1,017,615 Still another preferred enbodi nent of this
i nvention, by which the penicillins of formula | may be prepared,

is the reaction of 6-am nopenicill anic-acid-i-th-an [err]. - e

(het erocycl yl -[err]-azi doacetyl chloride of t he; gener al formila
(M1) [err] .5 wherein Rlerr] is.as descrlbed above, or the
functional equi val ent® of said acid’ chl oride whi ch may act as an

acyl ating agent for the primary am no grou of 6-:am nopeni

cillanic acid, and subsequ i‘ %Hﬁ@l TBﬁ(bNoup under
sufficientl yml d ' condNblmmego avoi d destructi.on. :&%7 }é
peni Cil |1 R ._-'-CI.' unctionally equival ent. . ‘acyl a@

and t he prg)ar < g@ t hotecof Bppﬂmidemtﬁ"nbédnwdwperifcdmn April 25, 1963, The
[err]-eter r/‘. PN dadec 439863aci d may be prepared according to the

method 1 H o Wyplitdetioee madenn Unitéd SEatéS of Aierlcdl(Nas. 1906776 dnd 9BITBI)
In the prc&s pfar at poriod, (%% conpounds of fornmula | above, the
com g P8 fret | Gemplete Specification Ryblisksd Llan-ob?» 1946+ he form of their

sodi um or "pot asSk s d@tcrownitepydght é¥pounds i n t he aqueous phase .can
then be converted to the free acid, 15 —opreferably in the cold under a

| ayer of @mammmmmmmm cthZBt éCW,n&lEH, CR: C{1F4CSy 174D, 1FYF5, 2A%N
Herrr]sqerr] to'pH:2. T%g Ao g 3 2BIG, 220G FEAPIL, 280D, 2B40T1,
wat er -i mm sci bl e, neutral or ’ A such as et her, "t'he
extract waE!‘i&-vm‘ﬁli’@quw ckly inthe cold, if desired, and .
dried as with anhydrous Naerr] SQMPEETEBHEGIHKJA'MBH acid recovered from the

et hereal solution. The product in the l extract in.its free acid
formcan then 20 - be converted to an desired netal or amine salt,

particdl arly the OMEA a Corporaﬂoa ?fa‘ﬁ PFQ}YFE"@ ted m ne
salts described %f j:f&a R .

ythata
a free’am ne suchnsg%e fafG@t &, &ﬁbﬁ&hoab? mhlnoisltd)e p’ﬁﬁtﬁ yl
hexanoate i dryMWbM@inanﬂBhﬂdom&esta@mmtueual ly i nsol ubI ein soI verdt s,

such as ‘ether - This iy 102 FEQseAR OB the pFep: ’EH" of pew .
FiTtration o5 gt vie &g Eittmm&m S e i T

this invention. animals, mcludmg in the treatment especially of infectious diseases caused by
EXAMPLE 1. 10 Gram-positive apey -matmn bgferia and, more parncnﬂarly, relates to 6-[o-

DL 6 [ [ er I'] Am no* S 11'(?;?11511'??5 T ﬂ:tereofve in
[err]-(2-Thi enyl )pgt SR i “ G [ fRsititd % QL) e ttxh}% '“tfhod
di sclosed in from thdS@fious idgowbbalfle inSuqebis REA AT ubdh oddd adbhinis-Of

met hyl ene cig ori d@nmn@dc@bhmmctﬁeagmt numerdifs atrifsQf bwetm egth mostiGrym-and h
the presence of @%ﬂag‘}md;ﬁ‘i‘ﬂg%‘ " SRR slit‘é‘s@ﬁf’ﬁn‘t”;m gt%jﬁxﬁ 9f [ presegt wnvenion are

pent achl ori de  ( 18oHi s GHithesibe Dacin %ﬁ’ Het DOL SAhnfeuioh b t he

t enperature also exhiBit kdsiSelnct 0 desdl hepelicillingse.e | S stirred for

one- hal f hotr. whi | eThas nu)qudcd;\gccmﬂneg tothp; present mvennorpepmeﬁﬁrfer thet prep@ratien O[ 9] C,
15 m . of - net hyl eheeniciipnigacidphayise the gogral forpylest i rring at -5[err]C to
O[err]C. is conti nuggl for another one-half hour. Then, 10 drops of dinethyl
35 formam de are added and anot her 20 .ml . of net hyI ene chlori-de are
added to thin the 35 : fture. The xtu_,rels stirred rapidly -and a
purple slurry.results. The pzt-(ml-u - MHBLOH ——CF err]-(2-thienyl)- gI ycyl -
chl ori de hydrochioride, is:col]l ected d | I trz{ttf’ n under reduced

pressure, washed three tinmnes h "I'"e’l’te cHi®%e and dri ed in vacuo
over P[err]O[err ~ The weight of the product i-s 5.9 @. WhICh '
represents a 72°]"X}l‘fr8f’§ 840 T pH ofy 'sol uti oprygf - 6- ani nopeni ¢i | | ani ¢
acid (4.1 gm; 0.019 nole) in 80n1 ZE of "water is adjustedto

6.3 by the addition of a 109 wei ghtR‘ggije‘eus S i on of .
<

R R R3
s, ' roo Z

e o
R? zlv *T RT
. RS : o
25 wherem R% is hydrogen, alkyl, alkanoyl, alkylsulfonyl, phenyl, chlorophenyl, phenethyl 25
or a cycloalkyl group and R? R® and R* are selected from hydrogen, chloro, bromo, -
fluoro, iodo, or nitro, alkyl, alkoxy, alkylthio, dialkylamino, alkanoylamino, alkanoyl,
alkylsulfonyl, cycloalkyl groups, cycloalkoxy groups, or substituted or unsubstituted
aryl, aralkyl, aryloxy or aralkyloxy groups, and non toxic salts of sald penicillanic

[Pna 45, 6d.]
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NaOH with stirring. The solution is then diluted with 340 ml. of acetone

and cool ed to -50C. The pH of the solution is then adjusted quickly
to 2.5 by t he addition of 6N HC—to the well-stirred mxture. To
——this—sotutton1s added D, L- Terr]-(2-thienyl)- glycyl 45 chloride
o hydrochl oride (5.9 gm; 0.028 nole) over a 20-nminute pegiod,  the pH bei ng
45 kept at 2 to 2.5 by intermttent additichs of 10% NaOH. The
solution is stirred for 5 . m nutes -after” conpletion of the addi tion

of the_chloride hydrochlori de ‘arngbighy pHis ... then adjusted to 4.8 by
t he adalhnn of—10%-NatH—Fhe—ace Omﬁ}% lﬁﬁm\éﬁdﬁuﬁdﬁﬂnﬂeoﬁ mth ';ed{jced
pressur.e, aimdS@whE!ﬂfP@Fﬂl‘iﬂFE1 1?5%% Fuf on i1s filtered:-to rermve iAsol ubl e
mat eri al . wﬂdaha"%ﬁ'e “fr%ra having.a pH of 4, is. cool ed to 5[err]C
~adjusted*to a pH of 7 by the add|t| 50 - - of - 10% Nad—l ‘layered with
20 ml . of nethyl isabutyl ketor e dified to pH 2. o with 20%

H erf]-gefr]. UpOn' femoval of the}met hyl* |sobutyl ketone Iayer the col or
of the remai_ning. agqueous- f(ayer ‘clarifies. Thi s -aqueous layer is

extracted goablio idlidlin teesiol QuLVk iketire ands the

extragts arvmaetnszeasrasld@ﬁnedrm"e us ?ﬁé‘i&ni?sh&ni meﬂ B8,  to O[err]C
"~ and ext ractuakrall’ I 17 penmglmdl ocI SOdI um sul-f o-

55 - - “g} nml@) emﬂOYFPég‘h ketone. The
met hyl | soba%yd RM¥cor funcuonal e(mwaEnt thereof having the formy

1,017, 615 extract is 3epagategdy decanti ng, Fil tered thlloough
anhydrmus Na[err] SO err] and concéntrated. =~ slightly by evaporation
under reducﬂ'g @tiroRiGout HS09G td 408G neutral i zed to pH -+ 5.3 by
the additio oﬁ%ﬁ“ @formela The sol i d product which forms is coll ecued
b filtration under. reducedopressure sl'urried wth-ether,
refiltered and dried in vacuo 5 | Plerr] O-err] . The product

D, L-6- [[err] amno(2th|enyl)a’il,—f°€1 pen|C|IIan|c-aC|d is -5 -
found to weigh 2.6.gm; to contai t*mbhe [efr]-lactamstructure as shown by

i nfrared - .. . anal S w;na‘ﬁl,agamaﬁdchngmo@tn B8® 190[err] C.,
and to inhi lmar bS?‘&ﬁhWh%]bh Hsasgerﬁg dbo Smth at @ concentration of 0.2 .

mg. / m s 2.1 -
Pr epar g i on n@;fyl le;r& o freupr tm';enmlf ik JOVIAY gghmqﬁ%ﬁ I an?g Acid -
10 1, pubstity ‘EFDZE% i a ﬁ,ﬂ,@n (nigsdlanhy@id®32 NI e, obt ai ned by
the met hod dheeigid e o hen. R%, G, B-or RS3 mz@@wwbﬂbﬁﬁé din35m,
of methylene ¢ SR8 m&h&@wtﬂmgboi’ Rériy pugther grg‘l;ﬂi‘mm‘iﬂgtk SREITing and in
the pregenc caé Gikilsalfodyl, ohd Eﬁﬁhﬁ kivESard pRfefred. _

chl ori de (1n’&§m;’qloamlm sLﬁBPSé ‘l‘{%‘ @‘g ﬂ?o-?égll?ﬁoaﬂg o 51 o7 Ed-‘!SPBIan‘st he

tenperature W eﬂrvgfr%} G Thean xture | L rneq. for ‘one- hal f
hour while nar da Q,gdu;‘h& g‘c@amevaeeuonlafF compounds h%ﬁr to g err]C:
15 . gf Meik)hénhaaicauiaip atcsprelsRon t°%%f§g§f A scid sal ﬂ‘;éfaa{n@m@ fo O[err]C.

i s ' ogin menllie gt mlfm Wén toiraem:,nwla@txihllq s-of di ngt hyl

formam de i ssa&(f&@dl:gs‘f'dﬁ“ g triethylaiis ﬁé@tnaemb&@ylamae,dd\'—b '| ori.de is

added to thi fffy’ gﬁﬁi quThiaenmlsd’tylm@aﬂune: dehY rod {3;1 gn'apl digp and a .
)msy lincRi@ed .= . chl ori de

purpl e ) Urr Yeh .ﬁsauiety&thyltﬂtél lPWCfWI koA 0t
hydr ochl ori det:h«:rs;mm!c'f‘is 49&1 o edid ammedtsph@gé(l e, “washed
three 20  within the :g% ls en;gih Mlaela&ddmdmsaltﬂ@da acuo over
Plerr]derr] 4 the-rgmine & Mdroi6didel laifatey eulfamate and Il’°ssu}§ Lot

represegd s aag&%n}éklﬁ s6kh as the maleate, acetate’?ﬁé“erfl’ffwf’ a so’utlon of L :
6- am nopeni cifhdase M&l“&nﬂ:gif“mmnd& &l&smﬁkﬁﬂonlﬁe&g[(n‘i)-a-mno-@- - of water
is adjusted to @ %ﬁé lichid ogaldpfs-a(ﬁmrblp _ BREEOIRSTE of . NaOH wi t h:
25 . ostir dac‘ hq;mf[ummhm - pytidybase 8‘“%“:] e i gl ace{oone and’
cooled tg -5 Elﬂiyl)aoetamld"] Hagpc 7’; ﬁi ﬁn”éam |penidi St €d, . : '
quickl'y to 2. dimdw m@lgépdll ke Iaﬁ;lthenrnon-toxtcamlsl et.i rred

m xture. To t'H dsa{u!a dé@&@g‘%ﬁ% e chlioride :
91‘lgrcpmp®u€)128ndnfe‘r m nute per450d the-

w,

hydr o- ‘“"e““‘h; il

pH bei nggkept w@tt,gfwtﬁg:’ (1:;3?33 k’;fg';,?,?i?used herein mesns both straight and bran;:;lelc: echyz -
ahphan: hydrocarbon radlcals having from 1to0 6 carbon .atoms such as methy! 3

ly, where the'term =~ = .. .
butyl, t-butyl; amyl, and hexyl: ‘Similar! Y mo
gragﬁer;s’(’,pi? ?le,db:sty;a;:oofu t¥11é desctiption” of another group, e.g. (lower)alkoxy ’ .




by intermttent additions of 10% NaOH. The solution is stirred for 5
m nutes after 30 conpl etion of the addition of the chloride
hydrochl ori de a pH.is then adiusied. . 30 to 4.8 by the

on- of -10% NaCH. The acetone is renoved under reduced pressure
at 30- 34[err]C ;and. the solution is filtered to renove insoluble material.
The filtrate, ;' s having a pH of 4, is cooled to 5[err]C., adjusted to
a pH of 7 by the addition of 10% NaOH, | ayered with 20 M . of
met hyl isobutyl ketone and acr d|f|ed tou;ﬁeaswrth 20% 35 3
H[err]SO[er F—uper—renoval—of —themethy—Tsobutryt—ket The col or

of the rewgi ni rcfS’St" the a“‘YIP ﬁ&ﬂﬁ%ﬂ"%&@?‘%? F‘ﬁ’ﬁf‘?’%gs °‘FHP‘§1 %&Vﬁéﬁus | ayer

i s extract®d ag foVehalkel , it s IpSied bk cha and the
extracts are di WW E’ﬁ aﬁﬁa"tﬁ 5%%}‘” ltﬁ;sogmpﬂxgd(ldvc:r)gl%y%

O[err]C. amd exhclatet “}ng‘“ﬁ’ﬁh‘m‘mbw‘m%gmm ingj mfﬁﬁg}wa. um >
sul f osucci nate yityryl; (lower)alkylqg etone. The
b o1 St e ity s S P

oHecan Ing, filtered

met hyl isobutyl par’a

t hrough™ anhydr ous THa[uedarebSb fof lheafyﬂgxﬁﬁﬁ’l@&ﬁm{hahedaﬁhb glod iy attadhied) is by
evapor ati o undsr asyxemlmechrbynemm thﬂtcom uady ¢f(this jnvention can uefdl i zel to
pH 5.3 by th° Cﬁff“fellﬁ’ e’éﬁf°tnts a‘rt- = 1155 Zgﬁh Qﬁgﬁgct whi ch
forns i's collec§

active F‘éaéh e D-isom
! fﬁeg of the com Sounli V& nclh e Wark tﬁyﬁésu,fa;e slurried
with ether, refprkde deﬂﬂmﬂ&ﬁOﬁiOscﬁpeeﬂf thy{ presedt Ghvesitioh .are easily The
pr oduct , QsL- 6- h;[d[-dyzedjesamwha(:@netdmvamﬁlt?&@éteamdj@]mbpétﬂn@ﬂlwawmﬂﬁcr d s

found to wei gh hﬂmyﬂs 2.6 to co ip rego S fediiidB gicture as
shown by i nfrar gol, il mﬂtf’ twocausedbythe icAUI eus

Smith at a- Concéﬂﬁoh%f 'tlﬁrél abh. 420) dﬂél&b tpresence of asymmetric carbon atoms
EXAMPLE 3.20 in: the 6—am1nopeti2llbparaa(1 mgdeu@fSuch addmonal 1somers, however, are not
DL-6-[[err] .-Am %‘ Ses 7S Col 1s o?‘?gne co ac;g’wmch 5
[err]-(3-Thi eny ﬁ%lc a t@ﬁ:} :@3 nt odtction> bISTRE %&15”1 of
met hyl ene 50 erl e and cool edto-'- err C. vvrth st|r ri.ng andln
the presenzse of caOm: p:efmddl embodieent §f0this mventlona bydé@h era?wcﬂhm

pent achl ori de (§me ftio of & g thereof,
causi ng the tenﬁ‘g )%CI lé wal Q f re s sofler?fed fo

forty-five mnute Tral ntal ni ng t he terrperature at - 10[err]
to - 5Jerr]C Then (V_DO drOps -of d| met hyl . . formam de i s added, and
stirring is continUedfor an additional fiorty-fi-ve mnutes. 55 The

product, DL-[err]-(2-thienyl)glycyl h} o c;:e hydrochl oride is collected by
filtration . 55 under reduced pressure, |vvashed three tinmes wth nethyl ene

chl ori de and dried.in vacuo d'agrﬂwP[err] Jerr]. The weight of the
product is 8 h-re ‘1\1& q%y H ofp a
sol ution O?(;G a%l;er%ré@&h:%da f%écpgl;o% érg gﬂi %chlorlne hydroc gdep

m. of water i Saaaﬂjtab&t eﬂtan&' chqtedtdaabadcn%r, mi:h(‘nbom ofsol ution

of NaOH, 60~ ;basphh % o hsglggét 5 %eﬁhpdr?hl ‘éﬁ@éoo m . of
acet one angg €00 . F t edss
qU' ckly to 3 bYaﬁ &J:aﬁl 1 é}P ne atea low pH, lﬁﬁat\/‘& l;etoﬁ' 3 bded

m xture. To thi saiohned: raomempera:ddem abaut 609G Th (sa%mbhrsemyé mipikor i de’
1.017. 615 after completion of the addition of the londe]:: hydrochlorigle, thi) ?H Zs(ﬁ?ﬂ ted &chl ori de

O

(3.8 gm ;g 018 MUETOTEPY e YRR
3to 3.5 by 1nt @leired to ad 3% gboﬁtuogn]alyé}ecﬁtl rred
for 15 ' mlth ubeis owf—fomh Ioemethyl mbutylhetoaaddnrltamaﬁedxb abdwe pHI® ori de
hyodrochl or| de a “t fyieri e'm’““fe T°| t‘tyou?‘i’&%ljm@t’eﬁfﬁ andpfliscaydpd; t|on of
109% NaOH. e a m% etone. The %ﬁﬁﬁg
37[err]C. and th&‘a% a &1951—$a|wi5:1€§ a;Qecf Hiethé 5

The filtrate is cildficstdsotnpdpH 2 the ad i on of 20%H[err]h¢9err]'

extracted tw ce Wi °th°r P‘\"fferre ertian, dhyewhighn ghe t ofacts are
di scar ded. sgrhe {ﬁﬁ? %@f‘m‘m °ﬂ;la§§8ﬁ1§ :Etl:@ib @m
extracted with a-@é&e l)-&-(sﬁﬁgutetfsd ﬁ@icyt;dl &aﬁwmy %&uﬁpfo ﬂt

gm; 0.0075 nole) in rret hyl isobutyl ketone. The nethyl isobutyl - ket one
extract is 10 - ~separated by decanting, f||tered through anhydrous

Na[err]SOerr] and concentrated sllghtly 10



by evaporation under reduced pressure at 30[err]C. It is then neutralized

to pH 6.5 by the addition of triethylamne. The solid product which
fornms is collected by filtration under_r educed pressure slurrled
with ether, refiltered and driedin vacuo over P[&rr]JO[err]. B The .

product, D, L-6-[[err]-am no(3-thi enyl ) acet am do] penicillanic acid, is found
to weigh 15 0.9 gm, to nelt with deconposition at 177,180[err]C to

contain the [err]-Iactamstruc- 15 ture as shovvn by i nfrared

anal ysis4 and to | nhi bit Staph. aul;(nn&ISSm th at a concentra- _ tion
of 0.001% By Vel gnt - — i 7 EXAMPLE
4, reparation of - ' ' \./‘ '

6+ [[err] Am no( 5- Et hyl - 2- Thi enyl ) - Acet a do] Penl ci I ani ¢ AC| d 20
The procedure of Exanple 1 is reped?l‘q—‘d— ept that . '
[err]-(5-ethyl-2-thi enyl.) gl yci ne, - 2Q# . - prepared as described in C :
‘A, 49, 8244c, is substituted for [erso (2-thienyl)gl ycine. The
product is found to contain the [err]B—Iactam structure as shown by |nfrared

anal ysi s - and.to inhibit St ap&h.. aureus Smth at a- concentration of
0 i .

0. 001% by wei erem R&lis as deséribed above and R*OCO— is 4 blockmg group to- protect the EXANPLE >.

25 Pr epar, or the funcuonal equivalent of said ac1d chloride which may act as an’

6-[[err]-Am maﬂﬁmg/ag y for Zhe Ifin@ Ry dn)i AerBdpodfIe: adid, Gind\eubsk- 25
The procedur equerly E aheblocking grpurairan] the eeingtradidably hydrogenation under 5

5, s24da. | W‘%&{ﬁqﬂ@ﬁmfkﬁ%ﬁ?sﬁ% f%f'@%maﬁ%ﬁ&ﬂ%d ne

product is fabmdallpﬁaﬂbeﬂérabrcaﬂ) acjderr]-lactamstructure as shovvn by "
i nfrared®anal ysﬂs therfhocking group refﬁFeC' Fopdbotsi R® 8w phallyh terdage byl phignyht a 10
concentrat o e e bl S KO S MRS T
EXAI\/PLE 6. Ds repar at °oR - of non Fa s un mean the pheny

6-[[err]-Ani nol %a,ewm;g rBupTRIGEIOYL )iy et aeingle] B bjdhogedasioni 6 e ipth-
The prod&dur geasd #minvaqy} derivative of alp@dic ip|the presence of a catalyst 15

o AT e e TR 1 <

product is f Ot ﬁo&rﬁﬁﬁﬁlﬁb@d\@lvémrsﬁc]:-ak ammrsdwxami ot Rueass shdss by i nfrared
anal ysi $%and g83uch orgagi sqlyehts ishet PESplatt reaciign avirsurehing| essgntially vevimbea®: r at i28n of

P
0.001% by wei gtﬁttl)’m additi efegélsd embodim 'ﬂfm of this invention, by which the compounds

EXAVPLE 7. of formula I gzogiﬁgﬁégﬂmn reaction of an a pro&ate a»-(hetetocyclyl)-a—

6-[[ err]-Am rm(hﬂ:adﬁnd)ctmﬁﬂy emyﬁc)aéﬂeiraml cthé prasance ofrzi d
The pro@&dur eagy f!dqegs gelt,zwm«:«h ¢°e;@§?1 e ‘carbodiimide sach a5

1 hex 11sopropy1
[err]-(2,5-diJmt] ] ecmon éﬁlﬁﬁmescrl bed in .
C A, 51, 4 ufrhl sal't Sf §- azl@fn otioft 8f dioxane,
t hi enyl ) gl ymmhydfckfm  inechylede ahbnﬂ«,)uuadAtsﬂut@mm auout dn dmolug®f am st r uct ure
as showd? by tb( desired vf-(hetemmb”r)wa@dl B %déedi’ Hﬁetm@l&p‘h _aWeus

1<:yclo forms as a
Smith at a Cdzﬁ %%En?ﬁﬁgl’é ate 1s olid thus obtamed
EXAMPLE 8. is dxssolved in a small %f ﬁitéroﬂ'hé) d]usted to about 6—7, and the

) - a- Am no- ( 3- sMhmmrinﬁ)tdkebtoamnd@ ﬂgmsoiuﬁld anmnial Amedesélusaaqmbcms edlution

D, L-[erf- (3-« rll@emmﬂ%mﬁ!ﬂwmwdmm fregted ho$é5 '
skilled in tH& u@{s g%_&_a& yce@cc it adds&@EJon%&nﬁQg' s i sol at ed :
as the hydr 0-acetyl chlondes wﬁm tompounds of the present .

[ err] - ( 3-ibtentonyay pmbly dlam;l“léfc:ynthtaq mm:bodﬁ obididart commh fin the L at

(-)-
igsazggl[‘xgilr]o G"aMJ’Stt ﬁ @Ea@%hﬁ} xrﬁ[‘%g poE eﬁ'%-:w;,.. ;.,—649)
shiSQ

ycine:
hydr ochl ori dec&}gounds”, E. 3R

-

i de i n 80
m . of water B frfperatig nﬁ:of ar(s-ﬂmubelydl@ @d vE(B—thlenyl)glymne agpnillusr@iv@ 96 - ol e of .

car boberzo Sof ared foypher Rsqeedugte, 5 7.
hours, ext)rqa/tg?‘bd%& g}% ( ig;,ﬁogg%gegp ,ggl aC|d|f|ed.'

to a pH Of 2 VI above may Ud ethyl -
acetate.” The @ltglampfc Mithy@mmbb eetr:n éd:hlorocarbomc acx@v musf qqugne5| um

sul fate58nd € u BT)Y

N-car bobenzo N ﬁ?ﬁgﬁ%% e, c e nve th% dﬁ%ﬁy 124[err]C
55 be conv Yito G fudiiofal vﬂe &yﬁn@ﬂ@ents s&hQ&Ze JH&MQI)ydﬁdis added =

dr opwi se, 0V eand amipedr jnbyfiridds with other carbﬁxyiﬂeaqndsnut wgnoestegs, ands partiquiady m xt ur e of
10.9 g5 (0. ey abptie et PR enzoxy- (- ) -

[err]-(3-thienyl)glycine, 40 gm (0.037 nole) of 2,6-1utidine, -and 100 m S
of di net hyl - formam de at 5[err] G, and stirring is continued for .
an additional 15 minutes. A solution '

!



60 of 8 gm (0.037 nole) of 6-am nopenicillanic acid in 75 m . of
water and 25 m. of 60 8

1, OdutumiErdeir- : . —— -all at once. The
mxture. is stlrredfor 15 mnutes, diluted ' with 300 m. of water,
and acidified to pH 2 with dilute sulfuric acid. The penicillin IS
extracted with &ther! washed with water, and then back extracted into 200
m .. of di | ut e aqueous sodi um carbonate. A few drops of acetic acid
are added .to adjust the 5 pH to 17017;5B153 m xture is hydrogenat edsat 50

s o 28 et et s R e

tered Trade Nar(ke)tera:sclﬂjqﬁazﬁmioaiymbnde'Bhﬁe@dﬂerhl&orlnawered to 2 W|th di | ute

sulfuric acid and the catalyst is removed by filtration. The
filtrate is extracﬁ’gbl with a .solution of 8 gns. of dioctyl sodium
sul fosuccinate in 150 m. of methyl isobftyl ketone, and the 10 organi c
| ayer is separated and dried over anhyg+ rmagnesi um sul fate. The drying
10 - agent is renoved by fiIt_r%tion, and the pHof the filtrate is
adjusted to 4.5 by ‘the : addi t1%on of triethylanine. The solid

product W ch figHeRT RSis 3b WEstALRY ablvd, lor SheMuncrithl equivalent of saWPEcRY chlodildl T enpved
by filtration. WIuchmayraecasyat a:lvlhnnz@denbwrcthesguhavy ¢ grod) of§-amigdpeniat er

b 1t 1 L B S R Rt
product, [ (-)- Cagl 3HdBdddtic c1d bepreparedacoaﬁ adnhaaiemaenlc11blanlc
acid, is coll eoieedbeb})ym I—mbeatmlmcaml,lls—ﬁtﬂmdﬁbo vvel gh 750 Cy to

melt with decor?oé%lﬂ}“-mﬁ“?ﬁs%?t’ {)‘;%M“éﬁepntp ﬂ‘ea?&‘iﬂ'eus Smith -

mes then' sod1 potass1
at a-con- - salt tr.'p 3;' A ﬁs\z be converted to the free acid,
EXAVPLE 9.1520 preferably in the co r@maﬁyer&ﬂ by the addmon of dilute mineral acid, e.g.

D L-6-[[er r] ArﬁNlﬁzS((Btdl'ﬂH é Jrécceki am tug]bpemamdl itan weterAmmbmble, neutral

15
[err]-Azido(3-t 3?1’ § ‘%“’Ya@f i i) F°<H’ e with an
equi nol ar ﬁdﬁ E& et cﬁ ,m ov ? gl“
[err]-azi go(3- tﬁalceﬁwnadaﬁeetny deﬁx’&l Qfetaﬂ@r hxﬁlne salt, pamcu&ﬁpameag tillgtion
under reduced pxempshle eontoxic amine salts descripel mt;:etxajé chloride

gt2i4-rr2e’grr§ol Utol bz%gﬁ %ﬁ 3 %fpﬁﬂlé y’é‘”ﬁ rrﬁl‘b%gg‘f“c?u%%%dggi élo 25

and.-=-29_.4 Q5s. (0 Cﬁembﬁ);g&fam vl It M amemveauo‘ioo m. of a equiygglume
m xture of vvater and acetone at O[err]C The reaction m xture is

mai nt ai ned at 05[ C. a L, The pH of the
mxture is adjust g_} YI%I’[%%W% ﬁ E‘élmzm;‘ethog ‘i;eg £xtracted
with ether, in meder 211@ (usza);\&emap‘eaaeene 353 ehidride dn amﬁdlaH of 2.5 30
with dil uBse hyd-rmllvmhlsurragladd in[the peezan eqalcnmidlﬂondq desienuity Bims:@druw t h 3@t her,

washed with 3(pentachloride (1 °°4§|‘Hﬂ’1"iﬁ d ad4p Ggﬂl?ttﬁn e aqueous
sodi um car bonatfe et bigi O?gfm R g:ﬁﬁ"ﬁ% bs of
acetic acid, andsideo m(xtnu&ﬁmhﬁd ﬁ&mlaﬁﬁ-lﬁ Then, 10 dmpsl&m fl as shown
in exanpl 7. 'lfbr@apxdemdedﬁnt Scltlcmde Iayld;dect gimdlo] - 35

penicillanic ac"f“g,}“e p‘ﬁ‘;ﬁf‘f EF"EE% ri‘n ﬁé’ e as shown
by infrared 35 %iami @ég dg[{ nﬁi’nﬁfgﬁb g;pygﬁéd lﬁ?ﬂ& uleBO[err] C.,

and i nhi bit s StHEhvmgﬁMfﬁUﬁrod@ﬁsSQg which repieséhis B 728, yigldconcent ration of 0.001%
by wei ght 40. . The pH of a solution of 6—ammopemc111amc acnd 4. 1 gm .; 0.019 tfoAME0mI1 0. 40
Prepar ati on of bt e Pq‘Pé’ﬁF?ijt’PPa ic Acid
. so 139 -u W[
Hydr ochl ori de 4% Zso¢. The pHo ;5&11@&5@ Ihrdea rgs,b%“@ . amoni um
chloride (137 @8N HCPwhk rmxture To ﬂﬁslsa)moamdﬂmmnsa-m&ymgwe ( 165 gm ;
2.46 nol ef5are Chbad?t l!?drocfdpndb(% gm.} 8028 mele)i aver-a 2D-minute period, the pH being
kept at 2 to 2.5:by intermittent additions of 10% NaOH. The solution is stirred for 5
minutes after completion of the addition of the chloride hydrochloride and the pH is
then .adjusted to 4.8 by the addition of 109% NaOH. The acetone is removed under
reduced pressure at 30—34°C. and the solution is filtered to remove insoluble material. o
50 The filtrate, having a pH of 4, is cooled to 5°C., adjusted to a pH of 7 by the addition 50
of 10% NaOH, layered with ’20 ml. ‘of methyl 1sobutyl ketone and acidified to pH 2
with 20% st() Upon removal of the ‘methyl 1sobutyl ketone layer, the color of the
remaining aqueous layer clarifies. This aqueous layer is extracted again with 20 ml. of
- méthyl isobutyl ketone and the extracts are discarded. The aqueous layer is then cooled
55 to 0°C. and extracted at pH 2 with a 10'% solution containing dioctyl sodium sulfo- 55 .
succmate (5.3 gm.; 0.013 mole) in methyl isobutyl ketone. The methyl isobutyl ketone

-




pyridyl)acetonitrile. This product (172 gm; 1.29 nole) is then placed in
concentrated HO (1700 mM.) and allowed to stand for 5 days at room
tenperature after which tine the HCl s b0|Ied off until the |iguid
is about 7 Nand the liquid is then flashed to 45 ~ " renove the rest of
the-solvent. The product (132.2 gm), [err]-amino-(4-pyri dyl)acetlc 45
aci“d -hydrochl oride, is recovered as-a solid. - @ P

6- Am nopenicillanic acid (10.8 gm; 0.050 nmol e) and triethyl anmine (5. 06 gm
0. 050 nol ¢4 are di ssolved in 250 i LOW6lMat er and 415 rri of di oxane . The

m xt ure al Sis 10 BLerrnlC al -
di cycl ohexy! cfgay g“%@&;ﬁ% H‘?"“"- : % 3;&,, “:ﬁﬁg“‘i% o

di oxane is addedby ﬂheladtdﬁumdf tlhdﬂlyliﬁuﬁ.efﬂﬁ reallit, dmstmmneaéd ‘@' sol ution

50 t@h reduced] pi ¢th reﬂ ¢ dpbin ypeuo 9. 43 gm ;
0.050 noPe) aﬁg %Erlpmc‘f“ Lel M %WCMX 13

of water and ﬁm, Gt 1860___1900(;m ft sxf@ A for 1 1/2 .
hours at 10[erShinﬁ:a:aczanndntfaubdoeoedagI/mreane di cycl ohexyl urea and the

filtrate is |lyophilized. The dry materlal resulting fromthe Iyophlllzatlon

is 55 di ssol’ &53,&;%% Qi _%ﬁmy{)%ﬁeml S&)l-&,lt | ondl tsl%e

adj usted({o 8.2 Ry

.032 mole,
solution is fid tAer5ed424§f)® qaiﬂenzléd 1ol BS bl J:?t‘x)ﬁeeﬂiylénd chlosidh anﬂtcﬁmhdtto —7°C 4.2 by
t he addition c»ﬁt(l;ne‘s;—el T ggﬁl : ﬂ#m!ﬁsgmaef elcimdchidtide sle;iceam d’hospm

yorn g S B el e B on
extracted wit Qt j—Sk"tJ@’rC 935 mB ofThn&thyin€ chloride is addedOdnd 3 etiG 5% wat er,
the extract i Sodnle dsrelothndnd-nif Hotrl Thas £0. s«jﬂﬁﬁm&@l\lmhmcﬁ& added ti mes w th
ethyl acet at @nd gnothenzyml. af imethyléns cllpride !&T#ﬁ’éeds@tﬂﬂdthmw Theyhixte r enai ns 60

$§§58e9€'%(¥ 'Sﬁﬁ%ﬁ%ﬁﬁ* i W@ﬁ?‘ﬂ dg,%“% M%ﬂﬁ%w 721 | ow

product, D, L- auc{tﬁssrgrd whith ferestrts a 729% yield. -
1,017, 615 pyr| difl Glmydﬂb@ﬁlnwkbeléomlt i s-found

o vel oo I S a%‘?\z%%sﬁmgmgmmmm MR comgn  he

[err]-Tactam by the addition of REHESlothand
i nhibit the gweldiredmitraphn thamlﬂmxs%aﬂddfbma-(a-tmaﬂl)gmylrcamm@rhyﬁﬁ- 0. 001
per cent by wshierde (5.2 ed.; 0828 mole) avéra 0 ehe@ﬁ%mnalkemnez Sps?fsz for 5

t tions,ef 10% solu
C[ er r] H ?J r] N@mmt%?&?%dlgjgof the ﬁlj ]@:r de mﬁisﬁn ﬂ)u ad 13 §0
to 4.8 by the addition of 109 NaOH. The acetone ifif d e 9. 15 N
13 7. at 30-—34°C. and the solunon is filtered to remove msoluble

Preparati on oﬂla‘ﬁ)lg-ﬂspfrlgévﬁstrﬁ}zf) o3 Q%gf 10l 3) pRE fe %gyﬁ,dw]aﬂ'éﬂ%@mf Ilp%nl c ACI d
Hydr ochl |de = 1.0 r" Ie) added
to a sol g{I ona eo;_‘@ removalo eous layer 1s R lafien i ._Qogﬁn I[3§e) and
pot assi um cy alsobley! (k Ek - e | désYar detk. The aqueous - layer isDehén adleda 45 m nut es.

At the end of 0PGiandex sed towél Zwithye 1950 sﬂs“mﬂ@%s%mg%

tion of 448 g™ &g‘i‘ %&g‘rgg R
Lerr] “anfio (f"“ﬁ“ i PRI D g el G PR, S 6?n |
3.84 nole) is t!zehﬂﬂm{ﬁi &aﬁdhylaimﬁl sashd ptbﬂucf:@lﬁﬂ_efaﬁﬁsai ecHG}by d&iedtionl 5 . . the

sol uti on | s alupdspeeduqed p samdsl ~-@¢°¢emwacu$0¥lehﬁﬂsf I ashed of f
and the , °P’°d“°" Rigillanic :
hydr ochl or| deﬁdz%n @ &E@%im orelell %nn";r’%%frgl f;450 %’Cgm) '
is recovered. This mxture- |s ‘di ssol ved |n 20 m of + . water and
the solution is passed th h an | nge col unn; (Dowex SBW(B- '

pol ystyrene cont al;ﬁ% §?§ Cm‘“_‘fcf‘ W Reqgi-ster ed
Trade Magk. %de e an le a11 o X

P HRRm GR&ITOVE 5§ he
wat er ang. t he desicagitl CR-hosp (misr]}enﬁmcme 9Q§ln 10.045.. mole) 1s(a’adqﬂyib|odg/bbm&cet i ¢ aci d

(148.4 gm), icapsigg M@Wegglm&qféﬂ KX hent mgugmd for forty-five mimutes .

while maintaining th 10 drops of: d:methyI'
C formamide is. added, and st:rnn is- continued for.-an. addltlonal forty-five: minutes.. - .- _ o

55 The product, D, Laa-(z-thlenyl)glycyl chloride hydrochloride is collected -by; ﬁltratmn . 5%

3 under reduced: pressure, washed three times with methylene chloride and. dned n iuacuo R

' over P,0,. The weight of the product is 3.8 g. which represents a-60% i T T

- The pH ‘of a.solution of 6-aminopenicillanic acid (2.6 gm.; 0012 mole) ~ini; 50 S

- ml. of water is adjusted to 7 by the addition of ‘a 109 by weight solution of NaOH, - E

60 with stirring. The solution is. then diluted” with. 200 ml.: of acetone and codled to - 60 =

o 7°C. The pH of the solution is then adjusted quickly to 3 by the addition-of 6H HCI' '~
o the well-stirred mixture. To this solution is-added D, La-(S-ﬂnenyl)glycyl chloride .

. ————————e i



6- Ami nopenicillanic acid (4.32 gm) and triethylamne (2.02 gm) are

di ssolved in 100 M. of water and 150 m . of dioxane and the
solution is coolediin an ice bath Ihere are then added to the
sol ution N, N[ err]-dicycl ohexyl car bodi i mi de (4.13 gm) in50 25 - m. of
di oxane and, after 1 minute, [err]-anino-(3-pyridyl)-acetic acid (3.2 gm)
ina 25 * mikturé of 25 m. of water and 25 ml. of dioxane. The
mxtureis stirred for 1 1/2 - ‘hours, then HCO (0.015 nole) is
added and the mixture is stirred for anob¥f&slns m _nut es. g

Tri et hyl ai |ne(2§gglg h Rl pehidl] Shel pH belidg! eadtol
remove EL'“ It&)&gfﬂ$ékyxﬁ%&ﬁ%gﬁ%%§g? i1 c,t%rzlgicmul "Bhel sﬁmﬁ&;l%sﬁﬁ lglxsftas ni ght
and the resul ti Ngminotes. aftemrmbreplétioh of B0 addition of the d&ttrléd hydrechlodidgOandithe pHL wat er .

The pH of the mixi %aﬂls's‘ﬁ’d]" Yeige pddlitpn fbﬂ‘/d aQH. Theyacetone is removed fure §s
filtered. Togt he ffﬁ T8 adin %&%}9 ‘g re‘g’v"@{m‘ﬁvﬁi ust The
pHto 4.5 and them 1Li§o \fhes ubcils DRdreis ideh
resulting from cooled to 0°C| gadpkualcuedaith om%solumn pfahwdsommhulfbﬂﬁcmﬂe B33f a

m xture of 9 %acé@erﬁ’é’f’?’/@v@tl@rﬂlﬂhﬂ lsObutyl kﬁg%%“g ts? 5] k‘?‘%neiei‘th"f'%?ed The

filtrate is Ia,tsh%";ﬁ&ﬂ | X H65by ace ate_
to renove all noi gk 4idtion Qndﬂf {The sohd product wh1ch forms is co]lected by filtration

D, L-6- [[err] -am noades3 d Qraamtmmwjhtxlethcr, 34iltered and dried inpmpriocovér| Rafi. c acid

i R e SR

l.

shown by i nfrar edton of 0.001% b ySI'S an to1n It the growth of Staph.
aureus Smth at a concentration of 0.001 ~ per cent by weight, and
to have the follovmn el epen a
Glor] W er i or 1 L PR Sl B i fgpmis e
pared as descnbed in C. A, 49, 8244c, is substituted for o-(2-thibr@l)digtine.Th e44 H,
6 0. - : product is found to contain the {B-lactam - structure as $EMYAVEY @fm@d analysis
Preparation of D, padgto[ighibity Staphngurees §%“WM‘HW‘)%E‘;&°&&°H’(% PEWEgY | ani ¢ Aci d
[err]-Am no-(3- pyrldyl)acetlc acid (30. My . 0.2 mole) is dissolved in
407 ni. of 1} Preparflin i phHoaXd(S SeH Mm&a)-ash@hnﬁ&?ﬁkmaﬂhm@ia&vat er. Fhe
solution is cooI ed t They raxdufe(af Easnble 14;5repeatedexoe1it@ha8a-(ﬂ meth;ﬂzem oxy
chioride is addedpre beém‘ésAs 2Addsjp snyDglycine. The
m nut es’ whi l e nai ﬁﬁ B ?]‘”Clys‘saﬁ'd i's then
filtered. The traelsajuste bythe
addi tion of ﬁ)Nsquurlc ‘aci d. AV\hlteMMHdG : ' forms as

precipitate.and is ¢ eP of fanjng( ;ErtBPEhz' 1) emcﬂhmc Acid.
[err]-(N-car boben;, ‘%Qi“;eg Q?“{‘f\? gl%)%yc shed
wi th ether. thQdeh@'c&l ngthg- s shown by infrared

mel ting p0| n.’eS of chﬁhmeS{aﬂr laréits Smmlatajm@m:pmm ¢fi0®AL%%, by weight.

6- Am nopeni cillanic acid (7.56 gm; I e) and sodi um bi car bonat e
(2.94 - ‘gm e mgi gf- To this
solution is added tpm&apg,;%fﬁtf ‘%’:ﬁpg Zﬁ@ﬁ% 5. lla h bution is
cool ed to 10[er r] @lycidd pregareds ast deeonibericidl @l A, Sbl4e44a, B%7), is sxibsttmedo o~(2-

S e A g @b'p@;sheeawgmg%‘?fwwﬁ%? e d

[err] - (N—carbobenzoxyam no) - (3- pyri dyl )EzameLs 8. acetic acid (10 gm;
0. 035 nol e) |T~1 .87.5 meﬂ&mahéege}mmo@mmﬁﬁl)memm@mmtmc Aeide -

mxture is sBirre 3-ghienylsiveipg m & e
di cycl ohexyl ur ea. %ﬂ%&“} Tre 08 %d{fﬂ‘u ”E{ﬂéﬁ' (ﬁeﬁ@' ls° SRS ltrate
1o hadvé

and the aqueous faam;.amocsa,fdl ---—92f7|( I_-oaj:e I's extracted

with three 175 m sonotff létawkomem@b ef (-th@(3 enyDglycine lu@babtondm 60

i s adjusted ¥ 2. e(o m" H%’nf’r;'ﬁéélﬂ, fe% 8ut iof%is
extract ed 1 ‘;Jf‘ Qoboefll] oOALOLY o1 D2

acetate. The.pH 0fw1 euad a&&@itracned w1th ethyl abélate. The organic layer is dried :
1,017, 615 over anhyilrgus gmsmedulfac; an@ evBpordyed unker reductd tpressre o6 giveotBidum

bi car bonat e #hd t 18- F‘h%ﬁ’fm? ate‘ e )gly‘me which melts %1%41;]&1‘\& hey i hr e
175 m. portion ofgcgl e o eﬁﬁeﬁ@( Y

a—(3-t1ueny1)g1ycme, 40 gm. (0 037 mole) of 2,6-lutidine, and 100 ml of dimethyl-
formamide at 5°C., and stirring is continued for an additional 15 minutes, A solution .
60 of 8 gm.. (0.037 mole) of 6-aminopenicillanic acid in 75 ml. of water and 25 ml of 60



dried over anhydrous sodiumsulfate and filtered. To the filtrate is added

pot assi um 2- et hyl hexanoate (12.6 gm) as a 50% solution in

ether. The ethyl a ' f L il

is added to the residual material.- A white precipitatée is col - o

l.ected by filtration and dried in vacuo over P[err]O[err] The product t he

pot assiumsalt of :
4.4[[err]-(N-carbobenzoxyami no) - (3 pyri dyI )acet am do] penr ci I | ani ¢ aci d

|sfour3dto wei gh 4&09{5115 to have a nelting point of

110- 115] O] ]ﬂerﬁ —acth arnsn:rudéure as shown”

by infrare dﬂu gmpgﬁlquconc‘eﬁt rat i on

_ ARl e
of 10 is extexct washed with water, and then back extracted into 200 ml. of

pot assi um difatet aqﬁefous sodium- carbonate. A few drops of acetic ac1d a;re ddded to adjust the

6-[[er5] - ( \oE dnhydevgenpred pAy S0 overa 5
crl[l[:hrl: ac % rk) a,s %‘%%‘%&d’ %@ﬂ“gymf vvater and i’s

hydr ogenat egd the catal 43 e,ltgf id-cs-1.9. for 45~
m nutes at 2ehpeif ]h lsuﬁmngﬂf &ﬁatgﬁn 150 ml. of methyl iseblityBEdne, pad thadi um on
ydrous |

urrrotllfam drymas 10

§ % % the cat al yst ",
ifblvi 1fo i s adj usted to

di at ortaceou‘B?g*’rt:-'aﬂ%Yht ﬁssemf darné)
hydrogenat i ¥t 3 E@m

removed by , and removed by ﬁlf:rb -

4.4 and thew:ﬂoémﬁghcummmuﬂanhhnﬂa preselntttomse the thoss,r adgieipkaingr . The dry.
mat er 18l r iAdi il e|P5°49'Ft W%ﬂwyl)-of

water and i%eH gﬁ““ eg%t:‘ laon g i%’),} mgnZO 50 mesh

car b- centration ¢20Y0b1 bya@él t ype I'n + e proéuct i's renoved fraom
the colum with .01 N HCI andthe eluatefromthe col umm fl ashed
tore vethe ter ct E 9. _ _
6-[[erT] - ami no\,\f‘zﬁo m Lﬁt‘ E&‘t IR ‘&ﬁl found Po contdin
the rerr]-l A Tlof ﬁmyl clorde SilUE Byt dalysi s and 16

I nhi bit theseg:madtbhdia lafiiraptier reluded pi®s at a concentration of

. 001 per Ces?o g?zadiﬁ@r yl)acetyl chlonde (242 gms .3 0 12 mole) m 15 ml of acetone is .

DPEE 13 e @m& s pram (2"

Pyrrolyl )Acatm REhE bt 0QN The Aktbn mixture is mainta 0—3°Gldndred sol ution '
of 24.5 grrssmréd)foﬁsmhre)Tmprsddhetmimm;eanadjwteAmm lyltB bicarbonate, (1.18"-

e R B et

(0.25 nol e)adﬁzm@wr uc ac1d, and the miXtudes grir gefl aala&ol ute et hanol .
The result nsngmdlaurshoymus eampkrkdhapnbddteal,bd-[atamﬁﬁG&Ei@xsl)zo}nﬁmdo]BO for four

o =as 2 Bl gggggfog)oﬁlgymgg dic g st o e

two 50 ml .portions abs ute et hanol . The conbi-ned fi Itrate and
washi ngs are concentrat ed_at 30- in vacuo to- a_vol uge of

about 200 ni., Rrersrasep ?foDsﬁtﬁeﬁar‘}’%' %P%ﬂlm Acdith 6 N~
'z

HCL Afper sevqr d l&lﬂ&sz ofibd bRl Q197 UGt begi s to
crystalli zemole ; ¢ 3 65tgku r2t4ys nﬂd}lutee&ctﬁ) &etdd&g -rermdéed by-.
filtration, pm@)astoalh'ih 9!8@ ) is then placed inon mhol (Wi th

S ::&%ﬂ;ﬁaﬁ%@g‘m ”‘“"%“g‘fgg?mttr;;r;m ‘o

32.
wei gh acid hydroch{dHille, is 2da6bedle® as b ? el’l’ Nucl ear-
magnet | c r esorﬁaﬁmeor’amallasrsslds(ﬂt@&\mnt 5Pr m!h)@tld tuurtfubmhlar(ﬁﬂﬁ)gre, ok ecul e 40

of isopr Op !ﬁpﬂe l%fe)%s@ efl %Ol of water and 415 ml of dioxane. The o
is cooled to and 2 solution O dtcyclo odiimide (10.3 S
40 50 in 125 ml. of dioxane is added, followed, in 4 nXéb tht( %Q’%g&ﬁﬁfgr r ] I\jéer r]02.

CHOH of a-amino-(4-pyridylacetic acid hydrochloride (9.43 gm.; 0050 m ound

C ' 5eni@ (5.06 gm.; 0.0505@0le) in 125 ml. of water and 125 ml of dioxané. The H .

6.9 6. 7m1§ tyre is stm-ed for 1 1/2 hours at- 10°C,, and filtered g remove dxcyclohexylureg_B 9 o
' the ﬁltra hﬂxfeid Thg}fi:ymal resulti Eomothﬁ%&hza on i Sl

19.1554 dissolved in 200Ant Tu didon 55 oo

5-(2- pyr r ol Qflamhgrﬂam mdrthérmmbxmpﬁmbanm‘he pH of the filtrhtali€adjidted w1 . O 20% :
~ aqueous NaCHE by ﬂreeerdﬂmreef § o hyr!@dﬂmsrr%ld a0 Shecadlution ia agdirc tyophitizkd, - and
- slowy neut lg%%;z Cetofie wawn{l n ls aﬁgafmﬂglh-aﬁas e!!!!seve! l]: gm of grey .
~solidg e sAlld Watkil whih Srfiiny ©0 184

aci di fying (tmo rghl) 1étem~at~téd Ghsh - liter porddﬁi of Bdtiiblend blﬂd’rﬁdtéf emotengrice M nutes wit h
- one gram of etajsgirieciiiothiide fravieman insotehle willgw pr@iget, D,L-6-fo-arnipe-¢- i s filtered, -
~and the cooled filtrate is adjusted to pH 7 with solid sodium bi carbonate
The resulting crystalline solid is recovered by filtration, washed with

. water and acetone,



and air dried. The product, D, L-[err]-amno-(2-pyrrolyl)acetic acid, is

found to wei gh 0.130 gm, and to deconpose at 202-203[err]C. 55
Anal ysistaor derrlHercINerrlQerrcl 55

Cal cul at ed Found _ C 51. 35
50. 10 o H _ 5.5 5. 67

N - 20. 00« ¢ 19. 00

1, 017 615 Car bobenzoxy chloride (10 gns.; 0.59 nole) is slowy
added~to a cool ed sol ution of ?agﬂﬁs (0 05 nDIe) of - 9!

D L-[err]- r‘lcria- rTotytrJyacetTcacrd—T 1166 m. Ot TotE)
4% aqueous O—H‘W%)Lf W@Wﬁﬁ? m‘l%ﬂ?éek FRyr mé‘ieﬁﬁ‘ﬁréngg‘h@iﬁe erature
at .- 3 S[ Ghdi and‘ﬁl%qmﬁ itMhE ¥rotvih of Skdp Ogmlﬁ bt 8 @Sﬁcglm log

5-10[err] C., ‘and pedenttyl wefghd, Ao ve the folloaflp eisheehl imlysls fo th a. srral I armunt
of 50% aque(Sus NaOH. TheCrHaNIQ.$ ngCls BLQ1 i 0B 44555 H552; N,'138 extracted With
three~100 m. portions of ethyl et hEPadhi ch Hre B §3ar1&e’c? -and the

aqueous phase is-acidified to pH 2 w thadlyolerr] PQerr]- and agai n

extracted with three Preparation of DIO6-[fHAminoq3-PiriiAREmRIb PedicillahideAciobi ned et her

| ayers.-are washed with three 50 m Hydrochloridg ortlons of saturat ed aqueous
Na[ err] SO ef®] solﬂu? K Ylad’F‘FY HP’ﬁ\J% ad @l‘ﬁ‘? ?7ea le‘l&‘“m dhd
t he et her | s re %ﬁﬂﬁg :ﬁ{n agd@_sul ting
solidis tion of 44 oﬂrb&ﬁﬁttaﬂﬁam&m yl 4 taﬂiﬁtelm and air
dri ed. The odu(ptodu éjlﬂ 3. 84 mole) is then placed in 5125 ml. of concen}tlrated ‘HCI and )

89 &p
car bobenzox m ndiE s(’ @%&1 amzn"aﬁ?o_ -pyr%yl? géﬁg%ﬁjlg ﬁﬁde g égorrpoé%s
at 170-- ide (4503 )1s recovgedSa ol of05 ol e)
of isobutyl chl or@iedsdBhe solufior’h &l liir exdhange coughly eHSﬂWXB-S— S| OWI y
added with sti rripplgstyréne cen tamom auomcxsitngS)cffDmﬂs gnsce&d deoMek. :
of [&rT]-(Ntar b@gyﬁrll%%?c ﬁ;@% jn L“@te‘é.t‘}dcfh%ﬁﬂmg’ araging- (02935
mol e) of 2, 6- 6-Ami ﬂiﬁcﬁi and th§1§1£3@)6§' Bk ldfe%sowé@id e
mai nt ai ni ng the tieoVARI dtwdfel asmit ISﬂJnQ 6l digxhne and the solution/3k 'E:&Ieds uk ice @RS Or an
additi onal n m'l?hutess th@raddede:e d@lsdutg)hm‘, ydlcyklolk@yl@rbgm @.19Bm.) in 50 9
nol e) of 6-4hi no! eﬁm af&%lldm}“ ?‘@rlﬁn @)F 2 and 5
m. of 2,6- 20 pout G %ﬁr _[o_
tenperature of thgnuis sthenaddedand bél§ﬁl&&it$£bm’5eerr]c

and Cerr]_is e\dwd@ekyluiﬁhe’l‘h;cﬁhtam Iyopltikzed gven@hbuﬂdhandﬂttnbeohd matenal

mxture is gﬂ I owé’dmtaE?d vwe/;al é"”ﬁt:? @W n’;‘?“%“ e '
Stirring, and " pR'io4s Shd bb sk b Gglil e SR8 toial gwnnésffmﬁ,oom
tenperature. The lyaphikvhtidahie eﬂ&a&ﬁewrwah 425 ml. of a infxnéljof 98 % CactbheS-

triethyl am pe andnbge® exfract xsfﬁltwact élfhe |ﬁBraaddadhedem usiggs sevdral rusmlqﬂeth%

tion is extact edceﬁfﬁmc WS, ed ne n 5 Yl ,,, .muo »
di scarded, and Z£5% found to we1y F‘fﬁ y edb at h,

sl owl y aci di fi ed ahaysip bh %amtwcwh aureus Srmth aH earkanaﬂoarofboand again
extracted with tw@ﬁ@ymelgh mdtmdm& relemimawdmbfqned et her

extracts ar® washed wit rﬁ%ﬂ%@«%é@lnﬁﬁ poq:aﬂ‘gléﬁﬁ%_ gr?t gf P%d wat er and¥
dried over _ anhydr ous sodi um sul fate he sal i’ng et her sol ution
is treated with 25 ml. of a 30 = S%Mmlmtlon of pot assi um

2- et hyl hexanoat e in Rriperetimof DIAG (e mcﬂl@@ Aﬂd

this is all ghed t O inoe(3-pyridyDacstic thEPal-2 d’(‘,SB gd i Y ce th
The Bt heE ey A At }?;lg]}i&gtlﬁe :ggf?iﬁ iy ‘é’,‘aifiﬁ? ks is 500%
of ethyl acetat e minkks Shile mamtalmng ﬂ19 keidlpbrtirei a6 fr6:0 0 @& HAC. andeiel the®

distillation at wtélthe filtratq mwmm 3.9 byl the aﬂdﬂuﬁerof 6V sulfuric acid. Adhl s(zltdher S

added The esul _E‘;b & a T‘éffls wa‘\%ds ej’% E?;é}ﬂm’g mxtg-lﬁlag ", Washed
: dry @ a,m pgt, 55_0.15bagu9ith ﬁmf aSSI umsal t
Of D, L-6- [ [ err]-( N- 6-Addinopenicillanic acid (7.56 gm.; 0.035 mole) and sodmm bicarbonate (2.94
car bobenzoxyam n@ip-; (®3§¥rm ?Itysm i 74 ohlp efrivagdr) T hiscolutidnds -advled ma-ghs 18
£72% hydrofuran 291 ml.) and the solution is cooled to 10°C. There is then added a solu-
: 55 tion of N,N!-dicyclohexylcarbodiimide (7.20 gm.; 0.035 mole) in 87.5 ml. of tétra- 55
hydrofuran and, after 45 seconds, a solution of «-(N-carbobenzoxyamino)-(3-pyridyl)-
acetic acid (10 gm.; 0.035 mole) in 87.5 mlL ‘tetrahydrofuran and 40 ml. of water. The
mixture is stirred for 45 minutes at 10°C. and filtered to remove dicyclohexylurea.
Tetrahydrofuran is flashed off of the filtrate and the aqueoys fraction is filtered. The
60 filtrate is extracted with three 175 ml. portions of ethyl acetate, the pH of the solution 60
is adjusted to 2.0 by the addition of 6 N sulfuric acid and the solution is extracted
with another three 175 ml. portion of cold ethyl acetate. The pH of the aqueous layer




of theory). Anal ysis for
C[err]H[err]N[err]CIerr]S K

Cal cul at ed Found 40 . — C 51. 80
52: 00 f40 o S T ; H—
4.53. 4.73 : ) N ' 10. 9 )
10. 4 A sol ution of 15 gms (0.03 m)l e) Qf the pOLaSSI um sal t

of D, L- [[err]-(N-carbo-

benzoxya‘n‘l no)-(2-pyrrolyl)acetam dm]mesn cillanic acid in 150 m . of water"
I's hydro- 45 d t.e Tnutes -|--g-—us.l_agx 15 gns.
of 30% pal | adﬁaﬁﬁ%ﬁmb{%m gﬂ’,‘;“;’of amweﬁﬂlhsq@ocatmgcsﬂ TRe~pH of
the .mixture |®1eadyeuaﬂwoﬁs 2h% agueous

%ﬁ%

To the fi
H err] PQ err ] Mmmaea m%fsomﬁoaneeth%rmi%%%’s r," he -
filtrate is Guig ?’Iﬁ °ttl!F 2gdual materigtl A wm&uﬂr&@ttadlstca.remge any

i nsoluble  6ifa(N-c g’ SRR ki qd?% potssumpatied 50 nl . of
acetone, and44fn.cw mhakmag;g % é) (‘,)_11503 found.to meighy e d f romthe

nearly satur iE‘G Y GinEBesanslytit andabtiﬁhibﬁtrmap'ﬁftauafishﬂﬁl t a%ﬂin“m 'sol ution
I's evaporate LEL to near. dryness, to vyi etrd an oifp. This
el dgogﬁ‘&nﬁg" olv X %weéxl)nmdomemh met-hyl -

POTIN L !
i sobutyl ket e avmab@byt ere of 45 p.si. I d by
azeotropjc dl§ 30%) Balladipm jon dtameousjlj'laa&%hrﬁsulhydr@ng& Fo?.gng solid-is _
washed with cﬂfgéu '0 g’ﬁ P@‘@P 5] atilystgi m@Z?angrtta caﬁfystp&@&bmsy whi'gh decom
55 poseéinoaéw Ifdﬂ v g %lugowoyhmmsi urried in 25
m . of water Wamandss pikd through an ionCbxE@iYe G VIR sgém é"hgf to-2 with 6N
HOA  Two, gns. & FYPQ)@IHH- m@hfﬁhecmé‘duct'ls removed fro§1r B fter.

T W00 nt% N2
stirring for gl ﬁ?ﬂ st 'Lf ﬂ shed; tg rémiokd the @eken MHe pﬂa&cﬁq;n.ds :
are washed V\/s&damtevug Mk ‘v%l‘fg%‘;b 1 t°fq011ﬂelnathqaﬁ-aantdmvvash| ngs are
com Smigh ﬂ@dQnC&ﬁ'ﬁhothO(Ill]Lef Jwkk 't & A ﬁ"‘f’b\ﬁ"d’f‘ops of 50%
aqueous NaOH:sol uti on. Upon coo ing, . the desi red pr oduct -

crystaldi zes, i sph and |s drled 60 - in '
vacua. The prodnﬁ%u&n%dioﬁi:;%y[%% (ﬁe 'EA&#‘ dO] pengsci | | ani ¢

acid, wei ghs(l 18 mole) of afithonium carbonatem 335 ml of dl:tﬂl:g-l:v“:ter e:ﬂ ot aEm.1, 017, 615

0.52 gns. f?’ﬁq@@mmmmzmﬂsmz fooleyR g Hehats St aph. aur eus

SMth ah  for four gretl and heated at 50—55°C, .
Anal ysi's f orinsoluble kgt Wg 15 hours:at room temperature. The 30

washed. wji 50 ml. .
Cal cul at ed abfbtmethane. The combined filtra agsmngs are. a §°0m°4‘5§,gf .
5 in vacuo to.a volume of about 200 m}]- cooled to 5°C.; and g 5.50
: HCI eral mi < -and aci o pH. 1: with 6.N
2 1, B T SR o Conil
EXAMVPLE 14. lsopropanol (with_decolori %ﬁﬁ‘;ﬁm recrystallized from boiling B
6-[(-)-[err] sramm nmqlz::,wzq:mmﬁwm AN o e e coy- A

m xtur e of a'ﬂé‘?—ﬂﬂt of DL-[ err --am ne( 2-thk eny écet ic-acid and
43.6 P ofmom Pwﬂmmdsmemmrmmumfmmmd ‘A 250" m
of _acetone. is heated .' boiling to brlngthe solids into a@Iutlon
The hot solution is f| I tere'kilalm QRN R, G0, H,0H i nsol ubl e mat erl al , and
the filtrate is cooled in an ice: CWated Ne” Famal t i ng crystalline”
precipitate is. _recovered bg fi Itrat nggl waslﬁed W|th acetone and aJ r-dried
to glvﬁ 27.2 - . 189 1915 _ - .

A solunon of 2. 25 gms. (0 01 mole) of 5 (2

- -pyrrol 1- dantom mo -

;a;lt; 3 Slml of 20% aqueous NaOH is' refl uxed for lg )hozm, cooled lzo;;ol;:gp;:t%, .

N ks lowly neutralized to pH 7 with 6N HCL Filtration yields 0.9.gm. of - '

S W is suspended in' 10 ml. of water, dJssolved by acidifying to 1 '
% ﬁ?el’ alﬁf stirred for three minutes: with on i atcoal. The miz.

: 1s filtered, and the cooled filtrate is adjusted to pH 7 with solid m bica
Tl:i: Tesulting crystalline solid is recovered by ﬁltratﬁm, washed w1t}f ﬁltle?;); acetor
and -air dried. The :product, D,L-e-amino- (Z-pyrrolyl)acetlc acnd s found 10’ Wei

0. 130 gm . and to decompose at 202——203°C

B 55 L S i Analysm for sI'IeNzoz . o L 55
s U : o Calculated " Found . LT
C. 5135 - - 5010 o
§I - 575 5.67

20.00 _-.:.19.-0(__)_"'-.”



15 gns. of the diastereoisoneric canphor sulfonate salt of the am no

acid. This salt 15 I s suspended in a small anmount of water, the pH
is adjusted 10 63 mith concentrated NH err]OH  and the m xt ur e is

cooled in an ice bath. The crystalline product,
ami no(2-thienyl)acetic acid, is recovered by f||tration, washed with wat er

and acetone, + s« recrystallized twce fromisopropanol, and air-dried.
It is found to weigh 4.5 gns., 20 to melt with deconposition at
189-191[err] C., and to have an opt i cal 1017;5@«1 i on of 20 : 1
/[A\L:{ ' ]S} E[ ?W\J q e J A [ b_l UU/Ogr;ls“, 6"5% mole) is slowly added to a cooled solution

y Teg { mo )o ,L-a-ammo-(z-pyrrolyl)aceuc acid in. 100 ml. (0.1 mole) ﬁ{
Cal cul ated’ FOWd aqueous NaOH, with vigorous stirring, while mai the temperature 5.8
45.5 25 3—5°C. The slurry is stirred for ar-bdditional hour at.5—10°@., difdl the pH is thend. 52
25 5 ad;usted to 8 w1th a small amommt of 509% aqueous NaOHCB rgels:lnng solut:?:ggsgo 5
(-)-[err]-AminofZees 1 agg‘%ﬁ 2! #‘i;m{%gﬂgﬂg 5 ﬁ;@g ¢ eact ed
accor di ng m‘é“fnpp o QRIS il ek Tt 0 Sosbud 0 &Gk 36 it he

product 6-[(-) - [pértiéns oft SEnRaéd aduébue Ny, ‘ solution, dried &@Ehrhpdrels ls@ihund qulfthtb,ani ¢ aci d.
The producio i s fwlithd eﬂ@r sctegybyed 203 distilladlon fecercuy| Tt yes'sﬂllg solid #hoveld
140[err] C. and erh E%‘? e’ZGE’f B;Z “f‘!?n’h %d‘i"t%tgf‘ m@f.f;e‘séflt ferr]]
Derr] =+ 196 17 n’Oei%s Sornhi br t St aph.
aureus Smith at a acbmﬁﬁmtdfastslm @fos mole) of isoblyDloRd@maren 25 fol, of tetra-

Anal f oo bydrdfpm is sloiy eddefl Giith. ¢v & joole@pdfutipry §f(013.5 -gms. (0.05 mole) 15
Cgﬁcﬁis:ats ed %@{1 %’:Irsar obmxy-ammg‘)e(z-pynoly )aceuc acid :g!d 5. 46t}ms (0.05 mole) of 2,6r1 3

_ € in 100 ml. of tetrahydrof; mhﬂe maintaining the temperature at —10° " H
41.6 After stirring for an addmonal ut an 1ce-cold shurry .of 10.8 gms. (0. 05
5. 68 5. ¥dle) of 6-amino-penicillanidi ml.-of water and 7 ml of 46- A p;oocess

for the pr@paraﬂuﬂdneeﬁaqddnncqnblpammsmm%mag%eﬁ g, ofixsurenigage-

5 ey 0 R M L e

al kyl sul fonyl, aysjead ¥y8 wittpltiedhyiminCdal GO(DmI ofwatensaqakue reﬁﬂun@hﬁllﬂ-ethyl and

S

=n
o

Rlerr], R#rr] apnlisRgcel withetws 3D oil. epdrtip: ﬂhﬂgq&ﬁuchanddlﬂaﬂ@gm ni 2 o:
alkyl, al koxy, & mbm HIC%I%&WWWS& ame‘a fed i) piL 2 va@ﬁ%%gvews

al kyl sul f onyl , ,éﬁ e 22V BNl ~SuD S Bl SHeror
unsubstituted alayﬂydroar i | slfade VIThe ¥esultnig éhie |stlytiod ¥y treafdd with 25 ml. of a

30 50% solution of potassium 2-ethylhexanoate in n-butanol. An oily layer separates, 30
and this. is allowed to settlé for fifteen minutes while cooling in an ice bath. The
ether .is decanted, and the oily layer is dissolved in 500 ml. of ethyl acetate. “This

] solution is concentrated to 100 ml. by distillation at 30°C. in vacuo, and ‘1 liter of

o dry ether is added. The resulting solid precipitate is recovered by filtration, washed

35 with dry ether, and dried iz vacuo. The product, the potassium salt of D,L-6-[a-(N- 35
c;rtl;lobengoxyanuno)-(z-pyrrolyl)acetamldo]pemcﬂlamc acid and weighs 18 gms. (72%
of theory .

Analys18 for ngHgaN OGS K
Calculated Found o
51.80 52.00 ' 40

C :
H 4.53 - 4.73
N 109 : 10 4.

A solutlon of 15 gms. (0 03 mole) of the potassmm salt of D, L—6- [a-(N-carbo-

S benzoxyammo)—(z-pyrrolyl)acetanudo]pemc111amc acid in 150 ml. of water 1s hydro-
45 .  genated for twenty minutes at 50 ps.i.g., using 15 gms. of 30% palladium on di- 45

", .. atomaceous earth as catalyst. The pH of the mikture is adjusted to 2 with a small

"r-.  amount of 40% aqueous H,PO,, and the mixture is filtered to remove catalyst. The

* filtrate is concentrated iz vacuo to 25 ml. and is filtered to remove any insoluble

: material. To the resulting filtrate is added 50 ml. of acetone, and, after shaking, the
50 acetone layer is removed from the nearly saturated aqueous salt solution. The acetone 50

solution is evaporated at 25°C. in vacuo to near dryness, to yield an oil. This oil is

further dried by two successive treatments with methyl isobutyl ketone, whereby any

remajning water is removed by azeotropic distillation iz vacuo. The resulting semi-

_ -solid is washed with dry acetone and filtered to. g1ve 7 gms. of product. which decom-
. 55 poses at 210°C. The crude product (3.5 gms.) is shurried in 25 ml. of water and is 55

dissolved by adjusting the pH to 2 with 6N HCL Two gms. of decolorizing charcoal

are added and, after stirring for two minutes, the mixture is filtered and the solids

are washed with two 5 ml. portions of water. The filtrate and washings are com-

_ - bined, and the pH is adjusted to 5 with a few drops of 50% aqueous NaOH solution.
60 Upon cooling, the desired product crystallizes,, is recovered by filtration, and is dried 60

. in vacuo. The product, D,L-6-[a-amino-(2-pyrrolyl)acetamido] penicillanic acid, weighs



12 1,017,615 0.52
gns. nelts with deconpostiion at 230[err]C., and inhibits Staph. aureus

Smth at a concentration of 0.25 ncg/m.

Anal ysis for C[err]H[err]N[err]O[err]S :

Cal cul at ed Found _ 49.70 49. 20 _
5 ' H & »5. 36" 5.50
N 16. 50 15. 54 - R
EXAVPLE 34. 1017,ar5epar atron of ' S
A Xl ur o 0f O U meom Sk nogongt 20°Ea (B4 SR PO 2 S G0

A m xture of ! 0 al | | 1% acét¥c acid
and 43.6 10 °® m%he@ %—)mc% gms. (0.188 nole) of d-10- canphorsul fonic

acid in 250 m . of. . acetone i s hedfsedort@H,NOS" - - boiling to bri ng__
the solids into solution.. The hot sﬁhlerfthtadn i Fofuid tered to renobve ang/ :
i nsol ubl'® mat eri al, and thegl Itrate4|9 6cooI et ~an ice.bath.’ The
resulting crystalline - N 1650 precui‘) ate is recovered by
filtration, washed with acetone, and air-dried to give 27.2" 15
gns. of the dr astereor sorrerr C campﬁu(\gﬂwlﬁponate sal t_of the anm no acid.:

This sal, . Preparation of 6-[(— haestrmigel of ter
the ot 12 ad) trgrt@rrmﬁﬁf% T g Qeﬁ'ﬁé'?;%%‘m%oi Lol O t‘ﬁ’a

p

and the m Xt Wolting %o 6y del sdlifls Ay soRblodd AhE hot [BRHET i,rsmt tdRmove any

product ; (-) - [iasoluple matenal and the ﬁltrate is coole@_um;m afstaflingci d,
recoverg ? by H‘?Cfpf‘?‘glt‘ﬁ ?gg&m c i :mr gﬂgﬁg{g O dgied to give. 27az "

recrystarl i 2o i oL il eoa“@“m eohomeetind 18 wei gh
4.5 gms. NH,OH, andm mixturel # cmtitmmntda belhC The @Fsellin® prodiic, 189191  err] C.

and to have aammyﬁit-ﬂlsarll)aqem e;tcfr Brregfered by fix@ution, washed with water and acetom{,[ err]][er r]

= 73. 7[ 5|—] (I&YS Ygtpe opanol, and :.1r—dned It is found to weigh 4.5 gm R
Anal ysi g for % 95 ; (jt 10 9—1?1 C., and to have an optIcal rotatton of 20

Cal cul at ed und : . C

45.8 ' 45. 5 - . 25AnalymsC£lo:u(‘3‘tsI§JN0? o “H

4.49 4.52 . _ Fgg"d : E

N s . 891 @m0 Y 3 I
(-)-[err]-Am no(2 t hi enyI )aNetrc aci-dsei0. 0 grrxssu 0 063 ol e) is reacted - :

accordi ng : 0 .t he procedure 3qr ven in Exanple 8, to obt‘ai n
the product 6- Y- mole) is reacted according

dL(s lin a 1 0 gms 0.06 .
acet ani dol perycgidu pgﬂrf:ﬂgwenl xﬁ%ﬁ,ﬁ £“°t6£é m ‘y,‘}fygms tos .

dar ken gbow yabove 140°C. ‘and d8€bmposes abmsec éaO[mE I‘a] ﬂ;tanandf grogppms at 30
205[err]C., t(&#@aﬁﬁey}oﬂﬁtﬂ@&mﬂeﬁ inhibis S§t4rh. @fear Sinith atva T@Gfnermtiop of - 30

('\

(C=0.5% in OPNpgif - and to inhibit Staph aureus Smth at a concent ration :
of 0. 03 N,;0,S. . 3H20 - :
Analysis for (Jerr]Herr] N er r q er erlsflmdr Bldderr] O . ——" T
Cal cul at3®d Found C-35 41.6 C '35
41.3 41.6 o . e 5% |
H SWART WE CLAIM 35 20 ' VHAT V. CLALM | S:-
- 1. A process forthkpreﬁarprton@emmﬂmﬁc icheomegbﬁd‘rﬂtfdrﬁtﬂaof penicillanic -
acrds of the general formula [e;rr] s 40 V\/nere_rn Rl err]- has
the fornul a - Rl gH—8——cH— ol \/Cﬂa T 40 [err]
. | . Ny O—C—N——CH-—COOH T
40 wherein R* has the formula = L T g
R4 R4 . R N o
R3 o R‘? r.( i “R3 / . .
R Rz/"'-'llv R
R5 ‘

in’ which R5 i3 hydrogen, alkyl, alkanoyl alkylsulfonyl, cycloalkyl, phenyl, chloro— a _
phenyl or phenethyl, and R2, R® and R* are selected from hydrogen, and ‘halogen, nitro; - -
. alkyl, alkoxy, alkylthio, dtalkylammo, alkanoylamino, alkanoyl, alkylsulfonyl, " cyclo- R
45 . alkyl, cycloalkoxy or substituted or unsubstituted aryl, aralkyl, aryloxy or aralkyloxy 15



in which Rlerr] is hydrogen, alkyl, alkanoyl, alkylsulfonyl, cycloal kyl,
phenyl, chl oro- phenyl or phenethyl, and R err}, Rserr]
and Rlerr] are selected from hydrogen, and hal ogen, nitro,
al’kyl, al koxy, @l kylthio, dialkylanino, a B?ﬁﬁb" am no, al kanoyl,
aIkyIsquonyI C

orf unsubstituted ar P2 smpchdlty |with glespinpestiion jat a-‘PQﬁCkyM);@ylblt&leﬂPh aureus Smith at
1,017, 615 a concentration of (.25 meg/ml. 13 groups, and non toxic
salts thereof, which process conpri segmaiygdfok id)gr 8,618 nopeni - .
cillanic acid or a salt thereof with an accdad&kaw Nd@Fotdde general formul a
[err] > or functional equrC‘aI ent’ thdP&f,6 5 4920 wherein - R[err] is3
as defined above and X is -NH[err] N err], 5@3 NHBsﬁﬂere Bisa —

5 bl ocki ng group renovabl e Igy hydr ogena ion, in a suitable solvent;
and, if X is not ' .;-NH[err]f hydr ogeExassuzgl 2_ 41n the gé%ence of -cat al yst
to produce the desired ﬂ’m@mnrq $-1(— )-a-AmmO( i my)aceucw{flﬂmgsr o

Claim1 vvherel the
[err] ME&Q solich %}éﬁ Tlfomc md l sGifo iy ﬁrﬂm@cﬂ IS heated 3 ady the
bl ocki ng gr oup Bi Suis&lﬁblet materiel, and(ihe filtrate is coolgt io¢ bah. JThe UriSultify ner al

formul a R err] .0 C Pihi B If ébﬂ%ﬂa&hnad‘ra :andalr- ta‘Zut ed
.‘ : tﬁ?a%" % 09 e:i:Wthls

benzyl phenyl15 m 'd

ermve t he bhmmh(rz engll)awio 4 ebytﬁlmudesmshaﬂ waten alnalacr.xoné,S
pread e jweigh 4.5 gms.,

Ferfr% ocess 3 cla %‘n% ‘r"r;ga &ﬁ?‘@f;&;ﬁg nf%a%ﬁ%pdgavegglqynggmm 15,

anhydri de or m xed 4 A process as clained in daiml

of Claim2 wherein the aci d [err] - Analysis for C.,H,No,,s
f = C A - Cdlculated: Found .
l - C 45.8 455
25 H 449 4.52 : 25
N 8.91 8.80

(—)e-Amino(2-thienyDacetic acid (10.0 gms.; 0063 mole) is mcted accord.mg

to the procedure given in Example 8, to obtain the product 6-[(—)-a-amino(2-thienyl)-
acetamido] penicillanic acid. The product is found to weigh 1.9 gms., to darken slowly =
30 above 140°C. and decomposes at 205°C,, to have a rotation of [a]p?’= i+ 196° 30
’ (C=0.5% in 0.IN HCl), and to inhibit Staph. aureus Smith at a concentration of - - F

-0.03 mcg. /ml.
Analysis for C,,H,,N,0,S,. 3H,0
: Calculated Found
35 C - 413 416 - 35
: H . 5.68 5.90 5
WHAT WE CLAIM IS: —
1. A process for the preparation of penicillanic acids of the general formula '
S\ H ‘
3 - RLCH—LI——NH—CH—CH \ i
# | l ] t\%
s | NHy 0=C—~—— N ——CH—CO0H
40 wherein R* has the formula ' 40

4 R
R R N
R -/ﬁ— /e-’—-[l-’< RIE ~
P4 or
72 S ) 2 N s R2 N

in which R® is hydrogen, alkyl, alkanoyl, alkylsulfonyl, cycloalkyl, phenyl, chloro-
phenyl or phenethyl, and R?, R® and R¢ are selected from hydrogen, and halogen, nitro,
: alkyl, alkoxy, alkylthio, dtalkylammo, alkanoylamino, alkanoyl, alkylsulfonyl, cyclo-
45 alkyl, cycloalkoxy or substituted or unsubstituted aryl, aralkyl, aryloxy or aralkyloxy 45
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20 is in the formof the m xed anhydri de prepared by reacting the
substituted amno 20 carboxylic acid, or salt thereof, with an
ester of chlawocacbonic.acid S..Apracess as clainmed in Caiml
or Claim2 wherein the acid - is coupled with 6-am nopenicillanic
aci d ...or "a salt thereof, in the presence of a 25 car bodfi m de.

25 . +6. Arproeess as clained in Caim1 wherein the acid [err]

is in the formof its chloride hydrochloride. 7. A process as
clained in_ Claim6 wherein the reactf¥l¥s conducted at a low 3013« pHin
an aquegus "%Qh "and non toxic salts thereof, w e reacting 6-aminopeni- 30
8. A prB!eess cﬂlSm@dcﬂloHEGﬁltlﬂﬁbreﬁfﬁmmk?zc@mngwﬁrgﬁfzsigm?mégs medlpum i S aqueous
acetone “and the pH-is at or below 3. 1,017,615 - 9. A
process as clainmed in laimé6 V\hg;rew ttbg reaction is conducted in an
anhydrous organi ¢ sol vent. fO A process as claimed in Claim1
wherein the acid is the [err]-azi do”aC| d havi ng the formula [err]
wher ei n R er © fun@oméeqmﬂménreofn cl ai m 1 and the react i on product WI th

is as de 07
6-am nopeni CI Ffalﬁ| emov ble };f m a le solvent, anﬁ?%%u mrit ! y
hydr ogenat ed Zs ré of ‘El dlce the desired pepiciltih: A PrOCe€ss as
claimed in C ai mAl a;aauaedtlhelaﬁcl dheieﬁfth aadhastﬂﬂomulal sin the for mof its .
acid chloride, acid bronide, anhydride,or mxed anhydride. 10
12 A process as clained in Caim10 wjerein the acid
RI—cH—C—0H
NHB

10 in which R1 is as defined in claim 1, and whereiu the blocking group B is the trityl 10
o .

/ .
group or a group of the general formula R‘—O—C— wherein R® is an alkyl, benzyl,
substituted benzyl, phenyl, or substituted phenyl group, and the reaction product with
6-aminopenicillanic acid or a salt thereof is subsequently hydrogenated to remove
L the blocking group and produce the desired penicillin.
o 15 3. A process as claimed in Claim 1 or Claim 2 wherein the acid 15

is in the form of the acid chloride, acid bromide, anhydride or mixed anhydride.
4, A process as claimed in Claim 1 or Claim 2 wherein the acid

0
R’—C‘H——II.!—OH
SCE ' NHB
20 s in the form of the mixed anhydride prepared by reacting the substituted amino 20

. carboxylic acid, or salt thereof, with an ester of chlorocarbonic acid.
e : S. A process as claimed in Claun 1 or Claim 2 wherein the acid

o

]
Rl—gH—C—0H

’ "\, . NHB

_ s coupled with 6—annnopemc1llamc acid, or a salt thereof, in the presence of a
25 - carbodiimide, . 25
: 6. A process as claimed in Claim 1 wherein the acid '

RI—gH~—C—0H
My

is in the form of its chloride hydrochlorlde
N 7. A process as clajmed in Claun 6 wherem the reaction is conducted at a low
30: pH in an aqueous medium. - 30:
8. A process as claimed in claim 7 in wluch the aqueous medmm is aqueous
acetone and the pH is at or- below 3 .

. . —
e . ' -
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[err] Is in the formof a m xed anhydri de prepared by reacting

the [err]-azido acid, or a salt thereof, with an ester of

chl orocar boni c acid,_ _ 13, Lm_

the acid. ' . 15 [err] - “i's coupled with

6- ant nopenr cillanic aci d or ‘a salt thereof, in the presence of a

car bodi:i-m-de. 14. Penicillanic acids havr ng the foenrnul a [err] 20
20~ wherein Rerr] has the fornula in which Rlerr] i s

hydrogen, -alkyl, al kanoyl, alkylsul f ds#F:6¥5¢ycl oal kyl , phenyl chlor opheny!
or phenet hyl and R[Erﬂi-doess B Chitdkd A E1aR0 %r&ﬂereﬁ{ﬂlenyagﬁdﬂgi?'}ondtﬁédoﬂ% M.&r o,
al kyl, "al koxy adhiydrydsokgastic soRént.  ~ di al. kyl am. no; - al kanoyl-am no, al kanoyy‘

al kyl sul f onyl , cycliodl rydess ag glaimesh iniai 1 Bhereyuﬂ}e aciD the a-ezido aifihtvirged or
unsubstituted af§fo™3ai kyl, “aryl oxy or aral kyl oxy groups, and non toxic
salts thereof. 15. : -

DL-6-[[err$-Am no-(2-thienyl )acet am glo, Riggi | | arri c acid. ) : 16. 6-_-.

[(-)-[err]-Am no-(2-thienyl)acetanidog]penicilanic acid. 30" o A7

D, L-6-[[err]-Amno-(3-thi enyl ) acetam db] penrcrllanrc acid.- - 18.

6-[(-)-[err] - Anpaged & hi e&ﬂ@awﬁmmbﬁe&.ﬁﬁo&mm@%ﬂmpmmc - 19.

DL-6-F[err] - A mdd ¢ria pitrchespt Jsaciaiqueanlyl bydoagerae itd pioduca the desired penicillin.

1,017, 615 11. Aprooess as claimed in Claim 10 wherein the acid 15 20. 6-

[(-)-[err]-Am no(4-pyridyl)actanido] pengcillanic acid. ' - 21, S

D, L-6[[err] -Am no-(3-pyridyl)acet _L(;;Qi pghicillanic acid. : 22,
[(-)-[err]-Am no-(3- pyrrdyl)acetamldo]penrcrII|an|c aci d. : _

D, L-6-[[err]-Am no-(2-pyridyl )acegan do] penicillanic aC|d 5 _

6-
23. Co
24. 6[( ) [err ﬁ}‘ﬁ % | Lani
5 fo éé%h& {“Qxcg,im sgﬁgwmgﬁfﬁt%ace am%dhd’?" eni ci I I anrl%
aci d, and non- t oxi.c. salts T -thereof. : - o
6-[(-)-[err]-Anino-(2- pyrrolyl)acetg,mdo pen|C|IIan|c acrd and nontOX|c
salts.. t her eof .
i R -;g,_-;":-
is in the form of a mixed anhydride prepared by reactmg the a-a21do acid, or a salt

thereof, with an ester of ¢hlorocarbonic acid. _ .
15 13. A process as claimed in Claim 10 wherem the acid - 15

L | : o

is coupled with 6-aminopenicillanic acid, or a salt thereof in the presence of a
carbodiimide, i e
. 14, Penicillanic acids having the formula '

20
NHo

in which R® is hydrogen, alkyl, alkanoyl, alkylslﬂfonyl, cycloalkyl, phenyl, chlorophenyl EE
or phenethyl, and R? R® and R* are hydrogen, halogen, nitro, alkyl, alkoxy, alkylthio;
95  dialkylamino, alkanoylanuno, alkanoyl, alkylsulfonyl, cycloalkyl, cycloalkoxy,or ‘sub- - o
S stituted or unsubsntuted -aryl, aralkyl, aryloxy or aralkyloxy groups, and non: toxlc“._ SUTE
salts thereof. SRR
15. D,L-6-[-Amino-(2-thienyl)acetamido] penicillanic acid.
; - - 16. 6-[(—)~o-Amino-(2-thienylacetamido] penicillanic acid. .
30: 17. D,L-6- [a-Amino-(3-thienyl)acetamido ] penicillanic acid.. -
- 18, 6-[( )-a-Amino-(3-thienylacetamido] penicillanic acid.
19. D L-6—[a-Ammo-(4-pyndyl)acemm1do]pemcﬂlamc acid.

mmmwmmr-




10 27. D, L-6-[[err]-Am no-(3-pyrrolyl)acetam do]penicillanic
28.

acid, and non-toxic salts 10 t her eof .

6- ] ' | non-t oxi c
salts ' t her eof . 29. Penicillanic acids as clainmed in
Gmm;4meu1Haﬂ Is [err] 15

15 : ltn whiechr Rlerr], R err] and Rlerr] are selected from hydrogen,
hal ogen, nitro, (lower) aIkyI (1 ower) al koxy, (lower) alkylthio,.
di (1 ower) al kyl ami no, (| ower) aIkanoyLUHWﬁﬁo (| ower) al karl %

(I ower)>al kyl sul 9 ?e%ﬁ Whgf rom S to 7 car bon at ons
i nclusi'we; and Ci‘log%d{ m@%%&m&%ﬁmﬁaﬁiﬁmﬁm 7 carbon atons

i ncl usi ve, and 222. 6-[(— )—&-hmmphiapymm cettangdol] peyi tdabl e non-toxic carboxylic
acid salts there Dbﬁ'[“'Aﬂ“W(z' )acetamld°]Pem°‘uam° %lg Penicillanic acids as
) . 4 %[( do] penicillanic aci f

clai med Pn d ai do penicillanic acid, ark hotdtxfeal8] 1 1
Rlerr] and R far’e Iec1 rogen hal ogen, nitro, (lower)

al kyl , 24. Bvigr-)- a&lﬁi@)(}pyr(dl)@mmdalpkymamcomdmnélmm#ahlkyl ami no

((:lyg\ll\ﬁgl) k?ﬂl kfgéﬁﬁéag;ﬂ_g\; ot ??Y’gi‘fl)éce'fmtﬁr ﬁ%c 5 2" R kSXlLSSU: ]IC‘IC usi ve,

and cycl oal koxy ﬁsadil-Rab-é-Al%ﬁﬂbL(B-@yﬁdlﬂb%eﬁmId@]panﬁlﬁbeﬁdﬁinﬂrﬂén#mlshl&l ve, and
the phar maceuttesall | y accept abl e non-toxic carboxylic acid salts thereof.

31. Non-toxic saP® ¥enifllagic pridgiarqlqimedrin Claigi4pbggin® i med in any one of clains

15° to 24. 30 . 3&._] t @xi c carboxylic acid salts of a
penicillgnic acid as clained in any e of clains 15 t# 24. -~
33. A novel penicillin subst anti ak her ei nbef ore descri bed with

reference to . ofy £ 4 ohOn ha gen (10‘,3 alé,lprocess as
claimed in d bd?@%)réi/lk ro% ﬁf, Twer)@fyl o5 alkariop?
35. A process aRﬁm;dJ d&]q A X %a,kyl/%kwdltﬂs ) 5|t<s7wb@e¢wmsed in Caim

30 inclusive, and CYclO % m%ﬂ“’oﬁn"t he

peni ci | I?ons cl%lmm %3& 194xywce:emR11s f'y as hereinb&ore
descrl bed. process e preparation of the :
penicillins clained in C|a|m29 sub-#r3 R4 stantially as described in
any one of the specific Exanples 1L 4-7. 40 - 38. A process
for the preparation of the penici aimed in Cai m30 sub- 40
stantially as described in any one of ¥he specific Exanples 10, 11 or 12.
39. A process if ghich R3 Rt endaRbere ﬂfi ftdmnhxdmsmlhﬁlba@%sm@q,dlow d ai m 14,

subst an- - (lower) %:@@ %‘ “gﬁ‘;& ﬁhﬁ Exagpl es
0] 1 ra ViDL

3, 8 92 8 an‘é’“cgfi”vl:%k “% 53 T el femss nciabiRp ga@d DY t he

process cl al mild: pharnRteticAllCa taBlbabm caéﬁoxyhc acid sil® thedpf. Cl ai m 36 or Claim

39. » 31. Non-toxic salts of a penicillanic acid as claimed in any one of claims 15 45

41. Peni gd I I_|. ﬁ%zg%!eﬁever &I‘{g)ggld?éitstopg p@&&?agl%saﬁglag knn one39f

clainms er ap

conposi tion cont as. mngveapaﬁnhmbdbkunﬁamascﬂemnm&e idescritied wath erefartnce to claim
14, 25 to 28, asnomnf&@mpmtﬂ . A therapeut i C (imqpom tion
containipg. a: penl %Iﬁ #%‘6 m% m‘“%mﬁ claigg 15 to
24, 29, A fo preparation of the pem clz&ibd ghlkl sapgat uf f

cont ai ni ng a pﬁmy-amh fokesdegtibedned i n any one of clains 14, 25 to
28, 31 or “40. - 37. A process for the preparation of the penicillins claimed in Claim 29 sub-

O - stantially as described in any one of the specific Examples 1, 2 or 4—7.
40>~ 38, A process for the preparation of the pemcﬂ]ms claimed in Claim 30, sub- 40
" stantially as described in any one of the specific Examples 10, 11 or 12.
el 39. A process for the preparation of the penicillins claimed in Claim 14, substan-
tially as described in any one of the specific Examples 3, 8, 9, 13 or 14.
- 40. Penicillins whenever prepared by the process claimed in any one of claims 1
45 to 13, Claim 36 or Claim 39. 45
41. Penicillins whenever prepared by the process claimed in any one of claims
34, 35, 37 or 38.
42. A therapeutic composition containing a penicillin as claimed in any one of
' claim 14, 25 to 28, 31 or 40.
50 43. A therapeut:c composition contalmng a penicillin as clalmed in any one of 50
. claims 15 to 24, 29, 30, 32, 33, 38 or 41.
44. An animal foodstuff containing a penicillin as claimed in any one of claims
14, 25 to 28, 31 or 40.
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16 1,017, 615 45. An

ani mal foodstuff containing a penicillin as clained in any one of clains

15 to 24, 29, 30. 32, 33. 38 or 41 BOULT.
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