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21353 05- SUBSTI TUTED VI NYL CEPHALOSPORI NS Description Field of the B
'InVEEEZFn The present invention relates. to a selection 5 Of;ZIQSf;:S(lir

cep osporin conpounds having the 3-((2)-1- propenyl) and

7-p I gl ycyl ani do groups; the latter may be substituted These conpounds e
are of interest in connection with the treatment of bacterial infections.

-2- Description of the Prior Art The 3-formd geph- 3-em conpounds used as
internediates in one nmethod 'of preparation of the 3-substituted vinyl

cephal osporins-of the presenSUBSTITUTEReWINYD HABOSPORINSd by oxi dation

of the cprrespondkpg SWhégQgrynet yl ceph- 3-ens obtained by enzymatic
hydr ol ysis of the ng cephal osporins.: This process is represented
inthe prior art Riedidhrdfeithey InventiRpnent No.. 3,35.L,.596 10 (Novenber
7, 1967), who discl agff Jrd&in @l iR PR NES1dtes 3 d |delection
: § ' of cephalosporin compounds having the 3-((Z)-1-
propenyl) and 7-phenylglycylamido groupss; the
latter may be substituted _
These compounds are of interest in connection
with the treatment of bacterial infections.




;- [err] [err] Chanberlin (loc. cit.) disclosed derivatives at the 3-CHQ,
tgroup w t-h carbonyl reagents such as sem carbazi de and hydroxyl am ne, bugji)

there was no disclosure of anv carbon al kylation of the 3-CHO 5. Th

conggspondi ng sul foxi des are nore stable and can be prepared in better

“yield (Wbber, U K Patent Specification. 1,341,712, published Decenber 23,

,1973). The first disclosure of 3-alLkenyl sob3dt -t ut ed cephal ospori ns was by
‘Clark et al. in U K Patent Specification 1,342,241, published January 3,

"Cat ober 30, 1973, -

1974 (correspondin LS. Raten . 10.3.769277, and 3,994, 884, granted.
DegcRipEibhh N%ﬁ o %Conpounds IV and V arce
di scl osed on pp. 25 andThe &fforwylcEphSBeeinf compounds[used asrr] |1V These

‘conpounds wer e preRaR¢mEYibeas! iAds QemEQEBESBQnH%ggﬁ%EE%ﬂ§dof the

.-3-triphenylphosphonluznneth¥I 0
~-acet al dehi yAd. The3r$iestd tprtedevinyt rephalagroripsoefhbheypregent

cephal osporin wth e or

derivative ob the faveuiaoRPRERILY bbepadell b 62RPAALESROGE thedl SO
disclosed in the s ificatigon o age 5._Cg gund-lg is stated to be
ﬁ%%feFR8n83§$ Baﬁygppﬁyme HB ceph-3-ems obtained

‘absorbed when give

by enzymatic hydrolysis of the corresponding
cephalosporins. This process is represented in the
prior art by Chamberlin,.U.s. Patent No. 3,351,596

» ~ 10'_ (November 7, 1967), who disclosed inter alia Compounds
NN + II, and III. : | :



U S Patent No. 4,107,431. ° Another early disclosure of conmpounds of this
s by VEbber et al. J. 5ed. Chem 18(10) 986-992, (1975), and in
Y Patent No. 4,065,620 patented Decenber 27, 1977 whi ch di scl oses at o~
cgl'U/nns 3, 4, and 5 the genus to which 5 the present conpounds bel ongd
Specific conpounds di scl osed are representedl vy Fornula VI. [err] O her
varriations of this type are dlsclosed in U S. Patent Nos. 4,094,978 (June

13, 1978), and 4,112,087 10 (Septenber 5, 1978) wher e Conmpounds VII and
VIIl are disclosed. .0 . C2H : Jerr] O.
[err] [err] 0 -6- Other substituted 3- alkenyl cephalosporlns are
di sclosed in the foll ow ng pabent bellcatlons U. S. 3,830, 700, , O Cal I aghan
et al. (Apr.il 20, 197H¢08H6* ty )cephaIeX|n anal ogs
. : s _ :
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5 . U S 3,983,113, Beeby (Septenber 28,. 1976), U.S. 4,049, 806,

" Beeby (Septenber 20, 1977), and U.S. 4,139,618, Beeby (February 13, 1979),
3- heterocyclothlo)propenyl cephal osporins. U.S. 4,147,863, Myadera.et alf.
( ¥l 3, 1979)', 10 ~3- (-mthyl-5-tetrazolyl) vinyl cephal ospori
Ger. & fen.-DE 3019445 (Decenber, 1980) 3-(sul fonyl oxy)vinyl cephal ospori
Fr. 2460302 (January 23, 1981) 3-(di netyayl am no)vi nyl cephal exi n anal ogs 15
- Eu 30630 (June 24, 1981)

7-[ (3- et ha Ifq_ heny % d; anlnoicetanldo - 3- . -

vi ny2ceph- 3- ?%ﬂ%%x 2Bt~ U SisglosRa, seTiyatives ot ghe Gukith 1
1981) U.S. 4ng).whas, cE%hcn}é eéaghnt@anenZ&s 5e8dca2bazide ané

7- (2-thi enyl 3 e opanyls)

--3- (het erocy Iow’%jf%g - E’g[r;n égrebg%%l |B§ gc?sgi%%éﬁ& ?a BB S o5 Ral 0gs.
The princi pa@t %Wa?ﬁthQaarﬁgpe orally active cephal osporins, the use
for which the present conpounds are 25 i ntended, are cephal exin,

cef adroxi L, cephr dlne and _ce'.acl or }hes subst ances hav% Formul as | X, X,
X . and XPI. ?ﬁ-esnoadzng sulfoxides are moxe le ané can be

prepared ln better yield (Webber, U. K. Patent Specification .
1,341,712, published Decembe; 23, 1973).

o The first disclosure of 3-alkenyl Substituted cephalosporins .
(M~ - was by Clark et &l. in U.X. Patent Specification 1,342,241,
published January 3, 1974 (corzesponding U.S. Patent Ncs.
10 3,769277, and 3,994,884, granted Octobes 30, 1973,.355_ -
" Novembexr 30, 1876) . The Compounds IV and V are éisclosed on
pp. 25 and 29 of the U.K. Specification. _ e

W, @—caco S~ “ J-—cszcozm--——/s

NE, |_cuece s '

2 - / H=CHCH.
o Y L 'oé ' ®

Qo8 | Co,=

~ These compounds Qere prepared by reacting the corresponding
- 15 -3-t:iphenylphps:hcniurmethvl‘ceﬁhalosporin with formaldehvde
or ace' aldehyde. The mve"se process of x reacting a phosphoranyl-
© idine derivative of the formula -3P-CR3R with a 3-CHO cephalospori
is 2lsc disclosed in the spec;fzcat;on cn page 5. Ceompound
IV is stated to be abscrbed when given by the oral zouvte in
U.S. Patent No. 4,107,431.
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[err] O.err] 5 These conpounds are the subjects of the follow ng
patents. cephal exin. - U S 3,507,861 (April 21, 1970) cefadroxil

- M SY 3,489,752 (January 13, 1970) (Re 29,164) 10 '

ce f or - US 3,925,372 (Decenber 9, 1975) ceptbradine. -

U & 248, 485, 819 (Decenber 23, 1969)- Rel ated structures which have been

di scl osed are 3- chlorocefadroxil and 3zhydroxycefadroxil respectively in

U S 3.,489,751 (January 13, 1970) and 9. K. Specification * 15 1,472,174

-published May 4, 1977).. .- Su rv of. the I nvention The present
i(n\rjent i on pr ov?de@%%%uﬁﬂ§lgf gFrﬁngﬁ'ﬁls%eXPuﬁ'I COmRPURSF ﬁr‘ﬂ"‘%[“é‘ﬁﬂ WRs

Fornmul a, XUby Wéhbékx et al2 J: Meds Chiin. 18(10)- 9®8R992, (1975), and
Qerr] 0 - 30 u.s. P tent No. 4,065,620 patented December 27, 1977
which discloses at columns 3, 4, and 5 the genus to which
5 the present campoundé belong. Sbecific compounds disclosed
' ére represented by Formula VI.

"E;:o_iqé._._rs j |
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_ Other variations of this type are disciose&.in U.s.
HEE Patent Nq;:'4,094,978 (June 13, 1978), and 4,112,087

é 10 (September 5, 1978) where Compounds VII and VIII are discloseé.‘
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:2 Formal a Xlv In these formulas nis the integer 0, or 1, 1

i~~~~~3 &L 10 R1 is-hydrogen, OP3, |ower al koxy, or hal ogen ‘
“including chlorine, bromne, fluorine., and iodine, pl, p2; anff P3 are
"hydragen atons or conventional protecting groups used in cephal osporin

ch stry respectively wth: anino car boxy, _and hydroxy 15

groups, 2' IS hydrogeﬁ . OP, or |lower. alkoxy Al k

is an. alkylid I k b t
s chiorine, brom NERSE %u%a%&%%"c‘é% 54rHpya Forpatnaroanarern e trsc10%8Ay
‘p, p2 and P iar&heowa&ﬂpwmmd partentc pabd igatdpas.are i nternedi ates for

.meking the biologically active end products of the present invention which
‘are represented by Formula X1 when n_is 0, and , P2, and P3 are

‘hydrogen. These pﬁbéuc@sséﬂe7&@'|ﬁké?éé@géénoﬁélﬁ} eflPppEdly@0cepBIBdspori n
‘antibiotics having strong (aEtirdstyraglicephaferinpasaiioge bacteria and an

|nproved spectrum of activity agai nst Gamnegative bacteria, various
5 U.S. 3,983,113, Beeby (September 28, 1976),
- U.S. 4,049,806, Beeby (September 20, 1977), and
3-(heterocyclothio)propenyl. cephalosporins.

oo U.S. 4,147,863, Miyadera et al. (April 3; 1979),
' 10 3;Cl-methyl-s-tetrazolyl)vinyl cephalosporins

Ger. Offen.DE 3019445 (December, 1980)
3~(sulfonyloxy)vinyl cephalosporins

. Fr. 2460302 (January 23, 1981)

3- {dimethylamino) vinyl cephalexin analogs

15 Eu 30630 (June 24, 1381)
' 7-[(3-methanesulfonamidophenyl) -@-aminoacetamido] -3~
vinylceph~-3-em—4~-carboxylic acid

RN U.S. 4,255,423, Beattie et al. (March 10, 1981)
' U.S. 4,390,693, Beattie et al. (June 28, 1983)
20 . 7-(2-thienyl) acetamido~3~{3-acetoxy-1-propenyl)
' and -3-(heterocyclovinyl)ceph-3~-em=4-carboxylic
acids, and 7c-methoxy analogs.

The principal commercially available orally active
cephalosporins, the use for which the present compounds are
25 intended, are cephalexin, cefadroxil, cephradine, and cefaclor.
These substances have Formulas -IX, X, XI, and XII.



{ous bacteria, and anaerobes relative to cepbal exinr. 10

C ’adr xil, cefaclor, and cephradine. They provide prolongid antibiotic
c ‘rations in the bl ood stream foll owi ng oral ae.4nistaation and. are,
S le fo6 adninis.rantion tfo humans on a once or tw ce, a day basis.,

As Siuch they: aze- administered i n-d@ses ranging from 100 ng. to 5, 000
per day dependi ng upon the size of the patient and the disease. condition-
They may be administered parenterally in sIMIlar dosage .amounts. The
products of Formula XIV are of interest chiefly as -internediates. Those,
however mhere R is 0, and pl gp2 20° and B3 are hydrogen possess

anti bacteri ,ﬂ' a%s useful -i @ C%@#P?m | n_»™<«wo of

t hese-propertiée conppundls of {Formul a Xl erein n
is 0, and P1, p2, and P3 gefesre usef ul foﬁﬁahe
bacteri al infections 25 causefl by sensitive organlsns/
this purpose they are adm ni ster%iforally or parenteral 1§ in

antibacterially effective non-t doses as such or in the for®Rsf one of
their pharnaceutlcally acceptabl e acid addition salts, pharnmaceutical-ly

accept abl e saldgs, or as -a 30 pharraceu::gﬁaam;l-y axrept abl e
ester. he Eharnaceutlc al acceptable acid addition salts are those in
whi ch t he an

i bute S|gn|f|cantly to the tOXICIty of the
salt and which salts are conpatlble : .

) cgﬁmuﬁﬁne XIT
5 These'compounds are the'Subjééts of the following
patents. L ' ‘ ._ ~
cephalexin .- U.S. 3,507,861 (april 21, 1970)
cefadroxil = -~ U. .S. 3,489, 752 (January 13, 1g70)
: N : . (Re 29,164)
10 cefaclor - U.S. 3,925,372 (December 9, 1975)
| radi - U.S. 3,485,819 (December 23, 1969) - ;

cephiradine - U.S 3._ 5. _( Per 23, L \Ag

Related st:ﬁctn:es-which have been discldséd are 3-
chlorocefadroxil and 3-hyéroxycefadroxil respectively in
U.s. 3,489,751 (January 13, 1970) and U.K. Specificaticn -

15 1,472,174 (published May 4, 1977}.



~with the .customary pharmaceutical vehicles and adapted for 5 oral or

5y
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"of Formulas X1l &

“contribute significant]f to théNHBX|C|t

“Suitable netal salts ng10| ude the sodi un)/
“alumi numsalts. The 25 sodi um or potas&‘um salt
. prepared from am nes used for instance with be p9enicillin which are
- capabl e of -forring stable salts with the acidic crboxyl group-.include _
- trial ky] am nes such as triethylaM ne, procaine, dibenzyl A OEmula. XITT

- parenter gl adninistration. They include the salts of Fornmulas Xl Il and,

wherein n = 0, and P is hydrogen with mperal acids such as hydrochlori
acN/, hydrobronic * aci d, phosphoric acid, and sul furic acid,
wth organic car boxylic acidssgﬁngggaakctggl&ggéﬁtgghds such as acetic 1
acid, 'citric acid, nmaleic acrd;—sSucTInrc acrd, penzoic acid, tartaric-a
, fumaric acid, mandelic acid, ascorbic acid, mali acid, met hanesul f oni ¢
acid, e- toIuenesutﬁeOpfesaﬁtdineédtibﬁ paobddebnommpauddsseﬁ Formbdas
pen|C|II|n agg Eepg#glgf?orin arts. Preparation of these salts iz' carried
ouat by conven |6n echni aues involying reaction of one of the
substances of Forrmulas XlIl or XIV whefein nis 0 and P. is hydrogen with
tthe acid in a substantially equival ent amount.(gjl ~arxmaceutically
acceptable netal angd a., ‘alts simlarly are fWbse salts of the conmpounds
‘ CBCONB-Ls. i s hydrogen which are
ni d i which the cation. does not
z;iz _ﬁﬁHGﬁ f the salt.
un1 bari um Z|nc and
are preferred. Amne salts

st abl e under anbi ent co

//potas

hk$&/ -[err] phenet hl yl ani ne, 1-ephenanine, 30 :
N di benzyl ét.. hyl en- €di ani ne, dehydrOabietyl?gsne, N-- et hyl pi peri di ne,
-

benzyl ani ne, and dlcyclohexylanlné. ,

= CHCONE wwe.
1

NEP | /,.__n A CE=CRRLKY

L5 4

© Formula xrﬁ'

In these formulas
n is the integer 0, or l, _ _
Y/ 10' - Rl is .hydrogen, 0?3, lower alkoxy, or halogen
including chlorine, brom;ne, fluor;ne, and iodine,

?l. P2, and.P3 are hyd:ogen atoms or .conventional
protecting groups used in cephalospo:;n_chem;st:y
respectiveiy with-amino, carboxy, and hyéroxy

15 . " groups, |
R2 is hydrogen, - 0?3, or lower alkoxy

Alk is an alkylidene or alkylene group hav:ng f*om
1l to 4 carbon atqms, aa§
X is chlorine, bromine, or iodine.
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pheng ,

gutically acceptable esters include those esters which are active
pr whi ch-serve as pro-drugs by bei ng hydrol yzed-in the body to
e antibiotic per se. Suitable esters of the |atter type are the

acet oxyret hyl, pival oyl oxynethyl, L-acetoxyethyl, ' \,J

a- acet oxybenzyl, u- plvaloyloxyethyl, §th1halidyl, 5-i ndanyl ,
a- €

nmet hoxynet hyl , 5 benzoyl oxynet hyl ,

hyl but yryl oxynet hyl ,

prop|onyloxynethvl val eryl oxynmet hyl , isobutyryl oxynethyl, glyqyl oxynethyl,
and ot hers known in the penicillin and cephalosporlnaﬂfts The compounds’ of

Formulas Xl 11: Thos&lsombeunds whiese@n andsPll, RAd

atons and
parentera
and exci pi

d E?;manil Qgﬂﬂ

t&?x&&aééiéﬁafs thﬁiiﬂﬁdgégﬂ\g‘«% ”%% ePq ¢! %[;EEHJ& %1»1 qvprn?ax‘}{
use conven I Ona no arnmaceuti cal carri

cthe bmosm?lhﬁyag&peegéﬁt ST oENCHS P*ddé@ RAefAant mmucm e

dose cont aiye{ & - Jeeregaagéh&eans Mm% rRRlian Xoite WieR of 21 ptana GPosul es,

sol uti ons,
fornmsted a8

SpSpensi oS enuIS|o These ca ounr ds al'so be
B e P AT B hHRFPREPny BiRsR) BRI AR (D SPIRRRRE AN as

cocoa butt GdiraDIyOéﬁfécﬁﬁiréycsphﬂ.ﬂ.b&ba:mThﬁW H=ving fstiasig ed, be

Cephal osportFELHi pAREPRE Erid-BiThit pdcier 'BRL 0 Mhpravad i ot on

of the invespectzum of act;vity against G:am-negat;ve bacteria, varicus

10

" 15

20

25

30

fastidiocus bact e:ia, and anaerobes relative to. cephalexin,
cefadroxil, ceaaclc:, and. ce:hradzne. . They provide prolonged
antidiotic concentrations in the blood stream following oral N )
aénafnigtration and are suitable for administration to

- humans on a2 once or twice a2 day basis. As such they axze

aéministered in doses ranging from 100 mg. to 5,000 mg. per
day depending upon.the size of the patient and the disease . ._
condition. They may be adhiniste:ed parenterally in-simila:-ﬁ
dosage amounts. )

The products of Formula XIV are of interest cbiefly as. ~
‘intermediates. Those, hcwever, wherein n is O. and Pl, 22,
and P3 are hydrogen pcssess antibacterial actzv;tv and are
also useful as ant:b-ot;cs. ' _
\,J

‘In view.of these- prope .1es, the campounds of Formula
XIII and Formula XIV whegg;n n is 0, and P%, P2, and 23 aze
hydrogen are useful for the treatment of bacterial infections
caused by sensit ive o:gan;sms in mammals.’fror this purpose
they are admih;stered orally or p;:ente:ally in antibactezrially
effective non-toxic doses as such or in the form of one of
their pharmaceutically acceptable acid addition salts,
pharmaceut;cally acceptable metal or. amane salts, or as a

phazmaceut cally acceptable ester




' Procedgres 1-43. Most of ‘these conpounds are
. 70- (D phenyl gl ycyl am do) Cephal ospori ns h?/l ng the 1- 5 propen-1-yl g
irkd/he 3-position. The terminal car bor! _

- of some o' them bears a substituent such as an al kyl group (nethyl),

.Table 1 contains a summary of the structures of the products discl osed
.4

om of the propenyl substitutent

hal ogen (chlori nerts plosimedeutical Wy mwémiera&ﬂa A Iec W 1dtdigre

phenyt g1 vy AL G ohion, S48 andin Jodh SR At MR iR aa by

hydroxy., altxghe c#om-’omrpf Nelge sallerand rMDiCh mmmmmmm ter
di scussed orw,_rg}ptgyg@%g{@mg@ ﬁ%ﬁ%@&%éﬁ'%r&{lﬂ ég% t| on
1 Pr oduct

but are i cI uded for_co arlson of Jnterest sCl osed in

" Procedur [ rPax %WW& ion. They :anlude the sa"ts R3

-~ (coni curaticrfﬁ FoxfiildaL8D0Y and XIV wherein n =V, and

(CEBS |058) 2’4“8?3%‘?’1 acids stth tE ﬁ}ggfg’chfozgi é@? 1%(6%!:%116 26

.+ (335- 1066) ac:.d, phosphor:.c acif, and sWEDCHi¢ ZAciy ( 38N @EFBanic . H
. O ' :}bo:é]@:é% aJ ) IS NEr o ic sulfcﬁuc ac1a5 such a_s|2 &ﬁst-c

: (confi gur%t | on)

TR A
Ll .
P RGN S .

a, c1tr1c ac-,.., ‘maleic ac;d succ:'.::".c acid, ben"o.v.c =c:.3
tartaric- acid, fumaric acid, mandelic acid, ascorbic acig,
" malic acid, methanesulfonic acig, P-toluenesulfonic ac:.d,

Lo ' - and other acids known and used in the penicillin and cephalosporin -

arts. Preparation ‘of these salts is carried out by conventional
15 techniques involving reaction of one cf the substances of
Formulas XIII or XIV wherein n is 0 and Pl. is hydrogen with

‘the acid in a substantially equivalent amount.

Pharmacsutically acceptable metal and amine sa léé'

_ similarly are those salts of the compounds of Formulas XIII
A 20 and XIV wherein n is 0 and Pz is hydrogen which are stable
' under ambient conditions, and in which the cation doess not
contribute significantly to the toxicity or bioclogical
activity of the salt. Suitable metal salts include the
sodium, potassium, barium, zinc, and a2luminum salts. The
sodium or potassium salts are preferred. 2Amine salts prepared
from amines used for instance with benzyl penicillin which
are capable'of forming stable salts with the acidic carboxyl
group include trialkylamines such as triethylamine, preccaine,
dibenzylamine, N-benzyl-S-phenethylamine, l-ephenamine,

30 N,N'-dibenzylethylenediamine, dehydroabietylamine,

5 N-ethylpiperidine, benzylamine, and dicyclohexylamine.

Pharmaceutically acceptable esters include those esters
which are active per se, or which serve as pro-drugs by



. 21 (33540

1) H H -CH2-S-179 2 H 17 (33S-1092)
H A - -CE2 OC23 (2) 5 32 (BMY-28060) Cl o]
-CX3 . 37 (3B. My-29068) Ho OR -CE (2 42 —
~ (3MY- 28Q97) CE3O : -CH3 (Z2) Table 2 provides a sU-ary i

< of the in vitro antibacteri al aCtivityléf t he Substances disclosed in the
: present specification.. 10 . “~=inimu inhibitory concentrations determ ned

. by the agar pdihgt h%]a:baghaaqua kpe bbagetsr 9uRsaOther gasisiBtdesianaded

i
-

iy

¢ 2 Const Tt s aR patel o 4 Wier i Bl B e L,

idsntified pivalbydbxyimethyli,h&-aGetoxyabhyl, TheceCpxibenzyglpisns. are

o t aph L wh ' hEhhih " medRGx (el
Gram+ stap *LBgS’wgﬁimby%k%#ﬁé’?ég%3?%’%!3“?\%  BR2hBahin ). -"‘?g.ﬁ‘?"ﬁé‘%&’rti I1in

- organi sns are

COcCClI ., -are resi s

. and pr odicebpBRPYRPKYRESEYL  ToethyRRuSYIRAPSBeshY 1o REPPLORY 2ox ymetiivh,
are sensi {1 va1eeyaaRysiekhyl , ABGhRYRLEIBITL, FiYeyRigREBiyI20uy oBUhS! ANCES

. h ly | ' . | d.cephal ot hi '
Gam “bact okphon$nc<he rehiRiTadn. aBE sReReAR=BESARARACP O Tabl 6 2

concerning the in vitro antibacterial activity oi these conpouncs. Al of

. Lhe compounds hayge0aagpAchiad bt %@%ﬁi#@&?&ii bhianx29 whes€ '€ o,

N L

1’ p

M 3
ot o Sl
4 S v ke skt

t e Staem bt we awt o

mama ean e taie e R e 4 o e Ape o My £ i e S RS = o pssmmama Gpmis et

staphyl ococG (XR-Tap y sare genera ess active_agal ns

penicillin ABSi 8t an®P st B8y Poc3SE hySsogen) aspms Aaé: shedr saite 8% nore.

I n each 10 ngegiaedhapeve maly®eCFdRanldted Eokcveall okopdraRterariuge than

cephal exin, , . ' e s s e
in conventional manner using known pharmaceutical carriers
and excipients, and they may be.presgntedfin.unit dose form
or in multiple dose containers.. The compositions may be in
the form of tablets, capsules, solutions, suspehsions, or

15 emulsions. These compounds mey also be formulated as suppositories

uvtilizing conventiocnal suppository bases such as cocoa
butter .or other fatty materials. The compounds may, if
‘desired, be administered in.combination with other antibiotics _
including cephalosporins, penicillins, and aminoglycosides. Q_;-_

)
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- and cefadroxil. Only those conmpounds having the unsubstituter cis(2)-

" p-openyl group in the 3-position have good acivi.% 4y acairst the Gam -
~bacteria (Gn-la). Refer to Compound Nos. 9, 24, 32, and 42. The "
:trq_§(E) propeny3. conpound, Conpound!/ &No. 8, 5 is |l ess active agai nst-
"theTGram bacteria by a factor_of 8 relatlv to tbevcorrespondlng

ci s- propehyl conpound2€ e y ion on the
terzinal methyl group of the propenyl sub5|tuent in the 3-position appears

to result in a reduct on of -Gram-_activit Refea - g. S:
13, 15, 21, and 1774b¥R; & FEAERERS ¢ fh@merﬁyP*c§%§oaﬁ%8552539“@ i
These COﬂDOUnﬁSOOnetse&ESthekeés;po?enteéureba&téﬁkaIMag&npé tbesg compounds

substantlally ugﬁ% SmghE§V¥¥f§Ex%aF1?8?92?535bg QEQ B%@&Bé'hhe RLng

substitution ? i o' Sntibacterial act|V| npar e
ConpoundS 15 prupgu-lsylzgrcsﬂ ianthe43-pogdkponnd. Mbe 3Ffﬂﬁﬁéﬁr§a:PBnbe

an. except'onaéeﬁeéfbtﬁé thpEH Egghﬂgtseﬁﬁbﬂileas ohhtoﬁntmaﬁibea&sla an
i ghly active substance agai nst

a ram__bac
“as will be shéﬂhsrhtﬁﬁﬁFesﬁch ¥S5hRB 2 Ul group Rﬁquﬁh)Utl °ﬁ§8h§ &gﬁ
“(Muel ler-H ntgg Agashe)- thaﬁymlbﬁbublu;n;ngnncemth@Mmmcwphthﬂq gSoupl a3

:ghg-zgﬁw-zsloéihz 0 SPREYEey10upig) . groah alkbyy, sroup fmetixy). Thb
: 10 phenylglycylamido group may be unsubstituted, or meno, oI
N disubstituted by hydroxy., alkoxy, or halogen.
'\gg;, ) N.B. - Certain of the compounds hereinafter discussed or
mentioned are not compounds within the ambit of the invention
but are included for comparison .or interest.
Tablé 1

Pfoducts Diéclosed in.:rocedures 1-43

A/ Rz_-Q- CECONET(
' ' Rl CH’CER

ff 15  Compound No. gi: R ’3 (conficuration)
= S (2MY-28100) T oa' ~cE; (2)
13 (335-1058) | B oH - -C,B,  (2)
11 KBBS410§4) B 0E ~  -E -
: 24 (BBS-1065) B H -y (2)
20 26 (3BS-1066) | B B -”-c32c1 ;2)

8 (335-1067) B 0B -CBy (E)

fem - e e = ———— A% ——a A
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(BBS—1058) _0.40. 1.4 .- 4.1. 11 (33-S1064)

1. 3.6 24 (335-1065) 0.23 0.3 0. 92
8 0 8 8 (BBS-1067) 0. 26 . 1.4 6.3 15
A0 76) 0. 20 0.7 750 30 21 (BBS-1091)' C
| 2.7 2.7 T}XBBS-1092)  ,0.53 2.1
2.7 32 (3MY-28060) . 0.13 - 0.53 - _ . 1.1 37
(BWY-28068) commound N8.30 gl 7.2 g2 R} GobEficiGadibn)
G b3 &m—t—a.—Conpound NO' 1 -z T 1
2 4 15 (=3§L1076) 4 A2 (BNW-26ﬁ97) -&a@&sn- (zy . 1.2
0. 53 cephal exin 1.2 0.70 4.1 3.6 4.15
Cef adr oxi | 1.2 1.10-. 3.6 4.1 8.3 8. .COWﬂnns

and 2 report separate test. runs. 2. 3. Averace of. five o'ganqpns each
group - G2l a(Eas+081aphyl ococci B peni ci |l PBn sensrﬁﬁwes N r.o
peni ci |l I'i nase produced. -S. aureus Smth A9537 .S. ar.raeus 5%497 S. aureus

Ter aj zima S. aureus A9534-15 _ _ S. aureus A9601'
17 (38S-1092) | . oH -CE,0CH, (2)
5 32 (snx-zaOGO)'_ - o= -CE, (2)
37 (3My-28068) . - HO 0B By (@) oo
' o D P \ A )
42 (3M¥-28097) €20 OH =CE; (2}

Table 2 provides a summary of the in‘v' tro antibacterial
activit tYy of the substancﬂs disclosed in the p*esent snecz-lcatzon.
10 Minimum 1nh-b*tory concentrations determined by the agar =~ _
dilution technigue for three groups of organisms designated -~
Gp-la, Gp-Ib, and Gn-Ia are provided. Each cf these groups
of brganisms is constituted of five 1na1v1a wal strains of
microorganism which are identified in a footnote to the
15 table:. The Gp-Ia organisms are Gram+ staphylocoeci which
are sensitive. to penicillin. The Gp-Ib organisms are Gram+ f.'-
staphylococeci which are resistant to penicil;in ané produce "
penicillinase. The Gn-Ia organisms are Gram= bacteria which
are sensitive to ampicillin and cephalothin. The'present ,
20 substances have generally low activit ty against ampiecillin
and cephalothin resistant Gramr bacteria. The fc lowing
conclusions can be drawn from Table 2 concerﬁlng the in
vitro antibacterial activity of these compouncs.

All of the compounds have gcod activity against penicillin
25 sensitive staphylococci (Gp-Ia). They are generally less
active against the penicillin resistant sta:hvldcocci {Gp~-
Ib) by a factor of thrae or more. Im each instince, howeves,
+hé compounds are several fclé mecre active than cephalexin
and cefadroxil.



. Ib Gamt+ staphylococci; penicillin resistant; penicillinase producers,
S. aureus 193 S. aureus 3X-1633-2 A9606 20 ’ S. aureus

Al 3092 S, aurwes Russell S. aureus A9602 Gh Ta Gram bacteria; anpicill i |
and c¢ephal othit sensitive. 25 Il O E. coli Jubl A15" 9 E.

coN’ A9660 X. pneunoniae DIl P. mirabilis A9554 P. nirabilis A9900 30

4. Not part of @Qmiyl;thest <PRRPEREschyving ARl BNSUPSHEARTECc &hEdldlri ve

- data for ingdddehANtd A ik athaChLpbkitagai Rsvel Bocdarearday sRiasy n
Table 2 errpl;oyi'gg two di fferent aaci_ggi ol ogi cal _cul tg[og méd'ka. .
Muel | er - H nt't® CEaRr BaSteRidt ARatE) medFEAEEMIPo TSP FhE Besfs Pérerred

5 .to in 3Bpbland?.42 Tabtise St eans dEhsprapenypacospruot ,t Kempowngi®o. 8,
i nhibitory c.on(‘lent rati

b ey DR U Eie AL TEEE, Shel BEbCO b, oIBR8 o)
contains 4- lpakasdve use i the i eprRespending gisnPIpReRyl: COMRPVERSH by
- No. 42 whi chyeory ai Ng;h{fad1y 1 0suns ¥R ERRY ¥nt oY ¥heX teTtiHall Wetdiy ) Hid®
1 phenyl. ring c;fe‘f‘iheec tpropenyl subsifuent in the 3-position appears to
result in a reduction of-Gram— activity. Refex.toc Compound Nos.
10 13, 15, 21, and 17. This is true of the vinyl compound
© _also, No. ll. These compounds are nevertheless potexat
antibacterial agenté being _substanti.é.lly eqﬁj,valent' to
_. K\,v . cephalexin and cefadroxil. Ring substituticn is in no way_

detriicental to antibacterial abtivit};. ' Compare Compound
15 Nos. 9, 24, 32, and 42. Compound No. 37 appeass: to be: an.
exception to each of the foregoing cenclusions, but in face,
it is an highly active substance against both the Gram+ and
Gram- bacteria as will be shown in Table 3. )

© Iable 2

Uzo Agar Dilution Tgchnic_ue (M'ueller-_:-!in‘._:on Agar)
Minimum Inhibitory Concentration (meg/ml}
Go Ia3 S * 3 ~) Ib3 Gn Iz-.3
A Compound No. 1 2. 1 2 1 2
1
9 (BMy-28100)  0.23 0.35  0.92 0.8 6.8 0.7
25 13 (BBS-1058) 0.40 1.4 4.1
11 (335-1064) 0.40 . 1.2 . 3.6
24 (335-1065)  0.23 0.3  0.82 0.2 0.8 0.8
g8 (BES-1067)  0.26 1.4 6.3
15 (B35-1076) 0.20 © 0.7 >50
30 21 (3BS-1091) 0.61 2.7 - 2.7
17 (BBs-1092) ~ _0.53 2.1 2.7
32 (3MY-28060) . 0.13 .. 0.53 1.1

37 (BMY=-28068) 6.30 7.2 6.3 -
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on noderate nediumeffect. By.this.it is. nmeant that the differences in
MfC,afe | ess than three fold. Conpound No. 37, the 3, 4-di hydroxyphenyl

S tuted conpound reflects differences in activity betweena the two

L/a of from6 to 15 12 fold, the mi& fuminhibitory concentrations in .
nutrient agar being nmuch | ower than those det er m ned NUeIIer-H|n§W|agar
Accordi ngly, Conpound No. 37 wgsg egﬁcl uded t gge arabl e n Ia”
antibacterial effect to the ot al ospory ns V|ng tthC|s openyl
group i n t@empowndi ¥Pen whichiare 2 refeded t9.in Tabl%® 2. %}

phenonenon wher eby- an anti bi otic shows greater,activity in one type of

4
nutrient di L Ry anofghes "has- been rgpprted and stgidggd previously.
Refer to %T.g* (%&Pgrﬁglga?m et aI Antl m crob|4al Age%é and not h ﬁpy, Vol .
3, No. 1, ppepRdidxif1973) - | e t. Medt

Conpari son eggquoL‘Lﬂl on Teq,hrz que ]M]m mm3ndi-bigory Con&e:ht rat8om

(ncg/ nB.) -~ Gb2 . -2 Conpound No.

G la Gol b G Ia29(CBX—28100) Al ©0.23 . 0.92,
70 B - 0117 Columns0.13®nd 2 remhil) SIpITANE 280S8)rups. 4.8
.3 5.5,B -« 0.40 w Ge 61 v« 0.92 « "

3. Average:of‘five organisms each group - _
Gp Ia Gram+ staphylécocci;'penicillin sensitive;
10 no penicillinase'producéd.
' | -S. aureus Smith A$537
' §. avreus A9497
.s,'aﬁreus Terajima -
 S§. aureus A9534
.15 . ._ S. aﬁ:eus-g9601  

i)

"Gp Ib Gram+ staphylococci:; peniéillin resistant;
penicillinase producers.

-

S. aureus 193 o N
5. aureus BX-1633-2 A9606
20 | 'S. aureus A15092
S. aureus Russell -
S. aureus A%602 . o A
I . o | L

én Ia Gram- bacteéia: aﬁpicillin and cephalothin
sensitive. o -
25 ' E. coli Juhl Al5119
E. coli A9660
X. pneumcniae D1l
P. mirabilis AS554
P. mirabilis A9900

30 4. Not part of run l; tested separately.



[err]” 10 42 (BMWY-28097) 0.35- 1.2 0.53 B -
- 0.23 - 0.40 0- 40, 1 A Miel | er - Hi nton agar B Nutrient agar 2
Average val ues for the same groups of organisnms 15 as in Tab\e

. 2 Whe structuze activity correlations drawn fromthe foregoing in vitro
studies are born out by the results of in vivo studies in mce. Table 4 is

a tabul ation of the protection doses for mce infected Keith a | ethal

i nocul um of a bacteria. 20 Two different bacteriad were enployed in the
studi es, one a G am+ organismand the OLE r~a Gam organism The

protective dose (PD50) is that dose which " when adm nistered to a group of
infected mce results in 50% survival after five days. Normally untreated
infected mce dl AN ddHRa A ordar at vl Iaa»ama:mﬁcw;%oof r{h] 'dl
i nocul um Tabl.e 4 Protectlve Dose for Mce Infected nocul’

Oral “Tr eat &+ b FfpIRSt the same QIeaRiaRs & (9 Table zEe“'tR;Iinﬂﬁtl 2

2 » (4Rch diffdrert WakiErogical cultureldnediall) Mueller-Binksh
E ng) 1 ég 4§ 3%%3339 Fi@ theosﬁf.n(d(?:ﬁ%e%énp é@loyde 1(’% 1-.}63 %e%t(ség 'r@fejzlred
5 to in Table 2. Tahle 3 contains a comparison of the minimum
inhibitory concentrations of three of the test compounds
determined first in Mueller-Hinton medium and then in nutrient
agar. Compound No. 9 which contains 4-hydroxy sustitution

\\'v in the phenyl ring and Compcund No. 42 which centainsg the 3-
10 methoxy-4-hydroxy substitution in the phenyl ring reflect

only a moderate mediun effect. By this it is meant that. the
differences in MIC are less than three fold. Compound No.
- - 37, the 3,4-d1hydroxyphenyl substituted compound reflects
' differences in activity betwer. the two media of from € to
b 15 12 fold, the minimum inhibitory concentrations in nutrient
. agar being much lower than those determined Mueller-Hinton
A agar. Accordingly, Compound No. 37 was concluded to be
comparable in antibacterial effect to the other cephalesporins
having the cis-propenyl group in the 3-position which are
20 referred to .in Table 2. This phenomenon whereby an antibiotic
T shows greater activity in one type of nutzient medium than
B in another has been reported and studied previously. Refer
to T. A. Pursiamo et al. Antimicrobial Agents and Chemotherapy,
vol. 3, No. 1, pp. 33=-39% (1973).

L}
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0.18 (0.27) : 1.5 (8.2) 8 (BBS-'1067)
7.5 (E. 23 10 32 (3MY-28060) 0.17

3.04 (8.4) 37 (SNN-% 0~68) _ 0.13 (0.27)

0.44 (8. 2) 42 (BMY-28097) .09 Dose in ng/kg. preventing death*\d

for 5 days in. R50 of the aninal roups of -5 mce treated with various

W 15 . doses of the te églg 9und on the day of infection;

det ernmi ned by interpol atiT#stridedive GRMRAFESPWNSse curve- untreated ani mal s

die within 3 days. 2 Valqggafnppgﬁ@ﬂéﬁeﬁgghﬁg gor cephaIeX|n in the same

run. In this run a val ue, of opt ai ned for
BMY- 28100; cont rtA® V&‘Pﬁe’snl?ﬁlﬁﬁp“a?%g???ﬁaﬁ’e‘?%dp 'f""%'\)ot avai | abl e.
The data in Table 4 are drawn from several different experinents. 1In these
experinments I Was used AL ant r ol 2rent . PD50 val ue
det e ned fmg‘mn in theaég'rr]ié-experl rr@tsﬂe-ﬂ?s giv en—vr-]%-parent heses
next to tthe 5 - PDerr] values of the test conpounds. It is evident that
each .of t hey ceipal P5006) nsppossessgsagood actlulgz' agai nsg_ ¢de G amr
St alhyl ococcus aureus infegtion, 8 1ﬁgat t he ounds _beay ring the cis
propenyl group in the 3-poSition 5 re acti galnst It Gram
i nfection, ‘Cohpounds.- 9, 24-, and. 37. .10 .-Table 5 contains
conpar at i b data for cg treated gr IIy and ranuscularly
e@z&»@@ﬁpﬁd@b ha 100 heg reated gigl Y and ity
0.40 0.6 0.92 ,
10 42 (BMY-28097) . A 0.35 1.2 6.53
B . 0.23 0.40 _ 0.40 .
1 A Mueller-Hinton agar
B Nutrzent aga* '
2 Average'vaiués for the same groups of organisms k_;
15 as in Tab}e-z
The structure acﬁivity-éor:elations drawn from the
foregoing in vitro studies are born out by the result s of in :ﬂ‘

vivo studies in mice. Table 4 is a tabulation of the prctect;vé"i

, doses'fo:fmice“infected with a lethal inoculum of a bacteria.

. 20 Two different bacteria were employed in the studies, one a
Gram+ organism and the other a Gram- Organism. The protective
dose (PDSO)-is that dose which when administered to a group
of infected mice results in 50% survival after five days.
Normally untreated infected mice die within three days

25 following injection of the lethal inoculum.



“listed in Table 1. Uni formy good oraal absoption. is retlected, except_for

Compound No. 21 which bears a heterocycl othio substituent on the 3-pr22§§§|

- group. Conpound No. 37 exhibits 15 exceptional ly high blood | evel.

t heimouse followi ng- oral. adm nistratign. This conmpound has been showr’to
be nmetabolized in the rat to Conpound™NO. 42. Refer-to Procedure 43.
Conmpound No. 37 is the 3,4-dihydrox¥phenyl conpound and Conpound No. 42 is
t he 3-net hoxy- 4- hydr oxyphenyl conpo e The | atter has been shown to
have hi gh | proteteieadDbBevEy® RiteVIh¥ected|with fetRhLNfgeEhibgrr] N

[err] [err] [err]} [err] [err] [Ségl bercloberr] [err] [err] [err]

Compound. NoO. S. aureus Smith . E. coli Juhl
) 5 9 (BMY-28100) . 0.14 (0.31)2% 1.2 (8.4)°2
13 (BBS~-1058) S 0.32 {0.3D) 3.0 (8.4)
| 11 (BBS-1064) 0.18 (0.31) 3.8 (8.4)
o R - R o
| 24 (BBS-1065) - 0.18 (0.27) | 1.5 (8.2)
g8 (BBS-1067) - 0.20 (0.31) 7.5 (8.2) _
10 32 (3MY-28060) ©0.17 (0.22) 3.04 (8.4)
’ 37 (BMY-28058) ©0.13 (0.27) . - 0.44 (8.2)
A T n .
42" (BMY-28097) -~ 0.09°
1 Dpose in mg/kg. preventing death for 5 days in 50% of

T ML 7 S O S T e

) the animalS'gn groups of -5 mice treated with various
fi\/ 15 doses of the test compound on the day of infection:;
determined by-;nterpclgﬁion from the dose/response
curve; untreated animals die within 3 days.

Values in parentheses are for cephalexin in the same run.
In this run a value of 0.16 mg/kg. was obtained for

20 BMY-28100; control values for cephalexin or cefadroxil
not available. .



. Table 6 contains additional in vivo data for” Cozrmo-nd * No. 9
-four other organisms conpared to cephal exin, cefachlor, and .
Oxil. Tables 7 and 8 contain conparative .in vitro data for. Conpound __
No 9 versus cephal exir; cefadroxl, 5 and cefachlor with tespect to a \J
nunber of Streptococci, Neisseria, Eagmophilis, and various anerobes. In
rat urinary recovery experinents, the 24 hour recovery of Corrpound No. 9
fromthe urine of rats. treated oraIIy is conparable to that of' cephal exin
and cef adroxi |, Thed dataatiey TE®lehdn dxientd et dirantiisaver a3t i fednersd udi es

i t
Sﬁé“éﬁﬁ‘;{ NosSRmAInl. e eRbal A & ATy WAL Udld 9 4o 19
(pE 7.6), Seatzsli treatmentH stzae FD e Vi %dﬁm@m—ned for cephalexia ed
that Conpoysd tMa siries e&@&rﬂﬁww irg)rge..v%t:@ane rehtha s aféaitort@%e

conparable_to ce exi abl.e 6 Prot ective se ,PD50: f or e Infe
with et haIPQ5rm0€’D@Bﬁ’rﬁ ‘% G-Lﬁ SRR gafitshs evident 535’( a2’5‘100)
Cephal exi ndﬁefﬁhenluuphaﬁdapm @csées’ﬂhégw actiPiti63Yyainst the 2.2

(%.714 ' é’%@*E.M%—%%ﬁ“f"@' an that fg’é °°“‘p%“%‘%§

25 bearing the cis propenyl group in the 3-position are more
" active against the- Gram- infection, Compounds. 9, 24, and 37.

10 Table 5 contains comparative blood-level data for mice
treated orally and intramuscularly with the test compounds
listed in Table 1. Uniformly good oral absorption is reflected.
except for Compound No. 21 which bears a heterocyclothio

" substituent on the 3-propenyl group. Compound No. 37 exhibits

15 ' exceptionally high blood levels in the mouse following oral

aéministration. This compound has been shown to be metabolized

in the rat to Compound No. 42. Refer to Procedure 43.

Compound NMo. 37 is the 3,4~dihydroxyphenyl compound and

Compound Neo. 42 is the 3-methoxy-4-hydroxyphenyl compound.

The latter has been shown to have h;gh in vitro and in vive

activity. A '

A

20
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- reYy [err] [err] [err] [err] -'24 - Table 8 In Vitro Activity Agai nst
Shriaeh-obes MC (ncg/m) Organlsm Lact - 9( BMY- Cepha- Cef a-
0

amase
0) lexin ~clor G5 rods B.-t#&hgilis A20928-1 (-) 0.8

[12.8" 3.1 A21900 (-) 12.5 _ 6.3 A20935 (-). v

0.8 6.3 Tagie @e@%ﬁ»ésmé ftional in vivezdpta fox Gpmpogid qn,

rods .Byd/[r 'idé.:f@@0§§ur o..hé"‘) organi@ms compaifec to J&Q:*'Jé) ex-;.,

' 22021 ‘( ) % ]g. A226§3 1%(52

. 100 Geor?&-r%‘%'an %na cesa roxilpy Tables;d and, °/?\2-fe‘§5 ¢°"°E(-|3~l"e>1oo |

100 W vitro AR2E83for’ Cofippund>Fe0 9 versi()cephale®ibs ceZadroxi

Geometél Ca-zlc:'z Hefachlor with’ réggect t 1Q0 ejzo%fciét-ep..ococc*.,
Neisseria, Haemoph:.l:.s, and various anercbes. :

' In rat u..:.na.y recovery exper:.men..s, the 24 hou:: recovery

of Compound No. 9 from the urine of rats treated orally is
conpazable to that of cep..alex:.n and cefacrox:.l, and Greater

10 than that of cefachlor. S..anlla.ty studies co‘una*'rug Compound

" No. 9 with cenhale:r;.n 'and cefachlor in solution using phosphate
buffer 2+t pH £.5- -z2nd PE 7.0, human serum (p¥ 5.8}, horss : .
serum (pH 7.6), and calf serum (pE 8.2) as vehicles have A )
revealed that Conpound No. § is r..ma"kably moze stable t..an

15 cefachlor and comparable to cephalex_;.n.

Table 6

. s . e - s wlum o
Protective Dose ’3950 £or Mice Infected with Iethal Inocuium )
ral .Treatment

X 3 - - Cefe~ _
Organism 9 (BMy-28100) Cephalexin cafacnior. = A
. ' T N
20 §. aureus BX-1633 2.2 B X 2;2 7.'2 |
S. pvogenes A20201 _ .11 0.74 0.14 Q.Zs
E. influenza AS729 | 1.8 ' 18 1.6 o5
P. mirabilis 29554 1.8 12.5 1.8 14

e '-""'l.". P



-

' rods C difficile A21675 _ | . 6.3 100 25 C. perfringens

. A9645 - 0.4 12. 5. 1.6 G, P. acnes A21933 _
0.4 1.6 0.8 cocci i; anaerobius A21905 0.8 - 6
0.4 20 Geonetric Mean 0. 95 11 * d i ndanygf
resr st ant fi -. The conpounds of the present inveéention\ar

~ prepared by application of the synthetic routes disclosed in
U. X. Speci fication No. 1,342,241, U .S. Patent No. 3,994,884, and U.S.
- Patent No. 4,107,431, which are cited abo®e* to the appropriately 5

sel ected startjing materials. |In essence, formation of tHe substituted

vinyl group in theg3-position of the cephal osporins of the present

i nvention invdl vesBreacty o & & hal icde regctant Wit ke amd ri ayl phaspli ng teo
yield a phosphoni ulh saj 5 Wgi b eh &rest menty witH bases yiel ds & ghagplkdranyd
I nternedi ate. {10 e lptter is then treated with a carbonyl reactant to
_produce the conpoud of .the present invention. Either the halide reactant

or the carbony] reactant contains the cephal osporin nucl eus. This is
“illustrated in thegfol{ow ng react..on schenes. 15 Halide
- Phosphoranyl 'R CGarbonyl as React ant © @ I'_r,ltg,rrrgdirg
Reactant [grr]| bas® ssaesas 8 vwv\y A RS
. = 1% o o 0 0 e e e B v v v @
o L] ’
. £ . .
\ﬁ\-J 2 .
0z 3
[ — Q [ 2 — T — T — 8‘ ot el e -.l —: —-.} ﬂ.'f':f-z(lzs
-l -3
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R Reaction Schene 1 20 Reaction Schenme 2 _

err] p[err] [err] base R In the foregoi ng reaction schenes, R3
Jor ACH2 or ICH2 or nore broadly t he group _
erein ALk and X are as previously defined. The synbol Qrefers to {:)
~am no- 3-cephem 3-yl - 4- carboxyllc acid nucl eus wherein the 25 am no
and carboxylic acid groups may bear pratecti-ng groups such as the silyl
group or other.groups which are well-known to those skilled in the

chem stry of the beta-lactamantibiotics, or Q may be a

7-acyl ani no- 3- cephem 3-yl - 4-carboxylic acid.nucleus where the 7-acylam no
group may be<on -mhich conventionally . appears in cephal osporin

anti bioti cs-g ncl g Lhes azantno-ag, s‘ybgt |éu;=ed pil_engl acet am do group of
the present & nv 4@3 ge Er@d wi Bh Segpegt 4 o anglas XIIl qnd!|>1 The
sul f oxi des t he foregoi ng have advant ages. SpeC| |caIIy, 'Q has one. 5 of
the followng fornulas: (O)[err] [err] SO 0
3
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. [err] O 2 wherein: R has the sane neaning as previously n is the.
“integer 0, or 1 referring to the nunbe= 10 of oxygen atons attached to
~sulfur, . Ao refers to an acyl group of the sort ordinarily found in the

PR e SR PSR S PP

7-acyl am nocephal osporins such as phenyl acetyl, phenoxyacetyl and B is an
al kyl i dane or aral kylidene protecting group2i5-derived froman al dehyde or
ket one such as the benzylidene group which is easily 'renoved at a
subsequent stage for instance by hydrolysj sifg Grard' s Reagent T.

pl, 12, and P3 are hydrogen. atons or prot@i"n@é‘groups of the sort

~conventionally used in cephi dsbare nAction ty rAzaingt sinasrd@®$r oups,

hydr oxy groups, and the carboxyl group. - 2- Sui t abl e carbonyl ‘protecting
groups (P include aral kyl -groups such as benzyl, p-nmethgxyb

p- ni tr obenzyl, and diphenylnethyl_(benzhydrykﬁ‘alky[.e ofin
t-butyl; hal oal kyl groups sufR€a®ism 2.t rickBGtget hyl

car boxyl protectinng—g

British SpeciciF?batio -1;395, 6. .\ refér to_u£iiL e érbod i r ot i ng.
groups whi ch 2ar #4%8adi | rfé'r_?&;_g sbf‘\%rg ent (v"vl)t*h ac?’d,scpartli?tjlsgrl y%c'rl

CLLE a¥a¥a a ....U.....- -

benzyhdryl or t-butyl. " A21900 = (-) 50 12.5 6.3
o "o © A20935 . (=) 0.8 6.3 3.1
' Geometric Mean 3.2 9.9 3.9
\%\/ Gn, ' '
- rods B. fragilis A22053 - (+) .50 25 100
10 " 222021 (+) >100 100  >100
" : A22693 - (+) >100-  ->100 5100
Geometric Mean . >100 >75 >100 .
"o A22695 - (+) >100 100, 100 -
_ " © . A22533  (+) >100 >100  >100
. .15 " . Geometric Mean ____.>100 >100 _ >100
- Gp, . 2 ' L ' '
rods C. difficile A21675 » - 6.3 100 25
- C. perfringens A9645 - 0.4 . .12.5 1.6
- Gp,  P. acnes A21933 0.4 1.6 0.8
W . °0cel p. angergbilis A21905 0.8 6.3 0.4
| 20 Geometric ‘Mean . 0.95 11

* Ciindamycin resistant




STVIAG AL LGN A ST TR

' nd hydroxy protecting groups ([err] well-known 10 in the art and
uge t.he trityl and acyl groups such as chloroacetyl, fornyl, .
2 trrchl oroet hoxycarbonyl, tert.-butoxycarbcnyl, carbobenzyl oxy, etc. Again-
am no protecting groups which are reagigy renoved by treatnment with acid \J/
are preferred, patticular2---. the tert.-butoxycarbanyl group. 15 I n
Reaction Schenmes 1 and 2 when cephal osporin nucleus Qis utilized in the
formof the 1-oxide (n-1) the oxides are prepared. by knwm procedures such

as E?’ oxi dati on THe t&mpmnr&s@&hagp&eﬁ:ﬁﬂiwem:tﬁdh:?kﬁlp&btpared byt .
m chl or oper erac aci othe | ater e in the
synt hesi s t%%%zg%ﬂ et%’a 1 TR ?‘%’8 ‘arlé’s -K§-gpecitippfiie Rby

- reduction wWah loijﬂerﬂl.orU-ISm a‘famteb'l@s Po@94mB8dan\ands iUoS .oPatkrthal i de

reactant ofud o o5 A3 2 Rlicn WL WoNNIOHD kil s oliazeusany

I nternmedi ate |s pre era carrie out e [oying a ha erein

X is iodlide® legted cﬁﬂ'iﬁu% At TS EFS Gt ""13§19§eef| themy be

‘first transisstirhted oridial igubuge :.bxy ﬂ!feeat-@ﬁs‘.ﬁtwﬂ lof' Qﬂ*ﬂl %&phﬁibgﬁc*ﬂns

cwith ot Sy e TSR hvaiiaR, cHRcRa 85, Thdate 1 Vauid

vehi cl e whizdgadtanterith @ ttriamughosphineddo mlxdeactngth.unds&lhns.

- Room t enpergd ddefedirdnt Rﬁf{tp‘iaﬁ%e ?&p 18 s° %V‘?l{ﬂsf ﬁi{a?:xﬁfgﬁft&ﬂ&ﬁiate.

tooadde

-suitable conditions. Suita etrlary I nes (

“tripheny® pHER® i atet 8% 3§, fhamh Sreated 3 SAxPOM FANGERANEa$PNg reacti on
capati bl e asyod e Ulise - conponid o hiel lﬁ:@%é@i’&ﬁ)ﬂv&ﬁoﬂﬁ' Elitheapkhay! i
substitute r?:%' hyeaéatant ¢r the carbonyl reactant contains the cephalosporin I

nucleus. This i:s illustrated in the following reactaon
schemes. '
. . _ L 9
15 Halide -~ Phosphoranyl Carbonyl -
Reac‘.:az;; -Intermediate Reactant §
(C H.) P Ly B '§ :
QCH, X 6°5'3" .  [QCE=P(C.H.),] >-C=0
2 Base > 6°5°3 3 E o/

R
Reaction Scheme 1 - _ \

20 Reaction Scheme 2

wg“’
E

- ' , XII cx
B ' o g
CEX (C.He) P B - : i
ij 675’3 > { C=P(C585)3]
base 7
In the foregoing reaction schemes, R3 is CH3, or CIC:H2 or
ICH, or more broadly the group AlkX wherein

Alk and.X are as previously defined. The symbol Q refers to the
7-amino-3-cephem-3-yl-4-carboxylic acid nucleus wherein the

25 amino and carboxylic acid groups may bear protecting. grougs
such as the silyl group or other groups which are well-known
to those skilled in the chemistry of the beta-lactam ahtibiotics,
or Q may be a 7-acyla.mino-3-cephem-B-yl-4-carboxylic acié
nucleus where the 7-acylamino group may be one which conventionally

v - Camee ve mwvesans s 8 —— ———

et



het eroar.omatic or substituted heteroaromatic groups. The first stage of yhe
reaction involves formation of the triaryl phosphonium salt which ordi nar-i’gi.y
preci pftates fromsolution and is coll ected on a filter. The

trikaryl phosphoniumsalt is then dissol#& Th a 5 suitable liquid organic

sol vent whi ¢h LS water (.m.S0isle sand nitlibriedet nkhagigacthanacandhblens
such as chl orSForm trichloroethylene, or other polychlorinated o

. ] P r.
broni nat ed subssisusede PhenylacEianiies ROURNPE theePRRERALe RYCPRRD 25

- produced i nggiel W oY Wik®AbERYe cf “tid For@iuliaisO X Wt AndquRQus Thkk sl forRidks10

carbonate, bicarbonate, ar hydroxi at__roaom t ragure. Th rgani.g | ayer
cont ai ni ng ©fre S0 ﬁﬁ&ﬁﬁ&ﬂgiﬁﬁﬁﬁwﬁﬁ%ﬁﬂﬁ?qaf’se%gggﬁééga%égheg %thgﬁéte-r
and tAchA i it hheufedlchdsty dormidllas icar bonyl réactant shown in the '
r-eacti on schepe is then added to the dry. soluti-on of the phospboranyl

internediate and the final step of 15 the reaction then takes place at

roomtenperature again wigd)in a relatively brief reaction tine of from
about 2 to 20 hours. The de8i red product represented by thexformla

. QCH=[err] is recoyered by% ni ques knowg 1§ t osgskil Ln organic.*

AP oh a K}y - 20 silica
K ok - SC 1 are

chem cal | aborat8r
gel colum. The hali &
produced from the caftespd

s of the fg¢ | &
I ng -7-am no:.-{.\’nr 7-ac

am/fo-3- -
~hydr oxynet hyl - ceph- ® em 4- car hpxyl'i ¢ acid derivativ@s by n“énbétids hich are
e

known in principle. . 25~ ®ofonversion of the halide rea of the
formula R3Cr X 2 : :
\\
@, @y
dﬁ?_;—r/s Eq$___1/rs
/—N / . ) //——N /s
o - éD 2 o -
= | coiéz '
Y
N
wherein:
' : Rl has the same meaning as previously
n is the integer 0, or 1 referring to the number
k&\/ , 10 of oxygen atoms attached to sulfur,

sl mE L . . .
Sl hataladies s T ¢ s d ikt mbeaE s o P T LR N e m T e a4 aee ose e N

Ac refers to an acyl group of the sort ordinarily
found in thé_ 7-acylaminocephalosporins such as phenylacetyl,
phenoxyacetyl and '

B is an alkyliaené or aralkylidene protacting group

15 der'J:.ve'd from an aldehyde or ketone such as the benzylidene
group which is easily removed at a subsequent stage for instance
- by hydrolysis using Girard's Reagent T.

pt, p2, and p3
the sort conventionally used in cephalosporin chemistry with amino
20 groups, hydroxy groups, and the carboxyl group.

are hydrogen .atoms -or protecting groups of



. this is not e

acegr i g to Schenme 2 to the phosphor.anyl. i nternedi ate may be carri ed out
\ I t/her the chI oride brom de orZflotdide (XzCl, Br, or 1I). |If desired

t hne—ehtori de |y be transformed to the |de as before, hut -
s i Soatetihe’ SarBondd. AR 4TS 1 Qe (A oee sreiked

t ri phenylgrioegshismeh sas:a:renz@d. .OLp-xmttHce(ybanzlm EritiaohEnz®n i en@ or ganic

I d I t
tle?rgleat\l;rtelbor%éﬁ%vegt{%é) > dﬂyéb u es for % "g% %Ogﬁo%spua%} 'hour s at
[err] tohed@adkydy %@\aﬁplsﬂm as M:s%-'q-rm-ehlﬁzmﬁdmomm saferor di narily

preci 3 t @8 e Ad St Grups fddddibdd S den Miersthaad 'f'ava
sui tabl e qU| d qrgani %bsol vent, ch Aas C!'o'r thyI sul f oxi de.” or one
whi ch i s RIS &R SREFIF %1986y a sy @rﬁfe" &R

treat ed wittillizebaseimiingil Asxdudeting tgrau'qs p&tﬁmﬁ drd fraadngrod:tm.red
rret-hoxid for ff eral Jm s to
sever al urs ez%t(%g.lelﬁt@e nwplgi;ﬂa%ﬁcrle&) rf?afrﬁﬁrér%% ofﬂwﬁ % b?‘fucs'

car bonyl react ant is then added to the dry. reaction solutjon and_the

reaction is alyQuRd drd t dzhac:&-@&eciﬁrg 1g&6xmsf epti020€ RLA kit S.

The desir.ed oduct r epres the 1 for R3 is.recovered as .
bef,org'.% Sch e St % %Jggza?‘f%n Th ke

chlo:oacety;., &or'nyl, :.chloroethcxycarbo*xyl, tert.-butoxycarbeayl,
carhobenzyloxy, etc. Again amino prcr:ect:.ng groups which are

readily removed by treatment with ac:L are preierred, particularl-- =
the tert.-but oxycar":onyl group. : ' o _ o

15 In Reaction Sdheﬁes 1 and 2 when cephalosporin nucleus Q is
utilized in the form of the l-oxide (n=1) the oxides are prepared
by ka~wn pbocedu:es such as by oxidation of the cor responding
cephalosporin (n=0) with m-chloroperben.o;c acid or peracetic
acid. 2t soie later stage in the sYntheSis the l-oxide is

20 reduceé by known procedures, for example by reduction with iodidé ™
ion in an agueous medium.

Conversion of the halide reactant -of the. formula QCHX according
to Scheme 1 to the phosphoranyl intermediate is preferably carried
out employing a halide reactant whe’ein X is iodide. If a cHlo*f’i%
25 or bromide halide reactant is used it may be first .rans;o*med '
into ﬂv~imhdetw*tnaﬁmmn*mdthswdﬂmniodukaincﬁmeﬂndfbnmmude
or acgtone solution. The iodide reactant readily reacts with a
triarylphosphine such as triphenylphosvhine in an organic liguid
vehicle which in'ine*t to the reactants under the reaction
30 conditions. Room temperature for a bries period of up to several
hours constitute suitable ‘conditions. Suitable trza-ylphosphxues
in additiun to triphenylphosphine include the readily available

compounds having reaction'compatibie aryl groups Such as substituted
phenyl e.g. tolyl, naphthyl, substituted naphthyl,and

f e e dmmee = - omaee e



.vari ation of :
~7-am no- 3- mlmmayef@e@m@a e cPHAIYIFEX T P HFIPH I FFPEE BN G s Toe

propared as behgkA oI RntaB @O BHikukBrRlal ShitHedtiko R ubfiktel
A=

'3 ~~~3 substances of the formula QCEzCHR in. which R is nethyl .15

~or haloalkyl in- the cis- (Z) configuration. According to one variati

of Schen el, -*tich we refer to as I\/Ethod A,

- 70x18(N-t - but oxy-car bonyl anmi no) --r. h dr oxyphenyl ) actam do]

- 3-chl or onet hyl - 3- cephem 4- car boxyli - o berzhydryl ester is used-as
hal i de reactant. This is illustrated 20 in Procedures 4, 5, and 6 hereof. A

Turther vari aid iz Gaher d= Wit ity duiknanita Goiss Si Mt ret

Met hod A in that 70- La - (N-t- butoxycarbo

a- ( p- hydr oxy pBE3EF 98 e arsassLos 1pyplyes ks 103" E%ﬁ&?én?%a%%m?ém%‘mam d
benzhydryl esssxt |vm:e¢fplm;mm.‘s§t a;r:teangpmm e&mm sdimtion Mahdd Follaected |

chl or oacet al ydegd Bi.?s X +hen 4 ;

7-am nocephafjoe(;xgpor ani c aC| ’Eéjw ng the F%ﬁhﬁ"ro | - pr opelns 1- an ,rlbsusojivr?dt r{e‘ 2
3-positiore THRitablerlimiid | FgRis cxkeni (I ot% A2 tRT | FHISCIRAe RS

to an out st angdi o exi @ - ché Nrddd tHsh Bodrddi o asuch dgaﬂerbﬂoﬁbrxﬂﬁ

- ¢onpound i s of |nterest as, an_internedi ate (canvertibl e,f :
- correspondi ngEB*FRARE P RYTRRS 1 -OF % %ix/ﬁ(}frhc Aa’%%enéfczélﬁéer?#%?ed ’““Tbane

het er oar omat i 6xrt étéset 0 Phedpitesghoranyl intermediate is then produced in

het_eroarylthlg,g#gpbl gpegf_.x% ?% 2% 'F\)}géjhﬁl:dﬁéz{'v\/ﬁéﬁ@éaeous ALRAL NRdeal

In thisS variation

washed with water; and azied in the usval fashion. The carbenyl
?eactan shown in the reaction scheme is then .2dded to the dry-
solution of the phaspho*anyl intermediate and the f;nal step.of
15 the reaction then takes place ‘at rcom temperature agaln within
' -a relatively brief reactzon time of from about 2 to 20 hours.
_ The desired product. represented by the formula QC&-C&R3 is
~ recovered by techniques known to those sklllee in organic
. chemical laboratory procedures such as chromatography on a
/ 20 _silica gel column. o ' '

The halide ceactants of the formula QCE,X of Scheme 1
are produced from the corresponding 7-aminc or 7-acylamino-3-

I _— 'hydfoxymethyl-ceph—}-em-‘&-carboxylic acid derivatives by methods
’L‘/ which are known in principle. '
. 25 - Conversion of the halide reactant of the formula R3cz~:2x

according'to Scheme 2 to the phosphoranyl intermediate may
be carried out with either the chloride, bromide or iodide
(x—Cl, Br, or I). 1f desired the chloride or bromide may be
transformed to the -odzde as before, but this is not essent ial.
30 Reaction with the triarylphosphine such as triphenylphosphine
is carried ocut either without a solvent or in an organic
' 1iquid vehicle which is inert under the reaction conditions.
Room tempeature or elevated temperatures for a period of
from 1 to 24 hours at 20° € to 150° C may be employed. The
triarylphosphonium salt ordinarily precipitates and is
collected on a2 filter. It is then dissolved in a suitable

[A\]
gi




Pwith t 1enyl phosphi ne to provide the phosphoniumsalt which is then
.conver with base to the phosphoranyl internediate and the latter is
treated with an al dehyde to give the 3-"R CH=CH-tT 7- 10

am nocephal osporani c acid which then ‘n%? "be acylated to introduce the

desi red acyl, QORI d N o001 LUK as B Ad A AaSUL TR 270

pr oposed

~3- hydr oxy nesihigh nqammdm#nwm -wagsr mueh & _bhen.c axcitetyadydroduaan,
described ahoye idh vt mwea 152 €\ Sty hEC syl 'ﬁt&fﬂh@mﬁkaﬁa tﬂ%m_w

i benzhydryl ester 1s - ~converted to the correspondln 3 or nyl

_conpound.  SeRium methoxq.doﬁt T | O DYdTHERS 59F 2o RATIRG PR
- Dhosphor énvéevelt £1 mhﬁss des | sevefaDhoudmldtla cﬁentmémwlzaa RhGHZX as

. sh Sch d_by 20
Shoun 11, SO Soe SR 1 GELEG0 ¢ M SUABAR I SIS

i whi ch bl ockedded ;tmyth@mergagtmlmm@z fandnihes rergiion 4.scar boxylic -
tacid is usegy é@r@&%xéeﬁﬁ@et t =fheny s el OoRINAE QeI ¢ acid is

. a conveni ent starting natert aI in viewof_its read ava| lability. The

: acet oxy gr otp IFERTRF BRNTHe r%ﬁ%ﬂ?ﬁw ATRRF enhed, Bym$hsyi ng

i wheat brag #8rhcaenzyne source to yield 7-phenyl acet am do-

3- hydr oxynet hyl - ceph- 3- em 4- car boxylic,acid The carboxylic acid group may

- be protected by conversion to tQEHbeHRﬂydryl 30 ester by treatnment of the
acid with di phenyl di azonet hane.. The ester |s t hen treat ed vmth phosphorus - .

-pentachl ori flg recovered as before. | S

:5 to @uce t he benzylidene protecting group. The latter is then treated
d

W

J

Scheme 1 hﬁé b..een' found convenient for preparation of those

I substances of the formula QCH=CHR3:.n which 83 is methyl
] 15 _ ) or. haloalkyl in- the cis-(z)
' configuration. According to one variation of Schenel, which we

: refer to as Method A, 73—[a(N-t-butoxy—ca:bonylam:.no)-ec‘

| (p-hycroxyphenyl) actamido] -3-chloromethy1-:-cephem-4-ca—boxv ir-
acid benzhydryl ester is used as halide reactant. This is illustrated -

20 in Procedures 4, 5, and 6 hereof.

A furthér variation of Scheme 1 which we have found convenient

is similar to Method A in that 78- LG4(N-t.-butoxycarbonylamino) -u“
e- (p-hydroxyphenyl) acetamido] -3~chloromethyl~3-cephem-4- '
carboxylic acid benzhydryl ester is employed as starting

25 material, but in Method B chloroacetaldehyde is emploved to
produce the blocked 7-aminocephalosporanic acid havs.ng the
3-chlora-l-pro§e_n-_l—yl group in the 3-position. The latter
material possesses antibacterial activity, but not to an
outstanding extent. In Method B the _3-chlofo-l-_p:open-l-y1

30 compound is of interest as an intermediate (convertible first
to the corresponding 3-iodo-l-propen-l-yl compound which is
then convertible. with heteroarcmatic thiols to pr.oduce 3-
heteroarylthioprop-l-en-l-yl-cephalospczin derivatives).

=0t e dncmthadien s e g s @



goup and conversion of the 3-hydroxynethyl group to a 3-chl oronethyl
®oup. The production of 7-amino- 3-chl oronet hyl - 3- cephem 4- car boxyl i c
eénzhydryl ester 5 by these methods is i strated in Procedures . and 2:
ABt®Tnatively the 7:phenyl acetam do- 3- hydroxynet hyl ceph-3- em 4-carboxylic
aci d may be ConvertA%&é@%&iﬂ%@twlSWH”QJ@'}QEEheQBeaEOMéQfo‘

y

phosphoranyl internediate o]l owed reactjon with an al dehyde to produce
the conpound 19 GRS variatign of tAMPR v RS E v s raRPREBr 4React | on

Schee 1. .3 Theagsdkyl 06 padid -Bemshyanel dedeglo i pnfratiedadaybebers oznal a

QCE-0 in the ove,reaction scheme which serves as .1 . _arbonyl = -
actant i n RoSRY| BrAREAR FS ST RARREREE B Kaghen,pisn penfhbiyae
7- acyl am n& 3- ty dpooduce Itie dapiztlidene (prategting grawpls ester as is
described in U S. Patent. No. 3,351,596 cited above. Reaction Schene 2 is
.the less preferred of the two routes shown, and does not seemto be

suitable for the propRmAtHRBHAR Lhen Krerhed i S trirhenyd PhoRpBLRESto
Pévi n?E§ he f ?Fﬁﬂ:ﬁ%m F%m@@ﬁnimtiﬁle%maﬁ As tHeh ; converted with
“trans(E)-configuratjong, 0se Co nds,_ whi ch. have Ci .
+ Z) - confi gurat igﬁsﬁrt" p%é? e??%%?%"ﬁ%ﬁf h:ax\%em%%t%e 5“%&3’1%2%?&” afs
activity than theated restivran raldstpdetesgiveithe t Ac"RrCH=GHr" 7-

E)-confi gungt i 90+ s OF I ul LRieLpedi at es
o o 9uet | o dUpna BIBRLRSS"a R VALl dhall Sl S acabalbeLe®
- introduce the desired acyl group into the 7-position.

ugder~knomn conditions which result in cleavace of the 7- -phenyl acetyl

-9

) &)
b

R
' Two variations of Scheme 2 are proposed. In the first,
Method D, 3-hydroxymethyl-7-phenylacetamido-3-cephem-4-
carboxylic acid prepared as described above in which the
- 15 carboxylic acid is protected as the benzhydryl ester is
. - converted to the corresponding 3-formyl compound. The
' latter is then allowed tO react with the phosphoranyl intermediate
derived from a halide of the formula R CE X as shown in
Scheme 2, and the desired 7-acylamino group is intrecduced by
20 acyl exchange. ' '

R

C.

Methed E is a further variation of Reaction Scheme 2 in
' 'yf . which blocked 7-p-hydroxyphenylglycylamido-3-formyl-3-
N . cephem-4-carboxylic acid is used as carbonyl reactant.
7-Phenylacetamidocephalosporanic acid is a convenient
25 starting material in view of its ready availability. The
~ acetoxy group thereof méy'be.readily hydrolyzed enzymatically
gmploying wheat bran as the enzyme source to yield 7-phenylacetamido-
3=hydroxymethyl-ceph -3-em-4~carboxylic acid. The carboxylic
acid group may be protected by conﬁe:sion_to the benzhydéryl
30 ester by treatment of the acid with diphenyldiazomethane.
" The ester is then treated with phosphorus pentachloride
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2phal osporins of fornula QCH=CHR3 wher'e R3 is CH2 substituted with the

K Y )
. r.e of a nucl eophilic group such as the nercapto, alirLnercapto.
' a {®r capt o,

or heteroaryl mercapto groups such as 1, 2, 3-
tr2azo| S-yl mercapto and 2-nethyl - 6-pyridinyl nercapto. This is illustrated

- below in Procedure 20. The.iodonethyl conpounds 30 are preferred as
; internmediates for nucl eophi li ¢ di sptaskient processess. Schene 1 is

adapted to preparation of a product of Formula XV by substitution of the
appr opr| at em;iast)duwwn M@twnﬁ wiiech resn it Xa Icdsevege Qfetder freact ant

shown. éﬁ;}l Férxfate.{tsw&:éﬁd A e HayArenametngg
Procedures %&1 M/are |ncI ed a rocedures Q% qh areﬁof I_nt.er est
! (e.g. as prmr"e% N GRITMe RrsefifthdRP Snds2BERR5r mul a
: XI'V as Intesxexndﬁdmath 4nxnhpneﬂ, Sarattysikylic acid benzhydryl ester

2 clirred Ss %f?eop“@%o Qﬁﬁfﬁ“?pﬁ@w CF et ke

ibrm1(ﬂ)g,drw atroomtemmrﬂurevms

[Py S PP - NRVE 1L o

PP

[

Alternatively the 7-pheny1acetamido-3-hydroxymethylceph-3-
em-4-carboxylic acid@ may be converted to the 3-halomethyl
compound and thence to the phosphoranyl intermediate followed

by reaction with an aldehyde to produce the compound

10 QCH-CHRS according to cne of the variants of Reaction Scheme 1.

The cephalosporin-3-carboxaldehyde rep:esentedeby the
formula QCH=0 in the above reaction scheme which serves as
sarbonyl reactant in Reaction Scheme 2 is produced by oxidation
of a 7-acylaminofB-hydroxymethyi-ceph-3-eh-4—carboxylic acid

15 ester as is described in U.S. Patent No. 3,351,596 cited above.’
Reaction Scheme 2 is the less preferred of the two routes shown,
and does not seem to be suitable for the propenyl products ofi_/
Fermula XIII. o

The compounds having the formula QCBéCHR3 exist in the

20 cis(z)- and trans(E)-configurations. Those compounds which have
:;; cis(or 2)-configuration are preferred. They have greater A
antibacterial activity than the corresponding substances having
the trans(or E)-configuration. The compounds of Formula XIV
are useful as intermediates for the preparation of other

25 cephalospor:.ns of formula QCH=CHR where R3 is CH, substituted with the

' residue of 2 nucleophilic group such as the mercapto, alkylmercapto,
arylmercapte, or heteroarylmercapto groups such as 1,2,3-
triazol-5~ylmercapto and 2-methyl-6-pyridinylmercapto. This is
jllustrateé below in Procedure 20. The iodomethyl compounds

30 are preferred as intermediates for nucleophilic displacement
p:céessess.



added 7-phenyl acet am docephal osporanic acid sodiumsalt (5 gm 12.1 | e)
- in one portion. The progress sf the reaction was nonitored by HPL j |-
~the hydrolysis was conplete (5 hours). The suspension was filtere
. regqpve the wheat- 10 bran and the filtrate was cooled to 5-10C fo
extractive esterification. To the cool ed sol ution was added net hyl ene
-chloride (32 mM) followed by a 0.5 Msolution of di phenyldi azo=ethane in
nmet hyl ene chloride (24 m). The pH was2then adjusted to 3.0 with 28%
. phosphoric acid. "After 1 hour the reaction 15 mxture was allowed to rise

to |200 ngt ane (Séhéthe I\/aﬁssi@ﬂ\ﬁ:ﬂeildﬁiscbﬁgﬁhiY iltleidcrxesal& td Moty alf i (r)ne

tit eprou was, I e e ation, i e r qduct s 3 .
(50% Proce @“‘Elese%%%}'vf‘%it %ﬁ’ 5o 2! %nﬁ%r%p’p a(:gephe%ry}tfo%f%r%ﬁpe‘"
(2) 20 of the formula XXELRCE@rfér|[ehe]R @m]:eacm’e siiawnry of PC15
(8.3 g, 40 rnmole-s) inCH2ClI2 ( Coa m) was added pyridine (3.2 g, 40

nmol es) and the m xture was stirred for 20 mnutes at 201C. To the m xture

was added benzhydryl 3-hydroxymet hyl - 7- - phenyl acet ami do-3- 5
cephem.4-carboxylate (1), 5.1 g, 10 nmoles, with stirring at -400 C, in one

. portion. The mxture was stirred at -10 C for 15 mnutes and allowed to
stand at -10C to -155C for

¢
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7 hours. To the cooled solution (1-201C was added propane- 1,3-diol (10 m)
: e'm xture was allowed-to stand at -20C 10 for 16 hours and then

‘tenmperature for 20 mnutes. with stirring.. The resulting sol ution-

as Waghed with ice- water (2 x 20 ml) amP@saturated aqueous Nad (10 nl )\

dki¢ gver MySO and concentrated in vacuo, The gunqy residue (12 g) was

' ' ' nd subjected to
chromat ography using a silica gel colum (200 g) and the sane sol vent as
el uant. Fract iggstaintef Nting Pleparative oPpocedures evlehapdteiiled i N vacua

and the re5|due rijurate ) , helting
at 110 C (de€t¥ {%f“éeé & %}Qﬁ@;ﬁg%ﬁ%%ﬁ %’2 jf%es']e%z%l

- [err] [errq.s [;m‘cuc}ecﬂl@rei} Whiﬂnotbm#bratﬁemﬁy‘éﬁ?ﬁﬂ@s f zompounds
(t-butoxycarlp % 1éngiv 25 {gt@yﬂégfgtegy VI acetan1do} -3-chloro. neth
V- 3- cevhen}4 carboxvzate (Comapound 3) CE2= rr] S To a m xture
of 20.7 g (0.05 nol) of benzyhydryl 7- '

am no- 3- ch2or onet hyl - 3- cephem 4- cl - boxyl at e (2) and 20 g (0.075 nol) of
D, 2- (-butoxycarbonyl arnino) -2- (p-hydrcxyl bienyl) -

Procedure 1

Benzhyéryl 3-Hydro ethvl-78-phenvlacetamido-3-cephem-4-
carboxylate ' (Compound 1) _ ' C o

To a stirred suspension of phosphate buff.rc (pH 7,

5 162.5 ml) and wheat bran (20 g, dry) at room temperature was
added 7-phenylacetamidocephalosporanic acid sodium salt (5
gm, 12.1 mmole) in one portion. The progress =f the reaction
was monitored byﬁHPLc until the hydroiysis was complete (5
hours). The suspension was filtered to remove the wheat

10 bran and the filtrate was cooled to 5-10°C for extractive T
esterification. To the coocled solution was added methylene s
chloride (32 ml)followed by a 0.5 M solution of diphenyldiazomethane
in methylene chloride (24 ml). The pH was then adjusted to
3.0 with 28% phbsphoric acid. After 1 hour the reaction

15 mixture was alléwed to rise to 20°C. Heptane (56 ml) was ;Q
slowly added and the resulting crystailine title product was '
recovered by £filtration. ' Yield of product was 3.0 gm (50%).

Procedure 2

Benzhvydrvl 78-Amino-3-chloromethyl-3-cephem-4-carboxylate (2)

H2Cl

COOCH(Ph)z



acetic acid in 55.0m of dry tetrahydro' uran (TEN) was added J5.45 g
{0.075 nol) of N, N -dicycl ohexyl carbodimde (DCC) 10 and the m xtuare S*
stirred at" roomtenperature for 2 hours and evaporated to dryness. Th
reshdue was dissolved in 1 1. of ethy.l acetate (AcCE-t) and the insol
di cyl ohexyl urea was renoved by fill t'atioh = The filtrate was washed wth

an aqueous sodi un bi carbonate solution, water and saturated 1S aqueous

NaCl solution, dripd &nsdabydrosspepdi vg sut; ale RRELE¥APOE akeel 0 Erydess.
The oily residye was chrotnato LA hedl_on a colwur.. of, sil cal?gell§y\a'ko gel
C'100. 500 g)hy WSt FHG PYFHETER oF3- DfS o1 OrBPSHRE hthD FHE RERTAZ S 06
chl or of or m - was hetibtred Ther d28imisu e sicd t 0hG° Qer eT o otlhe etk taumrk evagor at ed
20 to drynessg | i gu | it ed Wb -: 11 sopropyl
ther o o versyed Sefthyaigr SURBS ROy R P oM ks aq 0T R

1360, 51230, 19ephem~4pgapboxylate (R S5 coopd3lpprmeles. (wbth stigiaw),

3.4 (27, br-sat Heg¢lc? iléde [S6Fticn . Ifhe MSHYhré)wad Selfréd dbe-ppdy’
residue mea b oo d nlRite SLAPLLIGIRL" S PUtLAd C8L! Aol {3 OSEENE o

7 hours. To the cooled scolution (1-20°C) was added propane-
1,3-d4iol (10 ml) and the mixture was allowed to stand at ~20°C
10 for 16 hours and then at room temperature for 20 minutes.
 with stirring. The resulting solution was washed with ice-

AN . water (2 x 20 ml) and saturated aqueous NaCl (10 ml), dried

everlMgSO4 and concentrated in vacuo. The gummy residue (12 g)
was dissolved in a mixture of CHCly and n~hexane (2:1), and
15 ‘subjected to chromatography using a silica gel column (200 g)
and the same sclvent as eluant. Fractions containing the
title compound were evaporated in vacuo and the resicdue
b © triturated with n-hexane to give (2) (2.1 g, 51%); melting
at. 110°C (dec.). | .

20 . IR iy 3400, 2800, 1785, 1725 cm t. o
. ,EtOE 18 - ..
v iAo ST 265 mm (s;cm 160).
~ | . - _ | | -
a) NMR :Egﬁgé 96 + cpcl, 3.69 (28, s) 4.43 (28, s), 5.09

- (1H, 4, J = 4.5 Hz), 5.24 (1, 4,
| J = 4.5 Hz), 6.87 (1, s), 7.3
25 | : - (108, m).



(D2 (t-butoxycarbonvl am no) - 2- (D hvdr oxvnhenvl) -
dol - 3-i odon®et hvl - 3--cephem 4- carboxvl ate (Conpound 4) A m xture of ..
.6 g (0.04 mol) of 3 and 18 q (0.12 nol) 5 - of sodiumiodide in 40Q/
m of | acet®xmcedwresdirred. at. roomyénperature. for 2 hours and
evaporated to dryness. The residue was extracted with 400 m of ethyl
acetate and the extract was washed with an aqueous Na2S203 sol uti on, water,
and a saturﬁ@am@puaﬁm&zsql:%t.eaxvéas:abne\nmrw)lm @-nErcxvs héM\-
sol vent, theTES Ty T Orared WLTT Bpher - T soprcT—I;_Tg'_'t'he(r t0 grve-,.27

g (89% of a%&kaTidals ‘r'rﬁ LRECTeE -%’mé-‘ﬁa Grragag 3)
d| rectly in. the next step tCorrpound 5) Wi t hout isolation of Compound 4 if
desired. [err]1790, 1710, 14 1500 1360, 1220, 1150. 15

[err] 4. 2B e CEQOEewt—feT I -3 7 - Procedure 5
Benzhydryl 70- ED- 2- (t - but-ox)&& bodyl am nd) - & (p- hvdroxy- ohen71%) - :
acetam dol - 3- (tri phenyl phoschonl o¥@Emret hy 51- - boxvi at e iodi de 2o
(Oorrpound 5) HO* _ C HCO\||}-| . ' L

c"':3 Co,CE (CE),

To a m;x*'~re of 20.7 g (0 05 mol) of be*lzy"xyc:rvl y 2
a:.r:u.rxo—3-chlc:z:ca"xe'l:.hy1 -3-cep ‘em-f:-ca..boxylate (2) ané¢ 20 g "\jﬁ/;.
{0.075 mol) of .D-2- (*-nutoxvca:bonvlam-no) ~2- (p=hydrecxyphenyl) - -
acetic acié in 500 ml of éry tet:ahvt‘.ro...x.ran {TEZR) was added
15.45 g (0.075 mol) - of N N’-a:.cvclohexylca*boa imide (DCC)

10 and ..h.. nixture was stirreé at room temperature for 2 hours

(41}

and evaporated to éryness. The residbe was éissolved in 1
1. of ethyl acetate (hcOSt) ané the insoluble dicylohexylurea -
was removed by filtraticn. The filtrate was washed with an -

aqueous sodium bicarbenat e sclution, water and saturated o/
15 agqueous NaCl splct:.m., éried on anhydrous sodium sulfate

and evaporated to dryness. . The oily residue was chromatographed

on 2 column of silica gel (Wake gel C-100, 500 g) by eluting
with 4 liters of chlcroform and 6 liters of l% chloroform- N
métha-.nol. .Th'e desireé fractions were combined and evapc:atec‘.u
20 +o éryness.: The oily residue was triturateé with ether-

-isopropvl ether to gilve 30.6 g (92%) of 3. '

1R K87  cw~l 1730, 1710, 1670, 1500, 1366, 1230, 1150.°
maxX
25 NMR :5 CPCl; ppm 1.45 (94, s, C c-cE, )., 3.4 (28, br-s,
.-E), 4.28 (28, s, CH C1), 4.85 (1 i, 4, 4 5 Hz, 6-H), 5.12
(1, &, 6 Bz, CE-CO), 5.68 (1H, é-&, 8 & 4.5 Bz, 7-H), 6.63
(28, &, 9 Hz, phenyl-H), 6.93 (1K, s, CE-Fh,), 7.08 (2%, ¢,
oHiz, phenyl-®), 7.0-7.5 (10H, m, pheny"-*-l).

The oily residue muy be used without chrematographic purification’

an

)

rocecdure 4.
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.[err] [err] C[err] A mxture of 15.1 g. (0.02 nol.) of 4 and 15.7 g. (0.06

) oftriphenyl phosphine in 200 m . of ethyl acetate was stirred at room

fil\gation to give 17.4 g. 10 (85.5% of 5, melting at [err
filtrate was concentrated to 100. nm. and the concentrate was dil ute

500 m . of ether to give the second crop 1.1 g.) of 5. The total yield was
18.5 g. (91%, The_overall yield of 5 f¥®§-2 is 74.5% This can

'tenperature for one hour. The resulting precipitate was coll ected
1 th

be:increased FE898EELS oni ssion of 15 the purification and
.isolation steps as indicated above. Merr] [err] ([err] 7.1-7.45 ({err] 20-

.épgl(tcﬁtfgigﬁLnESG&%vl 75{?geg:&?—gggggégégéé#yzgm;no)-2 (o-hvdroxvohenvl) -

_acet ami dol - 3- pegtamidpdgdniodgmethy) - = iheaybaxEl Ly

. _ np éGeupeRndic: )
CECONE S NH [err]
_ A mixture of 26.6 g (0.04 mel) of 3 and 18 g (0.12 mol)
5 of sodium iodide in 400 ml of acetone was stirred at. room
temperature for 2 hours and evaporated to dryness. :The
residue was extracted with 400 ml of ethyl acetate and the
extract was washed with an aqueous Na,$,0,4 solution, water,
\ . A and a saturated agueous NaCl solution. After evaperation of
10 the solvent, the residue was triturated with ether-iscpropyl
ether to give 27 g (89%) of the title compoundé. The ethyl
acetate solution may be used directly in the next step
{Compound 5) wiéhout.isolation of Compound 4 if desired.

W,
' = 3 .,g s - 1750, 1710, 1670, 1500, 1360, 1220, 1150.
15 | em: 5T pom 147 (9B, s, C<Ey), 3.3-3.6 (25, m, 2-9),
~ 4.20 (2%, s, C), 4.8% (1, &, 4.5 Hz, 6-H), 5.12 (114, &, 6 Bz,
A CE-CO), 5.68 (1B, é&-4, 8 & 4.5 Bz, 7-¥), 6.62 (2H, 4, 9 Ez,

phemyl-E), 6.92 (1Y, s, CEEhz), 7.08 (22, &, 9 Bz, phenyl-H),
7-7.5 (108, m, phenyl~H). | -



[ [err] To a solution of 1.8 g. (1.77 mnol) of 5in 100 M. of
ohof orm was added 100 ml. of water containing 2 m. (2 mnol) of N

JO m hydr oxi de and the m xture was shaken for 5 mnutes.-.The organic .-

ayer was separated, washed with water 10 ~and dried on anhydrous sodi agd
sulfate. The chloroformsolution being filtered, the filtrate was.
concentrated to 50 m . under reduced pr&sdure. To the concentrate was
added . ¢. pfoae@habdehyde and the nmixture was stirred at room tenperature
for 2 hours and evaporated to dryness. The oily 15 resi due was
chromat ographed on a silica. gel colum (Wako-gel C-200, 50 g.) by eluting

with chIoroBennhp@dythB*QDSZHItnbubangbatsenilamlﬂbb—ﬁe$m¥hﬁHféﬁw%Wémwn)-
were col | ected. 2 _ ] ( mop.

120- 1300C ¢

7 Sod|un170&2££&§'ah€nnpgu¥§ ) droxyphenyl)acetan1do| 3-[(2)-
1- propen-1-yl J- 3-ceph-em 4- carboxylate

Ho-O—cl:achH e, /Sj
. _NH" N ‘.

L. £
CO,C(CHy) 3 &

CH P(CGFS)B I

—<(

GO CR(CES), AT

A mixture of 15.1 g. (0.02 mol.) of 4 and 15.7 g. (0.06
mol.) of triphenylphosphine in 200 ml. of ethyl acetate was
stirred at room temperature for one hour. The resulting

_ | precipitate was collected by filtration to give 17.4 g.
10 (85.5%) of 5, melting at 170-180° C. The filtrate was
concentrated to 100 ml. ahd the concentrate was diluted with
S00 ml. of ether to give the second crop 1.1 g.) of 3. The %-)
total yield was 18.5 g. (91%). The overall yvield of 5 from
2 is 74.5%. This can be :increased to 87.5% by omission of
15 the purification ang isolation steps as indicated above.

= : vg ot 1780, 1670, 1490, 1420, 1350, 1240, 1150, 1090.

wm: 525° oo 1,42 (9, s, C-C=,), 3.45 (2E, b=-s, 2-9), 5-5.4
(3E, m, 3-3 & 6-3), 5.7 (1E, m, 7-H), 6.63 (2%, &, 9 Bz, phenyl-3),
7-1-7045 (DE' m, P-h’—'vl-a) F3 705.7-9 (1—52' m' ﬁmyl-g) -

Fbund: C, 61.26; B, 4.82; N, 4.11; s, 3.92.
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-precipitate separated was 10 collected by filtration and washed with

‘packing in the

‘purity 0% (by HPLC). - 39a; - -
PARLEY (b ) EO Q CHCONE ey ” S

(Compound 7, BXY-28100 Sodium Salt) N [err] 2

CE-CE3 (cisl COOS A mxture of 318 ng. (0.48 mnol) of 6 and 2.5 n of

trifluoracetic acid (TFA) was stirred at roomtenperature for one hour ang
theén diluted with 50 m. of ether and 50 .m . of isopropyl ether. Th
r
to give 188 ng. (77% of the trifluoroacetate of 7, which was dis- so\ved
in 2 mM. of nethanol (MeOH). To the solution was. added 2'm. (2 m Mol) of
a solution'of sodium 2-ethyl-o hexanoate- {3 in ethyl acetate .and the

m xture was * pipcliduged with 30 m. of ethyl acetate to separate the

preci pitate, which was collected by filtration, washed with ether and dried
i n vacuo over P205 to give 144 ng (73@6fron16) of crude 7. The crude
product (135 rB % Yseud {1 ), i : e
chromat o- 20 (eTg=Te

and the eIuateJQRﬁRQﬁ#ﬁrﬁ}t:he deS|red product wer e concentrated to 5 ni.
and lyophilized to give 93 ng. (89% of 7. Mp.[err]d. dec.). 25 Estinated

T /

\
i
&
:

o~

To a solution of 1.8 g. (1.77 m mcl) of 5 in 100 ml. of
chlo:oform was added 100 ml, of water contaznzng 2 nl. (2 =
 mol) of N sodium hydroxide and the mixture was shaken for 5
minutes.. .The organic layer was separated, washed with water
10 and dried on anhydrous sodium sulfate. The chloroform
solution being filtered, the filtrate was concentrated to 50
ml. under reduced pressure. To the concentrate was added 1
g. of acetaldehyde and the mixture was stirred at room
iemperatu:e for 2 hours and evaporate& to dryness. The oily
residue was chromatographed on a'silica gel column (Wako-gel
C-200, 50 g.) by e ut;ng'wzth chloro:orm ané chloroform-
.methanol_(QB :1) . The desired fractions were collected and
_evaperated to give 318 mg. (283%) of the product §, m.p. 120~
130°C (dec.). |

N/ 15

K== =t 1780, 1670, 1710, 1450, 1360, 1210, 1150.

20 IR 2 Voay
eR: 53 gm 1.3-1.5 (28, m C<E,), 3.22 (Z, bo-s, Z), 4.90

(x®, &, 4.5 Ez, 6-¥), 5.15 (1, bx-4, C&5-C0), 5.5-6.1 (3, n, CE=H & .

-E), 6.63 (2¥, 4, 9 Bz, pheyl-®), 6.91 (IH, s, &-Fh), 7.09 (==, &, 9;;,
phenyl-%), 7.2-7.5 (10H, =, chewl-E). ’



[err] IR: max m 1760, 1660, 1590, 1400, 1360, 1250. W Phosphate

Buffer pH 7 nme) 227 (11300), 280 max m (8200). DQO

.9 .,(1H, V|nyI H), 5.95 (1H d, 4139 Hz, vinyl-H), 6.94 ([err]
ehyl - H) , 7 36 (ZH, d, 8 Hz, phenyI-FD "~ -40- Procedure 8

7p [ D 2- An1 Qc?éuﬁ9d70xyphenyl)acetan1do] 3-[(E)-1-

pr ogen 1- Z,' ]Soéiﬁﬁphg%[ﬂ-aaahmw-eugf ﬂdfgﬁg@glﬁacaeaﬁ@ﬂ;sﬂ(z)-
crude produc UCE ocedur e | 0 chronmatographic
purifications Azo 2122 7¥2l—é+§—2geﬁﬂ§3—$$£%%§¥l££%

(pH 7.2)- ne(@ampbuﬁdS? BMY-2at00h8odbumt Sabt)as adjusted to pH & with
hydrochl oric aeid. This sol.ution was subjected 10 to preparative high

performance liquid chronatography (HPLC) (prepPAK-500/C18, System 500,

Waters) by eluting 01 M phosphate buffer-(pH 7.2) containing iL5%
met hanol .~ The o mmm-ba,uw al HPLC™ |

S NHz

N S CH=CECE. (cis®)
. / N _ 3 ==F

o coos

A mixture of 318 mg. (0.48 m mol) of 6 and 2.5 ml of
trifluoracetic acid (TFA) was stirred at room temperature
for one hour and then diluted with 50 ml. of ether and 50
-ml. of isopropyl ether. The precipitate'separated was
10 collected by filtration and washed with ether ‘to give 188
- mg. (77%) of the trifluoroacetate of 7, which was dis-
| solved in 2 ml. of methanol (MeOH). To the solution was . -
added 2 ml. (2 m mol) of a solution of sodium 2-ethyl-
hexanoate‘(SEH)_ln ethyl acetate and the mixture was .
- 15 diluted withnso ml. of ethyl acetate to separate the
precipitate, which was collected by filtration, washed
with ether and dried in vacuo over P,0. to give 144 mg.

2°5
(73% from 6) of crude 7. The crude product (135 mg.) was

2 ppm1.65 (3H, d, 6 Hz, -CC%. 3.21 5 (1H, d, 18 Hz, 2-H), 3.52
18Hz,ZH) 5.12 (1H, d, 4.5 Hz, 6-H)j 5.68 (1H d, 4.5 Hz, 7I—b

The

f 0.01 K phosphate buffer

6 N

o=

A

/

Yk

dissolved in 10 ml. of water and the solution was chromato-

20 graphed on a column (25 mm x 100 mm) using about 20 ml. of
the packing in the PrepPak-SOOICIS'(Waters). The column
was eluted with water and the eluate contdining the
desired product were concentrated to 5 ml. and lyophilized
to give 93 mg. (69%) of 7. M.p. 200°C (grad. dec ).

25 Estimated purity 60% (by HPLC). ’

b
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;and the first 4 1 fractlon was found to contain cis 15 i somer

" (BMY-28100). The second 1 1. fraction containing the trans isoner-was .
"col |l ected and concentrated to 500 m. The concentrate' was adjusted to

Wil dilute hydro- chloric acid and chromat ographed on an HP-20 col um
'm.) by eluting with 1 1. each of water and 30% 20 nethanol. The la
.eluate, volune about 300 m ., was - J gggpcentrated to 10 nl. and
“l'yophilized to give 290 ng.
:material was dissolved in 100 m. of 50% net hanol and treated with

-activated carbon. Thegf il ty ¥B& wag-doneer,r a6ed,225900 2460,UHB60,, 3250..
.and allowed to stand overnlgﬁﬁ at[err]l product crystalllzed as <ol ourl ess

of the crude“trans isomer' C55% pure). This

prisnms which were coIIected trat and i,ed in vacuo, 129 ny., mp.
bﬁfel?8%f3f6§ 715&QB)15§O (13300)14280

1390, 1350, 1240. UWV: phos e buffer (pH 7)° m(E -228(13000), 292

(16900). NWMR [(&200)1.89 (3H, d, 6Hz, C=CG-CH3), 3.60 5 (2H, s, 2-H), [err}_

lerr] 16 Hz), 6.98 (hig.d. HDP, pgmeaylssH)(eﬂ 4l 6%Hz,d :-c9cti2>,p%e@i'-

5 (1H, d, 18 Hz, 2-H), 3.52 (1H, 4, 18 Hz, 2-H), 5 12 (1H, 4,
4.5 Hz, 6-H); 5.68 (1H, 4, 4.5 Hz, 7-H), 5.5-5.9 (1H, m, -
vinyl-H), 5.95 (1H, 4, 11.5 Hz, vinyl-H), 6.94 (2H, 4, 8
Hz, phenyl-H), 7.36 (2H, d, 8 Hz, phenyl-H).



7-. 6)- -41- Procedure 9 Crystalline

7[ er r,JL3 2- am no- ( p- hydr oxyphenyl ) acet ari do] -

E(2) yropen- 1-yl | - 3-cepehm 4-carboxylic Acid (Conmpound 9, BMY-28100) 5
The gt 4 . fraction obtained in the preparative HPLC in Procedure 8 \_/
cont &A1 ng the cis isomer (BMY-28100) was4Oorcentrated to a volume O

2.1.and the concentrate adjusted to pH 3 with dilute hydrochloric acid. The
sol ution was Pbacgddreo8a col um containing HP-20-(1 1.) 10 and the colum

hed '
obumn ves | hB=pb-ainsae puibok el Jhobtanttbuan] (s 0y 1. The

Teous nE[ﬁag i .
sol ution was BERPED-AdtyR) -APrephaR-AnearRaxXAic AS L ACORBRUNEL e combi ned
(about 2.5 1. ggagdoedncentrated to 50 nl. at a 15 tenperature | ess t han

onebnt 1ot 8 va PohRq Caude! profnh H bePBuBRE LRLPREE S, oHite 7
precipitate colrieet ¢d bhrbmhmbgraphicwauhéﬁina&ho&g%iéq@eGus maawﬁks—then*
Wit h. 100@6ace%gﬂge%pqﬁbgﬁgmﬂrl 8&|ﬁ ﬁﬁﬁ#?h%%@rbGEQer hd@n@?4,09 g.

the pure crysfalrline S|re ol nt 21 20C

dec
‘col orl ess * - methanol (85 sn§5956n§u¢bea§°é§$épﬁiM@é sykn%ﬂgs g
with 6 N hydrochloric acid. This solution was subaected

10 +o preparative high performance liquid chromatography
(HPLC) (prepPAK-SOO/Cla, System 500"Waters) by eluting
with 0.01 M phosphate buffer (pH 7. 2) containing 15% e
methanol. The eluate was monitored by analytical HPLC

- and the first 4 1. fraction was found to contain cis

15 -isomer (BMY-28100) The second 11, fraction containing

" the trans isomer was collected and concentrated to 500 ml.
The concentrate was adjusted to pH 3 with dilute hydrc-

i ;:“ chloric acid and chromatographed on an HP-20 column '
(100 m1.) by eluting with-1 1. each of water and 30% »

20 methanol. The latter eluate, volume about 300 ml., was i_)
concentrated to 10 ml. and lyophilized to give 290 mg.
of the crude trans isomer (55% pure). This material
was dissolved in 100 ml. of 50% methanol and treated

. with activated.carbon. The filtrate was concentrated

25 to a volume of 20 ml. and allowed to stand overnight o/
at 5°C. The product crystallized as colourless prisms |
which were collected by filtration and dried ig_tacuo,

129 mg., m.p. 230°C (dec.).




Kr -11R: Vmx cm1l 1750, 1680, 1560, 1520, 1460, 1390, 1350, - 1270,

1235, 25 WV - phosphate buffer (pH 7) n 228 (12300), 279 (9800).
max., -NVMR  SD20+NaHCO3 ppm 1.71 (3H, d, 6 Hz, CGCH3), 3.27 (1H, d, 18
-H), 3.59 (1H, d, 18 Hz, 2-H), 5.18 (1H, d, 4.5 Hz, 6-H), 5.22 (1H, s,
C}kxj, 5.73 (1H, d, 4.5 Hz, 7-H), 5.5-6.0 (1H, ai, CH=C), 6.02 (1H, d,

Hz, CH=C), 30 6.98 (2H, d, 9 Hz, phenyl-Hr, 4Ga4d2 (2H, d, 9 Hz, phenyl-H).
Anal . Cal cd for C18HL-N305S.1/2H20: C, 54.26; H,.5.06; N, 10.55; S, 8.05.

Found: C, 54.15, 54. lﬁ H, 5 13, .5.08; N, 10.30, 10.42; S, 8,38, 8.04.
‘The not her IlcuoIRtrm Eﬁe ¢mregb?ﬁg:015§§talﬁ?@at1550ma%5%%nc%ﬂ593tb@990 a

vol ume of 10 mi. E ped. with 20 nl., of acetone. After keeping the
sol ution overnlg | gs gﬁ&éggﬁgf@f & Hry;tal Ci te_ had [ e
whi ch was collecggd ratlon and dr?ed | B E 80 g%é? éé@ %%?99%8%999'

ng. (90% pure by LC) D 6+Na togn- hi eri,al . 560 S oIved
in 200 M. of 50 que ug met angr Bﬂd& hé gg%utFOnsﬁﬁs ?$€a§%§? gh
of . activated BarfaH,asd BiHlgred. The filtrate was concentrated at reduced
‘pressure 10-- d 0 t | u f. 20 nd t fryve
hours at 5 C. Tﬁéila ggétgérgs?aﬁglz§§HZhdgm§§1éoﬁfecf2§ﬁ LIE@PTI% ?igﬁﬁ’
washed with acetdne4 5nHzdr 7ed) s nSvA8ub1lByed-q, 16 & 6Hz), 6.54

16 Hz), 6. 98 (2H, 4, 9 Hz, phenyl-H), 7 41 (2H, 4, 9 Hz,

phenyl-H)



I zation of the nother |iquor yieldae; 181 ng. of BMY-28100 whi ch was
e (=tHC). Procednre 10. Dephenvl net hvl
76-{D- 2- (t-bu-oxvcarbonvl am no)- 2- (,-hvdroxv- phenvl) a .
cet ani do) - 3-vi nvl - 3- cewhem 4- car boxvl atfy _(Corrpoun d 10) 20 A
solution of 3 g. (2.95 m nol..) of benzhydryl 7-t2-(Nt-

but oxycar borppoyddie 2 (p- hydroxyphenyl )acet am do] - 3-
(triphenylp I - h bo&gy‘a. hemgﬂ)dacé‘ élmi&fﬁi\g o

chl or of or m Wae= :

50 m . of vvaﬁ(dr)-at-prmpmﬂ-ﬁl-yl] a-ecmmm-&:ambozqflﬁml,ﬁ@.d (‘nmnpmxmin c

| ayer was s%oarﬁwedzﬁ‘é@r the addition of a saturated NaC . solution (20
m ) and was 3 x 30 mt,g To the organi c sol ution was added
2.5 mM. & 35% aftheoBinrs n‘ﬁl YeHfxre tiam Qh"g%ﬁrftﬁ% i ¥he mreprrative
vat er - ool i Rfpr,cTNg, Frdddditre'os CoHka 3@1e cis [ Domdr {58

£28100F
organi ¢ |ayer was separated dr| ed over Y, and concentrated -
in vacua. THE®% Herated 460 BV RN R L m@]%%fcgﬂq%%r@fa whi ch

was el uted wadjudi=d td G5 MWitmrﬁﬂ%é\/E@?lrchEﬂih(&HHm .Phé 0 give 850

;ﬁ;ﬁ to yield 227 ng. of crystalline BlI4Y-283icO (98% pure by HXLC).
[

-

35S, (45Geled {44 | GEIRELOS o bt Qodedbidid w6262 13 O

.-CEC w (1:
10 and the column was washed with 6 1. of water until the
pH of the effluent was pH 7. The columq.was then eluted
with 4 1. of 30% aqueous methanol. The eluate solution o8
was monitored by HPLC and the appropriate fractions were
combined (about 2.5 1.) and concentrated to 50 ml. at a
15 temperature less than 40°C at reduced pressure. A
crystalline precipitate formed. The concentrate was
codbled at 0°C for two hours and the crystalline
precipitate collected by filtration, washed with 80%
aqueous acetone, then . with 100%. acetone and then dried
20 in vacuo over P205 yielding 4.09 g. of the pure crystalline \J
desired product melting point 218-220°C (dec ), colorless
prisms 95% pure as determined by HPLC assay.

IR : v SB° o~ 1750, 1680, 1560, 1520, 1460, 1390, 1350, .
” 1270, 1235. : vl
25 uv : A Phosphate buffer (pH 7) nm(e) 228 (12300), 279 (9800).
NMR: - §D20+NaHCO3 . 4 o1 (3, d, 6 Hz, C—CH 3)» 3.27

(1H, 4, 18 Hz, 2-H), 3.59 (1H, 4, 18 Hz, 2—H), 5.18 (1H,
d, 4.5 Hz, 6-H), 5.22 (1H, s, CHCO), 5.73 (1H, d, 4.5 Hz,
7-H), 5.5-6.0 (1H, m, CH=C), 6.02 (1H, d, 11 Hz, CH=C),
30 6.98 (2H, d, 9 Hz, phenyl-H), 7.41 (2H, d, 9 Hz, phenyl-H).
Anal. Calcd for C18 19N3058 II?HZO: c, 54.26; H,: 5.06;
N, 10.55; S, 8.05. Found: C, 54.15, 54.19; H, 5.13,

.5.08; N, 10.30, 10.42; S, 8,38, 8.04.



PN MMt N

:Acid (Conpound 11, BB-S1064) A m xture of 850 ng. (1.32 m nol.) of
'5m. of 5
stepnd at
-vacuo.
.give 679 ny.
-subsequent |y ﬁa@&sdé@«;: teg W ? %%r%%ne Ve W a1, aHP SAUMIORES 20 1.

.passed t hroug

:[err]-2-Anino-2-(p-hvdroxvyhenyl)acetanido)-S-vinyI)-3-cerhen}4- car%g%;lic
t

and
90% aqueous trifluoroacetic acid (TFA) was all owed

roomtenperature for one hour_ concentrated toca. 1 m. in
The concentrate was triturated w 20 m . of dllsopropyl ether to

of yeEhewnp@h@crilwnpchfwag tihes Slorasaing qaVs @l igaatdnn and

a colum of EP- whi ch was dashed wi -th

of : water and®&l aFE&°RRth %Geﬁﬁ ke@ﬁ-”’-@@%ﬂ’\’ﬁ FRIRL 3 OFh SVERRATP & ot a"?l"rﬁ ng
Lhe desired coReEsdzusssoaneeyeratadm pletipliva i has) Mireend Uith o)

of the title crppound,, esti, urity., 60%Db HPLC ‘_C
IR - cedfectrn 1’766 Gé’d-"nléi’é" 223 ﬁ—i‘i// BL§E 12205 wéty
7 n(c) 228 6135&@) (283 @mweo&y HBEC)IfIm gﬁﬁtzan df(kﬁiﬁ;ma;e:ii%w %61

(dec. B

(13, d, 5 Ez,

Di phenyl met hyf® 7ﬁL FB §ls%%lt‘)ét OXVCAT on\}l g%{{nL%O%Z aPG'E"{-%%\?%]oxV%F21aé‘“§/:'\'/)a.z3d the

acet am do] - 3- BeXptichutas treated sdthe® -5 G lRﬁ(\ﬁQﬁJéﬁ(

solution of 3
m xture of 3.

10

20

PN

.
25
30
3s

5&1&2935 mrh@'::.)l&fatré '\Jés Tdhdint e dEGHS m&aa%asﬁr@
and 40' o to 2 volume of 20 ml. and then kept for f;ve hours
at 5° C. The product crystallized ané was cell ected by
filtration, washed with acetone, ané dried in vacuo over
P,0g to yield 227 mg. of crystalline BMY=28100 (98% pure

by HPLC). Lycphilization of the mother liquor yielded 181
mg. of BMY-28100 whick was 95% pure (EPLC).

Procedure 10

Debneﬂvlm-;hVT 78-[D=-2- -butcxvcérbonvlamino)62-(b-hVércxv- :
phenvl)acetamido)}-3-vinvl-3-cephem-4i~carboxvlate (Compound 10)

A solution of 3 g. (2.95 m. mol.) of benzhydryl 7-[2-(N-t-
butoxycarbonylamino) -2~ (p~hyé&roxyphenyl) acetamido] -3~
(tziphenvlphosphonio)methyl~3-cephem=-4~-carboxylate iodide
(5) in 50 ml of chloroform was shaken with 2 mixture of 3
mi. (3 m. mol.) of 1 N NaOz and 50 ml. of water at room
temperature for 1 minute. The organic layer was sepé:ated
after the addition of a saturated NaCl solution (20 ml) and
washed with water (3 x 30 ml.). To the organic sclution was
addeé 2.5 ml. of 35% agueous formaldehyde with wvigorous
stirring under water-cooling. The stirring was continued
for 20 minutes. The organic layer was separated, €éried over
anhyérous Na2504 ané concentrated in vacuo. The concentrate
was placed on a column of silica gel, which was eluted with
CHCl (600 ml.) and 2% MeOH in CHCJ.3 (800 ml.) to give 8350
mg. (45%) of the title compound. TLC: RZ 0.48 ([silica gel,
MeOHE-CHECL, (1 : 10)j.
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ﬁa | and 50 ml. of water and the m xture was shaken at room tenperature
0 m nutes. The organic |ayer. was separated, washed with water (3 x 30
m..) and a saturated V 10 - NaC solution, and dried over anhydrous

Na2sO4. To the solution was added 1.71 ¢g. (29.5 m nol.) of N\

propi onal dehyde. The m xture was sti rrﬁg overni ght at room tenperature:
and. concentrated under reduced pressu The concentrate was charged on-a
columm of silica gel, which was eluted with 1- 15 2% nmet hanol in CHCL
The fractlopﬁoabawragla spa,- at Rf 0.30 (TLC, ‘MeOH-CHCl 3ul : 10) were
combi ned and evaporated to give -1.08 g. (55% of the title conmpound. IR
)r cm1 1780, 1680, 1500. nmax Procedure_ 13 Sodi um 716- D-2-am_no-2-

(p hvdroxawﬁgn\ip)-Zae.@g.gm-am(prghvdr.opcmhemxl)ace\.amz.do] -3-vinvl]-3-cephem=-4-
buten-| - vl JcirSS*ge%4AEQEbQé\6ht%bﬁnﬁOQ'mOHBdsia64533' S108 Sodium Salt) A
sol ution of [..) of 12 in 11 nl. of .. TFA containing 1%
of water was allowed to stand for one hour 25 at room tenperature.
The m xture was gpopdthre ef B850amgut (2.58R. ml.nmmacmaoéndOt,hende%mﬂ.l.ngf

syrup was tg\%%ur at ed gl ttr}mgii%%tro%% 'E':.c ?f‘:lgl |(§.g.§5oggls ?lﬁ_gg,e otgl \éeaZ‘QG ny.

of yellow p Er s 1850 hanol
sol uti on waatt mdtemerxa&ume for one ouEHap] EPRERNtratedt XCcCRAcAEt) to

afford a pregi pijhatRcudli CornTdiddntzadte was trituzated with 20 mi. of
d:.:.sopropyl ether ta give 679 mg. of yellow powder, which
. - .. was @issolved in 3.ml. of methanol and subsequently diluted .
10 with 30 ml. of~-w_a.ter. The solution was passed through a
column of HP-20 (50 ml.), which was washed with 200 ml. of
water and eluted with 250 ml. of 30% methanol. The eluate
containing the desired compound was concentrated and lyophilized
to give 197 mg. (31%) of the title cumpound, estimated '

BT purity, 60% by HPLC, m.p. 190° C (dec.).
18 ; v o 2760, 2680, 2615 -1570, 1520, - o -
w o :.:’:_:“"‘" burfes (p3 7). nn(:) 228 (13500), 283 (24400).
ma: °2° pom 3.6 (28, s, SCE ) 5.50 (2%, &, 5 Bz, 6-H), 5.73 (2%, a,

5 Bz, 7-B), 7.03 (mo d, 8 Bz, Flmyl-ﬁ) 7.45 {28, &, 9 Bz, ph&'l?'l—'-?)_

20 o’

Y



. washed with diisopropyl ether and dissolved in 5 m. of. water. The
“sol utien-was passed through a columm, packed with the packing (80 m.) of a

- prepPAK-500/ C18 cartrice 5 (Waters), which was washed with water

elut ed successively with 10% nmet hanol, 20% net hanol and 30@6nethaq§§§;>The-
desired fractions (nonitored bv EPLC) were conbi ned, concentrated

| yophilized to give 118 ng. (9.49% of the title conpound, esi.nted wuri-ty
. 55% (by HPLO), darkened "ha- heated amr &40 glass capillary tube >180b C.
‘[err]” pbos-h%; JAPS 7) 228 (100) 278 (7200) .[err] [err] [err]
Procedure 14 T%enV|neHhv 71- D2-(t- butoxycaarbonylanino) 2- (p- hvdr oxv-
~phenyl) acet am piiphehyimad+ ﬁbyhnﬁ¥[9420[ s*vaﬁibéhwiﬁﬁmﬂn¥F2€Hb-hvcroxvpheﬂvl)

car boxvl at e N 50
of CECL was s3 Sviadd 0

“and 50 m . of vﬁampoduﬁ Imb n1nute The organlc Iayer mas separated after
"the addition of a saturated NaCl 25 solution (20 n1 ), mashed w th water

(3 x.30 M.) and a saturated Nad solutlon and éﬁ# %%yg rous 2S04.
'To thecsol ution wadh a%RiEOD @F $39m k#t95 bH and

‘the m Rture WeeHEL] rvi£sl Misesdi whthad mmrenqssrmmrml.Thzz.zemtm@n.)moaure
Zmas concentralﬁqn ihva9¥°s@-d13h8f water and the mixture was shaken at
room temperature for 3 mznutgs. The organic layer was
separated, washed with water (3 x 30 ml.) and a saturated
-J\J 10 -- - - NaCl solution, and dried over anhydrous Na,SC,. To the

solution was added 1. 71 g. (29.5 m. mol.) of propionaldehyde.
The mixture was stirred overn;ght at room temperatura: ang
concentrated under reduced pressure. The: concentrate was
_ charged on a column of silica gel, which was eluted with 1-
15 ' 2% methanol in CHC1,. The fractions showing a spot. at RE
0.30 (TLC, MeOH-CHCl,=1 : 10) were combined and evaporated
to give -1.08 g. (55%) of the title compounad. :

R T em~l 1780, 1680, 1500.

Procedure 13

Sodium 78-([D-2-amino-2-(p-hvdrexvehenyl) acetamido] =3~ (2)-1~
buten-l-vl]-3-cephem-4-carboxvlate (Compound 13, BB-510358
Sodium Salt) e S

20

A solution of 1.08 g. (1.61 m. mol.) of 12 in 1l ml. of

. TFA containing 1% of water was allowed to stand for one hour

25 at room temperature. The mixture was concentrated to about
"2 ml. in vacuo and the resulting syrup was triturated with

about 20 ml. of diisopropyl ether to give 796 mg. of yellow
powder. The powder was_dissolvéd in 3 ml. of methanol and
the solution was treated with 3 ml. of 0.8 M SEE in ethyl



Me 3 .0 give 800 Z|g. (37% of the title conmpound. Thin | ayer

chr graphy (TLC): Rf 0.33 (silica gel, MeOHCHC13 1 : 10). IR (KM) :
1780, 1710 -1680 cm. 5 ThIS conpound was used for Procedure 15 w t hout ™
further purification. Procedure 15 7p*

(D 2- Am no- 2-. (D hydr oxvohenyl ) acet arﬁ"ﬂol -3-[(2) - 3 phenvl -1 -

propen-1|-yl]- 3- ceohem 4- car boxylic acid npound 15, BB-S1076 A
sol uti on ofc85@ Q thtPnF‘ﬁﬁFdof §F%f&PFﬁa$ewi“héFHQOQFTfE ‘ﬁa§"

al | oned t owelshad ww ua;h@pmnynbeheeaahaommum was scecertr at ed and

t-h trit t h t (0] . f
e ConEen it ol WL Ul AP LA V0T O,
15 20 . W@fhwah@rD&ﬁ&loﬁaﬂg@dmdn)aGGbBu@we@PAﬂPﬁﬂm @ warkrigei ch was
washed @i t yaalels) (29 1@ )ua%nq;a%lh‘éheq;:.‘ﬁht Ra3@% %Eh@i e@zégc@es)szﬁgd 75%

nmet hanol (300 WH@) succeSS|ve y The 75%_nmet hanal el uate was concentra?e
and | yophi Med 106 FieF2802 :ng0 OFEFﬁén@@uGQapp dduPetbaRcdn  wESedi ssol ved
in 10 20 desigled 't&%dﬁbh&nqknowid:dﬁadow EPLI) hedren combingd) dohegnkRerea

packi ng (8 rtrid (\at e col _unma _-was
el ut ed mﬁt%ngLJ%%§h+ﬂ¥ﬁ % E%éB%ﬁh (83%%9 ?ﬁ§>5@§afe&°ﬂP8&ﬁéf '
Esti nat ed madiitags E@S@PGbFYEBDS)(bwth?ﬂéﬂkedasﬁewhsn h@&t@@amﬂuaqnaplllary
tube oved gilass capillary tLbé >180° C.

- -gfﬁggentrate_mas purified on a columm of silica gel (75 c.) using 1%

Qx m

IB“:'VSE; E:fl 1755, 1660. -530. - ' ' . ;%/'

uv : xphcs......te bufler (,3 ) nn(:) 223 (10909), 478 (TZ"'O)

MR: IJ2" s 0.81 (3R, t. 1.5 Ez), 1.7-2.2 (22, =), 3.25 (22, AB3),
5.01 (1¥, e, 5 2z), 5.50 {18, é-%, 1.5 212 Ez), _5.58 (3.:-:.'a.._5':-s=), 5.78

15 {13, &, 12 Bz),- 6.86 (2'1-:.. 'a-. 8 2z), 7.2_6_ .(_z:—:, e, 8 B2).

rzocedure 14
Diphenyimethvl 78-[D-2- (t-butoxycarbonylamino)-2-(p-hydroxyF
phenyl)acetamido] ~3-[(Z) ~-3-ohenvl-l-vropen-1-vl)~-3-cenhem-4-

20 carboxvlate (Compound 15)..m1mm“_;m_; P | o

A solution of 3 g. (2.95 m. mol.) of 5 in 50 ml of
CHC13 was shaken w;th a mixtu:e‘pf 3.2 ml. (3.2 m. rmol.) of
1 N NaOH and 50 ml. of water for one minute. The organic
iayer was separated after the addition of a saturated NaCl
25 solution (20 ml.), washed with water (3 x 30 ml.) and a
saturated NaCl solution and dried with anhydrous Nazso4 To
the solution was added 7.2 g. (30 m. mol ) of 50% phenylacetaldshyde
nd the mixture was stirred ove’nzgh t room temperature.

a
The reaction mixture was concentrated ggzvacuo and the

@ e cptmn o



i'—nd.'i.a.'_':....-a.."_-t;;_i...'..........- i e e e e e e :

25 1750°C .lerr] [err] [err] * Procedure 16 Di vhenyl et hyl 7[err]12-

(t-butdxyéarbonvlanic ) -2-tph(eidnpher-rr)- acetammido] -3- '( 2

- 3-.net hoxy-1- -rocen-1l-vl 1-3 -cephem 4-carboxyi ate (Co-npound 16)

solwion of 3.0 g. (2.95m nol.) of 5in gnd1. (100 nl.) was treat iAh

a mxture of 2 NNaCH (1.8 m.;) and matéf (100 m.) at roomtenperature

for 5 m nut esconteatarage. waisc puzlifiedvan scpalatadpf- sdilicd welh (W& &r. ) (50

m.) nd aqu S +~5 dried .and apqr at 0oGaenl0 il *10

The resultingﬁggégwigifﬁgggo:ﬁ?ﬁoﬁq %ﬁ?gtfg§t§§'m#??65rﬁétﬁg%xyg%%FQZdee

(1.3 m., 15 #fem@ound .t Thddmleyiege COTERa togr 2F5Yni(ABCeS. RAf fes3eV(£4d488I on

Cl00"g, 3 o el macsicktas uhs A DgmRRSE)R 378001710 Ade0e eI,
g.), £eluting w 0 e- Ac o loand |0 1) . affaord the title

Conpound’ E750 THaS Spmboudeay sead (fa PIoGeRLTR Bar b EBety Srrhes

purification.

Procedure 15

7B~ (D~2~-Amino-2-(p=hydroxvohenvl)acetamido]~3-([(Z) -3-phenvi-~1-
LU ) _ propen-1l-vl]-3-cephem-4-carboxylic acid (Compound 15, BB-51076).

10 A solution of 800 mg. (1.09 m. mol.) of 14 in 4 ml. of
908 TFA was allowed to stand for two hours.  The réaction_
- mixture was concentrated and the concentrate was triturated
with diisopropyl ether to give 490 mg. of yellow powder. A
solution cf the powder in 2 ml. of methanol was mixed with
o 15 20 ml.:of_water and charged on a column of EP-20 (50 ml.),
{~} which was washed with water (250 ml.) and eluted with 30%.
methanol (250 ml.) and 75% methanol (300 ml.) successively.
The 75% methanol eluate was concentrated and lvophilized to
ive 302 mg. of the crude product, which was dissolvgd in 10
20 ml. of .75% methanol and chromatographed on a column using
A . the packing (80 ml.)'of a2 PrepPAK-qu/Cia cartridge (Waters).
' The column -was eluted with 75% methanol to afford 158 mg.
(313) of the desired product. 'Estimated purity, 65% (by
BEPLC). It éarkered when heated in a capillary tube over
25 175° cC. )

IR vf:‘; L 1760, 1680, 2600 -1580, 1520.
U Aiﬁs'-"h"“ vusfer (28 T) _(.) 280 (8900).

— ézmso-z)s/n?a (5/2) ppo 4.45(2H,d,4 Hz, CHPh) ,4.87 (1H,s,

cz,), 6.7 (2%, 4, § Rz, F), 6.9-1.5 (7&, ='F).



:gk ocedure 17 713 -[ D 2- Ami no- 2- ( p- hydr oxyphenyl ) acet ani do)-3-t(Z2)- 3-

& -1-propen-1-yl]-3-cephem 4-carboxylic Acid (Conpound 17, BB-S1092) 5

Compound 16 was debl ocked with TFA (3 - m.) at roomtenperature for one

hour. Evaporation of the solvent followed by precipitation fromisopropyl\/

ether gave the trifluoroacéetate of the,pH aduct, which was purified by HP-20

col um chr opR@&APY .16 The col um vva’é" washed 10 with H20 (500 nl.) and

eluted with 30% MeOH (500 m ..) to afford 350 ng. (75% of desired product.

Estimated purity, 90% (by HPLC) I\/lp 1600 C(dec ) KBr - IR: V rrax

cm 3400, BE8@enyizethvils (tps 3T B g1

228(11500),

(2H, ABq, 2-© ' 2 I g A X ,

(1H, s; CI—I-(IQDE)PO‘B"&NH()lH d. . 7 H) ca. 5.8 (1H; i,. —CH-CHZ) '6.20 (1H,

d, 11 Hz, -[err]), 7.05 & 7. 45 (each 2H, eachd, HO-PIt-).- 20 Procedure 18

D pheny rret hyl 7f3 D-2- b car bany, . .

hydr oxyphenyl ) - ade sé‘Jfﬁ cg %Z"?% %‘nl@ é% “brg‘\[()e%) 3m C=C1,- (200
ml.) was trea.ted with a m:.xture of 2 N NaOH {1.8 ml.) and -

water (100 ml.) at room bempe*a"t.*e for 5 minutes. The

organic phasz was separatad, washed wich wazer (30 nl.) and
_ agueous NaCl (50 ml.) dried and evaporated to ca. 10 ml.

‘10 The resulting red ylide solution was treated with methoxyacetaldehyde
(1.3 ml., 15 m. mol.) at room temperature for 15 minutes. \-/_
After evaporation cf the ‘solvent the residue was chromatographed
on a column of silica gel (100 g.), eluting with toluene--

"AcOEt {3 : 1 and'l : 1) to afford the title compound (750

15  mg., 38%). o '

P30 o= 1.5 (5E, =, t-Bu); 3.5 (4, =, ocx)), 3.27

BR: §
(2::, s, 2-CZ, ), es..3.5 (25, n, ~CH - *-s-:) K, 9a (1=, &, 5.0 Ez, 6-3),
s.22 (13, s, -c;:z_-m—), ca. 5.5 (2%, n,'=.c5_'-_c22-}. 5.72 {13, 4, 7-3), 5.18

{i%, a, 12 Zz, '-cg_=c:a-czr2-._), 6.65 & 7.10 (éa_ch 28, each d, HO-Ph-), 65{ .

20 (lH' s, —C?—?hz)' 7.3(lOHy -S,.?h). ) , - [V



‘cephem 4- carboxylate (Conpound 18) A solution of 5 (5.0 gas 4.9 m
_CHC|3(100 25 .) was treated with a mxture of 2 N NaOHd (2.9 ni.

[.) and water (100 m.) at roomtenperature for 5 mnutes. .The orv
phase was separated and washed with water (50 m.) and a saturated
solution (50 m.), and dried over - 49- aggydrous Na2s04. The filtrate
was evaporated to ca. 20 m. and chloroac€tdrfdehyde (2.0.m., 25 m nol.)

‘was added. The mixture was stirred at roomtenperature for 30 mnutes and

evaporated in vRvrocediire A&sidual syrup 5 was chronatographed on a col umm

of silica gel (309 gplo fhithbng thLhvheby {abatdys 81251 P9 )Lle

title conmpound

"ca. 3:3 (2H, m methexy-1-prepanelryl] -grcephen-4dra rboazllg Reid 5.0 Hz,

10 6- H)11 5. 12(6%@20am €7 NBB)§1682)5-7 (21, m 7-H = CH CH2), 6.15

(1H, d ,

d, HO-Eh-), 6.89

H
(1H, s, CHPh3), 7.3 %ygppuﬁd ﬁﬁ)waﬁeﬂPB&RFéﬁdoViFhl?Féu 3tBhed AttKOPPA as
-described 15 i memperptacedifog exennbas. (eEQapE%ae1oﬁ oilth§t§01v¥h%|ded 7

gf&?‘ 5 i‘m oo 1 BRABNSUOEYPRRRDEEELENR $Pbe Y popropyy ether gave the

PN Y, . S-SR S L’ WP Y TOAIN o SRV Y PSP DU 3 P USY FgrToie

trifluoroacetate of the product, which was purified by
HP-20 column chromatography. The column was washed

10 with H20 (500 ml.) ahd eluted with 30% MeOH (500 ml.) to
afford 350 mg. (75%) of desired product. Estimated

"
purity, 90% (by HPLC). M.p. 160° C (dec.).
IR : ﬁ;’ em™! 3400, 3180, 1760, 1680. -
| : A Phosphate buffer pH 7 ;n(g) 228(11500), 279 (9400).
15 MR: 8°2° ppm 3.40 (SH, s, OCHg), 3.40 (aH, ABg, 2-CHp),-
o 4.0 (2H, m, —CH ,PMe), 5.19 (1H, d 4.5 Hz, 6-H), 5.25
i_) (1H, s, -CH-ND ), 5.77 (1H, 4, 7-H), ca. 5.8 (1H, m,.

=CH~CH -), 6. 20 (1H, 4, 11 Hz, ~-CH=CH-CH ), 7.05 & 7.45
(each ZH each'd, HO-Ph-)
20 'Procedure 18 - : .
'Diphenylmethyl 78 < [D 2-(t-butoxycarbonylamino)-z-(p-
U B hydroxyphenyl)-acetamido]-3-[(Z)- 3-chloro—1-propen-1Aylj-s-
' cephem-4-carboxylate (Compound 18)
A solution of 5 (5.0 g., 4. 9 m. mol.) in CHC14 {100
25 ml.) was treated with a mixture of 2 N NaOH (2.9 ml., 5.8
m. mol.) and water (100 ml.) at room témperature for 5§
minutes. The organic phase was separated and washed w1th
water (50 ml.) and a saturated NaCl solution (50 ml.),
and dried over




rfjoxy- phenyl) acetam dol-3- [(.E )-3-iodo-1-propen-1-ylJ-

@edure 19 Di phenyl nethyl 7S - t.D-2-(t-butoxycarbonyl am no)-2-(p- 20
ephem 4- carboxyl ate (Conmpound 19) A mixture of 18 (900 ny., 1.3 m

nol .) and Nal (590 ng., 3.9 m nol.) in acetone (18 m) was. stirred at \J

'roo_mterrperatgre for one hour. After evarpo‘l‘%t'ron of the 25 solvent, the
resi due was dissolved in AcOEt (100 m . washed successi vely with vvater

aqueous Na2S20@nhydrogsulasSPgcl , The W%Vﬁ%%r%‘f%?ﬁtﬁgv@tﬁ% title
conpound (1.022§.91. and 1or&&&taﬁm@d@2Qwrm]l. 452%9h, Mmolt)Bwas ca.

3.4 (2H, n1 2- CH2
5.14 (1H, -s, %#1)*\@-) T‘3‘-‘7@F%E‘FF3 dwa%%fir%%d %‘? &}% B‘Q'PREFQ%H%“’C&QQ ),
g gﬁng?Cﬁg (eachmlﬁhkesaahddevkﬁ?théd fn ¥adigo( 1HFhe, residual syrup
20
Di phenyl rretﬁyl ?g‘?'ﬂaf?gﬁ%_ﬁgéc%?bony %\r}nrgrl_li f sffiéﬁyﬁfg;?iﬁgﬁgle))
acet am dol - 3- [81(1ti.—hg #i8ht toluehe5A¢PEL 10 3/1) to arford the Bitle

t hi o-i - propen ceghedpChg boxzbgye( Conpound -20) To a solution of 19
(2.0 g., 1.3 m&°ﬁ%f’uﬁ? t(? P gefat eﬂ?ZO m .) were added propyl ene oxi de
(0.27 M., 3.8 m nol, })candOIM(IH-l 2, 3-tri-azol-4-yl}) thiol

NMR : D20 Lun i:25 (9H s, t-Bu), ca: 3.3 (2H) m,
2-CH2). 3.5-4.0 (2H, m, -CH -c:L), 4.92 {1H, 4, 5.0 Hz,
10 6-H). 5.12 (1H, s, -CE-ND-), ca. 5.7 (2H, m, 7-H CH-
CH,), 6.15 (1H, d, 11 Hz, 3-CH=CH-CH,-), 6.63 & 7,10
(each 2H, each 4, HO-Ph-), 6.89 (1H, s, CHPh ), 7.3 (10H,

8, Ph)
Deblock:mg of this substance with TFA as described
15 in the preceding examples (e.g. Proc. 7, 11, etc.) ’
yielded 7 - [D-2-amino-2-(p-hydroxyphenyl)acetamido]-3-
[(2) fs-chloro-l-p ropen-1-yl] -3-cephem-4-carboxylic acid.

Procedure 19 R - | ' o/
Diphenylmethyl 7@ - [D-Z-(t-butoxycarbonylamino) 2-(p-

20 hydroxy-phe Jl) acetamido] -3-[(E)-S-iodo-l-propen-l— 1]-
'3-cephem-4-carboxylate (Compound 19)

A mixture of 18 (900 mg., 1.3 m. mol.) and NaI (590
mg., 3.9 m. mol.) in acetone (18 ml) was stirred at room ot/
temperature for one hour. After evaporation of the '

25 solvent, the residue was dissolved in AcOEt (100 ml.),
washed 'successively with water, aqueous l‘IazSaO3 and
aqeuous NaCl, dried and evaporated to give the title

compound '(1.02 g. ).

)



tenperature for 30 m nutes and evaporated under di m ni shed pressure..

resi dual -syrup was. chronato- graphed on a colum of silica gel C- 200

9.\ The desired' product was eluted with CHCI 8-MeOH (10 : 1) to afford 800
ng. (83% of the title conmpound. 20 NWVR 6CDC 3H2° ppm 1.45 (9H, as, t-Bu),
ca. 3.3 (4H m 2-CH2- & -CH2 -S-) 4.80 (4¥Od; 5.0 Hz, 6-H), 5.20 (1H, s,
-CHND), 5.70 (1H, d, 7-H),CA. 5.95 (1H, m =CH CH2-), 6.68 (2H, d,

HO Ph-), 6.90 (Nak: S, sCREFBED20 7,25 { 14¥1 (on, BY) .t TBBR, (k. $.4 (2H, m,

triazol e-4-H). rocedure 2

79- [ D- 2- Ani no- 2THaldr Ry $ehvi FhodbarmBily=Bl( 4-9%.(4ly 44 5031z, 6-H),
2-t ri azgl Og g/l )5S i1d 0(1Hpr©nB-FCH-Mb >3- ]Eiﬁfmnﬁlgi,cadb;ﬂ@ﬂ-i)'dﬁ o (‘5.(530m6)mlnd
1, BB-S1091 tuge nd, T

kept at room te%«l:\'r aﬁ'hr or ng h%hsré)a&népt%& Pe rgbozr}g’[ eeaathfé }{aéﬁ"

the resi due fvash stRiedlH so0ps by | Hei he+CH=CHTGR, -k I@W&)r@di,pls.at@'l

Whi ch was di ssoj vl ubﬂvaté\r Iéﬁ)m ) and charged onto an HP-20 col um (100

m.). The--colum was -,0 shed with water . (500 nml.) and eluted with’
30% MeOR and sﬁ%‘%“cﬁ‘?‘é’?ﬁ@pwth 50% MeOH. The fraction containing the

- desi red cowpourwhmghéﬁ@y:euﬁewamzawdom dafory Vantthd -2 g d 170
| gpidegsfqa of WdrSxypheny L]  acétamido a3 22, 25191 1890
10 thio-l-propen-l-yl]-3-cephem—4-carboxylate(Compound 20)
L/: . - To a solution of 19 (1.0 g., 1.3 m. mol.) in ethyl
acetate (20 ml.) were added propylene oxide (0.27 ml.,
3.8 m. mol.) and 0.1 M (1H-1, 2, 3-triazol-4-yl) thiol
in ethyl acetate (19 ml.). ‘The mixture was stirred at
15 room temperature for 30 minutes and evaporated under
diminished pressure. The residual syrup was. chromato- .
graphed on a column of silica gel C-200 (50 g.). The
desired product was eluted with CHCIa—MeOH (10 = -1) tpi

in ethyl acetate (19 m.). *The m xture was stirred at 15 room @

\sj afford 800 mg. (83%) of the title compound.
20 nMr: sCPCI3+H20' pon 1 45 (9H, s, t-Bu), ca. 3.3 (4H, m,
"2-CH,- & =CH, -5-) 4.80 (1H, d, 5.0 Hz, 6-H), 5.20 (1H,
s, =CH-ND-),- 5:70 (1H, d;" 7-H)," CA. 5.95 (1H, m, =CH~CH o=)s
o : 6.68 (2H, d, HO-Ph-), 6.90 (1H, s, ~CHPh ), 7.25 (10H s,

Ph), 7 52 (1H, s, triazole-4-H)



Terr] Procedure 22 Benzhyd=yl 7,. [D-2- (t-Butoxycar bony! ani no)
enyl ace-am .dol -3- (triDnenvl phosphon.io) nethyl-
3-cevhezn-4-carboxyla .e | odide (Conmpound 22) 5 A mxture of 14.5 gu
(0.0196 mnol) of benzhydcl 7- rD!'-) -4- (t--butoxycarbonyl a.ino)
- a- phenyl a_-&red,,,dé)] 3- |odonrre et hylfé tephem 4- ca2boxyl ate and 5.24 G
(0.02 nol) of trip enyTphosphl ne in 300 mM of ethyl acetate was sti-red at
roomterrperaturefgr 2 hours. To the readtion-mxtr! e 10 was

added*. 200 8- [Cﬁ-zeizbﬁné-%i Oooh Eﬁk%héhel)%b&bmwa&]GQH[eCt e@-lm-- 1,

* &V -1 3360, 3280, !'755. 1670. [err] [err] [er¥] [err] 20
@h

il1ltration “a e -
m:kq-l,;.? drgpenciz

diluted - V\md).cetfrma'ndm.:gmvblZ BBgSd090he second crop of the product. Total
yield 16.7 a. 15 (85S). J Rs :sJn ci-1 1780, 1690 -1480, 1420, 1350,
1240, 1150. Procedure 23 B.3enzhvd=l .72 r-TD-2- (t-Butoxvcarbonvrlarino
?- 25 Dhenvl acet annifetfure L 20 (800 mg } and TFA (2 ml.) was kept at

room temperature for one hour and then evaporated to dryness.
To the residue was added isopropyl ether to givé yellow

precipitate (600 mg.), which was d:.ssolved in watezr (1l ml.)
and charged onto an HP-20 coelumn (100 ml ). The-.column was
0 washed with water (500 ml.) and eluted with 30% MeQOE and

subsecuently with 50% MeOH. The f*act'on containing the \"/
desired compound was collectel, evaporated and lyophilized
to afford 170 mg. (33%) of desired product, estimated puzrity
50% (by EPLC), m.p. 180° C (dec.).
R : V=S en™* 3360, 3280, 1755, 1670. >
1.5 zexX . . .
gy . aPDOSPBETe BuITeT (. 235 (1h100), 252 (22300).
‘_ mEX - _
ma: 22702 pm ca. 3L (4E, 3, 2-CF-, -CEp-S-), 5.43 (23, @,
20 k.5 Sz, 6-%), 5.15 (1%, s, =CB-XD,), ca. 6.0 (28, =, 7-8 228 =C3-C5,- )_' -

6€.70 & 7.15 (each 22, each &, EC-Fh-), 5 ¢5 (1=, s, t*"‘gz::’-)-")



m xt Ure was

witH water and a satur=ated -aC Osol ution, and dried on anhydrous

- (z). -l-erolen-I-vl1-3-eehem 4-carboxviate -(Conpound 23) * 20 To a
- sol utlon of

; mxture ol 100 mi of water and 5 =' S (=nm. ) o2 sodiun1hydroxiaﬁé§§athe

59g. (5 mnol) of 22 in 200 rl of chloroform was azded a

shaken for 3 mn -es . The' organi-c |ayer separated shed

esi um

sul fate. The 25 chlo-rfota solution belng filtered, the filttrat# was

~concentrated to 100 Q under reduced apessure. To the concentrate was

addad 3 ni of aceta2dehyde and the m ¥tziZe~was stirred at roomtenperature

for 1.5hour sTARFEERTForét ed to dryness. The oily residue was -53-

chr omat ogr aphed on - a col.um of S|I|ca gel" (Ki esel gel 60,. 50 g) by eIutlng

with-chl oronrm

dryness and

of the 5 1

190 100, e %?J%f%& 1S, W SO0 g 13 LS (121, m @%853)’

- 10 . 5.5-6.2 (3H,.m 7-H & vinyl-B), 6.94 (1A, s, CHPh) 7.2-7.5 (i SH,

- m.phenyl gH) . Progegusgcide of 14.5 g..{0.0196 m. mol) of benzhyéxryl 7~

'  ID(~=)=-8= (t-butoxycarbonylamino)-2-phenylacetamido] -

3-iodometh v’-3-cephem-4-carboxylate and 5.24 g. (0.02 mol)

_ of triphenylphosphine in 300 ml of ethyl acetate was stirred
g; at room temperature for 2 hours.. To the reactiocn mixture

10 as 28ded..200 ml of ether to form precipitate, which was

25

collected.dy fi;t:ation and washed with ether to give 14.3

g- (73 $) -of tie title cempound. The filtrate was concentrated
to 50 ml and the concentrate was diluted with ether o give
2.4 g c£+the second crocp of the product. Tot a" va_elq 16.7 c.

(858).

12 T cml 1780, 1850, 1480, 1420, 1350, 1240, 1150.

Procedure 23

Benzhvé=vl 78~1p-2- (t—Butoxvcarbonvla_mino) ~2-phenvlacetamidc] -3~

[(z)—l-nroaen-l-vl]-3-deoﬁem-4-ca:bcxvlate (Compound 23}

To 2 soluticn of 5 g.(5 mmol) of 22 in 200 ml of chloroform
was 2&ded a mixture of 100 ml of water and 5 nl 5 (2 mol) of N
sodium hydroxide and the mixture was shaken for 3 minutes. The
organic  layer separated was washed with water and a saturat ted -Naf
solution, and dried on anhydrous magnesium sulfate. The
chlozcform solution being filtered, the f£iltrate was concentrate

“¢o 100 ml under redéuced pressure. - To -ne concentrate was zddad

3 ml of acetaldehyde and the mixture was stirred at room temperature -
for 1.5 hours and evaporated to éryness. The oily residus was



%yf'un178 CD- 2- ami no- 2-i henyl acet ami dol-3-[(Z)- | - er openyl ) = - 3-
28vhem 4- bar boxyl ate (Conpound 24, BB-S1065) 15 A m xture of

94" g,. (1.47 mnol) of 23 and 3 m of1EAvmsstHredatroomtemmrﬂure
for 30 mnutes then diluted with 50 mM of a 1 : 1 mxture of i
et her-isopropyl ether to separate ca. 800 ng of precipitate, which was ~/
col | ected by f||trat|on and. di ssol ved, 3~ 3 m of nethanol. To the

solution, was added 4.; m (4.5 mnol) of 1 M sodi um 2- ethylhexanoa e 20

SEE) i d h d h 50 h d
(Se8) I el ccelate apdolng mLtbuteopas, Lyt ooy Wil 50 Mo plepther an

fiItrationsmogglhp élﬁtnggoﬂxtherluneaprmducThe2@$Slnmdcﬁraﬁ$nehssolved in

20 m  of %w%éiiﬁfEiﬁng“&hég 69?5%32@9 &qu%QQ'E#@ tﬁérEhéﬁhﬁi of the

packing in a cartri mm mas eluted with
wat er and xm%mhaﬁated wheht paRexans Eensmuﬁgotm 6233} of pklRIuCt were

col | ected gip1dorbmgotdaHPRE) and concentrated to 5 ni 54 and Iyophlllzed
tC)ﬁive 182 ng (318) of deStred product, nelting at 200C. Esti mated

purity, 50%by HTPLG_LR *:13 cm . 1760, 16' 60, 1600, , 1400, 180,.AlQD. --
“Max - W, phnaphg\"%wuﬁr%ruao 1710, 1660, 15282 Y39Qp)1360 181240, 2- HI,
3.48 (1H, d, 18 Hz, 5. 0326bB 195045 Hz, 6-[err]
wMr:3P%Y3 ppm  1.3-1.5 (128, m, —C-CH,), 3.22. (2E, s,
2-H), 4.93 (1H, 4, 4.5 Bz, 6-H), 5.23 (1#, &, 8 Ez, CE-CO),
o - 5-5-6.2 (38, m, 7-E & vinyl-§), 6.94 (18, s, CEPR), 7.2-7.5
(158, m,. phenyl-H).

- Procedure 24

Soédium Z§<{D—2-amino-z-nhenylacetamido]-3—[(Z)-l-prOnenyl]-a-
cevhem-4-carboxylate (Compound 24, BB-S1065)

15 A mixture of 0.94 g. (1.47 m mol) of 23 and 3 ml of TFA -
was stirred at room temperature for 30 minutes then diluted
with 50 ml of a 1 : 1l mixture of ether-isopropyl ether to
separate ca. 800 mg of precipitate, which was collected by
filtration ané dissolved in 3 ml of methanol. To the solution;;;\
was added 4.5 ml (4.5 m mol) of 1 M sodium 2-ethylhexanoate
(SEE) in ethyl acetate and the mixture was diluted with 50 ml
of ether and 50 ml of 'isopi:opyl ether"successively. The
precipitate was collected by filtration to give 710 mg of
the crude product 24, which was dissolved in 20 ml of water
25 and chromatographed on a column using 50 ml of the packing
in a PrepPAK/C18 cartridge (Waters). The column was eluted with
water and 10% methanol. The fractions containing the desired
product were collected minitoring by HPLC and concentrated to 5 ml



D L T P P

crude pgoduct .

5 2-5.8 ([err] Procedure 25 10 Benz hydryl 7j9- (0-:2-

(t-But oxvcarbonvl @' 4ni no) -2-phetvlaceta.nmdo] --3:: (2) '
-3-chloro-1-vrooen-1-vli -'3-cepheim-4-cEarbOxya-,e (Ccapaound 2.5) T
solUtrion "of L 2 g1 (2 = ntio) ckf 22 in 50 m of chllorofor-mwas aid

m = of water cont-aining 2 m (2 m- oPHof % sodium hvdrOX| de and t he

-m xtCur P r t am, ¢ 15 | V82

sepoar ate ﬁ%gga‘eg t%\A/?["JgJ fé; g’? gt 88 RFa&®Sort |%‘ﬁ"’
successi mlftlnghétd?P@dCehl @rsd:maﬁeﬁ rpvsnitlrbl SAwhy ERIn-taated to 30
m under reduced pressure To the concentrat e- * - ~~~~as added 2 ml .of
chl or oade-t al dabydexgpd th.g_mre was: st . _~~at- room
t!"nperature fHR Bhgahob® “waskbdy v&ﬁﬁom%époraﬁdoﬂasdﬂé&ueliﬁoy_w.th Qeee -
saturated Nad soI ution. The organi c solution wa..dried and evaporated to
dryness. The 0ily  85bdpgawas HiF =B reaphed on a co'-u of 2 silica
gal (2 .ako-mel¥¢&- o H 0Rax50.9) . by el utlglggvm??h cRREEdf 334 ‘qslfﬂbmdesi red
fractions wer e coI | ecWA5 and evaporated to:dryness to give 534 nmsg of the.
GO 1490,

0. 1710,
1360, 1240, * % 518£°11§€m11ﬁe6°st%‘£tu‘?e fatzl'lls Q#asl'e 4ol Bonfirm

_ause of |<11 S'.Pom: nE+H Ppe st Zigr s(lH,ld- 18 ' Berrp-fenrb. 0.; RYRe@) €428 =,

.. 6"‘:“J ? b 6’ (.L:.'L, G, .-: nb' 7 f') F) 5 93 (l--' \-p lO .-'-Jh-, V:— yl-nl ’
| 5 2-5 8 (iH, m, vz...yl- ), 7.41 (5H, s, phenyl-H). .
v . . T . . . °
Proc'eéure' 25 S S

OBe zr}dryl 78-{3—2- (*-Butcxvcarbonvla*m.r\o) 2-phanvlacetamidol] -3~ -

1{2)-3-chlore~l-propen~1-vyl] - 3-cephem-4—carboxylate (Compeing 25)

. To a solution of 2 g. (2 m mol) af 22 in 50 ml of chlcrofomm
U was a33=d 50 ml of water containing 2 m1 (2 m mol) of ';_J_' s.odium
hydroxidse and the mixture was shaken for 3 minutes. The organic
15 layer was separated and washed with water ané 2 saturated NaCl
solution successively. The dried chloroform soluticn was

. . concentratad to 30 ml under reduced pressure. To the cencentrate
d was added 2 ml of chlor cacetalaahvce and the mixture was stirred

at room temperature for one hour, washad with water, and

20 subseguently with a saturated NaCl solution. The.orgenic solution
was dried a2nd evaporated to éryness. The oily residue was
chromatographed on a column of silica gel (Wako-gel C-200, 33 g)
by eluting with chloroform. The desired fr.actibns vere collect=d
and evépor ted to dryness to give 534 ng of the crude product.

25 IR ;u§§§ cm™1 1780, 1710, 1660, 1500, 1450, 1350, 1240,
1210, 1150.° i

The structure of this sample vas not confirmed because of its

poor nmr spectsum.

e

T e t— — o Lt e o siae . . i - o . . oy -
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: SoyhNum 713- (D 2-am no- 2- phenylacetan1do) - 3- (Z) - 3-chl oro- 1-
{gi ope¢n-1-yl]-3-cephem 4-carboxvl ate (Conmpound 26, BB-S1066) A m xture-of

g (0.7 mnol) of 25 and 1.5 m of TFA 5 was stirred at 10-15C for
15 mnutes and diluted with 30 M of a mxture of ether and isopropyl etheys
(1.: 1) to afford 330 ng of pale yellow precipitate, which was collected by
filtration. .To a solution of the precipitate in 3 m of nethanol was added

2 m (2 % é) |n et hyl - acetatg.and the-m xture was diluted with 50
m of ethf?q%.%a%ﬂ%e The resulting p? cipitate was collected by filtration
and washed wth ether to glve 244 ng of a crude product. A solution of the

crude prodcd;bf 78 (H- Han disj.ng 50 ni
of the pa(,llrginorr're PAY '
‘ 12 HeaQESWPQHP¢r%&t|QﬁE§¥96€b96

was. el ut ' fig ] ; -
met hanol were conblned and concentrated to 5 m - and | yophilized to give 60

T30 ot 1760 tharrie R 4TRGR | 0" m gAY o En and s me e mrd”

6 B5- (D(-)was asmizredian\d ekl t0i fey - 15 fifjutesrapd dilwigd 3sith 30 mt

Egezlhemfl SETD Rk Er 8ChE dLREPOUNY ZopFibya 1WA WML tEriPned UM tFRR 2
330 mg of pale yellow preczpztate, which was collected by
filtration. .To a sclution of the precipitate in 3 ml of methanol
was added 2 ml (2 m mol) of SEE in ethyl acetate and the mixture

10 . was diluted with 50 ml of ethyl acetate. The resulting -/

precipitate was collected by filtration an¢ washeé with ether
to give 244 mg of a crude product. A solution of the crude

product in 10 ml-of wate:_#as chromatographed on a bolumn using

50 ml of the pac_king' in a PrepPA;(-SOO/Cla cartridge (Waters).

15 The column was .eluted with water and 10% methanol. The desired
-ract*ons of 10% methanol were combined and concentrated to 5 ml
and lvonhll-zed to give 60 mg of the solid product melting at
200°C {(grad. dec.).

20 1R 9¥5% cm™ 1760, 1660, 1630, 1360, 1120, 1070.

o s A;‘;:S’D“a"e POffer nm(e) 243 (12700), 200sh (4200).



0 . | 2E 5S Di phenyl et byl

7-B-[ D 2- (t-butoxycarbonyl azm no) - 2- phenylacetan1d01 3-( ; _
- prapenyl ).- 3- cephem 4- car boxyl at. e (conmpound; 23)1.5 g(2.34 n1nDIes) S
trQE}ed with 3 m of trifluoroacetic acid and the m xture was stirr t
-roomtenperature for 20 mn. and dlluteg with 100 ml f- ether to give 1.1
g (96% of2tbeetore 20rude trifluoroadefafe of AB-S 1065. ir: v ( XM)
in cm 1760, 1670, 1200, 1130 uV: \nx (pH 7 phosphate buffer) 283 nm

(c:8300) The tr| fluoroacetate (1.1 g, 2. 25 m nol es) was

di ssol ved ¥ A o= Z2nrh amys agg U an idye YosE5all LY 28 163 -
col um 15 _cou§bR0410Q JHoxRf1 itd1e daCKidik: o w%epg’

8cartridge rmrsr—ﬂré’—co]i-mmk{qw‘t ed w Fﬁgwat%rg % et t'Eaen"o'[ And

30 % et haf8FM™) The el uate with 30 % nethanol was concentrated to 10 *mi .
The crystalline product was separated. The product .was collected and

washed wi th acetone 3 &N ed in vacuo over 5205_t0 20 give 505 ng (46
% of pure B3-S 106 t 180-183 C(dec.). Est'd .
purity 95 1. ir: Vvn§ ' QCB%E 590, 1400, 1350. uv: )X

(P3 7 phosphate buf f & 182 nNEz(
6 (D20 + iial.CO ) in prm1.58 (
-5.03 (Gd, 3=4.5 Hz,. 6--H), 5.20 tI B s., ‘

~~~ITax

5§C§933:3(2H ﬁi’é-zb,

COE
W
5 Diphenylmethyl 7-8=[D-2-(t~-butoxycarbonylamino) -2~ ,
phenylacetamido]l~-3-(l-propenyl)-3-cephem-4-carboxylate {compound;
;3)1.5 g(2.34 m moles), was treated with 3 ml of trifluocrcacetic
acid and the mixture was stirred a2t room temperature for 20 min,
and ¢éiluted with 100 ml of ether to give 1.15 g (96%) of the
y 10 crude trifluoroacetate of B3-S 1065. o
- ir: v (KBr) in ea™® 1760, 1670, 1200, 1130
uv: A (PE 7 phosuha.e buffer) 283 nm (c:85300)
Q\/ The triflucroacetate (1.1 g, 2.25 m moles) was dissolved in
) 20 ml of water ané the solution was chromatographed on 2 column
is using 100 ml of the packing obtaineé from pre9°AK/Clscarurzége

(Waters). The column was eluted with water, 10 % methanol and 30
$ methanol. The eluate with 30 % methanol was concentrated to 10
-ml., The crystalline P?Oduct'ﬁas-separated. The product was
collected and washed with acetone and dried in vacuc over 9205 to
20 give 505 mg (46 %) of pure B5-S 1065 (zwitterion form) melting at
180-183 °C(dec.). Est'd purity 95 &.

ir: Vhax(KBt) in cm-l 1750, 1680, 1590, 1400, 1350.

uv
23 T

ax(aH 7 nhcspha.e buffer) 282 nm (c: 8800).



(L;Butoxvcarbonylanino) -2- ( 3-chl oro-4-hydrox-ohenyl) acetic acid
npound 28) A nixture of 6 g (0.03 TdlAY of 3-chl oro-4- hydr oxypnenyl - _
gl ycine and 9 £0,945 mofe)kcal ydisnt Luhutyls odiGar benatge d ,12Q m
of a 50 %aq%‘e%u’s {et#)&ﬁydrlc‘)fjﬁrcg_ .)(‘i'I::}F)Dsfsolldtsi_aor% c'drl?;'i ﬁ‘inel "fé % JC%‘G.)OM -
mol e) of2 43 i ety | i e hasSsPPr (&l ral r gorh-Bedfer frile\ 23 Forl XEhsurs.  The
mtﬁt ure e @P,ncﬁ.nil?:f@d(ll@.GQ.”t_Iia_@?_,tg@sgﬁﬁ@%ﬂ“&’ﬁt GRS washed : dt %.32
et her. e agueous_| aver was., acidifi Wi 6 N rochloric acid an
ext r act ddtui t% Zbﬁl?n‘?%f ?Lgsé)'eghgr ! SEThé'eﬁt}eo’i@fl'_ s washed with water
and a saturated NaCl solution, dried on MgSO , and evaporated to dryness to

: é‘%]- (1H, d, J=12 Hz, CB=C), 7.4 (SE/ s, phenyl-H). 5 Procedure 28 D (-

give 10 o) [ resi due, which did not solidify by .attenpted trri-
tuﬁhtioﬁ%ﬁ{ﬁéqkékégn-b9xane. Procedure 29 20 3enzhvdry
78-[.D-2-(t-butoxvcarbonvl am no) - 2- (3- chl or o- 4-
Duslr oxy g1yl SCEL AR dedede ) deanpound
s _ L ' : 0
" Conpo=n@Setif acid o( @ompoupgd @83 nole) of Conpound 28 in 150 m. of dry

TEF was added 3.7 g (0.018 nole) .of DCC and the mxture was stirred at room
tenpera- turehfé){x‘gggehggrs 9 %(flogh?n)é.yllelir%%’- BVwéh&%rso%pﬁh%ttﬁdox%rﬂe% 1~
glycine and 9.8 g (0.045 mole) of ci~-t-butyl dicarbonate in 120
10 ml of a 50 $ agueous éet:ahydrofu:an (TEF) solution containing 10
ml (0.071 mole) of triethylamine was stirred at room temperatu:e;\)
for 3 hours. The mixture was concentrated to 60 ml and che
concentrate was washed with ether. The agueous layer was-'
acidified with 6 N hvdrochloric acid and extracted with 200 ml of
15 ether. The extract was washed with water andé a saturated NacCl
solution{ dried on Mgso4, and evaporated to dryness to give 10
cf an oily residue, which did not solidify by attempted tri-
turation with ether~n-hexane.

n

Procedure 29
20 Senzhvdryl 78-[D-2-(t-butoxvecarbonvlamino)-2-(3=-chloro-4-
hy@roxyohenvl)acetamido}-3-chloromethyli-3-cephem-4¢-carboxvlate .
(Compouné 28} ' _ S : ~
. . S
BO '=coNs———(
NE N '
c | 4
| COZC(CES)B

C02C3(C635)2

To a solution of 6.2 g (0.015 mole) of Compound 2 and 5.4 g
25 (0.018 mole) of Compound 28 in 150 ml. of dry THF was added 3.7 ¢
(0.018 mole) of DCC and the mixture was stirreé at room tempera-

ture for one hounr. Dicyclchexylurea, which sepazatedé during



stirzing, was renoved by filtration and the filtrate was evapor- at e

dryness: The residue being extracre.d with 200 mMl oF ethyl acetate,

extract was washed with an acueous NaHCO3 sol ution, water and a saturgd

ha&/ solution, and dried with MSSO. Th& tiltrate was evaporated to dryness
the oidy; Jv%%cdueuwsr&:hwa@teeraphed ofod ghhi EBeQQElQQEH@nw@é\aK‘hg‘EL-

C-200, 140 @) by eIutlng wth tolluene-eth acetate % %e ge3|red

fracti ons 3% €QIFBERLE andTRSahBs hE ve ?%laﬁyﬁé§s‘Foe§|Ve Ozé hfilt RE

product 2%¢xh a.etgte,|£neveg5$;ctnu8§ﬂu3339c ¢7248, aﬁG%&pebﬁﬁohahﬁbg,
1240, 1160. %ﬁ{ocedure 30_Benzhvd

7B-t D- 2- (2 SRR, FH0RT I 2RF nd) 54t ‘(‘éaEB?oPSCi ojgtion, and driec with
hydr @xviheny$g ac etﬁMedﬁ@lezételvhevévhpeshbado}neﬁhymessceoﬁemhe oily
4- carboxv1£g§ié %%% P%ﬂ%ggﬁngg §E3Q%ba s;lacg gel[QBﬁLﬁFeqﬁhko gel)

To a sol ution 0 oo acetone was
added 11.2?@?Q@:0P€°n5 ?Yo?lgéﬁﬂﬁnﬂiﬁhlﬁe apRergehyd acefake,ddOygs 2

stirred atpgooded SY@Sr ot HELi bAS 69:81 Bolldbeedi ¥hdr eveporated o at:@cﬂ:e@s 3%
m . To the, concentrate _was_added 200 ,nm of ethyl acetate and the m xture

was washe® ¢ nt n-aﬁueb € R&9 553 ution, water and a saturated Nad

[, S PO I VP

solution, and dried *with MSSO4. -The ethyl acetate solution was filtered

and the 25 fitirgte Y"ﬁﬁ:?oQﬁe%‘“m E‘?sbo &7%' f fs'é% V‘i's‘b'ﬁe 13%} hfzfd)“‘

10
v ' "1l60.
~ brocedure 30
Benzhvérvl 78-[D-2-{t-Butoxvcarbonylamino)=-2-(3-chloro=<¢~
15 hyd:onnhenyl)acetamido)-a-(t:iahgvlnhosohonio)methvl-3-cenhem-

4-carboxvlate iocdide (Coﬁpcund 30)

30

- O =y 1
e Fie25ly” I
CO:CE(CSES)Z
':;) o To a solution of 10 g (0.0143 mole) of Compound 29 in 100 ml
of acetone was zdded 11.2 § (0.075 mole) of sodium iodide and the
20 mixture was stirred at room temperature for 30 min. The mixture

was concentrated to 30 ml. To the concentrate was added 200 ml
of ethyl acetate and the mixture was washed with an agqueous
Na,S,0, solution, water aqd a saturated NaCl solution, and dried
-with Mgso4. The ethyl acetate solution was filtered and the
25 filtrate was concentrated to 2 half the volume. To the con-

centrate was added 3.9 g (0.015 mole) of triphenylphosphine and
the mixture was stirred at room temperazture for 2 hours. To the
solution was addeé 300 ml of ether to separate a precipitate,
which was collected by filtration and éried to give 5.2 g of the

30 phosphonium iodide 30.



tirred at roomtenperature for 2 hours. To the solution was added 300

f ether to separate a precipitate, ‘ih was collected by filtration
and dried to give 9.2 g of the 30 pho2phdni um i odide 30. .0 . ir: -
"max ([err]in cm1 1780, 1680., 149Q5 1350,. 12.40, 1150. Procedure 31 -/
Besnzbvdrvl 7B[ BE3- (ﬁh@gﬂdﬁf@aﬂﬁbﬁﬁ1an1ﬁaﬁﬂz 4858n| 34804 15 $8rokgABenyL 0.
acet am do]j - 3 t Z)-l-urobDen-1-vl)-3-cenhem4- 5 car boxyl ate (Conpound
31) [err] %].% solytion of 9.5 g (9 a noles) of Conmpound: 30. in 20.0

of ch & | ayered with a m xture of water (100 m) and N
thIerr] m) and the mi xture was shaken for 3 min. The organic 10 | ayer
was washed guintfhWaabAr 381® -2 -SAYuREd N2 tlon$e il hah -2 sedn ¥t B-Yaso4 and
concentrat 80 10 apour—g mart e VoI Une.-— 10 e -concemrate—was—=added 20 ni
of 90 Yacet¥dIoxymbenyl) acetanidol el (Z)-l-propenrdnwil~xinseshamadtor 3
hours 5 tr eglaathomyitfaten{yodmpeundSEL) and filtered. The filtrate was
evaporated to . ryness -and the resi due ‘was- chr omat ogr aphed omn " Xi esel
gel 60- (Merck, 120 gy eluting with tol uene-ethyl acetate (4 : 1) The
desired fract ions
was triturateds@i

(:Ziﬁzéate was added 3.9 g (0.015 nole) of triphenyl phosphine and the m xture

cozcz(c

- . r— eew . « o .o @ cewm e Fe enmm w - ommcames o

/

N
-
'.

W
~

W

57502
A solution of 9.5 ¢ (9 m moles) of Ccmpound 36'1n 200 ml of
chloroform was layeze& with a mixture of water (100 ml) and N
NaOH (10 ml) and the mixture was shaken for 3 min: The erganic
10 layer was washed with wacer 2nd a saturated NaCl solution, é:ieé-
i with Mgso, and concentrated to about a half the volume. To the
concentrate was added 20 ml of 80 & acetaldehyde and the mixture
was stirred at room temperature for 3 hours, treated with i
_ anhydrous MgSO,, and filtered. The filtrate was evaporated to
15 dryness and the residue was chromatographed on Kiesel gel 60-
(Merck, 120 g) .by eluting with toluene-ethyl acetate (4 : 1).
The desired fractions were collected and evapcocrated to dryness

and the residue_was_tritu:aﬁed with a mixtuze of ether, isop:og\;‘

ether a2nd n-hexane to give 1.33 g of thg'blocked product 31.
20 ir: Voo {Xar) in.cm'1 1770, 1700 1550, 1480, 1350, 1210,

1150.



et her and n-hexane to give- 1.33 g of t he bl ocked product 31. 20 . .
cir: vmax (K ~r) in [err]1770, 1700 1660, 1480, 1350, 1210, 1150. o
Procedure 32 - 6 0- m

78¢1,D- 2- Ami no- 2- ( 3- chl or o- 4- hydr oxyobvenyl ) acet am dol - 3-[(z) -
procen-!-yl J-3-ceohem 4-carboxvlic acid (Conpound 32, BNN28060) H

ECONE - Procedure 32 13 Jerr] [ervyk @i xture Qf 1.33 g (1.93 m

" nmol es) of Conpound 31 and 3 mM V 5 of trifluoroacetic acid was stirred

~at roomtenperature for 30 mn and the mxture was diluted with 50 m of
ether-isoﬁ£g&k&:&aﬁﬂ&ﬁ&:!tﬁ@.&ﬁi&ﬁﬂnﬁﬂhXﬂCD%V?ﬂenkaaqanﬁglco] -3-[(2)-1=

trifluoro -6 v J- Bl e ph em- JMY LAb NAS] {0 L0

packed mﬁ?%S?%Ejiiﬁg%ﬁﬁﬁﬁ“a-ﬁroﬁnmrﬂzn%Tﬁﬂﬂ-TfEH”9&5@?s) (8%NT¥@%6ufh

colum was eluted to with water and 10 % et hanol. The eluate with 10 %

met hanol was concentr g 0 10 m of the vol une to separat€ a-crystalline

- precipitate, whi g % =a_ |Itrat d washed with acetone and

- dried.in vacuo over P05 to/give 32 (94 % pure) nelting at

180-185 1 C (grad. dec. e fiNB atenaa oncentrated to 5 ni and’

| yophilized to affq{f 154 ng of a secofl ¢ B3’ pure by¥ZMPLC.
i'r: vmax (K<r) in cm 1760, 1690, 1500 1410 1390 1350, 1290, .1270.

cozs
: | A m;xtu:e of 1.33 g (l 8 m moles) of Compound 31 and 3 m}
U5 of trifluorcacetic acid was stirred at zoom temperature for 30

min and the mixture was diluted with 50 ml of ether- ~-iscpropyl

etheér (1:1) to give 1.072 g of the cruoe trifluorcacetate of 32,

which was chromatogzaphed on a column paoked with the packing of.

a prepPAX-C 1g cartridge (Wat ters) (80 ml). The column was eluted

10 with water and 10 % methanol. The eluate with 10 $ methano)l was
N - concentrated to 10 ml of the volume to separate a-crystalline
p:ecipitéte:“which was collected by filtration and washed with

\_) acetone and dried in vacuo over P,0 to give 238 mg of 32 (95 %
:-pure) melting at 180-185 °C (grad. dec.). The filtrate was
15 _ concentrated to 5 ml and lyoahzllzed to afford 154 mg of a secongd

crop which was 80 % pure by HPLC.

-1 :
max

~/ ir: v__. (KBr) in cm
1290, 1270. '

1760, 1680, 1570, 1410, 1390, 1350,

20 uv: Amax (pH7 phosphate bgffe:) in nm (e) 232 (10000), 280
(10500). - : S ' .

" nmr: § (D,0 + NaHCO,) in ppm 1,68 (38, 4, J=6 Hz, C=C-C&,),
3.25 (1B, 4, J=18 Bz, 2-H) 3.57 (1B, d, J=18 Hz, 2-B), 4.90 (1B,
s, CH-co), 5.18 (1B, 4, J=4.5 Hz, 6-H), 5.72 (1H, d, J=4.5 Hz,
7-8), 5.5-5.9 (1H, m, CH=C), 5.97 (1, &, J=12 Hz, CH=C), 7.02
(1H, d, J=8 Hz, phenyl-H), 7.30 (1E, d-&, J=8 & 1.5 Bz,
phenyl-g8), 7.50 (1B, &, J=1.5 Hz, phenyl-H).

25



' . uv X (pE7 phosphate buffer) in nmCc) 232 (10000), 280
Qééégéb nnr: 6 [err] 3p[err] s, CE-CO, 5.18 (15, d, J-4.5 Hz, 6-H), 5.72
d, J=4.5 Hz, 25 ~[err] (1H, d,J-=8 Hz, phenyl-H), 7.30 (1E, d-dj J38 _
& 1.5 Hz, p[err] Procedu: e : S
D(-)-2- (t=£ﬂt@augarbgnvlanino) 2- (3, 4~githydr oxvDhenvl ) acetic acid (33a) s

Mxture with Its 3-(and 4)-Mno- O but oxvcar bonvl Derivatives (33b). A
m xture of 3.66 g (0.02 nmole) o' 3, 4-dihydroxyphenyl- 5 glycine and 9. 24

g (0.04 ﬂmtez-b+(ﬂrac buyvh'dpozﬁbmnabéﬂd?(ﬁmﬁﬁbuﬁxc;dﬁydbggggﬁnsz}ﬁzacxc

solution coaiaipipg, 10 0 ¢£01041 30Qlp)s Qfy IMdfI BB A\E, red at room
t enperatu .M. The

concent r a2@r ipat ipasef38Pdn 100 mM of ether, acidified with | hydrochloric

acid 10 and extracted with ether (100 X- 2 ml).. .The conbi ned extracts
were washed with wate.r and_a atur Na solut o] d wth<J SO
and- evaporatedAlﬂlﬁFkﬁssggta -§bv8 é %gfméi§ﬁlﬂf i!41ﬂ£¥$é%QﬁVHﬁ&P L

n xtsire oflybendesnded. 344gdl(by@r4omy:|ahan3df - seeutyel Adikcdisofat@nth 120m1
4- rono- O PG PER §CLgHedas! YaE L81utE8N 'Hhataidihd S0 nd “WIHY S LPYE)-

Procedur e
trzethylamxne was stirred at room temperature for 16 hours and

the mixture was concentrated to 60 ml. The concentrate was
washed with 100 ml of ethez, acidifieﬁ kith'N hydrochlozic acid
10 ané extracted with ether (100 x-2 ml)}. The combined extracts
were washed with watér end a satnrated NaCl solution, dried with
Mgso andé- evanorsted in dryness to give B g of an oil y residue
wh;;h was a mixture of the. desired 3, 4-dzhyaroxyphenyl derivative
, and the 3- and 4fmono-o~aoc—protected_der;vatlves (BOC refers to
15 t-butoxy carbeonyl). '

;j

Procedure 34"

Benzhvérvl 76-[9(-)-2-(t-Butoxycarbonvlamino)-2—(3,4-dihvéfoxv-
phenvl] Jacetamido ]~ 3-chlo.0ﬂethyl 3-cenhem- =carboxvlate (34a) and
Mixture cf its 1-(and 4-)Mono=0- butoxvca bonvyl Der1va*1ves;34b)

20

A EO

20 A mixture of 8 g (0.0193 mole) of Compound 2, 8 g of the
mixed product of Procedure 33, and 4.12 g (0.02 mole) of DCC in
200 ml of dry TBFf was stirred at room temperature for one hour.
The reaciion mixture was evaporated to dryness. The residue was
dissolved in 200 ml of ethyl acetate and insoluble materizl

A 25 (dicyclohexylurea) was removed by filtration. The filtrate was

washed with én'aqueous NaHCO3 solution, water and & saturated




.vhenvl ) acet anei dol - 3- chl or onet hyl - 3- cechem 4- car boxyl at e (34a) and

.' Benzhvdrvl 78-[D(-)-2-(t-Butoxycarbonvl am no)-2- (3, 4-di hydr oxv-
of its 3-(and 4-)Mono-0-but oxvcarbornYl Derivatives(34b). [err] [er@

re
rr]
2 ; A mxture of 8 g (0.0193 nole) of Compound 2, 8 g of the xed
product of Procedure 33, and 4.12 g (6.2 nole) of DCC in 200 m of dry TEF
was stirred at roomt,eorgperature f.or ane hour..  The re%%tion m.xt ure wa

evapor at ed THE ek D WESQy AN FEREORS68 4P SFYBERf) Uncer

‘acetate angddinddipresmims alThb oily diesicdurhewas eheanatagreshedesnby

filtration._.,T. fil d it ' ' .
and o sac ke 9ed @R R i TR T 0 RO By UL a0 Lk O 1R RS
dryness uncreerthyldresat afrestlre. 1 )TRAGD 1oL yang WidMa s cehasRatldgragied Fhea
silicaggel Qi »(di'ﬁt?f@‘dl@@rlef&lhylﬁ(h@tat% gt N9 wialsh coalieeed aaighy!

acetate (5 : 1) and tol uepe-eth acet at e : .. The .5 te wth
t ol uene- <(at maé&r&%ﬁ% %% .rliﬁeﬁ/%st%cﬁ‘i"e?:tge'gg%&]ée\faw&ué& t°§J E?Vné“&mt-&'
give 9.5 g <H0G-N4BOCIIdipfotderedder iyat BGE N-RE0 .di Phet eduad ederithat i ves

(34b). -The tfe]gdf.l,_ggneeyvei%ﬁ%o% r-gt I, apptd 4@118%&%% ,a. eyaporated to

.derivative §ryness “GQongiNmo3 Jpf the 3,4-dihy

F T .

col l ected-a vapor ynhess to give 3 ‘? 4-di r_oxypheny)l
r .

oxyphenyl derivative (34&

- Compound 34a

\'/-10 ir: v (KBr) in cni-;' 1770, 1720, 1690, 1500, 1370, 1240,

max
11540.

amr: & (CDCl;) in ppm 1,42 (9H, s, C-CHj), 3.4 (2H, br-s,
2-8), 4.30 (28, br-s, CH,-Cl), 4.85 (1E, 4, J=4.5 Hz, 6-B), 5.07
(18, d, J=6 Hz, CH-NH), 5.74 (1H, d-d, J=9 & 4.5 Hz, 7-B),
' © 15  6.6-6.9 (3%, m, phenyl-B), 6.93 (1E, s, CHPh), 7.3 (1CE, s,
R phenyl-Hj. :

\J_
Mixture 34b
ir: v, (KBr) in em~l 1770, 1720, 1690, 1500, 1370, 1240,
~ 1
U 1150.
20 nmr: § (CDCl,) in ppm 1,42 (SH, s, C-CHj), 1.55 (98, s,

(48, m, CHPh & phenyl-H), 7.3 (J_.OH, s, _phen_yl-H).



[gFgl)*. * 2-0), 4:30 (20, br-s, CH2-d),. 4.85 (10, d, J-4.5 Hz, 6-H),

10 ir: vmex (KBr) in eml 1770, 1720, 1690, 1500, 1370, 1240, 1150.
4
<§g’(ﬂr] * 15 6.6-6.9 (3H,_m phenyl-H), 6.93 (1H s, CHPh), 7.3 (! OH,.

s, >0 phenyl -H . Mxture 34b ir: Vmax (Kxr) in cm1 1770, 1720, 1690

1500, 13#)rodedhre 1350. 20 g _36—~(CDC13) in ppm 1,42 (90, s, u
C- CH3. ) 1.55 (90, s, GCH3), 3.4 (2H br-s, 2-H), 4.35 (2H br-s, CH2-Cl),
6.9-7.1 [err] Procedure 35 -63 - Behvdrvl .
7B- EIY - )Wﬂmwm@) =2-(3,4-¢ihvéroxy-
Dhenvl ) acgt and 9] §t£ﬁ“chenYEQH%%EHWQ@Hagﬁﬂﬁﬂz6%é¥ﬁ¥E¥Bu%eﬁh%&hQK¥|ate
| odi de ( A m Xture o g (4.2 mnol es) of
34a. and &P . eid . |n 50 i of acetone was
stirred at .e mxture was concentrated
to dryness. : C mas extracted mnthsloo m of ethyl ‘acet aate.
and. th.e N
e
=
-5)3 I
| COQC('E'3)3 =
o °°_zc§(cs~s)z
5 2 mixture of 3 g (4.4 m moles) of 34a 2nd 3.3 ¢ (22 m moles?.

of sodium iodide in 50 ml of acetone was stirred at room temseré-j
ture for 30 min ané tl.e mixture was concentrated to cryness. The:
resicdue was extracted with 100 ml of ethyl acetate. and the
extract was washed with an agueous haz 203 solution, water and a

10 saturated NaCl solutiza. After drying with MgSO, the extract was
concentrated to 60 ml. To the concentrate was added 1.4 g (5.3 m
moles) of triphenylphosphine and the mixture was stirred at room
temperature for one hour. To the mixture was added 100 ml of i:;
ether to separate a precipitate, which was collected by filtra-

l5 tion and washed with ether to give 3.2 ¢ (70 %) of the
phosphonium iodide (35a).

ir: v, (KBr) ip em-l 1780, 1680, 1480, 1430, 1360, 124,
1150. :

By a similar prdceduré, 9.5 g (12 m moles) of the mixture of
20 mono-0-BOC-protected derivatives (34b) was allowed to react with B
_sodium iodide ané subseguently with triphenylphosphine to give
10.7 g (77 %) of a mixture of the co:resnondzng mono-O—Boc-N— BOC
triphenylphosphoniomethyl derivatives (35b).

r: v (KBr) in em~> 1770, 1720, 1680, 1480, 1430, 1360,
25 1240, 2 |



extract was washe~d with an aqueous Na S2Q3 sol ution, water and a 10
saturated NaCl solu-tin. After drying wth McSSO"- the-extract was ™
concentrated to 60 mM. To the concentrate was added 1.4 g (5.3 m nol ¢ f
trﬁphenylphosphlne and the mxture was stirred" at roomtenperature fR{ _one
- hour. To_the nixture was added 100 s [pf—~ether to seoarate a

pr. ecipi - rat§eQMﬂ<ﬂ?§%w collected by filt- 15 tion and washed with
ether to give 3.2 g (70 %9 of the phosphonlun1|od|de (35a). ir: vmax tK3r)
g 0 : [

inci 1 1%%0‘2‘,1‘_%8_%1 (],_36§) £ g’&&
derivati ve ~°nsAwue.Aﬂ ) &g 9

9.5 g (12 1 S

AR Q : s ce
W th triphapyddaia Y g (77 %9 of a m xture of the
: correspondrﬁgﬂﬂﬂéﬁggr¥tqﬁ€d%§§;?§%Lhenylphosphonlonethyl derivatives
(35b). ir: [err] in 1770, 1720, 1680 1480, 1430, 1360, 25° 1240,
1140. Procedure 34 Berix\drvYI - .
C7B-1D(-) - 2- (t-BRrox{Ccar bonyrerIBCONZ—2 _ roxyvhenvl ) acet am do] - 3- [
(2)-1-vroren-1-v13-3\ce=h¢. ep-U- car bdxyl ound 36a). [err] [err] HO
3 Jerr] S w= B=CECE, (2)

= . :
coflcE,) ;- 0,2 (c 2y,
s - To & stirred soluticn 6f 3.15 g (3 = mcles) cf Compouns 35z
and 10 ml of acetaldehyde in 50 ml of chloroform was added
dropwise 8 ml (4 m meles) of 0.5 N socvium hydroxide over a period
of 10 min and the mixture was stirred at room temperature for one
hour.' The reaction mixture was washed with water and a saturated
-d0 - RacCl solution; dried with_M9504 and evaporated under reduced
.+ - - pressure. The oily residue was chromatographed on a silica gel
' -~ : colunmn (Wako' gel c-200, 60 ¢), which was eluted with chloroZorn
(2 L) ané 2 % methanol in chloroform under monitoring by TLC
(chlofd orm : methanol = 10 : 1).  The desired fractions from the
15 2 % methanol eluabe were collected and evaporated to éryness to
'nge 0.8 g (40 %) of the prcneny1 aerlvatlve 36a.

| nm::_' § (cDCly) in pem 1.28 (387 &, J=6 Ez, c-cag), 1.42
(98, s, C-C33), 3.25 (2B, s, 2-E), 4.92 (1B, 4, J=4.5 Bz, 6-E)},
5.08 (1%, &, J=6 Bz, CE-N@), 5.3-5.8 (1H, m, CE=C), 5.80 (1%, 4,
20 J=4.5 Bz, 7-E), 6.04 (1H, &, J=11 Bz, CE=C), 6.70 (28, s,
phenyl-E), 6.82 (1E, s, phenyl-E), 6.92 (1E, s, CHPh), 7.3 (10%,
s, phenyl-E). - .

By 2 similar procedure to that described above, 10.5 ¢ (9.3
m moles) of the mixture of the 3~ and 4-0-BOC-N-BOC diprotected
derivatives 35b was allowed to react with acetalédehyde to give
3.3 g'(46'%) of the co::ésponding 3-propenyl derivative 36b.

-1

ir: v (X3r) in cm 1770, 1700, 1500, 1370, 1240, 1150.

max



[err] To a"stirred solution of 3.15F s (3 .
IZ? cf Conpou-nd 35a and 10 ml of acetal dehyde in 50 m of chloroform
wasS added dropwise 8 m (4 mnolts) g+ 0.5 N soci um hydr oxi de over. a
period of 10 min and the mxture stirred at roomtenperature for-one ~,J
hour. The reaction t ur e, was washed wat e a Jr d -10 I

ladl sol ution, n“b'm eﬁ%l?ﬁ{ﬁg@ RRRY e]va"p\,\eréa‘{leos‘u e fe’dui'gj: B s
pressure.c~ Pi3 y23 eb2iiyes waz-khy e Dol kphet, oMbl sH2/ CHER) , (ﬁ).laj-rfhl

(maklogel elqt | qf 0~ and 2 %
rret hanol ch oro'?orm u%%m’torl n:gd{) IE(‘E ¥'cm'or§o}¥%nr#nl2_}9rret hanol = 10

X The deS|red fractions.from the 15 2 % net hanol eluate were
coIIectexbnggéwp@03ﬁted to-dryness to give 0.8 g (40 t) of the propenyl
derivative 36a. nm: o (CDC1l3) in ppm 1.28 (3a; d, J-6 Hz, CCE3), 1.42
(9H, s, CGCEerr] 5.08 (1E, d, J=6 Hz, CE-NM, 5. 3- 5 8 (11, m CE—C) 5. 80
(IE d, 2ﬂe-(n0+ﬁ*z+ 2-3, 4641 vihe ido D311 - CEMn)

s Geb%#%&i?ﬁfﬁéi?ﬁFLfaﬁzcted.‘

ir: V[err] 1770 1700,
1.4 (9H, s, CGCH3), 1.55

of the corresponding /3
1500, 1370, 124&5 1/
(9H, S,

mecECE, (2
~

A mixture of 0.8 g (1.2 m moles) of compound 36a, 0.8 ml of
anisole and 3 ml of triflucroacetic acid was stirred at room
temperature for 5 min and diluted with 25 ml of etner and 25 ml

10 of 1sopronyl ether. The resulting preclpmtate was collected by
filtration and washed with isopropyl ether to give 557 mg of the'
crude trifluoroacetate salt of Compound 37. A solution of the \_J
crude product in 10 ml of water was purified by column chromato-
graphy using 100 ml of the packing of a prepPAK-Cl8 cartridge

15 (Waters) and the column was eluted with water and 5 % mgthanol
successively. The 5 % methanol eluate éontaining the desired “
product was concentrated to 5 ml and'lyqphilized to give 231 mg U/
{47 %) of Comﬁound 37 (zwitterion form, 90 % pure). M. p.

200 °C (grad. dec.).

- ir: v, in cm'l 1760, 1690, 1580, 1530, 14008, 1360, 1290,

1270.

uv: max (pE7 phosphate buffer) in nm (e} 233 (9200), 231
(11000)

nmr: § (D 0) in ppm 1.68 (3B, d, J=6 Hz, C—CHB), 3. 26 (1E,
25 é, J=18 Hz, Z-H), 3.58 (18, 4, J=18 Hz, 2-B), 5.18 (1lH, s, CERE),



‘C-CH3), .3.25 (2H, s,

H, 6.07 (UH, d, J-11 Hz, CHC), 6.9-7.1 (4H,

2-
'CH Ph & phenyl-B), 7.3-7.5 (IOH, m phenyl-H). Procedure 37
578;EIX-)-2-Anino-2-(3,4-dihydrOxvohenvI)acetanido]-S-[ (2)-1- 5 '
_Drqpen-1 th 3-cei hem 4-carboxYlic Ackg (€onpound. 37, BMY-28068): - J

- NE=CEC. = %Z) No i 0 c2H A mixture of 0.8
g (1.2 n1n5ré§)($¥'c6np6ﬁﬁd53§ ¢ 678)ni SoP-anPsbRB: aRd GETE BFT-E), 5.97

. trifluoroacgk|~&, agcklllvwaz, stkeced at 050084} efpe a&u e-fpr 5 mn and diluted
‘with 25 mM of ether and 25 m 10 | o of isopropy er. The resulting

precipitate was col l'ected by filtration and mashed wi th isopropyl ether to

gi ve 557 ny of Ateordindetoraf bimidacepavecedure, o8.Bogpbénd BmoXespl of i e

of the Q cguged Lgdg 0 s edehy chr pyat
PL£0HGE- ?Eo&@c%d Eewgtfsm@ npkEhELedsh ef-&?é T3 4 O gy

graphy usin acking o
Cvat obs) " aht ERBPEBRANATWAS" EhL BHLAFRRLBR EPTANGOE 5 PETRAAGFALCh gave

successi vetye Spectbrainsabangleatisst eo8hathbse ﬁbeeQGSbéﬁé product was
concentrated to 5 m and | yophilized to give 231 ng J 1 47 % of Conpound

37 (zwitterion form 90 % pure). M p. 200 OC (grad. dec.). 20 ir:
'vimax in cnRrogedurecdd, 1580, 1530, 1400, 1360, 1290, 1270. uv: Amax (pK7

LR TURIIU. I T & ST P U GRS A S Y

phosphate buffer) in nm(e) 233 (9200), 281 (11000) nnr: 6 (D20) in ppm
.68 (3H, d, g C-CE3), 3.26_(lE, 25[err]
D(~ -2-(t-Butoxycarbonvlamzno) (d-hydroxy-B-methogybhenyl)

acetic Acid (Compound 38)

\—
- CHCO B
?n-
CE.0 -
1a A mixture of 2.96 g (0.015 mole) of'n(-)-z—amino-zeté-

\_/ hydroxy-3-methoxyphenyl)acetic acid and 3.6 g (0.0165 mole) of

di-t-butyl dicarbonate in 1Qo ml of 50 % agueous THF containing
4.2 ml (0.03 mole) of triethylamine was stirred at room tempera-
ture for 16 hours and the reaction mixture was concentrated to 50

- 15 ml. The concentrate was. washed with 50 ml of ether, acidified

R with N hydrochloric acid and extracted twice with ether (100 x 2
ml). The combined extracts were washed with water and a
saturated NaCl solution. The dried extracts were evaporated to
drYness to give 4.38 g of Compound 38 as foamy solid.

20 nmr: - § (CDCl,;) in ppm 1.4 (98, s, -C-CH;), 3.8 (3%, s,



J=4.5 Hz, 6-H), 5.5-5.9 (2H, m. CH=C & 7-H), 5.97 (IH,
, 7.05 (3g., m phenyl-.R). According to a simlar
proce ure, 3.3 g (4.3 mmoles) of the N,Odi-t-BOC protected derivative .,
m xture 36p, % 399 (75 % 5 of _ und 37 as the zwitterion forn1;\)
(90 % pur’e), gave the spectral ddata identical with those given above.
Procedure 38 EX ) - 2- (t - But oxycar bonvl ani no) - 2- ( 4- hydroxY—3 nethoxthenyI)

acetic Acig mamounﬂs?»%dwl (EeéLko&%rc%]rbféqmwé

FL
% :
Sq

nol e) of - - g
(0.0165 liog ofet bl — mm‘mﬁmwwmav
cont ai ni n'g:dlng?omc (j)g 9)3 mol e) of triethylam ne was stirred a- roomtenpera-
ture for 16 hours and the reaction mxture was concentrated to 50 15 m .
The concentrate was. ,d mnth 50 m of ether, acidified with N

hydrochloric a wi th e 100 x 2 m). The conbi ned
extracts were mashed Wi th wa | and a datu ated NpCl solution. The dried
extracts were evapor aMsIt=tO dr ygess tolgi vy 4. 38 c£x§$ound 38 as foany .
solid-. 20 . o gr: 6 ( 3) i.n&Ppm r, CE3), 3.8 (3E, a,
err : 3 '
[err] 3 Co,C(cEy) )

875'2

A mixture of 4 3 g of Canand 38, 5 g (0.012 mole) -ef
5 ° Compound 2, and 3 g (0.015 mole) of DCC in. 150 ml of dry TEF was
stirred at room temperature for 2 hours. The precipitated urea \/
was removed by filtration and the filtrate was evaporated to
dryness. A solution of the residue in 200 ml of ethyl zcetate
was washed with an agueocus NaHCO3 solution, water, and a

CE(C

10 saturated NaCl solution, dried with Mgso4 ané evaporated to
éryness. The oily residue was chromatographed on 2 silica gel
" ceclumn (Kiesel gel 60, 100 g)'which was eluted with toluene-
ethyl acetate (4 :1) under monitoring by TLC [toluene-ethyl Lo
acetate (1 : 1) or chloroform-methanol (50 : 1)]. The desired"’
15,  fractions were collected ané evaporated to dryness to give 7 g of
' the desired 3-chloromethylcephem, Compound 39, as a foamy solid.

nmr: & in ppm 1.4 (9, s, C-CE;}, 3.45 (2, br-s, 2-E), 3.7~
(38, s, OCB;), 4.32(2H, s, -CH,Cl), 4.92 (1H, &, J= 4.5Hz 6-E),
. 5.13 (1g, &, J=6 Ez CE-NE), 5. 65 (1, &, J=6 Hz, NE), 5.80 (1H,
20 &-¢, J=8 & 4.5 Hz, 7-E), 6.85 (3B, s, phenyl-E), 6.95 (1%, s
CE-Ph), 7.2-7.5 (10-H, m. phenyl-H).



Procedure 39 - 67 Benzhvdrvi 78-(D(- )- o
-(t But oxvcar bonvyl am no) -2-C 4-1hvdro -o-x rnethoxvahenyl )-acetam’.o?0
-3-thl oronet hyl - 3- cenhem 4- car boxvl ate ; Com : pound 39) S [err] [err]
@[/err] A mxtur‘g of' 4.3 g of Compound. &-5 g9 (0.012 nole)-c.' 5
Conpound 27 ~&R8<3¥1§ (F 015 nole) of EKI:%n 150 m of dry TER was stirred
at room-tenperature for 2 hours. The precipitated urea "J was renoved by

filtrationgand,t ;55kyﬂ§$SntL§DkuLtQEgQ§VLhE

;evaporatéddt QEﬂyﬁi Lé-HB%fEéy ééﬁ%é%ﬁbwﬁﬁ)chronatographed on a. Silica

- gel” colunn‘t%?esef‘ggi"ﬁﬂ"IUU'gg whi ch 'was eluted with tol uene- ethyl

-acetate (4 :1) under (0 |ng by TLC. rtolueng-ethyl acetate (1 : 1) or

. chl or of or m met hanol ~N -fractions were -
£14

col | ectedc and apory f the esired

~3-chl oronet hyl cephem G in
(9H, s, C CE3>, 3.45423, br-s, rHz’usffrais([er&r] 5.13

: a$ a

(
4.

|E, d, J-6 Hz CE-NFE<L05.65 (1| Fp dzp)Hz NH)Y, 5.80 (1H 20 -d, J=8 &
5 bz, 7-H), 6.85 (3M s, phenyl28) 65 (1ldgs SCB(C,E,) , -
A mixture of 7 g (0.0l mole) of Compound 39, and 7.5 g (0.05

5 mole) of sodium iodide in 100 ml of acetone was stirred at room

/ temperature for 30 min and evaporated to dryness. 2 solution of

the res;due in 200 ml of ethyl acetate was washed with an acueons'
- Nag 52 3 solutzon, ‘water and a saturated NaCl solu ion, dried with
Mgso4 ané concentrated to 100 ml. 49 the concentrate was added
10 3.1 g (0.012 mole) of ‘riphenylphosphiqe and the mixture was
sti rec at room ;enperature for one hour To the-reaction:
t - mixture wa s added 100 ml of ether and the senarstec solﬂd was
collected by flltratzon, washea with ether and dried to give 5.8
¢ the triphenylphosphonium deriva stive Compound 40. The ethereal
£iltrate was concentrated to 10 ml and to the concentrate was
added 300 ml of ether tc give 0.9 g cf the n*oduch as a second

'c'cp. The total yield was 6 7 ¢.

e

wn



rk, 7.2-7.5  -Procedure” 40 -62 Benzhvdrvl °
<§§£:}X ) -2-(t-ButoxvcarbOnvl am rzc)-2-(4-.rvdoXv-3- m ethoxv~h env!)

tam do]-3-tr i henyl chosthon onmethv - 3-cenh er.,- 4-carboxvlate |odioe
(CormourRFABBEE2Er$13 [err] [err] €] A mixture of 7 g (0.01 nole) of \J
Compound. 39, and 7.5 g (0.05 5 nDIe) of sodiumiodide in 100 m of
acet one mas stL rreg 30 mn and eva orated to
dr yness . 2&32% ‘ S ) = mshed
mnth anmeﬁxnuxQQEEBOB-aobuhnaﬁpJWBPQNZ)andn&dﬁdﬂﬂyﬁyiKijWﬂEDEEHJMJSOF

‘ied nt,rated to 100 m. To the concentrate was
acded 1é§h&¥§ﬁg§§£§ ?ggﬁsﬁgﬁg 48? tri phenyl phosphi ne and the mxture was

stirred at roomtenperature for one hour. To -he-reacti.on- mxture was

added 100 nl of ether_and the separated solid was .. - AN col l ected by
f||trat|on washed \;ther and dried to glve 5.8 g the

|pheny|pho ' derYvyat g?npound he ethereal 15 filtrate
mas concentrggg ‘ﬁpc con entrat was added 300 ml of ether’

to give 0.9 g of theg ---ouctNas a seuonducr?g>

g

_;@géésyiqhg was 6.7 g.

GO CR(CEES) 5

. . : -/

5 To a stirred mixture of 5.0 g (5.5 m meles) of Compound 40
and 10 ml of 90 % acetaldehyde in 100 ml of chloroform was -added

_ dropwise 11 ml (5.5 m moles) of 0.5 N sodium hydroxide over a

period of 25 min andé the mixture was stirred at room temperature
for 2 hours. The reaction mixture was washed with water, then

10 with & saturateé NaCl solution, drie€ with MgSsO,, and evaporated

to éryness. The oily residue was chronahographed on a silica gel.

column (Kiesel gel 60, 130 g) by eluting with a mixture of \

toluene and ethyl acet a:e_[the ratio was changed stepwise; 4 : 1

(1.3 L), 3 :1 (. L), 2 :1 (1.0L) and the eluzte was

collecteé in 20-ml fraction. Practions'No. 26 thfough fraction

No. 59 were combined and evéporateé to dryness to give 830 mg of

the desired 3-propenyl derivative Compound 41 as a2 foamy solié. e

'.‘
wn

nmr of 41: § (CDCla) in ppm, 1.35 (3E, 4, =CH—Q§3), 1.4 (9%,
20 s,'c-ca3) 3.85 (38, s, o—c33), 6.07 (18, &8, J=11 Hz, -CE=C).



ot i et Aol e 48 e cmdns srmeis beeatas 4wy b aneseuams s ie o n e

‘procedure 41 -69- Benzhvvd: vl [err]-((- j 2-( t .
:-Butoxvcarbonylan1no) 2- ( 4- hydroxy- 3-nethoxvznenvl- &cet am do).- 3- kﬁ%@

‘59 were conbi ne

(2)-1-orozen- 1 yl 3- 3- cenhem 4- carboxvlate (Conpound 41) S [err] [er

[ er] [err]. To a stirred. ure of 5.2 g (5.5 mnol es)
Cbnpound 4Gz£tfﬁxr?ﬂ4bf 90 Wbacetaldehy e in 100 m of. cloroformwas
added dropwi se 11 m (5 5 mnoles) of 0.5 N sodlunlhydrOX|de over a perlod

of 25 mn and 2LQL 2 hour The
‘reaction m=4 d ;, 4 3=methoxvdne .
sol ution, drd hkbw 1o -vhh 3 o ddc Ac1 héconppurdsmduespv

was chromatggdgphed on a silica gel. colum (K| esel gel 60, 130 g) by
eluting with a mx-tre of toluene and ethyl acetate (the ratio was changed
stepwise; 4 : | (1.3 \ 1 (1.1 L), 1 (1.0 L) and the eluate. was
2.5 col l ectedyhn 20 ractlo

ga%nd S 3 edoocﬂéjn ss o glv
3- pr openyl der| vative Nauaals nd 49‘32315 a ioar’g sol i
2[err} '

26 through fracti on No.
830 ng of the desired

beekcgd Loy,

5 A mixture of 830 mg (1.2 m moles) of Compound 41, 0.5 ml of
anisole and 2 ml of trifluorocacetic acid was stirred at room
temperzture for 5 min and the mixture was diluted with 30 ml of
ether a2nd 30 ml of.isop:opyl ether. The resulting precipitate
was collected by filtration, washed with isopropyl ether ané

10 dried to give 437 mg of the crude trifluorocacetate of Compound

42. The crude product was chromatog'anhed-on.a colunn packed

b with 1060 ml of the packing of a prepPAK-C 18 cartricdge column

K_) (Waters), which was eluteé mxhh water anéd S5 % meuhancl. The

- '~ eluate with 5 $ methanol was concentrated to 5 ml and lyophilized
15 to give 225 mg of Compound 42 (zwitterion, 90 § pure). M. p.
176-180 °C (gec.). '

-, ;;: 'vmax;p cm 1760, 1690, 15°0, 1530, 1400, 1360, 1280.
uv: max(na 7 nhospnate buffer) in nm (e) 235 {(10000), 280
(11000). . ' ’

20 nmr: § (D,0) in ppm 1.68 (3§, d, J=6 Hz, C-CcH5), 3.25 (1%,
é, J=18 Hz, z-=>, 3.57 (18, &, J=18 Hz, 2-H), 4.01 (38, s, OCE,),
5.10 (1E, s, €3-CO), 5.19 (1H, &, J=4.5 Bz, 6-E), 5.78 (1E, &,
J=4.5 Hz, 7-5), 5.5-5.9 (1H, m, CE=C), 5.98 (1E, 4, J=11 Ez,
CH=C), 7.07 (24, s, phenyl-H), 7.17 (1B, br-s, phenyl-E).

25 'HPLC{ retention time 9.3 min. (0.02 M acetate buffer (pE 4)
containing 15 & acetonitrile).



Frectequre 42 -70 - o .
) 2- Am no- 2- (4- hvdr oxy- 3- met hoxvDhenvl ) acet ai 2...dcC ; 3-
I

- Drooen-1 -vl 3- 3-cechem 4- car boxvl i ¢ Acid (Cbnpound 42, 3BY 28097) =
[err] [err] A mixture of 830 ng (L.2 mnoles) of Conmpound 41, 0.5 m of
ani sol e andcedpreoft3trifl uoroacetic acyg-was stirred at roomtenperature
for 5 mn and the mxture was diluted with 30 m of ether and 30 m of
i sopropyl ether The resultl re tae e S coIIected b f||trat|on
V\BSEedpy z l - L c g Iog = \Na Re~PE '. Q A Ao
trlfluoroacetate of Cbnpound 42 The crude product was chronatographed on.

2 ool umn packeg Ll 109.0k oL kb (aRKkRg gghaerreeréégm cggLEi doe

colum - ) Was '€ watef 2R B e nol. The
el uate wnehabolimechgrsl afsercbhecnrprit adminibtrRtand pfopamporad 3% at to

[ 2254 t 1
?hgg ) IgFeggsGD%gggﬂélggékgzwha friae wie Eomqeeked Nbee a ;6:&8@ o@ 24

. 7
phoéphatB°HEFFethFnrﬁﬁF(8?132352(Eéﬁéé)re?ﬁgaﬁngleé ep O?lvﬁnpﬁﬁff~gg (3E,-
d, J-6 Haur€ngaghe ixgﬁrﬁhantd eS8 fudloRikg) taBle7shbdks dhelvodRukls, o2-5),

4. 01 (33, /S e 23N eckeld k:bﬁrEng[%rrklme.

0-2 hr 2-4 hr 4-6 hr 6~24 hr Total

Urine volume (ml) 18 19.5 13 42 92.5 /
The urine (ca. 90 ml) was adjusted to pH 3 with N

10 hydrochloric acid and'filtered to rembve“a precipitate., The
filtrate was chrzomatographed on a column packed with 300 ml of
HP-20 by eluting with 2 L of water and 2 L of 30 % methanol under
monitorin§ with HPLC.  The fractions containing the biocactive
components of the 30 % methanol eluate were collected, .

15 concentrated to 10 ml and lyophilized to give 330 mg of brown o’/

. solid. A solution of the s61id in 20 ml of water was
chromatographed on a column packed with 200 ml of the packing of.
a prepPAK-C18 cartridge (Waters) by eluting with water, 5 %
methanol, and 10 % methanol, successively. The first half of the

20 5 $ methanol eluate was concentrated to 5 ml and lyophilized to At
give 44 mg of Compound 37 (70 % pure) containing impurities
derived from urine. The second half of the 5 % methanol eluate
was concentrated to 5 ml and lyophilized to give 36 mg of
product, which was a mixture of Compound 37, Compound 42, and

25 impurities derived from urine. The eluate with 10 % methanol
(ca. 600 ml) was concentrated to 5 ml and lyophilized to give 38
mg of Compound 42 (.0% pure by EPLC), which was
re-chromatographed on a column of the same packing as above (40
ml) by eluting with water, 5 % methanol and 10 % methanol. The

30 des;red fract:ons eluted with 10 % methanol were combined and
concentrated to 5 ml and lyophilized to g~ve 16 mg of Compound 42



25 _ HPLC: retention tinme 9.3 nin. (0.02 M acetate buffer (pH 4)
containing 15 %acetonit.-ile). . Procedure 43 Isolation of Co 42
fromthe Urine of Rats fed Conpound %7 Six male Wster rats (400- )
ME%% pl aced in steel netabolic cages ter the oral admi nistration\of
Compound 37 at the dose of 100 and urine was coll e ted over a period
of 24 5 Wﬂﬁ-(ﬁ?’ré‘asﬁ'ﬂe?aﬁ%r?/\é?igqfé& ‘pﬂaqzr’é ehatf Qutafd i Eo%F dBFen wat er
during the exeastomidrildhess of X80 ng Halpe Jsewvvsc(gm vaegnd .of urine
collected fromtine to tine. 0-2 hr 2- 4 hr 4-6 hr 6-24 hr Total

Urine volume- (m) 18 19.5 _3 42 92.5 K) The urine
ca. 90 nl) was ity usved, tXBHH 3 v TN 11'050: R0 oM Wi d530i.d 1498 .f L6 ed
to remove pgyecipitate. The filtrate was chrsmatographed on a col um
packed mﬁﬁh 300 M of HP-20 by eluting with 2 L of water and 2 L of 30 %
met hanol under nonitoring *with HPLC. The fractions containing the :
bi oactive conpapent sxof (pe BOpRosstiawedbuff e} einvenre (ol 1233 8200) , 280

4 15 . (xiggﬁﬁ ated #*10 m ‘and | yophilized to give 390 ng of brown
solid. bn of the solid in 20 mM of water was chromatographed on a
col um packed with 200 nl of the packing of a prepPAK-Cl8 cartrldge

(Wt eés) by el uihpg with t?ﬁ ém%.nﬁéh@ﬂ@ arl%éoeé’pm%i r 3.26 (1,
. successively. e first2hal ? g % onet &gu%%
concentrai%d I8 %¥'aﬁﬁ Py05h§$|&%%'t J=18 Hz, ) 5, OCH,4),

J=4 5 Hz ? 7-3)’ 5.5-5.9 (lH, m, CH’C"‘),- 5.98 (lﬁ; dr J=ll HZ,

CH=C-), 7.07 (2B, s. phenyl-R), 7.17 (18, br-s, phenyl-H}.

10 The structure of the metabolite was established as
78-[D(=-)-2-amino-2~(4~hydr oxy-3-methoxyphenyl)acetamido}-3-{(2)-
l-propen_-l-yl}-3—cephem-4-4cazboxyl_:i.c acid by comparisen (nmz, ir,
uv, BPLC) with the Compouné"_'l".z prepared by Procedure 38-42.

-.:.J.\ N
/
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gi my of Conpound 37 (70 % pure) contaiping |hpuritie> dertved from
u The second .half of the 5 % net hanol elua ed to 5 n
and ‘|l yophilized to give 36 ng of product, mhich "Eﬂﬂ Eﬁi E.Cbnpound
37, Conmpound 42, and 25 i mpurities des4 ved fr0ﬁ1ut|n uate with

10 % net hanol (ca 600 M) was concentrated to 5 nl and |yophilized to gi ve~
38 ny of ConpoGRAIMS:= 0% puie by HPLCD whi ch was re- chronatographed on a
colum of the sane acking as above 08&%%¥3 el uting wt : %

met hanol and 10 % nBt RERBFeRaTRELS6T %efﬂé@PFbﬁ§nékétéﬁngth 10 %
met hanol wehesednbvied ahd fommedkrated to 5 ml and | yophilized to give 16
nmg of Conpound 42 72 which was 90 % pure by HPLC (0.02 M acetate buffer.
(p- 4)-acetonitrile (85 : 15). M p.. 180 IC(grad. dec.). ir: vmax PBr) in
cni 1760, 1690, 1590, 1530, 1400, 1360, 1280.1»«0)(nax(pH 7 phosphate
buffer) in nm(c) 233 @ Rgo (8800). 5 1% 6 (D20) in ppm

1.68 (3H, d, J=6 Hz, R -C@FONH 2-H), 3.58 (1S, d,
J318 Hz, 2-H), 4.01 (3H, - : % qrr] Jla.5 Hz, H) =% % 5.9 (11, m
CN-C): 5.98 (1H, d, J-11_f, CE-CN}-' 7.07 . HCH3 17 (10,
br-s, phenyl-H. 10 1 The structure tabolite was established
as 7B-(D(-)-2-am no-2-(4- hydroxy 3- netzox§bheny|e et%p1d0| 3-1(2) -
. cozp
5 and the Z-configuration about the exocyclic double boné
wherein '
. . _ N
n is the integer 0, or 1,
Rl is hyérogen, OP3, lower alkoxy., or halogen,
Pl. Pz, and-P? are hyérogen atoms or
10 protectingfgroups.appropriatg
' respectively for amino, carﬁoxy, and hydroxy
gToups, '
R® is hydrogen, 0?3. -Jower alkoxy, o
the pharmaceutically acceptable acid addition szlts of the e
13 foregoing substances wherein n is 0, and 21, Pz,_and P> are
hydrogen, an@ the pharmaceutically acceptable metal salts of
the foregoing substances wherein n is 0, and Pl, Pz, ané P3 are
hyérogen. |
¥ g o’
2. The compound of Claim 1 wherein n is 0, and.Pl, Pz,
20 and P3 are hydrogen atoms and the pharmaceutically acceptable

acié addition salts, and the pharmaceutically acceptable
metal salts thereof.

3.
78~ [D-2~amino~-2~- ({~-hydroxyphenyl) acetamido] - 3-[(2)-l-propen-
25 1-y1) -3-cephem-{~carboxylic acid.
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;uy‘a,p o,

i 1- propen I-yI3 3 cephen}4 carboxyllc acid by conparison (nnT

with the Conpound 42 prepared by Procedure 38-42.
73_ 1 111" 1116 I | CLAINB
se{ ected £rom the group consi sking of those ®dving_the f

E NFI P

"~ hydrogen, OP ,
or protecting groups
~hydroxy groups,

I *

la

R2

CE=CHCB3 2 C02P[err] and the Z- conflguratlon
about the exocyclic double bond wherein n is the I n

| ower al koxy, or hal ogen, |, and[lmmluﬂuumumatoms

.l ower al koxy, the

pharmaceutical |y acceptable acid addition: salts of the 15
substances wherein n is 0, and Pl, P2, and P3 are hydrogen,

nis 0, and p,

p—

Fere mmmmm iy oo e

. pharmaceutically acc

abl e net al

cephem-4~-carboxylic 2cid.

5

.appropriate respectively for &mho," cdrbdxy; and
R2 i s hydrogen, OP3,

. foregoing
and the

rcpen-1-vl)-3:-

7BJD-2 -amino=-2- {3-chloro-4-hydrexyphenyl) acetamido] -3~
{(2)~- 1-p:open-l-vl] 3-cephem-4-ca:boxvl;c acié.

€

B4D-z-amino-2~- (3,4-dihydroexyphenyl) acetamido] -3~ [(2) -1~
propen-l-yl)-3-cephem-4-carboxylic acic.

7.
W31D—2-am;no-2 (4-hycrcxv-3-me.hcxvpheﬁ};)ace:aulcc]---
[(2)-l-prcpen l-vl)-3-cephem~4¢~carbexylic acik.

8.

and P°

The compound of claim 1 wherein gl

is a hydrogen atom.

3

is OP7,

salts of the foregoing substances wherein
B o Bk £3imoe2-phenylacezamido) =3~ [ (Z) =1-F

-
e - s

ir, uv: ..m'_
1. A co
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2. The conmpound of Claim 1l wherein n is and P1, P2, 20°

.“are hydrogen atons and t he pharnmaceuti cal | yiﬂﬂﬂﬂ"ﬂ"ﬁ"ﬁ'ﬂf"’addl tion
salts, and the pharmaceutically acceptable t al 71- -
(D- 2- ami no-2- (4- hydroxyphenyl) acetani do] i%?[ (2) S propeh- 2 Y,
| -yl] -3-cephem 4-carboxyl.i-c acid. 25 -74- 4. [err]
cephem 4- carboxyd. c am cb.nﬁba?d)l;eﬂﬂlameﬁfe@i\(% -ngri-gvax i r[dasOxvhenl Y1)
acet ar ni do] -3 ) XV 3

, 3-2-ai no- 2- °jz(ZQ d roxyp e yl% acet ani do élel’nb‘p'Z)i*Chc 64 %n
ope- on- 1-yl . -3 mﬂl’mﬂzlf@'_sﬁéﬁ(yﬂ‘%a%féit Fb- T@a?t%’?ﬁ% iZerCtmn
4- hydr cxy- 3- net Mﬁhﬁimhél éﬁﬁ%éﬁ b 'éK’oﬁhaﬂlsm sensitive to

2 e B oPe e S & RO ki i alRuSEFBRHDS ! 1

the dnse to the infected mammal on a repetitive

dosage regimen for a treatment period of sufficient
duration to mitigate said infection.

10. A phacmaceuticzl composition in desage unit Zfeom
contzining an antibacterizlly effective non-texic amount of
2 compound claimed in Claim 2, ané 2 phammaceutically

N
accestatle carrier therefor.
"_- | A compound seleczed £from the cr ox.p consisting cf
these having the formula:
(O)n
2 s '
R _ czacom;-———t/ i
[ 2 o
NE?P | //’ CE=CEAlkX
r* | //
) o _ -2
Cozr
-

VI PP st/ 1 A A S T v S, L~ T - S SAPR SIS SUPIRT CIAIbs. 2 -0 S LIRS FALS - LR S 2 Sl



inthtion_in a mamual | caused by an organi sm sen
thé\pet%od conprising adm nistering the dose to the inf

’ - ' B TR LN B W e L O S SR PV U

e - P T USSR WP ET . PRI 1 CH 5 b WP .+ V179 SO S S SO e 2 S ot LR R A B VN
J 74 9. An antTbacferiarTy eTTective non-toxi ¢ dose of a subsiance as- -
claimed in claim2, for use in a nethod for the treatnment of a bacteriaJC§g>

ance

repetitive dosage reginen for a treatnent Jygd od ¢

| on a
LT R
mtigate said infection. 10. A phar mmacelt i cal - s nsdosage

urnit fc-. copidaging. an antibacterially effective non-toxic amon-unz o a
~cornpound clainmed in Caim2, and aégharnaceutically accepabl e carrier
’

t herefor. A &Smidend e e fedmithe group consisting of those
having the forml ag} @i lhyerogen, op>, 18GEL Qikoxy, or na18ckf' '] - 75-
Wher ei n 102 3 N : ==
P, P°, and P° are hvérogen atoms or
[ " protecting groups appropriate
respectively for amino, carboxy, ané hydrexy Eroups,
R® is hydrogen, op° or lower alkoxy,
21k is alkylidene or alkylenme having 1 to 4 ecarben
atoms, and S _
10 X is bromine, chlorine, or iodine, .
ané the acid addition and metal salts of the feregoing
“Tk’; substances wherein n is zero, ané BT, 22, and > are hyérogen.
12. The cocmpound of Claim 11 wherein Alk is methylene,
é and X is chlorine. '
15 - - -
; 4 13. 78-[D-2-amino-2-(4-hydroxyphenyl)acetamido}=-3-[(2)-3-
- 1\) chlcre-l-propen-l-yll-3-cephem-4-carboxylic acic.
14. Diphenylmethyl 7B-[D-2-(t-butoxycarbonylamino)=-2-{4~-
i 20 hyéroxyvphenyl)acetamido]~3~-{(2)+3~chloro-l-propen-l-vl]=3-
SN cephem-4—~-carboxylate.
~é' 15. D.iphenylmethyl 7B-[D-2-(t-butoxycarbonylamino)=-2-(4-
i hydroxyphenyl)acetamido]l~-3-{ = 3-iodo-l-propen-l-yl]-3-
25 cephem-{~-carboxylate.

w0

Se T gt as
e
P YIS heP SRR I Y

16. Diphenylmethyl 78-[D-2-(t-butoxycarbonylaming)=-2-
(4-hydroxypheny1)acetamido]FB-chloromethyl-3-cephem-4-
carboxylate.



hoi integer 0, or 1, Rl is hydeocen, OP3, |ower al koxy, or halogen, |,

P2, P3. are hydrogen atons or 5 protecting groups
app i ate respectively for am no, carboxy,7@nd hydroxy groups, 2

:3 R~™1's hydrogen, OP or |ower alkoxy, Alk is aFkyI I dene or al kyl ene

having 1 to 4 carbon atons, and 10 o/
i odine, and the acid addition and netal salts of ﬁ ﬂ[mmll”l Imllystances

‘wherein nis zero, and 9 and. are hydrogert. 22. % The tonpound of
-Caim11l wherein ALk is nethylene, * and:-X is chlorine. 15 13.

70-. [D2- [ 2- (4- 3

“‘Uchl oEo |-Sf2L2271 §/|j t]%‘ Wga g’??@?aﬁ:l gu%y%ﬁrbﬁ’%yﬁmneflﬁgll 7B-

t D- 2- (t - bu. ox{&hydrmtypheny)liaqetamigo] - B-NWWWc)ep@@m-dnpwpoxmaze
(Z2) -3-chloro-I-propen-1-yl -3- cephem4 car boxyl at e. D. i phenyl net hyl
7- LD 2-(t-but b - t do].- 3-

3-1i odo- prrogegx%c'slr]onﬁggﬁ% ’éé’r jgﬁnoﬁ)%p S’X”") ace am ﬁh@\‘%ﬂﬂhﬁr
Tlerr]f-[D 2- (A-MWWMmm;&H%WWMspmabamdﬁh 3-

- 3- chl or omet hyl s ge g ephelk i PRIV A

" 19. The compound of Claim 1 wherein n is 0, and at
least one of Pl, Pz, and P3 is a - | protecting
group. |
% _ : i N
« 20. The compound of Claim 19 wherein Pl, and P3 waen

protecting groups are independently selected from the group
consisting of trityl, chloroacetyl, formyl, trichloro-
ethoxycarbonyl, and t-butoxycarbonyl, benzyloxycarbony', and

P2 when a protecting group is selected from the group consisting
of benzyl, p-methoxybenzyl, p-nitrobenzyl, d:.phenyl-xethyl,

t-butyl, and 2,2,2-trichloroethyl. _ i

21. D.iphenylmethyl 75--[2-(t-b_utoxycarbonylaminc)-2-(4-
hydroxyphenyl)acetamido]=-3-[(2Z)-l-propen-i-yl]ceph-3-em-4-
carboxylate.



et e s s S bt a4 1+ reeimt ahas e e e s

705> 2- (t - but oxycar bonyl ami noj o- 2- _

(4- hydr oxyphenyl ) acet am dol - 3- (tri phenyd prospho

cephem 4- car boxyl ate i odi de. 19. The corrpounE”" m ' I !ll/mmel nnis O,
* ¢ P e up. 1

- 76 t* C L M S * 17. Di phenyl methyl 7[err]- [err] D 2-
(t-but oxycarbonyl am no) - 2- (4-hydroxyphenyl) acetam do]

odottet hyl - 3- cephem 4- car boxvyate. 18. Di phenyl et hyl

and at | east one of PI, P2, and P3 is a

3 20. ‘The conpound of Claim19 wherein PI, and P ,len protecting groups
are independently selected.fromthe group consisting of trityl,

chl oroacetyl, fornyl,.trichloro- ethoxycarbonyl, and t-butoeoxycarbonyl,

benzyl oxycarbony'., and p2 when a protecting group is selected fromthe

group consisting of benzyl, p-nethoxybenzyl, p-nitrobenzyl, diphenyl nethyl,

t-butyl, an@ag, 2, 2-tritheo P@ébyi for-t JeidWlof a cephal
-1 2- (t but ox carbonylgn1%o) (4- hydrogegﬁg%yl)acetanldo]-%%a osporin

(Z)-I-propéﬁll he ) RHm B2 em 4- carboxylate The process for
the preparation of a cephal osporin of the fornula (0)

, (z)n
R CECONE f’
b
. NHP P
9 2 N —CE=caR
. cogP

and the I configuration about the exocylic double bond wherein -

3, n is the integer 0, or 1,
\»/ R‘ is hydrogen, 0P3, lower alkoxy, or halogen,
P], Pz, and P3 are hydrogen atoms or
protecting_groups appropriate
respectively for amino, carboxy, and hydroxy groups,
07 R2 'is_hydrbgen, 0P3, or lower alkoxy and
~/ R?  §s CHg, CICH, or ICH

2'

which comprises reacting in a reaction inert organic liquid
vehlcle at 20 to 150°C a halide reactant of the formula QCH X
and R CH X wherein X is Cl, Br, or I with a triarylphosphlne
to yleld a phosphonium salt and conversion of the latter in a



[err] and the Z configuration about the exocylic double bond wherein

s the integer 0, or 1, 3 [err] I's hydr oxy, or
“halogen, [err] and P3 are hydrogen atons or protect|n r ropriate
fespectively for amino, carboxy, and hydroxy gr nﬁ" ﬁllﬂuiﬁdr ogen,
‘OP3, or lower alkoxy and R - iis CH3, O CH2 or ri ses

“reacting in a reaction inert organic I|qU|§ VEhche at 20 to [err] a hallde
reactant of the fornula QCH2X 32 and R CH2X wherein X is Cl, Br, or | with

adtriar ylllr;hi)éd@?* ri‘ﬁimtx‘%c)i'bﬁbdl@q@h@sm'Ltmﬁﬂuenandltﬁn!@tﬁédv@@ Wise he lLatter
in a -

e I| ani,c vept with aqueous base
10 a phosp %ﬂﬁﬂ°raﬁﬁgrﬁﬁ&?ﬁ?%db?t?H% kiﬂqﬁf' ﬁgb F&FS?’R CH=PAr 3
foll owed by GrPArgn fofl Toked| byt eeactitien erytrtmridltttleonsnaer[@rsr] in said

wat er i %Mﬂa‘dn@“'a‘i Qugants $6b¥EN n V{1l FakArDIMILl sE PRFE ANfq i the
Tornula organic solvent with a carbonyl reactant of the formula QCHO
and R3CH0 wherein one and only one of said halide reactant

and said carbonyl reactant contains the group Q and Q is
selected from thé group consisting of the following formulas:

o
—N
) /
.0 :
¥;;
ACNH..

4

o
-
A

wherein n, RT, P], Pz, P3
meaning as previously and _ .
Ac refers to an acyl group of the sort ordinarily found in

a cephalosporin, and

._and R3 héve the same

o AR sam 2e oo v A sa s



bonylhreactant contains the group Q and Qis selecte

C jjsting of the following fornmulas: .4 (0) [err] |
neauahg as previously and Ac refers to an acyl grou hﬂ H!ﬁﬁ“ﬁ! uﬂenarrly
found in a cephal osporin, and [err] is an wgkylr

protecting-group and thereafter convertrng sai d product to the desired

product having the fornula first given above by a conbi nati on as necessary

of one or more of éenp%/ J}gfﬁ 1.9 ; Q%Q%kg,pg uPJn ;6‘?- EQEF‘Y‘@S jfﬂ]anpé:

_aéﬁ R- C}K)mhereln one and only one of sai. d hal i de reactant and said (:Eg>

and B and introducl n err
into the resuFBanﬂét%{ﬂﬁﬁﬂW§m$é097samﬂan%ﬁ%CB %Qnﬁhﬁn&Séﬁaeﬂhé?% ¥c¥err]

.and [err] arenasmgevwwdamudaf FRedt 33ven H@@@aﬁy ethe%dhneﬁ@nQﬁI m
22, characterrzed in

78- CD- Z- ami no" zc E ﬂ?ﬂr%&ﬁgﬁer‘?}énﬁagﬁt gﬁn HSTO\Q“ 23a1du bqocﬁmg grgups of

the formulas Ac, and B and introducing the
7-acyl group of the formula

R CBCO-

B ]

4

into the resulting 3-substituted-7-aminoceph-3-em compound
wherein R] and R2 are as previously defined.

. 23. Process according to Claim 22, character1zed in that
; the compounds a - 3 are manufactured:

a) 78-[D-2-amino-2-(4-hydroxyphenyl)acetamido]-3-{(Z)-
" l-propen-l-yl]-3-cephem-4-carboxylic acid,

b) 73-[D-Z-amino-z-phenylacetamido]-S-[(Z)-1-propen-1-y1]
-3-cephem-4-carboxylic acid,

c) 78-[D-2-amino-2-(3-chloro-4-hydroxyphenyl)
acetamido]-3-[(2)-l-propen-l-y1}3-cephem-4-carboxyl1'c acid,

d) 78-{D-2-amino-2-(3,4-dihydroxyphenyl)acetamido]-
3-[(Z)-l-propen~1-yﬂ-3-cephem;4-carboxy1ic acid,

<
e tmems e vy -

>
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Z éggiﬁgén-l-yl}-3-cephen}4-carboxylic acid, b) o
p 3 (& 7- ani no- 2- phenyl acetani do] -3-[(2)-1 - propen -yl ]

- 3- cephem 4- carboxylic acid, c) 7B-(D 2-am no-2 lllnoxypheny
. acetam do]-3-C(Z)-1|-propen- | - -yl }3- cephen}4 carb Iﬁ“n m
. 73-[D—2-anino-2-(3,4-dihydroxyphenyl)ate nfdo -

; 3-((2)-1-propen-1-yl}'-cephem 4-carboxylic aC|d - 80 - e)
~ 7B-[ D 2- ami no- 2- (4- hydr oxy- 3- met hoxypheny

acet ani do] - 3- ((2) e} - mddbfi-laﬂwn}ancéﬁhEMﬂ‘)iém%ﬂ?@#ﬂ%yaf’d'ie&"f))
7B- { D- 2- am no- gcﬁéaﬁfgg? 1qryy¢hL@9gganLdo} 3(&&3néh-4 carboxylic acid,

chl oro-1I - propen- em 4- car boxyl i c“acid, g) diphenyl nethyl

- TB-tD-2-(t- butoxycarbonylanlno)-Z-

(4- hydr oxyphenyl ) a¢ergai Bhed - B inazR-3 4ehiydroxyppempbhagesamido]-3-[(2)-3-

3- h 4- t | -
7B?F8 g”}t gﬁ{%ﬁé%k?bgh ApéHP?%ﬂW-Gﬁkgﬁhem 4-carboxylic acid,

. (4- hydr oxyphenyl ) acet am do] - 3- E3-i odo- 1- propen- 1-yl ] -

'~ 3-cephem 4- carboxghaaepheaythgﬂhgmynmsibyﬂ-tB-pﬁtQtybmthﬁ@uﬂﬁmbdwykénlno) 2-

_ (48hydr oxyphenyly) 2cGLa0L 8RLa 717 { Lt dnii¥aIR30T L YL BCER N0 Ro- PlBope-nayilat e.

andardey . L0

+ cemdewhie b som maimama. la. t .

3- cephem-4-carboxylate,

h) diphenylmethyl 78-{D-2-(t-butoxycarbonylamino)-2-

‘r

(4-hydroxyphenyl)acetamido]-3-[3-iodo-1-propen-1-y1]- v

3-cephem-4-carboxylate,

i) diphenylmethyl 78-[2-(t-butoxycarbonylamino)-2-
(4-hydroxypheny1)acetamido]-3-[(Z)-l-propen-I-y]]ceph-3-
em-4-carboxylate,

&



24% A process for the preparation.of, di phenyT et hyl

Yy oy 1) et hy! - cojIRH N R AR @)
-2 ¢ L M s * .

di gheny! net hyl ~ 7B- (O 2- (t - but oxycar bonyl ani no)
(4- hydr oxyphenyl ) acet am do] - 3-i donet hyl - 3- cephem 4- carboxylate (11), and

di phenyl nmet hyl 73-{0O 2-(t-butoxycarbonyl anLngj-2-

(4- hydr oxyphenyl ) acet am do] - 3- (t ri-phenyl phosphoni o) net hyl -

3- cephem 4- car boxylate iodide (II whi ch conprLseSOFeacting benzyhydryl

7-anino-3-ch|oron§?ﬁyl-é-pE@ﬁﬁéﬁwﬁg%aﬁmﬁ»&ﬂﬁﬂﬂiﬁéﬂﬂn

D- 2-(t-but oxycar bonyl am no) - 2- (p-hydroxyphenyl)-acetic acid to give the
dl, th ti b4 Iy .ol i, adl ' eund

P her s o PSTYRARER 1 TRt 008t R

4, and further reacting I I pheny Ine to
compound I 11. {dspydrpgyp eQST’aC¢$iﬂtﬁﬂi§§P rorAEe pRy hadwRerie Mot -a

.conpound as cl ai nechriboxglaite {19y 11, substantially as indicated in the
‘foregoing Preparative Procedures section. 26. A substituted cephal osporin
‘prepared by a process as clained in claim?22, 23, 24 or 25. 27. A

phar maceuti cal conposit iddmheoxpmeshng 28cldhmiourtc bas oasyarneeny haming Jof -

‘claims 1 to 7, 11 G4lﬁ&hmoxyphenyl)acgtamido]-3-idomethy1-3-cephem-4-

carboxylate (II), and

diphenylmethyl 78-{D-2-(t-butoxycarbonylamino}-2-
(4-hydroxyphenyl)acetamido]-3-(triphenylphosphonio)methyl-
3-cepham-4-carboxylate iodide (111}, -

which comprises reacting benzyhydryl 7-amino-3-chloromethyl-3-
cephem-4-carboxylate and D-2-(t-butoxycarbonylaming)-2-
(p-hydroxyphenyl)-acetic acid to give the compound 1, then
reacting compound I with sodium iodide to give compound Il, and
further reacting compound Il with triphenylphosphine to give
compound III.

.



and a pharnaceutically acceptable carrier or excipient.

=s2 ~ | IR AR WL
* c L M H *

25. A process for the preparation of a compound as
claimed in claim 1 or 11, substantially as indicated

in the foregoing Preparative Procedures section.

26. A substituted cephalosporin prepared by a process
as claimed in claim 22, 23, 24 or 25.

27. A pharmaceutical composition comprising a
compound as claimed in any of claims 1 to 7, 11 to 21,
and 26,.and a pharmaceutically acceptable carrier or
excipient. '




