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ABSTRACT

To provide a method for producing a difluoro compound highly selectively in good
yield without forming a hardly soluble by-product.

An ester compound represented by the formula (1) is reacted and fluorinated with
an electrophilic fluorinating agent in the presence of a basic compound and in the
absence of a metal compound reactant to produce a difluoro ester compound

represented by the formula (2).

O : o
RSHLO,R2 gt M g2
HE (L) ?(F[LU (2)

(R' is a group selected from the group consisting of a C1-30 alkyl group which may have
a substituent, a Caz.30 cycloalkyl group which may have a substituent, a C4-30
cycloalkenyl group which may have a substituent (provided that the carbon atom
adjacent to the carbon atom at the a-position of the carbonyl group forms no double
bond), a C2-30 alkynyl group which may have a substituent, and a Cs-30 cycloalkynyl
group which may have a substituent, and R? is a C1.30 hydrocarbon group which may
have a substituent, or R' and R? are bonded to form an alkylene group which forms,
together with -C-C(0)-O-, a lactone ring which has from 3 to 8 carbon atoms in the ring

and which may have a substituent.).
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DESCRIPTION

TITLE OF INVENTION:
METHOD FOR PRODUCING DIFLUORO ESTER COMPOUND

TECHNICAL FIELD
The present invention relates to a process for producing a difluoro ester
compound, which is characterized by selectively difluorinating the a-position of a

carbonyl group without forming a hardly soluble by-product.

BACKGROUND ART

Difluoro ester compounds are important compounds as pharmaceuticals and
agricultural chemicals, or as their intermediates. For example, intermediates for
antineoplastic agents (L. W. Hertel et al., J. Org. Chem., 53, 2406 (1988)), intermediates
for difluoro prostaglandins (JP-A-56-501319), difiuoro peptides (S. Thaisrivongs et al., J.
Med. Chem., 29, 2080 (1986)), etc. are known.

As electrophilic fluorinating agents to be used for preparing fluoro compounds,
fluorine gas, xenon fluoride, perchloryl fluoride, etc. have been known since relatively
long ago. Further, in recent years, electrophilic fluorinating agents such as N-fluoro
sulfonimide, N-fluoro sulfonamide, etc. have also been used and are known, for
example, by D.H.R. Barton et al. (USP 3,917,688, J. Chem. Soc. Perkin |, 732 (1974)),
etc.

In fluorination by such electrophilic fluorinating agents, the fluorination is usually
carried out by deprotonation at the a-position of an electron withdrawing group to
prepare an active enolate in the system. However, such a reaction has some problems.
Firstly, the substrate to be difluorinated is rather limited. For the difluorination to
proceed, the substrate is limited to a compaound which has electrophilic groups such as
carbonyl groups, aromatic rings, sulfonyl groups, phosphoryl groups or carbon-carbon
unsaturated bonds at both sides of the methylene group to be difluorinated, or a
compound having an electrophilicity higher than a usual ketone, such as an aryl ketone,
and in difluorination of a dialkyl ketone or ester, a mixture of a monofluoro product and a
difluoro product is likely to be obtained. This is considered attributable to such that

deprotonation by a base is more difficult in the case of the monofluoro product than the
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starting material, and the formed monofluoro enolate is unstable.

Secondly, in a case where a difluoro product and a monofluoro product are
obtained as a mixture, the two products are similar in their physical and chemical
properties such as their boiling points, polarity, etc., whereby it may sometimes be
difficult to separate them by a separation method such as recrystallization, distillation or
column chromatography.

In order to solve the above problems and to carry out difluorination of a compound
with inadequate reactivity, a two-step difluorination reaction has been widely adopted
wherein the monofluoro product is once isolated and then subjected to fluorination again.
For example, by Yana Cen, et al. (J. Org. Chem., 5779 (2009)), deoxyribonolactone was
reacted with N-fluorobenzene sulfonimide and lithium hexamethyldisilazide to obtain a
monofluoro product, which was again reacted with the same reactants to obtain a
difluoro product in a yield of 51%. However, this method cannot be regarded as a
preferred method, since the number of steps increases as compared with the method of
synthesizing the difluoro product directly.

In order to carry out the difluorination reaction in one step, a method of producing
a difluoro compound selectively in a high yield has been proposed wherein a lactone or
a carbonyl compound is reacted with N-fluorocbenzene sulfonimide in the presence of a
basic compound and a metal compound reactant such as manganese bromide or the
like (Patent Documents 1 and 2). The desired difluoro compound is obtainable in a
high yield, when a compound of a heavy metal such as manganese, zirconium or
cerium is used as the metal compound reactant. However, in this method, a by-
product which is derived from the heavy metal compound and which is hardly soluble in
water or in an organic solvent, is formed, and there still remains a room for improvement
in that separation between the desired product and the by-product, or the operation of
cleaning the reaction container, tends to be cumbersome. Especially in the production
of pharmaceuticals, contamination of even a very small amount of a heavy metal should
not be permitted in many cases, and therefore, it is better not to use a heavy metal
compound for the reaction. Further, there still remains a room for improvement also

with respect to the reaction yield.

PRIOR ART DOCUMENTS
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Patent Document 1: JP-A-8-143560
Patent Document 2: JP-A-8-110729

DISCLOSURE OF INVENTION

The present invention relates to a method for producing difluoro

ester compound highly selectively in a high yield without forming a hardly soluble by-

product.

The present invention relates to the following:
[11 Amethod for producing a difluoro ester compound represented by the foliowing
formula (2), which comprises fluorinating an ester compound represented by the
following formula (1) by reacting it with an electrophilic fluorinating agent in the

presence of a basic compound and in the absence of a metal compound reactant:

(o)
R‘| R21
INGP
Qﬁk (1)
0
RUAGR
FF (2)

(wherein R' is a group selected from the group consisting of a C1-30 alkyl group which
may have a substituent, a Cs-30 cycloalkyl group which may have a substituent, a C4-30
cycloalkenyl group which may have a substituent (provided that the carbon atom
adjacent to the carbon atom at the a-position of the carbonyl group forms no double
bond), a C2-30 alkynyl group which may have a substituent, and a Ca 30 cycloalkynyl
group which may have a substituent, and R? is a C1.30 hydrocarbon group which may
have a substituent, or R' and R? are bonded to form an alkylene group which forms,
together with -C-C(0)-O-, a lactone ring which has from 3 to 8 carbon atoms in the ring

and which may have a substituent).
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[2] The method according to the above [1], wherein after conducting the fluorination

reaction, a compound to decompose the remaining electrophilic fluorinating agent is
added.

[3] The method according to the above [2], wherein the compound to decompose the
electrophilic fluorinating agent is an amine or a halogen ion salt.

[4] The method according to any one of the above [1] to [3], wherein the electrophilic
fluorinating agent is an electrophilic fluorinating agent selected from the group
consisting of N-fluoro sulfonamides and N-flucro sulfonimides.

[5] The method according to any one of the above [1] to [4], wherein the basic
compound is a basic compound selected from the group consisting of an alkali metal
amide compound of ammonia, an alkali metal amide compound of a secondary amine,
a hydride of an alkali metal, an organic alkali metal compound, an alkali metal, an alkali
metal alkoxide and a basic compound of which a conjugate acid in DMSO has a pKa of
at least 25.

[6] The method according to any one of the above [1] to [5], wherein the reaction is
conducted at from -120°C to -50°C.

[71 The method according to any one of the above [1] to [6], wherein the ratio
represented by the number of equivalent of the electrophilic fluorinating agenti/the
number of moles of the ester compound represented by the formula (1) is from 1.6 to 12.
[8] The method according to any one of the above [1] to [7], wherein the ratio
represented by (the number of equivalent of the basic compound/the number of
equivalent of the electrophilic fluorinating agent) is from 0.5 to 2.0.

[9] The method according to any one of the above [1] to [8], wherein the ester
compound represented by the formula (1) is a lactone compound represented by the

following formula (3):

(3)

(wherein each of R3, R4, R5 and R® which are independent of one another, is a
monovalent group selected from the group consisting of a hydrogen atom, a halogen

atom, a protected hydroxy group, a protected amino group, a protected carboxy group
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and a Ci-20 hydrocarbon group which may have a substituent, or adjacent two among R3,
R*, R® and R°® are banded to form a Cz.6 alkylene group which may have a substituent
and other than the two among R3, R4, RS and RS are, each independently, the above
monovalent group, and n is an integer of from 1 to 4.).

[10] The method according to any one of the above [1] to [8], wherein the ester
compound represented by the formula (1) is a lactone compound represented by the

following formula (5):

2,

0

NNgr

RO (5)
(wherein R is a C1.14 hydrocarbon group which may have a substituent, and R% is a
hydrogen atom or a protective group.).
{111 The method according to any one of the above [1] to [8], wherein the ester
compound represented by the formula (1) is a compound represented by the following

formula (9):

J

0

(9)

(wherein each of R'2 and R'® which are independent of each other, is a
tetrahydropyranyl group, a benzoyl group, a p-phenylbenzoyl group or a SiXs group
(wherein X is an alkyl group, an aryl group, an aralkyl group or a heterocyclic group).).
Further, the present invention relates also to the foliowing synthesis method using
the difluoro ester compound obtained by the above method.
[12] A method for producing a compound represented by the following formula (11),
which comprises obtaining a difluoro ester compound by the method as defined in the
above [11], and further reacting the difluoro ester compound with (4-(1H-tetrazol-56-

yhbutyl)triphenyl phosphonium bromide:
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(11)
(wherein each of R'2 and R which are independent of each other, is a
tetrahydropyranyl group, a benzoyl group, a p-phenylbenzoyl group or a SiXs group
(wherein X is an alkyl group, an aryl group, an aralkyl group or a heterocyclic group).).
5 [13] Amethod for producing a compound represented by the following formula (12),
which comprises obtaining a compound represented by the formula (11) by the method
as defined in the above [12], and further eliminating R'? and R'3 of the compound

represented by the formula (11) for substitution by hydrogen atoms.

(12)

10

According to the production method of the present invention, it is possible to
produce a difluoro ester compound selectively in a high yield without using a metal
compound reactant, whereby there is no trouble of inclusion of metal impurities, and

15 there is no formation of a hardly soluble by-product.
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DISCIL.OSURE OF EMBODIMENTS

In the following description, a “lower” organic group means a C1-6 organic group
and is preferably a C+14 organic group. An aralkyl group is an alkyl group having an
aromatic ring bonded at its terminal. An alkaxime group is a compound having OH of
an oxime substituted by OC.

The alkyl group in R of the ester compound represented by the above formula (1)
(hereinafter referred to simply as “the ester compound”) may be linear or branched, and
is preferably a C1-20 alkyl group, more preferably a C1-10 alkyl group. As such a group,
for example, a methyl group, an ethyl group, a n-propy! group, an isopropyl group, a n-
butyl group, an isobutyl group, a t-butyl group, a n-pentyl group, a n-hexyl group, a n-
octyl group, a n-nonyl group, a n-decyl group, a n-undecyl group, a n-dodecyi group, a
n-tetradecyl group, a n-hexadecy! group, a n-octadecyl group, a n-eicosyl group, a
neopentyl group, a 1-methylpentyi group, a 1,1-dimethylpentyl group, a 1-methyl-3-
hexyl group, a 2-methylpentyl group, a 2-methylhexyl group, etc. may be mentioned.

The cycloalkyl group in R is preferably a Cs-10 cycloalkyl group, more preferably a
Cs.s cycloalkyl group, and for example, a cyclopentyl group, a cyclohexyl group, etc.
may be mentioned.

The cycloalkenyl group in R' is such a group that the carbon atom adjacent to the
carbon atom at the a-position of the carbonyl group of the ester forms no double bond.
The Cas-30 cycloalkenyl group is preferably a C4.20 cycloalkenyl group, more preferably a
Cs-10 cycloalkenyt group, and for example, a cyclopentenyl group, a cyclohexenyl group,
etc. may be mentioned.

The alkyny! group in R' is a linear or branched alkynyl group having at least one
unsaturated group, preferably a Cz-20 alkynyl group, more preferably a C2-10 alkynyi
group. As such a group, for example, a 1-propynyl group, a 2-propynyl group, a 3~
butynyl group, a 3-pentynyl group, a 4-hexynyl group, a 1-methyl-3-pentynyl group, a
1,1-dimethyl-hexynyl group, an octynyl group, a 1-methyl-3-hexynyl group, a 1,1-
dimethyl-3-pentyny! group, a 1,1-dimethyl-3-hexynyl group, etc. may be mentioned.

The cycioalkynyl group in R' is preferably a Cs-20 cycloalkynyl group, maore
preferably a Cs-12 cycloalkynyl group, and for example, a cyclodecinyl group may be
mentioned.

The hydrocarbon group in R? is not particularly limited and may, for example, be
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an alkyl group, a cycloalkyl group, an alkenyl group, a cycloalkenyl group, an alkynyi

group, a cycloalkynyl group, an aryl group, etc.

Embodiments and preferred embodiments of the alkyl group and the cycloalkyl
group in R? are the same as of the alkyl group and the cycloalkyl group in R".

The alkeny! group in R? is a linear or branched alkenyl group having at least one
unsaturated group, preferably a C2.20 alkenyl group, more preferably a Cz.10 alkenyl
group. For example, a vinyl group, an allyl group, a 1-propeny! group, an isopropenyl
group, a 3-butenyl group or a 3-pentenyl group may be mentioned.

The cycloalkenyl group in R? is preferably a Ca-20 cycloalkenyl group, more
preferably a Cs.10 cycloalkenyl group, and for example, a 4-hexeny! group, etc. may be
mentioned.

Embodiments and preferred embodiments of the alkyny! group and the
cycloalkynyl group in R? are the same as of such groups in R'.

The aryl group in R? is preferably a Ce-22 aryl group, more preferably a Ce.-1o aryl
group, and for example, a phenyl group, a naphthy! group, a tolyl group, a xylyl group,
etc. may be mentioned.

In the formula (1), R" and R? may be bonded to form, together with -C-C(0)-O- in
the formula (1), a lactone ring which has from 3 to 8 carbon atoms in the ring and which
may have a substituent.

As a compound forming such a lactone ring, a lactone represented by the formula
(3) is preferred. From the lactone represented by the formula (3), a difluoro lactone

represented by the formula (4) will be obtained.

(3)
(wherein each of R3, R*, R5 and R® which are independent of one another, is a
monovalent group selected from the group consisting of a hydrogen atom, a halogen
atom, a protected hydroxy group, a protected amino group, a protected carboxy group
and a C1-20 hydrocarbon group which may have a substituent, or adjacent two among R?,

R4, R5 and R® are bonded to form a Czs alkylene group which may have a substituent

and other than the two among R3, R4, R5 and R® are, each independently, the above
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monovalent group, and n is an integer of from 1 to 4.).
. RY
R3_L-O, -
‘ (RB‘ ~ O
RE @)

(wherein each of R?, R4, R5 and R?® are the same as in the above formula (3).).

As the protected hydroxy group in R%, R* R®and R® in the formula (3), a hydroxy
group protected by a known or well known protective group to be used as a protective
group for a hydroxy group may be employed. Assucha protective group, for example,
a triorganosilyl group represented by the formula SiXs (X is an alkyl group, an aryl group,
an aralkyl group, a heterocyclic group, etc.), an acyl group, a cyclic ether group, a C1.20
alkyl group which may have a substituent, an aralkyl group, etc. may be used. As the
triorganosilyl group, a triorganosilyl group having 3 groups selected from lower alkyl
groups and aryl groups, is preferred.  Specifically, a t-butyldimethylsilyl group, a t-
butyldiphenylsilyl group, a triethylsilyl group, a triphenylsilyl group, a triisopropylsilyl
group, etc. are preferred. As the acyl group, an acetyl group, a benzoyl group or a p-
phenylbenzoyl group is, for example, preferred. As the cyclic ether group, a
tetrahydropyrany! group or a tetrahydrofuranyl group is, for example, preferred.

Further, as the alkyl group which may have a substitutent, an alkoxyalkyl group such as
a methoxymethyl group, a 1-ethoxyethyl group or a 2-methoxyethoxymethyl group is, for
example, preferred.  As the aralkyl group, a benzyl group, a methoxybenzyl group or a
trityl group is, for example, preferred.

As the protected amina group in R?, R* R® and R® in the formula (3), an amino
group protected by a known or well known protective group to be used as a protective
group for an amino group may be employed. As such a protective group, for example,
an acyl group, an alkoxycarbonyl group, an alkyl group, an alkenyl group, an aralkyl
group, a triorganosilyl group, a sulfonyl group, etc. may be mentioned. As the acyl
group, an acetyl group, a benzoyl group or a trifluoroacetyl group is, for example,
preferred.  As the alkoxycarbonyl group, a t-butoxycarbony! group or a
benzyloxycarbony! group is, for example, preferred. As the alkyl group, the alkenyl
group and the alkynyl group, a methoxymethyl group, an allyl group, a benzyl group, a

trityl group, a methoxybenzyl group, etc. are preferred. As the triorganosilyl group, a t-
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butyldimethyisilyl group, a t-butyidiphenylsilyl group, a triethylsily! group, a triphenylsilyl
group or a triisopropylsilyl group is, for example, preferred. As the sulfonyl group, a p-
toluenesulfony! group, a benzenesulfonyl group, a p-chlorobenzenesulfonyl group, a p-
nitrobenzenesuifonyl group or a methanesulfony! group is, for example, preferred.

As the protected carboxy group in R3, R*, R5 and R® in the formuia (3), a carboxy
group protected by a known or well known protective group to be used as a protective
group for a carboxy group or its synthon may be employed. As such a protective group,
for example, an alkyl group, an alkenyl group, an aralkyl group, a triorganosilyl group or
an ortho ester is preferred. As the alky! group, the alkenyl group and the aralkyl group,
a methoxymethyl group, an allyl group, a benzyl group, a trityl group, a methoxybenzyl
group, etc. are preferred. As the triorganosilyl group, a t-butyldimethylsilyl group, a t-
butyldiphenylsilyl group, a triethylsilyl group, a triphenyisilyl group or a triisopropylsilyl
group is, for example, preferred.

As the synthon, a tetrazole group is, for example, preferred.

The protective group in the protected hydroxy group, the protected amino group or
the protected carboxy group as described above, can be eliminated by a usual method.
For example, such a protected group can be converted to a hydroxy group, an amino
group or a carboxy group easily by a method disclosed in literatures such as “Shin
Jikken Kagaku Koza (New Experimental Chemistry Handbook) 14, Syntheses and
Reactions (1), (1) and (V) of Organic Compounds” (Maruzen Publishing Co., Lid),
“Protective Groups in Organic Syntheses” (edited by T.W. Greene, J. Wiley & Sons).

The hydrocarbon group in R?, R4 R® and R® in the formula (3) may be linear,
branched or cyclic and is preferably a C1.20 alkyl group, a C3.20 cycloalkyl group, a Cz-20
alkenyl group, a Cz20 cycloalkenyl group, a C2-20 alkynyl group, a Cs-20 cycloalkynyl
group or a Ce22 aryl group.

In the formula (3), n is an integer of from 1 to 4. That is, the compound
represented by the formula (3) is a 5- to 8-membered ring lactone. n is preferably 1 or
2. Thatis, the compound represented by the formula (3) is preferably a 5- or 6-
membered ring lactone. Such a lactone may be such that two among R?, R*, R® and
R® are bonded to form a cycloalkylene group.

As the lactone represented by the formula (3), a lactone represented by the

following formula (5) is more preferred. The lactone represented by this formula (5) is
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such a compound that in the formula (3), n is 1, each of R* and R% is a hydrogen atom,

and R® and R® are bonded to form a trimethylene group, and substituents R7 and OR?®
are bonded to such a trimethylene group, and further, the compound has a specific
structure shown by the formula (5). The lactone represented by this formula (5) has

5 the same skeleton as a partial structure of a prostaglandin 12 (hereinafter PGI2) and is a
known compound as an intermediate for the synthesis of PGI2 [a derivative of so-called

Corey lactone].

‘llo
o

s

“,

NN
RO (5)
(wherein R7 is a C1.14 hydrocarbon group which may have a substituent, and R® is a
10 hydrogen atom or a protective group.).
The hydrocarbon group in R may be linear, branched or cyclic and is preferably a
C1.14 alkyl group, a Cs-14 cycloalkyl group, a C2-14 alkenyl group, a Cs-14 cycloalkenyl
group, a C2.14 alkynyl group, a C3-14 cycloalkynyl group or a Ce-10 aryl group.
In a case where R8 is a protective group, the protective group is a protective group
15 for a hydroxy group, and its embodiments and preferred embodiments are the same as
for the protective group in the protected hydroxy group in R3 R*, RS and R® in the above
formula (3).
A difluorolactone of the formula (6) obtainable by the method of the present

invention from the lactone represented by the formula (5) is useful as an intermediate

20 for a difluoroprostaglandin.

(wherein R7 and R® are as defined above.).
R” in the formula (5) or (6) is preferably a group corresponding to a w-chain

portion of natural PGI2, a group corresponding to a w-chain portion of various PGI2, or
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a group which can readily be converted to such a w-chain portion. It is particularly

preferred that at least one type of the substituent in R7 is the protected hydroxy group.
More preferred R” is a group represented by the following formula (7) or (8).

-A-CH(OR"9)-R® (7)

-CH20R" (8)

In the formula (7), A is a vinylene group, an ethynylene group or an ethylene group,
preferably a vinylene group or an ethynylene group, most preferably a vinylene group
which is the same as one corresponding to A in natural PGI2.

R is preferably a group corresponding to a w-chain portion of natural PGI2 or a
group corresponding to a w-chain portion of various PGI2. As such a group, a C1-10
hydrocarbon group which may have a substituent is preferred. Such a hydrocarbon
group may be linear, branched or cyclic and may, for example, be a C1-10 alky! group, a
Cs.10 cycloalkyl group, a C1.10 alkenyl group, a Cas-10 cycloalkenyl group, a C1.10 alkynyl
group, a Cs.12 cycloalkynyl group or a Ce-10 aryl group.

R is preferably a chain hydrocarbon group, particularly preferably a Ca.s alkyl
group which may have a substituent, a Cs.s alkeny! group which may have a substituent
or a Cs.s alkynyl group which may have a substituent. Such a Cs. linear group which
may have a substituent, or its mono-methyl or di-methyl substitute, is more preferred.
Such a group may specifically be a n-propyl group, a n-pentyl group, a n-octyl group, a
2-methylhexyl group, a 1-methyl-3-pentenyl group, a 1-methyl-3-hexynyl group, a 1,1-
dimethyl-3-pentynyl group, a 1,1-dimthyl-3-hexynyl group, etc. Among them, a n-
pentyi group, a 2-methylhexyl group, a 1-methyi-3-pentyl group, a 1-methyl-3-hexynyl
group, or a 1,1-dimethyl-3-hexyny! group, is preferred.

Each of R0 and R" is a hydrogen atom or a protective group (protective group for
a hydroxy group).

In a case where each of R& R' and R"' is a protective group (protective group for
a hydroxy group), the protective group is not particularly limited, and the same
protective group as the protective group for the protected hydroxy group in R3, R4, R®
and RS in the above formula (3) may be employed. Such protective groups may be the
same or different from one another. Such protective groups are adopted depending
upon the particular purpose. For example, in a case where it is required to selectively

deprotect only one protective group of a compound having two protective groups, it is
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preferred to employ protective groups which are different in the reactivity. Specifically,

in a case where a triorganosilyl group or a cyclic ether group is used as R® or R0, it is
preferred to employ, as R, a protective group which is the same or different from R8 or
R0, and which has a reactivity different from R® or R0,

In a case where each of the above R', R2, R3, R4, R, R® R7 and R¢ is a group
which may have a substituent, the substituent is not particularly limited. The
substituent may, for example, be a hydrocarbon group such as an alkyl group, a
cycloalkyl group, an alkenyl group, a cycloalkeny! group, an alkynyl group, a
cycloalkynyl group or an aryl group; a halogen atom such as a fluorine atom, a chiorine
atom, a bromine atom or an iodine atom; an oxygen-containing group such as an oxo
group, an alkoxy group, a hydroxy group, a protected hydroxy group, a carbonyl group,
a carboxy group, a carboxy salt group or a protected carboxy group; a nitrogen-
containing group such as an amino group, a protected amino group, a nitro group, a
cyano group, a carbamoyl group, a urethane group, an isocyano group or an alkoxime
group; a sulfur-containing group such as a thioformyl group, a dithiocarboxy group, a
sulfony! group, an alkylsuifonyl group, an arylsulfonyl group, an alkylsulfinyl group, an
arylsulfinyl group, an alkylsulfenyl group or an arylsulfenyl group; a phosphorus-
containing group such as a phasphoryl group or its salt; or a heterocyclic group such as
piridyl group, an imidazolyl group, an indoly! group, a quinolyl group, a furyl group ora
thienyl group. The hydrocarbon group may be linear, branched or cyclic. Further, the
substituent may be a group having the above groups combined, such as a hydrocarbon
group having its hydragen atoms substituted by halogen atoms.

Further, the protected hydroxy group, the protected carboxy group and the
protected amino groups may be those mentioned above.

The production method of the present invention is conducted in the absence of a
metal compound reactant. In the present invention, the metal compound reactant
means a metal compound reactant disclosed in Patent Documents 1 and 2. More
specifically, a metal compound containing a metal species selected from the group
consisting of B, Mg, Al, Ca, Ti, V, Mn, Fe, Co, Ni, Cu, Zn, Zr, Sn, Ba, Hf, W, La, Ce and
Sm may be mentioned. As the metal compound containing such a metal species, an
organic metal compound or a metal salt may, for example, be mentioned.

The electrophilic fluorinating agent to be used in the production method of the
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present invention is not particularly limited, and a known or well known electrophitic
fluorinating agent may be employed. For example, it is possible to use an electrophilic
fluorinating agent disclosed in a literature such as “Fusso no Kagaku (Chemistry of
fluorine)” edited by Tomoya Kitazume, Takashi Ishihara and Takeo Taguchi (Kodansha
Scientific). Specifically, an N-fluoro sulfonamide or an N-fluoro sulfonimide is preferred.
More specifically, N-fluorobenzenesulfonimide, N-fluoro-p-fluorobenzenesulfonimide, N-
fluoro-o-benzenedisulfonimide, N-fluoro-p-toluenesulfonimide, N-fluoro-N-t-
butylbenzenesulfonamide, N-fluoro-N-t-butyl-p-toluenesuifonamide, N-fluoro-N-
methylbenzenesuifonamide or N-fluoro-N-norbornyl-p-fluorobenzenesuifonamide is
preferred, and N-fluorobenzenesulfonimide is more preferred.

The amount of the electrophilic fluorinating agent is not particularly limited, and it
is preferred to use at least an amount capable of giving fluorine atoms required for the
desired difluorination. That is, the ratio represented by the number of equivalent of the
electrophilic fluorinating agent/the number of moles of the ester compound represented
by the abave formula (1) is preferably from 1.6 to 12, more preferably from 2.0 10 6.0,
further preferably from 2.0 to 5.0, most preferably from 3.0 to 5.0.

Here, the number of equivalent of the electrophilic fluorinating agent means the
number of fluorine atoms which can be supplied by one molecule of the electrophilic
fluorinating agent x the number of moles of the electrophilic fluorinating agent.

The basic compound toc be used in the production method of the present invention
i5 a basic compound which is not the above metal compound reactant and which is not
a metal compound containing the above metal species.

As such a basic compound, preferred is an alkali metal amide compound of
ammonia, an alkali metal amide compound of a secondary amine, a hydride of an alkali
metal, an organic alkali metal compound, an alkali metal, an alkali metal alkoxide, or a
basic compound of which a conjugate acid in DMSQO has a pKa of at least 25. Among
them, more preferred is an alkali metal amide compound of ammonia, an alkali metal
amide compound of a secondary amine, a hydride of an alkali metal, or an organic alkali
metal compound.

Further, among an alkali metal amide compound of ammonia, an alkali metal
amide compound of a secondary amine, a hydride of an alkali metal, an organic alkali

metal compound, an alkali metal and an alkali metal alkoxide, preferred is one, of which
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a conjugate acid in DMSO has a pKa of at least 25.

The alkali metal amide compound of ammonia may, for example, be lithium amide,
sodium amide or potassium amide. The alkali metal amide compound of a secondary
amine may, for example, be lithium diisopropylamide, sodium diisopropylamide,
potassium diisopropylamide, lithium diethylamide, lithium dicyclohexylamide, lithium
isopropylcyclohexylamide, lithium-2,2,6,6-tetramethylpiperidine, lithium
hexamethyldisilazide, sodium diethylamide, sodium hexamethyldisilazide, potassium-3-
aminopropylamide, or potassium hexamethyldisilazide. Among them, preferred is a
potassium amide such as potassium amide, potassium diisopropylamide, potassium-3-
aminopropylamide, or potassium hexamethyldisilazide, and potassium
hexamethyidisilazide is most preferred.

The hydride of an alkali metal may, for example, be lithium hydride, sodium
hydride, or potassium hydride. The organic alkali metal compound may, for example,
be n-butyl lithium, s-butyl lithium, t-butyl lithium, lithium naphthalenide, or lithium
biphenylide. The alkali metal may, for example, be lithium, sodium or potassium.
Further, the alkali metal alkoxide may be potassium t-butoxide.

Further, the basic compound of which a conjugate acid in DMSO has a pKa of at
least 25, shall exclude an alkali metai amide compound of ammonia, an aikali metal
amide compound of a secondary amine, a hydride of an alkali metal, an organic alkali
metal compound, an alkali metal and an alkali metal alkoxide.

Here, in the present invention, the pKa is measured by the method disclosed in
Acc. Chem. Res. 21 (1988), 456-463.

With respect to the amount of the basic compound to be used for the production
method of the present invention, since the basic compound and the electrophilic
fluorinating agent may sometimes react with each other, it is preferred that one of them
should not be excessive as compared to the other. From such a viewpoint, the ratio
represented by the number of equivalent of the basic compound/the number of
equivalent of the electrophilic fluorinating agent is preferably from 0.5 to 2.0, more
preferably from 0.5 to 1.5. Here, the number of equivalent of the basic compound
means the valency of the basic compound x the number of moles of the basic
compound. The meaning of the number of equivalent of the electrophilic fluorinating

agent is as mentioned above. In a case where the ester compound as the starting
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material, or the product, is likely to be decomposed by the basic compound, the above

ratio of the number of equivalent of the basic compound/the number of equivalent of the
electrophilic fluorinating agent is preferably at most 1.0.  Specifically, the ratio
represented by the number of equivalent of the basic compound/the number of
equivalent of the electrophilic fluorinating agent is preferably from 0.5 to 1.0, more
preferably from 0.8 to 1.0.

Here, in a case where the ester compound as the starting material has a group
reactive with the basic compound, such as a hydroxy group, an excess amount of the
basic material to be consumed by the reaction with such a group is required. For
example, the case of using, as the starting material, a compound represented by the
above-mentioned formula (5) wherein R® is hydrogen, corresponds to such a case. In
such a case, in addition to the basic compound in an amount corresponding to the
above-mentioned ratio represented by the number of equivalent of the basic
compound/the number of equivalent of the electrophilic fluorinating agent, it is required
to excessively use the basic compound in an amount to be consumed by the reaction
with the group reactive with the basic compound.

The production method of the present invention is carried out in the presence of a
solvent, and as such a solvent, an inert solvent is preferred. The inert solvent is a
solvent which is unreactive with the basic compound or the electrophilic fluorinating
agent at the reaction temperature. As such an inert solvent, an ether type solvent, a
hydrocarbon type solvent, a polar solvent or a mixed solvent thereof is preferred. As
the ether type solvent, preferred are diethyl ether, tetrahydrofuran, 1,4-dioxane,
dimethoxyethane, diglyme, t-butyl methyl ether, etc_; as the hydrocarbon type solvent,
preferred are hexane, toluene, benzene, pentane, xylene, petroleum ether, etc.; and as
the polar solvent, preferred are dimethyl sulfoxide, hexamethylphosphoramide (HMPA),
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pirimidinone (DMPU), 1,3-dimethyl-2-
imidazolidinone (DMI), N,N,N’ N’-tetramethylethylenediamine (TMEDA), etc. In a usual
case, the amount of the solvent is preferably from 5 to 1,000 parts by weight, more
preferably from 10 to 100 parts by weight, per 1 part by weight of the compound
represented by the formula (1).

In the production method of the present invention, the reaction temperature is

preferably from -150 to 0°C, more preferably from -120 to 0°C, further preferably from -
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120 to -50°C, most preferably from -115 to -70°C. Usually, the lower the reaction
temperature, the higher the selectivity for the desired fluorination reaction. Therefore,
by carrying out the reaction at a temperature as low as possible within a range where
the fluorination proceeds at a practically sufficient speed, it is possible to obtain the
difluoro product in a high yield while preventing formation of a monofiuero by-product.

In the production method of the present invention, the order of addition of each
compound and the electrophilic fluorinating agent may be such that the ester compound
and the electrophilic fluorinating agent be mixed, and then the basic compound be
added, or the ester compound and the basic compound be mixed, and then the
electrophilic fluorinating agent be added. In a case where the ester compound is likely
to be decomposed by a basic material, it is preferred to employ a method wherein the
ester compound and the electrophilic fluorinating agent are preliminarily dissolved and
mixed in a salvent, and when the temperature has reached a predetermined reaction
temperature, the basic compound is added. By adopting such an addition order, it is
considered that an excessive basic compound not used for the reaction with the ester
compound will react with and be consumed by the electrophilic fluorinating agent,
whereby it is possible to prevent decomposition of the ester compound or the product by
the basic compound.

The reaction time in the production method of the present invention is preferably
from 5 minutes to 24 hours at the predetermined reaction temperature, although it may
depend on e.g. the reactivity of the ester compound. Further, thereafter, it is preferred
to raise the temperature to a predetermined temperature to stop the reaction in from 1
to 72 hours.

As a post treatment method for this reaction, it is possible to employ a method
commonly known in an organic synthesis. For example, the reaction can be
terminated by adding a compound (hereinafter referred to as a quenching agent)
capable of supplying protons, such as water, an agueous solution or an alcohol, in a
large excess amount to the base used for the reaction. The temperature of the
quenching agent and the reaction solution at the time of adding such a quenching agent
may be in a range where the solvent used will not be solidified or boiled. In a case
where the product is likely to be decomposed at a high temperature, the temperature of

the reaction solution at the time of adding the quenching agent is preferably at most
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40°C, more preferably at most 25°C, further preferably at most 0°C. Further, the
addition of the quenching agent may be made at a low temperature in a range where
the quenching agent or the solvent will not be solidified.

After termination of the reaction, extraction by liquid-liquid separation is carried out
by adding an organic solvent and, as the case requires, water or an aqueous solution
for adjustment to a proper acidity, and the organic phase is concentrated to recover the
desired compound. The organic solvent to be used for the extraction by liquid-liquid
separation is not particularly limited, and for example, it is possible to use hexane, ethyl
acetate, diethyl ether, t-butyl methyl ether, chloroform or methylene chloride.

In this reaction, even after the reaction, the electrophilic fluorinating agent may
frequently remain in the reaction system, whereby the difluorinated desired product and
the electrophilic fluorinating agent may react during the post treatment operation to
cause deterioration of the yield of the desired product. The electrophilic fluorinating
agent is active also as an oxidizing agent, and therefore, in a case where the desired
product has, in its molecule, a group reactive with the electrophilic fluorinating agent or
the oxidizing agent, the deterioration of the yield is likely to be distinct. A functional
group reactive with the electrophilic fluorinating agent or the oxidizing agent, may, for
example, be an alkene, an alkyne, an alcoholic hydroxy group, an ally! ether, an allyl
alcohol, an aldehyde, an acetal, a silyl ether, a thiol, a sulfide, a sulfoxide or an amino
group. Among them, a particularly reactive functional group may be an alkene, an allyl
ether, an allyl alcohol or a silyl ether.

In such a case that the electrophilic fluorinating agent remaining in the reaction
solution presents an adverse effect in the post treatment step, a compound (hereinafter
referred to as “a decomposing agent”) o decompose the electrophilic fluorinating agent
may be added. Such a decomposing agent may be added before adding the
quenching agent or thereafter, but preferably before. The decomposing agent may be
one having a reactivity such as nucleophilicity or reducing character to the electrophilic
fluorinating agent. As such a decomposing agent, it is possible to employ ammonia,
an amine, a hydroxide ion, an alkoxide, a salt of a halogen ion, etc. Ammonia may be
added in a state of a gas, an aqueous solution or a solution in another solvent.

As the amine, any one of a primary amine, a secondary amine and a tertiary

amine may be used, and for example, methylamine, hydroxylamine, diethylamine,
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morpholing, piperidine, 2-methoxyethylamine, 3-quinuclidinol or triethylamine may be
mentioned. The amine is particularly preferably a C1-1s trialkylamine, more preferably a
C1-s trialkylamine, wherein the three alkyl groups are independent of one another.

The hydroxide ion may, for example, be sodium hydroxide or potassium hydroxide.
The alkoxide may, for example, be sodium methoxide, sodium ethoxide or potassium t-
butoxide. The salt of a halogen ion may, for example, be an iodide salt, a bromide salt
or a chloride salt, preferably an iodide salt or a bromide salt, more preferably an iodide
salt. The iodide salt may, for example, be ammonium iodide or potassium iodide.

The bromide sait may, for example, be potassium bromide.

Among them, an amine or a salt of a halogen ion is particularly preferred, and at
least one member selected from the group consisting of triethylamine and an iodide salt
is more preferred, in that the reactivity with the electrophilic fluorinating agent,
particularly with an N-fluorasulfonamide or an N-fluorosulfonimide, is particularly high.
By using such a decomposing agent, it is possible to let only the decomposition reaction
of the electrophilic fluorinating agent proceed selectively, while preventing a reaction of
the desired product and the post treatment agent such as the extraction solvent. The
addition temperature of the decomposing agent is preferably from -50 to 40°C,
particularly preferably from -30 to 25°C, most preferably from -20 to 0°C. By adjusting
the temperature within such a range, it is possible to prevent decomposition of the
desired product, while increasing the reaction rate of the decomposing agent and the
electrophilic fluorinating agent.

The compound represented by the formula (2) obtainable by the reaction is an
important intermediate which can be led to pharmaceuticals containing various difluoro
units. For example, a compound 10 represented by the following formuia (10)
obtainable from a compound 9 represented by the following formula (9) by the
production method of the present invention, can be led, via a compound 11 represented
by the following formula (11) and further by elimination of R'2 and R*® to form hydroxy

groups, to a compound 12 represented by the following formula (12):
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(9)

(10)
(wherein each of R'? and R'? which are independent of each other, is a
tetrahydropyranyl group, a benzoyl group, a p-phenylbenzoy! group or a SiXz group (X

is an alkyl group, an aryl group, an aralkyl group or a heterocyclic group)),

Ny

(11)

(wherein R'? and R are as defined above),
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(12)

The compound 12 is useful as an EP4 agonist. Such an EP4 agonist is disclosed in

WQO2011/111714.

EXAMPLES

Now, the present invention will be described with reference to Examples.
However, it should be understood that the present invention is by no means restricted
by these Examples. NMR used in the following was JNM-AL300, manufactured by
JEOL Ltd.

[Example 1]

Synthesis of (3aR,4R,5R ,6a8)-5-((t-butyldimethyisiiyl)oxy)-4-((3R 4R ,E)-3-((t-
butyldimethylsilyl)oxy)-4-(m-tolyl)pent-1-en-1-yl)-3,3-difluorohexahydro-2H-
cyclopenta[b]furan-2-one (compound 10)

A solution of 1.0 g (1.84 mmol) of (3aR,4R,5R,6aS)-5-((t-butyldimethylsilyl)oxy)-4-
((3R 4R ,E)-3-((t-butyldimethyisilyl)oxy)-4-(m-tolyl)pent-1-en-1-yl)hexahydro-2H-
cyclopentafb]furan-2-one (compound 9), 2.3 g (7.34 mmol, 7.34 meq) of N-
fluorobenzenesuffonimide (NFSI), 44 mi of THF and 13 ml of toluene, was cooled to -
100°C, and 6.4 ml (6.4 mmol, 6.4 meq) of a 1M THF solution of potassium
hexamethyldisilazide was added. The reaction solution was stirred at -100°C for 30
minutes, then the temperature was raised to 0°C over a period of 1 hour, then 2.0 ml of
triethylamine was added and stirred, and 50 ml of water was added for liquid-liquid
separation, whereupon the aqueous phase was extracted with 30 ml of hexane. The

organic phase was concentrated, and then the crude product was analyzed by NMR,
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whereby no N-fluorobenzenesulfonimide was detected. The residue deposited on the

reaction container was all dissolved and removed by washing with methanol and water.
The crude product was purified by silica gel flash chromatography using hexane and
ethyl acetate as developing solvents to obtain 0.91 g (yield: 85%) of compound 10.
The structural characteristics of the obtained compound 10 are as follows.

1H-NMR (CDCls, units for 5-values are all ppm, the same applies in the following
Examples): 5-0.08-0.03 (m, 12H), 0.82 (s, 9H), 0.89 (s, 9H), 1.28 (d, J=7.0Hz, 3H),1.70-
1.77 (m, 1H), 1.96-2.04 (m, 1H), 2.31 (s, 3H), 2.60-2.91 (m, 3H), 3.82-3.87 (m, 1H),
3.99-4.23 (m, 1H), 5.00 (t, J=6.4Hz, 1H), 5.06 (dd, J=15.7, 7.8Hz, 1H), 5.33 (ddd,
J=15.9, 6.7, 1.2Hz, 1H), 6.88-7.16 (m, 4H).

19F-NMR (CDCI3): -113.1 (d, J=279.3Hz), -91.0 (dd, J=279.3, 25.9Hz)

[Examples 2 fo 13]

The reaction was carried out under the samé conditions as in Example 1 except
that the reaction temperature, the molar ratio of the equivalent of NFSl/compound 9, the
quench condition and the ratio of the equivalent of the basic compound/the number of
moles of compound 9 were changed as shown in Table 1. Here, the details of the
quench condition are as follows.

Quench condition A: Quenching at 0°C with 5% sodium bicarbonate water, was
followed by extraction with an organic solvent (hexane/ethyl acetate = 1:1).

Quench condition B: A 5% ammonium iodide aqueous solution was added at 0°C,
followed by stirring at room temperature for 5 minutes, and then, a 10% sodium

thiosulfate aqueous solution was added, followed by extraction with an organic solvent

(hexane/ethyl acetate = 1:1, or hexane).

Quench condition C: Triethylamine in a molar amount twice of NFS| was added at
0°C, followed by stirring at 0°C for 5 minutes, and then water was added at room
temperature, foliowed by extraction with an organic solvent (hexane).

[Comparative Exampie 1]

To 1.48 g of manganese bromide and 2.48 g of N-fluorobenzenesulfonimide, 19
mL of tetrahydrofuran (THF) was added, followed by stirring for 30 minutes and then by
cooling to -78°C. A THF (5 mL) solution containing 0.5 g of compound 9 was added,
and then, a toluene solution (0.5 M, 13 mL) of potassium bis(trimethyisilyl)amide was

added, followed by stirring for 30 minutes, and then, the temperature was raised to 0°C
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over a period of 3 hours. The reaction solution was poured into saturated sodium
bicarbonate water, followed by extraction with hexane/ethyl acetate = 1.1 mixture. The
extract was dried over magnesium sulfate and then concentrated under reduced
pressure. The crude product was analyzed by NMR, whereby non-reacted N-
fluorobenzenesulfonimide was detected. A residue derived from manganese bromide
was deposited on the reaction container, and it was not removed by washing with an
organic solvent or water. It was necessary to carry out washing by means of fuming
nitric acid. The crude product was purified by silica gel column chromatography
(hexanefethyl acetate = 20:1) to obtain 0.32 g (yield: 60%) of compound 10.
[Comparative Example 2]

The reaction was carried out under the same conditions as in Comparative
Example 1 except that the reaction temperature, the amount of manganese bromide,
the molar ratio of NFSI to compound 9, the quench condition and the ratio of the basic

compound to compound 9 were changed as shown in Table 1.
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[Example 14]

Synthesis of 4-[(Z)-(1S,5R,6R,7R)-6-[(1E,3R,4R)-3-t-butyldimethylsiloxy-4-(m-
tolyl)-1-pentenyl}-7-t-butyldimethylsiloxy-2-oxa-4,4-difluoro-bicyclo[3.3.0]octan-3-
ylidene]-1-(tetrazol-5-yl)butane (compound 11)

To a suspension of 0.81 kg of (4-(1H-tetrazol-5-yl)butyl)triphenyl phosphonium
bromide in 12.6 L of toluene, 3.5 L of a 1M THF solution of potassium
hexamethyldisilazide was added at room temperature, followed by stirring at 60°C for 1
hour. After cooling the liquid to -15°C, the solution of 0.25 kg of (3aR,4R,5R 6aS)-5-((t-
butyldimethylsilyl)oxy)-4-((3R,4R ,E)-3-((t-butyldimethylsilyl)oxy)-4-(m-tolyl)pent-1-en-1-
yh-3,3-difluorohexahydro-2H-cyclopenta[b]furan-2-one (compound 10) obtained in
Example 1in 5.0 L of toluene was added, followed by stirring at -15°C for 30 minutes
and then at 0°C for 20 hours. To the reaction solution, 15.6 L of a 4% sodium
dihydrogen citrate aqueous solution was added, followed by liquid-liquid separation.
The aqueous phase was extracted with 12.6 L of a mixed liquid of hexane:ethyl acetate
=5:1. The organic phase was concentrated and then purified by silica gel flash
chromatography using hexane and ethyl acetate as developing solvents to obtain 0.28
kg (yield: 95%) of compound 11. The structural characteristics of compound 11 are as
follows.

1H-NMR (CDCI3): 8-0.14-0.01 (m, 12H), 0.82 (s, 9H), 0.89 (s, 9H), 1.23-1.27 (m,
3H), 1.82-2.09 (m, 5H), 2.21-2.28 (m, 1H), 2.31 (s, 3H), 2.45-2.53 (m, 1H), 2.64-2.73 (m,
2H), 2.93-2.97 (m, 2H), 3.90 (dd, J=11.7, 5.3Hz, 1H), 4.08-4.09 (m, 1H), 4.84-4.87 (m,
2H), 5.27 (dd, J=15.5, 7.8Hz, 1H), 5.44 (dd, J=15.6, 6.2Hz, 1H), 6.92-7.16 (m, 4H).

19F-NMR (CDCI3): -112.3 (d, J=253.4Hz), -81.4 (dd, J=253.4, 18.7Hz)
[Example 15]

Synthesis of 4-[(Z)-(1S,5R,6R,7R)-6-[(1E,3R,4R)-3-hydroxy-4-(m-tolyl)-1-
pentenyl]-7-hydroxy-2-oxa-4,4-diflucro-bicyclo[3.3.0]octan-3-ylidene}-1-(tetrazol-5-
yl)butane (compound 12)

To a suspension having 1.5 g (2.2 mmol) of 4-[(Z)-(1S,5R,6R,7R)-6-[(1E,3R,4R)-3-
t-butyldimethyisiloxy-4-(m-tolyl)- 1-pentenyl]-7-t-butyldimethylsiloxy-2-oxa-4 4-difluoro-
bicycio[3.3.0]octan-3-ylidene]-1-(tetrazol-5-yl)butane (compound 11) obtained in
Example 14, 27 mi of acetonitrile and 3 mi of water put together, 0.60 g (4.4 mmol) of

sodium hydrogen sulfate monohydrate was added, followed by stirring in air at room
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temperature. Upon expiration of 24 hours, the liguid was uniform, and after confirming
disappearance of the raw material by thin-layer chromatography, 60 ml of 1.2% sodium
bicarbonate water was added, followed by washing three times with 27 ml of heptane.
To the acetonitrile/water mixed liquid phase, 1.2 g of sodium hydrogen suifate was
added, followed by extraction with 27 ml of ethyl acetate, and the organic phase was
washed with 30 ml of a 5% sodium chloride aqueous solution. The organic phase was
concentrated under reduced pressure to obtain 1.1 g of a solid, which was analyzed by
NMR and HPLC, whereby the yield of 4-[(Z)-(1S,5R,6R,7R)-6-[(1E,3R,4R)-3-hydroxy-4-
(m-tolyl)-1-pentenyl]-7-hydroxy-2-oxa-4,4-difluoro-bicyclo[3.3.0]octan-3-ylidene]-1-
(tetrazol-5-yl)butane (compound 12) was 98%. The structural characteristics of
compound 12 are as follows.

1H-NMR (CD30D): 8 1.30 (d, J=7.0 Hz, 3H), 1.69 (dddd, J=14.6, 7.6, 3.0, 2.6 Hz,
1H), 1.82-1.95 (m, 2H), 2.10-2.16 (m, 2H), 2.29 (s, 3H), 2.31-2.41 (m, 2H), 2.48-2.56 (m,
1H), 2.72 (q, J=7.0 Hz, 1H), 2.93 (t, J=7.6 Hz, 2H), 3.78 (q, J=7.6 Hz, 1H), 4.04-4.10 (m,
1H), 4.69 (dt, J=6.48, 2.96 Hz, 1H), 4.79 (dt, J=7.6, 5.0 Hz, 1H), 5.36-5.46 (m, 2H),
6.95-7.13 (m, 4H).

19F-NMR (CD30D): -116.6 (d, J=250.5 Hz), -84.8 (ddd, J=251.9, 17.3, 14.4 Hz)
[Example 16]

A solution of 0.50 g of 2-naphthyl dodecanoate, 1.95 g of N-
fluorobenzenesulfonimide, 22 ml of THF and 6.5 mi of toluene, was cooled to -78°C,
and 5.36 ml of a 1.0M THF solution of potassium hexamethyldisilazide was added.
After raising the temperature to room temperature, an aqueous citric acid solution was
added to terminate the reaction, followed by extraction with ethyl acetate, and the
solvent was removed. 1.09 g of the obtained product was quantitatively analyzed by
19F NMR, whereby it was confirmed that 2-naphthy! 2-fluorododecanoate was formed in
a yield of 1.4%, and 2-naphthyl 2,2-difluorododecanoate was formed in a yield of 39%.
The structural characteristics of the products are as follows. 2-Naphthyl 2-
fluorododecanoate 19F-NMR (deuterated acetone): -190.2(m), 2-naphthyl 2,2-
difluorododecanoate 19F-NMR (deuterated acetone): -103.9(t, J=17.0 Hz).
[Example 17]

A solution of 0.50 g of 6-methyl-4-phenyl-2-chromanone, 2.65 g of N-

fluorobenzenesulfonimide, 22 ml of THF and 6.5 ml of toluene, was cooled to -100°C,
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and 7.34 ml of a 1.0M THF solution of potassium hexamethyldisilazide was added.

After raising the femperature to room temperature, an aqueous citric acid solution was
added to terminate the reaction, followed by extraction with ethyl acetate, and the
solvent was removed. 0.87 g of the obtained product was quantitatively analyzed by
19F NMR, whereby it was confirmed that 3,3-difluoro-8-methyl-4-phenyl-2-chromanone
was formed in a yield of 25%. No formation of a monofluoro product was detected.
The structural characteristics of the 3,3-difluoro-6-methyl-4-phenyl-2-chromanone are
as follows. 19F-NMR (deuterated acetone): -96.5(bs).

As shown in Table 1, according to the production method of the present invention,
the difluoro product can be obtained without forming an insoluble by-product.  Further,
as is evident from the comparison of Examples 2 and 3, the yield can further be

improved by decomposing the electrophilic fluarinating agent.

INDUSTRIAL APPLICABILITY
The present invention is useful for producing a difiluorc ester compound selectively

and in a high vield without forming a hardly soluble by-product.

CA 2884582 2019-10-07
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CLAIMS:

1. A method for producing a difluoro ester compound represented by the following
formula (2)

o

9
R R

A | (2)
wherein R' is a group selected from the group consisting of a C1-30 alkyl group which
may have a substituent, a Cs-30 cycloalkyl group which may have a substituent, a
Cas-30 cycloalkenyl group which may have a substituent provided that the carbon atom
adjacent to the carbon atom at the a-position of the carbonyl group forms no double
bond, a C2-30 alkynyl group which may have a substituent, and a Cs-30 cycloalkynyl
group which may have a substituent, and R? is a C1-30 hydrocarbon group which may
have a substituent, or R' and R? are bonded to form an alkylene group which forms,
together with -C-C(O)-O-, a lactone ring which has from 3 to 8 carbon atoms in the
ring and which may have a substituent, which comprises the following steps

(i) fluorinating a lactone compound represented by the following formula (5) by
reacting it with an electrophilic fluorinating agent in the presence of a basic

compound and in the absence of a metal compound reactant

> ~(8) - b ~'

R8O
wherein R’ is a C1-14 hydrocarbon group which may have a substituent, and R3 is a

hydrogen atom or a protective group; and
(ii) after conducting the fluorination reaction, adding a compound to decompose the

remaining electrophilic fluorinating agent, wherein the compound to decompose the

Date Regue/Date Received 2020-04-16
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electrophilic fluorinating agent is triethylamine or a halogen ion salt.

2. The method according to Claim 1, wherein the electrophilic fluorinating agent is
an electrophilic fluorinating agent selected from the group consisting of N-fluoro
sulfonamides and N-fluoro sulfonimides.

3.  The method according to Claim 1 or 2, wherein the basic compound is a basic
compound selected from the group consisting of an alkali metal amide compound of
ammonia, an alkali metal amide compound of a secondary amine, a hydride of an
alkali metal, an organic alkali metal compound, an alkali metal, an alkali metal
alkoxide and a basic compound of which a conjugate acid in DMSO has a pKa of at
least 25.

4.  The method according to any one of Claims 1 to 3, wherein the reaction is
conducted at from -120°C to -50°C.

5.  The method according to any one of Claims 1 to 4, wherein the ratio
represented by the number of equivalent of the electrophilic fluorinating agent/the
number of moles of the ester compound represented by the formula (3) is from 1.6 to
12.

6. The method according to any one of Claims 1 to 5, wherein the ratio
represented by the number of equivalent of the basic compound/the number of
equivalent of the electrophilic fluorinating agent is from 0.5 to 2.0.

7.  The method according to any one of Claims 1 to 6, wherein the lactone
compound represented by the formula (5) is a compound represented by the
following

formula (9):

Date Regue/Date Received 2020-04-16



10

15

81786361
30

(9)

wherein each of R'2 and R'3 which are independent of each other, is a
tetrahydropyranyl group, a benzoyl group, a p-phenylbenzoyl group or a SiXs group,
and wherein X is an alkyl group, an aryl group, an aralkyl group or a heterocyclic
group.
8. A method for producing a compound represented by the following formula (11),
which comprises obtaining a difluoro ester compound by the method as defined in
Claim 7, and further reacting the difluoro ester compound with (4-(1H-tetrazol-5-
yhbutyhtriphenyl phosphonium bromide:

Nan

NS NH

(11)

wherein each of R'2 and R'3 which are independent of each other, is a
tetrahydropyranyl group, a benzoyl group, a p-phenylbenzoyl group or a SiXs group,
and wherein X is an alkyl group, an aryl group, an aralkyl group or a heterocyclic
group.

9. A method for producing a compound represented by the following formula (12),

which comprises obtaining a compound represented by the formula (11) by the

Date Regue/Date Received 2020-04-16
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method as defined in Claim 8, and further eliminating R'? and R'3 of the compound

represented by the formula (11) for substitution by hydrogen atoms

(12)

Date Regue/Date Received 2020-04-16
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