EP 0,233 271 Bl Description This.invention relates to tenperature stable,
crystallisne salts of a cephal osporin internediate having the formula ViIb 5
10 [err] 15

whi ch are substantially free ofEPWEnF@FFP1isoner, and which are convertible
into broad spectrum cephal osporin antibiotics without the necessity of a
car boxy, ﬁigﬁﬁﬂg debl ocki ng step. US-A-4, 406,899, issued Septenber 27, 1983
to Abur et al., discloses conmpounds of the fornulae [err] 25

[err] 30 Yh&hGdntlonBiates oRGRgYdture S, 39 stailine salts of a cephalosporin intermediate having the

[err] 4Qmplavmp N-silyl derivative t hereof, wherein [err]is hydrogen or a
conventi onal carboxyl -protecting group. These conpounds are not exenplified
in the patent, but are disclosed by structural forrmulae only, as inter-

medi ates in an alternate reacti eme for the preparation of certain
cephal ospori ns (by ac’ﬁaﬂ 45 t pen debl ocki ng of the protected
carboxyl group). The reacti cthﬁyy ex ified did not utilize

t hes& conpounds (and al so ORk+Ng oOf prot ect ed car boxyl
group as the final step).OEach of Yheafi n@l products of US-A-4, 406, 899
requi red a chromat ogr aphic purifiqauggh step to separate the m xture of
[err] and [err] isoners whi ch were produced. 50 55 2 EP 0 233 271 Bl

US\a 4, 163 $.g.99aﬁ IS SRR S Sl 2 Yo il a5
(| %ntb '

compdl ﬁo b hdcody of & carb deblocking [err]
aqsp I it CO ofac ox ou 6l .

uher oi n R ﬁ&l}aw GrhieP £ St Wt B, s rﬁ&ﬁmstopasﬁonﬁna with the

carbon atomto mhlc I's attache forms an optionally substituted

saturated or partially saturated 4- 10 nenbered het erocyclic ring which may
contbgf n one or nore furfg) het eLoggtons sel ectegdyfromO, N and S; the

dotted line indicating afce em orya cepl: 3- conmpound; and [err]
representing an ani on; and i d addi t yon ng{ an N-silylated derivative
t hereof . These corrpounds a [ P |ed 8 e di scl osed by
structural formula only a@inter arj al ternative synthesis of
certa n cephal osporins (by acyl ati gﬁ&? ocki ng of the protected
carboxyl group). The reaction schene By exenplified did not utilize

t hese conpounds (and al so

30 wherein Ph is phenyl, and

; s
\J y 4
nzn

. i
J—“/nzo

coop?

s

or an N-sily) derivative thereof, wherein B! is hydrogen or a conventional carboxyl-protecting group. These
compounds are not exemplified in the patent, but are disclosed by sfructural formulae only, as inter-
~ mediates in an alternate reaction scheme for the preparation of certain cephalosporins (by acylation and
45 then deblocking of the protected carboxy! group). The reaction scheme actually exemplified did not utilize
these compounds (and also required deblocking of the protected carboxyl group as the final step). Each of
the final products of US-A-4,406,899 required a chromatographic purification step to separate the mixture of
A? and A® isomers which were produced.
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55



reqU|red debl ocki ng of the protected carboxyl group as a final step). The
use‘of bt ocked carboxyl groups in the processes of the above two patents
has t he di sadvantage of requirin deblocklng after acyl ating whereby acyl
group is lost in the debl ocking 85536 1B 1 ess than 25 100% vyield in the
deblocking step. US-A-4,223,135, issued Septenber 16, 1980 to Derek Wal ker
et al., %kqseasso@q;mw%fen% e fizs R'eTHy 2 %@lecﬁ;c&es%anmﬁas]ome hplgh B 'S
chl or o, oxy or -[err] hydrogen, 40 [err] SZ in which Z

an optionally substituted 5- or 6- nenbered heterocyclic ring contalnlng

2-4 N atons and zero or one atonm gel ected fromQ@uand S, the S atom of -SZ
bei ngsconnected to a % anakﬁof he so het yclic ring Z, and Ais
e cl

trimethylsilyl or avabl 4 ester-prQtecting group. 55 3 EP O
233 271 Bl The conpounds e, epar,ed by addi d?&jﬁ;rbon di oxide to a
sol ution of a conmpound of§?t he 10

[err] wherein A and B are as descCpj sabove iQ\y¥4nert organi ¢ sol vent
whi ch’¢i s preferably nethylene chlorrde. US &, 316,017, which is a

continuation-in-part of a division of US-A-4, 223,135, has a substantially
15 identi cal disclosure US- A- 4, 336, 253, issued June 22,1982 to WIIliam

|[_| éﬂ] L;n%brel(gni is acar%o ngtefngﬁeﬁ Rt Qaq(e 8 eryiler itl{ @1 lrbc[n ato iil iti attache 'a 30
[ 671 1254 oikchity QJb o phsialy at g AEREH AL %j ﬁﬁ t
contain one or mor or hetero—at ms selected tifd 2-
Such as 3 T3 b B bark ereps}heﬁttnalmnw L U e ’orOJn S hnce.
to pr od%ﬁva@veqﬁympun of "t he formul a
These compounds are not exemplified but are disclosed by structural formula only as intermediates in
\-ﬂzo an alternative synthesis of certain cephalosporins (by acylation and then deblocking of the protected
carboxyl group). The reaction scheme actually exemplified did not utilize these compounds (and also
required deblocking of the protected carboxyl group as a final step).
The use of blocked carboxyl groups in the processes of the above two patents has the disadvantage of
requiring deblocking after acylating whereby acyl group is lost in the deblocking step due to less than
25  100% yield in the deblocking step. '
US-A-4,223,135, issued September 16, 1980 to Derek Walker et al., discloses compounds of the
formula

" ol °
(ca) y8totumT—”

N\ o&L—-N B

35

CooA

=/  in which Bis chioro, methoxy or -CH:E, E is hydrogen,

in which Z is an optionally substituted 5- or 6- membered heterocyclic ring containing 2-4 N atoms and zero
or one atom selected from O and 8, the S atom of -8Z being connected to a carbon atom of the
50 heterocyclic ring Z, and A is trimethylsilyl or an easily cleavable ester-protecting group.
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40 [err] [err] 50 55 4 EP 0 233 271 B1 reacting the conpound of fornula
1l Withtrinethylsilyl iodide to produce a conpound of the fornula [err]
[err] [err] and then reacting t??&%#pﬁ‘l”éq Formula IV with 15 20 to produce
a conmpound of Forrmula I. Sol ven t'abl’e for the reactions to produce
Conmpounds Il and 1V are stated to be chlorinated hydrocarbons and | ower

al kyl' nitighd &)ﬁvpo@és are prefﬁad%ﬁad&ﬁ@d@%;rborl&xﬁefhags%%hoqula%}ﬁbou%e?\ﬂﬂ foradia 932 10
WlliamH W Lunn et al. are to anal ogous conpounds and processes; wherein
Ris, for exanple, an am no-substituted oxazol e, oxadl azol e or isoxazole
ring, and the 3-substituent is, for exanpl % optional Iy substituted

pyri di ne, quinoline or . can Patent 84/3343, issued
Cct ober 25, 1984, corresggﬁa B&l"?ﬁe

- A{33 16 98 di scl oses a 30 process
for the preparation of cephal osporin iml a 35 [err]
40 in which Ris thiazolyl or 1,2, radical, [err] is hydrogen
or nmethoxy, R2 is one of nunerous substitu known in the cephal osporin
art, and A is optionally substituted quinol m i soqui nolinium or
pyri di ni um The conmpounds of Fornula | are prepared by reacti ng a conpound
of the for A9 LerszcherrlloJ ra"] e§5 i.n which E” ?‘%ﬁ’n Qe 2N

rei nd B ar s in amc solvent, wh
am no- pr' 1&%4 908%, Ui '3 ;&iom.prﬁ aemig o il hatdh, t e
bas\e/go%qiggg S0g. to radi caI the ase corréspondl ng to radical A

in the DremeNLResss, Rslohide'cs] 18 RVihan Aw. Lohn Scibsé SRPRALY mfafforms formil a

v :‘u— ﬂ E CONH- |/ 8
azn’Ls Nor o»__n :oe caz-9u<’_\> .

25

and their preparation by reaction of a compound of the formula

% j‘l -—-conn;—‘/
“ BN 78 Baoﬁcu_., .

35

. with a silylating agent such as trimethylisilylacetamide, bistrimethylsilylacetamide, or the like, to produce a
% compound of the formula
40

N—j—ﬁ—com
% (CH,) 3smm 2 cnzogcu3 111

Co0s1i (CB
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5 EP 0 233 271 Bl [err] 5 [err] [err] 10
which (dfter rempval of any amino-protective group) is subsequently
acylated with an acid of the'fo?%%gﬁﬁé 4 [err] Suitable [err] groups

whi ch are mentioned include ace ) 6&@ I'onyl oxy, chl oroacet oxy,

acetyl acet oxy and 20 carbanoyl oxy. Suitable solvents which are nentioned

I ncl udereRBihdinb BdhboGrid o forfia Il Gth BiRihASiN iodideQd prodiues 8 8SrisdRRY of iHeltgraligr 0et hane,
carbon tetrachloride, acetonitrile, propionitrile and frigands. Methyl ene
chloride is nost preferred. It is acknow edg Lh the patent that the
general process is kno bl e inventors have found

t hat st he yields areH;EEEri ophi lic di spVacenent
reaction on Conpound ' I Ls carried out by first
addi ng an e‘ﬁ*%;sf;%{l he Dase cor@Rspo di 3 (up to a 20-fold
excess) and then adding the trialkyiiodosilangcéﬁg 38 a4 10=f 0ol d excess). In
the W German priority application (P33167982, é ﬁﬂ§37, 1983) for this
S. Af%ican application, the solvents listed are the sane as above, except
that "frigand” jis called "frigen’.. The Merck Index, 10th Edition, lists
Frigen i’?g“ﬁﬂﬁ?aﬁ‘gw“ff Hﬂ‘"ﬁ%?’&‘g'ﬁ“ﬁﬂ'ﬁ', and shows them as other nanes for
Freon 11, Freon 12, 30 and Freon 114, which are trichlorofl uoronethane,
dhehhprodifluoronethane and 1, 2-dj oro-1,1,2,2- tetrafl uoroethane,
respectively. The present invent'pn' ates to a process for the
preparation of a stable, crystalygine cgnmpound sel ected fromthe group
having the formula VIIb 35 [err] 45 wherein X is HC or H, and
-Nu[err] is [err] [err] 55
Nt g

to produce a compound of Formula L.
Solvents suitable for the reactions to produce Compounds HI and IV are stated fo be chlorinated
hydrocarbons and lower alkyl nitriles.

25 US-A-4,379,787, US-A-4,382,931 and US-A-4,382,932 to William H. W. Lunn et al. are to analogous
compounds and processes; wherein R is, for example, an amino-substituted oxazole, oxadiazole or
isoxazole ring, and the 3-substituent is, for example, optionally substituted pyridine, quinofine or
isoquinoline.

South African Patent 84/3343, issued October 25, 1984, corresponding to DE-A-33 16 798 discloses a

30 process for the preparation of cephalosporins of the formula

o ""ﬁ‘cm J;’Q\ | 1

At

40

in which R is thiazolyl or 1,24-thiadiazolyl radical, R' is hydrogen or methoxy, R? is one of numerous

substituents known in the cephalosporin art, and A is optionally substituted quinolinium, isoquinolinium or

pyridinium. The compounds of Formula | are prepared by reacting a compound of the formula
45

1
R
8, 6
R ux_a__1/’
50 .N . I
NG 'R

COOH

55
in which R® is hydrogen or an amino-protecting group and R’ is "a group which can be replaced by the
base corresponding to radical A", with the base corresponding to radical A in the presence of a
trialkyliodosilane, to form a compound of the formula



EP 0 233 271 B1 in which -[err] is as defined above, in
1,1, 2-tri‘chlorotrifl uoroethane (Freon TF) or 1,1,1-trichlorotrifl uoroethane
with a |lower al kanol at a tenpe zgt‘\ﬂgrom 10 to 25 Cto renove the
silyl groups, followed by aC|d| ro th HCI or H to formthe
hydr ochl ori de or hydrol odi de salt of t he conpound of fornula VIIDb.
According to one enbod ment the conpounds of the fornula I 10
[err] 15 wherein X i§ are prepared which are crystalline,
tenperature st ally free of the corresponding [err]
isomer. As a result b ing supstantially free of the [Z&& isoner, they
are agonvertible (by apad spectrum cephal osporins whi ch
t hensel ves are subs the [err] isoner, wthout the need for
chr omat ogr aphi ¢ separati on e [err] and [err] isorrers. As a result of
their tenperature 20 stability, they may be isolated and stored, and
converted to the end products when desired. An additional advantage of the
i nt erdreich (@fter (moyah oty amipo-prategtive, groym) W“EFGQ%E}{V aplaied with ap pejg Rf theyformula
(protection) of the carboxyl group prior to acylation or debl ocking
(deprotection) of the p=Q-+400QH group after acylation, thus offering process
efficiency. The conpoun of Fornmula | nmay be prepared by treating a
sol\u{,;on of the compoun f 4ghe formula 11 25 [err] 30 [err] 35 in
1,1,2-trichlorotrifluoroet®®ne (Freon TF) or 1,1, 1Nrichlorotrifluoroethane
with a |lower alkanol to renove the trinethylsilyl groups, followed by HC
or H to formthe hydrochloride or hydroiodide salt. It is preferred to use
a | ower siithidé RO lgrolisyy whichnepy/ mlentidhed!t ificiudb fabdi@dy, propioniigily, Ehiceaabetoxy dtetyla@iidxy and
pr efgd abirbamoRbxya Soilable Téolrerte aich Gife insntined] irciuds] nthyland etifizio A thisreforad, dichom
-[err] lboethaer fichiaoethars; edroanctbaghleride,cacbtoniidier propinnitrile andf frigantid. Methjleteochjodde | . 40
From 2 sowo8 peefeniedal ent s of net hanol are used per equival ent of Conpound 11,
and pr ef eftdphp @'Qdoetﬂmé'ewmt et the genersbprbrepls knofne bt dlrip sletad thet the-iaventars | |
may be @ i vieldg e sugprisingbiohight if e nusieophilie diseireamen spagtion emEomrRoMRd il 6P | | | a
I1la

mpound 1) is carried ouf by first adding an excess of the base corresponding to radical A (up to a

50 [err fP'H 31‘—‘-}9 ﬁ“dﬂien(ﬂddlqg e Taqqgg%

app Cftlo ?’ﬁ r% QI l
g: HE: Qgg‘f\i&n Es gen %g'fl& [Bf«}e Eﬁ%f@%ﬁf e fo Iﬁz;n 1 g‘ion 1 03?13

hd %o Hbﬁ ""I«y ag, 3
OH

e
solvent t car rac ori e oro

di oxane prm Hss‘enﬁ?mmw :Aslto ¥robdds robmta a}eaﬁado%&?s@rso&?&a‘ﬁ.noton&daﬁ‘nd&eﬂa& rabl e
[e{1] 2 k&PHBbrolyShling #dYerhas il | SONET) .

xazn_):_r

B 2 CH,-Nu

N coo@

35

VIIb
45
wherein X is HCl or HI, and -Nu® is
50 @ e 9“ / \
N o . /. or
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EP 0 233 271 Bl The reaction is conducted at a tenperature of from-[err]
to [err],* and preferably from[err] to [err]. Athough it is possible to
use greater or |esser anmounts of#gtg%:gﬁp%{rol i di ne, we obtain highest
purity of product when about 1 eqt NVP is utilized per equival ent
of Conpound Illa. The conpound of Forrmula Illa nmay be prepared by reaction

of a sol g i - it BedeRNIRBSBGN Qf1 2LuRBroretrifiekdsthbid (Fréh 1§ bi 1,1, Lchlorotriflucroethane
[err] [ e alibwdr bididt QD a bmgdratike b Forh IieC i 25 O b TdrmiNE @Rt MIRNGous,! Bllowsd by

t ri met hy laSiifigétioni it iHGEor (HT tébrn. theSWaRENIGIR & Hydrolblidsslt 1the/@rpsundiofloshuiaompound

I I Il'a whi ch AcBorgitifo®toagérhtikdimentltheo@mpbuntid & tedorinliail somer, whil e similar conmon
solvents (e.g. (1,2- dichloroethane) give Conpound Illa containing
significant anmounts of the undesirable [err] isomer (e.g. 25%. 20 O her
common sol vents such as chl ogobenzene, - di oxane, carbon tetrachloride, and
the Iike, al sog.i e slanlifcantyanou of the undesirable [err] isomer.
The reaction i c%aﬂu tedja rrpe;%gzre of from[err] to [¥rr], but
prefer@bly is conduct ¢d At e for conveni ence. At | east
one equivalent of T r e ver§ all of Conpound IVa to
Compound Illa, we prefer to L) ze an t of from0.9 to 1.5

equi val ents per equivalent o npound 25 | Va. More preferably, we utilize

from 1,0 to 1.2 equivalents of TMBI. The conpound of Formula IVa may be

prepar ed vJRXreiLI SAS i H9HCT 2R Prépafed Widh Q3RA/s@fihe; teftpbritufe siable’dhd sibsfantially Yoe GPHROUN
of the fQhiBdndhdiNg RPisomer. As a result of being substantially free of b /AP isbiRbr! they are convertible (by
[err] 35 acyidi6iyth bidall Rpdt@ua EBhHAKESSHS WichebmdedORD subktdntifly W68 SE£ 6 A2Qdoref, OM
0. 01 to GutdoutEe naeal iethimalgrdpghie! sep@ition Bilthe/ A1 S1A1A® Gomérs A%sAs redult oHhEiPBmpdraturdt  a
t eNPET At $taBilith, N My isokitsdena siofed, dnd coriveriddad thoread produets vinen Hésieds @h \seditonal

Pr ef er ablagvantdgp df te interaediatesofi Formtulan de ibétatby aib notaéduliex blocking (dridéaBorratthdoearhogerd | n
an anountgroop pfierdenabylflibn podeblodkingryidepretbaion) of thercadgxyl gaire after @bylafion\@hs offeridg

pr ef er ablpyocéssofficiancd. t 0 about 1.3 equi val ents of HVDS per equival ent of 7-
ACA. W nosthespragaundsiohFampia | pay be prepegd by ieating & sofytion-githe, comppupghofdhe fermylatile
prepar#tion of Conmpound Il, a solution of conpound IVa in Freon TF or

1,1,1- trichlorotrifluoroethane 'gs first treated with N-nethyl pyrrolidine

:gLL?}/\ﬁﬁ Egnt Igéuggggéﬁ o;ta one 45 eqpival ent of TMSI. The

of
convenjence, we prefer tofco [
N- et hyl pyrrolidi ne may S rom1.0 to 2.0 equivalents .
per equival ent of conpound I Va, pr efer @ oml.2to 1.5 equivalent.
‘The TMSI nmay be used in an anour@OgSis ¥, 0 to 3.0 equival ents per
_eqfrfval ent of compound IVa, and preferably Trom1.5 to 2.0 equival ents.

35

—
—
D

omferr] to r]. For
aLout ! [err ][ '.E&T]he

in 1,1,2-trichlorotrifluorosthane (Freon TF) or 1,1,1-trichlorotrifluorosthane with a lower alkanol to remove the
trimethylsilyl groups, followed by HCI or Hl to form the hydrochloride or hydroiodide salt. it is preferred to
oo use a lower alkanol for removal of the trimethylsilyl groups, and most preferably methanol. The reaction is
St conducted at a temperature of from -10°C to 25°C, and preferably at a temperature of from 0°C to 10°C.
40 From 2 to 5 equivalents of methanol are used per equivalent of Compound N, and preferably 3 to 4

equivalents of methanol.
The compound of Formula Il may be prepared by reacting a solution of the compound of the formula

flia

45

IIZa

in Freon TF or 1,1,1-trichloratrifluoroethane with N-methylpyrrolidine (NMP). it has surprisingly been found

§5 that the use of Freon TF or 1,1,1-trichlorotrifluoroethane as solvent produces Compound I which is
substantially free of the A? isomer, while commonly used solvents such as methylene chloride, carbon
tetrachloride, chloroform or dioxane produce Compound If which contains large amounts of the undesirable
AZ isomer (e.g. 50% A2 isomer).



50  In another alternate preparation of Conpound Il, a solution of
Conpound “I Va in Freon TF or 1,1,1- trichlorotrifluoroethane is reacted with
N-net hyl - N-tri met hyl si |l yl pyrrol E?I gsg i gi de having the formula VI 55 8

EP 0 233 271 Bl [err] [err] 10 0 @HO) lature of from([err] to [err]. For
conveni ence, we prefer to conduct the reaction at [err]. The conpound of

For ,m'” a V*herﬁ?yctipr?is%ﬂdctb@ a@J'teﬁ‘BPrhk% o?froril L{a5¢ go Qfé Qm@ ana%g 'f?él%l (P@ttéﬂpé.r

equi val gRsugR it i<UEReY &ﬂusla\éaaateaadeseér%hﬁﬁ@&fw&mmya}e@mﬁqvelo inGHighbst lrpbs  of
Conmpounglodékt wASH aR@UI aivalsnt of NMFCIS UERESH Pdr bqdRalertt bf ChapbUnadia. @ smal | armount  of

i m dazol eTKeedinpolihd lof FaiwiwieARIL Aaf oo [PRparbe b Géherbn tob atdomtioned alie mpbandtaime t o 15
shor senodbR Ive2action tine. We have found that, when preparing Conpound 11
by the reaction of Conpound |IVa with Conpound VI, only small anounts of
Conpound Illa can be detected in the reaction m xture during the reaction
(by NWVR anal ysj )).m?fr%corrpou 8 Formula VI may be prepared by reacting
N- et hyl pyrr(ﬁ:ll% t an dqui nol ar anount of TMSI in Freon TF or
1,1, trichlorotrifluoroqtha®e as | veng¢ at a tenperatureXwd from 20
-[err] to [err]. W pr C _ action at a tenperature of from
[err] to [err]. The reaction rafio of ®MP amd TMSI may be varied, but we
obtai n excellent results by utiCDﬁLﬂMﬂH;#mI ar anounts. In a preferred
reée’gi on schene, the conpounds of "For mnul are prepared from7-ACAin a
"one pot" reaction, i.e. without the isolation of any internedi ates.

Al though erh el & 1311-tidhorduitbrdduthé Wit Gtelnl 1S ﬁaiw&mysmsﬁ%w&b%wn&
sol vent Ge@bbiRtoutd W& whitiEie Bubbantitliy feelof liel A2! ik while' sirhilak o RaiRehs @4 (1,2-
i ndi cat GehiordaPHiR) gid Bethpourbiiid Sidining sibhifbamtSfottts df iR QUAdesrabRr A2 isomer (e.g. 25%).
1, 1735 t Othér Ndomiroh rsofentsOsuer tab ahBrobaeshd) Gibxaas, Yearbur GifrachidAal, Ghd 1@ likB,CalsoOgh@ POt
react i Ogignifitdnearhiciais of e 1undssiable Aksaldry conducted in Freon TF. | n conducting
t he react Mvestiorie noeudiaist & itdvpeiratuer of ifrom 5%to [480Ccbult prafeckblytis svedeted arambicot
pr oc eedtempegatird éor 8onveniic At kgt or@mapivalantiof| TMShis requirddde converhalltdh GoroppundeWpiindi ng
3- chl or Gampowng| la we Preffar dnufifea #namayntaf fiom Ofeto HS\aguivalanisraes paviypignt fob Gerapountat  t he
reaced ofMe-dMorequeipraliv reutize fpre A-Otte 1-2equiypiprts R IMSEh| ori de or trimethylsilyl 30
br oni de giTteeeemMPpynd (op Fasmula fia reay he Prepgre b%WP?S‘FQ)FFé’Pﬁ?ﬂ”W@ﬁHP&ﬁ'BI%K‘Fﬁ}I i®anal og
of ConpBufrirPPyndef the fagmula,Y neyi num of about 5-15% even after refluxing for 10
days. Although the quaternization of Conpound Illa with NMP to produce
Compound |1 (and, subsequently, a conpound of Formula |), nust be conducted
in Ffeon TF oruin rchl orptrifluoroethane in order to gbtain Conpound
Il (and 1) which arfp suypstantijally ee of the A2 isomer, Uorrpound [11a may
be reacted with ot gh' I G, @agents in Freon TF or
1,X71-trichl orotrgfl uoro ne S0R to produce anal ogs of Conpound I1.
Aftegs treatnent wwth a lo gl kanol and optional salt formation wth, HCl
or H, there are obtained arfl ogs of Compound | which have the fornul a
‘VII b. The preparation of the conmpounds of Formula VIl b can be described by
t he, g¢ n@ithehiexgpiotididilazane HIMIDS) in the presence of from 0.01 to 0.1 equivalents of TMS! per equivalent of
"= 7-ACA, in Freon TF, at a temperature from room temperature to the boiling point of the solvent. Preferably,
40 the reaction is conducted at refiux. The HMDS may be used in an amount of from 0.95 to 1.4 equivalents
per equivalent of 7-ACA, and preferably from 1.0 to about 1.3 equivalents of HMDS per equivalent of 7-
ACA. We most prefer to utilize 1.2 equivalents of HMDS.
In an alternate preparation of Compound I, a solution of compound IVa in Freon TF or 1,1,1-
trichlorotrifluoroethane is first troated with N-methylpyrrolidine followed by the addition of at least one
45 equivalent of TMSI. The reaction can be conducted at a temperature of from 5°C to 45°C. For convenience,
we prefer to conduct the reaction at about 35°C. The N-methylpyrrolidine may be used in an amount of
from 1.0 to 2.0 equivalenis per equivalent of compound IVa, and preferably from 1.2 to 1.5 equivalent. The
TMSI may be used in an amount of from 1.0 to 3.0 equivalents per equivalent of compound IVa, and
preferably from 1.5 to 2.0 equivalents. .
50 In another alternate preparation of Compound [, a solution of Compound tVa in Freon TF or 1,1,1-
trichlorotrifluoroethane is reacted with N-methyl-N-trimethyisilylpyrrolidinio iodide having the formuila Vi

56



bel pw in Reaction Scheme 1. The procedure may be conducted in a stepw se
manner as shown in Schenme 40 1, or when desired, the order of addition of
the reactants such as TMSI and the desjred nucl eophile my be altered as
descri bed herein. The preparatid%’%?3%é7 dunds of the Formula VI1b may

al so, nore preferably, be conducted in a "one pot" reaction. 45 50 55 9

EP 0 233 271 Bl Reaction Schene 1 10 [err] [err] 15

[err] 20 O [err] [err] [err] 39&) [err]
[err] 35 40 [err] [err] 0 EP 0 233 271 B1 [en} [err] OR-
[err] 10 err] v

[err]s[err] [err]
.Jc/é\u (CHy )y

10
at a temperature of from 5°C to 45°C. For convenience, we prefer to conduct the reaction at 35°C. The
compound of Formula VI may be used in an amount of from 1.0 to 2.0 equivalents per equivalent of
Compound IVa, and preferably from 1.2 to 1.5 equivalents of Compound VI per equivalent of compound Va.
Y )f desired, a small amount of imidazole (e.g. 0.1 equivalents) may be added to the reaction mixture to
15 shorten the reaction time. We have found that, when preparing Compound Ii by the reaction of Compound
IVa with Compound Vi, only smail amounts of Compound Hlla can be detected in the reaction mixture during
the reaction (by NMR analysis).
y The compound of Formula VI may be prepared by reacting N-methyipyrrolidine with about an
W, equimolar amount of TMSI in Freon TF or 1,1,1-trichlorotrifluoroethane as solvent, at a temperature of from
© 20 -10°C to 25°C. We prefer to conduct the reaction at a temperature of from 0°C to 5°C. The reaction ratio of
NMP and TMS) may be varied, but we obtain excellent results by ufilizing equimolar amounts.

In a preferred reaction scheme, the compounds of Formula 1 are prepared from 7-ACA in a "one pot"
reaction, i.e. without the isolation of any intermediates. Although certain of the individual reaction steps may
be conducted in solvents other than Freon TF or 1,1,1-trichlorotriflucroethane, as indicated above, others

25 require the use of Freon TF or 1,1,1-trichlorotriflucrosthane. Accordingly, when conducting the "one pot”
reaction, the reaction is preferably conducted in Freon TF.

In conducting the reaction sequence described herein, we have found it necessary to proceed via the 3-
iodomethyl Compound llla, rather than the corresponding 3-chloromethyl or 3-bromomethyl analog. We
have surprisingly found that the reaction of Compound Va with trimethylsilyl chloride or trimethylsily

30 bromide gives little of the expected 3-chloromethy! or 3-bromomethyl analog of Compound lila, e.g. a
maximum of about 5-15% even after refluxing for 10 days.

Although the quaternization of Compound lila with NMP to produce Compound I (and, subsequently, a

o/ compound of Formula I), must be conducted in Freon TF or 1,1,1-trichlorotrifiucrosthane in order to obtain
Compound Il (and 1) which are substantially free of the A2 isomer, Gompound llla may be reacted with other
35 nucleophilic agents in Freon TF or 1,1,1-trichlorotrifluoroethane solution to produce analogs of Compound 1I.
After treatment with a lower alkanol and optional salt formation with, HCI or Hj, there are obtained analogs of

Compound | which have the formula Viib.
\/‘ The preparation of the compounds of Formula Viib can be described by the general procedure shown
o below in Reaction Scheme 1. The procedure may be conducted in a stepwise manner as shown in Scheme
40 1, or when desired, the order'of addition of the reactants such as TMSI and the desired nucleophile may be
altered ‘as described herein. The preparation of compounds of the Formula Vilb may also, more preferably,

be conducted in a "one pot" reaction.
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[err], [err] 20 [err] 25 30 [err] [err] 40 [err]
[err] [err] 45 The conmpounds of Fornmula | and VIIb are readily
converted to broad spectrun1ant|%P %%HP% acylation with the appropriate
si de-chain acid. For exanple, ﬁ%é } Formula | (X =HA or H) is
converted to _

7-[a-(2-am not hi azol -4-yl)-a-(Z) net hoxyi m noacet am do] - 3-[ (1- et hyl - 1- pyrro
l'i di ni 0) mpERkklioR- SeRBRgr 4- carboxylate (VII1) by N-acylating with

1- benzot r razotyt—(Zy=2-(2=am not hi azol - 4-yl ) - 2- met hoxyi m noacetate ester.
The reaction equation is set forth below. 50 55 EP 0 233 271 Bl [err]
[err]s520 25 This reactlon is readily carried out in the presence of

N, N-di met hyl aniline in di ni L@ge at roomtenperature over a period
of 10-20 hours; or by dISSOFVI ter and di net hyl f or mam de and
addi ng sodi um bi carbonate with , and reacting at room
tenperature for 30 mnutes to by disgolving (1) in water,
coolifig to [err], addi ng NaCH 5 5u6 addi ng téVrahydrofuran
addi ng sodi um hydroxi de to adPUst the gog addi ng the active
ester reactant and reacting for 1 tp 5 hours 3 roon1tenperature The
active ester is a known conpound an i € cribed in Hoechst, Japan Kokal
54-~-95593 (7/28/79) and Gernman Appl Jcati on 2758000. 3 (12/24/77). The
utility of the conmpound (VII1) -is spown In Aburaki et al., US-A-4, 406, 899.
The conpounds of Fornmula VIIb nmay bg acylated in a simlar manner to
produce broad spectrum cephal osporiNts. 35 Exanple 1 (6R, 7R)-Tri nmet hyl si |yl
7- (Tri-met hyl si |yl ) am no- 3- acet oxynet hyl ceph- 3-em 4-car boxyl ate 40 Method A
An owen-dried flash and Friedrich's condenser were cool ed to anbi ent
tenperature under a stream of
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dry nitrogen. The flask was then charged with 50.0 g (184 mvl es) of 7-ACA
(97.2% plrity) and 400 m of dry 1,1,2-trichl orotrlfluoroethane (Freon TF,
dri ed over nol ecul ar sieves). Eg&ﬁa%ek%u ting slurry was added 45 46.5 m
(222 mmol es, 1.2 equival ents) of 3 3, 3- hexanet hyi di si | azane
(HWVDS) and 0.80 ml (5.6 mmol es, 0.03 equi val ents) of iodotrinethylsilane
(TMsl) with good stirring and with protectjon fromnoisture. The slurry was
vi gorously heated under reflux for 16- 1murs after which time it was
cool ed to anbient tenperature. m%eés )(s}gmtrum of

slightly hazy reaction m xture sh >95%

produgt. NWR ([err], 360 WMHz) 80.23 (s, 9H, N-Sif{[erf], 0.38 (s. 9H,

aliquot of the

-COoosi- 50 ([err]), 1,51 (d, 1H, J =13.6 Hz, N 3H, (¥})COCHa) ,
3.41 (d, 1 H, J = 18.3 Hz, -SCH2-), @6l (d, | \__SCP), 4.80
(dd, 1H J=4.5, 13.6 Hz, -OCOCH(NHSi ([err]), 4.€8 (d, 1SB W [err ),

4.91 (d, 1H, J = 4.5 Hz, -COCH(NHSi ([err]), 5.11 (d, 1
-[err]9. Method B 55QAn oven-dried flask and Friedrich’
cool ed to anbjent e ure undes«a stream of dryIXitrogen. The flask was
char ged viGH3lg i ACA (97.2% purity) and 80 mi of dry
Fr on TF (dried over nol eculjar To the resulting slurry was added
M (44.1 mmoles, 1.2 12 271 Bl equival ents) of 98% HVDS and
44rr1 1.1 moles, 0.03 eq ORGM sol ution of H in Freon TF
(prepared by bubbling H i@o dry Fieon Tannd titrating the resulting
saturated solution to a phenol pht ha g&ﬁm nt). The slurry was
Vi gQ{oust heat ed under refl ux Withcaxr%f Bl)llwg and with protection from
istyse for 22 hours, after which tinme it was cool ed to anbient
tenperature. A [err] NWR spectrum (CD2CI2, 5 360 MHz showed >95%
conversion to the desir¥faproduct. Exanple 2 (6R 7R)-Tri net hyl silyl
7-(Trimethyl silyl)am no-3-i odonet hylsceph- 3-em 4- car boxyl ate 10 Method A A
total of 30 M (210 mmoles, 1.15 eqyivalents) of TWMSlI was added in a sl ow
strear®at anbient tenperature to a rjeaction m xture of
(6R, 7R) -trinethylsilyl 7-(trinethyldilyl)an no-3-acetoxynmethyl ceph-3- 15
em 4-carboxyl ate in Freon TF (preparjed according to Method A of Exanple 1,
50.0 g input 7-ACA) under a bl anket Jof dry nitrogen. The progress of the
reaction was nonitored by 'H NVR (adetate region). After 1 hour, the slurry
was fi¥tered t hrough a Schl enk t ubeNlinder positive nitrogen pressure. The
col l ected solid was washed with fresh Freon TF (1 x 100 m). An aliquot of
the filtrate ave the followng 'H NWR sgectrumin support of the in situ
genérat ed ( $ S
7- (triget hyl S|IyI ] i ddoret hPRceph- 3-em 0 cafbdxylate: NVR([err],
360 MHz) [err] O. i'([err]), O. - ([ 1), 1.51
, 1H, J=17.9 3. 80@1 1H,

(d, I H J=13.4
g-ilu?Hz CHL=NG=9. 2 Hz,

J=1,; Hz, -S

[er)475(dd 1HJ46 13%4 (d, 1H,
cozn
vViia
45 The compounds of Formula | and Viib are readily converted to broad spectrum antibiotics by acylation

with the appropriate side-chain acid. For exampie, a compound of Formula i (X = HC! or Hl) is converted to
7-a-{2-aminothiazok-4-yl)-a~-(Z)methoxyiminoacetamido]-3-[(1-methyi-1-pyrrolidinio)methyi]-3-cephem-4-
carboxylate (Vi) by N-acylating with 1-benzotriazolyl (Z)-2-(2-aminothiazol-4-yl)-2-methoxyiminoacetate
ester. The reaction equation is set forth below.
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J =4.6 Hz, -COCH(NHSI ([err])CH). 25 Exanple 3

N-Met hyl -N-trinmethyl silyl pyrrolidino |odide An oven-dried flask was cool ed
to anbi ent tenperature under B&g&\% positive nitrogen. The flask 30
was charged with 25 m of dry Freon dried over nol ecul ar sieves) and
1.42 M (10.0 nmmoles, 1.0 equivalent) of TMSI. The resulting solution was
cool ed to [err] under a bl anket of dry mtrogen A total of 1.04 m (10.0

nmol es 0 over
- nol ecul&rne f pWI se and the resultlng slurry was stirred
at [err] under o#4 30 m nutes. After t _tinme, the

rogen pr Schl enk

funnel, and ¥he 35 coO 5 washed ith'? Freon TF (2 x
25 nm). The filter caggoWas partial™Ty drle a 03|t|v r eam of
nitrogen for 15 mnutes. Further drying at anbl ent te for 12 hours
at 0.05 mmHg afforded 2.51 g (89% of
N- 't hyl - N-t ri met hyl s'tKIISpyrroI idinio lodide as a col orl ess, extrenely air
sensitive solid: [errf I requires 44.49% i odi de; found, 44.40% i odi de
(i odide ion chronatography analysis). 40s In a separate experinment, the

action was co gerel xcept that 0.40 m (10.0

ses, 1.0 equflal dat sadddﬂvvlsetothe slurry of the
salt in Fregn ' (4 I Xture was stirred
at [err] und@r - nutes. The slurry
was filtered under anhydrous®condi tions thrgugh a S funnel . The
fikter cake was washed with fresh Freonq@o(z x 25 m) and was dried at
anbent tenperature for 3 hours at 0.05 mm Hg. The 45 isolated solid (1.93
g, 91% was identified as N-nmeth ol idinlo hydriodide, mp.
[err] (uncorrected). An authentic sa@e of this salt was prepared
i ndependent|y by gassing a solution of N nethyl pyrrol idine in Freon TF with

hydr oq_en I odi de. The isol ated soli d had [err un(_:orrect ed) The 360 MHz
[ er®] Taiséeacton s EFF""{Vrﬁag'e?'rﬁ'L"é? i"‘&lp _é?ﬂ‘e A& 3SRt r um
obser@ﬁ""fa IE’ P eg ﬁ%& ﬁ 8?‘1 950

The 3G S g& b, ‘iﬁ@ Dé"a&iﬁ%ﬁ%m f‘&, ﬂ%'aué [hd
reacti sg % ju g ﬂé@g%,@m@ met hyl
'Odéad%t beD \Leoe a

hexangs4ay 'P barro) é?tde@aﬁnan %hl: on2 ﬁo@o nd (Vi) ri‘s':l)\t:\‘r: ?r:

ﬁ\
(6R, 7RLuerém N§5-R4,406,490; pyrrol(l di ni o) rret hyI ceph- § em 4-car boxyl at e
Monohy drnetiompavies 5 Mﬂhuﬁl@dutAmIQ b3 aBytelt inQsifflar (WEifaef D ploBlica®day | spéckriith
7- (tricepmabyposis) y| ) ami no- 3-i odonet hyl ceph- 3-em 4-carboxyl ate in Freon TF
(prepared according to Method A of Exanple 2; 50.0 g input 7-ACA) at [err]
under Esanlileenket of dry nitrogen was added 19.0 ml (183 mmoles, 1.0

equivalent) of dry 97% N-met hyl pyrrolidine (NWP, dried
o {6R,7R)-Trimethylsilyl 7-(Trimethylsilyl)Jamino-3-acetoxymethylceph-3-em-4-carboxylate

40 Method A

An oven-dried flash and Friedrich's condenser were cooled to ambient temperature under a stream of
dry nitrogen. The flask was then charged with 50.0 g (184 mmoles) of 7-ACA (97.2% purity) and 400 ml of
dry 1,1, 2-trichlorotrifiuoroethane (Freon TF, dried over molecular sieves). To the resulting slurry was added

45 465 mi (222 mmoles, 1.2 equivalents) of 98% 1,1,1,3,3,3-hexamethylidisilazane (HMDS) and 0.80 ml (5.6
mmoles, 0.03 equivalants) of iodotrimethylsilane (TMSI) with good stirring and with protection from
moisture. The slurry was vigorously heated under reflux for 16-18 hours, after which time it was cooled to
ambient temperature. A 'H NMR spsctrum of on aliquot of the slightly hazy reaction mixture showed >95%
conversion to the desired product. NMR (CD2Clz, 360 MHz) 60.23 (s, 9H, N-Si(CHa)s, 0.38 (s, 9H, -COOSi-

50 (CHa)s), 1,51 (d, 1H, J=13.6 Hz, NH-), 2.09 (s, 3H, -COCHj3), 3.41 (d, 1H, J=18.3 Hz, -SCH>-), 3.61 (d, 1H,
J=183 Hz, -SCHp), 4.80 (dd, 1H, J=4.5, 136 Hz, -COCH(NHSI(CHs)3), 4.83 (d, 1H, J=13.2 Hg,
-CH, OCOCHg), 4.91 (d, 1H, J=4.5 Hz, -COCH(NHSi{CHs);CH-), 5.11 {d, 1H, J=13.2 Hz, -CH.OCOCHs).

Method B

55
An oven-dried flask and Friedrich's condenser were cooled to ambient temperature under a stream of
dry nitrogen. The flask was charged with 10.0 g (36.7 mmoles) of 7-ACA (97.2% purity) and 80 ml of dry
Freon TF (dried over molecular sieves). To the resulting slurry was added 9.3 mi (44.1 mmoles, 1.2

12



10 over nol ecul ar sieves) dropwise at a rate sufficient to maintain a
reaction tenperature of <[err]. The resultlng slurry was stirred vigorously
at [err] for 15 m nutes fOHOWIngE gg%% ddition. After this tinme, an
additional 100 m of dry Freon T to facilitate agitation. Next,
25 m (615 mol es, 3.35 equival ents) of met hanol was added dropwise it a

rate suf by gl.eRl) o @smr?k% 4 mrﬁa% @Efi.’.g ofa 6’52551]5% n of Bfin Fledh Ty VWas
vi gor ousI? opalol by B ﬁnior 186n P lang tuT-ué #g sHiL3ieli SSiutior! 8% gh&diphin&isin

m xture ﬁ rJuENj* He&ted Bride e witrfl g¥ASsiviAg RE with tpfotdctiéhs ok ™ €0N
TF (1 x r z‘zoJobrew&d whith A6 itinaé cabledl itd inbiREithperatard. AP NMR spb&iruil (BDICRS -
Furt heg dewmwsmmmm%mmmaesﬁmature for 16 hours gave 71.3 ¢
(>100% of crude product. To this material was added 200 m of water. The
pH of th&xasiplrdy (2.40) was | owered to 0.50 by dropw se addition of
concentrated HCI. A total of 10.0 g of decol orizing carbon was added, and
t he sl ur (8R.7Rp Theethyisiiyl 7(Einethyisilyhdmieont-iodomethuleephdrom-4-esrbotyiateri nut es. The
decol dfi zi ng carbon was renoved by filtration through a celite pad (10.0
g), and MetohAd was washed with fresh dei oni zed water (1 x 25 m). The

product was Por mglt?te fr mthg acl,ue s g se addi tion of
5 vol urre
2l etoa ea
thl%/t? rt xa{e nF %@J@i ccordin V%@‘
Sequen' E Bﬁl io QJFnL lt
rXthe’ Su blasfﬁl

ET# %’L’Ei%“’ at

dro
gi?%réchl k t¥b dQ e%ﬁrq d&sird. Gf'ﬂe% fect;dssohd
m nut es wEéJMsh&‘JwaaékmﬂednanV(@QH@o ). AT afi Jitrete {Be Blown§ BVNMR Isbétrum
cr YQ_/ al | lif&upport of the in situ generated (BR,7R)-trimethyisilyl 7-(tnmethylsﬂyl)ammo 3-iodomethylceph-3-em-4-
(6R 7hy- Zareéﬁylale— SMREOTT, 350 MHizZ)3Y0.18QE, DHNNASHTES iy 0.8 @ eH3 ~COOSKERAN PRSIy [ATHE
nonohydr geh$.@He, de), 38R 1854 = Taed-SEH.-) 6.88 i, Vierisu13.9 HasseHAMdBaNd 1HOI=9.NIR
([err], 38@nMg (dD2Y/ J€9.2 Hz,50H) 635 ddlf) 182 =48, 33.3 Hz( CQOCHINHSHCH:%b, 4.89 (d, 1H,
-N([ err] Jp463z000CH(NHSKEHsJa M)} ), 3.4-3.67 (m 5H, -N([err]), 3.96 (d, 1H,
J=16.9 Hz, -SCH2), 4.09 (d, 1H J=13.9 Hz, =[err]), 4.73 (d, 1H J=13.9 Hz,
=[err]%, BBaledd, 1H, 30 J=5.1Hz, -COCHCHS-), 5.41 (d, 1H, J=5.1 Hz,
COCHCHS@?_M Met hod B An oven-dri ed flask was cool ed to anbient tenperature

eguwale#b?f 'I\ﬁglrgs u§

under a Wwﬂﬂ"ﬁnﬂ?‘wﬁﬁyf’?mﬂﬂfw“’?he flask vvas 35 charged with 15.7 n
(110mol es, ent d, ov
ol cotpor it i e bl '?"SF?,M o b e B
(103 so as CO ég ({ '

ifoglm. A" Btal of

”B' ntain ﬁ @,% M}ﬁd“&nfﬁ Pﬁ@lﬁ%apﬁeveé)%
Ur ry V\’%éde'atdlrorp& thd 1%5 &h&%t%%*'é' F a firbioh bRAGPIARINGDs. Aftdr L €

t Ui Mgnis 68 e Slukry v)é@%l Sive\RltrYdnCprbdaGHa thiBdgRCS SEWENR -furfhd), and thé:

r eact | 8N chiledtbd5diid WadWathéll WA ﬂ(eaRd o 'TF2k BY . #ns litter cake was partially dried under a

7- (t ri metpbyitivs iskdahn) a Witrdgbn Jora® likutes R thet l[aBaglat amisisht bmp6ratilR Gy dbérs G .05k ed

accor di ngigt aiolded 266 A\ (8965) fok ANpbiRY-N:rirddhyBildpyrrolidinlo iddidCAy av@briaddedebsly air

canqu) a asnstjud sdlitty CétolNBis @hitioe 4489% Hedidd/Riund/Bi4.49%Uledige gbdidenion eniomatography

t enper at anaysisifhe resul ti ng het erogeneous m xture was stirred at room

t enper4at ur énfacreparate @xppriment.tthe rpection Wt condvptadgenerglly @6 abdve. mmab%%mb PBss

by HPLC. mmoles, 1Reavivaloiiaf enothpne Wasmdaﬂ’@&'s%%s'w% e S‘L‘“H%F'P@Uéﬁ atfhik- Weea,

met hanol " SB""@ ’rﬂemgs'lﬁ?“%'ﬁ'ﬁ'f"@g'"as 2‘"(9"4?50 éo @adqﬁ'P g‘@“‘ﬁ?’ld
stirring " §'”’ ‘ﬁ 8?1 ”T%F o o "f' H%Jh °é'P
filtered w';a 7{ w rmﬁ?'"ﬁ? “'e orrg‘ El ed
under gu(;i‘ nen sam his é%v lnd Joluﬁ| %%119

anbi ent 9% 108 Iate Q{ﬁ' d
of el oniogy S e l&me i tﬂ iy m&. étéo%p he
concent r ontHodi eh,aggg Stl rring. Decolori 2| ng car y wel ght of

the crggde pﬁe@uﬂn 2z MRS Ghe AR fﬁ)hﬂEth%é'tﬁdﬁBIQ;u%ﬁedﬁ'EdcﬁJn%ﬂovfeQras% major
addi t i onabmgbner®, MeinBtrimbihGisifahd! rdymetiy Piod@L thtbdtation bt 198), BH WALKER small amount of

hexamethyldisiloxane.
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di at emacepus earth, and the pad was washed wi th dei oni zed water. |sopropyl
al cohol (1 PA, 900 nm) was added dropw se over a period of 1 hour to the
aqueous phase with noderate agi Bi §§271'I'B§3 resulting slurry was stirred at
[err] for 1 hour, cooled to [er ? AR08 stirred for an additional 1 hour.
Filtration, washing with cold ([err]) 9/1 i PAAwater (1 x 200 m ) and

acet ongxérpiea 200 M) and drying at [err] in vacuo for 16 55 hours gave
15.5 g(63% of crystalline

( 6R, 7R)eR(ZRMTIATINoS-({-Inetigt thytrelitiinioyethgicepiki 3rine)-tamtioRyidte MplvhidreRloddec ar bo- xyl at e
nmonohydrochl oride. 14 EP 0 233 271 B1 Method C As an adjunct to the

pr ocedwethodA Met hod B, im dazole (0.50 g, 7.3 nmmoles, 0.10 equival ent) was
added to the N-nethyl pyrrolidine/iodotrinethylsilane/Freon TF slurry at
[err]. Thiosa regldiiohi &f Bh. Gi-triresthylsitvk d-Grimethyidllyl)amingddedompinyiceph--einrd-qadoxyiateohn r at e
as t he FropdR (prepped apeosdingde Method A of Bxgmple 24 )0 WE'{E" atfr-32G vader a planket ¢fays.
Proces %"QSP“ Y’?Feadf’%l?tq 'B'r(“ﬁ’i mmejese 1.9 savivaleph Pft%’dw Nyppsttiryipyrratiding, (NP, Q’feﬁor ded

1o o a rate sufficient to maintain a reaction temperature of <10°C. T

A B R

ro
kh/ J." u tviféoe L i febctbd
hé Qﬁ& lﬁélé 9&& %aéh Wite frés'ﬂ Joﬁerf# ( % Brrﬁ)oﬁf %9(& 'd

Met hod ufige? suc.ﬁx,araa 18 riute8 OFusthd@ dryiiltih vécubefhmBibnt &&,rp@ilatumﬁﬁs &ei 3 af dry
ni t r oggsmosRporadde groddet nl (246 nmoles;—3. 35 equi val ents) of rret anol
dr opw se Tw/is Mmatéfial was added Q0P @il 3t Whter. Thee pH Joj the Tdiary 1(2.80) | viak Iiivefld Ub 10)50 W3S
st i tLediraplvisé @ddition lobéonddmtrdiéd HTINA k@S of 10.d @i degoldriiag asibbint vias Rddebiicant theddlurtyl  Of
3N H@l waprstipar & carribientaelaipergiurd 3¢ 18 minfite Gihe aletalasizing cdritdn was rerbdvedriby diftration
dei oni Ziweughatcelity page(40.@g)dendl thlr provwas avashed witinfresh deicniked watdO(1 xi25 wille The drasluttowi ng
t he addias perpitataddronoty pavgous @pltiond drapmise adsiitiam of & yrlumes »f epetonexdhe sieriyrwasd f or
15 mi niyeded toTHEC and was mpjataiasds et ihiy temperatiifedion Jeminere dss siyryawes vepumUigiedt o a
voI une seﬂue'lt@ﬁr ‘rﬂs %’é 5Qm' P’r‘@lﬂ' (F-87C) 5 acAlangyvater and acotage & 5& eiinaad waspediallyi ¢ h

4.0 i'j (d? {%T , "f’ 993339 "@aﬂ’ﬂlﬂ'f""%é"’g@lﬂery was
fi Y phydr

g

| t '"%ﬁg‘;ﬂéﬁ?ﬂ’ lated !
with ﬁ,‘f?f,’u gg‘yé’& 5’% L%fé’.’ 00
rr1) Cr S Z&MF%%'té{t—E’;r%ﬁro fict.™ a@'cf 250

4

ﬁ?
resu tlng S urry vvas stlrred wth'ice water cooling for 1 hour, after which
time itmaagefi| tered under suction, washed with cold ([err]) 5/ 1
acetonefwater (2 x 40 m) and acetone 25 (1 x 40 ml) and was partlally
dri ed undef ovehtitddamaski wiis cdSledio Rihbist. tenipbeatydd OilleC stiad of biytrdfent TheSHdsi wWasv acuo
at asbich@pedt WimpEE.A MU (1E0MhMsles] 3 .5hajuivalerits) off TMSI dndd B400mI F7dy Fleas aH (Gried W80 Of
t he t hewmleetlarcibives).iTeé chsdidg sB10tod wgs tavfed tto F6°GCHRY 107 nd (08 nimekks,, 1.40aqyigdiants) ofne
(6R, 7R)97%-NMR was 8ldéd damtisesdo-as-tpmaintaih iadéaciion )tererelaiure 3t 0°8. Boliowing the bdiitiony | at e
nothydh&ndevow#Sd%'rred:#y@-?&I for Q(htninghs mehemil@genmar&l- After dfis tithe the glryawaseous
was addiiered Sovain tq gory gmparate. Isopro 30 al cohol (I1PA) dropwi se to

pr ecfpi t af Ea¢iRR MR epptaining 7&3‘0191")"?! W'SM@'%?WWWWHW"&Q%t er
"cool i ni Eﬁyla (pre ared according to Method A of Example 1; 20.0 g input 7-ACA) was added by cannula as
el

as possible to the NMP/TMSI slurry at ambient temperature. The resulting heterogeneous mixture

was stirred at room temperature for 14 days with periodic monitoring of the reaction progress by HPLC. At

a point where the 7-ACA area % was <2% of the total peak area, methanol (6.0 ml, 147 mmoles, 2.0

45 equivalents) was added dropwise and stirring was continued for an additional 30 minutes. The crude

product was filtered, washed with fresh Freon TF (1 x 300 ml), and was partially dried under suction for 15
minutes. The product was further dried in vacuo at ambient temperature for 16 hours.

The crude product was slurried in 80 mi of deionized water. The pH was lowered to 0.50 by dropwise

addition of concentrated HCI with good stirring. Decolorizing carbon (20% by weight of the crude product)

50 was added, and the mixture was stirred for an additional 45 minutes. The slurry was vacuum filtered through

diatomaceous earth, and the pad was washed with deionized water. Isopropyl alcohol (IPA, 900 ml) was

added dropwise over a period of 1 hour to the aqueous phase with moderate agitation. The resulting slurry

was stirred at 25°C for 1 hour, cooled to 0-56°C and was stirred for an additional 1 hour. Filtration, washing

with cold (0-5°C) 9/1 iPA/water (1 x 200 mi) and acetone {1 x 200 mi) and drying at 25°C in vacuo for 16

55 hours gave 15.5 g (83%) of crystalline (BR,7R)-7-amino-3-(1-methyl- 1-pyrrolldm|o)methylceph-3-em-4-carbo

xylate monohydrochloride.

§f1ed
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hour, after which tinme it was filtered under suction, washed with cold
([err]) 9/1 IPA/water (2 x 40 m) and acetone (1 x 40 m ), and was
partially dried under suction for ';gfg!’%{ﬁi The product was further dried
i n vacuo at anbient tenperature i to give 5.46 g (45% based on
50% of the theoretical yield for 20.0 g input 7-ACA) of slightly off-white,
crystal |l igpghoti®@R 7R) - 7- am no- 3- (1- et hyl -i - pyrrol i di nl o) net hyl ceph- 35
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t enper at (ystlinee@R, 7R iRGHEMERE-1-pyrrolipinjaimethysephcs-an-4-carkgylatermbrohydipphloddéd e d
into [err (Freon TF) (350 m) under a nitrogen atnosphere (Note 1). 2.
HVDS (46. D 0.22 nol e, 1 2 eqw val ents) vvas added to this stlrred
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10 mi nut eguedld prRsd BiolEM tod m]mi% df@@m» R8s guemsatmtﬁlﬂastaemr& B bral N 46)

15 N\vEP {0 (@38302weighBbt Tnputl RBAEAY &7debolbitzing Czaibon. M Eslurdd . WaseNiterel! 2hrBUPh S9.0 \gost
added at dmtaplacabus adrip, andaife @adpes wodted fvithl Geichzedwanert(€ 8 10 yni)s Thel dagedus Rilenet vee

wel | - st i roresghtie 300umlle from Step 6 at [err]. A small exotherm c tenperature
ri se was obSustalizgtion Mathed 1 [Te SUIVE of dhediichi agpeousTives addad RSLmi (5l wwlumps)ved acataner r ed
at [err] dapwisgtp preginitate sheumetiuet. ThelybsyiliRa slurpf wagrsiied vith depewater 500""9 fgr 1 Iyp after
resul ti ngvhish fime it %@'ﬁ@aweﬁeuﬁqcymhwbw'ﬁﬁdd Py ¥acgiongatar [2 x 40 mipandjacdione a
45- 55 Kot * @ rNEad wasyeartialy gried upger "I‘F@“d?’s Imipuiate e 3‘@5@%“6 rihen drigdyimyacee #d by
HPLC (Notaé‘b’?);t ‘°'QP°'%5? FP' 1R &ovrs fo ghee 48 ¢ 7% Baped PR AO%hok the theoreling! Yigld fof 202 90f
agi tati o é@ﬁfa!!{?“} (BR. 7%7'%{88‘?"?'?1MV"TW°'H'"'°(’}P°"F’|’°8%3'&]’P‘4’\%H§°'

added as )% g %/ '?9 8)|'o 5 ml op r}lcﬁg o%twag ada)f 1t5B pof(iso f
I t
el L e S B

over an &cm)d%l{ < 40 &) S rﬁiﬁl{( nédmaﬁ sgxon for-15 b ﬁesSh'H{ préu r dri
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met hanol 200 g input 7-ACA) of slightly off-white, crystaliine (8R,7R)-7-amino-3-(1-methyl-1-pyrrolidinio)methylceph-
35 3-em-4-carboxylate monohydrochloride.

Example 5

(BR,7R)-7-Amino-3-(1-methyl-1-pyrrolidinio)methylceph-3-em-4-carboxylate Hydrochloride or Hydroiodide
40 Via a "One Pot” Reaction Scheme

The following is a compendium of experiences and observations derived from several repeated
reactions using the same amounts of reactants, temperatures, etc.

45 PROCEDURE:

1. 7-ACA (50.0 g. 0.184 mole) was added into CCLFCCIF2 (Freon TF) (350 ml) under a nitrogen
atmosphere (Note 1).
2. HMDS (46.5 ml, 0.22 mole, 1.2 equivalents) was added to this stirred suspension in one portion.
50 3. TMSI (0.78 ml, 6.0 mmoles, 0.03 equivalent) was added in one portion by means of a syringe (Note
2).
4. The resulting mixiure was heated and refluxed for 7-10 hours (Notes 3, 4). The reaction was monitored
by NMR (Note 5).
5. The silylation mixture was cooled to ambient temperature, further diluted with Freon TF (150 ml) and
§5 was cooled to 5°C under a nitrogen blanket.
8. With good stirring, N-methylpyrrolidine (26.83 ml, 0.256 mole, 1.4 equivalents) was added over 10
minutes while maintaining a reaction temperature below 10°C (Note 6).
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was aedded.. 12. The cooling bath was then renoved, and 125 ml of 3N HCl
(prepared by adding 250 m of 15 concentrat ed HCl solution to 756 m of
wat er) was added over 2 m nutes# t| rring. The reaction
tenperature rose to [err]. 13. e hydro yS|s mx was warned to [err] as
fast as possible (wthout exceeding [err]) and was further stirred at [err]
for 15 m Auivst (47h4nl, TEEmBBasEesquR6s) WaPaddad ath sieWdteldier BFeped1bIC10Ab afiftes
(bott om pbps@hgsae thawki-aived Meduidirom Blap \8adt &PC. (ALsmtfil exothexmib Geniflejaturel ifse Swas
aqueous pbRsRed\RFBing!Hhe dMSbadditieh. Tisrbactian siung wiak atirpd ki 53¢ fof B0 ininatbs widerai bldnkee i Cch
aqueous seoid hiwsgen.15. Di at onaceous earth (2.5 g) was added to the rich
aqueoss phave rbsutting Stmppwasicagandly heategoand fstiredeat 8SPCt i BEFGHbr @ 4pPSchnyaparidd. The

di at onac e cavsse@bihe Hisfladement reagtios wes monftpred by HRLG (Mete@us eart h cake was washed
with the & volume af theieaciian Midre pndite gge?ékgﬁéi@t’ waretcheshod ragwiery- e @ddifiorsl 25
m of deid 'E'é’ﬂF'P@TTﬁwaSZ‘SdedasIﬁ’esWéN@% ined rich aqueous sol utlon and

wash (vol tfn¥remcompiationgf the E??@j %ﬂ SPF& eddp P nut es
at [efr] W‘?b"‘ %Qg p{ﬁ‘ ‘?"n@f‘dc'ﬁ?"PfBﬂ (fslﬁ" &615 B Sfth iropy ﬁ"e('?"§ Bras
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addltlona konpbraifdliSseQd 12-158@N TF found at the bottom of t e r|c agueous

SOl uti on &rme hgdaysh sl wak Weired & SHIEEO US faB 18 TRssibeAwithbt dx0sxdRg 2ERC) arldl Vi3 g€
col or ed aginpeYtirer@l 20-2580 ok WohimiEs. ca. 350 nml; pH 0.9-1.15) was added

I sopxopy! 18lTae bitdses( Widd opdr@ihbd, Ghd thwiogenid makd'b(aottoh\(nhdsepﬂésrﬂack @bacteliwith watepi opy |
al cohal addotnipThisaguepto piped was nmshd tal éhecwash tdalingi then palisn filination af the vighd adueous
proceed asol@ign. 35 [err] for 15 mnutes. 21. After this time, additional
| sopr opy| 15| Diakinwiceans sartid@S @) ver asidedhte the tahraguesyephage frem Sted 14 andy 5 wepfileed

mi nut es ( teouglye glecasted tammacaous eprth filter G- Idiatamacepes earieake Wesshed it e hen
t he sl urr pauReLs seipiop iem Siand 4 dkmek exadien) M‘hﬁ'nw'@@emofrﬁemm&zozz The product

81| cdf-cHeisy P'P?dt ficy s awaw'e P g 0.8 e o/ 1
Y’?ipfowfﬂxﬁafw i O 4Lt : Eﬂ"’%ﬁ%’“ﬁ%ﬁ%’g@ AR 0T e
). The jf' wﬁs‘giemo d “af’on ug 4, %d'mmt @a&d&'m}q S
m nut es. s,,?jirc rodr@ I % ve 46-
51 g ,75- 5._{3 bRt el &s&g Lt.omeaapound

1), asag white cryst |ne solid. The act|V|ty y|e

was 60- 634 § &Glrbﬁ 43;%6& §o|u€<§: WRin® Ui pPRr-P1Y) MW hdaanboprpp. The

o~

HPL,pote@%;ﬁs(Nw@ﬁ@,d ud poic 9/ MY ver sus an anal ytlcal sarrpl e of t he
[err] for mp.ofheGs2pmR6Y AidoHo! Sidltion WhLstepped) aka e Ichisiazatioiewss anbitoto bdtedd kbt 21-

7- ACAssi s asrcaxtisadidteg. dusty solid. It should be weighed out in a hood or

ot her ar ea1.wiish thisCiinop, atiditional Néoplopyl iatzbhol Aas] adtibd inds {he Isktry lovel rdpetiods Eo46aio | 60

out er gar méntes ¢ ladaidl @f H2 iiters 10f issprapyicicelnd wamadfiedhrend then fhe AlGAY dassstirreds0d coolelot e

2. SsAl | ap@Caeri6dminutest h TMSI shoul d be perforned under anhydrous

condi ti Ongz aihe rpersiict yeas (sellostpd) py filtration, and the cake was washed with cold (0-5°C) 9/1 isopropyl
40 alcoholiwater (2 x 100 mi, Note 11) and acetone {1 x 100 mi). The product (Note 12) was dried under

suction for an additional 15 minutes. The product was then dried in vacuo to constant weight to give 46-
51 g (75-83%) of a crude HCI/HI salt mixture of the fitle product (Compound i), as a slightly off-white to
white crystalline solid. The activity yield was 60-63.4%.

23. The product purities were >95% based on NMR analysis. The HPLC potencies were 750-800

45 meg/mg versus an analytical sample of the A3 form of Compound | HCL. The area % purities were
>95%.
Note 1. 7-ACA is an extremely dusty solid. it should be weighed out in a hood or other area with

adequate ventilation. A dust respirator and disposable outer garment should be worn as
protection from the 7-ACA dust.

§0 Note 2. = All operations with TMS! should be performed under anhydrous conditions as much as
possible.
Note 3. The reaction time has proven to be variable and is probably dependent on the presence of

TMSI (or its reactive equivalent) catalyst. If the reaction appears to be sluggish, additional
TMSI hastens the completion of the reaction.

55 Note 4. it is important that vigorous reflux is maintained, as a major driving force for reaction is the
removal of the ammonia that is produced.
Note 5. It is important that anhydrous conditions are maintained when samples are removed from

the reaction mixture. This holds true for all reactions in this sequence.
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Note 3. ~ The reaction tine has proven to be variable and is probably
dependent on the presence of TMSI (or its reactive equivalent) catalyst. If
the reaction appears to be sl uggilfsljn0 Séj%fnal TMSI hastens the conpl etion
of the reaction. 55 Not e 4. ? tant that vigorous reflux is
mai ntai ned, as a major driving force for reaction is the renoval of the
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271 Bl Note 6. chnchhttionl aid the ipraben biidqRiviléntsoo! FMSH 24 Ithe ntbidiumngsidity @recdbal ih 0N
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1/26. NoteNadte8.  Saeplugs wilhicagbrde hey dhidkl and esdme witutiyn 4t GCHROGIFS vl béRig@red Tibe
reacti on tenper at daci#itatetagtaiomnd concentrati on and the nunber of equivalents
of TMSI anbiote Be netipripihgaddition(of ChiaObl, the i Bo thigk that chunks of material cling; ¥ the side
reaction. Note 8. of thepaetion yessel, mugking CW'WrVy‘thﬂ*’@ﬂ difficgit. Josheuld|ibp deon of
[err] ®ill be reqtﬂ"?eécpyt‘ﬂfu?'e{’@?‘#"faf'%(‘t'éata@?‘{ ad; opleteg (mixing is occuping droughput the

addi tion of err] reacipe E?‘ S t hi ck that chunks of material cling to
he sid o wé%{’ 1 g anp)
E:Ii 1? n‘j-l:u?t 0 pte I:%ho Iq' v m'x'"g 0 m %(ﬂ? pr°e|??'}?eac‘qug %ﬁ%‘% 38%1§°°|""§?a'f’| on

that ggod g EO”PAQ "@"2&“ ‘?u, O GOHIE heechalr Y %w@ﬁ: Gl 9B g5 Se!
Nove 18 RGRE USMA a{aﬁeﬂﬁéé .tﬁamuiﬁtexcp i5nba SRR 10 s"ﬁ
This wash was preRpmgdqldbus Brisd @ & s@&@ﬁtap@ﬁ 8, cbailiRiH"
and cooling to [erskd. Thé cétdced @lPlL‘@b&énckPa\Ia 10559 versus A laRalyki |sta|1<!hr¢ﬁH§le£ﬁrﬂBe

expesd ment, the praofieiciém rACh*eesE.Bs the pure H salt by treating the
slurryzofrom Step 11 with 125 m of 3N H instead of 125 m of 3N HC (as in
Step 12) Exdpec@ssi ng of the aqueous phase as described (cf. Steps 13-24)
yielded 44.3 g of white, crystalline H salt. The corrected HPLC potency
was 105%Reeysalization ofal @B-VB@-W@%Gamqﬂwl-myr@mmo}mmv@eat%WW'eﬂBd Merom
7- ACA waghwechiodde sepnpeundlHEN 6 Recrystal lization of (6R 7R)-7-Ami no-3-(1
-met hy#- 1 g rroI I di ni 0) met hyl ceph- 3-em 4-car boxyl ate Mon- ohydrochl ori de
(Corrpoun E:25 PROCEDURE: 1. Crude | HCI (15 0 g, .045 noles) was

added in One t?e Ll8| (1&8 'H4£| oleg) o arydéd n one portlon to i?N §l8| ?gé]mY%lserrr]\gigg 3\.Igi0t h

good stirr an alents) with good shrnng

30 2. The resulting mixture was stirred at ambient temperature for 5§ minutes.
3. A total of 8.0 g of decolorizing catbon was added in one portion with contmued good stirring. The
slurry was agitated for an additional 456 minutes.
— 4. The carbon slurry was filtered under suction through a pad of diatomaceous earth (8.0 g). The pad
was washed with water (1 x 35 ml), and was dried under suction for 5 minutes.
35 5. The slightly cloudy filtrate was polish filtered through a 5 um Millipore filter to give a sparkling clear,
water-white agueous filirate (volume = 170 ml).
. 6. Isopropyl alcohol (125 ml) was added dropwise to the cloud point over a period of 25 minutes w1th
et/ good stirring. At this point, the addition of isopropanol was stopped. The slurry was stirred at ambient
temperature for 15 minutes, during which time a good seed bed was established.
40 7. Additional isopropy! alcohol {475 ml, Note 3) was added dropwise over a period of 25 minutes with
good stirring.
8. The resulting slurry was stirred with ice water bath cooling for 1 hour.
8. The slurry was filtered, and was sequentially washed with cold (0-5°C) 9/1 isopropanof/water (2 x 120
ml, Note 4) and acetone (1 x 120 mi).
45  10. The filter cake was partially dried under suctlon for 15 minutes. Further drying in vacuo (steam
injector suction) for 15 hours at 40°C gave 7.87 g (52%) of snow-white, electrostatic, crystailine 1 HCI
(Note 5). '
Note 1.  The number of moles of input | HCI is based on 100% purity.
Note 2. The 1N hydrochloric acid solution was prepared by adding 83 ml of concentrated hydrochlo-
50 ric acid to 920 mi of distilled water.
Note 3. The total volume of isopropy! alcohol used for the crystallization was 800 ml, which was 3.5
times the volume of the polished aqueous filirate from Step 5.
Note 4.  The isopropanoliwater washes consisting of 108 ml isopropanol and 12 mi distilled water
were cooled to 0-5°C in an ice bath.
55 Note 5. The analytical data complied on the recrystallized ! HC| are shown below:
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30 2. The resulting mxture was stirred at anbient tenperature for 5
mnutes. 3. Atotal of 8.0 g of decolorizing carbon was added in one
ortion with continued good sti LLi slurry was agitated for an
gdditional 45 m nutes. 4. The cgég%é;ﬂgﬁy was filtered under suction
t hrough a pad of di atomaceous earth (8.0 g). The pad was washed with water
(1 x 35 M), ang—was—dr+ed—thapr—stet-eh—For—p—-Adt-es—35 5. The
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dryigg Miueseopieing aomed il (fernedtiran the iedidp Bragent ip the PBctreny intermedigteef); Thugy alihough. 87 ¢
(529 dtis giitah-apthacterial eyitycit psgallymugt begeopustaliizediap above jq@pmqvRiSpmpand Nillot e 1.
The nunmbef" &e W@%"%F‘eii?\‘gﬁ‘t crystalized Cempoyads HHLirmed dy, tha, addjtion ol\[dk ta the final The 1
N hydr d&?ﬂ'%‘r'}“éé“’&c‘? o of | CoMPIRd LWHS- fscardiaghe hed (i is aormally a8 hiohpurityrand gerdagt ket ed

hy dr, oc HPgYstiE® ric acid to 920 m of distilled water. Note 3.
The %ot Imvlgl7urre of isopropyl alcohol used for the crystallization was 600
m, whi 3.5 tinmes the volume of the polished aqueous filtrate from
Step 5. cdiondi ), x LHeoniisaMh opanol /wat er washes consisting of 108 m

i sopro |l ed water were cooled to [err] in an ice bath.

55 Not & sBmple of[Gnpdial 1%k =L REH, 4BL72 o 0.68K2inhb) Gfas hia&,m@wwai&?iebm@a 2becHCl
are Fhowmh sihgdTee rikture waEiHeR 3ebled 1d.8-RCANANS PHIdjusted from 2.5 to 5.8 %5.9) dyOUND
CORREC i drbivfitelekddiién of sodium hydroxide solution (2N, 3035 mif 0.061 mél) .10Z%quivalent). Total volfne/1 %4
6. 04  was 264 dhi/ 6.10 5 - N

12.59 Tadhydfofuran (THF, 555 mf) Avas e @dded in three portions. The temperatuta & the mixtureit&0

9. 643J(|-‘e(ap|2@mition rose to 12-13°C and was allowed to returd 1o/810%@ béfofa dhe(rexti pbdibredaszgiied. The

<0. 1 1(Qwotal addtftndimeavas 1¢ minutes Sheoptbef yhednixiure 98s $86.pot ency ver sus an HPLC

st andar d Ths pthef the mixture wasethen adiysted jpi§ 8 (range 6.7-6.9) by the dropwise addition of sodium
hydroxide solution (2N, 2.0 ml, 0.004 mols).

\ A sample of the 1-benzotriazol (Z)-2-(2-aminothiazol-4-yl)-2-methoxyiminoacetate active ester (29.5 g,
0.0927 mole) was added to the reaction mixture in five equal portions over 456 minutes. The cooling bath
was removed after the first portion of the active ester had been added. The pH of the reaction mixture was
readjusted to 6.5 (range 6.5-6.7) 5-10 minutes after each addition of the active ester by the dropwise
addition of sodium hydroxide solution (2N).

A\ The clear, pale orange reaction mixture was stirred for 2-3 hours at 25°C. In the initial 30 minutes, the
pH was readjusted to 6.5 (range 6.5-6.7) every 5-10 minutes by the dropwise addition of 2N sodium
hydroxide solution. In the remaining reaction time, the pH was readjusted 1o 6.5 every 15 minutes {total 2N
NaOH: 29.5 ml, 0.059 mole, 0.97 equivalent). The completion of the reaction was judged by HPLGC analysis.

Solids present in the reaction mixture were then removed by filtration and washed with water (2 x 5 mi).
The filtrate was extracted with methyl isobuty! ketone (MIBK, 790 ml) and the aqueous layer separated. The
organic phase was washed with water (64 ml), and the aqueous phases combined and stirred with Dicalite
(5.1 g) for 10 minutes. The solids were removed by suction filtration and washed with water (2 x 5 mi).

The resulting clear orange solution (volume 314 mi) was acidified with good stirring to pH 3.7 (range
3.5-4.0) by the dropwise addition of sulfuric acid (4N, 14.5 ml). At this point the mixture became cloudy and
crystallization of the sulfuric acid addition salt of (Vill) began.

The crystallization was allowed to proceed for 10-15 minutes, and then the pH was adjusted to 3.0
{range 2.9-3.1) by the dropwise addition of sulfuric acid (4N, 7.5 ml). The mixture was cooled to 0 to 5°C
and the remaining sulfuric acid (4N, 63.5 ml) was added over 20-30 minutes (resulting pH: 1.3-1.5). After the
addition of sulfuric acid was complets, the slurry was stirred for 1 hour at 0 to 5°C.

The white crystalline product was removed by suction filtration and washed with sulfuric acid (0.5N, 83.5
ml). The solids were partially dried under suction for 15 minutes and then washed with acetone (2 x 100
ml). The solids were again partially dried under suction for 10 minutes and then slurried for 1 hour in
acetone (400 ml) with good agitation. The solids were removed by suction filtration, washed with acetone (2
x 100 ml) and dried in vacuo (10-15 mm Hg) at 35-40°C to constant weight (3-8 hours).

35
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was 3 (100.0 ng sanple diluted to 10 m in a volunetric flask with MI11i-Q
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path length ca. 1.2 cm. In gener[_[ap] ,ﬁé%_ﬂ been found that the "crude"
conpound | HCl formed by the addi % ? to the final mxture, contains
sone | H (fornmed fromthe iodide present in the precursor internedi ate
11). Thus, 18é pRasghnd butudc 86 Bdddin A bIO@M], Gab Adcoldil dsYa siightly WISy, witlst De
recrystah&gaﬂdsa@(mgﬁegﬁ@/,)renove Compound I H. On the other hand, the
initially crystallized Conpound | H forned by the addition of H to the
final reggvipes m xture, is free of Compound | HCI. Accordingly, thel H is
normald y"of high purity and need not be recrystallized. 20 Exanple 7
Conver si conversiod of IOK="HIHEYMt o (VII1) A sanple of Conpound | (X = HCl),
(21.72 g, 0.0612 nole), was dissolved in water (190 nl) at [err] 25 with
stirring. ~The geseral @rocediees ot Eremple Jois depoted [erqept] thatdhei | e BN g treatpriglrip m
2.5 to 5reglagaddy g eqpimalas agpunhof | 05 'ﬂkﬂ}%ﬁ'a’s"é‘a SRrPROpcR therpbysseaugad: hy dr oxi de
soluti’™®n (2N, 30.5 m, 0.061 nole, 1.0 equival ent). Total volume was 214
M. Tetr 528 ur an (THF 555 ml) was then added in three portions. The
t enper at f ) err] and was
al lioued & - e = Y A wao—adaed. The total
additi,on time was 10 mnutes The pH of the mxtur was 5.8-6.1. The pH of
the mxture was then agdjusted to 6.8 (range 6. ) by the_dropw se

004

addi tion of di um de solution (2N, 2.0 : SN sanpl e of
the | -benz Z) - 2- (§2- am not hi azol 4- yI%-Z nmet HQoxyi§m noacgt ate active

ad € feactio ixture | oA equal
porti ams over
portion of the active had been added. The pH

6.5-6.7).5-10 m nutes after ea

the active ester by the dropwi se addition of sodi um hydroxi de sol ution
(2N). The clear, pale orange reaction mxure was stirred for 2-3 hours at

estes (29.5 g,
_ ol i ng bath was reno Irst
B

was readjusted to 6.5 ¥raftge

[err].25In t”i‘fé"’?m*i"lei’ Hpsk 3pd ﬁi“?ﬁ’ﬂ?f@sm"?eﬁﬁef A@re '9%1@ af‘\?& tergpacsiure B“‘l?fmsﬂ 923

6. 5- 6. 7) I "5“1%)"%% Hﬂﬁ '@%" ropg, éf'"u} em a )t"f 6 1‘972" XI de

sol uti ong"’l '°F°e irf ";° ‘f'l' élEx/" ?

every 15 ﬁ1 |odo me’th S'I)’ n l;qt:ggaza ‘ t( 'ﬁ. The

corrpl e 0| ure T e !;l f o?ou&l ee% Oéerr %* u wi Weo In

t he reac lj g t ter
X d wa 36 o%h %&J ACheH NWR s dh sl K’

7 99/”1 w&f%%%%%m}e%)bﬁ to HE BRIréd ﬁ&huct feh é'f?deﬂ{ dRb 'th% @ct of Eﬁ@ﬁupﬁi‘@ gd

with wat%1ﬁﬁﬂ1nrﬁa9a,.smglan{emar@qwsxaﬁhﬁaeﬁeml ned and stirred wth
Dicalige (5.1 g) for 10 mnutes. The solids were renoved by suction

filtrati eampldionashed with water (2 x 5 m). The resulting clear orange
solution (volume 314 m) was acidified with good stirring to pH 3.7 (range
3. 55, 0) (@57 R-rémiio-Sffinngtayld agirdliicinimethyisaph Stemi-4ecarbokyihte Wédomytibidgidal ) . At this
point the m xture becane cloudy and crystallization of the sulfuric acid
addi ti#n salt of (VII1) began. The crystalligption was allowed to proceed
for 10-15 44 ange 2.9-3.1) by

t he dropwi'se a | furic 4N, 'Themi xture was cool ed
to Oto [err] an remaj ni ng sul furi'c acj 4 ) was over
:20-30 m nutes (r i . 1.3-ga®) . After rictacid

red for 1 h

3

50
To a slightly hazy solution of (6R,7R)-trimethylsilyl 7-(trimethylsilyl)-amino-3-acetoxymethyiceph-3-em-
4-carboxylate in Freon TF (prepared according to Example 18) at 0-5°C under a blanket of dry nitrogen was
added 5.35 ml (51.4 mmoles, 1.4 equivalents) of dry 97% N-methylpyrrolidine (dried over molecular sieves)
dropwise aver 1-2 minutes with good stirring. Next, 8.40 m! (66.1 mmoles, 1.8 equivalents) of TMS! was
56 added by syringe over about 5 minutes with continued good stirring. The reaction temperature was kept
below 10°C during the addition. The resulting slurry was stirred at 0-5°C for an additional 30 minutes. After
this time, the slurry was placed into on oil bath carefully maintained at 35-38°C. The progress of the
reaction was monitored by HPLC. After 45-48 hours, the  reaction was complete (<2 area % 7-ACA) and it
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The white-crystalline product was renoved by suction filtration and washed
with sulfuric acid (0.5N, 63.5 m). The solids were partially dried under
suction for 15 minutes and then h acetone (2 x 100 m). The
solids were again partially driﬁwﬁﬁgg?%ictlon for 10 m nutes and then
slurried for 1 hour in acetone (400 m) with good agitation. The solids

VEr € I' §R\esbdY 0506 LihdeP a Tolahief 8t drP RitroddRSA R M 8.01mPASS RRBIeE, 4,95 e&@@alemsg ofand .
dried ifbuand Wes 4dkBa dBpwidh villl lgost stilriRg. [The FeRction Bibarature\Was Blaihtainett & <N@0IdGAng 18

EP 0 23R RididiorBThelidsuiting eitkiCiras stirfedt aBU-b‘fOIﬁrl 4 aadifichalad chiiiuted  NexB1 2§ mD{75 fmifoles,) , was
r ecoverxeqafvaiéntss lof 8l adusows! IKCsolitinhtveab iaddediin bies porties.t Folidwingethes additidn, (tBcodihgg

81. 4%) .valhxessplemoddSardothe e2 phasel nuifturb waX rapidit Wwarved (1vI2p25°CT Nigogem eifrinlg was

pr oc ed woatingdd ferd&mphutes./Thephasepeare emparsied.apd the lagini¢ phasd was Xack epicled withawaterng

nat er i ak xite mheisdeckdvasly weprsaeedioriedr age. anount of | (X = H), and t he title
conmpound is thereby produced. 10 Exa I e 9 (6R 7R)-Tri rret hyl sily

7- (Tri met el m3in gqupQusPRse wag slised 2t 2 nutss \*élﬂh%? %8r %9&!%6
An offerfiugy |""éﬂ*"q9'f°8§1€°“§h815|9r‘1' @'ﬂ'f"i" ngrf }I?
t enper i) e ?Pé‘? 5" "f“F 1 "1” p?'?‘fﬂh a‘f"ggd with
10 0 ir R was stlﬂ'

g%gazﬁﬁ %r(rg\; f?er th|s 8 Og adde nd%?irﬂ as oontmued for To
n a onal .
he Is° a&s& ng i H&Jﬁas 2 ﬁfﬁ&gﬁe m% s&wes a edOf 98%
|t?a¥e9~0£ p |||

eq u. val e nh%&.p.eﬁonl S R prbdiet s s2hibvall By (dwﬁsa a&amoﬁ WF 8. agaurmst d? DPRBnSILth wel ng
and Wi tdibaR bRb&ebibred agidous phske FD2CEA5E. he EBEMinG | sibfry Wad\Eulel todP$°CLIRY Wad ¥iiowead
under rieblaktiiol Dhour -The sivBLwas brodiard vaklied With BoId 0EIG)IscprOPapiMater GIGH) t2he2o

syst ammiy kel dceiawt 2on20waly Thi @akeCws |pedially GiriedTividensuctos Myl minutese Futheedryiag ol anket
of dry vacior @ 29r25°Catocconstant celghtt eftdrdedl 18194 30 (57%) of whitec sriystéine PR THY-7-amirpdr(f-] NVR
spect r unetiyi-1-gyrrofidiia) umlhy&bp?tam-s-bwgm‘hty rnghydioiodide. | HFRC rehovredrthe sdolche $795%
conver siren peres dna theSG9 Mbg *HyNME seactryth plesiarvedsior e Hilej cerapoupdhas dyaonshysipingide st
Exanpl ethelsamgsg the ik NMBrdaf regrortedifan the HGE spitf theddppticakprodupt it Pampip §. Methaddy e 1,

Met héld A. 35 Exanple 10
(6R, 7R MR ho- 3- (I - met hyl - 1- pyrrol i di ni o) met hyl ceph- 3- em 4- car boxyl at e

monohy d{sl(-? l7l%dl| lgmlno-ac-)(4—[rne§hy]-4-morphohnio)methylceph-3-em-4—carboxy|ate monohydroiodide [err] 3

30

H s
U TMS N+ ' )
35 N . OAC
0

40 The title compound was prepared from a Freon TF solution of (6R,7R)-trimethylsilyl 7-(trimethylsilyl)-
amino-3-acetoxymethyceph-3-em-4-carboxylate (from 50.0 g input 7-ACA) as described in Example 10,
except that 28.3 mi (257 mmoles, 1.4 equivalents) of dry N-methylmorpholine (dried over molecular sieves)
was substituted for the N-methylpyrrolidine. The progress of the reaction was monitored by HPLC and was
found to be complete after 7-8 hours at 35-36°C. The reaction was worked up as described in Example 19

45 (amounts of materials are multiplied by 5X due to increased batch size) to afford 38.0 g (41%) of slightly
off-white crystalline (6R,7R)-7-amino-3-(4-methyl morpholinio)methylceph-3-em-4-carboxylate mon-
ohydroiodide. HPLC area % purity was >95%;

'H NMR (360 MHz, D.0)

50

&
63.30(s, 38, ¥-CH,),

55
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50 To, a slightly hazy solution of (6R 7R)-trinethylsilyl
7-(trimethylsilyl)-am no- 3-acet oxynet hyl ceph-3-em 4-carboxylate in Freon
TF (prepared according to Exanpl [gf r]under a bl anket of dry
ni trogen was added 5.35 m (51. 4%%%3:%71&:{4 equi val ents) of dry 97%
N-net hyl pyrrolidine (dried over nolecul ar sieves) dropw se over 1-2 mnutes
W th goode@in4Hing. Next, 9.40 ml (66.1 nmoles, 1.8 equival ents) of TMSI |
was 55 added by syringe over about 5 minutes with continued good stirring.
The reaction tenperature was kept bel ow [err] duri ng the addition. The
resulting slurry was stirred HhM ifional 30 mnutes. After
this téme, the slurry was pl & Ll 3 b @'¢areful |y maintai ned at
[err]. The progress of the reaction was nonitored by HPLC. After 45-48
hours, the reaction was complete (<2 area % 7-ACA) and it EP 0 233 271
Bl was cé@?‘éd"'t‘b"[oé'rzr]scﬂﬁblér“‘“a 1t dR10Hz SCH) ¢-24pe4Hogen. A total of 5.0 mi
(123 mml es, 3.35 equivalents) of nethanol was added dropw se with good
stirri'fg. The reaction tenpergture was mai ntained at <[err] during the
addition. The resulting sl urrd Mﬂﬁ)t‘ll d)on ] for an additional 15
m nutes. Next, 25 m (75 rrrml of 3N aqueous HI solution
vvas added in one portion. Following the addition, the cooling 5 bath was
qgl 435\, 19=44 phase nmi xture was rapidly war med t o [err]. Vigorous
str rring was continued for 15 nminutes. The phases were separated, and the
organi ¢ phase was back extracted- with water (1 x 10 m). This back wash was

saved for |ater use. The nmi n aqueous was stirred at [err] for 10
mnytes with 0.5 g of diatorraceouS’Qﬂq . Mo to slurry was filtered
through 1.5 g of di atomaceous earth ( -Washed with 50 mMl water). The pad

was washed with the aqueous back wash Trdm above, then with water (1 x 5

n1) The cake was partially dried under suction for 5 mnutes. A total of
g of 48%@01"!3#2‘?% carbon was added and the slurry was stirred at 20-

[err] for 30 mnutes. After this tinme, 0.5 g of diatomaceous earth was

added #And stirring was continued for additional 5 mnutes. The slurry
was filtered through 1.5 g of dia ous qa&th (pre-washed with 50 m 15
wat er), and the pad was washed wit 5 m). The di at onaceous

earth pad was partially dried under sdt3on for 5 mnutes. The filtrate was
polish,filtered through a 5 umMIllipore filter. Precipitation of the
product ¥as afH b L¥RH clyys-ALaRVs ¢ aald) L 5iRNc 9 g-iaktam),v Ol UMES of isopropanol to
t he cl ea Kgﬁ‘g@b-ﬁggg{dqdofpé},ueous phase at [err] The resulting slurry was
cooled to [err] and was aIIovved to stand for 1 hour. The slurry was

filMfered and washe t { L - av/iv) (2 x 20
20 nl )ssand acet one ﬁafﬁkf?ﬁ‘%’aﬂ’;ﬁgl%ﬁke &gwg r%gg mnder suction
for 5 mnutes. Furkbher drying in vatdt potaTel S Xol i ght afforded

8.94 g (57% of white, crystallrne (6R 7R) - 7-am no- 3- (1-

metQyl - 1- pyrrolidinio) nethylceph-3-em 4-carboxyl ate nonohydrol odi de. HPLC
showed t B[ t o0 be 97 area % pure; and the 360 MHz [err]-NWVR spectrum
observ®d for the title conmpound as a nonohydrol odide |Is the sane as the
[err] NMERJBEGAPBRRALRgdipipimethyeephdemedgarboygiiate menohydroipdida 5| pr oduct i n
Example 6, Method A 25 Exarrpl e 11

(6R, 7R) - 7- Am no- 3- ( 4- net hyI 4- nor phol i ni o)
nonohxgrorodlde

yl ceph-g- em 4- car boxyl at e

ety
B A 6

cof

2

The titie compound was prepared from a solution of (8R,7R)-trimethylsilyl 7-(trimethyisilyl)amino-3-

55 acetoxymethylceph-3-em-4-carboxylate in Freon TF (10.0 g input 7-ACA) as described in Example 10,
except that 4.2 mi (51.4 mmoles, 1.4 equivalents) of dry pryidine (dried over KOH) was substituted for the
N-methyl-pyrrolidine. The progress of the reaction was monitored by HPLG and was found to be complete
after 51 hours at 35-36°C. The slurry was cooled to 20-25°C under a blanket of dry nitrogen. The solid was

21



30 [err] <[err] [err] 35

[err] 40 The title conpound vvas prepared froma Freon TF sol ution of
(6R, 7R -trinmethylsilyl 7-(tri 5%;

am no- 3- acet oxynet hyceph- 3- em 4= car boxyl a‘t e (from50.0 g input 7-ACA) as
described in Exanple 10, except that 28.3 m (257 mmoles, 1.4 equivalents)
Of  dr Y rehbo@att Yiluemoh Glgh B @unbel ihdFlpdaitey nitFiRbres sdsirs. Tho BIBSSA bRkEwdstHaHelitwith €d f OF
t he N- #&hIFEop TFIDKiI100 MB. Th Miler@ke Yéssfurkip bddell & 500AIGH BQichRRMEBEIstvichhaby HPLC
and wagrefcodldtto DG°Mhie ac &bt mthafTd the redulhgliatselutiab waseaddéd 5.0 thb(1 2@mbdles) A.35\a S

wor k ed edquvalarts)def sroathdoel ddropwise xwitpgoad kBrird afdh withu atreactidn temb@atiural o <A0%€. The

mul t4 plesethglsjur Mas) stisred @t -6 fenancadiditienalc th minutes) Thepsolid Way ehli®@Bd By diltratibh dnd of

sl i ght wgs wdsheditht feeshc EhjElAP DX Sal). R fitcakp-waprasiyried n4150a f)4Cl for 1 hour. The

nor pholsththgEerr rfe@&hww EHh Gl @2F B |and drieddh vacyp g?QASe focrenstanpiveightte s %
pur ity afesd grh @eP) 19N 6B 7Rnfaminog Iﬂ;ﬂds'(?)"reénvlcfphéﬂsmz‘mafboxvep 33 271
B1 3. 6 y oiog e 360 Hz 1H MR spectrum and HPL aéeal‘,;q puyity; mjon

- SCH®- ntagr V@S Py mejrydror are is mﬂerfl (u[g;}?u}heritg samplT er r]
20 [er gxef’%'}d?']w‘zsge? Tg'g? éff 0Byden Zﬁeﬂng -lactan), 5.53 (d,
1H, J Eé%ﬁ%—cq [err] -lactam; IR (KBr) 3460, 1795 and 1600 [err]. 35
Anal . for [err]J]H: C, 35.40; H, 4.34; N, 9.53 Found: C, 34.99;
|(_|6 R47% Eﬁb‘ﬂ 7R)-MNAamfo331-E92)BdBntdroysd Riinic)methylce h-3
nonohydr ol odi de

v H s
= N T —
OJ'—-. N / OAc G%
coz

-em-4~cafboxylate monohydroiodide

02 ™S
25

The titte compound was prepared from a solution of (BR,7R)-trimethylsilyl 7-(trimethylisilyljamino-3-
acetoxymethylceph-3-em-4-carboxylate in Freon TF (10.0 g input 7-ACA) as described in Example 10,
except that 6.02 mi (51.4 mmoles, 1.4 equivalents) of 23-cyclopentenopyridine (dried over molecular

30 sieves) was substituted for the N-methylpyrrolidine. The progress of the reaction was monitored by HPLC
and was found to be complete after 52 hours at 35-36°C. Work-up of the reaction mixture as described
=. previously in Example 12 afforded 13.2 g (78%) of crude {6R,7R)-7-amino-3-{1-(2,3-cyclopenteno)pyridinio}-
/ methylceph-3-em-4-carboxylate monohydroiodide. The 360 MHz *H NMR spectrum and HPLC chromatog-
ram (92 area % purity) of this material were consistent with an authentic sample of this material prepared

35 independently.

Example 14

7-[a-{2-Aminothiazol-4-yl)-a-(Z)-methoxyiminoacetamido]-3-{(1-methyl-1-pyrrolidinioymethyl}-3-cephem-4-
40 carboxylate

N /OCH3
e}l
o7 N
50 002@ CH3

A total of 12.76 g (30 mmoles} of (6R,7R)-7-amino-3-(1-methyl-1-pyrrolidinio)methylceph-3-em-4-car-

55 boxylate monohydroiodide {(prepared in Example 10) was suspended in 87 ml of water with good stirring at
20-25°C. The slurry was cooled to 8-10°C, and the pH was raised to 5.80 at 7°C by dropwise addition of
13.0 m! (26 mmoles, 0.87 equivalents) of 2N sodium hydroxide solution over a period of 35 minutes. Next,

556 mi of tetrahydrofuran was added, and the pH of the resulting solution was increased to 8.8 at 10°C by
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45 0 50 The titie conpound was prepared froma sol ution of

(6R, 7R -trimethylsilyl 7-(trimethylsilyl)am no-3- 55

acet oxymnet hyl ceph- 3-em 4- car boxylﬁg?zhggjprn TF (10.0 g input 7-ACA) as
described in Exanple 10, except t (51.4 mol es, 1.4 equival ents)
of dry pryidine (dried over KOH) was substituted for the

N- et hy | Ripwie® bddition 6t 1.9 it (18 A0S D.18TeqliRnEEH ONI BBuMAGIEIIRI doRtidAdTHAYcobiRE C
and was fhairvs tremdved, cadpkes @ @27 @imdled, N WGuvaRhts) @rthid HOB Qctivb BESY of ¥3R-242 Ol ed
to [err] ammdniazohd-P)-2misibbxyidfinodselic atid mag @dded Tith awa edualpontives 2117.38 gEdactiiowdd 30271
Bl r enovednueg. Holidwingasactoatidlion, the gH vas faadiostdd tol .8 @venp&$0 ihinvtes, by tiopgsnedgiti@ss ur e.
The. cob| ebitsedurs didrokideasolutivas Incthe tem@aining reaction imecthe PH Wae rexdjd@l tni6)5. by Tdnepwise
filtercaleddiignf ghisediuny hyditidel selgion Gvany 15)1"““%%' @N|sodiernrbydnoxide updd was 268 !

pr e- cool d%- 2('0'“?'%% 191 eayivalepts)-Tbe griprigtiomef e reaclipniwea deterarippd by PLGanRlysi®o| ut i on

was added 5.0 ‘. 23 mm es 3 35 equi val ents) of nethanol dropwi se with
good stirri A oS 1 t"é ‘ef“?t ??Pé“'cﬁ' Rl 'F butylriolone; ang é*?df"‘ﬁ'
slurr y’°vv§§"°§n qd%faé%l w&?pg%es 9 i e‘:" 8%?;"21 H{ ‘"atﬁ'hg §6’Pl%’

?IO: ltgff:g.gﬁ S:bl Q:Pte? fks rema & e e& ﬁ e o wal r@g 5 ml
filtered wa§v§ ﬁa f hr 8dr| ed [ va'cuo ar [e 'f'ﬁon

const ajgt  wea oft @7 ﬁ\f $fQNdsul}-.f}ic ) wngmd %pwﬁﬁewqﬁ good stlmng ive a turbid solutlon of
(6R, 7R) - ‘pHaiBen® 18c( Grystxiizhiidh bf M PRELRY WasLbwin 85Tbrdcdad fdd © h)A .ﬁi%ﬁg&d stining. An
ohydr oi odtidinal BisamIB4N Blidrid Ridiwlas bided Bitpetalstify afh 384200 MBBLODWE BolédD
area % pursee wid amefaldf 30 Ml GrGHNtsaIfkE adid wasaddgdyidpalise 6veh3uimiaitesd Tsbarssulting Siirgawad) of
t hi 3~mat etirred| forvichioer at O+53C. The piiecipitatelwaa Miteadk dne whshed sinESNesufierie agid €0X 30 mi). The
i ndependdiaréae wee earlidlig ain@ihrunder sl or 15 EMUKE78Gr thintmartye 2dke wod S8@shegnith21) .
Exarrpl e B6ptong ({ BRO m) ang-wasagpin @rt{al]y dned under suction for 15 minutes. The cake was reslurried in
(2 cy@%p‘é?ﬁt@?ﬁ%emfﬂpﬂﬁ"ﬁl Tnitouk The gl s fikamd, washed vishydcetene @\ R9Hyitiand| wadi de
[e pamally dried under ‘suction for 15 minutes. Further dr ’lSrEE {-ﬂ% G t0 constant weight gave 12.41 g
[ er r ] 20 ?I sllghﬂy off-white title compound as its sulfate salt: Nl\t%@.ﬁq Mbg—, qu)wmt sojvprt
conpoufid ® 5%5? Eﬁa P3RS 4bl ution of (B6R 7R)-trinethylsilyl
7-(trimethyl slyl)am no-3- acetoxynet hyl ceph-3-em 4-carboxylate in Freon TF
(10.0 g input 7-ACA) as describeq in Exanple 10, except that 6.02 nl (51.4

mol es, 1.4 equival ents) of 2, 3‘mch9peg €l fl gdine (dried over nol ecul ar
30 sieyes) was substituted for tHe—N—we(—ng-@rrol i di ne. The progress of the
reacti on was nonitored by HPLC and was found to be conplete after 52 hours

at [ err] .30V, §1,WRCIHH, 3t4§@sa \GHl on m xture as described previously in
Exappl e 12 afforded 13. (78% of crude

(6R 7R)-7-am no-3-[ 1- (2, 3-cyc|o nt eno) p
nmet hyl seph- 3- em 4- car boxyl at e r‘G éIFég ézéﬁne 360 MHz [err] NVR
spectrum and HPLC chr omat og-

~  -SCHp-), 3.95 (d, 1H, J=17 Hz, -SCHy-), 4.04 (d, 1H, J=14 Hz,

"

CH 3

40

45
), 4.08 (s, 3H, -OCH3), 4.75 (d, 1H, J=14 Hz,

50 ~CH 2@
éH :

3

), 537 (d, 1H, J=56 Hz, C-6 g-lactam), 5.86 (d, 1H, J=5 Hz, C-7 g-lactam), 7.16 (s, 1H, C-5 thiazole).
56
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rami{92 area % purity) of this material were consistent with an authentic
sampl e of this material prepared 35 independently. Exanple 14
7-[a- (2- Am not hi azol -4-yl) - a- (%W 1mnoacetam do]-3-[(1 -nethyl -
-pyrrolidinio)nethyl]-3-cephem car oxyI ate [err] [err] [err] 50
[err] [err] Atotal of 12.76 g (30
mol es) of - - -
(6R, 7R) - 7- ami no- 31 (i_ncéathrﬂ/ff’”i"'w[?"r%ﬁ’l & 5040y n%t:’?gfcp h;!g-' efn 4-car- 55
boxyl at e nonohydr @i odi de (prepared in Exanpl ! )" pended in 87 m of
water with good stirring at [err] TheFoardur rg. 3948 cood4 fo 8-100C, and the
pH vas raised to $.80 at [err] by dropwi se |addi#89:0nSof6683] 0 nl (26 mmol es,
0. 87 equi val ents) ©of ZN sodi um nydr oxi de sofution over a period of 35
m nutes. Next, 555 ml of tetrahydrofuran was added, and the pH of the
result%pgqlsutl on was increased to 6.8 at [err] by 22 EP 0 233 271 Bl
dropwi se—addition of 1.9 m (3.8 mmles, 0.13 equivalents) of 2N sodium
hydr'dx vqie(a3@4mhlmn~yﬁ-h@mbtmndza&hmam—ummwadnormmowem-ag:eﬂﬁﬁ-ﬂ mol es,
1.5 egoadv@ji@dt S) of the HOBT active ester of syn-2Z2-(2-
am not hi azol - 4-yl ) - 2- met hoxyi m noacetic acid was added in tw equal
pobi ons of 7.38 g each over 30 m nutes. Follow ng each addition, the pH
feadjusted to 6.5 every 5-10 ninutes, by @€Bgwi se addition of 5 2N
SOdI um hyd xi de solution. In the remaining#feaction ti me, 3@2%@‘4
s8di um hgdr oxi ution
1

r eadj ust o 6. 5gby dropwi se addition of

every 15 E’t t al 5Qdi um hydg B 28 M ol es,
1. 9% equi E-I-Qrﬂzﬁ/ hefr ealit-i o vas def er HPLC
analzysi s. f . Vae dark so I on“wag?potire# A of

met hyl |son|tyI kgt o d the lower 10 aqueouS phasd vgs separat ed. The
or gani ¢ phase vvasm;ag Jacted with water (1 X 30 nCP,"The i ned
aqueous phases were %stirred 10 mnutes at [err] with 2. 35 g of at onaceous
earth. The insoluble material was renoved by suction filtration, and the
filt%rcakme Was comphind wist feplickon 54X P (12) mmdies R NBRRYR)TUTRHOA4-ARIHAALS
phase wagphdifibimsihyltdphizamescardokydaks horohpdroivdidel fotepasdinf Exkinsié .11)Tdna s9ldl {184 he

sol ut i eimolag St.SHeqlialats)[of syn}2-(2-hminothiaZolt4ofl)d-maioxpminogebticadcid 0B udctiveraster Bgi d was
added te@mebdue dastribod)dddarsile n4.iAnigial @ 6Q1 \@elB4%)tofi pipstalineobhite ititmcopipoymk a8 182 at '
[ err,) . s@rlpsitardsipreperpdby bis ptopeluper odyct was al | owed to proceed for 5 mnutes
vm th gybHMB {366 MHa D OMDEG ¥ 8130 (paBH. BICHE)N3.5%M. N sul furic acid was added to
give a slurry of pH 3.09 at [err]. The slurry was cooled to [err] and a
teatal of 30 M of 4N sul furig acid was added dropvvi se over 20 mnutes. The
resulting slurry was stlrred } GCH[@H The precipitate was
filtsred and washed vmth05 Ju’l"zn 30 m). The 20 filtercake
was partially dried under suctlon for 15 mnutes After this tinme, the cake

sug‘ﬁ 6|)Wf§hd qﬁe}_q@%zTﬁcﬁ(_ dT(Na £ Vg ,@ Al n partially dried under

rhnutes urr|e

+
—— e e )

421 (d, 1H, J=14 Hz,
45

..cgz% 0)
50 . Ehs_dl

4.95 (d, 1H, J=14 Hz,

55

-Cﬂz ' A
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200 m of acetone et [err] for 1 hour. The salt was filtered, washed with
acetone (2 X 50 m) and was partially dried under suction for 15 m nutes.
Further drying in vacuo at [err] L(ﬁ&g%rl%qt wei ght gave 12.41 g (72% of
crystalline, slightly off-white tEt e conmpound as its ulfate salt: [err]

NVR (360 MHz,[err] with solvent 25 suppression) 82.16-2.33 (envel ope, 4H,

[err] 3054 @4H($=5 AElc-8\s-haim) 3.96 @ 11D335 B4, d-Miacki), 73D (s, 1H, C-5 thiazole).
[err] -SCH2-), 3.95 (d, 1M, J=17 Hz, -SCH2-), 4.04 (d, 1H J=14 Hz, 40 CH3

45 ). 4.08 (s, 3H ferrt Ao o34 v -
[orr] [err] ). 5. 37| ABEvCplgdTer CioteiNeOeSaatSOpiy Fﬁ%ﬁt 5186 (d, 1H J =5
Hz, Cs7 [err]-lactap—2Z-16 (s 1H C5 thiayole} '§5 7% EP0233 271 Bl
Anal . Calc'd for [efr] C, 39.43; H, 4Faad: NG 38163 H, 432 ]16. 63 Found: C,
39. 40; H 4.47; 5 N, 1408; | S, 16.14

N, 14.39; S. 16.80 Exanple 15 10

7-[ a- (2- Am not hi azol - 4-yl ) -a- (Z) not hoxyi m noacet am do- 3-[ (4- net hyl - 4- nor pho
| i ni oYhethwblb18- cephem 4- carboxylate [err]

[err] 200 [err]

[err] 2 The following Table provides a summary of results for some of the Examples in the present invention] er r |
25,  TWih the exceptivo npesmpoundsief Exarepesr chnd t brihe repbried Gaty ar@ for grwde Hissaltgpiolated

(6R, 7R - - tiritierpoidhg slumeetigined fomnthe platiprohpusnehe Campavadshal Fxamples- Waand gt yteet e
nmonohy dr SR afer quprcaipg the fethanobsiryTie aquepusiHiso 0 g (184 mmoles, 1.5

equi val ents) of syn-2-(2-am nothi azaol - 4-yl)-2-nmet hoxyi m noacetic acid HOBT
active ester by the procedure descri b&PLYEN Exanple 14. Atotal of 60.1 g

(849 of crystalljine, white title conpound as its 30 sulfate salt was
prepared by this| mompaddoie| % alld | MYRIPLG AtkaRdRyrifye} r | )A%Na8Ratlo 3. B0 (s, 3H,
[err]), 3.55 (m}| SbiampleNo.]
HPLC®* | NMR®
10 57 97 97/0 -
25 11 41 >95 >95/0 -
12 95 85° 65/8 -
13 78 92 92/0 -
a. Reported data is area % for each isomer in the HPLC chromatograms of the

isolated Hl salt.

b. Reported data is the isomer ratio obtained by comparative integration of a
baseline resolved peak(s) for each isomer.

W ¢. The major contaminant was the Hi salt of pyridine (24 area %).

30

Example 17

\“*/ {6R,7R)-7-amino-3-(1-methyl-1-pyrrolidinio)methylceph-3-em-4-carboxylate monohydroiodide

40 An oven-dried flask and Friedrich’s condenser were cooled to ambient temperature under a stream of
positive nitrogen. The flask was charged with 10.0g (36.7 mmoles) of 7-ACA and 80 mi of 1,1,1-
trichlorotrifluoroethane (dried over molecular sieves). With good stirring, a total of 9.3 mi (44.1 mmoles, 1.2
equivalents) of HMDS was added by syringe in one portion. Immediately thereafter, 0.16 m! (1.1 mmoles,
0.03 equivalents) of TMS! was added in one portion by syringe. The resulting slurry was vigorously heated

45 under reflux with good agitation and with protection from moisture for 8.0 hours. Examination of an aliquot
by NMR (CD2Ck) showed >85% conversion to the desired trimethylsilyl 7-(trimethylsilyl)amino-3-
acetoxymethylceph-3-em-4-carboxylate.

The silylation mixture from above was cooled to ambient temperature. Next, 6.0 mi (42.2 mmoles, 1.15
equivalents) of TMSI was added by syringe in a slow siream over 2-3 minutes. The resulting slurry was

50 stirred at ambient temperature for 1.0 hour. After this time examination of an aliquot by NMR showed >95%
conversion o the desired 3-iodomethylcephem. After 1.25 hour the slurry was cooled to 0-5°C and was held
at this temperature for 15 minutes. The slurry was filtered under positive nitrogen pressure through a
Schlenk funnel into an ice-water cooled receiver flask. The collected solid was washed with fresh 1,1,1-
trichlorotrifluorosthane (1 x 17 mi).

55 To the filirate containing the trimethylsilyl 7-(trimethyisilyl)amino-3-iodomethylceph-3-em-4-carboxylate
at 0-5°C under an inert atmosphere of dry nitrogen was added 3.82 ml (36.7 mmoles, 1.0 equivalent) of
97% N-methyipyrrofidine (dried over molecular sieves) dropwise by syringe at such a rate so as to maintain
a reaction temperature of less than 10°C. The resulting slurry was stirred an additional 15 minutes at 0-5°C.

25



[err]), 4.05 (d, 1H, J= 16 Hz, -[err]), 4.10 (s, 3H -[err]), 4.1 (m 4H,

40 + [err] 4.21 (d, 1H, J=14 Hz, 45 50 4.95

(d, 1H, J=14 Hz, 3 24 EP 0 233 271 B1 5.47 (d, | H J =5 Hz, C6

[err]-lactan), 5.96 (d, 1 H Jigp g2ddde /7 -lactam, 7.10 (s, 1H, GC5

thiazole). Anal. Calc'd for [erEr] : 61(%18. 37, H 4.41; N, 14.13; S,

16. 18 Found: C, 38.16; H, 4.32; N, 14.08; S. 16.14 10 Exanple 16 The

f ol | owiterghid tié.c6.ombil R3lmmolas, SBsTenpiyalanf) of esthirobwésoadderbdrapwide while mEintainpges i n

t he preastonttenipetatune pidess thnt 16°G. Tbe esswtingt thin isiuey weostiyed) el addisiondE 4% miyiutes all® and

11, t BYC. Thpenlid wes shsticn filtered.fwgshed withl Erepi TE 41 x 100/ mihandtpadjally\driéd yndersucton fesf t he

sl ur r Y5 tnutesnEuther, dsying ievastior a3 ambientderapreaiure @ eRRsiant dvpiohy afiordadip-2%g ©6hefd 11

wer & (EuiRx7-eaingRrt-mefiyidrryRelidigioinaihyicephripmi-cabeyiate menchydepipdide B R0 MHz TABLE
'H NMR spectrump} Fryde, paterig), (P2Q) ghowed 4 AMAT igopen ratia of, 4} the HPLC [err]

Rati o z%%raﬂgﬂrgn the 'l:ﬂ w%ba A3/A2 area %Srzltio of 8.1/1. The activity yield for the conversion of 7/ 0 25

to 7-amino-

(-

ethyl-1-pyrrolidinip)methylceph-3-em-4-car iate was 43.5% (determpj by HPL!
E‘ér r] quantitationr% the s'altG\gfsgs ﬂ. ffferegngeg standan;lgtbf the desire%mgmérggz rrgged 92/0 a
Rep'oor iffmgdata is area % for each isoner in the HPLC chromatograns of the

I solated Hl .salt. 30 b. Reported data is the isoner ratio

obt ai Reda RyocsRBRIha propsration tdf Gl stdbleD BryStanind ddmpant REIeEES Adny B1d d)@.?k!(asi}lg ter each
| somer. fmuldMabNEj Or - cont am nant was the H salt of pyridine (24 area %.
35 &xanple 17 '

(6R, 7R) - 7- am no- 3- (1- met hyl - 1- pyrrol i di niso) met hyl ceph- 3- em 4- car boxyl ate

m%ohydrol odi de xazn |/
® |
20 o;-—- N CHymu
- co '

2 ' viip

wherein X is HCI or HI, and -Nu® is

| | | Q
®/ o\ @ or .?“/

30

-/N L4 / —
\__/ cH;
35 : ) :
CH 3
40 which is substantially free of the A2 isomer, which comprises treating a compound of the formula IXb
P
(CH3) 351 HN
© ~ ® IXb
//—-—- N / g
o Cl-lz Nu
cozsx (CH 3) 3
50
in which -®Nu is as defined above, in 1,1,2-trichlorotrifluoroethane (Freon TF) or 1,1,1-trich-
lorotriftuorosthane with a lower alkanol at a temperature of from -10 to 256 *C to remove the silyl
groups, followed by acidification with HCI or Hi to form the hydrochloride or hydroiodide salt of the
55 compound of formula Vilb.

2. The process of Claim 1 whersin the lower alkanol is methanol.

26



40 * An*oven-dried flask and Friedrich's condenser were cooled to anbi ent
tenperature under a stream of positive nitrogen. The flask was charged with
10. g (36.7 mmol es) of 7-ACA and 80 m _of 1,1,1- trichlorotrifluoroethane
(dried over nol ecul ar sieves). ‘W’t%ﬁ&?aagti rring, atotal of 9.3 m (44.1
mmol es, 1.2 equival ents) of HVDS was added by syringe in one portion.

| medi aggl WistiR! 6T 8123 mhokl, 395 dadivalent] WP mBfRancOnad 3 WropRiss m.ifg)mmaar]T was
added i Q. Q5HreMPérkin®df IBYs B 10°ECrne fddBitirng QRN Siliin\Hasikdd dh alfEBondl BRI
45  undgg. f1gfsbidwadishdioIM@rd Aetishedivith FredM iF i »{ 100 HChe Birialy ddd QRAdTBIcRSA e f Or
6. 0 hou{sSminfra Uit HrigiRg W vadid &lambieftiteriperdiiRio dondtant Weigii QNGEec>d2%E @aRY 6f Si on
to the @rIRFREhitc-3-ARichyFSpyrgidinibindiyiceiitt3emh-8-carhdxyi@sindaohgdroiodide. The 360 MHz
acet oxyme Nl geptunt-of thig cids haaeyibia(De0) IHowed ial x¥/aft isomerniatid of 6.4f1 e BRI/e was
cool ed éhponmtvgiasndf tHeasalp ehoarbdia @ANaEd % r6tio0of 1B11/1( TH. agtivityrpield Jor tHe cbbveesimiol 21 ent s)
of TMSI AGlal 7sahirecd-(bpethylritpygelidinia)methyicepl-dssm-£earhorylale wis-43.506 (deterenined THPLC
resul t i qugntitdtion offhevgak versys g refgrensel standaediohthe desireedijeamenlure for 1.0 hour. After
thisfinme exam nation of an aliquot by NVMR showed >95% conversion to the
desi r ed®@"Mspdonet hyl cephem After 1.25 hour the slurry was cooled to [err]
and was_held at this tenperature for 15 m nutes he sl ur was filtered
indes phei Faen o 15 FTIRISCH i, bl PTBH= £ N RRAAER AR AR vt o
cool e red¥M2MR | ask. The collected solid was washed with fresh 1,1, 1-
trichlorotrifluoroethane (1 x 17 m). 55 To the filtrate containing the
trimethylsilyl 7-(trimethylsilyl)am no-3-gQdonet hyl ceph-3-em 4-carboxyl ate
at ;[err] under an inert atno =1 r iyrogen was added 3.82 m (36.7
motés, 1.0 equivalent) of 97% rrkth pyrrofidi (dried over nol ecul ar
sieves) dropwi se by syringe at sughha N eﬁ @uheintain a reaction
tenperature of less than [err]. e resu ST&rry was stirred an
addi-tional 15 mnutes at [err]. 25 EP 271 Bl After this tinme. 5.0
m (123 mmol es, 3. 35 equival ent) of nethanol was added dropw se while
mai ntai ning a reaction tenperature of less than [err]. The resulting thin
slurey was stirred an additional 15 nminN@3® at 0- [err]. The solid was
suction filtered, washed with Freon TF (1 x 100 m) and partially dried
under suction for 15 mnutes. Further drying in vacuo at anbient
t enper at ur'Be®ig XdoHEaHk MRNYHE af f or ded 10.27g (66% of s
(6R 7R) - 7-am no- 3- (1- nmet hyl - 1- pyrrol i di ni o) net hyl ceph- 3-em 4- carboxyl at e
nmonoRYdr oi odi de. The 360 MHz [err] N ectrumof this cradefynat i
gf [erN

([err]) shom@ i sonmer rati @of 5.2}y1; the HPLC ch !
salty showed -‘L]err] apgea %ratio o}- 1/ 1. §The actﬂﬁty yi el
conver si on of

ACA fo ¢
7- amgho- 3- (1- t‘hy-l—af- pyrrolidini o’lﬂret hyl ceph- 3- em 4- car boxyl as 43. 5%
(deternined by BPLC quantitation of the salt versus a refere pndar d of
the\#esired A3 isoner). 10 Cains 1. A process for the prepar2n@h of a
stabte, crystalline conmpound selected fromthe group having the fornul a
VIlb 15 20 [err]
40 which is substantially free of the A2 isomer, which comprises treating a compound of the formula IXb
s o '
(Cﬂzizsi MN
45 q ] Xb
N e O
0 2
. COZSi (CH;),

in which -®*Nu is as defined above, in 1,1,2-richlorotrifluoroethane (Freon TF) or 1,1,1-trich-

lorotrifiuoroethane with a lower atkanol at a temperature of from -10 to 25 *C to remove the silyl

groups, followed by acidification with HCl or HI to form the hydrochloride or hydroiodide salt of the
55 compound of formula Vlib.

2. The process of Claim 1 wherein the lower alkanol is methanol.

< RN 6
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[err} 25 VI1b wherein X is
HCl or H, and -[err] is 30 35 [err] 40 which is substantially
free of the [err] isoner, which .S freating a conpound of the
formula I Xb [err] [err] [err] 50%?3})%%2?%5[%”] is as defined above, in
1,1, 2-trichlorotrifluoroethane (Freon TF) or 1,1,1-trich-

| orotrifiuah@sblRie: Mnt N wRerdi?¥6 Corfbolid ¥ foria b Isiaparedbylr € of from -10 to
[err] to renove the silyl groups, followed by acidification with HCl or H
to formthe hygghtinfié edmpdendar theyevh@é mdi de salt of the 55 conpound of
formula VIIb. 2. The process of Claim1l wherein the | ower alkanol is

met harsol . 26 EP 0 233 271 Bl After this tinme. 5.0 m (123 mol es, 3.35
equi val ent) of nethanol was added dropwis® yhile nmintaining a reaction
tenperature of |estCHyhgStooe: 'FNE‘T'esﬁfi ng}thin slurry was stirred an
additional 15 minutes at 0- [err].FThelsolidas suction fil @&%ed, washed
wth Freon TF (1 x 100 m) and pqy-kalh drj ndger suction for 15

m nut@. Further drying in vacuooé& anbi t efp@rature to constant wei ght
afforded 10.27g (66% of 5 CO.Si (CH.)

(6R, 7R) - 7-am no- 3- (1-net hyl -1 - pyrrol i di ni o) fet hyl c’e;?n-S-em 4- car boxyl ate
nonohydr ol odi de. The 360 MHz [err] NWVR spectrumof this crude materi al

N . ]
([errls,%]oagg(y;ﬁg -ﬁiclL:thFi&quogl&Es'iFréoﬂthforOf 5.411; the HPLC chronatogram of the

sal t §-ttichlofotrifiid: g&? 8 4t AltdribeRiturdor forh 1015185 6 WittY 4 Eommpbiial oflnb RFmdid1€

conversion of 7+ ACA L0 7-am no-3-(1
-met hyl - 1- pyrrol i di ni o) met hyl ceph- 3-em 4- car boxyl ate was 43. 5% (determ ned

by HPLC quantitation of the salt versys a reference standarf o he desired
[err] 20 soner). ainms 1. A proce fon the preparation a bl e,
crystalline gghpoun sel ected frC}n he grlpup havi®§ the fOwywula Yilb 15 S
[err] 20 ) [err] [err .
[err] / N CHy

- CH,

25

4. The process of Claim 3 wherein the compound of formula il is prepared by
30
treating the compound of the formula IV

. s
% (CH,) 53 m l/

‘g v
s 7 ~ CH,0-CCH,
o CO, S (CHy )y

in 1,1,24richlorotrifluorosthane (Freon TF) or 1,1,1-trichlorotrifluoroethane at a temperature of from
to 45° C with at least one equivalent of iodotrimethylsilane per equivalent of compound V.
45
§. The process of Claim 4 wherein the compound of formula 1V is prepared by

treating the compound of formula V

50
HgN —

0

z

, % cHa0LeH,
55 COOH

in 1,1,2-trichlorotrifluoroethane (Freon TF) with U

" A



wherein*X is HC or H, and -[err] is 30 [err] _

or [err] [err] 40 which is substantially free of the [err] isoner,
whi ch conprises treating a conpound of the fornula I Xb [err] 45

[err] [err] [err] [err] 50 in WER@R3II2NUBIs as defined above, in
1,1,2-trichlorotrifluoroethane (Freon TF) or 1,1,1-trich-

oo o RSOttt B0 5 il PR Lk o it ot

to formt‘ﬂ hydr ochl ori de or hydroil odide salt of the 55 conmpound of

f I Kk I
ot hand . e Pk gf $ R 08 BbodfaniknThderl NN | B BHERAR T ' ouna
of for %'ﬁp.loé@s foP thb prPAHRH of W stdbRAE didifle bAMPOGRIBP MY Riim@S | t he formula 111 5

[err] [err] 2 1
[err] is |n112trlchlorotrlfluoroethane(Freon TF) or 1,1

1tr|chlorotr|fluoroetl}ﬂq@aﬁj erature of from-10 to J[err]jwith a
conmund of the fornmula 4 of CCHem 3 wherein the conpound of

formula I'll is prepared by 39/
[err] [err] [err] : [err] in

1,3,2- trlchlorotrlfluoroethane (Fr @F) o@l, ,1-trichlorotrifluoroethane
at a tenperature of fromto [err] with at | east one equival ent of

i odo®ri nmet hyl si | ane per equival ent of conpound |V. 45 5. Th%at!orocess of

Ol ai m 4 WSTain ¥ iscHEa of tntish i suBraniely ap of IRUAS somsr. ish Bomrgges realing a solution

of the compound of formula {Va

tthec ound ofltheforrrulalv35

i

—
20 (CHg)3S1HN / ; Ve
e CHgOCCH,
0481 ¢CHy)4

25

in 1,1,2-trichlorotrifluorosthane (Freon TF) or 1,1,1-trichlorotrifluoroethane with at least one equivalent of
a compound of the formula

"’ 9

ch

Lo then with at least one equivalent of iodotrimsthylsilane per equivalent of compound fVa at a tempera-
ture of from 5 to 45° C, followed by the treatment with a lower alkanol at a temperature of from -10 to
25° C to remove the silyl groups, and acidification with HCL or HI

35

40
8. A process for the preparation of a stable, crystalline compound of the formula |

s

N
AL

wherein X is HGCl or HI, which is substantially free of the A? isomer, which comprises treating a
compound of the formula

45
50

55

S

* ~ \\!\\I\l T



treatingsthe conpound of fornmula V 50 55

[err] in 1,1,2-trichlorotrifluoroethane (Freon TF) with EP 0 233 271 Bl
hexanet hyl di si |l azane and 0. 01 toé},&zﬁ@"\@ ents of iodotrinethylsilane at
a tenperature of fromb5 to [err]. ocess of anyone of the
proceeding clainms wherein [err] is 1-methyl-1-pyrrolidinio. 5 7. A process
for the preparation of a stable, crystallinpe conpound of the fornmula | 10
[err] [err] 15 wherein X is HCl or H vvhiqéis substantially free of the
[err] isoner, which conprises tr solution of the compound of

formula |IVa 20 1(cu
th rﬂa{Freon TF) or

[err] derr] 25 in 1,1,2-trichlorftri

1,1, 1-trichlorotrifluoroethane w thvat | one eqU| val ent of a conmpound
of the fornmula 30 [err]
[err] 35 then with at |east one equival ent of |odotr|rret hyl si | ane per

equi val ent Wt acsgiios @htie pampound chforai¥r a- ture of from5 to [err], followed
by the% reatment with a | ower al kanol at a tenperature of from-10 to 25 C
to renove the silyl groups, and aciglification with HCL or H 40 8. A
process for the epgar tabl™, crystalline conpound of _the
formul a | (Ehﬁﬁﬁﬁ 0 whe |nX|s HCl or H, B¥hich is

subst gpti aI I y free of the [ rl N sony~ é‘ﬁﬁprl ses treatl ng a conpound
of the formula 55 o’
I‘\./(
20 in 1,1,2-trichlorotrifluoroethane (Freon TF) or 1,1,1-trichlorotriflucroethane at a temperature of from 5 to

45° C, followed by treatment with a lower atkanol at a temperature of from - 10 to 25°C to remove the
silyt groups, and acidification with HGL or HI.

9. The process of Claim 8 wherein the compound of formula 1V is prepared according to Claim 5.
25
Patentanspriiche

1. Verfahren zur Herstellung einer stabilen, kristallinen Verbindung der Formel

e s
~ Y o N A& cuz-Nu
35 o
cod®
~ vIib
40

worin flir HCI oder HI steht, und -Nu® fiir

45 @/\

@/ \ ? or -N _

? /
/ \ / CH,
80 CH,
55 steht, die im wesentlichen frei an A2 isomer ist, wobei man eine Verbindung der Formel

-

‘ =



EP 0° 2337271 Bl [err] with a solution of the conpound of fornula IV 10 15
[err] [err] 20 in 1,1,2-trichlorotrifluoroethane (Freon TF) or

1,1, 1-trichlorotrifluoroethane ature of from5 to [err],

followed by treatnent with a Io%?azg{’%gﬁgﬁ at a tenperature of from- 10 to
[err] to renove the silyl groups, and acidification with HCL or H. 9. The
process of Claim8 wherein the conmpound of fornula IV is prepared according
to Claimb5. 25 PatentansprUche 1. Verfahreg zur rstellung el ner stabilen,
kristallinen Verbi ndung der Fornel 30 X 40" ,worin fOr HCl oder Hi

steht, und -Nu flr (¢p,) 4S8 — WN 50~~~f~~~~~~~~~

CH3 ® 55 st eht, 3e % m wesent | ifhent frei 4n A@I sonmer 1st, wobei man

ei ne Ver bi ndung der Fornel EP O Bl Ho=Nu | CH3) 3Si
11N, ( 3" M N

1)
CH2-Vga CO2Si (CH3)3 in der -Nu wie oben deplBigEHASL. iN
1,1,2-Trichlortrifluorethan (Freon TF) oder 21, 1-Tr’chlortrifluorethan mt
el neth Ni edri gal kanol bel el ner Terrperatur von -10 bis 25C zur Entferung

R S L e,

9
2
beh Rkdha’ ?%P
| st 153 ezrg%,hgger 1 RS bR § Jpe Ver b| n ung der or me
her gest elit wrd dur ch Unset zung 20 der Ver bi ndung der Fornel 11 I
( CH31) 3Si Vertahren nach Anspruch 1, worin das Nledﬁg%ﬁ)l Metharorist-~ 2
L
i 3. Verfahren nach Anspruch 1, wobei die Verbindung der Formel IXb hergestelit wird durch Umsetzung
20 der Verbindung der Formel Ili
' S
Hy) 8i — N
(CHy),y 211
2
N Z HyI
0
cozs1 (CH 3 ) 3
30

i in 1,1,2-Trichlortrifluorethan (Freon TF) oder in 1,1,1-Trichlortrifluorethan bei einer Temperatur von -10
e bis 25°C mit einer Verbindung der Formel

~ / \ . or N /N
\__./

A
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40 /
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4. Verfahren nach Anspruch 3, wobei die Verbindung der Formel 1ll hergestellt wird durch Behandlung der
Verbindung der Formel .
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C®RSL (€ 3)330in 1,1,2-Trichlortrifluorethan (Freon TF) oder in
1,1,1-Trichlortrifluorethan bei el ner Tenperatur von -10 bis 25C mt einer
Ver bi ndung der Fornel 35 40CM CH3 45 4. Verfahren nach Anspruch 3, wobei

di e Verbindung der Formel 111 he®§&s%337 Bl rd durch Behandl ung der

Ver bi ndung der Fornel 50 S (CH3) 3 Si

|3V) 335?:02 'Siin l}c,bﬁ-’gi%lcgglugrgtggr?(f eon TF) oder 1,1,1-Ti Ioﬁ)riﬂ th Ti j er.tTemperatur von § bis
1,1,2-Tri cﬁ'fort ri ?uoPse?'%eg‘nA{"Er'grgr'{oq%emgﬁer pl,%{g%ﬂ%zl ecrhl r(g)rntglfnlng'uor et han bei
ei ner  TegD&pAdhkdn nddAngpriinS, detlaisTVéroiRduRg! st FER3) 19 IhBrgeBtefiMid\tRicR Bbhandlung der

Jodt rigret hyleminbiaig dof oy Val ent der Ver bi ndung I'V. 5. Verfahren nach
Anspruch 4, wobei die Verbindung der Formel 1V hergestellt wird durch
Behandl ung der 5 Ver bi ndung der Formel V 15 in
1,1,2-Trichlortrifluorethan (Freon Bd mt Hexanethyl disilazan und etwa
0,01 bis etwa 0,1 Aquival erffa¥ Ht hyl sigl an bely ei ner Tenpera- tur von
5 bis@5 "C. 20 6. Verfahren ng R der gvor her gehenden Ansprl che,
worin -ONu fOr 1-Methyl -1-pyrr8idinijo st&fa0¢CHy verfahren zur Herstell ung
siner stabilen, kristallinen Verbindigggyder Fornel | 25

| G CH~Ig 0~~0 30 worin X fUr HCI odor H steht,
die imwesentlichen frei an A2 Isoner ist, wobei nan eine Losung der

Ver bi fitlung  dey , For el | Vi 35 KgQOCHS 40

I (CS) ! mit Hexamethyldisilazan und etwa 0,01 bis etwa 0,1 Aquivalenten Jodtrimethylsilan bei einer Tempera-
N tur von 5 bis 45 °C.

20 6. Verfahren nach einem der vorhergehenden Anspriiche, worin -*Nu flir 1-Methyl-1-pyrrolidinio steht.

7. Verfahren zur Herstellung einer stabilen, kristallinen Verbindung der Formel |

25

30

(U worin X fiir HC! oder HI steht, die im wesentlichen frei an A2 Isomer ist, wobei man eine L&sung der
Verbindung der Formel IVa

35

iu (cn’),SU‘"‘—'— ‘v-
e 2 \\cig0CCH,
° 0g81¢CHy)y

in 1,1,2-Trichlortrifluorethan (Freon TF) oder 1,1,1-Trichlortrifluorethan mit mindestens einem Aquivalent

45 der Verbindung der Formel

50 _ Cé

dann mit mindestens einem Aquivalent Jodtrimethylsilan pro Aquivalent der Verbindung Va bei einer

55 Temperatur von 5 bis 45°C behandelt,anschiiefend zur Beseitigung der Silylgruppen mit einem
Niedrigalkanol bel einer Temperatur von -10 bis 25°Cbehandelt und mit HCl oder HI zur Bildung des
Hydrochlorids oder Hydrojodids der Verbindung der Formel | ansiuert.
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in X 1,2 Trichlortrifluorethan (Freon TF) oder 1,1,1-Trichlortrifluorethan
mt m ndestens ei nem Aqui val ent 45 der Verbi ndung der Fornmel 50 C dann
mt m ndestens einen1AquivaIentEéggéé%gf%?ylsiIan pro Aquival ent der
Ver bi ndung | Va be! einer 55 von 5 bis 450C
behandel t, anschl i eBend zur Beseitigung der Silylgruppen mt einem
Ni edr i gal b 2P HorSHb RS e.;r@r %ﬁifsﬁtmﬁamﬁgﬁ'wrﬂlﬂhupﬁ der Faigphandel t und mt HC
oder H =zur Bildung des Hydrochlorids oder Hydrojodi ds der Verbindung der
Fornel | ansauert. 3l~~~~~~~~~~ 1111 1]1]1 11 EP 0 233 271 Bl 8.
Verfahren zur Herstellun e tabilen, kristallinen Verbindung der
Formel | 5 X*H N ON 10}wor i ﬂ&fUr HCl oder H steht, die Im
wesentlichen frel an i wob\I di e Ver bi ndung &er Fornel is
15 20 mt elner Ldsu fpde Forjrel IV 25 (CH3) 1SLW 30
al20CH3 C2SL (CuP y 1€ ch@y W | uoret han (Freon TE) oder
1,1,1-Trichlortrifl uorethan I ner Tenperatur von 5 bis 450C behandel t
und 8nschlieflend zur Beseitgung der SinIgruppen mt ei nem N edri gal kanol
bei einer Tenperatur von -10 bis 25Cbhehandel t und mt HCl oder H zur
Bi | dung dgin %r 1 pis M gehtdlif wpeishadistrn %H?Hﬁ'é’?‘t wobghmep dig Merbiodup@der nach
pruch ™lobel di e Ver bi ndung der Fornel |V genflB Anspruch 5
h2?§1stellt wi rd. Revendications 45 1. Procede pour |a preparatlon d' un
conpose stable, cristallin,choisi dans Iieproupe ayant la formule Vilb S
XH2ZN 50 5 Q0 Nu

- ®
20 Hy

mit einer Lésung der Verbindung der Formel IV

25
s .
(CH,) 3 SPHN —
30 N
/ hemnnne
o? 7 TCHO0CCHy
35
in 1,1,2-Trichlortrifluorethan (Freon TE) oder 1,1,1-Trichioririfluorethan bei einer Temperatur von 5 bis

C 45°C behandelt und anschliefend zur Beseitigung der Silylgruppen mit einem Niedrigalkanol bei einer
s Temperatur von -10 bis 25°Cbehandelt und mit HCl oder Hi zur Bildung des Hydrochlorids oder

Hydrgjodids ansiuert.
40
9. Verfahren nach Anspruch 8, wobei die Verbindung der Formel IV gem3B Anspruch 5 hergestelit wird.
Revendications

45 1. Procédé pour la préparation d'un composé stable, cristallin,choisi dans le groupe ayant la formule Vilb

S
XH N__,___r’
50 2 @
— N
Oé / Hz ~Nu
coo ©
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'S . -

65 00~~~~~~~ o OVIIb: 32* C L
M S* EP 0 233 271 Bi 00 X est HCI ou H, et -Nu est 10 C
CHg qui est sensibl enment exenpt d |sogge A2 qui conprend le traitenent
d' un conpos6 de la fornmule 15

(CH3) 35 3
| Xb oN ZC H 2-Nu 25 C
2Si (CH3) 3 Qf xesMNici®8 Hi, bENuTdse d6fini ci-dessus, dans du
1,1, 2-trichlorotrifluoro6thane (Fr6éon TF) ou du 1,1, 1-
trichlorotrifluoro~thane avec un al canol Infdrieur a une tenp
k 25-C pour elimner |es 30 groupes silyles, avec ensuitg

avec HCl ou H pour |l e sel hydrate ou d' |c@1 dr at e*u
conpos6 de forn& Vil b. 2 Proce '

inférieur est leN6thanol. 35 &
conpos6 de forry | Xb ¢st prepar action du conpos6 d
40 ( #N |eN CCH 2 4S
CO2Si (CH3) 3 5FHs dans le 1,1, 2 t?lchl orotrifluoro6thane (Fr
1,1, 1-trichlorotrifluoro6thane a une tenperature de -10 a 25*C
conposd de la fornmule 55 33

11941111117 1'1els L ll;k:aL et }exemgt deEI somiére%:3 , (an ]éomprﬁ\ e [Naitement d'un composé de la formule

e ._ure_de 710

sensi
O S S RS
-~ CH~ <7
e S I G
e Naoney
20 (c H3 ) 3 $i r__-r ® 1Xb
04 ./ CH, Nu
25 c0251(CH3),
ol - ®*Nu est tel que défini ci-dessus, dans du 1,1,2-trichlorotrifluoroéthane (Fréon TF) ou du 1,1,1-
trichlorotrifluoroéthane avec un alcanol inférieur 2 une température de -10 & 25°C pour éliminer los
30 groupes silyles, avec ensuite acidification avec HCI ou Hi pour former le sel de chiorhydrate ou
d'iodhydrate du composé de formule Viib.
(L
~ 2. Procédé de la revendication 1, ol F'alcanol inférieur est le méthanol.
35 3. Procédé de la revendication 1, ol le composé de formule IXb est préparé par
réaction du composé de formule Il
\/

S
40 I/
— HN 111
(CH3)351 ]

éL— N Z CH, 1
45 .
50 dans le 1,1,2-trichlorotriflucroéthane {(Fréon TF) ou le 1,1,1-trichlorotrifluoroéthane & une température de

-10 & 25° G avec un composé de la formule

585
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10 4. "Proced6 de | a revendication 3, ob |l e conpose de fornule |11l est
prepar6 par 15 traitement du conpos6 de formule IV S (CH3)3Si ~~HN
t)ca 20 N’ srCH20- CH3 co02Si (CH3) 3 25 dans Ie
1,1, 2-trichlorotrifl uoroethane E%P&@%z?t?1ou l e

1,1, 1-trichlorotrifluoroethane a une tenpdrature de 5 a 45 . C avec au
nnins un equi val ent d'iodotrinethylsilane par dquival ent du conpose |IV. 30
5. Procede de |a revendication 4, ob |le conmpose de fornule est prdpard
par traitenment du conpose de formu H2N

S Y K<N: H-gZCH3

1,1, 2- tricﬂﬂcncnr\fluoroGthab(ljﬁrGOn F) avec de |' hexa§

0,01 a0 1neqU|vaMEnt,d|ocIo | ane a une tenperapure\de 5 A 45 *
C. 45 6. rhcedd,ﬁelon | un€H guel conque des revendicatio d¢cedentes 00 -
"Nu est A-ne I -pyrrolidinio. 7. Proc6d6 de prdparati d conpose
stabl e cristallin de la formule | 50 S X H2 NCH2 coo0 P0233 271 B
ob Xvoest hCI ou H ,qui est sensiblenment exenpt de |'isonbre A2, qui

conprend | e traltenent d' une sol ution du conpose de fornule |IVa 5S
(CHB) 3Si H\- | Va CH 20CCH3 10

trichl (0 thane (Freon TF |
3 ¥ tr.%rﬁ?égfﬁﬂa. ;@%ﬁ;ﬁg@ rfL'%c et /AL AOPe P “Gaui val ont ' un

6t hyl/di st | azane et

conpdse de "aergh ormule IV N ;
CH 3 s
s i HN
o (CH;),SI l ﬁ 1v
20 asmmand
7 NN\ cHyo-Ceiy
COZSi(CH3)3

25

dans le 1,1,2-trichlorotriflucroéthane (Fréon TF) ou le 1,1,1-trichlorotrifluoroéthane a une température de
5 a4 45° C avec au moins un équivalent d'iodotriméthylsilane par équivalent du composé IV.

30 5. Procédé de la revendication 4, ol le composé de formule IV est préparé par
traitement du composé de formule V

35 HZN""_ ——( S ? v

W A nzoécu,

COOH

dans le 1,1,2-trichlorotrifluoroéthane (Fréon TF) avec de I'hexaméthyldisilazane et 0,01 & 0,1 équivalent
d'iodotriméthylsilane & une température de 5 3 45°C.

6. Procédé selon I'une quelconque des revendications précédentes oll - °Nu est 1-méthyl-1-pyrrolidinio.
7. Procédé de préparation d'un composé stable et cristallin de Ia formule |

50
x.uzn—-———(s
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2
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25 * " puis avec au noins un equival ent d'iodotrinethylsilane par

equi val ent du conpose |IVa a une tenp6rature de 5 a 45 C avec ensuite le
traitenent avec un al canol inf6rieur A une tenperature de -10 A 25- C pour
6li miner les groupes silyles, etERAWE7E/Yi on avec HCOl ou HI. 8 Procede
pour | a preparation d un corrposd stable et cristallin de formule I 30 S X. H

jf S ' . ,

2 \NO Coozz}‘g)}(,oepshuH Y Hl?}d f,tn \E'ﬁém TS “goe"hééel ﬁl SHeRTPERL b tfa't%"e% dunseorrbr e

A2, qui conprend | tralterrent d' un conpos6 de la formule 45
I Q Si (CH 33 O >: ~H3 50 avec une solution du conpos6 de fornmule IV 55

EP 0 233 271 B1 (CH3) 3SiHNO S N > e c a"

CH | Co2Si (Cxgn3)18;iHRDS— 1,

ne tenpdrature del¥®a 45C, avec

oule 1,1 ,1-trichlorot PI uor odt E?_Ne a
ensuite tralterrent avec un al ca 'ﬁ tenperature de -10 a 25
C pour 1llimner |es groupes silyle ef acidif4 catd on avec HCl ou HI. 15 9.
Procder sel on | a revendi cation 8, ob | e ﬁ%e@ de formule IV est prdpar4

% 355

-tri ch' or ot r Muor odt hane ( Fr6on TF)

selon |la revendication 5. 20 25 30 35

N dans le 1,1,2-trichiorotrifluoroéthane (Fréon TF) ou le 1,1,1-trichlorotiifluoroéthane avec au moins un
15 équivalent d'un composé de la formule
20 /N
CH3
25 puis avec au moins un équivalent d'iodotriméthylsilane par équivalent du composé IVa A une

température de 5 & 45° C avec ensuite le traitement avec un alcanol inférieur & une température de -10
& 25° C pour éliminer les groupes silyles, et acidification avec HCI ou Hi.

8. Procédé pour la préparation d'un composé stable et cristaliin de formule |
30

N X.Hzn-ﬂ-—“/
1
35 /:——- N “ — O

CUO

ol X est HCl ou Hi, qui est sensiblement exempt de isomére A2, qui comprend le traitement d'un

composé de la formule
1@
®
Q -—\—'C'S i(CH 3 ) 3
Hy

avec une solution du composé de formule IV

45

50
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EP 0 233 271 B1

S

(cu3)351un-—-——r’ ﬂ
OCCH,

5 oéL—-—— N 2 | CHZ

Iv

€0,51(CHy)4

10

dans fe 1,1,2-frichlorotrifluoroéthane (Fréon TF) ou le 1,1,1-trichlorotrifiuoroéthane & une température de
U, 5 & 45°C, avec ensuite traitement avec un alcanol inférieur & une température de -10 & 25° C pour
— éliminer les groupes silyles, et acidification avec HC| ou HI.

9. Procédé selon la revendication 8, ol le composé de formule 1V est préparé selon la revendication 5.

25

30

50

58
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