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va’y g °p i gﬁ% o&enlcrllaln?te 1, 1- di o>0<|i de,- o
1 t openi ci anate 1,-1- di oxi de,
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t hen shaken'under: an at nosphere of ‘hydrogen at a pressure varying from3.5
to 1. 8kg/cn2 When hydrogen upt ake ceased, the solids were renoved by
filtration, and the aqueous sol uti on was covered with 100 m . of 65 et hyl
acetate.fThe pH was slowy lowered from5.0 to 1.5 with 6N hydrochloric
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65 atmosphere of hydrogen in the presence of 2.0 g. of 5% palladium on carbon at 47 to 51 psig. The reaction - - 85
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A queotis

: 1 %Pn %‘: %Sf*é’f‘%;ﬁ’%l’ ghibtgﬁmc G aréga N nd%ﬁa% o ﬁed%%}/“iiét Qéardﬁ% ed

Foith QB idnB oty U@
Mwa@wuaﬁth smlahmarﬁhr {IMYSDH e @ffdHiddQR ethy) Gcethiid sBRltichDf e-rr Evapor at I on in
-vacumnbgmmemcng:ummn Ghioxdes triturated under. ether.. This: afforded 31 ng. of

45 perithe BB-dibromopenidillanic ackd 1, iciexide dan bg isolgteq by rbrovvalsrmhlednlvemhtevabt?ﬂsqnm rum (in
[ e18p 5P iBRintes! ey ananaiprays prBRAAtigR hada meltingpoint of 201°6 (fgc-lsThe NMBgpectrurg ) (¢, 1 14P,
4.25 (s, 1 H), 3.40 d, 2H), 1.65 (s, 3H and 1.30 (s, 3H). ppm EXAMVPLE 17
50 6, 6- Di bronopeni ci | I anic Acid 1, 1- D oxi de



To the di chl'or onethane sol ution of 6, 6-dibronopenicillanic acid from
Preparation K was added 300 m . of water, followed by the dropwi se additiory~
over. a period_of 30 ninutes of 105 mi. of 3N sodi um hydr oxi de. The pH '
stabilized at 7.0. The agueous: ‘' ayer 'was .renoved and:the organic |ayer was
extractqg: wrth wat er (2 X 100 m). To the conbl ned aqueous sq}g&tmn&, pas
added, — 2 :

pIermangan )sgfwe((:j% ce 'tra %(%)Pﬁs!p% er, _
unt i 7 the%'ﬁ‘?#'ﬂ'% (kBr e ol ki OBt .80 ﬁﬁ@ 0ok
50 mi nutes an 0 oxr were requil red Atthis p0| nt 500

et hyl acetEal\anlwaa added and then the pH was | owered to 1.23 by the addltlon
of 105 b 6&hlothb-yapeicikni Arid 1,&0i08ide Then 250 ml of 1M.sodi um bisul fite. was. s
added durin af@“‘k’s°fﬂ?m%§"q{? 5‘!9809‘*&0@?"'0@915 I“ﬁ@m! ﬁélcblerdmethm“etadpwogw i um

bi sul fi t e ¥eBF R gﬁg}ﬁ ﬂﬁ? :ﬁ”‘gg:&e' ut dh8chl ori c
aci'g. 60 t&%dtfﬁatt‘"’ﬁ & s ¥I1 L sﬁe Cthe two

phases Vg lagid sfide ribrater. IrI&m S d Hhb teRigerd@re wad biftain 5"

addi t i onaldusrigihd additiéi. Adthis éanm odaldbf sehyi a@mb wab Elde@iraitieH was dtjsted Atsatothe

sol ut i ons. mikure wastbéreidati 50 n! &f110% sodiunthistifiteckbeind 1 dmperakime Belcari 1000 anld the pH ated hyI

acetate sdl5m1'@nd¢bff°nef@hvmmqs' iﬁhecnﬂlwaahwge@eﬂ@i"dlhechvwwd@semd The - =

6, 6- di br or‘PB I‘ﬁ'i‘:‘tef‘f’aéﬁ?" rat I"’t!h "‘E%IFF' %Y'afeéad" °P'é Qr9agff -t he
sol vent it %&2@3‘ fgm"g‘ "t? % %i.‘ Yighign  1°
hada el t 'rJIQ-I)QPd um( o 1740 1250-1110
GB2045755 R 1, ([err]) s ovved absorptlons at . 5.30
(s, 1H), 4. 42 (s, 1 63 (s 3H) and 1.50 (s, 3H) ppm The IR spectrum

(KBrdisep E%‘HUIﬂIeﬁd9absor t|ons at 3846- 2500 1818 1754, 1342 and 1250-1110cm 1.20

EXAVPLE 18 "60' ol e 1-D

o r m ng was.ad 50 ml
o g tﬂn"ig T ﬁ’jﬁ%g T R e o
di chi or o3 N i A Eoioh e thala0 7 2
usi ng 3Ng Mb@d‘é& romsrzda;of;{hsss.hmberr&nyuaste.n&waroa.t raeadhashﬂmammumﬂ%yer 25.
was CO0Ol eGvatepwhsakitdd.drop@isk,betiveaH sndl 1000 Thex@iditidrabok20l chdwites. df tHi9 oisEs0 moufdthyh 20

m nut e perapemewaa edmd@dptmﬂhgtmnewe ase! @doﬁuﬂngZNB dgochlprigroidcioghisim
pigulfite) Iau‘"‘ampﬂetwmaﬁbv\/ate

per mangan wa§ adf?l hre e o L
-{ged 5 4 iv{]ﬁteﬁﬁti%%a%};ﬁ |tgea fﬁ 'a&tag %E;é’o %]yeé ?%EE“ W?(%a@ium cw%e ! 30

and the P a¥ea withlbrihe] dPidd MS@A&\de sbotatta,ﬁua&kurhermwalaerbaa ateﬁtgmcmm 10%

sodi um bi Sesvihy 4.8 of ke e cotppHURE, riE1AR B4720hd NMRBEEciuth (DDC);)akmvet! Bissopptibrattamd (s]. 5 by

t he addi t i10h4.84 (s8N, 2%!& Sidiahot- 42ds, Aidipdm. Thia R spadtrym (KBf discbshedled absotptidbs a4 90, he

| ayers werlé0sptandd 11*19@"aqueous | ayer was saturated with sodi um chl ori @

and extra%& h ethyl acetate. The conbined organic 15 solutions were
telphbd-4

washed wi gmmg Eﬁ’arfr%ﬁ%)m&% evaporated in vacuo to give 4.2g of 5
the title aﬁam@e o-6BRombfsriohtdmé acid Wih pblbRiuFRR kbt QbdoldingAOMEocedure
absor pt IwnﬁE)ahplé1§6ﬁ<{rd§‘6Fc}tlo(osa braht)peﬁanhnfbaéta1 {-8ipxid®d)) ppm The | R spectrum (KBp

di sc) shovved absorptions at 1800,1740 and 1250-1110 cml. 20 EXAMPLE 19
20 6-Bro }"c?d’é penicillani cAcid 1, -Di oxide To a solution of 6.0 g. of

g f b \r/vgtm;r 6 PF gﬁg a&eg:zé: so?E{gt %oé@ rﬁ anpeSn(l)ctllrarJuc O@ 1q dC x!dgl;rﬁ‘yrﬁgamp m dd wrt%o m
t 0 a

aqeeous 415 aréeéhamsmaeemn pherEI6F hdr&ieh) a€a ;Lr@s‘éﬂé om&te Kot € Ssbuid rtotir ﬁQch,rs%f

wat er. Thavas miroieues filvation e the PH s1aEe agBdols Ehagd oftle filﬁatEGas adjustedito 22 witi &1 xed

solsution drf/er@Ibgc arid. Pet aa@sumaqse\raﬁmgaml@ sodwrﬂchiﬂrlde tf hsdmr;emtersata@thd and

phdsphor i dheagreeusig %gs ptragied withjjuytheyo
1 0C. TI%: %Q‘dﬁ“ﬂ”ﬁ' d? cﬁll% "’I‘?FFI ‘é’gted’%m‘;t’s?fé 3}‘6 %QI f’°5‘fe:€£1¥ “'%Il?%‘f at e 5°
AL pr

2

mcr ~dioxide. rodu lssol Yl acetat ution was

was added o@lifh it AGLiR atetdtls‘rbsn;a sormws ogyct was
hydrochl OrWaSheaGﬁtﬁihex e, THIY sffordida1/0 aﬁaﬂre%)bﬁ &m was a e ropWI se,
10% sodi um bisul fite, maintaining the pH at about 1. 5 by the addi t | on of

6Nhydr oshIEXAMELEREi d. An addi tional 50 m of ethyl acetatewas added, .and &5
then the pW%@M‘F@’W@Bﬁ t*t?r?cs-zrsopemnéanfcar f.& digyigles6- Breggﬁmdeern&ri iqagld
aqueous | JEFe ﬁn@ pecllapigacic dh"’%"SEII"EIYnaE"ﬁ A fagle Pradgdure o Sample i ffde in

sol ution was extrac Bd W th t‘ " acetate (3-x 50 m) and the conbi ned

et hyl aggtexamplepgers were vvashed with brine, dried [err] and evaporat ed 1 Iy
vacuo. ThePewigginitueidwadiodieed under hi gh vacuum. |eaving 4. 2g of the title
corrpound rﬁvaiﬂ@d:ﬁd@en-‘fﬁhefmgs tompqqpemqﬂlashmmew-tadwbrrrﬂprrtbo@emnmaeo (s,

e§0f n]lﬁ)ftrleihy@g\ e§:llog bfylll?ﬁamg_ofgmne I;yls ‘Fna‘ TP qtlmngegygt?éq:&wrg KBr
o158, gl R e e s ﬁm e

6- chl or o- 6- br onopeni cillanic acid with potassium per manganate accor d| ng to
the procedure 40 of Exanple 19, affords 6-chl oro-6- brormpenl cr I I an| c acid

AN ™77 AR BN ™ /M~A ~ "



455,705 m of saturated sodi um bi carbonate solution and 8 88g-of 5% -
_ at) adi-um on-carbon catal yst. ‘The m xture 45 was shaken under an

- \@) gosphere of hydrogen, at a pressure of about 5 kg/cnR for ‘about. 1 hour.

e catal yst was renoved by filtration, and the pH of the aqueous phase of
th.‘e fiGkL3hershas adjusted to 1.2 with 6N hydrochloric acid. The aqueggus .
The layers were separated and the

aqueous phase was extract ed with further et hyI acetate és x 200 m). The
mi3nce P attrybutyitia pyride ang adey myipraree of b 't’k'ewp a Towmaptont ed in

Wi n ra te ravjoletili ur, h ours at't| 1

Vac@r);‘ve?atuazsz Fquaohgg r%ggh a%%of -fﬁu mrﬁ rld ﬁ?ﬁfq gaca ytlc{"l ge i d) of

PENi Lh gfert g an ra%m% flmémradrﬁﬁ'g Xrg m of
et igh ametat ﬁour Th@re AiixfiRe Wi theR dtnrtmeasf ot£BIdBE sadid agd the

sol . wienivo-piRse syasi washstibryd fovapanadsi By ao&atéwwmwalmedh"naduen wweﬁndée&faed W t h

hex aBevith 5 hwsirgehtbir adid dThg lhyeBweré separated ynd g agueousidyerwad hitlatieP@ith ethy!

- 55 Hﬁﬁ% errombigedsethy] acetgte polytionswerevashes vithibtirpo ‘bp@ﬁ(MQSPh)amqyamt@lfl 1 -dioxi de,

. 6 Q 6%‘1‘? e'eﬂﬁ‘t‘?d@ﬁfrt’:‘l’ftf%ﬂf'f’%’ha’E?P?:la“&HH"Bec?f’ﬁfeﬂP gatigp- aﬂﬁﬁ@fﬂeﬂﬂséﬂﬁ % aci 1g

T |ver, according ito the procedure of Exanple 21, affords i n each

. casexalerd4i | 1 anic acid 1, 1-di oxi de. 60 EXAMPLE 23 - .

60 ' Peitéifanicaaiay,c-bokide 1, | -Di-oxide To a stirred suspensi on of 786 ng of

6- c hl Toretiedisupens®notd.87#gaf B-broawiécdodbpdnidillanixacilid , 1hdioxiti® inrth mbdf byeerneetve . was added

1% 5rﬂf vaadéqdloétﬁﬂ 1*%“'?@"'7361"1009&0 "'f)°f25"eﬁ‘1v'st')4" chigrideyStinjng wasicoritinedd| or i1Ble, at

for5 r"f' E:E\Ié'gsf"d?e’ o ggf @featthe "’G'@E TR fpa Eﬁ" ce the reflux
terrerrm el %ﬁg@ peiohaibin ttm 8565 "nas
00 efitlurb o 1Bbd ol GolLig P 5B laR4 th toraso.rr f%a‘. gof ration.
Th@ sbdilirh bicdron¥@.The Qﬁhﬂdmis@tlri:‘ea 1638 minuteddnd then 80an! of ethyﬁ%et&@%rz55de5 The 20
12 awixturé wasgidiiied toipH-18-atd the/layerswerpadparale. Bradqurodsdayeinwas bxtgcted@ith@thyl
azobF%ﬂt%@Ef@ﬁyﬂ)Gm the ¢°F@'"ﬁ%?tev' eaﬁ@@draverfwererveste@rv@rbnm,yawrﬂ@g%bangt| rred and
ns‘:aF Hinnl F‘f‘f“r slﬁfel"l mﬁ)r 101:? tt%'r" BexpRerfap adgith Tehenf or 3.5
h%nJ olp! t"ﬁ@ S B ey STAeT 2 POSLIRUREO™RYBS t her quantity. of
tr eRakpipsti n hydride (1.1 rrf) and a cat al ytic anount. of
az olFivaloayHey BB Dibrohépenmdanddedxand stirring and irradiat i on at the
r ef | Ubo atseintjneiotd. 130 ef phvalopoxgoethyl A.6-6itirohopertciliamteial th roliotdidlordmdtaue is adbee 1 eact i on
m x t3@P epidshiorpperb w@wamoé"CsUerﬁactmm@rrﬂssww@m*ﬁfsﬂdwmmmeatand 5 t he

;\gg z%fjg‘iaat%feﬁ Wé et%%%ndeégde 4;% m‘gﬁ ﬁﬁ’jﬂs{ meg}*‘ OzrgThe layers

wer e separ at eq e aqueous | ay er was extracte acetate. The
confexameLezshy | acet ate soI utions wer€ washed -w th br| ne dr| ed ([err]) and
€38 p (xittatiah of eacly efcheds, 6-diHatopendaiilacicaid setsrsbf RréparatioreRlising 8rehlorbrperbemeoicaeid, t hah
rec@%‘@rdemt leP‘FGE’WaP'iEem“PH?ﬁ@fowﬁffﬁfﬁ@d"@m@lw of 10 the title. -
'F'l'%.‘ﬁ'ieé é’|°€5l"5'1 1.0 oxi de To a stirred suspensi'on of
08{° 3& : ﬁ ﬁ@ 4 acid 1,1-dioxide i.n 10 nl of benzene
B BLniodRS dibidel Fi et hyl amine fol l owed by 0.25 g of
trl rii&Eth»&h\biﬁ{/lGthﬁrﬂ-l%penﬁillaﬁd'téﬂGdlm conti nued 15 at ca [err] for 5

m neasoyaxgméthyg f.6-Hibron®Peninillacdte-didxidehe refl ux tenperature of the sol vent.
The 1r(@a'et<\ﬂ%§'rvlﬁr$%P@mpwéla'@@ﬁﬂ@@*td& roomtenperature and the solids were

G'Y‘I'f’é’e'f"f'lla{‘?‘ ﬂf" %e cooled to'ca [err], and 1.05 m of

g’, c%@ﬁ?f learn camount of azobi si sobutyronitffle .

on eib,wﬁ.,spénfcr" kAl Gt h- ul traviolet light for 1 hour at

ca [parpb ycarBohio yld«chlwﬁtifﬁdt\bbﬂdllalnﬁtﬁm -3ioxig8, of cold 5% 20 sodium - t

bi CaF(hmxattaﬂ:ons?he)em/bet&mmommmallanatlee,d-dfoxide,30 m nutes and then 50 nl. of ethy

a@eﬂa‘?léow'@ndddwwﬂﬂt@no’s-ﬂeonwwﬂanﬂfetwa@x'é&zl d| f | ed to pH 1.5 and t hé&%} ayers
'%%P et hyI acetate (2. x 25

rr1) M ? LEE"B'(S’WW&? ?’W%YLV'&e %{?’8”1“'39@%“’ f"B"'ff%?ﬁ@&‘ Y&t h brine, dried

[ er ielkaBGE HVvaporated in vacuo. The residue was dried under high vacuum and

t kg ARRIoWbxyRlcthiPsmcifandas 1-R%esl. The insol uble material was recoveredsgy

fi | t revtaisointjonaf f.aurotipivedoy@x@idiey! 66-dibramofieniclignatd Tiipuidelin 1@l of methanolis -

25 EigedPpioiAn smilwab bang m;tt%91116oeﬂmwhdnfnpem@nmhana@en rhixtufeii oxi de To a

s |&b?ke'hv'%9r°ua'vrls % R Pfﬁﬁs‘tsefefr"tﬂ" ﬁ@nrrltt:}r' h\rdsﬂsart 'é’tlkrﬁ 15 m of -
p&m&%ad e Sil uea d e s?ﬂd F@? ela \?qf;e °§ an thﬁ to [68”]
| pi g, vﬁmtu,rtﬁwﬂa?ﬁ d?at o%r s affold6 Hval at 30
[err nitiftinatd 4 1-di8kée ere reactlon moxtare 1s evapora e to dryness
in vacuo and the residue is 30 partltloned bet ween: et hyl -acet ate and

wat EXAMRIEE®8pH of t he ‘agueous phase is adjusted to 7.5, and the layers are
.s @partiydegenoiypigofesdhpf the@@einalerqpiciianic chﬁﬁF”étﬂWe‘NeFZSWa'aﬂdzseﬂPem@F@Ped 6n
vacuo to give the title conpound. EXAMPLE 26 35 Oxidation of each of the
6 6 d| haI openr cr I I anr c acr d esters of Prepar at | on P us| ng

o o ~ - o Y o Y -~ 1 ~ -




6- chl or o- 6- bronopenicill anate 1, 1-di oxi de,

40 plvaloyloxynethyl 6- chl or o- 6-i odopenicillanate 1, 1-di oxi de, _
hexanoyl.oxynet hyl 6, 6-di br onopeni ci I'l anate 1, 1-di oxi-de, 1-(acetoxy) et hyl

6, 6- di byjonopeni ci |l anate 1, 1- d|0X|de 1-(isobutyryloxy)ethylGBzmw7&;B 13
6- br ono—6-i adopenicill anat

;6 dlbronopen|C|IIanate 1

y- butyrol act onyl ' 6- br ono- 6-i odopeni ci | | anat e 1,1 -dioxi de 40 acet oxynet hyI'C

hy!- tI [dsﬂ‘°MP‘6'P%°°€’-"B‘r"lS’ﬁ'open| ci 11 anat e,
rret hoxyca to 1”95 nmopeni ci 'l anat e 1, 1- di oxi.de, _
propoxycaﬁ ﬁ p it ag,ﬁq (ﬁ,xwgdopenl cill anat e. 1, 1-di oxi de B
1- (et O)@/&%qu:}éﬁ&xﬂirﬁﬁéh 1&idRidéll br omopeni ci | | anat e 1, 1-di oxi de, ‘50 5

1- ( but oxygraidylmrymhaabyy pedictiyriated;itiaxie- B- i odopeni ci | | anat e 1, 1-di oxi de, .
50 1- met hixanby meﬂw elaﬂas'ehyﬂ@wy}’%th | 6-di bromopeni cil I anate 1, 1-di oxi de

and 1- net gF@@W\"M R‘glbé'f‘ pxy) et hyl ‘6, 6-di br onopeni cil | anate
1,.1-di ox m&:‘\f}l to lc'" 55 Pival oyl oxynet hyl Penicill anate 10
1,1-D } ethyl -1 (hexanoyloxy)ethyl emclllanate1 1-dioxide, - 55 To a

sol ULi 0N RibthdseySibdlioRméty méﬁ.awayﬁam InMioxilesp- di br onppeni ci | | anate 1, 1-di oxi de

in .10 mM popdaai@rdxymsthdgeradiiagatert,1-dibxideM sodi um bi car bonat e and 200rrg of
10% pal 1 amethwunrbwafmﬂethvlfmﬂlamﬂﬁmdﬂ xture i s shaken vigorously under an
at.nosphas a;(bmomggt gthvlpmﬂ%ri ZE | L > kg/ cn2, until hydrogen

upt ake ce 5@@ - %eaz ;db k of the methanol is
renoved b;%‘/l mel o r°’f§r’§y°f'rrl1°°n '{ﬂ ﬁ:j' ' %{}?dgg‘lét ate are added to
the .resi dugameigi2é he pH is adj usted to 8. 5 The | ayers -are separated and the
60 ‘or Jape Bivleyexyméthy! ejaBbrertlopshititensiall,@Djoxide | ed (Na2SO4). and evaporated jn . 20
vacuo, Thi & stifrddspidtonmif %:2g0o)s.Gdi pmw"f;mlé‘lrrl-ldmm'e2°1m'Pf’&(Vd’Jﬂ‘Q§§'f°’ERﬂr9PLE 28
65 wdrog’emp'y@io?%f-d@at 9 pf diigperopyigihyis a‘f‘t{Ps fdpisp ﬁP'!PWé Pl Peor

en at room temperature for

1, 1-di oxi %"°'f‘?t_h1¥if;a n i urew;osnt lﬁlﬁt |of Oltjar:s 25m of water. The layers -
GB 20454 egse ara CXAGR) Seot eTh% Rl o PRicodbd lfod N0 25
COWDOUH \Adh{e Peh sv&%&lhﬁlb Lrsé}a{eeoﬂuoia -vihited ¥ddbine. %e@fwtmbammem\yés )

peni ci | | apiah Beatedwithian ¥itkigted dhanzbe, dhed (MgSOAatdenapbraydd imariods & brawmeib
1, 1- di oxi skeighibg amrwmsuwmmmpmddnammsnma gel, m-m:@@romethane as eluant. The

5 pi val oylfrmt'ympﬁ hln@@ﬁﬂeﬂrﬂmﬂé’e@c& cmmw AP ove 02258
pem cil |3g_3a/%t't3 ;‘3 U @qar‘ 1F %PWV{%EP&H Ogﬁﬁ rf&t e’ #gtjss'dl;“t# 55ésé ' 30
1- (i sobut t yl nici a(na . 1- di oxi de, _

1- met hyl - GrRa@bi@sy) et hyl penicill anat e 1 1- di.oxi de,

10 1- met hhvabyibhyesmpoyiianytet, Ppbxigeni ci | | anate 1, 1- di oxi de,

met hoxyaar bzorayﬁrwdyoimloh f 60panef oivilbydoxsmethyl 6.6- dmmmmlgnate 1,1-dioxide in 5 ml of ' 35
pr opoxyc arbyy wg of elprplgqulq tyﬁ%ﬂeéollgwg_d tﬂ i amount of azobls;sobu;ytrorjll:‘nle .
d | Itra t light for 1 hour. The
i E ELP gi));(?a? 'lﬁEFH Z e@%aéof' colaggsi%c\izf's‘ if oﬁasi snr for 30 minutes. (!’Ethy:j o
Te The layers were separated, and the
15 1- ety s : Qﬁﬁﬁé’r ﬁh‘t tﬂﬁl}h)e@{ymétatg ;ﬂé &Hb‘nﬂdéiﬁﬁac&taﬁsdm@% Wite wadbed. 40

met hyl - wuﬁ bmpdr@awg\soara hDevyopatat)ieikaayd. THe@dsidoé Wasalnat updék hibh vasinax food9,
respect i veaigutesENAForHed70 nR0F Fieliew ahwthish yasshyh YNMSipeatrgseopia pastain teatile
1, 1- Di oxi Ggmpound together with some |mpur|t|es containing n-buty! groups. 20 A stirred sol ut i on of

3929 of _ rormpemmllamc acid 1,1-dioxide in 20 m of _ 45
NN-.dl met‘ﬁ SR o9 ,d;,o [err] and then 1.29g of :
di Bsopr Opyfﬁ:ta o9 Wa of & moﬁ@hkiﬂad‘&%&dfn@b InbaradhIBrgmdthénk & addedatd g aiet hy|

pi | ate. smloﬁapélﬁ&ﬁ&ld: &t a00-8°C.Theresdtion midureisdirred at P-8°Cridpr 3D ovinufes roidives at 2&i¢dort hen
at room t @AperaThafigerbdmeactin hiztress cVhoratestitacusto givedhesitie s dil.ut edwi th
25m of wg&l acet at e and 25nm of water. The |ayers 25 were separated and

t he aqueo en/cltllanael q)m h ethyl acetate. The conbi ned et hyl
acetate | &Y ﬁyﬁ&a éuﬁnﬁgé.& R38R 1813 b iRadbRates ba il 6N,

wat er and gdahAiHeomi Jﬁd % lof ﬁ@ﬁiﬂﬁ&tﬁylf‘éﬂaﬂde%s Ned itB@biedt feapbatiretivérhigiit Most
acti vat ag Sthaschaniwas ebiriovet Hyle@ipbrafiondmebcirandthe assiddh vias partiipned tetyvean dnybagetatsi | 55
wei ghi ng 2and gaterTTHerganit layen wasramoved wastred pite tV hydroghdat a@q angiwith gaé_ur%gq sodiy@j

ers 2;&”?“ﬁ%ﬁ"ﬁ?&%“é%%@%&%@%%%&@% b A

t|tIe co e NVR spectrum([err]) showed absorptlons at 6 10 (q.. 60

F_()@thg?, 4.55 (s, 30 1H, 60(s 3H), 150(s 3H), and 1.15
( S 9 H) P P&hicillanic Acid 1, 1-Dioxide .
To a solution of 2.0 g. of benzyl 6,6- dlbromopemclllanate 11 d|0X|de|n 50 mil. of tetrahydrofuran was
added a solution of 0.699 g. of sodium bicarbonate in'50- ml. of water, followed by 2.0 g. of 5% -
65 palladium-on-carbon. This mixture was then shaken under an atmosphere of hydrogen, at about 50 psig., for . 65



AMPLE .30 Pi val oyl oxynet hyl Penicillanate 1, 1-Dioxide 35 To a sti rred
3 ion of 60 nmg. of pival oyl oxynet hyl 6, 6-di bronmopenicillanate |
XY /dioxide in5 m of 35 benzene was.added 52 [err] of tri- n- butyltin
hydri de foll owed-by a catal yti c anount of ‘azobi si sobutytronitrile. The
reﬁctloeamm,tms@ was cooled to ca 5C and then it was |rrad| ated Wity
u a6 = hoed Bet0F 5 vass—Hsoed s - of
cold S%HSS% umﬁbl car bﬁnate and stl rred forﬂéSO m nut es Eth acet ate was ‘ér’
~ adde %q U}\é §§ ﬂ Pl ayers ver
t r at q eo rwas re 1 3

e s E ST R A

acet sdifion. og,g n@c&h@,@e,ﬁ bt 1 ons vvere vvas wi th brine,
drised (MgSOH4) and evaporat ed in vacuo. The residue was dr| ed under hi gh

vacuEmMRl.E:ilBO m nutes. Thi-s afforded 70 ng of a yel. I ow oi | which was shown

pa a N

brpmommﬂatarf 7t’I'Fé°Xt°Iet | e conpound,- et her -wi th some
UI’ ITM paf e%r Renici snlm Ex\g%and 22tr|chl:roethyl .
45 %t ti ﬂ%# @ %E rati ’ﬁ YV urge
s gﬁgﬁ e b e e

-chI oroperbenzmc aCId at 0 5C The reaction mixture is stlrred at O- 5C A
for BoAmALEEs es and then at [err] for 24 hours. The filtered reaction.

m xtﬂ#@f’h@cm b@laltl@j in vacuo to ive'the title compound. 50

501 EXA 'b’B"‘ geanjcians g X< FWF%fﬂ%thVl‘hlmﬁtﬁWd'@'xW"rﬁf gedpie &

10. 05""‘“‘&3%“"’6"%‘9 Betbegantialiy Arcarding fofFxample 144 Theyigldwas27%s o of sodi um

©bi cagRonakss 3 06 m.. of benzyl bromide and 100 m . of NN-dinmethylformam de
- Was - $YathokRErbBhyicxYeinfIBle-Ditbrasperitittingte RYDloku@ht .  Most 55 of the solvent was
T eV ddniktyre 64238@ o 6,6-Gibrandpatadiiiatic Sutll, Tdidkide £102 ehil ©f MethoxyEartidniibxyRéhlyl bet ween

-'et hy Ehleridet! 32 ml. obBsaprmbylethyiemine Fiddo ot of dfV-dimethylormarzide was mieddt roamashed with 1 N

ydr ggg;;atugt?rﬁ lvg;rs@x‘ rocien éﬂgﬂwawat@ateépm udgg'(tén%egtg‘; ag)ﬁate.amh%ttzga [err].
_ Evap uential aturate um bicarhon The NVR
Somr A I e T VT o

o'iy) h{iB-brotnodéHidRlanase:)) S, ppm
60 EXAI\/PLE 33 Penicillanic Acid 1,1- D|o><|de To a - solutlon of 2.0 g. of

benzﬁXAIIGPLG%Il br onopeni ci I I anate 1, 1-di OXI dein 50 n. of tetrahydrofuran was

rpy ) V/(ﬁ’e ’ P"’ c; r onate i i wat e
fog‘f%@éﬁ SI: ltlpg nde o wed iﬂh‘ﬁ n e T?ftotﬁrl:\?)s(tlure was pea ed%ﬂg§ thé"% |
shak%lsobm 24 s bt mﬁ,la,at. A Enc b rRdubwas disQbived irb D 14

@B 228} ibof 4&tonirile. The acetonltnle squtlon was washed with hexane several times, and then it was '
14 7evaporated ipvacud.TBe fesiduealay dissoived insthekpmd the Bbaredlutlvy wasegabedaithen, and t he
r e3§ detessiumdiugrige tamftfPIMIGdbmwwwm@tmworldG Ehezried IunstwI/athensolanoans 7.37. ¥he

aque §°'P‘a iayacigangd ?ﬁ?ﬁ' ?Ws'l' eRsiel iggive GRA3 title podicty H was -

I ovve p °" aﬁBc' 'é°‘”§f' Fltiff"pﬁ?f‘éf‘téﬂé %%Wfé%%?éﬂ%h’d%@%é& 34 h saturated
sodi um Ior &°Tol ut i on. Evaporatlon in.vacuo gave 423 ng. of the title

pr solpREPARRTIONA - S - ' 40

5 EXAWh:EsaddoBen?c;/BmifAmwhl or oet hyI 6, 6- Di‘bronopeni ci | | anat e 1 1- D| oxide The
titl eTe@ﬁmgh@Hlmnth{umlew hk gdicBorémethime maogided. with dtigimp.at @CC.A1im. - di oxi de.

and 2f225N2”'f‘I"PE‘I'ﬁ toHeyadiby | 97(3’1?@?‘8‘!"@?’% é"h'SEHb'ﬁ'ts&Hﬂ Pf@;‘;’y"“’a@&'ﬂﬂwcﬁgdt o' the

pr &Ca@féﬁ: ml of %ﬁr Im tesolu |on|n r{ thea r Ogﬁ@phy

er q
h&%&lt‘hf aI tngor AnftoH Vt &l ril\lvis tfl E é

absog&tdm&naé TH ditRlok diﬁethaﬂ&oIZI nwas diifed ( a§SO4 E ac(1§g|w me EXAMPL

35 Penhdlltlhl:d]ﬂi]:lo(]ndACId 1, 1-Di oxide 15 2,2, 2- Tr|c | oroethyl - . :

6; 6- diThe ualwakassatved l&?ﬁlmldofmlddrdm arwdducwnwftvhtemm:addecst'hel n a
m %¢ ¥ te'asm pieBgwith dilutp sa'é'ert\ pydroide ndthetetrabydreflraewesremevad inyadue Tt | al PY
acc oL AR K S e T el Ao i s

1- ( EEROX e B RN B IR 8t oy broropeni cil I anate 1, 1-Di oxi de 20 A
m Xt pRepARATIBNBO 0. of 6, 6 di bromopeni ci |l l anic acid 1, 1 -dioxide, 1.02 m.
of 58 sberb-Banuyppanicivamydaxy) - et hyl. 20 chloride, 1.32 nml . of 55

d| | SO pri’@pyIsemnybfandlmG ghiato-8@dnpenicitjéiniddbld desnveyted to thedree aiid, and thes it v was ed at
i‘ztﬂa%fm'eof P‘mzenz gndephiiragen. Ththe palutiop waspddqdy 08 mé oftiethviginting: and thei t h 100

e t” Sh o 5 %Tﬁatmg I‘fft}?%gt@t:@m @”f' @..éﬁﬁfgﬁi CSspoctum

th'e ﬁ'ate Ed 1%% %blsi@% frile,
ngaurat,asamhnmaldnawb w&mummﬂez hEfoF mmmﬁlﬁgwmhadg Q:nnamnt ﬁﬁanﬁ@rlature-gﬁéas af f 0 r d ed
353 PQIC. Thé solvire whas thérereroouap byvepotating 2 wacne, asdtheviesiduesvastissoldad in a1:1 mixture
_ of tetrahydrofuran-water. The pH was adjusted to 7.0 and the tetrahydrofuran was removed by evaporation .
-85 in vacuo. The aqueous phase was washed with ether, and then an equal volume of ethyl acetate was added. 65




1- (et hoxycar bonyl'oxy)' et hyl 6-bronopenicillanate. EXAMPLE 37

1- (Et hoxycar bonyl oxy) et hyl Penicill-anate 1, 1-D oxide 30 A portion (230

ng.) of the product of Exanple 36 was dissolved in 10 ml. of toluene. To
th|s was: added 0. 4 30 m. of tri- n-butyltrn hydri de, followed by 0.164 .g:
of azobisi sobutyronltrl I e and the m xture was heat ed to 70 [@rzrd,;s-,gsog 3. 515
hour s. v 2 —Ey

dlssolved tdt 9 The aceton |Ie solutlon Was

 (oralih «trﬁ.a e %i%t"mé% o g Gl AR

was di sso ofs c| t 'on was Wwas

pot assi um. ﬁtwmv diRoduBiivak eikéonwdtehyhyaawﬁnamdn SRElivVBTING Sriwalel Wab.addeacThepi €d

(Na2so™4) Swhmrus@d)tomt andl thadesrahyBiof@sreyps rentovel] Lyevaperatiod, i abith. THe @queensiptiase was s

chr omat ogreapining wasfresz4-dried torgive 850rag. SMU@GQ%G@romﬁlclt'mtetThe NMR prectoimec®D.0) The

NVR spect B pheortimmess 7¢adter 4Bt idns “lp). 36155 110 (s and(1 B3 (=, k) . (m,

4.15 (S), phefARatiSne 3-30 (d)and 1.75-1.00°(m ppm 40 PREPARATI ON A -

40 *6- Chl grggelg Hﬂ %)ag,tqu,@nl cAcid To 3.38 g. of iodine nonochloride in 3Q,
+ of CI I.C rﬁifct@r’é% 8)6g) f fBorarskRicillaiclabid, A1k fl. bfiGbthyfbinird ab&100 Ini. of bbdzede widds.  OF

2 5N sul f Hlﬁrreﬂaﬁdedmtnﬁghh hﬁﬂl\éﬁbldﬁym&as%taged Diie sl0tiinLNAE Stoted tot0s°0)tahdni. 28 nplaf Nt , 3. 00

g of 6- anirimetyisin chldridawasrddéddThazeactind chbdurenvis stitredah@%C. farAQ nmtutqsranmgeMS

cont i nued 5¢°Bfor§Bminuigs iThecogled ga 'e'i"rﬂ turemst"ﬁéedrae%ﬂ"ﬁﬁem%@d?déo%Q Asma

5 guantity o 0 3| ] I tri-n lt drld f] 15
added 22 8 q’?Ifl:'l’ \;bi,l-lth traonettIQ\ Ol'fl min fg s an ¥1en rezﬁ stBre t.ca gy&rﬁﬂ:& 7 E%r S
wer e separhg,f Mﬁg dag ‘AE@?L% E LQ inued 2.5 hours.

di chl or onmt thﬁaant a et -tyB E‘obi%rsaﬂdﬂ}r&mﬁl &S@e%dé@%ﬁbm Vrern-Bjitd at ed
sodi um chihgdrideld.6 mi) @dddt 6id thy iR icRhas &yam@tddiated for SEBinalés. T sél%ﬂ&ﬁ@ﬂ!}e ediribved
evapor at2edy evaporaton é vgéuei and to3hetSsidye wad adtidh¥ass sodiumdicerborptaspldtion Bhddietind ethersiihe d u 2o
was - di sso M‘elthati%yﬂﬂ“ W'Ps shehe" Y'@‘t’?lﬁh A¢niputggand Hﬁdtht’ h'éwas@@“#?d to 'éP Thh‘t"&ﬁf ayRsr e

a d a o
added. Thé" in wa%erconjtalm e y\(rzlento?so 1211)|ca natefo reeﬁ |SEIF m\ the

hes
t et rahydr @( ‘6 il I.E’Q %?5
freeze cigla g‘" e rge@ei ue was was la d‘{et hyFtL'et her. ﬁor ded 2

.67 g. of mha;dtuhtshwwﬁmadcmndﬁgsapaﬁdi Séphatéd LH- 20R5155?Mﬂ1%d3u%r :
6 bet a- Chlnuteopieﬂhcsahieamlrtonddchromatographed The NMR spectrum (D,0) of the product thus
55 A 2.95 ogtamscbﬁhweiaaroreveeﬁ%ws.ém%Gﬂneﬁatfp"émrmsparﬁ%pmr d was
convert pee acid, and then it was dissolved in 125 m . of benzer}‘g
under eg lgﬁcicﬂ) ution was added 1.08 m . of triethylamne, and ™

the m xt ur erhuvaﬁe &ara i$ Preflddetiyl hductidh df BB-dhauRb&MLiNEniX baill, Qith@bn-bligih MA@

0. 977 m . aghrdingitdthé prydedirk yiPreplrbiivninde, and the reaction m xture was sti rred

at O-[err], for 5 mnutes, at [err], for 60 mnutes and at .[err], for 30 .
m nut es 35GBEPMéT'P§§ct|on mxture was cool ed to- [err] and the triethylan 88

A R e L

hydl‘l de. eﬂil reW@s%rr&ﬂ?Fbo}n tén?dir Jtﬁﬁ\ﬁ‘r |l%d Jvi't vl dctate &
m nues \mwateawnd pr-ngadttetearwmtaau thedtthe étama@taaetlmﬁs Qf)arﬁtéd and Qashed ihfee GMbsWART  WaSso
t hen r enowvetr ing orceayith saadratedisodiom\ehlolin® solativd. Thiethyl ewiatkiselutivads thiknsiged usind i N a
1: 1 mi xt ueehydfous sediupisyitsteptnd exanorpied éwacmrmwsme\%ecoaawst ed to 7.0 and the
tetrahydr %H’rﬁ"gﬁﬁ removed by evaporation 65 in vacuo. The aqueous phase

]

Was washed qi, borogHaf 6iS onftariiRlwit O bR briGi b blorodr Bl abi ARRadde g
15 gamma-butyrolacton-4-yl chloride or the requisite alkanoyloxymethyl chloride, 1-(alkanoyloxy)ethyl chlor-

GBiZ 045 TdeDr-Methyl-1-(alkhboylbRBetyichidtRle, alkbtyBdritlylbxymbth@ chlBiitef 1(@1kdd/daybonyad@lethiic

| affer was chierigpetimetiyia-{@igueseenyisivdsiby! vhlwide etoomig dxthewrodediresfiPeparation By |

acétate, amdetthe‘n"mmceramwﬁed ethyl acetate solutions were dried and

evapor at%@ pf‘ﬁa'\ﬂ b 7 pe&'P'f'?ﬂa ed 980 ng.- of 6-beta-chl orpenicillanic

acid. The g‘fﬁﬁ’f%: °"§gf gtE%lr% ﬂada{; t etrahydrofuran, and an equal -

vol unme of anx%et @bagi_g,e, adj usted to 6.8, and the -

tetrahydr@fvubmymwsam&dwbgmoﬂmaqwrat|on i n vacuo. The aqueous phase 5

r emai ni reg hexepdviaxpnethyd-alpleb-ibdppepiciien®&60 ‘ng. of sodi um 55
6- bet a- chI1 eﬁﬁt'zym’eama#@emtheaww spect rum (D20) showed absorptlon at

5.70 (d,: sgtg&}V VS '“a ‘“ﬂ' 4Hz)- 4.36 (s,  1H), 1.60 (s, 3H) and
1.53 (s, ;h@ﬁ,glaﬁrormpenr cillanicAcid '

10 A migh lM'e’iho ca or%xy th nwm&nhae anicacird, 1.54 m. of = g

triethyl amdp&y&iﬁbnmﬁ/m&hylwetabﬂmaﬂmme,st| rred under nitrogen until’

sol uti on Wdehaxixasiomdaky)etfilié-ainbh-tiomopenisiisnateool ed .t 0 O- [err] and 1.78 m of
trimet hyl §M‘?P‘Vcéfh9'M°P‘d@h¥hﬁ'S'PWEIw9"'q1heat?'eact i on m xture was stirred at
0-[err] f1(5'r h:‘ f"??f ony g‘ﬁ‘g' e?lzd?%? ll e‘f &.mnutes. The cool ed: -
react i offBiur & '%mp?wfat PRI calphaFhigroreniel a“\téss cool-ed to O-ferr]. A. 65
smal | 15 quantity of azobisisobutyronitrile was added fol |l owed by 3.68 ni.
of tr| n- butyltrn hydrrde The reactlon fIask 15 was |rrad| ated wrth

- . . . o . o, o



evapor ati on in vacuo and to the residue was addd 5% sodi um -
bonat e sol uti on and diethyl ether. The 20 two- phase system was
iken vigorously for 10 nminutes and then the pH was adjusted to 2.0. The
¥r |ayer was renoved, dried and evaporated.in vacuo to give 2.33 g., of
an 0|I E g?%# Was converted into a sodi um sal t by adding water contgining
1 pmn va Qndl um bicarbhonate foll owed by freeze drying the sol u i on
 thus obt ai ned. The afforded sodi um 6- bet a- brom)penl cill anate cont am nated-
wi t hewpedtively-| anount of the 25 al pha-isoner. ' ' i
25 Theos0di salt was purified by chronotography on Sephadex LH- 20
conby pgﬁlx %, f urther material of the same quality and _
re-¢ Aammr@ma iodineC10MYRs ShesuitineRi, 2263, ofdodilii Qitits KPS i, bus  obt ai ngd
S h OV\dﬁd'nl(ﬁhiiiﬁéﬂﬁqaé wasssiretat 5C.5dnd .32 g. 3t §-amirbpariicil(asic acid wrre adleddVer(aperiatidf 15and 1. 50
Birhitep pmmgﬁ&smﬁ TORC. for 45 minutes after the addition was complete; and then 100ml. -
30 6°fl3@é%9di Eﬂrﬁwﬁqudaﬁ#remmwmeweneeepe@ ﬂﬁ’l@ei’%‘e %[f"‘@ﬂ*“ﬁ@efr eduction

ne e dri
' h éo ﬂro nva uo mﬁh? ILF-Y Ftﬂﬁﬁm?r]l ed w: %s’ome(egccor di ’?9 to *
t ;92«5 tm ectrum (CDC|3) showed f
| éb\éé} svswl% ar@rsnmeem(s mat e To a sol ution of 280 ny. of ..

: 6 aI pha- brom)penl cillanic aC| din 2 . of N, N- di- et hyl formam de i s added
- 260 PREPARATIGN W sopr opy| et hyl am ne fol I owed by 155 ng. of chl oronethyl:
pi ﬁflmlfa"oam?t%s a-&wmwm'lémf#odu de. The react i on m xt ure is stirredsat

I‘OO &%ﬁ é/ e&.ZgZaf Hrﬂ“ “ |valat rocf if:;' n?tﬁ 'ﬁanw len%1 etate

and § t"‘ﬁ ﬁgf“é fﬂhe W rosdhifh i Qwﬁ’shé tél'bﬁ fodlapbe © | ayer

' i's S& he@: fa \fvér ardded, And Akt tidethyPdcerate Y&t wabwasndd T 1 saturat ed
- S089- ébﬁhéhhilﬁ)‘nﬁtﬁl@at&%atﬂrdtéu’kodlﬂ- emaida uRRd bathuen Hatohdte) WatoSant Beturated i ed Ugp Ng

anhyshdaschibddi. Theidsdlofizstethylaraatesphion weis@ded (MgSiband etagorgfiedto divhessin t | e

corrp!ﬁquh'ﬂﬁEﬂPMﬂm‘FV'A'S)OfReaﬂ,etcP'BPPUM t'he appropriate 6-hal openicillanic

thalldyl chl ori de, 4- crotonolactonyl chloride, 45 '
?gwggggé %@ ””;/,Ja chloride or the requisite al kanoyl oxynethyl
S abrirelloR Bf&dlﬂ%%ﬂ%?énwlknnéacfd%tkﬁélﬂﬁb&ﬁﬁ@eet hy?

Chl OEUb%tnaWJéébwﬁtg&a Bl}ébﬁ&bémr 6patatiGtH @Teiddey)l THe AIMRRKce @ OCDAIpehgwed hy |
* chl oslisokpticns atl7-38st 84),15.35 (nf, AHKDISYS 2H) A Yrh ORy3erin ). Gisliodilded 1.38d¢csiding to the

: procerdmre of Preparatlon E, affords the foll ow ng corrpounds 50

alpha chloropen|C|IIanate - 30
50 4 ;,gg,g ngtebeta chl oropeni cillanate, gamma-butyrol acton- 4-yl
6-al f aa fr.fa Bh&fh b aiané SphatfSHhREN IR Mdid B 50VRT R 1eBIRATRRAN, stolcl aRat e,

pi vahdigd mas)grrﬁtphfsdme@v&iebae i PRRBITS thehaz) adigtion Bcboblreawassdeadysvei 4 19|

6- a8 minateipedholpiMTigcof 22, 21rivhieroethyl chioroformate, maintaining the temperature between 0 and 2°C. 35

55 1S(rawa§x ipgedyior 3@5mbeiﬁaambh9 @inu Pai'i'mseemore ﬁ'@mw tla et hyl

erpight] Wg_fegctlo 3‘@%9 mlnu es and hen it
ter t ve Y| ate. The ethyl
: be?% oS et %&m
f |d ) TRUQIRF Sefate twfas th dr m‘yﬁ%ﬁ tl%ﬁ%ﬁ Ydentrated to small - 40
pdlan Tmﬂ%rﬁlrﬂlhﬁaﬂﬁﬁdded 100 ml. of hexane, and the solids were removed by filtration, - 60
'pr opowyigw&mﬂylheawymatploydd 15-pD105-310P0: TheiMR spectriih im@RGY,) showed absorptionsat -~
~1- ( eB-RYidyIER A-BRDIANIHL 440 (812H),4.65s, éH’ph@-‘%?'@ﬁﬂb‘@il(%?H)P%at e,
1 bu $@gyl oxy) et hyl 6-al pha-i odopenicillanate, 1-nethyl-
%@ xy)ethyl 6-beta-iodopenicill anate, and 65 1- rret hyl 4i

6(5 | SORg : omoiemt:llﬁn AetHaRY doBiedé s cRvad bddad 1198 |y BF LPEHRIRd, Sdolnkl 8123V Sifuric acid and

§951f sodiunAnritd OrbeiSstirrbd mixture was then added 54. 0g of 6-aminopenicillanic acid, portionwise
16 r e@qamnhmmei with tRREM PR Te DISinGirB GoriDi tod 0FO{Stining whd cantinogforB0 inufes ati Xt ur e of
15 5(25“@. andthen &1@im ef al@Meplutioyfof odiN bisylfifeyyap added-drepvise pERjo 1Q3‘F dlﬁ'ﬂ@i?% mnitridle and

ﬁéhe ouslayer e)act W|th
6 am w ?ﬂeﬁmw;%ﬁ?mﬂmﬁwv& > ?M "% i‘gtﬂ?' ‘iﬂsg'“m"smr.ng

'° opent m nut e ter the addition was conplete,

W g,

continue
' angsbhmnj,ﬂanm of 10% sodi um bisulfite was added dropw se. The.l ayeggs
wer e ebloaxexbdopenicidic Akié aqueous | ayer was further extracted with
di chl demmw\@lormaommwwaemm G)Wspﬁaﬁ@,s chigrjdey 10 miet2dMaultudagridyi t h
br| nendiiﬂspetfo'im g % GRaapesp anthey G'a

T T s A R L L

a SO E&ﬁﬁl%%lcﬁbroﬁtet?gne(ss nh)ve wﬁs@iet( WwithlbrihB, driel. (MQSdAFand &dborii&ﬁn Jrac&ﬂto( s, 3H) ppm
PREP givéthk il cbimpound as a tan solid, mp 148-152°C. The NMR spectrum of the product {CDCI;) showed
absorptions at’5.40 (s,1H), 4.56 (s,1 H), 1.67 (s,3H) and 1.50 (s,3H)ppm The IR spectrum (KBr disc) showed
65 absorptions at 1780 and 1715¢cm”. : L 65



15 Pi val oyl oxynet hyl.6- al pha- Bronopeni ci | | anat e

15 To'a stirred mxture of 11.2 g. of 6-al pha-bronopeni crIIanrc acid, 3.7
g. of sodium bi carbonate and 44 m . of N, N-di nethyl formam de was added 6.
g. of chloronethyl pivalate, dropw se, during 5 mnutes, at anbient
tenpergture. Stirring was continued for 66 hours and t hen t BE 2oL PN

mi xt ur! was diluted with 100 m  of

| ay M were se arat ed and the ethyl acetate |ayer was washed 20

sequent |P5‘F- turated sodi um chl oridé, “saturated sodi um

bi car borfaf & V“'é‘if%.ch g:; ﬁ,’é‘i‘z Blaifh 2 a8 Bl Yl A 155 20 ot !
acet at ecﬁ Eérﬂ il Hitrité: T ur@\hﬁspéaﬁéa ﬁ Viddrdk MinigSat b 5°0,3¢ei9s Thi S
af fordg r]\&e§ 482g df df %nﬁbéﬁtcﬂi)nr@écrdt $teridg wals Ebnﬂﬁﬂibtbﬂﬂlﬂrthd?ﬂﬁm'ﬁt 0N, antb Benzygl
6- al pha-tBérOn0D Mmestila% kddameﬁrsulﬂte was added dropwise between 0 and 10°C. At this point, the layers were

25 The separited and e ' vapugla :tryd'e'@l@remptt-ane&t; :iggﬂ gptec;"}bmed —

e [ayeray 'ew P brige. d
QR Bl
ShOV\Bd §.¢9|ru ﬂo (= sorption 3 paS?n 3 ) P ti

_30 PREPARATI O\I J 2 2 2 Trr chI oroet hyI Penr Ci I | anate To a stirred solution
of 11.2 C!‘Ehi;bm»;ml‘aNpha Itl)rom)penr ciTlanic acid in 50 m . of tetrahydrofurag1
at [er¥] 4 over a.one er d. To th
‘hazy sol I%E-FBIﬂro gg%pgp ﬁ‘e %r oigf }é dg gf mcgg\lsﬁnm wtaelazoézrl 0 Gplorgedﬁ
2,2,2-trichloroe orof or |nta|n|ngt e tenperature betvveenO
and [err}m_:p,qmaﬁoﬁbr rring was conti nued for 30 m nutes, and then the cooling
‘bat h waspivadawoxgtlethyss, 6uibranppedkdiasseat | nued at anbi ent tenperature overni ght2o
The react Toastiries salution pks:H59g wéﬁrdrmmmwﬂﬁn[cew 20 'FtﬂfNN%eth\i"fﬂJ'P@E'd‘alﬁéquﬁen it

was fil tb?oaeff"momeﬂtvla te‘? wedyd 'H%at \4755"" %‘ §Yﬂ°\}”ed in
I e tarrndigﬁ%@ng tirgz i

8fiddlsatl ﬁr@d b3

S e q ue ”{g Waﬁa?-& h séf@ﬁt@d sodil
| OF &Rt ace o%&.&vkthaﬁ&kahﬁ\g%ahwdtﬁ aodmssutféie Bndbesdatdiv@eko tegiek thEtitied,
and thencdn'tpoW&B concentrated to small- 40 volune. To the resulting m xture

was added 100 ml. of hexane, and the soI i ds were renoved by fiItrati on,

4RA N

gll,]\cl):,\ggg,oimsécg e Phe tl |taI és rTB Iam p tiquC;c Irh oto r um [(e;rgo

chiorid a‘% ¢h ’the lt e, ] nykf}(y)géiyl
J 1 70 rde,gﬁrﬁ‘et I- eth ofide, 1-(alkoxy-

WM& 1dri@6lbra ANRdti)1- Ierka%arainyrafq)dmtmaaa a&b:laage: thePboedlré&f [ err]
was addedeﬂalé}toﬁogafmfdshremnbwmgcofbﬂﬁunrds of 2.5N sulfuric acid and 34.5g of
sodi urmnBblrthztlldvlSﬁdlbtrm@emlliaﬂﬂted mi xture was then added 54. Qg of 35
6- am nopépetenelp °&‘PﬂV t‘F' se over 30 minutes, with the tenperature
mai nt ai ngcﬂuq'f’n't? ‘: §§ vvas continued for 30 mnutes at 50 :
[err] 6 VeI lorG. eut| on of sodi um bi sul fitewasadded

dr opw goeh grgu;ag, Qen.oﬁenm nutes. The | ayers were separated and tdee
aqueous h-&yaéxwmlma:brambm:cnmame with 150 m of dichloronmethane. The
ori gi nal 1-ﬂ$0tbhﬂvtymm*1§1be0m06ﬁy'e¢opwa@"aeﬁm)r ned with the two extracts to give a

sol uti on"ﬂ‘lethﬂ' Blaertay sty “I“?"SG?L fllang®i 4 This sol ution was used directly
n Exa (Sg;‘a oro romopenici anat
|55 6 Cﬂn%)m tho r i 45

go o emyl ,gm ﬁ;?f‘g..,{,gtg m of dichl oronethane cooled to
)etwrk,duﬁ;r&h&&ﬁrbrd&ate,lo m of 2.5N sulfuric acid and

2 769 of 1amﬂhxwaruomtmsxyteewle'lmmdns mdegenicitlagdterri xt ure was t hen added 4. 32g of
6- am no- pewthyi-1 -ﬂmrhcsvcar@wdlqad#tm'@ﬁ\ﬂib%mma'r'?"hﬁataa"% mnute period. Stirring
was cof@ MAsEY-Fiserroperarhemdexyiethy(f.E-diegemoperigliangten 100 i of 60 10% sodi um °°
bisul fit LR ution was added dropwise at ca [err]. Stirring was continued
for 5 mnutes and then 60 the |layers were separated. The aqueous | ayer was
ext ract ed 1w A prosbis€1o} 16 SrEmikdtianst a canmpoub@ofifleYormaid t he conbi ned di chl or onet hane
sol uti ess were washed with bring ried ([err]) and evaporated in vacuo t8&
give the title conpound as a 't W3 np 148-152C. The NWVR spectrum of
t he product [err] showed absoﬂo sat, 5.40 T pm The IR spectrum (KBr
di sc) showed 65 absorpti onsab 80 a’mboﬂ.l?lScm

GBZO45%§%rgpharmaceutrcall%%czl? REBIEGA LidheMor, Rh8IPRGs yad @@ brcdstel-irmiogvesidueTo 100
m of di G&dmy KaRlyaabngs Ge®| edt o[ err], wasadded 10 ml of

2. 5Nsul furicacid, 6.21g of iodine bromi de and 2. 76g of sodiumnitrite. To
this mxture was added, with vigorous stirring, atO - [err], over 15 5

m nutes, 4.32g of 6-am nopenicillanic acid. Stirring was continued for a
further 20 mnutes at 0 - [err], and 5 then 100 m of 10% sodium bisulfite
was added dropvvr se between 0 and 1 OOC At thr S por nt the | ayers were

I 1 o o .



di chl ororrerhane layers were washed W t‘h—brﬁ%e~dr+e-d_(_LeLr]) and evapor at ed
in vacuo. The residue was dried under hi 30 mnutes to give
6.0y (72%yield) “of the title conmpound m }mﬂ!wfﬂij" 10 NWVR spectrum
(CDCl 3) .showed absorptions at 5..50 (s, 1 1 70 (s, 3H) and
1.53 ( ,3H) ppm The IR 10 spectrum(KBr di sc) shovved absord@tzldaglﬁg,saé 1785,
and 1710 —F BSS—SPBs

PREPARATI C]\l - 15- 6 ChI 'oro 6- brom)penl ci | | ani cAci d
15 < Chl f Q%Pgﬁl cil I anic acid i's prepared from 6-anmi nopenicillanic
romo- 10 =gl

aC' d via I‘Q(Qo ng%aeﬁ){sﬁ%gsdda@w%ltoh éngmri'agcupbbﬁrolf ﬂ&ne accor di ng
to the p rb%ﬁ@lwm g OPSRINA RkFite O td mikiareARRiddd, Whh Hgotbls BlirkaY, &L O¥HUBuEY |
6, 6- di by enPpEM.32y |of 6adndlhapenicillanic acid. Stirring was continued for a further 20 minutes at 0-5°C, and 26

To a st i rhepdotollofit0%cadion bByIfe yassHdde! @om*beww@ﬁndﬁmqm'cpmrt@Iavers%rem of
NN- di et afﬁ‘?#ﬂﬁﬁ? gquepus 'ﬂdd@éle’ifag 'tbfd'cﬂ'Pi 85 @"ﬂ IT%ﬁFPWE'"%I | owed by
etl

1. 509 of v% ’a‘@ nu we yiel om ou gﬁ:ﬁﬁ #’aéu rred
at” ca [18 ’E%% E@pﬁﬁ (s, R Th
reaction sBl M'il@rh@c)& rid atVW ‘aﬁe %ﬁé‘da é fnPH O
t hg aqueawmeprhmse is adj usted to 7.5. The et hyl acet ate 25 layer is _
separated and washed three tines with water and once with saturated sodi um

chl or i de PREPARATIONN The 25 -et hyl “acet ate sol uti on is then dried using
anhydr J8S-&an-Cfeearsy &t” "“%fﬁ’d ev ted in vaci wdive the title
comaun, BRI N Pl Pl rodonciondany

dlhalopen|C|I anlc aC| yI or|de 4- crotonlactonly
30 chl or i mkepargaoNee but yr ol act i on- 4- yI chloride or the requisite "

\
AN
o

15

al kano;eboelwmwo*wﬂetmmdaﬁbrdeqpebjel(lawbdeanyI oxy)-et hyl chI ori de, . 20
1- et hyl - 1T0(aat-k@h;9 tl Gebrpmpnede-"armakld O di rhym'dehme#de

1- (a| kOX 130 b II ot’ Ioromethyl plvalate atca 0°C. he reaction mixtureis -
e 3?{ T e AR o
Pr epar %' I%rl sep@r %va tlhﬂm'ﬂ&aﬁg matuhﬁ:hl solution. The 25

6, 6-d QPR bl tﬁﬂ%ttlﬁen dned using anhydrous sodium, squate, and evaporated in vacuo to give the title
35 4- crotc@mﬁbumd.t ohyl 6- chl or o- 6-i odopeni ci || anate, y-butyrolactonyl

6- br ono- 6-1 odopeni ci I I anate, acetoxymethyl 6-chl oro-6-bronopenicill anate

6I \é L“ WOH& %ﬁgﬁlj?ﬁ‘% g on ?e 666_ dih ?oanlcll‘amcaclda %t3 phthal%ynﬁf(()ndeolcrgté Qc?t}n yyI a 1?8
ik -< k

ctlon4- chlorlde the re slte oylo methyl chloride, 1-(alkanyloxy)ethyl

L (acet oxgiicy Ko tnstendal arbar ﬁﬂiﬁwmo DRkl

br ono- Gatveslidxpes hﬂlc [ ﬂtﬁ%t Emetiyl 1R H'J'car bo y&ﬁﬂ&t@( &fdélw:cordmg to the procedureof
6 6- di br crieasiercd, bifadsabefollolvingebrhydunds: ( hexanayl.oxy) et hyl . .. .
6- chl oras-Zphthalidvbfdibrombpenistienate, 45 net hoxycar bonyl oxynet hyl IR 35
6, 6-di br dhss gmlaéqop\{l ﬁ-ﬁlﬂqreslodopemclllanate, 45
propoxyca*r '8d°é’ﬁ’?' ! i odopeni ci |l anate,
1- (et hoxyactg(ﬂ r! %r-a ﬁpg,cgf f;Epm)penl cillanate,

1- (but qgéyweag ﬂ&&h@iﬁyl)s%td‘%m eridifRise, 6-i odopeni ci |l | anat e, ' i 40
1- met hyl - taderozy)on g 8-abboorvpbriciiiahad, hyI 6, 6- di br onopeni-ci | | anate and 50

1- met hy| - Hispbutwsyeojstiwl fctaerhefriptere '}i@qnhﬁy.l 6, 6- di br onopeni ci | | anat e.

ethyk1 dilpr
gg ﬁ;f\:.jvg rﬂe’thy”%&T?‘s[:;xaer:%(\%leg{:y et%l?;ll(;?c’?wr%r -6- Eﬁ@:pemclﬁanatef a conpound of the fornula 55
5

60, 0r a eho;ﬁ:arbym&’%r ty‘;'ggﬁﬁb?“_‘ mc"}a%:%te alt ‘thereof, wherein Rl is . ®
hy‘r 0gen DethdFcdbdnPbzyitiyis,§18bromsp ma,{agadl |y hydroI yzabl e in vivo; . 17

457 551-ButoxycarbonylodyTet iRERARAGidddbehicBarBtep D~ 6- i odopeni ci | | ani cAcid To 100
m Mof di chirethdiidmétbaxgcartooyidxuidthyl 6[6ekihrgmaggricilladateand10 ml  of - 2. 5Nsul furi caci d,
6.21g o B (iggpepprEarbamlow ety Seioremapanisiienater i te. To this ni xture was
added, wigRhydgorous stirring, at 0 - [err], over 15 5 m nutes, 4. 32g of
6-am nopeniCcillanic acid. Stirring was continued for a further 20 m nutes
at 0 - 5C, 1.aR@rocéss tonthB préPdlatich offcorhpiting s¥dhewsinblasul f it e was added dropwi se
bet weeingsg0 and [err]. Atthis poi the | ayers were separated and the 55.
aqueous | ayer was extracted wt qxh‘F"’cronet hane (3 x 50m .). The conbi ned
di chl oronet hane | ayers were shied [Wiedy bri e’ “fPied (MySHM) and evapor at ed
in vacuo. The residue was o e coor _
60 - = Coe L .60
or a pharmaceutically-acceptable base salt thereof, wherein R! is hydrogen or an ester-forn_'ling (esidue -
readily hydrolyzable in vivo;



| _:drled under hi gh vacuum for 30 minutes to gi ve |eld) of the
| e conmpound np 144-[err]. The 10 NMR spec ﬁ@% showed absorptlons
L

nwo. 50 (s,1H), 4.53 (s,1H), 1.70 (s, 3H) an helR. 10

trum (KBr disc) showed absorptions- at 178‘5 an The frass .

gtrun&i &gggsg pronm nent ion at me = 406. PREPARATI O\I :
Q

6- Chlor anppeni.cillanicAcid .

15 6- Chl or o- 6- brom) enicillanic acid is prepared from 6-am nopen| ci I I ani c-
aci d ‘i?f"ﬁ"‘ﬂl’%f’z'?)ihi'ét"P'BPP“F‘SPﬂ"i'ﬁ/flé’d‘“by reaction with bromne chloride, accordi Hg
to the procedure of- Preparati on PREPARA TION 0 20 Pival oyI oxyrret hyI '
6, 6- dlbronnpen|C|IIanate : 20
To g stirred solution of 3.59¢ % g b‘?om)penl c++| am)c aci. d in 20 of

t

18

NN- di net hyl - f or mami de i s added "Hu sopropyl et hyl am ne fol | owed by
. 1.50g of chloromethyl pivalate ca 0@‘°°°Fhe reaction:mxture i's sti rred at
ca OC for 30 m nut es’ and then at roomterrperature for 24 hours. The - K
alt'tﬁ"?é’f e’f" 4 n’f rrgP'%ar'éeo nd the pH of *
the a;ﬁ[té’# &ﬁ%ﬁ%&&ﬁﬁfﬁﬁhm&% béfh %S@'t & IIAREP is i
separigh ] oVl Sfihe teHvertiofdl nreﬁﬁea%tyfar&awg%ugd sodl um§
chl orige Tﬁéﬂr&ﬂe&s@&:ord-ﬁfg@o claimd, cﬂirh@(éruzéi!ﬁrﬂhﬁ'&tfé d%ioﬂidaﬁcﬂ\ i¢ @rrlellQUi b@ldataRilc USI
anhy chydwgerslysis.um sul f at e, and evaporated in vacuo to give the title

c 0 rﬁ§o uhd TheAREPERACPIdiNg t@la&o 2, cmfmlmm tht ﬂtelq@;almspvdmenelrse iscarriedoutinan . 15

%’aﬂ? ni ci | Ia,rc L ¢ crotonl actonly
30 c g%é rd t§ ) that the ytv: o I\ésls

al ka% %EEEEII z ﬁa? gﬁ?%:gn I%BT Qﬁj/dgrgit %ﬁtc&%&ﬁr -percent

~1- et hyl Tﬂe;{rede Bdo .@wa@bmamMLmn%enﬁh Kﬂﬂaymaed%myhﬂmgamda& s chi Oriode
~ 1- Cal deotey eut erantiyapeydtoxin Hetrangt frah b ©60°C@and st a bH maberyrige from 4109,

- (‘al Koty Gearrivesass| sw%ﬁ otcﬂﬂ'mﬁratelechmmedm t X is brdme apd Yig bytinggen.of

T f
Pre par t wr@ess&?qo oo 1’veef claims 2 tg@ ﬁgracteﬁyg in that R aﬁ arem hydroge|¥ l

6, std' R el

.35 4- crotono ctonyl chloro 6-
6- br onp- 6- i odopeni ci | |'anat e,
pi val oyoxynet hyl 6-chl oro-6- |5

enrcrllanate y- butyrolactonyl _
¢yl 6-chl or o- 6- br onopeni ci | | anat e,
rtdegnate, 40 hexanoyloxynEthyJ“:

6, 6-.di bronopeni cil | anate, Ttc00R . ' 40
" 1- (Rcet oxy) et hyl- 6, 6-di br onopeni ci | | anate 1-(i sobutyryl oxy) et hy 30
6 bro ths daOFARG cha%l?e? infth i‘ ﬁe h@é%&tf&}?%};% X dily hydrolyzabl
/8 P8 HVeRE %fdé@.aé.rﬁnc; ; i{g Z 2Xanoy| oxy) e E reaily hydrolyzabe
6 chI omo A edmippompaetirding ioalamtsag:ha&ﬁtemu hﬂuajB&mamyid?K¥&BfohM$MOnyl _
6, G3bdiamnErhupyegidctrinylionmgroep of the formula: . .45 35

propoxycar bonyl oxymet hyl 6-chl or o- 6-i odopeni cil | anate,
1- (ethoxycarbonyloxy)ethyl 6, 6-di bronopenicillanate,
1- (but04¥cgrbonyloxy)q% 6- br ono- 6-i odopeni ci | | anat e,
1- nathyh 1“(nethoxyca ﬁ@loxy)ethyl 6, 6- di br onopeni ci | | anat e and 50 49.
1- nethyh;écﬁwsopnppoxﬂg ey | oxy et hyl 6, 6-di br onopeni ci | | anat e. '
50 CLAINS 1. A procesq for the preparation of a conpound of - the formul a 55
[err] CcH8 60
d@r a lharrrageutlcally accept abl e base salt thereof, mhereln [err]

'b't 2 %§F§?°"F‘t5‘i”ﬁ9°ﬁ§’%"?4§1’ﬂ%"%‘a‘ﬂ?F%Fb%WF‘&IaQ‘i%bﬁ allvihaving fram 1 %

und accordmg to claim 9, characterised in that R is tetrahydropyranyl tna yisilyl ha 1to

18 ctm@sﬁsaﬁéaéesiwrgrotha&nza APPSR bHzhy IR 22221tBRIoPoethF, £l orQ;herﬁ ase salt :
t her eof2, ebibinfdpédidilkniaydd DHdioxidean est-er-form ng residue readily
hy 00| 18z afybrgcedsmasclaingediy claim 1 @hereintheconpavad ofiermiule i)is prepered bosoptagtingtaect i58g
- groupemappdritiefeylair e each hydrogen, chloro, bromp or iodo, 10 with the
proviso that when X and Y are both the sanme, they nust both be bronmp; is
dehal ogenated, followed, if, necessary,. by renmoval of the conventional
pengsci | 1in carboxy protecting g oupcs;2. The process according to claigy 1,
‘characterized in thatthex'd —gﬂTa‘f’hon |s carriegdpout by catalytic
hydr ogenol ysi s. N L . _ _ T
coR

60 or a base salt thereof, wherein X, Y and R are as defined in claim 1, with an alkall metal permanganate, an 60
alkaline earth metal permanganate or an organic peroxycarboxyhc acid.
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15 3. The process according to claim?2, characterized in that the

catal ytic hydrogenolysis is carried out in an 15 inert solvent. 4:' The
process according to either of clainms 2 and 3, characterized in thatthe
catal ytic hydrogenolysis is carried out at a pressure in the range from1l
to 100 kg/cnm2 and in the presence of 0.01 to 2.5 weight-percent of a

hydr ogenol ysi s catal yst. 20 5. The process according to any of clains 2
to 4, characterized in that the catal ytic hydrogenolysis is 20 carried out
at a tenperature in the range fromO to [err]. and at a pHin the range
fromd4to 9. 6. The process according to any of clains 2 to 5, characterized
inthat Xis bronbo and Y is hydrogen. 7. The process according to any of
claimse 2 to 5, characterized in that X and Y are both brono. 8. The process
according to any of clains 2 to 7, characterized in that R and [err] are
bot h hydrogen. 25 9. A conmpound of the formula 25 30

30 and the base salts thereof, characterized in that R is hydrogen, an
ester-formng residue readily hydrolyzable in vivo or a conventi onal
penicillin carboxy protecting group; 10. A conpound according to claim?9,
characterised in that Ris 3-phthalidyl, 4-crotonolactonyl, 35
gamma- but yrol actonyl or a group of the formula:

35 [err] 40 [err] R3 R3 - 45 wherein R2 and R3
are each hydrogen or al kyl having from1 to 2 carbon atons, and R4 is al kyl
having from1 45 to 5 carbon atons. 11. A conpound according to claim?9,

characterised in that Ris tetrahydropyranyl, trialkylsilyl having 1lto 3
carbons in each al kyl group, benzyl, 4-nitro-benzyl, benzhydryl,
2,2,2-trichloroethyl, t-butyl or phenacyl. 12. 6, 6-Di bronopenicillanic acid
1, 1-di oxi de. 50 13. A process as clained in claim1 wherein the conpound
of formula (Il1) is prepared by contacting a 50 conpound of the fornmula: Y
H 55 [err]

55 [err] 60 or a base saltthereof wherein X, Y and Rare as defined in claim
1, with an alkali netal pernmanganate, an 60 al kaline earth netal

per manganate or an organi c peroxycarboxylic acid. Printed for Her Majesty's
Stationery Ofice, by Croydon Printing Conpany Limted, Croydon, Surrey,
1983. Published by The Patent O fice, 25 Southanpton Buil di ngs, London,
WC2A | AY, from which copi es nmay be obtai ned. ERRATUM Speci fication No
20457556—FPage—No—+8—Formta—rmctarmr9—fterr+—Br— H read [err] 0 THE PATENT
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