(54) NEW CEPHALOSPORI NS USEFUL AS | NTERVEDI ATES I N MAKI NG

CEPHALEXI N AND | MPROVED PROCESS FOR THE
W@ COVPANY, a
rporation organi sed under the |aws of the State of I'ndiana; - » — .
United States of Anerica, of 307 East McCarty Street, Cty of \
| ndi anapolis, State of Indiana, United States of Anerica, do hereby are
the in- vention, for which we pray that a patent may be grant to
us, and the net per f or.ned R)
particularly dem%&'f aﬂ%mm%&é&st at e- 115 1 297 6:33
Thi s i nvention’ concerns new cephal o or| n corrpounds and their preparation,
useful a@ﬁl nt er nedi at es | BE@ aI exin FEN)
(3- et hy » Agglicatign Do, a1 March, 19701 ) gserr] oxyl i c
aci d), ) Oy op PB%@%S?S&M h@%fﬂfdﬂg

10 - e 33) UpgediSpes ol fngcich @Sbvered that the use of th
ester ofwm ﬁ’éhpewlmmlﬁmmwwmné@i n the synthesy §
rtai n @®wiih interpationabElassifiestionsG0BB 98244 99/22 conpoundy
e}rénm omd 0£52} Frdexns pecemmdneg G2As UIRAXIGIB 16¥CI7EAt2ENg under a
conditions, followed by side chain cleavage and acyl ati on W
phenylglycine where 15 necessary, and renoval of the p- nltrobenzyl
group and si de chgjmgggpmmm N§ USESUL AS mmmm%mssul ts in
I ncreased yi el ds bility of the
I nternmedi ates. The p-nitr N%%@rmfm BEXINonfers on the several

| ntermedi ate g w@ﬁ&dﬂﬁgﬁa&mmgah%sls&% iﬁé‘ﬁ%%ﬁ’g% thus

enhanci ng i soj, 7§ Ulrhekida, of 307 East M n add| tion,
this ester grlnui@napaxs,smtbloemdnnadhﬁtccsm aft Amezicay rid cheretsyadztlgre

products_ari sen 'ﬂ‘§l bg rgragted| o methodbie st eps due
to partial Z‘g"“ i s t° be ﬁg"'ggggmg g‘g‘g’cﬂf d%’\‘/&’}dgggdr}ﬂg’wﬁgﬁ?%eobe
group to yiel Cﬁﬂhﬁb@mnnodn&nﬁaaﬁhdephampm comp&dd B thsm%pmuan,eductlon in

aci di ¢ nedi a, usefulc hsc furermetiates] in eaking oweplhlesn (GtmatolT-@datinoodphenylacet- and [err]
i soneri z%t i org r@fﬁ’heﬂ""carb“ﬂm aﬁd):Wﬂea“p'W@ul’f&F‘lsf" the jsgciesiy, byt OH .
pr ovi des’a E’agvb' ertShithe 19 of R AmtrobenzyS¥ BES b&ictfa CEP 81 exin,
conmpounds havdu@&)m&yeh i of cephalexin and - certain ngi dl:tg;trwdlate ﬁl&;lﬁs’ggarm S
err Co: qTring ¢xpanky ofo)g penaﬂhd%u[f hegtin adidig S
[- ] ' comons, followed by side dxaylx?x cleavage and acylation w]nth phenylglycine where
15 . necessary, and removal of the p-nitrobenzyl group and side chain amino protecting 15

group results in increased yields and greater ease of handling and processability of the
intermediates. The p-nitrobenzyl ester function' confers on the several intermediate
. products a strong tendency to crystallize, thus enhancing isolation ease, product purity,
and yields. In addition, this ester group is stable to acid so that no undesirable side
20 products arise during the ring expansion or side chain cleavage steps due to partial 20
) de-esterification. Removal of the p-nitrobenzyl group to yield cephalexin js.readily -
accomplished by reduction in acidic medla, a clean, mild reaction free of degradation
and A% isomerization hazards.. ..
. More particularly; this . invention provxdes as novel compounds, meﬁul in the
25 synthes1s of cephalexm, compounds having the formula . , _ 25

r'*( )
MO%

A : |
whereinYis-hydrog’enorR—é—inWhichRisa__ o



2

2 [err] hydr ogen p-tol uene
sul f onat e. Al'l of the novel-conmpounds of the invention are
p-nitrobenzyl esters of cephalo- Sporin compoundsand—are usefrut—
internediates in the preparation of cephalexin from penicillins.
The p-nitrobenzyl ester group confers uni que properties on these corn-
15 . pounds, including a tendency to crystallize, is stable under the
condi ti ons,encount er ed in thgzﬁrggess but Ls_easily renmovgd by

hydr ogenat+en—er—ehem-ecal—reduct+ -
These esters are the ester of 7- an1nodesacetoxycephalosporln|c aC|d and

t hose esters obtai ned fron1rfﬂ %ﬁqﬁenent ‘of the corresponding.

esters of the sulfoxides of 20. eni it in G- pen|C|II|n 'V, and (L.
ampicillin- when a .side-chain an1no ‘group 1S present, 20. it may be
protected by the enam ne obtained by reactlon Wkt h nethyl'acetoacetate

the t- butyloxycarbonyl grOup; or tpe:x-nitr.aobenzyl-oxycarbonyl ‘group-

addition,” - - this am no group YRy ”bresent ‘as - t:he p- toluenesulfonlc
acid salt or the .free amine. .+ Thi's inventi-on al so provides a \~
process for the gynthesis of a cephalosporln from 25 a penicillin
sul foxi de ester, which conprises healjng.a pen|C|II|n sul f oxi de ester
having 25 ~the formul a- ¢ Qak_.;mvf - [err]

5 ._ " inwhich 5

: hydrogen p-toluene suﬂ‘onate
. All of the novel compounds of the- mvenuon are p—mtrobmzy} esters of cephalo— i
sporin compounds and are useful intermediates in the preparation of cephaleéxin from
penicillins. Th:pqnuﬂmmwlmmu~qurcmﬁasumlw:pmpans on these com- oo

15 pounds, including a tendency to. orystallize, is stable under the conditions encountered 15
in the process, but is easily removed by hydrogenatmn or chemwal reduction under :
acid conditions.

‘These esters are the ester of 7-ammodesacetoxycephalospm1mc acid and those
amn;dmmmﬂﬂhmlmmmmgmﬂmdfﬂm«mnﬂmmﬁmgemusofﬂmsmhm&5of -

20 penicillin G, penicillin V, and ampicillin' when 2 ‘side-chain ainino group is present, 20
it may be protected by the enamine obtained by reactioni with methyl acetaacetate, o
the ¢-butyloxycarbonyl group, or the. p-nitrebenzyloxycarbonyl—group. In addition,
this amino group may be present. as ﬂhe ‘p-toluenesulfonic acid salt or the free amine.

This invention also provides a process for the synthesis of a cephalosporin from
25 a penicillin sulfoxide ester, which compnses heating a pemcﬂhn sulfoxide ester. havmg 25

the formula : |
n_c_.__m-w,-atgm

m.




3 1, 270, 633

3 wherein Ris as defined in Fornula 1 except that R is nor
hydr ogen_or hvdr~gen D- acidic condi ti ons
to effect conversion thereof to the cqrggs:.. ponding ™ v - -
desacet oxycephal osporin ester. "~ The resulting -
desacet oxycephal osporin ester conpounds are those of fornula (1) 5 -
above in which Yis R-[err] and R and R have the sane neaning aégzb
formul a’ (Bl) 5 above. Tmenggﬂpound of formula (1) whdre YN
hydr ogen; i.e. [ne‘CUrrEb unu,n. 7- N anpn a sacet cepnalosporanrc
aci d ester wof “ At o Rl yign R e aes, Pk y% “the am do
group fren1thﬁm ] 'ﬁ,urg e w;fornu 2 ; mhere R i's benzyl

|3

or phenesynet
its 10 ~ am no group prot‘ : ted yi el ds a correspondi ngly prot ect ed

7- phenyl gl ycyl QiSs AR5 LSBT ester.
Removal of th %%@M&'ﬁé@l@%ﬁﬁ%ﬁ &Qégn,le 9 40 B Mot Ikgm ne and
e*o_lﬁacerrent b;mdnyﬂdsa W@ﬁmtnﬁﬁm&ﬁmmmmdmem _ a
co

ound of fek frmrygrlr
p- t ol uenggsul f%ﬁ?‘%ﬁyx‘gﬂ Acyyt‘eﬁd thie /4 ’éfdéfs al sp
renoved, ceph ém, grfrnr tg penicillin
sul f oxi de est phcnﬂgmhed iaplacmrlexa c)rogm owmdmbenl?-tokxenwll!fonate results in t he
novel inter meg;jpp@und rﬁrl“ahy 1o %ﬁg’r@l“?‘?“%ogen or
hydr ogens V@“ﬁ )( J &%t he ag no
protecting group ow ng xfre T ng expansr on of ‘the penicillin
sul foxi de. If the: p-ni trobenzyi -;9_.0“'0 is al'so re- 20 - noved,
cephal exih is obtarned ----- \_ /B D '

20 .. ‘Al though _in. for nul 3 ('IIM "abo'\ie R can’ be-'.féhys_'_'ef t he
previ ously defined substi: tuent S which are suffi-ciently stable
to permit theﬂubemetsuhmadw: tmwmlb’eshydmgmorhmed fromthe

resul ting ceplictPBROEBFHe (A ¥ i ld {F&‘g 3?“?‘?5‘( acti -
cal stangpoi ngﬁ ok oﬁmﬁ OXI i %ﬂ 23 "'ug‘P phenowrret hyl:

is pre- 25 . @RehioRgh m%mm)es@c,at&nwaenyabme pRENSS defined albt-i N
penicillin G s @el: :Mﬁqeﬂvly 5tapl§ to permit the" danred i expaasinnciet faprbesul f oxi de

ester of for m&leﬁ@uh ﬁfg%g&%r’eu el ct, from a practipnper | e, g.
by the ox4dat q&rgd qﬁ% Mé&dec o )‘q’% aﬁmwmy P Oni t e% States
Patent 3,197, 466Tho xn&sﬁsﬂ bﬁ‘ foﬁﬁﬂa (m ah be peepared fn0adydeiabl treat nent

with a p- manuner, ¢ aid; asedescribed tith Bnigadfitatés| | i n may

115008 prepde 4 r’ah:@e“zr@mm e e A o TP e 10 he

SUI fOXi 08 ester then oidized to the subfomide:
As the first stepslﬁﬁﬁﬂﬁete%fmﬁemfofﬂimﬁm@umtmmn&mk ottnenﬁewatehesr s of

i'ntermedi ate . jiheatedtyndey agidni ci | i n

§ ud y: “ftg;n;‘f Fﬁ ‘Bﬂﬁ;ﬁﬁ f“ﬁnperature
3 t@-?ﬁfd a (ceplialodporia: comBoulld of

Uni ted St ates Mmh@i&ﬁﬁﬁm apwhwm 1tﬁmhsﬁmedmmsr on of t he

peni - rH°P m@wbwmemvuwa%mmmaw fewdpn avi ng the
f or mul a (I) cig LS b Fesdet gesacet oxy
cephal ospgrin osphﬂe@mgéffrdnsmstﬁas&bﬁmk ‘ s?ﬁﬁgét@ti&{ﬂechﬁd&wn Wy h a

havinp \the @muup(l)am whith fibisrhgdrogen.cephal o-
sporin C. m‘smt“m‘ff"?‘?‘%"j P OB Y Biminpdesasniasprapliplosppranio eq. iy side benzyl or
phenoxymet hy! oot hETRS SRR AN M, TSRl SR TRt st step of
the process i Patehals bﬁfs | n”’ ~ 40 " agegto
yi,eld the 7-am n@mmmuommwmamm%(ﬂb)mmmm ¥atyt- hydrogen.
This is the pf g; : & Engois W%E%tﬁm%pmm% fani ¢ -aci d.
Thi s side Ff‘ar-_ ’éa\zage step may be-acconpl i shed by any

sui tabl e procedure e:g.. such as _ ar-ep ~described - .in " United
States Patents ‘3;188;; 311 3,207, 7554 C -2-34 22__3,_ Brrtr‘sh_ 45 ;- Pat ent
1,119, 806 and Dutch Patent- 6,513, 095 L, o IR

45 In the next step of this enbodi nent of the process, 'the
free ani Bo gr Cigh wh&eifiBY has &mMnggmttedmmﬂa g@emmkg&yu&émammvr ngs4ts
am no group prnbmm VQH"?M @Ylwog@mmwbq‘mnﬂmphcﬂymmrmt@) i n which
Yis [efr] “** 50 " “ahd wherein"R "has the
rreanrng given to it in formula (I11) Thi s acylation is accom 50

net hyl group ragt tvemel(tﬁwaﬂ-aamoamep@mz

......



plished using well-known acyl ation procedures wherein the phenyl gl yci ne

Is activated 4 1,270, 633

4 by a carbodiim de or _i.s.used-i-n the formof an acid chloride or
brom de or mxed “annydride such as the 1sobutyl — Of SEc- DUt yl

m xed hydride. It is to be understood that the am no group of the
phen ycine is protected during the acylation reaction “wth a
comonl y-used amno protecting group such as t-butoxycarbonyl,

benzyl oxy- 5 - car bonyl, p-ni troq%gysgoxycar bonyl, or the enam ne forned.
with neth ' i i

cephal exin is tHye @épdmdmgm used nqpherfm qge;_n cbm b
gr oups by hydr Ty s o iyl quied: gnbydride, It
group will depgg #Eb%hoﬁl %segfaQLHxQ-

1Y 65 & : Y \-'s-"': C
|aanmne fohyadr i s step of”

acconpl i shed. carbon{ll p-niyobaey! ﬁycaiwnﬁ,ylse
xmxs ]

'g{h;as:process nayoxﬁegldbﬁédﬂwgmups gg)ﬂhf%w @Wlo wafo unsehsof § m@é‘%ﬂﬁhﬁs}ml ) in whi ch_\._

. A T -
and wherein R g mﬂﬁ&%@ﬁ&ﬁwsﬁn B s e e e Pl The
renoval oflothecmmids |(D) dp vehtigh ¥ .is - readlly accorrpl | shed by reductiion
in an acidic medium This sane treatnent -wil}l remdve certain anine bl ocking-.
groups 15 such as the:enam ne gr gupPg and wi I'l' therefore serve to renove
both bl ocking groups: 157 . " Th¥ AOHTYi on may be acconpl i shed

chemcally, such.as by the use of -zinc. mhd hydro- . .~ chloric acid, —.
or by catalytic hydrogéanat i.on using c%';tﬁl ysts such as pal I'adi um pl ati num

or the oxides t drogen ot hydtog ﬁ re ci rbme hanlsm|s not
MG&&Q@ Rup: s he -

rémoval of ]
ful ly under st oq,c;;la,,;l diCRRBRAL %}sﬁ -
p-ni trobendyl gdhusp tRCeadbiise, @amdn@utﬂ&reme v do feabwelmﬂﬂmeﬁwadwpat e. 120
Thi s internmedi afhe redugtigh Mgy b eseomplishedcherhicallprsuchan by the fise af zincdnd bydso-gi ve t he
cephal osporin chloric “‘d’ ?"tﬁf téléf‘i’ccf‘ydmgmam“ using catalyyts puch *M‘E‘F" WBEH nent of
the. process of" {h'}.'l ﬁﬂx)!?&&doﬁ)&mhhxfxsn{ﬁﬁot&@l}hﬁhédtdoﬂ i® that a partiat OX1 de

ester stareing remttbﬁloalﬂ:ec;imhﬁemsrl {donrsy Vibaglingy @oy/ bn- adi Bbﬂehanemedmtee fesmul a
(I'1) in 25 Wlxern@xgtgmadﬂydeavesmﬂxepmsenceofmacrdtongeﬂ:ecephalosporm

25 frec acl 1|iiﬁ1’é{ - the first
Step to the p- ik e Ak Srboh ot %ﬁfﬁ%&%ﬁw stood

t hat the am no wiich Rpis of the phenyl gl ycy-

'si chal n Is prot ected dues ng
the re- -arrangenent ‘of the penicilli n nucl eus to the cephal osporin
nucl eus. Since this re- 30 ‘arrang o) nvoI VES | aC| d, condl tions the
preferred am no prot ect'i ng.group i.s Nag/pF. 30 :
ni t robenzyl oxycar bany! group;. “whi ¢h=its ;acy st abl e B_ot h- the

p- ni t r obenzyl oxycar bon qup -andt- Tt abenzyl 'ter group
are repl aced ly ’ﬁﬂﬁfél thEﬁ St?%g ay ..an acid to

yield cephal emhﬁxgaﬂ'&ﬁﬁhﬁfﬂﬁrﬁmqﬂh nuuazspeaﬁd belpmfs@ng'muémﬂnsﬁdaemm Tes-
peni ci |l |i @0 sul fagwigereene yelves add mtmwrthec#-eavage and

reacyl ati on. 3mpitrobenzyloxycarbo P"F‘ﬁﬁ%‘?h ‘bﬁ -pitrphenayloxyearpanyl; | | ustrated g
by the fol | ow HEeR2a%,ge g %meé% !'2;%;5& @%&%”"ufg‘,?ﬁ%

penicilli ggv 1 -penidiiiie sutfsside 8&r &- ceﬂﬂtam Wﬂﬁwwmegﬂ?m vvas
prepar ed foI I e Went invention wi _ ewlgeml | | B
1-oxide, 15.0 SWPrYe '°H‘flfd“s°das a ol vy -1n| t robenzyl

br oni de i n 300 rﬁ TRGE %@ﬁ@@ fgg[deglmmsdf- ; .-gg

t enperature. Azemgsvfa&-intrwenw ddéohgiommtwa@mkpmeﬂtf& dhuiﬂsrhg'xﬂohe first

hour, and%he tpgperature. A crysiglige ol gg éumﬂsutbkﬁuuhqm die reaedion

peri od The m B TR B mﬁ% *f}v,,d; i red for
one-hal f hour, wa@fghd dter. 2kt Gyia® ’ 186° ml%ocvvater and :
ether. After dr’lihamgzdudthseshomgrbem Nt ﬂﬁeuagrkr tegmﬁﬁypandh%[err] to - .
196[ err] C% P‘ bhs?“# byt hih .
| ayer chronat ogy %EE mt %0 agﬁ:@;f’egt ablished
by nucl ear nagﬁﬁﬂyﬁoefaﬁﬁﬁ des 5 ne in this case. Esterifi- TN
p- Ni t r obenzyl @moomad@emmmlsheélmlmmm thowwd&hetﬂﬂﬁsgdesu'do&ﬁreest er if

pronot ed by the addition of &Asrrall amount of potassium i odide.

9.

Di met hyl T .0r mam de AOkruldn: of 10,0 g. of the pnitrobenzyl-ester; of -penicillisi V- 1-oside ‘obisined:
as_described above, : 1:0-8: of. p-woluenesulfonic. acid -monohydriite; 10,0 nil:- 6f acetic
anthydride and 400 ml. of dxmethylacetanude is warmed on a steam bath for ‘16 hours.




met hyl acet am de provides a better solvent nediumthan acetone in this case.

Esterifi- cation nmay be acconplished with p-nitrobenzyl al cohol via
the phosgene procedure. 50 i —— o

EXANVPTE 'ET A solution of 10.0 g. of the p-nitrobenzyl ester-- -
of penicillin V 1-oxide obtained : as descri bed above, 1.0 g;-of

p-tol uenesul fonic acid npnohydrate, 10.0 m. of acetic nhydri de

and 400 m . of dinethylacetam de is warmed on a steam bath fqf\&6) hours.

5 - 1, 270, 633

5 ._5. ... _The anber-caol ored Qa} 71‘016%311 LS - -conc t eamn

bath in vacugheagber-bsdorédediution is concentrated duaes mzmwm_mea@ed with 150
m. of.oet hgmlsmusmgwa é 0 sk ghethan oftjimmgdiaty @Al he

pr OdUC-I.,« Af t é‘f'm% °‘_"‘ od"g'ﬁ g i §78& col | ected,
washed i - qiﬁrepf. Mlﬁgﬁ-@h% g.,5 mp.
A72[err to oxﬁcemmldo-.Ai Ei-4 xfhew&t,addoﬂsame@ﬂ mpotAl 2 e tril e ives
pur g p ]_ ni t r Poemiapd stgxfm%ﬁ _%W ‘thincjayer chromatography and nuclear mag- g
oxyacet anm doPfFErPyeEe A% ar box g #s fine, colorless needles, m p

194[errjgto 193A[xﬁ5n!h]e@f484g ‘of the o Exitigle B ki B8O 6F PdoRerdi@t-er i red by
thin layer cHénfrmidogenelpidysresindofug| « amethawod is heated under refiygefor-& howsonance

.°\

spect r oscopy. Aftér cooling, unreacted starting’ matenal is reoovered by filtration (1.15 g.). MPLE 2 10
A nixture of "ﬁ*ﬁeﬁl “me% gg_&‘ 1 ' 1e9p. Of

p-t ol uengsul oienes ¢ ‘acid salt of p YPTEHhiNG 3B6kymte. of 1gret hanol
I s- heat ed und&tol{@ﬂlam;(dded.rﬂﬁs 257g andhaAfatngp Of:wf’ltmyl5°@nreact ed
starting natlhejideptity of the Z‘ a %t@tﬂé ver-

mot her I'i quor“°§(§°§‘65f8°e‘??f°r &Pﬁﬁ& 160 t‘mgé"fl?f jde gu(%%'a Pressure and
then treated ... with ether faamrrdsice crysal I'i zati'on. After Q(m I'1ing,

t e waxy, son”emMatusmnEmnanB@O;g, of sodism N-@-mcxhqma@wl- -oxthyivigsbindoogal t  of

p< ni't r obenzy| P-a-phesyiglygine7in s @5, opoled, g0y 7107 r is
<ol | ect ed ancﬁ,ﬁm Ay ol e :gda %gﬂgﬁimﬁddmﬂ of 100 to
105[errh€.  from Example‘ﬁtieactddeﬂmwey bsaf14oaﬂ @Fuﬁlﬂtyﬁfmnbﬂm@ﬁf&ea&bﬂ ﬁtae-d bps
t hi n-1 ayer chiioutepaigi ynmdlsemefvr-one and one-half hogp gn—1Cs liWOimee base,

idly ;

174 of (g1 7% pd ing i8] 08 F‘F th% -h
T9$[err1[e”]m%§;‘% %“"%1 B e

yl-7-[ 2—methoxymrbon l-l methylvmyl—

"EXAMPLE 38 amino)-2-D- p!henylam&nﬁdbs-ﬂeﬂ@hﬁﬂ ssmogi,l R 158°—

N- ( 2- net hoxycbﬁﬂ‘tﬁbrﬁpﬁy@mhyﬂomlm anetbano)) raises fhe mp. to 188°D°fl%ﬂ°ﬂ] gﬁﬁenyl gI yci ne
in 500 m. of PHeia r°F‘T gﬂm,,ﬂmesﬂ W@%ﬂﬁ‘mgmw

with.stirring Wth Vo phor i ner and then with 11.0 m. of
ethyl - -chl*oroformate - ThiEsamFLxgure i s sti rred for 30 mnutes and
38.7. g 350f t he Thoprbeaguiglob Exaphple 3 ip@peated fising Gi0EX efrﬂpﬁsedl pals ofgfetnyd- ol [38wed by
1o N o s AR B bl
peri od The nEghbl ©, hodl ﬁ,glf g{ij’;’sp,@ff‘?‘“ 10[err]C,
1500 m . p-mtrobenzyD‘:‘-mMilGF{Z & plmtylz@&gm:dﬁ]d- stirring is

cont i nue hmcﬂ‘%lg’g fi20° to 126°C. Recrrmlb!aﬂoﬂl' From \gpetonigrile gdisel Whi4@h has
preci pi tat edoﬁm@of"l tggﬁz’%shed W Lyat er and - dried. The
crude p-ni trObenFﬁé'pre"&lﬁﬁﬁohﬁ/Exaiple[ﬁis'ﬁ.fmm% iﬂ).’tﬁdel- adi’@é&)&hxyl nyl 30
ani no) - 2- D- pl domy fta eertopgrbalip Jthe] @amihe ingrymﬂ:paad 3‘ [ 8.0 g., mp.
158- 4530  Past hydrogenati 6’9&11[8@68“'9 o __'-f" i BEldnol i ses
the mp’ to JehPaFpafla m&aj}aé the ‘ oShown to be
one corrponentatwﬁxﬂéﬂﬂlpsb}iydr&gbr PresSUrE TAT@ '

structure is idilttied pddnds ofrthﬁ:mmolnagmeted deesdmem:zrasnsepéme ROBE®IO D

EXAVPLE % gBixture ’Hdl ‘Pg ﬁﬁw dvdgoxide and usﬁ?g 6.0
g. of the sodiy ﬁ'ﬁlgvﬁ"a‘; ﬁﬁamﬂ@c:dmw ﬁ“@ d with the
t - but yl oxycar h o3 BUIDy atetonitrilé. ThiNpu® tephaleriB i atnw&ashghﬂy 100
M of acet oni Pﬁmﬁﬁm@mwdmudemghbzéﬂBmweaﬁmn@me@bythe %roduct
from nuclegr magnsigrespnance ReCHUSEORY-nd .. of triethyl anine. There is ¥btai ned

10.1 g. of crue product, wlgrobenzyl 3- nmethy-7-[2
- (t - but oxycar box@ts da)trobeniyl -grdip - 1s'phmgd| aﬁxﬁttam)d;adct -fromEEfanple 4 49 cephem

: 4- car boxyl at éyd;m’.ﬂ‘ml by ogi [y 158 8. oz the r-imbl)'fbioglwdacet onitrile
r ai ses o sy * “ﬁﬁﬁﬁf‘*ﬂﬁ 1813 and

EXAMPLE 75 ml. of methanl, ThliSmixtie Ol bitkogdabit A S gcted®o

hydr ogenati on under aci dic condi- ' ' tlons to rean oth the
enam ne bl ocki ng group and the p-nitrobenzyl group. A 45 Par r
hydrogenati on vessel is charged with 5.8 g. of the product from Exanpl e
3,.2,0 g. 45 of 5 percent palladiumon alumna, 30 m. of 1.0
N hydrochl oric acid, and 70 m . of met hanol . The m xture is

agitated on a shaker for_one-hal f hour and then hydrogen-



ated under 50 psi. hydrogen pressure. After hydrogen uptake is conplete

the m xture iIs filtered and nost of the nethanol is renoved
under reduced presure. The aqueous 50 m xture is adjusted to pH 8

Wi th concentrated anmmoni um hydroxi de and extracted .50 . “wth
sever al rtions of ethyl acetate. The pHof the aqueous fraction is

t hen justed to 4.5 with aqueous hydrochloric acid and
crystalTiZation is induced by the addition of 3 to 4 vol urres of
acetonltrlle The pure cephal exinis -,'ned as a sllghtly 6

of f-white s.oli-d-whi- S , !
confirnmed b m enoxpumgnm mnm&cfmplydand

55 Y the catalyst washed wu:h meuhaﬁg combmed ﬁk:ra_

The p-ni trobenzﬂﬁ%%‘? mg* T Py e S

hydr ogenat ig@n gematll arh:wvasaﬁjwwsﬂﬁtﬁr gedumtta SBoud

doubl y- bl ocked ceneemaned hy The thy) Reetaecd yﬂplmesewm@ @d aqgffow5 per cent
pal | adi um on al J R"m"n gy =ty acepa, s | coplipns tih st ance,
Handbook of Che EE(’,%;E -'_;,m ot isof¥oipy] ether, )
m . of methgnol amT eﬁu-e 'f&dz?&fa[h«a:&nﬁéaﬂdﬂs under 50~
psi . Gess solid is cdllected and dﬂed The t—buquoxyearhonyl blocked coplile®inl GrelBB3 ;
6 2.60 g. The structure aotd purity arg CORRTREL By ﬂrctsgrs'msemmvér&me hydr ogen
upt ake is corﬁﬁ’f% t t,mg riggj,@@ cnmine t he

cat al yst waghed w@lm&r&%dﬁ‘gﬁ;o g y&%ﬁd&w o meratdpby uﬂ%hl ngs are
concen- with g-tojyeaeshifpnic mgenohydr ﬂgrfgt . Obtetsqdderahe #syitrohenzyl s

di ssol ved in 1"){2’1‘%1{f cegffaleipy,grfolugpesnifonic, . This 15 ‘“”Wa@t%’f%‘?’?ﬁ 100 ni .

of saturated sodi bi car bonat e sol uggsig 7he aqueous extract. 5 S

stirred witdg 150 nmA strghl xﬁkﬂngel of 30X gt& mmm{nﬁetbddydaﬁ:o@dj-uﬁihﬂﬁnﬂo abaot

1.5 with 5 ammo)'D"w' elyoine apd G0 m WE‘P%' prtitije; it chilled & —TI€. andpaedicet at e
ayer is separat® %2 %ngﬁ LoD Qf" ..’1’. -Ajcl. @ %@% -another -
portion of ethyI14oa,g1e ] 0400 828 ' 7_,:_ 30 minutes©Xhd aCt i S >
dried over ggagne@cmmmhﬁﬁeakmndommmhmeﬂmm : gre go prdslur e 2

about 50 m. vol g0 3Pt JT@ acfipr) mixpe |3Fr§t8fdPW¥“Pﬁs‘¥% m . of
I sopropyl et her,of . h ' i cTo e TR AR b0, ﬁé"ne
After chilling stmrmc&emesmats eid wad)620 g, m.p. 211 es910] i d is
col l ected aod drided. Twmmmmwmmwnmmmmpmmmmm ghs 30
2.60 g. The strJEFFE and -purity areconf_r Erred magnetr c resonante spec-
troscopy. A mixl6s 3418 o e Hbath BB B, xtbatt&ﬁt,ttems

prot ected by thenreaaeatea,anblzanhg;mguﬁmn ox;@rxaumogehm G IpliOhydfogdap 1S
readily remsved Wekipodidrgeacting nastyuteatriemmb@twﬁxalwleﬁrmmhg of cephalein. 35
with p-toluenesul fonic acid -monohydrgt.e. Tge product obtained is the

p-nitrobenzyl A mi®sd 860 g GERRS m*-mmmtxuenﬁﬁw tp&tﬁm@sefbsa't

This is ill ustrarhledej:r,tahechﬁ fOxkdc me&-forZMQXlﬁl wiil
EXAVPLE 7 20 of poneaaisthdpdrodio: 256 ecpeactifn i

N- (2- met hocar bﬁ?ﬂwfgaﬁ’g‘f‘mi‘h"t‘fﬁ _to precipjigic 1.90g. of cephalexin.- . :
anmi no) - D-[err] - phenyl gl yci ne and 500 paupfz cetonitrile i's ChlIIed to -
15[err]C. and tr eatﬁenbxcﬂhn _1—0x1de whdrdin ttﬁ dilesbain ahingrgiolyy ks mrbrboted GHyOhdTpt ©

fol l owed by 0. it oxysutonyl igamp g _, ,_.j@ mepwmbemyhm,byggm%e 38. 7
g. of the hydr ocLOLIHE. b g S fL 9. 5 peer g ¥ xgg ety
14.0 m . of "tri e A (and.

nm nut es. The 25 Gephalexm@amim

foephuiadanut 2 's. The. or ess crysta?PI i ne
'- ?’ft}/%‘ﬂhem 4 cat boxyl ate - p- toI uene-
The yiel d 'was 62. 0g mp. 211
-216[err]C. 30 (dec.). The pr i s wffiently pure conver5| on to
cephal exi n wi t hout further 30. _._J;'_'-__.__'t;‘-,eat-rrent.-.- -' '
EXAMPLE 8 : Am xture of 6‘*5_".; %f the’ product from Exarrpl e
7, 50 m. of acetonltrlle 10 oL - ofg "jter ~and 200.ng. of .
pl ati num oxi de is hydrogenated" under 50 M "hy8-mgen. 35 Workup of the
reaction nmixture as described in Exanpl e 5 yi‘eMls 2 81 g. of cephal exi n.

precipitate S
3- et hyl - 7- phenyl gllyéf o
sul fonic add salt is coIIected and drre

35 A mxture of 6.54 g. of the product - from Exanpl e
7,50 mM. of acetonitrile, 10 m. of water, and 1.3 g. of zinc is.
stirred for 2 to 3 hours while maintaining pH1 by . .-~ periodic

addi tion of concentrated hydrochloric acid.. Thé réaction ni xture’ |§”waef*mwj
filtered



40 @the pH adj usted to about 4.5 to precipitate 1.90g of cephal exin.
40 Ampicillin 1-oxide wherein the side-chain amno group is
prot e ¢ by the p- ni t robenzyl oxycarbonyl group is converted to
the p-nitrobenzyl ester by the standar procedure descri be6d

earlier with reference to theester" Zﬁ%ﬁeni cillin V 1-oxide This 45&.

ester is treat ch préddsubed ABENES Uy dr @B @tﬂehﬁcoﬂiﬁlﬂiﬁhmﬁ&,wm andashydrl de,
and di - 4%%13&& washed with metga*nol The ¢ qwdtHh?' nggalsmml bed n
Exanple 1 to yl‘eqt WWUH@H‘ [SYrUR: 18 disgo 0 msolligml “ﬁ‘mg

the side-chain ':e s m aheis ‘1: @5 Ywith 5
car bonyl gt oup. co hefated thbwﬁk@ﬁkMe eﬂ@phﬂiaemyar isSeﬂa;aéﬂ & d&tagekowsnder 50
psi. hy- laxs;;dre Mrane@hg ﬁ'ge&?ﬁt hla‘team ‘a?al?egj!h““"gat alyst in
thé presence of€ c‘“’?ﬁ ' ﬁssﬁ@rrpl e 5.

Wor kup of fohe mn%‘]'ﬂ,iif &mﬁnﬁag%mmmﬂdr 1 ButhaRloe 5 yilel ds
cephal exi n. 1&3 sohd is coﬂéaﬁHA iddl Ahdvk-bafiylozycarbonyl blocked cephaltxin Aveigbpound
havi ng the for @6()33 The structure and purity are confirmed by nuclear magnetic resc[néqcFPpec- 6
1, 270, 633 enamine b

o oot e, Bt e B e e o o phevllcn i provd e coumine MUKAORT,
and t he @ﬁi ah @hesul&sheddvmdnbhydmehimtmdtﬂfhd:mm ted-fifrpenzgl e and
vva3h| ngs are cosfet CePhaleXm: priplyenesyliqnis apidowls. Thind Pespisdy by &b B Syrup i s
di€solved in 158 of ethyl acetat Epxafshe 7 extracted with 100 m . of
sat ur at ed g odi um ba GafrlD Riinge $0[3001 HIef sddién AY(PafeixRAiboYE1-mbthylvinyl- | S 20

strs*rred Wi th 15€)mn¢)-D-@{Ph@Igg£mea9©§@trel W@mﬁhgsqbﬂed °G goddrented ahout 1.5 ¥
wigh 5 ?%ﬁ%@’ WE m E"“g%? EE layer is °,

separ ated and tﬁ 0 u&qyéhylmmne in 40 & ac& &Es. ag ti on of
ethyl acetgfe. Jdaciof aiidtirt@tsiered ok anutiet atheurs allowmg theeoeinpﬁﬂbre it geldualiy] ove¥d
magnesi um sul f abgreane e@m@ﬁﬁ{ e thd renmrmmzf ‘blzé $s of Rxtof "6‘1°S“If°m° abo

50%m . vol une. JHLEXOREGY Y f?.iﬁi%tgﬁ.@“ﬁ S i S0 opy|
ether, 10 aggﬁﬁfﬁ“ E el afder E ZERG. 2A1’b1_aueodu I'ling
for severagy houtdsc.}t (The peddadt -is sufdiently pure for Icenvesmotol dphakmmﬂhectfe@eand A0 ed.
The t-butyl oxycasdse®my| bl ocked cephal EXI n |ghs 2.60 g. ‘The

structure and purlhyml ochrg];lgrgp mg, 9e§0'xﬁl w&&&a&geewpec-
troscopy. ml. of wa @roaupls w6aN@ayH 59| pC hydevgiss
protected by thaVnelmarmftherdattmhnwgea_saiescnbedgrbnprpleﬁhsldsﬂ@tmqﬁgepgﬂmp is 35

readily renoved follow ng-the-acyl ati ‘h step by treatnment 15 wth
p-t ol uenesul f oni ¢ AGLAAORYUMY of Be pidtir HoRUHEAIOB! 5 REY: hesohib, 10

p- ni trobenzyl mi. ofwa:ee&heusgfofmﬁhaiwmzpomiwm :ﬁmﬂmﬂnwysal t.
This is illust raﬁ@dlctgdmhreoff@memgwdmhlom acighy ion mixture is filtered 0
EXAVPLE 7 2@  and the pH adjusted bq gbort 45,59 prpeipiggie 19986 gPbaliRing odj um

N- (2- met hoxycar bonyl - 1- met hyl vi nyl - gxdflere 10

am.no) - D- [ err ] - phe Ayipiilinc i -neideawhbrei) Che rside-civiin aied g lislbreteatsl hthklged to -

15[%rr] C. and t..xsrca,}'bonylm %&ﬂnﬁz‘%l’m @% f ol.l owed
by.#0.5 m f NPHEA I TUL £ of 44 he
y& ochl orfi%e f m@ykRetiitic Cas dds&ibaﬁs&g(gc&@?i Qs\é’ y1 N tl?e . temdof of

t riget hyl am ne i meph@lexin whepdin_the eidowhairy inkin geppisipeeced Bushermibys. The 25
reaction mxtur(%*;.‘};%,“I13”(§‘r§’i":|1il é@“st@B%‘EFePEﬂ%UFS*WM d,E’E EPgﬁerature to
gra,dual ly ggS acid fdllow B % Mm}ﬁ m xt

i s;added 2 il BianpRS d‘saéphﬂexm acl d and stl rring i s contl nued
f of* about 2 hours WMTM@FA%I:S etrystalline precipitate

p-ni t robenzyl 3- h@/lc"mb‘h‘éﬁg}%?‘?m‘&?n do-[err] - cephem 4-car boxyl ate

p-tol uene- sul fonic acid salt |;r ol l ected and dried. The yield was
62.0 g., mp. 211-216[err]C. 30 Ylll—ﬂ(-d The product is sufficiently
pure for conversion to cephal exi ”n EXL her - 30 treat ment.
EXAMPLE 8 A m xture of the product from Exanple 7,
50 m. of acetonltrlle 10 .and 200 ng. of platinum
oxi-de i s hydrogenat ed under 50 psi. hydr@gfé #; Workup of the reaction
m xture as described in Exanple 5 yields 2.81=%/ of cephalexin. 35.
EXAMPLE 9 A m'xture of 6.54 g. of the product from Exanple 7,

50 M. of acetonitrile,

||I|l||| L) IIII
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m. of water, and 1.3 g. of zinc is stirred for 2 to 3 hours while

mai ntai ning pH 1 by periodic addition of concentrated hydrochloric
acid. The reaction mxture ls filiered ted to about
4.5 to precrprtate 1.90 g. of cephalexrn

EXAMPLE 10 y Anpi ci I lin 1-oxide wher ej am no
group is protected by the p- nrtrobenzyl mu W ﬂ""
converted to the p-nitrobenzyl ester by the stan " sprOcedure :

descri bed earhrer W th reference to thaegéssr . of penrcrllrn V 1-oxide.7 This
45 est er +s—treated—n- L fr = totuermesutT OTir acTaT ernDnydr ate, aceti ¢
anhydride, and di--"45- R ne yl acét amide as: described in Exanple 1
to yield the p-ni tJhQ.QﬁWLy (Lr—mwhxcths cephal exi n wherein the

si de-chain awf0 group is. protected by .the
car bonyl. group. This doubl y-bl ocked- cep#

p-ni trobenzyl oxy- .
',ﬁ?_rs-hydrogenated-under 50
pal 1 a

psi. hy- drogen over a 5 perce diumon alum na catalyst in
t he presence of hydrochloric 50 aci d follomnng the procedure of Exanple
5. Werkup of the reaction mxture as geg- _ cribed in Exanple 5
yi et'ds ¥&phal exi n. : WHAT ¢ AWM | S - _ 1. A
conpound having the fornula - =~ = == - mhereln Yis hydrogen or
R-[érr]- in which R[err] N o or _

or - 5 - : T S o

5 . in mhlch _ R is CHe OH :'G A -10

10 5 ‘hydrogen, or {T:}wggnogen p-tol uenesul fonate. 5
2. A process “for the synthesis of a cephalmbsporin froma penicillin

sul foxide ester, - whi ch conprises-heating a penicillin sulfoxide

ester having the finmwhisha o

10

10 T el

hydrogen, or : o

hydrogen p-toluenesulfonate,

2. A process for the synthesis of a cephalosponn from a penicillin sulfoxide ester,.
which comprises heating a ‘penicillin sulfoxide ester having the formula

._ 1
lf§~ﬂ—w;{s \ /ma

]
ST W

wherein R is as defined in Claim 1 except that R’ is not hy‘drogm or hydrogen p-
toluenesulphonate, under acidic conditions to effect convm'sxon thereof to the corres-
ponding desacetoxycephalosporin ester.
3. A process according to claim 2, wherein the penicillin sulfoxide ester employed
20 has the indicated formula wherein R is benzyl or phenoxymethyl, and the 7-phenyl- 20
acetamido or 7-phenoxyacetamido group of the resulting desacetoxycephalosporin
ester is cleaved to give the corresponding 7-am1nodesacetoxyoephalosporamc acid ester.-
4. A process according to claim 3, ‘'wherein the 7-amino group of the resulting
acid ester is acylated with phenylglycine having its amino group protected, to give a
25 correspondingly protected 7-phenylglycy1anudodesacetoxycephalosporamc acid ester. 25
. 5. A process according to claim 4, wherein the amino protecting group for the
phenylglycine is removed from the resultmg acid ester and replaced by hydrogen or
hydrogen. p-toluenesulfonate.

15 15



wherein Ris as defined in Claim1l except that R is not hydrogen or

hydr ogen p- t ol uenesul phonate, under acidic conditions to effect

conversion thereof to the corres-. . pondi ng _desacet oxycephal osporin

ester. 3. A process according to claim2, wherein the

pg@ci l1'in sul foxi de ester enployed 20 has- t he i ndi cat ed fibrnul a wherein
benzyl or phenoxymethyl, and the 7-phenyl - 20 acetam do or

7- phenoxyacet ani do group of the resulti ng desacet oxycephal osporin :

ester |gs cl eaved to gl ve t he corf,@gﬁgndl ng 7 amn nodesacet oxyce 1al ospor ani ¢

aci d ester—- . ) ] ' ein the

60* 4, é T .
eyl ol v P mﬁf %%‘;nf H%%ﬁ“%r%‘t“@aﬁ% AR

correspondi NghyA protbsutortlhg 4o abmww&ﬁswe@ml&iﬂﬂaﬂaﬁ&t&wmw Oswanl c acid
ester.5 2% of the indicated formula iy whith pr-ocess: according to claim 4, wherein the

am no protecting group for the g—== phenylglycine is rem)ved from t he
resulting acid ester and Repl aced rogen or hydrogen

p- t ol uenesul f onat e. 8 s
1,270,633 % 6. W N
process acd&blgf ‘éﬁ‘t‘lﬁ si g gr oup for
the phenyl gl G ogen fm&%ﬁl ng@fomﬁa %gﬁ%@fw%%ﬁ?fe’ﬁm t"aced by SN
hydr ogen to 8. Aprocessydoﬁi'dih B)ﬁh&unthepemcﬂhn sulfox:de%stev%td@foﬁﬂess agcor di ng '
to clai m 2js ofithe indicsted fomujpeim it | | n sui I oxi de ester enployed 5 is of¢
the indicated formula in which "= -Ris '.f
[err] in which the am e ""g,r_ectl ng group R, which has t he same .
meaning as in claim2, ® IS rr%edfromthe resultlng i
desacet oxycephal osporin ester and replMaced by hydr o- s S gen or”
hydrogen pst epesul o P ing to claim2,
wherein th %ﬁ%&%{e e gﬁg&g&gf@as a2 &9%%%1;%?%!@ is of the .-

i ndi cti ed armg a oephalosporm as deﬁned in claim 1, substantially R 1% :

i n which R'as‘??%“qeﬁé"eéa’?

T 19 cand both 't he p-ni trobenzyl
ester A .B“zﬂﬂ@m? ﬁg y’b tgn to yield -
cephal exi np"_gLﬁ REfed D Claial pw“lﬁ@a@dwmaé,@sporl nas -
defin®d i nce@dqﬁanmomalwbmﬁaﬁm%l I y 5  _ds ‘herei-r-descri be?®dwith

particul ar refefeitiexn vhep : 58, or 10. 10. A process
for preparing cephal exiq{j §}g Gl "» @lln described with
particul ar reference to the Gﬁﬁﬁm‘rﬁmﬂ\ R 11.
- Cephal osporin corrpounds as dtshnmbdthpApMm 1 when pr epar ed by the pro- 20

cess .of any of —
: 2.0t c'aime, 8

20 gﬁje; e
_ &.. ..I NNANT

or 10. which copies may be ob3
111 & 112, Hatton Garden, London E. C 1
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mhlch copi es may be obtaln




