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5 Technical Field The present invention relates to a
novel P-lactam conpound which is extrenely useful as
a common internediate for the synthesis of
| p- met hyl car bapenem conmpounds for oral adm nistration
and a process for producing the P-lactam 10 conpound.
Background Art 1P-Met hyl car bapenem conpounds exhi bit
excellent antimcrobial acjivity against a w de range
of pat hogenic 15 m crobes and have excel |l ent
stability in vivo. Thus, 1P nethyl carbapenem conpounds
are one of the antimcrobial agents that are
attracting nost of thePBFEBRPTENY Therefore,
recently, energetical research and devel opnent has
be@ﬁVEéoﬁHEEB@gDéﬁT%r tegs FORBOFENEM dHY AT QYN at fn OBpL
current| co rocess_for producing a
S sae i R e b B
wi || be described bel ow. "According to-a production
process described, for exanple, .in Japanese Unexani ned
Tecﬁ%g%g ghlcatlon Publ i cati on No. 8-53453 and the
ournal gntlbIOtICS (J. 25 Ant i bi ot . ), 429-439,

?Ke cﬁf%?% P&é&%{&?eﬁf&@é’ general, & A el

compound which is extremely useful as a common 1ntermediate

. for the synthe81s of anmethylcarbapenem compounds for oral

admlnlstratlon and a process for produc1ng the ﬁ lactam

compound.

Background Art

leMethylcarbapenem compounds exhlblt excellent

_antlmlcroblal activity agalnst a w1de range of pathogenlc

mrcrobes and have excellent stablllty.ln-vrvo Thus, 1B-

methylcarbapenem compounds are ~one of the antlmlcroblal

~agents that are attractlng most of the attentlon Therefore;

recently, energetlcal research and development has been

'conducted on- drugs for oral admlnlstratlon A currently
-commonly used-process for produclng a lﬂmmethylcarbapenem '

_.Compound'for-oral administration will be described below.

Accordlng to. a productlon process descrlbed for

example, in. Japanese Unexamined Patent Appllcatlon

'Publlcatlon_No. 8—53453:and'the_Journal_of Antibiotics (J.

Antibiot.), 429-439, 1997, a compound represented by'general_




H3C OP-0 N 11-0 OO CO02 NO2 is allowed to react
w th any of various thiol conmpounds (R- SH) to

synt hesi ze a conpound represented by general fornula
5(8: HHHCH3 H3GS-R(8) N// 0 C02 NO2
(wherein R represents a thiol residue); the

p- ni trobenzyl group, which is a protecting group, is
elimnated, for exanple,ub% hydr ogenol ysi s or by
reduction using zinc dust 10 to convert the conpound
(8) into a conpound represented by 3 general fornmula

. OH 0* HHCH3 H3C
formula (7):

H3C

. | * ()

 c§§&

NO2

is allowed to react with any of various thiol compounds {R-

SH)} to synthesize a compound represented by general_formula :

5 (8):
' : OH N

(8)

NO

(wherein R represénts a thiol residue); the p-nitrobenzyl
group, which_is'a protectihg gfoup, is:eliminated, for
example, by hydrogendlysis'br-by.reduction using zinc dust

-+ 10 to convert the compound (8) ‘into a coﬁpound fepresented by




.S-R N CO2H (wherein R represents a thiol residue);
and the carboxylic noiety of the resulting conpound
(9) is subjected, for 5 exanple, to
pi val oyl oxynet hyl ati on to produce a conpound
represented by general formula (10): OH H H CH3 " H3C
11 SR (10) 0 C02 But (wherein Rrepresents a thio
residue, and But representssya tert-butyl group). 10

. Exanpl es of the conpound represented by genera
formula (10) include a conpound represented by

general fornul a (11) 4 OHlI HHCH3 S H3ICN O
general formula (9)

OH

HoH o CHs

HsC

s—R (9

o/

COoH

(wherein R represents a thiol residue); and.the cerboxylic
moiety of the resulting compound (9) is subjected, for

5 example, to pivaloyloxymethylation to preduce a compound

repﬁesented by general formula (10):

‘OH

H3C

R s—R (10
N . - (10)
&

(Wherein R repreeents a thiol residue; and But tepresents a
" tert butyl group)
10 f Examples of - the compound represented by general formula

ﬁ(lO) lnclude a;compound represented by general formula (11).,



10

02--\ 0 04 BU which is described in the Japanese
Unexam ned Patent Application Publication No. 8-53453
and Japanese Unexani ned Patent Application
Publ i cati on No. 10-195076; a conpound 5 represented by
general formula (12): OHH*HCH3 _ j 0 H3 CN
S11111CEFNHO 02--\ 0 O0--~ BU which is described in
the Journal of Antibiotics QJ; CAntibiot.), 429-439,
1997, and Japanese Unexami ned Patent Application
Publ i cati on No. 10-130270; and a conpound 10 _
repre?fnted by general formula (13): 5 OHHLI H3 *H

G

HaC

0/

which is described in.the Japanese Unexamined Patent
Application Publication No,_8—53453'and Japanese Unexamined

‘Patent Application Publication No. 16-195076; a compound'.

:epresented.by general fbrmula-(lZ):

OH

'H3C.'

o/ -

which is described in the Journal of Antibiotics (J.

. Antibiot.), 429-439, 1997, and Japanese Unexamined Patent

Applicatioh Publication No. 10-130270; ahd a compound

-represented by general formula (13): -
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H3 /N (13) N C02--\ 0O 04 But which is described in
Japanese Unexam ned Patent Application Publication
No. 10-152491. All of these conpounds are 'synthesized
by the process descri bed above. 5 However,.- in order to
synt hesi ze a | p-net hyl car bapenem conpound for ora
adm nistration by the process described above,

repl acenent of a protectlng group of carboxylic acid
is required, and a nultlstep reaction nust be carried
out, thus being ineffective. Mreover, a relatively
expensive 10 thiol conpound, which renains as a thio
resi@de in the end product, is used at the initia

st epj of Hsyritlhes£13 t hus  bei ng di sadvant ageous in

> ion cost and giving rise to a

ﬁse§;nexan1ned Pat ent
8-59663
r‘focess in *ﬁ?gh froma

formula (14): 6 OR4

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 to synthesize a 1B-methylcarbapenem

compound 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. Mereover, a relatively expensive

sthiol compound, which remainsg as a thiol residue in'the end
_produdt,_issused at the initial step of synthesis, thus
- being disadvantageous in terms of production cost and giving -

~.rise to a problem.

- Furthermore, Japanese Unéxamined ?atentsApplication .

Publication Nos.'8—59663_and_2000%344774 each describe a

process in which from a eomppund represented by general

' formuia (14):




HBCR5 NO (14) 0 C02--\ 0 04 R6 (wherein R4
represents a protecting group of the hydroxyl group,
R5 represents a thiol residue contained in the
“reaction product | p-nethylcarbapenem conpound, and R6
5 represents an organic group), a conpound represented
by general formula (15): OR4 CH3 O HHHICR5 NO
(15) '"I=PR7RBR9 0 ~-r Q02-\ 0 O R6 (wherein R4,
R5, and R6 are the sane as above; and R7, R8, and R9
each represent a |ower al koxy group having 1 to 4 10
carbon atons; or one of R7, R8, and RO represents an .
al kyd_)Rgroup ha 'Hg to 4 carbon atons and the

7,

rena nlw tw 0

H3C Rs |
0/-—_—_!\!\-=00 - | a8
| CC&-—W\ 0
0-.—{
: Rs

(wherein R, represents a protecting group of the hydroxyl .
.group, R5 represents a thiol residue contained in the
reaction product 1B methylcarbapenem compound and Rg

5 represents an organrc group) a compound represented by

general formula (15):

"ORy  CHs

'/'fN_:\'-.=szRaR9.'.'._-. N (15)

| (whereln Ry, R5, and Rs are the same as above, and R;,  Rg,
- and R9 each represent a lower alkoxy group havrng 1 to 4
:p10 : carbon atoms, ‘oxr one of R;, Rg, and R9 represents an alkyl

-group having 1 to 4 carbon atoms and the remaining two of Ry,
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15 -

R8, and R9 each represent a | ower al koxy group having
1 to 4 carbon atons) is synthesized, and the conpound
(15) is «cyclized to produce a conpound represented by
general fornmula (16): QR4 HCH3 H3C SRS 0 C02--\ O
0O R6 5 (wherein R4, R5, and R6 are the sane as
above) However, in this production process, as in the
‘process previously descrLb§dL a relatively expensive
thi ol conpound, which remains as a thiol. residue in
the end product, is used 10 at the initial step of
synthesi s, thus being di sadvantageous in terns of

Rs:pﬁ@du&l@'ﬁ‘ﬂf@:o@qufdi\ﬁirﬂgDWGlSe?Jt]@%/ mr@@lmmavmmel to 4
Journal of Organic Chem stry (J. . Chem,

Og
| ca@@@gamgw 1996 yn5hasIapane3ed URBR afPHRAUITAL é?a%

ication Publication No. 5-279367 each descrlbe a
CYCé&r%ﬁSuﬁa E@Oﬁéﬁ?eéeﬁ?@aowdf B?Prﬁﬁée’(“i%l b%@@%@%@%

. foﬂmuy% %%?

OR4

HsC

S—Rs  (16)

e

(wheﬁein R,, Rs, and Ry are the same és abQﬁe).

.However,lin this pfoductioh.ﬁfocéss( as_in:therprocess. 
previQuSly described,.a relatively expensive thiol compound,'
which remains as a thiol.residue_iﬁ_the end product, is used -

at the initial step of synthesis, thus being_disadvantageous__

in terms of production cost and giving rise to a problem;

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

7889—7894, 19%¢, and Japénese Unexémined Patent Applicationj_ o

Publication No. 5&279367.each describe a compound -

represented.by formula_(l7):
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HHCH3 0 H3C OP-0 (17) NO CO2--\ 0O O But
(wherein Me represents a nethyl, group, and But is the
same as above). It can be conceived that a

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 ng)L since the protecting
group of the hydroxyl groupis a tert-
butyl di net hyl silyl group, a reaction reagent that may
affigt he ot her functional groups nust be used for

t he rotection o e hydroxyl noiety, as
exeanSr’ 8 in Prot§ ¥ Goups in Organic Synthesis

gfley & Sons, Ney dbrk), 44-46, 1981. Thus,

ther i ff a grob ms of yield, etc. A though
the Rregentzi nvfntors Have exanined various nethods
Hi |t h&k not bgew, possible 15 to-
: ﬁ rform Si eff|C|ent ¥

Under t# oeen desi r&d ao
devel 3"3% |nter dlate A bIe of produ0|ng | p-
met hyd’car bapenein conpounds eff|C|entIy and

advantageously KXDZ-—W\
| Bu!

. (wherein Me represents a methyl group, and Bu® is the same

as above). It can be concéivedfthat a 1B—methylcarbapenem

compound may_be derived from this compound tﬁrough reaction
with any of various thiol compounds and .deprotection of the
hydroxyl Qroﬁp._ However, in the compbund_(l?); since the |

protecting group Qfathe'hydroxyl group is a tert-

' butYldimethylsilyl grdup; a reaction reageﬁt that may affect

the other fﬁnctional groups must be used for the

- deprotection of the hydroxyl mbiety; as exemplified in
_Protective Groups in Orgaﬁic.Synthésis (J. Wiley § Sons, New.
- York), 44-46, 1981. Thus, there is a problem in terms of

yield etc. Although the.preseht'inventdra have examined

various methods for deprotectlon,llt has not been p0551ble
to perform the deprotectlon easily and eff1c1ently

Under these clrcumstances, lt.haS'been desired to
davelop a cammon iﬁtermediate.capable.of producing 1B;

methylcarbapenem:compounds efficiently and advantageously in
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9 terns of production cost. Summary of the Invention
The present inventors have conducted energetical 5
research on the devel opment of a novel P-Iactam
conmpound and a process for producing the P-lactam
conmpound which allows a thiol conmpound to be
introduced in one step at the final stage in the
synthesis of a | p-nethyl carfapenem conpound for ora
adm ni stration, and as a result, the present invention
10 has been achieved. That is, the present invention
provi des a process for producing a P-lactam conpound

termgcloddPigdpesiest cR§Tthe  hydroxyl group of a conpound
represented by general formula (1): OHCH3 HHS
HBCR2 NO C2--~~0 4 15 R3 (wherein R2

repres ntg an arﬁT,group or a heteroaryl group; and R3
Sunmatye Odnt-Eea AYPRVAC8r oup having | to 10 carbon at onms

o ERaoiFh AT S S S0 oo AL 1o
research on the development of a novel B—lactam_compound and
é process'fot producingrthe_ﬁ—lactam_compound which allows‘a:
thiol compound to be introduced in one step at the final
stage in the synthesis_of arlﬁ;methICarbapenem compound for
dral'administration, and as.a result, the préséﬁt invention
has.been achieved. |

That is, the present invention provides a process for

producing a.pP-lactam compound including protecting the

'hydroxyl group of a compound represented'by:general formula:

(1):

- N .:_()' o S ) _ "_ 
P T
T
" Rg

(wherein Ré represents an aryl group or a heterocaryl group;

and Ry repréSents an alkyl group having 1 to lOzdarbon_atoms

or a'cyqloalkyl group having 3 to 10 carbon atoms), to

produce a compound répresented by general formula (2):




- 10 RICHBHHS H3IR2 CO (2) CO02--\ 00 R3
(wherein R, 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; 5 and subsequently allow ng the
cyclized conpound to react w th diphenyl phosphoryl

chl oride to produce a cogﬂg%nq represented by general
formula (3): ORI "H H2 00 11 (3) H3CI NO
.C02--\ 0 04

OR4 CHj

(2)

(wherein R; represénts'é trimethglsilyl group or a

- triethylsilyl group; and Ré'aﬁd R3 are the.same as aboﬁé);
éyclizing'the compound (2) in the presence of a strong base; 
and subéequenfly allowing'thé cyclized cbmpoﬁhd to react

'with:diphenylphosphoryl chloride to produée a Compound

represented by gene:al.fdrﬁula (3)

Co,—, 0
. '_0'—‘<_ -
(wherein R; and Ry are the same as abové). _
Furthermofe,'the-présent invention provides. a prbcess-
_for.producihg a P-lactam compound represented by general

formula (4):




R3 (wherein R, and R3 are the sane as above) 10
Furthernore, the present invention provides a process:
for producing a P-lactam conmpound represented by
general -formula (4): OHCH3 H*Hj O O H3C (4) N
0 C02--\ 0 04 R3 (wherein R3 is the sane as above)
the process including deprotecting the hydroxyl

moi ety of the conpound (3) ..produced by the process
descri bed above. 5 Furthermore, the present invention
provi des a conmpound represented by general formnula
(1): OHCH3 HLj O

1 o
0 - |

OH

H

: e

(wherein R3 is the same as above), ﬁﬁe prbcess'ihcluding
deprotecting the'hydroxyl moiety of the-éompbund (3)
.prodﬁced by thé prdcess_desc:ibed above.

5 Fﬁrthermore, the present iﬁvention provides a compound

. represented by general formula (1):

OH
"oy
HaC I
N (1
e

uz .

(wherein R, and R; are the same - as above).
Furthermore, the present invention provides a compound

10 ‘represented by general formula (3):_




H3C __ S" R NO C02--\ 0 04 R3 (wherein R2 and
R3 are the sane as above) Furthernore, the present

i nvention provides a conpound 10 represented by
general formula (3): - 12 ORLHHCH3 0 0 H3C(3)
NO C2--\ 0 0R3 (wherein R and R3 are the sane
as above) Furthernore, the present invention provides
a conpound_-represented-by]gpneral formula (4): OHH
CH HHCH

OR¢

HsC

. ogd
/ eTTUT ' . (3)
< ) L e

4

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

Furthermore, the present invention provides a compound

represented by general formula (4):

oH O
- | CHa
|

RO

5.
(wheréin Ry is the same as above).
"'Detailed Disclosure of the Invention
The present invention'will'be'described in detail below.
‘10 The present invehtion'provides a process for producing . :

a B—laCtam cdmpound, the'process_inclﬁding protecting the




0) 30 HCI1I X (4 NO C2--\ 0 .05 R3 (wherein
R3 is the sane as above). Detailed D sclosure of the
I nvention The present invention will be described in
detail below. 10 The present invention provides a
process for producing a P-lactam conpound, the
process including protecting the - 13 hydroxyl group
of a conpound represent ed general formula (1): OH
-CH3 HHS HICR2 NO --\' 0 04 R3

hydroxyl group of a compecund represented by general formula

(1):

OH CH3

Ss0 N
4 3 B
R

R3

to produce a compound represented by generai formula (2}):

ZCNR1 : - CHj3

L4 j;oo t.o-. o (2)
T A
. | | _R3

'cyclizing the'compound (2) in the presence of é strong bése,
and subsequently allowing the:cyclized compound to react
with diphenylphosphoryl chloride to produce a compound . -

repreéented'by general formula (3):




to produce a conpound represented by general fornula
(2): ORF CH3 HHHICR2 N,,,I 0(2 0CQC2--\ 0 O
R3 5 cyclizing the conpound (2) in the presence of a
strong base, and subsequently allowi ng the cyclized
conmpound to react w th di phenyl phosphoryl chloride to
produce a conpound represented by general -fornul a
(3): 14 ORI HHCH3 0 HG,(3) :N11-00 0 Q02--\
0O 0 RS

OR;

HiC

|
o0 o
O// ‘ ©

~In the preSent invention, preferably, the ccmpound

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

compound repreésented by gene;al formula (5):

- OH  CH3

HaC

_/-—N 0

A
COOH

to.react'with a dompbund represented-by-geﬁeral'formula {0):

X

in the presence of a_base;
In the present invention, the'compound_repreSented by -
10 general formula (3) produced by the process for producing._:

the P-lactam compound may be converted into a P-lactam



In the present invention, preferably, the conpound
represented by general fornmula (1) is produced by
all owing a conpound represented by general fornula
(5): OHCH3 HHH3CS" RR (5 ONOJ5 COOH to react
with a conpound represented by general formula (6):
R3 O~~x Y (6) 0 in the presence of a base. In the
present invention, the conp gynd represented by 10
general fornul a (3) produced by the process for
produci ng the P | act am conpound may be converted into
a P-lactam 15 nEound represented by general fornula
comppund eqp@ﬁseﬂteds ¥ geBerelpformyiz 141:0 (4) O

OH

(4)

threugh.deprotection of the hydroxyl moiety.

- First, the substituents in the.compounds.will be
described. In formulae (2)'and (3), the protecting_érdup R,
of'the.hydroxyl group is a trimethylsiiyl g:ouptor a
.triethylsilyl_greup,.and:perticﬁlerly preferably a:t
B trimethylsilyl.group; The preeent_inventors have found,
:through energetical reeearch,*that-theSe substituents-ean be
eliminated under mild"reaction'COnditiOHS'with.minimum.
_decomp051tlon of the other. functlonal group m01et1es during
deprotectlon reaction of the protectlng group Rl of the
compound (3}'used in the production process Qf the.present_
.invention; | . | | |

‘In formulae (1);-(2), and (5), RZ, which is a thlol

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

bromine, or iodine, a nitro group, an alkyl group having 1
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0 C02--\ 0 04 R3 through deprotection of the
hydr oxyl noiety. First, the substituents in the
compounds will be 5 described. In forrmulae (2) and
(3), the protecting group R, of the hydroxyl group is
atrimethylsilyl group or a triethylsilyl group, and
particularly preferably a trinmethylsilyl group. The
present inventors have found, _ through energetica
research, that these substituents can be 10 eli m nated
under mld reaction conditions with m ninmm
deconposition of the other functional group noieties
to ducemgondepresecPironnr 8aEPkBngepuPhkaprogett Fags gratipor
R, of the conpound (3) used in the production process
atogk -t he present invention. 15 In fornulae (1), (2),

and (5) which is_a thiol reS|due represents an

ar?Fa@P%%ﬁ of Pt By ba¥ YPUR)r RpLUdfa Hﬁﬁﬁ%ﬁagrOUPr a

substituted with a hal ogen_atom as chlorin
halﬁﬁ&ﬁf’ﬁ eny HsapﬁeSUQSﬁ?F%ear%Bh %eaWth@%ulﬁalogen

3 carbon atons n al kox

atofly; Aleh ; 8 §hi8FE8ﬁ | F8W€sneEx3ﬁpjr% 3¢ o a'?wrgphenyl
orolbe Br Bkl R PRBRRE bR ba RapSoARREOaRRRl bedid B 1

napﬁ?h?&'@%ouB[OHLHGa 9LnhBALAG: B3R! trophenyl

| Examples of the heteroérYl group include a Z2-pyridyl
group, a 3—py:idyl group, a 4-pyridyl group, a 2-pyrimidyl
group, a 2—(4;6—dimethyl)pyrimidyl group, a 2—benzothiazolyl
group, a 2-benzimidazolyl grbup, a 2—beniogazolyl_group, and
a 2-thienyl group.

As R,, an aryl group is preferable, and a phenyl group

and a halogenophenylfgroup are more:preferable in. view of

ease of availability, economics,'reactivity; etc. As the

'halogenophenyl_group, a p- chlorophenyl group is preferable

In formulaé (1), (2), (3), (4), and (6), the

.substltuent Ra, whlch is ultlmately contained in the
alkanoyloxymethyl m01ety of the carboxylate re81due-1n a
" compound that can be developed as a 1B-methylcarbapenem

‘compound for oral administratibn; represents an alkyl group

having 1'to 10 carbon atoms or a éycloalkyl group having 3
to 10 carbon atoms

Examples of the" alkyl group hav1ng 1 to 10 carkbon atoms

.inciude a_methyl group, an ethyl group, a n—propyl,‘an'
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group, an o-nitrophenyl group, a p-nethoxyphenyl
group, a 1- naphthyl group, and a 2-naphthyl group.
Exanpl es of the heteroaryl group include a 2-pyridyl
group, a 3-pyridyl group, a 4-pyridyl group, a
2-pyrimdyl 10 group, a 2-(4,6-dinethyl)pyrim dyl
group, a 2-benzothi azolyl group, a 2-benzi m dazolyl
group, a 2-benzoxazol yl arqup,_ and a 2-thienyl group.
As R2, an aryl group is préferable, and a phenyl group
and a hal ogenophenyl group are nore preferable in view
of 15 ease of availability, economcs, reactivity,
isoprepyAs grhePhakogehopliéngkogpoupn aspbehyorophiepy|a sec-
group is preferable. In formulae (1%, (2), (3), (4,
butydd IEeypP-t RetestibButylefroR8; @hnTHC Elugi@%@te¢®é a n-
contained in the al kanoyl oxynethyl noiety of the
decagpho®yP4Pe residue in a 20 conpound that can be

devel oped. as_a 10- net hyl car bapenem_ co und for ora
adhi'fi SYTHR7 ohY L r EhreR i 6 nh 3a|w10gr%30°mﬁ% 4%

2B PN AL SRt S X AR o6 boF e HEUAP Ry LGP buphadl hgt 1916

hav%ggcﬁr?8n4aagggongtgﬁgluggcﬁ ggtgyleQEOEDGrgE%ethé?'
grdéup, a n-propyl, “an -"17 T Sopropy gr%up, a -%uty

9 L eob ' | ’ _
_eth?gfg?gaﬁglhé?oﬂéyheﬁE988?§? Sggﬁ%gfég oﬁrﬁgg %g%%%?lkyi

up, a n-oc and a d

grog?OHQviEQG3C¥ﬁ;9@|E¥kb%ﬁ°890ﬂ§viﬂ81 d%0a1£%8f555%by;'

ons mMmay S ve a substituent,  an st

-gfoﬁBPSEiEQ@EBheQ?labEMhp9“9UP~methylcyclohexyl group, and

4~methyl¢yclohexyl group{
As the substituent R3,'a tert-butyl group, which is

often used in the development of carbapenem compounds for

.oral-administration,-is particularly preferable.

In'formuléf(G), the substituent X represents a halogen
atom, such as a flucriné atom,_a_Chlorine atbm, a bromine

atom, or an iodine atom. 1In view'of ease 0f availability,

_ reactivity,-stability,'etc. of the cbmpound (6), a chlorine__”

atom is particularly preferable.

Production processes of the present invention'will now :
be described below.

~ The compound'represented'by general formula (5), which .

is preferably used as 'a startihg material in the present
-invention,_can'be easily produced, for example, by a process

described in the Chemical and Pharmaceutical Bulletin (Chem.

Pharm. Bull.), 42, 1381-1387, 1994;-.This”compound can be
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having 1 to 4 carbon atons, such as a nethyl group or
an ethyl group, may be nentioned. Exanples of the
cycl oal kyl group having 3 to 10 carbon atons i ncl ude
a cycl opropyl group, a cyclohexyl group, a
1- met hyl cycl ohexyl group, and a 10 4-nethyl cycl ohexyl
group. As the substituent R3, a tert-butyl group,
which is often used in th Egde_velopnent of carbapenem
conpounds for oral admnistration, is particularly
preferable. In-fornmula (6), the substituent X
represents a halogen 15 atom_ such as a fluorine
easgtlyms va téwiséricde 1at she dobromitne dasdrpdopPahcibdinective
atom In view of ease of availability, reactivity,
SubStaBicR A, 2efiétestadhéogorpbiihgsts) oTaackPorine atom
is _particularly preferable Producti on processes of
tpﬁecﬁF?§@ﬁPepn§€WPP8ﬁ wi || now 20 be described: bel ow.

Egound rggresented $y ener al fornujgh(g%é whi ch

?HHW BdCgEPA-S dfﬁﬁ%¢a1 f
b d .
alk%xa%pp ST FaRacE S aBEeSERLR, RUPEUSRA! 81 spene

S s et 6 g s

S conpoun

_forﬁﬁﬂ%hQ§'z%gn'Betagrﬂgéﬁ‘Of a desired optically active

substance as a material for synthesis of a 10-

?‘é?ﬁ'é” Ferbapshens CoOPPOMNd,BY, &l H V‘érf‘glﬁ{&ecl G that

to react wth an 5 al kanoyl oxymet hyl I de

doekepbesaBtefpbY el @nBULBmpEInkN (ENeanyr €88 neemgéuﬁd base,
a- P-1act am conpound represented by.

The ‘inert solvent is not particularly llmlted. Examples

thereof include ether'solvents, such as.tetrahydrofuran,

_dioxane, and diethyl ether; aromatic hydrecarbon.solVents,

such as benzene, toluene, and xylene; amide solvents, such

_as N,N—dimethylformamide'and N,N—dimethylacetamide;'dimethyl

sulfoxide, aeetonitrile, acetone, methylene.chloride, and_'

‘mixed solvents of these. From the standpoint of'reaction'

'f__rate,'N,N—dimethylformamide'and_N,N—dimethylacetamide are

20

25

;_particularly_preferable.

The amount of the alkanoyloxymethyl'halide“(G) used for
the reection nust be 1.0 or;more'molar times and is

preferably 1.1 to 3.0 molar times the amount of the_compound_

(5).

- Furthermore, as the base, any base that is'generally

~used in the reaction for forming an ester using a carboxylic

acid and an'aikyl halide can bé used. - Examples thereof
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formula (1) can be derived. The reaction is carried
out using an inert solvent that does not deconpose
t he compound (5) and the compound (6). 10 The inert
solvent is not particularly limted. Exanples ' thereof
i ncl ude. et her sol vents, such as tetrahydrofuran,
di oxane, and diethyl ether; aromatic hydrocarbon
solvents, such as benzen_e,lg ol uene, and xyl ene; am de
sol vents, such as N, N-diinethylformam de and
N, N- di met hyl acet am de; dinmethyl 15 sul f oxi de,
acetonitrile, acetone, nethylene chloride, and m xed
incdadpe Mg 36T & RES8SSFROM BR&adEamapsilnBast sk eact i on
rate, N, N-dinethylformam de and N, N-di net hyl acet am de
ar@xaﬁﬁpﬁﬁcaﬁaFF? BF%?%%%b@%lnqﬁel%ﬁ%%%? pfighylamine,
al kano on thyI hal i de used for 20 the reaction
AL IReRT Teibee. AOCRF CPREY &RAES p?éferam y 1.1

TERG a5 tny PBdde ERGL PPEEBRRERS] [y 1o

d f t
no SRy SETRR ARG & 4 Rype ﬁQPeéeﬁéa%§L€9m%%dand is

I t hereo c 0 n n
pre%%%%%l%ﬁétgltg Pts %E% LR tgﬂgs £ﬁ%e5%93§%|§§aﬁ$% compound
(5)i.ncl ude triethyl am ne, d||sopropylethylan1ne

di cycl ohexyl am ne, 1, 8- -di azabi cycl o[ 5. 4. 0] undec- 7-ene

(Dﬁh&théﬁﬁoﬂar PERLhPCes THE Bnanpipt: fndiser thereofinciude
nust be 1.0 or nore nolar tines and is. preferably 1.1

'alkhQ12H@tﬁQ|@érbbﬁﬁﬁebhesaﬂﬁuﬁs gbdihR €8PBeNAHe, potassium _f

‘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 aikali 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_molaritimes the amount of the compound

(3).
Furthermore, an additive, as a reaction promoter, ‘may

be added to the reaction described above 1f necessary

Examples of the additive include alkali metal'halides, such

as sodium iodide and lithium bromide; and quaternary
ammonium halides, such as_tetrabutylammoﬁium bromide -and
benzyltriethylammonium chloride. The amount of use thereof

is preferably 1.0 or more molar times and most preferably
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(5). Furthernore, exanples of the alkali netal salts
include alkali netal carbonates, such as sodi um
carbonate, potassium 10 carbonate, and cesium
carbonate; and al kali netal bicarbonates, such as
sodi um bi carbonat e and potassi um bicarbonate. Wen an
al kali netal carbonate is used, the anount of use
t hereof nust be 0.5 or nor lar tines and is
preferably 1.1 to 2.0 nolar-tines the anount of the
compound 15 (5). When an al kali netal bicarbonate is
used, the anmount of use thereof nust be 1.0 or nore
L. Ordicarl -5 med-agndipes phef emabng of1the eoopawhdr (6 res
the anmount of the conmpound (5). Furthernore, an
addhei veachson feactibadpreavtets weyalDo trraERRPYD at
..1he reaction descri bed above if necessary, Exanples
0"Gftx B8 "&ddi FIEPR FREI Gd8nEPRARTE Rét éPhIH%HgH’é%, such as
sodi um i,odi d d [ithiumbrom.de; and, quaternary._ . ,
de R i oRa PEde8S SGEfTAS "oeePAbAFGR Aot i bFofF ien 1S

. d Ltriethyl amoni hl gr.bde. Th f
or<HEe g Gor 365 SUbr F of bbby U5, 85?,?%{1%3{'&“”% | e
- . 1. 0 1, 'n§§
an?u%?ﬁ%Fﬂ§ﬁ£?r n%yreaggkég_ e lé @gﬁffﬁig%rl é hours

.anou e’ conpound e reaction

andpol nt i nhibiting econpositron o

T eget @ ssande & Sgsiié&%reégeof e@&éé‘ﬁigﬂ Scan Wi @&Lablyined

carried out at 1 to 40" C. Furt nore, the reaction
by bh&ﬁyhicﬁiuﬁbbﬁsl EQCEOaBOHE§n—layer chromatography (TLC)

éndggg%geE§b§§g?|k¥ §@rﬁbﬁgsogEoﬁtthg) aﬁ8-§€é§%%gfﬂglthe

or high-performance ligquid chromatography ({(HPLC).

The target compound (1) can be isolated from fhe

_reaction mixture by means of pH adjustment, extraction,

- liquids separation, washing, concentration, purification,

and others, which are often commonly performed in organic -
reactions.

. Additionally, the cdmpbund'(l)'obtained by'the'reaction

described above is a novel compound, of whidh'application'as.

a_useful'precursor_for producing a common intermediate for

the synthesis of 1B~methyi¢arbapenem compounds for oral

administration has been confirmed by the present inventors.

The compound.(l) obtaihed by the reaction described

- above is subseqﬁently coﬁverted.into the compound (2} by the

prOtecéiOn of'the hydroxyl -group.

_This is a reaction in which a silyl protecting gioup.is

introduced into:the'hydroxyl group, and general conditions




and preferably 2 to 30 hours fromthe same standpoint.
O course, the progress of reaction can be determ ned
by anal ytical neans, such as thin-layer chronatography
(TLC 10 or high-performance |iquid chromatography
(HPLC). The target conmpound (1) can be isolated from
the reaction mxture by neans of pH adjustnent,
extraction, |iquids separ§ﬁlon washi ng,
concentration, purification,™ and others, which are
of ten connDnIy performed in organic 15 reacti ons.
Addi tionally, the conpound (1) obtained by the
forrea@&pdﬁClugs@hebédlabOVQOtscaln@veroupnpﬁgndexonple,
whi ch application as a useful precursor for producing
th%%@mmﬂoﬁtderlﬁe&r@tt@cftéﬁfe HeugpntimeSirgagric Synthesis (J.
p- met hyl car bapenem conpounds for oral 20
Wll&d’m&ms@ﬁsat NeH KaskbeeA coft i tABY/ biyar'h%ep@@@%wed In
i nventors. The conpound g obt ai ned by the reaction
they pLesrBEd " 4FBY& s §u5§éé8 HY@?l%ﬁkv%F Bl Phtd the

eripgngled qgﬁzégeivipéﬂg hg&fﬁh ﬁiéds. e A PR l'b
dexgSed? By 118G chel RohBEL I IO VLo S uRe Ot ITT " @
B0 XD o gﬁisrggg%agyg ol T4PEOL Sk B

I'c Synt ons

sol¥%ﬁk)1n39héo régQACﬁSP F QQ|Oy§Qh £§ aﬁhgmpéyfgnfgis

I'nvention, a trinet group or a 5 triet

metﬁbQU@s'ﬁobEtﬁeﬁﬂéﬁ@y IQSdCQHHOHQdm&QQ §§Dt§@led§6£V€Eb
~ by allow ng the conpound (1) to react MA th

- production of the compound (2).

The amount of chlorotrimethylsilane or

chlorotriethylsilane used in this stage must be 1.0 or more

" molar timesnand_iS'preierably 1.1 to. 3.0 molar-timés the
amonnt of the ceompound (1). | | o

. Furthermofe, examples of.the amine used'as tho base
include triethylamine,jdiisopropylethylamine, pyridine, and -
lilmldazole Tne amount of use theréof nuét ‘be i 0 or more
E molar times and is preferably 1 1 to 3.0 molar tlmes the
.amount of the compound (1). | | | .

As the-;nert_solvent,fany solﬁent fhat is inert so as

not to decompose:the.chlorotrialkylsilane'described above
- may be used without 1imitation. Examples tnereof includo
ether sol#enté,:suchlas tetrahydrofuran, dioxane,.and_
'ndiethyl ether; arométio hYdrooarbon solﬁents, such as

benzene, toluene, and xylene; amide solvents, such as N,N- "~
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chlorotrinmethylsilane or chlorotriethylsilane in an
inert solvent in the presence of a base, such as an
am ne. This nmethod is nbst comonly used and i s nost
suitable for the 10 production of the conpound (2).
The amount of chlorotrinethylsilane or
chlorotriethylsilane used in this stage nust be 1.0 or
nore nolar tinmes and is preferably 1.1 to 3.0 nol ar
times the amount of thé conpound (1). 15 Furthernore,
exanpl es of the am ne used as the base include
triethylam ne, diisopropylethylam ne, pyridine, and

dinehgdreraante ansudt Noflusshyharebpnitss Bemetoydr
nore nolar tines and is preferably 1.1 to 3.0 nolar

t%!}enzocﬁéofhéern%P@
, SO ,_any soI ent that is inert so as not to
mi @ 8§Qt§h8 cﬁ SﬁﬁtrlalkyIS|lane descri bed above

b t L t th
iptasesebhE SeFberper’ %a%*ﬁe A5 B R ot at
0° Ik aRHecaNd e dpetiul ceLheres AEORR L 6y hydl pgar bon

sol'vent's,” “suc SRze ol"uene, Xy| ene;

_ded%%ﬁ@%i%qlﬁe%%st *UE aéﬁalnet%ap 8 gﬁpg¥lfgﬁgapeggtfgg is

Iace oxl d
;maeamgﬁdewmaﬁmtiﬁ@%@@ﬁ@onde and nixed .

sol ven of "these. The reaction described above is

ustabl ¥e £abFé €0 QUL r&d o+ P0G hO ﬂ&owgaafi§ﬂntiwto 50

standpoi nt of inhibiting deconposition of

“hourgaghanpseda¢apnoducto BbehbﬁQQtEQBmlﬁhe same standeint.

Additionally, as described.above} the progress of

_reaction can be followed by analytical means.

The ccmpound (2) can be isolated from the reaction

mixture by means of pH adjustment, extraction, liquids

separation, washing, concentration, purifitation, and others,
~which are often commonly performed in organic reactions.
During this stage, if the compound (2} is subjected to

acidic conditions,'the_protecting”grOUp-on the hydroxyl

group is eliminated and the compound (2) reverts baCk to the_.

:starting compound;(l)- _Therefore, sufficient care must be

 taken not to cause acidic conditions..

The compound (2) obtained by the'reaction described

above is converted ‘into the compound (3) by cyclization in

the presence of a strong.base and subsequent'treatment with

.diphenylphosphoryl chloride

Examples of the strong base which may be preferably :
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preferably carried out at 10'C to 60'C. Furthernore,

the reaction tine is usually 0.5 to 50 hours and

preferably 1 to 30 hours fromthe sane standpoint. 10

Addi tionally, as described above, the progress of

reaction can be followed by anal ytical neans. The

conpound (2) can be isolated fromthe reaction

m xture by neans of pH adju$§npnt, extraction, liquids

separation, washing, concentration, purification, and

others, 15 which are often commonly performed in

organic reactions. During this stage, if the conpound
usg@)in gheulsjyedtiedtion gerdicdovondi thenspmphengr 62ectnpagude

group on the hydroxyl group is elimnated and the
alkednpowia( 2l koxjdess back B86 PrEassapmhi Kgreéohpboigde and

). Therefore, sufficient care nust be 20 taken, not

soc’t(lcsmbé;@ét-évataaxed@onalkaéﬁsmetﬁé eBAHBENdSTSR BBt Ai Regum

TS 8 BT e RS el
5t 0 b t t
ARSI TR, B s o

YRR FEalt B of IChe CoRPOURA E 23 e ydBide . In
enlleamerel alkaxdes.sueh zs Rol BN

utox’de an sodi'um aI| netal

alk%'i@ Sgﬁ.?nyxgﬁl‘é?ﬂﬁ ngtrﬁ';/lp ?bl ?tééé%t“?hh% Eéﬂﬁl}é@ﬂhgem a

al ni 5 and potassium

| bas@ S HRLAW:SE Isylt}l@na@%oma%l%&%ﬁl beMehake BYAEES8Aal

© such as sodi um hydri de and potassi um hydri de.
groups is desired, and potassium tert-butoxide, sodlum '

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

Furthernore, the strong base is used de31rably in an
amount that allows the cycllzatlon reactlon to proceed

sufflclently. Preferably, the amount of use is 2 to 3 molar

times the amount of the compournd (2).

‘In the cyclization reactiOn, as cycllzatlon progresses,

: formatlon of a metal thlolate as a by product occurs. In
“order to convert the metal thlolate into a compound in a

‘form'that does:nOt adversely'affect the'subsequent'reaction,

a scavenger is preferably used.

Examples of the scavenger whlch may be used 1nclude-

' alkylatlng agents, such as methyl iodide, propyl 1od1de,

allyl bromide;. benzyl-bromide,'and methyl p-

tolueneSulphonate; sulfonylating agents, such ss_p—
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this reaction, since the thioester group and the
al kanoyl oxynet hyl - group are present in the conpound
(2), a base that mnimzes the deconposition of these
functional 10 groups is desired, and potassium
tert-butoxide, sodium bis(trinmethylsilyl)am de, and
sodi um hydride are particularly preferable.
Furthernore, the strong ba i_s used desirably in an
anount that allows the cyclization reaction to proceed
15 sufficiently. Preferably, the amount of use is 2 to
3 nolar tines the anount of the conpound (ZL. In the
tolgpeeisrafosllr ehéprofde asdcpethzacpphiprvyrelsbeside; and
formation of a netal thiolate as a by-product occurs.
PhOrSﬁhOW&éFlfla 86RVEFT BRENNBFaflPhrBY 4PROFRRRryl chloride.
npound in_a 20 form that does not adversely affect

Thetﬁ€a§ﬁ8§§ﬁuéﬁtuﬁggcgﬁéﬁra éys&ﬁv@ﬂgémo?%tp?%?%}aﬁ?ythe

amcfiR ! b gg‘f Eﬁﬁaﬁf”é b%ﬁ?ﬁgi “%%%&ﬁ@%gﬁ?@%d
o BB P re B Ral Y pnoRa SRORRET Shy P oE | hy heenbe 1
molg%c@laaspt%néﬁnsehgea@s%gogﬁllnpsgagr;;ﬂf.yl ana S

net hanesul ori de; phospho atlng agents,

I h i
N e e e e e

| bettﬂegnrr%al réabekahelﬁeéﬂﬁgdﬂ@@ &B@afx@é@%‘ﬁ%&@h@%é fhe

by- product. Preferably, the anmount of use is 1.

:qoméoﬁnd”?b@raﬁﬁnﬁ§ph@ﬁy§ﬁﬁégﬁhgfylh@hE@ﬂHﬂyﬂd Tﬁﬁs reaction

1s usually carried out in the same reactor vessel as that

used for the cyclization 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 the’

amount of the compound_(Z). Since diphenylphosphoryl

chloride can also act as a scavenger as described above, in-

such a case, diphenylphosphoryl chloride is used in an

amount of 2 or more molar times the amcunt of the compound

“(2) sb'that'the.metal.thiolate is trapped and so as to also

.serVe as a phosphorylatingzagent.

The cyclization and phosphorylation reactions described

above are carried out in an inert solvent. The inert

solvent is not particularly limited. Preferred examples -

thereof include ether solvents, such as tetrahYdrofuran;_

dioxane, and diethyl ether; aromatic hydrocarbon solvents,
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Subsequently, the conpound (3) is produced by reaction
bet ween the reaction internedi ate obtai ned by
cyclizing the conmpound (2) and di phenyl phosphoryl
chloride. This reaction 10 is usually carried out in
the same reactor vessel as that wused for the
cyclization reaction. D phenyl phosphoryl chloride nust
be used in an amount that .allows the reaction to
proceed sufficiently. The anmount of use is preferably
1.0to 1.5 nolar tinmes the 15 anount of the conpound
2). Since diphenyl phosphoryl chloride can al so act
B Searenger tadudeser pbedxubeve; rmidsughluephse, such
phenyl phosphoryl chloride is used in an anmunt of 2
as @hNw§#@eﬁ8Wéﬁoﬁmﬁﬁéd?héngnﬁuﬂrdémthﬁié6ﬁﬁ6@h@e (23mgihyl
that the netal thiolate is trapped and so as to al so
Su'f@xégﬁvea§§t8nﬁﬁééﬁﬁor?FﬁFPﬁ@fa@%h?yi?h% ehePrzaei opnd

descri above are

. h I t
B e A L RS Rt SR

rtlcular imted eferred e thereof

tetQE$§ﬁggfu§QH2greghﬁhggﬁggé%g%é9n$%|ggp¥ghg8§5§8Fan and
yléne:
tolﬁghgea§@|ﬁgﬁgs ra¥b abﬁgrnEtEQ'ﬂ? §f9£g§8‘9§ ﬁ@?

N, N- di met cetam oXI

_Ipar%g%hQQEHQ'l@ml@@ﬁtggeloﬁgtg¥lﬁﬂg f@é@tlgﬁ ré&&en€1¥§d

sol vents of these. Fro he standpoints of
dissehybiylities of the base and the conpound (2) Lo
tetrahydrofuran or a m xed solvent of tetrahydrofuran

anthe cyclization and phosphorylation reactions described -

"above are usually carried out at ~78°C to 60°C. From the

standpoint of inhibiting decompositionsof the reactants and
product, the reactions;are preferably carried out at f78°C_
to 10°C. - N

'Furthermore, the cyclizstion reaction time is usually 1
minute_to 20 hours, and preferably 5 minutes to-5 hours.

| Furthermore, the phosphorylatlon reaction tlme 1s

usually 5 mlnutes to 30 hours, and preferably 30 mlnutes to

lO hours
Addltionally, as described above, the progress of
reactlons can be followed by analytlcal means. |

The compound {3) can be 1solated from the reaction

'mixture_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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tol uene are nost preferable. The mxing ratio is not
‘particularly limted as long as the reaction reagent
is dissolved. 10 The cyclization and phosphoryl ati on
reacti ons descri bed above are usually carried out at
-780C to 600C. Fromthe standpoint of inhibiting
deconposition of the reactants and product, the
reactions are preferably caygied out at -780C to
100C. 15 Furthernore, the cyclization reaction tine is
usually 1 mnute to 20 hours, and preferably 5
mnutes to 5 hours. Furthernore, the phosphoryl ation
r eASEi 6AORRAEYI stDSUBPEYOBNG At esbtaimed Hewrishe and
preferably 30 minutes to 10 hours. 20 Additionally
reagd igasc AeFsd LRSSV 8PoVRe 15 8gre¥sloFonperBei oA ¢AkChe
fqllowed by analytlcal nmeans. The conpound (3) can be

PRISGIZALEE FiSorm HIFE PéaEFPSHrSﬁFxFGFePE9dH€éH§ 8f cpgmen

mt&# i lfeﬁ“téﬁ?f%f?@s@ﬁa%“'% APSTREPE CSBaRF e ar e

on&ayngsc%nnoor%l d&g%ge rat6§§g§%%gP%§§C% o?ﬁgmedzgy the

i“onally, conp

'pres%%%th%ﬂ% q%egrlbed above is a novel conpound, of

app I'cation as a useful precursor for producing

a §88?%§Feh9 rn?Heaégmﬁgﬁn&h?4§y@£§e§eSdégived from the

1P- car bapenem ounds’ for

cOH@Qﬁh@'Q@rabyoﬁlﬁﬁﬁng%gﬁgcﬁnf'iﬂ@g,bﬁhekﬁiotgétﬁﬂg group

nvent ors.
of the hydroxyl group.

As the method for deprotection,'general'deprotection
conditions for eliminating the silyl protecting group, for

eXample, those described in Protective Groups in Organic

“Synthesis (J. Wlley & Sons, New York) 39-50, 1981, may be

“employed.

In order to eliminate the protecting group under mild

. reaction_conditions with minimum decomposition of the other

functional gtoﬂp-moieties in the compound during the .

:deprotection_reaction, a method_is.preferably used in which
the pH.of the reaction mixture after the cyclization and
_phosphorylation.of the compound (2) is adjusted so as to

achieve acidic conditions, and thus the hyd:oxyl_moiety is

deprotected. _However, the compound (4) may be derived from'

the'componnd'(3) after the compound (3) has been recovered.

The ac1dic conditions used in this stage are not

particularly limited as long_as the pH is 7 or 1ess.
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Subsequently, the conpound (4) can be derived fromthe
conpound (3) by elimnating RL, i.e., the protecting
group of the hydroxyl group. 10 As the nethod for
deprotection, general deprotection conditions for
elimnating the silyl protecting group, for exanple,
those described in Protective Groups in organic
Synthesis (J. Wley & Sons, M/Ybrk) 39-50, 1981,
may be enployed. 15 In oré%r to elimnate the
protecting group under mld reaction conditions with
m ni mum deconposition of the other functional group

'Praﬁﬂnahhﬁsluhalmﬁ demgotind 6dur Chgreke, dépeotédyiloprotecting

reaction, a nethod is preferably used in which the pH
gropie dea &@a@ﬁtéﬁm@ﬂWt@ﬁéléﬁteﬂlmhéaéyél|zﬁﬂr6heamareo in
C{%hosphorylatlon of the conmpound (2) is adjusted SO as
or Q%ﬂﬂﬁ9ﬁ§eaéﬁﬁlécééﬁﬁlppaﬁétlﬁﬁértﬁ8§ ?ﬁémﬁ ﬁroxyl
i et deprotected However, the conp %p%
PhQﬁQ JFV@@l oﬁﬂuﬁﬁésc8ﬁ66&ﬁdaFéﬁraPF@FOF 66 Ghﬁf or
s be n recovered.. The %0|d|c conditions used in
F8FFy limted as |ong as
27 Pref erabl the H is

th?ﬁ*%??'@%you{lﬁe ETT0r B houhtl Sttty "B g i1t De

| des%é&&%ﬁ? 1%%5'g%e%hl”épgﬁﬁgétﬁghtB%rgﬁéecohBoHﬂﬁdﬁﬁ th a

reate IC con rons or exa

'coqma nd 3 gy E%Higg'tEBS @&bdn¥9¥ﬂégﬁg' E'?Baﬁégh%P% ?béﬁ@nem

ke may ed to xture € compoun
coﬂ%d%ﬂﬁ@ fﬁ%n@%%ﬁdadﬁ@ﬁ1§§r@thbnbﬁas been confirmed by the

present inventors for the first tlme

By allowing the compound (4) thus obtained to react

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

of 1B-methylcarbapenem compounds represented by general

formula (20):

" OH

HyC

N
Y

—S—R | (20)

-(whetein R' represents a thiol residue; and Ry is the same

as above)_can be derived by one-step.

Furthermore, by allowing the compound (3) before the

deprotection to_reect with a thiol compound in the presence o
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descri bed bel ow, useful application of the conpound
(4) as a comon internediate for the synthesis of
-10- net hyl car bapenem conpounds for oral adm nistration
‘has been confirnmed by the 10 present inventors for
‘the first tine. By allow ng the conpound (4) thus
obtained to react wth a thiol conpound (R -SH) in
the presence of a base, any,, of 10-nethyl carbapenem
conmpounds represented by general forrmula (20): OHHH
CH3 H3 N (20) 0 C2---~/) 0 15 R3 (wherein R
represents a thiol residue; and R3 is the sane as
witdbey @psean abéﬁdelﬁrcwélcwb@nenemepompgutlﬁem@reselbyed by
all ow ng the conpound (3) before the deprotection to
genegadt fwitiila t(KilelF compound in the presence - 28 with
a base, a | p-nethyl carbapenem conpound represented by
gen BinormJIal_‘Zl) ORI HHCH3 0 H3C .

H

HaC

S—R @D

€0 0
TN
R R3

(wherein R', Rq, and Ry are the same as above) is obtained,

Ve

0 .

eand then by deprotecting the hydroxyl moiety, any of 1B-

methylcarbapenem compounds for oral administration may be

'derived. Without_isolating'the compound.(3{eor (4), a

desired_lﬁ—methylcarbapenem:compound-can_be derived directly.
In such a case, first, as described above, the compound
(2) is cyclized and then a phosphorylation reaction with

diphenylphosphoryl chloride is carried out to produce the .

_cempound (3)..:Subsequently, the CQmpound.(3).is allowed to
'react-With'a'thiol compeund'(R'—SH) in the presence'ef a |

- base.

Here, the base used in the reaction with the thiol

' compound may be the same as or different from the Strong

base used in the cyClization;reaction described above.
"As the base other than the strong base used in:thé

cyclization of the compoundﬁ(Z)'described abOve,-an organic
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N C2--\ 0 0 R3 (wherein R, Rl, and R3 are the sane

as above) is obtained, 5 and then by deprotecting the

hydr oxyl nvoiety, any of 1P- nethyl carbapenem conpounds

for oral adm nistration nmay be derived. Wthout
~isolating the conpound (3) or (4), a desired

| p- met hyl car bapenem conpound can be derived directly.

In such a case, first, aa_dg;qyibed above, the

compound 10 (2) is cyclized and then a

phosphoryl ation reaction with diphenyl phosphoryl

chloride is carried out to produce the conpound (3).

| anigghaq@anellyalihactadpoard €38R bs ubftdwedExampieacer the

with a thiol conpound (R -SH) in the presence of a
orgsade. argrpeieclvde badetuyéarine: hdlfeaptrPBHIRFERL2RERE,
thiol _conpound may be the sanme as or different from

4~ i 6g PopA S dabee ﬂm8rﬁéaé§9rtfsxa%%ﬁ delbrperec T-ene

DE%???G? i 3a3bieveloh it o gﬁgta? FREC o ORBBE nacrd) 2.
crib mne.or a

LA var abgv%%ﬁsﬁég?%ﬁ% @%a&nﬁ%esopgaﬁkéaémlei

: met&.\ric!slé GEiet Byl %E‘kgil fLL§OPE 89% SLOYLaM 8 s sodium

am nop
B T
alk%&@zﬁ%b%icb@b%r%o%h@%%anEu&ﬁmggx%odE%ﬁ”BLSérBEné@@ and

'pota351um bicarbonate.

Furthermore, the reaction mayrbe accelerated by the
eddition of a different inert SOlﬁent fiom the one used in-
the cyclization reaction. B

| Preferred examples of the inert_solvent'which:ieh
further edded to accelefate the réactioﬁ_inéiude_ |

acetonitrile, N,N-dimethylformamide, and N,N-

';ddimethylacetamide.

The 1P-methylcarbapenem compoundbproduced'as described
above can be'converted into a desired lB—methylcarbapenem
Compound for oral admlnlstratlon by the above descrlbed

common method in Wthh deprotectlon of the hydroxyl group is.

. performed, and preferably by a deprotectlon method in whlch-
‘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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metal salt include alkali netal carbonates, such as
sodi um carbonate, potassium carbonate, and cesium
carbonate; and alkali netal bicarbonates, such as
sodi um bi carbonate and potassi um bi carbonate. 10
Furthernore, the reaction. may be accelerated by the
addition of a different inert solvent fromthe one
used in the cyclization reaction. Preferred exanpl es
-of the inert solvent which’i's further added to
accelerate the reaction include 15 acetonitrile,
N, N-di net hyl formam de, and N, N- di net hyl acetam de. The
BeatpNW@ﬁhib@aﬁ@agyn@@1@@ﬁp@bﬁdipvgaué@a as descri bed
above can be converted into a desired
| pWhé@ﬁyFBar BapERRHN l%%%m okl dral dewims Hred ridt iy e
y the above-descri bed_20 common net hod i n which
det@é&r oeeed 8ﬁ 6P et REARPAPExFRgF BHBT PR pEFFBP HET, PahdY -
pr ef er a_deprotection nethod,in which
it &@ndptgﬁn o3 5608, Shab thE SBHESALOhbSe bstiThEe

ﬁet.oﬁgﬁkeaeaéﬁohgfsﬁ cEMB38 30+ Bae (Rpdeforne

- exa rr%ln%geSefergach Q mgmeggklfﬁtgg Hrgégﬂ%%gnggféﬁpn_

Cri'bed I'n hor ase

.e ref erence exanples below,” it is to be
M ﬁ § nd mp
e ? g ﬁat the inventionis not limted 5

Butth€é§£9bu€9?r8¥béﬁ'Ons and thelr meani ngs used in the
.'trlmethy151ly1 group
TES: triethylsilyl group

{Example 1) Production of {38,48)-4-] (1R)-1-(p—

éhlorophenylthiocarbonyl)ethyl]"3~[(lR)—l—hydroxyethyl]—l—

pivaloyioxymethyvloxycarbonylmethyl-2-azetidinone

. o CHs
- | - ™, 2
Mo, Hyo,
b NN T
&f dd\l o L dé/

CoH €0—
ol
At room temperature (25°C), 8.18 g (22.0 mmol) of

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

;chlorophenylthiocarbonyl)ethyl]—3—[(lR}-l—hydroxyéthyl]—Z—

.'azetidinone‘Was dissolved in 18 ml of dimethylformamide, and

5.5 ml (40.0 mmol) of pivaloyloxymethyl chlbride and 5.75 g .

(40.3 mmol) of sodium iodide were sequentially added theretq.
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exanpl es and reference exanples will be described
bel ow. Me: nethyl group But: tert-butyl group TMS:
trimethylsilyl group 10 TES: triethylsilyl group
(Exanmpl e 1) Production of (3S,4S)-4-[(IR-1-(]?-
chl orophenyl t hi ocar bonyl )ethyl]-3-[ (I R) -1 -hydroxyet hyl
]-1- pival oyl oxynet hyl oxycar bonyl net hyl - 2-azeti di none
OHH3 OHCH3 HHHLj H3G,HBC N O N O Q02H 12~ 0 b4
15 BU At roomtenperature (]‘25' ©, 8.18 g (22.0 mmol)
of (3S,4S)-1-carboxymethyl-4-[(IR)-1-(p _
chl or ophenyl t hi ocar bonyl )ethyl]-3-[ (I R -I-hydroxyet hyl
Sublsegueazdtyi, déndnalwdgSdBssobledofndi8sapropylethylamine
di met hyl formam de, and 20 5.5 ml (40.0 nmol ) of
waspigdedy Caepéshy Lhehpbpr dendndt5rzsng (a9, Behipryedfat
sodi umiodi de were sequentially added thereto. 31
thesggg@q@@ﬁppygtg;g ﬁPr(ég.QOHﬁﬁb) Bhe reaction solution
di i, sopropyl et hyl am ne _was_added dropw se, thereto, and
wass gl pitRg \W&§hpi?po’fﬂﬁe8f atolvRBesafBdt EAPRFIAT UYRSf or 20
gours. The re c;ci,on sol uti op was diluted gvith 120 m
per prpgﬁuéﬁg?rgid %ﬁgﬁiH§;RHS .5% aguecus sodium

bicarbonate and water. The resulting'toluene_solution'was

~ dried over sodium sulfate, and then the solvent was removed

by distillation. The resulting oily residue was dissolved

in 60 ml of toluene at room ﬁemperature, and 120 ml of

hexahe was added to the toluene solution to precipitate
-crystals. The resulting crystals were separated by

_filtratioh and washed.._Thereby,'9.46 g of white crystals of

the target compound was pfoduéed (yield 92.7%). o

iNMR 6 (CDC13): 1.19 (9d, s), 1.32 = 1.34 (68, m), 3.11 - 3,18

(2H, m), .3.87 (1H, d, 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, d, J = 8.8 Hz), 7.40 (2, d, J = 8.8

‘Hz)

(Example 2) Production of (38,48)-4-[ (1R)-1-

 (phenylthiocaernyl)ethyl]—3—{(lR)—l—hydIOXYethle—l—

inaloyloxymethyloxycarbonylmethyl—Z—azetidinone
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- 4.1 Hz), 4.19 - 4.27 (1H, m), 4.35 (18, d, J

5 perfornmed several tinmes using 2.5% aqueous sodi um
bi carbonate and water. The resulting toluene solution
was dried over sodiumsulfate, and then the sol vent
was renmoved by distillation. The resulting oily
resi due was dissolved in 60 m of toluene at room
“tenperature, and 120 m of 10 hexane was added to the
tol uene solution to precip g? .crystals. The
~resulting crystals were seost ated by filtration and
washed. Thereby, 9.46 g of white crystals of the
t ar get conpound was produced (yield 92.7%. NWMR 6
1S 19 (9H, s) , 1.32 - 1.34 ( Hw+”L 3 11 -
3. 87 (1H d, J = 18. J 15 (1H,

8.8 FE) (Exanple h?du%tlon
R -1 20

ar bonyl ) et hyl | - 3- [(|F§-|-hydroxyetﬁ@ _4(
xynethyloxycarbonylnethyl 2-azetidi none 33

OH CH3 OH CHBHHHS s 0 HH3C 3C"NOO

At room temperature (25°C}; 1.35 g {4.0 mmol) of

(35, 48) ~1-carboxymethyl-4-[ (1R)-1-

f{phenylthiocarbonyl)ethy11—3e[(1R)~1~hydroxyethyl]—2é

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 sedquentially added thereto.

Subseguently, 0.68 g (5.3 mmol) of diisobropylethylamine was

added dropwise thereto, and stirring was performed at the

same temperature for 6 hours. The reaction solution was

diluted with 40 ml of ethyl acetate, and washing was"

-performed several times u31ng 5% aqueous sodium bicarbonate
 rand water The resultlng ethyl acetate solutlon was drled
.over sodium Sulfate, and then the- solvent was removed by

Zdistillation, Thereby, 1.88 g of the target compound was
: prodnceo.

CNMR 8 (CDCly): 1.19 (9H, s), 1.32 - 1.34 (6H, m), 3.12 - 3.19

-(2H,_m);'3.89 (14, d, J =18.3 Hz),'4.15 (1H, dd, J = 2.2,

I

18.3 Hz),

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

(Example 3) Production of (4R,5R,6S)=6-[ (1R)—1-
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.0 0 CO2H C02--\ But At roomtenperature (25 C, 1.35
g (4.0 mmol) of (3S,4S)-1-carboxynmethyl-4-[(IR)-1I-
(phenyl t hi ocar bonyl )ethyl]-3-[ (I R) -I -hydroxyet hyl ] - 2-
5 azetidinone was dissolved in 8 m of
di met hyl1lf.ormam de, and 1.20 g (8.0 mmol) of
pi val oyl oxynet hyl chloride and 1.20 g (8.0 mml) of
sodi um i odi de were sequentially added thereto.
Subsequently, 0.68 g (5.3 ') of
di i sopropyl et hyl am ne was added dropw se thereto, and
stirring was perforned at the 10 sane tenperature for

trifetbylsilTiexyeattyilbn 3sdigheoglphsspdpkyledywit tihedQyv it 7—
of ethyl ac?t;%e and mashlng was perforned severa

The resultlng ethyI acetate solutlon was dried over
piveddivilexyimethd e5A€rt hen t he sol vent was renoved by 15
distillation. Thereby, 1.88 g of the target conpound
was . produced. NVMR 8 (CDC13) : 1-19 (9H, s), 1.32 -
1.34 (6H m, 3.12 - 3.19 (2H m, 3.89 (1H d, J =
1 $ Hz) ,cHd. 15 (1H, dd, J = 2.2, 4. 0W8) Hi9 - 4. 27
1 bas (i d, J = 18.3 H), *ée 2H, ¢S)
§ (Exanple 3) [ of
_ -1 ( 33—
siPyl oxyet h{l ] - 3- dlphenylpho oy o
- yl-97- ox pl—azabjcyclof 3. 2. O]hept eﬂe 2- bg<ylu§
aci d "'\o__< R
' . Bd T T\

Hy
(4R R169) -

.-'A solution was prepared by dissolving 0.49 g (1.0 mmol)

of (38, 45)44-[{1R)~ —(p—chlorOPhenylthiocarbonyl)ethyl}— -

: [(1R) -1~ hydroxyethyl} -1- plvaloyloxymethyloxycarbonylmethyl—'
2 azetldlnone synthe51zed as in. Example 1 in 5 ml of toluene,_,'
and 0.17 g (1,7 mmol)_of'trlethylamlne was_added-therete.at

erqom tempe:ature. Subsequently, 0.17 g (1.5 mmol) of

chlorotiimethYlsilane was added dropWise'thereto, and

stirring was performed at the same-temperature_for 14 hours.

' The reaction solution was_diluted with 5 'ml of toluene, and -

washing was performed several times with water. The
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pi val oyl oxynet hyl ester OH CH3 OTM5s CH3 HLi HL] S S
HBC NO C1 H3 N ~acl- C02 --- 0 C%-\ 0O O-~Ut 04 But
OIM5 H*LICH3 YH3 0O_ ~OP "3 NO-0O CO02--\ 0 O-/<
5 Sul A solution was prepared by dissolving 0.49 ¢
(1.0 mmol ) of

(3S,49)-4-[ (IR -1 -(p-chl orophenyl t hi ocarbonyl)ethyl -3

[ (1R -1 -hydroxyet hyl | -1 -pi val oyl oxynet hyl oxycar bony! me
thyl - 2-azetidi none synthesized as in Exanple 1 in 5
m of toluene, 10 and 0.17 g (1.7 mmol) of

reauﬁtem@yk@ﬁm&@emasdadded Wherdt@edtoveoonvﬂenpesalﬁaee,
Subsequently, 0.17 g (1.5 nnolg .

ancg fih@notthiemschylesit] ane wazcagddedyddophiideathenet o, and
stirring was perfornmed at the sanme tenperature for 14
hotlihs. T¥RBLE &AL POAY sBPBIFBA Vs ¢ PeReiedith & T of

toluene, and 15 washi.ng was perfornmed several JLimes
tegmaﬂydwgt@ganTh@nd cocling was performed to -25°C. After

0.08% g (2.1 mmol) of sodium hydride was added to the

resulting solution, stirring was performed for 135 minutes.

.At the same temperature, 0.18 g (1.05 mmol) of benzYl

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%

aqueous sodium_bicarbonate and water uhder ice cooiing; The
' resulting toluene'solution Wae dried over_sodiﬁm sulfate,

‘and then the solvent was removed by distillation. The

targetzcompound was thereby'produced,

. As the means'for-following the progress of reacticn,
analy81s was carrled out by high- performance llqurd
chromatography ' The reaction solutlon and the resultlng

target compound were dlssolved in an eluent prepared by

mixing acetonitrile, water, and phosphoric acid at a ratio
of 700/300/1'and'analysis was carried out. As a reeult,
- detection was made atuthe same.retention'time as that for
'tbe producr produced;in Example 5; which will:be described

‘below. It was thus confirmed that the-trimethyleilyl group,
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plv@ubhlgﬁyﬁ%%ﬁﬁnb%§t8§ bel ow.. It was thus conflrned t hat
e trinmecnyl sityr group, o '

34 resulting toluene solution was dried over sodi um
sul fate, and then the solvent was renoved by
distillation. The resulting oily residue was dissol ved
in 8 M of tetrahydrofuran, and cooling was perforned
to -25"C. After 5 0.089 g (2.1 mmol) of sodium
hydri de was added to the resulting solution, stirring
was performed for 135 nithﬁg; At the sane
tenperature, 0.18 g (1.05 ') of benzyl brom de was
added to the m xture, followed by stirring for 15

m nutes, and then 0.30 g (1.1 mmol ) of

1. edi,phéey bplodsphiongl gtOuphbdr ke hasraddédgrbepetoas easily

followed by stirring for 2.5 hours. The reaction

- eligdngttiesn mas diluted with 50 Ml of toluene, and

washi n erforned several tines using 2.5%
NMPaéuéSQ lsbdl m bi EHEboat el ahtl wak €4 u r iMe 3-24 (1H,

cool i ng. The resultlng toluene solution was dried

dd,over @o@vuﬁ1§uﬁ?éﬁe3 ,: éné-@ﬂeﬁlﬁheméoléeﬂ?'mag 19 Hfr

ed by istillation. The _tar oun S

't% oyt Hvo ucdd= As°t A&’ meanflf 4t ofcirg&n 9 ﬁa
gr §?¥ reaction, analysis was carrled out by '
3 3 offance Iqu|d ~chromat ogr aphy. The reaction

glog t,'fugg]dgns*) LIRS "9 2id M gckc comoping er e

, h e n tine
15 §8a§ﬁi§ Q&,mm '

O

4
1T} o

S
o]

e
R Bu

A solutlon was prepared by dlssolv1ng 1 997 g (4.1"

mmol) of (38,48)- 4_[( R)-1-(p-

chlorgphenylthiocarbonyl)ethyl]—3—[(1R)ei—hydfoxyethyli—l-

pivalo&lCXymethyloxycarbonylmEthyl—2—azetidinone synthesized




10

15

20

25

35 i.e., the protecting group of the hydroxyl group,
was easily elimnated. NMR 6 (CDC13) OIl (9H, s)
1.19 - '1.29 (15H m , 3.24 (1H, dd, J =2.9, 6.6
Hz), 3.45 - 3.50 (1H, m, 4.07 - 4.19 (2H, 5 m, 5.78
(1H, d, J = 5.5 Hz), 5.81 (1H, d, J =5.5 Hz), 7.15 -
7.40 (12H, m (Exanple 4) Production of"’ o
(4R, 5R, 6S)-6-[ (IR -1 - - 36 -
trinethylsiIonxvethVII-S-& phenylphosphoryloxy-4-neth
yl - 7- oxo-1I|-azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- carboxylic
aC|d 10 pival oyl oxynet hyl ester OH CH3 OIrMs CH3
as HnuEﬁ@leS|1xen paCnd et toluepg.-gnd @o®8-nL0(H-4 meal
But, But HHCH3 H3C 00 0-0 co~~ 0 O--< But A
of §611@tthé(ﬁawagep?1@aaﬁ@aeeyta?§§5Pvﬁﬁgr@0@9velgp%naﬁure

Subsequently, 0.78 mL (6.2 mmcl) 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 tcluene 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 tetrahydrofuran, 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 perfofmed'

for 15 minutes. At thé same temperatﬁre, 0;26 mL (4.2 mmol)
of ﬁethyl iodide was added‘to the mixture, and stirring was
pefformed.for 25 minutes while'thé.temperature-was gradualiy
increased to -35°C. Subsequently;_at_~35°c, 1.0 mL (4.9
mmbl) of diphenylphosphofyl chloride waé added tQ the |

mixture, and stirring was performed for 1.8 hours while the

:temperature was gradually increased to -9°C. .The'reaction
‘solution was -diluted with 20 ml of toluene, and washing was

performed several times using 2.5% aqueous sodium

biCarbonate and water undef_ice cocoling. The resulting

toluene solution Was dried over sodium sulfate, and then the

uSOlvent_was-remdved by distillation. The target compound




nmol ) of (3S,4S)-4-[(IR)-1-(p-

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

pi val oyl oxynet hyl oxycar bonyl net hyl - 2- azeti di none
synthesized - 36 as in Exanple | in 20 m of toluene,
and 0.88 nL (6.4 mmol) of triethylam ne was added
"thereto at room tenperatur 7 _Subsequently, 0.78 nL
(6.2 mml) of chlorotrinethylsilane was added

dropwi se thereto, and stirring was perfornmed at 5 the
sane tenperature for 15 hours. The reaction solution

wasyadedicbut pdodiuckds m of tol uene, and washi ng was

performed several tines with water. The resulting

t ol BBABPL®| ot i BRodwakien ef o4RrSRoef imedul ¥Bt=. - and

then the solvent was glermved by d| ztl [ atl on. 10 The

16 2- Dhhepj 'e 3 AR
5 iJ oV Lde. wa
T P d for 15 minutes. At the sane

10

15

tenperature, 0.26 nmL (4.2 mol) 15 of nethyl i odide
H adde H{o the mixture, and stirri@®Swas Ciber f or med
r tbsH mnute§ whil e the tenperature % y

d _ r Subsequent | y st 4 _ _
of enyl-phes-p.h.oryl chl ofi db wadl adde

- ﬂure and'stirring was per r f8r 1.8
h(ﬂjrs df he°20 t enper at ur e -was gr°adua| '(?62 cre sed
to -90C ction solution was dilute u{ﬁ

of - t ol uene, an apashi ng was performsd several @

usi ng 2. 5% aqueous sodi um

OH

A sblution was p;epared by dissolving 0.97 g (2.0 mmol)

of (38,4S)—4—[(1R)—1~(p—ChlorophenylthiOCarbonyl)ethyl]m -

'[(1R)fl—hydroxyethyl}—1¥pivaloyloxymethyloxycarbonylmethyl—

2—azetidinone_synthesized as in Example 1 in 5 ml of tdluene;

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

room temperature. Subsequently;'0.39'g (3.6 mmol) of

chlorotrimethyléilane was added dropwise theretd, and
étirring was performed at'the same'temperathe_for 15 hours.

The reaction solution was diluted with toluéne, and washing




bi carbonate and water under ice cooling. The resulting
tol uene solution was dried over sodiumsulfate, and
then the 25 solvent was renoved by distillation. The
target conpound - 37 - was thereby produced. (Exanple
5) Production of (4R 5R, 6S)-6-[(1R)-1-
hydr oxyet hyl ] - 3-di phenyl phosphor yl oxy- 4- net hyl - 7- oxo- 1
- azabi cycl o[ 3. 2. 0] hept - 2- epe-2-carboxylic acid 5
pi val oyl oxynet hyl ester OH Oo°rMs CH3 HHHHH3I 3
I HHC S NOC NO A @2--\ ~O CQz~0-? But But *HVC
OHHH3 H3OP-O n CR2--\O O But A solution was
wasppegdiogthedly s¢iveselvicages. 87t ¢atormolhe sesulting
(3S,4S)-4-]

| tolUeRre solptéknorephemeehpyesr Bodyrnesnyfpre, pnd then the

10.

15

- 20

(1R) -1 - hydroxyet hyl ] -1 - pi.val oyl oxynet hyl oxycar bonyl net
solygnt] yag- 2BEVErneNe ddyhihédfF288-as in Exanple 1 in 5

m of toluene, , , . . -
The resulting oily 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 potaséium tert-butoxide was

added to'the resulting_solution, stirring was performed for
1 hour. At the same temperature, 0.30 g (2.1 mmol) of .
methyl icdide was added to the mixture, folloewed by stirring

for 20 minutes, and then 0.60 g (2.2 mmol) of

diphenylphosphoryi chloride_ﬁas added thereto, followed by

stirring for 2.5 hours.

Ethyl acetate and water were added to the reaction_.

sclution under ice cooling. The pH of the mixed sdlution

.was_adjusted'to 3 with 1 N aqueous hydrochlbric acid. The

. separated ethyl acetate solution was washed several times'

‘with aqueous sodium bicarbonate and water and.then dried

over sodium sulfate. ' The 301vént was removed by

distillation. -The target compound was thereby produced.

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

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

25

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

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

(Example 6) Production of (4R,5R,6S)-6-] (1R)-1-
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15

and 0.50 g (5.0 nmol) of triethylam ne was added
thereto at roomtenperature. Subsequently, 0.39 g
(3.6 mmol ) of chlorotrinethylsilane was added
-dropwi se thereto, and stirring was perfornmed at the
sanme tenperature for 15 hours. 15 The reaction
solution was diluted with toluene, and washing 38 was
performed several tines wth water. The resulting

t ol uene solution was dried over sodiumsulfate, and
then the solvent was renoved by distillation. The
‘resultlng 0|Iy reS|due was dlssolved |n115 n1 of a b5

a volune ratio of 1: 2‘ and cooflng was erforned to
oxo-3s@eabigyedel §.476] hepn 2-aRBr Y- e rhsrEsic uasid

. tert-butoxide_was added to the resultlng sol uti on,
PivelpylogymesavleeFERRked for 1 hour. At the sane

: tenperature 0.30 g (2.1 mml) of 10 nmethyl iodide was

gto Hae mixture, followed by sti Eﬁ

nl u e§ nd hen 0.60 g (2.2 mml) g

I p ho chl ori de was adgesd
foII st f G—&shours.’
wat# e 9dded he reaction 15 n Under ct
icg.cool Theg pH of the m xed sol ut’i on \agg_a o
adj ust ed t% ébywﬁlw 1 N aqueous hydrochl oric aci o e.
separat ed ‘et hyl ‘ggetate solution was washed severalg
times wth aqueous sodi um bi car bonate and. wat er and
then dried over sodiumsulfate. The solvent wa

removed by 20 dlstlllatlon The target -conmpoun S
t her eby produced. oTES -

p
d by

H H . CHy . '
: :  HC : - i
—_—— ' ’/ O—ﬂ"
: : d/ _ f
S ' ' €0, )
S _X) _

Bu'

Atsolution was prepared_by dissolving 0.493 g (1.0

mmol) of (33'45)—44[(1R)—1-(p—_ |
rchlorophenylthlocarbonyl)ethyl] -3- [( -1- hydroxyethyl] -1-
:prvaloyloxymethyloxyearbonylmethYl—2—azetidinone.synthesized
.as'in Examﬁle_l iu 10 ml ef.toluene, and.0r17'gt(l,7 mﬁol{
'of.triethylamine_was.added theretOQat room.temperature. |
Subsequently, 0.24 g (1.6 mmol) of'chloretriethylsilane was

V.added dropwrse thereto, and stlrrrng was performed at the

same temperature for 22 hours. The reaction solition was

diluted'With 1C ml of toluene, -and washing was performed

- several times with water. The_resulting toluene_selutien
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20

stirring for 20 minutes, and then 0.30 g (1.1 mmol) of

NVR 5 (CDC13) : 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 -
.51 (1H, m, 4.17 - 4.21 (2H, m, 5.77 (1H, d, J =
.5 Hz), 5.81 (1H, d, J =5.5 Hz), 7.21 - 7.40 (12H,
25 (Exanpl e 6) Production of (4R 5R 6S)-6-[(IR)-I -

W3 CTw Il
a3

triethylsilyl oxyethyl]-3-diphenyl phosphoryl oxy- 4- et hy

| -7- oxo-I|-azabicycl o[ 3. 2. 0] hept - 2- ene- 2- carboxylic

acid pival oyl oxynethyl ester OHCH3 OTES CH3 B HH

HHS H3G- 00 NH3NCL O C02--\ 0 C2--\ 0 O0-~
wasQfrigsl Biier GPESUD pulfage, Hapd tHgnothpRevlvent was
removed by distillation.

The resulting oily residue was dissolved in 6 ml of

tetrehydrofuran, and cooling was performed to -25°C. After
0;232 g (2.1 mmol) of potassium tert-butoxide was added to

the resulting solution, stirring was performed for 60

minutes. At the same temperature, 0.19 g (1.05 mmol)} of

' beniyl bromide was added to the mixture, followed by

diphenylphosphoryl chloride was added thereto, fOllowed by

| stirring for 2 hcours. The reaction solution was dilutgd

. with 50.ml of tcluene, and'washing was performed several

‘times using 2.5% aqueous sodium bicarbonate and ﬁate;-under
iicé cooling.'.Thé.resultihg toluene solﬁfionJﬁés_dried Qﬁer
| sodium'sulfate; aﬁd then the éélvent.ﬁas femOved by - | |
~distillation. The target compound - was thereby produged; |
_NMR d (CDCly): O.59_—_O.62_(6H, m), 0.94 (QH, f, J = 8.1 Hz),

1.19 - 1.28 (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
(18, m), 5.78 (1H, d, J = 5.5 Hz), 5.81 (1H, d, J = 5.5 Hz),
7.15 - 7.43 (12H, m) | | .

 (Example 7) Productién of (4R,5R,6S)-6- (1R)-1-

trimethylsilyloxyethyl]—3—diphenylphosphoryloxy—4—méthyl—7~

'0xd—l—azabicycld[3.2.0]hept42—ene—2—carboxylic acid

.pivaloyloxymethyl_ester




0 C02--\ "0 O0--~, 5 A solution was prepared by
di ssolving 0.493 g (1.0 nmol) of
(35,49)-4-[(IR-I-(p-
chl or ophenyl t hi ocar bonyl )ethyl ]-3-[ (I R) -1 -hydroxyet hyl
1-1- pival oyl oxynet hyl oxycar bonyl net hyl - 2- azeti di none
synthesized as in Exanple 1 in 10 ml of toluene, and
0.17 g (1.7 mmol) 10 of trierhylanine was added
t hereto at roonitenperature Subsequently, 0.24 ¢
(1.6 nmmol ) of chlorotriethylsilane was added dropw se
thereto, and stirring was perforned at the sane
tgpperat ye for 22 hours. The reacti gimsol utgngn was
dqlumem ith 10 mM of toluene, and shil ngd was
%t ol u

Dr eyeral tines with mg%gﬂ\dihé i
ti was dried over sod|urhsulfate
and SO t was renoved by d sf%ilatmon e

esdll tin oily resrdue was di ssol ved oﬁ‘

t et r ahydf@fuxan,? and- cool i ng was per-formed- PB?”ﬁ?Ug?
After 5 0.2 2.1 mmol) of potassiumtert-b

was added to theB¥esulting solution, stirring was B“
performed for 60 minutes. At the sane tenperature,
0.19 g (1.05 mml) of benzyl brom de was add
m xture, followed by Stirring for offds M nut es,

chloride was added t her et o, follg
~ 2 hours. The reactron—sotution Was di

e

A solution was prepared by dlssolv1ng O 94 g of an 01ly

re51due contalnlng (BS 4S) 4-f (1R)-1-

(phenylthlocarbonyl)ethyl] 3-[ (1 )~l—hydroxyethyl]—l—

' plvaloyloxymethyloxycarbonylmethyl 2= azetldlnone synthe51zed

-'_ as in Example 2 1n 10 ml of toluene, and a. 51 g (5.0 mmol)

10 .

15

of trlethylamlne was added thereto at room temperature

| Subsequently, 0.40 g (3.6 mmol) of chlorotrimethylsilane was

~added drolese thereto, and stirring was performed at the

same temperature'for-lQ hours; The reaction solution Was
diluted with 10 ml of toluene, ‘and washing was performed
several tlmes wrth water The resulting toluene solutlon;
was dried over sodlum sulfate and then the solVent_was |
removed_by dlstlllatlon.

The resulting oily residue_was dissolved .in 10 ml of
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with 50 m of toluene, and washi ng was perforned
several tinmes using 2.5% aqueous sodi um bi carbonate
and water under ice cooling. The resulting toluene
solution was dried over 15 sodium sul fate, and then
the solvent was renoved by distillation. The target
conpound was thereby produced NNR 5 (CDC13) : 0. 59
- 0. 62 (6H m , O. ? =8 1Hz) , 1.19
- 1.28 (15H m, 3. 23 (1H d, 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 (1H m, 5.78 (1H d, J = 5.5 Hz 5.81 (1H,

teﬁ;ahyd{qiw;apz)and7cggllng WQS(PgﬂfOﬁweg gnpﬁg ?) After
Production of (4R, SR, 6S)-6- R)-1- ,

0. 4% igrelhhy) MO o e PRFRFSILE %ﬁéﬁypﬁﬁ%bﬁ@rWéx?dﬁeﬁ&ﬂ

o g SR et e
mlqﬁﬁe%TﬂjSuIse@geg%ﬁyCHggb§50 C, . 9 8 %9?60%ﬁéfglég
methyl iodide was added_to‘tie mixture, followed by stlrrlng
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 wes performed several
times using 2.5% agqueous sodium bicarbonate and water under
ice cooling. The resulting toluene solution was dried over

sodium sulfate,_ahd then'the solvent was removed by

_distillation._ The target compound was thereby produced.

(Referehee Example 1) Productien of pivaloyloxymethyl

(IR, 58, 65)-2 [ 1=(1,3-thiazolin~2~yl)azetidin-3-y1l] thio-6-

[(1R) l—hydrquethyl]Ql—methyl—carbapeh—Z—em—3—carboxylate
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HBC N -0-0 ~.~ O Q02 OBut A solution was prepared
by dlssoIV|ng 0.94 g of an oily residue containing
(3S,49)-4-[(1R) -1 - (phenylthlocarbonyl)ethyl] 3-
(1R) - 1- hydroxyethyl]-1 5
pi val oyl oxynet hyl oxycar bonyl net hyl - 2- azeti di none
synthesized as in Exanple 2 in 10 m of toluene, and
0.51 g (5.0 nmol ) of trietjylam ne was added thereto
at room tenperature. Subsequently, 0.40 g (3.6 mmmol)
~of chlorotrinethylsilane was added dropw se thereto,
and stirrin perfornmed at the 10 sane tenperature
f 19 hour g e reaction solution was diluted with
e, and washing was perforned severa
waper. The resulting toluene solution was
ggi fate, and then the sol vent was
Vgtllh. yon. 15 The resulting oily residue
in 10 mM of - 42 tetrahydrofuran, .and
coollng Wls—ger formed to -60"C. After 0.45 g (4.0
nmol ) of pot um tert-but oxi de was added to the
resulting solutiteh, stirring was performed for 20
m nutes. Subsequently, at -500C, 0.28 g (2.0 nmol) of
-5 nmethyl iodide was added to the mxture, followed by

stirring for 25 n1£5§ :ind then Ogp6 g (2.1 nmol)
of | G/L\e H |
- Fb o

&

A solution was prepared by dissolving 0.32 g of an oily

residue containing (4R, bR, 65) —6—[(1R) -1- hydroxyethyl] -3-

:dlphenylphosphoryloxy 4- methyl 7T-ox0- 1—

'azablcyclo[3 2. O]hept—2—ene—2~carboxyllc acid
__plvaloyloxymethyl ester, Wthh was- synthe51zed as ‘in Example.
.'5 and purified, in 1 ml of acetonitriie, and O 07 9 (0;33 _"

'mmol) of a compound represented by formula'(18).

—<>~—<’ ] v

twas added-thereto Subsequently, 0.09 g. (0.70 mmol)_of

dllsopropylethylamlne was added dropw1se thereto at -10°C,

“and stlrrlng was performed at the same temperature for 3

hours. -After the reactlon was completed, 20-ml of ethyl -
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di phenyl phosphoryl chloride was added t hereto,
followed by stirring for i.7 hours. The reaction
- solution was diluted with 20 m of toluene, and

washi ng was performed several 10 tines using 2.5%

aqueous sodi um bi carbonate and water under ice

cooling. The resulting toluene solution was dried over

sodi um sul fate, and then _t & sol vent was renoved by

distillation. The target conpound was thereby

produced. (Reference Exanple 1) Production of

pi val oyl oxynet hyl 15
ace@ﬁmessnésﬁﬂzmﬁlD@lwet?ﬁ|azée|ﬁdQE9|yazbhedrﬁasty@$th|o

SOlEl(tIiR‘}’lJI 2RFdEskyECRYPT- EDiEt A 2GHPHAPehIPEENYES caR BHXG
late - 43 'HH*H CH3  H3C 0 C02-\ 0 Hs <~

out o aging agueguepsirpcoacidyy ang Ela%t%ﬁre\%glon%to

red soIV|n 0.32 f ap 0|I r.esi
an B0 AERGEARIBREES] J6- FEPRYSH. Aghr By ReRgRy 40 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 target compound.

NMR 8 (CDCly): 1.23 (9H, s);, 1.23 (3H, 4, 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, J =7.6 Hz), 3.94 - 4.03 (4H, m), 4.10

- 4.26 (3H, m), 4.36 - 4.42 (2H, m), 5.84 (1H, d, J = 5.5

Hz), 5.97 {1iH, d, J = 5.5 Hz)

'(Reference Example-Z) Productlon of plvaloyloxymethyl

(1R, 58 68) 2—[(3R) -5~ oxopyrrolldln -3- yl]thlo 6 [( )~1— 

: -hydroxyethyl] —methylfcarbapen—z—em—3—carboxylate
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di phenyl phosphoryl oxy- 4-nmet hyl - 7-oxo-1- 5

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

pi val oyl oxynet hyl ester, which was synthesized as in
Exanmple 5 and purified, in 1 nl of acetonitrile, and
0.07 g (0.33 nmmol) of a conpound represented by
formula (18): HS-<~> N) - HCl (18) -<s 10 was added
thereto. Subsequently, 0.09 59 (0.70 mol ) of

di i sopropyl et hyl am ne was added dropw se thereto at
-100C, and stirring was perfornmed at the sane

tenperature f hours. After the reaction was
cogﬁjeted 20 of ethyl - 44 acetate and 20 nl of
waj el wer engd to the reaction solution, and

e cti off intg an agueous | ayer was carrled out by

tr/€t wacid, and then extraction into
was carried out by adding 20 ni
pot assi um bi car bonate.. The

Ha@ddi Aaq s ICi
an ejhy e?ﬁ' \
et hyh acet¥at e and

ex?ractiomorsqlut'on was dried over sodium sul fate,

and then the s ent was renoved by distillation. NWR

anal ysis confirnestthe formation of the target

conpound NMR (CDC13) : 1,23 (9H s) , 1. 23 (3H, d, J
7.1), 1.34 (3H, 10 d, J 6.4 Hz), 3.13 - 3.21 (1H

(2H, t, J =

'n), 3.23 (IH, dd, J, = 7, 6.8 Hz), 3.
7.6 Hz), 3.94 -44.83 {4H m, 4.10 -
4.36 - 4 42 (2H m 84 (1H, d, J =
(1H, d = 5—5—+t7—fﬂeteﬂ6ﬁﬁe~E*anﬂﬁb 2
of |van | oxynet hyl :

p y y y .&f _

A solution was prepared by dlSSOlVlng 4.32 g of an oily
residue contalnlng (4R, 5R 63) - 6—[(1R) -1- |

trlmethy151lyloxyethyl]—3 dlphenylphosphoryloxy 4-methyl 7=

'oxoflfazablcyclo[3;2.0]hept~2~enef2mcarboxyllc aCld R

' pivaloyloxymethyl esterpsynthesized_as'in Example_4_in 15 mlf

of acetonitrile, and 0.57 g (4.9 mmol) of a compound

'represented by formula {19):

(19 .

wes added thereto Subsequently,'O 79 g (6.1 mmolf of

dllsopropylethylamlne was added dropw1se thereto at 5°C, and

'stlrrlng was performed at the same temperature for 70

"mlnutes After the reaction was completed acetonitrile was
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15
(IR 5S,6S)-2-[(3R)-S-oxopyrrolidin-3-yllthio-6-[(IR)-I
- hydroxyethyl]-I-nethyl -carbapen-2-em 3-car boxyl ate -.
45 OIMs H *tViCH3 0 H3C OP (02---~ 0 But 0 OH
H$-- ) HHCH3 IN O HJ O --b- HBC N-11 . CN\NrH
C02--\ 0 But A solution was prepared by dissol ving
4.32 g of an oily residue Aont ai-ni ng
(4R, 5R 6S)-6-[ (IR -1 -

~trimethyl silyloxyethyll-3-di phenyl phosphoryl oxy-4-neth
yl -7 5 oxo-I|-azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c

remgyied by dakbsyldryaenhy| Thst spssdnehespzddsaeliad in 40 ml

Example 4 in 15 m
of ethyl acetate, and washing was performed several times

with aguecus sodium bicarbonate to remove diphenylphosphoric

acid which was formed as a by-product. Water was added to

the resulting ethyl acetate sclution, and 1 N agueous
hydrochldric acid was added thereto to achieve pHE 3. The

ethyl acetate solution obtained by a separation process was

'washed.with.aqueous-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 -

acetone. Toluene (30 mi) was added to the resulting

" solution, and the acetone SOlveht was gradually removed by

distillation. Formation of a white; turbid solution was

:chfirmed.f The white,'turbid solution.Was Stirred at 0°C to

- 5°C for 1 hour;.and.white'crystais were obtained by i

oo filtration and washing. The white crystéls_were dissolved .

20

25

‘in acetone again, and as in_the:abdﬁe process, throughr__
' additioﬁ of t§lueneg removal of the,solvent by distillation,
:stirring; filtratigh,'and washiﬁg, 0.70 g.of white.crystals

 'c¢ntaining_the_£argef bompéund was obtained. | .
 NMR  (CDCL,) : 1.22 (9H, s), 1.27 (3H,.d, J = 7.1), 1.32 (3H,

.d} J = 6.3 Hz), 2.39 (lH;.dd, J = 5;1; 17.1 Hz), 2.83 (1H,
44, 7= 8.1, 17.1 Hz), 3;26_(15, dd, T = 2.4, 6.8 Hz), 3.31

;_; 3.36 (1H,1m), 3;84'(1H, dd;_J_=_8.i;'1o,7 Hz);:4;01f;.4,06

(1H, m), 4.22 - 4.28 (2H, m), 5.82 (1E, d, J = 5.5 Hz), 5.96




- Indé“%?ﬂ&?? Ir oSt

of acetonitrile, and 0.57 g (4.9 mol ) of a conpound
represented by formula (19): HSIM (19) - NH 10 was
added thereto. Subsequently, 0.79 g (6.1 nmol) of
di i sopropyl et hyl am ne was added dropw se thereto at
50C, and stirring was perfornmed at the sane
tenperature for 70 mnutes. After the reaction was
conpl eted, acetonitrile was,+ 46 renoved by
distillation. The residue was dissolved in 40 mMl of
et hyl acetate, and washi ng was perfornmed several tines
W t h aqueous sodi um bi carbonate to renove
(1Hdi sheryFpRoSph&ri c acid which was formed as a
by-product. Water was added to 5 the resulting ethyl
~acetate solution, and 1 N aqueous hydrochloric acid
ere%olto achieve pH 3. The ethyl acetate
d1ByYa separation process was washed

di b b d wat e d.th
G P BUBPSSbaf Ol SHF L B0 THeS ST VBT R 1 ERBVGRE 1)

novd G gmggm.?angtgh%gges'ngg oses dLosglved. | ntggreof

acetone uene

r%%g'%bng aﬁ&' 8ﬂct§§ FP?FQQSEQ”EEQQE¥§Pt it ch enable

ual I'y renD atron ormation o

.effW%h%ﬁt %9BQhQS§QIHk'95r$@§s ?Dﬁéﬁﬂ§ﬂcagﬁ§p@@éﬁec%@pounds

turbird solution -was stirred o 15 C for

o forh@leéi apflivhikteaenyat shswwers ebtahped byschibhration

10

and washing. The white crystals were dissolved in

_devéqapmeﬁtagasnbeaﬁdaaﬁlvelyh@oaaﬁ&eearoceﬁﬁs tbmgugbesent

1nventlon is 1ndustrlally useful.
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addi tion of toluene, renoval of the solvent by
distillation, stirring, filtration, and washing, 0.70 -
g of white crystals 20 containing t he target conpound -
was obtained. NVR 8 (CDC13) -: 1.22 (9H, s) , 1. 27
(3H, d, J=71),132(3H d, J 6.3 Hz), 2.39 (1H,
dd, J = 5.1, 17.1 Hz), 2 83 (1H, dd, J 8.1, 17.1 Hz),
+3.26 (1H, dd, J 2.4, QFLJ 3.31 - 3.36 (1H, m,
3.84 (IH dd, J =8 1, 25 F 4.01 - 4.06 25 (1H,
m, 4.22 - 4.28 (2H, m, 5.82 (IH d, J 5.5 Hz), 5.96
47 (IH, d, J S. 5 Hz) Industrial Applicability F The
present invention provi dés-Addd¥pounds, such as a 5
novel conmmon internediate (4), and novel precursors
thereof- (1) and (3), and production processes
therefor whi ch enabl e efficbent synt hesi s of various
10 ﬁe@ﬁﬂ9§§ﬁbéﬁén@ﬁpééﬁﬁBHnés +BF t BP aF CHERPRF SEPRIRT b I

_ n whi ch rec search and devel o nt has been
or ol e gt teeu Y T AGE0R, e Br COBROLAG0 PRORREERdI Y

i ndyst |aII% %i ful. - 48 CLAIM5 1. A process for
genﬁf@ Oﬁ@“& ¢t am conpound conpri si-ng - protecting
-~ the roxyl gr of a conpound represent ed by 5

gene forﬁﬁla 3 OHCH3 HHHICR2

HiC

.. . B . =() . _ |  ' :T : ]_, |
Vi \(I:o S 3
3 .-  Zw—i\o_—4<. |
 .. S - R3..”

(wherein R, repreéents an aryl group or a heteroaryl group;

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

~or a cycloalkyl group having 3 to IO.carbon_étomS);_to LT

produce a ccmpound represénted_by:general formula (2):

ORy - Ch

(2)

@)
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._H3C

NO C02--\ 00 RB (wherein R2 represents an aryl
group or a heteroaryl group; and R3 represents an
al kyl group having 1 to 10 carbon atonms or a
cycl oal kyl group having 3 to 10 carbon atons), to 10
produce a conpound represented by general fornmula (2):
ORI CHB HHH3CS'" R NO (2) Q02--\ 0 0 R3 - 49
(wherein R represents a trjgqrethylsilyl group or a
triethylsilyl group; and R2Z 'and R3 are the sane as
above); cyclizing the conpound (2) in the presence of
a strong base; and subsequently allowi ng the cyclized
(whegpgsuhd repreaents @i thidephehyl phbspheey|ceh ori de
to produce a compound represented by general formula
trRQEQYLQWlYﬁ Hremy:oand3Rz|and Ry are the same as above);

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

represented by general formula (3):

/

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

2. The process aécording to Claim 1, wherein the strong

- base is a base selected from thedgroup consisting of an

alkali metal ‘alkoxide, an alkali metal amide, and an alkali -

metal hydride. .

3. The process according to Claim 2, wherein the alkali

. metél alkoxide is potéssium'tert—butoxide;

4,'.Thé process.acCording_to Clainm 2, Wherein'the alkali
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- H3C

N(3) 0O 0 CO2--\ .0 04 R3 (wherein R and R3 are
the sane as above) 10 2. The process according to
Claim1l, wherein the strong base is a base selected.
fromthe group consisting of an alkali netal

al koxi de, an alkali netal -am de, and an al kali netal
hydride. 15 3. The process according to Caim 2,
wherein the alkali netal_ (ﬁqxide i s potassium
tert-butoxide. 4. The process according to Claim2,
wherein the alkali - so netal amde is sodium

bi s(trinmethylsilyl)am de. 5. The process according to
metglaismizle vilsereidaurheigl{kaimethwial lkydpnddei s sodi um
hydride. 5 6. The process according to Caim1,
wherei n the conmpound represented by general fornula
(1) i s produced by allowi ng a. conpound represented b¥,
gendldl PrGCRTiTa 5P IERSCHR Cipirige pbegsyn the alkall

metel hydride is sédium 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  CHs

S

COOH

(wherein R, represents an aryl group or a heteroaryl group),

to. react With a_compoﬁnd represented by:generalifqrmula_(Gjﬁ
N - (6)
-0 o _ S

(whereiﬂ R, représents an alkyl group having 1 to 10 carbon

‘atoms or a cycloalkyl group having 3 to 10 carbon atoms; and_

X. represents a halogen_étom), in- the presence of a base.

7. A process'for producing a_Bnlactamicompouﬁd”

represented“by_geﬁeral_formula (4):




O NO COOH 10 (wherein R2 represents an aryl group or
a heteroaryl group), to react with a conpound
represented by general formula (6): R3 0 N11~ x Y
(6) O (wherein R3 represents an al kyl group having 1
to 10 carbon. atons or a cycloal kyl group having 3 to
10 carbon atons; and 15 X represents a hal ogen atonj,
in the presence of a base. 4. _A process for producing
a P-lactam conpound represented by general formula
(4): 51 OHHH OCH3 H3CO (4 :N11 0 Q2---\ 0
04 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),

OH

__(4)

{wherein R3-répresents an alkyl group having 1 to.10 carbon
.atoms or a cycloalkyl group having 3 to 10 carbon atoms),

the process comprising deprdtecting the hydroxyl moiety of
- the compound represented by geheral_formula_(3) produced by -

- the process according to any one of Claims 1 to 6.

= 8. A compound represented;by general formuia (1) =
OH

N 0y

B |

. COp— O
oA

- (wherein R, represents an aryl group or a heteroaryl group;
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5 the process conprising deprotecting the hydroxyl
~noiety of the conpound represented by general fornula
(3) produced by the process according to any one of
Clains 1 to 6. 8. A conmpound represented by genera
formula (1): OHCH3 HHH3ICR2 NO C02----\~) 0 10

"R3 (wherein R2 represents an aryl group or a
heteroaryl group; 52 and R3,represents an alkyl group
- having 1 to 10 carbon atons or a cycl oal kyl group
‘having 3 to 10 carbon atons). 9. The conpound
according to Claim8, wherein R2 is a 5 phenyl group
andyR3g FEPERFEREFhERY R §¥ buBroun. hahéng ohpbintl aezvp@i najt oms
to daim8 or 9, wherein R3is _a tert-butyl group. 10
Or P CYRICGmIdUngrospr BSEATEd 3oy OgdReFEIFLPBr ALPRS(3):
. ORL"H*HCH3 00 H3CI OP-O-0(3) N11

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 R; is

a tert-butyl group.

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

_ ORy

. (3 :)

- (wherein R; represents a trimeﬁhylsilyl grbup or a
_ triethylsilyl g:oup;:ahd Ry represents.an'alkyl'group having .

1 to-lO-carbon'atomé_Or a cycloalkyl group having 3 to 10

carbon atoms).

12. The compound according to Claim 11, whérein Ry is a

, tert4butyl group.. "




0 C02--\- 0 0 R3 (wherein Rl represents a
trimethylsilyl group or a triethylsilyl group; and R3
represents an al kyl group having 1 to 10 carbon atoms
or a cycloal kyl group having 3 to 10 15 carbon
atons). 12. The conpound according to Claim 11,
wherein R3 is a ‘tert-butyl group. - 53 13. The.
~conpound according to C aim; 1 or 12, wherein R is a
trinmethylsilyl group. 5 14.7 A conpound represented by
general formula (4): OHHHCH3 H3C 10 O-.P-O(4) N
11-0 0 0 C02--\ 0 04 R3 (wherein R3 represents an
al kyl group having 1 to 10 carbon atoms or a.

gycloalkyl group having 3 to 10 _carbon atons).
13. The ‘compound accerding to Claim il or 12, wherein R,

is a trimethylsilyl group.

-5 .14.-'A,compound répresented by general formula (4):
HyC” 7
Mo e
o - SR
CKDgf-ﬁ\ 0
o
L R3

 (whereiﬁ Ré represents an alkyl group having 1-to_10 carbon

atoms or'aICycloalkyl group having 3 to 10 carbon atoms) .

10 - 15.  The compound according to Claim l4,_wherein Ry is a

'~ tert-butyl group.
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10 15. The conpound according to Caim 14, wherein R3
is a tert-butyl group. 54 ABSTRACT The present
invention provides a novel intermnediate for
efficiently producing a 10-net hyl carbapenem conpound
for 5 oral admnistration, and a process for producing .
the internediate. That is, the present invention
provi des a process for pr cing a novel P-lactam
conpound represented by general fornmula (4), the
process including allowng a 0- |lactam conpound
represented by general fornula (5) as a 10 starting
material to react wth &EOHFSUNd represented by
‘general fornmul a (6) in the presence of a base to

obtain a novel Iactan1conpound represented by
general fornula ( protecting the hydroxyl group,
suBQ@qHéﬁFF?tpéP’F%?H% PEQELHS a7 OPCYRL t HRE ‘?)‘fl%%%%e for

e'fﬁifac e e S ko BB ReE D TeAT e PaBCh: GoBRpaRT Bo

d d b
A" PP RaPERGCERo TBY ob EEET o gr bR

process fOr producing a novel B—lactam compound represented

by general formula (4), the process including allowing a B—_

lactam compound represented by generai formula (5) as a

starting material to react with a cOmpound‘represented by

general formula (&) in the p:ésence of a base to obtain a

novel B-lactam compound represented by general formula (1),

protecting'thé hydroxyl group, subsequently performing |

_cycllzatlon 1n the presence of a strong base,-allow1ng the
:cycllzed compound to react w1th dlphenylphosphoryl chlorlde
“to obtaln a novel_Bflactam_compound represented by_general-

‘formula (3}, and eliminating the proteéting group therefrom. .




S, 0O N H3C R2 R3yo,-,-x 0 N O CO2 O CO2H P13 (6)
ORI OH HH*HVWCH3 CH3 CH3 0 0 -P- NtZ 0O H3 | H3C
00--0 -w0-0. 11 NO O C02--\bd4o 0 C02-1~ R3 R3 (3)
(4) (In the fornulae, R represents.a trinethylsilyl
group or a triethylsilyl group; R2 represents an aryl
group or a 5 heteroaryl group; R3 represents an al kyl
~group having 1 to- 10 carb atons or a cycl oal kyl
group having 3 to 10 carborr~ atons; .and X represents a
‘hal ogen atom) _

CH CHgy

Ny

. £ S.

HaC — i Rz

S A N
| ™\ _(

HyC™ -

3 B o

- (In the formulae, R; represents a trimethylsilyl group or a.

l_triethylsilyl grbup; R, represents an aryl group or a
heteroaryl group, R3 represents an alkyl group hav1ng l to-
10 carbon atoms. or a cycloalkyl group havrng 3 to 10 carbon

atoms; and X represents a halogen atom 3




