70 RR.

1-(2-Diethylaminoethyl)-4(5)-styryl-5(4)-nitroimidazole (I).
1o 063 g of Nuin 20 wl of ethanol was added 5 g of 4(5)-styrvi-
St -nitroimidazole™ in 100 ml of anhvdrous GO (stirring 1
solvent was removed nnder reduced pressure, aud the resultant
orange sodiun salt was reerystallized from 2-propanol-petiolenin
ethier (bp 40-60°) A mixture of 10 g of thixsodiumn salt and 8.9
2 of 2-diethvlaminoethyl chiloride in 30 ml of dry N, N=dineilivl-
fornsmide (DMF) was refinxed for 90 niin, eooled, and poured
o water. This snlul wits collected and recrvstullized from
IO mp 95-06°, vield 9.983 g (757,

. Caled for CellaNaOy: O, 6495 H, T.00;0 O,
N, 17.870 Found: €, 64.48; 11, 7.17; O, 10.H4; N, 17.45.

Chromatographic separation of 1he mixture on a column gave
Lo, wp 67-68°, 725 0920 and 1y wp 100-101°, Ry 0.74, See
Table 11.

1-(2-Pyrrolidinoethyl)-4(5)-styryl-5(4)-nitroimidazole (II).--
Thix ecompound was prepared i the <ame way as T and vecrystal-
lized from 2-propiauol; mp HE2-114°, vield 11.78 (80.577).

Anal. Caled for CrleN,Op CO 65570 H, 641 O, 10.24:
N, 17.94, Found: (, 200 1L 0.o1: O, 1045 N, 1775,

Cliromatographic sepamition of the nixture onx eolunm gave
L, mp HIH=116°, ¢ 0.40, aud b, mp 95-H0°, R 0.65.

1-(2-Piperidinoethyl)-4(5)-styryl-5(4 )-nitroimidazole (III) wax
prepaved in the snme way as Tand recrystallized fram EtOH;
np 1T10-111°, vield 8.25 g (601 ).

dnal, Caled for CpBaaNgOg: C 6625 H, 6.70; O, 0.=0;
N, 17.16. Fomuld: €, 66.07: 1L, 6970 0, 0.75; N, 16.00.

Chronwtographic separation of the mixtme on g eolumn gave
T, mp 88-89°, R 0.43, and I1Ib, mup 116-117°, 127 0.64,

1-(2-Morpholinoethyl)-4(5)-styryl-5(4 )-nitroimidazole (IV) wux
prepared as described for | uand recrystallized from EtOH: wp
127-128°, vield 8.99 g (65 /).

dnad. Caled for CrluaNOy: (' 62,18, 11, 614 O, 14.82;
N, 17.06. Found: C, 61.86; I, 6.23: O, 14.79: N, 16.80.

Chromatographie separation of 1119 wixture on a column gave
IV, mp 138-139°) Ry 0.32, aud IVD, mip 140-141°, R 0.59.

2-Methyl-4(5)-styryl-5(4)-nitroimidazole.-—A niixture of 15 g
of 2,4(2,5)-dimethyl-314 -nitroimidazole, ¥ 30 ml of benzaldehyde,

0. 18

12y AL Winddiaus and W, Langenberk, Ber., 56, G83 (1922,
Pty N WirnDmos, (hid., 42, 758 (1H0D),

Raar axo . G,

Micemricn Vol 11

atd 2l of piperidine was heated (o1l huth)y o HO-150° After
cooling, the solid was collected and washed first with TLO (o
remmove the unreneted 2402,5)-dinethvl-5(-nitrobidazole, then
with FOH o remwove the eddored material. Recrvstallizition
roin HOAe gove 10 g 141.470) of Zomethvi400-=stvevl-ond =
bitroinidazole, mp 2470 -241°,
el Caled (or CuHONDG Cos2.870 H, 484 O,
NLKen Found: C, 02080 11 4,050 O, 14.07; N, 1855,
1-(2-Diethylaminoethy!)-2-methyl-4(5)-styryl-53(4 )-nitroimid-
azole i1V).- "I'n 5 ¢ of the sodimm =alt of 2-methyvi-4(5)=tyrvl-
M4 -ntronmdazole in 20 ml of drv DME was added 2.20 ¢ of
2-diethylannnocethyl ehiloride. The mixture was refluxed for DO
wiv, cooled, and ponred into water:;  (he solid was (nlleuul
Recrvstallization {rom ECOH gave Vo mp 93-94°, vield 2.74 ¢
1700
cbnado Caled (or OGN O C 65825 T, 75360 O, 0.7
N, I706. Found: ¢ 65750 11 7,530 O, DOR: N, 16.07.
The sodium salt wix prepared nx described fov 1.
1-(2-Pyrrolidinoethyl)-2-methyl-4({5)-styryl-5(4)-nitroimid-
azole (VI) wax prepaved ax deseribed for I ap 100-101°) vield
284 ¢ (T3V0.
s Caled Tor CullaNOs €, 66240 1, 6,70
17060 Found: C, 6571 1, 6.71; 0O, D.84: \ 177
-(2-Piperidinoethyl)-2-methyl-4(a) styryl- 5(4) nitroimidazole
i VII) wus prepured ns described for 1: mp 122-123°, vield 3.08
w6
dnal. o Caled for CulyNOa C) 67.04; 1 70011 O, D40;
N, 1646, Found: €, 67.04: H, 7.22; O, 9.81; N, 16.28.
1-(2-Morpholinoethyl)-2-methyl-4(5)-styryl- 5(4)-n1troimid-
azole (VIII) wits prepared s deseribed for It mp 125-126°, vield
176 g (43700
. ( 1l<(l for C,HaNt),:
N, 16.36.

15006

0, b8 N,

Os. 140 T 648 O, 1402
Found: (,(;_‘.‘.),, M, 6.52; 0, 14200 N, 16.20.
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Penicillins and Cephalosporins from lsothiazolylacetic Acids
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A unmber of sothinzolylacetic aeids have beeu xyuthesized cinding the three isomerie msubstituted isothi-

azolvlacetic acids, 4-chloro-3
acetie acid, and 3

-isothiazolylacetic ac 1d 4-bromo-3-isothiazolylacetic neid,
3-methyl-5-isothiazolylacetic acid. The penicillins and cephalosporins prepared from these

3-methyl-4-isothinzolyl-

acetic acids by the activated ester method exhibit good autibacterial activity, particularly the uusubstituted

derivatives.

The antibacterial activity of the unsubstituted potassium 6-{isothiazolylacetamido)penicillanates

agniust gran-uegative niicroorganisms is considerably higher thau that of bensylipenicilliin.

Little reeent information iz reported i the hterature
o nnidogs of benzyvlpenieillin! (penieillin (1), As part
ol 1 study on the effect of the wrvl group on the anti-
Ducterial  activity  of heteroarvimethylpemeilling  we
svithesized several isothiazolylacetic acids? aud from
these the corresponding penicillinsg (I) and eephalo-
sporins (IT).

3-Isothiazolvlacetic neids (III) were pxepned from
the 3-methylisothiazoles by 1 =equence involving
bromination with  N-bromosuceinnnide, evanation.

(0 Vor reerdnn ceviews o proaicillios amd oreluretl sirtndnres sers G
0P, Dovie and Jo 10 Co Navler, Advoa, Proowg Res,o 1,0 (1064): () . )
Srewirl ite Penivillin Group ol Deugs,” Visevier Publishing (., Vsters
dieon, 1965 e 1 P Nbrahwin, Quort. Ree, (Loudon). 21, 231 (19674,

221 Yor o reennn review on sothixzole roemistey seer R Suek wnd XL
R, Wowddeidue, Adraa, Helvroeyelde Chre, 4, 107 110659,

methanolysis, und hydrolysis. The required 3-methyl-
1isothinzoles were obtained by reductive demmination
of the corresponding 3-methyl-s-nminoisothinzotes 1
4= and S-isothinzolylacetic neids (IV and V) were all
successtully prepared from the corresponding carboxylic
acids via the Arndt-Eistert synthesig®.  Isothiazole-4-
carboxylie acid could be prepared either by a perman-
ganate oxidation of 4-methylisothiazole or by bromina-
tion of isothiazole. followed by eyanation and hydroly-
sis,  Table I lists the various isothiazolylacetic acids
prepared and their muor parnneters,

iy VL Addams amd R Stuek, S Clhepe, Sov., 3061 11959,

(DL Varcimwre, Dydl Joaes, R. Slack, and K. R. 1. Wooldridge

dad., 2082 119631,
3oy WL Parehauoon and WS, Sirnve, Ocg, Keactiops, 1, 38 (1012,
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Tasre I
ISOTHIAZOLYLACETIC ACIDS
— Mp, °C
2.4-
p-Nitro- Dinitro-
phenyl  phenyl ———==Nmr absorption?® (§,7}=——"—— Neutr equiv
Compd Isothiazole deriv Acid ester ester CH; CH; Hs H¢ Hs Formula Caled Found Analyses
Ifa®  3-CH:CO:H 130-132  82-85  Oil 8.18 ...  2.6% 08 C;HNOsS 143 143 C.H,N.§
IVa 4-CH:CO:H 117-119  73-75  100-102 6.38 1.54¢ ..  1.37¢ CHNOS 143 143 C.H.N.8
Vac 5-CH.:CO:H 153-155 76-80 Ol ... 813 162  2.88 CsHsNO:S 143 140 C.H,N,§
dee
IIIh 4-C1-3-CH:CO:H 109-110  93-97 6.22 . 1.25  CsH(CINOsS  177.6 177 C.H.N
Illc 4-Br-3-CH:CO-H 108-109 ...  88-90 . 6.18 . 111 GsHiBrNOsS 222 210 H, N: C*
IVh 3-CHs-4-CH:CO:H 160-181 80-81 T.64 6.47 L. 14t CHNOSS 157 149 C.H N
Vb 3-CH;-5-CH:CO:H 144-145 7.67  6.22 3.15 CeHiNO:S 157 163 C.H.N
dee
@ The nmr spectra were measured in D.O from either the sodium or potassium salt. ® Coupling constant Js; = 5 eps. ¢ Coupling
constant J34 = 2 cps. ¢ The assignment of H3 and H? is not certain. ¢ C: caled, 27.04; found, 26.60.
TasLe 11
Mintvesm Inutsrrory CoNceENTRATIONS (ug/ml) oF PoTassitm 6-([SOTHLAZOLYLACETAMIDO )PENTICILL AN AVES
S CH,
RCONH:
N CH,
0 CO,K
—Gram-positive microorganism —Gram-negative microorganismg—————-—
D. S. 8. aureus Smith E, S. S. K.
No. R preumonice pyogenes — serum -+ serum coli enteriditis typhosa pneumoniae
CH,
1 Vi \N: 0.016 0.008 0.016 0.031 25 0.8 1.6 1.6
»
CH,
2 /l_g 0.008 0.008 0.031 0.031 12.5 0.125 1.6 1.6
8
3 g 0.004 0.004 0.016 0.016 12.5 0.125 1.6 1.6
o, CH,
4 z_\(_ 0.016 0.008 0.016 0.125 20 3.1 12.5 25
N
Br, CH,
5 z—\{r 0.031 0.016 0.031 0.125 100 6.2 25 50
S/L
CH; CH
6 0.008 0.008 0.031 0.031 25 0.8 3.1 3.1
N
7 & 0.004 0.004 0.016 0.031 25 0.8 6.2 6.2
i
NN,
@—CH_.— 0.008 0.008 0.016 0.016 50 0.8 6.2 6.7
Ampicillin 0.008 0.008 0.031 0.031 6.2 0.125 1.6 1.6
CH acetic acids and p-nitrophenol or 2,4-dinitrophenol using
CH,CONH ! SCH3 N,N’-dicyclohexylcarbodiimide as condensing agent.
R—/l:l_> CO.K Triethylammoniun:  6-(isothiazolylacetamido)penicil-
2 . . .
N\S lanates and 7-(isothiazolylacetaniido)cephalosporanates
were obtained from the reaction between these activated
I esters and the triethylammonium salts of 6-aminopenicil-
Iinic acid (6-APA) and 7-aminocephalosporanic acid
CH2C0NH7;\/ (7-ACA), respectively. The triethylannumonium salts
R CH.OCOCH, were converted into the potassium salts'I and II. by
treatment of their methanolic solutions with potassiuu
COK 2-ethylhexanoate. The p-mtrophenyl esters were suf-
I ficiently active for the preparation of the penicillins,
except when an o-bromio or o-methyl substituent was
R CH,COH R X CH.COH R ) present in the isothiazole ring, in which instances the
2/ \N N ) No D dinitropheuyl esters had to be employed. Triethyl-
s~ S 87 “CH.COH S e o
ammoiiuin - 7-aminocephalosporanate reacted very
IH;’II{{ = Cl “ﬁ’ E = gH Va ¥=Ié slowly with the p-nitrophenyl esters of the unsub-
= = 3 = . . . . . .
, R = Br ’ stituted isothiazolylacetic acids, but also here the di-

p—NitropheuyI— and 2,4-dinitrophenylisothiazolylace-
tic esters were readily obtained in high yields from the

nitrophenyl esters reacted smoothly.
Antibacterial Acitivity.—The compounds were tested
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Tasry I
Mty INHIBITOLY CONCENTIATIONS {(ug/11l) 01 POTassizat 7-( 180T AZOLY LACETANIDO JCETT ALOSIOLAN ATES

RCONHT/ >
N A

0 CH,OCOCH,
COK
R | - ~Gram-negR iy e DHRZOODKRINISIE
Pouirillin G sensitive Penicillin G resistant I . S, K.
Nuo. R -~ Rerini - seruin oSerL + oweri vols eateriditis tig physs TREUmo iy
CH,
N I\ 0125 0.2 0.8 0N 50 1.6 12 12,5
57¢
CH, .
Y / 10,125 0.4 [EI) 0N o0 L6 Sl 6.2
‘\\S
N -
1 A\'\‘\)\(,H‘ 0120 0.2 0.8 L. 20 1.6 o1 .2
CH. CH,
It 7\ .25 0.4 U= 0.8 100 il 25 25
N
\ X -
B 016 0.4 0.4 0.8 25 0.3 i1 6.2

for antibacterial activity by Dr. A. Goureviteh and hixs
associates in the Mierobiology Department of Bristol
Laboratories, Syracuse, N. Y., using published tech-
nigues.S  Minimum inhibitory concentrations (MIC)
were determined using a twofold serial dilution tech-
nique in heart infusion broth in the absence of serum
and i1 the presence of 509 pooled human serum.  The
inocula were 10* dilutions of overnight cultures.

In Tuble II the MIC values of the penicllins 1-7
agaiust several microorgnuisins ;we compared with the
values for G-(p-(—)-a-aminophenylacetamido)pemeil-
tanie neid CGunpicitlin and penieitlin G, obtuined under
the saume conditions. Tt is evident that these lso-
thinzole penieillins represent n class of highly active
antibaeterials,  The  un=ubstituted compounds 1-3
exhibit considerably better activity ngainst gram-negn-
tive organisins than the substituted compounds 4-7,
although the activity against griun-positive organdsins
ix not much affected by =ubstitution. The most ac-
tive compounds, 2 und 3, while showing approximately
the stume aetivity against griun-positive bacterin as
penicillin G, are considerably more netive against gram-
negative baeterin and thelr activity compares favorably
with that of mupieillin, - The vesults of in eivo experi-
ments were consistent with the high e vitro netivity,
When admimstered by the intramuscular route, the
medium curntive dose I mice for 1-3 against the
Suuth strain of Staphylococeus aureuws was found to be
1.0, 0.35, and 0.6 mg/kg, respectively, compared to 0.3
mg/kg for mmpieillin: for 2 and 3 the medium eurative
dose nguinst Klebsiella pnewmoniae wins found to be
45 and 22,5 mg/ kg, respectively. compared to 95 myg kg
for ampieillin. - As expeeted, none of the compounds
1-7 showed any appreeiable ncetivity ngainst pemcil-
lnase-producing =trauns of Staphylococeus awreus.

In Tuble TIT the MIC values of the isothiazole

organisms e compared with the vidies for cephalothin
obtained under the sane  conditions.  Again =sub-
stitution of the isothiazole ring decreases the activity
aguinst  gran-negative organisms (11). The unsub-
stituted compounds 8-10 exhibit an antibacterial ae-
tivity very simibue to eephalothin both 7n wiro nnd

VG AL Groaevited, G0N, Huont, Jo Ry Laoieer, O O Cioroaek, aoed

Lot Mype. Soe. Eeptl, Biol. Med. 107, 455 (196 13,

i vivo; however, none of the new cephalosporins
shows a definite improvement over cephalothin.

Experimental Section®?

5-Amino-4-chioro-3-methylisothiazole Hydrochloride,-—A «ilu-
tion of S-amino-3-methylisothiazole? (17.8 g, 0.156 wmwole) in
a mixmure of CgHy (200 mi) and AcOH (20 ml) was cooled i an
ice—salt mixture,  With stirring Cls was passed into the mixture
at sueh a rate that the temperature did not exceed 10°. The
addition of Cls was stopped after the exothermic reaction had
ceased rafter npproximately 30 min). The product was filtered
off, washed with ether, aud then dissolved in MeOH (75 ml).
T'he methauolic sohtion wus treated with decolorizing carbou,
whereafter the hydrochloride was precipitated by the addition
of ether, followed by eooling.  The pale vellow produet wius
flitered off and mmounted to 21.0 g (734

4-Chloro-3-methylisothiazole..-— A solution of NaNO. (14.5 g,
0.21 mole) in 60 ml of 1,0 was added dropwise in 45 min o a
stirred  hougeneous mixture of 4-chloro-3-amino-3-methylixo-
thiazole hydrochloride (33.0 g, 0.18 mole), coucentrated .80,
(50 ml), nud 8555 FLPOy (50 mil). The temperature of the rve-
netion niixture was kept at 0-5°. The orange diazotization mix-
ture thus obtained was added in portions with stirring to 250 il
of a 3050 agueous PO, solution in which sonie CinQ was
suspended.  During the reduction the temperature of the redue-
o nuxture was kept between 25 and 35°, When, duriug the
deamination, the rate of Nyevolntion decreased, a small additional
mnoit of CuyO was added.  The resulting brown reaction 1in-
ture was cooled and made weakly alkaline by the eareful addition
o 1 d0U ¢ aqueotts NaOIT solution.  This mixture was stemmn dis-
tilled nntil approxinnately 400 ml of distillate had beewu collectod.
The organie layer was taken up in ether and the agnenas layer
was extracted with three 75-ml portious of ethier. The combined
ether sohitions were dried, whereafter the ether was removed and
the residue was distilled under reduced pressure.  All muterial
dixtilled ax a colorless Hguid at 59-61° (18 nun), and anounted
to 9.7 g (557>, The compound has been reported o have Lip
1O56--160° (atm pressure),

4-Bromoisothiazole.-— Bromine (500 g, 3.13 moles) wus added
dropwise over & I-hir perlod to a stirred solntion of isnthinzolet

T AN tewperaonres are uucorrecred.  1r specira were obiainml on a
Perkin-Elmer Inlracord speciropliviomerer Mydel 137, ninr spectra with
a Varian Associates Moiel A-60 spectromerer {TAMS).  JMicroanalyses were
prrlormed by Dres, G, Weiler arud Y. V. Scrauss, Microanalydcal Laboratory,
Oxford, ngland.

(8) As most of 1lie experimenial procedures have already been describeldd
it recene patents,® puly uew nr improved experiments are reporved )ere.
Wliere analyses are indicated only by symbols of elements, analytical resul(s
ohained for (hinge elenternis werr within £0.4% ol the thepretival values.

9 R. Raayr, R. UL Lerniens, awd R. G, Micetiel, U, 8. Pareurs 4,268,024
wand 2,271,107 (1465,

05 ML 1Y L. Coooone DL DL dones, R Slaek, amd K R Wooldridae,
S Clogt, Soe,, 116 11064,
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(200 g, 2.35 moles) in 1.5 I. of AcOH heated on a steam bath at
95°. When the addition was completed the mixture was heated
on the steam bath for an additional 6.5 hr, whereafter it was
left at room temperature overnight. The mixture was poured
into 4 1. of ice-water. The aqueous layer was extracted with eight
150-ml portions of ether. To the combined organic layers was
added 6 N aqueous NaOH, with cooling and stirring, until the
aqueous layer was slightly alkaline. The aqueous layer was ex-
tracted with four 100-ml portions of ether followed by drying
and removal of the ether by distillation. The residues of two
batches were combined for a final fractional distillation under
reduced pressure, which yielded 112.2 g of unreacted isothiazole,
bp 30-39° (13 mm), and 154.6 g (289, based upon unrecovered
starting material) of 4-bromoisothiazole, bp 57-60° (14 mm), mp
34-37°, 1it.)® mp 31-33°.

4-Cyanoisothiazole.—A mixture of 4-bromoisothiazole (77.3 g,
0.47 mole), CuCN (63.0 g, 0.70 mole), aud DMF (150 ml) was
heated under reflux for 45 min. After cooling, the reaction mix-
ture was added to a solution of NaCN (84 g, 1.7 moles) in 250 ml
of H:0, with vigorous stirring. When the mixture had reached
room teniperature again, it was extracted with four 150-ml
portions of ether. The combined ether extracts were washed
with 150 mi of 105, aqueous NaCXN, followed by drying and treat-
ment with decolorizing carbon. The solid residue obtained after
removal of the ether was washed with 100 ml of cold hexane
to give 27.0 g (53%,) of pale yellow plates, mp 94-96°, lit.!? mp
87°.

Isothiazole-4-carboxylic Acid.—4-Cyanoisothiazole (28.6 g,
0.26 mole) was dissolved in 125 ml of concentrated H,SO..
The resulting solution was heated at 60° for 16 hir, whereafter it
was cooled and carefully diluted with 65 ml of HO. The mix-
ture was cooled in ice and under vigorous stirring a solution of
NaNO: (26.0 g, 0.39 mole) in 60 ml of HyO was added dropwise
in 1.5 hr. When the addition was completed the reaction mixture
was heated at 55-60° for 15 min, then it was poured into 300 ml
of ice-water. The white solid was filtered off and dissolved in
200 ml of warm EtOAc. The filtrate was extracted with three
75-ml portions of EtOAc. The combined EtOAc solutions were
dried and concentrated to a volume of approximately 150 ml,
followed by the addition of 100 ml of hexane and cooling. The
product was collected by filtration; yield 30.0 g (905;) of white
solid, mp 162-164°, lit.> mp 162°. The material was identical
with that prepared by a permanganate oxidation of 4-methyl-
isothiazole.®

Isothiazole-4-carbonyl Chloride.—A mixture of isothiazole-4-
carboxylic acid (82.0 g, 0.635 mole) and SOCI; (250 ml) was heated
under reflux for 2 hr. The excess SOCl, was renioved and the
residue was distilled i vacuo to give 88.0 g (94%;) of colorless
liquid, bp 59.5-60° (2.5 mm).

4-Isothiazolyl Diazomethyl Ketone.—A solution of isothjazole-
4-carbonyl chioride (14.3 g, 0.097 mole) in 20 ml of ether was
added carefully to an ice-cold 0.4 M ethereal CH.N; solution
(500 ml). The mixture was left at room temperature overnight,
whereafter it was concentrated to dryness leaving 15.0 g (1019)
of solid residue. Without further purification, the material was
used for the next step. A small sample was recrystallized from
benzene-hexaie to give fine yellow needles, mp 57-59°.

Methyl 4-Isothiazolylacetate.—A mixture of isothiazolyl 4-
diazomethyl ketone (119 g, 0.73 mole) and 400 nil of MeOH was
heated under reflux in the presence of freshly prepared Ag.O.
The extent of the reaction could be followed by the disappearance
in the infrared spectrum of the diazo band at 2100 em~! and the
emergence of the ester CO band at 1740 ecm™!. A total amount of
AgO of approximately 20 g was added in portions over 9 hr,
The MeOH was removed uuder reduced pressure and ether was
added to the residue. The suspended solid was filtered off and
the filtrate was washed once with 1 N HCIL. The residue obtained
after drying and removal of the ether was distilled in zacuo to
give 80.0 g (709;) of product, bp 71-73° (0.2 mm). The ethyl
ester, bp 80-82° (0.3 mm), could be prepared in the sanie manier
by using EtOH as solvent (685 yield). A reflux time of 2 hr
was sufficient in this instance.

Activated Esters.  General Procedure.—Isothiazolylacetic
acid (10 mmoles) and p-nitrophenol or 2,4-diuitrophenol (10
muloles) were dissolved in anhydraus Ft)Ae, dioxune, or THEF

(1D (a) . Wille, I. Capeller, and A. Steiner, Angew. Chem. Intern.
Ed. Engl.. 1, 335 {1962); (b} R. Raap, Cun., J. Chem., 44, 1324 {1966).

(12) F. Hubenett, ¥, H. Flock, W. Hansel, H., Heinze, and H. Hofmann,
Angew. Chem. Intern. Ld. Eugl., 2, 714 (1963).
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(30 ml) and the solution was cooled in ice. N,N’-Diecyclohexyl-
carbodiimide (10 mmoles) was added with stirring, whereafter
the reaction mixture was left at room temperature for 1-2 hr.
The N N'’dicyclohexylurea was filtered off and washed with
some EtOAc. The combined filtrate and washings were concen-
trated under reduced pressure, leaving the activated ester as a
solid or thick wax, which generally crystallized on scratching.
The esters thus obtained (Table I) were sufficiently pure for the
next step.

Penicillins and Cephalosporins. General Procedure.—6-APA
or 7-ACA (10 moles) and Et;N (20 mmoles) were shaken with
CH:Cl; (20 ml) until the mixture was homogeneous. The mix-
ture was cooled in ice and the activated ester was added in one
portion with stirring. The reaction mixture was allowed to come
to room temperature and usually left overnight. The extent of
the reaction was determined by periodically obtaining an infrared
spectrum of the mixture and comparing the relative intensities
of the bands at approximately 1770, 1690, and 1600 cm ™!, due
to the B-lactam, amide, and carboxlate carbonyl, respectively.
When the reaction was complete, excess dry ether was slowly
added with scratching. The solid or oily precipitate was again
taken up in some CH:Cl; and reprecipitated with ether. Next
it was dissolved in the minimum amount of dry MeOH, followed
by the addition of a 2.5 M solution of potassium 2-ethylhexanoate
in #n-BuOH (5 ml). The potassium penicillanate or cephalospora-
nate was precipitated by the addition of dry ether. The solid
precipitate was again taken up in some MeOH and reprecipitated
with ether. It was finally dried in vacuo over P.O; for 24 hr.
The over-all yield from the acetic acid was 50-809;. The purity
was estimated from the thin layer chromatogram, the ir and the
nmr spectrum. In every instance the purity was 909, or more.
As an example, a large-scale preparation of potassium 6-(5-
isothiazolylacetamido)penicillanate follows.

Potassium 6-(5-Isothiazolylacetamido)penicillanate.—To an
ice-cold solution of 3-isothiazolylacetic acid (42.9 g, 0.30 mole)
and p-nitrophenol (45.9 g, 0.3 mole) in anhydrous THF (500
ml) was added N,N’-dicyclohexylearbodiimide (61.9 g, 0.30 mole)
with stirring. The reaction mixture was cooled in ice for 45
min. The N,N'-dicyclohexylurea was filtered off and washed
with EtOAc (200 ml). The combined filtrate and washings were
concentrated to dryness to give a red-colored residue, which
crystallized slowly. A solution of triethylammonium 6-amino-
penicillanate was prepared by shaking a mixture of 6-APA (56.2
g, 0.26 mole), Et;N (72.7 g, 0.72 mole), and CH,Cl; (450 ml) for
1 hr at room temperature. This solution was added to the crude
p-nitrophenyl ester, cooled in ice. The reaction mixture was
cooled in ice for 1 hr, then left at room temperature overnight.
A small amount of insoluble material was filtered off and the
triethylammonium penicillanate was precipitated by the addition
of ether (approximately 1 1.) The material, which crystallized
upon scratching, was redissolved in the minimum amount of
CH.Cl; and reprecipitated by the addition of ether. It was then
dissolved in 150 ml of MeOH and treated with 130 ml of a 2.4 M
solution of potassium 2-ethyl hexanoate in n-BuOH. The potas-
sium penicillanate crystallized from the solution upon careful
addition of ether, with scratching. The product was recrystal-
lized twice from a MeOH-ether mixture and finally kept in vacuo
over PyO5 for 24 hr, to give 50.0 g (519, based on 6-APA) of
pale brown solid. The ir spectrum (Nujol) contained sharp bands
at 1765, 1670, and 1605 em ™!, ascribed to the g-lactam, amide,
and carboxylate carbonyl, respectively. The nmr spectrum (in
D.0) shows one-proton doublets (coupling constant J = 1.8
cps) 7 1.53 and 2.73, respectively, due to the protons in the 3 and
4 position of the isothiazole nucleus, a two-proton signal at 4.42
for the two B-lactam hydrogens, a sharp one-proton signal at
5.71 for the proton next to the carboxylate group, a sharp two-
proton signal at 5.88 for the methylene group, and two three-
proton singlets at 8.38 and 8.47 for the gem-dimethyl group.

Anal.  Caled for CsHKN;0:8:: C, 41.14; H, 3.72; K,
10.30; N, 11.07; 8, 16.90. Found: C, 40.44; H, 3.78; K, 10.23;
N, 10.90; S, 17.17.
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