NEW HETERCCYCLI C COMPOUNDS, THEI R PREPARATI ON AND THEI R USE AS

MEDI CAMENTS, | N PARTI CULAR AS ANTI - BACTERI AL  AGENTS 5 Th '

telates to new heterocyclic conpounds, their preparatloniﬂ“ﬂﬂﬂﬂﬁmmmmke as

medi canents, in particular as anti- bact eli al agents r nal

J.- Og. Chen1 Vol . 37, No. 5, 1972, pages 697 to 699 the prepaﬁation of a

mi cyclic deri | : J

described. In — e NG

ggag Ngg% ; heusmepnsat irepehubiveys! @Ndebm@&bmsin thh mlrecbheﬁrgkemul ae
an 'S 1 ourTTarchrernrca

Revi ews, 1983AGENTS 83, No. 5, pages 549 to 555 t he prepar ation of

bicyclic 20 derivatives with nolecular formul ae CILOHL8N20O and C7H12N20

is in particular described. In the journal Angew. Chem Int. Ed. 2000, 39,

n 3, pages 625 to 628 the preparation of a conpound with nol ecul ar

formula C12HI2N20 is in particular_described. 25 No particular use of these

compounds in the Th%rbb@ﬁPFéoﬂléﬁaaha§ beeReWebeErbedYFALEhESEPEYRERARN! S.

A subj ect of t| re ndi,ng oW n

formil & (1): (7R \ B ebararTofooRt 143 1o ao8 | B an e BEmbALLO™ B4

partlcular as anti-bacterial agents.

10 In the journal J. Org. Chem., Vol. 37, No. 5, 1972,
pages 697 to 699 the preparation of a bicyclic derivative
with molecular formula C10H1gN50 is in particular
described.

In the journal J. Org. Chem., Vol. 45, No. 26, 1980,

15 pagesgs 5325-5326 the preparation of bicyclic derivatives
with molecular formulae CgHoNO, and C;H;1NO, is in
particular described.

In the journal Chemical Reviews, 1983, vol. 83, No.
5, ©pages 549 to 555 the preparation of bicyclic

20 derivatives with molecular formulae CioH1gN,0O and C;Hp;N,0O
is in particular described.

In the journal Angew. Chem. Int. Ed. 2000, 39, n° 3,
pages 625 to 628 the preparation of a compound with
molecular formula C;;H;2N,O is in particular described.

25 No particular wuse of these compounds in the
therapeutic field has been described in these documents.

A subject of invention is the compounds

corresponding to the following formula (I):

30 R1

(CHyn 2

CTT
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R1 represents a hydrogen atom a COOH, CN, COOR, CONR6, R7, 5 (CH2)n,R5 or
r/NR6 radical, NHR, R is chosen fromthe group constituted by an al kyl 3
radi cal cont ai ni ng from1 to 6 carbon atons, optionally substituted by a «+
pyridyl or carbanoyl radical, a -CH2-al k%nyl containing a total of 3 to 9
carbon atons, 10 aryl contai ni ng from6 to 10 carbon atons or aral kyl .
radi cal containing from7 to 11 carbon atons, the ring of the aryl or

aral kyl radical being optionally substituted by an OH NH2, NO2, al kyl
containing from1l1l to 6 carbon atons, al koxy radical containing froml to 6
carbon atons 15 or by one or nore hal ogen atons, R6 and R7 being identical
or different &PewbA6Een fromthe group constituted by a hydrogen atom an
al kyl  cont ai rbon at.ons, ar ontaining from 6 to 10
carbon at ons IElaln q‘%{(@q]t rad rOcc-JoerPt &5 g 3 r%#ﬁl’gﬁl toé@‘gp‘ca?@]?]ﬂs Foms,
optional |l submzl)tnmsednby &" °Caale,, ureido or dinethylam no radical,

and an al kyl radical cont*awmn,n froml to 6 carbon atons substituted by a
pyridyl radical, M 1% E§agrt ér:P”brthE aHOWS Fenghasuhefr & tare aQEyl;jroup

CEoNR oo D T RECOH A EBOR  SOER, C NACCLER, D K PRSP HEND,

R, R6 and RY ﬂ:témsnglttase@éw rtecp}abm/}e:l, a2 cl‘aiptlia:’rﬁ@ﬂ]t sr&d w4l pgen at om or

(CH2) n, 1R5 gr ' 1. 30 heing equal to 2, and R5 being as
defi ned abovg—éﬂ] lﬂ](gﬁlﬁ’ésecrﬂ o o@eﬁoﬁf"gmoér Antal Rylcahar aptoms,

containi ng fraxpll tenbacaihgn BEAHSs 'cd o Brg¥sba' LALQR 14143, B, dor

radical containing from 7 to 11 carbon atoms, the ring of

the aryl or aralkyl radical being optionally substituted

by an OH, NH;, NO,, alkyl containing from 1 to 6 carbon

atoms, alkoxy radical containing from 1 to 6 carbon atoms
15 or by one or more halogen atoms,

R¢ and R; being identical or different are chosen
from the group constituted by a hydrogen atom, an alkyl
containing from 1 to 6 carbon atoms, aryl containing from
6 to 10 carbon atoms and aralkyl radical containing from

200 7 to 11 carbon atoms, optionally substituted by a
carbamoyl, ureido or dimethylamino radical, and an alkyl
radical containing from 1 to 6 carbon atoms substituted
by a pyridyl radical,

n’ is equal to 1 or 2 and Rs is chosen from the

25 group constituted by a COOH, CN, OH, NH,, CO-NRgR,;, COOR,
OR, OCOH, OCOR, OCOOR, OCONHR, OCONH,, NHR, NHCOH, NHCOR,
NHSO;R, NH-COOR, NH-CO-NHR ou NHCONH,, R, Rs¢ and R; being
as defined above;

R, represents a hydrogen atom or a (CH,)nRs group, n';

30 being equal to 0, 1 or 2, and Rs being as defined above;
Ry represents a hydrogen atom or an alkyl radical

containing from 1 to 6 carbon atoms;
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3 Arepresents a bond between the two carbon carriers of Rl and R2 or a |
4 .group, R4 representing a hydrogen atomor a (CH2) n, 1R5 group, nil and
R5 being as defined above, the dotted line representing an optional 5 bond
with one or other of the carbon carriers & the substituents RL and R2i n
is equal to 1 or 2; X represents a divalent -C(O -B- group attached to the
nitrogen at om_by the carbon ato 10 B represents a divalen -O(CH)n, , -
group attached FEPRIFERE oAbl ﬁ:}ﬁ Worgarben NFRBrrierR)oh R or

-NR8- 0- grou t@c o the Ca lgonyl by the ogen s equal
to O or 1 and%Rné%tlrg hﬁgs%n from the group r%lz&%%‘t eg Eggﬁyg%égﬁ at om
an OH, R OR, hydr@‘genYlatdxﬁ 6X1,a YECHQ\Q],RE,Y@rcﬁIg-JZGTI&SQfRi 5 BaRhgc aand
Si RaRbRc radi c i_ndi Vld ally representing a |linear or

C
branched al kylda%fdﬂie Ia%%"Fﬁ'al EF g 9RESRA 3'6166 EePborenhtBgs 28r ot ignal
radi cal cost aigRing M@lm %nteo 4P %@1@%” ofl QIR EaPBLAY A5 defidedr at&%‘éae and
m being equal to 0, 1 or 2; Yis chosen fromthe group constitute
t he COH, Cmsumtuemﬁleo@nﬁRcho\le CONHSQ2R, CH2COOH, CH2COCOR,
CH2 CONHOH, CI—% H%N a é)r azol.e, protected CH2tetrazole, CH2SO3H,
CH2SO2R, CH2P C?(\‘i?) (D )2( , 25 CH2PQ(R) (OH) and CH2PQ OH) 2

radicals, Y1 ixs ﬁpmﬂwrrat ma_v@ﬂw consd) twt egrbyipt e (PR £ SOZMNECOH,
SO2NHCOR, SO2NHCOOR,,  SO2NHCONHR, | SO2NHCONH2 and SO38H radicals, Y2 is
chosen fromthe grBt5TOGRS!: ﬁttetnanbyhﬁhéarQQEP@(cem)z PO(OR) 2, PO (OH)h (OR)
and PQ( (R radigc h m roup it e

t et razolat;ﬁ(?adl cal S!B §E?F§§%PE§s§bg??{a&Ieég 50 ch[ %‘ é?i%% alétg%uare%ttt

or NR tetrazoktde MErdonMR that rtdeolexygen atom, an -NRg- (CH) qv— or -NRg-

O- group attached to the carbonyl by the nitrogen atom,

n" is equal to 0 or 1 and Rgy is chosen from the group
constituted by a hydrogen atom, an OH, R, OR, Y, OY, Y.,
15 OY1, Yz, OY;, Y3, OCH;CH;SOnR, OSiRaRpR. and SiRsRpR. radical,
Ra, Ry and R¢ individually representing a linear or
branched alkyl radical containing from 1 to 6 carbon
atoms or an aryl radical containing from 6 to 10 carbon
atoms, R being as defined above and m being equal to 0, 1
20 or 2;
Y is chosen from the group constituted by the COH,
COR, COCR, CONH,, CONHR, CONHOH, CONHSO3R, CH,COQH,
CH,COOR, CH,CONHOH, CH,CONHCN, CHtetrazole, protected
CHytetrazole, CH,;SO3H, CH,;SOR, CH,PO(OR),, CH,PO (OR) (CH) ,
25 CH,PO(R) (OH) and CH,PO(OH), radicals,
Y; is chosen from the group constituted by the SO;R,
SO.NHCOH, SO;NHCOR, SO,NHCOOR, SO,NHCONHR, SO,NHCONH, and
SO3H radicals,
Y, is chosen from the group constituted by the
30 PO(OH),, PO(OR),, PO(OH) (OR) and PO (OH) (R) radicals,
Y; 1s chosen from the group constituted by the
tetrazole radicals, tetrazole substituted by the R

radical, squarate, NH or NR tetrazole, NH or NR tetrazole
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R \Brevets\ 17100\ 17143 GB.doc 4 substituted by the R radical, NHSO2R a

NRSO2R, R being as defined above; it being understood that when n is equal -,
to 1 and A represents a group in which R4 is a hydrogen I

either X represents the -C (O -O (CH2) # group in which n" is 0 or

or X represents the -CONR8- (CH2) n" group in which n" is 1 and R8 is the.

i sopropyl

n" is 0 and

10 - ts.the -CO-NR8- (CH2)n" group in wh
?fsgfi’%tﬁva‘f%% f%(Yr rﬁﬁ%ﬁ?nasdwqel it INEBROB% efaqd FRsarl R bahng

nd

5 atom and -

1, -

i ch
t

represent a hygr@geime@tO5@L, the same tinme. A subject of the inventionis
al so the salts of 15ethese conpounds whi ch can be obtained with bases

organi ¢ or i nok g&qzll@gacwd@embfg@d hethaw t Whéehe i ntier nai_{ualsaltbs inamd ch form
certain conpoy
asynmetri cal

d thi-nR,condi tions, be present. The
olr:% g(r);tcgrned in $haUWP 28N cBRpEHnGs 18 #ohWdragen

independeBtIyatderﬁ)rame other have the R S or RS configuration, and a
subject of the invention is also therefore, the conpounds of fornula
presented in the formithepure sepnesentss tdre puC €0) dDastBy)BEI VRIS Of i N
the formof a mxtur f 25 enan |orre?‘s in particular racemates, or

di ast er eoi somer ur es A f&sul P¥o

R1, R2,

of

‘the latter is that the substitu

and R4 takearl rdi Ielnxsoq:l.fgne ar’t@H?]()en"r I%Itbe%)no%

be in cis and/or trans position in 30 relation %
are fixed and that an"suiBj écendfRs his i tivent sapromsyl h@rcetﬁpre t he corrpounds

10

15

20

25

30

- or X represents the -CO-NRg- (CH;),+ group in which
n" is 0 and Rg is hydrogen or phenyl,
All three of R;, R, and R; cannot represent a hydrogen
atom at the same time.

A subject of the invention is also the salts of
these compounds which can be obtained with bases or
organic or inorganic acids, together with the internal
salts in which form certain compounds may, under certain
conditions, be present.

The asymmetrical carbon atoms contained in the
compounds of formula (I) can independently from one other
have the R, S or RS configuration, and a subject of the
invention is also therefore, the compounds of formula (I)
presented in the form of pure enantiomers or pure
diastereoisomers or in the form of a mixture of
enantiomers in particular racemates, or diastereoisomer
mixtures.

A result of the latter is that the substituents R1,
R2, and R, taken individually on one hand and X on the
other hand can be in cis and/or trans position in
relation to the ring on which they are fixed and that a
subject of the invention is therefore the compounds of
formula (I) presented in the form of cis isomers or trans

isomers or of mixtures.
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formula (1) presented in the formof cis isonmers or trans isoners or of
nFxtures. R \Brevets\17100\17143 GB.doc 5 By al kyl radical containing from
Jd to 6 carbon atons, is neant a nmethyl, ethyl, propyl, isopropyl, as well
as linear or branched butyl, pentyl or hexyl radical. 5 By -CH2-al kenyl
radi cal containing from3 to 9 carbon atons, is neant for exanple an allyl
radical, or a butenyl, pentenyl or hexenyl radical. By aryl radical

contai ning from 6 By mlleak béirdigedns consagpang afpaenyl dre n&phehybon

dical . 10 By, aral kyl, radical i 7 i
reant & benzyl - OSRenaEyGr nt R AL P T baFESPY ST T adfcal

containing freall tas6 tanban atonbranshadanbutplparpenul/ar arnmehbayxy,
et hoxy, propox A 1? i sopropoxy, as well as butoxy, isobutoxy, sec-butoxy
or tert-buto&% t&8ical. By hal ogen atom is neant a fluorine, chlorine,

brom ne ors i odi ne gomcR2Q BydRAI CalaSAr alentla3 ipder shegd thecpadipca
of OH formula: 25 Anong the acid salts of the product's of fornmula (I),

t hose forned ehrhonnatganai ciacindsntsfich esampdeoshl atiliy]l rhgdrebr onkca
hydri odi c, sulppurif or ggosg?oric acids. or dmﬁt organi ¢ acids such as
formc, aceticoCSt¥itIBSPbERELi 27 Bropidhi £2%h8R20ic, naleic, fumaric, 30
succinic, tartaricycCid#ylc, rexaldad, @byl@&?ihiiﬁf; aspant i€, tal kanegdkpbani c,

such as net hane and et hane sul phonic aryl sul phoni ¢ _aci ds, such as benzene
and atomg, is meant a phenyi or naphtgyl radical.

10 By aralkyl radical containing from 7 to 11 carbon
atoms, is meant a benzyl, phenethyl or methylnaphthyl
radical.

By alkyloxy radical containing from 1 to 6 carbon
atoms, is meant in particular a methoxy, ethoxy, propoxy,

15 isopropoxy, as well as butoxy, isobutoxy, sec-butoxy or
tert-butoxy radical.

By halogen atom, is meant a fluorine, chlorine,

bromine or iodine atom.

20 By radical squarate, is understood the radical of
formula: OH
ZE
O 6]
25 Among the acid salts of the products of formula (I),

those formed with inorganic acids, such as hydrochloric,
hydrobromic, hydriodic, sulphuric or phosphoric acids or
with organic acids such as formic, acetic,
trifluoroacetic, propionic, benzoic, maleic, fumaric,
30 succinic, tartaric, citric, oxalic, glyoxylic, aspartic,
alkanesulphonic, such as methane and ethane sulphonic,

arylsulphonic acids, guch as benzene and

R:\Brevets\17100\17143 GB.doc



R \Brevets\ 17100\ 17143 GB.doc 6 paratol uenesul phonic acid can be nentioned
anongst others. Anong the base salts of the products of forrmula (1), -,
those formed with inorganic bases such as, for exanple, 5 sodium
potassium |ithium calcium nagnesium oréamoni um hydr oxi de or with

organi ¢ bases such as, for exanple, rrFt hyl am &ei\l- 8_ropylhalm ?ﬁ an
trimethylamne, diethylamne, triethylamne, N, i met hyl et hanol am ne,
tris (hgdroxﬁﬁéﬁﬁﬁ%u PRHeMe, 26EHandidhi nke 1oegyicheate, phendshe,

di cycl ohexyl agde,g nor phol i ne, benzyl am ne, procaine, |ysine, arginine,

hi stidine, N nethylglucam ne, or also phosphoniumsalts, such as the

al kyl - phosphoni ungimaary | thpgh dsge e ailnss caﬂlkq,he @I;(!Jdu@’ﬁ)l&ff’loﬂbﬂglﬁla (1),

al kenyl - aryl - ghosphpni u or._quat ernary, ammoni um sal ts such as

tetr a}/n- bu%/ylt&}aorﬁ%n RSl F’lEgn BT AnBRGRL 36t héiE  $HRVARLE he

conpoundssof datitih,a (bbragsBak,i CUl 8Fhi@Hb] ecla10fi e | AYEAELYNmAr €of-hose
inwhich nis equal to 1 as well as those in which A représents a 20

group as def iaTstPrabsy ehydnaxifdepsn i vhthr euamyia hbsees those s, which R4

represents a en at he ¢ ounds .of fornula (I a .
particul ar fgyagr{%%éct o@%%@?ﬁg{%‘%\ti on%ir{g)pgﬁggupﬁ(f)se |thrJva§"cl%‘y1><”‘mlne' )
represents a di@®ldimdalegnt grd)ephymawi]héhl Bbf,&p!ﬁsﬁﬁl@lh@har%th mif&H2) n
- group as defined apove and more  particularly, among these, ose in
which R8 is &7¥F or PAFFELY I whiddH el | diefdhais i ne Vel agnenong

the conppyindgafi difdTul @ {1 BndUi tedi%&ﬁbﬁ%k%aﬁ‘i@e‘?m %ofﬁ}?oifﬁ’ee,nti on
is the conmpounds with the follow ng nanes:
benzylamine, procaine, lysine, arginine, histidine, N-
methylglucamine, or also phosphonium salts, such as the
alkyl-phosphoniums, aryl-phosphoniums, alkyl-aryl-
phosphoniums, alkenyl-aryl-phosphoniums or guaternary
15 ammonium salts such as tetra-n-butyl-ammonium salt can be
mentioned amongst others.
Among the compounds of formula (I), a particular
subject of the invention are those in which n is equal to

1 as well as those in which A represents a

20 __cH—r,

group as defined above, and in particular among these,
those in which Ry represents a hydrogen atom.
Among the compounds of formula (I), a particular
25 subject of the invention 1s also those in which X
represents a -CO-B divalent group in which B represents
an -NRg-(CHz)n» - group as defined above and more
particularly, among these, those in which Rg ig a Y, or
OY; group, in which Y; is as defined above.
30 Among the compounds of formula (I), a quite
particular subject of the invention is the compounds with

the following names:
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R \Brevets\ 17100\ 17143 GB.doc 7 trans

- 7- 0X0- 6- (sul phooxy) - 1, 6-di azabi cycl o[ 3, 2, 1] oct ane- 2-carboxam de and its
base salts, in particular sodium trans

- 7- oxo- N- ( phenyl net hyl ) - 6- (sul phooxy) 7

-1, 6-di azabi cycl o[ 3, 2,1 | oct ane- 2-carboxam de and its base 5 salts, in
particular sodium trans -7-oxo-N-(4-pyridinyl methyl)-6-(sul phooxy)

-1, 6- di azabi cyE¥81'8, 27rpPser anéspleheptxhnt de-dhazebscyase [3s2l LEpctane-
particul ar sodpu I re - - i di hyl ).z 6- (sul phogx 10
-1,6-diazabicy%lgfﬁ%gggﬁégga%é@2¥%ér %%%n? EQ%hSF%téa%gﬁ%&fgal§g$1¥%,
particul ar sodtnamst r ansxe 7N oXphéhy PmatihyD) 26 oXOuEdhydry B- (sul phooxy)
-1,6-diazabicycL2$3 2,Ilocta£§-ﬁ-carboxanide and its base salts, in
particul ar soditnf 35 PARAGY FER h¥i 2 t F ERRE MNP xd- GR¥ReXFRDIRYInd | BEs base

di azabi cyclso[ 3g21d4, och apger2s SR PPXyb @t &yn, Anot her subject of the invention
is also a process allow ng the preparation of the compounds of fornula

(1). This proeearsis’chreadit & ipedidinyhatetiyonpr (sekph@fixy@) a st age
during which a_go f f (J1) is reacted with a carbonylation
agent, if appro%??g$%gg%8%%%gi%r%g%h%%g?ﬁaQF SO G pand +%gwh?%%: 30
R 1 represent ssal tydrdgesaat Dey i r asddd urpy ot ected COOH COOR , (CH2) n'
Rs, CONR6G r R7 or protected /NRe c'-NHRradical; R \Brevets\17100\17143

GB.doc 8 R6 antPy bei PP 2% bbovier B e diefity R - antBuR Bhdrxyng t he

10 -1,6-diazabicyclo[3,2,1]octane-2-carboxamide and its base
salts, in particular sodium,
trans -7-oxo-N-(2-amino 2-oxo ethyl)-6- (sulphooxy)
-1,6-diazabicyclo[3,2,1]octane-2-carboxamide and its basge
salts, in particular sodium,
15 phenylmethyl trans-7-oxo-6-(sulphooxy)-1,6-
diazabicyclo[3,2,1] octane-2-carboxylate.
Another subject of the invention is also a process
allowing the preparation of the compounds of formula (I).
This process is characterized in that it comprises:
20 a) a stage during which a compound of formula (II) is
reacted with a carbonylation agent, if appropriate in the

presence of a base:

R',

25 Hj)W/L\A'

(CH)n

HZ 3 2 (IT)

in which:
30 R’; represents a hydrogen atom or a CN, protected COOH
NR
6% )
HR,

COOR', (CH;)n'R's, CONR¢,R; or protected radical,
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definitions of R and R5 above respectively, in which the reactive

functions optionally present are protected; R 2 represents a hydrogen atom-,

or a (CH2)n"1R 5 group, n'1 5 and R 5 being as defined above; R3 is as
defined previously; A represents a bond etween ~n the two carbon carriers

of R 1 and R'2 or al 4 group, R4, 4 representing a hydrogen atomor a’
u and R 5 being as 10 defined above, the dotted
%&da%voﬁ?m

(CH2) n' 1R
line represerﬁﬁ

dafs dbavewlehinad 8RAoRheandf Ry heh@\almﬂ)nthe

2
fglro ;Ieg(r__jt gf an@é&m%(ﬂlt&ig f\oB',l% and R ?584-55: r:@gpg'éfcw%gypr%}gf %31 o
bei ng as def |mmr\ea/|ibusitylcamj dibt&orraeldr}emgarrg: a ey Fragestteddm

protected CH, Aan R' radl c%ii a Ylaﬂ:?‘?rﬂ?g’%e%a ical, Y' bei ngR'chgslen

from COH,

pr ot ect eds Cl-l%@ajﬁ SCH%@QQQas ﬁé@hﬁ%ﬁeﬂb@v‘%m\'% 20 04200\""0\'

CH2tetrazol e _groups substituted by R, CH2S2?R , CH2PO (OR) 2, protected
CH2SB, prot &ot &8 2eHIPHipeR preMiopsdvect ed CH2PO (R) OH, protected CH2PO

nromine Ser
st " sodhed SHFEr oSty U8 it g 23 5t o o

SBH groups, Rd1Y'ahdrrRQY' @ radi cal , Fl)Y' repgﬁs@@;l Rg4ar@ Q@g@h@(_{ngqaﬂ—b 2i

pr ot ect ed P
Y' 3 radi cal

or group, or a

OR r ot ect ed
(§9@€2 r?gtoé‘ﬁc%%rﬁ f {Gte) tnher,»R $(ﬁ3é%1%£éd R &t réa’szl%’s tb@tnrrmz@se

substituied BertibRrR ap&dk calpe N'doQ'EeHR'll = %}éfg%e:’ t{\ﬁ% %ég %tllgl}'laqr NR

tetrazole substituted by the R~ radical,

groups,

bei ng as def boad atidve; ore Broav etoshEZ1 0OFL7 t4R GRadbord Warriznd ewsd o
obt ai ning an Slulil) QI mlslc(ialn% Rc;?ng)nocyr}g, zgf

n is as defined previously;

HZ represents an HO-(CH;)n"-, HNR'g- (CHy)u~ or HNR’g-O-
15 group, n" being as defined previously and R'g
representing a hydrogen atom, protected OH, an R’, OR’

radical, a Y’ or OY’ radical, Y’ being chosen from COH,

COR' ,

COOR’, CONHz, CONHR’', protected CONHOH, CONHSO,R’,

protected CH,COQH, CH,COOR', protected CH,CONHOCH,

20 CH,CONHCN, CHztetrazole groups substituted by R',

CH,SOzR ', CH,PO (OR’ ) 5, protected CH>S03, protected
CH,PO(OR’)OH, protected CH,PO(R’)OH, protected CH,PO (OH),

a Y'; or OY'; radical, Y’; being chosen from the SO;R',

SO,NHCOH, SO;NHCOR', SO,NHCOOR’, SO,NHCONH,, SO,NHCONHR’ and

25 protected SOs;H groups, a Y, or O0Y'; radical, Y,

representing a protected PO(OH),, protected PO(OH) (OR’),

protected PO(OH) (R’) or PO(OR’), group, or a Y'; radical,

Y’; being chosen from the protected tetrazole, tetrazole

substituted by the R' radical, NH or NR’ protected

30 tetrazole, NH or NR’ tetrazole substituted by the R

radical, NHSO;R’ and NR’'SO,R’ groups, R’ being as defined

above;
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formula: 5 in which: 10 R1li R 2, R3, A and n have the sanme neani ngs as
above and either X1 is a hydrogen atom and X2 represents a -Z-CO X3

group, X3 representing the remai nder of the carbonylation agent, or X2 is
a -ZH group and X1 represents a CO- X3 grd@up, X3 being as defined
previously; 15 b) a stage during which the internedi ate obtai ned

previously is cyclized, in the presence of a base;, and in that: c) if
appropriate, ¥iafe d) VieWrECedeRtatiiny Sagénbermpdipse| vREPHYNGne for
nore of the fQquNl%g reactions, in 20 an appropriate order: - protection
of the reactive functions, - deprotection of the reactive functions, -
esterification, - saponification, 25 - sulphation, - phosphation -

am dati on, acyl ati oR', - sul phonyl ati on; 30 - alkylation; -

i ntroduction of &, oggii bond; - formation of a urea group; - introduction
of a tetragole grogag :\Brevets\gfj@p\17l43 GB.doc 10 5 - reduction of
carboxylic acids; -/dehy amde to nitrile; - salification; - ion
exchange; (CHn

ation o

in which:

10 R'i, R’2, Rz, A’ and n have the same meanings as above and
either X; is a hydrogen atom and X, represents a -Z-CO-X;
group, X3 representing the remainder of the carbonylation
agent, or X; is a -ZH group and X; represents a CO-X;
group, X; being as defined previously;

15 b) a stage during which the intermediate obtained
previously is cyclized, in the presence of a base;
and in that:

c) if appropriate, stage a) is preceded and/or stage b)
is followed by one or more of the following reactions, in

20 an appropriate order:

-~ protection of the reactive functions,
- deprotection of the reactive functions,
- esterification,
- saponification,
25 - sulphation,
- phosphation
- amidation,
- acylation,
- sulphonylation;
30 - alkylation;
- introduction of a double bond;
- formation of a urea group;

- introduction of a tetrazole group;

R:\Brevets\17100\17143 GB.doc



- resolution or separation of diasterisoners; - sul phide oxidation to

sul phoxi de and/ or sul phone. As carbonylation agent, a reagent such as -
phosgene, di phosgene, triphosgene, an aryl chloroformate such as 10 .
phenyl chloroformate or p-nitrophenyl chliéf ormate, an aral kyl e

chl orof ormate such as benzyl chloroformate, an al kyl chloroformate such as.
met hyl chloroformate, an al kenyl chloroformate such as allyl

chloroformate, an al kyl BPeuFbdAatefsoerbasyiéetapiudgl di carbonate, 15

car bonyl -di i m dazol e and ' ] r e,_us The reaction
preferably takes pl ace ina?ﬁgaﬁgggéﬁcgf %ﬁgggb5§eggFréfﬁixture of bases

whi ch neutralise the aci dsalofiedtibh;can in particular be an am ne such as
triethylam ne, diisopropylethylamne, pyridine, or 20
dinethylaninopyridine.'Pb%%@e%?c féSfeaction can also be carried out using
the startbng product of. fosabldclbnasrasehase: 160 SKCEPSeLs,! Dusotiged. An
exanple is given in the experinmental part. It appropriate, e profuct of
formula Il is used in thesulshidem okidatdond sabt, shdphexadpel e and/or
hydrochl ori de or a triflggfqggetate. As a base in stage b), am nes, or

al so hydri des, al cohol at’es,Panides or carbonates of alkali or alkaline-
earth nmetals can assadrbdisetht iTth Tage@d] NgSreahehe %U%%e%é(ﬁhdaggﬁéﬁ from
the Iist above. As hydride, sodium or potassiumhydride can’in ™articular
be used. R \Br&hasgerieLootiyrhesesnaoc anl Asyan citlicddfammadie abuchola e,

pOtaSSiUfbt'Qﬂﬁ%ﬁ@ﬁechh%rg&%&ﬁﬁﬂglyogsegLnférgghgﬁ§fJicﬁ?%fgrgg@g?’ Aﬂtlﬂ um

aralkyle chloroformate such as benzyl chloroformate, an

-

alkyl chloroformate such as methyl chloroformate, an

alkenyl chloroformate such as allyl chloroformate, an

alkyl dicarbonate such as tert-butyl dicarbonate,
15 carbonyl-diimidazole and their mixtures can be used.

The reaction preferably takes place in the presence
of a base or a mixture of bases which neutralise the acid
formed. It can in particular be an amine such as
triethylamine, diisopropylethylamine, pyridine, or

20 dimethylaminopyridine. However, the reaction can also be
carried out using the starting product of formula II as a
base. An excess is thus used. An example is given in
the experimental part.

If appropriate, the product of formula II is used in the

25 form of an acid salt, for example a hydrochloride or a
trifluoroacetate.

As a base in stage b), amines, or also hydrides,
alcoholates, amides or carbonates of alkali or alkaline-
earth metals can also be used.

30 The amines can be chosen for example from the list
above.

As hydride, sodium or potassium hydride can in

particular be used.
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bis(trimethylsilyl) amde can in particul ar be used. 5 As carbonate, sodium
or potassium carbonate or bicarbonate can in particular be used. I|f
appropriate, the internediate of formula |1l can be obtained in the form
of an acid salt generated during the carbbnylation reaction and in _
particular a 10 hydrochloride. It is then used in the cyclization reaction

fn this form Optignally, cyclization can be_carried out w thout isolation
of the internediat@sopaﬂﬂﬁ%ﬁ¥%Im?ta#hélF%%%%FBﬁs REREFEAER trbstydate are

in general 13gStandandpyicacldegns, well known to a person skilled in the
art. The reactfve functio%g wﬁich are suitable, optionally, for protecting

are the carboxylicAsaci d, aam ne,abkalie, hydmebal and hydrdexyl am ndthium

f tions. 20,Protecti f .the,acid function is in rticular carried out
iﬁnfhe fornloplgﬁ&fﬁm §§¥ﬁ§}aa'PyﬁmlésnfﬁP,lnbeﬁfﬁﬁﬁ PToPepUReErobenzyl

esters. Deprotectigs i sag@bhhed,O0UkoBYumdpPeri f beakikaRumdCicd robydiel Y&:S,
hydr ogenol ysi s, or _al so cl eavage using 25 soluble conpounds of Pall adi um

O. Exanpl es oPiCRE®ONESt €8b dRsPandiguppst bet herd - are provi ded hereafter
in the experinentakep ti of . ] 5 a pdes_i n
particul ar carriegfo%?%Fﬁ%?ﬁ%E drﬁﬂ%ﬁ %égg%ﬁ%§%§'eaé$?v§$%%%§? ?ﬁ&tﬁgn'SO
form of carbabet ebtainmegarin cearf i yof denazyld phesybenerheeibdiingor
also in the form of sigglaﬁed, derivatives such as tertbutyl dinethyl,
trimethyl, FLEhen?Pr nNYlablanpheh§CE PR butdnd si 1Y d@ErFdOWey. = a

R \ Brevetsy 17400 b2hd3-Fedoc 12 Depy otiagld 0Rdety CaLf | @1c0ULy qeRERYIDY on
the nature of the protective group, by sodiumor lithiumin“lrqu
reaction in this form.

Optionally, cyclization can be carried out without
isolation of the intermediate of formula III.

The reactions mentioned in stage c¢) are in general

15 standard reactions, well known to a person skilled in the
art.

The reactive functions which are suitable,
optionally, for protecting are the carboxylic acid,
amine, amide, hydroxy and hydroxylamine functions.

20 Protection of the acid function is in particular
carried out in the form of alkyl esters, allyl, benzyl,
benzhydryl or p-nitrobenzyl esters.

Deprotection is carried out by saponification, acid
hydrolysis, hydrogenolysis, or also cleavage using

25 soluble compounds of Palladium O.

Examples of these protections and deprotections are
provided hereafter in the experimental part.

Protection of the amines and amides is in particular
carried out in the form of benzylated derivatives, in the

30 form of carbamates, in particular allyl, benzyl, phenyl
or tertbutyl, or also in the form of silylated
derivatives such as ' tertbutyl dimethyl, trimethyl,
triphenyl or also diphenyl tertbutyl-silyl derivatives.

R:\Brevets\17100\17143 GB.doc



ammoni a, by hydrogenol ysis or using sol ubl e conpounds of

Pal | adi um 0, by

the action of an acid, or by the action 5 of tetrabutylamoniumfluoride. ~.

Exanpl es are

provi ded hereafter in the experinmental part. Protection of the -
hydroxyl anines is carried out in particdifar in the formof benzyl or allyl

ethers. 10 C eavage of the ethers is carried out by hydrogenolysis or

usi ng sol ubl e conq9und of, Pal | adi um O,

Al |1
t he &ﬁ%ﬁ%?ﬁﬁﬁ%ﬂ 1ﬁu9§r¢ﬂ?ﬂ£§h¢tnééﬁe? % Whohe RateEeri ed
ot apHar groeeaeivel e ,f By 9bqethers, 183485 Oifx}]yff@??&at es.

hereafter in
out in a 15
The ethers c¢

nethoxyethoxﬁﬁﬁ@ﬂéaetﬁérgydr999P0bYséﬁepérabﬁwgaﬁﬂﬂqﬁiaﬂdnmgpuﬂds g%anple
bd v h : I h Llylate erivatives,
S‘Ebal]}'la_lac_{]ﬁgn ebhens, har A &4 ae%sééildt P Powis RS b¥ son

benzyl, or

menti oned ab
skilled ih t
p- ni trobenzo
allyl, benz

by means knowy

saponi ficati
Pal | adi um 0,
deri vati ves,
provi ded in

stratjon is provided
an be al kyl or al koxyal kyl ‘ethers, preferably net

ove. e esters”can be any cleavabl e"es
hef drett kel tpyr lefrenaabl ym  floedmides . propi onate or benzoate or
at e. x%g arbonates can_for_exanple be nethyl, tertbutyl,

yl or BAMRYShehZS | PEAY borat B8reabteEpiat e cpxpervrential out

At0 a person skilled in the art, in particular
on, hydrogenol ysis, cleavage by sol ubl e conpounds of
hydr dlrpgiestiionacdl hbdi iydooxglleminker tdecasrigliabed in

treat nent._ hy tetrabutyl nium 30 fluoride. Exanples are
lpr?er%giég@rairrrelryﬂ a%epgtlrjotr.“}/% o edc 84S carri ed out

by the atoion of c3e3vamjene 6enplenes wigleas SQ3- PyrheLD80r S@B by
R \Brevets\ 17100\ 17143 GB. doc 13 di nethyl formam de, by operating in

pyri di ne,

15

20

25

30

t helydyogenolysis or using soluble compounds of Palladium O.

An illustration is provided hereafter in the
experimental part.

Protection of the alcohols is carried out in a
standard manner, in the form of ethers, esters or
carbonates. The ethers can be alkyl or alkoxyalkyl
ethers, preferably methyl or methoxyethoxymethyl ethers,
aryl or preferably aralkyl ethers, for example benzyl, or
silylated ethers, for example the silylated derivatives
mentioned above. The esters can be any cleavable ester
known to a person skilled in the art and preferably
acetate, propionate or benzoate or p-nitrobenzoate. The
carbonates can for example be methyl, tertbutyl, allyl,
benzyl or p-nitrobenzyl carbonates.

Deprotection is carried out by means known to a
person skilled in the art, in particular saponification,
hydrogenolysis, cleavage by soluble compounds of
Palladium O, hydrolysis in acid medium or also, for the
silylated derivatives, treatment by tetrabutylammmonium
fluoride.

Examples are provided in the experimental part.

The sulphation reaction is carried out by the action

of SO;-amine complexes such as SO3-pyridine or SO;-
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formed, for exanple the pyridine salt, can then be exchanged for exanple
by a salt of another am ne, of a quaternary amonium or of an al kal

netal. Exanples are 5 provided in the experinmental part. The phosphation
reaction is carried out for exanple by the action of a chl orophosphate
such as dinethyl, dibenzyl or diphenyl chlorophosphate. The amidation
reaction is carried out fromthe start 10 with carboxylic acid using an
activation agSifmeshyr fermanida, chY oreRefaEiRg odnEDEYT18inehe e i o ldf
amoni um  hydreexide or a priate 1 ne. 0 ei r__aci salts.
Exanpl es are provi aaéd rflgrea %%98?% thgé eé%}{r]ﬁ%frlgént a aj%)g’rt Cak héanacy ation
and sul phonyl exictvangedctimnsenampleabyi ed salt onft edupdroxymieas by tshe

action of an %%ri ate hali.de or ccgéboxyljr]gaf\ci d anhydride or of an

appropri at e s@l%%ﬁ% FETACiFMPA e Fespecdt ve SeVetat - eEXpppPéssapae

provi ded her eglrioefi died e t&XPRKpERANRLRAr bar20 The al kyl ation reaction is
carried out by the action of an alkyl or sSubstituted al kyl halide on the

hydr oxyl at ed deri vahpyv@fosphasadon cfeation a g rexrpied ester Ebreedxaampiexy
radical . Illugtration e _proyi ded ereafter.in the experinental rt. 25
The opti onal ?&ngﬁhlgntsarc?&t?cr{)i g\é of ghggﬁﬁpgoﬁ&k\l&te V\F\P'ﬁﬁ i3St éWeﬁPg(?Ler ably
situat ed bet weébehzglcatbdiphahos chabikybhespPhadBd Rli is carried out by

the action of a hal ogenated derivative of seleniumthen oxidation,
according to net hod8SkABWAESCR pERSEACBKILEI EdrrheeheuBofaph. the ekampl e

PSR Y AT, | isger Loeat hsodiry JUE LT Al e oup

action of R \Blayét eilZmdffiorfid3 GBrd@DCI4 by the action of ammonium
hydroxide or of an appropriate amine or of their acid
salts. Examples are provided hereafter in the
experimental part.

15 The acylation and sulphonylation reactions are
carried out on the hydroxyureas by the action of an
appropriate halide or carboxylic acid anhydride or of an
appropriate sulphonic acid halide respectively. Several
examples are provided hereafter in the experimental part.

20 The alkylation reaction is carried out by the action
of an alkyl or substituted alkyl halide on the
hydroxylated derivatives, in particular by a free or
esterified carboxy radical. Illustrations are provided
hereafter in the experimental part.

25 The optional final introduction of a double bond,
which 1is then preferably situated between the carbon
atoms carrying R, and Ri, is carried out by the action of
a halogenated derivative of selenium then oxidation,
according to methods known to a person skilled in the

30 art. An example appears hereafter in the experimental
part.

The formation of a urea group, which relates to the

substituent Rgs is preferably carried out by the action of
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an appropriate isocyanate on the free NH An exanple appears hereafter in
the experinental part. The introduction of a tetrazole group is carried out”
by the action of a hal ogenated derivative, preferably 5 fluorinated, of

the protected tetrazole. Deprotection car be carried out by

hydrogenol ysis. The reduction of acids to alcohols can be carried out by
the action of a borane or via an internmediate m xed anhydride, by the
action of an 2t kaPPHEPIBAE6r cifRftYal@terhennibhed ndgdiNide | Snprespamebef or

exanpl e usi 19& f e. An ex le is_provided in the
experi ment al n%) Tt .ﬂfﬁérﬁ%y%]gt%n@% ea}%eaxgl'?%&naﬁ_t rLﬁ% tan take place
under car bonyl at i dmeanichtayeducatdronf %amémzz%rﬁilgﬁ@_tsais Jéa%}(iéi@td)@@ ]Qf
sul phides to sul phoxi des. and/ or sul phones can be carried out by neans of a
peraci d such biés%g@t a‘?:qllt'rjo‘?%pé’r{beﬁz&a&%r@t(ﬁd peephvativeaci Rrokemibhny

gL her. appEOpIi RIS HEAMA! BROWLDYpLBeserskl addfbide alprdleceion
Salification by acids is optionally carried out by the addition of an acid
in solubl e plese he ddrricsmhppoundy 18alndgegatlivoisy bases can concern either

the conpounds comprising an.acid_function, in._particular a carboxy
function, or thoserﬁlceonﬁ? TR S parﬁ)]té&/ Fﬁn@t]ic&?oﬁ 283 PhESpHBt T %Hti d
derivative orodthobg GH®rh&tNEna ofhehenmailee BaViith aBnaci tk SRR ES - I N

the first case, the operation is carried out by adding an appropriate
base such as Mgk n@ﬁgbféﬁééepr evbPBusithe | nadidosecond case, alialine

ChgL e A7, S S e G 0L 20,20 0, ek e
pyri di ni um salstind mreidheyrl calskorofdrmate al Sanbexaapliced sOyrdi de@n in
exchange on rt%séi rgxpl'«e’:r\i%reen\{:%tls\pgrthO\ 17143 GB. doc 15
The dehydration of amide to nitrile can take place
under carbonylation and cyclization reaction conditions.

15 Oxidation of sulphides to sulphoxides and/or
sulphones can be carried out by means of a peracid such
as metachloroperbenzoic acid or perphtalic acid or of any
other appropriate reagent known by those skilled in the
art.

20 Salification by acids is optionally carried out by
the addition of an acid in soluble phase to the compound.
Salification by bases can concern either the compounds
comprising an acid function, in particular a carboxy
function, or those comprising a sulphooxy function or

25 phosphoric acid derivative or those comprising a
heterocycle having an acid character. In the first case,
the operation is carried out by adding an appropriate
base such as those mentioned previously. In the second
case, the pyridinium salt is directly obtained during the

30 action of the SO;-pyridine compound and the other salts

are obtained from this pyridinium salt. 1In either case,

it can also be carried out by ion exchange on resin.
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Exanpl es of salification appear hereafter in the experinental part.
Separation of enantioners and di asteri soners can be carried out according
to techniques known to a person 5 skilled in the art, in particular
chromat ography. As well as via the process®s described previously, the
conpounds of formula (1) can of course be obtained by nethods which use at
the start a conpound of formula (I1) in which R1, A, R2, R3 and HZ have
t he val ues whifeRmpad elseadodi r el icaitiloout apPear si dieread teoselnf the
conpounds tha repared. If appropriate, those with these

val ues whi ch %ﬁ%%%gg%gﬁgﬁ %@%@five functions such as those nentioned above

are then protectedepdeptabacidforereatiiidndigs fohd oM Agt ¥ Chbréts 0Bahb pet age
b or at any other appropriate nonent in the synthesis. Protection and
deprot ecti on FETEFHER Al i BFCOBGLNGs Hestechid WSSy KNSR h tRet ho®S THOE

provi ded r eaft gn i4h e rinmgen 2 r of genera
formul a (P? h§3éqge9eﬁ§ gggdéggﬁti |g?#gggggﬁgig§¥gﬁa39§%%§§§écteria such
as staphyl ococci . Aheial lefdecviverndss moapssrd - jebaci bedapreivi opailti,cul ar
on coliforn1b%§teria s garticglarl gﬁgable. 5 These properties render
sai d products 4§ GEIPORRYS: REj FormUtasart! s CaRd Oph&PHEEEULEC 2PES 1BEEe B abl e
bases suitablhethelsugfias Rdi 6@MALS skBrEhe LERRLUBAL o@f reehiM aSeRTHtI Ve
infections, in particular staphyl ococcia, such as staphyl ococcal

septicenias, A8l ivgHeHt Btaphdl ocBlei aR30 a0 tie have dheskvalupyodbinh,
CePlL, o LR Ny Rate IO OB SOURE, SLN LR B P
suppur at i ons. cBmpBuedst stliatl 0ekdAl 480G eloprepared. If appropriate,
those with these wvalues which will contain reactive
functions such as those mentioned above are then
protected, deprotection occurring following cyclization
15 stage b or at any other appropriate moment in the
synthesis. Protection and deprotection is then carried
out as described above.

Such methods are provided  Thereafter in the

experimental part.

20 The products of general formula (I) have a very good
antibiotic activity on gram(+) bacteria such as
staphylococci. Their effectiveness on gram (-) bacteria,

in particular on coliform bacteria is particularly
notable.

25 These properties render said products as well as
their acid salts and pharmaceutically acceptable bases
suitable for use as medicaments in the treatment of germ
sensitive infections, in particular staphylococcia, such
as staphylococcal septicemias, malignant staphylococcia

30 of the face or skin, pyoderma, septic or suppurative
wounds, anthrax, phlegmons, erysipelas, acute, primative
or post-influenzal staphylococcia, broncho-pneumonia,

pulmonary suppurations.
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16 These products can al so be used as nedicanents in the treatnent of
colibacilloses and related infections, in proteus, klebsiella and )
salnonella infections and in other conditions caused by gram (-) bacteria.
5 A subject of the present invention is therefore also, as nedicaments and
in particular antibiotic nedicanents, the products of fornula (1) as
defined above as well as their salts wth pharnmaceutically acceptable

aci ds and bases. THeRENRECHLET cGRBr A5 e HFeChaa§ nEALFBReNES &

medi canent s, dae PrOduRd S ob¢f %ﬂ'r%c(i'mo%%sdeéﬁai Qgﬁgga?yﬁﬂf%m@ nis

equal to 1 as well as those Iin whic A represents group as

defi ned abovén armbtieuparkiebbaelihosad rsalmiiredl R4 isfachydnsgendatiom A

quite particul ar subject .of the invention is, as di canents, the products
B i (e 2

of formula (B8 B ON5e RMEET £Ya IFaTh “&*§roup in which B

represents 20 an aNR8ubj&EER)of" thedl p¥Rsantdefhped: 88AVe aNd HEWF ore
particul arly, anong these, those in ich R8 represents a Y1 or OY1l group,

in which Y1 i8ds8s deds netedbesrenpgongnche Wonppantscolakor mutdiotica
quite particular j.ect _of i nt | i S dica S 25 the
conpounds Wi %éd?ﬁgﬁggt%dmt%ge %%(r?r)éfél@ét%r é)ﬁfgrforﬁml% (B2 e e bt

- 7- 0X0- 6- ( sulaphosedyl) - 45 6tttedzakiadyd of3t12, phaehaseut2caalhoxbeld a1¢ i ts
base salts, in particular sodium trans

- 7- 0x0- N- ( ph&MyCFe PR P26SEsul phooxy)

-1, 6- di ag@bi cycl op3.mbd OphaperR1 58" hoxamde dndehks itmfe%ti%fh Sghtsadn
particul ar sodium trans -7-o0xo-N(4-pyridinyl nmethyl)-6-(sul phooxy)

-1, 6- di azabi opdlicp8eRtEloct ame prasardiexaof defambilid s (Baseas saessribed
particul ar S%%b%%‘i%fhlgnggé\fgqééﬂéflég fI%go%ell as those in which

A represents a
P —— C(H—R,

15 group as defined above, and in particular those in
which Ry is a hydrogen atom.

A quite particular subject of the invention is, as
medicaments, the products of formula (I) in which X
represents a divalent -CO-B group in which B represents

20 an -NRg- (CHz)n" - group as defined above and more
particularly, among these, those in which Ry represents a
Y, or OY; group, in which Y, is as defined above.

Among the compounds of formula (1), a quite

particular subject of the invention is, as medicaments,
25 the compounds with the following names:

trans -7-oxo-6- (sulphooxy)-1,6-diazabicyclo[3,2,1]octane-

2-carboxamide and its base salts, in particular sodium,

trans -7-0oxo-N- (phenylmethyl) -6- (sulphooxy)

-1,6-diazabicyclo[3,2,1]octane-2-carboxamide and its base
30 galts, in particular sodium,

trans -7-oxo-N- (4-pyridinyl methyl) -6- (sulphooxy)

-1,6-diazabicyclo(3,2,1]loctane-2-carboxamide and its base

salts, in particular sodium,
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17 trans -7-o0xo-N-(3-pyridinyl nethyl)-6-(sul phooxy) _

-1, 6-di azabi cycl o[ 3, 2, 1] oct ane- 2-car boxam de and its base salts, in
particul ar sodium trans -7-oxo-N (2-amno 2-oxo ethyl)-6-(sul phooxy) 5

-1, 6-di azabi cycl o[ 3, 2, 1] oct ane- 2- car boxaniige and its base salts, in

part| cul ar sodi um phenyl nmet hyl trans -7-oxo-6-(sul phooxy)-1, 6- di azabi cyclo
[3,2,11oct ane- 2-carboxyl ate. A subject of the invention is aI so the 10
phar maceut i cal txanpos? t¢J®<PIst:bhtEt‘j’Jnid1'gl1al helsy ] one- tdulpieoxcpnpounds

according to th nyent i.on d above S tive jngredi ent These
conposi ti ons caﬁ %ea%td%nalgr)ﬁc %]rogg Teat ©” e%?%ochg%t%r?. |1tg pase

particul ar intgabhuseularpdett €ulHF sd@nm(, local route in a t opi cal
application on the skin and the nmucous nmenbranes. The conpositions

according to tHeARHvent PE Eah taning| 3 texerethvii os- sl peogwsent ed in

h | _+ f uch as.for
gx::rpnﬁgeut):‘%;?n orgguga%%édotb;’?ejt]no%tﬁg%%su rgl& Hihn 'i‘sezbase

supposi tori es,sahfect abl @apr Bparat | ©dium 0i Nt nent s, creams gels; they are

repared accor usual nethods. The active ingredient(s) can be
Pncgr porated W& qﬁf%f]r{%ete@&]i pEEAPS s (8% s eI PheIEse b AR kal

conposi tions, plch AodEd fe- legglafg&gtlcate.l actose, starch, magnesium
stearate, cocoa butter, aqueous or ‘non aqueous vehicles, fatty matter of

animal or veget abl® orﬁté?jrﬁfltpar &fin tderi vaitliws:icgi ycalss, aﬂ_ﬁld ousthe
i f ts Jreservatives. ese
Compos 11 ohe’ IR TR L CTRE S ELBIREEaRE . o FITEY ofn orodsthontisr of

COHpOSItlonS an 1 n parti cul ar
intended to beclh ssopeachd \aBIdiM_QhS'lglMQ\lrﬂJlﬂﬁfe%ﬂﬁ{: as defined above

as active ingredient.

These compositions can be administered by buccal,

rectal, parenteral, in particular intramuscular route, or
15 by local route in a topical application on the skin and
the mucous membranes.

The compositions according to the invention can be
solids or 1liquids and be presented in pharmaceutical
forms commonly wused in human medicine such as for

20 example, plain or sugar-coated tablets, gelatin capsules,
granules, suppositories, injectable preparations,
ointments, creams, gels; they are prepared according to
usual methods. The active ingredient (s) can be
incorporated with the excipients usually used in these

25 pharmaceutical compositions, such as talc, gum arabic,
lactose, starch, magnesium stearate, cocoa butter,
aqueous or non agqueous vehicles, fatty matter of animal
or vegetable origin, paraffin derivatives, glycols,
various wetting, dispersing or emulsifying agents,

30 preservatives.

These compositions can in particular be presented in

the form of a powder intended to be dissolved

R:\Brevets\17100\17143 GB.doc



18 extenporaneously in an appropriate vehicle, for exanple, apyrogenic

sterile water. The adm ni stered dose varies according to the illness
treated, the patient in question, the 5 admnistration route and the

product considered. It can be, for exanplLé&, between 0.250 g and 10 g per

day, by woral route in man, with the product described in Exanple 1 or
al so between 0.25 g and 10 g per day by intranuscular or intravenous

route. 10 The¥FraRRAIFUII niif aalt| prEEAPEL8bebyehded eas fai stxdmplant s
for surgical j Nt S inal | subject of the invention is the
product s of%éﬁ%éﬁ%ﬁ?%lﬁﬁ%%fég;%ﬁﬁ%%éd previously as well as their salts

with acids and inTiertiadhatidtered hydooshl oaides, izcasdieyy i rBStrheal
products and,HﬁJfarticular as_ internediate products necessary for the

preparation of-IHHRE pr JHRASDF f Il a RAYieThe pribductuediidor multdhg |
are knownsor Laf et RERA SEL@ASE 04 Ngnd OP%HHQQScEﬂQ%eElglda}ageIrtSO&n

skilled 20 in the art. References to the fTiterature as we
preparations ker.e peoviededpier edfatoream 0h25exgeramential g pepet. délye by

foll owi ng exanples illustrate the,jnvention, . without however |imting
scope. 25 Ex&HpilestOHH tH2 IB?(%hpWétﬂmﬁﬂ‘EhpF&i}lS% é"cfr&%egwilﬁ’g Example
abbrevi ati ong haye bgesouspdtwbEAD: odbet hy QﬁﬁﬂiQﬂij§y|§E§ %QYTE%Y
triethylam ne DVAP: 4-di net hyl am no- pyri di ne EDCl

1- ( 3- di net hy FARGRAYTOPRAY -O3- dithadsiisos dioutiede hydrochl ori de

10 The products of formula (I) can also be used as
disinfectants for surgical instruments.

Finally, a subject of the invention is the products
of formulae (III), as defined previously as well as their
salts with acids and in particular their hydrochlorides,

15 as new industrial products and in particular as
intermediate products necessary for the preparation of
the products of formula (I).

The products of formula (II) are known or can be

prepared according to methods known to a person skilled

20 in the art. References to the literature as well as
preparations are provided hereafter in the experimental
part.

The following examples illustrate the invention,

without however limiting its scope.

25
Examples
In the examples which follow the following
abbreviations have been used:
DEAD: diethyl azodicarboxylate
30 TEA: triethylamine

DMAP: 4-dimethylamino-pyridine
EDCI: 1-(3-dimethylamino-propyl)-3-ethylcarbo-
diimide hydrochloride
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R \Brevets\ 17100\ 17143 GB. doc 19 THF: tetrahydrofuran Al BN

272" -azo-bis-isobutyronitril M nolecular nolar weight MS: nass
spectronetry 5 El: electronic inpact SIMS: secondary ion nass spectronetry
FAB: fast atom bonbar dnment Exarrpl e 1 10 diphenyl net hyl

ci s- 7- oxo- 6- oxa- 1- azabi cycl o[ 3, 2, 1] oct ane- 4-propanoate 3.16 g (10.6

tmol es) of the hydrochl oride of 3 0XO0-

1- (phenyl net hyl ) - 4TPFpetedirabpdspinore acid (M = 297.7 g) (described in

t he Japanese Patenkéégpl?catlg% JR4 ggﬁsZEZ% %gnlgrnhxed with 100 m of
10

et hanol and cool ed URder 8" st ream o nitrogen, 1.84 g of

NaBH4 i s added oveM: hblecnltesmobMil GgeigBtntai ning the tenperature between
8 and 13C. The te erature is left torise to anbient tenperature and the
reaction medi um i sMPéf MaS/ EBREREPMEBTYor 1 hour 30 minutes. Another 380 ny

of NaBH4 is added E@ndegggtggggglga gediumis left to react overnight at
anbi ent tenperature. The solvent Is evaporated of f under reduced pressure,
the residue is tak&mM&p SHCEGdatyoiomamessaapecﬁsomHErpH is adjusted from
10 to 2 using concE%éra%ed h%grocg ic.acid. The reaction nmediumis
evaporated again FEHu ﬁFgme%ﬁe solid residue (approximately
10.8 g) is washed twice with 100 ml of ethanol then the solvent is
evaporated of f under reduced 30 pressure. 3.10 g of the hydrochl oride of
3- hydroxy- 1- EpBERyEnmdt hyl ) - 4- pi peri di nepropanoic acid (M= 299.7 g) is

thus Obt%hPEddiBﬁgﬁglﬁgEh§§pg gs tgxg X'S&Q Qfaggblcyclo[3 2,1]octane-
4 -propanocate
3.16 g (10.6 mmoles) of the hydrochloride of 3-oxo-
- (phenylmethyl) -4-piperidinepropancic acid (M = 297.7 g)
(described in the Japanese Patent Application J54098-772)
15 is mixed with 100 ml of ethanol and cooled down to 10°C.
Under a stream of nitrogen, 1.84 g of NaBH; is added over
15 minutes, whilst maintaining the temperature between 8
and 13°C. The temperature is left to rise to ambient
temperature and the reaction medium is left in contact
20 for 1 hour 30 minutes. Another 380 mg of NaBH, is added
and the reaction medium is left to react overnight at
ambient temperature.
The solvent is evaporated off under reduced
pressure, the residue is taken up in 50 ml of water and
25 the pH is adjusted from 10 to 2 wusing concentrated
hydrochloric acid. The reaction medium is evaporated
again under reduced pressure. The solid residue
(approximately 10.8 g) 1is washed twice with 100 ml of
ethanol then the solvent is evaporated off under reduced
30 pressure.
3.10 g of the hydrochloride of 3-hydroxy-1-
(phenylmethyl) -4-piperidinepropanocic acid (M = 299.7 g)

is thus obtained, which corresponds to a yield of 97%.
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R \Brevets\ 17100\ 17143 GB.doc 20 The 3.10 g (10.3 mmol es) of the conpound
obtained previously, is diluted wwth 100 m of ethanol then added to 900 ~.
ng of Pd/C at 10% by prehydrogenated weight and in 30 m of ethanol. 5 The -
reaction nediumis left under a hydrogen2oat nosphere at normal pressure
overnight, then the catalyst is elimnated by filtration and the ethanol
is elimnated by evaporation under reduced pressure. 1.90 g of the
hydrochl ori de of flihgns3 3Lhygdr obdyd-.8 w@opepkr odi MBpr opampbundciabtaMred®09. 6

i bt ai ned i..e a ield of 88% 1.79 8.54 | es f the coppound
g%)t Ia?ngd a;)P%\ﬁeé’t}sﬂufliygl r‘?isxecgl]v‘d een(g v g?éerf‘ aﬁgrgﬁﬁak?g rlf‘lthe@f a‘i%‘tr. 15
Then concent et & oseda dfs ragdedtuntoy thheryidropRied WRligjne & ithen, 1

m of allyl chloroformate and concentrated soda are added so as to keep
the pH betweéf Slapf Sthpmelreaction mixture is extracted with ethyl

acetate 20 then aguels phasgdsaci difi o] by _.th jtion of
concent ra%ed hydrtgc%I o%é% acF?ipars{%drlZ{rﬁex rac?ggﬁw ?E{défhyla a?lé'iagzg)gi.enAf ter
drying and etapepdairen ait t haosmblentprerderrer edwoech pslessur eheh. 6%  of

crude product is_obtained ich is taken yp in.a 25 nm xture of ,
di chl oPorret h&RE 3N E Cetiandt 1Mt pked hEYséll\liéﬁtatliO%l 314 et R §h828GaI is

evapor at ed urdeminAEetPESEPALich HAd@rOfreduced pressure. ,
trans- 3- hydroxy-1-[(2-propenyloxy) carbonyl]-4-piperidinepropanoic acid (M
= 257 g), i.e a Vi-€0d of od0%he tiydsoshilaride. SO Iramsy3(-h¥dBanylies) of

e Vg B SOt s it Bl Ui PRSIV BROSEIL ecgiadhsedl ved 11 €0
yvield of 88%.

1.79 g (8.54 mmoles) of the compound obtained
previously is mixed with 20 ml of ethanol and 20 ml of
water.

15 Then concentrated soda 1s added until the pH is
approximately 8.5.

Then, 1 ml of allyl chloroformate and concentrated
soda are added so as to keep the pH between 8 and 9.

The reaction mixture is extracted with ethyl acetate

20 then the aqueous phase is acidified to pH 2 by the
addition of concentrated hydrochloric acid and re-
extracted with ethyl acetate. After drying and
evaporation of the solvent under reduced pressure, 1.69 g
of crude product is obtained which is taken up in a

25 mixture of dichloromethane and ethanol, then the solvent
is filtered and again evaporated under reduced pressure.

1.40 g of trans-3-hydroxy-1-[(2-propenyloxy)
carbonyl] -4-piperidinepropanocic acid (M = 257 g), i.e a
yield of 60% is thus obtained.

30 3.24 g (12.6 mmoles) of the hydroxy-acid above and
6.4 g of triphenylphosphine are dissolved in 60 ml of THF
at 0°C under a nitrogen atmosphere. 2.5 ml of DEAD is

then added and after 15 minutes the reaction mixture is
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t hen added and after 15 m nutes the reaction m xture is _

R\ Brevets\ 17100\ 17143 GB. doc 21 evaporated under reduced pressure in order
10 obtain 12 g of crude product. The reaction nmediumis purified by
chromat ography on silica by progressively2eluting with a mxture of

di'chl oronet hane and ethyl acetate 9/1, 8/ 2, 5 7/3 to separate the cis and
trans lactones. 2.72 g of cis lactone in a mixture with reduced DEAD and
phosphi ne oxi ¥aPLTARES SHCEh&gdureds PFesaYEe iie Qgdier ploackdtaim 4@ @t ion
in 10 m of pXatak 1N i i ed. After.l1 .10 hour
of contact, thg(\afEr eact‘?o%&r%a&tcﬁr'e i?ﬁég;trr%%cdt{telfq-{]wﬁl%%%\%gthlset}ﬂlﬁlg%%?a 4

t hen aci di fi edhiromaidonaiphly 24 Hﬁnicauhyrpf@gféﬁﬁgeﬁl%ﬁémueihg|w@%ﬁ%%le- f
After drying and_ evaporating. the solvent under reduced pressure, 1.07 g o
hydr oxy- aci d nggﬁFEiﬁﬁé.di gi?éoﬁeELaEFud%“%yﬂFB¥§-@ﬁQ}ﬁQﬁcﬁé%ol@éérln_a
m xture ofs5 nl/30k disehloreeethane;andnd whaab fELhapal, then treated with
an excess of di phenyl di azonethane in dichloronethane, until the starting
product di sappears2.72hg o4l ¢ént lasteneponateniatiirenderhr eddaeddpDEasur e
and 20 the pr Ct... tified . by.chromatography .in order to produce 1.39
g of diphenyl%g#hgpo%nggeh$5%gfy}?-FEE? oBtaTntd. _

propenyl oxy) car bonyhlisdppopactdisepgapanpakeelMin 483udlion in€18Nm@Vvekal
yield of 26 % 1.2 g (2.83 nnnlesi of the product obtained 25 previously
is then di ssoP¥&d aitthe? Blniakr fyetNatlaospalaitfiqn 235 rhddeddi chhbrerethane.
Then 390 Al of, acetirC A th f §g[—| d. 70 f.Pd(PPh3)4 are
added. The soISent iscﬁﬁg%%¥atggmgﬁgﬁ%% é¥§ﬁ§ uéé%gp%%sggggchﬁgo Hé?gto
obt ai n 3. 82 gwofhc redde lprasmhictt ephi hen sac 881 fbsdedowpih 2petith epsn gther

i [ which is filtered on silica with
1.27 g of progggtféiéktfgcfg% wigh ethy& acetate. After drying and

evaporating the solvent under reduced pressure, 1.07 g of
hydroxy-acid is obtained.

15 1.0 g of crude hydroxy-acid is dissolved in a
mixture of 5 ml of dichloromethane and 2 ml of methanol,
then treated with an excess of diphenyldiazomethane in
dichloromethane, until the starting product disappears.
The solvent is evaporated off under reduced pressure and

20 the product is purified by chromatography in order to
produce 1.39 g of diphenylmethyl cis-3-hydroxy-1-[(2-
propenyloxy)carbonyl] -4-piperidinepropancate (M = 423 g),
i.e an overall yield of 26 %.

1.2 g (2.83 mmoles) of the product obtained

25 previously is then dissolved under a nitrogen atmosphere
in 23 ml of dichloromethane. Then 390 ul of acetic acid
then 860 pl of Bu3SnH and 70 mg of Pd(PPh,;), are added.

The solvent is evaporated off under reduced pressure
in order to obtain 3.82 g of crude product which is

30 washed with petroleum ether. 1.27 g of product is
obtained which is filtered on gsilica with
dichloromethane, then with a 95/5 then 90/10 mixture of
dichloromethane and methanol. 0.87 g of diphenylmethyl
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di chl oronet hane, then with a 95/5 then 90/10 m xture of dichl oronet hane

and net hanol. 0.87 g of diphenylnethyl R \Brevets\17100\17143 GB. doc 22 .
ci s- 3- hydr oxy- 4- pi peri di nepropanoate (M= 339 g) is thus obtained, i.e. a -
yield of 77% 400 ng (1.00 mmol e) of the Zbnpound obtained previously is
di ssolved in 25 m of dichloronethane, 80l 5 of diphosgene (C13COCCCI) ,
336 | of TEA, 144 of DMAP are added. The reaction nediumis left to
react at anbi ERE" 3?8H€€P§YuﬁePFE?IFﬁW@eﬁﬁgpéngﬁtﬁiﬁMtesiiﬂhem)diSthUQMttt

di chl or onet ha owed by g an aqueous 10 sol ution of
BBta %@%ﬂﬁ 2030 RO byt

tartaric acid at én’ wt Put i 6R" of sodi um phosphat e buffer at
pH 7, the organic pbhasemgs (driced owmerleyjodidfin sihphatEmpdbhiead t BBrsohwgnt is
evaporated of f under ieduce 380 of crude product is thus

g sure, r
obt ai ned. 15 REFVHPRELY on® 55? ved bﬁtZByggh?Bnﬁtebtaﬁﬁveéhangp| ﬁ@al

el uting muth ardiephes gﬁghaagl@@@dél cegage lnbft%r 95/ ter.
184 ngy of the conpgundgof the title 9 = “ EA éhv@ée?g 0%is
obt ai ned. 20 AWVR 3géedrum of the proton In CI(ES at 300 VHz, chenlcal

hifts of th nultiplicit 60 to 1.88
NCHD- CHD- CH; ezpzetgk?hn% Ipe%ﬁzt%ﬁ‘z '}%7;3{33'(%)(35@ 2t80 R%Ct §t33a't161§n117 (m
© CH2- N- CH2; éefétﬂefa&urQSf@HOf@H& h6u8S 63) mirREH (@@#)d@tur?eé%ieh

(CBH5) 2. IR CHCI3) : 1784, 1734, 1600, 1585, 1496 cm1 MB (positive
el ect r ospr ay)dhgBlofapethans, R f@ kanwad\ byl 00RENisy GBitbe ap 4aqueous

10 solution of tartaric acid at 10%, then with a solution of
sodium phosphate buffer at pH 7, the organic phase is
dried over sodium sulphate, then the solvent is
evaporated off under reduced pressure. 380 mg of crude
product is thus obtained.

15 Purification is carried out by chromatography on
silica, eluting with a dichloromethane/ethyl acetate
mixture 95/5 with 0.1% water.

184 mg of the compound of the title (M = 365.43 g),
i.e. a yield of 50% is obtained.

20 NMR spectrum of the proton

In CDCl;, at 300 MHz, chemical shifts of the peaks in ppm

and multiplicity:

1.60 to 1.88 (m): NCHp-CH,-CH; 2.48 (m): CH,-CH;-CO; 2.78

(d) - 2.90 (m) - 3.33 to 3.47 (m): CH,-N-CHz; 4.50 (d):
25 CHO-CHz; 6.89 (8): COCH(CeHs)2; 7.33 (m): (CeHs),.

IR (CHCl,): 1784, 1734, 1600, 1585, 1496 cm™*

MS (positive electrospray) m/z: [M]* = 365
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23 Exanple la G s-7-o0x0-6-0xa-I|-azabicyclo[3, 2,11 octane-4-propanoic acid
176 nmg (0.482 mmol es) of the product obtained previously 5 is dissolved in
10 m of acetone 90 ng of Pd/C is added at 10% by wei ght. The reaction
mediumis left to react under a hydrogen2atnosphere at nornmal pressure for
3 hours. 25 ng of catalyst are also added and the reaction is left to 10
Continue for 1 hour_ 15 mnutes. The catalyst is filtered out then the

solvent is evER¥FRiedlaff under reduced pressure in order to obtain 146
nmg of product.~dhe;product is reacted in 10 nl of acetone with 35 15 ng of
Pd/ C at 10% by h%%h%’ggn%e?"% %y%?ao‘%lew&%g%rp%e]rl@cww@rmmw is [eft
to conplete facildhour. The catalyst is then separated out by filtration

and the fiItra%i ismzvaﬁorated under reduced pressure. 137 ng of crude
product is obt’aihe®whP ch8?smBPYseAl PEztie2@riodomta atitetitedl qretiils B} her
and petrol set hgy .qifesdD,-of 14 ey SQug [ ct (M,=.199 g) ., is thus
obtained i.e. a j%eld of 7@%6f%ﬂﬁys§%c€F§g$3?'t%h BPofdn B CoieL Rddad 250

MHz, cheni cal &hifG%s yf wdigglgeaks in ppm 25 and nultiplicity: 1.30 to
1.63 Wand 1.88 (mp,NCH2- OH2-CH 2.25 (t) : CH2- OH2-CO 3.06 (m) and 3.38
W CH2- N- CH2; 4. 65 (W) : TE3GEdOTcHFiedism pds( s)lefthvplbid e HeadtR (Ubdeal ) :a

éé?gbclgi7§gﬁn]gd§3%éﬁ 4 B pHd e &M%fmglzggéség%elq:éo%‘r eyeﬁgh%g?00\2%7l43
mg of catalyst are also added and the reaction is left to
10 continue for 1 hour 15 minutes.
The catalyst is filtered out then the solvent is
evaporated off under reduced pressure in order to obtain
146 mg of product.
The product is reacted in 10 ml of acetone with 35
15 mg of Pd/C at 10% by weight under a hydrogen atmosphere
and the reaction is left to complete for 1 hour.
The catalyst is then separated out by filtration and
the filtrate is evaporated under reduced pressure. 137
mg of crude product is obtained which is crystallized
20 from a mixture of ethyl ether and petrol ether. 75 mg of
the sought product (M = 199 g), 1is thus obtained i.e. a
yield of 78%.

NMR spectrum of the proton

In CDCl;, at 250 MHz, chemical shifts of the peaks in ppm
25 and multiplicity:
1.30 to 1.63 (m) and 1.88 (m): NCH,-CH,-CH; 2.25 (t): CH,-
CHp,-CO; 3.06 (m) and 3.38 (m) : CEQ'N'CEEF 4.65 (d): C-CHO-
CHy; 12.08 (s8): Mobile H. B
IR (Nujol): 1785, 1717 cm®
30 MS (FAB) m/z: [M+H]' = 200; 159
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di phenyl met hyl trans-7-oxo-6-o0xa-|-azabicyclo[3,2,1] octan-4-acetate 94 ng
(0.259 nmmol es) of the hydrochloride of 5 dlphenylnethyl

t rans- 3- hydr oxy- 4- pi peri di ne-acetate conmpound (M= 361.87 g) (described in*
Eur. J. Med. Chem- Chim Ther - 1982 - 2%(6)531-5) and 7 ml of ]
di chl oronet hane are m xed together under an inert atnosphere. 10 The
reaction nediumis cooled down using an ice bath and 19 Al of diphosgene

is injected. ERgpleact i on nedium is agitated for 25 m nutes, then 721 of

TBMSlmem § ti Se erature
for 30 m nut edglpglnedl}f eteh %Erl[%d}e\%%éorat edéajff under fgr%ed'ucr:ﬁgd

p;essureh'ﬂubdﬁénx4xabé&ﬂheunls then taken up in 7 m of toluene. 36 Al
of TEA then 31 ng of DVAP are_ added. he rea tlon me heat ed f 15
mnutes at 20 108¢ tMen (Bf£5%0 PBPLRA)t0° 3@’;&{?&03} de fo‘? owed

by washi ng wWidhige i rflylm of t%f&ﬂéﬁﬁﬁ&@g&y#ﬂp@&y@ﬁ%,aéé@&mth 4

m of water saturat’e sodi um chloride. The reaction nediumis dried
over magnesi mmmt@a —ZEBGBJncBT igk ef@eﬁcnime®olllveﬁmrq gl ¢ H‘@ﬁ?ﬂe\@pﬁ)’ﬂa‘t ed

of f under reduced pr ssure. of oil t.ained mhlch
chr omat ogr aphet™n Flrca Wi ﬁﬁ%% 9575 r:rwx(t%t}?‘% 15 di cRPGr orret ha%e A
ethyl acetat® @sl SHteithad® 38rd NMhiKedeXpesiecheonpadidyr( Man 35dnd05 9) ,

inthe formof white crystals is thus obtained, i.e. a yield of 39 %
Exanpl e 2a RUmBrsee®’ 17100\ 17143 GB. doc
10 The reaction medium is cooled down using an ice bath

and 19 pl of diphosgene is injected. The reaction medium

is agitated for 25 minutes, then 72ul of TEA is injected.

The reaction medium is agitated at ambient temperature

for 30 minutes and the solvent is evaporated off under
15 reduced pressure.

The reaction medium is then taken up in 7 ml of
toluene.

36 ul of TEA then 31 mg of DMAP are added.

The reaction medium is heated for 15 minutes at

20 100°C, then 1left to return to ambient temperature,
followed by washing with 2 times 4 ml of tartaric acid at
10% in water, then with 4 ml of water saturated with
sodium chloride.

The reaction medium is dried over magnesium sulphate

25 and filtered, the solvent is then evaporated off under
reduced pressure.

78 mg of oil is obtained which is chromatographed on
gilica, with a 95/5 mixture of dichloromethane and ethyl
acetate as eluent.

30 35.7 mg of expected compound (M = 351.405 g), in the
form of white crystals is thus obtained, i.e. a yield of
39 %.

Example 2a
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g . .
25 Trans- 7- oxo- 6- oxa-| -azabi cycl o[ 3, 2, 1] octan-4-acetic acid 38.7 ng (0.110
mrol es) of the product obtained in Exanple 2 as well as 2 m of acetone and
38 ng of Pd/C catalyst at 10% by weight are m xed together under an 5
inert atmosphere. The reaction nediumis pbaced under a hydrogen
aﬁmsphere at normal pressure. The reaction nmediumis left to react for 45
M nutes, then the catalyst is elimnated by filtration and the 10 sol vent
i s evaporated %arns;nheqxqmw Jp’rc'eﬁéwwc]?[ﬁ ngafcuz{%ﬁ%%gdfdot hus
obt ai ned. Recryst al rried out, fr yl ethe
obtain 14.2 ngyof vsm te C ys?)alig of P Sé)xpggt ézgl RS cesaiords in
ME185. 181 @), Bxample y2 ehd @&169 £ j%ﬁxaﬁpla%e%ogfeo@?rw'ﬁ@t l?lé' of PfC
ci s- 7- oxo- 6- oxa- I-azablc clo [3,2,1] octan-4-acetate 1.5 es)
of trans-|-[(Faalygty ?rét Hﬁ%t%xyfﬁéﬁhﬁoﬂiq @lhydrd)qgeﬁt}mrpeunderaemetlc
acid (descei bathdt E#moshhd¥Rd. Chem - Chim Ther - 1982 - 17(6)531-5), 7
m of dichloronmethane, 3.03 g of triphenyl phosphine and 22 m of

tetrahydrofuran ar &hei xegactaget heedidh Aisolpla®sdofuidd M efyddedad n
2.5 m of tetr%%ydrofuran is added. The reaction nediumis Ieft to~ react

for 3 hours 26 MITHCEES Are A ¥ ™A LPI6ES I soda is  added and agitation is

carried out for 1 hewr rb5oHidu esdiGel '1%"‘@@f*€y§%x%%%tt' Jatys 3 %151 %h ethyl
acetate, 30 then adjusting to pH 2 with 2N hydrochlori ¢ "aci
extracting tht&em | wetth lesity | isceflaménated drgafiid tphases adgd cemai ned

and “aShQQ)“‘%glvent ig evaporated off under reduced pressure.
32.6 mg of crude product is thus obtained.
Recrystalization is carried out from ethyl ether in
order to obtain 14.2 mg of white crystals of the expected
compound (CgH,,NO, - M=185.181 g), i.e. a yield of 69 %.

15
Example 3
diphenylmethyl cis-7-oxo-6-oxa-l-azabicyclo [3,2,1]
octan-4-acetate

1.5 g (5.78 mmoles) of trans-1-[(1,1-

20 dimethylethoxy)carbonyl]—3—hydroxy—4—piperidineacetic
acid (described in Eur. J. Med. Chem - Chim. Ther - 1982
- 17(6)531-5), 7 ml of dichloromethane, 3.03 g of
triphenylphosphine and 22 ml of tetrahydrofuran are mixed
together.

25 A solution of 0.91 ml of DEAD in 2.5 ml of
tetrahydrofuran is added. The reaction medium is left to
react for 3 hours 20 minutes, then 8.7 ml of 1N soda is
added and agitation is carried out for 1 hour 15 minutes,

Followed by extracting twice with ethyl acetate,

30 then adjusting to pH 2 with 2N hydrochloric acid, then
extracting three times with ethyl acetate.

The organic phases are combined and washed with

water saturated with sodium chloride, then dried over
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v
wat er saturated with sodiumchloride, then dried over )
R \Brevets\ 17100\ 17143 GB. doc 26 nagnesi um sul phate, fil tered and t he
solvent is evaporated off under reduced pressure. 1.37 g of white crystals -
of 1, 1-di nethyl et hyl 26
(3a. al pha., 7a. al pha.) - hexahydr o- 2- oxo- furo[ 2, 3- c] pyri di ne 5 -6 (2H) -
- car boxyl ate (Cl2H21NO5- M=259. 304 g) is thus obtained, i.e. a yield of 91 °
% 1.37 g (5r2gnersiues) 6ﬂ1ph@t§0npoﬁh%lt%’é¢@| nend pr éWeousFGLEAAL 32 ¥ of

di chl oronet hape _are m t Hﬂ.q atmosphere. 10 An excess
of a soluti or?vgfpodfapt):heny (}giee%m_[re eg p?gcdrﬁlﬁ;

i azomet hane 1 n onet hane is introduced,
until the starting .pmodust ofli sehpearscriseadel verft IB 1 hieimeskayios tatyeld of f
under reduced pressure and 2.81 g of crude product btaLn,d 15

which is puri fﬁ%&W%hﬂM%ﬁh)}“W@MQ%a? PG r‘fd“rcﬁ izﬂ rﬁéf € then

a 95/5 dighl orompfjhane! Iat@cet@égHmwgsup[ezﬁ gb@entg 2. Oqsg oftyyﬁ’gte
crystal s of diphenyl nethyl” cis-1-

[ (1, 1-di met hydtetehined car lronyd Jyieley/drioxdi- &. 20 pi peri di neacetate, (M=

425.528 g) is obt al ned, i.e y| el d of 89‘V 6 he
conpound obt ai ned * ‘Brieviusisy Cg\f Q@bﬁ gtéodwoanggoa?ebsggaelﬁqeé
chloride ingmihignellat /md r@é/lm@reofnt Hq@m%on%ihm% react i GRLspedi um

is agitated at anbient tenperature and after 15 minutes, 1 m of
di chl or onet h&rwetihemauuter An dmeiriotderosEheit es, the reaction nediumis

evapor at ?9 under A%du&g(gl DL egas_ure @%@Lﬁ_rﬁrfor@%@l@l 1'd§a%|o?r%t§’u%‘ijl%dd1ﬁ hen

t he reaction medi tmi’s agal n evapora I'sS operation I's repeate
dichloromethane is introduced, until the starting product

disappears.

The solvent is then evaporated off under reduced
pressure and 2.8l g of crude product is thus obtained

15 which is purified by chromatography on silica, using
dichloromethane, then a 95/5 dichloromethane/ethyl
acetate mixture ag eluent.

2.00 g of white crystals of diphenylmethyl cis-1-
[(1,1-dimethylethoxy)carbonyl] -3-hydroxy-4-

20 piperidineacetate, (M = 425.528 g) 1s obtained, i.e. a
yield of 89%.

0.6 g (1.41 mmoles) of the compound obtained
previously and 1.93 ml of a solution of hydrogen chloride
in methanol at 7.3 mol/l are introduced,

25 The reaction medium 1is agitated at ambient
temperature and after 15 minutes, 1 ml of dichloromethane
is added.

After another 15 minutes, the reaction medium is
evaporated under reduced pressure.

30 Dichloromethane i1s also added, then the reaction
medium is again evaporated. This operation is repeated
geveral times.

The product is then crystallized from ethyl ether.
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several tines. The product is then crystallized fromethyl ether.

R\ Brevet s\ 17100\ 17143 GB. doc 27 0.44 g of the hydrochl ori de of

di phenyl net hyl cis-3- hydroxy-4-piperidineacetate with nol ecul ar formula
formul a, C20H23NGB1HC1 (M = 361.871 g) is2thus obtained, i.e. a yield of
86% 5 This reaction also leads to the formation of variable quantities of
(3a. al pha. , 7a. al pha.) - hexahydro- furo[2, 3-'c] pyridin-2(3H)-one | actone
hydrochl oride, (MfL2Z ggpf thedygircehlbnivel ef) dibhche leetbgundis-3 -

C20H23NGs, HC bt ained previously and .19 nml _of dichl oronet hane are

m xed toget her g) an plr?errﬁdﬁﬂ?@é:&r‘fy % Frlgdesydvemud aadded at 0C
and agitation floﬁfmbﬂ&r“C%SHzQNDa,IféI e[m 2o m:nUéﬁS g9 3 nﬂh@é Jiﬁ:%idr?

i ntroduced. 94 ng of DMAP is then added and the Teaction umis left

to return to émﬁ'l eft Yi&dgedt #6- The reaction mediumis agltatled f or 4f

hours 15 nut es n Qech uccessi| v th_an agueo sol.ution o

tartaric ag?l d at 1gg}c?tghen i \%l/at garlsgdsasiu%% 2d Wth @'Sdl gﬁFEﬁFejPIﬂde 20!

Fol | owed by dmpimgbdeer quagnesiem saff phatae alphial.t o&i.ad paRd ) LhRxsehwerl is

evapor at ed off unc{g reduced ressure 0. 265 ¢ of expect ed compound, with

mol ecul ar f or IS L 2c3 140 PNdE difn-2 (351 -295 ) 1dctREe Obt Ayesechlerideyi el d

of 25 98% NVRM-specikgym of the proton In CDC13, at 250 WMHz, chem cal

shifts of the peaks in ppmand multiplicity: 1.82 (n) : NCH2-CH2; 2.30 to

2.70 (m : CO CH2- @H282.903(¢d)7 BGoled) 9DH dthe anduBodBd( Mo, 802: NHEHD;

4.60 (d) 10 CHbgUgﬁgEé; previously and 19 ml of dichloromethane are
mixed together under an inert atmosphere.

60ul of diphosgene is added at 0°C and agitation is
carried out. After 25 minutes 0.32 ml of TEA is
introduced. 94 mg of DMAP is then added and the reaction

15 medium is left to return to ambient temperature.

The reaction medium is agitated for 4 hours 15
minutes, then washed successively with an aqueous
solution of tartaric acid at 10% then with water
saturated with sodium chloride.

20 Followed by drying over magnesium sulphate,
filtering and the solvent is evaporated off under reduced
pressure.

0.265 g of expected compound, with molecular formula
C21H21NO, (M = 351.405 g) is thus obtained i.e. a yield of

25 98%.

NMR spectrum of the proton

In CDCli, at 250 MHz, chemical shifts of the peaks
in ppm and multiplicity:
1.82 (m): NCHz—Cﬂg; 2.30 to 2.70 (m): CO-CH,-CH; 2.93 (d)
30 - 2.99 (dt) and 3.45 (m): CH2-N-CHz; 4.60 (d): CH-CHO-CH,;
6.87 (s): CO2CH (CgHs) 2; 7.10 to 7.35 (m): (C%EE)Z
IR (CHClz) = 1786, 1734; 1600, 1587, 1496 cm .
MS (SIMS)m/z: [M+Nal* = 374%.
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6.87 (s)

1734; 1600, 1587, 1496 cm MS (SIMS)nlz: [MNa] + = 374+,
R \Brevets\ 17100\ 17143 GB. doc 28 Exanple 3a

ci s- 7- oxo- 6- oxa- | -azabi cycl o[ 3, 2, 1] oct an28-acetic acid 55 ng (0.156 mmol es).
of the product obtained in Exanmple 3, 3 ml of ethyl acetate and 55 ng of

Pd/C 5 catalyst at 10% by wei ght are m xed toget her.
is placed undxanpleydeogen

nmediumis | efctist_o7_ro C_ELGO_ng{ _\J}e_ %bsi%g’drg fwtf?]o#%%;%é% H ystid s

filtered out and the

Sol ven vapor at'e

38 ng of crude praducingi S(¢ uess olfmaileed whtchthes paogdsical | obedifiedmin
m xture of pentane and ethyl ether. 1In this manner (Ji6 E[Tg of vvhitecf/r
Ce. T

of expected

e V%l 8% ofP

em 3185 181 gti¥l r dc&Fat&d, 2P

CO2CH (C6H5) 2; 7.10 to 7.35 (n) : (C6H5) 2. IR (CHC13) = 1786,

The reaction nedi um
at nrosphere at normal pressure. The reaction

uced pressure.

stal s
55%

NVR spectgumcqtatdlq%uﬁp[ﬁﬁrbc% R}m%]l ntdla 2o Oy iM&y (Chemgal shifts of the

peaks in ppm an

to 1.86 (m and 1.91 (m : NCH2-CH2;

2.27 to 2.49 20 (Ihe ameatién( dapdiu@O CH2- cHacedosuidgrand HEirdann :

CH2- N CH2- CH2; 3. 4édtf?7r8and A1
CHO CH2 . | RATFHISLE

186+, 167+.

3 dd) :
JIOTfRAgy D 1. 25 MB (SIMS) miz: [M-H]
Examalie 4@t medium is left to react for 1 hour 30

CH2- N CH2- CH2; 4.71 (d) : CH

+ =

Ci s-7-0xo0-6-0xa-|-azabicyclo[ 3, 2, 1] octan-4-acetate 78 ng (0.421 mmol es) of
t he conpound WibtHiated itherEx&ms ecakalysthehsdi §56F988d nodtnjad the

d'ChlorOTBth%QﬁNent is evaporated off under reduced pressure.

15

20

25

30

38 mg of crude product is thus obtained which is
crystallized from a mixture of pentane and ethyl ether.
In this manner 16 mg of white crystals of expected
compound (M = 185.181 g) 1is recovered, i.e. a yield of
55%.
NMR spectrum of the proton

In CDCl;, at 250 MHz, chemical shifts of the peaks
in ppm and multiplicity:
1.63 to 1.86 (m) and 1.91 (m): NCH;-CHy; 2.27 to 2.49
(m) and 2.54 (dd): CO-CH,-CH; 2.98 (d) and 3.54 (d): CH,-
N-CH,-CHz; 3.04 (dt) and 3.41 (dd): CH;-N-CH;-CH;; 4.71
(d) :
CH-CHO-CH;.
IR (Nujol): 1784, 1734, 1686 cm'.
MS (SIMS) m/z: [M+H]*® = 186", 167".

Example 3b

methyl cis-7-oxo-6-oxa-l-azabicyclo[3,2,1]octan-4-acetate
78 mg (0.421 mmoles) of the compound obtained in

Example 3a is then dissolved in 1 ml of dichloromethane.
An excess of diazomethane is added dropwise until a

vellow coloration remains, then the solvent i1s evaporated

off under reduced pressure.
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30 An excess of diazonmethane is added dropw se until a vyellow coloration
remai ns, then the solvent is evaporated off under reduced pressure.

R\ Brevet s\ 17100\ 17143 GB. doc 29 80 ng of crude product is thus obtained
which is purified by chromatography on skbica, eluting with a

di chl or onet hane/ et hyl acetate mixture 95/5. 8.2 ng of expected conpound (M
= 199.208 g) is thus 5 obtained i.e. a yield of 10% Exanple 4

Ci s- 7- ox0- 6- oxa- | - #Pabheycifo| Sr@dd ] perdmct- acet bhiuer idaiBiedygwhcB8 is

mol es) of (3a.al. .5 73, al pha, exahydro-furo .,2, 3-c ridin-2 (3
-one hydrochl %’ru?r&gll%fjo %Rﬁ:l%.r%%?gﬁgﬁaé ¥d 9h Blampe 3L%§¥a¥1§so‘1’ i 1
M of an amuliichlsdduidtamd/Ahkd Middatd riBitharoles /Ehe reaction nmedi um
is agitated for 5 hours, the solvent is evaporated off under reduced

pressure, then 1 M§-%0M% I8 SRSTHtESFWEBWS n(Mret haifd- 208 agails &dwed and
15 the reagti QpdSJ&f t; to %o?c}ie%fr?fgfog%olﬂq hours. The solvent is evaporated

of f under reduced pressure a
ci s- 3- hydr oxy E&apipder i4di neacetami de with nol ecular formula C7HI4AO2N2 (M =
158 g) is thus .obtained. 75 of the caonmpound qbtai ned above in sol ution

in 20 9 m of *§ RO RIie PSARLRE Lerlder dd atéry 4 -dCsbopHérd L eThe

reaction medi umisggoolgg byoangi ceuRditdl)ands80 (3:0f difahosgena s ) -
i ntroduced. The reaction nediumis kept at 0-5C for 40"m nutes, 25 then
0.16 m of TEAsxahysmcodweed 2akd 8 pyinigties 2 @th eonsr ds, 4GymiyoohlovAde

Agitation hs carnied oyt for 4 bous at agbient fenperatyre, The feagtion
ofan ammonia solution at 4.17 mol/l in methanol.

The reaction medium is agitated for 5 hours, the
solvent is evaporated off under reduced pressure, then 1
ml of the ammonia solution in methanol is again added and

15 the reaction is left to continue for 18 hours.

The solvent is evaporated off under reduced pressure
and 79 mg of cis-3-hydroxy-4-piperidineacetamide with
molecular formula C7H1402N2 (M = 158 g) is thus obtained.

75 mg of the compound obtained above in solution in

20 9 ml of dichloromethane is mixed wunder an inert
atmosphere.

The reaction medium is cooled by an ice bath and 30
pul of diphosgene is introduced.

The reaction medium is kept at 0-5°C for 40 minutes,

25 then 0.16 ml of TEA ig introduced and 5 minutes
afterwards, 46 mg of DMA.

Agitation is carried out for 4 hours at ambient
temperature.

The reaction medium is washed twice with 2 ml of

30 tartaric acid at 10 % in water, then with 2 ml of a
saturated aqueous solution of godium chloride.

The reaction medium is dried over MgSO4, filtered

and the solvent is evaporated off under reduced pressure.
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30 tartaric acid at 10 %in water, then with 2 ml of a saturated aqueous
sol ution of sodiumchloride. The reaction nmediumis dried over MySH,
filtered and the solvent is evaporated off under reduced pressure.

R\ Brevets\ 17100\ 17143 GB.doc 30 35 ng o0crude product is thus obtained
that is taken up in a 30/70 mxture of ethyl acetate and di chl oronet hane.
The inpurities are filtered out and the filtrate is evaporated under
reduced pressir &9 PHrwderpEdect etls cohpsupbitgined16bats ig) tiakerhum

obt ai ned in t:he [duw.doe.ca yield_of proxi nat el.y 26%. .1 R (Nujol)
. 2241, 1777 l%maflog%p% éﬁ%x?ﬁfz‘? ™ ?r%ﬂaé,geﬁg,g gy %,C%&ffro“ﬁ?bé&%l e 5
3-benzoyl -1, 3di azabueyeleg2, 2rd] rﬁanémezi oEelt llaaa g(g'ti/lhé. 411%161@@25 tgj-s) iqf

1, 1-di met hyl et hyl 3-ami no-1- pyrrolidi necarboxyl ate = ) g

(descri bed i #VEROT 550 MIOEEH HESRICESh PROSS8EE426) and 10 nl of 15

di chl or onet hane ar i xedet u i ngpt _ at ere, :th ution
is cool e(rzl@down tozgc,%%(hgﬁ %.QC?%E%%F or}'gﬂ'Pﬁﬁ}ds ggdedaicﬁr%'zl\%]s%f A%I ftgﬁlfgon i's
carried out htalimhed nuims whiel stformai nbéi niaid t heit enperat uyeedtl 0GE t hen
0.63 m of 20 _benzayl chlaqride is added. The reaction nediumis left to
return to an‘r?ip?ﬁtomf"\éﬁﬁglyagérfe, then diluted by adding 10 m of

di chl or onet hque.m‘[ﬂ%meag@mr; AEGHUmL-S, t hen washed with an aqueous 25
solution of fartaric acid at 10% followed by drying over rmagnesium

sul phate, fi MSer(Bdgd avid:t HMIdi ehl©f onk3han®2i s55el £31 nated by evaporation
under repéjce%xggniiguge. 1.30 g of 1, 1-dinethylethyl 3-(benzoylam no)-1-

3-benzoyl-1,3-diazabicyclo[2,2,1]lheptan-2-one

1.01 g (5.43 mmoles) of 1,l1-dimethylethyl 3-amino-1-
pyrrolidinecarboxylate (M = 186.25 g) (described in the
Patent Application WO 9801426) and 10 ml of

15 dichloromethane are mixed together under an inert
atmosphere, the solution is cooled down to 0°C, then 0.76
ml of TEA is added dropwise.

Agitation is carried out for 15 minutes whilst

maintaining the temperature at 0°C, then 0.63 ml of
20 benzoyl chloride is added.

The reaction medium is left to return to ambient
temperature, then diluted by adding 10 ml of
dichloromethane.

The reaction medium is then washed with an aqueous

25 solution of tartaric acid at 10%, followed by drying over
magnesium sulphate, filtering and the dichloromethane is
eliminated by evaporation under reduced pressure.

1.30 g of 1,1-dimethylethyl 3-(benzoylamino)-1-
pyrrolidinecarboxylate (M = 292.36 g) is thus obtained in

30 the form of a yellow oil. The corresponding yield is
82%.
1.30 g (4.46 mmoles) of this compound is mixed with

10 ml of methanol.
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pyrrolidinecarboxylate (M= 292.36 g) is thus obtained in 30 the formof a
yeéllow oil. The corresponding yield is 82% 1.30 g (4.46 mmples) of this
compound is mxed with 10 nl of methanol. R\Brevets\17100\17143 GB.doc 31
The solution is cooled down to OC, then 6312 ml of a solution of hydrogen
chloride at 7.3 noles/| in nmethanol is introduced progressively. The
s$olvent is then evaporated off under reduced 5 pressure. 1.01 g of

N- (3-pyrrolidinyl)-Beshzeed @el ¢iydi 8chPol ededopm £0226C70Thgn i&. thusl of

obtained in t f ro i i.e. ield close to 100% 1,01

(4.46 ol es) h%f e?C%J{eﬂécgioorrﬁl?)ound o%%??%%n 1%’%?]% #ieousﬁ/, %’53 werF‘Pﬁ%t%/Jio ﬁ’? of
di chl or onet haneeteienad xedl inogediesd yneesressivery. at nosphere. The reaction
nmedi umis cool ed do to OC, _thep 1.36 ml of TEA is added dropw se.
Agitation is carri ed*ufor8PREs hf niHed eWdRCTaRad pF i ubfledi prdered i s
added dropwi serddifeaction nediumis kept at O0C for 30 minutes, then
left to return to ambient tenperature. The reaction nmediumis then diluted
wi th dichl or onet hanél wgashfe dNw 3 tpyarnrclgutiousl Jsddardam df hPdrdeil@ride aci d

at 10% then wijh_ r.. ol lowed dryi.ng over nagnesi um sul phate,
filtering andm@%négﬁégappﬁg§%§ é@aﬁ%?%ﬁi?ﬁﬁ%ﬁn?%elgol tEOHRJEE rRiRiEed
pressure in orglar, tio obtaiy OO kOfto Crgibe, product. 25 The crude product

is purified by chronatographg on silica eluting with a 90/10 m xture of
di chl or onet hane/ acéi-dfe. 9 4.46 mmoles) of the compound obtained

10 previously, as well as 10 ml of dichloromethane are mixed
together under an inert atmosphere.

The reaction medium is cooled down to 0°C, then 1.36
ml of TEA is added dropwise.

Agitation is carried out for 15 minutes, then 1.44

15 ml of diphosgene is added dropwise.

The reaction medium is kept at 0°C for 30 minutes,
then left to return to ambient temperature.

The reaction medium is then diluted with
dichloromethane, washed with an aqueous solution of

20 tartaric acid at 10%, then with water.

Followed by drying over magnesium sulphate,
filtering and concentrating by evaporation of the solvent
under reduced pressure in order to obtain 0.615 g of
crude product.

25 The crude product is purified by chromatography on
silica eluting with a 90/10 mixture of
dichloromethane/acetone.

In this way 0.320 g of the chloride of 3-

(benzoylamino) -1-pyrrolidinecarboxylic acid which
30 crystallizes is recovered. The corresponding yield is
28%.
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In this way 0.320 g of the chloride of 3- _ _
(benzoyl am no) - I - pyrrol i di necarboxylic acid which 30 crystallizes is
recovered. The corresponding yield is 28% R \Brevets\17100\17143 GB. doc
32 0.585 g (2.31 nml es) of the previous Xonpound is then dissolved under
an inert atnosphere in 18 ml of tetrahydrofuran. The solution is cool ed
down to -78C, then 2.55 mM 5 of a 1 Msolution of lithium

bi s(trinethylsilyl9-a8Pde@ i §2- FHdeacdespwiafe Eloet Prexipucof compound yéisl ow

sol uti on i s ophehnesh JKofLd SukBBL aln- (8.l oL A0 mapL es., then gl Lation

is continued our st e tenperature 15 al
350 | 10 of atetrahmdrdfurhen 5 nml of tartarlc acid in solution at 10@6|n
wat er are added. The rea&tlon mediumis diluted wth ethyl acetate then

washed with a sol ufPBnS8rutight 48 CoRYiq oot Pher 8 h tghod phat Bl
buffer sg utgengag ﬂkgclatléﬂeaf“ﬂibhfﬁﬁeﬁls%érlmgtgggggi 1PN8RE LS ; ngEd

over magnesi um sul phate filtered and concentrated evaporation o
sol vent undedddedudedppiessteetedrdipdyobfiranude product is thus obtalned,

i h f f | | 20 Thi de product is purified by,
Lﬂrgrrgt og?;?hs o(rjl1 XgY??ﬂ({:V% e?ofu'ﬁjgoﬂ\n Jrl?ls%]g{‘#&? el £h) E?Bﬁef‘ﬁaﬁ«ggaﬁd

ethyl acetatef89/ 20. nLrid Offh@%pagheatﬁgﬁpqlwdc&lefﬂaéﬁo%ox(M =hé&g. 24
g), inthe formof a white solid, i.e ileld of 28%is 25 in this way
recovered. | RV afhe 1pemperzyre1495aligwed r@OBTlSFS82M‘ch?LC 3B 4l

(positivgeel egErosPEfY)adld; tMd 5 #1Cr 109rcdfic EXPIPLE Sotlution at

10% in water are added. The reaction medium is diluted
with ethyl acetate then washed with a solution of
tartaric acid at 10% then with a phosphate buffer
gsolution at pH = 7, then with water.

15 The organic phase is dried over magnesium sulphate,
filtered and concentrated by evaporation of the solvent
under reduced pressure.

0.315 g of crude product is thus obtained, in the
form of a yellow solid.

20 This crude product is purified by chromatography on
silica eluting with a mixture of dichloromethane and
ethyl acetate 90/10.

0.140 g of expected compound C;3H;;N,0,, (M = 216.24
g), in the form of a white solid, i.e. a yield of 28% is
25 in this way recovered.
IR (CHCl;): 1801, 1775, 1675; 1620, 1603, 1582 cm™
MS (positive electrospray) m/z: [M]* = 216, 105, 77.
Example 6

Potassium salt of trans-6-[(phenylmethoxy) carbonyl] -2~

30 oxo-1,3-diazabicyclo[2,2,1] heptan-3-acetic acid
1 g (3.12 mmoles - M = 186.25 g) of 1-(1,1-
dimethylethyl) and 2-(phenylmethyl) trans-4-amino-1,2-

pyrrolidinedicarboxylate (described in J. Org. Chem.
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Pot assium salt of trans-6- [(phenyl nethoxy) carbonyl]-2- 30

oxo- 1, 3-di azabi cycl o[ 2,2, 1] heptan-3-acetic acid 1 g (3.12 nmoles - M=
186.25 g) of 1-(1,1- dinmethylethyl) and 2-(phenyl nethyl) trans-4-amino-1, 2-
pyrrolidinedi carboxyl ate (described in J.3®rg. Chem R \Brevets\17100\17143
GB. doc 33 1991, 56, 3009-3016), 10 nl of tetrahydrofuran, 560 Al of al Iyl
bronpacetate and 660 | of TEA are m xed together. The reaction nmediumis
left to react La%der S&gi 3% 014t ,afdi eﬁt qfert@é:rr@th}ﬁdaofforram riﬁ@rsu,l tdfen

for 3 hours at, 5 d by dil g et acetate washi ng
w th an aqueous lgl&l %tcf\loénr?%c? %\t,\grtgﬁgd 65 cﬁﬂ O\%‘ 8%@ atryl’?e d?ﬁf g‘teﬂfr "at ed

aqueous sol ution offheodiewdtabnomede umlRe QeFanice RRAE Uhdd %gql(?:\é&rlon
magnesi um sul phate, 10 filtered then the solvent is evaporated off under

reduced presSir @mbient - BPLRIE pricfuct4 iBowHus bbeai fed &hihekriss at
purified by chrpepatography on silica, eluting wwth a mxture of

di chl oronet hane and et hyl acetate 80/20. 15 0.99 ng of
1- (1, 1- di met hyl et h¥b]l lawe A2 Hfyphiiiydt inetiit) etiaps- deefafe[ ahd- praepamy oxy)

b I t hyl i rralidine dicarboxylate with nolecul ar
?g; rralma/t ! Cgl-lé"éﬁg’ogarp( rl\]/?%uﬁ?’éé %ﬁélttlﬁlﬁls HecbPEFRB1Ch it dorata 20Ky sEBEE on

of hydrogen Cﬂh@h!@esb&u%bﬁéﬁ a%geéﬁ%t%b@uth%na@@e@oaﬁ%ﬁ{cﬁl%&ﬁﬁggen
at mosphere and at 0 C to O. 36 nmol es) of the compound obt ai ned

previously. The redbei Mgﬁ@dﬁum%aﬁet hieh defedtoverantgaesiambiseiphate,

br esur e, 1 c PSR HANEET S0 PRTNEE WA CR VAT E e S HGCTr SRCBERS

et her in ordepreesakkain 0.95 g phenyl nmethyl trans-4-[[[(2-propenyl oxy)

carbonyl ] 1.21 g of crude product is thus obtained which is
purified by chromatography on silica, eluting with a
mixture of dichloromethane and ethyl acetate 80/20.

15 0.99 mg of 1-(1,1-dimethylethyl) and 2-(phenyl
methyl) trans-4-[[[(2-propenyloxy)carbonyl]methyl]amino] -
1l,2-pyrrolidine dicarboxylate with molecular formula
C12H30N20¢ (M = 418 g) is thus recovered.

6 ml of a 4 M solution of hydrogen chloride in ethyl

20 acetate, is added under a nitrogen atmosphere and at 0 °C
to 0.99 g (2.36 mmoles) of the compound obtained
previously. The reaction medium is then left to react at
ambient temperature for 15 minutes.

The solvent is evaporated off under reduced

25 pressure. A crude product is obtained which is
crystallized from ethyl ether in order to obtain 0.95 g
phenyl methyl trans-4-[[[(2-propenyloxy)carbonyl]
methyl] amino] -2-pyrrolidinecarboxylate dihydrochloride,
with molecular formula C;;H23N,04, 2HC1 (M = 394 g).

30 0.5 g of this product is dissolved in 20 ml of
dichloromethane and 1.3 ml of 2N soda and 3ml of water

are added. The solution is left to settle, followed by

extracting with dichloromethane, drying over magnesium
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met hyl ] am no] - 2- pyrrol i di necar boxyl at e di hydrochl ori de, wi th ol ecul ar
formula C17H23N204, 2HCL (M= 394 g) . 30 0.5 g of this product is

di ssolved in 20 m of dichloronmethane and 1.3 m of 2N soda and 3m of
water are added. The solution is left t@4settle, followed by extracting
wi t h di chl oronmet hane, drying over magnesi um R\ Brevets\ 17100\ 17143 GB. doc
34 sul phate, then filtering and the solvent is evaporated off under
reduced pressithasm nfhen fhiddatiing nends thisussebrentneds Treaporated

correspondi ng, g/ gisrg?éx:d@?’s(%g%gdm]porg 5@.11(0' 314 mol es) of the diam ne obtai ned
[ Y

previously is acetonitrile at OC and under a nitrogen

at nosphere. 21 Al 39 dmphosgentrés allidashndf tieyr thud ngbesigkd.contagd ,
this solution is added, under a nitrogen 10 atnosphere and over 4 hours,

toarﬁxture%’?ﬁ%‘?ﬂﬂ’?@rﬁwjﬁ v %nd 88 | of TEAin 10 m of _
acetonitrile heatigth t Qug/0G o Affter e addi tdfonlee% ;Lﬂ% | ut%a{% ion

m xture 1is again heated for one hour, then coo wn, Wi th
et hyl acet at @ezawiowshedisuddessilvely iwi th al adueavstsnittriba eft t@ydaric

acid at 10% then with a .saturated agueous sol ution of sodium chloride.
After dryi ng over $adiuM s G5iTat @fjt“ﬁ%lp?’reﬁei'on and evaporation of the

sol vents under reduced psES8pRos§EnAY i@l RIddE 20npredugt ind Rl nNed.
This product is purified by chromatography on silica eluting with a

di chl or anet h&R1Yactet hythig et 2@ uthixe ur s 8/ 2dfiader dendes produtis igyemy of2
:) pLopemsl amdionan sebowdeaient] 2 il S astirriala >
i.e. avyieldmgf 47 WMAZ4 amy (68062 nodl €ER ofint he pEVHEUS RO 18
heated to 70°C.
After the addition is finished, the reaction mixture
is again heated for one hour, then cooled down, diluted
15 with ethyl acetate and washed successively with an
aqueous solution of tartaric acid at 10%, then with a
saturated aqueous solution of sodium chloride. After
drying over sodium sulphate, filtration and evaporation
of the solvents under reduced pressure, 58 mg of crude
20 product 1is obtained. This product is purified by
chromatography on silica eluting with a dichloramethane /
ethyl acetate mixture 8/2 in order to produce 19 mg of 2-
propenyl trans-6- [ (phenylmethoxy) carbonyl] -2-oxo-1, 3~
diazabicyclo[2,2,1l]heptan-3-acetate with molecular
25 formula CigHzoN20s (M = 344.57 g), i.e. a yield of 17 %.
24 mg (0.069 mmoles) of the previous compound is
then dissolved in 250 ul of dichloromethane. 3 mg of
Pd (PPh;)4 is introduced under a nitrogen atmosphere, then
150 pul of a 0.5 M solution of potassium ethyl-2-hexanocate
30 in ethyl acetate is added. After several minutes, it
forms a precipitate which is centrifuged and washed twice

with 500 pul of ethyl acetate.
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then dissolved in 250 | of dichloronethane. 3 ng of Pd(PPh3)4 is _

i ntroduced under a nitrogen atnosphere, then 150 Al of a 0.5 M solution of
pot assi um et hyl - 2- hexanoate 30 in ethyl acetate is added. After sever al
mnutes, it fornms a precipitate which is3Bentrifuged and washed tw ce
with 500 Al of ethyl acetate. R \Brevets\17100\ 17143 GB.doc 35 24 ny of
expected conpound CLsHI5KN205 (M= 342 g) , is obtained i.e. a '
quantitative yiel d240\VR sfecExnaateld deampoeido Stk sKNBR @M SE%Md),, is

hem cal shift f peak in. and multiplicity: 1.83 (ddd) and
> 56 N o O ABITS B BAE RREVEBH AN Ge) 523 () and 3. 41
506 (5) ¢ GO GB R T O e hIE- G, 10 N5 (positive oo

. s) : =C 0-CHe- . ; - CH2. .
el ectrospray) mz: J2MRISPHRF éogf’g%‘,l’lz[il\?lbemlcﬁé] shiftpopL [thae pegks+ = 381,

MK + Naj = ‘ : . Exanpl e 7 nethyl
'E rans- 3- be%zo;ﬁ?%—p&%ﬁf?ﬂﬂc}it} a J‘lcg)l/E o[ 2, 2, 1] 15 hept ane- 6-car boxyl ate

0.471 g (1.93 Imé3 &)ddaf) Jadcﬂ,zé.scﬁ:nm—hw:zechmq:%gm _2?30 gm{@yii]ﬂsa(d) em
-4-amno-J , 2- | j.di nedj car hoxyl at e escribed in J. .

tlgggs 56?m338 -‘é&ggﬁggﬁhe'{ 55 -#F dg?d)r%}“{ji%h%%réﬁ%t‘ha“r?él‘{‘éjkhi'%gl?vé i%2 are

m xed 20 togeidae) :undec-amoi t bagen satADS pher ex-Ehe- Sk Uk on S;§00l8d down

to OC, then 269 | of TEATTs added dropwi se. The reaction nmediumis
agitated for T5-H&eSsHahi7-38 rE)nt &Hiriglat 0C, then 224 | of benzoyl

ggccgllgi ife i %Sad@%%ictri%mesleect‘gbesﬁrearmerlﬁ}éj:r e[iﬁ(tpeﬂ] Left 759, rebugn o
Na]® = 707, [MK + K]* = 381, [MK + Nal*= 365; [MK + H]* =
343.

Example 7
methyl trans-3-benzoyl-2-oxo-1,3-diazabicyclo[2,2, 1]

15 heptane-6-carboxylate
0.471 g (1.93 mmole) of 1-(1,1-dimethylethyl) and 2-
methyl trans-4-amino-1,2-pyrrolidinedicarboxylate
(described in J. Org. Chem. 1991, 56, 3009-3016) and 3.5
ml of dry dichloromethane to dissolve it are mixed
20 together under a nitrogen atmosphere.
The solution is cooled down to 0°C, then 269 ul of
TEA is added dropwise.
The reaction medium is agitated for 15 minutes
whilst maintaining at 0°C, then 224 ul of benzoyl
25 chloride is added dropwise.
The temperature is then left to return to 20°C over
one hour.
The reaction medium is diluted with 30 ml of
dichloromethane, then washed with an aqueous solution of
30 tartaric acid at 10%, then a solution saturated with

sodium bicarbonate, then with water.
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one hour. The reaction nediumis diluted with 30 m of dichl oronethane,

then washed with an aqueous solution of 30 tartaric acid at 10% then a
solution saturated with sodium bicarbonate, then with water. .
R\ Breves\ 17100\ 17143 GB.doc 36 The reacBfon nediumis dried over nagnesium
sul phate, filtered, and concentrated by evaporation of the dichloronethane .
under reduced pressure. 0.6 g of a yellow oil is thus obtained which is 5
purified by chromithegr aptgcononi | imediwgi ngia dixdldcor oavehanaiaandringh

m xture 99/1 as eluyent._ln this wa . 499 f.1-61,.1-dinethylethyl) and 2-
Tethyl trans SAEBETFGy | ShERSTSd: 2 R § P RGrRGEaGr EarNox ol APEL RS Hims Beul ar
fornul a Cl6HZ4N2QH Voot Hanel dinde r eGSR pre@suareyi el d of 74% 0.400 g
(1.15 nmol e) of the conpound obtained previously is mxed under a njtrogen

atnosphere with 306 @Sf ot hyl Y&ddioxt et h dridefhbd @AsEingd t WBieBnpldund,
th th isqn J d 89 f tion. f_4
D1 b SRR, o380 A Siaofy °D B 2LeRisth | ik O

nol e/l of HCI I n et ad t he end m nut es,
agi tation i s ddahtlioneec tadtaneg/meitérzinctle npertatner © f/dr ak ldurentThe sol vent is

(oD pel mnated, by eyaRg shion uder, Leqused pLgsauie, 20,1 LI ey
hydrochl ori deapintl WFRla@@ulsar (b latiGb3 HEO M2 03 AdeL (iMe 284. 744 ) is
thus obtained in the formof a béige solid. 0.327 g (1.15 nmole) of the
conpound obt dilsedboy gy iwsidl yolsicaded dedaula fhifoleds dthospher @) is
Bnci(eshe\r’]\i(ggzismre%fovdelrcergil gr.%qetah%ri%.ldT%% syspension is t hen cool ed down to
0.400 g (1.15 wmmole) of the compound obtained

previously is mixed under a nitrogen atmosphere with 3 ml

of ethyl acetate in order to dissolve the compound, then

the solution is cooled down to 0°C, 2.89 ml of a solution

15 of 4 mole/l of HCl in ethyl acetate is added.

At the end of 15 minutes, agitation is continued at
ambient temperature for 1 hour.

The solvent is then eliminated by evaporation under
reduced pressure.

20 In this way 0.350 g methyl trans-4- (benzoylamino)-2-
pyrrolidinecarboxylate hydrochloride with molecular
formula Ci3H;sN20;, HCl (M= 284.744 g) is thus obtained in
the form of a beige solid.

0.327 g (1.15 mmole) of the compound obtained

25 previously, placed under a nitrogen atmosphere, is mixed
with 4 ml of dichloromethane.

The suspension is then cooled down to 0°C, then 352

pul of TEA is added. The reaction medium is agitated for

15 minutes at 0°C, then 138 ul of diphosgene is added.

30 Agitation is continued for 5 minutes at 0°C, then the

reaction mixture is left to return to ambient

temperature. It is also left to react for 30 minutes.
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! Al of TEA is added. The reaction mediumis agitated for 15 minutes at OC,
. then 138 | of diphosgene is added. 30 Agitation is continued for 5 m nutes
at 0C, then the reaction mxture is left to return to anbi ent
tenperature. It is also left to react for 80 m nutes.
R \Brevets\ 17100\ 17143 GB.doc 37 The reaction nediumis then diluted with
di chl or onet hane and washed with an aqueous solution of tartaric acid at
10% then with watefhgnd depeiiover meddpmsi uassul phate. BiAlted fi Wieh ng

t he sol vent is 4el }.Ai evaporatjon under reduced pressure. 0.360 g
of crude pr od&gtcﬁmgr}t%ﬁ%ghgﬁﬁaian%g Wi?%ﬁgi é“'lg%‘ri?’i‘e&qb’y?o hr et biPRpRE on
silica elutingtarthrdc diehd oaenel hane/iaeet oRet XdHed 93ha. & &8 4y of
met hyl trans-4-(benzqyl am no)-1- (chlorocarbonyl)-2-pyrrolidi necarboxyl ate
hydr ochl ori de MCERERMNpEXLIPPRES(M = 310.74 g) is thus recovered, i . e . a

yield of 265% 93.7ppg.(0. 333 [l g} he nd .obtai ped, 15
breviously, is mixed under & nitrof enoga}%énosf)ﬁg‘rr}gggw t 53 wfipinated by
t et rahydr of ur arvapheaténperatdare pédtibeds@ndssare.i s lowaEdgt &£ 786ugkhen

332 pl of lithpum, bis(trinethylsil amde in IMsolution I's added

dropwi se into F%P%ﬁ%dr ot Ur arijé"r‘?d tﬁg)cf‘é%iji ot umis Porkégedat bysc

for another 5 ahaumaaogifaphfzeacti&{l medsumibs agi tafgd for 30 yrputes at
of

ambi ent tenperature. The solution is then cooled down to 0C, an 51
acetic acid i sSagBéaropethpnefaeehgne avbttnread®/3. M 25 of a phosphate

buffer at = 7.0 ¢ dde Th olutignis left to settle, followed by
washi ng V\AJ{UH wat er, b%'r?/li ngggove‘r%fsrmgnr%aestl%t}’r% sul phate; 47 (PERFPRY2EHRC) -1~

concentrating byghlorocarbonyl)-2-pyrrolidinecarboxylate hydrochloride
(C14H14N204, HC1L (M = 310.74 g) 1is thus recovered, i.e. a
yield of 26 %.
93.7 mg (0.301 mmole) of the compound obtained
15 previously, is mixed under a nitrogen atmosphere with 3
ml of tetrahydrofuran. The temperature of the solution
is lowered to -78°C, then 332 ul of lithium
bis(trimethylsilyl) amide in 1M sgolution is added
dropwise into tetrahydrofuran and the reaction medium is
20 kept at -78°C for another 5 minutes.
The reaction medium is agitated for 30 minutes at
ambient temperature.
The solution is then cooled down to 0°C, and 55 ul
of acetic acid is added. 20 ml of ethyl acetate and 3 ml
25 of a phosphate buffer at pH = 7.0 is added. The solution
is left to settle, followed by washing with water, drying
over magnesium sulphate, filtering and concentrating by
evaporation. 76 mg of a foam is thus obtained which is
purified by chromatography on silica eluting with a
30 dichloromethane/acetone mixture 97/3.
5 mg of pure expected compound, with molecular
formula (C;4H14N;04, HCl1 (M = 274.279 g), 1is recovered i.e.
a yield of 6%.
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evaporation. 76 ng of a foamis thus obtained which is purified by
chromat ography on silica eluting wwith a 30 dichl oronethane/ acetone m xture’.
97/ 3. 5 ng of pure expected conpound, with nolecular formnula (CL4H14N204, -
HClL (M= 274.279 g), is recovered i . e 38 a yield of 6% .
R\ Brevets\ 17100\ 17143 GB.doc 38 IR (CHC13) : 1805, 1779, 1743, 1669; 1603, -
1589, 1486 cm1l. M5 &EI) mz:. [M+ = 274, 215, 169, 105, 77. Exanp[g 7a 5 °
phenyl net hyl IR a6# T shen289PF-216X8- 11348 a24bPcyéb@3, 1589, 1486 cm™.

[ 2, 2, 1] hept angr 6 r | + Th pe ion .S ri out in a simlar way
to t hat indigg%egﬁﬁﬁggégngﬁ@ 7] g?%ft?%é’f?é%foggé’gggf 1- (1
1-di nmet hyl ethyl) and 2-phenyl nethyl trans-4-amno-1,2- 10

pyrrolidi nedi_carbaoxyl ate (described in J. Og. Chem 1991, 56, 3009-3016)
in order to &BE%W&iQJZQ:expected conpound with an overall yield of 5.4 %

over 4 stagepherd X318 MBIy -2-0x0-1,3-diazabicycl
trans-2-oxo-§{fg§§hylgﬁiphonyl)-l,3-df§%a ﬁgo tazableyelo

bi cycl o[ 2, 2, 12neptldherd-acewsorcaritoxyd a3 g (9. 26 nmol es) of

1- (1, 1-dinethylethyl) and 2-.(phenyl net hyl . L
trans- 4- am no- 1, 2 p\r roP T ik 'C&Fb&ﬁW¥3é§ PHEs YT b8d §HMtaRy §ayorén
1991, 56, 30@%=a30lf)dMdted MDherkhapléorulst SetiRANA Y (M 523805392 g) are
m xed 20 toget her under a nitrogen atnosphere and 25 mi of di ¢hl or onet hane

i s added. Thdlrdaédimshydditinmli)s agisol2edhegorimettdydC taans- 43 afingf- ITRA i s
dded. i tatj S 14 faor. 10 47 nut. nd_then 1.63
adae Aﬂ? ﬁ%}h}%{%dlﬁdl%%r c%(}b%g(&lg%eZS (ﬁ?es%:i‘tl% QN4 Orsg 'Ige?{he%'d er

A
benzenesul p chi’oride 1's added. eact’i on nmedi‘umi .
agitation at 1561,f 06615 300aH3EL6)t han tbedéenpey abbeaiafl the regadsEy

[ [ f rise to 20C for duration of 45
medi um i s lec%m&%und wi€% an overgil yield of 5.4 % over 4 stages.

Example 8
phenylmethyl trans-2-oxo-3- (phenylsulphonyl)-1,3-diaza
15 bicyclo[2,2,1]lheptane-6-carboxylate
2.97 g (9.26 mmoles) of 1-(1,1-dimethylethyl) and 2-
(phenylmethyl) trans-4-amino-1,2-pyrrolidinedicarboxylate
(described in J. Org. Chem. 1991, 56, 3009-3016) with
molecular formula Ci7HpeN,0, (M = 320.392 g) are mixed

20 together wunder a nitrogen atmosphere and 25 ml of
dichloromethane is added. The reaction medium is cooled
down to 5°C and 1.3 ml of TEA is added. Agitation is
carried out for 10 minutes and then 1.63 g of
benzenesulphonyl chloride is added.

25 The reaction medium is left under agitation at 5°C
for 15 minutes, then the temperature of the reaction
medium is left to rise to 20°C for a duration of 45
minutes.

The reaction medium is diluted using

30 dichloromethane, followed by washing with an agueous
golution of tartaric acid at 10%, then with phosphate
buffer at pH = 7.0, then with a saturated aqueous

solution of sodium chloride. The reaction medium is
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m nutes. The reaction nediumis diluted using 30 dichloronethane, followed
by washing with an aqueous solution of tartaric acid at 10% then with
phosphate buffer at pH = 7.0, then with a saturated aqueous solution of
sodium chl oride. The reaction nmediumis R3%Brevets\17100\17143 GB. doc 39
dried over magnesi um sul phate and the solvent is evaporated off under
feduced pressure. 4.5 g of crude product is thus obtained which is

chr omat ogr apheifi®d sidven emaphagiwnt h salghelteor gmat hablee 5saddeathylis

acetate m xture 90/1Q. 4. of 1- 1-di net hyl et hyl) and 2-(phenyl
methyl) tr ans-ei{aﬁc’(rpﬂ%caeﬁf;logf% gﬁ‘oéneﬁ )I{f:quﬁc?]%- f,rf-%“’ﬁ:fr'r ol i di nedi carboxyl ate

with nol ecul ar fornulsa £23H28NAMS proluet46(s BhdsQ)obtmidues wREEMeried,

whi ch corresponds to 10 a yjeld of 95% 3.83 g (8.31 nmples) of the

sul phonani de SHEAMEPIGHRAAED U ySikied xeduhing Yot aofdigiyayicmeshane

met hanol . Jhe i [ ed . tq0Gand 8.2 m of a solution of 10
nmol /| of h%/-drc?(?ﬁ t)%ﬂlk@nacal%ch:%g}eng@t q{caﬁ\rg(;e %so/qffi added at this tenperature.
The solution is agidt.atted atf QC (florl -Bimethtderhtfien anthe -t(pieearat ure is | eft

to rise to anbi ent _tenperature. , After 3Q m nutes, the nmethanol is
evapor at ed ofﬂmgﬂﬁ') ﬁﬁﬁﬁﬁﬁé'pr%@%ﬂﬁﬁ&lﬁﬁi?h9@§§5Pﬁﬂ dituhTi s taken up 20

several tines gy smtikanelaithenddyiditehharengichare athe o droehlonide d s
then crystallized fromethyl ethér. In this way 3.2 g of phenylnethyl
trans-4- [ pher sul4ffonyfSR ani de] thrspyecoiviediede c atiicky Icatreappdngls to
chloride, mit | gcyl fqQrmul a C18H20N204S, HC1L (M = 25 396.896 g) is
t hus obt aller‘:/ledfgl %e@hcyé%{ rges.ép'onds to ayield of 96 %

3.83 g (8.31 mmoles) of the sulphonamide obtained

previously is mixed with 10 ml of anhydrous methanol.

The solution is cooled down to 0°C and 8.2 ml of a

gsolution of 10 mol/l of hydrochloric acid in methanol is
15 added at this temperature.

The solution is agitated at 0°C for 5 minutes, then
the temperature is left to rise to ambient temperature.

After 30 minutes, the methanol is evaporated off
under reduced pressure, the reaction medium is taken up

20 several times in methanol then in dichloromethane. The
hydrochloride is then crystallized from ethyl ether.

In this way 3.2 g of phenylmethyl trans-4-
[phenylsulphonyl) amino] -2-pyrrolidinecarboxylate hydro-
chloride, with molecular formula C;gH;oN,04S, HCl (M =

25 396.896 g) 1is thus obtained, which corresponds to a yield
of 96 %.

2.78 g (7 mmoles) of the hydrochloride obtained
previously is mixed under an inert atmosphere with 28 ml
of dichloromethane.

30 The reaction medium is then cooled down to about 0-

5eC, then 2.15 ml of TEA is added.
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2.78 g (7 mmol es) of the hydrochl oride obtained previously is m xed under
an inert atnosphere with 28 ml  of dichloronmethane. 30 The reaction nedium"
is then cool ed dowmn to about 0- 5C, then 2.15 ml of TEA is added.

R \Brevets\ 17100\ 17143 GB.doc 40 Agitatién is continued for 15 mnutes at a
tenperature conprised between 0 and 5C, then 0.46 ml of diphosgene is
added. The reaction nediumis kept at this tenperature for 5 4 m nutes,
then a 10% aqueoudssidlaiiiash oist accatiiavgd d £¢8 added, minieteaceton aredi um

is diluted usi i or e ecant ed hed W a saturat.ed
aqueous sol utﬁ-‘:eg'g)eo%tilc}l I um %]lg%%e?e%'??éelg %v%ﬁarrggﬁési%g’r%n ?ufl:)éhgfle,o%nd

concentr at ed dindessgeatucied gadd&ssure. 10 In this way 3.1 g of a yellow oil
is obtained which_ is purifjied by_chropmat ograph¥ on silica, eluting with a
di chl or onet hane/ etiifA LRAAHP Asdin®e b7 1kert 8oty thd spiempeasstmye for

trans-1 - (ghl of agarRoY! ) e Aenl GPRYW ! SULRADYLI BT DOL oF2 ¢ - i
pyrrol i di necar boxyl at e/ 15e51M th nol e%dﬂlll ar formula ClQﬁlQéfﬁfgéc( I\ﬁczlcilzz. 89
g) is recovéred, addedh cdrhespordsttiona ymeddunf 684 diBitgd(4.&28nmymwl es)

of the carba |, chloride obtained previously i.s m xed under an i ner
at nospher e ﬁaﬂ}[/%%%etg"faqeetraﬂﬁﬂ?ﬁgﬁgan. w?@)ﬁ?ﬁle Bt oft oltEhHETS
cool ed down tRnuredifs dd&ftich biMsdfin W19 idd 0mafed idiMagnesium

bi s(trinethylsilyl) am de in tetrahydrofuran is added at this tenperature
over 10 mi nutses.PIFte r dast iomassdinaheds vifiemimediuand S5 afsnees at - 25

oSG, PED, LD ST Sk o 1L 5L S AORMS O op IR ARSI
is purified by chromatography on silica, eluting with a
dichloromethane/ethyl acetate mixture 9/1.
1.82 g of phenylmethyl trans-1- (chlorocarbonyl)-4-
[ (phenylsulphonyl)amino] - 2 - pyrrolidinecarboxylate,

15 with molecular formula C;3H;9CIN20sS (M = 422.89 g) is
recovered, which corresponds to a yield of 61%.

1.81 g (4.28 mmoles) of the carbamoyl chloride
obtained previously is mixed under an inert atmosphere
with 31 ml of tetrahydrofuran.

20 The solution obtained is cooled down to -70°C, then
4.7 ml of a 1M solution of lithium bis(trimethylsilyl)
amide in tetrahydrofuran is added at this temperature
over 10 minutes.

The reaction medium is agitated for 45 minutes at

25 -70°C, then the temperature is left to rise to about 0°C.
The reaction medium is kept at this temperature for 2
hours 30 minutes.

Then 295 ul of acetic acid is added.

The reaction medium is diluted with dichloromethane,

30 then washed with a 10% aqueous solution of tartaric acid,
with a phosphate buffer solution at pH = 7 and with a

gsaturated agqueous golution of sodium chloride.
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Then 295 pl of acetic acid is added. The reaction nediumis diluted with
di chl oronet hane, 30 then washed with a 10% aqueous solution of tartaric
acid, wth a phosphate buffer solution at pH =7 and with a saturated
aqueous solution of sodiumchloride. R \Baevets\17100\17143 GB. doc 41
Fol | owed by drying over nmagnesi um sul phate, and concentrating to dryness
dnder reduced pressure. The crude product is purified by chromatography on
silica, using a di ddldrawest hdne/ ditiyyingacevare magheseumb Sblphaise gl uamd. | n
this way 244 of expect ed co ound mnth nDIe ular fornmula CI9H1I8N2G6S (M
= 386. 429 g) ir%orb%‘?%%e N9\ HRETRSPHIRE %F{ R TTUI% NNR

spectrum of the pratien dfuda ePGHdctal ol :Mﬂz Eheyi calro
peaks in ppm and nultiplicity: T 6 QQJ > Cg& r- ﬂ%%% 3 08

(d) : O=C N CHElich 62 ysijng @cod@pm\popméthaga/esyyl mwmmt&%
CORCH2C6H5E 7 ; 7.57 (m - 7.68 (mM and 15 8.03 (m : S02C6H5.
I R (CHC13)|E> f%gegq%$i§&§%§%6 1499 cm 1. MS (positive electrospray) n z:
[ 2MtNa] + = 795; [I\Z}H\laﬂEl-_&Cl\l]way 2450, rr[d\/|+|\d&] Jexpez&%d[l\&drﬂpcnnd 381t 20

Exampl e 9 pherxlnet yl trans benzoxh - met hyl - 2- oxo- 1, 3-di aza-
bi cycl o[ 2, 2, 1] _Lermulay GoRyithfes léM69 585582329ﬁnﬂ45e59b"{ﬁ1ned

1-(1, 1-di met hWHlectlhydc)rx%Eboers ?tc(per' ? g4~ 0x0- 1, 2

pyrrolidi nedi carboxylate 25 (descri be em Pharm Bul
43(8) 1302- 130@MRL¥gHAt mvint o beee st dror rruI a Cl7H2INGG (M = '319. 361 g) and

500 nl of .anhydr et hyl h are.m xed to ther under an _.inert
atnnspheréo @% éﬂ&i At 4%% ﬁ% chemical 8 ?fts o% %e peaﬁs in ppm

and multiplicity:

2.15 (m): 0=C-CH-CHz; 2.85 (d) and 3.08 (d): O=C-N-CH;;

3.62 (m): O=C-CH-N-CH;; 4.94 (s): 0.S-N-CH-CH;; 5.16:

CO,CH2CgHs; 7.34 (m) : Ce¢Hs; 7.57 (m) - 7.68 (m) and
15 8.03(m): SO,CeHs.

IR (CHCli;): 1780, 1743; 1586, 1499 cm™.

MS (positive  electrospray) m/z: [2M+Na]* = 795;

[M+Na+CH3CN]* = 450; ([M+Nal* =409; [M+H]* = 387.

20 Example 9
phenylmethyl trans-3-benzoyl-4-methyl-2-oxo-1,3-diaza-
bicyclo[2,2,1] heptane - 6 - carboxylate
18.69 g (58.52 mmoles) of 1-(1,1l-dimethyl-ethyl) and
of 2-(phenylmethyl) 4-oxo-1,2 pyrrolidinedicarboxylate
25 (described in Chem. Pharm. Bull. 43(8)1302-1306 (1995))
with molecular formula C;7H;:NOs (M = 319.361 g) and 500
ml of anhydrous ethyl ether are mixed together under an
inert atmosphere.
A suspension of 10 g of CeCl3 in 50 ml of anhydrous
30 ethyl ether is added to the solution obtained.
The suspension is agitated for 30 minutes at 20°C,

then cooled down to -60°(C.
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A suspension of 10 g of CeCl3 in 50 ml of anhydrous 30 ethyl ether is

added to the solution obtained. The suspension is agitated for 30 mnutes .
at 20C, then cooled down to -60C. R \Brevets\17100\17143 GB.doc 42 20 m .
of a 3Msolution of MeMgBr in ethyl ethergas then added. The reaction
mediumis left to react for 1 hour at -60C, then the tenperature is |left
torise to OCover 5 30 mnutes. Neutralization is carried out with a 10% ~
aqueous sol ution o2O0NMACDHE faol 3M0wedlbyient néic MelyBai tim «lilefal oeohetrhase,
filtering, thghorgagi c .phase is washed wth water, dried over magnhesi um

sul phate, and“EBne8fffated to dryness under reduced pressure. 10 19.33 g

of an oil is thus ohtareadtWhchdds wrtirid | B8rt byoCheaRt a@phyh8irskki ca
eluting with a dichloronethane/terbutyl methyl -ether mxture 90/10. 7.21 g
of 1-(1,1-di mefAyFet Ken &g Xgmaraiuieg hig) left to rise to 0°C over

Ci s-4- hydrooxys4-nethyl - |, 2- pyrral i.di nedi carboxyl ate, wt 15 | ecuyl ar
formula C HZ%W{W%:@%%_ %Etgr)alilézaoﬁto i ned fy'“.‘—"ér.rlgdyi%ﬁl gt 6% el |
as 2.5 g of thguabuashadlolgpidierof 3.NH,CU, ( EHE swad eby Qixtha-tCiompowndn

obtained previously and 70 ml of dichloronethane are m xed 20 together
under an i ner8iahhBEpHEFBANThe fidsCEIIEE nEdivNPrI2RE6| BRagewnL e owBEhafAd 2. 3

m of TEA thgnd.2 f hape on l.aride i dr opwi;se.
The reaction netélljlum&f%é%gi ta{%dlr?cgr ??e%nuﬂgg%%tﬁgg fglgg@ﬁg\i\ed g}éﬁ
washi ng wi t h aoinféntgaktedstsofiuynessofinflart aedecadi dreshenewi th a phosphat e

s ol ot PEh Ty SPeRn LT Y8' Ehus TOBL Q88T GnBORES! BuflEfea "
by chromatography on gilica eluting with a
dichloromethane/terbutylmethyl-ether mixture 90/10.

7.21 g of 1-(1,1-dimethylethyl) and 2- (phenylmethyl)
cis-4-hydroxy-4-methyl-1,2-pyrrolidinedicarboxylate, with

15 molecular formula C;gHzsNOs (M = 335.404 g) is obtained
i.e. a yield of 36%, as well as 2.5 g of the alcohol
epimer.

3.17 g (9.45 mmoles) of the compound obtained
previously and 70 ml of dichloromethane are mixed

20 together under an inert atmosphere. The reaction medium
is cooled down to 5°C and 2.3 ml of TEA, then 1.28 ml of
methane sulphonyl chloride is added dropwise.

The reaction medium is agitated for 45 minutes at
5¢°C.

25 Followed by washing with a 10% aqueous solution of
tartaric acid, then with a phosphate buffer solution at
pH 7, then with water.

The organic phase is dried over magnesium sulphate
and concentrated to dryness under reduced pressure.

30 3.9 g of an o0il is thus obtained which is purified

by chromatography on gilica eluting with a

dichloromethane/ethyl acetate mixture 90/10.
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and concentrated to dryness under reduced pressure. 30 3.9 g of an oil is

t hus obtained which is purified by chromatography on silica eluting with a
di chl or omet hane/ et hyl acetate m xture 90/10. R \Brevets\17100\17143 GB. doc
43 2.75 g of 1-(1,1-dinethylethyl) and 2 4@phenyl - nethyl)

ci s-4-net hyl -4-[ (et hyl sul phonyl ) oxy]- 1,2- pyrrolidine dicarboxylate with
ol ecul ar formula Cl9H27NO/S (M = 413.494 g) is recovered which corresponds
5to ayield of 70%.75 splaf i bn(Dbf1-HHdetthylfethy Iinudes)2 of (dhenyesyl at e

obt ai ned previously. in 40 m_ of djnethylformamde is _prepared. 519 ng
(7.98 mol es) ‘Be?g}r\g]f\b TS Tt H‘lhw‘ﬁé}ylﬁ‘@ﬂwﬁf@aéﬁﬂﬁ medd umi s

heated at 50C f@¥ral NS . 4 AL BSoxFOM & NGt AOWL 1 ddul S PG 4 nto 250 i of

water and extracted with 250 ml of dichloromethane. The organic phase is
washed with wefeHNhEn (Mr FedldvéP4naynési varover phavbiandcevapspabéd to
dryness under Ec?g%’%gijel S5 Pr Ssure. 2.4 g of crude product is obtained
which is purifie y chromatography on silica, with a
di chl or onet hane/ et iyl sobeeiah eolii xt.gue P5(, B6 @hoess) bf6&HE Glesylate
1- (1, 1-di met hyl et hyl ) and 2-(phenyl net 2$/I ) 20 . .
trans- 4- azi do- Rt - PrEVHAUEIY di Redt CamPoxpFat @impehyl forwenide fig nul a
Cl8H24N404 (M5 é’%e‘h?. g) is thus recovered, (titre approxi mately 30% by
wei ght) which™ corresponds to a yield of approxinmately 25% 1.85 g of the
azi de obtai ned predldusty (7.%8 m2Slapprofi NaNel ysltRenmaldeled s tdixsat ved
in 18 m % tq{uene. 1.38 m  of Bu3§lnH and 84 of AI BN are then added
at 20C. the reaction medium is heated at 50°C for 2 hours. After
cooling down, it is poured into 250 ml of water and
extracted with 250 ml of dichloromethane. The organic
phase is washed with water, then dried over magnesium
sulphate and evaporated to dryness wunder reduced
15 pressure.

2.4 g of crude product is obtained which is purified
by chromatography on silica, with a dichloromethane/ethyl
acetate mixture 95/5 as eluent.

1.66 g of 1-(1,1-dimethylethyl) and 2- (phenylmethyl)

20 trans-4-azido-4-methyl-1,2-pyrrolidinedicarboxylate with
molecular formula C;gH,N,O, (M = 360.42 g) is thus
recovered, (titre approximately 30% by weight) which
corresponds to a yield of approximately 25%.

1.85 g of the azide obtained previously (i.e.

25 approximately 1.7 wmmole) is dissolved in 18 ml of
toluene.

1.38 ml of Bu3SnH and 84 mg of AIBN are then added
at 20°C.

The reaction medium is taken to 75°C and kept at

30 this temperature for 2 hours.

The toluene 1is evaporated off followed by re-

dissolving in ethyl acetate. A saturated aqueous solution

R:\Brevets\17100\17143 GB.doc



The reaction nmediumis taken to 75C and kept at 30 this tenperature for 2
hours. The toluene is evaporated off followed by re- dissolving in ethyl '
acetate. A saturated aqueous solution R \Brevets\17100\17143 GB.doc 44 of
potassiumfluoride is agitated for 30 m aates at anbient tenperature. The .
reaction nediumis filtered on clarcel, it is left to settle and the
organi c phase is dried over 5 nmagnesium sul phate. After evaporation of the -~
sol vent undercfr eppotedsipresfiverideg ¥ @yididtdd dlorai Red whighess at

chr omat ogr aphed .on tsi | i ca, %Luti ng with a dichl oronethane/ met hanol m xture
9/1. 10 560 5PE (EPEiARY VI et hyl ) and 2- (phenyl net hyl )

trans- 4- am no- 4- matky | rdadc Py r ekbdumedisar boxyladie o td areeépculiar foHr mul a
C18H26N204 (M = 334. 419 é is recovered. The yield is therefore
quantitativelefts g (ﬁeg lanred) tdie t RE%amiife BPEEENedS 18X HR@VIiVRTyY is
m xed under i L. at re wwth 30 m  of dichloronmethane. The
reaction ﬁed?r%r%lr%glglggl%g o%r‘la'to 5C and 290 | of TEA, then 240l of

benzoyl chloride afeeaddedrapdrrepiicse. of0 Agid atdadivers: cantdenedresadud=d f or
30 mnutes. The reaction_nedi um%s diluted with di cbhl or onet hape, . washed

with a 10% adéifs ol ut?on%f Part&fic d, 1&i t PPERINRGr atBdRqueldiis

sol ution of seMACRS , theh wiihywefer, theyprggnic phase is Aried
over nmagnesi um 25 sulphate, and the solvent Is evaporatéd off under reduced

pressure. 95@ i leframe tdidne/metthancdbimdidtedemd/dh is purified by
chromat 094 aphy el létéongngwotfh 2 Hi,c.Lh—l 1rm%rg%ty aert]:?{y%.t)hya!nd 2- (phenylmethyl)
trans-4-amino-4-methyl-1,2-pyrrolidinedicarboxylate with
molecular formula C;gH¢N,04 (M = 334.419 g) is recovered.
The yield is therefore guantitative.
578 mg (1.72 mmoles) of the amine obtained
15 previously is mixed under an inert atmosphere with 30 ml
of dichloromethane.

The reaction medium is cooled down to 5°C and 290 ul
of TEA, then 240ul of benzoyl chloride are added
dropwise.

20 Agitation is continued at 5°C for 30 minutes.

The reaction medium is diluted with dichloromethane,
washed with a 10% aqueous solution of tartaric acid, with
a saturated aqueous solution of sodium carbonate, then
with water, the organic phase 1is dried over magnesium

25 sulphate, and the solvent is evaporated off under reduced
pressure.

950 mg of an oil is thus obtained which is purified
by chromatography eluting with a dichloromethane/ethyl
acetate mixture 90/10.

30 In this way 732 mg of 1-(1,1-dimethylethyl) and 2-
(phenylmethyl) trans-4- (benzoylamino)-4-methyl-1,2-

pyrrolidinedicarboxylate with molecular formula C,sHszoN,Os
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acetate mxture 90/10. 30 In this way 732 ng of 1-(1, 1-dinethylethyl) and
2- (phenyl nmethyl) trans-4-(benzoyl am no)-4-nethyl -1, 2-

pyrrolidinedi carboxyl ate with nol ecul ar formula C25H30N205 _
R.\Brevets\ 17100\ 17143 GB.doc 45 (M = 4384528 g) is recovered, which
corresponds to a yield of 97% 636 ng (1.45 mmles) of the am de obtai ned
previously is dissolved in 1.9 m of ethyl acetate, 5 followed by cool i ng
down to about (04 5€ with 5aBige hbd hrechererdd? mhbdéha durdreegemahl esi de
solution at 4.6 /1. in ethyl acetate is added. The tenperature is |eft
to rise to 20& 8kt 1 hour, the solvent is evaporated off under

reduced 10 pressurges Thaghydnoghl orjge ds) t her Cr&ﬁ%a' 5{:&89 frup Aty
ether. In this way 570 ng of the hydrochloride of phenylnethyl ‘trans 15
4- (benzoyl am myevdaustihy| i2- pgiespldedecir bdx¥ atmé wofh etshiek ulzare tfaorenul a

C20H22N203, HGL ((M.= 374,87 @G). ., i the form of o%i t.e powder i
recover ed. 5Thgjoy]ile|>qwc?qu,by tcl?éj(a‘e]‘fﬂ (;Odvﬁla_rif-toatai?\?é{t PO% ""(](e‘}hg@f‘ M5 P t he
hydrochl ori de t0kirained mRoprevhpasbyeh ScHL680b¥edoundebnaBti REKt mol/1

atmosphere in 1.5 m_of dichloronmethane. The reaction nediumis cooled
down to about i@ SEhYl R&eteF e isf afEkd-s added. The reaction nmediumis

Adi Lat on 15 contiAiSd TAPSI0 MRuE B¢ o TheRe PRe2Peger FOR madSR i s
treated with a4 1B®mraquebes suludriton ief easparkeedci df f exindst edadhided
10 pressure.

The hydrochloride is then crystallized from ethyl
ether.

In this way 570 mg of the hydrochloride of
phenylmethyl trans-

15 4-(benzoylamino) -4-methyl-2-pyrrolidinecarboxylate
with molecular formula C,oH,,N,0,, HC1 (M = 374.87 g), in
the form of a white powder is recovered. The yield is
therefore quantative.

100 mg (0.267 mmole) of the hydrochloride obtained

20 previously is dissolved under an inert atmosphere in 1.5
ml of dichloromethane.

The reaction medium is cooled down to about 0-5°C,
then 90 ul of TEA is added.

The reaction medium is agitated for 15 winutes at

25 5°C, then 20 pl of diphosgene is added.

Agitation is continued for 30 minutes at 5°cC.

Then, the reaction medium is treated with a 10%
agqueous solution of tartaric acid, extracted with
dichloromethane, the organic phase is washed with a

30 saturated aqueous solution of sodium chloride, dried over
magnesium sulphate, and the solvent is evaporated off

under reduced pressure.
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di chl oronet hane, the organic phase is washed with a 30 saturated agueous
solution of sodiumchloride, dried over nmagnesium sul phate, and the
solvent is evaporated off wunder reduced pressure. R \Brevets\17100\17143
GB.doc 46 130 ng of an oil is thus obtainaed which is purified by

chromat ography on silica eluting wth a dichloronethane/ ethyl acetate
m xture 9/1. 72 ng of phenyl nethyl trans-4-(benzoylamno) 5

-1-(chl orocar bonyl)30 g -ofreahybil 2s- thyesr obtdiimed cdrisoxydatpuw fihed

nol ecul ar foramul a Cf2_11H21 204C1 g/M = 400. 86§.g%ni)s then. recover.ed, whjch
corresponds t¥ a EPBA5PIEFHEY373 IRy (05939 | %11 e c8h5bund @

obtai ned 10 pr&viwshathidndll ssiywiethddt & dMimicitd®s rghydr of uran. The
solution is then cooled down to -70C and 1 m of a 1 Msolution in |ithium

bi s(trinmethyl silyl32 aiF & rhanamadtsfutaanss addan zeraming)nut es. The
reaction diumijs 4 up fo r_ 4 LW es.then 69 | of
acetic acgg i;ia elao.egél%%axobr%@{:]m on 4rrediqﬁén%q}s thtjazg d%}’?{%l\/&%%é

di chl or onet hanesbovashae wWrith andiQ9megiie desrnadl autd,0n,,0h0,ddar tdrd ¢ aci d, then
wi th a phosphate buffer solution at pH=7.0, and with a saturated aqueous
sol ution of <O 1fR> 2 chi drisie. FeARY Giethni W I OT L RIBE Fverd magnesi um
sul phate, caqpgenirat g4 0 dryness under reduced pressure, in order to
obtain 330 ng of a crude product which is purified by chromatography on
silica, eluting w1 am®b diCHIr ommdiane/ etthy|the eteamponnd ureogsized

contal 108 SANTRARY YOI LRd e 4 128 .ol Rupset od compound

The solution is then cooled down to -70°C and 1 ml
of a 1 M solution in 1lithium bis(trimethylsilyl) amide
tetrahydrofuran is added over 5 minutes.

The reaction medium is left to warm up to 0°C over

15 45 minutes, then 69 pl of acetic acid is added.

The reaction medium is then diluted with
dichloromethane, washed with a 10% aqueous solution of
tartaric acid, then with a phosphate buffer solution at
pH=7.0, and with a saturated aqueous solution of sodium

20 chloride.

The organic phase is dried over magnesium sulphate,
concentrated to dryness under reduced pregsure, in order
to obtain 330 mg of a crude product which is purified by
chromatography on silica, eluting with a

25 dichloromethane/ethyl acetate mixture 98/2 containing
0.1% TEA by volume.

In this way 123 mg of the expected compound with
molecular formula C21H20N204 (M = 364.404 g) is
recovered, which corresponds to a yield of 36%.

30 NMR spectrum of the proton

In CDCl;, at 300 MHz, chemical shifts of the peaks

in ppm and multiplicity:
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recovered, which corresponds to a yield of 36% 30 NWVR spectrum of the
proton In CDC13, at 300 MHz, chem cal shifts of the peaks in ppm and
multiplicity: R\Brevets\17100\17143 GB.doc 47 1.76 (s) : CH3; 2.11 (dd)
and 2.73 (ddd) : N-CH CH2i 2.93 (dt) and 3.00 (d) : N-CH2; 3.96 (ddd)
N-CH CH2; 5.21: CORCH2C6H5i 7.36 (nm) : CH2C6H5; 7.43 (t) and 7.57 (tt)
and 7.72 (d) : COC6H5. 5 IR(CHC13) : 1776, 1745, 1682; 1601, 1580, 1498
cml1l. M (positive Jelmt(@)sprag)a ;m2z:11 2Ma) I\hhc& 2.731; (d&M + NHEH-eu/29;

M+ Na]+ = 3 = 365 arrplel

[1- propenyl tri %‘ue%{/l ﬁﬁ&gphaﬂfiurﬁ ¢ G ph@ng;ﬁ?ret My196 (ddd): N-CH-CH,;
trans- 2- oxo- 3-f sl phanew)odi3- ¢i.a gaqhgyclcqq[zgégs 1]7hq@t anse- aqhé:a{ b;p?(y e 15
g (46.71 mol es) of 1- 1‘ 17 di et hyl et hyl )" and=2- (phenyl’ ne

Cci s- 4- hydr oxy-end- 7py7r2ro )di rf&fs8ar boxyl ate 15 (commercial pr oduct) with

A mosphor i n oGS (1 C20Ry P 845 o7 BRF6r GRBThaRE0s, 45K CB 2. 6- | uti di ne

is added to tMs sobekiive EDEEOVBHpBYYEOR)/ERY @MW tia170C, yEhen (8y25. m
of 20 trifluorgnmethanesul phoni c anhydride 1s introduced over 5 m nutes.
The reaction ABdi am/P8 i agM at ¥alfor 397 mi Mitesilbt = 366C then 4.43 g of
OG-al Iyl -hydroxyl -am ne is introduced at -70C. 25 The reaction mxture is
then left at anmbient tenperature for 27 hours. The reaction m xture is
diluted with EXeotdler drieet hane, then washed with a 10% aqueous sol ution of
tartaric ?S'dqfﬁﬁgﬁé%ffﬁéy?ﬂﬁgi%'ggi Oﬁ?ﬁﬁﬂl(ﬁ;fﬁ of phenylmethyl

trans-2-oxo-3- (sulphooxy) -1, 3-diazabicyclo([2,2,1]heptane-

6-carboxylate

15 g (46.71 mmoles) of 1-(1,1-dimethylethyl) and 2-

(phenylmethyl) cis-4-hydroxy-1,2-pyrrolidinedicarboxylate

15 (commercial product) with molecular formula C17H23NOs; (M =
321.377 g) is dissolved under an inert atmosphere in 225
ml of anhydrous dichloromethane.

5.42 ml of 2,6-lutidine is added to the solution.
Followed by cooling down to -70°C, then 8.25 ml of

20 trifluoromethanesulphonic anhydride is introduced over 5
minutes.

The reaction medium is agitated for 10 minutes at
-70°C then 4.43 g of O-allyl-hydroxyl-amine is introduced
at -70°C.

25 The reaction mixture 1s then left at ambient
temperature for 27 hours.

The reaction mixture is diluted with
dichloromethane, then washed with a 10% aqueous solution
of tartaric acid, with a saturated aqueous solution of

30 NaHCO;, and water.
The organic phase is dried over sodium sulphate, and

the solvent is evaporated off under reduced pressure.
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30 NaHCO3, and water. The organic phase is dried over sodi um sul phate, and
the solvent is evaporated off under reduced pressure.

R \Brevets\ 17100\ 17143 GB.doc 48 In this way 23 g of a crude oil is
obt ai ned which is purified by chromat ogééphy on silica, the eluent being
successively a 95/5, 90/10, then 80/20 dichloronethane/ethyl acetate
mxture. 5 7.18 g of 1-(1,1-dinethylethyl) and 2-(phenyl net

trans- 4-[ (2- pr opedyl dGhiEamiayo]231,29fy rr sibudiene@d 1diicardidhas % whigh is

nol ecul ar fornul.g .C2 5 456 ¢ rec ed; C

cor responds télralafﬁ Cfl_g%f 2 (?S/uatf@rflp%é’ gr(B)ségimTﬁl es 4 fglu eltcgbem

obt ai ned preMicesddivesl i ssolaved 195355 M obogtLbyl acetlkée. TheBcr,GaEtl on
mediumis cooled down to about 0-5C, then 19 ml of a 4.6 nol/1 solution of

hydrogen chl sHid oxametiiane /aidnd @ qet aidd dd- Xt eFhe reaction mediumis
left to rgact whil-st id t| t b, r Ivent
i's evaporgted offrﬁzﬁkgprégdb qbf@?%#rgg ﬁyﬁgweggk pgilna’up sevgra
tlhrres with d:xea:rml-lf 4ﬁ[{d@{ph dro@uﬂys]to:q»dtamata]nq,tzh@ytnmjudimmernat ant. 20 In
this way 2.54 g of t rochloride i.s o | e formof a white
precipitate, diriaPy mQte Q¥%QH1£91 %éh(%g%ﬁg%ﬂ%néyhnder
agitation. 7.334dulsasf AN 1ssq%d\%1a4&1edmﬁfﬂ HordRGRIYRld b 4 Reirdgan ¢

phase is dried over sodlun1sulphate 25 The dichl oronmet hane i s evaporat ed
of f under redifded pressure. 2.12 g of phenyl net hyl

rone 4 L2 provenylaly 6] gl | SaePout e il sl
previously is dissolved in 3.5 ml of ethyl acetate.

The reaction medium is cooled down to about 0-5°C,
then 19 ml of a 4.6 mol/l solution of hydrogen chloride
in ethyl acetate is added.

15 The reaction medium is left to react whilst
agitating at about 0-5°C for 40 minutes.

The solvent is evaporated off under reduced
pressure, followed by taking up several times with
diethyl ether, whilst extracting the liquid supernatant.

20 In this way 2.54 g of the hydrochloride is obtained
in the form of a white precipitate, which is dissolved in
55 ml of dichloromethane under agitation. 7.3 ml of 2N
soda is added. After decantation, the organic phase is
dried over sodium sulphate.

25 The dichloromethane is evaporated off under reduced
pressure.

2.12 g of phenylmethyl trans-4-[(2-propenyloxy)
amino] -2-pyrrolidinecarboxylate with molecular formula
C1sHaoN203 (M = 276.337 g) is thus obtained in the form of

30 an oil i.e. a yield of 89%.

4.14 g (15 mmoles) of the compound obtained

previougly is dissolved under an inert atmosphere in 1.5

1l of acetonitrile.
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30 an oil i.e.

previously is
acetonitrile.

a yield of 89% 4.14 g (15 nmol es) of the conpound obt ai
di ssol ved under an inert atnosphere in 1.5 1 of
R\ Brevets\ 17100\ 17143 GB. doc 49 The reaction nmediumis

ned

cool ed down to about 0-5C and 1.14 nl ofgadi phosgene is added. Agitation is
carried out for 15 mnutes whilst being maintained at 0-5C, then 4.6

of TEA, and 1

.83g of DVAP in 80 m of acetonitrile 5 are added

m

successi vely. The tErperedatbon smedfitimt d o i secled adibwantto t ebpetatan= Gand

t he reaction

solvent is ev
nmediumis tre
extracted wt
saturated aqu
sul phate agd
of crude prod
silica elutin
containing O

nedjumis left to react for, 26 hours, then half, of the

adt-dd Jif OfurHaN LR G d 5 e, PEYCRTED tife Gt on

ahd it R A hQe AANRAUS S YO MaQin tleeR! it atighc t helen
h  di chl oronet hane. The organi ¢ phase is washed using a
doufs mslolaft iR ofarsbodi B idioDVAE, idy isdd mverf anepeasiturhle
t he S%Lﬁﬁﬁt i s _evaporated off 15 under reduced pressure.
Naal ?Qﬁﬁ%ﬁ%ﬁ&?%&ﬁch is purified by chromatography
g wthhre dishporanetdaneset hydriacetat e figd ureoc90/skbient
. 1% TEA. 20 312 of phenyl net hy|l trans-2-oxo-3-(2-

43 ¢
on

pr openyl oxy) - £ eRfratatic aid[ e Te¢ehtameledtdr bdbRyLafE tRi IRaRS dAH ar

formul a Cl6H1
yield of 7 %
is dissolved
Al of acetic
reaction hed

15

20

25

30

%}g?go%g%(: o P indl £ Sor " RRAVELSIL MY € COLYE5PARMA5! O

nmole) o e conmpound obt al ne

previ ously

undir areduterd patemzspleere in 2.3 m of dichloromethane. 26.5

acid and 134 of Pd(P(Ph)3)4 are then introduyced. The
um i s A& tBnga%Eanto]roxho nitfest s treared “with a 10%

aqueous solution of tartaric acid, then extracted with
dichloromethane. The organic phase 1is washed using a
saturated aqueous solution of sodium chloride, dried over
magnesium sulphate and the solvent 1is evaporated off
under reduced pressure.

43 g of crude product is thus obtained which is
purified by chromatography on silica eluting with a
dichloromethane/ethyl acetate mixture 90/10 containing
0.1% TEA.

312 mg of phenylmethyl trans-2-oxo-3-(2-
propenyloxy) -1,3-diazabicyclo{2,2, 1]l heptane-6-carboxylate
with molecular formula Ci;gH1gN2Oy (M = 302.33 g) is
recovered which corresponds to a yield of 7 %.

70.2 mg (0.232 mmole) of the compound obtained
previously is dissolved under an inert atmosphere in 2.3
ml of dichloromethane. 26.5 ul of acetic acid and 134 mg
of Pd(P{(Ph);3)4 are then introduced.

The reaction medium is left to react for 40 minutes
at ambient temperature, then the temperature is lowered
to -20°C and 2.96 ml of a solution of an SO3-pyridine
complex at 0.314 mol/l is added. The reaction medium is
left to react for 2 hours and 30 minutes then

dichloromethane is added and evaporation is carried out
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at anbient tenperature, then the tenperature is lowered 30 to -20C and
2.96 mM of a solution of an SO03-pyridine conplex at 0.314 nol/1 is added.
The reaction nmediumis Jleft to react for 2 hours and 30 m nutes then

di chl oronet hane i s added and evaporationsos carried out

R \Brevets\ 17100\ 17143 GB. doc 50 under reduced pressure, followed by taki ng-
up in 40 m of dichloromethane and washing with 5 m of water. The )
or gani c phaselrideense:rwihmeeﬂ racrﬂiasclmeed foldowssd ihymt aduilnshatre, it Heéh nlheot

solvent is eva r.at ed f__under duced ssure., In_this way 2 ng of
crude product® 21 el(*)Fé't? NS nPRH| |"§ Fi 88{:5 %hp‘&rra?%gr ﬁéﬁrbn si'19 ca,
eluting suceaeREmMel ygﬁ@ea dischl riﬁttfé@ne/aaszﬁt 0fL1 88 Xt Wker80/sdium
containing 0.1 %of T t hen a di chl oronet hane/ acetone 10 m xture 50/50

cont ai ni ng 0.SBIBhGLETEA then 0 the ofSCéLXﬁS?é’ttt ed ScoyRERREatAd h ofdfl eciiidar

formul a 4 P 4.689 g) is recovered in the formof a yellow
oil, i. .g:zs; yq%ﬁ%%%spf%% UI\Ilf\%\F\’ spectrumof the proton 15 In CDC13, at 400
MHz, chem cal shiflrs ohighevgpeakso |mg pptth armcudhe | 1p|r|rmlducc1tt yis2.dfgimedand
2.48 (M : CHR-CHC=O 2.72 e‘q? and 3 s) : CH2- 3.75 .

CH2- CH- C=02; WRiEh (3§ EMTedss %Ylgh[fﬂﬁ]a O@HQPEB'HERH 7S$%l€ﬁ7 1&2”&%%
and 2 .29 (msuccg(%?slgﬁg_"wﬁ:lﬁ?a glgﬂ%ozne%%a%ag&gﬂ znlg&ureSEBd:)/z((pGFB)

3 M5 (negati ve and positive el ectrospray) [ Mani on] - 341 [Mcation] + =
303 Exanpl e chht28 ring opehy kt cifp HeEd phbslph@md;mr@ennomﬁthm catrenss- 2-

0x0- 3- (s Phown o Y 7 AR Ay % 11 HeRiaigaG- car boxyl ate
34.0 mg of expected compound, with molecular formula
C34H33N,0,8P (M = 644.689 g) is recovered in the form of a
yellow o0il, i.e. a yield of 23%.
NMR spectrum of the proton

15 In CDCli:, at 400 MHz, chemical shifts of the peaks
in ppm and multiplicity:
2.00(m) and 2.48 (m) : CH-CH-C=0; 2.72(d) and 3.12(s): CH-
CH,-N; 3.75(m): CH;-CH-C=0;; 4.71(s) CH-CH»-N; 5.18 [AB]
CH;-CgHs; 7.35(m): CHz-CeHs and 2.29(m): CH3-CH=CH; 6.62
20 and 7.21 CH;-CH=CH; 7,60-7.85 P(C¢Hs)3

MS (negative and pogitive electrospray) m/z:

[Manion] = 341
[Mcation]* = 303

Example 11

25 l-propenyltriphenylphosphonium salt of methyl trans-2-
0ox0-3- (sulphooxy) -1,3-diazabicyclo[2,2, 1]l heptane-6-
carboxylate

The operation is carried out as in Example 10, but
gtarting from 207 mg of 1-(1,l1-dimethylethyl) and 2-

30 methyl cis-4-hydroxy-1,2-pyrrolidinedicarboxylate.

12 mg of the desired product of formula C;H;oN.0;S (M
= 266.231 g) is thus obtained.

MS (negative and positive electrospray) m/z:
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The operation is carried out as in Exanple 10, but starting from 207 ng of
1-(1,1-dinmethyl ethyl) and 2- 30 nethyl

cis-4- hydroxy-1, 2-pyrrolidi nedi carboxylate. 12 ng of the desired product of
formula C7THLON2O7S (M = 266.231 g) is thbh% obtained. M5 (negative and
positive electrospray) mz: R \Brevets\17100\17143 GB.doc 51 [Manion]- 265
[Mcation] + = 303 Exanple 12a 5 di phenyl net hyl

trans- 7- oxo- 6- oxa- | IMazsisindy cFoR 852, 1] oct ane- 3-carboxylate 8 m of

di chl oronet hane an 7 (L e) of di phenyl net hyl
cis-5-hydroxy-3-pip@%%ﬁﬁﬁggarbgggFate hydrochl ori de (described in Acta
Chem Scand. Ser. B 10 35(4) 289-294) are m xed together under an inert

at nrosphere. The reaction mediumis cooled down to OC, then 346 Al of TEA
and 72 | of mﬁﬁﬁﬂé;ﬁmiéﬁe added. The reaction nediumis left to react for

15 mnutesg 15 Wid S il Rl i A1 I NG RIBRLAL-Ur & Alo ipclld e 2 hg  sol vent

i s evaporated off under reduced pressure, followed by taking up in 25 m
of dry tol ueneamhefi{carboryltatel i m nate the TEA hydrochl oride. 553 Al of
TEA is added to thgafiltr te %ﬁ%%heatin 20c{§ rrie ouﬁ_qnd ref 1 ux
for 4 hours. The réacth ARG 6F Witsh e S/adet ate and
washed w th anGsuaorSnetl | ®ins -IHyai g 3 -Hi%draird iafd arsdxg; Ldden with a
sat urat ed aqueous solution of sodiumchloride, and the organic phase is

dried over 25wWRIRREIsIAFALR FIREE 1ISAPdH &9 Uder S¥dtcedFiedbure is
carried oyh al 339 @ 04 crade PrHRdYGiodet HAC WURIA i Gl ieS

atmogphere.

The reaction medium is cooled down to 0°C, then 346
ul of TEA and 72 pl of diphosgene are added.

The reaction medium is left to react for 15 minutes

15 whilst maintaining the temperature at 0°C, then the
golvent 1is evaporated off under reduced pressure,
followed by taking up in 25 ml of dry toluene and
filtering to eliminate the TEA hydrochloride.

553 pl of TEA is added to the filtrate and heating

20 ig carried out under reflux for 4 hours.

The reaction medium is then diluted with ethyl
acetate and washed with an aqueous solution containing
10% tartaric acid, then with a saturated aqueous solution
of sodium chloride, and the organic phase is dried over

25 magnesium sulphate.

Evaporation under reduced pressure 1is carried out
and 339 mg of crude product 1is recovered which is
purified by chromatography on silica, eluting with a
toluene/ethyl acetate mixture 70/30.

30 In this way 146 mg of the expected compound (M =
337.378 g) 1is recovered, which corresponds to a yield of
43%.

NMR spectrum of the proton
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purified by

m xture 70/ 3
g) is recove
proton R \Br
shifts of th

N-CH2- CHO CH2;, 2.92 (tt

(dd) and 5

chromat ography on silica, eluting with a toluene/ethyl acetate
0. 30 In this way 146 ng of the expected conpound (M= 337.378.

red, which corresponds to a yield of 43% NVR spectrum of
evet s\ 17100\ 17143 GB. doc 52 kA CDC1l3, at 250 MHz, chemni cal
e peaks in ppmand nultiplicity: 2.15 (ddd) and 2.73 (dq)
3 02C-CH; 3.00 (d) and 3.45 (d) : N CH2-CHO
4.07 (&d)COCh.CIEt P OOz, Fhemitcal: 9b CriE, thegprgalys

the - -

3.48 °

C02-CH (Co - 7. S 2. IR(CHC13): 1792, 1734; 1600, 1585,
1497 cm 1 nH/E)“( é’ﬁm it "[%tlél:}yé@%,' 292, 183, 167. 10 Exanple 12b
trans- 7- oxo- 6- oxa-2l.-1&zapddycl ahd, 2,. IBoctday)e- AN - Cy-OHdHs ; a@i.@232G mg: of

t he conpound
catal yst at
under a hydr
m nutes, 70
30 mi nut es,
evaporated o

obt ai ned whi
158 ng of th
171.154 g) i
correspondin
10
15
20
25
30

obt ai ned i n Ex&gple 2a, 17 of ‘acetone and 70 of Pd/C
& xbd (8¢ét

8% bY - vweitg P n? NeCE2aGFPat Pof8i S 9Hr 3

out

Qe atq@sphRt ey, atun@sjml 4 PfesseEe. ALdhecand ef 93 haurs 30
ng of catalyst —is added and Teft to react for another 1 hour

G20 -CHe Ctlhe 2r edcBBonmedi(@elld)e-fil tered. The solvent is

ff r,\re d pressur n crude product is
é&—@s———ﬁé)ysgﬁﬁ? ’zglﬁr’or%%poeofft gLn%EQFﬁgltgg{ icrr\ng is carried out

e1ssought m/2b pmjduet 3vi7t howel, ecakar 160, mul a C7ZHONO4A (M =
§ thus recovered in the formof a grey solid. The
g yieldis 89%

Example 12b

trang-7-oxo-6-oxa-l-azabicyclo[3,2,1]octane-3-
carboxylic acid

320 mg of the compound obtained in Example 12a, 17
ml of acetone and 70 mg of Pd/C catalyst at 20% by weight
are mixed together.

Agitation is carried out under a hydrogen atmosphere
at normal pressure.

At the end of 2 hours 30 minutes, 70 mg of catalyst
is added and left to react for another 1 hour 30 minutes,
then the reaction medium is filtered.

The solvent is evaporated off under reduced pressure
and 350 mg of crude product is thus obtained which is
crystallized from pentane.

Filtering is carried out and 158 mg of the sought
product with molecular formula C,H¢NOy; (M = 171.154 g) 1is
thus recovered in the form o©of a grey solid. The
corresponding yield is 89%.

NMR sgpectrum of the proton

In DMSO, at 300 MHz, chemical shifts of the peaks in
ppm and multiplicity:

2.10 (ddd) and 2.43 (dm): N-CH,-CHO-CH,; 2.83 (tt):
0,C-CH-; 3.13 (d) and 3.27 (dm): N-CH,-CHO; 3.40 (dd) and
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NMR spectrum of the proton In DVMSO, at 300 MHz, chem cal shifts of the
peaks in 30 ppmand multiplicity: 2.10 (ddd) and 2.43 (dm

N-CH2- CHO CH2i 2.83 (tt) ORCCH; 3.13 (d) and 3.27 (dm : N CH2-CHG 3.40
(dd) and R \Brevets\17100\17143 GB.doc 5833.72 (d) : N CH2-CH CO2H; 4.81
(m @ N-CH2-CHO 12.54 (broad s) : CO2H IR (nujol) : 1782, 1692 cm 1. MS
(Bl mz: [M + =177, 155, 127, 82, 70. 5 Exanple 12c

(4-ni trophenyl3 m&? hy(d} r anl-CHpx@i-6:@¥a- 14 .&2abi (m)cl o8;@24JHO; 12.54

oct ane- 3-car boz%/I at 3)0‘ 175 mml e) of the acid obtained in Exanple

10 12b and 0.5 ao‘? Wi th met hane are m xed together under an inert
atnmosphere. 2618 a1 : niidppbengyd ign-tal cohol, 2.2 ng of DVAP and 37 ng
of EDCI are then added. The reaction nmediumis left to react whilst

agi tating for M8 hidiikks Btz antient f&Mpel&tur 82715 82he 76r.gani ¢ phase is then
diluted wigh dichloronmethane, washed with a 10% aqueous sol ution of
tartaric acid and a phosphate buffer solution at pH 7. After drying the
organi ¢ phase Ewxemplodiaom sul phate, and evaporation of the solvent under
reduced pressu of crude product is obtained which is purified

, BT 0
by chromat ogr a{)ﬁwwcﬁ%ﬁr@)@qﬁ}i% SR o 1USTEP@yl  acetate nixture
85/15. The praofdigdi dwctdhen §Ir]§s%égo%rgee_c2§5_fc\rﬁgdgcﬂgggr e of ethyl ether and

pentane in order to produce 3 ite’crystals of the sought
conmpound (M = 306. 307 g . (0 Th5 comebspoofli hgeybelid iobt6Ine®d INVR&pEEIs um

of the progon

12b and 0.5 ml of dichloromethane are mixed together

under an inert atmosphere. 26.8 mg of 4-nitrobenzylic

alcohol, 2.2 mg of DMAP and 37 mg of EDCI are then added.
The reaction medium is 1left to react whilst
agitating for 2 hours at ambient temperature.

15 The organic phase is then diluted with
dichloromethane,lwashed with a 10% aqueous solution of
tartaric acid and a phosphate buffer solution at pH 7.

After drying the organic phase over sodium sulphate,
and evaporation of the solvent under reduced pressure, 57

20 mg of crude product is obtained which is purified by
chromatography on silica eluting with a toluene/ethyl
acetate mixture 85/15.

The product is then crystallized from a mixture of
ethyl ether and pentane in order to produce 34 mg of

25 white crystals of the sought compound (M = 306.277 gl.

The corresponding yield is 63.5%.

NMR spectrum of the proton

In CDCl;, at 300 MHz, chemical shifts of the peaks
in ppm and multiplicity:

30 2.14 (ddd) and 2.84 (dm): N-CH,-CHO-CHy; 2.90 (tt):
02C-CH-; 3.10 and 3.49 (dm); N-CH;-CHO; 3.43 (dd) and
4.14 (bd): N-CH,-CH-CO;; 5.27 [AB]: CO2-CH3~CsHs; 7.56 and
8.24 [AA'BB']: C-CgHs-NO,.
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In CDC13, at 300
multiplicity: 30

MHz, chem cal shifts of the peaks in ppm and
2.14 (ddd) and 2.84 (dnm) : N-CH2-CHO CH2i 2.90 (tt)

02C-CH-; 3.10 and 3.49 (dm) ; N-CH2-CHO 3.43 (dd) and 4.14 (bd)
N- CH2- CH C02i 5.27 [AB] : C02- CH2- C6H5; B456 and 8.24 [AA B|3' | : |
C C6H5- NC2. R\ Brevets\ 17100\ 17143 GB.doc 54 | R (CHC13) : 1799, 1789, 1741; -

1609, 1526, 1495

cmi1. MS (El) mz: [M+: 306, 170, 136, 126, 106, 82.

%agplme 1? 5 _@_(_m%d)netm%p L7680 d74 iy 3,124 oct%R Ene Stage A
. o] Tﬁﬁéi gg at ut, O-5 | utjon 71 g of
3-am no- pyri tpff Zh1“§ ‘met y|§ﬁ39 ?ﬁ?@rﬁéﬁ? ﬁﬁga,%g%.S m of benzoyl

chloride is added 10 dropw se over 15 mnutes and the reaction nmediumis
left to return to anbient tenperature. After 1 hour under agitation, the

reacti on ned
sodiun1bi§arb n
and the 15 sol ve

ed with water, then wth a saturated sol ution of

Beny RO VL) - 0T 381 £28D886c1§ (8! 2 0] Q¥eanSpdbya sul phat e
t 1I's evaporated off under reduced pressure. 42.29 g of

expected crys$hge z&d product (M= 198.226 g) is obtained. Stage B: 4.3 m

of concentrated hydrochl ori | d, and.50 0 of rhodi um on i njum at
5 %by weight are &dd d“foog @é%lh?iﬁﬁé%g %g %gg?tt%égpgogacg %%@ﬁ?%% in
stage Ain 200 nlp.gfi et BEno - andives I8@eid Die Medi W00 Smpl asedmetHglefe
hydrogen atnosphere at a pressure of 60-110 bars for 15 hours. 25 The
reaction mixtehkorsde|| tdiesy, PPnSedilii tff herRandl ¢hkdride s tpddedis

concentrated ynder; reduced 1B g3sutes The il osllaride platlis gxpected

product i's

to return to ambient temperature. After 1 hour under

agitation, the reaction medium is washed with water, then

with a saturated solution of sodium bicarbonate, then the

organic phase is dried over sodium sulphate and the

15 solvent is evaporated off under reduced pressure. 42.29

g of expected crystallized product (M = 198.226 g) is

obtained.

Stage B:

4.3 ml of concentrated hydrochloric acid and 500 mg

20 of rhodium on aluminium at 5 % by weight are added to a

solution of 10 g of the product obtained in stage A in

200

ml of methanol. The reaction medium 1s placed under a

hydrogen atmosphere at a pressure of 60-110 bars for 15

hours.

25

The reaction mixture is filtered, ringed with

methanol then the filtrate is concentrated under reduced

pressure. The hydrochloride of the expected product is

obtained in a mixture with 10 % hydrochloride of the

starting product.

30

The product is taken up in 250 ml of methylene

chloride and 1.1 equivalent of 1N soda is added. After

agitation for 15 minutes, the methylene chloride is

decanted, the organic phase is washed with water, dried
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obtained in a mxture with 10 % hydrochl oride of the starting product. 30
The product is taken up in 250 m of nethylene <chloride and 1.1 equival ent
of 1N soda is added. After agitation for 15 m nutes, the nethylene
chloride is decanted, the organic phase g5 washed with water, dried

R \Brevets\ 17100\ 17143 GB. doc 55 and evaporated under reduced pressure. The
residue is chromatographed on silica eluting wwth a nethylene chloride -
met hanol - trisetdhytwaporabedt wneled2/B¢Biced 4pgessueapect Bk crgstidhbi zied

duct bt d, 5..e. ield of 72 % Stage C
ﬁf?pﬁgnyiie?h ?§neﬁ& IQﬂ%%un 2B oF t ALUprB chIBBtalne§@£§%k%Q%|bed

in stage B i gHlissidered ddbiRbin- afribundismthoryethare 9214 4 g of
l'i thi um al um nium hydride is added to the solution over 10 30 m nutes. The

reaction mediumis 7hétatgadotm@|epecegdt grivyehadhdzeddproducingst Qs iated’s -
80C for 16 haurs thg&_ wn to OC and 11 nl of water is added over
45 nlnutes q’thout ceedlng ¢ The reaction mediumis agitated for 10

mnutes, fil t S the(pHemrled tiylat-a s peasiiEhaniitle met hyl ene chlori de.
The flltrate I's concentrated under reduced pressure. 17.8 g of expected

product is obtai ned? |31QQu§hﬁmﬂﬁQﬂUQ%1Qanlﬂﬂﬁ(ﬂ?|@$ﬁﬁﬁﬁQQQ<&¥tﬁﬂﬁae
reduced pressuyre d(lté%dl'\)(;&i F?L(H Yoo mild of 1221%13ne(%h%x5%"%g)ane 16 19 &f ge%q_;ect ed

product is 20 recovere . a ylreld of 86 %
6-(pheny|nethﬂﬁﬁhiumchkumimrwmlbyGeré]meta@dkdnup 1h&6sglotibhe gueaduct

bt ai ned e i di ssolyed in 28 ¢nB of toluene, en cool ed domn to
8C ZUSnSndi@35%%g thb gene T8€adi8acbhagr ﬁéFH@rtlaas cafren pmder

tenperature l%dl&:fattitd?l r&se andidrei b aiinedtf Yal at 75 - gooc for 16
hours then cooled down to 0°C and 11 ml of water is added
over 45 minutes, without exceeding 12°C. The reaction
medium is agitated for 10 minutes, filtered and the

15 precipitate is washed with methylene chloride. The
filtrate is concentrated under reduced pressure. 17.8 g
of expected product is obtained, in the form of an oil
which is distilled under reduced pressure (boiling point:
114 - 121°C / 0.8 mbar). 16 g of expected product is

20 recovered, i.e. a yield of 86 %.

Stage D: 6-(phenylmethyl)-1,6-diazabicyclo[3,2,1]octan-7-
one

1.06 g of the product obtained in stage C is
dissolved in 28 cm’® of toluene, then cooled down to 0°C

25 and 337 ul of diphosgene is added under an inert gas.
Then the temperature is left to rise and maintained for 2
hours at 20°C. The reaction medium is concentrated under
reduced pressure then the residue is chromatographed on
silica eluting successively with methylene chloride-

30 acetone 95/5 then 80/20 and finally methylene chloride-
methanol, triethylamine 92/8/3 and 362 mg of expected
product Ci;3H;N,O (M = 216.85 g) is obtained i.e. a yield
of 30%.
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hours at 20C. The reaction nediumis concentrated under reduced pressure
then the residue is chromatographed on silica eluting successively with

nmet hyl ene chl oride 30 acetone 95/5 then 80/20 and finally nethyl ene

chl oride- nethanol, triethylam ne 92/8/35and 362 ng of expected product

C13H16N20 (M = 216.85 g) is obtained i . e . ayield of 30%

R \Brevets\ 17100\ 17143 GB. doc 56 CPV/ Mass spectronetry (El) mz: [M + =
216, 125, 91.CPVAIEGHEIBctranEgry 1490 omid: Bang @184 325, 91.

6- benzoyl - 1, 6-di icycl.al.3,2,.1]l.ectan: 7-one Stage A

3- (benzyl am nﬁ—@%’i &?&édarlt%c%%ylclmc 5 g of product obtained in stage B
of Exanple 13 is dissolved in 1.25 1 of anhydrous tol uene under a nitrogen
at nrosphere then 3.4 ml of TEA is added and 1.47 m of 10 di phosgene is

i ntroduced atEXAMBNe chder 3 minutes. After 20 minutes at 0-5C, the reaction
medi um i scheat gdl 1.9 20C 04 d LBl ped, undete agidation for 75 m nutes,
then the gol \a/%ﬁc?er}s y(vavap'oratledzgac)}:??é};l]gr1de[r?'r educed pressure. The residue is
chr omat ogr aplsithgm i |13 cboertz el animy) il i e med g engoaty bid de- acet one

m xture 8/ 2. 3.44 g of _expected oduct i s _obtai ne jeld of 52.6 9

Stage B 6- benzoyl 3 ,%-9f a?g%&&tcl g%%???ﬁfo&?aﬁ- ?98n% %?8%”@1950]& u}g
hydride at 5Q9dispasgec in 0|1 and a0 2 1 Jdike aigad Pt ogicpshamder a
nitrogen atnosphere. The reaction nmediumis cooled down to about 0-5C, then

266 ng of thetmarhlrobtheéned -i4n vt agé AHA deldedded @and gb-4Thenl of
tenperature is left to rise to anbient )t erature, 1hen 60
acetic aglbd a‘%t?ll%g%neofls pjh%tsrp%éﬁcee u?tftzaorl5 a%?gﬁ\ge%rg it dlgtdeg A)Lft%r

20 minutes at 0-5°C, the reaction medium is heated to

20°C, it is maintained under agitation for 75 minutes,
then the solvent is evaporated off under reduced
pressure. The zresidue 1is chromatographed on silica
15 eluting with a methylene chloride-acetone mixture 8/2.

Q

3.44 g of expected product is obtained (yield of 52.6 %).

Stage B

6-benzoyl-1,6-diazabicyclo(3,2,1]octan-7-one

48 mg of sodium hydride at 50% dispersed in oil and

20 20 ml of THF are introduced under a nitrogen atmosphere.

The reaction medium is cooled down to about 0-5°C, then

266 mg of the product obtained in stage A is added in one

go.

The temperature is left to rise to ambient

25 temperature, then 60 ul of acetic acid and 10 ml of
phosphate buffer at pH 7 are added.

A little ethyl acetate is then added, then the
reaction medium is decanted and re-extracted with ethyl
acetate. The organic phase 1is dried over magnesium

30 sulphate, then the =solvents are evaporated off under
reduced pressure.

The c¢rude product is chromatographed on silica

eluting with dichloromethane containing 2% acetone.
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Alittle ethyl acetate is then added, then the reaction nediumis decanted
and re-extracted with ethyl acetate. The organic phase is dried over
magnesi um 30 sul phate, then the solvents are evaporated off under reduced
pressure. The crude product is chromatographed on silica eluting with
di chl or onet hane contai ni ng 2% acetone. R \Brevets\17100\17143 GB. doc 57 143
g of the sought product CL3H1I2N202 (M 228.25 g) is thus obtai ned. The
I(\:A?I;resEondl nlg ylhe:calcms mg2%E NiviR sqmmgh@npmdmch*e @r:bih 8hOkn (WDC238 .36 280

, Cchem ca S|tso t he peak pm_a mul t.i pli cit 120 2.15
(M and 2.42 &/ & uﬁcﬂ “éﬁz sfé‘es@"é-”&)%spoé‘%éélg(é()lea lfl%F 3 .28 to
3 .58 (m Cﬁ%RNspe@HTNm 6f4%h%”brot6n55 (”) , 7.69 (m @ C6HS IR
(CHClS): 17581672, 1605, 1586, 1492; 10 M5 (El) mlz: [M+ = 230, 125,
1056 7; 4. 54A(rr) IExamsile, 15t R2DXoMHz6- @hemdbipdy @D of obh&nPEakEet i ¢
aci tag 15 5- | wyl ) di methyl silyl]-1, 6-di azabi cycl o[ 3-
2-1l1oct an- orJfél] p@ﬁ%% glfuqltr%ﬁﬁq}uéﬁ }1}; pl aced u%der g ]nl trogen at m)gphege
anddSZ? mbt of agm)rll %}?I S lczorlgsgn(sﬁd aid -0 (i) 56NQH { G4, - Hywpl @s)Boof(ad
product obtained in anpl e 13 in_160 m of tetrahydrofura ed at
-70C over 10 -nmiZnfles(dagiiat} oMl s 2affi &8 Subdid %Sylﬁgﬁiu rlt ﬁ%na@ﬂ

ammnlals dl%tl_f ed7 @dras7tr5%amngf R td0g ) Wi st heatlng slowy at
20C. , &\J g‘ e( yI et hyl )d| met hyl'si |yl ch1‘t§)r| de in 10 cnB of 25
t et rahydr of ur arR i (CHadded 3768, y1a7220C606.t hE86bt dkARd

10 MS (EI) m/z: [M]*' = 230, 125, 105, 77

Example 15

7-oxo0-1,6-diazabicyclo[3,2,1l]loctan-6-acetic acid
Stage A:

15 5-[(1,l-dimethylethyl)dimethylsilyl]-1,6-diazabicyclo[3-
2-1]octan-7-one]

843 mg of lithium is placed under a nitrogen
atmosphere and 320 ml of ammonia is condensed at -70°C.
7.56 g (34.8 mmoles) of the product obtained in Example

20 13 in 160 ml of tetrahydrofuran is added at -70°C over 10
minutes. Agitation is carried out for 5 minutes then the
ammonia is distilled under a stream of nitrogen whilst
heating gslowly at 20°C., 7.9 g of (1,21-
dimethylethyl)dimethylsilyl chloride in 10 cm® of

25 tetrahydrofuran is added slowly at 20°C to the obtained
suspension then maintained wunder agitation for 10
minutes. 160 cm® of ethyl acetate then 60 cm® of a 10 %
aqueous solution of tartaric acid is then added.
Decanting is carried out followed by re-extracting with

30 ethyl acetate, the organic phase is washed with water,
dried over sodium sulphate and the solvent is evaporated
off under reduced pressure. The o0il obtained is

chromatographed on silica with 10 % water, eluting with
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suspensi on then maintai ned under agitation for 10 mnutes. 160 cnB of

ethyl acetate then 60 cnB of a 10 %

t hen added.

Decanting is carried out followed by re-extracting with 30

aqueous solution of tartaric acid is

et hyl acetate, the organic phase is washe&Bw th water, dried over sodium

sul phate and
obtained is

the solvent is evaporated off under reduced pressure. The oi |

chromat ographed on silica with 10 % water, eluting with

R\ Brevet s\ 17mebhy¥eng GBhdorige nthhpl eme whEbyildaet hehlarigiehpceteone

chl ori de-acet
(yield: 36.2

(S) : SicH3
2.85 (d) and

225, 183, 100, 83, 57.
7-oxo0- 1, 6- di azabppycanfi3mdl tiptiantg:acet ate

product obtai

g in
14.4 m of tePrahydloflifa
added and thegn& gl o9fma.i N salofl oy of 2 teat I

. 1 Xt.ur.e 8 nd, 3. 04 of _expect ed oduct i s,obt.ai ned
Beiih sfec ity 8 9ng i B BRROCRENE “La, Sl Rl

chem cal shiftgielidthespeaks. in ppmand multiplicity: 0.21 (S) and 0.40
0.97 (S) : SitBu; . 1.5t0 1.8 (m and 2.07 (m : N CH CH2-CHz;
NMBospaytrumcpf chbe REOPon3 (dt) and 3.32 (m) : - CH2- CH2- N;

3,95 (M 5 CH - Nrpllpll (el 9k Mﬁ%ﬁgtcﬁéﬁiw‘il-sh'\ﬁt(saéf e bMhks 240,

1.44 g (5.99 nmol es) of the

age B: pheny

ne 15 shggﬁéA is _dissolve

d
8 64581685 of § pRERS

?er a nitrogen_ atnosph

tetrahydrofuran is added drome§et‘f%e reaction nediumis agitated for
20 minutes atN20Z.Phendd) | anéd3wdeh (mb: nt CBi- @EHhW: Soétbat@) :afl 5 M. of an

aqueous HQPSpPﬁf?CH?iffI f$ﬂ&1i££%aﬁfﬂgtz 7 is added. The reaction nedi um

etate, the organic phase is washed

i s decant'ed,

cted wWth h

with water, dmgededyemn/sodiMm sugphatzzmanddhe sob vesd, is7.

15

20

25

30

Stage B:
phenylmethyl 7-oxo-1,6-diazabicyclo[3,2,1]octan-6~-acetate

1.44 g (5.99 mmoles) of the product obtained in
stage A is dissolved under a nitrogen atmosphere in 14.4
ml of tetrahydrofuran then 941 ul of phenylmethyl
bromoacetate is added and then 6 ml of a 1M solution of
tetra-n-butyl ammonium fluoride in tetrahydrofuran is
added dropwise. The reaction medium is agitated for 10
minutes at 20°C then diluted with 15 ml of ethyl acetate
and 5 ml of an aqueous phosphate buffer solution at pH =
7 1is added. The reaction medium is decanted, re-
extracted with ethyl acetate, the organic phase is washed
with water, dried over sodium sulphate and the solvent is
evaporated off under reduced pressure. The oily residue
is chromatographed on silica with 10 % water eluting with
a methylene chloride-acetone mixture 8/2. 140 mg of the
expected product is obtained. The corresponding yield is
9%.

IR (CHCl,;): 1746, 1720 cm™*.
MS (EI) m/z: [M]* = 274, 183, 155, 139, 91, 83.

Stage C: 7-oxo-1,6-diazabicyclo[3.2.1]octane-6-acetic
acid
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25 evaporated off under reduced pressure. The oily residue is

chromat ographed on silica with 10 % water eluting with a nethyl ene

-chl ori de-acetone m xture 8/ 2. 140 ng of the expected product is obtained.
The corresponding yield is 9% 30 IR (CHB®3) : 1746, 1720 cm 1. MS (El)
mz: [M+ = 274, 183, 155, 139, 91, 83. Stage C

7-0x0-1, 6-di azabi cycl o[ 3. 2. 1] oct ane-6-acetic acid R\Brevets\17100\17143
GB. doc 59 137 ng oflihe Mg odifct tdist apreduicts sphgeiBelds idi ssbhged Bn 1s5 ni

of ethyl acetate, then.added to the . solutjon of 14 of pall adium on
carbon at 10 ‘ﬁéja%%o Frced gngelmtla %y fF9ye 3%%@%?& heRy taade%Strﬁ n'ioj?%s 5
another 15 nmy @d1pedd@dofmon gar kom psladdedmansh t 88rbogaGt ono medi g i S

mai nt ai ned under agitation for 15 minutes. The catalyst is filtered out,
fol l oned by rRIRFeY WRERTethyhydEosste 2EFRIPREAD- acABrRr add TEEHED|

and the sokve I aper d.ef . re e r u I 68
ng of crudg p:%)%%%%&(sﬁgb?ﬁﬁen%d fp\fl;iiqc%liugn %sggﬁﬁPQe S?r%%d%@h%ﬁd%%@ém of
t he expected praduoin wintddinml edsl anafotaithed ChbtdeN2 @ iEMtEon74£321 1§ 1S

obt ai ned. The corresponding yield is 63 % specirumof th roton 15 In
CDC13, at 400 MY %heni cgﬂeshF?FéiB?ttﬁesp%steli pﬁ?‘htand%ﬁ'ﬁ&”ﬁ%i Y y:

1.48 (m, 1.63{mdind 7WitW) 8PHyl 8Gcklhte, N CHeE2vwiEH: d>dd M (M
, 3 .14 (dm and 3.64 (m : CHZ-KI—CHZ and CH N 3.78 and 4.14 [AB] :
CON- CH2- CO. 20nNBhqrRy)) awict: the] sotvesy, ig3gvappFatet] off7 uBkr Bxedpied 16

7-oxo- N ptﬂSnylﬁrlés6é19rlea.zabAC¥8!:g£ 3pf % O(I:ntga%%_ O G l%)C)r)(oac'ﬂ]lc:q:e is obtained
which is crystallized from ether. 58 mg of the expected
product with molecular formula C;gH;gN;03 (M = 274.321 g)

is obtained. The corresponding yield is 63 %.

NMR spectrum of the protoh

15 In CDCl;, at 400 MHz, chemical shifts of the peaks
in ppm and multiplicity:
1.48 (m), 1.63 (m), 1.73 (m) and 1.86 (m): N-CH-CH;-
CH,; 2.85 to 3.00 (m), 3.14 (dm) and 3.64 (m): CH,-N-CH,
and CH-N; 3.78 and 4.14 [AB]: CON-CH,-CO.
20 MS (EI) m/z: [M]® = 184, 139, 125, 111, 97, 83.

Example 16

7-oxo-N-phenyl-1,6-diazabicyclo([3,2,1]octane-6-
carboxamide
25 1 ml of tetrahydrofuran and 99 mg (0.41 mmole) of
the compound obtained in stage A of Example 15 are mixed
together under an inert gas.
50 ul of phenyl isocyanate then 450 ul of a 1M
gsolution of tetrabutylammonium fluoride in THF are added
30 successively.
The reaction medium is left to react for 10 minutes,
then diluted with ethyl acetate, and washed with water.

The reaction medium is decanted and the organic phase is
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25 1 m of tetrahydrofuran and 99 ng (0.41 mmle) of

in stage A of Exanple 15 are m xed together under an inert gas. 50 Al
phenyl isocyanate then 450 | of a 1M solution of tetrabutyl amoni um
fluoride in THE are added 30 successiveb§. The reaction nmediumis left to.

react for 10
water. The
R\ Brevets\1

m nutes, then diluted wth ethyl acetate, and washed with

reaction mediumis decanted and the organic phase is
e 743 GBates 160 dnilediadeer Rgnesst aum

5,00 o ey et AU BLgRR . (A0 A o, SLAE REadNEL 15

obt ai ned mhl
di chl oromet h

y hy on usi
ariet Bpkaasetat ghiekt UL parIFLikd aBye|¢ﬂQﬂ<bma€égﬂ@p1Q§f tdre

the conpound obtai ned

of

rdul ghaeap iRt &bl vent

t hus

conmpound of the title, with nDIecuIar formul a C13HLI5N30 (M = 245.283 g) is
isd 1 Gor rsSEehd$ t SHiehliuameshasmhe iR sPRRTaRR of PHE R ot on

recovered mh
10 In
nultlpI|C|ty

1§5%fwﬂﬁuéHQe”‘Ca| shifts of the peaks in ppmand
f 2.02 (m and 2.17 (m : N CH CH2-CH2; 2.88 (d),

3.13 (dt) and 3. 421 mg : of}ehu-eHmpomnﬁaqﬁotheCtaule 7 witt JmoTe@d(d) and

7.54(d):
1553, 1501 c
17a  6-[1-(

[ 3,2, 1] oct an-
of Exanple 1
5-f|uoroi&-

15

20

25

30

10..05: NH. 15 I3 CHC1
%meu s CmHsNig %
i ol tatdirz Jreeyl |- 1, 6- di azabicycl o 20

7-one 480 nmg (2 nmol es) of the conpound obtained in stage

266; 1734; 17 6!
M~ + Zl54?5 153) 158, ﬁ%‘éov%’éeggé“’]}”éhrrple

A

HMRs aﬁeo;ttemlmumfert@npmqn gas. Then a solution of 712 ng of

(phen&Hn%ﬁaﬂgf]gétfgéaﬁﬁg?id%é%f%éf éﬁifégrggy%ﬂglgégks
in ppm and multiplicity:

1.78 (m), 2.02 (m) and 2.17 (m): N-CH-CH;-CH;; 2.88 (d),
3.13 (dt) and 3.42 (m): CH,-N-CH;; 4.49 (m): CH-N;
7.11(t); 7.34(t) and 7.54(d): CeHs; 10.05: NH.

IR (CHCl;): 3302, 3266; 1734; 1700; 1602, 1553, 1501 cm’®

MS (EI) m/=z: [M]*: 245, 153, 126, 119, 98, 92.

Example 17a

6-[1- (phenylmethyl) -1H-tetrazole-5-yl]-1,6-diazabicyclo
[3,2,1]octan~-7-one

480 mg (2 mmoles) of the compound obtained in stage
A of Example 15 is placed under an inert gas.

Then a solution of 712 mg of 5-fluoro-1-
(phenylmethyl) -1H-tetrazole in 1.5 ml of tetrahydrofuran
then 2 ml of a 1M solution of tetrabutylammonium fluoride
in THF are added. The reaction medium is left to react
for 1 minute.

The reaction medium is then diluted with ethyl
acetate, washed with water, decanted, the organic phase
is dried over magnesgium sulphate and the solvent is

evaporated off under reduced pressure.
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25 then 2 mM of a 1M solution of tetrabutylamoniumfluoride in THE are
added. The reaction nmediumis left to react for 1 mnute. The reaction
mediumis then diluted with ethyl acetate, washed with water, decanted,
the organic phase 30 is dried over magnesl um sul phate and the solvent is
evaporated of f under reduced pressure. R \Brevets\17100\17143 GB. doc 61
106 g of an oily product is obtained which is chronatographed on silica
in a di chl oronet haiebét hyl ofacenateihy xtaradwyy 165 1aBtagned tHel@xpéét ed

conmpound wi th | ecul ar formul a CI14HI6NGO (M = . .S .t
obtained in tf rof“S‘LréﬁS(FFP GanSFph&dd TR t & pr 3duc(:jtzl. ﬁ%%é‘%%‘rhé"?ﬁé%g?ﬂ’gl
yield is 25% ;NMR sReatikgmrel sheoproton In CDC13, at 250 MHz, chemi cal

shifts of the peaks 10 in ppmand multiplicity: 1.80 (m, , 2%@5&9 and
2.67 (M) : N CH CH248H2Mmg2. 88 (e, e@%%t%rr)C?m%%W(%”én&‘ SF¥IEEd) -
CH2- N- CH2; _ 3. s v2m 63yand »%.48 ABJy 4 y bt 43 ( 7.32
(m %%_515%%{&%%%@%&&0 Fvand 53488 2[AR)) 1 SoEREHBL 41 A8d(Hh amé

6- (1H-t et r azolferr Ybi - An6-aicazatiuzy chiof 8e 2 prodotcan- 7- he 2 negprendimg
product obtained_in Exanple 17a and 2.4 m of a nethanol/ethyl acetate

m xt ure 90/ 10Ydedd 3@ f>%%d together then 2.4 ml of THE is added until

total dissol Wﬁ%g'e%t%@i&e@hezéf&o?f pal I adi um catal yst on carbon at
10%is then , ' diumis agitated under a hydrogen
at mosphere. After 3IrhclDGl:of atea?$? oMHzi hehgBicatlalsiifts of| tocedRS
folloved by rinsing Wi @iciplicity:
1.80 (m), 2.04 (m) and 2.67 (m): N-CH-CHp;-CH,; 2.83 (d),
2.85 (dm), 3.10 (dd) and 3.44 (dd): CH;-N-CHp; 3.99 (m) :
CH-N; 5.63 and 5.88 [AB]: Ce¢Hs-CHy; 7.18 (m) and 7.32 (m):
CeHs .
15
Example 17b

6- (lH-tetrazole-5-yl)-1,6-diazabicyclo([3,2,1]octan-7-one
120 mg of the product obtained in Example 17a and
2.4 ml of a methanol/ethyl acetate mixture 90/10 are
20 mixed together then 2.4 ml of THF is added until total
dissolution is obtained.
24 mg of palladium catalyst on carbon at 10% is then
added, then the reaction medium is agitated under a
hydrogen atmosphere. After 3 hours of reaction, the
25 catalyst is filtered out, followed by rinsing with a
tetrahydrofuran/methanol mixture, then the solvent is
evaporated off under reduced pressure. The product 1is
then crystallized from ethyl ether.
72 mg of the compound of the title with molecular
30 formula C,H;oNgO (M = 194.198 g) is thus obtained, in the
form of a white crystallized product. The corresponding
yield is 88%.
NMR spectrum of the proton
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t et rahydr of uran/ met hanol m xture, then the solvent is evaporated off under
reduced pressure. The product is then crystallized fromethyl ether. 72 ny-,
of the compound of the title with nolecular 30 formula C7HILON6O (M = -
194.198 g) is thus obtained, in the forrm2f a white crystallized product.

The corresponding vyield is 88% NWVR spectrum of the proton

R\ Brevets\ 17100\ 17143 GB.doc 62 In DMSO, at 300 MHz, chem cal shifts of

t he peaks in ppn15ﬂdDWﬁPti%Fi%PPyMHE:GSh?Wicéllsbngﬁjoﬁthz.9??&?}lnCH_N
N- CH CH2- CH2; : t 20 6mand 3.43 () : CH2-N-CH2; 4.51 ; .
5 IR (Nujol) P§T7%§? ?%§§1§%%§?1 5 (El) mz: [M + = 194, 165, 124, 111

98, 83, 68, 5B,631.(mBxanpbl@918mi0 and 2.07 (m): N-CH-CH,-CH,; 3.14 to

6-acetyl -1, 6-di azabi cycl 9] 3, 2, 1] oct an-7-one_140 (0.582 nmpl es) of the
conpou%d obta'ngé ?W? @ngg'%?o%mgkagﬂﬂtﬁl 2is 4dPdsdMed M. 4 i of THF.
55 | of aqgtipRamnuﬁbiﬂe ihen; 01584 nkyof a 1M solution of

tetrabutylanmoniumituoride in THE are added 15 successively. The reaction
medi um i s t heiSdi(Elid ed@/\gi:t MIthyd 1%cet®d%, Wadhedlwit Ponatss, €@cafited,
the organic phase is dried over magnesi um sul phate, then the solvent is
evaporated of f" under reduced pressure. 20 In this way 116 ng of a crude oi
is obtained which is chromatographed on silica with a

di chl oronet hane/ acet one m xture 80/20. 18 ng of expected conmpound, wth

mol ecul ar f or¥¥AEPERHASN202 25

10 6-acetyl-1,6-diazabicyclo[3,2,1l]octan-7-one

140 mg (0.582 mmoles) of the compound obtained in
stage A of Example 15 is dissolved in 1.4 ml of THF.

55 ul of acetic anhydride then 0.58 ml of a 1M
solution of tetrabutylammonium fluoride in THF are added

15 successively.

The reaction medium is then diluted with ethyl
acetate, washed with water, decanted, the organic phase
is dried over magnesium sulphate, then the solvent is
evaporated off under reduced pressure.

20 In this way 116 mg of a crude oil is obtained which
is chromatographed on silica with a
dichloromethane/acetone mixture 80/20.

18 mg of expected compound, with molecular formula
CgH,2N-0, (M= 168.196 g) is thus obtained, which

25 corresponds to a yield of 18 %.

NMR sgpectrum of the proton

In DMSO, at 300 MHz, chemical shifts of the peaks in
ppm and multiplicity:
1.65 to 2.20 {m): N-CH-CH;-CHp; 2.54 (s): CH3;CO-N; 2.83
30 (d), 3.33(dm), 3.10 (m) and 3.45 (dd4) CHp-N-CHz; 4.55
(m) : O=C-N-CH.
IR (CHCl;): 1758, 1696 cm:.
MS (EI) m/z: [M]* = 168, 140, 126, 98, 43.
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shifts 1.65 to 2.20 (m : NCHCH2-CH2i 2.54 (s) (M= 168.196 g) is thus

qQbt ai ned, which corresponds to a yield of 18 % NWR spectrum of the proton
in DMSO, at 300 MHz, chemical ppmand multiplicity: of the peaks in :
CH3CO-N, 2.83 30 (d) , 3.33 (dm) , 3 .10 63) and 3.45 (dd) CH2-N-CH2i 4.55
(m : OCGNCH IR (CHC13) : 1758, 1696 cml1l. Ms (ElI) nmlz: [M+ = 168,
140, 126, 98, 43. R \Brevets\17100\17143 GB.doc 63 Exanple 19a

6- (phenyl net hoxy) - 1, 6-di azabi cycl o[ 3, 2,1 ]octan-7-one 44.02 g (0.22 nol e)

of 1, 1-dimnet hyé)gzé Eﬁe é'é)ﬁ(o' 1- 5 piperidinecarboxylate (CLOHI7NGZ, M = _
199. 251 g) ( J. Med. Chem 1986, 29, 224-229) is dissolved in

440 nl of et hadolpheayIifetth®ty O besvzdi aduish @yl am e, Tyskeehl prége is then
added. 54 m of pyridine is then introduced 10 dropwi se into the
suspensi on. The redditn FediUm3 sMPéeY tQf r dadr ddREESY lesdviat 3 TRKS Ok - 4

hours at appr g pet £k ihLdrndRen dde %@Joﬁe’i{%is eyapor_at e%tétg_fz nd(irSg)

reduced pressure. The reaction nmediumi’s t’akén up by a mxtiure o
di chl or onet hanedegwicigtdy| acetdht e, Maden dhdn er elbadd I9 nsezbaiado) is

The 111 rate Tt Lo it T ied s I under reduced preseure. 60,5
g of a light yelloweidyig TdIUSOO@éﬁiﬁPdthﬂ:&byla?rQiﬁé Byt A de is
chromat ography on silica. The el uent ‘use
then added. 54 ml of pyridine 1is then introduced
10 dropwise into the suspension.

The reaction medium is left to react whilst
agitating for 4 hours at approximately 25°C, then the
solvent is evaporated off under reduced pressure. The
reaction medium is taken up by a mixture of

15 dichloromethane and ethyl acetate, then filtered and
rinsed with dichloromethane, then with a mixture of
dichloromethane and ethyl acetate. The filtrate ig then
concentrated to dryness under reduced pressure.

69.8 g of a light yellow 0il is thus obtained which

20 is purified by chromatography on silica. The eluent used
is a cyclohexane/ethyl acetate mixture 80/20.

57.21 g of 1,1-dimethylethyl 3-[(phenylmethoxy)
imino] -1-piperidinecarboxylate, with molecular formula
C17H24N203 (M = 304.39 g) 1is recovered, in the form of a

25 very pale yellow oil. The corresponding yield is 85%.

24.82 g (0.0815 mmole) of the oxime obtained
previously is dissolved in 163 ml of ethanol cooled down
to -10°C under nitrogen. Then 25 ml of a borane-pyridine
complex is added, then 204 ml of 2N hydrochloric acid is

30 added dropwise over an hour and quarter. The solution is
agitated for 1 hour and a quarter at -5°C, then treated

with 100 ml of a saturated sodium hydrogen carbonate
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is a cycl ohexane/ethyl acetate m xture 80/20. 57.21 g of 1, 1-dinethyl ethyl
3-[ (phenyl met hoxy) i m no]-1-piperidinecarboxylate, with nolecular formula
C1l7H24N203 (M = 304.39 g) is recovered, in the formof a 25 very pale

yellow oil. The corresponding yield is 88% 24.82 g (0.0815 nmole) of the.
oxi me obtained previously is dissolved in 163 m of ethanol cool ed down

conpl ex .is added,

to -10C under_ nitr.ogen. Then 25 nm__of a borane-pyridine _

then 204 m &° Jﬁﬁ'ﬂr p'i:l'l’ﬁrbr?"(’:tgci:g& i% %ﬂaé‘dngaﬁhogétgverwwmo%ﬁ’eand
quarter. The RQldd 110D dofa1 AU ARG ALr Ioyy and gnQuajter at -5C then
treated with 100 ml of a saturated sodi um hydrogen carbonate

R\ Brevet s\ 17100\ I3 @R tdgg eedioiutiisorgxtidssrrad mitds efhnfl soxfitahe.
carbonat e, which e ed. in || fractions. The pH.i§ then 7-8.. The
reaction medi um i ?rheext(?ga%?lgldé V\Pﬁ%gthy FCacetar e ’I’hgri‘)? afVE pHARE Y ¢
conbi ned, 5dr isefl pheate ,sodhem sSlwetiphdise, et higosot ¥@ntofits avaper atethiedd

under reduced pressure. 39.0 g of a colourless oily quﬁid is thus
obt ai ned t hatPHieEsBiéen up - 400K %of cetayrlaset sidy Thaswb utisortings

washed with a;Q.0 aggou; [ - (el rd Ci nfqP t he
organi ¢ phases algl%e con%%ne%%aé#j 1@{1&9{5&%@ imsfoeévtgqﬁ?r a%eedéo " under
reduced pressure. T3 5 sploftizm oiilsy owsthed essith qu d 0.90% eddverqitowdi ch

i i fied by chronat i lica, ti i th ,
i chl or oot R SLerbsitie grSs. | fBRn T4iq; phoanic phases
di chl or ongt hanel etBibiaeat aifg MoHaUr 8oBLRL. i1y - 8Ya@brhckudi BEhyhRidy!

3-[ (phenyl nmet hoxy) am no] - 1-pi peri di necarboxylate with nol ecular fornul a
C17H26N203 yaduesgh@ressy)rd.s thus recovered in the formof a colourless

oil. The corres_por}%i.r%g é{i %lfd 53 7021%3/ Zgoﬁoaglgsézﬁ'igqu@gjl ?E) :Pécccg'vheered
pi peri di ne obtaine
which is purified by chromatography on silica, eluting
with a dichloromethane/ethyl acetate mixture 95/5, then

15 with a dichloromethane/ethyl acetate mixture 80/20.

17.89 of 1,1-dimethylethyl 3-[(phenylmethoxy)amino] -
l-piperidinecarboxylate with molecular formula Ci7H;6N,05
(M = 306.41 g) 1is thus recovered in the form of a
colourless oil. The corresponding yield is 72%.

20 6.72 g (21.9 mmoles) of the piperidine obtained
previously is dissolved in 22 ml of ethyl acetate cooled
down to -10°C. 28 ml of a 4.0 mol/l solution of
anhydrous hydrochloric acid in ethyl acetate is added
dropwise over 30 minutes.

25 After 1 hour at 0°C, 40 ml of ethyl ether is
added, the dihydrochloride precipitate is filtered and
washed with ethyl ether.

In this way 3.87 g of a white solid is obtained.

Another 1.80 g of the desired product is obtained by

30 crystallization of the filtrate.

The product obtained is taken up in 60 ml of 1N soda
and 120 ml of ethyl acetate. After decantation, the

aqueous phase is saturated with sodium chloride, then
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previously is dissolved in 22 m of ethyl acetate cooled down to -10C 28
m of a 4.0 nol/| solution of anhydrous hydrochloric acid in ethyl acetate
ts added dropwi se over 30 mnutes. 25 After 1 hour at 0C, 40 ml of ethyl
ether is added, the dihydrochloride precigiitate is filtered and washed
with ethyl ether. In this way 3.87 g of a white solid is obtained. Another
1.80 g of the desired product is obtained by 30 crystallization of the
filtrate. The prbadetedbtuiged with s upatatsten dhel Ndsgaaic apdagas n

of ethyl aceta - a [ . the uegus phase is saturated with
sodi um chl ori dge?et ﬁéeé\ﬁé%éj%?e\% S\ %&fﬁﬁtlﬂ% cBidb Ségmexf’}lig%‘éﬁetv\l%ﬁnw th
et hyl acet at e. cFheentganéd phadegneas eundddi peduead sréegupyer magnesi um
sul phate then cong«;nﬁt} ated fo dryness under reduced pressure. 3.67 g of

N- ( phenyl met hoxy) - 32 p %eugi dPhafi r@hepviie thoyy) sdupaperddhnamioes HIBRED (M
= 206. 29 gk i smbhaisy1 bt ak . i S ds. t y &l d, of %.H18 ny
(2.5 mmol es) of theucorrpouﬂglq%ﬁ‘\gi ﬁ%ggg\%?gvﬁ%sl y icbs%d'ijsésao;jg\ved |§gnr 5t nlflgof
anhydrous di chpor oned hameich heor feSpondaft TEA yiehdldefl. 819. The whitish

suspensi on obt ai ne cool ed_down _to. -65C then 12.5 m of a 0.10 nol/|
solution of di phoSSQiene A d?%h?or BReLhghe Pf addsd ARIPANG rRkeainedt er

reaction for 45r&iviie€by thes colnwWdasaed soliwtion isydiluted V‘éﬁﬁ'}g&fo”& of
di chl oromet hang, and 15 treated with 15 m of water. The mediumi eft to
settle, then tFEChberedRtpRe then ekt dot ef WEAH DO added. di chl or onet hane.

Concentrated fo drynes indsrry saussq L SBORERLAM: SUEIRLE donf e
-65°C, then 12.5 ml of a 0.10 mol/l =solution of
diphosgene in dichloromethane is added over 15 minutes.

After reaction for 45 minutes, the colourless
solution is diluted with 15 ml of dichloromethane and
15 treated with 15 ml of water.
The medium is left to settle, then the agueous phase
is extracted with 20 ml of dichloromethane.
The combined organic phases are dried over magnesium
sulphate, then concentrated to dryness under reduced
20 pressure. A pale yellow oil is thus obtained which is
purified by chromatography on silica eluting with an
ethyl acetate mixture 90/10, then a dichloromethane/ethyl
acetate mixture 80/20.
In this way 196 mg of expected compound with
25 molecular formula Ci3H:¢N,05, (M = 232.28 g) is recovered
in the form of a colourless oil. The corresponding yield
is 34%.

NMR spectrum of the proton

In CDCl;, at 300 MHz, chemical shifts of the peaks in ppm
30 and multiplicity:

1.59 (m) and 1.93 to 2.18 (m): N-CH-CH,-CH,; 2.73 (dt),

2.94 (dt), 3.17(dt) and 3.40 (d4): CH;-N-CHz; 3.29 (t):

N-CH; 4.89 (d): N—O—C{-I_g—(CGH_r,); 7.38: CgHs.
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20 pressure. A pale yellow oil is thus obtained which is purified by
chromat ography on silica eluting with an ethyl acetate m xture 90/ 10, then _
a di chl oronet hane/ ethyl acetate m xture 80/20. In this way 196 ng of
expected conpound with 25 nolecular foreala CL3HL6N202, (M= 232.28 g) is .
recovered in the formof a colourless oil. The corresponding yield is
34% NMR spectrumof the proton In CDC13, at 300 MHz, chem cal shifts of
the peaks in IRoMCHE :hnd1dlti pRPEI t*.1.59 (m) and 1.93 to 2.18 (m

N- CH CH2- CH2i : dt). , 42 94, (dt) 3.17 (dt) and 3 .40 (dd) :
CH2- N- CH2; 3M AN ‘oM. 892%27 "IN-O CH2- (CBHB) ; 7.38: O6Hb.

R \Brevets\ 17100\ 17143 GB.doc 66 IR (CHC13) : 1747; 1498 cm1l. MS (El)

mz: [M+ = 232, 91. Exanple 19b 5

6- (acet yl oxy Expmldi 424bi cycl o[ 3,2, 1] octan-7-one 95 ng (0.41 mole) of the

d obtal ' I ]S, +d] [ hanol , f
ol |l unh on S APBS A I B WA ol VaCed TRAR TKE Sugpensi on 15

pl aced under a hydmogesn atoospheneclld) under ther mabmpoesdurebfaindd hour at
25C, then the catalyst is filtered out, After. evaporation of {he solyvent
under reduced*§HRdSsuld® 6 Ry I e1Br ystTe sogr é“ecs:ttﬂaa’{ior}ed.éTH‘g Tystal s

are taken up i1 1adtunPf o @NBYUGLBHS atl5 6 ChBhorpRiHianes The tseledt i ahds
cool ed down to -10C wunder nitrogen. Then 70 | of pyridine, then 40 pl of
aceti c anhydrile avepsugédnanilsaghlanedn unslegar pi edydoegen oraQmsphries.

T eCae RN R M ne "o BREEBLEE  HBFT: T hiGedaR! C33UES ADfed® (R Of
catalyst is filtered out.
After evaporation of the solvent under reduced
pressure, 70 mg of white crystals are obtained.
The crystals are taken up in 2 ml of anhydrous
15 dichloromethane. The solution is cooled down to -10°C
under nitrogen. Then 70 ul of pyridine, then 40 pul of
acetic anhydride are added and agitation is carried out
for 20 minutes. The reaction medium 1s concentrated
under reduced pressure and 75 mg of white crystals are
20 obtained which are purified on silica, eluting with a
dichloromethane ethyl acetate mixture 80/20.
49 mg of expected compound (M = 184.20g) 1is
recovered in the form of a white solid. The

corresponding yield is 65%.

25 NMR spectrum of the proton

In CDCl;, at 300 MHz, chemical shifts of the peaks
in ppm and multiplicity:
1.60 to 2.2: N-CH-CH,-CHp; 2.24 (s): CHs; 2.95 (d) and
3.54 (dm): N-CH,-CH; 3.07 (dt) and 3.54 (bdd): N-CH,-CHa;
30 3.94 (bt): O=C-N-CH.
IR (CHClj): 1798; 1764 cm™.
MS (EI) m/z: [M]* = 184, 142, 125, 43.
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20 obtained which are purified on silica, eluting with a dichloromethane
ethyl acetate m xture 80/20. 49 ng of expected compound (M = 184.20g) is
recovered in the formof a white solid. The corresponding yield is 65% 25
NMR spectrum of the proton In CDC13, at 380 MHz, chemi cal shifts of the .
peaks in ppmand nmultiplicity: 1.60 to 2.2: N-CH CH2-CH2; 2.24 (s) : CHB
2.95 (d) and 3.54 (dlri : N-CH2-CH, 3.07 (dt) and 3.54 (bdd) : I\I-_CHZ-CHZ,_
30 3.94 (bt): 9¢R (CHC13) : 1798; 1764 cm 1. M5 (El) mz: [M+ =

. 100\ 17143 .doc 67 Exanple 19c
éB?beﬁigyl éi?iqﬁ%@%%ﬁ; i c;-c\’(]:)%é%fﬁb&cctyacﬁa%gdr?e Sy Tl 'e7r'aﬂri‘%_n is carried
out in a simlar nanrerogexatied tesesibesli suExaapke 190 1shartd e Mdh 205

of the 5 ¢ ound prepared in Exanple 19a and 200 ng of benzoic
gﬁhydri de. In tiﬁ'%"ts dRfF B e Of Exagmsdiced Somfeutd ng twi thhol Gic mqarof artnal a

C13H14N2035( M4t T I tain [ 1€ i el % 10 NWR.spectrum of
t he prot onsl( n cg&iﬁc%rgiatlg}z%%éfﬁg Q%h%aédﬁl%shﬁ%’sgga t %eé) p@%k?wll?é)rbﬁﬁ%nd
mul tiplicity: enBfiniglel.. 95 (nm) and 2.10 to 2.35 (m : CHCH2 -CH2; 3.02

. . N-CH2-CH_ 3.13 (dt) and_3.55 (bdd) : N 15 CH2- CHRi
500 (bt) - OnC N G FHAS (MY b5 1) OF BOIRSCLRR | COBFBUNAR (GHEL3)
1774, 1756; 16@1ekh%r 149BmeTh Lo i ) (W 2 §M . 47= 3464 s 108y 240 £O

Exanpl e 19d
P i.e. a yield 30%.

10 NMR spectrum of the proton

In CDCl;, at 250 MHz, chemical shifts of the peaks

in ppm and multiplicity:

1.64 to 1.95 (m) and 2.10 to 2.35 (m): CH-CH, -CH;; 3.02

(d) and 3.65 (dm): N-CH,-CH; 3.13 (dt) and 3.55 (bdd): N-
15 CH,-CH;y; 4.09 (bt): O=C-N-CH; 7.49 (m): 7.65 (tt); 8.12

(m) : CeHs .

IR (CHCls): 1774, 1756;1602, 1585, 1495 cm™t.

MS (EI) m/z: [M]* = 246, 105, 77.

20 Example 19d

6- (l-oxopropoxy)-1,6-diazabicyclo[3,2,1]octane-7-one

The operation is carried out in a similar manner to
that described in Example 19c, starting with 163 mg of
the compound prepared in Example 1%a and 70ul of

25 propionyl chloride.

In this way 17 mg of expected compound with
molecular formula CgH;4N,O3; (M = 198.23 g) 1is obtained,
i.e. a yield of 12 %.

NMR spectrum of the proton

30 In CDCl;, at 300 MHz, chemical shifts of the peaks
in ppm and multiplicity:
1.25 (t): O=C—CH2—CE§; 1.65 (m), 1.78 (m) and 2.10 (m):
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6- (1-oxopropoxy)-1, 6-di azabicycl o[ 3, 2,1]octane-7-one The operation is i
carried out in a simlar manner to that described in Exanple 19c, starting -
with 163 ng of the conpound prepared in Exanple 19a and 70l of 25 )
propi onyl chloride. In this way 17 ng of 68xpected conpound with nol ecul ar -
formul a COH14N2G3 (M = 198.23 g) is obtained, i.e. ayield of 12 % NW -
spectrum of the proton_30 In CDC13, at 300 chem cal shifts _ of_t

peaks in pprﬁ' CFE@J'%H c?t%@ 1&@5 @[-—)C—:CI_JGE Horp2cits 195 f‘ﬁfl ,315';8 (m
and 2.10 (m gﬁ;&g?B.f N &) -kl 003 .1c7—14gd9§3- dog 638.4%055&??.2- §Hu, 2cB2: (93
0=C-CH2-CH3; 2.94 (d) and 3.55 (bd) ! N-CH2-CH, 3.07 (dt)—and 3.48 (dd)

N- CH2- CH2; 3.68 : (WgCH.-NHCH2-CH. | R (CHC13) : 1792; 1763 cml1l. 5 MS (El)

mz: [M+ = 198, , 142, 125, , 57; Exanple 19e
6-[[ (4- nmet hyl ie@&&l'pﬁgr?%l’] &7%73 f,"hf'di azabicyclo [3,2,11 octan-7-one 10

The operati ormd S(E@Ey ref: O] % B a o, mil7ar, marnernztsq dhatszdescribed in
Exanpl e 19d, staring with 139 ng of the conpound prepared in Exanple 19a
and 126 ng of tosyl <chloride. In this way 77ng of expected conpound wth
nol ecul ar  15; 3 {I3HI6N204S (M = 296.35 g) is obtained, i . e . a
yield of 44% um of the proton In CDC13, at 250 MHz, chem cal
shifts of thespepks-metlppiphenmngl nahIplpdnyel koxy 201 16 54 apab Pc@@le m
NCH CH2-CH2; 2.45 (s) : CH3; 2.89 (d) , 3.00 (dt) , 3.29 (dt) and 3 .39
(dd) : CH2- N-CHA Yl grfFan-7-one

10 The operation is carried out in a similar manner to

that described in Example 19d, staring with 1392 mg of the
compound prepared in Example 19a and 126 mg of tosyl
chloride.
In this way 77mg of expected compound with molecular
15 formula Cj3H;¢N;048 (M = 296.35 g) is obtained, i.e. a
yield of 44%.
NMR spectrum of the proton

In CDCl;, at 250 MHz, chemical shifts of the peaks in ppm
and multiplicity:

20 1.55 and 2.99 (m): N-CH-CH,-CHz; 2.45 (s): CH;; 2.89
(d), 3.00 (dt), 3.29 (dt) and 3.39 (dd): CH,-N-CH; 4.04
(m) : N-CH; 7.35 and 7.91 [AA'BB'] CH3-CgHy-SO03.
IR (CHClj3): 1775; 1599, 1495, 1383; 1193, 1180 cm™t.
MS (EI) m/z: [M]* = 296, 155, 141, 125, 91.

25
Example 19f

6- [ (methylsulphonyl)oxy] -1, 6-diazabicyclo[3,2,1]octan-7-
one
The operation is carried out in a similar manner to
30 that described in Example 19e starting with 211 mg of the
compound prepared in stage 1%9a and 80pl of mesyl

chloride.
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: NCH 7.35 and 7.91 [AA' BB ] CH3-C6H4-S02 . IR (CHC13) : 1775;
1599, 1495, 1383; 1193, 1180 cml1. M (ElI) mz: [M+ = 296, 155, 141, 125,
91. 25 Exanple 19f
6-[ (et hyl sul phonyl ) oxy] - 1, 6-di azabi cycl o[63, 2, 1] oct an-7- one The operation
i.s carried out in a simlar manner to 30 that described in Exanple 19e
Starting with 211 of the conpound prepared in stage 19a and 80l of nesyl
chloride. R \Br eve'ETEJKl 175088 17Y88 GBOdo&9%69 Afn t19HRESHBA S0-PRPOIn@ x petthd
conmpound Wit h &PL r La Ll H12N204 5, (M = 5.9) 4 |
i e avyield of 25§§y#ﬁﬁRf§g§gF?ur§6%“#ﬁ§gsgr S ?ﬁolc%c?g i @g}t}g%g
chem cal shifts.of 2heipbdkst 2h%ppmand nultiplicity: 1 .56 and 2.38 (m

N- CH CH2- CH2; 3. 00 3,02 (dt) and 3.49 (m : N (CH2) 2; 3.26 (s) .
CH3; 4.12 (m) : N GH: o | £ , 1187 cm1. 10 MS (El) mf z:

[M+ = 2205 141, 12Bn OBC149.aEXaBpl HEIY chemical shifts of the peaks
6-[ (4-ni trophenyl) sul phon%\ll‘i oxy] -1, 6-di azabi cycl o [ 3,2, 1] octan-7-one 15
The operation 13 RRIPr3d CIPLBCEEYYi | ar manner to that described in
Exanpl e 19f starding s th,27 _Ahe c ound . pr red i le 19a
and 283 ny of 4- nitor o%é%gegénggl P octn}gl%géh?gfi d‘gfo{?n?gﬁi’s%w&% 2 r315) Y of
expect ed conmpcum wirtth: XO(CHY)ecuBaref ol @aHGl2HIIN3GOS Mc31327.32 g) is

. . . =
obtai ned i .. ?’éf(jjﬂ)o:f ] Aﬁé’ I}l\B/Fagls,pel(::Ltsgung{. t he proton

10 Ms (EI) m/z: [M]* = 220, 141, 125, 97, 79.

Example 19g

6- [ (4-nitrophenyl) sulphonyl]oxyl -1, 6-diazabicyclo
[3,2,1]octan-7-one-

15 The operation is carried out in a similar manner toc that
described in Example 19f starting with 270 mg of the
compound prepared in Example 19a and 283 mg of 4-
nitrobenzenesulphonyl chloride.

In this way 205.5 mg of expected compound with

20 molecular formula C;H13N30,S (M = 327.32 g) 1is obtained
i.e. a yield of 54%.

NMR spectrum of the proton

In CDCl;, at 250 MHz, chemical shifts of the peaks
in ppm and multiplicity:

25 1.64 (dt), 1.84 (m), 1.99 (m), 2.31 (dm): NCH-CHz~CHz;
2.94 (d), 3.30 (dt), 3.04 (dt), 3.40 (bdd): N(ng)g;
4.14: O=C-N-CH; 8.25 and 8.41 [AA'BB']: NO2-CeH4SO0; .

IR (CHClj3): 1776; 1610, 1590, 1538; 1393, 1191 cm™*.
MS (EI) m/z: [M]* = 327, 186, 141, 125, 111.

30
Example 20

6-[[(4-methylphenyl) sulphonyl] amino] -1, 6-diazabicyclo

[3,2,1] octan-7-one
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In CDC13, at 250 MHz, chem cal shifts of the peaks in ppm and N
multiplicity: 25 1.64 (dt) , 1.84 (m) , 1.99 (m , 2.31 (dm : NCH CHz-CH2i .
2.94 (d), 3.30 (dt), 3.04 (dt), 3.40 (bdd) : N (CH2) 2; 4.14. O=C N CH;
8.25 and 8.41 [AA BB ] : N02-C6H4SO2. 7PR (CHC13) : 1776; 1610, 1590,
1538; 1393, 1191 cml1. Ms (El) nlz: [M+ = 327, 1868 141,b 125|, 11[13 201]
Exanpl e 20 6-[[ (4-net hyl phenyl ) sul phonyl ] am no] -1, 6-di azabi cycl o , 2,
oct gﬁ- 7-one RE{Bré_K/et%\ 18215)01\ 17‘1“2%1%.(1?)% 7o 5 gineml ey k) “pfoxo-1- -

1, 1- di met hyl et ; - sl idin at esgrd b 0 J d.
Chem 1986 e%lgyérz%%géa?kpc? ﬁ%be?d%lé‘?%%&z%% 85' M O¥hal Tedbl
of di chl or onetfane?2%- 22 B)7 ( @foHi 0%y, hYdr=azi fe. 151 t heniadded siod vidde isol B0 i on

and left to react, for hours under agitation, then the solvent is
evapor at ed of“iIel u ecflgkéu‘iﬁoé‘(’:? Ssure. 9.56 g of 1,1-dinethyl ethyl _
3-[2-[ (4-Bet hyl pheny?) ofsWphamydrysime onpleHen RiRedd ddaga baxylats, with

10 nol ecular formula Cl7H25N3OAS (M = 367.47 g) is thus obtained, with a
quantitative 3%kl Y. Bogreasts ferplehowrs t hadesnpadtatobnai idgn the

previously, Qe & @}A&@a}%dé&tg%]%%gﬁgﬁ{eg}%#g esé?.lorleSO’ and a few

grai ns of bronocresol greerm are m xe _ er an inert gas. 1.62
g of NaBH3CN is thesedded, I henintes hydaetiydn 3 -nedi W -netegalpeérgawn to

0-5C, and, a saluytio f 0.7 | /1 of gaseous hydrogen chloride in
net hanol is 9 HljBDdl}’gé Y4 agmne la WP IS B i Hak it (e thedi um 20

between 808 ail farrRAH QIR UM e J &fdy Loy rpacts whist
obtained, with a quantitative yield.

4.5 g (12.2 mmoles) of the compound obtained
previously, 90 ml of a methanol/tetrahydrofuran mixture
50/50, and a few grains of bromocresol green are mixed

15 together under an inert gas.

1.62 g of NaBH3;CN is then added, then the reaction
medium is cooled down to 0-5°C, and, a solution of 0.7
mol/l1 of gaseous hydrogen chloride in methanol is
introduced in such a way as to keep the pH of the medium

20 between 3.8 and 5.4.

The reaction medium is left to react whilst
agitating for 2 and a half hours.

2/3rds of the solvent is evaporated off under
reduced pressure, then 200 ml of dichloromethane is added

25 and the medium is washed with a saturated aqueous
solution of sodium bicarbonate.

The organic phase is dried over sodium sulphate and
the solvent is evaporated off under reduced pressure.

In this way 4.48 g of 1,1-dimethylethyl 3-[2-[(4-

30 methylphenyl) sulphonyl]lhydrazino] - 1-piperidine
carboxylate with molecular formula Ci;H,;N30,8 (M = 369.486
g) 1s obtained.

The corresponding yield is 99%.

R:\Brevets\17100\17143 GB.doc



[ [ [ d of f
tating for 2 and a half hours. 2/3rds of the solvent is evaporate
3gher rgduced pressure, then 200 m of dichloronethane is added 25 and
the nmediumis washed with a saturated aqueous solution of sodium
bi car bonate. The organic phase is dried ovér sodi um sul phate and the
solvent is evaporated off under reduced pressure hIn }?Lsdmay ﬁ048 g of
1, 1-dinmeth | et hyl 3 [ nmet hyl phenyl ) sul phony ydr az
1- piperidi%e car boky aié ﬁhﬁDF8§QP&ng P&eélﬂHFMWQQQQY(§g$a$?9nh86
g) i s obtai nedf T&eh pra@(g@@g@@]ge%f,@d@o e R Iﬁfeefldﬁrg\ﬂl hi‘/tf
GB.doc 71 4.48 of the compound obt ai ned preV|ous y an I
acetate are m%¥d toget her under an inert gas at OC,. 30 m of a 4 nol /

d,
sol ution of gaseous;jiygfo 5 hl_or.i e in eth acetate is adde
agi tation |sgcarr|eofjﬂI ggt 1SEWFW }FBhéﬂ EVSfEPF@PPﬁg3QwﬁFQ9ﬁﬁ

n [
hydr ochl or Bde dtsl aseisteedin éihhyél habeageéa&@ aBERANG &l £ a%3 0 ﬁ% Phonder

d pressur an 3.48 of 2-(3- er|d|nyl)hy razi de d
{)1? dzcﬁet Eyl 16 %su’r%ho‘ﬁ%@u%?d fwﬁ')iﬁwﬁﬁl ebtl arf ifleming C]aZidel‘tt&@S

3.48 ¢
2HCL (M = 3421288 i e o8 21 EGhm ST 1£5RORME N XL gld | s BvYe
of the conpoun btalned'preV|ou?Fy anéag{ ? eﬁ%# &'i zeQTWAPEr e
then di ssol vegarg.ezl nduinf uader] Seatpreclispset aiie@nanl 2N430da bs added

A recj pita e is formed after 1 to 2 m nutes of
contact agrt SEat ARl ARG our B R GG, oRen Heethy].
precipitate i dehidereiced prrshivashey W Nehsiccular formula C12H16N30,8,

2HC1 (M = 342.289 g) is obtained. The corresponding

yield is 84%.

3.48 g of the compound obtained previously and 5 ml

of demineralized water are then dissolved. 10.2 ml of an
15 aqueous solution of 2N soda is added under vigorous
agitation.

A precipitate is formed after 1 to 2 minutes of
contact. Agitation is then carried out for 10 minutes,
then the precipitate is filtered and washed with water,

20 then ethyl acetate.

The solid obtained is dried under reduced pressure.

In this way 2.21 g of 2- (3-piperidinyl) hydrazide of
4-methyl-benzenesulphonic acid, with molecular formula
C12H1oN30,8 (M = 269.328 g) 1is obtained. The corresponding

25 yield is 81%.

500 mg (1.85 mmole) of the amine obtained previously
and 20 ml of tetrahydrofuran are mixed together under an
inert gas.

112 pl of diphosgene then 517 pl of TEA and 23 mg of

30 DMAP are added to the suspension obtained, at a
temperature comprised between 0 and 5°C.

The reaction medium 1is left to react whilst

agitating and leaving the temperature to rise to 20°C.
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20 then ethyl acetate. The solid obtained is dried under reduced pressure.
In this way 2.21 g of 2 - (3 -piperidinyl) hydrazi de of

4- et hyl - benzenesul phonic acid, with nolegular formula Cl12HI9N3O2S (M =
269. 328 g) is obtained. The correspondin 25 yield is 81% 500 ng (1.85
mol e) of the am ne obtained previously and 20 m of tetrahydrofuran are -
m xed together un a I g . Al_ of_.di ph then 517 f TEA
and 23 ng of 30 %TD gl?eeééa%{dée% ?’?)eqlr%@sdsspeﬁshggn gg?%@%gd,%g%:ﬁa eéhy?
tenperature casprtased beieveewa@hand &C€thThe reext iguemd ugolsthieht ©6
react whilst agitating and |eaving the tenperature to rise to 20C
R:\Hrevete\17&@%?i?iﬁ3g%%9d05he92W#%% &%%t? Bﬂfﬁ%ﬁguW?F§rthen diluted with
ethyl acetate, thgReweshediw bhadell% RAURRALAOH %%Qrﬁle@{umt 8tiphheeaci d,
then with dem neralized water. The organic phase is dried over nagnesium
sul phate, 5 5 then t hbesolsmierits evapoedapdrafdunddif r ethuded pedssade.
769 ng of a crude product is obtained which is dissolved in 7 m of

di chl or onet haRe“&Rd %17 | of TEA. The reaction mediumis left to react
over ni ght under 1fs@gincat b@n. a TherdRAChireauEedi U8 ichtHind®d wiiith is

di chl oronet hane, washed with water, dried over sodi um sul phate and the
sol vent is evapsrateadoir Undkrof cdiecboprratiaree Jnd $bAnkbbPhi Fel- (395

ng) is purified b¥ﬁ§%5réﬁ%éﬁgﬁfmgé%ﬁm'P%Of%%§0§%“%%§c? ?gerni%ht uﬁder

di chl or onet hane/ et acetate mxture 0 e expecte
conmpound,low téagiohetahar fornmula CL3HLI7N302S (M = 295.362 g) is recovered.
The The reaction medium is diluted with dichloromethane,
washed with water, dried over sodium sulphate and the
golvent is evaporated off under reduced pressure.
The foam obtained (395 mg) is purified Dby
15 chromatography on silica with a dichloromethane/ethyl
acetate mixture 80/20.
44 mg of the expected compound, with molecular
formula Ci3H;9N30,8 (M = 295.362 g) 1is recovered. The
corresponding yield is 8%.

20 NMR spectrum of the proton

In CDCl;, at 250 MHz, chemical shifts of the peaks
in ppm and multiplicity:
1.55 to 1.80 (m) and 2.18 (m): N-CH-CH,-CH,; 2.42
(s): CHz; 2.88 (d) and 2.93 (m); N-CH,-CH; 3.18 to 3.32
25 (m) : N-CH,-CHz; 4.08 (m): N-CH-CH;; 6.98 (bs): NH.
IR (CHCl;): 3264, 1737, 1599, 1490 cm™t,

MS (positive electrospray) m/z: [M + Nal* = 318, [M + H]"

296

30 Example 21

6-[ (4-methylphenyl)sulphonyl] -1,6 diazabicyclo[3,2,1]

octan-7-one
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corresponding yield is 8% 20 NMVR spectrumof the proton In CDC13, at 250
MHz, chenmical shifts of the peaks in ppmand nultiplicity: 1.55 to 1.80
(m and 2.18 (M : NCHCH2-CH2; 2.42 (s) : CH3; 2.88 (d) and 2 .93 (m ;
N-CH2-CH, 3.18 to 3 .32 25 (m) : N-CH2-CH2; 4.08 (m) : N-CH CH2; 6.98 (bs)
> NH. IR (CHC13) : 3264, 1737, 1599, 1490 cm 1. MS (positive el ectrospray)
mz: [M+ Na]+ = 318, [M+ H + 296 30 Exanple 21

6- [ (4- net hyl phenyl )3# phﬂ)nyl]SZ_,@élgilaiabif(l:ﬂglzle[cﬂml&tlﬂylfetomml : 5&-7&{’? 'mbh I—elt_hyl
R \Brevets\ 17100\ 17143 CGB. doc 73 5 . mmole) o , 1-di e
3-amino-1- pi el?l?eﬁlnéellcréercb%r ’%]?t(edeé‘gg?%’éﬂb?ﬂ B vd.M?ﬂemChfg_Qz,fl?%%,
4334-4343), wiad), mabeaulan sl or nwk eh CHRERONAR: ( MozmAQ0- 2821, %,d,S @irssol ved
in 3 m of anhydrous 5 dichloronethane. 212 | of TEA is thén aaqe , then
the sol ution i%0-cfA edIdownigo 5Esmed vEPB nijnof 3 osyWl chbbri dertiysimsided.

The reactign | i % fed whilst allowing the tenperature to return
to 20C andgl e]@q{%@rfg%t af)nrae'z 10 hours. The reaction nediumis then

diluted with dichl2daonel hafie Taad Mmsbrdnf adgieldy wiHdh arA%=aquesus is

solution of tartari cid then with a phosphate buffer solution at pH = 7.
15 The organi é:o;ﬁﬂféjg qaoé”nséﬁarsatced‘%@%ri“@d v drosyraghesitifes ulsplesided  hen

the solvent i siRvapezikednof fned%ﬂﬂeriéedé'ﬁfﬂatpégs%}flﬁs@n acﬁ{llov;isn NYSe
obtained which is purified by chromatography on silica eluting th a
di chl or onet hat&MPEFAC vxSet @ eratxtror €®/20°C and left to react for 2

10 hours.

The reaction medium is then diluted with
dichloromethane and washed firstly with a 10% aqueous
solution of tartaric acid then with a phosphate buffer
solution at pH = 7.

15 The organic phase is separated and dried over
magnesium sulphate, then the solvent is evaporated off
under reduced pressure. An oil is thus obtained which is
purified by chromatography on silica eluting with a
dichloromethane/ethyl acetate mixture 9/1.

20 440 mg of 1,1-dimethylethyl 3-[[(4-methylphenyl)
sulphonyl]amino] -1-piperidinecarboxylate (described in J.
Med. Chem. 1992, 35, 4334-4343) with molecular formula
C17H,6N20,48 (M = 354,472 g) is recovered. The
corresponding yield is 82%.

25 A mixture of 425 mg of the compound obtained
previously and 2.1 ml of a trifluorocacetic acid
/dichloromethane mixture 50/50 are cooled down to 0-5e°.

The reaction medium is kept under agitation at 5°C
for 30 minutes.

30 The solvent is then evaporated off under reduced
pressure in order to obtain 403 mg of 4-methyl-N-(3-
piperidinyl) -benzenesulphonamide trifluoroacetate with

molecular formula Ci4H;oF3N,0,8 (M = 368.377 g).
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20 440 ng of 1,1-dinmethylethyl 3-[[(4-methylphenyl)
sul phonyl ] ami no] - 1- pi peri di necar boxyl ate (described in J. Med. Chem 1992, .
35, 4334-4343) with nol ecular formula CL7H26N204S (M = 354.472 g) is ‘
recovered. The corresponding yield is 82% 25 A mxture of 425 ng of the
conmpound obtained previously and 2.1 nl of a trifluoroacetic acid

/di chl or omet hane m xture 50/50 are cool ed down to 0-5. The reaction di um
i s kept under agi 228 my &f She faammping RRteineth RV WIS ht 1§ spf?'lcé%g

evaporated off under reduced press ' t o rpRt ai ; -
4- et hyl - N- (37 pP PR hyT) }Begzgﬁegfp‘h%%%ﬁq%ie' tr iT?I:%u?r%hacf:&%t%aI{rgnﬁ%%m

mol ecul ar f oryail gr&deH OFNROLAE (EMceR6SHB7TOYX RIKBROwE0s\MeEo0ra71a 3
GB. doc 74 228 ng of the conpound obtained previously is placed in
suspensi on i R ¥atgdd fetHark?d2 The reaction medium is treated with an

excess of 5DO\/\EX 2]1'-{<ft2e0f 50fi irﬁ,i neetivadad Wéh sofleedd witer the
filtering, the resini1s rinsed wih the nethanol, then the filtrate is
evapor at ed unaerhamsllicethepr édeurfel 1 4ratehi ssweyapegafgdofunder reduced

4- et hyl - N- ( 3- pi peri dinyl)- benzenesul phonam de wi th nol ecul ar formul a
C12H18N202S (R¥ESS14%° 254,353 g) is recovered. 118 ng of the anine obtai ned
previously is dissphves;sunggy ansi nagt oFassimethPl AN- 08 -dipbkddbngl hane.
98 | of TEA then 28 | of diphosgene are then introduged successjvely. The
reaction nedilbemzeneetlphonantde catth wiel 8EubyT t HPTHY ?o?lﬁaﬁﬁ’ﬁt Z’g at

0-5C. The rea%%‘ia?%ﬂegj um,i §egg$g£g&i_w th di chl oronet hane, the organic

phase i s Wash . 15% agueous solution of tartaric acid, then with
water. After dryingieveg SPdthe& amine obtained previously is dissolved

under an inert gas in 1.2 ml of dichloromethane.
98 pul of TEA then 28 pul of diphosgene are then
introduced successively. The reaction medium is left to
15 react whilst agitating for 30 minutes at 0-5°C. The
reaction medium is diluted with dichloromethane, the
organic phase is washed with a 10% aqgueous golution of
tartaric acid, then with water. After drying over sodium
sulphate, filtration and evaporation of the solvent under
20 reduced pressure are carried out, the crude product 1is
purified by chromatography on gilica uging a
dichloromethane/acetone mixture 95/5 as eluent.
In this way 112 mg of the chloride of 3-[[(4-
methylphenyl) sulphonyl] amino] -1-piperidinecarboxylic
25 acid, with molecular formula C¥ﬂthlNﬁhS (M = 316.308 qg)
igs obtained. The corresponding yield is 76%.
Under an inert atmosphere, 10 mg of sodium hydride
(in suspension at 55-65% in oil) and 2 ml of anhydrous
tetrahydrofuran are mixed together.
30 71 mg of the product obtained previously is then
added.
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sul phate, filtration and evaporation of the solvent under 20 reduced
pressure are carried out, the crude product is purified by chronmatography
on silica using a dichloromethane/acetone mixture 95/5 as eluent. In this
way 112 ng of the chloride of 3-[[(4- netfgl phenyl) sul phonyl] am no]

- 1- pi peri di necar boxylic 25 acid, with nolecular fornmula C13H17C1N203S (M
=°316.308 g) is obtained. The corresponding yield is 76% Under an inert
at nosphere, 10 ng dhesodreachydni denedivmsusigenshgatateds- 68% i mmiigntand 2

m of anhydroys _tetrahydrof ur are m xed .t oget her.. 71 ng of the
product obt ai neednpp%'rﬁ}:iu%slf%ﬁ slﬁ]ﬁgﬁmtfc?de&heﬁ?aér éﬁ}eto\argf‘f(ﬁf\%fﬁégﬂ%c 75
The reaction negumf pragfaied Rif RIDiTut iRMRe Juye H hidd nut es,

then 12 | of acetic acid and 2 ni chfhosphate buffer solution at pH=7 are
added. Agitation i #LEHAGIER Rt AFHELET QU AgaIdM 9T th@H BItes nithsm & hyl

a.Cet ate i SSaerﬁ.d’of ré%hl{aﬁia(é{cjecE%.t'gaqihs“%A]d-cﬁ-:-ci,Eftthe tI%a%attit ne’met r& %.)%tftfmt ed
with ethyl acetate. organi ¢ phase 1s then separated an ried over
magnesi um sultghastettlel t enteth aadekheasotdentitiis evapbdr atced aofef. urmbey
reduced pressure. 10 In this, way 65 of cruyde groduct i s obtai ned which
is purified bf‘%ﬂﬁl‘dr?atlfg&rs_fpﬁ;ﬁo SF| PERATRF G AGIWAEASE Oover magnesium
di chl or onet hang{13gfiene FiXtHEEAD5 and | Rhkhi SoMevnd0 10 0Fa8XPLELEd of £
conmpound, with nolecular formula CI3HLI6N203S (M = 280.348 g) Is recovered.
15 The correspoimgedusiad ipre@sreNVR spectrum of the proton In CDCL3, at
,[25\2 (I\:/I(;lrzn,c O%Q?;n CSB/ ?g{) ft&l%sOfwatyh%Sp?nagk%f 'd emp%:rc]) uqzlél tilsplolchlati%e%orw Si%ri"xce of
is purified by chromatography on silica, eluting with a

dichloromethane/acetone mixture 95/5.

In this way 40 mg of expected compound, with

molecular formula Ci3H;gN;03S (M 280.348 g) 1s recovered.
15 The corresponding yield is 64%.
NMR spectrum of the proton

In CDCl;, at 250 MHz, chemical shifts of the peaks

in ppm and multiplicity (presence of two confomers
90/10) :

20 1.46 (m), 1.76 (m) and 2.08 (dm): NCH-CH,-CHy; 2.44
(s) and 2.45 (s): CHz; 2.82 (d) and 2.98 (m) and 3.28 to
3.50 (m): -N-(CHp)z2; 4.55 (m) and 4.65(m): CO-N-CH; 7.33
and 7.78, 7.35 and 8.02 [AA'BB'] CH;-CgH,-SO,.
IR (CHCl,;): 1758, 1598, 1995, 1367, 1169 cm™t.

25 MS (EI) m/z: [M]*: 280, 216, 155, 125, 97, 91.

Example 22
6-oxa-l-azabicyclo[3,2,1]oct-3-en-7-one
5 ml of dichloromethane and 68 mg of 1,2,3,6-
30 tetrahydro-pyridin-3-ol hydrochloride (M = 135.5 g)
(described in Chem. Pharm. Bull. 30(10)3617-3623(1982))

are mixed together under an inert gas.
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20 1.46 (m) , 1.76 (m and 2.08 (dm : NCH CH2-CH2; 2.44 (s) and 2.45 (s)

: CH3; 2.82 (d) and 2.98 (m) and 3.28 to 3.50 (m : -N (CH2) 2; 4.55 (m
and 4.65 (m : CONCH 7.33 and 7.78, 7.35 and 8.02 [AA BB'] .
CH3- C6H4- S2. IR (CHC13) : 1758, 1598, 1985, 1367, 1169 cm1. 25 MS (El)
mz: [M+: 280, 216, 155, 125, 97, 91. Exanple 22

6- oxa- | - azabi cycl o[ 3, 2, 11oct-3-en-7-one 5 m of dichl oronethane and 68 ng
of 1,2,3,6 30 tet3ahyddo- pfri dirhgseenpydischiddede ai= aPELELHYn 1is

d i bed in,_Ch Ph |, 6177362 ' th
t(mgz(r:“anei nIeP argrnga].d Q%Eeovlggs\%%]sngi%? é dglc(:g%gz%%o Kﬁg?fnd?%oggg%ﬁe |e;

added and agidiatiprof DMARaradeddddd for 5 minutes at 0C. Then 140 Al of TEA
and 61 ng of DVAP are added. The reaction nediumis left to react, at
ambi ent 5 t enper & eTEBFE2ORoUPRIIWherd Sdi LBERd &P t Ae3GitchREr iR YRMe and
vashed wi g &cibagupans sebution of nbaLLAric Geldl (hag pkbh valpren After
decanting the rgani ¢ phase is dried over magnesium sul p%ate. The sol vent
i s evapor at edliafH]l st haeduced prasgsad evith rg 10k ciquwrade grlbductn isf t hus
obt ai ned which is purified b chr opat ogr aphy on silica, .eluting wth
di chl or onet h&fEF & &<di h¥BF8rre“t”n e%ﬁakprﬁﬁy' ace?‘ﬁF@rm' JEGRR §§$5.t}ﬁ this
way 3 ng of id geEpaunfs \Wrikg Meieeul gl s Mih a SAPHNEZ (M ZrH25 9)
i's recovered. e 15 corresponding yield is 5% Exanple 23 phenyl net hyl
trans- 3- benz@alverdxoi - exappratafdagdbi cypdey Yycad oprageurecar Boxyd at e
20 5.50 g,(13.7 s oo 1= (1, 1-di net hyls) d..2- . (P A h
. 5_4_[(%%t hyqfsu{i'%%ﬁy{p)rggﬁ%_tﬁg ghagt vk etbvly andi2- 5 £PRenulATRIML)
chromatography on silica, eluting with dichloromethane

then a dichloromethane/ethyl acetate mixture 95/5.
In this way 3 mg of expected compound, with
molecular formula CgH,NO, (M = 125 g) is recovered. The

15 corresponding yield is 5%.

Example 23

phenylmethyl trans-3-benzoyl-2-oxo-4-oxa-1,3-diazabicyclo
[3,2,1]octane-7-carboxylate

20 5.50 g (13.7 mmoles) of 1-(1,1-dimethylethyl) and 2-
(phenylmethyl) cis-4- [ (methylsulphonyl)oxy]-1,2-
pyrrolidine dicarboxylate (described in J. Org. Chem.
1991, 56, 3009-3016), with molecular formula C;gH,sNO;S (M
= 399.466 g) and 110 ml of dimethylformamide are mixed

25 together under inert gas, then 2.58 g of N-
hydroxyphtalimide, then 1.52 g of potassium hydrogen
carbonate are added.

The reaction medium is heated under agitation at

100°C and kept at this temperature for 4 hours.

30 The reaction medium is cooled down to 20°C, 220 ml
of water and ice are added, then the medium is extracted

with isopropyl ether.
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pyrrolidine dicarboxylate (described in J. Org. Chem 1991, 56, 3009-3016)
., Wth nolecular formula CL8H25NO7’S (M = 399.466 g) and 110 ml of

di-net hyl formam de are m xed 25 toget her under inert gas, then 2.58 g of N
hydr oxyphtal i m de, then 1.52 g of potassi am hydrogen carbonate are added.
The reaction nmediumis heated under agitation at 100C and kept at this
ténperature for 4 hours. 30 The reaction nediumis cooled down to 20C, 220
m of water and i dldreveatidey, dheingheveedi maginesdxtr aguéghaet h then

i sopropyl ether. R \Brevets\17100\17143. GB.dog¢ 77, Fol | owed by drying over
magnesi um sul phAROTIHET & &P THhdaE ar 4 RESS§ 5 R iced pressure.

The residue is chrofmd ogeaphgad Ok Sthi-éAat8h¥hpRed Wi hsdlica, eluting
di chl oronet hane/ et hyl acetate m xture 90/10. 5 In this way 3.06 g of

1- (1, 1- di met hywethyd )Jdighil gromethane/ethyl acetate mixture 90/10.

(phenyl net byl ) t rans:- 4- 3-di hydro- 1 3- di 0x052H- i sql z2-yh) _
oxyl -1, 2- psr rolidi ﬁier%ji %}g%%oygkla%éé,o(%w ho'grrg)l g(]fl’.l a?Hﬁgkﬁg?gt@éLZ&%f (M=
466. 494 ) is (oavermssthy Dheram respand 1dl hydda 1,83 476xd-21B- 24 g (6. 94

mol es) of the, phthalin de obtained as before is disso|lved_in 33 m of

di chl or onet hankSOoB¥} -5 Wy dr 8¥Yhe IhyaPHEECl $3dRgEd Ca¥hexyeatei on Wed? um

I's again agitafefbdofaR AOHRS 80,0l 'Néb‘?s (At =2Q66 . 424ThY Preciaid g fed or med

is filtered, rinsed wth dichloronethane, then the sol'vent is evaporated
of f under rediltedg@resspordi®y Migldficrdite. product is obtained which is

pur L1 0%, SO 60/l @0 bhgspf! Uh! B s A R0 ARk 29120
before is dissolved in 33 ml of dichloromethane.

372 pl of hydrazine hydrate is added.

The reaction medium is again agitated for 2 hours 30
minutes at 20°C.

15 The precipitate formed 1s filtered, rinsed with
dichloromethane, then the solvent is evaporated off under
reduced pressure.

2.91 g of crude product is obtained which is
purified by chromatography on silica, eluting with a

20 90/10, then 80/20 and 50/50 dichloromethane/ethyl acetate
mixture.

In this way 942 mg of 1-(1,l-dimethylethyl) and 2-
(phenylmethyl) trans-4- (aminooxy) -1, 2-pyrrolidine
dicarboxylate, with molecular formula Ci7H:N205 (M =

25 336.39 g) is recovered in total. The corresponding yield
is 40%.

853 mg of the compound obtained previously (2.53
mmoles) and 8.5 ml of anhydrous dichloromethane are mixed
under an inert gas.

30 The reaction medium is cooled down to about 0-5°C,
then 706 pul of TEA and 588 ul of benzoyl chloride are
added.
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In this way 942 ng of 1-(1,1-dinethylethyl) and 2- (phenyl nethyl)
trans-4-(am nooxy)-1, 2-pyrrolidine dicarboxylate, with nolecular formula .
C1l7H24N205 (M = 25 336.39 g) is recovered in total. The corresponding yield -
is 40% 853 ng of the conpound obtained gleviously (2.53 nmmoles) and 8.5
m of anhydrous dichl oronethane are m xed under an inert gas. 30 The )
reaction nediumis cooled down to_about 0-5C, then 706 | of TEA and 588 Al
of benzoyl chlori dherkeagien. MeE1ER cheragitatrn 159131 GENHRetes Fhel-

reaction Wd'ﬂés gLt et e f196 ﬂé’ai” tes 2o & A% ef@eﬁ‘o'Pééc%OfBP?t up

, d
to 200 C and Teft to react anoth 30 mnutes. The organic phase is
washed with aaxicﬁl:l%:aqu@anmuﬁesol ution of tartaric acid, then with water,

t hen decanted and_the or hase i,s dried gve odi u ul.phate. The
S0l vent o evapor aHitl GEPAMGorEhaRtcd praSiie WASH T Al ol hmy 199865081
product ig obisiethn Wi ChatSar @ X£eiq tthe® mtl‘i’fwéittéﬁl Of RERt havgnt dhe
reaction nedium 10 is cooled to about 10 - 15 C and 123 Al of hydrazi ne

hydrate is adidl. tieorganitonhasdi dm 0¥ ilegf ovex r%&uwmlﬂhm’a@i tEeeng at
20C for two andjl‘ée htal fs hé)\ya orThg%ioH/enrﬁ ézs £ Cﬁp&g@t elgi rémder r educed

15 pressure. ° cru pr o us obtai ne purified by
chr omat ogr aphy on anltt}@ﬂs whyt Lngswgt bfapr@ldmltorlcyr&iﬁt&rma hydzhia@letﬁée

m xture 80/20. In_this way 948 of 1-(1,1-dinethylethyl) and 2- 20
(phenyl net hyIBFegthsvich (%%ﬁﬁ%y@%n@h%‘}&%mﬁtl?arﬁﬁ/r r of 1€l ﬁ%aCtH‘P%a‘f‘%‘ékW‘at e,

wi th nol ggul a{sfe&ﬂéa GAHASN20616M = 150 ¢ and 123 ul of hydrazine
hydrate is added.
The reaction medium is left to react whilst
agitating at 20°C for two and a half hours.
The solvent 1is evaporated off wunder reduced
15 pressure.
1.13 g of crude product is thus obtained which is
purified by chromatography on silica, eluting with a
dichloromethane/ethyl acetate mixture 80/20.
In this way 948 mg of 1-(1,1l-dimethylethyl) and 2-
20 (phenylmethyl) trans-4- [ (benzoylamino)oxy] -1, 2~-pyrrolidine
dicarboxylate, with molecular formula Cz4HzgN;0 (M =
440.50 g) 1s recovered.
The overall yield is therefore 85%.
948 mg of the compound obtained previously 1is
25 dissolved in 2 ml of ethyl acetate.
The reaction medium is cooled down to 0-5°C, then
4.7 ml of an approximately 4.6 M solution of gaseous
hydrogen chloride in ethyl acetate is added in one go.
After 1 hour, the solvent is evaporated off under
30 reduced pressure and the product is taken up 3 times with
ethyl ether.
The solvent is evaporated off under reduced

pressure. In this way 842 mg of phenylmethyl trans-4-
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440.50 g) is recovered. The overall yield is therefore 85% 948 ng of the
conpound obtained previously is 25 dissolved in 2 m of ethyl acetate. The
feaction nmediumis cooled down to 0-5C, then 4.7 m of an approximately
4.6 Msolution of gaseous hydrogen chlori7de in ethyl acetate is added in
one go. After 1 hour, the solvent is evaporated off under 30 reduced
pressure and the product is taken up 3 tines with ethyl ether. The sol vent
i s evapor at ed bfffengrickamigthicesty] v axysural 1dimada bl 842 ng of
henyl net hyl trans-4 R \Brevets\1710Q\17143 GB. doc_/ . .
F(benzoylamru§¥§%ﬁq Py %ﬂiﬁ?néESrESQVHéﬁkéa ﬁ§ﬁ?BiﬁI8PF58,QQ?WtﬂQEQNrn
of a friable woimuTpam,mi o, frrrupra CHORORAH, HoHdIMimey6.84 g) is
obtained. The yield is quantitative. 5 47 ng (0.125 mvle) of the
hydr ochl ori de obt ai'i&d Y ist&hilcusIupninidat i€ i nert gas is dissolved in 0.5

m of dichl oronet €25 | dijge Q;S. a .t:he [ on
mediumi s cg:ool ed daﬁ g(n% 0(-05&@%3%@8%&1 8? %‘?%hggggﬁghﬁggéggedégq%%cg
tenperature | prefiodslyiwedén 20Cinthe gmeacid odfi geolwed i sndiol. st ed véf h
di chl or onet hang, .then shed with a 10% aqueous, solution of tartaric acid
then wth wat C.h]’ﬂi'%’“_é?rm%éarﬂec' phase K El’écgmrédisléﬁd 7 i 8d96der EOGH Urhe 15
sul phate. The ;solMmeiin i feliben avaposaied abimundero-seduced pé.eézsgﬁe-oﬂ n
this way 43.8 ng of crude product is obtained which is purified by

chr omat ogr aphydighasddns i @ddsfl. with a dichl oronet hane/ et hyl acetate

m xture 99/010' 20 3141‘e9 r&m%cerpaﬁ%% maltshy lterf%ns_t% [ (rtllesrzezoyt!oamzrb@&,xy]fhe
reaction medium is diluted with dichloromethane, then
washed with a 10% aqueous solution of tartaric acid then
with water.

The organic phase is decanted and dried over sodium

15 sulphate. The solvent is then evaporated off under
reduced pressure.

In this way 43.8 mg of crude product is obtained
which is purified by chromatography on silica eluting
with a dichloromethane/ethyl acetate mixture 90/10.

20 34.9 mg of phenylmethyl trans-4-[(benzoylamino)oxy] -
1- (chlorocarbonyl) -2-pyrrolidinecarboxylate, with
molecular formula CyoH;3C1lN;Os (M = 402.83 g) is recovered.

The corresponding yield is 69%.

13 mg (0.032 mmole) of the compound obtained

25 previously is dissolved in 4 ml of toluene.

9 ul of TEA and 7.8 mg of DMAP are added.

The reaction medium is heated at 100°C overnight.

The solvent is evaporated off under reduced pressure
then the residue is purified by chromatography eluting

30 with dichloromethane.

In this way 4.3 mg of the expected compound, with
molecular formula CzoH13N,05 (M = 336.37 g) is recovered.

The corresponding yield is 40%.
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1- (chl orocarbonyl)-2-pyrrolidinecarboxylate, with nolecular fornula
C20H19CIN205 (M = 402.83 g) is recovered. The corresponding yield is 69% .
13 mg (0.032 nmol e) of the conpound obtained 25 previously is dissolved in -
4 mM of toluene. 9 Al of TEA and 7.8 ng b DVAP are added. The reaction
mediumis heated at 100C overnight. The solvent is evaporated off under
reduced pressure then the residue is purified by chronmatography el uting

30 with di chiMfoapdetrim dfh the puetyort. 3 ng of the expected conpound, with
nol ecul ar formul a C20 205 3 i.s recovered. T

correspondi ng y|a<T §£§ﬁ%6 ?éb%?gvﬁﬁ 'éﬁﬁﬂﬂﬁ%ﬁSg%iéﬁ%cogoqﬁﬁQEﬁﬁ%ﬁrun1
of the protonyd pfabGhH nil S0 Mixy chen1ca| shifts of the peaks in ppm
and multiplicity: 1.97 (ddd) and 2. 85 (ddd NO CH CH2-CH, 3.80 (dd 5
and 4.14 (dd) : N1OCH N; and7§. @éd) (ad GMMHiﬂk%CH(t)?: BCN@

Co Corb. PR (BT 17 2oty Al R et T (8L amll B P

3-benzoyl - 1, 3tdi :ambim4@{22 %, .o cirah -2-3an e[ Aride ro -aCH-Cg Bge almsqaﬁ@r e,

2.4 g (10 mml es of N— |per|d|nyl benzanlde hydr ochl ori de (descri bed
inJ. Md. Cr 15%(1 14)CH786Hy 4 Qf1%Havl ecul ar formula 15
C12H16N20 arqjglgﬁgtygd uﬁ3%0 q%lgf qBQQquqggtgﬁpe The reaction mediumis
cool ed down r0—0t7—2*8 and 0.66 m of di phosgene are added.

After a feM/nlnutes the reactlon mediumis diluted wth dichloronethane,
t hen masﬂgd ﬁ% g % % aqueous 20 solution of tartaric acid, then with
wat er .
3-benzoyl-1,3-diazabicyclo[2,2,2]octan-2-one
Under a nitrogen atmosphere, 2.4 g (10 mmoles) of N-
(4-piperidinyl) -benzamide hydrochloride (described in J.
Med. Chem. IN. 17(1974), 736-739), with molecular formula
15 C12H14N,O are dissolved in 30 ml of dichloromethane.
The reaction medium is cooled down to 0°C, 2.8 ml of
TEA and 0.66 ml of diphosgene are added.
After a few minutes, the reaction medium is diluted
with dichloromethane, then washed with a 10 % aqueous
20 solution of tartaric acid, then with water. The organic
phase is decanted, dried over magnesium sulphate and the
golvent is evaporated off under reduced pressure. The
residue is purified on gilica eluting with a
dichloromethane/ethyl acetate mixture 90/10.
25 1.62 g of the chloride of 4-(benzoylamino)-1-
piperidinecarboxylic acid, with molecular formula
C13H15C1N,O5 (M = 266.5 g) 1is obtained. The corresponding
yield is 61%.
1.21 g (48 mmoles) of the compound obtained
30 previously is dissolved under a nitrogen atmosphere in 37

ml of tetrahydrofuran.
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phase is decanted, dried over magnesi um sul phate and the solvent is
evaporated of f under reduced pressure. The residue is purified on silica
eluting with dichloronethane/ethyl acetate 25 1.62 g of the chloride of
pi peri di necarboxylic acid, a 4-(benzoyl anBho)-1- nol ecul ar fornula 90/ 10.
rixture with CL3HI5CIN2C6 (M = 266.5 g) is obtained. The corresponding

yield is 61% 1.21 911(48 nmol es) of the conpound obtained 30 £I’€VI ously is
di ssol ved under a W Ercﬂj@nlteﬂt%s‘-@é?@]iw oWt of- 18RGalifibfurgn.of a

B ever oL 170 0 3 0 SRR AT SRR (fhed@C A en

t et r ahydr of ur aret salagiiest irapwi s eadddte degetican medi umis naintai ned at
-78C for 15 5 mnutes then the tenperature is left to rise to anbient
tenperature and | ef¥t etor?%%%o%ga‘ieﬁlfl&‘r Hh meLrtaFReds@tut 1 63°F s fesol &

down to 0Cg 72 Ay, g aEﬁéthhéC't@n?%r%@ﬁ%@ iR Predd ptéaE?LsEort%B ar 4 &l on

with ethyl acetate fol hing wwth a 10% aqueous sol ution 10 of
tartaric acid awpawathiee patrutp]lmftte tuffesrctsalgatirorfcat arpthoury. 0. The

organ ¢ phase | s deganed and oy od over, dmanesl ymsul plpte, B itation i
The 15 crude p@duCts isddud ] fipghhye Gl amphy ohisidica with ethyl
acetate followed by washing with a 10% aqueous solution
10 of tartaric acid and with a phosphate buffer solution at
pH = 7.0.

The organic phase 1is decanted and dried over
magnesium sulphate. Filtration is carried out, then the
solvent is evaporated off under reduced pressure. The

15 crude product 1is purified by chromatography on silica
eluting with a dichloromethane and ethyl acetate mixture
90/10.

In this way 0.214 g of expected compound, with

formula C;gH14N20; (M = 230 g) 1is obtained crystallized
20 from ethyl ether.
The corresponding yield is 20%.

NMR spectrum of the proton

In DMSO, at 250 MHz, chemical shifts of the peaks in
ppm and multiplicity:
25 1.71 to 2.02 (m): (CEE)Z—CHN; 3.14 (t): N-(CH;),; 4.84
(m) : (CHz) ,-CHN; 7.39 to 7.65 (m): CeHs .
IR (CHCls): 1735, 1682; 1618, 1602, 1582; 1488 cm™
MS (positive electrospray) m/z: [2M + Nal® = 483; [M+Na +

CH3CN]*® = 294; [M+Na]* = 253
30
Example 25

diphenylmethyl trans-7-oxo-6-oxa-l-azabicyclo[3,2,1]

octane-2-carboxylate
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eluting with a dichl oronet hane and ethyl acetate m xture 90/10. In this
way 0.214 g of expected conmpound, with formula C18H14N202 (M = 230 Q)

obtained crystallized 20 fromethyl ether. The corresponding yield is 20%

NVR spectrum of the proton In DVBO at 232 MHz, chem cal shifts of the

peaks in

[2M + Na] + =
di phenyl net hy
R\ Brevet s\ 171483471884 GBh dRec 82T#&v M chimdi ¢hbopppevbane4ands497 wyth0. 633

ppmand rmultiplicity: 25 1.71 to 2.02 (m :
N (CH2) 2i 4.84 (m : (CH2) 2-CHN, 7.39 to 7.65 (m) : CBH5. IR (CHC13)
1735, 1682; 161815 18b2of 1@8ohlaugmeehane amd(pB3i ngvéOefddt mBapeayPing z:

AihenttiBery) (T Hhade Te 2 R0ar DM M piper fafndla FABIDIELED

nmol e) of

(descri bed

dhﬁhqulnethyl t rans- 5- hydr oxy- 2- pi peri di necar boxyl at e

REeCUIRRY @R (Yo59yNO78areagliass)  topehherpliadarar an

formul a CEOH2INCB: af emfhxe&-L0get her under an 5 inert atnosphere. The
reaction nediumis cooled down to OC, then 42 Al of diphosgene, 177 Al

TEA then 77 ng of TiBMAFearelicmdeed sutcesstoelgd ddenreact?on meeliumis | eft
to react for 4 hou a ient tenperature. Eol] owed b shing with a
10 % aqueous solut%%n“gfC%faﬁ}%.?%g%ﬁ?d,ﬁp edﬁhd?ﬁ gk@htg?%geggadﬁ%oﬁgn

sol ution of moth urehladédesudbesoi@ganyc phases are comnbined and dried

over

10

15

20

25

30

The reaction medium is left to react for 4 hours at
ambient temperature.

Followed by washing with a 10 % aqueous solution of
tartaric acid, then with a saturated aqueous solution of
sodium chloride.

The organic phases are combined and dried over
magnesium sulphate, the solvent is evaporated off under
reduced pressure and 195 mg of crude product is thus
obtained which is purified by chromatography on silica,
eluting with dichloromethane containing 0.1% water.

An oil 1is recovered which crystallizes from a
pentane/ ethyl ether mixture.

In this way 108 mg of the expected compound is
recovered in the form of white crystals corresponding to
the molecular formula CzoH;sNOs (M = 337.338 g).

The corresponding yield is 51%.

NMR spectrum of the proton

In CDCl;, at 400 MHz, chemical shifts of the peaks
in ppm and multiplicity:
1.86 (m) and 2.03 (m): N-CH-CH,-CH,-CO; 2.27 (m): N-CH-
CH2-CH,-CO; 3.07 (d) and 3.29 (m): N-CH,-CHO; 4.31 (dd) :
N-CH-CHp; 4.73 (m): N-CHp-CHO; 6.93 (s): CO,-CH- (CeHs)z;
7.27 to 7.41 (m): CH(Csl-I_E)z;
IR (CHCl;): 1788, 1736; 1496 cm'l;
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15 magnesi um sul phate, the solvent is evaporated off under reduced
pressure and 195 ng of crude product is thus obtained which is purified by
ehromat ography on silica, eluting with dichloronmethane containing 0.1%
water. An oil is recovered which crystalligaes froma 20 pentane/ ethyl
ether mxture. In this way 108 ng of the expected conpound is recovered in
the formof white crystals corresponding to the nolecular fornula
C20HI9NO4 (M MB37SBYY) gin/Zhe [MoNedSpendiedy yiMeld ]i's =5B%4; 2BMINMR Sp®TL rum
of the proton &CDClB at 400 MHz, chem cal shifts of the peaks in ppm
and rrultipIiC|]t 1.86 (mM and 2. 03 (M @ NCHCH2-CH2-CO 2.27 (m) @ N-CH
CHz2- CH2- CO, 3. 07 (d) and 3.29 (m) : N-CH2-CHO 4.31 (dd) : 30 N CH CH2i
4.73 (m) : NCH2-CHO, 6.93 (s) : Q02-CH (C6Hb) 2; 7. 2 7to 7. 41 (m
CH (C6H5) 2; |BX3mRde#A6a 1788, 1736; 1496 cm1; R \Brevets\17100\ 17143

GB. doc 83 ( I 44; | 7, 167
Exanpl e 26555 %%4 nit rc};}her[r%%tt% aanhslsl\z}F 68%?0 & o§§<a '\41%301' é/fijI
[ 3, 2, 11oct ane- E},cza,rlqufdaatezﬁﬁmﬁo;qflahechl oronet hane and 1 g (3.56 nmol e)

of (4 ni t rophenyl ) net trans 5- hydr oxy- 2- pi per.i di ne carboxylate with
nol ecul ar fornul a H%EG Lorome thige o)l & e 3nbéedmIgt Rh (Arder

an inert atnmospher rne@é;{y on gﬁdlngg: :an%&q%! % tl,ggy%}g}p é)% \Eﬁzﬂldlqolr?é m

of di phosgene is a ded The reacti to react
agitating for CErha¥Witaie afitdC meheruldef fornuhar MdpNOsarhi ent280.282

tenperatufg. E}e Y \{r%.%ed %oge%heevra%%r etre%nOflfneurrt]:d%rtmro%dplllicEd pressure.

The reaction medium is cooled down to 0°C, and 0.24

ml of diphosgene is added. The reaction medium is left

to react whilst agitating for 10 minutes at 0°C, then

left to warm up to ambient temperature. The solvent is
15 evaporated off under reduced pressure.

The residue is dissolved in 66 ml of toluene and
0.99 ml of TEA is added.

The flask is immersed in an oil bath at 110°C and
kept there for 15 minutes. It is then left to return to

20 ambient temperature.

The reaction medium is washed with a 10% aqueous
solution of tartaric acid, then with a saturated aqueous
solution of sodium chloride.

The organic phase is dried over magnesium sulphate

25 then the solvent is evaporated off wunder zreduced
pressure.

In this way 0.885 g of crude product is obtained
which is purified by chromatography on silica eluting
with a toluene/ethyl acetate mixture 85/15.

30 In this way 0.184 g of expected compound, with
molecular formula C3H14N20¢ (M = 306.276 g) is recovered
in the form of a yellow oil.

The corresponding yield is 17%.
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The residue is dissolved in 66 nl of toluene and 0.99 m of TEA is added.

The flask is
m nutes. |t

saturated aq
over nmagnesi

imersed in an oil bath at 110C and kept there for 15

_ _ is then left to return to 20 anbient tenperature. The reaction
mediumis washed with a 10% aqueous sol 84i on of tartaric acid, then with a-

ueous solution of sodiumchloride. The organic phase is d
um sul phate 25 then the solvent is evaporated off under

~

ried -

reduced pressure.NNR spectmeny Q)f 88% pudteR ude product is obtained which

is purified
acetate m xt
nol ecul ar fo
yel | ow oi

by chrf &ngaph o%ingy}ﬁ%_ i%tﬁériéfg?lwsﬁgf@st duened eg@x

ure 8 3 0>t eXpected conpoun

The corresponding yield is 17% \Brevets\17100\17 43 GB.

Wth
rﬂyl@pﬁﬂgﬁﬂ4mﬁiﬁhéhde18@6 276 g) is recovered in the formof a

doc

84 NWR spectrun10f1t$% bﬁbt@ﬁdlﬁ ebcis) aN'Eﬁbcﬁmt CHzHefhi cal 2%hi Tt aBﬁ t he

peaks in_pp
2.22 (m and
CHG 4.28 (d
CoHANO2 ; 7.
1745; 1609,
55 10 Exanpl
car boxylic
10
15
20
25
30

”}g@g 3?85 L RlbgL Eéﬂéﬁg%&% and 29 07- 44 3. 35 CenPH2 Ok

s 3397 1) and 3.5 (dn :_‘N-CHZ-

dPHO ; NeCIJBCKBd)él NQCEH)’JHz,I\HCF-Q ORD; 5-8H,f@8p; £023- CABI <

56 and 8.25 AA C13)
1595 Clpa §5HR1: 7 - E’/é E‘E]fi) 8n?g [%]ng‘l 1: 3(@@2 §§§ &%Hs )126,
erR6bcuéians 17792LX0 16raxa-1e@zabizye| o[22, dmToct ane- 2

aCTd_IHO"h? (0 457 nnDIe) of the ester obtained in
MS (EI) m [M] * = 306, 262, 136, 126, 82, 55

Example 26b

trans-7-oxo-6-oxa-1l-azabicyclo[3,2,1,]octane-2 carboxylic
acid

140 mg (0.457 mmole) of the ester obtained in
Example 26a, 7 ml of acetone and 28 mg of Pd/C catalyst
at 20% by weight are mixed together.

The reaction medium is then left to react for 25
minutes under agitation and a hydrogen atmosphere at
normal pressure.

The catalyst is filtered out and the solvent is then
evaporated off under reduced pressure.

In this way 137 mg of the expected compound, with
molecular formula C,HNO, (M = 171.152 g), is obtained in
the form of an oil, mixed with one mole of p-toluidine.

The corresponding yield is 97%.

NMR spectrum of the proton

In DMSO, at 400 MHz, chemical shifts of the peaks in
ppm and multiplicity:

1.84 (m) and 1.95 to 2.05 (m): N-CH-CH;-CH,-CO; 3.13
(d) and 3.24 (dd): N-CH,-CHO; 4.02 (dd) : N-CH-CH2; 4.81
(dm) : N-CH2-CHO.

Example 26c
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15 Exanple 26a, 7 nl of acetone and 28 ng of Pd/C catalyst at 20% by

wei ght are m xed together. The reaction nmediumis then left to react for 25
m nutes under agitation and a hydrogen atnosphere at normal pressure. 20
The catalyst is filtered out and the solvest is then evaporated off under
reduced pressure. In this way 137 ng of the expected conpound, with

nol ecul ar fornul a C7THONOA (M= 171.152 g), is obtained in the formof an
oi |, mxed witheRsl nol e BFapst Bt okdi fieox251 Thrakbryebp iRk ) odehtk i 5- 97%
NI\/R spectrum oé, dgﬁxﬂé)é n In DMSO, at 400 MHz, chemi cal shifts of the
peaks in ppm an ipricity: 1.84 (m and195t0205(n')'

N CH CH2- CH2- CO; 3 1B. 230nd d)o aNdudo P& (S) the MG R- B 1 A P2 %n\%e
N CH CH2; 4.81 dm: N CH2- CHO. Exa Ie 26¢C R\Brevets\17100 1 . doc

85 net hyl trar%Gbi A ekred aabi oyt of SiJZCfll]Qmmamgcar Pox;(;l at e3 17. 2f5
Ex solved I n o]
ny (0.1 mmsle) of E@ﬁ%aQEQCQQBQ'QQ iJh gnqn: %& gh%gkcg§§e8§ 0P1

d| chl or onet hane. reaction um i s treat .
di azonet hane idiaszdngtitame n i chbmﬁoﬁrehhane dhl’ctelrlotrl’cb&et&@h‘ée;ntthén the

evapor at ed of f_ under reducedqugess re mg of crude product is thus

obt ai ned whi cH9 Verbthrllsf ieF rf%ﬁ%d%%ﬂﬂﬁ/ UG RESHURS ng Wi t h a 10

tol uene/ethyl acetaiee wyXxidil ecBQ4d0prBdlidt £§ %,s % JReY
485.187 g) is recovertg% The correspondl ng yi el 6 oFT%é&Exaon1
purified by chromatography on 81llca, eluting with a

10 toluene/ethyl acetate mixture 90/10.
6.7 mg of the expected compound (M = 485.187 g) is
recovered.

The corresponding yield is 36%.

15 Example 27
(4 -nitrophenyl)methyl cis-7-oxo-6-oxa-l-azabicyclo
[3,2,1]octane -2-carboxylate
0.802 g (2.034 mmoles) of (4-nitrophenyl)methyl cis-
5-hydroxy-2-piperidine-carboxylate trifluoroacetate
20 (described in Rec. Trav. Chim. (1959), 78, 648-658), with
molecular formula C;3H;gN,O5, CF3COH (M = 394.303 g) is
introduced under a nitrogen atmosphere into 40 wml of
dichloromethane is introduced followed by cooling to 0°C.
0.135 ml of diphosgene is added. The reaction medium is
25 agitated for 15 minutes at 0°C, then the temperature is
left to rise to ambient temperature and agitation is
continued for 35 minutes.

The solvent 1is evaporated off under reduced

pressure.
30 This product is dissolved in 40 ml of toluene and
1.1 ml of triethylamine. The reaction mixture is taken

to 100°C for 35 minutes, then left to cool down to

ambient temperature.
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(4-nitrophenyl) et hyl cis-7-o0xo-6-o0xa-|-azabicyclo [3,2,1]octane
-2-carboxylate 0.802 g (2.034 mmol es) of (4-nitrophenyl)nethyl cis-

5- hydr oxy- 2- pi peri di ne-carboxyl ate trifluoroacetate 20 (described in Rec.
Trav. Chim (1959), 78, 648-658), w th nmBbecul ar fornula C13HL6N205,
CF3CO2H (M = 394.303 g) is introduced under a nitrogen atnosphere into 40. :
m of dichloronethane is introduced followed by cooling to OC. 0.135 n
of di phosgene is aluededttelarearadisnm relivarhed J6 i Y3t e FiofR 141 ndt es

at 0C, then the t ergture is Jeft to ri to,anbi ent tenperature and
agitation is p%%?ﬁ%%}qéfeﬁfor%%ﬁ%%.ar‘rrt%?som'ent i s evaporated off under
reduced pressure.Th) JRysnid opiasei ssdidsdellv edrem stlidm cfulphaieneandd

1.1 m of triethylam ne. The reaction m'é%ure is taken dto 1OOC£or 35
mnutes, therthefaokerrbots RVHPEAL et eht W idieratires pPressure.

R \Brevet gl 17100\ 1143 (B,dog B@,dhe pearlion STadiuln dise dasdedund éh vt er
phat e Du

then with™a phos fer solution at pH = 7. The organic phase is
dri ed over sosthuhf sed phat e chmdmathgraphyeneni ssiehipor atedditdfid udéd raduced

pressure. 5 0,56 of a crud roduct_is_thus ained which is purified
by chronat ogr® P%O‘E???%%?F%‘F%Wlﬁ% T FH%E %Ig)/(b:)%l or onet hane/ acet one

mxture 95/5. In tahscway WY nef mphefexpiest estpeerpdurchmpadrid, neliebul ar
formul a C14H14N206, (M = 306.275 g), is recovered 10 in the form ofég
oil. The corresberdlay FoendlasChiwN0nMVRMpeciPan? 6P The pFoFBROVRTEBCLS,

at 300 Mjz, chenical .shifts of the peaks in ppmand multiplicity:
The corresponding yield is 17%.

NMR spectrum of the proton

In CDCls, at 300 MHz, chemical shifts of the peaks
in ppm and multiplicity:

15 1.80 to 1.94 and 2.10 to 2.45: N-CH-CH,-CH,-CO; 3.07 (d),
3.04 (dm) and 3.86 (dd): CH-N-CHz; 4.80 (t): 0=C-0-CH;
5.28 and 5.43 [AB]: O=C-0-CHz-CgHs; 7.61 and 8.24 [AA'BB']
CeHyNO, .

IR (CHCl,): 1801, 1794, 1745, 1704; 1609, 1525, 1498 cm™t.

20 MS (EI) m/z: [M]* = 306, 262, 136, 126, 83, 55

Example 28a

1-propenyltriphenylphosphonium salt of phenylmethyl trans
-7-0x0-6- (sulphooxy) -1, 6-diazabicyclo[3,2,1]octane -2-

25 carboxylate

Stage A
phenylmethyl cig-5-hydroxy-1- (trifluoroacetyl-2-

piperidine carboxylate
6.19 g (22.77 mmoles) of the hydrochloride of
30 phenylmethyl 5-hydroxy-2-piperidinecarboxylate with
molecular formula C;3HigCINO; (M = 271.746 g) (described
in Rec. Trav. Chim. (1959), 78, 648-658) 1is dissolved
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15 1.80 to 1.94 and 2.10 to 2.45: NCH CH2-CH2-CO, 3.07 (d), 3.04 (dm and
3.86 (dd) : CHNCH2; 4.80 (t) : O=COCH 5.28 and 5.43 [AB] :

O=C- O CH2-C6H5; 7.61 and 8.24 [AA BB | CB6HANO2. IR (CHC13) : 1801

1794, 1745, 1704; 1609, 1525, 1498 cm 1. 8720 Ms (EI) mz: [M+ = 306, 262,
136, 126, 83, 55 Exanple 28a 1-propenyltriphenyl phosphonium salt of
phenyl net hyl trans -7-o0xo0-6-(sul phooxy)-1, 6-di azabi cycl o[ 3, 2, 1] oct ane - 2-
25 car boxyl at eurmealge Anphe’my;-b:ltret lytmospdiereny ditoxy80 - (tmdi f lafor oacerdio@s

pi peri di ne car5£) ate (22.77 nol es) of the hydrochloride of 30
phenyl net hyl H%%]r ridi necarboxylate wth nolecular fornmula
C13HL8CIN®B (M = Z%J%ag&tj(&?%dihﬂﬂ id edBrled W hignc (H29N .5 18
648-658) is dissolved R\Brevets\17100\17143 GB.doc 87 under an inert

at nospher e |n <8ff) nTERf aﬁhyéddaé dghenl or Grédtthame. THe rieatilerrorektiigi s
cool ed do 0 s_added then, 6.46 nml of

trifluoroa et| %dﬂan ydlrl a%dq%éa&@d-raoe%"dsropw se. The reaction nediumis |left
to react under agiteHd ofeadi®f Medi@nelNolsfit thenrehdtit@idert tdgitation

di chl oronet hane, washed successi vel Z with a 10% sol ution of tartaric acid,
an aqueous ph@‘bhéf‘é BeEr anss ey onthenpALFuaRE 4 th oA bR OIS on of

sodi um chl ori de, SA0LE1 PORS &l 5, ARt e AN ST 6 OYelay fIBGNERY UM

sul phate. Then t% sol vent 1s evaporat ed under pressure. 10 g
of a red oil iantlusieahtsni padswhatk | bufiérdissbitvesh i mtl0QHA7 o&ndetdmanol .
The reactagn rgéuéwﬁsssolutlon of sodium chloride.

The organic phase 1is decanted and dried over
magnesium sulphate. Then the solvent is evaporated off
under reduced pressure.

10 g of a red oil is thus obtained which is

15 dissolved in 100 ml of methanol. The reaction medium is
cooled down to about 10°C, and 6.8 g (78 mmoles) of
godium hydrogen carbonate in solution in 100 ml of water

is added slowly, at a maximum of 20°C.

The reaction medium is left to react under agitation

20 at 20°C for 30 minutes, and extracted with
dichloromethane.
The organic phase 1ig decanted, washed with a

saturated aqueous solution of sodium chloride and dried
over magnesium sulphate.

25 The solvent is evaporated off under reduced pressure
and 7.6 g of an orange o0il 1is thus recovered which is
purified by chromatography on silica, eluting with a
dichloromethane/ethyl acetate mixture 95/5.

In this way 6 g of expected compound with molecular

30 formula C3;sHi¢F3NO, (M = 331.294 g) 1is recovered. The
corresponding yield is 68%.

Stage B phenylmethyl trans-5-[(2-propenyloxy)amino]-1-

(trifluorocacetyl) -2-piperidinecarboxylate,
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cool ed down to about 10C, and 6.8 g (78 mmol es) of sodi um hydrogen
carbonate in solution in 100 mM of water is added slowy, at a maxi numof
20C. The reaction nediumis left to react under agitation 20 at 20C for 30 .
m nutes, and extracted with dichloronetH#he. The organic phase is
decanted, washed with a saturated aqueous solution of sodiumchloride and
dried over nagne5|un1sulphate 25 The solvent is evaporated off under

reduced pressure #nd47.8 g (6f2&n dMedGS)oi 19F s Eheis pieehel edoRiiréneds
purified by Cﬁngg%ﬁSi?ﬁT%h?Ht?bhhé@d f#HE'Eg tgfaacgkgghaﬁgggthaQ%/ethyl

acetate m xture 'S wWa expec d conpoun ol &84l ar
30 formul a ClﬁéﬁﬁEBNﬁ)ﬁlm(eanG&]s 2<9éo.'géd| slowecmtered0°d' handcar réss pehdotig

ield is 68% _Stage henyl ns- 5 (2- ropenyl oxy) am no] - 1-
{trlfluoroac%@yﬁ)g§tbﬁgﬁ?ldﬁﬁ@%ﬁ&ﬁ%&@ \@ 5et§%l7?é0\f71§§ueﬁodoc

88 1.74 g4>S. ﬁétHQHéQéipﬁéniéeaﬁh9899&e09%@'Q&Qedpéﬁvtﬁﬁég¥8g%ﬁkQEﬁ9 uced

into 29 m of acetonitril feaction nediumis coo 0C and
0.61 m of 2,6-1ufhdi nea¢CoeBNne¢CHIN 25 1aEn @oQIeattoﬁnderfbg@tatEOn

th | ph hydrid dd t t t
modi um 1 5 | of £OF o Podb s Shgi Tt Kon TRGR’ S5 hut 86 400 Hoc O Thel

still at -40C(16.32Mmo(ds) 58fn@JDéE§1)7101f1er@ki/YémDMérQéﬂaé&b&eobéragﬁéd
over one mnute. 10 The reaction nediumis left to return to OC then 0.61

mM of 2,6 | uthéiweei s added and left to react overnight (15 hours), at
appr oxXi n%e' y 5C 1hen Late i BROLIRL: i NPUT St 30C L IPELERY | QoL MRHLYM i S

then diluted wth
0.61 ml of 2,6 1lutidine is added and left to react

overnight (15 hours), at approximately 5°C, then for
another 2 hours at 20°C.
The reaction medium is then diluted with
15 dichloromethane, washed with an agueous solution of
sodium hydrogen carbonate, then a 10% agueous solution of
tartaric acid and a saturated agqueous solution of sodium
chleoride.
The organic phase is decanted, dried over magnesium
20 sulphate and the solvent is evaporated off under reduced
pressure.
2.1 g of a vyellow o0il is thus obtained which is
purified by chromatography on silica, eluting with a
toluene/ethyl acetate mixture 90/10.
25 1.23 g of expected compound with molecular formula
C1gH21F3N,04 (M = 386.374 g) is recovered.
The corresponding yield is 61%.
Stage C
phenylmethyl trans-5- [(2-propenyloxy)amino] -2-
30 piperidinecarboxylate
1.41 g (3.65 mmoles) of compound obtained previously
is dissolved under an inert atmosphere in 25 of anhydrous

methanol.
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15 di chl or onet hane, washed w th an aqueous solution of sodium hydrogen
carbonate, then a 10% aqueous solution of tartaric acid and a saturated
aqueous solution of sodium chloride. The organic phase is decanted, dried
over magnesi um 20 sul phate and the solveap is evaporated off under reduced
pressure. 2.1 g of a yellowoil is thus obtained which is purified by
chromat ography on silica, eluting wwth a toluene/ethyl acetate m xture

90/ 10. 25 1.23 g ofThex pessaui aomadium wi ¢ hcool eduflawnf 6omdl-& ° CC1 8HENF3N204

(M= 386.374 S recovered The corresponding yield is 619 age
phenyl met hyl t déi?st yla§xy4)5 r?? q: % |adeﬁ"| d?%e]c% B@ﬁ(‘%te

1.41 g (3. 65 nygHes) of corrpound obt ai ned previ ously i s dissolved under an
inert at nmosphere in 25 of anhydrous nethanol. R \Brevets\17100\17143
GB. doc 89 The reactThen Headitian sneshiomed sddhen @C()—dsl(flecdnetm PH addl tWJoﬂ's are

made, At 48 MpULES JAEIVE! 01910 8B oo B The tRacLlan Apdiym | &

then acidified to p aque us SO t|on 0 aC|d
previously ca@ddked abGe cExt raction is carried out with ethyl acetate. The
aqueous phase is cooled down to 5C, 100 m of ]Gteqthyl cetate is added,

fol |l owed by treat mERTCTAGH R 1o SSHitdest St it St S6&itdhecar bonat e

until a pHof 8.5 1R Sdseapl %H@Qe IEec%%‘l'&%l iuher extpachgd wat et hyl
acetate. The organic phase is washed with a saturated aqueous sol ution

ethyl acetate 1is added, followed by treatment with a
10 saturated solution of sodium carbonate until a pH of 8.5
to 9 is obtained.

The amine is then extracted with ethyl acetate. The
organic phase is washed with a saturated aqueous solution
of sodium chloride, then dried over magnesium sulphate

15 and concentrated by evaporation of the solvent under
reduced pressure.

In this way 0.628 g of expected product with
molecular formula Ci¢H,2N,03 (M = 290.364 g) is obtained.

The corresponding yield is 59%.

20 Stage D
phenylmethyl trans-7-oxo-6-(2-propenyloxy)-1,6-
diazabicyclo[3,2,1]octane -2-carboxylate

103 mg (0.35 mmoles) of the amine obtained
previously is dissolved under an inert atmosphere in 35

25 ml of anhydrous dichloromethane.

The solution is cooled down to about 0-5°C, and 0.1
ml of TEA, then 21 ul of diphosgene are added dropwise at
this temperature.

The reaction medium is left to react under agitation

30 for 15 minutes at 0-5°C, then the temperature is left to
rise to 20°C, and 42 mg of DMAP is added. Agitation is

continued at 20°C for approximately 5 hours.
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of sodiumchloride, then dried over magnesi um sul phate 15 and concentrated
by evaporation of the solvent under reduced pressure. In this way 0.628 g .
of expected product with nolecular formula CL6H22N203 (M = 290.364 g) is = -
obtained. The corresponding yield is 59%0 20 Stage D phenyl net hyl

trans- 7- oxo- 6- ( 2- pr openyl oxy) -1, 6- di azabi cycl o[ 3, 2, 1] oct ane

-2-carboxylate 103 ng (0.35 mmoles) of the am ne obtained previously is

di ssol ved under anfh&hereachirispmrdian nisslibuted withn@jghbosomethane,

di chl oroneth .50l ut4 ' ed daw 4 o - 5C, 0 m  of
TEA, then 21 ol'fe%—ihg]h%ggéjenie&%;réeaéec ed %I)’ODWI sllcia %?beﬁ$%r?§n%€$§t u?%?nThe
reacti on nediwinoh swdtedt. t 0o react under agitation 30 for 15 m nutes at

0-5C, then the tenperature is left to rise to 20C, and 42 of  DMAP is
added. Agitation i ec%ﬁ??%h%dpgﬁsﬁoé%cﬁrﬁﬁérSYFﬁaWBQPq? rgulphate

R\ Brevet g\ 17400\ Lol eB 4@ 98y The 415864 ¢ 08n Mesh UnieS dbh Yk WithHer

di chl oronet hane, washed with a {0@6aqueous solution of tartaric acid, then
with water. Mrdugefhmxeghase is dried over magnesi um sul phate 5 and
concentrated by e ratiaon of, the salvent.under. reduce ressure..ln this
way 70 ng of crude rg%ohcf‘usctwa}% 70C{)t"laq noeéd Wi Eh PTRAN i ¥F & tg"i‘/l #o‘?eﬁ}ﬁjf% r aphy
on 5 g of siligapuel £ éAgbyWichiromadiogtaphgeirhanegneichaial i dd Xtel e §842. 10
48 ng of expected product of faornmula CL/H20N204 (M= 316.36 g) is
recovered. THE tdbrd ehifdnRTRINGLane e 4o mictmes)98/2750; 1642; 1600,

1496 cm 1 48 mg of expected product of formula CiHyoN;0, (M =
316.36 g) is recovered.
The corresponding yield is 43%.
IR (CHCl;): 1750; 1642; 1600, 1496 cm .
MS (positive electrospray) m/z: [M + Na + CH3CN]® = 380;

15 [M + Nal® = 339; [M + H]+ = 317.
Stage E l-propenyltriphenylphosphonium salt of
phenylmethyl trans-7-oxo-6- (sulphooxy) -1, 6-diazabicyclo
[3,2,1]octane -2-carboxylate
202 mg (0.638 mmoles) of the compound obtained in
20 stage D is dissolved under an inert atmosphere in 5.5 ml
of anhydrous dichloromethane.

73 pul of acetic acid, then 369 mg of PA(P(CgHs)i)s is
added at 20°C to the solution obtained.

After agitation for 30 minutes at ambient

25 temperature, N-hydroxy-urea, formed by 5.5 ml of pyridine
and 358 mg of the S80;-pyridine complex is treated.

The reaction medium is left to react under agitation
for 18 hours at 20°C, then the reaction medium is
concentrated by evaporation of the solvent under reduced

30 pressure.
The reaction medium is taken up with 50 ml of

dichloromethane and washed with water. The organic phase

R:\Brevets\17100\17143 GB.doc



M5 (positive electrospray) mz: [M+ Na + CH3CN] + = 380; 15 [M+ Na]J+ =
339; [M+ H+ = 317. Stage E 1-propenyltriphenyl phosphonium salt of

phenyl met hyl trans-7-o0xo0-6-(sul phooxy)-1, 6-di azabicyclo [3, 2, 1] octane
-2-carboxyl ate 202 ng (0.638 mmol es) of tla conmpound obtained in 20 stage
D is dissolved under an inert atnosphere in 5.5 m of anhydrous

di chl oronet hane. 73 Al of acetic acid, then 369 ng of Pd (P (C6H5) 3) 4 is
added at 20C tbsté#eiedl aveonmegnaisnen. sAflipdatagiarat i ore f di cBlondmelt lesnat

anbient 25 tenperature,. N-h oxysurea, .forpmed by 5.5 m of pyridine and
358 g of the 3?%???5??1%‘10%%%%&?% TUATRH P YEaction nediumis left
to react under agitesoofg foF dBudwupscaticR0Gs tHens t BBrheack himedi ym is

concentrated by evaporation of the solvent under reduced_ 30 pressure. The
reaction nedi HFsEiekePYup CHreRasoarpPBY @R cHiioriott hadetdng wadhbd &t h

wat er. Thecor i &Hﬁﬁ ; 7 4 d i ri over
magnesi um g)ul gﬂ%}gl an ﬁ%%?é %/%%%An%t%g%%&zéség aBo%g)tngélgﬁfn%Jnogglrﬂ rk@éuced
pressure. 650 vwylwhe coidEERpr oduct is thus obtained which is purified by
chromat ography on sjlica, eluting with a_ 5 _dichl oronmet hane/ acetone m xture
60/ 40 cont ai ni ng O.J!f% Bglsvé’laé’ BEACL| Fhe RhQephomtuRysaity 1f the
phosphoni um saltn&f edy GO 1 | &r ¢5f _
C35H35N207PS (Mp: tei@eég%g 9) i'sq'F ecovergtgc.u%f %ﬂ%e@ﬁg?ﬁzﬁ?% Hdis
68% NMWR speci4@um @ dhelprierenpvdredDCLI3, at 300 MHz, chemical shifts of

the peaks,yin ppm and MU LRGNy vield is 68s.
NMR spectrum of the proton

In CDCl;, at 300 MHz, chemical shifts of the peaks
in ppm and multiplicity:

2.05 (m), 2.22 (dm) and 2.33 (m): N-CH-CH,;-CH,; 2.95

15 (d) and 3.30 (dt); O=C-N-CHz; 4.10 (m) and 4.32 (m): O=C-

N-CH and O=C-N-CH,-CH; 5.12 (s): COO-CHz-CeHs; 7.36: CgHs
and 2.30 (m) : CH;-CH=CH; 6.65 and 7.20 CH3-CH=CH; 7,65-
7.85 P(CeHs) 3.
IR (CHCl;): 1746; 1638, 1605, 1587, 1495 cm™.

20 MS (negative and positive electrospray) m/z: [Manion] =

355; [Mcation]® = 303.

Example 28b

Sodium salt of phenylmethyl trans-7-oxo-6- (sulphooxy) -
25 1,6-diazabicyclo [3,2,1] octane -2-carboxylate
236 mg (0.364 mmoles) of the phosphonium salt
obtained in stage E of Example 28a is dissolved in 0.8 ml
of tetrahydrofuran and 4 drops of water.
The solution obtained is passed over a column DOWEX
30 50WX8 resin in Na+ form, eluting with water.
After lyophilization, 127 mg of the expected sodium
salt, with molecular formula Ci4H;sN,0,SNa (M = 378.339 g)

is obtained.
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2.05 (m , 2.22 (dm and 2.33 (m) : N CHCH2-CH2; 2.95 15 (d) and 3. 30

(dt) : O=C-N-CH2; 4.10 (m) and 4.32 (nm) : O=C N-CH and O=C-N-CH2-CH. 5.12 .

(s) : COO CH2-CeH5; 7.36: C6HS and 2.30 (m) : CH3-CH=CH, 6.65 and 7.20
CH3- CH=CH; 7,65- 7.85 P(C6H5)3 IR (CHC1®2 : 1746; 1638, 1605, 1587, 1495
cm1l. 20 M5 (negative and positive electrospray) nfz: [Manion]- 355;

[ Meation] + = 303. Exanple 28b Sodium salt of phenylnmethyl trans- - 7- oxo0- 6-
(sul phooxy)- 25 1,Bhdi agabeeyendipg, Zlq?}do%:%a?lg 2- car boxyl ate 236 ng

(0. 364 nnDIeskMﬁf Qg 99858 opjumsaly obtained in stage E of Exanple 28a
IS dlssolved-rﬁ-G-é-ﬁ%-ﬁ%-EeEraE%dfﬁéﬂ ran and 4 drops of water. The

sol ution obtained I8 lplaseedabveooamnzl utheWEX sBDf6B8VWKB thsi pebksNah
form eluting with water, ter |yophilization, 127 ng of the expected
sodi um sal t, PRt ROFoWBE EEBL L ESFRAl a CL4HIEN2O7SNa (M = 378.339 @) is

obt ai ned. R\ Br eveiSéé7%80\2161243 NFlQG, 92y %i ezcgﬁre(%aporghcﬂgwosl Qd'tﬁ 92%
NMR spectrum of the proton In DVBO, at chem cal shifts of the
peaks in ppnPaddNaQH:ii ptiedtygo 3 D565 Q=€£Z Z\T{IZI dRCHOERZNERH, -CH 91 5(dP and

3.04 (dt 5 d O=C-N-CH2-CH, 5.20 (AB]:
00001(42 )(:6H5 %&39 %ﬂ? si 5’I2& %&uf‘éc}? 555124 1495 cm 1. MS (A8

(el ectrosprayrnegrtiiye) : 224 M495 3@5.. 10 Exarrpl e 28c phenyl net hyl
trans- 7- oxo- 6-[ (pheny sul phonyl)oxg] 1 6- di azabi cycl o [3 2,1] octane
- 2-carboxyl at¥S_(electrospray nega ive) m/z; [M]"

10

Example 28c

phenylmethyl trans-7-oxo-6- [ (phenylsulphonyl)oxyl-1,6-
diazabicyclo [3,2,1] octane -2-carboxylate

48 mg (0.152 mmoles) of the derivative obtained in

15 sgtage D of Example 28a is dissolved in 1.2 ml of
dichloromethane.

26 pul of acetic acid then 88 mg of Pd (PPh;), are
added to it at 20°C, and left to react for 2 hours at
20°C under agitation.

20 The reaction medium is diluted by adding toluene and
the solvents are evaporated off under reduced pressure.

1.5 ml of dichloromethane, 25 pl of pyridine and 24
ul of benzenesulphonyl chloride are added to the crude
product obtained.

25 The reaction medium is left to react at 20°C under
agitation for 1 hour then 12.5 ul of pyridine and 10 ul
of benzenesulphonyl chloride are added.

The reaction medium ig agitated for 15 minutes at
20°C and diluted with dichloromethane.

30 The reaction medium is then washed successively with
a 10% aqueous solution of tartaric acid, a phosphate
buffer solution at pH= 7 and a saturated agqueous solution

of sodium chloride.
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48 mg (0.152 mml es) of the derivative obtained in 15 stage D of Exanple
28a is dissolved in 1.2 m of dichloronmethane. 26 | of acetic acid then 88
mg of Pd (PPh3)4 are added to it at 20C, and left to react for 2 hours at
20C under agitation. 20 The reaction nmedigmis diluted by addi ng tol uene
and the solvents are evaporated off under reduced pressure. 1.5 m of

di chl oronet hane, 25 | of pyridine and 24 | of benzenesul phonyl chloride are
added to the crude Ther cipcdowbtphamesl. i 25dFhedr eaetri amgrediium isulgidtd 0
react at 20C under_ . agitation for 1 hour then 12.5 Al of_pyridine and 10

of benzenesul &rﬁﬁﬁhecrﬁq}_r"i% é%_eé’matﬁ?]e Yatt95T meAUGRY PrRfTHI®Rd for
15 minutes at 1 @PGands dil yked oW 1 1diieh! Ssoieidiengni 3R The gieadi.n gpdi um
is then washed successively with a 10% aqueous solution of "tartaric dcid,
a phosphate sufrfasatagnanhon cat s ca aed vt iswt widthed abjuddiscasmd altaromy  of
sodi um chl pride, .R-\Brevets\17100\17143 .GB. doc Q3,.The aqueous phase is
dried overQnag“r?etshlyulmasnlﬁ/%h}tutjat,yjl éarli%‘etrhémgc Yrént® |/s5 ‘evapor ated of f under
reduced pressure. 1E80:WDsOway Y&l | g @bf tHeO:aidt@tbaMiE6RpbanAYr ivitgd by
chromat ography on silica, eluting with a dichloronethane/ 5 nethyl and
t-butyl ether Mabadenformula hpkoNelsS20Mny &l &-Hd erdbeditse raanyrnasH,

wi th nol ecul & ffPiJ ; = 416.456 g) is recovered. The
correspondi ng f/llefe%r |se%§%§%QiH %/g%e%gg rMuSmBZ(;Lfﬁ't he proton 10 In CDC13, at 300
MHz, chem cal MMR fapeafrunhe fpedles priotgmpm and nmul tiplicity: 1.83 (nm) and

2.00 to 2185 (m zlﬁw%ﬁc:3_E§?;33j0§H&9)c%g%ical gshifts of the peaks

in ppm and multiplicity:

1.83 (m) and 2.00 to 2.25 (m): N-CH-CH,-CHz; 3.02 (d) and

3.16 (dm): O=C-N-CHy; 4.04 (m) and 4.11 (d4dd): O=C-N-CH

and O=C-N-CH,-CH; 5.21 (s): COO-CHp-CeHs; 7.34 (m): CgHs;
15 7.56 (m), 7.70 (m) and 8.03 (m): 025-CgHs .

IR (CHCl,;): 1780, 1738; 1600, 1585, 1498; 1386, 1193 cm‘.

MS (positive electrospray) m/z: [2M + Na]* = 855; [M + Na

+ CH3CH]' = 480; [M+Nal* = 439; [MH]* = 417.

20 Example 28d

phenylmethyl trans-7-oxo-6-[(2-thienylsulphonyl)oxy]l-1,6-
diazabicyclo [3,2,1] octane -2-carboxylate
Starting with 100 mg (0.316 mmoles) of the compound
obtained in stage D of Example 28a, the process is
25 carried out in a similar manner to the one which has just
been described, except that instead of using
benzenesulphonyl chloride, 2 thienyl sulphonyl chloride
is used.
8 mg of expected compound, with molecular formula
30 C1sH1gN206S; (M = 422.481 g) is thus recovered. The
corresponding yield is 30%.

NMR spectrum of the proton
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3.16 (dm) : O=CNCH2; 4.04 (m and 4.11 (dd) : O=CNCH and O=C N CH2-CH;
5.21 (s) : COO-CH2-C6H5; 7.34 (m : C6H5; 15 7.56 (m , 7.70 (m and 8.03 .
(m : OS-C6H5. IR (CHC13) : 1780, 1738; 1600, 1585, 1498; 1386, 1193 T
cml. VS (positive el ectrospray) nmlz: [ZM+ Na] + = 855; [M+ Na + CH3CH] -
+ = 480; [MtNa] + 439; [WH + = 417. 20 Exanpl e 28d phenyl net hyl

trans 7- 0X0-6-[ ( 2- th| enyl sul phonyl) xy] -1, 6- diazabicyclo [3,2,1] octane
-2-carboxyl ate St affi #§Ckst hal;O@Orﬁg NHz Blghﬁﬁbpéé) sbft fitive Q:ﬁ)r’rﬁbﬁn@eaks
obtained in stag f JEX 2 the process is 25 carried out in a
simlar mamnel';Lg §pﬁh§ngnrg \i/T\E gflt %as ]USt been descri bed, except that
instead of usiing4 bemzeaasul plwonykochd oxg deN- zm-bﬂengzﬂtz;subpbqny{d)chb@tﬁi de
is used. 8 ng of expect ed co ound, with molecular formula 30 C18HL8N206S2
(M= 422,481 8)2fs (s Reoer@lt/ hd6 cofk espoRdingHyi@id #s14091MNR
spectrum t epo n \ evts\l oML 7 9 CD&%S t 300
MHz, chem%q(c:al 8 tgﬁbf%fh% pegks ?%8 oy ]élg rrul??%l i 39?3 17 8% (% %3

2.10 to 2.25: CPII=CI+B=CHQ.IEI—IZ (b8) 02 Qi) ; arvd803 244 dt )O3 -C=CHIN- CHXB 7 4.(66 (n)
O=C—N-CHZCH 414 d 5 O=CNCH 5.22 (s) : COOCH2-C6H5i 7.17 (dd)
SB- G S CH=CRP <(d§i>s) C6H5; 7.80 (dd) : S03-C=CH, 7.87 (m

SB- C-S- CH, |JRR( @tﬁé@; 1—'187@0 174739;14600,19603,1d495-km 1. M5 (positive

el ectrospray) niz ||vr+ CH3CN] + = 867; 10 [2M + Na] + = 445; 339
208, 91. Exanﬂﬁe g&g 5h g@dgéggggosgray m/z: [M + Na + CHﬁEﬂ* = 867

- 2-car box

trans- 6- (%1 g5ﬁx¥ ﬁa?xogtitgg(y)jgg- 0X954, 651 di azabicyclo [3, 2, 1]oct ane
yla ' ' ' '

Example 28e

phenylmethyl trans-6- (2-hydroxy-2-oxoethoxy) -7-oxo-1,6-
diazabicyclo [3,2,1l]octane -2-carboxylate

15 Stage A
phenylmethyl trans-7-oxo-6-[2-0x0-2- (2-propenyloxy)
ethoxyl] -1, 6-diazabicyclo[3,2,1]octane -2-carboxylate

48 mg (0.15 mmoles) of the compound obtained in
stage D of Example 28a is dissolved under an inert

20 atmosphere in 1.5 ml of anhydrous dichloromethane.

18 pl of acetic acid then 88 mg of PA(P(CegHs)3)4 is
added at 20°C and left under agitation for 1 hour at
20°cC.

The reaction medium is filtered over gilica, eluting

25 with a dichloromethane/ ether t-butyl and methyl mixture
7/3.

The solvent is evaporated off under reduced pressure
and 70 mg of hydroxy urea is obtained which is taken up
in 2 ml of dichloromethane, then 85 upl of TEA and and 64

30 ul of allyl bromo-acetate are added.
The reaction medium is agitated at 20°C for 3 and a

half hours.
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15 Stage A phenyl methyl trans-7-0x0-6-[2-0x0-2-(2-propenyl oxy)

et hoxy] -1, 6-di azabi cycl o[ 3, 2, 1] octane -2-carboxylate 48 ng (0.15 mmol es)
of the conmpound obtained in stage D of Exanple 28a is dissolved under an
inert 20 atnosphere in 1.5 m of anhydrogsg di chl oronet hane. 18 pl of
acetic acid then 88 ng of Pd (P (C6H5) 3) 4 is added at 20C and | eft
under agitation for 1 hour at 20C. The reaction nediumis filtered over
silica, eluting 28hetheacdiohl omezhieimhane/ weldherd tsbotyss bndlyetiph a

m xture 7/3. The solvent is eYanrat ed _of f under reduced pressure and 70
mg of hydroxy ttea F4USPLSi nBatWhieh i 9ft ak8Rtapici naFi, ofén aqueous

di chl or onet ha%oéﬁw§%uffé}é A s and E§41= 78,0 Mg Qfadlyl brono-acetate

are added. The reaction mediumis agitated at 20C for 3 and a half hours.
R\ Brevet s\ 17100\ 17048 @B:a#uti D5 phiaser east | dnigddi amli sthashsdlvencesssvel y
with a 10% aqueous sol uti of .tartaric acid, an aqueous phosphate buffer
solution a plq—%%a??oraan%ec\&;va?ggu%%r org Lh?%épﬁ?aéssesqrse dried and the solvent is
5 evaporated of f urgter mgedfcedrpdes prRiuck0 18 ehusr usist £1O8ICnisH his
obtai ned which is chronmatographed on silica eluting with a

di chl or onet harf@FroratRATAPRERY ettt icn Rhuting witDor 19l dokraems tepe 4%
IO 102 T Ml yml gt e SRS, STl 5.1
trans- 6- ( 2- hydrixy- 2- oxoet hoxy) - 7- oxo- 1, 6- di azabi cyclo [ 3, 2,11 octane
_Z_CarbOXXbate 22 mg with molecular formula CisH;;N20s, (M = 374.396
g) is recovered. The corresponding yield is 39%.
Stage B
phenylmethyl trans-6- (2-hydroxy-2-oxoethoxy) -7-oxo-1, 6~
diazabicyclo [3,2,1] octane -2-carboxylate
15 22 mg (0.0587 mmoles) of the compound obtained
previously is dissolved under an inert atmosphere in 1 ml
of anhydrous dichloromethane.
10 ul of acetic acid and 34 mg of Pd(P(CeHs)3)s are
added and left to react under agitation at 20°C for 30
20 minutes.
The reaction medium is concentrated and taken up in
toluene in order to eliminate the acetic acid.
In this way 49 mg of crude product is obtained to
which 2 ml of phosphate buffer at pH 7 is added, then
25 washed twice with 1 ml of dichloromethane.
The solvent is evaporated off and 46 mg of crude
product is obtained which is purified by chromatography
on silica, eluting firstly with a dichloromethane/ t-
butyl and methyl ether mixture 90/10 then with a
30 dichloromethane/ethanol mixture 60/40.
In this way 4.5 mg of the expected compound, with
molecular formula C;37H3/N0P (M = 636.691 g) is obtained.

The corresponding yield is 12%.
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15 22 mg (0.0587 mmol es) of the conpound obtained previously is dissolved
under an inert atnosphere in 1 m of anhydrous dichl oronet hane. 10 Al of
acetic acid and 34 ng of Pd (P (C6H5) 3) 4 are added and left to react
under agitation at 20C for 30 20 m nute$é The reaction nmediumis
concentrated and taken up in toluene in order to elimnate the acetic
acid. In this way 49 ng of crude product is obtained to which 2 m of
phosphate buffer at pH 7 is added, then 25 washed twice with 1 m of

di chl oronet h 18, -QEE?Q vent is evaporated off and 46 ng of crude product
i s obtained agféﬁlks—ﬁﬂfified by chromatography on silica, eluting firstly

with a di chl oforeithesisieriyl put yl meshyet hyl tetdnes - 64 hénreyDO7 16xbhenswi th a
30 dichl oronet hane/ ethanol m xture 60/40. In this way 4.5 ng of the
expect ed conpHtARRLIFYRLC bl 2ctd @FLFRR mAd LTHIABEBP (M = 636.691 g) is
obt ai ned. ¢ The. rgsponding yield is 12% R \Brevetsl17100\ 17143 GB.doc 96
Exanpl e Zga Cﬁéﬁﬁirophenyl) net hyl trans-6-benzoyl -7-o0xo0-1, 6-

di azabi cycl o[B; 21 1] ettmsishy ety boxghdt & 9 (3t-ages nephenly, 1) -mdithatliy | et syl )

and 2-[(4-nitrophenyl I i s- b- t hyl sul ph | -1, 2-
piperiggned:é%}gﬂ%%ﬁii%ﬁﬁéﬁé%y{y?%xf%éigkﬁgé§%l lég%'%%%gh$¥&$&$ethyl) and
2-[ (4-nitrophenyl )netdwl § 23,5 s 03y 1o2- pi-par,idigiene thy 1d taarI00Xyhat e

(described in Rec.Trav.Chim (1959), 78, 648-658) , with nolecular fornula
C18H24N207 (M =[ GsBosrpenyk) mrtgusl hed udber 5 Ay dre¥yY - ht roRbper&dine 112

m - of  dighl of QUBRLNANG: o Il (RACH YL, UR S, 1220 & 4PWN (1859 5C 74hen 5
648-658), with molecular formula C;gHyyN;0, (M = 380.398 g)
is dissolved under an inert atmosphere in 112 ml of
dichloromethane.

The reaction medium is cooled down to 0-5°C, then 5

15 ml of TEA then 2.44 ml of methanesulphonyl chloride are
introduced successively.

The temperature 1is 1left to return to 20°C under
agitation and the medium is left to react for 1 hour.
The reaction medium is then diluted with dichloromethane,

20 washed twice with water, dried over sodium sulphate, and
the solvent is evaporated off under reduced pressure.

16 g of a crude oil is thus obtained which is
purified by chromatography on silica, eluting with
dichloromethane containing 2% ethyl acetate.

25 9.14 g of expected product with molecular formula
C19H,6N2058 (M = 458.491 g) is recovered. The
corresponding yield is 67%.

Stage B 1-(1,1-dimethylethyl) and 2-[(4-nitrophenyl)
methyl)trans-5-azido-1,2-piperidinedicarboxylate

30 11.1 g (24.2 mmoles) of the mesylate obtained
previously is dissolved under an inert atmosphere in 111
ml of dimethylformamide.

1.73 g of sodium nitride NaN; is then added.
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15 mM of TEA then 2.44 m of nethanesul phonyl chloride are introduced
successively. The tenperature is left to return to 20C under agitation and
the mediumis left to react for 1 hour. The reaction nediumis then
diluted with dichl oromet hane, 20 washed twvce with water, dried over sodium
sul phate, and the solvent is evaporated off under reduced pressure. 16 g
of a crude oil is thus obtained which is purified by chromatography on
silica, eluting VMtThe(ﬁﬂ@hb@ﬁ@ﬂﬁtM@@Eumodﬁaihéaged96wndﬁﬂ agetateon?5a®. 14

f ted t h nol ec ormul a, C19H26N209 = 458 491
?sor egé\egfeg %qu%g ? 5n&}thgtj}§7+%l Iiefngeéé}%lr%t g& B8 hélts. {5 9)

1-(1, 1-di net hyj.@ﬁt’ﬂy'tb arsk Zrdg (4oniddapherykh the dimeth lformamlde is
nmet hyl ] trans-5-azi do-1, 2- plfgﬁe/rl di nedi carboxylate 30 11. { g (24.2 mol es)

of the nesyl at%VQﬂﬂ%ﬁm [ é’@@le}‘ i ¥ediussdl veyeaadee alnntnbrta atsrmasbhere
in 111 ni 0 mnit i.S the
added. R\ rev‘g(% sr@ﬁ% %)%\ %g?%ﬂ%g doc 317 Utfee(gc :lL%}r]] ﬁéhygm‘-’\cs? é:ft e Under

agitation at vaheddwkept aat2 thi sotienpenatuos,f dhel8 Woth Swatkris deft to
return to 20C, _then the dinethyl formam de is evaporated off under reduced
pressure unti IFREHET Bedoring S sdBbedi pEgr t‘l"@‘\n%ﬁ#l&m eéu\lvpflﬁtét:hytlhen

t at d
acetate and veashed Wdilt R &N KR4 Saldy | ate. then é% oeisv%ﬁi S are

reaction nediumis dried over rragne5| um su
evapor at ed of f undé?rher ek qarlesmjrae,neﬁascrmctaﬁneld dhyt adnesnd toquaphy ed

by chromat ggr 0 on silica el ut t h. di chl or onet hane cont ai ni ng 2%
e%/hyl aceﬁgte gchoaf g)%blg&flgd bofe uwHCh%\?{%m%ﬁl%I&%l TR R e 2%

C18H23N506 (MeﬁthGﬁS ¥ )eis thus obtained in the form of

7.34 g of expected compound, with molecular formula
Ci1gH23Ns0¢ (M = 405.413 g) is thus obtained in the form of
a yellow oil which crystallizes.

15 The corresponding yield is 75%.

Stage C
1-(1,1-dimethyl-ethyl) and 2-[(4-nitrophenyl)
methyl]trans-5-amino-1, 2-piperidinedicarboxylate

7.34 g (18.1 mmoles) of the azide obtained

20 previously is introduced into 150 ml of tetrahydrofuran
and 30 ml of water.

7.2 g of triphenylphosphine is added, then left to
react under agitation at 20°C overnight.

The solvent is then evaporated off under reduced

25 pressure and two entrainments with ethyl acetate are
carried out.

In this way a dry extract is obtained which is
purified by chromatography on silica, eluting with
dichloromethane containing 5% methanol.

30 5.62 g of expected compound, with molecular formula
C1gH2sN30¢ (M = 379.416 g) is recovered. The corresponding
yield is 82%.

Stage D

R:\Brevets\17100\17143 GB.doc



a yellow oil which crystallizes. 15 The corresponding yield is 75% Stage
C 1-(1,1-dinethyl-ethyl) and 2-[(4-nitrophenyl)

met hyl ]t rans-5-am no- 1, 2- pi peri di nedi carboxylate 7.34 g (18.1 muol es) of
the azi de obtained 20 previously is intr&$uced into 150 nl of
tetrahydrofuran and 30 ml of water. 7.2 g of triphenyl phosphine is added,

then left to react under agitation at 20C overni ght . T?ﬁ SO#V?&} is_then
evapor at ed of ¥- (hderdiwetlesletsl hrandupe [Ahdnt WeCRABTEL AREREEI W FR3BEhyI
acetate are carrjed his,v ' tained which is
purified by cﬁ?bﬁ%?%ﬁ?g%%?l%%}s#l%g§¥p§fg§¥%gé%%ﬁﬁEoﬁ?%ﬁPoronethane
cont ai ni ng 5% met hapoe! mg 301 58 $2mgobé) empethedandnpoahtiaineehpreVéeURaY
formula C18H25N306 (M = 379.416_09) ié,refoveregh The corresponding vyield
is 82% Stagel® RisppbvedsinzioBl191431eB195C™88 3 %1, 1- di net hyl et hyl) and

2- [ (4-ni trophenyl) hyLL ~tE BASmedi is cooled down to 0°C, then 257
-5-(benzoffanino)-?ﬁé-%%ng?d?nggiégpbéfylate 700 ng (1.84 mol e) of the
ani ne obt ai nedl poévirBAstieni 81di gdobfebehroglnrhdprafientsr dSREFAIHESIS The
reaction nediumis_cool ed down to OC, .then 257 ben 214 pl of
benzoyl chloride i SPFntFYRGERGEHECTHE }SggeFatﬁ?%u?é ggf?btg'return to 20C.

After reaction foraffesi MRS idnheEdeagdi annmedisymtise diéatedoni medium

di chl oronet hane, washed with a saturated 10 solutugﬂlof sodiunkgﬁd%o%en
carbonate, thés dWadaeiedraitdwetl Byl rmetBter ‘Wit YhFBhat 82 554 H e

10 solution of sodium hydrogen carbonate, then water.

Followed by drying over sodium sulphate, and the
solvent is evaporated off under reduced pressure.

867 mg of expected compound, with molecular formula
Co5Ho N304 (M = 483.525 g) ig thus obtained. The

15 corresponding yield is 97 %.
Stage E
(4-nitrophenyl) wethyl trans - 5 - (benzoylamino) - 2 -
piperidine carboxylate hydrochloride

861 mg (8 mmole) of the amide obtained previously, 9

50 ml of methanol, and 2.3 ml of a solution of gaseous
hydrogen chloride at 8 mol/l in methanol are mixed
together.

The temperature is left to return to 20°C and left
to react over 3 hours. 1.15 ml of hydrogen chloride

25 solution in methanol is then added.

The reaction medium is agitated for 20 minutes at
20°C, then the solvent 1is evaporated off under reduced
pressure.

Two entrainments with dichloromethane, then two

30 entrainments with ethyl ether are carried out.
The product crystallizes from ethyl ether.
In this way 715 mg of expected compound with

molecular formula CyoH22ClN;Os (M = 419.967 g) is obtained.
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solvent is evaporated off under reduced pressure. 867 nmg of expected
compound, with molecular formula C25H29N307 (M = 483.525 g) is thus

obtai ned. The 15 corresponding yield is 97 % Stage E (4-nitrophenyl)
nmethyl trans - 5 - (benzoylanino) - 2 - pbperidine carboxylate

hydrochl oride 861 ng (8 nmole) of the ami de obtained previously, 9 20 m

of nmethanol, and 2.3 ml of a solution of gaseous hydrogen chloride at 8
nmol /1 in nethanol &€ Moesnagdiiseyictise isebdr.ature is left to return to

20C and left eact over 3 hours. 1.15 m of hydrogen chloride 25
solution in né%ﬁ%#%ﬁfis t hen added. The reaction mediumis agitated for 20

mnutes at  20@-rtihemdHendolneanty i & renade-aiecth 25/ awidey) neduced
pressure. Two entrai nnents with dichl oromethane, then two 30 entrainnents

with ethyl et h‘&hlé%r@‘?@grhqfé;&>out2.-p11ri>@r&rddmctca@rbfsqyaflaltiezes }‘romf e'; hy: ]
her . hi 7 n ecul ar. f,
C20r220 NaeB (M = 41800 (- SHRERIE] SR Sl B A N . 00

The correspongneyipvelly | sar8b6% 11 Strage &f(4dnchiopbrmayhpnet hylre mixed

trans-5- (benzgyl am no)-1- (chlorocarbonyl) -2-piperidine carboxylate 5 1.08
g (2.58 nnnle%%gftﬁﬁ ‘hydrochl ori de obtained as previously and 11 m of

di chl oromet hane ar ehdl xatdpdragiaihesst Ihee$UsRERSIARORIRINEL | 51,600! gd down
to about 0- 5C and 791 | of TEA is added, then, 161 | of 10 di phosgene is

then added toSt’fe $8Cuti’8A obtai Aéd. TEA is added, then, 161 pul of
10 diphosgene is then added to the solution obtained.

The reaction medium is agitated for 5 minutes at 0-
5°C, then 1left to return to 20°C, and 1left under
agitation for another 30 minutes.

The reaction medium is then diluted with

15 dichloromethane, washed with a 10% aqueous solution of
tartaric acid, then water.

Followed by drying over sodium sulphate and the
solvent is evaporated off under reduced pressure.

The crude product is purified by chromatography on

20 silica eluting with dichloromethane containing 5%
acetone.

969 mg of expected compound with molecular formula
C21H20C1N30s (M = 445.862 g) is recovered.

The corresponding yield is 84%.

25 Stage G
(4-nitro-phenyl) methyl trans-6-benzoyl-7-oxo-1,6-
diazabicyclo[3,2,1]loctane -2-carboxylate

928 mg (2.08 mmoles) of the compound obtained
previously and 27 ml of tetrahydrofuran are mixed

30 together under an inert gas.

The solution obtained is coocled down to -78°C under

agitation, then 2.1 ml of a 1M solution of lithium bisg

(trimethylsilyl) amide in tetrahydrofuran is introduced.
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The reaction nediumis agitated for 5 mnutes at 0- 5C, then left to return
to 20C, and left under agitation for another 30 m nutes. The reaction :
mediumis then diluted with 15 dichl oronet hane, washed with a 10% aqueous -
solution of tartaric acid, then water. FoPl owed by drying over sodium

sul phate and the solvent is evaporated off under reduced pressure. The
crude product is purified by chromatography on 2Q silica elutin V\A#}

di chl or onet hane coPe@i KPAGLEOR Hesishe iebehly BPRAEXpEGER TG th

nol ecul ar for 2 724458 +S; Vered.
correspondi ng%§%¥é58%¥%hgyaag66i 4-%% ?)}Coe!-%héeﬁ{/%&rrg?h?/g@@d and
trans- 6- benzoyyiZapkonli6- cdiraziatd cyet oWBil2st] lectvdimg -thearborgratere28 ny
(2.08 mmol es) of the conpound obtained previously and 27 m of

t et r ahydr of ur&f EF%errFS%gldOF’ S0 together under an inert gas. The sol ution

obt ai ned iss cool edrgowr @t 68C heWiaim agi tatldied t Re8h2.ekHitl ohcatdbe
solution of lithiumbis (trinethylsilyl) amde in tetrahydrofuran is

i ntroduced. Reh@nevesbed7 EORCERRI N, doet08 TRE meadWh SRR sOFfef t
under agitatipon for.10_m.nutes.to - 1 of i i d_j;s-added
and agitati oﬁaféaléé?r f"g&ddutm hl I%tgﬁé:%éﬁ%get %gf?‘grrrpesrogltqﬁ%lg% ?%& rPis{e to
15C. 5 The reaggiwacgediumis diluted with ethyl acetate then washed
successively with a 10% aqueous_solution of tartaric acid, with

phosphat e buffer sBP Lt P¥Rd abyp Y ingh PVRE eP2IREFE Bie FUHPIRG rﬁgn‘ngPe
nagnes'uﬁkﬁ“'BQ?&gn@ngstQQaporated off under reduced pressure.

1.6 g of a dry extract 1s thus obtained which is
purified by chromatography on silica eluting with a
dichloromethane/acetone mixture 98/2.
The product is then crystallized from ethyl ether in
15 order to produce 204 mg of the expected compound, with
molecular formula C, HioN30¢ (M = 409.441 g).

The corresponding yield is 24 %.

NMR spectrum of the proton

In CDCl;, at 250 MHz, chemical shifts of the peaks
20 in ppm and multiplicity:
1.98 (m), 2.22 (m) and 2.40 (m): N-CH-CH;-CH,; 3.08
(d) and 3.42 (dt): O=C-N-CHy; 4.23 (dd) : O=C-N-CH; 4.53
(m) : O=C-N-CH;-CH; 5.34 [AB] : COO-CH;-CgHs; 7.69 (m): 8.25
(m): 7.44 (m) and 7.56 (m): Ce¢Hs and CgHsNO;.
25 IR (CHCl,;): 1763, 1744, 1676; 1609, 1603, 1583, 1526,
1492 cm™.
MS (EI) m/z: [M]* = 409, 304, 273, 201, 105, 77.

Example 29b

30 trans-6-benzoyl-7-oxo-1,6-diazabicyclo[3,2,1]octane -2-
carboxylic acid
89 mg of the ester obtained in Example 2%a, 4 ml of

acetone and 6 mg of 10% Pd/C catalyst are mixed together.
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10 solvent is evaporated off under reduced pressure. 1.6 g of a dry extract
s thus obtained which is purified by chromatography on silica eluting
wi'th a dichloromethane/ acetone m xture 98/ 2. The product is then
crystallized fromethyl ether in 15 orderoto produce 204 ng of the
expected conmpound, with nolecular fornmula C21HI9N3OG6 (M = 409. 441 g) The
torresponding yield is 24 % NWR spectrum of the proton In CDC13, at 250
MHz, chenical shiftlheof téscpeaks ne@ium ppihs andeful titpdi cirbyctl. Ahdey |

L o L, KPR Sl e S e
7.69 (M @ 8.Zpurdd45 Widdrés) aRdn’ PR (é'atailgg@"sil%n@i@%@@zougéaﬂcﬁz_

(CHC13) 1763, 1744, 1676; 1609, 1603, 1583, 1576, 92 cm 1. M5
[M+ = 409, 364e L23trage iR vapprabesdmirsleaoiregiced pressure.

trans- 6- bepzoyl - 7- @xo0- - di bi,gycl o[ 3,2, 1] oct ane -2- carboxylic .aci.d 89
ng of the gster obﬁgll nékﬁlsn v%igmgﬁe rﬂ%a,dfézl i ro(?Sl%cétson%bté?‘lﬂn%drrd"hdfC}iO%
Pd/ C cat al yst caryestrmlXdcesodatdner.. SRm1Bogv eftslyll7 H3®ek7143 GB. doc 101 The

reaction nediumis left to react under agitation, at 20C and under a
hydr ogen at nospher &7 orP2S W&y SHU5MHi Rl ebhet IfgPadtetarampsunds mMitter ed
out and the fididcatiad ScEMAPYY absd, Wnder (uedu s €5 5 i Ll way
88 ng of a resin is obtained whi ch 14(:r2y§te(1 lizes P%?nqgoéjg i gﬁgtlr?{ﬁ%'
et her. | n thi Fheayod4esporidinge véxpdectied 9dénpound, with nolecular formula

- ; . . . : 0
C14H14N20f0(MNMR273%5e2c7t§:u9x? deS t%%t %lr%%%.n The corresponding yield is 91%

In CDCl;, at 250 MHz, chemical shifts of the peaks
in ppm and multiplicity:
1.96 (m), 2.10 (m) and 2.37 (m): N—CH-CEQ—CHE; 3.13
(d) and 3.41 (dm): O=C-N-CH,; 4.10 (bd): O=C-N-CH; 4.52
15 (m) : O=C-N-CH;-CH; 7.44 (m): 7.56 (tt) and 7.69 (dd) CeHs .
MS (EI) m/z: M" = 274, 229, 169, 105, 77.

Example 29c

methyl trans-6-benzoyl-7-oxo-1,6-diazabicyclo(3,2,1]
20 octane -2-carboxylate
2 ml of a solution of diazomethane at 12.7 g/l in
dichloromethane is added under agitation to 28 mg (0.102
mmole) of the acid obtained in Example 29b.
The solvent is evaporated off under reduced pressure
25 and the residue is purified by chromatography on silica
eluting with a dichloromethane/ethyl acetate mixture
98/2.
18.4 mg of expected compound, with molecular formula
CisHiN204 (M = 288.305 g) is recovered. The corresponding
30 vyield is 63%.
NMR spectrum of the proton

In CDCl;, at 300 MHz, chemical shifts of the peaks

in ppm and multiplicity:
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10 NWR spectrum of the proton In CDC13, at 250 MHz, chem cal shifts of the
peaks in ppmand multiplicity: 1.96 (m , 2.10 (n) and 2.37 (m

N-CH CH2-CH2; 3.13 (d) and 3.41 (dm) : O=C-N-CH2; 4.10 (bd) : O=C N CH,
4.52 15 (m : O=CGNCH2-CH, 7.44 (m : Y036 (tt) and 7.69 (dd) C6H5. V5.
(El') mz: M+ = 274, 229, 169, 105, 77. Exanple 29c nethyl :
trans- 6- benzoyl - 7- oxo- 1, 6- di azabi cycl o[ 3, 2, 11 20 octane -2- carboxylate 2
m OIof a sol ution of . 2 azonet. kane Ne{CHEZHE - gHi, i B.12i ddl)oraonbt hate i(dtadded
under agitation to 28 (012 le) of _t Ci | e
29b. The sol vént-NsC Iéﬁ/'ng;crr%&e bt ;mﬁh'de? }%d[@ég %gih‘fedlﬁzsj‘a Lgx?ﬁg

resi due is pupléigdeRy- @by omaio0r@aphyr 8% Sid)i Ghd ej W9 N@)W tdypm.

di chl oronet hane/ ethyl acetate m xture 98/2. 18.4 ng of expected conpound,
wi th nol ecul aMSf 6ERLI w/z C1EMI BN B M22 288.8305 1P5 4 st tocoler ed. The
corresponq_y ng 30 yield is 63% NWR spectrumof the proton In CDC13, at 300
MHz, chem™cal shifts of the peaks in ppmand multiplicity:

R \Brevets\l?ﬂﬁ@h%fé4§9&B doc 102 1.90 to 2.42: N CH CH2- CHz; 3 12 (d) and
3.44 (dt) OC g . CH3; 4.17 % O=C-N-CH 4, é
O=C- N- CH2- CH; t7ana- ftlpenzqybe” (@¥oala ( Qh%@ﬁ!a? Ry B5b: 6%1?@%%’ oM+ =
288, 229, 183,;,155,:1

trans- 6- benzo>{/ii % %%(ogﬁf?%%eny mtﬁ8+§m1 6- di azabicyclo [3,2,1] octane
-2-carboxam de 30 »y (@ 1Q9.aN6l edmafe) r arfs- 6rbraz6ybedzoxd-1-6%x0-1,6-

10 diazabicyclo[3,2,1]loctane -2-carboxylic acid obtained in

Example 29b, 0.5 ml of dichloromethane, 23 mg of EDCI and
13 pul of benzylamine are mixed together.
The reaction medium is left to react for 30 minutes
under agitation. It is then diluted with
15 dichloromethane, washed with a 10% agqueous solution of
tartaric acid, decanted, and the organic phase is dried
over sodium sulphate.
The solvent is evaporated off under reduced pressure
in order to obtain a crude product which is purified by
20 chromatography on silica eluting with a
dichloromethane/acetone mixture 98/2.
In this way 19.5 mg of the expected compound, with
molecular formula C,1Hp1N;O3 (M = 363.419 g) 1is obtained.
The corresponding yield is 49%.

25 NMR spectrum of the proton

In CDCl;, at 300 MHz, chemical shifts of the peaks
in ppm and multiplicity:
1.97 (m), 2.34 (m) and 2.59 (m): N-CH-CHz-CHp; 2.90
(d), 3.33 (m), 3.99 (bd) and 4.50 (m): O=C-N-CH, O=C-N-
30 CH,-CH , O=C-N-CH; , CO-NH-CHz-Cg¢Hs; 6.94 (bt): NH; 7.24
to 7.58 (m) and 7.68 (m): CegHs-CO and CgHs-CH;.
IR (CHCl;): 3411, 1763, 1680; 1603, 1583, 1515, 1498 cm™t.
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10 di azabicyclo[ 3, 2, 1] octane -2-carboxylic acid obtained in Exanple 29b,
0.5 m of dichloromethane, 23 ng of EDCl and 13 | of benzyl am ne are m xed
together. The reaction nmediumis left to react for 30 m nutes under
agitation. It is then diluted with 15 dixdd oronet hane, washed with a 10%
agueous solution of tartaric acid, decanted, and the organic phase is dried
over sodium sul phate. The solvent is evaporated off under reduced pressure
in order to olExample &9&le product which is purified by 20 chronmatography

16,5 my of 1 e SRS ofRURG. (RIS LR Sl ToRrh & o PP =
363.419 g) is phtainesbtanhe caidAspaendiqrg yield is 49% 25 NWR spectrum of

the proton In CDC13, at 300 MHz, chemical shifts of the peaks in ppm and
multiplicity: 1.97 The opexasqmisanearried (ayt: inNaCcHioilag Marme®@s ( d)

, 3.33 (m 3. ) m., . QzC - 2- C=C..N: CH2
" 0O NH CHB- cﬁé@%%%&%@g g, 5@:(%%\2L érﬁrg”%*)ea%*rﬁh‘? %1% 00
and C6H5- CH2. dR {iGH@13) in 34kbmplé63,2d580and603,5 1588, 519,N-ktahyeim 1.
R\ Br evet s\ 17#%0\ 17143 GB. doc 103 Exanple 29e

6- benzoyl - N- [ RATHH(EHEIR/ met hyl ) | - 7- oxo- | , 6- di azabi cycl o [3, 2, 1] oct ane

- 2- car boxam de The @pefRi & ORzhS LAr ane%f)uEhbn Spdid AT cBRBRERAAS with
Exanpl e 29d starting with 50 ng (0.182 mol e) of the acid obtained in
Exanpl e 29b amplasullarnfiormetdyC2Hhehyl dMi re.37T M3 hgs ey rerawpmsd t he

expect ed EB”D%%d’co"n‘grtehspo%D i%%ulyﬁrelfd)rirgulﬁ%C;22H23|\BOS (M= 377.45 g) is

recover ed:

MS (EI) m/z: [M]* = 377, 272, 105.
Example 29f
6-benzoyl-2- (hydroxymethyl) -1, 6-diazabicyclo[3,2,1loctan-

15 7-one

100 mg (364 mmole) of trans-6-benzoyl-7-oxo-1,6-

diazabicyclo[3,2,1]octane -2-carboxylic acid obtained in
Example 29b is dissolved under an inert atmosphere, in 3
ml of tetrahydrofuran.

20 The reaction medium is cooled down to -10°C and 40

ul of methylmorpholine, then 38 ul of ethyl chloroformate
are added.
The reaction medium is left to react for 15 minutes
at -10°C, then the temperature is left to rise to 0°C and
25 27 mg of NaBH; is added, then 1.5 ml of methanol is added
dropwise.
The reaction medium is left under agitation at 0°C
for 2 hours then left to return to ambient temperature.
3 ml of water is added, the reaction medium is left
30 under agitation for 15 minutes, then a few drops of
ammmonium chloride are added. Extraction is carried out

with ethyl acetate, followed by drying over magnesium
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10 The corresponding yield is 17% M (El) mz: [M+ = 377, 272, 105.
Exanpl e 29f 6-benzoyl - 2- (hydr oxynet hyl ) -1, 6-di azabi cycl o[ 3, 2, 1] octan- 15
7-one 100 ng (364 nmol e) of trans-6-benzoyl-7-o0x0-1, 6- di azabicyclo[3, 2,
1] octane -2-carboxylic acid obtained inO4%&xanple 29b i s dissol ved under an.
inert atnosphere, in 3 m of tetrahydrofuran. 20 The reaction nediumis .
cool ed down to -10C and 40 Al of nethyl norpholine, then 38 Al of ethyl

chl or of or mat sulapteteidefiltheineacandn thedi 8ed vent efits t evepaEetedr &
mnutes at -10C,_then the tenmperature is left torise to OC and 25 27 ny
of NaBH4 is%ﬁ%elﬁl,r? e 15T suolfe'm::t hanol is added dropw se. The
reaction medi umi sd efhignder, aght abi @ ah @@udeorpPodiadt s itshesbt @fted o
return to anbient tenperature. 3 m of water is_added, the reactjon, nedi um

is left 30 uitieth agPt RUGH RS BY FRFQESogReRYa PRwStdEe of el &rRBni um
chloride are a ' | i (V| AETY 4y acetate, followed
by dryi nggove‘}'\?l d%gganecg?%ﬂn%a%%%ke}%/az%é;ﬁé?ﬂl%d%1IT4\113}¥ECL5;81%§: )}/104 sul phat e,
filtering and the Isol wdnits | svagva@y ateyl off enmErtedducetppredsureitihn

this way 85 of crude_product . s.obtajned ' is purified b

chr omat ogr apg%]tﬁf:@iaf]? cg‘?r&‘g?i %41&“51\7 % hh\g gi %Ho'&gn%fh&ﬁe/]ﬁ%?%\é‘?%?d‘

m xture 98/ 2.7Hd dd¥fe B Ein of1 expected conmpound, with nol ecul ar
formul a C14H16N203 (M = 260.3 g) is recovered. The corresponding yield is

26% 10 NWR spectrum of the proton In CDC13, at 300 MHz, chemical shifts of

the peak§o NMR spectrum of the proton

In CDCl,;, at 300 MHz, chemical shifts of the peaks
in ppm and multiplicity:
1.61 (m,1H), 2.00 (m,2H) 2.30 (m,1H): CH-CH,-CH,-CH;
2.19: 3.23 (d) and 3.26 (dt): N-CHp; 3.60 (m): N-CH-CH,-
15 OH; 3.70 (m) and 3.77 (dd): CH-CH,-O; 4.56 (m):
N-CH-CH,-N.
MS (SIMS) m/z: [M + Nal* = 283, [M + H]" = 261, [M]' =

260, 229, 105.
Example 30

20 (4-nitrophenyl)methyl trans-6-acetyl-7-oxo-1,6-
diazabicyclo[3,2,1]octane -2-carboxylate
1 g (2.63 mmoles) of the product prepared in stage C
of Example 29 is dissolved in 12 ml of dichloromethane.
250 pl of acetic anhydride is added, the reaction medium
25 is 1left to react for 10 minutes under agitation, then
diluted with dichloromethane and washed with a saturated
aqueous solution of sodium hydrogen carbonate.
The organic phase is dried over sodium sulphate,
evaporated to dryness under reduced pressure in order to
30 obtain 1.2 g of 1-(1,1-dimethylethyl) and 2-[(4-
nitrophenyl)methyl] trang-5- (acetylamino) -1,2-
piperidinedicarboxylate with molecular formula CyoH27N304

(M = 421.453 g).
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-~ in ppmand multiplicity: 1.61 (m 1H) , 2.00 (m 2H) 2.30 (m 1H) :

CH CH2-CH2-CH, 2.19: 3.23 (d) and 3.26 (dt) : N-CH2; 3.60 (m) : N CH CH2-
15 OH, 3.70 (m and 3.77 (dd) : CHCH-O 4.56 (m : NCHCH -N. _ M
(SIMS) mz: [M+ Na] + =283, [M+ Hl+ =1a&l, [M + 260, 229, 105. Exanple
30 20 (4-nitrophenyl)nethyl trans-6-acetyl-7-o0xo0-1, 6-

di azabi cycl o[ 3, 2, 1] oct ane -2-carboxylate 1 g (2.63 mmol es) of the product
prepared in stage GhiF msediptte 29 usedi wibhoesd ipmlr]izimaﬁdbn in stages

di chl or onet hane, . 250 of_aceti nhydri LS_added,_ the reaction nedium
25 is left to €ler%1lc 25 o?lologtrﬁ%‘?ﬁ eg fh?de é’%’et gf‘ BRIt iieh 2Bf 3t4edmﬁ/i_t

di chl or onmet hanexpdt i sbetipsihdl, awsahunRfledulagueRshsned uti an., o, sq um
hydr ogen carbonate. The organi c phase is dried over sodi um'sufph.ate, _
evaporat ed t o H{nesd Undet trasucarPpazesyr e The staresrendBnohitidld 1 g
of 1-(1,1-dingthylethyl) and 2-[(4 nitrophenyl)nethyl]

trans-5-(acetyl am no)-1, 2- piperidi nedi carboxyl ate with nol ecular formula
C20H27N307 ( MMR 4deA53ing)of RNeBroenoetcgl 17100\ 17143 GB. doc 105 Thi s product

is used without purjfi jon in ges simlar to stages E_ to G of Exanple
29 and 14 ngy of eiﬁbc‘f@%orﬁfouiéﬁ A r?ﬁﬂeébllﬂa;r o F aCELERET NFFEY M =
347.330 g) is frhyspn eGRVengdipiheigqr.r esponding yield is 5 17% NWR
spectrum of the proton In CDCIL3, at "300 MHz, chemi cal shifts of the peaks

in ppmand mul ti plilcid?: (m). 872 (¢, t2. 60300 @)30 N1GH:CHY-CH,CH2-. G4 (2. :54
(s) - 10 N-CO-CH3; 2.95 (d) and 3.21 (m): O=C-N-CH,; 4.26 (bd):

O=C-N-CH; 4.55 (m): O=C-N-CHp-CH; 5.34 [AB]: CO,-CH,-CeH,;
7.57 and 8.25 [AA'BB']: CgHy-NO;.
MS (EI) m/z: [M]* = 347, 304, 211, 169, 125, 43.

15 Example 31

(4-nitrophenyl)methyl and 2-propenyl trans-7-oxo-1,6-
diazabicyclo[3,2,1]octane -2,6-dicarboxylate

1.24 g (3.278 mmoles) of the product prepared in
stage C of Example 29a is dissolved under a nitrogen

20 atmosphere in 8 ml of dichloromethane.

The solution is cooled down to 0°C, then 0.45 ml of
TEA then 0.35 ml of allyl chloroformate are added
dropwise.

The reaction medium is maintained at 0°C for 15

25 minutes, then left to react under agitation for 1 hour at
ambient temperature.

The reaction medium is then diluted with 20 ml
dichloromethane, washed with an aqueous solution of
godium bicarbonate, and twice with water.

30 The reaction medium is dried over magnesium
sulphate, and the solvent is evaporated off under reduced

pressure.
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10 NNCO-CH3; 2.95 (d) and 3.21 (m : O=GCNCH2;, 4.26 (bd) : OCNCH 4.55
(m : O=CGNCH2-CH 5.34 [AB] : (Q02- CH2- CoHdi 7.57 and 8.25 [AA" BB ] :
C6H4-NO2 . Ms (EI) mz: [M+ = 347, 304, 211, 169, 125, 43. 15 Exanple 31
(4-ni trophenyl)nethyl and 2-propenyl trah867-oxo-1, 6-

di azabi cycl o[ 3, 2, 1] oct ane -2, 6-di carboxylate 1.24 g (3.278 mml es) of the
product prepared in stage C of Exanple 29a is dissolved under a nitrogen

20 at mosphere in 8laP of 9di ciifor orfet Wank- dimrEgol ek i s @881 ed2ddvd -t o
0C, then 0.45_ ¢ 735 fcalleyl _ e

dr opw se. Thengéggngﬁgé%gggﬁygé nﬁ?%?gi%eé[g% ggﬁ?%$§%ég925 %%%S?gg?qthen
left to reactantidei agitlabipapteidinbdicaaboxgibtent tedparat modéeclier
reaction mediumis_then diluted with 20 m  djchl or onet hane, mgshed with an
aqueous sol ut fBRMYE2 gﬁﬂﬁdﬂﬁﬁvcéMb6n5§§;4§ﬁd9§mﬂﬁet FhanPéP? 30 The
reaction medi umistgei gd QUEHoHBINES ¥B1gSULPhase, and the sol vent is
evaporated off under reduced presSure. R \Brevets\17100\17143 GB. doc 106
1.5 g of 1-(1,1-di Wethylpeodycr dmd sdd 4innptrgpleminidetthylq stages E
trans-5-[[(2-propenylo carbonyl ] m.no],. -1.2-pi peridinedi carboxyl.ate,
with m)IecuIaEO ?%r%%l fBN%%%,a?%IQQZéEfE§64§ ?%p?$ﬁ§goSPEPﬁg 95 The
correspondi ngwYt8al folecO99%r HirfuReodUSt, Nsoysed i Sdagess sy har thas
stages E to G of Exanple 29a and 30.6 ~of expected conpound, wth

nol ecul ar forﬁhFalGﬁéngNBCF,fOFWIQfBBQgEGBGgFO'édthu§heoﬁP§Fﬁ§H°Pﬁlpﬁe

f or m of QAMhi§§e§8lkg'45§? corresponding 10 yield is 40%

NMR spectrum of the proton

In CDCl;, at 300 MHz, chemical shifts of the peaks
in ppm and multiplicity:
1.91 (m), 2.00 to 2.29 (m) : N-CH-CH;-CHz; 2.98
15 (d) and 3.25 (bd): 0=C-N-CHa; 4.27 () O=C-N-CH; 4.37
(bs): O=C-N-CH;-CH; 4.77 (bd): COO-CH,-CH=; 5.33 (8):
COO-CHz-CgHy; 5.29 to 5.46: CHp=CH; 5.98 (m) : CH;=CH; 7.96
and 8.29 [AA'BB']: CeH4-NO; .
IR (CHClj3): 1801, 1775, 1738, 1724; 1649; 1608, 1595,
20 1526 cm™.
MS (positive electrospray) m/z: [2M + Nal® = 801, [M + Na

+ CH,CN]* = 453, [M + Nal* = 412

Example 31la

25 phenylmethyl trans—s—benzoyl—7—oxo—1,6—
diazabicyclo[3,2,1] octane -2-carboxylate

200 mg of phenylmethyl trans-5-(benzoylamino)-1-

(chlorocarbonyl) -2-piperidinecarboxylate, with molecular

formula C,1H;;CIN,0, (M = 400.87 g), prepared in a similar

30 manner to stages A to F of Example 29%9a and 6 ml of

anhydrous tetrahydrofuran are mixed together under an

inert atmosphere and cooled down to -78°C.
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NMR spectrum of the proton In CDC13, at 300 MHz, chem cal shifts of the _
peakspin ppmand multiplicity: 1.91 (nm), 2.00 to 2.29 (m : I\I-CI—I-CHZ-_CHZ,
2:98 15 (d) and 3.25 (bd) : O=CNCH2; 4.27 (t) O=CNCH, 4.37 (bs) :
O=C-N-CH2-CH;, 4.77 (bd) : COO CH2-CH=; 5.5@7(5) . COO CH2-C6H4; 5.29 to
5.46: CH2=CH, 5.98 (m) : CH2=CH; 7.96 and 8.29 [AA" BB ] : C6H4 -NO2 . IR
(CHC13) 1801, 1775, 1738, 1724; 1649; 1608, 1595 20 1526 cm 1. Ms
(positive electrospr 8§ md: [@M + d\a] tM= 88d1ufMbrt Naof + CHBEMm+ HA53,

M+ Na] + = 25 phenyl net hyl trans-6-benzoyl -7-o0xo0-1, 6-
<[:|| azabi Lycl 0[3@:1@%%12%@3&2 caPB‘ésé?l atiél 200e gy dppenyanet Hy added
trans-5- (benzayt@shiwa - 1 - (chl orocarbonyl) - 2- pi peri di necar boxyl ate, w th

nol ecul ar forrmula C21IH21CIN2O4 (M = 400.87 g) , prepared in a simlar 30
manner to stages A The RefctBampledion moﬂ.eﬁftmtoafreaaimmm agitation

tetrahydro ur ar X t her_ _under ert_ at npsphere and cool ed
down tg -78C. \Br%egle:t ?Of%lgg\ 11 6@% 16 0‘“550%0. ety \vpedPutinn of
l'ithiumbis (atddenfbi hylsilyl) amde in tet rahydrofuran is added dropw se.

The reaction nediumis left to react under agitation 5 at -78C for 10
mnutes then 25 | off®cetPEPREREUFS  da@dedleflhe tt@rrpermeur etbs lafbidmt rise

i m  of
2" 10% aqueous SRSETAR ST tarTAr LA aebac 16 ENe T off T B8GxeH: datBut th
et hyl acet at e,nf ol bHwea bylowmashgngoust h smiuaqmousophoggbaggieuf f814.
sol ution ?6 plf:"xtraction is carried out with ethyl acetate, followed by
washing with an aqueous phosphate buffer solution at pH
=7, then with water and drying over magnesium sulphate.
The reaction medium is brought to dryness by
evaporation of the solvent under reduced pressure.
15 158 mg of a crude product is thus obtained which is
purified by chromatography on silica, eluting with a
dichloromethane/acetone mixture 98/2.
70 mg of the expected compound, with molecular
formula C,1H,0N,04 (M = 364.40 g) is thus recovered. The
20 corresponding yield is 39%.

NMR spectrum of the proton

In CDCli, at 400 MHz, chemical shifts of the peaks
in ppm and multiplicity:
2.15 (m) and 2.25 (m): NCH—CHz—CEE—CH—COZ; 1.94 (m)
25 and 2.36 (m): NCH—_C_HE—CHZ—CH—COZ; 4.20 (4d) N-CH-COy; 4.50
(q) : NCH-CH,;-CH,-CH-CO;; 3.08 (d) and 3.40 (dt) : N-CH;;
5.25 [AB]: COZ—%—CsHs; 7.38 (bs): CH2—C6§§; 7.43 (bt) and
7.55 (bt) and 7.69 (bd) CeHs-CO.
IR (CHCl;): 1764, 1744, 1675; 1602, 1584, 1498 cm™
30 MS (SIMS) m/z: [M + Nal]® = 387, [M + H]™ = 365, 259, 257,
229, 105, 91.

Example 31b
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=7, then with water and dryi ng over magnesi um sul phate. The reaction nedi um
is brought to dryness by evaporation of the solvent under reduced -
pressure. 15 158 ng of a crude product is thus obtained which is purified =~
by chromat ography on silica, eluting withO& dichl oronethane/ acetone

m xture 98/2. 70 ng of the expected conpound, with nolecular formula )
C21H20N204 (M = 364.40 g) is thus recovered. The 20 corresponding yield is
39% NMR specPhenybhethE prérbﬁnzﬁyasD@:tg?waﬂ/éoélwpléﬁéﬂrpéalr23%5’P€§‘of

t he peaks in,ppm.agd Lphiecpty: 2.15 (m) and 2.25 (m :
NCH CHD- CHp- Bt BB, 91?5%’%%?&5% and 2.36 (M) : NCH CH2- CH2- CH CRi 4. 20
I(\E)CHN CH C02; 4. ]5046( Qlg : (NCH26H2m@bPe €H @RI tha. O8rédcandii.adithgdit in:

2; 5.25 [AB] : 002-CH2-C6H5; 7,38 (bs), : CH2-C6H5; 7.43 (bt) and 7.55
(bt) and 7.695x8EPlesRdacand R (THEL3PE & ,r?Luis44tfe'i%a}’%¥§’i%g‘é,rg]15§£? 1498
cml1l. 30 EE (§FQ§& ggééthykf Na] + = 387, [M+ Hl+ = 365, 259, 257, 229,
105, 91. anple 31b R \Brevets\ 17100\ 17143 GB. doc 108 phenyl net hyl

6- benzoyl - 7- oxo- | , Bhdi agabttypol vpdigmliectoo2edndo@ncarboXPrat énd46 .Ag
(0.126 mmol es) . of the product, obtained in a la.and 0.5 m _of .
anhydr ous t et %‘éhyoc?%fuﬁ‘ n afjeth%urpn' xgj&st ogégﬁég‘gtgﬁgs%ﬁg i o Hedi umi's
cool ed down tgetfQkyvandrQrdd iBl a@BedM lithiumbis (trinethylsilyl) am de
in tetrahydrofuran is added. The reaction nediumis left to react for 2

hours at 10 - 70C, Thhenephtirenperatar 5 sofil dvedreartiserte beyes &hd

0.41 m %R)a §9buEiOQh%% qgh?'é@&%efét&rg ﬁgléhlbwed to rise to =-15°C
and 0.41 ml of a solution of CegHs-SeCl at 0.7 mol/l in
THF is added at this temperature.

The reaction medium is left under agitation at -15°C

for 15 minutes, then allowed to return to ambient

15 temperature for 15 minutes and poured into a mixture of
water and ice containing a few drops of a saturated
aqueous solution of sodium bicarbonate.

The reaction medium is extracted with ethyl acetate,
washed with water, dried and the solvent is evaporated

20 off under reduced pressure.

The residue is purified by chromatography on silica
eluting with a dichloromethane/acetone mixture 98/2 and
15 mg of phenylmethyl 6-benzoyl-7-oxo-2- (phenylselenyl) -
1,6-diazabicyclo[3,2,1]octane -2-carboxylate, with

25 molecular formula Cy;H4N,0,Se (M= 519, 46 g) 1is thus
recovered. The corresponding yield is 23%.

15 mg (0.029 mmole) of the compound obtained
previously and 0.3 ml of dichloromethane are mixed
together.

30 The reaction medium is cooled down to 0°C and 15 mg
of meta-chloroperbenzoic acid in solution in 0.15 ml of

dichloromethane is added.
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THE is added at this tenperature. The reaction nediumis left under
agitation at -15C for 15 mnutes, then allowed to return to anbient 15
tenperature for 15 mnutes and poured into a m xture of water and ice
containing a few drops of a saturated aquepus solution of sodium

bi carbonate. The reaction nmediumis extracted with ethyl acetate, washed
Wth water, dried and the solvent is evaporated 20 off under reduced
pressure. The resi diie | seapuridn ede8yunhiesmitedyr apidewnagitataonelatt iogC W t h
a di chl oronet hane/ acetone m xture 98/ 2 and__15 ng of phenyl nethyl |

6- benzoyl - 7- 0 -@-(%ﬁenﬂ%t‘&ﬁyl ) -LhHeTs- d?ﬁfﬁbi &Pcl of R ] obPangmbient

- 2- car boxyl at &;endd#hAp-d10l ecul ar fornmula C27H24N2A4Se (M= 519, 46 ¢g) is
thus recovered. The corresponding yield is 23% 15 ng (0.029 nmol e) of the
conmpound obt ai ned Theevieast yoramae@L8n nis opodred| dnsre tipmrexdma tieilye 0

toget her. 30 e react] medi i ol owR, 0C and 15 f

nmet a- chl or%pe@enzoﬁcwgg% ‘I ne§?F8?F§§ iﬁgbgl\g&fé}?lo?ro%?% or gr%%q(ﬁantglﬁ S
added. R\ Br evetgarnkicl 0@hhae431 6B. woghdd9 wihe r aact hghestdi upisti@it damder
agitation at OC for 15 mnutes, then left to return_to anbient

tenperature. FHOTRIRGS oPURSUNAEs BBared i nfolkppedxilbat sy ®¥AT of
vater, extractetild;ul CEL?%ﬁQ?éban%ﬁ%(ﬁﬁ OR8N Grihasgol geppshad, wi th

an aqueous solution o phosphat e buffer 7. | 'owed by drying over
magnesi um sul phatmmrdtdd erfiigiraiet theslwedy gtesssireevapor at ed of f under

e PLEoon o Mo i, o T U SRR Y (e RL RS i "
is purified on gsilica eluting with a
dichloromethane/acetone mixture 98/2.

In this way 5 mg of the expected compound, with
molecular formula C;;Hi1gN;04 (M = 362.39 g) is recovered.
15 The corresponding yield is 48%.

NMR spectrum of the proton

In CDCl;, at 300 MHz, chemical shifts of the peaks

in ppm and multiplicity: 2.66 (td) and 2.99 (tdd): N-CH-

CHp; 3.03 (d) and 3.77 (ddd): N-CHp, 4.76 (tt): N-CH; 5.23

20 [AB] : CO2-CHz-CgHs; 7.02 (dt): N-C=CH; 7.30 to 7.38 (m):
CHz2-Ce¢Hs; 7.42 (tm), 7.54 (tm) and 7.62 (dm); CeHs-CO;

Example 31c

6-benzoyl-7-oxo-1,6-diazabicyclo[3,2,1]oct-2-ene-2-
25 carboxylic acid
20 mg (0.055 mmole) of the product obtained in
Example 31b is mixed, 0.4 ml of acetone and 4 mg of 10%
Pd/C catalyst are added.
The reaction medium is placed under a hydrogen
30 atmosphere and left to react for 3 hours under vigorous

agitation.
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di chl or onet hane/ acetone m xture 98/ 2. In this way 5 ng of the expected

conpound, with nolecular fornula C21H18N204 (M = 362.39 g) is recovered. .

15 The corresponding yield is 48% NWR spectrum of the proton In CDC13, at = -

300 MHz, chemical shifts of the peaks i&alfpm and nultiplicity: 2.66 (td)

and 2.99 (tdd) : NCH CH2;, 3.03 (d) and 3.77 (ddd) : N-CH2; 4.76 (tt) :

N-CH 5.23 20 [AB]: CO02-CH2-C6H5i 7.02 (dt) : NC=CH, 7.30 to 7.38 (m

CH2- C6H5; 7. 42 (tnThe7csaa%Yﬁf afdf7lbereanput epfoveshegyyibheagetone

6- benzoyl - a o[ 3 1 n X C 20
m (0. 055 mrof B, FLERTREPRAKELC Drfe ERTE AL gs EranefRE R HERC vl [

of acet one anﬂeéuagdoﬁréQ%MrBd/C catal yst are added. The reaction nmediumis

pl aced under a hydrogen .30 atnosphere and |eft to react for 3 hours under
vi gorous agitati oh® FFbBﬁev@?¥\l t000g7128 cB*BSELEd0 FREPENRG ysHits

filtered aut agdeugshed f’&fnﬂﬂa&et 5 ,N, fd‘e” MM Lh Jvgt *@”8‘) Té‘eofa'thﬁhége I's
evaporated off under reduced pressure In this way 14 of expecte
conpound, mntﬁheSanrespbadlhgrMméédC14H$2N204 (M= 272. 4 g) is obtained.
The correspong elg ? %ﬁ% Eh% mz: [M+: 272, 105. Exanple 32 a
10 2- propenyl go- : ph&hy | TET hoxy) - 1, 6- di aza- bi cycl of 3, 2, 1]
oct ane -2-carboxyl ate Stage A 2- propenyl

ci s- 5- hydoxy- I-[(trlfluoroacetyl) 2- pi peridine carboxyl ate
Example 32

10 2-propenyl trans-7-oxo-6-(2-phenylmethoxy)-1,6-diaza-
bicyclo([3,2,1] octane -2-carboxylate

Stage A
2-propenyl cis-5-hydoxy-1-[(trifluorocacetyl)-2-piperidine

carboxylate
15 17 g (0.059 mole) of 1-(1,1-dimethylethyl) and 2-(2-
propenyl) cis-5-hydroxy-1,2-piperidinedicarboxylate

(described in Rec. Trav. Chim. (1959), 78, 648-658), with
molecular formula Ci14Hz3NOg (M = 285.3431 g) is dissolved
in 17 ml of ethyl acetate.

20 A solution of 51 ml of hydrogen chloride in ethyl
acetate at 150 g/l is added at 0°C.

The reaction medium is left to return to ambient
temperature and left to react under agitation for 1 hour
and 30 minutes.

25 The ethyl acetate is evaporated off under reduced
pressure, followed by taking up in ethyl ether, which is
eliminated in turn under reduced pressure.

In this way 12 g of a pale yellow solid is obtained
which is mixed with 200 ml of tetrahydrofuran. The

30 reaction medium is cooled down to 0°C, then 37.6 ml of
TEA is added.

The temperature is maintained at 0°C, then 16.8 ml

of trifluorocacetic anhydride is slowly added.
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15 17 g (0.059 mole) of 1- (1, 1-dinethylethyl) and 2-(2- propenyl) _

Ci s-5- hydr oxy-1, 2- pi peri di nedi car boxyl ate (described in Rec. Trav. Chim .
(1959), 78, 648-658), with nolecular fornula CL4H23NO6 (M = 285.3431 g) is
dissolved in 17 ml of ethyl acetate. 20 fisolution of 51 m of hydrogen
chloride in ethyl acetate at 150 g/| is added at OC. The reaction medium
is left toreturn to ambient tenperature and |eft to react under agitation
for 1 hour and 30 Fheutewpe2Btiine dishydllavetdatter | 5iewapor atced ofifd unHer

reduced pressure,, followed by .tal;]irn up_in ethyl ether, whichis,
elimnated in Jf%?’%th(ﬁlaepl\égéaﬁ‘céﬁ ee%su&é. TEACE hf STW@ LR A0 avparees
yel l ow solid isn@btabdedarbhch is mxed with 200 M of tetrahydrofuran.

The 30 reaction nmediumis cooled down to OC, then 37.6 ml of TEAis
added. The tenperat?? eM sohavatar nkel Hiem@ddeen 16.8 M of

trifluoroagetic an i IS .Sl o . R\ Breyets\.17100\ 17143 GB. doc
111 The te%peraturgy}?és %%Ilélv%vel?nt %%Fggggg Z%C Sﬁg\éf‘%gd r %Etijjbnhf?bl& U?Tj!—’l S
left to react dmbviemotbhenpefarinret£sd poaesd aphiati@m.mRhb i wHfemat ernés
then added. 5 The soluti,on obtained_ is agitated for 1 hour at anbient

tenperature artPpot@d it o°BbBART SR Widtter SEHKE  asftiation washrer aeitd
with ethyl aceiaier, vashed Vil WRusn diigthaver sad 4 ;'sgﬁ%%t and the

solvent is evaporated off under reduced pressure. of "‘crude
product is obtevarerabedhofs upder fredudsd ghresmtogr aphy on silica el uting

with a dighl oronet /ethyl_ acetate m xture 90/10. 12.3 g of expected
conpound, '1\%1.”] ol el(t%n-gr qor%l Lrude produuct 18 obtained which 1is

purified by chromatography on silica eluting with a
dichloromethane/ethyl acetate mixture 90/10.
12.3 g of expected compound, with molecular formula
C11H14F3NOy (M = 281.23 g), is thus obtained in the form of
15 a yellow o0il. The corresponding yield is 73%.
Stage B
2-propenyl trans-5-[(phenylmethoxy)aminol-1-
(trifluorocacetyl) -2-piperidinecarboxylate
10.9 g (38.7 mmoles) of the compound obtained in
20 stage A, and 150 ml of acetonitrile are mixed together.

The pale yellow solution obtained is cooled down to
-30°C, then 4.94 ml of 2.6-lutidine and 6.7 ml of
trifluoromethanesulphonic anhydride are added. The
reaction medium is agitated for 15 minutes, then, still

25 at -30°C, 9.57 g of O-benzylhydroxylamine is added.

At the end of the addition, the temperature is left
to rise to 0°C and the reaction medium is left to react
for 1 hour at this temperature. 4.9 ml of 2,6-lutidine
is then added and left in contact for 3 days at 0°C.

30 The reaction mixture is then poured into 500 ml of
water and extracted with ethyl acetate. The reaction
medium is washed successively with water, with an agqueous

solution of phosphate buffer at pH=7.0, with a saturated
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Cl1H14F3NO4 (M = 281.23 g) , is thus obtained in the formof 15 a yell ow
oil. The corresponding yield is 73% Stage B 2-propenyl

trans-5-[ (phenyl met hoxy) am no] -1- (trifluoroacetyl)-2-piperidinecarboxylate’ -

10.9 g (38.7 mmol es) of the conpound obtalAed in 20 stage A, and 150 ml of
acetonitrile are m xed together. The pale yeIIOM/sqution obtained is
cooled domn to -30C, then 4.94 ml of 2.6-1utjdine and 7 m of
trifluoromet h@%@%w%ho?ﬁldlta!rﬂwdrqfdesaﬁiéuadd%@b%%er ré’é“m oRIREd uttFE
agitated for 15 m.nutes, then, still 25 at -30C 9.57 g of
C)benzylhydroxy?anlne IS added At the end of the addition, the tenperature
is left to rise tMEﬁKh@ndstmannmadlmutnedennsbdihmfwumph&mmtandothé hour

at this tenperature. 4.9 m of 2, $ Ig%idige i S thea added and left in
contact for 3°QLYEPEt iBceVaBCTRESHQEEi BRIRF xFEPRCFE PRERSPbGred into 500

m of watser and exiracted Wiluet Byrbdaeet aie. +hg répesingd RBMidHN i§
washed successively with water, with an agueous solution of ghosphate

buffer at pHdissolwed aimatiftt adl ROMBr ehehdorrrethanes3 Eeldewedl2by
agueous solutlo of SOdI m chl.qri hen i th S
carried out oV2f %%%l I%ha%’t(b angu%ﬁgs $0 \}leq:vég | so(fa\\,/\g%)ag{ta%gda/ofqglghder
reduced pressthén Edr%ﬁugg ofovesrudgoprioduckul shhbes obdaigied whilelents is
di ssolved in 150 m of dichl oromethane, followed by washing with a 10%
aqueous sol ut¢eaPeratadtaff cunded, regneaddPyeR§UESer sodi um sul phate and

the solvant s evaposaLeqofd yeg%wr Rucers PEESSUNR ook Lugiof 2o

yellow oi'l is thus recovered wh purified by chromat ography on
silica. 12.1 guoifieepebyedhrompoagdaphyt bnnefiétabar fornul a

12.1 g of expected compound, with molecular formula
C1gH2:F3N,0, (M = 386.37 g) 1is recovered in cristallized
form. The corresponding yield is 72%.

15 Stage C
2-propenyl trans-5-[(phenylmethoxy)amino]-2-piperidine
carboxylate

80 ml of methancl is cooled down to -10°C, then 4.15
g (37.8 mmoles) of NaBH, is added.

20 A solution of 10.6 g (27.4 mmoles) of the compound
obtained previously in 80 ml of methanol is slowly added,
under agitation, to this mixture for a duration of 30
minutes, whilst maintaining the temperature at -10°C.

The temperature is then left to rise to 0°C, then

25 this temperature is maintained for 3 hours.

The reaction mixture is poured into 450 ml of ice
and water and 150 ml of ethyl acetate, followed by
decanting, washing with water then the organic phase is
dried over sodium sulphate and then the solvent is

30 evaporated off under reduced pressure.

8.2 g of a yellow o0il is thus obtained which 1is
dissolved in 80 ml of tetrahydrofuran, a solution of 2.43

g of oxalic acid in 25 ml of THF is added. The oxalate
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C18H21F3N204 (M = 386.37 g) is recovered in cristallized form The
corresponding yield is 72% 15 Stage C 2- propenyl

tfans-5-[ (phenyl met hoxy) am no] - 2- pi peri dine carboxylate 80 m of nethanol
is cooled down to -10C, then 4.15 g (37.B13mples) of NaBH4 is added. 20 A
solution of 10.6 g (27.4 mmol es) of the conmpound obtained previously in 80
m of nethanol is slowy added, wunder agitation, to this mxture for a
duration of 30Whighutcaystaiilligesmaiat of Hiterade cuenpandt westad - ¥9€hL Thae

tenperature is ¢ |l e to.rise to 0O then 25 this tenperature is

mai nt ai ned fo?lJS Eour s&ﬁ‘?het?leezicti%rnle xt UPeeT s ﬁSg}“gﬁ i nPF A50R ARG ce
and wat er and di#sslved Bhhyl sacerated fsolluewed Ry Ldepam ikizaMesHEY Wi th
wat er then the organic phase is  dried over sodium sul phate and then the

solvent is 30 R DIFALERY el deh pﬁ@s&hraec_etﬁuzeg tgte Pyganiow oi |
is th btai ich i j d,i 0 ; t r ran
Isgl ut :Jznoo?alz%é@gl. ng g‘%ﬁl@?iﬂy i Hlagggr’ﬂ @oﬁl%é?égaﬁgggil hseulc;%éafta e

R\ Brevet s\ 17208 17#iet 3@Bratdr ild Fwdpadatordy sl hirzksr iredudde ek iiireand

washed with a little THE then dried under reduced pressure _and _dissol ved
in a saturated sol Lﬁ'i%o(}n DO 0B BRFbEEaFBBRATES E)%tt?’a@%ql@rﬁ’qlsarcafrcﬁr@‘eﬂ-%ut

with ethyl acetaign,oheorganse. J5phasesi Eh\ﬁ@saﬁga%teﬁ,v‘@he?j’hed?o% Qer
sodi um sul phate and the solvent is evaporated off under reduced pressure.
4.39 g of expédt e?f konpdahdcrwisthalisizesulvdrer orinel he@PEHRRNRO3 1Mb=1280. 36

o SES PR, g e B AR 2 e e
Stage D
2-propenyl trans-7-oxo-6- (2-phenylmethoxy)-1,6-diaza-
bicyclo[3,2,1]-octane-2-carboxylate

3.2 g (11 mmoles) of the oil obtained previously is

15 dissolved under a nitrogen atmosphere in 500 ml of
acetonitrile.

The solution obtained is cooled down to 0°C using an
ice bath and 3.37 ml of TEA, then 0.796 ml of diphosgene,
and 1.48 g of DMAP are added.

20 The temperature is left to rise to 20°C and the
medium is left to react for 2 hours under agitation.

The reaction mixture is then poured into 200 ml of a
0.1N aqueous solution of hydrochloric acid, 400 ml of
water is added, followed by extracting with

25 dichloromethane, washing with water and drying over
sodium sulphate.

The solvent is then evaporated off under reduced
pressure in order to obtain 3.1 g of expected compound,
with molecular formula Ci;7HyN,0, (M = 316.36 g), 1in the

30 form of crystals. The corresponding yield is 89%.

NMR spectrum of the proton

1.66 (m) and 2.00 to 2.16 (m) O=C-CH-CH,-CH,; 2.94 (d) and
3.07 (dt) N-CHp, 3.31 (m) N-CH,-CH; 4.14 (dd) O=C-CH, 4.68
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2- propenyl trans-7-o0xo-6-(2-phenyl net hoxy)-1, 6-di aza- i
bi cycl o 3, 2, 1] - oct ane- 2- car boxyl at e 3.2 g (11 mmol es) of the oil obtained .
previously is 15 dissolved under a nitrogen atnosphere in 500 m of ’
acetonitrile. The solution obtained is cddd4ed down to OC using an ice bath:
and 3.37 m of TEA, then 0.796 m of diphosgene, and 1.48 g of DVAP are .
added. 20 The tenperature is left torise to 20C and the nediumis left to
react for 2 hddits GHdefHagH:atdi-G9. alide S5r-84ct[AG] Hlet Gsis i $ Afen(dsbura i nt o

200 M of a . o] solut i of hydyogh| okd.c aci 400 f er
i s added, fol %d\]/%gda@yyqeﬁex rlacti n_goév}#gt’h %g%l @E’I ocﬁ%%e%ﬁ_acﬁ{e?j \C/%/ag’m I’tl:% vﬂhﬁ}

water and dryi(g @ygf. sodium sul phate. The solvent is then evaporated off
under reduced __pressure in order to obtain 3.1 g of expected conpound,

with nol ecul adR diGH@la) €171B6RR046£RF =1496.86 g) , in the 30 form of
crystals. dhe r i jel.d J % ct ngdm-+of_ rQf Qn 66
(M and 2.00 ML VL1 AR Y 54 %f*an 3.0%%01?)@4[\;*04%

3.31 (M) N CH2- CH,CH] 14= (3R, CRC-CHjald. 68 3R\, Brievet $01172001771289EBodoec 114
(dt) CH2-CH=CH2; 4.90 and 5.06 [AB] CH2-C6H5; 5.26 (dqgq) and 5.34 (dq)
CH2-CH = CH2; 5.92 (m) CH2-CH=CH2; 7.37 to 7.42 (m C6H5. IR (CHCL3) :
1748; 1646; 1488nphel32p MS (positive el ectrospray) mz: [2M + Na]+ = 655,
[M+ Na + CH3CNJ"+ =380, [M+ Na] + =339, [M+ H + = 317, 289, 91.
Exanpl e 32b ttrams-7-oxe-6--((phemylmethoxy) -1, 6-dilazabiicydle [3.2.4] 10
oct ane-2- carboyyl e acid 8pd ks, QIR AT 19 cireny Bnfithed 98
nmol es) of "t he corrpoung obtained in

2.21 g (6.98 mmoles) of the compound obtained in

Example 32a is dissolved under a nitrogen atmosphere, in
44 ml of dichloromethane.
A 0.5 M golution of sodium ethyl-hexanocate in ethyl
15 acetate is added.

Then 242 mg of tetrakistriphenylphosphine palladium
ig added in one go, then the medium is maintained under
agitation for 1 hour, followed by diluting with 22 ml of
ethyl acetate and pouring into 75 ml of a saturated

20 golution of NaH,POy.

Extraction is then carried out with ethyl acetate
and the organic phase is dried over sodium sulphate. The
solvent is evaporated off under reduced pressure in order
to obtain 3.5 g of a yellow residue which is dissolved in

25 a mixture of 11 ml of ethyl acetate and 0.8 ml of
cyclohexylamine.

The crystallized cyclohexylamine salt is separated
by filtration and washed with ethyl ether, then the
gsolvent is evaporated off under reduced pressure. In

30 this way a total of 2.51 g of crystallized salt is
obtained which is dissoclved in 25 ml of a saturated
aqueous solution of NaH,PO,. After extracting with ethyl

acetate, the organic phases are combined and dried over
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Exanpl e 32a is dissolved under a nitrogen atnosphere, in 44 m of
di chl oronethane. A 0.5 M solution of sodium ethyl-hexanoate in ethyl 15
acetate is added. Then 242 ng of tetrakistriphenyl phosphine palladium is
added in one go, then the nmediumis naintailded under agitation for 1 hour,
followed by diluting with 22 m of ethyl acetate and pouring into 75 m of
a saturated 20 solution of NaH2PO4. Extraction is then carried out with
ethyl acetate SeHHURheubPRaRec PheBethe dpleenoves svabonased phaf eundae
solvent is evagg%@égﬁhggésggggf reduced pressure in order to obtain 3.5 g
ue C

of a yellow resi 1S dissolved in 25 a mxture of 11 m of ethyl

acetate and 0.8 m Dbf82 cyclotheypedid. cdipothiStalkhi z2ed LMol phexrylam Le
salt is separate filtration and washed with ethyl ether, then the

d b
solvent is eva ﬁ&ﬁ%é4ofﬁwhnd@r rdGuééd pFessdte. U0 mleicoveapda totml of
2.51 g of erystalddzeth sahtedsy Obpal e dsndligsolyed, i, 25 m of a
saturat ed aque?(;}hs sol utionf%%mﬁ%m@%$§%§ﬁ€ %%a/v(}r? h&}et‘hyl
acetate, the organiNpiemey ame chliegkash dri ed over

R \Brevets\ 17100\ 1714 .doc .1 sodi um sul phate, then the solvent is
evapor at ed of f undelr1rl %Pﬁdceétpﬁgé)s &, £hgpigads sbibdEet of &bspe&Alswi th

mol ecul ar f or m aopel AHkENROY: 1 KM 376. 29 g) is thus recovered, in 5
crystallized form The corresponding yield is 94 % NWVR spectrum of the

proton In CDC13, atl-360 WMz ancherfi Gal2GHIG t 25 (nhle (BRI, -CH, O and

multiplicipy: JL.&8 (d) A P12 ade. %\1—2&_{3(;”)3.540'("d9)"2i\93%;%, 4.13
(bd) : N-CH-C=0; 4.90 and 5.05 [AB]: CHp-0; 7.32 to 7.43:
CeHs .

MS (SIMS) m/z: [M + Nal* = 299, [M + H]* = 277.91.

15 Example 33 a

Pyridinium salt of trans-7-oxo-6- (sulphooxy) -1, 6-
diazabicyclo [3,2,1] octane-2-carboxamide
Stage A
trans-7-oxo-6- (phenylmethoxy) -1, 6-diazabicyclo [3,2,1]
20 octane-2-carboxamide :
1.1 g (4 mmole) of the compound obtained in Example
32b ig dissolved in 30 ml of dichloromethane.
0.67 ml of TEA is added to this solution.
The solution is cooled down to 5°C and 0.57 ml of
25 isobutyl chloroformate is added quite rapidly.
Agitation is maintained for 20 minutes at 5°C, then
3 ml of concentrated ammonia is added, slowly, wunder
vigorous agitation.
Agitation is maintained for one hour at ambient
30 temperature, the reaction medium is diluted with 30 ml of
water, followed by extracting with dichloromethane,
washing with water, drying over sodium sulphate and

concentrating under reduced pressure.
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10 2.89 (d) and 3.11 (ddd) : NCH2; 3.34 (dd) N-CH2-CH, 4.13 (bd):
NCHC=C 4.90 and 5.05 [AB]: CH2-0; 7.32 to 7.43: C6H5. M5B (SIMB) mlz:
[M+ Na] + = 299, [M+ Hl+ = 277.91. 15 Exanple 33 a Pyridiniumsalt of

t rans- 7- oxo- 6- (sul phooxy) - 1, 6- di azabi cytl® [ 3, 2, 1] oct ane- 2- car boxani de
Stage A trans-7-o0x0-6-(phenyl net hoxy)-1, 6-di azabicyclo [3,2,1] 20
octane-2-carboxamde 1.1 g (4 nmole) of the conpound obtai ned &n Eianple
32b i s dissolved in3othis waydi chl 9rofeerapeted. BYOHYChH! WFEA MelafHed t o

this solution,_ The, solut, i s, cool d 0. ; 7 mM of 25
i sobutyl chl o’F%?rBlrl}r%t éel"‘ltHléﬁ\iaggéie qui ?25%%?%1( y%é%??%%ﬁ%ﬁ'i s mai ntai ned for

20 minutes atThE, yibed i3 glanticevteatrated amonia is added, slowy,
under vigorous agitation. Agitation is nmaintained for one hour at ambient
30 tenperatureta@®eBreaction mediumis diluted with 30 M of water,

foll oved ky exipactsngyMi-bhydichkor oMBLARALab1 ¥REN6NY, W L hoveaae - 2dryi ng
over sodi um sul phate and concentrating under reduced pressure.
R\ Brevet s\ 17¢80b3¥am8dE&B. doc 116 In this way 1.1 g of expected product

with nolecular fo la C1l4H17N303 (M = 27 )slS i ped, 5T keld is
quantitati ve. Sta%gyBBSOg ghe compéun& ob§a§&e§ ih s@gég ﬂ, 30 Hf ¥k

trans- 6- hydr ox¥rfa08%90- 4n8- doazali 6¥ch0f3pd/d] act anexdd tagbokami.de 1.1 g
of the conpound obtained in stage A 30 ni of _ nmethanol and 300 of 10%
Pd/ C are m xed t ogBhderreadiel o@adtedithediumblecidac d@dgided aIHGAPEEEN

10 atmosphere then the mixture is agitated vigorously for 45
minutes.
The catalyst is then filtered out, washed with
methanol then with a dichloromethane/methanol mixture.
The filtrate is evaporated under reduced pressure.
15 800 mg of expected product with molecular formula
C,H;1N3O3 (M = 185.18 g) is thus obtained, in the form of
a colourless foam.
Stage C
Pyridinium galt of trans-7-oxo-6- (sulphooxy) -1,6-
20 diazabicyclo [3,2,1] octane-2-carboxamide
800 mg of the compound obtained previously and 20 ml
of anhydrous pyridine are mixed together under a nitrogen
atmosphere.
Then 1.91 g of SO3;-pyridine complex is added.
25 The mixture is agitated for 20 hours at ambient
temperature.
The reaction medium is then filtered and the solvent
evaporated off under reduced pressure.
The expected product with molecular formula
30 C1oH16N,OgS, CsHsN (M = 344.35 g) is thus obtained in the

form of a yellow product.

Example 33b
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10 atnosphere then the m xture is agitated vigorously for 45 mnutes. The
catalyst is then filtered out, washed with nethanol then with a

-di chl or omet hane/ net hanol m xture. The filtrate is evaporated under reduced
pressure. 15 800 ng of expected product wiih nol ecular fornmula C7HL11N303
(M= 185.18 g) is thus obtained, in the formof a colourless foam Stage C
Pyridiniumsalt of trans-7-o0x0-6-(sul phooxy).-1,6- 20 diazabicyclo [3,2,1]
octane-2-carbdmmﬁanmﬁﬁﬂhmmpmﬁumk&ab@npbuhﬁbm@f%iu&d—@féshbpb¢QXﬁﬂd12@—nL
of anhydrous pyridi.ne ar } xe oget her under .a nitrpgen atnosphere. Then
1.91 gyof S03- W?ﬁh@%ﬁﬁixﬁj‘i@ a%%fe?fe’zg'el‘?'r@b%%? is agitated for 20
hours at anbient teqepabyatiec DR aigRel | ®revesisny i $st heft fddiiedigpnd the
sol vent evaporated off under reduced pressure. The expected product wth
mol ecul ar f or M aml 30f (A 2FRBRADBEAtEBHBAMENME 824UB50F) Offs NeluBOohsai @2d in

the form g@f e r t anple 33b R \Brevets\17100\ 17143 GB. doc
117 Tet rabg)t yﬁa%%%?#nﬁs%%o?f Fir(ans- 7- 0x0- 6- (sul phooxy) -1, 6- di azabi cyclo

[3,2,1] octane-2-caboxadden The patticid obtiai REdHpr evhpuslaydtatient floshiced
into 40 m of_ a concentrated aqueous solution of NaH2PQ4 so as, 5 to
obtain a pH of! £l Bt PAcEFPbRAPELYAr AMERRLM RYER ogiery 1SWHddadt® thetrdadol g
of tetrabutyl aympnd wplwdrogen sl phate is added to the aqueous phase.

Agitation is carried out for "10 m nutes at anbi ent
Agitation is carried out for 10 minutes at ambient

10 temperature, followed by extracting 4 times with 300 ml
of ethyl acetate, drying the organic phase over sodium
sulphate and concentrating under reduced pressure.

1.530 g of a colourless foam is thus obtained which
is purified by chromatography on silica, eluting with an

15 acetone/dichloromethane/TEA solvent 50/48/2.

In this way 1.02 g of expected product with
molecular formula Ci3HseNiO06S (M = 506.71 g) is recovered,
in the form of a colourless foam. The corresponding
overall yield is 50%.

20
Example 33 ¢

Sodium salt of trans-7-oxo-6- (sulphooxy)-1,6-diazabicyclo
[3,2,1] octane-2-carboxamide
The product obtained in Example 33b is dissolved in
25 7 ml of an acetone/water mixture 1/1 then deposited on a
column of 180 g of DOWEX 50WX8 resin in Na' form and
eluted with water. After evaporation of the water under
reduced pressure, the product crystallizes.
542 mg of expected compound, of formula C;H;oN3NaOeS
30 (M = 287.23 g) is thus obtained. The corresponding yield
is 94%.

NMR spectrum of the proton
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10 tenperature, followed by extracting 4 times wwth 300 m of ethyl
acetate, drying the organic phase over sodium sul phate and concentrating ;
under reduced pressure. 1.530 g of a colourless foamis thus obtained which -
is purified by chromatography on silica,18uting with an 15 :
acet one/ di chl or omet hane/ TEA sol vent 50/48/2. In this way 1.02 g of expected -
product with nolecular formula C23HA6NAOCES (M = 506. 71 g) is recovered, )
in the formof a cbtdfFRssaf o Mg c%?‘?‘é%%%d?lhbft%v‘égtheyPéF‘HSi an500
20 Exanmple 3 Sod  frans- 7- oxo- 6- (sul phooxy) - 1, 6- di azabi cycl o
[3,2,1] oct aipeﬁ%-car g@(g?nl%le%rheybr oduct obtained in Exanple 33b is

di ssolved in 25 7185 ofoand.ddet @@L/ walkerCHy-tHir €HY/ 2 .tHen(dleposdd t @do2n a

col umm of 180 of 50 resin in o formand  eluted w er.
After evapor ap?%)n‘ om;wa%e 8un@’é55: r@%@éﬁ%f e?s‘dSrBe, (E’hé P 6@&6&67
crystallizes.7542 @ 0f. gxpegied conpound, of fornmula C7HIONSNaG6S 30 (M
= 287.23 g) is thus obtained." The corresponding yield is 94% NWVR spectrum
of the protoMR \"Breyeivs 19100 1g9@BayB Woe: 108] |+ B8O, at 300 MHz,

chem cal shifts of the peaks in ppmand nultiplicity: 1.55 to 2.10 (3H) :
CH CH2-CH2-CH, 2.91 (d) and 3.02 (bd) : NCH2; 3.38 (bs) : NCH2-CH 3.68
(d) @ NCH Cxxamplds 284 anel 4744: NH2 . MS (negative el ectrospray) nlz:

[M- = 264 Exanples 34 to_47 The follow ng. carboxam des were Erefar ed
following 10 an o”ffé?aﬁpﬁéoi‘fépﬂod:%lil?ﬁﬂaéfﬂqeoq t NaFewmrepgrediseal  awing

10 an operating method similar to that which is wused in

Example 33 starting from 110 mg of the acid obtained in
Example 32b.
The only difference is that in Stage 1, the reagent
used, i.e. the ammonia solution, is replaced by a
15 solution of the corresponding amine.
Thus, only the Rl group as defined in formula I

varies.

Example 34

20 Starting from 49 ul of benzylamine, 64 mg of the sodium
salt of trans-7-oxo-N-(phenylmethyl)-6- (sulphooxy)-1,6-
diazabicyclo[3,2,1]octane-2-carboxamide is obtained i.e.

an overall yield of 38 %.

MS (positive electrospray) m/z: [M + Nal* = 400, [M + H]"

25 = 378

Example 35

Starting from 43 ul of 2-pyridinemethanamine, 37 mg of
the sodium salt of trans-7-oxo-N-(2-pyridinylmethyl)-6-

30 (sulphooxy) -1, 6-diazabicyclo[3,2, 1] octane-2-carboxamide

o°

is obtained i.e. an overall yield of 14

MS (positive electrospray) m/z: [M + H]' = 379
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Exanple 33 starting from 110 ng of the acid obtained in Exanple 32b. The
only difference is that in Stage 1, the reagent wused, i.e. the amonia
-solution, is replaced by a 15 solution of the correspondi ng am ne. Thus,
only the RL group as defined in fornula lii1wvaries. Exanple 34 20 Starting
from49 .1 of benzylamne, 64 ng of the sodium salt of

trans-7- oxo- N- (phenyl net hyl ) - 6- (sul phooxy) -1, 6- di azabicyclo[3, 2, 1]

oct ane- 2-cars@ampbe 36 obtained i.e. an overall yield of 38 % M
(positive electrospray).nmz: + Na] + = 400 M + + .25 = 378 Exappl e
S5 Starting {rovABiTd bF SR ogit o MR hananl Rhe- A9 HEARImL B 4aciTtim S ¢
of trans- 7-0xthd\¥ gbdinRyEhdenWmeliig-7LoxoI [2- (3-pyridinyl) ethyl] -
(sul phooxy) -1, 6-di azabi cycl o[ 3, 2, 1] oct ane- 2- carboxani de is obtained i.e. an
overal | yield %of (Sl PRONE )(plost t1d hazal e g losisy dd)l Imctarjav 2+ qambexgrigle

R\ Brevet s}.17100\ .doc 119 l.e .36 ard i Jrom51.3 ng of
3-pyridi ne\‘ét h;lné;nﬁégn%afll%}le?nlg' of ]ar} hoél%)’(e?oggilurﬁse%%{ ooé Vs,

trans- 7- oxo- NN2- (Bogpiwriveh milldeidvddray) m/z: [M + H]Y = 393

6- (sul phooxy) -1, 6-di azabi cycl o[ 3, 2, | ] oct ane- 2- car boxam de 5 is obtained
i.e. an overall yield of 20 % M (positive electrospray) mz: [M+ H+ =
393 Exanpl e 3% &imsitd ngy from 51.3 ng of 4-pyridineethanam ne, 40 ng of 10
t he sodi um sal - 7-0x0-N- [2 - (4-pyridinyl) ethyl] -

6- (sul phooxy) -Stertdiray abreychbé| 3, 2gl]aict reyPidimbokamiaeings bt aignezf i . e.

i yireld 05.020 toﬁe Nssoéfgr%i Esla g %lfecttrraons —r"/a—ygxond\F—: [2[M4+—p|\§lfa idlrin:yl4)1e5tihy[ll\1l X H

6- (sulphooxy) -1, 6-diazabicyclo[3,2,1] octane-2-carboxamide

o)

is obtained i.e. a yield of 20 %.

X

MS (positive electrospray) m/z: [M + Nal* = 415, [M + H]*

= 393
15
Example 38
Starting from 50.2 mg of 2-pyridineethanamine, 45 mg of
the sodium salt of trans-7-oxo-N-[2-(2-pyridinyl)ethyl] -
6- (sulphooxy) -1, 6-diazabicyclo[3,2, 1] octane-2-carboxamide
20 is obtained i.e. a yield of 23 %.

MS (positive electrospray) m/z: [M + H]* = 393

Example 39

Starting from 58.3 mg of 3-amino-benzamide, 43 mg of the
25 sodium salt of trans-N-[3-(aminocarbonyl)phenyl]-7-oxo-6-
(sulphooxy) -1, 6-diazabicyclo[3,2,1]octane-2-carboxamide

is obtained i.e. a yield of 22 %.

MS (negative electrospray) m/z: [M] = 383

30 Example 40
Starting from 58.3 mg of 4-dimethylamino-benzenamine,

65.3 mg the sodium salt of trans-N- [4-
(dimethylamino) phenyl] -7-0ox0-6- (sulphooxy) -1, 6-
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= 393 15 Exanple 38 Starting from50.2 ng of 2-pyridi neet hanam ne, 45 ngy of.
the sodiumsalt of trans-7-oxo-N [2- (2-pyridinyl) ethyl] - .
6- (sul phooxy) - 1, 6-di azabi cycl o[ 3, 2, 1] oct ane- 2- car boxani de 20 is obtained
i.e. avyield of 23 % M (positive electt@8pray) mz: [M+ H += 393 Exanpl e
39 Starting from58.3 ng of 3-am no-benzam de, 43 ng of the 25 sodiumsalt
of trans-N-[3-(am nocarbon phenyl ] - 7- oxo- 6-

(sul phooxy) - 1%%@%&%%9&% %31boq}@e¢aaec2r1@@x@mém de oktained nédei.e. a
yield of 22 % {§egatjyeqel ectrospray) mz: [M- 383 30 Exanpl e 40
Starting fromb5 % of “4-di met hyl am no- benzenanlne 65.3 ng the sodi um
salt of transM$+[ﬁegédiﬂetéyéaﬂrﬁgpphyhyMIZY 0Mp- & Gsal phooxy) -1, 6

R \Brevets\ 17100\ 17143 GB. doc 120 di azabi cycl o[ 3, 2, 1] oct ane - 2-car boxam de
is obtained i.e. a yield of 40 % M (negative electrospray) mz: [M - =

383 5 Exa@plegﬁémﬁigrging from58.3 ng of 3-dinethyl am no-benzenam ne, 91
ng of the sodiumsa of trans-N-[ 3-

(dinethylanin%?@ﬁﬁi@g]fvomx6863(§m prookydinethylalhzatheyrémdding, 21
oct ane- 2-car oxanld is og%alned |. 10 a eId of 54 @6tNB énﬁg?give
electrospray) 3 Exaﬁﬁ & Sta? hg fr&h 43 | Eppne-NT13-
4-pyri di nenet ttamémmplaraﬂn@ Lﬂﬂel@frl] 1%- dRe- 60dswTpIsabky Pf1, 6-
trans-7-oxo- N-[ (4-pyridinyl) et hyl

(sul phooxy) - 1d363ﬁ%32%¢%‘9ﬁ$0%81]20<1‘}®Té¢a¥1e<3@r1@%%§<@¢n de obtained i.e.

10 a yield of 54 %.

MS (negative electrospray) m/z: [M] = 383

Example 42

Starting from 43 pul of 4-pyridinemethanamine, 24.6 mg of
15 the sodium salt of trans-7-oxo-N-[(4-pyridinyl)methyl]-6-
(sulphooxy) -1, 6-diazabicyclo[3,2, 1] octane-2-carboxamide

is obtained i.e. a yield of 15 %.

MS (negative electrospray) m/z: [M] = 355

20 Example 43

Starting from 44 pul of 3-pyridinemethanamine, 44.7 mg of
the sodium salt of trans-7-oxo-N-(3-pyridinylmethyl) -6-
(sulphooxy) -1, 6-diazabicyclo[3,2, 1] octane-2-carboxamide
is obtained i.e. a yield of 26 %.

25 MS (negative electrospray) m/z: [M] = 355

Example 44

Starting from 84 mg (.+-.)-.alpha.-amino-benzene

propanamide, 55 mg of the sodium salt of trans-N-(1-
30 amino-l-oxo-3-phenyl-2-propyl)-7-o0xo-6- (sulphooxy) -1, 6-

diazabicyclo[3,2,1]octane-2-carboxamide is obtained i.e.

a yield of 27 %.

MS (negative electrospray) m/z: [M] = 411, 321
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is obtained i.e. a yield of 15 % M (negative electrospray) mz: [M - =
355 20 Exanple 43 Starting from44 | of 3-pyridinenet hanam ne, 44.7 ny of
the sodiumsalt of trans- 7-oxo-N-(3-pyridinyl nethyl )-6- _ _

.(sul phooxy) -1, 6-di azabi cycl o[ 3, 2, 1) oct anet2t carboxanide is obtained i.e. a
yi.eld of 26 % 25 M5 (negative electrospray) nmz: [M-= 355 Exanple 44
Starting from84 ng (.+-.)-.al pha.-am no-benzene propanam de, 55 ng of the
sodiumsalt of trans-N(1- 30 _ _

am no- 1- oxo- B-é)}@q_p ie- 24- ropyl)-7-oxo-6- (sul phooxy) -1, 6 di azabicyclo[3, 2,

1] octane- 2-c&fbﬁ§:—&m—e£ is obtained i.e. a yield of 27 % M (negative

el ectrospray) sdaxtind fremdlds @3l &\ Brawehs\ 14208l Ee43\B-89% ollde
Exanpl e 45 Start| (r;efglfrom 46 nmg of 2-am no-acetam de hydrochl oride and 61

Al of TEA, 25 aRf df! thke SodiBim 3 thdpfok rdies-9ediam palt of trans-N-(2-
am no- 2- oxget Vs = X0z O | phoi -A, Bz 0 Loyel o (3,2, 11.0ct ane
-2-car boxag‘i d?ﬁ#%n%b?%%f@he). hg%ﬁ%lsd g%ﬂ%ﬁl\/g ’%nédslaalea\]};elcyc ©

el ectrospray) .2, [IMctame 324qatkail dexabpl ebtaifear ti ng. f & omied gy of
(3-am nophenyl)-L%%ea, 43 mg of the sodiumsalt of trans-N [ 3-

[ (am nocar bony113) ahi no] phenyl]- _ _

7- 0X0- 6- (sul phgpXphedh il @l@g%ﬂa})z,ngct[@ne-g-3§f’r boxgm de is
obtained i.e. "ayrerd of 24 % 15 M5 (negative el ectrospray) mz: [M-=
398, 153, 111 Exanple 47 Starting from63 ng of (.+-.)-.al pha.-am no-

benzeneacgpamgde, . 64, of the sodiumsalt of trans-N-(2- 20
am no- 2- oxo- | - | ) - 7- oxo- 6- (sul phooxy)-1,6

Starting from 64 mg of (3-aminophenyl)-urea, 43 mg of the

sodium salt of trans-N-[3-[(aminocarbonyl)aminolphenyl] -
7-0x0-6- (sulphooxy) -1, 6-diazabicyclo[3,2, 1] octane-2-
carboxamide is obtained i.e. a yield of 24 %.

15 MS (negative electrospray) m/z: [M] = 398, 153, 111

Example 47

Starting from 63 mg of (.+-.)-.alpha.~-amino-

benzeneacetamide, 64 mg of the sodium salt of trans-N- (2-
20 amino-2-oxo-l-phenylethyl) -7-oxo-6- (sulphooxy)-1,6-

diazabicyclo [3,2,1] octane-2-carboxamide is obtained

i.e. a yield of 38 %

MS (negative electrospray) m/z: [M]™ = 397

25 Examples 48 to 51

The following compounds were prepared starting from 110
mg of compound obtained in stage E of Example 32, which
is esterified each time with the appropriate alcohol in
order to produce the final product.

30 Then, the operation is carried out in a similar

manner to that described in stages B to E of Example 33.

Example 48
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di azabi cyclo [3, 2, 1] octane-2-carboxanide is obtained i.e. ayield of 38 %.
M5 (negative electrospray) mfz: [M - = 397 25 Exanples 48 to 51 The
fol |l owi ng conpounds were prepared startlng from110 ng of conpound

obtained in stage E of Exanple 32, whi ch1%fs esterified each time with the
appropriate alcohol in order to produce the final product. 30 Then, the .~
operation is ed o in sim | ar nper_to th rib i stgges B
to E of Exanp a§ lnﬁx?%ﬁ?% %% Pﬁﬁév%?g\ ¥?68§¥7T§%t%§i§8é %%5 @%ar??ng
from31.5 ny ehe2- Bydhany- agetanide, 254mABoOR - okbetsgdi umradlst-76bxo-6-

2- am no- 2- oxoet hyl trans-7-0x0-6- gsul hooxg -1, 6-di azabicyclo [3,2,1]
oct ane- 2- car bégyilrheoxys -ahbafhagapisycaoyildl d.6f getanes 2usarhagatiare

electrospray) 322 apting from51.7 ng of
4- pyrldlneethagéﬁbt%gked lf%th sog?uégsg t °of 2- (4-pyridinyl)ethyl
trans- 7- ox®- 6Ms1l(négakpheoxy et rb6sdiragabimgygel dM] 3,2,392 oct ane- 2- car boxyl at e
is obtained i.e. a yield of 8.5 % M (negative electrospray) mz: [M- =
370 Exanple 50 15 Starting from47.3 ng of 2-pyridineethanol, 47 ng of the
sodi um sal t ogxgmégepxgidinyl)ethyl trans-7- oxo-6- (sul phooxy)-1,
6- di azabi cycl oct ane- 2-carboxylate is obtained i.e. a yleld of
23.4 % M5 (nsgatritwegelferm (5S’Lpr7ayl)9 4 ipfridinggohanoExanpl g5 eLfsttdre i ng
;E?glg;rrdrgy%}gg yrldéﬂgetha Ol dn%fglélnyl é%%&fns%lan%f7 OX0-6-

10 (sulphooxy) -1,6- dlazablcyclo [3,2,1] octane-2-carboxylate

[+

is obtained i.e. a yield of 8.5

o\

MS (negative electrospray) m/z: [M]™ = 370

Example 50

15 Starting from 47.3 mg of 2-pyridineethanol, 47 mg of the
sodium salt of 2- (2-pyridinyl) ethyl trans-7-o0xo-6-
(sulphooxy) -1, 6-diazabicyclo [3,2,1] octane-2-carboxylate
is obtained i.e. a yield of 23.4 %.

MS (negative electrospray) m/z: [M]™ = 370

20
Example 51

Starting from 57.7 mg of 3-pyridineethanol 50 mg of the
gsodium salt of 2- (3-pyridinyl)ethyl trans-7-oxo-6-
(sulphooxy) -1,6-diazabicyclo[3,2,1]octane-2-carboxylate

[+]

25 1is obtained i.e. a yield of 26 %.

MS (negative electrospray) m/z: [M]™ = 370
Example 52
Sodium salt of 3-methoxy-6- (sulphooxy) -1, 6-

30 diazabicyclo(3,2,1] oct-3-en-7-one

Stage A
10g (50 mmoles) of 1,l-dimethylethyl 3,5-dioxo-1-

piperidinecarboxylate is dissolved in 10 ml of methanol,
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(sul phooxy) -1, 6-di azabi cycl o[ 3, 2, 1] oct ane- 2-car boxyl ate 25 is obtained i.e.
a'yield of 26 % M (negative electrospray) mz: (M- = 370 Exanple 52
-Sodi um salt of 3-nethoxy-6-(sul phooxy)-1,6- 30 diazabicycl o[ 3, 2, 1]
.oct-3-en-7-one Stage A 10g (50 nmol es) of1431-dinethyl ethyl 3,5-dioxo-I-
pi peri di necarboxyl ate is dissolved in 10 m of nethanol,
R\ Brevet s\ 171&01%1}714 GB. %oc 123 (I'f t hen 62 (54 nmol es) of .
0-al | yl hydr oxyT &7 neatd ne >*hydPBERFSY i deCFs aQueHlY Frgdrexyt aninernine i s
left under agihpdi®hIi®Fide 1WWSiedhen the solvent is evaporated off under
reduced 5 pressure. The residue is taken up in water, followed by
extraction with di cfer oeethaoe. medd uar gbdi Cefasthdsr 4G8P8divht Fpater,
then dried over_sodi um sul Bate. After filtration and evaporation of the
sol vent 10 untfét* Fedulsd 8 EsSplyenty 8 gevereratad nefhylwidey Beduced
met hoxy- 3- ( 2-gyepaind oxy) i m noJ- 3, 6-di hydro-1(2H) pyridi necarboxyl ate is
obtained with a nolecular fornmula Cl14H22N204 (M = 282.342 g). The
correspondi ng yi el dliss #eHidile StimgetBkaA. 6gp(37n6 waLLLs) f)cgljcgn,@edprqg}lct
obtained in Stage A .and 212 mdof thanol are placed in a flask. The
solution is codleddowh t §1F8c, 39 sgropethbanem WmnopsraRydr Paese hers 58. 2
m of boron flwgHede waithehaiter 2QH reagt i jymis then
diluted with dichl oromethane, pour%dq%i%?egi eclj-Ur%erxt uretdg?%m%@g{ra%aeﬁd 2N

After filtration and evaporation of the solvent

10 under reduced pressure, 10.6 g of 1,1-dimethylethyl 5-
methoxy-3—[(2—propenyloxy)iminoJ—3,6—dihydro—l(2H)—
pyridinecarboxylate is obtained with a molecular formula
C14H22N,0, (M = 282.342 g).

The corresponding yield is 75%.

15 Stage B

10.6g (37.6 mmoles) of the product obtained in Stage
A and 212 ml of methanol are placed in a flask.

The solution is cooled down to -5°C, 37.8g of sodium

cyanoborohydride then 58.2 ml of boron fluoride etherate
20 is added.

The reaction medium is then diluted with
dichloromethane, poured into a mixture of water and 2N
soda, extraction is carried ocut with dichloromethane, the
organic phase is washed with water, followed by drying

25 over sodium sulphate, filtering and evaporation of the
solvent under reduced pressure.

The product obtained is purified by chromatography
on silica eluting with an AcOEt/dichloromethane mixture
10/90.

30 In this way 5.5g of 1,1-dimethylethyl 5-methoxy-3-
[(2-propenyloxy) amino] -3, 6-dihydro-1 (2H) -
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soda, extraction is carried out with dichloronethane, the organic phase is
washed with water, followed by drying 25 over sodium sul phate, filtering '
and evaporation of the solvent under reduced pressure. The product
obtained is purified by chromat ography bhdsilica eluting with an
AcCEt/ di chl oronmet hane m xture 10/90. 30 In this way 5.5g of

1, 1-di net hyl et hyl .5- net hoxy- 3- - propeny] oxy)._am no] -3 -dj hydro-1
(2H) R:\BreV%¥%%q5E%6?€gﬁ%§§%ﬁéd§% f?%ﬂ3§¥i%ﬁn 85?%@?y“&#§2£¥£%nlgiufar
formul a ClAH2AR026 (& =is 284t 36n8d . | BhobtarRedporliengOoyiesaondi pgsyield is
51% Stage C 5.5g (19.3 nmmol es) of the product obtained in Stage 5 B,

27.5 m of dichl or®s@¥%abe and 4.2 ml of anisole are introduced into a

flask. 27.5 m of 4154l yopoacehbleari dfi sheheyraudad. odthei dé& andsthge
di chl oronet hane are elim nated under reduced géessure. 10 The residue is

taken up i°n Wt ef7f 8l Mowsf B chlaratins andes - &i M Adomnigpke agtigous
phase is rengﬁ5§§?§?§aciggotgeffggkyion of ammoni um hydroxi de, then
t c Ot

extraction w is carried out. The organi c phases are washed with

wat er, then dried 2155 OGNEroSO0gh LM Sethddad i & odd pyveds byndn | §@aéag then
evaporation of the solvent under reduced pressure. In this way 2.45g of

5- met hoxy- N- ( 2- pr oplesyT'EX yand 1t e 3d Hehl et shdtylosne 3apyréUinanhvedofinder
nol ecul ar fornula COHI6N202 (M = 184.24 g) is obtained. 20 The
corr espondi ngFSeFed i RX8$93 TSt age D 2. 45g (0. 0133 nmol e) of the product

) . ; . . here i 5
obt ai ned lIOn St ageThCeI Sredéf L?el Velds unga%er?n &gernt.natv(rrgggre goi?ogeg nLy
extraction 3 times with AcOEt. The aqueous phase 1is
rendered basic by the addition of ammonium hydroxide,

then extraction with AcOEt ig carried out.

The organic phases are washed with water, then dried

15 over sodium sulphate followed Dby filtering then
evaporation of the solvent under reduced pressure.

In this way 2.45g of G5-methoxy-N- (2-propenyloxy) -

1,2,3,6- tetrahydro-3-pyridinamine of molecular formula

CO9H16N202 (M = 184.24 g) is obtained.

20 The corresponding yield is 69%.
Stage D

2.45g (0.0133 mmole) of the product obtained in
Stage C is dissolved under an inert atmosphere in 826 ml
of acetonitrile and the solution is cooled down to 0°C.

25 0.778 ml of diphosgene is added.

The temperature 1is allowed to return to ambient

temperature, then 5.56 ml of TEA is added.

Agitation is carried out overnight at ambient
temperature, then the solvent is evaporated off under

30 reduced pressure.
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of acetonitrile and the solution is cooled dowmmn to OC. 25 0.778 m of

di phosgene is added. The tenperature is allowed to return to anbi ent

-t énperature, then 5.56 m of TEA is added. Agitation is carried out

overni ght at anbient tenperature, then tl% solvent is evaporated off under
"30 reduced pressure. R \Brevets\17100\ 17143 GB.doc 125 The residue is taken
up in water, followed by extraction with AcCEt, the organic phase is
washed with water TheheFegideg oker Salienm 8Bl phat evafer) ovkel lgwed by

filtration th rati f SO nt r, reduced, 5 pressure. ,The
residue is pu%:%t%ﬁﬁhﬁ%n}gt%%é?g%hyké% s?lrh%glgc e?ekg t|§;engl\§vi t‘"%sglﬁ with
AcCEt / di chl or ovattehgne tiiext udei249. olart hssdway lsiBsh®fe, followed by

3- met hoxy- 6- ( 2-,ar.openyl oxy) - 1, 6- di azabicycl o] 3, 2, 1] oct - 3-en- 7- one of

nol ecul a?/ 18%157%':2#3@1 PR Hht R n‘é{% F%&F:S?iﬁ.e?ﬁ FPdpre reduced
correspondisng pHeRlfides 40.3% Stage E 105 ng (0.5 nmole) of the product
obtained in Stage D, is dissolved in a flask placed under an inert 15
atmosphere in 1.1 mheofrediichicorimrgpianeied7byothaeabiographe, onheyi13ka ny

of Pd [P (C6H5), 3], 4 are added. After reaction for 1 hour, 1.1 m of
pyridine, the lug}@gnﬂ’l&lh 853 ASPEf e hderamet hane gdaddreadi/Gation is

carried out overnight,hgn JRe sohygnt,r 2Q _ifn%ltl%o _réqt&qggoftpaegg{igorxf)gduced

pressure. The residue is taken up in"water, d by _ fon“W th
di chl or onet harde Gand wWkisiziatg oyictlie [Rat2erl.] octhé -enganicnephasd i s ndrliezh laver

sodi um suf phate,  fqll oawed f.iltering and evapqrating the solvent under
r educed @ p&gggwﬁgl 10H14N2G3 18 © tal%e% QM = BQO.ZB %) .

The corresponding yield is 40.3%.

Stage E
105 mg (0.5 mmole) of the product obtained in Stage

D, 1is dissolved in a flask placed under an inert
15 atmosphere in 1.1 ml of dichloromethane, 57ul of acetic

acid, then 317 mg of PA[P(CeHs);], are added.

After reaction for 1 hour, 1.1 ml of pyridine, then
238 mg of SO3-pyridine complex are added.

Agitation is carried out overnight, then the solvent

20 1is evaporated off under reduced pressure.

The residue 1is taken up in water, followed by
extraction with dichloromethane and washing with water.
The organic phase is dried over sodium sulphate, followed
by filtering and evaporating the solvent under reduced

25 presgsure.

The residue is purified by chromatography on silica,
eluting with a trichloromethane/acetonitrile mixture
50/50.

In this way 148 mg of the 1-

30 propenyltriphenylphosphonium salt of 3-methoxy-6-
(sulphooxy) -1, 6-diazabicyclo[3,2,1]oct-3-en-7- one of
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The residue is purified by chromatography on silica, eluting with a .
trichl oronet hane/ acetonitrile mxture 50/50. In this way 148 ng of the 1- .
30 propenyl triphenyl phosphoni um salt of 3-methoxy- 6- T
(sul phooxy) -1, 6-di azabi cycl o[ 3, 2, 1] oct - 31%h- 7- one of

R \Brevets\ 17100\ 17143 GB. doc 126 nol ecul ar formul a C28H29N206PS i s

obt ai ned. The orrespondi_n teld is B3% Stage F 148 of the product
obtained in ¢ CLEf? 5f8%§‘§h)f"ved G2at2ade ¢ Tont &P ni né’ﬁ@%"ﬂq} Thehe

sol ution obt aidieekdSoRBSRed, WEY A cpiym of DOAEX 50WK8 resin in Na+
form eluting with water ~containing 10% THF. The product collected is

| yophilized in order to 10 obtain 51 ng of the expected sodiumsalt, of

nol ecul ar forrmula C7HON2O6SNa (M = 272.21 g) . The corresponding yield is
70% NWR spectrurg‘pc{gét}e proton 3.04 (d) and 3.25 (dd) : C=CH CH CH2- N,
3.41 (d) and 15 37 7T (oud) : NCH2-C=CH, 3.47 (s) : CH3-O 4.20 (dd) : C=CH
Cg-CH2-N;, 5.19 (bd): C=CH CH CH2-N Ms (negative electrospray) mz: [M =
249, CH3] - = 23548 Beanpife $Be20psedughm sabtashed in Stage E is

3- met hoxy=6- (& )1, 6- 'qiz(gp': cycl o [3,2, ct-3-en-7-one Stage A
1. 03¢ (5.3 W%Lge%ﬂg%g,ll%d?ar}:eﬁy e aﬁ/ﬁ\/rﬁif?%- |‘hylﬁ%kg'- 3- oxo-

1(2H) - pyri di necar boxyl ate of nolecular fornula 25 CLOH15NO3 is dissol ved
in 15 m of ethandhe 5221lnyifs. btained is passed over a column of

DOWEX b50WX8 resin in Na+ form, eluting with water
containing 10% THF.
The product collected is lyophilized in order to
10 obtain 51 mg of the expected sodium salt, of molecular
formula C;HgN30¢SNa (M = 272.21 g).
The corresponding yield is 70%.

NMR spectrum of the proton

3.04 (d) and 3.25 (dd): C=CH-CH-CH,-N; 3.41 (d) and
15 3.71 (dd): N-CH;-C=CH; 3.47 (s): CH3-0; 4.20 (dd): C=CH-
Cg-CH;-N; 5.19 (bd): C=CH-CH-CH,-N

MS (negative electrospray) w/z: [M]~ = 249, [M -

CH;] - = 235

Example 53

20 Sodium salt of 3-methoxy-6- (sulphooxy) -1, 6-
diazabicyclo [3,2,1]oct-3-en-7-one
Stage A
1.03g (5.2 mmoles) of 1,l1-dimethylethyl 3,6-dihydro-
3-oxo- 1(2H)-pyridinecarboxylate of molecular formula
25 C10H15NO3 is dissolved in 15 ml of ethanol. 572 mg (5.2
mmoles) of O-allylhydroxylamineamine, then 1.3 ml of
pyridine are added.
The reaction mixture is left under agitation for 15

minutes, then 100 ml of dichloromethane is added,
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nmol es) of 0-allyl hydroxyl am neam ne, then 1.3 m of pyridine are added.
The reaction mxture is left under agitation for 15 mnutes, then 100 m

-of dichloronethane is added, R \Brevets\17100\17143 GB. doc 127 foll owed by

washing with a 10% aqueous solution of t®27aric acid, then the organic

“phase is dried over nmagnesium sulphate. Filtration is carried out and the
5 evaporated of f under reduced pressure. In this way 1.36 g of

'sol vent is

1,1- dlnethyletﬁ91 Qwgddibydmshing with a 10% aqueous solution of

3-[(2- propenyl
C13H20N203 (M _
quantitative. dédgmtapenBsdhshaperation is carried out as |nd|cated in Stage
A of Exanple 52 starting from1l.38g of the product obtained

15. 1g of sodi um cy DR | 0BS an@aBrBedi OBE banén tthief | rpivEntet hesat e.

b | f I I f | a
L0 N R o THeott § o iR ng 1 BFaefls SVer
in Stage A,

15 0.99 f ! 2- propenyl oxy)am no
]-1-pi pgr iogi ﬁe%%r 53 %Il egéf:’h#%ld %&%m ?3%1%.(
3, 6-di hydro-3-[(2- plrropﬁrlrhyé axay) Baad -df 2H)x- @Mﬁé@hm@{}bpxﬂé‘-t@l@dro—

nol ecul ar formul a C13H22N203 (M = 254.33 g) are obtained in this way after

purificati on. Yol Fher R REsHb) Hyt I}@leﬂd 3 mﬁaustrs@;%ae?ﬁsoz@te( 40f26Aof
IS
e et o qn(?%éljéﬂagr O?:%gingggdo ﬁflhendj‘ss&% o[iﬂbq\ﬁjs%?%tl on

The reaction \
of 25 hydr ogerﬂ.“h:ﬁhlmﬁmpomd@a@tyjeslchdctechua'ﬁmaaaﬁoxe.on msdl um

react for 2 hours 30 mnutes at OC. The solvent is evaporated off under
reduced pressure, then the residue is taken up in ether, the

10

15

20

25

30

Stage B

The operation is carried out as indicated in Stage A
of Example 52 starting from 1.38g of the product obtained
in Stage A, 15.1g of sodium cyanoborohydride and 8.3 ml
of baron trifluoride etherate.

0.99g of a mixture of 2/3 1,l-dimethylethyl 3-[(2-
propenyloxy)amino] -1-piperidinecarboxylate and 1/3 1,1-
dimethylethyl 3,6-dihydro-3-[(2-propenyloxy)amino] -1 (2H) -
pyridinecarboxylate of molecular formula C13H2oN 03 (M =
254.33 g) are obtained in this way after purification.

The corresponding yield is 71%.

Stage C
1.07g (4.26 mmoles) of the mixture obtained in Stage

B is dissolved in 2 ml of AcOEt. The reaction medium is
cooled down to 0°C, then 5.8 ml of a 7.3 M solution of
hydrogen chloride in AcOEt is added. The reaction medium
is left to react for 2 hours 30 minutes at 0°cC.

The solvent is evaporated off under reduced
pressure, then the residue is taken up in ether, the
precipitate is filtered and dried under reduced pressure.

In this way 560 mg of N-(2-propenyloxy)-1,2,3,6-
tetrahydro-3- pyridinamine dihydrochloride of molecular

formula CgH16C1,N20 (M = 227.14 g) is obtained.
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precipitate is filtered and dried under reduced pressure. 30 In this way
560 ng of N-(2-propenyloxy)-1,2,3,6- tetrahydro-3- pyridinam ne

di hydrochl ori de of nolecular formula C8HL6CI2N20 (M = 227.14 g) is

obt ai ned. R\ Brevets\ 17100\ 17143 GB. doc 128 The corresponding yield is 57%
Stage D 560 ng (2.46 mml es) of the product obtained in Stage Cis
dissolved in 6 m of dichloronethane, then 2.5 5 m of 2N soda is added.
The reaction nedi tii§ SHFETRIWY Y Klr?éLdadtfeGWsﬁ phase is extracted with
AcCEt. The organi c phases are conbined then dried over nagnesium sul phate,
followed by filtering and evaporation 10 of the solvent under reduced
pressure. In thisSwage2I8 ng of N-(2-propenyloxy)-1,2,3,6- tetrahydro-3-
pyridi nam ne of myeecuhmar {»ramil anAHHN2Gr (Me dkt0) obta®htai ngd. The
correspondi ng yi el d is 73% 15 Stage E 270 ng_ (1. mol es) of the product
obtained in %t D diss Hi s RasH mcﬁeﬁ“]a@far@&hlalm@n nclsn nd . 5 of

acetonitrile, 4t I@% QAnd 105 pl of diphosgene are added. 20
The react%onmr%e u%%\?%dr%{eaagl or 15 mnutes at OC, then allowed to

return to anbient fenperature and _also allowed to react. for 2 hours. 213
my of DVAP is addék ethEﬁaFﬁéOPea‘B?‘iibﬁmnE’cﬁ ufEcentiest t 2pg rehet RGN .

25 AcCEt is gqugg ffold-awed g WastH nGoMd h a 10% aqueous sol ution of
tartaric acid and with water. The organic phase is dried over magnesi um

sul phate followed by filtration and the solvent is evaporated off
The organic phases are combined then dried over

magnesium sulphate, fdllowed by filtering and evaporation

10 of the solvent under reduced pressure.
In this way 278 mg of N-(2-propenyloxy)-I1,2,3,6-
tetrahydro-3- pyridinamine of molecular formula CgHi4N50

(M = 154.21 g) is obtained.

The corresponding yield is 73%.

15 Stage E
270 mg (1.75 mmoles) of the product obtained in
Stage D is dissolved under an argon atmosphere in 45 ml
of acetonitrile, then 760 ul of TEA and 105 ul of
diphosgene are added.
20 The reaction medium is reacted for 15 minutes at
0°C, then allowed to return to ambient temperature and

also allowed to react for 2 hours.

213 mg of DMAP is added then the reaction medium is
left to react overnight.
25 AcOEt 1s added, followed by washing with a 10%
aqueous solution of tartaric acid and with water.
The organic phase is dried over magnesium sulphate
followed by filtration and the solvent is evaporated off

under reduced pressure.
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under reduced pressure. R \Brevets\17100\17143 GB.doc 129 The crude product
obtained is purified on silica, eluting with a dichl oronethane/ acetone
-95/5 m xture containing 0.1% TEA. In this way 36 ng of

6- (2- propenyl oxy)-1,6- 5 di azabi cycl o[ 3, 2249 oct - 3-en- 7-one of nol ecul ar
“formula C9HI2N202 is obtained (M= 180.21 g). The correspondi ng yield is

11% Stage F The o ratlonls car |§:;:I ut in $S|mlar bg/ 10, t hat
described in Stage Ef SEXSfpPe Ehd A anS'Slp‘f'@l}(Mi ‘%7°Rmﬁ B1HR the
product obt ai rechtihdSt ageclE, 33 Allcaﬁoa@abtﬁaa@/ace%aerrg ggf/éDd B §6415)
3] 4 and 132 ng of S@B- pyridine conplex. In this way 29.6 ng of the 1- 15
propenyl tri phérﬂ}}tp?lfid'slﬁ?ﬁ)rf{drﬁ s&tht- of 6- (sul phooxy) 1, 6-

di azabicyclo[3,2,1 t- 7- i s-0b ne ver
col um 01}/ DQ[/\EX 501/1\% g?ggl n“%ﬁﬁl\la?ffor ?utl ng ﬁ%}#%ﬁ% aI?n6|eng

10% THF.  Fhe dareomhicitcyadld [eac,tad]lcsztl-)aopdn—m -zak | ror derldal2d Otﬁc&rmmllé
of the expect ngjg sodi.um sal t ecul ar _formula CGH/N2G6SNa (M = 242. 19
g) . The corr A yHSeIQPtlasl e ME (0L 8 el ectrospray) mz: [M -

219 25 Exanple 54 I 1 6-
di azabi cycl o[ 3, 2, lﬁ?)%lt an- 1‘3%52)0 %g( Zﬂﬁe‘%e oper “dtion is carried out as

indicated in Stage A 30 of Exarrple 53 starting from12g (0.061 nole) of
1, 1- dinethylethyl 3,6-dihydro-3-o0xo-1(2H)-pyridi necarboxyl ate
tage F

The operation is carried out in a similar way to

10 that described in Stage E of Example 52 starting from 51
mg (0.27 mmole) of the product obtained in Stage E, 33 ul
of acetic acid, 165 mg of PA[P(C¢Hs)s]ls and 132 mg of SO;-
pyridine complex.

In this way 29.6 mg of the 1-

15 propenyltriphenylphosphonium salt of 6- (sulphooxy)-1,6-
diazabicyclo([3,2,1]oct-3-en-7-one is obtained.

This salt 1is passed over a column of DOWEX S50WXS8

regin in Na+ form, eluting with water containing 10% THF.

The product collected is 1lyophilized in order to

20 obtain 13 mg of the expected sodium salt, of molecular

formula CgH;N,0sSNa (M = 242.19 g).
The corresponding yield is 20%.

MS (negative electrosgpray) m/z: [M]™ = 219

25 Example 54
Sodium salt of 6- (sulphooxy) -1, 6-

diazabicyclo[3,2,1]octan-7- one
Stage A
The operation is carried out as indicated in Stage A

30 of Example 53 starting from 12g (0.061 mole) of 1,1-
dimethylethyl 3,6-dihydro-3-oxo-1(2H)-pyridinecarboxylate
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R \Brevets\ 17100\ 17143 GB.doc 130 of nol ecul ar formul a Cl1OHL5N03, 9.7g of
0- benzyl hydroxyl am ne hydrochloride and 15 m of pyridine. In this way
19.4g of 1, 1-di nmet hyl et hyl 3, 6-di hydro-

3- [ (phenyl net hoxy) i mi no] -1 (2H) - pyri di necd?Boxyl ate of 5 nolecular formula
C17H22N203 is obtained (M= 302.38 g). The corresponding yield is
quantitative. Stage The operation i.s carried out as indicated in Stage B
of Exanpl e 530§tarfp Q% 14.@%”¥%ﬂ6h96 et eyNGs t he 279 pro@fict oBrai ned

in Stage A 18@@159@#@@;&@@@%9@@&&%&@@ #04 ™M 5 0fy1 ggfiﬁ{iiaihw” de
. %5

etherate. After purification, 8.2g a mxture of 2/3

di net hyl et hyl 3, 6-B2h{/di 8- Bay( plRery st hbad)dimed]y gyl 3, 6-dihydro-

pyri di necar boxy fod 1-dj ethyl .3 15
[(phenylnethgiy;géﬁﬁg?ﬂngg%g¥%HP%%%L?%&Q%*59%¥%ﬁln%%ﬁﬁgﬁ¥%}a?%rnulaOf
Cl7H22N203  isoDédwl sed fbtmiilias aye, (b 1304089 iakd The coryespanding
yield is 55%_Stage C The operation is carried out as indicated in Stage C
20 of Exanpl efB3 SREFRFRRPEHSM Viakd (15 oBostpia)ive- the i xture obtai ned
in Stage B and 106 ml of a 7 nol/1 solution of hydrogen chloride in AcCEt.
8.39g of a mxture of 2/3 of N-(phenyl nmethoxy)- 1,2, 3, 6-

t et rahydro- 3- pyri ditresge ri® di hydrochl oride and 25 1/3 of

N ( phenyl net hoxy) - 3- pi peri di nam ne di hydrochl ori de of nolecular formula

Cl12HL6C12N20 is obk’¥i fRFTaF 1M s AT ME 7. 3 FdiqHecdoln eSpameli Bg

yieldis 98%,R }\zﬁéﬁnyS\sé”sO@éﬂt@n%? @o@i"ié%&; Sg@.gc%% THSlgfero 'O ! S
carried out as indicated in Stage 0 anpl e 53 starting om'8. 3090

(0.0299 Bl e)pwidudie obtained in Stage A, 12g of sodium

cyanoborohydride and 30 ml of boron trifluoride etherate.

After purification, 8.2g of a mixture of 2/3 of 1,1-

dimethylethyl 3,6-dihydro-3- [ (phenylmethoxy)amino] -1 (2H) -

pyridinecarboxylate and 1/3 of 1,l1-dimethylethyl 3-

15 [ (phenylmethoxy) amino] -1-piperidinecarboxylate of

molecular formula C;7H3N,0; is obtained in this way (M =

304.39 g). The corresponding yield is 55%.

Stage C

The operation is carried out as indicated in Stage C
20 of Example 53 starting from 9.3g (0.0306 mole) of the
mixture obtained in Stage B and 106 ml of a 7 mol/l

solution of hydrogen chloride in AcOEt.

8.39g of a mixture of 2/3 of N-(phenylmethoxy)-

1,2,3,6- tetrahydro-3-pyridinamine dihydrochloride and

25 1/3 of N-(phenylmethoxy)-3-piperidinamine dihydrochloride
of molecular formula Ci,H,5C1;N,0 is obtained in this way

(M = 277.20 g). The corresponding yield is 98%.
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m xture obtained in Stage C and 30 ml of 2N soda. 5 5.95g of a m xture of
2/ 3 of N-(phenyl net hoxy)- 1,2,3,6-tetrahydro-3-pyridinanne and 1/3 of N
-(phenyl net hoxy) - 3- pi peri di nam ne of nolecular forrmula Cl12HL6N20 (M =
204.27 g) is obtained in this way. The cot3esponding yield is 98% 10 Stage
"E The operation is carried out as indicated in Stage E of Exanple 53

'starting fromb5. 02g 50.0246 nole) of the mxture obtained in Stage D, 2.43
m of di phosg m of TEA and 3g of DMAP. 15 5.020g (0.0246 nol e) of

t he product obtai n€thé ropeStateom J'amd:alrﬁierd @it j32-thditaredt hangtage D

i nt roduced, af - 0 and.under on, i nt flask eq ed wit magneti c
stirrer. 2 43g°bf F‘B‘ﬁ%gggﬁe ‘T?rs%é'ifcfé% 9Fﬂ My i é%ﬁa Hoz éjl?gg%f motfe? of “the
6- ( phenyl net hoxisttdré-oRda thed abh cyedd I 2ard 37(53tm13 &h-hy ok pf nol ecul ar
formul a C13H14N202 s collected after purification (M= 230 27 g). The

correspondPng yi el P iPIAH2%E 522 nixioirs- (FhedyBnevhoxy) (dhdrylmethoxy) -

di azabi cycl o[ 3, Iec lar formula_ .25 Cl 16N2 2 is also
collected (M= 523 Zé; @%E%@]Cgorre lnrbanill id gt 6% gﬂ; .12

(0.551 mmol e) cﬁh@a}(lpimwcbxgeterxY)pq_pe&-lddlnambﬂecy@EO[raoﬂeéllxpgfanfgrrﬁmpa

obtained in Stage E is, 30 dissol ved in 1 m of methanol.
R\ Brevet s\ 17106819293 ( I@B‘d%g‘l 133 9) 0B35CbFaPArd £at BRyStwa%. added and t he

reaction medi um i spH acad-dmdelg %! rquleqcfatglg)jphere at normal pressure.
At the end of the reaction, the reactlon mediumis 5 filtered, rinsed with

met hanol and the solvent is
10 Stage E
The operation is carried out as indicated in Stage E
of Example 53 starting from 5.02g (0.0246 mole) of the
mixture obtained in Stage D, 2.43 ml of diphosgene, 7.4
ml of TEA and 3g of DMAP.

15 5.020g (0.0246 mole) of the product obtained in
Stage D and 1.2 ml of 1,2-dichloroethane are introduced,
at 0°C and under argon into a flask equipped with a

magnetic stirrer. 2.43g of diphosgene is added.

In this way 2.4g of 6- (phenylmethoxy) -1, 6-
20 diazabicyclo[3,2,1] oct-3-en-7-one of molecular formula
C13H14N20; 1s collected after purification (M = 230.27 g).

The corresponding yield is 42%.
512 mg of 6- (phenylmethoxy) -1, 6-
diazabicyclo[3,2,1l]loctan-7-one of molecular formula

25 C13H16N20; is also collected (M = 232.27 g)

The corresponding yield is 9%.

Stage F
0.128g (0.551 mmole) of 6-(phenylmethox¥Y)-1,6-
diazabicyclo[3,2,1]octan-7-one obtained in Stage E 1is

30 dissolved in 1 ml of methanol.
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evaporated of f under reduced pressure. In this way 76 ng of 6-hydroxy-1,6-
di azabi cycl o[ 3, 2, 1] octan-7- one of nolecular fornula C6HLON202 is obtained -
(M= 142.16 g). The corresponding 10 i eId is quantitative. Stage G 75 ng ~
(0.528 nmol e) of the product obtained in §t2age Fin2mM of pyridine is
introduced into a flask placed wunder an inert atnosphere. 15 235 ng of

S03- pyri di ne conpl gx a dand t mxture ig.left tpo react for
hours. A few dropssopbé\gt %%Ga?é/ehg%%g&éfgé and ?ﬁgeg tth‘?sr@\?gﬁ&%‘t ed
of f under redweddupr essupBaced uhiderwey BGdrogenf aﬁtﬁr&b@rﬁ&duﬁ n®rmal

obtained, 20 which is purified by chromatography on silica eluting with a
di chl or omet haREFEPHAROl mi xture 6/4 containing O. 1% by wei ght of TEA. In

this way 32 ng of rifie ie ammnl msat

(sul phoxy) - 1, 6-di a‘ggb:tfgyc%ﬁ% %% ?/oct aﬁa(f one ofthGQSr?ﬁ)cf%Jccﬂf? PR LIRui g
C11HI5N305S i §itoklred} ed riMszd30%id2 g)methEIRICOr4@spopEe NgsyiobdLi s 147%
Stage H 31 ng_of the product obtained in Stage Gis dissolved in 0.5 nl of
wat er cont ai n?ﬁ@p?é‘%"?ﬁFOfﬁ vwBfevetedt7e00P172488rEB. doc 133 The sol ution

obtained is passed over t:}?col um of DQWAEX 50WK8 reS| n in_ farm Na+,
eluting with water Pcont®@hfng MP¥ THF.”The PRoducPfobt afnBYUSKFeXYydphiii zed

in order to &igbhBis @@omg Qfllbétgﬁp¢9te@n%0dkﬂﬁ]Sﬁgie &iafﬁlgéfkgga
formul a COHOIN2CO6SNa M = 19 . The correspondi ng yie d s 7
(negative el e€itho¥iRzayds rerta[llvleldl -(M 221142.16 g). The corresponding

10 vyield is quantitative.

Stage G

75 mg (0.528 mmole) of the product obtained in Stage
F in 2 ml of pyridine is introduced into a flask placed

under an inert atmosphere.

15 235 mg of 80;-pyridine complex is added and the

mixture is left to react for 2 hours.

A few drops of water are then added and the solvent

is evaporated off under reduced pressure.

In this way 361 mg of crude product is obtained,

20 which is purified by chromatography on silica eluting

with a dichloromethane/ethanol mixture 6/4 containing
0.1% by weight of TEA.

In this way 32 mg of purified triethylammonium salt

of 6- (sulphoxy)-1,6-diazabicyclol[3,2,1]octan-7-one of

25 molecular formula C;;H:sN30sS is collected (M = 301.32 g).

The corresponding yield is 17%.

Stage H
31 mg of the product obtained in Stage G 1is

dissolved in 0.5 ml of water containing 10% THF.
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10 PHARMACOLOG CAL STUDY OF THE PRODUCTS OF THE INVENTION In vitro
activity, nmethod of dilution in liquid nmedium A series of tubes are
.prepared in which the sane quantity of sterile nutritive mediumis

di stributed. 15 Increasing quantities of X3#% product to be studied are
“distributed into each tube, then each tube is sown with a bacterial
'strain. After incubation for twenty-four hours in a heating chanber at
37C, the growth inHits t FBAUFEOneRRtFEHTES biSt RafEad uAVAKt inCowdMBh <ff | ows
the mniml 2 bi congeiratio I ) t t eq,
expressed in ;b/dcv\fn%}{ T%\dé'b%/aests wg{realcdar pél%efgTM Nac;vxllth(:‘plt r&gl ﬁ%lrvekpng pr Bduct s
of the inventicmte2mifestl % THIL um salt of trans-N-(2-am no-2-oxoet hyl)-

7- 0x0- 6- (sul phooxy) -1, 6-di zabl CéC| o 3, 2, I]oct ane- 2- carboxani de, the

preparation of whi Jie sPEeSEFtbe F"f‘lmﬁan’pﬁ e lyepPEg ligsd BlnSo‘Eﬂf@%jde of
trans-7-oxg- 6-{sul R0y Y ky bo15- @lh@zgkzg%xeleg[ 3 iHPCL2Ne; 20%6191&1%{&]71 the
preparation of which is déscrib ampl e 33¢ R \Brevets\ 171001171

GB. doc 134 TestorulSodistHeNgaNaof(Mt FaB81790x0- N- ( 3-

pyri di nyl net hyl ) - 6- suI hoox 6- di azabj cycl_o[ 3, 2, 1]
oct ane- 2- car boxami Cﬁ’ ‘ﬁ%ﬁd&ﬂ%ﬁ 5?% ScH 77 |Ls 5 described in Exanpl e
43 Test D Sodigimridt ife td1@trbp /: Ppf-rdi-nyl ypethyl] - 6-
(sul phooxy) -1, 6r§?§azab| cyclo [3, 2, 'y?]' octél)m(/rneﬂgJ car boxam de, the
preparation of which is 10 descrl bed in Exanple 42 Test E: Sodium salt of
trans- 7- oxQ- N
6- (sul phooxy) —i,o=drazabtrecyctor 3,2, tHoctane

In vitro activity, method of dllutlon in liquid medium

A series of tubes are prepared in which the same

quantity of sterile nutritive medium is distributed.

15 Increasing quantities of the product to be studied are
distributed into each tube, then each tube is sown with a
bacterial strain. After incubation for twenty-four hours

in a heating chamber at 37°C, the growth inhibition is
evaluated by transillumination, which allows the minimal

20 inhibitory concentrations (M.I.C.) to be determined,

expressed in pg/cml.

The tests were carried out with the following

products of the invention:

25
Test A: Sodium salt of trans-N-(2-amino-2-oxoethyl) -
7-0x0-6- (sulphooxy) -1, 6-diazabicyclo[3,2,1]octane-2-
carboxamide, the preparation of which is described in
Example 45
30

Test B: Sodium salt of trans-7-oxo-6- (sulphooxy) -
1,6-diazabicyclo[3,2,1]octane-2-carboxamide, the

preparation of which is described in Example 33c
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carboxam de, the preparation of which is described in 15 Exanple 34 Test
F: Sodium salt of phenyl nethyl trans-7-o0xo-6-

(sul phooxy) - 1, 6- di azabi cycl o[ 3, 2, I]octane 2-carboxyl ate, the preparation
of which is descrlbed in Exanpl e 28b. 2013fe results are set out in the
foll owi ng tabl e: .C. measured in g/m TEST No. StrainsCodeABCDEF S.
aureus SGb11 011 HT3 >160>160>80>805160 S. aureus Exp 54146011UC4
>160>160>80>805160 S. Pyogenes A56102A1UCl1 160>160>80>801.2 E. coli 250HT11

160802020>80 E. COLTeéEQ(p@rneanﬁhiﬁﬁoHT@al§040%9?0>8Qrans 7-0x0-N- (3-
E. col i (hyper per neabl e) 2501 P5 201052. 520 *: not determ ned

R\ Brevet s\ 17apoidi] eehylbk- 4 36sTheheorpbuhds-dtevaliogcio[3 h2, 1hventi on
t herefore sh t i al act|V|ty of ph; rna cal
conposition %ﬁ%ﬁ%?%a% P@%%dﬁ @ohp05| |oon8Pa?ELé8P|o %Vé%b

contai ni ng: Gdgetiitedf i txRoPphel 83¢3 - 500 ng Sterlle aqueous ex0|p|ent
g.s.f. 5cnB R \Brevets\17100\17143 GB.doc 136 CLAIMS 5 10 1. Conpound of
general formula (1), or one of its salts with a base or an acid: (I)

Test D: Sodium salt of trans-7-oxo-N-[(4-
pyridinyl)methyl] -6- (sulphooxy) -1, 6-diazabicyclo[3,2,1]
octane-2-carboxamide, the preparation of which is

10 described in Example 42

Test E: Sodium salt of trans-7-oxo-N- (phenylmethyl) -
- (sulphooxy) -1, 6-diazabicyclo[3,2,1]octane-2-
carboxamide, the preparation of which is described in

15 Example 34

Test F: Sodium salt of phenylmethyl trans-7-oxo-6-
(sulphooxy) -1,6-diazabicyclo[3,2,1]loctane-2-carboxylate,

the preparation of which is described in Example 28b.

20
The results are set out in the following table:
M.I.C. measured in ug/ml
TEST No.
Strains Code A B C D E F
S. aureus SG511 011 HT3 [>160 |>160 [>80 ;>80 |5 160
S. aureus Exp 54146 011UC4 >160 |>160 |>80 |>80 |5 160
S. Pyogenes A561 02A1UC1 |160 >160 [>80 [>80 (1.2 |*
E. coli 250HT11 (160 80 20 20 >80 |*
E.coli DC2 (permeable) |250HT6 80 40 20 20 >80 [*
E.coli (hyperpermeable) |250IP5 20 10 5 2.5 |20 *

*: not determined
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15 in which: R _ represents a hydrogen atom a COON, CN, COOR, CONR6, R7,
(CH2) n* RS or CNRradical, "-NHR, R is chosen fromthe group constituted
.by an alkyl 20 radical containing from1l1l to 6 carbon atons, optionally
substituted by a pyridyl or carbamoyl radid®al, a -CH2-al kenyl radical
“containing at the nost 3 to 9 carbon atons, aryl containing from6 to 10

‘carbon atons or a& | kyl cont%inin from7 to 11 carbon atons, the ring of
25 the aryl or aral%?lqgﬂﬁQEﬂ %$e? EPEéﬁ?%nEPIﬁ: biRYeREEER bprexsione nH2,

NO2, al kyl radinedl ae0RhRIiNHAGLELEAM 1L 16icGarbon atoms, an al koxy radical
containing froml to 6 carbon atons or by Oone or nore hal ogen atons, R6
and R7 being identical or different, are chosen 30 fromthe group
constituted b%xamuxgr%%eq %to c_an.ala.yl raQL%aI containing from1l1l to 6
carbon at ons, “&f—&ty 4 - Erem-6°Fo 10 carbon atons and an
aral kyl ragli cal cont aipiaWgnddeamicdlo 1ldo@pohopighoNFor injection is

R \Brevets\ 17100\ 17143 GB. doc 137 optionally substituted by a carbanoyl,
ureido or di REERGFSR RENERANABE: and an al kyl radical containing from1
to 6 carbon atons substj y j dicaknn5.0" is equal to 1 or
2, R5 is chosen fron1thgggﬁgﬂgacggs?¥%hggé %ééa cx%ff m%N, OH, NH2,

CO- NR6R7, COOR, OR, OCCbkefCDR, a@QUEOR:s eQCOBHENt QPOBIHR, NbEn® NHCOH, NHCOR
NHSO2R, NH COOR, NH-CO- NHR ou NHCONH2, R, R6 and R7 being as defined
above; 10 R2 represents a hydrogen atomor a (CH2)n,1R5 group, n'1l being
equal to O, 1 or 2 and R5 being as defined above;
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R3 represents a hydrogen atomor an alkyl radical containing from1l to 6
carbon atons; 15 A represents a bond between the two carbon carriers of Rl
and R2 or a R4 group, R4 representing a é;lrogen atomor a (CH2) n, 1R5
group, n' 1 and R5 being as defined ab , the dotted line representing an
optional bond with one or other of the carbon carriers of the 20
substituents RL and R2; n is equal to 1 or 2; X represents a dival ent
-C(O-B- group attached to the nitrogen atomby the carbon atom B
represents a divalent -O (CH2)nl-- group &tgmaehed to 25 the carbonyl by
t he oxygen atom an -NR8- (CH2) n,,- or -NR8- 0O- group attached to the
carbonyl by the nitrogen atom n" is equal to O or 1 and R8 is chosen from
the group constitquted r R, Y, Y1, ..0v1,
v2, Or2, Y3, mzlmzsoc@&ap%%@m%%% R AT earY SR Ry R
i ndi vi duabl y sadpgreeseiith g kdd meararoracit:anched al kyl radi cal contai ni ng
froml to 6 carbon atons or an aryl radical containing from6 to 10 carbon
R \Brevets\ 17100\ 17143 GB.doc 138 atons, R being as defined above and m
being equal to O, 1 or 2; Y is chosen fromthe group constituted by the
COH, COR, COOR, CONH2, RGONHR, CONHOH, CONHSO2R, CH2COOH, 5 CH2COOR,
CH2CONHOH, CH2 CONHCN, 2t etrazol e, protected CH2tetrazol e, CH2SO3H,
CH2SO2R, CHZPO(?)_ , PO (OR) (OH) , CH2PQR) (OH) and CH2PO (OH) 2
radicals, Yl is ose'ﬁ fr the group constituted by the SO2R

10 (CHz)nX

2

15
in which:
R1 represents a hydrogen atom, a COOH, CN, COOR, CONRg, R,
(CH,) n'Rs or 6¢N& radical,
. "SNHR,
R 1is chosen from the group constituted by an alkyl
20 radical containing from 1 to 6 carbon atoms, optionally
substituted by a pyridyl or carbamoyl radical, a
-CH;-alkenyl radical containing at the most 3 to 9 carbon
atoms, aryl containing from 6 to 10 carbon atoms or
aralkyl containing from 7 to 11 carbon atoms, the ring of
25 the aryl or aralkyl radical being optionally substituted
by an OH, NH, NO;, alkyl radical containing from 1 to 6
carbon atoms, an alkoxy radical containing from 1 to 6
carbon atoms or by one or more halogen atoms,
R¢ and R; being identical or different, are chosen
30 from the group constituted by a hydrogen atom, an alkyl
radical containing from 1 to 6 carbon atoms, an aryl
radical containing from 6 to 10 carbon atoms and an

aralkyl radical containing from 7 to 11 carbon atoms,
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S2NHCOH, SO2NHCOR, SO2NHCOOR, SO2NHCONHR, SO2NHCONH2 and 10 SO3H
radicals, Y2 is chosen fromthe group constituted by the PQOH) 2, PQOR)?2,
LPOQOH) (OR and POOH) (R radicals, Y3 is chosen fromthe group
constituted by the tetrazole radicals, tlétrazole substituted by the R 15
‘radical, squarate, NH or NRtetrazole, NH or NR tetrazol e substituted by
the R radical, NHSO2R_and NRSC2R, R bein as defined ahove; it being
under st ood t h@PSHER 1Y s B¢RaFtetedan %A 2 eplELHHOYA » jureiRs Gloup
in which R4 i 91ige2@,Ne@iORLN 28083 AN amei LReL 1% 1ePELEERLS tRRaC i@y - O
(CH2) n" group in which n" is 0 or 1, - or X represents the -CO NR8- (CH2)
n" group in wiirem A" te l6andaRBons athems soprlopyltyredip, b5 a @yridyl
represents th%_-CI> R8- (CH2) " group in which n" is 0 and R8 is hydrogen
or phenyl, so aaﬁlct ree of R, R2 and R3 cannot represent a hydrogen atom
at the sang tinme. 30 2g Gopaurd aceerding to claiml, characterized in
that n is equal to 1. R \Brevets\17100\17143 GB.doc 139 3. Conpound
according to clai mks éf Ghasam, fxym) ties grener fanstiitat-ach bhae EOOHll
represents a up~as dgf;i ned-d I ai m 4, a in claim
3, Iochar acteri %\]8 ir?%t’haﬁh’mdcrdeg\g%lgéht sé%O%ydr%Ig’gn atom w&grrpg)&%) R
accordi ng to OIONGR,cloAioNsl,]1 NBR4, NHCOH¢hHHaoRer NESd,R n NHR@DOK, r gpi-€sent s a
di val ent

_CohﬁHR ou NHCONH;, R, R¢ and R; being as defined above;

10 R, represents a hydrogen atom or a (CH,)n1Rs group,
n'; being equal to 0, 1 or 2 and Rs being as defined
above;

R; represents a hydrogen atom or an alkyl radical
containing from 1 to 6 carbon atoms;

15 A represents a bond between the two carbon carriers of R;

== C(H) R,
and R, or a ;| group, R, representing a

hydrogen atom or a (CH,)n1Rs group, n'; and Rs being as

defined above, the dotted line representing an optional

bond with one or other of the carbon carriers of the
20 substituents R; and Rj;

n is equal to 1 or 2;

X represents a divalent -C(O)-B- group attached to the

nitrogen atom by the carbon atom,

B represents a divalent -0-(CH;),— group attached to

25 the carbonyl by the oxygen atom, an -NRg- (CH,)nu— or -NRg-

O- group attached to the carbonyl by the nitrogen atom,

n" is equal to 0 or 1 and Rgy is chosen from the group

constituted by a hydrogen atom, an OH, R, OR, Y, OY, Y,

0Y1, Y, OY;, Y3, OCHCH,SOnR, OSiR,RpR. and SiR.RpR. radical,
30 Ra, Ry and R; individually representing a linear or

branched alkyl radical containing from 1 to 6 carbon

atoms or an aryl radical containing from 6 to 10 carbon
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group in which B represents a -NR8- (CH2) n" group - as defined in claim
1. 6. Conpound according to one of clainms 1 to 5 15 characterized in that .
the R8 group is a Y1 or OYl group, in which Y1l is chosen fromthe SO2R, )
SO2NHCOR, SO2NHCOOR, SO2NHCONHR and SQBW%r oups and Ris as defined in

claiml. 20 7. The conmpounds of formula I, as defined in claiml1, the
f wh f ol I t,
[]('71”3)8(006 (slufat%dﬁ%(y) P%lrpgﬁnaaksatﬂ%ﬁ $oOVA ARG AL PRGN R Andtits

base salts, igrparticular sodium trans
- 7- 0X0- N—(phenyl met hyl ) - 6- (sul phooxy) 25
-1, 6- di azabi cycl o['3, %5 | FeeranefZoBarbex HHAMP apenstitubsd byalthe GOH,

particul ar C}JT‘g‘[ Bé 2c9f§5 - foRo: N’éé% wyri di 8&{1!{0 thyh %m@o (gul p?ﬁod‘déH

-1, 6-di azabl cy | octane’2- car oxam |ts ase” sal

partu cul ab S@IHsz@DRSO C:HaquHoHoxoeHbc(@q}mm dl(Ein’{Jtermid‘ad])e 6- (1St ooy )
-1, 6-di azabi c oct ane- 2- car boxam de _an base

particul ar s rﬁfzai% 702 (SHarvy ZCH%%O é@lmﬂl) %H(%Ql;%o%))'

R \Brevets\1?ﬁgﬁb¥§;4é¥?8aﬁaccﬁ4@b OH), radicals

-1, 6-di azabi cycl o[ 3, 2 ctane- 2-carboxam de and its base salts, in
particul ar sodi um¥iphenyghwsehy f romatdie Troue G}C(r&iﬂlpim@)bﬁ Bhe SO.R,

di azabi cycl o%% é;) oct - art;s%)éljl}@ 5§8 I\glr M}E‘% epa t| on
of a conpoun é% i ngs%’@g%g%é 2 bﬁg’l @ ,C% é) n it
conpri seso 1@} @adiageésduring which a conpound of for mula (11) |s
reacted wth a carbonyl ation agent, if appropriate in the presence of a
base: Y, is chosen from the group constituted by the
PO(CH),, PO(OR)., PO(OH) (OR) and PO(OH) (R) radicals,
Y; is chosen from the group constituted by the
tetrazole radicals, tetrazole substituted by the R
15 radical, squarate, NH or NR tetrazole, NH or NR tetrazole
substituted by the R radical, NHSO,R and NRSO;R, R being
as defined above;
it being understood that when n is equal to 1 and A

C(H) R . . .
: (H) 4 group in which R; is a

represents a cToT
20 hydrogen atom and
- either X represents the -C(0)-0-(CHy),» group in
which n" is 0 or 1,
- or X represents the -CO-NRg- (CH;),« group in which
n" is 1 and Rg is the isopropyl group,
25 - or X represents the -CO-NRg- (CH)n,w group in which
n" is 0 and Rg is hydrogen or phenyl,
gso all three of R;, R, and R; cannot represent a hydrogen

atom at the same time.

30 2. Compound according to claim 1, characterized in that

n is equal to 1.
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15 (1) in which: 20 R 1 represents a hydrogen atomor a CN, COOR , (CH2)
n' R 5 CONR6r R7 or protected n' , R6 and R7 being as defined in claim1
«protected COOH NR, c radical; "'NHR ~and R and R15 having the
definitions of R and R5 respectively of éil m 1, in which the reactive
functions optionally present are 25 protected; R 2 represents a hydrogen

atomor a (CH2) n" 1R 5 i_group n' bei ng deflned as inclaiml and R 5
bei ng as defi d SRRPOUNgs |§c§§r9é\f19ned:q n EL&im 1; 1300,@? r%b?é@ent%l a

bond bet ween tg}%ga\@eclairmygﬁrtrﬂaq;s}\ qfe sre e _a“ﬂ?( RT n% u% or a

group, R 4 representing a hydrogen atom or a (CH) n' 1 5 group, 1 and
R 5 being as defined above the dotted |ine representl ng an optlonal Y

R\ Brevet s\ 17100\d17f'L dGB Jl bond with one or other of the carbon
carriers of ined 1in claim

5
4. Compound according to claim 3, characterized in that

Ry represents a hydrogen atom.

5. Compound according to one of claims 1 to 4,
10 characterized in that X represents a divalent -CO-B-
group in which B represents a -NRg-{(CHy),w group - as

defined in claim 1.

6. Compound according to one of c¢laims 1 to 5,

15 characterized in that the Rg group is a Y; or 0OY; group,
in which Y; is chosen from the SO;R, SO,NHCOR, SO,NHCOOR,
SO,NHCONHR and SO3H groups and R is as defined in claim
1.

20 7. The compounds of formula I, as defined in claim 1,
the names of which follow:
trans -7-o0oxo-6- (sulphooxy) -1, 6-diazabicyclo[3,2,1]octane-
2-carboxamide and its base salts, in particular sodium,
trans -7-o0xo-N- (phenylmethyl) -6- (sulphooxy)

25 -1,6-diazabicyclo[3,2,1]octane-2-carboxamide and its base
salts, 1in particular sodium,
trans -7-o0xo-N- (4-pyridinyl methyl) -6- (sulphooxy)
-1,6-diazabicyclo[3,2,1]octane-2-carboxamide and its base
salts, in particular sodium,

30 trans -7-0oxo-N- (3-pyridinyl methyl) -6- (sulphooxy)
-1,6-diazabicyclo[3,2,1]octane-2-carboxamide and its base
salts, in particular sodium,

trans -7-o0oxo-N-(2-amino 2-oxo ethyl) -6- (sulphooxy)
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substituents R1 and R2; n is as defined in claiml1, HZ represents an HO
(CH2) n"-, HNR 8- (CH2) n"- or HNR 8-O 5 group, n" being as defined
previously and R 8 representing a hydrogen atom protected OH an R, OR
radical, a Y or OY' radical, Y being chdsen fromCOH, COR, COCR,
CONH2, CONHR , protected CONHOH, CONHSOZR , protected CH2COOH, CH2COOR ,
protected CHZCONHOH, 10 CH2CONHCN, CH2tetrazole groups_substituted by R,
CH2SO2R , CH2PC 1ERe3abicys e bt dl kepims - Hhrepekexani @ (TR ) base

protected CHZRQ (R )i OhaPr ol et &RRO (OH) 2, a Y'1 or OY'1 radical,
Y' 1 being chosen fromthe SO2R, SO2NHCOH, SO2NHCOR' , SO2NHCOOR

SO2NHCONH2, Sgeetidomitiyland 15 probest ed SOBH Traxpss - aswlghooxY- 2, 6-
radical, Y' 2 .representjn prot ect ed 2, protected PO (OH) (OR) |
pr ot ect ed Pocijd—éjak(ﬁyc)‘i%%%o{]G?'ﬁarée’gﬁ%ﬁ%ﬂ?ifyjftﬁes radical, Y 3 being
chosen frgmthe protected tetrazole, tetrazole substituted by the R

radical, NH or NR_protected 20 tetrazole, NH or NR tetrazole substituted
by the R rdti calPragss@RoanthaRrsepRragionpef R dminpmirad aleddonding

above; with Vi to _@gbtaknin internediate c ound of _ f la;_ 25 30
“nowhi che R \iS evits) PT100ta Tids BB oe 7142 RotRete *EPOR 2T Rgﬁé{; Hhd n
have the sameomanigwgs: as above and either X1 is a hydrogen atom and X2

represents a -Z-CO X3 group, X3 representing the remai nder of the
carbonylation agent, or X2 is a -ZH group and X1 represents a CO X3 5

group, X3pbeiflg as delgheguAP@eyhich a compound of formula (II) is
reacted with a carbonylation agent, if appropriate in the

presence of a base:

R',
NP Y
15 /N n
(CH,)n
HZ 3 ?
(IT)
in which:
20 R’ represents a hydrogen atom or a CN, protected COOH
COOR’, (CH;)n'R's, CONRg¢,R; or protected 6¢N& radical,
n’, Rg and R; being as defined in claim 1 andHﬁ' and R's
having the definitions of R and Rs respectively of claim
1, in which the reactive functions optionally present are
25 protected;
R’; represents a hydrogen atom or a (CHy)n';R’s, group n';
being defined as in claim 1 and R’s being as defined
above;
R; is asgs defined in claim 1;
30 A’ represents a bond between the two carbon carriers of
— G(H—R;
R’; and R’; or a él group, R'; representing a
hydrogen atom or a (CH;)n';R’s group, n'; and R’s being as

defined above, the dotted line representing an optional
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b) a stage during which the internmedi ate obtained previously is cyclized
in the presence of a base; and in that: c¢) optionally, stage a) is preceded
aby and/or stage b) is 10 followed by one or several of the follow ng
1reactlons in an appropriate order: - phdtection of the reactive
functions, - deprotection of the reactive functions, - esterlflcation 15 -
saponlflcatlon - sulphatlon - hos h tl%& - anldatlon - | ati on,
ct

20 - sul phonyBHn¥ith  gngy| aF i (% FIRPRR  LagFdsire b‘B d:the

formation of YR tHLWRY &, AHd ady ctl on of a tetrazole group; 25 -
reducti on of carboxylic aci ds - dehydratlon of amde to nitrile; -

salification; n liscomsedefdmge; in sglaiim ilng or separation of diasterisoners;
30 - sulphide idation to sul phoxi ngd/ or | ph ) VAL

R\ Brevet s\ 17f’%\ﬁﬁaﬁ%s@t%|o€n9hﬁé g@%‘g? adcoﬁ@#nb {)@%8%7 mCg, HR's-0
charact erigedgrmid)at nthe saihenylad | odeFdeRy | spgae}ggusﬁ om K8 Qreup

constituted by phosgene, di phosgene, triphosgene, aé% or of or mat es,
aral kyl e chl orr@%teﬁ@tnééngalkyhy reHPBr GO mtREOt &F Kk ypH@hIQﬂ oRor midRes,

al kyldi carbonaties,; cay bpnylzdpym 4azgl.g1anG t el {ng MXLULES from coH,
COR’, COOR', CONH;, CONHR’', protected CONHOH, CONHSO,;R’,
protected CH,COCH, CH,;COOR' , protected CH,CONHOH,
10 CH,CONHCN, CH,tetrazole  groups substituted by R!',
CH,80,R’, CH,PO(OR' )4, protected CH,S03, protected
CH,PO (OR’)OH, protected CH,PO(R’)OH, protected CH,;PO (OH),
a Y'; or OY'; radical, Y’; being chosen from the SO;R’,
SO,NHCOH, SO;NHCOR', SO,NHCOOR'’, SO.,NHCONH,, SO,NHCONHR’ and
15 protected SOsH groups, a Y, or O0OY',; radical, Y’,
representing a protected PO(OH),, protected PO(OH) (OR'),
protected PO(CH) (R’) or PO(OR’), group, or a Y’; radical,
Y’; being chosen from the protected tetrazole, tetrazole
substituted by the R' radical, NH or NR’ protected
20 tetrazole, NH or NR’ tetrazole substituted by the R’
radical, NHSO;R’ and NR’SO;R’ groups, R’ being as defined
above;

with a view to obtaining an intermediate compound of

formula:
25
RH
X“\
(CH,)n
2 (II1)
30
in which:
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10. Process according to claim8 or claim9, 10 characterized in that the
carbonyl ation reaction takes place in the presence of a base. 11. Process
according to claim10, characterized in ig t the base is an amine. 15 12.

Process according to claim8, characteri inthat 1in stage b the base is

chosen fromthe group constituted. by*am nes, hydrid®s, al cohol ates, anides.

or carbonatesgof gal kaki of. | i nes.ear §| . di cangents,
t he products cor'r esﬁé gls'ng tgé&?ollrl%?gé(# egérgée??%%glﬁ}isc%i %?%?ea%n |
as their sal tsithér Xphos naceudircaéhyatonephdbke aepdsesantdsbaseg.-c25x14. As

a nedi canents,_the p)r(oducts as defi nﬁg in any one of clainms 2 to 7 as well

as their sal t5FWMR h “HHARRSRRG W 1§ QM ENer £F dehangepace¥lagion
Phar maceut i cadg&mirposit i NS L0/t aizy n?rgglg agld V&M%ngegéﬁ@ise“% 1§%% | east
C . R S

one medi canent according to one of ains 13 or \ Brevet 6‘?17143
GB. doc 142 1@r@ympotmbesngganedefinednabavel||) or one of its A salts

(Goyn 10 1 i €n REEYE R R ISR, kit st edni nod
as in claim&rdwtously is cyclized in the presence of a base;
and in that:
c¢) optionally, stage a) is preceded by and/or stage b) is
10 followed by one or several of the following reactions, in
an appropriate order:

- protection of the reactive functions,

deprotection of the reactive functions,

esterification

15 - saponification,
- sulphation,
- phosphation
- amidation,
- acylation,
20 - sulphonylation;
- alkylation;
- introduction of a double bond;
- formation of a urea group;
- introduction of a tetrazole group;
25 - reduction of carboxylic acids;
- dehydration of amide to nitrile;
- salification;
- lon exchange;
- s8plitting or separation of diasterisomers;
30 - sulphide oxidation to sulphoxide and/or

sulphone.
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9. Process according to claim 8, characterized in that

the carbonylation agent is chosen from the group
constituted by phosgene, diphosgene, triphosgene,

aryl chloroformates, aralkyle chloroformates, alkyl

chloroformates, alkenyl chloroformates, alkyl
dicarbonates, carbonyl-diimidazole and their
mixtures.

10. Process according to claim 8 or claim 9,
characterized in that the carbonylation reaction takes

place in the presence of a base.

11. Process according to claim 10, characterized in that

the base is an amine.

12. Process according to claim 8, characterized in that
in stage b the base is chosen from the group constituted
by amines, hydrides, alcoholates, amides or carbonatesg of

alkali or alkaline-earth metals.

13. As a medicaments, the products corresponding to
formula (I) as defined in claim 1, as well as their salts

with pharmaceutically acceptable acids and bases.

14. As a medicaments, the products as defined in any one
of claims 2 to 7 as well as their salts with

pharmaceutically acceptable acids and bases.
15. Pharmaceutical compositions containing, as active

ingredient, at least one medicament according to one of

claims 13 or 14.
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16. Compound of general formula (III) or one of its
)

salts with an acid, in parﬁicular its hydrochloride:

) !

Rl

1
SN
/N A (II1)
2
, 3
10  in which R';, R'z, Rs, A', n, X, and X; have the same

meanings as in claim 8.
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