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(Farndoc 48,556T); and French patent 2,096,117. The application of the
"transacyl ati on" process to cephal osporins devel oped nore slowy and was
conpl i cated by It ' -
such conpound produced (unti | recently) by fernentation, that is,
onin C. 40 Fujisawa Pharnmaceutical Conpany, Lt. reported, in -
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" ,_olated derivative of cephalosporln
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40 met hyl ether (as described below). This ester can al so be converted

by known side 40 chain cleavage routes into

7-am no-3-desacet oxycephal osporanic acid (7-ADCA). Qur new process renders
unnecessary the preparation of 7-ADCA and enabl es one, under essentially Qz;)

anhydrous conditions and in good yield, to sinply exchange acyl group

si dechai ns. Mboreover, the process can be advant ageously conducted in one

reaction 45 - vessel 3

45 1t should 2 noted that in the discl osli#9B%02 ch follows " PUSOMVE" apane—

the Pen V sul foxi de met hoxynet hyl ester péjcdon SERIf2OXYNEL hyl

6- phenoxyacet am do- penicillinate sul foxi e. "DACVMVE" neans the

met hoxymet h ester of desacetoxy- @eph Vrvr . met hoxymet hyl

7-[err]-phenoxyacet am do- 3- ne ézcar Qaaéﬂg "R

represents phenyl. k@g hq&yﬁig

50 IR data were obtained on a Becknan (trade nark) | R9. NMWR spectra were

recor ded on_a_Perkrn El mer Rl&a&mgneigL&ngm@ngowrt W th probe tenperature

at [err] NVMR data are given in units relatiye to tetranmethylsilane. U V.

data were obtai ned on a Beckmann Acta 3. Roiatron data gi ven were obt ai ned

at [err] on a 55 Perkin El mer PE141 recdrding pol arineter. The

superscript [err] refers to a shoulaler ongthgbUV curve. Bioassay data were

obt ai ned by turbidinmetric net lagstsn; 'gg:?ﬁ, eus 29eRm 8qProcess of the
1

invention is illustrated with referen exais) owi Nng- Reacti on Schene.
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3 Reaction Schene [err] 1,409{55?® - o K 4
[err] Treatnent of the nethoxynethyl ester (1) w th phosphorus

pentachl oride, in nethylene chlori solutron at [err] and in the presence

of NN-di nmet hyl aniline gave-ri gfsdg-ct-R
internediate was sufficiently stable t,
be followed to conpletion by.thin |ayer %%;atography 5 1n an analogous
reaction sequence, using phosphorus pent ag Krerede in the presence of
[err]-pyridine in deuterochloroﬂewnwsolutron at [err], it was possible to"
characterize this internediate fully by the use of NVR (Nucl ear Magnetic
Resonance) techni ques. An NNR;}D&@%QQQEQEE fhe chlorination mxture in
deuterochl oroform after 1 hoUr Yeal ed that the six line pattern
between 5 and 6.3 ppm ([err]-Iacta ferr] hydrogen to atoms, coupled to
amde NH), initially present’in the e&%8r, was transforned into a well
resolved pair of AB doublets (J=4.5 Hz) characterrstrc of the chloroim de.
Furthernore, there was a domnfreldashrft of the srdecharn [err] 'signal from
S4.70 ppm to S4.80 ppm, i Nd¢eastLHven strtuhugn<p@ el ne for oxygen

yI ch{ ride (2). This
e reaction could easily

at the am de 15 carbonyl group. Th i;a clearly in |cate t he absence
of any am de NH signal, which X5 i-s gen L&ﬂgq% subrrer ged under the aromatic
region center at S7.0 ppm -Finally, inte on of the aromatic region :

reveal ed detecti-on of only five protons due to [err], clearly showing the ~

absence of am de NH signal.. Peaks at S3.45 ppnr[%ﬁ?] apd 85.70 ppm J[err]-
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The chlorination m xture in nethylene chloride solution was treated with
excess nmethanol at [err] to [err]. After two hours, the conplete

di sappearance of the chloroimde was observed by t phy.
The_resulting i m no-ether 25 (3) was acylated with D-(-)-a-phenylglycyl
chl enN.de hydrochloride at [err] to 25 [err] giving rise to presuned

diate (4).
wat er for

The acyl ation m xture was subse- quently hydrolyzed in
about two hours. Hrgh qualrty solid cephalexrn was-

- Llvater*top pH 4.5.
The structure of the cephalexrn (5) SO produced was confirmed by el enental
30 anal ysi s, &;@@yﬁ nucl ear magnetic resonance and uItraKFglet
spectral technrques ﬁ - 30 well as TLC (Thin Layer Chromatography)
conparison with an autMentic sanple. Biopotency data indicated that the
product was nore th O%pure. Slightly lower quality cephal exin obtained
during our prelr Z! ‘ve galr{nugama%oseadrly re- crystallized (with
70% r ecovery) tC)?Nya I C pure rel atively.water-insoluble mnmp 35
hydrate by pH adj ust nent FH‘l but anol /water at [err].

35 The cephal exi n prodyced gﬁ t he process of the invention can be enployed
I n pharmaceutical conp 1s® together with inert

pharmaceutical |l y- acqeptable carriers. This invention wll now be

il lustrated by th exanpl es mhrch are gi ven by way of

il lustration and bt égjg;ﬁi i ot o t henperatures are given in
40 degrees CEnFBg de

40 5 (5) B 1, 409, 992

5 Exanpl e 1 Conversion of Penr cillin V to Desacetoxy-cephal osporin V via

ring expansion of Pen V sul foxide methoxynmethyl ester A Preparati-on of Pen
V sul foxi de riedvosey efethawpethaxgmathyl ¢srs/QDwidEphogphorus Penmchlonde,m (which is al so

named at il R W @"BJ‘GQ@&@’&QQL BeRe 0t R binRal fuine S Su! [ 0X) d€)
[err] ASgitk ris®to the ity |cmbRide q2yVahi atd @ tgs nmol e) of
penrcrllrnVsquoxrde nmonohyd rate US 3544 581) slurrled in 500 m. of

di chl oro t’FFé y be follywed Plgtradé mer k) Type
o o AR %ém }r%mumr ; b BYIEITES wore added. The
M Xt ure waShtidetiite dul Res@fmcé)h&ﬂi@ﬂét hyl nethyl ether
wer e addéd NMErseQCUM?h@er@buMImnum temdéor@mns ﬂ@fd Lakouf,err]. for

2
houtSs. Tgfg?hf?ﬁ %@? 'lf‘ d.:ﬁﬁ% thel%ol u- tion
vvas was hg %egﬁ? ub‘g;ﬁﬁz ‘%é?z QCV\@; ak . iag. gani c | ayer was

coﬁmﬁmmroat dﬁkemderdomﬁddemﬂo :lesmmpmo@mmalmamo then diluted to

1000 m P 4§.§ e0f?1t'|’F \S’“edlior é‘§|°g P’eth e s| urry was
stif on m“ g" el l o solid
r edi ssol ‘ﬁ&doﬂ ﬂlea reg oﬁBnl oﬁ;]due blcggmj to 2000 M. with
hept ane elmﬂycsbw@dthe @b ﬁ'wsaéﬂh@pme@m@)r solid was

35. wed that d '
m ers? k@ u'“r‘%3 %(S%@B;S"'\ﬁé%ﬁ? %\Xﬁd @S%@%nfa??%iomm%' -

20 (m p. [ e’[‘lie] choFiftion ehix®Be inZ AEEylad cildtide sdlwemraecmaemtﬁgﬁoaq@hy, and havi ng

i nfrar edﬂmhmomkgﬁﬁcmrﬁ%ﬁe&ﬂg;;ggw )Q"?ge %ﬁ;ﬂq& 0tfhﬁuct ure, were

obt gi ned W E& ol ‘%“i"’. ester

(P O\/IVE 3)%% e fcﬁy TR dgsacgrrbxycep dé Qﬁ%IVE (which
i s al so 2B0°C giving rise to presnmemiﬂteﬁmedimt(h)ommlaydn xi’xxmrepdmrsﬂxejacet am do - 3 -
et hyl Cepr?enﬁy gydrolyzed in acxdxc watet for a%on?toth L ate igh quallt;J solid cephalexin

was obtained after adding base to adjust the.pH in l-butanol/water to pH 4.5.
The structure of the cephalexin (5) so produced was confirmed by elemental

-

30 “analysis, infrared, nuclear magnetic resonance and ultraviolet spectral techniques, as 30
well as TLC (T hin Layer Chromatography) comparison with an authentic sample. =
Biopotency data indicated that the product was more than 90% pure. Slightly lower
quality cephalexin obtained during our preliminary investigations was readily re-.

crystallized (with 709 recovery) to analytically pure relatively water-insoluble mono- '

35 hydrate by pH adjustment in 1-butanol/water at 25°C. =~ - - 35

The cephalexin produced by the process of the' invention can be employed in o
pharmaceuncal compositions together with inert pharmaceutically-acceptable carriers.
Thi. invention will now be illustrated by the following examples, which are given

by way of illustration and not by way of limitation. All themperatures are given in .

40"  degrees Centigrade, 40
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6 Run No. 1 20 gm (0.050 nole) of PVSOMVE, 10 g. of crushed (Linde type
4A) ol ecul ar sieves and 2.5 g. of the solid pyridine salt of o
p-tol uenesul fonic acid were added to 200 nml. of dioxane the m xture was
stirred and heated at reflux tenperature for five hours. 5 After
cooling and filtering, the mixture was concentrated under reduced pre é '
to 5 an-oil and taken up in 400 m . dichloronethane. This solution
washed with three 200 m. portions of water, filtered through activated
charcoal, &nd the filtrate was dried aﬁmmhen cconcentrated under reduged
pressu\{j/ T0o grve 15 g. of a toarry SOl d. Th| A Tayer Chromat ogr aphy showed
t he mexkoxynet hyl est f de X7 D MVE) as the
predoni nant product g S‘QX‘%@E p b@lv aace xy’cf,phaosg A\?\/ 10 | ated
material and a Ar a’&q’m@ﬁonuﬂdhﬂ audfo eyl sste® Vstlvmm subj ect ed to

cl eavage . cdndi tions ig- W%s%wﬁwﬂm%mwtmwamna%say 5

32% yi eJ\g Run No. 2%4fg=ide) — ° The conditions of Run No. 1 were r‘epeat ed
using 2~g. of pyridine tosyl ate salto 15 and a four hour reaction tine.
After filtering and stripping§the ndthyLene chloride solution was

consecutively washed wi t Be"8@&-Griv: tgr, i@l +afugdl 7 buffer
solution, and 100 m . of water. ' egrigp gani ¢ sol ution, in stripping,
gave 18 g. of yellow foany solid.” TLC showed about 65% DACVMVE. A 100 ny.
sampl e 20 di ssol ved(Mntl'iﬁmfmabofonWO acetone and pH 7 buffer

sol ution showed potency of 20 6100 ntg./m . in a DACV biol ogical assay. A
2 g. sanple of the foany solid was dis olved in 60 m. of dichloronethane
at [err] and treated for 30 mnutes @ith 1 g..of meta-chl oroperoxybenzoic
acid. The.sol ution was vvashed°W|th 3@ ndng of water and 30 m . of pH 7
buffer solution. The 25 50y was ﬁfqge@amgu?]centrat ed to an oil
and the oil was triturated with- Uit ai ni ng acetone. The resul ting
crystalline solid was filtefagduand drie@ to give 1.1 g. (52%yield) of
desacet oxycephal osporin V sul foxi de met hoxynethyl ester identical in all
respects W th t4semiauf GiedjlintindWdeiddad to 10818 gNO.2853melé) of penicillin V sdifdxide MBNNET.
simlar to-the t;t;s(IF&JrﬁE;SM,aSI ishatrigd én 3P0 mlg of qu‘.thS@m’Eat ®&&5°C. 30 m . of
di oxane, 705 g. % \?@@‘ éfﬁfEF ‘b“) culg 19 Hknep | WPte f rrﬂOhane-
sul foni c aci d Ve maeaherat &ﬂ&@@%

filtering and st+$g: fqmznlg)mstm mﬂ&uhxt smg Wh:d reihs@d t:;ammanduthnu ﬂle‘i&u

di chl or one]té han\e’é‘m'ﬁ?ﬁs o mdg g s mhcprions qf\é%geww& lﬁltaeegergmc laspﬂws buf fer
solution f#8l1o "ﬁgﬁ at edSs
charcoal, dri eoki tue elnd & g gig&d AL omni/ solid.

35 On cl eaving mh@rdaluMSo mDamlnm Ehptzﬁe cﬁdled?teADGAC(f& h@ksd;l‘hxassayl ng

870 ntg./ rrg “ W oggo e Ahsyl ate was
added to 79 g. 2 eo n1 ePHge: Thao
resul tant. m xt uﬁﬁarwaﬁdtmak ciéa &Monb&ém@d'rgﬁddrs@m obd'O rs. TLC

|

showed t hat the reactl on was |ncorrpl ete. An addl t| onal ) of catal yst
was added and rf Ripg gﬂ%? ng“f‘?fde e“er '%%% t he

m xture wag washed tm “}(.}Jl wat The
organi c | ayer was dr#echrimgylatp)assed over a | X 60 cm co urm of sili ca gel
and the col um was el uted 45 with 1250 m . of dichl oronethane.
Appropriate fractions of the eluate were conbined 45 and stri.pped to give
2.0 g. (21%yield) of foamy solid, |dent|c | with DACYUMME. Run No. 5 The
ring expansion was carried outcygnamz_ég PV in 50 m. di'oxane with

( vaoms)

C6H50CHZ-C —NHJ—:((\LO.S

| (Dﬂcvme)



10 g. of crushed nol ecul ar sieves and 0.5 g. of pyridine tosylate at refl ux
t enpera- 50 ture for 18 hours. After cooling and filtering, 20 m . of
6N HCl solution were added 50 and the resultant m xture was held at about
[err] for apprOX|nater 1-2 hours to hydrolyze the net hoxynet hyl ester
group. The m xture was then diluted wwth 50 m. of water, extracted three
tinmes 50 m . of dichloronethane and the comnbi ned dlchloronethane

sol uti as extracted three tines with 50 m. of pH 7 buffer solu- 55
tion. e conbined buffer extracts were adjusted to pH 1.5 with HO and .
extracted 55 three tinmes with 30 nh4098%2 ethyl acetate. The combine®l et hyI
acetate Iayers re stripped to give a foany solid which was taken upbdp 30

S e heet 2k [SRLED WARCENGY BTk Sty habd 2 1o,

(1 denti cgl Wi mhohdiozanetﬂ)emtxmem Jand\iated @tbtihmmwcrature fdr, 54© Bous0 2 5

7 C. Met oxy%% ﬁ@g%ﬁgﬁ t% 6‘3&%& lt1 m SR car oxyI ate
A suspensi on g:nksﬁsu& te; activated sgh:r;;lwa;snzlv the ﬁltrate was
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: and the resultant mixture was held at about 25°C for approximately 1—2 hours to
hydrolyze the methoxymethy] ester group. The mixture was then diluted with 50 ml.
of water, extracted three times with 50 ml. of dichloromethane and the combined
- dichloromethane solution was extracted three times with 50 ml. of pH 7 buffer solu-

55 tion. The combined buffer extracts were adjusted to pH 1.5 with HCl and extracted - 55
three times with 30 ml. of ethyl acetate. The combined ethyl acetate layers were
stripped to give a foamy solid which was taken up in 30 ml. of methanol and treated
with dibenzylamine. After crystallizing 15 hours at 0°C, 2.6 g. (489% yield) of the
dibenzylamine salt of DACV (identical with an authentic sample) were obtained.
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o hydrochlonc acid -and the reaction was allowed to proceed at 0-—5°C for three hours:
At this. point, thin layer chromatography on silica. gel GF 254, 250 p; system—50
55 acetone/ls benzene/10 acetic acid/15 H,O, visualized with 1% potassium permang- 55
anate, revealed the. presence of cephalexm at Ry 0.8. The layers were separated and .
the aqueous phase was layered with an equal volume of 1-butanol. The mixture was
adjusted to pH 4.5 with 30% aqueous sodium hydroxide at 0-—5°C, then immediately
seeded with cep halexin monohydrate. The mixture crystallized w1th1n one minute, The
60 slurry was held at 25°C for two hours whereby the crystal structure changed from 60
fine needles to;large parailelograms. The mixture was cooled to 0—5°C and held
for 16 hours.at pH 4.5, The product was collected, washed with cold water/1-butanol,
followed by l-butanol The colorless product was oven dried to' 40°C to constant




20 identical in all respects with that obtained in the acylation
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60 brought to. 0°C. over-a one hour period. 20 ml. water were added to the reaction mix- 60
ture and the mixture was brought to 25°C. The pH, initially at 2.5, dropped to 1.8 -



for two hours and then cooled to [err] and held for 16 hours. The product
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product of " St €fhaloken r°%‘;§51§] Step°r°e ;ﬁgﬁ% spe eSt ep (c)
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clained in any ‘{gé éhnfﬁ’ ) Ciksin N Iﬁg‘dﬁl’@ edsfa?nd“ﬁﬁlylogenatl ng
agent is phosphor u5 aml?Il ARG 3 50 9 d}o 20y one of

Claine 1 to 6 vdqmnenf rStesad)ds cae-&dtomdsy xm‘icmgfhe reaction Siofmt epl(S)ﬁ v{;atced out at a
t enper at ufdé bel®B¥ ?‘1 agﬁ@nq i, B)D-é'aﬁ-él-Phﬂnyl;th ¢hipridsShydakidaliel | A5
8. A lb fe rc%geng.' nm . .

p

met hanol . reinin
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genating agent is phosphorus pentachloride and said reaction is carried out at.a
55 temperature of below —15°C; in Step {b) said aliphatic alcohol is methanol and said 55
temperature is below —30°C; and in Step (d) the hydrolysis of the reaction product
of Step (c) is carried out by mixing same with water and sulfuric acid or hydrochloric
acid at a temperature below 10°C.
9. Methoxymethyl 3 - methyl - 7 - 8 - phenoxyacetamido - ceph - 3 - em - 4 -
60 carboxylate. 60
10. Methoxymethyl 6-phenoxyacetanudo—pemc:]lmate sulfoxide.
11. A process for the preparation of cephalexin as claimed in claim 1 and sub-
stantially as herein described in any one of the Examples.




of Step (c) is carried out by mxing sane wwth water and sulfuric acid or
hydrochloric acid at a tenperature below [err]. 9. Methoxynethyl 3 - nethyl
- 7 - lerr] - phenoxyacetanido - ceph - 3 - em- 4 - 60 car boxyl at e.
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giving 3.7 g. (4@%0"914 daied tMF@mz B.a0 Ec( umld) vﬁfh@hflmp ithcal in
al | respectg %;‘E Hﬁ%hm H:i ;‘%&2 ggﬁfbt 1‘ vl es§o 10
pure cephal eX| n Sl 5c 13@}11{“1 1 | quor and cool i n

for three 10 hours at [err gave 1.20 g. 13% Tot aI yield was 53% V\HAT
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produced by 3Peact"i°%‘b§‘ iF ciol Faidy metiomymedy] ephm%ﬁcml@rmww-m fryl et

in the presence off cds?%é’%'ﬁ’ﬁ t‘?ﬁr:la 1 BE S ertin Tk BOXYXBHIW an acid

6- phenoxyacet am diaacﬁﬁﬂth kehlaf};aixﬁné df @ hxdfhoxyﬁn 6ohanoxyabetamido-pétitillihatd Same t o
said nethox rret FryXoxide [ishe mm byeetnamddnamlszedreltem}allm @aeem 4- 30

carboayt are By “copyiod B Y R g AP EN et B
claimed in Cla'mdichﬂyroe an,@!{o bformd rdkadhforc sHe C & th gkd i vating
tertiary am ne artdlogeﬁamga omypm&émi Step memmeytac&brﬂrphdﬁmﬂs Stichibiideat e

sul f oxi de i S,,c0N ouy z@dlﬂqrhier phebpherug it alyl- 3
4. A procesas ¢ °n %BI:EBE"%EE r ﬂ‘fﬁ lag% t§§f}‘7 venf"l n

Step 35 (a) is aﬁm@ !drﬁmé hym@gq & Gitidin€ aOpyi@int. S€ ected from
met hyl ene chl ori de, SdlAcwacmsaetlhmniam o @heorf (3lamst] td ¢ twherelin ke rhpdrblpsisme-

t th d agtiost sr“afffe ut on, pradyrct WALERSt
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A process as ed in any one of Claims 1 to 6 wherein said reaction of .
50 Step (a) is carried out at a temperature below —15°C and in Step (b) said aliphatic 50
alcohol is methanol.
8. A process as claxmed in any one of Cla:ms 1 to 7 wherein in Step (a) said
inert solvent is methylene chloride, said acid acceptor is dimethylaniline, said halo-
genating agent is phosphorus pentachloride and said reaction is carried out at.a
55 temperature of below —15°C; in Step (b) said aliphatic alcoho] is methanol and said 55
temperature is below —30°C; and in Step (d) the hydrolysis of the reaction product
of Step (c) is carried out by mixing same with water and sulfuric acid or hydrochloric
acid at a temperature below 10°C.
9. Methoxymethyl 3 - me:thyl - 7- 8 - phenoxyacetamido - ceph - 3 - em - 4 -
60 carboxylate. " 60
10. Methoxymethyl 6—phenoxyacetarmdo-pemc1lhnate sulfoxide.
11. A process for the preparatlon of cephalexin as claimed in claim 1 and sub-
stantially as herein desmbcd in any one of the Examples. _
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acid acceptor of Step (a) is an acid deactivating tertiary am ne sel ected
fromtriethyl- amne, trinmethylam ne, dinethylaniline, quinoline, |utidine
~and_pyridine. 5. A process as clainmed in any one of Cainms 1 to 4 wherein
thej(y rolysis re- action of Step (d) is_carried out by mXxing the reaction
pro of Step (c) with water 45 and a mneral acid and in Step.(c)

sal B2 dhoryl iy Shoriae BXSL?CHJHﬂIﬂﬂIIIW lllllllllllagﬁ ocess as -

claimf in any one of Clains 1t ereinin ep(a sald hal ggenat i'ng
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Clains 1 to 6phepsid RA J@ﬁ&toh%ﬂ{afmé&md of cla’éaqas&@&mhﬁy garried ooyt at a
t enper at urehez’aeldasm eerni]pam of Bxafsple ) said aliphatic 50 al cohol |
net hanol . a;w%ofﬁhea pee ot)Fla@l Qsybgtantiallypas7 wherein in

ed

Step () s “%‘g egm WL MEGLEENsEa agig accgptor s
di et hyI anlllﬂorggor ha enatl ng agent 1s phosp orus pentachloride and
said reactionlj.sA p@rmacemicad)mmmstmonacmﬁﬁxsmg cephaexipens lained imtlailpel4ow [era in.
Step (b) sdeserbaripratipet RipEYrBtcalyacippafictand said 55 tenperatuf® is
below [err]; and in Step (d). tﬂgtﬁgygrgpg&){él s of the reaction product of Step

(c) is carried out by m Xi OSRFEMRELSV& RANSEGRD,and sul furic acid or
hydrochloric acid at a tenpeﬂmrmeéPbtedtoweI[t%rr] 9 Met hoxynet hyl 3 - nmet hyl
-7 - [err] - phenoxyacet ani cféofdo"t’%sg A’- em - 60 car boxyl at e.
60 10. thhoxyrrethl “YaVatVavi: 2aMara 'nate sul foxide. 11. A
process | or AN GIRNRR SR e A A o S AR el m 1 and sub-
stanti@dl ly as hereln descri bbdlﬂpmesanybeohtemdf t he Exanpl es. 10

1,409,992 12. A process for the preparation of the conmpound of  claim 10
substantially as herein described in part A of Exanple 1. 13. A process for
the preparati-on of the conmpound of claim9 substantially as herein
descridbed in any,of Runs 1 to 5 of part B, or part C of Exanple 1.- 5

14. Cephal exi n when prepared by the process as clained in any one of clains
51to 8, or 11. 15. A pharmaceutical conposition conprising cephal exin as
claimed in claim14 together with an inert pharnmaceutically-acceptable
carrier:s For the Applicants, CARPMAELS & RANSFORD, Chartered Patent Agents,
43 Bl oonsbury Square, London, WCIA 2RA. Printed for Her Majesty's
Stationery Ofice, by the Courier Press Leam ngton Spa, 1975. Published by
The Patent O fice, 25 Southanpton Buildings, London, WC2A 1AY, fronlmhlch
coples~ﬂay be obt ai ned.



