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PROCESSES FOR PRODUCTION OF INTERMEDIATES FOR 2-ALKYL CEPHEM

COMPOUNDS

Technical Field
[0001]

The invention relates to processes of intermediatés for
preparing 2-alkyl cephem compounds useful as antimicrobial

drugs.

Background Art
[0002]

To date, a variety of cephem compounds have been developed
as antimicrobial drugs. Among them, some 2-alkylcephem
compounds are reported (Pateﬁt Documents 1, 2 and Non-Patent
Documents 1 to4), however, 2-stereoselective synthesis thereof
was very difficult. Thus, an efficient method for
stereoselectively producing 2-alkylcephem compounds has been

desired.

Prior Art Document

Patent Document

[(0003]
[Patent Document 1] EP 0035357 Al
[Patent Documetn 2] US Patent No.3487079

Non-patent document



WO 2014/069649 PCT/JP2013/079803

(0004]
[Non-Patent document 1] Chemical & Pharmaceutical Bulletin,
vol.31, 1482-1493 (1983)
[Non-Patent document 2] Journal of Medicinal Chemistry, vol.14,
5 420-425 (1971)
[Non-Patent document 3) International Journal of Peptide &
Protein Research, vol.10, 51-59 (1977)
[Non-Patent document 3] Tetrahedron Letter, vol.37, 1971-1974
(1996)
10
Summary of Invention
Problems to be solved by the Invention
[0005]
The subject invention provides processes for the
15 production of intermediates for the synthesis of 2-alkyl
cephems compounds, in particularly, a process for selectively

producing 2-methyl cephems compounds in high yield.

Means for Solving the Problem
20 [0006]

The subject invention provides the following inventions:

1. A process for preparing a compound of the formula (II) or
a salt thereof,

25 (Chemical Formula 1]
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P'-HN Cg) RSA
5 N~ t/Y
07 ~opP?
(n
wherein,
R® is lower alkyl;
Y is a leaving group;
5 L is a single bond, lower alkylene or lower alkenylene;

P' is acyl or an amino-protecting group;

P? is a carboxy-protecting group;

which comprises:

10 oxidation of a compound of the formula (I) or a salt thereof,

[Chemical Formula 2]

P'-HN s. R*
|
07 ~oP?

M

wherein, each symbol is as defined above,
15 to give a compound of the formula (II) or a salt thereof.
2. A process for preparing a compound of the formula (II) or

a salt thereof,

[Chemical Formula 3]
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P'-HN 2 R°A
. N~ U;Y
0~ ~0oP?
(I
wherein,
R°® is lower alkyl;
Y is a leaving group;
5 L is a single.bond, lower alkylene or lower alkenylene;

P! is acyl or an amino-protecting group;

P? is a carboxy-protecting group;

which comprises:

10 reacting a compound of the formula (IV) or a salt thereof,

(Chemical Formula 4]

o
P'-HN 3+ R
N~ B;Y
0~ ~op?
(v)

wherein,
the wavy line means that the bond is a mixture of
15 o-configuration and B-configuration;

the other symbols are as defined above,

with a base to give a compound of the formula (II) or a salt

thereof.
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3. A process for preparing a compound of the formula (II)  or

a salt thereof,

[Chemical Formula 5]

o
PI-HN S+ gR*
];N Y
o e
07 ~oP?

5 (m

wherein,
R® is lower alkyl;

Y is a leaving group;

L is a single bond, lower alkylene or lower alkenylene;

10 P! is acyl or an amino-protecting group;

P? is a carboxy-protecting group;

which comprises:

oxidation of a compound of the formula (I) or a salt thereof,

15 [Chemical Formula 6]

P1-HN s. R%
J;N | Y
o i
0% SoP?

n

wherein, each symbol is as defined above,

to give a compound of the formula (V) or a salt thereof,
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[Chemical Formula 7]

o
P-HN 3+ R
|
N Y
o e
0~ ~op?

(V)

wherein each symbol is as defined above, and

isomerization of a compound of the formula (V) to a compound

of the formula (II) or a salt thereof.

4. A process for preparing a compound of the formula (XVI) or
a salt thereof,

[Chemical Formula 8]

o
PL“ St
LY
N Y
o e
0~ ~opP?
(XVI)

wherein,

R® is hydrogen or lower alkyl;

the other symbols are as defined above,

the wavy line means that thebondis incis or trans configuration,
or a mixture thereof; provided that “-L-Y” is not

-CH,-0-C (=0) -CHs,

which comprises:
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reacting aldehyde, amine and a compound of the formula (XV)
or a salt thereof,

[Chemical Formula 9]

o
PN, &
prO g
07 ~0oP2
(XV)

5 wherein, each symbol is as defined above, |,
to give a compound of the formula (XVI) or a salt thereof.
5. A process for preparing a compound of the formula (II) or

10 a salt thereof,

[Chemical Formula 10]

o
P-HN S+ GR™
j;N Y
o 7
07 ~op?

an

wherein, each symbol is as defined above;

15 which comprises:
reduction of a compound of the formula (XVI) or a salt
thereof,

[Chemical Formula 11]
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PN, &
R5
é;[;gl/* t/Y
0”7 ~0oP?
(XV1)

wherein, each symbol is as defined above,
to give a compound of the formula (II) or a salt thereof.

6. A process for preparing a compound of the formula (III) or
a salt thereof,

(Chemical Formula 12]

PI-HN s pR*
L
07 ~oP?

wherein,
R*® is lower alkyl;
Y is a leaving group;
L is a single bond, lower alkylene or lower alkenylene;
P! is acyl or an amino-protecting group;

P’ is a carboxy-protecting group;

which comprises:
reduction of a compound of the formula (II) or a salt thereof,

(Chemical Formula 13]
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o

P'-HN S+ 4R*
L
0”7 ~op?

(1)

wherein each symbol is as defined above,

to give a compound of the formula (III) or a salt thereof.

7. A process for preparing a compound of the formula (III) or
a salt thereof according to the above 6, from a compound of the
formula (II) or a salt thereof obtained by the process according

to any one of the above 1 to 3 and 5.

8. A process for preparing a compound of the formula (II) or
a salt thereof according to the above 5, wherein the compound
of the formula (XVI):

[Chemical Formula 14)

Ho S
P1-N S
rg
N
s N\ A
0”7 ~oP?
(XV1)

wherein each symbol is as defined above, or a salt thereof is
obtained by the process which comprises:
reacting aldehyde, amine and a compound of the formula (XV)

or a salt thereof,



10

15

20

WO 2014/069649 PCT/JP2013/079803

[Chemical Formula 15]

o

PN, &
N
07 ~oP?
(XV)

wherein, each symbol is as defined above,

to give a compound of the formula (XVI) or a salt thereof.

9. A process of any one of the above 1 to 3 and 5 to 8, wherein

R is methyl.
10. A process of any one of the above 1 to 9, wherein L is -CH,-.

11. A process of any one of the above 1 to 9, wherein‘L is a

single bond.

12. A process of any one of the above 1 to 11, wherein Y is

halogen.

13. A process of any one of the above 1 to 12, wherein P! is

acyl.

14. A process of any one of the above 1 to 13, wherein P? is

optionally substituted aralkyl.

10
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15. A process for preparing a compound of the formula (I-1) or
a salt thereof,

[Chemical Formula 16]

P-HN s. R®
ST

o
0~ ~opP?

(-1
5 wherein,
R°® is lower alkyl;
Y is a leaving group;
P! is acyl or an amino-protecting group;
P? is a carboxy-protecting group;
10 which comprises:
reacting a compound of the formula (VI) or a salt thereof,

[Chemical Formula 17]

P-HN S RS
T
o
0~ ~op2

(VD)
wherein, each symbol is as defined above;
15
with an acid to give a compound of the formula (I-1) or a salt

thereof.

16. A process for preparing a compound of the formula (VII) or

11
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a salt thereof,

[Chemical Formula 18]

HoN g, HR*%
J; Y
& N
0”7 ~op?

(vin

wherein, each symbol is as defined above,

5
which comprises:
deprotection of a compound of compound (III) or a salt thereof
obtained by the process according to the above 6, to give a
compound of the formula (VII) or a salt thereof.
10
17. A compound of the formula or a salt thereof,
[Chemical Formula 19]
o
P-HN g+ (R
g N~ U;Y
0~ ~op?
(v)
wherein
15 the wavy 1line means that the bond is a mixture of

a-configuration and p-configuration;
the other symbols are as defined above, excluding the
following;

1) L is a single bond and Y is halogen; and

12
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2) L is lower alkylene or lower alkenylene and Y is acetyl.

18. A compound of the formula or a salt thereof,

[Chemical Formula 20]

- 9 5A
PI~HN s+ 4R
O;[;I’/, L_,Y
07 ~op?

5 (m

wherein each symbol is as defined above, excluding the

following;
1) L is a single bond and Y is halogen; and

2) L is lower alkylene or lower alkenylene and Y is acetyl.

10

19. A compound of the formula or a salt thereof,

[Chemical Formula 21]

P'~HN s. aR%
JA L
0~ ~opP?

am

wherein each symbol 1is as defined above, excluding the

15 following;
1) L is a single bond and Y is halogen; and

2) L 1is lower alkylene or lower alkenylene and Y is acetyl.

20. A compound of the formula or a salt thereof,

13
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[Chemical formula 22]

HoN s. HR*%
Y
07 ~op?
(VI

wherein each symbol 1is as defined above, excluding the

following;
5 1) L is a single bond and Y is halogen; and

2) L is lower alkylene or lower alkenylene and Y is acetyl.

21. A compound of the formula or a salt thereof,

[Chemical Formula 23]

H 9
P-N SN
Ly
N
S S L/Y
07 ~opP?2
10 (XV1)

wherein
L is lower alkylene or lower alkenylene;
Y is halogen;
R° is hydrogen;
15 thewavy linemeans that thebondis incis or trans configuration,
or a mixture thereof;

the other symbols are as defined above.

22. A compound according to any one of the above 17 to 20, wherein

14
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Y 1is methanesulfonyloxy, trifluoromethanesulfonyloxy or

p-toluenesulfonyloxy; L is a single bond; and R®® is methyl.

23. A compound according to any one of the above 17 to 20, wherein

Y is halogen; L is -CHy-; and R®® is methyl.

24. A method for transforming 2-a-alkyl-cephem compound to
2-B-=alkyl-cephem compound, which comprises reaction of the

2-a-methyl-cephem compound with a base.

25. A crystal of the following compound (XVI-2):

[Chemical Formula 24]

HN_Q]\KO\LH g
S

XVI-2

or solvate thereof.

26. The crystal of the above 25, having a diffraction pattern
in powder X-ray diffraction showing main peaks at diffraction
angle (20) = 5.3 +0.2°, 7.0+ 0.2°, 10.2 £ 0.2°, 14.7 + 0.2°,

15.8 £ 0.2°, 17.4 * 0.2°, 21.1 * 0.2°, and 21.3 + 0.2°.

15
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27. A crystal of the following compound (II-3):

(Chemical Formula 25]

or solvate thereof.

28. The crystal of the above 27, having a diffraction pattern
in powder X-ray diffraction showing main peaks at diffraction
angle (20) = 5.7 +0.2°, 7.8 £ 0.2°, 11.3 £ 0.2°, 14.5 + 0.2°,
20.8 + 0.2°, and 21.6 * 0.2°.

10

28. A crystal of the following compound (III-2):

[Chemical Formula 26]

HN—<\ j\y)OLHj;f

O\'<
-
n-2
or solvate thereof.

15

16



10

15

20

25

WO 2014/069649

PCT/JP2013/079803

30. The crystal of the above 29, having a diffraction pattern
in powder X-ray diffraction showing main peaks at diffraction
angle (20) = 4.8 + 0.2°, 7.7 + 0.2°, 8.1 + 0.2°, 9.1 # 0.2°,

9.6 £+ 0.2°, 11.4 +0.2°, 14.9+0.2°, 16.9

1+
o
[\

o
=
O
w

+0.2°,

and 20.2 + 0.2°

Effects of the Invention
(0007]

The processes and intermediates of the subject invention
are useful as an industrial production of 2-alkyl cephem
compounds. Byusingthe present invention, avarietyof 2-alkyl
cephem éompounds or their derivatives can be synthesized
efficiently and conveniently, e.g., in short steps, in high
yield, in high purity, in high selectivity, and/or under mild

conditions.

Brief Description of Drawings

[0008]

[Fig. 1} Fig. 1 shows a powder X-ray diffractioﬁ pattern of the
crystal of compound XVI-2 obtained in (2) of Example 7. The
vertical axis 1is intensity (cps), and the horizontal axis is
2-theta angles (degree). The peak at about 38 degree is Al peak

as the sample holder.

[Fig. 2] Fig. 2 shows a powder X-ray diffraction pattern of the

17



10

15

20

25

WO 2014/069649 PCT/JP2013/079803

crystal of compound II-3 obtained in (4) of Example 7. The
vertical axis is intensity (cps), and the horizontal axis is
2-theta angles (degree). The peak at about 38 degree is Al peak

as the sample holder.

[Fig. 3] Fig. 3 shows a powder X-ray diffraction pattern of the
crystal of compound III-2 obtained in (7) of Example 7. The
vertical axis is intensity (cps), and the horizontal axis is
2-theta angles (degree). The peak at about 38 degree is Al peak

as the sample holder.

Description of Embodiments
[0009]

It should be understood that, throughout the present
specification, the expression of a singular form (e.g., "a",
"an;,"the",andthelike;andinotherlanguages,corresponding
articles, adjectives, and the like) includes the concept of its
plural formunless specified otherwise. Furthermore, it should
be understood thét the terms used herein are used in a meaning
generally used in the art unless specified otherwise. Thus,
unless defined otherwise, all technical and scientific terms
used herein have the same meaning as those generally understood
by those skilled in the art in the field to which the subject
invention pertains. Each specific definition of terms

specifically used herein is described below.

18
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[0016]

Each term used herein means, alone or in combihation with
another word, as below.
[0011]

"Halogen" includes fluorine, chlorine, bromine and iodine.
Preferably, halogen is fluorine, chlorine or bromine, and more
preferably is chlorine.

(0012]

"Lower alkyl" includes linear or branched alkyl having 1-8
carbons, preferably 1-6 carbons, and more preferably 1-4
carbons, for example, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,
neopentyl, hexyl, isohexyl, n-heptyl, isoheptyl, n-octyl, and
the like. Preferred is methyl.

(0013]

"Lower alkylene" includes linear alkylene having 1-8
carbons, preferably 1-6 carbons, more preferably 1-4 carbons,
and most preferably one or two carbons, for example, methylene,

ethylene, n-propylene, n-butylene, n-pentylene, n-hexylene,

and the like.

[0014]

"Lower alkenylene" includes linear alkenylene having 2-8
carbons, preferably 2~6 carbons, more preférably 2~-4 carbons,
and at least one double bond at any position, and includes, for

example, vinylene, allylene, propenylene, butenylene,

19
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prenylene, butadienylene, pentenylene, pentadienylene,
hexenylene, hexadienylene, and the like.
[0015]

"Lower alkynylene” includes linear alkynylene having 2-8
carbons, preferably 2-6 carbons, more preferably 2-4 carbons,
and at least one triple bond at any position, for example,
ethynylene, propynylene,buthynylene, pentynylene, hexynylene,
and the 1like.

[0016]

“Lower alkoxy” includes linear or branched alkoxy having
1~8 cafbons, preferably 1-6 carbons, and more preferably 1-4
carbons, for example, methoxy, ethoxy, n-propoxy, isopropoxy,
n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, n-pentoxy,
isopentxy, neopentoxy, hexyoxy, isoheptyloxy, isoheptyloxy,
n-octyloxy, n-octyloxy, and the like.

[0017]

“Aralkyl” includes alkyl having one to three groups
selected from above “aryl”, preferably wherein cabon number of
alkyl part is 1 or 4, more preferably is 1 or 2, for example,
benzyl, phenethyl, phenylpropyl, trityl, and the like.
[0018]

“Heterocaralkyl” includes alkyl having one to three groups
selected from above “heteroaryl”, preferably wherein cabon
number of alkyl part is 1 or 4, more preferably is 1 or 2, for

example, furylmethyl, thienylmethyl, pyrolylmethyl,

20
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pyridylmethyl, thienylethyl, furylethyl, imidazorylhéﬁhyl,
benzotienylmethyl, thiazolylmethyl, and the like.
[0019]

“Lower alkyl” of “tri-lower alkylsilyl” is as defined
above, for example, trimethylsilyl, t-butyldimethylsilyl and
the like.

[00201

"Acyl" includes formyl, optionally substituted lower
alkylcarbonyl (e.g., acetyl, propionyl, butylyl, isobutylyl,
valeryl, isovaleryl, pivaloyl, hexaﬁoyl, octanoyl,
methoxyethylcarbonyl, 2,2,2-trifluoroethylcarbonyl),
optionally substituted alkenyloxycarbonyl (e.g., alloc,
cinnamyloxy carbonyl), alkoxycarbonylacetyl (e.q.,
ethoxycarbonylmethylcarbonyl),
(lower)alkoxy(lower)alkylcarbonyl (e.qg.,
methoxyethylcarbonyl),

(lower)alkylcarbamoyl (lower)alkylcarbonyl (e.qg.,
methylcarbamoylethylcarbonyl), optionally substituted
arylcarbonyl (e.g., benzoyl, toluoyl), optionally substituted
cycloalkyloxy carbonyl (e.qg., cycrohexyloxycarbonyl),
optionally substituted aralkyloxy carbonyl (e.qg.,
benzyloxycarbonyl, p-nitrobenzyloxycarbonyl), optionally
substituted heteroaralkyl carbonyl (e.g., thienylmethyl
carbonyl ) and the like. Acyl includes a group of formula (P1-1)

mentioned hereafter.

21
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[0021]

"Aryl" includes phenyl, naphthyl, anthryl, phenanthryl,
and the like, and phenyl is preferable.
[0022]

"Heterocyclic group” includes heterocyclic groups having
‘at least one hetero atom arbitrarily selected from O, S, and
N in the ring, and includes, for example, 5- or 6-membered
heteroaryl such as pyrrolyl, imidazolyl, pyrazolyl, pyridyl,
pyridazinyl, pyrimidinyl, pyrazinyl, triazolyl, triazinyl,
tetrazolyl, isoxazolyl, oxazolyl, oxadiazolyl, isothiazolyl,
thiazolyl, thiadiazolyl, furyl, thienyl, and the like; bicyclic
fused heterocyclic groups such as indolyl, isoindolyl,
indazolyl, indolizinyl, indolinyl, isoindolinyl, gquinolyl,
isoquinolyl, cinnolinyl, phthalazinyl, quinazolinyl,
naphthyridinyl, quinoxalinyl, purinyl, pteridinyl,
benzopyranyl, benzimidazolyl, benzotriazolyl, benzisoxazolyl,
benzoxazolyl, | benzoxadiazolyl, benzisothiazolyl,
benzothiazolyl, benzothiadiazolyl, benzofuryl, isobenzofuryl,
benzothienyl, benzotriazolyl, imidazopyridyl,
pyrazolopyridine, triazolopyridyl, imidazothiaiolyl,
pyrazinopyridazinyl, gquinazolinyl, quinolyl, isoquinolyl,
naphthyridinyl, dihydrobenzofuryl, tetrahydroquinolyl,
tetrahydroisoquinolyl, dihydrobenzoxazine,
tetrahydrobenzothienyl, and the 1like; tricyclic fused

heterocyclic groups‘such as carbazolyl, acridinyl, xanthenyl,

22
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phenothiadinyl, phenoxathiinyl, phenoxazinyl, dibenzofuryl,
imidazoquinolyl, and the 1like; non-aromatic heterocyclic
groups such as dioxanyl, thiiranyl, oxiranyl, oxathiolanyl,
azetidinyl, thianyl, thiazolidine, pyrrolidinyl, pyrrolinyl,
imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl,
piperidyl, piperazinyl, morpholinyl, thiomorpholinyl,
thiomorpholino, dihydropyridyl, dihyrobenzimidazolyl,
tetrahydropyridyl, tetrahydrofuryl, tetrahydropyranyl,
tetrahydrothiazolyl, tetrahydroisothiazolyl, dihydrooxazinyl,
hexahydroazepinyl, tetrahydrodiazepinyl, and the 1like.
Préferably, the heterocyclic group is a 5- or 6-membered
hetercaryl or non-aromatic heterocyclic group, and more
preferably, a 5- or 6-membered heteroaryl.
[0023]

The carboxy protecting groups is explained, for example,
in Protective Groups in Organic Synthesis, written by T. W.
Greene, John Wiley & Sons Inc. (1991), or the like. Examples
thereof include lower alkyl (e.g., methyl, ethyl, t-butyl),
(lower)alkylcarbonyloxymethyl (e.qg., pivaloyl), optionally
substituted aralkyl (e.g., benzyl, benzhydryl, phenethyl,
p-methoxybenzyl, p-nitrobenzyl), silyl groups
(t-butyldimethylsilyl, diphenyl (t-butyl)silyl), and the like.
[0024]

The amino-protecting group is explained, for example, in

Protective Groups in Organic Synthesis, writtenby T. W. Greene,

23
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John Wiley & Sons Inc. (1991), or the like. Examples thereof
include phthalimide, acyl (formyl, optionalluy substituted
alkylcarbonyl (chloroacetyl, trichloroacetyl etc.), lower
alkoxycarbonyl (butoxycarbonyl (Boc), benzyloxy carbonyl
etc.), lower alkenyloxycarbonyl (allyloxycarbonyl (Alloc),
etc.), optionally | subasittuted
aralkyloxycarbonyl (benzyloxycarbonyl, |
p-nitrobenzyloxycarbonyl etc.), optionally substituted
heteroaralkylcarbonyl (thienylmethylcarbonyl etc.)),
optionally substituted aralkanocyl (p-nitrobenzoyl, etc.),
optionallysubstitutedaralkyl(trityl, benzhydryl (BH) etc.),
optionally substituted arylimino (N-benzylidene,
N-salicylidene, N-2-methoxybenzylidene etc.), optionally
substituted lower alkylimino (N-isopropylidene etc.)
tri-lower alkylsilyl (trimethylsilyl,
tert-butyldimethylsilyl etc.) and the like.
[0025]

The hydroxy-protecting group is explained, for example,
in Protective Groups in Organic Synthesis, written by T. W.
Greene, John Wiley & Sons Inc. (1991), or the like. Exaﬁples
thereof incluae lbwer alkoxycarbonyl such as a Cl-C4
alkoxycarbonyl (e.g., t-butyloxycarbonyl), halcgenated lower
alkoxycarbonyl such as a halogenated (Cl-C3) alkoxycarbonyl
(e.qg., 2-iodo ethyloxycarbonyl,

2,2,2-trichloroethyloxycarbonyl), aryl-(lower)
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alkoxycarbonyl such as a phenyl-(C1-C4) alkoxycarbonyl having

optionally a substituent (s) on the benzene ring
(benzyloxycarbonyl, o-nitrobenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl),

p-methoxybenzyl (PMB), tri-lower alkylsilyl such as
tri-(C1-C4) alkylsilyl (e.g., trimethylsilyl,
t-butyldimethylsilyl), a substituted methyl such as C1-C4
alkoxymethyl (e.g., methoxymethyl), Cl1-C4 alkoxy-(Cl-C4)
alkoxymethyl (e.qg., 2-methoxyethoxymethyl), Cl-C4
“alkylthiomethyl (e.g., methylthiomethyl), tetrahydropyranyl,
and the like.
[0026]

Salts include, for example, salts formed with alkali metal
(é.g. lithium, sodium, potassium, etc.), alkaline earth metal
(e.g. calcium, barium, etc.), magnesium, transitionmetal (e.qg.
zinc, ferrum, etc.), ammonia, organic base (e.g. trimethylamine,
triethylamine, dicyclohexylamine, ethanolamine,
diethanolamine, triethanolamine, meglumine, diethanolamine,
ethylenediamine, pyrydine, picoline, quinoline, etc.) and
amino acid, or salts formed with inorganic acid (e.g.
hydrochloric acid, sulphuric acid, nitfic acid, carbonic acid,
hydrobromic acid, phosphoric acid, hydroiodic acid, etc.), and
organic acid (e.g. formic acid, acetic acid, propionic acid,
trifluoroacetic acid, citric acid, lactic acid, tartaric acid,

dxalicacid,maleicacid,fumaricacid,mandelicacid,glutaric
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acid, malic acid, benzoic acid, phthalic acid, ascorbic acid,
benzenesulphonic acid, p-toluenesulfonic acid,
methanesulphonic acid, ethanesulphonic acid, etc,
particularly, salts formed with hydrochloric acid, sulphuric
acid, phosphoric acid, tartaric acid, methanesulphonic acid.
These salts can be formed according to the conventional method.
These salts may be solvate such as hydrate and alcholate.
[0027]

The leaving group includes halogen (Cl, Br, I, F), acetoxy,
substituted sulfonyloxy (e.g., methanesulfonyloxy, optionally
substituted benzensulfonyloxy (e.g., benzenesulfonyloxy,
p-toluenesulfonyloxy) trifluoromethanesulfonyloxy), and the
like. Preffered is halogen (C1, Br, 1), acetoxy,
méthanesulfonyloxy p-toluenesulfonyloxy or
trifluoromethanesulfonyloxy. More preffered is halogen (C1, Br,
I), acetoxy, methanesulfonyloxy, p-toluenesulfonyloxy.
[0028]

The intermediates of the present invention may be reacted
with a variety of materials for forming each side chain moiety
at the 3-, 4- and/or 7-position of the cephem skeleton; if
necessary in combination with the deprotection of an
amino-protecting group and/or a carboxy-protecting group, to
obtain various 2-alkyl cephem compounds.

[0029]

When P' is acyl, prefferd is the group represented by the
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following formula:

[Chemical Formula 27]

0
R1 é (P1-1)

[?2A IQZB

5 wherein,
R' is an optionally substituted carbocyclic group, an
optionally substituted aryloxy, an optionally substituted

heterocyclic group or an optionally substituted heteroaryloxy;
10 with regard to R** and R??,

a) R* is hydrogen, optionally substituted amino, -SOsH,
optionally substituted amino sulfonyl, carboxyl, optionally
substituted (lower alkyl)oxycarbonyl, optionally substituted

15 carbamoyl, hydroxyl, or subétituted carbonyloxy; and R?® is
hydrogen, provided that R? and R’® are not hydrogen at the same
time, or

b) R*™ and R’® are taken together to form optionally
substituted methylidene or optionally substituted

20  hydroxyimino.
[0030]

Examples of "optionally substituted carbocyclic group”,
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“optionally substituted aryloxy”, "“optionally substituted

heteroaryloxy” or "optionally substituted heterocyclic group"”

of R! include phenyl, aminothiazole, aminothiadiazole,

thiophene, furan, Dbenzothiazole, pyridine, pyrimidine,
5 pyridazine, aminopyridine, phenoxy, pyridiloxy, and the like,

each optionally substituted with hydroxyl and/or halogen.

Preferred Examples include the followings:

[Chemical Formula 28]

Cl

S S=N s
v, A, e

o, "o, O O

10 [0031]

Examples of R*® include hydrogen, optionally substituted
amino, -COOH, -SO03H, optionally subsﬁituted aminosulfonyl,
carboxyl, optionally substituted carbamoyl, hydroxyl,
substituted carbonyloxy, and the like.

15 [0032]

In a group of the above formula (P1-1), preferred is that

R?® is hydrogen and R** is the folloing group:

1) substituted amino group shown below:

20 [Chemical Formula 29]
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O NH
Y e e J) N
N Lo O NH o
(-\fo HoN QIO OOH | D
gﬁi 2 N\\ N 2
NHCH C,J H or
Hs o 3 Hy Hy

2) substituted aminosulfonyl group shown below:

[Chemical Formula 30]

v«

O _NH ©2 "iso
T Os NH | z
N O O _NH
%% OOH
N NN
Ha o HCH, c) \ H
Hs
Os NH
&?02 A‘\?OZ
NH HN l N
or
g)OH N\

Hj ;

5 wherein ring B represents an optionally substituted

heterocyclic group;

3) substituted carbamoyl group shown below:

[Chemical Formula 31]

Y Y. A
. - P

wherein ring B represents an optionally substituted

heterocyclic group; or
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4) substituted carbonyloxy shown below:

[Chemical Formula 32]

o)
OYA o) y @
N O X
HN
E i} NN OOH P
N N g or
R 3
H3C) .

5 wherein ring B represents an optionally substituted.
{0033]
Alternatively, R* and R?® may be taken together to form
a substituted methylidene group shown below:

[Chemical Formula 33]

10 R®

wherein R’ is optionally substituted lower alkyl. Preferred
is the group shown below:

{Chemical Formula 34]

m.
I l
OOH or Hs,

15 [0034]
Also, R and R*® may be taken together to form optionally
substituted hydroxyimino shown below:

[Chemical Formula 35]
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wherein R® is as defined above. Preferred is a group shown
below.
[Chemical Formula 36]
J\J‘il\f\l\a
N\

@)

R7”IIII,.
R® > m

Q
: SCOOH

whereinR7andR8areeachindependenthyahydrogenatom,halogen,
hydroxyl group, carboxyl group, an optionally substituted lower
alkyl group, an optionally substituted carbocyclic group, or
an optionally substituted heterocyclic group, or

10 R’ and Relnay be taken together with a neighboring atom to form
an optionally substituted carbocyclic group or an optionally
substituted heterocyclic group:;
Q is a single bond, an optionally substituted carbocyclic group
or an optionally substituted heterocyclic group; and

15 m is an integer from 0 to 3.
[0035]

Examples of "R’ and R®" includes hydrogen, fluoro, chloro,
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hydroxy, carboxy, methyl, ethyl, isopropyl, tert-butyl,
monofluoromethyl, difluoromethyl, trifluoromethyl,
carboxymethyl, carboxyethyl, carbamoylmethyl, carbamoylethyl,
hydroxymethyl, hydroxyethyl, methoxymethyl, ethoxymethyl,
methoxyethyl, ethoxyethyl, methylthiomethyl, ethylthiomethyl,
benzyl, 4-hydroxybenzyl, 4-methoxybenzyl, 4-carboxybenzyl,
3,4-dihydroxybenzyl, phenyl, 4-hydroxyphenyl,
3,4-dihydroxyphenyl, naphthyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, pyrrolyl, imidazolyl, pyrazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazolyl,
triézinyl, tetrazolyl, isoxazolyl, oxazolyl, oxadiazolyl,
isothiazolyl, thiazolyl, thiadiazolyl, furyl, thienyl, and the
like.
(00361

Preferred combinations of (R’, RS) include (hydrogen,
hydrogen), (methyl, hydrogen), (hydrogen, methyl), (methyl,
methyl), (ethyl, hydrogen), (hydrogen, ethyl), (ethyl, ethyl),
(phenyl, hydrogen), (hydrogen, phenyl), (dihydroxyphenyl,
hydrogen), (hydrogen, dihydroxyphenyl), (carboxymethyl,
hydrogen), (hydrogen , carboxymethyl), (carboxyethyl,
hydrogen), (hydrogen, carboxyethyl), (hydroxyethyl, hydrogen),
(hydrogen, hydroxylethyl), (carbamoylmethyl, hydrogen),
(hydrogen, carbamoylmethyl), (trifluoromethyl, hydrogen),
(carboxy, hydrogen), (carbamoylethyl, hydrogen), (benzyl,

hydrogen), (dihydroxybenzyl, hydrogen), and the like. More
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preferred combinations of (R7, R®) include, (methyl, metm}l),
(hydrogen, carboxymethyl), and (carboxyethyl, hydrogen).
[0037]

Preferred examples of the above substituted hydroxyimino

include groups shown bellow.
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- (Chemical Formula 37]

=
:

N N N
\ \ ) \
0 0] (0] : (0] o)
CO,H CO,H / COH CO,H CO.H
N, N N \

~ —~ /_<O @O
HO,C CO.H HO,C CO.H HO CO,H CO,H

WA EaAaad Wy VAAAN

I

N N N N
\ \ \ \
(@] o) O O
HO,C COyH CO,H
Nl " g i I
N N N\ N\ N\

(0038]
More preferred examples of the above substituted

hydroiyimino include groups shown bellow.
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[Chemical Formula 38]

T T T

N
\ N\ \
O 0 0
COH CO,H  HOC CO,H

(0039]

5 In the case where "R’ and R® may be taken together with
a neighboring atom to form an optionally substituted
carbocyclic group or an optionally substituted heterocyclic
group" in the formula:

(Chemical Formula 39]
T AL
!
0
R,
R8 ) m
" “coon

wherein each symbol is as defined,

R” and R® may form cycloalkane, cycloalkene, or a

non-aromatic heterocycle optionally substituted with a group
15 selected from Substituent Group alpha.

(0040]

For example, the moiety in the above formula:
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[Chemical Formula 40]
AN
R7“llu ,
R8
includes those shown below:
5 [Chemical Formula 41])

) 4‘:’4 HN r‘iﬁ

wherein each ring is optionally substituted with a group
selected from Substituent Group alpha.

10 [0041]

Examples of "Q" include a single bond, phenyl, pyridyl,

and the like. A single bond is particularly preferable.

(0042]

"m" is preferably 0 or 1, and 0 is particularly preferable.

15 (00437

Preferred examples of the above embodiments include:

[Chemical Formula 42]
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I I I

N N N
\ \ \
O : O :: o)
CO,H CO,H CO,H

X, OX
CO.H

More preffered examples of P* include a group represented

[0044)]

by the formula:

[Chemical Formula 43]
o} . 0]
R! R%
\,JLXJ , d ¢S
o)
R,
RB )m
Q

"COOH
wherein, each symbol is as defined avobe.
(0045]

The crystal of compound XVI-2, compound II-3, and compound
III-2 may be identified by their main or characteristic peaks
obtained by powder X-ray diffraction analysis. These crystals
may be solvates such as hydrates or alcholates. By isolating

and using these crystals, the synthesis of 2-alkyl cephem can

be conducted more efficiently.

37



10

15

WO 2014/069649 PCT/JP2013/079803

[0046]

When the crystal of the present invention is measured by
powder X-ray diffraction analysis, measurement error may occur
in peaks to some extent depending on a measurement apparatus
or measurement conditions. Specifically, for example a
measurement error of about 0.2 may occur in value of 20. Even
when a very high-precision equipment is used a measurement error
of about *0.1 may occur. Therefore, measurement error should
be considered in idehtifying each crystal structure.

[0047]

The crystals of the present invention have good stability,

good handling, and/or high purity.
[0048]
The proccess of the present invention is explained below.

[Chemical Formula 44)
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Scheme 1
H H
PI-N s PI-N s . Hoo%
PI-N S
N A_0OP® Step1 N__A_ _op? Step 2
o] —_— o _— N A OP?
0
0~ "OH 07 ~op? ,
Vil X X 0”7 0P
H
. H 9 P-N S s
P'-N S R s
Step3 . RS Step 4 N tep 5
—_— N A _OP®P — = g >
0
2
Xl 0% ~oP? vi o~ o
H
P‘I_N S R5A
g
0
0~ ~op?

-1

wherein, P! is an amino-protecting group; P° is a
carboxy-protecting group; P’ is a hydroxyl-protecting group;
Y is a leaving group (e.g., a halogen (Cl, Br, I, F), acetoky,
5 substituted sulfonyloxy ( e.g. methanesulfonyloxy, optionally
substituted benzensulfonyloxy (benzenesulfonyloxy,
p-toluenesulfonyloxy, etc.) trifluoromethanesulfonyloxy),
and the like.); R’ is hydrogen or lower alkyl; the other symbols
are as defined above.
10 [0049]
Step 1
The 4-carboxyl group of the compound (VIII) is protected
with a carboxyl-protecting group by a conventional method to
give the compound (IX). The carboxyl-protecting group is

15 exemplified by diphenyl methyl, p-methoxybenzyl etc.
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The reaction solvents include, for example, ethers (e.g.,
dioxane, tetrahydrofuran, diethyl ether, tert-butyl methyl
ether, diisopropyl ether), esters (e.g., ethyl formate, ethyl
acetate, isopropyl acetate), halogenated hydrocarbons (e.g.,
dichloromethane, chloroform, carbon tetarachloride),
hydrocarbons (e.g., n-hexane, benzene, toluene), amides (e.qg.,
formamide, N,N-dimethylformamide, N,N-dimethylacetamide,
N-methylpyrrolidone), ketones (e.g., acetone, methyl ethyl
ketone), nitriles (e.qg., MeCN, propionitrile),
dimethylsulfoxide, water and a mixed solvent thereof.

The reaction temperature is usually in the range of from
about—lOO°Cto]ﬂO°C,preferablyfromab0ut—80%3t680°c,more
preferably from about -60°C to 60°C. The reaction time may vary
according to the reagents, solvents or reaction temperature to
be employed, but usually is 0.5 to 24 hours. |

Examples of the amino-protecting group include
phthalimide, acyl (formyl, optionalluy substituted
alkylcarbonyl (chloroacetyl, trichloroacetyl etc.), lower
alkoxycarbonyl ‘(butoxycarbonyl (Boc), benzyloxy carbonyl
etc.), lower alkenyloxycarbonyl (allyloxycarbonyl (Alloc),
etc.), optionally substituted
aralkyloxycarbonyl (benzyloxycarbonyl,
p-nitrobenzyloxycarbonyl etc.), ocptionally substituted
heterocaralkylcarbonyl | (thienylmethylcarbonyl etc.)),

optionally substituted aralkanoyl (p-nitrobenzoyl, etc.),
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optionally substituted aralkyl (trityl, benzhydryl (BH) etc.),

optionally substituted arylimino (N-benzylidene,
N-salicylidene, N-2-methoxybenzylidene etc.), optidnally
substituted lower alkylimino (N~isopropylidene etc.)
tri-lower alkylsilyl (trimethylsilyl,

tert-butyldimethylsilyl etc.) and the like. Preferably, the
amino-ptotecting group is optionally substituted
heteroaralkylcarbonyl (thienylmethylcarbonyl etc.), lower
alkoxycarbonyl (butoxycarbonyl (Boc), benzyloxy carbonyl
etc.), optionally substituted aralkyl (trityl, benzhydryl (BH)
etc.), formyl, chloroacetyl, trichlorocacetyl or tri-lower
alkylsilyl (trimethylsilyl, tert-butyldimethylsilyl etc.),
more preferably is optionally substituted
heteroaralkylcarbonyl (thienylmethylcarbonyl etc.).
Examples of the hydroxy-protecting group include lower
alkoxycarbonyl such as a Cl1-C4 alkoxycarbonyl (e.qg.,
t-butyloxycarbonyl), halogenated lower alkoxycarbonyl such as
a halogenated (C1-C3) alkoxycarbonyl (e.qg., 2-iodo
ethyloxycarbonyl, 2,2,2-trichloroethyloxycarbonyl),
aryl-(lower) alkoxycarbonyl such as a phenyl-(Cl-C4)
alkoxycarbonyl having optionally a substituent(s) on the
benzene ring (benzyloxycarbonyl, o-nitrobenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl),
p-methoxybenzyl (PMB), tri-lower alkylsilyl such as

tri-(Cl-C4) alkylsilyl (e.g., trimethylsilyl,
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t~butyldimethylsilyl), a substituted methyl such as Cl1-C4

alkoxymethyl (e.g., methoxymethyl), Cl1-C4 alkoxy-(Cl-C4)

alkoxymethyl (e.g., 2-methoxyethoxymethyl), Cil-C4
alkylthiomethyl (e.qg., methylthiomethyl),
tetrahydropyranyl,and the iike.

[0050)

Step 2

The compound (X)iis obtained by subjecting the compound
(IX) to okidation reaction using an oxidant well~-known to those
skilled in the art (e.g., m-chloroperbenzoic acid, peracetic
acid, performic acid, hydrogen peroxide).

The reaction solvents include, for example, ethers (e.qg.,
anisole, dioxane, tetrahydrofuran, diethyl ether, tert-butyl
methyl ether, diisopropyl ether), esters (e.g., ethyl formate,
ethyl acetate, n-butyl acetate, isopropyl acetate),
halogenated hydrocarbons (e.g., dichloromethane, chloroform,
carbon tetarachloride), hydrocarbons (e.g., n-hexane, benzene,
toluene), amides (e.g., formamide, N,N-dimethylformamide,
N,N—dimethylacetamide, N-methylpyrrolidone), ketones (e.qg.,
écetone, methyl ethyl ketone), nitriles (e.qg., MeCN,
propionitrile), nitros (e.g., nitromethane, nitorethane,
nitrobenzene), dimethylsulfoxide, water, and a mixed solvent
selected from two or more of these solvents. Preferably
halogenated hydrocarbons (e.g. dichloromethane, chloroform,

carbon tetrachloride) are used as solvent.

42



10

15

20

25

WO 2014/069649 PCT/JP2013/079803

The reaction temperature is usually in the range of from
about -100°C to 100°C, preferably from about -80°C to 50°C, more
preferably about -50°C to 0°C.

The reaction time may vary according to the reagents,
solvents or reaction temperature to be employed, but usually
is carried out for 0.5 to 24 hours.

[0051]

| Step 3

The compound (X) is reacted with aldehyde (i.e., R’CHO)
and a primary or secondary amine to give the compound (XI).

The aldehyde includes, for example, formaldehyde and lower
alkyl aldehyde (e.g. acetaldehyde, propionaldehyde). The
aldehyde is generally used in an amount of about 1 to 100 mole,
preferably 1 to 30 mole, for 1 mole of the compound (X).

The primary or secondary amine includes, for example,
methylamine, dimethylamine, ethylamine and diethylamine. The
primary or secondary amine, including its salt, is generally
used in an amount of about 1 to 100 mole, preferably 1 to 30
mole, for 1 mole of the compound (X).

The reaction solvents include, for example, ethers (e.qg.,
dioxane, tetrahydrofuran, diethyl ether, tert-butyl methyl
ether, diisopropyl ether), esters (e.g., ethyl formate, ethyl
acetate, isopropyl acetate), halogenated hydrocarbons (e.g.,
dichloromethane, chloroform, carbon tetarachloride),

hydrocarbons (e.g., n-hexane, benzene, toluene), amides (e.qg.,
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formamide, N,N-dimethylformamide, N,N-dimethylacetamide,
N-methylpyrrolidone), ketones (e.g., acetone, methyl ethyl
ketone), nitriles (e.g.f MeCN, propionitrile),
dimethylsulfoxide, water, and a mixed solvent thereof.

The reaction temperature is usually in the range of from
about -100°C to 100°C, preferably from about -80°C to 80°C, more
preferably from about 0°C to 80°C.

The reaction time may vary according to the reagents,
solvents or reaction temperature to be employed, but usually
is 0.5 to 24 hours.

[0052]
Step 4

The compound (XI) is reacted with a reductant (e.qg., zinc,
copper, mixture thereof) and an acid (e.g., Hydrochloric acid,
acetic acid, formic acid) to give the compound (VI).

Zinc is preferavly used in an amount of about 1 to 100 rﬁole,
preferably 1 to 30 mole, for 1 mole of the compound (XI). The
acid (e.g., Hydrochloric acid, acetic acid, formic acid) is
preferavly used in an amount of about 1 to 100 mole, preferably
1 to 30 mole, for 1 mole of the compound (XI).

The reaction solvents include, for example, ethers (e.qg.,
dioxane, tetrahydrofuran, diethyl ether, tert-butyl methyl
ether, diisopropyl ether), esters (e.g., ethyl formate, ethyl
acetate, isopropyl acetate), halogenated hydrocarbons (e.qg.,

dichloromethane, chloroform, carbon tetarachloride),
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hydrocarbons (e.g., n-hexane, benzene, toluene), amides (e.qg.,
formamide, N, N-dimethylformamide, N,N-dimethylacetamide,
N-methylpyrrolidone), ketones (e.g., acetone, methyl ethyl
ketone), nitriles (e.g., MeCN, propionitrile), acid (e.g.,
Hydrochloric acid, “acetic acid, formic acid),
dimethylsulfoxide, water, and a mixed solvent thereof.

The reaction temperature is usually in the range of from
about -100°C to 100°C, preferably from about -80°C to 80°C, more
preferably from about -20°C to 60°C.

The reaction time may vary according to the reagents,
solvents or reaction temperature to be employed, but usually
is 0.5 to 24 hours.

[0053]
Step 5

The compound (VI) is reactedwith an acid (e.g., hydrohalic
acid, acetic acid, formic acid, methanesulfonic acid,
torifluoromethanesulfonic acid, p-toluenesulfonic acid) to
give the compound (I-1).

Preferably, the acid is hydrocholoric acid or hydrobromic
acid.

The acid is generally used in an amount of about 1 to 100
mole, preferably 1 to 30 mole, for 1 mole of the compound (VI).

The reaction solvents include, for example, ethers (e.qg.,
anisole, dioxane, tetrahydrofuran, diethyl ether, tert-butyl

methyl ether, diisopropyl ether), esters (e.qg., ethyl formate,
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ethyl acetate, n-butyl acetate, isopropyl acetate),

halogenated hydrocarbons (e.g., dichloromethane, chloroform,

carbon tetarachloride), hydrocarbons (e.g., n-hexane, benzene,
toluene), amides (e.g., formamide, N,N-dimethylformamide,

N,N-dimethylacetamide, N-methylpyrrolidone), ketones (e.g.,

acetone, methyl ethyl ketone), nitriles (e.g., MecCN,

propionitrile), nitros (e.g., nitromethane, nitorethane,

nitrobenzene), dimethylsulfoxide, water, and a mixed solvent

selected from two or more of these solvents. Preferably, dixane

is used as solvent.

The reaction temperature is usually in the range of from
about -100°C to 100°C, preferably from about -10°C to 50°C, more
preferably from about -5°C to 30°C.

The reaction time may vary according to the reagents,
solvents or reaction temperature to be employed, but usually
is 0.5 to 24 hours.

[0054)]

(Chemical Formula 45]
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Scheme 2
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wherein each symbol is as defined above.
[0055]
Step 6
5 The compound (I) is reacted with an oxidant well-known to

those skilled in the art (e.g., m-chloroperbenzoic acid,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>