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Claims

A diazabicyclooctane derivative represented by the following formula (I):
[ChenNgal formula 134]

represents Ra(Rb)N- or RcO-; B represents NH or NC).4

or SO3M, where M represents H, an inorganic cation or an

in the above formula (1),
alkyl; C represents benzyl,
organic cation; Ra and Rb each\ndependently represent H, a C;¢ alkyl or acyl; Re
represents C;.¢ alkyl or a heterocyWlyl; A may be modified by 0 to 4 substituents Fnl,
where the substituent Fni may be sufgtituted continuously; Fnl represents C,¢ alkyl,
O=, or Rg-(CH>)p.3-, where Rg represeiXs a heterocyclyl, phenyl, heteroaryl, acyl,
RdO;,S-, Re(R)N-, Re(RfYNCO-, ReO-,
represents Cy alkyl or MO-; Re and Rf eacil\ndependently represent H or C¢ alkyl,

and further, between Ra and Rb, between Rc an¥{ B, and between Re and Rf may be

OCO- or a protective group, where Rd

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

a pharmaceutically acceptable salt thereof, or a solval thereof.
2. Adiazabicyclooctane derivative represented by the
[Chemical formula 135]

c;)
Rc’o‘BJ""
N

0}_N”O'C
(I

in the above formula (II), Rc represents C, alkyl or a heterocyclyl; B represents\NH or
NC\.6 alkyl; C represents benzyl, H or SO3M, where M represents H, an inorganic
cation or an organic cation; Rc may be modified by 0 to 4 substituents Fnl, where the
substituent Fnl may be substituted continuously; Fnl represents C,.¢ alkyl, O=, or Rg-
(CHz)e.3-, where Rg represents a heterocyclyl, phenyl, heteroaryl, acyl, RdO,S-,

Re(RI)N-, Re(Rf)NCO-, ReO-, ReOCO- or a protective group, where Rd represents C,
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alkyl or MO-; Re and Rf each independently represent H or Cy.¢ alkyl, and further,
tween Re and B, and between Re and Rf may be closed by the bonding to form a
hetdocyclyl having at least one nitrogen atom,

a phataceutically acceptable salt thereof, or a solvate thereof.

3. Adiaxgbicyclooctane derivative represented by the following formula (Ila):
[Chemical forlula 136]

a pharmaceutically acceptable salt theiRof, or a solvate thereof.

4. A diazabicyclooctane derivative repre€ented by the following formula (I1b):
[Chemical formuia 137]

c!)
Rc’o‘a’l"'-
N

in the above formula (IIb), Rc and B have the same meanings as
2,
a pharmaceutically acceptable salt thereof, or a solvate thereof.

e compound of Claim

5. Adiazabicyclooctane derivative represented by the following formula¥JII):
[Chemical formula 138]
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9

05 N‘o—- 803M
an

in the above ula (III), Re, B and M have the same meanings as the comipound of
Claim 2,

a pharmaceutically\gcceptable salt thereof, or a solvate thercof.

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

formulae:
[Chemical formula 139]

0 0 o)
PZ\N/\/O\NJL"' NJL"' i-Pr\N/\/O\NJLf,‘
o//J'_N‘O‘P"’ o)_N‘o*Pa o//L_N‘OfF’3

(-059), (11-060), (1i-109) (1-061) (1-064)

j Me § Me 0
L3 2\ ~ 2 2\ ; )
Me\,‘\‘/\\/O\H . P HJ\,o v PR A Ony
Me N N H H N
N, J—nN
o o-P* o ‘o-P*
(11-065) (11-066) (11-067)

f i i
Pz'N \/\/O‘NJ”'- NO\/C)\NJ"'-
H p? H N

N
J—N
g 0P o//J’_N‘o"’3
(11-069) (11-075)

(o8 P "
| !
N O\H/l O,,\O\HJ
p2 N N N

O)_N\O’Pa P2 O)_N\O’Pa

(I1-078) (1-081) (1-082)

10
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~ in the above formulae, P? represents tert-butoxycarbonyl (Boc), benzyloxycarbony}

Cbz) or H; P* represents benzyl (Bn), H or SOsM; where M represents H, sodium,
pyNdinium or tetrabutylammonium,

a phaymaceutically acceptable salt thereof, or a solvate thereof.

7. mpound of any one of Claims 1 to 3, which is:
(28,5R)-N-(2\gminoethoxy)-7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2.1Joctane-2-
carboxamide,
(28,5R)-N-[2-(metkylamino)ethoxy}-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-

2-carboxamide,

(25,5R)-N-{[(2R)-2-aminopropyl]oxy} - Aoxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide,
(25,5R)-N-(3-aminopropoxy)-7-oxo-6-(sulfooXy)-1,6-diazabicyclo[3.2.1]octane-2-
carboxamide,

(25,5R)-N-[(2S)-azetidin-2-ylmethoxy]-7-o0x0-6-(siNfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide,
(258,5R)-7-0x0-N-[(2ZR)-pyrrolidin-2-ylmethoxy]-6-(sulfoxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide,
(28,5R)-7-0x0-N-[(25)-piperidin-2-ylmethoxy]-6-(sulfooxy)-1
diazabicyclo[3.2.1]octane-2-carboxamide,
(25,5R)-7-0x0-N-[(35)-pyrrolidin-3-yloxy]-6-(sulfooxy)-1,6-diazabyclo[3.2. 1 Joctane-
2-carboxamide, or
(25,5R)}-N-(azetidin-3-ylmethoxy)-7-0x0-6-(sulfooxy)-1,6-diazabicyclo[ 3.1 Joctane-2-
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, or

a solvate thereof, and, optionally, a pharmaceutically acceptable carrier.
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9. The pharmaceutical composition of Claim 8, for administeration in combination

ith a -lactam antibiotic.
10. \Jhe pharmaceutical composition of Claim 8 or 9, for treating bacterial infection.

11. A B¥ctamase inhibitor comprising the diazabicyclooctane derivative represented
by the formulg (1) of Claim 1, a pharmaceutically acceptable salt thereof, or a solvate

thereof.

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

a P-lactam antibiotic, aiN, optionally, a pharmaceutically acceptable carrier.

13. A pharmaceutical compRsition comprising the B-lactamase inhibitor of Claim 11,
a -lactam antibiotic selected fridyn the group consisting of ampicillin, amoxicillin,
piperacillin, ticarcillin, flomoxef, Xfotaxim, cefiriaxone, ceftazidime, cefepime,
ceftaroline, ceftolozane, imipenem, n¥ropenem, biapenem, doripenem, ertapenem and

aztreonam, and, optionally, a pharmacecally acceptable carrier.

14. A method for treating bacterial infectioMgwhich comprises administering the 3-

lactamase inhibitor of Claim 11 and a B-lactam Mgtibiotic in combination.

15. A method for treating bacterial infection which€omprises administering the [3-
lactamase inhibitor of Claim 11, and a B-lactam antibiotNs selected from the group
consisting of ampicillin, amoxicillin, piperacillin, ticarcillil flomoxef, cefotaxim,
ceftriaxone, ceftazidime, cefepime, ceftaroline, ceftolozane, iNipenem, meropenem,

biapenem, doripenem, ertapenem and aztreonam, in combinatior

16. A process for preparing the compound of Claim 5 represented by the following
formula (III):
[Chemical formula 145]

I
Rc’o‘s)"'-
N

O//J'_ N, -s0M

(ny
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in the above formula (III), Re and B have the same meanings as defined for the
dompound of Claim 2,

whigh is included in Claim 2

in the above formula (IV: P’ represents a protective group which can be removed by
an acid, a base or a nucleopli" agent; and OBn represents benzyloxy,

with a compound: RecOBH usindan active ester, an active amide or a dehydration
condensing agent to prepare a compund represented by the following fornula (IV-b):

[Chemical formula 141]

i
pi-N N-OBn
{IV-b)

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

[Chemical formula 142]

c])
RG/O\ B/l ‘e,
HN N,OBn

H
(IV-c)

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

compound of Claim 2, and OBn represents benzyloxy,
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silylating the compound in the reaction system, and then, subjecting to intramolecular

ea formation reaction to prepare a compound represented by the following formula

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

then, removing the benzyl of I§¢ benzyloxy at the 6-position using a hydrogenolysis
catalyst under hydrogen atmospINge to prepare a compound represented by the
following formula (I1Ib):

[Chemical formula 144]

cIJ
Rc’O‘B/L'"
N

in the above formula (I1Ib), Rc and B have the same mearNpgs as defined for the
compound of Claim 2,
and sulfating the hydroxyl group at the 6-position in the preseiRe of a base, and, if

necessary, deprotecting the protective group in the side chain: RCQB-.
17. A process for preparing the compound of Claim 3 represented by\the following

formula (Ha):
[Chemical formula 149]

cl)
Rc’O“B)""
N
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in the above formula (IIa), Rc and B have the same meanings as defined for the
ompound of Claim 2, and OBn represents benzyloxy,

ich is included in Claim 2, which comprises

in the above formula (W-a), P' represents a protective group which can be removed by

an acid, a base or a nucledphilic agent; and OBn represents benzyloxy,
with a compound: RcOBH ging an active ester, an active amide or a dehydration
condensing agent to prepare a §gmpound represented by the following formula (IV-b):

[Chemical formula 147]

i
RC/O‘B)I"-O\
P"N N,OBn

(IV-h)

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

[Chemical formula 148]

b
Rc"o"B "-.O\
. HN N,OBn

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

urea formation reactijon.
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in the above formula a), Rc and B have the same meanings as defined for the

compound of Claim 2 an§{ OBn represents benzyloxy,

which is included in Claim{y which comprises
silylating the compound repre¥gnted by the following formula (IV-c):
[Chemical formula 150]

? .
Rc’O‘B)
HN .OBn

N
H
(IV-c)
in the above formula (IV-c), Rc and B have the s
compound of Claim 2, and OBn represents benzylo

1¢ meanings as defined for the
in the reaction system, and then, subjecting to intramoXgcular urea formation reaction.

19. A process for preparing the compound represented by¥he following formula (III):

{Chemical formula 154]
0

o.M
Rc, “B) T,
N

" N‘o-— SO3M

o]

(HN)
in the above formula (III), Rc, B and M have the same meanings as defined fo
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 (IIa):

[Chemical formula 152]
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compound of Claim 2,

the same meanings as defined for the
and sulfating the hydroxyl group at the 6-posiNgn in the presence of a base, and, if
necessary, deprotecting the protective group in ti side chain: RcOB-,

20. A process for preparing (25,5R)-N-(2-aminoethdgy)-7-oxo-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide represented b
059):

[Chemical formula 161]

O
|
HzN/\\/OsNJ l.'q
RN

/ N 5-s0H

4]
(Il-059)

e following formula (I11-

which comprises
among the compounds represented by the following formulae (IV-a2), (IV-a3) an§(IV-
ad4):

[Chemical formula 155]
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ula (IV-a2), (IV-a3) or (IV-a4), TFA represents trifluoroacetyl, Boc

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

in the above

OBn represents bergyloxy,

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

subjecting to coupling the conlgound represented by the formula (FV-a3) with benzyl 2-
(aminooxy)ethylcarbamate using\gn active ester, an active amide or a dehydration
condensing agent,
to prepare a compound represented by e following formula (IV-b2-Boc-059), (IV-b3-
Cbz-059) or (IV-b4-Boc-059):

[Chemical formula 156]

0
2 |
F \N/'\,/O\ﬁ) PR
H pr-N-_ AN, O8N
H

(IV-h2-Boc-059) PI=TFA, P?=Boc
(IV-h3-Cbz-089) P'=Boc, P2=Cbz
(IV-b4-Boc-059) P'=Teoc, P?=Boc

in the above formula (IV-b2-Boc¢-059), (IV-b3-Cbz-059) or (IV-bABoc-059), TFA
represents trifluoroacetyl, Boc represents tert-butoxycarbonyl, Cbz répresents
benzyloxycarbonyl, Teoc represents 2-trimethylsilylethoxycarbonyl, anW OBn
represents benzyloxy,
deprotecting the trifluoroacetyl of the compound represented by the formula
Boc-059) by the treatment with a base to prepare a compound represented by t
following formula (IV-c-Boc-059):

[Chemical formula 157]
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N/\H/O‘NJL‘-O\
H
HN N’OBn

H
-.c-Boe-059) P2=Boc
-Chz-059) P?=Cbz

ula (IV-c-Boc-059) or (IV-¢-Cbz-059), Boc represents tert-
bz represents benzyloxycarbonyl, and OBn represents a benzyloxy,

in the above
butoxycarbonyl,
removing the tert-Bytoxycarbonyl of the compound represented by the formula (IV-b3-
Cbz-059) by an acid
(IV-c-Cbz-059), or
removing the 2-trimethylsiylethoxycarbonyl of the compound represented by the
formula (IV-b4-Boc-059}) by
formula (IV-c-Boc¢-059),

then, after silylating the above-me

atment to prepare a compound represented by the above formula

uoride to prepare a compound represented by the above

ioned (IV-c-Boc-059) or (IV-c-Cbz-059) in the
reaction system, subjecting to intramgcular urea formation reaction to prepare a
compound represented by the following Yprmula (ITa-Boc-059) or (IIa-Cbz-059):
[Chemical formula 158]

P~ O AW
NN
o N‘osn

(lla-Boc-069) P2=Boc
{l1a-Cbz-058) P?=Cbz

and simultaneously tert-butoxycarbonylating the same in the presence of di-tert-
butoxydicarbonate to prepare a compound represented by the following formula (I
Boc-059):

[Chemical formula 159]



yl]carbonyl }amino)oxy]ethyl} carbamate represented by
15  Boc-059) or (11a-Cbz-059):

[Chemical formula 165]

O
P%.N/\V()\NJII-,
H H Q
)_—N\
O OBn
(Ila-Bog-058) P2=Boc
(lla-Chz-059) P2=Cbz

{ollowing formula (Ila-

in the above formula (IIa-Boe-059) or (I1a-Cbz-059), Boc represents tert-
butoxycarbonyl, Cbz represents benzyloxycarbonyl, and OBn represents benzyloxy,

20 which comprises
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among the compounds represented by the following formulae (IV-a2), (IV-a3) and (FV-
g p P Y g

(IV-ad) P1=Tedg
in the above formula\yV-a2), (IV-a3) or (IV-a4), TFA represents trifluoroacetyl, Boc
represents tert-butoxycagbonyl, Teoc represents 2-trimethylsilylethoxycarbonyl, and
OBn represents benzyloxy)
subjecting to coupling cach o the compounds represented by the formulae (IV-a2) and
(IV-a4) using tert-butyl 2-(amindpxy)ethylcarbamate, 1-ethyl-3-(3-
dimethylaminopropyljcarbodiimidyhydrochloride and 1-
hydroxybenzotriazole-monohydrate ifcombination,

subjecting to coupling the compounds rdgresented by the formula (IV-a3) using benzyl
2-(aminooxy)ethylcarbamate, 1-ethyl-3-(3¥imethylaminopropyl)carbodiimide
hydrochloride and 1-hydroxybenzotriazole - minohydrate in combination,

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

[Chemical formula 163]

o)
2 |
P \.N/\/O\ﬁ) ,
H P"N N,OBn
H

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

in the above formula (IV-b2-Boc-059), (1V-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 lithtum hydroxide, sodium hydroxide, potassium

hydroxide to prepare a compound represented by the following formula (TV-c-Boc-059):
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[Chemical formula 164]

{IV-c3Cbz-089) P?=Cbz

ula (IV-c-Boc-059) or (IV-c-Cbz-059), Boc represents tert-

represents benzyloxycarbonyl, and OBn represents benzyloxy,

in the above fo

butoxycarbonyl,
5 removing the tert-butdxycarbonyl of the compound represented by the formula (IV-b3-
Cbz-059) using an acid
acid and trifluoroacetic act
(IV-c-Cbz-059), or

removing the 2-trimethylsilylet

lected from hydrochloric acid, sulfuric acid, methanesulfonic

to prepare a compound represented by the above formula

xycarbonyl of the compound represented by the

10 formula (IV-b4-Boc-059) using tetigbutylammonium fluoride to prepare a compound
-Boc-059), and |

silylating the compound represented by We above formula (IV-c-Boc-059) or (IV-¢-Cbz-

represented by the above formula (1
059) using chlorotrialkylsilane in the reactiyn system and subsequently subjecting to
osgene or diphosgene to prepare the
9) or (IIa-Cbz-059).

intramolecular urea formation reaction using
15 compound represented by the formula (ITa-Boc-

22. A process for preparing tert-butyl {2-[({[(2S,5
diazabicyclo[3.2.1]octo-2-yl]carbonyl } amino)oxy]ethyl Narbamate, or benzyl {2-
[({[(2S,5R)-6-benzyloxy-7-ox0-1,6-diazabicyclo[3.2.1]oct-R-

20  yl]ecarbonyl}amino)oxy]ethyl}carbamate represented by the fo{owing formula (ITa-
Boc-059) or (ITa-Cbz-059):
[Chemical formula 167]

0
2 }
P '\N/‘“\\/O\NJ 4,
H H N

O)——N‘C)Bn

(lla-Boc-059) P2=Boc
(lla-Cbz-059) P?=Cbz

6-benzyloxy-7-0x0-1,6-

in the above formula (ITa-Boc-059) or (I1a-Cbz-059), Boc represents tert-
25  butoxycarbonyl, Cbz represents benzyloxycarbonyl, and OBn represents benzyloxy,

which comprises
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silylating a compound represented by the following formula (IV-c-Boc-059) or (IV-c-

in the above formula {V-c-Boc-059) or (IV-c-Cbz-059), Boc represents tert-

butoxycarbonyl, Cbz repsgsents benzyloxycarbonyl, and OBn represents benzyloxy,
using chlorotrimethyisilaneNn the reaction system, and subsequently subjecting to
intramolecular urea formation\eaction using phosgene or diphosgene.

10 23. A process for preparing (25,5%)-N-(2-aminoethoxy)-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo[3.2.1]octane-2-carboxanXde represented by the following formula (I11-

059):

[Chemical formula 171]

O
1
HZP"/‘\t/O‘PJJ ".q
HoN

o)_ N o-80sH
(11-059)
15  which comprises
among the compounds represented by the following formulae Nla-Boc-059) and (Ha-
Cbz-059):
[Chemical formula 168]

c
Pz\N /\\/O\NJL-'
H. H Q
/N,
0 0Bn
(Ha-Boc-059) P2=Bac
(Ha-Chz-059) P2=Cbz
20 in the above formula (TIla-Boc-059) or (ITa-Cbz-059), Boc represents tert-

butoxycarbonyl, Cbz represents benzyloxycarbonyl, and OBn represents benzyloxy,
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removing the benzyl of the benzyloxy group at the 6-position of the compound
epresented by the formula (Tla-Boc-059) using palladium-carbon under hydrogen
atizpsphere, or

remoWng the benzyl of the benzyloxy group at the 6-position of the compound

(lib-Boc-059)

10

in the above formula (11b-Boc-059), B¢ represents a tert-butoxycarbonyl group,
sulfating the hydroxyl group at the 6-pos{jion by a sulfur trioxide-pyridine complex in
the presence of pyridine, 2-picoline or 2,6-
by the following formula (III-Boc-059):

15 [Chemical formula 170]

htidine, to prepare a compound represented

0O

BOG\N/\\/O-.NJIG,.
H H N

r— N o-504M

0]
(IN-Boc-059)

in the above formula (1II-Boc-059), Boc represents tert-butoxycarbojyl, and M
represents H, pyridinium, sodium or tetrabutylammonium,
and deprotecting the tert-butoxycarbonyl by an acid selected from hydrocWoric acid,

20  sulfuric acid, methanesulfonic acid, trifluoroacetic acid and tetrafluoroboric

24. A process for preparing tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-0xo-1,6-

diazabicyclo[3.2.1]octo-2-yl]carbonyl} amino)oxy]ethyl} carbamate represented by tN

following formula (ITa-Boc-059): |
25  [Chemical formula 173]
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(lia-Boc-059)

in the aboveprmula (Ila-Boc-059), Boc represents tert-butoxycarbonyl, Cbz represents

benzyloxycarbdgy! and OBn represents benzyloxy,

which comprises
5  silylating a compouN represented by the following formula (IV-c-Boc-059):

[Chemical formula 17

0
|
BOC-. H/\/O\ﬁ/l "'O\
. HN N
(IV-c-Boc-059)

in the above formula (IV-c-Boc-059),

represents benzyloxy,

¢ represents tert-butoxycarbonyl and OBn

10 using triethylamine and chlorotrimethylsilan®jn the reaction system, and subsequently
subjecting to intramolecular urea formation readjon using phosgene or diphosgene with
a catalytic amount of 4-dimethylaminepyridine.
25. A process for preparing (23,5R)-N-(2-aminoethoXy)-7-oxo0-6-(sulfooxy)-1,6-

15 diazabicyclo[3.2.1]octane-2-carboxamide represented by tNg following formula (III-

059):

[Chemical formula 177]

0
,
HgN/\/O‘HJ
N
: N\O—SO;:,H

0
(111-069)

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

the following formula (Ila-Boc-059):

[Chemical formula 174]
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H

(Ilb-Boc-059)

in the above formula (1Ib-Boc-059), Boc rdpresents tert-butoxycarbonyl,
sulfating the hydroxyl group at the 6-positiotNgsing a sulfur trioxide-pyridine complex
10 in the presence of pyridine, 2-picoline or 2,6-luldine to prepare a compound
represented by the following formula (111-Boc-05

[Chemical formula 176]

O
Boc\N/\/O\NJL,_
H HoN

Oj N‘o- SOM
(ill-Boc-059)

in the above formuia (II1-Boc-059), Boc represents tert-butoxycarbonyl

15 represents H, pyridinium, sodium or tetrabutylammonium,

26. A process for preparing (2S,5R)-methyl 5-(benzyloxyamino)piperidine-2-
20  carboxylate and hydrochloride thereof, comprising methyl esterifying (28,55)-5-
hydroxypiperidine-2-carboxylic acid or hydrochloride thereof, trifluoroacetylizing,
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benzyloxyaminating the hydroxyl group at the 5-position, and removing the

OMe

2HCI

OH ) o
o).,,_ Boc\N/\,O\NJL._ Cbz\N/\\,O,N/“:.._
H H H H
.OBn ,Q .OBn ,I\O\ .OBn
- N B
Boc H TFA N 0C H
) )
Boc. ~0- NJL__ M. Chz. /\,o HJ g
R H ,PQ H HQ .OBn HN LOBn
Teoe N

H

in the above formulae, TFA represdgts trifluoroacetyl, OMe represents methoxy, Boc
represents tert-butoxycarbonyl, Teoc ¥gpresents 2-trimethylsilylethoxycarbonyl, and
OBn represents benzyloxy.

10
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Claims

1.  Adiazabicyclooctane derivative represented by the following formula (I):
[Chemical formula 134]

1
A.B/L’:,_
N

o)_N‘O'C
)]

in the above formula (1), A represents Ra(Rb)N- or RcO-; B represents NH or NC, ¢
alkyl; C represents benzyl, H or SO;M, where M represents H, an inorganic cation or an
organic cation; Ra and Rb each independently represent H, a C;4 alkyl or acyl; Rc
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,4 alkyl,
O=, or Rg-(CHaz)o.3-, where Rg represents a heterocyclyl, phenyl, heteroaryl, acyl,
RdO;S-, Re(R)N-, Re(Rf)INCO-, ReO-, ReOCO- or a protective group, where Rd
represents Cy.¢ alkyl or MO-; Re and Rf each independently represent H or Cy.6 alkyl,
and further, between Ra and Rb, between Rc 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 thercof.

2. A diazabicyclooctane derivative represented by the following formula (II):
[Chemical formula 135]

cf
Rc’o‘ B)l"'
N

)—Nsc

o o~
()

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

3.  Adiazabicyclooctane derivative represented by the following formula (ila):
[Chemical formula 136]

i
O‘. te,
Re” B ™
N

(lla)

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

a pharmaceutically acceptable salt thereof, or a solvate thereof.

4. A diazabicyclooctane derivative represented by the following formula (IIb):
[Chemical formula 137]

O
Rc’O‘B’u"" '
(]

7N,

o OH
(Ilb)

in the above formula (IIb), Rec and B have the same meanings as the 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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)——N
‘O—-803M
qmy
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 of any one of Claims 1 to 5, which is represented by the following
formulae:
[Chemical formula 139]

O

0 o
P2~ O, Me.y . Ony b HPr Oy

)_ N o p3 )_ N, o- p3 //"_ N\O‘ p?

o] o o
(11-059), (11-060), (1I-109) (11-061) (I1-064)

Me O

O Me o
| 2 | : |
Me\N/\/O-..N) ‘., P\N/'\/O\N/l 1, st.N/\\/O\NJh.,
f\jﬂe H H H N H H

)N—N\ J—N )N—N\

o o-P* G ‘o-P? G o-P?
(11-065) (11-066) (11-067)
i L Qo
H
o2 N~ Oy . NG\,O\N .. N~ Oy A
) !
HoN P HoN p2 HoN
& oP & P g N~O_P3
(1-069) (11-075) (I1-077)

] @] Pz\N o)
I, :, o
|\/NLO\NJ ., Q“‘O\NJ 4y, O\NJ’ .,
p2 Ho N HoN H N

N
O)_ N\O’ p3 P? )_ N\O—P:* O//I'_ N, o-P?

o]
(1-078) (1-081) (1-082)
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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,
pyridinium or tetrabutylammonium,

a pharmaceutically acceptable salt thereof, or a solvate thereof.

7. The compound of any one of Claims 1 to 3, which is:
(25,5R)-N-(2-aminoethoxy)-7-0x0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carboxamide, ‘
(28,5R)-N-[2-(methylamine)ethoxy]-7-0x0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane- :
2-carboxamide,

(28,5R)-7-0x0-N-[2-(propan-2-ylamino)ethoxy]-6-(sulfooxy)-1,6-
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-{[(25)-2-aminopropyl]oxy}-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide,
(25,5R)-N-{[(2R)-2-aminopropylJoxy}-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide,
(28,5R)-N-(3-aminopropoxy)-7-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carboxamide,

(28,5R)-N-[(28)-azetidin-2-ylmethoxy]-7-oxo0-6-(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,
(28,5R)-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 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, or

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 [3-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 B-lactamase inhibitor of Claim 11,

a -lactam antibiotic, and, optionally, a pharmaceutically acceptable carrier.

13. A pharmaceutical composition comprising the f-lactamase inhibitor of Claim 11,
a J-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 acceptabie carrier.

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

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

15. A pharmaceutical composition comprising of the 3-lactamase inhibitor of
Claim 11 and a B-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,for use in the treatment of bacterial infection.

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

treatment of bacterial infection.

17.  The use of a pharmaceutical composition comprising of the -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,
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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
formulia (11I):
[Chemical formula 145]

cI]l
Rc’o‘B)""
N

— N.-s0,M

o
any

in the above formula (III), Rc 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 represented by the following formula (IV-a):
[Chemical formula 140]

OH

)
N .0Bn
p1 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 (ITV-b):
[Chemical formula 141]

i
RCIO‘B)“._O\
o H,oan
(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,
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deprotecting P! which is a protective group to prepare a compound represented by the
following formula (IV-c):
[Chemical formula 142]

)Ol
R ,o-.B ‘1,

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
(IIa):

[Chemical formula 143]

Cl’
RO,O. B)’r,_
N

(Ila)

in the above formula (ITa), 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 (1Ib):

[Chemical formula 144]

c|>
Rc’O‘B)"“
N

{Ito)

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-.
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19. A process for preparing the compound of Claim 3 represented by the following
formula (1la):
[Chemical formula 149]

|
Rc’O‘B)""
N

(Na)

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 is included in Claim 2, which comprises

subjecting to coupling a compound represented by the following formula (IV-a):
[Chemical formula 146]

OH

0//]’-’.‘0\
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):
[Chemical formula 147]

i
Rc’o‘ B’J"“ O\
P"N H,('JE'»n
(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):

[Chemical formula 148]
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0

o.M,
Rc/ BJ -.O\
- 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. A process for preparing the compound of Claim 3 represented by the following
formula (IIa):
[Chemical formula 151]

O|
Rc’O‘B)""
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

silylating the compound represented by the following formula (IV-c):
[Chemical formula 1507

? .
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):
[Chemical formula 154]
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5 N‘o-— SO;M

(1)
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 (I1a):
[Chemical formula 152}

o.
Rc” ‘B)l"‘
N

(lia)
in the above formula (lla), 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 (Ikb):
[Chemical formula 153]

o)
|

0. .
Re” 'B” ™
N

/N

G OH
(llb)

in the above formula (ITb), 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-.

22, Aprocess for preparing (2S,5R)-N-(2-aminoethoxy)-7-o0xo0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide represented by the following formula (II1-
059):

[Chemical formula 161}
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8]
HzN/\/O*HJI"'-Q
N
O)_ N.5-s0H
{N-059)

which comprises

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

a4):
5  [Chemical formula 155]

OH

L
P"N l:\I,CJBn

(IV-a2) PI=TFA
(IvV-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 represents 2-trimethylsilylethoxycarbonyl, and
OBn represents benzyloxy,

10 subjecting to coupling the compound represented by the formula (IV-a2) or (IV-a4) with
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

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

[Chemical formula 156]

o
2 |
P \,N/\\/O\NJ
H NN HIOEH

{IV-b2-Boc-059) P1=TFA, P>=Boc
(IV-b3-Chz-059) P'=Boc, P?=Cbz
(IV-b4-Boc-059) P'=Teoc, P2=Bac
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,

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):

[Chemical formula 157]

O

2 L,
PL o~ Ocy b
H LN e

H
(IV-c-Boc-059) P?=Boc .
(IV-c-Chz-059) P?=Chbz

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 (IV-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-¢-Cbz-059) in the
reaction system, subjecting to intramolecular urea formation reaction to prepare a
compound represented by the following formula (Ila-Boc-059) or (11a-Cbz-059):
[Chemical formula 158]

0

2 L
P\N/\VONN) ‘e,
H H N

o N‘osn

(la-Boe-059) P2=Boc

(Ha-Cbz-059) P4=Chz
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 at the 6-position of the compound represented by
the formula (ITa-Boc-059) using a hydrogenolysis catalyst under hydrogen atmosphere,

or
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removing the benzyl of the benzyloxy at the 6-position of the compound represented by
the formula (IIa-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):

[Chemical formula 159]

O

|
BOC\N/\\/O\.NJ ’..
H H N

(llb-Boc-069)

in the above formula (ITb-Boc-059), Boc represents tert-butoxycarbonyl,

sulfating the hydroxyl group at the 6-position to prepare a compound represented by the
following formula (I1I-Boc-059):

[Chemical formula 160]

0
|
BOC\N/\\/O..N/lh..Q
H H
N
/ N 5-50M

o
(1-Boc-059)

in the above formula (I1I-Boc-059), Boc represents tert-butoxycarbonyl, 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-benzyloxy-7-0xo0-1,6-
diazabicyclo[3.2.1]oct-2-yl]carbonyl }amino)oxy]ethyl } carbamate, or benzyl {2-
[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabicyclo[3.2.1]oct-2-
yl]carbonyl}amino)oxy]lethyl} carbamate represented by the following formula (Ila-
Boc-059) or (ITa-Cbz-059):

[Chemical formula 165]
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O
2 |
PL, ~_O- HJ
H N
‘; N\
0 OBn
(la-Boc-059) P2=Boc
(Ha-Cbz-059) P?=Cbz
in the above formula (I1a-Boc-059) or (11a-Cbz-059), Boc represents tert-
butoxycarbonyl, Cbz represents benzyloxycarbonyl, and OBn represents benzyloxy,
which comprises
among the compounds represented by the foliowing formulae (IV-a2), (IV-a3) and (IV-
ad):
[Chemical formula 162]
OH

0//‘1"4.
P,.QN,OBn
H

(IV-a2) P1=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 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- monohydrate in combination,

to prepare a compound represented by the following formula (IV-b2-Boc-059), (1V-b3-
Cbz-059) or (IV-b4-Boc-059):

[Chemical formula 163]
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0
P2~ Oy
H

(IV-b2-Boc-059) P1=TFA, P2=Boc
(IV-b3-Chz-058) P'=Bog, P2=Cbz
(IV-b4-Boc-059) P'=Teoc, P?=Bac

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-trimethyisilylethoxycarbonyl, 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-c-Boc-059):
[Chemical formula 164]

0
2 |
P \N/\,O\HJ
H HN el

H
(IV-c-Boe-059) P2=Boc
(TV-c-Chz-058) P?=Chz

in the above formula (IV-c-Boc-059) or (IV-c-Cbz-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-c-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-
059) 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 (Ila-Boc-059) or (Ila-Cbz-059).
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24.  Aprocess 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-
[({[(2S,5R)-6-benzyloxy-7-0x0-1,6-diazabicycio[3.2.1]oct-2-
yllcarbonyl}amino)oxy]ethyl } carbamate represented by the following formula (Ila-
Boc-059) or (I1a-Cbz-059):

[Chemical formula 167]

0
2 |
P ~ N/\/O\ﬂ/l ‘.
H N
N
o) OBn
(Na-Boc-059) P2=Boc
(Ila-Chz-059) P?=Cbz
in the above formula (IIa-Boc-059) or (ITa-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):
[Chemical formula 166]

(9]
2 l,
P \N/\'/’O\NJ .
H HooN (08"

H
(IV-c-Boc-059) P?=RBoc
{IV-c-Chz-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 benzyloxy,
using chlorotrimethylsilane in the reaction system, and subsequently subjecting to

intramolecular urea formation reaction using phosgene or diphosgene.

25. A process for preparing (28,5R)-N-(2-aminoethoxy)-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide represented by the following formula (I1I-
059):

[Chemical formula 171]
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0
,
HzN/\"’O‘N) Q
Ho N

o Ng-sogH
(111-059)
which comprises
among the compounds represented by the following formulae (ITa-Boc-059) and (I1a-
Cbz-059):
5  [Chemical formula 168)]

P{H/\,OEJ».., q
N
O//J._N‘OBn
(fa-Boc-059) P?=Boc
(Ha-Ghz-059) P?=Cbz
in the above formula (ITa-Boc-059) or (Ila-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
10 represented by the formula (IIa-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 (I1a-Cbz-059) using palladium-carbon under hydrogen
atmosphere in the presence of di-tert-butoxydicarbonate, and simultaneously subjecting
15  to tert-butoxycarbonylation to prepare a compound represented by the following
formula (IIb-Boc-059):
[Chernical formula 169]

0
Boo. o~ O-p .
NN Q
A—N,
o OH
(llb-Boc-059)

in the above formuia (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]

Q
Boc. /\/O.NJ:,,_
)
N‘0~803M

0
(Ill-Boc-059)

in the above formula (I111-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 tetrafluorcboric acid.

26. A process for preparing tert-butyl {2-[({[(2S,5R)-6-benzyloxy-7-ox0-1,6-
diazabicyclo[3.2.1]octo-2-ylJcarbonyl} amino)oxy]ethyl } carbamate represented by the
following formula (ITa-Boc-059):

[Chemical formula 173]

0

BOC\.N/\/O-.NJ’J,'Q
H N

(lia-Boc-059)

I

in the above formula (Ila-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):

[Chemical formula 172]

0
|
BOGNN/\/O\N/[ s
Ho H N H,OBn
(IV-c-Boc-059)

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
subjecting to intramolecular urea formation reaction using phosgene or diphosgene with

a catalytic amount of 4-dimethylaminepyridine.

27.  Aprocess for preparing (2S,5R)-N-(2-aminoethoxy)-7-oxo0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide represented by the following formula (II1-
059):

[Chemical formula 177]

o
.
HzN/\/O‘N)“-Cl
H N

0: N ‘O~ SO4H

(11-059)

which comprises,

removing the benzyl of the benzyloxy at the 6-position of a compound represented by
the following formula (Ila-Boc-059):

[Chemical formula 174]

0
Boc\N/\/O\N/ur-.,
H H Q
)_N\
o OBn
(lla-Boc-059)

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

using palladium-carbon under hydrogen atmosphere to prepare a compound represented
by the following formula (IIb-Boc-059):

[Chemical formula 175]

O
BOC \N/\/O\NJL';_
H H N

o N‘OH

(llb-Boc-059)

in the above formula (IIb-Boc-059), Boc represents tert-butoxycarbonyl,
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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
represented by the following formula (HI-Boc-059):

[Chemical formula 176]

0
Boc. /\/O\NJL,'
NP
’ N‘o-SOg,M

o
(Il-Boc-059)

in the above formula (I1I-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

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

28. A process for preparing (2S,5R)-methyl 5-(benzyloxyamino)piperidine-2-
carboxylate and hydrochloride thereof, comprising methyl esterifying (2S,5S)-5-
hydroxypiperidine-2-carboxylic acid or hydrochloride thereof, trifluoroacetylizing,
benzyloxyaminating the hydroxyl group at the 5-position, and removing the

trifluoroacetyl.

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

OMe OMe
Q CL Q Q - (l
.0Bn HN .0Bn HN .0OBn HN LOBn TEA JOBn

2HCI H

o
s (1 Cl A SO T a
0L
.08Bn Teoe” OBn TFA N H,OBn Boc’N M‘OBn

H

1 bz.. o. J.
BOG“N/\/O‘N'J BDC‘N/\/O‘NJ Cl /\/ HJ O\
H H N 4708 H H un NOBn HN LOBn

Teoc
H H

in the above formulae, TFA represents trifluoroacetyl, OMe represents methoxy, Boc
represents tert-butoxycarbonyl, Teoc represents 2-trimethylsilylethoxycarbonyl, and

OBn represents benzyloxy.




