-1- DESCRIPTION BICYCLIC y-AMINO ACID DERIVATIVE Technical Field [0001] The present
invention relates to a bicyclic y-amino acid derivative or a pharmacologically acceptable salt thereof.
Particularly, the present invention relates to a compound having activity as an a25 ligand and affinity
for voltage-dependent calcium channel subunit a28, or a pharmacologically acceptable salt thereof.
The present invention further relates to a pharmaceutical composition comprising the compound or the
pharmacologically acceptable salt thereof as an active ingredient. Background Art [0002]

Compounds that exhibit high-affinity binding to a voltage-dependent calcium channel subunit a25 have
been shown to be effective for treating, for example, neuropathic pain (see e.g., Non-Patent
Documents 1 and 2). In this context, neuropgll‘ﬂ%%éiﬁqé L\IJZ to chronic pain caused by nervous tissue
injury or the like and is a disease that significantly impairs quality of life to the extent that 'patients
suffer from depression due to severe pain attacks. [0003] -2 -  Several types of a26 ligands are

currently known as therapeutie; drugs:for-sychpreuropathic pair Examples of a26 ligands include
gabapentine and pregabalin. a26 ligands such as these compounds are useful for treating epilepsy

and neuropathic pain or the like (e.g., Patent Document 1). [0004]  However, it has been reported
that, for example, for gabapentine, its efficacy in the treatment of postherpetic neuralgia is
approximat&fy 8095 According to patients' own evaluations (see e.g., Non-Patent Document 3) and that
for pregab -BG”E efficacy in the treatment of painful diabetic neuropathy is approximately 50%
according to patients' own evaluations (see e.g., Non-Patent Document 4). [0005]  Other
compounds are disglosed ir.-fer exaraple; Patens Docsments 2, 3,iand-4.iHowevef rtbe £ompounds
disclosed in these Patent Documents are, principally, bicyclic saturated hydrocarbon compounds,
which evid&siy HifférTrom thé cEmpBEuRES 6P the fres8ntifvEmion” (00T Patéhts6cUment

Particularly, the present invention relates to a compound
having activity as an oz ligand and affinity for voltage-
dependent calcium channel subunit o8, or a pharmacologically
acceptable salt thereof. The present invention further
relates to a pharmaceutical composition comprising the

compound or the pharmacclogically acceptable salt thereof as

an active ingredient.

Background Art
[0002]

Compounds that exhibit high-affinity binding to a
voltage-dependent calcium channel subunift a0 have been shown
to be effective for treating, for oxample, neuropathic pain
(see e.g., Non-Patent Documents 1 and 2). 1In this context,
neuropathic pain refers to chronic pain caused by nervous
tissue injury or the like and is a disease that significantly
impairs quality of 1ife to the extent that patients suffer
from depression due to severe pain attacks.

[0003]



1: Pamphlet of WO 04/006836 Patent Document 2: Pamphlet of WO 99/21824 Patent Document 3:
Pamphlet of WO 01/28978 Patent Document 4: Pamphlet of

Several types of 0,8 ligands are currently known as
therapeutic drugs for such neurcpathic pain. Examples of w,0
ligands include gabapentine and pregabalin. a0 ligands such
as these compounds are useful for treating epilepsy and
neuropathic pain or the like (e.g., Patent Document ).

- [0004]

However, it has been reported that, for example, for
gabapentine, its efficacy in the treatment of postherpetic
neuralgia is approximately 60% according to patients' own
evaluationg (see e.g., Non-Patent Document 3) and that for
pregabalin, its efficacy in the treatment of painful diabetic
neuropathy is approximately 50% according to patients' own
evaluations (see e.g., Non-Patent Document 4).

[0005]

Other compoundsg 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]
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Non-Patent Document 2: Acta Neurcl. Scand. 101:359-371, 2000
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Disclosure of the Invention
Problems to be 3clved by the Invention

[0007]

Non-Patent

Of great significance in treatment will be to provide a

compound having & greater therapeutic effect than that of

compounds having activity as an o8 ligand conventionally

used in the treatment.

[0008]

Thus, an object of the present inventlon is to provide a

bicyclic y-amine acid derivative having excellent activity as

an 0,8 ligand, or a pharmacclogically acceptable salt thereol,

a pharmaceutical composition having an excellaent therapeutic

and/or preventive effect on pain or disorders such as those

involving the central nervous system, and an intermediate for

producing the same.

Means for Solving the Problems
[0009]
The present invention provides:
(1} & compound represented by the general formula (I}

pharmacologically acceptable salt therecoi:



Non-Patent Document 3: Acta Neurol. Scand.101:359-371, 2000 - 3 - Non-Patent Document 4: Drugs
64 (24): 2813-2820, 2004 Disclosure of the invention Problems to be Solved by the Invention [0007]
Of great significance in treatment will be to provide a compound having a greater therapeutic effect
than that of compounds having activity as an a28 ligand conventionally used in the treatment. [0008]
Thus, an object of the present invention is to provide*a bicyclic y-amino acid derivative having
excellent activity as an a26 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 nervous system, and an intermediate for producing the same. Means for
Solving the Probl [OOORlil'he present.i tion provides: (1) a compound represented by the
general formula (1) ora pharmacolggica ;@E%ptable salt thereof:

e COOR’ (I)
2 , Ig R

RY, R?, 8%, RY, BS, B%, &, R%, and R are each
independently a hydrogen atom, a halogen atcm, or a Cl-Cé
alkyl group, or R?® and R® together with the carben atom to
which they are bound form a C3-C7 cycloalkyl group; and

R’ is a hydrogen atom, a2 halogen atom, a Cl-C& alkyl
group, a Cl-Cé alkyl halide group, a hydfcxwa1mC6 alkyl
group, a sulfanyl-Cl-Cé alkyl group, a Cl-C6 alkoxy-Cl1-Cé6
alkyl group, a C2-C6 alkenyl group, a CzZ-C6 alkynyl group, a
C1-Cé alkoxy group, a C1-Cé alkylsulfanyl group, & Cl-Cbt
alkylsulfanyl-C1-Cé alkyl group, & CZ-C7 acyithio-Cl-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 pharmacologically
acceptable salt thereof, wherein r' is a hydrogen atom;

(3} the compound according to (1) or (2) or a
pharmacclogically acceptable salt thereof, wherein both R?

and R? are hydrogen atoms;



[0010] - 4 - wherein R1, R2, R21, R4, R5, R5, R7, Re, and Ret are each independently a hydrogen
atom, a halogen atom, or a CI-C6 alkyl group, or R2 and R2t together With the carbon atom to which
they are bound form a C3-C7 cycloalkyl group; and 3 R is a hydrogen atom, a halogen atom, a
CI-C6 alkyl group, a CI-C6 alkyl halide group, a hydroxy-C1-C6 alkyl group, a sulfanyl-C1-C6 alkyl
group, a CI-C6 alkoxy-C1-C6 alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl group, a CI-C6
alkoxy group, a CI-C6 alkylsulfanyl group, a CI-C6 alkylsulfanyl-C1-C6 alkyl group, a C2-C7
acylthio-C1-C6 alkyl group, a C2-C7 acyloxy-01-C6 alkyl group, or a C3-C7 cycloalkyl group.
According to, a preferred aspect, the present inventi rovides: [001.1 the,compound according to
(1) or a phélrérrila(‘:‘c??c&?gia'gljlllnyp élg)c};‘lc%%taabcfeE %5§Tégre5§ v%%e‘?ei%%l iS %fh(}llaioggn atletjo(}m;rgf?a)%he compound
according {o¢1)0% £2)101-:2 pharmacologically-acceptable sakk theseqf, whereinhoti R%and R2' are
hydrogen atoms; -0 _ (4) the compound according to any one of (1) to (3) or a pharmacologically
acceptablensalt theseofawherein R8 i€ &ifydragery atoht ©¢a701-06 alkyl group; (5) the compound
according to g4) or a pharmacologically acceptable salt thereof, wherein R3 isl%gyg en atom, a

methyl grotip, art eehyF Rt RDropyIgroup o butyl gfotup?® (B fhe ' Gorips ding to (5) or a
pharmacologioaly agceptable sal ereot Whergin,RA i hciaoen slamor agiethyl roup: (7) the
compound according to any one of (1) to (6) or a pharmacologically acceptable salt thereof, wherein
R4 is a hydreggn atemcup, an ethyl group, a propyl group, or a butyl

group; |

{6) the compound according to {5) or a pharmacologically

acceptable salt thereof, wherein R° is a hydrogen atom or an

athyl group:;

(7) the compound according to any one of (1) to {6) or a

o1}

pharmacologically acceptable salt thereof, wherein R is
hydrogen atom;

(8) the compound according to any one o (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

v

pharmacologically acceptable salt thereof, wherein R® is
hydrogen atom;

(10) the compound according to any cne of (1) te (3) 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 pharmacologically acceptable salt of a cbmpound

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



(8) the compound according to any one of (1) to (7) or a pharmacologically acceptable salt thereof,
wherein R8 is a hydrogen atom; (9) the compound according to any one of (1) to (8) or a
pharmacologically acceptable salt thereof, wherein R8 is a hydrogen atom; (10) the compound
according to any one of (1) to (9) or a pharmacologically acceptable salt thereof, wherein R7 is a
hydrogen atom; (11) the compound according to any one of (1) to (10) or a pharmacologically
acceptable salt thereof, wherein both R8 and- R81 are hydrogen atoms; (12) a pharmacologically
acceptable salt of a compound according to any one of (1) to (11), wherein the - 6 - pharmacologically

acceptable salt isgggiochlori%l benzenesylf%%tesgﬁg-tglgeg%%fggﬁ%rgﬁ@ a compound

represente% aﬂ/rfﬂe gen%%?&mﬁia?%f%?éap armacologically acceptable salt thereof: [0012] wherein

RI, R2, R2, R4, R R6) R84 a0d RS are each dndependently a;hydrogen atom, a halogen atom, or a
CI-C6 alkyl group, or R2 and R2' together with the carbon atom to which they are bound form a C3-C7
cycloalkyl groiip; and:cmpR8ris adwdregernater, avhdlogery atody,za CECETalky gfedp, £TTE06 alkyl
halide group, a hydroxy-C1-C6 alkyl group, a sulfanyl-C1-C6 alkyl group, a CI-C6 alkoxy-C1-C6 alkyl
group, a CRIEEBREAHAFOGR,d 2566 AlkyRyI-Grotp-a CIiES6 &iRdxy group, a CI-C6 alkylsulfanyl
group, .a C]J-é‘%q%llfyisulfanyl-CLCG alkyl group, a C2-C7 acylthio-C1-C6 alkyl group, a C2-C7
acyloxy-C1-C6 alkyl group, or a C3-C7 cycloalkyl group; [0013] (14) a compound represented by the
general formula (Ib) or a pharmacologically acceptable salt thereof:

R 5
R NHR®
R " COOR’  (Ia)
8
2! . R
R LE R' R
wherein

Rl, Rz, Rz', rR?, RS, RG, RT, RS, and R® are each
independently a hydrogen atom, a halogen atom, or & Cl-C¢
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, & halogen atom, a Cl-Cé alkyl
group, @ C1-C6 alkyl halide group, a hydroxy=-Cl-C& alkyl
group, & sulfanyl-C1-Cé alkyl group, a Cl-Cé alkexy~-Cl-Cé
alkyl group, a C2-C6 alkenyl group, a C2Z-Cé6 alkynyl group, a
Cl-C6 alkoxy group, a Cl1-C6 alkylsuifanyl group, a C1-C6
alkylsulfanyl-Cl-Cé6 élkyl group, a C2-C7 acylthio-Cl-Ct alkyl
group, a C2-C7 acyloxy-Cl-Cé alkyl group, or a C3~C7
cycloalkyl groﬁp: |
[0013]

(14) a compound represented by the general formula (Ib) or a

pharmacologically acceptable salt thereof:



- 7 - [0014] wherein R4, R2, R2, R4, R5, R6, R7, Re, and Re' are each independently a hydrogen
atom, a halogen atom, or a 01-06 alkyl group, or R2 and R2' together with the carbon atom to which
they are bound form a 03-07 cycloalkyl group; anb R3 is a hydrogen atom, a halogen atom, a
01-06 alkyl group, a 01-06 alkyl halide group, a hydroxy-C1-06 alkyl group, a sulfany1-01-06 alkyl
group, a 01-06 alkoxy-C1-06 alkyl group, a 02-06 alkenyl group, a 02-06 alkynyl group, a 01-06 alkoxy
group, a 01-06 alkylsulfanyl group, a 01-06 alkylsulfany1-01-06 alkyl group, a 02-07 cylthio-01-06 alkyl
group, a 02-07 acyloxy-C1-06 alkyl group, or a 03-07 cycloalkyl group; [0015] (15) a compound
represented by the general formula (11) or a pharmacologically acceptable salt thereof: 1:0016] -8
NH2 C O ch(lll)d herein R3 is a hydrogen atom, a halogen atom, a 01-06 alkyl group, a 01-06
alkyl halide group, a hydroxy-C1-06 alkyl group, a sulfany1-01-06 alkyl group, a 01-06 alkoxy-01-06
alkyl group, a 02-06 alkenyl group, a 02-06 alkynyl group, 01-06 alkoxy group, a 01-06 alkyisulfanyl
group, a 01-06 alkylsulfany1-01-06 alkyl group, a 02-07 acylthio-C1-06 alkyl group, a 02-07
acyloxy-C1-06 al rouppor a 03-07 cycloalky group; [0017j (16) a compound selected from the
group consisting of the following: ‘(}‘[(IGM)-G-(aminomethyl)bicyclo[3.2.01hept-3-en-6- yl]acetic

acid; / : ,
R COOR’  (Ib)

1 I{? R

2' z
R R> R
wherein

rR', ®?, r®, RY, &%, RS, R’, R, and R are each
independently a hydrogen atom, & halogen atom, or a Cl-C6
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 atem, a halogen atom, a Cl-C6 alkyl
group, a Cl-C6 alkyl halide group, & hydroxy=-Cl-Cé alkyl
group, a sulfanyl-Cl1-Cé6 alkyl group, a Cl-C6 alkoxy-Cl-Cé6
alkyl group, a C2-C& alkenyl group, & C2-C6 alkynyl group, &
c1-06 alkoxy group, a C1-Cé alkylsulfanyl group, a Cl-Cé
alkylsulfanyl-Cl-Cé alkyl group, a c2-C7 acylthio-Cl-Cé6 alkyl
group, a C2-C7 acyloxy-Cl-C6 alkyl group, or a C3-C7
cyclioalkyl group;
[0615]
{15) a compound represented by the general formule (II) or a

pharmacologically acceptable salt thereof:

[0016]



0-[(13,5R,6R)-6-aminomethy1-3-methylhicyclo[3.2.01thept-3- en-6-yl]acetic acid;
0-[(15,5R,6R)-6-aminomethy1-3-ethylbicyclo[3.2.0]nept-3-en6-yl]acetic acid;
0-[(13,5R,6R)-6-aminomethyl-3-propylbicyclo[3.2(0]hept-3- en-6-yi]acetic acid;
0-{(15,5R,6R)-6-aminomethy1-3-butylbicyclo[3.2.0]hept-3-en6-yilacetic acid;
[(1R,53,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-3-enH 7 yllacetic acid; - 9 -- [(13,5R,6R)-6-(an
methyl)bicyclo[3.2.0]hept-3-en-6- yllacetic acid,; -
[(1S,5R,6R)-6-(aminomethyl)bicyclo[3.2.0inept-3-en-6- vi) acetic acid hydrochloride;
[(1S,5R,6R)-6-(aminomethyl)bicycso[3.2.0]hept-3-en-6- ylJacetic acid benzenesulfonate;
[(1R,55,6S)-6-aminomethy1-3-ethylb 2.0]hept-3-en-6- yllacetic acid; [(1R,5S,6S)-6-a
nomethy1-3-ethylbicy, .2.01hept-3-en-6- ytlaceric acid p-toluenesulfonate;
[(1R,SS,6S):6-(amig@methyl)-3-g¢thylbic c@@@ ept-3-en-6- yllacetic acid benzenesulfonate; and
[(1S,5R,6R})*6-amin@methyil-3-etthYlbicycto[3.2:0thept-3 6- yllacetic acid; (17) a pharmaceutical
composition comprisiig-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 an,v%oerlpge%enting pa (19) the pharmaceutical composition according to (17), for treating
and/or preventing a disease selected from the group consisting of acute pain, chronic pain, pain
caused by soft tissue er peripheraldaitry pastherpetic neuralgia, coccipital heGralgia,tvigeminal
neuralgia, myelomere or intercostal neuralgia, central pain, neuropathic pain, migraine, pain
associatedawittnpstedafthrifi$ ok Affichlal #H RSt Upain asSsciafedwith tofitudiohy Sprain, or
trauma, scondylaigia, pain caused by spinal cqrd.or brain stem injury, - 10 - pain in-the lower back,
sciatic neufdidia; todth&che, Thyo éig&y* iR e 0 RRl Biie

.a L rou, . {
Clalpain syﬁ/&ro%e, epismatomy pain, gouty‘\f)aln, pain caused by
burn, cardige pain, muscularpain, ocglarpain, Jaflarpmatorypain -orefactal pain. abdemynalpain, pain
associated with dysmenorrhea, labor pain, or endometriosis, somatalgia, pain associated with nerve or
radicular irjury; painlassogiatecbwith amplitaticn, giclkdoueuréax,Neuromar or angiitis; pain caused by
diabetic neuropathy (or diabetic peripheral neuropathic pain), pain caused by chemotherapy-induced
neuropathy: afypie I fagmy AsGraldie, reurdpaticobain it therlower BEEk, Weltalyia aSsdtiatéd with
HIV, neural i% 3559%ia m‘ﬁ“}h é!;%%b Q{Cy}ﬁ_%rillgggiaaQHwn%pglgﬁu%(}e.rép@iﬁh@qin caused by _
chemotherapy, &fuplta neudralgia; psychogenic pain, pain associated with gallstone, neuropathic or
non-neuropathicpain @sseeiatesl;with cancer, phantom limb pain, functional abdominal pain,
headache, acute or chronic tension headache, sinus headache, cluster headache, temporomandibular
joint pain, ma&illaty sinus pain, pain caused by ankylosing spondylarthritis, postoperative pain, scar
pain, chronic non-neuropathicgaain, fibrom arlﬁia, am¥ftro§hic lateral scf‘LIgros}ls egge%%e(particularly,
partial epilépsy, atiuft PEPfAS izﬂ?el,ea%%ega i5FSeiziie if epiiEpsy patients) . generalized anxiety
disorder, ap lr%tvlﬁ%glggs syndrome; (20) the pharmaceutical composition according to (17), for
treating and/or preveriting pain caused by diabetic neuropathy;

(i}*{{ES,SR,6R)“6m(aminomethyl)bicycio{3.2.0]hept—3—en—6~

yllacetic acid;
(i)w[(lS,SR,6R)—6—aminomethyi-B—methylbicyclo{3.2.G}heptw3—

en-6-yllacetic acid;

H+

(+)~1 (1S, 5R, 6R) ~6~amincmethyl~3~-ethylbicycle[3.2.0]hept-3-en~
6-yliacetic acid;
{i)—[(IS,SR,6R}—6-aminomethyl—B—propylbicycio{3.2.0]hept~3—
en-6-ylillacetic acid;

(+y-111S, 58, 6R) -6-aminomethyl~3~butylbicyclo{3.2.0]hept-3-en-~

Al

I+

6-¥ijacetic acid;
[ (1R, 58, 68)-6- (aminomethylibicyclo[3.2.0]hept-3-en~b6o-

yllacetic acid;



(21) use of a compound or a pharmacologically acceptable salt thereof according to any one of (1) to
(16) for producing a pharmaceutical composition; (22) the use according to (21), wherein the
pharmaceutical composition is a composition for treating and/or preventing pain; (23) the use
according to (21), wherein the pharmaceutical composition is a composition for treating and/or
preventing pain caused by diabetic neuropathy; (24) a method for treating and/or preventing pain,
comprising administering a pharmacologically effective amount of a compound or a pharmacologically
acceptable salt thereof according to any one of (1) to (16) to a mama; (25) the method according to

(24), wherein the pain.is pain caused by diabetic .neurapathy; . (26) the methad according to (24) or
(25), Wherziﬁltﬁe %&%%aﬁéswg %rﬁlmnéjnr?%h%y[(’)%fé]czzz nggo'rﬁﬁﬁ?n%gﬁébregsé%r?tle by the general
formula (11); [00191 1 =12214; R2a R2&, R4, R5a, R88 and R8&' are each independently a
hydrogen atom, a halogen atom, or a CI-C6 alkyl group, or R2a and R2al together with the carbon
atom to which sheyrarérboud fermracG8<QF tycloatkyl grodp Zand hepR3& teea h§drogen atom, a
halogen atom, a C1-C6 alkyl group, a CI-C6 alkyl halide group, a hydroxy-C1-C6 alkyl group, a
sulfanyl-CY-CE &Ry groap -8 CHEE akBxy-E19€6 alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl

group, a C1.C& alkoxy group, a C1-C6 alkylsultanyl group.-a ¢I-£6 alkylsulfanyl-£1-C6 alkyl group, a
C2-C7 acyith?o‘iOflf‘ié'Ggé%iyl%gnﬁJgf 5%%3@&%&%}%1*@% alkyl g?gub, or a C3-C7 cycloalkyl group.

Advantag(?]sa, ofthe 4nvention0020]; - n dde1presartdavention can provide a bicyclic 77amino acid

derivative having excellent activity as an a2.5 ligand, or a pharmacologically acceptable salt thereof, a

pharmaceuticat compodsitiontavingran exvélteht eerapsutievandfdCpreventhEffectBh5ain or
disorders such as those involving the central nervous system, and an intermediate for producing the
same. Best Mot €a#fyiTg Out the Invention [0021]  In the present specification, a "halogen

atom" refers tg.a fluoring, chlaring, bromine, 08 IQdine atoM: 10 [3.2. 0 hept-3-en—6-
yllacetic acid p-toluenesulfonate;
{(1R,58,68)—6—(aminomethyl)—3methylbicyclo[3.2.0}hept—3~en—6—
yllacetic acid benzenesulfonate; and
{(18,5R,6R)m6waminomethylm3—ethylbicyclo{3.2.0}hept—3een~6—
yllacetic acid;
(17) a pharmaceutical composition comprising a compound or a
pharmacologically acceptable salt thereof according to any
one of (1) to {16) as an active ing:edient;
(18) the pharmaceutical composition according te (17), for
treating and/or preventing pain;
(19) the pharmaceutical composition according to (17}, for
treating and/or preventing a disease selected from the group
consisting of acute pain, chronic pain, pain caused by soft
tissue or peripheral injury, postherpetic neuralgia,
occipital neuralgia, trigeminal neuralgla, myelomere or
intercostal neuralgia, central pain, neurcopathic pain,
migraine, pain associated with osteocarthritis cr articular
rheumatism, pain associated with contusion, sprain, or trauma,

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



[0022] -'13 - In the present specification, a "01-06 alkyl group" refers to a linear or branched alky!l
group having 1 to 6 carbon atoms and includes methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, isopentyl, 2- methylbutyl, neopentyl, 1-ethylpropyl, hexyl, isohexyl, 4-
methylpentyl, 3-methylpentyl, 2-methylpentvl, 1-methylpentyl, 3,3-dimethylbutyl, 2,2-dimethylbutyl,
1,1-dimethylbutyl, 1,2- dimethylbutyl, 1,3-dimethylbugyl, 2,3-dimethylbutyl, and 2- ethylbutyl groups.
[0023] In the present specification, a "01-06 alkyl halide group” refers to the "01-06 alkyl group™
substituted by the "halogen atom" and includes trifluoromethyl, trichloromethyl, difluoromethyl,

dichloromeifiy, dibrpamethyllugiometnul 2 2 2 efluaioesyh 22 2deghlosealby, 2-bromoethy, 2-
chloroethyf; 2-fluoroethyl, 2-iodoethyl, 3-chlorapropyl, 4- fluorobutyl, and 6-iodohexyl groups. [0024]

In the presgpt-spesificatiopaarihydrady- 606 allsylgrouptrefers to theyt01=06 iyt grad rsubstituted
by a hydroxyl group and includes hydroxymethyl, 27hydroxyethyl, 3- hydroxypropyl, 4-hydroxybutyl,
5-hydroxypenndce- It rbiyirexyt 2Rydroxisthil; afdd hydioxypfapyl g?GLYpE)saTO@%]n in the

present specification, a "sulfanyl-C1-06 | group” refers e 01-06 lkyl. groyp® substituted by a
sulfanyl gr&ﬁb@iﬁﬁ“ﬂﬁﬁﬁ&é@ %)%Eldptgr%% a}}//? n‘?\%r %tlo%thﬁ%?- r-nl4a-L mgrcapt'oe hyll, mercaptopropyl,

2-mercaptuopy; 8ad 3- ersapipprepvh gtoups, [0026br pihe presenispeeificatien,s, "02-06
alkenyl group” refers to a linear or branched alkenyl group having 2 to 6 carbon atoms and includes
vinyl, allyl, depropenyii soprepgenyd,ssbateayk @-butehy| Rgbutergl Zariw-iiropeRyP¥methylallyl,
1-methyl-1-propenyl, 1-methylallyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 3-methy1-1-
butenyl, butéryt, ﬁlﬁ%ﬁ?l}%%@tﬁ%—?%ﬁgﬁﬁ}f@méfﬁyl- -Biteny ,i%reux’ RelrGna, o

angiitis, pain caused by diabetic neurcpathy (or diabetic
peripheral neuropathic pain), pain caused by chemotherapy-
induced neurcpathy, atypical facial neuralgia, neuropathic
pain in the lower back, neuralgia associated with HIV,
neuralgia associated with AIDS, hyperalgesia, burning pain,
sudden pain, pain caused by chemctherapy, 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 ginus pain, pain
caused by ankylosing spondylarthritis, postoperative pain,
scar pain, chronic non-neuropathic pain, fibromyalgia,
amyotrophic lateral sclerosis, epilepsy (particularly,
partial epilepsy, aduit partial seizure, and partial seizure
in epilepsy patients), dgeneralized anxiety disorder, and
regtlegss lege syndrome;

(20} the pharmaceutical composition according to (17}, for
treating and/or preventing pain caused by diabetic

neuropathy;



1-methyl-2-butenyl, 3-methy1-3-butenyl, 2-methyl-3-buienyl, 1-methyl-3-butenyl,
2-methyl-11-methyl-11,1- dimethylailyl, 1,2-dimethyl-I-propenyl, 1,2-dimethy1-2- propenyl, 1-ethyl
-propenyl, 1-ethyl-2-propenyl, 1-hexenyl, 2-hexenyl, 3-hexenyi, 4-hexenyl, 5-hexenyl,
1,1-dimethyl-lbutenyl, 1,1-dimethy1-2-butenyi, .1,1-dimethy1-3-butenyi, 3,3- dimethyl-I-butenyl,
1-methyl-1-pentenyl, 1-methyl-2-pentenyl, 1-me‘¢1yk§-p_entenyl, 1-methyl-4-pentenyl,
4-methyl-1-pentenyl, 4-methyl-2-pentenyl, and 4-methyl-3-pentenyl groups. [0027] In the present
specification, a "02-06 alkynyl group" refers to a linear or branched alkynyl group having 2 to 6 carbon
atoms and includes ethynyl, 1-propynyl, 2-propynyl, 1- butynyi, 2-butynyl, tgi nyl 1t
1-methyl-2-propyhyic 1° §eﬁtyﬁ§ﬁ§-¥p‘ie¥h yr%?‘r, -péft?/ﬁ?ﬁ%@n%?r%yi%—%tk%ﬁ-%tﬁgty%}?/il,e S
2-methyl-3-butynyl- 1methyls 2:butynyl. Lt -3=butynyk 4, Lidimethy-2-propyasing-hexynyl,
2-hexynyl, 3- hexynyl, 4-hexynyi, and 5-hexynyl groups. - 15 - [0028] In the present specification,
a "01-06 afkexypseupiveters ta thes A6 atkyl group”. bound to an oxygen atom and includes
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, s-butoxy, tert-butoxy, pentoxy, isopentoxy,
methylbutdXy2 heBpentéss, W}E%éﬁylb%%t’oxyﬁ%ﬁaﬁ%%ﬁylg&rﬁo%ﬂ%ﬁa’f—ﬁﬁﬁﬁ pentoxy
groups. [OOZ%QJ[% _In the .present specification, a "01-06 alkyisulfanyi " refers to the, 01-06 alkyl
group"” bolrd % SUlfit atdm and” f%%ﬁfélseétrﬁ"gt%ylgéﬁaﬁﬂ%tﬁ%é%?fér%%}pﬁpggﬁéﬁly[l g
isopropyIngq@yj, butylsulfanyl, isobutylsulfanyl, sec-butyisulfanyl, tert-butyisulfanyi, pentylsulfanyl,
isopentylsulfanyl, 2-methylbutylsulfanyi, neopentylsulfanyl, 1-ethylpropylsulfanyl, hexylsulfanyl,
isohexylsulfagyl, 4:methykpentytsutfanyly 3c methylpentyistifanyl, 2 reethiipens/fstifahye 1-
methylpentylsulfanyi, 3,3-dimethylbutylsulfanyl, 2,2- dimeti%%but Isulfargll, 1,1_—dime%1¥:Ib%t l.sulfanyl,
1,2- dimetRyAB&EGRLFaRY, 13-ametiAARy5afanyt, 23 bi é‘iﬁé@u@%uﬁ‘gﬁyﬁgﬁg -ethy%)utylsulfanyl
groups.. [0030 In the present cificat] " alkoxy-01-06 alkyl group” refers to the "01-06
alkyl grouﬁ'ash]%sﬁt?ft‘esf %yp%ﬁe (‘:gll§§68 a %X%O%%%é%air% includes methoxymethyl, ethoxymethyl,
propoxymethyly bytoxymethyl £3-methexyprepylz3ethaxyprepy = metneey/butyl <Srrethoxygentyl,
and 6- methoxyhexyl groups. - 16 - [0031] in the present specification, a "01-06 alkylsulfanyi-C1-
C6 alkyl group't refersatoithe "01 063k ereqsstibstitutéd b te 71-68 alytsutfan§l group” and
includes methylsulfanylmethyl, ethylsulfanylmethyl, propylsulfanylmethyl, isopropylsulfanylmethYl,
mﬂybuHaﬁWWEM%HH%&&ﬁﬁSﬁﬁﬁﬁmﬁgﬁg%%%Eﬁé&gu g%ﬁﬁ%ﬁ%iﬁeﬁé%ﬁwgéégmﬁheﬂwL
pentylsulfaary%g%tg?z %ngngf{%l@@glegfyl,(% methylhutylsufanylgthnwit.neopentylsulfanylethyl,
ethylpropyisultanylethYl, hexylsulfanylethyl, isohexylsulfanylethyl, 4-methylpentylsulfanylethyl, 3-
methylpentyisulfanyletimd - 2methylpentyisutfandipiépY|, 1whetwiperitisulfanyipropybain
3,3-dimethylbutylsulfanylpropyl, 2,2-dimethylbutylsulfanylpropyl; 1,1- dimethylbutylsulfanYlpropyl,
1,2-dimethyibagysulizn Ydgpsl 13- 8rigtAFBERASuIfanylpropyl, 2,3- dimethylbutylsulfanylpropyl, and

24thﬂnﬂﬂ§%ﬁaqygg0%%thod according to (24) or (25), wherein the mammal
is a human; and

[CCL8]

(27} a compound represented by the general formuila (III}:

[0019]
4a
R 5a
R
NH,
R / COOH  (IID)
8a
2a' R
R 2 I{la I{Sa
R%

wherein



groups. 10032] In the present specification, a "02-07 acylthio-C1-C6 alkyl group” refers to the
"01-06 alkyl group” substituted by a "02-07 acylthic group”. The "02-07 acylthio group" refers to a
"02-07 acyl group" bound to a sulfur atom. The "02-07 acyl group" refers to the "01-06 alkyl group" _
bound to a carbonyl group. [0033] -17 - The "02-07 acyl group" includes acetyl, propionyl, butyryl,
isobutyryl, sec-buty yl, tert-butyryl, pentanoyl, isope:2 anoyl, 2-methylbutyryl, neopentanoyl,
1-ethylpropionyi, hexanoyl, 4-methylpentanoyi, 3-methylpentanoyl, 2- methylpentanoyl, and
1-methylpentanoyl groups. [0034] The "02-07 acylthio group" includes acetylthio, propionylthio,
butyrylthio, isobutyrylthig, sec-hutyrylthio, tert-butyrylthio, tanoylthio, isopentanoylthio, 2-
methylbutyrylthio?h%oﬁgﬁtar%ﬁthio, I%fthﬁ%%bp%%ylﬁﬂg, %an8§|ﬁ1i8,%ﬂ1e‘tﬁ&%68ﬁé%%§|%%§,

3-methylpentanaylthio, 2-methylpentanoylthia, and l:methylpentangvithic,groups.{0935] . The
"OZacyIthic?tC%}f(%é(C é\%@?g%ﬁ%" inclu es“ac%yithiomefhyl, 2-acetylthioethyl, -acaetylthéopropyl, 4-

acetylthiobutyl, prepiohtylthiometnd 2-prapioryltieetbylo ang butyrylthiomethy| gioapsajgo36]  In
the present specification, a "02-07 acyloxy-C1-06 alkyl group" refers to the "01-06 alkyl group"
substitutedby:ad02<0Tnaeyl6xy-Group” Thex02v07 aEgiBRy grotd” refers to the "02-07 acyl group”

bound to an oxygen atom. [0037 The "02-07 acyl roup” includes acetyloxy, propionyloxy,
butyryloxy, isobuga/ryléfy,%e%%‘t%fr?%&y,até?trfbutﬁryli\{c?%%éggFftaﬁgy?l%ky,als?ﬁen é)ng);l%%]yj 2-

methy'butéfx'gég,,n%oaﬁnl@%oyngyi-%azlmoi%%%v, 218, hexanaylexy; #-methylpentanoyloxy,
3-methylpentanoyloxy, methylpentanoyloxy, and 1-methylpentanoyloxy groups.
group, a sulfanyl-Cl-C6 alkyl group, a Cl-Cbt alkoxy-C1l-Cé6
alkyl greoup, a C2-C6 alkenyl group, a C2-Cé alkynyl group, a
C1-C6é alkory group, & C1-C6 alkylsulfanyl group, a CL-C6
alkylsulfanyl-Cl-Cé alkyl group, a C2-C7 acylthie-Cl-Cé alkyl
group, a C2-C7 acyloxy-~Cl-Cé alkyl group, or a C3-C7

cycloalkyl group.

Advantages of the Invention
(00201

The present invention can provide a bicyclic yramino
acid derivative having excellent activity as an 08 ligand,
or a pharmacologically acceptable salt thereoci, a
pharmaceutical composition having an excellent therapeutic
and/or preventive effect on pain or disorders such as those

involving the central nervous system, and an intermediate Ior

producing the same.

Best Mode for Carrying Out the Invention
[0021]

In the present specifiecation, a "halogen atom" refers to
a fluorine, chlorine, bromine, or iodine atom.

[0022]



[0038] * The "C2-C7 acyloxy-C1-C6 alkyl group" includes acetyloxymethyl, 2-acetyloxyethyl,
3-acetyloxypropyl, 4- acetyloxybutyl, propionyloxymethyl, 2-propionyloxyethyl; and butyryloxymethyl
groups. [0039] In the present specification, a "C3-C7 cycloalkyl group” refers to a saturated cyclic
hydrocarbon group having 3 to 7 carbon atoms and includes cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, and cycloheptyl groups [0040] Sipc%g compound represented by the general formula
(1), 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 asﬂ,h_‘ydroflu‘orirclje, hyd,r,QEh_IB 'd%,lh dfobgoorrglige, and
hydroiodide; inorddnit ARidSaltestich ™2 ydrbchioride, nitrate; perchidrate’ sultate; and phosphate;
lower alkanestilfonates such;as.methanesulfonate striflupromethgnesulfonate; and-ethanesulfonatei
-arylsulfonates such as benzenesulfonate and ptoluenesulfonate; organic acid salts such as acetate,
malate, furparaiersuccaie oittaten ascarbateydartrale, oxalate, and-maleate;:ard-ammolacid salts
such as glycine salt, - 19 - lysine salt, argindne salt, ornithine salt, glutamate, and aspartate. Inorganic
acid salts erarylulforates are préfBrRIbIE AR hyddEnBHdd berRentddifonate 5 oldenesulfonate
is more preferable. [0042] Salts hased an a carboxyl group include: alkal; altg such as
sodium salt §5ot% s‘iur%ys"‘"dlt, %ﬁaﬁiﬁﬁ&rﬁ’aé alka |H§-%é?%§9r#éta?1§5 §" s’ucﬁgg %I fﬁ'm zalt and
magnesium salf; metalsalts such as:aluminuay, salt anddron.salizinorganic saks syahhas ammonium
salt; amine salts, for example, organic salts such as t-octylamine.salt, dibenzylamine salt, morpholine
salt, glucosgringisadt; phébyiglytineZalky estersait] bthylenedianing satt t Nméthylglucamire salt,
guanidine salt, diethylamine salt, triethylamine salt, dicyclohexylamine salt, N,N-
dibenzyletﬁ&il@ﬁééﬁé%bté’éit, chiotoprdaine’sdit prdcaire Salt-disthanoaitiNe saf™ 2~
N-benzylpg%rgleth Igmiqe's%lt L{:)i%era\zinesalt, tetramethylammonium salt, and

tris(hydroxymeB(ﬁ)%)a“ inomet zfne'salt; and amino acid salts such as glycine salt, lysine salt, arginine
salt, ornithipngggadt; glutamate, and aopartate. [0043] A compound represented by the general
formula (1), (1a), (ib), or (11), when left in the air or recrystallized, may associate with adsorbed water
through water aborption to feraea thydrae i Suck hyerates arealss énédrpassed by the salt of the
present invention, [0044] -20 - The"cqrggl%und, re yesgnted by th g nggq_lggmulamgr (1N has
an asymmetrii Earbait Sfonf irf fis Mbfecute and tReréoredAcitbes optical fsomers. All these isomers
and mixtureg of these isomers ateyepresented by a;single famaula. e, the:genesalformula () or (II).
Thus, the compound represented by the general formula (1) or (1) also encompasses all such optical
isomers angh mixiuresaf these opticat isomers at apprapriateratioschyl, fluocromethyl,

2,2,2-trifluorcethyl, 2,2,2-trichleoroethyl, Z-bromocethyl, 2-
chloroethyl, 2-fluoroethyl, 2Z-iodoethyl, 3-chloropropyi, 4-
fluorcbutyl, and 6-iodohexyl groups.

[0024]

In the present specification, a "hydroxy-Cl-Cé alkyl
group" refers to the "Cl-Cé alkyl group" substituted by a
hydroxyl group and includes hydroxymethyl, Z-hydroxyethyl, 3
hydroxypropyl, 4-hydroxybutyl, S5-hydroxypentyl, 6~
hydroxyhexyl, 1-hydroxyethyl, and l~hydroxypropyl groups.
[0025]

In the present specification, a "sulfanyl-Ci-Cé alkyl
group" refers to the "C1~Cé alkyl group" substituted by a

sulfanyl group and includes mercaptomethyl, mercaptcethyl, 2-



[004] ' The compound represented by the general formula (1) is preferably a compound represented
by the general formula (1a) or (Ib), more preferably, a compound represented by the general formula
.(Ib). In the general formula (1), (ia), or (Ib), Rl is preferably a hydrogen atom. In the general
formula (1), (1a), or (Ib), R2 is preferably a hydrogen atom: In the general formula (1), (ia), or (Ib),
R2T is preferably a hydrogen atom. In the genera) formula (1), (1a), (Ib), or (Il), R3 is preferably a
hydrogen atom or a 01-06 alkyl groupr 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 (1), (Ia), or (Ib), R4 is preferably, a hydrogen atom. . In_the general formula (1),
(1a), or (Ib)"R55E Bretrably-a hdfogen-atsi “fObA6 it éﬁgﬁe%f o4 preterably a hydrogen
atom. In the general (g%r%g?,pr%f%aﬂ% a hydrogen atom. In the general formula preferably a hydrogen
atom. In the general formula préeferably a hydrogen atom. In the general formula (Ill), Ria is preferably
a hydrogenjatopt] In the general formula (111), 52a is preferably a hydrogen atom. In the general
formula (lll), R2a' is preferably a hydrogen atom. In the general formula (II1), R3a is preferably a

hydrogen atom OF & 01266 Ri&E §Foups mesre preferatiy a Kydrogei atoft, SEméthy¥ §rotp, an ethyl

@DUp’angg%éygu%b a linear or branched alkenyl group having 2 to ©
carbon atoms and includes vinyl, aliyl, l-propenyl,
isopropenyl, l-butenyl, Z2-butenyl, 3-butenyl, Z-methyl-I1-
propenyl, 2-methylallyl, l-methyl-l-propenyl, l-methylallyl,
l-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 3-methyl-1-
butenvl, 3mmethyl—2—butenyl, 3—metﬁyl—3—butenyl, 2-methyl-1-
butenyl, 2-methyl-2-butenyl, 2-methyl-3-butenyl, l-methyl-Ii-
butenyl, l-methyl-2-butenyl, l-methyl-3-butenyl, 1,1-
dimethylallyl, 1,2-dimethyl-Il-propenyl, 1,Z2-dimethyl-2-
propenyl, l-ethyl-l-propenyl, l-ethyl-2-propenyl, l-hexenyl,
2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, 1,1-dimethyl-1-
butenyl, 1,l-dimethyl-2-butenyl, 1,l-dimethyl-3-butenyl, 3,3-
dimethyl-l-butenyl, l-methyl-l-pentenyl, l-methyl-Z-pentenyl,
i1-methyl-3-pentenyl, l-methyl-4-pentenyl, 4-methyl-l-pentenyl,
4-methyl-2-pentenyl, and 4-methyl-3-pentenyl groups.

[(0027]

In the present specification, a "CZ-C6 alkynyl group"
refers to a linear or branched alkynyl group having 2 to 6
carbon atoms and includes ethynyl, l-propynyl, Z-propynyl, 1-
pbutynyl, 2-butynyl, 3-butynyl, l-methyl-Z-propynyl, 1-
pentynyl, Z-pentynyl, 3—pentynyl,-4—pentYnyl, 3-methyl-1-
putynyl, 2-methyl-3-butynyl, i-methyl-2-butynyl, l-methyl-3-
butynyl, 1,l-dimethyl-Z-propynyl, l-hexynyl, Z-hexynyl, 3-

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



or a butyl group, even more preferably a hydrogen atom or an ethyl group. In the general formula

hydrogen atom (lIl), R" is preferably a In the general formula hydrogen atom. (Il1), 5a is preferably
a In the general formula (111), Rea is preferably a hydrogen atom. In the general formula (l11), Rsa' is
preferably a '

- 15 -

[0028]

In the present specification, a "Cl~C6 alkoxy group”
refers to the "Cl-C6 alkyl group" bound tc arn oxygen atom and
includes methoxy, ethoxy, propoxry, lsopropoxy, butoxy,
isobutoxy, s-butoxy, tert-butoxy, pentoxy, lsopentoxy, Z-
methflbutoxy, neopentoxy, hexyloxy, 4-methylpentoxy, 3-
methylpentoxy, and 2—methyipentoxy groups.

[002¢]

In the .present specification, a "Cl-Cé alkylsulfanyl
group" refers to the "Cl-C6 alkyl group” bound to a sulfur
atom and includes methylsulfanyl, ethylsulfanyl,
propylsulfanyl, isopropylsulfanyl, butylsulfanyl,
isobutylsulfanyl, sec—butyisulfanyl, tert-butylsulfanyl,
pentylsulfanyl, isopentylsulfanyl, 2-methylbutylsulfanyl,
necpentylsulfanyl, l-ethylpropylsulfanyl, hexylsulfanyl,
ischexylsuifanyl, 4-methylpentylsulfanyl, 3-
methylpentylsulfanyl, 2-methylpentylsulfanyl, 1-
methylpentylisulfanyl, 3,3-dimethylbutylsulfanyl, 2,2-
dimethylbutylsulfanyl, 1,l-dimethylbutylsulfanyl, 1,2-
dimethylbutylsulfanyl, 1,3-dimethylbutylsulfanyl, 2,3-
dimethylbutylsulfanyl, and Z-ethylbutylsulfanyl groups.
[0C30] |

Tn the present specification, a "C1-C6 alkoxy-Cl-Cé6
alkyl group" refers to the "Cl-Cé alkyl group” substituted by
the "Cl1-C6 alkoxy group” and Includes methoxymethyl,
ethoxymethyl, propoxymethyl, butoxymethyl, I-methoxypropyl,
3—ethoxypropyl, 4-methexybutyl, S-methoxypentyl, and 6—

methoxyhexyl groups.



hydrogen atom. - 22 - [0047] The compound represented by the general formula (1) is speCifically
exemplified by compounds described in, for example, Table | below. However the present invention is

not limited to these. In the examples below, n-Pr represents an n-propyl group and i-Pr represents
an isopropyl group. [0048] [Table 1] -'24 - 46l-H -H -H -OH20H3 -H
_ 16 —
[0031]

In the present specificaticn, a "Cl-C6 alkylsulfanyl-Cl-
Cé alkyl group" refers to the "Cl-C6 alkyl group” substituted
by the "C1-C6 alkylsulfanyl group" and includes
methylsulfanylmethyl, ethylsulfanylmethyl,
propylsulfanylmethyl, isopropylsulfanylimethyl,
putylsulfanylmethyl, iscbutylsulfanylimethyl, sec-
butylsulfanylmethyl, tert-butylsulfanylimethyl,
pentylsulfanylmethyl, isopentylsulfanylethyl, 2-
methylbutylsulfanylethyl, neopentylsulfanylethyl, 1-
ethylpropylsulfanylethyl, hexylsulfanylethyl,
igsohexylsulfanylethyl, 4-methylpentylsulfanylethyl, 3-
methylpentylsulfanylethyl, 2-methylpentylsulfanylpropyl, 1-
methylpentylsulfanylpropyl, 3,3-dimethylbutylsulfanylpropyl,
2,2-dimethylbutylsulfanylpropyl, 1,1~
dimethylbutylsulfanylpropyi, 1,2-dimethylbutylsulfanylpropyl,
1, 3-dimethylbutylsulfanylpropyl, 2,3~
dimethylbutylsulfanylpropyl, and 2-ethylbutylsulfanylpropyl
groups.

[0032]

In the preseﬁt specification, a "C2-C7 acylthio-Cl-Cé
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 "CZ-C7
acyl group" refers to the "C1-C6 alkyl group"” bound to a
carbonyl group.

[0033]



47 -Hj :H -H -OH20H3 -H 48 -H -H -H r-CH20H3 -H 49 -H F -H -H -CH2CH3F-H

The "C2-C7 acyl group" includes acetyl, proplonyl,
butyryl, iscbutyryl, sec~butyryl, tert-butyryl, pentanoyl,
isopentanoyl, 2-methylbutyryl, neopentanoyl, l-ethylpropionyl,
hexanoyl, 4-methyipentanoyl, 3-methylpentancyl, Z-
’methylpentanoyl, and l-methylpentanocyl groups.

100341

The "C2-C7 acylthic group"” includes acetylthioc,
propionylthio, butyrylthic, isobutyrylthic, sec-butyryithio,
tert-butyrylthio, pentanocylthio, isopentancylthio, 2-
methylbutyrylthio, necopentanoylthio, l-ethylpropicnylthio,
hexanoylthio, 4-methyvlpentanoylthioc, 3-methylpentancylthio,
Z—methylp@ntanoylthio} and l-methyvlpentanoylthic groups.
[0C35]

The "C2-C7 acylthio—-Cl-Cé6 alkyl group" includes
acetylthiomethyl, 2-acetylthicethyl, 3-acetylthiopropyl, 4-
acetylthiobutyl, propionvlthiomethyl, 2-propionylthiocethyl,
and butyrylthiomethyl groups.

[0036]

In the present specification, a "CZ-C7 acyloxy-Cl-Cé
alkyl group" refers to the "C1-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.

[0037]

The "C2-C7 acyloxy group" includes acetyloxy,
propionyloxy, butyvryloxy, iscbutyryvloxy, sec-butyryloxy,
tert-butyryloxy, pentanoyloxy, isopentancyleoxy, 2-

methylbutyryloxy, neopentanoyloxy, l-ethylpropionyloxy,



SO -H F -H -H F-CH,0H3-H 511-H -H -H -0H20H3 -H 1 521-H -H -H F-H -H

.hexanoyloxy, 4-methylpentanoyloxy, 3-methylpentanoyloxy, 2-
methylpentanoyloxy, and l-methylpentanoyloxy groups.
[0038]

The "C2-C7 acyloxy-Cl-C€ alkyl group" includes
acetyloxymethyl, 2-acetyloxyethyl, 3-acetyloxypropyl, 4-
acetylozybutyl, propionyloxymethyl, Z-propionyloxyethyl, and
butvryloxymethyl groups.

[0038]

In the present specification, a "C3-CY cyglqalkyl group"
refers to a saturated cyclic hydrocarbon group having 3 to 7
carpon atoms and includes cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, and cycloheptyl groups.

[0040]

Since a compound represented by the general formula (I},

when having amino and/cr 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]

3alts 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 acstate, malate,
fumarate, succinate, citrate, ascorbate, tartrate, oxalate,

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



NRsR6IR"R8FRv1-H-H-H-H-H2-H-H-H-H-H 3 -H-H1-H

1
lysine salt, arginine salt, ornithine salt, glutamate, and
aspartate. Inorganic acid salts or arylsulfonates are
preferable, and hydrochloride, benzenesulfonate, or p-
toluenesulfonate is more preferable.

[0042]

Salts based on a carboxyl group include: alkali metal
szlts such as sodium salt, potassium salt, and lithium salt;
alkaline—-sarth metal salts such as calcium salt and magnesium
salt:; metal salts such as aluminum salt and iron salt;
inorganic salts such as ammeonium salt; amine salts, for
example, organic salts such as t-octylamine salt,
dibenzylamine salt, morpheline salt, glucosamine salt,
phenyiglycine alkyl ester salt, ethylenediamine salt, N-
methylglucamine salt, guanidine salt, diethylamine salt,
triethylamine salt, dicyclohexylamine salt, N,N'-
dibenzyiethylenediamine salt, chloroprocaine salt, procaine
salt, diethanolamine salt, N—benzylpheneﬁhylamine salt,
piperazine saltg, 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),
(In), or {(II), when left in the air or recrystallized, may
associate with adsorped water through water absorption to
form a hydrate. Such hydrates are alsc encompassed by the
salt of the present invention.

[0044]



“H-H 114 -H-H-H-H-H 5 -H -H -H -HI-H 6 -CH3 -H -H -H1-H 7 -H

- 20 -

The compound represented by the géneral formula (L) or
(II) has an asymmetric carbon atom in its melecule and
therefore includes optical isomers. All these iscmers and
mixtures of these isomers are represented by a single formula,
i.e., the general formula (I} or (II). Thus, the compound
represented by the general formula (I) or (II} 2180
encompasses all such optical isomers and mixtures of these
optical 1lsomers at.appropriate ratios.

[0045]

The compound :epresented by the general'fgrmula (I) is
preferably a compound represented by the general formula (Ia)
or {Ib), more preferably, a compound represented by the
general fermula (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), (Ibj), or (II}, R 1S
preferably a hydrogen atom or a ci-Ce élkyl group, more
preferably a hydrogen atom, a methyl group, an ethyl group, a

ropyvl group, or a butyl group, &ven more referably =2
P 4

hydrogen atom or an ethyl group.

o

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

preferably a hydrogen atom.



-H-H -CH3I-H 8 -H[-H-H1?-H9-H-H-H-H-H 10 -H-H-H -H -H 11

....21__
[0046]
Tn the general formula {I), (Ia), or (Ib), R® is
preferably a hnydrogen atom.
In the general formula {(I), (Ia), or (Ibj, R’ is

preferaply a hydrogen atom.

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

In the genesral formula (I}, (Ia), or (Ib), 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.

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

In the general formula (IIl), R* is preferably a
nydrogen atom or.a C1-Cé6 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

o

hydrogen atom.

W

In the general formula (III), R is preferably

hydrogen atom.

In the general formula (III), rR® is preferably a

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

hydrogen atom.
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[(0047]
The compound represented by the general formula (I} is
specifically exemplified by compounds described in, fcor
.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 i~-Pr represents an isopropyl group.
ro04s]

[Table 1]

R? / COOR’ ®
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i -E ~H -4 ! -4 ~¥

2 ~CH, -1 - -4 -4 %
B - cH; -H -H -5 ]
[ ~F -3 - -CH, -4
N -4 ~H -8 -3 ~CH,
L5 ~H -g ~H ~H -5 i

7 -H - -4 -4 -

3 -H -H -4 | ~CH,CH; -H
E -H iy 8 ~CH,CH,CH, -5
Uoig -4 ~E : ~H ~CH,CH.CH,CH, ~H
L1l -5 -3 ! ~H —CH (CH;) 5 -3

1o -4 ~H é -3 ~CH {CH,) CH,CH; ~H

13 -8 -y -1 ~CH,CH{CH,; ) - -3

14 -5 -H -4 ~CH,CH=CH, -H
| 15 -5 -K -4 ~cyclopentyl ~H
|16 -f i -H ~CH,0C {0) CH; -
| 17 -8 -5 -5 ~CH.QCH; ~H

18 -5 g - -CH,SCH, -E

19 -5 -4 ~H ~CHj -CH,

20 -H - iy ~CH,CH; -H

21 -4 ~H -4 -5 -4
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23 -1 ~H -3 -5 -H
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37 - ~H ~CH,5C (0) CH,CH,
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2 these moieties togethar |

with the carbon atom
bound thereto

Cyclobutane formed by
these moieties togsther
| with the carbon atom
; bound thereto
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Table 1 continued
43 - -H -H -H -H
44 -H ~CHs -H —H ~H
45 ~H -CH,CH4 -H -5 -5
46 ~H -n-Pr -H ~H - H
47 ~H -1i-Pr —-H —H -H !
48 ~-H -H -CH, ~H ~H
L -4 ~H —-CH,CH; -5 -H
50 - -5 -n-Pr ~-H ~H
51 -H -H ~1-Pr _ -H -H
52 -H -H -H -F —-H

[0049]

Among the exemplary compounds, the compounds 1, 4, 8, %,

and 10 are preferred.
[0050C]

£ the compounds represented by the general formula (I},
a compound wherein both R® and R’ are hydrogen atoms is
produced by, for example, & process A (step A-1, step A-Z,
step BA-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).
[0051]

On the other hand, of the compounds represented by the
general formula (I), a compound wherein both R® and R’ are
moieties other than a hydrogen atom is produced through, for
example, a step A-6, a step A-7, an optional step A-8, and a
step A~% in this ordef following the step A-5.

[0052]

[Processes A and D]
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wherein R*, ®?, R*, ®R*, Rr*, R®, R®, R’, R®, and rRY are as
defined above; P’ represents a protective group for a
carboxyl group; and Pp? and P° represent a protective group
for an amino group.

[0053]

p' is not particularly limited as long as it is
generally used as a protective group for carboxyl groups,
Examples thereof inciude methyl, ethyl, propyl, isopropvl,
butyl, iscbutyl, sec-butyl, tert-butyl, hexyl, bromo-teart-
putyl, trichlorcethyl, benzyl, p-nitrobenzyl, o-nitrcbenzyl,
p-methoxybenzyl, p-tert-butylbenzyl, acetoxymethyl,
propionyloxymethyl, butyryloxymethyl, ischutyryloxymethyl,
valeryloxymethyl, pivaloyloxymethyl, acetoxyethyl,
acetoxypropyl, acetoxybutyl, propionyloxyethyl,
propionyloxypropyl, butyryloxyethyl, isobutyryloxyethyl,
pivaloyloxyethyl, hexanoyloxyethyl, ethylbutyryloxymethyl,
dimethylbutyryloxymethyl, pentanoyloxyethyl,
methoxycarbonyloxymethyl, ethoxycarbonyloxymethyl,
propoxycarbonyloxymethyl, tertQbutoxycarbonyioxymethyi,
methoxycarbonyloxyethyl, @thox?carbonyloxyethyl,
isopropoxycarbonyloxyethyl, tert-butyldimethylsilyl,
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.
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Examples thereof include formyl, phenylcarbonyl,
methoxycarbonyl, ethoxycarbonyl, phenyloxycarbonyl, 8-
fluorenylmethyloxycarbonyl, adamantyloxycarbonyl,
penzyloxycarbonyl, benzylcarbonyl, benzyl, benzhydryl, trityl,
and phthaloyl groups.
[0055]

0Of the variocus conditions for the production processes
of the compound represented by the general formula (I}, the
reaction time in sach step differs depending on the types of
starting compounds, secondary materiéls, catalysts, reagents,
solvents, etc., used in the step and is usually 1 to 48 hours,
preferably 1 to 24 hours. On the other hand, other

conditicns are described below in detail feor each step.
[0036]
[Step A-1]

The step A~1.is a step of producing a compound (Z)
through alkenylaticn reaction from a compound (1).

Solvents used are neot particulariy limited as long as
they are solvents that do not inhibit the reaction and can
dissclve the starting material to some extent. The solvents
include aromatic solvents, ether solvents, ester solvents,
halcgenated hydrocarben solvents, nitrile solvents, amide
solvents, and sulfoxide solvents. Ether solvents are
preferable, and tetrahydrofuran is more preferable.

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

diethylphosphonoacetate; phosphorus ylide reagents; and
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phosphonium ylides such as ethoxycarbonylmethylene
triphenylphosphorane.

Reagents used are inorganic bases, alkali metzal
alkoxides, organic bases, organic metal bases, and the like.
Incrganic bases are preferable, and sodium hydride 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 1.00°C,
preferably 0°C to room temperature.

[0057]

After completion of the reaction, the compound of
interest of the present reaction is collected from the
reacticn 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. Mocreover, inscluble matter, if
any, 1s removed by filtration. To the residue, water and a
water-immiscible organic solvent such as ethyl acetate are
then added, and the organic laysr céntaining 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



50- -H'51-H-0-HH52---H-- [00491 Among the exemplary compounds, the compounds 1, 4,
8, 9, and 10 are preferred. [0050]  Of the compounds represented by the general formula (, a
compound wherein both R6 and R7 are hydrogen atoms is produced by, for example, a process 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
0-2, optional step A-4, and step A- 5). ‘

_30_
as recrystallization and reprecipitation, followed by alution
with an appropriate eluent by use of chromatography.

Moreover, in the Subsequeﬁt procedures, the compound of
interest of each reaction is usually collected from the
reaction mixture after completion of the reaction in each
step in the same way as in the aftertreatment of the step A-1.
[0058]

[Step A-2]

The step A-2 1is a step of proeducing a compound (3] from
the compound (2). |

gnlvents used are the same as those in the step A-1.
Fther solvents or nitrile solvents are preferable, and
tetrahydrofuran or acetonitrile 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 préferable, and
diazabicycloundecene or tetraalkyl ammoniﬁm halide 1is 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 tc 60°C.

(00597
[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 and can



[0051] On the other hand, of the compounds represented by the general formula (l), a compound
wherein both R6 and R7 are moieties other than a hydrogen atom is produced 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-S. [0052]
[Processes A and D] - 27 - wherein 121, R2, R2, R3, R4, Rs, R6, R7, R8, and R8' are as defined
above; PI represents a protective group for a can(})?yI group; and P2 and P2 represent a protective
group for an amino group. [0053] P1 is not particularly limited as long as it is generally used as a
protective group for carboxyl groups. Examples thereof include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sétastRylytertbetyE RexA 1B nG- by, FentBethST benzyl, p???ﬁro%é%ﬁffs?nitrobenzyl,

p-methoxybenzyl, p-tert-butybenzy. acetoymelhl, prapionyloxymetiyl. bubyylymethidn
isobutyryl® yl, vaféry oxymethyl, plva1oy€foxymet yl, acetoxyethyl, acetoxypropyl, acetoxybutyl,

propionyloxyethyh.Jorepipnyloxwropyt hutyyloxyethvh dsobisiyryioxyethys pivdlogoxyethyk
hexanoyloxyethyl, ethylbutyryloxymethyl, dimethylbutyryloxymethyl, pentanoyloxyethyl,

methoxycathofyloedyireth Endthexyearbdnyloxyras ey |, ropesearithyiddmcthyl,
tert-butoxycarbonyloxYmethyl, methoxycarbonylox etf?#g ethoxycarbo

) | W
isopropoxycarbdHREGBIHY 1, YR BuiyRAMEtRy ST FifetiVISR/ ,k%ﬁ@thgéﬁorfn%%h%{u&hoxymethyl,
pfopoxyrggg %A;%O%&P ethyl, (2-methyithig)sethyk 3-methyl2rbuteny, Sdndany. and 3-phthalidy!

groups. [ P2 and Ps aré not particularly limited as long as they are generally used as
protectiveygroups-&F aino grepSoowtr Examplesztheteofdnclude foroge phedytcarbonyi,
methoxycarbonyi, ethoxycarbonyl, phenyloxycarbonyl, 9- fluorenylmethyloxycarbonY],
adamantytoxydarbory|, benzylexyesedciaBenzylcarbonyl, benzyl, benzhydryl, trityl, and phthaloyl

groups. [00551  Of the various conditions for the production.processes of e.gomp nd,
represented by thegenerd famttig ﬁygﬁgargggtﬁaondﬁr%g% 2ad Rtep differs’ gependingj%n the types of

starting cppeunds, secendary materialscatalystss saagets, salvents.ceigensed i the step and is
usually 1 to 48 hours, preferably 1 to 24 hours. On the other hand, other conditions are described
below in dgtail fos eaghstep, [Q)RG) 100°C, preferably 60 to 80°C.
[0060]
[Step D-1]
The step D-1 is a step of producing a compound (4) from
the compound (2).
golvents used include the same as these in the step A-1,
alcohol solvents, and aqueous solvents. Amide solvents are
preferakle, and N,N-dimethylfcrmamide 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.
[coel]

[Step D-2]



[Step A-11 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 solvents, nitrile solvents,
amide solvents, and sulfoxide solvents. Ether solvegts are preferable, and tetrahydrofuran is more
preferable. Secondary materials used include: Horner-Emmons reagents; alkyl
dialkylphosphonoacetates such as ethyl diethylphosphonoacetate; phosphorus ylide reagents; and -

29 - bhosphoniurq,xgdescsuc aiemox(%(c%rggnylwtl})égﬂ% H}PJ‘?{‘M@@éBB%@@&- (4 ,Reagents used

. . — S . ] : .
are inorganic bases, alkaff hetal alkéxi es, organic bases, organic metal bases, and the like. Inorganic

bases are preferable, and sodiyp hydridg 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 usuallydl toe2@0C preferably 0Cito ooen tefseraturé MpBs 7L . tARerCompletion of the
reaction, the compound of interest of the present reaction is collected from the reaction mixture

C d |
according %}é@%‘ﬁaa?d’ﬁwﬂéﬁﬁ&ﬁ Fof eﬁ’(ﬁﬁﬁe,saféjcgﬁdﬁgg tpaﬁgecﬁre%ggsa eayents Sre degraded, and
the reaCtlopéi}leE{Q&atgg,-t}% (eactign mixture is appropdately.neutralized. Moreover, insoluble

matter, if any, is Temove §/ iftration. To the residue, water and a water-immiscible organic solvent
such as ethyl acetateare then added, janstheorgania dayer containiag the: carhpeurd of interest is
separated, then washed with water or the like, and then dried over anhydrous magnesium sulfate,
anhydrousébdiumi salfater anisydrsus sbaibim bicarbohate, ot tRe fiké TaierS the solvent is distilled off
to obtain the compound of interest, The « btaineg compound of interest s separated and purified by
appropriately comBiAng StandHid methods a8cording toneed. for example, usual methods routinely

used in th%%%ﬁ%ﬁ:%é‘%d purificatien of,organic compounds, such - 30 - as recrystallization and

reprecip tation, followed by elution with an appropriate eluent by use of chromatography.

Moreover, in the suksegient procedergss the compound of intelestofléach reaction isuSEdly
collected from the reaction mixture after completion of the reaction in each step in the same way as in
the after,reafméhtofthe SidgA- £ J0058]Step-A9] SoLvents, the catalysts, the

reagents, etc., and is usually 0 to 100°C, preferably 0°C to
room Ttemperature.

[0082Z]

[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 aqueous solvents are preferable, and
ethanol or water is more preferable.

Reagents used include di-tert-butyl dicarbonate,
chloroformate, acid halide, acid anhydride, sulifonyl chloride,
inorganic bases, alkali metal alkoxides, organic bases, and
ocrganic metal bases. Di-tert-butyl dicarbonate, inorganic
bases, or organic bases. are preferable, and di-tert-butyl
dicarbonate, sodium hydroxide, or triethylamine is more

preferabls.



The step A-2 is a step of producing a compound (3) from the compound (2). Solvents used are the
same as those in the step A Ether solvents or nitrile solvents are preferable, and tetrahydrofuran or
acetonitrile 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 halidg is more preferable. The reaction temperature
differs depending on the types of the starting compound, the solvents, the secondary materials, the
reagente, etc., and is usually 0 to 100C, Preferably 0 to 60C. [0059] [Step A-3] The step A-3is a

step of reducing he.compound (3) g,praduce.  compoupd {5); . Salvents,used are-nal partiularly

limited as long as they are solvents that do not inhibit the reaction and can - 31 - dissolve the starting
material to.gome extent.-Fhe solvenisdneldde algohebselvents, estaesaolventsn ether solvents, and
aqueous solvents. Alcohol solvents and aqueous solvents are preferable, and ethanol or water is more
preferableand Reagents ised inctudelfalfddium:caiibor, palladitiin hydroxide-carbpa rpickelschloride,
tin chloride, sodium borohydride, iron powder, tin, zinc, and hydrogen. Iron powder or tin is preferable.
The reactiéﬁ’@éﬁberature differs depending on the types of the starting compound, the solvents, the
reagents, e[dgﬁ espndpﬁ gﬁually 0 to 100C, preferably 60 to 80C. [0060] [Step D-1] The step D-1is a
step of producing a compound (4) from the compound (2). Solvents used include the same as
those in the step#1, aleeholsalvenis, -ang-aguentisysalvents. imidecsolyents are prefératite, and
N,N-dimethylformamide is more preferable.

the compound (3) or (6) through deprotection of the
protective group.

Solvents used include the same as those in the step A-3.
Ether solvents or ester sclvents are preferable, and dioxane
or ethyl acetate is 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 diffefs 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-b]

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

Splvents used include the same as those in the step A-3.
Alcohol solvents or aqueous solvents are preferable, and
ethancl or water is more preferable.

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

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



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 100C, preferably 60 to 80C. [0061] [Step D-2] - 32 - The step
D-2 is a step of reducing the compound (4) to preduce the compound (5). Solvents used include
the same as those in the step D-1. Alcohol solvents or ether solvents are preferable, and methanol or
tetrahydrofuran is more preferable. Catalysts used include transition metal catalysts. Nickel

chloride or gobalt chlpsideris preferable; Reagentsused inglueehoren feagemts iSedium borohydride is
preferable. The reaction temperature differs depending on the types of the starting compound, the
solvents, theycatalysts: thesreagehts; eic aanid s usuatly 0etor0e0: prefetably 0C to room
temperature. [0062] [Step A-4] A step of protecting the amino group of the compound (5) (step A-4)
may optionally be%t?rfd?ﬁﬁa%%%”feﬁﬁ@?ES%BBEn&%é%Fer S SoRBRts IS iﬂEIuEIgefhéf £5me as those

in the step 4¢3 Aigoial.salualls ot adueus, sqlkents are preferable, andelbianal.or wialer is more

preferable.. Reagents us e di-tert-butyl dicarbonate, chloroformate, acid halide, acid
anhydride, suifony chloride; inorganic hases; alkalimetad slkpxiges, prganichases,and orgaric metal
bases. Di-tert-butyl dicarbbnate, inorganic bases, or organic bases are preferable, and di-tert-butyl
dicarbonaté 0$aefium hydroxide, or triethylamine is more preferable. - 33 -  The reaction temperature
differs depending on t? types of the starting compound, the solvents, the reagents, etc., and is
usually 0 to- fﬁﬁ’g, 6T"e jrably 0C to room temperature. [00631

The step A-7 is a step of alkylating the compound (8B) to
produce a compound (9).

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

Secondary materials used include alkyl halide.

Reagents used include the same as those in the step A-L.
Sodium hydride 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 -78°C teo rcom
temperature, preferably 0°C to room temperature.

. [0068]
[Step 2-8]

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 theose in the step A-1.
Ether solvents or amide sclvents are preferable.

Secondary materials used include alkyl halide.

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

Sodium carbonate or potassium carbonate is preferable.



[Step A-P] 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 is more preferable.
Reagents used are inorganic acids, inorganic bases, or organic acids. Hydrochloric acid, acetic acid,
or trifluoroacetic acid is more preferable. The-reattion temperature differs depending on the types
of the starting compound, the solvents, the secondary materials, the reagents, etc., and is usually O to
100C, preferably OC to room temperature. [0064] [Step A-6] The step A-6 is a step of protecting
the amino group gfthe.compaund (A-te preducesa eampeusd BpendSalyents used ingiude the same
as those in the step A-3. Alcohol solvents or aqueous solvents are preferable, and ethanol or water is
more preferdblehe =Reagents usedhrclide tHehsame Asthdse intthe st&rALE Bitert-buty!
dicarbonate, inorganic bases, or organic bases - 34 - are preferable, and di-tert-butyl dicarbonate,
sodium hy@rokrie: 8 FiethjigmiTe ASbre preférable?™ The Peattiontemp rgtuTSy differs depending

on the types of the starting compound, th %Q,I(\femtg, the reagents. ete., and is usually 0 to 100C,
preferably O%H}%erﬁgrﬁﬁ“eﬁfpe{?ét%gr[%%g] [Step A-7] e strgg A-7 is a step of alkylating the

compound (8pto7produce a compound (9). Solvents used include the same as those in the step
A-1. Ether solvents are preferable. Secondary materials used include alkyl halide. Reagents used
include thelSarae a8-those in the step A-1. Sodium hydride is preferable.

The step A-9 is a step of producing the compound
represented by the general formula (I} from the compound (9]
through deprotection of the protective group.

Solvents used include the same as those in the step A-3.

ther solvents or ester solvents are preferable, and dioxane
or ethyl acetate 1s more preferable.

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

Hydrochleoric acid, acetic acid, or trifluoroacetic acid is

[

preferable.

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

preferably 0°C to room temperature.

[C068]

The compound (1) obtained by the production processes
can also be produced by, for example, a process B, C, or kb
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}



The reaction temperature differs depending on the types of the starting compound, the solvents, the
secondary materials, the reagents, etc., and is usually -78C to room temperature, preferably OC 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).
Solvents used include the same as those in the stepcA-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. - 35-  The reaction
temperature differs depending on the types of the starting compound, the solvents, the secondary

materials, the reagents, etc., and is usually -78C to room I’émpefgh‘?‘[ure, 5referably 0C to room
temperatur .{mﬂ/ﬁf&%-@ﬂ The gtep A-9 is astep f producing the compound repi@sented by
the general Tormula; (1) fro e competnda-(9)-through~deprotectio the @aigctive group.
Solvents used incldde the same as those in the step ArR3. EEthergdl
preferable, and dioxane or ethyl acetate is more preferable. eagents used include the same as
those in the step A(—hi.)Hydrochloric acid, acetic acid, or trifluo(r%) cetic acid is preferable.  The
reaction temperature differs depending on the types of the starting compound, the solven
secondary materials, the reagents, etcg and ig:usually O to 100C, preferably 0C m temperature.
[0068] The compound (1) obtagined y the productipn processes ca e _rloduced by, for
example, a process B, C, or E sk : Bcess B consists of steps 8-1, 8-2, 8-3, and 8-4.
The process C consists of steps C- . [0069] [Processes B and C]

nts or ester solvents are

R R* R’ R! R3R4R5
RS R B-3 RS
: COOP! : i | COOH
R¥R* R¥ 4y R¥R* R* Oy
(13) (14)
RY ps
R0
B-4
R3 /
. RS
R? g
> R R
R
(D
[0070]

wherein RY, B?, R?', =% R% Rr° R R’, R®, R", and P! are as.
defined above.
(00711
[Step B-1]

The step B-~1 is a step of producing a compound (12) from
s compound (11} through substitution reaction.

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

Ether solvents are preferabie.



[0070] wherein R1, R2,R6, R7, R8, R8, and PI are as defined above. [0071] [Step B-1] The step B-1 is
a Step of producing a compound (12) from a compound (11) through substitution reaction. Solvents
used include the same as those in the step A-1. Ether solvents are preferable. - 37 - Secondary
materials used include allyi halide and crotyl halide. Allyl bromide or crotyl chloride is preferable.
Reagents used include the same as those in the-st&p A Sodium hydride or butyllithium 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 -78C to room temperature, preferably 000 to
room temperaturec[00724 [StepB-2ki21s used include allyl halide and crotyl

halide. Allyl bromide or crotyl chloride is preferable.

Reagents used include the same as those in the step A-l.
Sodium hydride or butyliithium 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 0°C te 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,
alecchol solvents, or mixed solvents thereof are preferable,
and t@trahydxofﬁran~methanol is more preferable.

Reagents used include borohydride reagents. Sodium
borohvdride is preferable.

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

[Step C~1]

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-l

and boric acid derivatives. BEther solvents or boric acid



The step 8-2 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 aqueous
solvents. Ether solvents, alcohol solvents, or mixed solvents thereof are preferable, and
tetrahydrofuran-methanol is more preferable. Reagents used include borohydride reagents.
Sodium borohydride is preferable.  The reaction &mperature differs depending on the types of the
starting compound, the solvents, the reagents, etc., and is usually 0 to 100C, preferably OC to room
temperature. [0073] [Step C-1] The step 0-1 is a step of producing the compound (13) from a
compoundi@s) throtigh soaplingereattionb 1 e Soivehts ased mchrdethezamalag#ioselin the step A-1
and boric acid derivatives. Ether solvents or borjc acid - 38 - derivatives are preferable, and
te,irahydroTaraRT diffiéthyFtRE: B HrimefiF Borate TRHh6ré frafetable-* - Secondary materials used

include alkyl a—halo%enoacetateLAlkXI bromuoacetat% le pr ger%blg gngﬁ%gg 8@998%@;_%,_ethyl

bromoacetate, o te tr-’ﬁftﬁybl%ﬁfo%%eﬁajtés is‘more 5‘r‘eTera le. Reagents used include zinc. ~ The

reaction temperatuse differs deperding ontbedypeslef thestartieg sompouod stheesolvents, the
secondary materials, the reagents, etc., and is usually 0 to 100C, preferably 60 to 80C. [0074] [Step
2-3] Thetstep 2i8ismecsteptof hydralyzing e Eompeut (EBY #6 prctiuee’d cBivipdund (14).
Solvents used are not particularly limited as long as they are solvents that do not inhibit the reaction
and can diRE6v8 A& Starting material to some extent. The solvents include aromatic solvents, ether

solvents, halogenated hydrocathon salvents. nitrilg solvents, amide solvents, sulfoxide solvents,
alcohol solvents, and aqueous solvents. Alcohol solvents, aqueous solvents, or mixed solvents thereof

are preferable, and ¢nethanaliwatet isimore preferabilet £ < Reageptsiused includehinotgaric bases.
Potassium hydroxide, sodium hydroxide, or lithium hydroxide is preferable.
of the starting compound, the sclvents, the secondary
materials, the reagents, etc., and is usually 0 to lOQ°C,
preferably 60 to 80°C.

'"f0074jn B o .
[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 net inhibit the reaction and can
dissolve the starting material to some extent. The solvents
include aromatic solvents, ether solvents, halogenated
hydrocarbon sclvents, nitrile sglvents, amlde solvents,
sulfoxide solvents, alcohol scolvents, and agueous solvents.
nlcoheol solvents, agueous solvents, or mixed solvents thereof
are preferablie, and methancl-water is more preferable.

Reagents used include inorganic bases. Potassium

hydroxide, sodium hydroxide, or lithium hydroxide is

preferable.



-39 -  The reaction temperature differs depending on the types of the starting compound, the
solvents, the reagents, etc., and is usually 0 to 100C, preferably OC to room temperature. [0075] [Step
B-4] The step E-4 is a step of cyclizing the Compound (14) 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_m%tgrigl 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..Potassi cetate is preferable .. The
reaction temperattte différs dependmyon f'hedﬁ/i:f;esé?l jéfﬁwee‘és?a%i c%)rﬁp'(ggind, the solvents. the

reagents, ete.,.and ig usually, 0 ta 1206, preferably oy teraperatine te d496n 100763 {Rrocess El
wherein R1, R2, R2, R3, R4, R5, R6, R7, R8 and R5' are as defined above. [0077] [Step E-1] The
step E-l isgnstep of pragucing @ cempound(17) frefreazonpolitid (16).rccBotents usédtiriciude the
same as those in the step A-1 and hydrocarbon solvents. Aromatic solvents, halogenated hydrocarbon
solvents, ortHydrdcarbon solvents are preferable, and toluene is more preferable. Reagents used
include oxalyi chloride and thionyl chloride. Oxalyl chloride is preferable. The reaction temperature
differs depb%dﬁi% n_t%e types of the starting compound, the solvents, the reagents, etc., and is

usually O to 150%}965&@{%@3/ foom temperatre tor120£510018]g the compound (14}
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 soilvents
include aromatic sclvents, 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 alkall metal salts. Potassium
acetate 1s preferable.

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

[0076]

[Process E]



- 41 - [Step E-2] The step E-2 is a step or producing the compound (1) from the compound (17).
Solvents used include the same as those in the step F-1. Aromatic solvents, halogenated hydrocarbon
solvents, or hydrocarbon solvents are preferable, and toluene Is more preferable. Reagents used
include organic bases. Triethylamine is preferable. The reaction temperature differs depending on
the types of the starting compound, the solvents, thg yeagents, etc., and is usually 0 to 150C,
preferably room temperature to 120C. [0079] The compound represented by the general formula
(I1) can be produced in the same way as in the compound represented by the general formula (1).
[0080] The compound represented by the general formula (l1a) or (Ib) is an optical isomer of the
compound represeiited Ip the géneral formula (1) %r';]j is produced Ipy the procesg A plus, for example,
S

a process F, G, or|H shown below. [0081] [Proces The process F is a progess of performing,
after the stép-A- P ~pRiical resotution to produd SO (@5, (3b) of the
compound (3). roRY the,ept %al isomer (3a) or (3b), the compoun%r?{pre gote 4by the general - 42 -
formula ( a) or]ﬁf)) is produdgd through the steps A-3 to A-5 or thB’steps A-3 t8'A-9. [0082] [Process F]

(16) (17)
R4 RJ O
E-2 . . // S
2 Rg
R R—} R_} RS'
(1)

wherein RY, r?, R?', R%®, R?, R%, R% R’, R%®, and R® are as
defined above.

[0C77]

[Step E-1]

The step E-1 is a step of producing a compound (17). from
a compound (15).

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

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

The reaction temperature differs depending con the types
of the starting compound, the solvents, the reagents, etc.,
and is usually 0 to 150°C, preferably room temperature to
l20°C.

[0078]



in Ri, R2, R2T, R3, R4,5R6, R7, R8, R8', and P' are as defined above. [0083]  Solvents used
include the same as those in the step A-1, hydrocarbon solvents, alcohol solvents., and mixed
solvents of hydrocarbon solvents and alcohol solvents. Hexaneisoprobanol or hexane-ethanol is
preferable.  The column used in the optical resolution is not particularly limited as long as it is a
chiral column that permits optical resolution. The-cdlimn is preferably CHIRALPAK (registered
trademark) AD-H or CHIRALPAK - 43 - (registered trademark) IC manufactured by Deice' Chemical
Industries, Ltd. The temperature used is usually 0 to 4090, preferably 20 to 40C.  After
completion;efithg reaction, the eluent (solvent) is distilled off to obtain the compound of interest of the
present reactlon [0084] The compound represented by the general formula (Ia) or (Ib) is produced
by subjecting theTompowerl @ %o dptical 76salutich a$ SHEWA below:and Bt péforfiing the same
steps as those in the process A. [0085 The process G is a process of performing, before the step
A-1 in the proeesS RS opfif $886lution to produce optical isomers (1a) and (Ib) of the compound ().

From the optical |§%m§a{g,(1g) ar.(h), the-compound represented by, the general forawia (1a). or (Ib) is
produced through the steps Al to R-5 or the steps A-1 to A-9. [0086] 1Process G]
Aromatic solvents, halogenated hydrocarben solvents, or
hydrocarbon solvents are preferable, and toluene is more
preferable.

Reagents used include organic bases. Triethylamine is
preferable.

The reaction temperature differs depending on the types
of the starting compound, the solvents, the reagents, &tc.,
and is usually 0 to 150°C, preferably room 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 1is produced by the process A pilus,
for example, a process F, G, or H shown below.

(00811}
[Process F

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

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



- 45 - above; and P4 represents a protective group for a hydroxyl group. [0087] P4 is not particularly
limited as long as it is generally used as a protective group for hydroxyl groups. Examples thereof
include trimethylsilyl, tertbutyldimethylsilyl, methoxymethyl, 2-methoxyethoxymethyl, tetrahydropyranyl,
benzyl, p-methoxybenzyl, 2,4- dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, trztyl, formyl, acetyl,
tert-butoxycarbonyl, 2-iodoethoxycarbonyl, 2,2,2~ trichleroethoxycarbonyl, 2-propenyloxycarbonyl,
2-chloro-2- propenyloxycarbonyl, 3-methoxycarbony1-2-propenyloxycarbonYl,
2-methyl-2-propenyloxycarbonyl, 2-butenyloxycarbonyi, cinnamyloxycarbonyl, benzyloxycarbonyl,
pmethoxybeg@[pggcqrpgpygg nitrelhenzylexysarhonyl, andpnirobenzyloxyearbanyl groups.50088]
[Step G-1] The step G-1 is a step of reducing the compound (1) to produce a compound (18).
Solvents used are:netparticalardy timited s 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, e$tdf olvents, halogenated hydrocarbon solvents, nitrile solvents, amide solvents, sulfoxide
solvents, arEru] %/drocar on solvents. Aromatic solvents, halogenated hydrocarbon solvents, or - 46 -
hydrocarbon Solvents aré preferable, and tetrahydrofuran is more preferable. = Reagents used
include boron reagents and aluminum reagents. Trimethoxy aluminum hydride is preferable.  The
reaction temperature differs depending on the types of the starting compound, the solvents, the
reagents, etc., and is usually -78C to room temperature prefer&ly w8 to OC. [0089] [Step G-2]  The

lipase to obtain a compound (19a) or (19b).  Solvents ysed 2 j ; rticularly limited as long as
: ]

they are solvents that do not inhibit the reaction and can dissgh lal to some extent.
The solvents include aromatic solvents, ether solvents, estersolvert alogenated hydrocarbon

- solvents, nitrile Mlv%is amlde solvents, sulfoxide solvents, afd hﬁiro}éarbon solvents. Aromatlc
solvents, haloge
more prefe
acetate is mo}r{g.

defined above.
[0083]

Solvents used include the same as these in the step A-1,
hydrocarbon solvents, alcochol solvents, and mixed solvents of
hydfocarbon solvents and alcohol solvents. Hexane-
isopropancl or hexane-ethanol is preferable.

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

CHIRALPAK (registered trademark) AD-HE or CHIRALPAK



The enzyme used includes Candida antarctica lipase, Pseudomonas fluorescens lipase,
Pseudomonas cepacia lipase, porcine pancreatic lipase, porcine liver esterase, and Candida rugosa
lipase. - 47 -  The reaction temperature differs depending on the types of the starting compound,
the solvents, the reagents, the enzyme, etc., and is usually 0 to 150C, preferably room temperature to
4000. [0090]  Moreover, in the step G-2, the compgund (18) can also be converted, using an
appropriate chiral auxiliary, to diastereomers, which are then subjected to resolution by an appropriate
method such as recrystallization, distillation, and column chromatography. The resolution can be
performed by a method described in, for e % xpermental ustry. 18-Reactign of Organic
Compoundp-%ﬁ)q,l ﬁr{ﬂé? \rlgl%rr?te“(?\f%ev@%g?% ?m[% I‘isghxegt;é Bgf/%?u%eglo.%%d., écg%.gki/ %%enChemical
Society of Japarn)-p.1203-556 sMore 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), resoluticr carheqerformedinerciystallizatiohvorths fikd 83ihg phienethyiakiing “quinine,
cinchonidine, methylbenzylamine, naphthylethylamine, or the like. [0091] [Step G-3] The step 0-3 is
a process @Pnfb%ﬁlzing the compound (19a) or (19b) to synthesize a compound (20a) or (20b).
Solvents used ar%hggg Qaréigﬂgﬂggiggggdoa@ long asthey are solventsthat.de notighikitthe reaction
and can dissolve the starting material to some extent. The solvents include aromatic solvents, ether
solvents, ester solents, .48 r halogenstedihydraecarbonsolvedts; fittiletsoheatits camidessolvents,
sulfoxide solvents, hydrocarbon solvents, alcohol solvents, aqueous solvents, and mixed solvents
thereof. Etheresoiveants caledhisisolvents, aqueous solvents, or mixed solvents thereof are preferable,
and methanaol, ethanol, or water is more preferable. = Reagents used include inorganic bases.
Potassium %%Pl?dirﬂate, sodium hydroxide, or potassium hydroxide is preferable.  The reaction
temperature diffe@ngem%gg the types.of the; starting, eorgpaund, the selvents, the reagents, etc.,
and is usually 0 to 60C, preferably OC to room temperature.. [0092] [Step G-4] The step G-4is a
process of oxigizing the-campednd (20a) o7 ¢20L) 19 synthesizerthercdmipound(|@sEdBEL  Solvents
used are not particularly limited as long as they are solvents that do not inhibit the reaction and can
dissolve thestarting hrdtefidl tdxotie gﬂéﬁi‘.’ THe soNEHts Fehuder Arontatic Solvetts, Sther Solvents,
ester solvents, halosgengted drocarbon S(ngents, nitrile solvents, amide solvents, sulfoxide solvents,
and hydroc:‘—;lasrb(i):rﬁ1 S6vents. a)%ogfe%%\%eed’ ﬁy rocarbon solvents are preferable, and dichloromethane is
more preferaple siReagents used include acid chloride. Oxaly1 chloride is

The process @ is a process of performing, before the
step A-1 in the process A, optical resolution to produce
optical isomers (la) and (1b) of the compound (1l). From the
optical isomer (la) ox (1b)}, the compound represented by the
general formula (Ia) or (Ib) is produced through the steps A-
1 o A-5 or the steps A-1 to A-9.

[0086]

[Process G]



preferable.  The reaction temperature differs depending on the types of the starting compound, the
solvents, the reagents, etc., - 49 - and is usually -78C to room temperature, preferably -78 to OC.
[0093] [Process H]  The process H is a process of performing, before the step A-1 in the process A,
optical resolution to produce the compound (1a) or (Ib) as an optical isomer of the compound (1). From
the compound (1a) or (Ib), the compound representgd by the general formula (1.a) or (ib) is produced
through the steps A-1 to A-5 or the steps A-1 to A-9. [0094] [Process H] -50 - (21b)(1 b) [0095]
[Step H-1] The step H-1 is a step of producing a compound (21) from the compound (1).
Solvents used are not particularly limited as long as they are sdolvents that do not inhibit the reaction
and can dissolve theRstarging material to some extent. The sélverts inc aromatic solvents, ether
solvents, ester solven alog:e(?wated hydr ?arbon solvents, pitrle solvents, amide golvents, sulfoxide
N sglvents. Arcuréur," solvents, haegenated hydrocarbon-setvents, or
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- 51 - hydrocarbon solvents are preferable, and benzene or toluene is more preferable.  Reagents
used include ethanediol and propanediol. Hydrobenzoin is preferable.  The reaction temperature
differs depending on the types of the starting compound, the solvents, the reagents, etc., and is
usually -78C to reflux conditions, preferably 60C to reflux conditions. [0096] [Step H-2]  The step
H-2 is a step of subjecting the compound (21) to_optigal resolution to produce a compound (21a) or
(21b). Solvents used include the same as those in the step A-1, hydrocarbon solvents, alcohol
solvents, and mixed solvents of hydrocarbon solvents and alcohol solvents. Hexaneisopropanol or

hexane-ethanol is. preferable . .., The.calumn ysed.in the optical tesolution includes the, same as
those in th%%]or}?(‘);cve'ssgég Tr%?gmpe?éture ungjeis usually O tc(c)? 40C, preferably 20 to 40C.  After

completionyefthe reaction, the eluent (solvent) is distilled off to obtain the compound of interest of the
present reaction. [0097] [Step H-3]  The step 91-3 is a step of synthesizing the compound (1a) or
(Ib) from thie?éoimpound (21a) or (21b). -52-  Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction J?nd cgnglissoIVf the starting material to some extent.
The solvents incliide afofatic BBvents! eifer’solvents, estér solvents, haldgenated hydrocarbon

solvents, nifgile.solvens, amide.solvents. sulfoxidesalvents, hydrogarhon solvepts, kgtone solvents,

and aqueous solvents. Ketone solvents or aqueous solvents are preferable, and acetone or water is
more preferahbles 1 e sReagenis fised dncldde acitroatalysts 1foy @xampte; tnorganic or organic acids
such as hydrgchlorip acid, acetic acid, sulfuric acid, toluenesylfonic acid, and camghorsulfonic acid.
butyldimethylsilyl, methoxymethyl, 2-methoxyethoxymethyl,
tetrahydropyranyl, benzyl, p-methoxybenzyl, 2,4-
dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, trityl, formyl,
acetyl, tert-butoxycarbonyl, 2-lodoethoxycarbonyl, 2,2,2-
trichloroethoxycarbonyl, 2-propenyloxycarbonyl, 2Z-chloro-z-
propenyloxycarbonyl, 3-methoxycarbonyl-2-propenyloxycarbonyl,
2-methyl-2-propenyloxycarbonyl, Z-butenyloxycarbonyl,
cinnamyloxycarbonyl, benzyloxycarbonyl, p-
methoxybenzyloxycarbonyl, o-nitrobenzyloxycarbonyl, and p-
nitrobenzyloxycarbonyl groups.
{0088]
[Step G~1]
The step G-1 1s a step of reducing the compound (1) toO
produce a compound (18).
Solvents used are not particularly limited as long as
they are solvents that do not innhibit the reaction and can
dissolve the starting material to some extent. The soclvents
include aromatic solvents, ether solvents, ester solvents,
halogenated hydrocarbon solvents, nitrile scolvents, amide
solvents, sulfoxide solvents, and hydrocarbon solvents.

Aromatic sclvents, halogsnated hydrocarbon solvents, or



The reaction temperature differs depending on the types of the starting compound, the solvents, the
reagents, etc., and is usually 0 to 100C, preferably 60 to 100C. [0098] The compound represented
by the general formula (1), (Sa), (Ib), or (ll), obtained by the processes, or the pharmacologically
acceptable salt thereof exhibits activity as an a26 ligand and affinity for voltage-dependent calcium
channel subunit a23 and is useful as an active ingrédient in a pharmaceutical composition used for
treating and/or preventing pain, disorders involving the central nervous system, and other disorders.
[0099] Examples of pain include acute pain, chronic pain, pain caused by soft tissue or peripheral
injury, posthetpetiearb3dn nevlalgia; sceipitalneufalgis tegemindl netrakgiadnpdloniete 6F intercostal
neuralgia, central pain, neuropathic pain, migraine, pain associated with osteoarthritis or articular
rheumatisriqssin BESéE At with contusion, sprain, or trauma, spondylalgia, pain caused by spinal
cord or brain stem injury, pain n the lowsr back, seiafic peyralgje.togihacheumylascial pain
syndrome, emsmf%m;gpam, gouty pain, pain cause yliaur , cardiac pain, muscular pain, ocular pain,
inflammatopy painy, profacial pain: ebdominakpainpaiy asseeiated Withedysraernasrhea, labor pain, or
endometriosis, somatalgia, pain associated with nerve or radicular injury, pain associated with
amputation, tic datieureercnégrontspangtits; paii-Edesat BiEaiaBetsdetdpalty (oYdfibetic

- peripheral neuropathic pain), pain caused by chemothzra X{_jgduct d neuropatIQX,S atygiggl facial

neuralgia, REUrbP&LHIC BANRINE WS Bitk, heGratgia -

assocClate ﬁitﬁﬁ?\?,eneurélgla associated with
AIDS, hyperaigesia, puning pain, skdden Bain, palg faused by chemplharany, arcipial gewralgia,
psychogenic pain, pain Hssotiated with gallstone, neuropathic or non-neuropathic pain associated with
cancer, phaatom 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 EpdRéylarthritis, postoperative pain, scar pain, chronic nonneuropathic pain, pain attributed
to hyperlipidemia, fibromuscular pain, and fiboromyalgia. - 54 - [0100] Examples of disorders
involving th@sgeeﬁraq’h%ﬂous system include fainting episode, epilepsy (particularly, partial epilepsy,
adult partial seizujx_:@lear;,ctggrt@l §eiggreain£§@@@§g patienis) @sphyxia, @gnerakanoxia, hypoxia, spinal
cord injury, traumatic brain injury, head injury, cerebral ischemia, seizure, cerebral angiopathy,
neurocardiegenit syncepe; hethegeriasypucsbe| hy persehsiivacafstielysitus Ukdurd¥ascular
syndrome, arrhythmia, mood disorder (e.g., depression), treatment-resistant depression, seasonal
affective disé#R?schifd d&pradsion, &%mal(mo%, fetheristrual dysphoric disorder, hot
flash, bipolar disozder, manic depression, sopduatdisordes, disfuptive: behaviar disprgesstress related
physical disorder, anxiety cﬁsorders, orderline personality disorder, schizophrenia, schizoaffective
disorder, delysipnal-diseedere heigf Rsychotie disotdermahared psyehatisadisarier asubstante- induced
psychotic disorder, anxiety associated with psychosis, psychotic mood disorder, mood disorder
associateddaitssdhizophrenit HEhAVISr BRbRIErasshEiBIRItR FéHtE retZRfaLSA LiRETfia (e.g.,
primary insomnia, secondary insomnja, and transient_ insomnia), nocta lism, si privation,
REM sleep diSorie?, &Efapnéa® Vé??&r%hiaéﬁ%?a%o?ﬁmgé sl)}gg’ﬁ-w% géc%/sc e%%%%%% 'jet lag,
”arCO'epSth'i‘%%SH‘E@Q&‘%?B&‘SQMH%&Q@«Qéa]lts Examples of atherdiserdersinctude chronic
obstructive airway disease, bronchopneumonia, chronic bronchitis, cystic - 55 - fibrosis, adult
respiratory glistress syndeme, dxddehaspasmaneccugha pertbissis; edlergyrrormadtvdstifatitis, atopic
dermatitis, urticaria, pruritus, pruritus associated with hemodialysis, inflammatory bowel disease,
psoriasis, dstesartHritiss eAMRAYSinjUH LaGEHRF ArethatiEnt PEBRRI TR Gsthtta, sunburn,
hypersensitivity, Parkinson's disease, Huntin s di e, imer's di e Hium, dementia,
forgetfulne g, gucf%?nr,ba?%nﬁgil\aee?%ﬁ h?ﬁeér %\%ﬁsle i%%?&?,%gﬁr%%%gi?ﬁ@i g%\_/eclv%'s syndrome,
Sjogren's si_ypgggggbh)ép_ertension, hematopoiesis, postoperative nheuroma, benign prostatic
hypertrophy, periodontal disease, hemorrhoids, fissure-in-ano, infertility, reflex sympathetic dystrophy,
hepatitis, vasodil&tiorg dibrosing disease leollagen iseasea drEihe pecloms] MighRE Rayrraud's
disease, dry eye syndrome, conjunctivitis, vernal conjunctivitis, roh_i_fgratg/fevitreoretinopathy, multiple

sclerosis, FARYGFIFHIC BreARSCEIENE, FETTASVE develpment disorder, haman immunodeficiency
virus infection, HIY. enasphalapatie disseciative disorder: eating disardars loergiavescolits, Crohn's
disease, irritable owery rome, chronic pancreatitis, chronic fatigue syndrome, sudden infant death
syndrome, pyeragtive iadder ehroniscystitis pehemotRerapycnduced cystitis igrirhageametor disorder,
akinesia, dyskinesia, cramp, Tourette's syndrome, Scott syndrome, paralysis, extrapyramidal motor
disorder, rastess fegPayitirerel fasiigintsy ierdiRé iiotion SickResES 1G5 efffematosus,

immunodeficiency inflammatori/, astrointestinal disorder, gastritis, proctitis,
Candida rugosa 1%ase.



- 56 - gastroduodenal ulcer, peptic ulcer, dyspepsia, emesis, breast cancer, gastric cancer, gastric
lymphoma, ganglioneuroblastoma, and small-cell cancer. [0102] A pharmaceutical composition
comprising the compound represented by the general formula (1), (ia), (Ib), or (1) or the
pharmacologically acceptable salt thereof, when administered to mammals (e.g., humans, horses,
cow, or pigs, preferably humans), is administered systemically or locally through an oral or parenteral
route. [0103] The pharmaceutical composition of the present invention can be prepared in an
appropriate form selected according to the administration method, by preparation methods of various
preparations usuatly used f0164] t erffrrerformist the pharfactariealccerap6siticn for'ofar S
administration includes tablets, pills, powders, granules, capsules, solutions, susgengiggs, emulsions,

syrups, andfelixit& T phaftiaéiticar&mpdsifior h-<idh-a forir is prepaed actording to a
standard method by a propriateg/ sieslecﬁtggégqcorgiqgﬁtol%qﬁ% a gglgggp@m gn}_qﬂgnexcipients,

binders, di%ﬁ?éﬁﬁlﬁhts, ru%'rfca%?s, swelling age*n¥s, swelling aids, coating agents, plasticizers,
stabilizerst@;&gg_pg%la@ti@gid@@ﬁ@,_coloring agents, solubilizers, suspending agents, emulsifiers,
sweeteners, preservatives, buffers, diluents, wetting agents, etc. usually used. [0105] - 57 - The form
of the pharnd@cgutical composition for parenteral administration includes injections, ointments, gels,
creams, poultices, patches, aerosols, sprays, eygzdro%%,enasal dropsﬁsu&%qsngnes, alnsd m@glants.

e

The pharmaceutiéaFESHipBosition i 8Gcha TornT is Prepared according to a standard method by
appropriately selecfing, agearding.to need. additives from among stabilizers, antiseptics, solubilizers,

humectants, preservatives, antioxidants, flavors, gelling agents, neutralizing agents, buffers, tonicity
agents, surfagtants; €otaring, agents,-bufferingragents;thickensts twettingagenis; fillers, absorption
promoters, suspending agents, binders, etc. usually used. [0106] = The dose of the compound

representextisy- teTgericr alformara @1RER) 36 (19 BriRE pharmiacotEgically-dcceptatie Falt thereof
differs dependin%bog ) mg%o%%a@e%?ggé%veigh %tq_,,e%réq@ﬁo @r@la%drgié]i%@ipgr;ég 2000 mg,
Yt Lt ; PO rm

preferablyﬁ%% g (in ferms of the nt of the compound) per dose which is administered

once to seyeral times;a,day {a an adult (bedy weightapproxmately 60 K@rand, farparesteral
administration, 0.1 to 1000 mg, preferably 1 to 300 mg (in terms of the amount of the compound) per
dose which fs, administered orficetogseveralmeandytd &hladultfirst volume (Nov.
25, 1957, published by Maruzen Co. Ltd., ed. by the Chemical
Society of Japan), p. 503-356. More specifically, the
éompound (18) is reacted with a carboxylic acid reagent such
as phthalic anhydride, and from the resulting mixture of
carboxylic acid derivatives (1%a) and (19b), resoluticn can
be performed by recrystallization or the like using
phenethylamine, guinine, cinchonidine, methylbenzylamine,
naphthylethylamine, or the like.
[(00%1]
[Step G-3]
The step G-3 is a process of hydrolyzing the compound
(1%a) or (1%} to synthesize a compound (20a) or (20b).
Splvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and can
dissclve the starting material to some extent. The solvents

include aromatic solvents, ether solvents, ester solvents,



- 58 - Examples [0107] (Example 1) ()-[(15,5R,6R)-6- (aminomethyl)bicyclo[3.2.0]hept-3-en-6-yilacet c
arid (exemplary compound No: 1) (1-a) (2E)-hepta-2,6-dienoic acid 4-Pentenal (4.45 9, 51.4
mmol) and malonic acid (6.41 g, 61.6 mmol) were dissolved in pyridine (9.9 mL). To the solution,
piperidine (1.9 mL) was added, and the mixture was then stirred at 90C for 5 hours. The mixture was
allowed to cool and then made acidic by the additionsof-2 N hydrochloric acid, followed by extraction
with diethyl ether. The organic layer was washed with saturated saline and dried over anhydrous
magnesium sulfate, and the filtrate was then concentrated under reduced pressure. The residue was
distiled under cedluged pressute-1o.obiain he compaund ofnterast as anojaess oilsubstance (3
mmHg, 110-116C, 3.27 g, 50%). (1-b) Tert-butyl ()-(13,5R)bicyclo[3.2..0]hept-3-en-6- ylideneacetate
Oxalvl chlogigle«20 ml) was addeddropwiseda atoluene solutionr (60 mb) oE(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-bathe And gratRmaly he#BES6 féor teMmpaiature® AfteF st fifig F6r 86 Hirutes, the

reaction solytion was stifred for 1 hour under heatin tﬁ? reflu>§.7 Trpgssollétgqp was agg@/@gzgq_gool, and
the solventwis tifen dis%ifgg 1c'ﬁ>ffSucr}ﬁg*‘érelF{etcﬁfce%lﬁpcrce)[sgsoure.S To the - 59 -résidue, toluene was Turther

added, and the.solventwas, thendistilled of-again upderradused pressure<the residue was dissolved
in toluene (20 mL), and this solution was added dropwise over 1 hour to a toluene solution (20 mL) of
triethylamire (249 gy, 9¢mmot)<heated incadvamce ie 9OIC. After completion of the dropwise addition,

the mixture was further heated with stirring for 2 hours. The reaction solution was cooled, then diluted
with saturated saltfé aRB Wat&S aid fiterétithroagH EalieC THE Tiftfate Was 885arated into organic and
aqueous layers. The arganic |ayer . .washed with . chlos jdh.then dried over

mag nesiurr%’/ %ﬁ%g{é? and fitte %ﬁ&“f*r@?ﬁ%’%gs’ a%%eg ?ogﬁgrgggiggnﬂs%lﬁ%%%rée pgaged in advance
from a dinﬁ@q&@@a@e solution (20 mL) of tert-butyl dimethoxyphosphorylacetate (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.
To the reaction sBlutionca saturdted SDesas soRtiSA BF SR ChiGHdS Satdratdd'$4he, and
water were added in this order, and the reactiot solutiolnvvgg§ gubjgﬁltedrtgaexéraggon gv;tg ethyl
acetate. THE organiciayErwas dricliBverPanhydious agnesium sulfaté and then filtered. The solvent
was distilled off under_reduced pressur d resi purified by silica e.
chromatog?‘erllp yltso obtain the cgm'b%uf‘?g%pin%?ggiggfévaﬁ%ygloﬁil é%sta?c% %J?%? lgi;: 32%, E/Z
mixture). (-¢) Fert-butyl ()-[(1S,5R,6R)-6- (nitromethyl)bicyclo[3.2.0jhept-3-en-6-yl]acetate

Tert-butyl ()-(1S,5R)bicyclo[3.2.0]hept-3-en-6- ylideneacetate (1.73 g, 8.39 mmol) was dissolved in
nitromethan8 {20 nf-)4 To the solution, 1,8- diazabicyclo(5.4.0]jundec-7-ene (1.3 mL, 8.4 mmol) was
added, and the mixture was stirred at room temperature f dithen ith stirring at 50
to 60C for 5 hours*Thé %I”lelﬁur%v%aé“ ANdwed 16 %)SSI al%n% t%%%%ﬁgéeﬁawgﬁ% l\?%%g%ﬁ%ric acid and
saturated saling, followed dy extraction, withethyl acetate ckenitle oganielayetwias dried over
anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue
was purified by sifica gehcHumachrematoyraptme eordistaihathé Compolingbfattetedt s colorless oil

substance (1.98 g, 89%). L it L L o
they are solvents that do not inhibit the reactlon and can

dissclve the starting material to some extent. The solvents
include arcmatic solvents, ether solvents, ester solvents,
halogenated hydrocarbon solvents, nitrile solvents, amide
solvents, sulfoxide solvents, énd nydrocarbon solvents.
Halogenated hydrocarbon solvents 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.,



(1-d) Tert-butyl ()-[(1S,5R,6R)-6- (aminomethyl)bicyclo[3.2.0]hept-3-en-G-yllacetate  Tert-butyl
0-[(13,5R,6R)-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (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 mmol) and ammonium
chloride (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 avith saturated saline, a saturated agqueous
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
wiith saturated saline and.then driggl.over anhydrou 2sium suli hen,.the sglvent was
distilled oﬁa&r%e??sre&&é‘éa 6t%ssjr§e tC(()) 86>t:fn t % clb%n%(%%%%% int’er&é%féa%} p%rlle};yellz\?v scsgllid (2.99 g,
this compaud was used directly in the next reaction without being purified). (1-e)
(-[(15,5R,6R)-6-(aminomethyl)bicyclo[3.2.0]h I--3-en6-yl'-cetio acid A 4 N hydrochloric acid-ethyl
acetate solutiof {10 mL) was added to tert-butyl ()-[(13,5R,6R)-6- (a i
omethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate (0.99 g, 4.17 mmol), and the mixture was stirred at room
temperature for 1%our *Then, the solvent was distilled off under reduced pressure. The residue was
suspended by the additiop.of dichloromethane, Jodthe suspensigpririethylamine-was then added
dropwise, and the resulting powder was collected by filtration. The obtained powder was washed with
dichlorometbape and then dried pnderresduted pressusé torebtaintheccompogntbofintereseas a white
powder (211.6 mg, 35%). [0108] (Example 2) [(1R,5S,65)-6-(aminomethyl)bicyclo[3.2.01hept-3-

en-6-yllacetimad (skemplan eompsundRo=E, Gfticafly activeTim) °£62 L9259 REIGtion of te
L-butyl ()-[g SR, I[)6 (‘g'trometh Nbicycl [3.%.0 hept-3: n-6:Y1lag Jert-butyl

0-[(15,5R, ]F-? -B- (%? fOme hﬁl)tﬁgf/néo @%O]%é% -S%De”n--t%???]éce\tgﬁ]%e (%%}tg %,ug% mmol) was resolved
using Chi@l@ﬁlﬁé&%‘ﬁk%h@%ﬂf{%@:%@ﬁe%:leklm&rauégc)( manufacturesh by DajeebEhesical
Industries, Ltd. to respectively obtain 65.5 g of a peak 1 (retention time: 5.1 min) and 64.8 g of a peak
2 (retentiontinme: @5 niik). S(Rdp)sTert=butyb [(ARB5;85):6c steps A~1 to A-DJ.

(@aminOmeth I)bic]yclo[s.2.0]hept-3-en-6-yllacetate Tert-butyl U1R,53,68)-6-

(nitromethyl gﬁclo[s.2.0]hept-3-en-6-yilacetate (peak 2, 20.7 g, 77.4 mmol) was dissolved in ethanol
(200 ml,) a%g Wgter%lgﬁ mL). To the solution, iron powder (34.69 g, 619.5 mmol) and ammonium
chloride (2. &8 3872 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
distilled off under reduced pressure to obtain a mixture of the compound of interest and the starting
material at almost 1:1 ratio (20.18 g, estimated by -NMR). This mixture was dissolved again in ethanol
(200 mL) and water (100 mL). To the solution, iron powder (40.3.6 g, 720.7 mmol) and ammonium
chloride (4.18 g, 78.1 mMol) were - 63 -



added, and the mixture was stirred for 9 hours under heating to reflux while iron powder (32.73 g,
584.5 mmol) was further added thereto in three portions. The mixture was allowed to coda, 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 withsgaturated saline and then 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 (17.53 g, 95%). (2-c)
(-)-[(1R,53,66)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en6-yllacetic acid, A 4 N hydrochloric acid-ethyl
acetate solution {Z00gr#L) giv(ss added to tert-butyl [(1R,56,68)-62" O n

(aminomethyl)bic 3.2 ept-3-en-g-§y{]acetate (17.53 g7~ al)-and the mixfyre was stirred at
room tempeg: for|{1.5/hours. The olvent wagdistilled off under reduced-pressure. The
residue was sys; sd-m.dichloromethane. To the suspénsien, triethylamine was added dropwise,

and the resultin ov%gerf‘wgé collected by filtration, then washeg wigh*dichloromethane, and then dried
to obtain a Whitgﬁsowder A (6.85 g). From the filtrate, the solvent was distilled off under reduced
pressure. To the residue, a 4 N hydrochloric acid-ethyl acetate'&blution (200 mL) was then added
again, and the mixture was stirred at room temperature for 2 hours. The-solvent was distilled off under
reduced pressure; and the residue was suspended in - 64 -.dichloromethane. To the residue,
triethylamine wi s-addﬁd dropwise, ahd the resulting powder was ggllected by filtration, then washed
with dichloromethane, and}heR driédrto obtain a white powde B (2.48 Eb. Thjwhite powder B was
=gbtaired)white powder A and w. hgg with ethangl and ethyl acetate to
obtain the compoRidqf interegt as a white powder (7.39 gy 55% ;10109] (Example 3)
mirksmmethyl)bi :\%ﬁlp[3.2.0]hept-3- en-6-yllaceticRici (ekgmg fsy compound No: 1,
optically active fform digferiig iRproduction process from that of Exgiple 2§ (3-a). TertHouty!
[(1R,55,65)-6-(tertbutoxycarbonylaminomethYl)bicYclo[3.2,0].hept-3-en-6- yliacetate Tert-butyl
LE1R,58,6S)-6- (nitromet yﬂ%icyclo[&2.0]hep1§33—en-6-yll cetate (pezll< , 30 g, 0.11 mol) was
dissolved in ethanol (3004pnL) and water (1061TC)~To thexsolution, irgn powder (18.8 g, 0.34 mol) and
ammonium chloride (3.6 g, 67.3 mmol) were added, and the mixture was stirred for 4 hours in an oil
bath at 80C. Since the nitro form of the starting material remained, iron - 65 - powder (18.8 g, 0.34
mol) was added theretp, apél the-wijxture was stirred in an pil bath %8@_8. After 3 hours, iron powder

(18.8.g, 0.34 mol) was d theréto, and the mixture was|further skiczed fopt hours in an oil bath at
8000 and then |eft3ovg&rnigipt. lnon powder (18.8 g, 0.34 mol) ded thereto, and the mixture was
stirred for 2 hours ig trpatinat 80C. Although further irgn po 8.8, 0.34 mol) was added

thereto, the mixture beGangg dﬁﬁ&ﬁlt to stir. Therefore, the rEaIction asf{ter;{ﬁ’ﬁgted. The mixture was
allowed to cool then filtered to remove insoluble matter™Fo th@filtrate, (Boc)20 (36.7 g, 0.17 mol)
and triethylamine (46.9 é (%\.34 mol) were added, and the mixture was stirred at room temperature for
2 hours. The organic sor\z Hf' as distilled off under reduced pressure,(fltmowed by extraction with ethyl
acetate from the remaining aqueous layer. The organic layer was washed with an aqueous citric acid
solution, wafe¥ *saturated agueous sodium bicarbonate, and saturated saline and dried over
anhydrousg%)@%nesgiu_m sulfate. Then, 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 colorless oil

(30.8 9). (3-b) (-)rl(LER .53:63):6-aminometndibicyt 1pi3n2.0thept-32 ensryliacetic @ld Z#oh N
hydrochloric acid-ethyl acetate solution (500 mL) was added to an ethyl acetate (150 mL) solution of
tert-butyl [(1Re5 S G8PB-(tertbutoxycarbonylaminomethyl)bicyclo[3.2.0]hept-3-en-6- - 66 -

Sclvents used are not particularly limited as long as
they are solvents that do not inhibit the reacticn and can
dissolve the starting material to some extent. The solvents
inciude aromatic solvents, ether solvents, ester solvents,
halogenated hydrocarbon solvents, nitrile solvents, amide-
solvents, sulfoxide solvents, and hydrocarbon solvents.

Aromatic solvents, halogenated hydrocarbon solvents, oOr



yliacetate (76.9 g, 0.23 mol), and the mixture was stirred at room temperature for 5 hours. Then, the
deposited powder was collected by filtration and dried. Since the partial tertbutyl ester was not
eliminated, the obtained powder was suspended again in a 4 N hydrochloric acid-ethyl acetate solution
(300 mL), and the suspension was stirred at room temperature for 4 hours and then left overnight. The
deposited powder was collected by filtration and_dried to obtain the hydrochloride of the compound of
interest as a white powder (43.2 g). To a methylene chloride (800 mL) suspension of the obtained
hydrochloride, triethylamine (27.7 mL, 0.198 Mol) was added dropwise at room temperature, and the
mixture was stirred far 2 hours and then left standing gvernig gai d% esulti was
collected byyﬁ;trrgtci:oan%r?& WSa%?ﬁgg %t?} aanrrene?ﬁa?r%ﬁ-gé?of?;%be%%éé m%xe s%ﬁ%erﬁ%g%&%qﬁe
compound;qf interest.as.a white powder (25.6 g). [0110] (Example 4)
[(1S,5R,6R)-6-(aminomethyl)bicyclo[3.2.0]hep4-3- en-6-yl)acetic acid (exemplary compound No: 1,
optically active faxmediffering inseohfigurdtiotefrernthatot EXanple 2p oA R @@ Ter butyl
[(1S,5R,6R)-6- (aminomethyl)bicyclo[3.2.0]hept-3-en-6-yl].acetate  Tert-butyl [(13,5R,6R)-6-
(nitrometh{Y5IEFI6I3Z2 6 Thept- RERE¥Ratetate (peak 1, 21.6 g, 80.8 mmol) was dissolved in ethanol
(200 mL) and water (100 mL), To th lution, irQn L(454 30 ammoni jum
chloride (2.59 g,ag%. rﬁ?nao?l)tvj\?grge g%é%é%g%%d%% nglg\t%?eg wgasqs]%gr%%%gﬁgwﬁ?&mder heating to
reflux. To the reaetion selution; iraspawder, (9:he, 1eL manalkwas thenbuthet addedzand the mixture
was further stirred for 2 hours under heating to reflux. The mixture was allowed to cool, then diluted
with a saturatediaquesus sblutionBisodiumidarboratedindisthyl acetstes anl fitefdd fo femove
insoluble matter. From the filtrate, the organic solvent was distilled off under reduced pressure,
followed by Bxtra&idrPith i cetate from the aqueous layer. The organic layer was washed with
saturated i@g nd dried over anhydrous magnesium sulfate. Then, the solvent was distilled off
under reduced préessure, and the residue was purified by amino column chromatography to obtain the
compound afiaterestas a pale yellow oil (5.5 g). (4-b)
[(1S,5R,6R)-6-(aminomethyl)bicyc10[3.2.01hept-3-en-6- yllacetic acid A 4 N hydrochloric acid-ethyl
acetate solution (P08 ALpwaE addéd (G teit-BayP[{155R 6R-61¢ the compound (21)
(aminomethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate, (17.4 g, 73.3 mmo}), the mix avas stirred at
room temp% attfr focfgi h(l)fl]Lr%. ﬁgnl,%e %%p%gi?éj 5oew erwas 8&)‘]%%:&?% p é&% -[ftﬁr%a%i\ﬁoh to obtain
the hydrochloridesgf: the.gcompound of interest as-awhite powder (5.6 g). Toa reethyleneichloride
(300 mL) suspension of the obtained hydrochloride, triethylamine (10.2 mL, 72.8 mol) was added
dropwise atydenxtenperatsid, samthe maiktuwe wassstiireaifor 2 hates. et agaiy #re fesiifting
powder was collected by filtration. The obtained powder was washed with an ethanol-ethyl acetate

mixed sONVBYEECEBEHTthe oSt Griftefet A A white Polder (843G F0111]

isopropancl or hexane-ethancl 1s preferable.

The column 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
te 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-2]
The step H-3 is a step of synthesizing the compound {la)

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



(Example 5) [(1R,53,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-3- en-6-yllacetic acid hydrochloride
(exemplary compound No: 1, hydrochloride of the compound of Example 2) (5-a)
[(1R,53,63)-6-(aminomethyl)bicyc10[3.2.0]hept-3-en-6- yl]acetic acid hydrochloride =~ Water (5 mL)
and a 4 N hydrochloric acid-1,4-dioxane solution (22 ml) were added to (1R,53,63)-6-
(aminomethyl)bicyclo[3.2.0]hept-3-en-6-yllacetic acigh(320.2 mg, 1.77 mmol), and the mixture was
stirred at room temperature for 5 minutes. The solvent was distilled off under reduced pressure. To the
residue, 1,4-dioxane was added, and the mixture was heated and then allowed to cool to - 69 - room
temperature. The resulting powder, was calle teiﬁl %/ filtratian. ;The,qhtair ashed with
1,4-dioxane and t%%zvaﬁ?lré%ét)o%ﬁ%n%ﬁg c%r%%o A %#Tn%%e%t 4sa %k%igggo%%\é%ﬂé%%\?ng 92%).
[0112] (Example §) (1R5S,65)-6-(amiromethyhbicyelnl32.0]heps-3r enct-yhacetiodcithn
benzenesulfonate (exemplary compound No: 1, Penzenesulfonate of the compound of Example 2)
(1R,53,6S):6-faminomethyl) icycto[8:2: 0lhe per3ien-6t yilacatie &tid 61522 o, 1%%%%%55
dissolved in 2- propanol (7.5 mL) and water (2.6 mL). To thg]solqction, bgg%%nessg{fggiﬁ:%cid

Monohydraté F305:2 g °F23 mmel wadthen added and the

n. e - e .
e le%lfIl'e was stirred at’ room temperature

for & minutes. The solvent wag disllied off Lnder teduced prgssure, dolloweddhyefurtherazestropic
en,t

dehydration w‘i’tﬁgze-rb?opano . e residue was washed with 2-propanol to obtain the compound

of interest as, ayditepowsler £260.4 ang; S5%)n [04 13} (Exarmple 79 f)-[$13,5R16R)-6-aminvnsethy 1-3-
methylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid (exemplary compound No: 4) - 70 - (7-a) Methyl
4-methyl-3shytirexyhept-G-efioatel e 0 SR ipdiide (>3 TNE 15249 43 F mimolf Was-atfded to a

tetrahydrofuran solution (SO mL) of m | 3- oxppentanoate (5.10 gg.%@w&%nder ice cooling,
and the mixtare’#/a5 Stifred iF fifis §ﬁ§$c¥r’10a %fr)]uefecéé.altlgc?i %egrgagta?gn solution, n-butyllithium (1.66 M

hexane so@g%%,eaﬁag L, 43.1 mmol) was added dropwise, and the mixture was further stirred for 10
minutes urnder ice cooling. Then, ally]. bromide (5.18 g, 43.1 mmol) was added thereto, and the
mixture was stirremln ¢his istateJer3Q minutés anditHer &irter stifred ioversightat rdom temperature.
To the reaction solution, 1 N hydrochloric acid and saturated saline were added, followed by extraction
with diethylethes ahecorganie 187eriFas wheRed Wih afurdted - SaifheHrid drisd-Sveranhydrous
magnesium sylfate, and.the, solvent was distilled off r;red r re. The obtained residue
was dissol\?e%lliﬁ’mgtlﬁéﬁglrflﬁoarﬁ:ﬁ%vT c?c tﬂgus% uﬁlgoﬁ?dgggliﬂr% k%c%%%ﬁd%?j?(lse g, 50 mmol) was
added underice,copling, rand thesmidure 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, foliiveed-by: extractiorewitts ety acetafe’ ThesorgaRR gy vaS wasRed WithSsaturated

saline and then dried over anhydrous magnesium sulfate, and the solvent wa d.&sgilleg@éf_under
leduced[H@S&ﬁ@?Tﬁ§ﬂ”'iﬂgwﬁgmpound’ the so&vun =, ghe reagén ' '

and is usually 0 to 100°C, preferébly-60 to 100°C.
[oceg]

The compound represented by the general formula (I},
(Ia), (Ib), cor (11}, cbtained by the processes, Or the
pharmacologically acceptable salt thereof exhibits activity
as an 020 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 inveolving the central nervous
system, and other disorders.

(0G99
Examples of pain include acute pain, chronic pain, pain

caused by soft tissue or peripheral injury, pestherpetic



purified by silica gel column chromatography to obtain the compound of interest as a pale yellow oil
substance (5.72 g, 85%, mixture of diastereomers). - 71 - (7-b) 4-Methyl-3-hydroxyhept-6-enoic acid
Methyl 4-methyl-3-hydroxyhept-6-enoate (5.72 g, 33.2 mmol) was dissolved in a 2 N potassium
hydroxide-methanol solution (50 mL), and the solution was stirred overnight at room temperature.
From the reaction solution, the solvent was distifed® 8ff under reduced pressure. To the residue, a 1 N
aqueous sodium hydroxide solution was then added, followed by extraction with diethyl ether. The
aqueous layer was made acidic by the addition of concentrated hydrochloric acid under ice cooling,
followed bysextration withcdiemitathePayain L BHé ordarid BT asTrasid with saturated saline
and dried over anhydrous magnesium sulfate. Then, the sol s distilled under uced
pressure (56HtEATHE cBMpPot %rocf’?ﬁstgraéist aSaye g\jiv%dil s%ﬁéb%gr%:% ?%ngl goi%% nﬁiiﬁﬁgeof
diastereorggg@r, (fred Fe Uty Q1S SRYS-megthwibicyale[3%:0laept-Brentrylideneacetate
4-Methyl-3-hydroxyhépt-6-enoic acid (2.21 g, 13,9 mmol) was dissolved in acetic anhydride (14 mL).
To the solgtian, Qotassiwmeacetate .29 33. 4 aw00l) Weechdeiethaf@ et iikiire MisSstitred at
room temperature for 2 hours. The reaction solytion was h ?t)ed to 110 Tf 120% agg %irr%e&for 3.5
hours. To ®ie FeEraBA soRRPANICE SRR an® Toite G WETS theh added andThis mixture was stirred at

room temperature for 1 hour. The mixture w r int ugous iGlayers by the
addition of satUrated Safine %ﬁé%olggngﬁﬁgﬁﬁ%%r%%ﬁf I%/%Crlwas W;s%[ﬁé%%v?iﬁl a 1 N aqueous
sodium hydrexide sakition-and-saturatedaalinesyaxdmehis erdes; theordrigehover arhyelfous
magnesium sulfate, and then filtered. This filtrate was added to a reaction solution prepared by adding
sodium hygkitie (>63%0if; B833i ey 120 MMORAE . fstr bRy FbfufARSSSidfon BR0-L) of tertbutyl

dimethoxyphosphorylacetate (3.24 g, 14.5 mmol). under ic% coolir’ig, agjg_inthe ixtyre was further stirred

for 1.5 hodSHFRE r&ddtion Sot a5 EPardted intd aqueous and organic layers by the addition of a
saturated agygous.sqlytian of amumaniu hloridpdnsksatraled saia T esagyeass layer was
subjectedto extraction with ethyl acetate. These organic layers were combined, then washed with
saturated salingyanditben driedeavet anhyidroupatagnesiams salfatd. Fhé&Rolvert wad distilled off
under reduced pressure, and the residue was purified by silica gel column chromatography to obtain
the compotadichidereStuk PalcOeiBn SIESBE RS (1121 SHB%4 "B FZ Mixturé)” (7-d) Tert-butyl
0-[(22,5R,6R)-3-methy1-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6:-yllacat Teri-putyl
.()-(18,5Rfi§%&‘ﬁ§%%§/tlolf .‘é’.‘é]ﬁ‘é‘pt- “en -Ig'/ﬁ&ér%e%yg’et tgl(%.Zgﬁ%goa%mgﬁ%éés@&%{solved in
nitromethane, (Zmk Lo the selution ;8- diazabicyelefs 4@lupdee7rane (295 ML Bommol) was
added, and the mixture was heated with stirring at 50 to 60C for 6 hours. The mixture was allowed to
cool, and asatdtesyagiesustsoiutionyof Potassiin BVERB§ER PhosHHaRé Sas thehiddded thereto,
followed by extraction with ethyl acetate. Then, the olr}%{anicllager vggg <%;iedn%\{lelt a{;{]&]}_/%rous
magnesiuREsHIAlE End THE-EGRREH Ivas digtied B dntfer18diced > 73 - pressare” The residue was
purified by _silica gel.colu r to t ai mposing of intgrest as a colorless oil
substancea(ig ga‘ﬁ‘é))m(g%; 'I%Im?tg-b%%%]?[%lg ,SR,gRg)t%%igninomethyl-S-
methylbicysjela:2,0lhept-3-enar¥iacetptei Fert-buts, BRIGR)-paethygsed by
(nitromethyl)bicyclo[3.2.01hept-3-en-6-ylJacetate (1.12 g, 3.99 mmol) was dissolved in ethanol (20 mL)
and waterdhemahFoahe soREOhPFGRpoREEEBIZ BmF IBYRHTSH-End ArimoRhT chloride (211.5
mg, 3.99 mmol) were added, and the mixture was stirred.for.4 hour d ' reflux. The
mixture wﬁiﬁ&&@&?&cg&,t{he%a&i%%ooﬁﬁh shttrated sa ifie, a8 %a%%glte %@%ﬁ%ﬂﬁuﬂon of sodium
bicarbonaje, and.ethy) acetatg, gnd filtered darpugh Galiteio temeveinsalublrimattessihe filtrate was
separated’into organic and aqueous layers. The organic layer was washed with saturated saline, then
dried overanhydiousi maghesiunesuttatéandihe selvent Wasahés distlied off GirktdEdbced

pressure. To the residue, a 4 N hydrochloric acid-ethyl acetate . e
sinue headache, cluster headache, temporcmandibular 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.



solution (5 mL) was added, and the mixture was stirred at room temperature for 1 hour. 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 (105.8 mg, 28%). [0114] - 74 - (Examgle-8)-[(18,5R,6R)-6-aminomethy1-3-
ethylticyclo[3.2.0]hept-3-en-6-yilacetic acid (exemplary compound No: 8) (8-a) Ethyl
4-ethyl-3-hydroxyhept-6-enoate Sodium hydride (>63% oil, 2.09 g, 55 mmol) was added to a
tetrahydrofugamgglution (50 mL) of ethyl 3-oxohexanoate (7.91 g, 50 mmol) under ice cooling, and the
mixture was stirred in this state for 10 minutes. To the reaction solution, n-butyllithium (1.58 M hexane
solution, 34.8 mLES5mmuhel wes ddded-depwise) epiithe Mnikilre WaB TidherStired for 10 minutes

under ice cooling. Then, allyl bromide (4.7 mL, 55 mmol) was added thereto, and the mixture was
stirred in tHiy $f8 for T hEGEand then fifh Pt Fétlat fodm feRtperatiire for 4 héurs! To the reaction
soltion, L ) ydrochlpric acickand g sgiuralsgaauepussoltiop of ammanium. shiaride,weee added.
followed b)gJ extraction with nZpentane. The organic layer was washed with saturated saline and dried
over anhydrgus piagnesium sulfaterand thesgolventayagdistited off underaedugedpressure. The
obtained residue was dissolved in ethanol (80 mL). To the solution, sodium borohydride (1.51 g, 40
mmol) wassaddediunderdce Boslify, ahd ARG AHxEreRaEStited i this S&#é!for2 Relrs. 1 N
hydrochloric acid (50 mL) was added thereto, and the mixture was, stirLetd?for 30 minutes. Then,
saturated $Hingwas-added HEréto, oloREa by extraction with ethyl acetaté. The organic layer was
washed wifhL satyrated saline. apd thendried over anhydraus mageesium sujiaie;andstheisplvent was
distilled off under reduced pressure. The - 75 - residue was purified by silica gel column
chromatographyrtoobidinibe compound of interess gs arpale yekow bif shbstance¢3%4 g, 37%,
mixture of diastereomers). (8-b) 4-Ethyl-3-hydroxyhept-6-enoic acid , Ethyl »
4-ethyl-3-hydrsxyAEpt-6-2ndate @64 §5F8 9 Mmob WA BRE6IVEF id 2N potsiin -7
hydroxide-methanol solution (120 mL)..and the soluti as sti ig yerature.
From the rsggt%%ng“o‘?ut?ogrl% ?ﬁ% %gl(\e/ercl)’tiv?lgg isti ﬂec%i %%%%d%%e%%%gg %%%sg%f{'?g %ﬁgﬁr;é;due, alN
aqueous sdilm. hydroxidesplution (200 ral)awas then arddes: flloyeddry exteactionawittodiethy|
ether. The aqueous layer was made acidic by the addition of concentrated hydrochloric acid under ice
cooling, foltoveed:- by extractiorowitl dieds ether agpid e organkdayer \ias Washed With saturated
saline and dried over anhydrous magnesium sulfate, Then, the_,solventdwas distilled off under reduced
pressure t& 8Bt fhie CHMPSERF of ifteTEst H5s8 paleelRW Sil Stbstarice ﬁ%’r g, 2160%, mixture of
diastereomers). (§:)TerbuyL 0313 SR nibiaxciol3 20lhany 3-anéryidgneasetals
4-Ethyl-3-hydroxyhept-6-enoic acid (3.13°g, 18.2 mmol) was dissolved in acetic anhydride (15 mL). To
the solution,potassidvm-acetate (4 29:0;d3:6 maaly wasradded] and drermixiuresWas stirred at room

temperature for 100 minutes. The reaction solution was heated to reflux and stirred for 3.5 hours. To

the reaction Softitioni icedider dfd tol §érie erd tenisdded, 2ha WL PhixtuFEILETFed overnight at
room temperature. The mixture was separated into_ aqueous and_- 76 - organic.Ja e addition
of saturatet SAHA&E (56 ﬁ?ﬂ%%djtglu%ﬁe?fgi ). ‘?‘Hé%é?ﬁg organic Tacﬁ/%é)\{/iv;? v?/és)r%{ v(%%t(ﬁ% 1§ N

aqueous spdiuny,hydraxide selutiopandssaturated: salinesindbis arden then-dred- over anhydrous
magnesium sulfate, and then filtered. This filtrate was added to a reaction solution prepared by adding
sodium hydride (x65% eil,i 261.8ehg, 20cmmbl storal tetr ey rofieinesdlutioh (S8 mE) of tertbutyl
dimethoxyphosphorylacetate (4.48 g, 20 mmol) under ice cooling, and the mixture was further stirred
for 1 hour. THiearBdeticrPSolutiéit WAS s&pdfatéd int& agliedds afd SFganic 1a5/ers BY e addition of a

saturated aqueous solution of ammenium chiptde and saturated.saline; The agueays layer was

b

subjected to SXiraction with etﬁyl acetate. These organic layers were combined, then washed with

saturated salipe; 3nd then, drigd.over anbydrous:magnesiumesulfaten Ihe soient svasdistilled off
under reduced pressure, and the residue was purified by silica gel column chromatography to obtain
the compound af imterest as agwte yellow 6if SUEStdAcE TESZ g, 3%%, HZ miRiirepLersy,

and generalized anxiety disorder.
[0101]
Examples of other disorders include chronic cbstructive

airway disease, bronchopneumonia, chronic bronchitis, cystic



(8-d) Tert-butyl (0-[(1S,5R,6R)-3-ethy1-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate

Tert-butyl ()-[(1S,5R)-3-ethylbicyclo[3.2.0]hept-3-en6-ylideneacetate (1.32 g, 5.63 mmol) was
dissolved in nitromethane (7 mL). To the solution, 1,8- diazabicyclo[5.4.0Jundec-7-ene (1.2 mL, 7.3
mmol) was added, and the mixture was heated with stirring at 50 to 60C for 7 hours. The mixture was
allowed to cool, and a saturated aqueous solution gf potassium dihydrogen phosphate was then - 77 -
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 cognlpound %f interest asaasrgolorless oil
substance {1395 ig49%p-8LE) (JFEISLERER) 6 AhThomathy F8i0s ome, Dronchospasiy
ethylbicyclo[3.2.0]heot-3-en-6-yllaceti gléi Tert-hutyl (- 2R.6R)-3- 1:6-

(nitromethﬁ ulgf}lc’lo[%.ef Th“esp%%fena-é?yﬁé gtht(ec %{%g%j%g% gF;Inﬁrra{o'% W?s di%}gf%/]é@d in ethanol (10 mL)
and water (& mid-To the sglution.zironpowder(1:32 g, 236:mmab andsammoniumichioride (249.6 mg,
4.71 mmol) were added, and the mixture was stirred for 2 hours under heating to reflux. The mixture
was allowedstoocoal, LthensilutediWitnsaturatedosatifie, 8 safifdtd agebisd 3sfition of sodium
bicarbonate, and ethyl acetate, and filtered thrpugh Celite gg)tremolvaegn§ggQL§_@atst%r. The filtrate was
separated #it6 S8R Atd Squédisay 8 The-ofgdriic Tayer Was washed with saturated saline and
then dried oyer anhydroys magnesium sulfate, and the solventyas then distled:off under reduced
pressure. 5 the residue, a 4 N hydrochloric acid-ethyi acetate solution (20 ml) was added, and the
mixture wassstirrackat-roomitemperaturaforct hour T hendthessobeent ashdistilbed' off under reduced
pressure. The residue was suspended in dichloromethane. To the suspension, triethylamine was
added dropwisezand tiie tesultint poleaEnWaS colftted by RRAGSA, theh walhediwiti 2= O™

~ dichloromethane, and then dried, - 78 - tg obtain the compound of i S a Wiite pawder (425.1
mg, 43%).§6FIST (ERMBRTS) -1(155 ,%ﬁ?-%%%inc%rﬁgt%ﬁ-sg DiflERbae 2 WP
prOpy'b‘Cyggﬁd%&l{%%pt '%@’§é\ﬂl]§0%§ﬁ1@ggrﬂ§¥em9@ékE@fﬁl@@dlﬂd No3:9) (98 Methyl,
4-propy1-3-hydroxyhept-'6-enoate odium hydride (>63% oil, 2.09 g, 55 mmol) was added to a
tetrahydrofuran selution (5@ migwof onethylk3:0xohelitansate {7.91y 8@ wnabl) Under ice cooling, and
the mixture was stirred in this state for 25 minutes. To the reaction solution, n-but %Iith'urq &1.58 M

hexane sokEi6hCIABIAL, 55 AfASIT wasHHtet Gopisel ARG tHE mixture Was trhérsurred for 1

hour under ice cooling. Then, allyi bromide (4.7 mL,55 mmal),was added theretq,and the mixture was
stirred in tfﬁ?itlzﬁé fggzin ]ﬁ%ljrfl ngwcdyL me%yﬁrtﬁépsﬁrr?edq%%\?emigh% af room temperature. To the reaction

solution, 1 N: Rydrochlorig acidiard asaturatedaguenisssolutioncdf-ammenium chloride were added,
followed by extraction with ethyl acetate. The organic layer was washed with saturated saline and
dried over manhydrons magnesium selfdtes andhe S6NeRtRas ARANSH BFf Uil Yedicet pressure.
The obtained residue was dissolved in methano] (35 mMLl. To th.etsolut?i%n isv(l)giurgrﬁ) rohydride (0.61 g,
16.1 mmoly fER ad feANunHET e cdoting, BAA the fixture was Stred i this state 1or'1 hour. 1 N

hydrochloric %‘%%‘_ﬁ% "gg%ﬂﬁo%qued thereto,-ang the mixtweawas stired far-30 punutes: Then,
as added t

saturated Saline ereto, followed by extraction with ethyl acetate. The - 79 - organic layer
was washeghwith sgiwrated-saline ang, thenmisied:over anhydrous emagnesium sulfate; @nrdahe solvent
wasdistilled off under reduced pressure. The residue was purified by silica gel column chromatography
to obtain thelgormpoeant ot irEereias 8 Pakyeiow b sGESIARcE (3,28 Y~ 335, Mixare St

mas“”eonﬁﬁié§5§§¥¥13%9¥%?§¥m%¥§%§m%”é?%éase, irritable bowel syndrome,

chronic pancreatitis, chronic fatigue syndrome, sudden infant

. death syndrome, overactive pladder, chronic cystitis,
chemotherapy-induced cystitis, primary motor disorder,
akinesia, dyskinesia, cramp, Tourette's syndromef Scott
syndrome, paralysis, extrapyramidal mptor disorder,'resﬁLess
legs syndrome, mastalgia syndrome, motion sickness, lupus
erythematosus, immunodeficiency, inflammatory

gastrointestinal disorder, gastritis, proctitis,



Methy! 4-propy1-3-hydroxyhept-6-enoate (3.24 g, 16.2 - mmol) was dissolved in a 2 N potassium
hydroxide-methanol solution (16 mL), and the solution was stirred overnight at room temperature.
From the reaction solution, the solvent was distilled off under reduced pressure. To the residue, a 1 N
aqueous sodium hydroxide solution (150 mL) was then added, followed by extraction with diethyl
ether. The aqueous layer was made acidic by the agdgition of concentrated hydrochloric acid under ice
cooling, followed by extraction with 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; Qi ce 92¢ ixture of
biastereon@rg)t. r@%oftgr?-%%tylf ?aﬁi5l‘3)%§i“pjf8pﬁ- ?é%fo%%%%%%ﬁ?g—'er%%ﬁigéﬁeﬁfe%éw 4-
ropy1-3-hyg£93gggpt-gé%g acid(2/9:9, 159 mmel) wasdissolved 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
temperaturgsios 2ihoussr e resiction sokntionswas heated to $20C%nd stirred for 3 hours. - 80 - To
the reaction solution, ice water and n-pentane were then added, and this mixture was stirred overnight
at room terhpéFatlire. Saturated saline was added thereto, and the mixture was separated into
aqueous and organic layers by the addition.of n-pentane .Then. ihe Qroanic laysruaswashed with a 1
N aqueous sodium ﬁy&rbx'lde solution and saturated saline in this order and dried over anhydrous
magnesium sylfate; apd dhe solvent was ihen distiltled-off under, redieed prassure ckhelfesidue was
dissolved in tetrahydrofuran (SO mi). The solution was added to a reaction solution prepared in
advance by adding sodiumandiide (365%v0ik 763 @G 20 Famol) (6 atafrahydfofiifan solution (SO
mliZ) of tert-butyl dimethoxyphosphorylacetate (4.48 9, 20 r,r}lgnol un?deersice ggglingd gr(ljg %2% mixture
was ‘furthe? SBired 3651 Rul THEFELRGh SSIufior was Sepafatéd into dqueous and organic layers by
the addition %é%‘e wrated, agueous solutian:af ammapius chlpriderandssatyraged saline. Tihe aqueous
layer was &u jected to extraction with ethyl acetate. These organic layers were combined, then
washed withhsaturated saline, ;anskthea siedeovet anbydreus magnesium sulfate. The solvent was
distilled off under reduced pressure, and the residue was purified by silica gel column chromatography
to obtain thEléémpound of interest as a pale yellow oil substance (1.81 g, 49%, E/Z mixture). (9-d)
Tert-butyl ()-[(1S,SR,6R)-3-propy1-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-G-yllac: + : Tert-butyl
()-(15,5R)-3-prop§f%l%é€l ffs‘af%jh‘éjp% “en -@Fy%sngggfgété (1. ?L%%%%%q}éﬁo%%{gf%?sls%ﬁived in -
81 - nitromethane(7./pk), Ja-the solution, J-8-Hiazabiey clofe4. Qundee-Zeene-(dcl thln 4 02 mmol)
was added, and the mixture was heated with stirring at 50 to 60C for 8 hours. The mixture was allowed
to cool, and acsatdrated aquedtisssolutiar: ofipotagsinredinydrogen phospRaR Was thehlédtfed thereto,
followed by extraction with ethyl acetate. Then, the organic layer was dried over anhydrous
magnesiurk S8F&E3 aha Hife d6lventiwad 8Rstitled off under reduced pressure. The residue was purified
by silica ge(!/%%%qn chromatography to obtain the compound of interest as a colorless oil substance
(2.22 g, 95%). (9-e) ()-[(15,5R,6R)-6-aminomethy1-3- propylbicyclo[3.2.0]hept-3-en-6-yilacetio acid
Tert-butyl ()-[(1S,5R:6R):3pregy k-6=(nitremettydhicyela[3. 2 Oitvept3:én+6-yilacetate {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) andaimhonimy ehloride {249.84R§, 472 ¥rhoh ware atidedHAG Bfe nRare was stirred for 2
hours under heating to reflux. The mixture was allowed to cooi, then diIu%

A X I > L with, satyrated saline, a
saturated &tiedus $DIutidR-oF Sbaitiv bitarbsnate, and ethyl acetate. an }?ﬂteg)ed through Celite to

remove insolubje matter; The filtrate was separateddptorganis-andagueausdayersmThe organic
layer was WaéheJW|th saturated saline and then dried over anhydrous magnesium sulfate, and the

solvent wasg then distilled-off tnderreduced pressime.cTonthighresidue, g Kamyeractaeric acid-ethyl
acetate solution (20 mL) was added, and the mixture was stirred at room - 82 - temgerature for 1

hour. Thens theeSelvert- was @R ERE 6t 1P dBF Rétuced pressine. THe Pesidtid*Was %u%ﬁelned“é“ i
collected b TG, there AGHGH G dhrOmeThane Andiheh dhad e bt (o Compecn of
interest as a,white powder (254 Mgs 43%0)a 1416} zexrs, stabilizers, antiseptics,
antioxidants, coloring agents, solubilizers, suspending
agents, emulsifiers, sweeteners, preservatives, buffers,

diluents, wetting agents, etc. usually used.

[0105]



(Example 10) ()-[(15,5R,6R)-6-aminomethy1-3- butylbicyclo[3.2.0]hept-3-en-6-yliacetic acid
(exemplary compound No: 10) (10-a) Methyl 4-ally1-3-hydroxYoctanoate 2-Allylhexanal (J. Org.
Chem. 46, 1980, 5250) (5 g, 33.7 mmol), methyl bromoacetate (3.7 mL, 40 mmol), and zinc (2.6 g, 40
mmo ) were added to tetrahydrofuran (30 ML) and trimethyl borate (15 mL), and the mixture was
vigorously stirred. Then, the reaction vessel was pfaced in an oil bath and heated to 70C, 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. ThERStg&RETayeT WA WRSREBIFR WAt and TBRFEted $4line™nd dried over anhydrous
magnesium sulfate, Then, the solvent, %%#‘Sﬂl%%&ﬁé@dfﬁf%%f&p; essyre, aad he residue was

purified bypﬁﬁceané:eelrcao umn chromatography to obtain the compound of interest (diastereomeric
mixture) ag acolorless-giksubstance (68 9, 94¥)nElH;b4-Allyb-Bshydrpxygetaneigacit ¢183, -
Methyl 4-ally1-3-hydroxyoctandate (6.8 g, 31.7 mmol) was dissolved in a 2 N potassium

hydroxide methandksghstiors@0oms J, taricl the sohaibnivwas 581EE ovefmght at room temperature. The
reaction solution was concentrated, then dilutedq with W%ter, d washed with ethgfx. The aqueous

solution WRERTAHEEGEERsInG AFEvEhoridhctd: SibWed by 8xtraction with &thyl acetate. The
organic layer was h Ith in%‘ido j LAY OEQuUS nesium
sulfate. Tré%?%redgﬁée%% v\\;\gs gﬁ%%?e&(?%fgf E%Lg?%%d ﬁress%ﬁ%%ﬁgﬁl the comp%%ﬁd of interest
as an oil sybsiange £6:0tq; J=maolxhddis compotindweasnised isthénéxzrastion without being
purified. (10-c) Tert-butyl ()-[(1S,5R)-3-butylbicyclo[3.2.0lhept-3- en-64denelacetate A mixed
solution ofhhliEEBTFoxyERIARvIE AERIS.0 136 ARG} SpotRESFERAGEAES® /4 g, 96 mmol), and
acetic anhydride (30,mL) was stirred at room temperature for 2 hour ti 4 hours
under refllf)%?trﬁ%’%%g Solﬁ?’lgf‘f C\)Nrass’plggel ohice and %(tgfl’reél %3?&%%%%?%%%fon solution
was subjegied o extragtion Wil sthep The elbariaetuis washenvithg sauatas) agueous soluton
of sodium bicarbonate and saturated saline and dried over anhydrous magnesium sulfate. This ether
solution was added toy azgactian salutick prepared WeatvawefgsntBdintdthéyghane solution (30
mL) of methyl tert-butyl-p,pdimethylphosphonoacetate (7.8 g, 35 mmol) and sodium hydride (>63% oil,
1500 mg, 385 PFRbH CEANPHRERHRERY WAYSRABA G SHIrS T e Ve tio sSlution, a saturated
aqueous - 84 - splution of ammonium chloride, saturated saline, and water were added in this order,
and the reA&tiGh solutisn Was subjected to extraction with ethyl acetate. The organic layer was dried
over anhydrpugsdnagnesium 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
interest as a pal@iyellaiv o# sabstainee (ARG 1 TR Bdiies (10vd)hért-Baffral
0-[(15,5R,6R)-3-buty1-6- nitromethylbicyclo[3.2.0]hept-3-en-6-yllacetate _ _The title compound (4.8 g,
.14.8 mmof A& Hainktasl &R bil SUbstare i hetsl[:l)aem%%ﬁgy}1¥ g]sc %iggr%%?gp (1-c) using tert-butyl
0-{(18 5R):3:buitieyclo3,2 Olhept e 6 Yidencacaiais 3, 16 LmRlofly ehFarbuy
()-[(18,5R,%ﬁ3-é?gert utoxycarbonylamino)methy1-3-butylbioycl0[3.2.01hept-3-en-6- yllacetate

The title cempound {388 9, 63%), waadbtained ag ancillsubdtancesnths same Wag@si3n paragraph
(3-a) using tart-butyl ()-[(18,5R,6R)-3-buty1-6- nitrpmethylbicyclo[3.2.01hept-3-en-6-¥li]la0etate (4.8,
14.8 mmotyg, preferably 10 to 600 mg (in terms of the amount of &

compound) per dose which is administered once to several
rimes a day to an adult (body weight: approximately GO_Kg)
and, for parenteral administration, 0.1 to 1000 mg,
preferably 1 to 300 mg (in terms of the amount of the

compound)} per doge which is administered once to gseveral

times a day to an adult.



(20-f) (-[(15,5R,6R)-8-aminomethy1-3- butylbicyclo[3.2.0]hept-3-en-6-yllacetic acid  The title
compound (1.5 g, 70%) was obtained as a white powder in the same way as in paragraph (3-b) using
tert-butyl ()-[(18,5R,6R)-6-(tert-butoxycarbonylamino)methyl-3-
butylbicyclo[3.2.0)hept-3-en-6-yl]acetate (3.63 g, 9.1 mmol). - 85 - [0117] (Example 11)
0-[(15,5R,6R)-6-aminomethy1-3- isopropylbicyclo[3.2.0]hept-3-en-6-Y 1l]acetic acid (exemplary
compound Nt: li) (11-a) 2-Isopropylpent-4-enal ~ Dimethyl sulfoxide (18.70 mL, 263.3 mmol) was
added dropwise over 15 minutes to a dichloromethane (290 mL) solution of oxalic acid chloride (17.30
g, 136.3 rr&%!%%cl%lgd to -78C, and the mixture was then stirred at -78C for 15 minutes. Subsequently,
a dichlorometnane (75 mL) solution of 2-isopropylpent-4-en-I-ol (11.30 g, 88.1 mmol) was added
dropwise thereta pver 30 minutes, and the mixture was stirred at -78C for 1 hour. Triethylamine (62.40
g, 616.7 mmol) was added dropwise thereto over 5 minutes, and the mixture was then stirred at room
temperaturEtori2heurs! Thamiktiré was reéutratized with 2 N hydrochloric acid (320 mL). The -
organic layer was dried oyer anhydrous,magnesium, sulfate. Then, the solvent_ was,distilled off under
reduced pr{e%@ﬁlféofgegﬁig}r(hgg §78ﬁ>c/§/\£ %lijﬁ'jsﬂgs'tgr%ee 3s a‘jm‘lax?urg)e}:~I contan i%%ltﬁe a(I:V((\éf“n%bound of interest.
This compggggmalﬁedcigﬂggﬁﬁat kgactign without being further purified. (11-b) Methyl
3-hydroxyt4-isopropylhept-6-enoa-Fe  The 2-isopropylpent-4-enal obtained in paragraph (11-a) and
methyl bromoacetate §16 18y, 105, & mumel 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 (6.92 g, F0F8Hw#dH L THE nfixtufe was HeafBtPto 86E TR, he Ferﬁgiﬁ%g@glg&or? - 86 - was
added thereto over 3 inutes, and the mixture, w. en. stirred-at for 2.5 Irs. The mixture was
allowed toagiob ) anrﬁoglgﬁan§5 %i%?géggéurat”'é% a%%%%ﬁéi%lug%? gg?g%MOniuﬂogﬁ%oride (25 mL),
and diethyl sther were thenadded thereto. Theobtained acganis layetiwas dried:aver ankiydrous
magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was purified
by silica gelrcatunan chramatogr@shiy tofobtahn thewcompodihg ofinterestas’a yedw vilstibstance
(12.30 g, 70%). (11-c) 3-Hydroxy-4-isopropylhept-6-enoic acid . 2 N potassium hydroxide-methanol
solution (2BOML R4S Eaaédff@ﬁ%@tﬂéﬁglcﬂ%g rﬁlk_l)esoafﬁit%ngé'fo rzﬁetch%l g@diﬁ x%%f-x‘ APt
isopropylhept-6-enpate, (12.30 g, 61.5:mmo}); and fhe mixiue was stiwed at roemdempesatuse for 13
hours. The solvént was distilled off under reduced pressure. To the residue, water and diethyl ether
were then agded, antkthesaguepus:layerssasineutsalized Witte2 Ahkydiockidrioaeid. Diethyl ether was
added thereto, and the organic layer was dried over anhydrous magnesium sulfate. Then, the solvent
was distilledbf ShasEretREra Hressure 1 8btain BedcdmBodnd driftetedtiss & BRdwn oil substance
(11.10 g, 97%). (11-d) (0-(13,5R)-3-isopropylhicyclo[3.2.0jhept-3-en-6- ssium acetate
(14.00 g, 47 5%%%% éldldje%rtoraégéél%% a%ﬁa/ fide (67 mL %so%%&%ngSEgtcﬁoxyA-
isopropylhgpts6-enoic-acid §11.100;,59:6:mpaal); angddhe mixtiire wasistisregatgoartestperature for 1
hour and then stirred at 120C for 3.5 hours. The mixture was treated with

interest as a colorless oil substance (3 mmHg, 110-116°C,

3.27 g, 50%).
(1-b} Tert=-butyl (£y-{15,5R)bicyclc[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-diencic 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
refiux. The solution was allowed to cool, and the sclvent

was then distilled off under reduced pressure. To the



ice water, followed by extraction with diethyl ether. The - 87 - organic layer was washed with a
saturated aqueous solution of sodium bicarbonate. 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 oil
substance (6.6 g, 74%). (11-e) Tert-butyl - 50 -
0-[(15,5R)-3-isopropylbicyclo[3.2.0]hett3-en-6-ylidene]acetate (E/Z mixture) A tetrahydrofuran (15
mL) solution of te -butyl dimethylphosphonoacetate (3.70 g, 16.5 mmol) was added dropwise at 0C
over 20 miputes {0 a tetrahydrofuran (15 ml.) suspension of sqdiuay, hydride, (068 g, £3%-18.00l), and
the mixture was stirred at OC for 20 minutes. To this solution, a tetrahydrofuran (15 mL) solution of
(7-(15,5R} Z=isopoopy Iieytle{d 2 0)hept3en-6bne«2. 25rg, 45.0- mmohwas added . dropwise at 0C
over 15 minutes, and the mixture was stirred at room temperature for 2 hours. The mixture was treated
with water Foliowed by eldraction with diethyléther.aTHé GrgaficIayerias diied oseCathydrous
magnesiurgsrsulfate. Then, t?he sqlvep; was dis'gjlleo!Y%fg‘lun%%rqrggg%%d ES)EOSSI%[ , and the residue was
purified by Tll%%wd'eﬁecoﬁfrrr?ﬁ c%ror‘r?é’[bgré%h?/ {6 Obtain the compound of interest as a yellow oil
_SUbStanceL(%'Pth‘z fﬂz%f*)i ng‘l'(f?) Te [3_;'%“}3/@1'[%??@5;3’GB%@%@W%(?@&Q?Ece to 90°C.
isopropylbicyclo[3.2.0]hept-3-en-6-yilaCetate Tert-butyl
0-[(1,5,5R}:B4sapropytiieyclaf3. 2:G)hept 3¢ enbryldtenetatetate £3.00ig: I2ikmimel) was dissolved in
nitromethane (30 mL). To the solution, 1,8- - 88 - d azabicyclo[5.4.0Jundec-7-ene (2.20 g, 14.5 mmol)
was added: BRERE NREiTE Wadistired at60e for 5Rours MR Mixtuté fvasAlfowed to cool, and a

saturated aqugqus solyfion of pofaseium,d jydrogsn phosphale yas then added thgreta, jgllowed by
extraction with dichloromethane. The organic layer was dried over an ydrous magnesium sulfate. The

solvent wagdistiled pffiunderyeduced pressyre, @ad the residde wasipurified hyssilica gel
chromatography to obtain the compound of interest as a yellow oil substance (3.00 g, 80%). (11-g)
Tert-butyl §4{ES;5R6R):6-aminomatiid -3isopropyibicy clofd 2 :03heptBe 6 yHadetater ve Tert-butyl
0-[(18,5R,6R)-6-(nitromethy1)9.3- isOpropylbicyclo[3.2.01hept-3-en-6-yljacetate (3.00 g, 9.70 mmol)
was dissolV&d irr effansP LY To'the ﬁ)lﬁt?(éjrf ?r%?l*p%’f/\fu%r?if.h‘%’g, X0 W&faﬁ& tHen an

aqueous %@Bgig%ﬁhlggq% &C&gfl 9,/19-09 mmol). solutiep (20 mi) were added; andthe mixture was

stirred for 4.5°hours under heating to reflux. The mixture was allowed to cool and then filtered through

Celite to remeva insolible paiter.cihe-selptier wasrcongentrated fanchthe residue was diluted with
ethyl acetate. The dilution was washed with a saturated aqueous solution of sodium bicarbonate and
dried over&HhyarRisRagaEsiurmstifaie Then! thebsolgent Wastdistifedoff under reduced pressure,

o e e oy Sl ge o hygratoorety g . g comp of meres
hydride (>65% oil, 986.7 mg, 25.9 mmol), and the mixture was
stirred for 1.9% hours. To the reaction solution, a saturated
agueous solution of ammonium chloride, saturated saline, and
water were added in this order, and the reaction solution 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
-preésure, and the residue was purified by silica gel column
chromatography to obtain the compound of interest as a pale
yellow oil substance {(1.73 g, 32%, E/Z mixture).

{1-c) Tert-butyl (£)-[(15,5R, 6R)}~6~

(nitromethyl)bicyclo[3.2.0lhept-3-en-¢6-yllacetate



(12-h) ()-[(15,5R,6R)-6-aminomethy1-3- isopropyibicyclo[3.2.0]hept-3-en-6-yilacetic acid Tert-butyl
0-[(15,5R,6R)-6-aminomethy1-3- isopropylbicyclo[3.2.0]hept-3-en-6-Yllacetate (2.50 g, 9.0 mmol) was
dissolved in a 4 N hydrochloric acid-ethyl acetate solution (25 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 dichloromethans® o 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 (1.01 g, 51%). [0118]

(Example 12) ()-[(E5;5RBR)Y6-aninonéthydR3-Haebisybicy clo[ 3 DtiRépt33-8R -6  Yllacetic acid
(exemplary compound No: 13) (12-a).2-1sohutylpent-4Len-J-ol - -2-i r4-pentenoic acid (J. Am.
?Efl’%g 56%3 (ffg"j})g Qutylp g@'ﬁ‘ 1:0L 52ds0hUly ] Aspy

Chem. So ’1335,6 S%imol) Was dissolved in tetrahydrofuran (80 mL), and the

solution was; addgd. digpvdse tona tgtrahydrgfuras (8@ miy)mixed spkution of lithium aluminum hydride
(3.4 g, 90 mmol) under ice cooling. The mixture was stirred at this temperature for 1 hour. Then, water

(3.4 mL), aliz%=agueoussobivm hydmiide-Solatien (3.4 mMLand watei@db)2 w9 \#&résabided
thereto in this order, and the mixture was stirred overnight. After removal of igsolugl%r.patter, the

filtrate - 96 CHas o reetrEed 41Dt e EOmdound B irtSIERT A8 BR70T Sibstance (4.9 g, 42%).
(12.0) 2-isobulylLpenienal. o Al AhIalde (543 0-4% pumgl masdissalved g methylene
utio Z78C.

chloride (5?) mL); and the so n'was cooled to Then, dimethyl sulfox'de (6.1 mL) was added
drop se thereia, Fetheapixiire cavgretbyleneshlorio® (@Ramlpsdlutieniof2-4$obutyipent-4-en-1-01 (4.9
g, 34 mmol) was subsequently added dropwise, and the mixture was stirred at this temperature for 1

hour. Triethyldrmed (24t ) rshdeed thafeis arEthembitre ias brtRHt B room temperature. A

saturated aqueous solution,of ammonium chloride was.added thereto, Thlg.%rgig' layer was
separated SWasFsd with wh %rh ar?(;%%/t%]rfftgg %%ﬁr?é, th%%@élrled?%%d%ﬁ 5 céncent%ed 1o obtain the

compoundgfjnterestas ameil sybstance Jhis;campaund was, usesin dhe next reactionarthout being
purified. (12-c) Methyl 3-hydroxy-2-isobutyl-6-heptenoate =~ The compound of interest (4.5 g, 61%)
was obtainkgtksasi an ei substanoeédiastedeamdrio miztsve)dn thElsankewasss ingraragraph (10-a)
using 2-isobuty1-4-pentenal. (12-d) 3-Hydroxy-2-isobuty1-6-heptenqic acid _The compound of
interest (43§ S ebtalh &R o ShbSRALE T SAREFRARLH paragraft fLd=bf using methy!

3-hydroxy-2-isobuty1-6-heptenoate (4.5.q, 21 I s compound was. sed;i xt reaction
without befn%mﬁ?r]if%%. ?Fz-é"#eer{%ﬁ(%yl %%(%5%? B%ijé-%%%ty?gc?;/célj(?[%.2.0]h%%€i3(-ght%§-y |ciene]acetate -
91- Thggpmpound of interest (3.7 g, 67%) was obtained as an oil substance (E/Z mixture) in the
same way as in paragraph (10-c) using 3-hydroxy-2-isobuty1-6-heptenoic acid (4.3 g). (12-f) Tert-butyl
0-[(18,5R,6R)<BrisTkuty 1162 mjtlontéthylbidy&l&[B.2£61 hept-3-en-6-yllacetate

(aminomethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate

~Tert-butyl (£)-[(1S8,5R,6R} -6~
(nitromethyl)bicycle[3.2.0]hept-3-en-6-yl]lacetate (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 mmol) and ammonium
chloride {392.7 mg, 7.41 mmol) were added, and the mixture
was gtirred for 4.5 hours under heating te reflux. The
mixture was allowed to cool, then diluted with saturated
saline, a saturated agueocus solution of scdium bicarbonate,
and ethyl acetate, and filtered through Celite to remove
insoluble matter. The filtrate was separated into organic
and agueous lavers. The organic layer was washed with

saturated saline and then dried over anhydrous magnesium



The compound of interest (3.8 g, 84%) was obtained as an oil substance in the same way as in
paragraph (10-c) using tert-butyl ()-(1S,5R)-[3-isobutylbicyclo[3.2.0]hept-3-en-6- ylidene]acetate (3.7 g,
14 mmol). (12-g) Tert-butyl

0-[(15,5R,6R)-6-(tert-butoxycarbonylamino)methY 13-i50butYlbicycl0[3.2.0]hept-3-en- 6-yl]acetate

The compound of interest (2.7 g, 54%) was obtaineghas an oil substance in the same way as in
paragraph (3-a) using tert-butyl ()-[(1S,5R,6R)-3- sobuty1-6-
nitromethylbicyclo[3.2.0]hept-3-en-6-Y1]aceta,_e (3.8 g, 12 mmol). (12-h)

0-1135R GR) Gaminorgethyl.3 isobubiioxalof3.2 Oeni-Brane Waeeticagd poThedile
compound (1.0 g, 62%) was obtained as a white powder in the same way as in paragraph (3-b) using
tert-butyl ) J¢LS, SR:6R)-6-(tert-butoxyearboaylaming)methyk3erest as a pale yellow
isobutylbicyclo[3.2.0]hept-3-en-6-yllacetate (2.7 g, 6.8 mmol). [0119] (Example 13)

0-[(18,5R, 6R}-6amihofietisyl-Biseebatyibicyehs] 3186 hepf3-eht6- A facetit Tackd: fexedilary
compound No: 12) -92 : (13-3) t@r/ﬁl1 2-sec-bqt¥lgeggt-4-enoate Lithium chloride (9.67 g, 228.1
mmol) and\F&Er (2205 Til- "113°0 RimolY weté atdded to a dimethyl sulfoxide (60 mL) solution of diethyl
allyitsec-bytydmalonate (30.90 ¢, 120 5 mmalh Anddbe yixiuse wasstired:at d G for & gurs. The
mixture was treated with watef, followed by extraction with diethyl ether. The organic layer was dried
over anhydreys maghnesitinm stlfate. Then, the solvent was distilled off under reduced pressure to
obtain the compound of interest as a brown oil substance. This compound was used in the next

reaction without Beidg Pufitiéd 335 2L Se&bhfseitA-eATE6E TS AtetranyRoftrdn T50 mL)
solution of ethyl 2-secbuéylpent-4-§£§ate}w2§?gq7eq gr%wigg\ >oy r 30 minutes to a tetrahydrofuran
(120 mL) Sbftitiontiithitm alGmmunt hydride (4.79°g '126/3 Mmol) cooled to OC, and the-mixture was
then stirred at,0¢ fpL1 hous aad thenstiyred atrpom - 3-en-6-y1lacetate (0.99 g,

4.3.7 mmol), and the mixture was stirred at rocom temparature

for 1 hour. Then, the solvent was distilled off under

reduced pressure. The residue was suspended 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 washed with

dichloromethane and then dried under reduced pressure to

obtain the compound of interest as a white powder (211.6 mg,

35

=i

).

[0108]

(Example 2) {(lR,5S,68}—6~(aminometﬁyl)bicyclo[3.2.0]hept~3m
en-6-yl]acetic acid (exemplary compound No: 1, optically

active form)

T

/ TN COOH

s



temperature for 2 hours. The mixture was cooled again to OC. Ethyl acetate (55.4 mL), water (44.7
mL), tetrahydrofuran (83.1 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 purified by silica gel column chromatography to obtain
the compound of interest as a colorless oil substange;(12.20 g, 69%). (13-c) 2-Sec-butylpent-4-enal
Dimethyl sulfoxide (18.20 mL, 256.4 mmol) was added dropwise over 15 minutes to a dichloromethane
(280 mL) - 93 - solution of oxalic acid chloride (16.90 g, 133.1 mmol) cooled to -78C, and the mixture
was then stirred at -78C for 25 minutes. Subsequently, a di gl th 5 mL) solution of
2-sec-butylpéntd-ensissl J(fff]Z@pg,%é.é; ﬁﬁﬁc?l?'\gv%t\éladg‘“@d o?r E)evéxﬁ’g%e%thegge?tég %ver 30 minutes, and the
mixture was stiwed at =78 forikhour, Triethylamine(60.80-g, 600:8 mweely was added dropwise
thereto over 5 minutes, and the mixture was then stirred at room temperature for 2 hours. The mixture
was neutralized with:2 Ndwdpachleric-acid(316 nE)) The organic layer was dried over anhydrous
magnesium sulfate. Then, the solvent was distilled off under reduced pressure t9 obtain a yellow oil
substance 4§ AThRATE EoRtARIAY THE Eompothd TF nterest This Compound wasusedin the hext
reaction without being further purified. (1.3-d) Met -hydraxy-4-sec:-hutylhept-g-encate 1
2-Sec-butyf%%%f7b4-gr%ésl anc r%%%iﬁey bpog%%gceqﬁéqg%gﬂg J)%Zgg chn%ﬁ%%v‘egre%éfggagre?intg aO
tetrahydrofyran (25 ml)selution. A aliquotof appraximately b/beof the amount was:addedrtea
trimethyl borate (25 mL) suspension of zinc powder (6.73 g, 102.9 mmol). The mixture was heated to
80C. Then,tthe remmining solltion wesiadded-thefetd bver B6 afindte$ &/ 6 fie Aiixthré™®as then
stirred at 80C for 2.5 hours, Th£e mixture was alloweg to cool ar%d g!}/cgr_jn 42.5 gncLi,), a sggurated
aqueous solutioFof amaihidih chicHide (28 MEF and disthyl etherwere then added téfeto. The
obtained organic layer wag dried oyer aniydrays magnesium sulfate. The solvent was distilled off
under reduced pressure, and the residue was purified by silica gel column chromatography to - 94 -
obtain the compeunekefinterestas-d yellav oll substante £14.40 gl 7896t (3:e)
3-Hydroxy-4-sec-butylhept-6-enoic acid  Methyl 3-hydroxy-4-sec-butylhept-6-enoate (14.40 g, 67.2
mmol) was dissol¥&d fir& 20 potassing hydroxids=methanol solution (200 mL), and the solution was
stirred at ropm temperature for, 13.5_hours..T alvent.was distille: nder_re essure. To
the residue, %féfroa%ledt &%%y%éﬁ%?iw%’ré ten §§§§ a3nd%t%rl1e %qf*eqo%g%ai/gé%r%vag#}gegu%r%iied with 2 N
hydrochlorig gcid. Diethyl gtherwas agddeddheretaand the asganie dayer was died aver anhydrous
magnesium sulfate. Then, the solvent was distilled off under reduced pressure to obtain the compound
of interest asa gelldi ®il substancec(12070 oAy ofl3-fron powder (34.69 g, 6189.5
()-(13,5R)-3-sec-butylbicyclo[3.2.0]hept-3-en-6-0ne Potassijum.acetate (14.90 g, 151.8 mmol) was
added to afBeeétic ARRYFTIRETE AL SOIGEorT 6 é-%yaﬁox@m-séécb ylﬂgﬁéée"ﬁ %aaél?fg'm g, 63.5
mmol), and_the mixture was stirrecLat roomtemperatuirg for 1.hourand.then stiscadiatcl 20C for 3.5
hours. The mixture was treated with ice water, followed by extraction with diethyl ether. The organic
layer was washegd:with ersatirated: aguecus salutierdf sedivmdicarbbeated Thetorgamit tayer was
dried over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure,
and the residuewas parified by silica get siAfEehrpARSGrapRY to*6bin fHe EGAPBENd of interest
as a yellow oil substance (6.70 % 64%). .- 95 - %13-9) Tert:b t:y

0-[(13,5R) BRI B EI0TE:2 . Giept3-6r6.yhasreldcstate ééfﬁi%tu%)mugh celite

to remove inscluble 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 distilled off under reduced
pressure to obtain a mixture of the compound of interest and
the starting material at almost 1:1 ratioc (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 {(40.3¢6

g, 720.7 mmol) and ammonium chloride (4.318 g, 78.1 mmol) wers



A tetrahydrofuran (15 mL) solution of tert-butyl dimethylphosphonoacetate (3.70 g, 16.5 mmol) was
added dropwise at OC over 20 minutes to a tetrahydrofuran (15 mL) suspension of sodium hydride
(0.68 g, 63%, 18.0 mmol), and the mixture was stirred at OC for 20 minutes. To this solution, a
tetrahydrofuran (15 mL) solution of ()-(13,5R)- 3-sec-butylbicyclo[3.2.01hept-3-en-6-one (2.48 g, 15.1
mmol) was added dropwise at OC over 15 minutes, @hd-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, angithe residuesvas prified by silica gel column chremategraphy:ia @btain dre-compound of
interest as a yellow oil substance (3.10 g, 78%). (13-h) Tert-butyl
(0-[(13,5Rr8R)-8<(hitromethyl)-3-Bechutybicgelo 13 220Thepi-3-eri6yliatatale waFerEbufper
()-[(18,5R)-3-sec-butylbicyclo[3.2.0]heot-3-en-6-ylidene]acetate (3.10 9, 11.8 mmal) was dissolved in
nitromethaRE486 i) F8 the Folutiore 1, B dazabicyclo[b 4 oftntet-7=e & fz% 74%% frimol) was
added, andineymixlye-was stitedsal, 60t focd ipuis: The nixtye wasallowed io.conband:e
saturated aqueous solution of potassium dihydrogen phosphate was then added thereto, followed by
extraction with gichleromethane. Thearganisdayerawas dried overlanhydratus magnesium sulfate. The
- 96 - solvent was distilled off under reduced pressure, and the residue was purified by silica gel
chromatogfaphyetossbtain the ebmpouht of intekSEag 2 yeldR-oikdubstande>3.287:86%). (13-
Tert-butyl ()-[(}18,55,6R -6-aminometh -3-secbut¥IbicXQIo[3.Z.Q]he t-3-en-6-yl ac%ate h‘ej’ert-butyl
0-[(1S,5R, 6R}-6-(itrormEthyl§ ZRsdcbutyibicy Slo[3°2 BfHent- 3o 63 Tjacatite (328G 10.2 Aimol) was
dissolved ig gthanal (60 ml). Ta the, salytian, jron,pawder(4+47.0.:80.9 amoh)and-then an;agueous
ammonium chloride (0.52 g, 10.0 mmol) solution (20 mL) were added, and the mixture was stirred for
4.5 hours ungder heating terefluxa The siixture waszallowedrtoscool tind then fiteredwhrough Celite to
remove insoluble matter. The solution was concentrated, and the residue was diluted with ethyl
acetate. TIE difitohafas WasHEd Aith 2 SaFstel HHTETGE sSititiGh bf $B8ditht bicaBnatE and dried
over anhydrqus mﬂaggesium sulfate. Then tfg solveniwga‘disgic_lﬂlg%gﬁ( nderyeduceg-pressure, and

oo 1nterest a5, a Le vel 10oW Ol = !
the residue’was puri 6 by Shiica g%?colu%n chromatograpﬁy to obtain the compound of interest as a

colorless ol substance (2.26rg, ¥5%)s (13+) (aminomethyl)bicyclo(3.2.0lhept-3-en-
0-[(1S,5R,6R)-6-aminomethy1-3-5ecbutylbicyclo[3.2.0]hebt-3-en-6-yl]acetic acid  Tert-butyl
0-[(15,5R,6R)-biamimometladi8-5ecbutylbicyclo[3.2.0]hept-3-en-6-yl]acetate (2.26 g, 7.7 mmol) was

dissolved in a 4 N hydrochloric acid-ethyl acetate solutiqn gp rpL):, and t]he, solution was s irred at
room temperatur& fér 3'hGuiE = Phen the Solvert was tictildd HFF: &7 Uritiet Educed préssure. The

residue was susgggg d pg ti%eeggd_iggg d@chi(%{o_@l@t@ag‘u)e_. 40 the suspension, triethylamine was then
added drogv?/i%e, an %e“resulting powder was coliected by filtration. The obtained powder was

washed withxdichleremethane te-ebiain the conpeund of interést/ag ashite powder. @398, 54%).
[0120] (Example 14) ()-[(1S,5R,6R)-6-aminomethy1-3- cyclopentylbicyclo[3.2.0]hept-3-en-6-yllacetic
add(exenﬂﬂénmmmﬁﬁoun@ﬂ@oﬁﬂﬁ mixture was stlrred at room temperaturs

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 resulting 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, a 4 N hydrochloric acid-ethyl acetate solution (200
mL) was then added again, and the mixture was stirred at room

temperature for 2 hours. The-solvent was distilled off under

reduced pressure, and the residue was suspended in



(14-a) Ethyl 2-cyclopentylpent-4-encate Lithium chloride (3.60 g, 84.9 mmol) and water (0.76 mL,
41.9 mmol) were added to a dimethyl sulfoxide (20 mL) solution of diethyl allyi(cyclopentyl)maionate
(10.10 g, 37.7 mmol), and the mixture was stirred at 185C 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 ¢ff under reduced pressure to obtain the compound
of interest as a brown oil substance (6.10 g, 84%). (14-b) 2-Cyclopentylpent-4-en-I-ol A
tetrahydrofuran (15 mL) solution of ethyl 2- cyclopentylpent-4-enoate (6.10 g, 31.6 mmol) was added
dropwiseover 20-minutes. to.a tetrahysrpfuan (40, mL.) solutien of, ithiym alurinumibyside (1.21 g,
31.9 mmol) cooled to 0C, and the mixture was then stirred at OC for 1 hour and then stirred at room
temperaturefepz heurs. Ihe mixtureavasl cooled againdo 0G £thyllacetate {14.0 mL), - 98 - water
(11.3 mL), tetrahydrofuran (21.0 mL), and sodium fluoride (13.4 g) were added thereto, and the
mixture was stifred 6T holf: Themplee Was filtste d Hrotigh Celité fo rétncvebingbluble matter.
Then, the solutign was concentrated, and the resigue was, purified. by silica ge n
chromatograph G Obtaif the" (J:'é‘r%p88H§ of in%erigt' gsgva%%lorle%slcﬁl su %%tégn e%((a:}?}}l%(])”g,B 5&?}5_ (14-c)
2-Cyclopentylpent;4-engl + -, Rimethyl spifoxide {4:824m:n67.9 mmehavas.added dropwdse over 15
minutes to a dichloromethane (75 ml,) solution of oxalic acid chloride (4.47 g, 35.2 mmol) cooled to
-78C, and thedhixttra avaslthendtiered;at -28€ fart30 minutes 2Subderpientiyipdichlordmethane (20
mL) solution of 2-cyclopentylpent-4-en-1-ol (3.50 g, 22.7 mmorl?)cwas added dropwise thereto over 15
minutes, afd i Ridurdvas Yited aPEefor h%rn?r?ut%s. Triethylamine (16.11 g, 159.3 mmol) was
added dro iﬁ% g]ereto 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 mi). The organic layer was dried
over anhydreys magaesiumsulfate.cThen, the selvenionas distilled offtindet retducedpressire to
obtain a yellow oil substance as a mixture containing the compound of interest. This compound was
used in thestextreatiierwithoutlssidy fetterplrifigd QUEGMEtHyP: 1, optically
3-hydroxy-4-cyclopentylhept-6-enca.e , The 2-cyclopentylpent-4-enal obtained in the-preceding
paragraph ahd TithylBromoattte (£ 22, 5?%3/%%%)05%%5&%%%%5%?? a%élt?amyodfrofuran (12 mL)
solution. A@gﬁ&&(ﬂte- %9 - of approximately 1/5 of the amount was added to a trimethyl borate (12 mL)
suspension of zinc powder (1.81 g, 27.6 mmol). The mixture was heated to 80C. Then, the remaining
solution was added thereto over 30 minutes, and the mixture was then stirred at 80C for 2.5 hours.
The mixture was allowed to cool, and glycerin (6 mL), a saturated aqueous solution of ammonium
chloride (6 mL), andidiethyl ether were then added thereto. The obtained organic layer was dried over
anhydrous magnesgim sulfqié*._ﬁé\géﬂvent was distilled off under reduced pressure, and the residue
was purified 3itisigelcolumn chromatography to obtain the compound of interest as a yellow oil
substance ¢ ' A1 -Hyegxy-4-cyclopentylhept-6-enoic acid Methyl
3-hydroxy-4xcyclopeantylhept-6-enoate (4.00 g, 17.7 mmol) was dissolved in a 2 N potassium
hydroxide-methanoEsolution (53 mL), and the solution was stirred at room temperature for 1.5 hours.
The solvent was distilled 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. Thié’—rg?niﬁdé@’t%ﬂ@? Iried,overanhydrous magnesium sulfate. Then, the solvent was

distilled off inder reduced pressure to obtain the compound of interest as a yellow oil substance (4.00
g (including the-kesightiabonylaminomethyl)bicyclo[3.2. 0] hept-3-en-6-

vljacetate

Tert-butyl [{1R,58,68)-6-
(nitromethylibicyclo[3.2.0lhept-3-en-6-yllacetate {peak 2, 30
g, 0.11 mol) was dissolved in ethancl (300 mL) and water (100
mL). To the solution, iron powder (18.8 g, 0.34 mol) and
ammonium chloride (3.6 g, 67.3 mmel) were added, and the

mixture was stirred for 4 hours in an oil bath at 80°C.

Since the nitro form of the starting material remained, lron



solvent)). (14-f) 3-Cyclopentylbicyclo[3.2.01hept-3-en-6-One Potassium acetate (4.16 g, 42.4 mmol)
was added to an acetic anhydride (20 mL) solution of 3-hydroxy-4- - 100 - cyclopentylhept-6-enoic
acid (4.00 g, 17.7 mmol at the maximUm), and the mixture was stirred at room temperature for 1 hour
and then stirred at 120C for 3.5 hours. The mixture was treated with ice water, followed by extraction
with diethyl ether. The organic layer was washed witl? asaturated aqueous solution of sodium
bicarbonate. 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 ther@rssountLSt ifteFesttas’d yBRW oif2Bibadnee (2B6'E 7290203 45giTert-buty!
0-[(23,5R)-3- cyclopentylbicyclo[3.2.0]hept-3-en-6- qu:ie lacetai Eéz mixture A tetrahydrofuran
(15 mL) solufior of &&t-Biy Gimeéth§ipnd %ho%lcéta & % 1% %éf 'mm%%év%%s dded d répwise at
0C over 15 mipute's i, adetranydrafugan (L5 mlysuspension atisedivmdsiride (@R grE8%, 15.7
mmol), and the mixture was stirred at OC for 25 minutes. To this solution, a tetrahydrofuran (15 mL)
solution of 3mdyctopentyibicytlof3. 2dthepti3-end-6oe (2,309, 18. 11mnsol) was deried diépwise at 0C
over 10 minutes, and the mixture was stirred at room temperature for 16 hours. The mixture was

treated with WATEr, FoIDWEREBY dREACHOFAKIRR didthyl StheP TRGIGanichayér Was driéd over
anhydrous mmagf?(_-:‘sium S“H%@J@B?r@@é?'% was digfilled, oft under reduced gressyre; and the

residue was puri |e(‘ﬂq%§ silica gel column -'101 - chromatography to obtain the compound of interest

as a yellow qil.gubstance {3.30 0. 92%). {2449 Fert-hutyli(-{(38, 5R:6R)-6x(nilramehyl)der
cyclopentylbicyclo[3.2.01hept-3-en-6-yl]acetate Tert-butyl .
0-[(13,5R)-34cy&lchentylBicyélof8:2.0] hept3 BAEliderradctate (BB 0Ng 226 MBAHFTEs dissolved in
nitromethane (30 mL). To the solution, 1,8- diazabicycla[5.4.0lundec-7-ene (2.20 g,.14.5 mmol) was
added, and thehixtire waSstited at 66%%%2%%@&%63 CRAah crrfutaedd

e mlx%:re was gﬁg’wegto coaol, and a

saturated aqugous solution of potassium dinvdsogen.phasphiate,was then added daeretadalowed by

extraction with dichloromethane. The organic laver was dried over anhydrous magnesium sulfate. The
solvent was glistiled:pffainget teducedrpressares ahd1thé sesidBewapunffed/bysiliGa el
chromatography to obtain the compound of interest as a yellow oil substance (3.50 %187% . (14-)

Tert-butyl ()-ft28 5RBR)-EraRHBHERFES- £48ofeibibi/ i3 PV hepEFen6AATacé

Tert-butyl ()-[(13,5R,6R)-6-(nitromethyl)-3- cyclopentylbicyc . t-3:60-6-Yjj te (3.30 g, 9.8
mmol) was '&%I\%J&{i%&e%ﬁa‘ﬁ’gls(6ﬁtcn¥ 3)?%@1% s%%%%n?%§%@pg%v%l§§§4g7q§, %é%gr%%rlngol) and then an

aqueous ammaniynchigrides(0:54 g 1Q:9mmod-solution @Bmmbhweie added.cand the mixture was
stirred for 4.5 hours under heating:to reflux. The mixture was allowed to cool and then filtered through

elite to remopednsalnele niatidroFhe solutemwastdrgevated, andthe 36SiHaE Svastdluted with ethyl
acetate. - 102 - The dilution was washed with a saturated agueous s%lution of sodium i(;grbonate

and dried oveRanR§aBHE HgFEERTRSTIfARY Fhen, T sOVERCWESs ditifiéd BRUNTer reduced
pressure, an‘gitl?ﬁ residue was purified by silica gel.columpn ghroMatagraohy, o ghtainsthe compound of

interest as a'Colorless oilsubstance (2.00 g, 67%).

aqueous sodium bicarbonate, and saturated saline and dried
over anhydrous magnesium sulfate. Then, the golvent was
distilled off under reduced pressure. The residue was
purified by silica gel column chromatography to obtain the
compound of interest as a colorless oil (30.8 g).
(3-b} (-)-[(1R,58,68)-6- (aminomethyl)bicyclo[3.2.0lhept-3-
en-6-yllacetic acid

A 4 N hydrochleoric acid-ethyl acetate solution (500
mL) was added to an ethyl acetate (150 mL) solution of
tert-butyl [(1R,58,68)-6- (tert-

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



(24-) 0-[(13,5R,6R)-6-aminomethy1-3- cyclopentylbicyclo[3.2.0]hept-3-en-6-Yl]acetic acid

Tert-butyl ()-[(15,5R,6R)-6-aminomethy1-3- cyclopentylbicyclo[3.2.0]hept-3-en-6-Yllacetate (2.00 g, 6.5
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 under reduced pressure.
The residue was suspended by the addition of diehlgéomethane. 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 0.70 g, 43%).
[0121] (Exwmgc@a(ﬁ(w?@:{,§R@—,6-@mmwmylsaza&iylbiﬁ;yclﬁ[:&&@]impﬁ3§-m-ﬁr\ﬁm¢eﬂt acid
(exemplary compound No: 14) (15-a) 4-Allylhepta-2,6-dienoic acid Lithium aluminum hydride (0.74
g, 20 mmobavars adaer:toed tetrahydrofaramcsolation 786G inl) Bk etHyE 2y fpeht A0 eRdacktste (2.20
g, 13.1 mmol) under ice cooling, and the mixture was stirred_in this state for 1 hour. To the - 103 -
reaction softioh® @ N ﬁﬁé@hé%ﬂfiﬁ?ﬂy%ﬁi&r&ﬁéﬂon (16t Wi &dded: and the mixture was
stirred at room temperaturefor 1 hour and fhen fitered thiough el Zhedfyate was diuted with
saturated saliné and et yl acetate and separated into aqueous and organic layers. The organic layer
was washed with saiuraieg:satineand dried oved anbydrousmagnestismIisulfate; anelthe solvent was
distilled off under reduced pressure. A dichloromethane solution (20 mL) of oxalyl chloride (1.6 mL,
13.1 mmolpwas added dF6pwisk te atdichlsFomethaRE BBAONYEG nil)of timetyl SGFSkide (2.7 mL,

19.5 mmol) under cooling ta -78C. To the reactlor%ﬁglgtl?g,@ dlchlorome%hane (JhOemL) solution of the

above obtatFat FEsiTUE Was Atded /S this mixtire was stiffed at -78C for 1 hour. To the reaction
solution, trigthylamine; (7,4, 52.4-mmaly was added,and themmixtuse was:stirredat ropm
temperature for 1 hour. 1 N hydrochloric acid and saturated saline were added thereto, followed by
extraction with £ihy| eicetate.dthe-brganicdayerfwas washeg withcsatdratedt salireeCand then dried over
anhydrous magnesium sulfate, and the solvent was distilled off under reduced Bressure. The obtained

residue wastisso Ry ridine 42.3'miL) [ Po3h& €oRtiof Snalonicadid 71.55°9, 1495 mthol) and
pyrrolidine (0.43 mL). were added, and the mixtu ired.qyernight. at. mperatuye and
further stir@d¥6r 6 fiours Sgdé.’?héeaﬁ%?é Yot uxﬁ%ﬁgérr%(tiﬁé %ﬁ'al%%&ftlg?%oﬁ%n %%Jgte? with a
2 N aqueous sodiumnshydroxide solutionsand therrwasked with shmethyhether: The aquecus layer was
made acidic using concentrated hydrochloric acid - 104 - under ice cooling, followed by extraction with
diethyl ethem T he organie layer wasiwashediwith 3afivsed sHlifie BRETHrEd oVt ehhydrsis
magnesium sulfate. The solvent was distilled off under redu edvpressuLeo?l%t%tggen dthg compound of
interest as &pA18 yefidw oif Siostance’@ . 49°G “78%):% (5261 Tért-butyl 7
0-(1S,5R)-3:allyibicyclo[3.2.Qlhept:3-en6:ylideneacetate, » n SrAlylhepta:2:6-diensis agigy(2.00 g, 12.0
mmol) was dllsso"lvedlm benzene (5 mL). To the solution, oxalyi chloride (7.01 g, 55.2 mmol) was
added undgkice«ooling, andthermixtige svaspstirret imthisrstatesfer 1dwuz. Fie tixtore@as urther)
stirred at room temperature for 30 minutes, then heated to 80C, and stirred for 1 hour. Then, the
solvent was distifled bff under reduced pressure. To the residue, toluene was added, and the solvent
was distilled qu 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 advange tQ. re;fhux.ﬁ and themixiures was-furtherstitied for 2&-heurs. The reagtioresolution
was allowed to cool, then diluted with saturated saline and ethyl acetate, and filtered through Xelite.
The filtrateavassseparatestinto agusbusanegrganic lagasoThehn Mhe orgamie Tdyet Wds washed with 1
N hydrochloric acid and saturated saline in this order, then dried gver anhydrous n]]:%gdnes'um sulfate,
and then fik6redv FhisFiffate WaS Addet t'a R&ttoA Softitibn breparedin Advance By &dding sodium
hydride (>§ES% oil, 457.1 mg, 12 mmol) to a tetrahydrofuran - 105 -

NH,

engglf "1t

/ '”,’///---mCOOH

T —



solution (20 mL) of tert-butyl dimethoxychosphorylacetate(3.03 g, 12 mmol) under ce cooling, and the
mixture was stirred for 1 hour. The solvent was distilled off under reduced pressure to obtain the
compound of interest as a pale yellow oil substance (0.63 g, 16%, E/Z mixture). (15-c) Tert-butyl
0-[(13,5R,6R)-3-ally1-6- (nitromethyl)bicyclo[3.2.01hept-3-en-6-yllacetate  Tert-butyl
()-(15,5R)-3-allylbicyclo[3.2.0]hept-3-en-6- ylideneacetate (0.63 g, 2 mmol) was dissolved in
nitromethane (5 mL). To the solution, 1,8-diazabicyclo[5.4AJundec-7-ene (0.45 mL, 3 mmol) was
added, and the mixture was heated with stirring at 50 to 60C for 7 hours. The mixture was allowed to
cool, and atggtéj{at?glag_qggﬁ,folygi@g’ogﬁpgq@,shgn dihydrogen phosphate was then added thereto,
followed by extraction with ethyl acetate. Then, the organic layer was dried over anhydrous
magnesium stifate; andthe isolveat was distilledaffurider reduced! pressares The residue was purified
by silica gel column chromatography to obtain the compound of interest as a colorless oil substance
(367.0 mg, 60%)T {5ty ¢ 5{5R BRYE3-4fly -6 (aminomethyl)bicyclo[3.2.0]hept-3-en-6-yilace ¢
acid Tert-butyl ()-[(15,5R,6R)-3-ally1-65 (nitromethyl)bic mg:%)j . pt-3-en-6- cetate (335.2
mg, 1.09 Mrﬂbﬁ%‘fﬁegiggdgg& in' et %ﬁ%l'{lo%ri1ffgﬁdjélvvafé¥ ( r%l?)}.oqll%gtﬁ%bs%uz%)%%ﬁ)ﬁ ‘powder
(611.0 mg,,%0.9 mmopand ammoniyr shioride(57emg, 109-mmeal) wermadded, sxnd the mixture
was stirred for 2 hours under heating to reflux. The - 106 - mixture was allowed to cool, then diluted
with saturated saling, satutatedTaguebas solutiohwf soditpn biearssiate ‘and ethyl &éetéte, and
filtered through Celite to remove insoluble matter. The filtrate was s%r@ﬁted into org%gicdand agueous
r

layers. ThEBEganic Ve WAS Washe@ Wif $4firdted sdliffe and the d oV&F &niiydrets magnesium

sulfate, and the solvent was then distilled off under tediiced pressurg 110 the tesidug, a4 N

hydrochlor‘?c dci ie?hyrﬁ Heetate softtion ﬁﬁ mL) was added, and the mixture was stirred at room

Q,emperatuge fiqr,d howr, Then, thesselvent was distited off undepredieed pressure. THe residue was
suspended in dichloromethane. To the Suspension, triethylamine was added dropwise, and the
resulting powdér was cofleeted Dyfiltratior: dherfiwashed With diéhicioRtettiane, ad-tHeh dried to

obtain the compound of interest as a white powder (68.5 mg, 28%). [0122]. (Example 16)
()-[(13,5R,6@)*6’-%%%E%ti?ylﬁ-%ﬁtﬁiﬂb‘%agclgﬁ%gﬁ%pg -e%é-eéil hgéeti?%%iﬂé%rﬁﬁ ary %gmpound

No: 6) (16-2) EL 2-methyl roxahepti6zancateq (Etyl 2-melbyl-3-oxebulanosies(10 mL, 70.7
r

mmol) wasadded dropwise to ah anhydrous tetrahydrofuran suspension of sodium hydride (2.83 g,
74.2 mmol}with-stigringwnderdecesoaling: hermbdurerwiasstirred fordSarhinutesin this bath. Then,
n-butyllithium (1.59 M hexane solution, 45.3 mL, 72.1 mmol) was added dropwise thereto, and the
mixture wasifurtheestirkad forBOWRINLEES THehe alA5dmide B LS 77 7 Tfiolf was Sdded

dropwise thereto. After removal of th ice bath, the mj ture Sstir %rcg Qurs ggg !the reaction
was then t&mfinated Wﬁgﬁﬁhtg diftite %%Eoﬁljroencg fc%tout \%%ﬁéa%é?r% éolutign. The reaction solution

was subjectgd {o extragtionwith gthyl agetate: The-organicdayeriwas washed sithauatensaturated
agqueous sodium bicarbonate, and saturated saline and dried over anhydrous magnesium sulfate, and
the solvent was then Thistilled off undet saducedsressurbeThe bbtained Fesidirslwas piified by silica
gel column chromatography to obtain the compound of intereﬁt:as&a pale yellonglé?ﬁ? 0). (16-b)
Eﬂwl3hy@@§y@ﬁ%%ﬂNW%ﬁﬁ@%@&ﬂéOuS magnesium sulfate. Then, Ta

solvent was distilled off under reduced pressure, and the
residue was purified by amino column chromatography to cbtain
the compound of interest as a pale yellow oil (5.3 g).
{4-b) [(15,SR,GR};6~(aminomethyl)bicyclo[3.2.0]hept—3—en~6—
vllacetic acid

A 4 N hydrochloric acid-ethyl acetate sclution (200 mi)
was added to tert-butyl [(13,5R,6R}-06~
(aminomethyl)bicyclo[3.2.0]heptm3—em—6—yl]acetate (17.4 g,
73.3 mmol), and the mixture was stirred at room temperature

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



Sodium borohydride (2.48 g, 65.7 mmol) was added to a methanol (200 mL) solution of ethyl
2-methy1-3-oxohept-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 ggetate. The organic layer was washed with water,
saturated aqueous 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 chiamalegraply o ohiginbe compound abiniersst as asplariassaik{Scline). d6-)
3-Hydroxyf21-methyLI ept-6-enoic acid - 108 - Ethyl 3-hydroxy-2-methylhept-6-enoate (6.11 g, 32.8
mmol) was disselved ina 22N.potassiwmahydroxides metianol Sbiutiormd 00 Ey; andithe piktire was
stirred at room temperature for 2 hours and then left overnight. The methanol was distilled off under
reduced pré3&drenahdahe resigae wal Tdiltlel with Hat&ES thefihasHed Witk friethylene chloride, and
then neutralized with dilyte hydrachloric acid.,The agueous layer subj t raction with ethyl
acetate, afd tHe exiratt was V\gé ‘}e‘u‘d Wi ch}’:l e'r}.gj ar?}dg §"§tu?gaé%e§d %gl\lgn%e%a#d“ gﬁg%qsoge?gnhyd%%us
magnesium splfate, Then, the solvent was.distilled oft urder-reducethpressurestosabtaim g, compound
of interest as a pale yellow oil (5.46 g). (16-d) ()-(15,SR)-5-methylbicyclo 3.2.0]hept-3-en-6-one A
mixed solutigaiaf 3-hydroxy-2unethytheptésenoic asid(5 Useg, (345 mmél}, iotassiam-acétate (7.0 g,
71.3 mmol), and acetic anhydride (30 mL) was stirred at room temperature for 1.5 hours and then
stirred for Qﬁ%ﬁﬁsﬂﬁﬁdé?%ﬁ%ﬁﬁidﬁ%%f%%aﬂﬁéjﬂ reftlx 3Fhé rEEction solution &S feft Svernight, then
diluted with etfyl acetple, washed with watar, satugated aquequs sodiumdicarbonate, andsaturated
saline, and'thien dried over an ydrous magnesium sulfate. The solvent was distilled off under reduced
pressure, theobtained residue was purified by silica gel column chromatography to obtain the
compound of interest as a pale yellow oil (810 mg). (16-e) Tert-butyl
0-[(12,5R){8>inethyl-bicyclo[3.2.01hept-3- en-6-ylidenelacetate ~ An anhydrous tetrahydrofuran
solution (2 mL) of (gr-?(lS 5R)-5-methylbicycl LB.Z.O]rhe t-3-en-6:-one (800 mg, 6.55; - § -{4mmol) was
added dropvwise i stﬁriiné Uhder ’ce%ooTifg 168 Qagﬁao%%go%tlo“nc epar gl?\ é\g\]/gr% e% fré?n an
anhydrous etgg%%?%u&%@ lugign élg%ﬁmrgpy% dl@%@ﬁﬁbg%@hq&@@@tﬂ{@ (11.@.8 g, 6.55
mmol) and sodium hydride (>63% olil, 245 mg, 6.55 mmol), and the mixture was then stirred for 1 hour
in this bath,gnd-furties stited &t raora tempprature for 2 Broars: heZreaction solution was diluted with
an aqueous citric acid solution, followed by extraction with ethyl acetate. The organic layer was
washed with water, saturated aqueous sodium bicarbonate, and saturated saline and dried over
anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure, and the
obtained residue wHs purified_by_s}[l gel column chromatography to obtain the compound of interest
as a colorless Qil s@ostanc‘ex‘%%g mlg?(16-f) Tert-butyl
0-[(13,5R,6 -6-c Fro=SsRqethylbicyclo[3.2.0]hebt-3-en-6-yl]acetate Tert-butyl
0-[(1S,5R)¢ Tj}%ﬂ}hemeﬂ—{en-G-ylideneJacetate (300 mg, 1.36 mmol) and potassium
cyanide (89 g, 1.36-+mmol) were mixed at room temperature in anhydrous dimethyl sulfoxide (2 mL), -
and the mixtur& was stirred for 2 lidts and then left overnight. The mixture was further stirred for 10
hours in an oil bathf@t 100C 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 soivent wag distilledseff upderzreduced pressute, andithé Dbiaiféd egsidie was purified by
silica gel column chromatography to - 110 - obtain the compound of interest as a colorless oil (128
mg). In this/priocedure; agsy-prot@r eftB@yLGE$(1S,SR,6R)-6-
cyano-5-methyl-bicyclo[3.2,0]hept-3-en-6-yllacetate was obtained as (_)Ha)rl SS Oi 0). (16-9)
Tert- utyl (t)-[(13,53"%4,@3-6(-(Eieﬁﬁlﬂto%?&rBor%yﬁfm?%#&ﬁ%—%?ﬁwgthﬁ/ﬁéc 6%.?.%#%&%—%-6-
yliacetate _ _,5qdium bosehygride (134 mg,3.84 mmel) wassadged-ig-small portions to a methanol (5
mL) solution of tert-butyl ()-[(15,5R,65)-6-cyano-5-methyl-bicyclo[3.2.0]he3-en-6-
(aminomethyl}bicyclo{3.2.0}hept—3ﬂen—6—yllacetic acid (320.2

mg, 1.77 mmol), and the mixture was stirred at room
temperature for 5 minutes. The solvent was distilled off
under reduced pressure. To the residus, 1,4-~dioxane was

added, and the mixture was heated and then allowed to cool to



yljacetate (125 mg, 0.51 mmol), nickel (Il) chlor hexahydrate (12 mg, 0.05 mmol), and (Boc)20 (221
mg, 1.01 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 to remove insoluble matter. Then, the organic layer was washed with
saturated saline and dried over anhydrous sodium sglfate. 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)
(0-[(18,5R,68):&-armingmethyl-g-methylbicyclo[3:2. Ahept3cen-6-Yilacetic aeidt e dTer-butyl
0-[(18,5R,6S)-6-(tertbutoxycarbonylaminomethyl)-5-methylbicYclo[3.2.0]hept-3-en-6- yl]acetate (120
mg, 0.34 nimdh) measidissolvedan axkNimnalfochiurie acidasthyl aeetade Bolution (2 TALY BABhesolution
was stirred at room temperature for 3 hours and then concentrated under reduced pressure. The
residue waldis$815€d rithyiéheChidride -l OFE A8 SolGtior: Hhiéthyamine (g 0%48'mL, 0.34
mmol) was added dr se at roo perature and the mixture was stirred for 2 hours. The
resulting powd%er Wagyg\ﬁe?teg%yn}f%e;;on and dried to obtain the compound of interest as a white
solid (22 mg)1[0423] (Example 17) ()-[(1S,5R,6R)-6-aminomethy1-2-
methylbicyclo[3.2.0]hept-3-en-6-yllacetic acid (exemplary compound No: 3) (17- ag Methyl
5-methy1-3hydmxd/6-heptehbates S , 6Fhe-fittel earhpotisd Nas dbtdred as arfoildiisstance (3.4 g,

33%) in the same way as in paragraph aR_Fusm ethyl -4-pentenal (5 590 17- %b .
5-Methy1- §rﬁy8rdkjg/i63ﬂ§b€eﬁo?%c?g g e’ ﬁ%él%:r% p%und Was3 alné% as AT Gil Btibstance (2.23
g, 74%) in the same.way.as inparagraph (10:b).using methyl 5-methyd13-hydroxy-6-heptenoate (3.4
g, 19 mmof) This compound was used in the next reaction without being purified. (17-c) Tert-butyl
(-(1S,5R)-[2-methylbicyclo[3.2.01hept-3- e -6-ylidene]acetate 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
(-[(15,5R,6R)-2-mé&thy1-6- gifrometryiibicyclo[3.2.0]hept-3-en-6-yllacetate - 112-  The title

compound ( Qﬁ was obtained as an oil substance in the same way as in paragraph (1-c)
using COOH
PhSO,;H

H

{1R, 58, 63)~-6- (aminomethyl)bicyclo[3.2.0}hept-3-en-6-

yilacetic acid {(13%2.2 g, 391 mmol) was dissolved in 2~
propanol (7.5 mL) and water (2.6 mL). To the solution,
benzenesulfonic acid moncohydrate (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-
propancl. Then, the residue was washed with 2-propanocl to

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

[0113]
(Example 7) (&)-[(18,5R,6R)-6-aminomethyl-3-
methylbicyclo[3.2.0]hept—3—enw6—yl}acetic acid (exemplary

compound No: 4)



tert-butyl ()-(1S,512.)-[2-methylbicyclo[3.2.0]hept-3-en-6- ylidenelacetate (1.9 g, 14 mmol). (17-e)
T-butyl ()-P1S.,5R;6R)-6-(tert- butoxycarbonylaminc)meL.hyl-2-metnylbiCyclo[3.2.0]hept-3-en-6-
yilacetate The title compound (2.3 g, 99%) was obtained as an oil substance in the same way as in
paragraph (3-a) using tart- butyl ()-[(15,5R,6R)-2-methy1-6-
nitromethylbicyclo[3.2.0]hept-3-en-6-Y1]acetate (1.9'g, .75 mmol). (17-f)
0-[(1S,5R,6R)-6-aminomethyl-2- methylbicyclo[3.2.0]hept-3-en-6-yliacetic 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 ter-butWetnyl 4-methyl-3-hydroxyhept—-6—-enocate
()-[(15,5R,6R)-6-(tertb‘utoxycarbqnylamino%rpethy;-Z-methYIbicYcIo[3.2.0]hept-3-en-6- C%/I]aé;etate (2.3
g, 6.7 mmol). [01SAEXBMPIE 187 O-[(TA R, 6R):3-(dce® logmethylf-gric -} was adde

(aminometpyl)bicxclq[&z.gf]ge t-3-en-6-yilacetic acid (exemplary compaund No: 16) (18-a) Ethyl
3-hydroxy-Zr-Ci[(Z?-rr‘l“(-:-@,:}ti%g(1 be%%%é?ﬁm%?ﬁ?lﬁeog%- 6-enoate A methylene Chloride solution (10

mL) of titaniymetrachierde (0.97 mL.8.88 mmokvand [(laethoxyyinyl)exy] (tritmethy)silana]. Am.
Chem. Soc. 2003, - 113 - 125, 5644) was added to a methylene chloride solution (80 mL) of
2-{[(4-methoxytenzy|joxylmethylpent-4reridl { Fetfdiedforr:osyhtimat 200% - 1273223)%1.98 g, 8.46
mmol) with stirring at -78C, and the mixture was stirred at {Eis empetrature for l.5lhgqrs. The reaction
was terminBfRby-fHe &dditior 6Fa shfttited aquednsdBolutio %?%o it Bicarbonate {100and

25.9 mi, 43.1 mmel) was added dropwise, and the mixture was
further stirred for 10 minutes under lce coecling. Then,
allyl bromide (5.18 g, 43.1 mmcl) was added thereto, and the
mixture was stirred in this state for 30 minutes and then
further stirred overnight at room temperature. To the
reaction solution, 1 N hydrochloric acid and saturated saline
were added, followed by extraction with diethyl ether. The
organic laver 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 (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. 2z N
hydrochloric acid (30 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
organic layer was washed with saturated saline and then driad
over anhydrous magnesium sulfate, and the soclvent 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 oll substance (5.72 g,

85%, mixture of diasterecmers).



water (100 mL), followed by extraction with methylene chloride. The organic layer waS washed with a
saturated aqueous solution of sodium bicarbonate, water, and saturated saline and 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 (1.31 g, 48%). (18-bj1 -
3-Hydroxy-4-([(4-methoxybenzyl)oxy]methylinept-6-eno ¢ 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:methexybenzytoxylmethylhapté-eneatei(d. 3dcg,4.06 mmol). (18-c) Tert-butyl
0-[(AR,5R)-3-{[(4- methoxybenzyl)oxy]methyllbicyclo[3.2.01hep, 3-en-6- ylideneiacetate = The
compound of intefestwas dbtairidtlyds am il Gubstanes 11003 B99%) inIhe Safe way as in paragraph
(7-c) from 3-hydroxy-4-{[(4-methoxybenzyl)oxylmethyl)hept-6-enoic acid (1.20 g, 4.06 mmol). - 114 -
(180)Tedﬁﬂﬁ§ﬁ0¥@f& ﬁiﬁ%;§$ﬁ4}n g EYN pgiasglumrkydrOXlée—ﬁ%é%ano;
methoxybenzyl)axylmethy;L 1:6~(nitrmethyLIbiOyelof3 2,01hept3sen-Sadlacstate  ; ;e gempound of
interest was obtained as an old substance (1.02 g, 87%Y in the same way as in paragraph (1-c) from
tert-butyl (-[3R, 5Rx34[t4-methoxybeazy Doxy Irmethyithicycd 0[3:2.6thepti3=em-61 ykdenelacetate
(1.00 g, 2.80 mmol). (18-e) Tert-butyl ()-[(1R,5R,6R)-6-{[(tertbutoxycarbonyflamino]methy1}-3-{[(4-
methoxybetizyl)exyjinetiyiibicYiio[3 PG thept3uain6-Ratatite € - THE codmpodfRd of iffterest was
obtained as an oil substance (1.19 g, >99%) in.the same way as_in paragraph (3-.a) from tert-butyl
0-IQ1R,5R, R?-fff{ﬁe-orhlesth%% J"emnp%y g)?y]Pn%ﬁ?\?l}%%ﬁé?n%tﬁﬁ)%i%@%ﬁ?{B.%%ﬁgst-en-G-yliacetate
(1.02 g, 2.44, mmel).q (18-Ntert-hutyt O:[(1R SR, 6R):6+{[(tertbutaxycarbonrylamine]methy:td -3-
(hydroxymethyl)bicyc1o[3.2.0]hept-3-en-6-yl]acetate = Water (1.4 mL) and
2,3-dichlord s 6:icianact, 44 behzoguhirorel(831img, 3.66anmofwere axitietitd zomiettidéne chloride
solution (25 mL) of tert-butyl ()-[(1R,5,6R)-6- {[](tert-butoxycarbonyl)aminolmet[] I-3-{[(4- .
methoxybetizy okﬂ?}ﬁ%%hﬂﬁﬁc@é{%???@lhéﬁ#@ﬂ%@ylﬁﬁeﬁé 198y I?.AY‘QI?Lhﬁn(ﬁ)lﬁ/i‘fﬂf”s‘tirring at OC.
The mixture,was stirred at this.temperature 0 hour_and.f r stitred at r perature for 1
hour. Then. The feaction was fé%niﬁa%tfé%lﬁh%%%ﬁﬁio%cﬁ a“%aétjétr%?ec‘? 5%&5&5%1{5%@ solution of
sodium bicaghanate sfolowed by extraction with-raethylenerchiaride. Fhesrganic layenwasveashed
with water, a saturated aqueous solution of sodium bicarbonate, and saturated saline and dried over
anhydrousssotitam sutfate. Thetrésited westiliered and coneestraed Ynder réducedréssure. Then,
the obtained crude product was purified by silica gel calumn chromat r%phy to ohtain the compound

of interest B A GISIBEIENEE (571 g S64965 118-gJ V- Tﬁ,ﬁ?ﬁGﬁﬁ%g-s(age %?y%%fhy 8-
(aminometfiyhbicyclol3,2. 0lhept-3-en-bayilacglic acid

{7-c) Tert-butyl (£)-(1S,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 dissclved 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 Z hours. The
reaction soluticn was heated to 110 to 120°C and stirred for
3.5 hours. To the reaction sclution, ice wate¢ and toluene
were then added, and fhis mixture'was stirred at room
temperature for 1 hour. The mixture was separated into
aqueous and organic layvers by the addition of saturated
saline and toluene. Then, the organic layer was washed with

a 1 N agueocus sodium hydroxide solution and saturated saline



The compound of interest was obtained as a white solid (85.2 mg, 45%) in the same way as in
paragraph (3-b) from tert-butyl ()-[(1R,5R,6R)-6-{[(ter - butoxycarbonyl)amino]methy1}-3-
(hydroxymethyl)bicyc10o[3.2.0]hept-3-en-6-yllacetate (275 mg, 0.75 mmol). [0125] (Example 19)
0-[(AR,5R,6R)-6-aminomethy1-3- (methoxymethyl)bicycl1o[3.2.0]hept-3-en-6-yl]aceiic acid (exemplary
compound No: 17) (19-a) Methyl (2E)-4-({[tertbutyl(tEmethyl)silyijoxy}methyl)hepta-2,6-dienoate
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 -78C, and the mixture was stirred at this temperature for
5 minutes. Theana meihylene chiosidecsolutiono@Omehafydrous magnesium sulfate,
2-(([terbutyl(dimethyl)si2ylloxylmethyl)pent-4-en-4-01 (J. Chem. Soc., - 116 - Perkin Trans. 1 1991,
2073) (5.1@ 522 15Ambl) ey added theret. ThHeihbRuréFasistitfstl atthfs teRfderateie for 15
minutes. Then, triethylamine (12.3 mL, 88.4 mmol) was added thereto, the mixture-was, heated to
room tempéf’a’tﬁr%la?ﬁyd stirréd. TH %&tﬁr%éﬁggsgﬁé:%%{a %%dé“dl“uqe%u %;%r%c’or%‘a%fc Ig)%\gr's%by the
addition of 01 M:hydsochlgric acid. T h%@{%@ig@y@fﬂ\@nwwmo-@w hytdroehiotieaeid, water,
and saturated saline and then dried over anhydrous magnesium sulfate. The residue was filtered and
concentratedh tinderdredacead pressuse randithecbtained (E€sidde was bissolvethintolieAe (SO mL). To
the solution, (methoxyparbonylmeth lene)triphenylphosphorane (11.1 g, 33.2 mmol), was added, and
the mixturelWas §@Péd AE roGHr Ternpérdiure ToF & hbairs and futther Stirréd 3 668Fof 2-hours. The
reaction salution was concenratednder reduuced pressurs e fligred throuah Celite. and
concentrated againh under reduced pressure. Then, the obtained crude product was purified by silica
gel columngheamatographyrto ehtaintbe compound of interest as aureitisubsiances(5.69 g, 91%).
(19-b) (2E)-4-(ffiert-butyl(dimethyl)sily oxylmethyl)hepta2,6-dienoic acid Lithium hydroxide
monohydrate [2.62qy 6010 mmoinwvas added 16 dcterabydrofuras: hfeth&sdl Weer (37121, 100 ml.,)
mixed solution of methyl (2E)-4-(i[tertbutyl(dimethyl)sil éIJox Imethyl)hepta-2,6-dienoate (5.69.g, 20.0
mmol), and*theShixture as stiffed étur%éﬁi:fe%egr %/ ?oraé:ﬁé'ﬁ)r/r%. TZEL% X caiad

N Co
e reathlosﬁ SOa[UtIOI'] was

Concentfat%ﬁiﬁggg%f 17 - reduced pressute. Tg e tesjdue puatey, wasdheq, added, followed by
|

extraction with methyléne chloride. The aqueous layer was made acidic by the addition of 10%
hydrochlorigzacid; fellowed by extraction witke meihylene shioride gair Thernmntweesmbined organic
layers were dried over anhydrous sodium sulfate. The residue was filtered and concentrated under
reduced pressuietEhenTiie GiRtained crivde protiet was purified By SRtagel é6RMn chromatography
to obtain the compound of interest as an qil substance (3.11 g..57%)..(19:¢)_Tert-bu ‘
0-[(LR,5R ¥ EREM5tyI( AR tﬁfﬂ?si|§ﬁc?x""y%r%%tr‘i‘§i’f)%ic‘?}6#oh% > ?héjp‘{-si(ér?-%%)‘yli ér?e]géétg%n The
compound of jntgrest was.obtained 3s-ap:0il substansa(2.0319550%) inthe same wayaslie paragraph
(1-b) from (2E)-4-(f[tert-butyl(dimethyl)silylloxylmethyl)hepta2,6-diencic acid (3.11 gi 11.5 mmol).
(19-d) Tertsheiyl+[(2RI5R):BstydroxyiiietAyl) bicy cid]3.2.0]hé8pr3-enhB-ylidenelacetate  Tetrabutyl
ammonium fluoride (1.0 M tetrahydrofuran solution, 8.69 mL 8.69 mmol) was added to a

tetrahydrofiirarrsol Gt (IB4RL} of tertbutyP() TRreBRY. 3 qfftehy L 6~
by ety SISOy 2.0 0.6 MHRBRZGHIE 0,02 0 579 ino).and e

mixture was sfirred at room ‘temperature for 2 hours. To the reacfion solution, water was added,
followed by extraqf@&wgggyryl acetate.<Then, the-ganic laverwas Washed witpwater énd saturated

saline and dried over anhydrous sodium sulfate. The residue was filtered and concentrated under

reduced 6-ylideneacetate (1.21 g, 5.50 mmol) was dissolved in
nitromethane (7 mL). To¢ the solution, 1,8-
diazabicyclo[3.4.0)undec~T7-ene (0.91 mL, 6.0 mmol) was added,
and the mixture was heated with stirring at 50 to 60°C for ©
hours. The mixturs was allowaed to cocl, 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

sulfate, and the solvent was distilled off under reduced



- 118 - pressure. Then, the obtained crude product was purified by silica gel column chromatography
to obtain the compound of interest as an oil substance (1.29 g, 94%). (19-e) Tert-butyl
0-[(AR,5R,6R)-3-(methoxymethy1)-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate ~ Methyl
iodide (2.03 mL, 32.6 mmol) and silver (1) oxide (1.62 g, 6.99 mmol) were added to a methylene
chloride solution (6.0 mL) of tert-butyl ()-[(1R,5R)-353 -
(hydroxymethyl)bicyclo[3.2.0]hept-3-en-6-ylidene]acetate (550 mg, 2.33 mmol), and the mixture was
stirred at room temperature for 40 hours. The Mixture was filtered through Celite and concentrated
under reduced pressure. Then resjd as disselyed in, pitromethaneg £4.5418L) 719 the solution,
1,8-diazab?c§/%léojf5%ﬁﬁ)]ungkg(%-%g:]% O“f?Oq'(rvana\I%I, .gG ?n%c%l%! V\ll%a% a%%led%%n%%he %Ei!xture was stirred at
60C for 7 hours @ the-taaction sokutioni a salurateshagueoss solutivhaf potassiura dihydrogen
phosphate was added, followed by extraction with ethyl acetate. The organic layer was washed with a
saturated aguenussotutiohlofpotassitpedifydrblel phodphate and saturated saline and dried over
anhydrous sodium sulfate. The residue was filtered and concentrated under, reduced pressure. Then,
the residue Was pufified By EHich get'colum ’cﬁ?brﬁgtb@%pﬂ‘tg%%%ﬁ the éBmpound of interest as an
oil substan %4%38 %é%@@k3@@?&?§Qﬂ@ﬂ¥Len—6—yl]acetate

0-[(1R,5R,6R)- -ftg,l-e butoxycarbonyl)amino]methy11-3-
(methoxymethyl)Sicyelof3, 2:0]hept:3-eni6: YHacetate- 3148+=h v1 ¥he compound of interest was
obtained as an oil substance (450 mg, >99%) in the Same way as in paragraph (3- a) from tert-butyl

0-[(1R,SR,6R) 3 gmetHoxyme e 2 [Rirometibicy tt8 20 Hepes ehad-jljacetate (368 mg, 1.18
mmol). (19-g) (#%%I[‘]?%i%6R)-6-aminoT%I&yll-g- gﬁll:%tgl &m?tﬁwgl)p&: clo[3,2.0lhept-3,en-65Y 1]acetic

acid Thécd fRterést Was obtained as a white so (143 mg, 53%) in the same way as in

paragraph {1-e) from. (1 [(AR.5R 6R):Graminemethyd<® . 8 mg, 15.9 mmol) and
(methcxymethyl)bigyclo[3.2.0]hept-3-en-6-yl]acetic acid (450 mg, 1.18 mmol). [0126] (Example 20)
0-[(1S,5R, 6fR)-6rarainonsthylizid- dimeth§lbioyelof3.2A]Hege-3leni6 ¢l |agfciacia plolaéResulfonate
(p-toluenesulfonate of the compound of exemplary compound No: 19) (gZO-a Met 3Y1|1x The
3-hydroxy B diiethy&8-Fepténcatet © TTHe ROMPouHd oF intéradt (1% §°60%) was obtained as an

oll substance (diastereametic [ityre)D the same way,as In pABGIFALH gk sl

3-methyl-5- lexenJ??-ojiﬂinaés(lai g, anoI). (20-b) 3-Hydroxy-3,4-dimethy1-6-heptenoic acid  The

compound of intgeest £1Q.19) was-ebtained-assar oil subistanes instheisame wayrassingiagagraph
(10-b) using methyl 3-hydroxy-3,4-dimethy1-6-heptenoate (11.7 g, 63 mmol). This compound was
used in thexmexteeaotiorawithiatbeing purifidd:ered through Celite to remove

insoluble matter. The filtrate was separated into organic

znd aqueous layers. The organic layer was washed witl
saturated saline, then dried over anhydrous magnesium sulfate,
and the solvent was then distilled off under reduced pressure.
Te the residue, a 4 N hydrochloric acid-ethyl acetate
solution {5 mlL) was added, and the mixture was stirred at
room temperature for 1 hour. Ther, 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
-0 obtain the compound of interest as a white powder (105.8

<,

mg, 28%).

[0114]



- 120 - (20-c) Tert-butyl ()-(15,5R)-[3,4- dimethylbicyclo[3.2.0]hept-3-en-67Ylidene]acetate  The
compound of interest (4.2 g, 33%) was obtained as an oil substance (E/Z mixture) in the same way as
in paragraph (10-c) using 3-hydroxy-3,4-dimethy1-6-heptenoic acid (10.1 g). (20-d) Tert-butyl
0-[(15,5R,6R)-3,4-dimethy1-6- nitromethylbicyclo[3.2.0]hept-3-en-6-Yllacetate The compound of
interest (4.5 g, 85%) was obtained as an oil substarice in the same way as in paragraph (1-c) using
tert-butyl ()-(13,5R)-[3,4-dimethylbicyclo[3.2.0]hept-3-en6-ylidenelacetate (4.2 g, 18 mmol). (20-e)
Tert-butyl ()-[(15,5R,6R)-6-(tertbutoxycarbonylamino)methy1-3,4-dimethylbicyclo[3.2.0]hept-3-
en-6-yljace@keﬁmp Thecompgund,efdnierest{5.6:0,.99%)-was Qbtained as an oil substance in the

r

same way as in paragraph (3-a) using tert-butyl ()-[(15,5R,6R)-3,4-dimethy1-6-

nitromethykicyeldf3.2 0iRert33-2nd6-ytincetahe4.5¢, Mamaioix (204F (exemplary
(-[(15,5R,6R)-6-aminomethyl-3,4- dimethylbicyclo[3.2.0]hept-3-en-6-Yllacetic acid p- toluenesulfonate
Tert-butyl GIAER BR)%E-(tBrtbutoxycarbonylamino)methY 1-3,4-dimethYIbicYclo[3.2.0]hept-3-

en-6-yI]f:lceggt@a(fl-Oggqé%rrr:1 _%Ig%nt pgt%u§$§§§%g@gig_rggg%dedrate (2.5 g, 13 mmol) were

suspended'in toluen ) and thioani L), and the suspension was stirred at 80C for 2
hours. The reactien soluion yvas; eencentateds :-11210- ard the resulting Djl substangasvas:treated

with ethyl acetate and hexane to obtain the title compound (2.3 g, 55,z-) as a white powder. [0127]
a tetrahydrocfuran solution (30 mL) of ethyl 3-oxohexanocate
(7.91 g, 50 mmol) under ice cocling, and the mixture was
stirred in this state for 10 minutes. 7To the reaction
solution, n-butyllithium (1.58 M hexane soiution, 34.8 mL, 53
mmol) was added dropwise, and the mixture was further stirred
for 10 minutes under ice cooling. Then, allyl bromide (4.7
ml, 55 mmol) was added thereto, and the mixture was stirred
in this state for 1 hour and then further stirred at. room
temperature for 4 hours. To the reaction solution, 1 N
hydrochloric acid and a saturated agueous solution of
ammonium chloride 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
nours. 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 organic laver was washed with saturated saline
and then dried over anhydrcus magnesium sulfate, and the

solvent was distilled off under reduced pressure. The



(Example 21) [(1R,53,63)-6-aminomethy1-3- ethylbicyclo[3.2.0]hept-3-en-6-Y1]acetic acid (exemplary
compound No: 8, optically active form of the compound of Example 8) (21-a) Resolution of tert-butyl
0-[(AR,5S,63)-3-ethyl-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate  Tert-butyl
0-[(AR,5S,63)-3-ethy1-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]lacetate (230 g, 778 mmol) was
resolved using Chiralpak IC (N-Hex:EtOH=98:2, 1.07pL/min, 40C) manufactured by Daicel Chemical
Industries, Ltd. to respectively obtain 115 g 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

(PlR,58,6;@@4&95@@%@@91%@nggm@mya-g-@t YIbicYciof3.2. Jhepir3-e8:6-lacetate
Tert-butyl [(1R,53,69)-3-ethy1-6- (nitrométhyl)bicyclo[3.2.0]hept-3-en-6-ylJacetate (peak 1, 7.0 g, 23.7
mmol) was-gissalved inethanpbiGOdmbFand waters < 132 - a(2taik). Folthewsotution, iron powder
(13.27 g, 237 mmol) and ammonium chloride (628.1 dig, 11.9 mmol) were added, and the mixture was
stirred for 554uUrs GAdErhedking toTeflux e mpdureiwas afdwed 87864, then diluted with
saturated saline, a saturated agyeous solution of sodium bicarhopate, and ethyl acetate, and filtered
through Celite ?(9 re?r'{c];i/”eg ﬁ‘}&%ﬁi‘éj r(?]ﬁﬁ}eiﬁ%ﬁ%tﬁlt?at%nv?/alg sggéchaﬂed into organic and aqueous Layers.
The organic Iaye@@% W@bg@gﬁ(}&h@@é@é@@@%@%ﬂ@%@@d queranhydrous. maghesium
sulfate. Then, the solvent was distilled off under reduced pressure to obtain a pale yellow oil substance
(7.02 g). Thissubstanceweas dissalvédlin dichiosesmethamed(206 ivie): Tothe solution,. (Bog)20 (5.25 g,
25 mmol) and triethylamine (5.01 g, 50 mmol) were added, and the mixture was stirred overnight at

room tempétafréhe solertifasaistilce i BAderrelitced prodstire, Hhd the rESHlie was then

purified by silica gel chromatagraphy to_ohtain the title ound of.inter ), pa llow oil
substance@%@%a&bo%). &gf-% [(1&?5&%%1)9?-%%ngﬁgﬁl%étﬁﬂgcéﬁc%%%]rlli%lff%- '

en-6-yljaceticacid 1 « A 4t hydrachlariciacid-ethyt agetate solution{260 rals)iwas added tortert-butyl
(1R,53,63)-[6-(tertbutoxycarbonylaminomethyl)-3-ethylbicyclo13.2.01hept-3-en-6- yllacetate (9.82 g,
23.7 mmol}anetthe mixtlrerwasystifled iatsosmltemperatire foriiHoura Théh ahe 38f&AtL was distilled
off under reduced pressure. The residue was dissolved in dichlorometfé%ne. To the solution

triethylamin® WhR et drBBwWieS Bndthd taatift poWderwaS Eollectad By 125 fiftration, then
washed with diclorgmethane. and then. driec ta.abjain 02,5, oL white poviies This powder was
e

washed with ethanol an yl acétate to obtain the title compound of interest as a white powder (2.14

g, 43%). [28k under ice cooling, followed by extraction with 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 cobtain
the ccompound of interest as a pale yéllow oil substance (3.14
g, <100%, mixture of diastereomers).
(8-c) Tert-butyl (*+)-(15,5R)-3-ethylbicyclo[3.2.0]hept=~3~en-
gp—-ylideneacetate

4—Ethyl—3—hydroxyhept—G—enoic acid (3.13 g, 18.2 mmol)

was dissolved in écetic 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 stirred for 3.5
nours. 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 agueous and



(Example 22) [(1R,53,63)-6-aminome,y1-3- ethylbicyclo[3.2.0]hept-3-en-6-Yllacetic acid
ptoluenesulfonate (exemplary compound No: 8, ptoluenesulfonate of the compound of Example 21)
Tert-butyl [(1R,58,63) 6-(tert-butoxycarbonyla no)methy1-3- ethylbicyclo[3.2.0]nept-3-en-6-yllacetate
(1152.23 d, 391.6 mmol) was dissolved in benzene (1.2 L). To the solution, thioanisole (145.57 g,
1173 mmol) and p-toluenesulfonic acid monohydiat%8§.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 (88.29 g, 59%). [01%9] -124 -
(Example 235 JESI5R 6R)%- amittoréthy B8 ety iicytto[3 2 01heptEsienBryliacetic aditt (exemplary
compound No; 8 ical iso fthe c nd.qf E 21) - Q] -a). Tert=butyl:[(;
S.5R,6R)- S GHE A Aoy A THJmEI Ve 5 cthyIbey e Lo 2 OTbept ch o iacetaty "
Tert-butyl [€1515R, 68)6=(ni omethyi)ms- sthythdeyelo[3210]hepir-3-end-yWiacetaie {peak 2,16.90 g,
23.36 mmol) was dissolved in ethanol (80 mL) and water (20 mL). To the solution, iron powder (6.52 g,
116.8 mmolyaridamnioriem chidritle @:25:¢, 23.36 mmal)dvereadiearnasd e minabirs-®as stirred
for 4.5 hours under heating to refiux. The mixture, wa%allowed to cooC! and then filtered through Celite

to remove I?@Sllu’b]féeﬁwaﬁéﬁ%eortﬁélﬁltrgf& 1B0¢)207A530'§ 7608 Fimaly was Hiféfed: 2Rd the filtrate
was then made hasic (RH29).using 8.2 N sodium bydroxide, selution.and gtirred, at roorg femperature
for 2 hours. The solution was concentrated, and the residue was diluted with ethyl acetate. The dilution
was washeflywyitl? watessind sajuratec: salirteyaina dried oven anhyidsous| mMagnesiunt sukate-Then, the
solvent was distilled off under reduced pressure, and the residue was purified by silica gel column
chromatogkaphy-to S B EEMPERAG BY irtEresE 5§ a (Cbidriess oilSubdiince (851G, 99%%). (23-b)
[(13,5R,6R)-6-aminomethy1-3-ethylbicyclo[3.2.0]hept-3- en-6-yilacetic aci Tert-butyl
[(13,5R,6R%-%‘?[?t%rr‘t%nto%c?;r%%ﬁyéjm}fgé)rrn[%tﬁﬁl’ 39?2%%‘?6\(6‘;{6[5?2&%aeﬁ,ofs-len?-‘g-% lacetate (8.54 g,
23.36 mmah.was dissolyed.in ashN:ydrachiaric acid-athylacetate salution£100 4l and the solution
was stirred at room temperature for 2 hours. Then, the solvent was distilled off under reduced
pressure. Theyresilueywassuspehteddy thé additidrotdiehlorotriethame. STo- tHelsuspansion,
triethylamine was then added dropwise, and the resulting powder was collected by filtration. The

- obtained pBWRISRWAE WaShed With GeRloRAmEhane% eR SvasHedfwRITIEoprSparibl&thyl acetate to

obtain the compqund of inferest as ite.poyyder (2.7 %). 1] (Examy )
()-{(1R,5R,‘éﬁ?-agg%%n%ﬁ?e%ﬁyi%%- f(%n%%ﬁﬁ%%mghgﬁb%%%.2%gﬁfgt-§-en%%}%%etic acid
(exemplary-¢epound Noz18) 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 chromatography to
obtain the compound of interest as a pale yellow oil
substance (1.32 g, 31%, E/Z mixture).
(8-d) Tert-butyl ({£)-[(13,5R,6R})~3~ethyl~t~-
(nitromethyl)bicycleo3.2.0]hept-3-en-6-yl]acetate
Tert-butyl (£)-[(1S,5R)-3-ethylbicycic{3.2.0]hept-3-en~-
6-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 tec 60°C for 7
hours. The mixture was allowed to cocol, and a saturated

agueous sclution of potassium dihydrogen phosphate was then



(24-a) Tert-butyl ()-[(1R,5R,6R)-3-(hydroxymethy1)-6-
(nitromethyl)bicyc10[3.2.0]hept-3-en-6-yllacetate The compound of interest was obtained as an oil
substance in the same way as in paragraph (1-c) from the tert-butyl
0-[(AR,5R)-3-(hydroxymethyl)bicyclo[3.2.]hept3-en-6-ylidenelacetate (726 mg, 3.07 mmol) produced in
paragraph (19-d). - 126 - (24-b) Tert-butyl ()-[(1R,SR,6R)-3-[(methylthio)methyl]-6-
(nitromethyl)bicyclo[3.2.01hept-3-en-6-yllacetate  Triphenylphosphine (1.85 g, 7.05 mmol) and
carbon tetrachloride (0.78 mL, 8.14 mmol) were added to a dimethylformamide solution (8.0 mL) of
tert-buty| Qgcﬁﬁ%éS&é@éﬁé*‘%ﬁ?ﬁ%\?&&/%? (nitromethybhicyclo[3.2.Olhept:3-en-B-yllacetate (807
mg, 2.71 mmol), and the mixXture was stirred at room temperature for 1 hour. To the reaction solution,
water was-added, follewed pyrexiraction withediethyl ethes-7Ehe arganit-layer wasweashed with
saturated saline and then dried over anhydrous sodium sulfate. The residue was filtered and
concentrated Litle? reducbdipresswevFREn Whe obiginéd e produtt df tetkBUfyES
0-[(1R,SR,6R)-3-(chloromethyl)- 6-(nitromethyl)bicyclo[3.2.0]hept-3-en-6-ylJacetate was dissolved in
dimethylfofmamtde 1o n%q_r).eT(g e SO1GtISA, s d‘ﬁ% Ltﬁ%)crlneq oxgl)dé“ 1570 %%?8(.:104" mol) was added
with stirring at 0¢, and the mixture was stired:at thistempsrature for dhows. The geaction solution
was diluted with ethyl'acetate and separated into agueous and organic layers. The organic layer was
washed withhadrM=aguenils soditsn hydeoxide Sélution,Bwéter, and saturated saline and then dried
over anhydrous sodium sulfate. The residue was filtered and concentrated under reduced pressure.
Then, the ditained (erudé Pred Gt s périfretibypEitiéa ercotumn chromatography to obtain the
compound of interest as.an qgil suhstanc 32 Mg, 71%).. (24-c) Left-butyl ()-{(1R,5R,6R)-6-{[(ter
butoxycarl?o%%a?nliﬁg]?nié&glli- %?(Ir}lee?%)/gl?fid)%ge%h%]{l‘fi)gy% ot[;a’éa é§-3-en-6-yflacetate The
compound of intefgst was o Eairt%q as @@Qil%fb@f@%@ﬂﬁigmgQS%) in the same way as in te
paragraph (37a).row tert-butyl ()-[(1R,SR,6R)-3-[(methylthio)methyl].- *
6-(nitromethyl)bicyckf3.210]bept:3:&n-Byifaceiate(633 19y, 1693 mmokt@4d) (1. 09 g,
()-{(1R,5A,6R%-6-amir]_omethy1-3; pmethylthio)methylibicYclo[3.2.0lnept-3-en-6-y1l)acetic acid  The
compound’of iftefdst was htafietts 4 Shite sofid 1342 mg, 7598)h tAE SalE Wway Z@ iﬁa%ifagraph
(1-e) from tert-butyl ()-{(1R,5R,6R)-6-{[(tert- hutoxvcarhenyl)amino] -3; i um
[(methylthi%emgt %//I]éf&%@lbb%.b]hle%?%-gé-@yél}?ace@gtg% i r:?g@ 1%3531%%&).&[3%35]%%%&& 25)
[(1R,53,65)++am:namethyd-3s methylbicytlof&210]helt:3-enbiyiacetie acich@xemptaryecompound

No: 4, optically active form of the compound of Example 7) N142 ‘ ‘
was stirred for 2 hours under heating to reflux. The mixture

was allowed to cool, then diluted with saturated saline, a
saturated agueous sclution of sodium bicarbonate, and ethyl
acetate, 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 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 mlL)} was added, and the mixture was stirred at room
temperature for 1 hour. Then, the sclvent 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



,S> -'414446"------ COOH CH3 - 128 - (25-a) Resolution of tert-butyl ()-[(1R,56,68)-3-methy1-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yilacetate Tert-butyl ()-[(1R,50,65)-3-methy1-6-
(nitromethyl)bicyclo[3.2.01hept-3-en-6-yl]acetate (15 g) was resolved using Chiralpak IC
(N-Hex:EtOH=98:2, 1.0 mL/min, 40C) manufactured by Daicel Chemical Industries, Ltd. to respectively
obtain 5.5 g of a peak 1 (retention time: 6.1 min) gnq .2 g of a peak 2 (retention time: 7.7 min). (25-b)
Tert-butyl [(1R,53,60)-6-(tert- butoxycarbonylamino)methyl-3-methylbicyclo[3.2.0]hept-3-en-6-
yilacetate  Tert-butyl [(1R,55,65)-3-methyl-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate (peak
1, 5.5 g, 19.5 mmol) was dissolved in ethanaol (40 mL). To the soluti%n,tRan%gicgel (%%g)iwas
added. To the Mk hydiazing Themi drate 39§ =782 Fimbl) as added with stﬁrrlng,' and the

mixture wag gtirrg% gvernight 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; and then concentrated. The residue was dissolved in ethanol (SO mL). To the
solution, di-tert-butyl dicarbonate (8.53 g, 39.1 mmol) was added, and the mixture was stirred at room
temperaturé Foranhoers? Thé ¥eadtiohSsdltidn was ceéamiaéd dndtthe residue was washed with

water and saturat dgsaline th ried, and then concentrated. The residue was purifi %\Ey silica gel
column chrBﬁ%‘t)(%rgq‘r ﬁiﬁ)}’ff(ﬁ)[eflg 4 S anad Sl oFntoTes: s 2ty Ls% tance (6.8 g,

9% )6 "obtaif the compolind of interest as an oi
99%). compound No: &)

(G-a) Methyl 4-propyl-3-hydroxyhept-t-enocate

Sodium hydride (»63% oil, 2.0% g, 55 mmel) was added to
a tetrahydrofuran sclution (50 mi) of methyl 3-oxoheptancate
(7.91 g, 50 mmol) under ice cooling, and the mixture was
stirred in this state for 25 minutes. To the reaction
solution, n-butyllithium (1.58 M hexane solution, 34.8 mL, 55
mmol) was added dropwise, and the mixture was further stirrad
for 1 hour under ice cooling. Then, allyl bromide (4.7 mL,
55 mmol) was added thereto, and the mixture was stirred in
this state for 1 hour and then further stirred overnight at
room temperature. To the reaction seolution, 1 N hydrochloric
acid and a saturated aqueous solution of ammonium chloride
were added, followed by extracticn with ethyl acetate. 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
digsolved in methancl (3% mi). To the sclution, sodium
borohydride (0.61 g, 16.1 mmol) was added under ice cooling,
and the mixture was stirred in this state for I hour. 1 N
hydrochloric gcid (50 ml) was added thaereto, and the mixture
was stirred for 30 minutes. Then, saturated saline was added

thereto, foliowed by extraction with ethyl acetate. The



(25-¢) ((iR,58,60)-6-aminomethyl-3-methylbicyclo[3.2.0]hept3-en-6-yilacetic acid benzenesulfonic acid
Tert-butyl [(1R,55,68)-6-(tertbutoxycarbonylamino)methY173-methylbicyclo[3.2.01hept-3-en-6-
yllacetate (6.8 g, 13.9 mmol) and benzenesulfonic acid monohydrate (3.79 g, 21 mmol) were added to
benzene (40 mL), and the mixture was heated with stirring for 2 hours. The resulting solid was
collected by filtration to obtain the compound of intergst.as a white solid (5.6 g, 81%). (25-d)
[(1R,58,60)-6-aminomethy1-3-me ylb.cyclo[3,.2.0]hept3-en-6-yllac tic acid
[(1R,55,65)-6-tert-butoxycarbonylaminomethy1-3- methylbicyclo[3.2.0]hept-3-en-6-Yi]acetic acid
benzenesulfonic acid( Suspepded i \: orde (50, mL)sFodhe
suspensio%?t?fé?hﬁarﬁ%ge4.3v;3am%, rgdl@ggrr%{réﬁjff vl:/CZEs) fddgj%%%é%iﬁ%le \%!v%% s%rred at room
temperatugg, for 1-houf-The sesilting:salidwas toliected bydilttationsantdwwashed:with isopropanol to
obtain the compound of interest as a white solid (2.4 g, 77%). [0133} (Example 26)
[(1R,53,65)6sarhinomethy E-3- hidthylbiyelef3i 2 o1 hepti3%n-6 Y Hadétitladid e%@mplary compound
Egari’p?gné%?gi%% fggg%ﬁzzﬁg und of Example 7 differing 10 production procgsg,from that of
[(1315R16?6@&@8{{9%02%0%@9@36@%”%)@%thiéla@é“ th¥idbic Yelo[3; 2:08hept3-en-6- yllagetate
Tert-butyl [(13,5R,6R)-3-methy1-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (peak 2, 5.2 g,
18.5 mmobh was dissalvackincagthanals48 mlondothe solution, Raney nickel (1.2 g) was added. To the
mixture, hydrazine monohydrate (3.7 g, 74.1 mmol) was added with stiring, and the mixture was stirred

overnight dtobin teriperatite. STHe EaaNRSE RS TitefitPoff, diftfthe filtrate was then concentrated.

The residue was diluted.with ethyl acetate, washed,with water and.saturated, saline; ¢hen dried, and
then concentrated“The fes%dﬁ’é %Pa\s/idiigil\yeagr i%x&;ﬁgr% (éo mL). To me solu?dn, di-tert-butyl

dicarbonaig{7:99 g,.36.6 mmel)was added, and the mixurewas sired ai¢oanmriemperature for 2
hours. The reaction solution was concentrated, and the residue was washed with water and saturated

saline, theaditietl; and tHeh cdncentmated: Thesresiduéawas parifistibyr sifica yeresidmn 2
chromatography (100 g) to obtain the compaqund of interest as an Qil substance 664_1L 9 I9%%). (26-b)
[(13,5R, 6R)CENTHGREHY T 5 frethybRSy ciols 2 A iEpts2En 806711 886tic-adid Benzénesulfonic acid
Tert-butyl ({13 58 R} o{tetbytoasaroniaminametiyl s methylbioyciofd,. Olaept:d-en-& ylacetate

(6.4 g, 18 mm06 and benzenasulfonic acid monohydrate (3.53 g, 20 mmol) were added to benzene
(40 mL), and the mixtyreswas heatechwith stifring fop2 holies: Thesesultingsotid wascelléctet by
filtration to obtain the compound of interest as a white solid (5.8 g, 90"/9. (26-c) [(1S,5R,6R)-6-am
nomethy13smethydisicyryo[82-0fepid-an 6iyijacéic Bbigl sther. The agueous layer

was made acidic by the addition of concentrated hydrochloric
acid under ice cooling, followed by extraction with diethyl
ether again. The organic layer was washed with saturated
saline and driesd over anhydrous magnesium sulfate. Then, the
golvent was.distilled off under reduced pressure to obtailn
the compound of interest as a pale yellow 01l substance (2.79
g, 92%, mixture of diastereomers)..
(9-¢} éert—bﬁtyi (i)~{ESQSR)43—propyi~bicyclo§3.2.03hept~3~
en-6~ylideneacetate

4-propyl-3-nydroxyhept-6-encic 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 scolution was heated to 120°C and stirred for 3 hours.



[(13,5R,6R)-6-tert-butoxycarbonylaminomethy1-3- methylbicyclo[3.2.0]hept-3-en-6-Y1]acetic acid
benzenesulfonic acid (5.8 g, 16.4 mmol) was suspended in methylene chloride (50 mL). To the
suspension, triethylamine (4.6 ml, 32.7 mmol) as added, and the mixture was stirred at room
temperature for 1 hour. The resulting solid was collected by filtration and washed with isooropanol to
obtain the compound of interest as a white solid (2.9.9, 63%). [0134] (Example 27)
0-[(AR,58,6S)-6-aminomethy1-3,4-dimethylbicyclo[3.2.0]hept-3-en-6-Yllacetic acid (exemplary
compound No: 19, salt-free form of the compound of Example 20) (27-a) Methyl
3,4-dimethy1-3-hydroxy-6-heptenoate . 3-Methyl-5-hexen-2-one (J -Ghem.Comm. 19,
1991, 139917 1%%%%#790?)‘"%%%%%?Brorﬁgéce‘"t’gt“eé 24?221%‘,1 15 r%ﬁﬁo%}lﬁ;';%gﬁis%ﬁ%gfj in

tetrahydrofugan (100.mk) ;and-the ssolution was added deopwise tora tettahydrafoean (50 mL) (zinc
(10.4 g, 159 mmol) and trimethyl borate (30 mL)) solution under reflux. After reflux for 3 hours, the

mixture - k32-wascooked tairoonr tereperatirenand giycadnt €30 MLy ARl & s@bfatéd aqueous
solution of ammonia chloride (100 mL) were added thereto, foéljlowed b%/{twolextrearctiogs ngbeethyl
acetate. THe 8thyFacotafe 1B§ERARAS Fashald Wifssirted 8aline” #ien dried. Ahd then concentrated.

The residue was purified by silica gel columy chromatography 200 g)-te-abtainthe compound of
interest as Hn-Gil- ’ucbpétéjnfcé (ﬁ?flg? 6163%), 27-b)’3,4-Dimeti?yl-B-hydr6xy-6-heptenoic acid  Methyl
3,4-dimethy1-3shydroxy;6:heptencate (k. 7rg, 1628 mmal} was dissobvedsind 2 N-Rotassiim
hydroxide-methanol solution (44 m(L), and the solution was stirred overnight at room temperature. The
reaction safstiorwas contertrated,ahern dissdlveadn WEtér GOTMEY and WasHE Wit ether. The
aqueous layer was made acidic (<pH=2) using aqueous hydrachloric acid, fo %\ggq by Iwg extractions
with ethyl &cetatd The 2ty Gttt ayer wakWashed wi ‘g’a“tﬂr*gjtree sgﬁﬁe,l%hen dried, and then

concentrated toS ggtra;j_;n th@ﬁgmp%ggggg interestkas ay ollsubstanee {10 4:61:9300): ahis éampound
was used in thé next reaction without being purified. (27-c) Tert-butyl

(-(1R,56)-34rdimethyl-[32. Olhept 3+enb-Hitltaeacetate 3 daDimethy B8lhwidkoxy-BIRRERSIC acid
(10.1 g, 54.2 mmol) and potassium acetate (12.8 g, 130 =al) wergodiss,olved7in acgetic a_nh%q:ide (200
mL), and the seldtiomaasiatireddht FeorIEmPpRrAHRE o 80 Miftfes and theR stitréfor 3-hours

under heating to reflux. The reaction solution was placed in an:ice bath, follqued by.three extractions
with ether-Péiftane “Fhé ofganteiayer was Wa%h%g%vam an azréeods godium hydroxide

dimethoxyphosphorylacetate (4.48 g, 20 mmol) under lice
cooling, and the mixture was further stirred for 1 hour. The
reaction solution was separated into agueous and organic
layers by the addition of a saturated aqueous solution of
ammonium,chioride 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 offlunder réduced pressure, and the
residue was purified by silica gel column chromatography to
obtain the compound of interest as a pale yellow oil
substance (1.81 g, 49%, E/Z mixture).
(9~d) Tert-butyl (£)-[{18,5R, 6R)-3~propyl-6-
(nitromethyi‘bicyclo[3.2.01hept—3~en—6—yl}acetate

Tert-butyl (i)—{15,SR)wB-propyl~bicyclo[3.2.0]hept~3—en—

6-vlideneacetate (1.8l g, 7.20 mmol) was dissolved 1n



- 133 - solution and a saturated saline solution and then concentrated to obtain an oil substance. This
oil substance was dissolved in tetrahydrofuran (70 mL), and the solution was added dropwise to a
teLiahydrofuran (SO mL) (sodium hydride (2.17 g, 54.3 mmol) and tert-butyl
dimethoxyphosphorylacetate (12.2 g, 54.3 mmol)) solution under ice cooling. The reaction solution
Was poured to a saturated aqueous solution of amgyonia chloride, followed by extraction with ethyl
acetate. The ethyl acetate layer was washed with saturated saline, then dried, and then concentrated.
The residue was purified by silica gel column chromatography (200g) to obtain the compound of

interest as an gil substance (4,2,g; 33%); (27-d) Terbutyl(-[(1R,583,6S)-3,4-dimethy1-6-
(nitromethi}l rl[l%é(ﬁ%[ .2.0]%e((;'[?-s-en?&yl]acetate Tert-butyl }
0-(1R,53)-3:4:dumathyl{8:2. 01 hepti3ea-b: yiideneaceiats (42,9, 17.9 mmol) wasdissolved in
nitromethane (20 mL). To the solution, 1,8- diazabicyclo[5.4.0Jundec-7-ene (4.9 3,027 mmol) was
added, and thie mibdureiwas stirred DveERGRCAtTOGM tBRpEFtHR. 2A saturbfedaqbesdE sblution of
potassium dihydrogen Ej;il%hosphate was addeq Ekz}e‘hgéeatg, I:oélowed lby ea>qtr céiogaw_igkgtpghacetate. Then,

the organi@%%? was® e&l6§éaru§rﬁ1y%3usamagne3|um sﬁ%?e,’and‘ e solvent was distilled off under

reduced pfaeéfa%;f hgm@ysmsfp#m@s@wm@gww@@@hmmawww@somamhe

compound of interest as a colorless oil substance (4.5 g, 85%). - 134 - (27-e) Tert-butyl
[(1R,SS,63)HréerthutoxycarbonylaminemethY &8 4-aimethylbicvolo[8 210Thept-8L&fiB-yl|acetate
The compound of interest was obtained as an oil substance (5.5 g, 99%) in the same way as in
paragraphTtaay usiig terebafyt P)-[LER S3,6%)2 3% difretAy £6. 31 1YCrous magnesiun

(nitromethyDhicyclo[3.2.0]hept-3-en-6-yllacetate (4.3 9+ 13.2.mmob- (27 dh i
()-[(1R,53/§éﬁ%a‘rﬁ[iho?n%?h;ﬁfé%-%?rﬁgt%rflibig)%ﬁo[%.O]%E%gt%}eg-éwlacetic g(?id dce‘lghe compound of

interest was.Qhtained as apyhite-s0lig (444 smg AbS)instie isameiway asde paragraph (3-b) using
tert-butyl
[(1R,5S,68)6=(ter-butcxycarbonylapiine jmethiyi3, 4 aifRethyibicyélof3 ROIREG-3-8nB-yilacetate (1.7 g,
4.65 mmol). [0135] (Example 28) ()-[(1R,53‘23)- -aminQmethy1-3-(2-fluoroethy1)-

bicyclo[3. 239 hept3:eh-62rtiaSetiSadit texermplary &mpsund No: 30) (28-a) Ethyl

(E)_4-(2_hy%qxey)eth(@-b?thféz,’? qu%%ng%—aminom@thyl— 3=~

propylbicyclo[B.Z.O]hept—3—en—6—yl]acetic acid
Tert-butyl (£)-{(1$,5R,6R})-3-propyl-6-

(nitromethyl)bicyclo(3.2.0]hept-3-en-6é-yllacetate {1.0% g,
4.71 mmol) was dissolved in ethanbl {10 mlL) and water (5 mbL).
To the solution, iron powder {(1.32 g, 23.5 mmol) and ammonlum
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 agueous solution of sodium bicarbonate, and ethyl
acetate, and filtered through Celite to remove insoluble
matter. The filtrate was separated intc organic and agueous
layers. The corganic 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 hydrochleoric acid-ethyl acetate solution

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



3-allyl-tetrahydrofuran-2-ol (18 g, 140 mmol) and ethoxycarbonyl triphenylphosphorane (35 g, 104
mmol) were stirred overnight in toluene (200 saL). The reaction solution was concentrated, and the
residue was purified by silica gel column chromatography to obtain the compound of interest as an oil
substance (15.8 g, 61.1%). (28-b) Ethyl (E)-4-(2-fluoroethyl)-hepta-2,6-dienOate - 135 - Ethyl
(E)-4-(2-hydroxyethyl)-hepta-2,6-dienoate (5 g, 27.42mmol) was dissolved in tetrahydrofuran (40 mL).
To the solution, DAST (4.8 g, 29.8 mmol) was added under ice cooling, and the mixture was stirred for
1 hour. The reaction solution was poured to a saturated aqueous solution of sodium bicarbonate,

followed b%%ﬁé@@i%w@ ethyl acetate- Therefbyl acetatedayeramas washed withispsurated saline,
then dried, and then concentrated. The residue was purified by silica gel column chromatography (200
g) to obtairuthescompalinteof interestaszan dillsabstantey2. g 449 F 12825 Feftibutyl
0-[(1R,53,6S)-3-(2-fluoroethyl)-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate_ _ The compound
of interest WS bbEAIRER (870 g, 23%)Nhe SameWay as ifr %ar%g?é’ B76), (37-cf and (27-d)

using ethyl (E)-4- 2-fluorg%tgylghheplt%-g%q;gifzq a@o@d% 0, 11.9 mmpl).. (28:4)Jert-butyl

[(1R,5S,6S -%-&gr Suet'()xycarbohﬁam|no methyl-3-(2- fluoroethyl)bicyclo[3.2.0]hépt-3-en-6-yl]acetate

The compound-of interest wasebtained-as an eih substance ¢7R0-mgr 65.8%0)in the sameiwdy as in
paragraph (3- a) using tert-butyl ()-[(1R,55,6S)-3-(2-fluoroethyl)-6- ] ~
(nitromethyl)bicyctofd.2.0lhept=3enBipfacetate (826 75g, 277 mmep - ageyder (425.1
()-[(1R,55,6S)-6-aminomethy1-3-(2-fluoroethyl)- bicyclo[3.2.0]hept-3-e1-6-yllacetic acid  The
compound™&f intérest was obtained as a white solid (330 mg, 79%) in the same way as in paragraph
(3-b) using - 1%%? tert-butyl[(1R,58,63)-6-(tert-butoxycarbonylamino)methy1-3-
(2-fluoroethyl)bicyclo[3.2.0]hept-3-en-6-Yl]acetate (700 mg, 1.83 mmol). [0136] (Example 29)
0-[(15,5R, 6R):Erkaminomethyl-4- rmetyibicyslo[3e2-alheptaeamGayHacetic acid (exemplary

compound No: 5) (29-a) 3-Hydroxy-3-methylhedt-6-encic acid ,
butylbicycle[3.2.0]hept=-3-en-6-yljacetic acid (exemplary
compound No: 10}

(10-a) Methyl 4-allyi-3-hydroxyoctancate

2-Allylhexanal {J. Org. Chem. 46, 1980, 525C) (5 g, 33.7
mmol), methyl bromoacetate (3.7 mi, 40 mmol), and zinc (2.6 g,
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 mlL) and a saturated
aqueous sclution cof 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 drisd over anhydrous magnessium sulfate, Then, fthe
solvent was distilled off under reduced pressure, and the
residue was purified by silica gel column chromatography to
obtain the compound of interest (diastereomeric mixture) as a
colorless oil substance (5.8 g, 24%).

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



Trimethyl borate (15 mL), zinc powder (washed in advance with dilute hydrochloric acid and dried for
use, 4.24 g), and tert-butyl bromoacetate (9.91 mL, 48.6 mmol) were added in this order to a
tetrahydrofuran solution (15 mL) of hex-S-en2-one (5.29 g, 53.9 mmol), and the mixture was heated to
30C for 30 minutes using an oil bath, then brought to room temperature, and stirred for 3 hours. The
mixture was separated into organic and aqueous 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 an ' ulfate ,and the, selvent was { distilled
off under reduceﬁ [E)argleh ﬁreg*fo ﬂ%fre%%q{géim%g%ﬁ%%%y rok?de%dmgfﬁdﬁoliﬁot?u?%nh%%qmu was
added, andsthesmixfure was stirred ap Foom temperajure-ior 8houes: Thesolventwasdistitied off under
reduced pressure. To the residue, a 1 N aqueous sodium hydroxide solution was then added, followed
by washingaith diethykéethescThecaquecisdayeriwas madecacidic usSingtconeehtrated - 137 -
hydrochloric acid under ice cooling, followed by extraction with diethyl ether. 'I;he org%nic layer was
washed wiltFSRtEReH Satine At then dried over arhyarous hiaghesiiin shfaes Tha §divent was
distilled off gk'i”ﬂ L é%d ed pressure to.gbtain the compound of interest-as.a paleygllow oil substance
(5.24 g, 75%). ?29- ) O-(18,5R)-4-methylbicycio[3.2.0]hept-3-en-6-One
3-Hydroxy-3-methydhepit-enaigeacid-(2:24 01 364mmelyrwas tissalveddr acetic anhyaridef40 mL).
To the solution, potassium acetate (12.52 g, 127 mmol) was added, and the mixture was stirred at
room temperiturecfor @hoeurshTRE PeactivAsoilition WasshealstRrefluR HRd stired¥8E4%ours. To
the reaction solution, ice water and toluene were then gdge%, and dthgsvrgitxt%rghw s stirred overnight at
room tempBrattire’ T Hermitre was SEparatedinto SqGecus nd organic- layers by the addition of
diethyl etheyand saturated-saline. Then.dhe organigayerwaswashedswith saturated salinerand dried
over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The
residue wasspitified hyrsikca:gel chromatagraphy:to obtairthedonipolmdaofdnterest asna pale yellow
oil substance (1.10 g, 17%, diastereomeric mixture). (29-c) Tert-butyl , i
0-(13,5R)-81REthy N6 cld32.6lhep 3- BRSG-YlideRédcetafenround "was used 1n the
()-(13,5R)-4-methylbicyclo[3.2.0]hept-3-en-6-one (1.10.9, 9,0 mmol) was added to a reaction solution
prepared in %é\?arjl}'{ceeaﬁéla aint'éls'o%%}lr% h?/ﬁﬁgg (>g§°}oﬁ(g5f%42.8 mg, 9.0 mmol) to a tetrahydrofuran
solution (10 1) of tegtshuityl, + 138 ; dimethexyphgsphogylacetated208.,9.3 mmebaunder ice cooling,
and the mixture was further stirred for 2 hours. The reaction solution was separated into aqueous and
organic layers by thie dedripadt @asaturated aqueous solution of ammonium chloride and saturated
saline. The aqueous layer was_subjected to extraction with ethyl acetate. Thee or agicli%y%rs were

Si

combined, then viadhedRnitF Sattiratet safiné, and-then-dred over ARhyarsts magnesiim sulfate. The
solvent wag disolwean‘égfﬂQd%rJEQH%e;LqJWe&S,H“@a 2nd the regjdue wagpurified by, silica.gel.column
0

chromatog?aiphy to obtain the compound of interest as a pale yellow oil substance (1.59 g, 80%, E/Z

mixture). (29:d)dkerkbuty §)-[13,5RLR)6-(Ritromethyly:-domethydbioyctaf3u2-6]hept-RenG:Y Elacetate
The compound of interest was obtained as a colorless oil substance (2.02 g, <100%) in the same way
as in Exanipie (81 usigiterasutfiq-[(4 35BR) 4 nétHSIBicyBIBI31Z. 0| héptE3-&fbyiitleneacetate (1.59

g, 7.22 mmol). (29-e) ()-[(15,5R,6R)-6-(aminomethyl)-4- methylbicyclo[32.0]hept-3-en-6-yllacetic acid
The comp dﬁ'ﬂﬂer% wHS BBt eoélasl Sﬁvrﬁ%gpc%&&grrﬁ%ﬁvéﬁ? 9y in ﬁ1ne% s%nr%'léé/way as in

Example @'@%H§T&nteétél1%¥th(lx§a%R@B%‘?é(’!ﬂté@ngwygfﬂfract:Lon with ether.
methylbicyclo[3.2.0]hept-3-en-6-Yl]acetate (1.00 g, 3.2 mmol). [0137] (Example 30) Tert-butyl

[(1R,5S,68):6=aminomethyl:3rethytbicyein]2.2. 0dhept-3-exdMiacetite (exemplappdorhpound No: 20)
T 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-
dimethylphosphonoacetate (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 aqueous



Tert-butyl [(1R,58,6S)-3-e hy1-6- (nitromethyl)bicyclo[3.2.01hept-3-en-6-yllacetate (7.0 g, 23.7 mmol)
was dissolved in ethanol (60 mL) and water (21 mL). To the solution, iron powder (13.27 g, 237 mmol)
and ammonium chloride (628.1 mg, 11.9 mmol) were added, and the mixture was stirred for 5.5 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 agetate, 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. The organic layer was dried over anhydrous magnesium sulfate. Then,

the solvenLyas distiled off-updex eghicedipressure to obiaia acampaueg okinterestasa pale
yellow oil substance (7.02 g, <100%). [0138] (Example 31) [(1R,58,6S)-6-(aminomethyl)-3-

ethylbicyclo3:2. Olhepi<3-en-6oijasetic deid benzénéedigfonate(exemptany Eonrfour@No: 8, optically
active benzenesulfonate) - 140 - (1R,55,65)-6- aminomethyl)-B-ethé]bic cIoiB.;.O]hept-B-
en-6-yllacetieriad 1450 & 2076 Mol whs Hissohal b héxtifg it &1 M AGussas Baittion (22.7 m12)

of benzenegsulfonic acid monohydrate, and the solution was then allowegl.to.cool to kgam temperature.
The resultﬁ‘@ Sofid Wis %I@%%d%‘i/@fﬁtrgﬁ&{ Oe solidavVas washed With water (15 mL) and then dried

using a vagyurppump to-phiain theeompound of interestas a calodess solict (hidb g, 77%). [0139]

(Example 32) ()-[(1S,SR,6R)-6-(aminomethyl)-

spiro[bicyctofa 2:0thepta+2:l “tyelobetmit-8en-8sy acsid acid (Sxeniplaif dofipound NE39) (32-a)

Methyl cyclobutylideneace ate  Sodium hydride (>65% oil, 3.62 g, SAmeQI) gvsasﬂadgaggéo a

tetrahydrofriP SRR OO Mt of fHridthy FpospRBRGALEtata (182156, “T00 Mmal) tinder ice

cooling, andthe midure was st for LhourTo theyreastion galutionsg tetrahydrofuran solution (50
u

mL) of cyc%% anonel(S. 0 g, 71.4 mmol) was added dropwise, and the mixture was then brought to
room tempefaiure and sticrgd fr11.5 -hours; 1o, the reagtiai-solution; &-saturated aqueous solution of
ammonium chloride was added, followed by extraction with hexane. The organic layer was washed
with saturatéd satimechvlbicyclo[3.2.0lhept-3-en-6-yliacetate
The title compound {4.8 g, 14.8 mmol) was obtalned as an
oil substance in the same way as in paragraph (1-¢} using
tart-butyl (t)—{(lS,SR)—3—butylbicyclo[3.2.0]hept~3—en—6—
vlidenejacetate (4.3 g, 16.4 mmol).
(10-e) Tert-butyl (£}-[(1S,5R,6R) -6~ (tert-
butoxycarbonylamino)methylw3~butylbicyclo[3.2.0]hept~3—en~6—
yllacetate
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-
'nitfomethylbicyclo[3.2.0lhept—3ﬂen—6—yl}acetate (4.8 g, 14.8
mmol) .
(10-1f) (+y~[ {18, B8R, 6R) -6-aminomethyl-3-
butylbicyclo[3.2.0]hept—3men~6~yl]acetic acid
The title compound (1.5 g, 70%) was obtained as 2 white
powder in the same way as in paragraph (3-b) using tert~butyl
(i)—[(ls,SR,6R)~6—(tertwbutoxycarbonylamino)methyl—3—

butylbicyclo£3.2.0}hept—B~en~6—yl}acetate (2.63 g, 2.1 mmol).



- 141 - and dried over anhydrous magnesium sulfate.- The solvent was distilled off under reduced
pressure to obtain the compound of interest as a pale yellow oil substance (18.94 g, <100%). (32-b)
Cyclobutylideneethanol  Lithium aluminum hydride (1.89 g, 50 mmol) was added to a
tetrahydrofuran solution (200 mL) of methyl cyclobutylideneacetate (18.92 g, <71.4 mmol) under ice
cooling, and the mixture was stirred in this state forgZ5 hours. Methanol (10 mL) and a 1N aqueous
sodium hydroxide solution (5 mL) were added thereto, and the mixture was further stirred at room
temperature for 1 hour and then filtered through Celite. The residue was washed with ethyl acetate
and satura} d Eezljne. These filtrates were combined and separated into aqueous and organic layers.
The organic layer was washed with saturated saline and then dried over anhydrous sodium sulfate.
The solvent:was.distilleghaff ynderrredyced pressure- ionobiaifethecompound of interest as a pale
yellow oil substance (22.14 g, <84%). (32-c) (1-Vinylcyclobutyl)ethanol Cyclobutylideneethanol
(22.14 g, <6Sommmadywas. dissolvéd in tristhgitdithbagetate 125 MET CEG e SlutiGiphendf Y .02 g,
11.6 mmol) was added, and the mixture was stirred for 1 day under heating to reflux. The mixture was
allowed to €8P @ndSatitated daline was then added thereto, followed by extraction with ethyl acetate.
The organifxllily%r\)wgsm \@/ggt&%q)w}iy%ps&%rﬁge%g%ﬁpe and then dried over anhydrous sodium sulfate,
and the solvent was distilled off uinder reduced pressure. To the residue, a 2 N potassium - 142 -
hydroxide-methanghsotution (8Q1nik)kwas added 7andrthe rabd@ure was: stirred: everaitht at room
temperature. The solvent was distilled off under reduced pressure, and the residue was then dissolved

in a 2 N agticops 5o8iuny RYdrbRidaisoliion &fd MaShed WiRdEthyFétherl e dueous layer was

made acidic using concentrated hydrochloric acid under jce, cagling, fallowed by extraction.with ethyl
acetate. THE 5Pg“a%n?@la§ér Wﬁ?d%/v]a%h%ﬁ :ng)thcga Ufa é% sa{ﬁne' g%ld len I’gl\géd over anyhydrouLs

magnesium sulfate, and_the splyenf,was, distilled offunder reduced pressures Therresidus was

!

dissolved in tetrahydrofuran (70 mL). To the solution, lithium aluminum hydride (948.8 mg, 25 mmol)
was then asttedamneer icacaalinge Themixture waslsroaghtoaoem (e pdratufe ahd en Stirred for 7
hours under heating to reflux. Methanol (1.5 mL) and a 1 N aqueous sodjum hédrox%ae solution (1.5
mL) were ZddetPRERAY LABBFICA C0liRG Cand the miktiFe was furfiaP stirr&d &t foonT temperature for

1 hour and then filtered through Celite. The residye was washedwith,d chipramethane and sgturated

; dronwWl.s T OVET = :
saline. Thésefiliatds were combiried an separated into aqueous and organic layers. The organic
layer was washedwitha,1 N agugous sediugy hydraxidesolitionand;sataraged sattne ane4ien dried
over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure to obtain the
compoundzofdetérest aswicotortdssmsitsulastanced(1T94: L25%) B82-d) MethyR ture was
3-hydroxy-4-(1-vinylcyclobutyl%butanoatg A dicthloromftha,rbe %%Igugn (89 r%L)me oggllyé chloride
(1.88 mL, 228" mmoh &S cobled B SETENI S =143 ~dichibromethane soldtion (20 mL) of dimethyl
sulfoxide (3§sm9iéuﬁ~8ﬂf98@ was,added drppuise therste - The mixtuse wassstirredrat-78C for 10
minutes. Tﬁen, a dichloromethane solution (20 mL) of (1-vinylcyclobutyl)ethanol (1.94 g, 15 mmol) was
added droewiserthereto; and the nixtrre svasfarthenstirrechbats 78€sfoe Sihours ilirfeti@amine (8 mL,
60 mmol) was added thereto, and the mixture was gradually brought to room temperature and then

stirred for Theor. 1R hyafoEhfitic atbd afdSaivrad Sifife Wets AdtRA1RER-E TofGHEF by”

extraction with djchloromethane. The organic_layer was washed. wit S@&r@;ﬁqﬁq{' eand then dried
over anhy 808 $8ditim’Suifate, aric thgégs%cl’\‘/‘eanrf%v@asadslstﬁIe%lc%%giger reduced pre@ssure. The residue

was dissolyed intetrahydrofuran (4Q mL). figithe sohysionrimetbylbosen (6:2 trls) angizinc powder
(4.46 g) were added, and methyl bromoacetate (4.2 mL, 44.1 mmol) was then added dropwise thereto.
After stirringzatroonrtertpenatute for BOominutes; ¢he raactibhsdlution was heated to 40C and stirred
for 20 minutes. The mixture was further brought to room temperature and stirred for 1 hour,

and.glycerél Water, HAd sHturaredEaing Vidre 1F&P A88ed thersto® fotloed by extraction with ethyl

acetate. The organic layer was washed with safurated saline and thep dried gvaranhydrays sodium
sulfate, and the solvent was dhstined off under reduced pressure. The residue was purified by column

chromatoggaphy-to-gbtainithe sempednd of interestag;a cotdlessmilsiibstance (d:22g,40%). (32-€)
3-Hydroxy-4-(1-vinylcyclobutyl)butanoic acid -
into a tetrahydrofuran (25 ml) solution. An aliquotl of
approximately 1/5 of the amount was added to a trimethyl

porate (25 mL) suspension of zinc powder (6.92 g, 105.8 mmcl).

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



- 144 - The compound of interest was obtained as a colorless oil substance (1.16 g, <100%) in the
same way as in Example (8-b) using methyl 3-hydroxy-4-(1-vinyicyclobutyl)butanoate (1.22 g, 6.16
mmol). (32-f) Tert-butyl ()-(13,5R)-spiro[bicyclo[3.2.01hepta-2,1Tcyclobutan]-3-en-6-ylideneacetate
3-Hydroxy-4-(1-vinylcyclobutyl)butanoic acid (1.16 g, 6.16 mmol) was dissolved in
N,N-dimethylacetamide (12 mL) and acetic anhydrids (25 mL). To the solution, potassiuM acetate
(664.9 mg, 6.77 mmol) was added, and the mixture was stirred at 140C for 4 hours. To the reaction
solution, ice water and saturated saline were added, and the mixture was stirred for 2 hours, followed
by extractign,with gthyk acgtate +Fhe.giganiedayerwas washad withea satiutated agueous solution of
sodium bicarbonate and saturated saline in this order and dried over anhydrous magnesium sulfate,
and the solyentrwasithen distited off under reduced préissurel Theresidas wasldissolvédin
tetrahydrofuran (30 mL), and the solution was added to a reaction solution prepared in ad¥ance from a
tetrahydrofGfef sol Gish BOMRES bPteftbityl dinfettickyphoshioryRietats (£82 §- 18" mMol) and
sodium hydride (63%,01.,342,.9 o, S.@ma), The mixtyre was stirkedat rgom.temperatuse dor 1 hour,
and the reaction solttion was then separated into aqueous and organic layers by the addition of a
saturated agyeeus solutipnof-aramoniuim shigride ands=sasuratetssalines The agueaus layerveas
subjected to extraction with ethyl acetate. These organic layers were combined, then washed with
saturated sadine,candtheawribtl ¢ 145Thevet ahhgdrousafiaghiesium stffatel ThesdRent was distilled
off under reduced pressure, and the residue was ggri ied %silica gﬁelgqolumkr)] chrqmggoagra hy to
obtain the &GP Bfifterestas 4 paleyelon oi Substance (1 T’Q,*%j%, E17 “rh"liture)?%?,Z-g)
Tert-butyl 0415, 8RS Laliomathyspiolbieyelols 2Ahepiaca ey dabulanles ea6-Wiacetate
Tert-butyl ()-(1S,5R)-spiro[bicyclo[3.2.0]hebta-2, cyclobutan]-3-en-6-ylideneacetate was dissolved in
nitromethape (8 6k ) oTQ theiselutiarsl, 81 diazabigyclG[54.0]Jundec-7-ene (0.97 mL, 6.51 mmol) was
added, and the mixture was heated with stirring at 50 to 60C for 5.5 hours. The mixture was allowed to
cool, and a SaturatePagliEbirzsoldtic P eRFRASSIRTRyaroEEr PhdSptate was then added thereto,
followed by extraction with ethyl acetate. Then, the organic.layer I ver. grou

magnesium sulfate, gn& the %gﬁaﬁf vr?/a%%%ﬁﬁécd“ gﬁ u%%g%é%gulc;%%&ggg%g I’%?Egg%ge %v%ss purified
by silica gel, gelumn.chromategraphy ta obtainithe compeurchotinteresiasia paleyeliow,sit substance
(1.08 g, 81%). (32-h) (-((IS,5R,6R)-6-(aminomethyl)- so[ icyclo[3.2.0]hepta-2,1'-cyclobutan]-3-en-6-Y1
acetic acidi sckertbuytyhQef( 18 .5R,6R)=6- (hittoraéthyl)spito[bicyeie]3.2.0pnd the mixture
epta-2,11-cyclobutan]-3-en6-yllacetate (1.08 g, 3.52 mmol) V\§7a:S ?ﬁissolved ir%glthasngl’ (yleSnmL) and
water (6 mEf Tothé SRAi0AT irbR PBWHBTRI 99 5 =%146°". 1776 MAT0l) and anmonium chloride (93.3
mg, 1.76 mmol) were added, and:the mixiure was stitred.for 4 haurs under heatinglo delux. The
mixture was allowed 1o cool, then diluted with saturated saline, a saturated aqueous solution of sodium
bicarbonate,ang-ethylncetater and itgeed throtigh-Celite 4d dermove msotulde matterFhe filtrate was
separated into organic and aqueous layers. The organic layer was washed with saturated saline and
then dried dverainhydrusamagaesidrsuiiate? ahdth& SoRRAEWAS therF Bistited BHHYET reduced

pressure. To the residue, 3 4.N hydrochloric acid-ethyl acetate solutign (10 mL) was.added, and the
mixture was 'stiffed 4t ?od’“r%qg perstare-for 1%0ur. Then, tHe solveiit \xgs‘ df\é%ﬁeé%gff under reduced

pressure. Theresiduewas suspendeddn diehlaromethane. To,thesstispensionatiiethydamine:was

added dropwis€, and the reSulting powder was collected by filtration, then washed with :
dichlorometitane,and ther dried o pbtaisthescompaountiéfinterestasrgwhite poder (838.2Ing,
57%). [0140] .
as a brown oil substance (11.10 g, 97%).
(11-d) (i}—(18,5R)~3—isopropylbicyclo[3.2.0]heptﬂ3men—6—one
Potassium acetate (14.00 g, 142.7 mmol) was added to an
acetic anhydride (67 mL) soluticn of 3Z-hydroxy-4-
isopropylhept-6-enoic acid (11.10 g, 59.6 mmol;, and the
mixture was stirred at room temperature for 1 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



(Example 33) ()- (13,5R,6R)-6-(aminomethyl)-
5piro[bicyc10[3.2.0]hepta-2,1'-cyc10penf]-3-en-6-yflacetic acid (33-a) Methyl cyclopentylidenedcetate
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 -
147 - The compound of interest was obtained as;a pale yellow oil substance (8.90 g, including
ethyl acetate) in the same way as in Example (32-b) using methyl cyclopentylideneacetate (7.16 g, 50
mmol). (33-c) (1-Vinylcyclopentyl)ethanol The compound of interest was obtained as a colorless oll

substance (0.47 g, 7%Y In the same.way as,jn Example, (32-e)ising eyclopentylideneethanat (8.90 g,
<50 mmolf. @?—dj WMet %I 3-hydroxy-4-(1-vinylcyclopentyl)butanoate The compound of interest was

obtained asz:colrless-aibsubstance (442 30nga48%) irethersamesway asdn Eample (32- d) using
(1-vinylcyclopentyl)ethanol (0.47 g, 3.36 mmol). (33-e) 3-Hydroxy-4-(1-vinylcyclopentyl)butanoic acid
The compewmid Gt intereseaas sbtained as allight BFBRA oil'dtbstants Hhe parfialSolvent&fained)
504.1 mgq, <}90%) in the same way as in Example (32-¢) using methyl irified )
3-hydroxy @ E-ViHy RS Eldpentyibtanoats 'flfﬁ.?sarﬁ}é% 1. ?rﬁrﬁ%ﬁ.g&}%ﬁaﬁergﬁutyl s By
0-(1.8,5R)spiro[hicycle[8.2, 01heptar2. 1,cyclopent3.en-6-yideneacatale cofpeeamponnd of
interest was obtained as a pale yellow oil substance (232.3 mg, 47%, E/Z mixture) in the same way as
in Example £32-fl aising:3-hy draxy:4-¢1-odnyleydiepemtyglbutandic acid’(594 .1 mg, <1.9 mmol), (33-9)
Tert-butyl ()-{(18,5R,6R)-6- (nitromethyl)spiro[bicyclo[3.2.0]hepta-2,1'-cyclobent]-3-en6-yl}lacetate

The compdurid-ef inferestwas vbtalfed ad Beolriess diFSTIStNEEI258 21Mg° 88964) ih Tie Same way

13,2 OmeHTas.TE Y BN B 5 o EACHAT (532 8 m, 089 ol

A tetrahydrofuran (15 mL) solution of tert-butyl
dimethylphosphoncacetate (3.70 g, 16.5 mmol) was added
dropwise at 0°C over.ZO minutes to a tetrahydrofuran {15 mL)
suspension of sodium hydride (0.68 g, 63%, 18.0 mmol), and
rne miwture was stirred at 0°C for 20 minutes. To this
solutien, a tetrahydrofuran (15 ml) solution of {(£}-(18,5R)-
3-isopropylbicyclo[3.2.0)hept-3-en~é-cne (2.25 g, 15.0 mmol)
was added dropwise at 0°C over 15 minutes, and the mixture
was stirred at room temperature for 2 hours. The mixture was
rreated 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,
snd the residue was purified by silica gel column
chromatography to cobtain the compound of interest as a yelliow
oil substance (3.00 g, 81%).
{11-£f) Tert-butyl (#)-[ (13, 5R, 6R)-6-(nitromethyl)~3-
isopropylbicyclo[B.Z.O}heptw3—en—6”yl]acetate

Tert-butyl (+y-1(18,5R)-3-1isopropylbicyclo[3.2.0]hept-3-
en-6~ylidenejacetate (3.00 g, 12.1 mmol) was dissolved in

nitromethane (30 mL). To the solution, 1,8-



(33-h) ()-{(13,5R,6R)-6-(aminomethyl)- spiro[bicyclo[3.2.01hepta-2,1r-cyclopent]-3-en-6-yllacetic acid
The compound of interest was obtained as a white powder (124.4 mg, 72%) in the same way as in
Example (32-h) using tert-butyl ()-((IS,SR,6R)-6-
(nitromethyl)spiro[bicyclo[3.2.0]hepta-2,11-cyclopent]-3-en6-yi)acetate (249.0 mg, 0.77 mmol). [0141]
(Example 34) ()-[(15,5R,6R)-6-(aminomethyl)-3- cyglgbutylbicyclo[3.2.0]hept-3-en-6-yllacetic acid
(34-a) Ethyl ()-2-cyclobutylpent-4-enoate A 1.9 M tetramethyldisilazane sodium-tetranydroiuran
solution (9,44 mL, 18.0 mmol) was added dropwise over 10 minutes to a tetrahydrofuran (40 mL)
solution of ﬁg‘%\" 25, ?X%E%W?F@;t?é‘? £2.32.9.16-3ammol)xpoled to78Crand ther mixtareiwds then
stirred at - for 10 minutes, Subsequently, a tetrahydrofuran (10 mL) solution of allyl bromide (7.90
g, 65.3 mmgl)jvas added gropwise ¢hereto-ever Hrmiritesfand themixtare whssstitved &t ¥6om
temperature for 17 hours. The mixture was treated with water, and volatile portions were then removed
under redused préssuire TG thecolstainedF IR uTd, Bty st etite AAE Watsr \f/gﬂeugﬁ(?éld,oa‘nd the obtained
organic layer was dried over anhydrous magnesium sulfat Ntk lve s-distilled off under -
149 - reduddUHrassire t%%b‘f%ﬁ%ﬁg ¢o r%%%u% i ?nfgfegs%g%ﬁye?%]\%v@?)% \;i{l:%s%lﬁioe (1.80 g, 61%).
(34-b) EthykQ:4-Gyclabutylnenta-2.6-dienoate n A LM dilsahatyhatuminun hydridestaloene solution
(9.88 mi, 9.9 mmol) was added dropwise over 40 minutes to a toluene (20 mL) solution of ethyl
()-2-cyclobutylpent-dzenante £1.86wk 9.2 nirmdly cosledag n7EE ahdthimb@ure Was then stirred at
-78C for 2 hours. A 30% aqueous ggetic acid solution (9.4 mLé asgddggrdjop\évisg t@greeto over 5
minutes. THen. e bragic fhyeF asiied - SverHiadnesiim Stlfate™ After rerhoval of insoluble matter
by ftration, ethyl (riphenylphospboranylidene)agetate 3, 781- 10 mmalywas added a the liuid,

and the mixtdre was sfifred at room temperature for 18 hours. The solvent was distilled off under

reduced pressure -and thesresiduewas pyrified: by colehiroehromategiaphy: i ebtain a'totorless oil
substance as a mixture containing the compound of interest. This compound was used in the next
reaction withot being further purified. (34-c) ()-4-Cyclobutylpenta-2,6-dienoic acid A 5 N aqueous

sodium hydroxide solution (15 mL) was addeg: tQ an ethyl glcorpgllqézoe mL fglygion of the ethyl ()- 4-cyc
obutylpentat-2 B-dienbaie-obtaingd inthe precedity fgjeg‘rég aph.and the mixture was stirred at room

temperature for 1. S and subsequently stirred_at 60C-fer 2houks.cEhe mixture was allowed to
cool, and th*esgﬁ\gegms t%? ol ?f?tu

en distilled nder reduced pressure. The residue was dissolved in
water. The aqueoys jfayeswagiwashed with dichl@mmethame andtteryéutralized with a 2 N aqueous
- 150 - hydrochloric acid solution (100 ML), followed by extractjon with gich]%ro ethane, The organic
layer was diiedmveryidghesithe slfate O TRERbeRtwaSs distilléd dffinder Teduced préssure to obtain

tho next reAGHON Wil e ey BT LSt Tart byl O[3 B o ey was usedin
CyC|ObUty|bi,ﬁlgkq[?pgvpcll@pt'(‘?ﬁeﬁ’ﬁ'ﬂi,de®@|.3€§3§t&tﬁc6E/)Z mpdureden an agueous ammoniunm

chioride {0.54 g, 10.00 mmol) solqtion (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 remcve insoluble matter. The sclution was
concentrated, and the residue was diluted with ethyl acetate.
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 coliumn

chromatography to obtain the compound of interest as a

colorless oil substance (2.50 g, 92%).



Potassium acetate (1.05 g, 10.7 mmol) was added to a dimethylacetamide (20 mL) solution of the ()-4-
cyclobutylpenta-2,6-dienoic acid obtained in the preceding paragraph and acetic anhydride (1.09 g,
10.7 mmol), and the mixture was stirred at room temperature for 1 hour and then stirred at 120C for 2
hours. The mixture was treated 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 oil
substance. The substance obtained here was added to an acetonitrile (20 mi,) solution of tertbutyl
dimethylphas ,%0 oacetate (0,84 g, mmal), Jithi L}%!gri_  (0.16 g, 3.7 mmol), and 1,8-
diazabicycfgl‘[g .(g}uz%zc-ggé%é %6955%) 3. %}Pﬁlo 'rsh[%:tr?e In i%vance for 1 hour, and the mixture was
further stirreshfor d2.hours Fhe mixtore was greatedwith waters and volatitel gortions were then distilled
off under reduced pressure, followed by extraction with ethyl acetate. The organic laver - 151 - was
dried over anhydfeus: riagnesiuitsulfaté SThE s6Rentwas distlied bif Lméer reduced pressure, and
the residue was purified by silica gel c:oéj mn chramatography. to obtain th oundof interest as a
yellow oil Subigtanee’ 60b3€§céﬂ%’o% (yie Ljfpc?r}ﬁ ‘(B%J-TE)?%fghéy_lpﬁfﬁcly%ﬁ)%ﬁ?ﬁger?tgizg,gid?énoggtg). (34-e)
Tert-butyl -[(13,5R.6R):6-(nitromethyl);3x cyclebutylbicysiof3, 2 Qlhept:3ren-GrYlidenslacetate
Tert-butyl ()-[(15,5R)-3-cyclobutylbicyclo[3.2.0]hept3-en-6-ylidene]acetate (0.36 g, 1.4 mmol) was
dissolved gittemetharies (200ml). araithersolution; 18 rdiazabicyciof5 A 0]andecFrene (0.26 g, 1.7
mmol) was added, and the mixture was stirred at 60C for 3 hours. 1,8- diazabicxc,lo[5.4,0]u%?ec-%ene
(0.26 g, 1.7 enmolavas furfeF added ticreto IR the mktie WAL StintétFat66C for4's Hours. The

mixture was allowed t coc%%, and a saturated a ue%%s ﬁ@gti% %l‘ Rofa gﬂ%@hggrqggg phosphate

was then adtfed thereto followed %@dgx?ractib“n with dichloromethane. The organic layer was dried over
anhydrous,magpesium.sulfate..Fhe-selwent:was distiled if undes seduced, pressure, and the residue
was purified by silica gel chromatography to obtain the compound of interest as a pale yellow oil
substancet(:40:,v96H) i (84 FpTFertibety| {R[{ES, 5R;6RI-65@miRcAethyp-3-esulting
cyclobutylbicyclo[3.2.Olhept-3-en76-ylidenelac%etate+ , Tert-bTut%%-é%LSﬁR, R)-6- ni&rohrpesthyl)-S-
cyclobutylBieYEB 3.2 dheR-Bl&F 65 ideHejacetaté (340 g, 12 WAK (isS6IVET in &fhanol (20
mL). To the solution, iron p er (Q. ol).and the ague ium - 152 -
chloride (O"f@?soafe .ZWr%%Holf%%%tliér% %Q r%qlc_ W%%emggdég,bgﬁgl tr:%ﬁr%ixtgl?rzgv%}sﬁgt]ir:%g; for 4.5 hours
under heating to-eefluxz The mixture waswallowedito@boband then. filtered through Celite to remove
insoluble matter. The solution was concentrated, and the residue was diluted with ethyl acetate. The
dilution wakd4&ashied with a saturated aqueous solution of sodium bicarbonate and dried over
anhydrous magnesium sulfate. Then, the solvent was distilled o de r reduced pressure, and the
residue wals FaAREEDY- Silica Fer doltmn chrEmatography 8 aheai tﬁg_compound of interest as a
colorless ailsyhstance:(0,30 g,183%). o (3sg)- 0 1(135R 6R) Gstaminemethyl)-3exzemp Lary
cyclobutylbicyclo[3.2.0]hept-3-en-6-yl]acetio acid Tert-butyl ()-[(13,5R,6R)-6-(aminomethyl)-3-
cyclobutylbieyelef3n 0dbeptz3-gn-6-Ylidene]acetate (0.30 g, 1.0 mmol) was dissolved ina 4 N
hydrochloric acid-ethyl acetate solution (10 mi,), and the solution was stirred at room temperature for
1.5 hours. Then: thelsalvemukad Bidtifed: 6ff Undérreduced pressure. The residue was suspended by

the addition of dichloromethane. To the suspension, triethylaMine-was then.added dropyise, and the
resulting powdgr v&ésso%)éjlge%fedgbx? ﬁﬁlr%%ﬁ.lfheagét%ingd‘powder was dried under reduced pressure to

obtain the ggpmpoundof interest ag s white powder (0.1 ég, 84%) <[0242), {Examplen33)p 0
0-[(13,5R,6R)-6-(aminomethyl)-4- ethylbicyclo[3.2.0]hept-3-en-6-Yllacetic acid (exemplary compound
No: 34) - 453 ; (35:d) MethySlethyhepte-2,Gadidacate EPR hiRtuFe) 2 AsbFahydreRira”I25 mL)
solution of trimethyl phosphonoacetate (4.67 % 25.1 mmol) was agdeg déog\é{ise(a; O4C ove% hour to a
tetrahydroftfan 25 ity *dpangign bp? ©F Lith-um aiumindm hyarias (2.5 6

mmol) under ice cooling. The mixture was stirred at this
temperature for 1 hour. Then, water {3.4 ml.), a 15% agueous
sodium hydroxide solution (3.4 ml), and water (10.2 ml) were
addad thereto in this order, and the mixture was stirred

overnight. After removal of inscluble matter, the filtrate



sodium, hydride (1.04 g, 63%, 27.4 mmol). To the mixture, tetrahydrofuran (25 mL) was further added,
and the mixture was then stirred at OC for 1 hour. To this solution, a tetranydrofuran (25 mL) solution
of 6-hepten-3-one (2.56 g, 22.8 mmol) was added dropwise at OC over 20 minutes, and the mixture
was stirred at room temperature for 2.5 hours and subsequently stirred at 65C for 3 hours. The mixture
was treated with water, and volatile portions were tlten distilled off under reduced pressure, followed
by extraction with hexane. 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 oll
substance {3.94 &, {9%): (35-b)3-Ethylheptan?,6rtiendiepsidE/2 mixtute)r« sA Si agueoiss sodium
hydroxide solution (14.5 mL) was added to an ethyl alcohol (40 mL) solution of methyl 3-
ethylhepta;6-slienoate (3104 gy 184=himol), 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 diohicrometRarh& 1 THe BRJAHTC Ayer was dried over magnesium sulfate. The solvent

was distilled off under, redu re to eltajin th oundfdn aleryellow oll
substance (2.01 g}‘%% 0). S iﬁg§ J-{:@%?%Eé-lc)\'IF%rf-l%)lzjltl’}ny'l ()ﬁﬁ%@%ﬁiiﬁilb%{/%%ﬁ?ﬁﬁneﬁg&
en-6-ylidenglacefate{E/Zmixuie)e ( Potagsiymaacetate £2.56 1g; 26cnmimal) was addeddoa
dimethylacetamide (25 mL) solution of 3-ethylhepta-2,6- dienoic acid (2.01 g, 13.0 mmol) and acetic
anhydride (%66.9, 2612 mmobrand: the mixtdie:was stirfed atfoony eempeiafifte 36 PHéEFand then
stirred at 120C for 3 hours. The mixture was treated with an ice water lsc?!eu“?@ f%)?/ed by extraction
with diethyFBfET “Fhie ofganic fayBr Wad diied over anhydrots magnesium Sultats: Then. the solvent

was distilleg off under redused pressute, andithe residye was applied fo calup-chromatography to
obtain a pale yellow oil substance. The substance obtained here was added to an acetonitrile (40 mii)
solution of fert-butyh dimethylphasphahoacetate (2.604, 166 minol) fithivmchioride 04769, 16.6
mmoi), and 1,8- diazabicyclo[5.4.0Jundec-7-ene (2.60 g, 16.6 mmol) stirred in advance fo Igour, and
the mixturé-Was frEreTSiREdT6r 5 3thours Ofe mixtute WasrsateEwith water, a‘?%‘svo‘—iﬁ%i & portions

were then distilled off under reduced pressure, followed by extracti ith The organic
layer was &r%éedr Sver ’an%rf/ rotﬁéemgér}?é['sﬁ im s“ﬂ?f%tg} :I'%qégs%% vegw% wkgé]ot\jéi(stﬂl%%%éﬁgg ?\(%%ed u%ed
pressure, ang-thesesidue was-puifieghbysilica gel columpn chronsatogeaphy toabtaiddhe compound of
interest as a yellow oil substance (2.20 g, 68%). (35-d) Tert-butyl ()-[(1S,5R,6R)-6-(nitromethyl)-4-
ethylbicycla[3:2:6thept-3ien-6-yliderieladetater - 155 -sepIppisnfly| washed with water
(-[(18,5R)-4-ethylbicyclo[3.2.0]hept-3-en6-ylideneiacetate (‘12 2(%% 9.4 mgwg%)nwa%gis ol;/Oed in
nitromethaRB8436 R Fo he SBiutioR, 1,8: GrRzAbIEyE6[54 D]undee-7-ehe (177 Y. 11.3 mmol) was
added, and the mixture was, sfired. at ropm fenperature for.63 Bourss Aysatrated agugous solution of
potassium dihydrogen phosphate was added thereto, followed by extraction with dichloromethane. The
organic-layesyyas driedwevenanhydiousthagnestimissifatel Thewsohient wasedistileduoff dhdet-
reduced pressure, and the residue was purified by silica gel chromatography to obtain the compound
of interest 48 aAixtufe With the Stading FatérasRBE ). (3508 T EBglyF
()-[(13,5R,6R)-6-(aminomethyl)-4- ethylbicyclo[3.2.0}hept-3-en-6-Xlidenelacetate .A mixtyte (2,38 g) of
tert-butyl)-[(18,5F%E‘ﬁ)-%-OI(}%f?lb?fﬁ%thoyrr)-i-%%l(qey?b%géclo](%.'2% 0]%’ep§%-‘éﬂn%-§y id%%fd?é%\fe %nd%rt-butyl
(-[(18,5R):4; ethylhicycla[3.2. Olhept-36ns6-vlidenelacetata-was disseheddnetharat (3@ mlz). 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 miagreneraddet and tise. mixtérelwad stired 4or4:8 heussiunder heating to reflux. The

mixture was allowed to cool and then filtered through Celite to_removednsolub'le matter. The solution

was concehiraredl) add Fé FESidue was siited with 85 Fa0&tafe 2 dilution was washed with a
saturated aqueogL_?nsolutéon of sodium bitarhonate and deied over anhydroug magnesiym sulfate. Then,
the solvent was distilled off under reduced pressure, and the

substance in the same way as in paragraph (10-b) using methyl

3-hydroxy-Z-isobutyl-6-heptencate (4.5 g, 21 mmol). This

compound was used in the next reaction without being purified.

(12-e) Tert-butyl (£)-(15,5R)-[3-isobutylbicyclo[3.2.0]hept-

3-en—-6=-ylideneslacetate



- 156 - residue was purified by silica gel column chromatography toobtain the compound of interest as
a colorless oil substance (1.00 g, 40%: yields in two steps). (35-f) ()-[(13,5R,6R)-6-(aminomethyl)-4-
ethylb cycic[3.2.0]hept-3-en-6-yiJacetic acid  Tert-butyl ()-[(15,5R,6R)-6-(aminomethyl)-4-
ethylbicyclo[3.2.0]hept-3-en-6-Ylidene]acetate (1.00 g, 3.8 mmol) was dissolved in a 4 N hydrochloric
acid-ethyl acetate solution (20 mL), and the mixturé Was stirred at room temperature for 1 hour. Then,
the resulting solid was collected by filtration. The solid was suspended by the addition of
dichloromethane. To the suspension, triethylamine was then added dropwise. Again, the resulting
powder was collegted by filtration ang dried-under reduced;pressare toabtaintthércempounerof interest
as a white powder (0.51 g, 65%). [0143] (Example 36) ()-[(1S,5R,6R)-3-ethy1-6-
(hydroxyamiriorsethylysicyelo[ 852, 0] Hebt-3H6ie6- YITacEHiE aBRFHydréchiGide ™ RmBRRRN formate
(1.10 g, 16.9 mmol) was added to an ethggglﬂ, 10 ml,_ﬁg _errgsiog ofggrt—bu;%lé)-L(grSj,ﬁR 33-
ethy1-6-[(Hydroxyaminc fethyBOTEy et 3 2 0 THept-3%en-6- yijacetate (0.50 g, 1.7 mmof) ‘and barium

sulfate-supp: t_eg\ paJIadj_uﬂ_r&&Q.% 92@%&0} Qnesrrg)gur&\(}v@ stirred. at rpom temperature for 19 hours.
Water (20 Fﬁ% wds added e‘r’&B, and the mixturé was then filtered through Celite to remove insoluble
matter. The sehsieamas sancentrater], and|thept 157 eresiduelwas dfiatedl with ethyl acetate. The
dilution was washed with a saturated aqueous solution of sodium bicarbonate and dried over
anhydrous magnBsINFSUlRRETher: the 56RBARFwAS distfled Bt tindéf Fe et prassie, afid the

residue was purified by silica gel calumn chromatography to_obt in% lorless liquid (0.34 g). The
liquid was QissoR/&aSn A4 R hydréctionié Ié\lcefid&-véat%yIaascef)zgftepsc—fl) l%?)n (%5 rr%lﬁ) alr% the sol%tion was

stired at rogm femperature.or L hoursThen,hg sobiept wias distied of undes:seducashprossure. The

residue was suspended by the addition of dichloromethane, and the resulting powder was then
collected hyifiltratien. Ahetebtained powger Waswuashed with dichloromethane and hexane to obtain

the compound of interest as a white powder (0.10 g, 23"s). [0144] (Example 37)
[(1R,5S,6R)16-tarinbpethily8y &thifbicylcié[3:Z Bjhept-3%nl 65l acetic acid

butoxycarbonylamino)methylw3—isobutylbicyclo[3.2.0]hept—3men~
t-~yl]acetate

The compound of interest (2.7 g, 254%) was obtained as an
oil substance in the same way as in paragraph (3-a) using
tert-butyl (=) ~[({15,5R, 6R) -3-isobutyl-6~
nitromethylbicyclo[3.2.0]hept-3-en~6-yllacetate (3.8 g, 1Z
mmol) .
(12-h) (+)~[ (18, 5R, 6R) ~6-aminomethyl~3~-
isobutylbicyclo[3.2.0]héptMB—en—Gmyljacetic acid

The title compeound (1.0 g, 62%) was obtained as a white
powder in the same way as in paragraph (3~b) using tert-butyl
{i)w[(lS,5R;6R>—6*(tezt—butoxycarbonylamino)methyl—Bw
isobutylbicyclo[3.2.0]hept-3-en-6-yllacetate (2.7 g, 6.8
mmol;} .
10119}
(Example 13) (£y-[{13,5R, 6R)—6-aminomethyl-3-sec~—
butylbicyclo[3.2.D]heptw3—en—6wyl}acetic acld (exemplary

compound No: 12)



p-Toluenesulfonic acid (13.14 g, 69.1 mmol) was added to an ethanol (150 mL)/water (50 mL)
suspension of tert-butyl [(1R,55,6R)-6-{[(tert-butoxycarbonyl)amino]methyl)-3-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetate (10.20 g, 34.5 - 158 - mmol) and iron powder (9.64 g, 172.7
mmol), and the mixture was stirred at 80C for 2.5 hours. The mixture was allowed to cool and then
filtered through elite to remove insoluble matter. T h%QsoTution was concentrated, and the residue was
diluted with ethyl acetate. The dilution was washed with water and dried over anhydrous magnesium
sulfate. Then, the solvent was distilled off under reduced pressure, and the obtained solid was washed
with hexanglte-abtaihznwhité sekd (14162 Yy THis ¢ompoand was dissolved in benzene (100 mL). To
the solution, p-toluenesulfonic acid (1.27 g, 6.7 mmg?egv.ﬁ t added ag%éhewmixtlfre!\%a}%gtirrg%d at 80C

for 2.5 hours. Thé Fixitfe WasHiowed 18 cool &id IR reficve asolable mater. The

solution waﬁt concenira ed, and the obtained solid, (2,32 g) was dissolvedin chiorgform (50 mL). To the
solution, triethylamine él’.4 mL) was added, and the resulfing solid was collected by filtration and

suspended;im ethyl-acetate{251nk)1 Tolthe Suspension, yp-totuenesatfenic 22ic(0.44 g)-#asadded.
The mixture was ultrasonically irradiated for 1 hour, and the obtained solid was washed with methanol
to obtain thesedmpoand of interestEs aavhitessalid 0:068G, B%). 16£45] {Exarfple™gys- The
()-[(15,5R,6R)-6-(aminomethyl)-1- methylhicyclo[3.2.01hept-3-en:6;Y 1]acetic acid (exemplary
compound™Ne:2)* B3 aFTert: “ﬁbﬂ?)-[\&/St,%Fi’f-"lg-r%“éthythﬁgycﬁg[%q.jz.Bﬁe%t-%- en-6-ylideneJacetate (E/Z

mixture) - 159~ 1A fetrahydrofuran (15 ml;) soluion of fert-byiyi dimethy phesphonaacetate (3.29 g,

14.7 mmol) was added dropwise at 000 over 5 minutes to a tetrahydrofuran (15 ml,) suspension of

sodium hyglride: €:3%g, 63%: 455 mmoBnand the mixtorenvas'stired at0¢ 6515 minBS STo this

- solution, a tetrahydrofuran (15 mL) solution of 1- methylbicycloE.Z.Q]he t-3-en-6-one (1.60 g, 13.1
mmol) was-&ddeeEdl opRASES HEC00-BVEPIT MinUtes, drid e Hikiite was-§tffed-at Toom temperature

for 4 hours. The miét,U{e was treated with.water, fallowed by, extraction wi.th diethyl ether. The organic

layer was &}feod"]gverla‘nh?/‘drous magnesium sulfate’ Then, the solvent was distilled off under reduced

pressure, and,the;residyewas-purified,py siliea gekeolumn chromatography to obtain the compound of
interest as a yellow oil substance (1.80 gi 62%). (38-b) Tert-butyl ()-[(15,5R,6R)-6-(nitromethyl)-1-
methylbicy¢tof3.2.0]liet<3:eh«6:- Y iderelacdetate- 1 - Tert-butyl

(-[(13,5R)-1-methylbicyclo 3.2.0]hept-3-en6_-glide§e]ac%ta el 809%, %.%mTOB_yVS SCQissoIved in
nitromethane (305 72)" TRIHE SOMIHAT 1'8-“difzabdeyeor 54 0[undec-72ené (1.52 g, 10.0 mmol)
was added, and the mixtyre was sfirred at 60G.for 21 hoyrs, sTheymixture was.alawedtto eool, and a
saturated aque%ug solution of potassium dihydrogen phosphate was then added thereto, followed by
extraction with ety aeetate:athe;omaniclayernias died ofel arfyidrous maghesianisdfité S The
solvent was distilled off under reduced pressure, and the residue was - 160 - purified b¥ silica gel

1

chromatographytoobtdia €he cormpbund @t itérespas Lyelfuroir 8bstarnce E8HG 781"

stirred at 0°C for 1 hour and then stirred at room
temperature for 2 hours. The mixture was ceooled again to 0°C.
Ethyl acetate (55.4 ml), water (44.7 mL), tetrahydrofuran
(83.1 mL), and sodium fluoride (533.0 g) were added theresto,
and the mixture was stirred for 1.5 hours. The mixture was
filtered through Celite To remove insoluble matter. Then,
+he soluticn was concentrated, and the residue was purified
by silica gel column chromatography to obtain the compound of
interest as a colorless oil substance (12.20 g, €9%).
(13-¢) 2-Sec-butylpent-4-enal

Dimethyl sulfoxide (18.20 ml, 256.4 mmol) was added

iropwise over 15 minutes to a dichloromethane (280 ml]



(38-c) Tert-butyl ()-[(1S,55,6R)-6-(aminomethyl)-1- methylbicyclo[3.2.0]hept-3-en-6-yl]acetate
Tert-butyl ()-[(1S,5R,6R)-6-(nitromethyl)-1- methylbicyclo[3.2.0]hept-3-en-6-ylidene]acetate (1.80 g, 6.4
mmol) was dissolved in ethanol (45 mL). To the solution, iron powder (6.52 g, 51.1 mmol) and then an
agqueous ammonium chloride (0.34 g, 6.4 mmol) solution (15 mL) were added, and the mixture was
stirred for 4.5 hours under heating to reflux. The mixtare-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. The dilution was washed with a saturated aqueous solution of sodium bicarbonate and

dried over anhydrous, magnesium sulfate«Then dhe solvent was distilled offiundes redueed peessure,
and the residue was purified by silica gel column chromatography to obtain the compound of interest

as a colorless ciisubstanee! (.98 gnb6t): rE38+d)k()4{15R BR)G@minometiy)-1ler 25
methylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid = Tert-butyl (_)-[(18,SSfR)-Q-(aminom_eth )-1-
methylbicyBof3:5 DfheptSiensslyRacetite (©.90-G 36 mition WA dis<olvalt in & AN hydrocHloric
acid-ethyl acetate solution (20.mL.), and-the solutign stir t room te ature for 2 hours.
Then, the ;}OT\feen? V\T}')ausucc}fsfﬁﬁ%%”’of% und rlre%f‘?ce%lc}F gr'e%@;s?é . Tﬁ'zsﬁjg}“Wa?%ﬁs%%ée% by the
addition of gichigromethane: Jo-the.suspensionn =163 - tiethylamine was.then added drepwise, and
the resulting powder was collected by filtration. The obtained powder was washed with
dichloromethaneite°abtainrthie campound of itéresaas aawhitedpdWder (083 g f47%p [0 146

(Example 39) ({(1R,5R)-6-(anomethyl)-7- methylbicyclo[3.2.0]hept-3-en-6-yl)acetic acid (exemplary
compound N5 B84 “Fertbatyf O ?{,%ﬁ?-#@tﬁéﬁ%&%ﬁoﬁ.i.rg“lh%%?-ﬁyér}% B &

Vliden e?acetate

The compaund of interest was, obtained.as an. oil substance (588 4,53%) inrthe same,way as in
Example (11-e) from () (1R,5R)-7-methylbicyclo[3.2.0]hept-3-en-6-one (J. Org. Chem., 1988, 53, 5320)
(6.16 g, 50,4 mmal); Thelconpound-af iDterestwasaldiastereometic mikivrermainly €omposed of two
diastereomers. (39-b) Tert-butyl ){(1R.,5R)-7-methy1-6- .

(nitromethytybicielof3. Ra0lREpE3-ence-jitstetdter 2THREETHFOUMREOIIRterEst WastGbtained as an oil
substance (4.07 g, 56%) in the same way as in. Example(1-c) from tert- | +
O{(1R,5R)-7fidthyit6igydi6t Vf.BThe%?—%-gnﬁ)%lfde%%?ac%féte B! %rg,IZéGC? %er%oﬁ.r'lehses compound of
interest was,a diastereqmeric, mixfure mainly samposed of rge giasterenmers.i £39-ehZert-butyl (){(

R,5R)-6-{[(tert-butoxycarbonyl)aminolmethY11-7-methYIlbicyclo[3.2.0]hept-3-en- 6-yi}acetate
compound of interest. This compound was used in the next
reaction without being further purified.

{13-d} Methyl 3~hydrozy-4-sec-butylhept-6-enoate

2-Sec-butylpent-4-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 pewder
(6.73 g, 102.% mmol). The mixture was heated to 80°C. Then,
the remaining solution was added thereto 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), 2
saturated agqueous solution cf ammonium chloride (23 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



The compound of interest was obtained as an oil substance (1.11 g, 89%) in the same way as in
Example (3-a) from tert-butyl (){(1R,SR)-7-methy1-6- (nitromethyl)bicyclo[3.2.0]bect-3-en-6-yl}acetate
(2.00 g, 3.55 mmol). The compound of interest was a diastereomeric mixture mainly composed of two
diastereomers. (39-d) (){(1R,5R)-6-(aminomethyl)-7- methylbicyclo[3..2.0]hept-3-en-6-Yilacetic acid
The compound of interest was obtained as a white $dlid-(281 mg, 46%) in the same way as in
Example (1-e) from tert- butyl (){(1R,5R)-6-([(tert-butoxycarbonyi)amino]methyll-7-
methylbicyclo[3.2.0]hept-3-en-6-Y1}acetate (1.11 g, 3.16 mmol). The compound of interest was a
diastereometie mixture mainlycomposed of twe sliastereomers=[0147] {Examples4@)ice
((18,5R,6R)-3-ethyl-6- [(methylamino)methyl]bicyclo[3.2.0]hept-3-en-6-Yllacetic acid hydrochloride
(exemplary (ompdurt Né844). - 163 - I(15,5R,6R)-6-(am nomethyl)-3-ethylbicyclo[3.2.01heot-3-
en-6-yllacetic acid p-toluenesulfop?tme %2{;4:8 thEBQ mm_ol)_w%% gif§sol(\:/eg in a mixed solution of water
(6.5 mL), a TN &quetus Soaiim Hydraide Soriton {10 mL)- and 1 2-dioxane (13 mL). To the solution,
di-tert-butyl dica”%%’?ﬁ?iz-§4r%r&§o%mdé‘é/§$@99§§%iﬁ%siﬁﬂ@%@éEQ@"I temperagyreg 7Tie mixture

was stirred overnight at this temperature, and the reaction solution was then made acidic by the
addition of 4:M Titrie acidi fellowed:hy extractibmvitiometlylene chidride: iTe nrjamic:fayer was
washed with saturated saline and dried over anhydrous sodium sulfate. The residue was filtered and

concentratéd bndérred(1é88 préssuré ol felcompourthsr iftetéstHs aroif SGBstance (2.01 g,

>99%). (40-b) [(15,5R,6R -6-f[(tert: butaxycarbonyl) (methyl rHi Om%th&]_tjs'?’l led off
ethylbicyclof3. .@h%bﬁ§%n‘i %I]gg’étrc%jc%&rs’So%tllsjemsh(i/ﬁri e (63%, 2.48 g,165.§ mr%ol) was added

in small portiogs to atetrabydrofuran.splution:25-mk) @k sidue, water and diethyl
[(15,5R,6R)-6-{[(tert-butoxycarbonyl)aMino]methyll-.3- ethylbicyclo[3.2.01hept-3-en-6-yl]acetic acid
(2.01 g, 6.50cmenolwand: methyl iedide €4.051mL 2650 ameh)uaAthi stiffifg | FodiR térmperattre. The
mixture was stirred at this temperature for 6 hours, and water (50 mL) was then@r?#qcergetbg{%to while

the reactiof $6Hutién WaSEGSIEE bREE ifokred b\}ﬂv&%}ﬁ’ g ﬁ/itﬁ%‘fetﬁﬁsetﬁ‘gﬁ e aqueouslayer was
made acidic \sing L M.giylc.acid,foljawed by extiaction ith el peetate Hhe peanic ayer was dried

C Q 11 . :
over anhydafgus Sodium silfate. The residue was filtered and - 164 - concentrated under reduced

pressure. Thens He-qbtained, crugepreduciavas purifiett by silica gebdoiumndahromatography to obtain
the compound of interest as an oil substance (2.00 g, 95%). (40-c) {(1S,5R,6R)-C’-_,-ethy1-6-1
[((methylamino) arethy] bicy ciof3 2i0]h&pie3-eamryikre ©acidtyeFschlorife @ vellow ol

substance (12.70 g, 24%).
(13-£) (i)~(lS,5R)—3—se0wbutylbicyclo{3.2.0}hept—3—en—6~one
Potassium acetate (14.90 g, 151.8 mmel) was added to an
acetic anhydride (71 mL) sclution of 3-hydroxy-i-sec-
butylhept-6-encic acid (12.70 g, &€3.5 mmolj}, and the mixture
was stirred at room ftemperature for 1 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
organic layer was washed with a saturated agueous soluticn of
sodium bicarbonate. The organic layer was dried over
anhydrous magnesium sulfate. Then, the solvent was distillied
off under reduced pressure, and the residue was purified by
silica gel column chromateography to obtain the compound cf

interest as a yellow oil substance (6.70 g, 64%).



A 4 N hydrochloric acid-ethyl acetate (13 mi) was added to [(1S,5R,6R)-6-f[(tert- butoxycarbonyl)
(methyl)aminoimethyl)-3- ethylizicyclo[3.2.0]hept-3-en-6-Y1llacetic acid (0.90 g, 2.78 mmol), and the
mixture was stirred at room temperature for 1 hour. The mixture was concentrated under reduced
pressure, and the obtained residue was recrystallized from hexanei.soprobanol to obtain the
compound of interest as a white solid (0.34 g, 47%%.50148] (Example 41)
0[(13,5R,63)-6-(aminomethyl)-2 ethylbicyclo[3.2.0]hept-3-en-6-yllacetic acid (41-a)
Tert-butyl[(2-ethylbut-3-en-I-yl)oxy]dimethylsilane (Methyl)triphenylphosphonium bromide (59.1 g,
165 mmol)@ﬂ%&@g%%qd@-do@é%ahmfofw@@ (330 mi) ke the suspensips; pautgllithiuad-57 M
hexane solution, 97.3 mL, 153 mmol) was gradually added with stirring at OC. The mixture was stirred
at this temperature-for 1dwour ] and: & déteahydfGfurarr solugion (110 mL) of
2-N[:eftbutyl(dimethyl)siIyI]oxy)methyI)butqngI (Tetrahedron 2004, 60, 9307) (27.6, 9, 127 mmol) was
then gradually addecFthEretsE 485 - Fhe mixtiire was Sthred &t GE £6£2 hotirs; and the reaction was
then terminated.by the addition of a saturated agueous seldtian of am jum ide and water,
followed bgleIQteréé o \?vﬂﬁpe}tlﬁy Cz);lacagfsea\feg.rc'al'éheq (?r'gi%icglséyérgv\/gs @%@SHQ‘Q\%}% ;ngﬁ%ﬁted aqueous
solution of ammenium ghlogide, waler, » and satwrated-saline-and-theg driedover anhgdious sodium
sulfate. The residue was filtered and concentrated under reduced pressure. Then, the obtained crude
product was:purfietiby sitifa getdolamnichrdrbatodtasily t obftain thé tothpsunt of idtefest as an oil
substance %9.9 g, 73%). (41-b) Ethyl (2E)-5-ethylhepta-2,6-dienoate Tertrrabut | ammonium,
fluoride (1H2%eRaKyABIUHA Sofiftibhr§6 35hL "9, %&)%%%HBS& to a‘éﬁeﬁ%f 2ther solution (80
L) of tertbuiyli2-ethylbut:-enchhanddmelylsians €19-.6,93 mugol) with firing at sgam
temperature. The mixture was stirred overnight, and the reaction solution was then separated into
aqueous apdrganicdgyers bydhe addition jafavater; feltowedbimeextiactionawith diethytrether. The
organic layer was washed with water and saturated saline and then dried over anhydrous sodium
sulfate. Thesresigtdanasifiltared shdacone&htrarst urdertediceP pressre; R dthe FEsidue was then

dissolved in methylene chloride (180 mL). To the solutioniiethylamine (25,4, mL, 186 mmal).and
methanestiifohyt chiofid (f(').B'“mE,ml%e Ptn%%%l)a\gvléjr:ée added %ith%%%rlgn'g at 0C. The mixture was stirred

overnight at G, -and the.ieagtion solutien wasdhen separated-into aqueeus and erganie tayers by the
addition of 1 M hydrochloric acid (200 mL), followed by extraction with - 166 - methylene chloride. The
organic layeravas-washed Withsatwated'saline arcedriethdvet zrhydreus sodiim stifate The residue
was filtered and concentrated under reduced pressure, and the residue was then dissolved in dimethyl
sulfoxide (B26%nL)"afd WASFITE il S TH Hie SoIfiGn JiotasSiGm cyaRide” éf §53% irhol) was
added. The mixture was_stirred overnight a , ater (400 mL) 2n gradually added
thereto while hé%gacﬁﬁ)ﬁks%fﬁio%avéasg 366]%%(%0% %%ﬂ f%/ﬁc%(\?véé b%%(tr%%%?)lrﬁ%ith diethyl ether. The
organic layer was washed withwaterand sattiratedsatine anddien dried @ver ashydroeas Sodium
sulfate. The residue was filtered and concentrated under reduced pressure, and the residue was then
dissolved mitbluemes150%sL)! ToiRe Solution, diisobutyl aluminum hydride (0.99 M toluene solution,
169 mL, 167 mmol) was added dropwise with stirring_at -78C. The mixture was_stirred at this

temperatufe-for 1 hdiiT and'a30% qlisous Acafic A6id Soluton (187 R was theh gradually added
thereto WI}:@'S%@*@]@%‘&F@P&@N@T‘O as gradually heated; Todhis:reaction solution, a saturated aqueous
S

solution of sodium bicarbonate (130 mL) was added with stirring at 0C, and the mixture was then

separated into aguequs-aid,organic-layers, falloweddaeexitactiob Wvthctotuehez TherarganicHayer was
washed with water, a saturated aqueous solgtion of sodium bicarbonate, and saturated saline and
dried overanadresidanifats AHeF filtrafion Cethy| (ripHeriihbsphermanylidene)atetaté! (33.9 g, 97.4
r”e‘rangmgglgggﬁ‘ﬂné% he filtrate, and the mixture was sfired Qvernight at room temperature. The

diazabicyclo[5.4.0jundec-7-ene (2.20 g, 14.5 mmol) was added,
and the mixture was stirred at 60°C for 5 hours. The mixture
was allowed to cool, and a saturated aguecus solution of
potassium dihydrogen phosphate was then added thereto,

followed by extraction with dichloromethane. The organic

layer was dried over anhydrous magnesium sulfate. The



- 167 - was concentrated, and the obtained crude product was then purified by silica gel column
chromatography to obtain the compound of interest as an oil Substance (9.52 g, 56%). (41-c)
(2E)-5-ethylhepta-2,6-dienoic acid Lithium hydroxide monohydrate (4.39 g, 104 mmol) was added
to a tetrahydrofuran:methanol:water (3:3:1, 100 mL) mixed solution of ethyl
(2E)-5-ethylhepta-2,6-dienoate (9.52 g, 52.2 mmol ,6an?:i the mixture was stirred overnight at room
temPerature. The reaction solution was concentrated under reduced pressure. To the residue, water
was then added, followed by washing with diethyl ether. The aqueous layer was ag:%gcidic by the

addition of o veRirostReric Asial fonedeay BRFEtiohamitT EhyPASREE Thef the drganic layer was
washed with satyrated salin% 999 jt_jéigdbover anhydrg élsogﬂ%ﬁggg@rgﬁlggs@%wggiﬁered and

concentrated Thder réiiced pressure {6 obtain the ¢ mpound of interest as an oil substance (8,00 g,

>99%). (4%H§ngﬁ@gﬂr(){(gﬁ5Bhgeagg)élbicgyglo&.Qé)i]mapi-aremwﬁaeme]acetate . 28The, compound
of interest was obtained as an oil substance (3..00 g, 44%, Major/Minor=3/1) in the same way as in
Example (B€%}irom (2E)-5-ethylhepta-2,6-dienoic acid (4.50 g, 29.4 mmol). (41-e) Tert-butyl
0[(13,5R,63)-2-ethy1-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate The compound of interest
was obtainédZastan B8R sab&akte (3524 b%%?l@‘lafﬁgl)l\/ﬁﬁé?"—@y %%@é‘%ﬁfﬁe Way as in Example (1-c)

from tert-t;git‘% Q&(%§§&/}% { 5168 5 )elt@glgiggg%q{sg,%]bjégggﬁﬁ@- I'dene]acetate (3.00 g, 12.8

MMO1). ( ert= (1S,SR,6S)-6-(aminometh )-2- ethyibicyclo[3.2.01hept-3-en-6-Y 1l]lacetate
The compound ofinterest.was obtaingd as arQiksubsianes C-émgi BY%), Majesdtinor-3/1) in the
same way as in Example (4-a) from tert-butyl ()[(1S,5R,63)-2-ethy1-6- '
(nitrometh{Bicydio[8y2a Pent 2-8h Bepllacetats (8 52.d 2REs frirfol) 2 (#fgf - 10-2 ™mol)

0[(15,5R,65)-6-(aminomezhyl)-2- ethylbicycl .0lhept-3:en-6-vi] [ id. pto. sulfonate
p-Tquene%ﬁﬁn(%gaajrﬁg raet%e ﬁﬂcgig?[gloinrlnw%bl) ?v§s‘§% eac%% %%%%qzéngi?(}l%tion (20 mL) of

tertbuyl QIA&CAR 6):5-(agninamet o2 elhbiey elakh2 ghagdoen Caflacetate (275 ¢, 10.4
mmol), and the mixture was refluxed for 1 hour. The mixture was allowed to cool, and the deposited
solid was then svashed uittsmethylare chioridé Yo obials #rs:cdRpotind o fiercat a8 % grafSolid
(3.17 g, 80%, Major/Minor=3/1). (41-h) ()[(15,5R,6S)-6-(aminome h)él)-g- . fo reflux
ethylbicyclfB2 BIFEpLEe By IRetic 80id-0F Q1.5 5R65) B (amindtathyl - '

eLnyibicyclgl3 2 Alnepl-3 -8 Vliagelg.acid pralygnestiiongie (3 11 gc 8- Hamenalhuan suspended in
methylene ¢ foride (%% mL).arS(') the suspension, triethylamine (1.27 mL, 9.14 mmol) was added with
stirring at ren tempesateacihe midutawas stisredat thisteanperature for was

concentrated, and the residue was diluted with ethyl acetate.

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%) .

(13-9) {(*)-[(18,5R,6R)-6-aminomethyl-3-sec-

butylbicycloiz.z.o]heptm3—en—6wyllacetic acid

Tert-butyl (+) -1(18,5R, 6R) -6-amincmethyl-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

sclution (30 mb), and the solution was stirred at room

temperature for 2 hours. Then, the solvent was distilled off



- 169 - 3 hours, and the deposited solid was then collected by filtration and washed with methylene
chloride to obtain the compound of interest as a white solid (1.58 g, 91%, Major/Minor=3/1). [0149]
(Example 42) (O[(1R,5S,6S)-6-(aminomethyl)-3- vinylbicyclo[3.2.0jhept-3-en-6-yl]acetic acid (42-a)
(0-(1R,5R)-spiro[bicyclo[3.2.0]heptane-6,21- [1,3]dioxolan]-3-one A tetrahydrofuran solution (120
mL) of (11R,2'R,415,6'R)-spiro[1,3-dioxolan-2,7 1 [S]oxatricyclo[4.2.0.02'41octane] (J. Chem. Soc.
Perkin Trans. 1, 1980, 852) (20.0 g, 119 mmol) was gradually added dropwise to a tetrahydrofuran
suspension (480 mL) of lithium aluminum hydride (6.77 g, 178 mmol) with stirring at 0C. The mixture
was stirred,gverpight at;Feom temperature, anddetrabydrofuraa 200 mbdrwater(6.8umk), a 15%

- aqueous sodium hydroxide solution (6.8 mL), and water (20.4 mL) were then added thereto while the
reaction saluticrtwas cobledioricer The miktute was stirfed atyoeaTehierature for 3 hours. The
mixture was filtered through Celite and concentrated under reduced, pressure; qucni’ Itlhe obtained
crude produtt #a8 prrfied by ‘Siita gt CoRmT Ehiohratdgraphy 18&paration from positional isomers in
regard to hydroxyl graups) to obtain. O-(1R 3R BR)-spirgibicyelql3. 2 glheptane-. 214 3dipxolan]-3-ol
as an oil substance (7.78 g, 38%). Dimethyl sulfoxide (9.11 mL, 128 mmol) was added to a methylene
chloride salution=(110Q:mk) afiexaly chioritea(®b0: anls 6422 mmaok: withrstiving: at£78C, and the
mixture was stirred at this temperature for 5 minutes. Then, a methylene chloride solution (30 mL) of
the above-bhtained BlcaRoR(7+28-§ 2428 1AmMBI) Was’ddded thefeto. The mixture was stirred at this
temperature for 15 minutes. Then, triethylamine (23.7 mL, 171 mmol) was added thereto, and the
mixture wals-Hezted to room temperature and stirred. The mixture was separated into adueous and
organic laygrs gﬁgg% addition.of 0,1 Mshydroghlorig acidi The.organic fayer was washed with 0.1 M
hydrochloric acid, water, and saturated saline and then dried over anhydrous sodium sulfate. The
residue wasfiltesed ang concenttatéd uhdei rechiced pressure L Thers the obtaided crude product was
purified by silica gel column chromatography to obtain the compound of interest as an oil substance
(6.61 g, 920/@)5?%4‘24)?6¥(1R?5®Q§151ﬁ)[ﬁiﬁyclé,@.2.O]nept-3-ene-6,2'- [1,3]dioxplan]-3-y1
trifluorome esulfanate_Patassium his(trimethylsilyl)amide (0.5 M tetrahydrofuran solution, 96.8 mL,
48.4 mmolﬂ‘/va}géadd e%ntg]te%%@ﬁ:répﬁaer%‘ (JY8%tD r%rli)“ agnd@élgtaeé%hydrofur'an solution (85 mL) of
0-(1R,5R)-spiro[hieyclal3:2- Olheptanes6,24- Eb3ldjo®ian-3nene (6.24@, 36 mmoal) Wasigradually
added dropwise thereto with stirring at -78C. The mixture was stirred at this temperature for 2 hours,
and a tetrahydfolurar solution (95l of Nphedyibisthifluofométhanasulforinide) (17.3 g, 48.4

mmol) was then gradually added dropwise thereto. The mixture was hegéed( to,raom temggra;ure and
stirred ovePRIGHE THenCthe L 71 reActioh was termiiiated bythe Addition of & saturkted agueous

solution of ammonium chloride and.water, and the mixture was-separated.in us ang.organic
layers, followe %&/ e??r%\cﬁgr? Wlﬁﬁxdtléth?l é%gr. Qr%]é&cﬁ%%ni%{?a&er was tiv%g:shégdﬁv%%?%atura?e%) saline
and dried gveranhydious sogiun sdlfate: Theaesidue ivasifitered and €oncentrated under reduced
pressure. Then, the obtained crude product was purified by silica gel column chromatography
(separation frernpdsitcme fsomersinaEgard-© olefif o ohtaifl the compotind gt interest as an oil

substance (4,749, A376); (#2:9 0-1R,33)-3-vinyispirelbicyelof ¢-QlbeRts3-pg6 241 dhdioxolane]
reduced pressure to obtain the compound of interest as a
brown oil substance (6.10 g, 84%).
(14~b) 2-Cyclopentylpent-4-en-1l-ol
A tetrahydrofuran (15 mL} solution of ethyl 2-
cyclopentylpent-4~encate (6.0 g, 31.86 mmol) was added
dropwilse over 20 minutes to a tetrahydrofuran (40 mL)
solution of lithium aluminum hydride (1.21 g, 31.% 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 cooled again teo 0°C. Ethyl acetate (14.0 mLj,



Lithium chloride (1.97 g, 46.4 mmol), tetrakis( iphenylphosphine)palladium (0) (0.36 g, 0.31 mmol), and
tributyl(vinyl)tin (2.47 mL, 8.50 mmol) were added to .a tetrahydrofuran solution (60 mL) of ()-(1R,53)-
spiro[bicyclo[3.2.0]hept-3-ene-6,21-(1,31dioxolan]-3-y1 trifluoromethanesulfonate (2.32 g, 7.73 mmol).
The mixture was heated to reflux for 2 hours, and water was then added to the reaction solution,
followed by extraction with diethyl ether. The organigdayer was washed with saturated saline and 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.gf, interest as an.oil substance {990 Mg, 72%); 2@2e0)Fert-butyk sodium
0[(1R,58)-3-vinylbicyclo[3.2.0]hept-3-en6-ylidene]acetate - 172 -
0-(1R,5S)-8-vinyispire[bitycld[3:2.0jhept 3zehe=6, 2t Bjdioxoland] (996 mg,:5.85 tnmsh was
dissolved in a mixed solvent of acetonitrile (16 mL) and water (7 mL). To the solution, 2 M sulfuric acid
(2.60 ML) \ias-adaed WA stirfiiig &trooh fepératdre. Th niixturé 1R stirkd s foofm'tehiperature
for 7 hours,and the reaction solution was.then neutralized by the. addition of turated aqueous
solution of 6dilim bicarbonate, Il141(12)3IIL0‘?/vemda EJ:}E é)?t'racﬁ(g{::é %ith%k%yl%%&%fegg#leégsr%anic layer was
washed with-saturated:saline andidried oversanhydreussediymsudfate; Theiresigueyeas filtered and
concentrated under reduced pressure. Then, the compound of interest was obtained as an oll
substance ¢210umy, 55%;MdjordMirorz2/1Y irrtheasamé Waycasin Examplé (1163 idfT thieSobtained
(1R,53)-3-vinylbicyclo[3.2.01hept-3-en-6- one, (42-e) Tert-putyl O[(1R,5S,63)-6-(nitromethyl)-3-
vinyibicycIé[?.%ﬂﬁK@ﬁéB-%ﬁ%-?ifé’c%ﬁ%ce Thedo po§n6dﬁbf‘interest was obtained as an oil

substance .@ZQ %}g,g_.%o %'irb#l:?m ggw_qls_igrgﬁample (1-c) from tert-butyl
O[(1R,53)-3-vinylbicyclo[3.2.0Thept-3-en-6- ylidenelacetate (710 mg, 3.06 mmol). (42-f) Tert-butyl ()

[(1R,55,6S)-6-(aminemethyl)-3-wimyikicyelo[312 Oihept-3-€M-67 ytacelatewa s Thewampound of interest
was obtained as an oil substance (527 mg, 88%) in the same way as in Example (4-a) from tert-butyl ()
[(1R,53,63) 6ritrbatetyIR3- Vihyibicyéots. 2 0lhépt3-eReyatetate 1670 iy, 2528 mmol). - 173 -

(42-9) OI(1R,53,65)-6-(aminomethyl)-3- vinylbicyclo é2. ept-3-en-G-yligcetic acid p- _,
toluenesulfdRate “Tha cSmpsiifd e interast v%%’g 0 tlaE%ned?g]é ‘gliligﬁf gga%/l's%)limggd m%, 7’8%/3) in the

Same\Naygg"lgéaaﬁﬂ%ggbg%goﬁﬁxture was then stirred at ~78°C for 30
minutes. Subseguently, & dichloromethane (20 mL) soluticn of
2-cyclopentylipent-4-en-1-0ol (3.50 g, 22.7 mmol) was added
dropwise thereto over 15 minutes, and the mixture was stirred
at -78°C for 45 minutes. Triethylamine (16.11 g, 139.3 mmol)
was added dropwise thereto over 5 minutes, and the mixture
was then stirred at room temperature for-Z hocurs. The
mixture was neutralized with 1 N hydrochleric acid (160 mL).
The organic layer was dried over anhydrous magnesium sulfate.
Then, the solvent was distilled off under reduced pressure TO
optain 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-6-enocate
The 2-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 aliquot



tert-butyl () [(1R,58,63)-6-(aminomethyl)-3- yinylbicyclof3.2.0]hept-3-en-6-yl]acetate (527 mg, 2.00
mmol). (42-h) ()[(1R,58,65)-67(aminomethyl),,-3- yinylbicyclo[3.2:0]hept-3-en-6-yllacetic acid The
compound ofterest was obtained as a light brown solid (286 mg, 89%) in the same way as in Example
(41-h) from ()[(1R,58,63)-6-(aminomethyl)-3-vinylbicyclo[3:2.01hept-3- en-6-yliacetic acid
p-toluenesulfonate (590 mg, 1.55 mmol). [0150]<EX&mple 43) () [(1R,5S,65)-6-(aminomethyl)-3-
ethynylbicyclo[3.2.0](nept-3-en-6-yl]acetio acid (43-a)
()-Trimethyl[(1R,5S)-spiro[bicyclo[3.2.0]hept-3-ene6,2'-[1,3]dioxolan]-3(-Ylethynyl]silane
Bis(triphenylphasphine)paltasiyum (NEchicride: €08%600:29 gy0s40amerel), 26 4utiding ¢:41 mL, 12.1
mmol), trimethylsilylacetylene (1.45 mL, 10.5 anoI), and copper (1) iodide (0.15 g 0.81 mmol) were
added to acdifmetiylformaniide SORFIBATS PALYF tRenC Powder (1.81 g, 27.06 muol).
(-(1R,55)-spiro[bicyclo[3.2.0]hept3-ene-6,2'-[ idxolan]-37Y1 trifluoromethanes 2424,
8.06 mmoly 1 Btéﬁ“ﬁéﬁﬁﬁ’@x&rﬁﬁle‘gﬁﬁ%gmg rﬁiﬁ%ré ngg %%éteanvﬁth‘gf%l‘r%iln%lggogogcg orl]rla%tgﬁg)urs, and a
saturated agueaus solution.of.ammonium $hleride.was fhemaddedktodhereaetionsolutiem, followed
by extraction with diethyl ether. - 174 - The organic layer was washed with saturated saline and dried
over anhydreus sedium sulfate. Adhe resislueovassfilteredeandiconeentratet dnderweduded pressure.

Then, the obtained crude product was purified by silica gel column chromato gﬁ)hy to obtain the
compoundtarterest AsHry 6iF Sibstafcd tl. 78 9, 889611 {4Sb) FEHIBUNI ()c’-%(‘l 59)13-

[(trimetnyisilyhethynyllbicyclo[3.2.0]hept-3-en-6; videnglacetate . , The, pound of iptergst was
obtained a3 noéjil‘}“léiu S gﬁ@e‘%f%o gg 665;2) Ma%gr}#MdiC?]BFgCg) in%tﬁgiﬁrﬁe% %rvgay as in Example (42-d)
from ()-trimethyl(1R,5SispirgHhicyciel3. 2:0lhept-3-eneye, 2'-{1:31 diaxalanjoptetnynylisitdne (£.78 g,
7.17 mmol). (43-c) lert-butyl ()-[(1R,55,6S)-3-ethyny1-6- o L
(nitromethyl)bicyck[312. Blnkpt Been-6Wiface e < 1 T HercorApsUndldfifitetést WasBbtained as an oil
substance (870 mg, 60%) in the same way as in Example (1- ) from p_e:{tégugl 0£(3 ’ég)';j'el
[(trimethyISTSBEHS Ay RTEFRISE 2. 0B bt-3:6h-6-Viidene)acetats (L.50 g, 4 mmE)"?)L. (43-d) Tert-butyl

0-[(IR.55, %@i%i%%m!: omethy %’5’5 fgi}’fy{bi.c;%q{é'gmoj@%@'%@ﬁ&)ﬁ'ﬂﬁ?%@teint arest as a

yellow o0il substance (4.00 g, T7%) .

E

(14-e) 3-Hydroxy-4-cyclopentylhept-6-encic acid

Methyl 3whydroxy—4—cyclopentylhept—6menoate (4.00 g,
17.7 rmmol) was dissolved in a2 2 N potassium hydroxide-
methanol solution (53 mL), and the sclution was stirred at
room temperature for 1.5 hours. The solvent was distilled
off under reduced pressure. To the residue, water and
diethyl ether were then added, and the agueocus layer was
neutfalized with 2 N nydrochloric acid. Diethyl ether was
added thereto. The organic layer was dried over anhydrous
magnesium sulfate. Then, the solvent was distilled off under
reduced pressure to cbtain the compound of interest as a
vellow oil substance (4.00 g (including the residual
solvent) ;.
(14-£) 3mCyclop@ntylbicyclo[3.2.0]heptm3—en—6—one

Potassium acetate (4.16 g, 42.4 mmol) was added to an

acetic anhydride (20 mL) soluticn of 3-hydroxy-4-



The compound of interest was obtained as an oil substance (630 mg, 81%) in the same way as in
Example (4-a) from tert-butyl ()-[(1R,55,63)-3-ethyny1-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yilacetate (870 mg, 2.99 mmol).. - 175 - (43-e)
0l(1R,58,62)-6-(aminomethyl)-3- ethynylbicyclo[3.2.01hept-3-en-6-Yllacetic acid ptoluenesulfonate
The compound of interest was obtained as a pale yellow-solid (821 mg, 90%) in the same way as in
Example (41-g) from tert-butyl ()-[(1R,53,63)-6-(aminomethyl)-3-
ethynylbicyclo[3.2.0]hept-3-en-6-Y1]acetate (630 mg, 2 mmoll. (43-f)

0[(1R,53,62);6- (@anainegethyy-3s-ethynmdbieycle] 3.2 Olhe py 3-er76-yliagetic acid theThe compound of
interest was obtained as a light brown solid (371 mg, 83%) in the same way as in Example (41-h) from
O[(1R,53,68):6i@minomethsl)i3ethyhyibicyelof3: 2. R ptEade rb-yiacstic it pidluehesafdnate
(821 mg, 2.17 mmol). [0151] The physical analysis data of the compounds described in the
Examples i5 Skowh lﬁé}éw?belff@-tﬁéﬁl%%]af'ﬁcgép% NOF Analysisdats 1(1-*3%e miAtiare

1H-NMR.(400MHz,CRG18) d ppm:2 21;2 26@2H.#0), 2322 37(2B ke 015082k m), 5.75-
6.87(211, m),s7. 3-7.11(1H, m). 104))
diethyl ether. The organic layer was washed with a saturated
agqueous solution of sodium bicarbonate. 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 olil substance
(2.30 g, 74%).
(14-g) Tert-butyl (z)-[(18,3R)-3~
cyclopentylbicyclo[3.2.0]hept~3-en-6~ylidene]acetate (E/Z
mixture)

2 tetrahydrofuran (15 ml) soiution of tert-butyl
dimethylphosphonoacetate (3.21 g, 14.4 mmol) was added
dropwise at 0°C over 15 minutes to a tetrahydrofuran (15 mL)
suspension of sodium hydride (0.5%59 g, 63%, 15.7 mmel), and
the mixture was stirred ét 0°C for 25 minutes. Tc this
solution, a tetrahydrofuran {15 mL) solution of 3-
cyclopentylbicyclo[3.2.0 hept-3-en-6-one (2.3C g, 132.1 mmol)
was added dropwise at 0°C over 10 minutes, and the mixture
Was Sbirred 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



IH-NMR(400MHz, CDCI3) :d ppm. Major isomer 1.45 (9H, S), 2.29-2.35 (IH, m), 2.62-2.71 (211, m),
2.89-2.98(I111, m), 3.27-3.35(1H, m), 3.92 (1H, broad), 5.47-5.49 (11-1, m), 5.80-5.87 (2H, m). Minor
isomer 1.49 (9H, s), 2.42-2.48 (IH, m), 2.62-2.71 (2H, m), 2.89-2.98 (2H, m), 4.34-4.36 (IH, m),
5.37-5.38 (IH, m), 5.61-5.64 (2H, m). 1(1-c) MS (FAB) : m/z : 268 (MH)+, 290 (M+Na)+
1H-NMR(400MHz,CDCI3) :d ppm. 1.45(9H, s), 1:53(A14-dd, 1=7.5, 12.9Hz ), 2.17(111, d, 7=15.2Hz),
2.31(IH, ddd, 1=2.4, 8.6, 12.1Hz), 2.47 (2H, s), 2.52-2.58(IH, m), 2.87(IH, quint, 7=7.5Hz), 3.25-
2.66(IH, to), 4.78(1H, d, 3=11.4Hz), 4.87(1H, d, J=I |.4Hz), 5.65-5.67(IH, m), 5.95(IH, dd, 3"--1.6,
5..9Hz). 1(Lie) dk=NMREOONMHZ, CREIR) 1d ppm. £39:149(Hem),ind4(9kls ), 459 7(IM=dddn3=2.8,
9.0, 11.7Hz), 2.14(IH, dd, 7=2.3, 16.8Hz), 2.25(111, d. 7=13.7Hz), 2.32(IH, d, J=13.7Hz),
2.47-2.55(FH,Imyp Le5@nas quint A=H4HZY 2188(23-1, s), 2.98-2.99(IH, m), 5.77-5.79(111, m), .
5.87-5.89(1H,m). 1(1-e) Mp: 176-178C. 111-N1vIR(400M1-1z,CDC13) :d ppm. 1.49(111, ad, 3=7.6,
12,511z ), 2.:06(TH, &&dit7—£§%§,y7£6,(ﬁ>_aﬁé)%%ffﬁlé%a%‘zéﬁ ﬁ@ﬁ%irﬁé(’é [,'s), 2.48-2.56(IH, m),

2.80(1H, QU 157:02) 3457 2A6(omh 3,181 th =027 32200 O, 7=12.7H),
5.75-5.78(111, m), 5.91-5.93(111, m). IR (KBM : cm-1: 2953, 2896, 2840, 1635, 1573, 1504, 1395,

1174, 724. MS (Ebe a/zpdS811(M)t; Anal. sakedfet €t @QHISNE?R: €116627; H: 8:34;N) E3tFound C,
65.13; H, 8.31:N, 7.64. 2(2-b) jH-NlVIR(4OOMIiZ,CDCI§) :d ppm: L.$9-1.49(1H, m), 1.44(9H, s),
1.97(1H, ddd,=7=£89.0722 1355 BEA117, Hd, 7=2:3) 16 .87 1 2.250R, o 7213:7A2), 2132(111, d,
J=13.7Hz), 2.47-2.55(111, m .75(1H, q int,t =7. H@ giSO%ZHis)gg.QS-Z.QQ(lH, m), 5.77-5.79(111,
m), 5.87-5.%&)(']F|?rznn§.t an& ?3% mu]) . 'fo lhe éo Ll ; ;
diazabicyclo[5.4.0]jundec-7-ene (2.20 g} 14.5 mmol) was added,

and the mixture was stirred at 60°C for 5 hours. The mixture
was allowed to cool, and a saturated aguecus solution cf
potassium dihydrogen phosphate was then added thereto,
followed by extraction with dichlorcmethane. 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 ysllow oil substance (3.50 g,

(14-1i) Tert-butyl (£)-[(1S,5R, 6R)-6-amincmethyl-3~
cyclopentylbicyeclo[3.2.0 hept-3-en-c~yllacetate

Tert-butyl (*)-[(1S,5R,6R)-%6—(nitromethyl)-3-
cyclopentylbicyclo(3.2.0]hept~3-en-6~yllacetate (3.30 g, 9.8
mmol) was dissolved in ethanol (60 mi). To the solution,
iron powder (4.47 g, 80.0 mmol) and.then AN AguUecus 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 ccol and then filtered through
Celite to remove insoluble matter. The solution was

concentrated, and the residue was diluted with ethyl acetate.



2(2-c) Mp.190-191C. [a]25D -159.3 (c=1 .06, H20). IH-NMR(400MHz,CD30D) :d ppm: 1.49(1H,
dd,J=7.6, 12.5Hz ), 2.06(IH, ddd, 1=2.6, 7.6, 12.5Hz), 2.17(1H, dd, 3=2.6, 16.8Hz), 2.49(2H, s),
2.48-2.56(111, m), 2.86(111, quint, 1=7.6Hz), 3.15-3.17(IH, m), 3.18(113, d, 7=12.7Hz), 3.22011, d,
J=12.7Hz), 5.75-5.78(113, m), 5.91-5.93(1H, to). IR (KBr) : cm-1: 2953, 2896, 2840, 1635, 1573, 1504,
1395, 1174, 724. MS (HI): rn/z : 181 (M)+, Anal. baled far DOH] 5NO2: C, 66.27; H, 8.34;N, 7.73;
Found C, 63.81; 11,8.31; N, 7.75. 3(3-a) 1H-N1vIR(400MHz,CDCI3) :d ppm. 1.38-1.49(IH, m),
1.44(18H, s), 2.04(131, ddd, 7=2.7, 8.6, 11.3Hz),2.08-2.12, 2.12-2.16(total 1H, dcl, each s), 2.21(113,

d, 11404}, 22811, . T-34.507).2 403 ITL ). 2 F0c2 01013 02308144 e 3.26(H

dd, 7=6.2, 4.0Hz), 5.72-5.76(111, m), 5.85-5.89(1H.m). 3(3-b)
111-INMREOOMHZ GR30B)-d-ppm.2h 49dAle ddo2e?.62 22.5Hz Ju2. 066 cdddinl =2:6,546£12.5Hz),
2.17(IH, dd, 1=2.6, 16.8Hz), 2.49(2H, s), 2.48-2.56(111, m), 2.86(1H, dt, 7=16.8, 7.6Hz), 3.16(1H,
broad), 3.18tkk d, 32E2 FEIZY 223 5d H=STA TSR 50755 78ERH, MF 51985 93EEE PSR (ICBM :
cm-1: 2900, 1572, 1523, 1383 MS (EI) : m/z_: 181 (M)+. Apal, calcd for C| OHI 5NO2: C, 66.27; H,
8.34; N, 7.78FJuhtl 66151 18R F RE 7 .C%agﬁ): 551520, C=1.0) WMp. 192-193C. 4(4-a)

chromatography tc obtain the compound of interest as &
colorless oil substance (2.00 g, ©7%).
(14-4) (£)~[(18,5R, 6R)-6~amincmethyl-3~
cyclopentylbicyclo[3.2.0lhept~3-en—6-yllacetic acid
Tert-butyl (+)-{(18,5R,6R)-6-aminomethyl-3-
cyclopentylbicyeclo[3.2.0lhept-3-en~-6-yljacetate (2.00 g, €.5
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 soclvent was distillec off
under reduced pressure. The residue was suspended 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
washed with dichloromethane to obtain the compound of
interest as a white.powder (0.70 g, 43%).
[0121]
{(Example 15) (£} -[ (18, 5R, 6R) —6—aminomethyl-3-
allylbicycio[3.2.0]lhept-3~en-é-yllacetic acid (exemplary
compound No: 14}
(15-a) 4-Allylhepta-2,6-dienoic acid
Lithium aluminum hydride (0.74 g, 20 mmol) was added to
a tetrahydrofuran solution (30 mL) of ethyl Z-allylpent-4-
ene-acetate (2.20 g, 13.1 mmol) under ice cooling, and the

mixture was stirred in this state for 1 hour. To the



1H-NMR(400M1-12,CDCI3) :d ppm: 1.39-1.49(1H, m), 1.44(9H, s), 1.97(111, ddd, 1=2.8, 9.0, 11.7Hz),
- 2.14(1H, dd. 1=2.3, 16.8Hz), 2.25(1H, d, 7=13.7Hz), 2.32(111, d, 1=13.7Hz), 2.47-2.55(13-1, m),

2.75(IH, dt, 7=7.4, 16.8Hz), 2.88(2H, s), 2.99(IH, broad), 5.77-5.79(111, m), 5.87-5.89(1H,m). - 177 -
[Table 3] 4 (4-b) 16-941.8 (40011112,03300): 5ppm:1. 49 ( IH,ad,j=7. 6,12. 5Hz ) 2. 06 (111,ddd.5=2
6,7.6.12. 5112). 2. 17(1Kdd,J=2. 6,16. 8112),2.49 {26S),2. 48-2. 56(16.m),2. 86 (16,dt,,I=7. 6,16. B
8Hz).3. 16 (111. broad),3. 18 (1E,d,3=12. Titz).3. 22 (111,0,3=12- 7fiz),5. 7.5-5. 78 (111.m),5. 91-5- 93
(16.a). IR (Mr):cm-1: 2901.1571,1524,1383 MS(CI);ra/z1181(1). Anal.calcd for 010615N:12: C,56.27,
18.34; N.L73.E0UN C.55. LB ATNT 15, JLCD 1B8YCACTL10) MR OBEIIN 555 Mp
i85-186t 18-. 5118 (400-11112,00300):5ppm: .5l.(111,d "5=7. 6,12. 711z ),2. 16(1H,0dd,J2.8,7.
&15-662){10 mL) was added, and the mixture was stirred at room

temperature for 1 hour and then filtered through Celite. The

iltrate was diluted with saturated saline and ethyl acetate

1y

and separated into agueous and organic lavers. The organic
layer was washed with saturated saline and dried over
anhydrous magnesium sulfate, and the solvent was distilled
off under reduced pressure. A dichloromethane sclution (20
mL) of oxalyl chloride (1.6 mL, 13.1 mmel) was added drcopwise
to a dichloromethane sclution (10 mL) of dimethyl sulfoxide
(2.7 mL, 19.5 mmol) under cooling to —-78°C. To the reacLion
solutien, a dichloromethane (10 mL) solution of the above-
obtained residue was added, and this mixture was stirred at -
78°C for 1 hour. To the reaction sclution, triethylamine

(7.1 mL, 52.4 mmol) was added, and the mixture was stirred at
room temperature for 1 hour. 1 ¥ 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 magnesiunm
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 aguecus scdium hydroxide
solution, and then washed with dimethyl ether. The agueous

layer was made acidic using concentrated hydrochleric acid



2.190.H,dd,5=2.2,16. SHz).2. 51 CZH,s),2. 53-2. 59 WIS.2. 89 (119,quint.17.613z), 3, 18-3.
19(1H.5,3. 33(111,ci.5=13. 3Hz).3. 37 (111d.J=13. 362).5,70-5,73(113.m).5.97-6. 00 (1H, m).
IR(Mr):au-1:3128,2914,1702,1498,1236. MS(FAB):miz:182(freel11)9-. Anal,calcd for C1061002C1:
C,55.17; 8,7,41: N,6.13; CI"16. 29; Found C,54, 71; 117.43; N, 6. 38,Cl :18. 10. Mr):161- 162t.
16-19M11(10090ii,013300):5ppm:1. 51 (16.dd,3=74 4,12, 7HZ),2. 12-2, 21(ZH,ni),2. 51 (211.s), 2.51-2
59 (111.ra),2. 89 (16,quint,57.4112),3. 17-3. 18 WI5,a. 32 OHd,J=13. 36z),3. 36(16,
under ice cooling, followed by extraction with diethyl.ether.
The organic layer was washed with saturated saline and dried
over anhydrous magnesium sulfate. The solvent was distilled
off under reduced pressure to obtaln the compound of interest
as a pale yellow oil substance (1.49% g, 78%).
{15-b) Tert-butyl (#)-{1S,5R)-3-allylbicyclo{3.2.0lhept-3-en-
b-ylideneacetate
4-Allylhepta-2, 6-dienocic acid (2.00 g, 12.0 mmol) was
dissclved in bénzene (5 mL). To the solution, oxalyl
chloride (7.01 g, 55.2 mmol) was added under ice cooling, and
the mixture was stirred in this state for 1 hour. The
mixture was further stirred at rcom temperature for 30
minutes, then heated to B80°C, and stirred for 1 hour. Then,
the solvent was distilled off under reduced pressure. To the
residue, toluene was added, and the sclvent was distilled off
again under reduced pressure. The residue was dissclved in
toluene (20 mL). This solution was added dropwise to a
toluene solution {30 mL) of triethylamine (4.41 g, 42.68
mmol) heated in advance to reflux, and the mixture was
further stirred for 2.5 hours. The reaction sclution was
allowed to cool, then diluted with saturated saline and ethyl
acetate, and filtered through Xelite. The Iiltrate was
separated into agueocus 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, and 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



cL,J=13, 3Hz).5. 69-5. 71 (111,ra),5. 97-6. 00(1H.5.7. 40-7. 46(36.5,7. 80-7, 84 (26.ra).
IR(KBr):cm1:3094.3053,1704,1514,1445,1236,1163,1034,730. MS(FAB+): alt1181(free+H) T.
Anal.calcd for C16621NO5S: C, 55.16; 8, 6.36; N, 4.02; 5, 9.20; Found C, 56.42; IL 6.21; N, 4,04:
S.9.51. 7(7-a) 16-1818 (400Mhz,0003) ISppml 0,89-1194 (311, 5, 1. 58-1. 75 (119, m),1. 91-2. 03 (IH.
5.2.21-2-33 (111,a),2.13-2. 56 (2H.0i),3. 72(311.5),3.84-4, 00(IH.5,L 01-5. 07(28a),5. 74-5. 84(18
at). MS(FAB);biz:173(41+11) -, 7 (7-b) 16-111112(40011112,0003):5ppm: 0, 90-43. 94 (311, a),l.
64-1. 74 (Hi, 5.1,93-2.00 (16, m), 2. 24-2. 32

solution (20 mL) of tert-butyl dimetheoxyphesphorylacetate
(3.03 g, 12 mmol) under ice cooling, and the mixture was
stirred for 1 hour. The solvent was distilled off under
raduced pressure to obtain the compound of interest as a pale
yellow oil substance (0.63 g, 16%, E/Z mixture}.
(15~c) Tert-butyl ({(£)-[(1S,5R,6R)-3-allyl-6-
(nitromethyl)bicycle[3.2.0}hept-3-en-6-yl]lacetate

Tert-butyl (£)-(18,5R)-3-allylbicyclo[3.2.0]hept-3~en-6-
yvlideneacetate (0.63 g, 2 mmol) was dissolved in nitromethane
(5 mL). To the solution, 1,8-diazabilcyclo[5.4.0]undec-7-ene
(0.45 mL, 3 mmol) was added, and the mixture was heated with
stirring at 50 to 60°C for 7 hours. The mixture was allowed
to cool, and a saturated agueous solution of potassium
dihvdrogen 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 colorless oil substance (367.0 mg,

6
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(15-d) (£)~[(1S,5R, 6R)-3~allyl-6-
(aminomethyl)bicyelo[3.2.0lhept~3~en—-6-yllacetic acia

Tert-butyl (£)-{(1l3%,5R,6R)~-3-allyl-6-
(nitromethyl)bicyclo[3.2.0 hept-3-en-6-yllacetate (335.2 mg,
1.09 mmol) was disscolved in ethanol (10 mi) and water (5 mL).
To the solution, iron powder (611.0 mg, 10.8% mmel) and

ammonium chleride (57.8 mg, 1.09 mmol) were added, and the

mixture was stirred for 2 hours under heating to refiux. The



(113.5,2. 45-2. 6 L(211,5,3. 87-4. 03(ll1,5,5. 03-5- 08(211.5,5.75-5.83(111.5 .
MS(FAB):raiz:159(41+H) -,181(514Na) -. 7 (7-6) 16-.NAIR (40011/1z, CDC13):5ppm: Major isomer
1.45 (911,a), 2. 11-2. 22(411,m),2. 59-2. 71(2E,ca), 2. 87-IL 97 (16. 5,3. 26-3. 34 (16,
a),3.87(16,broad),5.225.23(111,5,5, 45-5. 47(18,a). Minor isomer 119 (914,s), 2. 11-1 21(411, 5, 2.
13-2. 46 (111, m). 2.59-2. 70 (111, m), 2. 75-2. 83 (L 5,2. 87-2.
97(1ll,m),1.29(in,broad),5.36(111.s),5.59(113,s). MS(HI): m/z:220U. 7(7-0) IH-NIER
(400MHz,CDC13): bppm: 1.45 (911,s),1.53 (18, dd, J=7.6,12. 911z).1. 80 (311,5, 2.04 (16, 0,J=16.

4142)2.29 (§1,009.3-2.87,012,9H2) 2. 402192, A9 4417, 616 452, 286, ¢

saline, a saturated agueous solution of sodium bicarbonate,
and ethyl acetate, and filtered through Celite to resmove
insoluble matter. The filtrate was separated into organic
and aguecus 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 (10 mL) was added, and the mixture was
stirred at room temperature for 1 hour. 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 whits
powder (68.5 mg, 28%).
[0122]
(Example 16) (£)-[(1S,5R,65)-6-aminomethyl-5~
methylbicyclo[3.2.0]hept-3-en-6~yljacetic acid {exemplary
compound No: ©)
{16-a) Ethyl 2-methyl-3-oxohept-bt-encate

Ethyl 2-methyl-3-cxcbutanocate (10 mL, 70.7 mmol)} was
added dropwise to an anhydrous tetrahydrofuran suspension ol
sodium hydride (2.83 g, 74.2 mmel} with stirring under ice
cooling. The mixture was stirred for 15 minutes in this bath.
Then, n-butyllithium {(1.59 M hexane solution, 45.3 mL, 72.1
mmol} was added dropwise thereto, and the mixture was further

stirred for 20 minutes. Then, allyl bromide (6.73 mL, 77.7



(16,quint,J=7. 6112),3. 21-3. 22(111.5,4.74(113,61J=11. 7112),4.84 (IR.J=11. 762),5.25(111 s). 7(7-€)
Mp.188-190t. 111-NSIR (4006111z,00300)1 6ppm:1.40(111,dd,3=7.6,12. 3Hz),1.79(311.5),2. 02-2.
08 (211,la), 2.43-2.50(IR.a).2.450ILd,J=16.262),2.51(16,0,J16. 214z),2.85(lIl.quint,J7. 68z), 3. 05-3.
12(Hi,5 ,3.13(111,0,3=13. OFIz),3.17(11!,(1,j=13. OHz),5.36(18,t,Jr-1,6112z). IR (Or); csrl:
2946,2927,2905.2832,1564,1525.1396,1384. MS(RAB): alt;19609+6) T,218(M+1(a)-r. Anal.calcd for
C11617NO2 : C.67,66; EL8.78; N.7.17;Found C.C,66.841 H.8.78:N,7.21. 8(8-a)
111-118111(10011Hz,CDCI3):5ppm: 0.91(311,t"3=7. 5112) ,1.28(36,t,3=7. 2Hz),1 43-1. 55(211,m).

mmol) was added dropwise thereto. After removal of the ice
bath, the mixture was stirred for 2 hours, and the reactiocn
was then terminated by pouring dilute hydrochloric acid to
the reaction solution. The reaction solution was subijected
to extracticon with ethyl acetate. The organic layer was
washed with water, saturated aguecus sodium bicarbonate, and
saturated saline and dried over anhydrous magnesium sulfate,
and the solvent was then distilled off under reduced pressure.
The cbtained residue was purified by silica gel column
chromatography tc obtain the compound of interest as a pale
vellow oil (7.67 g).
(16-b) Ethyl 3-hydroxy-Z-methylhept-é-encate

Sodium borchydride (2.48 g, 65.7 mmol) was added to a
methanol {200 ml) solution of ethyl Z-methyl-3-oxchept~6-
enocate {(12.1 g, 65.7 mmeol) 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 1o remove the sclvent.
The residue was diluted with dilute hydrochloric acid,
followed by extraction with ethyl acetate. The organic layer
was washed 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
cclorless olil {(&6.11 gi.

{16-c) 3-Hydroxy~2-methylhept-6-enoic acid



1.98-2. 28(211,ml,2. 95-2. 48(26,5,2. 88-2. 93(1H,m),4. 07-9. 10(16,(a),9. 10-4. 20(211,la), 5.01-5.09
(213,5.5. 75-5. 86(LH.5. MS(FAB):nth:201(14+11)+. 8(8-6) 16411112(4001111z,0003):5ppm; O. 91-0.
96 (311, w),L 39-1.52 (314, (a), 2. 01-2. 28 (2E1, ra), 2. 52-2. 55 (211,5,4. 05-4. 15(211,ra),5. 03-5.
10(26,a),5. 74-5. 86(111.m). M5(FAB):miz:1730.1+11) TA195(j1+19a) +. - 178 - [Table 4] 1H-INBIR
(40113Riz,00013):5ppm' Major isomer 1.06 (3H.1.J5£541-12),[.45(9H,s)2. 07-2. 22 (3112.59-2. 70
(211,in),2. 87-2. 96 (LH,m),3.30 (1H,ddt,5=8. 6,18. 4,2. 7112),3.(IN,m),22-55.45-5. 17 (111.

- -

Ethyl 3-hydroxy-2-methylhept-é-encate (6.11 g, 3Z.8
mmel) was dissolved in a 2 N potassium hydroxide-methanol
sclution (100 mi), and the mixture was stirred at room
temperature for 2 hours and then left overnight. The
methanol was distilled off under reduced pressure, and the
residue was diluted with water, then washed with methylene
chloride, and then neutralized with dilute hydrochloric acid.
The agueous layer was subjected to extraction with ethyl
acetate, and the extract was washed with water and saturated
saline and dried over anhydrous magnesium sulfate. Then, the
solvent was distilled off under reduced pressure to cbtain
the compound of interest as a pale yellow oil (5.46 g).

(16-d) (£)-{(18,53R)~5-methylbicyclol3.2.0]hept-3~en-é-one

A mixed sclution of 3-hydroxy-Z-methylhept-6-enoic acid
(5.45 g, 34.5 mmol}, potassium acetate (7.0 g, 71.3 mmol),
and acetic anhydride (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 agueous 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 vellow oil (810 mg).
(16-e) Tert-butyl (&)-[(1S,5R)-5-methyl-bicyclol(3.2.0jhept-3~
en-6-ylidene]acetate

An anhydrous tetrahydrofuran sclution (2 mL) of (£)-

(13, 5R}-5-methylbicycleo[3.2.0]lhept-3-en—-6-one (800 mg, £€.55



m). Minor isomer 1.08 (311, L.Jr7. 3Hz),1.49 (9H.5 ,2.7-'2.43-2.475,1 59-2.70 (1H,5,2. 75-2.
85(1H,5,2. 37-2. 96(111.5,zli (111,m). AB)235-57 al d 4Clo.L 097. 4(111,dci,=6. 2 2.
011),2.z2.,30(111,ddd,5=2,4.7,2. 47(2H,s).2.49 d, 16, 6Hz).2.867. 6Hz),3.21-3.22m), 4.75

(111.d,5=11. 782),4.84 d,J=7Hz) 5.27 :296(M-1-1) -,
- 109 -

mmol) was added dropwise with stirring under ice cooling to a
reaction sclution prepared in advance from an anhydrous
tetrahydrofuran scluticn (10 mL) of tert-butyl
dimethylpheosphoryvlacetate (1.28 g, €.33 mmol) and sodium
hydride (>63% oil, 245 mg, 6.55 mmol), and the mixture was
then stirred for 1 hour in this bath and further stirred at
room temperature for 2 hours. The reaction solution was
diluted with an aguecus citric acid solution, followed by
extraction with ethyl acetate. The crganic layer Qas washed
with water, saturated aqueocus sodium bicarbonate, and
saturated saline and dried over anhydrous magnesium sulfate.
Then, the solvent was distiiled off under reduced pressure,
and the cbtained residue was purified by silica gel column
chromatography to obtain the compound of interest as a
colerless oll substance (389 mg).
(16-f} Tert-butyl {(+)-[{1S,5R,68)-6~cyano-S5-methyl-
bicycleo[3.2.0)hept~-3-en-6-yllacetate

Tert-butyl (£)-[(1S,5R)-5-methyl-bicyclo[3.2.0}hept-3~
en-6-ylidenelacetate (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 heurs in an oil bath at 100°C and then
left overnight. The reaction scluticn was diluted with ethyl
acetate, then washed with water and saturated saline, and
dried over anhydrous magnesium sulfate. Then, the solvent
was distilled off under reduced pressure, and the obtained

residue was purified by silica gel column chromatography to



8(8-e) Mp: 175-1767C. 111-31MR (40011Hz,01)30D):3ppm:1. 10(311,t,J=7. 4112).1. 48
(1H,cid,J=7.5.12. 5Hz) .2. 03-2. 08 (211. ), 1 (4(211,q. J=7. 4Hz). 2. 46(1H, d,J=1.6. alz).2, 46-2.
53(111. ra). Z. 51 (111. d,J:=16. 2Hz), 2.85 (1H. quint,jr.7. 5Hz),3.09-3. 10 (IR,m),3, 14 (111.cl.J=13.
OHz),3. 18 (II-1,d,Jt13. OHz),5. 38 (11-1,dd. J=1.7,3. 7THz),
IR(03r):cm-1:2962,2928,2897,2877,1559,1527,140310 -

obtain the compound of interest as a colorless olil (128 mg).

29}

In this procedure, a by-product tert-butyl (+)-[(18,5R,6R)-0-

-

cyano-5-methyl-bicyclo[3.2.0]hept-3-en-6-yljacetate was
obt_ined as a colorless o1l (45 mg).
(16-g) Tert-butyl (#)-[(1S,5R,63)-6-(tert~
butoxycarbonylaminomethyl) -5-methylbicyclo{3.2.0]hept-3-en-6-
yvllacetate

Sodium borohydride (134 mg, 3.54 mmel) was added in
small portions to a methanol (5 mL) solution of tert-butyl
(i)m[(lS,BR,GS)ﬂ6mcyano~5~methyl~bicyclo'3.2.O}hept—3—6n~6~
yljacetate (125 mg, C.351 mmel), nickel (IT) chloride
hexahydrate (12 mg, 0.05 mmol), and (Boc)z0 (221 mg, 1.01
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 agqueous
sodium bicarbonate and filtered to 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 teo obtain the
compound of interest as a colorless oil substance (123 mg) .
(16-h) {(*)-~[(18,5R, €3)~6-aminomethyl-5-methyli-
bicyclo[3.2.0lhept-3-en-6~yl]lacetic acid

Tert-butyl (£)-[(15,5R,63) -6~ {tert-
butoxycarbonylaminomethyl)—5~methylbicyclo[3.Z.O}hepﬁWBWen—G—
yljacetate (120 mg, 0.34 mmcl) was dissolved in a 4 N
hydrechloric acid-ethyl acetate solution (2 mL), and the

solution was stirred at room temperature for 3 hours and then



MS(FAR):miz.210(111--H) -,232(61-eNa)+. Anal.calcd for C121119NO2: C.87'1-1,.6.69: Found
C,C,67,641 H9 1H4'ppm: 0.90 (311,r.,57. 5Hz),1.18-1. -1.(41,95-2,30 2.42-2.53(211, 5,-7(34, 01-4.
11 (111, 5,5.01-5.M925.745.86 H 01C: aOPm:.t,5t 5143111r0). 2.00-2.29),Z. 47-2.
59(211.m),4.04-1.115. 03-5. 10(211,5.,5,77-5.89(LH,in). 9(9-c)

- 111 -

concentrated under reduced pressure. The residue was
dissolved in methylene chloride (Z mL). To the soluticn,
triethylamine (0.048 miL, 0.34 mmeol) was added dropwlse at
room temperature, and the mixture was stirred for 2 hours.
The resulting powder was collected by filtration and dried to
obtain the compound of interest as a white sclid (22 mg).
[0123]

(Example 17) (£y-11(18, 5R, 6R) -6=-aminomethyl-2-
methylbicyclo[3.2.0]hept-3-en-6-vllacetic acid (exemplary
compound No: 3)

{17-a) Methyl S-methyl-3~hydroxy-t-heptenocate

The title compound was okbtained as an oil substance (3.

4
g, 33%) in the same way as in paragraph (10-a) using 3-methyl
~4-pentenal (5 g, 59 mmol}.
(17-b) S5-Methyl-3-hydroxy-6-heptencic acid

The title compound was obtained as an oil substance
(2.23 g, 74%) in the same way as 1in paragraph (10-b) using
methyl 5-methyl-3-hydroxy-6-heptencate (3.4 g, 19 mmol;.
This compound was used in the next reaction without being
purified.
(17-c) Tert-butyl (+) - (1S, 53Ry~ [2~methylbicyclo[3.2.0]hept-3~
en-b-ylidenejacetate

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-heptencic acld
(2.23 g, 14 mmol).
(17-d) Tert-butyl (+)-[(1S,5R,6R}~Z2-methyl-56~

nitromethylbicycle[3.2.0lhept-3-en-6-yl]acetate



18411411 (400MHz, CDC13); 5ppm, Major isomer 0.91(311,t,57.3112),1.45 (911.a),1. 48-1.50
(311,m), 2. 06-2. 19 (211,5,2.67-2.70 (211,5,2. 87-2. 96 (1H,5,3,30(1R,ddt,J=8. 6,18. 4,2.
7117),3.86(1H,broad),5. 22-5. 23 (111. m),5. 45-5.46(111,5. Minor isomer 0.91 (311,t, 57.311z),L49
(911.s),l. 48-1. 50 (311, ad , 2. 06-2. 47 (211.ra),2. 57-2. 70 (211,5,2. 87-2.
96(21-1n0,4.29(111,broad).5. 34-5. 35AILm),5. 45:5.46(111,m), 9(9-4) -NMR (4C: 3ppm:
0.91(311,t,J=7. 4112),1. 27-1, 32(211, 5.1.16 (9. 45-1, 58

The title compound (1.9 g, 80 mmol) was obtained as an
0il substance in the same way as in paragraph (l-c) using
tert-butyl [#}-{15,5R) - [2-methylbicyclo[3.2.0]hept-3~en—6-
ylidenelacetate (1.9 g, 14 mmol).

{(17-2) Text—butyl'(i}~£{lS,5R;6R)—6—(ter?—
batoxycarbonylamino)methyi—zmmethylbicycio33.2.0}hept—3ﬂen_6~
llacetate

The title compound (2.3 g, 99%) was obtained as an cil
substance in the same way as in paragraph (3-a) using tert-
butyl (£)=~[{18,3R, 6R)-2-methyl-0~
nitromethylbicyclo[3.2.01hept-3~-en-6-yllacetate (1.9 g, 6.75
mmol) .

(17-£) (£)-[(1S8,5R, 6R)-6-aminomethyl-2-
methylbicycle[3.2.0]hept-3-en-6-yllacetic 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 (£)~-[{1S3,5R,06R)-6-(Tert~
butoxycarbonylamino)methyl-2-methylbicyclo[3.2.0)hept-3-en-6-
yl]acetate (2.3 g, 6.7 mmol) .

[0124]

(Example 18) (£)~[ (1R, BR, 6R)-3- {acetoxymethyl) ~&-
(aminomethyl)bicycle[3.2.07hept-3-en—-6-yllacetic acid
fexemplary compound No: 16)

(18-a) Ethyl 3-~hydroxy-4-{[{4-methoxybenzyl)oxyjmethyl}hept-
b-enoate

A methyleéne chloride solution ({10 mL}) of titanium
tetrachloride (0.97 mL, §.88 mmol) and [{1-

ethoxyvinyl)oxy] (trimethyl)silane (J. Am. Chem. S5ocC. 2003,



(38.in) ,2. 03-2. 13(211,5,2. 27-2. 290K5,2. 46-2. 51(211,5,2. 84-2. 92(18,5.3,22 (111.
broad),4,75(111,d,J=11 7Hz),4.85(111.4.J=11. 7112),5.27([11.a). hip :174 -17 111-MIR
(40431.1112,0030D):5ppm: 0. 94 (311, t, J=.7. 4H-z) ,I. 45-1. 58 (311-. 03-2. 08 (211, m) ,Z. 14 (211,
t,5=8. Oliz),2. 46-2. 50 (1.11,5,2. 48(111,d.5=12. OHz),2. 52 OILd,J=12. OHz),2. 85 (111,quint, 5=7.
4fiz),3. 10-3, 12(111,5 ,3.14 (111,d,513. 11-12).3. 18 ¢1H,d,J=13. 1112),5. 38 (111.d.J=1. 7Hz).

125, 5644) was added to a methylene chloride solution (80 mbl)
of 2-{{({4-methoxybenzyl)oxyimethyl}pent~4-enal (Tetrahedron:
Asymmetry 2001, 12, 3223) {1.98 g, 8.46 mmol} with stirring
at -78°C, and the mixture was stirred at this temperature for
1.5 hours. The reaction was terminated by the addition of a
saturated aqueocus solution of scdium bicarbonate (100 mL) and
water (100 mL), followed by extraction with methylene
chloride. The organic layer was washed with a saturated
agueous solution of sodium bicarbonate, water, and saturated
saline and dried over anhydrous éodium,suifate. 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 (1.31 g, 48%).
{18-Db} B—Hydroxywév{[(4—methoxybenzyl)oxy]methyl}hept~6nenoic
acid

The compound of interest was obtained as an oil
substance (1.20 g, >»99%) in the same way as in paragraph (7-
by from ethyl 3-hydroxy—-4-{[(4-methoxybenzyl)oxy]methyllhepi-
p~enoate (1.31 g, 4.06 mmocl).
(18~c) Tert-butyl (f)~[(1R,5R)-3-{[ (4~
methoxybenzyl)oxylmethylibicyclo[3.2.0]hept-3-en-6-
ylidene}aéetate

The compound of interest was obtained as an cil
substance (1.00 g, 69%) in the same way as in paragraph (7-c)
from 3—hydroxy—4—{i(4mmethoxybenzyl)oxy]methyl}hept—6—enoic

acid (1.20 g, 4.06 mmol).



IR (Or); cm-1:295,2928,2905,2834,2529,1540,1397,1380,1285. US(FAR); raiz'224(1118)
1-,2460/11145 +. Anal.calcdfor C13821N02 :C,69.92;H,9.48; N,6.27: Found C.C,69. 13; H.9, 51
)N,6.21. 10(10-a) 1H-NMR(40011Hz,CDC13):3p;0.90(3ff,t,5 = 71.20-1.406H.5,1.50-i. 56(111,m), 1.
95-2. 27(311.In).2.2. 492,74(1 11,4,2.72(311,a) ,4. 01-4. 10(1H,m), 5.00-S. 10(28,:a) .5.85(LH.5.
10(10-c) 111-1110 (4COMHz.C9C13) :5ppm: Q. 8711).93 (31-1, In),1. 25-1. 45 (411. 5,1.46 (10

(18~d} Tert-butyl (#)-[(1R,5R,6R)-3-{{ (4~
methoxybenzyl)oxy}methyl}—6—(nitrom@thyl)bicycio{3.2.0]hept—
3-en-6-yllacetate

The compound of interest was obtained as an oil

g, 87%) in the same way as in paragraph (l-c}

[\

~substance (1.0
from tert-butyl (£)-[(1R,3R)-3~{[{4~
methoxybenzyl)oxy]methyl}bicyclb[3.2.0}hept~3wen—6—
ylidenelacetate (1.00 g, 2.80 mmol} .

(18-2) Tert-butyl (x)-[(1R,3R,6R)-&o-{{(tert~
butoxycarbonyl)amino]methyl}—Bu{[(4—
methoxybenzyl}oxy}methyl}bicyclo{3.2.th@pt—B—en—6~yljacetate

The compound cof interest was obtained as an oill
substance (1.19 g, >99%) in the same way as in paragraph (3-
a) from tert-butyl (£)-[(IR,5R,6R)-3-{[{4-
methoxybenzyl)oxy]methyl}~6—(nitxom@thyl)bicyclo[3.2.0]hept—
3-en—-6~yljacetate (1.02 g, 2.44 mmol).
(18-Ff) Tert-butyl (£y -1 (1R, BR, 6R)-6~{ [ {tert-
butoxycarbonyl)amino]methyl}~3—
(hydroxymethyl)bicyclo{3.2.0]hept-B—en"6~leacetate

Water (1.4 mi) and 2,3-dichloro-5,6~dicyano-1,4-
penzoguinone (831 mg, 3.66 mmol} were adaed to 2 methylene
chloride solution (25 mL) of tert-butyl (+)-[(1lR,5R,6R)-6-
{E(tert—butoxycarbonyl}aminojmethyl}—3—{[(4—
methoxybenzyl)oxy]methyl}bicyclo[3.2.0Jhept—E—en—6wyl]acetate
(1.1% g, 2.44 mmol) with stirring at 0°C. The mixture was
atirred at this temperature 0°C for 1 hour and further
stirred at room temperature for 1 hour. Then, the reaction

was terminated by the addition of a saturated agueous



(3H.5,2. 40-2. 95(411,5,3. 86-3. 88(4. 29-4. 40)(114.m),5.23(5.05)(111,b .5.45 (111,Ur.s.). 10(10)
H .-NKR ( 00MHz,00013):6ppt5. 0.92 (311,t,J = 7 Hz),I. 25-1. 38(411.,,1.45 (911,5),1. 96-2. 15 m),2.
25-2. 33(111.5,2. 45-2. 55(111,5,2.47(al,s),2, 81-2. 88(1H.,m).3. 18-3,23(111, (111.d,J =12
Hz),4.84(111,0.J=12Hz),5.26(11i.s). 10 (1 ) 1E-WE (4001Thz, CDCP1:15 0.91(3H,t,J = 7),L 25-1.

?Q(SH. in).1,44 (1811,a),1,95-2.15 (411,5,2.24-(2445r"5 = 14.21 liz),2. 40-2. 50(lli,5,2. 75-2. 90
1),2. 97-3. 03 -

solution of sodium bicarbonate, followed by extraction with
methylene chloride. The organic layer was washed with water,
a saturated agueous solution of sodium bicarbonate, and
saturated saline and dried over anhydrous sodium sulfate.
The residue was filtered and concentrated under reduced
pressure. Then, the obtained crude precduct was purified by
silica gel column chromatography to obtain the compound of
interest as an oil substance (571 mg, 64%).

(18~qg) (£} -[{1R, 5R, 6R) =3~ {acetoxymethyl) -6~
(aminomethyl)bicyclo[3.2.0lhept-3-en-6-yljacetic acid

The compound of interest was cobtained as a white soiid

(85.2 mg, 45%) in the same way as in paragraph (3-b) from
tert-butyl (£)~[(1lR,5R,6R)-6-{[ {tert-
butoxycarbonyl)amino]methyl}~3~
(hydroxymethyl)bicyclo[B.Z.O}hept—3—en-6—yllacetate (275 mg,
0.75 mmel) .

(01251

(Example 19) (£}~ [ {1R, 5R, 6R) ~6-aminomethyl-3-
(methoxymethyl)bicyclc{B.2.0]hept~3—en~6—yl]acetic acid
(exemplary compound No: 17)

{19~a) Methyl (2E)~4-{{[tert-
butyl(dimethyl)silyl]oxy}methyl)hepta—Z,6—dienoate

Dimethyl sulfoxide (4.71 mL, 66.3 mmol) was added to a

methylene chloride solution (70 mL) of oxalyd chloride {Z2.84
mlL, 33.2 mmel) with stirring at ;78°C, and the mixture was

stirred

)

t this temperature for 5 minutes. Then, a methylene
chloride solution (30 mL) of 2-({[tert-

butyl(dimethyl)silyl}oxy}methyl)pent—4~en—lmol (J. Chem. SocC.,



3. 30-3, 45(211,m).4.99(111.br.s),5,33(1.H.tor. s). - 179 - [Tab e 5] 10(10-f) 111-NMR (40011Hz,
0300)Pm0.93 (311,t,J =7 Hz26-1. 53(57( 2.45-2,51(01,a).2.4618,d.5 =6d,J = 12.82-2.913. 05-3
(2)1,m),3.14(lll.ci,d =13Hz),3, 18H,4,5=13Hz),S.s). 113(133r):cm-1:2%7. 2926, 1564.1525, MS(El):039
2:2393(.4)-. Anal.calcd for C149123,NO2 : O. 21120: C,69.79:H.9.79; N,5. 81: Found C Mn.150 r
(decamp, ) 11 (11-8) 1H-a8.(40011Hz, 0c13)... 5ppm:0.92 (isomerA3H,d, J=7. 0fi2), 0.93
(isoaer83fl,d. 5=7. OHz), 0.9-I (i somerard,d,J=7, 0112).0.961 i somerA311,.1.3=7. 0112 1 .1. 28-1.
3341-1.16 (isomerB111,m),1.84 (isomerg.111,d-sept. 5=4, 7,7. 082),1. 95-2. 07 (ism

at).2.44(isomer818.dd, J3; 1,13.1312),2.48 fispmer.41H,dd,533. 1113,32:51-2.62 266 4isomerAlH,
cl.33. 9112) 2. 82(|somerBLE d,J=3. 9Hz) 3.72 (311.s),4. 09-4. 09 (isomer81H.

thereto. The mixture was stirred at this ftemperature for 15
minutes. Then, triethylamine (12.3 mL, 88.4 mmel) was added
theretco, and the mixture was heated to room temperature and
stirred. The mixture was separated into aguecus and organic
layers by the addition of 0.1 M hydrochloric acid. The
organic layer was washed with 0.1 M hyvdrochleoric acid, water,
and saturated saline and then dried over anhydrous magnesium
sulfate. The residue was filtered and concentrated under
reduced pressure, and the obtained residue was dissolved in
toluene (50 mL). To the solution,
(methoxycarbonylmethylene) triphenylphosphorane (11.1 g, 33.2
mmol) was added, and the mixture was stirred at room
temperature for 4 hours and further stirred at 60°C for Z
hours. The reaction sclution 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 chromatoegraphy to
obtain the compound of interest as an oil substance (5.65 g,
91%) .
(19-b) (2E)-4-({[tert-butyl (dimethyl)silyljoxylmethyl)nepta-
2,6-diesnoic acid

Lithium hydroxide monohydrate (2.52 g, 60.0 mmol) was
added to a tetrahydrofuran:methanol:water (3:1:1, 100 mL)
mixed sclution of methyl (2E)-4-({[tert-
putyl (dimethyl)silyljoxylmethyl)hepta-2, 6-dienocate (5.69 g,
20.0 mmol), and the mixture was stirred at room temperature

for 6 hours. The reacticon scolution was concentrated under



m),4. 18-4. 22(isomerk1H,re),'1. 98-5. 09 (211.ni).5.81(isomerlillt.ddt,Jr10. 2.17. 2.7. 0Hz ),5.89 (1
somerAlH,ddt,5=10.2,17, 2,7. OHz). 11 (11- 111-NPAR(4004412, 20013):5ppol:
0.92(isamerA3H,d,J=7. 0112).0.93 (isomer-83h,a,3=7. 0112),0.95 (Lsomer83H,d..7=7.
OHz),0,98(isomer4311.d,3=7. OHI) ,1.32-1.37(isomerAlH,re),1. 43L.49
(isomerBUI,m),1.55(isomerk111.d-sept,3.5.7. 0Hz);1.98(isomerB111,d-sept,3=4.1,7. OHz), ...9.
25(211,ad,2, 49-2. 69(211,Ea),4. 10(isomerBLH,dr,J=6. 3,3.1 Hz),4.22(isoroerA1H.ddd. J=2. 7,4.3. 9.
4Hz),5.01(111, m.),5.08(isomerB111,ddd, 5=1.. 6,3. 2,18. OHz),5.10 (isomerklli.ddd. 3=1.8.3.3,17.
0112)5 810s0merB1 )5 900somerk11,0dd 457,09 817 0HZ). J1(1L4) 1114818 (411.07(56.7
Hz),2.(2,40(li,sem,J="711z), 2. 75-2. 85H.H.b5.22(1H;hr). 11(11-a) 1H-191102(40041112,0013):
S5ppm:ER maixtured£5.¢i;,6Hz) k.o6tisomerE3, dn55h6192) <, 06 (isemesA36112), k@b ecus
UsoaierB3li,ci,J.1. 46 (isomerA9H,s),1.49 (isomerBgH,s),2. 18-2. 25(1,2.36(111.sept,2. 41-2.
68(211,m), 2587 2.952s0merd 814 ¢+ THCm)B. 29 tisefie ik, W ry=8~ 6 1850 .24y, B:13893.188 (isomerA1H.
is), 4" 26-4. 31éi semerElH,rg.),5. 21-5. 23 isomerkll;lljt),5, 34-5, 35gsgmer1& 51.a),5. 43-5. 45(i
somer81HIE)y $.45-8- 47 {EOnerALH 2 ct1on With metny.ene chiorige dgasn.

Then, the combined organic lavers were 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 cbtain the

a@

compound of interest as an oll substance (3.11 g, 57%).
{19-c) Tert-butyl (F)-[(1R,5R}-3-({[tert~-
butyl (dimethyl)silyl]oxylmethyl)bicycloi{3.2.0]hept-3-en-6-
vilidenelacetate
The compound of interest was obtained as an oil
substance (2.03 g, 50%) in the same way as in paragraph (1-b)
from (2E)~4~({[{tert-butvi{dimethyl)siiyl]oxyimethyl)hepta-
2, 6-dienoic acid (3.11 g, 11.5 mmol).
(19-d) Tert-butyl {(£)-[(1R,5R)=-3~
(hydrozymethyl)bicyclo[3.2.0]hept-3-en-6-ylidene]acetate
Tetrabutyl ammonium fluoride (1.0 M tetrahydrofuran
sclution, 8.6% mlL, 8.69 mmol) was added to a tetrahydrofuran
solution (15 mL) of tert-butyl (f)=~[{1R,5R)=-3-{{[tert~
putyl {dimethyl)silyl]leoxyimethyl)bicyclo[3.2.0]hept-3-en-6-
vlidenelacetate {2.03 g, 5.79 mmol), and the mixture was
stirred at room temperature for 2 hours. To the reaction
solution, water was added, followed by extraction with ethyl
acetate. Then, the organic laver was washed with water and
gsaturated saline and dried over anhydrous sodium sulfate.

The residue was filtered and concentrated under reducsed



1H-NIIR(4001,114z, CDCL2) :5ppm: L. 08 (311, d.=6. 8d. 1=6. 8Hz),1.46 (91t .$).. 95-1. 52
(111,a),2.09(111d.5=16. 4Hz),2.30(18,m),.J=6" 8112.),2.47(211,s).H. dd,5=7.8,16.
4117),2.86(111,quint,37.8112),3.20(111,br)4,75(18,d,J=11. 5117),4.85 (18. d.J=1.1. 5112),5.26(1H,s).
11(11-g) 111-NIER(40091112," ):5ppm:1,07(311.d..T. 8Hz).1.09 (3115d,J=6, 8112),L 40(18,a),1.44
s),1.95(18,444.J2.3,8. 6,12. Inz).2.04(111.En),2._24£1 (1,J=13. 7112),2.31wt.d. 13
7),2.40(01.sept,J=6.8117),2.48(18.at),2.73(11),quint,J7. 841z),2.85(291.s).2.93 (1)1.tor),5.37(lii.a).
11(11-h) rdp(decompose) 1H ,(4001111.z. mon)pp m: 1.09 (38, 4, 56.711z),1.10 (311,d.3=6. 7Ez)
,1.46 (1li,dd,5=7.4,),2. 02-2. 11(211.0)=6. 7Hz).2.48(211,bit),2.5é(1H.d,3:7, az),2.85 %ui t,5=7. 41h)
13.10Ur),3. P56 52432011358 730 (117, PELRIO12),5 371 IRTRET) mai 1616711508 1%%96.2 cm-)

us (1a) in/z; 279(L+ Na 9 19eQH) - 268(NI+ 2Hz - 1) 4- 2460 -t RAE (EL+)calm, fox(m + Na) +1 246.
14700.Found 246" 14815 %ﬁ?ﬁ%ﬁ? %I%!iaztfag)gjlﬁ-ﬁﬁ @o%%n%z,%%%s)%%ﬁgrﬁ?o%b 1611.d.J=7

Hz),1. 1-1. 838k £a);1.:55-117% (22.20:2514 £1k1 .qa),3553 (1184dd,J = 6,11 Hz),3.57(1H,dd,5= 6,11
Hz),5. 0/-5. /1(214,)5. 73. 87

{19~} Tert-butyl (#)—[ (1R, 5R, 6R) =3~ (methoxymethyl) ~6-
(nitromethyl)bicyclol3.2.0]hept-3-en-6~yliacetate

Methyl icdide (2.03 mL, 32.6 mmcl) and silver (I} oxilde
(1.62 g, 6.99 mmol) were added to a methylene chloride
solution (6.0 mL] of tert-butyl (&)-[(IR,5R)=3-
(hydroxymethyl)bicyclo[3.2.0lhept-3-en-6-ylidene]acetate (530
mg, 2.33 mmol), and the mixture was stirred at rcom
temperature for 40 hours. The mixture was filtered through
celite and concentrated under reduced pressure. Then, the
residue was dissolved in nitromethane (4.5 mL). To the
solution, 1,8-diazabicyclo(5.4.0]lundec-7-ene (0.70 mL, 4,60
mmol) was added, and the mixture was stirred at 60°C for 7
hours. To the reaction scluticn, a saturated agueous
solution of potassium dihvdrogen phosphate was added,
followed by extraction with ethyl acetate. The organic layer
was washed with a saturated agueocus 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 gel column chromatography to cobtain the
cempound of interest as an oil substance (268 mg, 51%).
(19~f) Tert-butyl (£)-[(1R,5R,&R)-6-{[(Tert-
butoxycarbonyl)amincimethyl}-3-

(methoxymethyl)bicycle[3.2.0]hept-3-en-6-yllacetate



(11i.in). 12(12-c) 1H-1098(9001182.00C13):5ppm: 0. 86-0. 921511. in),1. 16-1, 241211,in),1. 60-1, 73
(211,a),1. 96-2. 29 (291,a).2. 40-2. 53(219,in),2. 73-2, 78(1H,12.),3.27(311s).4. 0-4. 15(111,in),5. 01-5.
1.1(111,al , 5. 77-5. 55(111,re). 12(12-a) 01-51118 (a, CDC13):6ppm: 0. 86-0. 89 (611, m),1,45
(1.49)(9H. in),1. 74-2. 01 (411, in), 2. 50-2. 95 (411,ea),3. 25-3, 90(111,m),5. 20-5. 24(4. 98-5
02)(111ad8 43-5 48(5 30-5 36)(1H,m). 12(12-f) (4QQiliz.CDC1ppm: 0.90 (3H, d, J = 6H. dJ =9H, s). 1.
50-1. 55 1.76-1.830H,in),2. 02-2. 07(411,10),2.25"2.34.3- .1,2.49(28. 2,84-2.91(111,el),3. 21-3.
74(18,m), 4.76 (111-(114.d 5 = 11 Hz).5.27 1111s 12(12-g) 1H-5WR(4009,912,3)5ppm0.90 (311,d,J =

6 1iz),0.92(3= 62)1;. 4 40&:@9 L(Z11. 8 144 (18E.8).175-1,81L 95:2. 05 (H. m):2.25(28,dd,422 Eli),2.
35-2. 96 UN, in),2. 80-2. 9041(211, a) 4. 98-5. 04(111.m),5.33s). Table 6] 12(12-h)

substance (450 mg, >99%) in the same way as in paragraph {3-
a) from tert-butyl (x)-[(1R,3R,6R)~3~{(methoxymethyl)-6-
(nitrometnyvlibicyclo[3.2.0]hept-3-en-6-yllacetate (3068 ng,
1.18 mmel).
(19-g) (*)-{{1lR,3R,6R}~6-aminomethyl-3-
(methoxymethylibicyclo[3.2.0]hept-3-en—-6-yliacetic acid

The compound of interest was obtained as a white solid
(143 mg, 53%) in the same way as in paragraph (l-e) from (z}-
[ {1R, 3R, 6R)—6=aminomethyl-3-
(methoxymethyl)bicyclo[3.2.0]hept~3-en—-6-yllacetic acid (430
mg, 1.18 mmol).
(0126}
(Example 20) (x)-[(18,5R,6R})-6-amincmethyl-3,4-
dimethylbicyclio{3.2.0]hept-3-en-6-yllacetic acid p-
toluenesulfonate (p-toluenesulfonate of the compound of
exemplary compound No: 18)
(20-a) Methyl 3-hydroxy-3,4-dimethyl-6-heptencate

The compound of interest (11.7 g, 60%) was obtained as
an oil substance {diastersomeric mixture) 1in the same way as
in paragraph (10-a) using 3mmethyi—5—hex@n~2~one (17 g, 106
mmol) .
(20-b) 3~Hydroxy-3, 4-dimethyl-6-heptencic acid

The compound of 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, €3 mmol). This

compound was used in the next reaction without being purified.



1.H-N640. MOW. 0p90d.3 = 6 Hz),0.92( (311,d,J = 62"1.48:.dl,7 1.31(1H.sep,= 6 Hz),2. 02-2.
08(411.ml,2. 432.5I(311,ml,Z. 3.(ZH.dI,3=13,23Hz),5.37(111,s). Anal,calad for41302 0,251120: C,
69.58; H. 9.79; N.5.80; Found C,69,31; H.10. 01: N,6,08. 2951,2905,1541.1461,1398 MS(EI):
MiZ:237(M)+ lip171-174C. b 11-EN1R(4001411z, CDC13): 5pm: 0. 85-0. 92(611,ar),1. 13-1.
33(211.ml,L. 37.2. 12-2. 16 (1H,m),3. 63-3. 69(2H,ah4,99-5. 10(211,m),5.90UN.S.
111-241H(4004612..CDC13):6ppm: 0,86-0.96(611,7a), 1. 10-2. 05 (411,ml,2. 07-2.
31,(211.m),2,40-2.84 (3H,m),3.72(311,5),4. 03-4. 28(111.ra).497-5 09(911m)55 96(111S. 13 (13-€)
1.11-361112(4001Riz,CDC13):1ppm: 0. 86-0. %gl(ﬁ_l m).ml.972. 31 (211.m),4. 06-4. 26(111,m).4.
99-5, 12(21MT, 517155767 PH1Y81 197 {4001 £11Z,C13)1 5ppm:0.83(1somerx3H,at,J=r,
02),0.34(Issme04 {isomerXZH di3=7, Okiz) 404 isomerX 331 dfave 04425 1+32-1. 52(211,2.(211.

2.58-2.88(311,m).3. 16-3.24(111,ra).4, 17-4. r(111,at).5.24(114br).

The compound of interest (4.2 g, 33%) was obtained as an
0il substance (E/Z mixture) in the same way as in paragraph
(10-¢) using 3-hydroxy-3,4-dimethyl-6-heptenoic acid {10.1 g).
(20-d) Tert-butyl (+)-[(1S,5R,6R)~3,4-dimethyl-0-
nitromethylbicyclo[3.2.0]hept-3-en-6-yl]acetate

The compound of interest (4.5 g, 85%) was obtained as an
0il substance in the same way as in paragraph (I-c) using
tert-butvyl (j)—(18,SR)m[3,4—dimethylbicyclo[3.2.0]hept—3—enw
t-ylidenelacetate (4.2 g, 18 mmol).

{20=e) Tert-butyl (+)-[(1S8,5R,6R)-6-{tert-
butoxycarbonylamino)methyl—B,4“dimethylbicyclo[3.2.0]hept—3—
en-6-vllacetate

The compound of interest (5.6 g, 9%%) was obtained zs an
oil substance in the same way as in paragraph (3-a) using
tert-butvl (£)=~[(18,5R, 6R) -3, 4-dimethyl-6-
nitromethylbicyclo[3.2.0]hept-3-en-6-yllacetate (4.5 g, 15
mmol) .

(20-F) {(£)-[(13,5R, 6R) ~6~aminomethyl-3, 4=
dimethylbicyclo[3.2.0]hept~-3~en—-6-yl]acetic acid p-
toluenesulionate

Tert-butyl (F)~[(13,5R,6R)-6-(tert-
butoxycarbonylamino)methylm3,4—dimethylbicyclo[3.2.0]hept-3~
en-6-yllacetate (4.0 g, 11 mmoli) and p-toluenesulfonic acid
monohydrate (2.5 g, 13 mmol) were suspended in toluene (30

mL) and thicaniscle (3.8 mL), and the suspension was stirred

1

2+ 80° for 2 hours. The reaction solution was concentrated,

t



13 (13-g) 11-EH (4004111z, CDC13): 5 ppmEli mizwre 0,84311. t, 3=7, 0Hz1.29-1.48 1211, 1,45(
isomerA9H,s).1.49(isomerli9Ff,5,2. 1C-2. 25(211,m),2. 40-2. 68(211,m),1 8G-2. 96 m.),3.29(isomerAl
FL,in),3.85(i somerAl H.br),4.29(isomer8111,br).5.21 ( isomerAlH,br).5.34(isomerB111.m.).5. 46(
isomerAilhisomerHIR,m). 13(13-h) LH-4iR(50011Hz, CDC13): 1)ppm: 0,86 (isomerX3H,t.1=7.
3az),0.87(isomer:X2Ht.1=7. 3Hz).LOS Usomerk3HZ&l. 3=7. 31(2), 1.06 (isomerX311, al, 3=7, 311z) ,
1,46 (911. s). 1. 33-1.57 (311, in), 2.03 (isomerni, d, 3=16. 111z), 2.08 (isomerXIR, d. 3=16. LHz), 2.
24-2. 32 (211, Ea), 2.48 (211, al), 2. 43-2. 52 (111, ta.). 2.88 (111, sep, 3=7. 3Hz), 3.21 (111, br), 1.75
(111, a, 3=tid 7¢iz}, 86 EH. IR 11 7 Hr R 5-28(@2 1 %3513 3a0- 20 - ACRUG04R14i, CDC13): Sppm:
0.86 (1.somerDIi.t,3=7. 4liz),0.87(isomeral,t. 3=7. 4QZ),]EOétlgggorserX3Hfg 3=(§, (%ft%),l.%?g)
(isoraertalaE 2R B 135 S PBE(EA. S0 FAR(GT15A) T 97:1. TE OREM).L 992, 86 (TT1,in),2. 22-2.
29 (111,m%,g.27'; Qvﬁf'ge?’:}gmh]e% 7117),2.32 (111,d1,3=2.0, (3.
7Hz),2.38-2.48(111,er),2,72(111,sep.5=7. 8Hz),2.85(211,s).2,94 (111.'0r),5.38(111.n0). 13 (1."- ")
lip151-154¢e:1 EH1-58.02(40011Hz. MOD):5ppm: 0.87 (isomerX3H,t,J=7. 4112).0.90 asomer(311,t,

3=7. 4Hz),1.06 (isomerX3H, d, 1=7. OHz).LOB UsoraerxX311. 4. 3=7.0115,1. 39 (111, m),1.44-U 53
(214, to). 2, BERECIE (211 m).2358 B9155Up; $=6 A E BB 115, 2,49(111,d.3=2.

OK2)2 8511 Son STA12. 3 HALLN SHHUITIR IO 32U kgt

compound No: 8, optically active form of the compound of

Example 8)

N bew,

/ | | COOH

CH,

) IIRTEEN

{21-a) Resclution of tert-butyl (&}-[(1lR,55,68)-3-ethyl-6-
(nitromethylibicyclol3.2.0]lhept-3-en-6-yl]lacetate

Tert-butyl (+)-[(1R,6 58, 63) ~-3-ethyl-6-
(nitromethyl)bicyclo3.2.0]lhept-3-en-6-yllacetate (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 115 g 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 ([{1R,5S,68)-6-{tert-
butoxycarbonylamino}methyl-3-ethylbicycle(3.2.0]hept-3-en-6-
vllacetate

Tert-butyl [(1R,55,68)-3-ethyl-6-
(nitromethyl)bicyclo[3.2.0]lhept-3-en-6-yllacetate (peak I,

7.0 g, 23.7 mmol) was dissolved in ethanol (60 mL) and water



MS (HSI+)0i./z:292(1.1 - Na 1- Meal '1,282(11 + 211a - 10+,260(1l + Na),233(31 4 H)+ Fors
(Est+)exiled far(ii + Malt: 260. 16265.Found 260. 16353(0.88 ramu). 14(14-a)
111-002(4001111z,CDC13):5ppm:1. L1-1.21(211.m),1.25(311.c.3=7, Ottz) .1.48-1. 73(511.ml, L 80- L
87(111.al),L 94-2. 05(111,la),2. 21-2. 35(211,0r.),4. 13(28.9,J=7. 0112),4.98(111dd. 3=1.2,2.0,10.
2H2),5.05(111,cid,3=L2,17.2 Hz),5.75(1R,ddt,3=10.2;17. 2,7. 011z 14(14-b)
1H-Ma(41301111z.CDC13)ppm:L 09- L 20(211,m.),L(111,dl,J5.9,6. 311z),I. 40-1. 67(511.re), 1. 71-1.
85(3H,in),2.13(111.ddt,J=7.8.14. I,I. 2Hz),1 30(111.dddt,3=4,3,6. 6,14. 1,1, 6Hz), 3, 58 (Hi, It, 1=10. 6.

5, 9Hz), 3.,69 (111, ddd, J=gy, 3, §-3,10; 6H27), 5- 02 (Fd}uan, 3719. 2:1.2,L 637akmo1)
5.09(Ill,ddt,3=1.2.17. 2,1. 6112)"5,87(IR.dddd,3=6,6,7. 8,10.2.17 2112). 1404d) 111-58.11R (40051Hz.

CDCI3):6pp latddn 2662 Hm) A1 33-1( 639511 1,70-2.01 {3 1dum)). 2 we2, 3¢, my3d72(311,s).4.
11-4.24an.ra.1,5,06(isomerA1H,ddd.J:I. 6.3.5,15. 6Hz),5.08 (isomer13111.ddd.3=1. 6:,3- 5,15.6Hz),S.
34-5. 97(11a e 14{14e) YEE-5832 146011995 . EDCIE) Hppaisia T 26@AF M. 90-£ 67 (ET1,m..).7.

01(311,in),2. 19-2. 27 (2H10) 2. 46-2, 71(211.m).t 25(1H,m),5. 00-5 03(111,m)8 L(isamerAIR 5, 5.
o7 12?3%&%?&1?%% S WS 67?&3 ?%.%Q(T%?ﬁ?g 100 Q01 AL B Mispmer iR

saline, a saturated agueous solution of sodium bicarbonate,
and ethyl acetate, and filtered through Celite to remove
insoluble matter. The filtrate was separated into organic
and aguecus iayers. The organic layer was washed with
saturated saline and then dried over anhydrous magnesium
sulfate. Then, the solvent was distilled cff under reduced
pressure to obtain a pale yelliow cil substance (7.02 g}.
This substance wés dissolved in dichloromethans (200 mL). To
the solution, (Boc),0 (5.25 g, 25 mmol) and triethylamine
{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 oil substance (8.82 g, <100%).
(Z21-c) [(1R,5S,6S)—6—aminomethyl—3—ethylbicyclo{3.2.0]hept—3~
en-6-yllacetic acid

A 4 N hydrochloric acid-ethyl acetate solution (100 miL)
was added to tert-butyl (1R,5S,68)-[6-(tert-
butoxycarbonylaminomethyl}—Bﬂethylbicyclog3.2.0]heptw3—en—6-
yllacetate (9.82 g, 23.7 mmol), and the mixture was stirred
at room temperature for 1 hour. Thén, the sclvent was
distilled off under reduced pressure. The residue was
dissolved in dichloromethans. To the solution, triethylamine

was added dropwise, and the resulting powder was collected by



1H-531H (40011117, am):6Plon:1.36-1.45(211,m),1.54-1. 62121:1,sa),1- 62-1,59 (211,m),1. 78-1. 36
(211,in),1 30-2. 38(1H.ml,2.51(1I1,quint,3=8. 2.1(z),2. 76-2. 83(311,m).3. 14-3. 24(lli,m), 4. 16-4.
21(1H.in),5.23(111,m). 14(14-5 1H-N/IR (5001111z, CDC13):5ppm: Eli mixture I. 39-1. 59 (131. 62-1.
69 (211.m.).1. 78-1. 83(211, ta), 2.18-2.23 (1H. ml, 2.31(11i,quint, 3=7. Stlz),2.50-2.68, ml, Z. 85-2. 94
(isomer13111-11H, m). 3.29(IsomerAlll,add,3=2.915 9, 12. :
5Hz),3.85(isomerAlbr).4.28(isoraer}31H.br).5.23 (isomerAlli,s),5.34(isomer6111.m),5.45-(ill,5. 14(14-h)
111-5LYR(4001(f1z, CDC13): 6ppm:1. 38-1. 52(1211,m),1. 56-1. 72(4H.m.).1,82(211.m),2.08(1H,4,
3=16. 4Hz¥: 2 29f 4 H.ddd, 3=R &9 .40 :2.:0H )2 A6{2th § 1,2 049 2 hBOit, ran) 2. 8BEIE Iquiat J=7"
811z),3.20(111.br),'1.74(111,1.3=11. 711z) 4,85(111,d.,J'11, 7117).5.26(114,s). - 181 - [Table 7]
14(14-i) 1H-NUR (2004 ERL32CBCA8) Bppirilt SRR 1211 T )£ 591 (48 Snf232521m),1.95
(111.0dd. j2.7.9.0.1.2. 517).2. 04(11ml,2,23(11d,3=14. |IHz),2. 31(lll,d,3=14..111. 4 .ml,
2.55(I11,quitit. 5. Bit)F3'7 (||‘Ff8§in‘ff’3§§/.i4ﬁ(zc)?z§5&1‘éi2. G fbﬁc‘,iéé.sé ﬁ‘l%a)‘.z’)f%ﬁ%{-‘%%

of interest as a white powder (2.14 g, 43%).
[0128]

{Example 22) [(1R,53,68)-6-aminomethyl-3-
ethylbicyclo[3.2.0]lhept-3-en-6-yl]lacetic acid p-
+roluenesulfonate (exemplary compound No: 8, p-

toluenesulfonate of the compound of Example 21)

tllllﬁm

/ | | COOH

TsOH

CH;

:E:“H!h-l

Tert-butyl
[ (1R, 58,68)-6-(tert-butoxycarbonylamino)methyl-3~
ethylbicyclo[3.2.0lhept~3-en-6-yl]lacetate (1152.23 g, 3%1.¢6
mmol) was dissolved in benzene (1.2 L). To the solution,
thicanisole (145.57 g, 1173 mmol) and p-toluenesulfonic acid
monohydrate (882.39 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

=3

compound of interest as a white powder (88.29 g, 58%) .

[0122]



MP16,5t(decomPse) : 111-AIR (5003(Hz,CD3C0): 5ppm:l. 44-1. 52(311.m),1. 56-1, 73(41m).1.
80-1.87(211,a),2,05(Hi, Odd,3=2.9,8.8.1l. 7THz),2. 07-2. 10(111.m),2,18-2,53(31:6),2. 59(18,quint,j=5.
31:11),2.85 (11quint,5=7. 8Hz),3,09(1H,al),3.13(Hi.0,5=13. 2Hz),3.18(11d,j=13. 2117),5.39(111.s) IR
(KC1)-1. max1616. 1,1505.2.1395.2 car 1 ; 4S (E51-)raiz:2720,1- Na) ---..250(ll - H)a; HR1L5 (ESI
+)cal cd for(11 + 11) :250. 18070,Found 250. 18174£%.04 mmu). 15(15-a) 1H-NalR (40014Hz,
CDC13):6P24m),2.35-2.11(111,m),5. 05(4Hd,.1=12. 9F1z), 5, 66-5. 82(311.m),6. 93(3=1.2,8.6,15.
SHz), 15(15-b) 111-NMR(4001(1z, 00013)ppm Major isomer 1.15 (93,),2. 58-2. 71 (21 :a). 2. 81-2. 97
(311. n), 3.26:3:34 (k) B. 87+3. B8R L m)-502:3: Q92Lin)Q.-28-5. so (al.a),5. 80-5. 901111,m).

ethylbicyclo[3.2.0]hept-3-en—6-yllacetic acid (exemplary

compound No: 8, optical isomer cf the compound of Example 21)

NH,

/ " coon

CH,

T A

[0130]
(23-a) Tert-butyl [{1S,3R,6R)-6~(tert-
butoxycarbonylamino)methyimB—éthylbicyclo{3.2.0]hept—3~en~6—
vllacetate

Tert-butyl [{1S,3R,6R)~6~(nitromethyl)=3~
ethylbicyclo[3.2.0]lhept-3-en-6é~yl]acetate (peak 2, 6.30 g,
23.36 mmol) was dissolved in ethanol (80 mL) and watexr (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 uncder 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 mmcl) 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
concentrated, and the residue was diluted with ethyl acetate.
The dilution was washed with water and saturated saline and
dried over anhydrous magnesium sulfate. Then, the solvent

was distilied off under reduced pressure, and the residus was



Minor isomer 1.47 (911. a). 2. 18-2.22 (1H. m),2. 58-2. 71 (21, m), 2. 81-2. 97 (31 in), 3. 26-3. 34 (
al),4. 31-4. 32(11m).5. 02-5. 09(211.La),5. 28-5. 50 (21in).S. 80-5, 90(11m). 1H-NIE (400MHz,
CDC13):5ppm:1.45 (911,s),1.52 (111,dd.5=7.6.13, 2.117).3,05-2. 10(11 ml,Z. (11 Odd, 5=2.4, 7. 6,13.
2112). 2.41 (21a), 2,51 (11 dd. 3=8.. 5, 16. 4112), 2.36 (111, quint, j=7, 61z), 2. 88(211,0,6. 7Hz),3.
22-3.23 (111.m),4.75(1/0"1=11. Tfiz).4.84 (Li,d.3=1L£.57tiz) ,5, 05-5. 1 (211.ni),5. 32 (1 H.5),5. 81-5. 91
(1H,m). 15 (15-d) RP":175-176t 1H-WR (400MHz. CD300):3ppm:1.49(11d0,57.5,7),2. 03-2. 09
(211,2.46(11d. 516.2117),2.49(11dd,3=8. 7,15. 5Hz),2. 51 (.nz( (1,3=5. O0Hz),3. 10-3.12 (1H,m).3. 14
(111,d,J13:1H18:@#,040-5i 0ica gel column chromatography to obtain the

compound cof interest as a cclorless oil substance (8.51 g,
99%) .
{23-Db) {(lS,SR,6R)—6—aminomethyl—BMethylbicyclo[3.2.O}hept—B*
en-6-yllacetic acid

Tert-putyl [(18,5R,6R)-6-[(tert-
butoxycarbonylamino)methyl—B—ethylbicyclo[3.2.0]hept—3—en—6w
yllacetate (8.54 g, 23.36 mmol) was dissclved in a 4 N
nydrochloric acid-ethyl acetate solution (100 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, triethylamine was then added dropwise, and
the resulting powder was collected by filtration. The
cbtained 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%].
[0131]
(Example Z24) () -{ (1R, 5R, 6R) ~6—aminomethyl-3~
[(methylthio)methyljbicyclo[3.2.0}hept—3*emw6—yi}acetic acid
(exemplary compound Nc: 18)
(24-a) Tert-butyl (+)-{(1R,5R,6R)-3-(hydroxymethyl)-6-
(nitromethyl)bicyclo[3.2.0lhept-3-en-6~yllacetate

The compound of interest was obtained as an oil
substance in the same way as in paragraph (1-c) from the
tert—-putyl (i)—{(1R,SR)—3—(hydroxymethyl}bicyclo{B.2.01heptw
3-en—-6-ylidenelacetate (726 mg, 3.07 mmel) produced in

paragraph (19-d).



5.42(111,d,3=1. 712),5. 94-5. 84 (11m) - lllalr):cm-1:
2946,2900,2835,1563,1542,1525,1397,1363.910,653. MS(EI):Luiz:221(S)*. Mal.died for
C131119N02:C,70.56; FI,8.65; N,6.33;Found C,C,59,69; H.8.73;N.6.31. 16(16-a) 1H-NISR (400MHz,
CDC13): 6ppm:1. 27(311,)ra), 2.56-2. 74 (211.ra).3. 52(11EIl,3=7. 0112),4.19(2K,q,3-4.98.a.and 5.05
(total al,each dd.3=1,5.3.111z,1. 6,3. Ittz.1.6.3.2Hz2ad1.5,  16(16-b) 1H-NIIR (41Hz,
COC13):5ppm:1.20 andl. 23 (total311.each d,3=7. Oand7. 41.29(311.t, J=7. Otlz),1. 43-1. 66(21m),2.
09-2. 34 (211.in),2.472. 57(113,m),3. 63-3. 73 and 3. 88-3. 95 (total each in),4. 18(21q,3=7. 0Hz),4.

97,5. 00,5, 04:and0stotal 21each niy5 77589 €#ll, 6r) -3~ [ (methylthioimethyl] -6-

(nitromethyl)bicyclo[3.2.0]hept-3-en—-6-yl]acetate
Triphenylphosphine (1.85 g, 7.05 mmol) and carbon

tetrachloride (0.78 mlL, 8.14 mmol) were added to a
dimethylformamide solution (8.0 mL) of tert-butyl (z)-
[ (1R, 53R, 6R) -3- (hydroxymethyl) -6~
(nitromethyl)bicyclof(3.2.0lhept-3-en-6-yl]acetate (807 mg,
2.71 mmol}, and the mixture was stirred at rcocom temperature
for 1 hour. To the reaction solution, water was added,
followed by extraction with diethyl ether. The organic layer
was washed with saturated saline and then dried over
anhydrous sodium sulfate. The residue was filtered and
concentrated under reduced pressure. Then, the obtained
crude product. of tert-butyl (#)-[ (1R, 5R, 6R) -3~ ({chloromethyl) -
6—(nitromethyl)bicyclo[3.2.0}hept—B—en—6~yl]acetate wWas
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 agueous and organic
layers. The organic layer was washed with a 1 M agueous
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 oll

=i

substance (632 mg, 71%).



16(16-c) 111-Na (4001111z,15ppm.1.23 andeach d.J=7.4 and 71.47-1. la a),2.10-2.33(211, a),2.53-
2.57(111.694. 02 (total 131,each m),4.99,5.02, 5. 05.and 5. 09 (total7 16(16-0)
1H-(4001111z,CDC13):3PPml. 29 (31,s),2.14and 2.48(11d,3=18 01(z),- 2. 75(11dd,3=5.9,IS. IHz),2.
90(111,dd,J=7. 8,17. 6Hz),3. 18 (1}1,dd.3=8. 5.11 111z) 5,45-5.48(111,m),5. 82-5. 86 (11a), 16(16-c)
114-11,13R(400111z,CDC13)p_a).4s),2. 30 (131,6316-9F1z),2. 47-60(21,m), 2. 69-1 75 (111,m),3,
30(111.Hz)5.44-5. 47 (1H,at),5.48-5m), 5. 71-5. 71(11m). 16(16-f) Ilti-t&IR (400MHz, CDC13)Sppm: 1.
41 (311,s),1. 48(9H, s),1. 60(11 dd, J=5. 4,11. 2H2.), 2. 10-2. 16(1H,

(24-c) Tert-butyl (4)-{(IR,35R,6R)-6-{[(tert-
butoxycarbonyl)amino]methyl}~3-
[(methyltiio)methyl]bicyclo[3.2.0]hept-3~en—6—yl}acetate
The compound of interest was obtained as an cil
substance (755 mg, 98%) in the same way as in te paragraph
(3~a) from tert-butyl (i)—[{lR,SR,SR)—3ﬂ£(methylthio)methyl§—
.é—(ﬁitromethyi)bicyclo[3.2.0}hept—3—en—6—yllacetate {632 mg,
S 1.93 mmol; .
(24-d) (£) ~{ (1R, 5R, 6R} ~6—aminomethyl-3-
[(methylthio)methyl]bicyclo[3.2.thept~3—enm6—yl}acetic acid
The compound of interest was obtained as a white scolid
(342 mg, 75%) in the same way as in paragraph (l-e) from
terc-butyl (x)~-{(1R,5R,éR)-6-{[ (tert-
butoxycarbonyl)aminoimethyl}-3-
[(methylthio)methyl}bi“yclo{3.2.0lhept—3—en—6wyl}acetate (755
mg, 1.90 mmol) .
[0132]
(Example Z5) [ (1R, 58, 68)-6-aminomethyl-3-
methylbicycle£3,2.0Ehept~3—en~6—yl}acetic acid (exemplary

compound No: 4, optically active form of the compound of

Example 7)

n:HI”m

e



m),2. 55 (2-1s),2_ 57-2. 68 (31m).5. 52-5. 56 (1H.m).5. 67-5. 90(1H,in). byproduct : 1H-141R
(40011Hz. CDC13):6ppm:1. 1013,1s),1. 18 (911,a),2. 09 (11cl.j=7. 8,12. 7Hz), 2. 18-2. 20 and 2_
21-2. 22 (total 111. each m). 2. 30 (111. dd,38.B.12. 71-hz), 2. 51 (11 dd. .37.3, 7. 9kiz), 2. 60-2.
66(11a),2. 72 (211,dd.5=16.1,24. 4Hz)5 82-5 96 (111m)5 87-5 91 (111.m). 16(16-g) 1H-1MR
(40011Hz, CDC13):5prom:1. 45,1.46and1. 4oeach)t54-1.62(41{.m), 2. 00-2. 20 (21. m), 2. 55 (215s).
2.55-2. 69(7E.m), 3. 28 (111. 40, 35.4.7Hz), 3.62(111. dd. J=6.9, 13. 2.117),5. 52-5. 55 (1H.in),5.
88-5. 91(1H.m). 16(16-h) 111-!../4R(4001111z., CO300):3 ppm: 1. 12(31 a), 1. 37(11 dd, 57.3.12.02

(1H, dd, 8. 5,12.2H2), 2,08:2, 10 and 2.11;2..13{ceral lit each m) 5 @ 4ds(1:dd, 557, 8-15.21W, -. 52

(211,9),2. 52-2.59 (1H, a),3.19 (11d.3=13. 212),3.%2(11 J=13. 2Hz),5. 74-5. 80 (21f,m).
(nitromethyl)bicyclo[3.2.0}hept—3~enm6~y1]a¢etate

Tert-butyl {(£)-[{1R,58,638)-3-methyl-o-
(nitromethyl)bicycle[3.2.0]hept~3-en-6-yllacetate (1% g, was
resolved using Chiralpak IC (N-Hex:EtOH=98:2, 1.0 mlL/min,
40°C) manufactured by Daicel Chemical Industries, Ltd. to
respectively obtain 5.5 g of. . a peak 1 (retention time: &.1
min) and 5.2 g of a peak 2 {(retention Time: 7.7 min).
(25-b) Tert-butyl [(1R,58,68) -6~ (tert~
butoxycarbonylamino)methyl-3-methylbicycle[3.2.0lhept-3-en-6-
vilacetate
Tert-butyl [(1R,5S,68$)-3-methyl-6-

(nitromethyl)bicyclo[3.2.0}hept-3~en-6-yl]lacetate (peak 1,
5.5 g, 19.5 mmol) was dissclved in ethanol (40 mi). To the
solution, 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,
and then concentrated. The residue was dissolved in ethanol
(50 mL). To the sclution, 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



IR(103r):cm-1:2904,1558,1516.1395,1381 115(FAB):m/z:1961)1+3) r,234 (11-,K)-, Hp.145-148t. -
182 - [Table 8] 17(17-a) H4Hz, CD...i..,5p1.4)=1,31-1.40(111,m),-16 . 34-2. 54 (3H,si),2.79(2.86)(.=
43.71(173)34. 01-4. Il 211-60-5 80lita) 17(17-c) 400.J=7145a).2.43-2.70211. _ 23.944.5.56-5.5877-5.
7 d 4L. CDC13):5PPm-0.91(3h.Hz).1.454 B

- 129 -

g) to obtain the compound of interest as an 0il substance

8,68) —6~aminomethyl-3-methylbicyclo[3.2.0]hept-

N
U
I
[$]
-
jes)
L

3-en-6-yllacetic acid benzenesulfonic acid

Tert-butyl [(1R, 55,68} -6~ (tert-
butoxycarbonylamino}methyl—3~methylbicyclo[3.2.0]heptm3—en—6~
yllacetate (6.8 g, 13.% mmol) and benzenesulfonic acid
monohydrate (3.7% g, 21 mmol) were added to benzene (40 ml),
and the mixture was heated with stirring for 2 hours. The
resulting sclid was collected by filtration to obtain the
compound of interest as a white sclid (5.6 g, E1%).
(25-d) [(1R,58,68)~6=aminomethyl-3-methylbicyclo[3.2.0]hept-
3—en-6-yliacetic acid

[{1R,SS,68)—6—tert"butoxycarbonylaminomethyl—3*
methylbicycio(3.2.0]hept~3-en-6~yllacetic acid
benzenesulfonic acid (5.6 g, 15.8 mmol) was suspended in
methylene chloride (50 mL). 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 c¢f interest as a white sociid {2.4 g, 77%).
[0133]
(Example 26) [ (1R, 58, 658)~6—aminomethyl-3-
methylbicyclo[3.2.0lhept-3-en-6-yliacetic acid (exemplary
compound No: 4, optically active form of the compound of
Example 7 differing in production process from that of

Example 25)



111,(a),2. 45-1 55(111.si),2- 86-2. 95(111,m),3. 30-3. 36(111.t0),1. 780H.4.. 3 =12 HzE. 59-- 62a),5.
70-5. 77(111.55 4 4C7 Hz),2.(Ill,d, Jr 12 Hz),2. 25(1H,d.=2),2. 42-2. 46(Hi,na).2,-3. 2)3.3. - Iss'5.
65-5. 75.82-5.89(111,a). H40D)4(1-_2.10 (11i.42-2.H.az),,a.6(LH,m).
IR(2952.1618.1560,1514.1394 145(El):in/z;1960f) T. Anal.caled for C11823N0O2)(1. 21120: C.66. 50;
H,8.82; N.7.05; Found C,66.55; R,8.60;ri,7.17. - 130 - ’

&
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CH; / COOH

EH“IH-

(26~a) Tert-butyl [{1S,5R,6R)-6-{tCert-
butoxycarbonylamino)methylﬂ3~methylbicycloE3.2.0}hept—3—@n”6—
vilacetate

Tert-butyl [{1S,5R,6R)-3-methyi-6-
(nitromethylibicyclo[3.2.0}hept~3-en-6-yllacetate (peak Z,
5.2 g, 18.5 mmol} was dissolved in ethancl {40 mL). To ths
solution, Raney nickel (1.2 g) was added. To the mixture,
hydrazine monohydrate (3.7 g, 74.1 mmol} was addec with
stirring, and the mixture was stirred overnlight 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,
and then concentrated. The residue was dissolved in ethanol
(530 mL). To the solution, di-tert-butyl 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-D) {(lS,SR,6R)—6—aminomethyl~3—methylbicycio{3.2.0]hept—

3~en-6-yllacetic acid benzenesulfonic acid



l1p.148-152 t 1H-NICR(CDC13,400 Wiz) :61.27 (311.b, J =7.4 Hz),1. 74-1. 87 (111, m), 2. 11-2- 32
(211. ,0),2. 43-2. 58 (211.a),3.32(18 of rumor,d,J = 4. 3 Hz),3.40 ((8 of major,cl.J = 5. 5 Hz),3. 49-3.
64(2H, a), 3.81(311,s).4. 10-1. 26(3E1,m),4. 38-4. 45(211,m),5. 00-5. 09(211.m).5, 70-5.
61(111,m),6.85 (211.d,J=8.2 Hz),7. 23-7. 26(211,a). 18(18-b) IH-N39, (CDC1,,400 MHz):&1. 77-1.
84( Il of major,0f2.11-2.31 (211.si.),2. 16-2. 60¢21133. 47-3. 70(28,m),3. 62H.major,,1.21 -4,25(111 of
minor.ml,4,-4. 48(211,m),5,03-5.09(95.68-5.79a), 3= 8.6 Hz),7.23(211.d.3 = 8,6 Hz). 18(18-c)
1H-13,500 MHz):

Tert~butyl [(1S,3R,6R)—-6—-(tert~

butcxycarbonylamino)methyl~3wmethylbicyclo[3.2.0]hept—3~en—6—
yllacetate (6.4 g, 18.2 mmod) and henzenesulfonic acid
monochydrate (3.53 g, 20 mmol) were added to benzene (40 mL),
and the mixture was heated with stirring for 2 hours. The
resulting solid was collected by filtration to obtain the
compound of interest as a white solid (5.8 g, 20%).

(26-c) [{15,53R,6R)=6~aminomethyl-3-methylbicyclo[3.2.0]hept-
3-en-~c~yllacetic acid

g, 5R, 6R) -6-tert-butoxycarbonylamincmethyl-3~

l,.ﬁ_.l

L
methylbicyclo[3.2.0]hept-3-en-6-yllacetic acid
benzenezulfonic acid (5.8 g, 16.4 mmol) was suspended in
methnyvlene chloride (50 mL}. To the suspension, triethylamine
(4.6 ml, 32.7 mmel) was added, and the mixture was stirred at
room temperature for 1 hour. The_resulting sorid was
collected by filtration and washed with isopropancl to obtaln
the compound of interest as a white solid (2.0 g, 53%).

[0134]

(Example 27) (£} -1 (1R, 58, 65)-6-aminomethyl-3, 4-dimethyl-
bicyclo[3.2.0]hept-3-en-6-yllacetic acid (exemplary compound
No: 19, salt~free form of the compound of Example 20)

(27-a) Methyl 3,4-dimethyl-3-hydroxy-t~neptencate

3-Methyl-5-hexen-Z2-one (J. Chem. Soc., Chem. Comm. 19,
1991, 133%9) (17 g, 106 mmol} and methyl bromcacetate {z4.4 g,
150 mmol) were dissolved in tetrahydrofuran (100 mi), and the
solution was added dropwise to a tetrahydrcfuran (50 mL)
(zinc (10.4 g, 15% mmol) and trimethyl borate (30 mL))

solution under raflux. After reflux for 3 hours, the mixture



45 (911,1 27-2- 31(111,m),2. 66-2. 74(211,2. 9 -3.1 sH.s),4. 44(211,s),5.47 (111,bra),5,5 6(111,
,7.26-7.31H, Minor isomer (detectablek464,08 (211, s),4,35(111.hrs),.....i.(5H.hr 18(18-4) 2.30-3.35
1H-NMR(CDC13,500):51.45 (91{,L55-1.60 (lli. (c), 2.16 (1.11. hr 4, J =16. 6 Hz), (111,m),2.49(211,2.
58(1H,dd.37,5,15. 6 Hz),2. 89-2. 96(111,is),3.29(LH.bra),3.81
(38,s),4.10(Mts).4,46(28,s),4,78(111.cl,J = 11.2 HZ),4:84(111,cl.J = 11.2 Hz) (111,br s).6.89(WI,4.3 =
9.8 Hz),7.27(211,4.3 = 9.8 Hz),

was cooled to room temperature, and glycerin (30 ml)} and a
saturated aguecus soluticon of ammonia chicride (100 mL) were
added thereto, followed by two extractions with ethyl acetate.
The ethyl acetate laver was washed with saturated saline,
tnen dried, and then concentrated. The residue was purified
by silica gel column chromatography (200 g} to obtain the
compound of interest as an oil substance (11.7 g, 60%}.
(27-p) 3,4-Dimethyl-3-hydroxy~6-heptenoic acid

Methyl 3,4-dimethyl-3-hydroxy-¢é-heptencate (11.7 g, 62.8
mmol) was dissolved in a 2 N potassium hydroxide-methanol
solution (44 m;}, and the solution was stirred cvernight at
room temperature. The reaction solution was concentrated,
then dissolved in water (30 mL), and washed with ether. The
aqgueous laver was made acidic (<pH=Z) using aqueous
hydrochloric acid, followed by twe extractions with ethyl
acetate. The ethvl acstate layer was washed with saturated
saline, then dried, and then concentrated to obtain the
compound of interest as an oil substance (10.1 g, 93%). This
compound was used in the next reaction without being purified.
(27—c) Tert-butyl (+)~{1R, 58) -3, 4-dimethyl-[3.2.0lhept-3-en~
G-ylideneacetate

3,4-Dimethyl-3~-hydroxy—-6-heptenoic acid (10.1 g, 54.Z2
mmol) and potassium acetate (12.8 g, 130 mmol) were dissolved

in acetic anhydride (100 mL), and the soluticon 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 hydrexide



18(18-e) 400 MHz):51. 42-1. 16(111,a),1.44 (911,s),1.45 (911,s).2. 03-2. 13(211,m),2.23 Z.
29(111,4,Jr14.1 Hz),2. 50-2. 57(111,a),2. 95-2- 94(111,t0),1 06 (16, s)d,J = 6. 3,13. 9 Hz).3.
43(1H,dd.J =6, 7.13,9 Hz),3. 81(311,s).4, 10(211, 4. 42H)4.99(111,bra),5.67(111.bra),6. BS(Zil,d.l -=
B. 6 liz),7. 28(211.d.Jr Hz), 18(18-f) th-NMRWOCI3.0.-(1861,s),2.2.23 Jr 14. 1 Hz), 148-2,58(111,a).
2.82-2.96 Jr6.2),3.43(111,dd,3=6.3,14.1 Hz),4.25¢Z1 L hr s),bra), 5H,hr s) 8-g)
111-NMR(C0O300,400 MHz) :51.54IR, dd.j = 7. 8,12.5 Hz),),2. 06-2. 17 (211.a), 2.48

solution and a saturated saline sclution and then
concentrated to obtain an oil substance. This cill substance
was dissolved in tetrahydrofuran (70 mi), and the solution
was added dropwise to a tetrahydrofuran (50 ml) (sodium
hydride {(2.17 g, 54.3 mmel)} and tert-butyl
dimethoxyphospherylacetate (12.2 g, 54.3 mmol)) solution
under ice cooling. The reaction solution was poured to a
saturated agueous sclution of ammonia chloride, followad by
extraction with ethyl acetate. The ethyl acetate layer was
washed with saturated saline, then dried, and then
concentrated. The residue was purified by silica gel column
chromatography (200'g) to obtailn the compound of interest as
an oil substance (4.2 g, 33%).
(27-d) Tert-butyl (*£)-[{1R,55,68)-3,4-dimethyl-6~
(nitromethyl)bicyclo[3.2.0]hept-3-en~-t-yl]acetate
Tert-butyl (&)~ (1R,58)-3,4~dimethyl-{3.2.0]hept-3~en—6~
ylideneacetate (4.2 g, 17.9 mmeol; was dissolved in
nitromethane (20 ml). To the sclution, I1,8-
diazabicyclo[5.4.0jundec~7-ene (4.2 g, 27 mmol) was added,
and the mixture was stirred overnight at room temperature. A
saturated agueous solution cof potassium dihydrogen phosphate
was added thersto, followed by extraction with ethyl acetate.
Then, the organic laver was dried over anhydrcous 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

colorless oil substance (4.5 g, 85%).



(21{.s),2.55 (111,br dd,3 = 7. 5.16. 4 Hz),2. 88-2. 96 (lli.m),3.15(111,4,3 = 1Z 9 Hz),3. 15-3. 20
(111,is),3,22(In,4,5=12,9Hz2),4.69(211.5),5.71(1.H,hrs). MS(FAR):raiz: 254(11 ' 0-. Anal.Ca led for
C13H19804: C 61.64: 11 7.56: N 5.53: Found: C 60. 66: 11 7.32; N 5.62. IR(1113r)
;cm-1:2904,1742,1567,1524,1381,1212- lip,175-176r 19(19-a) -NMR(CDC13,400
MHz):50,03(611.0.38(9H,a).2. 19-2. 17(111,r0);2. 2942.-36(16,m), 2. 40-2. 48(LH,m.),3. 59(211,d,J. =
5. 9 Hz),3. 73(3H.a),5. 00-5. 08(211,m.),5. 67-5. 78(lli,is), 5.85(11ld,3=16.3 Hz),6.86(111,dd 1 =
3.2.16.3 Hz). 1H-N31ft(CDC13,400 MHz)60.04(611,s)0.88(911,s),2. 12-2, 19(111.ml,2. ,6-2.

36(111,0))27-} Tert-butyl [(1lR,5S,68)-6-(tert-

butoxycérbonylamino}methyl—B,4—dimethylbicyclo{3.2.0}heptﬂ3—
en~6-yllacetate

The compound of interest was obtained as an oil
substance (5.5 g, 99%) in the same way as in paragraph. (3-2a;
using tert-bcutyl (£y-[ (1R, 55,65)-3,4-dimethyl-6~
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (4.5 g,
15.2 mmolij.
{(27~-£) (+)~[ (1R, 58, 65) ~6~aminomethyl-3, 4-dimethyl-
bicyclo{3.2.0lhept~3-en-6-yllacetic acid

The compound of interest was obtained as a white solid
(440 mg, 45%) in the same way as in paragraph (3-b) using
tert-butyl f (1R, 53, 63) -6~ (tert-butoxycarbonylamino)methyl-
3, 4-dimethylbicyclo[3.2.0lhept-3~en-6-yllacetate (1.7 g,
4.65 mmol) .
[0135)
(Example 28) {i)—[(1R,55,6S)—6—aminomethyl-3~(2~fluoroethyl)~
bicyclo[3.2.01hept-3-en-6-yl]lacetic acid (exemplary compound
No: 30)
(28~a) Ethyl (E)-4-{2~hydroxyethyl)~hepta-2, 6-diencate

3-zllyl-tetrahydrofuran-2-ol (18 g, 140 mmol) and
ethoxycarbonyl triphenylphosphorane (35 ¢, 104 mmol) were
sﬁirred overnight in toluene (200 mL). The reacticn sclution
was concentrated, and the residue was purified by silica gel
column chreomatography to obtain the compound of interest as
an oil substance (15.8 g, 61.1%).

(28-b) Ethyl (E)~-4-{2-fluorcethyl)-hepta-2, 6-diencate



_2.13-2. 52( lita),3. 59(LH,dd,3 = 5. 9,9. 8 Hz),3.63(111.dd,J = 5. 9,9. 8 Hz),5. 02-5. 09 (2/1.
Is),5.72(1H,dddd,J = 7.0,7.0.10. 2,17.2 Hz).5. 86(111.dd.3 = 1.2.15.6 Hz),6. 97 (111,dd J =8. 2,15.6
HZ). - 183 - [Table 9] I.1¢) 1 -MIR(00013,400 MHz) : Major
isomer:50.07(611.s),0.9195,s).1,15(911.s).2. 15-2.25UR.En),Z. 59-2.73(211,rah 2. 92-3.
01(111,m),3.31(111.&h.Jr. 2.7.8.6.15.4Hz),3. 88-3193(15,ml"4.21(2H,hr s), 3. 46-5. 50(al.m). Minor
isomer(detectable peaks) :3L48 (9H,s),1. 30-4. 35(LH.m),1.23(211,hr s).5. 35..36 (1H,ml,5. 69-5.
71(1H.m). 19(19-d) 1H-MIR(CDC13.400 M!—|z) . Major isomer:51. 45(911,s),2.28(111,hrd,J = 16.4
Hz).2. 64-E7AY{21158),2- 93- DAL a) 3 B3 HAGmIa 2 768 G1E323F8H 3 1% 27 -1
96(111.m),4.23(211, , .
mmol) was dissolved in tetrahydrofuran (40 mL}. To the

solution, DAST (4.8 g, 29.8 mmol) was added under ice cooling,
and the mixture was stirred for 1 hour. The reaction
solutién was poured to a saturated aqueous soluticn of sodium
bicarbonate, followed by extraction with ethyl acetate. The
ethyl acetate layer was washed with saturated saline, then
dried, and then concentrated. The residue was purified by
silica gel column chromatography (200 g} to obtain the
compound of interest as an oil substance (2.2 g, 44%).
(28~c) Tert-butyl (+)-[(1R,53,68)-3-(2-fluocrocethyl)-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate

The compound of interest was obtained (870 mg, 23%) in
the same way as in paragraph (27-b), (27-c} and (27-d) using
ethyl (E)-4-{2-fluorcethyl)-hepta-2,6-dienocate (2.2 g, 11.9
mmol) .
(28-d) Tert-butyl [(1R,53,68)-6-(tert-
butoxycarbonylamino)methyl-3-(2-
fluoroethyl)bicyclo[3.2.0]hept-3-en~6-yllacetate

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 (£)~[(1R,58,68)-3-(2-fluorcethyl)-6-
(nitromethyl)bicyclo{3.2.0]lhept-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-yliacetic acid

The compound of interest was obtained as a white solid

(330 mg, 79%) in the same way ag in paragraph {3-b) using



hrcl.J = 4. 3 Hz),5. 47-5. 49(1H,m.),3. 52=5. 55(111,cl). Minor Isomer (detectable peaks) :61.49
(911.s).2. 45-2. 54 (1R, la).4. 33-4. 35 (1H,ml,S. 37-5. 39 (18,ml,5. 74-5. 77(111m). 19(19-e)
111-N13.-100 MHz) :1.15(9H,s).1. 56-1. 621111,m.).2.12-2,19ml,2.33WI,dthl,j =2, 7,9. 0,12. 9 Hz),2.
49(21{,s).2. 51-2. 59(1H,m).2, 88-2. 97(111.m).3. 27-3. 31(111.ml,3.37 Its).4.03(al.s),1.78(ll,4,j =11. 7
Hz),4.84(1H,cl,J =11. 7 Flz),5. 56-5. 59(1H,m). 1-IKt8R{CDC13.400 MHz):61. 43-1.
46(111,ail,1.44(1811,s),2. 03-2. 12(211,m),2.23.d, =14.1 Hz),2.29(1.H.chJ =14. 1 Hz),2. 47-2.
55(111.at),2. 82-2. 94(1H.ml,3. 04-3. 09(111,ml, 3.35(311,s),3. 35(111.dd.l = 6.3,13. 7 Hz),3.

12(1H,dd.j £8: 8.43: 42);4,102(23 1 634,99 (Hiehd)}S.6HIIEAr)onylamino ) methyl-3-
(2-fluorcethyl)bicycloi3.2.0lhept-3-en-6-yllacetate (700 mg,
1.83 mmol).
[C136]
(Example 29) (x)-[(1S,5R,6R}-6-{aminomethyl) -4~
-methylbicyclo{3.2.0]hépt—3—en—6wyi]acetic acld (exemplary
compound No: 3)
(28-a) 3-Hydroxy-3-methylhept-6-enoic acid
Trimethyl borate (15 mlL), zinc powder (washed in advance
with dilute hydrochloric acid and cdried for use, 4.24 g), and
tert-butyl bromcacetate (2.9%1 nmlL, 48 .6 mmol) were added in
vhis order to a tetrahydrofuran solution (15 mL) of hex-5-en-
2-one {(5.2% g, 53.% mmol), and the mixture was heated to 30°C
for 30 minutes using an oil bath, then brought to room
temperature, and stirred for 3 hours. The mixture was
separated into organic and agueous layers by the addition of
glycerol, a saturated aqueous sclution of ammonium chioride,
and saturated saline, and the agueous layer was then
subjected to extraction with diethyl ether. These organic
layers were combined, then washed with saturated saline, and
rhen 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 mb)
was added, and the mixture was stirrsd at room temperature
for 6 hourz. The solvent was distillied off under reduced
pressure. To the residue, a 1 N agueous sodium hydroxide
solution was then added, followed by washing with diethyl

ather. The agueous layer was made acidic using concentrated



L1 111-N1111(C13301),400 MHz) :51,53 (IRdd.J =7. 1.12. 5 Hz),2. 09(15,chid,J = 2. 7,H. 6,12. 3 Hz),
2.10-2. 16 (IN,m),2. 48-1 56( Ili,m),2.50(211,s),2. 57-2. 95UK,m),3.16 (111.,d.J = 13. 3 H2), 3. 16-3.
20(15,La),3,22(111,C.j =13.3 Hz),3.32(3H,s),4.0-1(21{,s),5.68(IH.hr 5). MS(FAB) !. 0h:226011 .6 11+.
Anal.Calcdfor C121119N0O3:C 63. 98; H 8,50;N 6.22;Found:C 62.83; 11 8,37: N 6, 21. IR(Or) :cm-1: |
2903,1565,1525,1397,13.1103. Mp 160-162t 20-aE¥H-N1IR(40011112, CDC13):5ppm: 0.87(L511,d,J
=7 Hz),0.92(.,=1.5.. 1. 5H,, s),1.20(1. 5H,s),1. 60-1. 72(211,m),2. 38-1
60(311.m.),3.51(0.511,s),3.54(0.511.s),3,73 82(18.

hydrochloric acid under ice cooling, followed by extraction
with diethyl ether. The organic layer was washed with
saturated saline and then dried over anhydrous magnesium
sulfate. The solvent was distilied off under reduced

pressure to obtain the compound of interest as a pale yellow

e

oil substance (5.24 g, 75%).
{29-1) (t)~{ls,5R)-4—methylbicyclo[3.2.0}hept—3—en—6mone

3-Hydroxy-3-methylhept-é-enoic acid (5.24 g, 36.4 mmol)
was dissolved in acetic anhydride (40 mL). To the solution,
potassium acetate (12.52 g, 127 mmol} was added, and the
mixture was stirred at room temperature for 2 hours. The
reaction soiuticn was heated to reflux and stirred for 4
hours. To the reaction solution, lce water and toluene were
+hen added, and this mixture was stirred overnight at room
temperature. The mixture was separated into agueous and
organic layvers 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 0il substance (1.10
g, 17%, diasterecmeric mixture) .
{29-c) Tert-butyl (i)—(18,5&)—4~methylbicycloEB.E.O}hept—B—
en-6-ylidenesacetate

(+)-{18,5R) ~4-methylbicyclo[3.2.0]hept-3-en-6-one (1.10
g, 9.0 mmel) 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



(311,s),4. 96-5. 05(211.m),5. 73-5.m). 0(20-c)
1H-ilaz,3):5ppm:1,46(911.,a),1.311.hr.s),1.64(35,hr.s),2. 59=2. 81, ml,3. 25-3- 33m),3. 65-1
73(lli.m).5. 38-5. 40(0. IH.m),5.15-5. 50(0. 911.m). 20(20-d) 111.-N1z,13):5ppm:
1.14(911.s),1.58(311.hr.ml,L 54- L 60(21.ml,1,68(al,hr.s),2_ 05-2. 21(a.ra),2,44(111, cl,j=17 1-hz) ,2.
52(Hi,d,J = 17 Hz).2. 65-2. 74(111.ml,3. 16-3. 23(1H:M)4.80(111,d,J = ),4.88(111.d,J =12112).
20(20-c) 1(4, C:5ppm:1. 52-L 5(111..1.s),1.56(9H,s).1.51(311,hr.s),

dimethoxyphosphorylacetate (2.08 g, 9.3 mmol) under ice
cooling, and the mixture was further stirred for 2 hours.
The reaction solution was separated into agueous and organic
layers by the addition cof a saturated aqueous solution of
ammonium chloride and saturated saline. The aquecus layer
was subjected toc 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 pﬁrifi@d by silica gel column chromatography to
obtain the compound of intersst as a pale yellow oll
substance (1.59 g, 80%, E/Z mixture].
(29-d) Tert-butyl (#)-[(1S,5R,6R)~6-(nitromethyl) -4~
methylbicyclo[3.2.0]hept-3~en-6-yljacetate

The compound of interest was obtained as a colorless oil
substance (2.02 g, <100%) in the same way as in Example {(8-d)
using tert-butyl (£)=1(18,5R) ~4-methylbicyclo(3.2.0]hept-3-
en—6~ylideﬁeacetate (1.5% g, 7.22 mmol).
(29-g) (£)-[(18,5R,6R)-6~{aminomethyl) -4~
methylbicyclo{3;2.0]hept—E—en~6—yl}acetic acid

The compound of interest was obtalned 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{3.2.0]hept-3-en~-6-yllacetate (1.00 g, 3.2 mmol).
t0137]
(Example 30) Tert-butyl {(1R,5§,68)-6~aminomethyl-3~
ethylbicyclo[3.2.0}hept-3—en~6~yl]acetate (exemplary compound

No: 203



1.66(3H.hr.s),1 15-2. 30(211,m),2. 40-2- 70(211.m),2. 90-2. 980H,ml,3,26-3.51(211,m), h. 94-5. 05
8IH,hr.s). 20 (2f) 11-1-NMR(400M1kz, CD:5ppm:1.4 - .55(I1l,m),1.62(311,hr.s),1.70(3H,hr.ml.2, 05-2.
20 211,m),2.35 (311,br.ml,2. 50-2.57(311.at),2. 68-2. 74 (111.in),2. 95-3. 02 (111,(n),3. 32-3. 36 (2R.
ra.) .7.20-7.24(211.ml,7.68-7.72(211,ta). Anal. calcd for C191127N1053: C,59.58; H,7. 19; N. 3.75;
5,8.59; Found C, 59.82; 11,7.13; 1i,3.67; S.8.4T. IR(KBF):cm-1:1725,1516,1235,1162,1120. 3(El): an:
210(10,-- Mo0.186-189¢t. 21 (2 -

-ul!ﬂim

CH,

Tt

Tert-butyl [(1iR,5%,68)~3-ethyl-6-
(nitromethyl)bicyclo[3.2.0jhept-3-en-b6-yljacetate (7.0 g,
23.7 mmol) was dissolved in ethancl (60 mL) and water (21 mb).
To the solution, iliron powder (13.27.9, 237 mmol) and ammonium
chloride (628.1 mg, 11.9 mmol) were added, and the mixture
was stirred for 5.5 hours under heating to reflux. The
mixture was allowed to cool, then diluted with saturated
saline, a saturated agueous soluticon of sodium bicarbonate,.
and ethyl acetate, and filtered through Celite to remove
insoluble matter. The filtrate was separated into crganic
and aqueous lavers. The organic layer was washed with
saturated saline. The organic layer was dried over anhydrous
magnesium sulfate. Then, the sclvent was distilled off under
reduced pressure to obtain the compound of interest as a pale
yellow cil substance (7.02 g, <100%).

[0138]

(Example 31) (1R, 58,658)-6- (amincmethyl) -3~
ethylbicyclol3.2.0]lhept-3~en—6-yllacetic acid
penzenesulfonate {exemplary compound No: 8, optically active

benzenesulfonate)



111-4I(Hz, cpc3):5ppm:L 08(3K.t,5r7,6111),1.39(111,dd,3=7,6,12. 111.2),1.14 (1811,s), L 98-102
(al.m),/ 12(211,0,1=7. 6112),1 22 (111.4,J=14. 5Hz),1 27(151.d.5=14. Stiz). 2. 46-2. 50 (1H.m),2.80-2,
88 (111,m).2.99"3. 00(111.m),3, 33 (111.cid,1=6, 2,13, 7112).3, 41 (111,dd, 5=6. 2.13. 7112),5. 00
(111,broad),5. 33 (111.d,j=1. 6Hz) . r" 1250 -90.6'(c=1. 37,CHC13). 21(21-c) 14p.182-183r [a] 250
2110.3'(c0.85.Me011). 1H-NMR(4001412, CO300):45ppm:L. 10 (331,t,J=7, 4Hz),1. 48
(11-1,dd.J=7.5,12. 5Hz),1 03-2. 08 (al, ,2. 14(2K,q,J=7- 41-12), 2. 46 (111, d.J=16. 72e1.2).2, 46-2.
53 (111,m), 2.51U51,cc J=16. 21-12). 2. 55 (111, quint,J=7. 5112),3. 09-3. 10 (111,ra),3. 14
(111.d..1=13. 0112),3, 18(1H.4,J=13. 0112) 5. 38 (111.dd.

= & NHE

N
&
\\

// | | COOH

PhSO,H

siH ]

CH,

st I

(ER,55,68)—6—(aminomethyl)*3~ethylbicyclo[3.2.03hept—3—
en-6-yllacetic acid (4.50 g, 20.6 mmol) was dissolved Dby
heating in a 1 M agueous solution (22.7 mlL} of
benzenesulfonic acid monohydrate, and the solution was then
alliowad to cocl to room temperature. The resulting solid was
collected by filtration. The sclid was washed with water {15
mlL) and then dried using a vacuum pump to obtain the compound
of interest as a colorless solid (6.45 g, 77%).

[0139]

{Example 32)_(i)~{(ls,SR,6R)—6-{aminomethyi}—
spixo[bicyclo[3.2.0]hepta—2,1'wcyclobutan}—3—en—6—yl}acetic
acid {exemplary compound No: 39)

{32~a) Methyl cyciobutylideneacetate

Sodium hydride (>65% oil, 2.62 g, 95 mmol} was added to
a tetrahydrofuran solution (200 mL) of trimethyl
phosphonoacetate {18.21 g, 100 mmol) under ice cooling, and-
the mixture was stirred for 1 hour. To the reaction solution,
a2 tetranydrofuran soluticn (50 mL) of cyclcbutanone (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 agueous solution of
ammonium chloride was added, followed by extraction with

hexane. The organic layer was washed with saturated saline



j1.7.3. 7112). ER (Or): cm-1: 2962, 2926,2897.a77,1559,1527,1403. MS(FAB):m./ z:210(1111)
-,232(W-Na).. Anal.calcd for CI21119N0O2:C.68.87: 1i.9.15; N.6.69:Found C.C.65.55; H,9.16; N.6.45. -
184 - [Table 10] 22 kip.171-172t [ a:] 251) -59. 6-Cool. 02.MeOH) 111-NMR (400MHz.Pim: 1,-z,a 1
(111,dd.7. 1,12. 7Hz),2. 06-2, 20 (411.ell), 2. 37 (3/1.s),2.2. 560Kml,2. 51 (2H.quint,J=7. 4Hz).3.12-3.
14 (111,m),3.28(1K. d,J=13. 5Hz),3. 33 (1H,d.J=1245Hz),5,31-5.32011,7. 21-7. 25 (211.m),7.69-7.
72(211.ro). FR(11Br):cm-1.3155,2963,1707,149741037,811657,567,
MS(Flat)'/Luiz:210(free-PI-1)4,(FAH-)mil".208free-11) -,171(Ts0(5-H) -. Anal. calcd for C191127NO055:
C, 59.82; |1841:Found £;59. 65;HkdE @12 NedgBesium sulfate. The solvent was

distilled off under reduced pressure to obtain the compound
of interest as a pale yellow oil substance (18.94 g, <100%).
(32-b) Cyclobutylideneethanol

Lithium aluminum hydride (1.8% g, 50 mmol) was added to
& tetrahydrofuran solution {200 mL) of methyl
cyclobutylideneacetate (18.92 g, <71.4 mracl) under ice
cooling, and the mixture was stirred in this state for 2.5
hours. Methanol (10 mi} and a 1 N aguecus sodium hydroxide
solution (5 mL) were added thereto, and the mixture was
further stirred at room temperature for 1 hour and then
filtered through Celite. The residue was washed with ethyl
acetate and saturated saline. These filtrates were compined
and separated into agueous and organic layers. The organic
laver was washed with saturated saline and then dried over
anhydrous sodium sulfate. The sclvent was distilled off
under reduced pressure to obtain the compound of interest as
2 pale yellow oil substance (22.14 g, <B4%).
(32-c) {1-Vinylecyclcbutyl)ethanol

Cycloputylideneethanol (22.14 g, <60 mmol) was dissolved
in triethyl orthoacetate (23 mL). To the solution, phenol

1.02 g, 11.6 mmol} was added, and the mixture was stirred

o

for 1 day under heating to reflux. The mixture was allowed
to cool, and saturated saline was then added theretoc,
foilowed by extraction with sthyl acetate. The organic layer
was washed with saturated saline and then dried over
annydrous sodium sulfate, and the solvent was distilled off

under reduced pressure. To the residue, a 2 N potassium



8.53. CDOz 1,H.da., .Hz1811,s 1,98-"2, 02(211,r0),2.12=2. 27 (111,d.14, 511Z), 2. 46-2. 50
(111,ra),2. 60-2.88 (111,m),2,99-3.00(111,,3.33011,dd.13, 7th),E.dd. J=6. 2,13.
7112),5.00(111.broad),5,11.d,j1. 6Hz). [0. 1210 +68. 1(c=1. 37,CHC13) 23(23b) NMR (L00MHz.
00300): 6ppm: 1. [0(31Lt, J7.Et).1. 43(111. dd. 1=7. 5,12, 5Hz), Z. 03-2. 09 (2H. m),2. 14 (2E.q.J--7.
4112"Er),2. 46 (E,a,. 2Hz),2. 46-2. 53 (1H,m),2.-51:@5.,:3r16. 211z), 2. 85 (111, quint, J=7. 511; ),3.
09-3. 10 (11i,m),(111, d, J=I3. Oftz),1 18 (IR. d.J=13. Oblz ), 5. 38(111, dd.J=1"7,3. 7112).

hydroxide-methancl solution (80 mlL) was added, and the
mixture was stirred overnight at room temperature. The
solvent was distilled off under reduced pressure, and the
residue was then dissolved in a 2 N aqueocus socium hydroxzide
solution and washed with diethyl ether. The aqueocus layer
was made acidic using concentrated hydrochloric acid under
ice cooling, followed by extraction with ethyl acetate. The
organic layer was washed with saturated saline and then dried
over anhydrcus magnesium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
dissolved in tetrahydrofuran (70 ml). To the.solution,
lithium aluminum hydride (848.8 mg, 25 mmecl) was then added
under ice cocling. The mixture was brought to room
temperature and then stirred for 7 hours under neating to
reflux. Methanol (1.5 mL) and a 1 N agueous sodium hydroxide
solution (1.5 mlL) were added thereto under ice cooling, and
fthe 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 combinad and separated into agueocus and
organic layers. The organic layer was washed with a 1 N
agqueous sodium hydroxide solution and saturated saline and
then dried over anhydrous sodium sulfate. The solvent was
distilled off under reduced pressure to cbtain the compound
of interest as a colorless oil substance (1.94 g, 25%).
(32-d) Methyl 3-hydroxy-4-(l-vinylcyclobutyl)butancate

& dichloromethane solution (80 mL) of oxalyl chloride

(1.88 mL, 22.5 mmol) was cooled to -78°C, and a



Hp.163-166 t 18(far): cm-1: 2963,2926,2877,60,1577,1402 MS(FAB)" miz:210(M Anal.calcd for
C121119802 0.71120C.64.95: H,9,30; 11,6.30; Found 0,64.97; 11,9.08N,6.41. [a 1210 +96. 2(c=1.
0,lieOH) - 1H-NICH(C0C13,400 MHz) :61.45(911,s),1, 56-1. 61(lii,m),2. L5(111,bed.J = 17.2 Hz),2.34
(111,ddd,j=2.7.9. 6,12. 5 Hz).2. 49(211.s),2. 58(111.br dd.j = 7. 8,17. 2 Hz),2.90-2. 99(111,
a).3.28(lli,br s),4. 28(211,s),4. 78(111,d,J = 11. 7 1144 ,4- 84(lli,d,J =1. I. 7 Hz),5. 58011, br s).
24(21-b) 1H-MIR (CDC13,400 34Hz)

dichloromethane sclution (20 mlL) of dimethyl sulfoxide (3.0
mL, 23.0 mmol) was added dropwise thereto. The mixture was
stirred at -78°C for 10 minutes. Then, a dichlcocromethane
solution (20 mL) of (l-vinylcyclobutyl)ethanol (1.84 g, 15
mmol) was added dropwise thereto, and the mixture was further
stirred at -78°C for 3 hours. Triethylamine (8 mL, 60 mmol})
was added thereto, and the mixture was gradually brought to
room temperature and then stirred for 1 hour. 1 N
hydrochloric acid and saturated saline were added tThersto,
followed by extraction with dichloromethane. 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 dissolved in
tetrahydrofuran (40 mlL). To the solution, trimethyvlboron
(6.2 mL) and zinc powder (4.46 g) were added, and methyli
bromoacetate (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 glycercl, water, and saturated
saline were then added thereto, followed by extraction with
ethyl acetate. The organic layer was washed with saturated
zzline and then dried over anhydrous sodium sulfate, and the
solvent was distilled coff under reduced pressure. The
residue was purified by column chromatography to obtain the

compound of interest as a colorless cll substance (1.22 g,

(32-e) 3-Hydroxy-4-(l~vinylcyclecbutyl)butanolc acid



51.45(9H,1. 55-1. 60(1H.),2. 20(111,brd,j. =16. 4 Hz),2.34011.ddd. 5= 2. 7,9. 0,2.49(2H.5),2.1 = 7.
86. 4 Hz),2. 59-2. 98(111.al),3.24 (21!.s).3.28bra),1. 77(Ifi.d.J r 11,4. 84(1/117 Hz),5,48(111.bra).i
24(21-c) %IR (CDC13,500 MHz) :81. 41-1 48 (194 (1811, s),2.03 (3H,2,05-2.09 (111, m),2.17 1,br d,J
= 16. 1112),2. 24(1 ,d.,14. 2 Hz),1 28(1H,0hJ =4.2..57(111,br dd, r. J8.8.16. 1Hz),2. 86-2.
95(111,m.),07(111.bra),3. 22(111.d.J13.7Hz),3.26{%¥k1.8, 1 = 13. 7 Hz).3.34(1H,dd.1 = 5.9,1Hz).3.
42011,dd,J = 5. 9,13Hz).5. 00(1E,bra), 5,55(111,hr s). 24124-d) Mp:165-167 C.

The compound of interest was obtained as a colorless oil
substance (1.16 g, <100%) in the same way as in Example (8-Db)
using methyl 3-hydroxy=-4-(l-vinylcyclobutyl]butanocate {L.22 g,
£.16 mmol) .

(32~f) Tert-butyl {(#)-(15,5R)-spiro[bicycle[3.2.0]hepta-2,1"~
cycliobutan]-3~en-6-ylidencacetate

3-Hydroxy-4-{l-vinylcyclobutyl)butanoic acid (1.16 g,
6.16 mmol) was dissolved in N,N-dimethylacetamide (12 ml) and
acetic anhydride (1.5 mL). To the solution, potassium
acetate (664.9 mg, 6.77 mmel] was added, and the mixture was
stirred at 140°C for 4 hours. To the reaction solution, ice
water and saturated saline were added, and the mixture was
stirred for 2 hours, followed by sxtraction with ethyl
acetate. The organic layer was washed with a saturated
agueocus solution of sodium bicarbonate and saturated saline
in this order and dried over anhydrous magnesium sulfate, and
the solvent was then distilled coff undexr reduced pressure.
The residue was dissolved in tetrahydrofuran (30 mL), and the
solution was added to a reaction solution prepared in advance
from a tetrahvdrofuran 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 reactlicn solution was
then separated into aqueous and organic layers by the
addition of a saturated agueous solution of ammonium chloride
and saturated saline. The agueous layer was subjected to
extraction with ethyl acetate. These organic layers were

combined, then washed with saturated saline, and then dried



1.9-Th83.(C0O300.50051(LH,dd.J = 7. 3.12z2, 02(311.s).2. 09(lli.Odd, 8. 8,12.2 Hz),2,21(111,brd,J =
16. 6Hz).2.51(2.H.s).2.58(111,br dd,J = 7. 8.16. 6 Hz), 2, 67-2. 94(1H.a),3. 15(111,0.3 r-13.2 Hz).3"
15-3.19(111,m),3.21(111.d.j r13. 2 Hz),3.23 (1.11.d,J =13,7 Hz),3. 27(111,4,J =13.
7Hz),5.58(111,bea). MS (FAB) : WV 242 1M r 1) . Anal_Calcd for C12111910325: C 59, 72: H 7,93;
N 5.80; S 13.29: Found: C 58. 72: H 8.03;5,71; 5 13512~ IR(103r) :cm-I: 2906,2632,1542,1396,1283.
25(25-b) 1H-NIAR. (400MHz. CDC13)p 1,40-1,-30(1H,m),1.431.81(3Ks),1. 96-2. 08 (2.11,m),2. 27
(211,dd=9

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 pale yellow oll substance (1.07 g, 70%, E/2
mixture) .

{32-g) Tert-butyl (x)-{(1S,5R,06R}~6~

(nitromethyl) spirolbicyclo[3.2.0lhepta-2,1"'—cycliobutan] ~3-en-

6-yliacetate

¥

ft

Tert-butyl (£)~{18,5R) ~spiro[bicycleo3.2.0]hepta-2,
cyclobutan] -3-en-6-ylideneacetate was dissolved in
nitromethans (8 mL). To the solution, 1,8-
diazabicyclo[5.4.0]undec~7~ene (0.97 mL, 6.51 mmol) was added,
and the mixture was heated with stirring at 50 to &0°C for
5.5 hours. The mixture was allowed tco cool, and a saturated
agueous solution of potassium dihydrogen phosphate was then
added thereto, folleowed by extraction with ethyl acetate.
Then, the organic layer was dried over anhydrous magnesium
sulfate, and the solﬁent was distilled off under reducad
pressure. The residue was purified by silica gel column
chromatogra?hy toc obtain the compound of interest as a pale
yellow oil substance (1.08 g, 81%).

132-h) (£1-{(1S,5R, 6R) -6~ {aminomethyl) -
spiro[bicyclo{B.Z.O}hepta~2,1'—cyclobutan]—3—en—6—yl}acetic
acid

Tert-butyl (f)~{{L1S,3R,6R)-6-
(nitromethyl)spiro{bicycloiB.Z.O}hepta~2,1’~cyciobutan]w3—en—
6-vllacetate (1.08 g, 3.52 rmol) was dissolved in ethanol (15

mlL) and water (6 mL). To the solution, iron powder (0.98 g,



14117).2. 43-2. 52 (111.m),2-9(13.0(1K.3. 46 (211.m),5. 0 (111,bra),4 m) 25 (2-) 1H-NIIR (
100MHz,:5ppm: I. 16-1. 53 (1H,m),1. 80(311,s), 2. 1-2. 17 (2H. cm),2. 42-2. 54 (311,m),2. 78-2- 90
(111,m),3. 07-3. 15 (111. ta),5. 25-5. 30 (111.a),7. 37-7. 44 (311,m),7. 78-7. 84 (211.pa) 25 (25-0)
111-1AM(4001ffiz, MOD)pp 1.40(111,dd.J7.5,121,79(311,s),2. 02-2. 08 (211,m).2. 43-2.
50(1H,m),2.45(111,d. J=16.2112),2.51(111.d,1=1642.112),2.38(111.quint,j=7. 611z),3. 05-3.
12(114,m),3.13(111,0- 1=13.0112),3.17(111,d.J=13. OHz),5.36(lli,r._1 =1. 6112).
(R(1.13r):cm-1:2946,2927,2905,2832-1564,1525,1396,1384. a

17.6 mmol) and ammonium chloride (83.3 mg, 1.76 mmol) were
added, and the mizxture was stirred for 4 hours under heating
to reflux. The mixture was allowed to cocl, then diluted
Wwith saturated saline, a saturated agueous solution of sodium
bicarbonate, and ethyl acetate, and filtered through Celizte
to remove insoluble matter. The filtrate was separated into
organic and aquecus 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
pressurs. To the residue, a 4 N hydrochloric acid-ethyl
acetats solution (10 mL) was added, and the mixture was
stirred at room temperature for 1 hour. Then, the solvent
was distilled off under reduced pressure. The residue was
suspended in dichloromethane. To the suspensiocn,
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 ng, 57%).

[0140]

(Example 33) () ~-{ (18, 5R, 6R} -6~ (aminomethyl) -
Spiro{bicyclo{B.Z.O]hepta—Q,l‘—Cyclopent}—3—en~6~yl}acetic
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 cyclopentancne (8.42 g, 100 mmol).

(33-b} Cyclopentylideneethanol



MS(FAB)r.raiz .t196(1t4il)-,218(M+Na)+. Anal,doled for 01111171102:C.67. 66; H,8.78: N,7.17;
Found:C.67,53: H,8.90; N,7.25. [a ]21u -140. 44(c=1. 23,kleOH) - 185 - :Table 11, 26(26-a)
1.11-515111140011112z,CDC131; 5ppm- (911,1. 51 (911,1... 81(3113)1. 96-2, 08 (211m),2. 27
(211,dd.J="311, 1. 40-1. 50(H1,m),1, 43s),3),, 14Hz),1 43-2. 52 (111.m),2. 81-2. 91 (111in),3. 0
(1E1s),3. 31-3. 96 In.m),5. 0 (1H.br. s).5. 31 OK in)®6 (26-1)) 111-N1E (400MHz. 03 OD): 6PM: .
46-1. 53 (IH,m),1. 80 (3113),Z. 1-2. 17 (7/1.m),2. 42-2. 54 (3H.ii),2. 78-2. 90 (111.m),3. 07-3. 15 (111,

The compound of interest was obtained as a pale yellow
oil substance (8.9%0 g, including ethyl acetate) in the same
way as in Example (32-b) using methyl cyclopentylidensacetate
(7.16 ¢, 50 mmol).

(33-¢) (1-Vinylcyclopentyl)ethanol

The compound of interest was obtained as a colorless cil
substance (0.47 g, 7%) in the same way as in Example (3Z2-c)
using cyclopentylideneethanol (8.90 g, <50 mmol).

(33-d) Methyl 3-hydroxy-4-(l-vinylcyclopentyl)butancate

The compound of interest was obtained as a colorless oil
substance (417.3 mg, 48%) in the same way as in Example (32~
d) using (l-vinylcyclopentyl)ethanol (0.47 g, 3.36 mmol).
(33-e) 3-Hydroxy-4-(l-vinvlcyclopentyl)butancic acid

The compound cf interest was obtained as a light brown
oil substance {the partial sclvent remained; 504.1 mg, <100%)
in the same way as in Example (32-e) using methyl 3-hydroxy-
4~ (1-vinylcyclopentyl)butanocate (417.3 mg, 1.97 mmol).

{33-f) Tert-butyl (x)-{1S,5R}-spircibicyclo{3.2.0lhepta~-2,1"~
cyclopent]-3-en-6-ylidenesacetate

The compound of interest was obtained as a pale yellow
oil substance (232.3 mg, 47%, E/Z mixture) in the same way as

in Example (32-f) using 3-hydroxy-4-(1-
vinylcyclopentyvl)butanoic acid (504.1 mg, <1.9% mmecl).
(33-g) Tert-butyl (x)-{(15,5R,6R}-6-
(nitromethyl)spiro[bicyclo[3.2.0fhepta-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-



En),5. 25-5.30 (111ml,7. 37-7. 49 (3H,m).7. 78-7. 84 (211,m) 26(26-c) 1.11-11MR(4001.1112,0300):
5ppm: 1.40(18,cid3=7.6.12. 3112),1.79(311s),2. 02-2. 08 (211m),2. 43-2. 50(111,in),2,45(111d.
J=16.2112),2.51(lli,d.J=16. 211z),2,85(1,quint,J=7. Cillz),3. 05-3. 120H,m).3.13(111,d, 3=113.
OHz),3,17(111,d,J=13. Oliz),5.36(111.t,5=1. 6112z).
IR(123r)1cm-1:2946,2927,2905,2832.1564,1525.113‘9%,1'389. US(RAE):eniz;196(M+11) +,218(M+Na)
+. Anal,calcdfor C111117INO2*C,67. 66.t8.78; N,7.17:Fe(und)C,67.46:FL8,59;N,7,25. [al 212 *130.
71°.(c=1.41,1,1e0H) 27(27-a) 111-NNIR (400).1.11z,CDC13): 8ppm:

g) using tert-butyl (#)-(18,5R) ~spircibicycle{Z.2.0 hepta-

Z,1'=-cyclopent]~3-en-6-ylideneacetate (232.3 mg, 0.8% mmol).
£33-h) (#)-{(1S,5R, 6R) -6~ (aminomethyl) ~
spiro[bicyclo[E.Z.Olhepta—2,l'~cyclopent]—3~en-6—yl}acetic
acid

The compound of interest was obtained as a white powder
(124.4 mg, 72%) in the same way as in Example {32-n) using
tert-butyl (£)-{(15,3R,6R)=56—
(nitromethyl}spiro[bicyclo{3.2.01h@ptaw2,l'—cyclopent}m3—en-

6-yllacetate {(249.0 mg, G.77 mmol) .

(Example 34) (i)—[(18,5R,6R)—6—(aminomethyl}—3—
cyclobutylbicyclo[3.2.0}hept—B~en—6ﬂyl]acetic acid
(34-a) Ethyl (+)-2-cyclobutylpent—-4-enoate

A 1.9 M tetramethyldisilazane sodium—tetrahydrofﬁran
solution (9.44 mL, 18.0 mmol) was added dropwise over i0
minutes toc & tetrahydrofuran (40 mL) solution of ethyl Z-
cyclobutylacetate (2.32 g, 16.3 mmol} coolad to -78°C, and
fhe mixture was then stirred at -78°C for 10 minutes.
Subsequently, a tetrahydrofuran (10 mL} sclution of allyl
bromide (7.90 g, 65.2 mmol) was added dropwise thereto over
10 minutes, and the mixture was stirred at room temperature
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, rhe solvent was distilled off under



0. 90 (1. 511cl.J=6. Diz), O. 95 (1. 511.d,J=63 4112),1- 15 (1. 511,s).1. 23 (1. 511,s) ,1. 63-1. 78 (1et),
2. 39-2. 64 (411En),4. 98-5. 08 (2H,m),5. 72-5. 86(1H,En) 27(27-b) 1H-NVIR(4001111z, 003): 8ppm.
Major isomer 1.12 (911s).1. 56 (3H,s),1. 60 (311s),2. 07-2. 20 (111,m),2. 51-2. 67 (211, m),2. 69-2.83
(111,m), 3.17-3. 31 (111,in),3. 59-3. 70 (1110il 27 (27-d) L11-NIAR (400101z, 0C13):6ppm, 1. 47
(911 s),1. 61 (311s),l. 71 (311,8),2. 04-2. 27 (211iAp2. 51-2.78 (211in),2.51 (211,dd.J=116. 6, 43.
511z),2. 65-2. 79 (al,m),4, 871211.dd.311. 7,39. 611,z) 27(27-c) 1H-NNIR (4001411z, 00 3):6ppm:

reduced pressure to obtain the compound of interest as a
vellow oil substance (1.80 g, 61%).
(34-b) Ethyl (#)-4-cyclobutylpenta-2,6-dienocate

A 1 M diiscbutyl aluminum hydride/toluene solution (9.88
ml, 9.% mmol) was added dropwise over 40 minutes to a toluene
(20 mL) solution of ethyl (#)-2Z-cyclobutylpent-4-encate (1.80
g, 9.9 mmol) cocled to -78°C, and the mixture was then
stirred at -78°C for 2 hours. A 30% agueous acetic acild
solution (9.4 mL) was added dropwise thereto over 5 minutes.
Then, the organic layer was dried over magnesium sulfate.
After removal of inscluble matter by filtration, ethyl
(triphenylphosphoranylidene)acetate (3.78 g, 10.% mmol)} was
added toc the liguid, and the mixture was stirred at room
temperature for 18 hours. The solvent was distilled off
under reduced pressure, and the residue was purified by
column chromatography to obtain a colorless cll 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-diencic acid

A 5 N agueocus sodium hydroxide scolution (15 mlL) was
added to an ethyi alcohol (20 mL) solution cf the ethyl (%)-
4-cyclobutylpenta=2, 6-diencate obtained in the preceding
paragraph, and the mixture was stirred at room temperature’
for 1.5 nours and subseguently stirred at 60°C for 2 hours.
The mixture was allowed to cool, and the scolvent was then
distilled off under reduced pressure. The residue was
dissolved in water. The aqueous layer was washed with

dichloromethane and then neutralized with a Z N aqueous



1. 46 (9H, s),1- 56 (9H,31,1. 58 (311.5),I. 68 (311ml, 2- 00-2. 35 (3H,Ea),2. 46-2. 560x,m), 2. 62-2.
78(111,en),2. 95-3. 02 (111,En),3- 25-3. 35 (illm),3.46-3. 57 (IlIEn),4. 96-5. 08 (111En) 27(27-f) [H-NW
(40010-Lz, 0300):6PM' I. 47 (111,dd,3=7.2,12. 311z),L 64 (311,s).1. 68 (311,s),2. 06-2. 11111in),2-
1-2. 18 (1,ta). 2. 46-2.55 (111,m).2. 48 (2H,cid,J=16.3,39. 5112),2.66-2.77(1H, m),2. 87-2. 93
(111,ml,3. 18(211dd. 12.7,32. 9Hz) MS (FAB) miz =210 (&M) . 28 (28-€)
18-A03(4001111z,CDC13):6ppm: 1)28 (311,2"3=7"1192,),1. 50-1. 63 (111,H),1. 72-1. 83 (111,m),2.
11-2.2S (211,m),2. 92-2. 51 (111.,m), 3.54-3. 73(2K, en), 4. 17 (211.cb37.211z), 4- 99-5- 07(211 in).5.
64-5.77 (1Y dEmebletitlat{th. $algyion (100 ml), followed by extraction

with dichloromethane. The organic layer was dried over
magnesium sulfate. The solvent was distilled off under
reduced pressure to obtain a yellow oil substance as a
mixture containing the ceompound of interest. This compound
was used 1n the next reaction without being further purified.
(34=-d) Tert-butyl (£)-[(15,5R)-3-
cyclobutylbicyeclol[3.2.0]lhept-3-en-6-ylidene]acetate (E/2
mixture)

Potassium acetate (1.05 g, 10.7 mmol)} was added to &
dimethylacetamide (20 mL) solution of the (£) -4-
cyclobutylpenta-2, 6~diencic acid obtailned in the preceding
paragraph and acetic anhydride (1.08 g, 10.7 mmoel), and the
mixture was stirred at room temperature for 1 hour and then
stirred at 120°C for 2 hours. The mixture was treated with
ice water and a 2 N agueous 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 cff under reduced pressure to
obtain a pale yellow oil substance. The substance obtained
here was added to an acetonitrile {20 mi) solution of tert-
putyl dimethylphosphonoacetate (0.84 g, 3.7 mmol), lithium
chioride (0.16é 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 laver



6. 77 (111dd,3=6. 77,15, 6112). 28(28-b) 111-N/MR(40011117.,003):6ppm: 1.30 (311t,J=7. 211.z).1.
58-1. 76 (111,ere).1. 86-2. 03 (111,En),2, 15-2. 30 (211,in),2. 44-2. 57 (111,m), 4.19 (211,a,_1=7. 1H
z),SJX}S.11(2111nL5£ﬁ:5.77(111en)5.85(111A1J:15.6112)6.77(11de.J=6.77J576112)
28(28-c) 1.11-1a4 (4001(Hz, CDC13):6ppm: 1. 45 (911 3), 2. 08-2. 17 (111, en), 2. 26-2. 37 ( LH. m.),
2,12-2. 63 (4/1, Ea), 2. 83-2. 95 W, in), 3. 17-3729 011" m.),4. 52 (111t.JO, 311z),4. 64 (111,t,3-=6.
1112),4. 76 (111d,J=11. 7112),4. 84 (1K,4,3=11. 7/12).? 5. 4-5, 141111,m). 28 (25-d)
111-NIff119001012,CDC13): 5ppm,;

was dried over anhydrous magnesium sulfate. The solvent was

digtilled off under reduced pressure, and the residue was

purified by silica gel column chromatography to cbtain the

compound of interest as a yellow oil substance (0.36 g, 24%)

(yield from (34-b) ethyl 4-cyclobutylpenta-2,6-dienoate;.

(34-e) Tert-butyl (&)-[(1S,5R,6R)-6- (nitromethyl)-3-

cyclcbutylbicyclo[3.2.0] hept-3-en-6-ylidene]acetate

Tert-butyl (£)-[(18,5R)-3-cyclobutylbicycle{3.2.0]hept-

3-en-6-ylidenelacetate (0.36 g, 1.4 mmol) was dissolved in

nitromethane (20 mL). To the golution, 1,8-

diazabicyclol5.4.0]undec-7-ene (0.26 g, 1.7 mmol} was added,

and the mixture was stirred at 6¢°C for 3 hours. 1,8~

diazabicyclo[5.4.0]lundec-7-ene (0.26 g, 1.7 mmol} was further

added thereto, and the mixture was stirred at 60°C foxr 4.5

hours. The mixture was allowed to cocl, 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 chromategraphy to obtain

the compound of interest as a pale yellow oil substance (0.40

g, 90%).

{(34-Ff) Tert-butyl ()-[{18,5R,6R)-6~(aminomethyl)-3-

cyclcbutylbicyelo[3.2.0] hept-3-en-6-ylidene] acetate

Tert-butyl {(+)-{{(18,5R,6R) -6~ (nitromethyl)-3-
cyclobutylbicyclo[B.2.0]hept~3—en—6—ylidene]acetate {0.40 g,

1.2 mmol) was dissolved in ethanol (20 mL). To the sclution,

iron powder (C.56 g, 10.0 mmol} and then an aqueous ammonium



1.44 (1811.5),1.50-1. 60(211.In),2. 01-2. 10 (211En),2. 21 (111d,.1=14. 1112.).2. 27 (111,d.3=14.
711z), 2.45-2.60 (311.ml.2. 78-2. 92 (lll,t0),3. 00-3. 07011,ml,3. 33 (111,dd,3=6.1,13. 9Hz),3. 41
(18.dd, J6.4,13.9117) ,4. 52 (111,t.J=6. 314z2),4. 63 (111,t,54. 3112),1. 92-5. 03 (111,S. 28 (28-€)
111-12e (10011Hz, 0300); 8ppm: 1. 50 011dd,J7.4,12. 1Hz),2. 011-2. 16 (211r0) ,2. 41-2. 61 (511,nO
"2.81-2.92 (111,ad ,3. 15 (111,d, J=12.9112),3. 2641%1,d.3=12. 9th).1 10-3. 17 (H,in).4. 50
(111,t,3=6. 3112).4. 64 (111t.J--6. 311z), 5. 46-5. 53 (111,n0). IR(1)1r):cm-I
:1627.1564,1524.1398,1382. MS(FAB)1 rilz:228(11+11) Anal, calcd for C121118N-F02 C. 63.42; H,
7.98: N. 6.16,1F,8,36; Found: G;,52.85; b 04; MoBu226én (7 mL) were added, and

she mixture was stirred for 4.5 hours under heating to reilux.
The mixture was allowed to cool and then filtered through
felite to remove insoluble matter. The sclution was
concentrated, and the residues was diluted with ethyl acetate.
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 {(0.30 g, 83%).
(34-qg) (+)-[(1S,5R,6R)~6-(aminomethyl)~3-
cyciobutylbicyclo53.2.0]hept—B—en~6—yl}acetic acid
Tert-butyl (£)-[(15,5R, 6R) -6~ {aminomethyl)-3-
cyciobutylbicyclo€3.2.O}hept—3-en*64ylidene]acetate (0.30 g,
1.0 mmol} was dissolved in & 4 N hydrochloric acid-ethyl
2cetate solution (10 ml), and the solution was stirred at
room temperature for 1.5 hours. Then, the solvent was
distilled off under reducsd pressure. The residue was
suspended by the addition of dichlorcmethane. To the:
suspension, triethylamine was then added dropwise, and the
resulting powder was collected by filtration. The cbtained
powder was dried under reduced pressure to obtain the
compound of interest as a white powder (0.17 g, ©67%).
[0142]
(Example 353) (+) -1 (18, 5R,6R} -6~ {aminomethyl)-4-
ethylbicyclo[3.2.0lhept-3-en-6-yljacetic acid (exemplary

compound No: 34)



F,8.39, - 186 - Table 12] 29(29-a) 1H-AIR(4001111z,CDC13): 5ppm : [.30(311.5).63-1.
71(150(211,5,2.52d 315.952),2.59(11!,d,3=15. 9Hz),3.50(111.9,3=7. 1112),4.97=10.311d, 3=17
1Hz)7m). 29 (2 (Foak 1fl-N3,IR(400MHz,CDC'Sppm : I. 76 (35,s),2. 35-2. 41(211.ra).2. 76-2. 84(35,
m). 4, 5.46(LH, 29-c) OCIPPLu : Ha[.4611,5,2. 22-2, 2(1K,5. 2.59-2, 72 (211, 5, 2.88-197 (LH.
m)3.27-3.35 (lit nO , 3. 65-1 68(15, s),4 ,m): Hinonisemer1.49 (95.s),).2. 15-2. 27 (15m.),2. 17-2. 97
(25,nt) ,2. 7E-2. 85

(35~a) Methyl 3-ethylhepta-2, 6~diencate (E/7Z mixture)

A tetrahydrofuran (25 mL) solution of trimethyl
phosphonoacetate (4.67 g, 25.1 mmol) was added dropwise at
0°C over 1 hour to a tetrahydrofuran (25 mL) suspension of
sodium hydride {1.04 g, 63%, 27.4 mmel). To the mixture,
tetrahydrofuran (25 mL) was further added, and the mixturs
was then stirred at 0°C for 1 hour. To this sclution, a
tetranydrofuran (25 mi) sclution of f~hepten-3-one (2.56 ¢,
22,8 mmol) was added dropwise at 0°C over 20 minutes, and the
mixture was stirred at room temperature for 2.5 hours and
subsequently stirred at 65°C for 3 hours. The mixture was
treated with water, and volatile portions were then distilled
off under reduced pressure, followed by extraction with
hexane. 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 (3.04 g, 79%).

(35-b) 3-Ethylhepta-2,6-diencic acid (E/Z mixture)

A 5 N aqueous sodium hydroxide solution (14.5 mL) was
added to an ethyl alcochol {40 mlL) solution of methyl 3-
ethylhepta-2, 6~dienocate {(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 solutlon
{15 mL), followed by extraction with dichloromethane. 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 01l substance (2.01 g,

71

e

).



-A. 97( LH,m1. 3115.-H.m).55. 50 (15. 29(29-d) . appm:l. 44(iii, dd.72.,12 (11-Ldd, ,2. 20-2.
25(1H.m),2. 45-2. 5594, 317.75z),2.85(15quint.3=7. 3112),3.16-3.170)4.82(111,d,3=12. 1d. J=I2.
15z,,5.56(15s). Hp.160t (decompose) . 111-131R(40(111.112,011300):5pPro: 1. 53 (111,dd,3=6.
9,12. 9Hz).1.75d, J=2.06-2.17. IS) ,2.46 (111.d.3=16. 2112),2,47-2.54115re),2.56(15,cl.J=16,
2Hz),2.54.J=6. 2.56-2. 3.8(15,ml,3.16(LH.cid,J2,2119£2147) .3.23(111,dd,3=1, 2,13.2),5.51(15 IR
(EIK): cm-1: 3029. 2950, 2937. 2910,1889, 2842.1631,1589,1500.1396,1186,1021. 680. 603,

(35-c) Tert-butyl (i}*{(ES,SR)—4—ethylbicycl©[3.2.0}hept—Bm
en-6~ylidenelacetate (E/Z mixture)

Porassium acetate (2.56 g, 26.1 mmeol) was added to a
dimethylacetamide (25 mL) solution of 3-ethylhepta-2, 6-
diencic acid (2.01 g, 13.0 mmol) and acetic anhydride (2.66 g,
26.1 mmol), and the mixture was stirred at room temperature
for 1 hour and then stirred at 120°C for 3 hours. The
mixture was treated with an ice water solution, fcllowed by
sxtraction with diethyl ether. The organic layer was dried
over anhydrous magnesium sulfate. Then, the gsolvent was
distilled off under reduced pressure, and the residue was
applied to column chromateography to obtain a pale vellow cil
substance. The substance obtained here was added to an
acetonitrile {40 mi) sclution of tert-butyl
dimethylphosphoncacetate (2.60 g, 16.56 mmol), lithium
chloride (0.70 g, 16.6 mmol}, and 1,8~
diazabicycle[5.4.0]undec-7-ene (2.60 g, 16.6 mmol) 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 cbtain the
compound of interest as a yellow oll substance (2.20 g, 68%).
(35-d) Tert-butyl (+)-[(18,5R, 6R) -6- (nitromethyl) -4~

ethylbicycio[3.2.0)hept-3-en—6-ylidenelacetate



NS(FAB):raiz:196 (M4H)7,218111+Na) -. Anal.calcd for C111117N0O2:C,67.66;5,8.78; N.7.17;Fou.nd
C.,C.66.13; 11,8.77N,7. 11. 30 114-W c4001114z,QX13): 5ppm: 1.09 (3E1,t"37-7. 811z2),1.44
(911,s),l. 41-L 1.6 (lll,ml,1. 97-2. 05 (25,ml,2.13(25,9,J=7. 852),128(15.d,J=11. 152),2.35(IH.d,3=14.
1Hz),2. 43-2, 51(111, ml,2.76(111,quint.3=7. 611,2),2.92(25,s).2. 93-2. 99(15,ml,5. 35-5. 35(15,m).
MS(FAB+):nilz:296(61+11)- ,334(11-7K)". 31 Hp=172173C. [a 1200 -68. 1)(c 0, 98,Heal) 111-NMR
(400/111z, CD301)): 5ppm:L. 11(35,t-7=7. 4112),1.50 (111.dd"I=7. 5,12. 6112),2.08 (111.d, 16.
5Hz),2. 10-2, 20 (35,is),1 46-2, 56 (35,c0),2.87(LH,quint. J=7. 5117),3. 12-3. 1.3(LH.m),3,28
Tert-butyl (£) - [(15,5R)~4~ethylbicyclo{3.2.0]hept-3-en~

t-ylidenelacetate (2.20 g, 9.4 mmoll was dissclved in
nitromethane (30 mL). To the solution, 1,8-
diazabicyclo[5.4.0]undec-7-gne (1.77 g, 11.3 mmol) was adced,
and the mixture was stirred at room temperature for ©3 hours.
A saturated agueous solution cof potassium dihydrogen
phosphate was added thereto, followed by extracticn with
dichloromethane. The organic-laye; was dried over anhvydrous
magnesium sulfate. The solvent was distilled off under
reduced pressure, and the residue was purified by silica gel
chromatography to obtain the ccmpound of interest as a
mixture with the starting material (2.38 g).
(35-e) Tert-butyl (£)~-[{15,5R, 6R} -6~ (aminomethyl) -4-
ethylbicyclo{3.2.0lhept~-3-en-6-ylidenejacetate

A mixture [(2.38 g) of tert-butyl (£)-[(15,5R,6R)-56~
(nitromethyl)—4—ethylbicyclo[3.2.0]hept—B—en—6~
yvlidenelacetate and tert-butyl (£)-~[{1S,5R) -4~
ethyibicyclo[3.2.0lhept~3~en~6-yiidenejacetate was dissoclved
in ethanol (30 mi). To the sclutiocn, iron powder (2.2% g,
40.1 mmol) and then an agueous ammoﬁium chloride (0.43 g, 8.1
mmel) solution (10 mlL) 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 residus was diluted with ethyl acetate. The dilution was
washed with a saturated agqueous solution of sodium
bicarbonate and dried over anhydrous magnesium sulfate. Then,

the solvent was distilled off under reduced pressure, and the



(IR.ci,j=13. 4112),3.33(15.4,j13. 4112).5.31(15.d.3=1. 55z),7.39-7.45(35.m),7. 80-7. 85 (25m). IS
(RBr) : cm-1:3197. 3149, 3054,2964,2927, 2878.2831,1711.1495,1445,1410,1220,1164,1123
1019.730. US(FAB+):raiz:210(free+H) -.(FAB-):0i/z:157(trensensulfon)c a Anal. calcd for
C181125N055: C, 58.83; 5, 6.88: 8, 3.81; 5, 8.73; Found C, 58.69;,3.99; S.8. 73. 32(32-a)
15-W(400101z, CDC13): 51 (25,m),2. 82-2. 87 (21175®).-3. lI-3. 152H) s).5.59-5.61(111,S. 32(32-h)
111-NAIR(40011.11z,CDCI3):5ppm:1. 91-2. 03 1211. m). 2.65-2.75 (45" at) . 4. 00-4, 0225.
m)5.31-5.35

residue was purified by silica gel column chromatography to

obtain the compound of interest as a coclorless oll substance
(1.00 g, 40%: yields in two steps).
(35-£) (x)~[(1S,5R,6R)-6-(aminomethyl) -4-
ethylbicyclo[3.2.0lhept=-3~en-6-yllacetic acid

Tert-butyl (£)-{{(18,5R,6R)-6~-{aminomethyl)-4-
ethylbicyclo[3.2.0]hept-3-en-6-~ylidenejacetate (1.00 g, 2.8
mmol) was dissoclved in a 4 N hydrochloric acid-ethyl acetate
solution (20 mL), and the mixture was stirred at room
temperature for 1 hour. Then, the rasulting sclid was
collected by filtration. The solild was 5uspeﬁded by the
addition of dichloromethane. To the suspension,
triethylamine was then added dropwise.l Again, the resulting
powder was collected by filtration and dried under reduced
prassure to cbtain the compound of interest as a white powder
(0.51 g, 65%).
[0143]
(Example 36) (+y-[(18,5R, 6R)-3~ethyl-&-
(hydroxyaminomethyl)bicyclo{3.2.0lhept-3-en-6-yllacetic acid
hydrochloride

Ammonium formate (1.10 g, 16.2 mmol) was added tc an
ethanol (10 mL) suspension of tert-butyl (£)~1(18,5R, 6R}~3—
ethyl-6-1 (hydroxyamino}methyl]lbicyclo{3.2.07hept-3=~en-6-
yllacetate (0.50 g, 1.7 mmol) and barium sulfate-supportead
palladium (0.05 g), and the mixture was stirred at rcoom
temperature for 1% hours. Water {20 mL) was added thereto,
and the mixture was then filtered through Celite to remove

inscluble matter. The sclution was concentrated, and the



(LH,S. 32(32-c) 1H-NMR (400MHz, CDC13) : 6ppm:1. 31-1 05 (65, ra), 3. 59 (25 t, 3=7. 1Hz), 3, 73-3.
77 (311. m), 5. 03-5. 07 (25,ta).5. 88-5, 95(15.t0). 32(32-d) 1H-W(4001111z, CDC13) :6ppm:l. 66
(15.dd. 3=4.2,11. OHz). 1.82-1.88 (45. ro) .L 94-2. 08 (311" ml, Z. 42-2. 44(211.m),2.67(1H.d.3-73.
952),3.70(35,s),4. 02-4. 07(15.ra),5. 11-5. 14(25,ra), 5.94(111,dd,J=10.3,17. 611z), MS199(11+H)7. 2
4E16914.85:),2.48-2,505 ni). 4. 04-4. 10(15,m),5. 37S.17m15thl,J10.2.6 MS(FAB):Iv
2:185(M711)-,207(MfKa)

residue was diluted with ethyl acetate. 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 a colorless ligquid {(0.34 g}. The ligquid was-dissolved
in a 4 N hydrochloric acid-ethyl acetate golution (15 mil},
and the solution was stirred at room temperature for 1 hour.
Then, the solvent was distilled off under reduced pressure.
The residue was suspended by the addition of dichloromethane,
and the resulting powder was then collected by filtratiom.
The obtained powder was washed with dichloromethane and
hexane to obtain the compound of interest as a white powder
(0.10 g, 23%). |

[0144]

(Example 37} [ (iR, 58, 6R) -6~ {aminomethyl) -3~

ethylbicyclo[3.2.0]hept-3-en-6-yllacetic acid

/—‘— NHA

#
e COOH

CH-

Y
T e

p-Teluenesulfonic acid (13.14 g, 62.1 mmol) was added to
an ethanol (150 mi) /water (50 mL) suspension of tert-butyl
[ (1R,58,6R) -6-{ [ (tert-butoxycarbonyl)aminc]methyl}-3-

ethylbicyclo[3.2.0lhept-3-en-6~yllacetate (10.20 g, 34.5



32(32-f) 1H-NIIR (400/912,00013): 5ppm,: Major isomer 1.15(95s),. 79-2. 19(75,r02. 68-2. 76(111. m),
2. 78-2. 89(lll,nt) ,3, 10-3. 18(15ml,3. 85-3. 67(111,ml,.-5. 91(35 !dinar isomer 1.. 47 (911,s),1. 79-2
19(711, m).2. 49-2. 54 (15, oil , 2. 68-2. 76 1ml,4. 28-4. 10 (111. m),5. 36-5. 91(311,ml. HS(FAN):m/z
: 217(MK)-,285(14+K)7. 32(32-5 111-NMR(4001.1.52,00013):6ppm:1.45(95,s),557(114.ad, 3=7,6,-i
6-2. 05 (611. m),2.15 (15ddd,J=2. 7,9. 0,12. 91427),2%2-(211.5),2.80(15,,a.3=7. 8.112).,7. 8Hz), 4.75 (
LH, d.J=11.5112).'585(111,d.J=I 1. 5Hz),5.52(15,ad,32. 4,S. 5Hz)6.01LH.0t,3=5. 5Hz).
HS(MAW:raiz:308(1e75)-7346(31+E)-. - 187 -

mmol) and ireon powder (9.64 g, 172.7 mmol), and the mixture

was stirred at 80°C for 2.5 hours. The mixture was allowed
5 coonl 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
water and dried over anhydrous magnesium sulfate. Then, the
solvent was distilled off under reduced pressure, and the
obtained solid was washed with hexane to obtain a white solid
(14.62 g). This compound was dissolved in benzene (100 mL).
To the solution, p-toluenesulfonic acid (1.27 g, 6.7 mmol)
was added, and the mixture was stirred at a0°C feor 2.5 hours.
The mixture was allowed to cool and then filtered tTo remove
insoluble matter. The solution was concentrated, and the
obtained sclid (2.32 g) was dissclved in chloroform (50 mL).
To the solution, triethylamine (1.4 mL) was added, and the
resulting solid was collected by filtration and suspended in
ethyl acetate (25 mL). To the suspension, p-toluenesulfonic
acid (0.44 g) was added. The mixture was ultrasonically

irradiated for 1 hour, and the obtained solid was washed with

methanol to obtain the compound of interest as a white solid

(0.06 g, 1%).

(01457

(Example 38) (+)-1(15,5R, 6R}~6—-{aminomethyl) -1~
methylbicyclo[3.2.0]hept-3men—6*yljacetic acid (exemplary
compound No: 2)

(38-z2) Tert-butyl (£) -[ (1S, 5R)~1-methylbicyclo[3.2.0]hept~3-

en-6-ylidenejacetate (E/Z mixture)



Table 13] 32(32-h) Mp. : 1H-NIIR (40ppn: I. S3(.2.40(1H. P16. 111z7), 2.45H,d.P16.
1Hz),2.854,3.1-11111,et. )13.214-7),3.191.d,J=13. 2Hz).5.633=2.. 7Hz),H.dci,jQ,5,5. 7Hz). IR(Or):cm-I :
3029,2969,2942,2925,1740,1617,1510,1394,748. MS(FAB): raiz:222(M9H)4, Anal.calcdfor
C131119N0O2:C.70. 55.H.8.65:N,6,33:Found C,69.,92;11,8,50;N,6.24. 33(33'-u)
H9-Nm19(400MHz.09013), 6ppm:1. 63-1.70 (211,ra],1.72-i. 79 (211, t0).2.42-2.46 (23,10),2, 76-2. 79
(nri.a),169(35.s),5. 80-5. 82(111.a). 33(33-b) 111-NIR (400ft,CDC12): 6prn: L. 50-1.72 (Alt2. 24-2. 32

(411, m).4. 11-4. 15 (211. a) 5, 49:5. 51 @) . 33(33:¢) 1H-NMR(4009(112.C0013); 5ppm: I. 40-1.1.
59-L74 74(8H,m)%4 "56-5203@ Proj 5 ioéﬂ% %‘é 1o?f|:| d‘dlf L6.6.2H7) - 9fp6)r‘e’i 40-1. 74(),Z. 44-2.

ZGCHQM(jElmQ%EQLpHOSDnonoacetaue (3.2% g, 14.7 mmol) was added

dropwise at 0°C over 5 minutes to a tetrahydrofuran {15 ml)
suspension of sodium hydride (0.59 g, €3%, 15.5 mmol}, and
+the mixture was stirred at 0°C for 15 minutes. Te¢ this
sclution, a tetrahydrofuran (15 mL) solution of 1-
methylbicyclo{B.Z.O}hept—3-en~6*one (1.60 ¢, 13.1 mmol) was

added dropwise at 0°C over 10 minutes, and the mixture was

stirred a2t room temperature for 4 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 obtazin the compound of interest as a yellow

cil substance (1.80 g; 62%).
(38~-b) Tert-butyl (+)=-{(15,8R,6R)=6~(nitromethyl)-1-
methylbicyclo[2.2.0]hept-3-en-6-ylidene]acetate

Tert-butvl (£} =1(18,5R)~1-methylbicyclo[3.2.0)hept-3~en~
6-ylidenelacetate {1.80 g, 8.2 mmol) was dissclved in
nitromethane (30 mL). To the solutiocn, I1,8=-
diazabicyclo[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 agueous solution
of potassium dihydrogen phosphate was then added thereto,
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 residues was



.4,10-4.155((I1,dci,r-10 z) MS(FIB): miz: 212 33(33- e) 16-11/2111R(1006912,00013):1" 4070H,m),2.
49-2. 51(23.st) , 4. 11-4.17 (1H,sa),5.06(lli, d,3=17. 6Hz),5.10(111,cl.(1H,dd,3=10. 13,17. 6F1z).
115(FAB):mil::199(M4H)-,221M 33(33-f) 1H-NMR (400MHz, 00013):1ppm: Major.s),1. 43-1. 76 (7E.
ta), 2. 70-2. 58 (219 2. 90-2. 93(111.m.),3. 04-3, 089%H,ad,3.87-3.58(119m).5. 49-5, 52 (219r0),5.
62-5. 52(1H,m Minor isomer:1.46(9H,s),1. 45-1. 76(711,a),2. 70-2. 58(28,m),2. 85-2. 88( I.H.st),3.09-3.
(1FL,m.),5. 37-5. 38(119ta),5, 62-5. 65(1.19a).5. 69-5. 71(1H,ro). MS(FIB): miz : 261(Wit - 33(33-9)

(9)6ppm: 1. 37-1, 66 zg? thi, 3%( 6(219s)- 2%257 %a%a&gr%ﬁg,( =4,1=Hz). 5 52(1H,dd, %

5Hz),5,76(FILEi-T=5, 51125 180t 1 40011Hz,0300): appra: |p 37-1.46
(211t0)1|é34$k§é&§gg)é%4% yellaw cil substance (1.80g, 78%).

(38-¢) Tert-butyl (x)-[(1S,58,6R)-6~(aminomethyl)-1-
methylbicyclo[3.2.0]lhept-3-en-6-yl]acetate

Tert-butyl (£)-[{18,5R,6R) -6~ (nitromethyl) -
methylbicycio{B.2.0]hept~3~en—6-ylidene]acetate {1.80 g, 6.4
mmol} was dissolved in ethanol (45 mL). To the soluticn,
iron powder (6.52 g, 51.1 mmol) and then an agueous ammonium
chloride (0.34 g, 6.4 mmol) solution (15 mL) were added, and
the mixture was stirred for 4.5 hours under heating to reflux.
The mixture was allowed to cocl and then filtered through
Celite to remove insoluble matter. The soluticn was
concentrated, and the residue was diluted with ethyl acetate.
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 (0.90 g, 56%).
(38-d) (£)-1{18,5R,6R)-6- (aminomethyl) -1~
methylbicyclo(3.2.0]hept-3-en-6-yllacetic acid

Tert-butyl (£)-[(13,58,6R) -6~ (aminomethyl) -
methylbicyclo[3.2.0]hept-3-en-6-yllacetate (0.80 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 sclvent was digtilled off

under reduced pressure. The residue was suspended by the

addition of dichloromethane. To the suspension,



(JR.4.3=16. 3112),2.57 (119.dd,3=3.1.14. 5Hz), 2.85(111.in=7. 5112).1.14LH. d, J=13. IHz),
3.20(111,d,3=13. 1Hz),5. 62-5. 6-4(111.c0),5. 72-5. 74 IR(1-ar)!cm-1
:3504,3443,3020,2940.2864,1557,1511.1405.1291,1260,757. MS(FIB):miz1.. 236(M+H)9.
Anal.onionfor CI4H2INO29C.71,46:H.5.99N.5.96:F;H,9.511N,5.80. MLR
(40011H,Cappro:1,26(311,2,J=7.Hz),1.65-1.92(4114n), L. 97-2. 13(219m), 2. 17-2.
29(211.m),2.134idd,J=4. 9,6. 8,11. 7Hz),2.17-2,540Itro.),4.14(291,dq.J=2. 9, 7, 3Hz), 5,01 (1H,
d-quint,,1. 0112),5.07 (1H,dt. J=17. 1,1. 5Hz), 5,76 (1)9ddt. 3=9.8,17. 1, 7. 3Hz). 34 (34-d) 6ppm: 5/3

mirctme 1 A8(isonierA98 a)ispmerBOa)sk 7ds 24512, 72621 1:m) 2: B1-2: 99(isemesn), 3. 00-3. Olil
A H,ddt,,L=8. 8,19.70,2. 9Hz).3.90(isotoerA1H,br),t33(isomerB111,lar),a.

(isoaerAIh;ﬁ;B&(deS@m@rB]d(cﬁ):aﬁeéﬁeﬁL 48(isbimer®:H a5, 48351.951?(118‘0?1?‘;@?}3\%@?8@5(34‘@9‘5
1H-N1(R(59011Hz,02013):5ppm:l. 49 (9H,s).89tu), 2,33 (111, ddd, .1=2- 9.8. 8,12, 7Hz),2. 96-1
5MBILnﬂﬂ?@@ﬁ@B%iIﬂnﬂk?é@@ﬂEWEthane o obtain the compound of

interest as a white powder (0.33 g, 47%).

[0146)

(Example 39) (+) { (1R, 5R) -6- {aminomethyl) ~7—
methylbicycio[B.2.0}hept—3~en—6—yl}acetic aclid {exemplary
compound No: 7}
'(39—a} Tert-butvl (%) {{1R,5R)-7-methyibicyclo[3.2.0)hept~3~
en—-6-ylidenejacetats

The compound of interest was obtained as an oil

substance (5.88 g, 53%) in the same way &s in Example (li-e)
from (%) (1R, SR} -7-methylbicvclo[3.2.0lhept-3-en-t-one {(J. Org.
Chem., 1988, 53, 5320} (6.16 g, 50.4 mmcl). The compeound of

interest was a diasterecmeric mixture mainly composed of two

diasterscmers.
(36-p) Tert-butyl (&) {(1R,5R)-7-methyl-6~
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate

The compound of interest was obtailned as an oill
substance (4.07 g, 56%) in the same way as in Example (l-cj
from tert-butyl (+) { (1R, 5R) ~7-methylbicyclo{3.2.0]hept-3-en~
f-ylidenetacetate (3.74 g, 26.1 mmol) . The compound of
interest was a diastereomeric mixture mainly composed oI
three diastsreomers.
(36-c) Tert-butyl (&) {(1R,5R)-6-{[(tert-
butoxycarbonyl}amino]methyl}—7—methylbicyclo{3.2.0}hept—3—enw

c—-yliacstate



br) .-1.76(111.ti.3=12. 2Hz).4_88(111,d.J=12.213),28(199r) 34(34-f) Hi:ZEE (40091Hz,00013)
:5opts:1, 33-1. 42(10H. a),0(511.2. 04-2. 15 (21l,r0).2.21(111.d,P13. 7Hz),2,28(1K,d,3=13.).2.40
(IH,854,3L2.7.8,2).2,10 (1H,quint.J=7. 8112).2.31(211,s),2.91(llibr),2. 95-3. 03)( 34(34-9) lip,157-159t
111-MROO0 300)ppm:3.50(lll,dd,J7.8,12. alz),1,83-2.20(811,m),4 m),2.52(211,d.3=1. 9Hz)
,2.89(191.quint,3=7.8112),3.08(111,quint,3=8, 3Hz},82 14((H,br) 3.17(1H,d,3=12.
7Hz),3.21(111,d.3=12. 7Hz),5,40(111,br). IR(KC1):cm-1:1616,1503,1395. MS(EST-): m/z :274 64-910 -
.258 (Mt-Na)9- .236 (M+10 +. HM(61+) ruled for (3 + H)+: 253. 14790.Found 258. 14669 (-0.31 mmu).
1H-Mfli (40011HZ 0013 6pmssoEll mixteres &:02+4E 09K Ca me2i142.26 (41 m), 2.61 (i
somerA211, g, 1=7. 9112). 2.68 (|somer8211 dd. J=7, 4, B. 211z) . 3.57 (311, s). 1.92-6, 07 (211.
m),5.61 (isBBRFAZACE), 5 balisomerBE ) 151 7325, SGAT1 %57~ 188 TTapI@TA e (52

from tert-butyl (&) {(1lR,5R)-7-methyl-¢-
(nitromethyl)bicyclo[3.2.0]hept-3~en-6-yllacetate (1.00 g,
3.55 mmol). The compound of interest was a diastereomeric
mixture mainly composed of two diastersomers.
(39-d) (#){(1R,5R)-6-{aminomethyl) -7~
methylbicyclo[3.2.0lhept-3-en-6~yliacetic acid

The compound of interest was obtained as a white solid
(281 mg, 46%) in the same way as in Example (i-e) from tert-
butyl (+) { {1R,5R) -6-{ [ (tert-butoxycarbonyl)aminoimethyl}-7-
methylbicyclo[3.2.0lhept-3-en-6-yllacetate (1.1l g, 3.1e
mmol} . The compound of interest was a diastereomeric mixture
mainly composed of two diastereomers.
[0147]
(Example 40) {(15,5R,6R}-3~ethyl-6~
[ {methylamino)methyllbicyclo{3.2.0lhept-3-en-6-yllacetic acid

hyvdrochloride (exemplary compound No: 44)

CH;
}i NH
4 oo H
CH, “
H
{(40-a) [(lS,SR,GR)-G-{[(tert—butoxycarbonyl)amino]methyl}~3—

ethylbicyclo[3.2.0]hept-3~en—-6-yllacetic acid



35(35-b) 111-NIAR(500-11Hz ,C0OC13): 8ppm:ECmixturel. 11(311,C.J=7. 8H2),2. 22-2.
33(4)1.m),2.56 (isomerA2H,q,3=7. 8Hz),2.74(isoner.R.t,J=7.882),4, 98-5. 13(7Ral),3.67(isomer/UKs),
5.71(isamer61H,s),5. 79-5. 91(1H,m). 35(35-c) 1H-NWR(50014liz,COCI3)'-' 5ppm:5/2
mixture1.09(31).t.J=7. 3112),1.18(9(1,s),1.95-2.03(111. in),2. 13-1 21(111.m),2. 25-2. 33(15.nt),3,
63-2. 73(21).m),2.96 (1FLquint,J=7. 311.2),3.34{1)i; ddt.d=3.3,18. 1,2.
482).3,75-(1H,hi"),5.42(IF,hr),5.51(18.ddd.1=1.5,2. 0,3. 4112). 35(35-4) 1H-14IR (5001,012,CDC13)I
6ppeo:1.08 (311,r,1=7. 352),1.46(98,s),1.68(1)1,ad,J=7.3.1.2. 7112). 1,37-1,96(11,m),2.
(0-2.20(211.m).2. 24{ 18 ¢l 92,4.8.8( 12 7HZ) 2 B0 AF=L 2 1k112) 2,632 60 £ (F1 f0): 2872 -
(111.quint.J=7. 13Hz) ,3. 28-3. 32(111.m),4.83 (18,d, J=12_ 2112),4,95(lli. 4.1=12. 2117).5.60(111,br
). 35135-e} h+B-NIER{BE0LL1 12;CBC13):6ppank 68 (3Tngd=7. 38234.456 ©.50 mmol)
(98,s),1.701111,dd.J=6.3.12. 2112). 1.87-1.95(IN,m),1,96(1H,ddd,3=2.4,9.3.12. 2H2) .2. 09-2.
19(211,ail "ES9(HE 3243 571-49), 2. B51(F8, 5213 7612) 27482758 (L' ), 575/(1 81, duint,3-7.

8112)’2'9051@@@:53{:?53 9336%19&7111(1%{3‘}(@9@@{?%@1;0%u%%@g'f)( WK’%’}F’di 1l,4-dicoxans

(12 mL). To the sclution, di-tert-butyl dicarbonate (2.84 g,
13.0 mmel) was added with stirring at room temperature. The
mixture was stirred overnight at this temperature, and the
reaction solution was then made acidic by the addition of 1 M
citric acid, followed by extraction with methylene chloride.
The crganic layer was washed with saturated saline and dried
over anhydrous sodium sulfate. The residue was filtered and
concentrated under reduced pressure to obtain the compound of
interest as an oil substance [(2.01 g, >99%).
(40-b) [(18,5R,6R)-6~{[(tert~-
butoxycarbonyl) (methyl)aminc]methyl}~3-
ethylbicyclol3.2.0]hept-3~en-6-yllacetic acid

Sodium hydride (63%, 2.48 g, 65.0 mmol) was added in
small portions to a tetrahydrofuran solution (25 mb} of
[ (1§, 5R, 6R)~6~{ [ (tert-butoxycarbonyl)amino]methyl}-3-
ethylbicycle[3.2.0]lhept-3-en-6-yliacetic acid (2.01 g, 6.50
mmol) and methyl icdide (4.05 mL, 65.0 mmol) with stirring at
room temperature. The mixture was stirred at this
temperature'fox & hours, and water {50 ml) was then added
thereto while the reaction solution was cocled on ice,
followed by washing with diethyl ether. The agqueous 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



1H-NIIR ( 500MHz,0300):5ppm:1,10 (311,1.,J=7, 3112),1.54 (18.dd,J7,3,12.711a),1.68 (18,m), 2.
15-2.28 (38, m). 2.47 (111. 4, 3=16. 1H2), 2.54 (1H. ddt. 5=2.0, 2.9. 8. 3112). 2.57 (1(1. d. J216; 1Hz).
2.86 (LHquint, J=7. 85.2),2.97-3,01(18,ca),3.19 (IH.d,5=13. 2Hz),3.26 (1}1.4.3=13. 2FL2),5,61 (1N,s).
IR(KC1):cm-1:1624,1499,1394,1296,1197,1025. MS(MI+):raiz:254(Mra-H)* ,232 (11+1+131+
,21091,417+. HEMS (ESP) calcd for(M -- H) +: 2105%4940.Found 310. 14898(-0.42 mmu). Anal,
crated for 212919:402: C, 68,87; 11, 9,15; 8,6.69; 0,15, 29.Found C.63.22: H.9.04; K,6.88; 0,16. 05.
36 Mp.92-99t; 111-NMR(500M112. CDC13): 5ppm1 1.13(311,t,j= 7. 3 Hz),1.55(111,dd.J = 7. 8,12. 7
Hz),2.12(1d4:}-516.16: 1 22), 22061 1r gz 74 3tH2) 25 26€1LFL Hddn1 =t3e4gh 82 Hz), 2.
550(1,dd,1 = 7. 8,16. 6 Hz),2.60(28. d.j= 3. 4 Hz).2. 94(11-Lquint,3 = 7. 8 Hz),3. 24(111,br),3.
63(111,cl, E=S: 2HZEZE8(FES d)=137 f2), BIB2F L1 S 18BH(dT ThETR1700,1443,1246. 145 (651.)

D SR P W e e

7.71:8,5.36,018.09.C1.135Q0 o, 953).
(40-c) {(1S,5R,6R)=3-etnyl-6~
{(methylamino)methyl]bicycio[B.2.G]hept—B~en~6—yi}acetic acid
hydrochloride

A 4 N hvydrochloric acid-ethyl acetate (13 ml) was added
£o [(15,5R,6R)-6-{[(tert-
butoxycarbonyl)(methyl)amino]methyl}~3—
ethylbicyclo{3.2.0}hept~3~en—6~yi}acetic acid (0.8C g, 2.78
mmncl), and the mixture was stirred at room temperature for 1
nour. The mixture was concentrated under reduced pressure,
and the obtained residue was recrystallized from hexane-
isopropanol to cbtain the compound of interest as a white
solid (0.34 g, 47%).
[0148]
(Example 41) (£y[ (1S, 5R, 65)-6- (aminomethyl)-Z-
ethylbicyclo[3.2.0]hept-3-en-6-yllacetic acid
(41-a) Tert—butyl{(2—ethylbut~3~en—l—yl)oxy}dimethylsilane
(Methyl) triphenylphosphonium bromide (59.1 g, 165 mmol)

was suspended in tetrahydrofuran (330 mL). To the suspension,
n-putylliithium (1.57 M hexane solution, 97.3 mL, 133 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}oxy}methyl)butanal (Tetrahedron 2004, 60,

9307) (27.6 g, 127 mmol) was then gradually added thereto.



37 1,1p.167-169t; 111-PAR(500MHz.CDC13):8ppm: 1. 14 (311,t, J =7. 3 Hz),1. 54 (111,dd- .1 = 7.
3,11. 7 Hz), 2. 06-2. 14 (.211,0a).2.20(18,9.j = 7.3Hz),2.54(111,dd,J= 7.3.17.1Hz),2,71 (111.d.l1 =15,6
Hz), 2.81(111,cl.j =15.6 Hz),2.95(211,a),2.96(1li,m),2.040H.lath5.12(111.s). 513 (831+): ra/21 254(JA
+ 2lia -We, 23234 + Na),21001 4- flit. FIRMS (EST+)caicd fur(14 + H)+: 210. 14940.Found 210.
14842(-0.98 nu). Anal. calcd for C121119)02: C,68,87H.9.15; N, 6,69; 0,15.29.Found C,67.32; ki,9.05;
N.6.53: 0,16.30. 38(38a) 1H-W8(4001182.CDC13): 5PPm:ElZmanurel.31(1
somer531{.a),1.31(isomerA311,s),1.46 (isomerA9H,d,J=1. 2F1.2),1.49(isomerB9H,d,J=0,

8112),2.34-2. 50(28,in),2.54(isomer111H.dt, 1=17.6.2, 7Hz).2 67(a SO 4.0t,3217.6,2
782),2.91(%%%1&%7??.:&?.,8\]:“& 3" 522385293 (éo%oér%ll%, %i§ %%8(;32%2&#;)% 45;(ZisomErA||i.

br),3.87(agmerelli br),5:53:5155 disomer/3aH. imdi 575, Glf | sometA N m)b5, 67E:0us
60(isomerB2H,nt),5. 74-5.82(1 somerA211,el). 38(35-b) 1H-N10,(5001tHz, 0613) : 5ppm: 1.31
(isomez-53Md 1s)71.85 (isOnrarABHL sl 45 (IsohierAB1d, B 146 (iSoerBoRfs) Y. 73(isomerB1H,cl.
j=13. 282).1.96(Isomer/11FL4,J=13. 21(2),1.91@someL]rfA1H, dd.1=2. 0,13.2Hz),2.10

i
somerB11% 23 4AR, 7112), £ DaY2 38 (B (1°mT, 2. 17 (ISom&rAZH-S), Q%Eﬁsomém‘%iﬁg)e,g.%

(isomer6ltr| :thr)" 2a8% £I§8L§.§E%Igl : g’%’d%'ogé (i§8m9£€‘g>ﬁ A B4R bL2) chloride, water,
. and saturated saline and then dried over anhydrous sodium
sulfate. The residue was filtered and concentrated under
reduced pressure. Then, the cobtalned crude product wasg
purified by silica gel column chromatography to obtain the
compound of interest as an oil substance {19.9 g, 73%).
(41-b) Ethvyi (2E}-5-ethylhepta~2,6-dienocate
Tetrabutyl ammonium fluoride (1 M tetrahydrofuran

solution, 99.3 mlL, 99%9.3 mmol) was added to a diethyl ether
solution (80 mL) of tert-putyl[{Z-ethylbut-3-an-1-
vl)oxyldimethylsilane (19.9 g, 93 mmol) with stirring at rcom
temperature. The mixture was stirred overnight, and the
reaction solution was then separated into aguecus and organic
layers by the addition of water, followed by extraction with
diethyl ether. The organic layer was washed with water and
saturated saline and then dried over anhydrous sodium sulfate.
The residue was filtered and concentrated under reduced
pressure, and the residue was then dissclved in methylene
chloride (180 mL). To the solution, triethylamine (25.7 mL,
186 mmol) and methanesulfonyl chloride (10.8 mL, 13% mmol)
were added with stirring at 0°C. The mixture was stirred
overnight at 0°C, and the reaction solution was then
separated into agquecus and organic layers by the addition of

1 M hydrochloric acid (200 mL), followed by extraction with



4.62 (isomerALH.4,3=12. 7Hz),4.81 (isomerl31H, d,1=11. 7112),4,94(isome_r5111,d.,J=11. 7142)
,5.06 (isomerAl111,alt.3=7.8.2. 4112),5.72-(isomerBlli,dt,J=7. 8,2. 4112),5.90()somerAIlH,dq,3=7.8, 2.
0Hz),5.92( i somerB1H,dq,j=7" 3,2. 0Hz). 36(38-c) 1H-NIIR(500M.Hz,0613) : 5ppm: 1.29 (isomerA311,
a).1.31 (isomerl33H. a),1.44 (isomerA911. s),1,46 (isomerB9H.s),1.57(isomer51H,el.J=12. 282),1.67(
isamerA111,d.J=12. 2112),1.76(isomerAlE, 4. J=)2%82),1.90 (i.somer13111. d, 3=12, Zliz), 2. 19-2.
35 (211+Isomer.01. cm), 2.55-1 77 (1H+isomer5411, m),2.92(isomerAl1H,4,J13.
282),2.94(isomerAlH.cl.3=13. 2Hz),5.70 (111,br),5. 82-3, 83(IR, ad . - 189 - [Table 15] 38(38-d)
Hp.177-178€c A tNMR (A00MaZE0300) appaan3g(ilayer was washed with
somerA3H,s),L36(isomerl331-1:0,1.71(zsoiaerAlH,d, J=12. 562),1.76(israiterBIH.d,j=12.
5Hz),1.89(RalMTETEL 025 BE 1774 2955831 PEGhtefilAY 8¢ ?Q?zé- .%%“kis%‘#:legr%ﬁ?{;ra), 2.33-2.

5 (iacaft L2402 L SenBist o2 somariil. a0 Gamanin 2 7o
pressure, and the residue was then dissolved in dimethyl
sulfoxide (240 mlL) and water (12 mL). To the solutgon,
potassium cyanide (15.1 g, 232 mmol} was added. The mixture
was stirred overnight at 60°C, and water (400 mL) was then
gradually added thereto while the reaction solution was
cooled on ice, followed by extraction with diethyl ether.

The drganic layer was washed with water and saturated saline
and then dried over anhydrous sodium sulfate. The resgidue
was filtered and concentrated under reduced pressure, and the
residue was then dissolved in toluene (150 mL). To the
solution, diisobutyl aluminum hydride (0.92 M toluene
solution, 169 mL, 167 mmol) was added dropwise with stirring
at -78°C. The mixture was stirred at this temperature for 1
hour, and a 30% aqueous acetic acid solution (167 mL} was
then gradually added thereto while the reaction solution was
gradually heated. To this reactién solution, a saturated
agquecus solution of sodium bicarbonate (130 mL) was added
with stirring at 0°C, and the mixture was then separated into
aqueous and organic layers, followed by extraction with
toluene. The organic layer was washed with water, a
saturated agueous solution of sodium bicarbonate, and
saturated saline and dried over magnesium sulfate. After
filtration, 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



d.J=15. 6Fiz),2.92 (i somer8211.s).3.18(isomer/UKd,J=12. 9Hz),3.7(isomerA111,d.34-12. 911z ), - 5.
69-5. 74(HIl,a),5.88( isoaerAlli,ddd.J=2. 0,3. 5,5. 91-12),5,93(iscmet-B1H,ddd..1=2, 0,3. 5, 5.91-Lz).
(KG)):cm- 1,1632,1508,1397,711. 11(ESI-,11miz:250 (1.141)(a-MeOH) -,240 0,1+2-Nd10=,218
(11-rNa) 1- ,196 (14hH) a. HMS (ESE-)calcd forOA + H1+;196. 13375,Found 196. 13106(-2.69
nimu). Anal. calcdfor C11H171;02:C.67,66;11,8.78:N .7. 17.Found C,67.31:H,8.97;N,7.16. 39(39-a)

was concentrated, and the obtained crude product was then
purified by silica gel column chromatography to obtain the
compeound of interest as an oil substance (2.32 g, 56%).
(41-¢) (2E)-5-ethylhepta-2,6-dienocic acid

Lithium hydroxide menohydrate {(4.39 g, 104 mmol) was
added to a tetrahydrofuran:methanol:water (3:3:1, 100 mlL)
mixed solution of ethyl (2E)-5-ethylhepta-2,6-diencate (9.53Z
g, 52.2 mmol), and the mixture was stirred overnight at room
temperature. The reaction solutiqn was concentrated under
reduced pressure. To the residue, water was then added,
followed by washing with diethyl ether. The agueous layer
was made acidic by the addition of 5 M hydrochloric acid,
followed by extraction with ethyl acetate. Then, the organic
layer was washed with saturated saline and dried over
anhydrous sodiuﬁ sulféte. The residue was filtered and
concentrated under reduced pressure to obtain the compound of
interest as an oil substance (8.00 g, >99%}.
(41-d} Tert-butyl () [{1S8,5R)-2-ethylbicyclo[3.2.0]hept-3-&en-~
t-ylidene]acetate

The compound of interest was obtained as an oil
substance {3.00 g, 44%, Major/Minor=3/1) in the same way as
in Example (7-c¢) from (2E)-~5-ethylhepta-2,6-diencic acid
(4.50 g, 29.4 mmol).
(41-e) Tert-butyl {(x)[(15,5R,63)~2-ethyl-6-
(nitromethyl)bicyclo{3.2.0]hept-3-en-6~yllacetate

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 () [(18,5R)-2~



1H MIR. 400 MHz): Two isomers, al. 16(1.5H.d,J -4 7. 4 Hz)and1. 3-1(1. 511,d.J -4 7. 0 Hz),1.46(4.
51-1,s)and1.49(4.55.s), 1.61-1.72(111.a),2. 30-2. 38(lll,ai),2. 13-2. 51(111,in),Z. 62-2.
73(111a),3.85-3. 93(0. 511.ra) and 4. 30-4. 31(0,511.a),5, 36-5. 39(0. 51{,ro)and 5. 44-5.
46(0.511.ni),5. 59-5. 65(0.511.m)and 5. 77-5, 89(1. 5H,ai.). b) 15 MAR (CBC13. 400 1E2) i Three
isomers, 0.93(0.911,el,j = 7. 8 Hz)and 0.97(1. 2Hi£F =7, 0 Hz)and 1. 01(0. 911,d,J = 7.4 Hz),1.14
(2.711,s) and 1,46(2, 711,s)and 1,47(3. 514,a).2. 02-2. 22(111,a),2. 35-2. 42(111,a),2. 44-2. 19
(211,a),2,52-2.59(111,ra),2. 65-2. 67(111,an),1 05-3. 12(0. 31-1,at)and 3. 18-3. 22(0.411,adand
ethylbicyclo[3.2.0]lhept~-3-en-6~ylidene]acetate (3.00 g, 12.8

mmol) .
(41-F) Tert-butyl (#)[(1S8,5R,68)-6~{aminomethyl)-2-
ethylbicyclo[3.2.0lhept-3-en—-6-yllacetate

The compound of interest was obtained as an oil
substance (2.75 g, 87%, Major/Minor=3/1} in the same way as
in Example (4-a) from tert-butyl (£) [ (18,5R, 68)~Z-ethyl-6~-
(nitremethylibicyclo{3.2.0lhept~3-en-6-yl]lacetate (3.52 g,
11.9 mmol).
(41-g)y {(£)[(15,5R,68)~6~(aminomethyl} -2~
ethylbicyclo[3.2.0]lhept-3-en~6-yljacetic acid p-
toluenesulfcnate

p-Toluenesulfonic acid monohydrate (2.17 g, 11.4 mmol)
was added to a benzene solution (20 mL) of tert-butyl
(t}[(18,5R,6S}m6—(aminomethyl)—2~etbylbicyclo{3.2.G}hept—B—
en-6-yllacetate (2.75 g, 10.4 mmol), and the mixture was
refluxed for 1 hour. The mixture was allowed to cool, and
the deposited solid was then washed with methylene chleoride
to obtain the compound of interest as a gray solid (3.17 g,
80%, Major/Minor=3/1).
(41-h) (£)[(18,5R,68)-6-(aninomethyl) -2~
ethylbicyclo[3.2.0]hept-3—en-6-yllacetic acid

(£Y [ (18, 5R,68) -6~ (aminomethyl) -2~
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid p-
teluenesulfonate (3.17 g, 8.31 mmol) was suspended in
methylene 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



a. 33-3, 37(0. 31-1,ra),4.51WAILd.J -4 12.1 Hz)and 4. 71(0.311.d,J 4 12, 1 Hz)and 4. EI(0.311, cl,J =
11. 7 Hz),1. 76(0. 411,cl,J =12.1Hz)and 4.92(0. 3H,d,J =11, 7 Hz)and 1. 98(0. 311.d, J=12.1Hz),5.
65-5. 69(0.6Wand 5. 71-5. 74(0, 411),5, 90-5. 96(111,a). 39(39-c) 1H MIR (CDC13.400 MHz) : Two
major isomers: 50. 89(1, 811,d,J =7. 8 Hz)and 0.99(1. 25,d,J =7. 4 Hz),1, 42-1. 47(1911,a),2, 04-2.
17(lll, na),2. 26-2. 36 (211,ra),2. 40-2. 47(211.m)2%E9H7-3. 03(111,in),3. 18-3. 22 (0. 411,m)and 3,31
(0. 611. dtl=11.3.13.7 Itz),3. 40-3. 54 (LH. la),4. 89 (0. 411,bra)and 5. 01(0.511.bra),5. 71-5.

86(211,
3 hours, and the deposited solid was then collected by

filtration and washed with methylene chloride to obtain the
compound of interest as a white sclid (1.58 g, 91%,
Major/Minor=3/1).
01497
(Example 42} {(£)[{1R,5S,63)-6-(amincmethyl} -3~
vinylbicyclo{S.E.O]hept—B—@nw6—yl}acetic acid
(42-a) (£)~-(1R,5R)-spirc{bicyclo[3.2.0]heptane-6,2"-
[1,3]dioxolan] -3-one

A tetrahydrofuran solution (120 mL) of (£} -
(1'R,2'R,4'3,6'R)~spiro[l,3-dioxclan-2,7"-
{310xatricycio[4.2'G.Ozﬂ}octane] (J. Chemn. Soc. Perkin Trans.
1, 1980, 852) (20.0 g, 119 mmol) was gradually added dropwise
to a tetrahydrofuran suspension (480 miL) of lithium aluminum
hydride (6.77 g, 178 mmol) with stirring at 0°C. The mixture
was stirred overnight at room temperature, and
tetrahydrofuran (200 mL), water (6.8 mL), a 15% agueous
sodium hydroxide solution (6.8 mlL), and water {20.4 mL) wers
then added thereto while the reaction solution was cooled on
ice. The mixture was stirred at room temperature for 3 hours.
The mixture was filtered through Celite and concentrated
under reduced pressure. Then, the obtained crude product was
purified by 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"~
'1,31dioxolan]-3-¢l as an oil substance (7.78 g, 38%).
Dimethyl sulfoxide (9.11 mL, 128 mmecl) was added to a

methvlene chloride solution {110 mL)} of oxalyl chloride {5.50



al). 39 (39-d) 111 MAR (01)300,400 MHz) : TWO major isomers : a0.99 11,5K.4"3 =7. 8 Hz) and
LOS 0.5K,d. J = 7.0 Hz).1. 81-1. 92 (0.55.ed and 2. 13-2, 20 (0. 511,a),2- 26-2. 51(411.S.2, 64-2.
75(111,a),2, 91-12. 99 (I H,od ,3, 08-3. 24 125.m),5. 77-5. 81 (111,a),5. 818-5. 95(111,a). MS(EI)

'mix:195(Mt). Anal.Calcd for CI11117NO2,C 67.66:11 8.73;N 7.17;Found:C 67.00; /I 8. 83; N 7. 18.
- 170 -

w

ml, 64.2 mmol) with stirring at -78°C, and the mixture wa
stirred at this temperature for 5 minutes. Then, a methylene
chloride soluticn {30 mi) of the above-obtained alcohol (7.28
g, 42.8 mmol} was added thereto. The mixture was stirred at
this temperature for 15 minutes. Then, triethylamine (Z3.7
mL, 171 mmol) was added theretc, and the mixture was heated
o room temperature and stirred. The mixture was separated
inte agueous and organic layers by the addition of 0.1 M
nydrochloric acid. The organic layer was washed with 0.1 ¥
hydrochloric acid, water, and gsaturated saline and then dried
over annhydrous sodium sulfate. The residue was filtered and
concentrated under reduced pressure. Then, the optained
crude product was purified by silica gel column
chromatography to obtaln the cqmpound of interest as an oil
substance (6.6l g, 92%).

(42~b)} (£)-(1R,58)-spirolbicyclo(3.2.0]hept-3-ene~6,2"'~

[1,3]dioxolan] -3-y1l triflucromethanesulionate
Potassium bis(trimethylsilyl)amide (0.5 M
tetrahydrofuran sclution, 86.8 mi, 48.4 mmol) was added to

tetrahydrofuran (180 mL), and a tetrahydrofuran sclution (85

(£} - {1R,5R) -spirc[bicyclo(3.2.0lheptane-6,2"~

h

ml) ©
[l,3}dioxolan}w§—ome (6.11 g, 36.3 mmol) was gradually added
dropwise thereto with stirring at -78°C. The mizture was
stirred at this temperature for 2 hours, and a
tetrahydrofuran solution (85 mL) of N-
phenylbis(trifluoromethanesulfonimide] (17.3 g, 48.4 mmcl)
was then gradually added dropwise thereto. The mixture was

heated to room temperature and stirred overnight. Then, the



IFI(KBr) :cm-1:2951,2651,1628,1540,1399.652. 40 (40-a) 111 MIR (C,DC13,400 MHz): 51.08(311.t,J
= 7. 4 Hz),1,46(5,s),l. 51-1, 58(LH.ird ,1. 92-2. 04(2H,a),2.13(211,4.3 =7.4 Hz),2, 31(111.d,J =PL 1
Hz),2. 39011,d,J = 14. 1 1iz),2. 47(111,dd,J = 7. 9,10. 4 Hz). 2. 76-2. 89(1H.ea),2. 93-3. 03(lita),3.
32(111,dd, 1 = 6. 3.14. 5 H2),3.47(111.dd,J = 6. 3,145 _H2),2.72(111hrs) 5. 31-5. 33(111 Ea).
40(40-b) 15 NUR(C3C13,400 MH2))

reaction was terminated by the addition of a saturated
agueous solution of ammonium chloride and water, and the
mixture was separaﬁed into.aqueoug_and organic layers,
Ffollowed by extraction-witﬁ“aiéfﬁ§i'ethér. The organic layer
waé washed with saturated szline and 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 (separation Irom
positional iscomers in regard to olefin) to obtain the
conmpound of interest as an oil substance (4.74 g, 43%).
(42-c) (#)-[1R,58)~3-vinylspiro[bicycle[3.2.0]hept-3~ene-

5,2'-[1,3]dicxolane]

tnﬂ

ithium ehloride {(1.9%7 g, 46.4 mmol),

tetrakis (triphenylphesphine)palladium (0} (0.36 g, 0.31 mmol),
and tributyl(vinyl)tin (2.47 mL, 8.50 mmol} were added to.a
tetrahydrofuran solution (60 mL) of (x)-{(1R,558)~
spiro[bicyclc[3.2.0}hept—3ﬂene—6,2‘~[l,3]dioxolan]—3—yl
trifluoromethanesulfonate (2.32 g, 7.73 mmol). The mixture
was heated to reflux for 2 hours, and water was then added to
the reaction soluticn, followed by extraction with 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. Then, the
obtained crude product was purified by silica gel column
chromatography to obtain the compound of interest as an oil
substance (950 mg, 7Z%).

(42-d) Tert-butyl (&) [ (1R,58)-3-vinylbicyclc{3.2.0]hept-3-en-

6-vlidene]acetate



51.08(36,1.1 = 7.4 Hz),1. 46-1. 47(111,at),L47(911,s),1. 98-2_ 00(111,ad,2- 02-2. 04(111,
al),2.09-2.16(211,an),2. 32-2. 38(1H.m),2.43-2.19(211.ra),2. 79-2. 83(111,a),3.02(311.a),
3.18-3.20(111)a).3, 35-3, 44(111,a),3. 64-3. 72(111.a),5. 32-5, 34(111.m). O (40-c) Mp.177-179 oC.
111 MIR(CO300,400 MHz): 61- 11(3H,t,3 = 7. 4 liz),1. 51(11{.dd.J= 7.4,12. 5 Hz).2. 08-2.
12(11-1,a),2. 15-2, 21(311, m),2.50-2. 56(111a),2/51(211,s),2.77(3H.5),2. 87-2. 95(11-1,ird .3,14-3
19 (111,m),3. 35(11-1, d.j=12.9 Hz),3.40(111.d.J =12.9 Hz),5.30-5. 33(111.a). |

(i)—{lR,SS)—3~vinylspiro{bicyclo[E,Z.O}heptPB—ene—6,2’~
(1,31dioxolane] {990 mg, 5.55 mmol) was dissolved in a mixed
solvent of acetonitrile (16 ml) and water (7 mlL). To The
solution, 2 M sulfuric acid (2.60 mi) was added with stirring
at room temperature. The mixture was stirred at room
temperature for 7 hours, and the reaction solution was tThen
neutralized by the addition of a saturated aqueous solutiocn
of sodium bicarbonate, followed by extraction with ethyl
acetate. The organic layer was washed with saturated saline
and dried over anhydrous sodium sulfate. The residue was
filtered and concentrated under reduced pressure. Then, the

compound of interest was obtained as an oil substance (710 mg,

55

o

, Major/Minor=2/1) in the same way as in Example (1l-e)
from The obtained (lR,SS)—3wvinylbicyclo[3.2.0]hept—3«en—6—
one.

(42-e) Tert-butyl (+) { (1R, 58, 63) -6~ (nitromethyl) -3~
vinylbicyclo[3.2.0lhept~3~en—6wyl]acetate
The compound of interest was obtained as an cil

 substance (670 mg, 75%) in the same way as in Example (1-c]
from tert-butyl (i}i(lR,SS}w3—vinylbicyclo{3.2.0]hept~3—en—6w
ylidenejacetate (710 mg, 3.06 mmol) .

(42-f) Tert-butyl (i)[(lR,SS,65)—6—(aminomethyl)~3—

vinylbicyclo{3.2.0]hept—B—en—6—y1]acetate

The compound of interest was obtailned as an oil
substance (527 mg, B88%) in the same way as in Example (4d-a)
from tert-butyl (+) [ (1R, 58, 68) -6~ (nitromethyl)-3-

vinylbicyclo{3.2.0}heptw3—enﬂ6—yl]acet“te (670 mg, 2.28 mmel).



- MS (FAB) : tan: 224 (M(free)+ 10+. Anal. Calcd for CI3H22.NO2C1: C 60. 111 H 8.54; N 5.39;
Cl13.65; Fpund: C56.70; H 8.43; N 5.32; CI25.67. IR (101r): Cr:2965.1714,1467,1208,1020,788.
g(l)éﬁll'-?) Ifi MIR (CDC13,400 MHz): 80.04(611,s),0. 87(311,z,J =7.4 Hz),0. 39(9H,s),1. 17-1.

it),L. 51-1. 60(1H,a), 2.03-2.11(111.a),3. H.dd,J = 6. 3,9. 8 Hz).3.53(1H dd’3 =
Hz),5. 00-5. 03(1K, > P | -5:53(1.AdS=6.59.8

(42-qg) (+) [ (1R, 58, 65) -6~ (amincmethyl) =3~
vinylbicycloiE.Z.O]hept—3~enmé—y1§acetic acid p-
tolusnesulfonate

The compound of interest was obtalned as 2 light gray
solid (590 mg, 78%) in the same way as in Example (4l1-g) from
tert-butyl (i)[(lR,SS,65)—6—(aminomethyl)—3—
vinylbicyclo[3.2.thept—S-enm6—y1}acetat@ (527 mg, 2.00 mmol}.
(42-h} (i){(lR,58,6S)w6ﬁ(aminomethylj—3—
vinylbicyclo[3.2;@]hept—B~en~6wleacetic acid

The compound of interest was obtained as a light browmn
solid (286 hg,.89%)_in the same way as in Example (41-h) from
(i)[(1R,SS,6S)—6m(amimomethl)—3—vinylbicycld[3.2.0lhept—3—

en-6-yljacetic acid p-toluenesulfonate (590 mg, 1.55 mmol) .

)

[0150]
(Exanmple 43) (£} [ {1R, 58, 63)-6- (aminom thyl) -3~
ethynylbicyclo{3.2.0]hept—3—en—6~yl]acetic acid
(43-a) (i)—?rim@thyl{(lR,SS)ﬂspiro[bicyclo[3.2.thept—3—ene—
6,2'—[l,3}dioxolan}—3wylethynyl}silane
Bis(triphenylphosphine)palladium (I1) chloride (98%,
0.29 ¢, 0.40 mmol), 2,6=-lutidine (1.41 mL, 12.1 mmel) ,
trimethylsilylacetylene {1.45 mL, 10.5 mmol), and copper (I)
iodide (0.15 g, 0.81 mmol) were added to a dimethylformamide
solution (5 mL) of the (i)“(lR,55}—spiro{bicyclo[B.Z.O]hept—
3-ene-6,2'-{1,3]dioxolan]~3-y1 trifluorcmethanesulfonate
(2.42 g, 8.06 mmol) ocbtained In Example (42-b). The mixture
was heated with stirring at 50°C for 2 hours, and a saturated
aqueous solution of ammornium chloride was then added te the

reaction solution, followed by extraction with diethyl ether.



a).5. 05-5. 06(111,al,5. 57-5. 66(111.re). - 190 - [Table 16] 41 (4)-6) 111 Me (0C13,400 1Thz) :
30.87(3H,t,J=7.4Hz).1. 29 (39,t, | = 7.4 Hz),1. 29-1. 36 liltra),1. 41-1. 51 (111.'a).2. 03-2. 12
cm.ri4,2. 17-2. 31(211,a).4.18(211.9q.1= 7. 4 Hz),4. 97-5. 05(29,26,5. 53-5.62(11l,a),5.81
(111,ii,J=15,6Hz),6.91(19,dz.,..1=7.4,25.6Hz), 41(11-c) 19 NIT ((C13.500 MHz): 60.88(311.t,J=7.3
Hz),L 25-1. 35(19,a).1.421.500ILit),2. 05 -2. 12(211%és);2. 20-2, 27 (lli.m).Z. 29-2. 35(LH.ro),4. 98-5.
06(2H,ni),5. 53-5, 60(.111.a),5.82(IH,d,1 = 15.6 Hz),7.03 119.dt,j = 7. 8,[5.6Hz). 41 (41-4) 111
NKR(CDC)3,400 691z): Major isomer :

The organic laver was washed with saturated saline and 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 cbtain the compound of. interest as an oll

5154

substance {1.78 g, 89%).
{43-b) Tert-butyl (£)-{{(15,53)-3~
[ {trimethvlsilvl)ethvnvl]lbicycleo[2.2.0 hept~3~en~6-
vlidenelacetate

The compound of interest was obtained as an oil
substance (1.50 g, €9%, Major/Minor=2/1) in the same.way as
in Example (42-d} from (%)-trimethvl[{1R,58)-
spiro{bicyclo[3.2.01hept-3-ene—-6,2'~[1,3]dioxclan] -3~
ylethynyllsilane (1.78 g, 7.17 mmol).
(43-c) Tert-butyl {X)-[{1lR,55,68)~3-ethynyl~6-
(nitromethylibicycle[3.2.0hept-3-en-6-yllacetate

The compound of interest was obtained as an oll
substance {870 mg, 60%) in the same way as in Example (1-cCj
from tert-butyl (&)-{{13,58)-3~
[(trimethylsilyl)ethynyl]lbicyclo[3.2.0]hept-3-en-6-
ylidenelacetate (L.50 g, 4.98 mmol}.
(43-d) Tert-butyl (£)-[(1R,58,68)-6- (aminomethyl)-3-
ethynylbicyclo[3.2.0]hept-3-en-6-yl]acetate

The compound of interest was obtained as an oil
substance {630 mg, B81l%) in the same way as in Example (4-a)
from tert-butyl (£)-[{(1R,55,658)~3~ethynyl-6-~
(nitromethyl)bicyclo{3.2.0]lhept-3-en-6-yl]lacetate (870 mg,

2.9% mmol).



60.86(311.t,J = 7. 4 Hz),1. 23-1. 38(211,m),1. 45(911,s),2.45-2.51(111,22),2. 54-2.62(llI.
m),2.97-3.07(111,20,3.25-3.33(114,m) ,3, 86-3. 90MI-a),5.45-5. SOOH ,r2),5. 57-5. 630IL
ra),5.79-5.84(111,m). Minor isomer: b0.931311.t.J=7.4
W.1,23-1.38(29.2a),1.49(99.5),2.40-2.43(114.20,2.65-2.68(19. a) ,2, 78-2. 86(lli.a),2. 523-2.
96(19,a),4. 30-4. 33(lll,a),5. 36-1 38(111,it),5. 65-51 B8(+11, m).5. 79-5. 84(111.n0 . 41(91-e) 111
1.0111(CDC13,409 MHz): Major isomer : 60.83(39,t,J=7.4
Hz),1.18-1.34(211,m).1.45(911.s),1.50-1154 (19,20,1 29(11,ddd.

(43-2) (%) [(1R,53,68) -6~ (amincmethyl)-3-
ethynylbicyclo{3.2.0lhept~3~en-é-yllacetic acid p-
toluenesulfonate

The compound of interesﬁ was obtained as & pale yellow

solid (821 m in the same way as in Example (41~g) from

(8]
O
[}
feis)

tert-butyl (*)-[(1R,55,68) -6~ (aminomethyl)}-3-
ethynylbicyclo[3.2.0lhept-3-en-6-yljacetate (630 mg, 2.41
mmol) .

5,65)-6-{aminomethyl) -3-

o

(43-£) (&) [{1R,
euhynylblcyc o3 Olhept- 3-en-6-yllacetic acid.

The compound of interest was obtained as a light brown
selid (371 mg, 83%) in the same way as in Example (41-h) from

S, 68) -6~ (aminocmethyl) ~3-ethynylbicyclo[3.2.0]hept-3-

H-

[S]

() [{LIR,
en-6-yllacetic acid p-toluenesulfeonate (821 mg, 2.17 mmol).
[0151]

The physical analysis data of the compounds described in

the Examples 1s shown below.



| =2.7,8.9,12.9 Hz),2. 33-2, 38(19,in),2.46(29.s).2. 50-2. 56(19,in),3. 22-3. 28(11in), 4, 78(19,22.,J=IL
7Hz),1.85(19,d,J=11, 7Hz).5. 65-5, 67(111,2),5.92-5. 95(11-1.m). Minor isomer: 60.88(31t,37.4
Hz),L33-1.39(litzo).1.45(9H,s),1.85(111,dd.3' 8. 2,12. 9 Hz), 1.97 (19, dad, J =3. 1,8. 6,12. 9 Hz),
2.46 (211,s). 2. 69-2. 70 OH, ri0,2. 71-2.77 (111. in),1 95-3. 03 (111,m),3. 17-3. 21(111.ea),4.
54(1lf,ci,d =12. 5 Hz),4. 60(19.d.J =12. 5 Hz).5.59-5, 2(+11. 0),5. 76-5. 82(1.11,m). 41(41-f) 19 NUR
(CDC13.5('0 MHz): Major isomer : 60.83(39.t, J 7,3 Hz),1, 17- 1.22(111.ea).11 24-1.
31(19.m),1.43(911,s),1.44-1.48(111.

[Takle 2]
Example | Analysis data
No.
1(1-a} TH-NMR(400MHz, CDCI3) :d ppm:2.21-2.26(2H, m), 2.32-2.37(2H, m), 3.01-3.08(2H, m), 5.75-
6.87(2H, m), 7.03-7.11(1H, m).
1{1-b} IH-NMR(400MHz, CDCI3) :d ppm:

Major isomer 1.43 {9H, $), 2.29-2.35 {1H, m),2.62-2.71 (2H, m), 2.89-2.98(1H, m);3.27-3.35(1H. m},

3.92 (1H, broad), 3.47-5.49 {1H, m), 5.80-5.87 (2H, m}.

Minor isomer 1.49 (5H, 8), 2.42-2.48 (1H, m), 2.62-2.71 (2H, m), 2.89-2.98 (2H, m), 4.34-4.36 (1H, m),

5.37-5.38 (1H, m), 5.61-5.64 (2H, m).

1{1-¢) MS (FAB) : mv/z : 268 (M+H)+, 250 (M+Na)+

TH-NMR(400MHz. CDCI3) :d ppm: 1L45(9H, s}, 1.33(1H, dd, }=7.5, 12.9Hz ), 2.17(1H, 4, J=15.2Hz),

231(1H, ddd, F=2.4, 8.6, 12.1Hz}, 247 (2H, 5}, 2.52-2.58(1 1, m), 2.87(1H, quint, I=7.5Hz), 3.25-

2.66{1H, m), 4.78(1H, d, J=11.4Hz), 4.87(1H, d, J=11.4Hz), 5.63-5.67(1H, m), 3.95{(1H, dd, ’=1.6,

5:9¥17),

1{1-d) TH-NMR{400MHz, CDCI3) :d ppm: 1.39-1.49(1H, m), 1.44(5H, s}, 1.97(1H, ddd, ]=2.8, 5.0, 11. 7H2)
2.14(1H, dd, =2.3, 16.8Hz), 2.25(1H, d, J=13.7Hz), 2.32(1H, 4, J=13.7Hz), 2.47-2.35(1H, m), 2. 7::(

quint, J=7.4Hz), 2.88(2H, ), 2.98-2.99(1H, m), 5.77-5.79(1H, m). 5.87-5.8%(1H,m). )

1(1-2) Mp: 176-178°C.

TH-NMR{400MHz, CDCI3) :d ppra: 1L49(1H, dd, I=7.6, 12.5Hz2), 2. 06{1H ddd, I=2.6, 7.6, 12.5Hz),

2.17(1H, dd, J=2.6, 16.8Hz), 2.49(2H, 5), 2.48-2.56(1H, m), 2.86(1H, guint, J=7.6Hz), 3.15-3.16(1H, m},

3.18(1H, &, I=12.7Hz}, 3.22(1H, 4, I=12.7Hz), 5.75-5.78(JH, m), 5.91-5.93(1H, m).

IR (KBr} : cm-1: 2953, 2896, 2840, 1633, 1573, 15304, 1393, 1174, 724.

MS (El} :m/z : 181 (M)+.

Anal. caled for CI0HI1SNO2: C, 66.27; H, 8.34: N, 7.73. Found C, 65.13; H, 8.31: N, 7.64.

2(2-b) 1H-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), 2.23(1H, d, J=13.7Hz), 2.32(1H, 4, J=13.7Hz), 2.47-2.55(1H, m}, 2.75(1H,

guint, J=7.4Hz), 2.88{2H, s), 2.98-2.99(1H, m}, 5.77-3.78(1H, m), 5.87-5.8%(1H m).

2(2-¢) Mp.190-191°C.

[a123D3 -159.3° {c=1.06, H2O).

[H-NMR(400MHz, CD30D) d ppm: 1.49(1H, dd, J 7.6, 12.5Hz ), 2.06(1H, ddd, }=2.6, 7.6, 12.5Hz),

2.17(1H, dg, J=2.6, 16.8Hz), 2.49(2H, 5), 2.48-2.56(1H, m), 2.86(1H, quint, J=7.6Hz}, 3.15-3.17(1H, m),

3.18(1H, d, }=12.7Hz}, 3.22(1H, d, J=12.7Hz). 5.75-5.78(1H, m), 5.91-5.93(1H, m).

IR (KBr) : cm-1: 2953, 2896, 2840, 16335, 1573, 1504, 1395, 1174, 724.

MS (ED} : m/z ; 181 (M)+.

Anal. caled for CTOHI5NO2: C, 66.27. H, 8.34; N, 7.73; Found C, 63.81; H, 831, N, 7.75.

3(3-a) IH-NMR(400MHz, CDCI3) :d ppm: 1.38-1.49(1H, m), 1.44(18H, s}, 2.04(1H, ddd, J=2.7, 8.6,

11.3Hz), 2.08-2.12,2.12-2,16(total 18, dd, each s}, 2.21(1H, ¢, F=14.0Hz), 2.28(1H, d, I=14.5Hz),

2.46-2.55(1H, m), 2.80-2.91(1H. m), 3.02-3.08(1H, m), 3.36{1H, dd, I=6.2, 14.1Hz), 3.45(1H, dd, I=6.4,

‘ 14.0Hz), 5.72-5.76(1H, m), 5.85-5.8%(1H.m).

3(3-b) - TH-NMR{400MHz, CD30D) :d ppm: 1.49(1H, dd, F=7.6, 12.5Hz), 2.06(1H, ddd, }=2.6, 7.6, 12.5Hz),

2.17{1H, 4d, J=2.6, 16.8Hz), 2.49(2H, 5), 2.48-2.56(1H, m), 2.86(1H, dt, }=16.8, 7.6Hz), 3.16{1H,

broad), 3.18(1H, d, =12.7Hz), 3.22(1H, d, I=12.7Hz), 5.75-5.78(1H, m), 5.91-5.93(1H, m):.

IR (KBr) : em-1: 2900, 1572, 1523, 1383

MS (ED) : m/z - 181 (M)+.

Anal. caled for CI0HIENO2: C, 66.27; H, 8.34; N, 7.73; Found C, 66.15; H, 8.33; N, 7.75.

[alD : 155" (H20, ¢=1.0)

Mp. 192-193°C.

4(4-a} IH-NMR(400MHz, CDCI3) :d ppm: 1.38-1.48(1H, m), 1.44{9H, s}, 1.97(1H, ddd, }=2.8, 8.0, 11.THz),

Z14(1H, da. =23, 16.8Hz), 2.25(1H, 4, F==13.7Hz), 2.32(1H, d, }=13.7Hz)}, 2.47-2.55(1H, m), 2.75(1H,

de, 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}.




22),1.95(19.cidd,1 = 2. 9,8.8,12. 2 Hz),2. 22(LH,d.I t 13. 7 Hz),2. 29(111,d,J = 13.7 Hz), 2. 29-2. 32
(1H, a). 2.37-142 (19, a), 2.87 (2.1{, s) , 2- 95-2. 99 (1F1, a), 5, 77-5, 79 (1H, m) , 5. 35-5. 116 (19,m).
Minor isomer: 50.37(39,t,J = 7.3 Hz).1.24-1.31(111,12).1.43(91-1,s).1. 98-1. 54(111,m).1.61(19,ddd,
J=2.9.8.3,12.2 Etz).11 75(lli,del,l = 7.8.12. 2 Hz),2. 22(111.cl,d = 13. 7 Hz),2.29(lli,d, j=13.7
Hz),2.29-2.32(IFl,a),2.53-2. 59(19.m),2. 67-27 71(19,m),2.88(211,s),5. 69-5, 74 (211,21). 41 (41-g) Ili
NIIR(03300,.100 MHz): Major isomer :

[Table 3]

4 {4t} TH-NHR (400MHz. CU30D) -6 pom: L 4GCIH, dd, J=7.8, 12.35Hz ), 2.06(1H, ddd. J=2. 6, 7.6 12.5Hz},
2 PT{IH, dd, J=2.B, 16 SHz), 2.48(0H, s}, 2.48-2 G6(I1H, w), 2.86(1K dt, J=7.8, 16.8Rz), & 18UK

broad), 3. IS{IH, d, J=12 THz). 3.220H, 4, J=12 THz), 5 T5-5. 7804 m), 5.90-5. 9301 nl.

JIR {KBry T em—1i: 2801, 157i, I524, 1383

HS D} ¢ wfz ¢ IBD G0+

Anal. caled For CIOHISNOZ: C, 86.27: H 8.34: N, 7.73) Found C. 85 34 B, 843 ¥ 775

[l +1868° (H20, e=1. () ‘

Mp 198-193°C,

5{5-a} ¥p: 185-1887C

{H-NMR f400MEz. CDAOD) ¢ 8 ppm: L.51{IR dé J=T.8, 12 7THz ), 2. E8(IH, ddd. J=2.8, 7.6, 15 6Hzl,

219018, 44, J=.2, 16.8z), 2. 51(2H, s}, 2.53-2,38(18 w, 2.890IH, quint, J=7.8Hz],

3, I8-2, 1901, m), 3 330IH, 4. J=18 3Hz), L37T(H o J=I3.8Hz), 5. 70-3.T3(IH a). 5. 97-6.00(1H,

wi, . o

IR {EBr) : ca—l: 3128, 2914, 1702, 1498, 1236

uS {FAEY © mfz ¢ 1B2 {freesf}+

Ansl. caled for CICH1GM03C1: €, 55 17: H 7.400 K, 8. 43 €l 16.29; Found £, 34710 K, 7431 K

£.38. Cl: g 1D '

8 ¥p 161-162C.

1H-MMR (400MHz, CIRODY @ & ppme L 5I{18, &4, J=0.4, 120 7He), 2012-2,20 (2B, =3, Z2.51(2H, s,

7 5i-2. SO{1H, m), 2. 89(1H, quint , J=7.4Hz), 3.17-3.18(1 w), 3.320H d, J=15. 3Hz), 3.36(iH,

d. J=13.3Hz), 5.69~5. 7i(lH, &), 5 97-6.00(HH m}, 7.40-7.46(3H, m), 7.80-7.84(ZH, m).

1IF By @ el 3094, 3053, 1704, 1514, 1adh, 1238, 1163, 1034, 730

W3 {FAR+) w2 @ 1Bl {freetHi+.

Anal. caled for CIGHRINOGS: €, 55.16; H, 6.36: K, 4.02: 5, ©.20; Pound §, 56.42; H, 6.210 K, 4. 043

S, 9.51,

T(7~a} [HGR (400MHz, CDCLY) © & pom: 0.B0—0.94 (3H, wy, 1.58-L75 (If m, 1.591-2.08 (1%, w, 2.21-2.33

(18, m), 2.43-2.56 {28, m), 3.72 (34 s}, 584400 (IH, m, 5 01-5.07 (28 w, 5. 74-5.84 (I

m),

MS (FARY - w/z : 173 QEHH)

7 {70} THHUR (400ABLz, CDCLIEY © 6 ppes 0.90-0,94 038, wi, L.84-1.74 (3% mb, 1.93-2.00 {18, w, & 24-2.32

' {4 m), 2.45-2.6% (M, m), 3.87-4.03 (18 m), B.03-5.68 {2, w), 5.755.83 (4, m.

MS (FAR) © miz @ 15D (MeH)+, 181 (Ma)+

7{7~c} IH-NR (400MHz, CDEIZ) 6 pmpwe

Major isomer 1. 45 (98, s}, 2.11-2.22 “H, m), 2.59-2.71 (24, w), 2.87-2.87 {1H, =), 3.26-3.3% (14,

m}, 387 (ifl, bread), 5.22-5.28 ({8, =, 5 45-5.47 (I, m). . :

Minor isomer L. 48 (SH, s}, 2. 11-2. 21 (4H, =, 2.435-2.46 (1H, =), 2.59-2.70 {1H, m}, 2. 75-2.83 {IH, -

mi, 2.87T-2.97 (i ), 429 (H, broad), 536 (I s), 5.58 (IH, a).

¥S (EI} @ m/z ¢ 220 Qi+ :

7 (7} TH-MME (400MMz, CDC13) ' & ppw 145 (@4, s), .53 (I8, dd. J=F.6, 12.9Hs), L. 8DI3H, s}, 2.04 {18,

4, F=16.4Hlz), 2.29 (IH, ddd. J=C.8 7.6, 12.9Hz), 2.47{EH, =), 2.49(1H, &4, H=T. & 16.48z), 2.80

{iH, quint, J=T.6Hz), 3.21-3.22 (H. =}, 474 (3% 4 J=I11.7Hz), 484 (4, JRLL.7Hz), 6.25 (iH

g).

T{T~e} Mp: 1BS-190%.

LIRS (J00Mz. CD30DY G5 pomt L40 (UE dd, J=T.6, 12,382}, 179 (3, =), 2.02-2.08(2H m),

o 432 50 (14, m). 2.45 (IR, 4, J=16.2Hz}, 2.51 (IR, 4, =16.2Hz), Z.85 ({H guint, J=7.6Hz),

3.05-8.12 €1E, w), 2. 13 {IH <& J=i3.0Hz), 3.17 (I & J=I3.0Hz), 5.36 (1H ¢, J=L 6Ha).

IR {KBrY @ em~1: 2946, 2927, 2905, 2832, 1564, 15628, 1396, 1384,

S (FAR) @ w/z @ 186 OB+ 218 (M5Na)+

Anal. caled for CIIHITMBZ: C, 67.55: ., 8. 78 N 7.17: Found C, C, 68.84; H B 78 B T7.Z2L

8(8-a) LE-TR ($0CMHz. CDCL3) © & ppe: Q.9% (BH, t, J=7.5Hz), L 28 (8H, <, J=7.2Hz), L 43-L 55 (24, m).

1.98-2. 28 (ZH, m), 2.45-7.48 (2B, m), 2.88-2.93 (IH, m), 4.07-4.10 (14 m), 4 10~4.20 (20 =),

5.01-5.00 (25, m), 5. 75-5.86 (1, m).

MS {FABRY @ omfz @ 200 (MeE) T

${8-b) TH-NMR (400MMz. CDCIZY : 6 ppa: 0.91-0.96 (3K, w}, L 39-1. 52 (3%, w), 2.01-2. 28 (2H, m), 2 BE-2. 55

{08, w), 4.05-4.15 (BB, m), 5.03-5. 10 (28 m), 5. T4-5.86 (1B, =)

M (FAB) @ mfz @ 173 ()<, 195 {M+Na)+,




50.85(3H,t,I = 7.4 Hz),1. 17-1. 28(111,m),1.28-1.36(111.20,1,50(111,dl,J = 7. 4,12.5 Hz),2. 15 (lli,&HlI,
J=21.7,9.0,12.5 Hz), 2. 33-2. 37 (111.a), 2.37 (39,s), 2. 50 (211, s),2, 53-2. 59 (19,2),3. 14-3.
18(111.20,3.32(lIl.d,l =13.3 Hz),3.36(1E,d.J =13.3 liz),5.70-5.72(19. S.5, 97-5.98un,to ,7.23(211.cl.3
=7, 0Hz),7,70(21-44,J = 7,8 Hz)- Minor isomer: 50.91(311,t,J = 7. 4 Hz).L. 36-1. 42(111"m).1.
56(1H,dd,| = 6. 7,13. 7 Hz),1. 51-1. 88(211, m)12/37 (3)1,s),2.49(29.5),2. 70-2. 77(LH,pi),2. 97-3.
04(19.ra),3. 12-3, 19 (211, 20,3. 32-3. 35 (iii.la),5. 61-5. 66lilt'4,5. 81-5. 8.1(lli.En).7. 23(211,d.J=7. 8
Hz),170(211,il,J = 7. 8 Hz). 41(41-h) 111(03 00, 400 MHz): Major isomer :

[Table 4]

8{8-c} 1-MMR (4008Hz, CDCIZ) & ppae

Hajor isomer L. 05 (3H, ¥, J=7.4Hz), L.45 (9, &), 2.07-2.22 (3H, w}, 2.585-2.70 (BH, w), 2.87-2.96
{18, @), 3.30 {18, ddt, J=8.6, 1%.4, 2. THz), 3.86-3.8% (iH a), 53.22 'M-* 23 (18, =), 5. 45-5.47 {14,
.

¥inor isam&ri 08 (3, ©. J=7.3Hz), 1.49 08, 5), 2.07-2.21 (SH, =), 2.40-2.47 {iH, w), 2.58-2.70
{IH, m), 2.75-2.85 {1, w), 2.87-2.96 {1 =}, 4 28— 31 (I, =), 5.35-5.38 (4, m), §

(1M, m).

WS (FAB} @ w/z @ 235 (Msils, 257 {M+da)+,

8{&~d) IR-MR{A00MHT, COCISY @ 6 pos 1O (3H, t, f=7. d4Hz), 1468 {0, s, 1.52 {1, 4d, J=7. 6, 13 2Hzj,
2 06(1H, 4, 16.8Hz), 2 14 (o0, q, J=T.4Hz), 2. 30 (LK, ddd, J=2.4, 7.6, 13.3He}, 2.47 {JH, s}, 2.49
{iH, dd, J=T.8, 18, 6Hz), 2,88 (IH, quint, J=T.6Hz}, 3.21-3.22 (JK w), 4.75 (IH ¢ J=11.7Hz), 4. &4
(iH, 4, J=11.7Hz}, & "? {14, =).

MS (FAB) : miz @ 296 ()< 318 (M=Na) -

{B—e} Mpo 1751787

1H-NME (400MHz. CD30DY : 6 ppm 1. IQ(3H, t, J=7.4Bz), L 48(1H, dd, J=7.3, 12.8Hz), 2.03-2. 0R{ZH,
w, L i4(2H, g, J=7. 4Hz), 2.46(1H, 4, J=i8. 22{2}, L 86-2, 53018, mi, 2. 51(1H, 4, J=16. 2Hz), 2.85(1K
quint, F=7.5Hzy, 1.08-3. 10014 =), 3.1401H, 4, J=18.0Hz), 31801, 4, J=I3.OHz), 5.38{, d4d,
J=1.7, 3. THz). ‘

IR (KBr) @ em-i: 2962, 2§28, 28O, Z8YT, 1589, 152F, 1403,

HS (FAB} @ wiz : 210 (BH)+ 232 (MiHa)+

Anal. esled Tor CIPHIGNGD: €. 68.87: H, 4. 15! N, 6.89; Found C, €, 67.641 H. G IE8; N & 61,

G {G~g) IH-NMR(400MHz, CDCL3) - & ppm: 0.90 (8H, t, J=7.5Hz), L. 181 -L.55 (4H, =), 1.95~2.30 (28, m).
2. 42-2. 53 (4, w), & 75~2 82 {IH m), 3.72 (3H, s). 4. 014 11 (1H, w), 5.08-5. 0% {28, »), 5. 74-5. 86
{1H, .

& {G-h) m—mﬁt{am&ﬁ’ﬂz\ COCL3) : 6 ppm: 121 (3H, t, J=7. 5Hz), 1 3i~1-1.43 (3H, m}, i.B4-1.58 (E w.
2.00-2.29 (3K, w), 2.47-2.859% (2H, m), c;:m 11 (2B, w), 5.03-5.10 (24, m), 5.77-5.8% (1B, w.
8{8¢} 18*313!3(%{}{}&12\. COCIY) ¢ 8 ppm

Hajor isomer 0.%1 (3%, T, I=7.3Hz), L. 45 (9H, s}, L. 48-1.50 (3H, m} a.06-%, 13 (21, m}, 2. 572,70
{2H, m}, 2.87-2.96 (1H, m, 3. 30 {1H, ddt, F=8.6, 18 4, 2. THz), 86 (1K, broad), 5 22-5 23 (1K
my, B.45-5.46 {14, ml.

Minor isomer ©. 91 {3H, t, J=7.3Hz}, L 49 (GH sJ 1.48~1, 50 (8H, ng, 2.06-2.47 {88, mw), 2.57°0.70
{oH, m), 2.87-2.96 {24, m), 4.29 (1Y, broad). 5. 34~8 38 {18, m}, 5.45-5.46 (1H =),

2{%-d) MR (400MHz, CRCIAY [ d ;mm .91 (3K, 1, JT. mzz 1.27-1.32 (24, w, 1.48 (OH, s}, L.45-1, 58
(38, wl, 2.03-2.13 (3K, m). 2.27-2.29 (1H, wj, 2. 46~2 51 {"zﬁ. w, 2.84~2,92 {IH, =, 322 (1H
broad), 4.75 (M, 4, =il 711?.} £.85 (1H 4, J=1L THz), 5.27 (14, s).

3{G—e) Hp: 174-175°C. :
IH-NMR (4004Hz . CD30D) : § ppmt 0. 94 (3R, t, JT.4Hz), 1.45-1.58(3H, w), 2 08-2. 0824, m), 2. 14(3H,
v, J=B.0Hz), 2.46-2,500IH, m), 2.48(1H 4. J=12.0Hz), 2.B52{(1H, 4, J=12 OBz}, 2.85(IH, quint,
F=T. 4823, 3.10-3, 12(tH, m), 31408, 4, J=i3, Hz), 3. 1801, 4 J=13. fHg), 5. 38(1H, 4. J=i. THz).
IR (BBr) @ eom-1: 2867, 2928, 2905, 2834, 2829, 1540, 1397, 1380, 1285, '
WS (FAB) : wiz ' 224 (@#H)+, 246 ObB¥ar+

Anal. caled for CIZHZINGE: € 659.9%2: H, 9.4% N, 6.27: Found C, £, 60.13; B 9.51: N, 6€2L
16(10~a) | 1H~R {40088z, CPCI3) & ppmr 0.90 {3& t, I =7 Hz), L20~1.40 {6H. m), L 30-1.56 (i mj,
195227 (3H, m), 2.46-2.48 { 2 wy, 274 (18, &, T =4 Hz}, 5.7 {3H, =), 4 0i-4.10 (IH, m},
5. 00-F. 10 (2R, m), 5. 74~5.85 (1d, m).

10{10~¢} | 1H-NMR(400MHz, CDCI3) : & ppm: 0.87-0. 93 (3, m), L 25-L.45 G4 m, 1.46 (1.49) (9K, s, 1. 98-2.20
(3H, m), 2.40-2.95 (44, =), 3.86-3.88 (4.20-4.40) (IE m), 523 (5.08) {iE br.s), 5 45 (5.38)
(1H, br.s.),

100104} | 1B-MR {4008z, COCLE) @ & ppee Q.92 (3 ¢, J=7Hz), 1L25-0.38 @M, m), L. 458 (Gi, &), L96-2.15
{4H, w), 2.85-2.33 (1H, m}, 2.48~2.55 {1H, m), 2.47 {ZH, &), 2.81-2.88 (JH =}, 3 13—3 23 {18,
wd, 4.75 (IH, d, 7= 12 Hz). 4.84 (IH, d, J = 12 Hz), 5.26 (IH s

10{10~2) | 1H-MR{400MHz, CDCI3) 6 ppe: 0.91 {3H, %, J=7), 125149 (5H. wi, 1.44 {I8H, sj, L 95215
(48, m), 2.24 (2H, 44, [ = 14, 21 He}, 2.40-2.56 (1B w), 2.75-2.90 {18 =), 2.97-3.08 (14 o),
3,303, 45 (20, w). 4.99 (IH wr. =), 5.33 (1E br. s).




60.85(39,t,J = 7. 4 liz),1. 19-1. 27(111,a),l. 27-1. 35(19,2).1. 48(111,ad, = 7, 4,12.5
Hz),3.05(111,cldd,J = 2_ 7,9.0,12.5 Hz),1311"2.370Hm).2.47(29,s),1 51-2, 57(19.22). 3.
12-3.24(311,3),5. 76-5. 78llli,nil,5, 92-5. 93(19,22). Minor isomer: 30.90(39,t,37.4 Hz),l. 35-1.

42(111.m),1. 55(111,ild"J = 6. 7,13.7 Hz).1.720H,ddd, J =2.7,8.2,12. 1 Hz),11 a3 (19.dd,J = 7.8,12.
1 Hz),1 46 (211,s),2. 67-2. 75 (19. 22) ,2_ 95-3-0Z{#1-1,m).3. 12-3. 25(39,m).5. 70-5. 72(111.Ea).5.
76-5. 78(LH,m). 643(El) :wiz:209(Mt). Anal.Calcd for C121-119NO2 : C 68.87: 11 9.15; N 6,691

Found:: C 68.52: H 9,24; N 6.68. 13(liHr) :cm-1:2958,2541,1621.1511.723.

[Table

5]

16{10-£)

IR CA00MHZ, CD3OD & ppm: 0093 (34, ¢, J = 7 Hz), L26-1.53 (8H m), L 97-2.17 (48, mi,
2 4R-2, 51 (1B, m), 246 (¥, 4, T= 18 Hz), 2,50 (UH, 4, J = 16 He), 2.82~2. %1 (18 w, 3.05-% 1L
(18, =}, 3.14 (1H, & J = I3Hz), 3.18 (1H 4 J = i3 Hr), 538 (IR, br. st

IR (KBr} : cm-l: 2957, 2826, 1584, (525, 1397

M3 {EI} @ m/fz 0 238 OB+

Amal., ealed for CI4HDENDE:C.2H20: C, 68.79, H 9.79: N, 5.81: Found €, 8% 94, H, % 74; ¥, §.9L.
Hp, 150 T {decomp. )

1E{11-h}

TH-NHR (4G0MHz . COELR) 1§ powd 0,92 (isomerAldt, 4, J=7.0Hzl, 0.92 {isomerB3H. 4, J=T.0Hz), 0.9
{igomerB83H, d, J=T.0Hz), 0.98 {(isomeraddl, .4, J=T. OHz), 1.28+1.3% {iscmerAlH, m}, L 4I-1. 48
{isomerSiH, m), L 84 (isomerall, d—sept, J=L 7. 7. 0Hz}, [ 95-2.07 (iscmerBill =), 2.11-2.29 (24
mh, 344 (isomerBiH dd. J=3.1, 13,38z}, 2.48 (isoweraAlH, dd. J=3.1, 13.3Hz), 2.51~2.82 (i, w),
2. 66 (isomerAlH, d, J=1.9Hz), 2.82 (isomerBIR, ,d, J=8. 88z}, 2.72 (Ml s); 4. 04~4 09 (isomerSiH
m, 4. 18~4, 22 (iscmerdlf, m), 4.99-35, 09 (2, wt, 5.8l {isomerRIH ddt, J=10.2. 17.2, 7.0Hz!, 5.8%
{isomerdlH, ddt, J=if. 2. I7.2, 7. 0Hz).

11{3l-c?

IH-NMR (400MHz . CDCIZ 4 oppad 0.92 (isomeradH, d, J=7.0Hz), (.93 (isomerB3H, 4, J=7.0Hz), 0.95
{isomerBSH. d. J=7.0Hz}, 0.95 {isomeri3d, &, J=7.0Hz), 1.32-1.37 {isomerdlH, m}, 1 43-1.4%
(isomerBIH, mi, L 585 (isomerAil, d-sept, J=5.5, 7.0Hz), L 88 (isomerBifl, d-sept. J=4.3, 7.0Hz},
2.04-2, 25 (2H, w), 2.49-2.68 (20, m}, 410 (isomerBif, dt, J=6.4, 3.1 Hz), 4.22 (isomerdiH, ddd,
F=207, 4.3, 6. 482y, 5.01 (IH, =), 5. 08 {isomerBiH, ddd, J=1.6, 3.2, 15 QHz), 5,10 (isomeralH, ddd,
F=1.8 3.3, 17.0fz), 5.81 (isomerBIH, wl, 590 (isowersld, ddd, F=7.0, 9.8 I7. oiz).

11 (i1-d}

{B-R (400MHz. CDCI3Y 5 poms LO7 (BH, d. J=6. THz). 2.38 (18, &, 2.40 (1, sept. J=6.7Hzl,
2.75-2.85 (3H, w, 3.20 (IH, m}, 4.19 UH bri, 522 (I he).

(i~}

IN-NMR{400MBz, CDCIS) © § opee EFZ mixture 105 (isomerA3R. 4. J=6.6Hz), 1.06 (isomerB3H, 4,
J=6. 6z}, 1,06 (isomerddH. 4, J=6.6Hz), 1.08 {isomerBIH, 4, J=5.6Hz), 1,46 {isomerABH, s}, 1.49
{isomerBOH, s}, 2. 18-2.925 (IH. m), 2.36 (IH sepr, I=6. 8Hz), L.41-2.8% (28, m), 287095
{isomerBlH+1H, =), 3.20 (isowerild, ddt, F=8.6&, I[8.0. 2. 7THz}, 3.83-3 88 (isomerall, w, 4.26-4.31
(isomerBiH, =), 5.21-5.23 {isomsrAll, ), 5 34-5.35 (isowerBIE. w), 5.43~5.45 {isomerSIH, u,
5. 45-5. 47 (isomerAlH, m). '

LI (11-F)

TH-NMR (400MHz, CDCLY) & popm! L OB (3H, 4. J=6.8Hz), 1,09 (34, d, J=6.8Hz), 1. 46 (94, s}, L 45-1.B52
(18, w), 2.09 (i, 4 J=i6.4Hz), 2,30 (L =), 241 (1, sept, J=6.8Hz}, 2.47 (2M, s}, 2.52 (B
dd, J=7.8, 5. 4Hz), 2 86 {1H, guint, J=T 8Hz), 220 (M, b2), 4.75 (I d. F=il,5Hz), 4.85 (IH,
d, I=10.BHz), 6.26 (IH, s).

1{ti-g

1H-NMR (400MHz, CDOI3) & ppw: 1,07 (3B d, J=b. BHe). 1,09 (3H, d, J=5.8BHz), 1.40 (14, mi, i 44
{oH, s}, 1.95 (iH, d4dd4, I=2.3, 5.8, 1l Hzy, 2,04 (1M, m), 2.24 (1L & J=13.7Hz), .31 (& 4,
J=18. THz), 240 {1H, sept, J=6.8Hz)}, 2.48 (I =), 2.73 (I quint, J=T.8Hz}. 2.85 (2% s}, 293
(i, br), 5.37 (IR s). .

1L~}

Mp 161-163C (decompose) ;

1HMER(400MH, CDR0D: & ppm: 1.0G (3H, &, J=6. THz}, L 10 (3, 4, J=6 7THz), 146 (14, dd, J=7.4,
12, iz}, 2.02-2.11 {28, m), 2 42 {f8 sept, J=B,7Hz}, 2.48 (BH, br), 2.52 (IR d, J=7.4Hz), 2.85
(1¥, quins, J=7.4Hz}, 3.10 {IH br}, 3.15 {1H, 4. J=is.0fz), 3.20 (1, o J=14 OBz}, 5.37 (4,
sl .

IR(ECE) wmax [BI6, 1, 150O6.1, 1396.2 cn-l

HS(ESI#Y mfz: 278 0 + Na & MelH)+, 288 (M + Ze - H)+, 248 f + Nal+, 224 (M + HY+
HRMS{ESI+) ealed Tor O + Na)+: 246, 14700, Found 248, 14815 (1. 15 msu).

12{12-a}

TH-NMR (400MHz, CDCIZ) © 8 ppe: 0,89 (84, 4, T=TH), L 1-1.3 (38, m), L.56-L. 75 (3H, w), 2. 10-2. 14
(M m), 353018, dd, J =46 LI He), 3.57 (i, dd, J =& LI Hz), 5. 0i~-5 11 {84 w), 3.73-5.87

{14, m).

12{12-¢}

1H-NR (400MHz, CDC13) © § ppe: 0.86~0,92 (BH, ap, 1. 16-L. 24 (2H, wm), 1.60~1,73 (ZH =), L 96-2.25
(2H, m). 2.40-2.53 (PH, m), 2.73-2.78 (I, m, 3.27 (3B, s}, 40415 (8 w0, 500511 (IH, o},
5. 77-5.85 (1H, m).

12{12-e}

1R-1R (400MHz, CDCL3) © 6 ppm: G.86-0.88 (BH, wy, 1,45 (1. 49 {6H, w), 1.74~2.0f (4H, w}, 2.50-1. 9%
34, m), 3.25-3.90 (1H, mw), 3.20-5.24 {4.98~5.02) {(IH =), 5.43-5.48 {5 30-5.36) (1H =,

12(12-1}

TR (400MHz, CDC1S) & ppm: G.90 {38, d J=6Hz), 6.92 ((3H, d, JT=6He), i, 46 (6, s}, L 50-1.55
(1H, my, 1. T6-1.83 (1, =), 2.02-2.07 (4f, m), 2.25-234 {1H, =), 2.43-2.52 (8, m}, 2. 49 (2,
br, s}, 2.84-2.91 (1 w), 3.201-8.74 (M, w, 476 {3H, 4 J =11 He}, 4.85 {IH, 4 F= 1L Ha), 5.27
{1H, sl.

12{12~g)

1H~NMR (400Mfz, CDCI3) © 5 ppm: 0.90 (3H, &4, J=6Hz), 0.92 ({3K, d, T=6 Hzi. 1.40~L.50 (2H, a),
144 (18K, s}, 1.75-1. 81 (IH, m), 1.05-2.06 (BH. m), 2.25 (ZH, dd, J= l4, 22 Hz), 2.35-2.46 (14,
), S.80-2.90 (IH, m), 3.30-3,41 (M, =), 1.98-5.04 (M m), 533 (1% s




- 191 - [Table 17] 42(42-a) 111 IMR(0C13.400 MHz): 32.05(1.11.dd,) = 4. T.12. 5 Hz),2. 18-2.
23(LH,in),1 32(Iti,ddd,j = 2. 0,10. 2,19, 6 ifra), 2, 14-2. 55(211.m.),2, 63-1 52(211.m).3.
[7-3.22(1H,ea).3. 80-3. 95(411,m). 42(42-b) 1H NICR (COC13,400 KHz) : d2.25-2, 33(1H,ml,2.
42(111,ddd.J =I. 6,3. 9,16. 6 Hz),2. 59-2. 68(2H.ad,2. 82-1 39(1H, 3).3. 46-3. 51(111,ml.3.31-3.
99(111..5),5. 64-5. 68. 42(42-c) IN NUR(CDC12-40G MHz) : 82,09(111.dad.3=L. 6,6.7.la 9 Hz),2.
31-2. 38(1.11,m),2. 50-2. 56(1H,m),2. 62'1.70(211. m),3. 53-3. 56(121,a),2. 81-3. 39(211,ml,a. 93-3.
97(211,ml.5. 10-5. 14(211.in),5. 68(1.1-1,br s), 6,63(111.dd"r=10. 2,18.0 Hz).

[Table 6]

12(12-h} | 1A-NBR(4004Hz, COOCE) © 6 ppm: .90 {3H, 4 T =6 Hzl, ©.92 ({3H, 4, J = 6 Hz), L 48 (1K &4 T
.= 7, 13 Bz}, 181 {iH. sep. J = 6 He), 2.02-2.08 (4K, w, 2.43-2.51 {34, m), 2.82-2.G% (IH, =),
4098, 14 (How, 3,16 (ZH, dd. J = 13, 23 Hz), 537 {IH gf.

anal. caled for CLAN2SNGZ . 25H20: C, 65.58: H. 9.7%: N, 5.80; Found €, B&.31: H. 10,010 §, 608
IR (KBr} : ep—!: 2981, 2005, 1541, 1461, 1388

HS (EI) :omfz b 237 (4

¥p 1TI-174T,

12013~0} | IH-NMR{400MMz, CDC13) : 6 ppm: 0.55-0. %2 (8H. =), 1.15-L.33 (88, o, L.537-1.65 (3l mw), 2. 12-Z.16
(18, w), 3.53-3.69 (2, =), 4.99-5. 10 (28, m), 5 90 (IH, m).

13103-d) | 1H-NMR{300MHz. CDC13) & ppm: Q. 86-0.95 (8H, m), :.10~2. 0B {4, m, 2.07-2.310 (2H wm, 2.40-2.54
(3, w), T2 (3, &), 4.03-4.28 (3, my. 4, 97-5.09 (o8, m), 5. 74596 (IR, m.

13{13-¢} | LH-NMR{400MHZ, TDC13F 8 ppm: 0. 86-C. 97 (6H, m). 1.13-1.79 (4H, m}, L 972 31 (BH =), 2. 47-Z2. 89
OF, m), 4.06-1.26 {1, w). 4.99~8, 12 {24 o). 5. T4-6.87 {1H. m).

13413-F) | LI-BR{400MHz, COC13Y © & ppwm: G083 (iscwmerX3W, 4 J=7. OFz}, 0.84 (isomer®ifi, & J=7. 0Hz), LG4
{isomeridl, d, J=7.0Hz), 104 {iscwerd3H, 4 F=7,0Hz), 1.33-1.5% (29, =), 2.28-2.37 {28, ml,
2, 85-0.88 {38, m). 2. 15324 (iH =), 4. 17-4. 22 (E mi, 5.34 (IH, bLrl.

13603 | IH-BRE400MHz, COCI3Y @ & pomt E/Z wizture 0. 84 (3H, t, J=7.0Hz}, 1.02-1.04 (3H, =, [, 20-1.48 2,
mi, .45 {isomera®¥, s!, 1.49 (isomerBOH, s), 2.10-2.25 (ZH m), 2.40-2.88 (K, m}, 2.86-2 86
(isomerBIN+1H, =), 3.29 {isocmeraAlH, m}, 3.85 (isowerAifl, br}, 4.29 {isomerBiH, br}, 5 24
{isomerAlR, bz), 5. 34 (isomerBiH, aj., 5.46 (isomeriliisomerBIiH, m).

130130} | LH-MRR (500MHz, CDC12Y ¢ & ppms 086 (lsowerX3M, . J=7. 3Hu), O 87 (ieomer¥3H, t, J=7. SHz), L OB
{ipomertaMl, 4, J=7.%z). 1.06 (isower¥3H, o, J=T.3Hz}, L. 46 {98, s}, i 33157 {3H =), 2.03
{izomerflH, 4, I=16. {Hz), 2. 08 {isomeriiH, & =16 THz}, 2. 24-2.32 {BH, wy, 2.48 (2H, »), 2.43~2.82
(18, w}. 2.88 {1H, sep, J=7. 3z}, 3.2t C1H, br), 4.76 (1K, 4, =il 78z}, 4.86 (14 4, I=11. THz),
5,28 (&4, e).

13{13-1) | IA-MOMR{4008Hz, COCI3) @ & pom: (.86 {isomerX3H, t, J=T.4Hz}, 0.87 (isowerd3H, & J=L 4Hz}, Lo
{isomerX3E, d, J=T.0Hz}, 1.06 {isomerX3H, 4, J=T. Oz, 1.33-1.51 (38, m), 1. 44 (GH s}, [.92-1.99
(1H, =), 1.99-2.06 (i}, =, 2.22-2, 28 (IH m, 2.25 (18, 4d, J=2.7, 13.7Hz), 232 (4, 44, =20,
(3. 7Hz), 2.38-% 48 {18, w), 2.72 (IH, sep, J=7.B8Hz), 2.85 {ZH, s}, 2.84 (14, br), 5.38 (14, »),
13(13~3} | #p IBL-1B4TC

IH-MME (400MHz, CDIOD) : § ppm: G 87 {isomerX3H, t, J=% 4Hz), 0. 9¢ (isomerX3f, <, J=T. dHz}, 106
{igomerX3H. 4, J=7. 0Hz), 198 {isomsrX3H, 4. J=7. OHzy, 1.39 (IH =), L 44-1.33 (2, m), 2.00-2.10
(2, m). 225 (1H, sep, J=6.8Hz), 2.46 (14, m); 2.49 (iH, 4, J=2.0Hz), 2.85 (14, sep, J=7. IHed,
3,13 (3, br), 3.14 (1M, 4, J=12.9Hz), 8.20 {If, d, J=1Z.8Hz), 5.40 {14, 4, J=0.0Hz).
US(ESI+) wiz: 292 (4 + Ne + MeOW):, 282 Gf + D ~ M)+, 260 (M = Ne)+, 238 (4 + H)+
HRMS(EST+) caled for (M + Na)+: 280, 16265, Found 260, 18353 (0. 88 mmul.

14{td-a) | LE-2BM (40080, CDCIR) ¢ 4§ ppm! L11-L2T (2H, w, 1325 (3. t, J=7.0Hz), 1.48-L 73 (BH ml.
1. B0-1. 87 (I8, =), 1.94-2.05 {iH, m), 2.21-2.35 wl, 413 (2H, o J=7.0Hz), 4.98 {1f, ddd,
J=1.2, 2.9, 10.2Ha), B.05 {18, 4¢, f=1.2, 17.2 Hz}, 5 78 (I, ddt, J=i0.2, 17.2, 7. 0Hz).

146 4-b) | [H-3BM (400MHz, CDCI3) & ppmi 1. 09-1.20 24, i, L.30 iiﬂ, dd, J=5.9, 8. 3Hz), 1.40-L 67 (B4, w,
L. 7i~1. 85 (3H, m}, 2.13 {iH. ddt, J=W.5, 4. L 1, 2Hz), 2.30 (i, ddds, J=4. 3, 6.8 LL L L BHzl,
3. 68 {1, dt, J=i0. 6, 5. 9Hz), 3.69 (IH ddd, =43, 6.3, 10 64z}, 5 02 (IH, dte, J=i0 2. 1.2, L. 68z},
5.09 {IH ddt, J=1.2. 17.2, 1.6Hz), 5.87 (14 dddd, J=6.6, 7.8 10.2, 17, Mz},

14 01d~dy | 1H-MBR (400MHz, COC13) - 6 ppmt 1. 11-L 26 {24, m), 1.33~1. 68 (5B, m}, L 7O~2.0%1 (3H, m}, 2.41-2.73
(2K, =, 372 (3B, s}, 4 112 {th, m}, B5.08 {isomerall, ddd. J=i.& 3.5 14 iz}, b OB
(isemerBIH. ddd. J=1.6, 3.5, 15.6Hz). 5.84-5.07 (1H, m).

14 {14=g) | IHSMR{400MEZ, CDCI3) 6 ppmt 1. 12-128 {9H, w), 1. 48-1.57 (BH, m). L 71-2.0%1 (3H, mi, 2.1%-2.27
(TH, my, 46271 (2H, w), 418425 (1§ m, 5.00-5.0% (IH, w), 5 06-5.10 (isomerAlf, .
5. 67-5, 12 {igomerBill, mi. 5. 84-5.97 (IH, =)

14 (14-F) | 1H-MR1400MHz, CDCIRY - & ppm: 1.36-1.4% (24, my, 154162 (34 =, 1.62-1.8¢ {2H, =), L 78-L.36
(2K, ®), 5.30-2.38 (1H, m), 2.54 (1Y, cuint, J=8.2Hz), 2.76-2.83 {3H, wmi, 3. 14-3.24 (18, m,
4, 16~4. 21 {IH, =), 5.23 (H =)

14 (14~} | 1H-3R (500Hz, COCE3} t 8 ppm: EFZ mixture L.38-L 59 (130, w), 162169 {24, =), 1.78-1.83 (28
my, 218-2.23 {14, m), 2.51 (fH, quint, J=7. SHz), 2.60-Z.68 {2H, =i, 2.85-2.04 (isomerBlR+1H, W,
2,79 (isomerAlf, ddd, J=2.9. 5.9, 1Z.3Hz), 3.85% (isomeralf, br), 4. 28 {isomerBif, br}, 5.23
{isomerAll, s), 5.34 (isowerBiH m), 5.45 (1H m).

14 {14-h) | 1B-BMR{400MHz, CDC13) ' & ppmd 1.38-1.32 {10, =, 156172 (4H, w, L.82 {24 m}, Z.08 (1H, 4.
=16, 4Hz), 2.29 (3H, ddd, FFL. T, 9.0, 12, GHzY, 2,45 (2K, s), L 49-2.59 {2H, wy, 2.86 (IH. quini,
I=7.8Rz), 3.20 {1H. br), 4. 74 {18, d. J=il THz), 4.85 {1H, &, J=11 TH2), 5.28 (1B, s},




42(42-d) 1H NAIR(CDC13,400 141(z) : Major isomer : 31.45(911,s),2. 40-2. 46 (LH.m),2. 70-2.
79(211.A),2. 96-2. 05 (111,m.),3.33(1H,cid t,J = 2. 7, 8. 6,18. 4 Hz),3. 95-3. 99(lll, m),5. 11-5.
17(2E,ml,5. 48-5. 49 (1H, a),5,60 (111,br s).6. 56-6. 66 (111,ml. Minor isomer: 61.49(911,5),2. 94-2.
51(2E,in).2, 65-2. 6,9Mi.ml,2. 96-3. 03(211,m) ,4. 38-4. 42(lita), 5. 11-5, 17(211,m),5. 38-5.
39(111,m),5.83(114.Mr s)6. 5E-6. 66(13,ta . 42¢42:€)Lli-NUR (003,540 MHz) : 1.151911,s),L. 45-1.
47(111,ml,2. 29-2. 32(1H,m),2. 34(111,ddd.j = 2. 9,8. 8,12. 7 Hz) ,2.43

[Table 7]

14{14-1) | 1B-NHE {400MHz, CDC13Y : 8 ppm: L. 37-1. 49 (12, wi, 1.55-1. 71 G, mi, L.BZ (0H =), 1.95 {18 ddd,
J=2.7, 9.0, 12 582, .04 (1M =), 2,23 {14, 4, J=14. 1He), 2.31 (3H, d, J=i4. tHe), 2,48 (I w).
o 85 (1. quint, J=8.6Hz), 2.73% (N, quint, J=7.4Hs), 2.85 (2H. o). 2.94 (i br), 5.83 (W ).
LE{E4-3) | Mp 168°C (decompsel :

1E-MAR {500MHz, CDI0B) © & ppmt 1. 44-1.52 (3H, mp, L.36-L, 73 (48 =, 1.80-1.87 (3H, mi. 2.0 08
ddd, J=2.9, 8.8 i THz), 2.07-2, 00 (1H, m), 2.48~2.53 (34 =), 2.58 (IH, quint, J=8.3Hz)}, 2.85
(1H, quint, J=T.S8Hz), 3.09 (1K, m), 213 (i d, J=13.%Hz), 5 18 (§H. & J=15.2Hz). 5.39 (1K s);
TRKCLY wmax 1616, {, 1505.2. 1395.2 cm-li

MS{ESI+) wfz: 272 4 + Na)+, 250 Of + )+

HRMS(ESI+) caled for (M + Hy+: 250, 18078, Found 230, 18174 (L. 04 =),

15 (520 | B-TOR (400MHz, CDCI3) 15 ppmt Z011-2.29 (&K, wi, 2.35-2.44 (IH, wj, 5.0544%, d, J=1Z.9Hz],
5.66-5.82 (SH, =), 8.9301H, 4dd. J=1.2, 8.6, IS GHzl.

15(15-b) | (H-MMR{400MHz, CDCIS) & ppml

Hajor isomer 1.45 (93, si, 2.18-2.32 {H, m), 2.58-2.71 (2H, m), 2.84-2 97 {(3H. a2, 3.26-3.34 (IR
&), 3. 87-3.88 (8, w), 5.02-3.09 (38 m), 5. 28-5.50(3H, w}, B.80-5.30 (IH, u}

Winor isomer L 47 (OH, sb, 2. 18~2.22 (14, m), 2.58-2. 71 (3H, my, 2.84~2 97 {3H, =}, 3.26-3.34 (14,
af, 431432 (1R w. 5.02-5.08 (%H w), 5.29-5.50{(ZH, m), 5.80-5.30 {IH =),

15 (45-¢) | H-MMR (400MHz, COCIS) ® 6 ppm: 1. 45 {98, s}, 1.52 UH, dd. J=%.6, 13.2H2), 2.05-2. I041H.w), 230
(1K, ddd, J=2.4, 1.6, 13.ZHz}. 2. 47 (2H, s), 2.51 (1K dd, J=8.6, 10,4k}, 2. 86 (IH, quint, J=7.6Hz),
o BR(IH, d, 5. THz), 3.20-3.23 {iH, w}, 4.75 {1 o J=LL. THz), 4.84 (1M, 4 J=IL 7Hz}, 5.05-6.11
{2H, w), 5.32{1H, s}, 5. 81-5.81 QU wml.

15(85-d} | Hp: 175-1767C

1H-NMR (4004Hz, COS0D) : 6 ppm L.48(1H. dd, J=7.5, 12.7Hz), 2.03-2. 08020, =), Z.46{1H d,
=16, 0Hz), Z.45(IH. dd, J=8. 7, 15, §Hz), 2 51(1H 4, J=16. 2Hz), 286 (1H. quint, J=7.5Hz}, 2.88(H
d. J=5.6Hz}, 3.10-3. 12(iL wd, 3. 34414, d, J=15. i), 3019414, 4, J=13 1Hz), B 10-8 0028 =2,
5. 42(1H, d. J=1.7Hz), 5.94-3.84(iF, m).

IR (5Br) @ om~l: 2048, 2500, 2835, 1563, 1D42, 1525, 1397, 1383, 910, 683

M3 {ED) @ wfz ¢ 221 (e

Anal. caled for CIZHIONOZ: €, T0.56: H, &6351 N 633 Found ¢, C, 80.6¢; H, & 73: K, &.3L
16116-2) | IH-NMR (400MHz, COCIZY © & ppme L 27C3K, ©, J=7.0He), L 34(3%, & J=0. 0H2), 2.31-238(2H w,
2,56-2. TACSH, =y, 3.52(iH, q J=F.0fz), 4.19(3H, q J=V.0Mz), 498 5.00, 5.02, and 5. 05{reral
oM, sach dd, J=1, 5 3. 18z, 1.8, 3. 1Hz, 4.8, 3.9z and 1.8, 3.2Hz), 5. 75-5.85(H. w.

16 (1657 | SH-MMR (400MHZ, COC13Y : 5 ppe 1,20 and 1. Z3{total 2H, esch 4, J=7.0 snd 7.4Hz), L ZB(3H t
=7 0Hz), 1. 43~1.86(7H, w}, 2.09-2 342, m), 2.47 2. 57{iH, ), 3.83-5.73 and 3.88-3. 95{total
iH esech m), 4. 18(2H, g J=7.0Hz), 4.97, 5.00, 5 04, and 5 08{tctal ZH emch m), B 77-5.88(l4
.m}‘ -

167160} | IR-TBM (400MHz, CDC13) : & pow: L.22 and L 27 (votal 3H, eech 4. J=7.4 and 7,1Hz), L 47-L73(2H,
ay. Z.10-2.33{9H, w), 2.53- 2.87f1H, o}, 5.60-3.76 and 3.93-4 02(rotal iH, each m), 4.94, 5.02,
5, 08, and 5. 09({total 2H, ench w), 5.79~5.39(IE m.

16016-d) | LHI0E (400MHz, CDCI3) & ppc 1. 2003H, s). 2.44 and 2.48(1H 4 J=IS. G}, 2.58-2.6501H m,
2. 75010, 44, J=5.9, 18 1Hx), 290018, od, J=T.8, I7.6Hz), 3.18(1H, dd, J=B.8 18 iHa),
5, 45-5, 48(1H, m), 5. 82-5.86(1H, al.

16(16-s7 | IH-NMR{A00MHz, COCIS) -5 pom: L 26(3H, s}, 1. 46051 s), 2.300H, 4, j=i§ SHezi, 2.47-2060(2H, ni,
3 8R-2. TS(IH, m), 530014 ddéd, J=2.4. 6.7, I17.9H), 5. 44-5.47(1H, m), &5 48-5.48(1H mi,
5. T1-5. T(1H, w). '

16016-F) | IF-10R (4000, COCI3) © 4 ppms L. 4L{3H, s, 1. 48(9H =), 1604 dd, J=5.4, IL 2Hz), 2.16-2. 16{iH,
i, o B5{2H, ). 2572 G8{SH, w). B5.52-% H5U1H, mb, 5. B7-5. 900, ).

byproduet | LH-RMR (400MRz, CDCI3Y :§ ppmch $0(3H. s}, 1. 4B(BH, s}, 2.09414, d, J=T.8, 12 7Hzl,
0 18-7. 20 gnd 2. 71-2, 22 {total 1H, eachm), Z 30{IH. dd, J=8.8, 12 7Hz}, 2, 51018 dd, J=7.3, 7.9Hz),
2 GO-2. BE(IH, my, 2 T2{2H, dd. J=i6.1, 24, 48z}, 5.82-5.86(1H, m), B5.87-5. 91 (i, ).

16016~ | Li-NOR(400MHs, CDCI3) - 6 ppm: 1,45, 1. 46 and 1. 4B{totel I8H, esch s}, L.54-L.6204H m),
2, 00-2. 204ZH. m), 2.55(28, s}, 2.55-2.83(2H, m), 5. 28{IH. dd, j=5.4, I13.7Hz), 3.62(IH, dd, J=6.9,
13. 24z, 5.52~5 85(IH. m), 5.88-5. 91(1H. mi.

1B{16-h) | IH-MAIR (400MHz, COR0D) © 6 ppmc L1203, s}, LIT(IH, dd, J=7. 3 12 OHz), 2.02(IH dd, 8.8, 1Z 2z,
2.0%-2. 10and 2. 11-2. 13{total 8, eachm), 2 $4(3H, 44, J=7.3, 15. 2Hn), 2.52{7, s}, 2.52-2.69{1H,
., 319018 d. jeia. oHz), 23208 4 J=13.2H2), 5. 74~3.80{28, mi.

IR {KBr)} : em—i: 2004, 18588, 1518, 1385, 1381

#s (FABY @ miz ¢ 9GNS+ . Z340BK+

Bn. 145~1487,




(211.5),2,63(ILLId,J = 7. 2,16,1Hz).2, 92-2. 98(1H,n5),3. 32-3. 35(IF!,as),4.78(111,d.j = 11. 7 Hz),4.
34(111,d.J = 11. 7 Hz),3. 15. 19(211,m),5. 64(IH,br 5),6. 6-1(111,dd.J = 10. 7, 17.6Hz), 42 (42-f) IB
NAIR (CDC13,400 MHz) : 1.44(911.s),1. 49-1. 48(111,e),2.01(1ll.&id,I= 2. 4,S. 6.12,1 Hz),2.24(111,4,]
= 14.1 Hz),2. 21-2. 29(Ili,in),2,31(1H.d,J = 14. 1 Hz),2, 56-2. 63{111,n0 ,2. 78-2. 86 (1H, m),2. 88(2E,
s).,4-3. 08(111.m),5. 10-5. 14(ZH,51),5. 77-5. 78(1142mk6.66(111.ddJ =10. 2,17.6). 42(42-g) 111
.(0304,400 MHz): 1.51(111,cld,J = 7.4,12. 5 Hz).2. 20(111.add,d = 2. 7,8. 6,12. 5
Hz),2,30-2.34(1H,15),2.37 (all,s),2.51(211,s),2.63 (111.dd,J = 7. 8,16.4 Hz),2. 91-2. 99(1H,ad,3. 22-3.

26(111,8),38dp1e 8]

$7(5T~a) | 1H-IOMR (400MEz, CDCL3) - pomd 103 (1.04) (3H, 4. F =3 He), L 3iI-1.40 (IR, o). [.51-1.66 {lH =},
.31—2. 54 (3H, a0, 2.79 (2.86) (1H, d, I =4 He), 3.71 (872 (3H, s), 4014 11 {IH m), 4.93-3.08
(2H, w), 5. 60-8, 80 (1B, m.

17{17~¢) | 1H-MMR(400MHz, CDC13) @6 pped major 0.95 (3N, 4 J = THz), L 45 (8, =), 2.43~2.70 (2B, m,
5. 85-23.20 {28, =), 3.84 (IH, br. 8). 5.49 (IH br. s}, 5.565.58 (K m), 5.77-5.78 (Eﬁ m.

17(17~d) | 1H-NMR(400MHz, CDC13) - & ppmt 5,90 3, & J =7 f2). L 45 9 s), 1 45~1.80 (IR m) 2. "::-“ 35
{8, =}, 2.45-2.55 (14 o), 2.86-2.95 (@, m), 2.30-3.35 (I, =, &£ 78 (1B 4 F = 1Z He2}, 4.88

{18, d, T = 17 Hz), 5.38-5.62 {iH, m}, B.70-5.77 (iH, m), 5.90-5.33 (14, =,

17 {17~e) m—~miw}m&.waa} S6 pom 0,80 {3k, 4, Jo= 7 Hmd, LE3 (18R, e, 200 (M, w), 2,19 {14, 4.

J= 12 Hzb, 2,25 (8, 4, = 1% He), 2.42-2.48 (1M »), 2.85-3.20 {2H, m), & 30~2.50 (28, mi, 5.0

{14, br. s}, 5. &s—s 70 {38, m), 5.82-5.8% (iH, w).

17LE7-F1 | 1H-NBR (400MHz, CD30D) ¢ & ppm? 0.92 (38, ¢, T=THzl, L.47-1.558 (18 m), L.85-1. 75 (I8, =}, 2.02-2.10

{14, ), 2.42-2.55 @3, m), 3.15-3.30 (3R @), 5. 76-5.76 {18, m). 5. 90-5.93 {4, ml.

IR (iBr) :© em~i: 2882, 1618, 1860, 1514, 1394

WS LED) ¢ omfz b 196 (M3e

inal. caled for CT4HPINODZ:D.2HEO! C BG.50; H, 8.82: ¥, 7.08: Found C, 66.55; H, 8807 K T.I7.

Mo, 148-182 °C

TR{1B~a) | IH-NMRICDCLE, 400 ¥Rz : & L 27 (3K %, J=7. 4 Hel, L. 74~L 87 {iK, m), 2. 11-2. 32 (3K, m}, 2.43-2. 58

{OH, m), 3.32 {1H of minor, d, J = 4.3 Hz), 5.40 (IH of major, 4, J = 5.5 Hz), 3.48-3. 64 (24, o),

3.81 (3H, 2). 4.10-4.26 (30, m), 4.38~4. 45 (20 m}, 5.00-5.00 (2H wm), 5.70-5.8%1 {iH, »J, 6.88

{2H. d, J = 8.2 Ha), T.23-7.76 (BH m.

18(I8-b} | F-WTDCL,, 400 MBz): § L7784 (I of major, o), L 88-1.96 (1H of minor. m), 2 11~L31

(ZH, w}, 246-L60 (28, m), 3.47-3.70 (2 m. 3.82 (3H s). 4.08-4.15 (i of major, m), 421

-4, 25 {14 of minor, m), 4,394, 48 (BH, &), 5.00-5.09 {28, m}, 5.68~5.79 (i, =), 6. 839 (ZH 4
F=86Hz), T.23 {24, d. J = 8,6 Hzl.

18{18~c} | IB-MMRICICLE, 500 ¥Hz):

Major isomer: & 1. 45 (9H, s}, 2.27-2.31 (M, wj, 2.66-2.74 (24, m}, 2.92-3.01 H, w), 3.81 (34

s}, 2.95 OH br s, 4.06 (B &, 4.4 {28, s}, 5.47 (L, brs}. 5.56 (10, br &, 6 87650 {2H

wi, T.26~7.31 (24, m).

Winor isomer (detectable posks): & L.48 (8, s}, 2.45-2.52 (14, m}, 3.29-3.36 {2, m), 4.0B (24,

Y, 4,35 {18, br s}, 537 (H hr s, 577 {4 br g

18 (18-d) | 1H-NMR(CDOLE, S00 MHz): 8§ L 45 (BH, s}, L.55-L. 60 (3, m), 2,18 {IH, brd, J=16.6Hz), 2.30-2.38

(1, m), 2.49 {28 sy, 2.58 (iR, dd, J =7.8, 15.5 Hz), 2.89-2.%5 (18 m). 3.29 {IH ?sr s} 381

(3 &), 4.10 {26, &), 446 {2H, s), 478 (M 4 J= 112 Hz), 4.84 {10 < J - 11.Z He), §.59

{14, br s}, 6.89 (8H, 4, J = 9.8 He), 7.27 (2, d, T = 9.8 Hz).

18(iB~a} | IH-RMR{CDCLZ, 400 MHz): & 1.42~1.46 {iH, =), L. 44 (88 =}, L. 45 (8H ). 2.03-2. 13 (BH, m), 2.23

(I, d, J= 141 Hzp, 2,28 (1H, 4, J = 14.1 Hz), 2.50-2.57 (IH, m), 2.85-2.94 (IH ni, 3.06 {if,

brs), 3.35 (IR d&d, 7 =6.3, 13.9 Hz), 3.43 {18 dd, J=6.7. 13.9 Hz), 3.81 {34, s, 4. 10 (2H,

8}, 445 {2, &), 4.9% (M, br s}, 587 (I, br s}, 6.88 (2} d, J =86 Ha), 7.28 (W 4 I~

8.6 Hzl.

C18(I8~F) | I-NUR(CDCIS, 400 Mz & 1.43-1.47 (I w, 1. 45 (88 s}, 204213 (84 o), 2,23 (I8, 4 [

=14, ] He), 229 (IR 4, F= 1401 He), 2.48-2.5% (IH, =y, 2.82-2.96 {IH, =), 3.07 (1, br s}, 5.38

{18, déd, J = 6.3, 14.1 Hz), 243 CH, dd, J = 6.3, 141 Hz), 4.25 (24, br &), 498 {H, brs),

565 {14, br s). '

18(18~g) | IH-NMR(CD30D, 400 MHz): & L5654 (34, dd, J= 7.8, 12.5He), 2.06 (3K, s), 2.06-2.§7 (3R =}, 248

{oH, ), 2.55 (34, b dd, J=1.8, 18 4He), 2.88~2.96 (1H. m, 3. 15 (1H 4, J = [2. 9 Hz}, 3.15-3.20

{10, m), 2.22 (IH, & 7 = 12.9 Hz), 4.89% (28, s}, 5.71 {18 br s).

HS {BABY: m/zi BB4 L+ 1)

Atal., Caled for CISHIUNG4: C 6L64: H 7.56: ¥ 5.53: Found: € 50,660 H 7.32: ¥ 5.82

IR fKBrd: cm—i: 2904, [742, 1567, 1524, 1581, 1242

Hp. 175-176°C

19{10-5) | JH-MUR{CDCIA, 400 z): & G.03 (6H, s), 0.88 (OH, <), Z 10-2.17 (1H, ml, 2.28-2.36 (lH, m,

2,40-2. 48 (I8, m}, 3,59 {3, 4 T ~6.9Hz), 373 (34 s, 5.00-5. 08 (3H =a), 5.6 ?3 {iK, w},

5.85 (30, 4, J= 16,3 Hz), 6.86 (IH, dd ] = 8.2, 16.3 Hz).

19{15~b] m~m{cm13. 00 MHz}: & .04 (BH s, ©U.88 (8B s), 2.12-2,19% (I wm), 2.28-2.36 (N, m,
2. 45-2. 52 (1H, m}, 3.50 {1H, dd, J =59 9. &Hx), 3.63 (I, dd, J = 5.9, 9.8 Hz), 5 02-5.09 {24,

m}. 5.73 (1B, dddd, T=7.0, 7.0 16,2, 17.2 He), 5.806 (IR dd. J = L. 2. 15.6 Hz), 6.97 (If, 4d

7 =82 156 Hz).

H




(111,ci,j =13.3 Hz),3.36(111.aj =13.3Hz),5. 16-5. 21(211,m.),5.68(111,Hrs),6.65(111. dd,J = 11.
0,17,5 Hz),7,22(241.4,3 = 3. 2 EU),7.71(2H,1 = 8. 22). 42- 3-185t. MMII (0300,400 MHz): 1.96
(la,dd.J = 7. 4.12.1 Hz),2. 11(1E,eldd,J = Z. 7,8. 6,12.1 Hz).2.27-2, 32 (111,m).2.19 211.s),2.
60(1.11,1d,J = 7. 4,16. 0 Hz).2. 90-2. 97(1H.in),3.17albd.j =12.9 Hz),3. 19-3. 24 (Ili,ml,3.22(1E1,d,3
=12. 9 1iz),5. 12-5. 17(211,m),5. 75(111.bra),6. 67(41,du"1 =LI, 0, 17,6 Hz), MS(FAB) : lon:
208(,44-H)*. Anal.Caled for CI2H171132: C 69, 54; H 8.27;N 5.76;Fotmd ) C 68,74: H 8.10; N 6. 713.

[(Table 9]

19{18-c) | IH-NMR{COCIS, 400 WHzi:

Major isomer: & 0 07 (BH, s), 0.91 (9, s}, L45 (88 s}, 2.18-2.25 (IR w), 2.59-2.73 (2K w),

2.92-3.01 (iH, w), 3.31 (1R ddr. J= 2.7, B.6, 184 Hz), 3.85-3.94 (1§ o, 4.21 {36 br s},

5. 46~5.50 (JH, wm).

Winor iscmer {detsctabls peaks): § L1.48 9H, s), 430~4.35 (18 =), 423 34, br s}, 5.35-3.38
(18, =, 5. 68-5.71 {IH m.

1G(EG~d) | [H-NMR(CDOLE, 406 ¥z): Major iscasr: & 1,45 (9H g}, 2.28 (1, br 4 J = I6.4 He). 2,042, 74
(o8, m), 2.99-%.04 {IE m), 3.33 (1B, ddu, J=2.7, 8.8, 18.4 Hz), L91-3.86 (IH =), 4.23 {IH,

br & J =43 Hej, 5.47-5.49 (I, w), 5.52~8.55 (1, m).

Winer isomer (detectable peaks): § 1.49 (08 2}, 2.45-2. 54 (3. m), 4. 33~4.38 (IH, =f, 5.37-5.3%

{1H. mw), 5. 74-5 77 (1K w.

13(19~2) | IH-MMRICHCIS. 400 MHz): & L 45 {(8H, s}, L56-1.62 (1K m. 2 03~2.19 (I8 o, 2.33 (1H, d4dd, ]

=2,7, 0.0, 12,9 He), .49 (28, s}, 51-2.59 (I8, m), 2.88-2.97 (1 m, 327-3.31 (1B =, 3.0F
(5H. s), 403 {20, s}, 4.78 (IH, d J =117 He), 4.84 (UK, 4, J = 117 Hz}, 5 56-5.50 (IH ml,

18 (19-F) | LH-MB 0onela, 400 Hzi: & L. 43-L 48 (I1H w), .44 {1BH. &), 2.02-2.12 (2R m), 2.23 (i 4, J

= 340 He), 2.29 (IH, 4, J = 141 He}, 2.47-2.55 (U, my, 2.82-2.94 (I m}, 3. 042,09 (14 m,

3,35 (35, ¢, 5.35 O 44, T=6.3, I3 7 Bz}, 3.42 (1K 44, J=46.3, 187 Hz}, 4.02 (2, =), 4.99

{1H, br s}, 5.64 (1B br s).

19 (10-g) | H-AMRICDICD, 400 MHzi: § L6 (Il dd, J=7.4, 135 Hz), 2,09 (I, ddd, J=2.7, 86, 1L 8 Hal,

2,162,156 {11, mw), O 48-2.56 (1M, w), 2.50 (2R, s, 2.87-2.95 (1H. w), 3.16 (0K & J = 133 Hy,

3018-3,20 {18, =), 3.22 (8, 4 J = 13.3 Hz), 2.33 (3K, s}, 4.04 {2W s}, 5.68 (§H br s

MS (FAB}: mfz: 226 O + 1)+

Anal. Caled for CIZHIONOZ: C 63.98: B 8.80; ¥ £.22; Found: C 62.82) H 837, ¥ 6.2L

IR {EBr}: em-1: 2803, 186G, 1525, 1397, 1382, 1103,

Mp 160~162°7 '

200205 | 1H-BR{400MHz, CBC13) - & pom’ 08T (1.BH, 4, J=T7He}, €92 (L.3H 4 J= 1.5z}, 116 (L&Y

5), L20 (L.5H, =), L60-1 72 {3, m, 2.38-2.80 (3 m), 2.51 (0.6H, s}, 3.54 {C.BH &), 3T
(34, o, 4.98-5.05 (2H, m), B 73-5.82 (1 m).

S0ia0-c) | IH-NMR(AGOMHz, CDCI3Y - & ppws L.46 (9, s}, L.60 {3, br. o), L84 {3, br. s, Z.859-2.8¢ {4

A}, 3.25-3.3% (IH, &), 5.65-3.73 (if, =), 5.38-5.40 (0. 1H =}, 5.45-5.50 (0.9H m).

20(20~d) | LH-33R (400N, CDCI3) 14 ppat

1.44 (OH. ), 158 (3M, br. &), L.54-L.60 (2% w, L68 (3K br. 5], 2.05-2.21 (3L m), 2,44 {4,

4, J= 3T Hzy, 252 (iH, 4 J = 37 Hz}, 2.65-2. 74 (U m), 3.16-3.23 (OB m), 4.80 {H 4, J~=

1PHe), 4.88 (1H, d, J = 12z},

HHC0-e) | MR (400MHZ, CBC13) 6§ ppms 1.52-L56 (IH m). L.53 (9H, s}, 136 (O s, L.B61 (3H br. s},

LG (3H, br. &), 215230 {28 m), 2.40-2.76 (2, =), 2.96-298 (X wm), 3.26-2.51 (3 =),

4,945, 05 8iH, br. s} '

S0{20-TF | IR-MR {400z, CO30D) * 4 vpm: L.45-1.55 (IH mi, L.82 {3H, br. &), L 70 (OH, br. s, L.05-2.20
2K, mp, %35 (3K br. &), 0.50-2.57 (3. ), 2. 68-2.74 {{H, w), 2.95-3.02 (I, o), 3.32-3.36 (34,

wh, T.20-7.24 (2K, wm), V.68-7.72 {ZH wm}.

Anal. caled for CIOMZINOSS: C, 59.58. 8, 7.19: ¥ 5.7B: S, 8 59: Found C, 52.82; B, 7.13: ¥, 2.87;

5. B.4l.

IR {KBrd : em~Iv £72E, 1518, 1285, 1188, 1120

BS {BI} @ wiz ¢ ZI0 QM)+

Hp, 186-189%C.

21(21-b) | IH-MOMR(400MEz. COCI3) @8 pom: L OS(H 1, Je7.6Hz), L.39GK dd, J=7.6, 12 i), L4408H s),.]

1082, 02(2H, mi, 2.8 {2H, g J=T.6Hzd, 2.22{1M. 4, Jel4.5He), 202700H d,. =4, SHe)

2, 46-2, 50(1H, m), 2 80-2.88(tH w), 2.00-3.0001H, nf, 3. 33018 44, J=8.0, 13 7Hz). 3. 41{H dd,

J=6.2, 15 THz), 5.06{1H broad), 5.33(iH, 4. FL GHz).

[« ]250 80,8 (et 37, CHC13).

2i(21-e} 1 Mp. 182-183°C

l@lzsh -130.3% {c=0.85, M¥eOH},

{H-NMR(400MHz, CD30D} ¢ & ppm’ L 10(3W, & J=7 4z), [481IH, <4, J=V.5. 12.B5H=z), 2.03-2.08(Z4
. 21428, g, J=T.4Hz), 2.46(1H, 4, I=16. ZHz), L. 46-2 B3CIM, m), 2.51(1H, 4, =16, ZHe), 2.85{1%

quint, J=7.3Hz}, 4. 09-3. 10018, m), 3 140K, 4 I=13.0Hx), 3.18(1H. 4. J=12.0He), 5.38(IH dd

J=1.7, 3.7THzl.

IR (KBri @ em-17 2962, ZO2E, 2897, 28TT, 1869, 1877, 1483

NS (FABY @ w/z @ 210 (MH)+, 232 (FNa)+,

Anal. caled Tar CIZHIONOZ: C. 68.87: H. 9. 15 X, 8.69 Pound C, €, 65.55; H §.18: ¥ 6.45




I(Br) 1cm-1:2905.2648,1634.1525,1397,896. 43(13-a) 1H ,3.400 MHz.) :
00.19(911,s),2.17(111.add,J=1. 2,6. 7,12, 9Hz).2. 30-2. 35liltrs),2.15-155(111.ca), 2.58-2.
631111,m).2. 72(Ill.ddt,3 = 2.1,7. 8,LG. 4 Hz),3. 52-1 57(1H,m),3. 81-3. 96(411.m), 6.02(111.dad.3 =
2.4,2.4,2.1 Hz). 43(43-b) 111 MMII (0013,400: Major isomer : 10. 20(9H,s),1. 45(911,5).2. 39-2.
45(1H.in),a 76-2. 79(111,Ea),2. 50-2. 86(111,m):2. 9443.-00 (111,ml,3.31(LEl,ddt.3=2_7,8.6,18.4
Hz),3. 95-4. 01(111,r3),5. 16-5. 48(1H,a),5. 94-5. 96 (111.in).

[Table 10}

22 | ¥p. 1T1-172°C

[ 1250 —58.6" (o=t 02, MeDH)

TH-HME (JO0MHzE, CD30D) 1 6 ppmt 1L LUISH. t. JST. dMe), LSLGEH dd 7.4 12.7Hz), 2.06-2, 20 (4H o),
257030, &), 2.49-2.56(1H wj, 2.51(2H. s}, 2.8T(LE, quim; J=T. 4Hz), 3.12-3 14018, w, 3. 28014
d, J13. 58z}, 3.233(1H, 4. J=13. 88z}, 5. 301~5.32014 ), 7.21-7.25(3H, ), T7.69-7.72(3H, m).
IR (EBrY @ em-l: 3155, 2983, 1707, 1497, 1410, 1236, 1163, 1037, 812, 687. 57,

WS (FABS) @ miz o 210 {freetHd+ ; (FAB~) @ mfz ! 208 {freeH)-, 17! {(TslH-H)~

inal. caled Far CIGHZTROSS: ¢, 58.82: H, 7.21:0 K 2.67; 8, B.41: Found C, 59.16: B, 7.211 N, 4 1
5, 8.5

23123-a) | 1H-NMR (400MHz. CDCI3) : & ppm: L OS(3H, +. Jo7.8He), L 391, dd. J=7.6, 1Z IHz}, L 440184, si,
1,98-2, 02020, w, 212 (00 g J=T.6Hz), 202200, 4, Jei4.BHe), 2 2T{1H, 4. J=14, 5Hel,
2 46~2, 500IH, m), 2.80~Z 88(1H, =), 2.99-1 O0(IH, m). 3.35{iH, dd, J=6.2. 13.7Hz}. 3 41{1E 4d,
J=6. 2, 15.7Hz}. 5.00{1H broad), 5.33(1H. 4, J=1.6Hz).

[ ]21D 68, 1% (e=]. 37, CHCIS)

23(23-h) | H-FMR{400MHz, CO30DY © & pom: 1. LO3H. ¢, J=T. 4Hz, Et), 1. 48{1H, d&d, J=7.5, 12.‘ BHz}, 2.03-2. 98(7.
m, Z. 14(2H q j— dHa, Et), 2.46(1H, d, J=186 BHz}, 2.46-2 B3(IH, w), Z.51{1% 4, J=18. ZHz},
2 8::(1}1 quint, [=7.5Hz ), 3.09-3. 10088, wi, 3. LECIH, 4, J=13. Gz}, 3 1B(iH, 4. F=13.0Hz). 5 380IR
4d. FLT. 3 rhz}.

¥n. 183-168 C

IR ({Br) ° cw~lT 2983, 2928, 2877, 156G, 837, 1402

S (FAR) © miz ¢ 230 QM)+, 237 (M¥al+

Anal. caled for CIZHISNOZ 0. 7HZC: €, 64.95: H 9307 K 6.30: Found &, 64.97: B, 9.08; N & 4L
[al2in 6, 2° {e=l. 0, MeDH)

24 (24-a) | IB-MRICOCIA, 400 MEz): & L. 45 (SH, s, L.56-1.61 (14, m), 2 k ::uf, brd J=17.2 He), 2.34
{18, ddd, T=2.7. 8.6, 12.5 He), 2.49 (2, =5, 2.58 {1H, brdd, J=T.8 17.2 He), 2.90~2.96 {m
., .28 (I, brs), 428 4, =), 478 {iH, 4. J = 11.7 #a}, 4.8 {H d, IT=1L7 Hz) 5. 58 {14,
br s).

24(24-b} | IH-NGRCDCIS, 00 Mz}

5 1.45 (8H, s), L 55-5 60 (I8 w), 2.04 (3H, s, 2.20 {IH, br 4, J = 16,4 Hz}, 2,34 {IH ddd
J=2.7, 9.9, 12.9 Hz), 2.49 (BH, s}, 2.54 (il brdd J=T.8 16.452), 2.89-2.98 (1B, m), 3.24
(OH, &), 3.28 1, brs), 477 (A & J= 10T Hel, 484 (8 & = 117 2}, 5.48 (K br s,
24 (24-c} | IE-NMRECDCIS, 300 MMz & L4148 (3H m), L 44 (18& s}, 2.03 (3H, s} 2, 05-2. 08 (iH, =), 2,17
(1, br ¢ J=16.1 Hz), %24 (18, & J = 14.2 %=, 228 {1, 4. J = 14.2 Hz), 2.57 UK br &,
J= 8.8 16 1 He), 2.86-0.95 (1H, m), 3.07 {lH br &, 3.22 (4 & J = 13.7 Hzl, 3.26 (IH, 4,
J=13.7 #z, 5.84 (1K, dd J=6.9 3.7 Hz), 3.42 (UK, dfi. I=89 137 Bz}, 500 (1H br s,
5,55 {{H, br =),

24(34~4) | Mo 185-187 .

1H-NHR(CD300, 500 MHz): & LBL (IH dd. J= 7.3, 12,2 Hz), 2.02 (BH, &), 2.09 {1 ddd, T =
8.8, 12.2Hz}, 2.21 (3H brd J=1686 %fz} 2.51 !:23, sf, 2.58 (1, br dd, T = Ei 188 Hz)
2.87-2.%4 (U, m, 315 (U 4, J=13.2 B}, 3. 15-2.10 (3 =), 3.21 (WM, d J=13.Z2 Hz), 3

f1H, d, J = 137 He), 3.27 (1K, 4, J = 13.7 Hz), & 88 {IR, Ir s.

HS (FABI: m/z: 242 (4 + 1)+ :
inal. Caled for CIZHIGNGSS: C59.72: H 7.8%5 N 5.805 S 13.29: Pound: C BB.72; HE03: N5 TLI S
13. 12

IR {KBr): cm{: 2906, 2632, 142, 1298, 1283,

25(25-b) | 1A-FR {40088z, CBC13) 1§ ppac )

1. 40~1. 50{18. =), L.43{9H s}, LBI{B4 &), L.BL{3H s}, 1.96-2 O8(2H w), 2.27(2H d&d, J=23Hz,
L J4Hz). 2.43-2. 5201 m), 2812 GL{1H, m), 3.0(IH s), 3. 31346038, w), 5.0, br.s), § 340K
it

25{83~¢} | IH-MR{400MHz, (DS 0D} ! & pomt

1 46~1,53{IH, m}, L. 8G(3H s, 2. 1-2. 1T{3H m}, 2.42-2. 54430 w}, 2. T8-2 GO{1H, w}, 3 67~3. 15414,
mi, 5 25-5.30(IH. m}, 7.97-T.44(3H, m), 7.73-T.84(2H, m)

25784y | IH-MME{400MEz, £D30D) 4 pput

140 (14, dd, J=7.8. 12, 3Hz), 179 (QH, s}, 2.02-2.08(28, =), Z.43-2.50 (18, =), 2.45 (H &
=16, 2M2), 251 (IR d, J=16.%Hz), 285 (. quint, J=T.68Hx), 2.05-3.12 (18, =, 3.13 (H 4
J=13.0Hz), %17 (., d, J=15.0Hz), 5.36 {i% t. J=l. G6Hz),

Ik (KBr} @ ca-1: 2046, 2927, 26035, 2852, 1564, 1825, 1396, 1384.

S (FAB} : mdz @ 196 OB+ 218 (dad+

Anal. eated for CIIHITNOEZ: (. B7.66: H, B.7T8: K, 7.17: Found: C. 67.53: H 5.90: ¥ 7.28.

L J2ID —1460. 4% {c=1, 23, HeGH) )




Manor isomer : d0.20(911,s),1.48(9E,5).1 35-2. 45(111.m),2. 51-2. 57(111,m),2. 71-2. 73(Ul. m),2.
91-3.00 (211,m.),4. 37-4. 42(114,m),5.37-5. 39(111.ad.6. 16-6. 13(111.in). 43(43-c) El 141R
(0013,500 MHz) : 61,45(911.in),1.61(11.1,dd.5 = 7. 3,13.2 Hz),2. 29-2. 34(IF!.51),2. 36(LH,dad.J = 2.
9,8.8, 13.2Hz),2.19(211.in),2.72(1H,&It,3 = 2. 4,-3.3,16. 6 Hz),2. 90-2, 96(111,(a),3.08(111.s), 3.
37-2. 38RHM),4. 77(1144,J =11,7 Hz).4. 32(111..EP=1L 7 az),6. 09-6. 050H36. - 192 - [Table 18]
400 MHz):

.

[Table 11]

26(26~5) | IH-SMR(400MHz., CDCL3Y 6 oppm:
L40-LBO0R, my, 1.43(0H &), L5i{0H e}, L SI(EH, =), LO6-2.08(2H, =y, 2.27(2H, d4d J=83Hs
PHzY, 2432, 5214, m}, 2. 81-2.8101H, »}, 3. 0CHE s}, 3.30-3.46{3H, wi, 5. 0(H, br.s}, 53408

i
26 {%6-b) | IN-NMR{4008H2, CD3 0D} & ppmd
Lo4f-1 52{1H, m), 1. 80(3H, &), 2 -2 17{ZH wul, 2. BI(3H, m), 20782 8001, m}, 3.07-3 15K

®, 5.25-5.300% =, 7.37-T.4403H w. 7.78-7 (‘?H, m)

6 L06-0) | IH-MBR (400MHz, CDBODY 8 ppuml _
140 (I dd. 7.6, I2.3Bz), L78 (M. s), ZOO2-ROB(2H =), 2.43-2.50 (IH w. 2.4

=6, 24z}, 251 (I, d. J=16.28z), 285 (iH, quint, J=7.6Hz), 3.05-2.12 (1H =} 3

J=13. 00z}, 3. 17 (I, d, J=13.0Hz), 5.36 (1H &, J=i.6Hz).

IR (FBr) @ ew—Ll: 2848, 2027, 2903, 2832, 1564, 1525, 1396, 1384,

HSOIFARY @ w/z 196 (WD -+ 218 (M)t

Anal. caled for CIIHITEDZ: €, 67.66: H, 8.78: N 7.17: Found: C, €7.48: H, 8.89: X 7.26

[2]210 +130. 717 fo=1, 41, MeOH)

27{27-a) | iH-GR{400MHz, CDCLEY 8 bppwd

0.90(1. 6. d, I=6.4Hz),0 95({L.5H, d. I=6.4Hz), L. 18(i.8H, &), (. 23{LBE, ), 1.83-178UIH =,

9-0 64(4H, m}, 4. 985 OR{ZH wm), 5. 72-5.86(1H m)

27 {27-by | LH-WME (400MHz, £DCI3) 3 ppm:

Maior isomer

L4209, s}, L SB(3H s}, 1.BO(BH, s}, 2.07-2.20{1H, =), 2.53-2.67(IHm), 2.6%-2.83{(lH o,

3. 17-3. 310(K. m}, 3.59-3.70(1H, m)

27(87-d) | tH-IOR {400MHz. CDCI3F & pom:

L4470, &), 16138, o), L. 70{3H, s}, 2.04-2.2 ?( mr, 2,512, 78{28, w), 2.51(ZH 4d, J=t6.86,

43, 5Hz), 2.65-2.79(PH, m), L ST(ZH. dd, I=il. 7, 30 6Hz)

I7{27-e) | LH-NMR(400MHz, CDC13Y © & pom!

LL46(0H, s), 1.56(BH, s, L.58(3¢ sy, L6B(3H, &), 2.00-2.35(3H w, 2.46-2.56{HL =),

2 po-2. TR(1H, m), 5.95-3.0201H, w), 2.25-3.38(1H, m), 3.46-3.57(iH m), 4 96-3 08(IH m)

27(27-F) | LH-NMR {400MHz . CD3DD) : & ppm:

LAT{IH, dd, J=T.2, 12.%he}, LG403H, e}, L68(3% =), 20821010, w, 2.0-2.18(1, =}

9, A6-7. B5(1H, m}. 2.48(2H, dd, J=16.3, 39 5Hz), 2.656-2. 7T(1H, w, 2.87-2.93(1H m), 3.1B{2H, dd,

12,7, 32.9Hz)

HS (BB @ owfe 1 210 (8D

28 {28~5) | LH-KAE (400MHz, CDC13) 4§ ppme

L28(3H, t, J=7.1Hz}, 1.50~1.83{1H, w), L.72-1.83(1H, =}, 2.11-2.25(2H, m}, 2.42-2. SI{IH, wJ,

3. 54-3, T3(OH, =), 4. 1T(2M, o, J=7. 28z}, 4 99-5.07{2N, wm), 5. 64~5. T7(IH, w), 5.8L 034 d, J=i5.€Hzl,

6. 7T, 44, J=6.77. 1B 6Hz).

29{28-b] | LE-NMR (400MBz., CDCL3) @& ppm:

1,300, ¢, J=7.28z), 1 G68-L Y6(IH, =}, 1.86-2.93(IH m),

4 19(0H, o J=T.1Hz), 5.00-5. 11(%H, m), S5.64-5.77T(1H w).

Je6, 77, 15. 6Hz).

28{28c3 | IB~NAR{400MHz, CDCL3} : 3§ ppm:

1. 481{6H, =3, 2.08-2. ITGH m), 2.28-2 37010, n}, 2, 42-2 63(4H, m), 2.83-2. 95 (1H, w), 3. 17-2. 28 (14,

m, 4. 52(18 1, J=6.3z), 4.84(1H, t, J=6. 1Hz), 4.76{1% d, J=l1LTHz), 4.84(1E d J=ii.7Hz),

5, 45, 5410, =),

IR(28~d) | IB-TDIR (400MHz., CDCIZY @38 ppws

1440188, 5). L.50-L.BO(ZH, =), 2012 10(2H, my, 2 210K 4, J=I4.1Hz}, 2.27(1H, d, J=i4. THz),

2. 45-2. 60{3H, =}, 2,78~ 92(15, m}, 3. 00~3, 6T{1H, =)y, 3.23(18, dd, J=6.1, 13.9Hz), 3.41(iH <&d,

J=6.4, 13.9Hz), 4. B2C1H t, J=6.3Hz), 4.63(1H <t J=6.3Hz), 4.92-5.03(1H mi.

2R (28~e) | IH-HMR{A00MHz, CD30D) 148 pom:

L5010, dd, J=7.4, 12 1Hg), 2,032 16(2H =), 2.44-2.81(GH, m), 2.81-2,92(1H, =), 3. (G(IH 4

J=12.9Hz), 3 20(1H, d. J=12.9Hz), 3.10-3. IT(IH, m), 4.50(1E, t, J=6 3Hz), 4.64(1H . J=6.3Hz},

5, 46-5. 583(IH, m).

IR (KBr} @ cm~1:1627, 1564, 1524, 1398, 1382,

ME (FAB} @ wfz ¢ 228 (D4

anal. ealed for CIZHISNPOZ: C. 63.42: H, 7.98: X, 6.16: ¥, 8 36 Found: , 62,85 H, 8.04; ¥, € 22:

F, 8.3%,

15230420, =), 2.44-2.57(IH, mI,
85(1%, 4, J=i5. GHz). 6.77(1H, dd

[ )
>R




s), 1. 19-1. 54 OIL (a)ci, j=2.4. 82. 25 (111, d, 5=14.1 at), 2.32 (1H, cL= 14 1 Hz), 2.69(1k ddt,16.0 Hz),
2 2.86 (211, s), 3.03 Olt 5)3. 06-3. 11 (111, m). 6.19-6.2 C1)303, 400 MHz): 51,58 (111. dd. = 7. 8,
12. 9 Hz), 2. 20 Oa ddd, j = 2. 4, 8. 6, 12. 9 Hz), 2.26-2.31 (111 m), 2.37, 5), 2.51 (2H, s), 2.69 (111.
ddt,J = 2.1, 7.8. 16. 4 Hz), 2. 89-2. 97 (LH. ra). 3. 23-3, 28 (1H, 3.31 (111, d, J = 13.3 Hz), 3.35 (1H, d,
J = 13,3 Hz), 3.49 (111, s), 6.00-6.02 (111. (9);7.28%211. d, 3= 8.2 Hz), 7.70 (211. d. J = 8.2 Hz). Mn.
184-186t. 111 NMR (CD306, 500 MHz): 5 1.56 (IH, dd, J = 7. 8, 12.2 Hz), 2.11 (111, ddd, j = 2. 9, 8. 8.
12.2) 2,23-2.28 ( (2H, s), 2.66(1K. ddt, 32,4, 7,8, la 1 Hz), 2. 38-2. 94 (1H, or),16 (111, d, j12 (1ji, d, J
=12.7 Hz); Ba22<3. 2Bin), 3.42 (Hi, s), 6. 08-6. 10 (111. S. MS (FAR):z. 206 (11,11)+. Anal. Calcd for
C1211151802: C 70.221 H 7.37; N 6.82; Found: C 69.00: H 7.19; N 6.77 IR (Br) cat-I: 3283, 2903,

1525, 1397331663,
lactose, 34 g of co
using a ble i
Example 1) Const
Cacna2dl).gene e

s 214t

G65ROTHE] (Prepasation EXamiple) 525 & GHhe compolndoRExemple 21
S‘l?ﬁ?h’e %éﬂd s& an Hf’g ?Jigm(é*brfegl %S@earégte '

ue{:mmmwmmca.#cuaﬁn chramﬂ,elsismmmazm x(hezre&ﬂaﬂe(rﬁ#,r@fer‘mﬁ . ki
xpteddion plasmid, and preparation-of human Cacn

fraction | 29¢e)

U-NMR C400MHE . CDCIRY : & ppm: Major isower L. 4R IGH s, LTi (3 s}, .
2, 50~2, 72 {2, wi, 2. 88-2.97 (1§, m), 3, 27-3.34 (18, m}, 3.65-3.68 (14 m? 5.39 {IH s), 5. 49-8. 50
(i m oo Hinor isemer 1. 49 (9H, s}, L77 (3H. &), 2.18-2.27 (1M, wy, 2.47-2.97 (24, o), 2.78-2.85
(18, wd, 2.88-2.97 (iH, m), 4. 31032 (14 w, 5.41-3, 42(1H wi. & ?3"“5 H0CIH, my.

29(2%-d)

P 3=17.2Hz), 2,88 (I, quint, J=7.8Hzi, 3.16-8.17 (14, m}, 4. 821K d. J=1Z. 1Hz), 4

TR C4008Hz, COCI3) 15 ppmrl. 44 (BH, &), 155 ‘fiﬂ dd. j";‘ 4, 12,98z}, 1.70 {34, &, 2.12 (3H. dd,
=L6, 1T 2H2). 2.20-2.25 (M, wi, 245~ 56 {iH wi, 2,49 {1E 4, j 17. 02y, 2. ;’r {14, 4
8014, d,

Fe12, 1Bz, 5.56{1H. s],

90 g of
1ixed

St

an
embrane

29{29-e)

Hn, 160°C (decompose} .

[H-NR 400z, CD30D) © § ppmtl.53 (1M d4d, 3=6. 8. 12, 8Kz}, 175 (a4, J=i.8Hz), 2.08~2.17 (24,
2,46 (18,  J=16. Z2Hzy, 2.47-2.54 {iK mi, 2.58 (1K, 4. J=18 SHzY, 2,84 (1B, quing, J=6. Sz},

Z.86-2,88 (1B, =}, 5. 16 (IH, d4¢, J=1.2, 13.282), 3.23 {IH dd. J=1.34, 1L 2Mz), 5.5¢ {14 sh.

IR {KBr} : ep—i: 3028, 2950, 2937, 2010, 1889, 2842, I63L, 1589, 1500, 1386, 1188, 1024, 680, 8G3.

¥S IFABY @ omdz o 196N, 218 (0Ne) .

Anal. caled for CILILTHNOR: C, B7.66; W, 8.78; N, 7.17: Found €, C. 86.43: B, 877 ¥ 7.11

36

IR (A00MMz. CICI3) & wvoer 109 (3H, t. Je0.8Hel, 1.ad (8K =), L4148 (14 wl, 1.97-2.05
(OH m), 208 (M, g J=T.8Hz), 2.28 1B, d, J=id IHz), 2.385 (O 4 J=l4 IHe), 2.43-2.51 {14,
m}, 276 (1B, quint. J=7.6Hz), 2.92 {2H, s}, 2.88-2.9% {IH, =), 5.35-5.35 {1H, m}.

US (FABH) @ miz @ 286 (BHH)+ |, 334 0D+

33

Hp. 172173

[alond -68. 1" (o .88, MeGH).

{H-SMR (400MRz. CDSOD : & ppmo I 11 (3H, t. J=7.4H2), 1. 80 (1§, dd, J=7.5, 12.6Hz), 2:08 (m. d
16.5Hz), 2. 102,20 (3%, m), 2.46-2.56 (3H, o), 2. 87 {1H, quint. J=7.8Hz), 3. 1'=—- 18 (Bl m,

(1H, ¢ J=i3.4Bz}, %38 (IH. 4, J=13.4Hz). 5.31 (1H & J=1.8Hz), 7. 39— 45 {34, m), T. *30—; 33
(ZH, ), .

IR (KB} : cm-1:5197, T148, 3054, 2964, 2927, 2878, 2831, 1714, 1485, 1445, 1410, 1220, 1164, 1123,
1019, 730

S (FAB4) : m/z @ 210 {freetH}+, (FAB-} : w/z © 15T (bensensulfonic scid-Hi-

Anal. caled for CIGHOSNOSS: C, GR.83: B, 8.86; K, 3.81: 8, & 73; Pound £, 58.60: B, 6. 84 N 2.9%
S. 873

32(32~a}

H-RME (400MHz. CDCI2). 1 & pomoZ 06-2. 31 (2, m), 2.82-2.87 (8, w). 3.{1-3.156 {2H, w), 368 (G,
s}, 5.58-B. A1 {1H, m).

32(32-h)

IH-30R (400MHz . CDCL3Y © 6 pomiI.94—2. 03 (2H =), 2.85-2.75 (48, mi, 4.00-4. 92 (2 =), 5. 315 36
(1, mi,

32(32-c)

1H-NMR (400MHz, CBC13) © 8 powd 1L B2 05 (68, m), 3. 59 {2H, 1, J=7. lEz), & 73-3.77 (3. m}, 5.63-5.07
{2, m), 5.88-6.95 (IH. mi.

32{32-d}

TR (1008Hz. CDCL3) : & ppmtl. 66 (ML dd, =42, 14.0Hz), 1.82~1 88 (4H, m, L.94-2 08 (BH, =),
o 49-2. 44 {2E, w), Z.67 (1, 4, =3 GHz), 3.70 (3H, s}, 4.02-4.07 (H w), 5.11-5.14 (2K wl,
5:94 (1, dd, I=10.3, 17.6Hz).
BS (FAB) : owiz C 199 (MMD 4

32 (32-¢)

(H-NMR L400MH:, CDCL3) 8 pem: 170 UH 46, J=3.8 i4 3Hz) 1,832, 11 (7H, m ), 2.48-2.50 {24,
m, 4. Gd~4, 10 (I8, m=h, 5 13-5.I7 (24, =), 5.95 (3H. &, J=10.2, 17.68Hz) .
HS (FAB} @ m/z 185 Obsly+, 207 (Na) +.

32{32-1)

1H~MR {4004Hz, CEICIB) T8 ppm Mejor isemer L.45 (9H, s), 179219 (TH, m), 2.6B-2.76 (14, m),
o T8-3B (IH, md, 2. 10~3. 18 (IR, w), 3.85-3.87 (i w, §.36-5.91 (3, mw:

Hinor isocmer 1. 47 {93 si, L.79-2.10 (TH, m}, 2.48-2.5¢ (H, o, 2.65~2.76 {28, =}, 4.28-4.10 (1
mi, 5.36-5.91 (31, m).

WS (FAB) © m/z : 247 OBHE} <+ 285 OBEE} 4

32{32-g}

TH-MMR (400MHz. CDCL3; : & ppmil. 45 (98, s}, L 57 (14 dd, J=7.5, 12 8Hz), L.76-2.05 (BH.m}, 2.15
(IR, ddd, J=2.7, 9.0, 12.9Hz), 2.42 (OH, s], 2.80 {1 g4 J=.8Hz}, %26 (UL 4 7. SHz}, 4.78 (i,
d, Je=lb SHz), 4.8% {1H, 4, J=1i.8Hz), 5.52 (1H, dd, J=2. 4. 5. 5He), 86.01 (3L d J=5. 5Hzl.

HS (PAR) @ mfz c 308 (M) o+, 346 (R} &




a) Construction of human Cacna2d1 expression plasm id pRK/hCacna2di a-l) Preparation of DNA
fragment  The human Cacna2dl gene was obtained as two fragments, the first half and second half
fragments. PCR was performed using a cDNA library (QUICK-Clone cDNA Human Brain (Clontech -
193 - Laboratories, Inc.)) as a template and an enzyme KOD polymerase (TOYOBO CO., LTD.)

according to the protocol provided for this enzyme:

R primers used were, for the first half fragment,

primers having the following sequences: Primer 1: 5'-agctgoggcc gctagogcca ccatggctgg ctgoctgctg
go-3' (SEQ ID NO: 1), and Primer 2: 5'-attaggatcg attgcaaagt aataccc-3' (SEQ ID NO: 2); and for the
second hafffedghsentprimers having the following sequences: Primer 3: 5'-aatgggtatt actttgcaat
cgatce-3' (SEQ ID NO: 3), and Primer 4: 5'-agtoggatcc toataacago cggtgtgtge tg-3' (SEQ LD NO: 4)

purchased|ffo#t-8I
second half fragm

A%EN;@SE@SQ;; TerP_C%qur %ctionjzvv?afs gﬁ(mggﬁjpg?bg& Jir
SIS e oJEles (aatemp ECR Sysictn 8700 iaplid Blasyst

Inc.)) through a pracess:ignolvingheatag. at-94Csfort. nainute sther)35. thermali.cyeles {I4C fo
60C for 30/sec., andB&& fore mies, f?é?iﬁﬁ%tgﬁ%cifé? S¥iintités [ &hdEooling to 4C. [0154]

two reaction produ
(QIAGEN))

[tnpe ,inrg,t([;{glg,aind

ems,

r 15 sec.,
These

cation Kit

{8 Wéte pifietf ySing a PER produat pusification kit (Mipiks)ye PSR, Purif

MR RI oA 1B CIHOE e 0 ThisaKi:, Ihe-abtatned firsthalf Tiagmentwas
with a restiiction enzgine Notk (FOYOBSG-€6. (HTH.). The second half fragment was digested

restriction efAytites %ﬁﬁﬁ@*‘?@%’ S 19 C0N BTD. Pard Bafiit (rayoBo dom Lty

digested
with

Subsequentlythes

S aUIGHS WEE PHTIEY Wsing aeaglionIodUet poriicaton kI (MigkIu
Reaction Gleanup Kit4QTAGEN)) acconrding totheipretoenl includded in this kit. [0155] a-2) Pr

of vector | 33{33-d}

MR (400MIz . CDCL3) - 6 pom: L 40-1. 74 (108, m), 2.44~Z.26 (20, w), 2. 71 (L, 4. J=7 GHe}, 570
£3H, &), 4, 10~4 15 (E md, 502 (1M, 4 JeIV.2H2), 5.07 (1§, 4 J=10.7H2), 5.86 (IH, dd J=10.7,
i7. 24z} .

MS (FARY @ mfz @ 212 Q) 4.

te
eparation

23{33~¢}

SHRAR (400MHz. CICI3) © & ppecl. 46-1. 7% (30H, m), 2. 45-2.51 GH m), 4 11417 OH »), 508 U4
4, F=17.6Hzd, 5. 10 (1K, d, F=10.8Hz), 5.B8 (1f, 44 J=10.8, 17.8Hz) .
BS (FABY ¢ wir 199 QB+ 281 (MNai 4

33(35-1)

TH-SMR (AOSz. COCLEY - 6 pom: Major iscwer! L6 (9H, ), L43-1.76 (7, =, 2.70-2.88 (2, m,
2.90~2.93 {IH, =), 3 04~3.08 {1H, =), 3.87-3.88 (I, m). 5,465 52 (oH, =), 5.62-5.62 (I, mi:
Minor isemer: L 48 (GH, &), L 43~1. 78 78, m), 2.70-2.58 (2, m), 2.85-2.88 (IH, w), 3.06-3.1Z
{18, m), 5.37-5.38 {14, =), B.52-5.65 (if, wi, 5.69-5. 71 (1, ml.

S (FAR) @ wfz @ 261 () &

33{33~g)

-1 (400MHz. CDCL3) & ppm’ 1. 37-1.66 (BR. my, 145 (8H, ), L7B (1B od, j=8.0, 1Z.8Hz). .07
(1B, déd, J=8.1, 8.8, 12 5Hz), 246 (ZH, &), 2.54-2.60 (I8, m), 3.27-3.28 {1H w, 475 (4 4
J=I1.9Mz), 4.85 (I, d, J=11L.3H2). 5.52 {IH dd J=2.4, 5.5He), 5.76 {IH d. J=5.SHz).

33{33-n}

Hp. 1781807

TH~MMR (400MHz, CD2OD} & ppell.37-1.46 (N, =), 153187 (9, wi. 2.44 {IH 4 J=I1& 3Hz), 2.49
{1H, 4, F=16. 34z}, 2.57 {IH, &4 J=8.1, 14.5Hz), 2. 85 (IH, gaint. J=7. 5z}, 3. 14 {1H, 4. J=13. iHz),
3026 (IH, d, FeI3.1Hz), 5.62-5.64 (IR mi, 5.72-5.74 (iH, wl.

IR {KBr) ¢ em-[® 3504, 3448, 3020, 2840, 2864, 1587, IB11, 1408, 1281, 1280, T5%.

WS (FAB) @ avz @ 238 (BH)+

snal. ecaled for CLAHZINOZ: €. 71.46; H B.89. N 5.95; Found €, 6B.847 H, 9.81: N, 5. 80

34{34a}

TR A00MHz ., CUCi2) : 8 ppm: 126 (3H, =, J=7.3Hz), L.68-1.62 (4, m), 197213 (2H =,
2, 17-2.29 {2H, m), .43 (1, ddd, J=L. 6 6.8, 11L7H), 2.47-2.54 t;lii, ml, 4 b4 (ZH dq J=2.9,
T.3Hz), 501 (M, d-guint, j=9.8. L. OHz}, 5.07 (I, dt, J=17.1, 1.5H2), 6.76 (IH, ddv, J=9.8, IT. L

7. 3kz).

34{34-d)

AR {500MHZ, CDCL3) : 46 pom: /7 mivture 148 (isomerA9H, 3, 1.52 {isomerBSH s), 1.77-L.83
(I, w0, 1.80-2.23 (64, w, 2.4%-2,72 {28, m}, 2.91-2.99 {isomerBIBriH, m}, 3.00-2.06 (18, mi,
3.32 (isomerAll, ddt, J=8.8, 18.0, 2. 9Hz), 3.90 (isomerAlH, br), 433 {isowerBiH, br}, 5.24
{iscmerdld, br), 5.38 {(igomerBlH, br), 5. 45-5.48 (isowerB1H w), 5.45-5.31 (isomerAlH uj,

34(34~e)

TH-ME (500MHz. COCLZ) © 4 ppwt 5. 40 (UM, s, L. 79-1,89 (I, =, 1.92-2.23 (6H =), 2.33 (1 ddd,
=2 4, R85, 12 THz), 2.46-2.54 (3, =), 2.90 (IH, quint, J=7.3Hz}, 3 01-3.02 {IH, m}, 3.25 {18,
br). 4,78 (3, & J=12.2Hzl, 4 88 (1, 4 J=1Z 2H2), §.28 (1B brd,

343411

18 {400z, CDCL3) © 5 pom: L. 33-1,42 (10K, m), 1. 73180 (18 =), 1.85-1.89 (Bl =), 2040215
(o, w), 090 (IB. 4. J=I3.7Hz), 2,28 (10 4, J=13 THe), 240 (4, ddd J=1.2, ? 8, 16 4Hzi, .70
(1M, guint, FeT.BHz), 2,81 (2, o), 2.90 UM, br}, Z2.85-3.03 (X w), 532 (K bir}.

34{34-g)

¥p. IBT~1B8C:

SR (500MHz. CDA0OE) : & pom: 1,50 {BH, dd, Je7.8, 12.2Hz), 1.83-220 {8, n}, 2.45-2.50 (1f
m}, 2.52 (2H, o, J=4.9Hz), 2.8% (IH, quint, J=T 8823, 508 (I, quint, J=8.3Hz), 3,14 (8 br),
3,17 (M 4 J=12 THz), 3.21 {18 4. J=12.THz), 5,40 {IH, br).

IR (5C1) @ @x-i: 1815, 1503, 1395.

¥ O(EST4 @ miz @ 2T40HK) -+, ZSB0MNal+ , 23608+

HRMS(FSI+) caled For (M + H}+! 288, 14700, Found 258, 14660 (-0.31 ),

33(36-a)

. 51 {isomeriAZH,

MR CA00Mbz . CDCIY) 6 ppe: B2 mixture 1.02-1.09 (8H, m), 2.14-2.26 (4H, n), 2
oM, m, B.61 {iscemerAlH,

g J=T. 4Hz}, 2.68 (isomerB, dd, J=1. 4, 8. 2He), 367 {34, s). 4.92-5.07 ¢
5}, 5.64 {isowerBIH, s), 5 775 8% {(iH ml.




The multicloning site (hereinafter, referred to as MCS) of an expression vector pRKS for animal cells
(BD Pharmingen) was changed to the MCS of a vector pBluesc pt 2 (STRATAGENE) to prepare a
vector. Specifically, pRKS was treated with restriction enzymes Clal (TOYOBO CO., LTD.) and Hind3
(TOYOBO CO., LTD.), and both the ends of this DNA were then blunt-ended using Klenow -fragment
(TAKARA 810 INC.)-. Both of these ends were furthéBdephosphorylated using calf intestine alkaline
phosphatase (hereinafter, referred to as CLAP; mMAKARA BTO INC.), and the fragment was then
purified using MiniElute Reaction Cleanup Kit (QTAGEN). Then, this enzyme-treated DNA was
electrophoresedan 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 ysang-a r

(MiniElute

Gel Extragiﬁi’tjim @PA@EN&&?&@@??&‘T& tHE- %to%?%ﬁu‘déd‘)m%ﬁis(ﬁmfﬁ%é)]

azesblasie.. DNAWwas exdracted:therefroitusing=a el extéiacionfpurification kit

obtaina D

restriction enzymes 8ad I(IT@QYQABO €63-7.kT k) and %@W(@@%B@ @OquL'ﬁl’D") 3ﬁz)1955“- and
ends of this.DNA wed ;

s dragn

SR OGP ORNNY FO e VG S 0f PRIUSSTNtZ PR ues WPty WasIwared with

-therd.bigAt- &r‘%ﬁf&d%@lﬁﬁ I»(Elﬁnﬁ\ Dby Pl nt A -s.u Iy N

enzyme-treated BNA’ vﬁ%@@@%ﬁﬁg@%‘é’a@pmz ﬁﬁ% dgaI05e-0e!.oA ft@r the af{@@tg@f):t;efé“the gel was
stained with ethidiu

separated

nder UVdirdadidtionsiéing-astazor blade. DNA was ext

. bromiide, Hher; asband:portion camesponsding tosapproximately. 100 bp was

fpcleghorstiom ysingage
extractlon/pﬁ?fﬁfé]tloﬁﬁQ@Wﬁjﬂ% Gl BXiradtiop Kit OIRGERD)Actordiio. o the pratgoalincluded in

this kit [0157] The

ligation kit

E. Coll DH5& E8thip

colonies. S

TAKAR

n@qLDNA)fra@mea’atcand}Iheatm&dyncleamd pvl%KBzﬁNeralmgatezdtmsmg a DNA
) product,

ome of

ﬁ?@&%ﬁﬁﬁ <Tc%%3£9 BO,CQ.,IP) Yerg, iransformed o, ‘Qb!a'ﬂh?ml%wﬂnmfeo'ﬁa”t

eolenigs wer &GQJF%CE@ and:the gollected Colanieswere then cuktuwed| From the

obtained bacterial cells, @plasmitwas extisctediam anialjzet foritdhucleotidé Seédhcesing a

DNA seque
sequence i

located upstream,
direction as follows

ncer (M H%I 00 Ap lied Bjo ystems, ng.)),je confirm the introduction of the MCS
nthep @.ﬁ- ‘?H s.%gon%gﬁ:gkvgctorzﬁwﬁjch,mlhe CMV promoter is viewed as being

heaM@Sv sequence was incorpdratedisubhatit Wasoriented in a downgtream
?Bi é&ﬁﬁé@cﬁﬁ?ﬁﬁ%g@c@g‘?ﬁt&aﬁébaé‘taﬁg?&goattscégc@‘%&ﬁ%aﬁd‘aﬁtf'égat% *
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38(38-¢}

IH-NME (B00MHz. CDCISY : 8 ppme L3290 (izomerAZH, s}, L.31 (isomevB3H. s), .44 (isomerafH. s), 1.46
{isomerBOH, s}, 1.57 (isomerBlf, d, J=12. ZHz), 167 {isomerdlR, 4, J=I2.2Hz), L.76 {(isomerdlH,
d, J=12. 2Hz), 1. 90 (isomerBlH. 4, J=iZ SHe}, 2. 192 25 (H+izomerd®, m), 2.55-2.77 (IH+isomerBdH,
m}, 2,92 (isomerilH, 4, J=i13.2Hz), 2.9 (isomerAlH, d. J=13. ZHz}, 6.70 {IH, br), 5.82-5.83 {1H,

m .




293 cells were transfected with the human Cacna2dl1 expression plasmid pRK/hCacna2d1l constructed
in paragraph a), and a cell line stably expressing human Cacna2dl1 was obtained with human
Cacna2d1l protein expression as an index. Specifically, 2x106 293 cells were inoculated onto a 06 cm
dish and cultured for 12 hours. Then, the cells were cotransfetted with 5 0g of pRK/hCacna2d1 and 0.5

Og of a neomycin-resistant gene expression plas

pSV2neo (Clontech) using a transfection reagent

Licofectamine Plus (Invitrogen Corp.) according to the protocol provided for the reagent. [0160]

The cells thus transfected were collected, then inoculated onto a 015 cm dish after dilution, and
cultured foF 25veeksin DMEM (invitrogen Corp.) supplemented with 10% fetal bovine serum (Cansera
International, Inc.) and 500 ug/m1 0418 (Invitrogen Corp.). The neomycin-resistant cells - 198 - that
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#actionn.antGCBPabeledwith azadioisotope. SH{hereinafier, sefemed.ta 3

cﬂ%séﬁ Eta)l%"e}fvé ,d.’.ﬂ ﬁ?‘éﬁ’dﬁ-& {Bina)in@ 8% (0,48, br S) and 5,01 {0,688, brs), 5 T1-5.85 {24,
m}

39(38-d;

1H R {CB300, 400 MEz): Two sajor isomers:

5 0.99 (L5 d J=7.8H) and .03 (LBH 4, J=7.0Hz). L8:-1.92 {0.5H, = and 2.13-2.20
{050, m), 226-0.51 (4K m), 2.64-2.75 {1H m), 2.94~% 99 {14, w}, 2.08-3 24 (2K, m}, 5.77-5.81
{1, m), 5.88-5.95 (1H, =),

MS D amiz: 185 (4t

Anal, Caled for CIIBITNOZ: C 67.66: ¥ & 75 N 7.17: Found: T 67.00: H 8.83; N 7.18

IR (KBr}: cm-I: 295%, 2651, 1628, 1540. 1399, 652,

40 {40-a}

1B MR {CDC13, 400 MHz):

§ 1.08 {3 t, J= 7.4 Ha}, .45 (98, =}, L.BI-L. 5B (IH =), L.92-2.04 (3H m), 213 (0K o J
T.4 Bz, 231 {0E 4, T= 140 Hz), 2.89 (38, 4, J= i4.1 Hz), 2 47 {1H, dd, J = 7.8, 16.4 Hz),
2.76-2.84 {1H m), 2.68-3.03 (1H, m}, 3.37 {18, dd, J=6.3. L4.5 8z}, 547 {14, 44 J=6.3, 14.8

Hz}, 2.72 {1H. br s}, 5.30-5.33 {(I# w).

40 {40-b}

14 MR EDCIS, 400 Miz):

§ £.08 (3H <, J=7.4 He), L46~4 47 (K w), 147 {84, s), [.98~2.00 (1§ m). 2.02-2.04 (1H
ml, Z.08~2 16 (3H, w), 2.32-238 (i, =), 2.43-2.48 (OH, ), 2.79-2.83 (8, m, 3.02 (3H. =),
318320 (8 =), 3.095-3.42 (Y, mi, 3.64-2.72 (W ml, 5,3%-5 34 {1H, w).

40 {40}

Mp, 177-1T9 ofl.
1R RMR {CD3CD, 400 MHz):

§ L1130, &, J=T.4He), L5 (1H, dd. J = 7.4, 12,5 He), 2.08-2.12 (1K =), 2.18-2.21 (34
w, 2.50-2.36 (1M, m}, 2.54 {2H, e}, 2,77 (3H, g}, 2.87-2.85 {m m), 3, B4-3. 19 GG, =), 3,36 (14,
d, J= 129 Hz), 3. 46 {18, 4, J = 12.9 Hz), 5.30-5.33 (:H, m.

S (FABY: wmfz: 224 (W{free) + Hi+.

Angl. Caled for CI1SHZZROZCIT C 60,13 H 8. 54: N 5.38: €1 13.85; Found: € 58.70; H 8. 433 ¥ 5.32;
€1 15.67.

IR (K#r}: em-It 2985, 1714, 1467. 1208, 1020, 788.

41 (410}

i MR {CDCI2, 400 WHz):

§ 0.04 {8, s}, 0.87 (38, 1, J~= 7.4 He), 0.89 (98, =), 1 17-L.30 (IE w), 1.51~L.60 (IR m,
2.03-2, 11 (3H. m), 3.49 (48 dd, J = 6.3, 8.8 He), 3.53 {i4, dd, J= 6.3, 9.8 Hz), 5. 00-5 03 (14,
wi, 5 05-5.05 (IH, m}, 5. 575,66 (18 m).
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assay buffer (10 mM MOPS (pH 7.4), 10 mM HEPES (pH 7.4), 100 mM Na01) at a final concentration
of 2.5 mg/mi in terms of the total protein level and a final 3H-GBP concentration of 4.5 nM,
respectively, to prepare 120 41 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 350 GF/B (Whatman)) and filtered

through the filter. Then, a washing procedure invol in

8 tRe addition of 350 41 of a binding assay buffer

(20 mM MOPS (pH 7.4), 10 mM HEPES (pH 7.4), 100 mM NaCl) and filtration through the filter was
repeated three times. The filter plate was thoroughly dried, and the underside was sealed.. After
add|t|on of 5DA1.Lef N!Iﬁ:}oscmt 20 (PerklnEImer Inc ) the upper surface was also sealed and radiation
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nonspecific
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Table 19. [

GBP bin

termine "f‘)a%é%f“oﬁ‘ tH& f8llowing equation: Inhibitory rate [x] (%)=(1-(binding level

evel [0])X106, Wherein the binding.level{Oh refessdo the binding dave. of SH:GBR d
addltlo etf theseom pmu nd T mmmiibtt@ty raleawas lplotted ﬁg&aﬁﬁsﬁth{e c@ﬁfceﬁtréﬁo
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= 2.7, 89, 12.%Hz, 2 33—'} 38 {1H, m), 2.46 (24, =¥, 2.50-2.56 ({H. =, 3 22»3.28 {1K, w,
£78 (G, & J = 11.7 He), 4.88 (if, ¢ [ = 1.7 Hz), 5.65-5.67 (I, =), 5.92-5.85 (A =,
Hinor isomer:

§ 0088 03B, t, e T4 Hzh, L3038 (IR m), L45 (8H, s, L83 (1B, 5 = &3, 12,9 Hzd,
.97 {IH, ddd, I= sz B G, 1Z.9Hzy, .46 {3H, &, Z.69-2. 79 (1%, m), 2.7L-2.77 (IR, @), 2.95-5.43
(B ), 5.17-2.2% (I8, m), 4.54 (18, 4, F= 125 He}, 4.80 {IH & ] = 12 H} 5.59~5.82 (14,

wi, 5.76-5. 32 {IH ml.
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41041~ | 18 BE {DC13. 500 MHz):
Hajor {somer : .
5 0.83 3R, t, J=T.3 He), L17-1,22 (3H m), L O4-L 31 {IH, =}, 543 (88, <), L.44-1.48 (1H,
a), LO5 (I, ddd, J=2.9, 8.8 12.2Hz), 2.22 (18, & J =137 He), 2.29 (If, 4 ¥ = I3.7 Hal,
2,292, 32 {18 a), 2. 37-2.42 (i =), 2.87 (2L 5}, 2.95~-2,99 (14, m), 5.77-5.79 {14, m}. 5. B5-5.86
{I.H, EY
Hinor isomer:
& 0.87 {34, t, J= 7.3 Hz), L.24~L.31 (1K, wl, 1.43 {9H, s). L. 48-~1.54 (1K, =), L. 61 (1H, ddd,
J=2.9, B3 12.2He) LTC(IH 44, ] =7.8 12.2 Hzd, 2,22 (10, 4, J = 137 Hz), 2.29 (1K d,
I =13.7 Hz), 2.20-2.32 {fH, m}, 2. B3-2.89 {1, =), Z67-171 (H, =, 2.88 (2% 5}, 5. B85 T4
{2H, m.
41043~} | 18 NMR {(D3CDH, 400 MHz):
ia jor isomer !
5 0.85 (3H, . J=7T.4 Hz), L17-L.28 (iH, w), L.28-L.38 (1B mi, L.50 (i d¢, 7= 7.4, 125
Hz), 2.15 (IH, ddd, J=2.7, 9.0, 12.5 He), 2.33-2.37 (1 =}, 2.37 (3K, 5), 2.50 (2K, =), 5 3-1, 58
(L @), 3.14-5. 18 CIH, m), 3.32 (W, ¢, T = 13.3 Hz}, 3.36 (1B, 4 J= 13.3 Hzl, 5. 70-5 2 (14,
ay, 5. 97-5.98 (1%, m), 7.29 (M d, JT= T8 Had, .70 (2K 4, J= 1.8 Hz}.
Hinor isomer: :
& 0,98 {38, t, J= 7.4 Hel, L. 35—-1 42 (IR, mp, 1.56 (IH, dd, J =467, 137 Hz}, 1.81-1.88 (2,
@), .37 {8, s), 2.48 (2H, s}, 2.70-2.77 (K aﬂ 2, 97-3.0¢ (IH, =, 3 12-3.19 (BH, m), 3.32-3. _35
fIH, mi. 5 64~5.68 (IH, m). 5, Sl L8B4 (IR, wl, 23 OH; d, J=T.8 M), .70 (BH d. = T.8 Hel
41 {41~h) | 1H NME (CD30D. 400 hz):

Hajor Isomer :

5 0.85 {3H, ¢, I=T.4 He}, L 18~1.27 34, m}, 1.27-1.38 (1B, =), 148 (1 F=174 1.8
He), 2,05 (IH, dad, J= 2.7, 9 0, 1205 He), 2030-2.37 (1, m}, 2.47 {(8H, s}, Si 2 57 (I8 =,
3.012-% 24 (M, m), 5.76-5.78 {iH =), 5.92-5.93 (H, m).

d¥inor igemer:

§ 0.80 (3H, t, J= 7.4 Hz}, L35-1.42 {IH. w, 1.55 (I8, dd, J = 6.7, 13.7 Hz), L 72 {iH, ddd
¥=2.7 8.2, i2 1Hzy, LB3 (M dd I , 12 L Hz), 246 (2H ), 2.572.75 (?.H i, 2.95-3.02
{1f, m), 3.12-3.26 (34, =}, 5.70-5.72 {EH m}, 5.76-5.78 {1H, =).

HS (EI): mizi 209 (44},

Anal. Caled For CIZHIONOZ: ¢ GB.87: B €. 15! ¥ 6,68 Found® C 68,52; ¥ 8.24; ¥ .68

IR {KBr): em-1: 2088, 2641, 1621 1511, 723,




Example-1050 (nM) 1;1 12127 24 6 26

42 (42-a)

1H ¥R (CDCL3, 400 MHz):

§ 2,05 {18, 4d, JT= 4.7, 125 Hed, 2.18-2.23 (18, =), 2.32 (M, ddd, = 2.0, 1032

3 44-7. 535 (2 w), 2.88-2,82 (3, nm), 3.17-3.22 (M wl, 3.80-3.85 (4 m.

19,

5 HeJ,

42 042-1)

1H BMR {CDCL3, 400 Mis):

§ 2.25-2.33 (18, mi, 2.42 (I8, ddd. J = [.6 3.8 168 Hz), 2.35-2.68 (3H w. 2.82-2.89 {I&

m). 346351 UK @, 3.81-3.99 (4H mi. 3. 66-5. 68,

42 {10-¢)

IH RER (CDC13, 400 MHap:

§ 2,09 (38, ddd, 7= LG 6.7 129 He), 2.31-2.38 (A m) 2. 50-2. 56 (IH, m}, 2.82-2, 70 {25
w), 353356 (IH, m), 3 84-3.89 {24, w), 3.93-3.97 (34 =, 5 10-5.14 (3H, w}, 5.68 (iH. br &),

583 (IH dd. J = 102, 180 Hak

4% {42~} | IH MR (COC13, 4680 Mzl
Ha jor isomer :
§ 145 (M &), 2 40-2.46 (G, @), 2 TO-2.79 (OH, w), 2.96-305 (1H. w), 3,33 (I ddt. J= L7,
2.6, 18 4 Hg), 3.95-5.99 (IH, m), 5 11-5.17 (2K, m), 5.48~E. 49 (iH, =), 5.60 (¥, br s}, 6.56-6. 66
{18, m).
Minor isomer:
5 1.49 (98 ), 2. 40-2.51 (M w, 2.65-2.68 (IH, =), 2.95-3.08 {2 o}, 4 38442 (OH wm,
5. 115, 17 (M, =), 5 38-5.30 (K m), 5 83 (IH br s}, 6.36-6.66 (1K w).

42{42-g) | IH R (CDC13, 500 @Hz):

§ 1,45 (G, s, L 45~1.47 (14, m), 2.20-2.32 (UM, w), 2.34 (0l ddd, JT=2.%9 8.8 12.7 He), 2.48
(OB, =Y, 263 (18 dd, T+ T.2 161 Mz}, 2.92-2.98 (38, =), 2.32-3.35 (i, =), 4.78 (I, 4 ]
=117 Hz), 4.84 (1R &, F=1L7Hz), 5.15-5.19 (28, w), 5.84 QH br s, 6.84 (14, dd. J= 107,

17. 8 Hel.

4244203

1 MR CDCLE, 400 MHz):

5 oLd44 (5H, &), 144548 (I8, m), 2.01 (IH ddd, J =24, 8.6, 121 Bz, L.24 (14 4 j

He), 224-0.29 (1H, m). 2,81 (i 4, = 1401 Bz}, 2.56-2.63 (IH =), 2.7B-2.56 (1& ml

bt &

&), 5.04-3,08 (iE w), 5. 10-5.14 (2, w}, 5.77-6.78 (H ), 6.66 (I8 dd J =

42{40-)

1H R (Ch30D, 400 Wiz):

& 151 (M, dd, J=7.4, 1.5 Ha), 2.2

(3H, &3, 2.51 {24, s}, 2.83 (14, dd J=

(iH, d. J = 33.3 He}, 3.36 (11{. d I
{24, 4.

dd, J = 11,0, I7.6 Hay, 7.23 J=8.268), 7.7 (24 4. ] =82 Ha).

8.

0 (I ddd, J=2.7, 8.6 125 Hz), 2.30~2.24 (1K, m}, 2.37
7.8, 6.4 Hz), 2.91-2.99 (1%, w), 3.22-3. za {14, =}, 3.3
1 3 Hzd, 5. 16-5.31 U3H, =3, 5.68 {18, br si,

88 (IR

Mo, 1B3~188C.

IH MR {CD30D, 400 HHz):

5 1,48 {1H, 4d, J= 7.4, 1201 HeY, 2,11 (IH ddd, T
T

9,
90, s), 60 (I8, dd, J= 7.4, 16.0 Hz}, 2.90-2.9 4 omb, 317 ((H 4, J= (2.9 Hel,

{4
(H, =), 2.22 {#, 4 J=12.9 Hz), 5. 12-5.17 (2H. =), 't" (XH. Br s}, BB (1N dd, J= ILC

1.6 Hz}.
U5 {FAB): m/z: 208 Qb+HI-

insl. Celed for CIZHITROZ: C 68,54 H B.27: N 6,78 Found: C 88.74: B 8,100 N 8. 78,

IR (KBr): em-1 2005, 2548, 163¢. 1526, 1387, 886

3.

7, 8.8, L” | Hz}, 2.9%-2.32 114, o). 2.49-

-3 24

43 {43-a)

11 NMR (CDCES, 400C MHz):

019 R s), 217 {6 ddd, J = L2, 6.7 2.9 He), 2.30-2.36 (8, o), Z.48-2.55 (i wml,
5. 56~ 63 (14, =), 2.72 (i, 4dt, I = .4, 7.8, 16.4 M2}, 3.52~3.57 U wm, 3.81-3.96 {4 wl,

6.02 (W déd J =24, 24 2.4 Hzl.

43{43-h)

13 MR ({CDCLE, 460 MHz):
Major isomer :

§ 0.70 (9 ), 1.45 (G, s). 2.39-2. 48 (lH w). 2.76-2.79 {(if, w}, 2.80-25.86 ({H m),
(1H, =}, 3.30 (18 dét, J=2.7, 8.6, 18.4 Mz}, 2.96~4.01 (IH, m), 5 46-5.48 (I m),

(1H, =m).
Hiner isower:

§ 0.20 (9, s, 148 (9H, s}. 2.38-2.45 (UL ), Z.51-2.67 {8 m), 2.71-2.75 (i =),

{2H, &), 4. 37-& 4% (IR m), 5.37-5.39 (R w, 6.16-6.18 (H m

931-3. 06
43, 96

91-3. 00

43(43—c)

iE MMR (CDC13, 500 MHz):

5 1.45 (98, s}, 1.64 (1 dd. J=7.3, 13.2 He), 2.29-2.34 (1 o), 2.35 (IH. ddd, J= 2.9, &§
122 He), 2.49 (2, s}, 2.72 (18, ddt, J = 2.4, 53, (6.6 He), 2080296 (K w. 2.08 (IH sl

3.37-2,38 (L, =), 4.77 CH, 4, J = 14,7 Hz), 4.82 (UK d, J = 117 Hzl, 8. 046,08 (IH mi.

%
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[Table

1028 11

18]

43{43-d)

1 NMR {€DC13, 400 MHz}:

§ 144 {98 sy, L49-054 (1M, a), 2.02 (1M, déd J=2.4, 86 I12.5Hz), 226 (. 4 J=H. 1
Hz), 2.25-2.81 (U, m), 2.32 {1H, 4, J =14 L He), 2.89 (IR ddt, J=2.4, 7.8, 16.0 Hz}, 2.76-2.82
HE w, 2.86 (2H, s), 3,92 (K s}, 306310 (M =), B.16-6.21 (1§ m}.

43 {43-e}

IH MR {CD30D, 400 MHz):

£ L3S (M dd J= 7.8 12.9Hz), 2.20 (I8 ddd, J=2.4 €8 12,9 Hz), 2.26-2.31 {H w). 237
(38, s}, 250 (G4, s), 2.89 (IH, ddy, J= 2.4, T8 16,4 Hz), 2.89-2.97 {1H =, 3.23-2,28 (14,
w, 3.31 (1, 4 J=13.3#:), 3.36 (16 4 J = 13.3 Hz}, 3.48 (14 ), 6.09-6.02 {1 w, 7.2%
(PH. 4, JT=8.2Hz), T70 (B 4 J =828z

43 043-)

Mp, 1B4-1867C.

1 MR (CD3OD, 500 ¥Hz3:

§ 1.56 (I, dd, J=T7.8 12.2He), 211 (U, ddd, J=2.9 8.8 122 H, 2.23-2.28 {I{ m}, 2. 40
(20, s}, 2.6 (3, ddt, J=2.4 7.8, 6. 1Hz), 2.88-2.94 (14, =), 3.16 (1, & J=12.7Hz), 3. 22
(0, 4, T =127 Hz), 2.20-2.26 (if. =), 3.42 (IR g), 6.08-6, 10 (1K =)

M5 (F4BY: mizmi 206 (6

dnal. Caled for CITMIBNOY: C 70.22; H 7.37: ¥ 6.820 Found: € 69.00: B 7.49! ¥ 6.77

IR (KBr): cpei: 3288, 2908, 1528, 1897, 1063, 665,

[0152]

{Prepa

-
-~

ation Example)]

5 g of the compound of Example 21, 20 g of lactose, 34 g

of corn starch, 20 g of crystaliine cellulose, and 1 g of

magnesium stearate are mixed using a blender and then

compressed using a tableting machine to obtain a tab

[C153]

et.

l’"""

(Test Example 1) Construction of human calcium channel

subunit 0.8, (hereinafter, referred to human CacnaZal) gene

expression plasmid, and preparation of human CacnazZdl-
P Jo) :

expressing cell membrane fraction

;

a) Construction of human CacnaZdl 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

sing

I

P
[ord

cDNA library (QUICK~Clone cDNA Human Brain (Clontech
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Laboratories, Inc.)) as a template and an enzyme KOD
polymerase (TOYOBO CO., LTD.) according to the protccol
provided for this enzyme. PCR primers used were, for the
first half fragment, primers having the following segquences:
Primer 1: 5'-agctgcggec gotagogeca ccatggcetgg ctgectgetg ge-
3' (SEQ ID NO: 1), and

pPrimer 2: 5'-attaggatcg attgoaaagt aataccc-3' (SEQ ID NO: 2);
and

for the second half fragment, primers having the following

seguences:

primer 3: 5'~aatgggtatt actttgcaat cgatcc-3' (SEQ ID NO: 3},
and

primer 4: 5'-agtcggatcc tcataacagce cggtgtgtge tg-3' (SEQ ID
NO: 4)

purchased from SIGMA GENOSYS. The PCR reacticn was performed
for poth the Ffirst half and second half fragments using a
thermal cycler (GeneAmp PCR System 9700 (Applied Bicsystems,
Tne.)) through a process inveolving 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 Purification Kit
(QIAGEN)} according to the protocol included in this kit.
The obtained first half fragment was digested with a
restriction enzyme Notl (TOYOBC CC., LTD.). The second half

fragment was digested with restriction enzymes Clal {TOYORO
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CO., LTD.} and BamH1l (TOYOBO CO., LTD.). Subsequently, these

R

fragments were purified using reaction product purification

&b

kit (MiniElute Reaction Cleanup Kit (QIAGEN)) according to
the protocol included in this kit.
(01557
a-2) Preparation of wector

The multicloning site (hereinafter, referred to as MCS)
of an expression vector pRX5 for animal cells (BD Pharmingen)
was changed to the MCS of a vector pBluescript Z ({STRATAGENE)
to prepare a vector. Specifically, pRKS was treated with
restriction enzymes Clal (TCYOBO CC., LTD.) and Hind3 (TOYORBC
Co., LTD.), and beth the ends of this DNA were then blunt-
ended using Kienow fragment (TAKARA BIC INC.). Both ol these
ends were further dephosphorylated using calf intestine
alkaline phosphatase {(hereinafter, referred to as CIAF;
TAKARA BIO INC.), and the fragment was then purified using
MiniBlute Reaction Cleanup XKit (QIAGEN). Then, this enzyme-
treated DNA was electrophoresed on 1.0% agarcse 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 {(MiniEiute Gel Extraction Kit
(QIAGEN)) accoerding to the protocol included in this kit.
[0156] |

To cbtain a DNA fragment corresponding teo the MCS of
pBluescript 2, pBluescript 2 was treated with restriction

enzymes Sacl (TOYOBO CO., LTD.) and Kpnl (TOYCBO CO., LTD.),
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and both the ends of this DNA were then blunt-snded using
Klenow fragment (TAKARA BIO INC.). Then, this enzyme~treatsc
DNA was electrophoresed on 2.0% agarose gel. After the
electrophoresis, the gel was stained with ethidium bromide.
Then, a band portion corresponding to approximately 100 bp
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.

[0157]

The obtained DNA fragment and the already-cleaved pRKS
were ligated using a DNA ligation kit (TAKARA BIO INC.)
according to the protocol included in the kit. With this
reaction product, E. Coli DHS5a competent cells (TOYCBO CO.,
LTD.) were transformed to obiain ampiciliin-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
nuclectide sequence using a DNA sequencer (Model 3700
(Applied Biosystems, Inc.)) to confirm the introduction of
the MCS seqguence in the pRKS5. In this context, a vector in

which, when the CMV promoter is viewed as being located

ot

upstream, the MCS sequence was incorporated such that 1t was
oriented in a downstream direction as follows: 5'-
ccaccgcggtggeggecgetetagaactagtggatccceecgggotgecaggaattcgatatc

aagcttatcgataccgtcgacctagagggggggeccg~3' (SEQ ID NO: 5) was

designated as pRK-SK, and a vector in which the MCS sequence



85 31 14 [0165] (Test Example 3) Mechanical hyperalgesia assay It has been reported that
animals with peripheral nerve injury and diabetic model animals exhibit hyperalgesia and allodynia
symptomsto mechanical or thermal stimulation. In the present invention, mice suffering from
mechanical hyperalgesia were used in evaluation.  The mice were acclimatized for 30 minutes in a
plastic cage for measurement. Then, the test compodfad was orally administered to the mice, which
were in turn evaluated for mechanical hyperalgesia at a measurement time predetermined by a person
in charge of the test. The evaluation of mechanical hyperaldesia was conducted by a partial
modificatior; 9§ thenmethosh-ef-Eakasakizet ab.(Pain 86 85210112000 o cardirmttheeffect ofe test

compound on '
designated as pREK-KS.

(0158]
a-3) Construction of plasmid

The pRK-SK obtained in paragraph a-2) was Created with a
restriction enzyme Xbal (TOYOBO CQ., LTD.), and both the ends
of the DNA were blunt-ended using Klenow fragment (TAKARA BIO
INC.). The blunt-ended DNA was further digested with a
restriction enzyme Netl (TOYOBO CO., LTD.) and purified in

the same way as in paragraph a-2). This pRE-SK thus made

i

.

linear and the first half DNA fragment of the human CacnaZz
gene obtained in paragraph a-1) were electrophoresed on 1.0%
agarcse gel, and DNAs cof 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 transformecd with the ligation product. From
the obtained E. coli clones, & plasmid was extracted and
analyzed for its nucleotide segquence using a DNA sequencer
(Model 3700 (Applied Biosystems, Inc.)) to confirm the
introduction of the seguence represented by SEQ ID NG: ©
therein. Next, the obtained plasmid was treated with
restriction enzymes Clal (TOYOBO CC., LTD.) and BamHl ({TOYOBO
CO., LTD.), and CIAP treatment and purification were

ormed in the same way ag in paragraph a-2). This plasmid

h

per

DNA thus made linear and the second half DNA fragment of the

human CacnaZzdl gene obtained in paragraph a-1) were

electrophoresed on 1.0% agarose gel, and DNAs of



mechanical hyperalgesia. Specifically, mechanical hyperalgesia was evaluated by assessing, cased
on scores according to the following criteria, behavior induced by pressing 1.4 g of von Frey filament
onto the sole of the animal: 0: no response, 1: withdrawal from von Frey filament, and 2: shaking or
licking of the hind paw immediate-7 after the stimulation. In one measurement, 6 stimulations were
giver to mice, and the total score was used as apdifi $core. The test compound was evaluated by
calculating ID50, which is the dose of the compound that offers 50% improvement relative to the pain
score of a vehicle-administered group. In these models, for example, the compound described in
Example 2zgxhiliteth#050L0f 10.A nigkg 2(Test BExanmpled - Elermal Aypémalgesieassay In the
present invention, ice and rats suffering from thermal hyperalgesia are used in evaluation. The test
compound 3¢ brally aiminist8ted 16 tiE anintils ARich Bré i tim-6valGaaT f8R thetmat Ryperalgesia
at a measurement time predetermined n.in ch f the test. Specifically, t ole of the
hind paw of t reagrrli%ﬁ% is thgefma@%ﬁm%}éé%g%?{ggd #&eglfg{agn%%m%%t %vighﬂcfgevgglc?béﬁlﬁav?grésuch as
licking or shaking.ef he pawrs measyred {TestExample 55 Cokbplate test 203 rhrthepresent
invention, mice and rats suffering from cold allodynia are used in evaluation. The evaluation of cold
allodynia isvéorducted accwrdingrtothe thethed dirTanirbt-Mork et.ak {Béhavioural Pharaacology 19,
85-90, 2008). Specifically, the animal is placed on a metal plate at a low temperature, and the latent

time to ob<erVAREMIT Paw-Iftihgetaviorait e dufafioh dftfie pad-fitiid Behadior are measured.
(Test Exarplg, B) dxcetic acidinduged wrlhing fest.n mige..) Thetesteampeund is orally
W

administered to mice, to which 0.6% acetic acid is in turn administered intraperitoneally at a
measuremenbimefiadetermined by-a petsonifrcharge oftbe testcthe totalfnwmber of writhing
behaviors is counted for 10 minutes (from 5 minutes after the intraperitoneal administration to 15
minutes thereaftens ¢TestiE@ntle 7 AdjuvaRt inducsd arthriis paiidegtifitass ®RAnHdjuvant is
prepared bryx pulverizing heat-lgilled bacterial cells.of M ,cogagteriug Myrigﬁuﬁm %Js;ng an agate mortar
and then su&Ferrding the powdéridry Waat-stetitized figlid pardtiin, folldwed by tltrasonication.
This adjuv @tl(ggg) 49g/0.05 mL/paw in terms of the amount of the heat-killed bacterial cells) is
intradermally injected into the right hind paws of rats to induce arthritis. On day 18 after the adjuvant
treatment, the painstestiscondictedxSpecificallys thie-tespeempdung i8arally administered to the
animals. Their tarsotibial joints are flexed five times at a measurement time predetermined by a person
in charge of the 2284 C%estsantbtie MuMBer 6 rtaliYations 10-5) isfetbrdédas ac:

expression plasmid pRK/hCacnaZdl constructed in paragraph a;,
‘and a cell line stably expressing human Cacna2dl was obtained
with human CacnaZdl protein expression as an index.
Specifically, 2x10° 293 cells were inoculated ontoc a 06 cm
dish and cultured for 12 hours. Then, the cells were
cotransfected with 5 ug of pRK/hCacnaZdl and 0.5 pg of a
necmycin-resistant gene expression plasmid pSVineo (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%
feral bovine serum (Cansera Internaticonal, Inc.) and 500

pug/ml G418 (Invitrogen Corp.). The necomycin-resistant cells



pain score. [0166] (Test Example 8) Electrically induced convulsion test The test compound is
orally administered to mice. Their corneas in both the eyes are electrically stimulated (60 Hz, 50 mA,
0.2 sec.) using an electric stimulation apparatus and a bipolar electrode at a measurement time
predetermined by a person in charge of the test, and the presence or absence of tonic extension of the
hind paw is observed and recorded. (Test Examplel®®Pentylenetetrazol-induced convulsion test

The test compound is orally administered to mice, to which a pentylenetetrazol solution (85 mg/10
ml/kg, dissolved in saline) is in turn administered hypodermically at a measurement time
predetermined by s persen finchargénfithel test. TEel presenace of absericedof clbaitcaonvulsion is
observed and recorded over 30 minutes. (Test Example 10) ~ In addition, the effect of the present
invention c&HBREHRRFMEY by Bhatdiidh dceording fihefiodsdestfibed i the BllGRHing homepage

of National.Institutes of Health.(NIH :NIHL HP: Antiepileptic Drug,Development (ADD) Program
(http:llwww%ﬁ/iﬁaé’.%ih"figaosv.ﬁgﬁdﬁﬁaﬁéééa%gh}g%/a%aad%_rev%w .%d% Indﬁstrial Applicability - 205 -

A compountkefthe present ivestion or aapharmacologicallyracceptable salt thereefcan be used as an
active ingredient in a pharmaceutical composition for treating and/or preventing pain or disorders such

as those inolvingthe ceatrdlnemwoud system. FieeMagfor Sequense Listing §61683 SEQ ID NO: 1:
PCR sense primer for the first half fragment of human Cacna2dl. SEQ ID NO: 2: PCR antisense
primer for e fF&Halfragment sfhuman Cacna2d1. SEQ ID NO: 3: PCR sense primer for the second
half fragmeérB %Dljjman Cacna2dl. SEQ ID NO: 4: PCR antisense primer for the second half fragment
of human Cacna2dl.

c) Preparation of cell membrane fraction of human Cacnazdl~

expressing 293 cell

The human CacnaZdl-expressing 293 cells obtained in
paragraph b) were cultured in large scale in DMEM {(Invitrogen
Corp.) supplemented with 10% fetal bovine serum (Cansera
International, Inc.) and 500 upg/ml G418 (Invitregen Corpe.),
and the cells were collected. A protease inhibitor {(Complete
EDTA free (Roche Applied Science)) was added in an amount
recommended for the reagent to a binding assay buffer (10 mM
MCPS (pH 7.4), 10 mM HEPES (pH 7.4), 100 mM NaCl) to prepars
a membrane fraction preparaticn buffer. The collected cells
were washed with the membrane fraction preparation buffer and
then homogenized using an ultrasonicator. Then, the
nomogenate 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
creparation buffer. The procedure from the ultrasonication
using a ultrasonicator to the suspension of the precipitate
after centrifugation was further repeated three times, and
the cbtained suspension was used as a human Cacnaldi-

expressing cell membrane fraction. The total level of



SEQ ID NO: 5: multicloning site of a vector pBluescript 2. MCSLLP - 206 - CLAIMS 1. A compound
represented by the general formula (1) or a pharmacologically acceptable salt thereof: wherein R2,
R2,R4, Rs, R6,R8, and R8' are a hydrogen atom; and R3 is a hydrogen atom, a 01-06 alkyl group, a
02-06 alkenyl group, a 01-06 alkylsulfanyl-C1-C6 alkyl group, or a 03-07 cycloalkyl group. 2. The
compound according to claim 1 or a pharmacolﬁgiéa?l@/ acceptable salt thereof, wherein R2 is a
hydrogen atom or a 01-06 alkyl group. 3. The compound according to claim 1 or a pharmacologically
acceptable salt thereof, wherein R2 is a hydrogen atom, a methyl group, an ethyl group, a propyl
group, or abutykgroap ¢ dn Thersaipound dccording 36 elaih ACor® phamfacoiogicalR -&cceptable salt
thereof, wherein R2 is a hydrogen atom or an ethyl group. 5. armacologically acceptable salt of a
compound=eBrding §PARY BAE ST claimg 104 vxﬁ‘?é%fﬁ the gllaltis

[0162]
(Test Example 2) Construction of detection system for binding
reaction between Cacna2dl and Gabapentin (hereinafter,
referred to as GBP), and detection of CacnaZdl/GRP binding
reaction inhibitory activities of compounds of Examples
a) Construction of detection system for binding reaction
petween Cacna2dl and GBF

The human Cacna2dl-expressing cell membrane fraction and
GRP labeled with a radioisoctcps " {(hereinafter, referred to
as JH-GBP; Tocris Cookson Ltd.) were diluted with a binding
assay buffer (10 mM MOPS (pH 7.4), 10 mM HEPES (pH 7.4y, 100
mM NaCl) at a final concentration cf 2.5 mg/ml in terms of
the total protein level and & final *u-GBP concentration of
4.5 nM, respectively, to prepare 120 pl of a reaction
soluticn, 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 GEF/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), 100 mM NaCl) and filtration through the
filter 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 surface was alsoc sealed, and radiation derived from the
radioisotope °H remaining on the filter was counted using

TopCount (PerkinElmer Inc.). From the obtained value, a



MCSLLP - 207 - pharmacologically acceptable salt is hydrochloride, benzenesulfonate, or
p-toluenesulfonate. 6. A compound represented by the general formula (l1a) or a pharmacologically
acceptable salt thereof: wherein RI, R2, R2, R4, R5, R5, R7, R8, and R8' are a hydrogen atom; and is
a hydrogen atom, a C1-C6 alkyl group, a C2-06 alkenyl group, a CI-C6 alkylsulfanyl-C1-C6 alkyl
group, or a C3-C7 cycloalkyl group. 7. A compouridfepresented by the general fotmula (Ib) or a
pharmacologically acceptable salt thereof: - 208 -MCSLLP R2, R2r, R4, -5,6 ,t(F?, R7, R8, and R8'
are a hydrogen atom; and  R3is a hydrogen atom, a CI-C6 alkyl group, a C2-C6 alkenyl group, a
CI-C6 alkylstlfany|<€Cl-Chailylgroagdéra Ca30zegd 68kFRF ol IGMA-ALDRICH INC.)

at a final concentration of 20 uM to the present assay Wwas
subtracted as that derived from nonspecific adsorption, and
rhe obtained value was used as the specific binding level of
‘U-GBP to Cacna2dl (unit: "count®).
[0163]
b) Detection of Cacnal2dl/GBP binding reaction inhibitory
‘activities of test compounds

EZach test compound was added at various concentrations
#o the Cacnazdl/GBP binding reaction detection assay
constructed in paragraph a), and the binding level was
measured by the method described in paragraph aj). 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 [x1" and the Cacna2dl/GBP binding
inhibitory rate thereagainst defined as "inhibitory rate fx]m,
the inhibitory rate (%) was determined based on the following
equation:
Inhibitory rate [x] (%)=(1-(binding level [x] /binding level
[01))x100, wherein
the binding level [0] refers to the binding level of *H-GBP
obtained without the addition of the compound.
The inhibitory rate was plotted against the concentration.
From this result, an "ICs, value" was calculated, which is
tHe concentration of the test compound necessary for
inhibiting 50% of Cacna2dl/GBP binding. The test results of

the test compounds are shown in Table 195.

[0164]



8. The compound according to claim 1, selected from the group consisting of the following:
0-[(215/5R,6R)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en-6- yl]acetic acid;
0-[(15,5R,6R)-6-aminomethy1-3-methYlbicycl0[3.2.0]hept-3- en-6-yl]acetic acid;
0-[(18,5R,6R)-6-aminomethy1-3-ethylbicycl0[3.2.0]hept-3-en6-yl]acetic acid;

0-[(1S,5R,6R)-6-aminomethy1-3-propylbicyclo[3.2
0-[(15,5R,6R)-6-aminomethy1-3-butylbicyclo[3.2.0

ept-3- en-6-yljacetic acid;
épt-3-en6-yllacetic acid;

[(1R,5S,63)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en-6- yl]acetic acid,;
[(1S,5R/6R)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en-6- yllacetic acid,
[(1S,5R,6R -JGE-‘Pdrﬁ'inbﬁw’ethyl)bicyclo[B.2.O]hept-3-en-6- yljacetic acid hydrochloride;

[(1S,5R,6

Ry:6:faminometh

[(1R,53,6¢

[(1R,5S,6
[(1R,5S,6
[(15,5R,E
compositi
one of cl

for use in
for use in

5)r6-aminometny

yhbicyclef3,2.0]hept
L=3-ethylbicycl0[3.2;

-3-en-6- yl]acetic acid benzenesulfonate;
O]hept-3-en-6- yllacetic acid; MCSLLP - 209 -

J6-aminomethy

1=3-ethylhicyclo[3.2

.0]hept-3-en-6- yl]acetic acid p-toluenesulfonate;

J-6-(amirometh

yh-3-ethylbicy0lo[3.

2.0]hept-3-en-6- yl]acetic acid benzenesulfonate; and

J-6-aminomethy

15 3-ethylbicyclo[32

.0]hept-3-en-6- ylJacetic acid. 9. A pharmaceutical
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The pharmaceutical composition according to claim 9,
selected from the group consisting of acute pain,
ipheral injury, postherpetic neuralgia, occipital neuralgia,
neuralgia, central pain, neuropathic pain, migraine, pain
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ypicat-facial neuralgia, neuropathic pain in the lower back,

neuralgia, psychogenic pain, pain associated with

1 associated with cancer, phantom limb pain, functional
nsion headache, sinus headache, cluster headache,
ain, pain caused by ankylosing spondylarthritis,

postoperative pain, scar pain, chronic non-neuropathic pain, fiboromyalgia, amyotrophic lateral
sclerosis, epilepsy (partial epilepsy, adult partial seizure, and partial seizure in epilepsy patients),
generalize gr‘l)@i\@ﬂy disorder, and restless legs
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injury and diabetic model animals exhibit hyperalgesia and
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i
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Then,

the test compound was orally
which were in turn evaluated for

a measurement time predetermined

The evaluation of



syndrome. 12. The pharmaceutical composition according to claim 9, for treating and/or preventing
pain caused by diabetic neuropathy. 13. Use of a compound or a pharmacologically acceptable salt
thereof according to any one of claims 1 to 8 as an active ingredient for producing a pharmaceutical
composition for treating and/or preventing pain. 14. Use of a compound or a pharmacologically
acceptable salt thereof according to any one of claims;1 to 8 as an active ingredient for producing a
pharmaceutical composition for treating and/or preventing a disease selected from the group
consisting of acute pain, chronic pain, pain caused by soft tissue or peripheral injury, postherpetic
neuralgia, MCSUP - 211 - occipital neuralgia, tri ' algia, ypere or intercostal
neuralgia, E@rﬁ%%ﬁﬁf‘ﬁeﬁ?&p%%ﬁé%%lsnl,ami‘ffa%nges%yé%? gls%j)écia%gd %vi)%%%rs%eo%rthritis or articular
rheumatism, pai asseciated with- gantysionssprain, ok iraseia; spendylalgics pain cfusedty’spinal
cord or brain stem injury, pain in the lower back, sciatic neuralgia, toothache, myofascial pain
syndrome, episiotomy paimgouty pai, paifecaused by surh Séardise gain uscular pain, ocular pain,
inflammatory pain, orofacial pain, abdominal pain, pain associated \évggéjg:?maeforrhea, labor pain, or

1

endometridefs; kamatalgial A ESsdERtEd witthierve of fadicular injury. pain associated with
amputation, fic douloureux, neyroma..or angiifis, pain caused, by diabstie meuropathy:ar diabetic
peripheral néfuropafhrc pain), pain caused by chemotherapy-induced neuropathy, atypical facial
neuralgia, neurgpathicpain in the lower back,cnettralgiarassociated with:HIVi Hearafgiaassociated with
AIDS, hyperalgesia, burning pain, sudden pain, pain caused by chemotherapy, occipital neuralgia,
psychogenic:paim, ipain asdociated Wit galistone edfsHathie o Aohlifelopathit paift associated with
cancer, phantom limb pain, functional abdominal pain, headache, acute or chronic tension headache,
sinus head&éhe ¢ttuster headache, temporomandibular joint pain, maxillary sinus pain, pain caused by

ankylosing spondylarthitis, postoperafive-pain, scar paibrchionicen nedropathie paim fibfamyalgia,
amyotrophic lateral sclerosis, epilepsy (partial epilepsy, adult partial seizure, and partial seizure in

epilepsy - 212 MESLLP patients)ggerferalizechamdety aisordar ahd Testlesstegs syrdrome. 15. Use
of a compound or a pharmacologically acceptable salt thereof according to any one of claims 1 to 8 as
an active ingredigntsfor-pibducing a pharmaceutical composition for treating and/or preventing pain

Causedby(Mabeu%gegggmﬁggsurement, § stimulations were given to the

mice, and the total score was used as & pain score.

The test compound was evaluated by calculating IDss,
which is the dose of the compound that offers 50% improvement
relative to the pain score ¢f a vehicle-~administered group.
in these models, for example, the compound described in
Example 2 exhibited iD@ of 10.4 mg/kg.

(Test Example 4) Thermal hyperalgesia assay

Tn the present invention,. mice and rats suffering from
thermal hyperaligesia are used in evaluation.

The test compound is orally administered to the animals,
which are in turn evaluated for thermal hyperalgesia at a
measurement time predetermined by a person in charge of the
test. Specifically, the sole of the hind paw of the animal
is thermally stimulated, and the latent time tc withdrawal

mehavior such as licking or shaking of the paw is measured.

(Test Example 3) Cold plate test
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In the present invention, mice and rats suffering from cold
allodynia are used in evaluation.

The evaluation of cold alledynia is conducted according
to the method of Tanimoto-Mori et al. (Behavioural
Pharmacology 19, 85-90, 2008). Specifically, the animal is
placed on a metal plate at a low temperature, and the latent
time to cbservable hind paw-lifting behavior and the duration
of the paw-lifting behavior are measured.

(Test Example 6) Acetic acid-induced writhing test in mice

The test compound is orally administered to mice, to
which 0.6% acetic acid is in turn administered
intraperitoneally at a measurement time predetérmined by a
person in charge of the test. The total number of writhing
behaviors is counted for 10 minutesg (from 5 minutes after the
intraperitoneal administration to 15 minutes thereafter) .
(Test Example 7) Adjuvant-induced arthritis pain test in rats

An adjuvant is 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 adjuvant (100 ug/0.05 mL/paw in terms of the amount
of the heat-killed bacterial cells) is intradermally injected
into the right hind paws of rats to induce arthritis. On day
18 after the adjuvant treatment, the pain test is conducted.
Specifically, the test compound is orally administered to the
animals. Their tarsotibial joints are flexed five times at a

measurement time predetermined by a perscn in charge of the
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test, and the number of vocalizations (0-5) 1s recorded as a

pain score.

[0166]

(Test Example 8) Electrically induced convulsion test

The test compound ig orally administered to mice. Their
corneas in both the eyes are electrically astimulated (60 Hz,
50 mA, 0.2 sec.) using an electric stimulation apparatus and
a bipolar electrode at a measurement time predetermined by a
person in charge of the test, and the presence or absence of
tonic extension of the hind paw is ocbserved and recorded.
(Test Example 9) Pentylenetetrazol-induced convulsion test

The test compound is orally administered to mice, Lo
which a pentylenetetrazol solution (85 mg/10 ml/kg, dissolved
in saline) is in turn administered hypodermically at &
measurement time predetermined by a person in charge of the
test. The presence or absence of clonic convulsion is

observed and recorded over 30 minutes.

(Test Example 10)

In addition, the effect cof the present invention can bhe
confirmed by evaluation according to methods described in the
following homepage of National Institutes of Health (NIHj,
us: |
NTH HP: Antiepileptic Drug Development (ADD) Program

(http://www.ninds.nih.gov./funding/research/asp/addadd_review

.pdf}

Industrial Applicability

[0167]
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2 compound of the present invention or a

pharmacologically acceptable salt thexreof can be used as an

active ingredient in z pharmaceutical composition for

treating and/or preventing pain or disorders such as those

invelving the central nervous system.

Free Text for Sequence Listing

f0168]

SEQ ID NO: 1: PCR
human CacnaZzdl.
SEQ 1D NO: 2: PCR
fragment of human

SEQ ID NGC: 2: PCR

of human CacnaZdl.

SEQ ID NO: 4: PCR
fragment of human

SEQ ID NO: 5:

sense primer for

antisense primer
Cacna2dl.

sense primer Zor

antisense primer

Cacnazdl.

multicleoning gite of

the first half fragment of

for the first half
second half fragment
the second half

for

a vector pRluescript 2.
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CLATMS

1. A compound represented by the general formula (I) or a

pharmacclogically acceptable salt thereof:

24 5
R NHR®
R COOR’ (1)
8

2 R

R 1 58

Rz R R
wherein

r', »?, ®R*, R*, R°, R%, R7, R’, and R® are a hydrogen

atom; and

R? ig a hydrogen atom, a Cl1-C6 alkyl group, a C2-Cé
alkenyl group, a C1-C6 alkylsulfanyl-Cl-C6 alkyl group, or a
C2-C7 cycloalkyl group. |
2. The compound according to claim 1 or a pharmacologically
acceptable salt thereof, wherein R* is a hydrogen atom or a
Cl1-C6 alkyl group.
3. The compound according to claim 1 or a pharmacologically
acceptable salt thereof, wherein R* is a hydrogen atom, a
methyl group, an ethyl group, a propyl group, or a butyl
group.
4. The compound according tc claim 1 or a pharmacologically
acceptable salt thereof, wherein R* is a hydrogen atom or an
ethyl group.
5. A phaxmacologically acceptable salt of a compound

according to any one of claims 1 to 4, wherein the



MCSLLP
- 207 -

pharmacologically acceptable salt is hydrochloride,

benzenesulfonate, or p-toluenesulfonate.

6. A compound represented by the general formula (Ia) or a

pharmacologically acceptable salt thereof:

4
B\ ® NHR®
R “—COOR’  (Ia)
8
» . R
E{ 1 8
Rz R R
wherein

r*, rR?, R*', R*, R°, R®, R’, R®, and R® are a hydrogen
atom; and

R® is a hydrogen atom, a C1-C6 alkyl group, a C2-Cé
alkenyl group, a C1-C6 alkylsulfanyl-C1l-C6 alkyl group, oOr a

C3-C7 cycloalkyl group.

7. A compound represented by the general formula (Ib) or a

pharmacologically acceptable salt thereof:

R
R —NER

R COOR’  (Ib)

wherein
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r!, r*, R?*, R', ®®, R®, R’, R, and R?' are a hydrogen
atom; and

®® is a hydrogen atom, a C1-Cé alkyl group, a C2-Cé
alkenyl group, a Cl-C6 alkylsulfanyl-Cl-Cé alkyl group, or a
¢3-C7 cycloalkyl group.
8. The compound according to claim 1, selected from the
group consisting of the following:
(+) - [ {18, 5R, 6R) -6- (aminomethyl)bicyclo[3.2.0lhept-3-en-6-
vllacetic acid;
(i)—[(1S,SR,6R)—6—aminomethyl—3mmethylbicyclo{3.2.0}hept—3—
en-6-yllacetic acid;
(+) - [ {18, 5R, 6R) -6-aminomethyl-3-ethylbicyclo[3.2.0lhept-3-en-
6-yllacetic acid;
(+) - [ ({18, 5R, 6R) -6-aminomethyl-3-propylbicyclo(3.2.0]hept-3-
en-6-yllacetic acid;
(i}—{(lS,SR,GR)—6waminomethyl-3—butylbicyclo{3.2.0]hept—B—en—
6-yllacetic acid;
[(1R,58,6S)—6—(aminomethyl)bicyclo[B.2.0}hept—3~en—6w
yllacetic acid;
[(1S,SR,6R}w6—(aminomethyl)bicyclo[3.2.0]hept—3m@n—6—
yllacetic acid;
[(18,5R, 6R) -6~ (aminomethyl)bicyclo[3.2.0]hept-3-en-6-
vilacetic acid hydrochloride;
[(18,5R, 6R) -6- (aminomethyl)bicyclo[3.2.0}hept-3-en-6-
yllacetic acid benzenesulfonate;
[(1R, 58, 68) -6-aminomethyl-3-ethylbicyclo[3.2.0]hept-3-en-6-

vllacetic acid;
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[(1R,58,68) -6-aminomethyl-3-ethylbicycle[3.2.0]hept-3-en-6-
yllacetic acid p-tocluenesulfonate;

[(1R,58,68) -6- (aminomethyl) -3-ethylbicyclo(3.2.0]lhept-3-en-6-
yvllacetic acid benzenesulfonate; and

[(18,5R, 6R) -6-aminomethyl~3-ethylbicyclo[3.2.0]hept-3-en-6-
vlilacetic acid.

5. A pharmaceutical composition comprising a compound or a
pharmacologically acceptable salt thereof according te any
one of claims 1 to 8 as an active ingredient.

10. The pharmaceutical composition according to claim 9, for
uge in treating and/or preventing pain.

11. The pharmaceutical composition according to claim 9, for
use in treating and/or preventing a disease selected from the
group consisting of acute pain, chronic pain, pain caused by
soft tissue or peripheral injury, postherpetic neuralgia,
occipital neuralgia, trigeminal neuralgia, myelomere or
intercostal neuralgia, central pain, neurcpathic pain,
migraine, pain asscciated with osteoarthritis or articular
rheumatism, pain associated with contusgion, sprain, or trauma,
spondylalgia, pain caused by spinal cord or brain stem injury,
pain 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, labor pain, or endometriosis,
somatalgia, pain associated with nerve or radicular injury,
pain associated with amputaticn, tic douloureux, neuroma, O

angiitis, pain caused by diabetic neuropathy (or diabetic
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peripheral neurcpathic pain), pain caused by chemotherapy-
induced neuropathy, atypical facial neuralgia, neurcpathic
pain in the lower back, 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
rension headache, sinus headache, c¢luster headache,
temporomandibular joint pain, maxillary sinus paln, pain
caused by ankylosing spondylarthritis, postoperative pain,
scar pain, chronic non-neuropathic pain, fibromyalgia,
amyotrophic lateral sclerosis, epllepsy (partial epilepsy,
adult partial seizure, and partial seilzure in epilepsy
patients), generalized anxiety disorder, and restless legs
gyndrome.

12. The pharmaceutical compositicn according to ciaim &, for
treating and/or preventing pain caused by diabetic neuropathy.
13. .Use of a compound or a pharmacclogically acceptable salt
thereof according to any one of claims 1 to 8 as an active
ingredient for producing a pharmaceutical composition for
treating and/or preventing pain.

14. Use of a compound or a pharmacologically acceptable salt
thereof according to any one of claims 1 to 8 as an active
ingredient for producing a pharmaceutical composition for
treating and/or preventing a disease selected from the group
consisting of acute pain, chronic pain, pain caused by soft

tisgue or peripheral injury, postherpetic neuralgia,
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occipital neuralgia, trigeminal neuralgia, myelomere or
intercostal neuralgia, central pain, neuropathic pain,
migraine, pain associated with osteocarthritis or articular
rheumatism, pain associated with contusion, sprain, or trauma,
gpondylalgia, pain caused by spinal cord or brain stem injury,
pain in the lower back, sciatic neuralgia, toothache,
myofascial pain syndrome, episiotomy pain, gouty pain, pain
caused by burn, cardiac pain, muscular pain, ocular pain,
inflémmatory pain, orofacial pain, abdominal pain, pain
associated with dysmenorrhea, labor pain, or endometriosis,
somatalgia, pain associated with nerve or radicular injury,
pain associated with amputation, tic douloureux, neuroma, O
angiitis, pain caused by diabetic neurcopathy (or diabetic
peripheral neuropathic painj, pain caused by chemotherapy-
induced neuropathy, atypical facial neuraigia, neuropathic
pain in the lower back, neuralgia associated with HIV,
neuralgia associated with AIDS, hyperalgesia, burning pain,
sudden pain, pain caused by chemotherapy, occipital neuralgiz,
psychogenic pain, pain associated with gallstone, neuropathic
or non-neuropathic pain associated with cancer, phantom limb
pain, functional abdominal pain, headache, acute or chronic
tencion headache, sinus headache, cluster headache,
temporomandibular joint pain, maxillary sinus pain, pain
caused by ankylosing spondylarthritis, postoperative pain,
gcar pain, chronic non-neuropathic pain, fibromyalgia,
amyotrophic lateral sclerosis, epilepsy (partial epilepsy,

adult partial seizure, and partial seizure in epilepsy
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patients), generalized anxilety disorder, and restless legs
syndrome.

15. Use of a compound or a pharmaccologically acceptable salt
thereof according to any one of claimg 1 to 8 as an active
ingredient for producing a pharmaceutical composition for

treating and/or preventing pain caused by diabetic neuropathy.





