
-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, neuropathic pain refers 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 therapeutic drugs for such neuropathic pain. 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
approximately 60% according to patients' own evaluations (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
compounds are disclosed in, for example, Patent Documents 2, 3, and 4. However, the compounds
disclosed in these Patent Documents are, principally, bicyclic saturated hydrocarbon compounds,
which evidently differ from the compounds of the present invention. [0006] Patent Document 



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



WO 02/085839  Non-Patent Document 1:  J Biol.Chem. 271 (10):5768-5776, 1996      Non-Patent
Document 2:  J Med. Chem. 41: 1838-1845,1998  



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



[0010]  - 4 -  wherein R1, R2, R21, R4, R5, R5, R7, Re, and Ret are each independently a hydrogen
atom, a halogen atom, or a Cl-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
Cl-C6 alkyl group, a Cl-C6 alkyl halide group, a hydroxy-C1-C6 alkyl group, a sulfanyl-C1-C6 alkyl
group, a Cl-C6 alkoxy-C1-C6 alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl group, a Cl-C6
alkoxy group, a Cl-C6 alkylsulfanyl group, a Cl-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 invention provides: [0011]  (2) the compound according to
(1) or a pharmacologically acceptable salt thereof, wherein RI is a hydrogen atom;  (3) the compound
according to (1) or (2) or a pharmacologically acceptable salt thereof, wherein both R2 and R2' are
hydrogen atoms;  -0 _  (4) the compound according to any one of (1) to (3) or a pharmacologically
acceptable salt thereof, wherein R8 is a hydrogen atom or a 01-06 alkyl group;  (5) the compound
according to (4) or a pharmacologically acceptable salt thereof, wherein R3 is a hydrogen atom, a
methyl group, an ethyl group, a propyl group, or a butyl group;  (6) the compound according to (5) or a
pharmacologically acceptable salt thereof, wherein R8 is a hydrogen atom or an ethyl group;  (7) the
compound according to any one of (1) to (6) or a pharmacologically acceptable salt thereof, wherein
R4 is a hydrogen atom; 



(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 is hydrochloride, benzenesulfonate, or p-toluenesulfonate;  (13) a compound
represented by the general formula (ia) or a pharmacologically acceptable salt thereof: [0012]  wherein
RI, R2, R2', R4, R5, R6, , R8, and R8' are each  independently a hydrogen atom, a halogen atom, or a
Cl-C6 alkyl group, or R2 and R2' together with the carbon atom to which they are bound form a C3-C7
cycloalkyl group; and       R3 is a hydrogen atom, a halogen atom, a Cl-C6 alkyl group, a. C1-06 alkyl
halide group, a hydroxy-C1-C6 alkyl group, a sulfanyl-C1-C6 alkyl group, a Cl-C6 alkoxy-C1-C6 alkyl
group, a C2-C6 alkenyl group, a C2-C6 alkynyl group, a Cl-C6 alkoxy group, a Cl-C6 alkylsulfanyl
group, .a Cl-C6 alkyisulfanyl-C1-C6 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: 



- 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 0 OH (II)  wherein       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 alkyl group, or a 03-07 cycloalkyl group; [0017j  (16) a compound selected from the
group consisting of the following:  ()-[(16,5R,6R)-6-(aminomethyl)bicyclo[3.2.01hept-3-en-6- yl]acetic
acid; 



()-[(13,5R,6R)-6-aminomethy1-3-methylhicyclo[3.2.01thept-3- en-6-yl]acetic acid;
()-[(15,5R,6R)-6-aminomethy1-3-ethylbicyclo[3.2.0]nept-3-en6-yl]acetic acid;
()-[(13,5R,6R)-6-aminomethyl-3-propylbicyclo[3.2(0]hept-3- en-6-yi]acetic acid;
()-{(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-en-67 yllacetic acid;  - 9 --  [(13,5R,6R)-6-(a n
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- yl]acetic acid benzenesulfonate;
[(1R,55,6S)-6-aminomethy1-3-ethylbicyclo[3.2.0]hept-3-en-6- yllacetic acid;  [(1R,5S,6S)-6-a
nomethy1-3-ethylbicyclo[3.2.01hept-3-en-6- yl]aceric acid p-toluenesulfonate;
[(1R,SS,6S)-6-(aminomethyl)-3-ethylbicyclo[3.2,01nept-3-en-6- yl]acetic acid benzenesulfonate; and
[(1S,5R,6R)-6-aminomethy1-3-e-thYlbicyclo[3.2.0inept-3-en-6- yl]acetic 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 ingredient;  (18) the pharmaceutical composition according to (17), for
treating and/or preventing 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 or peripheral injury, postherpetic neuralgia, occipital neuralgia, trigeminal
neuralgia, myelomere or intercostal neuralgia, central pain, neuropathic pain, migraine, pain
associated with osteoarthritis or articular rheumatism, pain associated with contusion, sprain, or
trauma, scondylaigia, pain caused by spinal cord or brain stem injury,  - 10 - 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 amputation, tic douloureux, neuroma, or angiitis, pain caused by
diabetic neuropathy (or diabetic peripheral neuropathic pain), pain caused by chemotherapy-induced
neuropathy, 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
chemotherapy, occipital neuralgia, psychogenic pain, pain associated with gallstone, neuropathic or
non-neuropathic pain associated with cancer, phantom limb pain, functional abdominal pain,
headache, acute or chronic tension headache, sinus headache, cluster headache, temporomandibular
joint pain, maxillary sinus pain, pain caused by ankylosing spondylarthritis, postoperative pain, scar
pain, chronic non-neuropathic pain, fibromyalgia, amyotrophic lateral sclerosis, epilepsy (particularly,
partial epilepsy, adult partial seizure, and partial seizure in epilepsy patients), generalized anxiety
disorder, and restless legs syndrome; (20) the pharmaceutical composition according to (17), for
treating and/or preventing pain caused by diabetic neuropathy;  



(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 neuropathy;  (26) the method according to (24) or
(25), wherein the mammal is a human; and [0018]  (27) a compound represented by the general
formula (III): [0019]   - 12 -            R2a, R2&, R4 , R5a, R88 and R8&' are each independently a
hydrogen atom, a halogen atom, or a Cl-C6 alkyl group, or R2a and R2a1 together with the carbon
atom to which they are bound form a C3-C7 cycloalkyl group; and       R3a ie a hydrogen atom, a
halogen atom, a C1-C6 alkyl group, a Cl-C6 alkyl halide group, a hydroxy-C1-C6 alkyl group, a
sulfanyl-C1-C6 alkyl group, a Cl-C6 alkoxy-C1-C6 alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl
group, a C1-C6 alkoxy group, a C1-C6 alkylsulfanyl group, a Cl-C6 alkylsulfanyl-C1-C6 alkyl group, a
C2-C7 acylthio-01-C6 alkyl group, a C2-C7 acyloxy-C1-C6 alkyl group, or a C3-C7 cycloalkyl group.
Advantages of the Invention [0020]       The present invention can provide a bicyclic 77amino acid
derivative having excellent activity as an a2.5 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. Best Mode for Carrying Out the Invention [0021]       In the present specification, a "halogen
atom" refers to a fluorine, chlorine, bromine, or iodine atom. 



[0022]  - 13 -       In the present specification, a "01-06 alkyl group" refers to a linear or branched alkyl
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-methylpentvI, 1-methylpentyl, 3,3-dimethylbutyl, 2,2-dimethylbutyl,
1,1-dimethylbutyl, 1,2- dimethylbutyl, 1,3-dimethylbutyl, 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,
dichloromethyl, dibromomethyl, fluoromethyl, 2,2,2-trifluoroethyl, 2,2,2-trichloroethyl, 2-bromoethyl, 2-
chloroethyl, 2-fluoroethyl, 2-iodoethyl, 3-chlorapropyl, 4- fluorobutyl, and 6-iodohexyl groups. [0024]
In the present specification, a "hydroxy-01-06 alkyl group" refers to the "01-06 alkyl group" substituted
by a hydroxyl group and includes hydroxymethyl, 27hydroxyethyl, 3- hydroxypropyl, 4-hydroxybutyl,
5-hydroxypentyl, 6- hydroxyhexyl, 1-hydroxyethyl, and 1-hydroxypropyl groups. [0025]       in the
present specification, a "sulfanyl-C1-06 alkyl group" refers to the "01-06 alkyl group" substituted by a
sulfanyl group and includes mercaptomethyl, mercaptoethyl, 2-  - 14 - mercaptoethyl, mercaptopropyl,
2-mercaptopropyl, and 3- mercaptopropyl groups. [0026]       In the present specification, a "02-06
alkenyl group" refers to a linear or branched alkenyl group having 2 to 6 carbon atoms and includes
vinyl, allyl, 1-propenyi, isopropenyl, 1-butenyl, 2-butenyl, 3-butenyi, 2-methyl-lpropenyl, 2-methylallyl,
1-methyl-1-propenyl, 1-methylallyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 3-methy1-1-
butenyl, butenyl, butenyl, 3-methyl-2-butenyl, 2-methyl-2-butenyl, 



1-methyl-2-butenyl, 3-methy1-3-butenyl, 2-methyl-3-buienyl, 1-methyl-3-butenyl,
2-methyl-l1-methyl-l1,1-  dimethylailyl, 1,2-dimethyl-l-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-l-butenyl,
1-methyl-1-pentenyl, 1-methyl-2-pentenyl, 1-methyl-3-pentenyl, 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, 3-butynyl,
1-methyl-2-propynyi, 1- pentynyl, 2-pentynyl, 3-pentynyl, -pentynyl, 3-methyl-lbutynyi,
2-methyl-3-butynyl, 1-methyl-2-butynyl, 1-methy1-3- butynyl, 1,1-dimethy1-2-propynyl, 1-hexynyl,
2-hexynyl, 3- hexynyl, 4-hexynyi, and 5-hexynyl groups.  - 15 - [0028]       In the present specification,
a "01-06 alkoxy group" refers to the "01-06 alkyl group". bound to an oxygen atom and includes
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, s-butoxy, tert-butoxy, pentoxy, isopentoxy,
methylbutoxy, neopentoxy, hexyloxy, 4-methylpentoxy, 3- methylpentoxy, and 2-methylpentoxy
groups. [0029]       In the .present specification, a "01-06 alkyisulfanyi group" refers to the "01-06 alkyl
group" bound to a sulfur atom and includes methylsulfanyl, ethylsulfanyl, propyisulfanyl,
isopropylsulfanyl, butylsulfanyl, isobutylsulfanyl, sec-butyisulfanyl, tert-butyisulfanyi, pentylsulfanyl,
isopentylsulfanyl, 2-methylbutylsulfanyi, neopentylsulfanyl, 1-ethylpropylsulfanyl, hexylsulfanyl,
isohexylsulfanyl, 4-methylpentylsulfanyl, 3- methylpentyisulfanyl, 2-methylpentylsulfanyl, 1-
methylpentylsulfanyi, 3,3-dimethylbutylsulfanyl, 2,2- dimethylbutylsulfanyl, 1,1-dimethylbutyl.sulfanyl,
1,2- dimethylbutylsulfanyl, 1,3-dmethylbutylsulfanyl, 2;3- dimethylbutyisulfanyl, and 2-ethylbutylsulfanyl
groups.. [0030]       In the present specification, a "01-06 alkoxy-01-06 alkyl group" refers to the "01-06
alkyl group" substituted by the "01-06 alkoxy group" and includes methoxymethyl, ethoxymethyl,
propoxymethyl, butoxymethyl, 3-methoxypropyl, 3-ethoxypropyl, 4-metnoxybutyl, 5-methoxypentyl,
and 6- methoxyhexyl groups.  - 16 - [0031]      in the present specification, a "01-06 alkylsulfanyi-C1-
C6 alkyl group" refers to the "01-06 alkyl group" substituted by the "01-06 alkylsulfanyl group" and
includes methylsulfanylmethyl, ethylsulfanylmethyl, propylsulfanylmethyl, isopropylsulfanylmethYl,
butylsulfanylmethyl, isobutylsulfanylmethyl, secbutylsulfanylmethyl, tert-butylsulfanYlmethyl,
pentylsulfanylmethyl, isopentylsulfanylethyl, 27 methylbutylsulfanylethYl, neopentylsulfanylethyl,
ethylpropyisulfanylethYl, hexylsulfanylethyl, isohexylsulfanylethyl, 4-methylpentylsulfanylethyl, 3-
methylpentylsulfanylethyl, 2-methylpentylsulfanYlpropYl, 1- methylpentylsulfanylpropyl,
3,3-dimethylbutylsulfanylpropyl, 2,2-dimethylbutylsulfanylpropyl; 1,1- dimethylbutylsulfanYlpropyl,
1,2-dimethylbutylsulfanYlpropyl, 1,3-dimethylbutylsulfanylpropyl, 2,3- dimethylbutylsulfanylpropyl, and
2-ethylbutylsulfanylpropyl 



groups. [0032]       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, isopentanoyl, 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, isobutyrylthio, sec-butyrylthio, tert-butyrylthio, pentanoylthio, isopentanoylthio, 2-
methylbutyrylthio, neopentanoylthio, l-ethylpropionylthio, hexanoylthio, 4-methylpentancylthio,
3-methylpentanoylthio, 2-methylpentanoylthio, and l-methylpentanovlthic groups. [0035]       The
"02acylthio-C1-06 alkyl group" includes acetylthiomethyl, 2-acetylthioethyl, 3-acetylthiopropyl, 4-
acetylthiobutyl, propionylthiomethyl, 2-propionylthioethyl, and butyrylthiomethyl groups. [0036]       In
the present specification, a "02-07 acyloxy-C1-06 alkyl group" refers to the "01-06 alkyl group"
substituted by a "02-07 acyloxy group". The "02-07 acyloxy group" refers to the "02-07 acyl group"
bound to an oxygen atom. [0037]       The "02-07 acyloxy group" includes acetyloxy, propionyloxy,
butyryloxy, isobutyryloxy, sec-butyryloxy, tert-butyryloxy, pentanoyloxy, isopentanoyloxy, 2-
methylbutyryloxy, neopentanoyloxy, 1-ethylpropionyloxy,  - 18 -  hexanoyloxy, 4-methylpentanoyloxy,
3-methylpentanoyloxy, methylpentanoyloxy, and 1-methylpentanoyloxy groups. 



[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]       Since a compound represented by the general formula
(I), when having amino and/or carboxyl groups in the structure, forms a salt through reaction with an
acid or a base, a "pharmacologically acceptable salt" refers to this salt. [0041]       Salts based on an
amino group include: hydrohalides such as hydrofluoride, hydrochloride, hydrobromide, and
hydroiodide; inorganic acid salts such as hydrochloride, nitrate, perchlorate, sulfate, and phosphate;
lower alkanesulfonates such as methanesulfonate, trifluoromethanesulfonate, and ethanesulfonatei
arylsulfonates such as benzenesulfonate and ptoluenesulfonate; organic acid salts such as acetate,
malate, fumarate, succinate, citrate, ascorbate, tartrate, oxalate, and maleate; and amino acid salts
such as glycine salt,  - 19 - lysine salt, argindne salt, ornithine salt, glutamate, and aspartate. Inorganic
acid salts or arylsulfonates are preferable, and hydrochloride, benzenesulfonate, or poluenesulfonate
is more preferable. [0042]       Salts based on a carboxyl group include: alkali metal salts such as
sodium salt, potassium salt, and lithium salt; alkaline-earth metal salts such as calcium salt and
magnesium salt; metal salts such as aluminum salt and iron salt; inorganic salts such as ammonium
salt; amine salts, for example, organic salts such as t-octylamine.salt, dibenzylamine salt, morpholine
salt, glucosamine salt, phenyiglycine alkyl ester salt, ethylenediamine salt, Nmethylglucamine salt,
guanidine salt, diethylamine salt, triethylamine salt, dicyclohexylamine salt, N,N'-
dibenzylethylenediamine salt, chloroprocaine salt, procaine salt, diethanolamine salt,
N-benzylphenethylamine salt, piperazine salt, tetramethylammonium salt, and
tris(hydroxymethyl)aminomethane salt; and amino acid salts such as glycine salt, lysine salt, arginine
salt, ornithine salt, glutamate, and aopartate. [0043]      A compound represented by the general
formula (1), (Ia), (ib), or (11), when left in the air or recrystallized, may associate with adsorbed water
through water absorption to form a hydrate. Such hydrates are also encompassed by the salt of the
present invention. [0044]  - 20 -       The compound represented by the general formula (I) or (II) has
an asymmetric carbon atom in its molecule and therefore includes optical isomers. All these isomers
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) also encompasses all such optical
isomers and mixtures of these optical isomers at appropriate ratios. 



[004]       The compound represented by the general formula (I) is preferably a compound represented
by the general formula (Ia) or (Ib), more preferably, a compound represented by the general formula
.(Ib).       In the general formula (I), (ia), or (Ib), RI is preferably a hydrogen atom.       In the general
formula (I), (Ia), or (Ib), R2 is preferably a hydrogen atom:       In the general formula (I), (ia), or (lb),
R2T is preferably a hydrogen atom.       In the general formula (I), (Ia), (Ib), or (II), 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 (I), (Ia), or (Ib), R4 is preferably a hydrogen atom.       In the general formula (I),
(Ia), or (Ib), R5 is preferably a hydrogen atom.  [0046] In the general formula preferably a hydrogen
atom. In the general formula preferably a hydrogen atom. In the general formula preferably a hydrogen
atom. In the general formula preferably a hydrogen atom. In the general formula (III), Ria is preferably
a hydrogen atom.       In the general formula (III), 52a is preferably a hydrogen atom.       In the general
formula (III), R2a' is preferably a hydrogen atom.       In the general formula (III), R3a is preferably a
hydrogen atom Or a 01-06 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
hydrogen atom (III), R" is preferably a       In the general formula hydrogen atom. (III), 5a is preferably
a In the general formula (III), Rea is preferably a  hydrogen atom.    In the general formula (III), Rsa' is
preferably a 



hydrogen atom.  - 22 - [0047]       The compound represented by the general formula (I) is speCifically
exemplified by compounds described in, for example, Table I 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 - 46I-H  -H -H -0H20H3 -H 
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50 -   -H 51 - H -0 -HH 52 - - -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). 



[0051]      On the other hand, of the compounds represented by the general formula (I), 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 carboxyl 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, sec-butyl, tert-butyl, hexyl, bromo-tertbutyl, trichloroethyl, benzyl, p-nitrobenzyl, o-nitrobenzyl,
p-methoxybenzyl, p-tert-butylbenzyl, acetoxymethyl, propionyloxymethyl, butyryloxymethyl,
isobutyryloxymethyl, valeryloxymethyl, pivaloyloxymethyl, acetoxyethyl, acetoxypropyl, acetoxybutyl,
propionyloxyethyl, propionyloxypropyl, butyryloxyethyl, isobutyryloxyethyl, pivaloyloxyethyl,
hexanoyloxyethyl, ethylbutyryloxymethyl, dimethylbutyryloxymethyl, pentanoyloxyethyl,
methoxycarbonyloxymethYl, ethoxycarbonyloxymethyl, propoxycarbonyloxymethyl,
tert-butoxycarbonyloxYmethyl, methoxycarbonyloxyethyl, ethoxycarbonyloxyethyl,
isopropoxycarbonyloxyethyl, tert-butyldimethylsilyl, trimethylsilyl, methoxymethyl, ethoxymethyl,
propoxymethyl, isopropoxymethyl, (2-methylthio)-ethyl, 3-methyl-2-butenyl, 5-indanyl, and 3-phthalidyl
groups. [0054]      P2 and Ps are not particularly limited as long as they are generally used as
protective groups for amino groups.  - 28 - Examples thereof include formyl, phenylcarbonyi,
methoxycarbonyi, ethoxycarbonyl, phenyloxycarbonyl, 9- fluorenylmethyloxycarbonYl,
adamantyloxycarbonyl, benzyloxycarbonyl, benzylcarbonyl, benzyl, benzhydryl, trityl, and phthaloyl
groups. [00551      Of the various conditions for the production processes of the compound
represented by the general formula (I), the reaction time in each step differs depending on the types of
starting compounds, secondary materials, 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 conditions are described
below in detail for each step. [0()P6J 



[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 solvents are preferable, and tetrahydrofuran is more
preferable. Secondary materials used include: Horner-Emmons reagents; alkyl
dialkylphosphonoacetates such as ethyl diethylphosphonoacetate; phosphorus ylide reagents; and  -
29 - bhosphonium ylides such as ethoxycarbonylmethylene triphenylphosphorane.       Reagents used
are inorganic bases, alkali metal alkoxides, organic bases, organic metal bases, and the like. Inorganic
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 100C, preferably 0C to room temperature. [0057]       After completion of the
reaction, the compound of interest of the present reaction is collected from the reaction mixture
according to a standard method. For example, according to need, excess reagents are degraded, and
the reaction is terminated. The reaction mixture is appropriately neutralized. Moreover, insoluble
matter, if any, is removed by filtration. To the residue, water and a water-immiscible organic solvent
such as ethyl acetate are then added, and the organic layer containing the compound of interest is
separated, then washed with water or the like, and then dried over anhydrous magnesium sulfate,
anhydrous sodium sulfate, anhydrous sodium bicarbonate, or the like. Then, the solvent is distilled off
to obtain the compound of interest. The obtained compound of interest is separated and purified by
appropriately combining standard methods according to need, for example, usual methods routinely
used in the separation and purification of organic compounds, such  - 30 - as recrystallization and
reprecip tation, followed by elution with an appropriate eluent by use of chromatography.
Moreover, in the subsequent 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 after,reatment of the step A-1. [0058] [Step A-2] 



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 halide 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-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  - 31 - dissolve the starting
material to some extent. The solvents include alcohol solvents, ester solvents, ether solvents, and
aqueous solvents. Alcohol solvents and aqueous solvents are preferable, and ethanol or water is more
preferable.       Reagents used include palladium-carbon, palladium hydroxide-carbon, nickel chloride,
tin chloride, sodium borohydride, iron powder, tin, zinc, and hydrogen. Iron powder or tin is 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. [0060] [Step D-1]       The step D-1 is a
step of producing a compound (4) from the compound (2).       Solvents used include the same as
those in the step A-1, alcohol solvents, and aqueous solvents. Amide solvents are preferable, and
N,N-dimethylformamide is more preferable. 



Reagents used include: cyanating agents; and metal cyanide reagents such as aluminum cyanide.
Cyanating agents are preferable, and sodium cyanide or potassium cyanide is more preferable.
The reaction temperature differs depending on the types of the starting compound, the solvents, the
reagents, etc., and is usually 0 to 100C, preferably 60 to 80C. [0061] [Step D-2]  - 32 -       The step
D-2 is a step of reducing the compound (4) to produce 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 cobalt chloride is preferable. Reagents used include boron reagents. Sodium borohydride is
preferable.       The reaction temperature differs depending on the types of the starting compound, the
solvents, the catalysts, the reagents, etc., and is usually 0 to 100C, preferably 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 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, sulfonyl chloride, inorganic bases, alkali metal alkoxides, organic bases, and organic metal
bases. Di-tert-butyl dicarbbnate, inorganic bases, or organic bases are preferable, and di-tert-butyl
dicarbonate, sodium hydroxide, or triethylamine is more preferable.  - 33 -      The reaction temperature
differs depending on the types of the starting compound, the solvents, the reagents, etc., and is
usually 0 to 100C, preferably 0C to room temperature. [00631 



[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 reaction temperature differs depending on the types
of the starting compound, the solvents, the secondary materials, the reagents, etc., and is usually 0 to
100C, preferably 0C to room temperature. [0064] [Step A-6]       The step A-6 is a step of protecting
the amino group of the compound (7) to produce a compound (8).       Solvents used include the same
as those in the step A-3. Alcohol solvents or aqueous solvents are preferable, and ethanol 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  - 34 - are preferable, and di-tert-butyl dicarbonate,
sodium hydroxide, or triethylamine 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 0C to room temperature. [0065] [Step A-7]       The step A-7 is a step of alkylating the
compound (8) to produce 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 the same as those in the step A-1. Sodium hydride is preferable. 



The reaction temperature differs depending on the types of the starting compound, the solvents, the
secondary materials, the reagents, etc., and is usually -78C to room temperature, preferably 0C to
room temperature. . [.0O66] [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 step A-1. Ether solvents or amide solvents are
preferable. Secondary materials used include alkyl halide.       Reagents used include the same as
those in the step A-1. Sodium .carbonate or potassium carbonate is preferable.  - 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 temperature, preferably 0C to room
temperature. [0067] [Step A-9]      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. Ether solvents or ester solvents are
preferable, and dioxane or ethyl acetate is more preferable.      Reagents used include the same as
those in the step A-4. Hydrochloric acid, acetic acid, or trifluoroacetic acid 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 0 to 100C, preferably 0C to room temperature.
[0068]      The compound (1) obtained by the production processes can also be produced by, for
example, a process B, C, or E shown below. The process B consists of steps 8-1, 8-2, 8-3, and 8-4.
The process C consists of steps C-1, 8-3, and 8-4. [0069] [Processes B and C] 



[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 step 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 temperature. [0072] [Step B-2] 



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 temperature differs depending on the types of the
starting compound, the solvents, the reagents, etc., and is usually 0 to 100C, preferably 0C to room
temperature. [0073] [Step C-1]       The step 0-1 is a step of producing the compound (13) from a
compound (15) through coupling reaction.       Solvents used include the same as those in the step A-1
and boric acid derivatives. Ether solvents or boric acid  - 38 - derivatives are preferable, and
te,irahydrofuran, dimethyl ether, or trimethyl borate is more preferable.     Secondary materials used
include alkyl a-halogenoacetate. Alkyl bromoacetate is preferable, and methyl bromoacetate, ethyl
bromoacetate, or tert-butyl bromoacetate is more preferable. Reagents used include zinc.      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 100C, preferably 60 to 80C. [0074] [Step
2-3]      The step 2-3 is a step of hydrolyzing the compound (13) to produce a compound (14).
Solvents used are not particularly limited as long as they are solvents that do not inhibit the reaction
and can dissolve the starting material to some extent. The solvents include aromatic solvents, ether
solvents, halogenated hydrocarbon solvents, nitrile solvents, amide solvents, sulfoxide solvents,
alcohol solvents, and aqueous solvents. Alcohol solvents, aqueous solvents, or mixed solvents thereof
are preferable, and methanol-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 0C 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 material to some extent. The solvents include
aromatic solvents, ether solvents, halogenated hydrocarbon solvents, nitrile solvents, acids, and acid
anhydrides. Acids or acid anhydrides are preferable, and acetic acid or acetic anhydride is more
preferable.      Reagents used include alkali metal salts. Potassium acetate is preferable_      The
reaction temperature differs depending on the types of the starting compound, the solvents, the
reagents, etc., and is usually 0 to 150C, preferably room temperature to 140C. [0076] [Process El
wherein R1, R2, R2, R3, R4, R5, R6, R7, R8 and R5' are as defined above. [0077] [Step E-1]       The
step E-I is a step of producing a compound (17). from a compound (16).       Solvents used include the
same as those in the step A-1 and hydrocarbon solvents. Aromatic solvents, halogenated hydrocarbon
solvents, or hydrocarbon solvents are preferable, and toluene is more preferable.       Reagents used
include oxalyi chloride and thionyl chloride. Oxalyl chloride is preferable.       The reaction temperature
differs depending on the types of the starting compound, the solvents, the reagents, etc., and is
usually 0 to 150C, preferably room temperature to 120C. [0078]  



- 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, the reagents, etc., and is usually 0 to 150C,
preferably room temperature to 120C. [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 (1) and is produced by the process A plus, for example,
a process F, G, or H shown below. [0081] [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 optical isomer (3a) or (3b), the compound represented by the general  - 42 -
formula ( a) or (ib) is produced through the steps A-3 to A-5 or the steps A-3 to A-9. [0082] [Process F]



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 column 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 of the reaction, the eluent (solvent) is distilled off to obtain the compound of interest of the
present reaction. [0084]       The compound represented by the general formula (Ia) or (Ib) is produced
by subjecting the compound (1) to optical resolution as shown below and then performing 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 process A, optical resolution to produce optical isomers (la) and (lb) of the compound (1).
From the optical isomer (1a) or (lb), the compound represented by the general formula (Ia) or (Ib) is
produced through the steps A1 to R-5 or the steps A-1 to A-9. [0086] 1Process G]    



- 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- trichloroethoxycarbonyl, 2-propenyloxycarbonyl,
2-chloro-2- propenyloxycarbonyl, 3-methoxycarbony1-2-propenyloxycarbonYl,
2-methyl-2-propenyloxycarbonyl, 2-butenyloxycarbonyi, cinnamyloxycarbonyl, benzyloxycarbonyl,
pmethoxybenZyloxycarbonyl, o-nitrobenzyloxycarbonyl, and pnitrobenzyloxycarbonyl groups. [0088]
[Step G-1]       The step G-1 is a step of reducing the compound (1) to produce a compound (18).
Solvents used are not particularly limited as long as they are solvents that do not inhibit the reaction
and can dissolve the starting material to some extent. The solvents include aromatic solvents, ether
solvents, ester solvents, halogenated hydrocarbon solvents, nitrile solvents, amide solvents, sulfoxide
solvents, and hydrocarbon solvents. Aromatic solvents, halogenated hydrocarbon solvents, or  - 46 -
hydrocarbon solvents are 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 preferably -78 to 0C. [0089] [Step G-2]      The
step G-2 is a process of performing optical resolution of the compound (18) using an enzyme such as
lipase to obtain a compound (19a) or (19b).      Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and can dissolve the starting material to some extent.
The solvents include aromatic solvents, ether solvents, ester solvents, halogenated hydrocarbon
solvents, nitrile solvents, amide solvents, sulfoxide solvents, and hydrocarbon solvents. Aromatic
solvents, halogenated hydrocarbon solvents, or hydrocarbon solvents are preferable, and hexane is
more preferable.      Reagents used include ester reagents. Vinyl esters are preferable, and vinyl
acetate is more preferable. 



The enzyme used includes Candida antarctica lipase, Pseudomonas fluorescens lipase,
Pseudomonas cepacia lipase, porcine pancreatic lipase, porcine liver esterase, and Candida rugosa
lipase.  - 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 compound (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 example, Experimental Chemistry 18, Reaction of Organic
Compound -(II)-, first volume (Nov. 25, 1957, published by Maruzen Co. Ltd., ed. by the Chemical
Society of Japan), p. 503-556. More specifically, the compound (18) is reacted with a carboxylic acid
reagent such as phthalic anhydride, and from the resulting mixture of carboxylic acid derivatives (19a)
and (19b), resolution can be performed by recrystallization or the like using phenethylamine, quinine,
cinchonidine, methylbenzylamine, naphthylethylamine, or the like. [0091] [Step G-3]      The step 0-3 is
a process of hydrolyzing the compound (19a) or (19b) to synthesize a compound (20a) or (20b).
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,  - 48 - halogenated hydrocarbon solvents, nitrile solvents, amide solvents,
sulfoxide solvents, hydrocarbon solvents, alcohol solvents, aqueous solvents, and mixed solvents
thereof. Ether solvents, alcohol solvents, aqueous solvents, or mixed solvents thereof are preferable,
and methanol, ethanol, or water is more preferable.      Reagents used include inorganic bases.
Potassium carbonate, sodium hydroxide, or potassium hydroxide is preferable.      The reaction
temperature differs depending on the types of the starting compound, the solvents, the reagents, etc.,
and is usually 0 to 60C, preferably 0C to room temperature.. [0092] [Step G-4]      The step G-4 is a
process of oxidizing the compound (20a) or (20b) to synthesize the compound (la or (lb).       Solvents
used are not particularly limited as long as they are solvents that do not inhibit the reaction and can
dissolve the starting material to some extent. The solvents include aromatic solvents, ether solvents,
ester solvents, halogenated hydrocarbon solvents, nitrile solvents, amide solvents, sulfoxide solvents,
and hydrocarbon solvents. Halogenated hydrocarbon solvents are preferable, and dichloromethane is
more preferable. Reagents used include acid chloride. Oxaly1 chloride is 



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 0C.
[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 (lb) as an optical isomer of the compound (1). From
the compound (1a) or (lb), the compound represented 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 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, nitr le solvents, amide solvents, sulfoxide
solvents, and hydrocarbon solvents. Aromatic solvents, halogenated hydrocarbon solvents, or 



- 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 optical 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 column used in the optical resolution includes the same as
those in the process F.      The temperature used is usually 0 to 40C, preferably 20 to 40C.      After
completion of the reaction, the eluent (solvent) is distilled off to obtain the compound of interest of the
present reaction. [0097] [Step H-3]      The step 91-3 is a step of synthesizing the compound (1a) or
(lb) from the compound (21a) or (21b).  - 52 -      Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and can dissolve the starting material to some extent.
The solvents include aromatic solvents, ether solvents, ester solvents, halogenated hydrocarbon
solvents, nitrile solvents, amide solvents, sulfoxide solvents, hydrocarbon solvents, ketone solvents,
and aqueous solvents. Ketone solvents or aqueous solvents are preferable, and acetone or water is
more preferable..      Reagents used include acid catalysts, for example, inorganic or organic acids
such as hydrochloric acid, acetic acid, sulfuric acid, toluenesulfonic acid, and camphorsulfonic acid. 



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 (I), (Sa), (Ib), or (II), 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 ingredient 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, postherpetic  - 53 - neuralgia, occipital neuralgia, trigeminal neuralgia, myelomere or intercostal
neuralgia, central pain, neuropathic pain, migraine, pain associated with osteoarthritis or articular
rheumatism, pain associated with contusion, 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
amputation, tic douloureux, neuroma, or angiitis, pain caused by diabetic neuropathy (or diabetic
peripheral neuropathic pain), pain caused by chemotherapy-induced neuropathy, 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 chemotherapy, occipital neuralgia,
psychogenic pain, pain associated with gallstone, neuropathic or non-neuropathic pain associated with
cancer, phantom limb pain, functional abdominal pain, headache, acute or chronic tension headache,
sinus headache, cluster headache, temporomandibular joint pain, maxillary sinus pain, pain caused by
ankylosing spondylarthritis, postoperative pain, scar pain, chronic nonneuropathic pain, pain attributed
to hyperlipidemia, fibromuscular pain, and fibromyalgia.  - 54 - [0100]       Examples of disorders
involving the central nervous system include fainting episode, epilepsy (particularly, partial epilepsy,
adult partial seizure, and partial seizure in epilepsy patients), asphyxia, general anoxia, hypoxia, spinal
cord injury, traumatic brain injury, head injury, cerebral ischemia, seizure, cerebral angiopathy,
neurocardiogenic syncope, neurogenic syncope, hypersensitive carotid sinus., heurovascular
syndrome, arrhythmia, mood disorder (e.g., depression), treatment-resistant depression, seasonal
affective disorder, child depression, premenstrual syndrome, premenstrual dysphoric disorder, hot
flash, bipolar disorder, manic depression, conduct disorder, disruptive behavior disorder, stress-related
physical disorder, anxiety disorders, borderline personality disorder, schizophrenia, schizoaffective
disorder, delusional disorder, brief psychotic disorder, shared psychotic disorder, substance- induced
psychotic disorder, anxiety associated with psychosis, psychotic mood disorder, mood disorder
associated with schizophrenia, behavior disorder associated with mental retardation, insomnia (e.g.,
primary insomnia, secondary insomnia, and transient insomnia), noctambulism, sleep deprivation,
REM sleep disorder, sleep apnea, hypersomnia, parasomnia, sleep-wake cycle disorder, jet lag,
narcolepsy, and generalized anxiety disorder. [0101]       Examples of other disorders include chronic
obstructive airway disease, bronchopneumonia, chronic bronchitis, cystic  - 55 - fibrosis, adult
respiratory distress syndrome, bronchospasm, cough, pertussis, allergy, contact dermatitis, atopic
dermatitis, urticaria, pruritus, pruritus associated with hemodialysis, inflammatory bowel disease,
psoriasis, osteoarthritis, cartilage injury, articular rhetmatism, psoriatic arthritis, asthma, sunburn,
hypersensitivity, Parkinson's disease, Huntington's disease, Alzheimer's disease, delirium, dementia,
forgetfulness, autism, attention deficit hyperactivity disorder, Reiter's syndrome, Down's syndrome,
Sjogren's syndrome, hypertension, hematopoiesis, postoperative neuroma, benign prostatic
hypertrophy, periodontal disease, hemorrhoids, fissure-in-ano, infertility, reflex sympathetic dystrophy,
hepatitis, vasodilation, fibrosing disease, collagen disease, angina pectoris, migraine, Raynaud's
disease, dry eye syndrome, conjunctivitis, vernal conjunctivitis, proliferative vitreoretinopathy, multiple
sclerosis, amyotrophic lateral sclerosis, pervasive development disorder, human immunodeficiency
virus infection, HIV encephalopathy, dissociative disorder, eating disorder, ulcerative colitis, Crohn's
disease, irritable bowel syndrome, chronic pancreatitis, chronic fatigue syndrome, sudden infant death
syndrome, overactive bladder, chronic cystitis, chemotherapy-induced cystitis, primary motor disorder,
akinesia, dyskinesia, cramp, Tourette's syndrome, Scott syndrome, paralysis, extrapyramidal motor
disorder, restless legs syndrome, mastaigia syndrome, motion sickness, lupus erythematosus,
immunodeficiency, inflammatory gastrointestinal disorder, gastritis, proctitis,  



- 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 (I), (ia), (Ib), or (II) 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 usually used. [0104]       The form of the pharmaceutical composition for oral
administration includes tablets, pills, powders, granules, capsules, solutions, suspensions, emulsions,
syrups, and elixirs. The pharmaceutical composition in such a form is prepared according to a
standard method by appropriately selecting, according to need, additives from among excipients,
binders, disintegrants, lubricants, swelling agents, swelling aids, coating agents, plasticizers,
stabilizers, antiseptics, antioxidants, coloring agents, solubilizers, suspending agents, emulsifiers,
sweeteners, preservatives, buffers, diluents, wetting agents, etc. usually used. [0105]  - 57 - The form
of the pharmaceutical composition for parenteral administration includes injections, ointments, gels,
creams, poultices, patches, aerosols, sprays, eye drops, nasal drops, suppositories, and inhalants.
The pharmaceutical composition in such a form is prepared according to a standard method by
appropriately selecting, according to need, additives from among stabilizers, antiseptics, solubilizers,
humectants, preservatives, antioxidants, flavors, gelling agents, neutralizing agents, buffers, tonicity
agents, surfactants, coloring agents, buffering agents, thickeners, wetting agents, fillers, absorption
promoters, suspending agents, binders, etc. usually used. [0106]      The dose of the compound
represented by the general formula (I), (Ia), or (Ib) or the pharmacologically acceptable salt thereof
differs depending on symptoms, age, body weight, etc., and is, for oral administration, 1 to 2000 mg,
preferably 10 to 600 mg (in terms of the amount of the compound) per dose which is administered
once to several times a day to an adult (body weight: approximately 60 Kg) and, for parenteral
administration, 0.1 to 1000 mg, preferably 1 to 300 mg (in terms of the amount of the compound) per
dose which is administered once to several times a day to an adult. 



- 58 - Examples [0107] (Example 1) ()-[(15,5R,6R)-6- (aminomethyl)bicyclo[3.2.0]hept-3-en-6-yi]acet c
arid (exemplary compound No: 1)  (1-a) (2E)-hepta-2,6-dienoic acid       4-Pentenal (4.45 g, 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 addition of 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
distilled under reduced pressure to obtain the compound of interest as a colorless oil substance (3
mmHg, 110-116C, 3.27 g, 50%).  (1-b) Tert-butyl ()-(13,5R)bicyclo[3.2..0]hept-3-en-6- ylideneacetate
Oxalvl chloride (10 mL) was added.dropwise to a toluene solution (60 mL) of (2E)-hepta-2,6-dienoic
acid (3.27 g, 25.9 mmol) under ice cooling. The mixture was stirred for 20 minutes, then removed from
the ice water bath, and gradually heated to room temperature. After stirring for 50 minutes, the
reaction solution was stirred for 1 hour under heating to reflux. The solution was allowed to cool, and
the solvent was then distilled off under reduced pressure. To the  - 59 - residue, toluene was further
added, and the solvent was then distilled off again under reduced 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
triethylamine (9.19 g, 91 mmol) heated in advance to 90C. 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 saline and water, and filtered through Celite. The filtrate was separated into organic and
aqueous layers. The organic layer was then washed with 1 N hydrochloric acid, then dried over
magnesium sulfate, and filtered. This filtrate was added to a reaction solution prepared in advance
from a  dimethoxyethane 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 solution, a saturated aqueous 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 pressure, 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 ()-[(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
nitromethane (10 mL). To the solution, 1,8- diazabicyclo(5.4.0]undec-7-ene (1.3 mL, 8.4 mmol) was
added, and the mixture was stirred at room temperature for 1 hour and then heated with stirring at 50
to 60C for 5 hours. The mixture was allowed to cool and then diluted with 1 N hydrochloric acid and
saturated saline, 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 (1.98 g, 89%). 



(1-d) Tert-butyl ()-[(1S,5R,6R)-6- (aminomethyl)bicyclo[3.2.0]hept-3-en-G-yl]acetate      Tert-butyl
()-[(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 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
wiith saturated 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 solid (1.99 g,
this compound 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 solution (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 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%). [0108] (Example 2) [(1R,5S,65)-6-(aminomethyl)bicyclo[3.2.01hept-3-
en-6-yllacetic acid (exemplary compound No: 1, optically active form)  - 62 -  (2-a) Resolution of te
L-butyl ()-[(13,5R,68)-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-Y1]acetate      Tert-butyl
()-[(15,5R,6R)-6- (nitromethyl)bicyclo[3.2.0]hept-3-en--6-y1]acetate (154 g, 576 mmol) was resolved
using Chiralpak AD-H (n-hex:EtCH=95:5, 1.0 mL/min, 40C) manufactured by Daicel Chemical
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 (retention time: 6.5 min).  (2-b) Tert-butyl [(1R,55,65)-6-
(aminOmethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate       Tert-butyl U1R,53,68)-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yilacetate (peak 2, 20.7 g, 77.4 mmol) was dissolved in ethanol
(200 mI,) and water (100 mL). To the solution, iron powder (34.69 g, 619.5 mmol) and ammonium
chloride (2.09 g, 38.72 mmol) were added, and the mixture was stirred for 6.5 hours under heating to
reflux. The mixture was allowed to cool, then diluted with saturated saline, a saturated aqueous
solution of sodium bicarbonate, and ethyl acetate, and filtered through Celite to remove insoluble
matter. The filtrate was separated into organic and aqueous layers. The organic layer was washed
with saturated saline and then dried over anhydrous magnesium sulfate. Then, the solvent was
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 with saturated 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 (200 mL) was added to tert-butyl [(1R,56,6S)-6-
(aminomethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (17.53 g, 7.4 mmol), and the mixture was stirred at
room temperature for 1.5 hours. Then, the solvent was distilled off under reduced pressure. The
residue was suspended in dichloromethane. To the suspension, triethylamine was added dropwise,
and the 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  - 64 - dichloromethane. To the residue,
triethylamine was added dropwise, and the resulting powder was collected by filtration, then washed
with dichloromethane, and then dried to obtain a white powde B (2.48 g). This white powder B was
combined with the above-obtained white powder A and washed with ethanol and ethyl acetate to
obtain the compound of interest as a white powder (7.39 g, 55%). [0109]  (Example 3)
[(1R,55,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-3- en-6-yl]acetic acid (exemplary compound No: 1,
optically active form differing in production process from that of Example 2)   (3-a). TertHoutyl
[(1R,55,65)-6-(tertbutoxycarbonylaminomethYl)bicYclo[3.2.0].hept-3-en-6- yliacetate       Tert-butyl
LE1R,58,6S)-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-y1lacetate (peak 2, 30 g, 0.11 mol) was
dissolved in ethanol (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 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 thereto, and the mixture was stirred in an oil bath at 80C. After 3 hours, iron powder
(18.8 g, 0.34 mol) was added thereto, and the mixture was further stirred for 4 hours in an oil bath at
8000 and then left overnight. Iron powder (18.8 g, 0.34 mol) was added thereto, and the mixture was
stirred for 2 hours in an oil bath at 80C. Although further iron powder (18.8 g, 0.34 mol) was added
thereto, the mixture became difficult to stir. Therefore, the reaction was terminated. The mixture was
allowed to cool and then filtered to remove insoluble matter. To the filtrate, (Boc)20 (36.7 g, 0.17 mol)
and triethylamine (46.9 mL, 0.34 mol) were added, and the mixture was stirred at room temperature for
2 hours. The organic solvent was distilled off under reduced pressure, followed by extraction with ethyl
acetate from the remaining aqueous layer. The organic layer was washed with an aqueous citric acid
solution, water, saturated aqueous sodium bicarbonate, and saturated saline and dried over
anhydrous magnesium 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 g).  (3-b) (-)-[(1R,53,63)-6-(aminomethyl)bicyc1o[3.2.0]hept-3- en-6-yllacetic acid      A 4 N
hydrochloric acid-ethyl acetate solution (500 mL) was added to an ethyl acetate (150 mL) solution of
tert-butyl [(1R,5S,6S)-6-(tertbutoxycarbonylaminomethyl)bicyclo[3.2.0]hept-3-en-6-  - 66 -  



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 for 2 hours and then left standing overnight. Again, the resulting powder was
collected by filtration and washed with an methanol-ethyl acetate mixed solvent to obtain the
compound of interest as a white powder (25.6 g). [0110]  (Example 4)
[(1S,5R,6R)-6-(aminomethyl)bicyclo[3.2.0]hep4-3- en-6-y1)acetic acid (exemplary compound No: 1,
optically active form differing in configuration from that of Example 2)  - 67 -  (4-a) Ter butyl
[(1S,5R,6R)-6- (aminomethyl)bicyclo[3.2.0]hept-3-en-6-yl].acetate      Tert-butyl [(13,5R,6R)-6-
(nitromethyl)bicyclo[3.2.01hept-3-en-6-Yliacetate (peak 1, 21.6 g, 80.8 mmol) was dissolved in ethanol
(200 mL) and water (100 mL). To the solution, iron powder (45.1 g, 80.8 mmol) and ammonium
chloride (2.59 g, 48.5 mmol) were added, and the mixture was stirred for 5.5 hours under heating to
reflux. To the reaction solution, iron powder (9.0 g, 161 mmol) was then further added, and the mixture
was further stirred for 2 hours under heating to reflux. The mixture was allowed to cool, then diluted
with a saturated aqueous solution of sodium bicarbonate and ethyl acetate, and filtered to remove
insoluble matter. From the filtrate, the organic solvent was distilled off under reduced pressure,
followed by extraction with ethyl acetate from the aqueous layer. The organic layer was washed with
saturated saline and dried over anhydrous magnesium sulfate. Then, the solvent was distilled off
under reduced pressure, and the residue was purified by amino column chromatography to obtain the
compound of interest as a pale yellow oil (5.5 g).  (4-b)
[(1S,5R,6R)-6-(aminomethyl)bicyc10[3.2.01hept-3-en-6- yllacetic acid      A 4 N hydrochloric acid-ethyl
acetate solution (200 mL) was added to tert-butyl [(15,5R,6R)-6-
(aminomethyl)bicyclo[3.2.0]hept-3-en-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  - 68 - filtration to obtain
the hydrochloride of the compound of interest as a white powder (1.5.6 g).. To a methylene chloride
(300 mL) suspension of the obtained hydrochloride, triethylamine (10.2 mL, 72.8 mol) was added
dropwise at room temperature, and the mixture was stirred for 2 hours. Then, again, the resulting
powder was collected by filtration. The obtained powder was washed with an ethanol-ethyl acetate
mixed solvent to obtain the compound of interest as a white powder (8.43 g). [0111] 



(Example 5) [(1R,53,6S)-6-(aminomethy1)bicyc1o[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-(aminomethy1)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 mI) were added to (1R,53,63)-6-
(aminomethyl)bicyclo[3.2.0]hept-3-en-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
residue, 1,4-dioxane was added, and the mixture was heated and then allowed to cool to  - 69 - room
temperature. The resulting powder was collected by filtration. The obtained powder was washed with
1,4-dioxane and then dried to obtain the compound of interest as a white Powder (350.0 mg, 92%).
[0112]  (Example 6) [(1R,5S,65)-6-(aminomethyl)bicyclo[3.2.0]hept-3- en-6-yllacetic acid
benzenesulfonate (exemplary compound No: 1, Penzenesulfonate of the compound of Example 2)
(1R,53,6S)-6-(aminomethyl)bicyclo[3.2.0]hept73-en-6- yi]acetic acid (152.2 g, 391 mmol) was
dissolved in 2- propanol (7.5 mL) and water (2.6 mL). To the solution, bengenesulfonic acid
Monohydrate (305.2 mg, 1.73 mmol) was then added, and the mixture was stirred at room temperature
for 5 minutes. The solvent was distilled off under reduced pressure, followed by further azeotropic
dehydration with 2- propanol. Then, the residue was washed with 2-propanol to obtain the compound
of interest as a white powder (260.4 mg, 55%). [0113]  (Example 7) ()-[(13,5R,6R)-6-aminomethy1-3-
methylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid (exemplary compound No: 4)  - 70 - (7-a) Methyl
4-methyl-3-hydroxyhept-6-enoate       Sodium hydride (>63% oil, 1.64 g, 43.1 mmol) was added to a
tetrahydrofuran solution (SO mL) of methyl 3- oxopentanoate (5.10 g, 39.2 mmol) under ice cooling,
and the mixture was stirred in this state for 10 minutes. To the reaction solution, n-butyllithium (1.66 M
hexane solution, 25.9 mL, 43.1 mmol) was added dropwise, and the mixture was further stirred for 10
minutes under ice cooling. Then, ally]. bromide (5.18 g, 43.1 mmol) 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 layer was washed with saturated saline and dried over anhydrous
magnesium sulfate, and the solvent was distilled off under reduced pressure. The obtained residue
was dissolved in methanol (100 mL). To the solution, sodium borohydride (1.8.9 g, 50 mmol) was
added under ice cooling,  and the mixture was stirred in this state for 1.5 hours. 2 N hydrochloric acid
(50 mL) was added thereto, and the mixture was stirred for 30 minutes. Then, saturated saline was
added thereto, followed by extraction with ethyl acetate. The organic layer was washed with saturated
saline and then dried over anhydrous magnesium sulfate, and the solvent was distilled off under
reduced pressure. The residue was 



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 distilled off 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 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 yellow oil substance (2.21 g, 42%, mixture of
diastereomers).  (7-c) Tert-butyl ()-(1S,5R)-3-methylbicyclo[3.2.0]nept-3-en6-ylideneacetate
4-Methyl-3-hydroxyhept-6-enoic acid (2.21 g, 13,9 mmol) was dissolved in acetic anhydride (14 mL).
To the solution, potassium acetate (3.29 g, 33.4 mmol) was added, and the mixture was stirred at
room temperature for 2 hours. The reaction solution was heated to 110 to 120C and stirred for  3.5
hours. To the reaction solution, ice water and toluene were then added, and this mixture was stirred at
room temperature for 1 hour. The mixture was separated into aqueous and organic layers by the
addition of saturated saline and toluene. Then, the organic layer was washed with a 1 N aqueous
sodium hydroxide solution and saturated saline  - 72 - in this order, then dried over anhydrous
magnesium sulfate, and then filtered. This filtrate was added to a reaction solution prepared by adding
sodium hydride (>63% oil, 533.3 mg, 14.0 mmol) to a tetrahydrofuran solution (20 mL) of tertbutyl
dimethoxyphosphorylacetate (3.24 g, 14.5 mmol) under ice cooling, and the mixture was further stirred
for 1.5 hours. The reaction solution was separated into aqueous and organic layers by the addition of a
saturated aqueous solution of ammonium chloride and saturated saline. The aqueous layer was
subjected to extraction with ethyl acetate. These organic layers were combined, then washed with
saturated saline, and then dried over anhydrous magnesium sulfate. The solvent was distilled off
under reduced pressure, and the residue was purified by silica gel column chromatography to obtain
the compound of interest as a pale yellow oil substance (1.21 g, 40%, E/Z mixture). (7-d) Tert-butyl
()-[(12,5R,6R)-3-methy1-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate      Tert-butyl
.()-(18,5R)-3-methylbicyclo[3.2.0]hept-3-en6-ylideneacetate (1.21 g, 5.50 mmol) was dissolved in
nitromethane (7 mL). To the solution, 1,8- diazabicyclo[5.4.0]undec-7-ene (0.91 mL, 6.0 mmol) was
added, and the mixture was heated with stirring at 50 to 60C for 6 hours. The mixture was allowed to
cool, and a saturated aqueous solution of potassium dihydrogen phosphate was then added thereto,
followed by extraction with ethyl acetate. Then, the organic layer was dried over anhydrous
magnesium sulfate, and the solvent was distilled off under reduced  - 73 - pressure. The residue was
purified by silica gel column chromatography to obtain the compound of interest as a colorless oil
substance (1.14 g, 74%). (7-e) Tert-butyl ()-[(1S,SR,6R)-6-aminomethyl-3-
methylbicyclo[3.2.0]hept-3-en-6-Y1]acetate Tert-butyl[(18,5R,6R)-3-methy1-6-
(nitromethyl)bicyclo[3.2.01hept-3-en-6-yl]acetate (1.12 g, 3.99 mmol) was dissolved in ethanol (20 mL)
and water (10 mL). To the solution, iron powder (892.8 mg, 15.9 mmol) and ammonium chloride (211.5
mg, 3.99 mmol) were added, and the mixture was stirred for 4 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, 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 (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 - (Example 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
tetrahydrofuran solution (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 mL, 55 mmol) was added dropwise, and the mixture was further stirred for 10 minutes
under ice cooling. Then, ally1 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 aqueous 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 hours. 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 layer was
washed with saturated saline and then dried over anhydrous magnesium sulfate, and the solvent was
distilled off under reduced pressure. The  - 75 - residue was purified by silica gel column
chromatography to obtain the compound of interest as a pale yellow oil substance (3.64 g, 37%,
mixture of diastereomers).  (8-b) 4-Ethyl-3-hydroxyhept-6-enoic acid       Ethyl
4-ethyl-3-hydroxyhept-6-enoate (3.64 g, 18.2 mmol) was dissolved in a 2 N potassium
hydroxide-methanol solution (120 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 (200 mL) 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 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 oil substance (3.14 g, <100%, mixture of
diastereomers).  (8-c) Tert-butyl ()-(13,5R)-3-ethylbicyclo[3.2.0]hepu-3-en6-ylideneacetate
4-Ethyl-3-hydroxyhept-6-enoic acid (3.13 g, 18.2 mmol) was dissolved in acetic anhydride (15 mL). To
the solution, potassium acetate (4.27 g, 43.6 mmol) was added, and the mixture was stirred at room
temperature for 100 minutes. The reaction solution was heated to reflux and stirred for 3.5 hours. To
the reaction solution, ice water and toluene were then added, and this mixture was stirred overnight at
room temperature. The mixture was separated into aqueous and  - 76 - organic layers by the addition
of saturated saline (50 mL) and toluene (20 mL). Then, the organic layer was washed with a 1 N
aqueous sodium hydroxide solution and saturated saline in this order, then dried over anhydrous
magnesium sulfate, and then filtered. This filtrate was added to a reaction solution prepared by adding
sodium hydride (>65% oil, 761.9 mg, 20 mmol) to a tetrahydrofuran solution (SO mL) of tertbutyl
dimethoxyphosphorylacetate (4.48 g, 20 mmol) under ice cooling, and the mixture was further stirred
for 1 hour. The reaction solution was separated into aqueous and organic layers by the addition of a
saturated aqueous solution of ammonium chloride and saturated saline. The aqueous layer was
subjected to extraction with ethyl acetate. These organic layers were combined, then washed with
saturated saline, and then dried over anhydrous magnesium sulfate. The solvent was distilled off
under reduced pressure, and the residue was purified by silica gel column chromatography to obtain
the compound of interest as a pale yellow oil substance (1.32 g, 31%, E/Z mixture). 



(8-d) Tert-butyl (()-[(1S,5R,6R)-3-ethy1-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
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[5.4.0]undec-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 of 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 compound of interest as a colorless oil
substance (1.39 g, 84%).  (8-e) ()-[(1S,5R,6R)-6-aminomethy1-3-
ethylbicyclo[3.2.0]heot-3-en-6-yl]acetic acid       Tert-butyl ()-[(13,5R,6R)-3-ethy1-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (1.09 g,4.71 mmol) Was dissolved in ethanol (10 mL)
and water (5 mL). To the solution, iron powder (1.32 g, 23.5 mmol) and ammonium chloride (249.6 mg,
4.71 mmol) were added, and the mixture was stirred for 2 hours under heating to reflux. The mixture
was allowed to cool, then diluted with saturated saline, a saturated aqueous solution of sodium
bicarbonate, and ethyl acetate, and filtered through Celite to remove insoluble matter. The filtrate was
separated into :organic and aqueous layers. The organic layer was washed with saturated saline  and
then dried over anhydrous magnesium sulfate, and the solvent was then distilled off under reduced
pressure. To the residue, a 4 N hydrochloric acid-ethyl acetate solution (20 ml) was added, and the
mixture was stirred at room temperature for 1 hour. Then, the 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  - 78 - to obtain the compound of interest as a white powder (425.1
mg, 43%). [011S]  (Example 9) ()-[(1S,5R,6R)-6-aminomethy1-3-
propylbicyclo[3.2.0]nept-3-en-6-Y1]acetic acid (exemplary compound No: 9) (9-a) Methyl
4-propy1-3-hydroxyhept-'6-enoate       Sodium hydride (>63% oil, 2.09 g, 55 mmol) was added to a
tetrahydrofuran solution (50 mL) of methyl 3-oxohebtanoate (7.91 g, SO 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 stirred for 1
hour under ice cooling. Then, allyi 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
solution, 1 N hydrochloric acid and a saturated aqueous solution of ammonium chloride were added,
followed by extraction 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 dissolved in methanol (35 mL). To the solution, sodium borohydride (0.61 g,
16.1 mmol) was added under ice cooling, and the mixture was stirred in this state for 1 hour. 1 N
hydrochloric acid (50 mL) was added thereto, and the mixture was stirred for 30 minutes. Then,
saturated saline was added thereto, followed by extraction with ethyl acetate. The  - 79 - organic layer
was washed with saturated saline and then dried over anhydrous magnesium sulfate, and the solvent
wasdistilled off under reduced pressure. The residue was purified by silica gel column chromatography
to obtain the compound of interest as a pale yellow oil substance (3.24 g, 33%, mixture of
diastereomers). 4-Propy1-3-hydroxyhept-6-enoic acid 



Methyl 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 addition 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 oil substance (2.79 g, 92%, mixture of
biastereomers).  (9-c) Tert-butyl ()-(13,5R)-3-propyl-bicyclo[3.2.0]hept-3- en-6-ylideneacetate       4-
ropy1-3-hydroxyhept-6-enoic acid (2.79 g, 15.0 mmol) was dissolved in acetic anhydride (13 mL) To
the solution, potassium acetate (3.52 g, 36.0 mmol) was added, and the mixture was stirred at room
temperature for 2 hours. The reaction solution was heated to 120C and 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 temperature. Saturated saline was added thereto, and the mixture was separated into
aqueous and organic layers by the addition of n-pentane. Then, the organic layer was washed with a 1
N aqueous sodium hydroxide solution and saturated saline in this order and dried over anhydrous
magnesium sulfate, and the solvent was then distilled off under reduced pressure. The residue was
dissolved in tetrahydrofuran (SO mi). The solution was added to a reaction solution prepared in
advance by adding sodium hydride (>65% oil, 761.9 mg; 20 mmol) to a tetrahydrofuran solution (SO
mIZ) of tert-butyl dimethoxyphosphorylacetate (4.48 g, 20 mmol) under ice cooling, and the mixture
was 'further stirred for 1 hour. The reaction solution was separated into aqueous and organic layers by
the addition of a saturated aqueous solution of ammonium chloride and saturated saline. The aqueous
layer was subjected to extraction with ethyl acetate. These organic layers were combined, then
washed with saturated saline, and then dried over anhydrous magnesium sulfate. The solvent was
distilled off under reduced pressure, and the residue was purified by silica gel column chromatography
to obtain the compound 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-6-yl]acetate      Tert-butyl
()-(15,5R)-3-propy1-b1cycl0[3.2.0]hept-3-en6-ylideneacetate (1.81 g, 7.29 mmol) was dissolved in  -
81 - nitromethane (7 mL). To the solution, 1,8- diazabicyclo[5.4.0]undec-7-ene (1.5 mL, 10.2 mmol)
was added, and the mixture was heated with stirring at 50 to 60C for 8 hours. The mixture was allowed
to cool, and a saturated aqueous solution of potassium dihydrogen phosphate was then added thereto,
followed by extraction with ethyl acetate. 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
(2.22 g, 95%).  (9-e) ()-[(15,5R,6R)-6-aminomethy1-3- propylbicyclo[3.2.0]hept-3-en-6-yi]acetio acid
Tert-butyl ()-[(1S,5R,6R)-3-propy1-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (1.09 g, 4.71
mmol) was dissolved in ethanol (10 mL) and water (5 mL). To the solution, iron powder (1.32 g, 23.5
mmol) and ammonium chloride (249.6 mg, 4.71 mmol) were added, and the mixture was stirred for 2
hours under heating to reflux. The mixture was allowed to cool, then diluted with saturated saline, a
saturated aqueous solution of sodium bicarbonate, and ethyl acetate, and filtered through Celite to
remove insoluble matter. The filtrate was separated into organic and aqueous layers. The organic
layer was washed with saturated saline and then dried over anhydrous magnesium sulfate, and the
solvent was then distilled off under reduced pressure. To the residue, a 4 N hydrochloric acid-ethyl
acetate solution (20 mL) was added, and the mixture was stirred at room  - 82 - 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 dropwisa, 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 (425.1 mg, 43%). [0116] 



(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 placed 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. The organic layer was washed with water and saturated saline and dried over anhydrous
magnesium sulfate. Then, the solvent was distilled off under reduced pressure, and the residue was
purified by silica gel column chromatography to obtain the compound of interest (diastereomeric
mixture) as a colorless oil substance (6.8 g, 94%). (10-b) 4-Ally1-3-hydroxyoctanoic acid  - 83 -
Methyl 4-ally1-3-hydroxyoctandate (6.8 g, 31.7 mmol) was dissolved in a 2 N potassium
hydroxide-methanol solution (20 mL), and the solution was stirred overnight at room temperature. The
reaction solution was concentrated, then diluted with water, and washed with ether. The aqueous
solution was made acidic using hydrochloric acid, followed by extraction with ethyl acetate. The
organic layer was washed with water and saturated saline and dried over anhydrous magnesium
sulfate. Then, the solvent was distilled off under reduced pressure to obtain the compound of interest
as an oil substance (6.0 g, 30 mmol). This compound was used in the next reaction without being
purified.  (10-c) Tert-butyl ()-[(1S,5R)-3-butylbicyclo[3.2.0Ihept-3- en-64denelacetate      A mixed
solution of 4-ally1-3-hydroxyoctanoic acid (6.0 g, 30 mmol), potassium acetate (9.4 g, 96 mmol), and
acetic anhydride (30 mL) was stirred at room temperature for 2 hours and then stirred for 4 hours
under reflux. The reaction solution was placed on ice and stirred overnight, and this reaction solution
was subjected to extraction with ether. The ether layer was washed with a saturated aqueous solution
of sodium bicarbonate and saturated saline and dried over anhydrous magnesium sulfate. This ether
solution was added to a reaction solution prepared in advance from a dimethoxyethane solution (30
mL) of methyl tert-butyl-p,pdimethylphosphonoacetate (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  - 84 - 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
pressure, and the residue was purified by silica gel column chromatography to obtain the compound of
interest as a pale yellow oil substance (4.3 g, 51%, E/Z mixture). (10-d) Tert-butyl
()-[(15,5R,6R)-3-buty1-6- nitromethylbicyclo[3.2.0]hept-3-en-6-yl]acetate      The title compound (4.8 g,
14.8 mmol) was obtained as an oil substance in the same way as in paragraph (1-c) using tert-butyl
()-[(18,5R)-3-butyibicyclo[3.2.0]hept-3-en-6- ylidene]acetate (4.3 g, 16.4 mmoij. (10-e) Tert-butyl
()-[(18,5R,6R)-6-(tertbutoxycarbony1amino)methy1-3-butylbioycl0[3.2.01hept-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 tart-butyl ()-[(18,5R,6R)-3-buty1-6- nitromethylbicyc1o[3.2.01hept-3-en-6-yl]a0etate (4.8 g,
14.8 mmol). 



(10-f) ()-[(15,5R,6R)-8-aminomethy1-3- butylbicyclo[3.2.0]hept-3-en-6-yl]acetic 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-butoxycarbony1amino)methy1-3-
butylbicyclo[3.2.0)hept-3-en-6-yl]acetate (3.63 g, 9.1 mmol).  - 85 - [0117] (Example 11)
()-[(15,5R,6R)-6-aminomethy1-3- isopropylbicyclo[3.2.0]hept-3-en-6-Y1]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 mmol) cooled to -78C, and the mixture was then stirred at -78C for 15 minutes. Subsequently,
a dichlorometnane (75 mL) solution of 2-isopropylpent-4-en-l-ol (11.30 g, 88.1 mmol) was added
dropwise thereto over 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
temperature for '2 hours. The mixture was neutralized with 2 N hydrochloric acid (320 mL). The -
organic layer was dried over anhydrous magnesium sulfate. Then, the solvent was distilled off under
reduced pressure to obtain a yellow oil substance as a mixture containing the compound of interest.
This compound was used in the next reaction without being further purified. (11-b) Methyl
3-hydroxyt4-isopropylhept-6-enoa-Fe      The 2-isopropylpent-4-enal obtained in paragraph (11-a) and
methyl bromoacetate (16.18 g, 105.8 mmol) were prepared into a tetrahydrofuran (25 mL) solution. An
aliquot of approximately 1/5 of the amount was added to a trimethyl borate (25 mL) suspension of zinc
powder (6.92 g, 105.8 mmol). The mixture was heated to 80C. Then, the remaining solution  - 86 - 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(25 mL), a saturated aqueous solution of ammonium chloride (25 mL),
and diethyl ether were then added thereto. The obtained organic layer was dried over anhydrous
magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was purified
by silica gel column chromatography to obtain the compound of interest as a yellow oil substance
(12.30 g, 70%). (11-c) 3-Hydroxy-4-isopropylhept-6-enoic acid         2 N potassium hydroxide-methanol
solution (200 mL) was added to a methanol (132 mL) solution of methyl 3-hydroxy-4-
isopropylhept-6-enoate (12.30 g, 61.5 mmol), and the mixture was stirred at room temperature for 13
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, and the organic layer was dried over anhydrous magnesium sulfate. Then, the solvent
was distilled off under reduced pressure to obtain the compound of interest as a brown oil substance
(11.10 g, 97%). (11-d) ()-(13,5R)-3-isopropylbicyclo[3.2.0jhept-3-en-6-0ne       Potassium acetate
(14.00 g, 142.7 mmol) was added to an acetic anhydride (67 mL) solution of 3-hydroxy-4-
isopropylhept-6-enoic acid (11.10 g, 59.6 mmol), and the mixture was stirred at room temperature for 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  - 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
()-[(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 minutes to a tetrahydrofuran (15 mL) suspension of sodium hydride (068 g, 63%, 18.0ol), and
the mixture was stirred at 0C for 20 minutes. To this solution, a tetrahydrofuran (15 mL) solution of
()7-(15,5R)- 3-isopropylbicyclo[3.2.0]hept-3-en-6-one (2.25 g, 15.0 mmol) was added dropwise at 0C
over 15 minutes, and the mixture was stirred at room temperature for 2 hours. The mixture was treated
with water, followed by extraction with diethyl ether. The organic layer was dried over anhydrous
magnesium sulfate. Then, the solvent was distilled off under reduced pressure, and the residue was
purified by silica gel column chromatography to obtain the compound of interest as a yellow oil
substance (3.00 g, 81%).  (11-f) Tert-butyl ()-[(13,5R,6R)-6-(nitromethyl)-3-
isopropylbicyclo[3.2.0]hept-3-en-6-yilacetate       Tert-butyl
()-[(1,5,5R)-3-isopropy1bicyclo[3.2.0]hept-3- en-6-ylidenelacetate (3.00 g, 12.1 mmol) was dissolved in
nitromethane (30 mL). To the solution, 1,8-  - 88 - d azabicyclo[5.4.0]undec-7-ene (2.20 g, 14.5 mmol)
was added, and the mixture was stirred at 60C for 5 hours. The mixture was allowed to cool, and a
saturated aqueous solution of potassium d hydrogen phosphate was then added thereto, followed by
extraction with dichloromethane. The organic layer was dried over anhydrous magnesium sulfate. The
solvent was distilled off under reduced pressure, and the residue was purified by silica gel
chromatography to obtain the compound of interest as a yellow oil substance (3.00 g, 80%).  (11-g)
Tert-butyl ()-[(1S,5R,6R)-6-aminomethy1-3- isopropylbicyclo[3.2.0]hept-3-en-6-yl]acetate       Tert-butyl
()-[(18,5R,6R)-6-(nitromethy1)9.3- is0propylbicyclo[3.2.01hept-3-en-6-yl]acetate (3.00 g, 9.70 mmol)
was dissolved in ethanol (60 mL). To the solution, Iron powder (4.47 g, 80.05 mmol) and then an
aqueous ammonium chloride (0.54 g, 10.00 mmol) solution (20 mi) were added; and the mixture was
stirred for 4.5 hours under heating to reflux. The mixture was allowed to cool and then filtered through
Celite to remove insoluble matter. The solution was concentrated, and the residue was diluted with
ethyl acetate. The dilution was washed with a saturated aqueous solution of sodium bicarbonate and
dried over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure,
and the residue was purified by silica gel column chromatography to obtain the compound of interest
as a colorless oil substance (2.50 g, 92%).  - 89 - 



(11-h) ()-[(15,5R,6R)-6-aminomethy1-3- isopropyibicyclo[3.2.0]hept-3-en-6-yi]acetic acid       Tert-butyl
()-[(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. 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 (1.01 g, 51%). [0118]
(Example 12) ()-[(15,5R,6R)-6-aminomethy1-3- isobutylbicyclo[3.2.0]hept-3-en-6-Yllacetic acid
(exemplary compound No: 13) (12-a) 2-Isobutylpent-4Len-l-ol      2-isobuty1-4-pentenoic acid (J. Am.
Chem. Soc. 115, 1993, 8669) (13 g, 83 mmol) was dissolved in tetrahydrofuran (80 mL), and the
solution was added dropwise to a tetrahydrofuran (80 mL) mixed solution 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), a 15% aqueous sodium hydroxide solution (3.4 mL), and water (10.2 mL) were added
thereto in this order, and the mixture was stirred overnight. After removal of insoluble matter, the
filtrate  - 90 - was concentrated to obtain the compound of interest as an oil substance (4.9 g, 42%).
(12-b) 2-isobuty1-4-pentenal       Oxalyi chloride (5.45 g, 43 mmol) was dissolved in methylene
chloride (50 mL), and the solution was cooled to - 78C. Then, dimethyl sulfox'de (6.1 mL) was added
drop se thereto. To the mixture, a methylene chloride (40 m1) solution of 2-isobutylpent-4-en-1-0l (4.9
g, 34 mmol) was subsequently added dropwise, and the mixture was stirred at this temperature for 1
hour. Triethylamine (24 mL) was added thereto, and the mixture was brought to room temperature. A
saturated aqueous solution of ammonium chloride was added thereto. The organic layer was
separated, washed with water and saturated saline, then dried, and then concentrated to obtain the
compound of interest as an oil substance. This compound was used in the next reaction without being
purified. (12-c) Methyl 3-hydroxy-2-isobuty1-6-heptenoate      The compound of interest (4.5 g, 61%)
was obtained as an oil substance (diastereomeric mixture) in the same way as in paragraph (10-a)
using 2-isobuty1-4-pentenal. (12-d) 3-Hydroxy-2-isobuty1-6-heptenoic acid      The compound of
interest (4.3 g) was obtained as an oil substance in the same way as in paragraph (10-b) using methyl
3-hydroxy-2-isobuty1-6-heptenoate (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]hept3-en-6-ylidene]acetate  -
91 -      The compound 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
()-[(18,5R,6R)-3-isobuty1-6- nitromethylbicyclo[3.2.01hept-3-en-6-yllacetate 



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
()-[(15,5R,6R)-6-(tert-butoxycarbonylamino)methY13-i5obutYlbicycl0[3.2.0]hept-3-en- 6-yl]acetate
The compound of interest (2.7 g, 54%) was obtained as 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)
()-[(13,5R,6R)-6-aminomethy1-3- isobutylbicyclo[3.2.0jhept-3-en-6-yl]acetic acid       The title
compound (1.0 g, 62%) was obtained as a white powder in the same way as in paragraph (3-b) using
tert-butyl )-J(1S,SR,6R)-6-(tert-butoxycarbonylamino)methyl-3-
isobutylbicyclo[3.2.0]hept-3-en-6-yl]acetate (2.7 g, 6.8 mmol). [0119]  (Example 13)
()-[(18,5R,6R)-6-aminomethy1-3-secbutylbicyclo[3.2.0]hept-3-en-6-Y1]acetic acid (exemplary
compound No: 12)  - 92 - (13-a) Ethyl 2-sec-butylpent-4-enoate     Lithium chloride (9.67 g, 228.1
mmol) and water (2.05 mL, 113.9 mmol) were added to a dimethyl sulfoxide (60 mL) solution of diethyl
allyi(sec-butyl)malonate (30.90 g, 120.5 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 off under reduced pressure to
obtain the compound of interest as a brown oil substance. This compound was used in the next
reaction without being purified. (13-b) 2-Sec-butylpent-4-en-1-01       A tetrahydrofuran (50 mL)
solution of ethyl 2-secbutylpent-4-enoate was added dropwise over 30 minutes to a tetrahydrofuran
(120 mL) solution of lithium aluminum hydride (4.79 g, 126.3 mmol) cooled to 0C, and the-mixture was
then stirred at 0C for 1 hour and then stirred at room 



temperature for 2 hours. The mixture was cooled again to 0C. 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 substance (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 dichloromethane (75 mL) solution of
2-sec-butylpent-4-en-l-ol (12.20 g, 85.8 mmol) was added dropwise thereto over 30 minutes, and the
mixture was stirred at -78C for 1 hour. Triethylamine (60.80 g, 600.8 mmol) was added dropwise
thereto over 5 minutes, and the mixture was then stirred at room temperature for 2 hours. The mixture
was neutralized with 2 N hydrochloric acid (310 mL). The organic layer was dried over anhydrous
magnesium sulfate. Then, the solvent was distilled off under reduced pressure to obtain a yellow oil
substance as a mixture containing the compound of interest. This compound was used in the next
reaction without being further purified. (13-d) Methyl 3-hydroxy-4-sec-butylhept-6-encate
2-Sec-butylpent74-enal and methyl bromoacetate (15.74 g, 102.9 mmol) were prepared into a
tetrahydrofuran (25 mL) solution. An aliquot of approximately 1/5 of the amount was added to a
trimethyl borate (25 mL) suspension of zinc powder (6.73 g, 102.9 mmol). The mixture was heated to
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 (25 mL), a saturated
aqueous solution of ammonium chloride (25 mL), and diethyl ether were then added thereto. The
obtained organic layer was dried over anhydrous magnesium sulfate. The solvent was distilled off
under reduced pressure, and the residue was purified by silica gel column chromatography to  - 94 -
obtain the compound of interest as a yellow oil substance (14.40 g, 78%). (13-e)
3-Hydroxy-4-sec-butylhept-6-enoic acid      Methyl 3-hydroxy-4-sec-butylhept-6-enoate (14.40 g, 67.2
mmol) was dissolved in a 2 N potassium hydroxide-methanol solution (200 mL), and the solution was
stirred at room temperature for 13.5 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, and 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 yellow oil substance (12.70 g, 94%)'. (13-f)
()-(13,5R)-3-sec-butylbicyclo[3.2.0]hept-3-en-6-0ne       Potassium acetate (14.90 g, 151.8 mmol) was
added to an acetic anhydride (71 mL) solution of 3-hydroxy-4-secbutylhept-6-enoic acid (12.70 g, 63.5
mmol), 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 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 (6.70 g, 64%).  - 95 -  (13-g) Tert-butyl
()-[(13,5R)-3-sec-butylbicyclo[3.2.0]hept3-en-6-ylidenelacetate (E/Z mixture) 



A tetrahydrofuran (15 mL) solution of tert-butyl dimethylphosphonoacetate (3.70 g, 16.5 mmol) was
added dropwise at 0C 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 0C 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 0C over 15 minutes, and the mixture was stirred at room temperature
for 2 hours. The mixture was treated with water, followed by extraction with diethyl ether. The organic
layer was dried over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced
pressure, and the residue was p rified.by silica gel column chromatography to obtain the compound of
interest as a yellow oil substance (3.10 g, 78%).  (13-h) Tert-butyl
()-[(13,5Rr6R)-6-(nitromethyl)-3-5ecbutylbicyclo13.2.01hept-3-en-6-yliacetate       Tert-butyl
()-[(18,5R)-3-sec-butylbicyclo[3.2.0]heot-3-en-6-ylidene]acetate (3.10 g, 11.8 mmol) was dissolved in
nitromethane (30 mL). To the .solution, 1,8- diazabicyclo[5.4.0]undec-7-ene (2.20 g, 14.5 mmol) was
added, and the mixture was stirred at 60C for 5 hours. The mixture was allowed to cool, and a
saturated aqueous solution of potassium dihydrogen phosphate was then added thereto, followed by
extraction with dichloromethane. The organic layer was dried over anhydrous magnesium sulfate. The
- 96 - solvent was distilled off under reduced pressure, and the residue was purified by silica gel
chromatography to obtain the compound of interest as a yellow oil substance (3.28 g, 86%). (13-i)
Tert-butyl ()-[(1S,5R,6R)-6-aminomethy1-3-secbutylbicyclo[3.2.0]hept-3-en-6-yl]acetate      Tert-butyl
()-[(1S,5R,6R)-6-(nitromethyl)-3-secbutylbicyclo[3.2.0]hept-3-en-6-yl]acetate (3.28 g, 10.2 mmol) was
dissolved in ethanol (60 mL). To the solution, iron powder (4.47 g, 80.0 mmol) and then an aqueous
ammonium chloride (0.54 g, 10.0 mmol) solution (20 mL) were added, and the mixture was stirred for
4.5 hours under heating to reflux. The mixture was allowed to cool and then filtered through Celite to
remove insoluble matter. The solution was concentrated, and the residue was diluted with ethyl
acetate. The dilution was washed with a saturated aqueous solution of sodium bicarbonate and dried
over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure, and
the residue was purified by silica gel column chromatography to obtain the compound of interest as a
colorless oil substance (2.26 g, 75%). (13-j)
()-[(1S,5R,6R)-6-aminomethy1-3-5ecbuty1bicyc1o[3.2.0]hebt-3-en-6-yl]acetic acid      Tert-butyl
()-[(15,5R,6R)-6-aminomethy1-3-5ecbutylbicyclo[3.2.0]hept-3-en-6-y1]acetate (2.26 g, 7.7 mmol) was
dissolved in a 4 N hydrochloric acid-ethyl acetate solution (30 mL), and the solution was stirred at
room temperature for 2 hours. Then, the solvent was distilled off  - 97 - 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 (0.98 g, 54%).
[0120] (Example 14) ()-[(1S,5R,6R)-6-aminomethy1-3- cyclopentylbicyclo[3.2.0]hept-3-en-6-yllacetic
acid (exemplary compound No: 15) 



(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 off under reduced pressure to obtain the compound
of interest as a brown oil substance (6.10 g, 84%). (14-b) 2-Cyclopentylpent-4-en-l-ol       A
tetrahydrofuran (15 mL) solution of ethyl 2- cyclopentylpent-4-enoate (6.10 g, 31.6 mmol) was added
dropwiseover 20 minutes to a tetrahydrofu an (40 mL) solution of lithium aluminum hydride (1.21 g,
31.9 mmol) cooled to 0C, and the mixture was then stirred at 0C for 1 hour and then stirred at room
temperature for 2 hours. The mixture was cooled again to 0C. Ethyl acetate (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 stirred for 1 hour. 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 substance (3.50 g, 56%). (14-c)
2-Cyclopentylpent-4-enal       Dimethyl sulfoxide (4.82 mL, 67.9 mmol) was added dropwise over 15
minutes to a dichloromethane (75 ml,) solution of oxalic acid chloride (4.47 g, 35.2 mmol) cooled to
-78C, and the mixture was then stirred at -78C for 30 minutes. Subsequently, a dichloromethane (20
mL) solution of 2-cyclopentylpent-4-en-1-ol (3.50 g, 22.7 mmol) was added dropwise thereto over 15
minutes, and the mixture was stirred at -78C for 45minutes. Triethylamine (16.11 g, 159.3 mmol) was
added dropwise thereto over 5 minutes, and the mixture was then stirred at room temperature for 2
hours. The mixture was neutralized with 1 N hydrochloric acid (160 mi). The organic layer was dried
over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure to
obtain a yellow oil substance as a mixture containing the compound of interest. This compound was
used in the text reaction without being further purified. (14-d) Methyl
3-hydroxy-4-cyclopentylhept-6-enca e       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  - 99 - 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), 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 obtain the compound of interest as a yellow oil
substance (4.00 g, 77%). (14-e) 3-Hydroxy-4-cyclopentylhept-6-enoic acid       Methyl
3-hydroxy-4-cyclopentylhept-6-enoate (4.00 g, 17.7 mmol) was dissolved in a 2 N potassium
hydroxide-methanol solution (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. 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 yellow oil substance (4.00
g (including the residual 



solvent)). (14-f) 3-Cyclopentylbicyc1o[3.2.01hept-3-en-6-0ne  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 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 (2.30 g, 74%).  (14-g) Tert-butyl
()-[(13,5R)-3- cyclopentylbicyclo[3.2.0]hept-3-en-6-ylidenelacetaie (E/Z mixture)      A tetrahydrofuran
(15 mL) solution of tert-butyl dimethylphosphonoacetate (3.21 g, 14.4 mmol) was added dropwise at
0C over 15 minute's to a tetranydrofuran (15 mL) suspension of sodium hydride (0.59 g, 63%, 15.7
mmol), and the mixture was stirred at 0C for 25 minutes. To this solution, a tetrahydrofuran (15 mL)
solution of 3- cyclopentylbicyclo[3.2.0]hept-3-en-6-one (2.30 g, 13.1 mmol) was added dropwise at 0C
over 10 minutes, and the mixture was stirred at room temperature for 16 hours. The mixture was
treated with water, followed by extraction with diethyl ether. The organic layer was dried over
anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure, and the
residue was purified by silica gel column  - 101 - chromatography to obtain the compound of interest
as a yellow oil Substance (3.30 g, 92%).  (14-h) Tert-butyl ()-[(13,5R,6R)-6-(nitromethyl)-3-
cyclopentylbicyclo[3.2.01hept-3-en-6-yl]acetate       Tert-butyl
()-[(13,5R)-3-cyclopentylbicyclo[3.2.0]hept3-en-6-ylidenelacetate (3.30 g, 12.0 mmol) was dissolved in
nitromethane (30 mL). To the solution, 1,8- diazabicyclo[5.4.0]undec-7-ene (2.20 g, 14.5 mmol) was
added, and the mixture was stirred at 60C for 5 hours. The mixture was allowed to cool, and a
saturated aqueous solution of potassium dihydrogen phosphate was then added thereto, followed by
extraction with dichloromethane. The organic laver 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 yellow oil substance (3.50 g, 87%). (14-i)
Tert-butyl ()-[(18,5R,6R)-6-aminomethy1-3- cyclopentyibicyclo[3.2.0]hept-3-en-67y1]acetate
Tert-butyl ()-[(13,5R,6R)-6-(nitromethyl)-3- cyclopentylbicyclo[3.2.0]hept-3-en-6-yljacetate (3.30 g, 9.8
mmol) was dissolved in ethanol (60 mL). To the solution, iron powder (4.47 g, 80.0 mmol) and then an
aqueous ammonium chloride (0.54 g, 10.0 mmol) solution (20 mL) were added, and the mixture was
stirred for 4.5 hours under heating:to reflux. The mixture was allowed to cool and then filtered through
elite to remove insoluble matter. The solution was concentrated, and the residue was diluted with ethyl
acetate.  - 102 - The dilution was washed with a saturated aqueous solution of sodium bicarbonate
and dried over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced
pressure, and the residue was purified by silica gel column chroMatograohy to obtain the compound of
interest as a colorless oil substance (2.00 g, 67%). 



(14-j) ()-[(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 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) ()-[(15,5R,6R)-6-aminomethy1-3- allylbicyclo[3.2.0]hept.73-en-6-Yl]acetic 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 2-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  - 103 -
reaction solution, a 1 N aqueous sodium hydroxide solution (10 mL) was added, and the mixture was
stirred at room temperature for 1 hour and then filtered through elite. The filtrate was diluted with
saturated saline and ethyl acetate and separated into aqueous and organic layers. 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 solution (20 mL) of oxalyl chloride (1.6 mL,
13.1 mmol) was added dropwise to a dichloromethane solution (10 mL) of dimethyl sulfoxide (2.7 mL,
19.5 mmol) under cooling to -78C. To the reaction solution, a dichloromethane (10 mL) solution of the
above obtained residue was added, and this mixture was stirred at -78C for 1 hour. To the reaction
solution, triethylamine  (7.1 mi, 52.4 mmol) was added, and the mixture was stirred at room
temperature for 1 hour. 1 N hydrochloric acid and saturated saline were added thereto, followed by
extraction with ethyl acetate. The organic layer was washed with saturated saline and then dried over
anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The obtained
residue was dissolved in pyridine  (2.3 miL). To the solution, maionic acid (1.55 g, 14.95 mthol) and
pyrrolidine (0.43 mL) 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 aqueous sodium hydroxide solution, and then washed with dimethyl ether. The aqueous layer was
made acidic using concentrated hydrochloric acid  - 104 - 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 obtain the compound of
interest as a pale yellow oil substance (1.49 g, 78%).  (15-b) Tert-butyl
()-(1S,5R)-3-allyibicyclo[3.2.0]hept-3-en6-ylideneacetate       4-Allylhepta-2,6-dienoic acid (2.00 g, 12.0
mmol) was dissolved in benzene (5 mL). To the solution, oxalyi 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 urther)
stirred at room temperature for 30 minutes, then heated to 80C, and stirred for 1 hour. Then, the
solvent was distilled off under reduced pressure. To the residue, toluene was added, and the solvent
was distilled off again under reduced pressure. The residue was dissolved in toluene (20 mL). This
solution was added dropwise to a toluene solution (30 mL) of triethylamine (4.41 g, 43.68 mmol)
heated in advance to reflux, and the mixture. was further stirred for 2.5 hours. The reaction solution
was allowed to cool, then diluted with saturated saline and ethyl acetate, and filtered through Xelite.
The filtrate was separated into aqueous and organic layers. Then, the organic layer was washed with 1
N hydrochloric acid and saturated saline in this order, then dried over anhydrous magnesium sulfate,
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  - 105 - 



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
()-[(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[5.4A]undec-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 a saturated aqueous solution of potassium dihydrogen phosphate was then added thereto,
followed by extraction with ethyl acetate. Then, the organic layer was dried over anhydrous
magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue was purified
by silica gel column chromatography to obtain the compound of interest as a colorless oil substance
(367.0 mg, 60%).  (15-d) ()--[(15,5R,6R)-3-ally1-6- (aminomethyl)bicyclo[3.2.0]hept-3-en-6-yi]ace c
acid       Tert-butyl ()-[(15,5R,6R)-3-ally1-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-Y1]acetate (335.2
mg, 1.09 mmol) was dissolved in ethanol (10 mL) and water (5 mL). To the solution, iron powder
(611.0 mg, 10.9 mmol) and ammonium chloride (57.8 mg, 1.09 mmol) were added, and the mixture
was stirred for 2 hours under heating to reflux. The  - 106 - 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 laver 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
Q,emperature 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 (68.5 mg, 28%). [0122]  (Example 16)
()-[(13,5R,63)-6-aminomethy1-5- methylbicyclo[3,2:0]hept-3-en-6-yllacetic acid (exemplary compound
No: 6) (16-a) Ethyl 2-methyl-3-oxohept-6-encate       Ethyl 2-methyl-3-oxobutanoate (10 mL, 70.7
mmol) wasadded dropwise to an anhydrous tetrahydrofuran suspension of sodium hydride (2.83 g,
74.2 mmol) 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 30 minutes. Then, ally1 bromide (6.73 mL, 77.7  mmol) was added
dropwise thereto. After removal of the ice bath, the mixture was stirred for 2 hours, and the reaction
was then terminated by pouring dilute hydrochloric acid to the reaction solution. The reaction solution
was subjected to extraction with ethyl acetate. The organic layer was washed with water, saturated
aqueous sodium bicarbonate, and saturated saline and dried over anhydrous magnesium sulfate, and
the solvent was then distilled off under reduced pressure. The obtained residue was purified by silica
gel column chromatography to obtain the compound of interest as a pale yellow oil (7.67 g). (16-b)
Ethyl 3-hydroxy-2-methylhept-6-enoate 



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 acetate. 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 chromatography to obtain the compound of interest as a colorless oil (6.11 g). (16-c)
3-Hydroxy-2-methylhept-6-enoic acid  - 108 -       Ethyl 3-hydroxy-2-methylhept-6-enoate (6.11 g, 32.8
mmol) was dissolved in a 2 N potassium hydroxide-methanol solution (100 mL), 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 aqueous 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 obtain the 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 solution of 3-hydroxy-2-methylhept-6-enoic acid (5.45 g, 34.5 mmol), potassium acetate (7.0 g,
71.3 mmol), and acetic 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 aqueous sodium bicarbonate, and saturated
saline, and then dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced
pressure, and the obtained residue was purified by silica gel column chromatography to obtain the
compound of interest as a pale yellow oil (810 mg). (16-e) Tert-butyl
()-[(12,5R)-5-methyl-bicyclo[3.2.01hept-3- en-6-ylidene]acetate      An anhydrous tetrahydrofuran
solution (2 mL) of ()- (13,5R)-5-methylbicyclo[3.2.0]hept-3-en-6-one (800 mg, 6.55  - 109 - mmol) was
added dropwise with stirring under ice cooling to a reaction solutionprepared in advance from an
anhydrous tetrahydrofuran solution (10 mL) of tert-butyl dimethylphosphorylacetate (1.28 g, 6.55
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 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 was purified by silica gel column chromatography to obtain the compound of interest
as a colorless oil substance (389 mg). (16-f) Tert-butyl
()-[(13,5R,6S)-6-cyano-5-methylbicyclo[3.2.0]hebt-3-en-6-yl]acetate       Tert-butyl
()-[(1S,5R)-5-methyl-bicyclo[3.2.0]hept-3- en-6-ylideneJacetate (300 mg, 1.36 mmol) and potassium
cyanide (89 mg, 1.36 mmol) were mixed at room temperature in anhydrous dimethyl sulfoxide (2 mL),
and the mixture was stirred for 2 hours and then left overnight. The mixture was further stirred for 10
hours in an oil bath at 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 solvent was distilled off under reduced pressure, and the obtained residue was purified by
silica gel column chromatography to  - 110 - obtain the compound of interest as a colorless oil (128
mg). In this procedure, a by-product tert-butyl ()-[(1S,SR,6R)-6-
cyano-5-methyl-bicyclo[3.2.0]hept-3-en-6-yl]acetate was obtained as a colorless oil (45 mg).  (16-g)
Tert- utyl (t)-[(13,5R,63)-6-(tertbutoxycarbonylaminomethyl)-5-methylbicYclo[3.2.0]hept-3-en-6-
yliacetate       Sodium borohydride (134 mg, 3.54 mmol) was added in 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- 



yljacetate (125 mg, 0.51 mmol), nickel (II) 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 sulfate. The solvent was distilled off under reduced
pressure, and the residue was purified by silica gel column chromatography to obtain the compound of
interest as a colorless oil substance (123 mg). (16-h)
()-[(18,5R,6S)-6-aminomethy1-5-methylbicyclo[3.2.0]hept-3-en-6-Yilacetic acid      Tert-butyl
()-[(18,5R,6S)-6-(tertbutoxycarbonylaminomethyl)-5-methylbicYclo[3.2.0]hept-3-en-6- yl]acetate (120
mg, 0.34 mmol) was dissolved in a 4 N hydrochloric acid-ethyl acetate solution (2 mL), and thesolution
was stirred at room temperature for 3 hours and then  concentrated under reduced pressure. The
residue was dissolved in methylene chloride (2 mL). To the solution, triethylamine (0.048 mL, 0.34
mmol) was added dropwise 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
solid (22 mg). [0123]  (Example 17) ()-[(1S,5R,6R)-6-aminomethy1-2-
methylbicyclo[3.2.0]hept-3-en-6-yllacetic acid (exemplary compound No: 3) (17-a) Methyl
5-methy1-3-hydroxy-6-heptenoate       The title compound was obtained as an oil substance (3.4 g,
33%) in the same way as in paragraph (a) using 3-methyl -4-pentenal (5 g, 59ol). (17-b)
5-Methy1-3-hydroxy-6-heptenoi- acid       The title compound was obtained as an oil substance (2.23
g, 74%) in the same way as in paragraph (10-b) using methyl 5-methy1-3-hydroxy-6-heptenoate (3.4
g, 19 mmol). 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-methy1-6- nitrometnyibicyclo[3.2.0]hept-3-en-6-yllacetate  - 112 -       The title
compound (1.9 g, 80 mmol) was obtained as an oil substance in the same way as in paragraph (1-c)
using 



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, 6.75 mmol).  (17-f)
()-[(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 tert-butyl
()-[(15,5R,6R)-6-(tertbutoxycarbonylamino)methy1-2-methYlbicYclo[3.2.0]hept-3-en-6- yl]acetate (2.3
g, 6.7 mmol). [0124] (Example 18) ()-[(1A,5R,6R)-3-(ace,_oxymethyl)-6-
(aminomethyl)bicyclo[3.2.0]hept-3-en-6-yilacetic acid (exemplary compound No: 16) (18-a) Ethyl
3-hydroxy-4-([(4-me,_hoxybenzyl)oxy]methYl}hept- 6-enoate      A methylene Chloride solution (10
mL) of titanium tetrachloride (0.97 mL, 8.88 mmol) and [(1- ethoxyyinyl)oxy](trimethyl)silane (J. Am.
Chem. Soc. 2003,  - 113 - 125, 5644) was added to a methylene chloride solution (80 mL) of
2-{[(4-methoxybenzyl)oxylmethyllpent-4-enal (Tetrahedron: Asymmetry 2001, 12, 3223) (1.98 g, 8.46
mmol) with stirring at -78C, and the mixture was stirred at this temperature for 1.5 hours. The reaction
was terminated by the addition of a saturated aqueous solution of sodium bicarbonate (100and 



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-b)
3-Hydroxy-4-([(4-methoxybenzyl)oxy]methyllnept-6-eno c acid       The compound of interest was
obtained as an oil substance (1.20 g, >99%) in the same way as in paragraph (7- b) from ethyl
3-hydroxy-4-{[(4-methoxybenzyl)oxy]methyllhept6-enoate (1.31 g, 4.06 mmol). (18-c) Tert-butyl
()-[(1R,5R)-3-{[(4- methoxybenzyl)oxy]methyllbicyclo[3.2.01hep,_ 3-en-6- ylideneiacetate      The
compound of interest was obtained as an oil substance (1.00 g, 69%) in the same way as in paragraph
(7-c) from 3-hydroxy-4-{[(4-methoxybenzyl)oxy]methyl)hept-6-enoic acid (1.20 g, 4.06 mmol).  - 114 -
(18-d) Tert-butyl ()-[(1R,5R,6R)-3-{[(4-
methoxybenzyl)oxy]methy11-6-(nitr0methy1)bi0yclo[3.2.01hept3-en-6-yl]acetate      The compound 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 ()-[(1R,5R)-3-([(4- methoxybenzy1)oxy1methy1lbicyc1o[3.2.0]hept-3-en-6- ylidenelacetate
(1.00 g, 2.80 mmol).  (18-e) Tert-butyl ()-[(1R,5R,6R)-6-{[(tertbutoxycarbonyflamino]methy1}-3-{[(4-
methoxybenzyl)oxyjmethylibicYclo[3.2.01hept-3-en-6-yijacetate      The compound of interest was
obtained as an oil substance (1.19 g, >99%) in the same way as in paragraph (3- a) from tert-butyl
()-[(1R,5R,6R)-3-([(4- methoxybenzyl)oxy]methY1}-6-(nit-omethyl)bicyclo[3.2.0]hept3-en-6-yliacetate
(1.02 g, 2.44 mmol).  (18-f) Tert-butyl ()-[(1R,5R,6R)-6-{[(tertbutoxycarbonyl)amino]methY11-3-
(hydroxymethyl)bicyc1o[3.2.0]hept-3-en-6-y1]acetate      Water (1.4 mL) and
2,3-dichlord-5,6-dicyano-1,4- benzoguinone (831 mg, 3.66 mmol) were added to a methylene chloride
solution (25 mL) of tert-butyl ()-[(1R,5,6R)-6- {[(tert-butoxycarbonyl)aminolmethyll-3-{[(4-
methoxybenzyl)oxyjmethyl}bicYclo[3.2.01hept-3-en-6-yljacetate (1.19 g, 2.44 mmol) with stirring at 0C.
The mixture was stirred at this temperature 0C for 1 hour and further stirred at room temperature for 1
hour. Then, the reaction was terminated by the addition of a saturated aqueous  - 115 -  solution of
sodium bicarbonate, followed by extraction with methylene chloride. The organic layer was washed
with water, a saturated aqueous 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 product was purified by silica gel column chromatography to obtain the compound
of interest as an oil substance (571 mg, 64%). (18-g) ()-[(1R,512,6R)-3-(acetoxymethyl)-6-
(aminomethyl)bicyclo[3.2.0]hept-3-en-6-yi]acetic acid 



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)bicyc1o[3.2.0]hept-3-en-6-yllacetate (275 mg, 0.75 mmol). [0125] (Example 19)
()-[(1R,5R,6R)-6-aminomethy1-3- (methoxymethyl)bicyc1o[3.2.0]hept-3-en-6-yl]aceiic acid (exemplary
compound No: 17)  (19-a) Methyl (2E)-4-({[tertbutyl(dimethyl)silyi]oxy}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. Then, a methylene chloride solution (30 mL) of
2-(([terbutyl(dimethyl)si2yl]oxylmethyl)pent-4-en-4-0l (J. Chem. Soc.,  - 116 - Perkin Trans. 1 1991,
2073) (5.10 g, 22.1 mmol) was added thereto. The mixture was stirred at this temperature for 15
minutes. Then, triethylamine (12.3 mL, 88.4 mmol) was added thereto, and the mixture was heated to
room temperature and stirred. The mixture was separated into aqueous and organic layers by the
addition of 0.1 M hydrochloric acid. The organic layer was washed with 0.1 M hydrochloric 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 (SO 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 60C for 2 hours. The
reaction solution was concentrated under reduced pressure, then filtered through Celite, and
concentrated again under reduced pressure. Then, the obtained crude product was purified by silica
gel column chromatography to obtain the compound of interest as an oil substance (5.69 g, 91%).
(19-b) (2E)-4-(ffiert-butyl(dimethyl)sily oxylmethyl)hepta2,6-dienoic acid       Lithium hydroxide
monohydrate (2.52 g, 60.0 mmol) was added to a tetrahydrofuran:methanol:water (3:1:1, 100 ml.,)
mixed solution of methyl (2E)-4-(i[tertbutyl(dimethyl)silyl]oxylmethyl)hepta-2,6-dienoate (5.69 g, 20.0
mmol), and the mixture was stirred at room temperature for 6 hours. The reaction solution was
concentrated under  - 117 - reduced pressure. To the residue, water was then added, followed by
extraction with methylene chloride. The aqueous layer was made acidic by the addition of 10%
hydrochloric acid, followed by extraction with methylene chloride again. Then, the combined organic
layers 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 obtain the compound of interest as an oil substance (3.11 g, 57%). (19-c) Tert-butyl
()-[(1R,5R)-3-(fitertbutyl(dimethyl)silyl]oxy}methyl)bicyclo[3.2.0jhept-3-en-6- ylidene]acetate      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-(f[tert-butyl(dimethyl)silyl]oxylmethyl)hepta2,6-diencic acid (3.11 gi 11.5 mmol).
(19-d) Tert-butyl ()-[(1R,5R)-3- (hydroxymethyl)bicyclo[3.2.0]hept-3-en-6-ylidene]acetate      Tetrabutyl
ammonium fluoride (1.0 M tetrahydrofuran solution, 8.69 mL 8.69 mmol) was added to a
tetrahydrofuran solution (15 mL) of tert-butyl ()-[(1R,5R).-3-(fitert-
butyl(dimethyl)silyl]oxyimethyl)bicyclo[3.2.0]hept-3-en-6- ylidene]acetate (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 saturated
saline and dried over anhydrous sodium sulfate. The residue was filtered and concentrated 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
()-[(1R,5R,6R)-3-(methoxymethy1)-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate      Methyl
iodide (2.03 mL, 32.6 mmol) and silver (I) oxide (1.62 g, 6.99 mmol) were added to a methylene
chloride solution (6.0 mL) of tert-butyl ()-[(1R,5R)-3-
(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, the residue was dissolved in nitromethane (4.5 mL). To the solution,
1,8-diazabicyclo[5.4.0]undec-7-ene (0.70 mL, 4.66 mmol) was added, and the mixture was stirred at
60C for 7 hours. To the reaction solution, a saturated aqueous solution of potassium dihydrogen
phosphate was added, followed by extraction with ethyl acetate. The organic layer was washed with a
saturated aqueous 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 obtain the compound of interest as an
oil substance (368 mg, 51%).  (19-f) Tert-butyl
()-[(1R,5R,6R)-6-f[(-,-ertbutoxycarbonyl)amino]methy11-3-
(methoxymethyl)Sicyclo[3.2.0]hept-3-en-6-Yl]acetate  - 119 -       The compound of interest was
obtained as an oil substance (450 mg, >99%) in the Same way as in paragraph (3- a) from tert-butyl
()-[(1R,SR,6R)-3-(methoxymethyl)-6-  (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (368 mg, 1.18
mmol). (19-g) ()-[(1R,SR,6R)-6-aminomethy1-3- (methoxymethyl)bicyclo[3.2.0]hept-3-en-6-Y1]acetic
acid      The compound of interest was obtained as a white solid (143 mg, 53%) in the same way as in
paragraph (1-e) from ()- [(1R,5R,6R)-6-aminomethy1-3-
(methcxymethyl)bigyclo[3.2.0]hept-3-en-6-yl]acetic acid (450 mg, 1.18 mmol). [0126]  (Example 20)
()-[(1S,5R,6R)-6-aminomethyl-3,4- dimethylbicyclo[3.2A]hegt-3-en-6-Y1]acetic acid ptoluenesulfonate
(p-toluenesulfonate of the compound of exemplary compound No: 19) (20-a) Methyl
3-hydroxy-3,4-dimethy1-6-heptenoate      The compound of interest (11.7 g, 60%) was obtained as an
oil substance (diastereomeric mixture) in the same way as in paragraph (10-a) using
3-methyl-5-hexen72-one (17 g, 106 mmol). (20-b) 3-Hydroxy-3,4-dimethy1-6-heptenoic 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-dimethy1-6-heptenoate (11.7 g, 63 mmol). This compound was
used in the next reaction without being purified. 



- 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
()-[(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 substance in the same way as in paragraph (1-c) using
tert-butyl ()-(13,5R)-[3,4-dimethylbicyclo[3.2.0]hept-3-en6-ylidene]acetate (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-yljacetate       The compound of interest (5.6 g, 99%) was obtained as an oil substance in the
same way as in paragraph (3-a) using tert-butyl ()-[(15,5R,6R)-3,4-dimethy1-6-
nitromethylbicyclo[3.2.0]hept-3-en-6-y1iacetahe (4.5 g, 15 mmoi).  (20-f)
()-[(15,5R,6R)-6-aminomethyl-3,4- dimethylbicyclo[3.2.0]hept-3-en-6-Yllacetic acid p- toluenesulfonate
Tert-butyl ()-[(1S,5R,6R)-6-(tertbutoxycarbonylamino)methY1-3,4-dimethYlbicYclo[3.2.0]hept-3-
en-6-yl]acetate (4.0 g, 11 mmol) and p-toluenesulfonic acid monohydrate (2.5 g, 13 mmol) were
suspended in toluene (30 mL) and thioanisole (3.8 mL), and the suspension was stirred at 80C for 2
hours. The reaction solution was concentrated,  - 121 - and the resulting oil substance was treated
with ethyl acetate and hexane to obtain the title compound (2.3 g, 55,z-) as a white powder. [0127] 



(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
()-[(1R,5S,63)-3-ethyl-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl1acetate      Tert-butyl
()-[(1R,5S,63)-3-ethy1-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (230 g, 778 mmol) was
resolved using Chiralpak IC (N-Hex:Et0H=98:2, 1.0 mL/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
(P1R,5S,63)-6-(tertbutoxycarbonylamino)methyl-3-ethYlbicYclo[3.2.0]hept-3-en-6- yllacetate
Tert-butyl [(1R,53,69)-3-ethy1-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (peak 1, 7.0 g, 23.7
mmol) was dissolved in ethanol (60 mL) and water  - 122 -  (21 mL). To the solution, iron powder
(13.27 g, 237 mmol) and ammonium chloride (628.1 dig, 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 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 pale yellow oil substance
(7.02 g). This substance was dissolved in dichloromethane (200 mL). To the solution, (Boc)20 (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%). (21-c) [(1R,55,63)-6-aminomethy1-3-ethylbicyclo[3.2.0]hept-3-
en-6-yljacetic acid       A 4 N hydrochloric acid-ethyl acetate solution (200 mL) was added to tert-butyl
(1R,53,63)-[6-(tertbutoxycarbonylaminomethyl)-3-ethylbicyclo13.2.01hept-3-en-6- yllacetate (9.82 g,
23.7 mmol), and the mixture was stifled at room temperature for 1 hour. Then, the solvent was distilled
off under reduced pressure. The residue was dissolved in dichloromethane. To the solution,
triethylamine was added drobwise, and the resulting powder was collected by  - 123 - filtration, then
washed with dichloromethane, and then dried to obtain 4.02 g of a white powder. This powder was
washed with ethanol and ethyl acetate to obtain the title compound of interest as a white powder (2.14
g, 43%). [0128] 



(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 monohydrate (89.39 g) were then added, and the mixture was
stirred for 2 hours under reflux. The mixture was left standing overnight at room temperature, and the
resulting powder was collected by filtration. The obtained powder was washed with ethyl acetate and
then dried to obtain the compound of interest as a white powder (88.29 g, 59%). [0129]  - 124 -
(Example 23) [(1S,5R,6R)-6-amihomethyl-3- ethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid (exemplary
compound No: 8, optical isomer of the compound of Example 21)  [0130]  (23-a) Tert-butyl [(
5,5R,6R)-6-(tertbutoxycarbonylamino)methy1-3-ethylbicyc1o[3.2.0]hept-3-en-6- yl]acetate
Tert-butyl [(15,5R,6R)-6-(ni omethyi)-3- ethylbdcyclo[3.2.0]hept-3-en-6-yllacetate (peak 2, 6.90 g,
23.36 mmol) was dissolved in ethanol (80 mL) and water (20 mL). To the solution, iron powder (6.52 g,
116.8 mmol) and ammonium chloride (1.25 g, 23.36 mmol) were added, and the mixture was stirred
for 4.5 hours under heating to refiux. The mixture was allowed to cool and then filtered through Celite
to remove insoluble matter. To the filtrate, (Boc)20 (15.30 g, 70.08 mmol) was added, and the filtrate
was then made basic (pH>9) using a 2 N sodium hydroxide solution and stirred at room temperature
for 2 hours. The solution was 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 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 (8.51 g, 99%).  (23-b)
[(13,5R,6R)-6-aminomethy1-3-ethylbicyclo[3.2.0]hept-3- en-6-yi]acetic acid       Tert-butyl
[(13,5R,6R)-6-[(tertbutoxycarbonylamino)methy1-3-ethYlbicYclo[3.2.0]hep,_-3-en-6- yllacetate (8.54 g,
23.36 mmol) was dissolved in a 4 N hydrochloric 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
obtained powder was washed with dichloromethane and then washed with isopropanol-ethyl acetate to
obtain the compound of interest as a white powder (2.7 g, 55%). [0131] (Example 24)
()-{(1R,5R,6R)-6-am nomethy1-3- [(methylthio)methyl]bicyclo[3.2.0]hept-3-en-6-yl}acetic acid
(exemplary compound No: 18) 



(24-a) Tert-butyl ()-[(1R,5R,6R)-3-(hydroxymethy1)-6-
(nitromethyl)bicyc1o[3.2.0]hept-3-en-6-yl]acetate       The compound of interest was obtained as an oil
substance in the same way as in paragraph (1-c) from the tert-butyl
()-[(1R,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-yl]acetate      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-butyl ()- [(1R,SR,6R)-3-(hydroxymethyl)-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate (807
mg, 2.71 mmol), and the mixture was stirred at room 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,SR,6R)-3-(chloromethyl)- 6-(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate was dissolved in
dimethylformamide (10 mL). To the solution, sodium thiomethoxide (570 mg, 8.14 mmol) was added
with stirring at 0C, and the mixture was stirred at this temperature for 4 hours. The reaction solution
was diluted with ethyl acetate and separated into aqueous and organic layers. The organic layer was
washed with a 1 M aqueous sodium hydroxide solution, water, and saturated saline and then dried
over anhydrous sodium sulfate. The residue was filtered and concentrated under reduced pressure.
Then, the obtained crude product was purified by silica gel column chromatography to obtain the
compound of interest as an oil substance (632 mg, 71%).  (24-c) Left-butyl ()-{(1R,5R,6R)-6-{[(ter
butoxycarbonyl)amino]methy11-3- [(methylthio)methyl]hicyclo[3.2.0]hept-3-en-6-yflacetate      The
compound of interest was obtained as an oil substance (75.5 mg, 98%) in the same way as in te
paragraph (37a).row tert-butyl ()-[(1R,SR,6R)-3-[(methylthio)methyl].- '
6-(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yi]acetate (632 mg, 1.93 mmol). (24-d)
()-{(1R,5A,6R)-6-aminomethy1-3- pmethylthio)methylibicYclo[3.2.0]nept-3-en-6-y1)acetic acid      The
compound of interest was obtained as a white solid (342 mg, 75%) in the same way as in paragraph
(1-e) from tert-butyl ()-{(1R,5R,6R)-6-{[(tert- butoxvcarbonyl)amino]methy11-3-
[(methylthio)methyl]hicyclo[3.2.0]hept-3-en-6-yl}acetate (755 mg, 1.90 mmol). [0132] (Example 25)
[(1R,53,65)-6-am nomethy1-3- methylbicyclo[3.2.0]hebt-3-en-6-yllacetic acid (exemplary compound
No: 4, optically active form of the compound of Example 7)    N142 



,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:Et0H=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) and 5.2 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 ethanol (40 mL). To the solution, Raney nickel (1.2 g) was
added. To the mixture, hydrazine monohvdrate (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 (SO mL). To the
solution, di-tert-butyl dicarbonate (8.53 g, 39.1 mmol) was added, and the mixture was stirred at room
temperature for 2 hours. The reaction solution was concentrated, and the residue was washed with
water and saturated saline, then dried, and then concentrated. The residue was purified by silica gel
column chromatography (100  - 129 - g) to obtain the compound of interest as an oil substance (6.8 g,
99%). 



(25-c) ((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 interest 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 (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 of interest as a white solid (2.4 g, 77%). [0133]  (Example 26)
[(1R,53,65)-6-aminomethy1-3- methylbicyclo[3.2.01hept-3-en-6-Y1]acetic acid exemplary compound
No: 4, optically active form of the compound of Example 7 differing in production process from that of
Example 25)  - 130 -     (26-a) Tert-butyl
[(13,5R,6R)-6-(tertbutoxycarbonylamino)methy1-3-methY1bicYc1o[3.2.0]hept-3-en-6- yllacetate
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 mmol) was dissolved in ethanol ;40 mL). To the 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 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 (7.99 g, 36.6 mmol) was added, and the mixture was stirred at room temperature for 2
hours. The reaction solution was concentrated, and the residue was washed with water and saturated
saline, then dried, and then concentrated. The residue was purified by silica gel column
chromatography (100 g) to obtain the compound of interest as an oil substance (6.4 g, 99%).  (26-b)
[(13,5R,6R)-6-aminomethy1-3-methylbicyclo[3.2.01hept3-en-6-%711acetic acid benzenesulfonic acid
Tert-butyl [(13,5R,6R)-6-(tertbutoxycartonylamino)methyl-3-methylbicycio[3.2.0]hept-3-en-6- yl]acetate
(6.4 g, 18.2 mmol) and benzenesulfonic acid monohydrate (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, 90%).  (26-c) [(1S,5R,6R)-6-am
nomethy1-3-methylbicyclo[3.2.0]hept3-en-6-yl]acetic acid 



[(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 (2.0 g, 63%). [0134]  (Example 27)
()-[(1R,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. Chem. Soc., Chem. Comm. 19,
1991, 1399) (17 g, 106 mmol) and methyl bromoacetate (24.4 g, 159 mmol) were dissolved in
tetrahydrofuran (100 mL), and the solution was added dropwise to a tetrahydrofuran (50 mL)  (zinc
(10.4 g, 159 mmol) and trimethyl borate (30 mL)) solution under reflux. After reflux for 3 hours, the
mixture  - 132 - was cooled to room temperature, and glycerin (30 mL) and a saturated aqueous
solution of ammonia chloride (100 mL) were added thereto, followed by two extractions 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 (11.7 g, 60%). (27-b) 3,4-Dimethy1-3-hydroxy-6-heptenoic acid       Methyl
3,4-dimethy1-3-hydroxy-6-heptenoate (11.7 g, 62.8 mmol) was dissolved in a 2 N Potassium
hydroxide-methanol solution (44 m(L), and the solution was stirred overnight at room temperature. The
reaction solution was concentrated, then dissolved in water (30 mL), and washed with ether. The
aqueous layer was made acidic (<pH=2) using aqueous hydrochloric acid, followed by two extractions
with ethyl acetate. The ethyl acetate layer was washed with saturated saline, then dried, and then
concentrated to obtain the compound of interest as an oil substance (10.1 g, 93%). This compound
was used in the next reaction without being purified. (27-c) Tert-butyl
()-(1R,56)-3,4-dimethyl-[3.2.0]hept-3-en6-ylideneacetate 3,4-Dimethy1-3-hydroxy-6-heptenoic acid
(10.1 g, 54.2 mmol) and potassium acetate (12.8 g, 130 =al) were dissolved in acetic anhydride (100
mL), and the solution 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 aqueous sodium hydroxide  



- 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 ammonia 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 oil substance (4.2 g, 33%). (27-d) Tert-butyl ()-[(1R,53,6S)-3,4-dimethy1-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate       Tert-butyl
()-(1R,53)-3,4-dimethyl-[3.2.01hept-3-en-6- ylideneacetate (4.2 g, 17.9 mmol) was dissolved in
nitromethane (20 mL). To the solution, 1,8- diazabicyclo[5.4.0]undec-7-ene (4.9 g, 27 mmol) was
added, and the mixture was stirred overnight at room temperature. ,A saturated aqueous solution of
potassium dihydrogen phosphate was 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 (4.5 g, 85%).  - 134 -  (27-e) Tert-butyl
[(1R,SS,63)-6-(tertbutoxycarbonylamino)methY1-3,4-dimethylbicvolo[3.2.0]hept-3- en-6-yl]acetate
The compound of interest was obtained as an oil substance (5.5 g, 99%) in the same way as in
paragraph. (3-a) using tert-butyl ()-[(1R,53,65).-3,4-dimethy1-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate (4.5 g, 15.2 mmol).  (27-f)
()-[(1R,53/6S)-6-aminomethyl-3,4-dimethylbicyclo[3.2.0]hept-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
[(1R,5S,68)-6-(tert-butcxycarbonylamino)methyl3,4-dimethylbicyclo[3.2.0]heot-3-en-6-yilacetate (1.7 g,
4.65 mmol). [0135]  (Example 28) ()-[(1R,53,63)-6-aminomethy1-3-(2-fluoroethy1)-
bicyclo[3.2.0]hept-3-en-6-Yllacetic acid (exemplary compound No: 30) (28-a) Ethyl
(E)-4-(2-hydroxyethyl)-hepta-2,6-dienoate 



3-allyl-tetrahydrofuran-2-ol (18 g, 140 mmol) and ethoxycarbonyl triphenylphosphorane (35 g, 104
mmol) were stirred overnight in toluene (200 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-dien0ate  - 135 - Ethyl
(E)-4-(2-hydroxyethy1)-hepta-2,6-dienoate (5 g, 27.1 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 solution was poured to a saturated aqueous solution 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,53,6S)-3-(2-fluoroethyl)-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-fluoroethyl)-hepta-2,6-dienoate (2.2 g, 11.9 mmol).  (28-d) Tert-butyl
[(1R,5S,6S)-6-(tertbutoxycarbonylamino)methyl-3-(2- fluoroethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
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,55,6S)-3-(2-fluoroethyl)-6-
(nitromethyl)bicyclof3.2.0]hept-3-en-6-yl]acetate (870 mg, 2.77 mmol).  (28-e)
()-[(1R,55,6S)-6-aminomethy1-3-(2-fluoroethyl)- bicyclo[3.2.0]hept-3-e1-6-yllacetic acid      The
compound of interest was obtained as a white solid (330 mg, 79%) in the same way as in paragraph
(3-b) using  - 136 - 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)
()-[(15,5R,6R)-6-(aminomethyl)-4- -methylbicyclo[3.2.0]hept-3-en-6-yllacetic acid (exemplary
compound No: 5) (29-a) 3-Hydroxy-3-methylhedt-6-encic 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 anhydrous magnesium sulfate, and the solvent was then distilled
off under reduced pressure. To the residue, a 2 N potassium hydroxide-methanol solution (50 mL) was
added, and the mixture was stirred at room temperature for 6 hours. The solvent was distilled off under
reduced pressure. To the residue, a 1 N aqueous sodium hydroxide solution was then added, followed
by washing with diethyl ether. The aqueous layer was made acidic using concentrated  - 137 -
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
distilled off under reduced pressure to obtain the compound of interest as a pale yellow oil substance
(5.24 g, 75%). (29-b) ()-(18,5R)-4-methylbicyclo[3.2.0]hept-3-en-6-0ne
3-Hydroxy-3-methylhept-6-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 solution was heated to reflux and stirred for 4 hours. To
the reaction solution, ice water and toluene were then added, and this mixture was stirred overnight at
room temperature. The mixture was separated into aqueous and organic layers by the addition of
diethyl ether and saturated saline. Then, the organic layer was washed with saturated saline and dried
over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The
residue was purified by silica gel chromatography to obtain the compound of interest as a pale yellow
oil substance (1.10 g, 17%, diastereomeric mixture).  (29-c) Tert-butyl
()-(13,5R)-4-methylbicyclo[3.2.0]hep 3- en-6-ylideneacetate
()-(13,5R)-4-methylbicyclo[3.2.0]hept-3-en-6-one (1.10 g, 9.0 mmol) was added to a reaction solution
prepared in advance by adding sodium hydride (>65% oil, 342.8 mg, 9.0 mmol) to a tetrahydrofuran
solution (10 mi.) of tert-butyl  - 138 - 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 aqueous and
organic layers by the addition of a saturated aqueous solution of ammonium chloride and saturated
saline. The aqueous layer was subjected to extraction with ethyl acetate. Thee organic layers were
combined, then washed with saturated saline, and then dried over anhydrous magnesium sulfate. The
solvent was distilled off under reduced pressure, and the residue was purified by silica gel column
chromatography to obtain the compound of interest as a pale yellow oil substance (1.59 g, 80%, E/Z
mixture).  (29-d) Tert-butyl ()-[(13,5R,6R)-6-(nitromethyl)-4methylbicyclo[3.2.0]hept-3-en-6-Y1]acetate
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 ()-[(13,5R)-4-methylbicyclo[3.2.0]hept-3- en-6-ylideneacetate (1.59
g, 7.22 mmol).  (29-e) ()-[(15,5R,6R)-6-(aminomethyl)-4- methylbicyclo[32.0]hept-3-en-6-yllacetic acid
The compound of interest was obtained as a white powder (125.1 mg, 20%) in the same way as in
Example (8-e) using tert-butyl ()- (18,5R,6R)-6-(nitromethyl)-4-
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-3- ethylbicyclo[3.2.01hept-3-en-6-Yllacetate (exemplary compound No: 20)
- 139 - 



Tert-butyl [(1R,58,6S)-3-e hy1-6- (nitromethyl)bicyclo[3.2.01hept-3-en-6-yl]acetate (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 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. The organic layer was dried over anhydrous magnesium sulfate. Then,
the solvent was distilled off under reduced pressure to obtain the compound of interest as a pale
yellow oil substance (7.02 g, <100%). [0138]  (Example 31) [(1R,58,6S)-6-(aminomethyl)-3-
ethylbicyclo[3.2.0]hept-3-en-6-vljacetic acid benzenesulfonate (exemplary compound No: 8, optically
active benzenesulfonate)  - 140 -          (1R,55,6S)-6-(aminomethyl)-3-ethylbicyclo[3.2.0]hept-3-
en-6-yllacetic acid (4.50 g, 20.6 mmol) was dissolved by heating in a 1 M aqueous solution (22.7 m12)
of benzenesulfonic acid monohydrate, and the solution was then allowed to cool to room temperature.
The resulting solid was collected by filtration. The solid was washed with water (15 mL) and then dried
using a vacuum pump to obtain the compound of interest as a colorless solid (6.45 g, 77%). [0139]
(Example 32) ()-[(1S,SR,6R)-6-(aminomethyl)-
spiro[bicyclo[3.2.01hepta-2,1'-cyclobutan]-3-en-6-yl}acetic acid (exemplary compound No: 39) (32-a)
Methyl cyclobutylideneace ate       Sodium hydride (>65% oil, 3.62 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,a tetrahydrofuran solution (50
mL) of cyclobutanone (5.00 g, 71.4 mmol) was added dropwise, and the mixture was then brought to
room temperature and stirred for 1.5 hours. To the reaction solution, a saturated aqueous solution of
ammonium chloride was added, followed by extraction with hexane. The organic layer was washed
with saturated saline 



- 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 for 2.5 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 saturated saline. 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 distilled off under reduced pressure to obtain the compound of interest as a pale
yellow oil substance (22.14 g, <84%). (32-c) (1-Vinylcyclobutyl)ethanol       Cyclobutylideneethanol
(22.14 g, <60 mmol) was dissolved in triethyl orthoacetate (25 mL). To the solution, phenol    .02 g,
11.6 mmol) was added, and the mixture was stirred for 1 day under heating to reflux. The mixture was
allowed to cool, and saturated saline was then added thereto, followed by extraction with ethyl acetate.
The organic layer was washed with saturated saline and then dried over anhydrous sodium sulfate,
and the solvent was distilled off under reduced pressure. To the residue, a 2 N potassium  - 142 -
hydroxide-methanol solution (80 mL) 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 aqueous sodium hydroxide solution and washed with diethyl ether. The aqueous 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 anhydrous
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 (948.8 mg, 25 mmol)
was then added under ice cooling. The mixture was brought to room temperature and then stirred for 7
hours under heating to reflux. Methanol (1.5 mL) and a 1 N aqueous sodium hydroxide solution (1.5
mL) were added thereto under ice cooling, and the mixture was further stirred at room temperature for
1 hour and then filtered through Celite. The residue was washed with d chloromethane and saturated
saline. These filtrates were combined and separated into aqueous and organic layers. The organic
layer was washed with a 1 N aqueous sodium hydroxide solution and saturated saline and then dried
over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure to obtain the
compound of interest as a colorless oil substance (1.94 g, 25%). (32-d) Methyl
3-hydroxy-4-(1-vinylcyclobutyl)butanoate      A dichloromethane solution (80 mL) of oxalyi chloride
(1.88 mL, 22.5 mmol) was cooled to -78C, and a  - 143 - dichloromethane solution (20 mL) of dimethyl
sulfoxide (3.0 m11, 43.0 mmol) was added dropwise thereto. The mixture was stirred at -78C for 10
minutes. Then, a dichloromethane solution (20 mL) of (1-vinylcyclobutyl)ethanol (1.94 g, 15 mmol) was
added droowise thereto, and the mixture was further stirred at -78C 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 thereto, 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 mL). To the solution, trimethylboron (6.2 mL) and zinc powder
(4.46 g) were added, and methyl 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 40C and stirred
for 20 minutes. The mixture was further brought to room temperature and stirred for 1 hour,
and.glycerol, water, and saturated saline were then added thereto, followed by extraction with ethyl
acetate. The organic layer was washed with saturated saline and then dried over anhydrous sodium
sulfate, and the solvent was distilled off under reduced pressure. The residue was purified by column
chromatography to obtain the compound of interest as a colorless oil substance (1.22 g, 40%). (32-e)
3-Hydroxy-4-(1-vinylcyclobutyl)butanoic acid  



- 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 anhydride (1.5 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 extraction with ethyl acetate. The organic layer was washed with a saturated aqueous solution of
sodium bicarbonate and saturated saline in this order and dried over anhydrous magnesium sulfate,
and the solvent was then distilled off under reduced pressure. The residue was dissolved in
tetrahydrofuran (30 mL), and the solution was added to a reaction solution prepared in advance from a
tetrahydrofuran solution (30 mL) of tert-butyl dimethoxyphosbhorylacetate (1.82 g, 10 mmol) and
sodium hydride (63% oil, 342.9 mg, 9 mmol). The mixture was stirred at room temperature for 1 hour,
and the reaction solution was then separated into aqueous and organic layers by the addition of a
saturated aqueous solution of ammonium chloride and saturated saline. The aqueous layer was
subjected to extraction with ethyl acetate. These organic layers were combined, then washed with
saturated saline, and then dried  - 145 - 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 (1.07 g, 70%, E/Z mixture). (32-g)
Tert-butyl ()-{(15,5R,6R)-6- (nitromethyl)spiro[bicyclo[3.2.0]hepta-2,1'-cyclobutan]-3-en6-yllacetate
Tert-butyl ()-(1S,5R)-spiro[bicyclo[3.2.0]hebta-2, cyclobutan]-3-en-6-ylideneacetate was dissolved in
nitromethane (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 60C for 5.5 hours. The mixture was allowed to
cool, and a saturated aqueous solution of potassium dihydrogen phosphate was then added thereto,
followed by extraction with ethyl acetate. Then, the organic layer was dried over anhydrous
magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue was purified
by silica gel column chromatography to obtain the compound of interest as a pale yellow oil substance
(1.08 g, 81%). (32-h) ()-((lS,5R,6R)-6-(aminomethyl)- so[ icyclo[3.2.0]hepta-2,1'-cyclobutan]-3-en-6-Y1
acetic acid      Tert-butyl ()-{(1S,5R,6R)-6- (nitromethyl)spiro[bicyclo[3.2.0]
epta-2,11-cyclobutan]-3-en6-yllacetate (1.08 g, 3.52 mmol) was dissolved in ethanol (15 mL) and
water (6 mL). To the solution, iron powder (0.99 g,  - 146 - .17.6 mmol) and ammonium chloride (93.3
mg, 1.76 mmol) were added, and the mixture was stirred for 4 hours under heatingto 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, 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 white powder (439.2 mg,
57%). [0140] 



(Example 33) ()- (13,5R,6R)-6-(aminomethyl)-
5piro[bicyc1o[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 oil
substance (0.47 g, 7%Y in the same way as in Example (32-c) using cyclopentylideneethanol (8.90 g,
<50 mmol). (33-d) Methyl 3-hydroxy-4-(1-vinylcyclopentyl)butanoate       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
(1-vinylcyclopentyl)ethanol (0.47 g, 3.36 mmol). (33-e) 3-Hydroxy-4-(1-vinylcyclopentyl)butanoic acid
The compound of interest was obtained as a light brown oil substance (the partial solvent remained)
504.1 mg, <100%) in the same way as in Example (32-e) using methyl
3-hydroxy4-(1-vinylcyclopentyl)butanoate (417.3 mg, 1.97 mmol).  (33-f) Tert-butyl
()-(1.8,5R)-spiro[bicyclo[8.2.01hepta-2,1 cyclopent]-3-en-6-ylideneacetate      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-fl using 3-hydroxy-4-(1- vinylcyclopentyl)butanoic acid (504.1 mg, <1.9 mmol), (33-g)
Tert-butyl ()-{(18,5R,6R)-6- (nitromethyl)spiro[bicyclo[3.2.0]hepta-2,1'-cyclobent]-3-en6-yl}acetate
The compound of interest was obtained as a colorless oil substance (250.2 mg, 88%) in the same way
as in Example (32-  - 148 - g) using tert-butyl ()-(1S,SR)-spiro[bicy
lo[3.2.0inepta2,11-cyclopent]-3-en-6-ylideneacetate (232.3 mg, 0.89 mmol). 



(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 ()-((lS,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- cyclobutylbicyclo[3.2.0]hept-3-en-6-yl1acetic 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 ethyl 2- cyclobutylacetate (2.32 g, 16..3 mmol) cooled to -78C, and the mixture was then
stirred at -78C for 10 minutes. Subsequently, a tetrahydrofuran (10 mL) solution of allyl bromide (7.90
g, 65.3 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 liquid, ethyl acetate and water were added, and the obtained
organic layer was dried over anhydrous magnesium sulfate. Then, the solvent was distilled off under  -
149 - reduced pressure to obtain the compound of interest as a yellow oil substance (1.80 g, 61%).
(34-b) Ethyl ()-4-cyclobutylpenta-2,6-dienoate      A 1 M diisobutyl aluminum hydride/toluene solution
(9.88 mi, 9.9 mmol) was added dropwise over 40 minutes to a toluene (20 mL) solution of ethyl
()-2-cyclobutylpent-4-enoate (1.80 g, 9.9 mmol) cooled to -78C, and the mixture was then stirred at
-78C for 2 hours. A 30% aqueous acetic acid solution (9.4 mL) was added dropwise thereto over 5
minutes. Then, the organic layer was dried over magnesium sulfate. After removal of insoluble matter
by filtration, ethyl (triphenylphosphoranylidene)acetate (3.78 g, 10.9 mmol) was added to the liquid,
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 oil
substance as a mixture containing the compound of interest. This compound was used in the next
reaction without being further purified. (34-c) ()-4-Cyclobutylpenta-2,6-dienoic acid      A 5 N aqueous
sodium hydroxide solution (15 mL) was added to an ethyl alcohol (20 mL) solution of the ethyl ()- 4-cyc
obutylpenta-2,6-dienoate obtained in the preceding paragraph, and the mixture was stirred at room
temperature for 1.5 hours and subsequently stirred at 60C for 2 hours. The mixture was allowed to
cool, and the solvent was then distilled off under reduced pressure. The residue was dissolved in
water. The aqueous layer was washed with dichloromethane and then neutralized with a 2 N aqueous
- 150 - hydrochloric acid solution (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 compound of interest. This compound was used in
the next reaction without being further purified.  (34-d) Tert-butyl ()-[(13,5R)-3-
cyclobutylbicyclo[3.2.0]hept-3-en-6-ylidenelacetate (E/Z mixture) 



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
dimethylphosphonoacetate (0.84 g, 3.7 mmol), lithium chloride (0.16 g, 3.7 mmol), and 1,8-
diazabicyclo[5.4.0jundec-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  - 151 - was
dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and
the residue was purified by silica gel column chromatography to obtain the compound of interest as a
yellow oil substance (0.36 g, 24%) (yield from (34-b) ethyl 4-cyclobutylpenta-2,6-dienoate). (34-e)
Tert-butyl ()-[(13,5R,6R)-6-(nitromethyl)-3- cyclobutylbicyclo[3.2.0]hept-3-en-6-Ylidene]acetate
Tert-butyl ()-[(15,5R)-3-cyclobutylbicyclo[3.2.0]hept3-en-6-ylidene]acetate (0.36 g, 1.4 mmol) was
dissolved in nitromethane (20 mL). To the solution, 1,8- diazabicyclo[5.4.0]undec-7-ene (0.26 g, 1.7
mmol) was added, and the mixture was stirred at 60C for 3 hours. 1,8- diazabicyclo[5.4.0]undec-7-ene
(0.26 g, 1.7 mmol) was further added thereto, and the mixture was stirred at 60C for 4.5 hours. The
mixture was allowed to cool, and a saturated aqueous solution of potassium dihydrogen phosphate
was then added thereto, followed by extraction with dichloromethane. The organic layer was dried over
anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue
was purified by silica gel chromatography to obtain the compound of interest as a pale yellow oil
substance (0.40 g, 901).  (34-f) Tert-butyl ()-[(1S,5R,6R)-6-(aminomethyl)-3-
cyclobutylbicyclo[3.2.01hept-3-en-6-ylidene]acetate      Tert-butyl ()-[(1S,5R,6R)-6-(nitromethyl)-3-
cyclobutylbicyclo[3.2.0]hept-3-en-6-ylidene]acetate (0.40 g, 1.2 mmol) was dissolved in ethanol (20
mL). To the solution, iron powder (0.56 g, 10.0 mmol) and then an aqueous ammonium  - 152 -
chloride (0.07 g, 1.2 mmol) solution (7 mL) were added, and the mixture was stirred for 4.5 hours
under heating to reflux. The mixture was allowed to cool and then filtered through Celite to remove
insoluble matter. The solution was concentrated, and the residue was diluted with ethyl acetate. The
dilution was washed with a saturated aqueous solution of sodium bicarbonate and dried over
anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure, and the
residue was purified by silica gel column chromatography to obtain the compound of interest as a
colorless oil substance (0.30 g, 83%).  (34-g) ()-[(13,5R,6R)-6-(aminomethyl)-3-
cyclobutylbicyclo[3.2.0]hept-3-en-6-yl]acetio acid       Tert-butyl ()-[(13,5R,6R)-6-(aminomethyl)-3-
cyclobutylbicyclo[3.2.01hept-3-en-6-Ylidene]acetate (0.30 g, 1.0 mmol) was dissolved in a 4 N
hydrochloric acid-ethyl acetate solution (10 mi,), and the solution was stirred at room temperature for
1.5 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 obtained powder was dried under reduced pressure to
obtain the compound of interest as a white powder (0.17 g, 67%). [0142)  (Example 35)
()-[(13,5R,6R)-6-(aminomethyl)-4- ethylbicyclo[3.2.0]hept-3-en-6-Yllacetic acid (exemplary compound
No: 34)  - 153 - (35-a) Methyl 3-ethylhepta-2,6-dienoate (E/Z mixture)      A tetrahydrofuran (25 mL)
solution of trimethyl phosphonoacetate (4.67 g, 25.1 mmol) was added dropwise at 0C over 1 hour to a
tetrahydrofuran (25 mL) suspension of 



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 0C 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 0C 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 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-dienoic acid (E/Z mixture)      A 5 N aqueous sodium
hydroxide solution (14.5 mL) was added to an ethyl alcohol (40 mL) solution of methyl 3-
ethylhepta-2,6-dienoate (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 aqueous hydrochloric acid solution (15 mL), followed by
extraction with dichloromethame. The organic layer was dried over magnesium sulfate. The solvent
was distilled off under reduced pressure to obtain the compound of interest as a pale yellow oil
substance (2.01 g, 71%).  - 154 - (35-c) Tert-butyl ()-[(13,5R)-4-ethylbicyclo[3.2.0]nept-3-
en-6-ylidenelacetate (E/Z mixture)       Potassium acetate (2.56 g, 26:1 mmol) was added to a
dimethylacetamide (25 mL) solution of 3-ethylhepta-2,6- dienoic 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 120C for 3 hours. The mixture was treated with an ice water solution, 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 applied to column chromatography to
obtain a pale yellow oil substance. The substance obtained here was added to an acetonitrile (40 mii)
solution of tert-butyl dimethylphosphonoacetate (2.60 g, 16.6 mmol), lithium chloride (0.70 g, 16.6
mmoi), and 1,8- diazabicyclo[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 obtain the compound of
interest as a yellow oil substance (2.20 g, 68%).  (35-d) Tert-butyl ()-[(1S,5R,6R)-6-(nitromethyl)-4-
ethylbicyclo[3.2.01hept-3-en-6-ylidene]acetate  - 155 -       Tert-butyl
()-[(18,5R)-4-ethylbicyclo[3.2.0]hept-3-en6-ylideneiacetate (2.20 g, 9.4 mmol) was dissolved in
nitromethane (30 mL). To the solution, 1,8- diazabicyclo[5.4.0]undec-7-ene (1.77 g, 11.3 mmol) was
added, and the mixture was stirred at room temperature for 63 hours. A saturated aqueous solution of
potassium dihydrogen phosphate was added thereto, followed by extraction with dichloromethane. The
organic-layer was dried over anhydrous magnesium sulfate. The solvent was distilled off under
reduced pressure, and the residue was purified by silica gel chromatography to obtain the compound
of interest as a mixture with the starting material (2.38 g).  (35-e) Tert-butyl
()-[(13,5R,6R)-6-(aminomethyl)-4- ethylbicyclo[3.2.0]hept-3-en-6-Ylidenelacetate A mixture (2.38 g) of
tert-butyl)-[(18,5R,6R)-6- (nitromethyl)-4-ethylbicyclo[3.2.0]hept-3-en-6- ylidene]acetate and tert-butyl
()-[(18,5R)-4- ethylbicyclo[3.2.0]hept-3-en-6-ylidene]acetate was dissolved in ethanol (30 mL). To the
solution, iron powder (2.25 g, 40.1 mmol) and then an aqueous ammonium chloride (0.43 g, 8.1 mmol)
solution (10 mL) were added, and the mixture was stirred for 4.5 hours under heating to reflux. The
mixture was 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 bitarbonate and dried over anhydrous magnesium sulfate. Then,
the solvent was distilled off under reduced pressure, and the 



- 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-yi]acetic 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 mixture 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 collected by filtration and dried under reduced pressure to obtain the compound of interest
as a white powder (0.51 g, 65%). [0143] (Example 36) ()-[(1S,5R,6R)-3-ethy1-6-
(hydroxyaminomethyl)bicyclo[3.2.0]hept-3-en-6-Yllacetic acid hydrochloride      Ammonium formate
(1.10 g, 16.9 mmol) was added to an ethanol (10 mL) suspension of tert-butyl ()-[(15,6R)-3-
ethy1-6-[(hydroxyaminc)methylJOicyclo[3.2.01hept-3-en-6- yl]acetate (0.50 g, 1.7 mmol) and barium
sulfate-supported palladium (0.05 g), and the mixture was stirred at room temperature for 19 hours.
Water (20 mL) was added thereto, and the mixture was then filtered through Celite to remove insoluble
matter. The solution was concentrated, and the  - 157 - residue was diluted with ethyl acetate. The
dilution was washed with a saturated aqueous solution of sodium bicarbonate and dried over
anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure, and the
residue was purified by silica gel column chromatography to obtain a colorless liquid (0.34 g). The
liquid was dissolved in a 4 N hydrochloric acid-ethyl acetate solution (15 mL), 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 filtration. The obtained powder was washed 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)-6-(aminomethyl)-3- ethylbicyclo[3.2.0]hept-3-en-6-Yllacetic acid    



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-butoxycarbony1)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. 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 80C
for 2.5 hours. The mixture was allowed to cool and then filtered to remove insoluble matter. The
solution was concentrated, and the obtained solid (2.32 g) was dissolved 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 es a white solid 0:06g, 1%). [0145]  (Example 38)
()-[(15,5R,6R)-6-(aminomethyl)-1- methylbicyclo[3.2.01hept-3-en-6-Y1]acetic acid (exemplary
compound No: 2)  (38-a) Tert-butyl ()-[(15,5R)-1-methylbicyclo[3.2.0]hept-3- en-6-ylidene]acetate (E/Z
mixture)  - 159 -      A tetrahydrofuran (15 ml,) solution of tert-butyl dimethy phosphonoacetate (3.29 g,
14.7 mmol) was added dropwise at 000 over 5 minutes to a tetrahydrofuran (15 ml,)  suspension of
sodium hydride (0.59 g, 63%, 15.5 mmol), and the mixture was stirred at 0C for 15 minutes. To this
solution, a tetrahydrofuran (15 mL) solution of 1- methylbicyclo[3.2.0]hept-3-en-6-one (1.60 g, 13.1
mmol) was added dropwise at 000 over 10 minutes, and the mixture was stirred at room temperature
for 4 hours. The mixture was treated with water, followed by extraction wi.th diethyl ether. The organic
layer was dried over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced
pressure, and the residue was purified by silica gel column chromatography to obtain the compound of
interest as a yellow oil substance (1.80 gi 62%).  (38-b) Tert-butyl ()-[(15,5R,6R)-6-(nitromethyl)-1-
methylbicyclo[3.2.0]hept-3-en-6-Ylidenelacetate       Tert-butyl
()-[(13,5R)-1-methylbicyclo[3.2.0]hept-3-en6-ylidene]acetate 1_80 g, 8.2 mmol) was dissolved in
nitromethane (30 m72). To the solution,: 1,8- diazabdcycloL5.4.0]undec-7-ene (1.52 g, 10.0 mmol)
was added, and the mixture was stirred at 60C for 11 hours. The mixture was allowed to cool, and a
saturated aqueous solution of potassium dihydrogen phosphate was then added thereto, followed by
extraction with ethyl acetate. The organic layer was dried over anhydrous magnesium sulfate. The
solvent was distilled off under reduced pressure, and the residue was  - 160 - purified by silica gel
chromatography to obtain the compound of interest as a yellow oil substance (1.80g, 781). 



(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
aqueous 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 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, 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, 561).  (38-d) ()-[(19,5R,6R)-6-(aminomethyl)-1-
methylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid      Tert-butyl ()-[(1S,5S,6R)-6-(aminomethyl)-1-
methylbicyclo[3.2.0]hept-3-en-6-yl]acetate (0.90 g, 3.6 mmol) was dissolved in a 4 N hydrochloric
acid-ethyl acetate solution (20 mL), and the solution was stirred at room temperature for 2 hours.
Then, the solvent was distilled off under reduced pressure. The residue was suspended by the
addition of dichloromethane. To the suspension,  - 161 - 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 (0.33 g, 47%). [0146]
(Example 39) (){(1R,5R)-6-(anomethyl)-7- methy1bicyc1o[3.2.0]hept-3-en-6-y1)acetic acid (exemplary
compound No: 7)  (39-a) Tert-butyl ()[(1R,5R)-7-methylbicyclo[3.2.01hept-3- en-6-ylidene)acetate
The compound of interest was obtained as an oil substance (5.88 g, 53%) in the 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 mmol). The compound of interest was a diastereomeric mixture mainly composed of two
diastereomers. (39-b) Tert-butyl (){(1R.,5R)-7-methy1-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yilacetate       The compound of interest was obtained as an oil
substance (4.07 g, 56%) in the same way as in Example (1-c) from tert-butyl
(){(1R,5R)-7-methylloicyclo[3.2.0]hept-3-en6-ylidenelacetate (5.74 g, 26.1 mmol). The compound of
interest was a diastereomeric mixture mainly composed of three diastereomers.  (39-c) Tert-butyl (){(
R,5R)-6-{[(tert-butoxycarbonyl)aminolmethY11-7-methYlbicyclo[3.2.0]hept-3-en- 6-yi}acetate  



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
(1.00 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 solid (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
diastereomeric mixture mainly composed of two diastereomers. [0147]  (Example 40)
((18,5R,6R)-3-ethyl-6- [(methylamino)methyl]bicyclo[3.2.0]hept-3-en-6-Yllacetic acid hydrochloride
(exemplary compound No: 44)   - 163 -        l(15,5R,6R)-6-(am nomethyl)-3-ethylbicyclo[3.2.01heot-3-
en-6-yl]acetic acid p-toluenesulfonate (2.48 g, 6.50 mmol) was dissolved in a mixed solution of water
(6.5 mL), a 1 M aqueous sodium hydroxide solution (10 mL), and 1,4-dioxane (13 mL). To the solution,
di-tert-butyl dicarbonate (2.84 g, 13.0 mmol) 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 organic 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) [(15,5R,6R)-6-f[(tert- butoxycarbonyl) (methyl)aminolmethy11-3-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid       Sodium hydride (63%, 2.48 g, 65.0 mmol) was added
in small portions to a tetrahydrofuran solution (25 mL) of
[(15,5R,6R)-6-{[(tert-butoxycarbonyl)aMino]methyll-.3- ethylbicyclo[3.2.01hept-3-en-6-yl]acetic acid
(2.01 g, 6.50 mmol) and methyl iodide (4.05 mL, 65.0 mmol) with stirring at room temperature. The
mixture was stirred at this temperature for 6 hours, and water (50 mL) was then added thereto while
the reaction solution was cooled on ice, followed by washing with diethyl ether. The aqueous layer was
made acidic using 1 M citric acid, followed by extraction with ethyl acetate. The organic layer was dried
over anhydrous sodium sulfate. The residue was filtered and  - 164 - 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 (2.00 g, 95%).  (40-c) {(1S,5R,6R)-3-ethy1-6-
[(methylamino)methyl]bicyclo[3.2.0]hept-3-en-6-yilace c acid hydrochloride 



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-Y1lacetic 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%). [0148] (Example 41)
()[(13,5R,63)-6-(aminomethyl)-2 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-butyllithium (1.57 M
hexane solution, 97.3 mL, 153 mmol) was gradually added with stirring at 0C. The mixture was stirred
at this temperature for 1 hour, and a tetrahydrofuran solution (110 mL) of
2-N[:eftbutyl(dimethyl)silyl]oxy)methyl)butanal (Tetrahedron 2004, 60, 9307) (27.6 g, 127 mmol) was
then gradually added thereto.  - 165 - The mixture was stirred at 0C for 2 hours, and the reaction was
then terminated by the addition of a saturated aqueous solution of ammonium chloride and water,
followed by extraction with ethyl acetate. The organic layer was washed with a saturated aqueous
solution of ammonium chloride, water, - and saturated saline and then dried over anhydrous sodium
sulfate. The residue was filtered and concentrated under reduced pressure. Then, the obtained crude
product was purified by silica gel column chromatography to obtain the compound of interest as an oil
substance (19.9 g, 73%). (41-b) Ethyl (2E)-5-ethylhepta-2,6-dienoate      Tetrabutyl ammonium,
fluoride (1 14 tetrahydrofuran solution, 99.3 mL, 99.3 mmol) was added to a diethyl ether solution (80
mL) of tert-butyl[(2-ethylbut-3-en-lyl)oxyldimethylsilane (19.9 g, 93 mmol) with stirring at room
temperature. The mixture was stirred overnight, and the reaction solution was then separated into
aqueous 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
dissolved in methylene chloride (180 mL). To the solutioniiethylamine (25.7 mL, 186 mmol) and
methanesulfonyl chloride (10.8 mL, 139 mmol) were added with stirring at 0C. The mixture was stirred
overnight at 0C, and the reaction solution was then separated into aqueous and organic layers by the
addition of 1 M hydrochloric acid (200 mL), followed by extraction with  - 166 - methylene chloride. The
organic layer was washed with saturated saline and dried over anhydrous sodium sulfate. The residue
was filtered and concentrated under reduced pressure, and the residue was then dissolved in dimethyl
sulfoxide (240 mL) and water (12 mL). To the solution, potassium cyanide (15.1 g, 232 mmol) was
added. The mixture was stirred overnight at 60C, and water (400 mL) was then gradually added
thereto while the reaction solution was cooled on ice, 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
dissolved in toluene (150 mL). To the 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
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 reaction solution, a saturated aqueous
solution of sodium bicarbonate (130 mL) was added with stirring at 0C, 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 aqueous 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 



- 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), and 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 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 sodium sulfate. 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 ()[(13,5R)-2-ethylbicyclo[3.2.0]hept-3-en6-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-dienoic acid (4.50 g, 29.4 mmol). (41-e) Tert-butyl
()[(13,5R,63)-2-ethy1-6- (nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate       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 (1-c)
from tert-butyl ()[(13,5R)-2-  - 168 - ethylbicyceo[3.2.0]hept-3-en-6- l'dene]acetate (3.00 g, 12.8
MM01).  (41-f) Tert=butyl ()[(1S,SR,6S)-6-(aminometh )-2- ethyibicyclo[3.2.01hept-3-en-6-Y1]acetate
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 ()[(1S,5R,63)-2-ethy1-6-
(nitromethyl)bicyclo[3.2.01hept-3-en-6-yllacetate (3.52 g, 11.9 mmol).  (41-g)
()[(15,5R,65)-6-(aminomezhyl)-2- ethylbicyclo[3.2.0]hept-3-en-6-yi]acetic acid ptoluenesulfonate
p-Toluenesulfonic acid monohydrate (2.17 g, 11.4 mmol) was added to a benzene solution (20 mL) of
tert-butyl  () [(16,5R,6S)-6-(aminomethyl)-2-ethylbicyclo[3.2.01hept-3- 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 chloride to obtain the compound of interest as a gray solid
(3.17 g, 80%, Major/Minor=3/1).  (41-h) ()[(15,5R,6S)-6-(aminomethyl)-2-
ethylbicyclo[3.2.0]hept-3-en-6-yl]acetic acid        ()[(1.5,5R,65).-6-(aminotethyl)-2-
eLnylbicyclo[3.2.0]hept-3-en-6-Yl]acetic acid ptoluenesulfonate (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 



- 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) ()[(1R,5S,6S)-6-(aminomethyl)-3- vinylbicyclo[3.2.0jhept-3-en-6-yl]acetic acid  (42-a)
()-(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-2,71- [3]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 overnight at room temperature, and tetrahydrofuran (200 mL), water (6.8 mL), a 15%
aqueous sodium hydroxide solution (6.8 mL), and water (20.4 mL) were 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'- [1,3]dioxolan]-3-ol
as an oil substance (7.78 g, 38%). Dimethyl sulfoxide (9.11 mL, 128 mmol) was added to a methylene
chloride solution (110 mL) of oxalyl chloride (5.50  mL, 64.2 mmol) with stirring at -78C, and the
mixture was stirred at this temperature for 5 minutes. Then, a methylene chloride solution (30 mL) 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 (23.7 mL, 171 mmol) was added thereto, and the
mixture was heated to room temperature and stirred. The mixture was separated into adueous and
organic layers by the addition of 0.1 M hydrochloric acid. The organic layer was washed with 0.1 M
hydrochloric acid, water, and saturated saline and then dried over anhydrous sodium sulfate. The
residue was filtered and concentrated under reduced pressure. Then, the obtained crude product was
purified by silica gel column chromatography to obtain the compound of interest as an oil substance
(6.61 g, 92%). (42-b) ()-(1R,53)-spiro[bicyclo[3.2.0]nept-3-ene-6,2'- [1,3]dioxplan]-3-y1
trifluoromethanesulfonate Potassium bis(trimethylsilyl)amide (0.5 M tetrahydrofuran solution, 96.8 mL,
48.4 mmol) was added to tetrahydrofuran (180 mL), and a tetrahydrofuran solution (85 mL) of
()-(1R,5R)-spiro[bicyclo[3.2.0]heptane-6,21- [1,3]dioxolan]-3-one (6.11 g, 36.3 mmol) was gradually
added dropwise thereto with stirring at -78C. The mixture was stirred at this temperature for 2 hours,
and a tetranydroLuran solution (95 mL) of Nphenylbis(trifluoromethanesulfonimide) (17.3 g, 48.4
mmol) was then gradually added dropwise thereto. The mixture was heated to room temperature and
stirred overnight. Then, the  - 171 - reaction was terminated by the addition of a saturated aqueous
solution of ammonium chloride and water, and the mixture was separated into aqueous and organic
layers, 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
(separation from positional isomers in regard to olefin) to obtain the compound of interest as an oil
substance (4.74 g, 43%).  (42-c) ()-(1R,53)-3-vinyispiro[bicyclo[3.2.0]hept-3-ene6,2'-[1,31dioxolane] 



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 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 (990 mg, 72%).  (42-d) Tert-butyl
()[(1R,58)-3-vinylbicyclo[3.2.0]hept-3-en6-ylidene]acetate  - 172 -
()-(1R,5S)-3-vinyispiro[bicyclo[3.2.0]hept-3-ene-6,2'- [1,3]dioxolane] (990 mg, 5.55 mmol) was
dissolved in a mixed solvent of acetonitrile (16 mL) and water (7 mL). To the solution, 2 M sulfuric acid
(2.60 mL) was added with stirring at room temperature. The mixture was stirred at room temperature
for 7 hours, and the reaction solution was then neutralized by the addition of a saturated aqueous
solution 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%, Major/Minor=2/1) in the same way as in Example (11-e) from the obtained
(1R,53)-3-vinylbicyclo[3.2.01hept-3-en-6- one.  (42-e) Tert-butyl ()[(1R,5S,63)-6-(nitromethyl)-3-
vinyibicyclo[3.2.0]hept-3-en-6-yl]acetate       The compound of interest was obtained as an oil
substance .(670 mg, 7.5%) in the same way as in Example (1-c) from tert-butyl
()[(1R,53)-3-vinylbicyclo[3.2.01hept-3-en-6- ylidenelacetate (710 mg, 3.06 mmol).  (42-f) Tert-butyl ()
[(1R,55,6S)-6-(aminomethyl)-3- vinyibicyclo[3.2.0]hept-3-en-67yilacetate       The compound of interest
was obtained as an oil substance (527 mg, 88%) in the same way as in Example (4-a) from tert-butyl ()
[(1R,53,63)-6-(nitromethyl)-3- vinylbicyclo[3.2.0]hept-3-en-6-yljacetate (670 mg, 2.28 mmol).  - 173 -
(42-g) ()[(1R,53,6S)-6-(aminomethyl)-3- vinylbicyclo[3.2.0]hept-3-en-6-yliacetic acid p-
toluenesulfonate The compound cf interest was obtained as a light gray solid (590 mg, 78%) in the
same way as in Example (41-g) from 



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] (Example 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(triphenylphosphine)palladium (II) chloride (98%, 0.29 g, 0.40 mmol), 2,6-lutidine (1.41 mL, 12.1
mmol), 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
()-(1R,55)-spiro[bicyclo[3.2.0]hept3-ene-6,2'-[1,3]didxolan]-37Y1 trifluoromethanesulfonate (2.42 g,
8.06 mmol) obtained in Example (42-b). The mixture was heated with stirring at 50C for 2 hours, and a
saturated aqueous solution of ammonium Chloride was then added to the reaction solution, followed
by extraction with diethyl ether.  - 174 - 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 (1.78 g, 89%).  (43-b) Tert-butyl ()-{(15,53)-3-
[(trimetnyisilyl)ethynyl]bicyclo[3.2.0]hept-3-en-6- ylidenelacetate      The compound of interest was
obtained as an oil substance (1.50 g, 69%, Major/Minor=2/1) in the same way as in Example (42-d)
from ()-trimethyl[(1R,5S)- spiro[bicyclo[3.2.0]hept-3-ene-6,2'-{1,31dioxolanj yletnynyl]silane (1.78 g,
7.17 mmol). (43-c) lert-butyl ()-[(1R,55,6S)-3-ethyny1-6-
(nitromethyl)bicyclo[3.2.0]nept-3-en-6-yl]acetate      The compound of interest was obtained as an oil
substance (870 mg, 60%) in the same way as in Example (1- ) from tert-butyl ()-{(15,55)-3-
[(trimethylsilyl)ethynylibicyclo[3.2.0]hept-3-en-6- ylidene)acetate (1.50 g, 4.98 mmol). (43-d) Tert-butyl
()-[(1R,55,68)-6-(aminomethyl)-3- ethynylbicyclo[3.2.0jhept-3-en-6-yl]acetate 



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-yi]acetate (870 mg, 2.99 mmol)..  - 175 -  (43-e)
()[(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)
()[(1R,53,62)-6-.(aminomethy1)-3- ethynylbicyclo[3.2.0]hept-3-en-6-yliacetic acid       The compound of
interest was obtained as a light brown solid (371 mg, 83%) in the same way as in Example (41-h) from
()[(1R,53,68)-6-(aminomethyl)-3-ethynylbicyclo[3.2.0]hept-3- en-6-yilacetic acid p-toluenesulfonate
(821 mg, 2.17 mmol). [0151]       The physical analysis data of the compounds described in the
Examples is shown below.  - 176 - [Table 2] 1 Example No. Analysis data 1(1-a)
1H-NMR.(400MHz,CDC13) :d ppm:2.21-2.26(2H, m), 2.32-2.37(2H, m), 5.01-5.08(2H, m), 5.75-
6.87(211, m), 7.03-7.11(1H, m). 104)) 



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(I11, 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. I.45(9H, s), 1.53(114, dd, 1=7.5, I2.9Hz ), 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 I.4Hz), 5.65-5.67(IH, m), 5.95(IH, dd, 3"--1.6,
5..9Hz). 1(1-d) 1H-NMR(400MHz,CDCI3) :d ppm. 1.39-1.49(IH, m), I.44(9H, s), 1.97(IH, ddd, 3=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(1H, m), 2.75(111, quint..1=7.4Hz), 2.88(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(1H, ddd, 7=2.6, 7.6, I2.5Hz), 2.17(1H, dd,J=2.6, I6.8Hz), 2.49(2H, s), 2.48-2.56(IH, m),
2.86(1H, quint, 1=7.6Hz), 3.15-3.16(1H, m), 3.18(1H, d, 1=12.7Hz), 3.22(IH, d, 7=I2.7Hz),
5.75-5.78(111, m), 5.91-5.93(I11, m). IR (KBM : cm-1: 2953, 2896, 2840, 1635, 1573, 1504, 1395,
1174, 724. MS (El): rn/z : 181 (M)+. Anal. calcd for CI OHI5NO2: C, 66.27; H. 8.34;N, 7.73; Found C,
65.13; H, 8.31:N, 7.64. 2(2-b) IH-N1vIR(400Mliz,CDCI3) :d ppm: 1.39-1.49(1H, m), 1.44(9H, s),
1.97(1H, ddd, 7=2.8, 9.0, 11.714z), 2.14(11-1, dd, 7=2.3, 16.8Hz), 2.25(IH, d, 7=I3.7Hz), 2.32(111, d,
J=13.7Hz), 2.47-2.55(111, m), 2.75(1H, quint, 1=7.4Hz), 2.88(2H, s), 2.98-2.99(1H, m), 5.77-5.79(111,
m), 5.87-5.89(IH,m). 



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, I2.5Hz ), 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), 5.9I-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 for 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, 1=14.0Hz), 2.28(I11, d, 7=14.5Hz), 2.46-2.55(111, m), 2.80-2.91(IH, m), 3.02-3.08(1H, m), 3,36(IH,
dd, 7=6.2, 14.1Hz), 3.45(IH, 66,1=6.6, 14.0Hz), 5.72-5.76(I11, m), 5.85-5.89(1H.m). 3(3-b)
111-1NMR(400MHz,CD30D) :d ppm. 1.49(111, dd, 1=7.6, 12.5Hz ), 2.06(1H, ddd, 1=2.6, 7.6, 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), 3.18(IH, d, J=12.7Hz), 3.22(IH, d, 1=12.7Hz), 5.75-5.78(1H, m), 5.91-5.93(1H, m). IR (ICBM :
cm-1: 2900, 1572, 1523, 1383 MS (El) : m/z : 181 (M)+. Anal. calcd for CI OHI 5NO2: C, 66.27; H,
8.34; N, 7.73; Found C, 66.15; 11,8.33; N, 7.75. [a]D : -155(H20, c=1.0) Mp. I92-193C. 4(4-a) 



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=I3.7Hz), 2.47-2.55(I3-I, 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 (4001111z,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 (26,s),2. 48-2. 56(16.m),2. 86 (16,dt,,I=7. 6,16.
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;
It8.34; N,1.73;Found C.65. 31;H,8,43;N.7.75.  [LCD : +156(ICO,c=1.. 0)  Mp 198-199t. 5 (5-5 Mp :
i85-186t  18-.91118 (400-1111z,00300):5ppm:1. 5I. (111,d "5=7. 6,12. 71Iz ),2. 16(1H,Odd,J2.8,7.
6,15. 66z) , 



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. 36z).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(free11)9-.  Anal,calcd for C1O61002C1:
C,55. 17; 8,7,41: N,6.13; Cl"16. 29; Found C,54, 71; 117.43; N,  6. 38,CI :18. 10.  Mr):161- 162t.
16-19M11(10090ii,013300):5ppm:1. 51 (16.dd,3=7. 4,12. 7Hz),2. 12-2, 21(ZH,ni),2. 51 (211.s),  2.51-2
59 (111.ra),2. 89 (16,quint,57.411z),3. 17-3. 18 WI5,a. 32 OHd,J=13. 36z),3. 36(16, 



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) ISppmI 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.oi),3. 72(311.s),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(4001111z,0003):5ppm: 0, 90-43. 94 (311, a),I.
64-1. 74 (Hi, 5.1,93-2.00 (16, m), 2. 24-2. 32 



(113.5,2. 45-2. 6 L(211,5,3. 87-4. 03(III,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 (1H,  5,2. 87-2.
97(III,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 (Hi,Odd.3=2.8,7. 6,12. 9Hz) ,2. 47 (2H.s),2. 49 (In,dd,11=7,6,16.4Hz),2.86 



(16,quint,J=7. 611z),3. 21-3. 22(111.5,4.74(113,61J=11. 711z),4.84 (IR.J=11. 76z),5.25(111  s). 7(7-e)
Mp.188-190t.  111-NSIR (4006111z,00300)1 6ppm:1.40(111,dd,3=7.6,12. 3Hz),1.79(311.s),2. 02-2.
08 (211,la) ,  2.43-2.50(IR.a).2.45OILd,J=16.26z),2.51(16,0,J16. 214z),2.85(III.quint,J7. 68z),  3. 05-3.
12(Hi,5 ,3.13(111,0,3=13. OFIz),3.17(11!,(I,j=13. 0Hz),5.36(18,t,Jr-1,611z).  IR (Or); csrl:
2946,2927,2905.2832,1564,1525.1396,1384.  MS(FAB): 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). 



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 (31{, (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.t.J=7. 41-1z),[.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. 711z),3.(IN,m),22-55.45-5. 17 (111. 



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  4CIo.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. 78z),4.84   d,J=7Hz) ,5.27   :296(M-1-1) -, 



8(8-e)  Mp: 175-1767C.   111-31MR (40011Hz,01)30D):3ppm:1. 10(311,t,J=7. 411z).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.
0Hz),3. 18 (II-1,d,Jt13. 0Hz),5. 38 (11-1,dd.   J=1. 7,3. 7Hz),
IR(03r):cm-I:2962,2928,2897,2877,1559,1527,1403.   



MS(FAR):miz.210(111--H) -,232(61-eNa)+.   Anal.calcd for C121119NO2: C.87'1-1,.6.69: Found
C,C,67,641 H.9   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 5143111ro).   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) 



18411411 (400MHz, CDC13); 5ppm,   Major isomer 0.91(311,t,57.311z),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.
711z),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),I. 48-1. 50 (311, ad , 2. 06-2. 47 (211.ra),2. 57-2. 70   (211,5,2. 87-2.
96(21-1nO,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 



(38.in) ,2. 03-2. 13(211,5,2. 27-2. 29OK5,2. 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. 711z),5.27([11.a).   hip :174 -17   111-MIR
(40431.111z,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. 0Hz),2. 52 OILd,J=12. 0Hz),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=I3. 111z),5. 38 (111.d.J=1. 7Hz).   



IR (Or); cm-1:295,2928,2905,2834,2529,1540,1397,1380,1285.   US(FAR); raiz'224(1118)
1-,2460/11145 +.   Anal.calcdfor C13821NO2 :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: 0. 87H).93 (31-1, In),1. 25-1. 45 (411. 5,1.46 (10  



(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,s),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,O.J=12Hz),5.26(11i.s). 10 (1 ) 1E-WE (4001Thz, CDCP1:15 0.91(3H,t,J = 7),L 25-1.
49(SH. in).1,44 (1811,a),1,95-2.15   (411,5,2.24 (211,dr",5 = 14.21 liz),2. 40-2. 50(Ili,5,2. 75-2. 90
(1),2. 97-3. 03 



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
(1)1,m),3.14(III.ci,J =13Hz),3, 18H,4,5=13Hz),S.s). 113(133r):cm-1:2%7. 2926, 1564.1525, MS(El):o39
z: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. 0Hz), 0.9-I (i somerard,d,J=7, 011z).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,J=3. 1,13. 3Hz),2.48 (isomer.41H,dd,5=3. I.13. 32.51-2.62 2.66 (isomerA1H,
cl.33.911z). 2.82(isomerBLE., d,J=3. 9Hz),3.72 (311.s),4. 09-4. 09 (isomer81H. 



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
somerA1H,ddt,5=10.2,17, 2,7. 0Hz). 11 (11- 111-NPAR(4004412, 20013):5ppol:
0.92(isamerA3H,d,J=7. 011z).0.93 (isomer-83h,a,3=7. 0112),0.95 (Lsomer83H,d..7=7.
0Hz),0,98(isomer4311.d,3=7. OHl) ,1.32-1.37(isomerA1H,re),1. 43L.49
(isomerBUl,m),1.55(isomerk111.d-sept,3.5.7. 0Hz).1.98(isomerB111,d-sept,3=4.1,7. 0Hz), ...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. 0Hz),5.10 (isomerklli.ddd. 3=1.8.3.3,17.
0112).5.81(isomerB1H,in),5.90(isomerk111,ddd,J=7. 0,9. 8,17. 0H2). 11(11-4) 1114818 (411.07(3=6.7
Hz),2.(2,40(Ili,sem,J=. 711z), 2. 75-2. 85H.H.b5.22(1H,hr). 11(11-a) 1H-191102(40041112,0013):
5ppm:ER mixture1.05.ci.,6Hz).1.06(isomerE3H,d, 55. 6192),1,06 (isomerA36112),1.06
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),2,87-2.95 somer13111+1H, m),3.29 (isomer, ddt. J=8. 6,18.0. 2. t), 3. 33-3. 88 (isomerA1H.
is), 4" 26-4. 31 (i semerEIH,ro.),5. 21-5. 23(isomerk1H,it),5, 34-5. 35(isomer13151.a),5. 43-5. 45(i
somer81H.re), 5.45-5. 47 (isomerALH,a).  



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.
411z),2.86(111,quint,37.811z),3.20(111,br)4,75(18,d,J=11. 511z),4.85 (18. d.J=1.1. 511z),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(1H(1,J=13. 7112),2.31wt.d. 13
7),2.40(01.sept,J=6.811z),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 (Ili,dd,5=7.4, ),2. 02-2. 11(211.o)=6. 7Hz).2.48(211,bit),2.52(1H.d,3=7, az),2.85 quint,5=7. 41h)
,3.10Ur),3.15ci,J=13. 0112),3.30 (111,d.5=I3. Oliz),5.37(Ili IR (KC1),mar 1616. 1,1506. 1.1996.2 cm-)
us (1a) in/z: 279(II + Na 9 19e0H),-,268(NI + 2Hz - 1) 4-,246(II -ft RAE (El+)calm' for(m + Na) +1 246.
14700.Found 246. 14815 (1.15 mmu) 12(12-a) 1H-NIER (900MHz, CDC13):5ppm: 0.69 1611.d. J = 7
Hz),1. 1-1. 3 (3H. ra),1. 55-1. 75 (22.10-2.14 (111.ca.),3. 53 (113,dd,J = 6,11 Hz),3.57(1H,dd,5= 6,11
Hz),5. 0/-5. /1(214,)5. 73. 87 



(11i.in). 12(12-c) 1H-1098(900118z.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) (400illiz.CDC1ppm: 0.90 (3H, d, J = 6H. dJ =9H, s). 1.
50-1. 55 1.76-1.83OH,in),2. 02-2. 07(411,to),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 fiz),0.92(3= 6z).1. 40-1. 50 (211, a), 1,44 (18E,s).1,75-1.81.1. 95-2. 05 (5H. 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) 



1.H-N640. MOW. op90d.3 = 6 Hz),0.92( (311,d,J = 6z"1.48:.dl,7 1.31(1H.sep,= 6 Hz),2. 02-2.
08(411.ml,2. 432.5l(311,ml,Z. 3.(ZH.dl,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(El):
MiZ:237(M)+ lip171-174C. b 11-EN1R(4001411z, CDC13): 5pm: 0. 85-0. 92(611,ar),1. 13-1.
33(211.ml,1. 37.2. 12-2. 16 (1H,m),3. 63-3. 69(2H,al),4,99-5. 10(211,m),5.90UN.S.
111-?4IH(4004612..CDC13):6ppm: 0,86-0.96(611,ra),1. 10-2. 05 (411,ml,2. 07-2.
31,(211.m),2,40-2.84 (3H,m),3.72(311,s),4. 03-4. 28(111.ra).497-5 09(911m)55 96(111S. 13 (13-e)
1.11-361112(4001Riz,CDC13):1ppm: 0. 86-0. 97(611.m).mI.972. 31 (211.m),4. 06-4. 26(111,m).4.
99-5, 12(211,ml,5.71-5. 97  111-5111T1(4001111z,C13)1 5ppm:0.83(1somerX3H,at,J=r,
0z),0.34(Issme04 (isomerXZlLd,3=7, 0Hz),1.04(isomerX311.d,3=7, 011z),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). 



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 ( isomerA1H,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 UsomerK3H, al. 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=11- 7Hz), 86 (LH. sl, 3=11, 7Hz ), 5.28(111,s). 13(13-0 1H-ACR(4004111i, CDC13): 5ppm:
0.86 (1.somerDli.t,3=7. 4liz),0.87(isomeral,t. 3=7. 4Hz),L04 (isorserX3H,d,3=7, Oftz),1.06
(isoraertal,d,J=7. 011z),1. 33-1. 51(341.an),1.44(911,a),1, 92-1. 99 UN,m),L 99-2. 06 (111,in),2. 22-2.
29 (111,m),2.25 (LKdd.3=2, 7,13. 711z),2.32 (111,dl,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.'or),5.38(111.no). 13 (1."- ')
lip151-154-e: 111-58.02(40011Hz. MOD):5ppm: 0.87 (isomerX3H,t,J=7. 411z).0.90 asomer(311,t,
3=7. 4Hz),1.06 (isomerX3H, d, 1=7. 0Hz).LOB UsoraerX311. 4. 3=7.0115,I. 39 (111, m),1.44-U 53
(214, to). 2, 00-2. 10 (211,m).2.23 (111,sup,3=6. 6Hz),2.46(111,15,2,49(111,d.3=2.
Okiz),2.85(111.sep,3=7.11+5, 3. 11(111.br),3.14(III,d,J=12. 911z).3.20(111,d,J=12.
911z),5.40(111.4.J=2" 011z). 



MS (HSI+)oi./z:292(1.1 - Na 1- Meal '1,282(11 + 211a - 10+,260(II + 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,or.),4. 13(28.q,J=7. 011z),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=4.. 3, 6. 3,10. 6Hz), 5. 02 (111" an, 3=10. 2,1. 2,L 617a),
5.09(III,ddt,3=1.2.17. 2,1. 611z)"5,87(IR.dddd,3=6,6,7. 8,10.2.17 2112). 1404d) 111-58.11R (40051Hz.
CDCI3):6ppm:1. 11-1. 26(211,m),1. 33-1. 63 (5111,70-2.01 (311,m.).2. 41-2. 73 (211,m),3.72(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(111,m). 14(14-c) 111-5842 (4001111z. CDC13):5ppa. 12-1. 26(2I1,ml.1. 40-1. 67(511,m..).7.
01(311,in),2. 19-2. 27 (2H,to),2. 46-2, 71(211,m),t 25(1H,m),5. 00-5. 03(111,m)8.1(isamerAIR.5, 5.
07-5. 12(iscanerBIH.ri).5. 84-5. 97(111.in). 14(14-f) 



1H-531H (4001111z, am):6Plon:1.36-1.45(211,m),1.54-I. 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(Ili,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(IsomerAIII,add,3=2.9.5. 9,12.
5Hz),3.85(isomerAIbr).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(121I,m),1. 56-1. 72(4H.m.).1,82(211.m),2.08(1H,4,
3=16. 4Hz).2.29( LH.ddd,3=2.7,9. 0,12. 9Hz),2. 46(211,s),2. 49-2. 59(Zit,ra.),2.86(1E1,quint, J=7"
811z),3.20(111.br),'1.74(111,I.3=11. 711z) 4,85(111,d.,J'11, 711z).5.26(114,s).  - 181 - [Table 7]
14(14-i) 1H-NUR (40041FLz,CDC13):5ppm:L. 37'-1.45(1211,m.).L 5E-1. 71(4E, m),1.82 (21m),1.95
(111.odd. j2.7.9.0.I.2. 51z).2. 04(11ml,2,23(11d,3=14. IHz),2. 31(III,d,3=14. 111.2),2.48(114.ml,
2.55(III,quint...T. 6itz),2.73(Ili.quint,3=7. 4Hz).2.85(21s),2.94(111.br),5.83(111.a). 14(14-i) 



MP16,5t(decomPse) : 111-AIR (5003(Hz,CD3C0): 5ppm:I. 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.II. 7Hz),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=I3. 2Hz),3.18(11d,j=13. 211z),5.39(111.s)  IR
(KC1)-1. max1616. 1,1505.2.1395.2 car 1 ;  4S (E51-)raiz:2720,1- Na) ---..250(II - H)a;  HR1L5 (ESI
+)cal cd for(11 + 11) :250. 18070,Found 250. 18174(1.04 mmu). 15(15-a) 1H-NaIR (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 (  ak),3. 87-3. 88(111,m).5,02-3. 09(21in).0. 28-5. so (al.a),5. 80-5. 901111,m). 



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, 2.11z).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. 411z), 2.36 (111, quint, j=7, 61z),  2. 88(211,0,6. 7Hz),3.
22-3. 23 (111.m),4.75(I/0"1=11. 7fiz).4.84 (Li,d.J=11. 7tiz) ,5, 05-5. 1  (211.ni),5. 32 (1 H.s),5. 81-5. 91
(1H,m). 15 (15-d) RP':175-176t  1H-WR (400MHz. CD300):3ppm:1.49(11dO,57.5,z),2. 03-2. 09
(211,2.46(11d.  516.211z),2.49(11dd,3=8. 7,15. 5Hz),2. 51 (.nz(  (1,3=5. 0Hz),3. 10-3.12 (1H,m).3. 14
(111,d,J13. 1H19 (1H,0.,0-5. 0 



5. 42(111,d,3=1. 71z),5. 94-5. 84 (11m) -  Illalr):cm-1 :
2946,2900,2835,1563,1542,1525,1397,1363.910,653.  MS(EI):Luiz:221(S)*.  Mal.died for
C131119NO2: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(11El,3=7. 011z),4.19(2K,q,3-4.98.a.and 5.05
(total  al,each dd.3=1,5.3. 111z,1. 6,3. Ittz.1.6.3.2Hz and1.5,_ 16(16-b) 1H-NIIR (41Hz,
COC13):5ppm:1.20 and1. 23 (total311.each d,3=7. 0and7. 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.and08 (total 21each ni)5 77-5 89 ( Ill, 



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):3PPmI. 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 (111,d,316. 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) lti-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, 



m),2. 55 (2-1s),2_ 57-2. 68 (31m).5. 52-5. 56 (1H.m).5. 67-5. 90(1H,in).  byproduct : 1H-I41R
(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).L54-1.62(41{.m),  2. 00-2. 20 (21. m), 2. 55 (21s).
2. 55-2. 69(7E.m), 3. 28 (111. 40, 35.4.7Hz), 3.62(111. dd. J=6.9,  13. 2.11z),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 (coral lit each m) , a 44 (11 dd, 5=7. 3"15.21W, -. 52
(211,s),2. 52-2.59 (1H,  a),3. 19 (11d.3=13. 21z),3.32(11d.j=13. 2Hz),5. 74-5. 80 (211,m). 



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. II 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 



111,(a),2. 45-1 55(111.si),2- 86-2. 95(111,m),3. 30-3. 36(111.to),1. 78OH.4..  3 =12 HzE. 59-- 62a),5.
70-5. 77(111.55 4 4C7 Hz),2.(III,d,  Jr 12 Hz),2. 25(1H,d.=z),2. 42-2. 46(Hi,na).2,-3. 2)3.3. -  Iss'5.
65-5. 75.82-5.89(111,a).  H4OD)4(1-_ 2. 10  (11i.42-2.H.az),,a.6(LH,m).
IR(2952.1618.1560,1514.1394  145(El):in/z;196Of) T.  Anal.caled for C11823NO2)(1. 21120: C.66. 50;
H,8.82; N.7.05; Found C,66.55; R,8.60;ri,7.17. 



lIp.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. ,o),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( III of major,of2.11-2.31  (211.si.),2. 16-2. 60(211,3. 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): 



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 (Ili. (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), 



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,to),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.I -=
B. 6 liz),7. 28(211.d.Jr  Hz), 18(18-f) th-NMRWOCI3.o.-(1861,s),2.2.23  Jr 14. 1 Hz), 148-2,58(111,a).
2. 82-2. 96  Jr 6.z),3.43(111,dd,3=6.3,14.1 Hz),4.25(211,hr s),bra),  5H,hr s) 8-g)
111-NMR(CO300,400 MHz) :51.54IR, dd.j = 7. 8,12.5 Hz),),2. 06-2. 17 (211.a), 2.48 



(21{.s),2.55 (111,br dd,3 = 7. 5.16. 4 Hz),2. 88-2. 96 (Ili.m),3.15(111,4,3 = 1Z 9 Hz),3. 15-3. 20
(11I,is),3,22(In,4,5=12,9Hz),4.69(211.s),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,ro),2. 29-2. 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(Ili,is),  5.85(IIId,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,oi), 



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.1c) 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. 88-3. 91(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 MHz) : Major isomer:51. 45(911,s),2.28(111,hr d,J = 16.4
Hz).2. 64-1 74  (211,[a),2. 93-3. 04(11{,ta).3,33(1H,&ItJ = 2.7.8. 6,13.4 Hz),3. 91=1
96(111.m),4.23(211, 



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(11I.m).3. 27-3. 31(111.ml,3.37  Its).4.03(al.s),1.78(III,4,j =11. 7
Hz),4.84(1H,cl,J =11. 7 Flz),5. 56-5. 59(1H,m). 1 lK-81R(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.I = 6.3,13. 7 Hz),3.
12(1H,dd.j = 6. 3,13. 7 Hz),4, 02(211.s).4,99  (Hi,hr5),5.61(111,hrs). 



IL1 111-N111l (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-I(21{,s),5.68(IH.hr 5).  MS(FAB) !. oh:226011 .6 11+.
Anal.Calcdfor C121119NO3: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-a) 1H-N1lR(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. 



(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(Ili.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),  



1.66(3H.hr.s),1 15-2. 30(211,m),2. 40-2- 70(211.m),2. 90-2. 98OH,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(III,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; Ii,3.67;  S.8.41.  IR(KBr):cm-1:1725,1516,1235,1162,1120.  3(El): an:
210(10,--  Mo.186-189t. 21 (2 - 



111-4l(Hz, cpc3):5ppm:L 08(3K.t,5r7,6111),1.39(111,dd,3=7,6,12. 111.2),1.14 (1811,s),   L 98-1 02
(al.m),/ 12(211,q,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
-110.3'(c0.85.Me011).  1H-NMR(4001412, CO300): i5ppm:1. 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.  



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 Cl21119NO2:C.68.87: li.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.Me0H) 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=12. 5Hz),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 C191127N055:
C, 59.82; li,8.41: Found C,59. 16, 11,7. 21: N.4_0 



8. 53.  CD0z 1,H.da.,_.Hz1811,s  1,98-"2, 02(211,ro),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.
711z),5.00(111.broad),5,11.d,j1. 6Hz).  [ 0. 1210 +68. 1(c=1. 37,CHC13) 23(23b) NMR (100MHz.
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 (15.,I.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). 



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,lie0H) - 1H-NICH(C0C13,400 MHz) :61.45(911,s),1, 56-1. 61(Iii,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(Ili,br s),4. 28(211,s),4. 78(111,d,J = 11. 7 11.z),4. 84(Ili,d,J =1. I. 7 Hz),5. 58011,  br s).
24(21-b) 1H-MIR (CDC13,400 34Hz) 



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.s),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. 111z),2. 24(1 ,d.,14. 2 Hz),1 28(1H,ohJ =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(111.0,  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.  



1.9-Th83.(CO300.50051(LH,dd.J = 7. 3.12z2, 02(311.s).2. 09(Ili.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_Ca1cd for C12111910325: C 59, 72: H 7,93;
N 5.80; S 13.29: Found: C 58. 72: H 8.03;5,71; 5  13. 12-  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  



1411z).2. 43-2. 52 (111.m),2-9(13.0(1K.3. 46 (211.m),5. 0 (111,bra),4  m) 25 (2-) 1H-NliR (
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=16. 2.112),2.38(111.quint,j=7. 611z),3. 05-3.
12(114,m),3.13(111,0-  1=13. 011z),3.17(111,d.J=13. 0Hz),5.36(Ili,r._1 =1. 6112).
(R(1.13r):cm-I:2946,2927,2905,2832-1564,1525,1396,1384.  



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,kle0H)  - 185 - :Table 11; 26(26-a)
1.11-51511114001111z,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) 26 (26-1)) 111-N1E (400MHz. 03 OD): 6PM:  I.
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,



En),5. 25-5.30 (111ml,7. 37-7. 49 (3H,m).7. 78-7. 84 (211,m) 26(26-c) 1.11-11MR(4001.111z,0300):
5ppm:  1.40(18,cid3=7.6.12. 311z),1.79(311s),2. 02-2. 08 (211m),2. 43-2. 50(111,in),2,45(111d.
J=16.2112),2.51(Ili,d.J=16. 211z),2,85(1,quint,J=7. Cillz),3. 05-3. 12OH,m).3.13(111,d,  3=113.
0Hz),3,17(111,d,J=13. Oliz),5.36(111.t,5=1. 611z).
IR(123r)1cm-1:2946,2927,2905,2832.1564,1525.1396,1389.  US(RAE):eniz;196(M+11) +,218(M+Na)
+.  Anal,calcdfor C111117INO2*C,67. 66.ft8.78; N,7.17:Fe(und)C,67.46:FL8,59;N,7,25.  [ a I 212 *130.
71`.(c= I. 41,1,1e0H) 27(27-a) 111-NNIR (400).1.11z,CDC13): 8ppm:  



0. 90 (1. 511cl.J=6. Diz), O. 95 (1. 511.d,J=63 411z),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 (111oil 27 (27-d) L11-NIAR (400101z, 0C13):6ppm,  1. 47
(911 s),1. 61 (311s),I. 71 (311,s),2. 04-2. 27 (211in).2. 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:  



1. 46 (9H, s),1- 56 (9H,31,1. 58 (311.s),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 (IllEn),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. 511z),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-e)
18-A03(4001111z,CDC13):6ppm:  1)28 (311,z"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 (111, En), 5, 81(111,d, j15. 611z),  



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 ) ,5. 00-5. 11 (211.ml,5.61-5. 77 (111en),5. 85 (111,d,J=15. 6112).6. 77 (111,dd.  J=6. 77,15. 611z).
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 WI, in), 3. I7-3. 29 011.  m.),4. 52 (111t.JO, 311z),4. 64 (111,t,3-=6.
111z),4. 76 (111d,J=11. 711z),4. 84 (1K,4,3=11. 7/12).?  5. 4-5, 141111,m). 28 (25-d)
111-NIff119001012,CDC13): 5ppm;  



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 (III,to),3. 00-3. 07011,ml,3. 33 (111,dd,3=6.1,13. 9Hz),3. 41
(18.dd,  J6.4,13. 911z) ,4. 52 (111,t.J=6. 314z),4. 63 (111,t,54. 311z),1. 92-5. 03 (111,S. 28 (28-e)
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. 911z),3. 20 (111,d.3=12. 9th).1 10-3. 17 (H,in).4. 50
(111,t,3=6. 311z).4. 64 (111t.J--6. 311z),  5. 46-5. 53 (111,no).  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; F, 8,36; Found: C, 52.85; H, 1 04; N. 6- 22 (  



F,8.39,  - _186 - Table 12] 29(29-a) 1H-AIR(4001111z,CDC13): 5ppm : [.30(311.s).63-1.
71(150(211,5,2.52d 315.95z),2.59(II!,d,3=15. 9Hz),3.50(111.q,3=7. 111z),4.97=10.311d, 3=17
1Hz)7m). 29 (2 (Foak  1fl-N3,IR(400MHz,CDC'5ppm : I. 76 (35,s),2. 35-2. 41(211.ra).2. 76-2. 84(35,
m). 4,  5.46(LH, 29-c) 0CIPPLu : 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): Hinor isomer1.49 (95.s),).2. 15-2. 27 (15m.),2. 17-2. 97
(25,nt) ,2. 7E-2. 85 



-^. 97( LH,m1. 3115.-H.m).55. 50 (15. 29(29-d) . appm:I. 44(iii, dd.72.,12 (11-Ldd,  ,2. 20-2.
25(1H.m),2. 45-2. 5594,  317.75z),2.85(15quint.3=7. 311z),3.16-3.17o)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,J1,2,LI 211z) .3.23(111,dd,3=1, 2,13.z),5.51(15  IR
(Elk): cm-1: 3029. 2950, 2937. 2910,1889, 2842.1631,1589,1500.1396,1186,1021. 680. 603, 



NS(FAB):raiz:196 (M4H)7,218111+Na) -.  Anal.calcd for C111117NO2: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. 811z),1.44
(911,s),I. 41-L 1.6 (Ill,ml,1. 97-2. 05  (25,ml,2.13(25,q,J=7. 85z),128(15.d,J=11. 15z),2.35(IH.d,3=14.
1Hz),2. 43-2, 51(111,  ml,2.76(111,quint.3=7. 611,z),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.172-173C.  [ a 1200 -68. 1`)(c 0, 98,Heal)   111-NMR
(400/111z, CD301)): 5ppm:L. 11(35, t -7=7. 411z),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,co),2.87(LH,quint. J=7. 511z),3. 12-3. 1.3(LH.m),3,28 



(IR.ci,j=13. 411z),3.33(15.4,j13. 411z).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-):oi/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 (211, m). 3. II-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 



(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.to). 32(32-d) 1H-W(4001111z, CDC13) :6ppm:I. 66
(15.dd. 3=4.2,11. 0Hz). 1.82-1.88 (45. ro) .L 94-2. 08 (311" ml,  Z. 42-2. 44(211.m),2.67(1H.d.3-73.
95z),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
4El6914.85:),2.48-2,505  ni). 4. 04-4. 10(15,m),5. 13-S. 17m15thl,J10.2.6  MS(FAB):Iv
z:185(M711)-,207(MfKa) 



32(32-f) 1H-NIIR (400/91z,00013): 5ppm,: Major isomer 1.15(95s),. 79-2. 19(75,ro2. 68-2. 76(111. m),
2. 78-2. 89(III,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. 911z),2.42 (211.s),2.80(15,,a.3=7. 8.11z).,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.ot,3=5. 5Hz).
HS(MAW:raiz:308(1e75)-7346(31+E)-.  - 187 - 



Table 13] 32(32-h) Mp. : 1H-NIIR (40ppn: l. S3(.2.40(1H. P16. 111z), 2.45H,d.P16.
1Hz),2.854,3.1-II111,et. )13.214-z),3.19I.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
C131119NO2: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,raj,1.72-i. 79 (211, to).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 a) . 33(33-c) 1H-NMR(4009(112.C0013): 5ppm: I. 40-1.1.
59-L74 74(8H,m)- 4. 96-5. 02(2H,ro),5. 10(1H.s),5.10(1H.dd.J= L0.6.2Hz)  91ppre:I. 40-l. 74(l),Z. 44-2.
26(219)I.d,j=7. 51Iz). 



.4,10-4.155((II,dci,r-10 z) MS(FIB): miz: 212 33(33- e) 16-11/2111R(100691z,00013):I" 407OH,m),2.
49-2. 51(23.st) , 4. 11-4.17 (1H,sa),5.06(Ili, 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, 0891H,ad,3.87-3.58(119m).5. 49-5, 52 (219ro),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-g)
(9)6ppm: 1. 37-1.66 (8477 thi..2.46(219s)-2. 27-3. 28at),4.75d, =4.1=Hz).5.52(1H,dd,1=2.4,5.
5Hz),5,76(111.ci.J=.5. 5112). 33(33-h) Hp.178 -180t 1H-Nl1R (40011Hz,0300): appra:l. 37-1.46
(211,to),1.I.2.44J=16. 3Hz), 2.49 



(JR.4.3=16. 3112),2.57 (119.dd,3=3.1.14. 5Hz), 2.85(111.in=7. 511z).1.14LH. d, J=13. IHz),
3.20(111,d,3=13. 1Hz),5. 62-5. 6-4(111.co),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,z,J=7.Hz),1.65-1.92(411,in),1. 97-2. 13(219m), 2. 17-2.
29(211.m),2.134idd,J=4. 9,6. 8,11. 7Hz),2.17-2,54Oltro.),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 1.48(isoruerA98,a),isomerB9H,a),1. 77- 2. 45-2. 72(211,m).2. 91-2. 99(isome,a),3. 00-3. 06lilt
A H,ddt,,L=8. 8,19. 0,2. 9Hz).3.90(isotoerA1H,br),t33(isomerB111,lar),a.
(isoaerAlh,5.38(Isomer/31Kb),5. 45-5. 48(isomer61H.a),5. 48-5. 51(isomerAlli,m) 34 (34 e)
1H-N1(R(59011Hz,02013):5ppm:I. 49 (9H,s).89tu), 2,33 (111, ddd, .1=2- 9.8. 8,12. 7Hz),2. 96-1
54(311.m),2.90-7. 3.(111,m),3.25(119 



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 (21I,ro).2.21(111.d,P13. 7Hz),2,28(1K,d,3=13.).2.40
(IH,854,3L2.7.8,z).2,10 (1H,quint.J=7. 811z).2.31(211,s),2.91(Ilibr),2. 95-3. 03)( 34(34-g) lip,157-159t
111-MR00 300)ppm:3.50(III,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=7.811z),3.08(111,quint,3=8, 3Hz),3. 14((H,br) 3.17(1H,d,3=12.
7Hz),3.21(111,d.3=12. 7Hz),5,40(111,br). IR(KC1):cm-I: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, C0013) : 6pmss: Ell mixture 1.02-1,09 (KC, ml, 2.14-2.26 (411. m), 2.61 (i
somerA211, q, 1=7. 9112). 2.68 (isomer8211.dd. J=7, 4, B. 211z) . 3.57 (311, s). 1.92-6,07 (211.
m),5.61 (isooterA1H, a),5.64(isomerB1H,a) ,5. 73-5. 89(111.a).  - 188 - [Table 14] 



35(35-b) 111-NIAR(500-11Hz ,C0C13): 8ppm:ECmixture1. 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,C0CI3)'-' 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(I)i, ddt.J=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-I4IR (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,ddd,J2.4,8.8.12. 7Hz) ,2.50(III,4f=17. 1112), 2.53-'2.60 ((Ft.to),2,87
(111.quint.J=7. 13Hz) ,3. 28-3. 32(111.m),4.83 (18,d, J=12_ 2112),4,95(Ili. 4.1=12. 211z).5.60(111,br
). 35135-e) 111-NIER(50011112,CDC13):6ppm:1,09 (311.t,J=7. 382),1.45
(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 ,2.29(nt4,J=13. 71-12), 2. 35 (18,d,j=13. 7Ftz),2. 49-2. 58 (LH m),2,75 (1(1,quint,3-7.
8112),2.90 (28,s).2, 93-2. 97 (18, hr),5,54(111,s). 35(35-f) Mn.152-155tI: 



1H-NIIR ( 500MHz,0300):5ppm:1,10 (311,I.,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 (1Hquint, 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) caIcd for(M -- H) +: 210. 14940.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(114.J =16. 6 112),2.20(211. q,J = 7, 3 Hz),2. 26(1FL.ddd..1 = 3. -4,7. 8.12. 7 Hz),2.
55O(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,1 = 13. 2 Hz),3.68(111. d,J=13.2 Hz),5.32(111,s). 18(1(d) :cm-1:1700,1443,1246. 145 (651.)
1raiz:22604  Wt, HRICS (ES 1+) 1calcd forCM + 11)-r: 226. 14432.Found 226. 14259(-1. 72 mmu).
Anal. caked for C121120803C1: C, 55.06H.7.70: N,5.3S0,18.34: Cl,13.54.Found C.53.67: H,
7.71:8,5.36;0,18.09;Cl,13.50. 



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,oa).2.20(18,q.j = 7.3Hz),2.54(111,dd,J= 7.3.17.1Hz),2,71 (111.d.I =15,6
Hz), 2.81(111,cl.j =15.6 Hz),2.95(211,a),2.96(1li,m),2.04OH.lath5.12(111.s). 513 (831+): ra/21 254(JA
+ 2Iia -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:EIZmanure1.31(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 somerB1H,dt,3=17.6,2.
782),2.91(isomerAlli.dr..,J=1/3" 0,2. 382),2.93 (isoroerA111, dt, 3=18.0.2. 3Hz),3. 45 (isomerAlli.
br),3.87(asmerelli. br),5. 53-5. 55 (isomer/31H. in).5. 57-5. 61( i somerA IN,m),5,57-5.
60(isomerB2H,nt),5. 74-5.82(I somerA211,el). 38(35-b) 1H-N10,(5001tHz, 0613) : 5ppm: 1.31
(isomez-53H, s),1.35 (isomerA3H, s).1.45 (IsomerA911, s), 1,46 (isomerB9H,s),1.73(isomerB1H,cl.
j=13. 282).1.96(Isomer/11FL4,J=13. 21(2),1.91(isomerA1H, dd.1=2. 0,13.2Hz),2.10 ( i
somerB111,dd,j=2. 4,13. Z-12),2. 24-2,38 (2(1,m),2.17(isomerA2H,s), 2.7$ (isomer82H.a),2.86
(isomer61H.br), 2.89 (isolaerAIH.br), 4.. 55 (isomerA1H,4. 3=12. 7112). 



4.62 (isomerALH.4,3=12. 7Hz),4.81 (isomer131H, d,1=11. 7112),4,94(isome_r5111,d.,J=11. 7142)
,5.06 (isomerA111,alt.3=7.8.2. 4112),5.72-(isomerBIli,dt,J=7. 8,2. 4112),5.90()somerAIH,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 (isomer133H. 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. 282),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(isomerA1H,4,J13.
28z),2.94(isomerA1H.cl.3=13. 2Hz),5.70 (111,br),5. 82-3, 83(IR, ad .  - 189 - [Table 15] 38(38-d)
Hp.177-178'C: 1H-NMR (400Maz,CO300), appm:1.33(i
somerA3H,s),L36(isomer1331-1:0,1.71(zsoiaerAIH,d, J=12. 56z),1.76(israiterBIH.d,j=12.
5Hz),1.89(isalmi-A1E1,d,J12. 511z),2.21-2.231 i sonterfilH, ad , 2. 25-2. 28 (isomerAIH, ra), 2. 33-2.
37 (isciaerAIH, m), 2. 39-2. 41 (isonierB1H, a), 2.48 (1 somer821-1, a),2.70 (1 soraerBIH,br),2.76(i
somerB1H,d,J=15. 6Hz),2.79(i sornerALH,br) ,2.85 (isomer81H,   



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(HI,a),5.88( isoaerAlli,ddd.J=2. 0,3. 5,5. 91-1z),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-Me0H) -,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) 



1H MIR. 400 MHz): Two isomers,  a1. 16(1. 5H.d,J -4 7. 4 Hz)and1. 3-1(1. 511,d.J -4 7. 0 Hz),1.46(4.
51-I,s)and1.49(4.55.s),  1.61-1.72(111.a),2. 30-2. 38(III,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. 2H,d,J = 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  



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. El(0.311,   cl,J =
11. 7 Hz),1. 76(0. 411,cl,J =12.!Hz)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(III,   na),2. 26-2. 36 (211,ra),2. 40-2. 47(211.m).2. 97-3. 03(111,in),3. 18-3. 22 (0. 411,m)and 3,31
(0. 611.   dt,I = 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,  



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(El)
: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. 



IF!(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),I. 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 liz),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 Hz),3.47(111.dd,J = 6. 3,14.5   Hz),2.72(111.hrs).5. 31-5. 33(111.Ea).
40(40-b) 15 NUR(C3C13,400 MHz)) 



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). 0 (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(111,a),2.51(211,s),2.77(3H.s),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). 



MS (FAB) : tan: 224 (M(free)+ 10+.   Anal. Calcd for CI3H22.NO2C1: C 60. 111 H 8.54; N 5.39;
Cl13.65; Found: C 56.70; H 8.43; N 5.32;   Cl25.67.   IR (101r) : Cr!:2965.1714,1467,1208,1020,788.
41(41-a) Ifi MIR (CDC13,400 MHz):   80.04(611,s),0. 87(311,z,J = 7. 4 Hz),O. 39(9H,s),1. 17-1.
30(III,it),L. 51-1. 60(1H,a),   2. 03-2. 11(111.a),3. 49(LH.dd,J = 6. 3,9. 8 Hz).3.53(1H,dd,3 = 6. 3,9. 8
Hz),5. 00-5. 03(1K, 



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. 4 Hz).1. 29 (39,t, I = 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.q.1= 7. 4 Hz),4. 97-5. 05(29,26,5. 53-5.62(11I,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).1.421.50OILit),2. 05 -2. 12(11-1"os),2. 20-2, 27 (Ili.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 :  



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(III.
m),2.97-3.07(111,20,3.25-3.33(114,m) ,3, 86-3. 90MI-a),5.45-5.50OH,r2),5. 57-5. 63OIL
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.s),2.40-2.43(114.20,2.65-2.68(19.  a) ,2, 78-2. 86(Ili.a),2. 523-2.
96(19,a),4. 30-4. 33(III,a),5. 36-1 38(111,it),5. 65-5. 68(111,  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(1I,ddd.  



I = 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,J =12. 5 Hz),4. 60(19.d.J =12. 5 Hz).5.59-5, 62(111.  o),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.  



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(Ili,del,I = 7.8.12. 2 Hz),2. 22(111.cl,J = 13. 7 Hz),2.29(Ili,d,  j = 13.7
Hz),2.29-2.32(IFI,a),2.53-2. 59(19.m),2. 67-2. 71(19,m),2.88(211,s),5. 69-5, 74  (211,21). 41 (41-g) Ili
NIIR(03300,.100 MHz):  Major isomer :  



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 (Ili,&HI,
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(III.d,I =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, 0 Hz),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,I = 6. 7,13. 7 Hz),1. 51-1. 88(211,  m).2.37 (3)1,s),2.49(29.s),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(Ili.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 :  



60.85(39,t,J = 7. 4 liz),1. 19-1. 27(111,a),I. 27-1. 35(19,2).1. 48(111,ad,I = 7, 4,12.5
Hz),3.05(111,cldd,J = 2_ 7,9.0,12.5 Hz),1311"2.37OHm).2.47(29,s),1 51-2, 57(19.22).  3.
12-3.24(311,a),5. 76-5. 78Illi,nil,5, 92-5. 93(19,22).  Minor isomer:  30.90(39,t,37.4  Hz),I. 35-1.
42(111.m),1. 55(111,ild"J = 6. 7,13.7 Hz).1.72OH,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. 02  (11-1,m).3. 12-3. 25(39,m).5. 70-5. 72(111.Ea).5.
76-5. 78(LH,m).  643(EI) :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(IiHr) :cm-1:2958,2541,1621.1511.723.  



- 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(lti,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 (C0C13,400 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(CDC12.400 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(I11.dd"r=10. 2,18.0 Hz). 



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(III, 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-c) Iii 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 



(211.s),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) lB
NAIR (CDC13,400 MHz) :  1. 44(911.s),1. 49-1. 48(111,e),2.01(III.&id,I= 2. 4,S. 6.12,1 Hz),2.24(111,4,j
= 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(111.ml,6.66(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,J = 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,a),3,31 



(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,Id,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 liz),5. 12-5. 17(211,m),5. 75(111.bra),6. 67(111,dd"1 =LI, 0,  17,6 Hz),  MS(FAB) : Ion:
208(,44-H)*.  Anal.Caled for Cl2H171132: C 69, 54; H 8.27;N 5.76;Fotmd ) C 68,74: H 8.10; N 6. 713. 



I(Br) 1cm-1:2905.2648,1634.1525,1397,896. 43(13-a) 1H ,3.400 MHz.) :
o0.19(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(III.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 :  1O. 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. 91-3. 00  (111,ml,3.31(LEI,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). 



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(UI. 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. 2 Hz),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.cl,J = IL 7 az),6. 09-6. 05OH36.  - 192 - [Table 18]
400 MHz): 



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 s)3. 06-3. 11 (111, m). 6.19-6.2 C1)303, 400 MHz): 5 1,58 (111. dd. j = 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), 7.23 (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), 3. 22-3. 26m), 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, 1397, 1063, 665. [0152] (Preparation Example)       5 g of the compound of Example 21, 90 g of
lactose, 34 g of corn starch, 20 g of crystalline cellulose, and 1 g of magnesium stearate are mixed
using a blender and then compressed using a tableting machine to obtain a tablet. [0153]  (Test
Example 1) Construction of human calcium channel subunit a261 (hereinafter, referred to human
Cacna2d1) gene expression plasmid, and preparation of human Cacna2d1- expressing cell membrane
fraction 



a) Construction of human Cacna2d1 expression plasm id pRK/hCacna2di a-I) Preparation of DNA
fragment      The human Cacna2d1 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. PCR 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 half fragment, primers having the following sequences: Primer 3: 5'-aatgggtatt actttgcaat
cgatcc-3' (SEQ ID NO: 3), and Primer 4: 5'-agtoggatcc toataacago cggtgtgtgc tg-3' (SEQ ID NO: 4)
purchased from SIGMA GENOSYS. The PCR reaction was performed for both the first half and
second half fragments using a thermal cycler (GeneAmp PCR System 9700 (Applied Biosystems,
Inc.)) through a process involving heating at 94C for I minute, then 35 thermal cycles (94C for 15 sec.,
60C for 30 sec., and 68C for 2 min.), placing at 68C for 5 minutes, and cooling to 4C. [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 (TOYOBO CO., LTD.). The second half fragment was digested with
restriction enzymes Clal (TOYOBO  - 194 - CO., LTD.) and BamH1 (TOYOBO CO., LTD.).
Subsequently, these fragments were purified using a reaction product purification kit (MiniElute
Reaction Cleanup Kit (QTAGEN)) according to the protocol included in this kit. [0155] a-2) Preparation
of vector 



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 further dephosphorylated using calf intestine alkaline
phosphatase (hereinafter, referred to as CLAP; mAKARA BTO INC.), and the fragment was then
purified using MiniElute Reaction Cleanup Kit (QTAGEN). Then, this enzyme-treated DNA was
electrophoresed on 1.0% agarose gel. After the electrophoresis, the gel was stained with ethidium
bromide. Then, a band portion corresponding to approximately 4.7 kbp was separated under UV
irradiation using a razor blade. DNA was extracted therefrom using a gel extraction/purification kit
(MiniElute Gel Extraction Kit (QIAGEN)) according to the protocol included in this kit. [0156]      To
obtain a DNA fragment corresponding to the MCS of pBluescript 2, pBluescript 2 was treated with
restriction enzymes Sad l (TOYOBO CO., LTD.) and Konl (TOYOBO CO., LTD.),  - 195 - and both the
ends of this DNA were then blunt-ended using Klenow fragment (TAKARA BID INC.). Then, this
enzyme-treated 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 pRK5 were ligated using a DNA
ligation kit (TAKARA BIO INC.) according to the protocol included in the kit. With this reaction product,
E. Coll DH5a competent cells (TOYOBO CO., LTD.) were transformed to obtain ampicillin-resistant
colonies. Some of the colonies were collected, and the collected colonies were then cultured. From the
obtained bacterial cells, a plasmid was extracted and analyzed for its nucleotide sequence using a
DNA sequencer (Model 3700 (Applied Biosystems, Inc.)) to confirm the introduction of the MCS
sequence in the pRK5. In this context, a vector in which, when the CMV promoter is viewed as being
located upstream, the MCS sequence was incorporated such that it was oriented in a downstream
direction as follows: 5'- ccaccgcggtggcggccgctotagaactagtggatccccogggctgcaggaattcgatatc
aagottatcgataccgtogacctdgaggqggggccog-3' (SEQ ID NO: 5) was designated as pRK-SK, and a vector
in which the MCS sequence  - 196 - was incorporated in an orientation opposite thereto was
designated as pRK-KS. [0158] a-3) Construction of plasmid      The pRK-SE obtained in paragraph
a-2) was treated with a restriction enzyme Xbal (TOYOBO CO., LTD.), and both the ends of the DNA
were blunt-ended using Klenow fragment (TAKARA BIC INC.). Theant-ended DNA was further
digested with a restriction enzyme Notl (TOYOBO CO., LTD.) and purified in the same way as in
paragraph a-2). This pRK-SK thus made linear and the first half DNA fragment of the human
Cacna2d1 gene obtained in paragraph a-1) were electrophoresed on 1.0% agarose gel, and DNAs of
approximately 4.7 kbp and approximately 1.5 kbp were extracted from the gel and purified in the same
way as in paragraph a-2). The obtained two DNAs were ligated in the same way as in paragraph a-2),
and E. coil was transformed with the ligation product. From the obtained E. coil Clones, a plasmid was
extracted and analyzed for its nucleotide sequence using a DNA sequencer (Model 3700 (Applied
Biosystems, Inc.)) to confirm the introduction of the sequence represented by SEQ ID NO: 6 therein.
Next, the obtained plasmid was treated with restriction enzymes Clal (TOYOBO CO., LTD.) and Bamlil
(TOYOBO CO., LTD.), and CIAP treatment and purification were performed in the same way as in
paragraph a-2). This plasmid DNA thus made linear and the second half DNA fragment of the human
Cacna2d1 gene obtained in paragraph a-I) were electrophoresed on 1.0% agarose gel, and DNAs of  -
197 - approximately 6.2 kbp and approximately 1.8 kbp were extracted from the gel and purified in the
same way as in paragraph a-2). The obtained two DNAs were ligated in the same way as in paragraph
a-2), and E. coli was transformed with the ligation product. From the obtained E. coil clones, a plasmid
was extracted and analyzed for its nucleotide sequence using a DNA sequencer (Model 3700 (Applied
Biosystems, Inc.)) to confirm the introduction of the sequence represented by SEQ ID NO: 7 in the
vector oRK-SK. The obtained plasmid was designated as pRK/hCacna2d1. [0159] b) Obtainment of
human Cacna2di-expressing 293 cell line 



293 cells were transfected with the human Cacna2d1 expression plasmid pRK/hCacna2d1 constructed
in paragraph a), and a cell line stably expressing human Cacna2d1 was obtained with human
Cacna2d1 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
0g of a neomycin-resistant gene expression plasmid 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 for 2 weeks in 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
successfully formed colonies were isolated. After expansion culture, the cells were collected, and the
cell lysate was evaluated by Western assay to obtain a human Cacna2d1-expressing 293 cell line. In
the Western assay, anti-hCacna2d1 antibodies (Chemicon Inc.) were used as primary antibodies.
[0161] c) Preparation of cell membrane fraction of human Cacna2d1- expressing 293 cell       The
human Cacna2d1-expressing 293 cells obtained in paragraph b) were cultured in large scale in OMEN
(invitrogen Corp.) supplemented with 10% fetal bovine serum (Cansera International, Inc.) and 500
4g/ml 0418 (invitroden Corp.), 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 MOPS (pH 7.4), 10mM HEPES (pH 7.4), 100 mM NaC1Y to prepare a membrane
fraction preparation buffer. The collected cells were washed with the membrane fraction preparation
buffer and then homogenized using an ultrasonicator. Then, the homogenate was centrifuged at
12,000 rpm at 4C for 1 hour using a centrifuge. The supernatant was discarded, and the precipitate
was suspended in the membrane fraction preparation buffer. The procedure from the ultrasonication
using a ultrasonicator to the suspension of the precipitate after centrifugation was further repeated
three times, and the obtained suspension was used as a human Cacna2d1- expressing cell membrane
fraction. The total level of  - 199 - proteins contained in the membrane fraction was calculated from UV
absorbance at a wavelength of 280 nm. [0162]  (Test Example 2) Construction of detection system for
binding reaction between Cacna2d1 and Gabapentin (hereinafter, referred to as GBP), and detection
of Cacna2d1/GBP binding reaction inhibitory activities of compounds of Examples a) Construction of
detection system for binding reaction between Cacna2d1 and GBP      The human Cacna2di-express
ng cell membrane fraction and GBP labeled with a radioisotope 3H (hereinafter, referred to 3. as
h-GBP; Tocris Cookson Ltd.) were diluted a binding  



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 involving the addition of 350 41 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 41 of Microscint 20 (PerkinElmer Inc.), the upper surface was also sealed, and radiation
derived from the radioisotope 3H remaining on the filter was counted using TobCount (PerkinElmer
Inc.). From the obtained value, a  - 200 - value obtained by adding unlabeled GBP (SIGMA-ALDRICH
INC.) at a final concentration of 20 4M to the present assay was subtracted as that derived from
nonspecific adsorption, and the obtained value was used as the specific binding level of 3H-GBP to
Cacna2d1 (unit: "count"). [0163] b) Detection of Cacna2d1/GBP binding reaction inhibitory activities of
test compounds       Each test compound was added at various concentrations to the Cacna2d1/GBP
binding reaction detection assay constructed in paragraph a), and the binding level was measured by
the method described in paragraph a). Then, with the Cacna2d1/GBP specific binding level obtained
by the addition of the compound at a concentration of x nM defined as "binding level [x]" and the
Cacna2d1/GBP binding inhibitory rate thereagainst defined as "inhibitory rate [x]", the inhibitory rate
(%) was determined based on the following equation: Inhibitory rate [x] (%)=(1-(binding level
[x]/binding level [0]))x100, wherein the binding level [0] refers to the binding level of 3H-GBP obtained
without the addition of the compound. The inhibitory rate was plotted against the concentration. From
this result, an "IC50 value" was calculated, which is the concentration of the test compound necessary
for inhibiting 50% of Cacna2d1/GBP binding. The test results of the test compounds are shown in
Table 19. [0164]  - 201 -  19]   



Example-1050 (nM)   1;1   12 127     24   6  26  



36   8 128   9 132   10 28   11  



89   12  32   .5  200     55     



73   16  65   17  120   18  670   20  



100   21  14   22  10   23  41   24  



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 compound 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
modification of the method of Takasaki et al. (Pain 86 95-101, 2000) to confirm the effect ofe test
compound on 



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 a pain score.       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 2 exhibited 1050 of 10.A mg/kg. (Test Example 4) Thermal nyperalgesia assay       In the
present invention, ice and rats suffering from thermal hyperalgesia 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 to withdrawal behavior such as
licking or shaking of the paw is measured. (Test Example 5) Cold plate test  - 203 - In the present
invention, mice and rats suffering from cold allodynia are used in evaluation.       The evaluation of cold
allodynia 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 observable 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 predetermined by a person in charge of the test. The total number of writhing
behaviors is counted for 10 minutes (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 liquid paraffin, followed by ultrasonication.
This adjuvant (100 4g/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 person
in charge of the  - 204 - test, and the number of vocalizations (0-5) is recorded as a 



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 Example 9) 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 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 of the present
invention can be confirmed by evaluation according to methods described in the following homepage
of National Institutes of Health (NIH), US: NIH HP: Antiepileptic Drug Development (ADD) Program
(http://www.ninds.nih.gov./funding/research/asp/addadd_review .pdf) Industrial Applicability  - 205 -
A compound of the present invention or a pharmacologically acceptable salt thereof can be used as an
active ingredient in a pharmaceutical composition for treating and/or preventing pain or disorders such
as those involving the central nervous system. Free Text for Sequence Listing [0168] SEQ ID NO: 1:
PCR sense primer for the first half fragment of human Cacna2d1. SEQ ID NO: 2: PCR antisense
primer for the first half fragment of human Cacna2d1. SEQ ID NO: 3: PCR sense primer for the second
half fragment of human Cacna2d1. SEQ ID NO: 4: PCR antisense primer for the second half fragment
of human Cacna2d1. 



SEQ ID NO: 5: multicloning site of a vector pBluescript 2.  MCSLLP - 206 - CLAIMS 1. A compound
represented by the general formula (I) 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 pharmacologically 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 a butyl group.  4. The compound according to claim 1 or a pharmacologically acceptable salt
thereof, wherein R2 is a hydrogen atom or an ethyl group.  5. A pharmacologically 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: 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 Cl-C6 alkylsulfanyl-C1-C6 alkyl
group, or a C3-C7 cycloalkyl group.  7. A compound represented 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      R3 is a hydrogen atom, a Cl-C6 alkyl group, a C2-C6 alkenyl group, a
Cl-C6 alkylsulfanyl-C1-C6 alkyl group, or a C3-07 cycloalkyl group. 



8. The compound according to claim 1, selected from the group consisting of the following:
()-[(15/5R,6R)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en-6- yl]acetic acid;
()-[(15,5R,6R)-6-aminomethy1-3-methYlbicycl0[3.2.0]hept-3- en-6-yl]acetic acid;
()-[(18,5R,6R)-6-aminomethy1-3-ethylbicycl0[3.2.0]hept-3-en6-yl]acetic acid;
()-[(1S,5R,6R)-6-aminomethy1-3-propylbicyclo[3.2.0]hept-3- en-6-yljacetic acid;
()-[(15,5R,6R)-6-aminomethy1-3-butylbicyclo[3.2.01hept-3-en6-yl]acetic 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- yl]acetic acid;
[(1S,5R,6R)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en-6- yljacetic acid hydrochloride;
[(1S,5R,6R)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en-6- yl]acetic acid benzenesulfonate;
[(1R,53,65)-6-aminomethy1-3-ethylbicycl0[3.2.0]hept-3-en-6- yl]acetic acid;  MCSLLP - 209 -
[(1R,5S,68)-6-aminomethy1-3-ethylbicyclo[3.2.0]hept-3-en-6- yl]acetic acid p-toluenesulfonate;
[(1R,5S,6S)-6-(aminomethyl)-3-ethylbicy0lo[3.2.0]hept-3-en-6- yl]acetic acid benzenesulfonate; and
[(15,5R,ER)-6-aminomethy1-3-ethylbicyclo[3.2.0]hept-3-en-6- yl]acetic acid.  9. A pharmaceutical
composition comprising a compound or a pharmacologically acceptable salt thereof according to any
one of claims 1 to 8 as an active ingredient.  10. The pharmaceutical composition according to claim 9,
for use 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, neuropathic pain, migraine, pain
associated with osteoarthritis or articular rheumatism, pain associated with contusion, 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 amputation, tic douloureux, neuroma, or angiitis, pain caused by
diabetic neuropathy (or diabetic  MCSLLP - 210 - peripheral neuropathic pain), pain caused by
chemotherapy-induced neuropathy, 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 chemotherapy, occipital neuralgia, psychogenic pain, pain associated with
gallstone, neuropathic or non-neuropathic pain associated with cancer, phantom limb pain, functional
abdominal pain, headache, acute or chronic tension headache, sinus headache, cluster headache,
temporomandibular joint pain, maxillary sinus pain, pain caused by ankylosing spondylarthritis,
postoperative pain, scar pain, chronic non-neuropathic pain, fibromyalgia, amyotrophic lateral
sclerosis, epilepsy (partial epilepsy, adult partial seizure, and partial seizure in epilepsy patients),
generalized anxiety disorder, and restless legs 



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, trigeminal neuralgia, myelomere or intercostal
neuralgia, central pain, neuropathic pain, migraine, pain associated with osteoarthritis or articular
rheumatism, pain associated with contusion, 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
amputation, tic douloureux, neuroma, or angiitis, pain caused by diabetic neuropathy (or diabetic
peripheral neuropathic pain), pain caused by chemotherapy-induced neuropathy, 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 chemotherapy, occipital neuralgia,
psychogenic pain, pain associated with gallstone, neuropathic or non-neuropathic pain associated with
cancer, phantom limb pain, functional abdominal pain, headache, acute or chronic tension headache,
sinus headache, cluster headache, temporomandibular joint pain, maxillary sinus pain, pain caused by
ankylosing spondylarthritis, postoperative pain, scar pain, chronic non-neuropathic pain, fibromyalgia,
amyotrophic lateral sclerosis, epilepsy (partial epilepsy, adult partial seizure, and partial seizure in
epilepsy  - 212 -MCSLLP patients), generalized anxiety disorder, and restless legs syndrome. 15. 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
caused by diabetic neuropathy. 
























