
Description Title of invention: METHOD FOR PRODUCING 3,4-DISUBSTITUTED
PYRROLIDINE DERIVATIVE AND PRODUCTION INTERMEDIATE THEREOF' Technical Field
[0001.]        The present invention relates to a novel method for preparin
an optically-active form of 3-(N-substituted
arninomethyl)-41luoropyrrolidine, which is an 10intermediate useful for
preparing a 7-(34N-substinited atninornethyl)-4-
fluoropyrrolidinyOquinolone carboxylic acid derivative, which is safe,
shows potent antibacterial activity, and also is effective to resistant
bacteria on which conventional. antibacterial agents hardly show their
effects, as well as an intermediate for preparing the same, 1 5 Background.
Art [0002]        Patent Documents I and 2 disclose a
1043-cyclopropylaminortiethyl-4- substituted
1-pyrrolidinyilpyridobenzoxazinecarboxylic acid derivative and a 743- 2
0cyclopropylaminomethy1-4-substituted l-pyrrolidinyOquinolonecarboxylic
acid. derivative, as antimicrobial agents which show excellent
antibacterial activity on resistant bacteria and have high safety, [0003]
These Patent Documents disclose a method for preparing a. useful
intermediate, 2 5(3R,4S)-3-cyclopropylaminomethy1-4-fluoropyrrolidine,
wherein the synthesis pathway of the intermediate requires nine stens,
starting from N-methoxymethyl-NOrimethylsilylmethyBbenzylamine as a
starting material, including fluorination of 3-
azidomethyl-4-hydroxypyrrolidine, and reaching synthesis of (3R,4S)-3-
cyc1opropy1aminometliy1-4-thioropyrrolidine, 30[0004]        Patent
Documents 3 and 4 also disclose improved methods for preparation of
(3R,45)-3-eyclepropylaminomethyl-44luoropyrrolidine. These modified methods
conduct short steps compared to the conventional methods. However, in
Patent  Document 3, all the intermediates are oily products, and are
difficult to purify, In Patent Document 4, since it is necessary to protect
an amino group before the fluorination reaction, an extremely large amount
of time is required to perform protection and deprotection steps, which
leads to a reduction in yield. [0005]        Meanwhile, the prior documents
and prior art regarding the method for preparing fluoroandne from amino
alcohol includes a synthesis method of once protecting an amino group
followed by fluorination and deprotection of the amino group (Patent
Documents 5 and 6, Non.-Patent Documents 1 and 2), but is not desirable
10due to an increase in the number of steps. [0006]        As a prior art
of directly fluorinating an amino alcohol with an amino group being
unprotected, a method using a hydrogen fluoride pyridine complex
(Non-Patent Document 3), a method using a sulfur tetrafluoride derivative
(Patent Document 7), and 15a method using sulfur tetrafluoride and liquid
hydrogen fluoride (Non-Patent Documents 4 and 5) have been reported. [0007]



The method of Non-Patent Document 3 has a problem in that, although. the
yield is relatively high, it takes several days to complete the reaction.
Further, in 2 0Patent Document 7, a sulfur tetra-fluoride, derivative,
(diethylarnino)sulfur trifluoride (DAST), is used. to convert a benzyl
2-hydroxyethylamine derivative into a benzyl 2- fluoroethylamine
derivative, but the yield is as low as 17%. [0008] Non-Patent Documents 4
and 5 disclose a method for obtaining amine fluoride 25by reacting sulfur
tetrafluoride in liquid hydrogen fluoride at -78C. However, since
4-fluoropiperidirte is produced from 3-hydroxypiperidine through
rearrangement at the fluorination position, the optical purity of the
product is decreased when an. optically active starting material is used.
30Citation List Patent Document [0009] Patent Document I W003/078439
Patent Document 2: W005/026147 Patent Document 3: JP-A-2005-239617 Patent
Document 4: W007/102567 Patent Document 5: W005/075426 5Patent Document 6:
JP-A-2008-222578 Patent Document 7: W006/13048 Non-Patent Document 10010]
10Non-Patent Document 1: Journal of Labelled Compounds S.
Radlopharmaceuticais, (2000), 43(10), 1047-1058. Non-Patent Document 2:
Tetrahedron Letters, (1996), 37(43), 7743-7744. Non-Patent Document 3: J.
Chem. Res., 246, 1983, Non-Patent Document 4: Journal of Organic Chemistry,
(1979), 44(5), 771- 1 5777. 3809. Non-Patent Document 5: Journal of Organic
Chemistry, (1975), 44(25), 3808-  Summary of Invention 20Problems to be
Solved by the Invention [0011]        An inexpensive and industrially
advantageous method for preparing high-quality (3R,4S)-3-(N-substituted
atninomethyl)-4-fluoropyrro1idine or it's enantiomer, or their salts, which
are useful as intermediates fir producing pharmaceuticals is 



25provided. Means for Solving the Problems [0012] To solve the above
problems, the present inventors have conducted extensive 30researches on
processes of a novel synthesis method for (3R,4S)-3-(N-substituted
aminometlay1)-4-fluoropyrrolidine or an enantiomer thereof [0013] As a
result, a highly pure (3S,48)-3-(N-substituted aminomethyl)-4-
fluoropyrrolidine derivative was suceessfiffly obtained at a high yield by
fluorinating  (3S,4R)-4-hydroxy-3-(N-substituted aminomethyppyrrolidine,
which has a protective group on the I-position using a. sulfur
tetrafluoride derivative. [0014]        Further, by removing the protective
group at the 1-position of the obtained. (3S,4S)-3-(N-substituted
aminom.ethyl.)-441uoropyrrolidine derivative, an inexpensive and
industrially advantageous method for preparing (3R,4S)-3-(N-substituted
aminomethy0-4-fluoropy1rolidine was found, and therefore the present
invention was completed.. [0015] 10in addition, the reaction proceeds in
the same manner using (3R,48)-4-hydroxy- 3-(N-substituted
aminomettlyOpyrrolidine having a protective group at the I-position, which
is an enantiomer of (3S,4R)-4-hydroxy-34N-substituted
aminomethyppyrrolidine having a protective group at the 1-position. [0016]
15That is, the present invention includes the following inventions,
1. A method for preparing a compound represented by the following general
formula (2) or it's enantiomer, or their salts, comprising:           a
fluorination step of fluorinating a 44hydn"iy-3-(N-substituted
amin.omethyl)pyrrolidine derivative represented by the following general
formula (1) or 20an enantiomer thereof using a sulfur tetralluoride
derivative [0017] [Chem. 1]  0.) 25[0018]        [In the formula (1), PG
represents a protective group for the amino group, and Ri represents a CI
to C6 alkyl group which may be substituted, or a. C3 to CS cycloal.k.y1
group which may be substituted.] [0019] 30[Chem. 2]  [0020j        [In the
formula. (2), PG represents a protective group for the amino group, and
represents a Cl to C6 alkyl group which may be substituted, or a C3 to C8
cycle:alkyl group which may be substituted,]. 



2. The production method describrd in 1 above, thrther comprising, after
the fluorination step:         adding an acid to obtain a salt of a
compound represented  by the general formula (2) or a salt of an
etrantiomer thereof, and lltither purifying the salt, wherein the salt of
the compound. represented by the general formulaor the salt of the
enaritiomer is produced at an -Tine relative purity of 98% or more.
3. A method for preparing a compound represented by the following general
formula (3) or it's enantionner, or their salts, comprising step I and step
2:         (Step I) a fluorination step of obtaining a compound represented
by the following general formula (2) or it's enantiomer, or their salts by
fluorinating the derivative of 4-hydroxy-3-(N-substituted
aminoinethyl)pyrrolidine represented by the ft:flowing general formula (1)
or an enantiomer thereof using a sulfur tetratiuoride derivative; and
(Step 2) a &protection step of obtaining a compound represented by the
following general formula (3) or it's enantiomer, or their salts by
deprotecting the protective group on the amino group of the compound
represented by the following general formula (2) or it's enantierner, or
their salts obtained in step I. [00211 [Chem. 31          [In the formula
(1), PC represents a protective group for the amino group, and RI
represents a CI to C6 alkyl group which may be substituted, or a C3 to C8
eycloalkyl group which may be substituted.] [0023] [Chem. 4]    [0024]
[In the formula (2). PG represents a protective group for the amino group,
and R: represents a CI to C6 alkyl group which may be substituted, or a C3
to C8 cycloalkyl group which may be substituted.] [0025] [Chem, 5]  [0026]
[In the formula (3), R1 represents a. CI to C6 alkyl group which may be
substituted, or a C3 to C8 cycloalky]. group which may be substituted.]
4. The production method described in any one of 1 to 3 above, wherein
water 20or a hydrogen fluoride source is added in the fluorination step.
5. Th.e production method described in any one of I to 4 above, wherein a
sulfur tetralluorid.e derivative is added in the fluorination step after
the addition of the water or hydrogen fluoride source,            6. The
production method described in 4 or 5 above, wherein the hydrogen
25fluoride source is a hydrogen fluoride pyridine complex or a
triethylamine pentahydrofluoride.         7. The production method
described in any one of 4 to 6 above, wherein the hydrogen fluoride source
is the triethylamine pentahydrofluoride.  



S. The production method described in any one of i to 7 above, wherein th.e
hydrogen fluoride source is used at 3 equivalents or more with respect to
the 44hydroxy30-substituted aminomethyppyrrolidine derivative represented
by the general formula (1) or the enantionier thereof in die fluorination
step.        9. The production method described in ally one of 1 to 8
above, wherein the hydrogen fluoride source is used at 4 equivalents or
more with respect to the 44hydroxy3-(N-substituted aminomethyppyrrolidine
derivative represented by the general formula (1) or the enantiorner
thereof in the fluorination step.        10. The production method
described in any one of o 9 above, wherein the sulfur  tetrafluoride
derivative is bis(12-rnetboxyethylIaminosu1fur trilluoride (peoxoF luor).
11. The production method described in any one of I to 10 above, wherein
the protective group for the amino group represented by PG is an
alkoxycartionyl group or an aralkoxycarbonyl group.        12. The
production method described in 11 above, wherein the protective group for
the amino group represented by PG is a bet zyloxycarhortyl group,
13. The production method described in any one of I to 12 above whereinis a
(yr:lumpy! group.        14. The production method described in any one of
I to 10 above, wherein the protective group for the amino group represented
by PG is a henzylokycarhanyi group, and RI is a eyelopropyl group,
15. A hydrochloride of a compound represented by the general formula (2) or
a hydrochloride of an et-motion:ter thereof [00271 [Chem 6]  [0028]
[In the formula. (2), PG represents a protective group for the amino group,
and Ri represents a Cl to C6 alkyl group which may be substituted, or a C3
to CS eycloalkyl group which may be substituted.].     16. A method for
purifying a hydrochloride of a compound represented by the general tbrinula
(2) or a hydrochloride of an enantionter thereof to increase the purity
[Chem. 7]         [in the formula (2), PG represents a protective group for
an amino group, and Ri represents a Cl to Ch alkyl group which may be
substituted, or a C3 to C8 cycloalkyl group which may be substituted.].
10Effects of the invention [0029]        According to die present
invention, a compound represented by the general formula (3) or an
enantiorner thereof can be effectively produced under a moderate condition.
.As a result, a large amount of the compound represented by the general
formula (3) or an enantiomer thereof can he produced inexpensively.
Embodiments for Carrying Out the Invention [0030] Hereinafter, the present
invention will be described in detail. [0031]        The present invention
provides a method for preparing a compound represented by the following
general formula (2) or it's enantiemer, or their salts, comprising a
fluorination step of fluorinating.; a 4-hydroxy-34N-substiruted
aminomethyl)pyrrolidine derivative represented by the following general
formula (I) or an entintiorner thereof using a sulfur tetrallueride
derivative. [0032]   [0033] in the formula (I), PG represents a protective
group for the amino group, and 



RI represents a Cl to C6 alkyl group which may be substituted, or a CS to
C8 cycloalkyl group which may be substituted. In the compound represented
by the general formula (I), it is preferred that the amino group binding to
R1 is not protected, and is a compound other than a salt such as
hydrochloride, [0034] [Chem, 9]  PG [0035] in the general frit13 tula (2),
PG represents a. protective group for the amino group, and Ri represents a
Cl to C6 alkyl group which may be substituted, or a CS to C8 cyclealkyl
group which may be substituted. [0036]        Further, the present
invention provides a method for preparing a compound represented by the
following general formula (3) or it's enantionier, or their salts,
including step l and step 2.          (Step I) A fluorination step of
obtaining a compound represented by the general fininula (2) or it's
enantiomer, or their salts, by fluorinating the 4-hydroxy-3 substituted
aminomethyl)pyrrolidine derivative represented by the general formula (I)
or an enandomer thereof using a sulfur tetrafluoride derivative. (Step 2) A
deprotection step of obtaining a compound represented by the following
general formula (3) or an enantiomer thereof, or salts thereof, by
deprotection  of the protective group on the amino group of the compound
represented by the general formula (2) or it's enantiomer, or their salts
obtained in. step 1. [00371 [Chem. 10] F [0038]          rhts rormula (3),
lb represents a Ci to C6 alkyl group which may be substituted, or a C3 to
CS cycloalkyl group which may be substituted. [00391        In the formula
(I) and the formula (2), the "protective group for the amino group is not
particularly limited so long as the protective group is generally known as
a protective group for the amino group, and examples thereof include an.
aralkyl group such as a benzyl group and a paramethoxybenzyl group, an
alkoxycarbonyl group such as a methoxycarbonyl group, an ethoxyciarbonyl
group, a propyloxycarbonyi group, an isopropyloxycarhonyl group, a
butyloxycarbonyl group, an isobutyloxycarhonyl group and
al-butyloxycarbonyl group, an atalkoxycarbonyl group such as a
benzyloxycarbonyl group, a p-rnethoxybenzyloxycarbonyl group and a
prdtrobenzyloxycarbonyl group, a 1-(alkoxy)alkyl group such as a
inethoxymethyl group,   tnethoxyethoxymethyl group, a 1-(ethoxy)ethyl group
and a methoxyisopropyl group, and an ircyl group such as an acetyl group, a
trifinoroacetyl group, a propionyl group, a butyryl group, a pivaloyli
group, a benzoyl group and a methylbenzoyl group. [0040]        Among
these, an aralkoxyearhonyl group or an alkoxycarbonyl group is particularly
preferred, and an araikoxycarbonyl group is more preferred, Examples of the
particularly preferred protective group include a benzyloxycarbonyi group.
[0041]           In the formula (I) to the formula (3), the "Cl to C6 alkyl
group which may be substituted" means a CI to C6 alkyl group which may have
1 to 5 substituents selected 30from the group consisting of a halogen atom,
a hydroxyl group, a cyan group, a Cl to  CO alkoxy group, an arylox) group
which may be substituted, a CI to CO alkylcarbonyl group, a Cl to C6
alkoxycarborryl group, a Cl to CO alkylthio group, an amino group, a
3110130- or di-substituted Ci to CO alkylamino group, a C4 to C9 cyclic
amino group which may have 1 to 3 heteroatorns, a formylatnino group, a Cl
to CO alkylearbanylamino group, a Ci to C6 alkoxyearbonylamino group, a Cl
to CO alkylstilfonylamino group and an arylstil forozlamino group which may
be substituted. [0042] 



The "Cl to CO alkyl group" means a linear or branched lower al.kyi group.
Examples of the Cl to CO alkyl group include a methyl group, an ethyl
group, a privy] 10 group, a 1-methylethyl group, a I-methylpropyt group, a
2-methylpropyl group, a I - ettodpropyl group. a 2-ethylpropyl group, a
butyl group and a hexyl group. Among these, an ethyl group is preferred.
[0043]        Examples of theto CO alkoxy group" include a methoxy group,
an ethoxy group, a butoxy group and a hexyloxy group, [0044]        The
"aryloxy group which may be substituted" means an aryloxy group which may
have I to :3 substituents selected from the group consisting of a halogen
atom, a hydroxyl group, a CyOri0 group, a nitro group, a Cl to CO alkyl
group, a CI to CO 20alkoxy group and a Cite CO aikylthio group. [0045]
Examples of the "aryioxy group' elude a pherioxy group and. a naphthyloxy
to. [0046]        Examples of the "Cl to Coalkylcarbonyi group'include a
formyl group, an acetyl group, a propionyi group, a butyryl group, an
isobutyryl group, a -yaleryi group and an isovaleryl group. [0047]
Examples of the "Cl to CO alkoxycarbonyl group" include a inethoxycarbonyl
30group, an ethoxycarbonyl group and a tert-butoxycarbanyl group. [0048]
Examples of the "C I to CO alkylthio group" include a methylinto group, an
ethylthio group, a propylthio group and an isopropylthio group.  [0049]
The "mono- or di-substituted CI to C6 alkylaminogroup" means a Cl to C6
alkylatnino group which may have I to 2 substituents selected from the
group consisting of a halogen atom, a hydroxyl group, a cyano group, a Cl
to C6 alkoxy group, a CI to C6 alkylthio group, an amino group, a C4 to C9
cyclic amino group which may have 1 to 3 hetcroatoms, a formylamino group,
a Cl to C6 alkylcarbonylamino group. a Cl to C6 alkylsulfortylamino group
and an aryl sulfonylamino group which may be substituted. [0050]
Examples of the "Cl to C6 alkylamino group" include a medaylamino group, an
eithylamino group, an n-propylamino group, an n-butylamino group, a
sec-butylamino group, an n-pentylarnino group and an n-hexylarnino group.
[0051]        The "C4 to C9 cyclic amino group" means a cyclic amino group
which contains at least one nitrogen atom in the ring and in which an
oxygen atom and a sulfur atom may also be present in the ring. Examples of
the C4 to C9 cyclic amino group include an aziridyl group, a pyrrolidyl
group, a piperidyl group, a morpholyi group, an oxazoly1 group, an
azabicycloheptyl group and an azabicyclooetyl group. [0052] 2 0Examples of
the "Cl to C6 alkylcarhonylamino group include an acetylamino group, a
propionylmnino group and. a butyrylamino group. [0053]        Examples of
the "C I to C6 alkoxycarhonylamino group" include a methoxyearbonylamino
group, an ethoxycarbonylamino group, a tbutoxycarbonylamino group and a
hexyloxycarbonylamino group. [0054] 



Examples of the "Cl to C6 alkylsulfonylamino group" include a
roethylsnifonylamino group, an ethylstilfonylarnino group, etc. [0055]
30The "arylsulfonylamino group which may be substituted" means an
aryisulfonylamino group which may have I. to 5 substituents selected from
the group consisting of, for example, a halogen atom, a hydroxyl group, a
Cyan() group, a nitro group, a Cl to C6 alkyl group, a CI to C6 al koxy
group and a Cl to C6 alk:,71thio group,  10056] Examples
ofarylsulfbnylamino group" include a phenyisalthnylamino group, a
4-methyiphenylsu.lfonyiamino group and a naphthylsulfonylamino group.
[0057]        Examples of the "C13 to C8 cycloalkyl group which may be
substituted" include a C3 to C8 cycloalkyl group which may have, Ito 5
substituents selected from the group consisting of a halogen atom, a
hydroxyl group, a cyano group, a Cl to CO alkoxy group, an aryloxy group
which may be substituted, a Ci to C6 alkylcarbonyl group, a Cl to C6
alicoxycarbonyi group, a CI to C6 alkyldno group, an amino group, a mono -
10or di-substituted el to C6 alkylamino group, a C4 to C9 cyclic amino
group which may have 1 to 3 heteroatoms, a formylaminr$ group, a Cl to C6
alkylearbonylaminti group, a Cl to C6 alkoxycarbonylamino group, a Cl to C6
alkylsulfortylamino group and an arylsulfonviamino group which may be
substituted. [0058] The "C3 to C8 cycloalkyi group" means an alkyl group
having a cycloalkyl ring. Examples of the C3 to CS cycloalkyl group include
a eyelopropyl group, a cyc,lopropyintethyl group, a cyclobutyl group, a
cyclopentyl group, a cyclohexyl group, cycloheptyl group and a cyclooctyl
group. [0059] 2 0The preparation method of the present invention is shown
in Scheme I. [0060] [Chem. 11]  Scheme 1    [006I ]        In the scheme 1,
PC1 in the formula Wand the formula (2) and Ri in the Formula (1) to the
formula (3) have the same meanings as described above. [0062]  I. Step I
Step 1 is a step of changing a hydroxyl group of the compound represented
by the general formula (I) or an enantiomer thereof into a fluorine group
by fluorinating, the 4-hydroxy-3-(N-substituted aminomethyppyrrolidine
derivative represented by the general formula (1) or an enandomer thereof
using a sulfur tetratiuoride derivative. 



[0063]        In step I, the sulfur totrafluoridc derivativections as a
fluorinating agent. Examples of the "sulfur tetrafluoride derivative"
include (dinacithylanaino)sulfur trifluoride (Methyl PAST),
(diethylamino)suifur trifluoride (PAST). inorpholinosulfur 10trifluoride
(Morpho-DAST) and bis(2-methoxyethyt)aminosulfur Id fluoride (neoxo-
Fluor), [0064]        Among these, morpholinosulfur trifluoride
(Morpho-DAIST) or bis(2- methoxyethyDaminosulfur tritluoride (Deuxo-Fluor)
is preferred. [0065] Generally, the sulfur tetrafluoride derivative is used
preferably at an equimolar amount of 1.0 to 10 times with respect to the
compound represented by the general fonnula (1), [0066]        In the
fluorination step, an amount of the fluorinating agent used may be reduced
by adding a hydrogen fluoride source or water. Therefore, the amount of the
fluorinating agent used may be reduced to 1.0 to 1,5 equivalents per mole,
with respect to the compound represented by the general formula (1), so
that the cost can be reduced, [0067] 25In the fluorination step, the
fluorination reaction is accelerated due to the presence of the hydrogen
fluoride source or water, and thus 75% or more of the reaction, or 90% or
more under more preferred conditions, is completed within 24 hours. The
effect to accelerate the reaction is increased by adding a sulfur
teirafluoride derivative after addition of the water or hydrogen fluoride
source. 30[0068]        When an excessive amount of the sulfur
tetrafluoride derivative is used. for the fluorination step, water may be
added to a reaction system, or solvent containing water may be used.
Existence of water accelerates the reaction.  [0069]        The "water"
includes water already contained in the reaction solvent, as well as water
added to a reaction solvent afterward. An amount of water added or a
moisture content of a solvent is preferably in a range of 1,000 to 8,000
ppm. 5.[00701        The "hydrogen fluoride source" means hydrogen
fluoride, or a salt or a complex made of an organic base and a hydrogen
fluoride, which generates free hydrogen fluoride, Examples of the hydrogen
fluoride source include a triethylamine hydrofluorides, a hydrogen fluoride
pyridine complex and a hydrogen fluorideinelamine complex. [0071]
Among these hydrogen fluoride sources, a triethylamine hydrant:to:ides
containing free hydrogen fluoride is preferred, in an aspect that it is
possible to accelerate the reaction so as to reduce an amount of the sulfur
tetrafluoride derivative, :1.5and a triethylaminc pentahydrofluoride is
particularly preferred. Meanwhile, triethylamine trihydrofluoride does not
contain an excessive amount of hydrogen fluoride with respect to
trietiwlanaine, and thus, does not show an effect of accelerating the
reaction. [0072] 20Generally, the amount of the hydrogen fluoride source
used is preferably in a equivalent range of 1 to 10 times per mole, based
on the compound represented by the general formula (1), and more preferably
in a. range of 3 equivalents or more and further preferably in a range of 4
equivalents or mere in an aspect of accelerating the reaction. [0073] 



2: 5For the fluorination step, a reaction solvent may or may not be used.
When the reaction solvent is used, a reaction solvent is not particularly
limited, so long as it is stable under the reaction conditions and also is
inert and does not interfere the reaction. [0074] Examples of the reaction
solvent include a solvent such as acetonitrile, toluene, 30tetrahydrofuran,
chloroform, methylene chloride and ethyl acetate. Among these, toluene and
acetonitrile are preferred. [0075]           The reaction solvent is
properly selected depending on the ease of initiating the reaction, and
used either alone or in combination. Further, a proper dehydrating agent or
desiccant is used as a non-aqueous solvent, as necessary. The amount of the
reaction solvent used is not particularly limited, but is preferably in a
range of 2.5 to 20 times the weight of the compound represented by the
general formula (1) or salts thereof [0076]        A reaction temperature
is preferably within a range from -78C to a boiling point of the solvent
used, and more preferably in a range of -10 to 30C. Meanwhile, 10the
fluorination reaction in the fluorination step does not necessarily require
a low- temperature condition such as -78C because the liquid hydrogen
fluoride is not used. [0077] After the fluorination reaction is completed,
conversion into a salt of the compound represented by the general formula
(2) or a salt of an enantiomer thereof can 15be effected by adding an acid.
Examples of the acid which may be used includes hydrogen chloride,
hydrochloric acid, hydrobromic acid, hydroiodie acid, trifluoroacetic acid,
trifluoromethariesulfonie acid, rnethanesulfonic acid and toluenesulfonic
acid. Among these, hydrogen chloride or hydrochloric acid is preferred,
[0078] 20The obtained salt may be purified and isolated by using
conventional separation methods(for example, extraction, recrystahization
and chromatography). A salt of the compound represented by the general
formula (2) or a. salt of an enantioiner thereof may be obtained at an
IIPLC relative purity of 98% or more under more preferred conditions.
25[0079]        Examples of the solvent which may be used for purification
by reerystallization include water, methanol, ethanol, ethyl acetate,
diisopropyl ether, 2-propanol, acetonitrile, chloroform, N,Ndimetinyl
formamide, dimerhyl sulfoxide, N-methyl pyrrolidone, methyl ethyl ketone,
tetrahydroforan and tetrahydropyran. ')[0080]        Among these, alcohols,
ether and ethyl acetate arc preferred, and methanol, ethanol, diisopropyl
ether and ethyl acetate arc more preferred. These solvents may be used
either alone or in combination,  [0081] ll. Step 2        Step 2 is a
deprotection step of obtaining the compound represented by the general
formula (3) or it's enantiomer, or their salts by removing a protective
group (PG) on the amino group of the compound represented by the general
formula (2) OE enantiomer, or their salts, obtained in step 1. 



For step 2, the removal of the protective group on the amino group of the
compound represented by the general formula (2) or ifs emit-homer, or their
salts may be performed by property employing a method described in a
literature (Green, 'LW.; 10Wats, P. G. M, "Protective Groups in Organic
Synthesis," 2nd Ed., Wiley interscience Publication, john-Weiley 8.t. Sons,
New York, 1991, p 309148.), [0082] Case in which a protective group is an
uralkoxycarbonyl group and an aralkyl group        For example, when the
protective group (P0) is an aralkoxycarbonyl group such as a
benzyloxycarborrd group, and an aralkyl group such a.s a berizyl group and
a paramethox.yhenzyl group, the protective group (PG) may be removed in the
presence of a hydrogen source by catalytic hydrogenation. [0083] 20Examples
of the catalyst used include a palladium catalyst such as palladium on
carbon, palladium on alumina, palladium black and palladium oxide. Among
these, palladium on carbon is preferred. [0084] Examples of the hydrogen
source include hydrogen, a formic acid/trtethylamine 25system, a fartnic
acid/er-pbenethylamine system, a formic aciditripbenyi Mille system and
2-propanol. Among these, hydrogen is preferred. [0085] Generally, hydrogen
pressure in the reaction is preferably in a range of atmospheric 'pressure
to 100 atm, more preferably in a range of atmospheric pressure to cc 010
atm, and further preferably atmospheric pressure. [0086]        Generally,
the reaction is preferably performed using a solvent. Examples of the
solvent include an alcohol such as methanol, ethanol, t-butylalcohol,
ethylene glycol  and dietnylene glycol, water, an ether such as
letrahydrofuran, cyclopentylmethylether, dioxane, dimethoxyethane and
diglyme, an aromatic compound such as benzene, toluene and xylene, an ester
such as methyl acetate, ethyl acetate, isopropyl acetate and butyl acetate,
a hydrocarbon such as hexane, heptane and cyclohexane, and a mixture
thereof. Among these, alcohols are preferred, and ethanol is more
preferred. [00871        Generally, a reaction temperature is preferably
within a range from 0C to a boiling point of a solvent used, and more
preferably within a range from room temperature to a boiling point range of
a solvent used. 10[0088]        To prevent decomposition of a product, an
acid such as sulfuric acid, hydrochloric acid, phosphoric acid, perchloric
acid and lrifluoroacetic acid, and a base such as ammonia, pyridine,
triethylamine, sodium hydroxide and potassium hydroxide may also be added.
Addition of the acid is preferred, and hydrochloric acid is more preferred.
[0089]        11-2. Case in which a protective group is an aralkoxycarbonyl
group and an alkostycarbonyl group        Further, for example, when the
protective group (PG) is an anilkoxycarbonyl group such as a
benzyloxycarbonyl group, and an alkoxycarbonyl group such as a
tbutoxycarlionyi group, the protective group (PG) may be removed by an
organic acid or inorganic acid. [0090] 



Examples of the acid which may be used include an inorganic acid such as
hydrochloric acid, sulthric acid, hydrogen. bromide
trilluoromethanesulfonic acid and hydrogen iodide, and. an organic acid.
such as acetic acid, trilluatoaectic acid, trifinoromethanesulfonic acid
and p-toluenesulforlic acid. Among these hydrochloric acid is preferred.
[0091]        Generally, the reaction is preferably performed using a
solvent. Examples of the solvent include water, methanol, ethanol,
propanol, butanol, acetonitrile, dioxane, dichloromethane, chloroform,
N,N-dintetlaylformarnide, dimethylsulfoxide, Nmethylpyrrolid.one,
sulfoiane, methylethylketone, letraltydropyran,  dirnethyllormamirk
dimethylsulfexide, N-inethylpyrrolidone, sulfolane, methylethytketone,
tetrahydropyran and a mixture thereof. Among these, water is preferred.
[0092]        Generally, a reaction temperature is preferably within a
range from 0C to a boiling point of a solvent used, and more preferably
within a range from room temperature to a boiling point of a solvent used.
[0093] After the reaction of step 2 is completed, purification and
rsolation can be 10carried out using conventional separation methods (for
example, extraction, recrystailization, chromatography, etc.), if desired.
[00941        Examples of the solvent which may be used, for purification
by recrystallization, include water, methanol, ethanol, ethyl acetate,
2-propanol, 15diiscipropyl ether, acetonitrik, chloroform,
N,N-diniethylfoniramide, dimethylsulfbxide, N-methylpyrrolidone,
inethylethylketone, tetrahydrofuran and tetrahydropyran. [0095]
Among these, alcohol, water and thy acetate are preferred, and ethanol,
water and ethyl acetate arc more preferred. These solvents may he used
either alone or in 20cornbination. [0096]        The present invention is a
method for preparing (3R,4S)-3-(N-substituted
aminomethyl)-441uoropyrrofidine or a stereoisomer thereof, or salts
thereof. According to the preparation method of the present invention,
since an amino group (an 25amino group binding to RI in the compound
represented by the general formula (1)) may be fluorinated without
protection, protection and deproteetion steps are not required, and thus,
the number of steps is decreased, compared to conventional methods (WE)
2003/078439 (Patent Document I) and WO 2007/102.567 (Patent Document 4)).
[0097]        in the preparation method of the present invention, both the
compound represented by the general formula (2) and the compound
represented by the general formula (3) may be crystallized and easily
purified, compared to the synthesis method  disclosed in Japanese Patent
Laid-Open No. 2005-239617 (Patent Document 3) in which all the
intermediates are oily products. [00981        The prior art of directly
fluorinating an amino alcohol with an unprotected amino group includes a
method using a hydrogen fluoride pyridine complex (J. Chem. Res., 246,
1983.(NonPatent Document 3)), a method using a sultbr tetrafluoride
derivative (WO 2006/13048 (Patent Document 7)), and a method using sulfur
tetrafluoride and liquid hydrogen fluoride (journal of Organic Chemistry,
(1979), 44(5), 771-777 (Non-Patent Document 4) and Journal of Organic
Chemistry, (1975), 44(25), 3808-3809 (Non-Patent Document 5)), [0099] 



The method disclosed in I Chem, Res., 246, 1983 (Non-Patera Document 3) has
problems in that, although the yield in the fluorination reaction is
relatively excellent, it takes several days to complete a reaction. In the
preparation method of the present invention, the reaction may be
accelerated in the presence of water or a hydrogen fluoride reaction source
so that the reaction time can be shortened to 24 hours or less. Further,
the addition of the water or hydrogen fluoride source may reduce an amount
of a fluorinating agent used, thereby saving the costs. [01001        WO
2006/13048 (Patent Document?) discloses that a sulfur tetralluoride
derivative, DAST, is used to convert a benzyl-(2-hydroxy)-ethylamine
derivative into benzyl 2-fluoroethylamine derivative, but the yield is as
low as 17%. On the other hand, the fluorination is performed in good yield
in the case of the preparation method of the present invention, [0101]
in the methods described in Journal of Organic Chemistry, (1979), 44(5),
771- 777 (Non-Patent Document 4) and journal of Organic Chemistry, (1975),
44(25), .3808- 3809 (Non-Patent DOCUMCD.t 5), a low-temperature reaction is
required, and thus, the optical purity is degraded due to the rearrangement
of the fluorination position and the 30racennzation, in the case of the
preparation method of the present invention, the low- temperature condition
is not required, and the rearrangement or racemization does not: mire,
which make it possible to obtain a desired steric compound (2.) or it's
stereoisomer, or their salts  EXAMPLE [0102]        The present invention
will be described with reference to Examples, but the present invention is
not limited to these Examples, Benzyl (3S,4R)-3-
(cyclopropy1aminomethy1)4laydroxypyrrolidine-1-carboxylate hydrochloride or
benzyl
(3R,4S)-3-(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-carboxylate
hydrochloride, which are used as starting materials in Reference Example
and. Examples, may also be produced according to a method described in WO
2007 02567 10(Patent Document 4), [0103] (Reference Example) Berizyl
(3S,4R)-3-(cyclopropylaminomethyl)-4- dieyrrolidine-i- earboxylate 15[Chem,
12]  490 g (1.50 moi) of benzyl (38,4R.)-3-(eyelopropylaminomethy11-4-
hydrox:, pyrrolidine-l-carboxylate hydrochloride was dissolved in 1.47 L of
water, 245 g of sodium chloride was added, and 1.13 L of a 2 Rion sodium
hydroxide solution 20was added at an internal temperature of 2.7 to 10C
under an ice water-cooling condnion, with stirring. The mixture was
extracted with 2.45 L of ethyl acetate, an organic layer was washed with
2,45 L of saturated saline, and 245 g of anhydrous sodium sulfate was
added, followed by stirring for 0.5 hours. Anhydrous sodium sulfate was
separated by filtration, a solid was then washed with 0,49 L. of ethyl
acetate, 25and the filtrate and the washing were combined, and then
concentrated under reduced pressure to obtain 454 g of the title compound
as a colorless oily product, [01041         'H-NMR(CDC13, 400M1-Iz) 8:
0.2540.55(4H, in). 2.06-2.21(IH, m), 2.66(1H, t, 4=11.2.Hz), 2,96-3,12(2H,
in), 3.20(114, ddd, 5=4,6, 7.8, 15,411z), 3,65(111, ddd, 8.4, 16,51-1z),
3.76-3.83(111, tn), 4.07(111, dd, 57.3, 14,7Hz), 5.09-5,16(2H, in), 7.28-
7.39(5H, m). [0105]        IDLE relative purity: 98.2% (HT; 2.74 mii)
measurement wavelength: 210 MU column; Inertsil ODS-3, 4.6 mmx150 mm,
pre-columm Inertsil ODS-3, 4.0 mm.x1.0 mm, mobile phase: diluted phosphoric
acid (i -*1000) (solution A), acetonitrile (solution 43), 0 to 10 min;
linear .i.tradient of solution A:solutin B = from 70:30 to 60:40, 10 to 20
min; linear gradient of solution A:solution B = from 60:40 to 5:95,20 to 30
min; solution A:solution B-5:95, column temperature: 3091, flow rate: 1,0
mumin 



[0106]        Meanwhile, in !Examples and Comparative Examples, the
"equivalents" of a fluorinating agent. and an additive were calculated
based on the number of moles of benzyl
(3S,4R)-3-(cyclopropylaminomethyl)-44hydroxypyrrolidine- I-carboxylate on
the assumption that benzyl
(3S,4R)-3-(eyclopropylaminomethyl)-4-hydroxypyrrolidine1-carboxylate
hydrochloride is converted into benzyl (38,4R)-3-
(c.yclopropylaminomethyl)-4-hydroxypyrrolidine-1-earboxylate under the
conditions described in Reference Example. [0107] Further. in Examples and
Comparative Example, the "multiple" means a volume (mL) of a solvent used
with respect to the weight (g) of benzyi (38,414)-3-
(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-carboxylate hydrochloride,
which is a. starting material for benzyl
(3S,4R)-3-(cyclooropylaminomethyl)-4- 2 5hydroxypyrrolidine-l-carboxylate,
and was calculated from the following equation. [0108] Multiple (v/w) =
(Volume of solvent) (mt.)/(henzyl (3:3,4R)-3-
(cyclopropylaminoinethyl)-4-hydroxypyrrolidine-l-carboxylate hydrochloride
used for a reaction) (g) 30[0109] (Example 1) Benzyl
(38,4R)-3-(e,yclopropylaminomethy0-4-hydroxypyrrolidine-1- carboxylate
obtained by the method described in Reference Example was dissolve in a.
solvent (acetonitrile, 6 multiples) A fluorinating agent (Deoxo-Fluor, 4
equivalents.) was added at an internal temperature of -5 to 5C, followed by
stirring at an internal temperature of -5 to 5C for 1 hour, and the
temperature was raised, followed by stirring at an internal temperature of
10 to 20C for? hours, and then left standing overnight at 5room temperature
(Table 1). The reaction solution was subjected to measurements using HEIR.
The results are listed in Fable 7. [0110] (Example 2)          Berrzyi
(3S,4R)-3-(eyclopropylaminomethyl)-4-hydroxypyrrolidine-1- carhoxylate
obtained by the method described in Reference 'Example was dissolved in a
solvent (acetoMtrile, 6 multiples). Thereafter, an additive (triethylamine
pentahydrolluoride, 2 equivalents) was added at an internal temperature of
-5 to 10C, followed by stirring at an internal temperature of -5 to 5C Lot
0.5 hours. Then, a fluorinating agent (Deoxo-Fluor) was added at an
internal temperature o15 to 5C, following by stirring at an internal
temperature of -5 to 5C. for I hour, and the temperature was then raised,
followed by stirring at an internal temperature of 10 to 20C. for? hours,
and then left standing overnight at room temperature (Table 1). The
reaction solution was subjected to measurements using HPLC. The results are
listed in Table 7. 2.. 0[0111] (Examples .3 to 7) This reaction was
performed in the same manner as in Example 2 using fluorinating agents,
additives and solvents listed in Table .1. The reaction solution was
subjected to measurements using IiiPLC.The results are listed in Table 7. 2
.5[0112] Jable  



;  Fluortnaung agent (Nuivalent)  dditive (Equivalent)  Solvent  Example 1
1 1 )ritixo-1-1130E" (4,0)  CHICN  Example 2   Deoxo-Fluor (4.0)
51ill.Ell3N (2.0) (7.11.;EN  Example)  Deoxo-Fluor (1.2  517IFEt3N (10.0)
Toluene   Example 4  DAsT (1 .2) 51117Et/Nt (10.0) Toluene  



Example 5   DAST (1.2) 511F,EtaN (4.0)  Toluene  Example 6   Morplto-DAST
(1.2)51-IF,IlliaN (4.0)  Toluene  Example 7   Deoxo-Fluor (1.2)5I-WillltaN
(4.0) Toluene  [01131 (Example 8) blenzyl
(3S,4R)-3-(cyclopropylaminemethyl)-4-hydroxypyrrolidine-l- carboxylate
obtained by the method described in Reference Example was dissolved in
5acetonitrile (6 multiples). A proper amount of purified water was added to
the solution (moisture content before addition of purified water: 426 ppm)
to adjust a moisture content of the sample solution to 1,194 ppnri,
Meanwhile, a moisture value was measured using a Karl Fischer method. The
reaction was performed on the moisture -       containing sample solution
in the same manner as in Example 1 (Table 2). The results 10are listed in
Table 8. [0114] (Example ) Betizyl
(35,4R)4-(eyeloprojomethy0-4-bydroxypyrrolid ine-1- carboxylate obtained by
the method described in Reference Example was dissolved in acetonifrile (6
multiples). A proper amount of purified water was added to the solution
(moisture content before addition of purified water: 426 ppm) to adjust a
moisture content of the sample solution to 7,358 ppm. Meanwhile, a moisture
value was measured using a Karl Fischer method. The reaction was performed
on the moisture -       containing sample solution in the same manner as in
Example I (Table 2). The results 20are listed in Table 8. [0115] 



(Examples 10 to 11) This reaction was performed in the same manner as in
Example 2 using fluorinating agents, additives and solvents listed in Table
2. The reaction solution was subjected to measurements using 11.11LC.The
results are listed in Table 8. [01161 [hie 21  Fluorinating agent
Additive (Equivalent) Solvent  (Equivalent)    Example 8  Deuxo-Fluor (4.0)
CHTICN (1,194 ppm, 1120)  Example 9  Deoxo-Flu(4.0)   Cli;CN (7,358 ppm,
1120 Example 0  Deoxo-Fluor (4.0) (1.0) CH ,ON  Example, it  Deoxo-Fluor
(1.4) HET '4.0)Toluene  



[0117] (Examples 12 to 21) This reaction was peril:wined in the same manner
as in Example 2 using fluorinating agents, additives and solvents listed in
Table 3. The reaction solution was subjected to measurements using RAC.The
results are listed in Tabic 9. [0118] (lab   Fluorinating agent
(Equivalent)  A(Equivalent) Solvent Examc1 Deoso-Fluer (4.0) :51-1REt?,N
(2.0) (1 1-)3C1,4 Example 13  De0X0-FIZJO33 ) 51-1F,PA 'N (2.0) Crisasf
Example 14  DeexoifFluor 0.2) ST1F.Etit\I (2.0)  CH:3(N  Example 15 Dengo-F
Mot (1.0) 5HFEhN (2.0)  Example 16  Decxo-Fitior (1.0)  5111LEt,lt,1(12A)



Example 17  Decxo-Fluor (I.0) 5FIF.Et3N (3.0) (21-I3C1,1 Example 18  Deo
xo-Fluor (1.2) 514F.Et3N (4.0)   Exam& 19 .. Deoxe-Floor (1.5) 5HFEtN (4.0)
Example 20  Deoxo-Fluor (1.2) 514F11111\1 (3.4) CI-13(N Example 21
Deoxo-Fluor (1.2  5Fif EtiN (10.0) Toluene  [0119] 10(Examples 22 to 25)
This reaction was performed in the same manner as in Example 1 using
fluorinating agents and solvents listed in Table 4. The reaction solution
was subjected to measurements using 1-IPLC, The results are listed in Table
10. [0120] 1 5(Examples 26 to 29, 31)        This reaction was performed in
the same manner as in Example 2 using fluorinating agents, additives and
solvents listed in Table 4, 'rile reaction solution was subjected to
measurements using E1PLC. The results are listed in Table 10. [0121] 7
0(fi;xample 30) This reaction was performed in the same manner as in
Example 2 using fluorinating agents, additives and solvents listed in Table
4, However, the solvent was 



used at 12 multiples. The reaction solution was subjected to measurements
using HPLC. The results are Listed in Table 10.           [0122] [Table 41
FlkiorinatinEnEc.-nt (Equivalent)  Additive (Equivalent) Solvent Example 22
Deoxp-Floor (4.0)   Example 23 Deoxo-Fluor (4.0)  DN1E Example DeoxoFluor
(4.0)  C11,0) Example )s  Deoxo-Fluor 4.0)   Toluene Example 2  Deoxo-Fluor
(1.2)  51-IFEt3N (4.0) CFICIt tMk 27 Enexe-Fluor (1.2) 51.4114:13N (4.0)
TI-IF 



Example 28  Deexo-Fluor 1.5) 51-IFtE0 (4.0) C110.2. Example 29  Deoxo-Huor
0.5) 5HEEEN (4.0) Toluene  22222_ Example 30  Deoxo-fluor (1.4)
5HFEtN(4.01 ToltleM) Example 31 Dttexe-Fluor (1.4) 5H1F.Et3N (4.0) ACHE!
Example 32  Deoxo-Fluor (4.2) ISHHEttN (4.0) - (neat)   [0123] (Example 32)
Triethylamine pentahydrofluoride (4 equivalents) was added dropwise to (3
S,4R)-3-(cyclopropylarninomethyl)-4-hydroxypyrrolidine obtained by the
method described in Reference Example while vigorously stirring under an
ice water-cooling condition, Thereafter, bis(2-mellioxyethyl)aminosulfur
trifluoride (Deoxo-Fluor) (1.2 10equivalents) was added, followed by
stirring at an internal temperature of -5 to 5C for 1 hour, and the
temperature was then raised, followed by stirring at an internal
temperature of 10 to 20C. for 7 hours, and then left standing overnight at
room temperature (Table 4). The reaction solution was subjected to
measurements using IIPLC. The results are listed in Table 10. 15[0124]
(Example 33)        This reaction was performed in the same manner as in
Example 2 using a fluorinating agent, an additive and a solvent listed in
Table 5, However, the solvent was used at i 2 multiples. The reaction
solution was subjected to measurements using HPLC1. The results are listed
in Table ii. 



[0125] (Examples 34 and 35) This reaction wa.s peril-timed in the same
manner as in Example 2 using fluorinating agents, additives and solvents
listed in Table 5. However, the solvent was  used at 20 multiples, The
reaction solution was subjec d to measurements using HPLC.The results
[0126] [Table  Example 33  Example 34  Example 35  are listed in Table
Fluorinating agent   (Equivalent)  Deuxu-Fluor (1.2) Deoxo-Fluor (1.2)
Deoxo-Floor (1:4) IL Additive (Equivalent) 51-1FlittN (4.0) 511FiEtiN (4.01
514FiEtiN 0.01  Solvent Toluene Toluene  Toluene Multiple of solvent (v/w)
12 20 20  [0127] (Comparative Examples 1 to 4) 



This reaction was performed in the same manner as in Example 1 using
fluorinating, agents and solvents listed in Table 6, The reaction. solution
was subjected 1.0to measurements using IIPLC. The results are listed in
Table 7. [0128] (Comparative Examples 5 to 10)         This reaction was
performed in the same mariner as in Example 2 using fluorinating agents,
additives and solvents listed in Table 6.The reaction solution 15was
subjected to measurements using HYLC. The results are listed in Table 7,
[0129] IC   FIttorinating agent (Equivalent)Ati intEgnivaletri)  SO}yRili
Comparative.    (1173CLIFET-i3EIEt CH3CN  Example I   Comparative
FCEICIC.F2NEt2 (4  CH3CN Example 2  



Comparative.    83.101C P2NE. (2 (4.0) CH3CN .E.Kabit;n:   Comparative    I
(4.0)  CH3CN Example 4    Comparative    CF:1(CF2)38.02F (4.0)UBU (4.0)
CFIN Example 5    Comparative  



C173CHR1F21912t2 (4.0)511IF.Et3N (2.0) CH3CN Example 6     Comparative
rialcicri2NE12 (4,0) 514174.i13N (2.0) C.1-13CN Example 7     Comparative
DPI (4,0) 541.F,D3N (2.0) Ct 13C N + Example 8    Comparative     CF2NEt2
(1 0) SIIT,Et31'.1(2.0) 



C1-13t2I Example 9    Comparative p-TolS02F (1.4) 51-11F.E43N (4.0)
Example I 0       [0130] (Comparative Example 11)        'This reaction was
performed in the same manner as In Example 2 using DeoxoFluor (1,2
equivalents) as the fluorinating agent, triethylamine trihydroiluoride (4.0
equivalents) as the additive and toluene as the solvent. The reaction
solution was subjected to measurements using fine. The results are listed.
in Table 8. 10[0131]        The results of Examples I to 35 and Comparative
Examples I to 11 are listed in Table 7 to Table 11. [0132]        In 'Fable
7 to Table 11, Conc. (%) means a reaction conversion rate, and the area
percentages (9/0 of a starting material and a product obtained from the
IIPLC measurement were calculated from the -following equation. [01331
Reaction conversion rate (110,) (Produced amount of desired product/(Amount
of starting material consumed by renetion)x100 (13fi) 101341 In Table 7 to
Table Ii, HPLC (%) means an area percentage (%) of a desired product on
completion of the reaction, and was calculated from the following equation.
[0135] Area percentage (%) of desired product = (Produced amount of desired
prod ict)/(Pea.ks except tbr solvent peaks in total peaks observed by
HPLC)x100 



[0136] The obtained isolation yields are listed n the column of results. in
this case, a purification method was performed in the same manner as in
Example 36, Further, the conditions of HPLC used are as follows. [0137]
(H.PLC measurement conditions) Column: (IL Sciences Inc. Inertsil ODS-3,
4.6 inmx150 mm Pre-column: CL Sciences Inc. inertsil ODS-3, 4.0 mmx10 mm
Mobile phase: diluted phosphoric acid (1,1000) (solution A), cetonitnie
(solution B) 0 to 10 mm; Linear gradient of solution Aisolutio.n. B - from
80:20 to 65:35 2010 to 20 mm; Linear gradient of solution A:solution B
from. 65:35 to 5:9.5 20 to 30 min; solution A:solution1-3-5:95 Measurement
wavelength: 210 am Column, temperature: 30C Flow rate: 1.0 roL/min
25Desired product; around 11 n Here, the diluted phosphoric acid (1-.1000)
means that I uL of phosphoric acid is dissolved in purified wafer for HITE,
and adjusted. to 1000 ml,.  [0138] [Table 71  Example I   Fluorinating
agent (Equivalent) Deoxo-Floor (4,0)  ITPLC (%) 



48.5  mple 2 E  Deoxo-Fluor (4.0)  5HF,Et3N (2,0)  Example 3 Example 4 Vie
5 Example 6 E.xarrmie  Deoxo-Fluor (1.7). 1)A ST (1.2) DA-ST (1.2)
MorplioD.AST (1.2) Deoxo-Fluor (12)  5EF-Fit3N (10,0)  51-IFETiN 5I-IFEt3N
(4.0) 5F1F-Et3N 



(4 0)   5tIF'Et3Ni (4.0)  Toluene TOIE3efie Toluene Toluene  81.8 98.2 72.1
95.5  71.5  Comparative Example 1 Comparative Example 2 Comparative Example
3 Comparative Example 4 Comparative Example 5 Comparative Example 6
Comparative Example 7 



Comparative Example 8 Comparative Example 9 Comparative Example, 10  CF3
C3-JFCE2NEt2 (4.0) FCHC1CF2NEt2 (4.0) m-toICT2Nilit2 (4,0) DFI (4.0)
(2123(CO2)3802F 0.01 ::F3CHFCFNEt2 (4,0) FCHCICE2NEt2 (4.0) DF1 (4.0)
m4oICE2NEt2 (4.0) p-TolS02F (1,4)  D 1.1 (4.0) SFIFEt3N (2.0) 514F.Elt3N
(2.0) 51IFEt:IN 



(2.0) 5HE.Et:(8I (2.0) 51IF-Et3F1 (4.0)  CHCN CFLCN CII3CN CI C.1-13CN
CIFCN CIT,C1s1 (2112.CN CI43CN  Complicated reaction mixture  implicated
reaction mixture  Complicated reaction mixture  Complicated reaction
aqxlure  Complicated reaction mixture  Complicated reaction mixture
Complicated reaction 



mixture  Complicated reaction mixtuto Complicated reaction mixture
Complicated reaction mixture    [01        As described in Comparative
Examples 1 to 10 in. Table 7 variety of fluorinating ;merits were examined.
As a result, it was found that when the fIuorinat.ing agent other than the
sulfur tetrafluoride derivative was used. the desired product was not
obtained, and became a complicated reaction mixture. On the other hand., it
was found that the fluorination reaction proceeds WhCrt the sulfur
netrafluoride derivative was used, as shown in Examples 1 to 7. [0141] As
described in Examples 8 to Ii in Table 8, i.t was found that when water
(Examples 8 and 9), or thethylumine pentahydrofitioride (Example 10) or a
hydrogen fluoride pyridine complex (Example 11) as the hydrogen fluoride
source was added to the reaction system, the fluorination reaction was
accelerated, compared to Exampk 1 in which the water or hydrogen fluoride
source was not added. [0142] On the other hand, as described in Comparative
Example 12, trie.thylamine 20trihydrofluoride did not show an effect of
accelerating the fluorination reaction. Unlike triethylmtine
perdallydrofluoride, triethylainine trilitydrofluaride does not  contain an
excessive amount of hydrogen fluoride with respect to triethylamine, and
thus, was considered not to show an effect of accelerating the fluorination
reaction. [0143] [Table 91     Fluorinating agent 



Additive  Cony, HE IL:     Solvent   Result  (Equivalent) (Equivalent)
(%)  Example 10  Deo:go-Fluor (4,0) 511F-Etti.0) (211.3(7,19 on   Example
12  Deoxo-Fluor (4.0) 511F-E13ISI (11) CE-13C151 77.8 



30,7 Example 13  Deoxo-Fluor (1,5) 5I-IF-Ettls1 (2.0)   '78.4 38.6  Example
14  Deoxo-Fluor (1.2) 51-1F11b,N (2.0)  C113C19 80.547.7 Example 15
Peognr-Fluor (1.0) 51-IFEEN   89.7   75% Example 16  Deoxo-Fluor (1.0)
5RE-Et31-4 (2.4) MIEN  87.7 57.7  Example 17  Deoxo-Fluor (1 .0)
51-1F-1513N (3.0)  CI-EN 88.174.8  



Example 18  Depx07Flitor 0 .2 511F-Et3N (4.0) CHtEN4 95,7  81,2  Example 19
Deogo-Fluor 0 .51 511-IF-EEN (4.0) CH:sCIN94.9  69.8  Example 20  DeoxoriF
her (1.2) 511F-1-/(iN C1-130N95,3 70.9  -ample 21  1)pn,to-Flqpr (1.2)
51-1E-.EEN (10.0) Toluenei81.8 71.5   5 [0144] As described in Examples 12
to 21 in Table 9, the equivalence of the triethylamine pentahydrolluoride
added as a hydrogen fluoride source was examined. 



As a result, it was found that the equivalence of the fluorinating agent
could he :1.0decreased to / to 1.5 equivalents by adding 2 equivalents or
more of trieth2,4amine pentahydrofluoride. [0145] As described in Examples
17 to 21, it was also found that the HPLC relative purity of a product was
improved on completion of the fluorination reaction by using 3
15equivalents or more of triethylamine pentahydrofluoride.  [0146] [Table
101   Additive t,Esuivalent) Solvent Cony.  Result  CHICN    44%   Toluene
95.5    Ftlt.2.1,1N (4,01  CH)(3N 95.7  



THF       DME  altiE12      Toluene    30% 5HEE(IN (4.0) CHO;  90.2 80.1
51-1F retiN 4,0)  TFIF 89.2 58.8   51-IFETN (4.0) CHEF:  91  79.3   



51-1F tETIV (4,0)  To  90  51-1FEFN (4.0) Toluene 97.6  85.9 86% 51-1F,ETN
(4.0) A c CtEt 76.9 60.5  514F.EE?N (4.0)  (neat)  73.3    [0147]        As
described in Examples 1, 7, 18 and 22 to 31 in Table 10, it was found that
the fluorination reaction can proceed in a variety of solvents such as
acetonitrile, tetrahydroforan c.rmo, 1,2-dimethoxyetbane (DME),
dichloromethane, chloroform, toluene and ethyl acetate. [0148]        As
described in Example 32, it was found that the fluorination reaction can
proceed in the absence of the solvent.  101491 [Table llj flrarnple 7 



.Exarupte,    33  Example    34  Example Fluorinating agent  (Equivalent)
Deoxo-Fluor (1.2)  Deoxo-Fluor (L2)  t)eoy.o.-Fluoi (1.21  Deoxo-Illuor
(1.4) Additive (Equivalent) 51.-IFEE3N (4.0 511F.EtAN 0.01 5HF-Et:IN
(4.0)  5111.2.Et3N (4.0)  Solvent   cauene 'Toluene Toluene Toluene
Multiple of solvent 6 20 20 Cony. 93.4 



95.8 98 }WEE (%) 55.2 84.5 84.9 82.3 Result 81% 84%  [0150] As described in
Examples 33 to 35 in Table I I, it was found that the fluorination reaction
can proceed even when the solvent was used at 6 multiples or more, [0151]
(Example 36) Benzyl
(33,4S)-3-(cyelopropylarninomethyl)-4-11noriapyirrolidine-1-carboxylate
hydrochloride [0152] [Chem. 13] [01531 454 g (equivalent to 1.50 mol,
including a solvent) of benzyl (38,4R)-3-
yclopropylaminomethy0-4-hydroxypyrrolidin.e-1-carhoxylate was dissolved in
0.98 L of acetonitrile, concentrated under reduced pressure, and dissolved
again in 1.47 L of 20acetonitrile, 1.11 L (6.02 moll of
bis(2-tnethoxyethy1)arainosu1fur trifluoride (Deoxo- Fluor) was added
dropwise at an internal temperature of-25 to -5DC, followed by  stirring at
an internal temperature of -10 to -5C. for 1 hour, and. the temperature was
raised, followed by stirring at an internal temperature of 10 to 2.3C for 2
hours, ancl then left standing overnight at room temperature [0154]
The reaction solution was added to 12.3 L of ice water, and then adjusted
to pH 9,5 by adding a 5 mon, sodium hydroxide solution at an internal
temperature of 0 to 10C. The mixture was extracted with 12.3 L of ethyl
acetate, washed with 4.90 L of saturated saline, and 1.23 kg of anhydrous
sodium sulfate was then added, followed by stirring for 0.5 hours.
Anhydrous magnesium sulfate was separated by filtration, washed with 0.98 L
of ethyl acetate, and the filtrate and the washing were combined, and then
concentrated under reduced pressure. [0155] The obtained residue (607 g;
HPLC relative purity: 58%) was dissolved in 0.98 L of toluene, charged into
3.43 kg of NH silica col filled with toluene, and eluted with 



totoluene to collect a fraction containing a desired product, which was
then concentrated under reduced pressure. The residue (370 g, HPLC relative
purity: 77%) was dissolved in 245 L of ethyl acetate, and 1,0 L of hydrogen
chloride/methanol was added, followed by stirring at room temperature,
[0156] 20After the crystallization, the mixture was stirred, at room
temperature for 0,5 hours; and 5.88 L of dilsopropyl ether was added,
followed by stirring at room temperature for 0.5 hours, and then stirred at
an internal temperature of 1 to 10C for 0.5 hours. The precipitated solid
was collected by filtration, and washed with 1:96 L of a mixed solution of
a diisopropyl etheftethyl acetate (3:1) mixture. The solid was 25dried at
60C to obtain 275 g of a title compound as a white powder (yield: 56%).
[0157] mp (hot plate method); 159-162C (decomp.) ESI-MS (positive) Ink:
293[M-j-111-HCIff Anal, Calcd for C161122C1FN202: C, 5844; H, 6.74; N;
8.52. Found: C. 58.12; 3 0H, 6,68; N, 8.43. [0158] IHNMR(CDC13, 400MHz)6:
0.78-0.92121-I, ra), 1,16-1.34(2H, m), 2.49- 161(1H, m), 2,87-3.20(2H, m),
3.27(1.11, dt, J=10.8, 23.511z), 3.34-3.41(111, in).  3.63(11-1,
d.dt,1=3.6, 13.5, 40.6Hz), 3.72-3.900H, r.3.96(111, d ,10.3.Hz),
5.07-5.17(2H, m), 5.48(11-1, ddt,27.6, 523),-7.39(5H, m), 9.86(214, hr s).
[0159] 1,1PLC relative purity: 98.4(.54,(RT: 11.39 min) measurement
wavelength: 210     colunm: hnertsil ODS-3, 4.6 mm 130 mm, pre-column:
Inertsil ODS-3, 4.0 mmx10 mm, mobile phase: diluted phosphoric acid (I
---.1000) (solution A), acetonitrilc (solution B), 0 to 10 min; linear
gradient of solution A:solution B = from 80:20 to 65:35, 10 to 20 min;
linear gradient of solution A:solutionB = from 65:35 to 5:95, 20 to 30 mim
solution A:solution B=5:95, column temperature: 30C flow rate: 1.0 mumin
[01601 (Example 37)        Benzyl (3S,45)-3 )(do-
pvlaminomethyl)-4-flooropyrtolidine-i-carboxylate hydrochloride [01611
[Cheri. 14]  



[0162 266 g (814 mmol) of benzyl (3,S,4R)-3-(cyclopro.pylaminomethyl)-4-
20hydroxyp.yrrolidine-l-carboxylate hydrochloride was dissolved in 0.80
Tfl.. of water, and 0.61 L of a 2 mold, sodium hydroxide solution was added
at an internal temperature of - .5 to 10C, followed by stirring and
ektra.cting twice with 2.66 L and 1.33 L of toluene, Organic layers were
combined, and washed with 0,80 L of a t 0% sodium sulfate solution, and 266
g of anhydrous magnesium sulfate wa.s added, followed by stirring for 251
hour. The anhydrous magnesium sulfate was separated by filtration, and the
solid was was.hed with 0.80 1, of toluene. The filtrate and the washing
were cornbined, and then concentrated under reduced pressure to obtain 245
g of benzyl (3S,4R)-3-
((cyclopropylarnino)methy1)-4-hydroxypyrro1icline4-cachoxylate as a
colorless oily product. 30[0167]         The obtained compound was
dissolved in 3.19 L of toluene, and 655 g (3.26 mop of triethylamine
pentahydrolluoiride was added at an internal temperature of -5 to 10C,
followed by stirring at an internal temperature of -5 to 5C for 0.5 hours.
210 naL (1.14 trio].) of bisp-methoxyethyliaminosulfur trifluoride
(Deoxo-Fluor) was added to the mixture at an internal temperature of -5 to
5'C, followed by stirring at an intern& temperature of -5 to 5C. for 1
hour, and the temperature was then raised, followed by stirring at an
internal temperature of 10 to 20C for 7 hours" and. then left standing
overnight at room temperature. [0164]        The reaction solution was
added to 6.65 L of ce water, and then adjusted to pI4 2,5 by adding 0.53 L
of 6 mon hydrochloric acid. The mixture was washed with 2.13  of toluene,
and adjusted to pH 9.8 by adding a 5 moll potassium hydroxide solution to
the aqueous layer at ari internal temperature of 0 to 1.0C. The mixture was
extracted twice with 7.98 L and 3.99 L of toluene, and the organic layers
were 15combined, and then washed with 2:66 L of saturated saline, and 266 g
of ;Anhydrous magnesium sulfate was added, followed by stirring for 0.5
hours. The anhydrous magnesium sulfate was separated by filtration, washed
with 1.25 L of toluene, and the filtrate and. the washing were combined,
and lhen concentrated under reduced pressure. [0165] The obtained residue
(265 g, E1PLC relative purity: 91%) was dissolved in 0.53  of toluene,
charged into 798 g of NH silica gel filled with toluene, and eluted with
approximately SL of toluene, and the eluate was concentrated under reduced
pressure. The residue (EIPLC relative purity: 95%) was dissolved in 1.33 L
of ethyl acetate, 0.71  of a hydrogen chloride/methanol solution was added
at room temperature, followed by heating, and 5.32 Li of diisopropyl ether
was added at an internal temperature of 35 to 45C to form crystals,
figlowed by stirring for 15 minutes at a temperature close to the
crystallization temperature. 2.66 L of diisopropyl ether was added, stirred
for 0.5 hours, cooled, and then stirred at an internal temperature of 1 to
10C for 0.5 hours. The precipitated solid was collected by filtration, and
washed with 2.66 L of diisopropyl ether. The solid was dried under reduced
pressure at 50C to obtain 214 ir of a title compound as a white powder
(yield: 80%). [0166] mo (hot plate method); 160-162C (decomp.)  ESI-MS
(positive) in/z: 293[N4+H-11C1]t Anal, Calcd for Ci6H2,2CIFN202: C, 58A4;
H, 634; N, 8.52. Found: C, 58.18; H, 6.67; N, 8.54. [0167]
LII-NMR(CDCH, 400 lidEz)6: 0.78-0,92(2H, m), 1.164.34(21I, in), 2.49-
2.61(1H, m), 2.87-3.20(2H, in), 3.27(11-1, dt, J1 08, 23.5144
3.34-3.41(114, m), 3.63(111, &it, J-3.6, 13.5, 40.611z), 3.72-3,90(IH, m),
3.96(111, dd, I-8.8, 10.3Hz), 5.07-5.17(214, m.), 5.480H, ddt,j--2.9, 27.6,
52.7), 7.28-7.39(5H, ina), 9,86(2H, hr s). [0168] 10HPLC relative purity:
99.3% (RT: 11.11 min) measurement wavelength: 210 



urn, column: Inertsil ODS-3, 4,6 mmx150 mm, pro-coin/inn: lmertsii ODS-3,
4.0 trirrix10 mm, mobile phase: diluted phosphoric acid (1 -41000)
(solution A), acetc,oitrile (solution B), 0 to 10 min; linear gradient of
soluion A:solution B -- from 80:20 to 65:35, 10 to 20 min, linear gradient
of solution. A:solution B== from 65:35 to 5:95,20 to 30 1::min; solution
A:solution B-5:95, column temperature: 30C, flow rate: 1.0 miirnin [0169]
(Example 3 8 ) (3R,4S)-3-(eyclopropylaminomethyl)-4-fitioropyrrolidine
dihydrochloride [0170] [Chem. 15]  [0171] 213 g (0,648 mini) of berizyl
(38,48)-3-(eyclopropylaminomethyl)-4- 2 5fluoropyrrolidine-1 -carboxylate
hydrochloride was added to a mixture solution of 5.33     of purified water
and 533 Ird, of 35% hydrochloric, acid, followed by stirring at an internal
temperature of 80 to 90C for 2 hours, The reaction solution was washed
twice with 852 mil, of ethyl acetate, and 10.7 g of activated carbon was
added, followed by stirring for 1.5 hours. The activated. carbon was
separated by filtration, and washed  with 852 mL of purified water. The
filtrate and the washing were combined, and concentrated under reduced
pressure, 101721         639 inif, of ethanol was added to the residue,
followed by concentration under reduced pressure, and 639 nit, of ethanol
was added again, followed by concentration under reduced pressure. 639 mid
of ethanol was added to the residue and heated, and 63.9 frit,. of purified
water was added at an internal temperature of 6.5 to 75C, followed by
dissolving. The residue was cooled, followed by stirring at an internal
temperature of 35 to 45C for 30 minutes, and 639 mi.: of ethyl acetate was
then added, followed by stirring at an internal temperature of 35 to 45C
for 30 minutes. The residue was cooled, followed by stirring at an internal
temperature of 20cC or lower for 30 minutes. The precipitated solid was
collected by filtration, and washed with 639 mi. of an ethyl
acetate-ethanol mixture solution (1:1). The solid was dried at 50C under
reduced pressure to obtain 137 g of crude crystals as a while powder (91%).
[0173] 137 g of the obtained crude crystals was added to 410 mi, of
ethanol, and heated, and 48 mL of purified water was added, followed by
dissolving (internal temperature of 785C). The crude crystals were cooled,
followed by stirring at an internal temperature of 35 to 45C for 30
minutes, and 410 ml, of ethyl acetate was added, followed by stirring at an
internal temperature of 35 to 45C for 30 minutes. "Ile crude crystals were
cooled., followed by stirring at an internal temperature of 10C or lower
for 30 minutes. The precipitated crystals were collected by filtration, and
washed with 410 MU of an thyl acetate-ethanol mixture solution (1;1). The
crystals were dried at 50C under reduced pressure to obtain 130 g of a
title compound as a 25white powder (87%). [0174] nip (hot plate method);
206-208C (deeornp.) [1]o2.. 19.7 (c 0.3, H20). CI-MS (positive) nth:
159[1\41-1I] 30Anal. Calcd for Cal121212FN2: C, 41,57; H" 7.41; N" 12. 12,
Found: C, 41.43; H. 



7.45; N, 12.08, [0175]          1H-NMR(DNISO-dei, 400MHz):5: 0.69-0,82(2H,
nfi, 0.92-1,05(21-1, m), 2.652,91(21-i, tn), 3,05(1H, t, 1-11.711,z),
3.14(11-I, dd, ]=7.2, 12.811z), 3.30(1H, dd, 12.7Hz), 3.43-3.55(2H, in),
3.62(111, dd, J=8.3, 11.5Hz), 5,40-5.57(1H, m), 9,86(414, hr 5), [0176]
CC relative purity: 96.1% (.111a: 9.91 min), column: HP-1 Methyl Siloxanc,
0,53 narnx30 in, front inlet temperature: 210C, split ratio: 10:1, initial
oven temperature: 100C, heating rate: 10C/inin, final temperature: 240C,
final time: 6 inn", front detector temperature: 250C, hydrogen flow rate:
40.0 nakhnin, air flow rate: 400,0 mumin, makeup flow rate: 25.0 infirnin.
[0177] (Example 39) (3R,4S)-3-(cyclopropylamino et
il)-4-fluompyrruldihydroehloride [0178] [Chem. 16] [0179]        2 raL of
hydrochloric acid and 132 mg of a 10% palladium-earbon carrier (containing
50% moisture) were added to a suspension solution of 1,32 g (4.00 mmol) of
benzyl
(3S,4S)-3-(cyclopropylamincimethyl)-4-bydroxypyrrolidine-1-carboxylate
hydrochloride in 9.2 mid of ethanol, followed by stirring at room
temperattire for 3 hours under a hydrogen atmosphere. The catalyst was
separated by filtration, and washed with 9,2 mt., of ethanol, and the
filtrate and the washing were combined, followed by stirring at room
temperature to precipitate crystals. After the crystallization, 18.4 n-if,
of ethyl acetate was added dropwise, followed by stirring at room
temperature for 5 hours. The precipitated crystals were collected by
filtration, washed with 4,6 ink of ethanol, and then dried at 60C under
reduced pressure to obtain 764 mg of a desired title compound (83%), [0180]
into (hot plate method); 204-206C (decomp.)         1-1-NNIRWNISO-tits,
4001'41446: 0.69-0.82(2H, 2.91(214, m), 3.06(11h t, 3=11.711z), 3.13(11!,
dd, 12.814z), 3.43-3.58(211, in), 3,62(111, dd,,T-8.3, 11.511z),
0.92-1.07(214, m), 2.65- 12.811z), 3.30(11!, dd,11-6,1, 137-5.61(1H, m),
9.80(411, hr  [0181] (Example 40) Benzyl.
(31,1,4R)-3-(cyclopropylianinoinethyl.)-4-fluoropyrr hydrochloride [0182]
[Chem. 17] idine-1     [0183]         40.0 gm ol) of henzyl
(3R,46!)-3-(cyclopropylatnitiornethyl)-4- hydroxypyrrolidine-l-carboxylate
hydrochloride was dissolved in 120 mL of ice water, 20.0 g of sodium
chloride was added, and a sodium hydroxide solution (using a total amount
obtained by dissolving 7.34 g of sodium hydroxide in 80 .trit of purified
water) was added followed by stirring under an ice water-cooling
condition.. 20[0184]         The mixture was extracted with 200 mi., of
ethyl acetate, the organic layer wa.s sequentially washed with 200 nth of
10% saline and 200 int of saturated saline, and 



30.0 g of anhydrous sodium sulfate was added, followed by stirring for 1.5
hours. The anhydrous sodium su1fate was separated by filtration, the solid
was washed with 0.49 L of ethyl acetate, and the filtrate and the washing;
were then combined, and concentrated under reduced pressure to obtain 36.8
g of benzyl (3R,48)-3-
((syclopropylainino)nietlay0-4-hydroxypyrrolidinc-1-catboxylate as a
colorless oily product. [0185]         The oily product was dissolved in
80,0 rtiL of acelonitrite, concentrated wider reduced pressure, and then
dissolved in 120 noll, of dehydrated acetonitrite. The miXture was cooled,
87 nil, (492 nirriop of bis(2-methoxyethyparninostilfur trifluoride
(Deoxo-fluor) was added dropviise at an internal temperature of -27 to 4C,
followed by slitting at an internal temperature of-IS to 5C 11)1.1 hour,
and the temperature was slowly raised, followed by stirring at an internal
temperature of 20 to 25C. for 2 days. The reaction solution was added to
1.0 L of ice water, and adjusted to pH 9.5 by adding 423 g of a 5 mon
sodium hydroxide solution at an internal temperature of 18C or lower.
[0186]        The mixture was extracted with 1,0 L of ethyl acetate, and
washed with 500 int, of saturated saline, and 100 g of anhydrous sodium
sulfate and 10.0 g of activated carbon were added, followed by stirring at
room temperature for 2 hours. The solid was separated by filtration, and
washed with 120 ml, of ethyl acetate, and the filtrate and the washing were
then combined into one, and concentrated under reduced pressure. The
obtained residue (47.9 g) was dissolved in toluene, charged into 280 g of a
silica gel column (produced by FUJI SILYSIA CHEMICAL LTD., NH) tilled with
toluene, and cluted with toluene to collect a fraction containing a desired
product, which was then concentrated under reduced pressure. [0187]
The residue (25.6 g) was dissolved in 200 rnL, of ethyl acetate, and 89
mi., of a 5% hydrogen chloride/methanol solution and 320 mil, of
diisopropyl ether were added, followed by. stirring at room temperature.
After the crystallization, the mixture was stirred at room temperature for
0.5 hours, and 480 nit, of diisepropyl ether was added, stirred at room
temperature for 0,5 hours, and then stirred at an internal temperature or 1
to 10C. for 0.5 hours. The precipitated crystals were collected by
filtration, and washed with 160 mt of a dilsopropyl ether:ethyl acetate
(3:1) mixture solution, The crystals were dried at. 60C to obtain 21.4 g of
a partially purified title compound. [0188]         214 inf. of ethanol was
added to 21.4 g of the partially purified product, followed by heating and
dissolving. 320 mL of diisopropyl ether was added to the mixture,
crystallized, and then stirred for 0,25 hours around an internal
temperature of 50C. 107 ml, of diisopropyl ether was added to the mixture,
stirred for 0,5 hours  around an internal temperature of 50C, cooled, and
then stirred at an internal temperature of 2 to 0C for 0.5 hours, The
precipitated crystals were collected by filtration, and washed with 85
triL, of a diisopropyl etherethyl acetate (9:1) mixture solution, The wet
crystals were dried at 50C to obtain 17.7 a of a title compound as light
reddish yellow powder (50%). [0189] mp (hot plate method); 161-163C (decom
EST-MS (positive) m/z: 293[M+H4-1a] [0190] 1J1-NMR(CDC13, 400MHz)8:
0.65-0,82(21-1,0.84-1.02(211, m), 2.63- 2,92(2H, m), 3.05-3.22(2H, m),
3.28(111, dd,12.511z), 3.50-3.75(2H, in), 3.79(111, dd,19.11-1z),
5.05-5.05(211, m), 536(1H, d, J-54.8), 7.28-7,42(51I, m), 9.32(1H, br s),
9.49(114, hr s). [0191] HPLC relative purity: 98.7% (RI' 16 2 T.esurement
wavelength: 210 am, column; Inertsil ODS-3, 4.6 minx 150 mm, pre-column:
Inerisit ODS-3, 4.0 minx:0 mobile phase: diluted phosphoric acid (1-*1000)
(solution A), acetonitrile (solution B), 0 min to 10 initi; solution
A:solution B=85:15, 10 to 40 min; linear gradient of solution A:solution B
- from 85:15 to 10:90, column temperature: 30C, flow rate! 1 0 mumin [01921
(Example 41) 



(38,4R)-3-(eyelopropylaormithyl)4-fluoropyrrolidine dihydrochloride [01931
2 5[Chem. 181 H N". [0194]              13.0 g (39.5 mmol) of henzyl
(31-1.4R)-3-(cyclopropylaminomethy1)-4- 30hydroxypyrrolidine-i-carboxylaie
was added to a mixture solution of 32.5 m.1., of  purified water and 32.5
nit of 35% hydrochloric acid, followed by Stilling at an internal
temperature of 75 to 85C. for 2 hours, The reaction solution was cooled,
and then washed with 65 mi., of ethyl acetate, and 0.65 g of activated
carbon was added, followed by stirring at room temperature for 0,5 hours.
The activated carbon was separated by filtration, and washed with 52 mi, of
purified water, The filtrate and the washing were combined, and
concentrated under reduced pressure. [0195]         39 mt. of ethanol was
added to the residue, followed by concentration under reduced pressure, and
39 mi. of ethanol was added again, followed by concentration under mduced,
pressure.. 39 mi, of dilsopropyi ether and 26 mL of ethanol )vere added
dropwise to the residue, followed by stirring at an internal temperature of
55C for 0.5 hours. The residue was cooled, followed by stirring at an
internal temperature of 20C or lower for 1.5 hours. The precipitated
crystals were collected by filtration, and washed with 39 nal, of a
diisopropyi ether-ethanol mixture solution (2:1). The wet crystals were
dried at 50C to obtain 8.40 g of crude crystals as a light brown prism.
[01961        42 mL of ethanol was added to 8.40 g of the obtained crude
crystals arid heated, and the crude crystals dissolved around an internal
temperature of 70C by adding 4.2 mi. of purified water. After the cooling
and crystallization (the crystallization starts at an internal temperature
of 43'C.), the mixture was stirred for 10 minutes at a ten .perature close
to the crystallization temperature, and then stirred at an internal
temperature of 38 to 45C 'for 30 minutes, and 42 mt. of ethyl acetate was
added, followed by stirring at an internal temperature of 45 to 50C for 0.5
hours. The crystals were cooled, followed by stirring at an internal
temperature of 20C or lower for 0.5 hours. The precipitated crystals were
collected by filtration, and washed with 26 mi.. of an ethyl
acetate-ethanol mixture solution (1:1). The wet crystals were dried at 50C
to obtain 7.85 g of a title compound as a. light brown prism (86%). [0197]
trip(hot plate method); 206-207C(decomp.) 30[a]023-1 21.7(c 0,3, H,0).
[0198]                    Eti-1\11`,1R(D.MSO-C15, 400MHz)5; 0.68-0.82(2H,
.) 0.92-1.06(21-1, m), 2.65- 2.91(2.1-h nn). 3.0601-1, t, J=11.7i1z),
3.13(11-1, dd,12.811z), 3.30111-1, dd,  12.7Hz), 3.42-3.59(21 m),
3.62(11-1, di, 1=8.2, 11.41 ), 5.49(11-1, dt,53.611z), 9,81(4H, hr s).
[01991         CC relative purity: 96,4% (RT: 10,09 min), column: HP-I
Methyl Siloxane, 0.53 intrix 30 m, front inlet temperature: 210C, split
ratio: 10:1, initial oven temperature: 100C, heating rate: 10L'Urnin, final
temperature: 240C, final time: 6 mm, front detector temperature: 250C,
hydrogen flow rate: 40,0 mUmin, air flow rate: 400.0 mlimin, makeup flow
rate: 25.0 tut/Main, [02001 10Although the present invention has been
described in detail with reference to certain embodiments, it is apparent
to those skilled in the art that various modifications and changes may be
made without departing from the spirit in scope of the present invention.
Meanwhile, this application is based on Japanese patent application (Patent
Application No, 20104)02665) filed on January 8, 2010, the disclosure of
which is incorporated herein by reference in its entirety. Industrial
Applicability 102011 



The present invention is an inexpensive and industrially advantageous
method 20for preparing (3R,4S)-3-Icyclopropyl
ansinemethyl)44finoropyruolidine or it's enantionies, or their salts which
can be an intermediate for producing pharmaceuticals. The present invention
is useful in that it can produce in an industrially advantageous manner a
derivative of 7-(3-(eyetopropyl arninoniethyl)-4-
finoropyrrolidinyl)quinolonecarboxylic acid, which is safe, shows potent
antibacterial 25activity and also has an effect on resistant bacteria on
which conventional antibacterial agents hardly show their effects,  Claims
[Claim 1]A method for preparing a compound represented by the MIlowing
general formula (2) or it's enantiomer, or their salts, comprising:
a fluorination step of fluorinating a 44'ydroxy-3-(N-substituted
aminomethyppyrrolidine derivative represented by the following general
fonnu1) or an enantionter thereof using a sulfur tetratiuoride derivative
[Chem.    30 [In the formula (1)" PG represents a protective group for the
aminoup RI represents a C I to C6 alkyl group which may be substituted, or
a CS to CS eyekialkyl group Which may be substitettedi [Chem. 2]
In the formula (2). PG represents a protective group for the amino group,
and R, represents a Cl to C6 alkyl group which may he substituted, or a CS
to CS cycloalkyl group which may be substituted.], Claim 2/The production
method according to claim 1 further comprising, after the fluorination
step:        adding an acid to obtain a salt of a compound represented by
the general formula (2) or a salt of an enantiomer thereof, and 25further
purifying the salt,        wherein the salt of the compound represented by
the general formula (2) or the salt of die enantiomer is produced at an
iiPties relative purity of 98% or more,  [Claim 3]A method for preparing a
compound represented by the following general formula (3) or it's
enantiomer, or their salts, comprising step I and step 2; 



(Step 1) a fluorination step of obtaining a compound represented by the
fallowing general formula (2) or it's emu-160111er, or their Sails thereof
by fluorinating the derivative of 4-hydroxy-3-(N-substituted
aminomethyllpyrrolidine represented by the following general rbrmula (I) or
an eaantiomer thereof using a sulfur tetrathiciricie derivative; and
(Step 2) a deprotection step of obtaining a compound represented by the
following general fonnula (3) or it's enantiomer, or their salts by
deprotecling the 1.0protective group on the amino group of the compound
represented by the tbilowing general formula (2) or the enantiomer thereof,
or a salt thereof obtained in step 1. [Chem. 3]  15Fin the formula (I), PG
represents a protective group for the amino group, and R, represents a Cl
to CU alkyl group which may be substituted, or a C3 to CS cycloalkyl group
which may be substituted.] [Chem, 4] 20  (2)         [In the formula (2),
PG represents a protective group for the amino got Rj represents a CI to C6
alkyl group which may be substituted, or a C3 to CS cycloalkyl group which
may be substituted.1 [Chem. 51  [Claim 4]The production method according to
any one of claims I to 3, wherein water or a hydrogen fluoride source is
added in the fluorination step, [Claim 5]The production method according to
any one of claims I to 4, wherein a sulfur tenatluotide derivative is added
in the fluorination step after the addition of the water or hydrogen
fluoride source, [Claim 6]The production method according to claim 4 or 5,
wherein the hydrogen fluoride source is a hydrogen fluoride pyridine
complex or a triethylamine pentahydrolluoride. ClaimThe production method
according to any one of claims 4 to 6 wherein the hydrogen fluoride source
is the triethylamine pentahydrcifluoride, [Claim 8]The production method
according to any one of claims I to 7, wherein the hydrogen fluoride source
is used at 3 equivalents or more with respect to the 4-
hydroxy-3-(N-substituted aminomethylipyrrolidine derivative represented by
the general formula (1) or the ern-intim/ter thereof in the fluorination
step. [Claim 9]The production method according to any one of claims 1 to 8,
"herein the hydrogen fluoride source is used at 4 equivalents or more with
respect to the 4- hydroxy-34N-substituted arninomethyppyrrolidine
derivative represented by the general formula (1) or the enantiorner
thereof in the fluorination step. [Claim 1 0]The production method
according to any one of claims 1 to 9, wherein the sulfur tetrafluoride
derivative is bist2-methoxyethyDaminosulfur trifluoride (DeoxoFluor).
[Claim IllThe production method according to any one of claims I. to 10,
'wherein. 



the protective group fox the amino group represented by PG is an
alkoxyearbonyl group or an aralkoxycarbonyl group,  [Claim 12]The
production method according to claim 11, wherein the protective group for
the amino group represented by PG is a benzyloxycarbonyl group. [Clain
13].1.he production method according to any one of claims 1 to 12, wherein
RI is a cyclopropyi group. [Claim 14]The production method according to
arty one of claims I to 10, wherein the protective group -for the amino
group represented by PG is a benzyloxycarbonyl group, and R1 is a
cyclopropyl group. [Claim 15]A hydrochloride of a compound represented by
the general formula (2) or a hydrochloride of an enantiorner thereof Chem,
61 15          [In the formula (2), PG represents a protective group for
the amino group, and RI represents a Cl to C6 alkyi group which may be
substituted, or a C3 to C8 cyclualkyi group which may be substituted.].
20[Claim 16]A method for purifying a hydrochloride of a compound
represented by the general formula (2) or a hydrochloride of an enantiomer
thereof to increase the purity 1Chem, 7]  (2)  140         [In the formula
(2), PG represents a protective group -for an amino group, and RI
represents a Ci to C6 alkyl group which may be substituted, or a C3 to C8
cychalkyl group which may be substituted.].   


