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Claims

.\ A diazabicyclooctane derivative represented by the following formuta (I):
[Chelgical formula 134]

represents Ra(Rb)N- or RcO-; B represents NH or NCi .
or SO;M, where M represents H, an inorganic cation or an

in the above formula (1)}
alkyl; C represents benzyl,
organic cation; Ra and Rb eat independently represent H, a C,.6 alkyl or acyl; Rc
represents Cy.¢ alkyl or a heterodyclyl; A may be modified by 0 to 4 substituents Fnl,
where the substituent Fnl may be ybstituted continuously; Fnl represents C, alkyl,
O=, or Rg-(CHz)o.3-, where Rg represknts a heterocyclyl, phenyl, heteroaryl, acyl,
RdO;8-, Re(RE)N-, Re(RINCO-, ReO-\ReOCO- or a protective group, where Rd
represents Cy.¢ alkyl or MO-; Re and Rf ea%h independently represent H or C,.s alkyl,
and further, between Ra and Rb, between Rc dpd B, and between Re and Rf may be

closed by the bonding to form a heterocyclyl haing at least one nitrogen atom,

in the above formula (II), Rc represents C.¢ alkyl or a heterocyclyl; B represexts NH or
NC,.6 alkyl; C represents benzyl, H or SOsM, where M represents H, an inorg
cation or an organic cation; Rc may be modified by 0 to 4 substituents Fn1, where tRe
substituent Fnl may be substituted continuously; Fnl represents Cj. alkyl, O=, or Rg
{CHz)o.3-, where Rg represents a heterocyclyl, phenyl, heteroaryl, acyl, R40,S-,

Re(Rf)N-, Re(RfYNCO-, ReO-, ReOCO- or a protective group, where Rd represents C.4
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alkyl or MO-; Re and Rf each independently represent H or Ci.¢ alkyl, and further,
ctween Rc and B, and between Re and Rf may be closed by the bonding to form a
h&{erocyclyl having at least one nitrogen atom,

a pharmaceutically acceptable salt thdeof, or a solvate thereof.

4. A diazabicyclooctane derivative reprdgented by the following formula (1Ib):
[Chemical formula 137]

i
Rc:’D‘B/l e
N
F—N,
o] OH
)
in the above formula (ITb), Rc and B have the same meanings as e compound of Claim

2,
a pharmaceutically acceptable salt thereof, or a solvate thereof.

5. Adiazabicyclooctane derivative represented by the following formula\(III):
[Chemical formula 138]
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in the above\formula (III), Rc, B and M have the same meanings as the compound of
Claim 2,
a pharmaceutically acceptable salt thereof, or a solvate thereof.

6.  The compound oXany one of Claims 1 to 5, which is represented by the following
formulae:

[Chemical formula 139]

O
2 }
P \N/\/O\ﬁ) ,
H N
)_N\O_PS

o
(1-659), (11-050), (1-109)

0
2
\ N P \N/\\/O-\NJL,.
Me N N H
/=N,

Ho
}—N
@} o) p? O g ‘O' p3

(11-065) (1-066) (1-067)

O Me (i
2
Me. N/\,ow,”r,,, Q P \HJ\,o\ﬁJ

H N P2 H
)—N
O \O‘Pa N‘o—P3
(I-068) (N-075)

{1-078) (1-081) (1-082)

10
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in the above formulae, P? represents tert-butoxycarbonyl (Boc), benzyloxycarbonyl
Cbz) or H; P’ represents benzyl (Bn), H or SOsM: where M represents H, sodium,
pXidinium or tetrabutylammonium,

a phagmaceutically acceptable salt thereof, or a solvate thereof.

7.  Theompound of any one of Claims 1 to 3, which is:
(25,5R)-N-(XMaminoethoxy)-7-0x0-6-(sulfooxy)-1,6-diazabicyelo[3.2.1]octane-2-
carboxamide, ‘
(28,5R)-N-[2-(meNgylamino)ethoxy]-7-0x0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane- :
2-carboxamide,
(28,5R)-7-0x0-N-[2-(p
diazabicyclo[3.2.1]octaneX-carboxamide,
(28,5R)-N-[2~(dimethylamin®)ethoxy]-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carRoxamide,
(28,5R)-N-{[(28)-2-aminopropy! I\« y} ~7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxaigide,
(28,5R)-N-{[(2R)-2-aminopropylJoxy}
diazabicyclo[3.2.1]octane-2-carboxamide,
(25,5R)-N-(3-aminopropoxy)-7-oxo-6-(sulfodxy)-1,6-diazabicyclo[3.2.1]octane-2-
carboxamide,
(25,5R)-N-[(28)-azetidin-2-ylmethoxy]-7-0xo0-6-(Slfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide,
(28,5R)-7-0x0-N-[(2R)-pyrrolidin-2-ylmethoxy]-6-(suliyoxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide,
(28,5R)-7-0x0-N-[(28)-piperidin-2-ylmethoxy]-6-(sulfooxy)-L,6-
diazabicyclo[3.2.1]Joctane-2-carboxamide,
(28,5R)-7-0x0-N-[(38)-pyrrolidin-3-yloxy]-6-(sulfooxy)-1,6-diazalecyclo[3.2.1]octane-
2-carboxamide, or
(28,5R)-N-(azetidin-3-ylmethoxy)-7-oxo0-6-(sulfooxy)-1,6-diazabicyclo|{.2.1]octane-2-

an-2-ylamino)ethoxy]-6-(sulfooxy)-1,6-

-0x0-6-(sulfooxy)-1,6-

carboxamide,
a pharmaceutically acceptable salt thereof, or a solvate thereof.

8. A pharmaceutical composition comprising the diazabicyclooctane derivative
represented by the formula (I) of Claim 1, a pharmaceutically acceptable salt thereof,
a solvate thereof, and, optionally, a pharmaceutically acceptable carrier.
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9.  The pharmaceutical composition of Claim 8, for administeration in combination

with a }-lactam antibiotic.

10\, The pharmaceutical composition of Claim 8 or 9, for treating bacterial infection.

11. A R¢lactamase inhibitor comprising the diazabicyclooctane derivative represented
by the fornNla (I) of Claim 1, a pharmaceutically acceptable salt thereof, or a solvate

thereof.

12. A pharmaceuNgal composition comprising the B-lactamase inhibitor of Claim 11,

a [3-lactam antibiotic, 3d, optionally, a pharmaceutically acceptable carrier.

13. A pharmaceutical composition comprising the B-lactamase inhibitor of Claim 11,
a B-lactam antibiotic selected Kopm the group consisting of ampicillin, amoxicillin,
piperacillin, ticarcillin, flomoxef)\efotaxim, ceftriaxone, ceftazidime, cefepime,
ceftaroline, ceftolozane, imipenem, Ygeropenem, biapenem, doripenem, ertapenem and

aztreonam, and, optionally, a pharmaceytically acceptable carrier.

14. A pharmaceutical composition compriyjng of the B-lactamase inhibitor of Claim
11 and a B-lactam antibioticfor use in the treatiRent of bacterial infection.

15. A pharmaceutical composition comprising & the B-lactamase inhibitor of
Claim 11 and a B-lactam antibiotic selected from the giup consisting of ampicillin,
amoxicillin, piperacillin, ticarcillin, flomoxef, cefotaxim, \eftriaxone, ceftazidime,

of Claim 11 and a B-lactam antibiotic selected from the group consisting of ampicNin,
amoxicillin, piperacillin, ticarcillin, flomoxef, cefotaxim, ceftriaxone, ceftazidime,

cefepime, ceftaroline, ceftolozane, imipenem, meropenem, biapenem, doripenem,
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ertapenem and aztreonam, in the manufacture of a medicament for the treatment of

bacterial infection.

A process for preparing the compound of Claim 5 represented by the following
formulg (IIT):
[Chemicd] formula 145]

in the above formula (IIT), R§and B have the same meanings as defined for the
compound of Claim 2,
which is included in Claim 2
which comprises

subjecting to coupling a compound repigsented by the following formula (IV-a):

[Chemical formula 140]
OH

o')/!‘..O\
.N A0Bn
1 N
P H

(\V-a)

in the above formula (IV-a), P' represents a protective grody which can be removed by
an acid, a base or a nucleophilic agent; and OBn represents b
with a compound: RcOBH using an active ester, an active amid
condensing agent to prepare a compound represented by the follow\

[Chemical formula 141]

!
Rc’o‘a’l”'-
P1.N H,OBn

(IV-b)

in the above formula (IV-b), P! represents a protective group which can be removed b
an acid, a base or a nucleophilic agent; Rc and B have the same meanings as defined for
the compound of Claim 2, and OBn represents benzyloxy,
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deprotecting P! which is a protective group to prepare a compound represented by the
following formula (IV-c):
emical formula 142]

in the above formN]a (IV-c), Rc and B have the same meanings as defined for the
compound of Claim'}, and OBn represents benzyloxy,

silylating the compoun¥ in the reaction system, and then, subjecting to intramolecular
urea formation reaction to\prepare a compound represented by the following formula
(I1a):

[Chemical formula 143]

?
Rc’O“B)""
N

in the above formula (IIa), Re and B have the samN\meanings as defined for the
compound of Claim 2, and OBn represents benzylox
then, removing the benzyl of the benzyloxy at the 6-poskjon using a hydrogenolysis
catalyst under hydrogen atmosphere to prepare a compoun¥ represented by the
following formula (1Ib):

[Chemical formula 144]

I’
R ,O..B) .,
N

J—N,

o] OH
()

in the above formula (IIb), Rc and B have the same meanings as defined for the
compound of Clajm 2,

and sulfating the hydroxyl group at the 6-position in the presence of a base, and, if
necessary, deprotecting the protective group in the side chain: ReOB-.
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9. Aprocess for preparing the compound of Claim 3 represented by the following

in the above formula (II8), Rc and B have the same meanings as defined for the
compound of Claim 2, and\OBn represents benzyloxy,

which is included in Claim 2\which comprises

subjecting to coupling a compold represented by the following formula (IV-a):

[Chemical formula 146]
OH
)
pr N N,.OBn
H
(IV-a)
in the above formula (IV-a), P' represents a protectie group which can be removed by
an acid, a base or a nucleophilic agent; and OBn représents benzyloxy,
with a compound: RcOBH using an active ester, an activ amide or a dehydration

condensing agent to prepare a compound represented by th&following formula (IV-b):
[Chemical formula 147]

b
Rc/O\B I'._Q
P"N H,OBn
(IV-)

in the above formula (IV-b), P! represents a protective group which can be re
an acid, a base or a mucleophilic agent; Rc and B have the same meanings as defided for
the compound of Claim 2, and OBn represents benzyloxy,
deprotecting P' which is a protective group to prepare a compound represented by the
following formula (I'V-c):

[Chemical formula 148]
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in the abdye formula (IV-c), Rc and B have the same meanings as defined for the
compound o Claim 2, and OBn represents benzyloxy,
silylating the cygnpound in the reaction system, and then, subjecting to intramolecular

urea formation redgtion.

20. A process for prejaring the compound of Claim 3 represented by the following
formula (IIa):
[Chemical formula 151]

0

"
RCIO‘ B/l =
N

which is included in Claim 2, which comprises
silylating the cornpound represented by the following
[Chemical formula 150]

0

‘ .
Rc’o‘B) o _
HN .OBn

N

(IV-¢)
in the above formula (IV-c), Rc and B have the same meanings as defined
compound of Claim 2, and OBn represents benzyloxy,

21.  Aprocess for preparing the compound represented by the following formula (1IN;
[Chemical formula 154]
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in the ablve formula (III), Re, B and M have the same meanings as defined for the
compound Nf Claim 2,
which is inclu¥ed in Claim 2, which comprises
5 removing the bedgyl of the benzyloxy at the 6-position of a compound represented by
the following formiNa (I1a):
[Chemical formula 1

|
Rc’D‘B)""
N

in the above formula (Ila), Rc and B hAye the same meanings as defined for the

10 compound of Claim 2 and OBn represent\a benzyloxy group,
using a hydrogenolysis catalyst under hydroXen atmosphere to prepare a compound
represented by the following formula (Ifb):
[Chemical formula 153]

c|)
RG’O‘BJ""
N

/N,

o OH
(Ib)

15  inthe above formula (IIb), Rc and B have the same meanings as defiged for the
compound of Claim 2,
and sulfating the hydroxyl group at the 6-position in the presence of a bas
necessary, deprotecting the protective group in the side chain: RcOB-.

20 22, Aprocess for preparing (2S,5R)-N-(2-aminoethoxy)-7-o0xo0-6-(sulfooxy)-1,
diazabicyclo[3.2.1]octane-2-carboxamide represented by the following formula (III-
059):
[Chemical formula 161]
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8]
HZN/\\/QEJL-.Q
N

0)— N 5-50:H

(1-058)
which coXgprises
among the &mpounds represented by the following formulae (IV-a2), (IV-a3) and (IV-

ad):
5  [Chemical formu
COH

0//1”1.
P,.N(\:LH,OBn

(IV-a2) P=TFA

(IV-a3) P!=Boc
(IV-a4) P'=Teoc
in the above formula (IV-a2), (IV-a3\or (IV-a4), TFA represents trifluoroacetyl, Boc
represents tert-butoxycarbonyl, Teoc redesents 2-trimethylsilylethoxycarbonyl, and
OBn represents benzyloxy,
10 subjecting to coupling the compound represeNted by the formula (TV-a2) or (IV-a4) with
tert-butyl 2-(aminooxy)ethylcarbamate using arNactive ester, an active amide or a
dehydration condensing agent, or
subjecting to coupling the compound represented by We formula (IV-a3) with benzyl 2-
(aminooxy)ethylcarbamate using an active ester, an actiWe amide or a dehydration

15  condensing agent,
V-b2-Boc-059), (IV-b3-

to prepare a compound represented by the following formula
Cbz-059) or (IV-b4-Boc-059);
[Chemical formula 156]

O
2 |
P\N/\VO\N/I v,

H H P1.N u,OBn
{(IV-b2-Boe-059) P1=TFA, P=Boc
(IV-b3-Chz-059) P*=Boc, P?=Cbz
(IV-b4-Bac-059) P1=Teoc, P2=Boc

20 in the above formula (IV-b2-Boc-059), (IV-b3-Cbz-059) or (IV-b4-Boc-059), TFA
represents trifluoroacetyl, Boc represents tert-butoxycarbonyl, Cbz represents
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benzyloxycarbonyl, Teoc represents 2-trimethylsilylethoxycarbonyl, and OBn
represents benzyloxy,

protecting the trifluoroacetyl of the compound represented by the formula (TV-b2-
Bod059) by the treatment with a base to prepare a compound represented by the

in the above formula (IV-c-Bpc-059) or (IV-c-Chz-059), Boc represents tert-
butoxycarbonyl, Cbz representy benzyloxycarbonyl, and OBn represents a benzyloxy,
removing the tert-butoxycarbonyNef the compound represented by the formula (IV-b3-
Cbz-059) by an acid treatment to prépare a compound represented by the above formula
(IV-c-Cbz-059), or
removing the 2-trimethylsilylethoxycarboRyl of the compound represented by the
formula (IV-b4-Boc-059) by a fluoride to pr
formula (IV-c-Boc-059),

then, after silylating the above-mentioned (IV-c-

are a compound represented by the above

c-059) or (IV-c-Cbz-059) in the
reaction system, subjecting to intramolecular urea foNnation reaction to prepare a
compound represented by the following formula (I1a-B
[Chemical formula 158]

(Ha-Boe-059) P2=Boc
(Ha-Cbz-059) P2=Cbz

in the above formula (Ila-Boc-059) or (Ila-Cbz-059), Boc represents tert-

the formula (IIa-Boc-059) using a hydrogenolysis catalyst under hydrogen atmospher

or
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removing the benzy! of the benzyloxy at the 6-position of the compound represented by
the formula (1la-Cbz-059) using a hydrogenolysis catalyst under hydrogen atmosphere,
simultaneously tert-butoxycarbonylating the same in the presence of di-tert-

butdxydicarbonate to prepare a compound represented by the following formula (IIb-
Boc-0

[{Chemica\formula 159]

(IIb-Bot\059)

in the above formula (ITb-Bod059), Boc represents tert-butoxycarbonyl,
sulfating the hydroxyl group at e 6-position to prepare a compound represented by the
following formula (I1II-Boc-059):

[Chemical formula 160]

O
|
BOC\.N/\/O\N) t,
H H N

— N o-s0M

O
(IH-Bo¢-059)

in the above formula (III-Boc-059), Boc represents tert-bytoxycarbonyl, and M
represents H, pyridinium, sodium or tetrabutylammonium,

and deprotecting the tert-butoxycarbonyl by an acid treatment.

23.  Aprocess for preparing tert-butyl {2-[({[(2S,5R)-6-benzylox
diazabicyclo[3.2.1]oct-2-yl]Jcarbonyl }amino)oxy]ethyl } carbamate, or Bgnzyl {2-
[({[(28,5R)-6-benzyloxy-7-0x0-1,6-diazabicyclo[3.2.1]oct-2-
yllcarbonyl}amino)oxyjethyl} carbamate represented by the following form
Boe-059) or (1a-Cbz-059):

[Chemical formula 165]
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[Chemical formula 162]
CH

O{J/""-,’/\:L
pt N N'O Bn
H .
(IV-a2) P1=TFA

(W-a3) P*=Boc
(iV-ad) P'=Teoc

in the above formula (IV-a2), (IV-a3) or (IV-
represents tert-butoxycarbonyl, Teoc represents\g-trimethyisitylethoxycarbonyl, and

), TFA represents trifluoroacetyl, Boc

OBn represents benzyloxy,
subjecting to coupling each of the compounds represdgted by the formulae (IV-a2) and
(1V-a4) using tert-butyl 2-(aminooxy)ethylcarbamate, 13thyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride and 1-
hydroxybenzotriazole:monchydrate in combination,
subjecting to coupling the compounds represented by the formulg (IV-23) using benzyl
2-(aminooxy)ethylcarbamate, 1-ethyl-3-(3-dimethylaminopropyl)S\bodiimide
hydrochioride and 1-hydroxybenzotriazole-monohydrate in combinat¥n,

to prepare a compound represented by the following formula (IV-b2-Bod059), (IV-b3-
Cbz-059) or (IV-b4-Boc-059):
[Chemical formula 163]
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in the above fodaula (IV-b2-Boc-059), (IV-b3-Cbz-059) or (IV-b4-Boc-059), TFA
represents trifluordacetyl, Boc represents tert-butoxyecarbonyl, Cbz represents

benzyloxycarbonyl, Ygoc represents 2-trimethylsilylethoxycarbonyl, and OBn
represents benzyloxy,
removing the trifluoroacety] of the compound represented by the formula (IV-b2-Boc-
059) by using a base selected\from lithium hydroxide, sodium hydroxide, potassium
hydroxide to prepare a compounk] represented by the following formula {IV-c-Boc-059):

[Chemical formula 164]

0
2 |
p \N/\/O‘HJ
H HN._ . -OBn

(IV-c-Boc-059) P2=Boc |
(V-c-Chz-059) P%=Cbz

in the above formula (IV-c-Boe-059) or (IV-¢c-Cbz-05
butoxycarbonyl, Chz represents benzyloxycarbonyl, and\QBn represents benzyloxy,

, Boc represents tert-

removing the tert-butoxycarbonyl of the compound represeNted by the formula ([V-b3-
Cbz-059) using an acid selected from hydrochloric acid, sulfuNg acid, methanesulfonic
acid and trifluoroacetic acid to prepare a compound represented By the above formula
(IV-c-Cbz-059), or
removing the 2-trimethylsilylethoxycarbonyl of the compound represeXged by the

formula (TV-b4-Boc-059) using tetrabutylammonium fluoride to prepare \compound
represented by the above formula (IV-c-Boc-059), and
silylating the compound represented by the above formula (TV-c-Boc-059) or
059) using chlorotrialkylsilane in the reaction system and subsequently subjectind\o
intramolecular urea formation reaction using phosgene or diphosgene to prepare the

compound represented by the formuia (IIa-Boc-059) or (Ila-Cbz-059).
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24, A process for preparing tert-butyl {2-[({[(28,5R)-6-benzyloxy-7-0xo0-1,6-
diazabicyclo[3.2.1]octo-2-yl]carbonyl } amino)oxy]ethyl} carbamate, or benzyl {2-
(28,5R)-6-benzyloxy-7-oxo-1,6-diazabicyciof3.2.1]oct-2-
ylleXbonyl}amino)oxyJethyl} carbamate represented by the following formula (Ila-

{lla-Boc-059)
(Ila-Cbz-059) P

<059) or (I1a-Cbz-059), Boc represents tert-
enzyloxycarbonyl, and OBn represents benzyloxy,

in the above formula (Ila-Bo

butoxycarbonyl, Cbz represent
10 which comprises

silylating a compound represented bi\the following formula (IV-c-Boc-059) or (IV-c-

Cbz-059):

[Chemical formula 166]

{IV-c-Boc-059) P2=BocH
(IV-c-Chz-059) P2=Cbz

15 in the above formula (IV-c-Boc-059) or (IV-c-Cbz-059), Boc ¥epresents tert-
butoxycarbonyl, Cbz represents benzyloxycarbonyl, and OBn rejjresents benzyloxy,
using chlorotrimethylsilane in the reaction system, and subsequently subjecting to

intramolecular urea formation reaction using phosgene or diphosgene)

20 25. Anprocess for preparing (28,5R)-N-(2-aminoethoxy)-7-oxo-6-(sulfooXy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide represented by the following formulg (III-
059):
[Chemical formula 171]
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(lla-Boc-059) P?=Bac
(la-Ghz-059) P%=Cbz
in the above formula (ITa-Boce-059) or\Ila-Cbz-059), Boc represents tert-
butoxycarbonyl, Cbz represents benzyloMycarbonyl, and OBn represents benzyloxy,
removing the benzyl of the benzyloxy group\at the 6-position of the compound
10 represented by the formula (Ila-Boc-059) usin¥ palladium-carbon under hydrogen
atmosphere, or
removing the benzyl of the benzyloxy group at the &position of the compound
represented by the formula (I1a-Cbz-059) using palladym-carbon under hydrogen
atmosphere in the presence of di-tert-butoxydicarbonate, ¥od simultaneously subjecting
15  to tert-butoxycarbonylation to prepare a compound represe:
formula (IIb-Boc-059):

[Chemical formula 169]

0
|
BOC\N/\/O-.NJ .
H H N

(Nb-Boc-058)

in the above formula (IIb-Boc-059), Boc represents a tert-butoxycarbonyl group,

20  sulfating the hydroxyl group at the 6-position by a sulfur trioxide-pyridine complex in
the presence of pyridine, 2-picoline or 2,6-lutidine, to prepare a compound represented
by the following formula (I1I-Boc-059):
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[Chemical formula 170]

o)_ N~o-soam

(I-Boc-059)

in the above foXuula (III-Boc-059), Bac represents tert-butoxycarbonyl, and M
represents H, pynNinium, sodium or tetrabutylammonium,
and deprotecting theNgrt-butoxycarbonyl by an acid selected from hydrochloric acid,

sulfuric acid, methanesWfonic acid, trifluoroacetic acid and tetrafluoroboric acid.

26. A process for preparing\tert-butyl {2-{({[(2S,5R)-6-benzyloxy-7-oxo-1,6-
diazabicyclo[3.2.1Jocto-2-yl]caNyonyl} amino)oxy)ethyl } carbamate represented by the
following formula (Ila-Boc-059):
[Chemical formula 173]

0

BOG\N/\VIO-.NJ’J.'
H H N

(lla-Boc-059)

in the above formula (Ila-Boc-059), Boc represents tert-Butoxycarbonyl, Cbz represents
benzyloxycarbony! and OBn represents benzyloxy,
which comprises

silylating a compound represented by the following formula (IV-%:Boc-059):

[Chemical formula 172]

0
|
Bocsﬁwosﬁ) ‘-_O\
. HN N’OBn

{(IV-c-Boc-059) H

in the above formula (IV-c-Boc-059), Boc represents tert-butoxycarbonyl and OBn

represents benzyloxy,
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using triethylamine and chlorotrimethylsilane in the reaction system, and subsequently
ubjecting to intramolecular urea formation reaction using phosgene or diphosgene with

talytic amount of 4-dimethylaminepyridine.

27. Aprocess for preparing (28,5R)-N-(2-aminoethoxy)-7-oxo0-6-(sulfooxy)-1,6-
diazabicydo[3.2.1]octane-2-carboxamide represented by the following formula (III-

(11-059)

which comprises,
removing the benzyl of the benzylox at the 6-position of a compound represented by
the following formula (Ila-Boe-059):
[Chemical formula 174]

0
BOC -.N/\\/o-q,N/u'J,_
H H N
/N,
o OBn

(lla-Boc-059)

in the above formula ({la-Boc-059), Boc represents tert-butodycarbonyl, and OBn
represents benzyloxy,
using palladium-carbon under hydrogen atmosphere to prepare a c\mpound represented
by the following formula (IIb-Boc-059):

[Chemical formula 175]

o

Boc .,N/\/O\NJI-’-,_
H H N

o N‘OH

(ilb-Boc-059)

in the above formula (1Ib-Boc-059), Boc represents tert-butoxycarbonyl,
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sulfating the hydroxyl group at the 6-position using a sulfur trioxide-pyridine complex
1 the presence of pyridine, 2-picoline or 2,6-lutidine to prepare a compound
resented by the following formula (II-Boc-059):

)_ N‘o—' SOM

IN-Boc-059)

in the above formula (NJ-Boc-059), Boc represents tert-butoxycarbonyl, and M
represents H, pyridinium\godium or tetrabutylammonium,

and deprotecting the tert-budqxycarbonyl group with an acid selected from hydrochloric
acid, sulfuric acid, methanesul¥nic acid, trifluoroacetic acid or tetrafluoreboric acid.
28. Aprocess for preparing (28,5N)-methyl 5-(benzyloxyamino)piperidine-2-
carboxylate and hydrochloride thereof\¢omprising methyl esterifying (28,5S)-5-
hydroxypiperidine-2-carboxylic acid or h¥drochloride thereof, trifluoroacetylizing,
benzyloxyaminating the hydroxyl group at thg 5-position, and removing the

trifluoroacetyl.

29. The compounds of the following formulae:
[Chemical formula 45]

OH

OMe
o CL Q CL
OBn HN .08Bn HN .0Bn HN OBn TFA’

N 2HC
(o}
OJ‘O\ O/J/n., Boc. /\,0 JL Q Coz. /\/O ﬁJL
LRS8O\
BUC’N N,OBn TEOC'N OBl‘l TFA’ O I'l
H H
- (o]
Bocs s Oupy b Boc. ,\,o HJL Cbz. /\,o H)l
H H ,Q -.0Bn IO\ -0Bn Q ~0Bn

Teoe' N
in the above formulae, TFA represents trifluoroacetyl, OMe represents methoxy, B

represents tert-butoxycarbonyl, Teoc represents 2-trimethylsilylethoxycarbonyl, and

OBn represents benzyloxy.



10

15

20

25

247

Claims

1. A diazabicyclooctane derivative represented by the following formula (I):

c])
A.B)':,_
N

U]

in the above formula (I), A represents Ra(Rb)N- or RcO-; B represents NH or NC,
alkyl; C represents benzyl, H or SOsM, where M represents H, an inorganic cation or an
organic cation; Ra and Rb each independently represent H, a C,_ alkyl or acyl; Re
represents C.¢ alkyl or a heterocyclyl; A may be modified by 0 to 4 substituents Fnl,
where the substituent Fnl may be substituted continuously; Fnl represents C, ¢ alkyl,
O=, or Rg-(CHy)y.3-, where Rg represents a heterocyclyl, phenyl, heteroaryl, acyl,
RdO;8-, Re(Rf)N-, Re(R{)NCO-, ReO-, ReOCO- or a protective group, where Rd
represents Ci.¢ alkyl or MO-; Re and Rf each independently represent H or C, ¢ alkyl,
and further, between Ra and Rb, between Re and B, and between Re and Rf may be
closed by the bonding to form a heterocyclyl having at least one nitrogen atom,

a pharmaceutically acceptable salt thereof, or a solvate thereof.

2. Adiazabicyclooctane derivative represented by the following formula (I1):

cf
Rc’O“B)I"'
N

)__N-.c

o] o
(In

in the above formula (II), Rc represents C; ¢ alkyl or a heterocyclyl; B represents NH or
NCi.¢ alkyl; C represents benzyl, H or SOsM, where M represents H, an inorganic
cation or an organic cation; Rc may be moditied by 0 to 4 substituents Fnl, where the
substituent Fnl may be substituted continuously; Fnl represents C,_¢ alkyl, O=, or Rg-
(CHaz)o-3-, where Rg represents a heterocyclyl, phenyl, heteroaryl, acyl, RdO,S-,
Re(Rf)N-, Re(Rf)NCO-, ReO-, ReOCO- or a protective group, where Rd represents C ¢
alkyl or MO-; Re and Rf each independently represent H or C,.¢ alkyl, and further,
between Rc and B, and between Re and Rf may be closed by the bonding to form a




248

heterocyclyl having at least one nitrogen atom,

a pharmaceutically acceptable salt thereof, or a solvate thereof.

3. A diazabicyclooctane derivative represented by the following formula (Ila):

0
|

O. .
Re”- B” ™
N

(ila)

in the above formula (IIa), OBn represents benzyloxy, and Re and B have the same
meanings as the compound of Claim 2,

a pharmaceutically acceptable salt thereof, or a solvate thereof.

10 4.  Adiazabicyclooctane derivative represented by the following formula (IIb):

O
Rc"O”B’u""
(]

.

o OH
(lib)

in the above formula (IIb), Rc and B have the same meanings as the compound of Claim
2,
a pharmaceutically acceptable salt thereof, or a solvate thereof,
15
5.  Adiazabicyclooctane derivative represented by the following formula (III):

CI)
Rc’D“B)I"'
N

)—-—N
O ‘O—Soam
(nny
in the above formula (III), Rc, B and M have the same meanings as the compound of

Claim 2,

20  a pharmaceutically acceptable salt thereof, or a solvate thereof.
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6.  The compound of any one of Claims 1 to 5, which is represented by the following

formulae:

O 0 ]
PZ\N/\/,O\N)L:,. Me\N/\/O\N)lh,_ i-PI'\N/\/O-.N)Lu,
H HoN p2 H Q p H I\Q
O)_N\O’ P3 )——-—‘N\ }EN\

J o-P? o o-P?
(1-058), (11-060), (11-109) (11-061) (11-064)

i C oo J e ool
2 <
Me“ll\l/\/o‘NJ’". P\N/'\/O--NJU.. PZ\N/\/O\N)G,.
Me HoN H Ho H Ho
N\ —Pa )—N\O—-Pa )_N\O__Pa

o o}
(1-065) (1-066) (11-067)

. i Do
PZ'N\/\/O‘NJ"'. NG\,O\NJII"- N -,,’/O\N)u,,
H o N P2 Ho p2 H o

)—N\O’ p3 O)_N\O’ p3 O)—N\O' p3

o
(H-069) (1-075) (1-077)

(A

O Q Pz\N 0
SN “\O\NJL,, \j\,o\N)L.,,
O)_N\O’ P3 Pz )_N\O_ P3 )_N\O’ P3

o o
(i1-078) (11-081) (11-082)

5 in the above formulae, P represents tert-butoxycarbonyl (Boc), benzyloxycarbonyl
(Cbz) or H; P* represents benzyl (Bn), H or SO3M; where M represents H, sodium,
pyridinium or tetrabutylammonium,

a pharmaceutically acceptable salt thereof, or a solvate thereof.

10 7.  The compound of any one of Claims 1 to 3, which is:
(2S,5R)-N-(2-aminoethoxy)-7-0x0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carboxamide,
(28,5R)-N-[2-(methylamino)ethoxy]-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1 Joctane-
2-carboxamide,

15 (28,5R)-7-0x0-N-[2-(propan-2-ylamino)ethoxy]-6-(sulfooxy)-1,6-
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diazabicyclo[3.2.1]octane-2-carboxamide,
(28,5R)-N-[2-(dimethylamino)ethoxy]-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide,
(28,5R)-N-{[(2S)-2-aminopropyl]oxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide,
(25,5R)-N-{[(2R)-2-aminopropyl]oxy}-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide,
(28,5R)-N-(3-aminopropoxy)-7-o0xo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carboxamide,

(28,5R)-N-[(28)-azetidin-2-ylmethoxy]-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide,
(28,5R)-7-0x0-N-[(2R)-pyrrolidin-2-ylmethoxy]-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide,
(25,5R)-7-0x0-N-[(2S)-piperidin-2-ylmethoxy]-6-(sulfooxy)-1,6-
diazabicyclo{3.2.1]octane-2-carboxamide,
(25,5R)-7-0x0-N-[(3S)-pyrrolidin-3-yloxy]-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-
2-carboxamide, or
(28,5R)-N-(azetidin-3-ylmethoxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carboxamide,

a pharmaceutically acceptable salt thercof, or a solvate thereof.

8. A pharmaceutical composition comprising the diazabicyclooctane derivative
represented by the formula (I} of Claim 1, a pharmaceutically acceptable salt thereof, or

a solvate thereof, and, optionally, a pharmaceutically acceptable carrier.

9. The pharmaceutical composition of Claim 8, for administeration in combination

with a B-lactam antibiotic.

10. The pharmaceutical composition of Claim 8 or 9, for treating bacterial infection.
11. A B-lactamase inhibitor comprising the diazabicyclooctane derivative represented
by the formula (I) of Claim 1, a pharmaceutically acceptable salt thereof, or a solvate

thereof.

12. A pharmaceutical composition comprising the f§-lactamase inhibitor of Claim 11,

a B-lactam antibiotic, and, optionally, a pharmaceutically acceptable carrier.
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13. A pharmaceutical composition comprising the §-lactamase inhibitor of Claim 11,
a f-lactam antibiotic selected from the group consisting of ampicillin, amoxicillin,
piperacillin, ticarcillin, flomoxef, cefotaxim, ceftriaxone, ceftazidime, cefepime,
ceftaroline, ceftolozane, imipenem, meropenem, biapenem, doripenem, ertapenem and

aztreonam, and, optionally, a pharmaceutically acceptable carrier.

14. A pharmaceutical composition comprising of the -lactamase inhibitor of Claim

11 and a B-lactam antibiotic for use in the treatment of bacterial infection.

I5. A pharmaceutical composition comprising of the B-lactamase inhibitor of
Claim 11 and a B-lactam antibiotic selected from the group consisting of ampicillin,
amoxicillin, piperacillin, ticarcillin, flomoxef, cefotaxim, ceftriaxone, ceftazidime,
cefepime, ceftaroline, ceftolozane, imipenem, meropenem, biapenem, doripenem,

ertapenem and aztreonam,for use in the treatment of bacterial infection.

16. The use of a pharmaceutical composition comprising of the $-lactamase inhibitor
of Claim 11 and a 3-lactam antibiotic in the manufacture of a medicament for the

treatment of bacterial infection.

17.  The use of a pharmaceutical composition comprising of the B-lactamase inhibitor
of Claim 11 and a f-lactam antibiotic selected from the group consisting of ampicillin,
amoxicillin, piperacillin, ticarcillin, flomoxef, cefotaxim, cefiriaxone, ceftazidime,
cefepime, ceftaroline, ceftolozane, imipenem, meropenem, biapenem, doripenem,
ertapenem and aztreonam, in the manufacture of a medicament for the treatment of

bacterial infection.

18. A process for preparing the compound of Claim 5 represented by the following
formula (I11):

(l)
Rc’O‘B)""
N

/ N o-s0,M

o
(m

in the above formula (III), Rc and B have the same meanings as defined for the

compound of Claim 2,
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which is included in Claim 2
which comprises

subjecting to coupling a compound represented by the following formula (IV-a):

OH

)
N .0Bn
P N
H
(iV-a)
in the above formula (IV-a), P! represents a protective group which can be removed by
an acid, a base or a nucleophilic agent; and OBn represents benzyloxy,

with a compound: RcOBH using an active ester, an active amide or a dehydration

condensing agent to prepare a compound represented by the following formula (IV-b):

i
RC’O\B)""O\
P"N N,OBn
(IV-b)

in the above formula (IV-b), P! represents a protective group which can be removed by
an acid, a base or a nucleophilic agent; Rc and B have the same meanings as defined for
the compound of Claim 2, and OBn represents benzyloxy,

deprotecting P' which is a protective group to prepare a compound represented by the

following formula (IV-c):

R /O\B/l L
N’

H
(iv-c)

in the above formula (IV-c), Rc and B have the same meanings as defined for the
compound of Claim 2, and OBn represents benzyloxy,

silylating the compound in the reaction system, and then, subjecting to intramolecular
urea formation reaction to prepare a compound represented by the following formula
(I1a):
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(lla)

in the above formula (IIa), Rc and B have the same meanings as defined for the
compound of Claim 2, and OBn represents benzyloxy,

then, removing the benzyl of the benzyloxy at the 6-position using a hydrogenolysis
catalyst under hydrogen atmosphere to prepare a compound represented by the

following formula (IIb):

)

|
Rc’o‘la’l
N

/N,

O OH
(ib)

in the above formula (IIb), Re and B have the same meanings as defined for the
compound of Claim 2,

and sulfating the hydroxyl group at the 6-position in the presence of a base, and, if
necessary, deprotecting the protective group in the side chain: RcOB-.

19. A process for preparing the compound of Claim 3 represented by the following

formula (Ila):

?
Rc,O.. B)h,_
N

(lla)

in the above formula (IIa), Rc and B have the same meanings as defined for the
compound of Claim 2, and OBn represents benzyloxy,
which is included in Claim 2, which comprises

subjecting to coupling a compound represented by the following formula (TV-a):
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OH
)
P"N N,OBn
H
(iV-a)
in the above formula (IV-a), P' represents a protective group which can be removed by
an acid, a base or a nucleophilic agent; and OBn represents benzyloxy,

with a compound: RcOBH using an active ester, an active amide or a dehydration

condensing agent to prepare a compound represented by the following formula (IV-b):

i
Rc’O“B’l"-.O\
P"N N,OBn

V)

in the above formula (IV-b), P! represents a protective group which can be removed by
an acid, a base or a nucleophilic agent; Rc and B have the same meanings as defined for
the compound of Claim 2, and OBn represents benzyloxy,

deprotecting P' which is a protective group to prepare a compound represented by the

following formula (I'V-c):

o)

0\ I’r
).
. HN N,OBn

H
(IV-c)
in the above formula (IV-c), Rc and B have the same meanings as defined for the
compound of Claim 2, and OBn represents benzyloxy,
silylating the compound in the reaction system, and then, subjecting to intramolecular

urea formation reaction.

20.  Aprocess for preparing the compound of Claim 3 represented by the following

formula (I1a):
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(lia)

in the above formula (Ila), Rc and B have the same meanings as defined for the
compound of Claim 2 and OBn represents benzyloxy,
which 1s included in Claim 2, which comprises

silylating the compound represented by the following formula (IV-¢):

L ,
Rc’O‘B)
HN N’OBn

H
(IV-c)

in the above formula (IV-c}, Rc and B have the same meanings as defined for the
compound of Claim 2, and OBn represents benzyloxy,

in the reaction system, and then, subjecting to intramolecular urea formation reaction.

21. A process for preparing the compound represented by the following formula (I1I):

|
Rc’O“B)""
N

2 N‘o-— SO;M

O
(Im)
in the above formula (III), Re, B and M have the same meanings as defined for the
compound of Claim 2,
which is included in Claim 2, which comprises
removing the benzyl of the benzyloxy at the 6-position of a compound represented by

the following formula (Ila):

Ol
Rc/o\ B/Lr,.
N

ol N‘oan

(lla)
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in the above formula (Ila), Rc and B have the same meanings as defined for the
compound of Claim 2 and OBn represents a benzyloxy group,
using a hydrogenolysis catalyst under hydrogen atmosphere to prepare a compound

represented by the following formula (IIb):

(Hb)

in the above formula (IIb), Rc and B have the same meanings as defined for the
compound of Claim 2,

and sulfating the hydroxyl group at the 6-position in the presence of a base, and, if
necessary, deprotecting the protective group in the side chain: RcOB-.

22.  Aprocess for preparing (25,5R)-N-(2-aminoethoxy)-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide represented by the following formula (I11-
059):

o
|
HZNA‘/O“ﬁJ
N
Oﬁ N‘o— SO;H
(1-059)
which comprises

among the compounds represented by the following formulae (TV-a2), (IV-a3) and (IV-
a4):

)
P"N H,OBn

(IV-a2) P'=TFA
(IV-a3) P'=Boc
(IV-ad) P1=Teoc

in the above formula (I1V-a2), (IV-a3) or (IV-a4), TFA represents trifluoroacetyl, Boc
represents tert-butoxycarbonyl, Teoc represents 2-trimethylsilylethoxycarbonyl, and
OBn represents benzyloxy,

subjecting to coupling the compound represented by the formula (IV-a2) or (IV-a4) with
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tert-butyl 2-(aminooxy)ethylcarbamate using an active ester, an active amide or a
dehydration condensing agent, or

subjecting to coupling the compound represented by the formula (IV-a3) with benzyl 2-
{aminooxy)ethylcarbamate using an active ester, an active amide or a dehydration
condensing agent,

to prepare a compound represented by the following formula (IV-b2-Boc-059), (TV-b3-
Cbz-059) or (IV-b4-Boc-059):

0
stN/\/O\N)I"._
H H P"'Q”'OBH

{IV-b2-Boc-059) P'=TFA, P2=Boc
{IV-b3-Chz-059) P'=Boc, P2=Cbz
(IV-b4-Bo¢-059) P'=Teoc, P2=Boc

in the above formula (IV-b2-Boc-059), (IV-b3-Cbz-059) or (IV-b4-Boc-059), TFA
represents trifluoroacetyl, Boc represents tert-butoxycarbonyl, Cbz represents
benzyloxycarbonyl, Teoc represents 2-trimethylsilylethoxycarbonyl, and OBn
represents benzyloxy,

deprotecting the trifluoroacetyl of the compound represented by the formula (IV-b2-
Boc-059) by the treatment with a base to prepare a compound represented by the

following formula (IV-c-Boc-059):

9]

2 ,,
P .,N/\\/O..NJ‘I .
H H uN OB

H
(IV-c-Boc-059) P2=Boc .
(IV-c-Cbz-059) P?=Cbz

in the above formula (IV-c-Boc-059) or (IV-c-Cbz-059), Boc represents tert-
butoxycarbonyl, Cbz represents benzyloxycarbonyl, and OBn represents a benzyloxy,
removing the tert-butoxycarbonyl of the compound represented by the formula (1V-b3-
Cbz-059) by an acid treatment to prepare a compound represented by the above formula
(IV-c-Cbz-059), or

removing the 2-trimethylsilylethoxycarbonyl of the compound represented by the
formula (IV-b4-Boc-059) by a fluoride to prepare a compound represented by the above
formula (IV-¢c-Boc-059),

then, after silylating the above-mentioned (IV-c-Boc-059) or (IV-c-Cbz-059) in the
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reaction system, subjecting to intramolecular urea formation reaction to prepare a

compound represented by the following formula (Ila-Boc-059) or (11a-Cbz-0359):

O
2 |
P “N/\/O‘HJ
H N
// N\.
o OBn
(la-Boe-059) P2=Boc
(lla-Cbz-058) P?=Cbz
in the above formula (IIa-Boc-059) or (ITa-Cbz-059), Boc represents tert-

5 butoxycarbonyl, Cbz represents benzyloxycarbonyl, and OBn represents benzyloxy,
removing the benzyl of the benzyloxy at the 6-position of the compound represented by
the formula (Ila-Boc-059) using a hydrogenolysis catalyst under hydrogen atmosphere,
or
removing the benzyl of the benzyloxy at the 6-position of the compound represented by

10 the formula (J1a-Cbz-059) using a hydrogenolysis catalyst under hydrogen atmosphere,
and simultaneously tert-butoxycarbonylating the same in the presence of di-tert-
butoxydicarbonate to prepare a compound represented by the following formula (IIb-
Boc-059):

0
BOC\.N/\\/O\NJL“
H H N

o N‘OH

(lib-Boc-059)

15  in the above formula (IIb-Boc-059), Boc represents tert-butoxycarbonyl,
sulfating the hydroxyl group at the 6-position to prepare a compound represented by the
following formula (11I-Boc-059):

0
|
BDC\N/\\/O\N) ..

b Ho
/ N o-50:M

O
(1-Boc-059)

in the above formula (III-Boc-059), Boc represents tert-butoxycarbonyl, and M
20 represents H, pyridinium, sodium or tetrabutylammonium,

and deprotecting the tert-butoxycarbonyl by an acid treatment.
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23. A process for preparing tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-
diazabicyclo[3.2.1]oct-2-yl]carbonyl } amino)oxy]ethyl } carbamate, or benzyl {2-
[({[(2S,5R)-6-benzyloxy-7-oxo0-1,6-diazabicyclo[3.2.1]oct-2-
ylJcarbonyl}amino)oxy]ethyl } carbamate represented by the following formula (Ila-
Boc-059) or (IIa-Cbz-059):

O
2 |
P\N/\,fo\mJ Yo,
H N
/A,
Q OBn
(la-Boc-059) P2=Boc
(1a-Cbz-059) P?=Cbz
in the above formula (Ila-Boc-059) or (11a-Cbz-0359), Boc represents tert-
butoxycarbonyl, Cbz represents benzyloxycarbonyl, and OBn represents benzyloxy,
which comprises
among the compounds represented by the following formulae (IV-a2), (IV-a3) and (IV-
a4):
OH

0‘//1”',0\
pr N N'OBn
H

(IV-a2) P'=TFA
(IV-a3) P'=Boc
(IV-ad) P'=Teoc

in the above formula (IV-a2), (IV-a3) or (IV-a4), TFA represents trifluoroacetyl, Boc
represents tert-butoxycarbonyl, Teoc represents 2-trimethylsilylethoxycarbonyl, and
OBn represents benzyloxy,

subjecting to coupling each of the compounds represented by the formulae (IV-a2) and
(IV-a4) using tert-butyl 2-(aminooxy)ethylcarbamate, 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride and 1-

hydroxybenzotriazole- monohydrate in combination,

subjecting to coupling the compounds represented by the formula (IV-a3) using benzyl
2-(aminooxy)ethylcarbamate, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride and 1-hydroxybenzotriazole-monchydrate in combination,

to prepare a compound represented by the following formula (IV-b2-Boc-059), (IV-b3-
Cbz-059) or (IV-b4-Boc-059):
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0
Pz\N/\‘/O\N)L"‘
H H prN'OB”
H

(IV-b2-Boc-059) P'=TFA, P=Boc
(IV-b3-Cbz-058) P'=Boc, P?=Chz
(IV-b4-Boc-059) P'=Teoc, P’=Boc

in the above formula (IV-b2-Boc-059), (IV-b3-Cbz-059) or (IV-b4-Boc-059), TFA
represents trifluoroacetyl, Boc represents tert-butoxycarbonyl, Cbz represents
benzyloxycarbonyl, Teoc represents 2-trimethylsilylethoxycarbonyl, and OBn
represents benzyloxy,

removing the trifluoroacetyl of the compound represented by the formula (IV-b2-Boc-
059) by using a base selected from lithium hydroxide, sodium hydroxide, potassium

hydroxide to prepare a compound represented by the following formula (IV-¢-Boc-059):

0

2 |
P \N/\\/O\HJ o,
H HN OB

(IV-c-Boc-059) P2=EocH

(IV-c-Chz-059) P?=Cbz
in the above formula (IV-c-Boc-059} or (IV-c-Cbhz-059), Boc represents tert-
butoxycarbonyl, Cbz represents benzyloxycarbonyl, and OBn represents benzyloxy,
removing the tert-butoxycarbonyl of the compound represented by the formula (IV-b3-
Cbz-059) using an acid selected from hydrochloric acid, sulfuric acid, methanesulfonic
acid and trifluoroacetic acid to prepare a compound represented by the above formula
(IV-¢-Cbz-059), or
removing the 2-trimethylsilylethoxycarbonyl of the compound represented by the
formula (IV-b4-Boc-059) using tetrabutylammonium fluoride to prepare a compound
represented by the above formula (IV-c-Boc-059), and
silylating the compound represented by the above formula (IV-c-Boc-059) or (IV-¢c-Cbz-
(59) using chlorotrialkylsilane in the reaction system and subsequently subjecting to
intramolecular urea formation reaction using phosgene or diphosgene to prepare the

compound represented by the formula (Ifa-Boc-059) or (I1a-Cbz-059).

24. A process for preparing tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-
diazabicyclo[3.2.1]octo-2-yl]carbonyl } amino)oxy]ethyl } carbamate, or benzyl {2-
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[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabicyclo[3.2.1]oct-2-
yl]carbonyl } amino)oxy]ethyl } carbamate represented by the following formula (IIa-
Boc-059) or (I1a-Cbz-059):

0

2 |
P\N/\\/O\N) .,
H H N

o}_N‘oen

(la-Boc-059) P2=Boc

(la-Chz-059) P?=Cbz
in the above formula (Ila-Boc-059) or (11a-Cbz-059), Boc represents tert-
butoxycarbonyl, Cbz represents benzyloxycarbonyl, and OBn represents benzyloxy,
which comprises
silylating a compound represented by the following formula (IV-¢c-Boc-059) or (IV-c-
Cbz-059):

H
{(IV-c-Boc-059) P=Boc
(IV-c-Chz-059) P?=Cbz

in the above formula (IV-c-Boc-059) or (1V-c-Cbz-059), Boc represents tert-
butoxycarbonyl, Cbz represents benzyloxycarbonyl, and OBn represents benzyloxy,
using chlorotrimethylsilane in the reaction system, and subsequently subjecting to

intramolecular urea formation reaction using phosgene or diphosgene.

25. A process for preparing (25,5R)-N-(2-aminoethoxy)-7-ox0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide represented by the following formula (I11-
059):

O
|
HzN/\\/O‘N) Q
HoN

Ny -so
{l11-059)
which comprises
among the compounds represented by the following formulae (Ila-Boc-059) and (I1a-
Cbz-059):




10

15

20

262

P~ Oy A,
H H Q
‘ﬁ N\
0] 0Bn

(Ha-Boc-059) P*=Bac

(ta-Cbz-059) P2=Cbz
in the above formula (ITa-Boc-059) or (IIa-Cbz-059), Boc represents tert-
butoxycarbonyl, Cbz represents benzyloxycarbonyl, and OBn represents benzyloxy,
removing the benzyl of the benzyloxy group at the 6-position of the compound
represented by the formula (Ila-Boc-059) using palladium-carbon under hydrogen
atmosphere, or
removing the benzyl of the benzyloxy group at the 6-position of the compound
represented by the formula (ITa-Cbz-059) using palladium-carbon under hydrogen
atmosphere in the presence of di-tert-butoxydicarbonate, and simultaneously subjecting
to tert-butoxycarbonylation to prepare a compound represented by the following
formula (IIb-Boc-059):

0
BOC\.N/\\/O.. N Jln,_
H H N
/—N,
0 OH
{lib-Boc-059)

in the above formula (IIb-Boc-059), Boc represents a tert-butoxycarbonyl group,
sulfating the hydroxyl group at the 6-position by a sulfur trioxide-pyridine complex in
the presence of pyridine, 2-picoline or 2,6-lutidine, to prepare a compound represented
by the following formula (III-Boc-059):

0

Bot., /\/OsNJ’n,
N0
/ No-s0uM

o
(I-Boc-059)

in the above formula (III-Boc-059), Boc represents tert-butoxycarbonyl, and M
represents H, pyridinium, sodium or tetrabutylammonium,
and deprotecting the tert-butoxycarbonyl by an acid selected from hydrochloric acid,

sulfuric acid, methanesulfonic acid, trifluoroacetic acid and tetrafluoroboric acid.
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26. Aprocess for preparing tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-0xo0-1,6-
diazabicyclo[3.2.1]Jocto-2-yl]carbonyl } amino)oxy]ethyl } carbamate represented by the
following formula (ITa-Boc-059):

O

BOC\N/\V/ONNJ’::,
H H N

J—N

o] "OBn
{lla-Boc-059)
5 in the above formula (ITa-Boc-059), Boc represents tert-butoxycarbonyl, Cbz represents
benzyloxycarbonyl and OBn represents benzyloxy,

which comprises

silylating a compound represented by the following formula (IV-c-Boc-059):

0
]
BOG‘N/\/O‘E) o
H _ HN H,OBn
{IV-c-Boc-059)

10 1in the above formula (IV-c-Boc-059), Boc represents tert-butoxycarbonyl and OBn
represents benzyloxy,
using triethylamine and chlorotrimethylsilane in the reaction system, and subsequently
subjecting to intramolecular urea formation reaction using phosgene or diphosgene with
a catalytic amount of 4-dimethylaminepyridine.

15
27. A process for preparing (2S,5R)-N-(2-aminoethoxy)-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide represented by the following formula (I11-
059):

0
|
HzN/\/O..N/l -._Q
H N

O: N‘o— SOaH

(11-059)

20 which comprises,
removing the benzyl of the benzyloxy at the 6-position of a compound represented by

the following formula (Ila-Boc-059):
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(lla-Boc-059)

in the above formula (IIa-Boc-059), Boc represents tert-butoxycarbonyl, and OBn

represents benzyloxy,
using palladium-carbon under hydrogen atmosphere to prepare a compound represented

5 by the following formula (IIb-Boc-059):

O
BOG\N,/\/O\NJL:,_
H H N

o N‘OH

(lib-Boc-059)

in the above formula (ITb-Boc-059), Boc represents tert-butoxycarbonyl,
sulfating the hydroxyl group at the 6-position using a sulfur trioxide-pyridine complex
in the presence of pyridine, 2-picoline or 2,6-lutidine to prepare a compound

10  represented by the following formula (III-Boc-059):

0]
BOC\N/\/O-.NJ’I",,
Y
o N‘o-SO3M

(ll-Boc-059)

in the above formula (11I-Boc-059), Boc represents tert-butoxycarbonyl, and M
represents H, pyridinium, sodium or tetrabutylammonium,
and deprotecting the tert-butoxycarbonyl group with an acid selected from hydrochloric

15 acid, sulfuric acid, methanesulfonic acid, trifluoroacetic acid or tetrafluoroboric acid.




