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14 March 2007 - 1 DESCRIPTION NOVEL | NTERVEQAVE:ch 2007
FOR CARBAPENEM COVPOUND FOR ORAL ADM NI STRATI ON AND
PROCESS FOR PRODUCI NG THE SAME 5 Technical Field The
present invention relates to a novel (3-lactam
conmpound which is extrenely useful as a conmon
internmediate for the synthesis of 10-nethyl carbapenem
compounds for oral admnistration and a process for
produci ng the (3-1actam 10 tonpound. Background Art
1(3- Met hyl car bapenem conpounds exhi bit excel | ent
antimcrobial activity against a w de range of
pat hogeni ¢ 15 m cr obeBESIRII FEMEN excel | ent stability
in vivo. Thus, 1(3 methyl carbapenem conpounds are one
of NOWBL aRfi TRRMTDDARBE FQR) cPARBA BENENMA GO MAROUNEL tHOFy Oddt
of the attention. Therefore, recently, energetica
r esBBEMERI SRR YEe | BPIretROGRESS J&dh PROGWEUIRG dHoh Séittiys
for oral admnistration. A currently 20 commonly used
process for producing a 10-nethyl car bapenem conpound
for oral administration will be described bel ow
Tec%@é@ﬁéiﬁbe%% a production process described, for

ex i n Japanese Unexani ned  Pat ent pLi cati on
Pdﬁﬁ%ﬁﬁﬁ%%ﬁ?ﬁw}nW?ﬁ§§E§3r tve t ?o@rHQWAEfbAEFFBPHtlcs
comfgc‘é%pgsx%hﬁ&al Pl oL, e,lréer%ﬁe X% 411359éi::q ??a?s’_ _aa c%o o%unl?ll}_t_e_r_medlate

| administration and a process for producing the f-lactam

‘compound.

Background Art
1BmMethylcarbapenem-compounds exhibit excellent
antimicrobial activity against a wide range of pathogenic

microbes and have excellent stability in'vivo. Thus, 1B-

" methylcarbapenem compounds are one of the antimicrobial

agents that are attractlng most of the attention. Therefore,

recently, energetlcal research and development has been

"conducted on drugs for oral administration. A currently

- commonly used process for pioducing a 1p-methylcarbapenem

compound for oral admihistration will be_described below.
ACcordihg'to a production process déScribed,'for

example, in- Japanese Unexamlned Patent Appllcatlon

_Publlcatlon No. 8 53453 and the Journal of Antlblotlcs (J

Antibiot}), 429—439,-1997, a-compound represented byrgeneral




2 formula (7): '\ OHHHCH3I HBC 1O OP-0O /7

O 0OCR2 i N2 is allowed to react with any of ¥Q¥%8B@m”
thi ol conpounds (R- SH) to synthesize a conpound-
represented by general formula 5 (8) : OHHH CH3

HBC N/ SR (8) C02 NO2 (wherein R represents athiol
residue); the p-nitrobenzyl group, which is a
protecting group,. is elimnated, for exanple, by
hydrogenol ysi s or by redutt?on using zinc dust 10 to
convert the conpound (8) into a conpound represented

by 14 March 2007 3 general fornmula (9)

formula {7):

OH

HsC

AN

NO2

is allowed to react with any of various thiol compounds (R-
KSH) to synthesize a compound represented by general formula

5 (8):

OH

(8)

NO; -
.(whereln R represents a thlol re81due), the p nltrobenzyl
group, whlch is a protectlng group,‘ls ellmlnated, for

example, by hydrogenoly81s or by reductlon u51ng zinc dust

10 to convert-the compound:(B) into a compound-;epresented,by-




OH gNHH CHs H3C S-R O CO2H (wherein R represe
thiol residue); and the carboxylic noiety of tﬁ@ﬁa&h2007
resul ting conmpound (9) is subjected, for 5 exanple, to
pi val oyl oxynet hyl ati on to produce a conmpound
represented by general formula (10): OHH H CH3 H3C N
SR (10) 0O C02-~ But (wherein R represents a thiol
residue, and But represents a tert-butyl group). 10
Exanpl es of the conpound Tepresented by genera
formula (10) include a conpound represented by
general fornmula (11): 14 March 2007 4 OH H H CH3 H3C

generSl #drfu(dl)9)N N O

OH

H

MsC
S—R (9)

(9] |
COsH

(wherein R represents a thiocl residue); and the carboxylic

moiety of the resulting Compound (9) is subjected, for

5 example, to pivaloyloxymethylation to produce a compound

represénted by general formula (10):

OH

H3C'

| ‘;__-  // S—R
O/ " '

(wherein R represents a thiocl residue, and But represents a
tert-butyl group).

10 'EXamples of the‘coﬁpound represénted by general formula

(10}-inclUde a compound rep:esented'by géﬁeral formula (11):




10

"Q02--\ 0 O But which is described in the Japan
Unexam ned Patent Application Publication No. QE@Q%@%OO7
and Japanese Unexani ned Patent Application

Publ i cati on No. 10-195076; a conpound 5 represented by
general formula (12): OH *HCH3 HH3C 0 gni (12 ) C

NH C02-\ 0 04 But which is described in the Journa

of Antibiotics (J. Antibiot.), 429-439, 1997, and
Japanese Unexam ned Patent 4 Application Publication

No. 10-130270; and a conpound 10 represented by

general fornmula (13): 14 March 2007 5 OHHHCHS E

{. OB INNN O C02--\ ~O

S
S—<>N—<\ :| (11)
N

HyC

S

which is described in the Japanese Unexamined Patent
Application Publication No. 8-53453 and Japanese Unexamined

Patent Application Publication No. -10-195076; a compound

represerited by general formula (12):

OH
H CHs

Hee” N5 | - 0 |
! /( Sm"  NH. (12)

_0//

T

=

Csz—\ o
o—4{
Bu!
which is described in the Journal of Antibiofics {J.

Antibiot.), 429-439, 1997, and Japaneée:Unéxémined,Patentf

‘Application'Publiqatidn No. 10-130270; andnaICOmpdund

represented by general formula (13):




.10

15

O But which is described in Japanese Unexam ne
Patent Application Publication No. 10-152491. ?&nthOU?
t hese conpounds are synthesized by the process

descri bed above. 5 However, in order to synthesize a

1( 3- net hyl car bapenem conpound for oral adm nistration

by the process descri bed above, replacenent of a
protecting group of carboxylic acid is required, and

a multistep reaction nust—b2 ctarried out, thus being

i neffective. Moreover, a relatively expensive 10 thio
conpound, which remains as a thiol residue in the end
prodggt is used at the initial step of synthesis,

t hus q4d|sgg&antageous in ternms of production

glaln rise to a problem Furthernore,

{ ned Pate ication 15 Publication
20 O"§ 477 edch describe a process
re re nted by ddaer al

4 Nhrch HHH3ICR5
--\ O 0-~

.which is described in Japanese Unexamined Patent Application

-Publication No. 10-152491. All of these compounds are

_synthesized by the process described above.

However, in order t£o synthesize a 1Bf-methylcarbapenem
oompound for oral administration by the process described
above, replacement of a protecting group of carboxylic acid
is required, and a multistep reaction must be carried out,
thus being ineffective. 'Moreover,'a relatively expensive
thiol compound thch.remaiﬁs as a thiol residue in the end
product, 1s used at the 1n1t1al step of synthesms, thus
being dlsadvantageous in terms of productlon cost and. glVlng
rise to a problem. |

Furthermore, Japanesé'Unexamined Patent Application

Publicition Nos. 8-59663 and 2000-344774 each describe a

process in'which from.a'oompound representéd by general

formula (14f;'




R6 (wherein R4 represents a protecting group olf4ﬁ/lg%h2007
hydr oxyl group, R5 represents a thiol residue
contained in the reaction product 10-nmethyl carbapenem
conmpound, and R6 5 represents an organic group), a
conmpound represented by general fornula (15): OR4 CH3
HHS HICR5 NO (15 /"rP7TRaRO (C02- 0 04 R6
(wherein R4, R5, and R6 are the sane as above; and R7,
Re, and R9 each represent @ 1 ower al koxy group having
1 to 4 10 carbon atons; or one of R7, R8, and RO
‘represents an al kyl group having | to 4 carbon atons
and the remaining two of R7, 14 March 2007 7 R9, and
# represbtmtd3 a | ower al koxy group having 1 to 4
‘Htorld) s synthesized, and the conpound (15) is
t o= prdduce aSconpound represented by general

; HH

e o

(wherein R, represents a protecting group of the hydroxyl
" group, Ry represents a thiol residue contained in the -
reaction product 1p-methylcarbapenem compound, and Rg

5 represents an organic group), a compound represented by

general formula (15):

OR4 - CHa

N8 - (15)
7 %PR?RaRs S
GO o0
Nt
.(Wherein.Rq, Rs, and Rg are the samé as above; and Ry, 'P_\'sf .
-and Ry each Jre;presen?l:_aL.1c>we.1_~ alkoxy group h_évirig 1 to 4 :
10- 'carbénr atoms; or one of R4, Ré, and Rg réprééénts an alkyj.:

o group having 1 to 4 carbon atoms and- the _'rema'ining' two  of -Ry,
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15.

H3C/ S-R5 (16 ) N O C02---° 0 RB 5 (wherein
R5, and R6 are the sane as above) However, in tﬁﬁé&thOU?
production process, as in the process previously
descri bed,.a relatively expensive thiol conpound,
which remains as a thiol residue in the end product,
is used 10 at the initial step of synthesis, thus
bei ng di sadvantageous in terns of production cost.

The Journal of Oganic Chemstry (J. Org. Chem, 61
7889- 7894, 1996, and Japanese Unexam ned Patent
Application Publication No. 5-279367 each describe a

C n I eSS | Makahg200¢0 4

Ra'-glg@oyl\?e%é%utﬂiig Ve %%H%Jége%k%ﬁéé@ﬁ#nou% o)

carPon atoms) is synthesized, and the compound (15) is

cyclized to produce a compound represented by general

formula (16):

OR4

HyC

e

(whefein R4, R;, and Ry are the same as above}.

However, in this production procéss,'as in the ?rocess
previously.described,,a relatively expenéiVe thiol compound,
which fémains as a thiol residue in the end‘produqt, is_used
at the initiallstep.of syﬂthesis, thus being_diSadvantagedus'
in terms §f production cost. |

The Journal of Organic Chemistry (d. Org. Chem), 61,

_788947894,‘1996, and Japanese Unexamined Patent Application

Publication No. 5-279367 each describe a compound

représented by formula (17): .
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O But (wherein Me represents a nethyl group, ﬁﬁi@R
is the sane as above). It can be conceived th %2007

10- net hyl car bapenem conpound may be derived fromthis
conmpound-t hrough reaction 5 with any of various thio
conpounds and deprotection of the hydroxyl group.
However, in the conpound (17), since the protecting
group of the hydroxyl group is a tert-
butyl di met hyl silyl group,-a8reaction reagent that may
affect the other functional groups nust be used for
the 10. deprotection of the hydroxyl noiety, as
exem¢é|f5u&j| n Protectjve Goups in Oganic Synthe5|s
(J. WYEyM& Sons, New” Yowk), 44-46, 1981. Thus, there
is aproblemin termy yield, etc. Al though t he
#am ned various nethods for
been possible 15 to perform
and efficiently. Under these

o

Hglr cuns I has 5Een de- to develop a

common ijnt ed medi Q-apebDe—d u0| ng 1(3(17)

met hyl conpodhds ef £nt |y and
(n 14 MY ch 2007 9 terms of
produCtion cost g Squa gf the Invention The present
i nventors have coﬁﬁuc ed ergetlcal 5 research on
t he devel opnent of a (@=t%ctam conmpound and a process
for producing the (3-Iactapg,tonpound which can allow a

t hi ol conpound to be introduced in one step at the

final .
(wherein Me represents a methyl group, and But is the same

as above). It can be conceived that a 1P-methylcarbapenem
compound may be derived from this compound through reaction
With any of varidus'thiol compounds and deprotection of the
hydroxyl group. However, in the compound (17), since the |
protecting group of the hydroxyl group is a tert—
butyldimethylsiiyl group, a reaction reagent that may afﬁect
the other functional groups must be used for the
deprotection of.the.hydroxyl moiEty,-as eXemplified in
Proﬁective.Groups in OrganiclSynthesis (J. Wiley & Sons, New
York), 44~46,.1981. -ThUS; there is a ?roblem in térms of
yield, etc. 1Aith0ugh‘the present in#entors.have examinéd
various méthods‘for deprotection,'it has ndt been possible"
to perform the deprotéction eésily and efficienﬁly.

.ﬁndér these circumstances, it has been desired to

develop a common intermediate dapable of produCing ip-

_methylgarbapenem compounds:efficiently and-advantageously_in
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stage in the synthesis of a | (3-nethylcarbapene _
conpound for oral admnistration, and as a resE%P@mCh2007
the present invention 10 has been achi eved. That is,

a first aspect of the present invention provides a
process for producing a (3-1actam conpound conprising
protecting the hydroxyl group of a conpound

represented by general formula (1): OH CH3 H H H3C

SS-R2 NO (1) 01 C02~ O $5'R3 ~(wherein R2

represents an aryl group or a heteroaryl group; and R3
represents an al kyl group having 1 to 10 carbon atons

ter@ds &1 yHoemldilongicar .having 3 to 10 carbon atons), to
produce. a conpound represented by general forrmula (2):
14 March 2007 10 ORI CH3 HHS" HIGR2Z NO(2) O
C02---\ -~O
Summary of the Invention
The present inventors have conducted energetical
research on the development of a B-lactam compound and a
process for producing the B-lactam compound which can allow a

thiol compound to be introduced in one step at the final
stage in the synthesis of a 1Pf-methylcarbapenem compound for
oral administration, and as é result, the present invention
has been achieved.

That is, a first aspect of the present invention
provides a process for producing a p-lactam compound
comprising protecting the hydroxyl group of a compound

represented by general formula (1):

OH

HsC

~—N._ O | m
g Y IR

{wherein R, represents an aryl group or-a_heterOéryl-groﬁp:
and R; represents an alkyl group having 1 to 10 carbon atoms
or a cycloalkyl group haVingr3‘tb 10 carbon atoms), to

produce a compound represénted_by géneral formula (2):




. process for producing a f-lactam compound represented by

O R3. (wherein Rl represents a trinmethylsilyl

or a triethylsilyl group; and R2 and R3 are thgig%%%2007
as above); cyclizing the conmpound (2) in the presence
of a strong base; 5 and subsequently allow ng the
cyclized conpound to react wth diphenyl phosphoryl
chloride to produce a conpound represented by genera
formula (3): ORF HHCH H3IC=0C-0(3) NOC®R~ O
R3 (wherein R and R3 are the sane as above) 10 A
second aspect of the present invention provides a
process for producing a (3-lactam conpound represented
by _Qaqeral'fo{nyia (4): 14 March 2007 - 11 OHHH

N

(2)

(wherein R; represents a‘trimethylSilyl group or a
triethylsilyl gfoup; and R, and Ry afe the same as above);
cyclizing the compound (2) in the presence of a strong base;
and subsequently allowing the cyclized compound to react
with diphenylphosphoryl chloride tb.produce a compound

représented by general formula (3):

HaC
| - (3)

(wherein R; and R; are the same as above).

A second aspéct of the présent invention provides a

general formula (4):




OCOz--\ O 04 R3 (wherein R3 represents an aLFMbthOU?
group having 1 to 10 carbon atons or a cycl oal ky
group having 3 to 10 carbon atons), the process
conpri sing deprotecting the hydroxyl noiety of the
conmpound represented by general formula (3) produced
by the process described appve. Furthernore, a third
aspect of the present invention provides a conmpound
represented by general formula (1): OH CH3 HHg"
HBC R2 Ni O (") ~\¥ O O R3 (wherein R2
represents an aryl “j p| or a heteroaryl group; and
R3 r@pr esent's an al-k g oup having 1 to 10 carbon
group having 3 to 10 carbon

a fourth aspect of the present

conpour=Kepr esented by genera
EC R
I .

(wherein R; represents an alkyl group having 1 to 10 carbon
atoms or a cycloalkyl dgroup having 3 to 10 carbon atoms), the
process comprising deprotecting the hydroxyl moiety of the
compound represented by general formula (3) produced by the
process described abové.

Furthermore, a third aspect of the present invention

provides a compound represented by general formula (1):

OH CHg

J—N_ O | (1)
_(f¢%- \1 : ) I

(whefein R, represents an arfl group or a heterocaryl group;

and R3 represents an alkyl group having 1 to 10 carbon atoms -

or a cycloalkyl group having 3 to 10 carbon atoms).
Furthérmore, a fourth aspect of the present invention

 provides a compound represented by general formula (3):




*HCH3 ORLHH3IC 0O OP-O(3) 0OCO02--\ O O4m£§mm
(wherein Rl represents a trinethylsilyl group or
triethylsilyl group; and R3 represents an al kyl group
having 1 to 10 carbon atons or a cycl oal kyl group
having 3 to 10 carbon afon€) ” Furthernore, a fifth
aspect of the present invention provides a conpound
represented by general formula (4): OHHHCH3 H3G
g NO'-0(4) O Og ;O 0 R3 (wherein R3
represents an al kyl g aving 1 to 10 carbon atons
or aQRycl oal kyl group g 3 to 10 carbon atons).

Det aifl ed4 Di $!| 0sOHg of e Invention The present
i nveRt i vm§| descrilbed in detail bel ow.

1
ol ) ©
O -

(wherein Ry represents a trimethylsilyl group or a
triethylsilyl group; and R; represents an alkyl group having
1 to 10 carbon atoms or a cycloalkyl group having 3 to 10
lcarbon atoms) .

Furthermore, a fifth aspect of the present invention

provides. a compound represented by general formula (4):

OH

HsC

? . !
A

N
s

(wherein Rs; represents an alkyl group having 1 to 10 carbon

atoms or a cycloalkyl group having 3 to 10 carbon atoms).

Detailed Disclosure'of the Invention
The present invention will be descrlbed in detail below..
The present 1nvent10n prov1des a process for produ01ng

a B—lactam-compound, the process 1nclud1ng.p;otect1ng the




The present invention provides a process. for , arch 2007
produci ng a p-Ilactam conpound, the process ingldglng
protecting the Ii' 14 March 2007 13 hydroxyl group

of a conpound represented by general fornmula (1): OH
CH3 HHHICR2 NO(1l) Ol Q2--\ O R3 to produce

a conpound represented by general formula (2) OR CH3
HHS5 HICR2 NO(2) C02--\ O R3 cyclizing the
conpound (2) in the presengd ef a strong base, and
subsequently allowi ng the cyclized conpound to react

wi t h di phenyl phosphoryl chloride to produce a conpound

hydEEEQESSQESS g¥ geggﬁgéuﬂgr£%%f%éé9ﬁeé!thHéHbfg%y%ormula
(1):

OH CHs

—N._ O (1)
0/ jco” 0 ‘ |
2f'“\3—_<€

R3

to produce a compound represented by general formula (2):

ORy - CH3

o (@
s 3

002—\-'_ O

e
. Rs

“cyclizing thé compouﬁd'(Z) ih.the_presence of a strong base,
and subsequently allowing the cyclized compound to react
with diphenylphosphoryl chloride to prodube a‘compound

represented.by general formula (3}:




".|Q3

14 ORI "HHCH3 H3CIO/ OP-O\ [/ (3) NO

C02---\ ~O O R3 In the present invention, ﬁ%NthZOU?
preferably, the conpound represented by genera

fornmula (1) is produced by allowing a conpound
represented by general formula (5): OHCH3 HH S H3C

\ RR (5 NOO1COOH 5toreact wwth a conpound
represented by general formula (6): R3YOX C6). O in
the presence of a base. Inlihe present invention, the
conmpound represented by

(3)

In the present invention, preferably, the compound

'represented by general formula (1) is produced by allowing a

compound represented by general formula (5):

OH CHy

cfff-—~4ﬂg\I 0

COOH

to react with a compound represented by general formula (6):

O _X

T‘v (6)

0 .

1n the presence of a base.

In the present lnventlon, the compound represented by

general formula (3) produced by the process for produc1ng

. the B- lactam compound may be converted 1nto a B lactam
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15

10 general formula (3) produced by the processfgr
produci ng the (3-lactam conpound may be conver]?t]}QIa]‘FCh:ZOO'7
into a (3-lactam 14 March 2007 15 conpound
represented by general formula (4): 1 \ OHHH CH3

. H3C O OP-O(4) NO OCQZ--\ O 04 R3 through
deprotection of the hydroxyl noiety. First, the
substituents in the conmpounds will be 5 described. In
formulae (2) and (3), the peotecting group R1 of the
hydroxyl group is a trinethylsilyl group or a
triethylsilyl group, and particularly preferably a
tri The e ventors have

compBife. PepRrotnrohrad arieat el At °  heee
substituents can be 1Q elin nated under mild reaction
conditions with m ¥} deconposition of the other

i onal group ds during deprotection

reagti Qﬁq eI ng group Rl.of the conpound

HoC 3 [
. | — “P““O—@ (4)
- 1

through’oeprotection.of the hydroxyl moiety.-

First, the substituents in the compounds will be
described. In formulae (2) and (3), the protecting group R;
of the hydroxyl group is a trimethylsilyl group or a
triethylsilyl group, end particﬁlarly preferably a
trimethylsilyl group. The present inventors. have found,
through energetical reSearch, that these substituents can be

liminated'under mild reaction conditions with minimum

decompOSLtlon of the other functlonal group m01et1es during

‘deprotectlon reactlon of the protecting group R, . of the

compound (3)'used‘1n the production process of the present

' 1nventlon.',

In formilae (1), (2), and (5), Ry, which is a  thiol

residue, represents an aryl group or a2 heteroaryl group. that
-may be substltuted with a halogen atom,-such as chlorine,

”bromlne,‘or 1od1ne, a nltro group, an alkyl group having 1
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25

15 In fornulae (1), (2), and (5), R2, which 'Slﬁlhg%35007
residue, represents an aryl group or a heteroaryl

group that may be substituted with a hal ogen at om

such as chlorine, bromne, or iodine, a nitro group,

an al kyl group having 1 14 March 2007 16 to 3 carbon
atons, or an al koxy group having 1 to 3 carbon atons.
Exanpl es of the aryl group include a phenyl group, a

hal ogenophenyl group substituted with one to three

hal ogen 5 atons, such as chlorine, bromne, or

i odi ne, a p-nitrophenyl group, an o-nitrophenyl group,

- net hoxyphenyl _gr.oup, - t . u Ng.=3h
to g E%ﬁ]ﬂ?]ﬁy?g dup * %nan%%%{%fgwg{e%elr a?yrbog?o%p o
include a 2-pyridyl group, a 3-pyridyl group, a
%gpyridyl group, a 2-pyrimdyl 10 group, a
2-4 4, 6-(di LA RAe2=benzaihi gzelyl a
gr%}ﬁ%&%ﬁ%#ﬁﬂyggo%og gg%,l a Zjabgnzogazgl yl ¥ _
hal@?@#@g;h%@ﬁ'l Ar Qb NGO GO wAh Rihe ald ahtleeghailpges:

pref er able,

and a phenyl group and a hal ogenophenyl

ato

. at ol OUBLEH €2 S0K8L o Bl abt @nide Vi ew ddirkh eagendftrophenyl

avai l ability, economcs, reactivity,. etc. As the
grofig] 088 NSPhERYSpIEOD g ot C i as-aphtanytyrdreoyd. iggroup, a 1-
preferable. In fornulae (1), (2), (3), (4), and (6),
naphfRyl sgbstp f uerd RP-ndprethyks gtdupat el y contained in
t he al kanoyl oxynet hyl noiety of the carboxylate
r st dn of 20hec hrperod Mydatg sy Bacdadel spddpasidyl
1(3-net hyl car bapenem conpound for oral .
groadpi ai 3tperidnl gEpresehtd-pE Ky ERRup @ 2-Pyrimidyl

- group, a 2-(4,6-dimethyl)pyrimidyl group, a 2-benzothiazolyl

group, a 2-benzimidazolyl group, a 2-benzoxazolyl group, and
é 2-thienyl group.

As R,, an aryl group is preferable, and a phenyl group
and a halogenophenyl group aré more prefeiable in view of
ease of availability, economics, reactivity,.etc. As the
halogenophenyl group, a p—ghlorophenyl group is preferable.

In formulae (1), (2), (3), (4); and (6), the

substituent R3; which is ultimately contained in the

alkanoyloxymethyl moiety of the carboxylate residue in a

" compound that can be developed as a 1p-methylcarbapenem

compound for oral administration, represents an alkyl grpup

having 1 to 10 carbon atoms or a cycloalkyl group having 3

~ to 10 carbon atoms.

Examples:of the alkyl group having'lfto 10_carbon atoms -

include a méthyl group, an etth group, & n-propyl, an'
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25

having 1 to 10 carbon atons or a cycl oal kyl gr
having 3 to 10 carbon atons. Exanples of the gﬁﬁ%Fth2007
group having 1 to 10 carbon atons 25 include a mnethyl
group, an ethyl group, a n-propyl, an 14 March 2007

17 isopropyl group, a n-butyl group, an isobutyl

group, a sec- butyl group, a tert-butyl group, a

n-octyl group, and a n- decanyl group. The cycl oal kyl
group having 3 to 10 carboi7atons may 5 have a
substituent, and as the substituent, an al kyl group
having 1 to 4 carbon atons, such as a nethyl group or

- h oup, .. n L ongd. | Sy &Bud & sec-
150838P§%|é%?gﬁgr%u%n§%5§%g£§9%%'1 carbon ati%slﬁaclude
C rogy L &b ohgxyl o gr réup, and a n-
but?}né%hggéygl%ﬁggy %3%, g%d 2 - 10 igﬁg¥hyﬁ%yclohexyl
dhoWP4 A8t he substituent R3, a tert-butyl group,
decmﬁ?chgfs poften used in the devel opment of carbapenem
COfRO 1 $ D ky 0ToddMdvisly & iten,10 Sapddn euoasl yay
preferable: In formula (6), the substituent X
havEepr 6§88t std@eha) oged adStiad osmbstichuast a i uolrkyle group
atom a chlorine atom a bromne atom or an iodine
havahgnl t8 ¥i exrledn essenof @wvat |abid ingthyk epoiuwiay ,an
stability, etc. of the conmpound (6), a chlorine atom
ethiys pactpcuhaylye preieradde. Moaturtdomridresaesl alkyl
the present invention will now 20 be described bel ow.
groffhehevipeuddte et eswren doneneraludeoranf¥e IR ch

group, a cyciohexyl group, a l-methylcyclohexyl group, and
4-methyleycloheéxyl group.

As the substituent Rz, a tert-butyl group, which.is
éften used-in the deVelopment of carbapenem compounds for
oral administration, is particularly preferable:

~ In formula (6), the substituent X represents a halogen

atom, such as a fluorine atom, a chlorine atom, a bromine

atom, or an iodine atom. In view of ease of availability,
reactivity, stability, etc.'of the compound (6), a chlo;ine
atom is particularly preferable.

.Production. processes of the present invention will now

‘be described below.

" The compound represénted by'general formula (5), which

- is preferably used as a starting material in the present

invention, can be easily produCéd,_for example, by a process

‘described in the Chemical and Phaimaceutical Bulletin (Chem.

Pharm. Bull.), 42, 1381-1387, 1994. This compound can be
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is preferably used as a starting material in tqﬁlﬁmchZOUY
present invention, can be easily produced, for

exanpl e, by a process described in the Chem cal and
Pharmaceutical Bulletin (Chem 25 Pharm Bull.), 42,
1381-1387, 1994. This conpound can be 14 March 2007

18 easily synthesized in the formof a desired
optically active  substance as a material for

synthesis of a 1(3- nethyl &&rbapenem conpound. By
all owm ng the conmpound (5) to react with an 5

al kanoyl oxynet hyl halide represented by fornula (6) in

casihg sPhesencecafia PRSefos (S | Ao edmetiticbally active

represented by fornmula (1) can be derived. The

subk€agtéOasi § gatél 4l ofidr USjriithed ¢ nef ta sifi-vent t hat
does not deconpose the conpound (5) and the conpound

meth6)cadPagbeemnestpsahdent is not particularly |imted.
Exanpl es thereof include ether solvents, such as
t ey atlyidraing arhe abinpcame] (@Nd tdi eyt etliér anaromati c
hydrocarbon sol vents, such as benzene, toluene, and
alkagdehexyaaiiel sivh Vet sremtadentasd NpN-dimely | for danitde
and N, N-di net hyl acet am de; di nethyl .15 sul foxi de,
pregertondf ra | kasecer dielagtEmh RO s giardgeseai@d Myxed
sol vents of these. Fromthe standpoint of reaction
foripgta (N, Ne2R ¢ B ¥ ¥ de and N, N-di et hyl acet ami de
are particularly preferable. The anpu

allosn RS HyA dRTIGE OB US89 67 Y62 tnoiuset: bhat
oo 5Tk bt s TS St T, T B -
The inert solvent is not particularly limited. Examples
thereof include ether solveﬁts, such as tetrahydrofuran,
dioxane, and diethyl ethér; aromatic hydrocarbon solvents,
such as benzene; toluene, and xylené; amide solvents, such
as N,N-dimethylformamide and N,N—dimethylacefapide; dimethyl

sulfoxide, acetohitrile, acetone, methylene chloride, and

mixed solventé of these. From the standpoint of reaction

.rate, N, N-dimethylformamide and N,N-dimethylacetamide are

.particularly preferable.
The amOunt.of'the'aikanoyloxymethyl halide (6) used for
the reaction must be 1.0 or mere molar times and is

bréferably 1.1 to 3.0 molar times the amount of the compound

(37 .

Furthermore, as the base, any base that is generally

used in the reaction for forming an ester using a carboxylic

“acid and an alkyl halide car be used. Examplés thereof
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(5) Furthernore,. as the base, any base that |%4 arch 2007
generally used |n the reaction for formng an ester
using a carboxylic 25 acid and an al kyl halide can be
used. Exanples thereof 14 March 2007 - 19 include
organi c am nes and al kali netal salts. Exanples of the
organi ¢ am nes include triethylam ne,
di i sopropyl et hyl am ne, dicycl ohexyl am ne, 1, 8-
di azabi cycl o[ 5. 4. 0] undec-7-e@ne. (DBU), and nor pholi ne.
The 5 anmount of use thereof nust be 1.0 or nore nol ar
times and is preferably 1.1 to 2.0 nDIar times the
amount of the cgnpound %i% FurtF i exanples of
inclRgea PRSP e PARIES FBY) ALKANE PAFRAI FoRE

b d bonat
calBORRL &5 aﬁdtﬁgi‘%a%%’%%#‘?%rﬁ%%? iy ?Lf‘fén‘%*{%a’f&nef

such ag FgHEQ%ESﬁQBQatf nd pot assi um

carbonate is used,

dlazaﬁécyg9§P% Hfofﬁﬁdggeﬁe8§ n?ﬁEUg Qné ﬁBr 6f1ﬂ@larThe

stan ér abl 1'to 0 nol ar nes t he

amoﬁﬂeue%oﬁget@ﬁe%@gﬁoﬂﬂgtlée(ﬁzﬂ M@eﬂoﬁg pbkalitedaland 1sl

bi'carbonate 1's used he amobunt of use thereof nust

pre?@réb@yoﬁ HOEE BDhaholhPesiRld tBe RMEHREabEYtHe lodmpound
. ar tinmes the anount of the conpound (5).

(syFurthermore, an additive, as a reaction pronoter, nay

20 be added to the reaction described above if

neeessé ¥morEXaepdmsl ¢ dhectaslditlalkel imedaldesaltbealinclude

metal halides, such _
alkali metal carbonates, such as sodium carbonate, potassium

carbonate, and cesium carbonate; and alkali metal

bicarbonates, such as sodium bicarbonate and potassium

‘bicarbonate. When an alkali metal carbonate is used, the

amount of use thereof must be 0.5 or more molar times and is
preferably 1.1 to 2.0 molar times the amount of the compound

(5).. When an alkali metal bicarbonate is used, the amount

' of use thereof must be 1.0 or more molar times and is

preferably 1.1 to 2.0 molar times the amount of the compound

.(5).

Furthermore, an additive, as a reaction promoter, may

' be'added‘to the reaction described above if necessary.

Exampleé of the‘additive include alkali metal haiides, such

as sodium iodide and lithium bromide; and quaternary

- ammonium halides, ‘such as tetrabutylammonium bromide and

'.. benZyltriethylammonium chloride. The amount of. use thereof

25

.is”préferably'l;o or more molar timeés and_mOSt_préferably
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as sodiumiodide and lithium brom de; and quateﬂfﬁy'ch2007
anmoni um hal i des, such as tetrabutyl anmoni um brom

and benzyltriethyl ammoni um chl ori de. The anount of
use thereof 25 is preferably 1.0 or nore nolar tines
and nost preferably 14 March 2007 - 20 1.0 to 1.5

nmol ar tinmes the anmount of the conpound (6). The
reacti on descri bed above is usually carried out at 0C
to 80C. Fromthe standpoin0of inhibiting
deconposition of the reactants and product, the
reaction is 5 preferably carried out at 10C to 40C
Furt he t Ne] [

L A0 e R R B SR

st @H@%%u% %ﬁ%d he, RO L5541 heaeliar L amtbat

det er m ned ytical neans, such as thin-I|ayer

0°cchpopBregr aPP&{m(ﬂ_llr@)st&Qdﬁélmg@fpﬁm%W l'i quid
chromat ogr aphy (HPLC). The target conpound (1) can be

decoipbat edohir 88 the r&La€ihed MXAH eyt edns wfagdon is
adj ustnment, extraction, |iquids separation, washing,
preﬁ@ﬁabmyr@&r@ﬂedp@hﬁtfwalmbcn to @t hers, which are
often commonly perfornmed in organic 15 reactions.
Admit ilenaldys, tihe cengeatind (thneoltsaused 1By ttheo 50 hours
reaction described above is a novel conpound, of
andwhiefierppl ¥ cat ton3 Gishowr sisefan tdree cuamsors tfagydgeristfuci ng
a common internediate for the synthesis of
1@ fretdussar Bdpse merogasssofd s ebort ignalcapobe determined
adm ni stration has been confirnmed by the present

by ppebyitbeal maars cowpdums (Bh)inbiadiate FIRPHATE ISR o LC)

descri bed

or high-performance liquid chromatography (HPLC).

The target compound (1) can be isolated from the

" reaction mixture. by means of pH adjustment, extraction,

liquids separatioo, washing, concentration, purification,
and others, which are often commonly performed in organic
reactions.

| Additionally, the c¢ompound (1) obtained by the reaction
described above_is a novel oompound, of which abplication as

a useful precursor for producing a common intermediate for

‘the syntheeis of 1B-methylcarbapenem conpounds for oral

administratioﬁrhas been confirmed by the present inventors.
The compound (1) obtained by the;reaction described

above is subsequently converted into the compound (2) by the

_protectlon of the hydroxyl group

ThlS is a reactlon 1n Wthh a 51lyl protectlng group is

‘introduced 1nto the hydroxyl group, and general‘condltlons.
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above is subsequently converted into the conpo
by the protection of the hydroxyl group. Thlsu]ir}gng%}lzo07

reaction in which a silyl protecting group is 25
i ntroduced into the hydroxyl group, and genera
conditions 14 March 2007 21 for introducing the
silyl protecting group, for exanple, those described
in Protective Groups in Organic Synthesis (J. Wley &
Sons, New York), 39-50, 1981, -nay be enployed. In the
present invention, a trimethylsilyl group or a 5
triethylsilyl group is introduced. The conpound (2)
forcﬁthSd ?f V@Heb¥ ;b o Qgeé@fniQ£B9H§d £d) dmigact

trlnet yf sitane or |orotriethylsilane in

thoB8 'd@%&?cib%_&' Yﬁnbrb%eblﬂgv@f esengs oh erbasec syebhasis (J.
an am ne I's nost commonly used and is

WilagSk gahéabﬂq@wf%rkhe :;‘,@—pajpdy@m Omn®f Bdemerpmid In
anmount  of chlorotrlnethyIS|Iane or

theCE!r@E@ﬁtlExﬁ%ﬁﬁibﬂpeauﬁﬁﬂnethj’mﬁlﬁl ageouplsir be 1.0 or
nore nolar times and is preferably 1.1 to 3.0 nol ar

tribtApssibel quowstief ihheocwogdundrid)cordourut t tr mare be
exanpl es of the am ne used as the base include
dertivedt byl anl eeingi tisepcopybatdy(binite, repat diid! and
- imdazole. The anpbunt of use thereof nust be 1.0 or
chlopoerimetiaylsibese and ¢hlerefeietiiyl silane 31 EheiRgrt
. times the anount of the conmpound (1). 20 As the inert
solvehveht , thapreieree ohad HaSenauClhRadan MRing, This

deconpose the chlorotrial kyl si] ane descr| bed a%g
method is most commonly used and is most suitable for the

production of the compound (2).
The amount of chlorotrimethylsilane or
ohlorotriethylsilane used in this stage must be 1.0 or more

molar times and is preferably 1.1 to 3.0 molar times the

‘amount of the compound'(l).

Furthermore, examples of the amine used as the base

. include triethylamine, diisoprOpylethylamine, pyridine, and

imidazole. The amount of use thereof must be 1.0 or more

‘molar times and is prefetably'l.l to 3.0 molar times the

amount of the compound (1).
As the inert solvent, any solvent that is inert so as

not to ‘decompose the chlorotr1alkyls1lane descrlbed above

, may be used without limitation. Examples thereof 1nclude
::ether solvents, such as tetrahydrofuran, dloxane, ‘and

l dlethyl ether, aromatlc hydrocarbon solvents, such as

benzene, toluene, and xylene; - amlde solvents, such as N,N- .
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may be used without |imtation. Exanples thereolflm/mm.h2007
i nclude ether solvents, such as tetrahydrofuran,

di oxane, and diethyl ether; aromatic hydrocarbon

sol vents, -such as 25 benzene, toluene, and xyl ene;

am de solvents, such as N, N 14 March 2007 22

di met hyl f or mam de and N, N-di net hyl acet am de; di net hyl

sul foxi de, acetonitrile, acetone, nethylene chloride,

and m xed sol vents of theg2.-The reaction descri bed
above is usually carried out at 5 0Cto 100C. From

the standpoint of inhibiting deconposition of the

- i EFH RGOS 08 ot PR e TR o

sulgégﬁdés g?&@éﬁY%piﬁe}cbé%koﬁg¥“ﬁbéﬁ§héﬂéﬁéﬁfﬂﬁﬂﬁé7téhd

oufs"fromthe same standpoint. -~ 10 Additionally,

.85 9686L)Psd,AbOYE .t he progress of reaction can be
mlx?ol?omed Ey %nalyt?%al means. The conpound (2) can be
| splated d0 e dreafld Abovd XU ud 1Ife@as rakdpdut at
adj ustnent, extraction, liquids separation, washing,
0°CCOHCENY P@l | OProPUEhd | SN P imn b Otirerigyitimavhi ch are
often commonly performed in organic reactions. During

decbiibss 5t 8g€, of ftiderconpmingd {18) produdyj edthed temction is

acidic conditions, the protecting group on the
prehyiloky| cagrbep dwst edti Moat etb &G Ghe conpound (2)

reverts back to the starting conpound (1). Therefore,

s Ufufritdicemtorenr & heugteald 1020 tiaken snasupd lyalsé &6i 80c

condi tions. The conpound (2) obtained by the reactjon
hougesznd begeferably 1 to 30 hours from the same standpolnt.

Additionally, as described above, the progress of

. reaction can be followed by ahalytical means.

The compound (2) can be isclated from the reaction

‘mixture by means of pH adjustment, extraction, liguids
separatioh, washing, concentration, purification, and others,

which are often commonly performed in organic reactions.

During this stage, if the compound {2y is subjected to
acidic conditions, the protecfing group on the hydroxyl
group is eliminated and the compound (2) reverts back to the”

starting compound (1). Therefore, sufficient care must be

_taken not to cause acidic conditions..

The compound (2) obtéiﬁed'by the reaction described

above is converted into the compound (3) by cyclization in
~the presence of a strong base and subsequent treatment with

_diphenylbhosphoryl chloride.

Exaﬁples of the strong base Whioh‘may be preferably
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above is converted into the conmpound (3) by 14&%&mh2007
cyclization in the presence of a strong base an
subsequent treatnment with di phenyl phosphoryl

chl oride. 25 Exanples of the strong base which may be
preferably 14 March 2007 23 wused in the cyclization
reaction of the conpound (2) include alkali netal

al koxi des, such as potassiumtert-butoxide and sodium
tert-butoxide; alkali netalZ3am des, such as |ithium

bi s(trinmethylsilyl)amde, sodium

bi s(trinmethylsilyl)amde, 5 and potassi um

usegligL t%@%gxh%&%ﬂamg&gfeg gkkahd ﬁgﬁ undy@n dasalude

u as sodium hydri de and pot assi um ride. In this

a1xk583C Q01 §hﬁ€ﬁi?@§,tQﬁ@ﬁségrpSfQQQi@ﬂdtéfELbutoxide and
al kanoyl oxynmethyl group are present in the conmpound

sodifdr t3rtPeseokhad; MNka zegethe SRL@EPOSéddomHfl dtteinem
functional 10 groupsis desired, and potassium

bisl@rinRYhoxkdey: sofi 4g) bba{tuhi BES Myt Shd i yenildel, ) amidle,
sodi um hydride are particularly preferable.

andFpbthesinnepis her sheongl Hasel ) smised aedialbd i imetanl

anount that allows the cyclization reaction to proceed

“hydit3dssf f saERnas ysodPheh elpddt yde t ined geotan s iofm deedigde. t gn

3 nolar tines the anpbunt of the conpound (2). In the
thisyekhzatibop sbmce tome Wsicystérzagiowr prroyridsses,

formation of a netal thiolate as a by-product occurs.
alkanoydpdgmetiybogwaup ahe peeaent himthe qareupd (2), a

conpound in a 20 formthat does not adversely affect _-
basehshsubsépilehzes deee i dpcomposthl@nger thesh fusdbiqral

used.

groups- is desired, and potassium tert-butoxide, sodium

bis (trimethylsilyl)amide, and sodium hydride are
?articularly preferable.

Furthermbre, the strong baseiis used desirably in an
amoﬁnt that allowé'the cyclization reaction to proceed
sufficiently. Préferably, the amount of use is 2 to 3 molar
times the ambﬁnt of the compound (2}.

In the cyclization reaction, as cyclization progresses,

formation of a metal thiolate as a by-product occurs. In

order to convert the metal thiolate into a compqund in a -
form that does not' adversely affect.the-subsequent.reaCtion,
a scavenger is preferably used.

Examples of the scavenger which may be used include

'alkylating agents, such as methyl iodide, propyl iodide,
.Vallyl bromide, benzyl bromide, and methyl p-“

}toluenesulphonate; sulfonylating_agents, such as p—
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Exanpl es of the scavenger which nmay be used inc#ﬁﬁgmh2007
al kyl ati ng agents, such as nethyl iodide, propy

i odide, allyl brom de, benzyl brom de, and nethyl p

25 tol uenesul phonat e; sul fonyl ating agents, such as p

14 March 2007 24 toluenesul fonyl chloride and

nmet hanesul fonyl chloride; and phosphoryl ating agents,
such as di phenyl phosphoryl chloride. The scavenger is
used desirably in an anbunt24egqual to the anount of

the netal thiolate fornmed fromthe conpound (2) as 5 a
by-product. Preferably, the anmount of use is 1.0 to

1.5 lar _ ti 16 .a n n .
toridesilatbyy Mgk terdhtihethahB8urpaROuithictide; and
r kaQn | r ged] ' i de.
ehARShRSREL gL SEERLEY, LILELMECLAbRERPLE e O cporiae
The® QA e r TRES 168RCHEQR +481 1S HSHAI hMoGRE N b@da DUt Fhe
t he saméreactor vessel as that wused for the

amct¥¢! bFathanmeeatt tAfe1 PehenyhBROERPBAT Yhe CObapbGRA MUB] as
be used in an anbunt that allows the reaction to

a b?L goadcsyf f pebeathylyTheheagRuht 0bf usee i Bs pt ef erabl y5
.0 to 1.5 nolar tinmes the 15 anount of the.conmpound

molb?) rifeBcehdi pheayt phospher ybmpehhdr i(2e. can al so act
as a scavenger as described above, in such a case,
di phiesydnpdosphortyite cddrgrowed | 63 usiesl producedafuniteasft on
or nore nolar times the ampunt of the conpound (2) so
bettveah the metatiohi bhhermédiatappetiaimed oy aayebiaiag the

20 serve as a phosphorylating agent. The cyclization .
compndnpghdgphang| dipbanybpkespherdésehipetde. = This reactlon

is usually carried out in the same reactor vessel as that
used for the Cyclizatién reaction.

Diphenylphosphoryl chloride must be used in an amount
that allows the reaction to proceed sufficiently. The
amount of use is preferably 1.0 to 1.5 molar times fhe
amount of the compound (2). Since diphenylphosphoryl
chioride can also_aét as a scavenger as described above, in

such a case, diphenylphosphoryl chloride is uséd in an

“amount of 2 or more molar times the amount - of the compound

(2) so that the metal thiolate is trapped and so as to also
serve as a phosphorylating agent.

The cyclization and phosphorylation reacti@ns described-

above are carried out in an inert solvent. The inert

'3solvent is not particularly limited. Preferred examples

':,ﬁhereof include ether sqlvents; such as tetrahydfofuran,

25

..dibxane, and diethyl ether; aromatic hydrocarbon solvents,
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above are carried out in an inert solvent. The14qﬁ&£h2007
solvent is not particularly limted. Preferred

exanpl es thereof include ether solvents, such as

t et rahydrof uran, 25 di oxane, and diethyl ether;

aromati ¢ hydrocarbon sol vents, 14 March 2007 25 such
as benzene, toluene, and xylene; am de solvents, such

-as N, N-di net hyl formanmi de and N, N-di net hyl acet am de;

di met hyl  sul foxi de, acetogictrile, acetone, nethyl ene
chloride, and m xed solvents of these. Fromthe
standpoints of 5 solubilities of the base and the

oo TN 5k o SHEPEY RSP 5, S SRR, S
as ﬁk@ Bgme%hggfo§mgﬁ£ pgﬁ&dﬁ §$iﬂé{ﬁg%ééﬁkéﬁhéé”wﬁfﬁéthyl

eact’i on reagen ved The cycllzatlon

oS re
oo ERRIRCHL LS ackione sy o, amveioesenc

mixeHARdRPOLAE sOh i PRAEBLL I NP &l CORPOSE A Qo Dt § heE

reactants and product, the reactions are preferably

soledhliedegubrathe 786set 8nd Okhe 18odppier oy £, the
cyclization reaction tine is usually 1 mnute to 20

tethaHy8roandapr etenabl yed soudes 60 tetwalpdrofuran and

Furt hernore, the phosphorylation reaction tine is
tolustal hyeSmosbupesfenald3De houllss maiuchinpy efar &bl s 3Pt
mnutes to 10 hours. 20 Additionally, as described
paraboutarlpel pnbgedsss olong exmetiilonsrezet ben fegdavidd 15y
anal yti cal neans.
dissolved.

The cyclization and phoSphorylation reactions described
above are usually carried out at -78°C to 60°C. From the
étandpoint of inhibiting decomposition of the reactants and
product, the reactions are preferably carried out at -78°C
to 10°C.

Furthermore, the cyclizafion'reaction time 1is gsually 1

mihute to 20 hours, and preférably 5 minutes to 5 hours.

Furthermore, the phosphorylation reaction time is

~usually 5 minutes to.30 hours, and preferably 30 minutes to

10;hoUrs,

Additionally,.as described above; the progress of
reactions can be followed by analytical means..

The compouhd (3) can be isolated from the reaction

'mixtufe by means of pH adjustment, extraction, liquids

separation, washing, concentration, purification, and others,

which are often commonly performed in organic reactions.
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The conpound (3) can be isolated fromthe react*‘qpml_c 2007
m xture by nmeans of pH adjustnent, extraction i"qui
separation, washing, concentration, purification, and

ot hers, 25 which are often connDnIy performed in

organic reactions. 14 March 2007 26 Additionally,

t he conpound (3) obtained by the reactions described
above is a novel conpound, of which application as a
useful precursor for produgiéeng a common internediate

for the synthesis of 10-nethyl carbapenem 5 conmpounds

for oral adm nistration has been confirned by the

4
DR LRI e RT3 I e
reak§§0ﬁstags££9ﬁgﬁthBSV@rﬁgpa Rbvihechsbxy) &f aupichl0

for deprotection, general deprotection

app§989t1b9n§sfQruﬁéfﬁln§£éaﬁr§5§ Bt Yibr HH0E BEG | ) G aganp,
for exanple, those described in Protective Goups in

intEgani ste SYHEERESs (dthd¥l eyo R HasetiNeMerdgened®- 50,

1981, may be enployed. 15 In order to elimnate the

compboh@St Fhg @ralpatmiet stideion elass i lorer aroh fiomsl Wiyt Hhe

m ni mum deconposition of the other functional group
presehetiggentotse conpound during the deprotection
reaction, a nethod is preferably used in which the pH
of Sulfeee quesandtlison triextapmpcainder (4)heaey die gemigedaggoppthe
- phosphoryl ati on of the conpound (2) is adjusted sous
compoundchd bviey agl éhénabhali tRions - Gand tth%éﬂiol’f@cl’i&&ﬂoﬁﬂoup

noiety is
of the hydroxyl group.

As the method for deprotection, general deprotection
conditions for eliminating the silyl protecting group, for
éxample, those described in Protective Groups in Organic
Synthesis (J. Wiley & Sons, New York), 39-50, 1981, may be
employed. |

In order to eliminate the protecting group under mild

-reaction'éonditions with minimumAdecomposition of the other

functional group moieties in the compound during the

' deproteCtion'reaétion, a method is'preferably used in which

the PH of the reaction mixture after the cycllzatlon and

phosphorylatlon_of the compound (2} 1is adjusted so as to

achieﬁe acidic‘conditions, and thus the hydroxyl m01ety 1;

deprotécted. However,; the compound (4) may be derived from

the compound (3) after the.compound (3} has been recovered.
The acidic conditions used in this stage are not

pértidularly limited as long as the pH is 7 or less.




10 -

- 15

' ?&0

deprotected. However, the conpound (4) nmay be d %w%%ﬂzmn
from the conpound (3) after the conpound (3) ha
recovered. The acidic conditions used in this stage

are not 25 particularly limted as long as the pHis 7
or less. 14 March 2007 27 Preferably, the pHis 2 to

6. Thereby, the silyl protecting group can be

extrenely easily elimnated. Furthernore, in order to
create the acidic conditiorg, -for exanple, phosphoric
acid, aqueous citric acid, hydrochloric acid, or 5 the

i ke may be added .to the m xture. The conpound (4) is

exeBgBRel, COMROHIC,,oadh 5o | by enond o el teccars

groh@t%Eﬂegba%§t£8ﬁef9eeé¥fi£e§i§mﬂﬁaﬁgénEth@EEHf%%&%Pemhl

npounds for oral” adm nisStration been confi rned

ord@f Eeecrégt@r@ﬁ@néci@yén&%élépéng herd i rstarkp e, By
| owi ng the conpound (4) thus obtained to react with

pho@pthQb §6MOURGuéShs S tiNctheidy Wfod baseid, or
any of 10- nethylcarbapenen1conpoun S represented by

 thegenREahayf 06 Nidided 209 tKH ddixt GH8. H3C 6 - R (20) N O

c2~ ~0O
The compound (4} is a novel compound, and as will be

described below, useful application of the compound'(4) as a
common intermediate for the synthesis of 1B-methylcarbapenemn
compounds for oral administration has been confirmed by the
present'inVentprS'for the first time.

By allowing the compound (4) thus cbtalned to react

ﬁith a thiol compound (R'-SH) in the presence of a base, any

of 1B-methylcarbapenem compounds represented by general

formula {20):

OH

H

S—R (o)

(wherein R' represents a thiol residue; and Ry is the same
as above) can be derived by 6ne‘step;
"Furthermore,_by-allowing the compound (3)7before the

deprotection to react with a thiol compound in.the presence
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base.

O R3 15 (wherein R represents a thiol residug;,an
R3 is the sane as above) can be derived by oneﬁg¥gﬁgzmn
Furthernmore, by allowi ng the conpound (3) before the
deprotection to react with a thiol conpound in the
presence 14 March 2007 - 28 wth a base, a

| 3- met hyl car bapenem conpound represented by genera
formula (21): ORI HHCH3 H3C NS R(21) CX2--\~00
R3 (wherein R, Rl., and R® are the sane as above) is
obtained, 5 and then by deprotecting the hydroxyl

nmoi ety, any of 10 net hyl car bapenem conpounds for ora

odmi o ' on. ! ! : .
witBOH Bhé%[a | 98 xﬂ%%/slff%aﬂgéeg%ﬁr?%ra é{%ﬁ%ﬁd sl Alddit ddey

compound” (3) or t hyl car bapenem
gen&®AROWRALGRR Peiderived directly. In such a case,

first, as descri bed above, the conpound 10 (2) is

cyclgged and then a phosphoryl ation reaction wth

dip ﬁ&*phgsphg | chloride is carried out to produce
c ofnd J3). Subsequently, the conmpound (3) is

(wherein R', Ry, and Ry are the same as above) is obtained, -
and then by deprotecting the hydroxyl moiety, any of 1P-
methylca;bapenem compounds for oral administration may be
derived. Without isclating the cbmpoﬁnd (3) or (4), a
desifed 1B-methylcarbapenem compound can be derived directly.

In such a caée} first, as described above, the compound.

(2) is cyclizéd and then a phosphorylation reaction with

diphenylphosphoryl chloride is cafried out to'produce the

.compound (3). Subsequently,-the_compound {3) is allowed to

‘react with a thiol compound (R'-SH) in the presence of a

Heﬁe,-the base used in the reactioﬁ_with‘the thiol

'cOmpound may be-the same as or differént from the Strong

base used in the Cyclizatioﬁ reaction deédribed above.

As the base other than the strbng base uséd:in the

cYclization'of the compound (2) déscribed above, an organic
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react with a thiol conmpound (R -SH) in the pre f
a base. 15 Here, the base used in the reactioﬁﬁaﬁ?ﬁ82007

the thiol conpound may be the sane as or different
‘fromthe strong base used in the cyclization reaction
-descri bed above. As the base other than the strong

base used in the «cyclization of the conpound (2)

descri bed above, an organic 14 March 2007 - 29 am ne
“or an alkali netal salt ca®%e used. Exanples of the

organi ¢ am ne include triethylam ne,

di i sopropyl et hyl am ne, 4-di net hyl am nopyri di ne,

.1..8-.di azahi l.o 10Lzundecs7ren DB of the

SN b B i i e

org%%%???hﬁ%%l9#%1%93]QEEQEEyQE@@ﬁFa-dgigﬂpkgﬁﬁPétﬁfﬁamine,

metal salt include alkali netal carbonates,

4-d3HER 133 28QBoWRP- 1 62RBONAY grdﬂ_ﬁkaﬁﬁb?fm_@?B bongt eun@de-7-ene
cesi um carbonate; and al kali metal bicarbonates, such

(DB@Y ,Sagisuanibizeak boaabre4ando] pabassanebi(DBNppnate. 1 19~
Furthernore the reaction may be accel erated by the
diaaddhitiyenopb.a.d] btearat (DARCO) sol Eranplesmof hehenelkali
used in the cyclization reaction. Preferred exanples
metefl shéti necfudel atkblihnehal scathohhbesadsiechtas sodium
accelerate the reaction include 15 acetonitrile,
carNoNatiepephybbsimntdchonate N, ahddéeei iyl aeehemir’ e
1(3- et hyl car bapenem conpound produced as descri bed
alkabév@e@aﬁ bicashoeated, | peeh a2gespdign bicarbonate and

| (3-met hyl carbapenem
potassium bicarbonate.

Furthermore, the reaction may be accelerated by the
addition of a differenf inert solvent from the one used in
the cyclization reaction.

Preferred examples of the inert solvent which is
further added fo accelerate the reaction include
acetonitrile, N,N-dimethylformamide, and N,N-
dimethylacefamidé.

"_The lﬁ~methylcarbapenem compound pfoduced as described

‘above can be converted into a desired 1P-methylcarbapenem

cdmpound for oral administration by the above-described

common method in which deprotection of the hydroxyl group is

‘performed, and‘preferébly by a deprotection method_in which
the conditions are set to be the same as those described

‘above to minimize the decomposition of the other functional

group moieties.
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conpound for oral adnministration by the
above-descri bed 20 common net hod i n which deprote Lﬁﬂﬁ§%007
of the hydroxyl group is perfornmed, and preferably by

a deprotection nmethod in which the conditions are set

to be.the sane as those described above to mnimze

t he deconposition of the other functional group

noi eties 25 14 March 2007 30 Best Mde for Carrying

Qut the Invention Wile théOpresent invention will be
described in nore detail based on the exanples and

ref erence exanples below, it is to be understood that

Bestthqua%e%&i @ar&glﬁetoht ”’cﬁédlﬁvéﬂﬁi%o Abbr evi at i ons

ir meanings-used in the exanples and reference
eXRARLES LUk | brosediestiviind belpm 1 B ddBiMPedlioUmore
But: tert-butyl group TMS: trinethylsilyl group 10
det%@ i)ta{sl(ei@tR)BW @?byéxgmpy@s(@sanabeeién& Oglkgiih 00 Afe 1 3S,
- - p_
it ahl ecopkenybthsoca8bonyt ) ehdyihvant {bR) i -rxytdriodoyiet dy |
]-1- pival oyl oxynet hyl oxycar bonyl net hyl - 2-azeti di none
theHtCH3 GHbEEBiatibh#l &h3Cheir HB&rNa@E Ghsadl Qi gl

‘examples and reference examples will be described below.

Me: methyl group
But: tert-butyl group

TMS : trimethylsilyl group

" TES: triethylsilyl group

(Example 1) Production of (3S,48)-4-f (1R)-1-(p-

dhlorophenylthiocarbonyl)ethyl]—3f[(1R)—1—hydroxyethyl]~ -

: pivaloyloxymethyloxycarbonylmethyl*2—azetidinone

OH CHy

ch_/l\

£
|
S

g
L _
o

coH . Cor— P

- At room tempefafure (25°C),ﬁ8.18 g;(22.0;mmol) of
(38, 4S) -1-carboxymethyl-4-[ (1R)-1-(p-

chibrophenylthibcdrbonyl)ethyl]—3—[(1R)-1—hydroxyethyli—2—-

-azétidinone was dissolved in 18 ml of dimethylfcrmamide, and

5.5 ml (40.0 mmol) of plvaloyloxymethyl chlorlde and 5.75 g

(40.3‘mmol) of sodlum lOdlde were sequentlally added thereto
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CO2H 102--\ O 04 But 15 At roomtenperature Q%%ﬁ%chMﬁ

8.18 g (22.0 mmmol ) of (3S,4S)-1-carboxynet hyl
(1R-1-(p-

chl or ophenyl t hi ocar bonyl ) et hyl ] -3-[ (1R) - 1- hydr oxyet hyl
]-2 azetidinone was dissolved in 18 m of

di net hyl formam de, and 20 5.5 m (40.0 mvol) of

pi val oyl oxynethyl chloride and 5.75 g (40.3 mmol) of
'sodi um i odi de were sequent Bal ry added thereto. 14
March 2007 31 Subsequently, 4.2 m (25.3 mmol) of

di i sopropyl et hyl am ne was added dropw se thereto, and

Sub%géﬁéhE%‘;ﬁ 3, DO O[AB03 Ato L oo £aREL 4 Atae, 1611 20

reaction solution was diluted with 120 ni

wasogdH@aUSQ/pwﬁgg yYeshifg, Wasq Ss PEFF DidTBeE S ey B riid dres:
usi ng 0 aqueous sodi um bi carbonate and water. The

ther§§MEtt8ﬂpE9£H§£§ B8Ot UL OoWes, drihedraerigodialmtion
~sulfate, and then the solvent was renoved by

wasOisLiitbat k0P The mEesettiouendy desiwuehivs wissol ved
in 60 mM of toluene at roomtenperature, and 120 m of

perifrhedapevensl atiieds tosihe 2 0bUenpusolutdahiunw

precipitate crystals. The resulting crystals were
bicsepanatedaby witdtratTon wesiWasiedorneBol ki gas
of white crystals of the target conpound was produced

dri¢gi ever 92039%m SRS ¢.COCIB)tHen o i®golyyenty wagp removed

1.34 (6H m, 3.11 - 3.18 15 -(2H, m, 3.87 (1H, J
by diggililagiong, IEhQ1}¢sqﬁﬁlqg-o;;m_r931due was dissolved

in 60 ml of toluene at room temperature, ‘and 120 ml of
hexane was added to the toluene solution to precipitate

crystals. The resulting crystals were separated by

filtration and washed. Thereby, 9.46 g of white crystals of

the target compound was produced (yield 92.7%).

NMR 8 (CDCl;): 1.19 (9H, s), 1.32 - 1.34 (6H, m), 3.11 - 3.18

(2H, m), 3.87 (1H, 4, J = 18.1 Hz), 4.15 (1H, dd; J = 2.4,

4.4.Hz), 4.22 - 4.24 (1H, m), 4.35 (1H, d, J = 18.1 Hz),

5.76 (2H, s), 7.31 (2H, 4, J = 8.8 Hz), 7.40 (2H, d, J = 8.

Hz)

(Example 2) Production of (38,4S)~4-[(1R)— -

(phenylthiocarbonyl)ethyl] -3~ (1R)-1-hydroxyethyl] ~1-

:pivalofloxymethyloxydarbonylmethyl—Z-azetidinone

8
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4.4 Hz), 4.22 - 4.24 (1H, m, 4.35 (1H d, J =
Hz), 5.76 (2H, s), 7.31 (2H d. J = 8.8 Hz), T yghech 2007
(2H, d, J = 8.8 Hz) (Exanple 2) Production of
(35,48)-4-[ (1R) -1 20 (phenylthiocarbonyl)ethyl]-3-]

(1R) - I - hydr oxyet hyl ] - 1-

pi val oyl oxynet hyl oxycar bonyl net hyl - 2-
March 2007 32 HF COHHIHs \

Il / sON NL o O O QO2H-Cee-% ,0 O
tenperature (25C), 1.35 g (4.0 mml)
(3S,4S) - 1- car boxynet hyl - 4 [(1R) 1-

(Qﬂ¢nylthbggarbonyl)ethyl] -[(IR-1-h ﬂroxyeﬁhyl] 2-
of!

azeti di none 14
OHH3\ S H3 ~ SO
But At room
of

PZEtI@I one was dissolved in 8 ni

dkﬁejhyg nd 1.20 g (8.0 of £ S

HsChi val tﬁgi;;zlorlde and 1. 20°G (STET;;;”f/of

sodi [ equentially adde Dgfeﬂ . O
Subééquéﬁtly, 0.68 g (5.3 nnDI) of G
di i sopromghiet hyl ami ne was added dropwi se the?%rv\ a
stirring was perforned at the

But

At room temperature (25°C), 1.35 g (4.0 mmol) of

(38, 48) ~1-carboxymethyl-4-[ (1R)-1-

" (phenylthiocarbonyl)ethyl] -3-[ {1R})-1-hydroxyethyl] -2~

- azetidinone was dissolved in 8 ml of dimethylformamide, and

1.20 g (8.0 mmol) of pivaloyloxymethyl chloride and -1.20 g
(8.0 mmol) of sodium iodide were sequentially added thereto.
Subsequently, 0.68 g (5.3 mmol) of diisopropylethylamine was
added dropwise thereto,rand stirring was performed at the
same temperature for 6 hours. The feactibn solution was
diluted with 40 ml of ethyl acetate, and washing was
perfgrmed severai times using 5%‘aqueous sodium bicarbonate
and‘water. The resﬁltiﬁg ethyl acetate solution was dried

6ver sodium sulfate, and then the solvent was removed by

distillation. Thereby, 1.88 g of the target compound was

produced.

NMR 8 (CDC13) 1.19 (9H, s), 1.32 - 1.34 (6H, m), 3.12 - 3.19

©(2H, m), 3.89 (IH, d, J = 18.3 Hz), 4.15 (1K, dd, J = 2.2,

4.1 Hz), 4.19 = 4.27 (1H, m), 4.35 (14, d, J = 18.3 Hz),

5.76 (2H, s), 7.36-- 7.43 (5H, m):

(Example 3) Production of (4R,5R,68)-6-[ (1R)-1-
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15

10 sane tenpefature for 6 hours. The reaction sgj
was diluted with 40 Ml of ethyl acetate, and aggﬁ£k89007

was performed several tines using 5% aqueous sodlum
bi carbonate and water. The resulting ethyl acetate
solution was dried over sodiumsulfate, and then the
sol vent was renoved by 15 distillation. Thereby, 1.88
g of the target conpound was produced. NMR 8 (CDC13)
:1.19 (9H,s), 1.32- 1.34 @GGH- m, 3.12 - 3.19 (2H,
n), 3.89 (1H, d, J =18.3 Hz), 4.15 (1H, dd, J = 2. 2,
.1 FE) 4.19 - 4.27 (1H, n) 4.35 (1H, d, J = 18.3

y y phosp
plvghb§1og§ﬁekh9;agggggl0[3 2. ]hept 2-ene- 2-carboxylic
acid plvaloyloxynethyl ester OH CH3 OTMsS CH3 H Ii

JJHH HC' SI1 \ BCNOC ~"~ NC (002 OO0 O C—~
~0 0 But But OTMs HHCH3 Y

CH CHa

xz
HINE

HsC

Cl

N
!
Q

A solutiOn was prepared by dissolving 0.49 g (1.0 mmol)

. a

of (3S,4S)-4~[ (1R)-1-={p-chlorophenylthiocarbonyl)ethyl] -3~

[ (1R)~1-hydroxyethyl] =1-pivaloyloxymethyloxycarbonylmethyl-

2-azetidinone synthesized as in Example 1 in 5 ml of toluene,

and 0.17 g (1.7 mmol) of triethylamine was_added thereto at
room temperature.,:Subsequently, 0.17 g (1.5'mmol) of -
chlorotrimethylsilané was added dropwise thereto, and

stirring was performed at the samertemperaturé for 14 hours.

"Thé reaction solution was diluted.with 5 ml. of toluene, and

washihg-was performed several times with water. The
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H3C N ~P 0-0 O COZ-, OOBut 5 A solution wa

prepared by dlssoIV|ng 0.49 g (1.0 muol ) of 14 March 2007
(3S,4S)-4-|

(1R) - 1-(p- chlorophenylth|ocarbonyl)ethyl] 3- [

(1R) - 1- hydr oxyet hyl ] - 1- pi val oyl oxynet hyl oxycar bonyl net
hyl - 2-azeti di none synthesized as in Exanple 1 in 5 n

of toluene, 10 and 0.17 g (1.7 mmol) of triethylamne
was added thereto at roem3tierperature. subsequently,
0.17 g (1.5 mmol) of chlorotrinethylsilane was added
dropwi se thereto, and stirring was perfornmed at the

renggEB% gggrat :§o£8%%dé ?&%Lﬁrig@ o T SACH L PN 1S Ob W # 81,

uene, and 15 washi ng was

andpghggrgﬁ?tggf§ ﬁ# Th oese %Qd“@§edlsaqfi§€1&@10h 2007

Fesu |ng uene sol ution was dried over sodi um

supf at suﬂﬂqlérl'lﬁrl J e Slenta dVes JsiTRveRd iBY 8 ml of

distilTation he resulting oily residue was di ssol ved

teth:ﬁh?d%f&&ant esh @hysls Df 1 i s AP £ORhd G vas2 PR f orfickr
5C. After 5 0.089 g (2.1 mmol ) of sodium hydride

0. o%s a@lgleﬂ ffol heof esedii i oh 8@t idé omas stdded ngo vidse
performed for 135 mnutes. At the sane tenperature,

resQii8ng £31@5ismpl Jtofrhemzyds benfodedweoadidd iouirs .
m xture, followed by stirring for 15 m nutes, and

At thens&md0tgupdrdtumam) )0 of8 di phnid pinms]@ho:r@lbenzyl
bromide was added to the mixture, followed by stirring for
15 minutes, and then 0.30 g (1.1 mmol) of diphenylphosphoryl
chloride was added thereto, followed by stirring for 2.5
hours. The reaction solution was diluted with 50 ml of
toluene, and washing was performed several times using 2.5%
agueous sodium'bicdrbonate and water under ice cooling. The
resulting toluene solution was dried over sodium shlfate,
and then the solvent was removed by distillation. The
targetrcompound-waé_thereby produced.

As the means tor following the prdgress of réaétion,'
dnalysiS'was'catried out by high-performance liguid

chromatography. The reaction solution  and the resulting

targét compound“were dissolved in an eluent prepared by
“mixing acétonitrile, water, and phosphoric acid at a ratio

rof 700/300/1 and analysis was carried out. As a result,

detectlon was made at the same retentlon time as that for
the product produced in Example 3, Wthh will be descrlbed

below. It was thus confirmed that the trlmethy181lyl group,




10 chl ori de was added thereto, followed by stlr
for 2.5 hours. The reaction sol ution was dllutfedQgrc g007
50 Ml of toluene, and washi ng was performed severa
times using 2.5% aqueous sodi um bi carbonate and water
under ice cooling. The resulting toluene solution was
dri ed over sodiumsulfate, 15 and then the sol vent was
renmoved by distillation. The target conmpound was
t hereby produced. As then8ans for followi ng the
progress of reaction, analysis was carried out by
hi gh- performance |iquid chromatography. The reaction
SOI%%IOE apd.the rS%Hhﬁ'BQ %Qetﬁ% GELx FONPRLRE, WRE L easily
*di‘ssol ved i n an el dent prepared by m xing
ellg&g%gg@trlle mater and phosphoric acid at a ratio
of 700/ 300/1 and anaIyS|s was carried out. As a
NMR 8Subbel,det@cti opomassmade, 1t -t he 29anE SHet ent,i Gn 2 rtdH,
as that for the product produced in Exanple 5, which
dd,WiJ & beodescri bed, 25. el ew3. 50 s, thus @owlfmadl@ h&dH,
. t he trinethylsilyl group, 14 March 2007 35 i.e., the
5 m),pmavect(iiag gy oup=06.6hBzhydbo&Y| (Yioups s BaBily), 7.15
' _ elimnated. NVR 8 (CDC13): 0.11 (9H, s), 1.19 - 1.29
- 7(.%5H(1ey, 8)24 (1H, dd, J = 2.9, 6.6 Hz), 3.45 - 3.50
(1H m, 4.07 - 4.19 (24 5 m, 578 (1H d, J = 5.5
FEIEX@HI&].@ (4H, PxioddcEi®n o7 (4R, BR,HS ). GT[AHP()T'}H m
(Exanpl e 4 Product| on of (4R 5R 68)-6 [ (1R)1

yI-7- oxo I-azablcxflo[S 2. O]he - 2- ene- flcaer§yI|c

oxogdi~gzabicyclol 3.2 hept-2-efie- carboxy c acl

10 pivaloyloxymethyl ester °

e c,,;_'
———n ] )(_O—E—O—ﬂ<::>

,&y. |
CCn— 0
_ I—Wb—<

But

ol
[ = o
o

. A solution was prepared by dissolving 1.997 g (4.1
mmol) of (3S,48)=4-[ (1R)-1-{p- - | |
‘chlorophehylthiocarbbnyl}ethyl]434[(1R)—l—hydroxyethyl]—1—

15 pivéldyiéXymethyloxycarEOny¥methyl—2-azetidinone synthesized
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10 pival oyl oxynet hyl ester OH CH3 OTMs CH3 H H
I\ %C NSqO\C OQ2--\ OC02--\ O 04 b 143007
But 1 \ OIS/ HHCH3I H3COP O 0 C2~0 0 OBut A
solution was prepared by dissolving 1,997 g (4.1

mmol ) of (3S,4S)-4-[ (1R)-1-(p-

chl or ophenyl t hi ocar bonyl )et hyl]-3-[(1R) - 1- hydroxyet hyl
]1-1 15

pi val oyl oxynet hyl oxycar banyenet hyl - 2- azet i di none

synt hesi zed 14 March 2007 - 36 as in Exanple 1 in 20

m of toluene, and 0.88 nL (6.4 mml) of

as Lhi ekBybag melﬁ\ﬂéo a&iﬁegfthswé@eat ah@Om ¢ ®Muer g8 .y éamol) .
Subsequently, 0.7 .2 mol ) of
of QBH@EQ&EEHEEQY%&S'@@@ed thereto at room temperature.
Subsequently, 0.78 mL (6.2 mmol) of chlorotrimethylsilane
was added dropwise thereto, and stirring was performed at
the same temperature for 15 hours. The reaction solution
was diluted with 5 ml of toluene, and washing was performed
several times with water. The resulting toluene solution
was dried over sodium sulfate, and then the solvent was
removed by distillation.

The resulting oily residue (2.63 g) was disSolVed;in
22.5 ml of tetrahydfofuran, and cooling was performed to
_70°C. After 0.956 g (8.5 mmol) of potassium tert-butoxide
was added to the resulting solution, stirring was performed

for 15 minutes. At the same temperature, 0.26 mL (4.2 mmol)

of methyl iodide was added to the mixtﬁre; and stirring was

. performed for 25 minutes while the temperature was gradually

inoreased to -35°C.  Subsequently, at —35°C, 1.0 mL (4.9

-mmo6l) of diphenylphosphoryl chloride was added to the

mixtﬁre, and stirring was performed for 1.8 hours while the:
tempeﬁatﬁre was gradually iﬁcreaeed to -9°C. The reaction
solution was diluted with 20 ml of toluene, and washing was
performed séveral times uSing 2.5% aqqeous sodium

bicarbonate and water under ice cooling. The resulting_

toluene solution was dried cover sodlum sulfate, and then the

rsolvent was removed by-dlstlllatlon.  The target compound
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.15

was added dropw se thereto, and stlrrlng was peff

at 5 the sane tenperature for 15 hours. The regcgﬂogEQOUY
solution was diluted with 5 mM of toluene, and
washi ng was performed several tines with water. The
resulting toluene solution was dried over sodium
sul fate, and then the solvent was renoved by
distillation. 10 The resultlng oily residue (2.63 @)
was dissolved-in 22.5 nt- éf tetrahydrofuran, and
cooling was perforned to -70C. After 0.956 g (8.5
mmol ) of potassiumtert-butoxi de was added to t he

r esllrbbgpeebyttQn, stirring was performed for 15

m nut es: Rt the same tenperature, 0.26 nL (4.2 mol)
15 (pkampidys) | pebdle-tyiash addedir, GR M6S med unle,) —dad
stlrrlng was perforned for 25 mnutes while the

wa

O]

hydrespetayur e3vaspheaglphdyphbongt eaged-neth 350 -oxo-1-

Subsequently, at -35C, 1.0 nL (4.9 mol) of
azabiphedyl phesphoeyt-2héne+ Zecarsoaddibd a@id he mi xture,
and stirring was perfornmed for 1.8 hours while the 20
pivhéopépayueehwasegtadual |y increased to -9C. The
reaction solution was diluted with 20 m of toluene,
agg washipg was perforned several tgmms usig 2. 5%
aguenug odi um bi carbonate and watef Ynder]ice
Hy

i NE cs®ting toluene ﬁ(&/ﬂt\kWF
overf spdi u sul, and then the’25 sl ent jhas
r engverl by odi st ci on. The target gghp@ﬁid Q4 Marth ¢
2a07 3 was thereby produced. (Exaffple 5 Produc6|on
of (4R, FR2BY) _2? (1R - I - ._{
hydroxyethyl? Q|phenylphosphoryloxy 4- et hyl - % Q- I

A solution was prepared by dissolving 0.97 g (2.0 mmol)
of (38,4S)f4—[(1R)—1—(p—chlorophenylthiocarbonyl)ethyl]— -
[(lR)—l—hydroxyethyl]~1epivaloyloxymethyloxycarbonylmethyl—

2~azetidiﬁone synthesized as in Example 1 in 5 ml of toluene,

‘and 0.50 g (5.0 mmol) of triethylamine was added thereto at

room tempereture Subsequently,'0.39'g (3.6-mmol) of
chlorotrlmethy131lane was . added dropw1se thereto, and

stlrrlng was performed at the same. temperature for 15 hours.

The reaction solution was dlluted-w1thetoluene, and washing
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.725

azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid
pi val oyl oxynet hyl ester OH CH3 OTM5s CH3 H HH I§m3p§007
H3C NOC NOC pOIl @02--\ 0 C2-- 0 Ogq But
Bti ~OH*HY HCH3 H3C O O COz--\ O 04 out A

solution was prepared by dissolving 0.97 g (2.0 nmol)

. of

(38,48)-4-[(1R)-1r(p-chlgr%%hgnylthiocarbonyl)ethyl]-3
(1R) - 1- hydr oxyet hyl ] - 1- pi val oyl oxynet hyl oxycar bonyl net
hyl - 10 2-azeti di none synthesized as in Exanple 1 in 5
wasnpeofotrnbdeneyerahdt On&d @wi{h. Qatenl ) Tie trésihylmm ne
was added thereto at roomtenperature. Subsequently,
tol0e89 golB8tbonmedy dfiedhdoentsodithyd sl fane wasd ddded the
dropwi se thereto, and stirring was performed at the
solgane veapeemove@ Pyrdisthblesions The reaction
solution was diluted with tol uene, and mashin% 14
Verle pepting@ily residue was dissolved in 15 ml of a
mixed solvent including tetrahydrofuran and toluene at a
volume ratio of 1:2, and cooling was performed to -25°C.
After 0.475 g (4.2 mmol) of potassium tert-butoxide was
added to the resulting solution, stirring was pexrformed for
1 hour. At the same temperature, 0.30 g (2.1 mmol) of
methyl iodide: was added to the mixture, followed by stixrring .
for 20 minutes, and then 0.60 g (2.2 mmol) of
diphenylphoSphoryl chloride was added thereto, followed by
stirrihg for 2.5 hours.

Ethyl acetate and water were added to the reaction
solution under ice cooling. The pH of the mixed solution
was adjustédAto 3 with 1 N aqueous hydrochloric acid, The
séparated ethyl acetate solution:was washed several tiﬁes
with aqueous sodium bicarbonate and water_agd then dried

over sodium sulfate. The solvent was remOVed_by

distillation. The'target'compound was thereby produced.

NMR 8 (CDCly): 1.18 - 1.20 (12H, m), 1.29 (3H, d, J = 4.9 Hz),

' 3.28 (1H, dd, J = 2.4, 6.3 Hz), 3.45 - 3.51 (1H, m), 4.17 -

4.21 (2H, m), 5.77 (1H, d, J = 5.5 Hz), 5.81 (1H, d, 5= 5.5

~ Hz), 7.21 - 7.40 (12H, m)

(Example_6) Prodﬁction of (4R,5R;6S)—6r[(1R)¥1f'
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15

was perfornmed several tines with water. The resHﬁM D4 2007
tol uene solution was dried over sodium sulfate, ang
then the solvent was renoved by distillation. The
resulting oily residue was dissolved in 15 mM of a 5
m xed sol vent including tetrahydrofuran and tol uene. at
a volune ratio of 1:2, and cooling was perforned to
-25C. After 0.475 g (4.2 mmpol) of potassium
tert-butoxi de was added Tt He resulti ng sol ution,
stirring was perfornmed for 1 hour. At the sane
tenperature, 0.30 g (2.1 mol) of 10 nethyl i odide.
triwasvaddad itk vidtd vl xBude phkahlohed phy rel bk i-hgmédohy 207~
m nutes, and then 0.60 g (2.2 mmol) of
oxcHipleeradiphadphdr. . 0t hkot-i-de enas 2addetokhéiet acid
followed by stirring for 2.5 hours. Ethyl acetate and
piwadiosr]l omymres tdgde@sttert he reaction 15 sol ution under
ice cooling. The pH of the m xed solution was
adgrusted ¢ 3 with 1 N aqueous hydroceiesri c eid d. The
alatted] et hyl acetate sol ution was hedi
2t é - sodi um bi car bgy =
ove di um_sul f ate. The solfvent
y 20 di 3fi "eation. The target
th@reby\aroduced NVR 8 (CDC13): 1.180° 1.2Q (12H, ,
1.29 (3HSPH\J °4.9+t), 3.28 (1H, dd, J :%2154%3
Hz), 3.45 - (1H, m, 4.17 - 4.21 (2H, m, 5°7A
(1H, d, J =55®), 581 (1H d, J = 5.5 H), 7.2%
7.40 (12H, m 25 (Exanple 6) Production of
(4R 5R 6S)-6-[ (1R)-1 14 March 2007 39 @
~triethylsilyloxyethyl]-3-di phenyl plaregphoryl oxy et hy
| -7- B H O

. HiC

/

.A solution was prépared by dissolving 0.493 g (1.0
mmol) of (3S,4S)-4-{ (1R)-1-(p- |
chlorophenylthiocarbonyl)ethyl]—3—[(1R);14hydrOxyethy1]—1—
pivaloyloXymethyloxycarbonylmethyl"2—azetidinone synthesized
as in Example 1 in 10 ml of toluene, and 0.17 g (1.7 mmol)
of tiiethyiamine was added thereto at room temperature.
Subsequently, 0.24 g (1.6 mmol) of'Chlorotriéthyl-silane was
addéd-dropwise theréto;_and stirringlwas performed at the
séﬁe temperéture for-2?'hours. The reaction solution was

diluted with 10 ml of toluene, and washihg was performed

several times with water. 'The_reSulting”toluene solution

un& was cl -
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0xo0- | -azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c ' 2007
pi val oyl oxynet hyl ester HCH3 OTES CH3 H H H CP
\ H3c S1 \ ON 0C NOC 1002 0 1CZ O O Hut O
But OTES H H CH3 H30 X1111 0 (02--\ 0 OBut 5 A
solution was prepared by dissolving 0.493 g (1.0
mol ) of (3S, 4S) -4-[ (IR -1- (p-
chl or ophenyl t hi ocar bonyl )et hyl ]-3-[ (1R) - 1- hydr oxyet hyl
]-1- pival oyl oxynet hyl oxycarbonyl net hyl - 2- azet i di none
synthesized as in Exanple 1 in 10 ml of -toluene, and
0.17 g (1.7 mmol) 10 of triethylam ne was added
wast igrietdo caterr comditenpeddbtre. anBubiequeht! yolGe2d was
(1.6 mmol) of chlorotriethyl silane was added
remgrvggvibye dilséridtletiand stirring was perforned at the
sane tenperature for 22 hours. The reaction solution
wahediregudtingt aily nesbiue ovaendlsambvedhsin fy Mai
perforned 15 several times with water. The resultin
tetgghysketygrari endigonhiesl peg7performed to —25°C. After

0.232 g (2.1 mmol) of potassium tert-butoxide was added to
the resulting solution, stirring was performed for &0
minutes. At the same temperature, 0.19 g (1.05 mmol) of
benzyl bromide was added to the mixture, followed by
stirring for 20 miﬁutes, and then 0.30 g (1.1 mmol) of
diphenylphosphoryl chloride was added thereto, followed by
stirring for 2 hours. The reaction solution was diluted

with 50 ml of toluene, and washing was performed several

. times using 2.5% aqueous sodium bicarbonate and water under

ice cooling. The reéulting toluene solution was dried 0ve£
sodium sulfate, and then theé solvent was removed by
distillation. The target compound was thereby produced.

NMR 6'(CDC13): 0.59 - 0.62 (6H, m), 0.94 (9H, E, J = 8.1 Hz),
1.19 - l,28 (15H; m), 3.23 (1H, dd, J = 2.9,_6.6 Hz),‘3.42 -

3.46 (1H, m), 4.13 (1H, dd, J = 2.9, 10.3 Hz), 4.18 - 4.23

(1, m), 5.78 (1H, d, J = 5.5 Hz), 5.8l (1H, d, J = 5.5 Hz),

- 7.15 = 7.43 (12H, m)

(Example 7) Production of (4R, 5R,68)=6-{ (1R)-1-

trimethylsilyloxyethyl]}3—diphenylphosphdryloxyh4rmethyle7—

oXo~1—azabicyclb[3.2,0}hept—Q“ené~2écarboxylic acid

pivalOyidxymethyl ester
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- 40 was dried over sodiumsulfate, and then t
. S : “March 2007
sol vent was renoved by distillation. The resulting
oily residue was dissolved in 6 m of
t et rahydrofuran, and cooling was perforned to -25C.
After 5 0.232 g (2.1 nmol) of potassiumtert-butoxide
was added to the resulting solution, stirring was
perfornmed for 60 m nutes. the sane tenperature
0.19 g (1.05 nmmol ) of benzyt broni de was added to the
m xture, followed by stirring for 20 m nutes, and
then 0.30 g (1.1 mmol ) of 10 di phenyl phosphoryl
chdpride Mas. added thereto, foll owed dys Stl@{lng for
2 FOifSi Re reaction solution was di
o O pI den hi ng was perfowxedlﬁ
ausm; 2 5% hque sodlun1b|carbon%te a
ice o '|ngo T sul ting toluene sol yH
ov 15 odlun1sulfate and then the 80l vent] was

renoved B9:—qi stPl | ation. The target conpouﬁ@wm$§
t her eby prod .. NVMVR 6 (CDC13): 0.59 - 0.62 (6 'ﬂ%

0.94 (9H, t, J =8.1 Hz), 1.19 - 1.28 (15H, m), 3.8
(1H, dd, J = 2.9, 6.6 Hz), 3.42 - 3.46 (1H m, 4.13
(1H, dd, J = 2.9, 10.3 Hz), 4.18 - 4.23 20 (1 ,
5.78 (1H, d, J = 5.5 Hz), 5.81 (1Hgrgs J :5.@,
7.15 7.43 (12H, m (Exanple 7) Proclucman fis

(4R 5R 6S)-6-[ (1R)-1-

o)
tri rret hyl si | yl oxyettyti—=3=di phek§l phosphor )L;‘,_AL-O
yl -7- oxo-1-azabi cycl o[ 3. 2. 0] hept - 2- _arbogylic

acid 25 pival oyl oxynet hyl ester 14

A solution was prepared by diSSolving 0.94 g of an oily
‘residue containing (35,48)-4- (1R)-1-
(phenylthlecarbonyl)ethyl]—3—[(1R)—1—hydr0xyethyl]—l—
pivélolexymethyloxycarbonylmethyl~2—azetidinone synthesized
as in Example 2 in 10 ml of toluene, and 0.51 g (5.0 mmol)
of trlethylamlne was added thereto at room temperature
Subsequently, 0,40 g (3.6 mmol) of chlorotrlmethy151lane was
added dronwise thereto,‘and stirrlnd‘was performed at the
same'temperature_for 19 hours. The reaction solution was
diluted with 10 ml of tOluene, and washing was‘performed
several'times with water  The resultlng toluene solution
was drled over sodlum sulfate, and then the solvent was l
:emeved by dlstlllatlen.

The resulting'oily,residue-wasfdisselﬁed in 10 ml of
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- 41 OHCH3 OTMS OH3 HH H Li H3C ~S | H3C X
6 02 \b 0O CI O ut ut  OTVE HH Ca He B May2007

O O But A solution was prepared by dissolving 0.94 ¢
of an oily residue containing (3S,4S)-4-] (1R -1-
(phenyl t hi ocar bonyl )ethyl]-3-[ (1R)-1-hydroxyethyl]-1
5 pi val oyl oxynet hyl oxycar bonyl net hyl - 2- azeti di none
synthesized as in Example, 2 in 10 m of t ol uene, and
0.51 g (5.0 mmol ) of triethylamne was added thereto

at room tenperature. Subsequently, 0.40 g (3.6 mmol)
of chlorotrimethylsilane was added dropw se thereto,
tetzalydrefrrag  wasdpeppdingdvas paefaonedntot ehPef at After
0 4for ](% pours The reaction solution was diluted with
4909 %of TBPEén8T BREARAEHNNECHRESOWEPX brlaeHas sadded|to-
The resulting toluene solution was

thel irgesl\gi.th vvaﬁjel[]q

dFred b6veP S8drunPBul PAEET BRI herrtHerBof veRt 4fas

: ved isti %atio . . The resulting oily residue

i QY BRI P oroD7C 0 A 5 8% Shmdf
methyl iodide was added to the mixture, followed by stirring
for 25 minutes, and then 0.56 g (2.1 mmol) of |
diphenylphosphoryl chloride was added thereto, followed by
stirring for 1.7 hours. The reaction solution was diluted
with 20 ml of toluene, and washing was performed several
times using 2.5% aqueous sodium bicarbonate and water under
ice cooling. The resulting toluene solution was dried over
sodium sulfate, and then the solvent was removed- by

distillation. The target compound was thereby produced.

{Reference Example_l) Production of pivaloyloxymethyl

(1R,5856S)—2—[1—(1,3rthiazolinf2—yl)azetidin—B—yl]thio-6—

[(lR)—thydroxyethyl]—1-methyl—carbapen—z—emr3—carboXylate
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R 14 March 2007 42 tetrahydrof
and cooling was perforned to -60C. After fH%@%q&ZOU?
nmol ) of potassiumtert-butoxide was added to t he
resulting solution, stirring was perforned for 20
m nut es. Subsequently, at -50C, 0.28 g (2.0 nmol) of 5
nmet hyl i1 odi de was added to the m xture, followed by
stirring for 25 m nutes, qg then 0.56 g (2.1 nmol)
of di phenyl phosphoryl chlorlde was added thereto,
followed by stirring for 1.7 hours. The reaction
N uted with 20 mM of toluene, and
ormed several 10 tines using 2.5%
@ bi car bonate and water under ice
esulting toluene solution was dried over
fate a hen the sol vent was renoved by

get conmpound was t hereby
(Reéerence Exanpl e 1) Production of

pi val oyl & thel 15 (1R 55,6S)-2-[1-(1
3-thiazo|$ﬁﬁ§bﬂf)azetidin-3-y|]thio-6-

[ (1R) -1 -hydroxyedthyl ] -1 -met hyl - car bapen- 2- em 3- car boxy
late 14 March 2007 43 HHHCH3 H3C O a~~ 0 COp--\

H&—<:M—<§]

But
A solution was prepared by dissolving 0.32 g of an oily
residue containing (4R,5R,6S)—6—[(1R)—1~hydroxyetﬁyl]— -
diphenylphosphoryloxy—4—meﬁhyl—7—oxé—1~
azabicyclo[3.2.0]hépt—z;éne:2—carboxyiic acid
pivaloylo%yméthyl ester, which was synthésized asdin Example
5 and purified, in 1 ml of acetohitrilé, and 0.07 g (0.33

mmol) of a.compound represeénted by formulé (18) :

Hs—-<>N—</N:|‘ - HCI' - (18)
s~

-was added thereto. Subsequently, 0.09 g (0. 70 mmol) df

dllsopropylethylamlne was. added dropw1se thereto at —10 c,

and stlrrlng was performed at the same temperature for 3

hours. After the reaction was,completed, 20 ml of ethyl '
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04 But HS--CN-<NJ OHS HHCH3 -{/~ S VN/\
C02- V 0 But A solution was prepared by disso+5¥ﬁ§m2007
0.32 g of an oily residue containing (4R 5R, 6S)-6-[

(1R) - I - hydr oxyet hyl ] - 3-

di phenyl phosphor yl oxy- 4- et hyl - 7-oxo-1 5

azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid

pi val oyl oxynet hyl . ester, yh£§h_mas synt hesi zed as in

Exanple 5 and purified, in m of acetonitrile, and

0.07 g (0.33 nmmol) of a. conpound represented by

formula (18): N (18 ) Hs--40N---( S) HG ~/ 10 was
aceierierl anterat gil Sfbsedquentiere Guddedy tEOtTe meekrioh

di i sopropyl et hyl am ne was added dropw se thereto at
solubion, i sKteictd amas nyer for meticatist Reysanwas carried

tenperature for 3 hours. After the reaction was, )

Ou?xﬁﬁﬂ%ﬁ@%fg'9@Wﬂ°u§fcéﬁﬁyp 2L idar @gad20ben ggtraction into

an ethyl acetate layer was carried out by adding 20 ml of
ethyl acetate and potassium bicarbonate. The extraction
solution was dried over sodium sulfate, and then the solvent
was removed by distillation. NMR analysis confirmed the
formation of the térget compound.

NMR & (CDC1,;): 1.23 (9H, s), 1.23 (3H, d, J = 7.1), 1.34 (3H,
d, J = 6.4 Hz), 3.13 - 3.21 (1H, m), 3.23 (1H, dd, J = 2.7,
6.8 Hz), 3.37 (2H, t, d = 7.6 Hz), 3.94 - 4.03 (4H, m), 4.10
~ 4.26 (3H, m), 4.36 - 4.42 (2H, m)y, 5.84 (1H, d, J = 5;5
Hz), 5.97 (14, d, J = 5.5 Hz)

(Reference Example 2) Productioh‘of pivaloyloxymethyl

(1§k58,6s)~2f{(3R)—5~OXO§Yrrolidin~3~yl]thiO‘G"[(13)“1_

hydroxyethyl]—1;methyl—carbapen—2—em~3—carboxylate




10

acetate and 20 ml of water were added to the reﬁgﬂb&ﬂ2007
sol ution, and extraction into an aqueous |ayer wa

carried out by adding agueous citric acid, and then
extraction into an ethyl acetate |layer was carried

out by adding 20 m of 5 ethyl acetate and potassi um

bi carbonate. The extraction solution was dried over
sodi um sul fate, and then t solvent was renoved by
distillation. NVR analysis confirmed the formation of
the target conpound. NVR S (CDC13) : 1.23 (9H, s) ,

1.23 (3H, d, 7.1), 1.34 (3H, 10 d, J = 6.4 Hz),
3. @'3 3.21 ( m, 3.23 (1H, dd, J = 2.7, 6.8 Hz),
3. B/u( 3, o 7.6 Hz), 3.94 - 4.03 (4H, nm), 4.10 -
4,261 (FHAm), 4 36 - 442 (2H, n), 5.84 (1H, d, J =

g 5 97$$;H = 5.5 Hz) (Reference Exanpl e
2) B 0 yI oxynet hyl 15
- (1§5S,658)-2-[ MR)-5-oxopyrrolidin-3-yl]thio-6-[ (1R -1
hydroxyetﬁﬂ&f\ t hyl - car bapen- 2- em 3- car boxyl ate 14
March 2007 OTNB HHCH3 H3C/ 0-o0 O O O But

OOCH HS NHH

]
\

‘A solution was prepared by dissolving 4.32 g of an oily
residue containing (4R, 5R, 65) -6~ (1R) -1~
trimethylsilyloxyethyl]—3—diphenylphosphoryloxy—4—methyl~7—

oxo—l—azabicyclo[3.2.0]hept—2—ene~2~carboxylic'acid

- pivaloyloxymethyl ester synthesized as in Example 4 in 15 ml

of acetonifriler and 0.57 g (4.9 mmol) of,a.comﬁeund

repreeented by formula (19):

(19)

was added thereto. Subsequently, 0.79 g (6.1 mmel) of

diisopropylethylamine-Was added'dropwiee‘thereto at 5°C, and

rstlrrlng was performed at the same temperature for 70

mlnutes After the reaction was COmpleted acetonltrlle'was
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O H3C'" AS NH 0 COp--\ 0 O But Asolutio
prepared by dissolving 4.32 g of an oily resi 4%%%Ch2007
containing (4R 5R 6S)-6-[(1R)-1-
trimethyl silyl oxyethyl]-3-di phenyl phosphoryl oxy-4-neth
yl -7 5 oxo-1-azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c
acid pival oyl oxynethyl ester synthesized as in
Exanple 4 in 15 mM of acetgnitrile, and 0.57 g (4.9
mmol ) of. a conpound represented by formula (19): O
HS' (19) NH 10 was added thereto. Subsequently, 0.79
g (6.1 mol) of di isopropylethylamne was added
remgvegpwesedi At dlataonsC, Thadresidve i wgs wass pelved nod 4@ ml
the sane tenperature for 70 mnutes. After the
of ?@Bé’tlu gRehatecorpfevedhingevani Perferned sevamakht ooy
renmoved, by distillation. The residue was

Wlt& §98P988 ?ﬁdwemnlpl%? eRpLE BeeFemeve ahtPhermiphpsRioric

d seyeral  tines _
aci w 1c was formed as a by-product. Water was added to

the resulting ethyl acetate solution, and 1 N agueous
hydrochloric acid was added thereto to achieve pH 3. The
ethyl acetate solution obtained by a separation process was
washed with agqueous sodium bicarbonate and water, and then
dried over sodium sulfate. The solvent was removed by
distillation, and the residue was dissolved in 20 mL of
acetonef Toluene {30 mlL) was added to the resulting
solution, and the acetone solvent Qas gradually removed by
distillation. Formatioﬁ of a White, turbid solution was
confirmed. The white, turbid solution was stirred at 0°C to
5°C for 1 hour, and. white crystals were obtained by
filtration and washing. The white crystals were dissol?ed

in acetone again, and as in the above process, through

addition of toluene, removal of the solvent by dlstlllatlon,
stirring, flltratlon, and washing, 0.70 g of whlte crystals

containing the target‘compouhd was obtained.

NMR 8 (CDCl,): 1.22- (9H, s), 1.27 (35, 4, J = 7.1), 1.32 (3,
d, J = 6.3 Hz), 2.39 (14, dd, J = 5.1, 17.1 Hz), 2.83 (1H,

Idd,_J = 8.1, 17.1 Hz) 3. 26 (l1H, dd, J = 2.4, 6.8 Hz), 3 31 -

' - 3.36 (1H, m), 3.84 (1H dd J =8.1, 10.7 Hz), 4.01 —-4 06

(1H, m), 4.22 - 4.28 (2H, m), 5.82 (1H, d, 0= 5.5 Hz), 5.96
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wi t h aqueous sodi um bi carbonate to renove

di phenyl phosphoric acid which was forned as a 14 March 2007

by- product. Water was added to 5 the resulting ethyl

acetate solution, and 1 N aqueous hydrochloric acid

was added thereto to achieve pH 3. The ethyl acetate

sol uti on obtained by a separation process was washed

w t h aqueous sodi um bi carbojrate and water, and then

dri ed over sodium sulfate. The sol vent was renoved by

10 distillation, and the residue was dissolved in 20

cet one. Toluene (30 nL) was added to the

C“fe§hlﬁf 5 §bﬁ@9|on and the acetone sol vent was

gradually renoved by distillation. Formation of a

white, turbid solution was confirnmed. The white,

sql uti.on s.stirred at 0OCto 15 5C for 1 hour,

Ind&%#ﬁa%ltg' }ﬁg bmﬁ 1§&r e obt ai ned by filtration and

wWashbng e d, t re dissolv i n.acetaone

aga?n P gﬁdggg%‘B%%Hg%o%%g‘ﬁj\r{\%cses%omg%%%gh SUGHiAS 6h
novefl %hﬁ%ﬁeanﬁéﬂ%aha{?& t(g? Sghé{eﬁ&vgi’?%féé&#é%é hereos

stlrrlng, filtration,

(1 gg?t/lgilt ﬁgg 2%1{\1/% gf@&ﬂbf‘ﬂoﬁrﬁr5@é%gés Cﬂg@loé’ﬂ%,v\qgﬁch erhable

efficled}, sInBReéBE of dvadisu- ?B-Hﬁéth (%%:Hay'é co}ap‘ounds
5.1, 17.1 Hz), 2.83 (1H,  dd, 171 1) 35

for(adkal dddmﬂnl—sﬁr&tl&h SOIHZI)hJ_cﬁh 3ﬁe<§Er3L6.L W sdBncrd-BH
(1H, dd, J 8.1, 10..7 Hz), 4.01 - 4.06 25 (1H, m,

deval@gment. Bs (leéen réctﬁv&y (ddhdubted = Hmdiz Johed e skht
March 2007 47 (1H, d, J = 5.5 Hz) Industria

inv@qp’pj.m;ab$ limgustrially useful : :




The present invention provides conpounds, such ﬁﬁmﬁmﬁzovr
novel comon internediate (4), and novel precursors
thereof (1) and (3), and production processes
therefor, which enable efficient synthesis of various
10- net hyl car bapenem conpounds for oral adm nistration
on which recently research and devel opnent has been
actively conducted. Thus,_tfie present 10 invention is
industrially useful. 14 March 2007 - 48 CLAIMS 1. A
process for producing a (3-1actam conpound conpri si ng
protecting the hydroxyl group of a conpound
represented by 5 general 4r a(l): OH CH3 HHS"
HBCR2 NOO1 (C02--\ 0 0 R3 (wherein R2
represents an aryl group or a heteroaryl group; and

R3 %g resents an al k rou ﬁax 1 to 10 carbon
Tat o I8Feﬁsc§8F08Fﬁ’ PC Pgug 528 FEMROUREr pYRPTising

prO%%%g?L)aip %g?rlm §§:g%}ie a cgglgundc&% 58?1 gsggregented by

5 general formula (1):

OH ' CH3

HsC

SN w

. {wherein R, represents an aryl group or a heteroaryl group;
and R; represents an alkyl group ha_vihg 1 to 10 carbon atoms

or a cycloalkyl group having 3 to 10 carbon atoms), to

-' - 10 produce a compound represented by '1general.‘ formula (2):

OR1 o CH3

(2)

O\
O
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HHHCR2 NO (2) C02---~ .0 R3 14 March 200, A9 5407
(wherein Rl represents a trinethylsilyl group or a
triethylsilyl group; and R2 and R3 are the sane as
above); cyclizing the conpound (2) in the presence of
a strong base; and subsequently allow ng the cyclized
conpound to react 5 with di phenyl phosphoryl chloride
to produce a conpound repr%§epted by general fornmula
(3): 1 ~ ORL *HCH3 HH3ICO_ OP-O\ / (3) OO
C02-° O 04 R3 (wherein RL and R3 are the sane as
above). 10 2. The process according to Caim]l,

(Whgrsial Rit KEPSEFORES PatbimsthvbasdyselieetRd® rdm t he
group cansisting of an_alkali netal al koxide, an

trigfhylisingtlaorePde andn B2 afndl Raldre the same as above);

cyclizing the compound (2) in the presence of a strong base;
and subsequently allowing the cyclized compound to react
with diphenylphosphoryl chloride to produce a compound

represented by.general formula (3):

OR;

(3)

(wherein R; and Ry are the same as'above),

2. The process aCcOrdiﬁg to Claim 1, Qherein the strong
base iS'a base selected from the group consisting of an
alkali metal alkoxide, an alkali metal amide, and an alkali

metal hydride.

3. 'The process accordin@fto Claim 2,-wherein the alkali

metal alkoxide is potassium tert-butoxide.

4;'-The,process according to Claim 2, wherein the alkali




metal hydride. 15 3. The process according to qmg}cﬁ,zom
wherein-the alkali netal.al koxide is potassium
tert-butoxide. 4. The process according to Claim 2,
wherein the al kali 14 March 2007 50 netal amide is
sodi um bi s(trimethyl silyl)am de. 5. The process
according to Caim2, wherein the alkali netal
hydride is sodiun1hydridg.5% 6. The process according
to Caim1l, wherein the cofpound represented by
general formula (1) is produced by allowi ng a
conpound represented by general formula (5): OHCH3 H
metplHgwife (s)scdi@ndock(t1omewheteihy Roamisfe esent s an
aryl group or a heteroaryl group), to react with a
conmpound represented by general formula (6): OXR3 Y

~6) . 0 (wherein R3 represents_an al kyl group havi nq{ 1.
Sto 1BecBFPeRSs according to Claim 2, 'wherein the alkali

metal hydride is sodium hydride.

6. The process according to Claim 1, wherein the compound

represented by general formula (1) is produced by allowing a

compound represented by general formula (5):

OH CH3

HsC

(5)

o/'—--l\.lj o

COOH

10  (wherein R, represents an aryl group or a heterocaryl group),

15

to react with a compournd represented by general formﬁla (6):
X

B TS

O

(Wherein'R3 répresents an alkyl group having 1 to 10 carboﬁ
atoms’ or a cycloalkyl group having 3'to 10 carbon atoﬁs; and

X represénts~a halogen atom}f in the presence of a base.

7. A,progess for producing a Bflactam c¢ompound

' ':eprGSented,by general formu;a (4):




atons or a cycl oal kyl group having 3 to 10 carb
atons; and 15 X represents a hal ogen atom, inﬁg¥gnhZMW
presence of a base. 7. A process for producing a
(3-lactam conpound represented by general fornula

(4): - -----=----- -- 14 March 2007 51 | \ OHHH

CH3 H3C O (4 NOOCO--\ O 04 R3 (wherein R3
represents an al kyl groug_QﬂyLng 1 to 10 carbon atons

or a cycloal kyl group having 3 to 10 carbon atoms), 5
the process conprising deprotecting the hydroxyl

nmoi ety of the conpound represented by general formnula
(3) produced by the process according to any one of
Clains 1 to 6. 8. A conmpound represented by genera
formula (1): OH HBC R2 N O

OH

(4)

(whergin Ry represents an alkyl group having 1 to 10 carbon .
atoms or a cycloalkyl group having 3 to 10 carbon atoms),

5 the prxocess cgmprising deprotecting the hydroxyl moiety:of
the compound represented by general formula (3} produced by

the process according to any cone of Claims 1 to 6.

8. A compound repreéented by genéral formula (1):

OH . CHy

HaC”

()/—N\‘!"0 0 | (1.)”
| — o N

. o

10 R3

(wherein R, réprGSents-an'aryl groﬁp or a heteroaryl group;




. .10

15

O1 C2 O 10 R3 (wherein R2 represents an ary
or a heteroaryl group; 14 March 2007 52 and ¢ Maitii2007
represents an al kyl group having 1 to 10 carbon atons
or a cycloal kyl group having 3 to 10 carbon atons). 9.
The conpound according to Caim8, wherein R2 is a 5
- phenyl group or a p-chl orophenyl group. 10. The
conpound according to .Claim,8 _or 9, wherein R3 is a
tert-butyl group. 10 11. A conpound represented by
general formul a (3) OR1/ . HHCH3 H3C - 0-P-0\ /
NO C--\ 0 R3 (wherein Rl represents a
andt .eréteﬂyﬁ%iam @%@kaﬂc @roYR | RATISI 1 o gibmrkand akgms
repre enﬁ% in al kyl group haV|ng 1 to 10 carbon atons
O 8r “¥cyersy ngoﬂPoﬁﬁvh]&gl Agts 19 qarbam apmon.
atons). 12. The conpound according to Claim11,
wherein R3 is a tert-butyl group

9. The compound according to Claim 8, wherein R, is a

phenyl group or a p-chlorophenyl group.

10. The compound according to Claim 8 or 9, wherein Ry is

a tert-butyl group.

11. . A compound represented by general formula (3):

OR4

)

(wherein R, represents a trimethylsilyl group or a

triethylsilyl group; and Ry represents an alkyl group having

1 to 10 ca;bon atoms or a cycloalkyl group haﬁing 3 to 10

carbon atomis) .

.'12.‘ The compound accordlng to Clalm 11, whereln R3 is a

tert- butyl group




14 March 2007 53 13. The conpound according t
11 or .12, wherein R is a trinethylsilyl groupP %L%%E%O7
A conpound represented by general fornmula (4): OHH3
H3C O *HCH(4 ) CO2--\ 004 R3 (wherein R3

represents an al kyl group having 1 to 10 carbon atons

or a cycloal kyl group having 3 to 10 carbon atons). 10
15. The conpound according 4p aim 14, wherein R3 is

a tert-butyl group. 14 March 2007 54 ABSTRACT The
present invention provides a novel internediate for
efficiently producing a | (3-nethyl carbapenem conpound

for 5 -oral adm nistration, and a process for producing
1éhe I nternedi ate. That ,is, the_present invention

FOV|E@éCgmp8P89e§§cP6ﬁlﬁgoHBcpﬁ@lﬁ hOVEF t3-|ukeEpin Ry
. oppeun nted by general formula (4), the
+S %rg%ess%l cgﬁgyﬁggﬁPFBmﬁng a (3- |actam conpound
represented by general formula (5) as a 10 starting
material to react with a conpound represented by

igg?g%ﬁhgﬁﬁéﬂH&aréé%eéQnEQS B§938H&§§fff§n%%ﬁ§ {4 .

OH

(4)

(wherein R; represents an alkyl group having'l to 10 carbon

atoms or a cycloalkyl group having 3 to 10 carbon atoms).

15. The compound according to Claim 14, wherein R3 is a

tert-butyl group




10

15

novel (3-1actam conpound represented by general 14 parch 2007
formula (1), protecting the hydroxyl group,

subsequently performng cyclization in the presence

of .a strong base, allowing the 15 cyclized conpound to
react with di phenyl phosphoryl chloride to obtain a

novel . j 3-1 act am conpound represented by general

formula (3), and eli rrinat_irggqt“he protecting group
therefrom 14 March 2007 5 OHCH3 HHOHCH3 = S~
HNHCR HICSRNOO-~yO/X0O1 N1p Cd2--~0
Op CQO2H (5) (6) (1) ORI OH Hy CH3 HH CH3 HSC o
H3C O _ O 00 O C024-04BFEFACT R3 R3 (3) (4) (In the
formul ae, Rl represents a trinmethylsilyl group or a

The present invention provides a novel intermediate for
efficiently producing a 1Bf-methylcarbapenem compound for
oral administration, and a process for producing the
interﬁediate. That is, the present invention provides a
process for producing a novel P-lactam compound represented
by general formula (4), the process including allowing a B-
lactam compound represented'by general formula (5) as a
starting material to react with a compound represented by
general formula (6) in the ?resence of a base to obtain a
novel B—ladtam compound represented by general formula (1),
protecting the hydroxyl'grOUp, subsequently performing
cyclizatibn in the presence of a strong'bése, allowing the
cyclized compound to react with diphenylphosphoryl chloride

to obtain a novel P-lactam compound represented by geheral

formula (3), and eliminatihg the protecﬁing.group therefrom.




triethylsilyl group; R2 represents an aryl 9r oupy Pfard 2007
5 heteroaryl group; R3 represents an al kyl group

having 1 to 10 carbon atons or a cycl oal kyl group
having 3 to 10 carbon atons; and X represents a
hal ogen atom)

- 55 ~
OH CHy
OH CH ,,J\\T g s
E S.
H;C F Rz ——N [n)
JEQ S S
7 1 COz-*\bh"<p
COH R
(3) (6) (13
N
oH
H
HaC
v

(3) ‘ (4)

(In the formulae; R; represents a'trimethylsilyl,group or a
triethylsilyl group; R, represents an aryl group ér a
heteroary1 grbup;-R3 représents an élkyl group héving_l'to
IiO carbon atoms or & cycloalkyl group having 3 to 10 carbon

- atoms; and X represents a halogen atom.)




