de,
anFP@FEVPéﬁ]ﬁé (2#)7 TR, t0° 198 Wb P was- &dded dropwi se

oom era an t he ure S stlrred for
018t A LR Be hoh T FBre e arttng T o din Bndh. Biiaq pwam@dded,
e§ult|n owder was.coll.ected b _flltratlon

;
S i B A EPeEr BT TaRh TR as TS a e Pour
LoL0BBLaL e comound ol Ler a5l 35 A.kis BOMEL. . on
mlk£é§e58a§RL1§o&@H'EBWEEBX'L%HCX%E%[%l &Qk@e@ﬁf%'l N

en-6-yl]acetic acid (exenplary compoun
hy@pbkgabkyc aetivanhosm-dirbhend %&lllﬁuecoﬁfdlgl&@d @3('3, from
that of Exanple 2) HNHZ ,,////] H 67 4-
exTeatthohyWwilth( #88hyiRaceéRrte6 Then, the organic layer was
(am nomet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetate
drTedt obetrybnhydi8SusbRagbRs iufr sulfate, and the solvent was
(nltronetgyl)blcyclo[S 2. 0] hept - 3-en- 6- yI]acetate
digpaaked off1 ugpdgr 8edBCRRDIDL SRS I -ssEhGedeFhdBENAASI

(200 nL) and_ water (10Q nmL) . To the solution, iraon
pupéﬁﬂgp PXSSfl@caSGeé columrf chromatography to obtain the

compound oI interest as a colorless oil substance (1.98 g,

89

o\

) .
(1-d) Tert-butyl (x)-[(1S,5R,6R)-6-
(aminomethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Tert-butyl (+)-[(1S,5R, 6R)-6~
(nitromethyl)bicyclo[3.2.0]hept-3-en-6~-ylacetate] (1.98 g,
7.41 mmol) was dissolved in ethanol (20 mL) and water (10 mL).
To the solution, iron powder(2.07 g, 37.0 mmcl) and ammonium
chioride (392.7 mg, 7.41 mmol).were added, and the mixture
was stirred for 4.5 hours under heating to reflux. The
mixture was allowed to cool, then diluted with saturated
saline, a saturated aqueous solution of sodium bicarbonate,
and ethyl acetate, and filtered through Celite to remove
insoluble matter. The filtrate was separated into orgaric
and aquecus layers. The organic layer was washed with

saturated saline and then dried over anhydrous magnesium



nmol ) and ammoni um chloride (2.59 g, 48.5 nmol) were
added, and the m xture was stirred for 5.5 hours
under heating to reflux. To the reaction solution,
iron powder (9.0 g, 161 nnvh% was then further added,
and the nixture was further ®stirred for 2 hours under
heating to reflux. The m xture was allowed to cool,
then diluted with a saturated aqueous solution of
suddditam bitoat borted es@neeret hyds adesat eleandf £f thteredetioced
remove insoluble matter. Fromthe filtrate, the
presgamnectsobbeainwakedcstpbhied off inndeestedycedpale yellow
pressure, followed by extraction with ethyl acetate
sotitdm(thé%aquebhss taypepunthwaer garidc diapert lwas nwdasieechext
with saturated saline and dried over anhydrous
repgghes| ihirsartabeinyhesrifthed) sol vent was distill ed
of f under reduced pressure, and the residue was
(Ip@rifEedibyS aﬁ?néRgoﬁuﬁﬁméﬂP@ﬁabwéﬁasﬁycﬂ@ [ebt2aiCl hepfye 3-en-
6_c§n%ougd of |Qterest as a pale yellow oil (5.5 g).

[y.‘]lé‘c%ﬁﬁ R PRI YOI Y F 8Ldr e 8l RERLLTRN 3D o
wa? %g&g%ngéngrQL%uL9@S _QQ?Q1EO5he%%3b%tV'
a%gﬁbﬁaﬂﬁymybiey@yeh?[a .33 Qbﬁep@ - 3neR-61yld-agetat 0. 99 ¢,

4 g, e mixture was stirred at
4 . Loonmbenperatur e ﬁa&térhoués.sfhemedthe depasitd@tberature
powder was collected by 68 filtration to obtain the
fohydr bobkori Becnf the sohpoundva$ distiiést asfaumbete
powder (15.6 g). To a nethylene chloride (300 ni)
reguspendirgasotet heTlobt aepedudydedchhopedded by the addition
triethylamne (10.2 nL, 72.8 nol) was added droow se
Ofa?lpaéﬁFOW§ﬁﬁéP§tur%o Bhel TREPAIRiORe hasCSRYLRBADEONES
Then, t he pomder was

resultin
hgp| PECERSByer ey aepslntﬂ?hé%a&t&in%e@o&mewawasco‘ lected
hed mﬁth an eth nol - et hyl acetate d sol.vent to
bym%fa nothe conpoun %? |h?e?%w eﬁswgsmﬁﬁﬁgedpgwég
dl&ﬁi%%OﬁEtnane and then dried under reduced pressure to
~obtain the compound of interest as a white powder (211.6 mg,

35

o\
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[0108]

(Example 2) [(1R,5S,6S)-6~(aminomethyl)bicyclo[3.2.0]hept-3-
en-6-yllacetic acid (exemplary compound No: 1, optically

active form)

M e

«— NH,

// | | COOH

T



[0111] (Example 5)
[ (1R, 5S, 6S) - 6- (am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3-
en-6-yl]acetic acid hydrochl oride (exenplary conpound
No: 1, hydrochloride of the conpound of Exanple 2) H
NH2 COON HO H (5-a) ~ 02 -
[ (1R, 5S, 6S) - 6- (am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3- en- 6-
yl]Jacetic acid hydrochloride Water (5 nL) and a 4 N
(2hydraebbont coachd- Ledrdibaxgne (+5aliyticonp( 23,0l were
added to (1R, 5S, 6S) - 6-
(n{anomeneyhyb) biycyoi 8] 3.. 2] kbepB-8nem—§-1lylajacetiec aci d
(320.2 ng, 1.77 mmol), and the m xture was stirred at
r odhe rt-enpeyat ure- f 0rS 55R) 6w €6~ The sol vent was
distilled off under reduced pressure. To the residue,
(nitgogebhkahebhagcladded, Oahepthe —sinxttune was theat €d Sang ,
then allowed to cool to - 69 roomtenperature. The
mmp sy yVEP ngS POWHBF WasNEofhéseadaky ADHH t(natiesi EcPRe95:5, 1.0
bt ai n go owder was washed with 1, 4-di oxane _and then
ngﬁ“il%d ?
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Fa

bt AUt Rt EHRPOBKADBE CPAt EPERE Cad An@MistEies, Ltd.
OB IENG M 90 LOBLEL (SE Ot sime
. EouEsl! bagesheqeg, debenganeeul LoneiR (RICTILArY ¢ oopon)
(2Exanpler 2, HyNHZ (1RO, ¢BRS@H  H
(aminomethyl)bicyclo[3.2.0lhept-3-en-6-yljacetate

Tert-butyl [(1R,5S,68)-6-

(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yi]acetate (peak 2,
20.7 g, 77.4 mmol) was dissolved in ethanol (200 mL) and
water (100 mL). To the solution, iron powder (34.69 g, 619.5
mmol) and ammonium chloride (2.09 g, 38.72 mmol) were added,
and the mixture was stirred for 6.5 hours under heating to
reflux. The mixture was allowed to cool, then diluted with
saturated saline, a saturated aqueous solution of sodium
bicarbonate, and ethyl acetate, and filtered through Celite
to remove insoluble matter. The filtrate was separated into
organic and aqueous layers. The organic layer was washed
with saturated saline and then dried over anhydrous magnesium
sulfate. Then, the solvent was distillied off under reduced
pressure to obtain a mixture of the compound of interest and
the starting material at almost 1l:1 ratio (20.18 g, estimated
by 'H-NMR). This mixture was dissolved again in ethanol (200

mL) and water (100 mL). To the solution, iron powder (40.36

g, 720.7 mmol) and ammonium chlcride (4.18 g, 78.1 mmol) were



(1R 5S, 6S) - 6- (am nomet hyl ) bi cycl o[ 3. 2. 0] hept - 3- en- 6-
yl]lacetic acid (152.2 g, 391 mmol) was di ssolved in 2-
propanol (7.5 nL) and water (2.6 nL) . To the
solution, benzenesulfonic acid nonohydrate (305.2 nyg,
1.73 mmol ) was then added, and the m xture was
stirred at roomtenperature for 5 mnutes. The
solvent was distilled off under reduced pressure,

added | owed bhefuirhercavest Fopreedelipdr & honrw tirdgr heating
propanol . Then, the reS|due was washed with 2- propano

to teel b af it Relcorpandest (BAt 8r3e§tr as 4a SwAed ) pamgerf urther

ad%§go%€%£%§p6550%h5ﬁr2é%§¥ﬁ9§ Lg g Xture was allowed to

t hyl bi cyc 3..2.0] hept-3-e | l.acet
CO%ﬁxehﬂ?%ré 58gﬁﬁoﬁﬁ£nh%atgfat°90%a%%ngy'%b%%§praueo aqueous
sog$FF5€y%— so&ié%i%gggt on%@%gggeﬁo@t%ﬁ‘h%%gk% >83%

fli@efégydﬁQEﬁﬁﬁn %QLHL'QB QQQO@E) oﬁ%&h%lm%tte:. The

oxopent anoat é (5. un er ice cooling,

£18pgdatheya gl éEEE%a\ﬁ@a ih'tbf %Qg‘aﬁ‘lltch'a%dSta‘i\;tu%oftgr 1Xers. The
m nutes. To t reaction solution, n-butyllithium

or§dn66 bbp@XaW@sSQb@hbGHWLL35s%tmkat@& kanrinel WS hen dried
added dropwi se, and the m xture was further stirred

ovéoraidbydroutesagndern urceuddaltieng. Thhen, thal kgl vbnonwde
(5.18 g, 43.1 nmol) was added thereto, and the

digtkiled 0d$ snhiderededncehi presatad dro IR twwmutteés amgrpound
then further s-irred overnight at roon1tenperature

of TNt RECSEedst aoﬁaé@ meué@w PIN HERSIENSET i (& Tadid and S5 -
saturated sal i_ne added, foll.owed by extraction

(2wt hial st hy R &S - ‘ﬁﬁéam&r“&&ﬁt&yl%y’?ércw aghdd Nk 3-en-

saﬁura ed sal.i,ne and dried over anhydrous nagnesi um
5-X{I FEEELCaffthe sol vent was distilled off under

[‘n?d;k’c hanoféf%ﬁl%jg 83&8' g%ﬂgglegl't ‘éggt‘é’aéglﬂlt%%' V&40 mL)
was added to tert-butyl [(1R,5S,6S)-6-
(aminomethyl)bicyclo[3.2.0]lhept-3-en-6-yllacetate (17.53 g,
7.4 mmol), and the mixture was stirred at room temperature
for 1.5 hours. Then, the solvent was distilled off under
reduced pressure. The residue was suspended in
dichloromethane. To the suspension, triethylamine was added
dropwise, and the resuliting powder was collected by
filtration, then washed with dichloromethane, and then dried
to obtain a white powder A (6.85 g). From the filtrate, %the
solvent was distilled off under reduced pressure. To the
residue, a2 4 N hydrochlioric acid-ethyl acetate solution (200
mlL) was then added again, and the mixture was stirred at room
temperature for 2 hours. The solvent was distilled cff under

reduced pressure, and the residue was suspended in



borohydride (1.89 g, 50 mmol) was added under ice
cooling, and the mxture was stirred in this state
for 1.5 hours. 2 N hydrochloric acid (50 nm.) was
added thereto, and the m xtu was stirred for 30
m nutes. Then, saturated salihe was added thereto,
foll owed by extraction with ethyl acetate. The
organi c |l ayer was washed with saturated saline and
ditheordneedaneverTantiyer oesidugnesruatsyl daiee wad theed
solvent was distilled off under reduced pressure. The
dropeidae amd tparrebedtbpgspbivdgrgekscoloddrcted by
chromat ography to obtain the conpound of interest as
fijtparécyel FbWothbaﬁswan@edeg**i@“@m%@@%e,maﬂdurué"e@f dried
dlastereoners% ,é )
tO4OR®€ﬁ9IaSWH9 Po??H@EF @ éroi‘é &éi-d R@%ﬁywn’te powder B was
4- et hyl - rox hept enoalL--e . (5.72 33.2
RS Gt Dod FrabOs SN CER T G G B et e Shec
lution (5C d_the_saql yt| irr
Wlbserépa ﬁ gt%gnygeﬁﬁérgi%ré r5%$?h§ Féé%%F&Wﬁd of
lnégkggkoas %hﬁh;%vgekgeveﬁ%ﬂ@%tﬁ'%%/qff under reduced
pressure. er ue aqueous sodi um
(ofhydyoxide solution was then added, followed by
extraction with diethyl ether. The aqueous | ayer was
(ERBEB1acRdi ¢ (by, ke 6addigH-i (@mieforeamnsantyialed o [3.2. 0] hept-3-
hydrochlorlc acid under ice cooling, followed by
enektryadthicenivi bhidi dekgmplietyercoagaiund Te dr,gamitcically
- layer was washed with saturated saline and dried over
acankpdfous dadgdesiom swl fatslucthien, nrveessolfimam thes of
distilled off under reduced pressure to obtain the
Exgoppeudd of interest as a yellow oil substance (2.21
g, 42% mxture of diastereoners). (7-c) Tert-butyl
()-(IS,5R)-3-net hyl bi cycl o[ 3. 2. 0] hept - 3-en-
6-yl i deneacet at e 4- Met hyl - 3- hydr oxyhept - 6- enoi ¢ acid
(2.2Hg, 13.9 ) was dissolved in acetic anhydride
(14 ) Tosﬁhe #gtion, potassium acetate (3.29 g,
ol )X was added, and the _

COOH

E"“lll-

(3-a) Tert-butyl [(1lR,5S5,6S5)-6-(tert-
butoxycarbonylaminomethyl)bicyclo[3.2.0]hept-3-en-6-
yliacetate

Tert-butyl [(1R,35S,6S)-6—
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (peak 2, 30
g, .11 mol) was dissoived in ethanol ({300 mL) and water (100
mL). To the solution, iron powder (18.8 g, 0.34 mol) and
ammonium chioride (3.6 g, 67.3 mmol) were added, and the
mixture was stirred for 4 hours in an oil bath at 80°C.

Since the nitroc form of the starting material remained, iron



m xture was stirred at roomtenperature for 2 hours.
The reaction solution was heated to 110 to 120C and
stirred for 3.5 hours. To the reaction solution, ice
wat er and toluene were then_added, and this mxture
was stirred at room tenperature for 1 hour. The
m xture was separated into aqueous and organic |ayers
by the addition of saturated saline and tol uene.
poddiken, (1hes of gahi &4 | myel ) wass wastied wheheta, laNdagbeom$xture
sodi um hydroxi de solution and saturated saline 72 in
wat hisioreerintdwenodliedtiovet adtydr adfsemgnesiwum, iron
sulfate, and then filtered. This filtrate was added
pow@eh (backion 0sdf uri®a- breépareddpy HBEIrRGCsodRdnitne
 hydride (>63%o0il, 533.3 ng, 14.0 mol) to a .
mixBEFanydP of bF BReSof it FHRC (20T nt) RBRTBerf- 2PBuPyt DPath at
di met hoxyphaosphoryl acetate (3.24 g, 14.5 mol ) under
80T endattiaty, L Hnd THE M Kitur e RS POrTer StG % &4 for’®

mml‘g wggugé'eghghéggggiognéoLHgiggx%ﬁs S%B%r%E$Qrgﬁtgor 2
%q eous an% organi c [ ayers by &-addi tion of “a

t ur at ed _ sol yti £, )] .
nolft i i &5 SRFTRES R Phidnone TR LAY Lo by

(18XBrgct hony %Blﬁt hyk aeetat enerfheser0Lganixe uh-ayeesame
wer e " conbi ned, then washed with saturated saline, and

dithepudti ed ever.antysrousrapgitesi teacsubhaves Tbeminated.
solvent was distilled off under reduced pressure, and

Ththeikesirdueawaslpoweti ed byposi khdatgeh cdllumred to remove
chromat ography to obtain the conmpound of interest as a

inpaleblyelkdteni | Bubstantel{dapd, g{B40%0 B30 m xaurk)L”
(7-d)_Tert-butﬁ| () - [ (1S, 5R_6R) -3-nethyl-6-

moihi eprenerhyEhlayeng] 342.- 6] Répt 033énmely| Wedét &celed, ana
Tert-butyl ()-(1S, 5R)-3-nethyl bicycl o 3.2.0] hept-3-en

the. pirgeneatefabeif 191§, T5950 “RABEY ks &difddoly &¢uFs -  The
nitronmethane (7 nlL). To.the salution, 1,8- R

oraﬁaiabF@%EFafswa?oﬁaﬁdéeﬁ?Seﬁ E(GPGE S mrsiSFure:

s. added, he _m xture. W Qrri ind
fogﬁogﬁgt%yGSEE?%FEé%nnkébﬂ Vug@ﬁ g%%%%%e fﬂ%ﬁnthe f%haining
agueous .layer. The organic layer was washed with an aqueous
citric acid solution, water, saturated agueous sodium
bicarbcnate, and saturated saline and dried over anhydrous
magnesium sulfate. Then, the solvent was distillied off under
reduced pressure. The residue was purified by silica gel
column chromatograpny to obtain the compound of interest as a
colorless oil (30.8 g).

(3-b} (-)-[(1R,55,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en-
6-yllacetic acid

A 4 N hydrochloric acid-ethyl acetate soluticn (50C mL)
was added to an ethyl acetate (150 mL) solution of tert-butyl
[ (1R, 5S,68)—-6-(terc-

butoxycarbonylaminomethyl)bicyclo[3.2.0]hept-3-en-6-



hours. The m xture was allowed to cool, and a o
saturated aqueous sol ution of potassium di hydroaen™™
phosphate was then added thereto, followed by
extraction with ethyl acetate. Then, the organic
| ayer was dried over anhydr&fs Tragnesi um sulfate, and
the solvent was distilled off under reduced 73
pressure. The residue 'was purified by silica ge
yltateatechromt ggr aphy ©elppt aha the sompowadwat stirred at
interest as a colorless oil substance (1.14 g, 74%.
rofmi- egmperbtbueyfof) 5[ (AGr5R, BR)eB; athaodebbyl t8d powder was
nmet hyl bi cycl o[ 3. 2. 0] hept-3-en-6-yl]acetate
coleettbdtply €)1f€a5i6R 6R)-8xrmethyl Sbrce the partial tert-
(ni tromethyl)bicycl o 3.2.0] hept-3-en-6-yl]acetate
butyligsgerawas pfbl plwasrdisdoel vee PRTEtR&AoPOFZE ks
and water (10 nL). To the solution, iron powder
Su%B@QdBdnﬁgais gpnﬁDF)NaﬁﬂarﬁﬁﬁeﬁF&ﬁ1éﬁPérﬁ&@YGZEfGSate

solbtiPag Pl R hourBe R ShaRE P he Sro Mt Figr TaReat zoom
t || dt h | uted . with

cefbEEULE LR WONBH; Lo B0 et aq53£8§e§8ﬁwkﬁon The

ae3Qdie bébgaeen@gg,co@mgc@gayh cetabe, 200 Lid tered <o

roug Ite to renove |nso Fe matt er

obthbhhr ahe wearsenpapatgd bLatenar eaﬁﬁgun@n@fa%%%@%m as a
| ayers. The organic |ayer was washed with saturated
whsaki pewdkhensdr ped) overo anhyslt oyse nageesbumisul § ab emi.)
and the solvent was then distilled off under reduced
suppesstipae. ofTahthebreshddehydrécNlbyddechltariiethylamine (27.7
aci d-ethyl acetate solution (5 nL) was added, and the
mLm Rt UP8 wmad)swiesr eddet dropwitenpér aowme teowekatoge, and
Then, the solvent was distilled off under reduced
ChprBszipes YAE PESFAGE WaS SuspEAGed@nicn then left standing
di chl oronet hane. To the suspension, triethylam ne was
Ovﬁaﬁéghtdro%%ﬁ%%r O ¥%%u¥%%%gtpﬁ§dﬁémﬁé? faslected by
ol lected b tration, then
1 P REG POnathiae Snaha “tABn=0r T84 TorG lobaN Aretate mixed
sofggﬂgu@g 8Et 1%6E3%tc%%p%uwglg% R%W%%%s&lgg'% white powder
(25.6 g).
[0110]
(Example.4) [(1S,5R,6R)-6-(aminomethyl)bicyclo[3.2.0]lhept-3-
en-6-yllacetic acid (exemplary compound No: 1, cptically
active form differing in configuration from that of Example

2)

/ "I/////__COOH

-



ny, 28% . [0114] - 74 (Exanple 8) () - [ (1S, 5R 6R)
- 6- am nonet hyl -
et hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetic acid
(exempl ary conpound No: 8) -a) Ethyl
4- et hyl - 3- hydr oxyhepr - 6- enoat’e Sodi um hydri de (>63%
oil, 2.09 g, 55 nmmol) was added to a tetrahydrofuran
~ solution (50 nmL) of ethyl 3-oxohexanoate (7.91 g, 50
(4+vapl Jevndeutyvtel Cd) bRgoRanA-t he mi xture was stirred
in this state for 10 m nutes. To the reaction
(amDhomeonyl hobaygl o 8 he ubd ie¢r583Mehekaiié I §6EGRESN, 34. 8

m., 55 mvol) was added dropMAse and the m xture was

f urkener-msti v ¥ ed{ 13 YR AR )M éut es under |ce coollng
Then, al

n%ﬁé@@?éhyihal?ﬁelﬁ1§tar%]Rﬁ§tS§|FPeé YﬂﬁaFﬁP§t§téP§ak 1,
d h furth t d
21{ Brger B0 up R Eﬁsuﬁissgﬁa"?ﬁ%&?@& PoRIegRGR B £
d t | f
wa 8 ORBRORLD ACHd QI & RALEEAL SfraduEoyse 20t b1 9Ne0f 50,

% aﬁgeg ﬁﬂﬁm Lhe o 8@”59 Jsayer was swaghed Wl added,

ura ine an ri ed over “anhydrous nmagnesi um

anéukﬁ@tﬁnxéﬁgetQgsSQkY%BEG was ai st nlded ehliend@iating to
reduced pressure. The obtained residue was dissolve

refnuet hane! t{80r#ddt1d0 $beusobifi Ohon soddam (9.0 g, 161
borohydride (1.51 g, 40 mmol ) was added under ice

mme 00l wvag, taed thethiext uteedas asid rohed niix thiries watsatfer fdrer
2 hours. 1 N hydrochloric acid (50 nL) was added

sttihoedt 6oragdhoulie mingedr bewds nst it e¢ o -30ThEnpEesre was
Then, saturated saline was added thereto, followed by

alé@wedcfcpoﬁowltfhtétenyldllézéétdat‘ﬂeuﬂme SHPHTtET APBTe S
washed with saturated saline and then dried over

SOaHRYAP0GS RRGAEET G STPPREES A (He'Y 's AT s

%%E%B'%d %Eko%gdggso Eednem%§sureFrgRethe7%lltrate, the

organic solvent was distilled off under reduced pressure,
followed by extraction with ethyl acetate from the aqueous
layer. The organic layer was washed with saturated saline
and dried over anhydrous magnesium sulfate. Then, the
solvent was distilled ofZ under reduced pressure, and the
residue was purified by amino column chromatography to obtain
the compound of interest as a pale yellow oil (5.5 g).
(4-b) [(1lS,5R, 6R)-6-(aminomethyl)bicyclo{3.2.0]lhept-3-en-¢-
yllacetic acid

A 4 N hydrochloric acid-ethyl acetate solution (200 mL)
was added to tert-butyl [(1S,5R,6R)-6-
(aminomethyl)bicyclo{3.2.0]hept-3~-en-6-yl]jacetate (17.4 g,
73.3 mmol), and the mixture was stirred at room temperature

for 4 hours. Then, the deposited powder was collected by



residue was purified by silica gel colum

chromat ography to obtain the conpound of interest as

a pale yellow oil substance (3.64 g, 37% m xture of

di astereoners). (8-b) 4-Ethyl-3-hydroxyhept-6-enoic

acid Ethyl 4-ethyl-3-hydroxyhept-6-enoate (3.64 g,

18.2 mol) was dissolved in a 2 N potassi um

hydr oxi de- met hanol solution (120 nL), and the
filgotation waskstdin echovieydighit latideoont teapepmpored of

Fromthe reaction solution, the solvent was distilled
intsffesindey & eduiced] pRwesstr £1570 $he Mésiageethyeng chloride

aqueous sodi um hydroxi de sol ution %200 nmL

th
(30 dee), SYDPEBWERS b X ? aeR F AR T t YﬂF%Fﬂ;PﬁggﬁerénThe
. 5 | d i di ¢ by the.additi £
tr eI S Wyt e o 20 et b TAtercred BhgPrpge =t Toom
fol | owed by extracti i th diethyl et in..Th
Ty e BORER b VRC caf AP AT aa  CEar REUSRG  Then:

ag%i#edtﬁgefeQ@h¥9£$“§oﬂ§?$e§£H”Eéyiéé%@d Eher; 1tbgcion. The

vent was distifled o under reduced piessure to

obPiREA pblge FONPOUREsRELI RLEnest ashanpal-er)oll avwedhke

substance (3.14 g, <100% m xture of diastereoners).
mikSd CloTeELr DU Ybbtain the compound of interest as a white

()-(1S,5R) - 3-et hyl bi cycl o[ 3. 2. 0] hept - 3- en-
powdyti deneacet at e 4- Et hyl - 3- hydr oxyhept - 6- enoi ¢ aci d

(3.13 g, 18.2 nmol) was dissolved in acetic anhydride
[CX1B]InL) To the solution, potassiumacetate (4.27 g,

43.6 mmol) was added, and the mxture was _stirred at
(Exaopl eehpef 4LBr 25f 6F) 1600 (AnAnPBSthyheLicysdeilon 2- 01 hept-3-

solution was heated to reflux and stirred for 3.5 o
enhpurs) aF8tERedFdcPYBROSBLGEER, (FEETRAPEY &NTPLOFGeNe: *

were _then added, and this m xture s stirred
hy%@%?ﬂ#@ﬁfgﬁtoFoBh? F@WﬁQP&?ng. fﬁ@gﬁfxédre was

separated into aqueous and - 76 - organic |layers by

the addition of saturated saline (50 nL) and tol uene

(20 ni) . Then, the organic |ayer was washed with

\\\\ NH2

\)
N
)

COOH

HCl

T

(5-a) [(1lR,5S,6S8)-6- (aminomethyl)bicyclo[3.2.0]hept-3-en-6-
yllacetic acid hydrochloride

Water (5 mL) and a 4 N hydrochloric acid-1,4-dioxane
sclution (22 mL) weré added to (1R,5S8,65)-¢-
(aminomethyl)bicyclo[3.2.0lhept-3-en-6-yllacetic acid (32C.Z2
mg, 1.77 mmol), and the mixture was stirred at room
temperature for 5 minutes. The solvent was distilled off
ﬁnder reduced pressure. To the residue, 1,4-dioxane was

added, and the mixture was heated and then allowed to coo: to



a 1 N aqueous sodi um hydroxi de sol ution and saturated
saline in this order, then dried over anhydrous
magnesi um sul fate, and then filtered. This filtrate
was added to a reaction solyfion prepared by adding
sodi um hydride (>65%o0il, 76L.9 ng, 20 mol) to a
tetrahydr of uran sol ution (50 nL) of tert- butyl
di met hoxyphosphoryl acetate (4.48 g, 20 mmol) under ice
roemot ¢pgerahdrehe MixtresuMasnd weh@ersvasredliectdd by
_hour. The reaction solution was separated into ,
fihgteblen and e e ainedyrawdey vhe wadhedonidh b 4-dioxane
sat ur at ed, aqueous_sol uti on of ammoni um chl ori de and
an@a?%?%t%dl%ﬁlrﬁeo ?ﬁénaqG%oGQmpﬁyéﬁ Mad §GEFECt 8¢ poWhite
tra n.wth h acetate. These organic |ayers
POV@ g%ﬁ@l%eﬂ ’tﬁg y\7\/ashed with saturated saline, and
?C dri ed over anhydrous magnesi um sul fate. The
ent was distilled off under reduced pressure, and

Eﬂgﬁplée§5dV?lﬁa§Sp@§ fEQQaH%néhE%ﬁ 19§Hc %h%qﬁ Olhept-3-

chriomat ogr aphy to tain the co |nterest as
epaep ! a&@ﬂ@waehh béHQ akk
?ufe e e b%%sgﬁ?fgﬁa%% gex%%gﬂ gzcompound No:
1, -Bﬂﬁtéﬂbsﬁlfonatﬁ of the compound of Example 2)
(nitronmet hyl ) bi cycl o[ 3. 2. 0] hept - 3- en- 6- yI]acetate
Tert-butyl ()-[(IS,5R)-3-ethyl bicyclo[3.2.0]hept-3-en
6-yl i deneacetate (1.32 g, 5.63 mmol) was dissolved in
nitrgmethane (7 nL) . To the solution, 1, 8-
diazébicycS&fﬁTﬁﬂﬂjundec-?-ene (1.2 nL, 7.3 nmmol) was
d, and the mxture was heated with stirring at 50
to 60C fd hours. The m xture was allowed to cool
and 4 satjurated C&fdous sol ution of potassium
i rogen phosphate was then - 77 added thereto,
foll aned by extPa®®@ildn with ethyl acetate. Then, the
orgaf c | ayer was dried over anhydrous nmagnesi um
sul fate, and the solvent was distilled off under

reduGeds s P eSSHL € | H@méﬁéyyf'}*&%?éw%' bi s%Q%tSb' ggae-

gel column ‘chromatogra to obtain the und
y1iatetestads$da (152.2 g, 391 mmol) was dissolved in 2-

propanol (7.5 mlL) and water (2.6 mL). To the solution,
benzenesulfonic acid monohydrate (305.2 mg, 1.73 mmol) was
then added, and the mixture was stirred at room temperature
for 5 minutes. The solvent was distilled off under reduced
pressure, followed by further azeotropic dehydration with 2-
propanol. Then, the residue was washed with 2-propanol to

obtain the compound of interest as a white powder (260.4 mg,

(Zxample 7) (%)-[(1lS,5R,6R)-6-aminomethyli-3-
methylbicyclo[3.2.0]lhept-3-en-6-yllacetic acid (exemplary

compound No: 4)



colorless oil substance (1.39 g, 84%. (8-e) () - |

(1S, 5R, 6R) -6-am nonet hyl -

et hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetic acid

Tert-butyl () - [ (1S, 5R_ 6R) -3-ethyl-6

(nitromet hyl ) bi cycl o] 3. 2. 0] hept-3-en-6-yl ] acetate

(.09 g, 4.71 mmol) was dissolved in ethanol (10 nl)

and water (5 nL). To the solution, iron powder (1.32
(TR) zgeishﬁhoﬂ7mg1ﬁ}dyan$romﬁ/@mlehﬁmraeepgage6 my, 4.71

were added, and the m xture was_stirred for

2
ho@C)éjJt}ﬁTﬁéTYChéaiq ng & reft uxt - Thed mi &% uk M Was added

al lowed to coo then_dilute saturat ed saline,
Lot E?%'?%%Y%a%%ﬁ%nsﬁ?ufrbﬂn ?5§A018Eomo%l P&rB8hate and

d f d
ox Al pREEL oL 70 b A g CoLL ol TR che
s 0P8 S prasspgsie, Lovers;aThe obaan! g, ayes ok, one

re§8h¥9£°§§1899833'Hﬂb§ubf§£ehléﬁd thes soh¥ephewasihhenn,
di stilled off under reduced pressure To the residue,

25 a9 4ni\, hydr ochher i cwasi dagthyhraptabe sakuthenmik2lre was
nm.) was added, and the mixture was stirred at room

fuf@H@EYQtMEEGEOEoi hounindbes, uhHersakeenbowasg. Then,
distilled off wunder reduced pressure. The residue was.
alsuspendedden (5diléhber édel hanel) Teashedslespé&hsicehp, and the
triethylam ne was added dropw se, and the resulting
mipbwder waasstokkedt ed byisfpkatat fen, SChaanwashedndi then
di chl oronet hane, and then dried 78 to obtain the
fuééﬁﬁéuﬁaleF°?nP§Pé§9983 atwhPPB S6RBEF (4251 Tagthe

reaBAiﬂp gl S%ﬁngx?nR gyg% g%lo Ec(%gldsgnd §gturaued saline
we?éi%ﬁ%?é?i%%@%&agg ghﬁgxtg?cféo hk%%e%hﬂtﬁghdethe* The
or§%8?82¥%8§ih%gro§¥gﬁgh gl%ﬂggggu ad eﬁw%gﬁq5ld%ng>@3% d over
anhydrous magnesium sulfate, and the solvent was distillied
off under reduced pressure. The obtained residue was
dissolved in methanol (100 mL). To the solution, sodium
borohydride (1.89 g, 50 mmol) was added under ice cooling,
and the mixture was stirred in this state for 1.5 hours. 2 N
hydrochloric acid (50 mL) was added thereto, and the mixture
was stirred for 30 minutes. Then, saturated saline was added
thereto, followec by extraciion with ethyl acetate. The
organic layer was washed with saturated saline and then dried
over anhydrous magnesium sulfate, and the solvent was
distilled off under reduced pressure. The residue was

- purified by silica gel column chromatography to obtain the
compound of interest as a pale yellow oil éubstance (5.72 g,

85%, mixture of diastereomers).



a tetrahydrofuran solution (50 nL) of nethyl

3-oxoheptanoate (7.91 g, 50 mmol) under ice cooling,

and the mxture was stirred in this state for 25

m nutes. To the reaction sqjution, n-butyllithium

(1.58 M hexane sol ution, 34. §'nL 55 mmol) was added

dropwi se, and the m xture was further stirred for 1

hour under ice cooling. Then, ally) bromde (4.7 ni,
(7-55) oyt mps- addedrohehepo; 6andotheapiidt ure was

stirred in this state for 1 hour and then further

st iMagty overmd ghitl at-hydorn Yeeper atereatqo(bhé2 g, 33.2

reaction solution, 1 N hydrochloric acid and a
mm%aiuVﬁ@e@+ﬁa9é6@§ 58| @t £ ol @PtéﬁﬁéﬁmuﬁV@ﬁP@#ﬁGemeW@@@Ol

added, followed by extraction with ethyl acetate. _
So%vaaﬂPc PGyar) ma@xaasﬁ%dsa}fﬁlsatwﬁatéﬁ séFPngvﬁﬁ&l T a

i ed over_ anhyds ousiﬂggnes um sul fate,

rogg Ve GEATSt 1118 611 iver e%%tlﬁw%? PeskiresothE™
uo ROt e St oo Doy SRyAr PASSCOTBL o > 1671 hRBI) e

1 ¥agqadded up ?ﬁm'ﬁ@dEBQHBBQSOIQQQO?h@ag‘%h%ﬁeaW@%d
tirred in this state for 1 hour. 1 N hydrochlori¢

foggbﬁeQSQvnbkfw@ -addegithernetenyandchbe M xhyr equ¥dss layer
stirred for 30 m nutes. Then, saturated saline was

wa@ddede bberetobyf ehbowad: byo@XbEaQbh@@an%he@Imwdrochloric
acetate. The 79 organic |ayer was washed with
acsatundtedisal cneland,t liehldwieed byoeear raghiydnows th diethyl
magnesi um sul fate, and the solvent was distilled off
ethadepgpeducethpressarec Thecrevpdueawasd puEhf pegubpted
silica gel colum chromatography to obtain_the
Saééﬁﬁoéﬁg ﬁl?ﬁtéﬁé§ta§§yérﬁéﬁe“@§Pﬁ§Wu@|ﬁusu@§€ancehenr the

sokfobto s R DILER B SE B 0) <o o
B BPELET S T R ok 5t Bogrumchydr o dE e gl 21 5
4252'M&koggélgf”%las%QQeER%r%Q'“t'on was stirred

erni mtemperature. Fromthe reaction

7585U%EQ@Lth§1SQEY@QEs,5R ~3-methylbicyclo[3.2.0]hept-3-en-

6-ylideneacetate

4-Methyl-3-hydroxyhept-6-enoic acid (2.21 g, 13.9 mmol)
was dissolved in acetic anhydride (14 mL). To the solution,
potassium acetate (3.29 g, 33.4 mmol) was added, and the
mixture was stirred at room temperature for 2 hours. The
reaction solution was heated to 110 to 120°C and stirred for
3.5 hours. To the reaction solution, ice water and toluene
were *hen added, and this mixture was stirred at room
temperature for 1 hour. The mixture was separated into
aqueous and organic layers by the addition of saturated
saline and Toluenrne. Then, the organic layer was washed with

a 1 N agueous sodium hydroxide solution and saturated saline



was distilled off under reduced pressure. To the

residue, a 1 N aqueous sodi um hydroxi de solution (150

nm.) was then added, followed by extraction with

di ethyl ether. The aqueous Lﬂ% was nmade acidic by

the addition of concentrated ‘hydrochloric acid under

ice cooling, followed by extraction with diethyl

et her again. The organic | ayer was washed wth
insahusabteder sathee dnidedr pedrowehydmhydr oagneagnesisuifate,

sul fate. Then, the solvent was distilled off under
ang edpeed-bressede thiohti M rate wospaddedotoi at eeestion

as a pale yellow oil substance (2.79 g, 92% mxture
S°b¥tHP%sP%?%%ﬁ%¢s?Y @gdéygTéPPlsmtpvdei%e-<ef§% BR)L, 533.3

mgenlg §p¥% Ega él%téegr§P§ﬁ§ngrE§8%§i§§éﬁp 62@ndi¢ of tert-
2.79 15,
oS el Sy B M et ) oo, s

1cé3c5379 %36apdnHPL)mT§§u§gd§gor?ggthg§ gk#% G W% 1.

stirred roomtenperature hour s reacti on

ho§9£Ut'beVﬁééé%¥ﬁﬁ*%éfhééﬁﬁ3ﬁ@§ §é%ﬁt§geéo¥n§oh9ﬁﬁéous and

To the reaction solution, 1ce er and n- pent

or@@ﬁ@ctD@ﬁer@dﬂﬁdthéngdﬁﬁtioﬂ1&Euéeséﬁﬁréﬁbﬂrﬁ%ueous
overnight at room tenperature. Saturated saline was

sohddednt béretmonand theorfiixt ahe wasuseapadatsed inet.0 The
aqueous and organic layers by the addition of
aquepent dager Then, sthgeorgdnto kayercwasnwashed ethiyilhaaetate.
1 N aqueous sodi um hydroxi de sol uti on and sat urat ed
Theati Argpni Ehiayerdercandcambédedverhanhydsdes! with
magnesi um _sul fate, and the solvent was then distilled
SaB?¥aEﬁae?a%éaﬁceandpFééguPéleﬁh@Vﬁes@aaédW@§Sdm§§@P@é@m

etr dr of uran (50 The solution was added to
Suﬁ%ﬁcti s utTon "ﬁﬁ%p‘%ﬁr%ﬂl“r%d advaneedsy aadrAge

0P80 PERy VAP UF R EOPBEREn ES0PHILRo6r WertaptityBel cotumn
cnbFLDOBNGERIOEL 306U BLE CopfSy R 80 THOL e, 165
yeDO4Y%. oINesubstance (1.21 g, 40%, E/Z mixture).
(7-d) Tert-butyl (£)-[(1S,5R,6R)-3-methyl-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Tert-butyl (*)-(1S,35R)-3-methylbicyclo[3.2.0]lhept-3-en-
6-ylideneacetate (1.2 g, 5.50 mmol) was dissolved in
nitromethane (7 miL). To the.solution, 1,8-
diazabicyclo[5.4.0]undec-7-ene (0.91 mL, 6.0 mmol) was added,
and the mixture was heated with stirring at 50 to 60°C for 6
hours. The mixture was allowed to cool, and a saturated
agueous solution of potassium dihydrogen phosphate was then
added thereto, followed by extraction with ethyl acetate.

Then, the organic layer was dried over anhydrous magnesium

sulfiate, and the solvent was distilled off under reduced



reaction solution was separated i nto aqueous and
organic layers by the addition of a saturated aqueous
solution of amonium chloride and saturated saline.
The aqueous | ayer was subjg ted to extraction with
ethyl acetate. These organi'c [layers were conb-ned,
then washed with saturated saline, and then dried
over anhydrous magnesi um sul fate. The solvent was
prefistid | edhef freynder wadupead ifriessine,sidnda el reslwue
was purified by silica gel columm chromatography to
ch ralvizti gy nareh e anponimck iof  ihe ec@spowsd acpal et geebdbwadi &
substance (1.81 g, 49% E/ Z nixture). (9-d) Tert-butyl
coXgrieds (415, SRsERIce Sprbhyd. 614Y)
(nltronethyl)bl Xclo[ 2.0] hept-3-en-6-yl]acetate
(7-Fer tTutyuty 18, 5R, 6R) —~6~aminométhyl-3-

1S, 5 l-b I 2 hept - 3-
mg‘mM&wmﬁ”%M%%ﬁgmwm
-_81 - nitr nethqpe _;he égluté 1, 8-
d|§fﬁ5|@?€lg[ d]&ﬁﬁ ne’@fa 710, 2 nnDI) was
n e PO LBSC DL A L 2 Qﬁ%$§?§¥§9m§t92 AEeERtRY (3120,

Ao ALY 8t 80 s JOUEQUS, SOLHE LN 0boPREAS§hHMyater (10 mL).
9ailglhydr%ge‘ﬁé%h%s%%ate masnthen addgd the?eto fglﬁgmed "

To byh&xt s agt i o, W tbnebbyleacetabes mihens.shemet gaana
| ayer was dried over anhydr ous magnesi um sul fate, and
arhdiei o0l yendrnas dpstibled, oBf 9andenl)edacedadprdssang. the
The residue was purified by silica gel colum
mithnaangraphy €0 bObtaknhthesconpeunticet ingt éregefasiza The
colorless oi' substance (2.22 g, 950). (9-e) () - [
mifdSre5Res 68} logednitnoAephy| tBen diluted with saturated

gro pyl bi cyci o[ 3. 2. O] hept - 3-en-6-yl ] aceti c aci _
SaTeRE- b@t?@ %f@FFQSagRe@Rf §oﬁP6ﬁ9P @f sodium bicarbonate,

hyl )b I 6-y
ang 15067, =4 t%&éﬁﬁépﬁ[iai AFSSorpeatin CERdnel SC1goREy®
1?8095§@teﬂﬁég?gt) The fiftrggéu&éQnSeﬁQQthgmggE (aragnlc

nd armon

and agueous layers. The organic layer was washed with
saturated saline, then dried over anhydrous magnesium sulfate,
and the solivent was then distilled off under reduced pressure.
To the residue, a 4 N hydrochloric acid-ethyl acetate
solution (5 mL) was added, and the mixture was stirred at
room temperature for 1 hour. Then, the solvent was distillied
off under reduced pressure. The residue was suspended in
dichloromethane. To the suspension, triethylamine was added
dropwise, and the resulting powder was collected by
filtration, then washed with dichloromethane, and then dried
to obtain the compound of interest as a white powder (105.8
mg, 28%).

[0114]



chloride (249.6 ng, 4.71 mnol) were added, and the
m xture was stirred for 2 hours under heating to
reflux. The m xture was allowed to cool, then diluted
with saturated saline, a _sg%unated aqueous sol ution
of sodi um bi carbonate, and ethyl acetate, and
filtered through Celite to renove insoluble matter
The filtrate was separated into organi c and aqueous
(EdayeYes. 8 Thet)or gars cSR agker - tvasmivashedhwd + B-sat ur at ed
saline and then dried over anhydrous magnesi um
et@ﬁﬂ@%ﬁxﬁl%hﬂ-Qh%Jh%@?v%m@“mﬁs¥%%éﬁeaﬂ§tﬁFP@d(éﬁﬁmBﬁééw
reduced pressure. To the residue, a 4 N hydrochloric
cogpdtiyl Bketate solution (20 nL) was added, and

t he m xtur S stirred at room- 82 tenperature for
(847 h gy By GRS CoRb- SoTVeRt  WRSPHT 8T FIP8ASOrf  under
reduced pressure. The,sesidu suspended. | n . N
digﬁfg¥%£é} éﬁ%ﬁaT%nf%%(§ﬁ%bg%¥?%n?’t?fé?ﬁ?%gn¥%% daged o
_ , u ng - a
a @Qﬂf%%¥g%8g¥%§fiféﬂgt59§ Y?ﬁ bt ) Qﬁgg%a??h%agxohexanoate

col tration, en was

(7 96 chi or ogrethane, yaRd-t hep dbbedngt 0588t ahR kh&ture was
conpound of Interest as a white powder (425.1 ng,

st #3034 [P1dl®]s (ExaspkerlD) minutes. To the reaction
()-[(1S, 5R, 6R) - 6- am nonet hyl - 3-

sobut ybbj cyebof 31 2iOhhept { B- BA- B- gkkacet solacidn, 34.8 mi, 55
(exenplary conpound No: 10) (10-a) Methyl

mmdl gl byt - 3dtigdr dxypetl anoatrd 2L Ak| pEkexaralWwagl fudtger stirred
Chem 46, 1980, 5250) (5 g, 33.7 mmol),_ nmethyl

foprbpmacerate EBAFrniCe400/miBNY, ahdeRi nel{pl %g@ml% (4.7
nol ) were added to tetrahydrofuran (30 . n) and o .

mLt rPAetRYL) BBFatededstRtyeandaPAe tARXMGHE UREs Was stirred
| gorousl y s%%?{fd, Then the reaction vessel was

tr PBLRAST AL BF | LbAPHaRAChEAERA LG -FOCe and rhe t zoom
o phig-tere I atlor 2 hour o Toe modure e
hy?ﬂﬁﬁﬂﬂé:§8'8&&8”a8& gmugal, pm chl gk de 61Q0 k) Jners
ammonium chlocride were added, followed by extraction with n-
pentane. The organic layer was washed with saturated saline
and dried over anhydrous magnesium sulfate, and the solvent
was distilled off under reduced pressure. The obtained
residue was dissolved in ethanol (80 mL). To the solution,

sodium borohydride (1.51 g, 40 mmol) was added under ice
cooling, and the mixture was stirred in this state for 2
hours. 1 N hydrochloric acid (50 mi) was added thereto, and
the mixture was stirred for 30 minutes. Then, saturated
saline was added thereto, followed by extraciion with ethyl
acetate. The organic layer was washed with saturated saline
and then dried over anhydrous magnesium sulfate, and the

solvent was distilied off under reduced pressure. The



added thereto, followed by extraction wth ethyl
acetate. The organic | ayer was washed with water and
saturated saline and dried over anhydrous nagnesi um
sul fate. Then, the solvent was distilled off under
reduced pressure, and the ~relidue was purified by
silica gel colum chromatography to obtain the
compound of interest (diastereonmeric mxture) as a

reedHbael eas oulrisubkst Bpcei(6c8 @el94@)lumhl@hltbmatography to
4- Al'l yl - 3- hydr oxyoct anoi ¢ acid 83 Met hyl

ocbdaahl yhe3chygooxyoctfanoaeeest. &sga Phlé wyeillpwwas 1

_ di ssolved in a 2 N potassi um hydroxi de- et hano
subgkanicen (8264 ) 37andmiksugd @i ¢liasds reomeresd -
overnight at room tenperature. The reaction sol ution

(Bnkd éo%@@ﬁﬂr&r@adrpﬁ§ﬁepa|@u@@@%ﬂtﬂ¢w%uer and washed
with ether. The_ aqueous solution was nade acidic

u5|%bhﬁ§d?oﬁﬁr8}lé %E?HOXYB?Pbmédeﬁ9at§xt?aéﬁl8n wht R mmol)

t anlc l.ayer,

e B B S 2N EP RS M et °-m§ﬁW&O§u§Olu-‘m
1989085, Ty sulfat e, Then,, Lhe tssoc el vas skl Led o
al n e CO

under uced pressure to ob

tehBE% %%Leas §Qoﬁ'£heSPQ§E§58§ g@lg gorsotﬂgngblvghkswas

conpound was used 1n th next reactionh w thout being
diRwhnflieado f@lQn@krTQ%HuQ@Hy|ressure. To the residue, a 1 N
()-[(1S,5R) - 3- butyl bi cycl o[ 3. 2. 0; hept - 3-
aqBobsy lsiode ] agelrake dd moled 190l utd0an rlf, was then added,
4-al Iyl - 3- hydr oxyoctanoic acid (6.0 g, 30 mmuol),
fopdbassi by @cetratos 109, 4igh 96 anint)) etdred .acBhecaqueous layer
anhydride (30 nL) was stirred at roomtenperature for
waz Rades acand a tpen torei mded tiom o anidat acefivgeochloric
The reaction solution was placed on ice and stirred
ach e MRIGGHT 1 CaNF AR r QLIRS UG ST Afds: Bubjiddt e ethyl
to extraction with ether. The ether |ayer was washed
STRECh 3F33at-ur EPédoéaaﬁbEsl%FEt MEn WSFh§8df”&rrP saturated

i.car bonat saturag$d sallne and dried R
salkilﬁlydr oﬁjg erragnesqvuem su adt €. Sl'rlﬁlaq &t leurm $olu . aletoen V\gg“n’ the

so@@%%% was distilled off under reduced pressure to obtain
the compound of interest as a pale yellow o0il substance (3.14
g, <100%, mixture of diastereomers).
(8-c) Tert-butyl (£)-(1S,5R)-3-ethylbicyclo[3.2.0]hept-3-en-
o-ylideneacetate

4-Ethyl-3-hydroxyhept-6-enoic acid (3.13 g, 18.2 mmol)
was dissolved in acetic anhydride (15 mL). To the solution,
potassium acetate (4.27 g, 43.6€¢ mmol) was added, and the
mixture was stirred at room temperature for 100 minutes. The
reaction solution was heated to reflux and stiirred for 3.5
hours. To the reaction solution, ice water and toluene were
then added, and this mixture was stirred overnight at room

temperature. The mixture was separated into aqueous and



to a reaction solution prepared in advance from a

di met hoxyet hane sol ution (30 nlL) of nethyl

tert-butyl-p, p- dimerhyl phosphonoacetate (7.8 g, 35

nmol ) and sodi um hydri de (2?3@60|I 1500 ny, >35

mol ), and the mixture was stfrred for 1.5 hours. To

the reaction solution, a saturated aqueous - 84

solution of anmoni um chl oride, saturated saline, and
organer lageesabdsedhenathisionder, sandrehed eadtinen (50 mi)

solution was subjected to extraction with ethyl
angcepareneThéOomgani cTheémyethoasrganed beperanhydwessed with

magnesi um sul fate and then filtered. The sol vent was
2 di St PARERVST FOHANBr hvedaeéde preysdrs, aand Staﬁeme@idd@eline

urified silica gel colum  chromat ography t

ln“%ﬁég Offgt COp Gtnd* 6Fdlﬁ?@re§8h¥§r8uﬁaﬁég“ﬁéﬂP@wS@ﬁPater

an???ﬁ%? %isgésﬁdg’ 1@% bhf§$1€éu£§ a&& d%oTergeggE¥én
soﬂhLEBHEB?¥%Qk8MC%9[§d% pJ! Bents ﬁ R3] qcetat g qhe s

title conpound 5'0bt ai ned &S

mg0|EOSHﬁ§§§nE§ b;tEB§a§§H§oB@¥aﬂssbﬂup§5ﬂgr%@hm&} %& tert-

using tert-b
butyil 612=5Rbx3phutphbirgyelbekdc2. Qhhept +3- en- @moyl'@%@%r ice
]acetate (4 . 3 g, 16.4 mmol). (10-e) Tert but yl -
copl(ih8, AR Ry mbxt(itrer tvas fur;her stirred for 1 hour. The
but oxycar bonyl am no) net h_yl - 3- but yl bi cycl o[ 3. 2. 0] hept -
redcenoB- splutiavewatesthertictbe inonpaundo(3. G3dgorGa%ic

was obtained as an oil substance in the same way as
laygrpabsgtaphagdia)onspagat erturbuegl agpeoups EbSutsRn of
6R) -3-butyl-6

amﬁPPFBWEtHyPB%@?cPBFSSE eF 2hept s8léne6- yThacegaceus 4layer
W396§5ﬁpﬁ8nggﬁ§%_§%trac{ g% *En(lshyERacggébe These
ox AL GHELEl 5o LR B e Jagpbuc. A e o
s POl bl Lhe, SaTe_ue, a5 LAnPALBYsARA o6 8% ate . The
solvent was distilled off under reduced pressure, and the
residue was purified by silica gel column chromatography to
obtain the compound of interest as a pale yellow oil
substance (1.32 g, 31%, E/Z mixture).
(8-=d) Tert-butyl ((*)-[(1S,5R,6R)-3-ethyl-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Tert-butyl (i)—[(lS,5R)—3—ethylbicyclo[3.2.0}hept—B—en—
t-ylideneacetate (1.32 g, 5.63 mmol) was dissolved in
nitromethane (7 mL). To the solution, 1,8-
diazabicyclo[5.4.0]undec—7—ene (1.2 mL, 7.3 mmol) was added,
and the mixture was heated with stirring at 50 to 60°C for 7
hours. The mixture was aliowed to cool, and a saturated

aqueous solution of potassium dihydrogen phosphate was then



() - [ (1S, 5R 6R) -6-
(tert-butoxycarbonyi am no) net hyl - 3-
but yl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl Jacetate (3.63 g, 9.1
mol ). - 85 - [0117] (Exanplg 11) () - [ (1S, 5R 6R)
- 6- am nonet hyl - 3-
i sopropyl bicyclo[3.2.0]hep t-3-en-6-yl]acetic acid
(exempl ary conmpound No: _1) (11-a)
aded sopeopyd peiv L Yowndl b et hytt suhf exittdeeth8178cHtate.
263.3 mmol ) was added droow se over 15 mnutes to a
Them cht e oveddake 1290r nvys dviedi omeof aokaHirouacindgnesium
chloride (17.30 g, 136.3 mmol) cooled to -78C, and
SULFRI% XARA et RSP heRn Bt ¥2s edlat 1178¢ PEE 2Bdeni natiesed
Subsequent!ly, a djchloronmethane (75 nlL)_ solution of
PTSSPUbPr opyI D ERSIAE WEDIPYEELE R PV 88l 41 ¢arog gl velumn
added dropwi se thereto_over 30 mnutes, and the
ChLeTT U r%%okgy st? r?%ﬁal%tth@m@rfl%?u?g%gr IN¥PrEFRyfaNfne

4 . p1 ) S»qadded, dropwi se thereto over
cofS5 80 S P IR J0ss o0Py]

m nut es, an nh stirred at room

(8l§f'pf3¥)a—tl\ﬂ1f¢f§é %Rppgj%iw%%gg%%? was neutralized

Wth 2 ydrochlori ¢ aci The organic

eth Vel cyeso fF | 2do pvest aphyglr gus: mageesiugksyl f at e.
Then, the solvent was distilled off under reduced

pr esstf-edtgyl ofyad (1,5 leny -0i legiipst@nce as a
m xture containing the conmpound of interest. This
(nTonpoeinidy Wasi agelo [ . £ he] nept-3reneti-ph] wckbaut heiog g,
further purified. (11-b) Methyl
4. Bl Rpde b ywds | dbpr opyehept - stleanat e (TAeml) and water (5 mL).
2-isopropyl pent -4-enal obtained in paragraph (11-a) .
To ahee et hyt L Br onbeRet Bewden 61834, 9108385 nwBP) ) wend ammonium
repare into a tetrahydrofuran (25 nL) solution. An
ch ?frﬁ%%t 9%1‘55 : é\ﬁﬁ? oxt bt M4 5veF et Aed8fpuAbdnaBe aBdEHuT e

el Yy BLRLE (85, Th) Busmens! o0 0L 7l e e
wa§°a§95%e5h§8’c5$f,r@ﬂ@ﬁ”&fﬂuégéu&kgﬂ ggturated saline, =a
saturated aqueous solution of sodium bicarbonate, and ethyl
acetate, and filtered through Celite to remove insoluble
matter. The filtrate was separated into organic and aqueous
layers. The organic layer was washed with saturated saline
and then dried over anhydrous magnesium sulfate, and the
solvent was then distilled off under reduced pressure. To
the residue, a 4 N hydrochloric acid-ethyl acetate solution
(20 mL) was added, and the mixture was stirred at room
temperature for 1 hour. Then, the solven:i was distilled off
under reduced pressure. The residue was suspended in
dichloromethane. To the suspension, triethylamine was added
dropwise, and the resulting powder was collected by

filtration, then washed with dichloromethane, and then dried



was added thereto over 30 mnutes, and the m xture was
then stirred at 80C for 2.5 hours. The m xture was
allowed to cool, and glycerin(25 nlL), a saturated
aqueous sol ution of amoniupchloride (25 nL), and
di ethyl ether were then adaleg]8 thereto. The obtai ned
organic |l ayer was dried over anhydrous nagnesium
sul fate. The solvent was distilled off under reduced
toppbsgane thendorpeunesicdue nidescgatr ids ed Wiyl ts8 Ipwadagel (425.1
col uim chr omat ogr aphy to obtain the conpound of
mgi, né8rest as a yellow oil substance (12.30 g, 700).
(li-c) 3-Hydroxy-4-isopropyl hept-6-enoic acid A2 N
[Opdfassi um hydr oxi de- net hanol sol ution (200 mL) was
added tq a methanol (132 nml) solution of nethyl
(EZampdoxy - 4-i>i-s[d;}rso;§§ﬂrr§é?ﬁt—-os-aéfﬁémﬂ@t(fml3b g, 61.5
mol.),. and the mxture was stirred at, room
O T PR SVULE o 13 S SPhe b VA L il st 19l a5y
f der .reduced pressure. To the residue, water and
cog%gﬁﬁglﬁgfhgﬁ were then added, and the aqueous |ayer

(owas peutral izzed whh 2 Ndwdrachlard ¢ acid. Diethy

ether was added thereto,” and “the organic layer was
dri eddouRr nyarhydr Qug3pagnesi pmosuld atse. kel Whke added to
sol vent was distilled off under reduced pressure to
a abktaiah yidre foorpo wad wafi dmt @ eSiL) asf anddoyin Pidxoheptanoate
substance (11.10 g, 97%. (11-d)
(7¢ P1( 8%, 5R) mBalsoprramd hicey clafl3iy O]drepttid: ent:tcwomne was
Pot assi um acetate (14.00 g, 142.7 nmol) was added to.
stamregicéfni ¢harphyedratde {87 4anigoligs on Tof t3ehydroxyi-of
i sopr opyl hept - 6-enoic acid (11.10 g, 59.6 mml), and
SO R 1 ofy x ket sl isth i d 1at> & b etirerst iteldor 34-8 mlL, 55
hour and then stirred at 120C for, 3.5 hours._The ..
TGt RS RAS SRRt e W B AL | Wy ner stirred
extraction wth diethyl .ether, . The 8 Qrgani ¢ | ayer
fo\ﬁa;l_ \?\}é’é‘]ﬁ: ed Wth'&as aci&/uorlatné]d a&&g&js a@&lym i%&?_mofje (4
553%&'03'7] Wa%arm etheT & or gﬁﬂirctﬂ@y xRS q»;éfds@ivvefed in

anhydrous magnesi um sul T at hen, the solvent was
thdisStsitla®d for 1 hour and then further stirred overnight at

.7 mL,

room temperature. To the reaction solution, 1 N hydrochloric
acid and a saturated agueous solution of ammonium chloride
were added, followed by extraction with ethyl acetate. Thé
organic layer was washed with saturated saline and dried over
anhydrous magnesium sulfate, and the solvent was distilled
off under reduced pressure. The obtained residue was
dissolved in methanol (35 mL). To the solution, sodium
borohydride (0.61 g, 16.1 mmol) was added under ice cooling,
and the mixture was stirred in this state for 1 hour. 1 N
hydrochloric acid (50 mL) was added thereto, and the mixture
was stirred for 30 minutes. Then, saturated saline was added

thereto, followed by extraction with ethyl acetate. The



of f under reduced pressure, and the residue was
purified by silica gel colum chromatography to
obtain the conpound of interest as a yellow oil
substance (6.6 g, 740). (11- %) Tert - but yl
()-[(1S,5R) - 3- |sopropylb|cyclo[3 2. 0] hept -
3-en-6-ylidene] acetate (E/Z m xture) A
tetrahydrofuran (15 nmL) solution of tert-butyl
orghmet hyd phosphonoacketdt el (8. ¥9tyraiécSsahbhy and atdeddried
dropwi se at OC over 20 m nutes to a tetrahydrofuran
ove RmLYdr gys FenEionl wh %@bf@ﬁ?hy@ﬂ@d@h?Osegvgnt68@§
18.0 mmol ), and the mixture was stirred at 0C for 20
digfhires. o unhcpl%r %%@%??%nprﬁsﬁéf?-ahyﬂ?%f&ﬁsa%P‘HSW%i)
sol uti on of i% ( % . h
PUB-1propyth %l%ff% Oejl%prnéoﬁﬁ BIbABIY 2585082158, §he
C Wi se_at ver utes, .
COT%%H%?X?Urkn ﬁa%sgt? r%dp3? r88%19en8e?a5 Eébﬁqb M9.24 g,
hours X n reated with water, followed
ex F%t |§% &#%%L%@ %FEZther The organic | ayer
r ye negn ate. Then, the
v&elzlnitD?8| d?s???%gg9H§? u%dgébggh%ggg pressure, and
th@réﬂwﬁyfiU@-g@&ﬂu3im\e@r@yysebtca—@@baﬁ@l UpN24 g, 16.2
chr omat’ography to obtain the conpound of interest as a
mmyE) | o Qi kssubstannea( 3. B0pga83¥im piEirbx)ide-methanol
Tert-butyl () - [ (1S, 5R, 6R) -6- (nitronethyl) -3-
solsopoopylLbi oyl opBd2tBE keptiidosnwesykfacetst @vernight at
Tert - butyl
rogin- f¢1BeERF UL sOPFOPYT bE cyeref Bon. Bphepton. the solvent
en- 6- ylldene]acetate (3.00 g,. 12.1 mmol ) was dissol ved
wapndiffirdfet Rane P30~ nEFGu?ﬁdtﬁée§§PuﬁlonT°1t§° Ees‘au a
di azabi cycl o[ 5. 4. 0] undecg-.7-en 1),
1 YdaeHeouand oRE X EEPE s S Eeh dlsgpEifomeg LhE added,

fogéPurgtggegnlxggtgon w1t%|bqgﬁ; ﬂ%%%k’ ?ﬁ agueous layer

&60s7801 Ution o otaSS|un1m

waghﬁgggagg*@@% EQenh%d%%QAEﬁ%¥ oﬂ@édmyﬁié&/bydrOﬂnlorlc
raction di"chl 6r ofret hane. fﬁe organic | aver
acas yekied 1 0el RNRKEr OuS 1TRANES IlYMesildate.onTh8 th diethyl
ether again. The organic layer was washed with saturated
saline and dried over anhydrous magnesium sulfate. Then, the
solvent was distilled off under reduced pressure to obtain
the compound of interest as a pale yellow oil substance (2.79
g, 92%, mixture of diastereomers).
(9-c) Tert-butyl (x)-(1S,5R)-3-propyl-bicyclo[3.2.0]hept-3-
en-6-ylideneacetate

4-Propyl-3-hydroxyhept-6-enoic acid (2.79 g, 15.0 mmol)
was dissolved in acetic anhydride (13 mL). To the solution,
potassium acetate (3.52 g, 36.0 mmol) was added, and the

mixture was stirred at room temperature for 2 hours. The

reaction solution was heated to 120°C and stirred for 3 hours.



solvent was distilled off under reduced pressure, and
the residue was purified by silica gel chronmatography
to obtain the conpound of interest as a yellow oil
substance (3.00 g, 80% . 1-g) Tert-butyl () - [
(1S, 5R, 6R) -6-ami nonethyl <3- isopropyl bicycl o[ 3.2.0]
hept - 3-en-6-yl ]acetate Tert-butyl
O)-[(1S,5R 6R)-6-(nitromethyl)-3
To itSepriemdthicay o a8t 1)) hiepd -8 e 6a1y<ﬂ]racre¢rat@n@3w@©e gyhen
9.70 mmwl) was dissolved in ethanol (60 nm.) . To the
addeal ,utdroh, th rmiponees %aEZSK{}er)QEFﬁﬂbgDLaﬁE fPenh an
aqueous ammoni um chloride (0.54 10. 00 mol
temps| Nt Wie - 26 aFIF akece Sadded, Wagnddddes m@&&ﬁ@m@d the
stirred for 4.5 hours under heatin r8f|Uf .
MiAFUGUrER NeRERA T VR 1RF e Rue %lstﬁfgﬁ Preeeted aYﬁFBuBH =he
Celite to renpbve insoluble tter. The Iutlon was

245t at B SHRIE he TES dud Wl T e ¥ & AVt HyFshed
widdCel af g ?T&l?e §é|§§&9@gﬁd¥‘g§bgg %wti\oﬁaggaagsgura ed

agueous so ion 0O carbonate and dri ed over

sal Qﬂ¥9ng§xﬂ$99§§éP”é§&'é?i@d oJ@enan59@r§9§Vﬁ35n@@§um

f under reduced pressure,” and the“residue

suMes: purifh echbyssitbse 985 €Qbyna: sehrorBt egraphAyetoreduced
obtaih the conpound of interest as a colorless o

pr&sdbstancane? 2l igiudays diddbrvddlih)tetrahydrofuran (50
()-[(1S, 5R, 6R) - 6- anmi nonet hyl - 3-
mL) SorepWdiiyico[wd: 2. jdepttS-errd gt jacesd tuatén Teepared
-butyl () - [ (1S, 5R 6R) -6- amnomethyI-S-
lm@@m@wlmcq@dﬂ@{ls sod}h@pnygreﬁeﬁ (ybpéacetatre’62.-80mg, 20
9.0 nmol) was dissolved in_a 4 N hydrochloric
mmk] dt@tﬁyteaéé}ﬂﬁﬂéo%éﬁﬁtﬁ@ﬂa%?@nm_ O BAd Che tsaltaPoy !
was stirred at room tenperat Then

dingiehapyRRATPAREY dRSEFPFEd ! 6f€ Qnng P@&gge&nﬁFeséﬁfe
codlEppeoiie e 2usRenteg by Liec el She s o, oo
vacglogdgggugﬁggmkgg s%BQLEQQQrQEE'tbﬁ%eous and organic
layers by the addition of a saturated agqueous solution of
ammonium chloride and saturated saline. The aqueous layer
was subjected to extraction with ethyl acetate. These
organic layers were combined, then washed with saturated
saline, and then dried over anhydrous magnesium sulfate. The
solvent was distilled off under reduced pressure, and the
residue was purified by silica gel column chromatograpny to
obtain the compound of interest as &z pale yeilow oil
substance (1.81 g, 49%, E/Z mixture).
(9-d) Tert-butyl (#)-[(1S,5R,6R)-3-propyl-6-
(nitromethyl)bicyclo{3.2.0]lhept-3-en-6-yl]lacetate
Tert-butyl (%)-(1S,5R)-3~-propyl-bicyclo[3.2.0]hept-3-en-

6-ylideneacetate (1.81 g, 7.29 mmol) was dissolved in



powder was collected by filtration. The obtai ned
powder was washed wi th dichl oronmethane to obtain the
compound of interest as a white powder (1.01 g, 51%.
[01181 (Exanple 12) () -_[Bglg, 5R, 6R)
- 6- am nonet hyl - 3- _
i sobut yl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl Jacetic acid
(exenplary conpound No: 13) (12-a)

nit2edrsathang pehtmy)r en-Tol-tdle B41s8biay -U-fent enoi ¢ aci d
(J. Am Chem Soc. 115, 1993, 8669) (13 g 83. mmol )

diagad i webd Vedd i ¢ w@@¢%hyu#%$uﬁén5(@er Ab) Eﬁ@*ih@as added,

sol ution was added dropwi se to a tetrahydrofuran g80
andngn¢nm@x¢@©¢uwaénn@a*eat%4ahwaraﬁrhaﬁ1ﬁydPPdEO(éo gtor ©

hos { IR ey &%"?“‘l qp%gpe S %%u%aﬁ%c
15% di

aafedis’ §9555 0, Shcbyrh Y ELR Lie é?%**%h"?ﬁ%é‘pﬁﬁgéﬁ wadnfnen

aa£Q§ %ﬁ% YLS "‘@81%%%83??1'8;\4‘35%995:1 Afiter ceagovabeobice.

I Nso nmat t er trate 90 was concentrated to
Th%@}atﬂetgf QQHPOQQglethtﬁPﬁéﬂ 8% eaN a@hldrsubshanee sium
4 . g, 42% 2-1sobutyl -4-pentenal Oxaly_
suthhes] denf5chAs goléénmb% vas:cdissal ved undenetrbylere
chloride (50 nL), and the solution was cooled to -
prd8€ardherthali res hyle swdd axidef {€d byl §ihasa agdedcolumn
dropwi se thereto. To the m xture, a nethyl ene
chebhatbdeapi@ mb) obseliot tba ebmpougsh @iy lipdrtresens? 2ol
(4.9 g, 34 mmol) was subsequently added dropw se, and
coihelabst gie WaHSSEPEFedlazl 9h|§5ténperature for 1

hour. Triethyl am ne 524 m.) was added thereto, and
(9the Akt réSwag, BROu§heME BORESRYLerper ature. A

sat ur at ed.aquequ solgtlon of. & nlun1cthrJde was
Pragy glcyﬁéngo%-$H€egrgan|8 IaynH%C St

Wa's separa ed,
b DL oL 3 A B8t e o e
(nitromethyl)bicyclo[3.2.0lhept-3-en-6-yllacetate (1.09 g,
4.71 mmol) was dissolved in ethanol (10 mL) and water (5 mL).
To the solution, iron powder (1.32 g, 23.5 mmol) and ammonium
chloride (249.6 mg, 4.71 mmol) were added, and the mixture
was stirred for 2 hours under heating to reflux. The mixture
was allowed to cool, then diluted with saturated saline, a
saturated aqueous solution of sodium bicarbonate, and ethy:z
aceta-e, and filtered through Celite to remove insoluble
matter. The filtrate was separated into organic and agueous
layers. The organic layer was washed with saturated saline
and ther dried over anhydrous magnesium sulfate, and the
solvent was then distillec off under reduced pressure. To
the residue, a 4 N hydrochloric acid-ethyl acetate solution

(20 mL) was added, and the mixture was stirred at room



obtain the conmpound of interest as an oil substance.

This conpound was used in the next reaction wthout

being purified. (12-c) Methyl

3- hydr oxy- 2-i sobut yl - 6- hept ate The conpound of

interest (4.5 g, 61% was obtained as an oi

subst ance (diastereoneric mxture) in the sane way as

in paragraph (10-a) using 2-isobutyl-4-pentenal.
tefip@rdfuBeHydroxyh2ursodlitgmh » 6t hepsehoeot aghd Fhetilled of=

conmpound of interest (4.3 g) was obtained as an oi
undgbsrafsecfinPrhRésysfe V\7ély°a§°$hd9%r‘a@$a®hs?i0d9§1 a§| ng

net hyl  3- hydro§%%2 | sobut yl - 6- hept enpat e g4 50,

diGRBPY OFRR§RSc0 uﬁ@em%%sﬂg%alPﬁ t helpeRy® ﬁ@aéﬁlUﬁS added
wi t hout bein purlfl (12-e) Tert-bu
drepwi s, sRRA 30 sSBﬁPyrltE:PEyEI%’F? zwé‘]sh&ﬁﬁe“ed by
en-6-yli ne]ace ate - d of rest ..
g%r?tlox YESBESi Wad agléﬁﬁoro sténcecﬁqﬁfn aried
to”bﬁkgﬁﬁ)+hﬂ E%%B%%Eé Y 13% ol Ray %gra%%lt%;%dwdé&“ 5.1
r oxy i sobut yl hepten0|c am

Teggebutyl ()-[(1S, 5R, 6R)-3-isobutyl -
nltronethylblcyclo[B 2.0] hept-3-en-6- yl]acetate The
rocompound of interest (3.8 g, 84% was obtained as an
oil substance in the sane way as in paragraph (10-c)

(EMSHhBgde ti@ent -(Butyl(1s, 5r, 6R) ~6-aminomethyl-3-
()-(1S,5R)-[ 3-i sobutyl bi cycl o] 3. 2. 0] hept - 3- en- 6-

buylildery cladét.at.@ 1Bt -§,- e oyl acetiz @ciferiednnglary
O - I &18 5R, 6R) -6- (tert-

CoRRPERYC Pboﬁ@lan1no)nethyl 3-i sobut yl bi cycl o[ 3. 2. 0] hep
t-3-en- yl]acetate The conpound of interest (2.7 g,
(18769 \%@ét“éfb‘t é‘ﬁeo‘yas 3aRY FAXYAHSEEE i n the sane way

2> bgﬁg?r gaﬁﬁl 3) USLNIcnbg! t4RUIYleh), 5o50(1Ss o,

R LA e o 8 5
40 mmol) were added to tetrahydrofuran (30 mL) and trimethyl
borate (15 mL), and the mixture was vigorously stirred. Then,
the reaction vessel was placed in an oil bath and heated to
70°C, and the mixture was stirred for 2 hours. The mixture
was allowed to cool, and glycerin (20 mL) and a saturated
aqueous solution of ammonium chloride (100 mL} were then
added thereto, followed by extraction with ethyl acetate.
The organic layer was washed with water and saturated saline
and dried over anhydrous magnesium sulfate. Then, the
solvent was distilled off under reduced pressure, and the
residue was purified by silica gel cclumn chromatography to
obtain the compound of interest (diastereomeric mixture) as a
colorless oil substance (6.8 g, 94%).

(10-b) 4-Allyl-3-hydroxyoctanoic acid




i sobutyl bi cycl o[ 3. 2. 0] hept-3-en-6-yl]acetic acid The
title conpound (1.0 g, 62% was obtained as a white
powder in the sane way as in paragraph (3-b) using
tert-butyl _
()-[ (1S, BR, 6R) - 6- (t ert - butodar bonyl ani no) net hyl - 3-
i sobutyl bi c_ycl o[ 3.2.0] hept-3-en-6-yl]acetate (2.7 g,
6.8 mo |) . [0119] (Exanple 13)
() -Ndtl5; bR -6R) @k a3 npded hyd c Base€Lte (6.8 g, 31.7 mmol) was
but yl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl Jacetic acid
di¢egempiaiy acdnpoondableiuh2hy82oxifé3marhEhbyl sclution (20
2-sec-butyl pent-4-enoate Lithiumchloride (9.67 g,
mLppgandnhbé) sahdt haneraf2s0brned ore3ndamivky were
added to a dinmethyl sulfoxide (60 nm.) solution of
te@P@t—’ﬁyP al | yiys eecanit 107 ned biat @ (W8Ds ooegcenpoated, then
and the mxture was stirred at 185C for 6
dlﬁBE?g W#F% Wﬁ?ifurénﬁagaFPegtéétﬁn?H“ﬁaterTh$oPF@ﬁéﬂs

t t th. .d th .
L R e T
ex§g%¥§95?ﬁ§§Egl8£hkgegF8£ g?gs h%g§%8 % egégrgagowashnd

ngHb§5@@9eanarhg§ ss?gpeangam%e%ﬁg aeﬂeeeo(}@%t anhydrous
reaction w thout bei ng purified.

madnSeEuRUEYL PERE - 4-Biileh ; (&hJ\§§i¢@@NdWQ§U£§§t{§Qeﬂt% f under
sol ution of ethyl 2- sec- but yl pent - 4- enoat e was added

rednopwi seeoyere30onmbbukes tﬁcacofvﬁbﬁﬁhydlfoﬁbhﬂ:é&e(slzgts an oil
m.) solution of lithiumalum numhydride (4.79 g,
sut@6aBcanb) Ocopl 80 tmoQC, dhidi ¢ heompxtnd ewaasusdenin the
stirred at OC for 1 hour and then stirred at room
negenpepatupe ¥orhguhobesngThermifxedre was cool ed again
to 0OC. Ethyl acetate (55.4 nL), water (44.7 nl),
(1Peer ahgdioburdn (E83[11HLPR) aRdbsbeil DAy Elol BdE - QSBe@t 3-

% m§ e added thereto and the m xture was stirred
enf 18°RBURSST¥h8 mi xture was

A mixed solution of 4-allyl-3-hydroxyoctanoic acid (6.0
g, 30 mmol), potassium acetate (9.4 g, 96 mmol), and acetic
anhydride (30 mL) was stirred at room temperature for 2 hours
and then stirred for 4 hours under reflux. The reaction
solution was placed on ice and stirred overnight, and this
reaction solution was subjected Zo extraction with ether.
The ether layer was washed with a saturated agueous solution
of sodium bicarbonate and saturated saline and dried over
anhydrous magnesium sulfate. This ether solution was added
to a reaction solution prepared in advance from a
dimethoxyethane solution (30 mL) of methyl tert-butyl-p,p-
dimethyliphosphonoacetate (7.8 g, 35 mmol) and sodium hydride
(>63% oil, 1500 mg, >35 mmol), and the mixture was stirred

-

for 1.5 hours. To the reaction solution, a saturated agqueous



filtered through Celite to renove insoluble matter
Then, the solution was concentrated, and the residue
was purified by silica gel colum chronatography to
obtain the conpound of int%rest as a colorl ess oi
substance (12.20 g, 690). ( §-6)
2- Sec- butyl pent-4-enal D nethyl sulfoxide (18.20 ni,
256.4 mol) was added dropw se over 15 minutes to a
so ditcidrorofrediramel (128Gh hbyide 93sasoratednsef iogal apdavatder
chloride (16.90 g, 133.1 nmol) cooled to -78C, and
wetheadded ure Wassthedest i anédthe rFgction 26lupinnt wes
Subsequently, a dichloronmethane (75 nL) sol ution of
sulyieeceButy| pehragt &pn| vbth (8Phpd §ceB85L8 - Mty We@FAnic
added dropw se thereto over 30 m nutes, and the
laygxtipe %%%e%t?Y?édan%YdEQ%%:?Bgnﬁsﬁaﬁr?uiﬁﬁé?hﬁpgnFHSn

.(60.8 ,.600. | . added i th
1 (09,88, 90008, Wl ) oo, e ot st el e By

t t , . i XLl . i
orAFTRELEL i L8 PoOBULE  JDCILILULS 10,3041 gL 2 Em

L aye e eL; anhydr esisu te e
chTﬁ%%§o¥ﬁ§pﬁ% ed gueL:f BMQ_egﬁpHBHB B Hh%%&%@ as a pal

solvent was distilled off under reduced

yePI&ssHL e s@osPRhatn (2. yehl owgi | Egubstianeeeas a
m xture containing the conpound of interest. This

(1608apodad: wast Ysed+i N[t he, BRXER) F8aplitgn -6t hout bei ng
further purified. (13-d) Methyl
niBrbyetbxypdegetolhat ¢l A¢pepb-8reaté-yllacetate
2- Sec- butyl pent-4-enal and nethyl bronpacetate (15.74
g, THO2 O erotdmmeved pfeplred 1htd ampeél rapydebiatand as an
(25 m.) solution. An aliquot of approximately 1/5 of
oitheuappantewas theadedmeovwayt PEmePhPRIGGaPE ((25CHLpsing
suspensi on- of zincrgomder (6.73 g, 102.9 nnnl).the
tertxPuEElwas) néat 8doRo~80BUEThEACYCLR 3 &nllil RPRG ~3-en—6-
sql ution added theretg over ,30 m nutes, and the
vLERsih) 0GEEEERA ot b ad- 4t THOE For 2.5 hour o The
ixture was allo _to.copol, .and_alycerin (25 n), a
(lgg?hri?ﬁd %Hggﬁugggoﬂd%gogkbpaénﬁné¥§§FchIoride (25
bu@%kycgggonylamino)methyl-3—butylbicyclo[3.2.0]hept—B—en—6—
yl]lacetate
The title compound (3.63 g, 63%) was obtained as an oil
substance in the same way as in paragraph (3-a) using tert-
butyl (%)-[(1S,5R,6R)-3-butyl-6-
nitromethylbicyclo{3.2.0]hept-3-en-6-yllacetate (4.8 g, 14.8
mmol) .
(10-f) (£)-[(1S,5R, 6R)-6-aminomethyl-3-
butylbicyclo[3.2.0]lhept-3-en-6-yllacetic acid
The =Zitle compound (1.5 g, 70%) was obtained as a white
powder in the same way as in paragraph (3-b) using tert-butyl
(£)-[(1S8,5R, 6R)—-6- (tert-butoxycarbonylamino)methyl-3-

butylbicyclo[3.2.0)hept-3-en-6-yl]lacetate (3.63 g, 9.7 mmol).



di ethyl ether were then added thereto. The obtai ned
organic |ayer was dried over anhydrous nagnesi um
sul fate. The solvent was distilled off under reduced
pressure, and the residue purified by silica ge
col um chr omat ography to 94 "~obtain the conpound of
interest as a yellow oil substance (14.40 g, 78%.
(13-e) 3-Hydroxy-4-sec-butyl hept-6-enoic acid Methyl
[0BLhydr oxy-4-sec-butyl hept-6-enoate (14.40 g, 67.2
nmol ) was dissolved in a 2 N potassium
(Ehymip bxi d&) nethaholsS, 8Bl GRi oA-arO0CREFhyand-t he
solution was_stirred at rogm temmr&urefor
1sPREPRY L PhEYSSPVEnt - RABSBFSETFPEd ¢ 2Cahdér aFé&ué@diemma Y
ggessare To.the residue, water and diethyl ether
CORRPBIEhERadded, and the aqueous |ayer was neutralized
(1 $[th ?_ysgédrgchlorlg sagid. Diethyl ether was added
thére Ad Y nE~6 organrc layer was dried over

an ne ~S a Thepgsthe hye
f%? %y%??u;?b e Pié $ 8- mihepest Bepsghy Qgsm@aded

di st reduced pressure to obtain the
drBBWPQ%ngv%E Uggﬁﬁﬁﬁkegst@ ¥eldi o 1QjromestRstancs o 32,)7

so@l f_a;S 53) o% =5¢e¢- hut vl bheyeliele3. 2.10]3Avept,- 3-38n-HBnotrd ) cooled
Pot assi um acetate (14.90 g, 151.8 mml) was added to
toan7gacet hedabhy dni geufd lwak) thehusicoprel at -78°C for 15
3- hydr oxy-4-sec butyl hept-6-enoic acid (12.70 g, 63.5
minmokk, afdbstheuankiurea dashspirpmetdhaner ¢dm mL) solution of
tenmperature for 1 hour and then stirred at 120C for
2-3s5PReBYS PeThe 4miekrdrée wds 1t-réatded 84 th Med ) weeradded
foll owed by extractigon wiith dieth et her. The _
ArgPYARFS TAYER el Siastle B T ét%rta“t»eafaaﬂlefo%g“as stirred
solution of = sodi um bicarbonate. The or ani c

la
atdri’8dCover —aﬁﬁyarodgrhﬂdﬁ%%?%ﬁ?gul?%t Fhefil® yﬁ nMSl) was
acfBLv el ias distd i ed o 0t y%er[u{aesducﬁ% rﬁesw&ma@%as
Re PESPAIE na b &

was purlfle y Ica g

th%%rQHQEQQkPprIkap@@%déiéﬁ%fé”ﬁBEHEingréntQﬁﬁﬁhu%%ure

a yélTow ol | substance (6.70 g, 64%
was neutralized with 2 N hydrochloric acid (320 mL). The

organic layer was dried over anhydrous magnesium sulfate.
Ther, the solvent was distilled off under reduced pressure to
obtain a yellow o0il substance as a mixture containing the
compound of interest. This compound was used in the next
reaction without being further purified.
(11-b) Methyl 3-hydroxy-4-isopropylhept-6-enocate

The 2-isopropylpent-4-enal obtained in paragraph (1l-a)
and methyl bromoacetate (16.18 g, 105.8 mmol) were prepared
into a tetrahydrofurar (25 mi) solution. n aliguot oI
approximately 1/5 of the amount was added to a trimethyl
borate (25 mL) suspension of zinc powder (6.92 g, 105.8 mmol).

The mixture was heated to 80°C. Then, the remaining solution



- 95 (13-g) Ter_-but vyl
()-[(1S, 5R) - 3-sec- butyl bi cycl o[ 3. 2. 0] hept -
3-en-6-ylidene]acetate (E/Z m xture) A tetrahydrofuran
(15 nL) solution of tert-Qut% _
di met hyl phosphonoacetate (3.70 g, 16.5 mmol) was added
dropwi se at OC over 20 nminutes to a tetrahydrofuran
(15 nL). suspension of sodium hydride (0.68 g, 630,
wag gaddemotheree ovee AP xnureteas snfr kb B x0Ureowagothen
mnutes. To this solution, a tetrahydrofuran (15 ni)
stxpred | ah %@°C( Qris, gj:Q)hours The mixture was allowed to

3 - but | 0] hept - 3- 6- (2.48 15.1
s %%a%% o8 it ont SRR Slad SB%abia: f@g?usﬁan o
d at t .
o 2 T S o oo
thgyete&(t raig‘xtl %@thl I'éodl cetlhae\yér VH]TE {9@(5” G l ayerl'hyed“ous
e na fa

was dri over an ydro nesi um su

ma?w yenh yesrgistilfpd scglfvetm@%g %eﬁpé&scwf €ung&nd

he residue was purified by silica gel colum

re Gl ONBd OGS HPRY, t@n@btaénréggdﬁ@nwagngueifheaeb§sgla§ca gel
yel low o-1| subst ance (3.10 g, 780). (13-h) Tert-butyl

colymn ¢htdfmtSRrapiy t6- obﬂatﬁOﬂEéhybmpoanaeéf interest as a

but yl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl Jacetate Tert-butyl
velloy (48] 5R)b3:armee but g1 Bbcyel 3P3) 2. 0] hept - 3

en- 6-ylidene] acetate (3.10 g, 11.8 nmol) was
(1HT@éogv%ﬂd¥©XYnﬂTi%ﬂﬁrﬁambhégg ﬁt¥n¢éctﬁéi§olution

1, 8- dlazablcyC|o[5 4. 0] undec-7-ene (2.20 1-4.5

nnd?) AP Qﬁﬁﬁﬁfumzﬂﬁﬁ%?ﬁ#%ﬁk@%?%@%@ %@%FFE@“aﬁZ%@GWL was

hours.. The al l owed to cool and a

or
ad%%?u?%t%dm%Hﬁ%%%§ §6%gthh SPLupbPBSQruﬁﬁdpﬁvdﬁoﬁgﬁ*OXY 4-

o R R S Thar El Eﬁgﬁé?ﬁéﬁé Lo P gani & &g Txture
wa¥ﬁ$t9££§g QVeL, h?Q@B%?? e§bgnm§uké§E§ TPﬁe sgﬁvent

vent drs er reduced pressure,
wak hglswﬁ@l@eo E\/@Sui@&ékf k@guégdsbbbgau%l chEopRL OQééP@d{e,

to obtain
water and diethyl ether were then added, and the aqueous
layer was neutralized with 2 N hydrochloric acid. Diethyl
ether was added thereto, and the organic layer was dried over

anhydrous magnesium sulfate. Then, the solvent was distilled

ori under reduced pressure to obtain the compound of interest

o°

as a brown oil substance (11.10 g, 97%).

(11-d) (x)-(1S,5R)-3-isopropyibicyclo{3.2.0]hept-3-en-6-one
Potassium acetate (14.00 g, 142.7 mmol) was added to an

acetic anhydride (67 mL) solution of 3-hydroxy-4-

isopropylhept-6~-enoic acid (11.10 g, 59.6 mmol), and the

mixture was stirred at room temperature for I hour and then

stirred at 120°C for 3.5 hours. The mixture was treated with

ice water, followed by extraction with diethyl ether. The



t he compound of interest as a yellow oil substance
(3.28 g, 86%. (13-i) Tert-butyl
()-[(1S, 5R, 6R) - 6- am nonet hyl - 3- sec-
but yl bi cycl o[ 3. 2. 0] hept - 3- n 6-yl ]acetate Tert-butyl
()-[(1S,5R 6R)-6- Umtronethl) -3-sec-
but yl bi cycl o[ 3. 2. 0] hept-3-en_-6-yl]acetate (3.28 g,
10.2 mmol) was dissolved in ethanol (60 nmL). To the
orgatik i Dayer roms posded (#td7agsaBOrdtadokyuandst kehuanon of
aqueous anmoni um chloride (0.54 g, 10.0 mol)
sodiolruth ore {2Onateg . weite aduedi@nctydhevas xd ured wase r
stirred for 4.5 hours under heating to reflux. The
anhysrone wagnasionedut dbateool Tmht Hare fsdieerd vae odightilled
Celite to renove insoluble matter. The solution was,
of oM ERt rERCe AN ERELF s A6 WS BFFUEEE WREhPeEhyied by
acet at e, The dilution was washed with a saturated
s15erRodR soP LEMBNCRF OMebaF EAPDY caP boRaE e ahdedFPEECEREr ©F
anh drous magn |un1s Ifate Then he sqgl,yent was
INHPEETT I %Y of g% Sr rgdﬁce% %F%gsuﬁe% an34t e resi due

1%—""‘?gf’ﬁr'f#§é’%ﬁ%ouﬁh f Phoafost 2erECbgEPEPEIE MY po1nent-
éﬁb§1€f§§°£gkgéegatz5?@/Z(%%xtﬁr
S 5R 6 6- am nonet hyl - 3 sec-

bUtA"Mﬂdec@ﬂ/&f@ié’nZ D hept -SoBm: foyl pacetie-Bat gl
Tert-butyl ()-[(IS, 5R, 6R)-6-am nonet hyl - 3-sec

dihet yVbbeysbnploc2c8thept {3- 20- §; yLpacemabe ) ( 2226 agded. 7
mol) was dissolved in a 4 N hydrochloric acid-ethyl
dragei ateat sot@towsr (B0 minytend-d he setnshodrwasran (15 ml)
stirred at room tenperature for 2 hours. Then, the
suspevehenwas dpgiim Budetfle9r0.aRder FEGuced -Pr &edre. and
The residue was suspended by the addition of
theli shkorofeYAanet i1ToeEhats(sperer onl mt@Pé@ﬁyléﬁ?n@*th
t hen added dropwi se, and the resulting  powder was
sotprieet ed 59tﬁﬁbtfﬂ§f>¢8ﬁawrﬁé5oﬁl@éu f8d Udwde P tneds) ~ (15, 5R) -

3—Wsopr00mﬁ£9cgkiglg(gqﬁﬁg %—%o bgvtn% %Onpgqu.%fmmol)

was added dropwise at 0°C over 15 minutes, and the mixture
was stirred at room temperature for 2 hours. The mixture was
treated with water, followed by extraction with diethyl ether.
The organic layer was dried over anhydrous magnesium sulfate.
Then, the solvent was distilled off under reduced pressure,
and the residue was purified by silica gel column
chromatography to obtain the compound of interest as a yellow
0il substance (3.00 g, 81%).
(11-%) Tert-butyl (x)-[(1S,5R,6R)~6~(nitromethyl)~-3-
isopropylbicyclo[3.2.0]hept-3-en-6-yl]lacetate

Tert-butyl (£)-[(1S,5R)-3-isopropylbicyclo[3.2.0]hept-3-
en-6-ylidene]acetate (3.00 g, 12.1 mmol) was dissolved in

nitromethane (30 mL). To the solution, 1,8-



interest as a white powder (0.98 g, 540). [0120]
(Exampl e 14) ()-[ (1S, 5R 6R)-6-ani nonet hyl - 3-
cycl opentyl bi cycl o[ 3. 2. 0] hept-3-en-6-yl]acetic acid
(exenpl ary conpound No: 15) 4-a) Ethyl
2-cycl opentyl pent-4-enoate Lithiumchloride (3.60 g,
84.9 mmol) and water (0.76 nL, 41.9 mmol) were added
to a dinmethyl sulfoxide (20 nL) solution of diethyl
diakéyl¢eyld Opent §l indbonatene102100gg,37475 mmol) , wasdadded,
the m xture was stirred at 185C for 6 hours. The
andi xhereiwasréreasedtwkrbdwateb0°¢ of bowedhbyr ext Mot imiikture
with diethyl ether. The organic | ayer was dried over
wagnhyHpved Canghesi uANSuRf aReLTTREA, 2ONEOYS| VOALTWRS ©OF
distilled off under _reduced pressure to obtain the
POLBRPOERJGRY I APERR PSPt Br YRR sﬁensés@tealn(s@e(f&tfo
840). (14-b) 2-Cycl opentyl pent-4-en-1-ol :
£ P LoV ARy BY SF G BACE L8Ot CoR A PRGN T ebPRPE 2. fhe organic
cl nLyl pant-4-e - 1 ~31 I S ed
B TS e e e i R e
soﬁ%ff{s' 90s0f; LEt i um gy, puarhydeide b2l s@re3lald the
nmmol) cooled to 0C, and the m xture was then stirred
red8td0€ {85 purheuwedand thencst genednaon20@rbemyerat Wk ain
for 2 hours. The mxture was cooled again to OC
th&t byhpaaatiabe (hdclesl) as98 ywatlew (ELL Jumlsfance (3.00 g,
tetrahydrofuran (21.0 nL), and sodium fluoride (13.4
80¢) .were added thereto, and the m xture was stirred
for 1 hour. The m xture was filtered through Celite
(lEogr effove-bnsglubiite -Mdi EePR, PRen o —tame nogledtivén 3was
~concentrated, and the residue was purified by silica
isgeForyébimtcéRridnat 8dPaphy Sre ot aild adse adénpound of
interest as a colorless oil substance (3.50 g, 56%.
(1473t 20yt opEht Y pentR4oBhap~ (nitrometnyl) =3-

isopropylbicyclo[3.2.0]hept-3-en-6-yllacetate (3.00 g, 9.70
mmol) was dissolved in ethanol (60 mL). To the solution,

iron powder (4.47 g, 80.05 mmol) and ther an agqueous ammonium
chloride (0.54 g, 10.00 mmol) solution (20 mL) were added,
and the mixture was stirred for 4.5 hours under heating to
reflux. The mixture was allowed to coocl and then filtered
through Celite to remove insoluble matter. The solution was
concentrated, and the residue was diluted with ethyl acetate.
The dilution was washed with a saturated aqueous solution of
sodium bicarbonate and dried over anhydrous magnesium sulfate.
Then, the soclvent was distilled off under reduced pressure,
and the residue was purified by silica gel column
chromatography to obtain the compound oi interest as a

colorless oil substcance (2.50 g, 92%).



D et hyl sul foxide (4.82 nL, 67.9 mmol) was added
dropwi se over 15 mnutes to a dichloronethane (75 nl)
solution of oxalic acid chloride (4.47 g, 35.2 mol)
cooled to -78C, and the m &y[p was then stirred at
-78C for 30 mnutes. Subseggently, a di chl or onet hane
(20 nmL) solution of 2-cyclopentyl pent-4-en-1-ol (3.50
g, 22.7 mml) was added dropw se thereto over 15

(1Ivmut €8) - ahdsS t bR, &R xt 6reminasmsthyted- at -78C for 45
mnutes. Triethylamne (16.11 g, 159.3 mmol) was

1 sepidedy Hp bpwFse [ £ hér el bepvep-8nmPnkit éacehhd BRédni xture
was then stirred at roomtenperature for 2 hours. The

mi xEaF e RSy nelitral { FodP R @ 16 NPT AN Ok T2 aci d
. 160 . T i | ¢ dried h
SRR hT LT T ADe? - DTHER.  Che SO YahE Gas i Qe Preg: 90
gt bt o BECA ki & Bolt AV ARG CRBL EcBRpbORI oF 2cetate
sol Bt 58St Tt $ coppound §@§”H§gg(¥§?g$%ﬁ8?%§|aEeQ%%hpn

wi thout being further purified.

teRpdYSF QXY¥- foeyel ARERLY! hepdn 6- en0at €1 V&8 was distilled off
-cycl opentyl pent-4-enal obtained in the preceding

unPar ageapbeangraekiyk . bron@aces adige (Ha22s@sp2dabd PPl Fne
were prepared into a tetrahydrofuran (12 nl)

adgpt ubnoof AnchlbquoetB8neof Apprhxisespéysildsd, of the
amount was added to a trinethyl borate (12 nl)

trsespehsinbdneofvazi hbeporadded( Br8bwgse27 a6cnmbk) resthaing
m xture was_heated to 80C. Then, the renaining

PO¥@eht VBA CRadeA88EdPYhELEFEaGER - 30T RE nePE3INAAIPPHEST Was
mxture was then stirred at 80C for 2.5 hours. The

Waﬁ???uWétﬁangPFSﬁéﬁeFBaDEOGP,Ogﬁélﬁlﬁ@érFﬁmP@Wﬂﬂ,o%i

._saturated aqueous sol ution.of . a i,bum chloride (6

lnﬁf)?sénadeeWHﬁﬁeePﬁg eﬁepé‘pﬁeﬁqgggég' thereto. The

[09?g§ined organi c |l ayer was dried over anhydrous
nagnesi um sul fate. The solvent was distilled off under

REEUSEC, BB S0 B ORI o By
1s6B80LQURd cOk1bNBenesdt haptaz—en-6-yllacetic acid (exemplary
compound No: 13)
(L2-a) Z-Isobutylpent-4-en-1-o0l

2-isobutyl-4-pentenoic acid (J. Am. Chem. Soc. 115, 1993,
8669) (13 g, 83 mmol) was dissolved in tetrahydrofuran (80
mL), and the solution was added dropwise to a tetrahydrofuran
(80 mL) mixed scoluticon oi lithium aluminum hydride (3.4 g, 9C
mmol) under ice cooling. The mixture was stirred at this
temperature for I hour. Then, water (3.4 ml), a 15% agueous
sodium hydroxide solution (3.4 mL), and water (10.2 ml) were
added thereto in this order, and the mixture was s:tirred

overnight. After removal of insoluble matter, the filtrate



yel l ow oil substance (4.00 g, 77% . (14-e)

3- Hydr oxy- 4-cycl opentyl hept - 6-enoi ¢ aci d Mt hyl

3- hydr oxy-4-cycl opent yl hept - 6-enoate (4.00 g, 17.7

mml ) was dissolved in a 2 @Cpqyassiun1hydroxide-

nmet hanol solution (53 nL), dnd the solution was

stirred at roomtenperature for 1.5 hours. The

solvent was distilled off under reduced pressure. To
was heonesituetedat er chhdindtbehgbmpphad wér éntherssddedan oil

and the aqueous |ayer was neutralized with 2 N
supGERBERl 6fi 2 @ci 825Diethyl ether was added thereto.

The organic Iayer was dried over anhydrous magnesi um
(18TPt at el STRRRY L ThePSBFGBAt was distiiled of f under

reduced pressure to,obtain t conpound of,.interest.as
T STt boas (& obS GTer he tar ng-pRRtvEd ' 8
si dual L vent 1 -f% : g fa -
me S enEOr BTy AP 8 B0 o et . BRLETERE vBs: S99 tO
et (4. - A2. ) dded t cetic .
782%hy3%%&é P%%eﬁffﬂséﬁﬁgﬁ%%i%? giﬁygﬁaxggﬁglﬁﬁ > dropuise
théyetgpenty | heptn 06 €] C; afd€h (AR Sn1driad THD! mBl
the maxinmum, and the mxture was stirred at room
solefpenabtr g-f eebutyhouhtandehhenost i(ar.ed gat 342@&@o0r was
3.5 hours. The mxture was treated with ice water,
subskbowetlpyaededadtroorinket handi éhkyhiether. whse stirred ac
organic layer was washed with a saturated aqueous _
thgsl bemparaftusediam Bi bakbonateiceThelongani ¢2Rapk) wamsadded
dried over anhydrous magnesium sul fate. Then, the
thggpient 2hdstBP sPL KB oA SURIENIPEd iCed FFesSTRE T 3dHGe - A

the residue was purified by silica gel colum
satHF8RafogPEBARYSt 8°L8BE NN OEhETEERpETNF P Tintte et agsied

th%g%?kkapyﬁéLﬁﬁ#%i%?gggy%ézwgg gépgﬁgbédgléég%ed with water
an?é%é?ﬁ%?&%é?%%iih%ﬂ3t%e9]H%H%a§'%%a6fﬂénd%ﬁﬁkﬁﬁﬁ££¥6%d to
obtain the compound of interest as an oil substance. This
compound was used in the next reaction without being purified.
(12-c) Methyl 3-hydroxy-2Z2-isobutyl-6-heptenocate

The compound of interest (4.5 g, 61%) was obtained as an
oil substance (diastereomeric mixture) in the same way as in
paragraph (10-a) using 2-isobutyl-4-pentenal.
(12-d) 3-Hydroxy-2-isobutyl-6-heptenocic acid

The compound of interest (4.3 g) was obtained as an oil
substance in the same way as in paragraph (10-b) using methyl
3-hydroxy-2-isobutyl-6-heptenocate (4.5 g, 21 mmol). This
compound was used in the next reaction without being purified.
(12-e) Tert-butyl (%)-(1S,5R)-[3-isobutylbicyclo[3.2.0]hept-

3-en-6-ylidenelacetate



A tetrahydrofuran (15 nL) solution of tert-butyl
di net hyl phosphonoacetate (3.21 g, 14.4 mmol) was added
dropwi se at OC over 15 mnutes to a tetrahydrofuran
(15 nL) suspension of sodiuym hydride (0.59 g, 63%
15.7 mol ), and the mi xtarewas stirred at O0C for 25
mnutes. To this solution, a tetrahydrofuran (15 niL)
solution of 3- =
cy dheperimyduirey o O[ihtd e pt3 .3+ en- 66 De s 3bihiddd las an
mol ) was added dropwi se at OC over 10 m nutes, and
oil hubdtdnre (W45 mixrued) ainroom sempewayune forpdbagraph
hours. The m xture was treated with water, followed
(1hyclextsHed | DT PR YT et hydbuey hep -heheeoprgankcitayér3 g) .
was dried over anhydrous magnesi um sul fate. Then, the
(1%0of vebrrwazudy st {+1ed(b$ fSRundkRr -3 edecedtypréssure, and
the reS|due was purified by silica geI colum 101

N RRHER O Bphy . 3o%t%i%e?he TORPBUHA! BFSFALErest as a
yeITl[hc()e\iv Qi | su st ecreg)rneﬁ % @20) 85"14 hgs gb P#é&'as an

%%tgﬁtetmbf‘f[y%%%ﬁ% t%\?p%%pleﬁ?a;?stélfgﬁ 31576 ngpio
te?t%ﬂl en?i§0§§9t 1§s %by%%§ Q%HH? A SO? t ?—en—6—

di sso ed Tn nitrome ane

ylidéne thagabt €ychof 5g4. 0} undecry 7-ene (2.20 g, 14. 5
mol ) was added, and the m xture was stirred at 60C

(1404) 5I@@Ml§u+§he ) Xt ure, smasrpl Eowedrto cool, and a
saturated aqueous sol ution of potassi um di hydrogen
buptrospivat e wazmt hehmadded- 3 hesebotylboklyowed3by . 0l hept-3-en-
extraction with dichloronethane. The organic |ayer
6-wwakaektade over anhydrous magnesi um sul fate. The
sol vent was distilled off under_reduced pressure, and
th&her CETRBIVASL purt TP Dy (i | i Ta yeb) cw%nﬁ%@%%%yas an
tain the conpound of interest as éellgw oi |
LSan

Ol%u%%kt%ntu%%cisl%otﬁe S879 Y (13-1) Fertdbg
te£g é&%S‘SR 6R% ?S nknoge gylsobutyT—o—

nitromethylbicyclo{3.2.0]hept-3-en-6-yljacetate (3.8 g, 12
mmol) .
(12-h) (£)-[(15,5R,6R)-6-aminomethyl-3-
isobutylbicyclo[3.2.0]hept-3-en-6-yllacetic acid

The title compound (1.0 g, 62%) was obtained as a white
powder in the same way as in paragraph (3-b) using tert-butyl
(£)-[{15,5R, 6R)-6-(tert-butoxycarbonylamino)methyl-3-
isébutylbicyclo[B.Z.O]hept—3—en—6—yl]acetate (2.7 g, 6.8
mmol) .
[0119]
(Example 13) (%)-[(1S,5R,6R)—6-aminomethyl-3-sec-
butylbicyclo[3.2.0]hept~3-en—-6-yl]acetic acid (exemplary

compound No: 12)



cycl opentyl bicyclo[3.2.0] hept-3-en-6-yl]acetate

Tert-butyl () - [ (IS, 5R 6R) -6- (nitronethyl) -3

cycl opentyl bi cycl o[ 3. 2. 0] hept-3-en-6-yl]acetate (3.30

g, 9.8 mml) was dissol vedgi,n_ethanol (60 nL) . To

the solution, iron powder 8&.47 g, 80.0 mml) and

t hen an aqueous ammoni um chloride (0.54 g, 10.0 mol)

solution (20 nm.) were added, and the m xture was
(13std)r rischflor? 4s&C tiour sl rAtder 4 hea®ahg to reflux. The

m xture was allowed to cool and then filtered through B}

Céliithé umo ardimsiiele nsblibl®e madf et . MThe) st Yahehass - 0° mo,

concentrated, and the residue was dilu ed,mﬁth,gthxg
115cetmrel) -wap2 agied di 9 A | SHPGERY haShetOW £ 4°

sat urated agueous solution of _sodi umbicarbgpa nd . =
SO%H?%H“d%erchﬁﬁ?%fo%gi%hgﬁ%%Tgﬁ$§u??%f%?a“%hé%S'%ﬁea’ 120.5

solvent was distilled off_under .reducgd,pressu Land o
M} her rF8F due® vilRsE par T e %ylgFFFngggﬁoég|ﬁ%m € Shoudl The
mi S0 0MBE ography Lo obtaip.ibe C@B‘@%wgdo%ﬂeg)@g(sssha[a @ith

colorless oil substance (2.00 g, 670).
dié@é?l5£%h§f§_'ﬁhéﬂﬂﬂﬁgﬁﬂéﬂdaﬁér was dried over anhydrous
cycl opentyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl Jacetic acid

mnad@si 1 bt ¥h1 €3t & (| SRR 6RNS- el nemethys - 31 syl bepent §f bundex

ccycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetate (2.00 g, 6.5
redti®éd passdissotwedbtaia 4hN bpdpochbopifc iatkdesthyls a

acetate solution (30 nmL), and the solution was
brewnroed atbsosnctet erferaterroderd 2wappurged Thenthe heext

solvent was distilled off under reduced pressure. The
repesidneviasostispehnedepy A& -addi ti on of

di chl oronet hane. To the su peqsion, triethyl am ne was
(1nen AdG8E BFOPWPSBE-AR8 T heCresulting powder was

col | ected by filtration., The gbtained ef Was_ oo

wa edeVf?%¥%¥%hV5?bné$%éﬁg§tgoéﬁfégﬁ ?%2@6% poting of

Loterest ,a ) %@i' P ggg @Qﬁg%ﬂ%e %%%&'Bbo%%%htes TO &
bu(&§ﬁ'§l§'e‘1§? Oy %ég ,6&)-6- am nomet hyl - 3-
tetrahydrofuran (120 mL) solution of lithium aluminum hydride
(4.79 g, 126.3 mmol) cooled to 0°C, and the mixture was then
stirred at 0°C for 1 hour and then stirred at room
temperature for 2 hours. The mixture was coolecd again to gec.
Ethyl acetate (55.4 mL), water (44.7 mL), tetrahydrofuran
(23.1 mL), and sodium fluoride (53.0 g) were added thereto,
and the mixture was stirred for 1.5 hours. The mixture was
filtered through Celite to remove insoluble matter. Then,
the solution was concentrated, and the residue was purirfied
by silica gel column chromatography to obtain the compound of
interes: as a colorless oil substance (12.20 g, €659%).
(1:3-c) 2-Sec-butylipent-d4-enal

Dimethyl sulifoxide (18.20 mL, 256.4 mmol) was added

dropwise over 15 minutes to a dichloromethane (280 mL)



al 'yl bi cycl o[ 3. 2. 0] hept-3-en-6-yl]acetic acid
(exenp'ary conpound No: 14) (15-a)
4- Al'l yl hept a- 2, 6-di enoi ¢ acid Lithium al um num hydri de
(0.74 g, 20 nnDI) was addeg ? a tetrahydrofuran
solution (30 nL) of ethyl 2-aflyl pent-4- ene-acetate
(2.20 g, 13." mmp') under |ce cooling, and the
m xture was stirred in this state for 1 hour. To the
solggiopeadt icgrldsl ariienchaoriNeadléo®d sodillia Hy dmoxli)deooled
sol ution (10 nm.) was added, and the m xture was
tosti/Bred aﬂcreaﬁwmt%h@éeawaﬁethen stihoad and-fR&@ for 25
filtered through Celite. The filtrate mas diluted
MIREER Ssat Brasedteat + Yie %n@l%Pﬂa?Fo%EFéﬂé (dRdm&epgeatisdon of
into ous .and organi.c | [S- %& % anlc | ayer

‘ﬁ&§‘%&3H38%&H “§Ri dr Rtted * allng a lgvéfas added

- drous -nagne I%@te and _t he_ sol vent o
S i eu i R S MR o gl GPEATIRTIEE was stirred

acdl %gk@regewaﬂsuz%' AN {20l Olo B Y SO0 801) was

1371 mol) pwse t0 a

ad@b@hﬁQbﬁﬁﬁ%Qaﬁ%e§QLgtb@%r(%onﬁkht%f méﬂ@'@ﬂefﬁﬂgﬂﬁgéﬂ%as
(2.7 m, mml ) under cooling to -78C. To e

theaaetu@medseltutrbam, tampecBl-arremgichane ol J11) Tsel Wi ikedre
of the above- obtained residue was added, and this
wagi xeurtealdgest witad2aN hysdCdndiori chawid T@tthenl). The
reaction solution, triethylamne (7.1 nm, 52.4 nmol)
orgasigddederamdst Heipidxtwre \wad ystriousethagine sioomsulfate.
tenperature for 1 hour drochloric acid and
Theay ui&e § OdalPnite VREr élléédééeld%é’rfét GndRgl TR sl pressure to
extraction wth ethyl acetate. The organic |ayer was
objadfled Wit OVs 8ttr SHEF LERICEN & Safd TN T iGR [Riring the
anh¥drous.na nesium sulfate, and.the solv nt wa

CORPSHIR) & “afder r ﬁb%eaomBPégguV@S ThE oBPalﬁgdneXL
ra%%$hgﬂewW§%o%'S%9H%§dg ?I% %ur fi 3 n) . To the

solution, nmalonic a nnDI) and

(1BYHhHOMedinne GQh43 Bl ere Adde: Srlh% 41 m%n@ Hdre was
Sti rred overni ght at “room t enpe atu e an urt%er
St'QﬁggctBﬁtylpentf4 enal and methyl bromoacetate (15.74 g,

102.9 mmol) were prepared into a tetrahydrofuran (25 mL)

solution. An aliquot of approximately 1/5 of the amount was

added to a trimethyl borate (25 mL) suspension-of zinc powder

(6.73 g, 102.9 mmol). The mixture was heated to 80°C. Then,

the remaining soiution was added theretc over 30 minutes, and

the mixture was then stirred at 80°C for 2.5 hours. The

mixture was allowed to cool, and glycerin (25 mL), a

saturated aqueous solution of ammonium chloride (25 mL), and

diethyl ether were then added thereto. The obtained organic
layer was dried over anhydrous magnesium sulfate. The

solvent was distilled off under reduced pressure, and the

residue was purified by silica gel column chromatography to



6 hours under heating to reflux. The m xture was

allowed to cool, then diluted with a 2 N aqueous

sodi um hydroxi de solution, and then washed with

di methyl ether. The aqueous Jder was nmade acidic

usi ng concentr at ed hydrochlorlc acid 104 under ice

cooling, followed by extraction with diethyl ether.

The organic | ayer was washed with saturated saline and
obdeiedthevermpphydr oGs intgnestuassal atlé owTled lsslubentnce

was distilled off under reduced pressure to obtain
(14 néCconpdBhd- of interest as a pale yellow oil

substance (1.49 780) 15-b) Tert-butyl
1%;6(1§T%F§r%xﬁrﬁyFBFc?BFéégeE -0fPRepris- érid

ate 6- di enoi c_aci .00
N T e o & Sehsenenpatey) 1 hottna, 67.2
utlon oxalyl . chlor d 7.01_9, ol )
mmogdeaaun é?s?iégcoorlng? §n§OtFﬁ mu ggd*%ﬁﬁ?s V%q3&01
sol1:18LS (8b@t Kl Or 5 LghQUE. sgﬁ%c1ghxb%reswaﬁfL%F%Qeroom

stirred af roomterrperature or 30 m nutes,

teﬁl@@&sguw 80¢€, 18nd shiked fRE dohodAt wagnmstmloa Off
solvent was distilled off under reduced pressure. To

untiBe reestddeprtekuene was efldedesaddel hRasekveRl Wasthyl
distilled off again under reduced pressure. The

ethesi daeewasedi sddkdedannd thel aeneoc(20 lmyer. wH sieutralized
sol uti on was added dropwi se to a toluene solution (30

wiph) 20N bydevhiplamineacdddl giedByb8ethmol Vaheatdddi hhereto,
advance to reflux, and the mxture was further ,

angt thpe@rgonig. Saksdr ¥2sTRE leCaoViedn agdlv@ticns wagnesium
al_| owed to cool, then diluted with saturated saline

SUzndtét hyfh e%me?%?esoéﬁﬁnflY?%r@HSFh+6ﬁghoxélPP€°ITH%OH ced

oL TR DAL SO LA R oys ST O G o

Supﬁggg%g!ogbc ;8cid and,saturated saline in this order,

over énhy&?ous magnesi um sul fate, and t hen

(1kLktered. \IQ'%RS'Ltr%LebWa %d@§9&§°“a2 %% OB _en-6-one
sorutlon prepared’in advan e by “addi‘ng so

Potassium acetate (14.90 g, 151.8 mmol) was added to an
acetic anhydride (71 mi) solution of 3-hydroxy-4-sec-
butylhept-6-encic acid (12.70 g, 63.5 mmol), and the mixture
was stirred at room temperature for 1 hour and then stirred
at 120°C Zor 3.5 hours. The mixture was treated with ice
water, followed by extraction with diethyl ether. The
organic laver was washed with & sacurated agqueous solution of
sodium bicarbonate. The organic layer was dried over
anhydrous magnesium sulfiate. Then, the solvent was distilled
0ff under reduced pressure, and the residue was purified by
silice gel column chrcmatocgraphy to obtain the compound of

interest as a yellow oil substance (6.70 g, ©4%).



hydri de (>65%o0il, 457.1 ng, 12 mmol) to a
tetrahydrofuran - 105 solution (20 nlL) of tert-butyl
di met hoxyphosphoryl acetate (3. 03 g, 12 mol) under
ice cooling, and the nlxtur% stirred for 1 hour.
The sol vent was distilled ofé under reduced pressure
to obtain the conpound of interest as a pale yellow
oi | substance (0.63 g, 160, E/Z m xture). (15-c¢)
(13Fer)t -t ytbdd ¥ (1S, SR BR)5B) abtyecbbutylbicyclo[3.2.0]hept-
(nltronethyl)blcyclo[s 2. O]hegt 3 en-6-yl ] ace-ate
3-ereré=ybidgielacetate (E/Z mixture)
()-(1S,5R)-3-allyl bic cIo[3 2. thept 3-en- 6-
yl Pdfededad (a3 é I+ WarsCHi ot Sy YL
. nitro tha e so utLo
dimeg Megeterarace | Zﬁui@ ohb- 5(Bhas) o253
was added t he xture was heated with. stirr

and
STGVETF 10 60 1 6TV HOUPS TR rf ki & v AT T ower " 610 T
sul9fhe1 800,28 saLunAl£gsa0us0ys 88! UL i @R50f 1BOBARSLAM, ang

i hydr ogen p osp ate'was then addéd thefeto, fol Il owed

th Ym;§§&f@0&%9ns@ﬁ£9e§t9¥l0@99L§E620Tmfﬁtt$§e QPN G

ayer was ried over anhydrous nagnesium sul fate, and

solbei s9) ventewasnydistihbhed (obf nunderinedyeedrpressyne, sr)
The residue was purified by silica gel colum

3-she-opat b aphylo630bt &l hephe3-eorpound db . kAt gr edb.dsmmol)
a colorless oil substance (367.0 ng, 60%. (15-d) ()
was §dddsS, db&®wHRe a3- 8fC ydvd= 15 minutes, and the mixture
(am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl Jacetic acid
wagepfl @ged|a()roor Fggpegﬂtugﬁ)eog g|p9p:§ The mixture was
(nltronethyl)blcyclo£3 2. 0] hept - 3-en-6-yl Jacet at e
treasgdowhgh w369 nﬁe }OWae Haseérve&tlﬁﬂeﬂﬁéﬁoelereyl ether.
t he sol t|on iron_powd

Th % g and. E e%S' r g oYer b n ulfate.
%6 i % 18°6 WDl fTafd CAFroRPUNERI S, ('de (‘35%“@ g,

ggol d of
The f E g mgr e?g%eg s%ge e EIK %%he _%f%%lr%%%ssure,

hours un reflux

an81§BQr§o£@§ué|kQEBQuE9f998|b Ren ;! Wieed Wity

sat urat ed
chromatography to obtain the compound of interest as a yelilow

0il substance (3.10 g, 78%).
(13-h) Tert-butyl (*)-[(1S,5R,6R)-6-(nitromethyl)-3-sec-
butylbicyclo[3.2.0lhept~3-en—-6-yl]lacetate

Tert-butyl ()-[(1S,5R)-3-sec-butylbicyclo[3.2.0]hept-3-
en-6-ylidenelacetate (3.10 g, 11.8 mmol) was dissolved in
nitromethane (30 mL). To the solution, 1,8-
diazabicyclo[5.4.0)Jundec-7-ene (2.20 g, 14.5 mmol) was added,
and the mixture was stirred a% 60°C for 5 hours. The mixture
was allowed to cool,. and & saturated agqueous solution of

potassium dihydrogen phosphate was then added thereto,

H

followed by extraction with dichloromethane. The ganic

layer was dried over anhydrous magnesium sulifate. The



saline, a saturated aqueous sol ution of sodium
bi carbonate, and ethyl acetate, and filtered through
Celite to remove insoluble matter. The filtrate was
separated into organic andsﬁgueous | ayers. The
organi c | ayer was washed wit saturated saline and
then dried over anhydrous nmagnesium sulfate, and the
solvent was then distilled off under reduced
sopvessuwaes dostheleaspffienndesd KeHydedchkessore, and the
aci d-ethyl acetate solution (10 nL) was added, and
re$h@uﬁ1%@@r@uma§1e@tbyrééla@ar@@h1cpéﬁwétagmﬁén&o¢01ontaln
hour. Then, the solvent was distilled off under
tp?eﬂ%%%ﬂu%?e%su¥%t°?ﬁ§tr@§|au¥e&égw Sddpénaegapse (3.28 g,
di chl oronet hane. To the suspension, triethylam ne was
Hded dropwi se, and the resulting pomder was

Pehi Fohertaht, Ak T RenRaPRLa ST BT sBoRF Y Ra e c-
b“*'zgi’/?i’&‘?%l%?' " Eﬁ%%ré‘%%?“’?) RS ™

et Tl DE ol £ o et o R e (T R R e

bu{ﬁX@ﬂ@&@Iy 3cgnvpne§chb e6}6G%§1ab Ethyl (3.28 g, 10.2 mmol)

2-nethy|-3-oxohept-6-enoate Et hyl
wa2- des byl vad oknbat hanaf e (620mirl),. 70o 7thansdlwason addedn

dropwi se to an anhydrous tetrahydrofuran suspension of
pogder uft hjdrgde802088mgl) 74n2 mreh) awi ehusbiusr emgomicer

ice cooling. The mxture was stirred for 15 m nutes
chififfs Babh. o ThGRD At JEEECAPEM €. 50 WPeRanaced, and

solution, 45.3 nm., 72. mol ) was added dropw se
th?h@%é?%”eaﬂﬂstﬁElﬁFﬁﬁuF@*més5fGPPﬁérUngﬁFrpéétﬂ@@ 39 reflux.

t Th de_(6.73 oL, 77.7 10
Th iRk EREs Hggpﬁ?i8¥FHeF§?%°gA 2o’ e Bes, S Letlh Figon

CeP%%Q ghgenbxg gsg@%bﬁ %defor %hgourf agd &ag
d By p Grfote

reacti on en ern1na ouri ng

coﬂ¥gﬁ°fQL9&'Caﬁﬁ'dhéoregﬁﬁuéeaﬁé'Qﬁl%QEEIhQQh h& 1 acetate.
reacti on SO|UtI0n was Su jeC e
The dilution was washed with a saturated agueous solution of
sodium bicarbonate and dried over anhydrous magnesium sulfate.
Then, the solvent was distilled off under reduced pressure,
and the residue was purified by silica gel column
chromatography to obtain the compound of interest as a
colorless oil substance (2.26 g, 75%).
(13-3) (£)-1(1S,5R,6R)-6-aminomethyl-3-sec-
butylbutylbicyclo[3.2.0]hept-3-en-6-yllacetic acid

Tert-butyl (*)-[(1lS,5R,6R)-6~aminomethyl-3-sec-
butylbicyclo[3.2.0]hept-3-en-6-yllacetate (2.26 g, 7.7 mmol)
was dissolved in a 4 N hydrochloric acid-ethyl acetate
solution (30 mL), and the solution was stirred at room

temperature for 2 hours. Then, the solvent was distilled off



to extraction with ethyl acetate. The organic |ayer

was washed with water, saturated aqueous sodi um

bi carbonate, and saturated saline and dried over

anhydrous magnesi um sul fate, .. and the sol vent was then

distilled off under reduced pressure. The obtai ned

residue was purified by silica gel columm

chromat ography to obtain the conpound of interest as a
umg)g]r ereget¢@dwWwne$si7e 67 Yle Adbid)e Bidwylsuspended by the
- droxg 2- et hy Iheg% 6- enoat e Sodi um bor ohydri de
ad%lztu%ngo 651 7N hepPyeWasnaddelP tiha swaRdranben (200 )

solution of ethyl 2-nethyl-3-oxohept-6- enoate (12.1
trtﬁt%x qﬂh%%lvaanF%°§tF?@?ﬁgdaﬁa@FSEceaaéthﬁgresmhélng

Xt d f t n t is path
oot Hofe "3 PR} Shi P T Ibhe oAy b Rt spour ves
t.n d d t
R RS Rtk st e PP A i R e

lq@gggg@hégrécwgcig,Dow?LLow@d9ngexggagt|on with ethyl
acetate. The organic layer was Wwashed w th water,

[oBagUrated aqueous sodi um bi carbonate, and sat ur at ed
saline, then dried over anhydrous magnesium sulfate,

Eiﬁﬁbi@eﬂ4ﬁoﬂgﬁnf(?@eﬁRUQﬂ?L redugsdepressyre. The

obtai ned residue was purified by silica gel colum
cychopemt phs aphyl s 03 0bt @i nephe3eenpound] ateinterest as a
colorless oil (6.11 g). (16-c)
°%ﬁmgb@DXyGQmm9mh@lNept16>enoic acid 108 Ethyl
ydrox nmet hyl hept - 6-enoate (6.11 g, 32.8 mmol)
za) RSB vaTcyH @poniy peassh nAnhgdeoxi de- met hano
solution (100 nm), and the m xture was stirred at room

t erfper Bt 5T Zﬂ&ho{ﬁ*é%r@r then’ I'81el bvak@i yater The- 76 mL,
41 {'ﬁt WROLL Hee wedonr EPed 04TRCRLeRO FABASRad ROd ?Ed
2o e Shrt or e sy b, S TRb SUUCARETT kyoP-gag bab)ar ol fo 377
mm?f}fagﬁéoph¥ﬁ$bxtu9¥|was stirred at 185°C for 6 hours. The
mixture was treated with water, followed by extraction with
diethyl ether. The organic layer was dried over anhydrous
magnesium sulfate. Then, the solvent was distilled off under
reduced pressure to obtain the compound of interest as a
brown oil substance (6.10 g, 84%).
(l4-b) 2—Cyclopentylpent—4—en—l;ol

A tetrahydrofuran (15 mL) solution of ethyl 2-
cyclopentylpent-4-enoate (6.10 g, 31.6¢ mmol) was added
dropwise over 20 minutes to a tetrahydrofuran (40 mL)
solution of lithium aluminum hydride (1.21 g, 31.9 mmol)
cooled to 0°C, and the mixture was then stirred at 0°C for i

hour and then stirred at room temperature for 2 hours. The

mixture was cooled again to 0°C. Ethyl acetate {(14.0 mL),



acetate, and the extract was washed wth water and
saturated saline and dried over anhydrous nmagnesi um
sul fate. Then, the solvent was distilled off under
reduced pressure to obtain Eyeg_conpound of interest
as a pale yellow oil (5.46 . (16-d)
()-(1S,5R) - 5- net hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-one A
m xed sol ution of 3-hydroxy-2-methyl hept-6-enoic acid
wa{sr 461y, 3305, nhetyahporassiram ageét at el( 7. Gng, sé8ilm
~mmol ), and acetic anhydride (30 nL) was stirred at
flyonitle ehpér 4t ar eweforaddsdhbheseand ehdntsei miedufrer was
hours under conditions of heating to reflux. The
St1eaed | bR sbl DPREn VRS Tt uy efat ghiltehedt dhtowed Celite
with ethyl acetate, washed with water, _saturated
£O aiftiedvs i%ﬂ?ﬁﬂ?b?c%?BBﬁéte,*%ﬁﬁlS%?%r%?%@t%%$i%%§ and
en_dried over anhydrous magnesi um,sul fate. The .
o e Rl s I B0 R P E UG, PhodadEd brestates afd
obt al ned | due . 1fied 1li.ca_gel .
“°co ungﬂgﬁﬁgﬁ%?%g§g h?or§8°%g§aﬁh8tﬁg%goHﬁguﬁg pficerest as a
coldtesestops aupalgnyel | ovspi g (859ym).  (16-¢€)
Tert-butyl ()-[(1S,5R)-5-nethyl-bicycl o[ 3.2.0]hept - 3-
(1encB-ytEdenepeacet sbe: An-anhydrous tetrahydrofuran
solution (2 m.) of ()-
( 19iSRtHImed iy dat oy | of B 2.10] hept - 8-@imo 6y ongs (88881,
6.55 - 109 mmol) was added dropwi se with stirring
dropuiese i ceecobbi mgntvea toeactiionlsebukicaanpr éparad)i n
advance from an anhydrous tetrahydrofuran solution
sojulpiem)obfoxetichacy cdieridgl péspRopyl d6elatmoll. 280led
, 6.55 mml) and sodium hydride (.>63%o0il, 245 ng,
to 655 Grmeind el miC Ul xtiAre Wesn sthenrsdiated/ % for 30
.hour in this bath and further stirred at _room

ml?%ﬁﬁﬁﬂEH%HQ§?QHEQF%%AN%.GﬁQRQQQQRE?QﬂP%oF%@i%%)m%%lution of
2~y HAgt W o paueousccl 141 gag! doaolubion, oLl oued,
R IBEeoth L oYL T, SRl ULE! S BURRUR RO o
ataD%QQTQQﬁrqﬁgmﬁﬂdgg§yl%@E%thylamine (16.11 g, 159.3 mmol)
was added dropwise thereto over 5 minutes, and the mixture
was then stirred at room temperature for 2 hours. The
mixture was neutralized with 1 N hydrochloric acid (160 mL).
The organic layer was dried over anhydrous magnesium sulfate.
Then, the solvent was distilled off under reduced pressure to
obtain a yellow oil substance as a mixture containing the
compound of interest. This compound was used in the next
reaction without being further purified.
(14-d) Methyl 3-hydroxy-4-cyclopentylhept-6é-enoate

The Z2-cyclopentylpent-4-enal obtained in the preceding
paragraph and methyl bromoacetate (4.22 g, 27.6 mmol) were

prepared into a tetrahydrofuran (12 mL) solution. An aliguot



Then, the solvent was distilled off under reduced

pressure, and the obtained residue was purified by

silica gel colum - chronat ography to obtain the

conmpound of interest as a_ epJarless oil substance

(389 ng). (16-f) Tert-butyl () - [ (1S, 5R 69)

- 6- cyano- 5- net hyl -

bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetate Tert-butyl
OF(§P${9§F%¥§ SYn%(HyPFbFE9cP@P3r§ BRRepdgd to a trimethyl

d t at 36 | t
boggani §%5<§3en§3583§§l 0 BaPE BOwBA el Aanpy 210 R0l
t h | f d : . .
TherBeE hot o Wehr Beaass 56 PPLct T oiep ﬁﬂsﬂé’xr;ﬁ%]t‘r}w|se%utmn
wa%vgﬁngh£heID§PnE§Egr OM@SB ggthshdskhrrEQXE% 1Qlas then

ours in an” ol ¢ and OVerni ght .

stTE £ohCALt Qi Sﬁyti Of] P{‘@?%Q' | eedt e&!%ﬁé s aﬁL&%ﬁc? to

en washed wi water and satura sal 1 ne,
co8L| ednaveryanhydr eusmupgnasksufuskbat equbhen, sthetion of
solvent was distilled off under reduced pressure, and
amtbeiaoht ahbedideesbdnd) waanpuditi-ag by téidn eargelthen added
col um chr omat ography to 110 obtain the conpound of
thentevestTias eotalned essgonic (l12Bengyas Hnieli sver anhydrous

procedure, a by-product tert-butyl - éls 5R, 6R) - 6-
magpafduB- AELApEehi ¢yt 033 e} Heps - 318k 6190] aéét wpder

was obtained as a colorless oil (45 ') (16-9)
re¢§ppdbgf9pspfv4 Fnelgne5pesegy° gaS(E%# ified by silica gel

gutox arbon | am ponet hy hyLblc cIo 3. leuat-
CO3UBR- BRLYTRALELAPEYSSHRi & B&P ari 6’&1 tggest as a

h
e R 9”? E‘Isa EEJ 225’

1a6f2¥§?§¥er?%ghﬁlCg%g%%fgn§§hf%+ ﬁgﬁ (IF3 c Iorlde
heﬁ@@¥g§a ? h3dr88y-0- Q?cﬂH?L%Ly§ﬂgp€B@CE%Qanzl4ngO g,

with stirring at roomtenperature, and th
17fTT7X¥nh‘bQ vvass ah%@,oatwerdr eeh at or gomdemanat Wyeirfor & -

hours. The reaction
methanol solution (53 mL), and the solution was stirred at
room temperature for 1.5 hours. The solvent was distilied
off under reduced pressure. To the residue, water and
diethyl ether were then added, and the aqueous layer was
neutralized with 2 N hydrochloric acid. Diethyl ether was
added thereto. The organic layer was dried over anhydrous
magnesium sulfate. Then, the solvent was distilled oIZf under
reduced pressure to obtain the compound of interest as a
vellow oil substance (4.00 g (including the residual
solvent) ).
(14-f) 3-Cyclopentylbicyclo[3.2.0]lhept-3-en-6-one
Potassium acetate (4.16 ¢, 42.4 mmol) was added to an

acetic anhydride (20 mL) solution of 3-hydroxy-4-



solution was diluted with ethyl ace-ate and saturated
aqueous sodi um bi carbonate and filtered to renove
insoluble matter. Then, the organic | ayer was washed
wth saturated saline and_ hed over anhydrous sodi um
sul fate. The solvent was distilled off under reduced
pressure, and the residue was purified by silica ael
col utm chr omat ography to obtain the conpound of '
cyEhpeeasy1asra-€okopPiesscarl ($ulbst ance /(-128meg) at the
(16- h% ()-[.(1S, 5R, 6S) - 6- am none- hyl - 5- net hyl - -
mapi ey of 309, @Pﬁeﬁﬂx§uéﬁ HaﬁlFéééF@@ é&l&oﬁ%itQQﬁﬂﬂa € ior
- [ (1S, 5R, 6S) -6- (tert
1 B@Péx?@é‘r E@ﬁfﬂl SRAERE- RV )‘L2@ fetfyl Bi eyBPBES: 2. Dhmepisture
i ] acet at 1 ngy di.ssal ve
was eitﬁé L ggocﬁ%o&|§%§c|*°g€ﬁyﬁ acé)§¥g§éo ?bn %f
and he u S, r a era rated
dLE‘t P R R R R
acgégﬁgu %‘u{q%nr%$'@%%1@%501@%%%@5%%@ InTHEtB¥b§H§C layer
orlde (2 m.) . To the solution, triethylan ne
waeod%%drrbve& %qmbhsm@&g@@@q@ndrs@qm&% at The@QM:he
tenperature, and the m xture was stirred for 2 hours.
solkentesilst idigtpouder ofds utalereateethdayd faddasatiegn sand the
dried to obtain the conpound of interest as a white
resdldue (W22 m@yi’ip@lzsiS@Eﬂ@@pb@llﬁpkqmn dhya@gtBRaphy to
6R) -6-am nonet hyl -
objpatihy [thiec FEmFenz, @]~hép1tt33‘”—e§r¥- 6= A vadleltdve qch pubstance
(exenplary conpound No: 3) (17-a) Methyl
253ﬁe@hyﬁ §)hydroxy 6- heptenoate The title conpound was
obt ai ned as an _oi | substance gﬁ 4 g, 33% in the sane

(Ifag)ad St partadr dph ~((18-SapRisidng 3- nethyl - 4- pent ena
7-b Met hyl - 3-h h '
q&ﬁ%ﬂ%@%*ﬁ%”%% nﬁls otalne%/}”dlm&(ey AP /2

npoun 45 an ol
nce (2.23 g, 74% in the same way as in

mi :
paragraph (10-b) using
LA tetrahydrofuran (15 mlL) solution of tert-butyl

dimethylphosphonoacetate (3.21 g, 14.4 mmol) was added
dropwise at 0°C over 15 minutes to a tetrahydrofurar (15 mL)
suspension of sodium hydride (0.59 g, 63%, 15.7 mmol), and
the mixture was stirred at 0°C for 25 minutes. To this
solution, a tetrahydrofuran (15 mlL) solution of 3-
cyclopentylbicycio[3.2.0lhept-3-en-6-one (2.30 g, 13.1 mmol)
was added dropwise at 0°C over 10 minutes, and the mixture
was stirred at room temperature for 16 hours. The mixture
was treated with water, followed by extraction with diethyl
ether. The organic layer was dried over anhydrous magnesium
sulfate. Then, the solvent was distilled off under reduced

pressure, and the residue was purified by silica gel column

=2



nmet hyl 5-net hyl - 3- hydr oxy- 6- heptenoate (3.4 g, 19
mol ). This conpound was used in the next reaction
wi t hout being purified. (17-c) Tert-butyl
()-(1S,5R) - [ 2- et hyl bi cycl of;342. 0] kept - 3-
en- 6-ylidene] acetate The t|tIe compound
(major:mnor=3:1, E/Z mxture) was obtained as an oi
substance (1.9 g, 619 in the sane way as in
chpamageaphriyote) chseag Sheeclypolngy dfoxyLeriesit esoiac yellow
~acid 2.23 14 mol ). (17-d) Tert-butyl () - [ (1S,
Ol@RSUG ;anzyngﬁhﬁp g+ ﬁﬁrﬁenethylblcyclo[S 2. 0]
gt 3-en-6-y %acetate 112 _The title conpound gl 9 g,
1éo M?)ftmﬁg ¥bt atnhed (aS-aR/ 68 bsupdtareetiy 1) hésane

h b
G e i %@p%?é”%ncﬁi& D25eknse.
vl igenelagetate (1.0 g -9, RibE -
3- QHL@X%&Q%QQQYEé@‘cﬁ@)em?%h%'o &, mabhyd %@ig' %%- %&%ls%q%-d in
3-en acetate The titlé conpound ( was

nLQEbﬂtblﬂﬁgnés (80 QL) . sphstrAC8oL Bt BR, SANME- way as in
par agr aph (3 a) u5|ng tert- butyl

dibrabit$c3B[6R)- 31 mmbBY-76ene (2.20 g, 14.5 mmol) was added,
ni tromet hyl bi cyci o[ 3. 2. 0] hept - 3-en-6-yl ]acetate (1.9
and, the7bhixmmk) walétbh)yred at] 6028, £6R 56Rpurs. The mixture
- 6- am nonet hyi - 2- net hyl bi cycl of 3. 2.
wag] heprwsdeniobcpblacenidc saciad UM e tlasecompewidition of
maj or: mnor=3:1, 0.68 g, 52% was obtained as a
Po\h,ﬁrsfséuﬂoﬂdéwdirﬁg?ﬁep%’ﬁ@l“ﬂﬁm? &S S fhear agicgsh thezaio,
5R, 6R) -6- (terr-

fopap g%ﬁ%&%%%‘ﬁﬁ&%@%ﬁ% dzq?éioﬁmtémeo[s QQ‘OPHQBPW

lage%n%as %Elkgcg%%geag%ydf%us magne51uﬁ sul L;%Q.

solvent was distilled off under reduced pressure, and the
residue was purified by silica gel chromatography to obtain
the compound of interest as a yellow oil substance (3.50 g,
87%) .
(14-1) Tert-butyl (£)-[(1S,5R,6R)-6-aminomethyl-3-
cyclopentylbicyclo{3.2.0]hept-3-en-6-yllacetate

Tert-butyl (£)-[(1S,5R,6R)-6-(nitromethyl)-3-
cyclopentylbicyclo[3.2.0]nept-3-en-6-yllacetate (3.30 g, 9.8
mmol) was dissolved in ethanol (60 mL). To the solution,
iron powder (4.47 g, 80.0 mmol) and then an agueous ammonium
chloride (0.54 g, 10.0 mmol) solution (20 mL) were added, and
the mixture was stirred for 4.5 hours under heating to reflux.
The mixture was allowed to cool and then filtered through
Celite to remove insoluble matter. The solution was

concentrated, and the residue was diluted with ethyl acetate.



(Exampl e 18) ()-[(1R 5R 6R)-3-(acetoxynethyl)-6-

(am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetic acid

(exenpl ary conpound No: 16) (18-a) Ethyl

3- hydr oxy-4-{[ (4- nethoxybenéég)gxy]net:yi}hept-

6-enoate A nethyl ene chlori solution (10 nL) of

titanium tetrachloride (0.97 nL, 8.88 mmol) and [(1-

et hoxyvi nyl)oxy] (trinmethyl)siiane (J. Am Chem Soc.
Th2098Jutidri3wad2basbbd4yinasaaddedrboed metleplensolution of

chl oride solution (80 nL) of
so@iyf(4iperhorgbenzayl) dxyidevhygr} papydrogsamagnesiun sulfate.

(Tetrahedron Asy nnetr¥ 2001, 12, 3223) (1.98 g, 8.46
Thedpl Fhed $PEERErvag Castiy8el and UREeH xeguesfagressure,

stirred at this tenperature for _1.5 hours. _The
an?e%%?lﬁﬁsﬁﬁget§?ﬁ1HHFeélBQ PHeSaddrai 6§ lofcogumn

sat ur at ed agueous solutlon of sodlgglblcarbonate 100

chieFa bAdT2RRY eF © ( 2B02AT) FRFoFPBREUTHY Cex tr&Eticsn #it A
coﬂgtb¥£§n§11CQLBELQShoTQ? ?bg§n|$ 2yer was washed with
utron’o

a safurated "aqueous so di um bi car bonat e,

_,_lélferr(ni _E tyﬁa gq GSgﬁiggmgngygrPed over anhydrous

res tered and

y998§@9t9§$§5y5m6¢9 pedycedrpressuie. 1 Therci theiqg
obtai ned crude product was purified by silica ge

colugme -y pat-ogr aphy, 4., @at%ﬂaﬁhﬁoﬁ@ﬁﬁgung of
interest as an oil substance (1.31 g, (18-Db)

cy3itipdroxybie{El 4{Bethoxybenzgrax\EHydt] Iaa)do}J?aepet -(G-.€100iG 6.5
acid The conpound of interest was obtained as an oi

mrglbsvancel§so20eg, im99% Nnhiyheosadeniay sas.dethyl acetate
garagraph (7- b) from ethyl

soBLkyaRoxy04mE) ¢ 42REL ﬁ&)‘@y%ﬁWIlP@xV]aﬁetsﬁyV}ﬂ?@pt&t roorm

6-enoate (1.31 g, 4.06 mmol). (18-c)_Tert-butyl (% - e
te@@p%aggge §o¥ F p@urs Theni, the solvent was distilled off

un Fgg% ben e%%FS g%{hy%%blc 8 g %ag]gg %e%dgg gy the
addition of dichloromethane. To the suspension,
triethylamine was then added dropwise, and the resulting
powder was collected by filtration. The obtained powder was
washed with dichloromethane to obtain the compound of
interest as a white powder (0.7C g, 43%).
[012z]
(Example 13) (*)-[(1S,5R,6R)-6~aminomethyl-3-
allylbicyclio{3.2.0]hept-3-en-6-yljacetic acid (exemplary
compound No: 14)
(15-a) <4-Allylhepta-2, 6-dienoic acid

thium aluminum hydricde (6.74 g, 20 mmol) was added to
a tetrahydrofuran solution (30 mi) of ethyl Z-allylpent-4-

ene-acetate (2.20 g, 13.2 mmol) under ice cooling, and the

mixture was stirred in this state for 1 hour. To *the



The conpound of interest was obtained as an oi

substance (1.00 g, 69% in the sane way as in

par agr aph (7 c) from _

3- hydr oxy-4-{[ (4- nethoxybeniﬁg)oxy]nethyl}hept-6-en0|c
acid (1.20 g, 4.06_.mmol) (18-d) Tert-butyl
()-[(1R 5R, 6R)-3-{[(4-

nmet hoxybenzyl ) oxy] net hyl }-6- (nitromet hyl )bicyclo[3.2.0

re§¢@¥mn o bnt oyl | aatell atgudhesconpgoundhgliront deesb lwad on

obtalned as an oil substance (1.02 g, 87% in the
dﬁ%)mﬁﬁsa%dﬁﬁdpaaaérabﬁ pixgpref wam seLrrbdt pk Epom |

1R, 5R) -3-{
t°“§1%?%x@/ %n%%) oxW%t ayf) bRepclof3ered] hbppughefedgite. The
fl%%ég?ne]aceéagﬁ éébw %g s%tgfggggléalg%g g%dngay?ug%Ltqte

e R RER Sy Tyt ”0%%?}%?%8%%%‘5 OFHERE: 3. BiE e25pEnic
1a3¢‘£§tx§‘£§ J§§h&8“E?gt'ﬂdsgﬁukgg%ie%lpﬁé QREaEQEQda%v%Q

subst ance
anW%i?&T§?@a&§es§ﬁmf§Qﬂf£€é$ QHEykng)solbeg%Rwanglggllled
of Melihexybesdytd @xylaethyt} - G (didh T OrehdyhAbd cysl @ Bor- (20
O] hept- 3-en-6-yl]acetate (1.02 g, 2.44 mol). (18-f)
mLjTesf -dxit YY1 (¢hiofiddR(15R mBR) 1361 fmpi(t ®Ek- added dropwise
but oxycar bonyl ) am no] net hyl } - 3-
to (hydoxymechythbneysddi8i8n 0 hépii.3- end- Giyklaget at@ foxide
Water (1.4 nL) and 2, 3-di chl oro-5, 6-di cyano- 1, 4-
(2 penroqul Dohemfi8B81 wycieB. 660 mbh) tweré8itddeda ahee reaction

thylene chlorlde solution (25 ) of tert-butyl ()
soluT ?quaS c@k&ro@othaﬁe (10 mL) solutlon of the above-

tert-but b nmet hyl } - 3-{
obﬂ%%{m%siy}a%%ﬁv%f2%%4%%8{%?8 craEg biShept vgeehrbayrR = -
t 44 mol ), with stirring at e

8@:)%: 3r§ \ﬁé(aou St | rcr %Heatre?ﬁ S FeMrerdtite 06 HGHYE afbde

,%g%ﬁ,ur%feﬁ mib i [ﬂ?&'s%d&&&m LEAPERATHEGLLOL $aRO0UL: rreq ot

e reacti
room temperature for 1 hour. 1 N hydrochloric acid and

saturated saline were added thereto, followed by extraction
with ethyl acetate. The organic layer was washed with
saturated saline and then dried over anhydrous magnesium
sulfate, and the solvent was distilled off under reduced
pressure. The obtained residue was dissolved in pyridine
(2.3 mL). To the solution, malonic acid (1.55 g, 14.95 mmol)
and pyrrolidine (0.43 mlL) were added, and the mixture was
stirred overnight at room temperature and further stirred for
6 hours under heating to reflux. The mixture was allowed to
cool, then diluted with a 2 N agueous sodium hydroxide
solution, and then washed with dimethyl ether. The aqueous

layer was made acidic using concentrated hydrochloric acid



was term nated by the addition of a saturated aqueous
- 115 solution of sodium bicarbonate, followed by
extraction with nmethylene chloride. The organic | ayer
was washed with water, a _sa grated aqueous sol ution
of sodi um bi carbonate, and ~Saturated saline and dried
over anhydrous sodiumsulfate. The residue was
filtered and concentrated under reduced pressure.

undéieni c¢ heoobi ag nefiottoded ppydast raasipor wicedddgthyl ether.
silica gel colum chronatography to obtain the

The oppoandc olayent ez esvaalednwoth sabsraned €81inggand dried
6499 . (18-9) () - [ (1R, 5R, 6R) -3- (acetoxynethyl)

OVEB- a?%ﬁ?ﬁ%ﬂ%t%???%?é?%l%?é ?tG}héﬁﬁeE?%%We%ﬁyVT%CQ%?E 1led

cid The c oynd of interest was obtained as

orf Jpager (BeT9LRg, PASHFUFR FReCBARI VA A §W“H°Bé‘%a(j’#a&ﬁlterest
(3-b fro tertjbut 1R, 5R -6R) - {1

i L A bons iSRGt ne®) 5 798

e Rt i (o R R

6-pR abRacbe apk nonet hyl -3 .
met hoxynet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl Jacetic

acigd-p 1 Bxeted-ad y2 corposneh Nozcdd) (£ 180 ag, Mep hyl mhdE) was
-4- ({ [tert- butyl(dlnethyI)S|IyI]oxy}nethyI)
diheplaed, 6rndbencate DbmeLhyl Bal floxi skel (didd, nhxab6l3
nmmol ) was added to a nethylene chloride solution (70
chMiyideé o6xaly' gehbor2demf2) 84asnkddss. Rnaewl Jiosi deoling, and
stirring at -78C, and the mxture was stirred at this
th%eﬁbéFafﬁr@aﬁoﬁ*srﬁ?ﬁu@ésthiﬁeﬁuaéenépﬁyﬂeﬁ@urChlEhﬁde
solution (30 nL) of 2-({[te=t-
m%uPW(U?ﬁenyFPsFI §FE6%§EnethyPPPentreegatiirg ey, 30
Chem Soc., - 116 Perkip. Trans. 1 1991, 2073% (5 10
m¢@ut9§ 1tﬁﬁﬁlye@5§da88eao C, and stirred for ou Then

the solvent was distilled off under reduced pressure. To the
residue, toluene was added, and the solvent was distilled off
again under reduced pressure. The residue was dissolved in
toluene (20 mL). This solution was added dropwise to a
toluene solution (30 mL) of triethylamine (4.41 g, 43.68
mmol) heated in advance to reflux, and the mixture was
further stirred for 2.5 hours. The reaction solution was
allowed to cool, then diluted with saturated saline and ethyl
acetate, and filtered through Xelite. The filtrate was
separated into aqueous and organic layers. Then, the organic
layer was washed with 1 N hydrochloric acid and saturated
saline in this order, then dried over anhydrous magnesium
sulfate, ana then filtered. This filtrate was added to a
reaction solution prepared in advance by adding sodium

hydride (>65% oil, 457.1 mg, 12 mmol) to a tetrahydrofuran



thereto. The m xture was stirred at this tenperature
for 15 mnutes. Then, triethylamne (12.3 ni, 88.4
nmol ) was added thereto, and the m xture was heated
to roomtenperature and stigfed. The mixture was
separated i nto aqueous and organic |ayers by the
addition of 0.1 N hydrochloric acid. The organic |ayer
was washed with 0. _ Mhydrochloric acid, water, and
sokatt et 620 sel i nef ahelr tHent it i @dmm@@xaphydpbusylacetate
nesi um sulfate. The residue was filtered and
(3 cQ>%c%nt Fat®e bhderde edbeedope bsBar e2ndndneheisbuakneds

resi u mas dlssolved in_toluene (50 nL). . To_the
st %ﬁﬁ : ?F hour. The solvent was distilled off under

o] %wwafb%gi&a%%sa@ra%ag%ﬁwa?a 10rRRe L e
f Lh ti d
o Shol S8 SAEELBLYFol g5 4 Mo e L Mer i
d h filt d
CESEom It e pcet, prgssugn A0en 1Tt ered

(n Pt LRI 0y TkSwr c18e3 obt @i H‘eg*cgu&e 6999%@5 RS
puri f by silica gel colum chromatography to

obtrai 1+ the yeonpound OfsHnterLest,3s -0 |3 sHbstRAce 3-cn-6-
(5.69 g, 9’['10 (19-b) el : o

ylidﬁﬁeﬂe¢¢$tert©b@ﬁy@(d?nmmhyl)Bhbyﬁlssy}neﬁhyh)héptamethane
2, 6-dienoic acid Lithium hydroxi de nonohydrate (2.52

(SQnLBO Janidle) seasitiadded tf-@&iazabicyclo[5.4.0]undec-7-ene
tetrahydrofuran nmet hanol : water (3:1:1, 100 nL) m xed
S%$J?Lon3dpn%%{hVQS(ngcgﬁ(§P@eppe mixture was heated with
butyl (di met hyl )sl|yl]oxy}met hyl)hepta-2, 6-di enoate

stisrpoc gat 29 @Onﬁ%%l Taind tHEITE xt Jhe WeSSa rma$ @l lowed

rature for 6_hours re actiaqn_sol ution
20 R ontRnt§ st BGE 145 F satco b sore-raee
Lhen_added, . f tract
kS NE, ARLEL 108 LhEn:Adfct, Lol hoved tY Bttiact 80
ex@ﬁégtfoﬁywibﬁ é@ﬁyi'ge 951 OW@NMQ{OCP$QV+E??§£&d1a er was

[owed by extraction with nethylene ch e again
drled over anhydrous magnesium sulfate, and the solvent was

distillied oZf under reduced pressure. The residue was
purified by silica gel column chromatography to obtain the

compound of interest as a colorless oil substance {367.0 mg,

(15-d) (i)—[(1S,5R,6R)—3—allyl;6—
(aminomethyl)bicyclio[3.2.0]lhept-3-en-6-yllacetic acid
Tert-butyl (+)-[(1S,5R,6R)-3-allyi-6-
(nitromethyl)bicyclo{3.2.0]hept-3-en-6-yllacetate (333.2 mg,
1.0% mmol) was dissolved in ethanol (10 mL) and water (5 mlL).
To the soiution, iron powder (61i1.0 mg, 10.9 mmol) and
ammonium chloride (57.8 mg, 1.0% mmol) were added, and the

mixture was stirred for 2 hours under heating to reflux. The



Then, the conbined organic | ayers were dried over
anhydrous sodium sul fate. The residue was filtered
and concentrated under reduced pressure. Then, the
obt ai ned crude product was g%rlfled by silica ge
col utm chr omat ogr aphy to obtdin t he compound of
interest as an oil substance (3.11 g, 57%. (19-c¢)
Tert-butyl () - [ (1R, 5R) -3- ({ [tert-

mipttyk( derekhybysd yb] oxplpethen) biidydea] iz H0]daeptra3-cal
n_-6- ylidene] acetate The conpound of interest was

sagbnai nedsasugated acugbstased Wticol of, BOYYun fppitdegbonate,
same way as in paragraph (1-b from

angpefhyl( EFeertehbusy (aulﬁréfeﬁﬂ m“;ﬂdjg&xﬂe&émwt)qqermmvo
2,6-dienoic acid (3.11 g, 11.5 nm ol) (19-d

lﬁ?@ﬂFDBQtVP GF [(1£p 13Lrat° was separated into organic

hyd bi cygl of 3. t-3-en-6-ylid t
antl ¥Q¥§?¥§béﬁ§|e)“5m%ﬁ?%’ﬁ?fmlFd “peoupe wesnsielaee!®
draf, L 8.6 1
B S i ?‘i@pdm@@ ?‘“av& sium
su géEebuE%B %%F)Sb 1R %BE t%e 'ﬁ[éig under, reduced

utyl (di et oxy! nethy he t-3-e

prﬁssﬁreyl|ﬂ§n€$aceé§t§ué2 9340w ﬁyago&HQbkaﬁaﬁglhh@thyl
m xture was stirred at roomtenperature for 2 hours.

act@athe speactioon (19omal)i ans walcerd wasdadded mif-aldrenwed: s
by extraction with ethyl acetate. Then, the organic
sthayerd was rwashedmuera twaterfcand rsatr aCednsakinee saicent
dried over anhydrous sodiumsulfate. The residue was
wapj dieitad legd ocon ceeratredunsde P resfieed 118e peeddicewas
Then, the obtained crude product was purified by

SUSPRPEGTgeR EHICHe TOMESTREGgr apRy thE SbERERSLRE,
vggépylig%@?{% vlpgsf,eard%z%:t )aﬂsrog);&i oslel[ ?%‘%St%?@ce,@(;gl Zglngg powder
vaEnEEr ORELA Y w@w’%ﬁg«fﬂo] " SR Ty dedt iy oromeshane,

angiittgé (ijfl %et(cz 8)9' It)%%\/\/g:roref{{Hz?éo\%?ecgll%{hL i %ehs(# Zeanse a white

po%Rker (@8 .5 mg, 289).

[0122]

(Example 16) (*)-i(1S5,5R,6S8)-6-aminomethyl-3-

methylbicyclo[3.2.0]hept-3-en-6-yljacetic acid (exemplary

compound No: 6€)

(16-a) Ethyl 2-methyl-3-oxohept-6-enocate

Ethyl Z2-methyi-3-oxobutancate (10 mL, 70.7 mmol) was

added dropwise to an anhydrous tetrahydrofuran suspension oI

sodium hydride (2.83 g, 74.2 mmol) with stirring under ice

cooling. The mixture was stirrec for 15 minutes in this ba*th.

Thenr, rn-putyilithium (2.59 M hexane solution, 45.3 mL, 72.1

mmol) was added dropwise thereto, and the mixture was further

stirred for 30 minutes. Then, allyl bromide (6.73 mi, 77.7



solution (6.0 nmL) of tert-butyl () - [ (IR 5R -3-
(hydr oxymet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl i dene] acet a
te (550 ng, 2.33 Mol ), and the m xture was stirred
at room tenperature for 40 _hours. The m xture was
filtered through Celite and®oncentrated under
reduced pressure. Then, the residue was dissolved in
nitronet hane (4.5 nL) . To the solution,
mmd1 8- dhazabhiedclobbwés0] undeetb.enBi{Or 70efibva®. 66 the ice
mol ) was added, and the m xture was stirred at 60C
batlhr Thehmtiksurdowhkbesteaetdomosollutionns,aasat that edaction
aqueous solution of potassium di hydrogen phosphate
wapathaddedrmifiskkdwed byuesitaciiilor eninykirechyio rdceteatial to
The organic |layer was washed with a saturated aqueous
theokgersaonf sporasshum Tk hydregennphosphape Wad subjected
saturated saline and dried over anhydrous sodi um
tosBrEaRE 1 PRe VA ESI 8hE YW CRItREr edTARNOTEBRLENL REBEIVES

under re uceg pressure. TEen, t he resi due was N
wa PR 1'ea by SSEFT cAGBF 25 GPURR G aEsdiaphy PG OoBRESy and
saggg?tggnggEE%eoépbng%ﬁg t@%%rag i%gﬁ%%?%@nc%s%%gggg%fate
. =~ ETért- bu - FER, TBR) 6- '
an t%ﬁ 'séwbg ¥ca QOQ%%%% i Q}qﬁkak}?shn er Yeducei ressure
met hoxynet hyl ) bicycl o[ 3.2. 0] hept -3-en-6-yl Jacetate - S
¢ hol 56 515 4 onns P

The obthifBe ¢empauad,ak baterasly Was Qhtiained1as ARG |
substance (450 ng, >99% in the sane way as in

chpamhagbarhphd- ta) obtemmt ehle- Rndound off inkRrBR, HR)a pale
-3- (nethoxynethyl) -6- :
ye(lnbtr ed@t [yl ¥bi gyci o[ 3. 2. 0] hept - 3-en-6-yl ] acetate (368
ng, 1.18 mmol). (19-9)
(1eyb] (ERhSR, BRNvEramyn@meehyly-l3ept-6-enoate
(et hoxymet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en_-6-yl ] acetic
aci dodTHe konponadles (At éPest ®’as oFMailnedagsaddpki te a
solid (143 ny, 53% in the same way as in paragraph
methagpif (g Fib)[ SCER15R GRS e lam WSt hy1 2 $xohept -6~

enoate (12.1 g, 65.7 mmol) with stirring under ice cooling.
The mixture was stirred for 30 minutes in this bath, further
stirred at room temperature for 2 hours, and then
concentrated under reduced pressure to remove the solvent.
The residue was diluted with dilute hydrochloric acid,
followed by extraction with ethyl acetate. The organic layer
was washea with water, saturated agueous sodium bicarbonate,
and saturated saline, then dried over anhydrous magnesium
sulfate, and then concentrated under reduced pressure. The
obtained residue was purified by silica gel column
chromatography to obtain the compound of interest as a
colorless oil (6.11 g).

(16-c) 3-Hydroxy-2-methylhept-6~enoic acid



(et hoxymet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetic
acid (450 ng, 1.18 mol). [0126] (Exanple 20) () - |
(1S, 5R, 6R) -6-am nonethyl -3, 4-
di met hyl bi cycl o[ 3. 2. 0] heot - i n_-6-yl]acetic acid p-
tol uenesu_fonate (p-tol uene Slfonate of the conmpound
of exenplary compound No: 19) (20-a) Methyl
3- hydr oxy- 3, 4- di net hyl - 6- hept enoat e The conpound of
i ntlerlesl $iNyIroxy6dypenaglobparhednasteanboilll g, 32.8
substance (diastereoneric mxture) in the same way as
TP ) pdﬁégﬂaﬁﬁoéY@da}nugl Ag N3 pedalspilus. hexae@-darengtianol
] (20-b) . .
SO%uWaPo@O@ devwéflﬁyrth@ RePt-ersi ¥2dcisd ired sripounmd
in ereié &a %) was ob&aln?d .as an oil substance
tef“ﬁetrﬁ Y § 2897 pAfag §|51h C10- B i iig et AP
£o t hyl - enoat.e
me%ﬁ?%g %Xsounagmgg 558 §|H é ﬁégﬁcggﬁaﬁ%%?Wﬁ?hdﬂV?fqe
reggﬁﬂg QHglgiggt %1 %gd Lhet%%%uhyg%%dmd'§¥th%ﬁ/ene

was treate acef 4t e and hexane to ob

chEB%lﬁbtlﬁnﬁoﬂﬁanq Ggr%lgze%5%£bna%1§ UMY GR, POWAENS i ¢ acid.
[0127] ° (Exanple 2I) [(1S,5S, 6S)-6- anlnonethyl 3-

Thet Bﬁhéb&}éCh@yé 2wBkhept-j3« Qréth)él kagetdg iafl diith ethyl
(exenplary conpound No: 8, optically active form of

acthatepnpadndhef exExampl @a8) wdsNHd w@@OHwaEBH3F Hnd Zlt)rated
Resol ution of tert-butyl ()-[(1lR 5S, 6S)-3-ethyl -6-

saline and dried over anhydrous magnesium sulfate. Then, the
solvent was distilled off under reduced pressure to obtain
the compound of interest as a pale yellow oil (5.46 g).
(l6-d) (£)-(1S,5R)-5-methylbicyclo[3.2.0lhept-3-en-6-one

A mixed solution of 3-hydroxy-2-methylhept-6-enoic acid
(5.45 g, 34.5 mmol), potassium acetate (7.0 g, 71.3 mmol),
and acetic anhydri&e (30 mL) was stirred at room temperature
for :1.5 hours and then stirred for 3 hours under conditions
of heating to reflux. The reaction solution was left
overnight, then diluted with ethyl acetate, washed with water,
saturated aqueous sodium bicarbonate, and saturated saline,
and then dried over anhydrous magnesium sulfate. The solvent
was distilled off under reduced pressure, and the obtained
residue was purified by silica gel column chromatography to
obtain the compound of interest as a pale yellow oil (8.0 mg).
(16-e) Tert-butyl (i)—[(lS,5R)—5—methyl—bicyclo[3.2.0]hept—B—
en-6-ylidene]acetate

An anhydrous tetrahydrofuran solution (2 mi) of (*)-

(1S, 5R)-5-methylbicyclo[3.2.0]lhept-3-en-6-cone (800 mg, 6.55



(nitromet hyl) bi cycl o[ 3. 2. 0] hept-3-en_-6-yl]acetate

Tert-butyl ()-[(1R 5S, 6S)-3-ethyl-

(nitromet hyl) bi cycl o] 3. 2. 0] hept-3-en-6-yl "] acetate

(230 g, 778 nmol) was resohyed_using Chiral pak IC

(N-Hex: EtOH=98:2, 1.0 ni/mn, 40C) manufactured by

Dai cel Chem cal I ndustries, Ltd. to respectively

obtain 115 g of a peak 1 (retention time: 5.2 mn)
mmghd 98s7agdefl drppdksg Fieheationmingnendgr3 ifen)cooling to a

(21-b) Tert-butyl ([(1R 5S,6S)-6-(tert-
reBGFéQ?céP%Bﬂ&PﬁnPﬁSPﬁéﬁﬁyFHSaQWﬁFF@leﬁ@Wng 2IOPRELS3

- en- 6- hacet ate Tert-butyl [(1R 5S,6S)-3-ethyl-6-
tecnPWSner §Pyb?8§€|LéP§ 218] ﬁ%pt 3. &RFEPYCet at e

o B Rt Ra AP e D5 (o1 e d'eig |y in et h%%o o
2 37 -
hYFEO epoﬁd§§1%}3 449 1t c"%Q é@'%n %Hggé_QHl V.oride.

mml) Mier & - add arid M Xt ure was

chehl gL_eLdvta,er fé«rS haurs ynder, sheati-ng Lt rﬁfJ%r sthereg a-
m xture was allowed to cool, then diluted Wth

rosat Yeabedarsaki rer 2 %@weat edhaquegqus: sl ubh geleﬁ was
sodi um bi carbonate, and ethyl acetate, and filtered

ditlbtedghiCel bhe agoeberDve t riksalcikl &amitier., e lowed by
filtrate was separated into organic and aqueous

exfcapersonThetor ganiyc lkapéentwas Washedgwntih lsybur akedwashed
saline and then dried over anhydrous nmagnesi um

wighl ater  Thenurelheds glavent: swasddivat inilced ufrfatindeamnd
reduced pressure to obtain a paI e yellow oi |l .

SagypefaRc 22762 3 . IThicd STFSt ARdY IRy dimsBlsfEign Fulfate.
d| chl rome hane (200 ni). él the sol ution, (Boc)20

Theg 250G 89 ViRl aa?ndltsr. il SrinénNIEs. GEGIB0 Orﬁ%oﬁ%ur

an\get%e of and the m xture ma3§t|rred Qvernl

roomt e grléltel?rges‘l‘ﬁél SsEPVeRt was 0 St 15 %ed 6t 12 ocowumn
%glléc%%rgg gsure,OD nd [ he T esi ‘6% was, 4 hen: . puri fied

si I chromat ogr aphy obtain thetitle
cocgnﬁp%lé@d 08f] Sugt&@@% a3 Rale yeI | ow oi | substance
(8.82 g, <100%.
(16-f) Tert-butyl (*;-[(1S,5R,6S}-6-cyano-5-methyl-

bicyclo[3.2.0]lhept-3-en-6-yl]acetate

Tert-butyl (*)-[(1S,5R)-5-methyl-bicyclo[3.2.0]hept-3-
en-6-ylidene]acetate (300 mg, 1.36 mmol) and potassium
cyanide (89 mg, 1.36 mmol) were mixed at room temperature in
anhydrous dimethyl sulfoxide (2 mL), and the mixture was
stirred for 2 hours and then left overnight. The mixture was
further stirred for 10 hours in ar oil bath a%f 100°C and then
left overnight. The reaction solution was diluted with ethyl
acetate, then washed with water and saturated saline, and
dried over anhydrous magnesium sulfate. Then, the solivent
was distilled off under reduced pressure, and the obtained

residue was purified by silica gel column chromatography to



(21-c)

[ (1R, 5S, 6S) - 6- am nonet hyl - 3- et hyl bi cycl o[ 3. 2. 0] hept - 3-

en-6-yl]acetic acid A 4 N hydrochloric acid-ethyl

acetate solution (100 nL) _ Yay added to tert-butyl

(1R 5S,6S)-[6-(tert-

but oxycar bonyl am nonet hyl ) - 3- et hyl bi cycl o[ 3. 2. 0] hept -3

-en-6- yl]acetate (9.82 g, 23.7 mol ), and the nixture
obyakn stie reompatndoom Ltehpeeature forcolowdess Phen,(l2Bemyg) .

solvent was distilled off under reduced pressure The
Inrekigueroasdudessel pEdrraddrehiterdmstiiane. (£To [t(RE€, SR, 6R) ~6-

sol ution, |eth | am_ne added dro MASG and the
CY?%%u?f@ﬁghiﬁEmBéF fas eo?r@@?@&tb “$33° f"l I PF&t-uaG was

h hi dth d d t
Ob%%f%?ﬁaicgﬁ égo?rgl§ﬁlo ?n2WEZEF Tﬁps poagerrkgs °

e wih eth nol h acetate to obtain the
1?|?Pegcﬁhp85ﬁ35 a ﬁ?gge§% §§ %wh%Fe -powder (2.14 g,
buéé cakBdR lam&gﬁﬁgPh?lgzﬁ—me hylbicyclo[3.2.0]hept-3-en-6-
, 55, 6S) - 6- am none

yw?ggytgtgyclo[s 2.0] hept-3-en-6-yl]acetic acid p-
t ol uenesul fonate (exenplary conpound No: 8, p-

t ol semesh| $onat ¢cof dé helzompeund . ot mxanpl @a2lhddEdNHA
COOH CH3 = TsOH H Tert-butyl
sm L 1RpESE 68N s6< bt er nebibborycdtbany| anlng)imet il t3rt-butyl
et hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetate (1152.23 g,
(£B91(BS, bRpPb}) wascerssebvedthy lb&nzgmd o[B..2 . 0)) hepte Jttee-6-
solution, _thioanisole (145.57 g, 1173 nnDI) and
vlpacetabheddPPoRbe Acidd mﬁﬁﬁéhyéﬁéﬂéh(8 139 )l agece

t hen .added, d the m_xtur t|rred for 2 hour
heyAREATRef] d% ﬁH)QPuF@Oids Iaé’rd( Boc)20 (221 mg, 1.0

mmol) with stirring at room temperature, and the mixture was
then stirred at room temperature for 2 hours. The reaction
solution was diluted with ethyl acetate and saturated aqueous
sodium bicarbonate and filtered —c remove insoluble matter.
Then, the organic layer was washed with saturated saline and
dried over anhydrous sodium sulfate. The solvent was
distilled off under reduced pressure, and the residue was
purified by silica gel column chromatography to obtain the
compound of interest as a colorless oil substance (123 mg).
(16-h) (x})-[(1S8,3R,6S)-6-aminomethyl~-5-methyl-
bicycloi3.2.0]hept-3-en-t-yllacetic acid

Tert-butyl (£)-[(1S,5R,€5)-6-(tertc-
butoxycarbonylaminomethyl)-5-methylbicyclo[3.2.C0]lhept-3-en-¢-
vilacetate (120 mg, 0.34 mmol) was dissolved in a 4 N
hydrochloric acid-ethyl acetate sclution (2 mlL)}, and the

solution was stirred at room temperature for 3 hours and then



standi ng overnight at roomtenperature, and the
resulting powder was collected by filtration. The
obt ai ned powder was washed with ethyl acetate and
then dried to obtain the cogpound of interest as a
white powder (88.29 g, 599% - ""[0129] 124 - (Exanple
23) [(1S, 5R, 6R)-6-am nonet hyl - 3-
et hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-y=] acetic acid
corfexenpibey undapouadufed Breeptireal Thoneesbfiueheas
~conpound of Exanple 21% HNH "////] COOH CH,
dig§eaBvediin(pgthylqest chleyLdp(1(8, BR) 6R)T®-{hersolution,
butox¥carbonylanino)nethyl-s-ethylbicycLo[S.Z.O]hept-s_
tr;%%bg_aypT%Cé@a@é8T@Pt_BU§§|mmol was added dropwise at
1S, 5R 6R)-6-(nitropethyl)-3- . ;
ro‘é‘% h??%?%?g%ﬁf 3 2%?hgg?- é}%ﬁpg?wagcgﬁtrg SEpé&k 2, hours.
6. 90 . 23. 36 ) _was dissolved in.ethanaol (80 nl) .
T o 6 R o] 48 ERG SoTRE: K. Haon BoRder b Eaee o
a, ;116 d.car i chl.oLi de ;L. o3
o) o SRt nd The  xCor & ad St rrrad fof 4%
[oheyis under heating to reflux. The mxture was
all owed to cool and then filtered through Celite to
(EXSRABYE insoluble matter cr7act-BRihihkbkate - 2(Boc) 20
(15.30 g, 70.08 nnnf) was added, and the filtrate was
methehbiomrdeolhascO( hkp8) 3uenr@ - 12 aNesddi vrily dreoxdrgd ary
solution and stirred at roomtenperature for 2 hours.
comfheusdl| Nt oA)was concentrated, and the residue was
diluted with ethyl acetate. The dilution was washed
(1wreh Weteyvlandmsahiifated vsaionye bangPt@miosd over
anhydrous magnesi um sul fate, Then, the sol yent _was
di sti¥ | edt of f CORBRE FedBEe@PpREBEHr 85 dRdOLhe SHBSIEGRES (3-¢

g,m@§%) in the same way as in paragraph (10-a) using 3-methyl

nmo wer e add i i or

~4-pentenal (5 g, 59 mmol).
(17-b) 5-Methyl-2-hydroxy-6-heptencic acid

The title compound was obtained as an oil substance
(2.23 g, 74%) in the same way as in paragraph (10-b) using
methyl 5-methyl-3-hydroxy-6-heptencate (3.4 g, 19 mmo.l).
This compound was used in the next reaction without being
purified.
(17-¢) Tert-butyl (+)-(1S,5R)-[2-methylbicyclo[3.2.0]hept-3-
en-6-ylidenelacetate

The title compound (major:minor=3:1, E/Z mixture) was
obtained as an oil substance (1.9 g, 61%) in the same way as
in paragraph (10-c) using 5-methyl-3-hydroxy-6-heptenoic acid
(2.23 g, 14 mmol).
(17-d) Tert-butyl (+)-[(1S,5R,6R)-2-methyl-6-

nitromethylbicyclo[3.2.0]hept-3-en-6-yl]lacetate



- 125 purified by silica gel colum chromatography to
obtain the conpound of interest as a col orl ess oi
substance (8.51 g, 99%. (23-b)
[ (1S, 5R, 6R) - 6- am nonet hyl - 3- %hylbicyclo[3.2.C]hept-3-
en-6-yl]acetic acid Tert-but [(1S,5R 6R)-6-[(tert-
but oxycar bonyl am no) net hyl - 3- et hyl bi cycl o[ 3. 2. 0] hept -3
-en-6- yl]acetate (8.54 g, 23.36 mmmol ) was di ssol ved
i n Thed tN Tl draogiiword c{lact ds et$yImrack)t ates sobutinad as an
(100 m.), and the solution was stirred at room
oil} evipesadnre fort2ehoams. wIheas itheasebveph Wasc) using
distilled off under reduced pressure. The residue was
te%ﬁs@@hﬂbd Dy the alori 2oneofiy dbehyoromdt RaRéhePo-3the-6-
. e_r|§>ens|on triethyl am ne was t hen added dropw se, and
Y= %% ¢ B3Rt Y p%mﬁeg was %%Pkected by filtration. The
obt ai ned Dowder was washed with di chi oronmet hane and
Ciren TeRsnRdt %}tﬁTisépf%p%%oPRefﬁyltﬁeEfate to obtain

o 5y TR e LR g P L BRI o

y18=&m honet hyl -
net hyl t hi o net yl ] bi cycl o ept - 3-en- 6-yl }acet |
[1{RSThyT t hi ) net hyl | bi cycl o[ 3. 2. 0] hept - 3- en- 6-y1 }

C agid t i(rexee MY Su @ NpoUN dy N0994y8)w£;4o@%ai%& butyh oi1
) - [ (1R 5R, 6R) - 3- (kwdroxynethy ) -6-
sulf st dnosethythbi exabol3y226] heppadagrabhyl(Racet akengThert -
compound of interest was obtained as an oil substance
butylt () SaNES Waiy, 68) +P-patagraph (1-c) fromthe
tert-butyl
nigyop¢tiRy BR}cBc{hydr 8xYieehy+phecyetul3a2e0phept(1.9 g, 6.75
3-en-6-ylidene]acetate (726 ng, 3.07 mmol) produced in
I'““<|E)Ja)ragraph (19- d) - 126 (24-b) Tert-butyl
% ECH?SR 6R) - §neth|trno)nethl]-6-
Tt r6ﬁ€fh91§b$%y€ b[ ST 2T OPAEPELBLEA6-yl | acetat e

methylbicyclo[3.2.0}hept-3-en-6-yl]lacetic acid

The title compound (major:minor=3:1, 0.68 g, 52%) was
obtained as a white powder in the same way as in paragraph
(3-b) using tert-butyl (£)-{(1S,5R,6R)-6-(tert-
butoxycarbonylamino)methyl-2-methylbicyclo[2.2.0lhept-3-en-6-
yllacetate (2.3 g, €.7 mmol).
[0124]
(Example 18) (£)-[(1R,5R,6R)~-3-(acetoxymethyl)-6-
(aminomethyl)bicyclo[3.2.0lhept-3-en-6-yljacetic acid
(exemplary compound No: 16)
(18-a) Ethyl 3-hydroxy-4-{[(4-methoxybenzyl)oxylmeihyl}lhept-
t-enoate

A methylene chlioride solution (10 mL) of titanium
tetrachloride (0.%7 mlL, &.88 mmol) and [(i-

ethoxyvinyl)oxy] (trimethyl)silane (J. Am. Chem. Soc. 20C3,



Tri phenyl phosphine (1.85 g, 7.05 mmol ) and carbon
tetrachloride (0.78 nL, 8.14 mvol) were added to a
di met hyl f or mam de solution (8.0 nL) of tert-butyl ()-
[ (IR, 5R, 6R) -3- (hydroxyﬂﬁ hyl) -6-
(ni tronethyl)bicycl o[ 3.2.0] %t 3-en-6-yl Jacetate (807
nmg, 2.71 mmol), and the m xture was stirred at room
tenperature for 1 hour. To the reaction solution,

12nat 264 aswasldeddedf ob | awedt bylexér ablbohdei shldiebhyl(80 mL)
ether. The organic |layer was washed wth saturated

of sati het aneit hhenbeniet) ovetmednhydprens-$odnain sTkfaneedron:
The residue was filtered and concentrated under

Asymapkiced PYessuké: FheA) the9%bgai Red6 mmade pidodustisfting
tert-butyl ()-[(1R 5R 6R)-3-(chloronethyl)-

at 6= (§i%r ot M9 Briejdd ] 388 (thigpied-ah- 6233 | serepateture for

di d d. | f d T h
1 St I i o aqos‘ifrd”r‘é‘l”%%%#@y”‘éﬁu Frjon of
sa¥@§a9Q99Q%M%% us §%i££i89 gf g dléﬁdﬁghgrgh %reéT%B mi.) and

stirred a erature ours action

wa;@f Ut{ Of Nes, dfgyis\ged%g/h §19¥£t§§ﬁt @&@hamdtﬁﬁagﬁét ed

i nt o aqueous’ and” or gani ¢ ayers ani ¢ fayer

ch@si yashed avidhygh ile M ARUSQUSs &08k 4 M@r oXi g8 yurated
solution, water, and saturated saline and then dried

aq&&@msaﬁby@tﬂﬁﬁ §@d5©ﬁlﬁm|5@&@rb35§té¢SWGH§rwﬂ§nd saturated
filtered and concentrated under reduced pressure.

saThen, andedr pbtlabmed enbgderpusdectiivassplfeteed Tye residue
silica gel colum chromatography to obtain the

wagohpbuspke df 2@t eprsentsadndoihdesubstianed p682snge. Then,
710). - 127 (24-c) Tert-butyl (1) -{ (1R 5R 6R

the golptaine@rerugat BRYEurboryF ) ARFAS]AEL Byl pi3ica gel column

t hyl t hi o) met hyl ] bi cycl o[ 3. 2. 0] hept - 3-en-6-yl }aceta
Ch%ém %5%%mﬁxuﬁa gbt ?hve¥%§tcaﬁgosaéapﬁean5§r§ﬁ¥oﬁﬁ an oil

bst 5 9% in th t
Sukﬁ%%%@?‘%lgﬁlgﬁ 2 ??6 telr? bu?ylsa?])e Wa%/ ?iRI, nSR? 6R)

(18—b [ iﬁ§&P¥L§Dh—?% ng%g¥£okybenzyl)oxy]methyl}hept—6—enoic
acid

The compound of interest was obtained as an oil
substance (1.20 g, >99%) in the same way as in paragraph (7-
b} from ethyl 3-hydroxy-4-{[(4-methoxybenzyl)oxy]lmethyl}hept-
6-enocate (1.31 g, 4.06 mmol).
(18-c) Tert-butyl (£)-[(1R,5R)=-3-{[(4-
metnoxybenzyl)oxy]lmethyllbicyclo[3.2.0]hept-3-en-6-
ylidene]acetate

The compound of interest was obtained as an oil
substance (1.00 g, 69%) in the same way as in paragraph (7-c)
from 3-hydroxy-4-{[ (4-methoxybenzyl)oxylmethyllhept-6-enocic

acid (1.20 g, 4.06 mmol).



6- (nitromet hyl ) bicycl o[ 3. 2. 0] hept-3-en-6-yl]acetate
(632 ng, 1.93 mmmol). (24-d) ()-{ (1R 5R, 6R
- 6- am nonet hyl - 3-
[(nethylthio)nethyl]bicycLoE§42LO]hept-3-en-6-y|}aceti
c acid The conpound of intérest was obtained as a
white solid (342 ng, 75% in the sane way as in
par agraph (1-e) from tert-butyl ()-{ (1R, 5R 6R) -6-
(1§-4¢) (Tert-butoxycarbonyk) SBpeRO}TGet YA} - 3-
(nethylthio)nethy%%gicycl0[3.2.O]hept-31en-6-yl}aceta
metleoxy58nzyy) Oy Y0 Efpl ) T 6T GR3LFometERIApbécys)o(3.2. 0l hept-
[ (1R, 5S, 6S) - 6- am nomet hyl - 3-
3-%eT AyYbi 8§8FBES. 2. 0] hept - 3- en- 6-yl ] aceti ¢ aci d

(D Sl i OB BB At
su%%?ap%%ﬁé?%gg?é?l§5%9nigfth%r%é%%t%gy(és_i% %%@Bg%%ph (1-c)
ni hyl ) bi cycl : t.- 3-en- 6-yl t at
el EERUET T ) - [ IRI ST B8] om0 L ocerate
me £ RLLLOBRL DY) bRI,¢xet Al 3481 Bl hapt 33 emBepklacetate (15
a) was resolved using Chiralpak IC EN- x: Et OH=98: 2,

yv1idOnBtbrkRate4QC) comByf acor eehohy .Dai cel Chemi cal
I ndustries, Ltd. to respectively obtain 5.5 g of a

(1pedk tefrebeninontti-meirG5R, 6m)Rk-aNdter2-g of a peak
2 (retention time: 7.7 mn). (25-b) Tert-butyl

buf 6&RcB8P68YLb6aftiepmethyl} -3-{[ (4-
butoxycarbonylanino%nethyl-S-neIhylbicyclo[3.2.0 hept -

me ghexygengllaoeyane tTgd ) PIEMAHO [X- R B S &P aretth Llgcetate

The compound of interest was obtained as an oil
substance (i.l9 g, >99%) in the same way as in paragraph (3-
a) from tert-butyl (£)-[(1R,3R,6R)-3-{[(4-
methoxybenzyl)oxylmethyl} -6~ (nitromethyl)bicyclc[3.2.0]hept-
3-en-6-yllacetate (1.02 g, 2.44 mmol).

(18-f) Tert-butyl (x)-[(1R,5R,6R)-6-{[(tert-
butoxycarbonyl)aminojmethyl}-3-
(hydroxymethyl)bicyclo[3.2.0]hept-3-en-6-yl]lacetate

Water (1.4 mL) and 2,3-dichloro-5, 6-dicyano-1, 4-
benzogquinone (831 mg, 3.66 mmol) were added to a methylehe
chloride solution (25 mL) of tert-butyl (+)-[{(1R,5R,6R)-6-

{ [ (tert-butoxycarbonyl)amino]methyl}-3-{[(4-
methoxybenzyl)cxylmethylilbicyclo{3.2.0lhept-3-en-6-ylijacetate
(1.19 g, 2.44 mmel) with stirring at 0°C. The mixture was
stirred at this temperature 0°C for . hour and further
stirred at room temperature for 1 hour. Then, the reaction

was terminated by the addition of a saturated aqueous



(nitromet hyl ) bi cycl o[ 3. 2. 0] hept-3-en-6-yl ] acetate
(peak 1, 5.5 g, 19.5 mmol) was dissolved in ethano
(40 nmL) . To the solution, Raney nickel (1.2 g) was
added. To the m xture, hyd ? |ne nonohydrate (3.9 g,
78.2 mmol ) was added with stirring, and the m xture
was stirred overnight at room tenperature. The
catalyst was filtered off, and the filtrate was then
scoohcenteat eedidhebesidoranvas bl boeddwbyhesthpkction with
acetate, washed with water and saturated saline, then
mety NS ahPThén- cIiteMiSred: ey e Puea et with water
di ssol ved in ethanol =~ (50 nL To . the sol ution,
a %ﬁt¥%ﬁ¥e?nﬁﬁwe%V%a?%%ﬁa%%n(% 5§Oalum3§l§aﬁﬁ8PF“ﬁasand

€ and. t he n1 re was stirred.at room -
Sat‘é%%T%t%?e“F%ra @u%%c The* r 83e¥ FoRUSoP OB RHsTate-
TnEOREEALAt S0, AN Lhe g8} dug B8 pas iRt ALLE YalRLe
ur'ited-sarthes th t hen
r trated, due; was, by, skl
P &Q?ﬁﬁ% Ehronatograp %100 - 1é%yr%£é§%cobt§énbgﬁ (98tc by

si %8&%’%@9 Qb1 kit e&ﬁ%mgsoeeaehg sybshanse th€. Bopound of

ln{éﬁ&ésaﬁsan%@m s8opethyke 31pRL hybbi eyeh o[ 3. 2. 0] hept -
3-en-6-yl] acetic acid benzenesul fonic acid Tert-butyl
(1§44dR b5 65)1K; fRLERY -3~ (acetoxymethyl) -6~
butoxycarbonylanino)nerhyl-s-nethylbicyclo[3.2.0]hept-
(aiBimpméthyl | ateyale [B6280¢henr3-9-anpb)yvandcetic acid
benzenesul fonic acid nonohydrate (3,79 g, 21 nmmol)
werB e dest 6 Hehz ehet ¢495 i yas  @pige Red it ar Bhivag solid
heated with stirring for 2 hours. The resulting solid
(E%as ROt | eetediByRFI EAARI BAYt ésoBPaPﬁrtaﬁéapéorF&oEPnd gPr
interest as a white saolid (5.6 81% . (25-d)
tef%iPP5$%6é§lGLéﬁ$naﬁE§ﬁyr°3iﬁétﬁyFblcyclo[3 2. 0] hept -

buﬁfiﬁfg§¥8é§geg?e ??8 £8¥yéarbonyl ani nomet hy! - 3-
(nJBLHY ?{gl‘?iﬁ g yﬂ?pﬁ 81 9@{)@ ELleﬁQ%t—'yCJ%CJeQafe 275 mg,
esul fo 0,

benze nic was suspended
0.78 mmol).
[0125]
(Example 19) (x)-1({1R,5R,6R)-6-aminomethyl-3~

(methoxymethyl)bicycio[3.2.0]hept-3-en-6~-yijacetic acid
(exemplary compound No: 17)
(19-a) Methyl (2E)-4-({[tert-
butyl {dimethyl)silyil]oxylmethyl)hepta-2, 6-dienocate

Dimethyl sulfoxide (4.71 mL, 66.3 mmol) was added to a
methylene chloride solution (70 mL) of oxalyl chloride (2.84
mL, 33.2 mmol) with stirring at -78°C, and the mixture was
stirred a% this temperature for > minutes. Then, a methylene
chloride solutior (30 mL} of 2-({[tert-

butyl (dimethyi)silylloxylmethyl)pent-4-en-1-cl (J. Chem. Scc.,



nmet hyl ene chloride (50 nL). To the suspension,

triethylamne (4.4 m, 31.7 mmol) was added, and the

m xture was stirred at roomtenperature for 1 hour.

The resulting solid was coLg%cted by filtration and

washed with i sopropanol to obtain the conpound of

interest as a white solid (2.4 g, 770). [0133]

(Exanpl e 26) [(I R 5S, 6S)-6-am nonet hyl - 3-
Penbihyﬁbacyclb[39210]ﬁéﬁ8934én16 gl ] @eetli cmadi)dwas added

(exempl ary conmpound No: 4, tlcallg active form of _
theRateonpOtidhiof T LB anp$ ST BTeE er 't nghip pedEGEaFBAe for 15

 process fromthat of _Exanple 25 130 - H\NH . CHe

M BEERS - HY%fa)tfr‘eeﬂ%hM%nT éi% 68 - 46m'“%%er‘t"as added

butgxycar$ nyl am. no) met h % Ib|c cIo 3. 2. 0] hept -

eng eRY A i R e 0t B2hER: P brare S“@R SHEERyIgS and
nitr.o hyl bIC cIo 3.2.0 he t 3- en- acet a
=t} ek gfsfn“y e s e TR Shat Leﬂhatﬁaﬂowamc
4 Jo | uti gn s\ .. (1.

la§dgggE}Tgnthg&%?ﬁ%E?eB% @y rggﬁ é %gﬁg%y &aﬁé %% W@ﬁe

or&énlcnﬂgbérm@§sadggﬁe@ﬁRatnsb'rrMnﬁ d%%@hﬁ%el%'éEUEﬁ water,
was stirred overnight at room tenperature The

angatatyshcwasstil her eadcothenand: the ofielt hathgdrvas thehes:um
concentrated. The residue was diluted with ethyl

suafetat e, Thashesh avmi¢ hwaait £ 1 aadesabndatedcsatraeedt heder
dried, and then concentrated. The residue was

rediisedl pedssnret handl the50be)inedTaesidusowatsi gid,ssolved in
di-tert-butyl dicarbonate (7.99 g, 36.6 mmol) was

toadded, (aRdmthe Mxture s@sustPrred at room
tenperature for 2 hours. The reaction solution was

7

(methoxycarbonylmethy.ene)triphenylphosphorane {11.1 g, 33.2
mmol) was added, anc the mixture was stirred at room
temperature for 4 hours and further stirred at 60°C for 2
hours. The reaction solution was concentrated under reduced
pressure, then filtered through Celite, and concentrated
again under reduced pressure. Then, the obtained crude
product was purified by silica gel column chromatography to
obtain the compound of interest as an oil substance (5.69 g,

91%).

o\e

(19-b) (2E)-4-({[tert-butyl (dimethyl)silyl]oxy!methyl)hepta-
2,6-dienoic acid

Lithium hydroxide monohydrate (2.52 g, 60.0 mmol) was
added to a tetrahydrofuran:methanol:water (3:1:1, 2100 mi)
mixed solution of methyl (2E)-4-({[ter:t-
butyl (dimethyl)silylloxylmethyl)hepta-2, 6~dienocate (5.6S g,

20.C mmol), and the mixture was stirred at room temperature

for ¢©¢ nours. The reaction solution was concenirated under



concentrated, and the residue was washed with water

and saturated saline, then dried, and then

concentrated. The residue was purified by silica ge

col um chromat ography (100 _g) to obtain the conpound

of interest as an oil substén (6.4 g, 99% . (26-b)

[ (1S, 5R, 6R) - 6- am nonet hyl - 3- nethylbicyclo[3.2.0]hept-

3-en-6-yl]acetic acid benzenesulfonic acid 131 -
referedbprgbsprélS, TGR nEResBdudt evater was then added,

butoxycarbonylan1no)neth | - 3- met hyl bi cycl o[ 3. 2. 0] hept -
follevie@-by| paceaateonewas: Q mg8hglemel chawdide. The aqueous

benzenesul fonic acid nonohydrate (3.53 g, 20 mmmol)
1aMéfewéad%aaﬁoaﬁéﬁiénéy(EOQnEFd+~aﬁ@ Phelﬁwxmw@éqmﬁaorlu

heat g grnth stirring for 2 houa E resulting solid
AChds tof 88r8d0%yeFFr€F5%P8nW%6 oB\ea ﬁ(lrﬁl@ »@&rﬁ;&@ﬁdaa@l“-
lh|nte gst as,apmhlte SO 900) .. % gL e
[1s B8R BRI 5Hi RoRet ﬁ§/| Y%Fh&@brcﬁml (3 95 =6] REpyszous

so?tgﬂ thk getlfhéc% sidue w Tl*ered ?ﬂ9 cgncentrated

1S, 5R 6R)-6-tert utoxycar ony am none

unHBthYEQh9¥8|9E3s§ugbh?pﬁu§iﬂkﬁkyé%@&?&é& achde rodgct was

benzenesul fonic aci d was suspende

pukfziget pyl eneiebl gendect 8nMehrok@-bRe PUSPERSIBRain the
triethylanmine (4.6 m, 32.7 mmol) was added, and the

compxnndeomBSnSEEEBedaataproom1Eeﬁaebat@rq3fon ,haue.) .
The resulting solid was collected by filtration and
(19ashedewt thut goprapanolrf bBrRpbBaI(A [ teke -conpound of
interest as a white solid (2.0 g, 630). [0134]
bUEExéﬁ%m@LQY},Slly Joxylmethyl)bicyclo[3.2.0]hept-3-en-6-
( (1R 5S, 6S) - 6- am nonet hyl - 3, 4- di net hyl -
yl b?%?% Bf 8~ Ete]hept 3-en-6-yl]acetic acid (exenplary
co ound No: salt-free formof the conpound, of

3&80¥ %ﬁ k@?ﬁ§?sb was obtalned as an oil

Sugs‘k/%?ﬁw 12 Racan 508 he 0 AR ARy, senem masArans, (10
fr%%i%%mé399l{Q%ngub&99_QH9h£;ﬂ9§ yLebyh orammacehate . .
2,6—dieno;c acid (3.11 g, 1.5 mmol).
(19-d) Tert-pbuctyl (£)-[(1R,5R)-3-
(hydroxymethyl)bicyclo[3.2.0]hept-3-en-6-ylidene]acetate

Tetrabutyl ammonium fluoride (1.0 M tetrahydrofuran
solution, 8.69 mL, 8.69% mmol) was added to =& tetrahydrofuran
solution (15 mlL) of tert-butyl (£)-[(1R,3R)-3-({[ter=-
butyl (dimethyl)silylioxylmethyl)bicyclo[3.2.0]hept-3-en-6-
ylidenejacetzate (2.03 g, 5.792 mmol), and the mixture was
stirred at room temperature for 2 houxs. To the reaction
solution, water was addecd, followed by extraction with ethyl
acetate. Then, the organic layer was washed with water and
saturated saline and dried over anhydrous sodium sulfate.

The residue was filtered and concentrated under reduced



159 mmol ) were dissolved in tetrahydrofuran (100 ni),
and the solution was added dropwi se to a
tetrahydrofuran (50 m.) (zinc (10.4 g, 159 mmol) and
trimethyl borate (30 nL))_ iggutlon under refl ux.
After reflux for 3 hours, t m xture 132 was cool ed
to roomtenperature, and glycerin (30 nL) and a
saturat ed aqueous sol ution of amonia chloride (100
pradguneer e Thadded nteh@beatag nefdol d owsd dodwak esd s gotdohsed by
with ethyl acetate. The ethyl acetate |ayer was
siWwashezk W e went et etb segraehyt henodkfed, thadceompaund of
~concentrated. The residue was purified by silica ge
ln?ﬁﬁ%ﬁﬁ1%ﬁw%ﬁmﬁ%@r%$m®t%99© g} - 58 ®bt &fh) t he conpound
interest as_an oil substance gll 7 600) . (27 b)
1%@1) OF et IR 8L hifdl o&y+%L%%p§%no (et Omlﬁyryl
3, 4-di I-3h dr ox oate ( 628
n%ﬁm?frvr&f Y ider ek T oeRt paRBkSptmt ) AcdatE
hy diptlse-mRtfanol, ol ofh (84, and Lheyspl vt Ofxiae
was stlrre overnight” at " room t enperature e
1reactio I c trgted,, -+ [ ved.i n
e R R A e
d@yfénwé frede, a&kdtsv£<9hl=§l Ui NG (ARUSAYS3—
“hydrochloric aC|d foll owed by two extractlons W th
(hﬁahykym@cleyatmc%meshyloahepate Eayeryhasenashedtate (550
with saturated saline, then dried, and then
mg concehtmme i, t andbthe nmikeureonpeurdiofredntér espmas an
oi | substance (10.1 g, 930). This conpound was used
temperheupexforeatt honrai t HOWR MeXrgrouvas i Bdltergd7tiyough
Tert-butyl ()-(1R 5S)-3,4-dinethyl-[3.2.0]hept-3-en-
Cebiyei defeaebfaberatad DFRgeRy FEILRPEr BXPSELREPt e%rrer the

acid (10.1 54,2 mmol) and t assi n1acegate
reald&%owmiﬂ?sagrg°al Loryegomenater i(d 2 and Boe
e sol u stlrred at roon1t ratur
SOF‘%%i%@ o e %aéﬁélﬂ%‘é 57 i BagRbs THERR, (BTRELALY @ co
eatin qux he reagtlgn l uti.on _was.pl-aced -
an’l%% ba@ﬁegfoﬁp Shythrée gégra% oS ﬁltﬁ% g -

|
ho@EQerTP?Whﬁﬁereaculon solution, a saturated aqueous
solution of potassium dihydrogen phosphate was added,
followed by extraction with ethyl acetate. The organic layer
was washed with a saturated agueous solution of potassium
dihydrogen phosphate and saturated saline and dried over
anhydrous sodium sulfate. The residue was filtered and
concentrated under reduced pressure. Then, the residue was
purified by silica gei column chromatography to obtain the
compound of interest as an oil substance (368 mg, 51%).
(19-f) Tert-butyl (£)-[(1R,5R,6R)-6-{[(tert-
butoxycarbonyl)a o]Jmethyl}-3~-

(methoxymethyl)bicyclo[3.2.0]hept-3-en-6-yljacetate



The organic |ayer was washed wi th an aqueous sodi um
hydr oxi de 133 solution and a saturated saline
solution and then concentrated to obtain an oi
substance. This oil substance was di ssolved in
tetrahydrofuran (70 nl), and” ?he solutior. was added
dropwi se to a tetrahydrofuran (50 nL) (sodium hydride
(2.17 g, 54.3 mol ) and tert-butyl
di ftchoxyposphory | aretza st (WS ORtabded anoh) )oll
solution under ice cooling. The reaction solution was
subgrriedct 0420 Bat urdPed &quebassaBRuvRBnasf lankempgraph (3-
chloride,.follomed by extraction with ethyl acetate.
T%%O@tﬁ?¥"a%%¥é%e Fayeflha3k, ABshéd (et RhosamaEayéd—6-
sal i ne., n. dried d then gonce trated. The |
Tfes?aue oL P T EP LA By O ST FPEa GBI Bor anpcetate (368 mg,
rﬁﬂgt?graphy (200 g) to obtain the conmpound of
|nteres an 0|I substance (4.2 g, 330) (27-d)

Sc 6 t Ayl
1%ﬁ tronethy %b% %Ab§ﬁept eEy6 yI]acetate
szﬁéxyﬁévh¥ﬁ b£&§k§%&33z4oghe§£hsLaP362thE%e% 13- 816

yl i deneacet at e nmol ) was dissolved in

rﬂtWﬂﬁﬁﬁdﬁﬁ&h&iQamiint§¥é§h8w§§|@&*@Dned 8s a white solid
di azabi cycl o[ 5. 4. 0O undec-7-ene (4.9 g, 27 mmol) was
(Letlded, S5and thethexbtamne wag sti thegaougiapght(iak)r @edm (+) -
tenperature. A saturated aqueous sol ution of
[ (pBt aBsPBhT dir Bpdrogenhphosphate was added t heret o,
foll owed by extraction with ethyl acetate. Then, the
(meEyaryEerayel PhaECPi dd2oleReRANYdFBUS ~HRdAESTaM acid (450
ulfaé and the solvent was distilled off under
N9 edut d“mBFéssure. The residue was purified by silica
Ogg%?colunn chr omat ography to obtain the conpound of
erest as a colorless oil substance (4.5 g, 850). -

E%%ﬁsiyciﬁboﬁy Lﬁﬁg)%étﬁé (%R oy ﬁ@?ﬁbe.éy Fg{ETZ.O]h

diRPtRPibicyclo[3.2.0]hept-3-en-6-yllacetic acid p-
toluenesuifonate (p-toluenesulfonate of the compound of
exemplary compound No: 19)
(20-a) Methyl 3-hydroxy-3,4-dimethyl-6-neptenoate

The compound of interest (11.7 g, 60%) was obtained as
an oil substance (diastereomeric mixture) in the same way as
in paragraph (10-a) using 3-methyl-5-hexen-2-one (17 g, 106
mmol) .
(20-b) 3-Hydroxy-3,4-dimethyl-€-heptenoic acid

The compound oZ interest (10.1 g) was obtained as an oil
substance in the same way as in paragraph (10-b) using methyl
3-hydroxy-3, 4-dimethyl-6-heptencate (11.7 g, 63 mmol}. This

compound was used in the next reaction without being purified.



en-6-yl]acetate The conpound of interest was obtained
as an oil substance (5.5 g, 99% in the sane way as
i n paragraph.(3-a) using tert-butyl
()-[ (1R, 5S, 6S) - 3, 4- di net hyl _
(nitronethyl)bicycl0[3.2.0]%ept-S-en-G-yI]acetate (4.5
g, 15.2 mmol). (27-f)
(é) [ (1R, 5S, 69) - 6- am nonet hyl - 3, 4-di met h
an |C§CI6F§u§ GPEeEFLBSéHSBaQFFaUéﬁlEréélédTWét@oﬁﬁédﬁd
I nterest was obtalged as g whi.te solid &gfo n%
ac%%e|ﬁ“ hBSEaRE WAyCR53iH pafagraph C8MPPUS: g-> 9-
astert bgt w
?1&?% %f 8 (tert but oxycar bonyl am no) net hyl -
3241d|nethylb|cyclo[3 2.0] hept-3-en-6-yl]acetate (1.7
4.65 mmol ). [0135] (Exanple 28)

R 6 t byl luar.oet hyl ) -
%g%%g%o%§$ §§%ﬁe5§?§§2g%6géi g?%?ly agld (exenpl ary
ctBONPOURE1oNg:. 230) nkd8-3)chthyk1jacetic acid (exemplary

(E)-4-(2-hydroxyet hyl) - hept a- 2, 6-di enoat e
co@palihyl Nbet sahygroturag- el vel§ogm 40 tieolcompathind of
et hoxycar bonyl triphenyl phosphorane (35 g, 104 nmol)

Exaepée 8tirred overnight in toluene (200 nm). The
reaction solution was concentrated, and the residue
was purified by silica gel columm chronatography to
obtain the conmpound of interest as an oil substance
(15.8 g, 61. 9. (28-b) Ethyl
(E) - 4- (2-f| u& oet hy®y-hepila- 2, 6- di enoate - 135 Et hyl

o)

o

(E)-4-(2 'oxvethyl) hepta 2,6-dienocate (5 g, 27.1
nmol s di slsol v g; ydrofuran (40 nL). To the
sgl uti o, DAST (4] 8 g, ) was added under ice
ool i ng, f the m xture was stirred for 1 hour. The

CHseact i on sol @ion was poured to a saturated aqueous

sol ution of gpdium bicarbonate, followed by
extraction wwth ethyl acetate. The

(21—af Resolution of tert-butyl (£)-[(1iR,5S,6S8)-3-ethyl-6~
(nitromethyl)bicyclo{3.2.0]hept-3-en-6-yllacetate

Tert-butyl (£)-[(1R,5S,6S5)-3-ethyi-6-
(nitromethyl)bicycio[3.2.0]hept-3~-en-¢-yljacetate (230 g, 778
mmol) was resolved using Chiralpak IC (N-Hex:EtOH=98:2, 1.0
mL/min, 40°C) manufactured by Daicel Chemical Industries, Ltd.
to respectively obtain 1i5 ¢ of a peak 1 (retention time: 5.2
min) and 93.7 g of a peak 2 (retention time: 6.3 min).
(21-b) Tert-butyl ([(lR,5S,6S)-¢6-(tert-
butoxycarbonylamino)methyl-3-ethylbicyclo[3.2.0]hept-3~-en-6¢-
yllacetate

Tert-butyl [(1lR,5S,68)-3~-ethyl-6-
(nitromethyl)bicycloi3.2.0]hept-3-en-¢c-yllacetate (peak 1,

7.C g, 23.7 mmoli) was dissolved in ethanol (60 mL) and water



ethyl acetate | ayer was washed with saturated saline,

then dried, and then concentrated. The residue was

purified by silica gel columm chronat ography (200 Q)

to obtain the conpound of jy4erest as an oil

substance (2.2 g, 440). (28-c) Tert-butyl

()-[ (1R 5S,6S)-3-(2-fluoroethyl)-6-

(ni_tronet hyl ) bi cycl g[ 3. 2. 0] hept - 3-en- 6-yy].acetate The
(210&41ﬁounar'oo¥hlenf5€¥€§tlo\ﬂas 1gRFaiPREdeE8 70 S’ 23923 h Tee-)

inp (4342-h, -c-, and -d) usi
n S (PR or Getyl ) Sept -3, T8te britat s {3167, 2nd

11.9 mo |) . (28-d) Tert-butyl [ (1R._5S, _65) -6-
Ehe lr>it-urbeutwoaz<sycsatrlbrorn‘ycl2 am no) 'rfét%%‘%-%ri@“ he28ng %o reflux.

trd loraet iyl Dioyel l 3. 2 Qlhept -Gsen- & vl agehate The..aceq
conpound of 1 nterest was obtal ned as an oi substance
sall{fl0 ™, s £3,8%ed N dhe, sanE 1aY: &8 & Pakaghaph §§bo§%te,
using rert-butyl ()-(1R 55, 69)-3- (2-11 uor oet hyl) - 6-
and EdHPMRideH 9t CYGl D[ Bi 2: Ot e pin o @dh 6cyi | aset gt e 8¥O
ng, 2.77 mmol). (28-e) () - [ (1R 5S, 69
insdasi dametded - 3The2-filltoraaet RHs) separated into organic
bi cycl o[ 3. 2. 0] hept - 3-en-6-yl J]acetic acid The conpound
andfaqur@restawass obffaiened cas) i Waveer said dva 330 v h
79% in the sane way as in paragraph (3-b) using - 136
sagwratgiitsdline and then dried over anhydrous magnesium
[f( 1R, 5S, 65) - 6- (tert - but oxycarbonyl am no) met hyl - 3-
sulir%¢ yordEthy P shisY s vas Histg et il wrder yeduced

el IO 2 B L3S R0, 0

Th {Z ARPLEVE Sk L 0ePted 808141 888HEn28LY (200 nmy . 1o
B ; 3- l - [ . \T . t .
ened AV 0N 3 (RLLYIdIeRs - erioids agldl TP Y] o ) Phfine

1 I nC po d i n advanc
(5.01 g, 50 mmol) were added, and the mixture was stirred

overnight at room temperature. The solvent was distilled off
under reduced pressure, and the residue was then purified by
silica gel chromatography to obtain the title compound of
interest as a pale yellow o0il substance (8.82 g, <100%).
(21-c) [(1R,5S,6S)—-6-aminomethyl-3-ethylbicyclo{3.2.0]hept-3-
en-6-yljacetic acid

A 4 N hydrochloric acid-ethyl acetate solution (100 mL)
was added to tert-butyl (1R,5S,6S)-[6-(tert-
butoxycarbonyiaminomethyl)-3-ethylbicyclo[3.2.0]lhept-3-en—-6~
yliacetate (2.82 g, 23.7 mmel), and the mixture was stirred
at room temperature for 1 hour. Then, the solvent was
distilled 0off under reduced pressure. The residue was
dissolved in dichloromethane. Tc the solution, triethylamine

was added dropwise, and the resulting powder was collected by



with dilute hydrochloric acid and dried for use, 4.24
g), and tert-butyl bronoacetate (9.91 nL, 48.6 mmol)
were added in this order to a tetrahydro-furan
solution (15 nmL) of hex-5=emn232-one (5.29 g, 53.9
mol ), and the m xture was heated to 30C for 30
m nutes using an oil bath, then brought to room
ctenperature, and stirred for.3 hours. The mxture was . .
£ LETRFLTbH TheR B7OHRFCTARD UOBORSCTEsEAG Dy He ERoT aried
addition,o lycerol,.a_s .at ed o) ut i on
o Bt RF ofi He, = dRACEaPuraReq sart naSuRgt S ubbne
. aqu y wthe Lecte L extracti; QR W
i e A s S S
oft hepeMashed it hnsatupatadr-sabi ne, gandssthen dried
over anhydrous magnesium sul fate, and the solvent was
[othen distilled off under reduced pressure. To the
residue, a 2 N potassi um hydroxi de- net hanol sol ution
(E£5fpt) 22vas (added, candeothrinmoxktihe lwas stirred at
roomtenperature for 6 hours. The sol vent was
etdiy$bityedodtt 2ufdeepteduecad o-plésseitec Reich®-r esi due,
a 1 N aqueous sodi um hydroxi de solution was then
tojderesutspnahed (ByremRsBirig CRMPR U@iCe Ryl 8 efftter. The
aqueous | ayer was made aci di ¢ using concentrated 137
topyapeerLsPNatacrd Gﬁ&eﬁom%ueélopifn%%amheo\@d by
extraction wth diethyl ether. The organic |ayer was
washed with saturated saline and then dried over
anhydrous nmagnesi um sul fate. The sol vent was
distilled of 2 under ngyﬁﬁd pressure to obtain the
compound of i?ﬂere§§‘as a pale yellow oil substance
- QD)
| Bmcyclqh@p2. 0] hept - 3-en- 6- one
et hy| hept-6-enoic acid (5.24 g, 36.4
ol ) D "SSOlV:g§hﬂ acetic anhydride (40 nL) To
e sol ution,= pot 'um acetate (12.52 g, 127 mmol)
was added, afdl the mixture was stirred at room
tenperature for 2 hours. The reaction solution was
heaTedttbutegfll ux and stirred for 4

[(1R,5S5,68)-6-(tert-butoxycarbonylamino)methyl-3-
ethylbicyclo[3.2.0]hept-3-en-6-yl]lacetate (1152.23 g, 391.6
mmol) was dissolved in benzene (1.2 L). To the solution,
thioanisole (145.57 g, 1173 mmol) and p-toluenesulfonic acid
monohydrate (89.39 g) were then added, and the mixture was
stirred for 2 hours under reflux. The mixture was left
standing overnight at room temperature, and the resulting
powder was collected by filtration. The obtained powder was
washed with ethyl acetate and then dried to obtain the
compound of interest as a white powder (88.28 g, 59%).

[0129]



hours. To the reaction solution, ice water and tol uene
were then added, and this mxture was stirred
overni ght at room tenperature. The m xture was
separated i nto aqueous and 1g@g§nic | ayers by the
addition of diethyl ether and saturated saline. Then,
the organic | ayer was washed with saturated saline
and dried over anhydrous nmagnesium sul fate, and the
(EXyrRent 2vwas [ i St PRI 8R) of fampdemefeddcéd pressure. The
resi due purified by silica.gel chromatography to
et %%%Ycrﬁ?’cgn‘éf)ﬁﬁa%g'%féﬂs 258t&Cparady éPKREWPRIY
0 . . .
co%ﬁ%&%@nﬁgi§%b$$@?9éa%7fgogégsg%r%ggegg%pghééug%)Example 21)
()-(2(-"",5R) -4-net hyl bi cycl o[ 3. 2. 0] hept - 3-
en- 6-yl i deneacet ate
()-(1S, 5R) - 4- et hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-one (1.10
g, 9.0 nmol) s ad a reaction solution prepared
in advapce Wy adg¥ng sodi‘um hydride (>65%o0il, 342.8
ng, 9.0/ mot)—tg-.a tetrahydrofuran solution (10 niL)
of fbutyl| - ]Séﬂu_dLQQKNQxyphosphoryIacetate (2.08
9.3 | inder ice cooling, and the m xture was
CHLur t her |r1ed for 2 hours. The reaction solution
was separated® i nto aqueous and organic |ayers by the
addition of H saturated aqueous sol ution of ammoni um
chl oride and saturated saline. The aqueous |ayer was
[053%Hj ected to extraction with ethyl acetate. These
rganic | ayers_were conbined, then washed with
(2§é$hrg?§59%§5Vﬂnéf1§naRtﬁ%h‘éFﬂEGIGVer anhydr ous
magnesium sul fate, The - sgl vent s distilled off
o R FHOR T S Ebutr oV St Ehe BB PGk Snas DpdepFragen-o-
ylpgcg£££ga gel colum chromat ography to obtain the
conmpound of interest as a pale yellow oil substance
(1-1@:&b‘&&§@ s Mt o (29 Ry dentrbusyl () - [
(1S, 5R, 6 -6- (nitromethyl) -4-
etWIBY&?tEQ¥9!.Q[§]ge 1-beph-3-¢nqBerkhacetatexThe ¢ g0 g,
compound of interest was obtained as a colorless oi
23.36 mmol} was dissolived in ethanol (80 mL) and water (20

mL). To the solution, iron powder (6.52 g, 116.8 mmol) and
ammonium chloride (1.25 g, 23.36 mmol) were added, and the
mixture was stirred for 4.5 hours under heating to reflux.
The mixture was allowed to cool and then filtered through
Celite to remove insoluble matter. To the filtrate, (Boc),0
(15.30 g, 70.08 mmol) was added, and the filtrate was then
made basic (pH>9) using a 2 N sodium hydroxide solution and
stirred at room temperature for 2 hours. The solution was
concentratec, and the residue was dilutecd with ethyl acetate.
The dilution was washed with water and saturated saline and
dried over anhydrous magnesium sulfate. Then, the solvent

was distilled off under reduced pressure, and the residue was



substance (2.02 g, <100% in the sane way as in

Exanple (8-d) wusing tert-butyl

()-[(1S, 5R) - 4- net hyl bi cycl o[ 3. 2. 0] hept - 3-

n-6-ylideneacetate (1.59 g;29.22 mmol ). (29-e) () - [

(1S, 5R, 6R) -6- (am nonethyl) -4-

nmet hyl bi cycl o[ 3. 2. 0] hept-3-en-6-yl]acetic acid The

conmpound of interest was obtained as a white powder
Ph?%ﬁ&?ﬁ.?ﬁ)s%k%%a|9?%rﬁ9 e m%“o%%t?%*%ﬁ%%pF% pRtayn the

S P S R N A S E VTR A S VR A

991% 2 mol ). [0137] (Exanple 30) Tert-butyl
{'(AR, 5S, 6S) - 6- am nonet hyl -

B B algland e RS T AP et
en—T@I){ Jpé%é/ &(alFi@S 6S) - 3- et hyl -
(ni ronethyl)blcyclo[s 2. 0] hept - 3 en-6-yl]acetate (7.0

0, TR&-Hpubinl ); was s, S50l ved ideet-hanol (60 nl) and
water (21 nL). To the solution, iron powder (13.27 g,
bu 237y e g n @ ananomnd iy 1 €d ot hdeb{ 62814 [ By2 . A1h@paHBHEn-6-
were added, and the m xture was stirred for 5.5 hours
villmderateats ngg to, red | 3. mdThe) waxtdreseasedl fowed4td
cool, then diluted with saturated saline, a saturated
hy Gepreloler 5ol aei@revtysodtehr b capbohace, (18Admel hypnd the
acetate, and filtered through Celite to_renpve
SOW] b‘PI&b‘t’%S nttered The FPPHr hEBPRAS YEParafed NARES: Then,

S SRR PR B Gl e
B L TR 82 DL L .
the suspension, triethylamine was then added dropwise, and
the resulting powder was collected by filtration. The
obtained powder was washed with dichloromethane and then
washed with isopropanol-ethyl acetate to obtain the compound
of interest as a white powder (2.7 g, 55%).

[013%1]

(Example 24) (*)-{(1lR,5R,6R)—6~aminomethyl-3-

[ (methylthio)methyilbicyclo[3.2.0]lhept-3-en-6-yl}acetic acid
(exemplary compound No: 18)

(24-2) Tert-butyl (%)-[(1R,5R,6R)-3-(hydroxymethyl)-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]lacetate

The compound oif interest was obtained as an oil
substance in the same way as in paragraph (1-c) from the
tert-butyl {x)-[{1R,5R)-3-(hydroxymethyl)bicyclci3.2.0]hept-
3—-en-6-ylidenelacetate (726 mg, 3.07 mmol) produced in

paragraph (19-d).



reduced pressure to obtain the conpound of interest as
a pale vyellow oil substance (7.02 g, <100% . [0138]
(Exanmpl e 31) [(1R, 5S, 6S)-6-(am nonet hyl) - 3-
eThyl bi cycl o 3. 2. 0] hepr - 3-ensg-yl ] acetic acid
benzenesul fonate (exenplary conmpound No: 8, optically
active benzenesul fonate) - 140 - H M2 COCH CH3
PhSGBH H _
(2¢1R) 55eBSybetyanihomet kit PR3EBE hyt bilepEhel3h200eEp 13 -6~

n - 6-yi ti Ld 50 g, .,20.6 I
o SSaF b SRR T e SRS b 20,7
L . | foni i d dr at h
SRR ) .36 oo el 2 i
. &h | i [ I d_b
cofEmBsLEEute- dhogrgl 190 JALLS yase seldgeyad by,

di@%%gg?grﬂé#ﬁgeug.br_l].gtﬁo}llaqléli”@ REFP L0 t%qlta—ib?ﬁg)}}g &)

Interest as a colorless solid

[ (TRObR, BRI39} (n(Exampter8g))ch— { (1S, 5R 6R) -6-

(am nonet hyl ) -
(nspbAERNOYEbOEFc200Bhephah2pt-3eel-abytign]celaen- 6807} &g,

cetic acid (exenplary conpound No: 39) (32-a) Methyl
2.¢ychobut yl rdentaeetratké uSedivam bypdrirgde EX65%a0i Iten®eg2ture

g, 95 mmol) was added to a tetrahydrofurar_ solution
fog200hpu)y - of Te rtet hyhct pbosphbrbaert ave-£18was gddedo

mol ) under ice cooling, and the mxture was stirred
foflgpwedhBiir extEafheé Oredétiiofisshytli Githery The organic layer

tetrahydrofuran solution (50 nmL) of cl obut anone
wapSHOBTGE WHERs SO s “8e08d GPGpin e Y RBer

' r th . -
angbéE%u% @%élkm?gulfate. The residue was filtered and

concentrated under reduced pressure. Then, the obtained
crude product of tert-butyl (x)-[(1lR,5R,6R)-3-(chloromethyl)-
6-(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate was
dissolved in dimethylformamide (10 mL)}. To the solution,
sodium thiomethoxide (570 mg, 8.14 mmol) was added with
stirring at 0°C, and the mixture was stirred at this
temperature for 4 hours. The reaction solution was diluted
with ethyl acetate and separated into aqueous and organic
layers. The organic layer was washed with a 1 M aqgueous
sodium hydroxide solution, water, and saturated saline and
then dried over anhydrous sodium sulfate. The residue was
filtered and concentrated under reduced pressure. Then, the
obtained crude product was purified by silica gel column
chromatography to obtain the compound of interest as an oil

substance (632 mg, 71%).




brought to roomtenperature and stirred for 1.5 hours.
To the reaction solution, a saturated aqueous

sol ution of anmonium chl ori de was added, followed by
extraction with hexane. Thgyorganic |ayer was washed
with saturated saline - 141 and dried over anhydrous
magnesi um sul fate. The solvent was distilled off
under_reduced pressure to obtain the conmpound of

(24 1ft)erkestt a@ltay al® y{eﬂlpmﬁpm@R)sU@S{ hheery18. 94 g,

O PR B T R Se ) 56 ol ) aQ,Z's é'dfjg'd“tm b a
S AV SOLULIOR, (290 gl oof HRLINL oo
Soghle ”%EF‘?%% R e “ﬁr%%ﬁ%%%fﬁeiu? B um

sudWdf d@7ﬁ§%<§”'§>@/>(5um€héﬂ’e£§m@d9§ Lbhergto, ggg é?%ph

mxture was further stirred roo tenperature
(3-houreand dhen-pddft e[we)d—EMEOlJQ@ &r| Lter (dbenyeshd¥enetny1]-
was washed with ethyl acetate and saturatedysa l'ine.
6- (Fhistseoria 41ty Htlesc yel @[ £ohil Nesot aBdesepayal edetsit® (632 mg,
aqueous and organic layers. The organic |ayer was
1.9aghedlwi th saturated saline and then dried. over
anhydrous sodi um sul fate. The solvent was distilled
(2 pofd) Uﬁddr]ﬁedﬁte@Rbw@s@mﬁmpm@t@mlaﬁﬂ t he conmpound of

i nterest as yel | ow oi | substance (22 14 g,

[(mgpﬁﬁifq%%z??th;\p%ﬁTfygg%?%tQjygggaﬁopn -yllacetic acid
<
& 308 PP ARoC= 6eh 4 t%nfeaz(r%?n%sa%wond
phen (1,02 11. 6. nmpl dde

3L{ct%ec%‘lxture Was s?lrred ég%rai ﬁ%yp%nagr g ? rom
~Lef r fo cool, and
te ]'[satgu aI ﬁfé‘ §R ggg Jtdﬁereto fol |l oned by

bu&ﬁy’@é%é&% atrhl@&m{ét@&ﬁ}aﬁe The organic layer was

washed witth saturated saline and then dried over
[ (R TAEr 1S st i Sl EaE Bo [ RNEL. b heepol yeBh-BAS1 Jacetate (755

distilled off
mg, 1.90 mmol).
[0132]
(Example 25) [(1R,5S,6S)-6-aminomethyl-3-
methylbicyclo[3.2.0lhept-3-en-6-yljacetic acid (exemplary

compound No: 4, optically active form of the compound of

Example 7)

I s

CH; // COOH

T



under reduced pressure. To the residue, a 2 N
pot assi um 142 hydr oxi de- net hanol solution (80 L) was
added, and the mixture was stirred overnight at room
tenmperature. The solvent_wasgdistilled off under
reduced oressure, and the residue was then dissolved
in a 2 N aqueous sodi um hydroxi de solution and washed
wi th diethyl ether. The aqueous |ayer was made acidic
(235t hReonteni pat el wseroehiBti éthci dlindier 6S) cg-methyl-6-
coolin ol | owe xtraction with ethyl acetate.
(PN GT gt 4 ?F%/vag %%ﬁ@d‘%‘?ﬂ"éaymé%aa§a| i ne
and. then dri.ed  over _anhydrous. magnesium sul fate, and
t he % 23“\%% Y was di @tpi’lqﬂj}’éog%f_f:%' Y &fuced pressure.

L ' F $59! Lp_teLrabydyof uran, (70,
R RSeS| e AR PR PR Y e
regy a1 ) s WRS Eher, ddedrcupdefice-600bk09. The 7 /mip

m xture was” brought” to room tenperature and then

40°8h1 e @ vk NOWS pinder hedddngs 1t orn diefd Mxe s Methanal

(1.5 nmL) and a 1 N aqueous sodi um hydroxi de solution
reqde & 1t ) ywesler addesl. § heretf oaupdek icersoehtnen anfle: 6.1
the m xture was further stirred at roomtenperature
mirflorarid holirgamd 4 heeaki2t éretdebhionghidet i 7e7 he) .
resi due was washed wi th dichl oronethane and saturated
(23} nesrTheseylfi[1Rabesthere-¢oabined and separat ed
I nto agueous and organic_layers, The organic |ayer
butyey Y v e N Y agdeBR s EbBE Gl hy df o%i Béhept-3-en-6-
lsolutipn and saturated saline and then dried over
YL ot otus sodi um sul fate. The sol vent was distilled

of f der .redu ressure to abtain the conpound of
i ntrlﬂé?lr{gts,t(:%ma;C -a ﬁ@%dr‘l“és@oﬁ TUbsfante (1.94 g, 25%.

AR Y e S Loy e,
5.1y 88 015 R2ob5) DL ) gves, c9aked t 9-rI8G ?5‘? 1343 76 tne
di chi oronet hane solution (20 nLS o? %lnethy sul f oxi de

solB1{bn, Raney nickel (1.2 g) was added. To the mixture,
hydrazine monohydrate (3.9 g, 78.2 mmol) was added with
stirring, and the mixture was stirred overnight at room
temperature. The catalyst was filtered off, and the filtrate
was then concentrated. The residue was diluted with ethyl
acetate, washed with water and saturated saline, then dried,
ard then concentrated. The residue was dissolved in ethanol
(50 mL). To the solution, di-tert-butyl dicarbonate (8.53 g,
39.1 mmol) was added, and the mixture was stirred at room
temperature for 2 hours. The reaction solution was
concentrated, and the residue was washed with water and

saturated saline, then dried, and then concentrated. The

residue was purified by silica gel column chromatography (100



m., 43.0 mmol) was added dropw se thereto. The m xture
was stirred at -78C for 10 m nutes. Then, a
di chi oronmet hane sol ution (20 nm.) of
(1-vi nyl cycl obut yl ) et hanol 94 g, 15 mmol) was
added dropw se thereto, and t%e m xture was further
stirred at -78C for 3 hours. Triethylamne (8 L, 60
mmol) was added thereto, and the m xture was

9) dradiriidiyn frrugtempeund oofn tehpeeat ure andoihepubstance
stirred for 1 hour. 1 N hydrochloric acid and
(6 &t at ¥ saline were added thereto, followed by

5 R 4P bt SR SC Sty Lra BRCRT haRCH T RaSagep  hept -
3- wsgf‘%fﬁuagce%fdé um. sl $84 8. andh L, solyept was

reduced pressure *Fhe residue was

di ssalv ?bgnbn qf%qu§%§fqga n (A0 nl) To the solution,

trlnethy and zinc powder (4.46 g) were
buasktheeh r s, T 1vd ) m@f@ﬂpﬂgﬁﬁéﬁﬁyiﬂlg¥8}® [44210MABL) -3-en-6-

was then added dropwi se thereto er stirring at

ylToomieaes 28 Us e 1919 3ndl NULLS, behPenkgatELANC acid
sol ution was heated to 40C and stirred for 20

momomyd este The. 19 xd ur 2l wasoi urvbee bdoaghtot bengene (40 mi),
tenperature and stirred for 1 hour, and glycerol,

angat e ,mipfdisatweatkdatedl vhehwetrérrhea added hhereto,The
followed by extraction with ethyl acetate. The

rewbm% ff o Was dashedteft hysht LFagedonsapi ﬁ@*aha the
t hen over anhydrous sodlun1sulfate and_th

COBRT to Eﬁ%??fldﬁb%thFhﬁeFoiéﬁuéed pgesgﬁfé The
55l -ﬁ?ﬁﬂﬁés b bohnamoroT Ay BYest BeCRveararPies Jopr 01hest-

t 2 40% . (32-
3= %Hkédffpg i% %?nylcyé?obugyl)gttan0|c acid 144 The
CO”[DQ%%M@ ”ter%f+ %&%@é%@&?ﬁa& I‘P&Jﬂg’[lll\?%sq oil

subst'ance '(T. 16 ane way as
m°£ﬁ il @/ 4 Bs P3 . 2U§]H8pﬂﬁﬁh¥h 6— ;b acetic acid
u

ydr oxy- 4- (1 Vi nyi cycl obut yl tanoate (1.22 g,
beﬁzéﬁbfﬁ&&dmlc acid (5.6 g, 15.8 mmol) was suspended ir
methylene chloride (50 miL). To the suspension, triethylamine
(4.4 ml, 31.7 mmol) was added, and the mixture was stirred at
room temperature for 1 hour. The resulting solid was
collected by filtration and washed with isopropanol to obtain
the compound of interest as a white scolid (2.4 g, 77%).

[0133]

(Example 26) [(1lR,5S,6S)~-6-aminomethyl-3-
methylbicyclo[3.2.0]hept-3-en-6-yljacetic acid (exemplary
compound Nc: 4, optically active form of the compound of
Example 7 differing in production process from that of

Example 25)



(32-f) Tert-butyl

()-(1S,5R) -spiro[ bicycl o[ 3. 2. 0] hepta-2, 1' -

cycl obut an] - 3-en-6-yl i deneacet at e

3- Hydr oxy-4- (1-vinyl cycl abutyd ) but anoic acid (1.16 g,
6.16 mmoi ) was dissolved in N, Ndinethyl acetam de (12
m.) and acetic anhydride (1.5 nlL). To the solution,
pot assium acetate (664.9 ng, 6.77 mol) was added,
and the mX¥ure was stirred at 140C for 4 hours. To
the reacti én SO|Q®IOH~NH@E wat er and saturated saline

were a Zandthe mixture was stirred for 2 hours,

foll d by| exty |onéﬁﬁ§ﬁ:ethyl acetate. The
CHe)rga c layler was wash th a saturated aqueous

sol uti = sodl um bi carbonate and saturated saline

in this order and dried over anhydrous nmagnesi um
sul fate, angd the solvent was then distilled off under
reduced pressure. The residue was dissolved in

(2d-edy afyer ofwk@an (305 iy, s@ndst heersol uti on was added
to a reaction solution prepared in advance froma

butt &t ¥ ey 10§ Ldmin s phet hoh-§-30e thylloi cyei b{Bukyb] hept-3-en-6-
di met hoxyphosphoryl acetate (1.82 g, 10 mml) and
vl sodetate hydride (630 oil, 342.9 ng, 9 mol). The
m xture was stirred at roomtenperature for 1 hour
and ette-rigadh | bhl Sot it i Ivase thhembseparat ed into
aqueous and organic_layers by the addition of a
(nkrerpatedl bglepascsdt at P brchE —anfbnPum éRE6EREE (BRREK 2

I I dt
5. 3341 alt oraPLh UehyRiac8i BFE. LANESaargantd i §ersf’o the
d ed th t I
so PR Sonr By st RED LS ahr i KtE RAbHES! oho ofht HRuxflte,
hth fﬁLVﬁgﬁoggargLét'b'edgeoeﬁ unﬂﬁgw qu%eqdegasaﬁ%%

e resrdue was purifred by sil |ca gel colum

st£9£9ﬁatogﬁéphyetﬁlgéhﬁbnwége cogp@an@v@&nlgpkeggs&o@§
a pale yellow oil substance (1.07 g, 70%

teb&iHEgre . (3Zhd)cd€itybutyds (1ix{ctdS, 055 ORY te filtrate
(nltronethyl)splro[blcyclo[S 2.0] hepta-2 1'-cyc|obutan

wai Bhen- concentrated. The residue was di luted with ethyl
acetate, washed with water and saturated saline, then dried,
and then concentrated. The residue was dissolved in ethanol
(50 mL). To the soluzion, di-tert-pbutyl dicarbonate (7.99 g,
36.6 mmol) was added, and the mixture was stirred at room
temperature for 2 hours. The reaction solution was
concentrated, and the residue was washed with water and
saturated saline, then dried, and then concentrated. The
residue was purified by silica gel column chromatography (100
g) To obtain the compound of interest as an oil substance
(6.4 g, 99%).

(26-b) [(1S,5R,6R)-6-aminomethyl~-3-methylbicyclo{3.2.0]hept-

3-en-6-yljacetic acid benzenesulfcnic acid



6-yl }acetate Tert-butyl

()-(1S,5R) -spiro[ bicycl o[ 3. 2. 0] hepta-2, 1' -

cycl obut an] - 3-en-6-yl i deneacet ate was di ssolved in

nitromethane (8 m,). To th olution, 1, 8-

di azabi cycl o[ 5. 4. 0] undec-7-ene (0.97 nL, 6.51 mmol)

was added, and the m xture was heated with stirring

at 50 to 60C for 5.5 hours. The m xture was allowed to

codlertaiiitay salt Ursat By SRlqueolise ot ut i on of pot assi um

di hydrogen phosphate was then added thereto, followed
bd%@X%&%?%%@ygﬁm%p@hm@ehyi AcBesPElbiTHEAC [Bhe - 81 §aRicc 3-en-6-

i yer _was dried over anh%drous magnesi um _sul fate, and

L{#eesdFSent - fad- d}gt?IW% lbf?nﬁnﬁéPZPE&EEeéopﬁFe§§&Pe

ot R R e e

apagage ggu%tv Oggssyggtgw ﬁgmn%"@foﬁz B G) {Tne
re§@lI9£$'§¥§LQ[§ag QLh@@L@ea éy ex%kggua@ﬂ 63280487y Lhe

acetic” acid Ter-:-

coxﬁmhxﬁ@mthyhiépbge[Qgcacm&ws@hm@pt@ @ &', - oyglhobut an
]-3-en- 6-yl}acetate (1.08 g, 3.52 nnDI) was di ssol ved

(26Acet hang| 5R16R) At)arndomat ar1(6-fAkrhyobtikecsel[at. 2o, hept -

iron powder (C. 99 g, 146 17.6 nmmol) and ammoni um
3-ehtorydea¢o8i8 agidl. 76 Mol ) were added, and the

m xture was stirred for 4 hours under heating .to

refl (XS, Jied i x@ Ut er Wik 2t ¥ vortb oy tepi nonkeny di But ed

wth saturated saline, a saturated agueous solution of
m°%%ﬁ%9h?¥ﬁ+eéﬁb8n8ﬂ@eoana BERYrvaderstec asddfiltered

t hrough. Celite S gngve |nsoluble natter The ,
DeRrfRPIte-RBECsBpaFatedSi At ol ofg@ﬁpé aHéSa&H§8@§ded in

ers or anlc | a wi th saturated
me{ ‘ﬁ%eang??he% Ped %ger aRhy ?oﬁ%s%% ﬁég?Un%rlethylam ~he

45@ ?teB2aﬁdthf SQ%geQ%Gg@S 58”“%'8% h&%@ ugdqrred at
reduced” pressure 8roc | 6ric

ro8f! de@bB¥hture for 1 hour. The resulting solid was

collected by filtration and washed with isopropancl to obtain

the compound of interest as a white solid (2.0 g, 63%).

[0134]

(Example 27) (£)-1(1R,5S,6S5)-6-aminomethyl-3,4-dimethyl-

bicycle[3.2.0]lhept-3-en-6-yl]acetic acid (exemplary compound

No: 19, salt-free form of the compound of Example 20)

(27-a) Methyl 3,4-dimethyi-3-hydroxy-6-heptenocate

3-Methyl-5-hexen-2-one (J. Chem. Soc., Chem. Comm. 189,

1991, 1399) (17 g, 106 mmol;} and methyl bromoacetate (24.4 g,

158 mmol) were dissolved in tetrahydrofuran (10C mL), and the

solution was added dropwise to a tetrahydrefuran (50 ml}

(zinc (10.4 g, 189 mmol) and trimethyl borate (30 mL))

solution under reflux. After reflux for 3 hours, the mixture



acetate solution (10 nL) was added, and the m xture
was stirred at roomtenperature for 1 hour. Then, the
solvent was distilled off under reduced pressure. The
residue was suspended in_dighl oronethane. To the
suspension, triethylamne was added dropw se, and the
resulting powder was collected by filtration, then
washed with di chl oronethane, and then dried to obtain
Wa$ ngOebRPoundr OPTi heBPeERtHECa AAFt ElYpewdar (GH39L12 pgd 2
579 . [ 0140 Exampl e 33) () -{ (1S, 5R 6R) -6- '
ittt Aghyus

sa% @ﬂv solution of ammonia chloride (100 mlL) were
L, rol bicyclo[3,2.0]hepta-2,1' -cycl opent]-3-en-6-yl }ac
=adf P B FYS  SE2M oRbR Bl Ebi SR ey LB et tare MYHb Scetate.
ogpound L nte 0 L.ned a l e _yel |l ow, .
R AT ST UM i e S SRS
 ( a)pUg| Lo an (8.4 L £4
O 520 e opene ol T Gatee nansy 537 0 heres purified
by CONPoEadgef £l eneSEnesa0bLaLREY 3508 BRl eyebkaWn the
oi | substance (8.90 g, including ethyl acetate) in the
compoendway asténeExaapl en(321ibkubstageaethyl.7 ¢, 60%).
cycl opentylideneacetate (7.16 g, 50 mmol). (33-¢)
(24 M Byt epchepent yB)evhaorl -Thaecpaspotundaefidi nt er est
was obtained as a colorless oil substance (0.47 g,
79%Ms ¥ he sarflngih as- 3 nh Boaepy et (Beptynoasengll.7 g, 62.8
cycl opentylideneet hanol (8.10 g, <5C mmol). (33-d)
mm%gihV?SSdh§%?bY?d4l%lav?n§IE?@ﬁéééﬁﬂyhyﬁﬁpéndér@ethénol
onpoung Ef ipterest _was obtained as a _colorl|ess oil L
Sojg%s?%n &% (B 3aﬂ_§, “480FCtHEERE YaReShayras Pernight at
rogs BBhE 325, 0) MDA LM DYIEYSL PBENAL) SR8 ot e,
- XY= 1-v] ntyl t anoic ,aci.d. The
thgnFMQ£95¥v%a§}? %Qy%gagéegﬁf;y Aggawash d wW%QrSWﬁer' The

compound o nteres i ne s a Flghf
aqueous layer was made acidic (<pH=2) using aqueous
hydrochloric acid, followed by two extractions with ethyl
acetate. The ethyl acetate layer was washed with saturated

saline, then dried, and then concentrated to obtain the

compound of interest as an oil substance (10.1 g, $3%). This

compound was used in the next reaction without being purified.

(27-c) Tert-butyl (%)-(1R,5S)-3,4-dimethyl-[3.2.0lhept-3-en-
6-ylideneacetate
3,4-Dimethyl-3-hydroxy-6-heptenoic acid (10.1 g, 54.2

mmol) and potassium acetate (12.8 g, 130 mmol) were dissolved
in acetic anhydride (100 mL}, and the sélution was stirred at
room temperature for 30 minutes and then stirred for 3 hours
under heating to reflux. The reaction solution was placed in
an ice bath, followed by three extractions with ether-pentane.

The organic layer was washed with an agueous sodium hydroxide



oi | substance (the partial solvent remained; 504.1 ng,
<100% in the sane way as in Exanple (32-e) using

nmet hyl 3- hydroxy- 4-(1-vinylcycl opentyl)butanoate
(417.3 ng, 1.97 nmol ). (33-fj3Tert-butyl () - (1S, 5R)
-spiro [bicyclo [3.2. 0] hepta-2, 1' -

cycl opent] -3-en-6-ylideneacetate The conpound of

i nterest was obtained as a pale yellow oil substance

SO%@%&O% ﬁ@d 7@6t@¥?tﬁ?xF®Fé¥elﬁo ReisAnefay a8 in
% - usi ng 3- hydrox -4-(1-
CO%?%%FE?C %p%ﬂt???%ﬁ afili @ écﬁabﬁﬁéﬁcf ngThkﬂ ol fmbplystance
i Pttt T
% -%? ReYh |3%prrb§ PEgEP E§é§ 0] Reﬁfé zafﬂ EYEI GpEHELon
wasa 66 heQ ant t
&8eq ayééQQSLa{S Ihe ¢ g ?E h 595§?émﬁ§?déggb

b fali ned as a colorless 0| stance

B PRI Ui ) i

tert buty splro cyc ] hept a-

dlﬁeﬂhoﬁyﬁh@ﬁﬁﬁbiyﬁae@tﬁt&'|QQnQa§$t§ﬁe3(ﬁﬁgl$ Mgo10:88n
mol). (33-h) (+)-{ (1S, 5R 6R) -6- (amnomethyl) -

ungerr ogdi cysl 01 3. 2. W depd e 21 dn - yThopemnt ba S-emy-&d ydd aa
cetic acid The conpound of interest was obtained as a
samnraEepomdeeoue1§dld+ngr 320pmicnnthechaneivay d@slilbwec by
Exanple (32-h) using tert-butyl () -{ (1S, SR 6R) -6
eXThAREEDARt Wy Ty spERpl bregEhBE3. 2108 heprrl 22deteye| bpedt |was
-3-en- 6-yl}acetate (249.0 n% 0.77 nrnol). [0141]
Wa%ﬁ&%nﬁ%éﬂsa? %yateﬁ FiélDSR BRY dgiefanphenehRyl ) - 3-
cvclobu bi cyc gl t-3-en-6- %o%?cetlc aci d_
cotsan i iy ok ZHeidh %?p%ftlﬁ*% SWicy gL column
tetr neth g hﬁgane SO n}te% drofuran _sol ution
chf@mi o%ta E P) &gsoggae E %ngodgg ofolnteresb as
angbﬂytsangeaﬁcgeaﬁaaygt°§§%§ﬂ (40 "L) solution of ethyl
(27-d) Tert-butyl (x)-[(1R,55,6S)-3,4-dimethyl-6-
(nitromethyl)bicyclo[3.2.0]lhept-3-en-6-yl]acetate
Tert-butyl (£)-(1R,5S)-3,4-dimethyl-[3.2.0]hept-3-en-6-
ylideneacetate (4.2 g, 17.9 mmol) was dissolved in
nitromethane (20 mL). To the solution, 2, 8-
diazabicyclo[5.4.0]undec-7-ene (4.9 g, 27 mmol) was added,
and the mixture was stirred overnight at room temperature. A
saturated agqueous soluticon of potassium dihydrogen phosphate
was added thereto, followed by extraction with ethyl acetaze.
Then, the organic layer was dried over anhydrous magnesium
sulfate, and the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column

chromatography to obtairn the compound of interest as a

colorless oil substance (4.5 g, 85%).



cycl obutyl acetate (2.32 g, 16.3 mmol) cooled to -78C,

and the mxture was then stirred at -78C for 10

m nutes. Subsequently, a tetrahydrofuran (10 ni)

solution of allyl bromde (3}, 90 g, 65.3 mml) was

added dropwi se thereto over 10 m nutes, and the

m xture was stirred at roomtenperature for 17 hours.

The m xture was treated with water, and volatile
(27pent iTews ~Werte 1t Held Frexfoeed thderefteduced pressure.  To

the obtained liquid, ethyl acetate and water were
butexyed rPoRyd e VM MEd Drigahinte a1 sas df 3 et Glgpt-3-

nhydrous magnesium sul fate. Then, the sol vent was
en%i' iIASEG35fF under - 149 reduced pressure to obtain

thesgompund of dinterest 25,3 YgllO%al L substaee

an l tyl ™ -yl | i.s0b (3
S T e T Uehe ST o 16, B8 ChPS e 6 AR 132
usigﬁs t%qcte—%ud{?ﬂp\’\fi%e— oA, 40 g8 es_ §Q & Pl ugne (20

sol ution of "ethyl ()-2-cyclobutyl pent-4-enoat e
(niltc3@ 181 )DHi% e )3 0 Btk d10- 378G 6-apd) dbecmxt ures g,
was then stirred at -78C for 2 hours. A 30% aqgueous .
15.acedicc)acid solution (9.4 nL) was added dropw se
thereto over 5 mnutes. Then, the organic |ayer was
(276rf )ed( 20 vr( IRg g sd A G mifradngs th Wi+ Br 4 + @ivoarah v Of
insoluble matter by filtration, ethyl

biqualipherdH Pivesphor =iyt ¢ dehieg eretatacid. 78 g, 10.9
nmmol) was added to the liquid, and the m xture was .
st iTPe §CHP OMHEMO Tt et & ool A 5 Phe'sdis etftlid
was distilled off wunder reduced pressure,,. ang the _.

(440 M%ue s Purtts e By bl Ut hP BT ogr aphy tb ©Sing
abtai.n -a cplorl ess, Qi ubstance as_._a mxture ot

Ce o gLt Soroua oot e arearce BrraY e haeie syt

_-r%saqg,i-iLtr Lons Wi t hput ; bej ripe

3’4\813% |ed.l&(“‘a’)%l?c?%()z-'Af@%%:%tgb%%ﬁgpgn%é!)%g%fgng?bﬁ EN

4. @&CigghA S N aqueous sodi um hydroxide solution (15 niL)
was ad>ded to an ethyl alcohol (20 nL) solution of the

[oEsyl ()-
(Example 28) (£)-[(1lR,5S,68)-6-aminomethyl-3-(2-fluoroethyl)-
bicyclo[3.2.0]hept-3-en-6-yijacetic acid (exemplary compound
No: 30)
(28-a) Ethyl (E)-4-(2-hydroxyethyl)-hepta-2, 6-dienoate
3-allyl-tetrahydrofuran-2-ol (18 g, 140 mmol) and
ethoxycarbonyl triphenylphosphorane (35 g, 104 mmol) were
stirred overnight in toluene (200 mL). The reaction solution
was concentrated, and the residue was purified by silica gel
column chromatography to obtain the compound of interest as
ar. oil substance (15.8 g, 61.1%).

(28-b) Ethyl (E)-4-(2-fluoroethyl)-hepta-2,6-dienocate



4-cycl obut yl pent a- 2, 6-di enoate obtained in the

precedi ng paragraph, and the m xture was stirred at
roomtenperature for 1.5 hours and subsequently
stirred at 60C for 2 hours.;3sThe m xture was al | owed
to cool, and the solvent was then distilled off under
reduced pressure. The residue was dissolved in water.
The aqueous | ayer was washed with dichl orgnet hane and
th

|
ERhKeut Fartzed WYEROFYS tNYaqueGy &~ gfgdiencate (5 g,
27 XETh Ot A1 ] OFor e e Grgant G Taer To The
=15 S e e B P e B TR e cooning,
and/ SHOW QU AN ANGE AR £ X W&, LONAINING NG,
compound ot I nterest. I'S conmpound was used I n the

scNeXlorf 6AG ion, M4 houts helng Lt d hed, Lukd Fiet 1 §3458) sodium
Tert 2 butyl ") ] (1S, 58 - 5-

bid bty HeydwlB .1 QhepicSren-Hryh i dewne] agetatee. The
(E/Z mxture) Potassium acetate (1.05 g, 10.7 mmol)
ethwds aaddent d d ayendiweed hwd ssoet and de §20und)esotaitiong, ofhen
the ()-4- cycl obutyl penta-2, 6-di enoic acid obtained in
dritdre pmetediany cyaragragiednd Tdeetides ightsy drd deo Yz 0% qy, by
~10.7 mmol ), and the mxture was stirred at room
siltigippearasl el Wt ahiwatemeRhen(2@9i ¢f ebe a#P420CT toe 2
hours, The m xture was treated with ice water and a 2
compoiredifs ot iht hyaft o det Sof w7 ofCef 6F t owed HY®) -
extracti-on with hexane and diethyl ether. The organic
(28 e e RRY 6 Gt o sh o) TGSt iy st el 2.
Then, .th ol ve s,distille ff_ under reduced
(n*ptrreos%eutrhey%t%mc Tnfacl) tlw\?’az 'Sda £ el o%vnoflyéh%%?éﬁgee. The

SU%‘ea%%g%%%i %%dfid%ee&%s’ﬂ%m%dd&%éi%@d‘ ARl Qi tra3e) in

(20 nmL) solution of tert-

i Yeb h i LK 0(8949-b3. Zcomobyg Lif hi,yah
th%hﬁ?deﬁ?ﬁgg?@%%@nﬁ%l)f and 17 8.° d Hh} Nh¥ihg

ety azabi cy<l o 51 do O etrighgTy Thepeaf D, 69dgendafemml) g, 11.9
stirred in

mmol) .
(28-d; Tert-butyl [(1R,5S,6S)-6-(tert-
butoxycarbonylamino)methyl-3-(2-
fluoroethyl)bicyclo[32.2.0]lhept-3-en-6-yl]lacetate

The compound of interest was obtained as an oil
substance (700 mg, 65.8%) in the same way as in paragraph (3-
a) using tert-butyl (x)-1{(1R,5S,68)-3-{2-fluorocethyl)-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6~yllacetate (870 mg,
2.77 mmol).
{(28-e} (£)-[(1R,58,68)-6-aminomethyl-3-(2-fluoroethyl)-
bicyclo[3.2.0]hept-3-en-6~yl]acetic acid

The compound of interest was obtained as a white solid

(330 mg, 79%) in the same way as in paragraph (3-b) using



advance for 1 hour, and the m xture was further
stirred for 12 hours. The m xture was treated with
water, and volatile portions were then distilled off
under reduced pressure, folkgwed by extraction with
ethyl acetate. The organic [ayer 151 was dried over
anhydr ous nmagnesi um sul fate. The sol vent was
distilled off under reduced pressure, and the residue
tev\hsbumim fi(é8 By &F) réa @éFuc@PuWY@ﬁﬁéﬁﬁﬁ/é@mmwhyl 3-
obtain the co ound interest _as a yellow o
stu%%?éﬁ%*éhé’é §ecgclgi%2 PyrepPd—fr @w@wla)acatwqe (700 mg,
1 83 qutylpenta 2,6-dienocate). (34-e) Tert-butyl ()
[¥??S 5R, 6R) -6- (ni tromethyl) -3-
O% hobutylblcyclo[s 2.0] hept-3-en-6- ylldene]acetate
erft.-butyl

I 3.
BB BT b dRLT ACaeAre, [O) 3 ant i ads
meghg$9ﬂé§g¢b'ﬂ3 ni. by gagvh@n@nc%ﬂ Mhcelq .t B%l%ol Mﬁé?rfbiary
dlazablcyclo O]undec -ene (0.26 g, 1 nmol )

comBsuaddrd: sand the mixture was stirred at 60C for 3
hours. 1, 8- diazabicyclo[5.4.0]undec-7-ene (0.26 g,
(29.i)nﬁepyawasyFGFmbehylad@ed6thabatoacadd the m xture
was stirred at 60C for 4.5 hours. The m xture was
al | Bwedetioy cobbranad (aSsal ur atedc pgudeus (¥ekbeidonnokdvance
.Eota55|un1d|hydro%en phosphate was then added
witRheflétglef BIVIOSREs Loy 1exeract tarl Wntecditen esemetbhafe.9) , and
The organic | ayer was dried over anhydrous magnesi um
CegarPafdl PTRECSGETERE Was9d|§91Iﬂ§d6oﬂﬂouﬁd&@4%xﬂﬂﬂﬁﬁ 10

. . d d i.f.ied |

tﬂ@%?%ﬁéﬁggrigﬁy e R R e oS iy o Haes-en-
Il | b 909 o

2- ?grt bu??lg?y kassu ﬁégyggcéaﬁf twgdf%§s %eaged to 30°C

3. h 3- t
oy ShoRBL IS Qe nc s M i) st

teﬁ%@&@bdkﬁ|bb%%?%@L%r%dOT%&DB‘%d%ﬂ%ﬁ y*hdeﬂﬁk%ﬁ%Ea%%s

(0.40 g, 1.2 mml) was dissolved in ethanol (20 ni).
separthedsahtild @tganic and agueous layers by the addition of
glycerol, a saturated aqueous solution of ammonium chloride,
and saturated saline, and the aqueous layer was then
subjected to extraction with diethyl ether. These organic
layers were combined, then washed with saturated saline, and
then dried over anhydrous magnesium sulfate, and the solvent
was then distilled off under reduced pressure. To the
residue, a 2 N potassium hydroxide-methanol solution (50 mL)
was addec, and the mixture was stirred at room temperature
for 6 hours. The solvent was distilled off under reduced
pressure. To the residue, a 1 N adgueous sodium hydroxide
solution was then added, followed by washing with diethyl

ether. The aqueocus layer was made acidic using concentrated



iron powder (0.56 g, 10.0 nmol) and then an aqueous
ammoni um - 152 chloride (0.07 g, 1.2 mmol) sol ution
(7 m.) were added, and the m xture was stirred for
4.5 hours under heating to reflux. The mxture was
all owed to cool and then fi% ered through Celite to
renmove insoluble matter. The sol ution was
concentrated, and the residue was diluted with ethyl
hydapethdtaic B didnddon amssaasirer, Wiehlewsadt by a¢edraction
aqueous sol ution of sodium bicarbonate and dried over
witdnifiditdust mddifesi ufhsulorgeaic thesr e suisad Widd
distilled off under reduced pressure, and the residue
satiER it i3 Ed DR 1GReD BT URT MR BHEPBYr BpHYSE bum
obtain the conpound of interest as a colorless oi
su e andEe( 60805 ¢ 836) ErAIgPd P [HTEES e
- 6- (am nonet hyl ), .- 3- - s
Pr S RShNY B HUF £ IR Lo R ST TaEeRP o2 s b vollow
. LTert- ()= - 1S;: bR 6R) -6- (am nonethyl) -3-
OLC;%](DO%%%% (CSy'c %[45'. ?7%] )h'ept -3-en-6-ylidene] acetate
9,30, 9,_ & ) ) S ' hydrochl or i
2 b e T P R R o T P e
WA -$itidrosd ~at-met®QMHPer-anyie farid. & hourg. 3hen,mmol)
the solvent was distilled off under reduced pressure.
wa sl hii ¢ ssli it Wwasa cestisp edtegd biyd4 hed @ddi.f L ommM®lfhe solution,
di chl oronet hane. To the suspension, triethylam ne was
p ot dresi wd check thiopwl 52, Sang, the/ mesl] tvag pouder was the
collected by filtration. The obtained powder was
misfryie]] Wintlett ketre el pFess ufemperdbeae nfehe? bBoerpdundhe
of interest as a white powder (0,17 g, 670). [0142]
re%%%%ﬁﬁﬂ%?%&ﬁlQW-T%%Sﬁ%@%%ﬁat%-%%ﬂ%%%n%@ﬁyﬁ%lEred for 4

et hyl bj cycl o[ 3. 2. Q] hept - 3-en-6-yl Jacetic a
ho RS emCar e %&W@ NP L Ug4n 115]:? s Sk yuene vere
the?’ﬁ eggc){ég,epatrr?& Ztﬁiglrgfggttl?e (\%sz gT]:J)th:lrJegg) overnight at room

temperature. The mixture was separated into agueous and

organic layers by the addition of diethyl ether and saturated
saline. Then, the organic layer was washed with saturated
saline and dried over anhydrous magnesium sulfate, and the
solvent was distilled off under reduced pressure. The
residue was purified by silica gel chromatography to obtain
the compound of interest as a pale yellow oil substance (1.10
g, 17%, diastereomeric mixture).
(29-c) Tert-butyl (£)-(1S,5R)-4-methylbicyclo[3.2.0]hept-3-
en-6-ylideneacetate

() -(1S,5R) ~4-methylbicyclo{3.2.0]hept-3-en-6-cone (1.10
g, 9.0 mmol) was added to a reaction solution prepared in
advance by adding sodium hydride (>65% oil, 342.8 mg, 9.0

mmol) to a tetrahydrofuran solution (10 mL) of tert-butyl



A tetrahydrofuran (25 nL) solution of trimnethyl
phosphonoacetate (4.67 g, 25.1 mmol) was added
dropwi se at OC over 1 hour to a tetrahydrofuran (25
mL) suspension of sodiumhydggide (1.04 g, 63% 27.4
nmmol ). To the m xture, tetrahydrofuran (25 nlL) was
further added, and the m xture was then stirred at 0C
for 1 hour. To this solution, a tetrahydrofuran (25
dl%%Bh%%Y®$P%HH@FYéaﬁéﬁﬁéﬁ $20R8 p2. §63gTmoR2, gnﬁﬁ§|yce
s added dropw se at OC over 20 m nutes, and th
&?%reaﬂ%st§$|Wf§Hu5F ¥89 F§ﬁB§Fa§Eﬂ§r?€rf?r52h88P§5

and subseque stirred at _65C for 3 hours.
Tt b e e pedp g ﬁrtﬁeﬂﬁrSredaﬁ8t€oP§PFP€Sp8PF|8n§anlc

la?@f% §£39%9'§&a kegn 8tf uﬁg%krg%ggpg%h % S%%%ut on of

y ext raction WI t exane gani C I~ aye

amM@ﬁlgﬁl@Hleyeaeagﬂmdggyérgeeaeééqqhesul%ﬂée 18605 tgyev
solvent was distilled off under reduced pregsure

wa &bt abnethedcoppenundaotibnt REest c@fiva pake ayel | 0’%e9é'
substance (3.04 g, 79%. (35-Db)

or@aft byl hepta- Rebedconpiinedri dhel/ Lamheduwe)rAsatNrated
aqueous sodi um hydroxi de solution (14.5 nL) was added
saipnan etfiythahcdhokd( 40enlianbgblubienregresetilyl s3lfate. The
et hyl hept a- 2, 6-di enoate (3.04 g, 18.1 mmol ), and the
SORYSREreas wasSELi i pEdOAL P@@ﬁ¥téﬁﬁ@ﬂ§@u@é°ﬁ@@rf7 Bagr $he
The m xture was neutralized with a_5 N aqueous
TeRYArDCHEBr PEract 89sBY BT oRC2( Z5InEPLURE| Icowemappgraphy to

xt r act th dichl th Th |
oo LBe" A hea BUBr RAghRsT IR CEF LacE, “THE Sobvart” ded

istilled.o und re ed ressyre to obtain the
sugs g%ﬁ%d %fEB ?ér sf’agyg a?é “y&l'l'ow oi | substance

2 3egCrrTert - I
% d?(agfgﬁgéﬁgetﬁyﬂ %%[gRg S%hépgagomgﬁhg =yl dene]
me@ﬁ?i@l@v&ﬁé§3nbxb?ﬁ€b E@L@aseughqg%%%%%e(Z 56 g, 26.1

mol ) was added to a dinethylacetam de (25 nl)

SOPIHQ(Hbmﬁoﬁh@t@ﬁ|hﬁ@éﬁeﬁt6was obtained as a colorless oil
substance (2.02 g, <100%) in the same way as in Example (8-d)
using tert-butyl (£)-[(15,5R)~4-methylbicycio[3.2.0]hept-3-
en-6-ylideneacetate (1.59 g, 7.22 mmol).
(28-e) (£)-[(15,5R,6R)~-6-(aminomethyl)-4-
methylbicyclo[3.2.0]hept-3-en-6-yllacetic acid

The compouna of interest was obtained as a white powder

(125.1 mg, 20%) in the same way as in Example (8-e) using
tert-butyl (£)-[(1S,5R,6R)-6- (nitromethyl)-4-
methylbicyclo[3.2.0Jhept-3~en-6-yllacetate (1.00 g, 3.2 mmol).
[0137]
(Example 30) Tert-butyl [{(1R,5S,6S)-6-aminomethyl-3-
ethylbicyclo[23.2.0]hept-3-en-6-yllacetate (exemplary compound

No: 20)



dienoic acid (2.01 g, 13.0 n-nol) and acetic anhvdride
(2.66 g, 26.1 mmol), and the m xture was stirred at
roomtenperature for 1 hour and then stirred at 120C
for 3 hours. The mxture wagsgreated with an ice water
solution, followed by extraction with diethyl ether.
The organic |layer was dried over anhydrous nagnesi um
sul fate. Then, the solvent was distilled off under
reduced pressure, and the residue was applied to

col um chr omat ography to obtain a pale yell ow oil

subst ance. THe substance_obt ai ned here was added to an
acetonitrilez(40 n@§_§6Pﬁ%ﬁon of tert-butyl

di met hyl phonggcetate (2.60 g, 16.6 mol), |ithium
chl ori (0.70 g, 6 nEgI and 1, 8-

d¥azabngycl o[ 5. 4.{0] undec- E%HEU(Z.GO g, 16.6 mmol)
tirred\ advance for 1 hour, and the m xture was

urther stireed for 3.5 hours. The mixture was
treated withHwater, and volatile portions were then
distilled off under reduced pressure, followed by

extraetimiewi thi et nd, esetatechfhesorgani c | ayer was

dried over anhydrous magnesi um sul fate. The sol vent
(nivasometsyl ) bedyold [Bnded ] nedueédepréssilii ececantdet HE.0 g,

residue was purified by silica gel colum _

23 chromat bgvaphgiseobbedi hnt Aehaceapdafdmdd PAtderaserad2l ml) .
a yellow oil substance (2.20 g, 68%. &35-dﬁ ] _
To Telrg - HALYELPY, - LFORIBOWERE SRy - 26- I¢ nPEr oRBPhy| RREg.AMMONIUM
et hyl bi cycl o[ 3.2.0] hept-3-en-6-ylidene]acetate - 155
oh ST AR Y eS¢} 615 BR BIGL Ry T Ly SRS, SSOfnEgE. Shanure
6-ylidene]acetate (2. 20 9.4 mol.) was dissol ved.in

wed FEORERRORES ( 30ontou P R0 h A s BRGRIBA, oF, Botinn" *OrhE

mi%%%é%?&géﬁ59E§WédQL§n98817-%H%n(ﬁggzggdrééﬁﬁ gg%h&é@%ﬁ

e m xture " was stir

sai?H@ergtHE@uEQEegBaHQHB§S sél%%&%&ab%ds@@ggﬁu§icarbonate,
sol ution of potassium di hydrogen phosphate was added

andhetBy0, atekhewed by extragkidornWolldh dieghler eretheansre

The organic | ayer was dried over anhydrous
insoluble matter. The filtrate was separated into organic
and agqueous .iayers. The organic layer was washed with
saturated saline. The organic layer was dried over anhydrous
magnesium sulfate. Then, the solvent was distilled off under
reduced pressure to obtain the compound of interest as a pale
yellow oil substance (7.02 g, <100%).
[0138]
(Example 31) [(1R,5S,6S)-6-(aminomethyl)-3~-
ethylbicyclol3.2.0]hept-3-en—-6-yljacetic acid
benzenesulfonate (exemplary compound No: 8, optically active

benzenesulfonate)



magnesi um sul fate. The solvent was distilled off under
reduced pressure, and the residue was purified by
silica gel chromatography to obtain the conpound of
interest as a mxture with,the starting materi al
(2.38 g). (35-e) Tert-butyl
()-[(1S, 5R, 6R) - 6- (am nonet hyl ) - 4-
et hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl i dene]acetate A
mxture (2.3 g) of tert-butyl () - [ (1S, 5R 6R) -6
(ni tromet hyl3 - 4- et WyTbi &J&l of 3. 2. 0] hept - 3- en- 6-
yli dene ate afid tert-butyl ()-:(1S,5R)-4-
er hyl by€ycl o 3. 2 e t-g-g‘{-G-ylidene]acetate was
fssolwxed iph ethanol (3 Y rii To the solution, iron
owder g, 40.1 mmol) and then an aqueous
CHanmoni um chldride (0.48hg90;8.1 mml) solution (10 ni)
were added, gnd the m xture was stirred for 4.5 hours
under heating to reflux. The m xture was allowed to
coqlirang, tehgn cfi (lkareshddH UG -GalH 18 L8, c IEMVE 0] hept-3-
i nsoluble matter. The solution was concentrated, and
en-tdey Iesiatire: wasi di |41 20 %\a tho et rhoBcet @t ed:i I881ved by
dilution was washed with a saturated aqueous sol ution
heafirspdium Dbiadoate svtudieoed(2¥e? mhhydf ous
magnesi um sul fate. Then, the solvent was distilled
bergfgnemdeiornried sl pressiuy@rated ame thd5solvespnueanpashen
purified by silica gel colum chromatography to
algpted nte HOTorpourPBf teppeFabiras & heolirdEss gl [solid was
substance (1.00 g, 40%_ yields in two steps). (35-f)
cok%eqt?d(qu*%ﬂ%rq#%omﬁ_f¥5h1 AS) waphed with water (15
. ethylbicycl o[3.2. 0] hept-3-en-6-yl]acetic acid
mJ‘)Te"srr%/é: butS/i :)[le-(‘z[l‘%i , %F%a%ﬁ)lm-%%miah‘?n%%?hw yhe geompound
et bieyciol[3.2.0 - 3- enr 6- ene]l acgtate (1.00
of gfgl%%'}%égm%ﬁo)a V\(fzzadslgé%% v%(gfl*(g 26—'491% %ydfzf’: foric
(oesd d-ethyl acetate solution (20 M), and the m xture
was stirred at room tenperature for 1 hour. Then, the
(EXERM 190 splid ves s€obk ecE et pyndhd ik @i jon. The
solid was suspended by’ the
spiro[bicyclo[3.2.0]hepta-2,1'-cyclobutan}-3-en-6-yllacetic

acid (exemplary compound No: 39)
(32-a) Mezhyl cyclobutylideneacetate

Sodium hydride (>65% oil, 3.62 g, 95 mmol) was added to
a tetrahydrofurar solution (200 mlL) of trimethyl
phosphonoacetate (18.21 g, 100 mmol) under ice cooling, and
the mixture was stirred for 1 hour. To the reaction solution,
a tetrahydrofuran solution (50 mL) of cyclobutanone (5.00 g,
71.4 mmol) was added dropwise, and the mixture was then
brought to room temperature and stirred for 1.5 hours. To
the reaction solution, a saturated aqueous solution of

ammonium chloride was added, followed by extraction with

hexane. The organic layer was washed with saturated saline



addi ti on of dichloronethane. To the suspension,
triethylam ne was then added dropw se. Again, the
resulting powder was collected by filtration and
dried under reduced pressu{g,to obtain the conpound
of interest as a white powder~ (0.51 g, 596 [0143]
(Exanple 36) () - [ (1S, 5R, 6R) -3-ethyl-
(hydr oxyam nonet hyl ) bi cycl o[ 3. 2.
an@|deird g Ryhyacet$ cnagies i wpdevthRbei delemeami gt was
formate (1.10 g, 16.9 nmmol ) was added to an ethano
diggbligg shisp $6nr%@u@%¢tpaﬁ%§vr%)tP(@BtsRnehyescompound
et hyl - 6- [ (hydr ox anlno) met hy| ] bi cycl of 3. 2 0] hept - 3-
of @“Sﬁ-‘i%%et e® (B¢ Js% g how %ﬁbl iuéﬁaa gFi GAP - 74 9 <T00s) .

di 0. 05 , dth t
3%2% a%Y?ﬁ% €§§£+%%ﬂ$ {%a I glﬁre fo?)19aﬂours? C&?e?re
h t h
f|| ereémfhrgggﬁgﬁén%%ﬁagéaragg%% flﬂ%%lﬂ%$lmaﬁ?%e$£ded to
a gé@rét?*&‘fé?@ré{@ssSPHCfQﬁr@i 86, mP do'fhﬁeth§7§7 resi due

was diluted wth ethyl acetate. The dilution was

cya%6$@%§yu&@n@aéétgtét@@saqgeQUS<s9lutmﬁelofuaeekumbe
bi car bonate and dried over anhydrous nagnesium

cosulfi@f eandhene mikeusel vept swasrdisthl kedsoktayadepr 2.5
reduced pressure, and the residue was purified by
howsisi calegelargml ufird ahilk)oretd g aphy dgueolbs asodaum hydroxide
colorless liquid (0.34 g). The liquid was dissol ved
solwtiod N hypHr ochker Rédadi dherhyb, agetdatdesolivtiuvgr Fas5
m.), and the solution was stirred at roomtenperature
furpre] pbtFredTRENI OPRet8BPOEAL UREsTAFsti Pred 6PF GREer
r educed Eressure The resi due was suspended

£14b8F 7 o bPUER chPorbfet haMe, T & St hed e@ﬁ???gébiQd%thl

4B ey colLeLed DL athon, . The, obiaLned. poMder e
anggggﬁgpygggdlggolQ%ﬁ%gﬁg Qﬁdao%G5B§c99@9%rs.(oTﬁQ grganic
layer was washed with saturated saline and then dried over
anhydrous sodium sulfate. The solvent was distilled off
under reduced pressure to obtain the compound of interest as
a2 pale yellow o0il substance (22.14 g, <84%).
(32-c) (1-Vinylcyclobutyl)ethanol

Cyclobutylideneethaﬁol {(22.14 g, <60 mmol) was dissolved
in triethyl orthoacetate (25 mL). To the solution, phenol
{(1.02 g, 11.6 mmol) was added, and the mixture was stirred
for 1 day under heating to reflux. The mixture was allowed
tc cool, and saturated saline was then added thereto,
followed by extraction with ethyl acetate. The organic layer
was washed with saturated saline and then dried ovei
anhydrous sodium sulfate, and the solvent was distilled off

under reduced pressure. To the residue, a 2 N potassium



[0144] (Example 37) [(I R SS, 6R)-6-(amnm nonet hyl ) - 3-
et hyl bi cycl o[ 3. 2. 0] hept-3-en-6-yl]acetic acid H NH
COO H CH3 p-Toluenesulfonic acid (13.14 g, 69.1 nmol)
was added to an ethanol jl?QZnL)/mater (50 L)
suspensi on of tent-butyl
[(1R 5S)-6-{[(tert-butoxycarbonyl)am no] net hyl }- 3-
et hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl Jacetate (10.20 g,
hydp:5idsgre 9l asell it iorn poslenl | 9wé4 ggdad2. Indnbhy,
,and the mxture was stirred at 80C for 2.5 hours. The
LR UGR R et T HheRl © X0 Efol 2 BnBOPReReRPE T @F ebet hrBugh
Celite to nove nsoluble matter. The sol ution was
SOICVoer{bteﬁfarSat‘{e]os mejae‘ilh%- e5I¢RE TASUCAT| BERESWEh @bHykhe
tate, e di s. washed with water and dri.ed
resolv(]: < a"%i/dtr us %Ja Jsrbl‘?a? N 3HBROUS h%Od%WVEHFrOde‘:
S I 0 ery d [ essure, and t
5% aoqlneJl%o b %/\Ji/ésfyv\ntcla{"sheaetdh ‘rﬁ fes ?a*ne to ob"iqéier?“és layer
wa§wﬁééé5§&i&ﬁc(&§1@§ &BncéHH§a€98D99890$ﬁ ogiésg%¥8duh8er

benzene (100 nl) To the solution; p- to uenesultonic

ic@tddbi(ihg’ ﬂblfbﬁéd”6§)exﬂﬁ@c@dgﬁdw1éﬂdeﬁﬁ 1M XLUEEe  The
was stirred at 80C for 2.5 hours. The m xture was

orcdr ionelth fer cad washdden dh | § £t edat odr eaDY8e hRSOLHBLEdried
matter. The sol ution was concentrated, and the
ovegbtagimetr e irth ¢ 8umy) swiasa te ssehdedhe nsehionof vam
(50 m.). To the solution, triethylamne (1.4 nlL) was
disgidelbd el tdredey esedudend) moessunas (Bld ectsididry was
flltratlon and suspended in eth acetate (25 nL). To
1 3L &S pigh st ot 2y Wﬂé{%uﬁ%nﬁﬂﬁ -adid e 4t vers

added. The m xt.u ultrasonically irradiated for
11 i 2 R h e GHT et H01 § Mies2 ie@hed) wieh then added
unémg_ﬁnol %J_bta|%1 t he .conpound of i nt rest as a white

€ coo mixture was brought to room
temperature and then stirred for 7 hours under heating to
refiux. Methanol (1.5 mL) and a 1 N aqueous sodium hydroxide
solution (1.5 mL) were added thereto under ice cooling, and
the mixture was further stirred at room temperature for 1
hour and then filtered through Celite. The residue was
washed with dichloromethane and saturated saline. These
filtrates were combined and separated into agueous and
organic layers. The organic layer was washed with a 1 N
aqueous sodium hydroxide solution and saturated saline and
then dried over anhydrous sodium.sulfate. The solvent was
distilled off under reduced pressure to obtain the compound
of interest as a colorless oil substance (1.94 g, 25%).
(32-d) Methyl 3-hydroxy-4-(l-vinylcyclobutyl)butanoate

A dichloromethane sclution (80 mL) of oxalyl chloride

(1.88 mL, 22.5 mmol) was cooled to -78°C, and a



(0.06 g, 1% . [0145] (Exanple 38)

()-[(1S, 5R, 6R) - 6- (am nonet hyl ) - 1-

nmet hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetic acid

(exenplary conpound No: 2) (,38-a) Tert-butyl

()-[(1S,5R) - 1- net hyl bi cycl o[ 3. 2. 0] hept - 3-

en-6-ylidene] acetate (E/Z m xture) - 159 A

tetrahydrofuran (15 nl) solution of tert-butyl
dléhﬁ@tfl@y‘leﬁﬁ@@ﬁhéﬁ acerar € 2039 @f P4 e Thibl )S Wefso aiddred( 3

ropvvl se at 0OC over 5 mnutes to tetrahydrofurar
mL¢ 15 3n{0) M@l p@Rsi 6 96H %&Hﬁ‘fﬁsﬁy&ﬁ%% 53hg mg3gire was

15.5 mmol ), and_ the m xture was stirred at OC for 15
STRFRGCeS T88tﬁ| §O-S%PUWFBHte§ -t et Py of o@h?%ﬂa%@@eﬁﬂﬁm“

| f | b 3- 6-
st ey 233 el i A O S R O brer & 1
nEhULES, AR be B LBUE AP rs Surther

nperature hour's. e m'xture was treated w

st‘ﬁ@&%rd’ a0l l;gued=0y expracti OnTi“éhétg?;‘?’i&BDMé ‘i—‘éhﬁi 65hz‘ﬁmol

organic | ayer was dried over an ous magnesi um

waSUbbledr thEiero, tlaedsq;lh\éemlma&edlﬁg |drethedf 1 Wneesught to
reduced pressure and the residue was purified by

ro®hl itetpgela teleunmd aeomatagraphyrdo obiain. t he N
conpound of interest as a yellow oil substance (1.80

hyglrog2Q)or 3&did Badt -datuwdat(egd -sdl kS weBR &Rjed 6hereto,
gmtronethyl) -1- met hyl bicycl o[ 3. 2. 0] .

fordpmezl dy @éyma@étﬁeﬂraoettét gﬂ@kﬂm%ﬂhane The organic
()-1(1S, 5R)-I-met Iblcyclo[32 hept - 3- en-

1ageg] Wdendpadea twé 1 SF0 W22 e \ﬁa{éd d?%%%l YeHef Pver
|tronetha To the sol ution,

YA A 4 O - oo EEHT 1R HhoFjLhes of
unddded and the i xtur e was st

d at
dgursre%e mxture was arl 6 &du% 8’% I(él % ‘1v dl in

té%yéﬁ fghﬂﬂﬂﬁo%% JUtlgg ﬂ# @%ﬁ%&%‘%”‘@ﬂﬁﬂ¥ﬁ%¥%boron

hat e was then ded thereto
(6.2 mL) and zinc powder (4.46 g) were added, and methyl

bromocacetate (4.2 mL, 44.1 mmol) was then added dropwise
thereto. After stirring at room temperature for 30 minutes,
"the reaction solution was heated to 40°C and stirred for 20
minutes. The mixture was further brought to room temperature
and stirred for 1 hour, and glycerol, water, and saturated
saline were then added thereto, followed by extraction with
" ethyl acetate. The organic layer was washed with saturated
saline and then dried over anhydrous sodium sulfate, and the
solvent was distilled off under reduced pressure. The
residue was purified by column chromatography to obtain the
compound of interest as a colorless oil substance (1.22 g,
40%) .

(32-e) 3-Hydroxy-4-(l-vinylcyclobutyl)butanoic acid




foll owed by extraction with ethyl acetate. The organic
| ayer was dried over anhydrous magnesi um sul fate. The
solvent was distilled off under reduced pressure, and
the residue was 160 purifi by silica ge
chromat ography to obtain the Conpound of interest as
a yellow oil substance (1.80, 780). (38-c) Tert-butyl
() - [ (1S, 5S, 6R) -6- (am nomethyl) -i-
metlng bicoysiug]dB. X @]rtteépteﬂ e 6-ghjacetdtes Jertlbuigss oil
() - [ (1S, 5R GR% (nitromethyl) -1
Subﬁﬁ¢@¢%|bycl@[%, ?ertl@ Eﬂe689med@ﬁ@]aée@atﬁxempse (8-b)
was dissol ved in ethanol (45 niL) .
uSchh% f&%‘?fm offrhWF%yp%mﬁ%rvmmgyaloém yl hﬁﬁlc)anaaae (1.22 g,
tg aqueous amoni um chloride (0.34 g, 6.4 nmol)
6. ITW? (15 mL) were added, and the mxture was

Sk e ST el e Coh] - St e HERETP Pored: OhgRGA-2 1 -
cyCRbbl€at P- £ eImVe._ §¥§QgHgggeg§£ger The sol uti on was

concent rated, and e residue was diluted with ethyl

acej—q;ﬁjrox-g}']ﬁl iU 'r@ﬁl 1 ashet wii by & saturated o

aqueous solution of un1b|carbonate and dried over

6. ﬁ@hﬁd&ouswaﬁg@§§s@3%§§|fﬁtﬁ,N dheschihecsebrent Was m1) and
distilled off under reduced pressure, and the residue

acevasc pamhydedddy (i bina) gelTe ot s o ot Domt ogs dgdyi tiro
obtain the conmpound of interest as a colorless oi

acetbst ances (9.189, g6 - B6%mol B8wd}p @)ded] @nS, tBR mGRrure was
- 6- (amlunmthW) -1-

stherdyl dt c%@ (q chzr 0‘] Hean% ef-o6tyle] asetdtc cacisblution, ice
Tert-buty 6R) -6- (am nonethyl) -

wa%%%h??%l%?%¥6?§°§ é?ﬁéBF SSER- BdQPFacéPatéh€0m96b§r° was

was di ssol drochl ori
sthEfederny) 2 suatate. SoOLdEFan g@z@Xﬁ£¥ctAHa Phabs 8t avion
tirned at room erature fo ours._The
ac¥ﬁ§t§ |VeﬁZ?M%§%ﬁStI?¥mp(ﬁ? Under r%ﬁ%ced %?%%%%?%d
ag ?%ﬁ%e§bﬂH€ &ﬁsofuéBaggﬁdb?¥aEB8na@gdéhﬁoga Erated saline

OFOITEt ane To the suspensi on,
in this order and dried over anhydrous magnesium sulfate, and

the solvent was then distilled off under reduced pressure.
The residue was dissolvéd in tetrahydrofuran (30 mlL), and the
solution was added to a reaction solution prepared in advance
from a tetrahydrofuran solution (30 mL) of tert-butyl
dimethoxyphosphorylacetate (1.82 g, 10 mmol) and sodium
hydride (63% oil, 342.9 mg, 9 mmol). The mixture was stirred
at room temperature for 1 hour, and the reaction solution was
then separated into aqueous and organic layers by the
addition of a'saturated aqueous solution of ammonium chloride
and saturated saline. The agueous layer was subjected to
extraction with ethyl acetate. These organic iayers were

combined, then washed with saturated saline, and then dried



- 161 triethylam ne was then added dropw se, and the
resulting powder was collected by filtration. The
obt ai ned powder was washed with dichl oronmethane to
obtain the conpound of |ntf£$sg as a white powder
(0.33 g, 47% . [0146] (Example 39) () { (1R, 5R) -6-
(am nonet hyl) -7-
met hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl }acetic acid
ovqex@m®y@¥gusC@ﬁ@@@ﬁ@umbsuy§azgg é§hq@$@lﬁ@my|was distilled
é (1R 5R) - 7- et hyl bi cycl o[ 3..2. 0] hept - 3-
of nured%la%%%@e?a%ésvrﬁ%r c%ﬁ%oﬁﬁ@ 6f35ilﬁt1§r Y36 pagified by

optained as an oil substance (5.8 % 53@% in the
SlSﬁﬁ% %B§ a%$ %“Eﬁ%ﬁﬁ@%t%ﬂﬁagyy fPoﬁP ain the compound of

’g st o ey piggsg’gsgxw5%%0)stlgégég égngé OIr]e)7gﬁrhc;/Z

- mi SOUPOr nd of interest was a dlastereonerlc m Xt ure
mai nly" conposed of two dlastereoners (39-b)

3%e§ rg%%¥hyy%%gg§%f f%zin%%gé% g en-6-yl }acetate The

(ncoOrpasndy of shnterBsEtywas [ 9bt apNedpas - anloLlcy%q%b@a@q 3-en-

(4.07 g, 56% in the sane way as |n Exanpl e (1-c)
6-f1pacéestebutyl

(){(1R 5R) - 7- net hyl bi cycl o[ 3. 2. 0] hept - 3-en_-

6- yitd tterte}acet at)e- (55,7%R ) s2brd [ oy dlo The2 conpepnd-of 1" -

interest was a diastereoneric mxture mainly conposed
cyelobuhaeb-drastergondescacsvatcy West digsplvel fn( 1R

5R) -6-{ [ (tert- o
nlbﬁ?%%?@%?%o&?l?ah?no??mﬁ?@d%Qbu%%@%ylbi%ycl0[3 2. 0] hep

en- }acetate - %62 Thﬁ §9 ound of i nt er est

d< %%bbEYaiﬂia asVARNEPF~'56BSt & TLll 9,>188%P 1 n Wiese 2ddec,

ang ) Te Rk Srenehyhegret witn Eigﬁlﬂ%ita?“%%'bo s0°C for

5.5 hours. The mixture was allowed to cool, and a saturated
agqueous solution of potassium dihydrogen phosphate was then
added thereto, followed by extraction with ethyl acetate.
Then, the organic layer was dried over anhydrous magnesium
sulfate, and the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column
chromatography to obtain the compound of interest as a pale
vellow 0il substance (1.08 g, 81%).
(32-h) (£)-{(15,5R,6R)-6-(aminomethyl)~
spiro([pbicyclo[3.2.0]lhepta-2,1"'-cyclobutan]-3-en-6-yllacetic
acid

Tert-butyl (x)-{(1S,5R,6R)-6-
(nitromethyl)spiro[bicyclo[3.2.0]lhepta-2,1'-cyclobutan]-3-en-
6-yl}lacetate (1.08 g, 3.52 mmol) was dissolved in ethanol (15

mL) and water (6 mL). To the solution, iron powder (C.99 g,



(nitromet hyl ) bi cycl o] 3. 2. 0] hept-3-en-6-yl }acetate

(1.00 g, 3.55 mmol). The conpound of interest was a

di astereoneric mxture mainly conposed of two

di astereoners. (39-d) () { %}g&,_SR) -6- (am nonet hyl)

-7- methyl bi cycl o[ 3. 2. 0] hept-3-en-6-yl }acetic acid The

conpound of interest was obtained as a white solid

(281 ng, 46% in the same way as in Exanple (1-e) from
17 teemmopuytamd ammonium chloride (93.3 mg, 1.76 mmol) were

d{%i (1R 5R)-6-{[ (tert-butoxycarbonyl)am no] net hyl }-7- .

adqist hyaATHE cyee o 3K uT Hept -t eRredyfPhcet dierp 1undey, heating
3.16 mmo_) . The conpound of interest was a _. ,

to di %%eo#é‘ﬁ ELFHXEGr & 2 S M Y Sonpo P of tigp diluted

wi qlli%ati‘gg%%e_ Sés_aej{%ﬁ?,_?lca_ éa gggjceed4ggque0‘as solution of sodium
: | am ' 3.2.0 - 3-en- 6-yl }acet .

o ALTELINL B0 A0 LI LB evel ol OFhent Foctposbhcets.

to IK&Hvd Mhsolhhid ﬁg%%éi.(}f%éifff%kéﬁe_wa separated into
[(1S,5R 6R)-6-{[(tert-but oxycarbonyl)am noﬁ net yﬁ %

r AR 0} 3- - A [ j 1 J
o8 Kt o e el

with efetayd{acesdinei shp-tiobtenesstif onateafRByd8o0s Haflesium
mmol) was dissolved in a m xed solution of water (6.5
suyijtea dnd theueolsesodiam hydrosidelisbedt 00h hbenl yeduced
and 1, 4-dioxane (13 nL) To the solution, _
prefisueg t - Gig yhedizesisorat @ (R.8hyfrodBl@r imuJidwmsthyl
added with sti rllri ng at roomtenperature, The mxture
ARt TP+ erhi git) af2® hpddeenperat biRe, mangutRevas
reaction solution was then_nade acidic by the addition
st%ﬁr%_hﬁt room temperature for 1 nour. Then, the solvent
was distilled off under reduced pressure. The residue was
suspended in dichloromethane. To the suspension,
triethylamine was added dropwise, and the resulting powder
was collected by filtration, then washed with dichloromethane,
and then dried to obtain the compound of interest as a white
powder (439.2 mg, 57%).
[0140] ‘
(Example 33) (£)-{(1S,5R, 6R)~6-(aminomethyl) -~
spiro([bicyclo[3.2.0]hepta-2,1'-cyclopent]-3-en-6-yllacetic
acid
(33-a) Methyl cyclopentylideneacetate
The compound of interest was obtained as a pale yellow
oil substance (14.31 g, <100%) in the same way as in Example

(32-a) using cyclopentanone (8.42 g, 100 mmol).

(33-b) Cyclopentylideneethanol



citric acid, followed by extraction with nethyl ene
chloride. The organic |ayer was washed with saturated
saline and dried over anhydr ous sodium sul fate. The
residue was filtered and _ cppgentra-: ~ed under reduced
pressure to obtain the conpound of interest as an oil
substance (2.01 g, >99%. (40-b) [ (1S, 5R 6R) -6-{ |
(tert- but oxycar bonyl ) (et hyl ) am no] nethyl }-3- e

t hybisi GPEPSB2 F] H@ﬁte—f?—sén WLy Iqacetriad @t b Sorftenellow

hydri de (63% 48 g, . ol ) was added in | snm] |
Ollpé%h?%*}?s“(‘ieo %\8 r%'%fd?%]f‘tﬁ“dhg s%ﬁ%ffjr o?wc‘%%%tﬁ?_) 1pfthe same

waJ‘ls B SEVBIE o 01 e 151 R By | Set PrBey ol ¢arpaoetare

gl 50, and rrethyl i odi de (4 05 nL, 65.0 nmol)
?hgstlrrlng at roomtenperature. The m xture was

fr t E%rp,e, 6 hours, and water
3§Id \a«/am}%en added P)tﬂ{ﬁ aho! i

(50 S reto vvhllethe reaction

SOl %mn@@feqr%ﬂe% wdOldavethdy yashing Midss oi1
di ethyl ether. The aqueous |ayer was made acidic

sutisidrged M cdtrg c Be) din fohd ovede bya gxd s achi BRampibh (32-c)

ethyl acetate. The organic |ayer was dried over
u s g yady ousp oty Uimsnug ¢ at@no Thes r 281 gue<wasmhpllt ered and

- 164 concentrated under reduced pressure. Then, the
(3 ot laiMreieny rdrdey proelycd - esv puy + ¢y etiopgnsyLi batgebate

col um chromat ography to obtain the conpound of

i ntidesompPial 61l Irsiiisince ] 20 ed5g .2 (apleglgss oil
Sués(fr%%% h‘ﬁﬁoﬁ ﬁ%‘im‘ﬁm AR ops. %alb‘i? hERY - 35 eAlGE §}P§“8&'ét (32-

ic acid dr o hI0|deA4|\]B ch Lc aCLd eth

O G o (15 WL Bob ) T 1ot 15 CSR! BR) - e L)

T T

Gt RS 5 b e H%l%?" %F%%%.la f‘olBo o

2. E&e compouncg of interest was obtained as a light brown
oil substance (the partial solvent remained; 504.1 mg, <100%)
in the same way as in Example (32-e) using methyl 3-hydroxy-
4-(1-vinylcyclopentyl)butancate (417.3 mg, 1.97 mmol).
(33-f£) Tert-butyl (*)-(1S,5R)-spiro[bicyclo[3.2.0]hepta-2,1"'-
cyclopent!-3-en-6-ylideneacetate

The compound of interest was obtained as a pale yellow

o1l substance (232.3 mg, 47%, E/Z mixture) in the same way as
in Example (32-f) using 3-hydroxy-4-(1-
vinylcyclopentyl)butanoic acid (504.1 mg, <1.9 mmolj.
(33-g) Tert-butyl (x)-{(1S,5R,6R)-0-
(nitromethyl)spiro[bicyclo{3.2.0]hepta-2,1'-cyclopent]-3-en-
6-yllacetate

The compound of interest was obtained as a colorless oil

substance (250.2 mg, 88%) in the same way as in Example (32-



mol ), and the m xture was stirred at roomtenperature
for 1 hour. The m xture was concentrated under
reduced pressure, and the obtained residue was
recrystallized from hexane-jigopropanol to obtain the
conpound of interest as a white solid (0.34 g, 47%.
[0148] (Exanple 41) () [ (1S, 5R 6S) -6-

(am nonet hyl ) -2-

ét%ﬂy?%m%itq'd{tgﬂl 0 Hept1B-Bh-6354 JakbkeiFechel d- ¢ 441 agpta-
T t 2 | but 3 hyl
Tﬁé3ﬁat %éﬁl yT%hog% onﬁﬁnw %%%fxgkgége§ i §héagg romo L)
t et h 330 nL T
EEU AT eaeme gl TR SO i i ﬁexane’ °
s f%gfgiévhm97332n%%hé§§aﬂyni) cy@ﬁoséaduabena@d9dxgﬁgglc

stirring at e mxture was stirred at this
actgenperature for 1 hour, and a tetrahydrofuran
solution (110 nmL) of 2-({[tert-
butnH dicieidud S yiljweagddetind )dut anedd (et 4 afett ®©noowder
2004, 60, 9307) (27.6 g, 127 mmol) was then gradually
(1addedndg hetEtp. in 466 sdhe waxtaseinaBxstmpiered3athPCusing
for 2 hours, and the reaction was then term nated by
tetthebaddi t (o 0f1%, SAL OR &t €d aqueous solution of
amoni um chl ori de and mater follo extraction
(P¥w¥?me%@%¥ ) SRee? BpeCYThe [ ér gahi EePa§e? aascﬁﬁéﬁéant]‘3‘en‘
a saturated aqueous solutlon of ammmoni um
6- %%}%??ﬂ%temé%%? O B3d Saf Ur&FRd’ sal i ne and then dried
O$¥${ anhydr ous sod|un1 sul fate. The residue was
ered and concentrated under reduced pressure.

Then, t obt ai ped_cryde, product . was rifihed by
(TS S@ PR S h Brat bGP ARy L 8 EBEYE Che
QH%J 9% LpLegest o p_8LL,sHbShance (19,819
CV@%@? ¥ Ethyl 2% é ethy ep?a?z 6- &lenoate
(34841 apLty SEFD@LH inQE dgefl-MLabrabydrof uran
qutlony 99. QE f F was added to a diethvl
ethﬁr“.§KMlﬂéﬁ&hméﬁhyﬁdléﬁlazane sodium-tetrahydrofuran
tert-butyl[(2-ethyl but-3-en-1-
solution (9.44 mlL, 18.0 mmol) was added dropwise over 10
minutes to a tetrahydrofuran (40 mi) solution of ethyl 2-
cyclobutylacetate (2.32 g, 16.3 mmol) cooled to -78°C, and
the mix*ture was then stirred at -78°C for 10 minutes.
Subsequently, a tetrahydrofuran (10 mL) solution of allyl
bromide (7.90 g, 65.3 mmol) was addea dropwise thereto over
10 minutes, and the mixture was stirred at room temperature

7

for 17 hours. The mixture was treated with water, and
volatile portions were then removed under reduced pressure.
To the obtained liguid, ethyl acetate and water were added,

and the obtained organic layer was dried over anhydrous

magnesium sulfate. Then, the solvent was distilled off under



yl)oxy] dimethyl silane (19.9 g, 93 mmol) with stirring
at room tenperature. The m xture was stirred
overnight, and the reaction solution was then
separated into aqueous and pyganic |ayers by the
addition of water, followed by extraction with
di ethyl ether. The organic | ayer was washed with water
and saturated saline and then dried over anhydrous
redyfidm ST T At TO THRE 3 B3 i WRBPPRREepBdiARETest as e
oncentrated under reduced ressure and the residue

tQﬁﬁ1§H %tﬂ%%% i Hetdyl en chloride (180 nmL). To
}he sol.ut trle{dylan1ne 7 , . 186 mml ) and
(3476t hdn fbn‘y'[ TS ‘?ijetﬁtll%e%”%ﬂ ﬁg@l%wa3e wer e

adgﬁqﬂé%kﬁjﬁk%%ﬁhﬂgéﬁkwgﬁu IH&&?fgévlﬂl éégéﬁﬁon (9.88

over ni t at reacti on sol on V\ﬁ

1 Sepay | Sy a - s h
S R e RSB LTI B Sl O o ons

(2 DYnIEXt S ACHE O Wh  he v 166+ rmihyileﬂgb@%%éﬁ@*éljgﬁoate (1.80
organi c | ayer was washed Mﬁth saturated saline and

g, WiednQVEy @sbyad ops SpgHUMH fate m: e d a8l dug vas
filtered and concentrated under reduced pressure, and

st ihesd esi duBs WS drhen ndivgsal ved 3ior  digieshyl acsulktoxicde:
(240 nmL) and water (12 nL). To the sol ution,
solpstiaasi U €yl deag 1&ddeq), dp3pvwhael Jhemstaddedr Theinutes.
_mxture was stirred overnight at 60C, and water (400
Thef,) W& ?%ﬂl@rlaﬂwr|vg/a%ocaléae%ih@%%ommmaéwmesunate
_reaction s % Mf cool ed on |c§ fol | owed b{ |
%ﬁﬁr%ﬁ%?%ﬁlm? hlﬂ?% 1S dihereT Fhel vt ghdt el ayer¥as

shed W er_and.saturated, salin

St %r%%u%%%ﬂ%%%sﬁr?agé '?zrha”d&h@damoemaswas
aoded 16 Sha N LoneELiAtel unfeLLEedeeT  PLERSH & 208y

resi due s then di'ss uene

texﬁngata@mf@n, 16l i Sobyt ylrral nglwgnhwg de; dg( dl%gec!vloff

toluene solution, 169 nL, 167 mml) was a
undi O Sl thrst s ré ngaq@tthJSQesﬂi@o My X§ Up€r WBSed by

stirred at this temperature for 1 hour, and a 30%
colagqueotisr acet dgrach d E@I@&t@ﬂp(&6&oﬂbil@@§ 01l substance as
a mixture containing the compound of interest. This compound
was used in the next reaction without being further purified.
(34-c) (%)-4-Cyclobutylpenta-2, 6-dienoic acid

A 5 N aqueous sodium hydroxide solution (15 ml) was
added to an ethyi alcohol (20 mL) solution of the ethyl (#)-
4-cyclobutylpenta-2, 6-dienoate obtained in the preceding
paragraph, and the mixture was stirred at room temperature-
for 1.5 hours and subsequently stirred at 60°C for 2 hours.
The mixture was allowed to cool, and the solvent was then
distilled off under reduced pressure. The residue was

dissolved in water. The agueous layer was washed with

dichloromethane and then neutralized with a 2 N agueous



then gradual | y added thereto whi=e the reaction
solution was gradually heated. To this reaction
solution, a saturated aqueous solution of sodium
bi carbonate (130 nlL) was gdggg _Wwith stirring at 0C
and the m xture was then se ated into aqueous and
organic layers, followed by extraction with toluene.
~ The organic |ayer was washed with water, a saturated
hydmpmm&sus@lamldnsmﬁuSdeuhib@cmbbonﬁbkloaed bgaturatedion
saline and dried over magnesi umsulfate. After
with |dighiorometigne (t rlhshearndghos phyenyid dete) et evee e
(33.9 g, 97.4 mmol) was added to the filtrate, and
maghRS Fit S B AR SIS red e igghtdiatt ksl off under
The reactjon sol ution 167

rature. wa
re%%%%gnﬁ?%ﬁ%ﬂreamﬂ ?%éab%tﬁlKegEEWu8é1pFBaEEanﬁsa§hén

d.b t hy_.t bt
R St of Tt er it Haan or | SERSE ancel (3. 82 gpone

wa%6g%ed ( g &%ﬁ% ?eg ¥£H€Q£?ﬂg§g Eé?§8 ﬁ ?Chgf ﬁarL Tied.

rOXI nmonohydr at e

39_d(§i)edTé g &ﬁiapydr ¥ tﬂansghanol water (3:3:1, 100

ut on

cy&ﬁ@ﬁu@yﬁﬁb&%@?@t@ 2, @}Héﬁﬂgétenég 923 d8nePdcdthmBl JE/2Z

and the m xture was stirred overnight at room
mikenperature. The reaction solution was concentrated

under reduced pressure. To the residue, water was

t hédvddeidim daddaovwed( by0 waghi Q. Wntrho i etdy | addidérto a

The aqueous | ayer was nade acidic by the addition of
disethhyaceocamhbdeéc(a¢idl.) $olhowed by ekerdti+ém with

et hy= acetate. Then, the organic |ayer was washed
CYGiehu ki ReRt 202 sAf FheNand dFiedobvainednhydibasPE6ardANT

sulfate. The residue was filtered and concentrated

paﬁ%ﬂﬁ?p?eﬂ%%eﬂ”%F%SSﬁP%y?BlgﬁtéFnO?hE'CBHpguﬁHO » and the
m B R 91 St TTRS, 2R T90ht BT BrEgSroPato 0t hEpr  3k. the
stlﬁ¥%§ﬁa:ge%%82cﬁt%f & Trl'lo&é)srmo nde (r)nflxltrhtreer %Jsats Vi\'{areateo with
ice water and a 2 N aqueous sodium hydroxide solution,
followed by extraction with hexane and diethyl ether. The
organic layer was dried over anhydrous magnesium sulfate.
Then, the solvent was distilled off under reduced pressure to
obtain a pale yellow o0il substance. The substance obtained
here was added to an acetonitrile (20 mL) solution of tert-
butyl dimethylphosphonoacetate (0.84 g, 3.7 mmol), lithium
chloride (0.16 g, 3.7 mmol), and 1,8-
diazabicyclo[5.4.0]undec-7-ene (0.59 g, 3.7 mmol) stirred in
advance for 1 hour, and the mixture was further stirred for
12 hours. The mixture was treated with water, and volatile

portions were then distilled off under reduced pressure,

followed by extraction with ethyl acetate. The organic layer



substance (3.00 g, 44% Mjor/Mnor=3/1) in the sane
way as in Exanple (7-c) from -
(2E) -5-ethyl hepta-2,6-dienoic acid (4.50 g, 29.4
mmol ) . (41-e) Tert-butyl_ (25£ (1S, 5R, 6Y95)
-2-et hyl - 6-
(nitronmet hyl ) bi cycl o[ 3. 2. 0] hept -3-en-6-yl ] acetate The
conpound of interest was obtained as an oil substance
Wa%EﬂEﬁﬁﬁ O\OBYHAINBY GF P MorE3¢dIunnstheasane Teay sslvemt was
le (1-c) fromtert-butyl ()[(1S,5R) -2 - 168 -
dl%tc e c%ﬁ dider oredpteB-RACBSYI ¢ derRf athearesidueowas
(41-f) Tert-butyl () [ (1S, 5R _6S)
pu 6‘16(%%3?10?1’& )gelz C%Jclllﬂrn bFRyErdF3IDaPpyY to obtain the

cont C?al nedpa*s %/%]1%9? a%ﬁ%l?‘gjrégn?gy gs‘gf’s*lé%gge% 8%, 243)
AR gl g e,
(4L %9381 et %19%5&?) ¢ L B P

cvdﬁﬂﬁdﬁyﬁﬁ 31023 Olhept-3-en-6-ylidenelacetate
ethylblcygy%[s 2. O]hept 3-en-6-ylJacetic acid p-

t olweresldyanate -p- (el uenesuld cﬁotﬁ%} b PR & &1 hept -
(2.17 g, 11.4 nmmol) was added to benzene so utlon

3-greom)iddng ettty (0.36 g, 1.4 mmol) was dissolved in
()[ (1S, 5R, 6S)-6- (am nonet hyl ) - 2- et hyl bi cycl o 3. 2. 0] hep
nlﬁrqmeﬁﬁﬁTﬁyig%cé&hteTKch? ¢golt pormol )§- and t he
m xt ure was refluxed for 1 hour. The m xture was
diagaieridl Tobl O whdecT heeepbSi 28ddsol t d Wasii heas added,
washed with nethylene chloride to obtain the conpound
anGfthgitekesirasias g$a3yr§%<li|@lt(@0 ipr Bowurs. 1,8-

dla('\@alkg)lrévM‘]P%og?)Sl{ %]urgdechg—ér)xe 6'?6 g5,R 6§)ml_ngi was further
ad{%%?@%%é@%gg?[ﬁgg qggﬁﬁ%%%%%§|6 !légiggé aCIQO é)fér 4.5
hours. The mixture was allowed to cool, and a saturated
aqueous solution of potassium dihydrogen phosphate was then
added thereto, followed by extraction with dichloromethane.
The organic layer was dried over anhydrous magnesium sulfate.
The solvent was distilled off under reduced pressure, and the
residue was purified by silica gel chromatography to obtain
the compound of interest as a pale yellow oil substance (0.40
g, 90%).
(34-£f) Tert-butyl (£)-[(1S,5R, 6R) -6-(aminomethyl)-3-
cyclobutylbicyclo[3.2.0]lhept-3-en-6-ylidenelacetate
Tert-butyl (£)-[(1S,5R,6R)~-6-(nitromethyl)-3-
cyclobutylbicyclo[3.2.0lhept-3-en-6-ylidene]acetate (0.40 g,
1.2 mmol) was dissolved in ethanol (20 mL). To the solution,

iron powder (0.56 g, 10.0 mmol) and then an aqueous ammonium



et hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl jacetic acid p-
tol uenesul fonate (3.17 g, 8.31 mmpl) was suspended in
net hyl ene chloride (35 nmL). To the suspension,
triethylamne (1.27 m, 9.{4,nool) was added with
stirring at room tenperature. The m xture was stirred
at this tenperature for - 169 3 hours, and the
deposited solid was then col | ected b¥ f||trat|on and
chimshdel W t &7 net hyt enanehl oP PRt L8N ot amﬁ twérecéﬁ*ﬂsémdand
of interest as a white solid (1.58 g,
thH BF P MFPOY S/ 151 T 89459 féaﬁﬁPé%?)’lde* heating to reflux.

Ty P FhR s yer[ 5. S50] ey S8 82 e e gera o7y
- spl 2
Ce(lfel o3rTm%ze S Fé Tg?%c¥g£piL 9&1 ﬁP&ﬁnSaé

tetr: %ydro uran

LLODc£120r ALK 0f LE)5 g diluted_with ethyl acetate.
cof LR BGELIE by g sitge i conin oo

Th£3$9¥§£EbSYQEQ[ﬁagngdoalﬂkoﬁt@Q@hr@iedcﬁéﬁboﬁ@Csolu+lon of
Perkin Trans. 1, 1980, 852) (20.0 g, 119 nmol) was

soffadugk kyrpddadedegpWaseedt evart ehhahydief waamesium sulfate.
suspension (480 nL) of lithium alum num hydride (6.77
Thgn, 1¥Bensblyenit hast disicnglatl 0€EL Thelem xtadlueednwgsessure,
stirred overnight at roomtenperature, and
antlethahydsdfiuranag200 it} cdnives1il8c8 M), @ l18%
aqueous SQdIUﬁ]hédrOXIde solution (6.8 nL), and water
chEgBagogkprer 6© PREAIAIEEE FREPOLE W é T §Eads én

sol ution was cool ed on %ﬁ Th% m xture was stirred
COAPTLEEM ParpEHREGFE For 03 3f0Grs B3 *Phe ni xture was

filtered through Celite and conc?ﬁéfated under
(3fe@lcdd) plédSur: OThak (ERE GBEA Yed CGrude product was

oSSt bR 0ol Salum SO QAR i

pOSItI nal™ i'sonmers |n regar

YO ELLALOLPE) L OB BTc) o 1Pt ool
cy@S oBQilb isyRstANCe .(01nEdt9.3-38%6-ylidene] acetate (0.30 g,
1.0 mmol) was dissolved in a 4 N hydrochloric acid-ethyl
acetate solution (10 mL), and the solution was stirred at
room temperature for 1.5 hours. Then, the solvent was
distilled off under reduced pressure. The residue was
suspeﬁded by the addition of dichloromethane. To the
suspension, triethylamine was then added dropwise, and the
resulting powder was collected by filtration. The obtained
powder was dried under reduced pressure to obtain the
compound of interest as & white powder (0.17 g, 67%).
[0142]
(Example 35) (+)-[ (18, 5R, 6R)-6— (aminomethyl) —-4-
ethylbicyclo[3.2.0]hept-3-en-6-y.ilacetic acid (exemplary

compound No: 34)




D nmet hyl sul foxide (9.11 nL, 128 nmol) was added to a
nmet hyl ene chl oride soluti-on (110 nL) of oxalyl
chloride (5.50 170 nlL, 64.2 mml) with stirring at
-78C, and the m xture was_ %'r[ed at this tenperature
for 5 mnutes. Then, a nmethyTene chloride solution
(30 n.) of the above-obtained al cohol (7.28 g, 42.8
nol ) was added thereto. The mixture was stirred at
(3%+d s Pﬂ%‘ﬂpselc ateehybrenBa g nor@senghen, (Er fenhykanene
(23.7 ni, 171 mmol) was added thereto and the
mi Pt Ured Hady et t 3T 68 temoe leurel ahei ety 2d.

The m xture was separated_ into agueous and organi ¢

Ph?%@#é?%o%?e%‘ée abitli ©7 ofr of > 01 1™RP - hyHf8cAPEFAcdaepPyise at
he organic | ayer was shed th 0,1 M_hydrochloric

0° Caavo‘er V\J;athé%”" ény% asét%gjﬁﬁ@’dj%%ﬁl\{il?%“ ah%5 thFe)n Hr PR S HYRrOL

soéaﬂxqq Od'E”bEU'faé§o The Ee%hgu? filtered and

concent ed under ?educed préssure Then %h

te@ﬁ%@@ gﬁd@zg)mﬂﬁ%agﬂfaﬁuwﬁé@ di@ﬁ Sa!nacahgelnlxbure

onatograp y to obtain the conpound

waén{ é§5§t Préf QT 0o S Ulst ance (6. 6%r9¢ﬁ¥¥%soﬁ69£&9
-spiro[ bi cycl o] 3. 2. 0] kept - 3-€ene-6

teiﬂaﬁﬁzﬂr@ﬂ@kaﬂ] 1{35yhLt rsa‘;lu@ﬁeﬂebhaaeﬁubfc@ﬁateone (2.56 g,
Pot assi um bi s(trinmethylsilyl)amde (0.5 N

22t etmabydrwé sir andsel dtopnis86a8 0bC 484 PIDh)nwWass, and the
added to tetrahydrofuran (180 nL), and a

mixetrahyds of i anedoktit Foam(8SmpALRtafe( for 1R hBRrs and
-spiro [bicyclo [3. 2 . 0] heptane-6, 2' -

sulpgdegpenbkvl ahjr8ednet (6°1A HRr 35. lsomfml) Thees Torsioiieg |Was
added dropwi se thereto with_ stirring at -78C. The

tr%?x?ﬁrélﬁﬁswaE?FrréadaYO%ﬁFélFeﬁﬁéﬁépﬁﬁeWFOF Shggyddstilled

h f | 5
of B indre: Ce PP SreRanE e Rl g el yon iz

heQQR ) MaAS 5P ea edg%fgiywﬁgdgglgﬁo $@§6a55§&?E85e§98nesium

Ure WwWas roomte era ure an
suPY§EQ[gr@heﬂﬁe@het§§lveﬁglwas distilled off under reduced

pressure to obtain the compound of interest as a pale yellow
oil substance (3.04 g, 79%). |
(35-b) 3-Ethylhepta-2,6-dienoic acid (E/Z mixture)

A 5 N agqueous sodium hydroxide solution (14.5 mlL) was
added to an ethyl alcohol (40 mL) solution of methyl 3-
ethylhepta-2, 6-diencate (3.04 g, 18.1 mmol), and the mixture
was stirred at room. temperature for 17 hours. The mixture
was neutralized with a 5 N agueous hydrochloric acid solution
(15 mL), followed by extraction with aichloromethane. The -
organic layer was dried over magnesium sulfate. The solvent
was distilled off under reduced pressure to obtain the
compound of interest as a pale yellow oil substance (2.01 g,

71%) .



reaction was termnated by the addition of a saturated

aqueous sol ution of ammoni um chl ori de and water, and

the mxture was separated i nto aqueous and organic

| ayers, followed by extrac&g gn_w th diethyl ether.

The organic |layer was washed with saturated saline

and dried over anhydrous sodium sulfate. The residue

was filtered and concentrated under reduced pressure.
(3Fheh, Tehe-bbtailnéd) cf (d8, pRoddcetad bipyrilbiiéd 2by 1 hept-3-

silica gel _colum chronatographx (separation from
enp@sY%F%ﬁ%ﬁJ?%%ﬁéF@ iR/ FeBard e ol efin) to obtain the

d of int t | t 4.74
S Bln | J6SLERE B3 80 8) o8P SHARCT L Maleg o -
dl%hroylgée?%RtQQ ?9 mgﬁ soﬁy“%kglgfogane deéﬁdgnz 6-
K h h | | . ,
s bERIERBE ey SPS) PERE R B eheffute (266 o,
2onﬂvhﬁom@reaagd%ﬁetﬁ1§ ut-et aky drafiHean 30 HOR B rature
n) of (J - (1R 5S)

foﬁpnraEQkCMQBOEﬁe% @Lh%9bﬂ3a%nQ2@ 2' £bi, §]Qbexglanih§ y
trifluoronethanesul fonate (2.32 g, 7.73 mol

mlﬂtxtareasmasaheabedlth raf hux MQrezlymuutldmujﬂMﬂJﬂWed by
was then added to the reaction solution, foll owed by
exexeFaéPnoWitnt Higitbvyhyketherher Th¥hergrgani ¢avayervawasried
washed with saturated saline and dried over anhydrous
oVesdRORYSEPRAL BAITRE INBsiSgdé akds ThPRer eBcafglvent was
concentrated under reduced pressure. Then, the

dlﬁbfé#ﬁ@dOéﬁu&éldﬁroéfﬁgflc\%ﬁispﬁmslsﬁr@d W’dsﬁlhiecé:egsédue was

h t phy .t bt th d
aof i eiose” BeIRhom 38 g%ﬁ&?ﬁé%@éay'( 560 S 2 1TH ) %a(l%zfvae)lww 0il
safELLolulyl 13 [LR 5503 ¥iout BLeVALOC3,2:0LhgRlr 320

eéne] ace

v(e):oﬁllgvé‘@a 31¥i Hbﬂ\S%' rkbicey ¢le0l-3.-2. Q) hept - 3- ene- 6, 2'

[ 1, 3]di oxol ane] (990 ng, 5.55 mol) was "dissolved in a
dlﬁbKQQlDﬁ@bﬁ%@ho@Fe%%QEOﬂQt%@'%’(ﬂ@ T ndid Watiedh i(ufn

m) . Tot
chloride (0.70 g, 16.6 mmol), and 1,8-
diazabicyclo[5.4.0jundec-7-ene (2.60 g, 16.6 mmeol) stirred in
advance for 1 hour, and the mixture was further stirred for
3.5 hours. The mixture was treated with water, and volatile
portions were then distilled off under reduced pressure,
followed by extraction with ethyl acetate. The organic layer
was dried over anhydrous magnesium sulfate. The solvent was
distilled off under reduced pressure, and the residue was
purified by silica gel column chromatography to obtain the
compound of interest as a yellow oil substance (2.20 g, 68%).
(35-d) Tert-butyl (£)-[(1S3,5R,6R)-6-(nitromethyl)-4-

ethylbicyclo[3.2.0]lhept-3-en-6-ylidenelacetate



solution, 2 Msulfuric acid (2.60 nL) was added with

stirring at roomtenperature. The m xture was stirred

at room tenperature for 7 hours, and the reaction

sol uti on was then neutrallae by the addition of a

saturat ed aqueous sol ution 3F sodi um bi car bonat e,

foll owed by extraction with ethyl acetate. The

organi c | ayer was washed with saturated saline and

dr i Beroviert ghhytr-ousl Sook unt sethateicfbeorespdoehwps—3-en-

filtered and concentrated under reduced pressure.
e-yhéAenenacee 8RPolAd26f i nPeredodas valst gitmee lars cari noi

subst ance ( é 550, Major/Mnpor=2/1) in the sane
niGAR9TES IPRe Eﬁ ﬁpme/(1IT%)“n?r6ﬁ%?Eéo6btér &d

leé?FlBQrgPY XIB P§8£§g3 §§F]Qgpt(ﬁesp&ﬁe@ﬁ3§p g%;s)addec,

|b | 3. t-.3- | t t
anglnxoulﬁlg¥ Pan?eresflﬁgs OS?QIH&% ace E %ure sdhdt ficdours-
A QQZQrHEed7§4@§bﬁstQ%iﬁ@ﬁgn“@¥ %%ta@sgﬁ%n@f%f&LéaLn

fromtert-b

phé%bfé8c5§%s3aMHQM|QhEYQL%L3f% Qba%%t % @85 Hidene 1
]acetate (710 ng, 3.0 ert-butyl

diEhl6kBmESHEH:- 6- 1@5”6@@@$D&|1a§ was dried over anhydrous
vi nyl bi cycl o[ 3. 2. 0] hept - 3- en- 6- yI]acetate The
magoapoundsol fanter €Bie wasl vbhai wed dssanl bel sBbstanee
(527 ng, 88% in the same way as in Exanple (4-a)
reflpgadt eresburyl @Rd[ théRre53duSyas6pufmifticamethy)lica gel
-3- vinyl bicyclo[ 3.2.0] hept-3-en-6-yl]acetate (670 ng,
chyopgtpgspphy- u@?gbtae@2~§ﬁ CPmpoUnR, c5Singsress- as a
m nonet hyl
ml%FHyFbW&yélb 8. ? BFRépe- B2ERIG2y |(&céfi §aci d p-
genesulfona e The conpound_of interest was _obtai ned

Fﬁﬁﬁt05r¥§ (Soritdles96  /E) ~PedFmiACRRE hydnme ‘nay

etgg}bgggé?gﬁkﬁ%géiﬂgk fpogh %ert %.H%Ha atglR 55,

;_%'%ﬁi@[?ﬂgé’l&?%f 3eeP-Bo¥llacerale1652f BBy _c-
(nitromethyl)-4-ethylbicyclo[3.2.0]lhept-3-en-6-
ylidenelacetate and tert-butyi (%)-7(1S,5R)-4-
ethylbicyclo{3.2.0]hept-3-en-6-ylidenelacetate was dissolved
in ethanol (3C mL). To *the solution, iron powder (2.25 g,
40.1 mmol) and then an aqueous ammonium chloride (0.43 g, 8.1
mmol) solution (10 mL) were added, and the mixture was
stirred for 4.5 hours under heating to reflux. The mixture
was ailowed to ccol and then filtered through Celite to
remove insoluble matter. The solution was concentrated, and
the residue was diluted with ethyl acetate. The dilution was
washed with a saturated aqueous solution of sodium

bicarbonate and dried over anhydrous magnesium sulfate. Then,

the solvent was distilled off under reduced pressure, and the



(42-h) () [ (1R 5S, 6S) -6- (am nonethyl) -3-
vi nyl bi cycl o[ 3. 2. 0] hept-3-en-6-yl]acetic acid The
conmpound of interest was obtained as a |light brown
solid (286 ng, 89% in the sape_way as in Exanple
(41-h) from
()[ (1R, 5S, 6S)-6-(am nonet hyl ) - 3-vi nyl bi cycl o[ 3. 2. 0] hep
t-3- en-6-yl]acetic acid p-toluenesul fonate (590 ng,
regidige nnp$ )PUri{6180) PYERARPFE 48} CPlpmpiRhreBategyapsy to
(am nomet hyl ) - 3- , .
obeR hyny®i eYRPBERI206] hBpEL8SEN26- fI FRLREILESScPd L ( £3bgance
()=Tri hyl [ (I R.5S) - spiro] bi cycl o] 3. 2. 0] hept - 3- ene-
(168850 TEOTY BRram 1° TrBe ARy si | ane
I s(trphenyl phosphine) pal | adi u ) ,chloride (98%
36-85' (POl hLs by B SEKP Rt AT RERYE 445 1551 ol )
paet hyl sk kyba ne_(1.45 nt Q. ly, and
et%g%gng(}é[gf%d?géx%g.§5gé,éoygiaﬁ%0ﬁ? %g?g)added to a
di Vi R de Ud A (5.1 -

()-rq(e%%, it Sty @%1 SRS mé%??lf“’ﬁ‘g@hy” 4
etByepecHc201Bl23bdhexelankn3eyl > idenelacetate (1.00 g, 3.8
trifluoronethanesul fonate (2.42 g; 8.06 mml) obtained
mmbD) Exagpies§42vhH. ifthe M Xt Hyerowasd chreat edivi-iehhhyl acetate
stirring at 50C for 2 hours, and a saturated aqueous

sogot ubnon26f mammoandmtekl Bikdereayashet igdesd atto rolea
reaction solution, followed by extraction with diethyl
tempRepturg4forhe bpgani cTheyer thBsraashedndi salid was
saturated saline and dried over anhydrous saodium
CodlPFaEE. PThéllesPdde wasT#F | teted ¥Ad SEBREBAEHaPBJTDE
ressure. Then, the obtained, crude

under reduced
adigpbyaet O%aglﬁt}ﬁpfrp@&t ngi| i t2 GBF tBFRRRSLOR

chr t ography _to, obt ai h nd Lnte t y
exZRERTRLAGRAPIL o' 280! 3LAkNR EOMMANNT QbaL R °Ee8  F8Rcing
pofides| h2s SBLipdted by filtration angd dried upder reduced
prxlslss;i%ee}:loa@gttati% The compeund Qfs iinfrenest: was ORtaiReGowder

as an ol

(0.51 g, 65%).
[0143]
(Example 36) (£)-[(1S,5R,6R)-3-ethyl-6-
(hydroxyaminomethyl)bicyclo[3.2.0]hept-3~en-6-yllacetic acid
hydrochloride

Ammonium formate (1.10 g, 16.9 mmol) was added to an
~ ethanol (10 mL) suspension of tert-butyl ()-{(1S,5R,6R)-3-
ethyl—6—[(hydroxyamino)methyl]bicyélo[3.2.0]hept—3—en—6—
yllacetate (0.50 g, 1.7 mmol) and barium sulfate-supported
palladium (0.05 g), and the mixture was stirred at room
temperature for 19 hours. Water (20 mL) was added thereto,

and the mixture was then filtered through Celite to remove

insoluble matter. The solution was concentrated, and the



substance (1.50 g, 69% Mjor/Mnor=2/1) in the sane

way as in Exanple (42-d) from () -trinmethyl [ (1R

5S) spiro [bicyclo [3. 2. 0] hept-3-ene-6, 2' - [1,

3] dioxolan] - 3- ylethynyl]silane (1.78 g, 7.17

mol ). (43-c) Tert-butyl ()= [?1R 5S, 6S) - 3- et hynyl - 6-

(nitronmet hyl ) bi cycl o[ 3. 2. 0] hept -3-en-6-yl ] acetate The

conpound of interest was obtained as an oil substance
regigur rip s cbvdutied thietapen Vihy2 @8t fhe Exafft ediuteion was

fromtert-buty -{ (IS, 55 -3-
Waiﬁ%@|%@tmy?s$¢§@5%ﬁ%én%Q?%?%§cFﬁﬂS =»0D] REpEO3Li BR- 6-
bl%yég§$§%§2§£§g§ B%Ssg%gv(%ﬁ3§8253%ypf ﬁgSQLmT%ZFLg%Eyl Then,

Ib|c cIo 3.2.0] he 3-en-6-yllacetate The
the %%g (7" o %?%% 1(\eﬁ%sg%%talﬁe askaneglPressure' and the

res( §@$§‘fﬂpﬁ§f th%u? % i&:tB% éggg%’ﬂ’ﬁégﬁohgtgéé%k? to

obtarthyaylshress liquid . ? . The liguid was dissolved
(nitronet hyl ) bi cycl Of 3. 2 O hep 3-en-6-ylJacetate (870

in®,4 R 9% PBhloriclddid-£48ye) abrtht€1Ro188i08S)156mL) ,
(am nonet hyl ) -3-
an@ttyays bl eytdbo[Ba2. 8 hepéd 3aenrboyl fanetirataeedfpr 1 hour.
t ol uenesul fonate The conpound of interest was obtained
Thas, atipal goyethowasolli gt {B2&édngffo09iernreHecsdnpraaypure .
as in Exanple (41-g) from tert-butyl
Th%)r%%q@pgﬁy@gﬁs@spgpgﬁ@nQYhypy gddition of dichloromethane,

et hyn_yl bi cycl o[ 3. 2..0] hept en-6-yl]acetate (630
an@ Q%Q %ﬂ%¥}y ZQ%P@W ?% ?g§1RD°SSCOéé%C:SQ by gll*rn%lon

Th%t ?ﬁ%i’zf‘bv%y@%%f‘%f 2“BFf NEpEL8elii 6y ] GEEPFEmGEPG PhER
oynd |nt est _was obtai-ned.as a.light N -
heé%n$ gg ComDOHegsame m&? 88 |ngExa £Ié“ powdez

(?%(?R, %% 218) - 6- (anmi nomet hyl ) - 3- et hynyl bi cycl o[ 3. 2. 0] h
[0Epk7 3-

(Exampie 37) [(1lR,5S5,6R)-6-(aminomethyl)-3-

ethylbicyclo{3.2.0]lhept-3-en-6-yllacetic acid

Ml iss

/ " ——cooH

CH

p—-Toluenesulfonic acid (13.14 g, 69.1 mmol) was added to
an ethanol (150 mL)/watexr (5C mlL) suspension of tert-butyl
[ (1R, 58)-6-{ [ (tert-butoxycarbonyl)amino]methyl}-3-

ethylbicyclo[3.2.0]hept-3-en—-6-yllacetate (10.20 g, 34.5



en-6-yl]acetic acid p-toluenesul fonate (821 ng, 2.17
mmol ).  [0151] The physical analysis data of the
compounds described in the Exanples is shown bel ow. -
176 - [Table 2; Exanple Anal ysis data No. 1(1-a)
1H NVR(400MHz, CDC13) :d ppm 2.21-2.26(2H, m,
2.32-2.37(2H, m, 5.01-5. 08(2H m, 5.75- 6.87 (2H
Cg)ﬁ 7.03-7.11(1H. m s, él b) IH-NI\/R(4OOI\/Hz CDC13) :d
MMGypm

aTNhj ofon srten org. S)7297 Zynol Bp ¢, thi, mixture
2.62-2.71 (2H,_m), 2.89-2.98(1H m. 3.27-3.35(I1H m,
wag ol yngq am% BrAP-5 APYIH e BigguzegFaE2iellowed

49 (9 48 (1 H.
w0 Piod AR O TS ‘gﬂ@%&%ﬁl—f:en}teﬁgﬂﬁm%‘@(infilo“lb*e

g A b g Sk B A

dil%@)wi*ﬂﬂzp@ﬁ;gyﬂ' 454‘9%1 )Z”L’%@(sziéo%g’wa]s a«?d;shed with

wa k2. e’r]m@ Oridd. CJ-XH;ZJ),aIZh dr&2E mSdnedi - 3u§§<§{:5| r@her, the
2.87(1H quint J=7.5Hz 3.25- 2.660H, m,

so Mt 4bdz9 | d ds B 1dd @ffJaﬂ&eﬂkiéduée@5p5e§¥ﬁk5 th thD
5.95(IH, dd, J=1.6, 5.9Hz). 1(1-d) 1H NVR(400MHz,

obCOCIY) sdlipprmad. B9sedWith Mpxade4d469bbtsin 4. QRA(LH. soid
ddd, J=2.8,9.0. 11.7Hz), 2.14(1H, dd, J=2.3, 16.8Hz),

(12.95(dH, d?h%}?:ll@nﬁﬂzl)qd 232 (digsa,ver-13) Hdm)zene (100 mi) .
2.47-2.55(1H, m, 2.75(IH,_quint, J=7.4Hz). 2.88(2H

To Sghﬁ 25@]84’91(91’9,( 1rp¢t<h¢}u°15e$q-goqg@lqa.plq) (1.27 g, 6.7 mmol)
5.87-5.89(1H m. 1(1-e) Mp:176-178C. 1H NVR(400MHz,

wa-‘c&ﬁ%&; rda*bf&) nrhe. Ia-‘g%*rwedwasasvlsraizasré? 2f%($H> hours.
ddd,

TG 8B iSO 20 450a se(d RO T o B B8P o remore

in i1 i BE)) el B oo Sl thos, cne

oS Blss e S50 Y imis SEE ISR

To (Me&. sdnat i o2l €61 &0k y ChALhENGZ; AGﬁL§6wgz abﬁeé 34nl the
7.73: Found C, 65.13; H 8.31: N, 7.64. 2(2-b)

re ik NMRf 400MHz , w&D(A3) 1edeppnby 1£ 39t 22 496hHanA) suspended in
1.44(9H, s), 1.97(1H, ddd, J=2.8, 9.0, 11.7Hz),

etizyl4d¢etade, (I=2mB) . 160BHA)e A H oml, F=131T¢zgsulionic
2.32(IH, d, J=13.7Hz), 2.4"1-2.55(1H, m, 2.75(IH

acid (0.44 g) was added. The mixture was ultrasonically

irradiated for 1 hour, and the obtained solid was washed with

methanol to obtairn the compound of interest as a white solid

(0.06 g, 1%).
[0145]
(Example 38) (x)-[(1S,5R,6R)-6-(aminomethyl)-1-

methylbicyclo[3.2.0]hept-3-en-6-yllacetic acid (exemplary
compound No: 2)
(38-a) Tert-pbutyl (*)-[{(1S,5R)~1-methylbicycio[3.2.0]lhept-3-

en—-6-ylidenelacetate (E/Z mixture)



quint J=7.4Hz), 2.88(2H, s), 2.98-2.99(IH m,
5.77-5.79(1H, m). 5.87-5.89(IH m. 2(2-c) Mp.190-191C
[a] 25D - 159.3 (c=1.06, H20). | H NVR(400MHz, CD3CD) :d
ppm 1.49(1H, dd. J=7.6, 12,&54kz), 2.06(1H, ddd, J=2.6,
7.6, 12.5Hz), 2.17(1H dd, J=2.6, 16.8Hz), 2.49(2H,
s), 2.48-2. 56(1H n) 2. 86( 1H, qU|nt J=7. 6Hz)
3.15-3.17(1 H, 18(1H, d, J=12.7Hz), 3.22(1H, d,
J=12 FRipR Ysirﬁé%am(llﬁ i), 55>1911t15>f9§( 14%5 Dyl
1504,

g B S W T B )T TAeh TR L) el 20ea cd

f ClOHl 34: N, 73 F d C
ST R 44 BOSEYR, o7 TS SR Sy ﬁ%w%oﬁﬁf?a (15 L)

O4(fﬁ143§Qﬂ&%%§§ghé%4§&éFiOngg 4§§68 2 1 'mmol), and

B o P P

s0121t80br2. %l (tdt rdfydBe H2r8n 08(dHaL M) so BuBb66h Hordd
J=6.2, 14.1Hz), 3.45(IH dd, J=6.6, 14.0Hz).
meth b B v@l(d[ H, 2 n§ ] hép 853 beB9¢dore M 1. 803gb) 13.2 mmol) was
| H NVR(400MHz, CD3COD) :d ppm 1.49(1 H, dd, J=7.6,
addeXi SHopwi e 06 109C ddadterJZR. Bindtés,l12nbHzhe mdxttle was
H dd, J=2.6, 16.8Hz), 2.49(2H, s), 2.48-2.56(1H m,
st%r¥§ﬁ|a44rqnm gemmﬂeatvr%hﬁqr 3 hears;, Brodwyxture was

18 IH d J=12.7Hz), 3.22(IH, d, J=1
tres St 11 50930‘56@3@1@%%0@0(4@%% dgfFayl ether.
900, 157 1523, 13
Thﬁwﬁﬁga%ﬁféf¥?ﬁ ks %?r6%“5¥drPP58m§2gN%ﬁuW ggltate.

ThE2l thE sl 519%'%5%%%2 f% of i E o fnunfh Bores BER H 5 R b yre,

an@PRe ,]r%&o&u ﬁ&%ﬂzgm I}ﬁ?ﬁ%lﬂca %8%( &?'% gﬁg

ch 2 47 o Ségi J“é3?gggi% ?i?z&éﬁbognd36%3lﬁk%}esu as a yellow

oil. §@&£¢hnéé (2. 99(§H. 6Q%pad) 5.77-5. 79( 1H. un,
5.87-5. 89(IH m . 177 - [Table 3; 4 (4-b) 1H NWR

(3840011 -8PD) (+) 6[ ppy) SR I6RA96{ At rafetdsT) -6+ 12.
5Hz 2.06 (111. ddd J--2 6, 7.6. 12. 5Hz), 2.17 (111,
medely 132y 6l o 15, 81—@)‘r,leg,‘-a9eﬁiiry$)¢e2e48c2tasé(| H m,
2.86(111, It, J=7.6. 16.8Hz). 3.16(111. broad),
ﬂ&@ﬂtbuqleEm2-7H%;fﬂ9 22(metthy o1 Jvd o 3zd , 0l hept-3-en-—
5, 75-5.78(111, n) 91-5, 93( 1H, n) IR (O) . cm1:
6- ngienﬂb¢Q¢tﬂ%%4 1§§39 N% ?EW?Ol nffg diggelyed) 4+n

o e 6 gs S0y gy ot aton, 1, B30 N TS
dlazaolcyclo[5.4.0]undec—7—ene (1.52 g, 10.0 mmol) was added,
and the mixture was stirred at 60°C for 11 hours. The
mixture was allowed to cool, and a saturated aqueous solution
of potassium dihydrogen phosphate was then added thereto,
followed by extraction with ethyl acetate. The organic layer
was dried over anhydrous magnesium suliate. The solvent was

distilled off under reduced pressure, and the residue was



a]D: +156 (1120. c.=1.0) Mp 198-199°C. 5(5-a) M

185-186" C 1H VMR (400MHz, CD30D) : 6 ppm 1.51(11i,

dd. J=7. 6. 12. e7 Hz ), 2. 16 (Ili, ddd, .1=2. 8, 7.

6. 15.6Hz) , 2.19(111. dd, i_ZLZ’ 16. 8Hz), 2.51(2H,

s). 2.53-2.59(111, n). 2.89(111 quint. J=7.6Hz), 3.

18-3. 19 (111. ny, 3.33 (.111, d, J=13. 3Hz) . 3.370H.

d, 3=13, 3Hz) , 5.70-5.730H m. 5.97-6.000H m. IR
purkBrgd . bensiiigazgel 20hgoma 702rapng9g8tol1286ainVBheFABIPOUNd

c.nmpz ¢ 182 (free+tH)=. Anal. calcd for Cl OH16NO2C1: C,
Of559tQP?S¢ta$.a1¥e##08 a3l g4bsignge; (FodAd €8%54. 71;

Ho7.43 N 6.38 O 18,10, 6 Mp: 161-162 OC. 1H NWR
(3 2001Ha%E ~eeRvb) (£ bb%nbifsi(1§1 aaanowevhnl 12-

me #%)bbg%ﬁ%iii 2508 gipsgg%iﬁz 5241 FCétﬁ*? 4He). 3.17-3

18(.L1 1 13 3 3.3 1,. d.
it b ddsty .
meghfmbfb% i@kb @ O?h@% ZBBQﬁZFLvmldehBiéggEbte QE*%O g, 6.4
3094. 3 | 704. 1514, 1445, 1236, 1163, 1034, 73

mnd/B GEAB+dlssﬁlied 181c{hsgetH 45 Anal . @§|€ﬁ°f§6lu ion,
C16H21NO5S: C. 55.16; 11, 6.36;: N, 4.02;: S,

irdounav@er 566422 &, 6121; mﬁb 4. afd; thén 8n5lqu26ﬁsahmmonlum
| H NLMR( 4001H1z, CDC13) : b ppm 0.89-0.94 (311, m),
chloB8dd . 6. 8414, f)4 tm@l) 2s0Buthibh, (AF. m2)2¥e2e3added, and
(111, m), 2.43-2.56 (211, nm), 3.72 (311. s), 3.84-4.00
th@ﬂm¥§Lu5°0qa§ gV1FQ§q foay, 4507408r84uptier, heﬁtlngsuo reflux.
(FAB) : m z : 173 (M#H) 7(7-b) | H- 1sALR(400MHz,
Th%I%ﬂﬁsu“% bﬁﬁ1aelgﬁeé 59 %%@i aﬁF thepsfilpgred) thrgpgh
1.93-2.00 2.45-2.61
Ceting iy sentes. abel fale o mmtes  oaTse ohe %%ﬂon e
8 V. { EAB) 1.
corifR 224 7 P Rirooes "oy hpt i o etete

ot AL (9l 10 Sy B Bty o

so&Jdﬂ DD&Q@S%naéeZQné aslééléVQH)anﬁ 50@64%ae%%%¢uﬁ)sulLate.
M nor isoner 1.49 OR, s), 2. 11-2.21 (411. ,

Thén A3tRe 460 (Rt n%as2d*59121eaoof$1@nd@k,r%dﬁ@ea %@essure,

(112. m. 2.87-2.97 (111, m, 4.29 (111, broad),
an@6tif{dHres)dub. 89s(btifsdd ME 6EL)ca miez coZﬂ&n(N®+
chromatography tc obtain the compound of interest as a
colorless oil substance (0.90 g, 56%).
(38-d) (£)-[(1s,5R, 6R) -6~ (aminomethyl)-1-
methylbicyclo{3.2.0]hept-3-en-6-yl]lacetic acia

Tert-butyl (*)-[(1S,5S,6R)~-6-(aminomethyl)-1-

methylbicyclo[3.2.0]hept-3-en-6-yljacetate (0.90 g, 3.6 mmol)
was dissolved in a 4 N hydrochloric acid-ethyl acetate
solution (20 mL), and the solution was stirred at room
temperature for 2 hours. Then, the solvent was distilled off
under reduced pressure. The residue was suspended by the

addition of dichloromethane. To the suspension,



7(7-d) I H-NMR (400) AHz. CDC13) :S ppm 1. 45 (911, s),
1.53 (111, dd, J=7.6, 12. 9Hz), 1.80(311, s). 2.04
(111, d. J=16.4Hz). 2.29 (111. ddd, J=2.8, 7.6,
12.9Hz), 2.47(211, s), 2.49§g? _dd, H=7.6, 16.4Hz),
2.86 OR, quint, J=7.6Hz), 1-3.22 (111. m), 4.74
(111, d, J=11.7Hz), 4.84 (UH, J=11.7Hz), 5.25 (111,
S). 7(7-e) Mp: 188-1901. 1F-1M (4001H1z, CD30D) : S
trppehylamgoe(qas, then geded. Arepwipe), amd The( 3eBL1SNNg
2.02-2.08 (211, in), 2.43-2.50 (111. . 2,45 (111.
pO“deg—qBSZF@}legtgq ?llillarajlfg ZFEWe nggl@ﬁﬁ‘mowder was
12 (111, 111, d,
Wa%hﬁé WEFP)dlg%i? %%?Fhanea £3° éﬁ?} §h§6C€T%fu“F of
J 1Br) 27, 2905. 2832,
lni%%iS“ éﬁs 1395 R%@%Qr &B %gAéy ak 7 . 196 (MHH) +,
[Oggg (M +Na) +. Anal. calcd for CLIHL7NO2: C. 67.66; H.
. N, 7. 17 Found C. C, 66.84: H 8.78; N 7.21.
40614 - 0.91 (311, t.
E%SQP%%E%%} S‘Q gﬁkz6 ?Qg%%km 9X392h55 (211. m.
methy98idycd8 | 62110 HEDt2345n264§lQ§%éulﬁ)avadB&e&é%%la*y
(111, n{, 4, 07 4, 10 (111, m, 4.10-4.20 (211, m,
coﬁpemna.agz(zll. m. 5.75-5.86 (IH, m. M5 (FAB) : niz
: 201 (MtH) -. 8(8-b) 111-NWR(400MHz, CDC13) : 5 ppm
(30-91- @296 -pAHy1M(+) 1.(1895R) -52me3Hy 1a) cy2101-32.228 ] hept-3-
(211, m, 2.52-2.55 (211, m, 4.05-4. 15 (211, m,
en56603l3dengl@zetats), 5.74-5.86 (1H, m. M5 .AB) : mz
: 173 (MrH) =, 195 (MtNa) +. 1 | O [Table 4] 8(8-c)
1FLFM@KQO@RPEndCEfﬂ%?teBeﬁbnwaﬁhPBFaﬁgﬁﬁeﬁsla@ﬁoeélL

. .J=7. 411 1.4 07-2.22 (311.
= sggvze 15 ehEr w2 l§7t@ege%a“(emaym ragemle (11-e)

fr%mzé é §§ ??11 WftnglEHégglfﬁ fHOJ%ﬁP“4a‘ g}!"Qﬂﬁﬂ J. Org.

08 t.ca)= 1. 07- 2021 c63Hound of
Ch%¥ 1@%8 E; %E%H%) (6l 164§ 2%?64S%T5a'n) 3%7 @%H d

1n‘;]3|?|es@ wa?s %7'd%a%Qc(r]=|dame@1c 438 S iy r@omposed of two
5.35-5.38 (1IH, n). 5.45-5.47 (1H, m). MS (FAB) : nfz

dias23FeMddst, 257 (MrNa)+. 8(8-d) 1H NVR(400MHz,

CDC13) : 6 ppm 1.09 (3H t, J=7.4Hz), 1.46 (9H, s).
(35-%3 @Hdt-daht W=746.( (1R, 2H3)~7-retBA(-4, d. 16. 6Hz),

2. 14 (211, q, J=7. 4FE) 2.30 (111, ddd. J=2.4. 7.6,
(ni3romahy D arycdig [ 35y - Ozwtﬁﬂnwﬁrylﬁﬁmatq@ 6Hz) .

2.86 (1H, quint, J=7.6Hz), 3.21-3.22 (1H m, 4.75

(1 HThg, compoupry pf anggreeR w@s Peieipms) ass ey ofily
sugétance (4.07 g, 56%) in the same way as in Example (1l-c)
from tert-butyl (£){(1lR,5R)-7-methylbicyclo{3.2.0]hept-3-en-
6-ylidenelacetate (5.74 g, 26.1 mmol). The compound of
interest was a diastereomeric mixture mainly composed of

three diastereomers.
(39-¢c) Tert-butyl (#){(1R,5R)-6-{[(tert-
butoxycarbonyl)amino]methyl}-7-methylbicyclo[3.2.0]lhept-3-en-

6-yllacetate




MS (FAB) : m!z : 296 (MtH) +, 318 (MtNa) +. 8 (8-e)
Mp : 175-176'r-. 1H NVR (400MHz, CD30D) : 5 ppm 1.
100H, t, J=7.4Hz), 1.48 (1H, dd. J=7.5. 12.511z). 2.
03-2. 08(2H. m. 2. 14 (2 9 J=7.4Hz) . 2.46 (1H,
d, J=16. 2Hz), 2.46-2. 53 (1H . 2.51(1H, d.

J=16. 2rz) 2.85 (1H. quint, J= 7 SHz), 3.09-3.10(1H
m, 3.14(1H d, J=13.OHz), 3. 180H, d, J=13.0OHz),

5. wqﬁowundwlf mteafemz)waa F@k{u@rr)ed aman Q962
2928, 2897 2877, 1559, 1527, 1403. MS (FAB) : ml z s

Sulzaearemml L1 230 §{Nad . ERPaFame aVed £or 1C15KRDRGD: (
C. 68.87: H_9. 15; N, 6.69; Found C, C, 67.64: H. 9.

ﬁ@BtNT@@ﬂ*§R@QWEWNMWHMM%OCQH$ . 6 ppm

(-GS (i T O 1502 313 P o Ty T 5oe ks 4300 o

5%3“““%’)’- Sgri2 oy b Qlrchpdde GHL D, 500:2,09.

g@&?@)ma@hpyn&oﬂpgée&35k Lwon7as§é§é%me%531 1.-1.43
(311, nm, 1.54-1.58 (1H, . 2.00-2.29 (3H m

3@— 4y- 2+)59$51P2|'5Rm6 6ar9ﬂn6mé@h§r2ﬂ7m 5.03-5. 10 (2H.
n, | H NMR( 400MHz, CDC13)
met by pipaydbg OF . IS©nﬁép6 efRe-V1 ) dedtdtizpcid. 45 (911.
s), 1.48-1.50 (311, m), 2.06-2. 19 (2H, m, 2.57-2.70
(ZHhWQOHZDCSmCQCQS (Hregt, BB0KUH neldtas J=8wibite solid
18.4, 2.7Hz), 3.86 (1H, broad), 5.22-5.23 (1H, ,
(281 489 5. ﬁ@/lem thye shRerwagoaerin. Brapgle t(1-e) from tert-
J=7. 3112) 1.49 W s) 1.48-1.50 (3H W 2.06-2.47
butpH, (H) { (BRETRR- G0l [ (Pﬁ“ﬁTbUQO8YCQrb96Y%2§mlnﬁﬂmeHhZQ} ~7-
br oa 4-5. 35 45-5. 46 (1H
meéla'é&*a %f%qkﬁz(%o@f\/{l?gt %,D@is? ylgaﬁﬁﬁé gods 6§Hg't 3.16
1.27- (9H,. s

SN R ) 829 1i8iietagmed: Snincure
e S Y (T IO A g (1, o

[0%41% 71fz), 5. 27 (1H s). 9(9-e) Mp: 174-1751C. 1H NMR
11Hz, CD3OD) : 6 ppm 0. 940H t, J=7.4Hz).
Eiaﬂﬁié 58 (Sk-llsn)SR,BR)03~étﬁ§(L2%l,— W 2. 14 (2H t,
J=8.0Hz), 2.46-2.50(1H, m, 2.48(1H, d, J=12.0Hz),
[ (RebRy1&ido) detRy OHp )Y cy21 85610, 0Qhept ~3-3r764K2) acd3tic acid
10-3. 12(1H n), 3.14(1H d, J--13. 111z). 3.18(1H d,
hyde=e8hloHrye bSex88plbrydcodpduipizNo: KR)(KBr) : cm1:
2957, 2928, 2905. 2834, 2629, 1540, 1397, 1380, 1285.
M5 (FAB) : mz : 224 (M+H)+, 246 (M+Na)+. Anal. cal cd
for CIL3H21IN 02: C, 69.92: H 9.48: N 6.27: Found C

C. 69. 13;: H 9.51: N 6. Z@H 10(10-a) I H NWR (400VHz,
CDC13) <« 6 ppm 0.90 (3H, J =7 Hz), 1.20-1.40
(611. m, 1. -1 56 (1H 1.95-2.2 7 W m,
2.46-2. 4 21 . i\ 1 d J =4 Hz), 3.72 (31f,
s), 4.0)/4. 6 Iu n-
" — COOH
CH;,4
H
(40-a) [(1S,5R,6R)—-6-{[(tert-butoxycarbonyl)amino]lmethyl}-3-

ethylbicyclo[3.2.0]hept-3-en—-6-ylljacetic acid



5.00-5. 10 (2H, m. 5.74-5.85 (1H m. 1Q(10-c) 1H NW
(400MHz, CDCl13) :6 ppm 0.87-0.93 (3H, m). 1.25-1.45
(4H. m), 1.46 (1 49) (911, s, 1.98-2.20 (311, m,
2.40-2.95 (4H. . 3.86-3. sg %4;29-4.40) (1H, m, 5.23
(5.05) (1H, br. s) 5.45 (5 3 (1H br. s.) . 1000d)
1H ?AI R (400MHz, CDCl 3) : 6 ppm 0.92 (31L T. J = 7
ru), 1.25-1.38 (4H, m. 1.45 (9H, s), 1.96-2. 15 (4H
m ,[ (A525R3 683 (6rH.amgnone 45»&12 55 e(qwlwczchq %,221_10 hept-3-
33, 2.81-2.88 (111. W_3.18-3, 23 (1H %

vyl aceniqpaciq patehyengsuliongseyy. 4@ 26 61 Q mmol)

R G L XN
21f 0- 2,
aqqﬁﬁysrégdbw% Q%X%i?1$o ut§o©7 3&O§E%1FFH§)"‘ 8loxane

133 rg"g 179 (tsz‘fe'lrasbc{puté]A{j 10(4110’%}’:{ @%z %gﬁé%bf 84 g,

13ka¥HB ﬁ)&g%(éﬁﬁeﬁawﬂth gtf?iln& 36 %oéﬁ ééﬁbeglturc The
1.97-2. 17 (4.H m.

mlﬁturéﬁwi?)stgrﬁgd(é#brﬂl ht—aﬂﬁ h@% tgmggrgtgi (1Ehd the
M. 3.05-3. 11 (1H, m). 7314 (1H. (, J = 13Hz), 3.18

reddtod,s¢lrt 13n Hzgas Bh38 radél abidis) byl tReMa}iditebhlor 1 M
29957. 2926, 1564. 1525, 1397 WMs (El) : nml z : 238

cigniy acigyafoltaved PyreirasghdanOw2eR0meChyd8ne76hlbride.
9.79. N, 5.81: Found C, 69.94: H, 9. 74; N 5.91.

The| proamsoc " rydeceap. v3snad 111 bh §a¢MWR¢400WHiin€D€mQ)dried
:b ppm 0.92 (isonmerA3H, d. J=7.0Hz), 93 (i sonerBl H,

OVeE m’ﬂ"@)IFQL)‘S POGHUM %P%o%?BSI—Th% r%&wwvasorﬁglstered and

omer A3H, A 7. 1.28-1.33 mer Al H,
cof e GTERETRE ¥ doher BIPEL L 22845 Ti SOnBPAHY dbgepproound of
952,07 (i (Bl H. 12.11-2.29 M
l“%ire§t4%?(|sé%e#BF¥P e L 20515 59005 4

@lgpnﬁ(ﬁé %Rd@llR—f JSB{ﬁ tK;j,,’StBI—Iz) 2.51-2.62 OR m .
| somer Al 3.9Hz), 2.82 (isonmerBlH d,
bu@ 8§¥3®n§l72mé§§?l§émlﬂopﬂeﬂh 9;ChsormerBlH, m,
.18-4.22 (isonerAlH, n). 4.98 69 (2H. nm). 5.81
etmys@n@y£ﬂ¢ﬂ3dﬂto HeﬁQTZrei762lea@bElc 2c89
(i somer Al H. ddt, J=10.2, 17.2. 7.0Hz). 11(11-c¢)
1 H-INGELR( 0OMHz, dCDAD) , *B. Hpny, 06920 (fusobper w34, added in
J=-i.0Hz), 0.93 (isomerB31L d. J=7.0Hz), 0.95 (i
smabhepB3H. cls Ja7a Ok} rady9g8ofiirsoneprABiiod, (35 MLOHRYE
1.32-1.37 fmsorrerAlH m, 1.43-1.49 (isonerBlH m,

[ (1S 8BR( FBbner wﬁeats@ptoxyegrgonylmﬁ@ynoimgshyl} -3-
orer Bl H J=4. 3, 2.04-2.25 (21L M,
etéyirgl%Y%eo 312 fheg? 3odur bowal bractat acsds 8. 03 g, 5. 50

mer Al H

mng £, 2t m%%%ﬁ?(%gsﬁg?si?&doadaf b5 8 503) ré)CBHEflrrmg as
oo L APTEE AN S L3 SO, )
teﬂgepggﬁre for © hours, and water (50 mL) was then added
thereto while the reaction solution was cooled on ice,
followed by washiﬁg with diethyl ether. The aqueous layer
was made acidic using 1 M citric acid, followed by extraction
with ethyl acetate. The organic layer was dried over

anhydrous sodium sulfate. The residue was filtered and



11(11-d) 1H NVR(400MHz, 00013) : b ppm 1.07 (6H. d.
J=6.7Hz), 2.35 OR, W 2.40 (1H. sept, J=6.7Hz),
2.75-2.85 (3H m. 3.20 (1H m, 4.19 (1H br). 5.22
(1H br). 11 (11-e) I11i-NO1RE400OMHz, CDC13) : & ppm E
/z mxture 1. 05 (isonmerA3H, d. J=6.6Hz), 1.06
(isomerB3H, d. J=6.6Hz), 1.06 (tsonmerA3H d, J =6.6W
1.06 (|sorrerBSH d, J=6.6Hz), 1.46 (|sorrerA9H ‘34?
ConCoRy £ % 2P EIH r%ﬁuC%Ol%‘”%S%Br%mThﬁ C(ki ined

C*L?qleesg%?@%ﬁl‘%% nliu41 é%‘?(k? offe HH-\Fn%l gadtco u@“a 18. 0.
nib B e e o1ls Do (Penerati B Rpteesh aagn ot
tisléapr@éAkgomg’l?L%s 5 45 (i somer Bl H, n), 5.45-5. 47

14:f) | H NI I R(400MHz, CDCI3) : b

A@D{z gl(p§ M ) Jgﬁe@l—%j 61.09 (3H, d. J=6.8Hz), 1.46
1.45-1. 52 m, 2.09 (1H, d. J=16.4Hz),
ﬁ%éﬂ&Iéﬁﬁnﬁjme@hQﬂ ﬁibycﬁﬁpB 2J86h8HE) 3-8ndé-(2HacSkic acid
2.52 (I dd, J=7.8, 16.4Hz), 2.86 (1H, quint,
hyd]fgcﬁl'Bi;dé 20 (1H, br), 4.75 (1H, d, J=11.5Hz), 4.85
(1H, d. J=11.5Hz). 6.26 (1H s). 11(11-g) 1H NMR
(400MHZY 1GRGIR)hlobi ppmid-e Oyl 3¢hedatd (13 BHz)was added
1.09 (3H, d, J=6.8Hz) , 1.40 (IH m, 1. 44 (9H s),
to1[ 9BS(PH 68ad.6-ﬂ{:2.ts.rt8 6 12 1Hz). 2.04 (1H. m. 2.24
(1H, d, J=13, 7Hz%2. 2.3 J=13. 7Hz), 2.40 (1H,
bugepycagegnghy fmedhyg) eanoMnetém -6IH. quint,

AR v, b p et e Rt Y 2

mma_ ’7%@? QEgp§1{%Hredéas SziErQ%15 1%tom E%%EQ% %fro for 1
ho%%Fi %? \ﬁ%fé%ﬁé%F%%§e§5n?%kfr%5%§tuggég £%§ECQ%)€rgs§gre,
anél bBLta%néé QégmdQe %E%Br%H%bst% %Gz%%H ”%m hexane-

3=13 " TR(KCL) vrmax 1616.1, 1506. 1.
15&%96p3n6m ho'VS()EShﬁ) tme Zomp&3ndMot NaattrMS@-l)a'b 26Mhite

(N + 2Na H+. 246 (M+ Na)+, 224 (N + H)+
soHRYB( ESB+#) g¢alod)f.or (M + Na)+: 246.14700. Found

246. 14815 (1.15 mmu). 12(12-a) 1H N .Ri (4001l Hz, CDC
(01831 b ppm 0. 89 M d. J =7 Hz), 1. 1-1.3 W n),

1.55-1. 75 (2H, n’), 2. 10-2. 14 (1H, m. 3.53(1H dd.
(Eﬂ:amp@e 11)HA)) [31575R1 BS) dé- (2mr@meThyla)y-2-5. 01- 5. 11

5.73-5.87 (1H m. 12(12-c) | Ny (400Mz,
et@mébayycl@ [Spr- 04 hes? 039?n(éqywhace1 lc1@‘011dz4 (2H ).
- 96-2.2 40-2.53

e P L BRSSP S C Rk S

5 H, 1 12¢12 .

Hmrigﬁﬁié?w&ghzépgsﬁ o s (er 1 LS oL
(1.49) N.H 2, R
‘”a%) ,Su%?pfgl-dgdg?"( 1T fﬁ}%’ogt]oﬂou%?ﬁ@éggs o%_b (t(rﬁéHlsusgenSlo ’
n—%u@%lﬁi%%i&&t%Qf%ﬁ @5%&&%&e'@olabloﬁ, 97.3 mL, 153 mmol)

was gradually added with stirring at 0°C. The mixture was
stirred at this temperature for 1 hour, and a tetrahydrofuran
solution (110 mL) of 2-({[tert-

butyl (dimethyl)silyl]loxy}methyl)butanal (Tetrahedron 2004, 60,

9307) (27.6 g, 127 mmol) was then gradually added thereto.




120-2-f) 1H MR (400MHz. CDC13) : b ppm 0.90 (3H. d. J
=5 Hz). 0.92 ((3H d, J =6 fiz), 1.46 (9H, s).
1.50-1.55 (1H, m). 1.76-1.83 (1H m, 2.02-2.07 (41L
M, 2.25-2.34 (1H, n). 2.43,2:52 (1H m, 2.49 (2H,
br. s). 2.84-2.91 (1H m. 30°21-3. 74 OR ), 4.76

OR dj =11 Hz). 4.85 OR dj = 11 Hz), 5.27 (1H,
s). 12(12-g) 1H NVR(400MHz. CDC13) : b ppm 0.90 (3H,

Thel mx=use Hpds €:92r¢¢ 34t 8°C jfcr & Hyrdl, 40ad. Sk (Réhction
m. 1.44 (18H s), 1.75-1.81 (111, m). 1,95-2.05 (5H,

wa g then sieymiya R HW—UE aggitpyn of35. parpratpd afpeous

0-2..90 (1H (211. 4.98-5, 04
50 14310m Of et %Sf’oisge a{l@rab%eea"%%i.@wr%ﬁ by
ex%f%é£$§ég§ %? ny%’i§§ta 90 !%%ﬁlT laggr W3S %ésnea

n 2
AL % gﬁ%@z%i@ﬁa (?ﬁ 2 fiign g, wacer,
: an&léétuﬁa*edg 46 A@ldnqdtheh Fridg g@efggnh%g§Zuglgoalum
s). calcd. for Cl141123N02 251120: 69. b58:
sui‘fa*ge 79 Td& 2 BGufq G169 aﬂ‘di dhcddi- M e ulSer
IR (KBr) : cm1: 2951. 2905. 1511, 1461. 1398 AS (El)
redud®d : p28dsiM - . T 1 Alnd 7dbG i dedd 13~1e lpAbHucfMias
(400b1lHz, CDC13) : S ppm 0.85-0.92 M m, 1. 13-1.33
pulRiiednpy 4iB¥7cd.®5L (8dlumiM) ch2om2:@grdphyQtH. obfkain the
3.63-3.69 (211, m,---4. 99-5. 10 (2H. m, 5.90 (111.
comppound(a8- pterpst{ 499Mz, oCDCEBYpstascppiiil 50°86-0.796) -
§611,_nj . 1A 10-2. 05 4‘4115_ , 2.07-2.31 M :
(457p-Bthgy ({BH Sugthglheptezz6- §}en@aes 1.28 (111,

13(T1%%39mﬁ¥ %ﬂ%ﬁﬁ?ﬂ %&ﬁ%ﬁ 6! Jpp% t%~%%hg?ﬂ9?f%i&
oy ot s st T g il By 5L B
so%%%%%?x%ﬁ%“a CE R a0 (g A ot

1 lo@4) afkse; f§<§ﬂan£’ 35790 )931m%1 | gorer X3k d
vijekdy bRt asT Ry (531 EIZ, 314! 3¢ (2%(% Ty g at room
teﬁp§5a€u8§ (3Hmdﬁ1x{hﬁé5ﬁb§4sﬁﬂﬂﬂecr@veﬂni5hﬂ 22n{ ke
m. 5.24 (111, br). 13(13-g) 1H NA (400MHz, CDClS) : 0
reppmionEsZiut xdnread. 84eM sepads¥eOHintp 2g2ols0ahd organic
(M m, 1. 29-1.48 (211, m, 1.45 (isonerA9H, s).
lageny bys‘o]n%ragﬁll 8PN Qi109aRe25 (21lowajl, b2 46t2a68iWNn with
nl 86- 2. 96 (|sorrerB|I—H1H n, 329(|sorrerB|H n,
digtyl (fEbaer BITRE K)gant @0l ayeHnerBi WRSkeg . whtp4water and
(isomerAIR br), 5.34 (isonerBiH m. 5.46
Sa%?%%ﬁ%?BF?#r%%nﬁ?%lFpeﬁ)drigélgvﬁ) pghydrous sodium sulfate.
Q1ffiz

Th§ 555745 ofor g%m%r Y Censdye St37) Oyigg zeduced

p-GLEOTE ORG SheoRls T, w35 b AIRhATHLE Jnppecnyiene
} J 2. 0 o -

o s ﬂwsa%%aa'f%%hgﬁm% 3590w

186 mmol) and methanesulfonyl chloride (10.8 mL, 139 mmol)

were added with stirring at 0°C. The mixture was stirred
overnight at C°C, and the reaction solution was then
separated into aqueous and organic layers by the addition of

1 M hydrochloric acid (200 mi), followed by extraction with



(1H. m, 2.88 (111, sep. J=7.3Hz). 3.21 (111, br),

4.75 (111, d, J=11.7Hz), 4.86 (111. d, J=11.7Hz),

5.28 (I H s). 13(13-i) 1H. (400wHz, CDC13) :6 ppm

0.86 (isonerX3H, t, J=7.4Hz)s,0.87 (isoner)3H, t,

J=7.4Hz), 1.04 (isomerX3H, d, J=7.0Hz), 1.06

(i somer X3H, d. J7C]—Iz) 1.33-1.51 M m, 1.44 (911,

s).. 1.92-1.99 (111 1.99-2,06 (111. m, 2.22-2.29
met(fm qﬁ crg: 2’5—(‘1}?11 Tal& OJfS?n?C ]}:?Yﬁqz)wasz wEB e wigd

e
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ﬂ( J=6. 6d141ﬁz()2d202q§“6 (af%) érS’ &y g 6;1%1 S = % s

pot{aslslunS @franktle 4H29 .1 @, 134 ol Prdas3addedllhnd. mlxturﬁ
J=12.9Hz). 3.20 (IN, d " J=12.9H7). 5.40 (111, d. J=-1

wasa/ytll\@(eceﬁo"i)eﬁﬁ tzgc?-t((M“" Nty M@, (282 fd wasZNaben
H-, 260 (My Na)+ 238 (M+ H)+ HRI\/S(ESI+) cal cd
grafdJIaJ(M +a ddgdt: t 7260 U6 265 1 d-otimel 268ct 1685301 0t 88n nwa .
14(14-a) 111-NWVR(400MHz, CDC13) : b ppm 1. 11-1.21
coqlEd ,omicel, 2 Moved Jai7. exFrgctiongwith7@ie¢shyl efher.
180187(111 m. 1.94-2.05 (111, m, 2.21-2.35 (2H,
Th%orqprg_lg: (fBmer gras Jwa]s@ep.ﬁ)qub gxga’%q_g_langdgatug&‘g_e saline
10. 2Hz 5,05 OR dd, J=1.2, 17.2 FE) 5. 75 OR
anc‘ddi'ther}]_viq)s dl\fv?ltzl’l afnm§ou§_4%q_gflw sulfac The residue

NVR( 400MHz , CDCL 6 211. 1.
wagf A0, O s 3080 de? FaEoet presthiey aga the
(3 = 4. Hz), 0.
reqiiibe dhig ey 4y il o fogal oglmli o e
0 oHz) .- 3; 6 - 3y 10; ,
Sol]u_‘ll r?lla? %!t?x%u %1 1%1&&%mdﬁ*§*d Jaé ’?’e 2901»94 %91 g@édt
sol]u*llcgn, 1/6 @2 m, 6t&) . mRe 8) s dé@gedJaéo@wzeSwrlQ 3’:'_3:1’1110
17.2Hz) . 14(14-d) 1H X R(4OOI\/Hz CDC13) : S ppm
t lAdecl. 26n 674tk xfhirelwdd- 568 reBlh: Mhisl tEp2 QAL WR1kor 1
nm, 2.41-2. 73 (211, m), 3.72 (311. s). 4.11-4.24
hoyth.amj .2 530% 4disees Baék:idddacdae1s61ludibn 1568Hz)L) was
5.08 (isonerBiH ddd. J=1.6. 3.5, 15.6Hz). 5.8-4-5.97
thfrildradyalliy(ddded theNVRE 4001 Mzt TBCI8pctiSnppalution was
12-1.26 (211. n). 1.40-1.67 (511, m), 1,71-2.01 (311.
graguably gioated. (éfﬂ thys IzeazF&lzofMSC(]Zthllom a 4338172 e
(111 5, 00- 111, ) 10 gl sorrerAI fi
adgous Sl ?Ts%?ré?*éﬁﬂkpln?rb@néﬁe (9300RL) pyas added
,14(14-1) | H NVR(400MHz CDClgz m 1.36-1.45 (211.
with SEls#ing et (311, 3 % 1%919%’2'1815 Hyen jSepagaiged into

2ol %%%i?f?’%v‘%%i ottty Ay Hibery fR

tomﬂmé Z%kl(eljo]“gmlc 1ﬁa(§Je4r %aé%é&é&%?@ﬁ%t@mé

ppm m xture 1.39-1.59 (1311, . 1.62-1.69 M rr)
saﬂuf§t4d8§c3]\§@é-&s sc‘ﬁutgoﬂsog gédﬂéﬂalb E’)aro%né% (1E|nd
qui nt .60-2.68 (211, m,

saff i sot@ed B dritlirk ﬂﬁld d8128 6V§ﬁnﬁéé\hfeS1udd§ulia2e9 BEtOer
12.5-Hz). 3.85 (isonerAlR br), 4.28 (isonerBiH br).

fibt28tion, ethyl (triphenylphosphoranylidene)acetate (33.9 g,

97.4 mmol) was added to the filtrate, and the mixture was

stirred overnight at room temperature. The reaction solution



(isomerAlRL s), 5.34 (isonmerBiH - -nm, 5.45 (111, m.
14(14-h) 1H NWVR (400MHz, CDC13) :6 ppm 1.38-1.52
(1211, m). 1.56-1.72 (411, m. 1.82 (211. m). 2.08
(111, d. J=16.4Hz), 2.29_(hky ddd, J=2.7. 9.0.
12.9Hz), 2.46 (211, s), 2.49-2.59 (211, m), 2.86 (111.
quint, J=7.8Hz). 3.20 (1H br), 4.74 (111, d.
J=11.7112), 4.85 (IH, d. J=11.7Hz), 5.26 ([H s). -
was gionceahp o] a4d(1aei 9OURENRR CAOORHRro@BCI3Yas Ghen
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2. 48-2.53 (311, n). 2.55 (IH quint, J=8.3Hz). 285
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J=13. 211z), 3.18 (1H, d, J=13.2Hz). 5.39 (111, s) :

g, | R KCIpmo 1 hraxad6é16h4, m1606r2. wd895t2reatiloviBAESht) at room
mz: 272 (M _ Na)-, 250 (M+ H)+: HRVS(FSI+) calcd for

tenqpgnaHyne - 2501 18OV i Fowl WERn 84T Acfricddt mamd under
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5. 311. 93(111. ddd. J=1.2. 8.6.
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wa e c1i é b g% 1t1 -2.22 (111 2, 5§ 2.71
13H0 e fSiaary o8 (aiE tht &5, Mza m TyF acid,

oI Sty aion s PR st Shner iear Tomn 9)¢ droenic
ol 'y 22 ooty R ggﬁgraggd(g%%l?gaingnga édogv 1L

.26-3. 34

anMﬁHﬂouiﬁsoélﬁﬁ SabPi2d]l, 1He ﬁé§¥5@%5%é§]§£i*$9edl§hd
(15-c) 1H NL (400MHz. CDC13) : 5 ppm 1. 45 OR

corpZer{iddtedldunder Trefucdd. gHB3surd. 86- 0Btalf éiélcoﬂﬁound of
Z. 30 (111, ddd, J=2. 4. 7.6. 13. 2Hz). 2. 47 (211,

intdrePp. &4 4114ildsubS=8n6e 16.0@Hz), >2986.(1 H, quint,
J=7.6Hz). 2. 88(211 d. 6.7Hz), 3.22-3.23 (111, m.

(4U-g5 1¢iﬁ bdtyl=114) [ THz) SR Y- Bde{ip] btlcyd¥d 13 78z) ] hept -3-en-
5. 05- 5. (211, n). 5.32(111. s), 5.81-5.91 (111.

6- ¥ﬁldﬁﬁﬁh§F%ﬁaR® 175-176" C | B ' MR(400MHz. CD30D) : b
ppg] (111, . dd, 3=7.5, 12 2Hz). 2 03:2 09(211, m,

@6’1 und-ofs I1PATESE AR CPRILNIEE Y, a1 BHy) |

s#%%ﬁﬁ%%wwﬁwﬂﬁj%%wmws
in Xéh%£%2§+t%l ‘H&Q(}%é% eg%}gg%§2%4éa 1ﬁigpé%é2%%lc

(4.50 g, 29.4 mmol).
(41-e) Tert-butyl (#)[(1S,5R,6S)-2-ethyl-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]lacetate

The compound of interest was obtained as an oil
substance (3.52 g, 93%, Major/Minor=3/1) in the same way as

in Example (l-c) from tert-butyl (%) [(1S,5R)-2-



IR (FRO : cm1: 2948. 2900, 2835, 1563. 1542, 1525,
1397, 1383, 910. 663. M (El) . miz : 2.21 (11)+.
Anal . caled for C13HI9ND2: C. 70.56. H, 8.65: N. 6.33:
Found C. C, 69.69: P. 8.73: ;M. 6.31. 16(16-a) |H NMR
(4001(Hz, CDCL3) : 5 ppm 1:°87 (311, t. J=7.0Hz).
1- 340H d, J 7.0Hz), 2.31-2-38(2H, n), 2.56-2.74
(21 52 élll q. J=7.0Hz) . 4.19(211. Q J=7.
etby&?lcyq1983 bhest 03-eand-5108epedrartazel.(3e46hy, 12.8
df 3 1.5, 3. 1Hz, 1.6. 3. 1Hz, 1.6. 3.2Hz and 1.6.
mm & . 5 75 5.85 (111, n). 16(16-b) I H A31R (400Mz,
3; pm 1 20 and_1.23 (total 311, each d,
(43=%) o~ ?JAX%V ) pOEBNOR 65) 397\ep&yomith311 86( 2H,

ofhpfefia At Lt 2ty ), 3 62373

J T - 4. 08(t ot al 211 h
g Py %{%f?f Hhee 9 f%%’ﬁfip&g%rﬁmiiﬁmz ehets)
subs@aﬁ@@1 1.28 @nd81ﬁ27ME9E§VM3%$r 9@@? dn %hg %aﬁgdwav as
7.1Hz), 1 47-1773(211, 211.

in2eRddld, (Ma) 3£68n3 a 9 26t gkaksll -6-
n . 4é99 5. 02. %Fo%g§5nggggég? otgré2?§ %S; % e%ﬂ9ﬁ 6
(nﬁtﬁémétﬁﬁliﬂlcyﬁioL16216iHéoiHaNNR€69014bée€@€b3)3 82 g,
ppm 1.29(311, s). 2.44 and 2.48(111, d, 3=18.0Hz),
112958m01b5(111. n), 2.75(111, dd, J=5.9. 18.1Hz),
2.90(111, dd, J=7.8, 17.6Hz), 3.18(111, dd, 3=8.8.
4189hk&# (55 452 66 9B 41 1amikon5:B215-86011, ).
L16 e% 1H NVR(4001U[ 7, CDC13) :6 ppm 1. 26(311. ),
ethy %(@i Oé? 22 BOFRH, SdSNTe18 19288} 1C2287402P60( 211.
. n%é -2-75 (lit. m, 3.30 (111, ddd, J=2. 4 9.7,
01778313y O“%t%4 5.47 (111, nm), 5.48-5.490H, ),

bR R I, Bon
e R ae A TEiT s M O L L A ee s
ﬂ%&1§Y§ﬁ°§%Faé*§Q$EH?&£%£ggp%?%th§5%§%v§§oT2”219%§th 3-

en26-18}2c@avnd (2. 721g2. 1224(habal ,1iss eachmikturd. wal
(111, dd. J=8. 8. 12. 7Hz), 2.51(111. dd. J=7. 3,

re719kzJ. fo2. B0RQUL6( ITHhe Mix2ur@ (44, adbwds 160 lcool, and
24.4Hz). 5.82-5.86(111. n). 5.87-5.91(111, n).

the RaBo g} t 26 AVRL400ML T DB 8 shedppith1mdEhyledé ahdoride
1.48(total 1811, each s). 1.54-1.62(411. nm.

to ohee QPZB%?FFO%@OUQGSE (Pnterspr 2s58-grgg 621iid mp-17 g,

508- 280K, _qd g 13. 7%&) 3.620H. dd, J=6.9. 13.
?+§¥330% %%n % Y111, ), 5.88-5.91(111, ny.
16- ) | H N (400Mg CDGOO : m 1.12 (311, s),
i %ﬁ(&*db (13t 365{262FET1n9m9§h¥§§12 dd. 8 8,

et%§1@1%§aao fiSh e 00 el pfacdssgigh e, e

=13, 1-
5111 5 P! 2FE§“%25 A ng( 1. . " (KBr )

e;@ﬁlﬂlcﬁ@ﬂé{slﬁﬁ@ né§ﬂ53 4398-y138¢c:M5 (EAB) p- M Z :
196 (M+H) + , 234 (11+K) +

toluenesulfonate (3.17 g, 8.31 mmol) was suspended in
metchylene chloride (35 mL). To the suspension, triethylamine
(1.27 mL, 9.14 mmol) was added with stirring at room

Temperature. The mixture was stirred at this temperature for



Mp. 145-1481C. - 182 - [Table 8] 17(17-a)
| H NVR(400MHz, CDC13) : b ppm 1.03 (1.04) M d, J = 3
Hz), 1.31-1.40 (111, m), 1.51-1.66 (IH M, 2.34-2. 54
(311, m), 2. 79 (2.86) (111;.4,_J = 4 Hz). 3.71 (3.
72) (311, s), 4.01-4. i OH n), 4.93-5.08 (211. n).
5. 60 5. 80 (111, m). 17 (17-c) 1H NVR (400MHz. CDC13)
pm major 0. 95 (3H, d. J = 71W 1.45 (911. s),
3 fzoum% ?ndiotf(‘zlqewﬁ*te@ 83193 wap than. caj. egt°g4by
(111, br 56-5. 58 (111
fl%bfz“so ﬁj‘ |strﬁd Wﬁf@ll?e*afyy?wwmh%&aﬁz eDehzsym the

= 4 1
Coﬁpg‘g“r% %fo t(ﬁre?ﬂi ay ?5“%*%% %‘ijﬂg &1? %E g5 3155
6-2.95 OH, m. 3.30-3.35 (111, n), 4.78
Majﬁﬁ@lmf 32/_§12 Hz). 4.86 (111, d, J = 12 Hz).
[0Py$B-5.62 (111, n), 5.70-5.77 (111. n). 5.90-5.93
(111, m. 17(17 e) 1H NVR(400MHz, CDC13) : 6 ppm 0.89
B l@lz;z] )q 53<(181 Le. m, 2.19
( (E%tﬁ” d 'H(Z g—S @S -1§ ilamf‘r)omg-lq)%lgzym) 5
vimﬁdﬁcm 2rl@]*1€pt8§-§n2€)—;(12]]é-ceﬂic 3cid0-3. 50
(211, m. 5. 0 (111, br. s), 5.65-5.70 (1H, m.
(45-82- bt) 8K, 9%) Wpidd (ATcFd1dH % (40043+2,£080D) -1 b
_ppm 0.92 (311. t, J= 7 Hz), 1. 47-1. 53 (111, m,
Lkbakomn(4Homg. 2.02-2.10 OH n), 2.42-2.55 (311,
m, 3.15-3.30 (311. n), 5.70-5.76 (111, n), 5.90-5.93
(1Pt *ammr(ogcgrayn :SQ@mtL:orp9B20 1618, 01560, - 1514.

lRi 3?\%@5' Psz%Pl’”‘é: %92 %&Xﬂfﬁgiﬂ%z C% |7085foir:0l(1:nd

B e R O P T e
1, (Teep 833521 %_1% ﬂg%nmgf ("gg'%g_ Cllégle aggeﬂodropw1sa

(211. m nor

to galétie(@saﬂ%fu%%_ sUs§e1§sfgr)1 @i’idlgmﬁ y 64 ( g}%ah@nnilumlnum

5¢ 1, 5 2k Qs xture
o 80590 5 b (B B Bt

wai(HIIfrﬁdeﬁé&tjgﬁubaﬂ ﬂ&bﬁ Bémméﬁét@fenahﬁﬁ,lﬂ,
1.89-1.96 (1H of mnor, m, 2. 11-2.31 (211, m,
terafey @@ 211(20§ . mB) A7TwWBLEO (14, mh), 3. 82%(3dlheos},
4.08-4.15 (111 of mmjor, m, 4.21 -4.25 (111 of
Soqﬁ%rhydﬁoxm%gsql%lmlﬁ $mLlb, 0BG, 99L€21120nf, mL) were
68- 5. 79 (1H, m, 6.89 (211, d. J = 8.6 Hz), 7.23
t“e(r21&ldded] ﬂ“er%b% %&)lel@eq_sr%a}cqumbatlgr 5@@ fppied on
i sQ H, 2.27-2,31
Loy bars FARHS i 2GR DR T 0 Stwt g9r 3 hours.
3. 93 11Q1 br 06 (211, s)
TR U s I3 EC o B0k CaLE o7 (saibenfyated
und7e12@e7d1;t]ec( 2Iz;l:r_]eséﬁre. Then, the obtained crude product was
purified py silica gel column chromatography (separation from
positional isomers in regard to hydroxyl groups) to obtain
(£) - (1R, 3R, 5R) -spiro[bicyclo[3.2.0]heptane-6,2"'-
[1,3]dioxolan]-3-0l as an oil substance (7.78 g, 38%).

Dimethyl sulfoxide (9.11 mL, 128 mmol) was added to a

methylene chloride solution (110 mL) of oxalyl chloride (5.50



M nor isoner (detectable peaks): 5 1.48 (9H, s),

2.45-2.52 (111, m, 3.29-3.36 (211. m, 4.08 (211,

s), 4.35 (1H, br s). 5.37 OR, br s). 5.7-i (1H br s).

18(18-d) 1H NMR (CDC13, 500;Miz) : S 1.45 OR s),

1.55-1.60 (111. m . 2. 16 (111. br d. J = 16. 6 Hz).

2 30 2. 35 (111, m, 2. 49 (211, s), 2. 58 (111, dd,
= 8166Hz)2892 96 (111, m, 3. 29 (111.

erbr649)2 mog) WK shirming gt -8§° C,4azmi (tzlﬂmlgatum was
84 (111,

st1§r§&1 a(jdcplsorteggpe%atggt? Zfl r oy mjjnu.t@s 8 q%n n)gaj:hylene
chl(ﬁﬁzl)]de 5631 t4‘f 1 E&SA_'ZI%IM 1% lt%i )aﬁol_%%'g/%{%,}nﬂi aﬂ%ono_ (7.28
9 9‘);l']g 5ty (11aC1)é %ﬁ%‘{ Q%fg@%fﬁ% R Wiafl Slﬁrfj*ed at

d
thl?s t%?n&ra%uéé‘-&élz%r n%B 4%;’?%16§L§-Hdarh@'ﬂ S)trl?éé% %K;Il’]fE% (d23 7

mJ.J,3 184 (@bl,) S)as bdddd (Zdsets) - ardd 46né Zddxt 8de v4a§9heated
(111, br s) 5.67 (111, br s), 6.88 (211. d. J =
to Hjom 2 od2ltra. ard st Brbddr) . THH W8-fure was separated
111- NVR(CDC13. 400 MHz): 6 1.43-1.4.7 (1H, m), 1.45
ingal 8kliesds @Dl ZgdrBi¢ ZH;ﬂ.ye}as) bY. 28 (dddjitdonJof=014.1
Hz). 2.29 (IH d, J = 14.1 Hz), 2_48-2.58 (111. :
hy@@%@l@r%: (aaid - mThe3 cFpanirl. lame-s)wass wWwHshqd Midgd,0 L M
3, 14.1 Hz 3.43 (111, dd. J 6.3..14.1 Hz),
hdeFOZE%ﬂ(OZPP Q) vatey (ang S%fu@}tedss@%lr(mqndb*fch@n dried

- MU ST L0 k5

2. ‘78
corgdft Al lgeds %Si%&(pmssarva Trissy G odined

it Ry %f’br B il 400

chr@mto%ﬂ%ael C&g%kﬁg%u@i‘% %1(2%0541n€%2e§€ ay an oil

subHialice2 94, 6ﬂ.7<j1,2 94667, 1524 1381, 1242. .
175- 176 C 19(19-a) | H NWVR(CDC13, 400 MHz): 6 0. 03

(44601, (58)- (1R & (b1 (b ddr@{ 172 (A ldep ) 2-2nd9s 22 B6
(1H, a) 2.'40-2. 48 (111 m, 3.59 (211, d, J = 5.9
[1.4)di®s0 78 (SHy5) t r 5 DEe So@st {@dsuhfonsr67- 5. 78
(111, m, 585 (111 d, J = 16.3 Hz), 6.86 (111, dd J
- @ozasmu:m baA)s (Crgimes-th)] SENVRIGCBEL®) - 400 M) S
611, s), 0,88 (911, s}, 2. 12 2,19 (111 1,
te%?%ﬁX %ﬁviﬂalsO%yt‘O@r4% 28 5ol ( 14§ 4 pymo3) S@S(i@ﬁed £o
J.= 5.9 111, dd, J = _
teth%rW%a%g J(%i mané %y%ﬁ@a}ﬂamﬁumv aolbrteon (85
5.86 (111 d
o) O JWRlss%ﬁ§ 1510 B]ra%t%ﬁ@ﬁfp*i@cag c% -
(1, HTNRIERABE. 3400 MB) i1 g, 36.3 mmol) was gradually added

dropwise thereto with stirring at -78°C. The mixture was
stirred at this temperature for 2 hours, and a
tetrahydrofuran solution (95 mlL) of N-
phenylbis(trifluoromethanesulfonimide) (17.3 g, 48.4 mmol)
was then gradually added dropwise thereto. The mixture was

heated to room temperature and stirred overnight. Then, the



Mpj or isonmer: 6 0.07 (611, s). 0.91 (911, s), 1.45
(911. s). 2. 18-2.25 (111. m, 2.59-2. 73 (211. n).
2.92-3.01 (111. m, 3.31 (111, ddt, J = 2.7, 8.6. 1S.4
Hz), 3.88-3.94 (111, m, 4.24;(211, hr s). 5.46-5.50
(2112. m. Mnor isomer (detectable peaks): 5 1.48
(911, s). 4.30-4.35 (111, m, 4.23 (211, br s)
5.35-5.36 OH, m, 5.69-5. 71 (111, m. 19(19-d)

r e af IVR(CEC1 R HOER N )0 Y m%ﬁo? @é%h%? 0% q aatyubateq)
228(%;31 br d..J = 16.1 1)l g (21, m,
ATEYE P 1’(31% - a%m%fslmﬁ i< eJamzwa%ers endlsna

Hz) .. 3.91- Efg 4.23 (211. , br
’?& 5% ?%jj}“ GEIB2UE, %%O(irﬂaﬂic k?ﬁ%FS'

QJEJ g?eé)g%ﬁmsgsor?e\ﬁkﬂmdl%%@f %\“(%—1 g 405rgza115i4c layer

55 Jaf‘s‘?er77 ﬁt’Lllsa"ﬁra’":l@ci ]sgafiné %M% QOaMT'QJJ_ ofs
1.45 (911, s). 1.56 5 1272019 (111,

sod3s {dilfardddrndt resadﬁo Q\ra% 221 4 ard Ac%r('zérltra ed
S), 2.51-2.59 (1H, n). 2.88-2.97 (1H m, 3.27-
unddd Irediced. Bres$3td: . S)Theh ,0ZHR Kbt S)nedt.c A8id 1;3-4@C1Lﬁ5c- was
J =11.7 Hz), 4.84 (111, d. J = 11.7 Hz). 5.56-5.59
pux(ilH.ed)by 19{ 104 ) gdH MILRUECDM Sond00g Mizdy Bsdpdla1idh from
(111, m), 1.44 (1811, s), 2.03-2. 12 (211, n). 2.23
pogifiionall ysomens un Hrygand 200 (alafid) Jo=oddain Ei.
2.47-2.55 (111, m), ? 82-2,94 (111. n), 3.04-3.09
compend gt imteBeyRIas &y, oglssueanqncad 1374 g, 83%)
13.7 FE) 3.42 (111, dd. = 6. 3, 13. 7 Hz 4.02
(42291, (H)7 (WRoDS) (A i *%slr% %a"rqaq 3ht- 3@639-3—ene~
L9:g)- 111 CD30D, 400 Mrz) : 6 1. 53 (111, dd, J
6'é=7.§'?ﬂ%£P B3 5. oo (111, ddd. J = 2. 7, 8. 6,

128 Zndlge d0DIM, W 2-4gs2 50 (1L, M.
tet 13_3%3]g’lé'@*rJ.DI:f’@n%?og’%;%%iﬁé%an%adg’uﬁzé@;11% ggr& ‘01§13mmoi)

and F*A.%)Duujfﬂ ZVlnj;Z_’Zﬁt:(rM t2 11)7 "'mLAn@' SOQ@ﬂngﬂ fQREre aqded to a
C12HL9NO3: C 63.95: H 8.50; N 6.22; Found C 62.83: H

teBedfydrdi@r2d. solik {Bh) (comni) 8803+) 196, 53525, 1397,
13822. 1103. Mp 160- 162 20(20-a) 1H NMR(40010i z. CDC13)

spirdliphaycbe 87- 210 Bidptd3-dne-8, Biz)y [1039Qi ¢kolbal-d;-yd
= 1.5 1z). 1.16 (1.511, s), 1.20 (1.511, s),
t*qkopqpmﬁthuqsuhion@t%84% 80 ¢311. 7a)mm3151 (D& 1mixture
511. s). 3.73 (3H, s), 4.98-5. 05 (211,
wa%nhe%t?% %Ps%eiavﬁ F9r 2012Bre) iPﬁhMFF?HOUiEFEheH added to
1, br

tne( 3riela%+3ron ?gfnlétlc%@c 2£ 9J£1£'?\2ﬁ¥1 bﬁ‘) exggsgtgogg,w&)ipl dﬁfthyl
et”(‘?r ’91%h7es a % ey %i“ﬁ\ﬁ?( A%%Wizl ”E[ig,piﬁa“%r%p%‘? 38 hne
3 %é’ov% 5% %E%%i ittt s2is (e Uep 190 e

fi lHZé*recg 224 (dddcele r é'td‘dllznalé} “gdﬁé & DZ@S@&%E n’fhcx% the
.23 (111. m, 4.80 (1

obtalned crude product was pu_;_led by silica gel coliumn
chromatography to obtain the compound of interest as an oil
substance (990 mg, 72%).

(42-d) Tert-butyl (£)[(1R,5S8)-3-vinylbicyclo[3.2.0]hept-3-en-

6-ylidenelacetate



12Hz). 4.83 (111, d, J = 12Hz). 20(20-e)
| H- 1VR(4003gi z, CDCI 3) : 6 ppm 1.52-1.56 (111. m). 1.53
(9H, s). 1.56 (9H, s). 1.61 M hr. s), 1.66 (311. br.
's). 2.15-2.30 (21. n), 2.4072,70 (211. n). 2.90-2.98
(1H, ), 3.26-3.51 (211. n), “4.94-5.05 8111. br. s).
%0 (20-f) |H NMVR (400MHz. CD30D) : b ppm 1.45-1.55
(111 m, 1.62 (311, br. s), 1. 70 (311. br. s).
2. (28, SE2 1B iy 1B85 | B1icybrlo ., 2 20 Bler: 57-418d-6, 2 ' -
n% 2 68 2.74 (111. m), 2.95-3.02 (111, m), 3.32-3.36
14 EQ}OX?éan@ %02m9(25155n$m0#‘68a$ ?25€2116dn}n a mixed
cgl cd for C19fl27l\gg C. 59.58; H 7.
soL %°“‘é °'g, AR R gpc7wageT\( 73“%7 T@s,tne
cm 1: 172 1@16 1235,

%%poFE(ﬁ(% *f%ﬁiF(%ﬁi gar 188 ¢. aééfélwhygoétirring

08 31 t J=7, 6Hz
a%ﬁ%@%ﬂﬁ%%mmmﬁmw»m>
§8a@u§@(§3¥ ﬂjho@réz égélthg réazfﬁbg)sogg2£éﬁlwag then
=14.5Hz). 2.27(111. d J=14. 5Hz). , 46- 2. 50(

ne2t 89t 2z 88(dl 15 hdNaddi 98- Q@(éléatﬁ}at§d3§§éééusdg0¢ut1on
3=6,2. 13.7Hz), 3.41(111, dd, J=6.2. 13.

of S5sOO{ Ui 1 i dd ek 3 £ S, 33611dwed by= éxﬁfﬁ&tlbnaWLZEDethyl
-90.6 (c=1.37, CHC13). 21(21-c) M. 182-1831C [a] 25D

acelde 3' The=@.8FnikefltayeHWNVR (AI0M 71 tCD3OD)urateppmaline
1. 10 (311, t, J=7. 4Hz), 1.48 (IH dd. J=7. 5,

and 2d51p9 OV%FC%@@NdD®U§ZiqdlUm)Su?‘iﬂéZlITﬂq r@ﬁﬂGW$tWas
2.46(111, .d, J=16.211=), 2.46-2.53(111, m, 2.51(111,

fﬂdteJ%ﬁam§on%ers*5{aﬁedqwﬁ? geguseg) Preseyrs. 1(fhan, the

(111, d. J 8(111. d, J=13.0Hz),
CO@@% ilﬁ Hycerosh, Vassggiain°%Rng%P)OchﬁPPSL?Qéel 710 mg,

e D O T e

ey B Sl finde 135, 5, U BLC 1cCs O90 TR e

ond 25D -59.6 (c=1.02. MOH) LH NVR (400MHz. CO30D) : S
ppm 1. 11(311. t, J=7. Viz). L. 51(111, dd, 7.4,

7 2 -
IS R sy

vidylbdekdlo B3 12- Byﬁépﬂil em6-3128€Catadte

The compound of interest was obtained as an oil
substance (670 mg, 75%) in the same way as in Example (l-c)
from tert-butyl (%) (1R,5S)-3-vinylbicyclo[3.2.0]hept-3-en-6-
ylidenejacetate (710 mg, 3.06 mmol).
(42-f) Tert-butyl (£)[(1R,5S,6S)-6-(aminomethyl)-3-
vinylbicyclo[3.2.0]hept-3-en-6-yl]lacetate

The compound of interest was obtained as an oil
substance (527 mg, 88%) in the same way as in Example (4-a)
from tert-butyl (£)[(1R,5S,6S)-6-(nitromethyl)-3-

vinylbicyclo[3.2.0]lhept-3-en-6-yllacetate (670 mg, 2.28 mmol).



d. J=13.5Hz). 3.33(111, d. J=13.5Hz), 5.31-5.32(111.

m, 7.21-7.25(211. m, 7.69-7.72(211. m. IR (1(Br)

cm1: 3155, 2963, 1707, 1497, 1410, 1236. 1161 1037,

812. 687, 567. M (F.AB+) 1%2 : 210 (free+H)+;

(FAB-) : mz : 208 (free 171 (TsOH+H)-. Anal.

cal cd for CI9H27NO5S: C, b59. 82: IL 7.21: N, 3. 67; S.

8.41; Found C, 59. 16; H, 7.21. N, 4. 10; S. 8.53. 23
(4428 a)=)1HIVMR {H0EvHz6 - CRCI3)me tHy ppr3-1. 08 (311, t.

J=7.6Hz) , 1.39 (111, dd. J=7.6, 12. 1Hz), 1.41(L8H,
vigylbiqy©igs B3 02(Qiepmy3-en-G2vibadetyc f§7id6pr)

2 _220H, d, J=14. 5Hz) . 2.27(111. d. J=14, 5Hz) .
to%%@%LW%tﬂ m. 2. 80 2 88M n. 2 99-3.00 (111. m

%33 (111, dd J=6 . THz) 41(111. dd,
CPFPAL Q&(ﬂﬂ?ﬁﬁ@sqnWﬁﬁno ??%ﬁﬁ 135 g, ~ight gray

:]:
SOl LD ot OB oo ialm%eagi%s% 28451 (k58 £rom
e 40,001, o &%57% S5y Blendeny?r 53-8 U520
v R 2, 588 1e 0 t5éuérll6 g1 d5aBy2he) 20720530 o

71 P#V glﬁ b§86§ﬂ16 amﬁﬁéﬁ% i §~38(111 dd.

q
(43
J=1" T 1) M) : cm1: 2963,
| 296
(

vi cﬁ@]tﬂi%lﬁﬁ@ hé§€73 d402-y M CEABY actiiz @ 210

MtH) +, 232 (M+Na) +. Anal. calcd for C121119i02
0. THR oot 95 HtOrS; WNs I3 iftednas G bigh9®7prown
H 9.08: N 6.41. [ a )21D +96.2" (c=1. 0, MOH)

soPid(2248@)md 118 ABLR{CDCLS, sa0O WaZ) asSin, AEBapgie d$fl-h) from
1.56-1.61 (111, m, 2.15 (1H, br d, J = 17.2 Hz), 2.34
>(f1<111R PGS ) - & Lam¥noBeBhy NP B-HzpylRid9clel13. 2sP  hept -3~

LH. br dd, j = 7.8, 17.2 Hz), 2.90-2.99 (111.
en -5 BRI fy S6i by tHLoRIeRisfoRses (995 e 45 gmel) -
Oi o7 Hz). 4.84 (1H d, J =11.7 Hz), S. 58 (111, br
% J24(24 b) IH-NANR(CDCl3 400 MHz) : S 1.45 (911.

5 (311 0.(111. br d.
gmp%% %3FE§Q E}gg ?% gbdd‘ aﬁlhOQAPh §%03L12 9 Hz).
d 1 d are 8 6.4 Hz),
etgyﬁglﬁgv%cl§£3.§.@fhgﬁ%48 %21? yl§_° ig ?f%@ b S)?
- 11 -
433 %’Lfsrgmel‘%“’%?f*%? B TE R Gt St H
6,3*211 3pdioﬁaign483eylétnphy11s44a6é811 s), 2.03 (3H.
s). 2.05-2.09 (111, m, 2.17 (111, br d, j = 16.1
Hz)Bi (24 gGRnll phospin®) k) 1a@i @8 (111, cdlodice1498%,
Hz), 2.57 (111, br dd, J = 8.8. 16.1 Hz), 2.86-2.95
0.28{ gm 0. 800mmpe111, 2bp-dytidine (1141 ar,J12.13mRol).

3.26 (111. d, = 13.7 Hz 3.34 (1H, dd. J = 5.9,
tra@e?ny&§llglgge yigneddl-f Mg, 91038 Wmﬂiy @n@OCPPPfI (1)
1oglde 10.15 g? 18%1mmg S&ere added to a dimethylformamide

solution (5 mlL) of the (%)-(1R,5S)-spiro[bicyclo[3.2.0]Jhept-
3-ene-6,2'-[1,3)dioxolan]-3-yl trifluoromethanesulfonate
(2.42 g, 8.06 mmol) obtained in Example (42-b). The mixture
was heated with stirring at 50°C for 2 hours, and a saturated
aqueous solution of ammonium chloride was then added to the

reaction solution, followed by extraction with diethyl ether.



24(24-d) Mp: 165-167 C. 1H NVR(CD3OD. 500 MHz) : b
1.51 (111, dd. J = 7.3, 12.2 Hz), 2.02 (311, s). 2.09
(111, ddd, J = 2.4. S.8, 12.2 H), 2.21 (111, br d, |

= 16.6 Hz). 2.51 (211. s). 2,58 (111. br dd. J = T.8.
16.6 Hz). 2.87-2.94 (111. fj > 3. 15 (LH, d. J = 13.2
Hz), 3. 15-3.19 (1H. n), 3.21 (111, d, j = 13.2 Hz).
3.23 (111, d. J = 13.7 Hz). 3.27 (1H, d, j = 13.7

Thergansg Yavar was syasivsd (FABR sahnzatedzsemnmolpmd dried
Anal . Calcd for C121119N02S: C 59.72; H 7.93: N 5. 80;
OV%FI%HQ@dr¢%%na®dtp%85ub§au%isfﬂmg re¢Eiya wass Agltaped and
KBr) : cml: 2906. 26322, 1542. 1398. 1283,
CO%G( 53 % °q HEMBIR f%@m P%ﬁ%ﬁéfe- 8T1'ﬁfp?n ghe it spned
43( 9H 1(311, s).

Cr§ ép%g%%rzl n?urglﬁ%&(éilsléacaJg?ékﬁo' B Hy) |

ch%org%t%g?%%%%ltoﬁ%bt%ilgl‘iﬁigéé Sm@ b§4bigére§/} Ls an oil

sul?@&a’-r%&)&ﬂ"hé\%R 4OpMz, CD3 0D) bIOIOm
1.46-1.53(111,°m), 1.80(311, s). 2.1-2.17(211,

nm,
2; (18- 25906111, 3.07- 3. 15(111.
439_# %%@éﬁ&é%ln)& e 3725794%(% Q S S m

ﬁiﬁéﬁkmwlitﬂ&@f&é@&h;ﬁzbléﬁB@B&3 290pRabt1340nL 811,
dd. J=7.6. 12. 3Hz) , 1.79 (311, s), 2.02-2.08(21L m).

ylXerBe Padoc4441, nm), 2.45 (111, d. J=16.2112), 2.51
(111. d. J=16.2Hz), 2.85 (11, quint, J=7.6Hz),
3. O3 coppard af | irg e Mas dobtdinisd GHz)an 30417
111 d, J=13. OFE% 5.36 (111, t, J=1.6Hz). IR M) :
SUQﬁﬁan%gh% S9%927, %@osMazgséMlmesa2/1525n tB96samgggay as
(FAB) : mz : gMFH) +, 218% g Anal . cal ed
lnf%ﬁa%Bhali%%[ﬁ %¥0%7 %6—t¥%m%thsl KLR75S17: Found: C

Spkk 310§§%§f90% 32% i %%(56 ay L} %ﬁﬁﬂﬁéﬁ@éiﬁixz—
%%@@ﬁ%mﬁlﬁﬁ%ﬂﬁﬁ“?fg

ST o 3l 2 e

(n 56 Okt nPT ) B ey &1 S6¢ 12 10) b 26 £26-0) L HC YL AbOMe
CD3 OD) : 6 ppm 1.46-1. 53(111 m, 02311 s),

ZJR&EM@@mﬂM &ﬁ%ﬁﬁﬂ&ﬁm@hu&ﬂ&i&ﬁ&m,

m, 3.07-3.15(1H
substance (870 mg, 60%) in the same way as in Example (1-c)
from tert-butyl (*)-{(1S,5S)-3-
[ (trimethylsilyl)ethynyllbicyclo[3.2.0]hept-3-en—-6-
ylidenelacetate (1.50 g, 4.98 mmol).
(43-d) Tert-butyl (+)-[(1lR,5S5,6S)-6-(aminomethyl)-3-
ethynylbicyclo[3.2.0]hept-3-en-6-yl]lacetate

The compound of interest was obtained as an oil

. substance t630 mg, 81%) in the same way as in Example (4-a)
from tert-butyl (%)-[(1R,5S,6S)-3-ethynyl-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6~-yljacetate (870 mg,
2.99 mmol).



m. 5.25-5.30 (111. m). 7.37-7.44(3H .
7.78-7.84(2H. m) 26 (26-c) | H\31R (400141z, CD30D) :b
ppme 1.40 (111, dd. J=7.6. 12.3Hz). 1.79 (311. s).
2.02-2.08(211, n), 2.43-2.5Q-6111, m). 2.45 (111. d.

J=16.2112), 2.51 (111, d, .i=16.2Hz), 2.85 (111.
qU|nt J=7.6Hz). 3.05-3.12 (111, m), 3. 13 (111, d.
=13 Otg), 317 (111, d, J=13.0bg). 5.36 (I1i. t,

4%—% 6HE) L (1R TF)©8) cﬁr.am¢29maehy292$ 2905, 2832.
1564, 1526. 139 MS (EAB) : miz : 196 (MOH)+,
R ARAF bl it By EPF P 1Se0 58 187956< ACSE. ET8. N
Found: C 67.46: H 8.89; S. 7.25. [ a]21D
toziﬁézsi1? =1 41 MEOH) 27 (27-a) 1H—h3|E1(4OON+E

J=6. 4H£5 fﬂ§g¥ P ?ééﬁ g%f1_§3%5% ai “hia2tk Geiiow
solldi (M, ng2- §@ )2 @14(61]:&1: sBhe &a%(4g01 ﬁ%ﬁmg&lé _ ,- from

5. 72°5. 86011, 27(27-b) 111-IR
cePPIyc ) 0F) L5 I@@faé 42(9LL (hyplpgolth Sk 1 Go0H
s), 7-2.20(11 n§.251 IT),269283

etﬁiﬂilbn@yplBJ172303ﬂé@113 ahy- 63y59a3eZ@QH (BB C2Higa 72d M 1
111- k' MR(4001MHz, CDC13) :b ppm 1.47(911, s) ,
mmdlb1(311. s), 1.71(311, s). 2.04-2.27(2H .
2.51-2.78(2H, n), 2.51(211, dd. J=16.6, 43.5Hz) .
(42-65- 2£70(2AASSnpS) 468T¢@hotdEhgE1237, 39. 6Hz) 27
(27-e) 1H NWR 40011I iz, CDC13) : b ppm 1.46 (911, s)
ethY&Y§ to¥FLlgy3-4. 8gnept s? en-6gy3Hacsric220092. 35( 3H,
2.46-2. 560H. 1), 78( M. 2. 95-3 02(111
o g Sdsaidtof) tae £ 08 Rl datha Mg %20 %1 D8R B oun
4,967 5,08(111, 27(27-1) | H NNE40OMHz,. CD3QD) : 6 . |
Sop%§1 %7 7%%11 15=715 S %% =3H2Y, 2%, 6E(§ﬁam§y~ (41-h} from

RS R e N O SR

en<6 661 247 DKL a@').a e i 8 d
12,7732, 9Hz) " VB (%.%é)g:gﬁfg %égﬁgk %Z% gn%8(5 37, mmo1)
01513 NM R (400MHz, CDCL13) :6 ppm 1.28(311 t)
3=7.1Hz), 1.50-1.63(111, ny, 1.72-1.83(111, m,
2. The? (25(20dal MnalydPs 24504 1d4. t 1}, coBooddd3. d€3cribed in
(211, m), 4. 17 (211, q, J=7. 2Hz), 4. 99-5.07 (211,
the) ExanBAeS. 79 oRown) bebogl(1.11, d. J=15.6Hz) , 6. 77
(111, dd. J=6.77, 15.6112) . 28(28-b) 1H NVR(400)0i z,
CDC13) :5 ppm



1.30(311, t, J=7.2Hz), 1.58-1.76(111, ).

1. 86-

m,

3. 64-

dd.

2.03(111, m), 2.15-2.30(211, n), 2.44-2.57(IH,
4.19(211, q, J=7.1Hz). 5.00-5.11(211. m,
5.77(111, n), 5.85(IH, 18¢ 1=15.6Hz). 6.77(111,
J=6.77. 15.6Hz). 28(28-c) Ili-, NVR (400Mz,

CDC13) -6 ppm 1.45(911, s). 2.08-2.17 (111, m,
[T%’if' 37(111, m). 2.42-2.63(411, nj, 2.83-2.95(11
°3°1

Ex¢niple]

1,
7-3.229(111. m. 4.52 (111, t, J=6. 3HZ) 2 ﬂ-g
Analysid&la. 1Hz) . 4.76 (111, d, J=IT. - - 840+

Nog| 1-11 71i7) 5.4-5,44(111, m. 28(28—d)

G&W CRER I BYpm:231 E}ﬁﬁ@H ), M(zlz&lli m),§Y}-5.08(2H. m), 5.75-

1(]\?’)14

1. 1
(111

SAHT my 4.03- .,J;l(mr;n)m 210(21 M. 2.21(111 d

e e

3 Mitolzijomer 139 @11 s;liﬂ:zr? Ay, m)]‘&ﬁ 241 (2ﬂ13n) 79;'9713))8 @H, 4&%5344 36 (1H, m),

587 3333:66{ @1—&61 :564(283n)( 111, t. J=6.

e 11,
1.50
2. 44!
J=12.

IPIl—-"‘NB‘I 400MHz CD30D

i e

14d) 50
5. 46+

12909

mN\/[RI4OOM}E6CB¢iZ))dpp4 16;4(1,’11¢le by, 146880, SUDZIH ddd, 1=2.8. 9.0, 11.7Hz),
quiﬂ& 8-2 9.%(1 fn) 5. 7?9 ( 1(H1n|n. HW 3~|39(1£mal

1(1= e‘f"”'
cal C(

3183 ddH=2.hj 6. 8HzR2. 5511@Bt 1370 m. RUB6R 3. 466214725524, m), 2.75(110, |
gi 4Hz)#g g(gyﬁ- AR

1 (1 N2-5H2 ) 6(1H,|1ldd gzggs 12.5Hz),
B. 3()21 W% %5%“‘;’“ il‘f dié dﬁﬁ%ﬂ? ). 3.153.16(1H, m)
186 - 3[1 A 2), gc)l @ s, 75 " ;

ppm

| IRUKBO): ndFbosE 1896, 28463638, 157, 198, 139@, 117427116 (211,

M, 2MSEmELISIgM+ J=15. OHz), 2.59 (111, d. J= 15 9Hz)

5 %15 ?ﬂaﬂi ga Cd&o)fCWHl'PV@hﬂ 66.27 HQ&?34(N 1.13: Feynd Q) 65113; IRBFN N, 784.50
5 xé{\MR i—? ’2191 g 38%% il 44( 9. 194 {1 6ddpy2. 480, 11.7Hz), |
®(1H, &d,. 1 1 -2.55(RH, 75(1H,
(FAB; quani7Z1Hz) 2%%(% 85"2 99 i m), ék ?g‘ > ﬂ’ﬁ)l‘n >
202c) 1. | ¥B.1do3ddc. S) . 2. 35-2741 (21T 4 7628 N
m. - Lb]z@ﬁ% 1493 &51.08)520).5. 46 (111, S) 29 (29- C) I H- NI\/R
(400 Llfﬂ-lz«MR(4®MBls§ID3OD5 dppml 49(Va fldor=7.6, SDIRRY, 2b6(46 dddN-2.6) 6. 12.5Hz).
1. 71 —291628212)22 4914, o, 2.3812.56(Hj1, m), 2BE(1B.Quil, JFR6HzRL 15;3.17(1H, m),
' 4 8fza J=1%7Hz 57 78( JSRL-5-AY1H, m).
g)éSf !‘ﬁ% °%l;8}z@§ % éﬁgd“ 117 P! 19 ngi‘b”é 50 (111,
i n) | AMLBOR fof SORBNOZ C. dh97: QNS 348Y. ]773 ﬂouZd7c 61 1881 NZ7s.
3(33?8 2| DANURAMOMHYY CRCIZ) /¢ ppm: 198-1 4R, m)M) 44(12H. s/ Bosdr8had. 1051k,
m,

42( 1};‘8@?;%@“7 %ﬁ

D lIgHz)D 2P3-2 41122 totalﬂﬂ 8dl eadh s3221(THLA. J=11)Hz), .28k & J=14.5Hz),
(ﬁf 08(2@nye296(57 dd, 1=6.2, 14. IHz) 343(1H dd, J=6.6,

3(3leF NV
(111

(1" = “12’ d 2.5Hz
7(17@11,}1 d]i—Jz 16818?‘)2(552 's) is 52&1?1?@) D ,)2 J(Il 7&?2;43 g

broad), 3.18(1H, d. J=12.7Hz), 3.22(1H. d, ]=12.7Hz), 5.75- <78(1H m) 5.91-5.93(1H, m).
IR (KBr) : cm-1: 2900, 1572, 1523, 1383

MS (EI) : m/z : 181 (M)~

Anal. caled for CIOHISNO2: C, 66.27; H, 8.34; N, 7.73; Found C, 66.15; H, 8.33; N, 7.75.
[a]D : -155° (H20, c=1.0)

Mp. 192-193°C.

4(4-a)

TH-NMR(400MHz, CDCI3) :d ppm: 1.39-1.49(1H, m), 1.44(9H, s), 1.97(1H, ddd, J=2.8, 9.0, 11.7Hz),
2.14(1H, dd, J=2.3, 16.8Hz), 2.25(1H, d, J=13.7Hz), 2.32(1H, d, J=13. 7Hz), 2.47-2.55(1H, m), 2.75(1H,

dt. J=7.4, 16.8Hz). 2.88(2H, s). 2.99(1H, broad), 5.77-5.79(1H. m), 5.87-5. 89(1H.m).




J=1.6. 17.2112), 2.20-2.25 (111, m, 2.45-2.55 (111,
m, 2.49 (111, d, J=17.2Hz), 2.55 (IN, d. J=17.2Hz),
2.85 (111, quint, J=7.8Hz). 3.15-3.17 (111. m),
-1.52(111, d, J=12.1Hz). 4.99¢111. d, J=12.1Hz),
5.56(111. S). 29(29-e) M. 160 C (deconpose) .

| H NVR(400ML1z, CD30D) : S ppm 1.53 (111. dd. J=6.9,
%2169;15 1. 75 ON, d, J=1. 811z), 2.08-2. 17 (211,

46 (111. d. J=16.2Hz), 2.47-2.54 (111. m. 2.56
(1N 1=16 2Hz) 2 84 (111 _quint. J=6. 9Hz)

4@ a 91—3 93(1H, m).

(KBr)|® 7% BH1 8‘8@ 78
1631. sik5(8)9 13150(181 &(3796 1188." 1024, 680, 603.
( FAB) | anallticalzd For lcOufi1sfdvt &) s6-27; B1834; M- Navk: F‘o&mdm%b.-&l;qalsgﬂ: N, 7.75.
for ClUHI7NGR: 1. 87066, H 8.78: N, 7.17; Found C, C.
66. 13 MpH8-85TZ7: N. 7 11. 30 |HN|\/((400M-|Z CDC13) :5

“ﬁ{'@G 21H8 (togxﬁ CD 2; %pmlé 494K 1dd, F@ 6. -z ). 2 353m ) 326 T.6. 12.502),

9 #8-2.£6( dt, J ,

3.23 bm” 3&‘1%,( w ] %g%gl 2%% g H. %u:l'"’“% J [ 16.8Hz), 3.16(1H
R &il 1

Mp) GBS B =
o 1&;«9@@@ Ty Ean L e
(| N Eg g‘ !( ) ‘ %( 1qu1'1t. J=7.6Hz),
(111 (313f u} 1%::31‘1) 3%( ifg)z (§11 (Hg m) 5.97-6. 00 (1H,
2. 98- 2m9@3r(13e;ln1 Bikes, '51435105 a5, (13251, n) M5 (F. AB+)
Mz [ w206 ( M) 52, r2@d-( MWK) -. 31 Mp. 172- 1731(: [a

120D 88. <dlcq tpr 01088020V OHp. 171 IH-'NN’R(\AG)@MGR 16CB3 6Dy C, a5:1; H 7.43: K,
ppm 16 331 F1y 3919, t J 7 4H7\ 1.50 (111. dd =7.

612 6F 151 Eﬁ% (H % 2. 10 2 20 1'(]:)5 m), 2.51(28, s).
_f) ' 2 s

2. 46- 22 ?x %?I) (1% QU ii:f( “i'l‘l 3 18 (m g 13.3Hz), 3.36(IH

3.12- 3d Jl‘r'% e m 9“.; jn') é ‘49( %& gmﬂ w).

(IN, g o " Nu %43 Tohe, 819, 1103

ON. mus (?438)0 Z/z85131 ((f23913)+ m. IR (FBr) : cm 1: 3197

3149, | 85451 L0642 1NB2T.. 5528718 6. 3288]4 0219 141 20;: 2AR. 3614345,, 6.21: K, 4.04;
1410, 1322290, 1164. 1123. 1019, 730. M5 (FAB+) : nmz :

19 (MH ww}w PFAB: § peo: pisy0-94 BT ( HETTS ENGIH . oNPIC2. 03 (14, m). 2.21-2.33
aci d- r?&“ “’)AndF 256 48 37 @ SHRSRCEY U W5§.083:07 ek m), 5.745.8¢ (K
6.86;| N .3 .81 .5y §up./3 Found C. 58.69; H_6.94; N,

n faVal 444

-7 m%m(%ox&{? cne \ OF pﬂJ 0.9 IH, &
OpM 2| Q. B bl ka1 o Bes A 67, 6 b e o 30
(211, PIS)(,FA.BS Q% ( 3ol (wi5) 18158~ 61 (IH m. 32(32-b)

. m), 2.24-2.32

WHNVREAGK Mk, ODGL3) oS ppm 1. 94 - 2. 03 (211T. ).
2. 65- 2“87(5 ifodst 1, 45% 200242 OR M 2.8¥-2. 75(281m 52.852. 97 (i ). 3.26-3.34 (iH,
m . 3 133 Sc ‘1“11395’3 (ereGMLlil EpC1B)> 47 Ghopm 1. 81-2.

inor )12 13- Jm; g Hﬁ 2. 46y (1 311)% .§872. (03(1& 2.75-2.83 (1H
. 5 w085 }“g&h” 8% 8 Gh €111 (M o

PoW-WAP-W-\ oG

AT fﬁlmﬂi(hdﬁﬁhwr‘&lﬁh‘dw 1.33 3 ”d J 80(3!{ s}. 2.04 (IH,
J=1. 2} 4. 14160H17) 2. 9«.1(1825? 1888(759511# o), 2. g é‘d H=7.6, 16.4Hz). 2. 86

n), (18, guint, J=T.6H2), 3.21-3.22 (IH. m}, 4.74 (IH, d, J ll tHz) 4.84 (iH, J=11.7Hz), 5.25 (IH.
s).

7(7-e) Mp: 188-190C.

1H-NMR (400MHz, CD30D) : & ppm: 1.40 (IH, dd. J=7.6, 12.3Hz), 1.79 (34, s), 2.02-2.08(2H, m).
2.43-2.50 (1H, m). 2.45 (IH d. J=16.2Hz). 2.50 (1H. d. J=16.2Hz), 2.85 (IH, quint, J=7,6Hz).
3.05-3.12 (1H. m). 3.13 (IH, d, J=13.0Hz), 3.17 (14, d, J=13.0Hz), 5.36 (1H, t, J=1.6Hz).

IR {(KBr} : cur1: 2946, 2927, 2903, 2832, 1564, 1525, 1396. 1384.

MS (FAB) : m/z : 196 (M+H)+ 218 (4Na)+.

Anal. caled for ClIHITNOZ: C. 67.66: H, 6.78: N, 7.17: Found C, C. 66.84: H., 8.78: N, 7.21.

8(8-a) [H-NR(100MHz, CDC13) @& ppm: €.91 (3H t, J=7.5Hz), 1.28 (3H, t, J=7.2Hz), 1.43-1.55 (2H. m).
1.98-2.28 (2H, m), 2.45-2.48 (2K, m). 2.88-2.93 (IH, w), 4.07-4.10 (1H, m), 4.10-4.20 (2, w),
3.01-5.09 (2H. w). 5.75-5.86 (1H, m).

MS (FAB) @ mfz @ 201 (M+H)-

8(8-b) [H-NMR(4008Hz, CDC13) : 4 ppm: 0.91-0.96 (3H, w), 1.39-1.52 (34, m), 2.01-2.28 (2H, m), 2.52-2.55
(CH, m), 4.05-4.15 (2H. m), 5.03-5.10 (2H. m), 5.74-5.86 (IH, m).
MS (FAB) © m/z @ 173 (M+H)=, 195 (M+Na)+,




2.42-

2.44 (211, m). 2.67 (1 H d. J=3.9Hz). 3.70 ON,

s). 4.02-4.07 (111. W 5.11-5.14 (211, n). 5.94 (IN,

dd. J=
32( 32-
J=3.9,
m . 4.
dd. J=
(TEmkei

10.3. 17.6Hz). M5 (FAB) : miz : 199 (MH) +.

e) 1H NVR(400MHz, CDCJ,% . 5 ppm 1. 70 (IN, dd.
14.8Hz). 1.83-2. 11 (711, m), 2.48-2.50 (211.

04-4.10 (IN, m), 5.13-5.17 (211, m. 5.95 (111.
10.2. 17.6Hz) Ms (FAB) : m'z :185 (M+H)+, 207

@) +. 32(32-f) IHNWR (400MHz, CDC13) : 5 ppm

Maj or isoner 1. 15 (911, s), 1.79-2. 19 UH m,
8@-B58- | JHR ({0LBL. (k) - 6 2w 78-2, 80 (11T, M. 3. 10-3
18 (| ]i¥ejomjisonsd . 186-(BL 871, 1.AY (91553605293 (BNw). 1¥)59+2. 70 (2H, m). 2.87-2.96
M nor ﬁlisoﬁﬂ 301 (14.7dd@©N=8. 9) 18. 41 2782)2 318-3(SB XM, n1)5. 2225, 23 (14, m). 5.45-5.47 (1,
49- 2. (111. n(’? 2. 68- 211, m, 4.28-4. 10 (111,
W 5. nosxg e:; Sfﬁﬂ INB?' 3‘*_2 9 (9|(=h %) 2. 09221 (H4 ,n.b "2;@-52 47 (1H, m}, 2.5‘.3—?.70
(M- K) (n\g!z"dja"’ff_' (IHO (4 6 6 (%Delg)za 4. Zg I’ﬁ)’l?‘&gb' 38 (14, m), 5.45-3.47
(911 EAB)I (%45 ‘ﬁgid,,)aj M?,*\ag 12. 9HZ) 1 76 2 05
slgohHh T ylﬂ—\‘ﬁR(iﬂ@m \ 133 : & bpr: ;094 Tu *i‘«: é) i‘sz ’rm dd, J=7.6, 13.2Hz),
(211.| Sds1u2s, 30 el L1l 4 @, -% gHZ 3 z 13, 2Hz), 2.47 (%H, s), 249
7. 8Hz]) in, 4, 757.6. 113 Bitz) dss drr]qlm@‘kl) 6Hz4 ﬁ@-& 4 75 (14, d, J=11. THz), 4. 84
J=11.{5t)4. 511582 Bk, awldy. J=2.4. 5.5112), 6 01 (111,
d. JS5S5HB) : offS: CHEABID < me nzma+308 (M-H) +. 346 ( MEK)
8-e) 18 Mp- 15 TIAM-€ 13% 32(32-h) Mp.: 180-190"C 1H.W
(40014%“2‘“‘@9% D30D) |56 mpy 1106, € LI 4, L 3T, o J=1.5. 12.5H2). 2. 03-2. OS(2H,
12. 4HM: ? 14(?7i'l5q2 oy 7246 Uiy, J=15. 2Ha)p 2 1i12|.o$@ﬂ m). 2.51(1H, d. J=16.2Hz), 2.85(1H.
J=16. 1qu;q2, 533 E-PRT 18(1£{Jm11é 1ip|g)d ’38@*2)( P8y ng=13. 0kz). 53808, dd
J=7.5Hz 4( L o 1 J=13. 2Hz),
3.19 %IE“J&) d,mi ;% - ?gg b Bt 19 575 70
6. 00 |(shdt. oSy rol TQonBonocs c7'652§r H, |935(Q%69 Slle 3828 1 9.1s: x 6.6
9@, 14W4w\41§4®c13¥ 73000 10907 30,10 137, sHep O 187, 4855 dXE‘ w, 1.95-2.30 (2§, m).
(F. AB)2 i2-0033 @H, w2274 MHI). o, 3. AN@L .5).CAMCH 1 f @ w. 5.01-5.09 @K, w., 5.74-5.86
C13H.{1@hNO2: C. 70. 56; H. 8.65; N. 6.33; Found C.
969) 82; AR (B0BE, CIRID) 66 Fbw L B3(E83e a)7. 3%, NNBIR( 4DGLGkEy, L5158 (f, w.
CDC1: \2 80-$929 {3t 09 2. 45:3-59 CH7@).(R L 12K #). 57R=51107@H. (R H5. 77-5.89 (11, ).
ofgye 2 wﬂﬂzwﬂr@z(@m)mﬁ w@ 76-2.79 (211, m), 3. 69 (3H.
s), 5.8 33.1%59!” £ LNRRGE G 2. 06-2. 19 (2H, w), 2.57-2.70
cDC13 gm)l 3 m( Aty TS 15 "gz)3 8(‘( Ay b ), 5.22-5.23 (IR,
4. 1] % 5449h 42% 2,06-2. 47 (2H, m), 2.57-2.70
L1 - N m) Mgz 46 (1, w.
9B-dpI- llH—MR(ﬁOﬁ\Hz éﬁtla) 6 0T 3, < ’4ﬂ£§“1 ‘21—-1 32 "LHU%‘ 1 4659H, s), 1.45-1.58
(211.| @).,w 52582 (% ke, S:) 2. -3 6s (lile) dcle. 2J511@y Gy, 4 -Z'dz)(m m), 3.22 (iH.
33( 33-taldad), I—HNB/R(MQOJIilemz) CDEE 3. 46 Pk, 46r Lu’d
3@ 11 wpmy-125@4- 2. 26 (211, m), 2. 71 (I1L. .
J=7. 51@  (408MH7.OCD3GDB 18 ,ppis P..94 QM. 1O I, 415, .11, 58w, B ©32. 08 (28, m), 2. 14 (21,
(111,] o 9%z, Wz 50085, (. grﬂwﬂ 4, J=B=0tg, 273, d5]=8%0H), 2.85(1H. quint,
(11 Jaaﬁizb -3 12014 o), 3.140H, o J=13. (H2), 3. 18(1H, d,” J=13.1Hz), 5.38(1H, d. J=1.THz).
"I IR (KBr) : cm-1 : ’79::1 2928, 2905, 2834, 2629, 1540, 1397, 1380, 1285.
ua (FAB) : m/z @ 224 (M<H)+, 246 (M+Na)+
Anal. caled for CI3H2INOZ2: C, 69.92: H, 9.48: N, 6.27: Found C, C. 69.13; H. 9.51: N. 6.2L
10(10-2) | 1H-NMR(400MHz. CDC13) : & ppm: 0.90 (3H t, J = 7 Hz), L.20-1.40 (6H, w), 1.50-1.56 (IH m).
1.95-2.27 (3H, m), 2.46-2.49 (24, m, 2.74 (IH d, J= 4 Hz), 3.72 GH, s), 4.01-4. 10 (1M, m),
5.00~5.10 (2H, m). 5.74-5.85 (1K m).
10(10~¢c) | 1H-NMR(400MHz, CDCI3) : § ppm: 0.87-0.93 (3H, m), 1.25-1.45 (4H. m), L.46 (1. 49) (9K, s. L. 98-2.20
(3H, m, 2.40-2.95 (4H. m), 3.86-3.88 (4.29-4.40) (1H, =m), 5.23 (5.05) (IH br.s). 5.45 (5.35)
{1H, br.s.).
10(10d) | IH-NMR(400MHz, CDCI3) : 6 ppm: 0.92 (3H. ©, J = 7 Hz), 1.25-1.38 (4, m). L. 45 9K, s), L.96-2.15
(44, m), 2.25-2.33 (1H. m), 2.45-2.55 (1H. m), 2.47 (24, &), 2.81-2.88 (IH m). 3.18-3.23 (1K
m). 4.75 (IH. d, J = 12 H2). 4.8t (H d. J =12 Hz), 5.26 (IH s).
10(10~e) | 1H-NMR(400MHz, CDC13) : 6 ppm: 0.91 (3H, t, J = 7), 1.25-1.49 (5H, m), L.44 (8K, s), L 95-2.15
(44 m), 2.24 (2H, dd, J = 14, 21 Ha), 2.40-2.50 (IH. m), 2.75-2.90 (1B, m), 2.97-3.03 (1L m,
3.30-3.45 (2H, w). 4.99 (1L br. s). 5.33 (1H br.s).




17.2Hz) . MS (FAB) : mz : 212 (M+H) 4. 33(33-e)
| H NVR(4001( Hz. CDC13) :5 ppm 1.40-1.79 (10H m),

2. 49-
J=17.
J=10.

2.51 (2H, m),4.11-4.17 (1H, n), 5.06 (1H d,
6Hz), 5.10 (1H, d. J=1Q-8Hz), 5.88 (11L dd.
8, 17.6Hz) MS (FAB) : m'Z : 199 (M¥H) -, 221

(Mk:Na) + 33(33-f) | H NVROOO1(Hz, CDC13) : S ppm

Maj or

[Tab%e- 5]

|sorrer 1.46 (911, s), 1.43-1.76 (711, m,
58 (211, n), 2.90-2.93 (1 H n, 3.0.1-3.08

OoH m 387 &88 (III m. 5.49-5.52 (211. m,

15(159- |5
1.43-
a).

(1H,
( MtH)

1_37-

(48]

2 CD3OD, ‘feP Psdmer r@) 41826(19;11(5H . L97T-2.17 (M wi,

& 4'%2 1 é 6 % Q! (. 3.05-3.11
ey E:* &m i :é ?i?é i, oA

s .(E15 : G- 5e3e’ B { . M5 (FAB) : mz : 261

B3 ( 3B4gyr clmm,@(zmoqqu 79:BDEIBN. 5.85 FRPAT. 69.94: H, 9.745 N. 5.91.

1Mpﬁr$0f<meqomnm 1.45 (9H s), 1. 75 (11, dd

1jdighg 18
2. 46
4.75
(1H,
33(33

npm 1

bqyz‘u'z b'Ppm C H“S‘iﬂﬁ(‘:?“ d 433 Oz}, 0.83 {GsomefBIH. BiHi?T.OHz), 0.94

B3 \3H & 3 /(i eril . 1.41-1. 46

(‘ZEZ o .2 é”% ré’ﬁa g b ole 53 o To T boi)-2 20 o

1941 Ghovernd dd 1 3HZ s, 334) 518 lldﬂemﬁi de) 731 ?al'ﬁ) 25- B2 (. w,

dzolqs ({bougratk, d.5= :BHZ)) .85 (1?&9:611Hd 3. 955, tzﬁﬂz}) 4.04-4.09 (isomerBIH,

_up,)a NPt 22 X A8 B02)C4. 385 oq\m(mn@(ﬁv}qs@eramlj):m 2517.2, 7.0Hz), 5.89
('aswmeqwkmidvdﬂo 2mlf° 7.0 1 g7 (011 2 44 (111

gy
dd,
(1H,
(i,

3448

L.

7., \Zlf_l prg O 9” (Lamerﬁ’iﬂ, & eglﬁ‘_ii 7. 0Hz), 0.95
_(é ZI}“BH F&%S(xsoé élséiap "nJﬂ.) ‘;l Q se 4;—)4 13l ‘113()!1{1;19
k. oalE.l?n’)HlHZ ».49-2.88 20 of 141i|o (lsdqeraﬂtFJtS J H!Z)a 1 H5) @22 Disldatn, ddd,

7. 4B, 7.28:5 504 (I@]_@]_a OmsomekBIR{ (d@ )—1 5. T4 0HzB 504 (isomeralH. ddd,
BHY -3, 248 PUCEOE ). 310 gueci iy TR, 17. 0z).

1958,

AMR (400MHz 4 074 (64, d. Hz}, sept, J=6.7Hz),
Py 2 336 S )

Tal=C
C. 6
CDC13

(4H,
(111.

B e e | et Jis- ‘ Meen, o, 140

N ot * ppt x il ’.

igomeBRIPPM 218-265 (BLlE), 136 (K 7sedtz)s sud, GBH $.689%, w, 2.87-2.95
nEsomeg_BllgVL 2. 3.39 (1@14\1& n?t J=8.Z; 15{0. 228, (3288, 88 rfsomerRIHAP. 4.26-4.31

iwrﬁtkﬂ(:ﬁmgm-zg)ﬂgxsoxf{\ 7:1)_|Z§ 34-@’54(750@:35};4 (151-3?—3 m(xsomerBIH m),

fug?
(11f
J_I:l-_NN
‘(lflé‘é’rr
n,

(i som

H

e 3 08’ "(Sh ) At a
of Poesiie Sy e w s | - Bﬁ;?f, Stk o bt
dﬂdt—; 8JF594H:8 ﬂs?(m ]qs,nnt J=737) 3.20 3 (o 41 d3 (15 d, J=11.5Hz), 4.85 UH,

: om FJZ mxture 1.48

Mgz), CDC13) @l) Lps (73‘174 2_ J Hz)élﬁ-ﬂ ('I)Hmm)(lﬂ.l :4
E{E ]23?4061b sep % lé gs 2 %ﬂlﬂ (28, s), 2.93
1

el
br),
(1 som
(i somn
ppm

m,
(3H,

21!R v%;xlggfaz ,100} 7984, 89, (1H, m, 1.92-2.23 (611.

arpAhlbLeg@qgemmgﬂﬁ g8, 190, z. uHZ), 3. su (TsomerArH,

AEIR 00MB0 [TBpDBI: H,peeb )09 (38. 246 7fzd SIO1WESHAK. R=6. BiE)) 1. 46 (18814, J=7.4,
pizgfH, 2. Bra it B, 5252 418 {epis FEHB| FHi8 @) br)524BUB, HI-7. 4Hz), 2.85
eww W T B84 639 ) o1 § 15 RASEEMED, SEDERRY. IHagin), 5.7 an

+ NaJ¥ _ﬂe&ﬁf BesBa +Jods - hZ3se 0P+ &6 200G + 1w+
m-)ms(l-ﬂHQQ:l(deH (uGNaxt 26l 0. FRddl Y. 14883, @15 209 (111,

lﬁ)l‘_l—a)s
(1H.

1 LL DK

Aoz, COCIR))p, pouk O (6L 4. [ = 7 6. UELL D R L, 5541, §@2h, w, 2. 10-2 14
d(lH 1%532‘&2}(1 J5 6281 I(zf | If a7 (Eﬁ‘ )dd J3~4% 314 H*)) 3.01-5.11 (8H, m), 5.73-5.87

i

1@%"3‘.*5% e NPT e R TR e

5.77-5.85 (1H, m).

12(12-e)

1H-NMR (400MHz, CDC13) : 8 ppm: 0.86-0.89 (6K, m), 1.45 (1.49) (9H, m), 1.74-2.01 (4H, m), 2.50-2.95
(40, w). 3.25-3.90 (1H, m), 5.20~5.24 (4.98-5.02) (IH. m). 5.43-5.48 (5.30-5.36) (IH. m).

12(12-1}

1H-NMR (400MHz. CDCL3) @ & ppm: 0.90 (3H. d. J=6Hz). 0.92 ({3H, d, J=6Hz), 1.46 (SH, s), 1.50-1.55
(I1H, m), 1.76-1.83 (IH, m), 2.02-2.07 (4H, m), 2.25-2.34 ({H, m. 2.43-2.52 (H, w. 2.49 (CH
br. s), 2.84-2.91 {1H, m), 3.21-3.74 (1K, m), 4.76 (1H. d J =11 Hz). 4.85 (UH. d J = 11 Hz). 5.27
(1H, s).

12{12-g)

1H-NAR (400MHz, CDC13) : 6 ppm: 0.90 (3H, d. J = 6 Hz), 0.92 ((3H, d J = 6 Hz), 1.40-1.50 (2H, m},
1.44 (18K, s), 1.75-1.81 (1H, m). 1.95-2.05 (5H, mw), 2.25 (2H, dd, J = 14, 22 Hz), 2.35-2.46 (14,

w, 2.80-2.90 (IH. m). 3.30-3.41 (2K, m). 4.98-5.04 (i m). 5.33 {(1H, s).




(211, m), 2.21 (11, d. J=13.7Hz), 2.28 (1H d,
J=13.71iz). 2.40 (I11i. ddd, 3=1.2. 7.8. 16.4Hz). 2.70
(1H quint, J=7.8Hz), 2. 81 (2H s), 2.91 (1H. br),
2.95-3,03 (111 m)..5.32 (1Hgr). 34(34-g) lip.
157-159C, 1H N7.0 (5003111z, €D300) : S ppm 1.50 (1H
dd J=7.8, 12.2Hz), 1..83-220 (8H, m). 2.45-2.50 (111,
2.52 (211. d, J=4.9Hz), 2.89 (1H. quint. J=7.8Hz),
T%P%% $1H quint. J=8.3Hz), 3.14 (1H. br), 3.17 (1H
d. J=12.7t9), 3.21 (1M _d. J=12.71iz), 5.40 (I.H _br).

1Z[ R b KEIR (400Mgzmp D) 16%e, 0. D503 ¢ 13982, MB: ((BESk+) =5 ol A.28 (14 dd, ]
274( 1“2) H‘Q) MISNa)’+ 6 “”236{ Mﬁ—l?% m)ERWS(ESI‘M)ﬂ‘ CeP&g! ti w,
for " u 0,31
35( 351'}232);51-‘][1 ?‘rl’c ﬁ% ‘15 gé bm&ie éi{mwgtg\ 6, 08.
OR M. ER.: nld- B7 2xﬁ~ . 2 61 (| somerAI N. ,
J- - 7 WIizidC.2, 68 (| sorrerBI H_dd, J=7.4. 8. 2Hz) 3 67
13('13‘}3& 1”3")““40%“*79:’20159 G?bm( 2]?1‘0 "hjﬁﬂ HS 6![3“1@3 $¥ner ABNL-65 @ m. 2.12-2.16

~

13%2—] 3%?%4_& Z' i : 042, 05 . 2.07=3.3} (2H, m), 2.40-2.84

) . o).

1300s%1 J[ﬂ@amhoouﬂalcnduél'l,n ;Ipn 0k~ gﬁtdi)m 141344~q4-4ﬂ~5m§ 7= 308, w), 2.47-2. 69
2. 66| chisomprs A2, »f, 1. P72 8z P, 521847 (hsoner 8H. t.

13927) BMAYR (A00HHO®CIE). 153p06 2B (prpmeriB, 67J'( P 0 IveERe AjsHer\:g) 4, J=7.0Hz), 1.04
5nf%;'1%y‘Wrw%Q W%%%w%#mww

(AN 1H, m),_,t,_}f

A ) pid
7. B )tz LndhBroh 94 4 45 his
(10 1| yopor@-BB o2, 335 (1bbdprsth) m>. 30, 636 Bock B BH, 419 (oD 1y 32
(1H hpmwklﬂ bit)—75 32I-Q95§>NEYBR* B4 a( 1§ Ff somerglif{{isomedBIR B 18 1
13&134}“‘ ﬂ Q. @ {y e{\iH'._J b-r jﬂiz) 5) Bz)llsfmizllpﬂ 6d‘ﬁ- 3Hz), L.05

J=1. Giziﬁ Fﬁi 33&' Nt R V] é?i@%g o 2
S ppiuy,tw, 20& (( 1. )J—t’ »3Hz)] S/ 1&%"‘@1} 11$ (416-(1 luH§ 1.8 )J=1f7ﬂz).
(1H, [dek =Y. 3. 12. 7Hz). 1.87-1. 96 (1H

1310-1D | DOWH(RUz Y13 5. b  BHisomdel, 1J =244, 08 <smerm L TFZ Y. 104
2.50 (’_’mﬂf“ﬁi d. Pf’F) m)‘lqﬁlij)f‘m’*?é &3z '.2"“160l d{ TH! _‘W)I“’) 24;82'*“(“215393 ; 39
qui nt 3157 SR (nog3h B Pl (2,

.g r.‘.'.‘-." . LUI _|
g S S

%, br), 5,38 (1H m).

135 | o' 6)-154C: I
35( 35 tHeYr (dobskiz, &M(J)SO&OM&IZQ s{CZDG;L&)rL X, B mﬁmo b . (QSheM. t,, 3=7. 12), 1.06
J=7. 3Hz®oerk3ﬂ 44 57 (OQH L @)(xsomirkﬂod (FH) dd39 (3. 8.14-123 @A), 2. 00-2. 10

1.87 1 . 17 I @il 49 181 4 J-gH3 2 53 U gl =7 ).
2 G} qﬁ %Qn e Sk e
d. J- ):alcdzor"r& a zé)ﬁﬂﬁ I?lmd 2%o. Zsé (oL b mn@ U1

144H-h) 5hizzg).m4onlmé;)@c1(3z1i,ppm‘5)1 11-22P el o9 4. 4 Wi, . D-’Ex)om)bx':ta‘H 73 (5 ),
(1H 5)50'1 g5 3b- lf94—2l\ﬁﬂ(lﬂl@22 E5BGC2H, | ot NVREE QO bAHDY2) . 4.98 (1H, ddd,
CD30pi=t. 2. 230.yi8ypfiz) 1 5. 05 N Fet. 2 11-4'2 H@HﬂTS 818 E#A =100, 1Y 2.J7. OHz).

14§14p) pln \in;é o?ﬁz 13)q si ? 1{,)’511302 §ﬁﬂz 10-1.67 (GH. m).

85 (1 6, 14.1, 1.6Hz),

2.47 (1 dt, ?*T(;I- %Zjdaa (1% qéjfsﬂz; 3, ’dttéj ﬁ) 2, 1.2, 1.6Hz),
8. 3Hr3.ps An.5id, (JllH: e, Jardos. sik‘lZL) dddd, A=680 1(8 1012 gant ,

1dm4) BHZYR (40BROMEIS). Clpoh: LH1-117) 013w 1933 114d. Gidw. I=EZ 026 Ju), 2. 41-2.73

3. 26 §21Hn) 72 J2] 3). 2y 215(1iG 1), 5.06 (isomerAlf ddd. J=1.6. 3.5. 15.6Hz), 5.08

isomerBIlN. ddd, J=1.6. 3.5, "15.6Hz), 5.84-5.97 (1H, m).

14(14~¢) | IH-NMR(400MHz,CDC13) : & ppm: 1.12-1.26 (2H. m}. 1.40-1.67 (BH, w). L. 71-2.01 (3H. m), 2.19-2.27
(CH. w), 2.46-2.71 (2H, w). 4.18-4.25 (I1H, m), 5.00-5.03 (IH, m}, 5.06~5.10 {isomerAlf, m),
5.07-5.12 (isomerBilf, m). 5 84-5.97 (1H. m).

14014-f) | LH-NMR(400MHz, CDC13) 6 ppm: 1. 36-1.45 H. w), 1.54-1.62 (24, m), 1.62-1.69 (2K, m), 1.78-1.86
(2H. m), 2.30-2.38 (1H. m), 2.54 (I1H, quint, J=8.2Hz), 2.76-2.83 (3H, m). 3.14-3.24 (I{, m),
4.16-4.21 (4. m), 5.23 (IH, m).

14(14-g) | 1H-NMR(500MHz,CDC13) : & ppm: E/Z mixture L.39-1.59 (I3H, m), 1.62-1.69 (2H, m), 1.78-1.83 (2H,
m), 2.18-2.23 (1H, m), 2.51 (1K, quint. J=7.8Hz), 2.60-2.68 (2H, m). 2.85-2.94 (iscmerBlH+1H, m),
3.29 (isomerAlH, ddd. J=2.9, 5.8, 12.5Hz). 3.85 (isomerAlH. br)., 4.28 (isomerBiH. br). 5.23
(isomerAlH. s). 5.34 (isomerBiH. m), 5.45 (IH, m).

14(14-h) | 1H-NMR(400MHz, CDCI3) : & ppm: 1.36-1.52 (12H, w), 1.56~1.72 (4H. w). 1.82 (2H. m}, 2.08 {IH, d.
J=16.4Hz), 2.29 (IH, ddd, J=2.7. 9.0. 12.9Hz), 2.46 (24, s), 2.49-2.59 (24, w), 2.86 (14 quint,
J=7.8Hz). 3.20 (1H. br), 4.74 (1H, d. J=1l.7Hz), 4.85 (1H. d. J=11.7Hz), 5.26 (IH, s).




OR S). IR(1CA) : cm1: 1624. 1499, 1394. 1296.

1197,

1025. MS (ESI+) : m'z : 254(M2.Na-H)+ .

232( M+Na) + . 210( MeH) +. | I KMB(ESI+) calcd for (M +

H +:

calcd for C12H19\02: C, 68.

210. 14940. Found 210. %37118_98 (-0.42 nmu). Anal.
15; N, 6.69. 0,

15.29. Found C, 68.22: H 9.04; N 6.88, 0, 16.05. 36

[Tatl\épl'q
(1H,

98-99't; LH NVR(500MHz, CDC13) : S ppm 1. 13 (3H,

73 7.3 Hz), 1.55 (1H. dd. J = 7.8. 12.7 Hz), 2. 12
d. J =16.6 Hz), 2. 20 (2H q, J = 7.3 Hz), 2.26

()
7.8,

auin

ohelek; (100803146 phu:d. 37149 (12H1&). 1. 58-1.9D (4, I}, 1. 82K, &, T.9 (IH. dda.
6 7.69. ¢4z} 54212 . 260 ((H2ﬂ_}',' 2.23 (1@, d, J=1% uB). 4. 3z, d. 2=1944:(, 2Ng (1R w).
2.55 (1 q@iniQ J48; eaz» 2.9 (O afifaNI=THER). 2 85E D). (2194 (Hgbr). 33 88 (1. s).

uiyi)
| R(KC
(M +
Foun

12 L

Cl 2Hp

K&f‘ Wgaﬂ “*423 figﬁ@o %@(%EUH:H o) G o

hl)x+qum RN%ESMQ)UH o5 al 16 duf Or)- x(aM{zJ" st 4261, oﬂ;ﬂ (K, )
| IRR26 . + nd A RF01, HE0s. 22 13gnde-1: Anal . cal cd for

@‘@30‘” L U5ENpG 25048 +M+70; N, 5.35; 0, 18.34: CI
HRMS(EST+ icd fozj:(g! + Hyt "5(]5 18070. 7Fou;14 ,.')01)8111:(1.-_;();1\- mmuh 19 NQ

158‘5—'a)’ i
)

Lg;:[)v ..CU 03 é%dcf iég (;{‘H- I%M\ﬁ(%BOﬁ-tmy tff@fé? J=1Z. oHa).

Tlmdm(wd\éhtncib'l Tomd = 7.3 HZ). L. 54 (I —ddi—]

Hador Ysotz) 45 @H. G6228-2.22 (1n, (mQH, :;S-I’I)'l.l (A. 202 éﬂ:’H}r (q, m‘j 3.%%-3.34 (1A,

Bz .57 B S50 (.00 @ -w). 75 B S DI pos % T CR d

Lg (§ wz’l 47 8)1 Z lﬁ_" 22 ]&-jﬂ mg @815:16_1‘1'_& 2 3‘12_ gBBHM) %yﬁ 3 34 (1K,
3

\r]\ FaWa 2 (lH! 4‘?“‘ \m) Q—ZS‘O”QQCZPL lF)I’ ’BQ_O QOI\E'H‘ @bl ) -
154154P (b ool oS00 % Lpﬂ:"l’ 4558 %), TN £ ..HzY‘-’\ bs= tod1hw), 2.30
m z | aR%de, (Mt al\ﬁzqu)qu? R 3% '>(5|1fu{ +dd|\}aé & 16. #8502 bekih, dain, J=r. 6Hz).
H) +. | 2 MRG{ ESkzt) 3.cad. md i @r 1 (7B &)r+a. 72100 511404 Q11 F@MIEhS-5. 11

210_J1£849. F-3NHOD. vfirp 91 Whal. calcd for CI121j 19N02 C
A ARy Egggbgs N, 669 ‘%e 15,29. Found C 67
o) 49{ -'> m) 2 4é(m 4,
o oo LAY Lt e el g o
CDC13 1,0 &P RNb-2, E:Jc m %1141 dljfpsllu ) sqmefr 13

b e B o

(iso TEH?A@H;ﬂ BL76 5. %somerBOH, d, 3=1.2Hz), 1.
(iso Tﬁ‘r @JH crgfl: :33:5(0 298HHAY35. 36334542, 15’@ 432H 138%) 910.266% 4
; 221
(i somfr BLH it Clzm;iwlz:lﬁ 2y IB) . 2u FosidLiorqerBl el oa

164163 H{-mnﬁwéam%dnm & Tomt 120430, 1] =10 3403 J=1.0M2Y, 2 3/-2 38 (2H, m,
2. 93] 2.6d-5 akmr Bl ,sv(dipp vi &gi ,19 2?11255‘ o ﬁ% 5108 QNET AL Flos (oral
br) . | 3. 8#n fd geres BN, 131 31625 1.5.33. 5z 3l { 6. SomBT Bhdh 85 (10) w.

1851657 | 5* Wwe‘iﬂs@ﬁ@r A e (120 a§ 157301521681 (epch GTET-Blokd, 7. #1)), 1.290GH, =,
5. 741 5782 ( SRRz O Mgy 3BITY- 5T (¢ Mﬂ%@@m 3.88-3.95(total
CDC13 i)ﬁ. eaclS ), 4. 18(..(’11 qgi ()Hz éei‘ ﬁm 3nd 5. 28(??5& (Zlf,geachg)r ASH’D 89(1H,

163 6vc) | m‘ll\'nx(kobsﬁﬂfbaﬁf\ﬁd"ppmsj 23 abd B8 (rolal HOTTEN E’”j? PR ey lﬂz) LY T3(2H,

(1 somer Bl sdzs. P+233-2Hz )18, ol.. BE-3( 162093 Al oblcotll, 15, each m), 4.99, 5.02,

1=13] PP end 51090 4ta] tHs eare pRIS}P-5. 89 (1H, m).

16(16-d) | 1H-MIR (400MHz. CDCI3) : & ppm: 1.29(3H. s). 2.44 and 2.48(1H, d. J=I8.0Hz), 2 59-2.65(H m),
2.75(1H, dd, J=5.9., 18.1Hz), 2.90(1H, dd. J=7.8, 17.6Hz), 3.18(1H. dd, Jj=8.8. 18.1Hz),
5.45-5. 48(IH, m), 5.82-5.86(1H, m).

16(16-¢) | 1H-NMR(400MHz, CDC13) : & ppm: 1.26(3H, s), 1.46(9H s), 2.30(1H, d. J=16.9Hz), 2.47-2.60(2H. m),
2.68-2.75(1H. m), 3.30(1H, ddd, J=2.4, 9.7, 17.9Hz)., 5.44-5.47(1H, mw. 5. 45-5.49(I1H m),
3. 71-5. 74(IH, m).

16(16-f) | IH-NMR{400MHz, CDC13) > 6 ppm: 1.41(3H, s), L. 48(9H. s), 1.60(IH, dd, J=5.4, 1l.2Hz), 2.10-2. I6(1H,
m), 2.55(2H, s), 2.57-2.68(3H. m). 5.52-5.55(14. m). 5.87-5.90(1H. m).
byproduct : 1H-NMR (400MHz. CDC13) : 8 ppm:l. 10(3H, s). 1.48(9H, s), 2.09(1H. d. J=7.8., 12.7Hz).
2. 18-2.20 and 2. 21-2. 22 {rotal IH, eachm). 2. 30(1H, dd, J=8.B, 12.THz), 2.51(IH. dd, J=7.3, 7.9Hz).
2.60-2.66(1H, m), 2.72(2H, dé. J=16.1, 24.4Hz). 5.82-5.86(IH. m), 5.87-5.91(iH, m).

16(16-g) | IH-NMR(400MHz,CDC13) : & ppm: 1.45. 1.46 and 1.48(total 18H, each s). 1.54-1.62(4H. m).
2.00~2.20(2H. m). 2.55(2H, s). 2,55-2.68({2H, m), 3.28(iH, dd, J=5.4. 13.7THz), 3.62(1H. dd, J=6.9,
12.2Hz), 5.52-5.55(1H, m), 5.88-5.91(1H, m).

16(t6-h) | IH-NMR (400MHz. CD30D) : & ppm: 1. 12€3H, s), 1.37(IH, dd. J=7.3. 12.2Hz). 2.02({1H, dd. 8.8, 12.2Hz),

2.08-2.10 and 2. 11-2. 13 (total 1H, eachm), 2. 44 (1H, dd, J=7.3, 15.2Hz). 2.52(2H, s), 2.52-2.59(1H,
w, 3.19(1H, d, J=13.2Hz), 3.32(1H, d, J=13.2Hz), 5.74-5,80(2H. m).

IR {(EBr) @ cm~i: 2904, 1568, 1316. 1395. 1381

¥S (FAB} : miz @ 196(M+H)+ , 234K+

Mp. 145-148C.




dd, J=2.0, 13.2Hz). 2. 10 (i sonerBIH, dd, J=2.4, 13.

2Hz)

, 2. 24-2.38 (2H, m). 2.47 (isomerAH s), 2.75

(isomerBlH, s), 286(isorrerBIH br), 2.89 (isonerBlH,

br),
d, J=
(iso

4.55 (isomerAlli. 7Hz) 4.62 (isonerAlH.
12. 7Hz) . 4.81 (i sorrerB? d, 3=11.7Hz), 4.94
merBlH, d, J=11.7Hz), 5. 06 (isomerAlH dt. J=7.8,

2. 4I—|Zn%} 5.72 (i sonerBl H, dt, J=7.8, 2.4Hz), 5.90

[Tah ke

AlH, dqg. J=7.8, 2.0Hz), 5.92 (isomerBlH, dq,

J=7.8, 2.0Hz). 38(38-c) 1H N R(500MHz, CDC13) : b ppm

171729
(iso

(H-em e AT 3) S§ ppo L. SL 10 SBHTRT B3 hz), 9)31-1.140 48, o), 1.51-1.66 (M w),
TR AADH, (315 ), 2179 4686) (Ui, Siofren BOH. 719). 72) 1354, { bs0n®nBluH,4. 93-5. 08

J=¥5 ﬂﬂl-ﬂ\ﬁo’a 0 ﬁf? !101 sonerAlH_d__J=12 2Hz) 1 76
o

2.94

® (400¥HZ, L85 ( d, , 2.43-2.70 (2H, mw),
‘ on (" i : ). 5.4 Q b.J 556181‘ (j,:m)qb 7775,79 (11, m).
D £ . 9 W b e~ (U{ m) 2.25-2.35
2 ds| GOHET A QIIH. r;bs Jtis.‘s (B 7 = 12 He), 4.86
b eomerAzH ks, 63wk 3w Hzd-5.75. uZO.n)( THo-s 08 k. w.

1757@)
| 77-

Bi-NgR 40014, CDCL3\) & ppa: 1%(% l%'IT&UI t®). 15} (B8 §3Boidjin. Mp. 2.19 (. 4.
17&*‘3;"11 ﬁ_qg\lgﬂm ggdwa o GFD)“‘ ). & A0 (2, B3 3.30-3.50 (@M. w). 5.0

=539 ALY, ['m). o\ [ — /| somerAlLH

1781'%—?}’
(f SO
2.25
2.38

- tuso WA AR E® DALY (1 654 1y H mi 2.02-2.10

%g@‘z‘h -9, 55 <af6§"°(!;$ ATy @E "o—s]'éfg %ﬁzé?o-ig

BT Bl cals 3521 2515 HE, 1524, 39-12 23" (i somer BIH

B 28 (¥/sonerkH, m), 2.33-2.37 (|somerAI H m

L2‘314I31§‘1 %bﬁ‘é*F:BP” 25y C. 85, 4 gH. (Wohe’r‘rGBZHund Cs§6, 5521, 78060; K. T.17,
7 7Q

2 7R (i somrerBlLH ]1=15 ﬁH?\

1811;53—%}’
I SO
(iso
(iso

'h'l' (C0C13, 400 ¥Hz) )1«418 2 2. 58

%). s'b(ls ofzm?norglaz; QTJ@V 5'4 (mo ‘]( -é )’ 1(" o),
’TEEIB(ZH, 5151, 10-B2614 gi— HZ)) 15, ‘ s (1, w, 688
mer A H, = &2 1d=123- 9tdZ(}ZH m)5 68 5 74 1N ,

18(1F 8D
ddd.
1508

TR, ikl =2 L0 L 3L B o5aBkZ)), 1539936 ((1HSo®ﬁ&BrBImH 2 112,31
]ég 02 15280 (2ho ORpy3-70 (2R P EEE) Gk Pmt-PE-4. 1BBR of major, m, 1.21

?ﬂi)ffﬁg (mh/ss 3(37:1 (OH - [ﬂ“?‘“' QZ%C"MPI\@-PMQ(&#) p. 6.8 G, ¢

100 L ML

184641
HRVE

1310
67. 66
7. 1b

@Wgﬁhab Mifz) LJ.U\ J.J."'I\Iol)"‘ s J.vo\lvrrrl)'r

BSk toneab Ads ks o (Mriz 1) i, wl 6213345, Foreh 3G 3.5 Gu.
5s)( 323 eg mmu)4 osAaﬁaJs) 1eak9&ds)f 287 @LIHL7BIGR 1k Grr 5), 6.87-6.90 (4,
pw - 83“ 17. Found C, 67.31: H 8.97: H,

»\ﬁmor %gte% tabi aks)AlfS tﬂdﬁ:&é 2. 4&-@0‘{’ WZ") 3. m% (2H, m) 4.08 (24,

$) 4 (,lﬁ{ by s). 45, 77 by s)., N

R
1

Sl o, 2.ds &, /.02 820n, ad 1467 £ 4653

‘h{h\‘sm@cﬂs 5'06’;4}1&)* 501*45 & )2 Lo 6o 'm'f‘/z 1% 16. 6 Hz), 2.30-2.35
%1) Eg(li m4'é3 29 (18, br s}, 3.8t

(4. 5L6H 8) 4 10 L6~ 4 467@H. (s1.81. remn, a2,;3'@r'2§384 6aldl, g 1= 112 1), 559
) - 48 b;vsmessmaam-eszuzszhzma(msmz) 3. 85.3.93
18(16-_@ Mig) 3501 134@ ((]'Bm) 5141 (9&@) 15:) gzg_sg', B9 0., w, 2.23

511. s) aﬂg £ gg )51143 o ‘gm - ﬂ"“égg“" ot o
angd. 1% (zZ (1 Lor Lze'n@m. b @f& d J=
400 M. Three i SONEer s:
18HEY) RHCWRICDOZ, 00 MRETS 1d3- 134 tm?mOtz)mkarm _104&413((&. 9)112 23 (4, d. J
d, J| UMD 2P (81d. J4AL L 2D, 4812 S8R, A @ 83-246 (2w 72 &7, (1§ )or 5). 3.3
and “gt?z‘j;éb 6F1,* 5F) 2o 242D PRI iy 43 G5 bpaz % (h br s),
xskxd——};)l m'—Mmcnéon‘*&bo [ T2 (4 dd, J= 7.8 12.5Hz), 2.06 (3H, s), 2.06-2. I7 (2H. m), 2 48
{2H, s). 2.55 (4H. brdd. J=7.8. 16.4 Hz), 2.88-2.96 (iH. m}, 3.15 (IH, d. J=12.9Hz), 3.15-3.20
(H w), 3.22 (14, d J=12.9 Hz), 4.69 (2, s). 571 (1K br s).
MS (FABY: m/z: 254 (M + 1)+
Anal. Caled for CISHI9NO4: C 61.64: H 7.56: N 5.53: Found: C 60.66: H 7.32: N 5.62.
IR (KBr): carl: 2904, 1742, 1567, 1524, 1381, 1242
Mp. 175-176°C
19(19-a) | IH-NMR(CDC13, 400 MHz): & 0.03 (6H, s). 0.88 (9H, s}, 2.10-2.17 (I m), 2.29-2.36 (I1H, m).
2.40-2.48 (IH, m), 3.5% (2, d, J = 5.9 Hz), 3.73 (3H s), 5.00-5.08 {2K, m). 5.67-5.78 (Ii m),
5.85 (1. d. J = 16.3 Hz), 6.86 (14, dd J = 8.2, 16.3 Hz).
19(19-b) | 1H-NMR(CDC13, 400 MHz): 6 Q.04 (6H, s), 0.88 (9H, s), 2. 12-2.19 (1H, m), 2.28-2.36 (1H, m),

2.43-2.52 (iH, m), 3.59 (1H, dd J =59, 9.8H2), 3.63 (1. dd, J=5.9, 9.8 Hz), 5 02-5.09 (2H,
m), 5.73 (1K dddd, J=7.0, 7.0. 10.2, I7.2 Hz), 5.86 (IH. dd. J = 1.2, 15.6 Hz), 6.97 (JH, dd
J = 8.2, 15.6 Ha).




(28, m. 2.52-2.59 ON. m, 2.65-2.67 (111. m,
3.05-3.12 (0.311. m and 3. 18-3.22 (0.411, n) and
3.33-3.37 (0.38. m, 4.61 (0.411. d. J = 12.1 H-) and
4.71 (0.311, d. J =12. 1 Hﬂﬁand 4.81 (0. 38 d, J =
11.7 Hz), 4. 76 (0.48, d. J°2°12.1 Hz) and 4.92
(0.311, d. J =1.1.7 Hz) and 4.98 (0.3H d, J =12. 1
Hz). 5.65-5.69 (0. 6H) and 5.71-5. 74 (0.48), 5. 90-5.
(T@sle¢1W] n). 39(39-c) IN NVR (CDC13. 400 MHz): Two
maj or isoners: b 0.89 (1 811, d, 9 7.8 Hz) and 0.99

44 A 2. NA_ D 17
. - T

(-2 B mR oz —a00 iy T Z), L A2 A7 (191—m—2-64

(111 vajdi}isone2:. 26-02 (6B6s)( 8, (tMs), 124546k 2. 448625 dhn. oWVo. 55-2.73 (o, w).
2. 974 390301 (8 ,m).n3 31 (31 11&- 3 22:. (88, 4Slilﬁz)n) gaagl (& 3 .21 H, brs).
(0. 6854770, iy == 17 H), 3 40-3.54 (111, m, _
489 21 or 1séf§_eig(oebftat§ pegﬁ) 581 480(f (sb ng-.; Ibr(lﬂ )1) 1.53 4. 15 586’ 35-5.35

\

19Vis-q) lﬂrwéébhéyio@hz)l%dgoz‘\ﬂ%er\ GPR 0y 200 B C? i 64 Hz). 2.64-2.74
I SoMers. o, Hodds. 8% b 313k (ndadedy =2 F. 836, NQ 1&9 D3 ( (H, w, 1.23 (H,
(1. 51, ¢ d.= 45 k), 75 0580 )k . 81525592 ©. 511. M and
213 nzgosome (fersepgble xﬁ?(s) P 18 (H 812 e :rmﬂ o2 . 16&428 % wl. 5.37-5.39
WA @’ 4\% ‘7’)(”1\(?!) ﬂ_l M 3 ﬂQ 3 24 (28

xdérb ; G N} 13 «éﬂ cN‘Tm @, 2alg<b. % (14, ddd, ]
3 Niz) “5 19 (51 51—9159 % w. 3.37

195 (M), Amaava £ad &d uf%erQﬂ HJJ (u—p H Bsezgq (H. m).
1IITF) ]_w\m:cmprdaoo @67 001 H @198 I.N (Tael8, 2 03 ~Ri EBG@h. T2 2 R e,
cm | "1J6’28‘ M5 207-2F398 = 652272 BOWH Ok ) 04-BI0g (1K m),
M ( i}ég 5)4,(79” M%‘an Jeei 186t 4 (IHJdd_J76 3 IHZ)'IZ) 41024(@1 s), 4.99

] laYa) ") laW,| /")‘l

I In-erkestd 4be 98- GT N T =92 s‘ﬂ‘z') ﬂ, W7o s,
(28, | gro-2dis . h. 4 abz)s 0R.udl fo1dl s, d.s7-d sr iy, 3116"('131)«1 Jéo 13,3 Hz),
39 ( l&lﬁ‘o Y. (g w32 (Hil de} 13. 2 173 (LI, 00 0GR ST, 5. &, GH. br ),

C16. 4| %2 “\B’ m: 25haW o rp 2.98-3.03 lll n,

3. 39 Zgi(,hfalcd @rs 319*1«5);?"15 ?s 3%& f} Fepndj 7 67 :NH 8efs N 8 2k
6. 3| uplibo-hirc Hz ° 5.31-5.33 (IN. ).

2040064 D bR (dbdi:. cNNR (aCBCI 038. a1y dJVb"Z)F-Hz)bO 3 08 (83 st L5 Lo,
7.4 —IZ 12(2[(1456 D, 4F0-( 121®4. =ir)2. 3832 b Z3HON, 355} 0.5, 9862¢ @Osn, o). 3.73
(111 ). b 9y905)(y ml Y EPI2 ). 2 09.2 16 M 1)

20(70= i 469H, &), (3H, s) 3Ho by 2.84 (4H,

53] 2“%“% 2‘1321\5‘1”?’@,3%3% & 49 (%‘fsl Ry e ‘“’é.%;%g o

2000a) BiHOaR doskies, coBd): 5 mim: 18- S 20 =4, 1)
(18, | 4. @B s64-58 au7id. §11%4-1.80 eon 5} 326353H361r é 111;3- 1"&}{ w. 2,44 (IH,
40( 404 6= 2). BE7AR79 JoOT mp NzNvk- 7{ CD3D03. 154:0@; (M—Iza) 4.8 UH d J=

1 1)‘ 12K». ¢ (1H—dri A«Hrz-)y\ 1.51 (111 (dd) 1 =74, 12.5

201(70%¢ 3) 4 2-156 ( s e( OL-9L 6 br. s,

Y | zg to 23 ;’%wﬁi L i 3 Je
(111} 4 595, 052, 21 g

200p-0) Biti-\drd40@Biz, o) TsNbpa ] ma . 56‘ (o m) T1)¥2 (suﬂbr 4) 176 40 ot 1) 7 052,70
3. 4DChIsN,2 3, BE]br=s)12 5O2. FzOH, o5 230256083, (2183, o)1, oM. 32-3.36 (i,
(FAB): {724 ‘2“24*’\(01\/{3“ By w). g9+. Anal . Cal cd for o
C| 3H22 ?dd foréi% Slﬁ. 59,58 § 4.?\ NxSSS 38959 l'ﬂmd isﬁg 8265 130N 3,605
Founir @r58enf0:178) Bis, 435 MN2511282;

MS (ED) : m/z : 210 QW)+

Mp. 186-189°C.

21(21-b} | IH-MR(400MHz,CDC13) : 6 ppu: 1.08(3K. t, J=T.6Hz). L.39(IH dd, J=7.6. 12.1Hz), L. 44(1SH. s),

o 1.98-2.02(2H, m), 2.12 (2K, q J=7.6Hz). 2.22(1H. d. J=14.5Hz), 2.27(IH. d. J=14.5Hz),

2.46-2.50(1R. m), 2.80-2.88(IH, m}. 2.99-3.00(1H, m), 3.33(1H dd. J=6.2. 13.THz), 3.41(1H. dd.

J=6.2, 13.7Hz), 5.00(l1H broad), 5.33(1K, d, J=1.6Hz),

[ 125D -80.6° (c=1.37, CHC13).

21(21-¢) | Mp. 182-183°C

{@ 125D -110.3% (c=0.85, MeOH).

LA-MAR (400MHz, CD30D) : 8 ppm: L 103H, t, J=7.4Hz), L. 48(IH, dd. J=7.5. 12.SHz). 2.03-2. 08 (%H,

m, 2.14(2H, g, J=7.4Hz), 2.46Q1H, d, J=16. 2Hz), 2.46-2.53 (1K, m), 2. 51(1H, d. J=16. 2Hz), 2. 85(IH,

quint, J=7.3Hz), 3.09-3.10(1H, m)., 3.14(1H. d. J=13.0Hz}, 3.18(I1H d. J=I3.0Hz), 5.38(1H. dd.

J=1.7. 3.7Hz).

IR (RBr) : em-1: 2962, 2928, 2897, 2877, 1559, 1527, 1403

MS (FAB} @ m/z : 210 (W+H)+, 232 (M+Na)+,

Apal. caled for CI2HIONOZ: C. 68.87: H. 9.15: N, 6.69: Found C. C. 6€5.55: H. 9.16: X, 6.45.

D




d 15.67. IR (h'Br) : cm1: 2965. 1714. 1467. 1208,
1020, 788. 41(41-a) 111 NVR (CDC13, 400 MHz): 6 0.04
(611. s). 0.87 ON, t. J = 7.4 Hz). 0.89 (911. s),
1.17-1.30 (1IN, m). 1. 51 1, 6(:129(4111 W  2.03-2. 11 (IN.
m. 3.49 (111, dd, J = 8 Hz) 3.53 (1N, dd, J =
6. 3, 98Hz) 500503(111 . 5.05-5.06 (1N, m).
5. 57-5.66 (111, nm). 190 - [Table 16] 41(41-b) 1H NMR
Te@bel?so 400 MHz): b 0.87 (3H. t, J =7. 4 Hz), 1.29
(3H, t, J = 7.4 H), 129136(1H m, 1.41-1. 51
#1H (W3- 2.12 (IH m, 2. 17-2. 3T (ZH W, & 18
(2H, Jalﬂsn?mfggow:ew 5. 05 2H, W 5.53-5.62 (1H, m,
5. 81 AR ( ) # H. t 1&: lPl‘““dfd ’QZIe 2 " (4H m),
il T Sl 4“%%@213&“- R
J = xdﬁlz),cm—l 32.5 Jos3, 37, ( fadsl ,141m1.351ué’e uﬂ;f HszM |
2. 05 | ¥DFED (44, 200)re@N) DO-RE-D7 wiz(: 1k (rr-1-2172 @185 ( LH.
n, ]mgg cgcqferqlmosw 595" 513J BL:G 03 E"lﬂsq@}?ounsc gigu( ]”-r 21y 4108
5229(1

25-(23 —a) 5 poY ¢ : . , ,
(41-d). os y, CQC ; \ ' r27gl élgh SHz),
(311. 2t45230(m E éoi'lis)(m m’L 23233 60(13841)(253145 &) j=s. (93141(1& dd.

S), 2J451PHYL 5.0d B progy)., 5. Bi1B4d 2- 6@ (111. )

;»9? THRiﬁ*ﬁbl (eal. 37, &H@ﬁqqq (i 6-3.90
251037 ( 30RY - 6 pga: 1. 1 By, S(IH Jerd 3-2. 08 (2H,
A s IR S0 B (é"é? 5; ﬁml l} S1ois: %ﬂ e
(1 H l%’iuﬁ MuﬂO;E" 3ﬂ§)0m@§—3 110w I8 1Ml &t 1 1330}1:7 !8 l) 13 OHz). 5 38(1H.
1. 23] 4.38.4 2Hw.n) , 149 (9H s) 2 40-2. 43 (1H

315‘H’Cdn_§3 n . 288296(1H
(

m, zév,@g 53‘3 *@; =k m;g%f 5°~ 32(1H, a). 5.65-5. 68

OH, fo5€l mid) ¢, 644:1(H4;3@)h g—ﬁ m%%&@@@ N, 6.4
400 Nz Y210 +95. Wbije@ro. kSOITET . 38
24(243F - 1H-BRUCICRH400 HP)z) :EL 14% (9 s)s) 96 EL$15(®+ 1) 52415 (([BHpr d.'r)] =1228D, 2.4
(1H, diddddd. IF 2=, 5.6, 2.5 HG, 2.99 (2H.2).. BiAM, brid, J3F. 387 fzM, 2. 989299 (1K,
5 46 CiZi_'zs é‘j‘ brz) gﬁs 2}15% ,(? T dn,) 11359 1.8 G d(i H: nﬁ,). 5.58 (1M,
2821783 [tk (codis, doo iy 7 HiZ), 4. 85 (tH—do 33—t —7+Hz)

5. 65-5. 6% @lH), g1 06.(02w52950 (4141 2.00 an sMuNOF 16 SIRTEL 3 (A, dd.
0. 88 (JSH §-0. 13.942)72.49 HZ)S’ 216438 4 B {718 .16. frjfa). 4894598((@.I-hl 3.24
o) T s):| 4.97 Qlﬂf)d J1—f)llg H:mr,q 84 (IH, d. J = 11.7 Hz), 6.48 (1H. br s).
23(24-¢) 'mg-\sn m(éﬁ% sooglmtslz) 5 1.41-1.48 UH mw. L.44 (180, s), 2.03 (3H. s). 2.05-2.09 UK. w, 2. 17
(1, br d, J=16.1 Hz), 2.24 (IH, d, J = 14.2 Hz), 2.28 (1M, d. J = 14.2 Hz). 2.57 (IH, br dd,
J=8.8 16.1 Hz), 2.86-2.95 (1H, m), 3.07 (1H, br s), 3.22 (1, d, J = 13.7 Hz). 3.26 (IH, d,
J=13.7Hz), 3.34 (IH, dd. J=5.9, 13.7Hz), 3.42 (I8, ad, J = 5.9, 13.7 Hz). 5.00 (UK br s,
5.55 (1H. br s).

24(24-d) | Mp: 165-167 C.

1H-NMR(CD30D, 500 MMz}: & 1.51 (LM, dd. J = 7.3, 12.2Z Hz), 2.02 (3H, s), 2.00 (IH, ddd, J=2.4.
8.8, 12,2 Hz}, 221 (IH, brd J =166 H), 2 31 (2H, s), 2.58 (1H, brdd J =T 8, 16.6 Hz),
2.87-2.94 (14, m), 3.15 (m d. J=12.2 Hz), 2.15-3.19 (1H, m), 3.21 (I, d, J = 13.2 Hz), 3.23
(1H, 4. J = 13.7Hz) 3.27T (1H, d. J = 137Hz) 5.58 {1H. br s).

#S (FAB): w/z: 242 (M + .1)+.

Anal. Caled for CIZHIONOZS: C 59.72; H 7.93: N 5.80; § 13.29: Found: € 58.72; H 8.03: N 5.71: §
13.12.

IR (KBr): cm—l: 2006, 2632, 1542, 1398. 1283.

25(25-b) | IH-}OR (400MHz. CDC13) : 6 ppm:

1.40-1.50(1#, o), 1.43(SH s), L51(8H.s). 1.BL(3H, s), 1.96-2.08(2M, mw). 2.27(2H. dd. J=23Hz.
14Hz), 2.43-2.52(1H. m), 2.81-2.91(1H, m). 3.0(LH, s). 3.31-3.46(2H m), 5 OCIH, br.s), 5. 34(IE
m

25(25-¢) | LH-WMR(400MHz. CD3 OD) : & ppm:

1.46-1. 53 (11, m), 1.BO(3H, s). 2.1-2. IT(2H, m), 2.42-2.54(3H, w), 2. 78-2.90(1H, m), 3.07-3. I5(IH.
m), 5.25-5.30(1H m). 7.37-T.44(3H. m), T7.78-7.84(2H m

25(25-d) | IH-18R(400MHz, CD30D) : b ppa:

1.40 (1H, dd, J=7.6. 12.3Hz), 1.79 (3H, s), 2.02-2.08(24, m). 2.43-2.50 (18, m). 2.45 (IH, d.
J=16.2Hz), 2.51 (M, d. J=16.2Hz), 2.85 (1H, quint, J=7.6Hz), 3.05-3.12 (IH mw), 3.13 (H d.
J=13.0Hz}, 3.17 (IH, d, J=13.0Hz), 5.36 (1M, t. J=1.6Hz).

IR (KBr) : cm-1: 2946, 2927, 2905, 2832, 1364, 1525, 1396, 1384.

¥S (FAB) : miz : 196 (M+H)+, 218 (M+Na)+.

Anal. caled for CIIHI7NO2: C, 67.66: H, 8.78: N, 7.17; Found: C, 67.53: H. 8.90; N, 7.28.
[a]21D -140.4° (c=1.23, MeCH)




1.97

2. 69-

(1H,
Hz) .

5. 76-

l\/ajo

(1H, ddd, J = 3. 1. 8. 6, 12.9 Hz), 2.46 (2H s).
Z. 70 (1H, m, 2. 71277(1H m, 2. 95-3.03
m).317321(1H m, 4.54 (IH d, J = 12.5
4.60 (1H, d. J = f%g_l 5.59-5.62 (1H, 1.
5.82 (1H, m. 41(41 f) NW (CDC13, 500 M) :
r isomer 6 0.83 M t, J = 7.3 Hz), 1.17-1.22 (1H,

1,2.1-1.31 (1H, m), 1.43 (9H s). 1.44-1.48 (1H.

%Hlellbls (1H, ddd, J = 2.9, 8.8. 12.2 Hz). 2.22 (1H,
d_J =13 7 Hz) 229(1H d. J = 13.7 HZ), 2.29-2.32
26(31'}3?, HTWR( W\- 4}3@% 1.5 H2) %75“%'_' 18)9 a_%q_(FgHSH%Z_ 99-(H dd. J=23H
1H, X H. sg i 2.27(2 =23,
I(\/Ino ) soné:ir-gD O 87 % gt By 5%—?2)3 oo 3 0GY brs). 534K,
26(z4T5 | TR Jooks. 09 10h) 0) ppmit- 48—1—54 (16 1ht

ddd. | 1.36-E52119w, S.80@H, s12. 20 Had wlo 452648k I3, 782 051l w81 3.07-2. 15 (11,
12. 2| Kz )5,252.38@0 GR. 7.d7-7.d4 (3H, ]nB A sHzY4 8229 (1H, d, 3 =
26128cY HZ (4@MH2\9CD@D826 (pied, . 2.53-2. 59 (1H, a),
dq PE7- 12. 3Kz}, s) 022 0 ), 2243t2.5 m, 2.45 (1H. d.
%67‘ ¢ )g; %I\.IFA?E) !2 8 9(') 8:: y _5) ??Lﬁgm]’?&:?::i Fi.g%;f-lﬁ) 3.13 (1H, d.
0o b R R e
(1H | ® ool 5 m\ B! 2. 15 (1H,
ddd, thaE c2lcd qu c9w0-,\'-0:12 5 Gblzh 8 % 33"27 gFZun(l 1(3.”67.@:’ K, 28-.893.7. 7.25.
(3H, | §3 12141 W71 2df. 41 MeOR, 53-2. 59 (1H, m, 3. 14-3. 18
27(2149) \1(&1(30018*2 wmz? dpo = 133 Ho), 513 36 R d,J = o
| BT OB A T Gt 8), 97155, B KR, 97 121 T8N ),
13 3 ’33‘:16%4!171115 E H7F9 Ir?i;z'ﬂrﬁs(”ﬁ m 7 R( Hz) rﬁI\Jll nor
T 1 ‘"’% éld’flé’ﬁ ) = 7.4 H). 1.36-1.42 (1H m,
1- 56 , 135(3;1 &), 7, eoksh: 712 HZ) 20(3-1 ﬁli.;;-—isgﬁ(ﬁ{%','- 2.60-2.83(1H, m).
m . 73 3:70 AR o8 )3 592 A% ( D1 : 77 (1K, :
TRV | B-1OR oNRLIEOCH) ;6 Beal 2- 3. 19 (2H m), 3 32°3.35 (TH,
m. Bl-6U%566 6((1kHs) ) 718, 81-294847EH M. ApL-2.T8(@3uX 2H; 4. dd. J=16.6,
J = 43Q°H4-llv¥- 50‘? 79C21h "(39#48’(24{ ddl T—“?‘ g9 lﬁﬁﬂ‘l 41(41-h) 1H
b ?C?_E ppm58( somsr Q.83 (BH t 46—" oG(IH )
7.4 Hekay 4&(?:191 3(6'2%] z%—a ri ;é Gﬁ'mﬁ?’m 4,558 oa(m m)
27241 QQ\ERMOOW CD30D) L& -prh: "IL), s UD (TH —ddd; :
9. 0. | 120(B, Ha) =125, 3-8 37h. ds GhL.e). M. 63 R 47, QZ}E"Lz. 1$thy w. 2121801, w).
2.51 2.4657 5{(Hw . 1)48(2H, 34,1 R+63, 34 568 H, 661 7718, of 62.57-7 88((}{11), 3. 18(2H. dd,
n), H12072-38.993 ((1H, . Mnor isomer: 6 0,90 M t, J =
i 445\(%% mqemwfu n@. 1 ';';(1|-| dd J =617
28 428-a (4
izg }7 Y&ﬁ CT d’Ef'U ( T2-1. B341H, 2 2l:'|l- ml;'Z)’ 42-2 51{(1H. m},
1.83 = radq* m) 4, n( R %5 gz :'4 J§@o*(zé ((l m’) 5.8L(1H, d, J=15. 6Hz),
2. 67} 3 iy, (@, Hos, 1) 1. 395- 3. 02
28(28-b) | 1H-DAMR (400MHz. CDCL3) -8 ppa:
1.303H. t, J=7.2Hz), 1.58~1.76(iH, m). 1.86-2.03(1H. m), 2. {5-2.30(2H m). 2.44-2.57(IH, m).
4.19(H, q, J=7.1Hz). 5.00-5.11(2H. m). 5.64-5.77(1H m), 5.85(IH d, J=15.6Hz). 6.77(IH dd.
J=6.77. 15.6H2).
28(28-c) | IH-NMR (400MHz. CDC13) : 5 ppm:
1.45(9H, 5), 2.08-2. 17(1R, m), 2.26-2. 37 (1H, m), 2. 42-2. 63 (4K, m), 2.83-2. 95(1H, w). 3. 17-3. 29 (IH.
m, 4.52(18 t. J=6.3Hz). 4.64(lH, 1. J=6.1Hz). 4.76(1H, d, J=11.7Hz), 4. 84(IH, d. J=11.7Hz),
5.4-5. 44 (1H, w.
28(25~d) | IH-NR (400MHz. CDC13) : 6 ppm:
1.44(18H. 5), 1.50-1.60(2H, m), 2.01~2. 10(2H, m). 2. 21(1H d. J=14.1Hz), 2. 27(1H. d. J=11. THz),
2.45-2.60(3H, m). 2.78-2.92(1H. m). 3.00-3.07(IH. m), 3.33(1H, dd. J=6.1. 13.9Hz). 3.41{lH, ad.
J=6.4. 13.9Hz), 4.52(1H. t, J=6.3Hz). 4.63(1H t. J=6.3Hz), 4.92-5.03(1H m).
28(28-e) | LH-NAR(400MHz, CD30D) : & ppa:

L.50(1H, dd, J=7.4. 12. 1Hz), 2.03-2. 16(2H m), 2. 44-2.61(5H, m), 2.81-2.92(IH. m), 3.15(1H. d,
J=12.8Hz), 3.20(1R, d, J=12.9Hz). 3.10-3.17(iH, m). 4. 50(1H, t. J=6.3Hz). 4.64(1H. t, J=6.3Hz).
3. 46-5. 53 (1H, m).

IR (KBr) : cm—1:1627, 1564, 1524, 1398, 1382.

S (FAB) : m/z : 228 (W+H)-+.

Anal. calcd for C12HIBNFOZ: C, 63.42: H, 7.98; N. 6.16; F, 8 36: Found: C, 62.85; H, 8.04: \. 6.22:
F. 8.39.




(I1H m. 3. 12-3.25 (3H. m. 5.70-5. 72 (11, m.
5.76-5. 78 (1H, m. Ms (El.) : mz: 209 (M+). Anal.
Calcd for C12H19NO2: C 68.87; H 9.15: N 6.69; Found: C
68.52: H 9.24: N 6.68. |Bﬁ§§ : cm1: 2958, 2641,
1621. 1511, 723, 191 - [Tabl€°17 ] 42(42-a) I1i NO

( CDC13, 400 MHz): 5 2.05 (1H, dd, J = 4. 7. 12.5 Hz).
18-2.2 3 (1H, m. 2.32 (IH ddd, J :2.0, 10. 2, 19.6
[Tab}e 12]144-2.55 (2H. n), 2.68-2.32 (2H, m), 3.17-3.22

OH, ), 3.80-3.95 (411, m). 42(42-b) 1H NI IR (CDC13.

204050) VHEDE (10BiRZ . BEi3) 2. 637pu { 113, GH))s). 12632124 (AL, 20088, 20 Joi=m . .52 (I 4.

1 6. | 810921 @.58 (Hz Y., J=1, BY- 25680 (R H:=7. ), 127 82 2. BY. 3(1z1H5 50 (IH, d,
QF-Aralﬂzz) l=.*175‘-d(‘f3f| I4H. ) ’% 81 3 99 (411 m 5 66-5. 68.
s ren: Sy, Eavel B gh i
” 2. 5 Spm 463(1}‘ 2) §§s~(‘f'1_|("ﬂn$) 26—%@1 (23H o 402 (K s),

29Q2l94c1 mVWR(d)oxﬁé @e19)0: &4,!5!, MaJUJ Fp—p 1%‘3(9}9 s)‘)? L dﬂ &), if'" 3. (1H, m,
84- 3| 8%-{ 21, anrp. 55-2.37 BB -u8.3%7-3(R 1k, wM. 60-!568( 5.3 4K, s), 5. 49-5. 50
(2H. N’E w BHinaGBsofek Hi. 4hPH. S) 1. 77 GH6B. £ I8 2rdlah, m Oqf—l@x 2. o, 2.78-2.85
%_Q O HEy . 3'5? 2&9’ Hﬂ P id 3NIRE (EDC & 11-3 AT LV ) 3. 19-SNR LB ).

29128 OMild 13 T Y. @4 P57 BHz)9 |, s170 12 (1M, dd,
(Z(E:m Fle f Eﬁgz‘yc 22:312 ?;g'(ijf—ll o‘?ih?ﬂ jzl-mft}g 7995- (. d,
g 6 1’ EZ)HZ 5;‘,(1}8 Sgtéx ) -3 { m), élH 17 Tﬁf 4,90(1H, 4d,

29fpp-e) 5Hp48605 \menpc(s&)lu rr), 5 60 (I I| br s) 6. 56-6. 0O
(1H, mmﬂwmercm@oﬁem 153 Q4. 48 J04, 2 8). 12549 @ J81sud) 2Hps-2. 17 (2n,
m. 2y 54?3““6‘8311&%2’ 6)41'224 98-13. %353 DB J<10/ 23844, . J6. ).
(1H 52 u " 13 g’ ?gdd( el 2}1:5 {iH, s).
( 1H. r‘('?,é) .6 ,65( a,- 45‘? 153 iH“i{’nvﬁ (éﬁtf%‘“ 680. 603.

500 Mz) :calbi b 45H1('b9:HC sjes Y. 4%k 4707:(Add o}, 6623:20 827 5. 7.1

3032 ( 1H—\amﬁoong 032 (@ 1ebd:, L eddal, < Ji=FsiD. 9,41 &, S, 1121 6 T w, 1. 972,05

2 48/ ¢ 43 (2Ho0. g 1/H- 2N @ I=UARGD, 2.3B (10 dHAZYI4 1he), 2.43-2.51 (1H,
2. ( 8-2. (1H, ), 3 (1 ).
292, 2«9&»%“1 B o SaP B LR W BT8R 0 0
31— Tt 7nc+ O‘-|- | J - LTI, 1 TS T ]

m, 5gc6]4gn(_dgl-l, bJoSEQ,neoﬁi 64 (IR dd, J =LO0. 7, 17.6

liz)

1HAN(b0wi£. )Cosbbl 3Bprk: QDL +. 4Q0MYHZ Y6 (1B ok, 44 5( BHim Sz )8 (. 4.

1. 4%-5%) 48 10(1. B9 (3H. juy )2, 46-2.50 B3H,( o) H. 870Cle ,quide. I=7204, 3. B-613 (1. w, 3.28

12 1 )& I3, (al_xLzl(m dt J=)3. 4Hz)] 4.31 §1H, HZ)-I 812) . 2U39T, G J3H. m) 7.80-7.85
(' 1 R 9@ s é%i’g G}H r&é‘( %Fi "§214§‘J_?| gz) 1714, 1452611%1 1161(;3 12 0 llbll 1123,
m, oé 867°(11 (
MS (FAB+) : mfz : 210 {free+H)+. (FAB-) : m/z : 157 (bensensulfonic acid-H)-.
Anal. calcd for CI8H25N055: C, 58.83; H, 6.86; N, 3.81: S, 8.73; Found C, 58.69; H, 6.94; N, 3.99;
S. 8.73.
32(32-a) | 1H-MMR(400MHz. CDC13) : & ppm:2. 06-2.31 (2H, m). 2.82-2.87 (2H, m), 3.11-3.15 {2H, m}, 3.65 (3H.
s). 5.59-5.61 (iH, m).
32(32-b) | 1H-MMR{400MHz, CDCI3) : 9 ppw:1.94—2.03 (2H, m), 2.65-2. 75 (4H, m), 1.00-4.02 (2H, m), 5.31-3.35
{1H, m).
32{32-¢) | 1H-NMR{400MHz,CDC13) : 5 ppm:l.81-2. 05 (6H. m), 3. 59 (24, t, J=7. 1Hz), 3.73-3.77 (3H. m), 5.03-3. 07
(2H, m), 5.88-5.95 (1H, m).
32(32-d) | 1H-NR(400MHz, CDC13) : & ppm:l. 66 (IH, dd, J=4.2, 14.0Hz). 1.82-1.88 (4H, m), i.94-2. 08 (3H. m,
2.42-2.44 (2H, w), 2.67 (IH. d, J=3.9Hz), 3.70 (3H, s5). 4.02-4.07 (1H, mj, 5.11-5.14 (%H, m).
5.94 (1H, dd. J=10.3, 17.6Hz).
MS (FAB) @ m/2 : 199 (MH) +.
32(32-e¢) | 1H-NMR(400MHz, CDC13) : 6 ppw: 1.70 {LH, dd. J=3.9, 14.8Hz), 1.83-2.11 (TH. m ), 2.48-2.50 (2ZH.
m,4.04-4. 10 (IH, m}, 5.13-3.17 (CH, m), 5.95 (1K, dd. J=10.2, 1T7.6Hz) .
US (FAB) : m/2 1185 (M+H)+ 207 (¥+Na) +.
32(32-f) | 1H-NMR{400MHz, CDCI3) : 6 ppm: Major isomer 1.45 (9H. s), 1.79-2.19 (7H, m), 2.68-2.76 (1R, m,
2.78-2.89 (iH, m). 2.10-3.18 (IH, m). 3.85-3.87 (1H. m), 5.36-5.91 (3H. w :
Hinor 1somer 1.47 (SH, s). 1.79-2.19 (7H, m}, 2.49-2.54 (IH, m), 2.68-". 76 (2H, m), 4.28-4.10 {1H,
m, 5.36-5.91 GH. w.
MS (FAB) : m/z : 247 (M=H) = 285 (M+K) +
32(32-g) | tH-NMR(400MHz, CDCI3) : 6 ppm:1. 45 (94, s}, L 57 (1H. dd, J=7.6, 12.9Hz), 1. 76-2.05 (6H,m}, 2.15

(1, ddd, J=2.7, 9.0, 12.9Hz), 2.42 (2H. s), 2.80 (1K, q, J=7.8Hz). 3.25 (IH. d. 7.8H), 4.75 1618
d. J=11.5Hz), 4.85 (1M, d. J=11.5Hz), 5.52 (1H, dd, J=2.4. 5.5Hz). 6.0f (IH, d, J=5.5Hz).
MS (FAB) : m’z : 308 (MH) +, 346 OBK) +




s). 3. 04-3.08 (1F* W 5. 10-5. 14 (211. m), 5. 77-5.

78 (

42(42-g) 1.H NMR (030D. 400 N+z) 5 1.51 (I

7.4.
Hz) .
2. 63

3. 22-

[Tk

1H ), 6.66 (IH dd. J = 10.2, 17.6 Hz).
|

12.5 Hz), 2.20 (111 dgg7 = 2.7,
2.30-2.34 (1H, m. (311, s)
(111, dd, J = 7 S. 16 4 Hz), 2.9
3.26 (111. m, 3.31 (1H d, J = 13,
W1J = 13.3 Hz). 5.16-5.21 (2H, m),

S.
2.
1-2.
13. 3
5.65 (1H, br

s), 6.68 (111. dd, J = 11.0. 17.6 Hz), 7.23 (2H, d. J

32R2-8).
183-
7.4,
Hz)
dd,
d. J

sFzpe-tsc 71 (2H, d. J = 8.2 Fz). 42(42-h) Wp.
1’85‘518(40%144 Do CR3OD!- 52 OB M—IZ'} 7 5" A 8L B2 o7 (Hd d). RJ40=(1H. 4,
]iz) (m 4 41§ mqqzs d(ai gint JoF.Shiz), 3g 2—(14(!1! om,13.14 (K, 4
J 13 s 7 d 6, 5. THz).
wix;é‘? S g £ 71&221 *53 7%.80% s
s Sy Aue 6500z . 2. 90- 17 (| 1.
mal1l2a1@ foizi3mdBoz: §,97036:24 s. e(slH 6. 3%) Foura c2697s2( hl 4.80; @. 6.31.

331334
(1H

-t doouzb CoCsP < & ppnlt/63{1 2B CHNY) , 1.B2- /B (EH ki, °bz—° 39 (2H. B .6 /76-2.79
(% m).]3.60 ¢BH sy 5. 8015782 1H m). NS ( I:AR\ : z + 208

2905

33055-LP ——F

SR R SR bt P 'L PIINGS - € @O S e

1H ,\Widéitﬂz ‘enc%? Tk "f 9L, 4&!-‘(2&1 E) 6150 74 (kﬂl‘mk k:! da (zh'”{ J-J—r 2Hz),
1+ 6B, (21684, 104555, 51397, 1886 c. 436dB- a) 111

33(3CaC
= 1

55 OH%

1 3-NrAOGnMEX)3) - & pbh: 1 9. 4 ok 082, 442,26 T2, 1 BT, mddd.r-? JHz), 3.70
O, sg -,z 10-4.25 (ug n).j 570p (16d. JPI-2H2B6- OF {1HHL ITH- 1}{;)2 5.8 GiH.2dd, J=10.7,
63 (111. m. 2.72 (1& ddt, J = 2.4,

B ety | thberts ) : 12,4929 (ol o A (41450 (n ) 5006 (1,
6. 02| { Tl o Ch. 1ot a2 pidharn? 55812 adh 1Hda . ARG 43-D) 111
NVR [ 1€DEE3; n4009dvida)- 22iMasOr+ i soner: S 0.20 (9H, s),

L] pomiine B 30 5 oo lgwqm o 30632700 ?”gg'w =
2..80%”& : 9 6%( 5‘5? B (CIEE 52 (h

hor 1somer: l-‘lS o) 43~ H 2.85-2.88 (IH m). 3.09-3.12
ddt . H m)?s 3‘('2:'1 3881 ’m) 1&8 "Alﬁ (f_h& ’ 3. 1'1 )I T
5. 461 {s. @) ( 34%, 26Mus 5. 94- 5. M nor | Somer :

338341 P O-NeQdootz, SPC13) 16 i @971&56 (39 m) 2 48&1 2) diors (b 1db, J=rp., 12. 9Hz), 2.07
2. 51} QRGHA. (J1H, Srf) 12 PDT 24D (25 ( 2 81-2. ) (K. B). §1273. 20O PP2.T5 (A, d.
\(yf |E|’ I‘:—#ll';{z),mw [ d Jml 3sz_; 252 @il i B Emﬂv) & 73 gl gd. 1J85. SHz).

M!R( 353 NUB (&% w, 5991% é(AS (J ﬁ].z ), 2.49
L1604, %ﬁﬁﬂz) d? (1 p:rr 145, 1, 34. 513 2.45 (HHZ Juin %J 285X 3. 184m,( bi‘xz3 1Hz).
n) P3. 361 | d j=1elael). sJe2s.62.(Q, w8 .5.785.74 1B. &. Hz) . 2. 49

(211 Iﬂsgr) 272 WFWEGWO J40= 284, 1457 &13,1403.6128, KLY, 757,
2.904 % G¥® ( Ma° “”%‘08 (1K s) 37-3, 38 (11 m .
. ca]. for, C14H2iNg2" . PL};\‘; :;Hit;l IFoundqp y jlm.,m 5. 80. .
34’%54—5 B 2. JCDCI3 3 . 168792 14, mT 1. 9%-2 13 (2H, m
| Hz), 51704296(205 (lfﬂa]uﬂ e, J—lé?ﬁs 1L.7Hz). 2.47-2.54 (IH, m), 4.14 (2H, dq. J=2.9,
7.3Hz), 5.01 (iH, d-quint. J=9.8, 1.0Hz), 5.07 (IH, dv. J=17. 1. 1.5Hz), 5.76 (IH, ddt, J=9.8, IT.1,
7. 3Hz).
34(34-d) | 1H-NMR(500MHz. CDCL3) : 6 ppm: E/Z mixture 1.48 (isomerA9H. s), 1.52 (isomerB9H, s), 1.77-1.83
(14, m), 1.90-2.23 (6H. m), 2.45-2.72 (2H, m), 2.91-2.99 (isomerBIH+IH, m), 3.00-3.06 (1, m),
3.33 {isomerAlH. ddt. J=8.8, 19.0, 2.SHz), 3.90 (isomerAlH, br), 4.33 {isomerBlH, br), 35.24
(isomerAiH, br), 5.38 (isomerBIH, br), 5.45-5.48 (isomerBlH, m), 35.48-5.51 (isomerAtH. m).
34(34-e) | 1H-NMR(500MHz, CDC13) : & ppm: .49 (9H, s), L.79-1.89 (1H, m), 1.92-2.23 (6H. m). 2.33 (1M, ddd,
J=2.9, B.8, 12.7Hz), 2.46-2.54 (3H, m). 2.90 (IH. quint, J=7.3Hz). 3.01-3.09 (IH. m), 3.25 (1H.
br). 4.78 (1K, ¢ J=12.2Hz), 4.88 (1, d. J=12.2Hz), 5.25 (1H br).
34(34-f) | IH-MMR(400MHz, CDCI3) © & ppm: 1.33-1.42 (10K, m), 1.73-1.80 (1H. m), 1.85-1.99 (3H. m). 2.04-2. 15
(2, m), 2.21 (IH, d, J=13.7Hz). 2.28 (1H. d, J=13.7H2), 2.40 (1} ddd, J=1.2. 7.8. 16,4Hz). 2. 70
(14, quint. J=T.8Hz), 2.81 (24, s), 2.91 (IH. br), 2.95-3.02 ({H m). .5.32 (iH. br).
31(34-g) | Mp. 157-159C:
1H-MR (500MHz. CD30D) : 6 ppm® 1.50 (1H, dd. J=7.8, 12.2Hz). 1.83-2.20 (8H, m). 2.45-2.50 (1H,
w, 2.52 (2H, d. J=4.9Hz), 2.89 {IH. quint. J=7.8Hz), 3.08 (IH quint, J=6.3Hz), 3.14 (IH. br).
3.17 (UH 4, J=12.7Hz), 3.21 (K d. J=12.THz), 5.40 (IH, br).
IR (KC1) : cm-l1: 1616, 1503, 1395.
WS (ESI+) : mfz @ 2T4(WK)+ . 2580M+Na)+ . 236(M+H)+.
HRMS(ESI+) calcd for (M + H)+: 258 14700. Found 258. 14669 (~0.3! mmu).
33(35-a) | LH-NMR(400MHz. CDC13) : 6 ppm: E/Z mixture 1.02-1.09 (3H, m). 2.14-2.26 (4H. m), 2.61 (isomerAZH,

9
q. J=7.4Hz), 2.68 (isomerB?H, dd, J=7.4, 8.2Hz), 3.67 (3H, s). 4.92-5.07 (2H. m. 5.6] {isomerAlH,

s), 5.64 (isomerBlH, s}, 5.73-5.8% (IH. m).




[ Tabl e 18] 43(43-d) 1H NMR (CDC13. 400 MHz): 6 1.44
OR s). 1.49-1.54 (1H, m), 2.02 (1H, ddd, | = 2.4.

8.6,
(1H,

12.5 Hz), 2.25 (1H d, j =14 1 Hz). 2.25-2.31
m, 2. 32 (1H d. 1 Hz), 2.69 (iH, ddt, ]

= 2.4, 7.8 16.0 Hz), 2 76- %§§ (1H, ), 2.86 (2H

s). 3.03 (1H. s). 3.06-3.11 (1H. n). 6.19-6.21 (1H
m. 43 (43-e) 1H NVR (030D, 400 MHz) : 5 1.58 (1H, dd.
[Tdore 7148, 12.9 Hz), 2.20 (1H, ddd, | = 2.4, 8.6. 12.9

Hz), 2.26-2.31 (1H m, 2.37 (3H s), 2.51 M s),
35@5-60! FIE oYL 00 = 62 pilb; EZ.c8ywrd 6,14 (ilz ), J2.889- 220233 ik, w). 2.66
) 3(12@:@& 218J=('f{lz|) 2.7 (190;181’83{1 1( FH8HzY 4 38-:::13 13. 8. Hz) (isomerAlR, s).
2 ﬁldl(smrwi sh )517'3‘3 IE%‘\ m. 3 /IQ r1|_| s) 6 nn 6.02
35{33-¢ CDC ppm Tnlxturs 773 , s) L._9:> .03 {1H.
Fﬁ-n f %31&5 j %ib 234 (1K
2 ddt 148'3:( 4HMJ 3. 738141 91869@ (IllleNMRl ( 0 3. 40).
35[\7HEJ) IHSMRL’O@@ GIIH) dapn: J. 08307 1, Bi.382.136 HE) ). 1268 (iluldd( J.=H,3_ 12, THz) .
ddd, 8:—1 9 (Lhgm), g 10-820 QD ) '),qu}m @¢, 239 82G12( AP, 2.3 (K, 3, B 1),
(211 gf 60 1“65‘360 ( ’bq&mt J-J: BHiz) . 3. 28& 32 41K, 8") 41@ (!EL Hz})l 2Hz), 4.95 (14,
W al L1111
%5620 B .\ﬁt‘(‘”o&ﬂh"'cncm 3 Yim: -0 (BH- D J= )Tl 45 t'g 1. /1 ‘r‘6 8, 12. 2Hz),
(1H, | dsr-1JosFinld, ¥ odHan. a3 522 Ba. 216 ;ZziH 19 (’% 32 ngﬁﬁlx S)-13. 7Ha)
6. 08-B3K0t ¢ THz. THe)..2. &8 56 FABY. 2. 75z qunQO_Gr 6 K)o 20, ANA. 93-2. 97 (11,
Calc r¥ r?r°4((‘llﬂ9lf-l1'-'xl\l(’)? C70.22: H7.37- N6 82 Found: C
35 3af) 35
8y O 29 6 77, OQE'S%hP[i}@ [i)lm d%288 2908 m o
1525 (3ﬂ1n§D O47 (1@ 35 li 10 &ePa atg' %@Rﬁ §) . 1Hz),
g of ihamcamaom Qb oEXanel, &), 210 (A0s G-19bi], %GE PR 2}19\ 5.61
of clottm sstarch, 20 g of cryst alline cellulose, and 1 g
of ?‘fé’s1 55058 é‘i”éa’r‘?&t é‘%gléfzﬁm)lkfedmu& ng a bl ender and
a
then é;‘géqor g Hﬂlb Bﬁ Fglti C(b{; p’e 0 obt ﬁl n a
tabl g fInax cale®ibr b dhoh €81 68 N; n§t25 %\H e . 4 éjggﬁ 6.88;
cal ciams.ghannel  subuni t a261 (here| nafter, ‘referre
3t 0 hwmams-€acna2dl ) gene expression plasm d and
pr epa &“&WWSF"CHUnﬁmﬂmcnaZdl expr e)SSI n ceI I 220 o
menbr ale Tt b TEOR, a), “Cohstt 42 fy olf, d Cffsb WSS
apar f h
expressi-an asgma quiab: W-h'cﬁﬁp%zﬂ (1135 ) 3. E:’a { % ﬁl [BOTA NS o] Pyppary
DNA fd. ggh®ntu), s.32 GH, s).
IR(KCD) @ em-1: 1700, 1443, 1246.
MS(ESI+): m/z: 226 (O + H)+.
HRMS(ESI+): caled for (M + H)+: 226. 14432, Found 226. 14259 {~1. 72 mmu).
Anal. calcd for C12H20NO3CI: C, 55.06; H, 7.70; N, 5.33: 0, 18.34: Cl. 13.54. Found C. 53.67: K,
7.71: N, 5.36: 0. 18.09: Cl, 13.30.
37 Mp. 167-169°C:
1H-NMR (500MHz. CDC13) : 6 ppm: 1.14 (3K, t, J=7.3Hz). 1.54 (1, dd, J=7.3, 1L 7 Hz). 2.06-2. 14
(24, n). 2,20 (U, q, J= 7.3 Hz), 2.54 (I, dd, J = 7.3, 17.1 Hz), 2.71 (IH. d. J = 15.6 Hz).
2.81 (1H, d, J = 15.6 Hz), 2.95 (24, s}, 2.96 (IH, m), 3.04 (I, br), 5.42 (IH s).
MS(ESI+) : m/z : 254 (M + 2XNa -1+, 232 Qf + Na)+, 210 (f + H)+.
HRMS (ESI+) calcd for (M + H)+: 210.14940. Found 210.14842 (~0.98 mmu).
Anal.calcd for CI2HISNOZ: C, 68.87: H. 9.15: X, 6.69: 0, 15.29. Found C, 67.32: H. 9.05; X, 6.53:
0, 16.30.
38(38-a) | 1H-MMR(400MHz. CDCI3) : 8 ppm: E/Z mixture 1,31 (isomerB3H, s), L.31 (isomerA3H. s!. L 46
(isomerASH, d, J=1.2Hz), 1.49 (isowerB9H. d, J=0.8Hz), 2.34-2.50 (2H, m), 2.54 (isomerBIH. dt.
J=17.6, 2.7Hz), 2.67 (isumerBIH dt, J=17.6. 2.7Hz), 2.91 (isomerAlH, dt, J=18.0, 2. 3Hz). 2.93
(isomerAlH, dt, J=18.0, 2.3Hz), 8.45 (isomerAlH. br), 3.87 (ismerBlH, br). 5.53-5.55 (isomerBIH,
m). 5.57-5.61 (isomerAll. m). 5.57-5.60 (isomerB2H, m), 5.74~5.82 (isomerA2H, w).
38(38-b) | 1H-NMR(500MHz. CDCI3) : & ppm: .31 (isomerB3H, s), 1.35 (isomerA3H, s), 1.45 (isomerA9H, s), L 46
(isomerB9H, s). 1.73 (isomerBIH, d, J=13.2Hz). 1.86 (isomerAlH, d, J=13.2Hz), 1.94 (isomeralf
dd, J=2.0, 13.2Hz), 210 (isowerBlH. dd, J=2.4, 13.2Hz), 2.24-2.38 (2H, m}, 2.47 (isomerdZH. s).
2.75 (isomerB2H. s), 2.86 (isomerBIH, br), 2.89 (isomerAlH, br), 4.55 (isomerAlfl. d, j=12. THz).
4.62 (isomeralH. d, J=12. 7Hz). 4.8l (isomerBIH. d, J=11.7Hz), 4.94 (isomerBIH, d, J=il. 7Hz). 5.06
(isomerAlH, dt. J=7.8, 2.4Hz), 5.72 (isomerBIH, dt, J=7.8, 2.4Hz), 5.90 (isomerAlH, dq. J=7.8,
2.0Hz). 5.92 (isomerBIH, dq, J=7.8, 2.0Hz).
38(35~c) | 1H-NMR(S00MHz, CDCI3) : & ppm: 1.29 (isomerA3H. s). {.31 (isomerB3H. s), 1.44 (isomerA9H. s), 1.46
(isomerBSH, s}, 1.57 (isomerBIH, d, J=12.2Hz), 1.67 (isomerAlH, d. J=12.2Hz), 1.76 (isomerAlH,
d, J=12.2Hz), 1.90 (isomerBlH. d, J=12. 2Hz), 2.19-2.35 (Z+isomerAZH. m}, 2.55-2. 77 (1H+isomerB4H.
m). 2.92 (isomerAlH, d, J=13.2Hz), 2.94 (isomerAlH, d. J=13.2Hz), 5,70 (IH, br). 5. 82-5.83 (IH
m).




The human Cacna2dl gene was obtained as two fragnents,
the first half and second half fragnents. PCR was
performed wusing a cDNA library (QU CK-C one cDNA
Human Brain (Clontech 193_ oratories, Inc.)) as a
tenplate and an enzyme KCD pol ynerase (TOYOBO CO. ,
LTD) according to the protocol provided for this
enz PCR prlrrers used were, for the first half
(T3l nJeN prinmers having the foll owi ng sequences:
Primer 1: 5'-agctgcggec getagegeca ccat ggct gg
338Gk gCLbgCHgisgC- 3 (oEQ D NO 1), anmdPrrmer—2:
5' - a} tiagRjaney cepd goasagl. 3aataecon - 3! 1.6SEQubBMNE, (&) (isomeralt, d.
and f b Et“ﬁels%é}mmhad foZ Sy nie!mhsoq@rAumr $1h5i, nQL-LRR GisonerB1h,
foll W @9?3 (xsomeme){eg’ G ﬁ‘E “1'5“1) 2 gjm;ﬁm? 281:;8 éi:f-::;glg
actty E’Qﬁom%BZH MH 'J—l" A =12, 0Hz),
5' -agi &%ﬂt@p of, Gods AAGROG Q@gtkgtogt §Cs. bildr. 3. 03¢ Qrmfl-ﬁddd 2.0, 3.5,
4) pu:r eHhJased from SI GVA GENOSYS. The PCR reaction was

per f pif Fﬂorr xbﬁé}mrﬁoq Hee? friﬁ@b \half 2@% sec?qg%ﬂlyalf
fragn@ s LR ey ot oyt o
0700 LA o el 0y 6HE-W )i ot QG bropess

3913B¥ 0 lemg(cﬂﬁaﬁbonﬂz)afrwoﬂéb&erl Or I Tmrnute,—tNen—S55
t her malisyches, (Qﬂﬁﬂf)(}ﬁd & ¢66 .4 160CHHON. 43 56S Cand 1. ANE 51, 5).

68C f’ofﬂ R72rtitin ) 2. 3pl2ge ilgmat. 168Q finrm .52. ANt (@6 ,u). 2836k, 93 (0.5H,
0. 5t

cool ‘_‘5 2094 X O154P5>Thes® ovie! #-&aets Britprodate& ©.5 o and
20 LT M%ﬂf {coc
95 Mn k=l ol €. L, h{m%%to'@rh B4 (R ATEN) 086 60%A Dy 1y 1 a

to the.7parotacck d nckuded i 6. GILTU) S" b4 22 T RE 205858k 18w, o 41-2. 49
first@habfzfragnent . wass-2dirgeis ke d. 0istih (@, best 5166 LOR. 44, o) and
enzyn%33l‘&ﬁ7'<° EH'{'@W@@(@@ d | T H2) Frd @ 75 €cinegl hal2ft Hz) and 4.81 (0. 34,

fragnprit, W™ di-degt ggﬂ) iy 73'}%@ ot (%1, &nby HekiiCpdt.ss ©.38 o

39 (3g-1JT WMR (CDC13. 400 MHz): Two major isomers:

S 0.89 (1.8H, d, J = 7.8 Hz)} and 0.99 (I.2H, d. J = 7.4 Hz), 1.42-1. 47 (198, m). 2.04-2.17 (1H,
m, 2.26-2.36 (24, m), 2.40~2. 4: (2H, m), 2.97-3.03 (14, m), 3.18-3.22 (0. 4H, m) and 3.31 (0. 6H
dt, J=11.3, 13.7 Hz}, 3.40-3.54 (1H, m), 4.89 (0. 4H, br s) and 5.0L {0.6H, br s). 5.71-5.86 (2H.
m).

39(39-d) | 14 MR (CD30D. 400 MHz): Two major isomers :

S 0.99 (1.5H, d. J = 7.8 Hz) and 1. 03 (1. G5H, d. J=7.0 Hz). 1.81-1.92 (0.5H. m) and 2. 13-2.20
(0.5H, m), 2.26-2.51 (4H, w), 2.64-2.75 (IH, m). 2.94-2.99 (14, ), 3.08-3.24 (2H, m), 5.77-5.81
(1H, m), 5.88-5.95 (iH, m).

MS (EI): m/z: 195 (M+).

Anal. Calcd for CIIHI7NO2: C 67.66: H 8.78: N 7.17: Found: C 67.00: H 8.83: N 7.18.

IR (KBr): cm-1: 295i. 2651, 1628, 1540, 1399, 652.

40{(40-a) | 1H MR (CDC13, 400 MHz}:
6 1.08 (3KH. t, J= 7.4 Hz), 1.46 (QH. s). 1.51-1.58 (IR, w), 1.92-2.04 (2H, w), 2.13 {2H, q. J
=T.4Hz), 2.31 (11 d, J=14.1Hz), 2.39 (14 d, J=14.1 Hz), 247(1H.dd,J=7816 Hz),

27 -2.84 (14 m), 2.98-3.03 (1H, m), 3.32 (1K, dd, J=6.3, 14.5 Hz), 3.47 (IH, dd. J = 6.2, 14.5
Hz). 2.72 ({H. br s}, 5.31-5.33 (IH. m).

40(40-b) | 1H NMR {(CDCI3, 400 MHz)}:

5 1.08 (3R t, J=T.4He). 1.46-1.47 (IH m). 1.47 (SH, s), 1.98-2.00 (1H, m). 2.02-2.04 (IH.
m), 2.09-2.16 (2H m), 2.32-2.38 (IH, m), 2.43-2.49 (2H m), 2.79-2.83 (IH, m), 3.02 (3H, s},
3.18-3.20 (iH, w). 3.35-3.44 OH, m), 3.64-3.72 (IH, m). 5.32-5.34 (IH. mw).

40(40-¢) | Mp. 177-179 oC.

1H MR (CD30D, 400 MHz):

6 1.11 (BH. t, J=17.4Hz). 1.51 (1H. dd. J =74, 12.5 Hz), 2.08-2.12 (I1H. m), 2.15-2.21 (3H,
m), 2.50-2.56 (14, m), 2.51 (2H, s), 2.77 (3H. s). 2.87-2.95 (1H, m), 3.14-3.19 (1H, m. 3.35 (iH.
d. J =129 Hz), 3.40 (1H, 4, J = 12.9 Hz), 5.30-5.33 (1H. m).

1 MS (FAB): m/z: 224 (M{free) + H)+.

Anai. Caled for C13H2"\02C1 C60.11: H 8.54; N5.39: Cl 13.65;: Found: C 58.70: H 8. 43; N 5.32:
Cl 15.67.

IR {(KBr): em-1: 2965, 1714, 1467. 1208. 1020, 788.

41(41-a) | 1H NMR (CDC13, 400 MHz):

5 0.04 (6H, s}, 0.87 (3H. t, J = 7.4 Hz). 0.89 (9H. s), 1.17-1.30 (1K, m). L 51-1.60 (1H. m),
2.03-2.11 (IH. m). 3.49 (1H. dd, J = 6.3, 9.8 Hz), 3.53 (IH, dd, J = 6.3, 9.8 Hz), 5.00-5.03 (IH.
m). 5.05-5.06 (1H. m). 5.57-5.66 (1H m).




- 194 CO., LTD.) and BamH (TOYOBO CO., LTD.).
Subsequently, these fragnents were purified using a
reaction product purification kit (MniEl ute Reaction

Cl ea
i ncl

nup Kit (Q ACGEN)) accor?bgg to the protocol
uded in this kit. [0155 a-2) Preparation of

vector The multicloning site (hereinafter, referred to

as
T%I?sbe

nBl 11

of an expression vector ARKS for aninmal cells

Phat mi ngen) was changed to the MCS of a vector
SC¥i nf 2 / STRATA

11 gb-g)
enzypg
CQ )

%NE)—Le—pr-epaLe_a_v.eat
L TR %ﬁg?ér@ﬁiy’tﬁx o2

WD )= xaradu)b@tgh (tahe. erad& Qﬁ stﬂhl s DNA were then

413N

[ 1 Nende. s®img: Kl enow f ragnment (TAKARA BIOTNC.).

Bot h é)f° ¥ Kdse J Entle vieFe- ¥ (it et 4?]‘?%?1 §PI “atedt “j) 2.20-2.27
usi ng lz:aijf Tg‘rfgséé’tﬂg Eﬁge" G Rt i SplioPhYit Bs@s? (H & J=15.6Hz), 7.03
(e l iz, 1 L AD: TAKARA O-1 NC

41&‘1'1"'?’ viﬂlkﬁl ma, 460%51 ¥ CU l 0—as O\, ANV ur\./ NG
and therfdagment was then purified using MniEl ute
React b orss Gieanup?. K. ( GHAGHEN) oiThen, o1t B, . €02y MR-, 2.54-2.62 (14,
t r eal Bd2ENAWHS =] ¥tY BPHore SE33h g, 9YPaFaProsl el 57-5.63 (4,

After
et hi
to a
irra

w. P> 8 BtTophoresis, the gel was stained with

dlis Lbrﬁssﬁ%r o dey g, Jhen,, a4 Band pRrd Q)n 2CRLLESRONAL BY, o5 (n,
DPpr Oxd-fred eh, . Assr2 dshp was. saparat ed 5%1@‘@5 (Mo, 5.65-5.68 (1,
o at.rehsuging a razor bl ade. DNA was extracted

t4rey

aﬂ*rl\'&m%ﬁ riep 'ﬁz)gel extracti on/ puri fi cati on ki t

me,
the OYOBQCQB f') 93,9- 3@(%{ Sy ) g mSg é'aan’s oW,
DNA 1 &g@®ent jGaf. na@pqr&dklﬂgc tp h ; aczs 67 <91 )u%SBG-ralgp 1 w).
2, ththSﬁaﬁelrpt 2 was treat ed with restriction enzynmes
Sacl 1 AL 3apﬁduk | L¢ W@VC%? @g*g B TDx 55 L2 b
195 azfof *b@i“*d AR e LR Sy
bl un Ki'eh ow ragnen F@B\EEIOI"’NC’)’9
1 dpen mtmd s:memyormm reated
Major isomer :
4 0.83 (BH. t, J= 7.3 Hz), 1.17-1.22 (14, m), 1.24-1.31 (IH, m). 1.43 (9H, s). 1.44-1.48 (IH,
m, 1.95 (14, ddd, J = 2.9, sa 12.2 Hz), 2.22 (I, d. J =13.7 Hz), 2.29 (14, d, J = 13.7 Hz),
2.29-2.32 (14, m). 2.37~2.42 (14, m), 2.87 (2, s), 2.95-2.99 (1H, m), 5.77~5.79 (IH. m). 5.85-5. 86
(1H, m).
Minor isomer:
6 0.87 (3H. t, J=7.3 Hz), 1.24-1.31 (1K, w), 1.43 {9H, s), 1.48-1.54 (1H, m). 1.61 (1H. ddd.
=29, 83, 12.2Hz), L75 (IH, dd. J=17.8, 12.2Hz), 2.22 (UH. 4. T =13.7 Hz), 2.29 (1H, d,
J = 13.7 Hz), 2.29-2.32 (iH, w), 2.53-2.59 (IH, m), 2.67-2.71 (1H, m), 2.88 (2H, s), 5.69-5.74
(2H. m).
41(41-g) | 14 PR (CD3OD, 400 MHz):
Major isomer :
5 0.85 (34, v, J=17.4 Hz), L.17-1.28 (IH, m), 1.28-1.36 (1M m), 1.50 (1K, dd. J = 7.4, 12.5
Hz), 2.15 (IH, ddd, J=2.7, 9.0, 12.5H2), 2.33-2.37 (1H, m). 2.37 (34, s). 2.50 (2H. s). 2.53-2.56
(14, m), 3.14-3.18 (14, »), 2.32 (1K, d, J=13.3 Hz), 3.36 (IH, <& J = 13.3 Hz), 5.70-5.72 (IH,
m), 5.97-5.98 (1H w), 7.23 (24, d, J = 7.8 Kz}, 7.70 (2H 4, J = 7.8 Hz).
Minor isomer:
& 0.91 (3H, t, J = 7.4 Hz), L. 36—1 42 (1H. m), 1.56 (IH, dd, J =6.7, 13.7 Hz). 1.81-1.88 (2H,
m). 2.37 (34 s), 2. 19 (2H, s), 2.70-2.77 (IH, m), 2.97-3.04 (14, m), 3.12-3.19 (3H. m), 3.32-3.35
{1H. m), 5.64~5.66 (1, m), 5.81-5,84 (1H. m). 7.23 (CH, ¢. J= 7.8 Hz), 7.70 (K. d, J = 7.8 Hz).
41(41-h) | 1H MR (CD300. 400 MHz):

Major isomer :

5 0.85 (34, ¢, J=17.
Hz), 2.05 (IH, ddd, J
3.12-3.24 (34, m), 5.
Minor isomer:

6 0.90 (3H. t, J = 7.4 Hz), 1.35-1.42 (1H, m), 1.55 (4H, dd. J = 6.7, 13.7 Hz), 1.72 (1H, ddd.
J=2.7, 8.2, 12.1Hz), 1.83 (IH, dd, J=7.8, 12.1 Hz), 2.46 (2H. s), 2.67-2.75 (IH. m). 2.95-3.02
(14, m), 3.12-3.25 (3H, m), 5.70-5.72 (I, m), 5.76-5.78 (1H, m).

MS (ED}: miz: 209 (M+).

Anal. Calcd for CI2HIONDZ: C 68.87: H 9.15: N 6.69: Found: C 68.32: H 9.24; N 6.68.

2.7, 9.0, 12.3 Hz), 2.31-2.37 (IH m), 2.47 (ZH, s), 2.51-2.57 (IH, mw),

4 H2), 119-1.27 (IH w), 1.27-1.35 (IH, m), 1.48 (iH, dd, J = 7.4, 125
76 5 78 (14 =), 5.92-5.93 (IH. m).

IR (KBr): em—1: 2958, 2641, 1621. 1511, 723.




DNA

was el ectrophoresed on 2.0% agarose gel. After the

el ectrophoresis, the gel was stained with ethidium
brom de. Then, a band portion corresponding to

appr

irradi ation using a razor

t her

oximately 100 bp was_ SF@9r@ted under W/
bl ade. DNA was extracted
efromusing a gel extraction/purification Kkit

(MniElute Gel Extraction Kit (Q AGEN)) according to

[TaHe

Itlot ocol included in this kit. [0157] The

obt ai ned DNA fragnment and the. al ready-cl eaved pRK5
were ligated using a DNA ligation kit (TAKARA BIO

I NC.

) according to the protocol included in the kit.

VWth this reaction product, E. Coli DH5a conpetent
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at haetwn 1. Was-2 40fil, BN 2z oA SOWASHE 8RN di % GL 0Ny - 2.7,
al6l gtwgiz) B'95-3.99 (1L m). 5.11-5.17 (2H m). 5.48-5.49 {IH, m), 5.60 (WM, br s), 6. 56-6.66
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1212l
t he

N & 1@ ehZyHe Xbal  ( TOYOBU CTO, LIU.), and both

esnds«i (9H. s). 1.44-1.48 (1H, m), 2.01 (IH, ddd, J = 2.4, 8.6. 12. 1 Hz), 2.24 (1K, d. J = 14.1
Hz), 2.24-2.29 (IH, @), 2.31 (1H. d, J = 14.1 Hz}, 2.56-2.63 (1K, m), 2.78-2.86 {IH, m). 2.88 (24,
s), 3.04-3.08 (1L m), 5.10-5.14 {24, m), 5.77-5.78 (IH. m), 6.66 (1f dd. J = 10.2, 17.6 Hz).

42(42-g)

1H MR (CD30D. 400 Miz):

4 1.51 UIH, dd, J=7.4, 12.5Hz), 2.20 (1H. ddd. J = 2.7, 8 6. 12.5 Hz). 2.30-2 34 (IH, w). 2.37
(3H, s), 2.51 {2H, s}, 2.63 (1K, dd, J = 7.8, 16.4 Hz), 2.91-2.99 (1M, m). 3.22-3.26 (1H m}, 3.3l
(14, d, J = 13.3 Hz), 3.36 (IH d J = 13.3 Hz). 5.16-5.21 (24, m), 5.68 (IH, br s), 6.68 (IR
dd, J=11.0, 17.6 Hz), 7.23 (28, d. J = 8.2 H2). 7.71 (31 d. J = 8.2 Ha).

42(42-h)

Mp. 183-185C.

1H MR (CD30D, 400 MHz):

6 1.48 (1H, dd. J=7.4, 12.1Hz). 2.11 (IH. ddd, J=2.7, 8.6, 12,1 Hz), 2.27-2.32 {1H. m), 2. 48
(2H, 5, 2.60 (14, dd, J=7.4, 16.0 Hz), 2.90-2.97 (1K, w}. 3.17 (IH, d, J= 12.9 Hz), 3.19-3.24
(iH, m), 3.22 (14, d. J = 12.9 Kz}, 5.12-5.17 (°H m}, 5.75 {(H, br s), 6.67 ({1 dd, J = IL.0.
17.6 Hz).

MS (FAB): m/z: 208 (M+H)~+.

Anal. Calcd for CIZHITNGZ: C 69.54: H 8.27: N 6.76: Found: C 68.74: H 8.10: N 6.76.

IR (KBr): em-1: 2905, 2648. 1634, 1525, 1397, 896.

43(43-a)

1H NoR (CDC13. 400 MHz):

6 0.12 (BH, s), 2.17 (IH, ddd. J = 1.2, 6.7, 12.9 He), 2.30-2.36 {IH, m. 2.49-2.55 (1H, ).
2.56-2.63 (1M m). 2.72 (M, ddr. J=2.4, 7.8, 16.4 Hz), 3.52-3.57 (1H. m}. 3.81-3.96 (4i, mw),
6.02 (1H. ddd. J = 2.4, 2.4, 2.4 Hz).

43{43-b)

1H NMMR {CDC13, 400 MHz):

Major isomer :

§ 0.20 (9H, s), 1.45 (9H, s). 2.39-2.45 (1K, m). 2.76-2.79 (I1H. w), 2.80-2.86 (IH, m), 2.91-3.00
{iH, =), 3.31 (IH, ddt, J=2.7, 8.6, 18 4 Hz). 3.96-4.0! (IH, m). 5.46-5.48 (IH, m), 5.94-5.98
(iH. m).

Minor isomer:

§ 0.20 (9H. s). 1.48 (9H, s}, 2.38-2.45 (1H. m), 2.51-2.57 (I8, m), 2.71-2.75 (1K m), 2.91-3.00
(2H, m), 4.37-4.42 (IH. m)., 5.37-5.39 (IH, m), 6.16-6.18 (i m).

43(43-c}

I MR (CDC13, 500 MHz):

8 1.45 (9H, s}, 1.64 (1, dd. J=7.3, 13.2 Hz}, 2.29-2.34 (IH, m). 2.36 {1H, ddd, J = 2.9, 8.8,
13.2 Hz), 2.49 (2H, s}, 2.72 (1K, ddt, J = 2.4, 8.3, 16.6 Hz), 2.90-2.96 (1H. m). 2.08 {IH. s),
3.37-3.38 (IH. m). 4.77 (UH d, J = 11.7 Hz). 4.83 (1K d, J = 1.7 Hz2), 6.04-6.05 (1L m).




of the DNA were blunt-ended using Kl enow fragnment
(TAKARA BIO [INC.) . The blunt-ended DNA was further
digested with a restriction enzynme Notl (TOYOBO CO. ,

LTD. )
a- 2)
DNA f

and purified in the sage_way as in paragraph
This pRK-SK thus made Tinear and the first half
ragnent of the human Cacna2dl gene obtained in

par agraph a-1) were el ectrophoresed on 1.0% agar ose

[Tgels

aRd DNAs of approximately 4.7 kbp and
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| O L
Seqyence . u§hggcg¥lgl§lﬁggeggegg{g§nm¥bgg g %t Arpligdse, 34 g

Bi oSyst eis

confirmthe intro i on of t he
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magneSLum stearate are mixed using a blender and then

compressed using a tableting machine to obtain a tablet.

[0153]

(Test Example 1) Construction of human calcium channel

subunit opd: (hereinafter, referred to human Cacna2dl) gene

expression plasmid, and preparation of human Cacnazdl-

expressing cell membrane fraction

a} Construction of human Cacna2dl expression plasmid

pRK/hCacna2dl

a-1) Preparation of DNA fragment

The human Cacna2dl gene was cbtained as two fragments,

the first half and second half fragments. PCR was performed

using a cDNA library (QUICK-Clone c¢DNA Human Brain (Clontech




The obtai ned plasm d was desi gnated as pRK/ hCacna2dl .
[0159; Db) Obtai nment of human Cacna2dl - expressi ng 293
cell Iine 293 cells were transfected with the human
Cacna2dl expression plasm d.gRK/ hCacna2dl constructed
in paragraph a), and a celﬂ“ i ne stably expressing
human Cacna2dl was obtained wth human Cacna2d
protein expression as an index. Specifically, 2x106

Labogaterieswefeci hocabatetienpieta 6ncmendiesizyard KOD
cultured for 12 hours. Then, the cells were

PotpTPanSt etT@HOBPt A0S, gLEP - pRRCHCAEAARIC candheCp5 o oob la
nepn%cin-resistant gene expressjon plasm d pSv2neo

PLP¥IOhtethy “sfngaYPRansieR tPoH? Bagentd LVpas eciani hlee

.Plus (lnovitrogen Corp.) according to the protoco
f*p?ﬁv?ﬂLﬁ 079 ﬁ%treaggﬁ?fs FGYG@?:t%ﬁef8é9P§lPﬁu§equenceS:

- sfected |lected, then inoculated onto,a .
P ot ohe AP S ae T oG S Gh e P cPor B ks ac-
31 nsBYEM) (hovi {1 0ggnyCorp.) supplemented with 10%
fetal bovine serun1?Cansera I nternational, Inc.) and
pr5@0r 9f b GHB.{LAVELN 99€hcERER ) aathfcc-3t (SFQ ID NO: 2);
neomyci n-resistant célls - 198~ that successfully
anfiormed colonies were isolated. After expansion
culture, the cells were collected, and the cell
foryshtespasn@viak Lt Edabyelest erimassayiatvdngbtaien fallowing
human Cacna2dl - expressing 293 cell line. In the
segesneen: assay, anti-hCacna2dl anti bodies (Chem con
Inc.) were used as prinmary anti bodies. [0161] «c¢)
Prprepad at ? o2 dFIeer ptreAbEARECRRACEDBRCOF SHuMERQ ID NO: 3),
Cacna2dl - expressing 293 cell The hunan
al®acna2dl - expressing 293 cells obtained in paragraph

p %%ame e cultured in large scale in DVEM (I nvitraqgen
TEFh. ) suppteHERPRHCH FRS 109 FEFaFIBOGFAESBergm  (SEQ TD

Nogcgpsera

purchased from SIGMA GENOSYS. The PCR reaction was performed
for both the first half and second half fragments using a

thermal cycler (GeneAmp PCR System 9700 (Applied Bicsystems,

Inc.)) through a process involving heating at 94°C for 1
minute, then 35 thermal cycles (94°C for 15 sec., 60°C for 30
sec., and 68°C for 2 min.), placing at 68°C for 5 minutes,

and cooling to 4°C.
[0154]

These two reaction products were purified using a PCR
product purification kit (MiniElute PCR Purifica=ion Kit
(QIAGEN)) according to the protocol included in this kit.
The obtaired Zirst half fragment was digested with a
restriction enzyme Notl (TOYOBO CO., LTD.). The second half

fragment was digested with restriction enzymes Clal (TOYOBO



International, Inc.) and 500 g/m 418 (Invitrogen
Corp.), and the cells were collected. A protease
i nhibitor (Conplete EDTA free (Roche Applied
Sci ence)) was added in an_agggng recommended. for the
reagent to a binding assay bdrfer (10 M MOPS (pFH
7.4), 10 mM HEPES (pH 7.4), 100 MM NaCl) to prepare a
menbrane fraction preparation buffer. The coll ected
COgel 1ED. WweprdwBshdd WOKOBAeCAenbLaMe )f.r aBtibsaquently, these
preparation buffer and then honpgeni zed using an
frePReRS®NYBAEOPUTTREAD BRENThamBEERatenwas odestr plhugédcation
kiat &2,9@? rgn1at 4C for_1 hour ,gsin& a_centrifuge.
TrhETSupRr HEEaREAGAL ORI SEERAER, Kafkd (PREGEN écippicoareng to
was_suspended in the,mepprane . fraction preparation
thbu?f%ﬁ9g%gelBFg8g85rénfggﬁ?tEétultrasonication usi ng
[0 g!trasonicator to the suspension of the precipitate
a?ter centrifugation was further repeated three tines,

a-2ndpriberobt ghngd suspgnsi on was used as a human
Cacna2dl - expressing cell menbrane fraction. The total

| evide Qﬁul%l&ﬁﬂﬁf'@ﬁt&or}‘i@f@ﬁqaf el Ne DBOPLARG o 45 Mcs)

fraction was cal cul ated from UV absofbance af a '
of waw eeepgéhs 06n288coer pRA62For(FasShakxaBnhe 28D Pharmingen)

Construction of detection systemfor binding reaction
wapetherpeCatnalde HA8 Gabapeattor(beteesafrtier, 2 (STRATAGENE)

referred to as GBP), and detection of Cacna2dl/ GBP
toppelbaye 2ewetton. i Mnditfdrar by vikRKeswad coapoamdsith

of Exanples a) Construction of detection systemfor
reHihbFheCr eBREVBRS bekhedROTABAaZ8l - ahdDGBPaTHe Hhnagn (TOYOBO
COC‘ac dI-eXﬁressinchell menbrane fraction and GBP

| abet e wi FRAaCPERI BReotBpe 3F théPePNAf Were EBRBr péynt-

. . 3H GBP; Tocris Cook td. diluted with
ook, B0 T Rl oE RO bR gt D
P n t final trati
endi gt pby dePha BhOR B, Bt pPoraln Rever tang.
alﬁéiiﬁélp§$§§£§%§9@c?ﬂéféih9§t8£, referred to as CIAP;

TAKARA BIO INC.), and the fragment was then purified using
MiniElute Reaction Cleanup Kit (QIAGEN). Then, this enzyme-
treated DNA was electrophoresed on 1.0% agarose gel. After

the electrophoresis, the gel was stained with ethidium
bromide. Then, a band portion corresponding to approximately
4.7 kbp was separated under UV irradiation using a razor
blade. DNA was extracted therefrom using a gel
extraction/purification kit (MiniElute Gel Extraction Kit
(QIAGEN) ) according to the protocol included in this kit.
(01561

To obtain a DNA fragment corresponding to the MCS of
pBluescript 2, pBluescript 2 was treated with restriction

enzymes Sacl (TOYOBO CO., LTD.) and Kpnl (TOYOBO CO., LTD.),



4.5 nM respectively, to prepare 120 | of a reaction

solution, which was in turn left standing at 4C for 3

hours. This reaction product was added to wells of a

filter plate (UniFilter 35Q,GF/ B (Whatnan)) and

filtered through the filter. Then, a washing

procedure involving the addition of 350 | of a

bi ndi ng assay buffer (1_0 nM MOPS (pH 7.4), 10 nM
angiEpEs (pRe 7eays 2botids NaXR) wane £henr At hoh-ehdedghsing
x14.he %ilter wa rggeated three times. The filter plate

Wod¥ tho?PBeghl yTor Ry, BARdiVhe ) undehen detbs SRaveg-treated
DNKV&gr e?ddjction of §$ I ogmggcroscint 20_( Per ki nEl ner

Fne?y, S the " Oppef *3trfaRe’ wds 4P36°858aP8d,; ohtter the

Lation, ived f t radi gi.sotope 3H.r.emai ni ng .

el%ﬁ?%ﬁ%hgTT?g%’mégec%%glggsugrggne?ogtggn?‘FﬁgFEPnEF de.
ThdmC. ). . gbtaip a, 20 val ue_obt ai
T R URT abaT e B 1 ChARL At PP Y R o250 T 190 oo

wad | faba £9PEENEHAL | Oy OIr?—QdMaEQohthEﬁssgpkg%:ﬁam‘%ﬁ. DNA

por}

subtracted as that derived from nonspéci

waAdsot phtoad BRdrethemobtahged yahuexvwascHseH/BortiR€cation
specific binding |l evel of 3H @GP to Cacna2d_"(unit:

kit couwmiFluf@163] Eb)jrdetecthi BhtofQCAGARPHI AGBBrhiAdi RG the
reaction inhibitory activities of test conpounds Each

Prefee¢okopolndedasn addes Bitvari ous concentrations to

~_the Cacna2dl / GBP bi nding reaction detection assay

[O%%%%tructed in paragraph a), and the binding | evel was

nmeasured by the nethod described in paragraph a) Then,
wi the tog%t%a%%éﬂ% CEBPEHELT 132 b i 3 ¢ 2t © bdR B A eBRKS

B! { s BICLLLED Slpthe corpeunt ot SpgRERTLISt o0 ¢
“CGeringd a8 *rombrrery raretperY LA RebTRAERPOM A e
reéé@iaﬁspﬁgégéajnﬁﬁ @8§§dDQ§atQSm£8LER%‘lelgq%%b§8%b Co.,
LTD.) were transformed to obtain ampicillin-resistant
colonies. Some of the colonies were collected, and the
collected colonies were then cultured. From the obtained
bacterial cells, a plasmid was extracted and analyzed for its
nucleotide sequence using a DNA sequencer (Model 3700
(Applied Biosystems, Inc.)) to confirm the introduction of
the MCS sequence in the pRKS5. In this context, a vector in
which, when the CMV promoter is viewed as being located
upstream, the MCS sequence was incorporated such that it was
oriented in a downstream direction as follows: 5'-
ccaccgcggtggcggecgctctagaactagtggatccececcgggetgecaggaattegatate
aagcttatcgataccgtcgacctcgagggggggeccg-3' (SEQ ID NO: 5) was

designated as pRK-SK, and a vector in which the MCS sequence



Inhibitory rate [x] (0)=(1-(binding Ievel [x]/Dbinding
level [0]))x100, wherein the binding level [0] refers
to the binding | evel of 3H GBP obtained without the
addi tion of the compound. _Thg.i nhibitory rate was
pl otted agai nst the concentration. Fromthis result,
an "1 C50 val ue" was cal cul ated, which is the
concentration o= the test conpound necessary for
wapnhnBPrPAgaseds of €acri2ghteBPobi rgPRgitEhéhegstto was
results of the test conpounds are shown in Table 2.
deppg8ated02s- PR¥abFe 19] Exanple 1C50 (nM) 51 2 27 5
24 6 26 36 8 28 9 32 10 28 11 89 12 32 13 200
(03288 5. 15 73 16 65 120 18 670 20 100 21 14 22 10

a-3) Construction of plasmid

The pRK-SK cbtained in paragraph a-2) was treated with a
restriction enzyme Xbal (TOYOBO CO., LTD.), and both the ends
of the DNA were plunt-ended using Klenow fragment (TAKARA BIO
INC.). The blunt-ended DNA was further digested with a
restriction enzyme Notl (TOYOBO CO., LTD.) and purified in
the same way as in paragraph a-2). This pRK-SK thus made
linear and the first half DNA fragment of the human Cacna2d:l
gene obtained in paragraph a-1) were electrophoresed on 1.0%
agarcse gel, and DNAs of approximately 4.7 kbp and
approximately 1.5 kbp were extracted from the gel and
purified in the same way as in paragraph a-2). The obtained
two DNAs were ligated in the same way as in paragraph a-2),
and E. coli was transformed with the ligation product. From
the obtained E. coli clones, a plasmid was extracted and
analyzed for its nucleotide sequence using a DNA sequencer
(Model 3700 (Applied Biosystems, Inc.)) to confirm the
introduction of the sequence represented by SEQ ID NO: 6
therein. Next, the obtzined plasmid was treated with
restriction enzymes Clal (TOYOBRO CO., LTDL.) and BamH (TOYORO
CO., LTD.), and CIAP treatment and purification were

performed in the same way as in paragraph a-2). This plasmid

DNA thus made linear and the second half DNA fragment of the
human Cacna2dl gene obtained in paragraph a-1) were

electrophoresed on 1.0% agarose geil, and DNAs of



23 41 24 85 31 14 [0165 (Test Exanple 3) Mechanica

hyperal gesia assay It has been reported that aninmals

wi th peripheral nerve injury and di abeti c nodel

ani mal s exhi bit hyperalge3|f al I odyni a synpt ons

to nmechani cal or thernal stlnulatlon In the present

i nvention, mce suffering from nechanica

hyper ai gesi a were used in evaluation. The m ce were
apricekimate edd forkiso anduiesroninapeastiic8 shgewkoe

measurenent. Then, the test conpound was orally
eXGERF TSI T @l Fo°t Bl nhee, PWhi chedetd FRet aRRcevaluasedn

for mechanj cal hyperalgeS|a at a neasurenent tine
Paﬁm%r% %bd thye h}f@rmﬁd Gwp &%@ewwethég%w imneghe

val uati on neczz i cal % er al gesi a was

Sa%%ﬁ%%%t%% b@ %?5%9{?%? c £ 788t FonCOdf PRE MEERBEOsMed
w1t ?k%Tgé%lo%eépalnc§6 Q5 1O%ﬂﬁ%dﬁb %%%odcgnngfl cf%nﬂs,

conpound

a ﬁy@gﬁﬁégs§éaexépsetéacgﬁéyangEgyée'9@& lﬁgpﬁﬁehgssglng

was eval uat ed by assessi ng, on scores accor

sed@eitbe (ol how ngNgrgésﬁéﬁcepehma@F kRdycedobY ied
pressing 1.4 g of von Frey filament onto the sole of

Biddestams Mainc0) ) nbor eSPONSE, tlle Wht hdaawal ohr g vaa
Frey filanent, and 2: shaking or licking of the hind
sepaancemech at¢ eéytafitiey she IBtNOul @t iancthknveaeor pRK-SK.
measurenent, 6 stinulations were given to the mce,
Thanebthinedtplasubdevwaasdgsednased pai RRECbEecnFAdlt est

conpound was eval uated by cal cul ating 1 D50, which is
[0} ¥e! dose of the conpound that offers 50% i nprovenent

relatjve to the rain score_of a vehicle-admnistered
b,CQQEﬁgnmenu of human Cacna2dl-expressing 293 cell line

293 cells were transfected with the humarn Cacna2dl
expression plasmid pRK/hCacna2dl constructed in paragraph a),
and a cell line stably expressing human CacnaZdl was obtained
with human Cacna2dl protein expression as an index.
Specifically, 2x10° 293 cells were inocula=ed onzo a $6 cm
dish and cultured for 12 hours. Then, the cells were
cotransfected with 5 pg of pRK/hCacna2dl and C.3 pg of a
neomycin-resistant gene expression plasmid pSV2Z2neo (Clontech)
using a transfection reagent Lipofectamine Plus (Invitrogen
Corp.) according to the protocol provided for the reagent.
[0160;

The cells thus transfected were collected, then
inoculated onto a ¢15 cm dish after dilution, and cultured
for 2 weeks in DMEM (Invitrogen Corp.) supplemented with 10%

fetal bovine serum (Cansera International, Inc.) and 500

pg/ml G418 (Invitrogen Corp.). The neomycin-resistant cells



In these nodels, for exanple, the conpound descri bed
in Exanple 2 exhibited I D50 of 10.4 ny/ka. (Test
Exanpl e 4) Thernmal hyperal gesia assay In the present
invention, mce and rats §u£F ring from therna
hyperal gesia are used in evaluation. The test conpound
is orally adm nistered to the animals, which are in
_turn evaluated for thermal hyperalgesia at a
thyeazteenenfut i vef preeet ep hdhedsbyeaspéssdntied. chaf ger
of the test. Specif-ca=ly, the sole of the hind paw
CXRANTHA anthEPr e stRher bl § ywsERnGPALedtedndatHethat entll
1 éi@ﬁ to w thdrawal . behavior such as |icking or
Y Sk oS oF VR he patv P HeakufBdeSSETeEP EREAPReashumsRd
t - 203 t he. present invention, mce and
Ca%ﬁ@ s%?ére??%@n?r%% %%Jr]g gf”l"%dyn‘rpa {a\?% PP ih assay,
Y ' The._ e i .cold_allodynia is
SR e S R s e

prahary Behavboyral, Pharnmacol ogy 19, 85-90, 2008).
Specifically, the animal is placed on a netal plate

[0Bd1Ra |low tenperature, and the latent tinme to
observabl e hind pawlifting behavior and the duration

c) dfrdpeerpabeh it i gl behawbodnar eraeasyneds (d8st cacnazdi-
Exanpl e 5) Acetic acid-induced withing test in mce

SXORS IR ¢Ohpowhd is orally adninistered to nmice, to

whi ch 0.6% acetic acid is in turn adm ni stered

i n Teaderiato e nay B exnrssstimegneh 3 tdavel pravet ered ned

%¥ a l{)erson in charge of the test. The total nunber
PaIFINGRY M hg'eTehatt vieqd sl olmted Fer1201i AUEYs ({hvohrogen

5 mnutes, after %ﬁe. intraperitoneal admnistration to
CO?ﬁ;ﬂﬁ?ﬁRé&?T?ﬁﬁ%efY%ﬁ _l&iT-g?aﬁagﬂ%}%e6§erum (Cansera

juvant -induced arthritis pain_ t in_rats An

I 4 . : ] r
nﬁ}%nua{/taln N3% pridpar eaon%y%dptﬁl‘\l/%ﬂuzl ﬁéiﬁe_&&@mw%@en Corp.),
an&ngﬂé”déﬂl§€wg§egaaNM&QQQ?Fe@i. Q¥t [d cum ysing a

agate nortar an then suspendll%ﬂ:dD %é%ﬁx% ﬁﬁé%ﬂ cmplete
EDTreairsd e(RddiZ€thpplied Science)) was added in an amount
recommended for the reagent to a binding assay buffer (10 mM
MOPS (pHE 7.4), 10 mM HEPES (pH 7.4), 100 mM NaCl) to prepare
a membrane fraction preparation buffer. The collected cells
were washed with the membrane fraction preparation buffer and
then homogenized using an ultrasonicator. Then, the
homogenate was centrifuged at 12,000 rpm at 4°C for 1 hour
using a centrifuge. The supernatant was discarded, and the
precipitate was suspended in the membrane fraction
preparation buffer. The procedure from the ultrasonication
using & ultrasonicator to the suspension of the precipitate
after centrifugation was further repeated three times, and

the obtained suspension was used as a human Cacna2dl-

expressing cell membrane fraction. The total level of




liquid paraffin, followed by ultrasonication. This
adj uvant (100 g/0.05 m/paw in terns of the anmount of
the heat-killed bacterial cells) is intradermally
injected into the right hiRdgpaws of rats to induce
arthritis. On day 18 after the adjuvant treatnent,
the pain test is conducted. Specifically, the test
conmpound is orally admnistered to the animals. Their
Probedpfi BPRFAEBRAL $Nareef MeRed iy é reicyienatwas calculated
nmeasurepent tinme predeterm.nned by a person in charge
frgp @#eaggﬁrbﬁ8§?,g5n8 VRECAGREES 6F ¢8Calfzati ons
[Oég-i% is recorded as a pain score. [0166" (Test
Ahpl e 7) Electrically induced convul sion test The
st ng,i r.al | m ni.stered . to mce. Their . .
(T%grngggﬁpggnghé?ﬁé%é§é§§§Pe°§F8€FFF6&PPyS%ﬁﬁﬁﬂzﬁ%ﬁjbl“dlng

reéégib%'beégegﬁ'CQC%a?@@‘Lnﬁsb%%a %n%&%cukkge'nafter,

stinmul ation apparatus and a bipolar electrode at a

refBasdRerBNL st AP) pr adet gerred by & C@%&%@@ﬂ/@éﬁ“ﬁﬂﬂaing
of the test, and the presence or absence of tonic

regxtenai onnobitbeyhipdipawies oliseoweduard HECH:Edehles
(Test Exanple 8) Pentyl enetetrazol -i nduced convul si on
a) téshsThectesh obdnpetrdtisnosglstymadsirnibstheried; treagtden
to which a pentylenetetrazol solution (85 ng/10
beriegrgCadnsgdivedd GRPsaline) is in turn adm nistered
hypoderm cally at a neasurenment tinme predeterm ned by
a pErgonnan charyel@dl —eHeresasngd Thelpresbnsacofraction and
bsenc f clonic caonvul sion i observed and recorded
5BBy¢roSgefh Hats )

ver©s s FRESPiERAfPre B) (PRA7&HBREFBR, FRéSTred to
osShLScle oLl B csentoheR: | on. can, Doy SSTLLIE] DYoo
=< 1§V gtk sghommeAG Ebctationdl s L 85,8 WRALR ) o
mM(ARPB) ) PREYEARN nal concentration of 2.5 mg/ml in terms of
the total protein level and a final *H-GBP concentration of
4.5 nM, respectively, to prepare 120 pl of a reaction
solution, which was in turn left standing at 4°C for 3 hours.
This reaction product was added to wells of a filter plate
(UniFilter 350 GF/B (Whatman)) and filtered through the
filter. Then, a washing procedure involving the addition of
350 pl of a binding assay buffer (10 mM MOPS (pH 7.4), 10 mM
HEPES (pH 7.4), IOO.mM NaCl) and filtratiorn through the
ilter was repeated three times. The filter plate was
thoroughly dried, and the underside was sealed. After
addition of 50 pl of Microscint 20 (PerkinElmer Inc.), the
upper suriface was also sealed, and radiation derived from the
radioisotope °H remaining on the filter was counted using

TopCount (PerkinElmer Inc.). From the obtained value, a



(http://www.n
nnds. ni h. gov./fundi ng/ resear ch/ asp/ addadd _revi ew Pd=)
I ndustrial Applicability [0167; - 205 A conpound of
the present invention or a ;gharnacol ogically
acceptabl’'e salt thereof can be used as an active
i ngredient in a pharmaceutical conposition for
treating and/ or preventing pain or disorders such as
va o st Ines W@ AR T it rdbe et eRB 655¢ AT ATPRECHKYC . )
for Sequence Listing [01681 SEQ ID NO 1: PCR sense

at g iffErk GOnAE TIASOhaa§ 40 afiert Bic Pmemn CahaRdl vas
R T e e SR AG 40 b She 1B anc

antisense priner for the second half . fragnent. of 1 mE
B0 T vcdngf&g“%lﬁ%a%:“ %%ﬂ‘sle%s%*%cril*n r1FBE OF

sp-Ehe secead Rakh (hragnent.ofyhyman Cacnaz dl . SEQ _D
NO 5: nmulticloning site of a vector pBiuescr_pt 2.
(012806 - CLAIMS 1. A conpound represented by the general

formula (I or a pharnacol ogically acceptabl e salt

p) thedeafion 4R AR RBEEEMding Beadliol, ifRRBi ok,
wher ei n

activities of test compounds

Each test compound was added at various concentrations
to the Cacnaz2dl/GBP binding reaction detection assay
constructed in paragraph aj), and the binding level was
measured by the method described in paragraph a). Then, with
the Cacna2dl/GBP specific binding level obtained by the
addition of the compound at a concentration of x nM defined
as "binding level ([x]" and the Cacna2dl/GBP binding
inhibitory rate thereagainst defined as "inhibitory rate [x]",
the inhibitory rate (%) was determined based on the following

equation:

Inhibitory rate [x] (%)=(1-(binding level [x]/binding level
[0]1))x100, wherein

the binding level [0] refers to the binding level of *4-GBP
obtained without the addition of the compcund.

The inhibitory rate was plotted against the concentration.
From this result, an "ICsy value" was calculated, which is
the concentration o the test compound necessary for
inhibiting 50% of Cacna2dl/GBP binding. The test results of

the test compounds are shown in Table 2.

[0164]



S gqR1, Rz,

R2', R4, R,

R6, R, R8, and RV are each

i ndependently a hydrogen atom a hal ogen atom or a

Cl-Co

cycl oal kyl

atom a Cl1-C6 al kyl
hydr oxy- C1- C6 al kyl
Cl C6 al kyl

[Tstl & anyl -

al- kvl aroy
a+—KY+—gt

al kyl
carbon atomto

group, or
which th
group; and R3
N-
gro

gro

a C2-C6 alk

R and n*:

together with the

ey are bound forma C3-C7
rs28lhydrogen atom a hal ogen

C6 al k}yl halide group, a

up, a ~. _ _ group, a

up, a Cl-C6 al koxy-Cl1-C6

a

GEBCB %Mkoxy q

<enyl group, a C2-C6 al kyny-

gr oup,

a (

506 al kyl sul

roup, a Cl-C6 al kyl sul fanyl
fanyl -Cl - C6 al kyl group, a

2 C2-C7 acyl

tdu 0-C1-C6 al k

Y, group, a C2-C7

R acyloxy-u

%P al Kyl

gr ou'[p’

or a C3-C7 cycl oal kyl

npounu

cording to claim1l1 or a
able salt thereof, wherein R-

he conpound according to claim

cally acceptable salt
and R2 are hydrogen atons.

T

llto 3 or a

2% onpound acc
ghar nacol ogi c

ording to any one of clains -
al |y acceptable salt thereof,

22wherein R3 3% a hydroge

n atomor a Cl1-C6 al kyl

13group-. 5.|Zde@ conpound according to claim4 or a
12pharmacol ogicalTy acceptable salt thereof, wherein R3
151 S a hydrogep atom a thyl group, an ethyl group, a
1 gPTOpyt—groups—or—a butyt group. 6. The conpound
_Haccoru.ﬂg ﬁib?%&i??S or—a phar macol ogi cal |y

- ‘acceptabl & %? t+—t+-hereof——+ wherein R3 is a hydrogen atom
184 an et-hyt %roup. 7—The conpound according to any
200ne of claib®C=to 6 or phar macol ogi cal | y
2lacceptabl e $4lt thereof,|wherein R- is a hydrogen
Z22at om 10 i

23 41

24 85

31 P14

[0165;

(Tesz Zxeample 3) Mechanical hyperalgesia assay

It has been reported that animals with peripheral
injury anrnd diabetic model animals exhibit

alicdynia symptoms

the present

[Re

invention,

mechanical

nerve
hyperalgesia and

PN

or thermal stimulation.

mice suifering from mechanical

hyperaligesia were used in evaluation.

The mice were acclimatized for 30
cage for measurement.
administered to

mechanical hyperaigesiz at a measurement

by @ perscn

the mice,

in charge of

Then,

“he testT.

minutes in a piastic
the test compound was orally
which were in turn evaluated for

Time predetermined

The evaluation oz



8. The conpound according to any one of clains 1 to 7
or a pharnmacologically accept-able salt the_eof,
wherein Rs is a hydrogen atom 9. The conpound
according to any one of clai l1to8or a
phar macol ogi cal |l y acceptabl@n§art thereof, wherein R
is .~ hydrogen atom 10. The conpound according to
any one of claims | to 9 or a pharmacol ogically
medggeptabl aypakt theteofas whereioreR bys za palnydredgen
atom 11. The conmpound according to any one of clains _ }
mod:fockB@ior af phar mcbbdgiocalllakasedepteablad -salfain 86 95-1C1,
thereof, wherein both RE and R E are hydrogen atons
200012« oAcphranmd;h@gFéaleW &Cc épteallas s fGTRFUNE on
conpound accordlng to any one. of glalns | to i
neghendics it RYPEGa . geﬁﬁarnaEBFSQﬁ&ﬁﬁk yacFeﬁF&Bﬂé alt is
hydrochlorlde benzenesulfonate

hypere @efesu " eon &V& L U3 €A éorfp%ﬁﬁflr%r atie by The" S
eneral_formila Qr_ a I jnauve
*caeceptible At | B S s R i
p%ﬁﬂfﬁﬂg'are eavéﬂE |ndeoeﬁ’f:lenr][au%l1 opeeh i fWie e the

ydrogen atom a
hal.ogen atom or a O-C6 aIkyI group, or R2 and R2
Ijtogether wWth the carbon atomto which they are bound

o f ordn & G3s:(Fe eyl aaldydrgioupsrandvd3 Fsep hydaogen, and 2:
atom a halogen atom a Cl-C6 alkyl group, a d-C6

st ikl g hat | Tecigroupy £ a iy dr oxy - Glw Comag§ybtely after the

stimulation.

In one measurement, © stimulations were given to the
mice, and the total score was used as & pain score.

The test compound was evaluatec by calculating IDsg,
which is the dose of the compound that offers 50% improvement
relative to the vain score of a vehicle-administered group.
In these models, for example, the compound described in
Example 2 exhibited IDsg o 10.4 mg/kg.

(Test Example 4) Thermal hyperalgesia assay
In the present invention, mice and rats suifering from

thermal hyperalgesia are used in evaluation.

The test compound is orally administered to the animals,

j$))

which are in turn evaluated for thermal hyperalgesia at
measurement time predetermined by a person in charge of the
rest. Specifically, the sole of the hind paw of the animeal
is thermally stimulated, and the latent time tc withdrawal

behavior such as licking or shaking of the paw is measured.

(Test Example 5) Cold plate test




group, a sulfanyl-C1-C6 al kyl group, a Cl-C6

al koxy-Cl1-C6 al kyl group, a C2-C6 al kenyl group, a
C2-C6 al kynyl group, a Cl-C6 al koxy group, a Cl-C6
al kyl sul fanyl group, a C1-C6 al kyl sulfanyl-Cl-C6

al kyl group, a C2-C7 acylth¥Peé-d -C6 al kyl group, a
C2- C7 acyl oxy-Cl1-C6 al kyl group, or a C3-C7

cycl oal kyl group. 14. A conpound represented by the

genal alhd osmad & | D) v &%~ 8on phat sacoh 9ok gakl ¥Yuffering from
acceptable salt thereof: - 209 - R4 6 R ~~-NHR R3

col®OR71 6P ia0arRRseR2iR evR1taRiowherein 7 ¢ 7 E
R-, R, R, FO R, P. , P. , R, and P. are each
i ndepenstent byt sohydf ogehd ad bhndanhal bgenaocatiodtedr aacording
Cl-C6 alkyl group, or R and R together with the
tocahboncarorh 06 Tahiwhtrh¥prar etbeund (Behmved oC3-2C7
_cycloal kyl group; and R3 is a hydrogen atom a hal ogen
PRt BATOROEL- Eﬁyﬁo,gesaﬁ 2 TACTBEaFkyLYhat hdeaninal is
roup, a h droxy - C6 alkyh groug a sulfan_y]-C1-C6
pl%???loﬁrﬁu%e“a C2- é@eaﬁkoi yOr FEBPeEPkYESgr GG &€ latent
C2- C6 a ken rou 2 . | .group, a Cl-C6
ciiF oy Sgreagebieanes gﬁwy@urﬁaﬁy%‘*a%ef&ﬁr 579 f8§ duration
=al fan kyl u
OLaégFtﬁgg §T¥t%g% &épgbg¥ou%Eg P gﬁg%acyloxy Cl- C6

(T8LKYEx9EQYR, a?rAe°C§ Czc18¥959@b%£|w9 %%nnol t in mice
conmpound represented by the general Fornu
phafrﬁ'@c@éé’@G&hﬂ)&uﬁﬁcﬁﬁ’t@P£§l§aE8m§H§E€@Eed to mice, to

which 0.6% acetic acid is in tTurn acministered
intraperitoneally at a measurement time predetermined by a
person in charge of the test. The total number of writhing
behaviors is counted for 10 minutes (from 5 minutes arfter the
intraperitoneal administration fto 15 minutes thereafter).

(Test Example 6) Adjuvant-induced arthritis pain test in rats

An adjuvant 1s prepared by pulverizing heat-killed
bacterial cells of Mycobacterium butyricum using an agate
mortar and then suspending the powder in dry heat-sterilized
liguid paraffin, followed by ultrasonication.

This adijuvant (100 pg/0.0S_mL/paw in terms of the amount
of the heat-killed bacterial cells) is intradermally injected
intc the right hind paws of rats to induce arthritis. On day
18 after the adjuvant treatment, the pain test is conducted.
Specificailly, the test compoﬁnd is oraily administered to the
animals. Thelr tarsotibial idoints are flexed five times at a

measurement time predetermined by a person in charge of the



NH2 R3 COOH (Il1) wherein 210 R3 is a hydrogen atom
a hal ogen atom a Cl-C6 al kyl group, a Cl-C6 al kyl
hal i de group, a hydroxy-C -C6 al kyl group, a
sul fanyl - C1- C6 al kyl group, % Cl- C6 al koxy- Cl1-C6
al kyl group, a C2-C6 al keny group, a C2-C6 al kynyl
group, a Cl-C6 al koxy group, a Cl-C6 al kyl sul fanyl
group, a C-C6 alkylsulfanyl-Cl-C6 al kyl group, a
te€2- CZnacyhthhamBerCofavkyll igraipnsa (€2-5C7 is recorded as a
acyl oxy-Cl-C6 al kyl group, or a C3-C7 cycloal kyi
pagrogpor&6. A conpound sel ected fromthe group
consi sting of the follow ng:
[OEPSL (1S, 5R, 6R) - 6- (anm nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-
6- yl]acetic _acid;
(e)si[ rsrrwsm—aﬁ) @i&n’%‘-ﬁdr?@mw A I G DS =0 heP
-3-_en-6-y %acetlc cir
() F(?&s BR-6 )Dmsoamdnonetoﬁ?r-é BEAVIBISETEEST 302 Mo Rept TREH
cetic acid, . . .1 1 5
CC’r)neal_s( 8 é)ﬁ] R) 6 &m hormethyl -5 prrlocpyj[]bﬁl/ cycj[ ol 3 R ¥163 Az
e t e ‘)'rw [ "‘( tus and
am n%ngst% %%Elﬁtgfllcﬁccﬁld% IBC .“%ﬁweagﬁmg@é%?ara
@ﬁﬂdﬂ%?ﬂéféé%Edhe at a measurement time predetermined by a
[ (IR, 5S, 6S) - 6- (am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3- en- 6-
J“éo*“*ﬁldhéﬂﬁétoL the tesz, and the presence or absence of
[ (1S, 5R, 6R) - 6- (am nonet hyl ) bi cycl o[ 3.2. 0] hept - 3-en- 6-
toHiacatianacitd;of the hina paw is cbserved and recorded.
[ (1S, 5R, 6R) - 6- (am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3- en- 6-
(3 Jracetinplazi @) Warochtoeieerafol 15 dgredeRINVBLS @R test
nomet hyl) bicyclo [3.2.0 Jkept-3-en-6- yl]acetic acid _
benje)@eglgﬂsf,omound 1s cral 'y administefed to mice, tO

a

which a pentylenetetrazol solution (85 mg/10 mi/kg, dissolved
in saline) is in turn administered hypodermically at &
measurement time predetermined by a person in charge of the
tes=. The presence or absence oI clcnic convulsicn is
observed and recorded over 30 minutes.

(Test Example 9)

In addition, the effect of the present invention can be
confirmed by evaluation according to methods described in the
following homepage of National Institutes of Health (NIH),
US:

NIH HP: Antiepileptic Drug Develcpment (ADD] Program
(http://www.ninds.nih.gov./funding/research/asp/addadd_review

.pdi)

Industrial Applicability

[0167]




-211[ (" R 5S, 6S) -6-amr_onethyl-3-ethyl bicyclo

[3. 2. 0] hept-3-en-6- ylacetic acid; [(1R 5S, 6S;

- 6- am nonet hyl - 3- et hyl bi cycl o[ 3. 2. ( hept - 3- en- 6-

yl]acetic acid p-toluenesulf8nate; [ (1R, 5S, 6S -6-

(ani nonet hyl - 3- et hyl bi cycl 8°f37 2. 0' hept-3-e_n-6-

yl Jacetic acid benzenesul fonate; and

[ (1S, 5R, 6Rj - 6- am nomet hy- - 3- et hyl bi cycl o[ 3. 2. 0] hept - 3-

en26--afldAacet i¢f adid.prEkerk phavemceoti eal 2 conposi tion

conprising a conpound or a pharnacolo%ically
phaceeps bt ecsaly theepoébaecerdicnghegeahy cagngcopsed as an

claims 1 to 16 as an active ingredient. 18. The _ _
acphae nacguedtaht conpashhpenageEsrdeng COFPEraI M L7 X ©f or

treating and/or preventing pain. 19. The o 2= those
trphat nEcenty eal PEBNEASHFoR2adc Srdidd & E1%aiSCL7 25 for
~treating and/or preventin% a. di sease sel ected fromthe
inygpdupneohSPsFPRGT6F AEGTEYFai™n,” “Chlonic pain, pair.

caused by soft tissue or peripheral injury,

post heroetic neural gia, occipital neura-gia,

triaem.nal _neuralgia, - l4 re or intercosta
Erﬁguagﬁéié?rcg%fﬁ?%“%bﬁﬁ%%ﬁggfopathic pain, nigraine,
[09%%q associated with osteoarthritis or articular

rheamati sm pain associated with contusion, sprain, or _
SE aWTio: Spondyd algisk draine cattsedciby Spisralhaof of vrgment of

brain steminjury, pain in the |ower back, sciatic
nueW @@z dloot hache, myofascia_ pain syndrone,

epi si otony pain, gouty pain, pain caused by burn, _
smardi aw :pdi :n,PGRusTUl ageped o T oveif afopafpe first na-x

i nfl ammat ory pain, orofacial pain, abdom nal pain,
frpajmentassodiwad Vi eredysnenorrhea, |abor pain, or

endonetricsis, sonmatalgia, Fain agsociates With nerye
SEY Tadi®uldr TR @ytianse paf imassokrated R "

anput ation, tic doul oureux, neuroma, or
fragment oI human CacnaZdl.

SEQ ID NO: 4: PCR antisense primer for the second halZ
fragment of nhumarn Cacnazdl.

SEQ ID NO: 5: muliticloning site of & VvecCtor pBluescript 2.



angiitis, pain caused by diabetic neuropathy (or

di abetic peripheral neuropathic pain), pain caused by

chenot herapy- induced neuropathy, atypical facial

neur al gi a, neuropat hic pgi? gn_the | ower back,

trigem nal neuralgia, occip P8l neur al gi a, nyel onere

or intercostal neuralgia, neuralgia associated wth

Ely, neural gia associated with AIDS, hyperalgesia,

burni ng pai n, sudden pai n,CiFaiMPt caused by

chenot her apy, occipi-gal neural gia, psychogenic pain,

pain associated with gallstone, neuropathilc or

non- neur opat hic pain associated with cancer, phantom _ _
1.1i b paipounEurRR oMt teabdsnt Agal 9paFh2heldqatha, -/ °F ¢

acute or chronic tension headache, sinus headache,
pherusterchéadae e CEERPEPOMaRGibulaF 56t pai n,

maxi |l ary sinus pain, pain caused by ankyl osing
ylarthgitis, postoperative pain, scar pain,
N\c nadR- neurooaigtgggain, fibronyal gi a,
Pohi al sis, epilepsy (partia
: partial seizuyre, and partial seizure
I BRLs)} CgrNR Al -z anxi ety disorder,
\ | €gs syng%one. 20 e pharmaceuti ca
acﬁbﬁ jhg to claim 17, for treating
fg;a '13g-pai n caused by diabetic neuropathy.
- Use of jBrrpound or a pharnmacol ogically
accep-able salt thereof according to any one of
clains 1 to 16 for producing a pharnaceutica
wheorggosi tion. 22. The use according to claim 21,
wherein fhe pharmgceutical .conposition.is a .
conBosi Ri orRT or Rtr &iti g, &nd/ drr frEvent i AGSp&RA~ 213
. 23. The use according to claim2l, wherein the . . -j_cg
ISR TRATU L LA DT i DTS A LOnPasit Fon f of -
treatin and/ at. preventing pajpn, caysgd.t i i Gcom to
a%@%%d%b?%@( %ﬂ?ﬁAFﬁ%%ﬁbd f% ~ ?éét?%égang%o?égggh .
wﬁggwegﬁéggapglQOuﬁgnPéfﬁ'QQCB—C7 cycloalikyl group; ana
R> is a hydrogen atom, & halogen atom, & Cl-Co alkyl

group, a Cl1-Cé6 alkyl halice group, a hydroxy-Ci-

@]
[0)}
o)
[
-
b
[

group, & sulfanyl-C1-C6 alkyl group, a C1-Cé alkoxy-Cl-Cé6
alkyl group, & C2-C6 alkenyl group, & C2-C6 alkynyl group, &
Cl1-Cé6 alkoxy group, a Cl-C¢ alkylsulfanyl group, a i-C6

3 ~ —~ [ IR — e iy 1 hl
alkylsulfanyl-Cl1-Cé alkyl group, & C2-C7 acylthio-C1-C6 alkyl

group, a C2-C7 acyloxy-Cl-Cé alkyl group, or & C3-C7
cycloalkyl group.
2. The compound according to claim 1 or a pharmacologically

- . 1 . . .
acceptable salt thereoif, wherein R” 1s a hydrogen atom.
3. The compound according to claim 1 or 2 or &
= 2 : 1 2
pharmacologically acceptable sal% thereoi, wherein both R

and R? are hydrogen atoms.



adm ni stering a pharmacol ogically effective anmount of

a conpound or a pharmacol ogically acceptable salt

t hereof ‘according to any one of clains 1 to 16 to a

manmal . 25. The net hod according to claim24, wherein

the pain is pain caused 6yzdﬂa6etic neur opat hy. 26.

The met hod according to claim?24 or 25, wherein the

manmal is a human. 27. A conpound represented by the
¢ .genmeral cdapouha 4ctéydinRat&®anR3an€00H CERERS 8atcR3 or a

R2a 2a Rl a R8a' R wherein R g R2a R2a R9a Rsa RSa.
phamdaReaogare légchcicrgepondestelly taampdriogemestcon & 1S a

hal ogen atom or a Cl-C6 al kyl group, or P, R 2a and
hyR2etenogarierowiet RL1Ké @drddn ot o which they are

bound forma C3-C7 cycloal kyl group; and R3ais a . . ...
5.hydFBgeRCAPBHT Ca2RaPEg§EeRIat B -8 B1 A CB TaPk P12 TG C9a c3 ~ 1Y

d -C6_al kyl _halide group, a hydroxy-d -6 al kyl . __
ACGRBUF1E S framyi*T e e * %ﬂ—ﬂgr%ué: & i%é’@én srems @

_al k xy-rCI_-C6 ~alkyl .group, a C2- | kel group, @+ 1
MEESY, gaanyla“greot)lglﬁ,l §"%%f’ ﬁ%ﬁp&\ﬁkoiy group 270
4% -C6 al kyl sul fanyl group, a O-C6
7%yl sul fanyl -0 -6 al kyl group, a C2-C7
6.acybthi eGhoG8 gakbke r48HeURc 21621Ch anyloxrddmddblogically
al kyl group, or a C3-C7 cycloal kyl group. SEQUENCE
addSHNG e <LL0> DAIACH, SANKYO ICOVPANY 2 [HyMrTER <120 or an
Bl CYCLI C GAMVA AM NO ACI D DERI VATI VES <130>

e ISPC 04834

7. The compcund according to any one oI claims 2 tc 6 or a
pharmacologically acceptable salt thereof, wherein R® is a
hydrogen atom.

8. The compound according to any one of claims 1 to 7 or a

pharmacologicelly acceptable salt thereoZ, wherein R’ 1is

)

hydrogen atom.
9. The compound according to any one oi claims 1 to 8 or a

pharmacologically acceptable salt thereof, wherein R

o
9]
V)

hydrogen atom.

10. The compound according to any one of claims 1 to 9 or a

9]
=

pharmacologically acceptable salt thereof, wherein R

[
0n
o))

hydrogen atom.

11. The compounc according to any one of claims 1 ToO 10 or a
pharmacologically acceptable salt thereof, whereinr both R®
and R®' are hydrogen atoms.

12. A pharmacologically acceptable sait of a compound

according to any one of claims 1 to 11, wherein the



<150> 7P2007- 255430

<151> 2007-09-28

<160> 7 <170>

Patentl n version 3.4 <210> 1 <211> 42 <212> DNA
<213> Artificial <220> <223> PCR sense primer for
human Cacna2dl front <400> 1 agctgcggcc gctagcgcca

ccatggctgg ctgcctgetg ge 2220&210> 2 <211> 27
DNA <213> Artificial <220> <223> PCR anti sense
primer for human Cacna2dl front <400> 2 attaggatcg
phattYEa88@ c @Bt PCEEc Pt asPd 022 B <23 1Aydbock2d22aBNA
<213> Artificial <220> <223> PCR sense priner for
behpmas Cacmaed , rearp-<400en8saatgggtatt actttgcaat

<212>

cgatcc 26 <210> 4 <211> 32 <212> DNA <213>
13 Artd fa@imiund represented by the general formula (Ia) or a
pharmacologically acceptable salt thereof:
4 <
R R’ p
NHR
3 ll."l 7
R “—COOR’  (Ta)
8
2 R
RL l 8‘
> R R
R
wherein
r', &%, ®*, ®*, R°, R, R’, R®, and R’ are each
independently a hydrogen atom, a halogen atom, or a Cl-Cb

alxyl group, or R’ and R? together with the carbon atom to
which they are bound form a C3-C7 cycloalkyl group; anc

R® is a hydrogen atom, a halogen atom, a Cl-C6
group, &

Cl-C6 alkyl halide group, a hydrcocxy-Cl-Cb

group, & sulfanyl-Cl-C6 alkyl group, a C1-C6 alkoxy-Cl-Cb
alkyl grcup, & C2-C6 alkenyl group, a C2-C6 alkynyl group, &
Y g 2y b e F

Ci-Cé6 alkoxy group, & Cl-Co6 alkylsulfanyl group, a Cl-C6

alkylsulfanyl-Cl1-Cé alkyl

Q

roup, a C2-C7 acylthio-Cl-C6 alkyl

group, & C2-C7 acyloxy-Cl-Cé alkyl group, or a C3-C7

cycloalkyl group.
14. A (Ib) or a

compcund represented by the general formula

pharmacologically acceptable



<220> <223> PCR antisense prinmer for human Cacna2d
rear <400> 4 agtcggatcc tcataacagc cggtgtgtgc tg 32
<210> 5 <211> 98 <212> DNA <213> Artificial Page 1
<220> <223> multi cloning 2 te of vector pBluescript
2 <400> 5 ccaccgcggt ggcgg Qgct ct agaactag tggatccccc
gggctgcagg aattcgatat 60 caagcttatc gataccgtcg

acct cgaggg ggggcccg 98 <210> 6 <211> 1573 <212> DNA
<213> Honp sapi ens <400> 6 ggcggccgct agcgccacca

tggE{ ctggy et gcectgetg ccgtgactc tgacactttt 60
ccaat gttt ctcatsggtbqgﬁicgtcgga ggagccgttc ccttcggceceg

t cact az 120 ~atcatgggtg gat aagat gc aagaagacct
jgtc ctg|gca acag (Szg agt ﬁgf caat cagctt

R tattt] at ghgaaa 2t ggpttg(l act gt gg aaccaaat aa
240 UTTapsct ggt agaaa ttgcagccag ggatattgag

gétc tgaz gaﬁhtc 300 taaagccctg gtgcgcctgg

agqiggqg>aagtt caagcagctc accagtggag 360
agaagart tt gcaagcaatg aagttgtcta ctacaatgca aaggatgatc

tcgatcctga 420 gaaaaatgac agtgagccag gcagccagag

W QaLgﬁaacct gttttcattg aagatgctaa 480 ttttggacga

caaatatctt atcagcacgc agcagtccat attcctactg acatctatga

540gr* gagct qdacarat gt gkt aar gt gdackeaaret ggacaagin
gccttagatg aagttttcaa 600 aaagaat cgc gaggaagacc

inekbeatkatl yolgggagglitert itggcag ralloandrggooim, 66l a Cl1-
agctcgatat tatccagctt caccatgggt tgataatagt agaactccaa

zlatyaagaviga 720 R*cetrtit af gatogyitdogr agas: gaocatgyien aton to
cat ccaagga gctgcatctc ct aaagacat 780 ]
which they are bcund form a C3-C7 cycloalkyl group; anc

R® is a hydrogen atom, a halogen atom, a Cl1-Cé alkyl
group, a C1-Cé alkyl halide group, a hydroxy-Cl-Cé alkyl
group, 2 sulfanyl-Cl-Cé alkyl group, a Cl-C6 alkoxy-Cl-Cé6
alkyl group, a C2-C6 alkenyl group, & C2-Cé6 alkynyl group, &
C1-C6 alkoxy group, a Cl-C6 alkylsulfanyl group, a Cl-Cé6
alkylsulfanyl-C1-C6 alkyl group, a C2-C7 acylthio-Cl-C6 alkyl

group, a C2-C7 acyloxy-Cl-C6 alkyl group, or a C3-C7

<

cycloalkyl group.
15. A compound represented by the general formula (II) or a

pharmacologically acceptable salt thereof:

NH

2

R COOH - (I

wherein




gcttattctg gtggatgtga gtggaagtgt tagtggattg acacttaaac
tgatccgaac 840 atctgtctcc gaaatgttag aaaccctctc
agatgatgat ttcgtgaatg tagcttcatt 900 taacagcaat
gctcaggatg taagctgttt tcagcaggtt gtccaagcaa atgtaagaaa
960 taaaaaagtg ttgaaagacg cQggtgaataa tatcacagcc
aaaggaatta cagattataa 1020 gaagggcttt agttttgctt
ttgaacagct gcttaattat aatgtttcca gagcaaactg 1080 .
cadtadgatt TttrRoget At cbacydi P HYGEGIRg Y @gddt ety
agatatttaa 1140 caaatacaat aaagataaaa aagtaggt tﬂ._l
gratpeacgfitChcagkygghe ladeadasita £2 ddrpg’fégaégéc¢KY
cctattcagt ggatggcctg tgaaaacaaa ggttattatt atgaaati-cc.
9reRBe At ?ééé??@ét‘ggéggt égéé(g Ec8aFacfea g a6tataat g
atgttttgg gaagaccaat 1320 trttag -
21 81A06CR4GT Cobat GGach “ShTgt GaCE t Gustaan: I Tang> oroups @
.ggaac a cttgtcatta-c aGl Gt 1-c sCt cal aaCoes
Cg 8a§hgg a fff%p'aga?éag%gg"géﬁf?géag ‘aé%§3§?g§%
- 16Chtogtat g -at-99gagtag At ghob&l t tz 15007 ggaagatai4c1-c6 a’kyl
aadagactga caccacgttt ‘tacactgtgc cccaatgggt attactttgc
gr%%%o -2abegat GGl 12aty-t57% 6 Ragey 2 ¢@2hfy, or 1133801
<217> DNA <213> Homp sapiens <400> 7 ggcggccgct
cy@0GECaacCaA@get gct gg ctgecctgetg gecttgactc tgacactttt
60 ccaatctttg ctcatcggcc cctcgtcgga ggagccgttc
1 &aCt Beeggepgundaceatcaadl ZEormttda QU gatnadgdatige of the
aagaagacct tgtcacactg gcaaaaacag caagtggagt 180
fodaatwciagrtt gttgatattt atgagaaata tcaagatttg tatactgtgg
aaccaaataa 240 tgcacgccag ctggtagaaa ttgcagccag A p
(iggalt 6t gy Eactt @tr@aﬁcg@ag‘@algh%cmbo (3 adayblerpyg>—en~°"
gt gcgcct gg cattggaagc ggagaaagtt caagcagctc accagtggag
yRereaasfatitt gcaagcaatg aagttgtcta ctacaatgca

aaggat gat ¢ tcgatcctga 420 gaaaaatgac, aglgageeay ;1neot—3-
(cagekagsty Gat ezttt (1Y Eal Lh° aagay hof aa agos -0 10ept=3

ttttggacga caaatatctt atcagcacgc agcagtccat attcctactg
e%c%t%?é%g§;510g£§%gctcaaca attgtgttaa atgaactcaa

($}Qgﬁf§?§§,§-91é- QOﬁQQB%ELgaQtﬁ 0,18980885C9CC T hept-3-en~
‘gJaggaagacc’ cttcattatt gtggtagggt titggcagtg ccactggcct
65§Q]a@gg§gg§&§g;tatccagctt caccat gggt tgat aat agt

agaactccaa ataagattga 720

(i)—[(15,53,6R)—6—aminomethyl—3—propylbicyclo[3.2.0]hept—B—
en-6-yllacetic acig;
(i)—[(lS,SR,6R)—6—aminomethyl—3—butylbicyclo[3.2.0}hept—3—en—

6-yljacetic acid;

N

[(1R,5S,6S)—6—(aminomethyl)bicyclo{B. .0lhept-3-en-6-
yllacetic acid;
[(1S,5R,6R)—6—(aminomethyl)bicyclo[3.2.0]hept—B—en—G—

yljacetic acid;

N

[(1S,5R,6R)—6—(aminomethyl)bicyclo[E. .0lhept-3-en-6-
yl]lacetic acid hydrochloride;
[(1S,5R,6R)—6—(aminomethyl)bicyclo[3.2.0]hept—3—en—6—

yl]acetic acid penzenesu.ionate;




cctttatgat gtacgcagaa gaccatggta catccaagga gctgcatctc
ctaaagacat 780 gcttattctg gtggatgtga gtggaagt gt
tagtggattg acacttaaac tgatccgaac 840 atctgtctcc
gaaatgttag aaaccctctc.agagg?ﬁgag ttcgtgaatg tagcttcatt
900 taacagcaat gctcaggatg ftaagctgttt tcagcacctt
gt ccaagcaa atgtaagaaa 960 taaaaaagtg ttgaaagacg
cggt gaat aa tatcacagcc aaaggaatta cagattataa 1020 _
[ (JRaQYgeSst t Cagritonet byt t§aatayeblgrrtaact at Cadrgtrtcca o
gagcaaactg 1080 caataagatt attatgctat tcacggatgg
vl aggagadgagiagagecccagg agatatttaa 1140 caaat acaat _
aaagat aaaa aagtacgtgt attcacgttt .tcagttggtc gacacaatta
(55005 PGasagabgA et A Cage gaPdGeaty [hoRadaaas o eh-6
ttattatt . atgaaattcc 1260 ttccattggt gcaataagaa
yl?%&ﬁtébtEglaggaféﬁPFa“ggngFﬁr%g gaagaccaat 1320
ttttagca ggaga ag;chaagcaagt 1¢Gaatd L Agh GH-ACL on-6-
RN R S U
,1tGeggt et tesgacataaceq 9ecaattd ga 140  aaat aagaca
aacttaaaga accagctgat tcttggtgtg atgggagtag atgtgtcttt
1 (180Q, ggaagatatihoaaaagactga 1taaeAcgidiio tRCA 0tqge: -3-en—6-
cccaatgggt attactttgc 1560 aatcgatcct aatggttatg
ylikllkatiagaitdccaaat ctt cagccaaaga accccaaatc 1620
t caggagcca gtaacattgg atttccttga tgcagagtta gagaatgata
17t.t anaghggaai680icgat togaast taagatrgarig Satggggagapound or
t ggagaaaaa acattcagaa ctctggttaa 1740 atctcaagat
phgagagatlacd cetldat aaafl edacadialca TRt gf@%%%«%c@@tfc%aany
1800 Page 3 tggcacagat tacagtttgg ccttggtatt
orge Cfacdttad@sadt 4 tldte atdHt Haagte 1860 Tadakt agaa
gagacaat aa ctcaggccaqg at caaaaaag _ggcaaaat.ga aggat.t cgga -
1600361 CaRPeETAA] Seagardart T gRRyde e X o Ataca S LT,
ttcat agcac Qa%?a att%ﬂ;gap.ngéggggtgac ct gaaaat at
fdydatatitay At/ gaattiT citiida f caacgagtt 2040
d attgat 3332¢Lq a@g;%-ai- LHAACHGH o claim 17,
lJg‘at tl?‘ %a? % %.j%t% 55%%?%% 2100 g“cltq%rg%ca ggggt ttacaa
£ Al gaacid gl coapaal 1ac- {8920k §a9CH g8a88a a1 <2168 from the
caagggagt g aaagcacgat ttgttgtgac tgatggtggg attaccagag
gAd iRt &oeaas 2220 o agRGYCt ggai gpasritggc aagapapete caused by
agagacat at gaggacagct tctataaaag 2280 gagcct agat
s@at gateacd &f ghéticmersdgcicgotac posaneamanigt ggacetigya,
2340 tgcctatgaa tcgggcatta tggtaagcaa agctgtagaa
ocat ap At al tre@aggybmact r2460inect hanaeévigecagyegengre or
gaattaaaat tgatgtaaat tcctggatag agaatttcac 2460
intapacsteh pteaghgatc €§0EFgct BeiPccRPLEPHRTHAEt §EARaa

gaaacagt ga 2520 cgtaat ggat tgég%gatt%hgggﬁggggggrticular

81

M GERYERE ct PR gATHgcaatatic it gat 586
rheumatism, pain associated with contusion, sprain, or traume,
spondylalgia, pain caused by spinal cord or brain stem injury,

pzin in the lower back, sciatic neuralgia, toothache,
myofascial pain syndrome, episiotomy pain, gouty pain, pain
caused by burn, cardiac pain, muscular pain, ocular pain,
inflammatory pain, orofacial pain, abdominal pain, pain
associated with dysmenorrhea, labeor pain, or endometricsis,

somataligia, pain associated with nerve or radicular injury,




ttatactaat cagattggaa gattttttgg agagattgat cccagcttga
t gagacacct 2640 ggttaatata tcagtttatg cttttaacaa

atcttatgat tatcagtcag tatgtgagcc 2700 cggtgctgca
Cccaaaacaag gagcaggaca tcgcteagca tatgtgccat cagtagcaga
2760 catattacaa attggctggt  gggccactgc tgctgcctgg
tctattctac agcagtttct 2820 <cttgagtttg acctttccac
gactccttga ggcagttgag atggaggatg atgacttcac 2880

pa Jycxs seclyt ¢dcaattagaryei geakt aE1fgaacagRéeUkaghaberee: ©F
tcgataacga 2940 cagtaaatca ttcagtggtg tattagactg .

angyyanact geit ceagaatcPyt EeaPghagas000P3EYgdPrafgabetic

o 3hB0° £ G EACE -CL GeFeabac. RagbgUaUCA Coam: FLEORE o By~
nJHiSEaRaLE SLLRLO%E81 2120 9ELL 20608 Sormaat ttcoacnac
oS 2LRE 0ELOLG Wiattictay Stiomias Ceeatdhast
neh998895ach £acEAYct gt 4akaggate133Q 0 3301 nRage Aa
associated with HIV, neuralgie associated witnh AIDS,
hyperalgesia, burning pain, sudden pain, pain caused Dby
chemotherapy, occipital neuralgia, psychogenic pain, pain
associated with gallstone, neuropathic or non-netropathic
pain associlated with cancerx, phantom limb pain, functional
abdominal pain, headache, acute oOr chronic tension headache,

sinus headache, cluster headache, temporomandibular joint

pain, maxillary sinus

'0

2in, pain caused by ankylosing

spondylarthritis,

"G
ct

n

ostoperative pain, scar pain, chronic non-
neuropathic pain, fibromyalgia, amyotrophic lateral sclerosis,
epileosy (partial epilepsy, adult partial seizure, and
partial seizure in epilepsy patients), generalized anxiety
disorder, and restless legs syndrome.

20. The pharmaceutical composition according to claim 17,
for treating and/or preventing pain caused by diabetic
neuropathy.

21. Use of a compound or a pharmacologically acceptable sait
thereof according to any one of claims 1 to 16 for producing
a pharmaceutical composition.

22. The use accofding te claim 21, wherein the

pharmaceutical composition is a compcsition for treatin

Q)

and/or preventing pain.




23. .The use according to claim 23, wherein the
pharmaceutical composition is a composition for treating

and/or preventing pain caused by diapetic neuropathy.

ct

24. B method for treating and/or preventing pain, ccmprising

administering a pharmacclogically effective amount of a
compound cr a pharmacologically acceptable salt thereotf
according to any one of claims 1 to 16 to a mammal.

25. The method according to claim 24, wherein the pain is
pain caused by diabetic neuropathy.

26. The method according to claim 24 or 23, wherein the

mammal 1s a human.

27. R compound representec by the general formuia (III):

R COOH (Il
8a

r'®, R%??, »%' R*¢ R*®, R® and R%®' are each independently
a hydrogen atom, a halogen atom, or a Ci-C6 alkyl group, or

2a a’ ~— 3 S - — 3 -_ . -
R?®* and R?**’ +together with the carbon atom to which they are

W

bound form a C3-C7 cycloalkyli group; and

R is nhydrogen atom, a halogen acom, Ci-C

QO
N

alkyl
group, a Cl1-C6 alkyl halide group, a hydroxy-Cl-C6 alkyl
group, a sulfanyl-Ci-Cé alkyl group, a Cl-C6 alkoxy-Cl-C6

alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl group,

[0}




- 214 -

Cl-Cé alkoxy group, a C1-C6 alkylsulfanyl group, & C1-C6
alkylsulfanyl-C1l-C6 alkyl group, a C2-C7 acylthio-Cl-Cé6 alkyl
group, a C2-C7 acyloxy-Cl-Cé alkyl group, or a C3-C7

cycloalkyl group.



SEQUENCE LISTING

<110> DAIICHI SANKYO COMPANY, LIMITED

<120> BICYCLIC GAMMA AMINO ACID DERIVATIVES

<130> DSPCT-FP0834 '
. <150> JP2007-255430

<151> 2007-09-28

<160> 7

<170> PatentIn version 3.4

<210> 1

<211> 42

<212> DNA

<213> Artificial

<220> .

<223> PCR sense primer for human Cacna2dl front
<400> 1 '

agctgcggec gctagcgcca ccatggctgg ctgcctgctg gc 42
<210> 2

<211> 27

<212> DNA

<213> Artificial

<220>

<223> PCR antisense primer for human Cacna2dl front
<400> 2

attaggatcg attgcaaagt aataccc : 27
<210> 3

<211> 26

<212> DNA

<213> Artificial

<220> _

<223> PCR sense primer for human Cacna2dl rear
<400> 3

aatgggtatt actttgcaat cgatcc 26
<210> 4

<211> 32

<212> DNA

<213> Artificial

<220> i _

<223> PCR antisense primer for human Cacna2dl rear
<400> 4 '

agtcggatcc tcataacagc cggtgtgtgc tg 32
<210> 5

<211> 98

<212> DNA

<213> Artificial

Page 1



<220>
<223>

<400> 5
ccaccgcggt

caagcttatc
<210> 6
<211>

<212>
<213>

<400> 6
ggcggcceget

ccaatctttg

DNA

atcatgggtg
caatcagctt
tgcacgccag
taaagccctg
agaagatttt
gaaaaatgac
‘ttttggacga
gggctcaaca
aaagaatcgc
agctcgatat
cctttatgat
gcttattctg
atctgtctcc
taacagcaat
taaaaaagtg
gaagggcttt
caataagatt
caaatacaat
tgacagagga
ttccattggt
ggttttagca
ggaactggga
aaataagaca
ggaagatatt

- aatcgatcct

1573

ggcggccget
gataccgtcg

Homo sapiens

agcgccacca
ctcatcggcc
gataagatgc
gttgatattt
ctggtagaaa
gtgcgectag
gcaagcaatg
agtgagccag
caaatatctt
attgtgttaa
gaggaagacc
tatccagctt
gtacgcagaa
gtggatgtga
gaaatgttag
gctcaggatg
ttgaaagacg
agttttgctt
attatgctat
aaagataaaa
cctattcagt
gcaataagaa
ggagacaaag
cttgtcatta
aacttaaaga
aaaagactga

aat

muliti cloning site of vector pBluescript 2

ctagaactag tggatccccc gggctgcagg

acctcgaggg

tggctgctgg
cctcgtcgga
aagaagacct
atgagaaata
ttgcagccag
cattggaagc
aagttgtcta
gcagccagag
atcagcacgc
atgaactcaa
cttcattatt
caccatgggt
gaccatggta
gtggaagtgt
aaaccctctc
taagctgttt
cggtgaataa
ttgaacagct
tcacggatgg
aagtacgtgt
ggatggcctg
tcaatactca
ctaagcaagt
ctggaactct
accagctgat

caccacgttt

ggggcccg

ctgcctgcetg

ggagccgttc
tgtcacactg
tcaagatttg
ggatattgag
ggagaaagtt
ctacaatgca
gataaaacct

agcagtccat

~ctggacaagt

gtggcaggtt
tgataatagt
catccaagga
tagtggattg
agatgatgat
tcagcacctt
tatcacagcc
gcttaattat
aggagaagag
attcacgttt
tgaaaacaaa
ggaatatttg
ccaatggaca
tccggtcette
tcttggtgtg

tacactgtgc
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gccttgacte
ccttcggecg
gcaaaaacag
tatactgtgg
aaacttctga
caagcagctc
aaggatgatc
gttttcattg
attcctactg
gccttagatg
tttggcagtg
agaactccaa
gctgcatctc
acacttaaac
ttcgtgaatg
gtccaagcaa
aaaggaatta
aatgtttcca
agagcccagg
tcagttggtc
ggttattatt
gatgttttgg
aatgtgtacc
aacataaccg
atgggagtag
cccaatgggt

aattcgatat

tgacactttt
tcactatcaa
caagtggagt
aaccaaataa
gcaacagatc
accagtggag
tcgatcctga
aagatgctaa
acatctatga
aagttttcaa
ccactggcct
ataagattga
ctaaagacat
tgatccgaac
tagcttcatt
atgtaagaaa
cagattataa
gagcaaactg
agatatttaa
aacacaatta
atgaaattcc
gaagaccaat
tggatgcatt
gccaatttga
atgtgtcttt

attactttgc

60
98

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1573



<210> 7
<211>
<212>
<213>

DNA

<400> 7
ggcggccgct

ccaatctttg
atcatgggtg
caatcagctt
tgcacgccag
taaagccctyg
agaagatttt
gaaaaatgac
ttttggacga
gggctcaaca
aaagaatcgc
agctcgatat
cctttatgat
gcttattctg
atctgtctcc
taacagcaat
taaaaaagtg
gaagggcttt
caataagatt
caaatacaat
tgacagagga
ttccattggt
ggttttagca

ggaactggga

aaataagaca

ggaagatatt
aatcgatcct
tcaggagcca
gattcgaaat

atctcaagat

3301

Homo sapiens

agcgccacca
ctcatcggcec
gataagatgc
gttgatattt
ctggtagaaa
gtgcgcectgg
gcaagcaatg
agtgagccag
caaatatctt
attgtgttaa
gaggaagacc
tatccagctt
gtacgcagaa
gtggatgtga
gaaatgttag
gctcaggatg
ttgaaagacg
agttttgctt
attatgctat
aaagataaaa
cctattcagt
gcaataagaa
ggagacaaag
cttgtcatta
aacttaaaga
aaaagactga
aatggttatg
gtaacattgg
aagatgattg

gagagatata

tggctgetgg
cctcgtcgga
aagaagacct
atgagaaata
ttgcagccag
cattggaagc
aagttgtcta
gcagccagag
atcagcacgc
atgaactcaa
cttcattatt
caccatgggt
gaccatggta
gtggaagtgt
aaaccctctc
taagctrgttt
cggtgaataa
ttgaacagct
tcacggatgg
aagtacgtgt
ggatggcctg
tcaatactca
ctaagcaagt
ctggaactct
accagctgat
caccacgttt
ttttattaca
atttccttga

atggggaaag
ttgacaaagyg

ctgcectgcetg
ggagccgttc
tgtcacactg
tcaagatttg
ggatattgag
ggagaaagtt
ctacaatgca
gataaaacct
agcagtccat
ctggacaagt
gtggcaggtt
tgataatagt
catccaagga
tagtggattg
agatgatgat
tcagcacctt
tatcacagcc
gcttaattat
aggagaagag
attcacgttt
tgaaaacaaa
ggaatatttg

ccaatggaca

tccggtettce

tcttggtgtg
tacactgtgc
tccaaatctt
tgcagagtta
tggagaaaaa

aaacaggaca
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gccttgacte
cctteggecg
gcaaaaacag
tatactgtgg
aaacttctga
caagcagctc
aaggatgatc
gttttcattg
attcctactg
gccttagatg
tttggcagtg
agaactccaa
gctgeatcte
acacttaaac
ttcgtgaatg
gtccaagcaa
aaaggaatta
aatgtttcca
agagcccagg
tcagttggtc
ggttattatt
gatgttttgg
aatgtgtacc
aacataaccg
atgggagtag
cccaatgggt
cagccaaaga
gagaatgata
acattcagaa

tacacatgga

tgacactttt
tcactatcaa
caagtggagt
aaccaaataa
gcaacagatc
accagtggag
tcgatcctga
aagatgctaa
acatctatga
aagttttcaa
ccactggcect
ataagattga
ctaaagacat
tgatccgaac
tagcttcatt
atgtaagaaa
cagattataa
gagcaaactg
agatatttaa
aacacaatta
atgaaattcc
gaagaccaat
tggatgcatt
gccaatttga
atgtgtcttt
attactttgc
accccaaatc
ttaaagtgga
ctctggttaa

cacctgtcaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800



tggcacagat
caaactagaa
aaccctgaag
ctgcaatgac
tattgataga
gcttgatgcea
Caagggagtg
agaggctgga
gagcctagat
tgcctatgaa
tcttaaacct
caaaacctca
cgtaatggat
ttatactaat
ggttaatata
cggtgctgca
catattacaa
cttgagtttg
ggcctecctg
cagtaaatca
aaagcttatg
tgacacacga
"ggttaagcaa
ggattatact
aatccagttt

C

tacagtttgg
gagacaataa
ccagataatt
ctgaaaatat
aaaactccaa
ggctttacaa
aaagcacgat
gaaaattggc
aatgataact
tcgggcatta
gcagttgttg
atcagagatc
tgtgtgattc
cagattggaa
tcagtttatg
ccaaaacaag
attggctggt
acctttccac
tccaagcaga
ttcagtggtg
aacaccaact
ctgctcataé
cccagatacc
gactgtggtg
ctactacttt

ccttggtatt
ctcaggccag
ttgaagaatc
cggataataa
acaacccatc
atgaacttgt
ttgttgtgac
aagéaaaccc
atgttttcac
tggtaagcaa
gaattaaaat
cgtgtgctgg
tggatgatgg
gattttttgg
cttttaacaa
gagcaggaca
gggccactge
gactccttga
gctgcattac
tattagactg
taatattcat
aagcggagca
gaaaagggcc
gtgtttctagg

ggctggtatc

accaacctac
atcaaaaaag
tggctataca
cactgaattt
atgtaacgcg
ccaaaattac
tgatggtggg
agagacatat
tgctcecctac
agctgtagaa
tgatgtaaat
tccagtttgt
tgggtttctt
agagattgat
atcttatgat
tcgectcagea
tgctgectyag
ggcagttgag
tgaacaaacc
tggaaactgt
aatggttgag
gacttctgac
tgatgtctge
attaaatccc

Tggcagcaca
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agtttttact
ggcaaaatga
ttcatagcac
cttttaaatt
gatttgatta
tggagtaagc
attaccagag
gaggacagct
tttaacaaaa
atatatattc
tcctggatag
gactgcaaaa
ctgatggcaa
cccagcettga
tatcagtcag
tatgtgccat
Tctattctac
atggaggatg
cagtatttct
tccagaatct
agcaaaggga
ggtccaaatc
tttgataaca
tccctgtogt

caccggctgt

atataaaagc
aggattcgga
caagagatta
tcaacgagtt
atagagtctt
agaaaaatat
tttatcccaa
tctataaaag
gtggacctgg
aagggaaact
agaatttcac
gaaacagtga
atcatgatga
tgagacacct
tatgtgagcc
cagtagcaga
agcagtttct
atgacttcac
tcgataacga
ttcatggaga
catgtccatg
cttgtgacat
atgtcttgga
atatcattgg

tatgaggatc

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000

3060

3120
3180
3240
3300
3301




