t he nost. wel-1 - known, and w dely used cl ass of antlbacterlal agents are the
so-cal | ed B—Iactankantlblo- ti.cs. These conpounds are chatacterized in that

t hey have a nuocl eus consi st i ng of a 2-azetidinone (B-lactan) ring fusgg,4(7684
elther a “t hi azolidine or a dlhydro 1,3- thiazine ring. Wien the nucl el

2047684 6- BSubStituted Penicillanic Acids as , $-Lactanase | nhibitors One of (

cont a t hi azoki dirne rlng the conpbunds e usually reférred to .

generl caI ly as perg_g_k peas when the nucl eus contains a dihy-

dr ot hi azi ne ring, ‘é‘t?%ﬁ& Eﬁ'lé”'%?‘@'r"r é‘EF-dtsoaﬁ§'E‘éﬁTF&msP0§’ﬁé'Pi"??§‘s

Typi cal exanples..of _penicillins which are com nonly .used in_.clinical:
practice are benzylpenicillin (penicillin G, phenoxynmethkytpent cillin.
(penicillin V), anmpicillin carben|C|I i cal exanples of conmon
cephal osporins are cepﬁﬂ%niﬁ] h%eﬂﬂéFeYF&laﬁyggge&E# Kidpdvewsed qekpsseof

the wide use and ahd&b@@tﬁﬁiﬁtﬁa?ﬁntbeaEe'%ﬁéﬂﬁéﬂﬁéblé&'@Slé%ﬁﬁﬂléﬂﬂfblo-
chenot her apeuti c ent s gg%%&suf er fromthe dra a& that certain
s *fh

menbers are not a F?é a CRPARACF; 2Fse agkerige
i n_many i nstanceshairis ar enicliens ecors fspang o a Zﬂ££eﬁi§§ﬁb&@t68éléﬁﬂ£ﬁ)

B- I gct'am ant i bi ot resul t ecause, t he r,00r sm produces

8- Igctanase The #gF?e% ﬁ%%t GLChPE 3nf§ﬁé§éﬁﬁ%ﬁP%l%ﬁvé Eﬁ?ﬂ§39?&m3ﬂh'
rin “of penicillitkiazdneephiaigpspwhen thegnualﬁuthﬁﬁtahnehaaMMJkaﬁnihﬂﬁe
ant®bacteri al ac;gggéy W evenhggertaln subst.ances_have.the a

inhibit 8- lacta GFRPIREE 2B F SrdSRa L R e hPT f?du§8d9ﬁ%‘er¥°afll’

conbi nation with asppanacMhhlnx,cmw@néaspahem|ﬁhexnucheﬂsaeenQEJQHhanotlhy—
Lhe antibacter] al 4 bLASL AP0, | DRePEBRBLN Y Ur §°PORLESRY 'f] A Obha-
) losporins. Typical examples of penicillins which are com-
monly used in clinical practice are benzylpenicillin
(penicillin G), phenoxymethylpenicillin (penicillin V),
ampicillin and carbenicillin; typical examples of common
cephalosporins are cephalothin, cephalexin and cefazolin.
However, despite the wide use and wide acceptance of
the g-lactam antibiotics as valuable chemotherapeutic
agents, they suffer from the major drawbéck that certain
members are not active against certain mlc:oc-,an_sms.
It is thought that in many instances this resistance of a
particular microorganism to a given g-lactam antibiotic
results because the microorganism produces a S8-lactamase.
The latter substances are enzymes which cleave the 3-
lactam ring of penicillins and cephalosporins tc give
products which are devoié of ant;bacterial activity. How-

ever, certain substances have the ability to inhibit 8-
lactamases, and when a g-lactamase 1nh1b1tor is used in
combination with a penicillin or cephalosnorln it can
increase or enhance the antibacterial effectiveness. of the
penicillin or cephalosporin against certain microorganisms.
it is considered ihat thers is an enhancement of antibac-
terial effectiveness when the antibacterial activity of a



Y is considered that there is an enhancenent of antibac- terial- :
B fectiveness when the antibacterial activity of a - 2 - conbinati on of
a B-lactamase inhibiting substance and a B-lactam anti bi oti c i s-
significantly greater than the sumof the antibacterial activities of ”Fhe
I ndi vi dual conponents. The present invention relates to R
6- p-iodo-penicillanic acid 5 anpd.salts and readily hydr ol yzabl e in vivo
esters thereof, which are. potent inhibitors of- mcrobl_al B-1 act amases a
enhance the effectiveness of Blactam antibiotics. The invention al so *
relates to a process for the preparation of 6-p-iodo-penicillanic acid, and
i ts sahbinatidn refadi pylat@amadey ditoibjirfig substancecamsaepslachar maceuti cal
conposi tions conprising the above-nentioned 6-p-iodo-penicillanic acid,
sal t angtifiatidrid pigmlidcestior sreattehr thent dhe $Bnl aftthe anti biotics are al so
part of the present ‘i nvention. 6- Substituted penicillanic acids
and @aribactertalopstivhrdesafnthe éﬁéﬁ-ﬁ%ﬁ%r@ﬂmn@‘%ﬁazopem cillanic acid -
(Helv.. Chim Acta, 50, 1327 (1967) but the orientation of the substituent
is in thehs- B‘f'j%ﬁeE‘Fo*P"e“Bi% redasesk o ArPeiedompericidianic a8do prepared from

di azgpenicill anic; ters thereo O 39, 20 1444 _ |
(519|7&)Z’§psarlltsl68%1’a§éﬁ Yoﬁ{/%é’ﬂﬂ? h& ng?hwe'ggfterwwghre- ported by ¥

NBINJQQE po @Jidhigitg§etgfcgiﬂgbbiéih?niact%mase O%nd enhance -the . i

effectiveness of F-lactam antibiotics.
" The invention also relates to a process for the preparation _
of 61p-iodo-penicillanic'acid, and its salts and readily
10 hydrolyzable in vivo esters. | |
Pharmaceutical compositions comprising the above;mentioned |
61p-iodo-penicillanic acid, salts and hydrolyzable esters with
certain p-lactam'antibidtics are also part of the present.-
invention. | | | |
15 6-Substituted penicillanic.aeids_and certain esters heve been

prepared through 6-diazopenicillanic acid (Helv. Chim. Acta, 50,

1327_(1961)); but the orientation of the substituent is in the
ot=position. 6-0L-Hydroxjpenici11anic acid is also prepared from

6-diazopenicillanic acid and esters thereof (J. Org. cném.,.gg. _ &

N

20 1444 (1974)).



(1978). Certain 6 6- dlhaIU\ and 6-hal operiicillanic acigs, nmethyl 5 esters
and suItQX|des are reported by Harrison et al, J. Chem Soc (Perkin 1),

1772 (;yZG) I n 'each instance of a 6-nono- substi t ut ed conmpound only the
6-ad epimer is-sdescribed. Mre recently Loosenore, et-al,J:O'g. Chem, 43,
3611 (1978) reported that treatment of 6-c- bronopeni - 10 cillanic aC|d W th
baseiepjnmerized a portion of the com pgynd to give a mxture of 6-a- and

6- 6- bronopen|C|IIan|c aci d which was conprised of about 12.% of the
t-epimer. A simlar mxture was acchi eved through a hydrogenation of 6,

6. di br onopeni ci | | &mw%&maylﬁxmmqwgem geid ametiagl pnsansed:.abnat- 30%

of the total, sh Pratt fro
Sci., 75, 419 %7? ‘Eéaxtsﬂaﬁe %gjat"{a 3 Eﬁ'ﬁ% em'ter-i--s fgegf a

m xture of 6{&8781d 6-s-bronopenicillanic aC|d was related to the amount of

6-s- bromopeni ci | | qid,q £Gi G- 'é\-&ﬁh&lwlxaﬂaes-h‘a'h%n@ufdlrlcia‘iﬁ% cgcfaét; tme@ﬁyl
al, are corroborated by Knott- Hunziker, et al., Biochem J, 17

(1979) by st hgs€eFENIRETEUIEiie a{ﬁétw@oﬁéeé% Eabi‘@%ﬁe@tf”a'l ,aru c Chem

gl mor of oBr < ESERIE a5, CHATEAEL B %E sRFEAnEL oo Grpotl- -

clains the psapatatumadobdmﬁaunﬂcnnﬂyumhec5+&anen1merdisndes@mﬂh&ﬂJves

thereof as anti bagdeeid & 8 Locsdkotal t Wil @ht, et al grg/aicgein 2784 3360
(1999) reports_that while 6 -cg oropenlcll’ca amtt —ac d1' zréa)ﬁgiﬂh bito’ of
b-1 act amase, 3811 (1378) repoztad that treatment oﬁ a S-f-czcmcnen_- .

10 cillanic acid with base epimerized a portion of the com-
pound. £t give a mixture Qf f~c- and S-g-bromopenicillanic
acid which was comprisad of about 12% of the 8~-epimer. A
similar mixture was achieved through a hyd:céenat%bn of
§,8-dibromopenicillanic acid in which the Z-epimer com=~ -

- 715 n:ased akout 30% of the total. t ‘was also shown by

prass, et al., Proc. Nasl. Acad. Sci., 75, 4145 (13789) ..na.~
the a-lactamése inkinitezry characteristic of a m_x*u.e o
=z~ and §-3-bremopenicillanic acid was relatad &2 the
ampuns of é-3-promerenicillanic acid i sa;d-m.xfu:e. The -

20 £indings ¢f Prats, st al., are corzoborated Ly Xnot:
Bunziker, et &l., 3icchem. J., 177, 365 (1979) by the
demcnstration that 2 mixture of 5% §<3-bromopenicillanic
acid and 95% §-c~bromopenicillanic acid inhibits g-lac-
tamase while the c~epimer zlone is essentially inactive.

& . ) _
. 25 U.S. Patent. $4,093,825 claims the preparation of
é §-4-mercaptovenicillanic acid andé derivatives thereof as

-antibacterial agents.



. tlé>cprresponding sulfone is a noderately good inhibitor. Roets, et al., J.
) Soc., .(Perkin 1) 704 (1976) 5 identifies benzyl

6R- Ioropen|C|IIanate as a by-product in the reduction of benzyl,

6- oxopeni cill anate foll ow ng hydrochloric acid treatnent of the product

The 6-p-iodo-penicillanic acid,salts and esters of this invention are of

the formula 10 wherein Ris hydrﬂQEH or an ester-form ng residue readlly

hydrol yzabl e in vivo, or a-pharnmaceutically acceptabl e base salt thereof\\_g

‘when R is hydrogen. Preferably R is hydrogen. - 5 - Wen Ris an"

ester-formng residue readily hydrolyzable in vivo, "it ygreferably

al kanoy| oxyfFERehS et ialee Nafuzrp, 2785y Bofh (2PBW: repoytsg Eﬁﬂb $%§) et hyl of -
f t t hyl - | th f fi t ht
Cor bon 34} SHES=§HRG R s%ﬁ%ivm%&iﬁﬁtf %?éi) 3541882 ar bon at o

| -(al k f f

I-grgt h)%?x ?JHQ—PE%%F%% g%%%o%y e ?é?el g%g el Jg:g‘hitattocar bon at ons,

3-pht hal i dyfeetd; gﬁgggppgeg$$%¥%§$%iy(pyﬂa%pipqhgncﬂngh EspeC|aIIy

preferred anong The present -

I vent ifgen@dfias 'dndy €6 hﬁoﬁiﬁﬁi‘@ﬂ@.ﬁhﬁ@@'ascﬂfmﬁﬁféd&'ﬂ usehul for treating
bacterial infections in mammals conprising a pharmaceutically-accetable @ -

carri eredictiohast deneyl I6bbﬁpdhi&:mia&aﬁé) NARAL0 ov o hﬂ&bchmsmtl acfd) .

.
Ao -

treatment of the product : _ . o . -
The 6-p-iodo-penicillanic acid, salts and esters of this

invention are of the formula

_H P_j_ LS N
o/' "'co,_k |

'ﬁherein R is hydrogen or an ester-forming:residue readily
hydrolyzable in vivo, 6r a pharmaceutically acceptable base salt
thereof when R is hydrogen.

Preferably R is hydrogen.



Preferably, said B-lactamantibiotic is a penicillin or a 15

cephal gspori n. -, 6 - S The
presqu;inventron al so includes a process for preparing a conpound of the
formula (1) whkch conprises reacting a conpound of the formula: (rr)y 5
where = *is an ester-form ng residue readLL% hydrol yzable in vivo or a
convignti onal penicillin carboxy-protecting group, with an organotin
nondh?ﬁride at fromO to 110C, followed by renoval of Rwhen it is a
conventional penicillic carboxy-protecting group. [err]. A preferred feature

of this process is tifunURe1PlanCoHRRRUANSRIY resididGe8di Bl bydidlyBable in
conventional penicillin carboxy-protecting group selected froma). [€Tr]

where [err] and 4i@b}]itane BREEradlyy| aldanoProxyRet Kif1C6F Qa0 Nt A ls@RTcarbbi OXY
of one to three carbon atons or phenyl; b 3, 5-di -

t - but yl - 4- hydr o>atbesz \lil-(allkanoyloxy)ethyl) of fairr o Sewheraarion satoé ) [ err]
wherein R4 is phenyl or alkyl of one to three carbon atoms, cyano or

car bo- al koxy of Y-methyl-lo(alkaneploxydethnd; of fiv@-to eight carbon atoms,

. 5 alkoxycarbonyloxymethyl of three_to six carbon atéms,
1-(alkoxycarbonyloxy)ethyl of four to seven carbon.a§9ms,
l-methyl-1~(alkoxycarbonyloxy)ethyl of five to eight carbon atoms,
3-phthalidyl, 4~crotonolactonyl or 7Y-butyrolacton-4-yl. |
Especially preferfed among these is pivaloyloxyﬁethyl. |

10 The present invention also relates to a pharmaceutical
composition useful for treating bacterial infections in mammals
comprising a pharmaceucically-acce:ab;e carrier, a p-lactam |
antibiotic and a compound of the formula (I).

Preferably, said p-lactam antibiotic is a penicillin or a

15 | cephalosporin.



d) [err] where[err] is phenyl or alkyl of one to three carbon at ons; a)
~~err] [err] wherein R is alkyl of one to four carbon atons; 5 )
grr] where [err] and[err] are each hydrogen, phenyl or nethyl *and Rgs%g
enyl, 4-nmethoxyphenyl, or rmethyl wth the proviso that when [err] an
~Terr] are each nethyl, [err] is nmethyl; Qg) [err] and [err]; .h) [err]-:
where [err], [err]and [err] are eaéh'alkyl of 10 one to fiVe carbon¢
at ons, phenyl or benzyl; A further preferred feature of the present process
IS the use *of an organotin nonohydride of the fornula [err] where [err]
[err]_and é are as pr.eviously defined Especial ly
o8 fes

preferpﬁedﬁfd e inyentden: “Wﬁ@r%ﬂﬂ“ rr]a]1’?"%‘=hﬁs€'rg"]"' pﬁg@?’ﬁi"ﬁ Terr] and [err]
ﬁéﬁoﬁi‘%‘rﬂr g S8 Pnd Yornla 1) it R déascsBct | B B¥bel ng removed

by hydg9 ¥ a: -8 An addrtronal preferred feature of this process is

t he use 0 conpounds where Ris one of the preferred ester-form ng residues
readily hydrolyzable in vivo already referred to. Especially preferred is
the process wherein R i's prvaloyloxynethyl and the 5 organtin
nonohydride is tri- n-butylti
invention allows for the synt
derivatives thereof substgati
~and gives products which

Sis af B—hOd penicillanic &acid and
|y fra .| @r respondi-ng 6-of -epiner,
nprrs d o Ieast 75% of the B-epinmer.. In-

II, CO,:R 1

&)

5 where-R1 is an ester-forming residue readily hydrolyzable in vivo
or a conventional penicillin cafboxy-protecting group, with an
organotin monohydride at from 0 to 110°C, followed by removal of
ﬁl when it is a conventional penicillic earbox&-pfotecting group.

A preferred feature of this process is the use of compounds

10 where Rl.is a conventional penicillin carboxy-proteeting group

selected from pe
a) -fR2R3 where Rz and R3 are each alkyl pf one to three

carbon atoms, alkox& of one to three carbon atoms or phenyl;

b)  3,5-di- t-butyl-4-hydroxybenzyl;
Z-Y where Y is'—C(O)R.4 wherein R, is phenyl or alkyl

of one to three carbon atoms, cyano or carbo-alkoxy of two to four

15 c) -CH

carbon atoms;

ydruqe Thecp(ocess of the present . & -



10. many i Astances the content of the desired B-epiner is as high as
99.5% Sihce the cq(-epinmer is essentially inactive as a B-lactamase

i nhi bifor, it is essential for this utility that the products have as high
a B—eﬁ?ﬁer cont ent’ as possible. Products containing |arge anounts of the
0- epi mer= must be used in |arger 15 doses to achieve inhibition of the
B- | act amase enzynmes and potentiation of the’B|actam antibiotics. The

| ar doses of these materials nay lead to toxicity problens for the
manmal i arr host . Thus all the biologically active caonpounds of the

present invention are preferably prepared by the ocess of the. instant
i nvention which is $pi c'ﬁ'fegﬁfm"%ﬁge %ﬂl {'%\Hhﬁ Jsé’ﬁe%@‘.(i %? one 5\%3?‘5??1 R is
as previously d '&%datgmosl,l owed by renoval of Rwhen it is a penicillin
car boxy-protecting group. ’In general, the reduction can be carried out

neat, wthout the u of_ W r cqpd d,¢ I t
provi ded that said §Z| ver?tml S éﬂr%e?a%t V%%iﬁgft qgo%‘%%toﬁinghéﬁgéggci ably 10

sol ubi | i zes thecimamt d8dmsi t hout reacting to any great extent with the
reactants or the-product under reaction conditions. Wen a solvent is.

enp) oyed, ist is prefggr red:a%\ﬂhqas GRerk n?la.tﬂnk hereaBaciDhpdidgetp! piRAYL or
i mm scible with water and ? a boil ng andl freezi ng point conpatible*with
reaction terrperaethyé.sandsmghié&vhenyl,sé#mhbsnlrenmxtdrr asthyllewted theacl ude
argymatic solvents such as”benzene or toluene. Wien the aforenentioned
reaction is conprevisd thathwhen &,said/Bgtaxeheacteasthyi,sRaris meshgdst hr oughl y
and heated to the : :
g) -Si(CH3)3 and Si(CH3)2t-C439;
h) -SnR16R17R18 where R16’ R17 and R18 are each alkyl of
10 one to five carbon atoms, phenyl or benzyl;

A further preferred feature of the present process is the use

-of an organotin monohydride of the formula

HSuR, oR;7R18

where 316’9R17 and R are as previously defined.

18

15 __Especiallj prefe:red is the process wherein Ry is -CR7R8R9,
wherein R7 and R8 are each hydrogen and R9 is 4-methoxyphenyl, and
the organotin monohydride is tri- n-butyltin hydride, said

protecting group being removed by hydrolysis.



escri bed reaction tenperature. 20 The nolar ratio of the

arting penicillanic acid derivative and the organotin nDnohydrlde IS noﬂ

itical to the claimed process. The use of a slight excess of.the tin ;;3

ydride, up to as nmuch as ten percent above an equi nol ar quahtity, ai ds#n

the conpletion of the reaction and offers no serious problemin 25 . i
"isolating the desired product inpgrified form Reaction tine is y
inherently dependent on concen- tration, reaction tenperature and @g—/
reactivity of the starting reagents. V%en the present process is ‘conduct ed
wi thout a solvent a reaction tenperature of 60-[err]. is 5 enpl oyed.
Under t hesdntsiii¢donal erefartedi frasutd@fr eltd ipoocéss s e vse@ipl ete in 5-8
hours. Wen a solvent is enployed a reaction tenperature of 80-[err] is
used, eorpouBdeihere (Ryqdirinfyof-thehpreferred esgeaptisrmdng rEsédyesaction tinme
and tenperature can be markedly 10 reduced by carrying out the process

under E#a4Ldy; drelyzabls; in ivdmo ﬂr’r'ﬁéily taeferredofel; t iESpectaddyreaction is

tiate di t ch - . bi but tril
and coRERTSEERA dRas eeivara?f%f;% SR hati% RESRORBEPIGREL REoniiant &) ned at
about ‘}15 a[ngﬂ]mou% yc}]ride s_Fﬁ_(i\act Ibogﬁ‘éﬁ? gﬁr these conditions is about 15t

M nut e 30 severa ours. Bon tenperatures are those -

o i FokE80 GeOBd B-BL0RC Ul 13, PUAGLL Al ERL Qs&agggsresult!ng

in thernal ati1on rea en of said .
pr ocesgs-6-ACLsdodbost ot 114E48 aEfJ %ur@én%:ﬂréso@&;n%rfe Oper ab' e.

substantially free of the corresponding 6«&.-epimer,'and gives
products which are comprised of at least 752 of the p-epimer. In
10 many instances the content of the desired'p-epimér is as'high.as
99.5%. Siﬁce the oepimer is essentially inactive as a
P-lactamase inhibitor, it is essential for this utility that the
products have as high a p-epimef content as_possible. Products
containing large amounts of the 'qupimer must be used in larger
15 doses to achieve inhibition of the P-lactamase enzymes and
potentiation of the.p-laétém antibiotics. The larger doses of
these materials maj lead to toxicity problems for the mammalian

host.



Whi-l e..t he order of addition of the reactants is not critical, it is
preferred t hat the,organotin nonohydride be added to the 6, 6-disubstituted
peni cifl | ani ¢ aci d derlva- 25 tive. In this preferred manner the bis
dehal ofenat i on. when a 6, 6- di hal openicillanic acid derivative is em ployed
I's reduced to a mninum In the conpounds of the aforenentioned fornul ae,
the broken line attachnent of a substituten? To the 30 bi cyclic

enftrflanlc aci d nugl eus t he ,substi t t bel t I
gf sai d fucl eus, d‘ﬁﬁ ﬁfr &ﬂf’é’aiﬁ’g #Fa&ﬁr% actf&ﬁ?l"é’ﬂ‘?%‘?”r °é S%SIG?%V\’!I *Phe o e
attachnment of a substltuent nucl eus ndlcatgs that

4 At ached aboviVERGLen T1K, rr8rSably azpiiey b Egedad She ohE Bk ven
B conf | Qurat | onsou WL 9 deps ULl SotISIBE delignd 0 opl mors of

m xt ures thereof organotr nono des used as reactants in the
present process are prepared by nethods knomn to those skilled in the art.

Those which are t avyq |IabIe nercrally can be prepargd by t met hods
as taught by Ha hi , ' gancnetal Chem ,7710, &E(lQG?E. 3

the reacti onef &, 6- dTSG penrcrllanr |Qs to ndi ng
6- B- substit ﬂwvonpou ds |sinot car&ﬁgg b gﬂé € ari ds, '3
conducted with f sard acid as ed by [eN]. Th se types
of der|vat|veijéf t he carboﬁy p 15 of the rcITI'ant c al

knewn to those skrlleg \t he art2and are. relatl\ély (g repa
Subsequent to the pro s/of the present invention certai t hese derl-

5 wherein Rl is_as previously defined, followed by remo§a1 of R1
when it 1is a penicillin carboxy-protecting group.

In general, the reduction can be carried out neat, without_
the use of a solvent or can_be conducted in a solvent provideﬂ |
that said solvent is a reaction~inert solvent which apereeiably_

10 solubilizes the reactant without reacting to any great extent with
the reactants or the product under reaction conditions. When a
solvent is employed, it is preferred_chat said solvent be an
aprotic eolvent, immiscible with water and with a boiliﬁg and
freezing point compatible with reaction temperatures. Such

15 solvents or mixtures thereof include aromatic solvents such as

. - benzene or toluege. .

Pt

When the aforementioned reaction is conducted without a -
solvent the reactants are mixed throughly aﬁd heated to the
prescribed reaction temperature.

20 . The molar ratio of the starting peﬁicillanic acid derivative
and the organotin monohydride is not critical to the claimed
process. The use of a slight excess of the tin hydride, up to as
much as ten percent above an_equimolaf quantity, aids in the
completion of the reaction and offers no serious problem in

25 isolating the desired product in purified form.



'A:tfves 'i.e,_those which are conventi onal pen|C|II|n carbéxy protecting E
3@ oups, can be’“Eaned fromthe carboxy 20/ Tiety and provide for the
ge

feneration. of the free acid of fornmula t“#wherein R is hydrogen/

-~ one skilled in the art can readily appreciate, the renoval of'a spemfn‘:‘!ft

protecting group nmust. be conpatible with the reactivity of the substltuent
at the 6-B-position. Accordingly, Ege 25 - renoval of a benzyl protecting
group froma penicillanic acid coh i ning.a 6-B-halo *«~)
substi tuent_ by hydro enolysrs mway--provi de a | ower than optimumyield of t He
desired pr RRRAFEhEBald@OTLS tiRheraREhEy dePeRaITTe RN tIPHERAT 0genat e under

such aagtion, cdELL RS temp eﬁl@tﬁiﬁésaﬂaf releed ey st ienal penicillin
X orectin rOUpS | e 0S | ne ester (0] oW n e roceaur e
e Bt Se ERdsPRs | When gehe opPRRERE HrAs ST ot CoRBaRCtRd | ured €

gen: Elﬂﬂﬁﬁ;}llﬁtaél ﬁol&ﬁn&: leﬁit}fd:jadﬂmngempeh:ature sfag0etoorch asdial kyl - or

I al ko chl ot op I_n leld a sired starting.r ent for. the

not aMELEER s, BRUSGMATASS EAPERATRER. FOM LU (FPE BAPH a hal o-

genat iirgy @mlprcampdmcm B+ ndyusi.de Whiee preokeentids . ing group is

renove h [ dﬁ%#tl yater to provide
those%&giéi%& &hgﬁgfn&giBééﬁé§%#%H£% b*hg secon prg ec%lné group is the *

3, 5- dithe mrattianhyequitiag 4~ @sh@ﬂrs Frics qampietienent |y prepared .15

from the r%rEE&etgan ine' 0l { thfifleP@tu'd |l & Cherkalhgwi ng the .

10

15

20

25

30

35

procedure o
reduced by carrylng ocut the process under ultraviolet

. irradiation. Under these conditions the reaction- ls .
lnltlated with a free radical Lnltlatcr, such as azo=-
bisisobutyronitrile, and conducted under cooling such
that the temperature is maintained at about 15-25°C.

The reaction time under these condltlons is about 15
: minutes to several hours. _ o
'~ The preferred reactlcn temperatures are those which

allow the reaction to proceed at a practical rate with-
out resulting in thermal degradation of the starting
'reagents'cr products of said process. Accordingly, tem-
peratures of 0-100°C. are operable. o _

While the order of addition of the reactants is not
crltlcal, it is preferred that the organotin meonohydride
be added to the 6,6-disubstituted penicillanic acid deriva-
tive. In this preferred manner the bis dehalogenation
when a 6,6-dihalopenicillanic acid derivative is em-
ployed is reduced to a mrnlmum.

In the ccmpcunds of the aforementloned formulae,
the broken line attachment of a substitutent to the
bicyclic penicillanic'acid'nucleus indicates that the -
substituent is below the plane of said nucleus, and is
said to be in the q-configuration. Solid line attachment
of & substituent to said nucleus indicates that the
substituent is attached above the plane, and is referred
to as the,B-ccnflguratron.' The wavy line is intended
to denote the two eplmers or mlxtures thereof.



rari
appllcatlon 2, 033 4@3 ’\]ch conprlses reactlng t he- af or ement i oned (Eg%
pen|C|IIan|c aC|d »as a'frlethylan1ne salt, with et hyl™ chl or of or mat e and
t he |qv§equent reaction 20 of the resul tant” nixed anhydride with

.3,5-di -t-butyl -4- hydroxybenzyl al cohol . | ubsequent to the reaction of the
startlng reagent- Wi th a hal ogenating reagent or an organotin nonchydride by
t hei present process, the protecting group—s—renoved: by aqueous hydrol ysis

at - 25 [err] 8.0rhdhérghnodin m@!&y@maest uspdraspreactants iin t bhe
process of the. resent I nventi_on m@ﬁ; I's
previ ously defi SN RERCES S @éﬁﬁ?gf Bgﬁén ¢§ﬁ|%§§gn g se!
esters are pre@aﬁgm&y fhkyhat iaart of Tﬁmseowhecl’smnilmgtpenamllall‘drﬂ «comrd
triethylam ne salt_ wi e_appr o] t r as

t aught in ABSEC ‘c?rrtﬂ%’ géﬁ‘n% %%ﬁ%(% %wo L‘ HMS Qgt %e reactlﬁ%n of
the af orenent | @amyhsiehgeat ailth & hdugapemetizly rGRment raf drifmdl it n
nonohydri de, thd protect¥ng gr |s T enoved, preferrabky, with5-——ecoci—e—

pot assi ungphi ophenogrperadhesbau ik He tB@eceionr oited Iexgwé@yetmﬁtmé
series, mhereln R ere i's as EFfVIOUSI de- fined, is

ERR]
i naor porat ed | HﬂﬁjiiQF% aﬂ%g§b§ﬂtﬁﬁﬁmFBEFP§ DGR JBTA-EBRSHA FRES e
procedure 10 eanghﬁm&s TisGieth cqaried Wut (87 iNe - ﬁh*eéhaeﬁz&arl W: is

reacting the Muged Rldes LOUPY USRI (a8 Sl ot deds
by th. These types of derivatives at the 3-carboxy group

1s of the penicillanic aciéd are snown to those skilled ln the

art and are relatively easy to prepare. Subsequent to the

. process of the present invention certain of these deri-

vatives, i.e. those which are conventional penicillin
carboxy protecting groups, can be removed from the carboxy

20 moiety anéd provide for the gene*at;on.o: the free acid of
formula If [wherein'R%% is hydrogenf. As one skilled in
the art can readily appreciate, the removal of a specific
Protecting group must be compatible with the reactivity
'of the substituent at the 6-8-position. Accordingly, the

25 removal of a benzyl protect;ng group from a penicillanic
acid containing a G-S-halo ﬁi—eelomeﬁayi substituent” by
hydrogenolysis may provide a lower than optimum yield of
the desired product becausé of the tendency of halogens to
dehalogenate under such reectﬁon conditions.



. —— - == T T .

'n et hyl chl ormate, with the appropriate al dehyde oxi me. éubsequent |
the reactixgn o 15 the 6, 6- disubstitlted, conpounds with tin hydrlde

- t he present process, the protecting group s renoved fron1the

“6-B-substituted penicillanic acid by treatnment with potaSS|un1 ) ‘¢[

- t hi ophenoxi de. 20 The fifth type of protectlng group is an ester. |
derived from acetoacetic acid esters. Methods for intro- ducing this typ P
of protecting group onto a!penicillk?3carboxy group are described by
| shi maru, et aI Chem stry Letters 13 ‘and 1317(1977) and conprise the 7
treat nent of e sod salt of a 6, 6-di substi - .tuted penicillanic
acid with an r%'prr aﬁ??ﬁe cﬁ&lv(?é’cte’t%ta?ﬁlcall&lllno\ﬁ Qe reaction

?L th'S?ﬁb?dﬁthmqtdrduﬁﬁlﬂﬁeﬁgé}@@dﬁﬁ?ﬁ%ﬁ)é&téﬁ.orwaw%dﬂii rfﬁudri?e -
e protecti ro s_regoved: from.t.he eni.Ci nic derivative
oyt Pearheneael 48 ik oG8 Ehn, oB 1 actin A ALBP 202 BB S SEh e of
pr ot ect appropaia teh prépsubdthyuxredinber of routes,
t ke det c al L _r p m it ure. The
p?efGW'éhgﬁgéheylé1§§$§fsés gta |ng%%%é?é€ a§E§ i%%éﬁﬁﬁﬁﬁ%lllanic
aci d eswith Eoﬁﬁm&kylw'oEpdaaékemwﬂmhhdmngheaphbnEDMetyneﬁdn@h t he

6- di azo 2958 =4 %%Ed’f% ug ﬁltgtfcﬂ: p“[_ﬁ)éefﬁ%ﬁg?gmgggccecgg en‘%&t ed by the*

pr esent |nven preV|ous erein [ ERR],
and mhecgmgletlpg7qﬁu;he reactlon of sald reagent with a halo-

genatlng agent or an organotin monochydride, the. protect-
10 ing group is removed from the 6~f-substituted penicillin

s -

by addltlon of water to provide those products whereln
13 is hydrogen. :
The second prctect;ng group is the 3, S-dl-t-butyl-
4-hydroxybenzyl ester., This is conveniently prepared-

15 from the requisite ff—hydremymeshyl—esnf 6,6-disubstituted

penicillanic acid following the procedure of West German

application 2,033,493, which comprises reactiﬂé the
aforementioned penicillanic acid, as a triethylamine .
salt, with ethyl chloroformate and the subsequent reaction

20  of the resultant mixed anhydride with .3, 5-&1- £-butyl-4-
hydroxybenzyl alcohol. Subsequent to the reaction of the
starting reagent with a halogenating reagent or an
organotin monohydride by the present process, the
protectlng group is removed by agueous hydrolyszs at

25 pE 8.0. | | *

- The third type of protecting group suitable in |

the process'cf the present invention are those where
R:g is -CHZY wherein ¥ is previously defined. These
fA~pydroxymerchyt—and 6,6-disubstituted penicillanic

30 acid esters are prepared by alkylation of the corre-~
sponding penicillanic acid triethylamine salt with the
appropriate halide foilowing the procedure as taught

—



R18 are as preV|oust{Ge*$ned The tin ester pro- 5 .~~tecting group is

f or med by addi ng a,nolar ‘anmount of bis(tin)oxide to two noles of the free
6, 6- digsubsti - tuted pen|C|IIan|c acid according to .Chem Ind. 1025 (1976).
On conpl eti on -of said process, the protecting group is rempoved by aqueous

hydraol ysis. 10 ticularly useful in the synthesis of conpounds of
forqulal, wherein R is said alkylthio, js 0 or-'1 R is hydrogen, -
is tTichloroethyl. This group i ht roduce®onto the carboxy group of the

appropriate 6 'fidlsubstl- 15 tuted penicillanic acid using the pro

ure. as taught 4 Ael. Gehemy geabiacal iy, 1%?1@8(9687) OB ART ei8!

di substituted pem
6- hal o- 6- al kyI tqﬁaaie#ﬁn ofaﬁhe aépgemqwcen%tﬁ%geéet @rlt@r BSPFXT de

fol lowin %efeé 84k Bﬂdal?f%ﬁ_{ar?@tmdﬂéﬁoh&%ﬂl@@ed the eatnent

with an organotln nmonchydri de results ;Earatlon of .
6- B—alkylthloﬁéﬂﬁﬁqW%ﬂﬁcgﬁepa L8 &EMAVRA h\PLREREF2BLYsuM™idh de. . Renoval

of the protgct igited44 Dith Ot REbPRenBwide). t O prOV| de a. corrpound of fornula Il
wherein R13 is hydrgggn S ac ieved by trea one ski|led
et

i ngthe art recogniz RQRETS, EYRE- |ﬂiﬁ$e?ﬁﬁ%? ﬁﬁﬁﬁﬁtﬁ&uﬁ?ﬁﬁwﬁ%¥+??n

car boxy prot ectwtm:egmtm Wi chyag pralnd:ahhe:éoa hésoper avevicisipedgre-
sent process f gﬁﬁ oung ff the‘g% ti.oned 3 for %
wherein R 855 e bﬁps
for the |nstanﬁq@uh&ﬁﬁtumbdlpenmtluman;cadnnﬁtfablpwmhbuxmmammbcedure
consi dereﬂt L DEO2Y BHLN. CUo. N PF CPEYLETV e ¥, coklifrises

6- B- subst
reactlng the mixed anhydride, formed from the requ;srte

be~hydrowymeshyl—ef 6,6-disubstituted penicillanic acid

-and ethyl chloroformate, with.the appropriate aldehyde

oxime. Subsequent to the reaction of.Ag—hydresymeshyt
15 Tompounds—with-a—halogesating—agent—of the 6,6- o

disubstituted compounds with tin hydrlde in the present
process, the protecting group is removed from the
6=-8-substituted pen;c;llanlc acid by treatment with
potassium thiophenoxide. y

20 . . The fifth type of protecting grcup is zn ester
derived from acetoacetic acid esters. MetHods for intro-.
ducing this type of protecting group onto a penicillin
carboxy group are described by Ishimaru}:gt al. Chemistry

we——————————

K Letters, 1313 and 1317(1977) and comprise the treatment of
® 25 the sodium salt of a fémhydrowymethyl of 6,6-disubsti-
' tuted penicillanic acid with an appropriate alkyl
a-haloacetoacetate. Following ‘the reaction of this
product with a halogenating reagent or an organotin
monohydride, the protecting group is removed from the
30 6-8-penicillanic derivative by treatment with an agueous
" solution of sodium nitrite. '

. The sixth type of protecting'grcdprwhere gli is
-CR7R8R9 can be prepared by a number of routes, the detai%s
of which are all represented in the chemical literature.
The preferred synthesis comprises starting with known
g6-g-aminopenicillanic acid esters followed by replacement .
of the 6-amino moiety through the 6-diazo group as taught,



rri

action of the 6,6-disub- stituted penicillanic acid having at the

carboxy group 5

p

a conventional penicillin garboxy protecting grou

R

5 for exanpkgy_Qy Cama, et al., J. Am. Chem_Soc., 94, 1&08 (1972) and
son, at "al.; J. Chem Soc. (Perkin L),'lf?ﬁ (1976).  Faollowi ng the

.
/ .

wi th an organotin nonohydride, the protecting group is renoved. \Wen two qQr

nor e
4- et

protecting group can be renoved by 1.0

aci d.

at the 6-B

treat
Am
hal

rrespon

trinmet

10

of the substituents [err], [err] and[err] - -are phenyl or if [err] .

hoxyphenyl or if [err], [errﬂlhnd [err] are each nethyl, the

| BEERTR \RREREE LRI [ EFPPR SRR JTER,

nt_withotrineth |1yl 1Qdide_1 as taughg by _Jung, et al., J.
Chr%?ﬁr%b%. Rug@r,sg‘y 'S%Bﬁ#)‘egbawraﬁ‘gd%eté‘nbsﬁ-élzuﬁggituent is not a

R,, apve as priepilhisiyviefinedhe [Theparixrt iestet phe-requisite

I ox ani’c acil

ypen

peni Ci nate. W th _the appropri

of a trlgthylanine sal t

. =lha Tng _oSrourt “" ) ig mMare
ticularly useful in the synthesis of compounds of fopmfula
II, wherein R -. is said alkylthio, n is 0 or 1 ap& R;;

is'hydrogen, is trichloroethyl. "This group i# introduced

' onto the carboxy group of the apprépriate g, 6-~disubsti=-

15

20

tuted penicillanic acid using the progeQure as taught in
West German application 1,937,962, Conversion‘pf said’

.disubstituted penicillanic acjd trichloroethyl ester to

a 6-halo-6-alkylthiopenicj¥Tanic acid trichloroethyl ester
or sulfoxide following e hereinafter desgribed proce=-
dure, followed by #featment with an organotin monchydride

results in the-Preparation of a 6-f-alkylthiopenicillanic

25

30

acid trich¥®@roethyl ester or sulfoxide. Removal of the
proée ping trichlorcethyl moietf to provide a compound of
fo fula II wherein R13 is hydrogen is achieved by treat-
e i £l ; d1g-a : £farg salu+iaon :

As one skilled in the art recognizes, there are nu-
meroﬁs, other”unmentioned'penicillin carboxy protecting
groups which are applicable to the operation of the pre-
sé@t process"fdr préparing compounds of the aforementioned
'férmula_wherein R"'is hydrogen. The canept of the use of
such protecting groups for the instant process, while not
being exhauétively'illuétrated, is'conside:ed within the
broéd'purview of the present invention. The-éﬁﬂ-substitur-

6.6-h yethyl.- 20 [ G ryied ) ti f th
o5 DRI b oug0 s PORLLIL Ay esaing SRLILE ine sfenct on of e
with tihksappndpaides ta dhwd feles ofbyheh freel kybadisnbstix salt of said
aci d V&ﬁ@ec}ge -éhie&';':] ic fé’l&o%EGrHE%gt "R , Oknfle18%s 25

hydr oxynet I'Ta t al omge . g reagent the

_pr ot ect 1986 §r oufni somiRREPBsOThEaddy SRATeSHe e pPELESEAQIyroup is a
dWoup SikYkefovdid P ViqhebikY hyldndl sl which-is generated 30

in situ through the _react’on’

sy
treatnent with trifluoroacetic
Thi s yret hod of renoval (S conpatible with all_ppssible substituents
Egg E%h ' _ $ BY A8d [err] are
hydr ogsire 88ft[ £h¥enitd qiheand Shsdupseticgiravi @liFIpsigaghhe renoved by

!.



of a 6,6-disubstituted pémycillanic acid and approprrﬁféxsilyl chl.ori de, (329
according to the procedure”as taught in Ann.,; 6573, 166(1964). Foll ow ng '
the rgaction of the pro- tected 6, 6-disubstituted penicillanic acid with

the 35 organotin nonohydride, the protecting group is renoved by

aqueous hydrol ysis. ted penicillanic acid containing conventional
peniciFlin carboxy protecting groups are vallable internediates |leading to
the corresponding_free acids.:Wen [err] i-s-an ester-formng residue

readi |y hydro- 5 £9F |§3BPi€y DY (4May 2% @bound. ollis oLh8My(1S0C it 34/ 21408
groﬁptﬁhLCPhls mxlgm@ilanéeaa&gdsahgmé¥1éﬁpgn%% Gﬁehbfsbenmﬂyéimﬁﬂ]z)PH
suc a e nol g _.In su a_CUhﬁgﬁn TOrmu répresenrs .an
ester grouping. Mﬁ%\%ﬁ) < §°§H°§’d€’r‘3 Tt TRREERIE _P%;:{’G 6, GOy
COCR is readi |y ddtciseted npghieildanikeradid chdvisgcatbeiy F~arHdiPgroup
That is to say, [Eﬁﬁg ista grgug of, &9\ type!' t.hat mhenta Qnpound of .
formul a(l) Ther eith Fravedtigial; Behigidlan earbtiey  BERLRS Sh HE 3R AL Fh

Vivo, is exposed dm- oegandtin hbaotydridesushe i protethéngorpauyl 18 removed.
re knoun i ntho SEHE TTPro8: Bo2n st ArettEEsPRES P Bas T o are
absorpt_ i on char aghernyl ics bf Rgeiperﬁ-aridﬁhammnyhdormm tR'-pn&_ié yq.nc[.exg]
har maceut | cai |y s aitap mesRely, s, prdtBilia axoup pan he memoved by,
| i ber at es Ighar nadmgdtmeny- watheprifladneapgetic atdd.cl fhisd methdd/ oof
removal is compatible with all possible substituents at
the 6-4 position. When R. or Ré.is'mgthyl or R, and Rg
are hydrogen and R9 is phenyl said protecting groups.
can be removed by treatment with trimethylsilyl iodide
15 as taught by Jung, et al., J. Am. Chem. Soc., 33, 968(1977)q

- - ¥ Nacs A "= - e = - -y = < -

provided that the §-#-substituent is not a halogem or an
~alkylthio moiety. o :' o
The preparation of the requisite ig—hydrcxyméthyl-
20 penicillantes can be carried ocut bw reaétion of the
corresponding 68-hydroxymethyp€nicillanic acid as an
activated anhydride wit e appropriate alcohol
BOR,RgRy or by the afkylation of a salt of said acid with

- 78 AR R
-R7R8R9C-halid- Following the treatment of the §8-
25 . hydroxyme lpenicillanate with the appropriate halo-
genagihg reagent the protecting group is removéd as:

-
ala = = »

- XThe seventh type of protecting group is a trimethyl-
silyl or dimethyl-t~butylsilyl ester which is generated

30 in situ through the reaction of a triethylamine salt |
of a 6,6~-disubstituted penicillanic acid and appropriate
-silYl chloride, according to the procedure és taught in
Ann., 673, 166(1964). Following the reaction of the pro-
tected 6,6-disubstituted penicillanic acid with the

35 organotin-monohydride, the protecting group is removed
by aqueous hydrolysis.



As |nd|cateq above, the groups [err] are knewn and are readily i dentified:
3 those sklllég\ln the penicil- 25 . lin.art, as taught in Wst Gbrnan ;
Apl i cation 2,5%7,316. Typical groups for R™ are 3-phthalidyl, - VR
rotonl actonyl, (-butyrol acton-4-yl, al kanoyl oxyal kyl and alkoxycarboﬁyl
. yal kyl . However, preferred groups .for are al kanoy- | oxymet hyl having.t
from3 to 6 carbonhatons 1- (al kanoyl - 30. oxy)ethyl having from4 to 7
carbon atons, 1-nethyl- (al kanowgpxy) et hyl having from5 to 8 car bon k“f’
at ons, alkoxycarbonyloxynethyl having from3 to 6 carbon atons,
1- (alkoxycarbonyloxy)ethyl having from4 to 7 carbon atons;
% nﬁzE&lepéﬁhbd&wnnﬂnnacrdycenhnhnhmglupdvcmmionaISpemﬁmxikunwm

pht hal i

4 I |
Conmpounds %F‘yt 95(4%0 acton&ﬁgaggﬁYﬁ%ﬁsﬂa%c%g gﬁgbgra%eng resi due ) .

read|Iyebaﬂnglynaume|commespondmn9eﬁmﬁa akdsgl.directly fromthe conmpound

of forrrula{ rei Q C The,SRscific

met hod chosen W | elp%e%nagﬁggl ?&%ﬁ%ﬁ eiée%ééé Ebhg?}gc?ﬁyre 10 of the

§st er -1pzabile aasmixg It 2 aponpeusgr iaff LRnba gihllﬁeﬁﬁbéﬂlly sel ect ed

by one §J§h | gl ”%r?c?}tho#xaé& ed@é&%é&lefﬁéxﬂ B al%oh%'lefdﬁd fromthe .
group RS stln f é t onol act on I bugyrolacton 4-yl,
alkanoyhexﬁa Q%xyﬁﬁ? ImRIRGY ¢ ~prepared by _
g' kﬁ{ ha? g %’f‘dférmﬁQ& epabssses an ésﬁ:éb/drogen with a o -]

Ral I'de,- a 4- crotonol hal i d 7 I
haI i degraﬁpépﬁand%@%‘kyl ¥~ { F'&e"(f'ro %ﬁiiﬁ%ﬁ'&f"ﬁoﬁ%‘a&i act on-4-y

10 grouping COOR';_ls readlly cleaved rn v1vo to llberate ' :
a free carboxy group (COOE). That is to say, gig is a
grouo of the tyoe that when a compound of formula(gl
'whereln RE! is an’ ester-formlng residue readily hydro-
lyzed Ln vivo, is exposed to mammalian bloed or tissue,

i5 the compound of formula(gl wherein Ry, ;s hydrogen, is
_read.ly produced. The groups gi; are known in th°
penlclllln art. In most instances they merove ‘the
absorption characteristics of the pen;crllln compound.
Add;tlonally, RIB should be of such a nature that lt

20 imparts pharmaceu 1ca11y-acceptab1e propertles to a
compound of formula(9, and it llberates oharmaceutlcally-
acceptable fragments when cleaved in v1vo.
| As lndlcated above, the groups RI! are known and

.., . are readlly ldentlfled by those skilled in the pen1c11-

25 . lin. art, as taught in West German apollcatlon 2 517, 316.
Typzcal groups for Rii are 3-phthalldyl 4-crotonlactonyl,
1-butyrolacton-4-yl, alkanoyloxyalkyl and alkoxycarbonyl-
'oxyalkyl. However, preferred groups for Rialare alkanoy-
loxymethyl having from 3 to 6 carbon atoms, 1= (alkanoyl-

30 oxy)ethyl having from 4 to 7 caxrbon atoms, l-methyl -1l=-
(alkanoyloxy)ethyl having from 3 to 8 carbon atoms,
alxoxycarbonyloxymethyl having from 3 to 6 carbon atoms,



halide. . The term"hal i9€™N\ is intended to mean deriva=™20 tive of '
chlorine, brom ne and iodi-he. The reaction is convenrently carried out by 2
di ssolving a salt of the com .pound of fornula(l, wherein R is hydrogen,

in a suit- abl.e, polar, organic solvent, such.as N'Ndi nethyl f ormam de, and

t hen .addi ng about one nol ar equi val ent of the halide. 25 When :the

reag%Lpn has proceeded essentially to conpl?t*on, the product is isolated-

by standard techniques. It is often sufficifent sinply to dilute the

reacti on'nmediumw th an excess of water, and then extract the product into

a water-inmscible | Iﬁgn r S Y. ﬁﬂ! nt
evapor ati on. Szt%t(s% ?%gaggéir‘??%g %‘% i-alﬂﬁ?%ﬁ'g‘rggmcgn’?rléﬁl‘;gcused&gre

al kali metal salatomsuch-methypdr-dim(adkoqgtcashompbdky)ettiyle haviamg afr ome
sal ts, such  as g i @tivd apbah. aboflsh R LH Nify1 My dLBBLBHAYdidiey)  and
N- net hyl nor phol i ne salts. e reaction-s run & fenperature 1n the
range from abo@ndTiwbyeyrplacsan-~dsydldy at about [err]. The |ength. of

LU 5 UE e Sone SRRSO ST () Ra LRl ) hfrer-
reagents. Thus EQMRERT oRest@ErnFeaRd Liyahy demd Y 330 He, 1BnEiVey an seiBre-
faster than the gy deiredbtTy EfomUiche eﬁﬁﬁﬁfq&ﬁétsg Eb2RulR D) WHdeeihn
fact, it is sonetinmes advantageous, when utjlizipg a chloro cohpound, 10
tosadd up to on@igﬂ%ﬁéhﬁﬁFQ% Bt Do SRR IGASATARR) | SBR)SPERK e Ao thad
effect of speedighbddh t#El1caeped. nWritdllly dREA €h&0brike sorfigqiddure
Factors, Gﬁ?CtI%% the ester-forming residue, but an appropriate method
will be readily selected by one skilled in the art. 1In
the case wherein R== is selected from the group consisting
of 3-phthalidyl, 4-crotonolactonyl, Y -butyrolacton-4-yl,-
alkanoyloxyalkyl and alkoxycarbonloxyalkyl they can be '

15 prepared by alkylation of the compound of formula(ﬁl,
wherein Ri! is hydrocgen, with a 3-phthalidyl'hg1id¢; a
4-crotonolactonyl halide, a 7 -butyrolacton-4-yl halide,
an alkanoyloxyalkyl halide or an alkoxycarbonyloxyalkyl
halide. The term "halide” is intended to,mean deriva-

20 tive of chlorine, bromine and iodine. Thé.reaction'iS'
conveniently carried out by dissolwving a salt of the com-
.pound of formula(?i, wherein R'a is hydrcgen, in a suit-
able, polar, organic solvent, such as N,N-dimethylformamide,
and then adding about one molar equivalent of the halide.

25 When the reaction has proceeded essentially to completion,
the product is isolated by standard techniques. It is '
often sufficient simply to dilute the reaction medium
with an excess of water, and then extract the product
into a water-immiscible organic solvent and thén recover

30 same by solvent evaporation. Salts of the starting material
which are commonly used are alkali metal salts, such as
sodium and potassium .salt, and tertiary amine salts, such
as triethylamine, N-ethylpiperidine, N,N-dimethylaniline ,



jnes of from1l to about 24 hours are commppnly used. Al terpateI!;/,-corrpounds

¢-he present <Thvention of 15 formul a(l): wherein R is an
ger-formng residue. readily hydrolyzable>in vivo can be prepared fropt
X pounds of fornula Il wherein R is conprised of said ester- form

RS by the process of the present invention. The starting reagents of
phul a |11 wherein [err] is 20 an ester- formngre5|duereadlly o
| yzable in vivo selected fromthe group consisting of 3-phthali dyI \QJ
oronol actonyl, y -butyrol acton-44¥§, al kanoyl oxyal kyl and
alkoxycarbonyloxyalkyl can be prepared by al kyl.ation of the conpound of’
formula || wherein [err] is hydrogen with a phthalidyl halide,

a’ cr ot dAd| H‘CPSWD(]-I‘FQFRRQ]-J&“? Bad$sol adhvh-ze3gthani ds, ran aﬁtkamoyl oxyal kyl

hal i dex ofipaRaghlc@xiGArdid vt Sxye kil dbdutle J@ewsaetloari&s Carr' ed -out
by di ssol vggg a salt of fhe con‘gounq of for%n}.JI a ll, wherein [err]
hydr ogefiaa at, abayk ¢ hey sothenpeededh ta q‘@ﬂ-'léll -
net hyl ¢emphetden ar&itdwrwddraﬂngbw apwmé efuifdator)t ficH he
hal i de, n therea Ot-?:. has ﬁ gﬁeeded sentia %yFéo cohpleti.on, the
pPoduct® | SRS SPAFER A TLOR G (BRA AT, ST FaSoFRaR SAHTLi ent
si npl yo£f othel nEagElmets.eacrhwsn, neﬂennwﬂdldﬂrmg:etheohaw &om-and t hen
extract_th p u SCI | e or,gani c_sol.vent .and then
recovet® %‘é B‘&g g‘lﬁ#@'ﬁe e’fl%ac g faB %’?‘“ Qg? érS'Plfl e é't'%‘ﬂ?n’g“rrat erial,
whi ch tuencoeactisy fashkemrthahkbhe chilairishd: s, Isufacas dadiiign and
potassiyi sohbs 38¢NYddddds 2MiRERS %E&%.:.ﬁ‘i-ﬁi‘ £Schibzo compound,
1.0 to add up to one molar equivalent to an alkali metal .
iodide. This has the effect of speed:.ng up the reaction.
With full regard fcr the forego:.ng factors, reaction
times of from 1 to about 24 hours are commonly used.
Alternately, compounds of the present invention of
15 formula(_y wherein Ra is an ester-forming residue -

- readily hydrolyzable in vivo can be prepared from com-
pounds of formula IT wherein Rll is comprised of said ester-
forming groups by the process of the present invention.

- The start:.ng reagents of formula Iwhere.x.n Rl) is
20 an ester-forming residue readily" hyd?‘olyzable in vivo
-gselected from the group consisting of 3-phthalidyl, 4-
crotonclactonyl, 7 -butyrolacton=4-yl, alkanoyloxyalkyl
- and alkoxycarbonyloxyalkyl can  be prepared by alkylation

- of the compound of formulal wh-e.-aa.a—a_,_x_aad_.—a:-s *
25 es—defimed—and wherein Ryg is hydrogen with a phthalidyl |
halide, a crotonolactonyl halide, a 7Y-butyrolacton=-4-yl v

halide, an alkanoyloxyalkyl halide or an: alkoxycarbonyloxy-
alkyl halide., The .reaction is carried -out by dissolving a
salt of the compound of formulaIX, wherein Rl’ is hydrogen,
30 in a suitable, polar, organic solvent, such as N,N-di-
methylformamlde,_and then adding about one molar equiva-
lent of the halide.  When the reaction has proceeded
essentially to completion, the product is isolated by



et hyl am ne, N—ethylpiperzjine, VVhLdinethyIaniIine.éﬁa N nmet hyl nor phol i ne <§§i
salts. The reactiqgn is r. at a tem 10 perature i-n the range from about \‘

0 to100C., and usually at about 25C. The |ength.of time needed to reach

com etion varies according to a variety of factors, such as the N
concentration of the reactants and the reactivity of the reagents. Thus,

when considering the halide com 15 pounqQ the iodide reacts faster than
thé“ﬁfonide, which in turn.reacts faster than the chloride. In fact, it is
sonet i ne$s advant ageous, when utilizing a chloro conpound to add up to one

nmol ar equi val en al | | ogdid | e Cls pgedi ng
up the reacti on;t%dagd\/\ﬁ%qnuw%bargéfgrs tS%EPg?s}g%élln%f Jég't %Pg,gl?eggt.i on
tinmes of from addlinte theabmactbmonedianewithnamn \exmess &f wkternpate

met hod for prepasgh € eShe dd = : | of
formula (11 )__.anégi_n E?r] 'S ésdggugf‘%f%g{:r%n %%Eﬁegyéﬁéﬂ%ﬁ%%ggﬁie_ _

di azoti zati on ofrganic isikdvenst @nd atkes- Becanesomanie iy asp Lventdewater
and the reacti ] re tyl [ PRk Ghl; bani | ' asgkve the
desired 6;%2-di %%gtaﬁ&:ﬁed ?égrﬁﬁcéf]ﬁgnﬁégaggégetg%l r rrgas - el(ijaelffl‘-hg ‘t:%r agb L
degcribed. 30 commendyr used Are Rlkalisapgadl iIsplsa, such as sodium

conveni ent- |y pheppeedsiifth GLrel] han@peakeibrgnianii S QApOsy H8h as tri-
6, 6- di br onopeni ci] | ani ¢ hal ogenati ng reagent “as previous]y described. .
The said - hydr oRRELAPLBEN élﬂq?'g?ﬁ%i@%#,inan N, Nrdimetynl il ing and N-
through the al kyéhy2Ro@bhdle i@ $£EPON]i THe BeAedidfy-is run at a tem-
' 10 perature in the range from about 0 to 100°C., and usually
" at about 25°C. The length of time needed to reach com-
"pletion varies according to a variety of factors, such
as the concentration of the reactants and the reactivity
-of the reagents. Thus, when considering the halide com-
15 pound, the iodide reacts faster than the bromide, which
in turn reacts faster than the chloride. In f3ct, it is
sometimes advantageous, when utilizing a chloro compound
to add up to one molar equivalent of an alkali metal:
iodide. This has the effect of spegding up the'reac;ion.
20 With full regard for the foregoing factors, reaction times
of from about 1 to about 24 hours are commonly used.

An alternate method for preparing the starting rea-
gents for the instant process of formula@;)wherein‘Rl‘
is said ester-forming residue is by the diazotization of

25 the appropriéte 6ﬁ£-aminopenicillanic acid ester and the
reaction of -the resulting diazopenicillanic acid ester
to give the desired 6,6-disubstituted penicillanic acid
ester as herein-after described.

30  as defined and R . Gst convenient-
ly prepared from esponding 6,6-~dihalopenicillanic .

the 6

= ,_.-_‘1(4 = =

f-dibromopenicillanic




égﬁ)ylpenicilya LC acid, sulfoxide or sulfone<~in a manner al so ﬁreviously
: scri bed. As herginbefore indicated, conpounids of fornula IV wherein R

is an ester-forntn esi due readily hydrolyzable. 10 in vivo are e
~.converted in. viivo into conmpounds wherein R13is hydrogen as fo)lows: -

[err] RO CO2R13 The compounds of fornula (1) wherein Ris__

hydro- gen, are acidic and will formsalts wth basic agents. 15 Such --

salts are considered to beAMtrﬂrltge scope of this invention. These salt

can be prepared by standard technpq es, such as contacting the acidic and -

basi c conponents usually.- ina 1:1-Aelar ratio, in an aqueous, non-aqueous

Or Daghh bl A IO g e e Cara O Ehor—ah-e-4- A0 [ ecover ed

by filtration By precipita- tion wth a non-solvent followed Dy .

filtraydsaxymptardy@eniohldanate aatantwith Fhermewdsd ¥ Aqueous

sol uthamégea&ﬂﬂ%oméagéxst Ofs B eVUNUHNY A&scrBBEHG aasdssady ch are

sui tably enployed in salt forpation 25 = bel ong to both he organi c_and

i nor g8ATRYEFR ,.%ﬁﬂf%?ﬁﬁ*?hiFéﬁégﬁﬂﬁﬁﬁ%ﬁfoF@aﬁFEna "-§ﬂ¥ﬂ4ﬁ§+zﬁéta

by dr oxh #86ghC &Heor, @abiegrbgnah@s,cdﬁﬁsﬁ@ﬁdﬂﬂg 62 aydrd ges, as well as
I _'drongesgyé bonat es, hydrydes and al Koxi des.

eh*

al kal i.ne eirth_nat
Repr ReRRELPEB LS of<d ® Wi ARATORE 18,2 RS n- *
also previously described. |
As hereinbefore indicated, comfounds of formula IV *
wherein R,, is an ester-formingfesidue readily hydrolyzable
10 in vivo are converted in viud into compounds'wherei# Ry3

is hydrogen as follows:

S B Hoo)n CBy
. : > 5~
. R —t R - . > CH .
in wvivo - L -l_ 3 -/
—_-———% . V’l’ »,
0 v CQZRI3
R1.3 = H_

A -
7 TE c o 5 RSO e Za

~ The c_:ompounds of formulad LI}I ard—¥ wherein Remg 1S hydro-
gen, are acidic and will form salts with basic agents.
15 = Such salts are considered to be within the scope of this
invention. These salts can be prepared by standard
techniques, such as contacting the_a:idic_and basic ._ .
components usually in a l:1 molar ratio, in an aquéous,
non-agueous or partially aqueous medium as appropriate. v
20 They are then recovered by filtration, by'precipita—
| tion with a non-solvent followed by filtration) by
evaporation of the solvent, or . in the case of aquebus
solutions, by lyophilization, as appropriate. Basic
agents which are suitably employed in salt formation
25 belong to both the organic and inorganic types, and
thef include ammonia, organic amines, alkali metal
hydroxides, carbonates, bicarbonates, hydrides and




propyl ami.ne, h-butyl ami e} aniline, cyclohexylanine, 5 benzyl am ne and @
octyl am ne; secondary amnes, such as diethylam ne, morpholine, pyrrolidine

and piperi di né€; tert i ary am nes, such as triethyl am ne, N-et hyl pi peri di ne,

N- net hyl nor phel i ne and 1, 5-di azab| cycl o(4. 3. 0] non-5- . ene; " hydr oxi des such

as sodi um hydroxi de, potassi um 10 hydr oxi de, " anmoni um hydr oxi de and

baw hydr oxi de; al koxi des, “such as sodi g\et hoxi de and pot assi um

et hoxi de; hydrides, such as cal ci um hydri and sodi um hydri de; carbonates,

such as potassi um carbonate and sodi um car bonat e; bi carbonates, such as

sodium 15  biagxhawds, adél @ewsasuauhlaqa&;@r@éﬁmaﬁétahkaya:@hdeéal ts

of long-chain fatty aci ds such_as sodi um 2- et hyl hexanoat e. Preferred
salts of the E3Fbomatess Byirifaa apf W&crdss: s RgEFegeRtatd e

sodi um pot asalzamfaa@k ¥ sicheblgbanape ¥ infary’Samigesat gdchera%! efore,

t he corrpounds of (i af: ggtent, |nh|lb|tors of nhcro

B- | act anases, 59& S 2RECY hamine . 235 1108, QYT LPhe/y E{“H’&Tess of

B-l1actammnti beﬁtzyqan(;pwlmd | b8y danigenhdergiiddry) afigaeBSt sty as :

A PO R SR e A Ny

antibioti c cagelpeiamy exixiesl, 3@uchbasr eﬁ:draﬂqd&:mmpmwe@&meﬂdﬂné he

oo ed. el AR ER Pge 200 3, QML ALLRLY 3 OhoBBE BIE

conbi nati on oénehe hyidmowizhes bswetch caandodimm dyptrmsidé , f pokalssifim) hen

10 hydroxide, ammonium hydroxide and barium hydroxide;
alkoxides, such as sodium ethoxide and potassium
ethonde, hydrzdes, such as calcium hydride and
sod:.um hydr:.de, carbonates, such as potassium carbonate
and sodium - carbonate, bicarbonates, such as sodium

15 bicarbonate and potassium bicarbonate; and alkali
metal salts of long-chain fatty acids, such as sgdium
2-ethylhexanoate. :

Preferred salts of the compounds of formulad (I)A-aé-

“# wherein Rﬁ is hydrogen are the sodium, gm_:assium and ]

20 triethylamine salts.

As indicated hereinbefore, the compounds of rormulaccf)
M—MW are potent inhibitors
of microbial B~lactamases, and they increase the anti-

25 bacterial effectiveness of f-lactam antibiotics
(penicillins and cephalosporins) against' many microorganisms,
particularly those which produce a,l-lactamasé.- The manner
in which the said compounds ff—formulae—IZf—amd—V increase
the effectiveness of a# -lactam antibiotic can be appreciated

30 by reference to experiments in which the MIC of a given
antibiotic alone, and a compound of formulag i_I)ee—V- alone,
are measured. These MIC's are then compared with the MIC

- values obtained with a combination of the given

antibiotic and the compound of formulad fI)o,p-fi When



_ .‘ nti bact eri=a potency of the conbinati on.}s si gnifi cant I y greater t han!
: rz,_,dn have been_predicted fromthe potenci es-of the individual conpounds, :
i< i s considered to constitute enhancement of activity. 5 The M C val tres
rrbl nations are neasured using the method described by Barry and Sabﬁ'f

pnual of - dinical Mcrobiology", edited by Lenette, Spaul ding and ..
Trtent, 2nd edition, 1974, Ameri citr‘thom ety for Mcrobiology. 10 - TFhe |
corrpounds of fornula (1) enhance¥e antibacterial effectiveness of N
B-lactam antibiotics in vivo. That is, they |Iower the anmount of the

anti hi.otic. h.is.needed to 15 tect .n ce agai nst an ot herw se | et hal
i noc?ﬁ glhégfgeﬁﬁa %;\ Bfog&% % aeﬂ.g e abil ity of the
conpaigisificantiyl g:(datet ochawoalﬁh(havé flmpen vpreddc2@d of a /-l actam
ant i a t _hRact er.i es m val uabl e for
co- aa‘&ff#l' Y‘?gt ngtev% tihea% actam angE at%l'a?'s %ér?\ﬂéca%lq?r éathg%t of bacteri al

i nf ecits orsnshdenednito qunstithtel gnhamcemenmafreetwmtyof a bacteri al

f ' | ed th th
7 oot hpasd UL ciofs W% MRt aabagratsl od W i1 (he

Si nulmetti@lﬁsﬁ9scxﬂ-b9dnd‘m \BAXTY t AB sﬁﬁbactéhﬁamﬂ‘l@ﬁu&heoﬁor mila (l) can be .

adm r&ﬁiﬂéglaﬁiér%ﬂglﬁgey edited by Lenette, Spaulding
and Truant, 2nd ed:.t:.on, 1974 American Soclety for
Microbiology.

10 The compounds of formula¢ {I)

<iR—vivep enhance the antibacterial effectiveness of
p-lactam antibiotics in vivo. That is, they lower
the amount of the antibiotic which is needed to
15 protect mice against an otherwise lethal inoculum of
certain f~lactamase producing bacteria. |
The ab:.l:l.ty of the compounds of formula¢ f,I)E'i—e-r—\&;
] . sty : g i a
' -ﬁWﬁ to enhance th,e effectiveness
20 of a,A’-lactam antibiotic against f-lactamase-producing
' bacteria makes them valuable for co—adm:.nlstratlon
with A-lactam antibictics in the treatment of bacterial
infections in mammals, particul_arly'man. - In the
treatment of a bacterial infection, the said compound
25 of the formula# (I)H-e:—v can be comingled with the- 3 *
A-lactam antibiotic, and the two agents thereby administered |
simultaneously. Alternatively, the said compound of
the formulag¢ {I) $¥—es—¥ can’ be administered as a separate
agent during a course of treatment with a ,A’-lac‘tam
30 antibiotic. In some instances it will be advan-'
tageous to 'pre-ddse the subject with the compound of
the formula¢ (I) I—J—or—v‘ before :LnJ.tJ.acJ.ng treatment with
/—lacta.m antibiotic. - - '



sone instances it will be advan- t ageous to pre-dose"the subject with the
- conmpqund of the formJIa (1) before initiating treatnent with a B-lactam
antiblotic. - 23 Wien usi ng conpounds of formula (1) to enhance the

ef fectiveness of B-lactamantibiotic, it is administered preferably in
formulation 5 wi th standard phar rraceutiqg%garri ers or diluents A
phéf_ﬁﬁceut i cal composition conprising a ph ceutd.cal | y- accept abl e
carrier,” a B-lactamantibiotic and a conpound of fornmula (1) will normally

10 cont ain from er [,@M%@e.n_
'aC(r:Tgpt able carri er%é%\,e %x?g e\ﬁh{houm ng d:ﬁ?%%&n%%%ﬁdgﬁzf formul a

conbi nati on wRsh—tirptiptTBIERcoan e-ritenee —

adm ni stered a g it @1{% u ar v taneously
or intraperi t%‘ﬁdﬁs‘y—é}'rﬁfaﬁ the pres%reldbéllr% §§| él 1 timately
deci de the dosaagahmﬂam:usnu is admmmc@re%/neab&m énoffctrﬁélleﬁﬁ:l-?n

'dosages th W%}g&? ) aghamenHdbi aiic .
will nor (r)rgal I y%be In the ran gh?&g%@%%?&%éﬂ. BC%)L;&%?.S zid:dlafl?onal Ifé&\(/\mh 1
y—

usj ng the conpdammacruticadl gompPsiddmn RANRRLSLRE &nBRAEMACS
antibiotic, thediHtable carrier, a #-lactam antibiotic and a

. compound of formulag {I) Aﬂv—cr-’i—whez-eﬁ—a-ﬁ-ﬁ—hfd;eq-ea-
SE—a—peadily-hydmelyzable—ester—theresf will normally.
10 contain from about 5 to about 80 percent of the

agent during-a course of Yreatnent with a B—Iactam?:-\ antibiotic. In - 6
1

&=t --.!.‘l .“Ii".ﬂ- ..... -

pharmaceutically acceptable carrier by weight.

When using the compounds of formulaé (I) -Pi—o-r—’é—
MWW%
h.yd.:nl_y.za.hla_.n—agln combination with another ,8-1acta.m

15 antibiotic, said compounds can be administered orally or

| parenterally, i.e. _J.ntra.tnuscularly, subcutaneously or

intraperitoneally. Although. the prescribing physician
will ultimately decide the dosage to be used in a human
subject, the ratio of the daily dosages c.: £ the compounds

20  of formula¢ (I) 9¥-or—v-and the £-lactam antibiotic will
normally be in the range from about 1:3 to 3:l. Ada:LtJ.onally,
when using the compounds of formulad (I) p—om—d-in
combination with another ﬁ-lactam antibiotic, the da.x.ly
oral dosage of each component will normally be in the

25 range from about 10 to about 200 mg. per kilogram of
bedy weight and the daily parenteral dosage of each
component will normally be about 10 to about 400 mg. per
kilogram of body weight. These figures are illustrative
only, however, and in some case it may be necessary to

30 use dosages outside these limits. ' '

Typical A-lactam antibiotics w:.th which the _
compounds of formula# ‘I) oVttt s—Saadity

&yd-so-l-gza-bl.e_:.n—nwd can be co-administered are:



or

"L@gto about 200 . per kil ogram of body wei'ght and the daily parentera

ge of each ctnponent will normally be about 10 to about 400 ng. per -- -
kilogram of body weight. These figures are illustrative only, however, ahﬂ
In some case it may be necessary to 30 use dosages out si de these I|n1ts
Typi cal B-lactam.antibiotics wth wikHh t he conpounds of formula (I) can

- be co-admi nistered are: .6-.(2- phenyl-acet.am do) peni ci | | ani ¢ aci d, &"vj
6- ( 2- phenoxyacet anmi do) peni ci |l I ani ¢ aci d,
6- (2- phenyl pr opi.onam do) peni ci l |l anic acid 6- (D- 2-am no- 2- phenylacetan1do)
pen|C|I6a02ephenglhceﬁﬁmia@}penmoillhéuhydnnmyphenyI]acetan1do)

penicillanpic a cl ohg xadlenyl]acetan1do ) _
peni ci % ﬂ? pgéhgxﬁg%%%%ﬁﬁﬂ%£§ﬁﬁéﬁgiéﬁ§5é¥ ypenicillanic acid, 10
6-(2-c bb&ypﬁepyd@wcpmnnamxﬁgppenmcmhmanncuacud - (2- car boxy- 2-
3-thienyllac t | y erazin- 2,
3 di one- 1k§a?boxan1doIE%%%*eny%E%%% ’%%%ié%%f' %%I%ggg'd

6- 6D- 2- Qﬁ(hyaremy.np-aﬁa\thmfmaypbeaydémm&mpes-crllam.c :
2- phenyl acet g gl o) peni cill anic aC|d :

p-

dosage of eﬁgh conponent will normally e in the 25 }angé f+om about;

6- (D--2-sul f o- henylacetan1do) |C|Ilan|c acid, . ¥
6- (D 2-GulBodmrRdng—@inddy 4y bs;sémeéixltlaﬁﬁ%twéo penic:.llan:.c .
acid, .

6-(1-amlnocyclohexanecarboxamzdo)pen;c;’lanlc aczd,

10 6-(2-carboxy-2-chenylacetamldo)pen1c117an1c acld,
6= (2-carboxy-2- [3-th1enyl]acetam1do)penzc;llanlc acid,
6-(D-2-[4-ethylpzperazln-2 3-dlone-l—carboxam1do]-

2-phenylacetam1do)pen;czllanlc ‘acid, '
6~ (D-2~(4~-hydroxy-1, S-naphthyrld;ne-3-carboxam1do]-'

15 _ 2-phenylacetam1do)—pen;c;llanlc acid,
6~ (D-2~sulfo-2-phenylacetami o)pen;c;llanlc.ac;d;
6= (grzesulfoam;no-2-phenylacetamido)penicillanic'

acid, | |
- 6=(D-2- [lmldazcl_d_r-z-cne—l—carboxamldo]-2-phenylacet-
20 - . amido)penicillanic acid, -
6= (D=2~ [3-methylsulfonyllmzdazolidin-2-one-l<carboXamido]—'
2-phenylacetamido) penicillanic acid,
6-([hexahydro-la-azepln-l—yl]methyleneam;no)pen;czllan;c
acld, o :

25 . acetoxymethyl 6-(2-phenylacetam1do)penxczllanate,
acetoxymethyl 6-(D-Z-amlno-z-phenylacetamldo)penlcillanate,_
acetoxymethyl 6-(D-2~amino-2-[4~ hydroxyphenyl]acetamldo)- '

penicillanate,
pivaloyloxymethyl 6~(2-phenylacetam1do)pen1c111anate,'

30 pivaloyloxymethyl 6-(D—2-am1no-2-phenylacetam1do)pen1c11-

lanate,



N
6- (D- 2- [|n1dazoI|d|n 2="ong- 1- car boxani do] -2-pheny|acét- 20

am do)-penicill ani¢ acid,~6- (D 2- -
3lnHQDdsulfohyl|n1dazoI|d|n 2- one- 1- car boxam do] -

2- pheny| acet ami do) penici |l | ani ¢ aci d, y

6- ([ hexahydr o- 1H azepi n- 1- yI]netherneanino) ‘Q|C|Ilan|c acid, . 25

acet oxymet hyl 6-(2- phenyl acét ani do) peni ci | | ag acetoxynethyl

6- (DF2-am no- 2- phenyl acet am do) penici | | anat e, acetoxynethyl 6-
(D-2-amino-2- 4- hydroxyphenyl]acetan1do) penicill anat e, plvaloyloxynethyl
6- ( 2- phenyl acet phVadpydaiymd thigk &§- G0~ 2-pniabepi-démigtdndxPehenyl] acet-

(D 2-am no- 2- phenyla NI nat e, pi val oyl oxynet hyl

6- (D- 2- ani no- 2- §%§§B% eny zﬁianaa%fdo)pen|0|IIanate

1- (et hoxycar bo ?6§¥¥Qxﬁyﬁann¥kﬂﬂ¥w¢hhrlaﬁrdé}p@enyﬂacétam&éo)§en1c11-
. 1- (et hoxycar bonyl oxy} 6- (D 2- am no- 2- phenyl acet - am do) peni cil | anate,

1 (ethoxycarbo IOX£%ethyl ‘6- (D-2-am no-2-[4-h droxy-
phenyl ] acetani 7b% FYF&N&Q?Y%P#Y&?@#YHyﬁ (D' -amino-2-phenylacet—

6- ( 2- phenylacetan1do&agabqbgdyaﬁeigﬂg e phthalldyl :
6-«( D 2- am no- 2- ? acetan1do)pen|C|ITanate 3- pht hal i dyl
Falats

6- (D- 2- ami no- 2- PEYFAROMAYI Iesat e} - SpdBr-eramdmal - [4-hydroxy~
6- (2 phenoxycarbonylpﬁeﬁ?@ﬂhb@%aﬁﬂadvaéﬁiwElhhﬁak% aci d,

3-phthalidyl 6-(2-phenylacetamido)penicillanate,:
10 = 3-phthalidyl 6- ~(D-2-amino=-2-phenylacetamido) penicillanate,
3-phthalidyl 6-(D—2-am1no-2-[4-hydroxyphenyl]acetamldo)-
penicillanate,
Gh(2—phenoxycarbonyl-Z-phenylacetamido)penicillanic
acid;
15 6-(2Qtolyloxycarbonyl-z-phenylacetamido)penicillanic
acid '
6-(2—-[5-indanyloxycarbonyl] - Z—pnenylacetamldo)pen;cxl-
lanic acid, S
6-(2-pnenoxycarbony1 2=(3~- thlenyl]acetam;do)penzc;llanlc
20 acid, © S
6-(2-tolyloxycarbonyl=-2-[3=-thienyl]acetamido)penicillanic
| acid, |
6-(2=- [5-1ndanyloxycarbonyl] 2-[3-th1enyl]acetamldc)penl—
¢illanic acid, : ' '
“ 25 - 6-(2, 2-dimethyl- 5-oxo-4-phenyl l-Lmldazclldlnyl)penzcxl-
lanic acid, ' :
© 7-(2-[2-tn1enyl]acetamido)cephalosporanic acid,
' 7-(2-[l-tetrazolyl]acetamido-3-(2-[S-methyl-l,3,4~-
thiadiazolyl]thiomethyl)-3-desace%oxymethylcephalo-
30 _ 'sporanic acid,




. 6-(2- tonIexycarbonyI 2 phenylacetan1d6‘hen|0|Ilanlc aC|d
(5-i ndanyl oxycar bonyl | - 2- phenyl acet am de) penicil - |anic acid,
phenoxycar bonyl-2- (3-thi enyl acetam do)penicillanic 20 - acid, ~ ;
-tol yl oxycarbonyl - 2- (3-thi enyl | acet ani do) peni¢illanic acid, e
- [ 5-i ndanyl oxycar boryl ] -2-(3-thienyl | acet ami do) peni - C|Ilan|c aci d, 25a
, 2-di met hyl - 5- oxo- 4- phenyl - -i m dazol i di nyl' ) penicil- lanic acid, R
-[ 2-t hi enyl ] acet am do) cephal ospogani ¢ aci d, ' e
[ >
[

| -tetrazol yl ] acet am do- 3-(2-[ 5@t hyl -1, 3, 4- . a
azol yl ] thi omet hyl ) - 3- desacetoxynethylcephalo- 30 . sporani c

- 3(E57RL
m?” gﬁé?ﬁ}fﬁfﬂgfﬁkﬂf BhBROIUCAANIIN SP3 3 3( 6511 Lyl k£ 8=

desacet oxynet hyl cephal osporani c acid, - -
D- 2- am no 2 S iRRe thy d réeéﬁﬁﬁﬁﬁ&ﬁ%ﬁﬁ@ﬁ%gé&ﬁ&ﬁﬁéQ§P°ran1° aci d,
Ipha met h@gdd7,- (2- [ 2-t hi enyl J acet am do) - 3- car banmoy! oxy-

2 2 g&cgcet%dégg%dﬁggaggal%%%%#3%i?é%ﬁgétoxycephal?sporanzc
D-2 hydr oggi& phenyl acet am do) - 3-(:5- | -nethyltetra- 10 - '
y']t9'QHEhQﬂAEéLé§§aF-E9X¥Eekﬁﬂéﬁ§¥¥ﬂéégg&§8oﬁJ@Eé%:bamoyloxy-
methyl-3~desacetoxymethylcephalosporanic acid, '
7-(Z-cyanoacetamzdo)cephalosporanlc acid,
7-(D~2 -hydzoxy-z-phenylacetamldo)-3-(5 cl-methyltetra-'
10 zolyl]th;omethyl)-3-desacetoxymethylcephalcsporanlc

=N NN

OO !

NG NINJIND2TNINOO P
EAAHQ)/-\__

acid,
7-(D-2-am1no-zfgfhydroxyphenylacetamldo)desacetoxy- =
cephalosnoranlc ac1d,
7=(2~ [4-pyr1dylthlo]acetamldo)cephalosporan;c acid,
15 7-(D-2-am1no-2[1 4-cyclohexad1enyl]acetamxdc)cephalo-
- sporanic acid, . - .
7-(D-Z-amino—z-phenylacetamldo)cephalosporanlc aczd,
'7-{D-( )-alpha-(4-ethyl-2,3,-dzoxo-l-preraz;necarboSaﬁido)-
‘alpha-(4~-hydroxyphenyl)acetamido] -3-{71l-methyl-1,2-
20 3,4-tetrazol-5-yl)thiomethyl]~ 3-cephem-4—carboxy11~
| acid,
7-(D-Z-amlno-Z-phenylacetamldo)-3-chloro—3~cephem-4-
carboxyl;c acid,
7={2-(2-amino=4-thiazolyl) =2~ (methoxlmlno)acetamzdo)cep- ' .
25 halosporanic acid, ' -
(6R, 7R—3-carbamoyloxymethyl-7(22)-2-methoxy1mino(fur-z- ' ¢
yl)acetamldo-ceph-3-em-4—carboxylate]
.7-[2-(2-am1noth1azol-4-yl)acetamldo]-3~[([l-z-dlmethyl-
amznoethyl)-lﬂ-tetrazol-:—yllthlo)methyllceph-3~em-
30 - 4-carboxylic acid, and a pharmaceutically acceptable
| salt thereof. |



D. -

2- 4-pyridyl thi ol acet.aim do) cephal osporani c acid, ‘f5 7- (D 2-am no- 21,
yqlzphexadl enyl ] acet am do) cephal o- sporanic acid,

D- Z- am no- 2- phenyl acet arri.do) cephal ospor ani c aci_d, !

D-(-)-al pha- (4-ethyl -2, 3, -di oxo-1- pi perazi necar-boxam do) - al pha- (
r%/{yoxyphenyl ) acetam do3 -3-t1-nethyl-1 , 2- 20 3,

-t&trazol -5 yI )t hi omret hyl | - 3- cephem 4- car'-b'ﬁxyl ic acid,

- (D 2- am no- 2- phenyl acet am do) 3-chl or o- 3- cephem 4- carboxylic acid,

-[2-(2-am no-4-thi zoI (et hoxi,m no) gcet am do 25 -

al osporani ¢ aci d, aFBBﬁﬁfflléFﬁ%ta‘MI ’??2?% ggﬁg‘t G T ur - 2-
| ) acet am do- Geqnie Cbﬁntbﬂe Cabbvé alakctam compounds are effective when
7-(2-(2-amno a d th

am noet hyl ) - | é%iﬁ'asz%?y%g §?%g&k) %t %arrl(e[cn]tpeﬁr%ig‘ éblle others are
4-car boxyl i c afifgéctiwe mplmrﬂeauﬁdmlﬂgsﬁn@tb@lbheabﬁr&h&emﬁl roufs.
Wil appre &% ki kel t 2 {
corrpounds are%1 ect&# e% ggmegrg@ér?egf)al
otjhers are ef —,,= ECEETOTRY SReAsy s

When conpoundgidt geﬁlgimﬁ ea},go% 1‘&3%§égu+éﬁﬂﬁﬂg§. &1)( 'w:.ech

co-m ngl ed) Wit B actam ant | | |ot|c |ch| ectiv
parenteral a -H'Iaﬁtfaﬁ |%"htllal‘éﬁ%rﬁl Whadicdh lf%rﬁﬁﬁ%ﬁ?bﬁesepﬂ-ﬁbp@ parentsr al

administration, a combination formulat:.on suitable
10 for parenteral use will be required. When the compounds

of fomulzt (I) Muu—ﬂn—xs-hyd:ngen_nus.er-

theseef 48 to be used simultaneocusly (co—m.mgled) with

2-am no- 2 2- hydro;(Whenyl acet am do) desacet oxﬂcephal osporani c acid, @

-
- (.
-C
- (
-

‘<3\l\l-l>-b\l\l-l>\|\l

- a / -lactam antibiotic which is effective orally or
parenterally, combinations suitable for either oral
15 or parenteral administration can be prepared. Addi-
tionall.y, it is possible to administer preparations of
the compounds of formulae (I) Vo= orally, while at
the same time administering a further #-lactam antibiotic
parenterally; and it is also 'nossz.ble to adiminister
20 prepa.rat:.ons of the compounds of formulad (*') T
' parenterally, whilie at the same time adm:.m.ster:.ng the
further #-lactam ant:.b:.otlc :iﬁly g‘lﬁww
The followz.ngf?‘&mples arg(ﬁﬁv:.ded solely for
- the purpose of further illustration. ©Nuclear magnetic
- 25 resonance spectra (NMR) were measured at 60 MHz for
_ solutions in deuterochloroform (CDCl ), perdeutero
d:.methyl sulfoxide (DMSO—-d ) or deuterlum oxide (DZO)
or are noted o_therw:r.se, and peak positiqns are expressed

in parts per million (ppm) downfield from tetramethyl-
30 - silane or sodium 2,2-dim’ethy14-2f-si1apentan§-5-sulfonate.

The following abbreviations for peak shapes are used:

s, singlet; 4, doublet; t, triplet; gq, 'quartet:' m,

multiplet. '



la(l) are to be used sinultaneously (co: n1ng|ed) wth a /-lactam’

' for parentexal use will be required. ~Wen the conpoﬁnds of -
A
biotic whichis effective orally or parenterally, conbi nati ons suitabte

r'for ei ther oral 15 or parenteral admnistration can be prepared. Addiv

tionally, it is possible to adm nister preparatlons of the compounds of,
formula (1) orally, .while at the sa®gRtinme adnministering a further /-1actam,
antibiotic parenterally; and.it is also possjble to adm nister 20 .

preparations of the conpounds Feﬁqadyﬁuoﬂlﬂ- parenterally, while at the
same tinme admnistering the further /-lactamantibiotic orally.

The follow ng/ preparations and exanples—are of the invention provided
sol el yovi ded sol el y ﬁiﬂiﬂﬁE&SﬁEﬁEﬂéﬁhéﬂﬁﬂEﬂh&i.ﬁEJustratlon Nucl ear -
magnetic 25 A REIFAF éraf(HUEhuMHsLéﬁiﬁyéed-abd difzefpL sol utions
I n deut erochl oraqf.orm ( deut | et hyl _sul f gxi (DMSO-d6) or
deuteriﬁﬁ?bflGQIFDWSScﬁ°%Né#Fg§ed°Ot ﬁ? %%ﬂdpeaﬁdpé$QHckﬁ are
exrsr esswasi dé.s&bﬂ.szer&&:.zm lzsoxnl(pp:f) W&nehﬂndéﬁﬁnﬁ.&b@r&i hyl'ﬁ? 30 --
si | ane sodium,2 | et Ihhapent ane- 5-su ate. OW ng
abbrewgé?oﬁ? f‘&r"oﬁarﬂéi %%?da?' o&sgﬁ' or}e #lé]"g?ml& €14 et;
t,triplehe mixgure egs gooledi pbeto-5°c.6 IEci:m:heopeoﬂ.edl Ina.mimzﬁel d A2.95 #
g sanpl f [ 6- & [ verted to the.
free ac‘? g Eﬁgg %gd%cfrﬂa‘oéﬁ "Isd' soI éé @#ﬁ?i gpw%%&?e) e under :
n|trogemnd the reaction mixture was stlrred at 0-5°C. for S
10 min., at 25°C. for 60 min. and at 50°C. for 30 amin.
The reaction mixture was cooled to 25°C. and the tri-
ethylamine hydrochloride was removed by"iltration..
The filtrate was heated to reflux and 15 mg. of azobzszso- : z
buty*onltr1le, and 2.02 ml..of tri-n-butyltin hydrlde were:
15 added. . The refluxing mixture was irradiated with
ultraviolet light for 5 min. The solvent was then removed
by evaporation in vacuo, and the residue was dissolved in a
1:1 mixture of tetrahydrofuran-water. The pE was adjusted
to 7.0 and the tetrahydrofuran.was removed by evapcration

20 'ig;vacuo; ‘The aqueous phase was washed with ether, and
then an equal volume of ethyl acetate was added. The.
pH was adjusted to 1.8 and the ethyl acetate layer
removed;. Thé~aqueous phase was extracted with fu:ther
ethyl acetate, and then the combined ethyl acetate.
25 solutions were dried and evaporated in vacuo. -This s
afforded 980 mg. of 6~8-chloropenicillanic acid.
The above. product was dissolved in tetrahydrofuran, @
and an equal volume of water was added. The pH was
adjusted to 6.8, and the tetrahydrofuran was femoved by
30 evaporation in vacuo. The agueous phase remaining was
freeze~dried to give 850 mg. of sodium §-g-chloropenicil-
lanic acid. The NMR spectrum (DZO) showed abso:ption
at 5.70 (4, 1H, J = 4Hz), 5.50 (4, 1B, J = 4Hz), 4.36
(s, 1H), 1.60 (s, 3E) and 1.53 (s, 3H) ppm. -



—~ . ol K\.'\.,

the solution was added/1.08 m .. of triethylanine, -arfd the nixturé was
cooled to [err]. To the cooled mxture was then added 0.977 nml. of

“Terr] for 60 min. a%ih t 50C. for-30 min. The reaction

.n1xture mas cooled to 25C:- and the treTlet hyl am ne .hydrochl ori de was

removed by filtration. The'filtrate-washeated to reflux-and 15 ng. of .

azebt’'si so- butyronitrile;, and 2.02 nl.__of jri-n-butyltin hydride were 15
added. .+ The refluxing m xture WEELEdizted with ultraviol et |ight fof 5
mn. The. solvent was ghanysiwyediBy 1g\wapis adedd i n vacuo, and the

_ residue was dissol ved |n'a'rffﬂﬂ?ﬁTF??Tﬁ'T’Tf’TT7ﬁ%ﬁ e« The pH was
adj usted to 7. Thedtifde STUBYHDT dSaFTRRIT T %D%X %glé a{)\%{zat&l on 20 in
vacuo; Thg ﬁ gae S veshedawial,h wiitee, tade o lersphtégual  vol yne of

ethyl acefdte was a 1 e pH was adj usggd to ; 8. and Ihe,g L é}

| ayer & enbydsi dliheaaqg&ﬁi@i)hﬁe a«g)?ﬁ’%rc"t“ez Ther - acet at e,

and t hen t-he conbi ned ethyl acetate 25 solutlons were dried and

evaporated in vacug. . This afforded.980 ng. of 6-B-chl oropénicillanic aC|d'

The above product mas di ssol ved in tetrahydrofuran, and an equal volume of
witer was added. The .pH was adjgi o 62 and the tetrahydrofuran was
renoved ‘by 30 = evaporation in queous- phase r emai ni ng was

f;eezaﬂﬁlexitG-QdﬁadﬁibngcidﬂanxhL@tﬁsBﬂdﬂaﬁmmonymbtdgﬂuc aci d. The

NMR spectrum (D20) showed absorpti Eseex5.70 (d, |H J 4Hz), 5.50 (d, 1H,
J = 4Ez), 4.36 (s, 1B), 1.60 (s, 3H) and 1.3 (s, ‘3HY'ppn1 ' S

(ﬁ% 6, 6-diicdopenicillanic acid pivaloyloxy-=
methvl estar

A mizture of 5.94 g. of sodium nitzits in 260 ml. of

1S water and 2.63 g. of 6—S-aminopenicillamic acid pivaloy—
loxymethyl estsr in 260 ml. of methylene chloride was °
stirred with cooling in. an ice bath. peToluenesulfonic

acié (1.2 g.) was added in three co:t;ons cve. a pericd
of 30 min. and the mixturs was allowed to stz. fer cne

20 hour at rocom temperature. The organic phase was sepazatad
and dried over sodimm sullats. Iodire (1.3 g.) was added
to the orxrganic phase and the resulting solution allowed

L3

to stir at rocm tempezrature for 4 hrs. The solution was
washed with aguéous sodium thiosulfats, separatad and
25 concentzatesd in vacmo %0 2 low volume. The residue was
o chx togzarhed on silica gel usinag petIoleunm ether
_{b.p. 60-80°) containing an incrsasing prcne cion of ethyl
e - acetats as the eluent. The fractioms ccnua;nxng the pro-
duct were combine drisd over scdivm sulfates and con-
30 centxated uader vacuum tg dxymess to give 1.43 g., m.c.
' 136-138°C. The MR spectzn (CDCl 3) showed =*scr=t;on
at 5.79 (bs, 28), 5.71 (s, 1H¥), 4.52 (s, 15), 1.65 (s,
E®), L. 44 (s, 38) and -.ZT (s, S9E) ppm. ’

tr| th |SI| I chlorlde and t-he reaction mixture was stirred at 0-5C. for
4Ei y y

W



MPLE 1 6-B-l-edopenicillanic Acid The tlyks-conpound |s‘prepa}ed by
ucti on -of 6'6/d||odopen|C|IIan|c acid, using tring butyltjn 5 hydrlde
ording to thé procedure of Preparation A 10 6-

ot
- -Iodopen|C|IIan|c Acid d Pivual oyl oxynet hyl Ester nethyl ester .A mixture
"of 5.94 g. of sodiumnitrite in 280 m . of | oxynethyl ester in 260 M =
of methyl ene chol oride was. stirre %th cooling in an ice )\{

bat h. p- Tol unenesul foni ¢ aci d (1.2 g) was added in the three portions over

) h : . : t|r fq_r one 20 hour at
avi =: ; igrg——e+ed over sodi um.
suli at e. 'ﬂ'a)da nscl.ﬁti:og:) ozﬁaslaliﬂleg toft mm@pmm resul ting

vosheri i SESen bRyt (FORR SLY B of Chedrdhd ol SR 1L 00 10

. VaCUQ:.I'&' émvumbmreﬂ»aseaddaé \sm mig.ormfographed.ydrtml i casgel using

ey %&%2%% B S CORAY, B, e pessiRaRGpeT (L0 O

corrbt:witzﬁlepl andr restilimisy| fesctdon cudactiBoe was: wm me@r vacumto

drynednd0 M¥eode?Botke. Mfh additional 500 mg. of hydride o a
' and 10 mg. of nitrile wezre added and the heating cont:.nued '
with stirring for 3 hrs. Colwmm ch:nmatog:zgh:.ng on o ’

. 10 silica gel using pet':clem ether (b.p- sdax:‘c } with an
increasing p:cno:‘::.cn of methylene chloride as t.b.e eluent
gave 140 mg. of the desired product, m.P. 73-77°C. The _
. NMR spectzum (CDC13) showed a.bscrpt:.cn at S 9 - A.B, Cet =
. J=3. 832). 5.82 (4, AB, J=5.8Ez), 5.66 (&, 18, AB, J=4. J.Ez},
15 5.42 (&, 18, AB, J=4.1Xz), 4.59 (s, 18), 1.71 (s, 38),
1.50 (s, 3E) and 1.24 (s, 9E) pepm. |

EXAMPLE 3% 3 |
. S-S—Iadcnenic:.lla.m.c Acid Benzvl ES-«E— _
In a manpner similar to Exam 3—6, 6-=-am:.nocen.-
20 .Liiam.c acid be..zv1 ..:: was converted to § ¢ 6=diicdo-
‘penicillanic. acid benzyl ester. The NMR spectrum (cDel,)
showed absorption at 7.4¢ (m, SE), 5.77 (s, 1H), S5.21
(s, 25), 4.59 (s, 1E), 1.67 (s, ‘3B) and 1.37 (s, 3E) pom.
The :.solatad §,6-diiodopenicillanic acid benzyl
25 estsr was ‘convextsd ta 6-3-:.cd=penc3.llam.c acid benzyl
‘aster using the appropri iata po::t:.on of the Zxample. 22 e
procedure. The NMR spectzum (CDCl;) showed absorption |
" at 7.42 (m, SH), 5.64 (&, 12, AB, J=4.0Hz), S5.42 (4,
" 1E, AB, J=4.08z), 4.59 (s, 1), 1.69 (s, 3E)} and 1.40
30 (s, 3H) ppm. ' ) )

o

'y

a4 -



'5.71 (s, 1H), 4.52 (s, .-1H), 1.65 (S, 3H 1.44 (s, “3H) and 1.21 (s, 9E)

com &g:.(B)G-ionpenicIIanic acid pival oyl oxynethy ester To-a solutiton of
1.29 ¢g...of 6, 6-di odopwnicillanic acid pi®al oyl oxynethyl: ester in 8 m'. of

benzene- under” a nitrogen anosphere was added SOQ ng.  of triphenyltin 5°
bydri gde and a few crystals ({err].) of azobisisobuty- ronitrile, and resul

ting”“reaction m xture was warnmed to {érr! for 8ne hour. An additional 500
ng. of hydride and 10 ng. O nitril 0 and the heating continued
W th stirring for Ftastifgl with dliEpesepphane Wlilamshbbeaigal; LSi ng

petrol eumethegr, (b, p. . Lesr]l) wth | ncy easli ng proportion .o ngthi1ene
chl ori de as tﬁ'e %e?\%"ﬁa%“f&'o. : GFPLPReRde St PaRGRARYS Af. Bxample 2,

73-[err]. Thed®R tiwpefdllowihgDEhg siwdeFealseNliaindt & 9 1 AR

Jz5. 8Hz) . 5. 8&&#@ 73 5 .8EZ), 5.66 (d 1E, AB J=4. 1°H%,e?‘§g‘$?2‘.“(d,-

1H, AB, 154 1BFFPEFSE7 g (s, 1H, 1.71 (s,3H), 1.50 Cs, 3E) and 1.24 (s, 9H)

ppm EXAMPLE 3 6- B-§-vitepedopehliaiild siricl -aBﬁ&ZEtgﬁ?dhllei 2 g8gag, | a

to Exanple 2 46~B A0 NOPERY 4 ¢i lll anj ¢, aci enzy ester.was converte

tq 6, 6-diiodo" 5;5”%5}_%%,?535'--55,33‘: t?&n‘fﬁ ‘e,&?‘é?g“ﬁ&%. RERF EnFErCL)

showed absor piRéerenicildanie SEﬁdEi-dﬁbﬁanolH%:dﬁyﬂﬂ%éﬁez?Fk;5;4-59 (s,

1E), 1.67 (s, i3 E@ggﬁg : pm. The isol ated 6, 6-dijodopenicllanic

aci d benzyl o5 H%gter.mpsz%é%$é§ 5 '&(f%ﬁgg?;ﬁﬁpﬁﬁﬁﬁﬂz%ﬂ?f%ﬁ?d B=AzyL
10 lodcpenicillanic acid acstoxymethyl ester; §-3-ioda-
penicillanic acid hexanoyloxymethyl astar; §=-3-iodo-
penicillanic acid l-(iscbutyrylexy)ethyl ester; §=g—
iodopenicillanic acid methoxycarbonyloxymethyl ester;-
6-3-icdopenicillanic propoxycarkonyloxymethyl estex;

15 S-38-icdopenicillanic acid l-(gthcxy;a:bcnyloxy)ethyl _
ester; 6-3-iodopenicillanic acid l-(butnxycarbonyl)ethyl' -
ester; 6-3-iodopenicillanic acid l-methyl-l-(meghoxy- B
carbonyloxy)ethyl estexr; and §-3-icdopenicillanic acid
-l-methyl-l-(isopropoxycarbonyl) ethyl estar., '

-

136-[err]. The NVR spedThum (CDCl) showed absorptigiat 5.79 (bs, 2H), '<g

20— — EXAMPLE 13—
§-g-Chloropenicillanic Acid Acetoxvmethvl Zster

- - 6=Chloro-é-icdopenicillanic acid acetx
: methyl ester

. ' To a solution of 5.03 g. of 6=

loro-é~icdopenicil-

25 lanic acid in S0 ml. of aceto and 50 ml. of acetonitrile
o . "is added 900 mg. of di-isogropylethylamine followed by

0.7 al. of acestoxyme

is allowed to sti
additicnal ¢

3g added
" 48

1 bromide. The resulting solution
at rcom temperature for 48 Ars. An
ml. of bromide anéd 900 mg. of amine are
the stirring is continued for an additional
S. The solution is concentrated in vacuc to dry-

i re i Ayl acetats. -The

e —————— e ==




gSter using the appropriate portion of the Exanple 2 procedure. The NWR

.slg;trum ([err] ) showed absorption at 7.42 (m 5H), 5.64 (d, 1H AB,
4/0Ez), 5.42 (d, 1E, AB, J=4.0Hz), 4.59 (s, 1H)-, 1.69 Cs, ‘3H) and 1.40~

(s, 3H) ppm - EXAMPLE 4 Starting with the. appropriate * At

6- B-am nopenicil- lanic acid ester and enploying the procedure of Exarrpl e

2, the follow ng 6-8-iodopeni Ci Ilag acid esters-are 5 prepared: h

6- B-i odopeni cj anic acid 3-phthalidyl ester, 6- B-iodopenicillanic acid '\J

1- (acetoxy)ethyl ester; 6-i- iodopenicill ani c acid 4-crotonol actonyl ester;

6-B- iodopenicillanic acid: y-butyrolacton-4-yl ester; 6-B- 10

i odopenci |l anic anic acid acet PREPARATION &t er ; 6- B-i odo- penicillanic acid

hexanoyl oxynet hyl ester; 6- B—| odo- penl CI I I ani c aC| d | -(iscbutyryl oxy)

ethyl ester; 6-B- Eidaley Bremapent; AstHNnyl oxynet hyl este; -

6- B-i odopei ci | | anic pr opcx¥car bonyl ox rret hyI ester; 6-B-i odopgm cillaic

acid 1- (et %%%Rlb‘(’iﬁ% Sy Qet“'r$y|°%§t‘ T rWBe?%&b%?ﬁccPF‘f'daﬁPc acid 1-

Car bony rb%aéh by stisdi. B R 3 © 201G e (rethoxy.
Y kR RSO D L 168 aﬁ.%ﬁge"%e%"f Bpiaten e ol
To a SOlaﬂa'ﬁﬂ'mgt ;}‘ ggdﬂm QLdicﬁa.C%'r&r Qegcéi%qomu%u is stirred at

room temperature for 24 hours, and them it ils diluted with ethyl

acetate and water. 'l’hé pﬁ is 'adjuéted to 7.5, and then the ethyl

acetate layer is separated and wasﬁed three _cimes.wi_th water and
10 once -wiih sfatuz;ated'sod:l.un chloride solution. 'fl;e ethyl acetate

solution is then dried using anhydrous -sodium sulfate, and

evaporated in vacuo to give the title compound.

EXAMPLE S
Reaction of 6—p-iodo-penici_1J.anic acid with 4-crotonolaétonyi'
15 chloride, or 1-(ethoxycarbonyloxy)ethyl chloride, according to the
proceduré of Preparation B affords 4-crotonolacﬁoﬁyl
6-p-iodopenicillanate and i-(ethbxycafbonyloxy) ethyl

6-B-fodopenicillanate.



25 |l anic acid fn-SOtnT.’aﬁ acstone and 50 m. of acétonitrile 'is added 900

my. of di-is opy! et hyl.afrine foll owed by 0.7 m. of -acetoxyme 1 bromi de..
The résulting solution is allowed to stir at roomtenperature for 48 hrs.
An additicnal. 0.7 m. of bromde and 900 ng of am ne are added and the
stirring is continued for an additional. ! The solution is
concedtrated i-n vacuc to dry- . PREPARAT B Pi val oyl oxynet hyl

6- B=Bronopeni ci | | anate’To a sol ution'of 280 ny. of 6- B—bronopen|C|IIan|c
acid in2 m. of NNdineth Ifornan1de |s added 260 ny. of 5

di i sopropyl et hylam ne ot 1-oned~o v PSR PR SRR ET T

4 and ‘15 ny. aé;aodlsum-lbzehmeaiaeln.ame Qeid Xt gL -'z{f@iﬁiaﬁﬂem
tenperature for.24 h urs qd t hen it ;s dlluteo a' et hyl acetate and
water. The pHEFE2adj §SEsPIroxErenigi heret fy Hé€ﬁﬁﬁ?¥%ﬁ¥+°?§nl'
separat ed andcﬁmshndctHUﬁﬂ{Imeg—ﬁtb--;%--ciﬁmhﬁﬂb aczﬂﬂ%&ﬂ&éﬁh&éturated
sodlunlchlorl e solgﬁlon o acet e. soLutlgn ? dri ed. usi ng
anhydr ous Ssod? TufT % PS 3' fv..oﬁﬁt &3t 49FPReRI~
conpound. EXALLEaf ik dnsuﬁ:@xﬂdeedaﬂaH3<8+¢nnoscgenddmﬂlhnic acid
4-,crotonol agt 9 ngg__ chloride, or |-(ethoxycarbonyloxy)ethyl chloride,
according to ¥ne proceadur e~e&_Preparati on B affords 4-crotonol act onyl

19

ExaMPLE »8 b
g=8=-ITodorenicillanic Acid

10 A. G,deiio&oﬁenicillanic-acid benzhvdrvl ester
~ To a solution of 5.94 g. of sodium nitrite in 250
ml. of water at 5°C. was added with stirring 2.9 g. of
§-3-amincpenicillanic acid benzhydryl estsr tosylats

" salt in 250 ml. of methylene chloride. p-Toluene sul-

15 fonic acid (1.Z g.) was added in three portions over a
pericd of 30 minm. and the mixture allowed to stir for
one hour at room temperature. The crqaniélgpase.wag
separated, dried over scdium sulfats and traatad with
1.3 g. of iodine. The resulting solution was stirred

20 at room temperature for 4 hrs. and was then washed with
an aqueous sodium thiosulfate soluticon ané concentrated
to a low volume. The residual was chromatographed on

%

e silica gel using vetroleum ether with increasing pro-
portions of ethyl acetata as the eluent. The fractions
& 28 - econtaining the product were combined and concentrated
| in vacuo to give the desired product.

B. G-S-LOdccen; illanic acid benzhydzryl estexr
To a solution of 1.92 g. of 6,6-diicdopenicillanic
acid benzhydxyl estar in 8 ml. of benzene was added
30 500 mg. of t:*:nenvl tin hvdrb e and 10 mg. of azobisiso-

butyronitrile, and the result;ng reaction mixture allowed

to stir under a nitrogen atmosphere at 50°C. for one hour.

B

6- p-i odopenicil'l anate and 1- (ethoxycarbonyloxy)ethyl G-p-iodopenicjllanate.

.



'g% , 6-B-brontecepicillanic acid, 6-B- acids~\6-B-nethoxypenicilianiC
R met hyl t hi opend - cillanic acid; 6-B- acid..sul foxide; 5 ~6-B0- acid*
f oxi de; 6-B-fluorppeni- cillanic’ sulfoxide; and 6-B—ch|orbpenLcrIIanie
_acid b d
6- B- 1 odopenicillanic Acid 10 A 6, 6- d||odopen|C|IIan|c aci d benzhydtyl,

ester -To a solution-of 5.94 g. o$“sod|un1n|tr|te in 250 m. of water at fr‘
[err] was added with stirring 2-9-g.. of. 6- B—anlnopen|C|IIan|c acid e

benghy t e 5 thyke l,ori de. pfoluene'

sulg'Q g& &rﬁ&géc'}dg'?%@tt 33‘"“%&_-036%3 stot ﬁJrquE %%‘ gg‘ggﬁ ‘a period of 30

m n{l@ntgt-Ne WA xtaddedl kadedheaatingratosl®the mm:!.auedmﬁnn enper ature. The

or 08Nk shhastdoso2eRREALAL dldddedVBhaatdiviuaulighg Qb treated wiih 1.3
he resulting s

g. di ne ut1 on was st| 0 at ‘room tenperature
f orzashdne ShriRatesEsaPheshavVert ﬁléﬁcaqs@dug-mnsgnm&ﬂmt e sol ution

sandee.aasewéi e&&ceash.ae ‘Hildﬁ&ta_@ﬁsr 8% Mgwcé&%@ata% rapged on

silica-gel using Qetro edm™ ‘et'her with increasing pro- portions of ethyl

acetalenis tt@%lt@%FQ‘Pﬁé GRS PRANGS TR BAGRVEE t NeX® oduct were
CONBiRed naad a&m%éahwﬁtd/awoaﬁma@sq t ey &lepitedy ae&tﬁ B-

6- B-i odopenicillapic, acid benzr%q__I ester Tq a solutlon of g. of
y

o B BRI o SR eE AR ROREL Bor fydr 56 (Ber JGED nf - 531 Won by vas addea
30 5568 ne, afg, tAsphgaytioEz)ydrs deqand, 10570 20f 22ahiogi=90-

10 4.67 (s, 1=@), 1.70 (s, 3E) and 1.40 (s, 3E) ppm.

c. 6-s-xodo=en_c1113n;c acld
T**‘lua:oacet.c ac;d (0.5 ml.) was added ta 80 mg. of
E-S-Lodcnea-czl1anzc aczd benzhydryl ester in 1 ml. of
methylene chloride and the reaction m;x*u:e stirred Eo: 30
15 min. at room t.mneratur The mixture was evaporatsd to
dryness to gteld 76 mg. of crude product. Purification
is affectad by chromatography an silica gel. |

[

' ~EXAMPES—40- <
_ . — i "

"~

A. Stazting with the aﬂn*cpr*a*= gen*cl_*anlc acld
20 ester and employzng the procadure of Example 487, the
following ccm;cnnds are prepared:




butyronitrile, and. thée-Tgsulting reaction nixture aMowed to stir under a(ééé

ni trogen at nosphere at. 50€ for one hour. .. . An additional anmpunt of .

hydriide~(500 ng.) and nitrile (10 ng.) was added and heating at [err].

contiTued for. 3 hrs. The solvent was renpved under vacum and the residue

chronatographed over silica gel using peﬁgreu ether with increasing
)portions of-ethyl acetate as the el ue The fractions containing the

pro ¢t were' combined and concentrated ta.dryness. .-The NVMR spectrum

([err]).” showed absorption at 7.50 M&? 97 (s, 1H),rr]5, 3.0H S. 66

(d, LE, AB, J=4.QHz) ,5.44 (d |H ~A&= : ¥, 10 4.67 (s, 1H, 1.70 (s,

, 3E) and 1.40 (s, 3E) ppm &=S5-Iodovenidi-Blamiepraidi || anic acid -

Trifluoroacetic acid (0.5 nL. ) was added to ng. of,

6- B-i odopeni ci |l anic aci d benzhydryl ester in 1-nml. of nethylene chloride

and. the react®en niSxténdiicdopenicidiadicacid 4+mechumdytrarezypiure. The

m xture was evaporateddlo dryvness to viesa®x6 ng. of crude product, .

Purificati is af f o i aﬁag FYCm artin mLth

t he approp??ate enlcﬁfﬁ§%¥d§g% 8£aég%§$Qﬁﬁ%ﬁéﬁp?ogrﬁﬂf¥% a

Exanpl e 48A, tRélisrisniatid ohpeninorendqildania: agadrp-methoxybenzyl
ester following the procedure of Example = A

B. 6-g-iodopenicillanic acid 4-methoxybenzyl
ester

10 .The title compcocund was prepared from 6,6-diicdo-
penicillanic acid 4-methoxybenzyl ester using the proce-
dure of Example S%. The MR (CDClé) spectrum shows
absorption at 7.36 (d, 2, an', X', J=9Ez), 6.95 (&,
2B, A", XX', J=9.0Hz), 5.63 (&, 1E, AB, J=4.28z), 5.42

15 (&, 1E, AB, J=4.2Bz), 4.358 (s, 13), 3,89 (s, 33), 1.71
(s, 3E), 1.70 (s, 3B) ané 1.39 (s, 3E) pom.

-

C. 6-5-1cdcne“_c111an1c acid

g .

S—S—chcpeﬂah;llan;c acid 4-methoxyhbenzyl este:.(go
mg.) was dissolved in 2 ml. of methyleme chloride to which
20 was then added 1 ml. of trifluorcacetic acié and 3 drops
of anisole. The mixture was stirred at room temperature
for 5 hrs. and was then evaporatsd Lo dxryness. The .
e : residue was chromatcgraphed on silica using petroleum ether
. and then ethyl acetate as the eluent. The fractions con-
e 25 * taining the product were combined and concsntrated to give
QO mg. of the desired product. The NMR (CDCl,) spectzum
showed absorption ca. 9 (bs, 1lH), 5.65 (&, 1lE, AB, J4.0Hz),
5.39 (4, 1%, AB, J=4.0Hz), 4.57 (s, 28), 1.74 (s, 3H)
and 1.57 (s, 3H). | )



AVPLE 7 6-5-1o0dopenicillanic Acid A 6, 6-diiodopenicillanic acid_

et hoxybenzyl ester 5 The title conpound was prepared from s
6-B- am nopeni - cillanic acid 4-am nopenicillanic acid 4-nmethoxybenzyl equr
foll owi ng the procedure of Exanple 6A B. 6- B-i odopenicillanic acid
4- met hoxybenzyl ester 10 .The title conpound was prepared from o
6, 6- di odo- penicillanic acid 4-nEBhbxybenzyI ester 'using the proce- dure-of;,
Exanple 6B. The NWR ([err]) spectTtum shows absorption at 7.36 (d, 2H, Ah'?
XX, J=9Hz), 6.95 (d, 23, AA',EEGLABAEPE;&), 5.65 (d, 1E, AB, J=4.2Hz),” 5.42

15 (d, 1, AB, J=4,2Hz), 4.58 (s, 1H, 3,89 (s, 3H),. 1.71 (s, 3H), 1.70
(s, 3H) and' L.39 ?3‘?'5)’%81’%9& Llenic Acid Sediam, enicillanic acid

ani ¢ aci (4- et hox

6-B—Icgope i Ci 90 ng.) was dissolved in 2
m . of et ByRettERTRAS-8 % 5 1 m. of ,
trifluoroacgetic | rops Ofk_ani _sol e Xt tirred at
room terrpefrgt‘l"Jr'sé'fi"?.géi %nﬁ?gg %éndév?/éé-‘?%g%% eg&%?%%n‘&ét%&?r ?ﬁ?sog The residue

vgs ChEIHOBs ARAE A a8hdd 3.5/ nGe RAieLEL B-6htAk1AkidBemet hyl acetate

he el uent . T_he actions con- 25 taining t he product were conbi ned and
concenth@tredui @ngl ¥ExhiPe Meacel td1@efAM.M E0vdt 0priod THE abdle (48DC13) spectn
i showed absorption ca. 9 (bs, 13), S.65 (d, 1E .AB,- J4.0Hz),+5.39 (d, 1H,
AB, J=lifFzhe tbluéné Ssas&flowed o dist{ill) £ovisl the SvealctioBixture,

Ve CT .

water being azeot;opically removed during that period of time.
The remainder of the solvent was removed.at room temperature in
10 vacuo, to give 78.7 g. of the desired intermediate.

B  6-B-bromopenicillanic acid sodium salt

To 1.0 g. of'6,6-di§romopenicillanic acid tri- Efbutyltin )
ester in 5 ml. of tolueme at 55°C. was added 0.4 ml. of tri-
n-butyltin hydride dropwise. Heating was continued for!3.5 hours,

15 after which thé solvent was removéd and the residue dissolved in
25 ml. of chloroform. The chloroform was washed with a.saturated
sodium bicarbonate solution (2 x 50 ml.). _The.aqﬁeous washés were
combined, the pH adjusted to 1.5 with 6 N hydrochloric acid and
the prqduct extracted with ethyi acetate. The ethyi acetate -

20 extracts were cqmbinéd, dried ﬁver magnesiuﬁ sﬁlfate'and 1.24 ml.
(1.24 mmpl.lcc.) of ethyl acetafe containing sodium

' 2-ethylhexanocate was added. After stirring in the cold for one

hour the product was filtered and dried, 114 mg.

EXAMPLE 7
' 25 Starting with 6,6-iodo penicillanic acid and bis(triphenyl-.
tin}oxide, and employing the procedure of Preparation C,
6,6-diiodopenicillanic acid triphenyltin ester and

6-p-iodopenicillanic acid are prepared.



36 PREPARATI ON C 6- B- Bronppeni cil | ani ¢ Aci d. Sodi um Satt- A.
6, 6- di bronopenicilllanic acid tri- n-butyltin ester To a slurry of 35.9 g.
of 6,6-dibronbpenjcillanic acid in 700 5 . m. of toluene was added 29.5 @
g. of bis(tri- n-butyltin)oxide and the resulting m xture heated to refl ux.
Over a period-of about 45 mn. the tolu§§% was allowed to distill .fromthe

eact ijon m xture, water being azeotropl Ny removed during that period of
time. The remai nder of the solvent was renpved at roon1tenperature in 10
vacuo, to give 78.7 g. of the qetpaRATt ieNDiat e,

6- B- bronopeni ci | l ani ¢ acid sodiumsalt To 1.0 g. of 6 6- di bronopenicillanic.
acid tri- n-butyltin ester in 5 n. of toluene at 55C. was added 0.4 m . of
tri.- n-butyltin hydri deSTIEnBEF®E k3 bandbgsAedd i nued for 3.5 hours 15
after which the solvent was renpoved and the residue dissolved in 25 m. of
chloroforn1 The ﬁ? éw form was washed wth a_saturated sodi um bi carbonate

sol ution ( *x 50 Ieie EGFFWﬂed t he pH adj usted
to 1.5 with 6 N hmm&ﬂ_gpaﬁemﬁ}:&s $®Educt dvtracted withiethyl
acet at € The etﬁwls.aa: ate£2@, 6-didtidmepen oL & 1aeR neghd dsbedupver
ruineslum skials b gt Ll LA RIS ﬁgfv@% Yage o] hepiont o nine
t he producbfwua iYL c2-echbogodeettackivatey, EXAVELE Eégh.ulng re=Starting
T O AR LA S B LD I S L R, T
tri phenyl t temestratmnsl 6- uhéodﬂmﬂdnﬁ&ﬂzsngoa:ed an&qwqqnumﬁ. of
10 ice and water and extracted with ethyl acstats. The
' oerganic phasa was separated and washed successively
with water, a saturated aguecus sodium bicarbomate solu- |
tion and a2 brine soluticn. The organic phase was then
dried over magnesium sulfate and concentrated to a dazk
15 oil (5.0 g.), which was chromatographed on 300 g. of
silica gel. The f.act_cns Q0f eluats, which.was.ccmpr.sed
of tolusnme/etayl acstate (2:1, V:V)}, containing the pf;-
duct were combined and concentrated gg_vacud'ﬁp give 4.0
g. of the desired prcduct. ' - '

-~



ronmopenicillanic Acid A 6, 6-di bronmopenicillanic acid nethyl
acetate ester 5 To 5.0 g. of 6, 6-dibronopenicillanic acid
msalt in 100 m. of dimethylfornmi de was added 1. 6 mi. of fethylL -
oroacetoacatate, and the resulting re- action mxture allowed to stir
ni ght at room tenperature. TIB% m xture was poured into 400 m . of - 10.\
ice and. water and-extracted with thyl acetate. The organic phase was :
separat ed and washed successivelywth water, a satnrated aqueous sod|§um

bi carbonate solu- tion and a brine solution. The organic phase was then
dried. over gne5| um sulfate and concentrated to a dark 15 oil (5.0 g.),
whi ch WBas @Be - of silica gel. Thefractlons of

el uate, which was corrprl sed of toI uene/ et hyl acetate V:V), containing
the Pro- dindegenhydoeis ﬁéﬂd’aﬁiienéoﬁ’@eﬁt?‘étré&e'f REPSRRIS P $i8e 4.0 g. of the

d d duct - B~ d_und hyd
cgzljlr '? |°Ggéo5dll#gb’é°'?‘f1pf?$§‘51)raﬁ{' f}gé’?%ggf (f°§t°?ﬁ' rlég%aéc:ﬁltﬁr ormg'(ran?(r:] i I>/I ;grji aci d

me'? hyl m3cet ({_gtﬁat effel%t‘%rs Epe%tig leh Qf gﬁt hpferg__gn Maeyida@at edwith 1.1

e I‘ESU i ng”reaction m xt ure

al Omg,yh&ét'r \§enkaltedhe r&gmimﬂa&urmo@@s keagepe sol vent vas

rém)ve .
overnight at room temperature. The benzene solvent was removed in

M

vacuo and the residue slurried in hexane. The undissqlved
material was chromatpgfaphed_on 250 g. of silicé gel using
toluene/ethyl acetate (5:1, V:V) as the eluent. The fractioms

10 containing the desired product were combined and concentrated
under reduced.pressure to dryness.

To 3.9 g. of 6-p-bromopenicillanic aéid methyl_acetoaceﬁa;e
ester, prepared by the above procedure, in 50 ml. of acetone is
added 2.1.g. of sodium nitrite in 10 ml. of water wigh stirring.

15 - After stirring for three hours at room temperature the solventlis _
removed in vacuo and the residue aqueous extracted once with
ether. The aqueous is then made acid to pH 1.5 with 6N
hydrochloric and extracted with ethyl acetate. The organié phase
is dried over sodium sulfate and concentrated under reduced-

20 pressure to give the desired product.

EXAMPLE 8
Employing the précedu:e of Preparétion D and starting with
the 6,6-diiodo peniéillanic acid sodium salt, 6-B-iodopenicillanic

acid is prepared.-



vacuo and the residue slurried in hexane. The undi ssolved material was .
chr omat ogr aphed on 250 g. of silica gel using toluene/ethyl acetate (5:1, \
V:V) @ :the etuent. The fractions 10 cont ai ning the desired product

wer e, conbi ned: and concentrated under reduced pressure to dryness. To 3.9 g.
of 6-p-bronopenicillanic acid nethyl acetoggetate ester, prepared by the
abqveprocedure, in 50 n. of acetone is atdded 2.1 g. of sodiumnitrite in
10 . of water with stirring. 15 ° After stirring for three hours at
roomtenperature the solvent is renoved in vacuo and the residue aqueous
extracted once with ether. The aqueous i ghge nmade acid to pH 1.5 with 6 N
hydrochl oric and extracted with ethyl acetater The organic phase is dried
over sodi um sul figf e sa80p-cRAESRNLEE EXhndRORI1 4T EsHpoRHd 22 the fRLRSEUTE tO give
the desired product. EXAMPLE 8 Enpl oying the procedure of Preparation D and
starting with the 6,6-diiodo penicillanic acid sodiumsalt, _

6- p-i odopenicillanic acid is prepared. CLAIMS 1 A 6 B-iodo-penicillanic
acid conmpound ‘of the forrmula wherein: 5 R i drogen or an
ester-formng residue readily hydrol yzabl Eji n VH/O, or Q"Eﬁar maceuti cally

agcept abl e base salt thereof when Ris_h diroge_né S~ 8 do- pepiciyl | ani c
acid or a pharmaceutically acceptabl b Mt her eof . t& {I)&
conmpound as clained in claiml, wherein RJs ,
S : 7 N '
© R

7, Y,
“co,

4

wherein:

5 R is'hydrogen or an es;er-forming residue readily
hydrolyzéble in vivo, or a phérmaceutichlly acceptable base salt
thereof when R is hydrogen.

2. 6 p-Iodo-penicillanic acid or a pharmgceutically acceptablé
base salt thereof.

10 3. - A compound as claimed in claim 1, wherein R is
alkanoylﬁxymethyl having from 3 to 6 carbon atoms,
1-(alkanoyloxy)ethyl having from 4 to 7 carbon atoms,
l1-methyl-1(alkanpyloxy)ethyl having from 5 to 8 carbon atoms,
alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms,

15 1-(alkoxycarbonyloxy)-ethyl,hgving from 4 to 7 carbon atoms,
l-methyl-l-(alkbxycarbonyioxy)ethyl having from S_to 8 carbon
atoms, 3-phthalidyl, 4-crotonolactonyl or gamma-butyrolacton-4-yl.

4, 6 p-lodo-penicillanic acid pivaloyloxymethyl ester.

W



~al kanoyl oxynet hyl having from3 to 6 carbon atorfs | - (al kanoyl o>;y) et hyl

|ving fr

om4 to 7 carbon atons, |-nethyl-I(al kanpyl oxy) et hyl having from5

to\8 carbon atoms, al koxycarbonyl oxymet hyl having from3 to 6, carcon atci"’

- (al koxycar bonyl oxy)-ethyl .having from4 to 7 car bon atoms,

net hyl -1 - (al koxycar bonyl oxy) et hyl havi ng from5 to 8 carbon atons, e
3-phthalidyl, 4-crotonolactonyl or *gama-butyrolacton-4-yl. 4. 6 .\)
B- I odo- peni cil I anic acid pival oyl oxyrret hyl ester. * cL M s * -7
40 5. A pharnaceutical conposition conprising a conpound as clained fn

~any of claims_ 1 to 4 and a pharnmaceutically acceptable carrier, 6. A
conposiXi ont Rharpagevsica], compashtion fomATising & Sopprwnd ag Hieimed act am
anti biqtic. rocess fo e n of a npoun of the formul a
[err] TefPy %8*@"% gz a§“ &Pﬁ%‘%’a Ea%jlazg?‘foﬁ £ecgRrtne c%?fpr(ril $&s reacting a
corrpouqsd of tc%ﬁ Laas %f%{tlﬁ%i I]aim & which (alL)’ éIDQIp :!.seswger ein R is an
ester- formngr rea yzabl'e "in vivo or apenlcllln
car boxy f&ﬁ&%&h%:@.ﬁ%‘ﬁc W|th an organotl n monohydride at fromO to [err],
foll owed by renoval of [err] when it is a penicillin carboxy- protectlng
QEOLﬂl 7. A process for the preparation of a compound of the formula ¥
i'
H o Shs
. = SE CH
Ly 1
I -———M( 3 [I)
o” - "co,R
wherein R is as defined in claim 1, which comprises reacting a -
compound of the formula:
I d  cHs
4 Z S8 .
9 - > c
I rf—F T Hz (T)
4 /’/’ . : _
¢ CORy v
q

10 wherein R1 is an ester-forming residue readily hydrolyzable' in

vivo or a penicillin carboxy-protecting group, with an organotin

monohydride at from 0 to 110°C, followed by removal of R, when it

1

is a ﬁenicillin carboxy-protecting group.

-

o



.41 8. A.process as'clained inclaim?7, wherein [err] is. (a) -[err] wherein

[err] and [err] are each al kyl having fromone to three carbon atons,

al kgxy- havi ng fromone to three carbon atons or phenyl; 5 (b) 3,5-di-
t - bus¥l - 4- hydr oxybenzyl; (c) [err] wherein Yis [err] (wherein [err] is
phenyl .or al kyl having fromone to three qrbon atons), cyano or

car boal koxy having fromtwo to four carborratons; (d) [err] mhereln[err]
i sspffényl or al kyl having fromone to io three carbon atons; (e)
([err])ferr] wherein [err] is alkyl having fromone to four car bon at ons;

(f) [err] whergi n[‘g hc&rgd Leéﬁa]imé‘JQneﬁﬁ*lmhyd:vﬁﬂ@ﬂié ?Ee{y_l or nethyl, and

[err] is phenyl, oxyp eny provi so that

when [err] and (8" r.lp ﬂ%%h‘ae%ﬂh REtind » F@:é a8l SAFE AV ng E9bn doRM £ OF

[err]; or (h) [err] reinferrf, [errP and [err] are each al kyl having
fromone to fi \&ré@réaeso@tmﬁs. IR hm&ge@zaa ong to tAréd Qaesén atomd ai med
in claim7 or claim8, wherein the 20 organoti n nonohydride is of the

formula: [err] oshpwénylperr] , [err] and [err] are as defined in claimS8.
11111111 111111 1111117111111111 * C L MS * o

. 5 (b) 3,5~di- t-butyl-4-hydroxybenzyl; o _ )
' (c) -CHZ-Y wherein Y is -CO-RA (wherein R, is phenyl or alkyl

£

having from one to three carbon atoms), cyano or carboalkoxy

having from two to four carbon atoms;

(d) -N-CH-R5 wherein RS is phenyl or alkyl having from one to
io three carbon atoms;. '

(e) ~CH(COCH )CO2 6 wherein Rg is alkyl having from one to four

carbon atoms; -

(f). -CR7R8R9'wherein R7 and R8 are each hydrogén, phenyl or

methyl, and R9 is phenyl, 4-methoxyphenyl or methyl, with the . .
15 proviso that when R7 and R8 are each methyl, R9 is also methyl;

(g) -Si(CH )3 or -Si(CHs) t- C4H9, or

(h) SnR16R17R18 wherein R16' R17 and R18 are each alkyl having
from one to five carbon atoms, phenyl or benzyl.
9. A process as claimed in claim 7 or claim 8, wherein the

20 organotin monohydride is of the formula:

, HSnR)cRy7R18

whe:ein Rlﬁ’ R17 and R18 are as defined in claim 8.

* ¢ L M s %

~

®



NO. A process as clained in claim9, wherein R is 1 p-nethoxybenzyl

olysis. 12. A process as clainedin claim7, wherein R is an
ester-formng residue readily hydrolyzable in vivo as defined for Ris:

"claim3. 13. A process as claimgg in claim12, wherein R is 10 - -
pi val oyl oxymet hyl and the organotin nonohydride is tri- n-butyltin hydri
The text of the specification has been reproduced by photocopying the '

he organotin nonohydride is tri- n-butyltin hydride. 11, A process_as
din any of clainms 7 to 10, wherein the R 5 group is rem)v-ed'f{y);

>

applicants original typescript. It may contain a few anendnents which are

di fficdPr thoPreesps asTialmed dnnelaimPesterptn Fontsining these anmendnents

may be inspected on the prem ses of the Patent Ofjce :
y p-methoxybenzyl and tge Jgganotin monéiydriéz is tri- n-butyltin -

hydride. |

11. A process as claimed in any of clgims 7 to'lo, whereiﬁ the’-R1
5 group is removed by hydrolysis. | .
12. A process as claimed in claim 7, wherein R, is an
ester-forming residue readily hydrolyzable‘ig“gigg_as defined for
R is claim 3. | |
-13. A process a; claimed in claim 12, wherein'Rl is

10 pivaloyloxymethyl and the organotin monohydride is tri- n-butyltin
hydride. - ' |

The text of the specification has been reproduced by photocopying the applicants original
typescript, I{ may contain a few amendments which are difficult to read. The original
typescript containing these amendments may be inspected on the premises of the Patent Office
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