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3.8 (26 mg) and the disnbstituted derivative (as shown by nmr)
(see discussion) was obtained in hold-back volumes 8.2-12.7

(18 mg).
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The preparation of the semisynthetic pyridylmethylpenicillins Ta—d and the related cephalosporins ITa—c¢ is

described. The 7n vitro antibacterial properties of these substances are reparted.

broad-spectrum activity.

The work described in this paper was undertaken as
part of a program designed to prepare, by chemical
modification of 6-aminopenicillanic acid? and 7-amino-
cephalosporanic acid,® semisynthetic antibiotics with
useful activity against both gram-positive and gram-
negative bacteria. In the penicillin series,* benzyl-
penicillin (penicillin G) has excellent in vitro and in vivo
activity against many gram-positive bacteria. How-
ever, it has only modest activity against gram-negative
organisms and has rarely proved clinically useful
against them. Phenoxymethylpenicillin (penicillin V)
has poorer gram-negative activity than benzylpeni-
cillin. The same is true of the sterically encumbered
arylpenicillius, e.g., methecillin (2,6-dimethoxyphenyl-
peuicillin) and oxacillin  (5-methyl-3-phenyl-4-isoxa-
zolylpenicillin) which were designed to have resistance
to staphylococcal penicillin lactamase.  The ouly
penicillin in elinical use with notable gram-negative
activity is ampicillin, the p-a-amino derivative of
benzylpenicillin.  Another amino derivative of benzyl-
penicillin, p-aminobenzylpenicillin, has also been re-
ported to have slightly enthanced in vitro gram-niegative
activity.? These data suggested that good gram-nega-
tive activity might be expected when the arylmethyl
side chain of benzylpenicillin was retained aund a basie
site was incorporated into the molecule.® The pyridyl-
methylpenicillins fulfill these structural requirements.
Scant data are available about structure-activity rela-
tiouships in the cephalosporin series, but it has been
suggested that the cephalosporin system is more
amenable than the penicillin systeni to the develop-
meut of derivatives which have gram-negative activity.”

(1) Part 111: A. W, Chow, N. M. Hall, J. R. E. Hoover, M. M. Dolan,
and R. J. I'erlauto, J. Med. Chem,, 9, 3351 (1966).

(2) F. R. Batchelor, F. P. Doyle, J. H. C. Nayler, and G. N. Rolinson,
Nature, 188, 257 (1959).

(3) (a) B. Loder, G. G. F. Newton, and E. P, Abraham, Biochem. J., 79,
408 (1961); (b) R. B. Morin, B. G. Jackson, E. H. I'lynn, and R. W.
Roeske, J. Am. Chem. Soc., 84, 3400 (1962).

(4) An excellent review of the more important penicillins is given by J, O.
Klein and M. Finland, New Engl. J. Med., 269, 1019, 1074, 1129 (1963).

(5) A. L. Tosoni, D. G. Glass, and L. Goldsmith, Biochem. J., 69, 476
(1958).

(68) (a) A recent report by W, J. Leanza, B. G. Christensen, E. F. Rogers,
and A, A. Patchett, Nature, 207, 1395 (1965), that p-gnanidobenzylpenicillin
has good in rire activity against the gram-negative organism Salmonella is in
agreement with this view. (h) R. Knox. ibid, 192, 492 (1961), considers
other possible determinants of gram-negative activity.

(7) R. R. Chauvette, E. H. Fiynn, B. G. Jackson, E. R. Lavagnino, R. B.

Morin, R. A. Mueller, R. P. Pioch, R. W. Roeske, C. W. Ryan, J. L. Spencer,
and F, Van Heyningen, J. Am. Chem. Soc., 84, 3401 (1962).

Same of themn show pramising

We therefore decided to prepare the three isomieric
pyridylmethylpenicillins®? and the corresponding ceph-
alosporins.
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a,R= @\-(ﬂ ¢R= N@-CH,,
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The penicilling Ia—¢ and the cephalosporins IIa—c
were prepared by condensiug the appropriate pyridine-
acetic acids with 6-aminopenicillanic acid or 7-amino-
cephalosporanic acid. The quaternary derivative Id
was obtained by treating Ib with methy! iodide. The
general method of preparing semisynthetic penicillius
aud cephalospirins by acylation of the appropriate
nucleus is well established,”® but its application in the
present case required considerable departure from the
custoniary techniques. The pyridineacetic acids or
their hydrochlorides were converted to their acid chlo-
ride hydrochlorides.’* The use of this technique for
activating the pyridineacetic acids? was particularly
advantageous in the case of the 2 and 4 isomers since
it avoided the necessity of handling these conipounds
in their unstable zwitterionic form.12 The acid chlo-
rides were coupled with 6-aminopenicillanic or 7-

(8) (a) An unsuccessful attempt to prepare two of the pyridylmethyl-
pencillins by biosynthesis has been reported by R. G. Jones, Q. F. Soper, O.
H. Behrens, and J, W. Corse, ibid.. 70, 2843 (1948). (b) Since the completion
of this work, C. Hansch and E. W. Deutsch, J. Med. Chem., 8, 703 (1965),
have suggested. on the basis of sequential analysis, that the pyridylmethyl-
penicillins might have good antibacterial activity.

(9) Since the completion of this work, successful use of tlie mixed anhy-
dride and carbodiimide coupling procedures for the preparation of 11> and of
some a-substituted derivatives of la and Ib has been claimed by L. C.
Cheney and J. C. Godfrey, U. 8. Patent 3,202,653 (1965).

(10) See, for example, J. R. E. Hoover, A. W, Chow, R. J. Stedman, N. M.
Hall, H. S. Greenberg, M. M. Dolan, and R. J. Ferlauto, J. Med. Chem., 1,
245 (1964).

(11) The conditions nsed (PCli—AcCl) have been employved for converting
amino acids to their acid chloride hydrochiorides. See, for example, H.
Zinner and G. Brossmann, J. Prakt. Chem., 5, 91 (1957).

(12) W. von E. Doering and V. Z. Pasternak, ./, Am. Chem. Soc., 12, 143
(1950).
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ANTIBACTERIAL ACTIVITIES OF PENICILLINS AND CEPHALOSPORINS
MICY g il
Nieepdo- K. N
s ~N. JoR it frpioe.
Compd? €208 e reus’ Fredlens =p. ctidd it i
Beuzylpenicillin 1.0 1. 1149 > TN 2 TN T
Awpicillin 1), (1) (VIR >10 B0 TN t.hn 10
Ia 1. (1Y {5 > 1l TN 125 T.N 1o
i (1 (S .15 > 1} ( 0.4 62 0 .~ o
1e 11,175 {1 > 1 1.0 1y a2 10 10
1d 1, 1620 >1n EY) a2 B2 1t |y
7-Phienylacetanidaceplinfosporanic aeid 1. 455 1.2 1N 4o Ih 6 B2 It R
Ceplutlothin 10.075 . 31 abe Eht TN [ o
a 0. 625 I 200 125 TN o2 TN IRy
11 15 0G24 | .20 ar2 TN TN (! 1.4
e 1175 1625 1.25 620 BT TN 1115 10

« Mensured in broth by serial twofold dilutions.
at 47° Tnoculnmy, 108 organisnis/ml.

b Coagulase positive, not phage typable.

lind paints were determined by nnceroscopic readings alter inenbiucon e 18 e

¢ Kinland 400, phage type 54 (penicillinase pradneer s,

4 Al compannds were tested as potassinm salts, except ampicillin and Id, which were nsed ax zwitterions.

aminocephalosporanic acid v chloroform  with  tri-
ethylamine as an acid aceeptor.’®  The isolation of the
amphoterie products was accomplished by a variety of
techuigues,  tucluding  ion-exchange  chromatography
in casex where simpler approaches failed.  In several
instances the isolation was facilitated by destroying
the residual G-aminopenicillanie or 7-aminocephalo-
<poranic acid by treatment with nitrous acid. '

The honiogeneity of each of the new produects was
demonstrated by paper electrophoresis and the in-
tegrity of the g-lactam system was proveu either by the
infrared niethod of Hoover, et al..' or by iodimetrie
titration.’  The umr spectra!® of all the new com-
pounds were cousistent with the proposed structures.!”
11 particular, the position of the double band i the
cephalosporins was confirmed by the presence of a two-
proton sigial at approximately 8 = 3.5 ppm, and the
abscnce of any vinylie proton siguals.’®  The three
pyvridylmethylpenicilling (In—¢) were found to be re-
markably stable to acid; thus at pH 2 and 25°, none
of them was appreciably degraded v 2 hr.'* Thix
stability is presumably attributable to withdrawal of
clectrons from the amide oxygen atom by the elec-
trostatic effeet of the protonated pyridinium ring. which
returds degradation to the penillic aeid.??

The n vifro activities of the new penicilling and
cephalosporius against a vartety of gram-positive aind
eran-tegative bacteria are reported in Table 1. Ior
compariso, the activities of benzylpenicillin, ampicillin
T-phenylacetamidocephalosporanic acid, and cephalo-
thin (7-(2-thienylacetainido) cephalosporanic acid} are

(141 Coupling in agneous solution gave inferior yields.

(141 See G, Cignarella, G. Pifferi, and F. Testa, J. Org. Chem., 27, 2668
(106:2).

(151 "'The United States Pharmacopeia,’” 14¢h Rev, Mack Publishing C.,
Laxtrm, Pa., 1050, p 429,

(161 Varian A-60 spectromeier; 1320 ax solvent:
zwillerion, all ocher compounds as their K salts,

¢17) The protons on nitrogen, and the benzylie protons of la, le, lla,
and 1le were lost by exchange with the solveni.

(18) ‘The ready migration of the cephalosporin double bhond and the re-
sulling clLaliges in the nmr spectrum are discussed by J. D. Cocker, S.
Favdley, G. 1. Gregory, M. E. Hall, and A. G. Long, J. Chem. Soc., Sect. €,
1142 (1966), and by R. R. Chauvetie and E. H. Flynn, J. Med. Chkem., 9,
T (10661,

(191 These data are based on hioassays against B. sublilis.

i20) 17, P, Doyle, J. H. C. Nayler, H. Smith, and E. R. Stove. Nature, 191,
1001 (1061,

J21) ‘The acid stability of the quaternary sall 1d was not investigated, oy

wenld Le expected to be eqnally great. The cephalosporin erivacives 11y~
shpnld Larve the acid stability ebaracrerisfie of 1he cepbalosparin vuelens,

1d was min as 1he

melnded.  The activitier against the gram-positive
bacteria follow a mare or less predictable pattern,
Against  Streptococeus.  Intecococeus, and  pemieillin-
atsceptible Staphylococeus the penicillins ave, generally,
more active than the cephalosporins; buat they are -
active against the penicillinase-producing Staphylocoe-
cus while the cephalosporius retain activity.  None of
the new derivatives 18 significantly more active than
the respective penicillin or cephalosporin cantrols
agallist gram-positive organisms, although in several
cases the activities are essentially the same.  However,
the 3- and Jd-pyvridylimethivl  derivatives  generally
satisfy the prediction of i eitro graimn-negative ac-
tivities greater than those of beuzylpenicillin and 7-
phenylacetamidocephalosporanic acid,  While the twa
penicillin derivatives (Ib and Ie) have én edtie activities
against L. coli equal to ar slightly less tlan that of
benzylpeuicillin, hoth are more active against Proteis,
Klebstella, and Salmonella typhtmuwrtwin,  The 3- and
d-pyridylmethyl cephalosporin derivatives (11b wnd
[I¢) are consistently more active than 7-phenylace-
tamidocephalosparanic acid against all four organismes;
they are more active than cephalothin against three of
the four organismz, the differences, however, heing
ondy one or two twofold dilutions, I contrast. the
2-pyridyl (Ia and 11a) and the quaternary (Id) deriva-
tives are generally less active, having aetivities equal
to orless than the controls,

Experimental Section

General.-~Carrected capilliey melting points are reported;
they are nat wecurately reproducible hecause all of the compounds
deseribed ntelt with extensive decomposition.  Quaditative and
quantirative infrared specira were obtained with a Perkin-Thner
Infracord. Flectrophoreses were rin on paper =trips (Whatinan
SMMy in s Dawrrnim-type vell tBeckinan Spineo Model 1V witl a
potential gradient of 20 v/em for 3 e in a butfer consisting or
1L.67¢; aqueans pyridine adjuxted to pll 5 with acetic weid.
Zones were detected by rheir iodine ah=arption,?* and their dis-
ranee of migration wis meastived fram a glucose marker: 1o-
bilities are expressed as thie ratio of the distanece traveled Iy the
compountd to that traveled by peuicillin G, Chloroforin used
in coupling expermments was freshly distilled from P.O.  All
operations involving the penicillins and eephalosporins wene
performed at or helow room tewmperature.  The potnssinm
2-etlivihiexanoare reagent was a 165 N =olntion of the salt in

2N R Thamas, Neafree, 191, 1161 (10611,


General.--CniTe.cted

Alay 1967

2-propanol.2?  Air-equilibrated samples were exposed to the
atmosphere (ca. 25° and 409, relative humidity) for several
days; all other samples were dried in vacuo at 25° and sub-
sequently protected from atmospheric moisture.

2., 3-, and 4-Pyridineacety! Chloride Hydrochlorides.—3-Pyri-
dineacetic acid and the hydrochlorides of 2- and 4-pyridineacetic
acids were obtained commercially. These materials were dried
in vacuo, suspended in acetyl chloride (1.3 1./mole), and cooled
inice. PCl; (2 molar equiv) was added portionwise with stirring.
The reaction mixture was stirred overnight at room temperature.
It was then cooled in ice and the excess PCl; was destroyed by
cautionsly adding acetone (2 molar equiv). After a further 10
min the acid chloride hydrochlorides were collected, washed with
acetyl chloride and then with ether, and dried briefly in zacuwo.
The colorless crystalline prodiiets were characterized only by
their infrared spectra; bands (in Nujol mull) at 4.0 (broad),
4.8, 5.0 (NH stretching),* and 5.6 u (C=0 stretching). Most
samples also showed a peak at 5.85 u, attributed to carboxylic
acid. The acid chlorides were used without delay.

Coupling Reactions. General Procedure.—To a suspension of
6-aminopenicillanic acid or 7-aminocephalosporanic acid in
alcohol-free chloroform (5 ml/mmole) was added a measured
excess of triethylamine. The solid dissolved after stirring at
room temperature for ca. 10 min, and the resulting solution was
cooled to —20° iu a Dry Ice-2-propanol bath. The appropriate
acid chloride hydrochloride was added portionwise, with stirring,
at such a rate that the temperature was kept between —15 and
—25°  After completion of the addition the reaction mixture
was stitred in an ice bath for 1 hr and then evaporated under
aspirator vacuum to dryness. The residue was treated as de-
scribed below under the individual compounds.

2-Pyridylmethylpenicillin (Ia).—The crude product from 93 g
(0.430 mole) of 6-aminopenicillanic acid, 62 g (0.323 mole) of
2-pyridineacetyl chloride hydrochloride, and 185 ml (1.32 mole)
of triethylamine was dissolved in 1.5 1. of water and washed with
ether. The resulting neutral solution was acidified to and main-
tained at pH 2 with HC! while aqueous NaNOQO, was added (foam-
ing controlled by adding a few drops of ether) until a permanent
positive starch—iodide test was obtained. After a further 15 min
the excess nitrite was destroved with ammonium sulfamate.
The solution was brought to pH 1 with HC] and washed twice
witl ether. It was then brought to pH 4 with NaOH, and cooled
in ice, whereupon the product crystallized as the zwitterion tri-
hydrate (50 g, 409%), mp 91-93° dec. This material could be
purified by dissolving it in water at pH 7 (NaHCO;) and repre-
cipitating by adding HCI to pH 4. After air equilibration, it
had mp 92-94° dec; infrared assay, 889;;% iodimetric assay,

987
Anal. Caled for CiHrN,O8-3ML,0: C, 46.26; H, 5.95; N,
10.79. Found: C, 46.43; H, 5.94; N, 10.93.

The unrecrystallized zwitterion trihydrate (15 g, 0.0383 mole)
was dissolved in a mixture of 60 ml of potassium 2-ethylhexanoate
reagent, 15 ml of 2-propanol, and 15 ml of water. The addition
of a further 210 ml of 2-propanol caused the precipitation of 8.60
g (609%) of the potassium salt of the penicillin. This mater:al
could be recrystallized by dissolving it in 1:1 2-propanol-water
and then adding a large volume of 2-propanol. The vacuum-
dried material had mp 232-235° dec; infrared assay, 1029%;
electrophoretic mobility, 0.60.

Anal. Caled for CisH s KN30.S: C, 48.24; H, 4.32; N, 11.25.
Found: C, 48.28; H, 4.535; N, 11.35.

3-Pyridylmethylpenicillin (Ib).—The crude product from
43.3 g (0.2 mole) of 6-aminopenicillanic acid, 29.6 g (0.154 mole) of
3-pyridineacetyl chloride hydrochloride, and 85.5 ml (0.611 mole)
of triethylamine was dissolved in 300 ml of water. The neutral
solution was washed with ether and treated with a solution of
36.0 g (0.10 mole) of N,N'-dibenzylethylenediammonium
(DBED) acetate dissolved in 400 ml of water. The DBED salt
of the product which precipitated amounted to 41.2 g (air dried).
This material was dissolved in 300 ml of methanol, and 150 ml of
the potassium 2-ethylhexanoate reagent was added. Addition
of 650 ml of 2-propanol to this mixture caused the precipitation
of 20.7 g (359, over-all) of the potassium salt of the produect.
This salt could be recrystallized by dissolving in 1:1 aqueous

(23) E. Jansen and H. Miickter, German Patent 965,753 (1957).

(24) L. J. Bellamy, "'The Infrared Spectra of Complex Molecules.”' 2nd
ed, John Wiley and Sons, Ine,, New York, N, Y., 1938, p 260,

(25) 1n our hands, a variety of apparently pure amine salts of penicillins
have given infrared assays of ¢a. 90%.
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2-propanol and adding a large volume of 2-propanol. The
air-equilibrated material® had mp 221-223° dec; infrared assay,
969.; electrophoretic mobility, 0.46.
Anal. Caled for CisHigKN;O8-0.5H,0: C, 47.10; H, 4.48;
N, 10.99. Found: C, 46.81; H, 4.66; N, 10.84.
4-Pyridylmethylpenicillin (Ie)—The coupling reaction was
carried out with 4.33 g (0.02 mole) of 6-aminopenicillanie acid,
3.84 g (0.02 mole) of 4-pyridineacetyl chloride hydrochloride,
and 9.52 ml (0.068 mole) of triethvlamine. The DBED salt
of the product (4.05 g) was precipitated as described in the prepa-
ration of Ib. This salt was dissolved i1 a mixture of 12 ml of
dimethylformamide (DMF) aud 4 ml of the potassinm 2-ethyl-
hexanoate reagent. Addition of a further 26 ml of the potassium
reagent and 300 ml of 2-propanol caused the precipitation of
2.19 g (299, over-all) of the potassium salt of the product. This
material could be recrystallized by dissolving in 1:1 water—2-
propanol and adding excess 2-propanol. The vacium-dried
salt had mp 221-223° dec; infrared assay, 969 ; electrophoretic
mobhility, 0.29.
Anal. Caled for CisHisKN3;048: C, 48.24; 11, 4.32; N, 11.25.
Found: C,47.91; H, 4.48; N, 11.27.
7-(2-Pyridineacetamido)cephalosporanic Acid (Ila).—The
coupling reaction was carried out with 5.45 g (0.02 mole) of 7-
aminocephalosporanic acid, 3.84 g (0.02 mole) of 2-pyridineacety]
chloride, and 9.52 ml (0.068 mole) of triethylamine. The crude
product was dissolved in 100 ml of water, washed with ether,
and the unchanged 7-aminocephalosporanic acid* was destroved
by nitrosation according to the procedure described in the prep-
aration of Ia. After extraction with ether at pH 1, the aqueous
solution was brought to pH 6.5 with NaOH and run through a
4.5 X 25 em column of 100-200 mesh Bio-Rad AG 1-X8 quater-
nary ammonium resin in the acetate form. The column was
washed successively with water, 1, 2, 5, and 109 acetic acid.
Product was detected (ultraviolet) in early fractions of the 10
acetic acid eluate. These fractions were freeze dried to give 2.26
g of fluffy residue. This was dissolved in 60 ml of water, ad-
justed to pH 6.3 with NaOH, and mixed with a solntion of 2.0 g
(5.55 mmoles) of DBED acetate in 20 ml of water. The salt
of the product which precipitated amounted to 1.22 g. This ma-
terial was dissolved in a mixture of 6 ml of DMF and 6 ml of the
potassium 2-ethylhexanoate reagent. The addition of 24 ml
of 2-propanol caused the precipitation of 0.81 g (99 over-all)
of the potassium salt of the product, which was recrystallized
from 1:1 water—2-propanol by adding excess 2-propanol. The
air-equilibrated material had mp 157-159° dec; quantitative
infrared assay, 1009; ;% electrophoretic mobility, 0.50.
Anal. Caled for CiHiKN;Os3-H,0: C, 45.63; H, 4.05;
N, 9.39. Found: C, 45.31; H, 4.28; N, 9.53.
7-(3-Pyridineacetamido)cephalosporanic Acid (IIb).—The
coupling reaction was carried out with 5.45 g (0.02 mole) of 7-
aminocephalosporanic acid, 2.88 g (0.015 mole) of 3-pyridine-
acetyl chloride hydrochloride, and 8.40 ml (0.06 mole) of tri-
ethylamine. The DBED salt of the product (3.60 g) was pre-
cipitated as described in the preparation of Ib. This material
was dissolved in a mixture of 70 ml of DMF aud 25 ml of po-
tassium 2-ethylhexanoate reagent. The addition of 170 ml of
2-propanol caused the precipitation of 1.73 g (269 over-all) of
the potassium salt of the product. This material was recrystal-
lized by dissolving in methanol, adding an equal volume of 1-
propanol, and then an excess of 2-propanol. The air-equilibrated
material had mp 171-173° dec; infrared assay, 98¢¢; electro-
phoretic mobility, 0.44.
Anal. Caled for CirHisKN:068-H,O: C, 45.63;
N, 9.39. Found: C, 45.34; H, 4.07; N, 9.48.
7-(4-Pyridineacetamido)cephalosporanic Acid (Ilc).—The
coupling reaction was carried out with 5.45 g (0.02 mole) of 7-
aminocephalosporanic acid, 3.84 g (0.02 mole) of 4-pyridineacetyl
chloride hydrochloride, and 9.52 ml (0.068 mole) of triethylamine.
Isolation by nitrosation,?® ion-exchange chromatography, and

H, 4.05;

(26) Although the hemihydrate was generally obtained, some batches
remained anhydrous even after air equilibration. The patent cited in ref 9
gives mp 228-230° dec for & monohydrate.

(27) Some of this material precipitated from solution at pH 2.

(28) Based on potassium 7-phenylacetamidocephalosporanate as standard.
This compound gave a value of 1079, when assayved against penicillin G.
All of the cephalosporin derivatives deseribed here showed an ester band at
ca. 5.8 u as well as the lactam band at ca. 5.65 g in DMSO.

(29) In this case, the 7-aminocephalosporanic acid (2.4 g) which precipi-
tated at pH 2 was removed before nitrosation,
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precipitation of the DBIID =alt was carried ont q i the prepa-
ration of TL. - To this ease, the proditer was cluted from the col-
unm with 5, necetie acid aml amannted to 125 @ after freeze
drying.  The vield of the DBED salt wax (.43 g, This material
wits dixsolved In a mixtnre of 18 ml af DMF and toml of the po-
tax<innt 2-cthylhexanoate reagent.  The additian of 75 ml of
2propemol canged the precipitatios of (1595 g (7 over-alh
af the potassiimn salt of the prodner. This marerid conld he
recrvstallized by dissolving in 101 water=2-propiaiol sanl adding
The air-cquilibrated maerial had mp

exeess ol 2-prapiol.
1761777 deer infraved assav, 997, clectrophoretic ninhility,
0.27.

Anal. Caled for Cplli s KNGOS O () 456000 11, 4415

N, as Found: C)45.79; I 4,100 NN,
(1-Methyl-3-pyridyl)methylpenicillin, Dipolar Ion.-—To a z0lu-
tion of 2.5 g (6.54 mmoles) of the potassinni salt of 1h in 25 il
exch of methanol and water was added 5 il of methyl iodide.
After 24 hr at room teniperature, the ixture wus extracted
sceverad times with 1:1 ether-ethyl acetate and then with a 577
solution of divetyl zodinm snlfosueeinate® in ethyl acetite,
The aqueons phase wis =tirred with a salntion of 4.0 g of 1he
<nlfosnecinate in Sl of ethy] acerare and hronght 1a pli 2
with HHCL ‘The arganie phase was =epeaziied and branglin

0Y Nernsoi ¥ OT. Thes mareriad, whicl in seduddom constitmes a Jiguild
wGon exclinneer, wis azed Ly D0 AL Jelmsen, 0 AL Pancita, and 1, L.
Carper, J. Orvg. Chem., 28, 1027 {1063). {ur exiracton uf an ampboleric
prenicilin Jdervivalive.

Vil 1o

netttraliry itest paper; by wdding reinthyluuine, and the vellow
vil which deposited was washed deeantativmy firse with ethyl
acetate, tnac with ether, and dried 7 cacoo. Tritaeation with
DMFEF gave 070 g 4000) of the cery=talline prodnet. The
niterial was recryvstidlized by dissolving in s small volame of
uwethanol and adding several volimes of DMF wid a lirge quan-
tity of acetone.  Vacunni-dried material®t had mp B -FIS®
dect indimetric assay,#2 4700 electraphoretic mobility, - tLo2,

Anal. Caled Tor CupllgN;OSLATLO: ) as.62: 1L 502
N, HE720 Found: 053400 1, 50680 N, O
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5-Phenyl-2,4-pentadienamides as Potential Antimalarial Agents'
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In view of the reported effectiveness of 5-(p-chlorophenyl)-N-isopropyl-2,4-pentadienamide against Plasmo-
dihon gallinacewon it the chick, various 5-phenyl-2,4-pentadienamides were prepared for evaluation against drng-

resiztant malarial parasites.

afforded the H-phenyl-2,4-pentadienoic acid ethyl esters.
ing acids, which were converted to the acid chlorides with thionyl chloride or oxalyl chloride.
aeid chlorides with amines afforded the desired pentadienamides.

Condeusation of substituted henzaldehydes with triethyl 4-phosphonocrotonate
Hydrolysis with methanolic KOI1 gave the correspond-

Treatment of the
None of the j-aryl-2,4-pentadienamides was

active against normal strains of P. berghei when administered to inice in a single subentaneous dose of 640 mg/kg.
Autimalarial studies against P. gallinacewm are in progress, and a satisfactory explanation is being sanght far the
apparent discrepancy between earlier reports and results of the current iuvestigation.

a-(p-Chlorophenyl)-N-isopropyl- 2,4 - pentadienamide
(1) is reported to be approximately four times as potent
s (quinine against Plasmodium. gallinacewm in the chick
and to have a therapeutic index of 12.5.2 The strue-
tural relationships between I and ehlorgnanide (II) arve
noteworthy.,  The aurent need for an ageut effective

Cl 4@-CH=CHCH=CHCONHCH(CH,,)Z

I

[
Cl—@—NHCNHCNHCH(CH.;)g

11

against drg-resistant nialarial parasites® prompted a
reinvestigation of the synthiesis and biological properties
of T and allied substances.!

{11 Thix imvestigation was sapported by the Ui, 8, Army Medical Researcly
and llevelnpyment Command nnder Contract 1)A-49.193.-MD-2754.

(2 G. R. Coatney, W. C. Cooper, N. I3, Eddy, and J. Greenberg, '‘Survey
of Anfimalarial Agents,’” Public Health Service Publication No. 103, Wash-
ington, 12, €7, 1953, pp 98, 139, 262, 276.

(3) Yora recen( review, see [1. I, Flslager in “*Annual Reports in Medicinal
Chemisiry, 1063, C, K, Cain, il Academin Press Inc., New York, N, V.,
YOGG, 10 TG,

The preparation of I and simple homologs thereof is
1ot deseribed in the literature, although there are niany
referennces to the H-arvl-2 4-peutadienoic acid and ester
precursors.  The utost common route to such inter-
mediates nvolves the condensation of a cinnamalde-
hvde with malonic acid followed by decarboxylation
of the tntermediate product.  However, this process
requires the preparation of o variety of substituted
cimamaldehydes, which in itself wuas deemed unat-
tractive, and the over-all yields are poor.

Thie Reformatsky reaction lhas also been applied to
the preparation of vinylogs of haloacetic esters.  Thus
p-chlorobenzaldeliyde and ethyl y-iodocrotonate gave
J-(p-chloroplienyl}-2,4-pentadienoic acid wa the ethyl
ester® while 3,4,5-trimethoxybenzaldehyde and methyl
y-bromocrotonate afforded the corresponding niethyl
ester.®  Once again, poor yields aud the kunown possi-
hility of abnormal reactions on the a-carbon atom in

(4) (a) €. Liebermanu, Chene. Ber., 28, 1441 (1895): (h) A. Riedel, AAnu.,
361, 96 (1908); (¢) H. Stoble, Chem. Ber., 45, 3396 (1912); (1) 1. 8. Dutr,
J. Inddian Chem. Soc.. 1, 297 (19214-1025): (e) ). Vorlander and K. Gieseler
J. Prokt, Chem., (21121, 247 (1920),

t4) R. C. Fuson, R. T. Arnold, and 11, (&, Cooke, Jr., J. Awm. Chew. Nure,,
60, 2272 (1938).

(AL R Dyeleling andd R0 Peand, b/, 78, ST17 (1053),



