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KONIG, WILFRIED SCHROCK, HANS DISSELNKOTTER and KARL GEORG METZGER (54) NEW
PENICILLIINS, THEIR PREPARATION AND THEIR PHARMACEUTICAL USE (71) We, BAYER
AKTIENGESELLSCHAFT, formerly known as Farben- fabriken Bayer
Aktiengesellschaft, a body corporate organised under the laws of Germany,
of 509, Leverkusen-Bayerwerk, Germany, do hereby declare the invention for
which we pray that a patent may be granted to us and the method by which it
is 5      to be performed to be particularly described in and by the
following statement:-   5 The present invention relates to new synthetic
compounds which are of value as anti-bacterial agents, foodstuff additives
to animal fodder, and therapeutic agents in poultry and animals, as well as
in man, in the trcatment of illnesses caused by infection with
Gram-positive and Gram-negative bacteria, especially by Klebsiella
bacteria. 10         Anti-bacterial agents, such as amplicillin (USA Patent
Specification 2,985,648)  10 have proved very effective in the therapy of
infections by Gram-positive and Gram- negative bacteria. However, they are
not capable of effectively combating Klebsiella infections. Carbenicillin
(USA Patent Specifications 3,142,673 and 3,282,926) is only effective in
man in the case of infections by Klebsiella bacteria if it is administered
15     in continuing high doses, such as are only achieved by infusion.
15 The present invention relates to a process for the production of those
6-(a-3-acyl- ureidoacetamido)-penicillanic acids in which the hydrogen atom
of the nitrogen atom present in the 3-position is substituted by other
radicals. Some of these penicillins and their salts are claimed in our
copending application No. 16881/71 (Serial Number 20      1301962).
20 6-(a-3-Acylureidoacetamido)-penicillanic acids are described in
Netherlands Patent Applications Nos. 6901646 and 6908909, US Patent Nos.
3,479,339, 3,483,188, 3,481,922 and in Gernan Published Specification
1,959,920, but all 3-acylureidoacet- amidopenicillanic acids described and
claimed in these Patents possess a hydrogen atom 25     on the nitrogen
ateri present in the 3-position in the acylureido group. The presence of
25 this hydrogen atom and the absence of another substituent at this
position of the acyl- ureido group in part necessarily results from the
different way of synthesising these penicillins. These new compounds, in
the treatment of infections by Gram-positive and Gram- 30     negative
germs, especially by strains of Klebsiella aerobacter, are able, at low
doses, to  30 provide a valuable remedy. [Price 25p]  



2                                       1,301,961
2          3 The present invention provides a process for the production of
penicillins of the following general formula and their salts: [err] [err]
[err] in which process a compound of the general formula: - salt or a
condensation product of such a compound with a carbonyl compound, prefer-
ably acetone [U.S. Patent No. 3.198,804], the said condensation product
being of the general formula: 20 (in the preferred casc when the said
carbonyl compound is acetone, G is methyl) or a  10 compound of the general
formula:- [err] [err] 25 or C 0 [err]    3
1,301,961 is reacted at a temperature of   of 20 to [err] with a compound
of the general formula:- [err] 5           in a solvent and in the presence
of a base when a compoud of general formula   5 (52) or (53) is used, and
in an anhydrous solvent free of hydroxyl groops with or without the
presence of a base when a compound of general formula (54) or 55 is used
and, when a salt is desired, converting the penicillin thus produced into
the desired 5             salt; 10          [in which general formulae: -
10 A denotes a group of the general formula: - [err] in which general
formulae (2), (3) and (4): X denotes a hydrohen atom or an alkyl, alkenyl,
cvcloalk.], or cycloalkenyl group 15          with up to 10 carbon atoms,
or a vinyl, arylvinyl, mono-, di- or tri-halo-lower     15 alkyl,
mono-lower alkyl-amino, di-lower alkylamino, monoalylainino or aryl-(lower
F alkyl)-amino group, or an alkoxy or aralkoxy group with up to 8 carbon
atoms, or a cycloalkoxy group with up to 7 carbon atoms, or an aryloxy
group, or a group of the general formula:- 20
(lower alkyl)-O-V-                  .                      20 (5); or a
10                                         (lower alkyl)-S-V-- (6); (7);
(lower alkyl-[err])--CO--V- di(lower alkvl)amino-CO-V- (9); 25
25 



4                                         1,301 961
4 or 0 5           (in which general formulae (5) to (20):
5 V denotes a divalent organic radical with one to three carbon atoms n is
0, 1, or 2; and [err] and[err], which may be the same or different, each
Icnote a hydrogen, Chlorine, bromine iodine or fluorine atom or a nitro,
nitriic, di-(lower alyl)-amino,  10 10           d-(lower alkyl)
aminocarbonyl, lower alk-anoylamino, lower alkoxycarbonyl, lower
alkanoyloxy, lower alkyl, lower alkoxy, sulphamyl or trifluoromethyl
group:) Y denotes an alkyl, alkenyl, cycloalkyl or cycloalkenyl group with
up to 10 carbon atoms, or a vinyl, propenyl, mono-, di- or tri-halo-lower
alkyl, aryl, or hetero- cyclic group, or an aralkyl group with up to 8
carbon atoms; 15           -(-Z-  denotes a divalent group of the general
formula:-                             15 10 (23) or 20           (in which
general formulae (21) to (27) m denotes an interger from 3 to 5, and the
20 arrow  in the divalent group Z means that the linkage out the two free
valencies of    5         1,301,961
5 the group -(-Z- with the nitrogen and carbon atoms of the group of
general formula is not arbitrary, but is orientated as indicated by the
arrow); E denotes an oxygen. or sulphur atom; and
5 Q denotes a divalent medical particularly a radical of the general
formula:- 1    6                                         1,301,961
6              7 OR
of [in which, general formulate (28) to (34): G is a hydrogen atom or a
lower alkyl group; 5           [err] and [err] are as defined above;
5 the arrow means that the linkage of the two free valencies of the group Q
with the two nitrogen atoms of the group of general formula: -- 10 (4) is
not arbitrary but is orientated as indicated by the arrow; 10           and
10 M is a group of the general formula:- B denotes a phenyl group or a
phenyl or thienyl group substituted by a lower alkyl, 15           Lw .ver
alkoxy, lowcr alkyithio grou;p or by a halogen atomn; and
15 C* i.s rcrbon atoma constituting a chirality centre which can be in
either of the '   t: oszbule R- ad S--- con fligurations; R.,, R, an-] R,
denote alkyl radicals haiving up to 6 carbon atoms; and W denotes a halogen
atorn or an azide group. 20           The pcocess of rhe invention includes
within its scope the production not only of   20 



purc; 'ereoisomers in which C* is i a cither the I- or thfr S-
configuration, but also mix u.::s of the stercoisomers in any proportion.
The term "lower aikvl" as used in this specification m.ans suiaight- and
branched- cha~n aIkyl groups having up to 6 carbon atoms. When a part of
other groups, such as         15 25      "di- ,uwer alkyl)-amino, the term
"lower alkyl" refers o ly to the alkyl part of the   25 part 'ular group. ,
he invention also includes. within its scope the follnwing nc  compounds;
1) D-a-(3-Acetyl-3-cthyil-ureido)-benzylpenicilJii-  atld its sodium salt.
2)  D-a-(3-Dimethy lairninocarbonyl-3-methyl-urecido)-  n xzyIpcnicillin
and its sodium 30          salt.
30 3)  n-i-(PyrrolU-2-on-l-yl-carboliino)-benzalncnic ii in a..d its sodium
salt. 4)  Da-(Imidazolidil-2.-on-1.yl-carbonvI-"anino)-bizi:;i KiIlin and
its sodium salt. Preferied salts produced bv the nrocess of tha  -it :n ore
the pharmaccutically tolerated non-toxic salts of the pcnliciilns of
gcneral ior.nil.a (1). Thesc include salts    U      7
1,301,91t                                          7 of the acid carboyl E-
ouJ, such as the sodiumi, pO!"ssium, maanesnlu, caicium, aluminiuni and
amrmonium :;,Lts, and non-Toxic substituted ammonium saltsl -.itl)  mines
such as    an- and tri-lovwe: alkvlianinines, p:ocaine, ciibcnzxiaminc, N,
-dibenwvilethlvee- diamine, N-bieizvil-,1p-plneniix uhylarnilc.
neN-mehl1u'11.1krph0!i11c and N -edih")morpholine, . 5     1-epheiiamine,
dcehvdroahiet!amninc, N,N'-his cdehdroahietviethvlenedi 'mine  and N-     5
lower alkylpiperidine OWher a.mines have been zUsed for forming saits of
knr.f.71 peni- cillins, and these mnay .tso be used in the presenir
invention. Preferred groups "A" are the followving:-t S
~~~~~~~CH,-CO-4-- %with CU3                             (41); 10
c1-I -Co--.N-- 10
10 i                                                             ~~~~
~~               ~~~~~~~~~~~~~~~~~(42),r 10,
Cv~~~~012    \   39 I                                 I
/'~~~~~~~~~~~----- .C2   / ,I I co\  W cr alkyl,    15
Cii, r of the
NrCO-I\T_ t~~~~~~c /                                     I only of      20
(46); but also ranchled-
\-ON such. as          1                                           =I.1 of
the      25' sodium       0 30.
CO-Al # it.                                                            t/i
(&) urn salt.                                                     oCl 3
ceuticallY lude salts I
FI .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  



8                                               1,301,961 th.: ca: 5
of. am of rea dH~~~~~~ O'~~~~~~~~~~~COA' ~~~~~~for: and
Pin] ,N         0113
of 15       dilu of Ksl)  2-co-iV
(54) fi                                      ~~~ ~~~~~~~~~~~~~~~~~20  2eeeC
man Those stercoisoniers in which the chirality centre C* is ill the R-
configuration                                pres, 5        are preferred.
5                side A preferred radical "B" is the phenyl group.
25       Offe If a comllporunid of the general formutlae (52) or (53) is
used as the starring material                         and for fli.
svnthi'sis of a pcnicilliln according to trio invention, and  is reacted
with a                               ferm comlpound of the. g ne ral
formnulae (56), (5?7) or (58)', the reactions cain for example be
use 10       carried out in a milixtiurc of water and one or more OreonliC
solvvil-ns miscible with water,         10               of tt such as
acetone. tetrah~vdrofurane, dioxane. acevonitrile, dilrethylforniamide,
diniethyi-                   30       inver sulplho:ide or isopropanol. At
th;-o samre time, the pll of the rcacion mixture is for
Iain example kept-I betwveen 6.5 and 8.0 by adding a base or by the use of
a buffer solution.                              asvrn Thi  reaction
according to the invention caln however also i'e carn1ed auo in a different
ene; 15       p1l-I rang.e, for ex^.mole between 4.5 and 9.U or at p1-I
2.0-3.0. I  is furthermore                  15               asyn-.
possibl' to earnr out the react ion in a solvent invilliscloC with water,
for example chloro-             35        obra; formn or methvlene
chloride, with thl  addition of, preferably, trie:h-ylanline, diethyl-
ammore or N-ethlpivridic. Furthermnore, tlhe reaclon can be carried out in
a mixture                                 the , of wvater a:nd a solvelnt
which is immniscible vith walter such as, for examlfe, ether, 20
chloroformn, rnethyiele  ihloride, carbon dJ:sil!phzidz. isobutyl methyl
koeone, acetic acid         20              the r ethyl ester or benzene.
in. which cas- it is desirable to stit the mixaure vigorousiy and
40       arc re to rn.in  the phl value bens-een 4.5 a]:d 9.0 or, for
examlple, 2.0 a-nd 3.0, by adding                              1,250
hosc.:- or by the nse of a buffer solutlon.
Soee; If a compound of rho general frmnula (54) or (55) is used as the
starting material 25        for 0^i-tstc   and this substance is reacted
with a compound of the general formula                  25              if
W (56), ,5-') or (S), the process must be carried out in a so!vent which is
anhydrous and                    45        and s rl   l''.  ;!; groups.
Such  solve vts ore for cX,1flpi'  ime  -lene chloride, chloroform,
1n th. h~fl .1',.c t~lr.rnvrroiulrane, acetone and dimei hlfo rT 1 'i
1a:ideLIC. In this case, the addition of a b:n. is nor iiec 2sarv, hut i'i
individUalU  caises to- vIC"el-I and pdrnri v of the products
st. rti; 30        eanf be imn.ro-,cd therelvy. Adninttedlv, the converse
eftect is also possible. The base             30              89B/( v.-hi,:
ic optional' - Weldd must eirhier be a tertiary amioe,  such as pyridine or
trietliyl-             50 idA, l. or a secondirv arline vwhich is
difflicult o acvlate a, a : stil of steric hindrance,
Table suci as dicveloihbm '1iani, " The nlumbi'-r of usabie Ia.ics is
ti:eu':e 011:.St uinlimited.                        medit: Ac in most
chemical reactions, hinter or lower telfipcuatllre  th;na those indicated
dilutic 35       in t"  .xaniples cnl bc uLed. If, howvcer, tlle valus
give.i in tPie l.. moles are signi-            35             is ird-N
tic^;, lv cx:ceded, sidc.-raction.. which reduce the yield or tr'f.'.'talv
influence the                  55         mcdiii pur :; .f the p-oducts,
5vil! inicracntitory occ:ur. OIn ile other oiad   rxcessivelv lowvered rec
:ioit  !lempratlres so Oreatlyt reluce tilC reactioicn '41%cd thai  ei'
tOLtiions in vield can occIu;-. Reicrnti('  temaperature; .n hl,c ranne- of
-20u   to *       ;0 ;,'"er cc thereforc DrI- 10       ferred, and a to:.
'el;;ittt  of abolit 0(C  .o  i- 2(C.C rs par' .c7uhrlv preferreC(.
40 



ihc rcactart1  can bc reacred wvith 0one un'thci' i-l  -i'uflol r atlints.
It cail uI sc.yer be{ .d lesPi ; to use one of ihe two reacta<ts:- 'i
s f  oln  1. facilitate     60 thiC PLrIi1C; Ot!?fl. (c' jo-Tar . i}on in a
p1.rc form, of i L  i. i, .1Ki a ac '    v  and to increare the vield. For
txa: ele, rho coporsu-.dl  or sue g.c; r;al I )rio ("'   2'  or (53) can be
(T'- he v 45      eCinlvliodci in an  xcc.i; o;f 0.1 to 0.3  nol
equivalen's, "arn'' ,, e   dcorlpositiOtl of the       45
T: rea:ctanls of th1- getneral fornmuilac (56), (57) or (5') in the
aq,1UoIS solvent mixture can                      I1I,.^ of    thereby be
achievcd. I .xcess of the rcactants of ihc r..    forni dlac (52) or (53)
can be casily removed; :r'. rworkig uo the reaction mixt.ure, becausc of
their- 'ood solubilitv in aoucous rnm. a' acid. Oin the other hand.
however, the reactants  f t ith general formu!a.c (56), (S2) and (58' caCt
also advantagocously be cm.Fhlovyd in at. excess 5       of, for example,
0.1 to ;.0GmO evu valents. As a reu!t of this, thic reactants, for cx-  5
ample of the general fonrulac (52) or (53), are better utilised, and the
decompc-si-ion of the reactants of the general forniulae (56), (57) or (58)
which takes place as a side- reaction in aqueous -!ivents, is compensated.
Since the compounds of the 4Lncral 10      formulae (56), (5/) or (    wa)
which are added in excess rapidly change, in watc1 into ;  10   neutral
amides, ureas or ihiourcas which can easily be removed, the purit-Y  f the
10 penicillins is thereby ha.rdly impaired. The amount of the b-se added is
dete.rmnined ijte? ealiz be the desired maintenance of a particular pH.
X'/"erc a pH measuremlent and adjustnient is not carried OILt or is
impossible or pointless because of the absence of suflicient amounts of
water in the 15      diluent, 2 mnol equivalents of base are preferablv
added in the case wvhere a compound    15 of the general formulae (52) or
(53) is used, and either no base at all or, preferably, 1 mol equivalent of
base is added in the case where a cormpound of the en' orumulae (54) or
(55) is used. The working up of the reaction batches for thc manufacture of
the peric"lins !20     according to the invention, and of their salts, can
be throughout carried ouar in the      20 manner gencrall know-n for
penicillins. The compounds of the general formula (52) used as the starting
material it" the ;on                      present invention can, as regards
the configuration at thc asymmetrical centre in the atson         side
chain (: C*) be in the D = R-form or L =S-form. They are described in
German 25      Offenlegungschrift No. 1,156,078, in U.S. Patents Nos.
3,342,677, 3 157,640, 2,985,648     25 l<Ctejii                   and
3,140,282, and .'an anhydrous form) in U.S. Patent -No. 3,144,445. All
crystal forms and configurations of the compounds of the genera! formula
(52) are suitable for pe Il:                     use as the starting
material for the reaction according to the invention. The compounds wa er,
10             of the general formulac (533, (54) or (55) used as the
starting material in the present ,etivi-          30       invention, can,
as regardis the configuration at the asymmetrical centre in the side
30 .s ror                     chain (: C*), also occur in the D--R-form  or
L=S-form. The configuration of the 'htion.                    asymmetrical
cenltrcs of tile 6-aminopenicilianic acid nucleus in the compounds of the
.;.rcn;m,.                 general formulae (52), (53), (54) and (55)
should bhc identical with the corresponding 15 .5   asymmetrical centre-s
of the 6-aminopenicilianic acid, which has, for example, been ilOIt-
35       obtained from pcnicillL ;-G by fermnentative processes.
35 ,V .-; : The production of the compounds of the general formulae (54)
and (55), used as :tixtutc                   the starting material, is
described in Netherlands Patent Application No. 68/18057. The compounds of
the genera] formulae (56) and (57) used as starting materials in :c acid
20             the present invention can bk  produced, if W  is halogen,
according to processes which ny and            40       are described in
German Offenlegingschrift No. 1 793 287.5, in German Patent No.          40
*dding                     1,259,871, in USA  Patents Nos. 3,275,618 and
3,337,621, and in British Patent Specification No. 1,226,450. narerial
Furthermore compounds of the general formulae (56) and (57) have been
prepared, awrmula      25            if WX is halogen, from the
corresponding amides after merallisation with methyl-lithiunm u5 and
45      and subsequent reaction  with phosgenre. Such preparations are
described in more detail   45 



rolorm,                    in the Examples. tddition
The product:ou of the compounds of the general formula (58), to be used as
the roducts                    starting material -- where XV is haloacn --
is illustrated in Examples No. 86B and he base      30            89B/C. It
can also be carried out in the same manner as described in the Examples.
riethvl-        !               The chemotherapeutic activity of the new
penicillins was tcsted in vivo and in vitro.  50 ;drancc,
Table I which follovws gives the in vitro inhibition values (MIC) in
units/nil of nutrient ited                       medium. The determieation
was carried out in a liquid medium- in the test tube series alidcated
dilution test, the .a'i-g being taken after 24 hours' incubation at 37CC.
The MIC ce signi-     35           is indicated by thb L&Ft tube in the
dilution series which is free of turbidity. A complete tnce the
. mediutm OLf the following composition was used as the growth medium:
55 lowered icld can                                          Lab Lemco
(OXOID)               10 g ore pre-
Peptone (DIFCO)                 10 g 40
NaCl                              3 g . It can       ;
D( +) Dextrose (MERCK)           10 g facilitate         60
Buffer pH 7.4                 1000 ml                               60
increase                  (The words OXOID, DIFCO and MERCK are Registcrzd
Trade Marks). )can be n of the      45                The number given to
each peniciilin in Table I and subsc-tuently corresponds to cltre can
that of the Example of this specification in which its production is
iiiustrated.    10
1,301,961
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15 Continuatioui. of" TAB3E1 Numnber * surviving .rire ir "   (ail-  r
inuapcriiawal infection and subct.tanceus therapy) a Oi , lc indicate'
nL!1uinr of days. Bacterial Strains    Penicillli  j Dose*) 1st2nd  3rS
5t1   dcv O   oQ   :              iE. coli C 165    No:--86         A
80   8E    80    "o E. Ccli C 165      Carbenwiillin    A       70     0
5,0    50 Prot. vuig. 1017 I                  Ao:--86  A  70    50    50
50 09 G o        .                                   Carocnicillin    Zi
| 50    50    -       50 o o                                           \
Pkino ei li.i  A       0     0     0 n No:-_.8          B     100  lOC
i0a   100 Klebsiella 63      No:*--86          Bi    70    30       0
Curbenicillin            0 0 Ampicilin        B       0 Cephalothin      B
0 .  No:--89       C     100   ICU   -40    10 Pseudrn. aer.      No:-86
D)    100    20    20    20 Wlalter Car-nicillin     I)     80    20    20
20 Arrip]iciflin    D       0 Cephalothin      D       0 o        ,
Psezedomon. -z       :               aer. F 41          No:-86           Ei
100 8        .                                  Carbenicillin    E        0
-. o    -~ nPseudonmo.NF . ,   4   .              acr. r 41          No:-86
F      l0 ' 6 .n  o    ,                                  Carbenicillin
P      20 o  O  0A:        .              Pseudomon. aer. F 41
No:-86           G      100 CD  r  <Carblenicillin
G       70 Pseudomon. aer. F41           No:-86           H      100 .v ,>
_  ...... . Curbenicillin  if  70 I;            Klebsiella 63       No:-86
A      30 tO                      .1 . .- ~~~~~~.1__.______ _     .    17
16                                          1,301,961
16 Continuation of TABLE 2 _              _      __ Bacterial Strains
PelncTiEia    Dose*)   1st  2nd    5rd   5th  day Carbenicilin     A
0 



Klebsiella 63       No:-86            B     100 Carbenicillin    B        0
KRebsiella 63       No:--S6           C     100 Carbenicillin    C        0
*)Dose A = 37,500 units/kg, 30 and 90 minutes after infection Dose B =
75,000 units/kg, 30 and 90 minutes after infection Dose C  150,000
units/kg, 30 and 90 minutes after infection Dose D -  150,000 units/kg,
0.5, 2, 4 and 6 hours after infection Dose E      50,000 units/kg, 30
minutes before and 2, 4 and 6 hours after infection Dose l      75,000
units/kg, 30 minrutes before an, 2, 4 and 6 hours after infection Dose G
150,000 units/kg, 30 iiminuLes before and 2, 4 and 6 hours afthz infection
Dose 11   200,000 tnits/;k1g, 30 minutes before and 2. 4 and 6 hours after
infection. TABLE 3 Serun level after subcutancous ("s.x.") adxrinistnitic.n
to white rnice, in units/rnl cf serum, tnoasurcd from the mi-crhbiological
activity against Protceus vugaoris iVii7 (anpiciflin-resistan). L |
Conceinntration in :toe &anm1T., number of mrinutes oater
j.auiis xztrhxDt    tIle doklsc Peniciiiin    Dose ' No: -      (S.C.)
10 I'illS.  15 1:ril:S.  20 in-ins.  M0 11:1!;5. !60 mn-l~.s |
150.000               25 ulnits             20 i.anits  <2 uni~s :
Ii2iA%      50 utt              IO units 8       1 "J. 000             42
umits I            ,ounits i  <10 units
J  units    17                            .1,S^1;961
17 16 7~~~~~~~~~1 ..    . '&'    -       .c tX  * S~ ~I Dn>  n1 o
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18                                          1,301,961
1 8        19 TABLE 5
ca tel di] Acute toxicity (LD5, .) in white mice after
gdi intravenous injection into the vein of the                         5
ph Penicillin No:-                   tail, in mg/kg
of bu: 8                           >4000 .    ..  ..  .  .           .   .
as 2                              1500
10      ger 28                            -3000.
or abo 25                            -1200 ..
15       caRi 36                              4000
or 1IC. 17                              1500
dosi *
;v~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ili Carbenicillin
2700                                             20       dep(
Dicycloxacillfl                         900
t iLlOL such The comparison  shows that the penicillins produced by tile
process of the                    25       d h r. vention are clearlv surri
to the commercially available products dicycloxacillin
Col , and carbenicillin on intravenous injection of a single dose.
c 5             ~Accordinglv, the present invention p.ovides an antibiotic
pharmaceutical corn-          5            ivran position contatning as an
active ingredient at least one of the new penicillins of the
Folul. general formula (1) given above, or a non-texic salt thereof,
produced by the process             30 of th. invention, in admixture with
a pharniaceutically accepiable solid or liquid diluent or carrier as
hereinal~er defined.
to Cl, 10           In the present specification the expression
"pharmaceutically acceptable diluent or       10           in  , ca.:ier"
mea.;s a IIon-wXiC substance that whecn mixed wil h the active ingredient
or ingredients renders it suitable for admninistraltion. The expression
preferably excludes          35 water and low-mnaiecular weight organic
solvenats comiraoisl used in chemicai synthlesis,                  (1) *
except in the p:'sence of other pharmaceutically riecessar-. ingredients
such as salts or                  inves:; 15      glucose in corr9;t
quantities to render the composition isot.nic, buffers, surfactants,
15           drae, colouring and' flavouring agents, and preservativ;s.
Examples of suitable liquid diluents anid carriers are vegetablc oils,
polvols, buffercd aoueous solutions, isotonic saline            40
bcfoic aqueous solutions, syrups and lotion bases. Examples of suitable
solid diluents and carriers are starches, cellulosc and its deuivatives,
SuLgars, stearatcs and stearic acid, talc,           salts 20       and
ointmient asess. Examples of pharmiaccut-! composition.s accordling to the
invention      2t           are ti; ar  gra nlles, ointments, pastes,
creams, sprass, ]otions, "lqucous suspensions, elixirs,
mcmi syiuns, and p -ovwders, either free-flowing or cuji1 - -r c in"'J mo
zablets.                             active As st: Ltc- abl-ove, the
peniciltins and   u lncrtlt  ly acceptable salts preduced-
are i Lb the proce  ut tne prescnt invention n.'' bf   Iu     l  roraily.
25            Gne groulp of preferred pharmaccutical ct.,15jd0 s of thc
invention are therefore       2!          a nd those adapted ;;r orai
adiministration. The tiuLients and carriers used are prefcrably
1his i therefore those that adapt the active ingredient or io'uiats for
oral administration.            50       rates Examples of such dilustis
and carriers are  olid vehicics, excipients and lubricants such as glucose,
lactose and sucrose, corn oiu  prnato starcl. sodium  carboxymethyl
thert 30       cellulose, cthyl cellulose and cellulose acC!ate, -ov.dcred
gi :-t a ragtcauth, geiai.in, alginic  .'     notnia acid, agar, steariz
acid, sodium, caicium and n'asinesiunm saearao.s, sodium  lauryl sul-
phate, polyvii:yl-pyvrcrdone, sodium  citrate,  "ciuni carbanate,.
dicalciuml phosphate         55 



and cerrain tyjses of alumina.
buL The pharmaceutical compositions of thc inavertion may- also eontain
other non-                      used c 35      toxic adjuvants and
rniod~liers such as dyes, stufacuants, perfumes, flavouring agents,
3 preservaties and biocides.
,aving As staied above, thc penicillins and puarn'accuticai!% . ccptalble
salts produced by       60i the process of the invention may be admin:K,
-cd parent :lly. A group of preferred                      here -
phannaceutic:.! compositions of the invenLion -rc thierefore chose adapted
for parenteral                     -l 40       adminisirat-lon. Slic,
admniulstralioi mar ;.e intramnuscula-. subclutaneous, or intra-       4
venous, if appylocac  by means of a continluous drip infusion. The dilucnts
and                           - vaNc 65           m    10       19
1,301,961                                           l1 carriers used are
tltcrefo: prefexa'y thosc that adapt ut: .nr'ive m.scedient for paren-
tcral adminisuation. 'Fixaimpies of such diluents and crriers  arc tn en':s
.:nd suspendilng diluents such as water and water-min iblc oralanic
sont'!its, in pz!L;-koar sesrine oil, groundnut oil, aqueous propylene
e71.-roi, and NN-d;:i-ncihyl formarnide. Exanmples of 5
pharmaceutical compo' iions of the :;ventic  are stcirc isYnOliic salin:
aqucous solutioiUs    5 of the active ingrcdient, wihich mnyv he buffered
witi, a phiarmaceutically acceptable buffer and are preferably
pyregei-trcr!. The present invention also --oviles antibiotic
mintdicaenents in dosage unit foirm :as hereinafter defined comprising
an active incrcdient at lea-t: one penicillin of 10      general formula
(1) given above or " non-toxic s3lt r1hrccf, produced by t.he process of
10 the invention, either alone  1Ol iL euxtulcetzvil a p'liiflflacL i.~Y
:cceptablc solid or liquid dilucnt or carrier. In tiL..; c-C tshe diluent
or carrier is pref'erably as defined above but carn also be water or a3no
1-C0'' co;l floln solverit. The expressiou "niedicame- .; dosag,c unit
form" ,.as used in the rzcsent specifi- 15      cation means a medicamc i.t
in the iornm of discrete por tions each containing a unit dose     15 or a
multiple or sublt multiple of a tnit dose of the a.crixe ngrCdiCent's); for
cxarnp'2, one, twvo, three or four u- dos.; or ! half, a third or a o
uarter of a 'mit tlose. A "unit dos"c is the amoucint of t1). atlIVC' . '
'cuts) to ke adminisrerd On Cne occasion and will usually be a dailv do.-,
tr        pl csa~tpse a half, a third, or a ouv.:sr of ' daily dose 20
depending on whether the medic"s'l ,.t is to be admlinistered  CitCe or,
for cxample,         20 twice, three times, or four times a dav. '1he
discrete portions const:ti'ling the mcdicoment in dosage unit feoni can
include a protective envelope. Th,- aciive ingredienL can bec undiluted and
conrainea in such an envelope, or can be mix d Nvidh P. aharmaccuiically
acceptable solid or liquid of the            25       diluent or carrier as
de.ined abope Such nortions cC!I for examplc hc in monoli h.             25
kx!xacillin                  coherent form, such as tablers, lozenras,
pills, suppositori-s, or dragees; in. wrapped or concealed form, the active
ingiredints l',eng vwithin a protective envelope, such as :01 com-        a
wrapped powders, cachets, sachets, capsules, or amnpoulles; or in the form
of a sterilc .s of the                    solution suitable for pastateral
injection, such as ampoules of u'eTedC, isotonic, Sterile, process
30       pyrogorl-free aqueous solution; or in ary other form known in hie
art.                         30 'L diluent                        A
particularly convenient formn for the niedicamenis iLJ dosage ;mit forn
according to the invention is dry ampoules containing predciermnled
quantities of the active iluent or       10           ingredient, which
nmay 're used for the in sitte preparation of parent2oAlly injectable
edient or                    solutions. ,:x.!udns         3,j           As
stated above, it is preferred to administer the new prnichllins, of gereral
fermula   35 (1) or their salts perorally. Preferred medicaxncnts in dosage
unit form ,accoroing to the :,""Ilts or                 invention are
therefore those adansed for oral administration'     en as tablets, pills,
Cactaj.'s, .  15            dragrecs, capsules, and cachets, as well as
wrapped powders containing the actine 1cdiluents
ingredient in powdered form with a powdered diluent or carr.er for
suspension in water ic saline          40       before being taken.
40 



-ents and                         As stated above it is also prefcrred to
adminliz'er the new oenicillins and their rscid, talc,
salts parcnterally. Preferred medicanicnts ill dosane unit form accordilng
to the invention inverntion      2C           are therefore those adapted
for parenteral injection, s-uch as armpoulzs containing a Ls, elixirs,
measured quantity of a sterile isotonic saline injectable aqueous solution
of the new 45      active ingredient, which mav be buffered with a
pharmaaceutically acceptable buffer and        45 pro cucd
are preferably free of pyrogens. The preferred rate of parenteral and
peroral administration for the new penicillinzs tilcrCfore     25
and non-toxic salts of the invention is 25.000 to 1,000,000 units 1 kg.
body weight/dav. preferably                   This can be given as a single
daily dose or divided, p articuiarly in the case of dosage nistratiun.
50       rates within the upper part of this range, into several doses
taken at intervals. .           50 lubricatts                       The
preferred unit dose for administration of the medicaments of the invention
is oxymetnyl                    therefore 25,000 to 1,000,000 units/kg of
body weight of active ingredient, which will nti~, alginic    3(
normally be admin; ;tared once daily. Iau. v s-                         The
Examplcs which follow illustrate the invention without restricting it.
ph}spLate          55            The Ea-aminobenzt'l nenriillin used in the
Examples contained about 14%  of water, but anhydrous
ci-aminobenzylpenicillin  [compare US Patent No. 3,144,445] can be ather
non-          .       used equally well. ing agents,      3
Unless expressly stated othervise, "ampicillin" d.notes the
{gaminobenzylpenicilliii 60g  gen , having tile D( - ) - = R-co.figuration
in the side chin. :oduced by          60           The 1B-lactam content
was determined iodox.:etrically. All penicillins described          60
preferred                  here showed an If, zpecuuum corresponding to
their structure. parenteral                      The NMR spectra wcre
recorded in CDOD solution; the signals indicated in the or intra-       4
Examples agree with the particular structure; the position of the signals
is quoted in luents and          6        -values. 65           In
calculating tne analytical data, the water conternt is taken into account.
65    20                                          1,301,961
20 The figures quoted under effectiveness against ccrtai.: bacteria
(units/ml) are                   21 minimum-inhibitory concentrations in
the test tube series dil"'ion test, after 24 hours' incubation. In the data
on "Effectiveness in animal experiments", "A" denotes that the par- 5
ticular penicillin is more cffea rlve than ampicillin, when used
-:bcutaneously on mice        5 against Proteus vulgaris 1017, and "B"
denotes that it is more cffective against Kieb-                      etho.
sicl.a aerobacter 63 than is ampicillin and carbenicillin.
5       1, th Example 1
Calc Sodium  D-a-(3-benzovl-3-methvl-ureido)-bertcylpenicillin:
Four 10           D-a-Aminobonzylpenicillin (ampicillin) (15 parts  1ev
weight) was suspended in            10            NAiM] 80%/0 strength
aqucous tetrahvdrofuranc (150 parts by volumce) and sufficient triothyl-
10 amine (approx. 7.5 parts by volume) was added dropwise at 2.00C, whilst
stirring, that                     Elfec a clear solution was just produced
and the p1J value was between 7.5 and 8.2 (glass
Effec electrode). The mixture was now cooled to 0C and a solution of
N-benzoyl-N-methyl-                        Effec 15       carbanmic acid
chloride (6.5 parts by weight) in absolute tetratcydrofuranle (25 parts by
15 volume) was addcd dropwise over the course of 30 minutes, whilst cooling
with ice, the pH value being kept between 7.5 and 8.0 through simultaneous
addition of triethyl-                 15 amine. rhe mixture was stirred for
30 minutes at 0CC and subsequently further stirred
( at room temperature until addition of triethvlamine was no longer
necessary for main-                      bosch 20       taining the pH
value of 7.5. Water (150 parts by volume) was now added and the pH
20           of EXI value was adjusted to 6.5 with a little dilute
sulphuric acid, after which the tetrahydro-                 fl-Lac furer.w
was largelv removed in a rotary evaporator at room temperature. The aqueous
20       Calcul So.Lition which remained was extracted once by shaking with
cther, subsequently covered                    Found with a 1: 1 mixturc of
ethyl acetatc and ether (400 parts by volume) and treated with
NMR 25       Eutcient dilute sulpFluric ac2.1, whilst stirring and cooling
with ice, to establish a pH     25 



value of 1-2. The organic phase was separated off, twice washed with water
(60 parts by volumc at a itne) andl dried at 0-C  over MgSO, for about one
hour, and after                  25      F.ffecri filtcring, the solnuton
of the penicillin was treated with about 50 parts by volume of a
Efkecti M1 olar solution of sodo:um  2-ethlvl hexanoate in lther containing
methanol. Th                          Effeci; 30       mixture was left to
stand at 0C for some hours, the solvent was subsequently decanted,       30
and the residue  was tfilturated. with ether and filtered off. After drying
ever PO.2; in q vacuumi  desiccator, the sodiumn salt of the nenicillin was
obtained in the form of a non-cr-stalline solid.
30            Ti Yield: 14.7 parcs by; wciht (83%).
cdliia 35       C'-Lactamo content  8,%
' 35   arp Calculated: C 55.4 -; f '.8  N 10.3  S 5.9
I'old Found:      C 56.2  11(7.0) N  9.7  S 5.9
-L7 NM.R signals at r = 2.4 (10 I-, 4.2 (i E), 4.4 (2 H), 5.7 (1 H),
35       Calcula 6.8 (5 I  and 8.5 ppm (6 If)
- Ho)r.d: 40       Effectiveness a-ainst f. coli 14: 1.56 uniTs/nml (6.25
unitS/nQl)-                            40 Efrecaiveness against Prtne its
3400: 12.5 units/nil (50 units/mi)t' F'fectiz-ecnss a-ainsr Pse a/wnczczas
aeru0. Bon-i: 12.5 unitsiVll (25 units/mPx)                        Effc:iv.
The figures given in brackets give, f:- canvpariso!l, the partictlmar
effectiveness                 Iiff-cti. 45       of rte corresr-.r]'nnio
penicillin which carri  hydriogei  n the 3-position in the side      45
Effec iy .cha;i (that is L .say -' Icli is not a cub -Ce  -r t'. i-r.-ent
inventfon; to-npcte Nether-             EfeciB lanis Pe Acnt Applicawion
No. 69/08909), Chat i t . ;' x.'Iiiuni D-ar-(3-beCzlnoi'ureidU)-
benzylpz~~~~~~~iciil n  A   '~~~~~~~- ~45 .-fek tiveiessinaniamal~
xperintemts: Aand
19 50        -:     .      .xample
;0                                     o Sod~~~~~~~~~~~urfi ~~~~          ~
~        ~       ~        cd 'I'his pienicili-a was prepared in the manner
uLscribedl tn E'xample 1, from  15 parts by weight of  mpiciilin and 7.0
parts by wei:ti of N-benzuyl-N'-etrhylcnrbamic acid
Found chloride.- 55       Yield (crude product): 79%
55' /3-1actwal content: 91% Calculated: C 53.8  HI 5.4A   N 9.6  S 5.6 -
Foundl       C 53.0  II ' 0  N 9.9  S 5.7
I xtect'v. 6  NNMR signals at   25(5 I),  2.6 (5 H1),  4. (i3 H),  5.8 ! .
)                            6C 62 (? H),  8.4 (6 I-I) ao  '3.8 ppm (3 11).
6C iffectiieness a: ainst ' .0ol7i 14: 6.25 ulnits /mii EffectivLness
ag'r'insrt 7'cwdo,,zo;,as Acrugt. Bronn: 25 units-l/ rl. ; -
Effectiveness .       I -   experiments: A nnd P.
iO    jil) are              213_
1301.961                                            21 hours' E;OtIxample 3
Sodium  D-l-(3-cthoxycarbCo1 yg-3-.ncth3 lurcido)-benz yl7ea din: hmice
par-;-If 18 parts 'bV wcigt:t or ampiciK  verc rearcted with 6.6 p rts by
weight of N- .KIetib-                ethoxvcarbonvl-N-fcalihh arba-m~ic
acid chloridc in thC  ananer described in E-xamnplc :*c~e -  5  1, the
penicillin was obtaincd in the form of its Na salt, in 72% yield.
5 16-Lactam content: 94% Calculated: C49.3 H4 5.1  N 11.1'  S6.3 :
Found:       C 48.9  H 5.4  N 10.8  S 6.2 d td in      1(0           NTMR
signals at -r = 2.6 (5 H), 4. 4 (1 4., 4.5 (2 14), 5.8 (3 I-I), rie1.hyl
10                          6.8 (3 H1), 8.5 (o .&i and 8.7 ppm (3 IIl. T
'g, moat            Effectiveness against E. coli 14: 3.12 ui;::sJ/hrl.
.2,7t, (glasr              Effectiveness against Psezido00n.;1i ac:'!g.
Bonn: 12.5 units/ml. metayl-                    Effectiveness in animal
experimenlts  i and 3. 



larts by     !5 5,                                                       -t
ice, thle uiccthyl-          1                Sodium D)-..(3-hexah\Cllc
'oyI-. meviwiurcido)-bcnzylpenkiiiin:                   15 stirredh
On reacting- 15 parts b'y "   t    amip cillin witir 6.7 paiis 1:. weighlt
of N- r stirre lexahydrobenZ~l~Nif-lethica.ii  ,arsic ^;d chloridck  in
accoriance WA'; iteC ins'cuctiCr sr ain- r the p'1     20          of
Example 1, the sodium salt of thAc ;seillc llin was obtiined in 60,  ield.
ra)vd -?                   fi-Lactam content: 89/o oa,.eolus         20
Calculated: C 53.5  H 6.0  N 10.0  S5.8
20 covered                   Found:      C 51.9  II 6.2  N  9.6  S 5.8
Coverewh                  NMI signals at 7 -- 2.6 (5 I), 4.5 (1 I-, 4.55 (2
1-i), 5.8 (1 H), 6.7 (3 H),7.3 (1 r), 8.   0 (10 -a .:h a pH      2t
8.5  ppm (6 II). '5'0 parts
25 p.n(61) *-e after         25       F.:Effectiveness against Proteus
34(10: 6.25 units/m2 ne of a                    Effcctive-ness against
Psecudoionas Arrug. Bonn: 12 ulits/ml. *s. The
Effectiveness in animal experiments: A and B3. 'eccanted,     30
Example 5 rer PO0.                               Sodium  D
.-(3-cinan-ol--3-iet~lviurdc,,)-beazylpenicillin: oxriii of a
3 30           The sodillui salt of the penicillin was Prepared fromr. 15
parfts by weight of ainpi-  30 cillin and 7.4 parts by weight of
N-cinnamov.li-lN-mc-thl1!lcarbe'flic acid chlor're, as in 5Example 1.
Yield: 720/% fi-Lactam content: 90% 35      Calculated: C 55.9  H 5.1  N
9.6  S 5.5                                                     35 Fouild:
C 54.8  II 5.6  N 9.4  S 5.4 NMR signals at .  2.0-3.0 (12 H1), 4.4 (1 H),
4.5 (1 h1', 40                            5.8 (1 1I), 6.7 (3 11), 8.4 (3
1-1) and 8.5 ppm (3 II). 40     OEffectiveness aaginst E. coli. 14: <0.78
units/ml.     .                                    40 Effectiveness against
Protcus 1017: 1.56 units/ml. cctiveness                 Effec-iveness
against Pseudo nonas Acrug. Boen: 6.25 units/ml. the side      s
Effectiveness in animal experiments: A and B.                      --
- e N .hsr- vi ..ceidz)-
F .  Example 6 45               Sodium
D-:-(3-,3-chloropropionil-3-methyiureido)-ben:Glpe-licillin:
45 19.7 parts by weight of ampicillin were reacted vith 7.0 parts by weight
of N-fl- chloropropionyl-N--niezhylcarbamlic acid chloride in accordance
with Example 1. Yield: 80% B-Lactam content: C;4% vm 1    acid      50
Calculated: C 47.8 T1 4.8 Cl 6.7 N 10.6 S 6.1
50 iamic aeid                 Found:      C 48.4 II 5.: C; 6.0 N 10.5 S 6.5
NMR signals at r = 2.6 (5 H), 4.4 (I1ll), 4.5 (2 H), 5.8 (1 H), ;  .    .
6.2 (2 H), 6.8 (3 H), 6.9 (2 H) and 8.5 -         ~~~pprn (6 1I). 55
Effectiveness against F'. coli s4: 3.12 units/ml
55 Effectiveness against Proteus 1017 25 units/ml 60'       Effectiveness
in animal experiments: A and B. Example 7 Sodium
D-cr(3-(1,2,5,6)-tetrahvdrobenzovl-3-methylureido)- 'O
benzylpenicillin:                                        6C This penicillin
was prepared in the manner described in Example 1, from  15.8  



22_______________________                   1,301,961
22          23 parts by weight of ampicillin and 7.0 parts by weight of
N-l,4,5,6-tetrahydrobenzoyl-N-                     by methylcarbamic acid
chloride.
desi Yield: 55%                                               -
Yie .8-Lactam content: 35%  (according to the IR spectrum)          -
-Col Calculated: C 55.2 H 5.6 N 10.3 S 5.9
5   5        FOU Found:      C 54.5 II 6.3 N 10.2 S 5.9
NM NMR signals at 7r =2.3-2.8 (5 H), 4.2-4.6 (5 H), 5.8 (1 6.7 (3 H), 7.1
(1 11) and 7.6-8.8 ppm (12 H).
Effe Effectiveness against E. coli 14: <0.78 units/inl.             E-ec 10
Effectiveness against Proteus 1017: 3.12 units/ml.
10  10 Effectiveness against Pseudomonos Aerug. Bonn: 12.5 units/mr'.
--fe Effectiveness in animal experiments: A and B. Example 8A Sodium
D-at-(3-acetyl-3 -methvlurcido)-benzv:ocnicillin: 15           This
penicillin was prepared in the mainecr described in Example 1, from  20
15  15       ut A parts by weight of ampicillin and 6.0 parts by weight of
N-acetyl-N-mcthyl-carbamic                        ribe acid chloride.
Yiek Yield: 100%
O-La 8-Lactam content: 86%
Calct 20       Calculated: C49.2 115.1 N11.5 S 6.5
20 20        Foun Fltund:     C 49.2 -117.0) N 10.4 S 6.5
NM. NMR1l signals at - = 2.6 (5 I-I), 4.45 (1 1-1), 4.55 (2 I-I), 5.8 (1
I1', 6.75 (3-1), 7.7 (3 11) and 8.5 "ppr (6 Wi).
EffeC 25       Effectiveness against E. coli 14: 3.1-2 units/mi.
-                               25      Effc- Effectiveness aechiist Pse.
doinoras A crg. Bonn: 6.25 units/ml. Effectivencss eg-ainst Klebsiella K
10: 50 units/ml. Effectiveness in anitnal experiments: A and B. Example 8B
16.7 3T    Crystal!ine sedi;un, D-c-
(3-actl-3-methylurcido-benzylpeniicillin]: -                           3J 3
merhv 11, procas of p1:.parnng sodium  D-;
:-(3-acetyl-3.-methvlureido)-benzyipeniciiin,                    Yield:
foliowhinr Example 1, sel.s an amorphoLus product, as is shown by an X-rav
diffraction                    BLac, pict.ure. If this stuibstanee (3.3
parts by wei'rimt) is dissoived in etnanol (15 parts by
c'alcu volume) at ro-re. Lemcrature (duration of the solution process,
approx  15 to 20                          Fmrn 35       minutes) acetic
acid e hyl ester (60 parts b. valliuICt) is si.ibscquenilt added, and the
3! 35       .'iM clear co'ourless soclution is left to stand at room
tNeetraIre, xry ine hnr-4ltc crvstals (bundles of rcedles), which arc
reco-nisnblc :.s siuch with the naked cye,                      E bcgprc to
separate out after 1 to 2 heours, if crsvtal sceds arc not yet prcsent.
AFter some hours the crystals arc filtered oft, x! shed wi;h acetic acid
et!hyl estr and dried                 f L;L 40      *0thotouetd!ilv in a
chaimibeKr wherein d-yirgp, i; 4TectMd by circulating air at 60"C.
4( 40 Y8: 7: 3.0 parts by \tcigit
Eteeri i. iscetanu centent: Y/ -9 Me'riziup pe,.ef.lt. shout 212'C
(corrected, dco.a-posfthn)s.. (Kotier benM''. 45       NM;R signalL at    2
-     (5 lH), 4.4 (I Il1. 4.55(2 TF), a.3 ( 1E), 6.7 (3 -l 7.7 (3 I P  nd
S. 5 ppmn 6 l45.              -                                  1
Calcullated: (1 9' l-'0 contelnt talken into aco.-unt)
15 0rt C 50.1 'lt 5   N0 1N 11.7 S67 6ov -7-. Found:      C 501 H1 5.3 N
10.8 S 7.0
Yield 50       The IR spectra of thWe amorpheus and  crystatline ycnicillin
salt are d(epi ited in Figures 1 mc.rd 2.
-0      Caleula'; 



It is hov't:ecr also possible to suspend tl..- iclopl5cus penicillin salt
in acetic acid           Found: ethyl ester ai!dL thien to add about'20,'
of e.'anol whiist stirring. In that case, also,.a Na4\ s clear solution is
produced, from ivhic-h the cr. 4-!lioe pc :,eillin salt separates otut. 55
It is furthernmore a!lo possible to usc oth 2r -lvJrt mnixtures, for
example etlhanol/    lj. dioxmen. If the amori',nLIs salt is dissolved i!n
acetone or warm  (approx. 507'C) isc-J propanol and left to sta ni, the
salt again separates out in a c--stalline forsn.                        I t
o ictiv. Effeetix; E~xanile,' 9 S>odium   )-ar-(3-cvciohecxv'xvc& zbcony!m
3 :r1cthyi~ureidu)- 60                                          bcnziu
;Ieicillr1 in:                                      660 This pe1ci'!  was
obitained frum 2r 0 parts by vI- ghc of arupicillin and 12 parts    22
23                                         1,301,961
23 zo1yi-ir-                   by weighlt of N-\cyvaexcloxj carboo Yi 1I
uivicaroarnc nc;  e.'on:e, in thre    n-lleCr described in Fxanple 1.
Yield: 49%; i3'l-Lactarn contont: 94/, Calculated: C 53.2 H ;.7 NN 9.9 S
S.! 5.  5       Found:    C 53.1 1- 6.5 N 9.7 S 5.5
5 NhiiR si gnals at 7r  2.6 (5 H), 4,4 (1 W), ;  / II), 5.2 (1 II), 5.8 (1
I), 6.8r Ti) a~nd 7.9-S.9 (16 11). Effectiveness atgainst E. coli I 1: J .6
Effectiveness against Proteus 34(il 6 7 iUits/mi. 13  10      Effectiveness
:,gainst Pseudo:r,   .1-1  .  Bg MW: 25 ulitS/inl. Effectiveness in animal
experirne:;  A and B. Example 10 Sodium D.-.:-(3 Dr  Mpirci'llllvyr
3-llthlleioo)tll enicihlin 7 This pcniciflin w.vas  Mrep:: en from 19.2
parts   Lw weigh- a;  ,mpicillin and 7.5 p. rts from  20       15  1
by v.eight o'  '                                     acid cllori.l h' the
manocr dcs-       15 carba~mic                  cribed in Jxamplc ] Yield:
79% 13.Lactamn content: 90%/O Calculated: C 50.9  If 5.0 N 10.7 'S  ;.2 20
20       Found:      C(53.8) H 5.8 N 10.7 S 6.2
2 MZAIR signals at .- 2.6 (5 JT1, 3.7-4.3 (111), 4.4 (III), 4./- 1.9 (4
1M), 5.2 (2 I), 5.8 (1 11), 6.8 (31r) an' 8.4 ppm  (6 H-I). Effectiveness
against Pseuaomouas ACrlg. Bonn: 12.5 n .
25 -25 $       Effectiveness in animeal expetimnnts: A and 11. Elxamprle 11
Sodiu:nm  D-a-(3--y-tri, fuorobutvryl-3-metlwi-ureido)-h nzvlpeniciliin:
This penicillin wvas obtained in the maimller described in Exam.rple 1, on
reacting 16.7 parts by evcight of ampicillin wviih 8.0 palts by weigli of
N-,-trifluorobutzt~l-N 3v 30      methylcarbaimic acid chloride.
30 ;penicillin,                Yield: 80% diffraction
.6-Lactam content: 91% parts JV                  Calculated: C 47.1 H 4.5
NT 9.9 S 5.7 15 to 20                   Found:      C 4 6.6 H 4.9 N 9.6 S
5.8 :, and the      3^  ;       NAIR signals at r := 2.6 (5 H-), 4.4 (1
iI), 4.55 (2 1I), 5.8 (1 H1).                       35. hair-ik6;e
.6.9-7.8 (4 1I) and 8.5 ppmn (6  ).: ,aked eye,
Effectiveness against E. coii 14: 1.56 units/mi. ent. After
Effectiveness against Proteus 1017: 12.5 units/mi. and dried
Eiffectiveness against Pseudomonias t1 rug. Bcnn: 12.5 units/mI. 



4i 40      Effectiveness against Klebsieclea 63: 12.5 units/ral.
40 Effectiveness in animal experiments: A and B. Example 12
. Sodium D-a-(3- [r-nktro-p-methyl] -bcnzov I3n-m.etbyl-ureido)- 45
benzylpenicillin:                          : 45           This penicillin
was obtained in the mnanncr described in Example 1, on reacting        45
15 parts by Nveight of ampicillin with 8.5 parts by weight of
N1-n-nitro-p-methvlben- zoyl-N-methyl-carbtxfnic acid chloride. Yield: 64%
'n Figur-es     5B -Lactam content: 88% 50      Calculated: C 50.7 II 4.7 N
11.3 S 5.2                                                      50 acrtc
acid                 Found:      C 50.6 H 57 N 11.2 S 5.0 me, also,.a
NMR signals at .= 1.9 (I H), 2.2-2.4 (1 H), 2.4-2.8 (6 H1, out.  4,4 (1 H),
4.5 (2 I-I), 5.8 (i i1), 6.8 (3 H), le ethanol/    ~ 5           fetvns
7.4 (3 F) and 8.5 ppmn (6 H1). 50C) iso-                  Effctiveness
against, Pseudonoonas ac-rug. Bonn: 12.5 units/ml.
55. Effectiveness against Klebsiella 63: 12.5 units/mil. Effectiveness in
anl.i:al experiments: A and B. Example 13                              -
. Sodium D-aY-(3-stearinovl-3-inctivll-ureicl-).beflz)lzpclicillin: .d 12
partts        0           This penicillin v:,s prepared from  15 parts by
weight of ampicillin and 11.9 parts    60    25 24
1,301,961                                          24 -              -- by
weight of N-stcarinori!-N-methvl-carbamic acid ch!oiide in the manner
described in Example 1. Yield: 80% R3-Lactam content: 80%-
5       parts 5       Calculated: C 61.4 118.0 N8.0 S4.5
5           chlor. Found:      C 61.0 118.4 N7.5 S4.3
Yield NMR signals at r = 2.6 (5 H), 4.4 (1 H), 4.5 (2 11), 5.8 (1 H), 6.8
(3 H), 7.4 (2 H) and 8.3-9.3 ppin (39 H).
CalcE 10      1OU'n Example 14
.           il' 10                    Sodium
D-a-(3--y-trich!orobutyry1-3-3!-chloroctlwiv-ureido)-                 lO
benzylpenicillin: This penicillin was prepared from 15 parts by weight of
amipicillin and 10.4 parts                 Effect by  weight of
N-y-trichlorobutyryl-N-/,'-chloroctlixl-carbamniz  acid  chloride in the
manner described in Example 1.
15 15      Yield: 56%
15 *B-Lactam content: 91%
N' rep! Calculated: C 41.9 H 4.0 Cl 21.5 N 8.5 S 4.8
,-amni Found:    C 43.2 H 5.1 Cl 20.0 Ni 8.5 S 4.7 NMR signals at r =
2.3-2.8 (5 H1), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H),
2%0      a-alr 20                          5.8-7.2 (8 I-I) and 8.5 ppm (6
H).                                      20 Ejectiveness aga'nst F. cd!i
14: 6.25 units/ml.
a-am H Effcctiveness a-Linst Kl' csidlkt 63: 50 units/ml.
.a-anl Ef:cctiveness in aninal exrocrimoents: A and B.
a-aric 25     (a-al ir Examuple 15
25 25                Sodi-umn
D-ar-(J-p-!micthylbelzoxvl.3-xncthl1-ure-ido)-benzvlpenicillini:         25
a-anma This penicillin was prcDared from  I" paits by :.eight of ampicillin
and 11 parts 



by weight of N.-p-tnetllbe-,nzoyl--\NlmeivIw.-carba-mnic acid chloride in
thz manner                 a-anln describ ed in ExampI? 1.
30       r.-afl2I: Yi-id: 79%
;0 30       3-T actamn contcnt: 890'
30t Calculated: C 35.4 H j.2 N 9.9 S 5.7
sodium Found:      C 546 !I 6.7 ;N 9.9 S 5.8
sodi; NIMR signals at r -- L.3-2.9 (9 I-I), 4.35 ('I 11, 4.5 (2 H),
35      sndW- ).8 (I1l), 6.85 (3 H-1), 7.65 (3 H) and
eOdJ~ir 35                          8.45 (6 H1).
35 Effectiveness against E. coli: 3.12 units/mil.
so l4 Effectiveness against Proleuis 1017: 6.25 units/Tnl.
sodi;.n EFfectiveness agaiast IKlc'siella 63: 12.5-25 ufits/Ml.
,10 Effectivce;ss in animal expcriments: A and P.
SCA sodi%.1 40                                          1`7xamr.' ' 6
.      40         sodf6UDn7 Sek niif D-u-(3-acety1-3-hexac
'y-ureido)..hcnzvlpcnic;llin:                           sr,' Iapel; U*5llhn
was prepared frr)Yin  15 p>^ cs . t   e~f-l -  of ampicilltii and 11.4
parts  d;; by wu igt oi Nh.acetl-N-hexadecy1-carbawuic  .c chlcide in the.
zanaier described   s o c l ".n in Ext lrsIr l
SUI 45      Ywid  567u  .SA5
SI) '3-Lactani content: 76%
sod ii-, Calculate,': C 60.7 H 7.9t' N 8.1 S 4.6
50       wJ!diLvS Found:    C 63.3 1T8.0 N 7.6 S4.9 NMR signals at _ 2.6 (5
1I), 4.4 (1 1) 4.55 (211), 5.8 ( 111), 50                          6.3(2
1-1), 7./ (3 f, 8.45 ' F ' 8.7 (2S  I50 and 9.1 ppon (3 Hi).
- E.xamlph: 1 7                                            55      -O1'lq
Sodium D-1t-(3-rGenoyi (      lite22 n     v -uieiud-!enzylpcniciHiin: This
penicillin was ebtrained in 81%  yielI cn rceri g 18.1  parts by weight of
55      ampicillin wvith 8.2 parts by weight of Nc-9-rl erwoxl  t a
hvl.earbamic acid chiloride.    55 (See Example 1).
sdium /S-Lactarn i-ovteit: 92,/
sodlii Calculated: C 30.8 MI- 4.4 N 10.3 S 11.8
, r Found:      C e I  'H 6.1 NI  9.9 S 11.9 6Q      NMR signals i -
--.1-3.0 (8 II), 4.4 (1 il', 4.5 ",. K), 4.6 (l I-ID,
6 5  (11). 6.6 (3 fT) cad 3.5 ppm (6 I1). liffectiveness in anima'
experimcnats: A and 13.    25
1,301,961                                              25 24
- Examlplc 18 escnbed                                  Sodium  D-,3-.  [ ji
-dimethv isoxazoi-4 -ylj -carbonyi-3- ethy1i ureido)-benzvlpenicillin: This
penicillin xas .,rcpni-cd from  1.1 parts by  weight of ampicillin and 8.7
5      parts by  wveight of i-4}3  -dimethyl)
isuxazolyl-carbonyl-N-mcthyl-carbamic  acid                5 5
chloride. (See Fxampie 1). Yicid: 70% : N-Lactam  conten. 8:;,' Calculated:
C 51.7 H 4 49 N 12.5 S 5.7 10     Found:        C 50.6 11 6.2 .NT 11.1 S
5.5                                                        10 NAIR signals
at 7- 2.6 (5 H4)3 4.4 (1 Yt, 4.5 '1 1:), 4).6 (1 1P, 10
5.8 (1     6.8 (3) G   -11), 7.6 ( !.), 7.75 (3 H), 



S.,; 3 xi) and 8.5 ppm (3 li). C.4 parts                    Effectiveness
in animni experiments: A and B. in  th9e 15
Examnple 19                                                15 15
If, in the procedurc of Exanmplcs i and 8, the D-a-atrnin ;czvipectlciI
osel tdzre is replaced by O.(04 nuol of: - a zrantlio p-mertlwolbeazup.
:dllh1, 2G      a anino p mcthvisvuip:esiwiben:'vtiprenicilHin,
20 20           in -amillo- p-mcihoxvbenzv ipvilicilin, ex-amino ao
eh~lor'obenzylpeicl J in, E     <Xanqiplo- -iodoilnzl . [ n'nrillir- -
i-snio-2 6i-c dcll toruob'nv nelnict 11 in 25
,-araiino-2,6-dimet.hexvbeiz'r'ocn'cillin,
25 ac-amino- 2,4%-dibroxnlobenlz'lpenicil ha, 25         n-ammno-rn-Sruet
hlbenzlnenciicihhin, 11 parts
-amino-2,6-dimetbenzyipeniciiiin, .nanner
.r-amino-2-chloro-6-fluorob-etizylpeniicill in, 30
a-amino-2-thienvimeilhs'lpniciflin or
30 a-eamino-a-3-thienln !ethy lpeniciilinl; 30               the following-
penicillins are obta.ined: sodium af-(3-benzovl-  retlwl-ureido)-p-nzeciwl
bezvipcmcil 1312, sodium  a-(3 KaZOx  3-methyl-urel
do)-p-chlorohznzvlpenicii I i!, 35     sodium a-(3 lx
i-3-methvi-ureido)-p-metllsUIphlbcnzyipcillin,
35 sodium  a-(3 bc;' iv1 '-methyl-*ureido)-p-methoxvbcnzvlpenicillin, 35
sodium  -(3-hervos-1-3 -meylb-ucido)-o-chlorohenz lpenicillin, sodium
az-@3bunzoj> 13-methyl-urecido)-,n-iu~dobenzvbenlicilhin. *   sodiumrneie
a 40       sodium
ar-(3-benizoyl-3-methvl-ureido)-2,6-dirnctioxybenzvipcniciiiin,
40 sodium a-(3-b@i-&zoyl-3-methyl-urcido)-2,4-dibrolibecnzylpcnicillin,
sodium  a-(3-benzovi-3-methvl-ureido)-n.-3-thicymln'etntilpenicillin, 40
sodium ax-(3-benzoyl-3-methyl-ureido)-nm-mcthv lbinzyipcnicillin, sodium
a.-(3-benzzo! -m..mcthvl-ureido)-2,6-dimeilv lbenzvlpenicillin, 11.4 ptarts
45        sodium
a-(3-benzov1-3-methvl-ureido)-2-chloro-6-suorobenzvlpenicillin,
45 described                   sodium
ae-(3-beinzovl-3-metl-l-ureido)-a-2-th-l-nvl'rethvlpenicillin, sodium
r.r'-(3 -acaty1-3-methxvlurcido)-p-metvIblenz'- pcnicillin, 45
sodium  a-(3-acetyl-3-inethylureido)-p-chloroblnnzv'pcnicillin, sodium
ca-(3-accLX i-3 -r'tnvtl;urcido)-p-miethvlsuilphenylbenzvlpcn:;i ^illin, 50
sodium  a-(3-acewvl-3-methv lureido)-p-methoxvybcnzvlfpenicillin,
50 sodium a-(3-acet; 2-3-r'eth lurn do)-o-chlorobenzvlpenicillin, sodium
cc-(3-acety 1-3 .methvlinreiclo)-rn-iodoben-,zylpenicillmn, 50
sodium u-(3-acetyi -3-inethylulreido)-2,6-dichlorobenz vlpenicillin, sodium
a-(3-acetvl-3-methvltireido)-2,6-dimet!hoxvbcnzylpenicillin, :   55
sodium a~-(3 -a~et-vl-3-r^.eth2 lureido)-2,4-dibro.nobenzylpenic)ilin, *
sodium a-(3-acetyl-3-niethvlureido)-rn-methvybenzvlpcnicillin, weight of
sodium  a-(3-acetryl-3-nmethvlurcido)-2,6-dimethilbe-nzvlpenicillin, d
chloride.       55         sodium
a-(3-acetvi-3-methylurcido)-2-chloro-6-fltiorobenzvlpcnvillin, sodium
a-(3-!'cetyl-3-meihyl-urcido)-a-2-thienyIlmethlpenicillin or 60
sodiusn .n-(3-acetyl-3-methyl-ur.ido)-aE-3-thie-nylmethylpcnicillirl.
60 60    26                                            1,301,961
26   27 Example 20
cl, 



If, in the p'ocedure of Example 1, the N-benzoyl-N-methylcarbamic acid
chloride                          tvi used there is replaced by 0.035 niol
of:
Pc N-acetyl-N-ethyi-carbamic acid chloride,
Yi 5         iN-acrtl-i-N-vinv! -carbamnic.acid chloride,
5  5        .- NT-acetyl-N-n-propvl-carboamic acid chloride,
Ca N-acetyl-Nr-propenyl-carbainic acid chloride,
Fo N-acetyl-N-i-propyl-carbramic acid chloride,
Th N-acetyl-N-ni-butyl-carbaimic acid chloride, 10
N-acetyi-N-.-butvl-carbamic acid chloride,
1( Nt-acetyi -N- '-inorhoxvejlv1-cnlrbamic aid chloride,
10 Ni-acecvL-N . -c-dizethvuni noc thjyl-carb)amic acid chloride4
N-acetyl-N -cv cl;,hexyl- carbamic acid chloride,
strc N--accyl-N-cyclobutyl-carbamic acid chloride,
Wili 15       N-methoxyacetyl-N-meri v1-carbamic acid chloride,
sam N-propionyl-\ -nct-m lv-carbarnic acid chloride,
15      chic :\-inew -l-sulp!:eryla   i--N-mediyi-ca hailllc acid chloride,
ow N-propioi'i l-N-eth\-Icarbaamic acid chloride,
b; N-propion. 1 Nvin!1carbamic acid chUloride,
nu 20        ;-n-bLtyr ,-N-methvl-carbanmic acid chloride,
2           of I NW:nrlloxvcor'oonyrl 'etvl-N-me tlhvl-carbaranie acid
chloride,                                      20       ama Ni'-i-boa5vrvlI
N -meth 1-carbamie acid chloride,
ared N-acrvlo vl-N-methi l-carbamic acid chloride,
extr. N-pivaloyl- N matl yl-carbeamic acid chloride,
of a 25       N-cv-anoniktllvl-acctvl-N-nilethvl-catbaniic acid chloride,
2          2 'N NT-cetvl-N-phie.nvl-carbllmic arcr chiorid e or
25       wVaIr' 3'-pro iontl-N-pheny!-c.  mc acid chloride; tile following
peiiiliiP's are obtained:
A g: sodiunm  U-z-(3-ac.etv]-I:.ih-l c'lic o l1'n
i'ol 30       sodium  D-n-(3-vcev  3 vinIlure~do)  1.wxpcldir',
3            ml sodi .um  D- r-(3-acetvi-J -: -peony-   L.Jrico)-bcL.
zvlpemtltill ha,                              30. sodiuni D-0- -(3-acet-
1-3-propnxl-Iurciclo )-omnzylpenicillin,
Cal; Sodium'.l D-a-(3-accyl .1-3-z-prupy ol   'benzvpcmcttn. io sodium
D-n-(3-acerty1-3 -i'-but-Iueido) ccen' ipeniulvi,
' hu 35       sodhiui D-n:-(3-acewl ' t v  xm   I oc!L) t enl
!pcnmci:lxx', sodium  D-,n-(3-acc 1-3- 3 -meiitlox . ctiit, I-u itd{
o,-ben, .y-r-iczillan. sodium;l D-t.(3 -aCxt I3-:, .-donlerax  l'lix
octh1Vl-U!'eitiO-be1Z~ylc;cni~ilin,                   33 sodliuma
D)-r-(3-accxl 13 cxclc" l e:'ureido', hen'ylncn'cillin, sodliumi
D)-xt-(3-acetx I , * ' lin' llzlUx iprO-o  e.C' '!p$'1li(91;i, 40
sodium  13-a- n-rn-( -lltnnwac.Ia z~l3-l ..........  . nl -:icc'! 1-  aezl
.: .'ctil~i,                      chitor: sodiium  Dy-n (3 p'c
p."ivl-4-mletnx i-nru' o) bcnzxlper'"I'mlil
teinrnc sodiuml 1)-- -(3-mer bvN'zlpv'nv~ll-:acec; 1 3me. rl alure'do)
I-ron;:x pemnillin,                  10       5,,dm;_ U lia-l
bD-6-(3-p~rG~opio"'i 3-irvi^tt-or"'c n-l~r'x-ipcnic-iln,
p-ire-- 3)       -c, nil.-. I)--- -3-n-br tr  Iin  ox l'llurc lo
-ocnrv~penocl~a'i                                            In-  mrnt -or
ic-p D-.-'-(3-m-t-mhox. car'  ul viaec" 13-
metx-lviure'"!o'-be'u'joenicillmn,                           90 s eu2:.a,
i) * (3 au:;io'i -t In 'thy! uremmo-lnnzslu'zc'l !<
. son'-":l 3-- v-(3-px .o;-l-3- ll.s W~W-l; -l:,i  'Lu n-z~x-l} pmi'ci,,
' 50       so 'O~iu'n 9-  '3 cpi S xll~. I,! a
tviti-,-inr^thxi-ncidiioj-b- 1' linlc itidin,                -
al!i- F~i~  m) -z.-(3acax! !-- pFtlenvyl rreOo' ob'nr ipen'ciilii ot
'tcld: so-inni}.; L)- ...-(3 -propions'i-3-plenyl- urezido)-be~nzyipenic'~
11. 'ii.....                           ....................... 50  R!-TLac
Example 21 Sodium  D)-.,-(3-bcnzovl-3-me~thvl-ureido) -hElznzlpcntcilh'n:
59        N ~~solutionl of 10.6 parts by weighlt of bis-trimcthyis%
larniuicillin in 50 parts by      5 ;'o!:,mel of city- merhxlenl:
ch'!oriclc was cooled to - 1OC whf z e.i   xclusi'on of moistulre, anld
1 treat-mc ;vizh a solution~ of 3,.8 pae  by weighlt of '.-h-nc;
ly-!-X-meth'Iv-carbam~ic acidl       55        '-- 



chlloridel in 20 paits by VOlumeI of oblSite inedl'lthy-n  chZl:or ide,
cooled> lo OC.  Thle              ben zvi mlixture ll;: !rrt ro sa~nd in a
reflbcrtgenir for 6i hours, !]!i s:?lVent was tl  sriec  ,n
acid -' 60        n~ a rot.-ry cvr;-rori.or :;t room  t m- atlC  the
zsjilie W\M3 taken  1pl10   atsb                        Yield: z'olulrne of
a l:1 mixitre ~ff-ethler a...........nd ethyl acetate,-. L....... I
;zsolutio~n wasexhaulstively T,, t x.: atc .d .vih 2 N  .oOtitkitn
bieabliCi'-~te solIutionl. ih  rl 'uc-'aus phase was treated with
6..............................t0 ;RMR  1 trsh eiltner-c l:yl acetate
mixtu:re anld acidiflied wvith 2 ::IT Pti to pH:[ 1.S---2.0 (glass    2C
27                                          1,301:961
27 electrode), whilst c'-,n.r: with tee: the organic phase was scparated
o!., again washed id chloriod                    with- wvaler and subn'q.
lcai^V dricd  veci Na-SO., ai 0>',  ui d thc suiul salt of the peniCillin
was precipitL' ;cI. wcld isolat.:d, in thie m:user d6escribed in Examnple
1. Yield: 56% S  5        W-L.actarn content: 7'-,'
5 Calculated: C 54.1  i-i 5.0  N  3.0.1  S 5.8 Found:       C 54.0  11 5.o
N:s  9. S  S 5.7 The IR and NMR  occtra at.e identical with those of t:he
penicillin from Lxtmule 1. 1.
Examnplc 22 10                    Sodium n -n-(3-benzovl-3-
methvl-ureido).-henzvlpenii[in:                        10 15 paris by
weight 'f an;picillin w-ere swstzrjcl'dd in i50 parts by vOuriti-' of F'F/
strCngtll aqueous tcii h:-lrofua.;c an  soi cicat (eli: I-J  xiwas
'.ub\]ue,'r;ic ad.6" whilst cooling to    (. to estab!tshi  a p1-i value o.
0'/. and DprtiaftlO, in    tcin. li         ampicil'in. A  solution of 6.5
parts by wveight cf 'Ncimovl A lfl' 01'Larbamic acid 15   ........chloride,
iv. 25 parts b- . irth. oft  sol;utwvt 'U.          nl.: ripe x-,s  ' J(..
cirop'n-'c' ; 5 over hlle course of 30 minu.cs, at -C- :e 00C  '        'it
l'L :p4  a p? 'v.;  at 2).5--;' by simultaneous addition, of tr:th-lamnvz.
Iwh mi   xvas slti  . Ct  i . P rthur 2N minut'es until the p1-1 value,
remairned ConStaLnt at a' A-L ,.0 eveCI v tilnle C 1  uilio 2.         of
triethylaniine. A p1-I valuc of 6.5-4-,.0 was now estahlis'i-rd 1y hmcans
ok u.1t-l~, 2C      amiane, 150 parts b7  volunme of w;atcr arc added, and
il-t.e itlvdo-aue wa c.pzor            20 ated off in a rotary caporator at
root! tcmperature.) 'lx aaucolls solution 'Ails onre extrrcted with 100
parts by volunme of clher. then covered wivt' 2C) parts by loihunle of a
1:1 mixture of Cther and ethyl acetatc, and brow-.l'-4 to p1H - 1.-2.0 by
addi:g 2          2 N hyd'rochlor;c acid whilst coolin g with ice. and the
Ot      waC'iifl \as renloved fPorn the 25      water by repeated
exrraction with etheir-clthl acctaa rmi:tur_. Thc conibined orC."'Vic
25 phases were twice washed with 100 ;x r:s hr vol Vume ol' wxar at a ttLe
C anld dri`cd over MgSO,, and the sodium  salt of the penicillin was
subsequertly precipitated  -aid isolated in the manner described in Example
1. ;          Yield: 60% 30      /3-Lactam content: 93.3%/,.
30 Calculated: C 54.9  1-1 4.9  N  10.2  S 5.3 Found:       C 54.7  1-1 5.4
N  10.1  S 5.9 The product agrees with that of Exan-ple 1 in respec-t of
its IR and NIR spectra. Example 23 35                     Sodium
D)-a-(3---trichlorobutvrvl-3-J'-clhlorocthvl-ureido)-                   35
boa zylpcnicillin: A mixture of 8.0 parts by wveight of ampicillin, 100
parts by volume of methylenc 4          chloride and 5.5 parts by volume of
iaietljvlaminie  was stirred for 2 hours at room temperature, and then
stirred vigorausi%', for a furthLer 15 minutes, with anhydrous .10
sodium  slphate and illered. The mixture was cooled to OC and a solution of
6.3               40 parts by weight of N-y-trichlorobutyi-N-
-chloroethyl-carbamic acid chloride inl 30 parts by volume of dry
methylen-e chloride was addecd dropwise over the course of 20 4
minutes, wvhilst excluding moisture. Therdeafter the mixture was stirred
for a further 90 minutes at 00C and then concentrated to dryness in a
rotary evaporator, in vacuo. 



45       The residue was r' kczL up in water, the pH value was adjusted to
7-S with 2 N NaOH,          45 and the mixture. \vs extracted once with
ether. Thercafter working up took place as in Example 1, under acid
conditions, and ffhc sodium salt of the penicillin was precipitated 5
and isolated. Yield: 49% 50      B-Laclam content: O ;!%
50 The product agrees %.-ith that of Example 14 as regards its I  and NAIR
spectrum. Example 24 50 parts by       5                        Caciumn
L-a-(3-benzoyl-3-meitll-ux2ido)-benIzvlpcncilljil: ioisture, and
This penicillin sas prepared as described in l. aqDle 1, but instead of the
rbamic acid         55       D-anminobenzylpenicillin used in Example 1,
0.35 palt by weig!t of L-at-amino- o 0 C. The
benzylpenicillin  was rcacted with 0.15 parr bv weight of N-berizoyl-N
-.nethl-carbamic stripped off                 acid chloride. The penicillin
was isolated as the calcium salt. .00 parts by                 Yield: 5%
exhaustively                 0-Lactamn con tent: 7S/, treated with
60       NMR signals aL r  ' L.2.-2.8 (1 I H), 4.35-4.65 (3 H), 5.8 (I H-,
60 -2.0 (glass                                      6.85 (3 H) and S.4 pprn
(6 H).    28                                         1,301,961
28          29 Example 25 Sodium
D-a-(3-[4-methox-3-nitrolnzoyl-3-methy-ureidO) benzvlpenici!!in:
N k' Sufficient 2 N NaOH was addied to a suspension of 17.5 parts by weight
of ampi- 5       cillin in ; 250 palts by volume of 80%/ strength aqucous
tetranPvrofurane, at 0C, for       5   5 solution just to occur. A solution
of 13.6 parts by weight of N-(4-m  thoXY3nitObfl                     N-l'
zoyi)-carbwZic acid chloride in 30 parts by volumc of absolute
tetrahydr-furane was now added dropwise over the course of 30 minutes, and
dLe pII vale was simultan- Couslv kept between 7.5 and S.0 by adding 2 N
sodium hydroxide solution. The mixture 10      was stirred foi a further 30
miniutes at 0"C and sufficiently long ' -60 minutes) at room   10
temperature for th1 pI  v^luc to remain at 7-8 evcn 'v khn'!t addition of
sodium                       N(3 hydroxide solution  The tetrahydrofurane
was now  removed in a rotary evaporator,                      N at room
temperature, 100 parts by volume of water were added and the mixture was
NK extracted with 10G  parts by volume of ether. The aqucous phase vas
covered with 200 15      parts by volume of a 1: 1 mixture of ether and
ethyl Pcetate after which it was             15 acidifiedl to n~l:: 2
with dilute hvdrochloric ac-id, Nvhilst stir ring and cooling with    15
D icc, and was thenr extracted twice with 100 paits by volune.,, at a time,
of ethercthyl                 )-a- acetate mixture. The combined organic
phases were washed with 2 x  50 parts by                         Drc-
volume of water and dried over anhydrous AMgSO., the d-mi, agent was
filtered off, 20      and the filtrate was treated with 50 parts by volumc
of a molar solution of sodium          20 2-cthvlhz-xanoatc in ether
containing methanol. 'i'hereafter, the solvent was almost com-
D- pletcly removed in vacuo at room temperature, the residue was taken up
in methanol, and the sodium salt of the penicii in was precipitated by
adding  ther. After standing for 30 minutes at 0C  the suernatant solvent
was decanted, and the residue wa-                       D 25      suspended
in ether, filtelrd and dricd over P205 in a vacuum desiccator.
2525 Yield: 88%
- S-Lactam content: 72% Calculated: C 51.3   S 4.3 N  11.5 S 5.3
D Found:      C 51.5  1-H 5.7  NN  10.7  S 5.1 30      '.NMR sig nals at r=
1.9 (ill', 2.2 (I1 H), 2.6 (5 H1), 2.7 (I  '),30 4.4 (I H), 4.5 (2 -I), 5.8
1 12, 6.0 (3 Fl),                              30 6.7 (3 H1) and S.45 ppmi
(6 II). Effectiveness agaiast 2. coli 14: 3.12 unirs/ml. 



Effecrtiveness against P1rotcas 3400: 6.25 units/mt. 35      Et
F"ieeiiveness in animial exoerimwants: A and B.
317.5 Exn'-IplC 26 if, in the procedure of Exampl? 25, the anpicillin used
there is replaced by 0.05 lo'i of:-
Cal r  -~~~~~~orEfc u:anon-  .rinetbslhflp rzlt.nicllin,
4Ccoalc; 40      .ca~tc--ho
4C.zZ icnclln(  LU'"IR .;-r   1.10  cchlo'  Teclr i.Ypen.lhlii)Ee
.-anilo--.o!<o ,vlpenieillinlo
,ffec .;      oz 1rA .. v   1t1 tllzvlzflicilliin;
4 ;n: e0n<l ;n- cr 'i icillins arc obtaijci: .. CC   X:-- [3D-n;    t
t4-w0ethOXyhCtiZa)yl 1 2 "nc thvl l-ureidO)-ptMctil~ben~/&PeiEClliJ -\
o- I  j*L*III* * O   hi m:-(3- [1-;Io !-l t lN';C~-3 -r;!-t  iue
hio>.4))p-cil f(! r i1zA~PCilciiit, s ziium (~-(t- 3nitro-4 .lthox
benoYl-]-et   rcPenylbenzell                                        rarts
50's  r...-(3-(3   -nitro4-;.icthoxyl'zizo:!, -3-nethylIreic
o)henzyl-ctl!Cillitt 50           pcilin,
in t  oi 'or. lI     rL-.-ni                    -3
Ci' 3 !L nim c3-(3-i[3-niiro-4- aletioxv'ccnzoyl -3-methylu-ci(  -lil-me
hyvlbeuznylpenicillin.           caL-0 M Example 27
N; If, in the piroceduire according to Ezxamplc 25, ihe N-';iutmro-
-nlethoxybenzO-l) Nllm:.thvl-CG~s'bm~llic acicd chloride uscd there is
replac ".1 by O.U5 J ol of: -                   ffr, N'-!'p-rmcthlOxs
cnzcyi)-N-imlthtl-carl.:Aic acid chlori" . N-( 1'ethox:; carbinl l
ic :d chloride, 60            chlrobe                     inic acid
chiloricdc, >T~~(p..ch~~orooei~~zo~~l~aid etliN_ ,a I (o-b-ro   o
yhcnzovl)-N-i..-propyl-carbaemic acicd clori;'i,
0 N'-C (,X-hext nox :IottN-i->ss-(iproPy~l)-carbal1'ic acid t~lluli I_,
rih-    29 28         29
1,301,961 N-(m.. chlorobenzoyl)-N-alkyl-carbamic acid chloride N-(2
chloro-5-methoxybenzoyl)-N  i-i*. *ltv)    Lsali~l... ac.ia chloaridet,
-pllll:: ;     ,-uelctl'l carloam- :ci.d ch.oride, of a!Cfoi-      5-(D
itroblnovl)-N1-n  hcallC ac d.I.                        oric, of a'nol- ~ ~
~ ~   ~ ~ ~ ~~-1I-cr)"nACac : (lC. for       S           1-(,-ihcr  cl:
;-.-  .l l;xalz  acidch clo, 'idc5 -oitroben-
Ni(2,4ddiOrezeilfl\  I cai ThiflK. c                       a
5lorl ~~ara'-  as                   N-(2-chloro-4-ciil   v~ n/~\ 1)
lsl:'.7hen~rn -meh lyl-ca~t Ll n' tu achloid celoride, simultan-
Ns-(2-Chlro-4'-liv. l'o t" )cNl- h\l)-          I-i  acid cid chloride, ^
slmixturc                  N\_(3)1_cy-anobcn hzov'\-I-> )AO1) 11a31 acid ch
nc   chrid, i st roodium          10 l
'm-(3t5-dihcthrbenzovl)-.- 'yl cul'ormic acicl chlon0iue,              10
:Jporator,                   i (w-iodobrflZOvl)-Nfc l          ll'Wa   acid
..hloride or ;xturC asor                  N-( (3naplhthovl> Nffle   I
.-CcalJL. t.li sc id.lo iid ix;ture was                       The sodium
salts r          0 '- fo!!olv.iwn-CliCli.  obtann --- Iwish 200
1 h it was         15y.(3-p-nCtboxvb onzoI I 3 mehyluei' cd)-hc
ln:'v-lpenici'lin, :i.nz w aith       13        D-..\--(3--l-n'cthox3
)bcvzyl l3:i-mc                         15 ! 1n'J w~tl         i
V-.)pclaibrolo  klyuc;- zIo -jci'lialv emecrctlhy1
1    A '-   ic.  I!;:, 



? pa a ts bs         D~1-.- (3- -oet~rllbo:<kT hY 1-3-i-y:X  ti.   . b~i
fll iio .uii lil) )parts by                     ).(v~tovc'.~   ~ . AII  a
"Y.~lLl'i Atered off,                             .h
k3vnd buiviO% ni :eicl ;- of sodiu.inl     20
3 advluo) benzvipeliCi'icl naost corn-         2          -(-[c~oo rnn~t2
methanOl,                    D Vr-(3-tifCtl'ili l 13hcflallXflZO\ I 3
uN'lurCdO)llI'Ipeiciilt nsetanding                  D) -(u-3-p-
itroben~zovl-S -methylurci do)-benZYlP~nicirltin riandue g was
D-(3- [ 2,4.-.dichlorob nzoli] 0 3 methyltii'Cido'-bcl 'I clcillin, 2sidu
xvas   D-ar-(3-     o --ctxvnzov] -3 -nMev ' io' znzylpcicill, 25~
DO-a-(3-[2-cllortciiPS !l'ulhei>I1li~e:(Rl] -3
rrcn\-i!r~lOil:e/-l\1P~itvaicil)                  25 Example 28 Sodium
D-aq-(3 acetyl-3-2.lktiliCLo)l IcnrZy;PieflC 111i11 3;        ~~~This
penici~illi  waos prepa)redi in the ma.-nnler di senibed in Ii.mmzlple 25,
by reacting 17.5 parts by weighat of ampicil'in wvith 8.1 wpar's by wveight
of NKT-acetyl-N-aill~l- 35      carbamic acid chloride.
.35 .ed by 0.0)5                 $-L~acsar  conteith 82%/ Calculated:  C
51.2  115.3  N  10.8  S 6.2 0Foundi: C 51.9 H1(6.S) N 10.5 S 6.4 40io
NMAR signals at -- 2.4 *2.8 (5 11), 4,5--5.2 (6 H), 5.6 (2 M),
40 5.85 (1II), 7.7 (3 II) and 8.5 ppm1 (6 HI). E~ffectiveness ag~ainst E.
ccli 14: 12.5 units/rnl. E Dectiveness against ho sen doi-3 onas Acidong.
Bomn : 25 uni s/mi 455       Eff'ectiveness in animnal experiments: A andl
B. *125                                         Example 29
45 Sodium D-a-(3-acetyl-3 -benzvireid o)-benzylpenicilii: :.enicillin,~hi
ancin\t peardinnpe  5 b   eatn nicillil,          .This penicillin ws
prepared froml 17.5 parts by weight of anpicillin anm1 10.6 penicillin,
parts by weight of N-acetyl-N-benZ5l carbamic acid chloride, in the manner
described ;lbenzyl-          5(        in E~xample 25.
5 . .        ;0     ~~~Yield: 85%
5 .eiellfl ,                    9,-Lactam contentv 70%, .lcillin or
Calculated: C  544   1 5.3  N  9.77   S 5.7 aenicillin.
Found:        C 51.4  H  5.7  N  9.77  S  5.6 NMR signals at r-- 2.3-3.0
(10 H), 4.4 (11 1), 4.5 (2 H), 5.0 (2 H), 5.8 (1 H), 7.8 (3 H) and 8.5
55 exybenzoyl)          .                           ppm2 (6 H)-
Effectiveness in anrimal experiments: A and B. 15
Example 30 Sodhun D- -..(3-3-chlorobut!vl-- 3r- ethnltreiaoY,
benztPllieillin - O            Thlis penicillinl wvas prepared from  17.5
parts by weight of a  mipicillin and 9.9 parts   60 by weight of
N-aetylorobutYntlN-fletzy]. cartbamic acid chloridc, in the maimer des- ;
cribed in EiEx amp ple 25.    30
1,301,961                                            30     31 Yield: 91%
01 .3-Lactam content: 67%
:i Calculated: C 49.6  1I 4.9  Cl 6.6  N  10.5  S 6.0
so Found:       C  A9.8  I- 6.1  Cl 6.1  N  10.3  S 6.5
un 5       NMR signals at . - 2.3-2.9 (5 H), 4.45 (1 H), 4.55 (2 KI),
S  5       re. 5.d (I H), 6.4 (2 I-), 6.75 (3 H), 7.3
th4 (2 I), 7.9 (211) and S.5 ppm (6 H). Effectiveness in animal
experiments: A and B.
ac; 



no. Example 31                                                 10 10
Sodiur: D-af-(3-y-triehzlorobUL wrxi-3-inet-hvlur-iJd)-benzylpenicillin:
]          .) This penicillin was prepared from 17.5 parts by wei.,'1i of
amnpicillin and 13.4 parts bly weight of
iN-y-trichlorobtuyryl-N-m,-ethyl-carbaniic acid chloride, in the manner
by described in Exarnple 25.
des Yield: 77%/,
15       Yie 15      .T-hataln content: 66.5%
1 Calculated: C 43.9  H-1 4.0  Cl 17.7  N  9.3  S 5.3
-.NIA Found:       C 44.5  I-I 5.6  Cl 15.4  N  8.2  S 5.3 NM4R signals atr
= 2.3--2.8 (5 H), 4.4 (I II), 4.55 (2 If), 5.8 (1 1-1), 6.7 (4 H), 6.9 (3
11) and                                      20 20
8.45 ppm (6 H). Effectiveness in animal experiments: A and B. *
t5~~~~~) Example 32 Sodium  D-n-(3-benxovl-3-allylureido)-benzvlpeniciliin:
This penicili n was prepared from 17.5 parts by wcight of ampic llin and
11.2 p.cts       25       j3r; 25       by weight of
N-benzovl-N-allvlcarh-amic acid chloride, in the maimer described in
Exacmple 25.
i1 til Yield: 75% (0'-Lacte.rli content: 90%, Calculaied: C 56.0  r1 4.8  N
10.0  S 5.7                                                    30 30
FFoud:      C 56.1  I  5.6  N   9.7  S 5.8
1w x NMIR signals at r = 2.5 (5  H', 2.6 (5 I), 4.3--5.0 (f6 I1, 5.65 (2
H1), 5.8 ( I-), 8.5 (611).                          .'i EffecEtiv ness
against F. Cii 14: 6.25 uMits/1I.
0, El.1fectivcness a     ,ast   oicteus 1017: 12.5 units/mli.
35         I, 35       Effcctiveness ag,1ainst Klcblsiclla 63: 25 units/ml.
Effectiveness in annual experiments: A aid B.
NMI i lExample 33 Sodium  D-4-(3-[2-furovl]-3 *mcrh-hi
:idr'-bcnxylpenicillin: 1 his pellicillin nwas prepared from 35 pr;.-uis bv
vx.ight of e.nPicijlin and 15 parts  ;! 4Q)     il wveii ht of N-2I;
:ro,-l-N -methlvl-carhainic aci3 clhloride, in the manner descri' 'ci r;
;-'xan-mple 25. Viel  o: 3%
by ;--. :8:cojtent: 85/ IIt''!- r5.1L1j waI,.t: C 52.7  11 t.4  N  10.7  e
6.1                                                        'iwl 45
nOnld.   C 52. '.-H 5. el- N   9.   S 6.1 -U M'iilt '.sir'tials at r -22.j
(1 I2) 2.3-2.9 (6 f1), 3.4 (11), 4.3 (1 H), 4.5 (2 I), 5.7 (1 11), 6.6 (3
H) arn d__- - 8.5 ppin (6 1).
NI.. Examn.ple 34                                                    Efr
50o      &) N-2-i turoyrl-N>-n-propyl-carbamlic acid chlloride: h1i;s
substance can be prepared according w, tc data in the literature, but esp
cially according to the following p--ioccss: 1 s'lution of 7.6 p;r-s by we;
cglit of                   acid-NT-n-propylinide inp a 2 : 1 mixture of
elther anel tetrarhv-!r;r,-.r.-~ln  (150 par.n.s "ev vo!un), vllhic  had
shortly  3  3  . 55       before bccn distielacd from-I Li1'!I, 'vvs
saturated v-t  crv 1irroeCll and cooled to                3 -.li
--3()0C.2:.::.3 parts by volumlree of a 1.765 Ar s      olut 0  Co itLi in
clner was added          3 dropwvise thereto  under a nitrogen
atinosphe?-.         the course of 30 minutes,                 3.2 wvhilsc
excluding     o: stt.-e  fl-'A   Stirrirag    * "'ixisly    The   mixture
wvas sriuced fi a fiurlher iS .in; e      -0 .C'J'11si'- mSJ1' .supCnSion
wais adddl from 30, 6>0      a cooled droppinz funnel, so trh'L it cdi nor
rise above    "'C, to a mixture, at :-- I OcC,          4 



of 50 p"iJS by volume of phosgene and SO parts by voXluOlf  of absolute
teuralhydrofurane,          N Y.    30    31
1,301,961                                             31 over tl;e Con:u  e
uf nto: 1OUTr. 'lie illi xlure m as (IloVCOd :u coIeC *, room  tcmiperature
after 15 minutios cii' ,j '   rfor a further 30 iniollics. a   .1 :!
oxcoFsc phosgene awd the solvents were tlL'rl  rp        f '    nfl in
vacuio. The LiJCl, wh;ichl verv hn'v  rciained undissolved, coia'!d  'o..a
a..; be s;para :, off by SU.{tond Wr in  l er1zenr , Thc 5       residu.
wle h  rcinaLijiea a     d ;tflirp. c  -el beazene could( be emnpnoved
dircctly for       5 the prevaratin' of T   tCflniiilinl. it club  ?oOvcr
alno ie dislillLd at 105---1120C and 0.7 mnin J       'rid Y c. 'C. Tr1
addlitin to tlle desired. N'-farovl-N  pro, ' ' Lrbamic acid chloridc, l.,c
p~  iuct a  to ccainend a further conr-l to:lcnL, wnhich hooWcv- proved not
tO m i-fartre ni slhe s1:' wequcnot pVCparflhifln ) Ste! penis ii tin 10
10 in:                 .          T3)  Sodiurm  D n -(3-[2-Lu
ol]-3-r'-propviurcido)-hcaztipe:ieillin nd 13.4 pa-:.s
'1 lis peicn"6ill was ,repn cc{ flont 10.3l parls by  e-g    : o! vmpiciihi
arn.l 6., parts theC maancr                  by weigXii  of d     J
y-2-fnroyi-N-n--propylcarbamnic a-id  chloride, in   n1 manner describel in
1.xamolple 25. 15      Yicld: 30%
, 5 *  C /-I ctm  contellt: 90 % INMAIR signals 2L r  2.35 (1  z,  6 (5 I)
2.t1  '1 T I M  (1 H\ 4 4- (1.  4 ID,  <2 , 5.S  i I),6-2 (29 -I-), 8.1-8.9
(1 IY, S.5 (6 11  alld 2C                           9.1 ppm  (3 II3.
20 Examnple 35 A)  N-2-Puroyl.-N-ew]iwl-car'nnt'c acid chlcic, r This
substan.ce wOas prepC.iNc  from 7.0 parts by w-eighir 01
2-furanLciarboxyiic acid- N-ethvlam ide, Cl-f;Li and nhS<!!-Ic, in Lhe
ina.-tr cen ^ibed in Example 34-A). ;PQ 1.1.2 parts       25
Boilingr, point. --- 90-95-C. Y-ield: 0^,/; (crude.- product).
2J5 described inl      ;               T he S~l)sbtafce contains a second
comlponient, which ;o';   pi oved not to interfere in the prcparation of
the penicillin. B3)  Sodium  D-; (3
[2-furoyl]-3-eshylureido)-benz'lpeniciin :dC     .     ..........This
penicillin was prepared from   12 parts b',- wight o; amoicillin .nin  7
parts bV weight of N-2-furovi-Nx--ehvl)-carba:niic  ,cid chloride, in the
manler described iii Example 25. Yizld: 29% G-Lactam contant: 39/
Calculated: C  52.8  1H  4.6  Nx 10.7
:9 *        Found:        C  52.6  I1'6.2) N   9.7 NMR signals at r  2.3 (
I-I), 2.6 (5 TII), 2.75 (i 11), 3.4 (I 1)4 4.35 (1 1-1), 4.5 (2 H4), 5.8 (1
11), 6.05 (2 II), 8.45 (6 11) and 8.7 ppmU (3 IH). l and 15 parts       'i
Example 36                                                40 noer described
Sodium  D-.a-(3-diimetrhvlaminiocarbonvi-3-methvi-ur
eilo)-benzvlpenicillin: :             This penicillin was prepared from  l
7.5 parts by weihtr of amnpicillin and 7.8 parts by  weight of
N-mshvlanocarbonvl-N-meshyl-carbamic  acid  chloride, in  the manner
described .n Example 25. .15      Yield: 74%
45 ,R-Lactam conteent: 32%o Calculated: C 49.6  1{ 5.4  N  13.8  S 6.3 *
Found:       C 49.9  H: 6.4  N  13.1   S 6.0 NMR signals at 2- =.6 (5 HI),
4.5 (3 H), 5.8 (1 rI), 50                           6.95 (3 It), 7.05 (6
FI) and 8.45 ppm (6 H).                                 50 



Effectiveness in ?.i experiments: A and B. literature, but
Example 37 Jf the N-dimctlivlamixiocarbonyl-N-m-nethyl-carba;.lic acid
chloride used in Ex- *propylamide in                ample 36 is replaced
by:- ich had shortly       55
3-dimethylaminecarbonvl-3-ethyl-carbrnnic acid chloride,
55 and cooled to                 3-dimethyiamineaa;'bonyl-3-prepyi-carbamic
acid chloride, sier WaS added
3-dimethyl2iminocarbonyl-3-i-propy-lcarbamie acid chloride, A1 30 minutes,
3-direthvlanlinocarhonyl-3-n-butvl-cnrbamic acid chloride, mixture   was
3-dimethvlaminocarbonyl-3-1llvl-carbamic acid chloride. Aas added from
60       3-dimetilylanhinocarbonvl-3-cyclohexvl-carbanmic acid chloride,
60 :ure. at - !0C,               3-dimerhylaminocarbonyl-3-phenyl-carbarnic
acid chloride, sTrahydrofurane,
N-(lD-pyrrolidvlcarbonyl)-N-n-.ethlv-carbamic acid chloride,    32
1,301,961                                                    32      33
N-(1-piperidvlcarllc!l )-N-inethyl-caroaxnic acid chloride,
N-dict]vlar'Iilnocarbon vl-Ni-methyl*-carbaniic acid chlorike,
;j. N-ethylaminocarbony l-N'-rnethyl-carbamic acid chloride, N-incthv)lamir
.'    . -:zarbonv]l-N  -m~cth y l-carbarsic acid chloride.,
N-phenylaininocarbonvl-N-methlylcarbarnic acid chloride,
5         N? N-(4-nierphoi.nyl-c-rbonyl)-;--ethvl-carbamic acid chlcride,
N-(1-pyrrolidvl-carbr.nyl)-N-ethil-carbari~c acid chloridle, N-(1-piperidy
.carbony 1)-N-ethyl-carbaniiic acid chloride,
r . N-dicthylaminocarbonvl-N-ethyl-carbamic acid chloride,
EffC 10       N-ethyiaxmlnocarbonxl-N-ehlivl-carbamic acid chloride,
IC0 N-mcohv2lamin;ocarba41 I N e ]-yl-carbamllic acid chloride,
N-pheniylaminiocarbonvl-N-ethyl-carbarnic acid chloride,
N-(4-morpholiylzcarbonyl)-N-cthy1-carba..nic acid chlorhie,
N-(1-pyrrolidyicarbonvs)-\-n-propyl-carbamic acid chloride,
by 15       N-(1-piperidvylarbon) l)-N-i-propyl-carbamic acid chloride,
v-esc: N-diethilamiiinocarboo!Nvl- N'T-zb-btut--carbamzic acid chloride c:
i N-dimethvlaminocarbonivl-N-cycolohexvl-carbamic acid chlo-ice,
G.a; the following pcnicillins are obtained in the fonr  of theiv sodium
salts:- -a D-a-(3-dimctlrylaminocarb'onvl-3-ethylureido)-benzvlpenl;cillin,
20       D-2a-(3-dimelhylamliocarbhnyl-3-propylt urido)-bcnzylpcricillin,
2C] D-tr-(3-dimethylaminmocarbonvl-3-i-propxlur-eido)-Lbenzylpenlicillin,
D-.'-(3-dinetliviamrinocarboax\ 1-3-n-ba tvluricclo)-benzvlpeniicillin,
D-n:--(3-diinc th laniinocarboniyl-3 -allyltireido)-be izK lpcnicillin
Fi.e D-a-(3 -dimleth la'ninocarb~onvl-3-cvclohcxx ltlrL ido>-bhnz
lpenlicil'in,                          ~c 25
D-c-(3-dimevhvla,-inocarbonvl..3-phclvlurcidf)l-bern;i lpanicilliti,
PK D-r-(3- [ pl-  rrolidyl] -carbonxyl-3 -tnethvlurcitdo'-b en,; lpi
icilii                                        . r i D-n-(3-. [1 -pi nerd; ]
-carbonvl1-3-xnet~ln'lur. do) a ax; lpenic'llmn, l)-a-(3-1iethyJ
nm"'locarbonvl.l3-inethvlu~ei L)) ben-zy'peaicilirn
A D- t-!3-ethv13 mmnocarbnonyl1-3 -mecthvltir eida<7j-beazy lpenici t iw1
.30       D)-f-(3-znei ".x-1anir ocarbanvl-3 inntliviulreido)
oax''telzllnicillin,                            34        rn:.
D}-a:-(3-nhen  1vnl-inoilcarltonv)l-3 A-1nty '' 13 i~i))- hcivvlrx
T.\iiiciliiji,                            of dli . T)-a-(3- j I
'-motpooleiinvL',-carl'onxv!- f-l LIIl \lirCldo-knzyipenlcillin,
,;, 1--2     pvriol dvi] -.carb~oay-3-ctly \1ld-il)o cn;.lpenicillin,-
D-.a1-(3 -[ 1 y pcwtrilJ!1-carbtonyl -3 et hvl;'eiclo'- Ie'aml peniciilin,
13) 35  D-er-(3-chaln~i I. mwon(5  rb;o;.x -3-t- el" a ei'lo) bcv 1z, l
ncillin, :Dv:3 -f-thvhrnmlcrarbonllu13-ethx 1 ircido)-bmvvllp'nicil hOl,
!.@t. D-ar-(3-neah1;t.liniocarhonst!- 3-c! etn I
ido)-lhnzx-'Ioeni......... .............illinl,           5.   / {f12
[)-/>-(3tp ;S-!slin~ca!rjcnv.l-3-etarlr rl:: t4\ be'-nq~^:-1rcz~icihii
stall; 



43       D-:a-(3- I -pitOirrolv]..cadt~o~l~iv-.--prop\ t~tercir.o\
bt"''z'ipcaiciilin,                                 Darts D-vv-(3-
[1.p'p'ndvl]) -carbcnvl-3- zpro'wh ct.l~cid -'U n-ylpcnicillia,
5i! D-i-f3-dir1 nvlapi.pcscarbonvl-3-n1oinx titv thOtricn ni;
5lEl/\lyicillin or                           3        e', J)-
rnndin'tt~~alincarbon3'l-3 rvclohr'xy.Areidlo' ienY3 1penicillirt c.
!~r EIxam1ple 38
NMSA:l '55           ., ;:J'cUhnr  Di-: I -j net8 l'n~xxcarbmv F~~l
-.ni~ethvElurekido)-bexizyrlpctaicill im i his  cn~nciilin *v;-s pC')Ured
from  24.5 part; bv wveightl of am.pici!iln and~ 10.2           ;
'c.t, parts 1wx eeigh!t of N-z- tl auxcarbonvi-M^-mtcthx'it~atbvxilc a :icl
c'hlorid'e, Li. rhc naun.er o~escribed in lt~xamp. ?.5. _   ;7i-Id: 84T% S*
)T ac tam  content: 940',1.1 S   .4b Calculated3: C  47.6  1)   0 N1.   S6-
~                                . F0i'nd:      C, 48.4  U- 5. S  NT 10.6
S 5.8}                                                              lL',l
NM lI sionals at r -. 2.3--2.9 (5 11), 4.4i (1 Ii), 4.5 (2 H)I
Yiela _                    ~~~~~5.8 (1 II> 6;.2 (3117), 6.8 (3 -*1) anld
lS-U 5t                     S tS~~.1  olppm  (6i I:.).
5        (Nc' EffeTctivenecss ounaiastw B. coi 14F: 6.25 units/nd~.
.                               ... -.! TeffcdivL'ass aco;insts
Pscu!1dOrnonas *crurg. Ba,|n : 25 vnits/mil.
I Thc E.ffectivenless *. animal experimnents: A andl l. ltxam1!pie 39 60
Sod ian-i D-aY-(3 . trropoxvt'arben1yi-3-m3etl!i VJ  &  it )-hBenzylpenic;i
iin:            e        A) This p--nicillin wvas  I;piltaCCI from  24.4
'at  57hi   a, 'U  ;tnrh of tpici lin ande 12.2 ;art3h ;x-  'Jsigtl  of
N-i-p''opnx-.ycalroonxl-.NT-madw~ll-Ce.~rh' 'ida acidl cidoricie, in  the
>      au; manne r c'escribed in E<xamote 25.
B    32    23              _      _. _                    1,301,961
_ Yield: 72,% fl-Lacratn Con1e!t: 33,',' Calculated: C  513   J1 ;       y
2 0.S    6.2 Found:       C 21.6  11 5 5  ' N          S  ,A i.    1NMIR
signals at    2 .-2. ) ' S JD  -1.4  i l 4.5'(2 UP., 5.j0 1 II)!
5 5.8 (1 l! ' 6.' (3 11. 0).5 6ll) and 3.7 pi (6 JI). Eu<iTecdt'ewvc)ss
againist H. Cli it  6 3  '!iS/i. Eiffccivvcncss agairist Pr 4u *      2
04kC2:  i   fi. Effectivene's in animal c;i L I ncnts: X ."Aii'. B. llEx1 v
ple 40                                            10 So 3 wuir 1): (3-
.l'OE}.-,.l> I   .   - fli6tJ1rl-.lB' CUi'-OLt'flZ\lpCfl7 -i? at! This
'uclicni   'vil "v   p cr'iwe itroa  2-.5 partis byv -cipgh-t . a iefii  i;
ll and 13.6 paris by wcght of  d-n bntoxvcarbonx I N:-w i1-clrbainm   aC;
cillerLIC, in thC m:annicr desc-ibrd i Examp1le 25. Yield : 63 %      A
15 ,-Lact12m Co'itCnt: !SC/, CaculCitetd: C  52.?      5    N"  0.6  :: 6.0
Found:          " 72.2  1'   \  ' 0.7   S 6.0 2.       NMAR signals at
---2.3--2".8 (5 ID), 4.- .3 (I i), 4.55 (2 -1), ;1
S.S (3 1i.), 6.85 (311 alfdl dO.1-9.3 ppm
2'0 (13 II) Effccvi'ieless against E. co 'i 14: 3.12 nnits/'.l.
Effectiveness agaitnst iFrotutc 101?7: 5 2/5 1i!1;ts/;l. EffecLiven-ess
against Pl.l cifOThnlas acu, . $loIli : 12.5 amis/mi. 2> I    melctivencss
it anifita ;  .'rlr;mentS .     lB.
25 Examolc 41 



A)  N. B.euyl ..-piicnv   arbarnic acied, ch11oride: This substance v;-:s
obGtained fLoin  19.? parts by         ht of                  byz.'vlnilidc
hr reaction wit.i CI(:1    i a;.ci d); os-iencg in the .manncr dc!:,.ribed
in E- xanp Ia- 34--). Instead J      of distilling-, the :;roducv was
recrysiallisedi eom  bcnzncc-vcrtokuvint (ether.                  30 Yield:
90'/. AMeltingp pi;nt 64-66cC B)  Sodlium  D-e-(3-bjcxovi-3-phenltiz:io
ni'CO7VIOCi           . 3             'I'ie  rirhxlaminc su1 was pr-eparci
froin 11.5 piu-ts in  wveiguht of arnpiciilia in mathvlcnc c! oride, as
icsc ibed in Exapinle 23. Tnst1ed oi "..Lxdrous sodi'nri su!-:lhate, 5
4 parts bv wveight of powvdered Zcolitc VS 10-2 mnolecat1x! siteve adec '2l
fromn the              35 slart, Were rw.-d. Reaiction with 7.8 pariq by
wwe.ight of   1' 7331 T  pb.c   carbantie acidt chloride, as desc-ibed in
Example v3, rhougtial vnli ale addition ef a f'rther 2.0 parts 'b-y weicght
of tlie: hyl-.mine to the r action solution, xiIlded this pc2uicil n.
Yield: 72% (3-1.a.ctami content: 88/,
40 Calculated: C  57.9  It 4.8  N  9.0   S 5.4 Found:       C 57.7  1-1 5.4
N  9.0  S 6.3 4       NMNtE signals at .--2.4--2.9 (15 1-1), 4.35 (1 11),
4.5 (2 11), Effectiveness       5.8 (1 HD, 8.4 and 8.5 ppmn. (6 11). :;n
and  0.2         5ectiveress in animal experiments: B.
45 t.e n .r.nner Examaple 42 D-a-(3- [ 3 -Nhrlo-4-m-nethoxybenzo i ]
-3-methyl nreido)..bclzy 'penicillin: 5            This penicillin was
prepared fronm 7.0 parts by weight of arnptcillin and 5.5 parts by weight
of N-(3-uitro-4f-methoxvb-enzovl)-Nh-metivl.!carbaziiz adid chloride, in
the manner described in Examplzs 23 and 41-B).
50 Yield: 77% B-Lactam content: 89% 5       Calculattd: C 48.5  H  4.7  N
10.9  S 5.0 Found:       C 48.4  H  5.4   N  10.8  S 5.4 The substance
agrees with that of Example 25 as regards its IR and NMAR spectrum.
55 Example 43 'a: 16                       A)  1-Chlorocareonx'l-he
hydroazepin-2-one: I'rn -rld 12 2 The substance was prepared from 6. S
parts by weight of E-caprolactanm and CH:,Li Pin anE   12.2 tsand phosgene,
in the manner described in Example 34-A^). ride, in  the
Boiling pointt, = 80--850C. Yield: 37/ of pure material.
60    34                                                1,301,961
34       35 B)  Sodium
D-.a-(lhexahvdroazcpini-2-on-1-yl-carbonvl-amino)-beazx-lpenicillin: This
pcnic-i!iin i vas prepared from  8.1 paits by weight of ampicillin and 4
pans by  weight of  l-chlorncarbonvlhexahvdrazepin.2-er   in  the manner
described  in Examples 23 and 41-B).
i: 5        Yield: 4/5 fl-Lactam  content: 90% NMR signJis at r=2.6 (5 Fl),
4.3-4.6 (3 H), 5.8 (1 H), 6.2-6.6 (2 fT), 7.5-8.0 (2 11) and 8.0- 8.9 ppm
(12 H). 10                                                 Example 44
1O Sociunm  D-;c-(pyrrolid-2-on-1-vl-carboivla-nI o)-beazylpenieillin:
o. This soh:t-ance was prcparcd fricni 35 p; ts bh  wvcigh'-t of ampicillin
and 15 parts by weight of I-chlorocarbonr 4pyrrolidone, in the manner
described in Example 25.                                 N Yield: 83%
N 15       33-Lactain  content: 70%
15       N. 



NMR signals at r -:2.6 (5 HI), 4.4 (1 H), 4.55 (2 Ir), 5.8 (1 HI), 6.25 (2
M), 7.4 (2 H), 8.0 (2 IH) and 8.5
oo ppmi (6  .).
D- .D Example 45                                                     20
D- 20                        Sodium  D-r:-(3-formv-Vni-hl
ureido)-bcnZyIpeilin:                                                T-
This penicillin was prcpared from  35 paiis by weight oC anmpicillin and
12.2 parts hy weinlt of N-forrvl-N-incrhvlcarham-ic acid chloride, in t:e
manlicr dcescribed in lExrnpiles 23 and Ti-B). Yield: ^25% 25    .
-Lactam  content: 83%
25        par TI'xan-mic 46 ,.: If the  .aiotrrx                    lixanc
le :      ` used in .Bxamplc d5 is replaced 30        N-form 1n  Jr . It
rroar 'ic acicd chlorliA', 30   lN. -fermi!'-  N  ]-lrcbonwic acid
chloride.. o-fa     1-;\ Ni- ,t!  .lcar-a  'c .rmiacd chloridc. '.-fern;
i-N-a I ~. t1ca tn'c "clfa chloridc, -  'rIn' I-N-a .: icrrbon'ic acid
c-l''rive, 35           %r n'-    P'.111i,'b       .
tohl-i :^s:-ferm! !-';- x-ciz \ 19lh(9prb nnic9    rs d c~n1uric1c,  or
i. 3T 5   . .   'ri  -. I     - fe I .  .    ' 'I- C'  2  a  I  - ,: 1;
'ihi'  Oe :X-3'.>rl~~~~~~~~l9'-.H-Z>1o>- lI-Lr, .-cIX... .:  P n   Irc~. 40
th  f-&!lowsu ,g W" iunc'''1>5 are -bta~iF    i i  1' .'1'1  0mmo  thcir
sodliumz  salt~s:                  - SO'.i'ilil -.j-r3-f''ill -3ri~i.
.-'-ti'.D,-   .. 0................... Ka'.I~yxri! :Cl.1 l,
fh.....c. _xj. ';). .? (3e F.4)-'-o-Cipti 3 qfi-';.''t! l-It,> -l'il'!'t. "
';9 iii                                        i; LI ~~~~~~~~~~  (3
:r~~~~~~~~~~~~~~~~~j   1 - eiizrto~~~~~~~~~~~~~~~~~~~~~~~~Iv~ :,.;li l')-
.LN'C9113"1s                     .-W.i;il '  ini   _    ;-/.  'l'l-'' "c -
i'   ! t ! ( ,c-  :- .i ;. :tl ill a' st;.r i  1131 1) -'. - in-l1-3-"C;
clio                             q udrido)-l .z';' ::ciiiin, c NTxaimlnple
47                                                       Ax)  si-^ lu~cyl N
cphonyicarhainic a;id cIoride:    y       l-i                          y
The      : l     '.was prepared   from   9.1 p a. .- loy
sf --fur.y' ... Liy 55        rea:cton:i.. .i:I1 ai          os;;cnc int
the a; !i        ... L   ..i ... ........... .xipuole 43-i-Q. (raul''
yield;: 95;' L['h  thc pidL;   Xvas reacted. x;  o   f             jeation,
to give the aenicillin of 13.EaM:ple 46-T61.    34      35
1,301,961                                    -               35 jcillin:
13)  Sodim  TD-n-('i I )p roy! -:3-r:iriiy ich. ) &nzilzprcI in i  arn,' 4
p  l                        IThis pnioii  f1 - :     tc;14d  freca 16.2
innrls            I ;. ;picillin  a ad  11 .5 r described- inM
parts by wveiglht:4 N-.2-. ;rovi-N-phenvlcarbar.ic .ci Cl.:: :          i
r..ner dcscribed in Example 25. 5        Yield.: 50)/, /3-Lactain con.ePt:
91% NMR111 signals at .2.4 (1 I), 2. 5 (I  I)D 3.7  l (1) 1 , _,-7 (3 1-),
5.8(1 IH)i.  S.45 po., f6 1.). E.xarrlc ; :;,:          If, instead of the
N -Z-furny -N-11he3ioca io   acid dkjib!;.'ic oS.'d in Example 47,
10 i n:                             0.0)3 mol. of: 1 1nd 15 pOirLS
N-(2,5-dimel;\ 1 ur  *.ovl)-N-'m.'hicanbamie aid chnidc, :-ainplc 25.
N-(5-bro                                        ; ft  3-.1.-  lVX-biiiic :;
.iu dd:I ILc, ,N-(5-InCt lhX in :. lf-2-oy])-N-'.nteIhlcb a i-i acid chi
oIid'. or 



5       iN-31 --dii,),,, Lv'.jt~zoi;< -3.-vi-ca^i;{.ei-'i-Ni-V.ll~t i\ , CI
-ii-ihQ  i;C'(; c:!:n .l' are !VklkCC  '.-ith aUtiici;iC  I tl1  sodium
saU~s 01i l'iZ  facwVn   pcnicllins are obtained: D)-o:-(3- [2,5-W1 .i  \ i
fu    I (3-)1 3 n'chvllur  1>    ,/\l-:  IZI<lii illi i, i)-a-(3- [.'-
*bino-furu I l -(,il 3 i-o-rct vylurecido  1; nxvl 'niillin, 20i
D.,-S-(3 -[5 meth'rc-ireshs I t';ft. oz i (P I) -3-n-11 a-i -
.irvjdibo)o::zy ',:Zni:illinl or           20 :-,r-(3- 1     duocuon etazwl
-3-v r1- irbotxis I -3-        iuncld)  cnypcnicillin. sid 1'2.2  anrs
desc~ribe d in
~Eannz ,l S'odait7  D a-(3-o7-ei;'c.ou. ,X'l-7-   --.1i   . iLari.o'1..
A~i>wi j. c!iiilUIl 16.2  arLUV   1V v'eirhr (If N -ed .  n        'n l
:t';r             ac i chlo-ride, u.d.'dS 2a       parls by  weight of
tiietl"iviriun"ue \vtIC ar lcd at  1- W(C to a solutictr. of theo I      si
25 amiine salt of 28 a- ts lyv ivci-lh  of aim;.cilliln in 300 part- lv
v0lumri  of' meitf-n: chloiide, the  mnixt'w.e cvis sturcl-  vi-
excisi.  o  i woiss:e. for  hO lil7n!CSlst III'S 4:5 is rtpl-lced
1emperature, a      sumcccntlv for a further 2 I           ouC a  . 0': and
wvas then pour..d illc, ice water, and l;, pHl. 0:bs  clidstedc tn 6.,. Ih
i.:.ic., ;h- organic  hase wvas   -, - .'-0     off, and the aqucouasphas'
v;ce..red vi.!0  clzr/ctml. ace;z,;  mixturTe 2nd adjustecl
3 to p1- = 1.5--2.'l twith dilu   Ii, cvr.'ciloric acid, wvhI:.t coolin  vw
;tit ice. Afitcr  a13;lg seiparateda off tli.  org-anic phas; aniv '' ain
li.evinr,: cxtiiectd tile water with ether/cthl! acetate flixtue, tleC
'combin'-cl orsn:c solutio;i. wreL d.rie'. over  .  SC, ad filtered, a;nd
about 70 pants iby -olhinc os a 1 molar scluaion of sodhium
2-ethvlhex'u'oat  in e;ther containing metis-en    e yre  added to ilie
ri t-ate.  'h  hc n ivas evaporalred almost to dryncss in V:ecueE, Lhe
residue was dissol- ed in methanol, and the product: was precipitated4 as q
no:-crystalline, white solid substance by adding ether. Yield: 26'X
jf-Lactarn content: 81 4/ ';      Calculated: C  51.3 2        4. 5  Cl 6.1
N  9.6                                                       40 salts:
l Found:      C  51.4  I-l 5.9   Cl 5.6   N  9.0 NMR signals at r-2.3-.2.8
(9 T-T), 4.3 (1 1); 4.5 (12 H, 5.8 (1 H-1), 6.95 (3 H) and 8.5 ppim (6 11).
Effectivernss in animipal experi-nents: Ai and B (5       Effectiveness in
animnal experiments against Pseudonzonas crug,;g
45 Valter: better than carbenicillin. Example 50 Sodium
D-a-(3-[3-nitro-4-methoxy-beiizoylJ-3-etlhyiurcido).. benzylpenicillin:
This penicillin was prepared from' 14.S parts bv wc iglh  of -mpicillin and
12.2                   50 parts by wveight of N;
-(3-nitro-4-methoxy-bcnzoyl)-N-cthvl-ca-baimic acid chloride, as described
in Example 49. Yield: 24% *IS-Lactam content: 86% aroylanilide by        ;5
Calculated:   C  49.2  1-H 4.9   N  10.6   S 4.9
55 43-A).                        Found:          C  49.2  H  5.3   N  10.1
S 5.5 :        NAIR signals at r = 2.0 (1 H), 2.3 (1 H), 2.4-2.9 (6 H), 4.5
(3 H), Itpeaizillin of                                       5.9 (1 H), 6.1
(3 H), 6.2 (2 H), 5.3-9.0 pp; (9 H). In of   Effectiveness in animal
experiments: A and B    . 36                                     1,301,961
36 _ _   37    __. Example 51
adn Sodium D-a-(3-[3-nitro-4-mlthoxybbenzoYI] .3-n-proPY 1-reido)
wh faren benzylpetlicillin       o apadrInL This penicillin was prepared
from 21 parts by weight   ic ampicid  aloride) in8: pa:Eactal 



N~(3nito~-methoxybanzovl)-N--pr~kntY   clordeinafi by ",eight of
N-(3-nitro-4
-c~~~~~~~~~~~~~~plulat manner described in Example 49. Yield: 16%
90s f3-Lactam content: 900% NMR  ~~~~r.=2.0 (I1 H),:2.3 ( 11H), 2.5-3 .0 (6
1-1) 1 NhiR signals at =1), 6 05   (I0
1fectiv, (3 H), 6.1-6.6 (2 11) and 8.4-.   p   1  D
.fetv Effectiveness in animal experiments: A and B. Example 52
-h Sodium D-,e-(3-melthylamninocarbonyl-3-methY
ei Th 15                benzylppcnicillin:
15      15     weight Th'is penicillin was prepared from 30 parts
yibywig   aci piciiiifl and 10.5 parts by weight of ~ ~
~~~~~N-etVIcabairacid chloride, in the manner.
Yield:c described in Example 49.
Gacua Yield: 92%
Ca20  lcul"R 20      *4-I,actam content: 93%
20 14round: calculated: C 48.6  II 5.1  N  14.1  S 6.5
NMs Found:      C 49.0  H  6.3  N  12.6  S 6.9 NM I( signials a-t
2.6  (5 14), 4 .4 5  (1 II), 4.5 (2 1-1), 5. 8  (1Loud:H),ci' 6.8 (3 Di 7.2
(3 11) and 8.4 ppm (6 11)2
Effectiv 25      Effectiveness in animal experiments: B.2 Examnlc 53
25 Sodium D-- (3-[25 * chloroberizovl] -3- methyl-urcido>-
by ' bcnzy'lpencillin: This penicillin was proparcd from  28 parts by
wveight of ampicillili and 18.7                    L po
-dic.loro1Neinzoyl)-N-irlnt ylcarbamic acid chloride, in the  30  30
Yie 30  parts by weight of N.\T(2,J51C1O30n~
Y eLd manner described in Example 49. Yield: 32% Ji-Lactam content: 85%
F Calculated: C 47.6  II 4.2  Cl 11.1  N  3.8
N M R 35      Found:      C 48.0  11(6.0) Cl 9.7  N 8.6
35      35 NM;AR signals at  . = 2.3-2.8 (8 1-I), 4.35 (1 rl), 4.5 (2 II),
5.8 (1 H), 6.9 (3 I), 8.4 (3 11) and 8.5 ppn (3 H). IExample 54 Sodilum
D)-ic-(3--p-c'lllrornienzoyl-3-illch,yI-urcido)-benzv-lpcnicillin: 40
This peiciilir was prepared fiom 28 parts by weight of ampicillin and 16
parts by  40     40      by weight of Na-p-clorobcnazoyl-N-methuricarbamic
acid chioride, in thc mnanner described                in r- in Examplc 49.
Yin' Yicld: 16%
-                            -.Ca I3-,actam COGtCaIl: 82% 45
Calculated: C 51.3  H  4.5  Cl 6.1  N 9.5  S 5.5
45      45      , Found:      C 51.9  11 5.6  Cl 5.4  N  9.1  S 5.5
.NM NNITR s;Inals at r  2.3-2.8 (9 11), 4.35 (1 I), 4.5 (2 II), 5.8 (1 H),
6.95 (3 H), 8.4 (3 1-) and 8.5 ppm (3 H).
Pt . so      Effectiveness in animnal experiimnts  B.
50 Example 55 Sodium Di-25-(3-pabopioyil-3-.i.1tl-uceido)-benzylpenicillin:
6.0 parts by weight Gf                              acid chlorid_ in 25
parts                     by by volume of absolute tetir:wrirc.furane were
added dropwise, at 0C, to a solution of                 dv 55      18 Darts
by weight of ampicildin in 180 parts by volume of 80%  strength aqueous
55 tetrahydrofurane (p1lS- 8.2 adjusted vwith triethylhntine), whilst
keeping the pH at 



---S by adding triethylaminie. Thl(e1efLter the mixture was further
stirred* at O0C untl *A, more triethylamnine had to be edced to maintain
the pII at 7 (about 15 niminutes). Water was now added, the
tetrahydroflurane was stripped off in vacuo, the residue was 60
extracted o;cc wvith e;.lier/c.tyl acetate mixture, and the aqueous phase
was covered  60       60 .0-.    36       37
1,301,961                                             37 wvidh fresh
cther/cihyl. acetate mixture. Thereaftcr a pl-I or 1.5-2.0 Was escblislhd
by addin; dilute hydrochloric acid a-t 00C, whereupon thc mixvure vas
worked tup as in livariple 49, and the penicillin wvas precipitated as th.:
sodiul :ait. I(Ad: 85% 5      5      u-Lactam. content: 91%
5 Calculated: C 51.1  H  5.3  N  11.3  S 6.5 Found:      C 51.2  H-I 6.5  N
11.1  S 7.5 NMR signals at r= 2.3-2.8 (5 11), 4.4.(1 H), 4.5 (2 11), 5.8 '
11), 6.8 (1 I-1), 7.4 (2 E), 8.4 (3 H), 8.5 (3 I3) mnid 10     10
8.8 ppm (3 H).                                                          10
Effectiveness in animal experiments: B. Example 56 Sodium
D-a-(3-acetyi-3-ethyl-.urrido)-benzylpenieillin: This penicillin was
prepared from 18 parts by weight of anmpicillin and 6 parts by, 15     15
weight of N-acetyl-N-etdyl-carbalinic acid chloride in the manncr described
in Example     15 55. Yield: 62% ,B-Lactam content: 89% Calculated: C 50.6
II 5.4  N  11.2  S 6.5 20     20      Found:       C 50.7  H1 6.3  N  10.8
S 6.9                                                20. NMR signals at r =
2.4--2.8 (5 H), 4.4 (1 II), 4-.5 (2 H), 5.8 (1 I-I), 6.25 (2 H), 7.7 (3 H),
8.45 (6 I) and 8.8 ppm (3 II). 25             Effecti.veness in animal
experiments: B. 25                                          Example 57
25 Sodium D-a-(3 -acetyl-3-n-uropvl-urcido)-ben zv lpcn icillin: This
penicillin was prepared from 28 parts by weight of amipicillin and 10 parts
by weigcht of N-acctyl-N\-n-prop)yca.rbamic acid chloride, in the mainner
described in Example 55. 30     30      Yield: 67%
30 B-Lactam content: 89. Calculated: C 53.0  115.4  N  11.2  S 6.4 Found:
C 52.5  H(6.6) N  10.5  S 6.4 NAIR signals at r = 2.3--2.8 (5 I-I), 4.4 (I
H), 4.5 (2 1-1), 5.8 (1 TI), 35     35                          6.3 (2 Fl),
7.65 (3 11), 8.2-8.7 (8 11), and                            35 9.1 ppm (3
11). Examplc 58 SodliuL~l D-n-(3-.'-but vrvl-3 mIl~h'vul
reido)-benzx'1prici!lin: This penicillin %v'as prcpared from 28 parts by
weight of anipicillin. and 10 parts 40      40      by wvcight of
N-i-butyryl-N-znclrvyl-carL'amic acid chiloride, in the m-aanner described
40 in Example 55. Yield: 33% 3-1,actam content: 91% Calculated: C 51.1  H
5.6  N  10.8 45      45      Found:      C 50.8  H1 6.4  N  10.9
45 



NMR signals at, = 2.4-2.8 (5 IH), 4.45 (1 H), 4.55 (2 H), 5.85 (I I), 6.7
(3 H), 7.1 (1 11), 8.5 (6 H) and 8.9 ppm (6 H). Effcctiveness in animal
experiments: 8. 50 5o                                          Example 59
50 Sodium D-a-(3 -m-chlorobenzoyl-3-inctliylureido)-benzy lpenicillin: This
penicillin was prepared fromn 19.7 parts by weight of ampicillin and 10
parts by weight of N-m-chlorobenzoyi-N-methyl-carbamic acid chloride, in
the manner described in Example 55. 55      55      Yield: 62%
55 fi-Lactam content: 86% Calculated: C 51.5  1I 4.4  Cl 6.1  N 9.6  S 5.6
Found:      C 52.1  H1(6.0) Cl 5.6  N  9.4  S 5.5 NAIR signals a. r _
2.4-2.8 (9 I-), 4.35 (1 H), 4.5 (2 H), 60      60
5.8 (1 H), 6.85 (3 H) and 8.45 ppm (6 H).                               60
.   ...   .  ......... .*- ---                                      *** *-
3S                                             1,301,961
38:         39 Example 60
;J.ffecl Sodium
*a-(3-aectyrl-3-mcethylturcido)-4-methiylbenzylpcn~iicillin:
Erleci This penicillin was prepared from  2.1 parts by weight of
a-amino-4-methyl- benzvlpenicillin and 1.2 parts by weight of
N.-acetyl-iN-methyl-cair'oa.aic aci.d chloride, 5   in the manner described
ini Example 55.
ii Yield: 45%
5 f3-Lactam content: (determined Ly TR spectroscopy): 750%/,
r..arts NMIR signals at r:- 2.65 (2 1i), 2.8 (2 ID1, 4.4-4.6 (31-)
mann 5.8 (1 H1), 6.75 (3 H-), 7.7 (6 11),and
-Yield 10                           8.25 to 8.55 ppm (6 H).
10      10 10  Calct Example 61
Fu Sodium  RS-ar-(3-dimethvlaminocarboniyl.-3-rnethiyl-urcido)-4-
NMINI methylbenzylpenicillin: This penicillin was prepared from  1.8 parts
by weigt of R,S-ez-amino.4-methyl- 15       benzylpenicillin  and  1.6
parts by  weight of N-climpethyla-miinocarboniyl-N-methyl-           15
15        Effcc carbamiz: acid chloride, as described in Example 25.
E ffec. Yield: 39%
1Effecc ,0-Lactani content: (determined by JR spectroscopy): 65% NMR
signalls at r2.5-2.9 (4 H1), 4.4-4.7 (33 1), 5.8 (I1 1), 20
6.9 (3 H-), 7.05 (6 H-), 7.7 (3 1I) and 8.4 ppmn (6 H).
20       2 Example 62 Sodium  RSa(  -iehlmacroy--ehl-tio-parts
4-chlorobczvylpenicillin:
the n This penicillin wats prepared from  2.7 parts by weight of
R,S-a--amnino-4-chloro-                            Yicl( 25
benzylpenicillin  and  2.0  parts by weight of
N\-diinthciyiami-niocarboniyl-N-nrietrhyl-       25       25      PR-1
carbaaiic acid chloride, as described in ii~xaniple 55.
Caic Yield: 43%
Foul v/9-Lactamn content: (determined by IR spectro-scopy): 5 5-60%11.
NM NMR signals at 7  2.6 (4 11), 4.5 (3 1-I), 5.7 (1 11), 6.95 (3 H), 30
7.05 (6 114) and 8.3 to 8.5 ppm. (6 Fl).
30                rt Example 63 S odium
R,S-,,-(3-aceM~r-3-metlwvi-iureicto)/-4-chlorobenizylpeni~cillin: 



This Penicillin was prepared fiom 1.8 parts by weight of
D.L-a-amino-4-chloro- beozylpenicillin and. 1.0 pi-rt by weilght of
Ni-atcctyl-N-mrethivl-carba"mic acid chloride, 35  as described in Example
55.
35        5 Yield: 80%
pa 8-XLactani content: (determnined by IR spectroscopy,): 55-60% NMIR
signals at 7r: 2.4-2.S (4 H),1 4.3--4.6 (3 11), 5.8 (I1  ),
I: 6.7 (3 14), 7.65 (3 11) and 8.3-8.5 ppm. (6 H).
4 40                                              Example 64
40 Sodium
D,L,-ai-(3~-acetvl-3-menthl,-ureiclo)-ce-thiienyl(2)-merhiylpeniicillin:
N This penicillin was prepalred from  3.5 parts by weight ofD,L-taioatinl
(2)-mcthllylpenicil~in  and  1.7 parts by weigh!t of
N-acetyl-N-mecthyl-carbamic acid chloride, as described in E'xample 55.
4 45       Yield: 42%,
45 I ti-tma-tam content: (determined by JR spectroscopy): 80%, NMAR signals
at r2.5-3.2 (3 H1), 4.1--4.6 (311I), 5.8 (I1 H), 6.8 (3 HI), 7.7 (3 U-) and
8.3---8.6 ppm (6 H1).L Example 65
50 50              Sodium  1)-,r-(3- [1- iperidy 1)- carbonyl
-3-methlutreido)-bcnizylpenicillin:           50 This penicillin wvas
prepared from  30 parts by wveight. of ampicil~lin and 13.5 parts
/ by weight of N.-(I-piperi'l1ylcaj-bonyl)-N-nicthiyl-carbatnic acid
chloride, in the matnner described in Example 1. Yield (crude product): 6
6%5 55       B-Lactarn content: 97%
55 'Calculated: C 53.4  1-1 5.6  N  12.9  S 5.9 Found:       C  53.1  11
6.5  N  12.3  S 6.3 NMR signals at v  2.6 (5 TI), 41.5 (3 H1), 5.8 (I 11),
6.6 (4 HI),1 6.9 (3 III) and 8.4 ppma (12 11).
.       60 -. -~    ., . .-~.   ~- -. .    .,.... . .. ......- ----- -
.......S    -         39                                         1,301,961
39 Effcctiveness against F. col.E 14: 3.12 units/mil. Effectivence:..
again: Kivk bsic 'N. 1 '3: 50 units/ml. ride,
ExamnIC 66 5                    Sodium D-,a-(3- [ 1-pyrrolidyl] -carlboili
l-3-;mic'hyitiro-irdicf)- t-:nzylpciicillin: 5            This penicillin
was prepared from  30 parts by wcighi ^' anipicillin and 12.6         5
parts by weigh'. of N-(1-pyi!olidylcarbonvl)-N-mnethy3lai-rbamric acid
chloride, in the manner described ;h. Examp!e 1. Yield (crude product):
720/O .10            13-Lactam content: 96%/. 10      Calculated: N  13.3
S 6.1                                                                 10
Found:      N  13.2  S 6.1 NMR signals at = 2.6 (5 1i), 4.5 (3 1I), 5.8 (1
II), 6.5-6.8 (4 Il), 6.9 (3 11), 8.0-8.3 (4 I-I) and 8.5 134-
ppm (6 II). 2y3-      15     15       Effectiveness against E. coli 14:
3.12 units/ml.                                           15 Effectiveness
against Proteusf 3400: 50 units/ml. Effectiveness in aniral expcr;nients:
A. Example 67 20                           Sodium
D-a-(3-[4'-morplho!inyvlj.-carbnniyi-3-incthylurcido)- 20
benzylpenicillin:                                        20 This penicillin
was prepared from  30 parts by weight of amipicillin and 13.6 parts by
wveighr of N-(Ii-mnorpliolinylca.rbonyvl-N-meitby~-ccarbaniic acid
chloride, in 



the manner described in Exomple 1. ,o-                      Yield (cnide
product): 80%/, -Y]-     25      25      t9-Lactarn content: 93%
Calculated: N  12.9  S 5.9
25 Found:      N  11.8  S 5.9 NAMR signals at r- 2.6 (5 11), 4.5 (3 1-1),
5.9 ( 111), 6.3-6.8 (8 H), 6.9 (3 11) and 8.5 ppm (6 1>.
! 30              Effectiveness against Protcus 101 7: 50 units/ml.
E1ffectiveness in animal experiments: A.
30 Example 68 ro-                                      Sodium
D-cr-(3-diethylaiiTnocalrbnyl-3-mchiI>lurcidlo)- ie,
benzylpcnicillin: 35     35            This penicillin was prepared from
30 parts by weight of a]Ypicillin and 12.7 parts by wveight of
N-diethylaminocarbonl -N-methyl-carbainic acid chloride, in the       35
manner described in Example 1. Yield (crude product): 46%/, 4  ,3-Lactam.
content: 97% 40      Calculated: N  13.3  S 6.1 40              Found:
N  12.9  S 6.0
40 NAIR signals at   2.6 (5 II), 4.5 (3 H), 5.8 (I 11), 6.5-7.0 (7 Ii), >1-
.                 8.4 (6 H) and 8.7-9.0 ppm" (6 I-I). 'id
Effectiveness against E. coi 14: 12.5 units/ml. 45 45
Example 69 Sodium D-Q-(3- [2-nitro-4-chlorobenzoyl] -3-n'eth3 ureido)-
45 benzylpenicillin: This penicillin was prepared from 21 parts by wveight
of anmpicillin and 12.8 parts by weight of
N-(2-nitro-4-chllorobenzoyl)-N-mcthyl-carbanic. ,acid chloride, in the 50
manner described in Example 1. 50               Yield (crude product): 81%
50 ts,                     Jf-Lactam content: 95% =1.
Calculated: N  11.4  S 5.2 Found:      N  10.6  S 5.1 55      NMR signals
at ir-- 1.7 (1 H), 2.1-2.5 (2 HI), 2.6 (5 JI), 55
4.3-4.6 (3 H), 5.8 (I H1), 6.9 (3 H) and                               55
8.4 ppm (6 H1). Effectiveness against Proteus 1017: 3.12 units/ml.
Effectiveness against Pseudornonas acrug. Bonn: 12.5 units/ml. 60
Effectiveness against Klebsiella K 10: 12.5 units/ml. Effectiveness ini
animal experiments: A and B.                                            60
4l     41 40                                        1,301,961
40    l -__________________C_  s  (alcul Example 70
Found Sodium D-a-(3-[2-bromobenizoyl]-3-metliyluxeido)-benzylpenicillin:
'          NMR This penicillin was prepared from 30 parts by weight of
aniicijilin and 18.3 parts                N by weight of
N-(2-bromobenzoyl)-N-methyl-carbasnic acid chloride, in thc manner
5 described in Example 1.
1 Yield (crude product): 64%
.              Effect ;-Lactam content: 95% NMIR signals at r = 2.2-2.7 (9
H), 4.3-4.6 (3 H), 5.8 (1 T), 



7.0 (3 H) and 8.4 ppm (6 H). 10      Effectiveness against Proteus 1017:
1.56 units/ml.                                      10      10
Effectiveness against Pseudonyonas aerug Bonn: 6.25 bnits/mI.
imida Effectiveness in animal experiments: A and B.
in Ex which Example 71
wvater Sodium D-rc-(3-[2-methylbenzoyl]-3-inetlylureido)-
15      Yield 15                                       benzylpenicillin:
15               0-Lac This penicillin was prepared from 30 parts by wcight
of ampicillin and 14.4 parts                   Calc by weight of
N-(2-methylbenzoyl)-N-metlyil-carbamic acid chloride, in the manner
I          Foun described in Example 1.
NMFI: Yield (crude product): 66%
20 20      ft-Lactam content: 93%
20       2 NAIR signals at r-2 4-2.8 '9 11), 4.3-4.6 (3 I-), 5.8 (1 -), 7.0
(3 1H), 7.7 (3 H) and 8.5 ppm (6 F1). Effectiveness against Proteus 1017:
3.12 units/ndl. Effectiveness against Psoudozonas aerug. IBlon: 6.25
units/ml. 25      Effectiveness in animal experiments: A and B.
25 25 Example 72 Sodium D-o:-(3 -acetvl-3
-phenvl-urcido)-L'enzylpenicillin:                                1,4,5
This penicillin was prepared front 10 parts by weight of
N-acetyl-N-phenylcar-           .i K bamic acid chloride and 19 parts by
weight of amnpicillin, in the manner described in   3                Yielc
30     EExample 55.
30      30       3-D. Yield: 86%
Nhl' .B-Lactain content: 85% 1 Calculated: C 53.1  HI 5.0  N 9.9  S 5.7
Found:      C 53.6 HI 5.5  N 9.8  S 5.7
..          EIfIc 35      NAIR signals at-=-2.4-2.8 (10 H), 4.4(1 IH), 4.55
(2 HI),                                35 5.8 (1  3), 8.1 (3 M), 8.4 (3 H)
and                                          35 8.5 ppm1 (3 II).
Effectiveness in aniimal exp rinei cts: B. Example 73
i           med 40                     Sodium
D)-a-(3-irn-niitroci.nannaioyl-3-nmetlyl-ureido)-                  40
40       peni benzylpenicillin:
Yiel This penicillin was prepared from 18.9 parts by weight of
N-(m-nitrocinnamoyl)-          j-u N-methyl-carbamic acid chloride and 28
parts by weight of ampicillin, in the manner                      NM
described in Example 55. 45      Yield: 78%
45       45      Effe B-Lactam content: 88% Calculatod: C 47.9  HI 5.4  N
10.2  S 4.8 Found:      C 47.5  H  5.0  N  10.4  S 5.4 NAMR signals at r
1.6 (1 I-), 1.7-2.9 (8 II), 4.4 (111), 50                         4.5 (2
I-I), 5.8 (1 II), 6.6 (3 H) and                               50 8.5 ppm (6
H).                                                                 50
aX. -      Effectiveness in animal experiments: A and B.
mvr.- Example 74 Sodium D-a-(3- [4-nitrophenacetyl] -3-mctlhyl-ureido)-
Ca' 55                                       henzylpenicillin:
55   i        5ov This penicillin was prep,.red from 16.3 parts by weight
of N-p-nitrophenacetyl-          !            ,nj N.-methyl-carbamic acid
chloride and 28 parts by weight of ampicillin, in the manner described in
Exampile 55. Yield: 92%1z 60     jN3-1,actarn content: 84%
60 



W~  ......--...-....--...;.    41
1,301,961                                         41 Calculated: C 51.1  HI
4.6  N  11.5  S 5.3 Foudr;i:    C 51.3  II 5.4  N  11.2  S 5.7 INMlIR
signals at r :- 1.8 (2 H), 2.5 (2 1-1), 2.6 (5 I-I) rts
4.4 (I I-), 4.55 (2 HI), 5.8 (1 H), :er             5
5.85 (2 II), 6.7 (3 H), 8.4 (3 I-I), and                                5 5
S.5 ppm (3 1H). Effectiveness in animal experiments: A and B. Example 75
D-Y- (Imidazolidin-2-on- 1 -vl-carbonvlaminio)-.benziy'p)c icillin: 10
10           This penicillin was prepared from  5.4 parts by weight of
N-chlorocarbonyl-          10 'imidazolidin-2-one and 12.7 parts by weight
of ampicillin in the maimenr described in Example 1. After acidification,
the product was obtained as tIC free penicillin acid, which is sparingly
soluble in ethyl acetate, and which was fillered off, washed with water and
dried over P120 in vacuo. 15      Yield: 72%
15 15              ?9-Lactam content: 93% Calculated: C 50.1  lI 5.0  N
14.6  S 6.7 ier                      Found:      C 50.1  H  5.6  N  13.8  S
6.8 NAIR signals at r-0.9 (2 I-I), 2.35(1 II), 2.6 (5 I-I), 4.25 (I II), 20
20                          4.55 (2 H), 5.7 (1 H), 6.0-7.0 (4 H),
20 8.4 (3 H) and 8.55 ppm (3 H) Solvent: DMSO-d,;. Example 76 2'5
Sodium D-a-(pipcridin-2-on- 1-yl-carbony-lair.ino)- 25
benzylpenicillin:                                       25 This penicillin
was prepared from 9 parts by weight of 1-chlorocarbonyl-2-chlorn-
1,4,5,6-tetrahydropyridine and 21 parts by weight of ampicillin in the
manner described *r-                     in Example 55. in
Yield: 85% 30      8-Lactam content: 89%
30 NAIR signals at r  2.4-2.8 (5 H), 4.4 (1 H), 4.45 (] I), 4.55 (1 H), 5.8
(1 II), 6.15-6.5 (2 H), 7.6-8.0 (2 I-) and S.0-8.6 ppm (10 1). 35
Effectiveness in animal experiments: A and B. 35
Example 77                                            35 Sodium  .
c-(3-o-chliorobenlzovl-3-methyl-ureiclo)-e,:-thiienl1(2)-
methlylpenicillin: T]his penicillin wLas prepared from 1.9 parts by weight
of N-o-chlorobenzoyl-N- 40     *         mathylcarbamnic acid chloride and
1.5 parts by weight of a-am.1ino-cr-thiiyl'(2)-methlyl- 40      penicillin
in the mariner describad in Example 55. Yield: 35% )r
I3-Lactam content: 55-60%  (estimated from the IR spcctrum). er
NMR signals at r- = 2.4-3.1 ( 7 1-1), 4.3-4.5 (3 H), 5.8 (I H), 45
6.9 (3 II) and 8.2-8.6 ppm (6 HI). 45     IEffectiveness in animal
experiments: B. Example 78 Sodium D-a-(3-methy 1-1 ,3-diazacyclohexan-2-oi-
1-yl- 50
carbonylamino)-benzylpenicillin: This penicillin was prepared from 12.4
parts by weight of 1-chloro-carbonyl-2- 



50      oxo-3-mewhyl-1,3-diazacyclohexane and 17.5 parts by weight of
ampicillin, in the          50 .manner described in Example 55. Yield: 46%
0-Lactam content: 90% 5. 5             Calculated: C 50.1  H 5.3  N  13.3
S 6.1 55  55  Found:       C 50.4  1H  6.2 N:   13.1  S 6.4
55 NMR signals at r=2.3-2.8 (5 f-i), 4.3-4.6 (3 1), 5.8 (1 H), er
6.25 (2 H-I), 6.4-6.8 (2 II), 7.0 (3 I), 8.0 (2 H), 8.4 (3 H) and 8.5 ppm
(3 H). 60    42                                        1,301,961
42t   43 Example 79                                              | Sodium
D-at-(3-o-fluorobenzoyl-3-niethyl-tLucicio)-beinzylpcnicillin: This
penicillin was prepared from 9.05 parts by we:ghrt of N-o-fluorobenzoyl-
N-methyl-carbamic acid chlozide and 17.5 parts by weight of ampiciiiil, in
the manner   5 5       &dscribed in Ixample 55.
5       5       N-n Yield: 88%
s            desc .'-Lactam content: 92%,/'
Yiel Calculated: C 54.6  I 4.4  N  10.2  S 5.8
/3-b Found:      C 54.2  H(5.6) N  10.1  S 5.8
Calt 10      NMR signals at r= 2.4-2.9 (9 H1), 4.35 (1 11), 4.5 (2 H). jP
10      Feu: 5.8 (1 H), 6.8 (3 H) and 8.5 ppm (6 H1).
NM Example 80 Sodium
D-aE-(3-o-chlorobenzoyl-3-cthyl-ureido)-bei7zylpenidllin:
Elff This penicillin was prepared from 10.7 parts by weight of
N-o-chlorobenzoyl-N- 15      ethyl-crrbarnic acid chloride and 17.5 parts
by weight of ampicillin, in the manner     15      15 describ'ed in Example
55. Yield: 90% .3-Lactam content: 93%
r            cart Calculated: C 52.5  I-l 4.6  Cl 6.0  N  9.4  S 5.4
in l 20      Found:      C 52.3  H- 5.4  Cl 5.6  N  9.2  S 5.4
20      20       Yie NMIR signals at = 2.3---2.8 (9 II), 4.35 (1 HI), 4.5
(2 Ut                                 .            -L 5.8 (I H), 6.4 (2
II), 8.4 (3 I),                                                    Cal 8.5
(3 H) and 9.0 ppm (3 11).
Fot Exanmple 81                                                 25 25
Sod ium D-a-(3 -o-clilorobcnzovl-3 -n-propyl-ureido)-benzvlpcnicillin:
25 T1'his penlicillin was prepared from 11.0 parts by weight of
N-o-chlorobenzoyl-N-                   Lft n-propvl-carbnznic acid chloride
antd 17.5 parts by weight of ampicillin, in the manner descri;ed in Example
55. Yield: 82%
i            A. 30      /3-Lactani content: 92%
30      30 Calculated: C 53.3  Cl 5 8  N 9.2  HI 4.8  S 5.3
,           80 Found:      C 53.7  Cl 5.4  N 9.2  1f(6.2) S 5.6
am;l: NTNMR signals at - 2.3-2.8 (9 1-l) 4.4 (1 II), 4.5 (2 Hl1),
a c 5.3 (I II), 6.3-6.7 (2 II), S.2--8.7 (2 HI),
cl .. 35                         8.4 (3 H), 8.5 (3 IH) and 9.3 ppm (3 H).
35           of fur: Example 82
stir Sodium D-:e-(3-to-niitrrobenjiznyl-3-nedtlvl-ureido)-benzylpenicillin:
Wtio Th'is nenicildin was prepared from  12.1 parts by weight of
N-o-nitrobonzoyl-N-                     sul: inethvl-carbamic acid chloride
and 21 parts by weight of ampicillin, in the manner              40
nec 



40      described in Examnple 55.
40               ad, Yield: 9 4%-
te:i ;3-Lactam content: 92%/
eth Calculated: C 51.1 1I-I 4.3  N  11.9  S 5.5
wit Found:      C 50.9  H 5.3  N  11.1  S 5.6
a 45      NMR signals at r -= 1.75 (1 11), 2.05-2.8 (8 H1), 4.35 (1 1-1),
45 4.5 (2 I!), 5.8 (1 H), 6.95 (3 11),
exi 8.4 (3 Ii) and 8.5 (3 H). Effectiveness in animal experiments: 3.
sut Example 83                                               '   50
- 50                     Sodium D-.a-(3-o,o'-dicliioroben;
tzoyl-3-methy1-uireido)-                50                C CrT
benzylpenicillin:                                         Yii This
penicillin was prepared from  13.3 parts by weight of N-o,o'-dichloroben-
,i- zovl-N-meitvl-carbainic acid chloride and 21 parts by weight of
ampicillin, in the                       C; manner described in Exa&iple
55.                                                                 55
ra 53      Yield: 91%
55 !             N' R-Lactam contenlt: 910/, Calculated: C 48.6  II 4.0  Cl
11.5  N 9.1  S 5.2 Found:      C 48.9  H 4.5  'C,  11.1  N 8.9  S 5.3
ii NMIR signals at r -= 2.3-2.8 (S H), 4.3 (1 11)/, 4.5 (2 H1),
60 60                         5.75(t1 H1), 6.9(3 H), 8.4(3  )and
60  !             xwi 8E5 fifvie i(3 1i). Effmciveness in animal
experimcntls: B.
SO    42     43                                       1,301,961
43 Example 84 Sodium D-a-(3- [2,4-dichlorobenzoyl -3 -.uctlhy;-ureicto)-
zoyl-                                                     benzvlpcnicillin:
imner                         This penicillin was prepared from 13.3 parts
by weight or N-(2,4-dichlorobenzoyl)- 5      5      N-methyl-carbamic acid
chloride and 21 parts by weight of ampicillin, in the manner     5
cLsciibed in Example 55. Yield: 84% fi-Lactam content: 92% Calculated: C
48.6  I-I 4.0  Cl 11.5  N 9.1  S 5.2 10     10      Found:      C 48.7  1-1
4.6  Cl 10.9  N 9.0  S 5.8                                     10 NAIR
signals r  2.4 (1 1i), 2.4-2.8 (7 1-1), 4.35 (1 H), 4.5 (2 H), 5.8 (1 HI),
6.9 (3 H), 8.4 (3 H) and 8.5 ppm (3 l-I). Effectiveness in animal
experiments: A and B. 1-N-. nner      15     15
Example 85                                           15 Sodiuwn
1-Ir-(3-propionvl-3-plenyl-u-cido)-b-izylpe1licilii: This penicillin was
prepared from 15.5 parts by weiglt of N-propionyl-N-phenyl- carbamic acid
chloride and 27.5 parns by weight of ampicillin, in the manner described in
Example 55. 20     20      Yield: 78%
20 fi-Lactani content: 87% Calculated: C 55.3  II 5.1  N 9.9  S 5.7 Found:
C 55.1  H 5.1  N 9.8  S 6.0 NMR signals at r = 2.2-3.0 (10 H1), 4.4 (1 H),
4.5 (2 II), 25                        5.75 (1 H), 7.9 (2 I-I), 8.4 (3 H),
25 8.5 (3 I) and 9.0 ppm (3 II). 



I-N-      2Effectiveness in animal experiments: B. ,ner Examplc 86 A.
l)-uc-(Imidazolidin2-0fl- I -yl-carbonylarnino)-ben7zylpenicillin: 30
-30           14 parts by weight of D-ra-aminohnzylpenicillin (ampicillin)
were suspended in     30 30      80%  strength aqueous letrahydrofurane
(130 parts by volume) and sufficient triethvl- am-i.ne (approx. 6.5 part-s
by volume) was added dropwise, wVhilst stirring, at 200C, that a clear
solution was just produced and the p-l value was between 7.5 and 8.2 (glass
electrode). The mixture was now cooled to 00C and a solution of 5.4 parts
by weight 35     35       of N-chlorocarbonyl-imidazolidin-2-onc in 25
parts by volurme of absolute tetrahvdro-  35 furanc was added dropwise over
the course of 30 minutes, whilst cooling wvith ice and stirring vigorously,
the p11 valuec being kept between 7.5 and 8.0 by simultaneous addi- tion of
tricthylamine. The mixture was further stirred for' 30 minutes at 0C and
-N-                      subsequently at room  ternperature until no
further addition of tricilhylamine was ner              40      necessary
to maintain tie pI-I value of 7.5. 130 parts bv volume of wate-r were now
40 40              added and the tetralhvdrofuirane was largcly removed in
a rotary evaporator at room temperature. The aqueous solution which
remained was once extracted 1v shaking with ether, covered with 300 parts
by volume of ethvl acetatc, cooled to 00C and treated with sufficient
dilute hydrochloric acid, whilst stirrig, and cooling with ice, to
establish a pH value of 1.5 to 2.0. The organic phase wvas separated off,
the aqueous suspension  45 45              was again extracted with about
300 parts by volume of cthyl acetate, and the organic extracts were
combined. The penicillin, which is rather sparingly soluble in ethyl
acetate and  vhchl was suspended in the aqueous phase, was filtered off,
carefully washed with ice water until 50      free of acid, and dried in
vacuo at about 1 mm Jig over PO,. The substance is         50 50
crystalline; long needles are visible under the microscope. Yield: 71% zn-
,-Lactam content: 93% the                      Calculated: C 50.1  H-1 5.0
N  1.4.6  S 6.7 55      Found:      C 50.1  11 5.6  N 13.8  S 6.8
55 55              NMR signals (dimethylsulphoxide-d,; as the solvent) at
r- 0.9 (2 1-1), 2 35 (1 H), 2.6 (5 II), 4.25 (1 H), 4.55 (2 I), 5.7 (I
1-I), 6.r 7.0 ) " H), 8.4 (3 HI) alnd 8.55 ppm (3 11). IR bands at 3380,
3230, 1/8,4, 1728, 1687, 1639, 1520, 1375, 1219 and 735 cal'. 60
According to separation in a paper chromatograim and subsequent dcvelopment
60 60 o             with B. su btilis, thc product only contains one
antibiotically active component. A further 0.45 part by weight (2.6% of
theory) of the penicillin, in the form of its sodium salt, could be
isolated from the ethyl acetate extract after addition of about    44
1,301;961                                            44 2 parts by volume
of a 1 molar solution of sodium 2-ethyl-hexanoate in ether containing
i e methanol.
Da- The free acid of the penicillin can be easily converted into the
chenzotherapeutically usable salts by conventional processes. (See Example
92A).                                                 D-a-Q 5       B.
I-Chlorocarbonvl-imidazolidi-2-onic
5     5       D 4 parts by weight of phosgene in 10 parts by volurnr of
absolute tetrahydrofurane                     D-ix-(S were added dropwise,
over the course of 15 minutes, to a vigorously stirred solution of
D-(- 3.5 parts by weight of imidazolidone (2) [manufactured according to
Fischer and Koch, Ann, 232, page 224 (1886)] in 50 parts by volume of
absolute tetrahydrofurane.            l 10      Thereafter the reaction
mixture was stirred for 3 hours at 10CG and a stream of dry          10
10       D-a-, 3.5 parts by weight of imidazolidone(2) [manufaciured
according to Fischer and                   .         D-ia-(2 remnants of
phosgene. The mixture was now evaporated to dryness on a rotary evapor-
- 



ator in vacuo, and the solid residue was dried over concentrated sulphuric
acid and                          -a-Q at about 12 mm Hg.
.         D-a-(I 15      Yield: 93%. Melting point-= 1501C after
recrystallisation from acetone-pentane.              15    15       Dy-rt
Calculated: C 32.3  H  3.4  N  18.8  Cl 23.9
D-a-( Found:      C 32.3  H(4.5) N  18.7  Cl 23.9
D-( NMR signals at r = 5.7 to 6.1 (2H) and 6.3 to 6.7 (2 H),
D-a-( (acetone-d0 as the solvent), symmeetrical ANB2-system.
Da-( 20       IR bands at 3230, 1790, 1700, 1270 and 1150 cm-.
20 20 Example 87
A.  S If, in the procedure of Example 86, the D-a-aminobenzylpenicillin
used therein                              S is replaced by:-
17.5 0.04 mol of a-ainino-p-methvlbenzylpenicillin,
streng 25      az-a-ltflo-p-chlorobellzylpceiicillin,
25     25       stirri, ct-amino--p-methylthliobenizylpe'3icillini,
2               was f a-amino-a-(2)thienylmethylpenicilinif or
neccs ,,r-amiino-,r-(3)thienyliiithy~lpenicillin,
addec the following penicillins are obtained:
.          the t 30
a-(imidazolidin-2-on*--yl-carboiy!~amino)-p-methylbenlzYlpcnicillin
The: a-(imidazolidin-2-oni-00-y-carbon:laino)-p-clelorobe:nzlpenicillin,
300 E ar-(imidazolidin-2-on-licc
1yicarbonvlaifiiO)-p-nfllytithiobenzylpeclicill in,
chlori
(Y-(iifilazolidil-2-ofl-yl-carLonYlalnino)-e&-(2)-tllienlYlnietlmylpenlicil
i or                             1.5 ti ws-(imidazolidin-2-o
a-1-yl-carboiiylan-ino)-:,-(3)thicilinlcthylpenicillin.
was a 35     35       were 35
Example 88
volun If, in the procedure of Example 86, the
1-chlorocarbonylinmidazolidone used therein                    the s( is
replaced by 0.035 mol of:-
from 1-chlorocarbonyl-1,3-diazacyclohCxan-2-one,
drop; 1-chlorocarbonyl-1,3-diazacycloheptain-2-one,
40       meth 40       1-ch'orocarbonyl-5-methiyl-imidazolidone(2),
40              after 1 -chlorocarboniyl-4-merltyl-imidazolidone(2),
.                                 ether
1-chlorocarbonyl-5,5-dimethyl-imidazolidone(2),
Effec 1-chlorocarbonyl-4,4-dimcthyl-imidazolidone(2),
.                         Effec
1-chlorocarbonvl-4-,5-cis-dirmiethvi-iniidazolidope(2),
45       Yic c: 45
1-chlorocarbonyl-4,5-trans-diffcthyl-imidazolidone,                       -
45              fl-La 1-chkorocarbonyl-benzimidazolone,
1-chlorocarbonyl-6-merthyl-benzimidazolone,
NM] 1 -chlorocarbonvl-5-methyl-bcnzimnidazo one,
1-clilorocarbonyl-4-iectlhyl-benzimidazolonie,
50       IR ;h 50       1 -chlorocarbonyl-7-mnethylbenizimnidazolone,
-         50 1 -chlorocarbonyl-5-nitrobenzinmidazolone,
J          13. I -chlorocarbonvl-6-nitrobcnzirnidazolone,
1-chlorocarbonyl-Lhexahyd.tcohbnzi,:idazolone(2),
1nr 1-chlorocarboniy!-6-aza-beizimidazolorle,
abso 55       1 chlorocarbonyi-5-aza-benzimidazolone,
55      55       r.nuir 1-chlorocarbonyl-5-carbethoxy-belnzim'idazololnc,
l-chlorocarbonyl-6-c-arbethoxy-b.enzibnlidazolone or
jsed L-chlorocarbcnyl-/.,.l-dciazabicyclc [3,2,2] -nonan-3-one,
-           Yiel' the following pcnicillias are obtained:-
Calc 60      D-a-(1,3-dilzac)yclolicxan-2
on-1-yl-carlbonylamino)-benzylpenicilliii,                     60       60
Foui D---( i ,3-diazacyclohepta n-2-oi-l-} i-carbonylamiiino)-benizyl
penicillin,                                 Stro    



44       45                                          1,301,961
45 iing                                 -
D1-!*-(5-methyl-iimiidazolidin-2-on-1-yl-carbonyliamino)-benzvlpcicllc]lin,
ally                     1)- n-(4-inethylimidazolidin-2-on- 1-yl-
carbonvlamiinlo -bemzvlp , ICill"'Is lOD-.-(i,5-dimethylimidazolidin-2-on-
1 -yl-carbonylanilio)-becnzv ,pcnicillini,
D~-.-(4,4-dimetlhylimidazolidin-2-on- I -vl-carbon-,ylamilnlio)-belzv
Ipekoicilian, 5     5
D-a-(4,5-cis-dimetlhylimiiidczolidin-2-oii-I-yl-carbonivianiiino)-bei'zvspe
nicillin,        5. i:LJ S                   D-a-(4,5-trans-dimiicthyli m
idazolidin-2-on - 1 -yl-carbonylIa mi r, .')- belnzylv'0en i ciin, ioX
lD-a-(benzimidazolini-2-on- 1 -yl-carbonyrlanii io)-ber!zylpenric. 'lin,
and                      D-ft-(6-methylbenziimidazolin-2--on- 1
-yl-carbonylamino)-' x inzv! eenicillin, le.
D-a-(5-inethylbe nzimidazolin-2-on- 1 -yI-carbony lami no)-benzylpunici
clin, (Irv      I 0    10      D-a-(4-metlhylbenzirnidazolin-2-on- 1
-yl-carbonvia mino)-benzyloeniciliin,                 10 D -(7-methylbenzin
iidazolin-2-on- 1 -yl- carbonylami no)-benzvlpenicillij , 01'-
D-a-(5-nitrobenzimidazolin-2-on- 1-vl-carbonylamino)-benzylpciicillin, anti
D-a-(6-nitrobenzimidazolin-2-on- 1 -vi-carbonvlamino)-beiiz\ylpenicillin,
D-rc-(htcxahvdrobe-nzimidazolin-2-oi- 1
-vl-carbonylamnino)-bhenzylpcnicillin, 15    15
D-ta-(6-azabenzimidazolin-2-on-1-yl-carbonylamino)-benzxzylpenicillin,
15 D-a-(5-azabenzimidazoiin-2-on- 1 -yl-carbonyllamiino)-benizylpcnicillin,
D-cv-(5-carbethoxvbcnzimidazolin-2-oi- 1
-yl-carboniylamino)'-benzylpcnicillin,
D-a-(6-carbethoxybenzimidazolin-2-on-1-vl-carbonv lamino)-benzyipenicillin
or D-r-(2,4 -diazabicyclo [3,2,2]
nonan-3-on-2-yl-carboniylaminio)-benizylpenicillin. 20 20
Example 89                                              20 A. Sodium
D-,.--(imidazolidine-2-tlioni- 1 -yl-carbonylamino)-benzylpenicillini: eiml
8.5 parts by weight of 1-chlorocarbonyl-imilidazolidine-2-thione were
reacted with 17.5 parts by wveighlt of D-.r-aminobenzvlpenicillin in 170
parts by volume of 80% strength aqueous teirahydrofurane, at 0OC and pI-I
7.5 to 8.0 (glass cletcrodc), whilst 25    25       stirring. Triethylamine
was added gradually to maintain the pl-I valuc. The mixture          25 was
further stirred at room temperature until no further addition of
triethylamine was necessary to maintain the pH at 7.5. Thereaflter, 150
pans by volume of water were added, a pH of 6.5 was established by means
oif a little dilute hydrochloric acid, and the tetrahydrofurane was
stripped off in a rotary evaporator at roomr temperature. 30     30
The nmxture was now extracted once with ether, the aqueous ph'ase was
covered with          30 300 parts by volume of ethyl acetate, the whole
was cooled to 00C, and dilute hydro- chloric acid was introduced, whilst
stirring and cooling with ice, until a pI- value of 1.5 to 2.0 was reached.
The organic phase was separated off, the aqueous solution was again
extracted with 300 parts by volume of ethyl acetatc, and the organic
solutions 35     35       were conmbined and subssequentfly dried with
Mg1-SO.;. Ca adding- about 40 parns by         35 volume Of' a 1 molar
solution of sodium 2-ethvlhcxanoate in ether containing methanol, ein
the sodium salt of the penicillin precipitated. The bull. of the ethyl
acetate was stripped from  the suspension in vacuo, and the residue was
dissolved inJ methanol and added dropwisc to a mixture of 300 parts by
volumne of ether and 30 parts by volumc of 40       methanol. The
ether/methanol mixture was decanted from  the precipitated product
40 40              after it had stood for a shirt time, and the product was
againi repeatedly worked with ether, filcred off and dried over P.., in a
vacuum desiccator. Effectiveness against Psdm. aerug. Bonn: 25 units/ml.
Effectiveness against Proterts 3400: 50 units/mI. 45       Yicld: 40%
45 45              /3-Lactarn. content: 90%  (estimated on the basis of the
(M-lactami band of the IR spectrum). N/MR signals (methanol-d, as the
solvent) at -r = 2.3 to 2.8 (511), 4.4 (1 II), 4.55 (2 II), 5.85 (1 H), 6.0
to 6.5 (4 H), 8.4 (3 H) and 8.5 ppm (3 H). ; 5V            IR bands at
3320, 1760, 1720, 1665, 1602, 1520, 1365, and 1255 cmll-.
50 B. 1-Trimethylsilyl-imidazolidinie-2-thione: 



30.6 parts by weight of imidazolidine-2-thione were boiled overnight with
54.4 parts by weight of trimethvlchlorosilane and 51.5 parts by weight of
triethylamine in absolute tetrahydrofuranie. The warmn suspension was freed
of the precipitated triethyl- 55     55       amine hydrochloride by
filtration, and the filtrate was evaporated and dried in a vacuum     55
desiccator. Melting point: approx. l30OC. Yield: 97% Calculated: N 14.4 S
16.5 60     60        Found:      N  13.8  S 16.9
60 Strong Si-C stretching vibration in the IR spectrum at 850 crn-'.    46
1,301,961                                             46 C.
i-Chlorocarb.n;*vl-imidazolidine-2-thionie: 50 pa-ts by weight of
1-trimethyllsilyl-imidazoliclinc-2-thionie in 150 parts by volume of
methylene chloride were treated with 35 parts by weight of phosgene in 50
parts by volumc of methylene chloride over the course of 2 hours at 0C. The
mixture 5         vwas z;irred for 24 hours at 0OC, the methylene chloride
was subsequently stripped off, and the residue was dried in a high vacuum.
Scmi-solid mass, incompletely soluble in acetone. Crude yield: 97^j% IR
bands at 1830, 1590 and 1240 cm-1. 10
Example 90 If, following "ie procedure desired in Example 89A, 17.5 parts
by weight of amDicillin are reacted with 0.05 mol of: - 1-chlorocarbornvl-
I,-diazacyclohexane-2-th-ionie, 1
-chlorocarbonvw-4-mncthvlimidazolidinc-2-t liione, 15
1-chlorocarbor-rl1-5-icLihvlillidazolid(ine-2-tlione, 1 -chlorocarlon-,- i
4-dt;ncthv imidazolidilnc-2-- ;lione, 1-chiorocarbonv l-5
5-dimethvlimiidazolidinie-2-thione or 1-chlorocarbonyl -
4,5-dimcthilimidazolidiinc-2-thione, the following penicillins arc obtained
in the form of their sodium salts: - 20       D-r-(1
,3-diazacyclohexane-2--hion-1-vl-carblovmiii mo) I uzxlpeniciJlin,
D-a.-(4-nxethvlimidazolidi'c-2-thiofl- 1 -vl-carbonvhnnnliiio)
-ealzynlpcnicillin, D-a.-(5-milethivlimidazolidiiie-2 -thion- 1 -vI-carhon;
laurno) heazylpenicillin, D-.R-(4,4-dimcthvlimidazolidife-2-thioil--1
-yl-carhoi1;viamino)-berizvlpenicillin,
D--r-(5,5-dimetlivlimidazolidlinc-2-thioni-1-vrI-carbons hom
io)-benzylpenicillini or 25
D-rc-(4,5-dimethylimiidazolidiiie-2-tliotin- -yl-careonv lamli
o)-benzvlpcnicillin. Example 91 If, in the procedure of Example 89A the
D-.t-amiinobncizylpenlicillini used there is replaced by 0.05 mol of fr
.amino-p-,mctlwlbcnzylpenlicillin, 30       a-Oino -p-chlorobenzlpen
icillin, ar-aiiino-p-methvltli iobelizvlpienicillin, at
-ami-.o--a-(2)-thienylniethvlpenicillin or a-tirar~iuo-!r-(3)-thlienvimetll
xli nicillin, thec followving pecnicill ils are obtainedl i n the form of
thecir sodium salts: - 35  a- (imli6.azolidineC-2-thionl- 1 -i VlcorbOn;
lyltlniii o) p-l'tS eth~lbe Zyipelp~ici iliti,
nR-(imlidaxolidinc-2-thlionl- -\I vi erbo" vi "l~i'' o>-p h-lol~robe  xlpon
yllici Ilin, ) c.-(inliidazolidinle-2-thi~oa-1 - !-cab  'XImn n;
u21il)-,-oChvl th icbenzvlpenieillin,         i at-(imidazolidline-2-tlhion
-1 xi .corbonly In iu'o)- .(2)thienvyituethvlpenlieillinl or rr-(im
iclazolidine-2-thiou. 1 ''l eIr' onl  laiv  .)-'i-(3)thienya u~ths Ipcnicil
lin. 40                                              1 xamlphc 92 



A.  Sodiumn D-a-(imidliizoldinh -)ou -lyl
'..aibonvF1amnio)-t'enzsyclpeieillm. 5.5 parts by weight of
I)-ri-(imidazolidlin-2-onl- I-vl-carbonylamlinlo)-benzylpenz- ciiiin,
whichl WaS obtaind m~!noist w~ith w~ater, accordinlg to 1he instructions of
Example 86, wesre dissolved in 13 pa.rts bv volumel of climethylalcetamnide
wvhilst COOlinlg w~ith ice, 45       andl subsequentlyF treated wzith 10
parts by vo)lume of a 1 nmolar solution of sodium 2- erhyihlexanoate ini
ether contain~ing meth~anol. T he resul ting clear solution was added
dropwvise over the coulrsez of a fewv minutes to a mnixture, cooled tO -
20^C, of 200 parts by volume of ether and 20 parts by volume of methan~ol,
whereuponl the sodium salt of the penicillin separated out as a finely
granular praeipilte, which] was filtered off 50       and thloroughlyl
wvashedl with a nl.ydrous ether. Yield: 81%O/ relative to I -ci'
orocarbenyl-imlidazolidinl-2-one emnployed. /'-ILactam content: 907,'
(dletermined on tl he basis of the intensity of the ,R-lactam carbonyl
banci .ot he! TVr .pecirumn). IR bands at 3290, 177i), !71 5, 1(4t7, 1538
and 1276 cnrtl. 55       (IR spectrulm in N!ujol). B. Crystalline sor;ir,
Tj-.- (inm dazolidin1-2-on-1-yl-carbony;laminoY-bezylilpenieillin: 0. 4
parr by w&e ;:2  ;f !.e prodtL t from  I<. ample 92A  was dissols~d in 0.5
part bv volume of wata  to giv.- a ekiar eel;. ion. 1.3 parts by volulme of
ethontol were acdded :mns the mixture slowly dilulted whih 3.0 parts by
voluime of ethlyl acetate, whilst 60 Thakinlg. 0.2 part by weight of sodium
lD-a-(imnidazoi.id i-2-*ou 1 -yl- carbonylamino)- U'..V*.'- ~ ~ ~ ~ ~ ~ ~ o
47                                        1,301,961
47 benzylpe;icillin crystallised overnighit from  ihe initially clear
solution, in the form by                       of bundles of fiat ncdl cs.
2 50                       Decomposition range: 200-2200C. :ture
IR ban.ds at 3370, 3225, 1775, 1728, 1688, 1640 ard 12' 5 cnw1'. off,
5       5       Figures 3, 4 and 5 show, tor comparison purpuscs, th& tR
sp._ra of D-a-(imidazolidin-    5 :c in
2-on-1-yI-carbonylamin-a)-benzylpenicillin, as the frez 2cidi n' as the
amorphous and crystalline sodium salt. WHAT WE CLAIM IS: - 10
1. A process for the production of penici!i]in., .f thre following general
formula 10      and their salts:-
10 t of 15 A - C #-CO-A 'c/-cOilp-csy \        / I        I  i/ 8
/ \ a 353 20
C'00/ in which process a compound of the general formula: 25 30
C-NyC 0         c/I       C 'COOf 35 or a condensation product of such a
compound with a carbonyl compound, the 15      said condensation product
being of the general formula:                                 15 40
A1- to             5CH ml-                          .  flU  /1-C/I- C/i
.~~~~~~~~~~~~~~~~ / 53 45                 ..           C     ~~~~~~~~~C-N 



ice,                                                  / salt off 50
or a compound of the general formula: - CII ,art'-.-co ~ tK ilst o   60
47                                      1,301,961
47 benzylpenicillin crystallised ovcrnight from  ihe initially clear
solution, in the form by                      of bundles of fin. needles.
50                      Decomposition range: 200-2200C. :re
IR bands at 3370, 3225, 1775, 1728, 1688, 1540 ard 1275 ml-'. ff,     5
5       Figures 3, 4 and $ show, for comparison purpuscs, the tR sp%..cra
of D-a-(imidazolidin-  5 in
2-on-1-yl-carbonylamina)I-benzylpenicillin as the frce: acid and as the
amorphous and crystalline sodium salt. WHAT WE CLAIM IS: - 10:
1. A process for the production of penicillins of the fo'lowing general
formula 10     and their salts:-
10 of 15                                A-C-O-M'I-C-CO-AH- CH-         c
0) 8   ,C-N/ .'3 20
COON in which process a compound of the general formula: 25 *
C"3Y.- .   .~~~~~~.~ 35 or a condensation product of such a compound with a
carbonyl compound, the 15     said condensation product being of the
general fonnula:-                              15 40
-  CO-CO                  Cq /,/I N   Cy, .      ~~C    C-N, d    :
#~~~~~~~~/\S   // \  / \ 45                                        60B ts
COO/ it ff 50                   or a compound of the general formula: - a
B-C V-C 1-f-Cq- CC\ 4 .
. -  60.    ~1111111"" Mliii 1111111! ii III 48   !     *       t
1,301,961                                       48         ,_. or
A NH  C-N- i CcH             IIR 1*                      CO-O-Sz&         -
95 



R'- is reacted at a temperature of -20 to 500C with a compound of the
general formula:- X-CO-N-*_.CO*-_W                            co-w-Co-W Y 5
or    14  N         N-Co-W               (So9)                          5
<0 in a solvent and in tile presence of a base when a compound of general
formula (52) or (53) is used, and in an anhydrous solvent free of hydroxyl
groups with or without       5 the prese-nce of a base when a compound of
general fonnula (54) or (55) is used; and, where necessary, the penicillin
produced is converted to its desired salt or 10      vice versa;
10    i [in which general formulae A denotes a group of the general
formula: -                             (in V d X-CO-N-
CO-RA                                                                    I
, R I       (2),        (p2  J             or    N-t1-  C>q.
.          10      brcvo; Y                    \`
-alki q.-2   (.).                 llow yVI atci in which general formulae
(2), (3) and (4)                                                 15
gro X denotes a hydrogen atom or an alkyl, alkenyl, cycloalkyl, or
cycloalkLenyl group 15          with up to 10 carbon atoms, or a vinyl,
arylvinyl, mono-, di-, or tri-ihalo-lower  15 alkyl, mono-lower alkylamino,
di-lower alkvlaniino, monoarylamino, or aryl- (lower alkyl)-amino group, or
an alkoxy or aralkoxy groupd with. up to 8 carbon atoms, or cycloalkoxy
group with up to 7 carbon atoms, or an aryloxy group, or a group of the
general formula:- - 20                                   (lower alkyl)-O-V-
20    i (lower alkyl)-S-V-                          ) (6); N' = CV (lower
aikvl -O--CO-- .;i kMo~ver al!.:y!)amino-CO.-V--              (8);I 25
I07)-                                    25 25               (a    X 5  n
io                        9(       2   ;R2
P3~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~    1 I!IIIUI 111111
IUII1 11131111111 4',             49
1,301,961            C    L   M          *       49 R/+   (~Q2)
--)C2 n-  Q13) ral 3c* :la ut                5                       or
(go:                                     5 or0 10 (in which general
fcrmulae (5) to (20): V denotes a divIent organic radical with one to three
carbon atoms; n is 0, 1 or 2; and RJ, R, and R,, which may be the sanic or
different, arc each a hydrogen, chlorine, * '   10      bromine, iodine or
fluorine atom or a nitro, nitrile, di-lower alkylamino, di-lower-    10
alkylaminocarbonyl, lower alkanoylamino, lower alkoxycarbnyl, lower
alkanoyloxy, 



lower Olky), lower alkoxy, sulphainy), or trifluoromethyl group;) Y denotes
an alkyl, alkcnyl, cycloalky] or cycloalkenyl group with up to 10 carbon
atoms, or a vinyl, propenyl, mono-, di or tri-ha]o-lower alk:yl, aryl or
heterocyclic 15      group, or an aralkyl group with up to 8 carbon atoms;
15 'p zr      15 .   ._.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 CA'-
'. or       *-c'=        t-  t~') .~~~~~~~~ .~ ..- 25    *50
1,301,961            * Il  II''  N0 '  '    '' I "'''|__ f ,  ,,,, ,  , ,,.
_ ,_,_     ,.  ,.._ _ .._.___  _ ._ _ _   _ ._ _ _ _ _ _ __ _ _ _ _ _ __ _
_ _ . _ __ _ _ _ _ _ _   .  . -   .    .  .   . (in which gencal) ornin.'ae
(21) to (27) nt denotes an integer of from 3 to 5, and the arrow in cie di
;!:nt group Z means that the linkage of the two free valencies of the group
Z--wit'. the nitrogen and carbon atoms of the group of genertl formula CO
-N- 5       is not arbitrary,.but iFgsriientated as indicated by the
arrow), :=--\ E denotes an oxygen or. -11phur atom; and Q denotes a
divaler.t radical; B denotes a pheny! grouap, or a phenyl or thienyl group
substituted by a lower alkyl, lower alkoxy or lower alkylthio group or by a
halogen atom; 10      R., R., and RG denote alkyl radicals having up to 6
carbon atoms; and                      10 W denotes a halogen atorl or an
azide group]. . - 2. The-proceFss of claim 1 in which A is a group of the
general formula (4) and        IJ Q is a divalcnt group of the gencral
formula:- G                                    6           F       GI 461
.) 6               1  h~ i7   (R                 '    Sin  v 1Y4' H,3 pr
(C)Co                                 .    *17'o-
5       Gi i thle asi 10      M i ~~~~)~~  0j2   F
151 G                          L p   g=1,2 or 3   -  -   . 0 -7 ~ ~ ~ ~ ~
~ ~ ~ ~ ~ ~ .... .. . .                            . ...
I :' r~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i 1)O  Oz 2  C  ~  'C-)zr~n 31. : . .
... ... ... aF      6           6              |         g=oor 1_ Ap;C
,-vC-Y   t    Fal;             g               1  C.l .~~~~~~ .   ..., =
. 0        ~~~gni j        ~~~~gr    I llII!  lil ll   ll l  II 50
li-                                    1,301,961       *       cM d the if
thc                                  &                 G 



jP G                      -                           -J 5 5
-  . .   -  -   -  .   .   :~~~~~~~~. ilkyl,
2 -(--c    .ut C/Ik :                  <a                  j'   (-t5J 10
2    ' i and or in which genera' formulae (28) to (34): 5      G is a
hydrogen atom or a lower alkyl group;
5 R, and R, are as defined in ciaim 1; the arrow means that the linkage of
the two free valcncies of the group Q with the two nitrogen atoms of the
group of general formula (4) is not arbitrary but is orientated as
indicated by thc arrow..-.; and 10     M is a group of the general formula:
-                                              10 15 j2.3  4C5 tc) -(ri--C
-(c----   3qj 15~~~~~~~~~~~~~~~ G           G &I5=  0, I ar2 or
- -45;)-F               (k         wo  g   = 2 or 3 6           G      ' -
[in which E and G are as defined above]. 3. The process of claim 1 in which
A-denotes a group of the general formula: - XCON-                 ; 15
X                  (2)        or       r    A)15 in which X, Y, and Z are
as defined in claim I -and B is a pheny. group, a thienyl group, or a
phenyl group substituted by a lower alkyl, lower alkoxy, or lowget
alkylthuo group or by a halogen atom. *
I          tv~~f    a~~                                ~
~~~~~~~~~~~~~~~~~  l lllll 111111 11111 11111 11111! * C   L   M   S * 52:
1,301,961                                         52 4. The prnzess of
claim  1 or 2 in which A denotes a group of the general formula: - ..-
-                -- *--.       .- .   ~        _    t.-      - . N-N--~   /
\<q/ (i~4 in which E and Q are as tit fmed in claim 1 or 2. 5           5.
The process of claim I or 3 in which the group A is:             -
5 CH,-CO-N- (41) 6. The process of claim 1 or 3 in which the group A is:
CH,-CO-N-              ;-                         .              I
CH,-CH--- CH2 (42) 7. The process of claim 1 or 3 in which the group A is: 



co *C!
I. 10                                             VV_
'         10        1 8. The proce.ssof cl.aim 2in which the gr'up Ais:
- I co               , .. . .                                       (52 9.
The process of claim 2 in which the group A is:    -
1 - -i S
~~~~~~~~~~~~~~~~~~(52 LI~~~~~~~~~~~~~t ~~~~~~~~Sol C-
-;                         ! AN ~~~~~~~~~~~~~~  0(52, (52 (54 10.
Theprocessofc'im !1 or3inw1i-ci thegroupAis:                         j
25 15        -                            CH                 -     :
-         - .15                           ge *~~~~~~~~~ -
. .                      153  I N-CO-N-                      :tc CFI,
CM3                                             1   30       co. (46)    52
53                                       1,301,961     *   C   L   M    S
* teral                         11. The process of claim 1 or 3 in which
the group A is: [err] 12. The process of claim 1 or 3 in which the group A
is: [err] 5          13. The process of claim 1 or 3 in which the group A
is:-                          5 14. The process of claim 1 or 3 in which
the group A is: [err] [err] 10 15. The process of claim 1 or 3 in which the
group A is: - 10                                              [err]
10 16. The process of any preceding claim in which B is a phenyl group. 17.
The process of any preceding claim in which C* is in the R-configuration.
18. The process of any preceding claim in which a compound of general
formula (52) in the form of its condensation product with acetone is used
the said condensation 15      product having the general formula (53) in
which G is a methyl group.                 15 19. The process of any
preceding claim in which a compound of general formula (52) or (53) is used
and the solvent is a mixture of water and a water-miscible organic solvent
maintained at a pH of 6.5 to 8.0 20. The process of any preceding claim in
which a compound of general formula 20      (52) or (53) is used, and about
2 mol equivalents of base are present.                20 21. The process of
any preceding claim in which a compound of general formula (52) or (53) is
used and is present in an excess of 0.1 to 0.3 mol equivalents. 22. The
process of any of claims 1 to 17 in which a compound of general formula
(54) or (55) is used in the presence of a tertiary or secondary organic
amine. 25         23. The process of claim 21 in which up to one mol
equivalent of base is present.  25 24.  The process of any of claims 17-20,
22 or 23 in which the compound of 15                general formula (56),
(57), or (58) is present in an excess of 0.'--1.0 molar equivalents. 25.
The process of any preceding claim in which the reaction is carried out at
a temperature of 0-[err]. 30          26. The process of any of claims 17
to 25 as dependent on claim  3 in which a     30 



compound of general formula (52), (54) or (55) is reacted with a compound
of general    


