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the 5 met hol by#4hGominlete Sresifieasion publishqdo} fepdt, 198b be part i cul :
descri bed i ‘and bySH) ANT GL*f EOTRMPMY st at enent: - The present i v NG S
provi des a process(%rlﬂdeh@t adcsphnceenent of t he acet oxy group of a

cephal ospor ani ¢ acid byC2§ 311314‘ A4 Had 118@ $ﬂ016322 11440 Ivent and
under essenfl ally anhydrous ggw 254 ?55;56132'52}4 rrent of the
acet oxy group of a cephal ospeonisms D0o3p1 213r32532y 8°338aPB40e 1S a known
reaction (U S. Patent 3,278,533 2345h§4§' aamsoamjswtsbmes bhBé8cat i ons: D.
Cocker, J. Chem Soc., 1965, 3 )" Yt4 %%%‘; (gzzg cur s onIy in
an aqueous mnedi um Practlcal dO288R ¢ of the
cephal ospor ani c. acihy i n nucl eophile or its salt
at pH 15 5-8. Tk(l"eb I&nﬁ@%g’ﬁr{ﬁb@zggggous e |um el evated tenperature

(35-700C.), and 15 near neutral {54) GEBHALPSPQREN §ENEHBESISy destructive of

much of the cephalosporl ared i hIS nner
ofton’requ te ext enshys I EILAE A &Eﬁéﬁﬁf‘% e e,
on cephal 0S{ Or ani c acstfest, City &ﬁhﬁﬁna@éhs Sve bf Tatand, Riited’St ricﬂ do hereby

subst anti al § | act one fct;plmtthonvenaorsfoaiwhncbuepnamhatmenrz ay be
lowers t he Viel dSof ito be performed, to be partlcularly descrlbed “26“d| y t &s 5

T q(ﬁﬂ
now been dis gg;egfgut ﬁaﬁ%&sb}mv&%sp&%ﬂ b5 BERL HahHy g&g%;ﬁ By a5 |

be achieved in or ganumderodssemini apnelens egsigions. al I y anhydr ous cond| ti ons

React i ons under ese CJ Lﬁ‘%’ f}%"n@rfﬁ m %% gtg;? P?Sl*i’%tifag n; 10
yields are 25 gen i &ﬁﬁi‘fﬁ% ORI §)bte§s‘istlm tm&ﬁa‘fned_
Sonme of the products occurs?&'xlﬁm(hlﬂtaqﬂ(bﬁ&lﬁ diurﬂﬂﬁfdtlﬁalﬁﬁfalece e have emhaamtsaloaf
m xture. The present sp:rmh@@pmmbedld iowater alengmtlgb erafat nuclgophile erressabg '
g{.ﬂor

appl i cable to esSent i ‘g’}@{ % J\:ﬂ cYatiq temRera gs
acid. The object of tﬂaususl ﬁ}mq,mu&a ﬂe Sarbdin RIS id8r Glién PRI sié
preparing 3- 30. ( tAttemthth ﬁua spdqeement on cephalosporamc acids in-water at-lower

i 3 ial { £
30 The present igyventBthrphs2 )n §. g%? g’%sm d%ffr‘:’“ug@b‘a? joRg 2asidesspctionsthat i n -
iscovdre i

l owers
conpound of the for Iftéi hytlw been the dlsplacement of the acetoxy group (as well
2 as other 3-acyloxy groups) of cephalosporanic. acids by sulfur nucleophiles can be
achieved in organic solvents under essentially anhydrous conditions. Reactions

l 25' under these conditions are not complicated by lactone formation; yields are

generally higher; and products are more easily isolated. Some of the products 25 .
spontaneously precipitate from the reaction mixture. The present process is :
believed to be general in nature, and apphcable to essentlally any sulfur
nucleophile and - anﬁ' cephalosporanic acid.
_ The object of this invention is to provide an 1mproved process for preparmg 3- .
30 (thiomethyl)cephalosporins. . 30
The (fresent invention is a novel process for preparing a cephalosporm

compoun of the formula _
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.5 (c¢) d phenyl

wherein R13 is [err] [err] 5
5 [err]
. i's hydrogen or

10 (1) hydrogen,
fl uor oal kyl

R is hydrogen or nethoxy;
is a phthalimdo, succinimdo, a radical of the- fornula wherein L
nitroso, or a radical of the. formula 10 [err] is:
(2)[err] alkyl (3)[err]- chloroal kyl (4) [err]>
15 (5)[err] cyanoal kyl,
hydr oxyal kyl (7) p- nrtrobenzyloxy (8)tert - but oxy,

~ 15 (6)[err]
(ZEXQ)Z,Z,Z-triChIoroethoXy,h

_)radical of .the fornul a

1,5 703
(12). "

(10)a protected 4-am no-4- carboxybutyl
&0 [err] wherein A" is a protected amn no

2

ybutyl;

3ﬂuammoxypropyl 25 (13) a radrcal of the formula. s ", 25
[err] in hi®h each f aand a ‘is. |ndependently hydrogen [efﬁ}ﬁalkyl,
[err]_alkoxy, hal ogeh, hydroxy, or §err mherern AI is, as above protected
am no; Z |s'0-or "tnd mis 0 or M! 73\\
1, 597, 036 . -_'*\\ e . 3 (14) a radrcal of the fornula
P-CH whereln P (%) 2-thi enyl, 5 (by=8=th|enyl '

gro
-above; -and .wherein Qis 10
10 (b) fornmyl oxy, (c) aceto
Mmmnn%ew]rs di ph

2,2, 2-tf c'ﬁtd‘rd'éthy'tjm
oxysul fonyl , (f) a. proFea
the formula O -

25

wherein L is hydft)gep or 'nitt'oso,_or_ a radical of the foi'r'nt'tla_': o

0

. R® 1s(l)' h d
y rogen, L

'10

(3) —-CI'I,—(C,—C3 chloroalkyl), o

. (4) —CH,—(C,—C. ﬂuoroalkyl), o
(5) C,—C, eyanoal : :
-(6) C1 hydroxyalkyl

) -mtrohenzyloxy, :
(8) tert ~butoxy,
9) 22 2-trichforoethoxy,

15

20

'_ R20—C—C :"', IH;(CHz);—TCHz'_

"_._A" .

wherem Alisa protected amino. group and R"2 is hydrogen or C —C. alkyl

(11) 4-oxo-4-carboxybutyl;
-(12). 3-carboxypropyl;

25 (13) a radlcal of the formula - -
. | _ N

Je——=
a *

of the.fornula [err]

© R—C—NH—'

(10)a protected 4-ammo-4-carbo:§ybu_’tyl ridicgii;fof the formula

in mhrch a and a' are as . defrned

(a) hydroxy, .
(d) car boxy of t he" fornula [err] 15
1. pr i tor obgrz N :
15 butyl’,
ed antno group,

sbenzyl
or moxybenzyl (e) aIkaIi met al
(g) an acylated am no gr@up of
\H-C- T

03wher ei ﬁ %ﬁ*‘s‘{ﬂi}'mmﬁ’n{‘é’d a’ rad\‘ul of the fomﬁla 0 [err] 25 >

| ik s

.-'1'0..
15

20

g e

a5

—(2) -cne- :

f’é <,

in which each of aand a' is mdependently hydrdgen, C,—C, alkyl, C,—C, alkoxy,
halogen, hydroxy, or A’ CH — wherem A is, as above, protected amino; Z is O or

S;and mis O or 1;



wherein [err] is hydrogen or [err] alkyl; [err] is phenyl, hal ophenyl,

furyl, nononet hyl am no, dinethyl am no, nonoet hyl am no, di et hyl am no, 4

1,597, 036 4 et hyl et hyl am no, propyl am no,

di propyl am no, diisopropyl am no, phenyl am no, or diphenylamno; RO is

hydrogen, C, -C4 alkyl, or phenyl; [err] is hydrogen, [err] alkyl, or ' .
met hyl sul fonyl; and [err] is ethylene, trinethylene, or vinylene; 5 .
(15) a radical of the fornula 5 (-4
N OH 3 0 [err] wherer n P 'Sl 537g§6 defi ned above, prot-ect ed 3-

L0

2- am no- 4-t hi azety——et a—t-actcar—of—the—formora{erT]
wherein V représents [eﬂr“]a@?dy‘[ab?fr‘]‘e fqméﬂaers‘p represents hydrogen, mnethyl,
[err], CN, orserr], and n 10 repr esent T, or 2, or (17) a radical
of the formul a [err] which Y is 2-thienyl, 3qth1enyl - furyl,

2-oxazol yl, 2-thi azolwhereiflPtiet r azol yl,, 1-enzotri azol yI 2 oxazol yl'thio, 2-
t hi azol yl t hi o, 123-’%% sy, 5 - ylthio, 1, ,4- triazol - 2 - ylthio,

1,3,4 - thladrazol - 2 , t amno - 1,3,4 - t hi adi azol -- >
2’ 'yithio, 5 - 15 methyl - *ﬁﬂggﬁﬁ?gﬁﬂﬁaﬁﬁfg&ol ~ 2 - ylthio, 1,2,4 -

t hi adi azol - 5-y|th|o 3 - methyl - 1 o2-¢ - thiadiazol - 5 - ylthio,
1,2,5 - thiadiazol - 3 - ylthio, 1,3,4 - diaZet - 2 - ylthio, 5 - nethyl

- 1,3,4 - oxadiazol - 2 - yIthio - met te==e’5 - tetrazolylthio; .
pyri dyl t hi o, 4- cyano -1,2,3 - t I 3 - cyano - 1,2,4 - -
triazol - lg- rvmce taeéla‘zmaaﬁffﬁ'sdab%e *‘"E'hr azolyl: 20 - each
[err] is i ndepenféent I‘@’ sggyn [err] alkyl,[err]al kenyl cycl ohexyl , 10
20 or phenyl; each R5 |a;)lf6ld@my1dently [err] ‘alkyl, [err] al koxy, halo,

hydroxy, nitro, cyano, fRtkdemsul f opani do, or trrfluororret hyI' and"[err]' is
a unit which with the 28 “arbw&t{wpm“‘a-

25 conprises an ungubstrtut ed or substitut ed
frve or si x-nmenbered heteroaronatic rlng havi hg a total of froml to 4
hetero atons selected fromthe foll owing com®m@¥ns: I' nitrogen and 0 or
| oxygen or sulfyr, 30 yherein A%ds (ﬁbﬁeﬁﬁﬂ@ﬂﬂ?l fﬁlﬂn&nﬁl UenﬁK!QQﬂn&ﬂorSéth)fl Uert- 15
30 3 nitrogens, and 0 or I ﬂﬂygﬁﬁmembxy%elﬁ rogens er ring atons
bei ng carbop; or. a unit (W}?hmaﬂhxwﬂgn lerr] 35 corrprl ses
2- benzi m dazol yl, 2-benat %/f“ ‘? or aradical of the 35
formul a whi ch process cé%r;:)rr‘g%e"‘ssfl remalct:I ']9 %ngftrgmad of the formul a [err] 40 -
wherein [erg] and R2 are as defi ned above an@ Ris [err] al kyl, [err] '

cycl oal kyl, - 490 ant no;. -nono- or di (C, - C:?~I yl.l.) am no, 5 S 20
1,597,036 err] wirth a sul fur
nucl eOphI l e of the fOI’ m\ldharefn T represents amino, R 3-S-R14

1] } 5 wherein [err] is as defined above, and [err] is hydrogen, or
when and only when [err] is a nethyl enesmi ni uml;froup, ‘R14 conbines with R13 o
and the S atomto forma thiour ea; [ mr&n-»mrégam-us—eﬂi vent “under essentially

anhydr ous condi tions. .

R’ 0
-N—c-cu—cmz’, )\(ﬂ
|
R‘IO
f - v
. LN N\‘° —L(ou)
S o \N/ : 2 or 3;
. | . Vo
Gg,\ s

s : : I§ /! | _ 25 .
‘wherein R7 is hydrogen or C,—C_., alkyl R®is phenyl halophenyl, furyl, '
monomethylamino, dlmethylammo, monoethylammo, dlethylammo,



The term[err] alkyl, representing R may for exanple be nethyl. 10

The products of the present process exhibit antibacterial activity; in

addition 10 many of them serve as internediates to yet other

cephal osporin products which also exhibit antibacterial activity, see; e.g.

U.S. 3,932,393. In the foregoing definitions, the various "alkyl" terns

efer to both strai ght- and branched chain aIkyI groups. In the definitions
§

R3 as [err], alkyl 15 refers to groups such as nethyl, ethyl, propyl,
s;ropropyl butyl sec- butyl, @gy;l(m 15 |soarryl hexyl and 4 ’

S—armethyt™ UUL Theterms - BT T andfer r refer LU such—groups as
chl or oet hyl , ‘Q;E{'m ﬂ:@g{ ﬁ@oﬂg‘%gﬂa “h qj emo,3 f| uoerropyI and
4-chl OrObUtle:ml éérmcf Tkyl, of Bulk yléuﬁf" §1e cyandwet hyl ,
2- cyanoet hyl trifBethyléhe, or Gydevepr opyl and 2- cyanopr opyl The ter C A
hy3ir oxyal Ki3)a rpdigal of thedormpdln  20™ gr oups as hydr oxynet hyI 2- hydroxyet hyl,
3- hydr oxypropyl and 2- h*d_&_)fypropyl oth the- -
- 3-(acyl oxynet hyl ) cephal gsporin of Fornul Il and. the sulfur nucleophlle
am no groups are desiR-alyCpr, ot@CHE ok -ﬁmcm; actice of protecting amno
- groups is well known. See I'Protective Groups in Organic Chemistry," 25
edited J. T. W MOme (Pl%num Press, London and New York, 1973). Ln
gener al wherelb PPik Pt £ efirtad aaiweapmemeacz.mwptmﬁam esz-heyrovabl ity of the,
pr ot ecti orfl6ye ke formla Y-sS(@)—@H e vherein Vasprefeots —GRwpl e, in a _
7-acy! ﬁgsgng%ﬂ "tf‘%‘f‘ {reRTRREns JPAREE. [Farhol. GRp (HY & NyAdgtient | LY} to pe
cl eave hﬂca!is @lf&&ilﬁrY-ﬂCHSUhﬁ'&BicﬁYQE Q-Tt}ﬁ&{yl @thgrﬂrl 2. groups for-this
r adi calfunyhc oudeolﬂ?_-zmixamllﬁ,a i'azol lerlr nzotriamslyl- 2ovxadol ﬁropal- kanoyl , 30

benzoylthl ﬁtd’él@el dg"i: triagel] e?r-]ylthi " refers to
acet yl ,m dﬁ)’f %ﬁ m, 5y e%%% higdiaz &}ﬁ 913’ fI ugxoal kanoyl "
refers i, " thkdiagol OtRR] QD5 QRBAdIAB huprg,ar QRhcHY zThe t@rm
~"subst iyithioe$ - ln@ﬂl&’byﬂ'“rmxhdmbls halybhisubsmleimulteﬁ hiogr oups such as
4- chl orpqg%‘i‘ <f42 VA0 - JriphBiAER)) - | b 2080 3524 - teigzeht grbﬂ‘benzoyl Such
QrUPS Caigad FoGs MlepeRRntly Rydrdgeh éJlQ: oA €5Lé QllkeRfl, GRloRGyl, 35 GHOUPS at ot her
| ocat i cmphenyl;t he 3-(acyl ox rret é :

os ori.n, and in the sul fur

nucl eophl ICECh end 4jd gﬂfpeékw@- haérgézwrow,mt@e am no grup, the
pr ot ect? gfs tB lRorgRetEY: #% r eadi |y renpvable. See McOnie,

supr a. Surt prot ectl ng groug§ whi ch are readily rermvabl e are _

b@Azyl oxycarbonyl , p- 40 . n-rcl’ obenzyl oxyear bonyl 2 2 2 - B

trichloroet hoxycar bonyl ‘tert-bm oxycar bonyl ;
0!' lt

Pﬁ;hgéis@ a:?logi&agto ﬁ?qm 1t Ei hetgi'g.%%smsee}gggg fr(ﬁnh%?;o"g’;fgg?)gm no g OUp of

6 [err] camxtadgsmaﬁlﬁoafDb%&ﬁdrgmuﬂescr| bed in Bel gl an patent 771,694. As

us¥d her e2mitragkrs and Onar"lhexygrgeor'sulfurd t he term "hal 0" refer to bl uoro,
chloro, b?cﬁl‘ﬁfﬁe?ra’i"o‘ba"lﬂi@e%@rm [err] refers e.g. to methoxy, ethoxy, 5

i sopr ora%meamfg @rohytb%ycarmﬁ ofr‘ardmt av#dh]tﬁgt al " preferably designates
~sodium 5 potassium and [ithium owng are illustrative of the
‘group O [err] wherein R3 is any-¥f m)l eties (1) to (12): formam do,

acet am do, propionamdo, 10 . ™~eutyram do, - nethyl propi onam do, val

r i docomprises mni}lﬁdﬂﬂylr_mlddhlaZOlylwbémOMﬁydtmﬂiaiﬁoﬂ(he hexasani do,

hept an "8, 3-chl oropropi onanmi do,- 3- chl orobutyrani do, 4-fl uorobutyranido,

5-chlo ovaleram do, cyanoacet am .ﬁEZ cyanopr opi onam do, 3- cyanopr opi on

ya

m do,. 4-cyanobutyram do, h etam do, -2 - hydroxypropi onam do, 3 -
- hydr oxybut yram do, p - 15. nit enzyl oxycar bonyl amno, tert - b

- ut oxycar bonyl am no, (2,2,2 -\ —¢15 trichl ogoethoxy)carbonylamno, 5- (2,5
- dichl orobenzani dg)- =~ 5 .- carboxyval eramido, 5 - acetamido - 5 -°
car boxyXufheresTfomPEses reagtingoheamponid of te formplay _ o o
di chl or obenzam do) val er am doi: < carbo - n-- butoxy - 5- (2,4 -

1T

40 wherein R' and R*are as defined above, and R is C, —C alkyl, C,—C, cycl 40
amino, mono- or dl(C,_Cs alkyl)ammo, o 3 8lKyl, C4—4 Cyc oalkyl



di chl orobenzam do)val eramdo, 5 - ~carboxy - 5 - (2,4 - 20

di chl orobenzam do)val eramdo, 5 - [err]- chlorobenzamdo) - 5 - 20

car boxyval eram do,_ 5 - propionamido - 5- carboxyvaleramdo, 5 - (3 -

chl oropropi onam do)- 5 - carboxyval eram do, 5- benzamdo- 5 -

carboxyval erami do, 5 - oxo - 5 - carboxyval erami do and 4 -

car boxybutyrani do. The following are illustrative of the groups O [err] in

t he above definition in which R3 is a and in which mis 0: phenyl acetam do,

2 - (p - nethylphenyl)acetanldo 2 - (m- eqhgbggpnyl)acetanldo 2 - (p- 5
L5

i sopropyl phenyl yacetamdo,— 2= (o~ 380 TEthytpitenyacetant-do—2—p
- chl orophenyﬁacet amdo, 2- (p - 30 henyl )acetamdo, 2- (2,4
- di chl or ophen$§f") acet am do, 2- (m - 'ﬁr: enyI et am do, 2- (p-

fl uorophenyl )acetanm do, 2- (o - fluewophen cet am do 2- (3,4 '-

di hydr oxyphenyl ) acet-ani do, 2- (p- hydro%yphenyl)acet ai do 2 - (m

hydr oxyphenyl ).acet am do,” 2 (2,6 - 35 di et hoxyphenyl )acet am do, 2- (m
met hoxyphenyl ) acet am do 2- (p- |sopL@p eny cetamdo, 2- (m etl
oxyphenyl ) acet am do, (p- rret hoxyphenyl’) aget apa™d®! 2 - (3,4 - S

di met hoxyphenyl ) acet am do, 2 - (p - t®Ht - b'tl‘t'dxyphenylyacet am do, 2 - ( -
(acet am donmat hyl ) phenyl )acetam do, 2 - (p - (tert -

but oxycarbonyl am nonet hyl ) phenyl ) acet ni do, (o - (tert - but oxy- 40

car bonyl am nonet hyl ) phenyl ) acet am dos¢c 2cu—fM \ henyl )acet arni do and 2
- (3 - chlorko - 4 - nmethyl phenyl)acet' ni do. ,;A_hgm’ in %he above formula, mel
and Z represents -, | I | ustrative grou§§ i nclude the follow ng :
phenoxyacet am do 2 - P net hyl phenoxy) acetam do, 2 - (m - _

et hyl phenoxy) acet ami dtjth sulfug b“°1°°P'§¥9|cﬂf fogmdtioxy) acet ani do, 2 '(o’ -

met hyphenoxy) acetsami do, 2 - (p - 45 chl geoghgnoxy) acet am do, 2- g p- 5
br omophenoxy) acetam do, 2 - (2, 4 - 45 dichl orophenoxy)acetam do, 2 - (m
- br om)phenoxy) acet amvmem R 1%?defined gbove, and R“ is hydrogen, or when and only when R" is

1,597, 036 _ a methylenecaminium group, R“ ﬁﬁ}gg}% t<a 60rm2a (0
- quorophenoxy) acet atrﬁo e é,;“c‘j iy lvemuf ”Tg@y X0 exefble %%lw? (m-

et hoxyphenoxy) ack®t ani do ThE pr odpe s ofrta¢ eq:ess( lattentamtdmﬂ a@xvgtq);;sﬁ;admtmn, 10

di met hoxyph&nhoxy) ac et;ﬁﬁo antlb“ge‘s actmtdlate ?‘E g;gysae'@t s which (o
- but oxyphenoxy) acet qeé the“fore 1mtlong1?ieafa§fous yI” terms. refer to both straight
met hyl phenoxy) acet ani 4@ branch ed c al-kyl 5 Qxyhe definitions of R? as5‘C,—C, alkyl”, alkyl

met | yl phenoxy) acket animifers. @such pabespmmdobutﬂ sec-ﬁ@tyly atmyldr oxy
- 4 - et hyl phenoxy) 23' ; "fr‘g i ‘{ ?ﬁ%—% mopalkyl

i sopr opoxyphenoxy) ac afiargets z%mom(ed.yr zame losrﬂh EYH1eBRt AT and
2 - (p - (tert -_but ceycHe, amsn]hyj’rmdf BIOMYS ao@mnmﬂiyi Z-Wamtthyh 3{ he
10  foregoing f%?rrml‘%(aﬂq!?ﬁ! xym %tef C-rﬁd Ug;qxléﬁ‘ Y%/ﬁ TS pyl
include the 10 folf % '%b wlﬂﬁg'gogﬁqﬁorﬁula Il ldnd the sulfur

met hyl phenyl t hi 0) aCEtrﬁlBleﬁtﬂnle 2amm oup ﬁhﬁl? rbtB¢tey. arhet p’itiﬂtl © of Protec nig -

i sopropyl phenyl t hi o) mmgmoc!m ISZW Plen tpﬂemﬂmlms %r ﬁﬁ n%érslteral 25
- chl orophenyl tF o)a ‘gf%ﬂ gf ligm%}ﬁ 5&1’ thal 2, 4
- di chl or opheny t hi 0)fAAe riBstiely as for er{ELple a 7-ac Vi Bt el O 7
- (p - fluorophenylthio)acet am do, 2- (o- fluor ophenyl t hi o) acet am do
2 - (3,4 - di hydroxyphenyl t hi 0) aceta do 2 - (p -

hydr oxyphenyl t hi o) acet am do, 2 .- _{@;p q.}ﬁcet am do, (2, 6
- di met hoxyphenyl t hi o) acet am do, 2 m|- e hoxyphenyl t hio)acet am do 2 -

(p - methoxyphenylthio)acet arri do, 2 - (3'4 - di et hyl phenyl t hi o) acet am do,

2 - (p - 20. tert L Lo ¢ osporin. Suitable protectin
h?éi‘.d‘s" g% thQ)c%%ﬁ?‘%tndtﬂé éphialobplin. Suitable protecting

but oxyphenyl t hi ghacet include CS—C. htoro- or fluoroalkanoyl,
met hyl phenyl t hi 0) acetlmuodb nd su’bsututed benzdyl- Thh nsan —pOgallidnoiil’ oofers @6 acritylo, 2
- (3,4 - dichlor opherg ter “Cs loro- or fluoroalkanoyl” refers e.g. to

hlo 10 e term “substituted benzoyl” includes
di chl or ophenyl t hi o) agh %enzo rou;f Iu@’b h—c‘hlo obenzoyl, 4-bromobenzoyl, and 2, 4- _
chl or ophenyl t hi ggsac etcﬁdﬁltﬂﬂqen yt. Sud] roups@ alsdObe em lllik)ye d for the protection of amino 35
f 1 uor ophenyl t hi o) ac etmp@igt othe? locatiqng jngthe 3-(acyloxymet ylcephalosporin, and in the sulfur
nuc eophlle However, when it is desired to regain a free amino group, the
protecting group should be one which is readily removable. See McOmie, supra.
Suitable protecting groups which are readily removable are benzyloxycarbonyl p-
40 nitrobenzyloxycarbonyl, 2,2,2 - trichloroethoxycarbonyl, tert-butoxycarbonyl, p - 40
n}lletlfl_oxybtlmzyloxycarbonyl -and dlphenylmethoxycarbonyl The amino ) group of
the formula ) .



25 di fl uorophenyl t hi o)acetam do, 2 - (m- fluorophenylthio)acetam do, 2

- (o - 25 (acet am donet hyl ) phenyl t hi o) acetam do and 2- (p- (tert-

‘but oxycarbonyl - am nonet hyl ) phenyl t hi o) acet am do. When R3 represents a

group of the formula P-CH 30 illustrative groups having the overall
~ formul a 30 0 R3-CG-NH include the mandel am do

- group, and the O-fornyl and O acetyl dérivqtives thereof; the 2 - carboxy -
\2 - phenyl acetam do group; the alkali netal salt of the 2 - sulfo - 2 -
Jphgnyl-acet am do group; t he pr qtsgp(;_,,gd 2 - am no - 2 - 35 phegyl acet am do
group T whrchrthe—protected—amno—grotp—+sS—For—exarpte—a 35
carbonyl am no group sd@h ‘as tert - Dutoxycarbonyl - amno, .
trichl oroethoxycarb @gf_&r*wo FIn nzyI oxy - carbonyl é{"ns?'no and
the 2 - (acyl ated am no) _$ écet am_d’o group. Also.included are
those 2- substituted 2-thi e&nyl acet anmi do and 3-thijenyl acetani do groups in
whi ch the rou |s pJaced b 2 thienyl or a 3-thienyl ring.
40 "'ug?“rr%fﬂ%"%m %gﬂ%m‘ﬁfﬁ% URSe A BRNde! ani do, p-

et hy| s?mao-r S R del ar do, b -
rretShoxynmnofmkﬁmdiGbutmy- le amrralkdeinaai Ctmefeqably dedignamesmd 2| ami glo, 3 - nethyl

-4- f | RAYES oronai i del ami do, p - quoromandeIamdo 45

p -i soprop&w&éﬁ}él ﬂ%’s"%wﬁ"} ll!'algf:’f’é‘?hyl - 0 - fornyl mandel anido, p - chloro
- 45 O fornyl rrandel am do, i - iisopropoxy - O - fornyl mandel ani do, m -
bronp -- O - fornyl mandel am dq,. d-fonnyl mandel am do, 3,4 - di net hoxy 0-

f or nyl mandel am do, - 0-acetyl rva"(ﬁ:e‘r Tdo, p - hydroxy- 0 -

acet yl npnggh "Rﬁhsdﬁly oﬁ’m‘mélesp ﬁmlg)ofm Eﬁﬂdl %&Qﬂld@ hrdfionddido, Ny dr oXy- O 50
fomryl nutytehidn) do; ethylhgogic amde, ' qa(nﬂo & hi erthylbatyetmdda, do, 19 - hydr oxy -

2 lacet @eda Beptanarmid ProR Ptomzmdm vigh
t hi enylgﬁééggﬂ ATigo, %H?‘?;& m°’5 °§§°"E$i‘g py? "é}r Ocﬁ) 2 - forrryl OXy -
2 - (3-nyd :

e L AL ﬁmo,@pm%ﬂgp XY -2 hydrbdbutytaiiga)yh J.acet ani do, 2 -
(té¥t- ﬂumobxwlmb b1) ylatf:ﬁg, . pmﬁ 2I eugem ﬁlaznmo, 2(222,,12- 15 '
trichlof Elg T dansis ﬁyin%taml 5-( Parbokyy r%

_ G fam do, 2 -
(benzyl (S:)X OQ - 0QéWdrobenza do)valdriinido, 5 - 1y

@.

—

2

9 ng:m.am do, 2 -~ (tert
but ok obﬂngld@a-mld&)vale(qamyddr, phec'ztlb)oa(ye-t ami do (2, ¢52-- (28- o

ni £9 Obw ngglﬂa _ lorobenzamido) - -
X ro lonam o- 5- carbox Na i

1 597 ropro; elgrt::m?do) - g-p carboxyvalerémldo % H’Kﬁl‘ %&)ﬁsheéyl )acetanmido, 2 - (p
- = et hoeﬁygba‘y’wﬁtm&@ar 6y I5)- carboxyvalefamidorsad hoxymhmydybamﬁi ami do 2:
' (dl phenyl rfﬁﬂfolkymmrdmdwt)atwe of the @gmuphr ono. phenyl ) acet ani do, (tert -

but oxycar'bonyl). 2 - p- chlor phenyl)acet am do, 2 - (2,2, 2 -

trichl aoroet hoxycar bonyl) - 2-.(3 - nethyl - 5 4 - '

f | por ophenyl )acet am do 2 - R’(—Kbnmﬁ-oxycar bonyl ) - - (o025 5

- fluorophe anid p - nitrobenzyl oxycar bonyl) - 2- (p-
- f1 uor opfft R%//?% oXe 'f""' “’Gdh wf“’h R(%} " met hoxybenzyl oxycarbonyl )= 2 -(p -

i sopropyl' phenyl ) acet amido, ;}3__ (tert - butoxycarbonyl) - 2 - (3,4 -

- di net hyl phenyl ) acet ani do, t&;_( y byt oxycar bonyl)- - 2-  (m 10.
i sopropoxyphenyl )acet ani do (i"bhényl met hoxycarbonyl) - 2 - (3,4 -
10 di net hoxyphenyl ) acet amado 2 - (tert - butoxycarbonyl)- 2- (p.- (2,5

G ‘ﬁ’gﬁﬁf&a@%ﬁ“ﬁzzBr‘th-"gy?abe“y'> >

(Enyhheuh?ll'pﬂéﬂ @cetamido,( S QPXY 0 phzanyl cetagjdo, 2 -
(SOdI 0 lxlyggp}tegyl bgtalmdQ, -2 (2,4 1@1chlbro?e ) &cet e;m-do -2 -*
(pot ass ‘g) 2~ - (P (-p fluorophe aci ypkenyl)acetamid.o, 2
| 3(:‘" ( f}’gﬂgé‘ ¥ P)g et( Tdo, . 2- - .
.(seﬁl OodlmSﬁh iyplmjzmacetamﬁio- 2 p(rm%t exy i eudics]) @2 35 a
(sodio ylJacetanpda, © 2(sm tiroxy bwyl)a)cat@mtdam 210 (p2 - :
(sodi o lf etamldg 2 - ( lh dlmetho yphenyl)acetamido, 2:- (p - tert

cétamido, <2 - (p acetamldo}ethyl)phenyl)acetam:do, (p -
0 (tert - butoxycarbonylammomethyl henyl)acet mido, 2::- (0 - (tert - butoxy-
40 carbonylammomethylﬁphenyl)acetaml 2 - (m!- butoxyphenyl)acetamido and 2 -  49.
- (3 - chloro:- 4 - met ylphenyl)acetamldo When,] in the’ agove formula, m=1 and Z

_ represents «—0O—, illustrative groups include the following: phenoxyacetamido; 2 -
- methglphenoxy)acetamldo, 2'- (m - ethylphenoxy)acetamido, 2:--(p--

: 1sopropylp enoxy)acetamxdo, 2 < (o - - methylphenoxy)acetamido, 2 - -(p -
45 chlorophenoxy)acetamido, - ‘ (p.-- .bromophenoxy)acetamido, 2 - (24 - 45
: dlchlorophenoxy)acetamldo, 2-- (m - bromophenoxy)acetamido, {p.- '



20 chl orophenyl ) acet am do, .2 - (sodi ooxysul fonyl) - 2- (3 - nethyl -
4- 20 fl uorophenyl)acet am do, - (sodi ooxysul f onyl ) - 2- (o -

fl uorophenyl)acetam do, 2 - (sodi ooxvsul fon\dJ - 2 -. (p - fluorophenyl)
acetam do, 2 - (sodiooxysulfonyl) - 2= Fp -

acet am donet hyl phenyl ) acet am do, 2- (SOdI ooxysul fonyl) - 2 - (p-

i sopropyl phenyl )acetani do, :2 - (sodi ooxysul fonyl) 2 .- (3,4 - 25 .

di met hyl phenyl )acetam do,. 2 - (so i ooxy.sulfonyl) - 2- (m- 25 @
I sopropoxyphenyl.) acet am do,: 2 (so [ ooxywé-,f(g@yl ) 2- (3, 4- 7

di met hoxypheny o~ sot-eeXxystH+t

t hi enyl ) acet am-do, 2“110r i }o °Phe y)ac ce(? i do,
2 - (%) nitr enzyld}ﬁﬁ ﬁ?ﬁ@; 'ﬂi,%z?%q?m oS ngﬁ‘éﬂg‘gﬁ 92 ((},ert -

but oxycar bonyl ani no) tert but oR¥phenoxy)dcetamid Qi enys } ammmlﬁenth)aceZamldo, -

(benzyl oxycar bony! amctnh.))o - 2. qﬁhylphenoxy)ace}@m W 25
- (tert - but oxycamﬁ ;1:;1 (l( Chl E‘E‘ﬁy ro
ureido - 2 - phenyl a?s% 1%93 en y)acét lﬂida)q (02- aceté:raldomé }'l)ﬁhwo)(ﬁmt -

(3 - guanyl .- dilh - ?r-e(pdo tfeﬂ - utox1 Vlamwbm#ﬂlpherwxy)a eggmli_gupWhefiu:%t ° 10
met hyl am nocar bdly| foregoing =1_and

di met hyl ani pocar bonylfollowtlig 9%} ;tcl:-,ltoa) ‘1:;:), {ﬁgw rdp éﬁgﬁﬁ ylg )acttl“imldo.g ,

[N - 35 (im dazoI| m}]p’ne nylthiofabetamidd, 2 -y (p:ar cetamRio, g)he(my-l -
acetanmido, 2 - IN - q:;samophmttln Xavqmndé&,oﬁ f &ﬂ,‘h ﬂwhkz’mg °et4m5d°’ 5 %. 15
ylearbonyi). - df nofrenHi TR A ok Ti\cgzzs::?;;n?ao, .G
(hexahydropyrl m di n 11yd p é@ﬁhm)ac amido/ [2CA¢nP O Rydr hio)acetamido, 2 - (26 -
phenyl acet am do; 2 -dlmdtlll\ixyphe ﬁhm)a&aamldonﬁt I-hetk l!;hn!i )acmamdvs 2 -2(# - one-

| - ylcarbonyl)amn ncmethoxypl'ﬂnythl phenylthiglacet. :

met hanesul f onyl I‘?Qxah gﬁg}f”f"m‘jﬂ E‘H’%y] h ny(ﬁmbal/] %&’ lt °a°°t ‘df (3(33 ' _20
phenyl acet am do; - dn& hdhylthid)aceramidy) 2AT3A0-tidhbd ny mowca idp,

phenyl acet am do, 2- (3lohloe¢ﬂh yl%@aw:?&??@g 4 fluor Oﬁ

- 2 - phenyl acetgm d 23 : i} &)ﬁ Z

i mi dazol idinyl)c rbor&.’“&;ﬁf i iﬁ:ﬁ uﬁi?ﬁa%e@m y °“" q?e’?f“tu

- imdazolin - 1 - ylapGdonechyly mﬂylmmacetaﬁhdo phenyl acet ani do, 2 - ((4 - oxo -
4H - thiopygan - 3 - yl WhenRSmgnresents 6)sroupof thefq®il acet anido, 2 - (3 -

nmet hyl - 3 - (nethyl carbarmyl)urel do) - 2- pRenyjacet an do, 2 - (3 -methyl -
3 - (cinnanoyl ureido)) 2 - phenyl acet ani do,'_|50 2 - (3 - methyl- 3 -
(acryloylurgido)) - 2 --phenylacetamdo," (R4 - et hyI - 50-2,3 - .dioxo - ..
I - plpera2|nyl) rbq m_no) n do, 2- ((4- et hyl - ;
2,3: - dioxo i@ ﬁ%h? Y7 iSRS é%lv? otﬁg/ ﬁé\lﬁ%ﬁﬂn | | 9
hydroxyphenyl)acet amdo, 2 - ((4 - ethyl - 02,3 - d| oxo - .1 -

pi per azi nyl ) car bonyl am no) - 2 - phenyl aceg%g& 2 - ((2 - oxoini dazol | d| n
| - 55  yl)carbonylanino)-- 3 - thienylaCe 86~ and 2- ((2 - oxo- 3-
55 (nethyl sul fonyl) indude ih8l ﬂﬁﬂﬂhiﬂﬂo grodp, -anyl | the D-foafyl | Aai (D-@)etylZdenv 4tives

hydr oxyphenyl ) acet amthlmoleher—wlatbowrl -ah%yiatdtmclnmméhecﬁﬂkag ‘fgﬁ tﬂft‘feerr]

60 wherein [egg] i Ifo. 15 enylacetgn otec . ino - ,
phenyl acet ani do, é ga:gy °ta i t%!?(g;{‘“‘” ic tert -p yf ugﬁls, or prampleya 35

(acet oxyi:m no) - -trlch o ethoxycarbonylammo, orp - mtrobenzyloxy - carbonylammo and the

1, 597, 036 - (acylated ammo) 2 - phenylacetamigd eggare those 2-

(hydr oxyi'm’ no) g tute ‘i raz-éhliﬁyz ra\‘g aroug(smw h the heélyl
3-thi r

- furyl)acetam d0 2 L %lsf lgﬂé))foreg aing i nps eﬁaadeldmdo, a-.-

(et hoxyi mmo) - 2- mc{tﬁylmand&lamylo aoeh;dmxﬂgandel mldo met (p -
hydr oxyphenyl ) acet ani 'H?gh“ ma“}'ﬁ' nag 'oﬁ'§7"}|a oma p '3{}‘ lamndo,
trichl oroet hoxycagbo ')m armd E andeladiidd) B lchiéron t h 45

- (hydroxyifm no) - 2 e -Fotmy aﬁde?arﬂdo,ntnsmﬂnd»noxpe()hdn ythldmnmo 1'Olﬂfm4- -
thiazolin - 4 - -yl )chtfalm delzrgxdo,o 1“?{ dlme 8p 3
ni trobenzyl OXycar bon Jelami o‘ ? mmé naemmﬂs P%nﬁdx woth 2 -
(et hoxyi m no) - mérdelamidlo] a;w oxyczar acanammg 2- aydroxym azol i 3o
- 4 - 10 yl )acet ali- tzn)snwiel)n@tfznldo (2n=gfp rg - t ien 3.I)a amido, 2ta ace(t)oxy -
chl or ophenyl )acet am d@%a?:etoxy - 5er_|)_|_)?3 1en aca m e dtcl,ri us &t%}hjcg/c r@’f ”ﬁe-
group phenylacetamido, 2 - (2,2,2 - trlchloroethoxycarbonyl) - 2- -
55 methylphenyl)acetamido, 2 - (benzyloxycarbonyl) - 2 - p - 55
- hydroxyphenyl)acetamido, (tert -. butoxycarbonyl) - 2 - (p : o

hydroxyphenyl)acetamido, 2 - (p - nitrobenzyloxycarbonyl) - .2 - (m



0 R3-C-NH wherein R3 is moiety (16): 2 - _
(trifluoronethylthio)acetam do, 2 - (nethylsulfonyl)acetamdo, 2 -

(cyanonethyl thio)acetamido, 2 - 15 (azi donet hyl t hi o) acet am do, 2 -
(et hyl sul fonyl )acetam do, 2- (2,2,2 - 15 -
trifluoroethylthio)acetamdo, 2 - (methylsulfinyl)acetam do and ' 2-
- (cyanonet hyl sul finyl)acetanm do. Illustrative of the group 20 .in the
~~above definition in which R3 is Y-CH2- arethefollovvlng 2- (2- 20

‘ gi enyl)acetam do, 2 - (3 - tfps%k)ac_et am do 2.- (2 - furyl%acet am do, 2

at.ana dao

- £ - OXazotyt ) dL,CL dgl uu L = [ ||| azot | augt uﬁé& > (2
t et razo 1 t - -
oxazol y %ﬁl lacgﬂ 1,%%’2 3 _( (tert Ezﬁ,f’\?ffﬁ(’ qa;‘!ce A %,‘ 2 - (w2, 3 -
tri 5aZOI chlorbp abdlm)le,CEI am: Ot,ncﬁorod dxydarBonyl) 22 - (3 -ikdt | -2 - yl -

t hi‘o) ac tarﬁ'%" ell,YBaQPtam{dhs adl azdbenzﬂoxy rb¢ny0{acétam(@le 2 5(5- 25

lox arb
(protec ﬁé‘ fta th P2yl }W ﬁam do, 2 - (5 -
met hyl isopkopyl eny?)anblaﬁﬁh@ - (t%rt‘ bglb?(' oS ﬁ'fﬁ Cbo ( 4~ (1,2,4 -
thid’;ldl adiolet lplfsnyl) etdmid ackt—ar(tedo- . Dutoxly Barboﬁm) I2 - .4 - 't hi adi azol -

| t a““ so 41 fdighenylmpth abaryl)- B ( 4t-h| o)iacet ani do, 2 -
y fﬁpganpé ﬁpn eal:»ﬁace o, X (ter’t P\¥I° %{% ? 1,3, 4 -

(1 3,4 gich orfieth pﬁen cet ar| %& - nethyl s
oxadi az@l- thieRylyacetarhilo, @) aq: yca;b@nyl) -1h19®'i) armd -

t ety azo? I(-‘@Hio y f@nﬂ)n- éto- P@nyla(ewnﬂq;l | ¢ Gsodi taa&ulfemi)doz (4 - cyano -
18 3 e ol aﬁf::, ool (80 - e ezl

yI )acetmr Ryp hmdaécet do, ( ?}h y-l) -5 thi ?;ol yl ) acet ari do

(tautomeeilroxwphényz)ace émedcpro:Iect(eddidaﬂxymlfor&l) -thpazqmn - 4 -

yl henyd)acetamidqyp E} branlc atd ds to be enpl oyed
asiftar % aget l’gjgzk Pgd’ﬁlﬁéf i</ zsg ceﬁ qo coffounds, and

al | are:z p(seznad sm, é art. Attentlop is
di rect ed-t % l)emt#nﬁbn 1 I(dodmexystﬂfmeyl’) st?réoand Bi ol ogy", edited

bystdwtﬁ Olfﬁﬁﬁg %{et@,ﬂ;ﬂot E%e.fés o‘!éleoox s“‘j}g 97%{ - especi ally

Chapt erigo el td daee a’do 400 US.

- Pat ent: dimélh ﬁylam apilo h Hodilo._ Héaglent - {1 aﬁl)acetamldo : 40
The preq‘ebﬁ Vﬁ“ ?“ uc? ed Desetamidond a (@ t itrobenzylpyse wher ei nglerr] is
of 3¢t he ?y a°f" .

Jhgfaﬁfﬁ%‘i‘y&?g’f‘?)c’jl ngs 8f said

f or nul Ehyd nfido, 2 f0|( eftW NBufoxycarbonylamino) - 2 - - -
45 pyrrd @xmhatwbh@tansgxaz-ow%dq h2 aphﬂnﬂla?@amldo J2 ume@t hl wol e .
a o

50 byt SUALEINMIR AT Bl ¢ p i gf i E B

1,897, G ethylammocarbonyl - 3 methyl -1 -ureldo) phenyl a 1d0 l'bpxa ' %%

1, 3, 4- dinsidkzelitin e2 -bpe - B tyhamdnmm n6} 42 -Bhe!i;ylt 1

.2, 5- tH?adlfaitblrl’@ @ld!!lt jeot e 1 k. yl@r qnvlazolaemlo,lz 42tr| azol e
am1 t ZO| xahydropyr1m1 in - - -one - |-

Oxat ri aﬁl Ego l)ammof [ enylacetamido; - "IN - (3 -
methylhexahydropynmndm --2- ome- 1+~ ylcarbonyl)ammo] - 2- 40
phenylacetamldo 2 -IN - (3 methanesulfonylhexahydropyrimidin - 2 - one - '

: ylcarbonyl)ammo] = 2 -~ phenylacetamido;" 2_- QA - di - n-
ropylammocarbonyi < T- ureldo)-- Z- phenylacetamldo, 12 ((4 -ethyl - 237
ioxo - ?merazmyl)carbonylammo) - 2 - phenylacetamido, 2 - (3 -

45 (meth lsulfony 2- oxo0- |- lmldazohdmyl)carbonylammo) - 2 45
phenylacetamido, 2 - (2 - oxo - 4 - imidazolin - l - yl)carbonylamino) - 2 -
phenylacetamido, 2 - (4 - oxo - 4H - thiopyran - 3 - yhcarbonylamino) - 2 - -
phenylacetamido, 2 - (3 - methyl - 3- (methylcarbamoyl)ureldo) - 2.
phenylacetamxdo, 2 - (3 -methyl - (cmnam ylureido)) - 2 - phenylacetamido, :

50 -(3- methyl -3 - (acryloy! ureldo)) 2:p enylacetamldo, 2-((4- ethyl - 50 s
2 3 dioxo -1 = plperazmyl)carbonylammo) + 2 --thienylacetamido, 2 - ((4 - .

ethyl - 23 - dioxo <1 .- plperazmyl)carbonylammo) -2 - (p -
hydroxyphenyl)acetamldo, 2 - ((4- ethyl - 2,3 - -dioxo - 1
piperazinyl)carbonylamino) - 2 :- phenylacetamido, 2 - (2 - ox01m1dazo||dm 1
55 yl)carbonylamino) - 3 - thlenylacetamldo and 2 - ((2- oxo- 3

(methylsulfonlyl) - 4 - lmldazolm < l- - yl)carbonylammo) - 2- (r 35
hydroxyphenyl)acetamido. ; - '
' The following’ are nllustratlve of the group:
-0 _
Il
R3—-C—NH-—- o _
60 wherein R3 is moiet%' (15):. 2 - (hydroxynmmo) - 2 - phenylacetamxdo, 2 - 60 . .
(methoxyimino) - 2 - phenylacetamido, 2'- (acetoxylmmo) - 2-



Sui tabl e si x-nmenbered rings include the follow ng: 10 pyridine pyridazi ne

pyrimdi ne 15 pyrazi ne

151 ,2,3-triazine 1 . 2' 4-triazine I_ 3 5 tr|a2|ne 1,2 3 4tetrazine 20
1,2,4,5-tetrazine 20
Certain of the heteroarylthiols, as weII as certain of the alkylthiols and
phenyl thiols of Formula 111, actually exi st as thiones or as tautoneric .
m xtures of thiol and thione. As an exanple, the conpound 2 - nethyl -

1,3,4 - thiadiagole - 5 - thiol exrsts as a [LPpybwIer-: [err] However, the 9 1

present react| omproc eu vvr 1 |SH bl [Tt | db es Pl
nucl eophi | es . eégar dIj fg{ I}ﬂj& tIQ% iﬂﬁ' m t x#)&h m&gmfjﬁ'%'g o[
the thione forwf Accan@hyhgtefamidd, i25- V\(rﬁjﬂhdiyrhhﬁ) SCq) eyl)pédwﬂﬂkt
invention to conguct (mh@oxmmo)r 021 era/l)acmaondp br- (htydoayiming) ohe(Z -

bonylammo) F lautomerig, 5°
tautomer of a dedi gndf Hg;gyt% %ﬁ'}f 2 - %2 &22 g‘rcﬁﬁﬁﬁéiﬁ;owléﬂn I e _

unsubstituted o can vﬁﬁzoﬁ &hoxyi
general, the i dent i thmdbemytmydatbonylimno)s- not tmzolyll)z(caﬂamldﬁo(talbﬁﬁﬁncr wmu X s

any primary or sgcond hduﬂr@bewl% jno)\Ader thiagolin -4 -
het er oaryl t hi ol @ont d’ﬁg t g’éﬁk Ew‘({}thg 9 gu‘&ﬂél aﬁ) 10
shou

desired not ;to undergo reactlon rot ect ed Met hods for pr_ot ection

.of thiols are well 35. known; see NtCh1e Osupra Assumi ng the
protection of such groups, the reaction ggﬁ? forward regardl ess of .
the identity of the substituent. It is pre erFe 0 avoi d excessively bul ky

substitution; generalWhereisulRst iif utnirﬁd’iy th6) exzeedtrmo@nmbﬂﬁmh&ramm ghzt of
about 500 is prﬁferre%metmgtlf 93{}; l:&g?tg%ﬁbmqeéamdn % -
contain substitudpion ﬁ] ar K‘Qh’g Qul}rmyl)agggﬁm% agng

250. (cyanomethylsulfinyl)acetam1do 0 tabl e
subst i tuents include [ ediystrativic\of the[group] al kenyl , [err] al kynyl', [err]
cycl oal kyl, benzyl, phenethyl, aryl including phenyl ‘and substltuted phenyl
as defined herei nabove, hal o -CF3, -OH, pro tgcted am-noor [err] -

al kyl amino,. [err] prot ected am norret hyI Ra.r_c_{m{_r_] 45
al kyl am nonet hyl [err al kal i . net al r] Represent ative sul f

nucl eophi | es- of - Jﬁ “rﬂf(f‘éiﬂ f“nt% h QMJ@CH ﬂ%et% %rl%‘ngoweazo

50 N, N - é - thiazol l)acetamldo 2 -(1 -tetrazolyl)acetam1d0,2 -
50 NN -di-tert- but yI(1l Ri zaaraN;lMae A G,I exgl 4 I‘bxﬁwl)e(ﬁlo)acetamndo, 2- (@2-

- hiazplyithig)ac h Ithio)acepgmyigo;, 12
e, :?L‘g” e e

N- phenyl t hi our ea 4 - thladlazol -2 ylthlo)acetamrdo 2- (1,24 - thiadihz
11 N, N -di phenyl t hi omltba)ahl;tamdo,rﬁet ﬁg4 méthy urled Tthladbeclz-cﬁ eylam)cbet&hk;ob t2h1 ol s.
(1,2,5 - thiadiazol - ylthio)acetamido, 2'- (1,3,4 - oxadiazol™- 2 -
30 ylthlo)acetamldo, 2 - (5 - methyl - 1,3,4 - oxadiazol - 2 - ylthio)acetamido, 2 - 30
(1 - methyl - 5 - tetrazolylthlo)acetamldo, 2 - (pyndylthro)acetamldo, 2-@4- :
cyano - 1,2,3 - trlazol - 1' - yDacetamido, 2 - (3 - cyano - 1,2,4 - triazol -1 -
yl)acetamldo and2 - (2 -(protected amino) -4 - thlazolyl)acetamldo (tautomerlc
with 2 - (2 - protected imino - 4 - thiazolin - 4 - yl)acetamido). = -
35 Many of the ceﬁhalosporamc acids to be employed as starting material in the 35
present process are known compounds, and all are preﬁared by methods known to
those skilled in the art. Attention is directed to “Cephalosporins and Penicillins,
Chemistry and Biology”, edited by Edwin H. Flynn (Academic Press, New York,
1972). See especially Chapters 3, 4, and 15, and the references there cited. See also
40 U.S. Patent 3,914,157 and South Afrlcan Patent 7173229 - 40
"~ The preferred sulfur nucleophlles of Formula III -are those wherein R™ is of

¢ the formula
. /N\ 6

o : -C R" .
] : : N———

Suitable five-membered heteroaromatic rings of said formula include the '
45 following: _ , 45
pyrrole ' ST - :
oxazole
isoxazole
thiazole o .
50 isothiazole o . 50
pyrazole : o .
imidazole
1,2,3-oxadiazole
1,2,4-oxadiazole



5 met hanet hi ol
5 ethanethiol 1- or 2-propanethiol 1- or 2-butanethiol 2-nethyl-

- propanet-hiol_10 Benzenethiols .
10 benzenet hi ol 4-brono- 3- net hyl benzenet hi ol p- br onobenzenet hi ol
p\chlorobenzenethiol 15 _ 2, 5-di chl or obenzenet hi o
3,%4-di chl or obenzenet hi ol 4-fl uorobenzenet hi ol m net hoxybenze net hi ol
i -nethoxybenzenethlol 20 p- ni t r obenzenet hi ol
N9Qqgp nethylbenzenethlol Het er hi ol s 2-pyrrol ethiol 3-pyrazol et.hiol
2225 —2=rrethyt—3 p”rg?ﬁéﬁu.u. 2R 4 'mgxaoLe” Lol
2-|nldazolegﬁﬂﬁﬁhﬂmbxazolethlol . 3- |soxazoleth|ol .
30 30 . }34 .azol ethiol 3- i-sot hi-azol et hiol .1- nethyl 1, Xt
3- trlazoleiﬁ4& e -benzyl 1,2, 3 trlazole 4 thiol 2- nethyl-

L 2,3-tri azb.lzé-tlliadltmbl 5 |
35 35 _ t"g’fj%lmethyl 123tr|azole4th|ol 1 24tr|azole3th|ol
4- et hyl - 12'1&,1&@ azol e-5-thiol 3-nethyl- 1, 2 4-tri azol e- 5 t hi ol
34d|rrethy:latrhzéle4tr|azole5th|ol : _ .
401%0 tetrazole ll)y -12,4-triazol e-5-thiol “2- benzyl 1 g0
.2, 4-tri az! 'érlgsl"ﬂ’i’%‘l cred Fingy Wﬁllll’ﬁ/lhf'f"“"Z’“Wtrl azol e-5-t hi ol
4 nmet hyl - 3p)éfdﬁjnid uoronethyl)-"1,2,4-triazole- 5-thiol

izgar banoybyinidiag hyl - 1, 2, 4-tri azol e-5-thiol”
454

5 - car boxyrret hyl)-4-methyl -1, 2, 4-tri azol e-5-t hijel

3- (carboeth23 ﬁyl) 4-methyl - 1,2, 4- trlazole 5- th| ol protected

3amno4mgs- &24tr|azole5th|ol _
Q%droxy hgf ing 2 4- tr| azol e 5-1t hi oI 5- et hyI 1, 2, 3- oxadi azol e- 4-t hi ol

50 é tet Bihyl 21 2 4- oxadi2azol e- 5-t hi ol

3- met hyphenyit fq?tﬁé:ﬂglegé c@&ﬁf H{gloggw;tm ﬁﬂ‘édilzla& ol e-5-t hi ol

3- net hythmlammhmnem d- methyl - 1,3 Elp adi azol e- 5- t hi ol
55 2-met h)'/'lmle’“s% aaﬁttrﬂt%fmrazol e- 5- th| ol 2-(N-methyl acet ami do)- 1

, 3,4-thi adi azol e-5-thi ol 5-tetrazolegthi oIHl met hyl t etrazol e- 5-t hi ol .

6 0 _ 1 benz € azole"‘S"t"moI box rreth I tetrazole 5- th| ol
o0 1 yl‘f—Fﬂ _ | f(ﬁ{r xymethyl) tetra

However, the present reactxon proceeds w1t the deslgnated classes of sulfur____ - g :
nucleophiles regardless of whether the reactant|is in the thiol or in the thione form. = . -~ .
Accordingly, it is within the scope of the present invention to conduct the reactxon.- e
empl_loiy;mﬁ 4 thione or thiol-thione tautomer of a designated reactant. - * :
30 eteroarylthiol can be unsubstituted of can be substituted by one or more 30
- substituents. In general, the identity of substituents is not critical. For best results,
any primary or secondary amino group !should be protected.  Where: a
heteroarylthiol contains more than one thiol. group, the one which is desired not to
undergo reaction shoiild be protected. Methofs for protection of thiols are well
35 known; see McOmie, supra. Assuming the protection of such groups, the reaction 35
goes forward regardless of the identity of the substituent. :
- It is preferred to avoid excessively bulky #ubstntutlon generally, substitution
not exceeding .a molecular _weight of ‘about, 500 is preferred. Most common
substituted heteroaromatic. rings contain. subsﬂltutlon of a total molécular, welght '
40  less than about 250.. 40
' Suitable substituents mclude C,—C. alk l Cz—C. alkenyl C,—-C4 alkynyl :
C;-—Cs cycloalkyl, benzyl, phenethyl, aryl incl dmg (fhenyl and substituted phenyl
as defined hereinabove, halo —CF,, —OH, protectéd amino.or C —C,., alkylammo, .

. —COOH, —COOA?, —CONH,, prote¢ted. ammomethyl C—Cy .
45 alkylammomethyl —CH,SO,-alkah metal, —CH,COOH, —-CH,COOA , or: 45 .
—(CH,),N(CH,),. :
chresentatlve sulfur nucleoplulcs of Formula I include the followmg
Thioureas _ *
allylthiourea ; ' : T o
50 _ N,N’-di-n-butylthiourea L 50

" N,N’-di-tert-butyithiourea
N N'-dxcyclohex Ithiourea
N, N'-dnsoprop¥l thiourea
S N,N’-dimethylthiourea - L
35 N-methylthlourea o 55
: N,N,N’,N'-tetraethylthiourea _ .
N, N N ,N'-tetramethylthiourea
thiourea
N-phenylthiourea



1- ((sodi ooxysul fonyl ) et hyl )tetrazol e-5-t hi ol 12

1,597, 036 12

1-(2- d|nethyjanlnoethvl)tetrazole b-thiol 1,2 3 4-oxatriazol e-5-thiol

2-pyridinethiol 2-pyridinethiol, |-oxide 5 - 3- pyridazi net hi ol
2-pyri mdinethiol 2- pyra2|neth|ol 1,2,3-triazine-4-thiol 1

,2,4-triazine-3-thiol 10 4, 5- dlhydro 6- hydr oxy- 4- net.hyl - 5- oxo-

1,2,4-triazine 10 3-thiol 1,3,5-triazine-2-thiol

, 2,4, 5-tetrazing;3-thi ol 2-_benzi m dazol et hijbyddg .
2- benzot hi azol ethi-e- < — — '
15 2- benzoxazetet hi ol té{,Nh@m loufﬁab) pyri dazi ne-6-thiol. Mst of the
sul fur nucl eopkiles to 'E?@‘ @"*h the present process ‘are known
conpounds, and all cm,mn@[ce&ﬁ{ed in accordance w th prior. art.20
procedures. In the ca&lkylﬂuiolet he heteroarylthiols, attention is direct ed to
t he 20 numero?:s vol u th'°l—|eterocyc| iC Corrpounds edited by Robert C. 5
El derfield (John Wley §H§" ane{m -NY.), as well as the various

vol unes on the particul ac ofh ebatanthiell |c systems in the series "The Chenistry
of Heterocyclic Conpoundsmethdiprapdndthioléi ssberger et al - (John Wiley and -
$ons, N Y.),. 25 10 nzénethﬁo?s critical to the present invention that the 10
reaction be carried ouet Hreadthiol25 Or gani ¢ sol vent. However, the identity of
the solvent is nat cri tlmbmo-mmlbamgn@lam vari ety of organic solvents has
proven satigfactory. InP b& Ze“ ers of the follow ng classes of :
sol vents have. begn foungeg‘;d ‘3“’%%.% I 4biol hydr ocar bons, both aliphatic and 15
aromatic, al cohols, ichidr ﬁtones car boxyl ic acids, 30 '
car boxylic acid esters 4fuoraly enzamldolh dr ocarbons, nitro corrpounds nitriles
and 30 thioethers. nd’ér:l“Q OP’E@“ n‘g’{m he nucl eophl les are |iquids, an
excess of such rgact ant & Rethigl enpl oyed as sol vent. The sol vent. shoul 20
be inert, in the sense tphnﬁthylltenthmahlohot under go a conpeting reaction wth

ei ther reactant. alrtl cul ar solvents which are suitable in
carrying:out the pr eslé?‘ff' (ge 35 i ncl ude -pent ane, cycl opentane,
hexane, heptane, octane 3- alemﬁ,l toluene, o-, m, or p-xylene, cunene, .5

et her, dianyl ether, 'l‘l‘w , acetone, nethyl ‘ethyl ketone, 2-
but anone,: 3- pent anone, ethisl oloutyl ket one, cycl ohexanone, ‘acetic acid, .
40 propLom c,acid, IBdkokadotettéali d, i sobutyric acid, valeri c acid, rret hyI 30
acet at e, ethyl acet gthi Pyl acetate, isopropyl acetate, ethyl

propi onate, butyl acetatj s°tt‘ -&%Lzoﬁ%%ﬂe sec-butyl acetate, .anyl
acetate, isoanyl acetatq,beﬁi y}zsnﬁﬁma.lmﬁlate et hyl benzoate, benzyl.

mesi tyl ene, §p- cy?ﬁa ﬁ:;ﬁ@yrudﬂppbpanol di et hyl ether, butyl ethyl

acetate, nethyl gytyrat e2-methyhl 2B} triazalebicthint ey di net hyl nal eate, diethyl | 35

oxal ate, ethylené’glycol ’ﬁ‘?é@xla‘gﬁ t"ﬁ?°é°f+i’;"!° mal onate, fl uorobenzene 45 - '
fiazole-3-thiol

chl or obenzene, br ormbenzﬁg&h l_q~24_tmzogr5_tgmfl uorotol uene, o-, m, p-

45 chl or ot ol uene 0-, mM3:meé hyl 2 rteimmlech-thiohe, 2- chl br oet hane 1- or S -

2-chl or opr opane, ,- or eRe bl °l 3 Fﬂlor_o 2-met hyl propane, 1, 2, or 40

3-chl oropentane, T- chi qﬂ hyI ene chloride, chl orofor m,

carbon tetrachl ori de 1,23 -dlm ’hzx@@i ool 1, 2- di chl or oet hane, _

1,1,1-trichl oroet hane, I4-metml-t3t(inﬂhoromdérlhaké-m@ e-5-thiol = - ' '

1,1, 2, 2-tetrachl gfso0et ha arbamoyl-4- thy“igt“ ﬁ fé f 19t enzene, nltron”et hane 45
thyl

50 nitroethane, 1- or 'birb % meth 'é;rf)'i pRle-ahRONi trile,

propionitrile, butyroni tprmtbmd 3-sminu-t4 eﬂlyllzn-ltm,zolv-éhmobnl tril e,
benzonitrile, phenyl acet3dr¥id£°P‘Y' ethylyf2,4-triazole-5-thiol R '
1-1,2,3-0xadi 1azole-4-thiol . _ - = 50
1,2, 4-oxad|azole-3-thlol . . : : ' _
’ 3-methyl-1 2,4-oxadiazole-5-thiol
3-methyl-1, 2 5-oxadiazole-4-thiol
2-methyl-1,3 4-oxad1azole-5-th|ol ‘ o .
' 3-methyl-1, 2 "4-thiadiazole-5-thiol . _ . 55
55 . 1,3,4-thiadiazole-5-thiol _ :
2-methy] 1,3,4-thiadiazole-5-thiol
2-(N-methylacetam1do) 1,3,4-thiadiazole-5-thiol
5-tetrazolethiol .
1-methyltetrazole-5-thiol _ | 60
60 _ l-benzyltetrazole-5-thiol . o
-(carboxymethyl)tetrazolc-s-th101
1-((sodiooxysulfonyl)methyl)tetrazole-5-thiol

.. .



t hi ophene. Preferred solvents are: 55 Hydr ocar bons:

55 benzene toluene o-, m, or p-xylene cunene 60 nmesi tyl ene
60 Hal ogenated Hydrocarbons: chloroethane 1-_ or 2-chl oropropane 13
1,597, 036 _ 13 1- or 2-chl orobutane
/\\lsobutyl chloride 1, 2, or 3-chloropentane nethylene chloride 5
\ hl or of orm L _
éy, | ,2-dichloroethane carbon tetrachloride 1, 1, -trichloroethane 1,
\_A122-trichl oroethane to 1,59%0361 . 2, 2-tetrachl oroet hane
TO—ftuorobenzenechiorobenzenebromobenzeme—o=——m—or—p=f+uorot ol uene o-,
m, or p- (%@igpﬁfl:&a@?wﬁl}llyl)ltetrazole-5-thnol _ . . 15
0-, M, opyh5 HahBr Ol Uehe o-, m, or p-dichlorobenzene Acids: ktic acid
20 2-ppridipdtisiol] ¢-ofide d : : - S o
205butyri%?me Pﬂ%&?utyric acid valeric acid Esters: 25 - 5 methyl
-pyrimidinet . - T : .

acetat e 2-pyrazipet 'ollo - ST i 25
et hyl ene g;h%qg 'i,&m@t ate ethyl ~acetate propyl acetate isopropyl acetate 30

but yl acet a@driazine-3-thiol . A ;
300i sobut §#-didtofrhydsar-dimettyl-S-axetat tiggentyl acetate ethyl ptbpionate! 35

et hyl butl)ﬁﬁ--fi ine-2-thiol -

35 n- but yh 2lagremdzme3rtRipy | ene car bonat e et hyl ene carbonate Nitro CoFrpounds:
40.5 : 2-bm4migu%hﬁMe S s .
. - /] 1 N .
40ni t ron%‘_lggg@%z‘ﬁl‘i;&ﬂ?ét hane N S o
: ~ tetrazolo(1,5-b)pyridazine-6-thiol. ' R C o

Most of the sulfur nucleophiles to be em'ﬁloyed in the -present process are
_ known compounds, and all can be prepared in- accordance with prior art _
.20 procedures. In the case of the heteroarylthiols, attention -is-directed to the 20
' numerous volumes of “Heterocyclic Compounds”, edited by Robert C. Elderfield '
(John Wiley and Sons, Inc., N.Y.), as well as the various volumes on the particular
heterocyclic systems in the series “The Chemistry of Heterocyclic Compounds,”
edited by Weissberger et al. (John Wiley and Sons, N.Y.). Lo
25 It.is critical to the present invention that ithe reaction be carried: out. in an 25
: " organic solvent. However, the identity of the splvent is not critical, since a great
variety of organic solvents has proven satisfactory. In general, members of the
following classes of solvents have been found satisfactory: hydrocarbons, both
aliphatic and aromatic, alcohols, amides, ethers, ketones, carboxylic . acids,
30 . carboxylic acid esters,.halo%lenated hydrocarbons, nitro compounds, nitriles and. 30 ..
thioethers. Since certain of the nucleophiles are liquids, an excess of such reactant .
can also be employed. as solvent, . SR : R
The solvent should be inert, in the sense that it does not undergo a competing’
reaction with either reactant. j S S
35 Particular solvents which are suitable in carrying out the. present- practice 35
~ - include pentane, cyclopentane, hexane, heptane, octane, benzene, toluene, o-, m-, -
or p-xylene, cumene, mesitylene, p-cymene, 1-pentene, isopropanol diethyl ether,
butyl ethyl ether, diamyl ether, benzyl ethyl ether, acetone, methyl ethyl ketone, 2- :
butanone, 3-pentanone, methyl isobutyl ketone, cyclohexanone, acetic acid, -
40 propionic acid, butyric acid, isobutyric acid, valeric acid, methyl acetate, ethyl 40 '
acetate, propyl acetate, isopropyl acetate, ethyl propionate, butyl acetate, isobutyl
acetate, sec-butyl acetate, amyl acetate, isoamyl] acetate, ethyl isovalerate, methyl
benzoate, benzyl acétdte, methyl butyrate, diethyl carbonate, dimethyl maleate,
diethyl oxalate, ethylene glycol diacetate, diethyl malonate, fluorobenzene,
45 chlorobenzene, bromobenzene,  0-, m- or .p-fluorotoluene, o-, m-, or p- 45
chlorotoluene, o-, m-, or p-bromotoluene, 2-chloroethane, 1- or 2-chloropropane,
1- or 2-chlorobutane, l-chioro-2-methylpropane,. 1,2, or 3-chloropentane, 1-
chloronaphthalene, methylene chloride, chlorpform, carbon tetrachloride, 1,1-
dichloroethane, 1,2-dichloroethane,. 1,1,1-trichloroethane, . 1,1,2-trichloroethane,
50 1,1,2,2-tetrachloroethane, o-, m-, ~or p-dichlorobenzene, nitromethane, 50
: nitroethane, 1- or 2-nitropropane, nitrobenzene, acetonitrile, propionitrile,
butyronitrile, isobutyronitrile, valeronitrile, benzonitrile, phenylacetonitrile, and
thiophene. : : S
Preferred solvents are: . L : T
.55 Hydrocarbons: ' ' _ 3 . - 55
benzene : o . _

toluene .
o0-, m-, or p-xylene
cumene C R
60 mesitylene . o 60

Halogenated Hydrocarbons:
chloroethane
l- or 2-chloropropane



nitropropane Nitriles: 45 acetonitrile
45 p ropionit rile butyronitrile isobutyronitrile valeronitrile 50
benzonitrile

50 phenyl acetonitrile Ketones: methyl isobutyl ketone nethyl ethyl ketone
55 Especially preferred solvents are acetonitrile,

1, 2-di chl oroet hane, nethylene 55 chloride, propionitrile, nitronethane,

ni troet hane, acetic acid, isopropyl acetate, butyl acetate and mnet hyl

i sobut yl ketonel The 3- (acyloxynethyl)cephahg§p&k|n of Fornmula Il has been
defined as the

13

reaction, si nce“cephal 0s (gr" butan%al ts are generally not sol ubl'e in
organic sol venbs® The ex ;ﬁ ﬁ, pgnmesol ubility of 60 cephal osporin
salts in carboxyl | c aci detﬁ Wz&lmﬁmdeuch as acetic acid. Therefore, the
present reaction tan be hed by di ssolving a 3.- ~ 1,597,036 3
14 (acyl oxynet hyl ) cephal- ‘,E %‘é such as a netal salt, in a carboxylic
acid sol vent. Regardl essy,pl-tddiRrde ﬂilty of the solvent, it is necessary

that the present processl, h2-trichlochetttanel. under essent i al 'y anhydrous .
conditions. In g&heral, ‘llh%z'smacmmoftb%tl on.mixture should contain |ess 10
than 5 percent of vvater e%eterably | ess 5 than | percent of water.
It is even nore preferreld-ohbm.zetnae amount of water be |ess than 0.5 .
percent. \Were cggmar ci ad- &o@rz@gorgfolueeact ants and sol vents are not dry
enough, remmval t er%cHn f,o%ﬁg €out in accordance with known -~ 15
procedures, -including az,go J’Qp AEhd e‘;’;zﬁge use of drying agents such as

al um na, 10 silicge ggl or anhydrous cal.cium sul fate.

10 The present reaction gegsaddrward under a wi de range of tenperatures. In
general , reactloﬁoterrperm'bmom«samd 50-[err]. can be used; but better results20.
are usually achi eved at ¥ yres of 70-120C. The reaction can be
conduct ed ‘at el evated prishe ég but no advantages have been observed.
Hence atnospheric 15 pressure is generally preferred because of its
sinplicity. The unf¥ ﬁ.gth}lgget;tgact ants are not critical. I'n general, an

excess of the su fur NuCetiBwnB iglyeolidfactaRf erred, such as 1.0 to 5.0 nol ar %
equi val ent s fof sul fur nmh)éemtd: e per nolar equival ent of the
3- (acyl oxynet hyl ) cephal dgiRY] ‘f?“\t%gct ant. The present process is
. _ p cet; .-
particul arly usefgl for g t& O duction'into 20 cephal osporins of they,
foll ow ng 3- heteroaryl t hsabugramem - 20 5 met hyl -
1, 3, 4-thiadi azol -2-yl t hlssc'bmylr?é?th‘yl -1 Htet razol 5-ylt hi o- :
1- carboxynethyl -1 Htetr Lrgmghl o- 4- et hyl - 6- hydr oxy- 5- 0x0- |
1,2,4-triazin-3-ythio- hyl butyrate 1-nmet hyl -1, 3, 4-tri azol - 2-yl t hio-
25 2-nethyl - 1,3, 4-tri azchuty fgrma mo- 12d|rrethyl 1,3, 4-triazol -5-yl thi o-
3-methyl-1,3,4-triazol- F}?; gfr °3 dimethyl -1, 3,4-triazol-5-ylthio- 30
1- net hyl - 2tr|fluoro 2%‘%1? rlazol 5y|th|o- :
30 1-nethyl-2-ca amrjﬁ'f i azol -5-yl.thio- :
1- met hyl -:2-car boid;rret hylmtﬁomgmamg riazol -5-ylthi o- 40
1- net hyI '2- car boal koxy- hjtiethane i azol - 5-yl t hi o-
nitropropane '
Nltnles I . _ .
45 acetonitrile . o : _ ' . 45
. ;gropxomtnle Co : ' '
_ utyronitrile
: isobutyronitrile
- valeronitrile '
50 benzonitrile ) _ : 50
. phenylacetonitrile : ' ' :
Ketones:
methyl isobutyl ketone
methyl ethyl ketone .
35 Especially preferred solvents are acetonitrile, 1 ,2-dichloroethane, methylene 55

chloride, propionitrile, nitromethane, nitroethane, acetic acid, isopropyl acetate,
butyl acetate and methyl isobutyl ketone.
The 3-(acyloxymethyl)cephalosporin of Formula II has been defined as the
acid. It is believed to be the acid which undergoes reaction, since cephalosporin
60 salts are generally not soluble in organic solvents. The exception is the solubility of 60
cephalosporin salts in carboxylic acid solvents, such as acetic acid. Therefore, the
present reaction can be accomplished by dlssolvmg a 3-



| - met hyl - 2- (protected am nonethyl)-1, 3,4-triazol 35 5-yl thio-
35 1-nethyl -2(protected amno)-1,3,4-triazol-5- ylthio-
1-nmethyl -2-hydroxy-1,3,4-triazol-5-ylthio- | Htetrazol-5-ylthio-_ 40
1- (2-di net hyl am noet hyl )-1Htetrazol - 5-yl t hi o- '
40 I -(sulfonethyl)-IHtetrazol-5-ylthio, alkali netal salt 5-nethyl-
1, 3, 4- oxadi azol - 2-yl thio- 1,3, 4-thiadiazol-2-ylthio- 3-nethyl-
"Y1, 2, 4-t hi adi azol -5-ylthio- and 45 " 2- (prot ected am nonet hyl )
3,4 t hi adi azol - 5-yI thi o- 1,597,036 45 ,Among t he
=rpe . i ' ¥l can. be prepared
by synt(h@!qxvnﬂbﬂlcadlalomon pakt,asucngs tahmeqar wterlfi apafaehmﬂk aie the fol | ow ng:

cef anarfaldfl%gardless of the identity chetBe ]solgcnp_lj? is necessar Qhat Gt‘he present bL [err]
naf at ®rocess be conducted under essentially anhydrous condltron In eneral, the’ S5
155 reaction mixture should contain less than 5 percent of wale @E ie§s7-0| ing ceftezol e:
[err] & qepof water. It is even re@ theGthe b leo reBE3: [err] 1.6
1, 597 .5 percent. Where commercial rces o reactants and so r@n gg 226: [ err]

cf , removal of water can be c rried . out_ in acco
[err] Pkockdu icluding azeotroping and ﬂ?l@ﬁe] iping gl Vi a@ lu ??ﬁ present invention,

t HBi r délb#gd dnlwdrquvaalclmesu fasad t he phar maceutically acceptapl e salts of
t he same geg’%?‘lt ggaction iop g5 ‘H‘f"e 'EiF ge phtesmeratur%a!rm bl ooded manmal s
Ay adHedv

(ﬁ%;;zrel 0 atR r&i‘gﬁa@ @h%é%;ﬁﬂ%ﬁ bet ween about 10

and 50&1 tages eeeemm &. aleacd ffn aied i n .conventli onal
rlécedmf@ l'e Irraenerreﬂ ngvtkm @%ﬁﬁpéﬁs simlwm'rate t he resent |n1/5ent|or1 and
C

i 11 onggiTke eRawY of e reianhy s o crica.f eSS |
EXAMPL Eﬁl?ll ophlle gﬁémolar't;ugialent of the 3-(acy:§xymeﬁi%§al % gr sua.rlél:[ ion of 3 - (((I -
met hyl - zﬁx@IeSS- is5 parti 9rl3h|us§fuiefdry the m‘t’roduu(nan infa?2 -
trﬁoenylﬁ%@ﬁmﬂﬁﬁ e fajlowing drheterqarylthio gramsoxyl ic Acid in Acethitrile 7 - (2

- (2 - 5];{;gt@1yl3)4qﬁg&mﬂ Hhephal osporanr c acid (2.2-granms; 5.5 nmole) and 1
- rret yl nfbtﬁy{-m-ﬁtfaailcyﬁhm-S -~ thiol (1.0gram 8.6 mml) were added to 25

m l-Gﬂrb HH-teItIqul-ﬁ-y&hlb-l ask equi pped wi.th a condenser with d
drzyr ng tu i’é: aerVdﬂpﬂg“‘bal ciumsul fate sol'd under the
t rademar k2. Hyersmmo hroeactron m xture was refl uxed with stirring, and
" the progr &é2imgthyl-h3,4teeoki-ythionas noni tored by thin- Iayer chr omat ogy aphy
(TL9. Aft gTnet ell:h Ql-5 thwﬁlfl ux, TLC showed about two-thirds

. caphal ospp_;,@mypz_ﬁ. ! ﬂﬁﬁ'ﬁmtrg@&g Litfib- and one-t hird of . 20 30the desi red
" product . . Aftethyl:Bcanbdniayl-n 4-tr&fzd:u5xy)th1 -C showed about--one-third: .- 20,

“céphal ospmﬁ?’}:z_car oalkoxt)ﬂlalw n@ thll'g{m and two-t hi rds product After 6

hours, at 1 methyl-2-(protected ammomethyl)-l 3 JA-triazol
35 ‘ 5-ylthio- _ : : 35
) -metfl{ll-z-(protected amino)-1,3,4-triazol-5- o S
ylthio-
1-methyl-2-hydroxy-1,3,4-triazol-5-ylthio-
. lH-tetrazol- S-ylthio- L _ :
40 _ 2-dlmethglammoethyl)-lH-tetrazol S-ylthjo- L 40
. 1-(sulfomethyl)-1H-tetrazol-5-ylthio, alkali metal salt '
S-methyl-1,3,4-oxadiazol-2-ylthio-
_ 1,3 4-th1ad1azol-2-ylth10- :
. 3-methyl-l 2,4-thiadiazol-5-ylthio- and ; ' N ' :
.~ 2-(protected aminomethyl)-1,3,4-thiadiazol-5-ylthio-. T 48
o Among the important known cephalosporin compounds of Formula I whlch
tgalrll bé prepared by synthetic routes incorporating the present process are the
ollowing:

: 0 . .
cefamandole: < \.-CH-C_NH_I: . -
coor-r -

cefamandole
‘nafate:

.50 . . '—\—CH_«;KIKQJ;W-SJ\—J »



which time TLC showed the reaction essentially conplete, the reaction

m xture was cooled to roomtenperature and all owed to stand overni ght.
Sol vent was removed on a rotary evaporator, |eaving as a residue a foam
whi ch was dissolved in 25 10 M of ethanol..- Dropwi se addition of | m

of dicyclohexylamine in 10 m of 25 ethanol resulted in the

preci pitation of product as the dicycl ohexyl anine salt which, after 15

m nutes of stirring, was separated by filtration. The isol ated product was |
washed with 15 rnk of et hanol and the produpgg7 N3 g-.vacuum dr| ed at [err] forls
2 hours, 2.50 gren . ime .' '
was 30 sub]“ect ed to NI\/BefaIzgiman agld all of these anal yses were .

i dentical with~ 30 analyses of ~an [ e of the product
prepared by the prior art aqueous di ace"rrenqth D%/ﬁLO_da) 8 3.52 (in,

2, 2N-CH2), 3.76 (s, 2, -CH2CONH-), 3.92 (s, &, -¢E3® ,t/r'?ﬂaol'e) 4. 35
(s, 2, 3-CHtPS), 5.00 (¢d, 1, CA-H J=5 Hz), 5.55 oy -H, J=5 Hz, J=9
Hz), 6.95 (d, 2, thiopl . ene3and4H J=3 HZ), 735(t I, 35 t hi ophene
5-H, J=3 Hz), and 8.75 (d,céte Sy, P=9 Hz). 35
EXAMPLE 2 Preparation of 3 - fﬁ . ' \ etra ol - 5- =
yl)Ythio)nethyl) - 7 - (2 - (2 - thi ek 3 iicepﬂluem- 4 -
carboxylic Acid in Acetonitrile 7 - (2 - (2 \é o
Thi enyl ) acet ani do) cephal osporanic acid (4.0 grams 0 mmmol &) 40 and | -
methyl - 1H,- tetrazole - 5 - thiol (5.8 grans;; 50 mole) were refluxed in
40 50 m of dry acetonitrile (treated ovgr an anhydrous sul fonic acid resin
sol d under the tradenmark '“gfffeflurte 15")y undeg a dry atnosphere, for 8 3/4
hours. The reaction was followed by CrEBS cc!'r'rdr'vgs nearI" opl et e at the end
of 8 3/4 hours. Solvent was renoved by evgyJ w

€ residue added to

125 m of 45 et hanol .. Di cycl ohexyl am ne (6 |n' 'm of et hanol was.
added and the product 45 preci pitated as the. dicycl8 exyI amne salt. It
was separated by filtration, washed, and dried, 4.50 -grans (71 0 percent

yield). IR NWR, and TLC were |dent|cal tf an 17
sanpl e prepared

1,597, 036 - _ ~CNH—9— gut he

by aqueous di-spl acerrent ‘Fﬁe 9Rl?\lR @ | sb o‘t'& ' ﬁjh t e NVR on the
product of Exanple 1. EXAMPLE 3 Pr ;/;ratroof (’( I methyl - | H -
tetrazol - 5 - yI)thro)rrethyI) Tk (2 (2-%
t hi enyl ) acet.am do) 3 - cephem - M car boxyl i ¢’ Aci d i m—m—ﬂécr-r RIS 5.

Di chl or oet hane -7 - (2 - (2 - Thienyl)acetamn do)cephal osporanl cacid (2.0
grans; 5 mole) and'l - nmethyl - 1H - tetorazole - 5 - thiol (1.2 grans; 10

mole) in 25 m &f 1,2- damwm:oeyh_w% e ed ypder, a dry atnosphere
e - _
U%d d‘;:

for a total of 5.5 hours. 10 . SOb=xt€n nm d ¢n a rotary : 5
evaporator, and 25 m of ethanol was _ N JATrate followed by
dropwi se addition of a solution of 2 m of dicyédehexyl giggg in 25 ml of

et hanol . The product crystallized as the di cycl ohexyl anmi e salt and was
stirred for 20 m nutes at roomterrperatouregputhen filtered, washed with 25

m of ethanol, and dried at [err] undem va&cuuy . 2.34 grams 15" - .of '
off-white solid (73.8 per E¥Edt7%i e1°€l'),5°uCR' NMVR - -Hlenti.cal with an 15
aut hentic sanpl e prepared by agueous di sr?gge <

-s-{he NVR was. al so

identical with the.NVR on the product - of YExa 1. E I\/PLE 4 Preparétl on
of 3 - (((L - methyl - IH. - tetrazol - 5- yl)thio)net¥yl - 7 - 20
formam do. - 3 - cephem- 4 - .carboxylic A#rd insl, 2 Drchl oroethane 20 7 -

For mam docephal ospor ani ¢ #re? 68.:0 §CCaSB_C
tetrazole - 5 - thiol (2.4 grans; 20 n’m)l”e)
were stirred and refluxed for 7 hours. Theofeadi#Zon *m Xtur'e Mas then cool ed
to roomtenperature and allowed to stand over ni tenperature. A

red 25 gummy solid precipitated. The product was identPfied by removing
the 7-fornyl 25 -group as follows.. Solvent was rem)ved on a rotary

evapor at or and the resi dugxmgo,qusoI,ved ‘j n. - :

SRy,

‘methyl - 1H -
- di chl or oet hane



25 m of nmethanol and 2.8 m of concentrated HCl and permtted to stand
overni ght at roomtenperature. The solution was then diluted to 50 M wth
water, and the 30 pH initially 0.9, was raised to 3.6 by dropw se
addition of triethylam ne. Light 30 brown crystals were filtered, washed
with water, and dried, 2.10 grams (64 percent yield). The NVR was identical
th the same product nmade by aqueous di spl acement. NWVR(err) [err] 3.65 (q,
[err], [err]=16.5 Hz), 4.08 (s, 3, -CH3 on tetrazole), 4.16 (g, 2,
iCHZS- [err]=12.5 Ft), 5. g 1, [err], J=5 35 Ft), and 5.45 (d, 1,
=5t _ Ryt 35 ExAPLE 5
Preparatlon of .3 - (((I - methyl - 1H - tetrazol - 5 - yl)thio)nethyl) - 7

- (2 - (2 PR npr)'—Ctet_&%? /3 - cephem(«d:i- carboxylic AC™ in
I eny

| sopropyl Acetate 4G=. (271 (%PE»-I | ) acet am do) cephal osporani c
acid (2.0 grans; SmmTCagNH .__%/I, H.end etrazole - 5 - thiol
(1.2 granms; 10 mmole) in 25 m soprop acetate were refluxed (9000
with stirring.for 23 hours. The re ctlon m xture was then cooled.to room
‘tenperature. TLC showed so of t cephal osporanic acid starting materi al
remai ni ng. The |ight Ecﬁr_’@l% ored solid was separated by filtration,
washed vmtﬁ |]s40iﬁ'90pyl acdtate drji e 1 60 grans (70.8 percent
yield). NVR confirmed the M*d duct and showed | ess than 1
percent of the cephal OSpOI‘cgd’ll o aC| start| -material present. NWR (err)
3.72 (s, 2, 2-[err]), 3.80 (s, 2 ZCO\IH-a, 395(5 3, [err] of
‘tetrazol e)', 4.30 (s, 2, 3NCH -) 5 10 (d, 1, C-H J=5 Hz), 5.70 [err] 50

H, J=5 Hz, J=8 Hz), 6.92 (d, 2, thiophene 3- and- 4H J=3 Hz), 7.35 (t, 1,
50 t hi Ophéﬁ'@ ﬁoducts\hﬁglel-m')sentamtnﬁon? &lﬂrcﬂeblbpkeﬁeieﬂ'}a,twek,—&dl-ﬁ@ EXAMPLE 6

ti ¢ _ fi
(53 o hglgfrf Ppptatiiicsars ";%bgﬂ?i’fyf na‘rigg ggi“‘?"'g‘”' Q) gethyl) - 7 -

( Zpetwdella &HdS fbod ¢ight: ihC Acrd in
Pr opi omottwenhenﬁﬁocedures g2 - Thi en |') acet ami do) cephal ospor ani c
acid (2 ‘gb’ c\%%;l ttat“vSlE n_resentrmtenwn aﬂdl“H’ enaplgtthaseol e - 5 - thij ol
(1.2 grsg © #oP £ °fM% uxed in 25 m of dry propionitrile (97C)

unoi | TLC. shovved t he conpl etexsMpeppear ance of cephal osporanjg acid
starti nbemat@moal! ((@ Bnd!tbxlr-sl)-l - t¢tazol: eSaerlbtlm)mﬁby!)u-ﬂe-(ﬁ/aQt-hen cooI ed to room

- tenperaturge 8’?‘ or, during
it e B R I BRI e el o

. wel§ di smbbﬂed:tonitn&Smni flask nﬂlcomdsea vﬁthl utdrmg ibe 2 mys.0of |
o di Cyc| oqqg nggnhydrous calgium su fate sold under the trademark “Drierite”. "The 1 597 036

18 in e@‘é‘ t@;@s %‘"ﬁ&iﬁg“s’ “’ﬁe"ﬁﬁﬁﬁﬁi dPETEPARRd as the

di cycl ¢ hdid Qarting mmeﬂutaaa ofé-thHird@M t enper ature, then
fi20t er etdis'- dnasldenhduq hAﬁtrharhohrsawfdreﬂux,e’ELC ih@td ws ofeBird pengent yield not
i ncl udi§ ﬂ'ffﬂﬂ'@f ‘6§‘§ "E‘ﬁ%‘gtﬂt l“E‘Vi& &0 ;ei g;lﬁ%“ ¥R of the product
was i defy Sboh Béingldr dnd Ao yuf"s a1 r§1 '8 s EXAVPLE 7

- Prepar abmaved(bh a30ta (e(/dporatdﬂ?lb gasa due 4 fohm svhio was <ﬁssolvgd|u)t hi o).methyl) -7 -

(&5 (210-mk lon hexalamme p b@xrwofc Aesd in
hoes on Lol m@%rmg PRGN
(2 - ( 2Wwas whitieB Rt AVAuAGki @Fans; 5 mmole),

10 | howtsh 2150 granthﬂGl at:ena;ywlch, mp5183—t4hCo(de 0TB/ pydeatiway. 5 ol e), and
3,9 dl“é‘ﬁr’E}F‘b Pﬂﬁ '{ ;@1‘ &f§ ﬁ@ gﬂ‘%ﬁ*@l withs m3el e) were
heat ed gg&feﬁhgﬁtNM 0 ‘Sf §§r r? re ar ez Eicﬁ Y eﬂlﬁol vent was then
rermveoB ml;séa Ji?r@bmemngnasgrz tath mgej-g,rgggggéglegan to E .

stal j B&— H3), Pene = , acetate (25
19PREnG v 423 rﬁ? ?‘ﬁdur é&gecr’_ ff? ‘further crysfallization.

After an additi onal 1/2 hourEx)s[MpLE pring, the product was separated by
filtratPreparativnoh2d((ii 1thethdopH azal €kt H)tmommdrt)l-éd- 20(®8 gram (43.4

1eny|p;ﬁt ) A3 Agﬁgon 1
Egr Ce:‘lt y|7e| ‘% £ ieny ac&gm}dﬁgeﬁae)sﬂéramc ac1 grams m‘t}%n)roﬂ‘| the NVR on the
P! €59 1PF 1H - tetrazole - 5 - thiol (5.8/grams; 50 mmole) were refluxed in 40 :
50.ml of dry acetonitrile (treated over an anhydrous sulfonic acid resin sold under .
the trademark “Amberlite 15), undér a dry; atmosphere, for 8 3/4 hours. The
reaction was followed by TLC and was nearly pomplete at the end of 8 3/4 hours.
Solvent was removed by evaporation and the residue added to 125 ml of
45 ethanol. Dicyclohexylamine (6 ml) in 75 ml of ethanol was added and the product - 45
precipitated as the dicyclohexylamine salt. It was separated by filtration, washed,
and ried, 4.50 grams (71.0 percent yield). IR, NMR, and TLC were identical to an

\l.u




20 EXAMPLE 8

20 Preparation of 3 - (((I - nmethyl - IH- tetrazol - 5 - yl)thio) -

methyl) -_7 - (2 - (2 - thienyl)acetamdo) - 3 - cephem- 4 - carboxylic

Acid in Acetic Acid 7 - (2 - (2 - Thienyl)acetam do)cephal osporanic acid

(2.0 granms;5 mol e) 25 and I - nethyl - IH- tetrazole - 5 - thiol C
&

(0.87grans; 7.5 mmle) were added to 25 glacial acetic acid (25 m). The
reaction mixture was heated to [err] and held at thi’s tenperature for an
hour. Only a trace of product was eV| dent p 70} The reaction mxture was 17
heatedto[err]1 1 hi-

m xture was then al | cwthenticsamplspeepered bnaquaeus displdcenteat. iihQ)HM(R wagalso 1@5‘]53? at ed
by 30 filfxation, W%@ﬁ@ﬂ%%ﬁhw@?w%%’prl and dried, 0.7 gram (31
percent yield). The 30 NVR of the productgxpaspiglentical with the NVR on
the Exanple 5 productPreﬁ)@WE’bB o((@r wht-llﬂntetfaz& -5 (letlﬂo)ﬁ'nethyUI d2e(2-6 -
hydroxy - 4 - nethyl - ;)raciﬁﬁa';‘ - 3tricephen - 43- - °}‘¥}‘El (?5’)‘1‘1£tlhyll)2 7 -5
(2 - (2 - thienyl)acet anﬂ d@l h1en§§acetam1do)c halosgtﬁimuemxd graﬁ@rsbﬂfﬁwe) c
Acid in Acetonitri | e andl -methyl - 1H - tetrazole - 5 - grémis;-10 ole) in 25 ml of 1,2-

Thi enyl ) acet am d haamvcr;rtamﬂdx Zmoer dlmsatm phmlf@? total of) 555 hours.

o aparater, and 2 lwa dd 10
di hydro - §,- oxyS ﬁltrﬂgrw ved r;mevp a o:#of Pﬁ %l:ﬁléo % e:i hi ol
(1.2 grans; 7. 5 mml fie 1. YTIRC }&met Eiy tellized ds the
reaction flask |mTer cohe mme salbatdwatsuﬂéu oezo inutel et dobia3émpeesure oph

with a condenser i thﬁ“& Sh%ﬁg fskan '@I Wﬁggg&‘ ﬁ&%ﬂfemﬁ

sul fate sol d undér thg{lt pare a ugolﬁs Es nt. & ﬂeg}ﬁme 15
was mai ntai ned for 16withoghe NM Ehdsp:ﬁ f Examplen,.t h -sl ow nmagneti c

agitation. The product crystal I Il zed from the hot soI ution. The reaction

m xture was cool ed tg,roomtegperatyre. W vashed_ acetonitrile,
washed with 45 59 acetOne jorabsids a{%J Fopfiid €4 Jmﬁi'lﬂ &aﬁm\(%‘ ﬁi‘gﬁ
yi el d). The product was 76f ormam1dddiplnﬂblp<ﬁ‘alﬁ¢ ;midl eﬂ()sgranﬂp 10 nmml) ec Jmethyh-

standi ng, the flltrat;gl dés lg fa % a(%h rg:{ol@l §9)§119f ; ticslo ne\as
separated by filtrati S Ed a& gda
(10.5 percent yizd d).gu eo 1ta£t£d)‘l)il‘habﬁﬂuéf&+gﬁ eﬁed[f@rreﬁn 5"

Total vyiel deswas theres‘rmrpeasg ows ercent 50

SXAVPLE 10 roparat | o GRS R g Y etorend s o guoyets
ight _
y1) thi o) methyl) - 7 -ailrdom tdmperahiié, GAY solaiotwas thin m&msm i watél: and the -
carboxylic Acid 3m: 1 ;, initielly @9, onis lrgised t63.6 by dropwn?e add(tidn of rﬂathylamme Light 30

Thi enyl ) acet ani do) ce Y"@) stal efili%fF “E—ﬂ‘eé ﬁ‘sf’ angd i%}OEY (§heprepnt .
methyl - 1,3,4 - oxad} g%‘%gm&b‘ ¥ _gi fﬁ,@?ﬁﬁ of
1, 2-di chl or oet hane . -1 siisg'ﬂ;at ICQ—%I, VLS i ng
bar and condensess wi tHZ)aartslr5/45r(g t,lf-be-fké#t Hz)m ng anhydrous cal ciumsul fate 35

sol d under the.trademark "Drierite". The féh v€ imersed.in an oil bath
ENletk4261 J

at 84-[err] and held tioh @F 3 8¢y - Qeyt {9 -tWwq2 dagys.
60. A portion of produc ar?\gdenyngée(gaaﬁdoo?ed- ce;ihema-s4seq;;bﬁ£ﬁ)gldA 0 1ﬁm1§¢mgyl on,

washed 19 : Acetate

2-dichl oroethanf? ang 1 g, TPty %*'%"é%"é%ﬁ.:%ﬂﬁnqﬁsf;m gy

d| ssolved in 15 m ofis piuata om“ﬁtﬁmﬁgmmms | e product.
Then 75 ml of dei oni zed treactlwammutdeus e lséua ntm;n ﬁd’i—c\/\ﬁswed
t

separated by fil t{atl*’t%ﬁ? £ soh ?“P ﬁf ate e light cream
Evaporation of s8 venfg yﬁ @ﬁ.mdd hprol

ried 45
f
5 product dnd both Stﬁhb&t ssmutnelrp et ofEh@Mﬁhﬁ'osﬁdraﬁc é.stalttmmmatvhal@reser(t( ( | -

methyl - IH - tetrazo?‘IMR 0_(s,(3 —~CHLONH—), 3.95 (s, 3,
thienyl)acetanidgj - '%g ﬂ‘% %Z (%éin Jfﬁi’@ff%‘ﬁér%_lo 5
7- (2 - (2°*- Thi enyI )tﬁ{bﬁhe’ﬁﬁﬁ Qﬁ@@ﬂam,a ACHJCORHO-, g=8ikR). 5 nmDl €)

10 and | - nethyl -IH - tetrazole - - thi oIMIgLE§7 gram 7.5 nmol e) ver e

added to 25 Preparatlon of 3 -(((1 -methyl - lH tetrazol - 5 - yDthio)methyl) -7 - (2 - @ -
thienyl)acetamido) - 3 - cephem - 4 - carboxylic Acid in Propionitrile ,
55 7 -(2 -(2 - Thienyl)acetamido)cephalosporanic acid (2.0 grams; 5 mmol) and 55
1 - methyl - 1H -tetrazole -5 -thiol (1.2 grams; 10 mmole) were refluxed in 25 ml
of -dry propionitrile (97°C) until TLC showed the complete disappearance of
cephalosporanic acid starting material (4.5 hours). The reaction mixture was then
: cooled to room temperature, and solvent was removed on a rotary evaporator, .
. 60 during which process some of the solution was lost due to bumping. The residue - 60
was dissolved in 35 ml of warm ethanol and a solution of 2 ml of dicyclohexylamine

25



m of dry nitromethane in a flask; the flask was imersed in an oil bath at
100- 101C for 4.5 hours, then cooled to roomtenperature. TLC showed t hat

t he reaction was conplete 15 _ Solvent was renpved on a rotary
evaporator, and the residue was dissolved in 15 75 nl of warm et hyl
acetate. The solution was filtered to renove a snall -anmount of i.nsol ubl es,
then extracted with two 25 ml portions” of 5 percent aqueous sodi um

. rcarbonate The conbi ned extracts were |ayered with 50 Ml of ethyl acetate

d aicrhdjr fr)ed to pH about - 1 %7\%éh 70 per cent aqueous met han&sul fonic acid.
- i S o5 < ed he—a er was

extract jof nthwlwasadﬂecbﬁhg/pmdmwé@t ate Iayers wer e
combi n§f 21 ‘:I?cﬁ %ﬁgﬁg@éﬁﬁmg}; 'ﬁ ntrat e®to 25 m on
a rot aggia \éadg,gfa Pfrhe twad [Meftic b.et et her resulted

i N5 cr yEsanglé ¥ atadoet. of t he product It "'was separat ed by fr Itrétron washed
with diethyl éther, and drg@ 7 ‘gram (56. 2 percent yield), -off- 25

“white M@1 - eyl 5 - yihihfo)hélRgl 14 Y(ofet.he product was
confi r?r[ee\c‘i‘%a&nso“ab(ﬁﬁ Ic&ahi é a-bgtylngmcgif)ti B\cet(oﬁté(lé - methyl - IH -

te razol . 3§-prto QPMIU M@Y gen Plp s%ez\ddeg enyl)acetapido) - 3 -
dhem, - IC- 1?%?5 jrlf@ 14’3? ﬁong;fnagf:) and. 3 e?Ch' oride . -
1

30 7 - d{ct?toro &yr dg‘e Gsﬁﬂbﬂﬁ rwereaﬁdad-,d( 11.9 grams; 30
‘nmol e oesnaight. in 26nmil[ofldry adetémttnletata&’@] GoLveris was tltcnobm%v?d(ongr anms; 60 ol e) in

3 41y §¥APR d ftorsHring S o p aced in a
oA e e R PR BRI e
m Xtur&pﬂﬁ&d Imti-zeﬁn,awi pBdpyl acetate qped ro.98 gilﬁlvelmpr ng a pressure of
42 p. spcrcentfy d).] Then VR of mepm@ﬁbtmbﬂeﬁﬁcﬂlt witls theMMRaan théen cool ed t o room
terrperg'l“’d‘i'ﬂée Produethowed conversion to product, with onl y a trace of- the
_Styrting cephal osporanic acEﬂAmrmr ng. The reaction mxturgopwas permtted
t 0 st aRekpatatioroafrB 1 ( rlpeme&hyhr-ég viatrgol ¢ &8s yhthe)l -imethyDy-st o2|-i zat i on of the
product, and2ctiiendlspsemidelat dd ceRreTO04 m carbprdicAg thafetifere filtered of f

and 40 © 5. g d Phichd a@&ﬁrﬁﬂ)@é’ﬂﬂaﬁ %ic%ld @o %zan%r 3mdid. 3 percent yield),
Whste aid/Bt thyl-lH4 thzgle. - 36 3hibl-( s} @5)mmdle)veedddedtoop ops! i ght tan

crystabbcwlasets cid{(2an). %GMWP»EW‘PM@SWPC F%%o i‘h jidaoth lsrrt of diethyl
et her ﬂmﬁe’%{ M 4{5%;? au#ﬁﬂé% @E@Zﬁ%ﬂﬁ 1. 40 grars (10.3
- per Cenf: theffgllowed ‘to ‘stan dofe pRdu@ Riagisdpachtedybydi | Uti ng t he

©f i30't r-afiltration, lwasted prithpackticageid, atléslndd. g1 gral lamet(talelﬁ)p'&lecentaq'r eI d). Total
yield: WP&@F@F‘E&‘W‘Q‘“EE@%% the Ny} pp the ! atﬂP’é;?aRfa‘t%n of 3= ((()

met hyl - H - tetrazol - Sgxa¥{pLiEhjo) met hyl) - (2-(2 - 50

thr enyb}e@ﬁaﬁmm)«@s& dthyaﬁphemhydréxy 4 amethyl/ Lﬁeoﬁa:r-dzﬂn Fl uor obenzene 50

m% (2 - (2 tnairm-ehyngr e gat@ p@reayt)aeetererie) (20 grams 5.04
| e) -ang 158 LS8 Eéig t ( 10 nmmol e) in
75 m qufgdﬁfhéﬁ 'do) m a°§1 AI?HJQS atsk equr pped with a
conden$Mgwn§ Somh b ﬂ hﬂthdto:bﬁ‘mmflﬂl’ﬂ etmh duroausaawh sulfate sold
__ under iy eltsqda‘sag‘ml t 85"@{% se@@&}'ﬁ dg@%ﬁg Rated 1o reflux and
prHr o3t i, SEABEIN, SR ST ol Condtnt
acet at tﬁcsﬁyw reactron whr ch remai ned heterogeneous throughout,
was essenﬂ‘hrab ﬂtzed frgm7the fhioti utmth@htreea qﬂdnlx'r\'m(t"ﬁe was then cool ed

oot grgrt“g@“"ﬁ“ﬁf‘*’r%‘t@;“ét ST LG Uit egs product . The

five hourS)n samaﬁ ghaﬂsr éhztedaarsmﬂd wiiop lofl yrystais.f Thishéropewas 60 cryst dl's,

. 161- 162@ ntwas m%m?r yggmﬁﬁ@ 26 gmmi(19ARF5Y NVR. 1,597, 036
2 cem “ methyl - 1H - tetrazg) 5 -
yl thr o) rret t hi enyI )acet amdo - 3 - cephem - 4
car boxylic Acr d in Thr o hen@XAMPLE 10
yPreparatlon of 3 -(((5 - mePthyl - 1,3,4 -oxadiazol -2 - yl)thno)methyl) -7 - (2 -
C@2 - thwnyl)acetamndo) 3. cephexh 4 - catboxyhc Acid in 1,2-
: : -‘Dichloroethane - S
55 7 -2-@2- Thlenyl)acetamxdo)cephalosp ranic acid (20 grams 5 mmole) 55
and 5 - methyl - 1,3,4 - oxadiazole - 2 - thiol (0.87 gram; 7.5 mmole) in 25 ml of :
1 2-d1chloroethane were placed in a flask equipped with-magnetic stirring bar and
condenser with a drying tube containing anhydrous calcium sulfate sold under the
trademark *Drierite”. The flask was immersed in an oil bath at 84——85°C and held o
60 for 8 hours,’ then refrigerated for two days. : _ 60 .
A portion of product had crystallized; it was. separated by filtranon, washed : :




7 - (2 - (2 - Thienyl)acetam do)cephal osp ranic acid (2.0 grans; 5 mmole) 5
and 1 - nmethyl - IH- tetrazole - 5 - thiol (0.87 gram 7.5 nmole) in 25 ni
of 5 thig r 7 .ch.tinme the product . .
crystallized. The reaction nixture was cool ed to room tenperature, stirred
for 30 mnutes to conplete crystallization, and filtered. The separated
product was washed with 0.5 nl. of thiophene, then vacuumdried for 2 hours,
1.82 granms (80.2 percent yield), 10 white crystals mp. 162-[err]
(dec.). TLC shoywed that the filtrate contalg@q)% 10 addltlonal product
SXAMPLE 15 T € o ”'zmh" Je(ﬂ:r d, 1.0 griy d)I as di

yl)thi o) met hylj* 7 {5 ?hag:fnean&agl e;ator%g msoe%‘r?pro uct. en7§§gpﬁem-

in
4 - carboxyli¢~Aci d iddiodied water was added He roduct was, separated by filtration
15 7-(2 -(IH - Tet ramh dried, 0:61 ytaj @ep. HTI4HC Ledalghal osporani c acid (0.76 ﬁgr am :

2 mol e) and.5 -Snet hyl Evap@rafion of plvet from|t ate y1q1¢ﬁdcﬂ23(sya13:9fgrratmurezo
mmole) in 10 M of ré’é‘@fé‘ﬁ‘ta aaééfﬁ'e“%[ﬂ'é&'&?ff't‘ﬂ"ﬁ | e were refluxed for two hours
and forty m nutes. The product crystalli zg %&geaot ion mixture was

cooled in an ice bath,and filter t te. adnch, . which was
vashed v th three mi Brrasgraher i tumh o ﬁfg)%ﬁl?gndﬁéwéﬁuum

0. 61 gram (67 pefcent yirel @)- (z‘hmhw Btn:eta oﬁrbpltalv@p armjemd(mamﬁ gj
NVR, 8 2.68 (s, 3, Cradfl 1@@%0# tetw% thi !ﬁ%ﬂ itja rl,
5.12 (d, 1, [err], J=0 ¢k % Jm wéﬂawm
Hz), 9.00 (s, 1, tetrRi® ﬂ“}és mplaél Sp

25 EXAMPLE 16 Pr lépar aj; i Solvelt v@s ren(o@ tgnTg 4 Fora:agé% erqs ez;);vas ?gs;l"ﬁ .
yl)thio)methyl) - 7 Wik prt -
4 - carboxylic AC' d 'Bul :ﬁm lﬁg}i@t w1t e;ge layered with i(?gn%?tﬂylwétmmd 2 -
phenyl acet am do)cephaioﬁmmrtapnabanllﬂ tB7t1§er eous megRn&Gnifapica) 1da ethyl

met hyl - 1H - t e2& azotcstate layer 5‘8’7“‘ i""aﬁ?ﬁuﬁ‘l Tva d %ﬁ:éo 020
nm of 1,2-dichl oroet hmt;gﬂfj;%k’ U‘%“ﬁp e‘f‘é me‘;g};ws ] gggﬁ%
six hours. Sanpl es wepfof f redul rostallialti ﬁrod eltwwsepamedby
m xture was heat ed fofiltramnad@bhed mﬂadleth!lmher,lah%le% 4?8'6 gnt ig

Hh &*ttﬁ!y?fﬂé"tm

35 Sol veht mppy 136y 5 Catde uch s cg 8'5'8 to 25_

X
the residueg '35 wh yﬁ urned -gunmy and then soI i d. The product vvas :
separated by filtration, washed \&/(\n(lt h dtlheltléngg ]( anldhldiﬂll%e!& 1730 _
(77.0 percent yield): PNMRa ¢ ! FenT yht
3, - [err] of te&{azol e), %%"ta“g )33 [ &F g‘ Qfa‘fb(?xyhf ff %—“ e!tﬁ' (q 30
1, [err], 3=5 Hz7" J=9 Ha . ’I(hi?enyljacetdlﬁldo)cephﬁiﬁﬁﬁo a,mc7acﬂfil(93gra15§ 3

and 8,28 (s, 1, ‘and 1 -met% -dll“{4(lf?laz rry - agze%ﬂ; m %}%3
3 . [ T1dC clo
(5((1 '2 ZEt hél ) hl- | H IItlee ﬁ;ilt?%} ve equl 9’ wit! 1;%} Jﬁ{ﬁ xtur eda

- (2,4 - dichl gsobe el oy

‘of 22 5ii., o eaction mixture
- carboxylic Aci | n &y th&cedomaltb Ii'odnetea!pei‘a Czsh@mltdommqme!meodumsw {th) 7

- (5 - Carboxy - wly 4 trac fém Rig, B, QI% EIQE‘E ni c
acid (2.9 grans; 5 n‘rr§ :Eﬁ r:fr': ’az'fngfv ﬁg"te o vere fi

grans; 10 nmol e) 4end é’shegt nﬁﬂ@kﬁabﬁwm e£7 SR ERmSE esmslpemdntqmd)nwlytu crstaSs, 40
hours). TLC showed r eaxs. |16ﬁ:|5—ht6el°¢&ke)n pl ace estl

percent 50  conpl ei“% p;fcte et ?'[lﬁlltg?l:‘a W ereﬁ%ﬁl&l}t %@ E:Q

residue slurried in e 1 51 grans. 48
percent yield). 48) 7 - AShid tamea by d(hmng the filtrate with 1sopropyl acetate, 1.18 45

di chl orobenzam do) val s!fam,g{ n| c acid (2.9 granms; 5 mmole), |
- methyl - TH - tetrazol °&{b’§°ldw? h8'i°8’(€ %egé 10 rmol e) and 50 m of

1,2 - d chloroethane were refluxed for fl\% and - one-half "hours.. TLC
9 tetrazoE5

showed that reaction 2onBTBCRH - ek 5 SoliRthetyds- degant ed
fromthe reacti os0m xﬁ}rﬁz thieayla X extjansid s)ﬂlifgs-tqeplwhl ké- mboxuhwwmn in Klmogobenzene 50

triturated under reflu 71’19(?et rThleFﬂléc%z éF‘&t(%%llrbgs fstof‘gqn!ﬂq on,
2. 83 grans (89.3 per Cﬁ%& yén ed in EH?wnha
identity of the produgii UtTub6 Zmadmgtdawdm&ll\&c {ver sy lfa& cV&ndmth t2dergaCh
m adi poyl side 55 “Dnente” The mixture was heated to reflux and. Erogress of the reaction was ' 55
followed by TLC in 7/1 ethyl acetate/acetic acid. The reaction, which remained
heterogeneous throughout, was essentially complete in 72 hours,
The reaction mixture was then cooled to room temperature and filtered to
: separate the precipitated product. The product was washed with fluorobenzene
60 and vacuum dried at 40°C for five hours, 2.13 grams (93.4 percent yield), off-white 60
crystals, 161—162°C (dec). Identity of the product was confirmed by NMR

eooIe
er I'



21 1,597, 036
21 chain), 3.66 (m 2, 2-[err]), 3.95 (s, 3, -[err] of tetrazole), 4.30 (m
2, 3-lerr]). 508 (d I, CH J=5Hz), 568 (g. 1. [err] J=5 Hz), 7.50 and

- 7.62 (each s, 2,4- dichlorophenyl), and 9.00 (m 2, two -CONH). EXAMPLE 18

" Hzg J=9 Ha).(

5 Preparation of 3 - (((I - methyl - IH - tetrazol - 5 -
W)thioynmethyl) - 7 - (2 - (2 - 5th|enyl)acetamdo) - 3 - cephem- 4 -
arboxylic Acid in 1,2- Dichloroethane 7 - (2 - (2 -

I enyl ) acet am do) cephal ospor c..acid (0.99 gram 2.5 nmole) and | -
A hyl e | H Jgt;azg|g4_§%6@-- % ded to 12.5

10 m of -1, 2-di chl oroetmnpaﬁcﬁtshe react{?ol;t ﬂ’l)((t ur@e ‘was rgl{)uxed The
“reflux Prm)sratlon qu dﬂhd, tr @Hp\}“?&i ¢ ' i c aci y- product ;
Eﬁq : 0&% Oéﬂ{ %‘i aee reflux through

this was % y%
cakci U'Eh&”[' t ltelIH aﬁi)l Otsr.Sthibi (0871 dratix:, 7. hxﬁnoteear:zi mhofri xt 4re was cool ed

to roonhnblﬂimewa'euemmﬂ»rﬂ |hlotue.r(hl@insirf ich timg ftife ‘eﬁa'Wa?F‘e washed in 10 m
of 1, 2Thi5=a¢ﬂ°ﬂ’(‘3 rﬁE rooye rﬁeﬁ npeR'oL percent yield).
15 EvafighRel &élﬁe %aﬁﬁu vioe cffeWiek), product (3.5
paDCentwhite @bydtals, hipe 16 mm ;decxi Tiigesl wertititat thnetﬁtruenbntmneﬂ byl0TLC and, in

t he casdditiénal h@dmir n-product , by NI\/R The NI\/R was identical with the NVR on
t he Exanple 5. 20 ° produc%x MPL) 1 : .

. 20 EXA"!‘?épﬁralngnEifseD@osatm a-th I-zrr@t)tlmd)methﬁ) ;@ - thi.adiazol - 2 -
yl ) t hi 0) net hgiH) - tettazol ¢ '--yl)(®tarm1¢0h| énweyMEténﬁﬁ’b?xyhcéc‘dmephefg - 4

A Amf;ttm% R o 5 s

met hyl miofredgeht grade adma-netva-ere wo ot vrPand4o rmmstes mml e) in 25 m.

of acetpwﬂtmtqrysaﬂmdé‘h m: - gn ieh “‘3; wed,enly a trace
of2°cep§!@‘§mfvac '#é"agg.g“& :E mﬁr‘ﬂ% en‘t%ﬁ %- ?%:fgt ol was
| t er €4 riied b H)psaogzoved on a rotary

evapor MH ..eEsHttuel r(er% —Ff&cﬁb‘@t—ﬂm trile isopropyl
acet at @"? S %)’f??q r(satﬁ otﬁtm\ﬂﬁsﬁeﬁ)’aﬁ'ﬂj vdéUdmldriegs 1.59 gram
( ld) mp. [err] The |dent|ty of the product was confirnmed

by IR UV NIVR MS, and el eBKAMBLEA a268(s 3s [err]

of t et rRxemkasi posseat( s, methyl 3_1#jo etr xliﬂng)m Dr ?9 38 (q, 2,
3- CH2S-, 3= 13)*3_ ._x - 9 “d’Y'“?te“‘"[“é% 5@%;"35 “?51%"& "73 [err], J=5

- o %@mﬁ%ﬁkp&aﬂ)mﬂ@?ﬂ ghdms; '. 36 1, thi ophene
B mBle)ldhd{(10- methyl - (l‘.l-lzcékh,oeJ ration of. 3.- I
S, 2 m@t;rft B g 0
ples were t T , reac mn m :
t hi enyl et bo B onal an&lvdt Gdi Aord in 1,1,2- 40
Traschl or ogo Gvas removed by evaporatlon Diethyl ether was added to the res1due, 40 7 -
(2 - (2wh1chThlrl!!=|d 3! t‘ﬁ‘ Eﬁ“'q‘ 3%5 BTS; 5 m nnol e) and
- hed W}tg-l_,’l;; yér;t‘*; “eg i 0NEo (s19 3ol e) were added to
25 m % é% gavesiﬁzOJ ha{ er(li](s, iThe reaction was
f ool owed-GHC afﬁe(s, Sélplinnyipsﬂ)aand 04,0, with stirri ng, TL#® showed no
" cephal osporanl c 45 acid st artd ng material remaining. The reacti.on'

m xture was cool ed to room 45 fienperature, with stirri ng. A seed was
i ntroduced and the reaction m-QQie was al lowed to stir overni ght. The
pr oduct crystalllzed Sol vent vvas rem)ved by- evaporatlon and 25 m of

1, 2- dlchloroet ne ded B\ A iltration, and the
product %’a% 5'!'3 tﬂj 0§'O valgr)t ":ig;‘f@)r Hg “obt ai ned 0.98 gram
ofas3 - (((I- dxyhc l"dm t[(o%?oﬂ trile afd (B) I %D&hlbid&t drethyl§s -7 - (2 - (2

- thienyl )G@c)eﬂam(do) CarBoxy eephel@ f4 +4 dichlogob l?ﬂdp!yala@m@m)-m p [err] (‘dec)
(43. 4 p\?h}q%]ﬁ;po‘@néq w WPS 10le), .1 - methyl - 1 tetrazole - 5 - o
mmole) and S0 mf of acetonitrile were refluxed overnight (18

‘hours). TLC showed reaction had taken place, estimated to be about 90 percent
50 complete. The reaction mixture was evaporated and the residue slurried ethyl - 30
' acetate and filtered, 1.51 grams (48.3 percent, yield).
. (B) 7 - (5 - Carboxy - 5 - (24 + - dichlorobenzamido)valeramido)-
ce halosporamc acid (2.9 grams; 5 mmole), |1 - methyl - 1H - tetrazole - 5 -
thiol (1.2 grams; 10 mmole) and 50 ml of 1,2 - dichloroethane were refluxed for five _
35 and one-half hours. TLC showed that reactlo was 90 percent complete. 55
-Solvent was decanted from the reaction mixture, leaving a plastic-like sofid
which was triturated under refluxing ether. The prodiuct was separated by filtration,
2.83 grams (89.3 percent yield), tan crystals. NMR corroborated the identity of the
product but showed ether. NMR (DMSO—ds) 51.78 and 2.26 (each m, adlpoyl side



Preparation of 3 - (((l - methyl - IH- tetrazol - 5 - yl)thio)nethyl) - 7
- (2 - (2 - 55 t hi enyl )acetam do) - 3'- cepheem- 4 - carboxylic
Acid in (A). Methyl 55 Fthyl Ketone and (B) 1,1,2-Trichloroethane (A 7 -

(2- (2 - Thienyl)acetam do)cephal osporanic acid (2.0 grans; 5 nmole) and |
- methyl - 1H -"tetrazole - 5 - thiol (1.2 granms; 10 mmole) were added to
25 m of nethyl ethyl ketone and ref| uxed 48 hours. TLC showed that only 60
a trace of cephal osporanic acid starting material remined. The reaction

m xture 60 wag washed with a mxture of lggﬁmgrams of sodi um bi car bonate

in 50 mM of water _VV’E er—tave Ale v = SN I -
m of ethyl acgtrate 13 ),395(5,3 —CH oftetrazole 430(m,2,3—CHS——), 22

in), 3.66)(m; &;
added. The pH Wés t hl% @5 )’ Gé (&{ao _ﬁcéﬂpﬁ)_s qz)’r‘rlespk%dn%gzuﬁ ph& 2*aci d
in 30 M of water. The ethyl acet ate (l ayer vvasmczirll*ed over sodiumsulfate
and evaporated to an oil on
crystallized by %ropvﬂ‘%" i &-ﬁ%ﬁl ﬂ{pﬁi “ﬁ rq g:“gxylé:’yl) gi gﬁrl (g ‘was
separated by filtration, g&,eﬂ@ vacuum (le ed, 0 9 ram f
percent yield). The NVRPwe(? - I(Zje'ﬁhlmyahcemmdn)ctepmlmamé a«tldh@ goaly 5 nohéix)anpl e

5. (B) The reactjon st fetr “‘F%’l erg pdded £0412.5 :
ot e ot S T e O RS . 1o
used as' solvent. The bweemtning mX—HithbrdAHﬁnd’e hatithewl, E@ﬂcﬁhﬁ dxider S, whi ch

ti me TLC showed t hat tnoAi'Gf ﬂ eaeqceiorsmtme aswmfbsil fosavg7
present. The prguct 4 o 07 f&% Ficg'gtg‘ % O Ayt ofpl i
gram (20. 8 percent yi s )/apo 6n DMViReiiiaté Gvalan6br phédctqB 5tpbfbem
product of Exanple SYI%ANPL%tZZt.?hPre arfltlon fOf eé%b TL - .nmet hyl - IH -
tetrazol -5 - yl)thiq y of the pr %cwafsonm y aﬁgﬁrgﬁ %fx 7
- methoxy - 3 - ,geph (ﬁmll calr?’b ’I% R s ieqtigal with, the %’5 8Pl 3 ne 7

- (2 - Phenyl acetamdo) - 7.- net hoxy epheXAMPREagi ¢ acid (210 ny; 0.5
mole), 1 - methyl Irmaatmnef}gﬂél @lethyls 1,34 hitiadigal n)- ylﬁlhlﬁ)inqmvbl-e?) -@nd 15

m of 1,2-dichloroethane wg acetamidddet ux SEPHT 6 ﬂOUF%' WHiferAdi ¢ Pogen,

at whi Ch 20  t23me TLCqs e)iylﬁcétﬁ:ﬂiﬁ@)cﬂfhalﬁ hale op @@'rﬁimole) 25
starting material. add5 A tliyl onah 1h1ad1amreh -thlo 64gﬁmkrza ofe)in B ml. éfhi ol _

(29 ng; 0.25 nmmol e G sh ‘E’Yeldu%@tl aceapf

addi tional three hourcém“,%f;ﬁ’ﬁ'bcq. ﬁg@@t&gﬁf '° gliy] 11

m xture was washad: fewdualm&ryu ocb Fottl 1 ac atea mﬁaeby andsg
t he bi carbonate Iayetﬁltvmsn'#@hdché%%a@:emtdrmliﬂl €319 g‘é{fﬁéﬁgﬁbgp 16626, an
amount of - ‘fresh ‘et hyl ue ggr and: B2 2
with 20 percent HCO . mly%%%{ bﬁ{ig d°dp% g‘ 70 ) gécaz yej?}
washed with et hy3dS acdz;t5€0 (th,eC,&d‘etIain,Uag/Hz d,ez,tmn]shenee an lmm,t h 3s
saturated NaCl, dri ed: thiepheneeigrids prh?-1Q,(ds ht-=CHsGONE, /=8 Badd eva or at ed,

| eavi ng a pal e green foam 30 as a- resggy e%éz% oMy (83.6" percent i el d)
The id ntity of the [Prepdiatibn 83S- (ON ety IIH - tebidzdd Y. 5 ClyfinandethiiR- 7 NYR ber r]
3.55 (s, 2, 2- [err]) 3.75 sepyl tamﬂi))) 33: Feplem 3, 4[e¢aﬂ]0xxin tAstdratzol,lea 4.;10
(s, 2, 3-[err] -0 5 15 perffetioreptmnes [ orol ol mg%)s )™

. 2(s, 1, J=0 Hz, 35nd1 meth 1 -1H ‘°:‘§J:?z&e : %m%mozggamﬁ ﬁ e added to fs

35 Pr epar ation of 3mlo(g,é§-tndﬂ tegétion wad foll¢vided by 2-

t hi enyl ) acet am dg) TG -at 4 OQ"}:"QF FlFt',“&AEIr(élsh°Wed 10 Q:Phahspommc .5
Di chl or oet hane #°- (A ‘*Rﬁﬁ?ﬂ&‘.héﬁ% i‘é‘t{ﬁ@‘fﬁi ettt ling

gram 2.5 nmol e) 40 auo»aea oZ2stiBiveraipht V35 temiee Jverg WAk removéd byO| €)
were placed in a flaskaPOtahen amsm pf uz-g- etdanmatiﬂpdasdw,eadwa;fagam temoypdiby 25

m of 1,2-dichl oet Hu%eﬁ hggt. q%%rgfl UX ¢

and refluxed for aboqt)th 57 A7) géiqz Stti‘;élfyl)Mtam -3
t hen cool ed and fil tamddmpyl.‘(SI’@l(dug) “bié ppread yietd).as an of f - Whl te rraterl al ,

1.1 grans (88 percent yield), mp. 190. SFégt{Péhan%Eec) It was dried 45

overni ght at 40C., u%gragg,pmm(«ﬁnqle&yp saqgghméhyl)'rh)e (qugt ity
of the 55 - thienyljacetamido) - 3 - cephem - 4 - carboxylic Acid in (A) Methyl 55
. - Ethyl Ketone and (B) 1,1 2-Tr1chloroethane '
(A) 7-(2- (- Thnenyl)acetamudo)cephalosporamc acid (2.0 grams; 5
mmole) and 1 - methyl - 1H. - tetrazole - 5 - thiol (1.2 grams; 10 mmole) were
added to 25 ml of" methyl ethyl ketone and reﬂuxed 48 hours TLC showed that only
60 a trace of cephalosporanic acid starting material remained. The reaction mixture 60
' was washed with a mixture of 2.5 grams of sodium bicarbonate in 50 ml of water.
The water layer was treated with 1 gram of carbon and 50 ml of ethyl acetate was




product was confirnmed by NVMR UV, mass spectroscopy, IR
analysis. NWR (err) 3.74 (s, 2, 2-[err]), 3.80 (s, 2, H2ZCONH), 4.58 (q, 2,

3-lerr]-, J=13 Hz), 5.14 (d, |, [err] J=5 Hz), 5.73 (g. 1,
"Hz), 6.96, 7.43, and 1.96 (each m phenyl and thienyl rings), 9.10 (d,
1, 50
@met hyl acetam do) |, 3,4- thiadiazol - 2 - yl)thio)nethyl) -
A

J=8

hi enl ) acet am do)

and el enent al

[err]., J=5 Hz,

[err] J=8 Hz).50 EXAMPLE 24 Preparation of 3- (

((5- (N-
7-(2-(2-

- 3 - cephem- 4 - carboxylic Acid in 1,2-Dichl oroet hane

7 - (2 - (2 - Thi eqrg,aggt am do).ce hal osporanl c aci 2(2 0O granms; 5

ole- - 2 - thiol

(1. 42 gprdaeds ‘,l‘he7 'Hwasrtbbrel))wwed @r&ﬂd@dlth metSf mﬂthaoésulfqrﬂcztlthBQ)r oet hane and the
| dnl stenrTbe eby) agstats lavey wasgiripd e sodipmsulig atd APHR'Sd ur e wés* cool ed,

filter & iR I h S Zakths bl haph :aaaauoaeﬂso/acumhar irgdl,
pescent;)rodu&t Was &Bﬁa@e by hltraiibne wasted

( DI\/BO q)l )r 3 r%e g.( reﬁate |

‘and [

(qo- 1

9.10 (
1, 597,

- (((

nexcen TheNMB pagide @
s‘r‘% & e
e
ﬂnﬁed‘ OQVIG o -wiich tinfe lﬁwed-thaﬂﬁo

al dSchitt:lm v&s@s@nd'heeﬁutmkp ted as
epll t} il $ y g iperce?lt ggd) ThepNMli(was ldegtmlegrth
d.g% € pro ubt ogf Lgl

°8$ 1()) £ ﬁ%[eﬁgpre 'FH‘?

renove watjer (23 nea Lc I-OPEfmethoky Eﬂhelahpoﬁhnﬁ:t dcid @tb gy s

perm ttmdolbplc-ondthyl FIH -(tbtrazoteesri - thi

| phenyl %@%@W@ﬁ Koy ? ot 5 P’@di

@-&5 tnovale) and2L5 ml of

ainattliél tRdn-mikture rEﬂuxGJl fc(r&ﬂ aﬂlﬁio

2.06 grans (78 3

aghed] 4 yVa unt d60\9%grapr(¢d6mt sas confi-rmed
' ExaB'G anal ysi's. NMVR

of tetrazol e,
H,J=5 Hz), 5.70
thrl@phene H) and

: - 23 EXAIVPLE 25 Preparat|on of 3
rrethyl - 1H- tetraxrAMPLEj?% I)thro met hyl 7

bl;ltsti)xgc%ré?ﬁlﬂ‘?h yof 3 2, gn@;m;l m@%y}qﬂ;

- (Ntert -
boxylic Acid

was” refluxed to

to 30 m WhICh was

ddeé ooI &d. - Net hyl
lm&emm}se')‘mhmwadided and 10 t he

iﬁ"g:mé gggg IWJ?EF) ~added and

TLC. At 16 ‘hours,
ti oge M Xture was

react [ oavpmcmbllgrcbangefl uxed =timdear ro en an m)nl t of ed ‘gg

10,1C Lo Aie) i b o B S

waShed b dool o aaars atw,mez amiht he“bi car bonat e
| ayers mqrdneneHChmlie he!tret wpamtew &

blcarb

-'--.et hyl

Eﬁ%ﬁr TR hi%

Sh-GGDOHJ, B5egs

o, W@ b,

aZeeCHi)B?g"-‘)a( ér"'" U6

. magnesr_@o%\}{) 7.8 64%
(8Q< percent Vi el d) ‘The |dengMpuEfz3t he product- was confr

N

10 441

~ decant edir dispthced/withoa h@addaf m@rogety zh ﬂ%g
. pOV\der feqqﬁ'@“ e W%hezreﬂ a:ﬁér b§lut @ ah Bff-W Ee
(CDCl 3)" g‘gl Zﬁ:%

[e'ZS
(d

[err]

NifRepafation S BMed(@ -5 rlh:hiotlamlxmhw)( [ errerg;l)ro ’Ee‘{(d' o
fodlct “was' suspended in 10

cephal osporaﬂil%gjb F rtPngce
m of diethy, ? ;tg,rn;dg hegl,sg mcladitpum graine2: Emmeote)
7 hbm fhe k nlem nlob)wra %ﬂ#ﬁ?SkithhourmThe ether was

& T
Qfnd b exB

88 p ty?dld) Qf ri?t) i) ((gec) 2]t voas @Fid

Odveiniih f)undél: analyses) The i elltnty e
p}a@JcHZlas firined by IZ E oPY § %25

é_ i 8‘? A (S’@ c,3-H }ég AT,

y!) t hi OFIE Ry Teld6: 7.43,-andN.96 (gwm ‘phemyt mdymnﬂom;gs -lo;( L,

madasteatﬂesheQ‘ wlt he washed.
’at e 15 solution
ifcgm,ﬁ,emt Hed.. The | ayers

acetateﬁ The
‘dried over
te foanr 224 ny
rmegs by TLC and
“of the

was decanted, and

as a 25 white

and NVR. NWVR 25
3.95 (s, 3,

Hz 44err]-H, 54

d, 1, J=8 Hz,

tetrazol -,5

(p -

hy dp oxy plCHL! Ngl—ycb%am)do) - 3 - cephem'--4 - carboxylic Aci@ in

1, 2- Di chl or oet hane_35

55

- 60

carboxyhc Acld m 1 ,2-Dichloroethane

-2 -(2. Thlenylacetamldo)cephalospotamc acid (2.0 grams; 5 mmole) and
‘5 - (N methylacetanudo) -1,3,4 -thiadiazole!- 2 ~thiol (1.42 grams; 7.5 mmole)
were added to 50 ml of 1 2-dxchloroethane and the réaction mixture refluxed for 10
hours. The reaction mlxture was cooled, filteref, washed with 1,2-dichloroethane,
and vacuum dried, 2.06 grams (78 3 percent), .p..178—9°C. The identity of the
product was confirme y IR, UV, NMR, mass spectroscopy, and elemental
analysis. NMR (DMSO-d,) 5242 (s, 3, —CO CH), 3.74 (m, 7, 2—CH,, —CH, of
tetrazole, and —CH,CONH—), 4.35 (g, 2 3 CH,,J=13 Hz), 5. 10 {1, C,—H J=5
Hz), 5:70.(4, 1, C,—H, J=5 Hz, J=9 Hz), 6.96 and 7.36 (each m, 3, thiophene H)
and 9.10 (r:(ll 1, —CH,CONH—, J=9 Hz)..

e B QEE L RanGnikdiBof Do was refluxed with a
trap antreReset )thg%g{ 5 g{‘;- Q@ -etthlearf l)i?;t:zldo) - cephem - 4 - |

5



renoved. The remaining 30 mM was cooled. 7 - (N - (tert - butoxycarbonyl) -
2 - (p - hydroxyphenyl) - glycyl am do)cephal osporanic acid (260.5 ng; 0.5
mrol e) was_added and the solution distilled further, down to 15 m and
cooled again. .1 - Methyl - 1H - tetrazole - 5 - thiol (87 ng; 0.75 mmole)
was added and the 40 reaction m xture heated to 65-[err]. and foll owed
by TLC. TLC showed al nost 40 no starting material after 3 hours, and the
reaction mixture was worked up at the end of 4 hours. The workup and
purification was essentlally the sane as deg;;,r(bped 0 the precedl ng
exanpl e. The yieftdwe g de o661 4
ny of purlfled product (about 16 percent%EXNM?L@[Iérr +2 a ett%E {'i)

[err] 1.45 (s~ 45 lyepa[rewnOf (85 %h 2 1Ho- °m§
Lt rheoi o). CHT R s -

4.3 (s
Hz, [err]), 5.4 (.§_ 1 : HQ— Rhlbjoethanex (45 i) ( sreﬂuxeﬂxﬁrdﬂmvé-lwatﬁaeaolvrmﬁﬁeotropeﬁ 4 5
6. ool
9 (d

23

s, 1, COOH), gy dijtilled-down to 30 ml which was permitted to ¢ - tert g
fer r] and 7 g_ arbonyl £2 phenyl lycyl Sﬁ)z wre?poramc acid (253 mg; 0? _
mmole) was addg and the so utto d1 led er, down to 15 ml and again
24 EXAMPLE 27 cooled. 1 - Methyl - 1H - tetrazole - 5 - thiol @¥} nigf @PSahmblepWas@fided and ( ( (|
- methyl - 1H - tetr athekreactidi mixtpke)refhix nm:lehyltr))gen afd moyigored Qyﬁaﬁ@;@yé@@um do)o

- 3- cephem- 4  car weed aaly & t 0
L 20 chlor et hane (69, g%te_{t% i o r,s?a,ﬁéﬁ%%?k%ﬁ SR
renoved, |eaving eta Tot d bwarhonalé) fresh7ethyl aetate was added and the o

Phenoxyacet am do)lsepha:lhms msmwl;dsscw -to pH et H&‘ééﬂ‘aﬂfé{“ﬁhe 15 |
sol ution distilled quf‘ﬁ% % ﬂtlh ;i&tedﬁﬁlmied- -
sdiFEsulf

Htetrazale - 5 - thigle Hife@odns, A24 (80

m xture was 10 r e{;drwneyieldnmtdmutyroﬁ Iprddoct v&ﬂcdmﬁtmqsl byatcm NMR.NMR T| C
in 10:3 diethyl éPherf sed 'a smalllen%bt($ aercehnatl dhe) ceohjoarapicotfift ftartisg ces 20
thiol reactant, alit QUsPLHdEd RGb i Bﬁﬁ&flﬁ@ﬁwrﬁﬂ%tﬁﬁtéd@&rlmr The
reaction m xture' WaSTﬁJ"&librw tet) and 05 Nfrésh ld eﬂlytdnlferadrhsé ap:t dﬁml

reported in the pr eceblmun wtileewa tanted afd €ya rmétcf(l s, sl

be 15 i denti cadS wi g‘t‘ﬁgﬁ‘ﬂ% )“g%

art nmethods. NMR. 15 e)§3 53 sy 491 & 7tb bz 35.4(31 ’

tetrazol €), 4. 35 (s, 25.78(d, 4] J34 iz, (’z(, ,J=E8eI|Iz, ,

[err]), 8. (ql, 1 ,J=4 He, lerrf), l(m SGéﬁré, 76(d 1 J 10H_z
ONH), and ~9 (s, , COO—i) EXANPLE 28 31 20 Jreparatlon of 3 - ('((| - .
methyl - 1H_- tetrazol - yI)thlo)nethyI) w; (2 - (2 - . '

t hi enyl )acet am do) - 4 --carbox in F benzene 3 - '
(((1 - Methyl - X f’ét(%éz& 765 @, 1, &ﬂs)ftmﬂ‘ﬁ%}%ﬁﬁc"g%@’ é88h? - 30
thi enyl)acetam do) - 3- cephem - 4 - car begampLRg d was prepared in four . .
different' reactions, Prpaftiof ofl 3 Z{((10- smetbylf-f B eml-ami tPad yihio)neethyd -at+ (N -
starting. 25 mat eri al , (test § @pt,ogmrbon D-2-(p- hydroxyphenyl)glycylamdo) -3-.

Dichl '
25 28: 3 - (propignyl OXY 15 y; gEﬁthaZ :gﬁ;c ldrgf!lh)tﬁde:ﬁﬁftga r{ﬁﬂi‘ %0 Inl -sdlvent 35
cephem - 4 - carboxyl idmoved (N3(tert( utoxycarbonyl) -2 -

met hyl pr opi onyl oxynet Kpﬁ yydroxiphenfm gly(;ﬂam Q) p ramc 0.5 gnmoale)
cephem - 4 - car boxyl ﬁ’gF‘q 4 ]t;°9 dft‘ &1 a&‘;sma%lgd again. 1 - _
butyryl oxymet hyl kg 7 1on ture %wed’sby TLC. XLC@pheialmést- 40

carboxylic acid (42 ngo stG:t mhel)aftam héhrs, an@d:l;he Ir@bunnytmwmy\rookoﬁmtah@b) -

r5. 61 mel o) In' ehchy Eﬁ: 2 mq‘ﬁéghe@mm‘gﬁﬁ% ng%&ﬁ%m?a e

£ uor obenzehe 35 45 ( %ET %%‘ %ﬂea E u poNCEIt). asmm cmclmt.mabatmtd%)ajwl(scant4s
€

sol d under the ter m 49A—thd_rthHé, %-‘ﬁs’% sl-eﬁﬁd 318543 gz@é!ﬂ;?) Wl?};l%éﬁcﬁ?-eva

1 - Methyl - | -tetrc%‘-m-lf?_( J u—H)53(q,IJ—3 54,

HOﬂ(l:H—). o
_. I]'H
50 64(s,lCO0H)68(d21—8Hz | Lo 50
/ H~= r .
HO—O‘_ H-O—O 0—'? )

and 7.9 (d, i, —CONH).



thiol (in each reaction 18 ng; 0.15 mmol e) was added and the reaction
m xture was refluxed for about 24 hours. In each reaction the product
precipitated and was separated by filtration and dried. TLC of the pr duct
in ethyl acetate/acetic acid 40 - showed that each di spl acenent had been
gquantitative. The NVR of each product 40 was consistent with that of an
<::§uthenticsanple of t he product prepared by aqueous di splacenment. EXAMPLE
@ .

21 Preparation of 3 - (((3 - I\/Ethyl - 1,2,4 - oxadiazol - 5 -
[ I)acetamdﬁ) - 3 -

(2- th| eny

Sepherr—4 b A getk (2 - (2 -
Thi enyl ) acet, am do)ce hal os @MPI;E@’@‘ d (396 ny; ol e) was suspended in
40 pi"a% Q{‘? 2 gezgl - 5m=}‘ﬂ %m thzl A7 V\ﬁ adi azol- 5 -
thiol (116 NG , B ¢ ot PRl 4° heated to 113C in

‘arf 50 b -Dldhwrbbtliane (Gibml)twaB réﬂ]l)té(Bwlth hetfapadrdomsesi, t»tOsoﬁzeﬁtl oger ni ght and
evapor '@GV 6 arﬁ“'@:Yllng 45 50n %&ﬁé ewase camiesla (r at €2 -sodi um bi car bonat e

were a B r‘{’é%ﬁl‘gglé& th saturated

sodl um snam,(m Qmﬁﬂb)%h‘id @lahd 1A Seadfidrim aed and extracted
alfai n mﬂpkr-demﬂ mtmen&trézhdﬂleaa hxdo e POCin 0B dietbyl ethay@ried wioth fresh et hyl
acet at cet‘ m{ %t’del RS%““E%\PFF"S%FH'G‘ TeRganii g ge cephetamwed to 2.5 wth 20
.percen ere slarvareﬁw%ﬂd@amat seaaan &%ﬁg .s>5 | ayer extracted
agai n. re“ﬁheecﬁhluqnlprm&hgtvm xaiyples. TLE al, pr ~saturated sodi um
chl ori iflenticgl withpngythent %‘ tfr aeedhb'lphoreaﬂadethMMRaporlat ed. 1,1, 2-
Trichl el < jéf (s FrE')product formed a
solid, 7 6 1P ECA0 dﬂd he pr S8t vvas confirmed by
NVR IR uv, 60 and bloaut m NI\/R(DI\/B d) 8235(s 3, on-

‘ai? DOONH ) ,.

[err]) 63 9, (T -3Methyl d r tﬁtgdzﬁp sney 10)164& 1 J=8 Hz CHZCC]\IH-)
thtenyl)acetammlo) -3- ce hem - 4. - carboxylit, W @repared in four

2% D@\&g “‘33 ons Fahy BW'ZH’F 3 d‘ff‘t'f'ttl fgob a“iSPS'aa“’ a°tdr |s‘at£‘5!8 gﬁ
thio n acet - ce em- 4.-
caa boxyl. Icﬁr omonz'l L:ﬁ rl)m 1e2hlt( g’%"ﬁ%"“ cepyem -(2 - - |

~Thienyl) aZSena(ﬂ dm)thﬁ ooﬂ thryt) aol(zi (Bgﬂnelﬁﬂ) hcemiﬁidl(ﬁ) vvas .5 suspended
ibBOi’dc he 1(423111’9 6?1 2 GO% trigzole - 5 - thiol
"'( 00 ﬁ‘i‘)@%} ( %P‘ﬁ'r‘y@aﬁﬁaﬂmﬁ@at d to $%rr}.. Wthin

m: nutesst IpHS@lebit Ma-so@loaﬁmahﬁﬁtvngz ﬂeamieag)tece[aaﬁdd):-was continued for
about 8 -lsophem - 4t cavhoxylic a¢idnfd3ithgy Orlelamblebn mxture was cool ed to room:

t enper at Ulneeach ﬁhstancePthﬁ d:nmpowdswas Ghsipeud
lc P°1‘§r é&éh“t°|fﬁ’e4'1"dent:f5ty of the

13-t r( ééﬁ SIll zge dei
pr oduc{" gﬁf ﬁ et fuodWasBi OaUt 0gr am al so
showe ur E eﬁdh

dl%ﬁﬂﬁﬁlﬁm tﬁﬁ o ;&Bdhﬁ:t mbﬂltaécaaﬁdm material, which

hi 48h pswmwdeaylfﬂtcpmpdamdthaT ér. te fé@e‘-ﬁ'@ |n e amount of
et *m;m; PR e, a2
(q, axffe‘l“ en - ”? 3 err )([err] 1 J=4 Hz,

[err]) 4 (t, d, 3, EXKMP#EB? H) 8.45 (s, 3, trlazole >NH) and

9. 13(dPrei:araﬂo:BofBlz-((3EMet§ --IE.XAmsEazBM-PFﬂ biomethyh) 0f-@ -~ (((I - Methyl -

1M5- tetraz taql Po) }retqwke}n 47 carpoxylic Agid in '1,1,2- S

phenyl acej ag H °'°°t n%k&we hafbsporfd RAK b@{;, ofefwashl oroform.. 20 7 -
(2 - Pagpand ed:iit«taﬁm an_ 3.aiethy( 1 4rrg;xad7hzja mol e) was Suspended
in 75 Ai: tlubl(tllﬁlnurbmom d.|The rogetic

9 : gl xturer eatqdégﬁ@ﬁ@in@n- 5 - thiol (75 ny;
0.5 i
. [err] n%&%%‘%? r.s%dadg th atnﬁ‘ét &

@' - 0i 1 ®ath at 80-
if on:tl n&
phrtivesupen caﬁlbin‘ed aﬁd aZtedlag.hh

(%?adlza Ol i xenéd@t ﬂ'fthy] A'l'i&?%l; Qg&ﬁ (ﬁ,.(q J=4 Hz,

emry little pgroduct,
'meéthnaneetwasThnjdﬁdound heat i ng

cont i nagéron Was la @tﬁfcd’f’h@“’r%‘aﬁt?d OdusiPE the fol | owi ng
I erce e layers were separated and the aqueous
ni n ltr ethyl acetate layer was washed, combined with saturated
sodmm ch]onde, dried over magnesium sulfate; filtered and evaporated. 1,1,2-
Trichloroethane was added to the residue, wher upon the product formed a sohd :
220 mg (48 percent yield). Identity of the produc was confirmed by NMR, IR, UV
60 and bioautogram. NMR (DMSO-d,) 6 2.35 (s, 3 %H, on oxadiazole), 3.7 (q, 2, J=18 .60
Hz, 2—CH,), 3.8 (s, 2, —CH,CONH—), 44. (q, , J=14 Hz, 3—CH,S—), 5.1 (d, 1,
J=5Hz, C.—H), 5.6 (q, 1,J=4 Hz, C,—H),6.9,7.3 (t d, 3, thiophene H), and 9.1 (d
1, J=8 Hz, —CI-I,CONH —).



cephal osporanic acid starting material. After a total reaction tine of 26
hours, the reaction m xture was cooled to roomtenperature. The product was
worked up_in essentially the sane procedures as reparted in Exanple 32,
yielding 80 nmg of 30 purified material (35 percent yield). Identity of

t he product was confirnmed by 30 NMR, IR, UV, and bi oautogram NWR
(DMBO-[err]) [err] 3.6 (s, 2, 2-CH2), 3.7 (s, 2, [err]), 4.0 (s, 3, CH3 on
tetrazole), 4.3 (s, 2, 3- [err]) 5.1 (d, 1, J=5 Hz, [err]), 5.7 (q, 1, J=4 G
Hz, [err], 7.3 (s, 5, 0), and 9.13 (s, |, Jz .-.-_-[._e-:rr]), 35 .

EXANPLE 35 b > L0 -2-"_5:-
Methyl - IH - tetrazol - 5- th| oa‘;hrreth E)(AMPLEI%cetam do - 3 - cephem-

- carboxylic Aefd liremarﬂmoem 2l #qodpia) dni £
(3(_{51lr rrgf(yllfnm e) :algd |- % o than]s TH - tef g 3 o °’iyﬁgb$°“?9'§ ﬁgz'o 65

mrol e) were mixed in 70 1 a (21Txrenylﬁcetamndb)ekﬁhalb@etdaarmd (mnrg 1mr<ﬂae) was
distilled off and thesumaqtqdl in30 mlif mﬁé-ttlmoqtunb @xda(HHf-olrJA 491 101

hours. The reaction 8 cac

reported i n Exanple 3?;““&{"@%% % l:gff ﬁrﬁﬁg%%’ ‘% ‘ﬁs"’éﬂ% N

I dentity of the pr odu&bdmmmnécterdrmdltia orNR rinseRwith/V,1, 2aﬂd11droenhanb 7 NNR'O

(DMSO-[err]) [err] 1.B8 1oau 1elg) T(Easuld;:'lat}q{z }{rc;ll htewa goﬂfignedézy % Tﬁz ni¢ %

3, [err] on tetrazolealrtl e oy }a?f qué}: aﬁgg %@ Eeé, ])

5.7 (q, 1, -J=4 Hz, [ﬂrth mowt f nt. INMR ] aega;

Preparation of 35 (4% 4?—(q,12 F=5Hz, 3+GHLRH- 1J55Hz Eiflb (3 hyI )15

-7 - (2- 50 %%‘1@]%&@% c%f*&?ﬂhatf)ﬂ) ‘lé(s’ééﬂﬂeh aM 13

carboxylic AC|d|n1 énlorGethane 7 -(2 - (2 - . . .

Thi enyl ) acet am do) cephal ospor ani c aC| d thG,ﬁAMPLEmtE mol e) and - net hyl - ..
e

1,2,4 - thiadiazogl| e -Pmsparat -(t -vﬁer w)thip) oGt of
1, 2-di chl or oet haf® and @E k‘g, ;go)' < 3503‘{% e §°5 s ﬂﬁ %ayre_ 20

was 55 mai nt ai ned @Epeﬂ ih 05 mi 6f8rm 1 ¢ fehyll OfH Dtetlakdle - wa&h -
removed fromthe 55 igtd65amuole) addvdacrhb oeacim) memnie wasf reaty ématredl bath aiaSOday

Three vol unes of et hy?vshe(a;gfegnétﬁ cﬁf&%ﬁa ,(!{ ane Lﬁ? 8 eatnl'ntl ’unug TR
portions of sat uP3t edgysRidht I Rk auem%‘meein ﬁug AT
were extracted with etephidlosporadiabeid sthmygemednm Aﬁerfartaslhemeﬁu eamistlﬁtue thand '

cooled in an ice bat hreactig g ‘w ﬂ" mttergagatureﬁfh%;?go; Wm |
ted d th Th .
oo nea et adbt A Lok R AT B Sl s

@R32/=i5y -

i t
ggl ed over magne3| am S-lﬂ%g?g)ﬂ—f-%l ?q? Brb@ﬂ;}lam& %4’(2 5, 0;, and 9.13 (s, 1., J=8 Hz,

26 of a foam It crystaqqzl ggg_from acetone/dl et hyl ether, 153 ng. (65 .= - -
percent yield). hglentity of the product WEXAMPLE 35med by NWVR . UV I R, and 35

ceta

bi oaut ogram NMR. (DI\/SOCPQ!#t °f833 (Kl(sMteyl J[rle-r 013 8 (YchIO)mEt yl er7rf|)

4.5 (q, 2, J=1 5 He, 3,[&;3 m fic AG 152‘“0 ane =4
Hz, [err]), 6.96, 7.3@tridble thl (98 0953 6le) ivered 1-1:37 3(' 12-8

Hz, [er r] 40 r-gi‘?l?r&ethane 50 miSve a?hdliﬂlepamah nmNure tifen ré{l—uxec(f()( 2- 40
Pyri ni di nyl)t hi o) net ¥ IS, ac

ooyl 2 el S At D R e oo,
ranic acid (2.0 granswasTonfirhied )( Ms,grams

5.5 mmol e) were mﬁxedcﬂm-rrl 3bfs,%l ;).i@(w%%nnt#m@%&ﬁﬁ(n%é—ﬁﬁx&-v)re 45
refl uxed overni ght. iéﬁdﬁ' t3F K9 g J=4 1H2, SrofrndFbldktle /=8 Hz,
e re

conversion to product ctlon m xture was cool ed to room terrper ature
and the product separat ed by filtraion. Héén washed W|t 50

of
acetonitrile and FRAGHICR r ({3 Methyl iazol 1 5881) 2 Wm t
15 crystals (ééo percenﬁ)l%ll(% ;:,‘;Imn 3097 i celf%f goxﬁ chog(i[" fl S0
showed neither. is stazrt(angz mlafyahcetaﬁ’m))def]mm pdryn midi g)dﬁﬁﬂnule)and

) in 5Q)m
confirmed by IR LUV, |ch r am&o 95 g(()ﬁga%‘%% Sg‘ he at t mpe ure(%'vasll8 .
Hz), 3.74 (s, 2, ine

'59"'2 r 19 hours. The reaction mixture was then removed from the 55
= bath and allowed to cool and refrigerated for a day. Three. volumes of ethyl acetate.
were then added and washed with two 50 ml portions of saturated sodium
bicarbonate. The combined aqueous portions were extracted with ethyl acetate,
layered with fresh acetyl acetate, and cooled in an ice bath, The pH was adjusted to
60 2.0. The layers were separated and the aqueous layer extracted again with ethyl 60
acetate. The combined ethyl acetate portions were washed with saturated sodium
chloride, dried over magnesium sulfate, filtered, and evaporated, yielding 252 mg



2, 3-[err]-, J=13 Hz), 5.00 (d, I|,[err], J=5 Hz), 5.64 (q, |, C -H, .J=5 Hz,
J=9 Hz), 7.08 (m and 8.52 (d) (6, thiophene and pyrimdine H), and 9.00

(d, 1, 20 _ [err]-,J=9Hz). EXAMPLE 38 Preparation of 3 -- (((2 -
Pyrimdinyl) hioymethyl) - 7 - (2 - (2 - thlenyl)acetantdo)-- 3 - cephem
- 4 - carboxylic Acid in Acetic Acid 7 - (2 - (2-
Th|enyl)acetantdo)cephalosporanlc acid (2.0 grams; 5 nnDIe) 2- 25

-Ner capt opyrimdine (0.6 gram 5.4 nmole), and sodi um acet at e(0. 41 gram 5

. aC|d wer e hetedto[err] or 4 hours.
! sactFon m xture was

in 25 m of gIaC|aI

t hen C(wlaefdam dt E:rystalnieﬂrmm atewm/d&rhjl eth cxdy(ﬂs psepmryaildz)d by fittration,
washed : CHW i ﬂégN &, °F®‘°5‘a t yieMd of white
crystal( e%pé’ 2, %ﬁﬁh yct was conf| rmed by
| Rs WVt enami,a’ mmaal Jaamalz,yscsI,QONH)’:" MR’ was § dent ical with the
NWVR. of -t e product of. Exa |g 37. IVPLE 3 Preparatlon of 3 - ((( -

Met hyl o t'et s azol q‘?’ h&p |

thi enyl )’3%*‘&‘ qu"é)ﬁméé .---4/*\% é‘yn’) ﬂtthQ\o&éhﬂ-nl% ST (2 -
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e adild (20 s,eﬁrmmolé) rrrml e) 351 -
mePhy| and Phpercap idine ( 6255”-‘“}?5%?“ 19) I a.% " 22 ¥ sodi um.
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75- [e” 0& s the Filted
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codl ed pareenty r vhe uum To the
resi du Q{E ‘ 0; q am §O£E£,JE§H 3 50 m  of

wat er . -2 Y00 (dpis CasHAI=ST tjsm(quG,—w Vi#ilﬂz IHw[err] The et hyl

acet at eHil).agl@& (m)asnds& (@t(édthlmhcr@darﬂvmmadthwm,om Sd(durh sul te, and the

_et?'?yl E@Faﬁ@’r’enﬁv"e on a rotary evaorator. The residue, T ght wei ght

sarml e e,

oi I, was -redissol ved |n 50 EkAMpmjganol and*a. so uti.on.of 2 m of ;
di cycl dhep@thtimu nef 4%- - (2 -1G?mm¢m}'m)nomethﬁ) rrt 7of (2et h 0 was added The
product pre } ﬁ%?m;"?a&p 199 °°g MM cl ohexyl ami ne sal't
. vasyébigt fd 0 gaam 1) Gnd 3cklkh soetata (Mﬂsgri len sepgrated by
f| tratmtﬁﬁle) mvna .catmm#/ereth' tdlrtbéd°C fora man&OQt@V 8 percent yield),
m p. 185ystatirzedqhmnm¥omamfrwr%irb Lb/ p‘pmﬁ pre gat et Lgbsly pr epar ed
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cent eld)_’of Whlte crystal m.p. 218°C-(dec.). = - EXAMPLE 40
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re¥ction i x@u@ hal%P' l‘bﬂqld g é 'Fr‘ﬁ? bai né8 at that
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S amtétedsattﬁtt 6o
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Pr epar the Q@y -'ashed wrth mol awd dne‘d enyl)acet aimido) - 3
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been dr p@gargty&rofgn (@ UPBEi@Asi IH Crirgzoties |- githidmeainio- 7un(de—r(2 the term 4- A Linde
mol ecul ar-si- elne yl)aettamdheatéd- ateplear £ ] 4wi earbenyli¢ ng torl.24 hours.. Wthin

one hour ‘Pr 1enylﬁa&"tiamldo)cephalosporan1c acnd (20 grams; 5 mmole) S
.55 and | benzy - lH tetrazole --5 - thiol (1,44 grams; 7.5-mmole) were. added to 55
- 25 ml of 1,2-dichloroethane and the reaction mjxture heated to 85°C in an oil bath e
and- mamtamed at that temperature overng :with' stirring: TLC showed no.

evapor af t%ﬁ:f

cephalosporanic’ acid ~ starting = material. Solvent - was. rémoved on-.a rotary
- evaporator, leaving a foam. To the foam, 25 ml of methanol was added and the: S
60 mixture ‘warmed .On. a steam bath until the sample dissolved: Solvent -was 60 -
eviporated on a rotary évaporator and the product crystalhzed It was stirred for 15 :



10 formng in the reaction m xture.

10 At the end of 24 hours, the product was separated by filtration of the
hot reaction mxture, and dried, 2.5 granms (76 percent yield). Elenental
anal ysis showed Theory: C, 43.68; H 3. 91 N, 13.58 15 Found:
C, 43.50; H 4.03; N, 13.29 - 15 NMR confirnmed the
identity of. the product. EXAMPLE 42 Preparatlon of 3 - Benzoylthionethyl -
7 - (2 - (2 - thi enyl)acetam'do) - 3 - cephem- 4 - carboxyllc Acid in
| sopropyl Acetate 20 T (2 - (2 “1,597,036. i © 27
Thi enyl ) acet am . -

t hi ol obenzoi ¢ ;aci d (5miu thestsvpaﬁmﬁ filtyas ﬁ“@ﬁfg%fbéﬁﬂﬁawlmdmw'&f‘dﬁ%%r ous
i sopropyl acefte andS®@me L?spﬁé‘ﬁgﬁ’ﬁﬂ hER 4 reflux for 31 hours, by -
which tinme all reactants were in sol uti onEXaMPpENSl was evapor at ed-under
vacuum | eavi ng ; r es Pokparativj ofh3 Tlﬁ(nudmﬂlts:aleml A Acetomgr?ie-@wmlmm@d@f 3-
product and unreact ed 25 cep
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acetic acid (16:1) asoer uﬁlhm&foﬁxtih‘ad’edbsmc woldfmﬂei- tbatvph d-ALinge wolegdar sisiheR

(DIVBO [err] 3. 5& ( AB erezlleate at@lllzc wulltfslrm forj24 hgugs;,Withi Bezh"(“& prezipitate bggan] _ ) | 10
.20 (d, 2H, 3-[&fr]- g&! o Jrittratio of btb hdtH
[er r] 30 J=5 Hz), &a&%m mﬁt rn:a,rt!ll.l)é Od{l& alpirggﬁ%i% Elt?mental analysis
30 EXAMPLE 43 Prepar astiognd of : (Phenyl -t hi o) net h - - (2 - .
t hi enyl ) acet am do}e - 3 - ceph °°'Y4 G ﬁyaggb ﬁ g é %n 1 2 D| chl or-oet hanq
7 - (2 - (2 - Thi nyl ) acet am do?cephal ospbra’nlc aC| 8 ans; 5 mml 3
35 and benzenet hi oNMH cdfirmtd thé nfenmynifel)e medwet.added t o 25 m  of
1, 2-di chl oroet hane. 35 The reaction lﬁs §7§r ef | uxed overni ght; TLC
shovved no cephal ospor gpi t %F s
evaporated on a rotar 3&8%3@ gf?l:iéi Ac inGidp ma( @gﬁeﬂﬁgéﬁtﬁiﬁ{? \I’NZSI due
and heated to ge the retl-dme(z nTmeqyaadetmildcs@bhﬁtltpsmramif emgélto st‘ﬁ@ 2é nalegler 20
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sol ution was 40 i %ﬁ%&ﬁﬁ@ﬁ f’éﬁlﬁ Soiv (ér Gdfcﬁﬁ‘iﬁ ving
carbon, stirred 5 -m nutraﬁduea)hd:hl'l‘llﬁ die ed mmre eﬂpi'odlﬁohmbmtream 2
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n of water and the pH at 8.5 was adj ustedptOvptk 434 With [err]. The ethyl
acetate layer was themrrepadatiéh eﬁ/u ((tragiymﬁb mwyl-fat @ (2| i ﬂlmngdakpetamdo) -3.-

evaporated to a f oam on .a r@P wlierA%d)ng 1c %( erc -
yield). NMR50 ss(erp)ig. en %:; p oeth n 2 35
tur

(9, 2, 3- 50 CH2SThe ea ed l@ﬁtr o Gnanﬂ:
[err], J=5 Hz, J=9 Hz)acnditaﬂtﬁg(ma;erﬁl, retnlamuuhene H and. »—2\‘%
)

1, - CH2CONH-, J=9 atorgﬂﬁr mlo addeda_to?, 4
" chvad sz ' 20 SR e O A o

4  carboxylic Acid fiitéred ti ofl@h@: t@f oreitbdhivizh Z.0-gfans-of carbon, stlrred 5.minutes, and

Phenyl acet ani do) cephalf“lbgl;gg shf" 21V95 aﬁmve ommnt@'y cyaneratpr NMBrafy| -
1,3,4 - thiadiazole - V}K. f;, F—ﬁgyi Qeefate, Thitddld, land~-
di chl oroet hane wgse r eéfh in’m @ﬁltrstew ﬁemnm ith 25 i 6fetiod acetate and 45
cephal ospor‘ani ¢ 60 waancdmtkszmtoﬂd tersddiimi bikarbdhdtsdo esmaye thiol. a’ﬂhlepmlctceteqel ng
t he reaction. lay ashad to 25 mllof water tand tge %H at 8.5 was adjustel-.tgl tto 5;%2 036
28 The reaction m xt U|H ee acétae ¥ ag,eeg, s €£3§°SIlanpiu ﬁ& 'mmp)duct
washed with col dsd., 2- @b Bl5% (e, 2 Lﬁﬂﬂ(r @/3. B 50
per cent CH s— J—13 Hz), 5.08 (d, 1, c —H J=5 Hz), 5.66 (q, 1, C,—H, J-S Hz, J=9 Hz),

- 7.5 (m, 8, thlophene H and phenyl H), and 9.10 (d, | —CH,CONH— J=9 Hz).

' EXAMPLE 4
Preparatlon of 3 - (((5 - Methyl - 1,3,4 - thiadiazol -2 - yl)thlo)methyl) -7-@2 -

55 phenylacetamido) .- 3 - cephem - 4 : carboxylic Acid in 1,2- 55
- " Dichloroethane ' : ;
7 - (2 Phenylacetamldo)cepha'o lporamc acid (1.95 grams; 5 mmole) and 5 -
methyl - 1,3,4 - thiadiazole - 2 - thiol (0.99 gram; 7.5 mmole) in 25 ml of 1,2-
- dichloroethane were refluxed for 16 hours. TLC showed a trace of cephalosporamc
- 60 acid starting material. Product crystallized during the reaction. . 60
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i enyl ) acet ami do) cephal osporanic acid (24 grans; 60 ol e),

et h| ol

and 600 rri of ene chl _or| _de \_/ver,e sti rr

(2 - (2 -
10 7.0 m of

enp e‘hairm:tion mxmmlwlas aonhdwto ny—SHOn&rdl ﬁglt;ml At éﬂelpad)duWas filtered off and

be ?‘@%@fﬁ @f%@f eﬁ'ﬁ}@i ﬁuﬁﬁ% i of water and

: d 1-- _9H£)5728Qs,a,p|h HhandThe gqueous phase
L. was sey?aﬂﬂdd.eld—mc&mbe ahliéd to a, voI une of about 75*m ., then diluted to

wi th water, -and gl actﬁ M%,%%t 45C aci d added to pH 3.8. An anorphous

PsGataibh 3f 80 @ASthyIAE)Rh B!
el‘rﬁfedc@haﬂ i @?ltar%‘lgﬁl)c Aclgl1 m M'E lemj)Chldrldvas t hen- fi

& Ere stlrre an ea

ﬂ..

ﬁ&n

et hyl et ate and

7f.qp th@mérm)mtaarud)ca bat h, . then

Itered The

F{hlﬁnw 3“‘1l E{ ‘d (24 g1 ‘I%Gand he pH, adj usted

g at ed and extracted

A BT alﬁmm ndaﬁtele ial widiiteiea raffaﬁd Ehhh]d'ateac etate. The

efated %amemtekqnmp tWeiret é“@mﬁa%%imtm% then stripped of

twas it aboyt %ﬁ N i inl%50 m “of 25
ata%éﬁt@ ﬁn?'}t;%ﬁﬂ ,:? adi BE6 cldﬁm ﬁqﬁm in a refrigerator
25 overs. g.htamoahymi mhd; f;aqhtiteﬂ areldwastshegd MeB daowepaaatcedbaﬂby f| | tration,

tbq fr(gqqaggd

iy
QEP: ie

|°§?’_ lg _

d
tr£¢

i’g 1tﬂ‘?ll§:ﬁ£

wxaro 00 ni portl _ﬁfdr np-lﬂmﬂll- (ﬁﬁdi Jf ethy

ate, - s

3.2 granms (14

aﬂgﬁyﬁéﬁ ﬁ”fﬂ'g%.f °fe?E'»‘§ 77 %2700 (s,

114 (d 1, [err],

)apet&eﬁ'ﬂh agp,mblned@ﬁan@@hases Nere-- i8¢ t siqm Slﬂfﬂt 118 , thiophene H),
f%lpfﬁf’ Ot’|~"'°1""'. g an gmber co OF}? ppy. 1 45&: ; rg]r atjon of 7 - (2 -

rni‘gh 'Crystal Qfﬂ&' ; g%ﬁ'@y e sepadated l‘a 1ltratf6ﬁ nitéed wit

Id te razol - 5 -

déopmpmdc tate, ﬂxd—vacmpfﬂmﬁaﬂﬂPCc 2 [goams I(l@eMnWI@OdNMR 35 - .  Salt

med the: 1dent1ty of the :product, & 2.00 (s, 3, 3—CH

- : - ‘- tetrazole - 5% g
m of benzene Were reEXAMEt:E about 80(?11 fo 12 ‘hou

Bred@rpw ofda (dn s he@sls amgidg);. ciilg
¢ har 1-%9;3 Y§I 255 p&%‘? ¥ g‘? e, ﬁé\?\%% %H'g
nedy o yF&niyl’oﬁ-ﬁEZ Ofphﬂfyﬁdétﬁﬁ'udo) eph@lospdthnichizid (2:rEgrihg

357 - (2 -

i %?%pﬁ %‘Smficrfe’@’rénihﬁ@%& _8‘77;917 GATS; 4. 65

7 gram.- 7.5 ol e)
rs. A layer of soft
n, -On- cooling,'the
t t sol ution
stlc was nostly

ved in 35 m of dry

#.65vnimole) andohemdm ¢ 8d thgel (0.8 grame ¥ xture was
gi‘ﬁiiﬁiw?oé oS V"”%E;‘%q gg‘: = %”‘ Eﬁ@ gﬁi i gjﬁiféﬁmm ofp Sodi um

hﬁtemnﬂat;ﬂas {id was moml rodhm aim ane defb'tnwlfﬁerdopju&tct .CFhe

'- 'ﬁ%ﬁ“ﬁi@%@éﬁ@% B
sh ekiViith(2044)) of GacetorfbBand
f the pepda@ fgw wnf Qnedsby

E‘y‘&#{

tre
ggﬁl é%ﬂ le)
061, 3‘35‘*3 ¢ isld) T jident
gdms pn: nt yield).The idgn
%g 43;_(‘1, ,@
im0
S’ —(— 1.5 %m % nylH) and833(s, '
EXA F’reparatlon of 7 - Fornyl oxy. - :

(r.- methyl 1H - “tetraZdl - .I" - yI)thlo)methyI)

stallized as the
ed, washed with 20
The identity of the
ndd, Z4s 2-[err], J=18
[err] ),. 5.05 (d,

1, [err]) 7.50

phenyl acetam do) -
3 cephem- 4 -

ylic Acid-in “Car bon TetrI Iorlde 7 - (2 - Forrryloxy 5%
) 65 le).and | -

acet am do)cephal osporanl C. aci d. (2 17 grams - 55

o H - thiEXA BLB | es) 3‘n’
feppie n
e was ﬁ et}?gl k@ﬂtmm;‘ﬂxg& XJ- ce;@\ﬂh ¢ e4 aé‘%]aai(akhc supg

7 .- (2 - Formyloxy -2 - phenylacetamldo)¢ephalosporamc acid (2:17 grams;
4,65 mmole) and 1 - methyl - 1H - tetrazole. - 5 - thiol (0.87.gram; 7.5 mmoles) in
25 'ml . of carbon tetrachf' ride were reﬂuxed gabout 77°C) for 12 hours. The
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decanted from a hardened semi-solid. To.the solid was added 25 ml of 1,2-
dichloroethane, with warmmg ‘The product crystallized: The miixture was cooled to-



decanted from a hardened sem -solid. To the solid was added 25 m of 1, 2-
di chl oroet hane, with warm ng'. The product crystallized. The m xture was
cooled to 29 _1.597 036

29 room tenperature and stirred for about an hour, then the product was
separated by filtration, washed with 10 m of 1,2-dichl oroethane, and
vacuum dri ed overnight at [err], 1.54 grans of white crystals (65 percent
yield). Identity -of the product was confirmed by NVR and TLC, the latter of
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" ekend. The:teaction.m xture was|then filtered’ and the solid washed with a
smal | anpunt of nitronethane aMi—dried:-in'a vacuum oven at 35C, 83 ng (58

6'

0 'fprod

,EE

percent yi el .- The - |dent|ty of t he product was 25 confirmed by TLC

N na Cgﬂd | Qasit ;§ouba INI\(&S Hz, 25 fperr) 2.65 (d,
I\@ 4 3@’ i’? ?(&é}%?ﬁ[eﬁff?e > Q? rm cr—rz)', 3.9 (s, 3, CH3 on
tetrazole) 43(s 2, [err] (d 1, J 5Hz [err] H, 5.5 (d, 1,
J=7 Wz, [err] 30 © 5.7 (g, “%%—%_58(@ 1, -[err]), 7.4 (s, 5, 0),
9.3 (d, 1, J=8 Hz, - 30[err] Ngnd 10 (d, 1, J=8 Hz, [err] EXAMPLE 52
Preparation of 3 - (((I Methyl 1H - tetrazol - 5 - yl)thio)nmethyl) - 7

-(2 - (2- 35 g&%&tamdo) - 3 - cephem- 4  carboxylic
Acid i i 5 ind lodldgadded7-(2-(2-
Thisenyl a%'g'p&t ‘t@aM“B'? ld’eﬁﬂuxc &Gchrb(»BA Ag{tgn?rmceﬁammbl e),3 nmethyl - 1H
- tet razoI e- T&rabu laoim imeIo ldarhsldedlo rrm)l e and tgtmr atfetityl anmoni um i odi de

(0.2 grany Vigrd2 “R3p O 1% fUand . heated to
refl uX’t tﬂgﬂ-\ﬂﬁﬁlw ugﬁbglof% H SJt?re I géaﬁ"@ %- I:LSOI v

trhicoT diy ¥detbnitridas t hen cool ed to
4Qyor OOMehte edSib kouts

Ik aceldn ouixtge woirl:hmﬁoelﬁégr at#r.  The residue
A evapo
\;\Igzt g;ﬁg&%ﬁeﬁmﬁ ?nt:‘xl%ﬁe"z?tx?mrof isopropyl qa.ﬁtagpanrg%% péy onag at-e a.n-d 5 m of

red, and allowed to cool slowly.. The product precipitated as light cream
colored. crystals and was filtered, washed with jisopropyl acetate, and dried, 1.30, _
45 grams (57.5 percent yleld) The NMR ‘was 1dentlcal w1th the NMR on the product - 45

of Example S.

__

IR EXAMPLE 53 o
Preparanon of 3 - (((l -Methyl - 1H - tetrazol - yl)thlo)methyl) (2 -2 -
thlenyl)acetamldo) -3 cephem ! 4 - carboxylic A(:ld m 1,2~ N
50 .+ "Dichloroethane (Tetrabutylammomunt Iodide Added) - . 50
" The reaction reported in Example 52 was repeated except. that ' 1,2- o
" dichloroethane was employed as solvent Dicydlohexylamine (2 ml) was added to



filtered, and allowed to cool slowy. The prduct precipitated as |ight

creanrcolored crystals and was filtered, washed with isopropyl acetate, and

dried, 1.30 45 grans (57.5 percent vield). The NVR was identical with

the NMR on the product 45 of Exanple 5. -EXAMPLE 53 Preparation of 3 -

(((r - Methyl - 1H - tetrazol -5 --yl)thio)nmethyl) -7 - (2 -(2

thienyl)acetamdo) - 3 - cephem- 4 - cadrboxylic Acid in 1,2- 50 ' _ -

(1

31

Di chl oroet hane (Tetrabutyl amroni um I odi de Added) .
50 The reaction eported i n Exanpl e.52 vvqs_,g-y@geat ed except that 1,2-

di chior oet hane tain the product as the di lh% ﬁW L 155 48.9 pefcent yield).
to 31 = 00 am epro uc as c 1cyco grams. pe

t of E le 1.
31 obtain the "|s'roduct'lm('?lsl\m'fI ewa?jlld(?'f/mlal ll‘é% e he PrOd_uLcé’g xamaprr% (48.9

percent yield). The NVR was identical w tEXAMeLEII‘SR on the pr oduct of

Exanpl e 1. EXAVPLE 51Prma@palr fﬁod(mnﬂhw)mtgré? ggérggﬁv 1) cet&g i - (r?z -

- thienyl)acetanido) - 3 - t ;rllthl: - car %ﬁl
1, 2-Di chl or oet hane, | - Th nyl)a é}:}ii.lb @hic-acill (210 grdn} 5 aksdle,
Added 7 - (2 - (2 - T:Iemze i ki@.é!ialm?d d@é nranflc methyl -(52-(eth

1 lof al dtor e,
mole), benzenel o gbsmzﬁ T R R e o
- ct
and heated to refl ux.dietipdethét. Exhatistigciemoval malvémlldfmg @r olﬂaﬁlscﬂﬂqlrcalpmur ed
to be conplete in 14 eEg tgntsyieldol R ﬁl NMR l\lflefevlé@tlﬂérlwel!e gamezprodychprgpared as -
evaporator and the r &St %d\ll/a"ée"é Tepeatedly with diethyl ether,
Exhaustive rem)v195 of sol vent Ieft 1. 66 OERAMPRE ssan sol id product (74 15
percent yield). I'R andeﬂumomerrae «(demretml IWI-Itétrdzhle-sayl)ﬂnﬂmdlyl)thr(bp&red as
described in preceding exa(gﬂllrl(2 c%th d?)) -3 -?g}l‘l:em carboxyll%Acgi in ISOPEOIE -
55 ieny acet&gl @m?g %r l%ﬁ gr?ergi d mm hyI

14 tet al mmo

- IH - tetrazol 20 S 1¥ p)' m(fl’ tJﬁéL&fnr qulp e E\silth aRbiRIRN; ﬁ,-@\ﬁiham‘)ﬁfig?:ube 3 -9
cephem - 4 - car boxyldoatai mgdnhyldrdus es6|d undePthe trademark Drierite). The flask

h | d eact] ° TLC. Aftex 1y
Thi enyl) acet am do) cepEaRmREn IR °gl§§rrff o e e port S8 b fgerts y,

i sopropanol were £I aced in a flask (equi ppRAMPLES6a condenser vm t h a

drying tube. 20 ¥ont al?rmamgloamfyljr d@s— Oxndzolylthio)ngthyRt-¢7 s

trademark Drierite). The fF R‘aﬂgﬁ ﬁ?&‘t& -G ﬁlylc ce%n?: The
gr. moln 1 5

reaction was fol | oved iﬂ_gﬁ,ﬂﬂhﬁ czur& eﬂaa-({) lof he
cephal ospor ani c acr d dtime twal il abh at 0PI rﬁat atmqsmtf:re&fdr (2 -
Oxazol yl t hi o) et | ) nitrggen (y action| mlxturez f %‘n f the
cephem - 4 - car boxyl ) °%§Eg ,ft %‘éé%m i é’éﬂ ﬁ{fﬁ' liz wa,( 1H -
tetrazol - | = vyl )ac nﬂwﬁ.&amabﬁm r dridd ioﬁiﬂm dihe

2 - oxazolethiol_ (0. 1&1;4 1d1n 1036ra1)¢ne 85r7rpeB=em yigld OhP ? 95°

i mersed in an ofJ ba(tiff’ altlI ece alos °ra§f Eg[% "° PfﬁF‘t%&%?P was 3
mai ntai ned over the rEatine Qrodube Tiz&d fr lruﬁmsoaj, hndofo N6 waddd, -

react ants had di ssol Vseﬁhrateznﬂy ﬁhxtaﬁdin, shed rwithessml ofr bﬂwmr Dl%ard.,t ©r dried, and

crystallize. Aft dtlﬂeatr ?rcﬁ]h %ﬁé frﬂnat the
Cemperature ana fhe LI R o o e teured oo O Gl 5 B ihane ©
lél 1!

air dried, and vacuu \ﬁter3st1 Préxigrfor Bho r,ereﬁdlt;n Vih 012 igragh. GU\&B(QMS

percent yield of off m#watteitbfrtylmswtm cep adbee °dt the
product to be 70 per gml?f“?"r{_%z“@%'g‘l(dﬂlf gﬁg °ta§1r}g7 th
cephal osporanic acid § I72 3. ll@ﬁ[,}(ﬁﬁzﬁe@%@i}

5n of [ert], and 1093vr(s,orf temtcﬂefl)saeqbaﬁa(ded, bay:om-wwrlm washed. wi t h 5

m of 2:1 water [err] air dried, and v Aﬁ#xwl’ﬂ%ﬁd at 500C for 6 hours,

yi el ding 0.26 gram aqlohedr tihatat heoxdidiylthiophedpCt 7coNRS ai mgylg,@ percent’
of the desired pS(Dduct an J(]pﬁ&y]a&atﬂﬂ(i%o) 0f3 stxapfﬁrg 440 oatbghrkb odpdr ami ¢,2aci d50
The recrystal tizati on was

r.r an
stheriofor 1 o s el il el ilofinEhd .
starting cephal OSpOI’ a1Hl116le AR ofcé uxed i @Bt 16 Hbuds and then
cooled to room temperature. TLC showed clear conversion to product. The’ 55
reaction mixture was concentrated on a rotary evaporator to 10 ml; and upon
standing, somewhat gelatinous crystals formed. They were filtered, washed with
1,2-dichloroethane, and dried, yielding 0.12 gram of gray solid. .
Exhaustive removal of solvent from filtrate left 0.45 gram of light yellow foam
60 - It was triturated with 25 ml of diethyl ether, filtered, washed with diethyl ether, and. 60
dried yielding 0.21 gram of light yellow powder. The. 1dent1ty of the product wasl



confirnmed the identity of the desired product: a 3.75 (s, 2, 2-CH2), 4.34
(g, 2, 3- 45 CH2S-, J=14 Hz), 5.16 (d 1, [err], J=5 Hz), 5.76 (g, 1,
____[__e_____], J=5 Hz, J=9 Hz), 45 5.44 (s, 2, CHZCC]\IH-LL__? 28 (s, 1, oxazole
C4-H), 8.14 (s 1, oxazol e [er_r]) 9.37 (s, 1, tetrazole H), and 9.53 (d,
1, -CONH-, J=9 Hz). EXAMPLE 57 Preparation of 3 - ((2 - :

Q IyIthio)rrethyI) - 7 - (2- fornyloxy - 2 - 50

yl acetam do) - 3- cephem- 4 - carboxylic Acid in 1,2- 50
\ IoroethaneAsqutlon of . T.;n2 - fornyloxy - 2 -
=R : : A,ﬂﬂgﬁs nat_h.)d_ene_ch.l_an.l_d.e_sau&t_e (0.52 gram
| mml ebnf&mdd By NMR, 613656 im0, ué(@ﬂuz @n?, 3L-CH &wlJe)3 He, 20 . of .~

1, 2- di éthlleCoecthdricHNasd 7¢ @ 1 (Sed? .4 %6’6&“1)65%Gr$ and then 55%* cooled to
roomtenperature. TLC showed Le. r conversion to product. The 55
reaction m xture was concent P’ate sofH-a rotary evaporator to 10 nl; and upon

st andi n somevx/nat gel atl nous ta S fil tered washed
h 1,5 :@ {fi‘gr %(sd\r ﬂ’ﬁ“ﬂe% é}'gﬁggf gr ay sol i d.

-jDN'

Exhausttve'r trbvVal of solven fr Itrateleft 0. 45 gramof l'i ght yell ow
foam 60 - It ‘\?/\f/a?s té(hturatElHABaPtUtﬁ 35 of diet hyI et her filtered, washed
with dllbem;thoet Yicr Eed tight yellow
powder. The r (7?5?(2 2! F alosp?n%‘;cl n%.;lnis'
321000nf5 {nﬂie enle ) ﬁt dlm442gra£s-<z‘lsl molé). i mloQ 3iferr]-), J=13

5 a@éto@mhle Wasr P for Ietwupgzprotested fyo tmOEPh le Stur J=9 Hz) 6.14
snlp um 7Sule %" °"I%I 8.12 (s,
- e et

8 rﬁﬁlﬁk ﬂld‘mrr(ng it¥or 2 CONH-, J= 9 Hi).
EXAMPL Ehdbis, Hicep Bdlﬁt b@ﬁtalﬁiedfj‘and v(:(s(f’dtereﬂ’hwﬂyéd witl® acetortiritez @hd/| ) t bd O) met hyl ) - 7-

(2 - (2driedg méﬁmggéétp&rﬁeaoywld B.p. 1BELHERT. NMRoepigedIthe Acid in

Acet om‘f‘?'ﬁ"Fye ¥te of. 7 - (2 - (2 - thieny )acetani do)cephal osporanic

acid (2.0 grans;: . 5 nERASPLES® 4 - phenyl 2 - thiazolethiol (1.44
gr ans; l%elﬁramnb (((5 ethyl 0f3.4 - th!?dlaasdeﬂoﬂ'ﬂ hrl‘?)mshvl?sh tuxed for 16 hours,
pr¥ected friH hdriDaseiamida) - gephemy - HEASdnt a?hi ng anhydr ous

omet a

cal ci um syl f at R1EP OekrazBIder - iaeetaxﬁlasbeéﬂ\alkspoahic%uteéz rabts¢> Showed cl ean
conversmmm‘emnamam thydot1,3,4 Ubadiazodot 2 R 1¢lhb79r&zau;1 lumoniwwe to room

t enper dwhtoaﬁalgftalmm #qdnfteﬂ‘a!lsa“ thefegption mixt m‘gg stal lized and

f,r§s° %o ﬂa:gk}”i& tm’ﬁ °‘a‘@ﬁ° . TG U8 am (85.6

. per CentpeYde hemed%tlor[a fAixture W00 dté\mmelﬁfadritmdﬁltdﬁm washed i ty of the ™

~.-pr oduc twithExiéoREBaiD cuugn fdoed, 11° amS(g & perognt Bly‘-ld),-mr 3,4 =t hi adi azol
-2 - ylbsﬁﬁl%jqﬁﬁkh’%l}w "“e‘tthe’d"EB"W the product. " | .- " tetrazol - | -

ylgdalcet am do) -. 3 - cephem EXAMqu%d)oxyl ic Acid in 20 N gponet hane 7 -

(27~ (Ilbﬂeparéiﬁhbﬁzot((s Methylyd 1), 3¢ ethiadiacial )- de-pﬂbdim)mpthylam'le(hel d (1.92 grans; 5

nmol e) and 5(1-H|'rﬁtt -1 ﬂyl)sceaammq)m%d?eahm e4_- cgrboxyliAgidjing 79 gram 6

mm' e) wer Lta.hfa ainfdcRi(L9pBiHane and the
regct ' O(ngli dd 5‘-‘ 1] ,Q a?hazo[eg%’egt]ﬁ-l?lhﬁ#%aﬂ9 Qn:ing;bbj mbh:()l al bpwed to' stir
for a tmahddaﬂ td12mmf$r0pTd_r£tnl§Kt;vM over regtralcalpmi %"ﬁ g t for a trace of
t

" cephal 71°Q? li‘t'ﬁg I'é'% w,,}\‘,g nt). The. reaction
m Xt ure di&ﬂ%e o-ggdi@roﬁﬁ(g%ﬂ O‘Iﬁm Tﬂtal}: J@vﬂﬁ mH@cﬂ l dwi th nitronet hane,

vacwdﬁnnddrﬁdadz akds (89 SpesceaOeld, mpr 86.51C (e NMR crmfpme@ errjo(dec). NWR
confl r nihel ldchntywﬂmnft’%“cbf t he product 30
EXAMPLE 60 30 Preparat|on of 3 - (((5 -

Met hyl Preﬂar@tu.)ﬁ.df 3th((@dJ ﬂmh-ui 1etyfza,rths o yhshiohéthyly - 7 -2 ¢2 - (I H - “tetrazol
-1 -yl )acet dmndm y-23 phenylapd:tGme) 43 - C@amboﬁy-lqar,bomdnc@cldnﬂ Prop| onitrile 7 -

(24 (1H - 'ﬁ-‘? Pf,?cféh*“"‘ IREIDN: aﬁ‘ ﬁgfi OBBE" AN Ak ¢i.92 grams; 5
35 eﬂﬁ ml oﬁﬁwﬁ oroeala d'N-{r sfi)?lql:&amld (26:25hi ol" (0.99 grans;
7.5 s,02 olbP s addete 1 b :ﬁm e s 1 dtmztgt?:orq: enc(tthpeat ed over neutral
| um nadoli S ie cloudy solution, which was cooled to 20°
a l§|0 a; éﬂ ?om%%?gfolgt%loxy-}phenylacetylc loride (10.92 grams; 0.055 mole)in 50
25 ml of 1,2-dichloroethane was added dropwise over 20 minutes, with a . :
temperature rise to 30°C. The reaction mixture was stirred for 2 hours, 100 ml of
1,2-dichloroethane were¢ added, and the reaction mixture was washed with three
lOO-ml portions of water. The water washes were combined and extracted with two
55 50-ml portions of 1,2-dichloroethane, which wete back washed with 40 ml of water. 55
The 1 2-d1chloroethane layers were combined, stirred 20 minutes with 2.0 grams of
activated carbon sold under the trademark “Darco G-60", and filtered through a
dlatomaceous earth sold under the trademark “Hyflo”. Total volume was 375 ml of




reflux (err). The reaction mxture was refluxed with stirring for 9 hours.
TLC showed only a trace of cephal osporanic acid starting material. The
reaction mxture was cooled to roomtenperature, filtered, washed with
propionitrile, and 40 vacuum dried, 2.04 grans (89.5 percent yield),
mp. [err] (dec). NVR confirned 40 the identity of the product. EXAVPLE 61
Preparation of 3 ~ (((l - Methyl - 1H - "tetrazol - 5 - yl)thio)nethyl) - 7
(2 - fornyloxy - 2 - phenylacetanmido) - 3 - cephem- 4 - carboxyllc Acid |n
45 1, 2-Dichlor oet hane 1,597,036

45 7- ACA (7- ani=Rocephs
hah%a dﬁ l'tr"’l rret(hyl squw)'l@zdet ardi de

suspended in 160 ni oﬁ‘olqtlQﬂdl Urﬂ 1
(26.25 grams; 87200 %{”&%ﬁ v "};ri?éd“r {813 ré.r,yre&%gt 6255851 LP
[err] and the solid dizsgich® h;.g Vind a .ﬁwg,fsm t71.0nNQ2 M@s cool ed

to [err] 50 5 A mhmqetamldpiceﬂ*aiusp mxgzd 2L ad& ytetnatdle)r ISdeth(oILO 925
grans; 0.055 nol e) n(5398 o nzogll 'QF f ;

over 20 e, w ¢ Y e, Y (b T el i‘{;fa@ vas.
stirred for 2 hOUI‘S td)fnte]:c t hated) 'Im(nﬁ’te Mﬁoﬂtﬂbﬂeﬂddﬁdwetﬁﬁﬁirh

reacti on m xtur e“bvas ne#tlphme’éumom rﬁpolaig_ltot fogmstemper: ter 10
washes wer e_.conbi ned % %‘iftﬁ&h e[ -1 %gzjﬁ’) w@% te

1, 2-di chl or oet hane, Waio®u e wag st Wi 69 lwatf. ‘chloroet ‘F

1, 2-di chl oroet hane | a n)add bstd pn 2ACA). TG of the mdmduwas e _
of activat ed carbb ﬁﬁg" ﬁ" %“Bﬂ'd"“t&ﬁ'd‘"ﬂ‘rth‘tﬁ ™1s
t hrough a di at omaceou SPP u§8f°8arﬁ dsefep g M "Hyflo". Total vol une

was 375 m of 33 aration of 3 - (1 - Methyl - 1H - erazol- M@.ﬁ)%t 9587 -
33 solution  containi np Jliﬁyo 3(2 Lg nyat?etam:d - cef)lin EOXMboxyhc?Amd in

phenyl acet am do)E‘ephaI osporléﬂ)ldl qrogtbane Thi s sol ut | on was evaporat ed at [errpo

E)]E) ?ﬁg gr753_n’s( 2e_st :c I'TB.tse mB]CeI) g‘%ﬁgﬁﬁiﬂr&lﬁég Iagjlg - Iil';la %HMMmoeé { anms

acid. I - Methy I - 1Heact1behﬁmelwes eooled to tdomabmpdiat 16 men eami,towlumml &€ in

250 ml of ‘1, 2- d| Ior@etf@%l Elleéd@&le qfe‘a st to 25
rofl Ux. Veiter (appar gﬁm T Vh T G e g el g o
into the condenser a mr4eﬁ1tumoaac¢dﬂfcebarhetr @Rl in B2-HicABro ane?m oyed
to intercept wat g@ TrLr@dat J08€ ufider vownm, 212 granis| of lighs kolored solid486. Tymrevat yidd).
reaction. The reaCti g %Bkﬂ’”é '%&EC"J:U&P@EF MR eothe PEIHE RIERTFeS agdeposiedifed t 80
10 precipitate the pro ue ((( - nekAmpLEek - H - tetrazol - 5 - = .
yl)thio)nmethyl) - :-Prép%ranmief ((IKYIBenz vloxycapbuaiimimomethyl) dd2,4-- Biazol eSphem - -

4 - carboxylic a%d Aft er yllthrg) t-r(é ﬂodhwpylmamlﬁ?)t'e e Fephem ndshed
wth 63 m of 1 di chl qr i d on3s
7-ACA). TLC of the pr:;odwggz?(r %ﬁh Efﬂ) Egr‘h m;ﬁ ?@Pa ﬂr‘g‘:fm ity

of the product and vvammlebemtasaall of\/\mtrbmtthm:e% hi?efdg:t &Orréo ift@ltg:bommeip red
as reported in Exarrplst!l’f&l 1igredyto_se 3{ °m&ﬂ§

_ht etlrazol - g R létm@g gg:‘%%%ggl elgs acetone, 1. 2aég l&crea d 40
phenyl acet am do) 8. forC,JﬁfNB%xyd%@C'ﬂl& R, 1399, 8,1 §s7 (2

1, 2- Di chl or oet hane | Found: C,5020; H,403 N 1376; S 1
- Fornyloxy - 2 - phenyl acet ani do)cephal 0s oranl c atid’ (2,33 grans; 5

I d1l - hyl .
\Arrg? ee;dggd to 25 %ﬂ yolrzreTlr@oal ;S@ arbox a’%ﬁﬁ h,e (ti%'% gg@a?l?thwéfﬁﬂo 1 e) ®

hours. The reaction mxturacmmtrﬁoole to roomte erature then r eheat ed

to reflux ahd 10 25 tamidplcenh ppramp (1@ afs Bl |
tetrachl ori de wsoadorr'ﬁofqamrz‘é O e 2 o8] ap s ﬁb Thep
resulting m xture wasresdtio®wieuré @asa reﬁllﬁed o3 oﬂfﬁp&foﬁamﬁrea dSbrceiit

1

hour. The pfoduct wasund 'g‘%ldresfl}l ]l'llet residyeowas digsnived dn vﬂlrlracwemasbﬁd with
S

percent carbon tetrac o e@]‘ aﬁ%’uh"% ‘Ymg éfs“ ’QE; der
vacuum 2.12 grams of(3 be@ f&é& 6? cwsea e 8} Sgmpedibn withThe 55
NVR was identical w tan authen h frépar rbsdnothermympafcedutas reported in ‘30
Exanpl e 16. :
o EXAMPLE 65 .
Preparation of 3 - (((5 Methyl - 1,3,4 -thiadiazol - 2 - yl)thio)methyl) -7 -(3 -
chloropropionamido) - 3 - cephem - 4 - carboxylicc Acid in
60 ' - Nitromethane - - ' 60
" A stirred suspension of 7 - (3 - chloroproplonamndo)cephalosporamc acid (1.0
gram; 2.5 mmole) and 5 - methyl - 1,3,4 - thiadiazole - 2 - thiol (0.4 gram; 3



EXAMPLE 63 -Preparation of 3 - (((3 - (Benzyl oxycarbonyl am nonet hyl ) -
1,2,4 - triazol - 5 - yl)thioynethyl) - 7 - (2 - (2 - thienyl)acetam do) -
3 - cephem- 4 - 35 carboxylic Acid in Nitronmethane 7 - (2 - (2 -

Thi enyl ) acet am do) cephal osporanic acid (2 grans; 5 mole) and 3 -
(benzyl oxycar bonyl am nomethyl) - 1,2,4 - triazole - 5 - thiol (2 grans; 7.6
mmole) in 35 M of nitronethane were heated at 80-90 C for 6 hours, wth

' tirring. The reaction nixture was cooled and filtered to separate the
product . It 40 was recrys 947I05ged tW| ce from aqueous acetgne, 1.2 grams

: : B sent yield).
Anal ., nfisdle). mf20rm d’l’m]mm&hanﬁ%i@gmtdd;edl 1103 Olllbaﬂ8a19%—9§°c 16. 01 F@und C,
- 50 20 Adcording temrfgctrg?ewagco% I rated vac mnxtuggr%ﬁar atio -Of 3 - (((1
-, Car R T S m@tﬁe s 457 - (2 (2 -
t g eny lienGhiurie: m} of etBy? pbutate, filt lethyl gketatt, and- AceSonitrile 7 -
(2 - (Rried, i6# graml(F Sazznﬂtrm gi&)&ﬁsh@b’ Qfstﬂ)ep'@ﬁtl‘é W&%@%ﬁ'(f‘!Fd@Y’ﬁvaam 2.5 nmol e) and
| - (cAPboikphinm, myqrganalysiy,an ‘azole - 5 - thiol . (0.61 gram 3.8 mmole) in
75 50 m,alof(;aﬁcﬁ,@q;mrcm@‘g;‘as heated to.boili ng and 35 m of the sol vent
di still ed of €, 4B HS«m&eabtthm Stm’lﬁr eClJvaéﬁt hen refluxed for, 13 hours,

cd®l ed, fFP‘t 3 | de uced pressure The resjdue was
di ssol ved in- ‘ﬁﬁyt aﬁt‘g S’e&g‘gh 'ti- t/lg]t h&ll’ kﬁgt and brine,- and dried over
sodi um sul f-ate.. He>(<é;1negwas B}ddﬁ@égrmﬁsulqtll gg in a) pr eci p| tate which was
separ atPecparation of  t (((lat Benzyl trigzal 7 gg\% hg I|d 55 (38
‘:E’tﬂ%?ﬁ“t‘?’ﬂwo’t:’ t fPhEmrs et §1‘°§gf hy conpari son

pgscent yiel
with 55 an ﬁ§€;° ién§l) &mt&)&ﬁm@mmmmwosmu@m c route EXAMPLE
65 Preparbattzybrl £1,233 - trigZoleS: 5 thiblt(hAPImg; 0.7 nfinole) wetermizefiimtoml - 2 - -

oethame an atcd ent wagremov _
yl)t hl re N ep i re, ml ol a saturaEgd ué .ﬂ#{%’% ate- solution ';_gephem _4
CQO bOX mﬁsﬂr extracted w1th twe' p acetate ‘Fresh f

Steklf[ tatel s eat&uw:he -emaining ajuco ekdhnr hizh wasnewiedd) srephal osporani ¢ acid
(1.0 Grarhult i Tt & 15 e Wlrchipn oty ¢ - 2 (hiol (0.4
gr am 3)ro uctyas extracte w1 WO PO ) l:Pannflgj

tate w ed with .saturated NaCl. so tion and dried
345 mMolsg nesmn?iqwas Tob niabacsrafati Sreil GHEEhA dodtite Ronoded baigw at 95-[err]
Accor diun rtredu'EhC resaua:ct76(mg \Thin la hwmat raply bhowed it ©lhe & eacti on ni xture

was codpistyret s‘ag,s'gﬁlw Rﬁ?"é‘ct t"é‘i"é“&““’%ﬂl“%‘tﬂéﬁﬁ‘ﬂ?%&? under vacuum

| eavi nd’far‘tdt“{:} Sch cryst al l'i zed on standing at room tenperature

eva'
at oK

ﬂ.

M

- for: 2 hours. It was 5- EKhMPUBSl(ﬂunated Wwith 15 m of et hyl - ‘acet ate,

- bi carbonat e sol uti on. was

(5- H etrtrapl g4 yr andQ55. 2 “per cent

YospdRanithia titrati on,

~fi30t er el@lsplmbm@yvtfanhu

yield). Idendd a;ymat“t‘

Trigls. Ohéetlﬁ tBO{KYanH

RS : .

mcroa;ﬁ,ﬁ ~ ﬁ]mtmt;ah }r s iy H, 4. 14; N 12.10;
S, 20 as d]ﬂbove, except thdtdighgressure liquid chromatography was

10B5C, PWQQI: PR??{_l‘.t‘i from: unepactsd stating material. The produaty £ 635 pr eparati on
of 3.- %ﬂhg -2, 30thidymbBAPL 7 ~ mathoxy L L 0) methyl) - 7 - (2
- (2 - ﬂﬂl-&%ﬂz}; CQB tlrda:)& %égjhé%m4ﬁ£arbexyﬁétl:xdxw ltnuu ACI din 1,2- 15

A e sl BAEERR0 T o ol ) and.
( ( 21 ?M g{%émﬁ go; 075 mmole) and-
I E{ jmo1 j}&%% % tho ii40 ,m07mmle) wer e

mxed in .1 F;E‘ ro | h at 65 [err] for 21 hours.
Sol vent wa “fw Ffé’é‘ﬂlg\!é%\% @@33& %e eﬁz of a saturated sodium

add’e and the mxture was extracted with
t Wi portldws(((df-rwlwyl- 13det axadiazoks s lyDthdmebyly 7 avethatie- Tas adfded t 6 t he

r emai ni &gsg[?é" f'cgjdiblaﬁﬁﬁa%?)c‘t? he o f e GaiopryAR agid &Y BiEE h and the pH
adj ust el ercent .HCl - sol'ution. The aC| dic .. _
nal Calc for C,sH N 0eS C,38.46; H,3.44; N,23.92 S
. ouné C.38:58;- H,369; N, 2391 - .
50 ' 3 - (((l - (carboxymethyl) - 1H - tetr i- 5 dyl)thlol) - methyl) -7 50 _
methoxy - 7 - (2 - (IH - tetrazol - 1 - ayleacetaml ) - 3 - cephem - 4 - o
carboxylic acid, uv max (ethanol) 269 mu (£7669) ' '

Anal,, Cale. for C,iH, N, OS;: C;3516; H,3.15 N,27.33
Found: C,3542;  H,338; N, 2139

55 | 3- (((4 5 - dlhydro -6 - hydroxy -4 - methyl -5 -0x0 - l 2,4 tnazm 3- 55
ylthio)methyl) - 7 - methoxy -7 - (2 - (I1H - tetrazol - 1 - yl)acetamldo) 3 -
cephem - 4 - carboxyllc acid, uv max (ethanol) 274 (¢ 11,967).



product was extracted with two portions of ethl acetate, and the conbi ned
ethyl acetate was washed with saturated NaC solution and dried over
anhydr ous 25 magnesium sulfate. The magnesium sulfate was filtered and _
et hyl acetate removed 25 under reduced pressure, 76 ng. Thin |ayer
chr omat ogr aphy showed it to be a mxture of starting material and product
by conparison with an.-authentic sanple of product and starting materials.
EXAMPLES 67-72 30 Displacenent by Various.Thiols of 7 - Methoy- 7 - (2 - -
pogﬁani c Acid inN tronethane 735

(I - tetrazol -3 I. - 30 yl)acetam do) cephaly
- Methoxy - 7 --
acid was reacted with varﬁ"eh§al°FfP0€sHthQa$ztr@;ﬁéﬁharié”)‘héﬁ’,ﬁ#éi:edures ver e
essential ly thé~sane as reported aboveFotcebt¥PfatRigh PHrrééiure 1iquid
chronat ography was 35 3 engl,nyedriizl Pyr.i fl)fhlwﬂﬁtl?f)QdﬂCtnﬁeﬂfo&Pmﬂnfﬁa?ltl-?d
starting materi aI Thetrmot)dt!ctﬁ)acetanﬁ@)amd- ceuihm 4i catboryliceide as fol lows: 3

- (((1 - nethyl 1H- tetr yl.) oxy-7 -(2-

(1H - tetrazol - - vyl )d‘ﬂ'@?gﬂ"d{?fclﬁ ké togyéé 33%51%@%” c acid, uv 3
max (et hanol) 273 lerr] ([err] 9, 082) thyl - 1,3,4
- thladlazol - 2- yl ) t hi o).net hyl AIMRI;E '
tetrazol - ace%’%?ﬁi‘dég““%(&l ‘mmz}t”tmﬁl’écr YO "ﬂé‘?;{?
(ethanol ) 273 [eid] ([err]6,,1, ldea ca;ues, 8§ 0 kabsy ctldne
3.33; N, 23.13 Found: C,73 9 (IH aitle |\23 oﬁiﬁerazmylcarbonﬁamm {52~

methyl - 1,3, 4 - OxadP cetangd hydra;e Q. mmole) and h
- (1H - tetrazol - | S'Tm?‘ ﬂ%
(ethanol) 269 [ets] (E?U en, hours e Gitroimetha ﬁﬁis hene pora he H 15

3.44; N, 23.92 Found: r dua ro5@ fo reBm@Brpd I, sodi@m GicarbOnate solutlon&ad s(l fidd twnce
(car boxyrret hyl)- [ H With ethyl qce:tat\gr l) thy 1?? ate Wag %ﬂ and. tl;e mlxture 50p
o th

10.

€ré s ar%;;ﬁ e aque. %T;g )} was)

ere mbm

adjus ed

7- (2- (14 tetrazofmshe i tate |
acid, uv max (et2Bnol jatataed Na oll(t{oﬁf drjedGfv %ﬂ alis. magnasd uﬁn s lﬁfe, "FiRéred,: an ' 20

35.16; H 3.15; N, 27e@30r|a@g,mgpl llo 301pg cal) IdentityDf -

4,5 - dihydro - 6 pety sc“ﬁm DA -
f(( 55 yll)tﬁl o)rrethy %@E erazzy),ss %( jf{g;mz 4;%? zll"_t#gl_

yl )acetam de) - 3 - cephem - 4 - car boxyl [ C}m.g uv nmax (et hanol) 274 (e
11, 967). 35 25 o—cu-l 597,036 25
35 Anal., Calc. for [err]:.C 37.57; H 3.35; o 65 Found -C, -36.96;, H,

3.80; N, 27.63 3 - (((451;15; f14fm,t5r bﬁ&lﬁlfg()85(d ly Cﬁ}lfmtﬂﬁlﬁz), ?B%gg‘#’iquy -

7- (2- (1H - tetrazol ) acet am -

acid 5 Anal ., Cal C. for [err]: C 37—@81CONH% 33; N, 27.80

5 Found: C, 36.98; H, 3.43; N, 27.79 EXAMPLE zﬁiPreparat_i'on of 3 - (((I
-Methyl - IH- tetrazgle gzp - yI)thlo)rrethyI) -(2 - (4 - ethyl - 2, 3-
di oxo- | - piperazinyl carbonyl am nb) - phenyl acet am do)

- 3 - cephem - 4 cabox ICACI '
Et hyl - FZ) 3- 8(;( opi Erep %@gz%wﬁ yl) -l -tetrazol 5 yl)t(hlo)methyl) 7- 30

phenyl acet ani do) cephal OSpOI’[ihBﬁﬁacannmoj]ydga el{hdmgp'&’az’n lQ)x lcﬁ{%glyyw - %b | .
methyl - | H - tetrazol e - Bichlomotthaie 0725 gram: mol e) were ad

to 6 m of nitrogetha lﬂtﬂh@)mxlure .
was heated at 159? g:%db ved Mﬂé&? fﬁ il:f)é e z:bﬁl\xﬁﬁ.hﬁ%@ ne %\Bﬂﬂ J‘E%ne 3

was t hen evaporat ed asvdhttohwaslmﬁtedwsdoaiaz fopkioff @aen, A& et Hade

bi carbonate sol ution ﬂ% élovwlbrlﬁl" g)ﬂ’a I—Hesthtrafh WS -
c
acetate was addeggand g ﬁ ﬂtgu‘#(ﬂﬁ'f”ﬁ?f E].f %‘f .xﬁ?#l et Hein Titore a3 40

The | ayers were separ HWigthyl acetate and saturated sodium

blcarbonate solution were: adde . The mxxture was washed twice with ethyl acetate,

then fresh ethyl acetate was added and the mixture cooled to 0°C and adjusted to-

pH 2.3 with 20%, HCI. The 1ayers were se{)arated and the aqueous layer was washed
45 with ethyl acetate. The ethyl acetate layers were combined and washed with 45

saturated HCI, dried over anhydrous magnesium sulfate, filtered, evaporated, and

dried at room temperature, 123 mg. The identity of the product was confirmed by

NMR, 8 1.2 (t, 3, —NCH,CH,, J=7 Hz), 3.6 (m, 4, N—CH,CH, and piperazinyl 5—
H), 4. i (m, 2, plperazmyl 4—H),4.4 (s, 2, 3—CH28—) 5:.1(d, 1, C—H, J=5 Hz), 5.3 .
50 (s, 2, tetrazole 1—CH,COOH), 5.75 (d, 1, C,—H, J=6 Hz), 5.9 1, 50

. .. /O—.\.—CH- .
\._./ |

¥




washed with ethyl acetate. The ethyl acetate portions were conbi ned, washed
with 20 saturated NaCl solution, dried over anhydrous magnesi um sul f ate,
filtered, and 20 evaporated. yielding a pale yellow powder, 130 my (40% of

theoretical). ldentity of the product was confirmed by NVR [err] 1.2 (t, 3,
~-lerr], J=7 Hz), 3.65 (in, 6, [err] and piperazinyl H, 4.0 (s, 3, -[err]
of tetrazole), 4.4 (s, 2, 3-[err]), 5.1 (d, 1, C6-H, J=6 Hz), 5.8 (d, 1,

,-H J=8 Hz), 6.0 (d, 1 25 ’ N [err] J=6
\ , 7.4 5, phenyl err J=8 Hz); and .0 (d, 1,
'r3ﬁzr1 1= R(Dﬂ FE)(AI\/DYI: 74 Qn1§97(°9?br [f.n]n of 3 . (3\(1 ) {'ighox§/n‘et hyl) -
IH - teur(a,zglphegyl Hy/ ankd v gogamet hyI) - 7 - 30 (2 - (4 - ethyl 2,3 - dioxo
.- | - piperazinyl - carbonylam no) - 2 - phenyl acetam do)- 3- “~fephem- 4 -
carboxylic Acid in 1,2- Difhlwegethane 7 - (2 - (4 - Ethyl - 2,3 -
di oxopi per azi nyl car bonyI am nb)=-f 12 - 35 - :phenyl acet am do) cephal ospor ani c

acid hydrate (0.3 gram 0.5 m no™®) was 35 di._s.'_s'ol ved in 45 m of
. 1, 2- di BT Bzbet hane whi ch had been dried over al’ um' n'a and the sol ution was

heated t o 950C i er er 4 ol ve had been
col | ecEEgere 'Lglpgneg?é ° -;‘éﬁﬁ I'(4 hﬁ' gl g E - tetrazole -5
- thiol (0. 1ifergHirear bnylam zrverpﬁe shid&yd- B’ha;epmct 4on m xture ,

mai nt ai ned attarhmyhcA@m Hl@mmithanVOur under ni.t rogen The reaction m xture

was thep & g":{@h ny dagymto
wif ch- g eﬁ{-a eﬁ?:’ﬁ, h -e._;'ost?ﬂr%% aﬁ%ﬁ%}eé 4 r{h’ﬁ&a.r ;ﬂl‘ |%§ﬁ| uti gn wer ¢ added.
The m )gtaur @.625 mmoled verk dnssolcei ini IO mledf l'ommlmhaumer mhﬂ:gerf gtesh et hyl acet at e

was ademm temgeratyes, m%hamcwﬁ; ﬂrg%ﬂtegﬁgcl&mf dH 2.3:with 20% HCl .
The | a c 5 vent was evaporat with ethyl
égt at aﬁ”ﬁaﬁrﬁf %&é&m tw%;%ﬁc% g%%ﬂdmnmmed é\?t h 45

sat ur atl'etatl!‘lﬂdwas:m na nemdmh“@utdnﬁmed Hyi | tered,
~ evapor perw @%z?f{yp (i‘]%g 39‘@_‘??1 dentity of the
. ppoducis ks, @ﬁ )by7 1 r] 203 6 (| n, 4,

[érr] an prperazrnyl H) 1 (|n 2, prperazrnyl S, 2,
3-CH2S-), 5.1 (d, 1, [err] _, 5350 (s, 2, tetrazole | - CH2COOH)
5.75 (d, 1, C-H J=6 Hz), 5\9=(’dr 1, 50 [err] - 36 -
1,597,036 . 36 7.4 (m 5, phenyl H), and
9.9 (d,an&c,—BIJ-l'Mﬁ?n IstahenﬁWtdﬂ?-Sc’QCONHi’rJem&ﬁnu@maif 1,3 - (((45 -
- Dihydro.= 4 - rrethyl A’}ny-n - oxo - 1;2,4 5tr|a2|n -3-
'-yI)thlo)nethyI) (2 = erRyt .- 22,3 - diroxo. = | - -

pi per azi nyl car bonyI am no) - 2“" ﬂ,gnyl acetam do) - 3 - cephem - 4 -

car boxyljg Acid in N tromethane 7 (4- Ethyl - 2,3 - dioxo-1-

pi perazin car bonyl am no) - 2 - phenyl acet am do) cephal oporani c(0. 3
S e T S R

oxo - ZXrepapation p A 1.% Ie) wer e di ssol ved
in 10 nl . of %Jﬂl % delb nrJtm gen “at room tenperature, and the

reacti on m-x2 ui(H haatredl al - pl%msporarﬁc #pid €18.0 gramisy own
whic!

© préci pi¥dmmndoendy io) d hi l.owl y,
oy %ag AR T e

15- was hififaltiédl aE DS for\8 Roudls; el vsdledr ®pmight, ddtetedcal on TLC, of

of f - mwm«smhdzsomtoamnpmthdnm@@plimg%@fopérhewlw@ram Igentity of the
pr8duct® ?’GUbelr whtef Ind 43 mf $fSEdd acid It .3 (s, 3,
triazinggh t06 re 611&_ 'ﬁ xﬁﬂéﬁé’slsﬁlyd , 4.0°(m 2,
pi per a 1 owt. Aﬁsohhmnéf 7 s%d teﬁﬁiﬁonlofethﬁndw heﬂ [err] J=5 Hz)

ded and the resultin mlxture allowed to stand for 45 minutes. It was th tlrre
> 4%5 ( I?‘gr 4g2mmutes, filtereg washed three times with ethanol and dried, ls?grams _ .
The product was reslurried in 300 ml of ethanol for 3 hours, ﬁltered washed .
with ethanol, and dned 14 85 grams The 1dentlty of the product was confirmed by

HPLC

EXAMPLES 77—a—84 - .

45 Preparatlon of 3 (((5 - Methyl - 1,34 - tluadlazol -2 - yl)thlo)methyl) -7 - (2 - 45

: (1H - tetrazol -1 - yl)acetamudo) cephem - 4 - carboxylic Acid i in .

Various Solvents
7 -(@ -(1H - Tetrazol - 1 - frl)a etamldo)eephalosporamc acid was reacted
with 5 - methyl - 1,3,4 - thiadiazole -2 - thiol in various solvents. The key details

50 - of the reactions are summarized below - (all other aspects of the reactlon being 50

: typical of the preceding examples).



and [err]), 7.45 (m 5, phenyl H,9.5 (d, |I,-CHCONH, J=8 Hz) and 10.0 (d,

|, [er] J=Hz). 25 EXAMPLE 76

25 Preparation of 3 - (((5 - Methylthio - 1 3.4 - thiadiazol - 2 -
yl)thio)methyl) - 7 - (2 - (IH - tetrazol - 1 - yl )acetam do) - 3 - cephem

- 4 - carboxylic Acid in Nitromethane 7 - (2 - (IH- Tetrazol - | -

yl ) acet am do) cephal osporanic acid (15.0 grams; 30 39.2 mole) and 5 - /
(methylthio) - 1,3,4 - thiadiazole - 2 - thiol (6.43 grans; 39.2 30 .
mmol e) were suspepded in 500 m of nrtronethﬁﬁgyuhrch had been passed 37 s
t hrough a cqu v e -t 8 z o3

reaction m xtyre was narntarned at [err] ~for 6 hours then cooled

overni ght, fi I' red washed. with 250 g c@‘ nlftronet hane and dried at 45C
for 4 hours, 18.08 gram35  (94.@6 )8 ek). _
35 Tis product was. added to 150 nﬁs‘gf gvager andj |4l(b m ‘of acetic acid. The
pH was adjusted to 6.3 With IN N aOF & c‘urréd 107-m ) and the m-xture was-
stirred for I hour. A solution of 257 cof 60% sodi um | actate and 65 m of-
et hanol was then added, and the resulti ng' m xture allowed to stan for 45
mnutes. It was then stirred 40~ for 45 mnutes, filtered, washed three
times with ethanol and dried, 18.1 grams. . 40 The product was reslurried
in 300 M of ethanol for 3 hours %lltered washed wi th et hanol, and

dried,. 14.85 grams. The identi ty><§ Q’rewpr ohBRABs confirmed by' HPLC..

EXAVPLES 77<- 84 45 ~Preparatiomof 3 - (((5- Methyl -1,3,4 -

t hi adi azol - 2 - yl)thio)nmethyl) - 7 - (2-_ 45(1H-_tetrazo| - - :
yl )acetanmi do) - 3 - cephem- 4 - carboxylic Acid in Varioous Sol.vents 7 - (2
- (IH - Tetrazol - | - yI)acetam do)‘ce hal osporanrc acid was reacted with 5
- methyl - 1,3,4 - thiadiazole - 35 t £& i 583 8@ solvents. The key
details 50 of the reactions afSsB&Rri z&2B88W (all other aspects of
the reaction being 50 typi caI of tﬁre‘%ﬁ&edtﬁm“’é’){aﬁpl es). 37

1,597, 036 37 [err] [err] . 1
597 , 036 ' 38 EXAIVPLE 85 Preparation of

Lithium3 - (((l - Methyl - 1H - tetrazol - 5 - yl)thio)nethyl) -7 - (2 -
hydroxy - 2-- phenyl acet am do) - § Cze@hem- 4 -, &Garboxylate in d acial
Acetic Acid 5 (2 - Hydrmg E’ @%ﬁﬁ cet am do) cephal ospor ani ¢
acid (0.48 gram | rrrmle) and | @i!h 9°IH°l°‘t"et?‘azoIe -5 - thiol (0.5 .
gram 4.3 mmle) were reacted in 5 n1 of- glacial acetic-acid at' 84-[err]
for 8 hours. The reaction. mixture was cool ed to room tenperature and-iodi ne
(0.4 gram 1.6 mol e) added to convert unreacted thiol to the disulfide.
The m xture was stirred 20 mnutes at room 10 g temﬁarature then poured
into 100 m of ethyl acetate and 50 m of &wat & d—un- 10 excess [err]
renoved by addition of sodiumsulfite. Thes r& separated and the

a,

Hoffat
onate
wm
0,
%(

EEY:
ethyl acetate |ayer washed with twcg_@@'éo argg BEi @ggof wat er and one 50 ni
portion of 20% Nadl solution and difEd¢ E@ggrﬂ;ﬁg ¥gE sodi um sul fate. Ethyl
acet ate was rerroved on a rotary ev g'r: E@Eg@g@"@sksr due dissolved in 10
m of nethanol . ~Lithium aceta 8.0 yddggt&g‘@gé:ﬂ gram 2 mol e)was
added and the m'xture stirred 5 For® 20 FrfuP & G room tenperature. The
product crystallized and was separat ed by filtration, washed with 5 nl of
nmet hanol and dried, yielding O. 34 gram aof white - ‘ -
4 E °n .
55 By azese
oo oo S—C—S
g : :
. < -
' E
. E
=
$3 : g
'§-§an &0 &0 b0 &0 50 '8 60 ',;::
8Ez 8% 22=88 g
“58_-—- oo Sene—ei— *
E
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crystals (69.4%yield). The identity of the product was confirnmed by NWVR
[err] 3.50 (ABg, J[err]17 Hz), 3.92 (s,-[err] of tetrazole), 4.20 (s,
3-[err]), 5.04 (d, [err] 20 J=b Hz), 5.24 (s, QOCHCONH), 5.64 (d, [err],
J=5 Hz), and 7.44 (s, [err]). The 20 NVR spectrumwas identical wth an
NMR spectrum on an aut hentic sanple of the product prepared by aqueous

di spl acement. EXAMPLE 86 Preparation of 3 - (((I - Methyl - | H- tetrazol

‘N5 - yl)thio)ymethyl) -7 - (2 - (o - 25 ! -~ (tert -
Wu 8oxycar bonyl am norret hyl ) p ensgrpaget ami do) - 3 - cephem - 25 4 -
. - = I:f

But t oxy arbo onet ) t m oranic acrd (0 2
oS, At LR hé;nryi?ﬁ‘”tg;ﬁ? Jmtm of 0. 047 gram
0. 405 mmol e) Ghacial A@ﬁet\eﬁf | n 5 m of ' ni trorret hane at [err] 30 _under
‘ni t¥ogen, Tof2 ELEIYﬂRmr @O)CG svoranmc 048 gamiil- tefrazol - 5 -
30 yl )t% P‘bml rt!mltzf.c ac tcent 86€é gcf’ugm’i‘nhe‘1 mgglfgl&ere
but oxyc f am fible) added to@opEM - 4 - car boxyl i ¢

aci d. | cheedctddyth aﬂ wm tﬁﬁﬂgcffhe\mxtummsrstmdd nNMR;s 8 rdomd5 (s, 9, -C(err)3,

3. 6% (stenll?efaEU' °f thy ater F'azoll‘e) 4.3 (in,
431 ofl rf::aﬁwgsaa:hsa" g:g &Z’

2 O

n[err] J=4 Hz), 5 7
(q, 1, {)H aCl sallition and Grié dSove dllﬂnaﬁl te eiyr cel tev@!ﬂ 9 (s, 1,

. resjd .lved—mw%mh methmell- tetral zol - 5 -
(i o e g;}*’c ; mxgg e o% cepnem 4 -
car boxy fiks@ti 5 ml of methanol i

Byi ainﬁar gram of whxte .
40 7 - f@stals(ﬂﬂd?/dmﬂd) The-ide harmjlt m O] MRam3(50a0| d (0.224 gram

0. q, {8,y @Ofltq-traz ) 3. 061 0.525

_

.a“ u&feéﬁ,?]‘ f 122hourss,

yi el di ngleii:rodu(:t(l(rbpmmbousdisﬂaeenfeﬁlrazol - 5 - yl) th| o) methyl) - 7 - (2 -

ureido - 2 - phenyl acet am d: 3 - 45 - cephem - 4 - carboxylic acid.

| dent it ¥.0f kNGB 2 5 (d, 2, 2-[err],

155 ) Preffrgteae! S wf?j oxﬁeﬁiyl) Aty @d,c [er&} J=3 He),

4.9 (d, 1, [er¥ a,rbokylﬁ:m in Hiteb: ed:;m - err -, (in, 3, [err]

and [er r{"g} ﬁo(?am “F‘%{m]ngXycarl:o%t@f hY?PEQY tm5‘1’°)'|Ohenyl . and 9.2
(f ngmole) were ﬁ 3530 of 3 - (((1 X

Nbifhyl undeHmtrotg rfapzm hourﬁ yieldihg Bhi (@ eh&iyt)- tH 7 tetrdzdl - S5GY anomcet ami. do) -3

- cephemthw)methy@af Boxy@Ri ¢ (¢\0| gfi’%{g i %}%‘ Wﬂﬂhy zhenyl)-
Cyanoac and I - 55

met hyl. %ﬁ% }&y@zggl ?4 F ,ié)@ﬂg? mg am_cy %Ie wer e react ed
i n3510 M—CH,MEOﬂ-tqm-G.m):rétm @t— ed#ﬂ} H;hcﬁe‘fr (qilt Cegéfﬂ\ 735%r 32 hours,’
yi el di n§- 3 pheqyl-H and reCQNH—). 4n|d|8-9 s¢b=G@PH. 5 - yl)thio)nethyl) - 7 - (2 -
cyanoacetam do) - 3 - cephe zfir boxylic acid. Identity of the pr oduct
was ConpiepdrRibnbof INVR(1 BMRthy | -3;etr ol - 5 ?ysthm)methyn 7-(2-

8@7 036 - ureido - 2 - phenylacetamndo) 3 - cephem - 4 - g9 b@iviig. Ac@ i85 (S 2, [err]),

re ce e{lgs r%ﬁ;%a{&%% % d 1, lerr], J=6
HZ) 5 Zxﬁm(eﬂand%-ig l 2) B ) $ m ii‘%er d, 1 -[err]-
dBQltﬁ}t‘ne;hafﬁa]i) splw,(tgo ,zyib I;n ﬁﬁ({(l-- : -1 " H- tet azol
lthio tY 2 9 crahexy hoaceamdo - 3 -
e BT L R i
ChI orop L)t mpmmcou}ac )3 ags,am 0. 855 Mol e)
and | -Cmeflhyﬂ-—NHJ)iM tdeﬂ,razole - 5 - thiol (O. 104 gram 0.9 mmol e)® 10
were reacted in 10 M of nitro 1ane -at 85C. under nitrogen, for 12 -hours,
10 yielding 3 - (((I - methyl "1 "H- tetrazol - 5 - yI)thlo)rrethyI) -7 -
(2 - (m- chl orophenylthl 0) acetamdo) - 3 - cephem- 4 - carboxylic acid.
Idﬁ)ntlt}/ of th g : :
=8 Hz), 1.25 (m, S5, phenyl H), and 9. 2 «, 1, ——CH CONH— J=8 Hz). - 50
EXAMPLE 88
Preparatxon of 3 - (((l - Methyl - 1H - tetrazol - 5 - yDthio)methyl) - 7 @2 -
cyanoacetamido) - 3 - cephem - 4 + carboxylic Acid in Nltromethane _
7-Q2 - Cyanoacetamldo)cephalosgoramq: acid (0.339 gram; 1 mmole)and 1 - :
55 methyl - 1H - tetrazole -5 - thiol (0.122 gram; 1.05 mmole were reacted in 10 ml 55
of nitromethane at 85°C under nitrogen, for 2 hours, yielding 3 - (((1 - methyl -
1H - tetrazol - 5 - yhthio)ymethyl) - 7 - (2 - cyanoacetamldo) - cephem -4 -

carboxylic acld Identity of the product was confirmed by NMR 33 5 {s, 2, 2—



product was confirnmed by NVMR [err] 3.6 (s, 2, 2-[err], 3.75 (s, 2,

-[err]-), 3.9 (s, 3, -[err] of tetrazole), 4.4 (s, 2, 3-CH2S-), 5.0 (d, I,
[err], J=5 Hz), 5.8 (q, I, 15 [err] J_4Hz) 7.15 (m 4, phenyl-H), 7.7

(d, 1, -Jerr]-,J=8 Hz), and 8.5 15 (s, "1, "COON). EXAMPLE 90 Preparation

of 3 -. (((I - Methyl - IH- tetrazol - 5 - yl)thio)nethyl) - 7 - (2 -
(phenyl t hi o)acetam do) - 3 - cephem: 4 - carboxylic  Acid in 20 :

Ni t r onet hane 20 7 -
(2 - Phenyl thio)gcetam do)cephal osporanr c @gmngo 422 gram | mol e) and. | LE
- net hyl -.|H-f_[cL| Qﬁﬁﬁ‘%" Q_—H:MED'IC f 5e(p reacteff
in 10 M of ni;fromett ’ J6 ) 3 - -
(((I - methyl > H e tﬁ ﬁ%’-é ﬁfﬁa wfiﬂef’hvrim o110

(phenyl t hi 0) acet am do) - 3 - 25 . cephem - - carboxyllc acrd Identl_ty

f The profuct va? capelogmd, rrg.zrzrrrhﬁﬁ B PR
; ,

[err], J=6 Hz), 5.8 (q, 1 N{tﬁhfeihand 4 )3“ phen

1, -CHCONH-, J=8 Hz) (}n( §|h1010 h;l 1 cet oﬂﬁlc acnd (GPB iﬁai-t ion " _
of 3 - I h I z ; e

30 thi e§1§/l()ace'ltv2$1)1 éo ‘V.Zidl ted ?r@Ld B mtro et tI |5c_ﬁ' ?{3{}. E,'ﬁ'at e l70

- (2 - (2 -.Thi enyI )abletoahend nin) cﬂraeu hemem 1cgi’cﬂ[TIde

and | - rrethyl - fme (36(, )

reacted in 98 mlsof & ’ }ﬂe%&# ?hngs s
(((l - methyl - IH-( COOH)atrazo - 5- 2 -
thieny ace i - - cephem- 4.- 35 Exxﬂqpmyboc acid, mp.

167.5-1680C., vyi eI d ?gepetmloﬂl'h@ NI((R s Methyt viHontetrivol pﬁo@ﬂ)ﬂﬁo)uxaayl)dent(acal '
with the NVR spggt rum on t mﬁ a"B‘F°)Exa?rrpI gephem EXANP|Brbgzyipr dysid al!lr on
of 3 - (((I - Methyl - a&y tﬁéﬁtetar&do)cﬁl&ﬁb%ﬁ%ﬂy&hZ rhm; 1%
40 o% cte

t hi enyla;-datemquobH teBrazol e § h ettiol (0 Zgra@rﬁfl S’iﬁ

melted at 163-163. 5C3ar(u;l4vsasH
t he product> was |denﬂHeSa-I-),M1( ltﬁc—mwm)aﬁﬁr(mmGﬂ—HhI@Mlzndusts, mfph&yanpl e

Tol uene 40 The - reaé't ep nigrog rdldmg?ot-r(&lsarre -
i o SRRSO i
Qs . On2

5. 45 7(d, 1, —CH,CONHEx AxpHp), gnd 9.4 (s, |
45 Preparation of 3 - (((I - Methyl - IHExgmf,i@;pl - 5 - yI)thr 0) net hyI) -
7 - (tert -« but é&ycal’bpa:yhmmox«} MBt-thH-ph&:lﬁ’azol45 - yDifolAetiyl) C7 -@ciel. in 30

Ni t romet hane 7 - (tert - ?] ﬁﬁm Ly-l3a-[§e analbuyif lﬁaté372
(3.
gram | mmole) 50 Zi ethyl”e 5220 rrg;*] aci m?)6le wer 9%01‘322

gram 1.05 mmol g% WED!er(ﬂ'aﬂil Btiformdle 4t or 12

hours, vyi el ding ol - 5 rghthid)methylH- 7 - (Ze{(ﬂazlnény aditaml Bhlceblféﬁi hwl) - 35

_ (tert - but oxycarb@% "%\“ﬁ fﬁﬁmca 167 Wel d 79.9%. ag) %‘1"!! On'lthe

|dent|ty of the prod was con ecguy °R§ q Brodyst of %rn_k) |

(s, 2, 2-CH2), 3.95 S.G err of tetrEa(AMH)E924 4 (s, 2, 3- [err]-), 55
5PEpyratic

5.0 (s, 1, [err]), 1°ﬂ2’ 36(9 yl— aZOhnii - $1Bhi )Jneﬂﬂvl) ~TCQADH2 -
55 EXAWPLE 94 Prepar at "ﬂ{lr y 't nE asrépe ::iog liﬁgfame sc':lz]bu?fn 150 ©
yl)thio)methyl) -7 -m(dftoludné forl urs. The product melted at 163—163.5°Cand

di oxopi per azi nyl car b\?lwgbmﬁm 8-5/0 yield. Tl MRh tromy?hbﬂ’mb()lat:\eﬁs&ﬂmdﬁ)wﬁh

cephem - 4 - car boxyl"f cgp on the p"°d“°Y of Example 3.4 . Ethyl - 2,3 -
di oxopi per azi ny}scar bonyl am no) - -- 2- (p- EXA@H’LE 9340 . ' 45
1, 597, 036 Preparation of 3 - (((1 - Methyl - 1H - tetéd2ol - 5 - yl)thxo)methyl) 7 - (tert -

hydroxyphenyl ) acet ani do) c%ﬂ'&f‘!ﬁ%i?e?ml@)amﬁ ( cerhE0 -grdam cBbBPE Awd e)n and |

- h | -
orethyl LR - Cetr 2ol e SouolBliles o g?%%é:r{,rw’a@fﬁﬁ%% P i

nethyl - | H- tetrardp ml oﬁmtr bq)'laﬂ?h ] 12 hours? ylel ng 3- (((4 --metliyih y [1H- -
10)methy WM? -

di OXOE' per az' nyl Ca[)b H lﬂ:dj 1dent produc was co mergy ﬁuériégm =s, ) 3

- cephem - - carbox 3), ] H.Y, 395 (s, 3, —CH, of tetrazole), 4.4 (s, 2, 3—CH,S—),
55 5.0(, 1, C.—H), 5. 6 (s, 2, C,—H and: —CH,CONH) and 13 (s 1, —CO H). 55

: EXAMPLE 94 '

Preparatlon of 3 -(((1 -Methyl < 1H -tetrazol -5 - yl)thlo)methyl) 7 (2 -(4 -

- ethyl - 2,3 - dioxopiperazinylcarbonylamino) - (p -

60 _ hydroxyphenyl)acetamrdo) 3 - cephem - 4 - carboxylic Acxd '

_- (2- (4 - Ethyl - 23 - dloxoplperazmylcarbonylammo) - 2-(p- 60



identity of the product was confirnmed by NVR, [err] 1.2 (t, 3, [err]), 3.6
(m 6, 2--2, piperazinyl 6-H and N-CHCH3), 3.9(m 2, piperazinyl 5-H), 3.95
(s, 3, [err] of tetrazole), 4.4 (s, 2, 3-CHS-), 5.0 (d, 1, [err], J=6 Hz),
5.6 (d, 1, G H J=6 Hz), 5;8 (d, 1, [err]-, J=8 Hz), 6.8 (d, 2, phenyl-H,
J=8 Hz), 7.3 (d, 2, 10 phenyl -H, J=8 Hz), 8.3 (d, 1, -CHCONH, J=8 Hz),
d 9.9 (d, 10 - CHCONH- -'NH J=6.Hz. EXAMPLE 95 Preparati on.
(

2 - yl)thio)ymethyl) - 7 - (2 - (1H - 15
cephem- 4 - carboxyllc Acid in 15

. ¢ al ospor ani ¢
aci d (0 ml)acemw)‘:hmmrims cid(plm grani; aiQﬁlmole)zhnd 1t-hi ol (e~1 5 gram
1.27 in

'31-3 1

finbapll ux, Loet
ni troge FE%?}%}U(& oI Ee mgg’jﬁiw yl‘c ;?a:;?f ' .adi aZO| .' 2 -

yl ) tshi opre(phy drexy heny et—amdlu -3 -t eé aﬁxol 4~ éhrbo ic, amist’ﬂm do) 5- 3 - 20

cephem Jde tltyof:@FBW,@ fl (ta Jt‘rf-cﬁz %ﬁr t was confirnmed by
NVR, 8 £S )())é’ ,(m ﬁf) 14) 5.16 (d, 1,
[err]- HH z), eﬁshz réﬁéé ; $3( , 8.87 (s, 1,
tetIIOazoIpheuyl—nSg,)J—sgm,CB ei,, —Gﬂﬂ@ﬁf—az&%ﬂd)aaﬂ%(&rl,l ng mater|10aL) 9.53 (d,

11
1,3,4 - thiadiazol -
I - yI )acet am do)

1, -[err]-, J=8 25 and l%(; é’ﬁ t hi adi azole ring).
25 EXAVPLE 96 Preparat|on of 3 - ? Met hyl - 1,3,4 - thi adi azol -2 -
yl )t hi o) met hyl) -- (5- carbcm:thoxy-' 5- (2,4 -

di chl or dséhkzam do)val eram do) - 3 - cephem -4 - carboxylic Aci di ni2
-Di choroet hane 30 : Car bonmeth = xy - 5
(2,4 - prepafatidh odfl I Warfhﬁafiwt Qrapmtdﬁ)m%ai osper-aic- aci d (0.3 gram

0. 515l e) - antktrazol - nbt- ryy)hcetanﬁdtﬂ -43— depheard+ #zokabexylic -Acihimol ({3 1 gram 0.75
mol e) wer g z“g H“’ln l% 'th% at. reflux.for 16 1/2 hours,

yi el di ngnr?iole) 4 13 4 e %' eh l%l g(gomie we reacggg,l hi o) met hyl ) -7 -
(5 - casha jtn}eat ﬂux, &k nitr ,,for2dlh6 dni)i@maml gula eram do) - 3 -
cepMem lAﬂlmb )@e d7 <(2.- (1H |- tetragh, - | Brepar2mt i on of

Li t hi um&% “’ E\j h‘gﬁg"_“%}ﬁﬁ%‘ “”as W'}g_%t hyI) 7 - (2 -
(IH - test4I2Q«7F —eHJoftet bl 3 ,‘,'_5 7(341 tetr@dOXylate in
Acet oni tring), 8440, 1, thladlazo[itluol tzmng (olaterial), S8 (daj_,o-l—CH,(EONH—- J=8
yl ) Hcet R b Kall g’ﬁ&l‘“ﬁ‘ﬂ?é‘“ﬁm d (1.91 gram 5 40 mmol e) 24nd | - et hyl
.- IH - tetrazole - 5 - thiol gkAmpLE@M 6 mMmle) in 50 m of acetonitrile
were - refﬂrtpamﬁoﬁem ZQ(Sh-CMEtByland&th izl 02 r-gDiNic)methydy &1 u(se:  Sol vent was
“renoved on a’fa ‘mlﬂ}hoeWa - { dic ,Bmgrnzmdmkm;@w 3(40 m ) -was -added,
f olJgoved by a®PaFH; 3on°“6‘?°"a§ rtﬁ? h_ydr oxi de4in 1030n1 of
met hanolgich eﬂﬁmxdo)ﬁfe%ﬂ&’&)ce;hdl& bﬂdﬂib %crd (0.6 ghant; kbl "and H tet raZO' -
- yI)th|50 nmhil 11)3,4 - thiadiag thidlH0.4 piam; OﬂiammabDWereréhctedyi)acet am do) - 3
~ cephem -1 é@? ?lrl f é‘dd“‘ S};’H’@t‘ﬁéad r4o‘n m xture was

id

stiysr ed mor reatu‘ltr 8 ar dduct*was segparated by
filtration, was e W|th et hanol and vacuumdrled at [err], 1.60 granms (72%

yield). The i dent ity of the 51(21}@ Was: conflr R 50 :
EXAMPLE ng)aratlono Lithium 3 - 1(((1 -Mlet 1H; - tetrazol -hS y b%a £ jon of "3 - ({(5 -
Methyl - 1,3 Lea i cistiazol ©} - Yagetamidp) -3 - ccphe °‘Ph vy ‘ - formyloxy - 2 -
phe#y| acet am(zle 1H - $etfazcl eﬂ)aeetﬂmdq))ca!hhio famr;a.édl(d9l|gnaxﬁ,52 Di 4thl or oet hane 7

- (2 - yl - mit k&'ﬂﬁ méefid (4.6.grams; 55
.8 ol tv‘))Fgl‘%eion a%r ugoagb qo%jlﬁi‘z;gzé Oelgalt) a3 a(gc‘ﬁﬁ (1.52 grans;

’v

5

ora
11 5 fﬁﬁwm E);oltti’bn Uﬂg of ithdurfi )Qdeﬁﬁll ADET iveitiaRoll Eiid UXEd for 12 hours
and¥x ool peetlucy A t 1 ébemat k elH 'Fhe% ooﬁjcﬂ)th@)methygé 755“13 thad - 1,3,4 -
; -_tetpazo :
thiadia A]?er thezaz yﬂﬁ@ﬁ% ‘ﬂX&) f mmuqie% at rzwm re, the - v
-phenyl a ﬁ sepa ed b ed with ethanol, and vacuum dried at
40°C l .60 grams (72 /,, yleld) The 1dent|ty of the product was conf' rmed by NM R
50 . : EXAMPLE 98 50
Preparataon of 3 (((5 Methyl - 1,34 - thladlazol yl)thlo)methyl) (2 -
- formyloxy: - 2 - phenylacetamdo) cephem - carboxylic ACld in

1,2-Dichloroethane
7 - (2 Formyloxy - 2 - phenylacetam do)cephalosporamc acid (4.6 grams;
55 88 mmole) and 5 - methyl - 1,34 - thiadiazole - 2 - thiol (1.52 grams; 11.5 55
mmole) in 50'ml! of 1,2-dic loroethane were: refluxed for 12 hours and cooled to
room temperature The Froduct 3 - (((5 - methyt -'1,3,4 - thiadiazol - 2 - -
yDthio)methyl) - rmyloxy - 2 - phenylacetamndo) 3 - cephem - 4 -



41 1,597, 036

41 carboxylic acid, precipitated as a thick paste. The m xture was dil uted
with an additional 50 m of 1, 2-di |
terrperature. The product was then separated by filtration, washed with

2-di chl oroethane until the filtrate was clear, and vacuumdried at

40 [err]., 2.8 grams (63%yield). The 5 |dent|ty of the product was
confirned by NVR. EXAMPLE 99 Preparation of 3 - (((4,5 - dihydro - 6 -
hydroxy - 4 - mgthyl - 5 - oxo - 1,2,4 - mswagen.- 3 - yl)thio)nmethyl) - 741
ITT Acra

- (2 - (I H- retTaz Q.‘hrboxﬁlc il % 1812?52 J)_ilns th'iﬁ%( ali?as @ljrpfg_e“l]nxtuﬁ: was diluted With an
-dichl6tos e

in Acetonitri |'e 10  additional $0 ml onurs at ro m tem erature
yl ) acet ani do) &ephal o epaxlun wagthen s(eBaeregb)aﬂil&atmn;Lﬂasﬁai ordéthané uhtil-

di hydro - 6 - hydroxy! fj‘gatg f;gnandvs uumgri d 59C., zegnamz(sﬂ%ywkn Thet hj ol
(4.1 grans; 25.8° ol SJHY o S5Prafuctvas confinged b were refluxed for 23 °
hours then cooled to ro#m t enper at ur e. Prmdqu],bagl crystal lized during the
course of the reacti &reparatiompfs3 séﬁér-edlbdrggﬂ-ﬂwdrma{tﬂ)n methgishe e oxd t 2,80

of 15 acetonitrile, an a@%& gjhy ol gs'e(i?JttctgquolgTYQﬁtaQ‘B@)G%
yield). The idempity 1%.¢ yl)a (%e ¥ ?C)l r91¥ roxym .

- 4 - methyl - 5 - 0)23)2-mlﬂ.qlé) amd-41ruagdrn -6 3hydr y 71240

(I H- tetrazol - Iér? e%‘@ rams oﬁ-femp ok lofaemrtml qrcreaw:;d
confirnmed by NMR E eacl:é, separateg'% ﬁé d&@ﬁ F 6le 5 .
accordance wth ishe péceasfile, ﬂfd&ﬁﬁﬁﬁ:dﬁﬁd\at 69@ d§ \M%nug - (B

- Sulfo - 2 - phenyl a&@mmdu em,ﬁl-c(blpdrtanﬁ ehmroxi 430 ym-ssal-bxo+szneacte

with | - nethyl - | g ﬂ’& )7 Tergg (W 16 yl)(aee(tqtmxdom@hw -
| H- tetrazol -5 -cﬂ}'f'%lhl 0) e ?15’}'!“’)““1 J/"a” cc
phenyl acet ami do) - 3 - cephem - EXAMH&BSUMMC aci- d sodi um'sal t.

25 7 - (2 - (4 -0pyrid metbaramnmrd@)cqrémawh thernagsens pease cmsber@ad;tcee@l vm 120

L G T i i gt A e

cephem - 4 - car boxylch aoazb! - 30 yhthio)methyly - 7 - (2 -(sblfe - pheny[iae mido) - 3- n-

but oxy - (572 24 = carboxyh 1d sodium salt. 25
di chl or obenzani do) val ‘g[n(%lg)(‘t‘tgt Jeémgﬂfaé’gﬂw g;;d eﬁgﬁraz"gflilii 4 -

t hi adi azole - 2--thi cy)thaj)laethﬁ)act'e (2y| dr fgidylthio) (aﬁudo) nes ybephenl -344 - _
t hi adi azol - yl )ca»bpw)nmacnﬁyl - 7 - (5 - a{,bto(;x n- but oxy - 5 -
(2,4- dichlor obé?zam % \r/c-)%le zra(éryo% raml?(;ce&}ﬁﬁhormw agid an%ag bomérl'lllc- (% *d 350
/- (5- - Sdiazole 1 are reacted 35 - methﬁ -1,34 - thfaa I‘

35 di chl or obenzami do)2va| ghythin)gie hprha’V GS[6r-andatbo acind- abakoxy -- et (B4 -- 1 H.
- tetrazole - 5 -t hidis lomben Vwrag?@vdﬁngewem (uwbox#pm&* IH - s
tetrazol - 5 - )th' %ﬁ 1d'o) amld:;aéphalo éjac xq;ld {ou '
(2,4 - dichl or obenzangtfaagly a sermm f2) react yleldiﬁ enyt - ethyl:ammy 1a5|d 40
7-(2-(2- (p - le!)rtbbémz )d)( ce?rboni l-an¢ardpt-hi azol butogy-- yb)- -(224 -

40 (et hoxyi mi nol)oacetdf‘aﬁlﬂ7 ‘ﬁ?{‘t’g %g&?ﬁ §lr‘ E%ﬁlg c\%ﬁ' h 1 met hyI '
(I H- tetrazol€ - Smed nmloaclﬁa | dhcdfhal o Tha vie 1 L betp S1f azol 40
5- yl)thio)methyl) - t&raz --5 2thml( pyleldmgt Bebgizy| mathyiar déh Iatmmb)tm azol

-4 - yl) - 2 - (rreth ckt @m@ofp - mgoben anylamino mbx'}/l-vlé aC|d
45 7 . q ethoit?y ino ac $oé ;Pmﬁn\;g 1az0 J; .
- 45 y )aCanadmg)o Wﬁd’ﬂﬁr&ﬁ:t with I eaeth W(l- ti'azole meth"l
- IH- tetrazole - 53-- thiol Yitldigg él-dﬁ(ln megthyl etraml:t- yDthig)ethyl) e r-d26l - 5
- yl)thio)fethyl). - & @ "lfcb; Zyloxy °“Y'Wi“t‘?) A oxeiﬁeamw AnfeRBI™® fi azol

-4 - yl ) acet ami o) - 3c h-emchlofloethoﬁﬂé ﬂainﬁ)o Hilosﬁamc acid is reaéted
((2,2,2 - Trichlor oetvdmm ypyyidezie B) cthjolh 1203 a(((6c- aiypyadazhacl ed 558

with 6 - hydroxypyri dgar 4 ]f]ﬂz'fll - 'l - (BR8] “l“;hl‘éwﬂh%@cg‘m“)'(a(ﬂe'@) - cephem - 4 -
hydroxypyridazin - 3 %4 | h

trichl oroet hoxy)sar baps m:h%m" Q“”R‘Z;’;%?ﬁ;f Haes gmgm%gffd ‘Exéf,“‘eﬁﬁil"“. 72 =~ (2 4
(2 - Thienyl)acetam dbt)lwwwl)os'bor(hm(l: amndl)acstameia):t- éd qnpltelm 64 - cBhoxylic

acid
hydr oxyp_yrl dazine- 3 Tlhl 212 Y clhg n&gwx F rbo(ng gmo %Ec aq 1% I;'eactesg
55 y1)thi o) methyl) - wit- thfzsloii &stpy e 'l&.mn b -
car boxylic 60 b]pyrndazm - 6 .- yhthio)methyl) - 7 - (22,2 - tnchloroethoxy)carbonylammo) 60
' 3 - cephem - 4 - carboxylic acid. :
7- (2 - (2 - Thienyl)acetamido)cephalosporanic acid is reacted with
tetrazolo[l 5-blpyridazine - 6 - thio, yielding 3 - (((tetrazololl, 5—b]pyr1dazm 6 -



acid. 7 - ((2,2,2 - Trichloroethoxy)carbonyl am no) cephal osporanic acid is
reacted wwth tetrazolo[l1,5-b]pyridazine - 6 - thiol, vyielding 3 -
(((tetrazolo[l,5-.60 blpyridazin - 6 - yl)thio)net hvl\ -1 - ((2,2,2 -

trichloroet hoxy)carbonylamno) - 60 3 - cephem "4 - car boxylic aC| d 7 -
(2 - (2 - Thienyl)acetam do)cephal osporanic acid is reacted with
_tetrazolo[l,5-b]pyridazine - 6 - thio, yielding 3 -

-~ ((tetrazol o[ I, -b] pyridazin - 6 - 42

0. 597,036 597,036 42 yl)thio)mahyl) - 7 - (2
$V4% 0. | +hienylyacetanidey — 22 Cenkem—a——carboxytic—acrt—7- ((2,2, 2 -
Tri chl gnmmdmkm) cartipry? amhlm))%“eiﬁm%sﬁdr"&ﬁk‘et‘,“ adi- o°a1yb ’b‘@act ed With 1 -

(sulfoeclﬁ I) Il alid aciy/isetadtedg . 3 -Hf(l - S
(Sl f ogpy i 5 ?{‘;ft“‘ z‘f)’ﬁ"?*’ym‘l‘%m?é:?fﬁﬁ. S 7 (22,2 -
5 tri Cfgu%ﬂeghtb r-boreyrhznki-n [boxyPi ¢ aci d.

sodi unnrnamdro:tho?y)c(rbonyl ;E%Ew Q‘éﬁg{iﬁ g Peranic acid is
reacte - 2I' ] _F{ggﬁﬁ@%‘ﬂ?@? %Eﬁc rsa’igo Eldmg53-—td(ﬂlol sodium salt,
yield ?:Yly metl%({)( tH sy t'ﬁm}t hyl ) ¥l) mﬁ)fhethyl]t et

_yll)othl Qniey)ae arbonya::ynzigp ?T &"ii"'?gﬁ@'g%d' 3 1 cephem -4 -

carboxy i @ -H%%2 - 3Hs 303 :

Trichl Vb d} e'-:yﬁo.h 503pmmnethyl)af:7d(ﬁ2é2r-eact ed W|th 1-(2

-( di 2 _' H-cﬂgmm 4zo¢aémysa§ld al, welding 3 - (((1 -

(215 (di matH@|-3r+ Abienylagatamidg)cephal P‘}faw‘;“‘%_i?‘gﬁ e ‘(y'|) 2hi o) rret hyl)a- 7 -

((2,2, %gm“'thﬂfml o5 c} ' ?__'ﬁﬁan_ylsa_myn' -Z))metﬁyl) C’Bp em(24- - carboxylic acid.
e hza - )_--;-;( 2cep brh 61y ¢amsaylivndcdlio) cephal os n| c acid is reacted

l.

15 thie yz) cets '_ i
o %E‘é“‘?‘?? T %ﬁ“ﬁ%ﬁww b hpl el

opanic: @aﬁhem:acted Wlth:ar boxlic acid: 7 -

(2 - (2ch1orot;5 ieﬂ&hio) miel ep eﬂo,__PlD‘Pﬁ)"é,et‘H& dr@7&cted with p- 20

met hoxydhh yimestarhid ( idr %} ’ (;g;‘;ﬁ‘i? Jsporanic 36k O x¥RhaANV tohi 0) spthyl) - 7 -

_Egzs i z_éétmgg;»ﬁ “){ 85 ) earom fioymeee M- 4- (¥ oqul-l c aC| d 7 (2 -:
- p AdX

; ylic -agid.d -1 s eated
C! 1
chI oroben 2 @1 %o)la ‘%‘4‘ 2

')cepb 15;’;}'@‘ o{‘ﬁf methyl) -57'- (2

- (2, -. twitlenhd, " , a eC- &ci d. 35 -
?‘ﬁ (ﬂ)thm MR ) a et doe)tcephal ds;?g?tam c)CaCI d |s r fct ed with o~ 25
tOI uene‘f‘%l-p _',p.ht' nﬁ‘iddd mtlosgeramé (aggrd is techypyqnt_ Eo)ttnﬁdna)gl -7 (2= (,2 -
~.thi eny| jdiaeler- }. thioR yiel ce’h'e _‘4 @51}3' _){é_héld acl d.- 7 ('2- (IH -
Tet azon)thlo)mith Iat - it ﬂgﬂ ‘}1? phatc)spRiGpoeniaadidiistactedaitbed Wth 1,3, 4 -
t hi adla ol ikihdiazile & 2k migol3 yiekd{ 13-3 (45- ‘mpthgdi B3Bl- - 2- 30

yI)thlol{mﬁiWﬁ)Z yl)thw)m(t@yl)- 711 - @’Pﬂazél‘ °‘}y1a°§}f’"}‘ bt A do) - 3 - cephem

- 4 - 3€pherar- iuil bolame RlidlsGeaetedanithc aC| d is reacted

Wit 5 -5 22{ L%médmoﬂﬁz“éﬁ“g‘% g 3 - (18 omebled U8Ag 3 40(((5 et hyl
- 13, 4t1n 2azyg{m<ly)mahyl)yl’l)-t(ﬂ| oxhy )- phemylacetamidahr Pii do - 3 - cephe 4
- carbox: hlem -atrdarbmlcaﬂ ad is% d with

phenyl aget dqiho Eémgggwmﬁn “m*df‘:%g%‘(ﬁ*'i‘%'a%%“ et - eyl - 134
- t43i adigak o)me f’; oéieﬂlg

.,(tﬂﬂu @aeeta(n(l 3 nesphgm -4 -1 342 - thi adi azol
-2 - y|c)u‘b

" 47 Y ‘aaa yI) - 7 - 'nzy xyc hlazol ph‘en)glacgt am do) - 3 -
gﬁgnslma@ tg;"l’f’ W) jﬁ@ %g ﬁ? SP mmc f’é 3r-ehio ﬁgtélsd;ugltl%dm g By MMt hyl
n - "l - -
1, 3504 - JHdr Ja(;/.o By - 4h|mbthyl i --3 L2, gmm 3yl 91,3, 4 - 40
t hi‘adi azg) thio)methiyl) y 7 t(hl-éi) nﬁ’thWr b“'—“zYP"Y" ny 3‘55' ce‘%%;n- pheﬂyl acet ani do)
- 3- cephef rbo hc:?’ AT b yl ' quylﬁ‘y‘cat(b3nylammo)th1azol -4
(Triflu 1 bV T ki X e(?armmwetmaaun t!l cted with 1
Ihe )iephil yl) ¢ 5
-' g3t hy |1 - kettazolé et5r-athi ’mﬁglgﬁ % QI(2' “@1" “%)"'t Y ~methyl - 1H -
t et razoltetrml - % ta;,do 23 : e;,mdnfLum onet hyI t
hi 0) acet'a‘l‘g 1°’?';§’ °“¥:1§'B iy y e ())x lic acid. .
- oxylic gc d (0 . (tert- Butox carbomylammomethygphenyl)a%ettlmlﬁil%)l- 0
60 - cephalosporamc ‘acid” is réacted ' with "~ tetrazololl, Sfblﬁpy_rf a?lt)lfhlsjmethyl) R

K bl - pyridazin: - -
y1e1dmg2 = 'Ed ((_(teg:ftolo_[ . %&]oxycar %nylammomethyl)Pheﬂylaceta"“d") -

3 - cephem |
4 - carboxylic acid. _
‘? -cepzem (0. - tert - butoxycarbonylammomethyl)phenyl)acetamldo) - 6

65 with l(- (sulfomethyl) - 1H - tetrazole ‘5"~ thiol, sodium salt, yielding 3 -(((1 -



7 - (2- (2 - (p- Ntrobenzyl oxycarbonyl am no)thiazol - 4 - yl) - 2 -

(met hoxyi m no) acet am do) cephal osporanic acid is reacted with 4,5 - dihydro

-6 - hydroxy - 4 - nethyl - 5 - oxo - 1,24 -—triazihe——3--thiol

yielding 3 - (((4,5 - 50 di hydro- 6- _hydroxy- 4- nethyl- - 0XO-

1,2,4- triazin-. 3- 50 yl)thi o) methyty: - 7-:-(2- (2 - (p - :

ni t robenzyl pxycar bonyl am no) - .3 - cephem""— 4 - carboxylic' acid. 7- (2 - ,

(2 - (p- Ntrbenzyno)thiazol - 4 .- yl)acetam do)cephal osporanic acid is: (1
reacted with 13- (2 - (di met hyI am no) et hys97,03655 1H - tetrazole - 5 43 :

- cep em - 4 - carb ic. acid.

xgz.Q phénylacy @ioyteptidlodibranic atid lﬁlﬁﬁhecmvnth 4-

thiol, yie|d|”95 (GlnEL_n a B _
5 “yl )thl r& ol - °1 .ylthi %}hﬁf ('é (5 f?tbnyloxyE : ; eTTazot _

nltrobenzyld}ycarbony

car boxyl i c aci d 7 1 - (shifomethyl)- - Hert@tra.zole - 5 - thiol, sodium sait, to produce 3 - (1 -

But oxycar bonyl 0%@?}%%&'3) 5&;?"@1 i‘lb B:Wztgylécgphé? C)s"dﬂ?"é’hl c2 acid'’
Tl o £ R s e,
- etrazol o olethio pyryl Z N ((oxaf®! -- 2 -yl - --

(0 b- l(Fert ._d[PUJ[?O vé_ﬁ)ﬂ??ﬁyéd yloxy ylacet‘gqn,:lad’g%ep aos ramc aCIS J%Q {n i 4 0
carboxyl1c acid. (carb )g' 6) rt aLo iol - are reacte to pro uce 3 - (((1

but oxycar konyl am no@ebsay E)amg; cebrazol- 0- yl o)methyw Eth n:ez hyl ) -

IH -tetrazole - 5 mhnﬂ#cetaswb urih-s%tbhem Z’ﬂelcdlbn?hg acid 1 -
1, 597, 036 - - (Tnﬂuoromcth io)acetami

o)cg l 1H -
tetrazol ' . I)?Sf}fla) m% bt )1%25‘3..5’{.,1) I"émg ol 7 “L.’s’ns emylétgfgwbi‘i&." Biam &)
- 3 - cephem- 4 - a@hé)mxy -|uarbmyl .acid/ dr oxy -

phenyl acet am do) cepha

i Tem e
- tetrazole - §y- t I %‘I mﬁz’ % : -
(sulforret hyl) - lH carg(,%'y'&c é fﬁ gé gﬁ )%“‘““( PRl Gxy -2
- 5 phenyl acet'laﬂMthh KY ethylthw)amm domotadxc aild €2- (2- .
Th| enyl ) acet ani do) gﬁ@?\ g}ﬁ laé’fl F%‘E"%icfs "c?P‘ 0)@5&9%{‘?&' ol to - =
yield 3 - (((gxaz cyanm?lethymg aﬁhxﬂ# he ‘bo c acnd :
t hi enyl ) acet am do) . -(2 48 Banzoyl&nmométh)bpheyﬂ aeetﬂﬁld cephélosporanic acid énd (2 -
Fornyl oxy - 2 - phe teu_ nitijo HFa qprepar” (((1 -10 .
(carboxymet hyl) - | éth t I 3ar gk 3 -
(CCr - (car bOXY(WEt hy n§7 -( ¥ etl?ren )acet&/:ﬁ pﬁil ﬁ? ?ac i ivreactbd - 3p
formyloxy - 2 - acetlahmldd = te@razolec e hamoLto40btamar-t(((X |methydGitdl - 7-

(2- (Trifluoronet hy'le ‘Fﬁ‘r'n ] %C RBEH‘X;‘ p71al( s psidami - (Zardp’dnyl)&ﬁ’&mlﬁw -315

methyl - 1H - tetraZB STl 4 SHifazh Lﬁﬂ.dmeﬂfaﬁwﬁ.&md if fehdted |

nmethyl - IH - 335 tet hreth&lam%;io)e’tﬂyl)o)l dz))le -6 _~thiolo produce 3 - (1 - (2 - 5

(trifluoromethylthi %z ﬁbnﬁ yhthio)raethybox/ + (2c- @cmdlmO?- (2 -
145 taahﬁw%B

T TR L

- IH- tetrazole - éacmt

-

- 20 5- y#Mthid ﬂmmylp)epare?s - (@2 -dik norrﬂtyldr)oky hi4o)mabglarl dajo - 3 40
cephem - 4 - 20t ) F?qu',l l)t éo)m% - -~ egzqylammo - '5-

(cyanoret hyl t hi oyac¥f éﬁ’f &*ﬁ e.aiiBPé’h arBi snﬁ(%agpmdspwame leig dret hy!
- IH - tetrazole -ﬁaaedhiﬂoll trmet taHn- § 23-t1 le- thiyll to prdplte 3 - (((1e1razo|

- s- yhHthi$H nEt IH 71,2,3 -rigipaeh Yl)th'ib)meth l)z ;(5 benzoylamino - 5 - 45
(cyanormet hyl t hi- O)a ‘{gﬂ‘ﬁ" amido) rgg 4 - parbogy,

o' 0 Sl ’&éw 3?%%‘&3@&@%3@%&6% 4 i ¢

and | - (car bo mat arboxymeth: =1Hetre&imle5 W)thio)neihgl) are(sr-a&ai@xi rm-prepare'
3 - (((1 ™= (car oxyﬁe?ﬂ??%ﬂemmd@ 1%1-#@2911 -4 Scarb anm met h

(o - benzoyl am norrertegh - °‘“' !;‘yvz i Eor ﬁ‘t‘gmll’ﬁ c
acid. 30 7 1,34 i&b 2- yl)th ethyl) - (5 - benzoylammo - 5-

t hi enyl ) acet ani do) ouamuajvabpondn)l -3 -aeephikn S 4r-@arbo adic agd. with | - methyl - IH. .
tetrazole - 5 55thiol 7t.0(®btEnfoyRmino({ 6!- carmm}dramxdd.)btphajb@bfaamoic.a i® - 55
yl )t hio)methyl) - Treacte »znthl ubenzzlo-LH tetragole - 5 - fhiel rtydytamét-aﬂﬂﬁldéznmyls- -

- th yi) - (5 - Benzoyl - amin
cephem - 4 carbox%ﬂbox é::ﬁ;ﬂdo; ha¥!£ aCIdAr?l'ho

t hi azol yl ) acet am do af
enzoy a.mmo - 5 - carboxyv eram1do)cephalosporamc acid is
60 reacted with thiourea to obtam 3 - amidinothiomethyl - 7 - (5 - benzoylamino - 60
5 - carboxyvaleramido) - 3 - cephem - 4 - carboxylic acid.

7.- Methoxy - 7 - (- benzoylammo - 5 -
carboxyvaleramido)c lphalosporamc acid is reacted with | - methyl - 1H -
tetrazole - S5 - thiol to obtain 3 - (((1 - mcthyl - 1H - tetrazol - 5 -



35 1-(2 - (dinmethylamino)ethyl) - IH- tetrazole - 5 - thiol to

produce 3 - (((I - (2 - 35 dimethylamnno)ethyl) - IH- tetrazol - 5 -

yl)thio)ymethyl) - 7 - (2 - (2 - amno - 4 -— ..

thiazol yl ) acet am do) cephal osp ic acid. 7 - (5 'Bm

car boxyval er am do) cephal osp- ‘acidis reacte§ 1. 4,5 - dihydro - 6 -
roxy - 4 - methyl - 5 - ©X 1,2,4 - triazi it 3 - thiol to
g¢pare 3 - (((4,5 - dihydro - 6 - hydroxy - 4 - nethyl - 5 - oxo - 40
P - triazin - 3 - yl)thisyesshyl) - 7 - (5- 'benzoylauﬁn'o - 5 -

canoxyva carbo (5

Benzoyl a%i)_t(r?'@?'gst ﬁ)) 7: %thol’)?'\éﬂ Eam K ‘é‘é"b al%gcpaéroa‘ ‘fa%r%“(':"lzd i's reaF{tBad vmth I

- methyl - & E;Boxyt-rlaﬂole -(55--. tbleﬁboytanpnrne;pare 8- (((I 45

met h%l - c# xyv@!efzmglo ic. a«ad -is yeacted; w}h;é ethyl.- 1,34 -(5 - 5benzoyl ami no
[({&]

Y A e o R T a0t 5

_Benzoyl a .n&phe \4aide cep aI osporanhi c acr'd and 1 -

(car boxyrretm -Mlel-hexx etraZ e -(%-- th Izonkaemrr@act edst-o produce 3 -

- )e phalomrfm f‘F‘ ol dracmdfsmt 1y} 5 -
f)faﬁlzlgyl a%{ ﬁ;‘y gp%df & gﬁ%‘%‘f““?e xdél) “‘3&”“ 3%)@%- 4 - car f)oxyl ic

aci d. yiit 1o)methyl) methoxy SD-6 beﬁ'nE)ylanBﬁ:nZi)y aalmxmlerarﬁdo) - ;
Cld | reacted with 5 - nethyl - 1,3,4 -

car boxyvél ani ¢ | )
Oxadinsazmcgrb éﬁéﬁ%ﬁ&g}ﬁﬁd& d(tﬁl(oﬁreanﬁcg{e ¥ oghtgl % 3 OX?Sd' azol - 2 -

yl)t )rmi armno (s betﬁ&{r laRxae/ 2l §rami dG) - 3 -
cephem - cﬂrbexy&derbm ) b G az h!lzm 55 - carboxyhc adld.- - . Benzoyl anm no - 5 -

~car boxyval 7am((§ lamigo 4 (i’t@ i 'b"l"{:agg“\’?z hxourt -ed with I

benzyy - ﬁmoth etﬂyﬁ G g -8% ca onyl ?nt) ﬁenzo}d - IH -
tetrazol carbo valeral)id) BO -carbaxyh ¢acid. benzoyl - .amino - 5 -

car boxyval eiam(do) leoam ?ﬂfho walerggidoby| dnino - 5 -

car boxyvﬁ" ?Wﬂy 53¢ @l SIQ gtagzg (f’g ‘s " g 5Wl th thiourea to
obt aisn” 3 yhhibn ST bitiycarbamyt - Gbine 13 éx) ﬁﬁlefhﬂudo) 360 5 25

car boxyvab;ﬂlemm arboz@he a@ephem - 4 - carboxylic acid. Met hoxy -

7 - l(5 - % mlno - b5 -l. car'gox)('lvaleram;ldo) - -

t

Car boxy Srmmerip R oY R et st and ] RIS iyt - 4w -

t e'[ razol @ —ylthio)inbthgl) -7 0 (5 Ohttﬁdyéhrbéhylamé 5 - caftixjWleramidd) -Bl - t el azol- 5
cephem 4 carboxyhc ‘acid. o, 597 ;% -

1a yl)thi, t°xy ;;37_' 5L ﬁéﬂ&fﬁﬁgg& % e
carboxyv aﬂfoﬁ ﬁ , ‘te ITB ét aﬁéa{e Y td: Brepdrt -(?(1- Met hoxy -

7 - 35 ( arboxy Dyl aﬁ Ao tetrazol 5 -5 caylic)mathot)an do o(éphal o3porani ¢ aci d
i s react dutowyoarponylamipg hyj - carbaxyyaleramido) - 8 1yj cgplesy e carBoxylict hi ol to obtain 3
- (((5 - WEthyI - 1,3,4 - thiadiazol - 2 - 5-yl)thio)methyl) - 7 - nethoxy
- 7 - (5 - MEIKDWRCLAIM-IS5-- car boxyval er am do) 3 - ecephem- 4 -
car boxyl i ¢ -&cA grocgss-for premaexyphalosrmnv compound Bf the fombéﬂnzoyl amno - . 5 -
car boxyval er ani'do) cephal osporapic_acid-is reacted with 4, ~di hydro - 6 -
10 hydroxy - 4 - nethyl -- -/on - 1,24 - triazine - 3 - thiol to
obtajpn 3 - (((4,5 - 10 di hyaifotl- 61- .hy_dsroxy - 4 - methyl. - 548 oxo -
1,2,4 - triazin - 3 - yl)thi ?R? met hoXy -7 - (5 - benzoyl ami no
-5 - carboxyval eram do) - 3 - cep em- 4 - car boxyl ic acid. 7 - Met hoxy
- -7 - (5 - ‘benzaoyl am no 5.- 15 :
car boxyva&heremﬂ do)cephal osporani ¢ aci d and th| ourea are react ed to obtain 3
- 15 ani di Rdtkiomethyl 7 - -methoxy- ~ 7- - (5 - benzoyl ani no - 5-
car boxyval eram do)_ - 3Rt cephem - 4 - carboxylic acid. 7 - (5 -

But oxycar bonyl-am no- . ~car boxyvaloeran.l_go) 3- .car bam)yl oxymet hyl - 3 -
cephem - 4 - carboxylic acid is readt WlT\bthlourea 200 - to prepare3-
ami di not hi onet hyl - *(5- but 0xyc'§ oyl gdino - 5 - = 20

car boxyval er am do) 2 cephem- 4 - ca?b'oxyl ic acid. 7 = | (5- .

But oxycar bonyl am no- - carboxyvaleramdo) - 3 - car boam)yl oxyrret hyI -3

- cephém-. 4 - carboxylic acid is reaCt ed with 1. -
o — (rR®) - N
. ®, o 1, ora or -~ ~ <
e, alkyl, _/< _ ?(. o -C:_\_/Rs

===

45 'R‘ is hyd‘tbgen or methoxy; . G ' e 45



et Ayl

/I''-1 H- tetrazole - 5 - thiol to.obtain 3 - (((1 - nmethyl - | -\
tetrazol - 5 - 25 yI)th| o)rrethyl) - 7 - (5 - but oxycarbonyl - amn E \
- carboxyvaferanrdo) - 3 - 25 cephem =4-= car boxyl icaci-d 7“"“‘”('5‘“ '
But oxy¢ar bonylamino - 5 - carboxyval erani do) -- 3 - car banoyl oxymsthyl -3

- cephém - 4 - carboxylic acid and 5 - nethyl -

t hi-ot dre ted to prepare 3 - (((5 - nethyl - H!I'Il“m"!ﬂuﬂmﬂl 30
YLyt hivoyAet hyl) -7 - (5 - butoxycarbonyl anino - - oxyval er am do)

380 dethem - 4 - carboxylic acid L9703 (5 - - Butoxycarbonyl ani ng 44

_ boxyval er am ¢gthio)methyl) CRL h@ﬂi@w 07()((931 f%kdylanﬁﬂo $ epHEyvalerdmido) - (
\ are g

lic acid aadce he@n:an mu;bmgﬂ - tetrazole - 5 - thIO|
to prepare 3 - ﬁ °XY‘carHox f-’hyl Plyla"@ °r 13- -
€

. arbo eramldo)cepha 3 4 -

sl )mat hyl ) 5 hladl - 2 - thiol to mﬁs ys%% - th dlazol - 2 - 5

oxyval eran do) yl)mno)maﬁp em me oxy CAL (BOXYenkzdylantino .5 V\E%ox IS -
prjocess for prépaepheg adc poidi n co ound of th forrrul a 40

tein R3is 4 el la1é§lgndo)cephaloL§°f£"]‘° aid | d'r" ‘géﬁ xi?gxt loBta

I

3

C

d

Y

f

I3

1, 597, 0369 hydroxy - 4 - methyl - 5 - oxo - 1,2,4 - triazine 5(44)5 s 710
M- 7 - (5 - ldhygdroy aﬁmnhydfdiy-- Ga-rboetyylal er anexgdo 1-243--trtaaphem— 4 -
3| ic acid. 7 ybhthio)meth methox -1 -(5 - begzoylaming)ph, 7 gAfPOKHYAlgamido) - 5 .
val er ani do) c@pHEPEThe Q'E'h 'lc(? s reagg ed Wilh,5y1d®idyL- 153.4- 5
dzole - 2s5- tlbar® xybﬂelﬁbida)cap losg(o(n(rﬁ_c adi® ﬁWihwurell ade feacted ko athiazo! - 25
ﬂ)thl 0) met hy| pmidigothiamgthy -7 meth Jﬁw ql%xy ofp Ianbmoylammo - 5-

val er am dO) cargox_yvq,%%'ﬁtﬂggim ycarglﬁgﬁ a%boiyvagéﬁm%&“ Oxy. - |
(5 - benzeyﬂbﬁmﬁ&ymemﬁ 5 omyvahﬁﬁ 1d)i€ fdd ak£ acid
ted wtiRo4, S5te mepayerd- - arﬁxdmo methyh dV GXyS lihtexymbduylammoS— -5 oxo 20

triazine - Sa’b°’t5’ﬁ41??mld§) gg W\ °5’E¥"9 aci O di
t la; m
OXY; - 4 - met hy'carboa%oylo? gtgy?iyg—}: e‘gl Z élrbox ic” acﬁvfrﬁt éd”'éfitﬁW-) -7

gxy - 7 - (5 mettgnzoyl &éﬁaﬁﬂe-—SBthxo[laro Vv (€ T-aretiyD) 1H -3etrazelopshem - 4

axylic adbd 7 g?thlo)mml)go‘k (5. - butoxycarbonyl - amm(J5-_5 - cartm;yyglyyqnaﬁq)né 25
5- car boxyval @ﬁ;d c lenifts 1.0 ANd L RLAW:RZafdS) Leact ed to
Obt. B - 15 am deag A §' cgin?mami mbxyllc a :d-anﬁg -xﬁeﬁge?mgw am no

fcar boxyval er thiadizp Ie-- 23- thlobaf leacted todrepaceed L% yImethyhel,8l4 -Thiadigzbl -

But oxydar bonyl &% no2-- YQ‘NO)?E‘FHP \7&? 2 Wy eRsponylamino. - 3 A7asaRNASRYAR 1 -

- cephem- 4 - car b8§&5‘ el @Scfﬂg {)gg of N tehi 0U% 8RR Merantidd) PL €PAL € 3 ]
am di:nog hi omet hyl - cz?rbamégﬁoxynhm xycaar eaxm nNe -- darboxylic ad® and 1 -

car boxy‘val er anm do) (caeaoxqu miH -4tetrazoler 1 x ythiok aac§§t0d7m pregare 3 - (! -

But oxyclar bonyl ath nogﬁz ycarb M"%' er%ﬂ‘gg§ ?rﬁmsiéo) % Loxy;;ggx ] - & .

- cephem - 4 - carbgg I'S reac H- tetrazole
- 5 - E)%uol to obta|n3- - thyI -1 H- tetrazol - 5- 25
yI)thl methyl) - 7 - § rbo Ieramdo)
s Cephem - Aea%sa ﬁf&vaasﬁ!é“r’}m%s‘(%m oo PR IRt o -
car boxyival er am do) - 3- car banoyl oxynet h 3 - cephem- 4 - carboxylic
acid and 5 - nethyl - 1,3,4 - thladlazp thIO| are reacted to
prepare33- ((@8 - nethyl - 1,3,4 - th|a| zoI Qs 2 - yI)thlo)nethyI)4°
-7 - (5 - but oxycar bonylanmno - 5 - car Hoxy er am do) -3 - 30 cephem -

4 - car.gboxyl I c acid.

wherein

R%is .
/{‘ 0 /o——o
N o \‘
\Ni‘ TN
—-v9 R . AN
-C,'C, atkyl, — $/<' R -C\_/Rs

' 45 R' is hydrogen or methoxy: 45



7 - (5 - Butoxycarbonylamno - 5 - carboxyval eram do) - 3 -

car banoyl oxynethyl - 3 - cephem- 4 - carboxylic acid and 1 -
(carboxynethyl) - | H - tetrazole - 5 - thiol are reacted to prepare 3 -
(((1 - 35 (carboxynethyl) - IH- tetrazol - 5 - yl)thio)ynethyl) - 7 -
(5 - 35 but oxycarbonylam no - 5 - carboxyval eram do) - 3 - cephem- 4 -

carboxylic acid. WHAT WE CLAIM IS:- 1. A process for

cephal osporin conpound of the fornmul'a [err] wherein R 1§m1“mm‘m "IIHHIII
[err] is hydroglp or nethoxy
45 R2 i s pht+et-+r-eos ' -5
wherein L is hydrogen orR‘anthbe‘mld%rsu@m@é?@aﬂad@#lOﬁ'lﬂ@ ﬂbmlrhrl a [err] 5
R3 is: \y 0

5 (1) hydrogen, (2) [err] alkyl, (3)[ergf ch yl), (4)[err]

fluoroal kyl), to - (5) ¢ - CA. cyanoaN '

10 (6) [err] hydroxyal kyt, (7) p- nrtrobenzy ( ) tert-butoxy, (9)
2,2,2-trichl oroethoxy, 15 (10) a protecte am no- 4- car boxybut yl
radi cal of the fornula 15 0 [err] V\her‘é"i,n\{"'err] is a protected

anino group and RI2 "a&gemqamr%%&m% BbkY badichl doind i 4- car boxybut 1 ;

(12) 3-carbgxypropyl radi ca the ornul a

20 [err] in which each of a.and a' is indepen@ently hydrogen [err] aI kyl ,
C, -4 al koxy, hal ogen, hydrdxy, or [err] x{ge eilp, [err] is, as above,
protected afpi no; Z.is p or' S; and mis B (14) a radical of

the formula () ydrogen, _ 25 [err] wherein Pis
(a) 2-thienyl, (b)) 3-t hi{®ny~C,alkyB30 ~ (c) a phenyl group of the fornmula’
30 [err] in vvhr ch a and()aﬁfﬁ—dﬁie—@asch&mﬁalkyﬁd above; and wherein Qis (a)
hydr oxy, 0 () CC, oyanontiyl, o T - 35 35

(b) formyloxy, 46 (8 C—C: hydroxyalky, ~ . 1,597,036

46 (7) p-nitrobenzyloxy, . o .

(8) tert-butoxy, .
(9) 2,2,2-trichloroethoxy,
15 (10) a protected 4-amino-4-carboxybutyl radical of the formula 15

o
' I '
. Ruo—c—clzn—(cn,),—cnz—
AT

wherem Alisa protected amino group and R* is hydrogen or C,——C. alkyl
(11) 4-oxo-4-carboxybutyl;
(12) 3-carboxypropyl; . . : o
20 (13) a radical of the formula . 20

a
§.=./.'"‘Z’m*”=‘

in which each of a and a' is mdependently hydrogen, C,—C, alkyl, C, C4 alkoxy,
halogen, hydroxy, or A'CH,— wherein A‘ is, as above, protected aniino; Z is O or
S;andmisOorl;

25 '(14) a radical of the formula . - g 25

=P—(l:H—'
. Q

wherein P is '
t (a) 2-thienyl,

(b) 3-thienyl, or :

30 (c) a phenyl group. of the formula _ 30

L2

in whlch a and a' are as defined above; and
wherein Q is : . ' : :
(a) hydroxy, - ' -- 35
35 -.(b) formyloxy, . -



(c) acetoxy, (d) carboxy of the fornmula O wherein A2 is diphenyl nethyl,

p- ni trobenzyl, benzyl, 2,2,2-trichloroethyl, 5 tert-butyl, or
p- met. hoxybenzyl - 5 (e) alkali netal
oxysul fonyl, (f) a prot ected amno group, (g) an acyl ated ami no group of
the formula 0 -NFHFC- 1 J.U wherein T represents am no, :

(0 T 5 oo 505 3L it
| M no,

959 3g yl am no, rret hyI et hyl am n£)6, propyl ani no,
. . :ll Q.0 . S00D ala ll a aal alaVa¥a aa > R' |S
hydr ogen, (@aeﬁ‘dxyal Kk phenyl [err] i's hydrogen [err] al kyr
net hyl sul {Qregrboxyaefct {f é‘?fF‘]‘lal s et hyI ene, 20 ~ trinethyl Eré
Vi nyl ene; _ . 20 (15) a radrcal of t he
formul a N-OH _[_& Lpl_apherein P .is P as defined above,

protected 2 - anino - 4 - thiazol yl, or 2-furyl; (16)*& radi cal . of the
fornul a [err hwhen’éllsrdmhe ppté @mrg'o[w@pxl Joeamyl, 28, 24“"*[1@9?‘]’3" whergin X
reéresent albx t&w CN, or N3, and n 25 represents O,
1, or 2; ct@;; of theforrrula Y-CH2- in which Y is 2-thienyl,
3-thienyl (g)&n ai:ylatyd amﬁo@mpoifyhe fottatlhi azol yl, -1-tetrazol yl, N

1- benzotriazol yl, "2-oxazol yl t hi 2- thlazolylthlo 1,2, 3- triazol -5- yl thi o,
1,3,4-triazol -2-y| thio, 1 ,3,4- |hi adi azol - 2-yl thio, prote_cted 5- amino -
1,3,4 - thiadiazol - 2 - ybNHoeC-& nethyl - 1,3,4 - thiadiazol - 2 -
yIthro 1,2,4 - thiadiazol - 5 - ylthio, 3 - nethyl - 1,2,4 thradrazol
510 y| tWhetpin T represents amingyi 4,01 - 3 - ylthio, 1,3, 4 - oxadi azo?

ylthio, 5 - rrethyl - 1,8 4 - oxagiazol- - 2 - ylthio, | - methyl - 5 -
tetrazol yl thio, m_@yﬂdylt[@_g,_na4 cyano 1, 2, 3- trrazoI-I-yI 3 - cyano -
1,2,4 - triazol- 1 -yl 5 protected 2 - amno = 4 - thi azoI yl; each R4

i s i ndependently hyd;{bg,en [err] aI Kyl [err] al kenyl’, cycl ohexyl, or
phenyl ;. each [err] |§__1cug,f;@§§ajentl < rr] al kyl [err] .al koxy, hal o,
hydroxy, nitro, 10 cyano, .nmet &sul fonami do, or trifluoronethyl; and
10 [err] is a unit which with thed]gr] conprises an unsubstituted or
substituted, five or six-nenbered, he?eroaromatl c ring having a total of

froml to 4 hetero atons sel ected hﬂonrthe following 15  conbinations:

15 1 nitrogen and 0 or | oxygen.or sulfur, 2 nitrogens and 0 or | oxygen or
- suffur, 3 nitrogens, and 0 or | oxygen or 4 nitrogens, 20 - -alljother
ring at ons bei.ng canbo' ‘a uni ich with the .. 20 [err]
.conprises 2-benzoxa 6Iy| ~ar a ragiégumof t he Lornula mhrch process

coitpri ses reacting a ound of formil & ferr] wherein [err] and R2 are

as defined above, and Rans [err] al kyI [err] cycl oalkyl,

0

15 wherem R’ is. hydrogen or C,—Ca alkyl; R‘ is phenyl halophenyl furyl - 15
‘monomethylamino, dlmethylammo, monoethylammo, diethylamino, - :
methylethylamino, pro ylamino, dipropylamino, - dusopropylammo,
phenylammo, or diphenylamino; R® is| l1{drogen C,—C, alkyl, or phenyl;
R™ is hydrogen, —C, alkyl, or methylsulfonyl; and R' is et ylene,

20 ' trimethylene, or vmylene, ZQ o *
-(15) a radical of the formula .
N—OH ' (I'l) .
. . o '
P— — —OCH, or —OCCH,

wherein P’ is P as defined above, protected 2 - amino - 4 - thrazolyl or 2-furyl;
(16) a radical of the formula V—S(O),.—CH — wherein V represents —CF, or . -
25 —CH,—X wherein X represents hydrogen, rmethyl CF,, CN, or N3, and n 25
: represents 0, 1, or 2; or _
- (17Da radical of the formula Y—CH,— in which Y is 2-th1enyl 3-thienyl, 2- .
furyl, 2-oxazolyl, 2-thiazolyl, l-tetrazolyl 1-benzotriazolyl, 2-oxazolylthio, 2-
thiazolylthio, 1,2,3-triazol-5-ylthio, 1,3 4-tr|azol-2-ylth10, 1,3,4-thiadiazol-2-ylthio,



am no, nmono- or di ([err] alkyl) amno, [err] with a sul fur nucl eophile of
the formul a 48 1, 597, 036 48
[err] wherein [err] is as defined above, and [err] is hydrogen, or. when and.
only mhen'[err] is a nethyleneanlnlun1group, [err] conbi nes with [errL and

the S 'atomto forma thiourea; in an organic solvent under essentially
anhydrous conditions 5 - 2. A process of claiml|

rature is from[err] to [err] 5 3. A process of ¢l ai mummnmmmml
tenperature is f om[err] to 1200C 4. A prpsHs of any of cclaing 1s3 *

wherein the sol- | , o~
ket one, a carbe- Iic%@tmed 4 o8 xyl113d lﬁilaéslt'eﬂ 3lthia, gx meg;é‘ld' 1,34 -

hydrocarbon, agiitro ﬂiﬁtﬁbng’ il lf”fz's' Bﬁ i%sﬁbgpam’l adi 01-2- 1%135
process of claim4 V\/r‘gerqu ebhyl Der 500 \RidiazoB- ac.e mbtlﬂﬁahgl- 31

| etrhAolyRRibhane,
10 net hyl ene chosi de, py‘gd)dttpwomqyanol-legi -mazoio{ybthameanom i2det tn;mi heeti or 5
acid, isopropyl acet e am t hyl

process of claim4 whg ﬂ‘ Hsem 3F'\'/eeﬁ$;hydr nu(t;ér‘ﬁ %g}g%ﬁﬁ%%{l}&cl&ex t hy |
et hyl ketone, 1,1, 2- tr| ehﬂ omneﬁdaaﬁmdaidbm-ebpaml Dene callxy Catd) bydrdly, nitro,
tetrachl oride, 1Psopres Gllethaﬂqq!‘ﬂgqn F» eifluogeraqitiilicand  carbonate, et hyl enel0
15 carbonate, 2- mtropg%é’h%“mbr’ igh piip e for mate. 7. A process of claim5 -
wherein the solvent is ‘ni tronet hane. 8. A prec‘hss of claim5 wherein the
solvent is propionitrile: 9. A process of -cla~m5 wherein the sol vent is .
acetonitrile. 20 compl.ﬁl:s af uB§UBG RSP br fibfinfed N6 Bi-RehbRed AbéRBlomiatic
acetic aci d.” ring havihg alﬂntal/bfp‘rdncesta 4oﬁet¢rbaatdsms5sewaeﬂe'rdm tlkeefoﬂmbmgnt

is 1,2-dichl oroe‘lf’hane‘co ations ss of -any of . clains 1-11 for preparing als
conpound ‘of Fornul a | ﬁ'giﬁg @dﬁjﬁg"@f JJlﬁ;ul all wherein Ris [err]

al kyl [err] cycloal kyl, 3afitrogens, @hd 01 Q-oxyen,Cor el’r] al kyI) amno i s reacted
w th a conpound qf FormﬁlatrQEns, 11l 13. A process of claim12 for

preparing a conﬁ@und gl othes Tipg atoms bjing casban;or gl hich Wkh B8 nul a 11 wher ei n 20
Ris nethyl is reacted with a conpound of Foromla I}I. 14. A process of
claim 12 for preparing a conpound of For mul #*L_ wherein a 30 conpound of
Formula Il wherein R nd of 30 Formul a
[11. 15. A Rprocess oféoglﬁg ?%ﬁ"gf%@?’ik‘i%%%hﬁﬁgg%ﬂg a conpound of

Formula | wherein [err] is hydrogen and R2 is
wherein a conpound of ‘Formula |1 wherein
is reacted \Qﬁth a conpound 35 35
15 for preparing: 3.- am dinothi orret hyI
3 - cephem- 4 - carboxylic acid

t hi enyl ) acet ani do) cepWB‘FBgi?B?séﬁ?’Bp'EE’I 'ifa‘ftg‘g raé’ﬁé‘f’%'ﬂ‘d\ﬂ% the fPﬂ?‘B"ur ea. 17. A .
process of any of clains 1-14 for preparipng a conpound of Formula |- 40
wherein [err] is hydrogen, R2 is 2 - (2 .tJa’F*QnyI-)acet'am do and [err] is a
het er oar yl O,sgr oup wherein a.conpdtn f Fbrrmula 11 wherein [err] and 25°
R2 are as deflneg above is reacted with T Formtfa 111 wherein
[err] is a heteroaryl group. 18. A process of claim17 for preparing 3
-(((2 - nmethyl - IH- tetrazol - 5 - yl)thio thyl). -7 - (2 - (2 - -

t hi enyl ) acet am do) whereift RPIRIMR . #E‘r (2

- (2 - thienyl)acet ammim)ognga m%ﬁ%ﬂ%%ﬁj“g Rﬁggbt%’?ﬂ\# g’ifg) aﬁ(yl
methyl - IH- tetrazole - 5 - thiol. 19. pror.e&s of cIa|m17 for

preparing 3 - ((4,5 - dihydro - 6 -.'hy_Qr_oeg,;L/4 - hyl -5 - oxo - 1,2,4

- triazin -*3- yl)thiojmethyl)- 7 - (21- (2 \.thbj£ny )acetamdo) - 3 -
cephem 4 - carb xylic acid \A,here|n79°"g2- (2 - 50 :

t hi enyl )acet am do) cephal ospor ani ¢ aci d is. reacted with 4, 5 di hydro - 6 -

>0 _ . -c W—(@H

, (2 .- thienyl)acetam do
w and R2 are as defi ned above

T2 - (2 - thlenyl)acetamdo) -

0 o <E c""'{ .\/"'°s‘5a“" | | 30
with a sulfur nucleophile of the formula

lil. 16. Process of claim . -



hydroxy - 4 - nmethyl - 5 - oxo - 1,2,4 - triazi e - 3 - thiol 20. A process
of claim17 for preparing 3 - nethyl - 1,3,4 - oxadiazol - 2
-yl)thioynmethyl) - .7 - (2 - (2 - thienyl)aceta 3 - cephem- 4 -
carboxylic acid wherein 7 - (2 - (2 - thienyl)acetam do)c phal osporanic
acid is reacted with 55 5 - nmethyl - 1,3,4 - oxadiazole - 2 - thiol.

o o IR ovec vy 77727 (2% 2 24 enyl acetanm a0} - 3 -
hen"i - .% cérbbxy‘] llc‘aC|d1\§%3g| n.7 - (2- (2 -

5 I eyl - 1,3,4 -
t hi adl azol e - 2 - th| oI 60 R“—S——R“ZZ A process of m:l ai.m 175—f-ror

prepari ,Q | azal . 6 thio - (2 -
t hi enyl ﬁreﬁ}%ﬂ@a& unt g up, K andg% 1lsel;y genta &%ygjia‘?o é{bﬁ‘ﬁer ei n 7-(2- (2 -
t hi enylthiagred;ciniag o ﬁm pﬁ&e&ﬁts@nt y %Hy&roﬁﬁ&ﬁﬁliﬁ
2- rer capt r?ZQﬂeﬁ vg:srempth epeature fis fmmmti HMOAE. prepari ng 3- (((5 -
( N - meth J %ccgem y of clalms —3 v temp rahure 1sv£1:m 70°Cd:'gc]a2rozg '

1, 597, Oﬁgbhol an amide, an ether, a ketone, a cai xgh 302:1% iakﬁoﬁﬁic%&ﬁtstér - yl)thi 0) net hyl )

Z (Ehloge afed- hydfucerbyi, Jaaied aorishad,-a mtrile - carpoxyli c acid

V\/n ein Pﬂ;l dOfcl whereip thegolyentisp fg‘l??ecb%r <I19 tb#%ml c Oacid

r eact ed;':; i ;’c;’a‘t’: °“‘J’f¢)7, e '6'8?t 'ane; acgticacid, ispprappl 5,61 ¢ - 27 - t hi ol ,
5 2 procéss Wiekoki A is MIUGRBEzBB, thiopheke 3 - methyl - 1,24

adi metbyl cthyB ketgnphl o) 8 mftcmyh)ethane ciflorofofi, -hehzeenylc)woet anjdo) -3 -cephem
?g(cargﬁagggzaq °’a.gf,‘l¥“!m%‘?l§r Iﬁl‘j" sragns. jvrewlenet IFRRATALS, o e do;TilcsephaI ospor ani ¢
acid is'reg tteﬁ'd pg'n Mﬁeﬁi&khe 50 eﬁilémtroﬂé'tﬂﬂeazm e - 5- thiol. 25 A

process ofs mlmcasslar lepeii theGols gionitril@t hyl - 1,2,4 - thiadiazol -
% wl)ft)?ﬁs#b m elgthﬁ lQacztOPhlgl I) - acet amﬂo) - 3 -

cep em N . qergmé%i éisgﬁ ﬁdn?hloroﬁsz -

t hi enyl)aqem ramrla.mmorqm inhga 6ol Bk 1hul3l methyl - 1,2,4 -

t hi adi awlgiren acﬁnpoutldhpbl’ormm 11 yohaueip Bdis €, a;kyam— csfcmalkph eparing 3 -
((gpyri ?ﬁ“ﬂ‘?’ r moBo- or 91((.51-[—@3 5‘}‘)%%%!99 3 reacted w13tn § compogn °ftﬁ?F'E 91) aget ani d O) . 3

- Cephem’-1344 prdcads P ¥hinf 1296+ SreMiAE & ¢BmPound GP Formbh® I wherdirfa - |
t hi enyl ﬁ:atmﬂiﬂ)rmahhilv&sphr Rris emethyL iscreactel wﬁlea(bbﬁﬁbundllof h 2- : 15

nmer capt la rocess of clai paring 3 - (((4 -
phegy! g 35" ot pom L e ot ,,,7‘;2?2@25 ?gﬁﬁ;uﬁ fipyaceram co) -
I

- cephemmu 1L carrglox iC ac wher er-n

- thienyl)adétapratesob aif clsipwrlafii4 foraptépdringa, ctmambn;dof\/ﬁOtmulﬂD e 4 = phenyl -

2 - thi I%Bh dydrogen and R?182 - (2 - thienyl)acetamido wherein a compound _ 20 28. A
oo A D g R dfinsd sy rscieg 8 A SRRRRTR, )35 114
t et razol -165Process pf Jslaxm) Mhpie]:anng?.’s - %ﬁmothlometﬂyl emyl% @Qag¢etamdo) - 3 -

c .ac hergip 7.- (2 - (2 -

phem thlenyl)acﬁm -C
hr ey g @rﬁmﬁﬂé o &g;:h&dofw.nm; (car boxymet hy! )
- - M&mn sehydr e, K2 D ienyl cetaml ’piEQ(heﬁzﬁ)a amP of cl ai s
1- 14 f ogroyy nm mpoo ndpfdiendula Il whergi 'aanHR’Ztiaahé“medaboperr] i s hydrogen

~and R2 ‘Fseagted iy o orom“’l v éf‘rﬁ_ etr‘r%’f‘ﬁ’ a conpound of.
For rul ay,;tﬁwmg,& & 165 ﬁ’éﬁ % O\égrbb,g,hg eacted with a
c oApoungtido¥helreisi rlrul(:a p. lthleaﬂ)acé\a:ﬁrde)cqﬂﬁloﬁﬁoranicaacm iz Beatted wpi epafd ng a conmpound

of For mut ethYl/\héHelt{nfl J(’){? Sthiol. as d féned n clai m 30 and
[err] |ns1 P@F‘E@‘iﬁ rl gi Aotel 8% thimul a:l1 wherein
[err] lﬁEé midb)e- gs l'&a&h iéNa ré.@a;CIezd th a_conpoénd of
Forul athiehyl)avd‘talmldo)lc?halo#pet rcoan | i hiegted smn s prdmm@ -cl af®n 30 for

- 1,24 3“ ine ‘t:h -a%(y yl)thl o)rrethyl) - 7

r epar i Wgr 4
Preper ﬁ"ﬁémﬁéﬁya%ﬁ'm‘ Rl IS T el

id

car boxydci El‘- @ Nthi enyl)aﬁ:&amld Ephalokpor: a’n is rehcted with
yl fécet%tmmsth hA4 gwg{?zgre le,fplamg%ls‘,?er ct q th s - methyl - 1,3,4 -
th| adi azolj ﬁ? . E’ 33) preparing 3-
(((1, 3, éhc#wl?egéxﬁ‘*yiz 02 - thi nyl)a‘é )FoEbbk- ic aci 1sr H-- tetrazol - |
¥?) ackt &ggﬂdb) 1,343 thu}d:qo - thiol- car boxy I((%b amth wlherzel N7 (2 - ( H-
enzoithiazol - -
te az O)lfl)th1o){methy%tp’;'at8I anr t enﬁfgggag%g; ?chgphem 4 - carboxylic '

acid wherein 7 - (2 - (2 - thienyl)acetamido)cephalosporanic acid is reacted with
2-mercaptobenzothiazole.
23. A process of claim 17 for preparing 3 - (5 - (N - methylacetamldo) -



40 acid is reacted with 1,3,4 - thiadiazole - 2 - thiol.

40 33. A process of claim30 for preparing 3 - (((I - nmethyl - IH-
tetrazol -5 - yl)thioynethyl) - 7 - (2 - (I H- tetrazol - | -
yl)acetanmido) - 3 - cephem- 4 - carbexync “aci-d. wherein 7 - (2 - 1H-
tetrazol - 1 - yl)acetani do)cephal osporanic acid is reacted with I “t"hyl

- IH- tetrazole - 5 - thiol. 45 ' + 34. A process
preparing 3 - (((oxazol -2 - yl)thid)nethyl) -7 - ,(, Ilﬂ m—m,
| - yl)acetam dgg - 3 - cephem - 4 - car boxyggrygg,@m d whereq nw/ #

tetrazol - 1 - \auCLamuu &t ua
oxazol et hi ol . 35 A pr ég‘}a‘é?%anfc i"g andlA h‘g ‘E'B,Q?‘ieiﬂ‘ ‘g")c(@mound
of Formul a | 5Q/ . n@l)ﬁk:e[tﬂﬁfdl))deﬁh oPGRE - @kl lreeac?ed- Wiyl oxy (N 2 -
phenyl acet am do wher emeth)dacetaﬁmiot)e ﬂtihadfazdrc)r ﬁultbjol.x wher eikn [err

[err] are as defi’ned abci Fsaaf:,?l i{?‘lﬁr 'E% dg'bd‘[‘ {\f {f §6 A
process of claim35. fﬂdy el,‘g i'l)a::eél phﬁok a‘m |§-?¢Q tedw
yl)thio)nmethyl) - 7 ethyhy rzoxyoxadl o}e ace am do) - - cephem -

- 55 car boxy|g)| c aCI dZS Wclalm (((SZmE,ftlhyl - l 24 tEE?IMOI -
phenyl acet ami do) epha ‘iﬁ 'E sﬁ;ﬁﬁ H -
tetrazole - 5 - thi olre ég{n?qfu laa, &Jasrr&h th?lo rep?glrdll%g a
conpound of *Fornul a | V\kﬂsr@pmcfsepfqalmsﬂfo]d apmm -2 --yl)ﬂm) 2
- phenyl acet ani dg whe e(zn @ d‘ H’“?;‘Fe Iﬁ@lo oramc P‘@‘i‘lﬁa‘q;%&ﬁlﬁrel (?32 are
as defined above™is r @,@; gmigg)cepha compoting %61 For il

60 38. A process of cl aiamn f-dnésspcrfeﬂﬁml m‘gfa- re(n( ng 3- r((elt hyﬂhenylthhkol -2-

tetrazol - 5 - vyl thlﬂ -7- - )ﬂﬂ?ﬂ 2 cephg me@/raeré)a do

- 3 - cephem - y 2 Sa% n& ‘le“y%‘i‘étf“@ dﬂ)ce a.l?sporamc(azldn reagte oxi/ .

- 2 - phenyl acet am do Re ﬁ&smraamcn RE b Earﬁxgraeaqued(cmbkymethyn -nmt by! -

1H 65 tetrazol e -tetrazol t hi- ol)thlo)methyl) ~(2 - (2 - thienyl)acetamido) - 3 - cephem -4 -

65 1,597, 036 carboxyllc acid wherein 7 - t l) -2 - thlenyl)acetalg%g/) a %pﬁ]iaaye é'§§1 i%f :
al me -

claim 37 for pr eﬁar' nl& “;'3’2 m@(‘(fc@g?ﬁ yyo'fc 1ms lﬁll)ttfg}'ﬁﬂiﬁ poun?d of Fofmula1 25

-fornyloxy - 2 - phenyheaaeinam = tefrazol ¢ &r-N)ac¢tamidoactietkin a ,

wherein 7 -(2 - forny lmdtﬁ'-FO Im@mméﬁgpmﬁfmmhomﬁvawwm%

eacted with 2 oxard CEKP%* ’“3“%“:% B OPERofs Rl LU IR 14
for preparing a SDNPOMAGeEh SRl o m9309 T Sk by broupWiRErél & BoraoRind €7 T 130
is formam do wher ei.n of EomplauhsheakinFRr and| R dré am/defmed iin lemr}9 mrwhc{edrwqh are

as defined gbove, is ¢ t‘ fifformul IH hﬂhbtg[?“@f 'ra N nipRrCess
of any of ¢lains 1- 142f§ )‘mo‘;\é ATk cihadigerein
[err] is hydrogeds andca[rmfxyllcabiamenetnam lmete&hiblalc nmum anmpmhmc Il 35
10 wherein [err] and f@lts]reaam! with 5delif1

olF a co ound _ |
of Formula I11. ARk "iﬁfssa‘;g Ehgé%”?&a‘ i) ;Zchi 2n'p '
conpound of Forrml a | agétﬁﬁlfcl et 7 adeﬁmi’dnm 1am do

wherein a conpoufd ofadiibismdcadlwnthvm eﬂuindli'zoland thiol. are as_defi. ned ‘above 40

is reacted with a co ocg_salof clai pqgliﬁq]g{ pp(.)u}g (%allc- methyl - 1H - tetraezol -5 -

15. 43: A process of g?m theﬁ nSP te'trafc{l-"'?'l -m do)cegh% oramc

t hi adi azol - 2 | )t ri‘aichyl ith-1 7methi -3 - cephem- 4
- carboxylic aci® whey e|344 A’Pm Oﬁclthé gt l)ac'l d i s 45

2 h
reacted with S net hy@ (M traztor' %2 | ng 1d'o Zﬁgﬁ% 1s r‘e:a?:tledwwfﬂen

process of any of cl ag 1&11114 or prep
wherein [err] "is_net howaaAqbn{mrofanysafalagnhd Mar 1mmpm¢nfd’oumdpbund

f. Formulasll whbrei¥ 10
gcorrg{:nrjrﬁdaof Formrjlei';\cﬂ'?g@u‘%séw ('E% '§“‘ a&% %'f 7 ?g%“ﬂmf” e

preparing a conpound of 360A frdcess bf d&im 35\frpreparing? - (@ -myethyDg¢H -aerchzbl2- §is

2- phenoxyacet am do V\hys!)th;ogl ybo ﬂhg OXy 2‘? atamid FﬁiFQPh IEr;g - and.55
[err] are as def?fhed g@gﬁz o d A Wg{i "{Seq F‘Uf" halgspqra

" 37. A process of any of claims 1—14 for prepanng a compound of Formula I

wherein R is hydrogen and R2 is 2 - formyloxy - 2 - phenylacetamido wherein a

compound of Formula II wherein R' and R? are as defined above is reacted with a
60 compound of Formula III, 60

38. A process of claim 37 for preparmg 3 -1 - methyl - 1H - tetrazol -5 -

yDthio)methyl) - 7 - (2 - formyloxy - 2 - phenylacetamido) - 3 - cephem - 4 -

carboxylic acid wherein . 7 - (2 - formyloxy - 2 -

' phenylacetamido)cephalosporanic acid . is reacted with 1 - methyl - 1H -
65 tetrazole - 5 - thiol. _ . _ 65




46. A process of any of clains. -14 for preparing a conpound of Fornula I
wherein [err] is hydrogen and [err] is 2-- (protected amno) - 2 -

phenyl acet am do.. vvherer n a conpound Fornmula Il wherein [err] and R2 are as
defined above is™ 30 reacted with a conmpound of Fornula IIl.. 47.7 A"

pr ocess of clarml 14 for preparing 3 - (((1 - nethyl - nethyl-1H -

~letr ymethyl) - 7 - (N ((1,3 - dinmethyl -
3 H “I “’“ﬂ l | phenyl glycylatm do). - 3 - cephem- 4 - car boxylic
! L 3 so78%

di rret hyI urei do) car bonyl ) 30 2 -

_ v dey—sebhal-esPoera - met hyl -
| H - tet ra320$ Bl'ocess aclanm B? for pw&rmé\ ?ﬁg«mem éf- ybmhlyp)mhsd) a‘l s |- 14’“~f or

pE ipc_’:lr Igihf?%{% %heﬁ.}('ﬁac amrdsh 0s ?rﬁr)’}f 51%?1 2 res%gP 71" and [g_gr] i s 2 .

arbonyl am o)’ (p-
hy @r pxyphernyA);ames%amxda)fwhmrsar—mmr _parm mdiaffFoﬁmrlaml a 5 I V\,herer n

[err] & LOERRAD anriidn, wheirejn g sempaugd mglall 40 conpound of
For mul weF mﬁ?g"‘g’; BF 8t q)fq’%‘f' & A ‘1"8?"?5’?‘5’]8&'} °§"ulf((1 - methyl - IH
- tetraZO|41 FA roceédb)irbldp):ﬁﬁishw-l)lforpﬂ%annge(&mpou:{d&l:ormulihy| - 2,3 - dioxo
- 101 - whepsin R) l)ogardndrﬂfllamemda rein 4 pomipduy dipb plhleriyl ) 4@et ani do) -3 -
: ce hem""he!l‘S“R a“ﬂ ahess F‘}*ﬂ”" reac%‘@r*m?mvwg’ pyl 2,3 - dioxo -
- ﬁﬁ‘%‘gﬁ‘?gﬁ lg 4 G egggl oa\:l? in :dc%mp(gl?rll d of ”

h d oxy@%ﬂ A mararceﬁ\ﬁ&lﬁxdthh | - nethyl -
1 H5- t eRarmal|I8. - 5- thi oI 50 A process of any of . cl aips 1134 for p

eparin a PALL 5 M. T and [err] is 2 -
(IH - %@gﬁﬂ [fzngdcfﬁﬁsélgcetaﬁ [ '%@%E}gls gr@iti%%‘%g%&d nd of Formula Il

wherer R,rlr-laandﬂ{xﬁtdz dle ar2 -aihi efr ned- above |s react ed- vvrth a 50

cotbound d# lF@rqwﬁs f qay]of cl Slﬁrl fias i of|Fgr -18% or preparing
a corrp &fg}( &\0% ﬁ:’t lral ---t‘fﬂl‘ éz 'm opup wherein a c
rrpound rmu erer A Ig er.r 5 err are as defr ned in any of
cI ar rrs drs A Prokdss iobanyed cleion lwlﬂlﬁorammnmrmhmﬁnrﬁfif Formrﬂ@! mul % 11 wherein
g o ‘R? is 2-phenoxya¢etamido wherein a compound F}.;, A process of
cI ar m %ﬁ%ﬁwﬁ? ﬁn a caéerrggfrfriuf e aPOVIE(ﬁs reaﬁted vflthv% gound err] is. IIOH -
t et razol -465Aprd,¢bss\ahafyeifalamsd camploand dfﬁni'mulel n R [err] and
d; nag'@elryrdmarm 8 1otr= Q)erd2wg aido azo%e] 5-thiol. 53.
A% oce ﬁ“h aa“ £ A8 SR PRSI | Bherein [err]

S

80, 14tf&t rapmh 3 - (I - pibthyhaER Rerazor onpound of, Formul a
_| | vvherfer- nyl)thxo)iﬁbtﬂ?l) - ‘Ier r?ﬂ Per rdl{wehy ‘g‘?ﬁgﬂﬂcg’lm&mﬂ kl-ar m 51 i's reacted
Wi P cart y 4. A pr ocess of

o 3 SR ) S TRET WPl o £, 4 0

( Cal’ boxy me8NX Iprocess lof Hly-of't:mm’saz-clh for 1ﬁepariy§ a qu!’oenmofa“ouo bund of Formula Il
" wherein R is hydrogen and ‘Rz is 2 - (4 9. -~ dioxo--

51@’”%%%@?3 %ﬂghg:@f rﬂ‘aﬂtﬁﬁhyﬁ@“ - ll'ﬁ%e%e, 1s_ a&ﬁ ﬁ_’; | Syg€acted with 1

Bormul etrazo g -5~ . A-process -of claimb51
: for prepar49 peocess whclaimdt8 6ér pFeparing - ((lwr'mtharlnl[rlertp azpk - i 3,4 - thiadiazol -

| hip hd dR Fofhi asthyl ﬁw
deﬁ; ne\c/i%g%? ggﬂ?dhpou ,?‘eg(;t@g 1(1'4}!'1;._;(};%}%;1 - a&a?a%fge'? eng 55 t hi OFZ arSeSZ.S

O

A prOC6§i§er ﬁﬁun‘opr: 2pr(ﬁpaiydnagy'_\'e@ﬁmmmﬁb)abhﬂmpmma | wherein R13 is

5 is reacg?—dav AcH HE o|tetrazole - th ere und of Forrmula Il

vvherer nwﬁ'g . ?ﬁj} & A5 ‘_?"e- ll %la"g, W‘Egct ed with 5 -

B@ | co&o d40f'Fo lg vﬂﬁﬂ rﬂ{"an R? afelak @dfine ovc is reacted EEhaA ps@cess zof claim

ﬁmqgm! ofgfcnmnhrmound of Formula I wherer n, . err " 10 is tri-azol yl

V\/ner fginescl—+1d fi ?@PP& I%{w erem R&re as defined in

clai m sr“zf%maﬁ@ﬁrﬁ o e R S oo

pr g@par i peknmiaCIPIMpiRréd aaylgrduh,er ern R13 |s 4 _- |hydr59 - 6

- hydroxy-s: H‘i‘:}d}ws oﬁclﬂmlfor%xe%a&nga pazddrbffoﬁnma Iheidin R wherein a

conpount 1Hf - tewazolit 8 - I whelsid € commgdund ol Foimtlulp. 8rwheredn B, R ‘gmdeBFr ned in claimb51

15 i s rera@s defingfl imclaimsSL. is srapipdiwigh 1Hgretrazglochrthiol, - 4 - pethyl - .5 - oxo -
1, % 4 - 53. A process of claim 51 for preparing a compournd of Formula I wherein-R"™. e
0 is 1 - methyl - 1H - tetrazol - 5. -yl wherein’ acompound of Formula II ' wherein 60 .
R, R''and' R? are as defined in-claim 51 is reacted with 1 - methyl i lH - '
tetrazole -5 - thiol. :
54. A process of claim 51 for preparmg a compound of Formula I wherem R“
is 1 - (carboxymethyl) - 1H - tetrazol -5 - yl wherein a compound of Formula IT



triazine - 3 - thiol. 59. A process of claim51 for preparing a conpound of
Formula | wherein R13 is tetrazolo[1,5-b]pyridazin - 6 - yl wherein a

conpound Qf Formula ||l wherein R 20 [err] and R? are as defined.in_——_. ..

spyridazine - 20 6 - thiol. 60.

claim51 is reacted with tetrazol of 15 :
(((oxazol - 2 - yl)thio)nmethyl) -7

A process of claim17 for preparing 3 -.

- (2 - (2 - t hi enyl ) acet am do) - 3 - cephem.- 4 - in 7

- (2 - (2 - thienyl)acetan do)cephalosporanic acid is -/
2- oxazol et hi ol . 25 61 A process o{sﬁlog&m37 for p‘rerjarl ng> $3 ¢ ('((gl" ,
]: (Ca:' bOXyn’Ech)'ﬂ—}h ”ll'§§ ;[ﬁ? Fq;;i'aZunz- arg: gﬂlndl-ll“m_UCIalv;;l-ngbﬁ)){%cFee wgklld -
ornyl oxy - - p eny c

wherein 7 - (2 g PR Sohrcss oftait r%’mflp SimTH R eRRAEERRT Wb RiACh d | S
reacted with I - car b.@x,y,matt ydiazol -1H- yl Wlefdirﬁiﬂin&sounrﬁm?{"ofdmli)ll whéfdin R, R? and 62.

A process of anysof cRagr S!!efmdf amﬁ Blltb OlfFoﬁ Iﬂal ,30°5
wherein [err] is hydroge 'i fel n

a conpound. of For mul awﬂekel eunan el larcﬁmasn M&hyls- “ipact ed
with a conpound %f FdahudiazpldBJr %Q;;ﬁe‘lﬂalé\ E‘o?nge;%Of ccI a| m 32 gmo]L prep alrnl_l{I1 -
(((1 - methyl -

trifluoronethyl - thl:f’q%az%pl ot é’ﬂ.ﬁﬁg "“ Sﬂgrﬂ'gﬂ r%‘&&/ﬂe@gggnad
wherein 7 - (2 - trlfl ucs gskbﬁulmsefoameﬁa') Q&bﬁbﬁ&ﬂ@f&?hﬂla&@ﬂhdrein&{“

reacted with 1 - [4,5- drOt- -4 Sme 'm I- oxg 4.1 lt inss3 ofyl a
of claims 1-14 £13r ’—%‘If e‘?aﬁ‘;,%° %3 xﬁ%’fl‘ég‘gﬁ%ﬁ %‘F F?mﬁg 1 ﬁlr oge|‘|5
and R2 is 2- cyanorret h;ﬁhil OfC el do ereln ound o I'—lbl’m.ll a

Il wherein [err] and RZSanEpwsesdeﬁqlmdl ﬁdn? anr&arcempdnmdoﬁ\FdrhuhIm&emdtfpound-

h -
L oI e B R o R T Fg’ T oAb eetR D] 20
3 - CemhﬁmI - h4 - car b%)c<r§M :&eesdoﬂumﬂmasr ﬂrep;urglg3 4(((oxagl l2 yl)thlo)me:hyf;) G (72 -
C X tde\d‘l -
%?EO:TEE {Ht _ ! ;)aCf:;;l t )ac ?}L ;lgspg%jnc ac1 is reaagted al% o CESS
y ©3s claim 37 for n %EU ﬁ. thyl) -1
of ahy of ol ai L. Lachissi pse%fmd)ﬁemywovn B ool e byl ﬁ{néé 1eir]
is methoxy and R2 is hmmr:rtet | térboxytiet ddowlwhanelm- bep “Bornul a
Il wherein [err] and gegz !éqcea Phal?éQmeﬁd 1sseac@a@tﬂéd W#Wxﬂnﬁb\ﬂpd%d of
Formula 1114 50 39 o?t:lalﬁ'lsQ— pt‘éﬁﬁnr&r a ﬁgb&lﬂ ongrn(u(lzii

methyl - 1H- tetraz Oilheren’ﬁ R 1s RPES Dyfifluorontethylthididefiido- wherein

cyanonet hyl t\hl oacet amggggu @Fot mremzn'and gaqrbgg@eﬁpq;l abamndream@m 7

- methoxy - 7 - (Z 1 469 % Sheilo) SRRNBATP TR irsd &l
reacted with | -3srret hykhiom 1 mf" P %eg“% e - ceph 35
process of any of cl axarhpxﬂmlaﬂudf wher n épaf 2 n ltlmhc mﬁo)‘cap}lg.bsﬂorarﬁd’)
wherein [err] is hydr® ﬁ eth thl°1 | ,
ani nomet hyl phenyl )acq;lﬁ, pf/ﬁﬁ%sﬁ)%i ﬁ' @ §fr j{;&ﬂﬁ&f&%ﬁ and -
R2 are as defi nef aboaoﬁnpbumdroea cifl meﬁmnw eﬁlr'sar eds reddted

process of claim1- 14=0me0¥ rmlﬂ 1136‘-” H - tetrazcgl - 60
5yt y) SRS §m it @z%ﬂf@ 2 s -
cephem - - car )21 Cﬁcxd%bﬂm hﬂ%meth Ithioacetamido)ceh@lo ra:mc e%nd (2

- thienyl )acet arﬂ5do) oerﬂaabd)ypbﬂannahsacuﬂ +etramlaac{ gdthiolth | - nethyl - | H 45
tetrazole - S - thio wher H°°e§£ ngcla’ "'Pa:g:% égmpmmsni‘fc '“%ﬁf;%" ng
3 - ((Cr - (2 - 65 ofFo grﬁ éim(??leﬁnéd ove1 haco pound

yl )t hi o) net hyl) -of (fdrmul{ AL.- am no -

52 4 - thiagol yl3 acet rocegs of §&for preparing 3cre(((b HEi- tetrapdr-din 7 50
(2 - (2 - afn no - 4 T‘;%ME Y%F)ég%’f(ﬂogcf b ﬁnggK;bﬁgtﬁ’ "'6““?' °)re(éc*t ed o
g |

with | (210- (2 - IhgIRiSHR¢tRinidg)cpphralobgdranid RidIiFré &tk with metﬁ)}l“ A
process of &ny o; cI aemoli B2- thiol.14 f preparing a corrpound
8. A process of any of clalms 1—14 for preparing a compound of Formula I 55

: wherem R'ishydrogen and R*is 2 - (o - protected aminomethylphenyl)acetamido
wherein a compound of Formula II wherein R' and R? are as defined above is

‘reacted with a compound of Formula III.” .
69. A process of c1a1m 1—I14 for preparing 3 - ((1 - methyl - lH tetrazol -

60 5 - yDthio)methyl) - 7 - (2 - ureido -2 - (2 - thienyl)acetamido) - 3 - cephem - 60
4 - carboxylic ac1d wherein 7 - (2 - ureido - 2'- (2 -
tluenyl)acetamldo)cephalosporamc acid is reacted with 1 - methyl - 1H -
tetrazole - 5 - thiol.

70. A process of claim - 1—14 for eparing 3 - (((1 - (2-

- 65 (dimethylamino)ethyl) - 1H - tetrazol - 5. - yl)thlo)met yl) -7 -2 -(2 - amino - 65



5 Formula | wherein a conpound of Fornmula Il wherein Ris amno is
reacted with a 5 conpound of Formula Ill.. 72. A conpound of Fornula

I as__dej_Ln&d inany of clains | and 12-71 whenever prepared by the pyocess
"1-71_-73. A process as clained in. claim| substanti:ally

3 herei nbefore descrl bed 10 W|th partlcul ar reference to any. one of
@ Etiﬂ'l!ﬂﬂlmnumuum LR 10 74. A conpound of Fornula |

Whiene he’ process clal med in clal m73 K. W H. MVEY,

@hartered Pateflt Agent Erllggqggg Manor, - . \Wndl éshany. Surrey,

: —at ionery
K shed b;y"il'he Pat ent

T—for—t; | Pt AL -.
4 - a a .
ot cod % ?r T Rt ;g:ﬁﬁ:saa” m%
O‘flced, oigs,s L WC2 romvvhlch‘Qp'ples may be
obt ai ned. 71. A process of any of claims 1-~12 or 14 for preparing a compound of .
5 Formula I wherein a compound of Formula II wherem R is amino is reacted with a -5
' compound of Formula HI.
72. A compound -of Formula Ias defined in any ‘of claims 1 and 122-71
whenever prepared by the process of any of clgims 1—71.
73. A process ‘as claimed in claim 1 substantially as herembefore descnbed o
10 = with particular reference to-any.one of the Examples. - . 10
74. A compound of Formula I whenever ptepared by the process clalmed in

cla|m73 . _ : -

. K.W.H McVEY
-Chartered Patent Agent
. Erl Wood Manaor,
Wmdlesham, :
: - Surrey, :
‘England. . _
Agent for the Applicants S

Pnnted for Her Majesty’s Stationery Office, by the Courier Press, Leammgton Spa. l98|
Publlshed by The Patent Office, 25 Southampton Buildings, London. WC2A 1AY, from
wluch coples may be ot tamed _ o

'1_!"!’/’- .
e



