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image of a flexible active center conforms with the
induced fit hypothesis of Koshland.®® We are
suggesting that the approach of the substrate to-
ward the serine hydroxyl triggers the shift in con-
figuration.

(38) Ibid., p. 334,
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The preparation of a number of new racemic a-aryloxyalkanoic acids (I)is reported. These and some previously described

racemic a-aryloxyalkanoic acids were used for the N-acylation of 6-aminopenicillanic acid (6-APA) (11).
isomeric a-aryloxyalkylpenicillins thus produced (III) were isolated as potassium salts.

The new diastereo-
The two possible diastereoiso-

mers of one of these new penicillins, namely, a-phenoxyethylpenicillin, were prepared in pure form and their distinctive physi-

cal properties are recorded.

It has been known for some time that new peni-
cillins could be produced by biosynthetic methods,
that is by feeding the mold a variety of suitable
precursors which could be incorporated into the
penicillin molecule. Although numerous peni-
cillins have been prepared in this manner, the
method was found to be limited by the structural
type of precursors that could be utilized by the
mold.!?

An important contribution to the problem of
penicillin preparations was achieved recently
when Sheehan and Henery-Logan reported the
total synthesis of penicillin V.* This synthesis
has opened a way by which an unlimited number
of novel penicillins or analogs may now be pre-
pared. However, at this time the procedure does
not readily lend itself to the large scale prepara-
tion of penicillins of potential therapeutic value.

The recent disclosure by Batchelor, ef al.,* that
6-aminopenicillanic acid (6-APA) (II) could be
obtained by fermentation made available a most
useful chemical intermediate which can be used
for the practical preparation of a number of new
penicillins not amenable to production by biosyn-
thetic methods.

We have undertaken an extensive synthetic
program using 6-APA as starting material, hoping
to obtain novel penicillins that have one or more
of the following advantages: (1) broader antimicro-
bial spectra, (2) more favorable absorption patterns
and (3) reduced undesirable side effects. We wish
to report a series of new penicillins prepared by
the N-acylation of 6-APA (II) with a variety of
a-aryloxyalkanoic acids (I). The intermediate
a-aryloxyalkanoic acids used are described in

(1) H. T. Clarke, J. R. Johnson and R. Robinson, Editors, “The
Chemistry of Penicillin,”’ Princeton University Press, Princeton, N. J.,
1049, p. 657.

(2) J. E. Philip, et ul., J. Biol. Chem., 189, 479 (1951); O. K.
Behrens and M. J. Kingkade, ibid., 176, 1047 (1948). This last paper
provides leading references to preceding papers in this series.

(3) J.C.Sheehan and K. R. Henery-Logan, THIs JOURNAL, 79, 1262
(1957); 81, 3089 (1959).

(4) F.R. Batchelor, F. P. Doyle, J. H. C. Nayler and G. N. Rolinson,
Nature, 183, 257 (1939).

Table I. These acids have been prepared by four
different methods which are depicted in Table I as
A, B, Cand D. It should be noted that method
C was found to be the most general and most re-
liable method especially when steric hindrance
was present.

The new penicillins (III) described in Table II
have been prepared by condensation of the o-
aryloxyalkanoic acids with 6-APA through the
acid chloride (method A) or the mixed carboxylic—
carbonic anhydride® (method B) using either
ethyl or isobutyl chloroformate. In all cases the
reaction products were isolated as potassium salts
by cation interchange with potassium 2-ethyl-
hexanoate.

T
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The infrared spectra (KBr) of the new potas-
sium a-aryloxyalkylpenicillins of Table II showed
a strong adsorption at 5.55-5.68 u which is charac-
teristic of the @-lactam ring. The presence of
this four-membered lactam ring was further dem-
onstrated by the quantitative hydroxylamine
assay for penicillins.®

(56) R. A. Boissonnas, Helv. Chim. Acta, 34, 874 (1951); T. Wieland
and H. Bernhard, Ann., 572, 190 (1951); J. R, Vaughan, Jr., et al.,
THrs JOURNAL, T8, 3547, 5553 (1951); T4, 676 (1952); V. du Vigneaud,
et al., thid., T8, 4879 (1953); 76, 3115 (1954); D. 8. Tarbell, e al.,
J. Org. Chem., %8, 1149, 1152 (1958); 24, 774 (1959). The last three
papers contain interesting studies of this reaction.

(6) J. H. Ford, 4nal. Chent., 19, 1004 (1947).
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Although we have prepared numerous new peni-
cillins from a-aryloxyalkanoic acids and 6-APA
for biological investigation, the ones reported
herein are representative of those which have
been obtained in analytically pure form.

Since the racemic a-aryloxyalkanoic acids were
used in these preparations, the new penicillins ob-
tained were diastereoisomeric mixtures. It was
of interest to prepare both epimeric forms of the
reaction product between a-phenoxypropionic acid
and 6-APA, namely, potassium a-phenoxyethyl-
penicillin,”# since this material was shown to be of
therapeutic value.® Thus, the racemic a-phenoxy-
propionic acid was resolved and the dextrorotatory
acid was obtained by a method previously de-
scribed by Fourneau and Sandulesco,’ while the
levorotatory acid was isolated by the procedure
of Fredga and Matell.!* These latter authors
stated that dextro-a-phenoxypropionic acid is
probably related to p-(—)-lactic acid although no
rigid experimental proof is provided for this assign-
ment. It should then be noted that the notations
D and L, referring to the configurations of the side-
chains of the two epimeric potassium o-phenoxy-
ethylpenicillins, are provisional and are used
here only to distinguish between the two diastereo-
isomers.

The optically pure enantiomeric a-phenoxypro-
pionic acids then were condensed in turn with
6-APA. The method used for this coupling was
essentially that of Vaughan'® which was developed
for the preparation of optically active peptides.
This method consists of treating the mixed car-
boxylic—carbonic anhydride obtained from the
optically active acid and isobutyl chloroformate
with 6-APA. Although the reactions were carried
out under a variety of experimental conditions,
the formation of a small amount of racemized
material could not be prevented. The occurrence
of some racemization also was observed by
Vaughan!? during the synthesis of optically active
peptides. However, the two optically pure potas-
sium a-phenoxyethyl penicilling could be obtained
by successive recrystallizations of the reaction
products from acetone—water and butanol-water
mixtures; the progress of the purification was
followed by infrared, optical rotation and phase-
solubility determinations.

The two epimeric potassium a-phenoxyethyl-
penicillins possess different physical properties
as well as distinctive antimicrobial activities.’

(7) According to the suggested penicillanic acid nomenclature [J. C.
Sheehan, K. R. Henery-Logan and D. A. Johnson, THis JoURNAL, 75,
3292 (1953)] the systematic name for this compound is potassium 6-
(a-phenoxypropionamido)-penicillanate.

(8) The trade name of Bristo! Laboratories, for potassium a-phen-
oxyethylpenicillin is Syncillin.

(9) (a) M. H. Pindell, D. E, Tisch and J. B. Hoekstra, ‘“Antibiotics,
Annual 1959-1960,”” Medical Encyclopedia, New VYork, p. 119; (b}
E. M. Morigi, W. B. Wheatley and H. Albright, ibid., 1959-1960, p.
127; (e} G. A, Cronk, D. E. Naumann, H. Albright and W. B,
Wheatley, ibid., 1959-1960, p. 133.

(10) E. Fourneau and G. Sandulesco, Bull. soc. chim. France, Ser. 4,
81, 988 (1922).

(11) A. Fredga and M. Matell, Arkiv, Kemi, 4, 325 (1952).

(12) J. R. Vaughan, Jr., THIS JOURNAL, T4, 6137 (1852).

(18) J.R. Vaughan, Jr., and J. A. Eichler, ibid., T6, 5556 (1953).

(14) H. A. Frediani, Ann. chim. (Rome), 43, 692 (1952).

(15) A. Goureviteh, G. A. Hunt and J. Lein, ‘Antibiotics Annual
1959-1960,”” Medical Encyclopedia, New York, N. Y., p. 111.
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The infrared absorption spectra of the two crystal-
line diastereoisomers show an analogous absorp-
tion in the functional group region of the spectrum
while the location and intensity of the bands in
the “fingerprint” region are quite distinctive.

Acknowledgments.—We wish to express our
appreciation to F. M. Palermiti and D. L. Evans
for infrared spectra, to R. M. Downing for the
elemental analyses, to H. A. Frediani for the phase-
solubility determinations, and to C. Rowley and
P. Lau for valuable technical assistance.

Experimental’®

a-Aryloxyalkanoic Acids.—Four general methods were
used for the synthesis of the a-aryloxyalkanoic acids of
Table I. Methods A and B consisted in the reaction of a
sodium phenolate with the sodium salt of an a-haloalkanoic
acid, while methods C and D required the reaction of a
sodium phenolate with an ethyl a-haloalkanoate, with sub-
sequent hydrolysis of the ester formed. «a-Bromoalkanoic
acids were used in A and B whenever they were available
since the corresponding a-chloro acids gave slightly lower
yields under the same conditions. No attempt was made to
determine the conditions necessary for optimum yields.

The majority of the acids prepared were crystalline solids
which could be purified by recrystallization from benzene—
petroleum ether, or from isopropyl alcohol-water. Those
compounds which did not crystallize were distilled iz vacuo.
For each of the four methods used there is given a representa-
tive preparation.

(A) o~(4-Benzyloxyphenoxy)-propionic Acid.—To a stirred
solution of 140 g. (0.7 mole) of hydroquinone monobenzyl
ether and 76 g. (0.7 mole) of a-chloropropionic acid in 400
ml. of ethanol there was added rapidly a chilled solution of
of 80 g. (2.0 moles) of sodium hydroxide in 150 ml. of water.
The mixture was refluxed for 20 hr. and the alcohol was
removed under reduced pressure. The residue was dis-
solved in water, acidified to pH 2 with concentrated hy-
drochloric acid and the precipitated solid was extracted
into several portions of ether. The combined ethereal
extracts were extracted thrice with 5%, sodium bicarbonate,
ether was removed from the combined extracts in vacuo
and the bicarbonate solution was acidified to pH 2 with
concentrated hydrochloric acid, precipitating a crystalline
solid. The dried, crude product was recrystallized from
benzene-petroleum ether (b.p. 60-71°); vield 140 g.
(74%), m.p. 134-135°. See Table I for the analysis.

(B) -(3-Trifluoromethylphenoxy)-propionic Acid.—A so-
lution of 20 g. (0.5 mole) of sodium hydroxide in 125 ml. of
water was added to 76.5 g. (0.5 mole) of a-bromopropionic
acid cooled in an ice-bath, the temperature being kept
below 30°. To the resultant solution there was added
81 g. (0.5 mole) of 3-trifluoromethylphenol in 100 ml. of
5 M sodium hydroxide. The mixture was heated for 20
hr. on the steam-bath, cooled, acidified to pH 2 with con-
centrated hydrochloric acid and extracted several times with
ether. The combined ethereal solutions were extracted
three times with 5%, aqueous sodium bicarbonate. The
combined extracts were acidified to pH 2 with concentrated
hydrochloric acid after removal of dissolved ether in vacuo.
The oily precipitate did not crystallize and was purified by
ether extraction, drying over anhydrous sodium sulfate and
distillation # vacuo. There was obtained 182.5 g. (78%) of
viscous yellow oil of b.p. 140-144° (8 mm.). This oil
crystallized to a yellowish solid of m.p. 63-66°, which was
not purified further. The analysis is reported in Table I.

(C) a-Phenoxy-n-valeric Acid.—A stirred mixture of 44.2
g. (0.47 mole) of phenol and 24 g. (0.60 mole) of flake so-
dium hydroxide in 600 ml. of toluene was refluxed under a
Dean-Stark trap until the theoretical amount of water
(8.5 ml.) had been collected. With moderation of heating
there was then added 98 g. (0.47 mole) of ethyl a-bromo-
n-valerate at a rate which maintained moderate reflux.
The mixture was refluxed for 16 hr., cooled to 60° and there
was added consecutively 100 ml. of methano! and a solu-
tion of 29 g. (0.72 mole) of sodium hydroxide in 120 ml. of
water. The resulting solution was refluxed vigorously for
2 hr. to complete the saponification and diluted with 500

(16) Melting points are uncorrected.
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TaBLE I

«-ARYLOXVALKANOIC ACIDS

R

R:

Q‘O—(]DH—COQH

R,
Yield, M.p.% or Carbon, % Hydrogen, %
R R; R: Method % b.p., °C. (mm.) Formula Caled. Found Caled,  Found
H H CH,; A 86 116-117
H H C.H; A° 69 82-83
H H n-CoH; ct 85 114.5-116
H H n-CHs D* 11 74.5~75.5
2-Cl H CH; A 28 114.5-116
4-Cl H CH, A" 34 115-116
3-CF; H CH, B 78 140-144(8) C1HF;0; 51.2  51.1  3.89  4.17
4-CH,;0 H CH; B* 63 02-93
4-CeH,CH,0 H CH, A 74 134-135 CieH 104 70.6  71.0 592  6.09
4-CeHyy H CH; A 63 125-126 CisHxOs 72.6  72.0 8.12  8.44
4-CH,CONH H CH; B 67  176-177 CiHuNO, 50.2 59.3 5.8  5.93
4-NO, H CH, B' 21 140-141
4-NO, 3-CF, CH, A 60 90-91 CuHF;NOs;  43.0 43.6  2.89  3.12
3-CH, 5-CH; CH, B' 41 118-119
4-CH; 2-Cl CH, C 61 145-146 CuH1:Cl0; 65.1 65.4 4.73  4.76
2-CeH;CH, 4-C1 CH, c 46 115-116 CieH1;ClOs 66.0 66.3 537  5.37
4-CH;0 2.CH,CO  CH, C 31 130-131 CH10; 68.0 682 537 5.35
4-Cl1-3,5-xylyl CH, BF 37  136-138
Pentachloro CH; c 60  173-174 CsH;CL0s 32.0 32.1 1.50 1.62

¢ All melting points and boiling points are uncorrected,
m.p. 116°.
(1955), reported m.p. 113.5-114°.
114.5°,

(1945); m.p. 137-138°.

ml. of water. The alkaline aqueous layer was separated,
cooled and acidified to pH 2 with 6 N sulfuric acid. The
precipitated oil crystallized rapidly and was collected,
washed with water and dried; yield 88 g. (96.5%). One
recrystallization from benzene-petroleum ether (b.p.
60-71°) yielded 77 g. (85%) of product of m.p. 114-116°
(1it.17 113.5-114°).

(D) a-Phenoxy-n-caproic Acid.—To a solution of sodium
ethoxide prepared by dissolving 6.9 g. (0.3 mole) of sodium
in 120 ml. of absolute ethanol, there was added consecutively
28.2 g. (0.3 mole) of phenol and 67 g. (0.3 mole) of ethyl
a-bromo-n-caproate. The mixture was refluxed for 18 hr.,
120 ml. of 2 N sodium hydroxide was added and reflux was
continued for one hour. The ethanol was removed under
reduced pressure and the aqueous residue was acidified to
pH 2 with concentrated hydrochloric acid. The precipi-
tated oil was purified as in A and B, and after being taken
up in ether and dried over anhydrous sodium sulfate the
product was obtained as a crystalline solid. After one re-
crystallization from petroleum ether (b.p. 60-71°) the ma-
Eleriil weighed 24.6 g. (60%), m.p. 74.5-75.5° (lit.18 73-

4°).

Resolution of pL-a-Phenoxypropionic Acid. d-a-Phenoxy-
propionic Acid.—The method of Fourneau and Sandulesco!?
was adopted for the preparation of this optical isomer.
From 226 g. of yohimbine hydrochloride there was obtained
12 g. of optically pure d-a-phenoxypropionic acid, m.p.
86.5~88°, [«]®p +39.8° (¢ 1 in abs. alcohol) (lit.10 {«]*p
-+39.3°).

l-a-Phenoxypropionic acid was isolated by a procedure
essentially that of A. Fredga and Matell.l! A product
was obtained by evaporation under reduced pressure of the
mother liquor from the isolation of the d-a-phenoxypropionic
acid yohimbine salt. This material was treated with dilute
sulfuric acid and extracted with ether to give an acid having
[e]*D —25.3° (¢ 1 in abs. alcohol). When 27 g. of this

(17) M. Matell, Arkiv. Kems, 8, 79 (1955).
(18) M. Matell, bid., 6, 375 (1958).

> A, Fredga and M. Matell, Arkiv. Kems, 4 (#20), 325 (1952);
¢ C. H. Fawcett, ¢t al., Ann. Appl. Biol.,, 40, 231 (1953), reported m.p. 80°.
¢ M. Matell, ibid., 6, 375 (1953); m.p. 73-74°,
¢ Reference b, m.p. 114.5-115°; the same m.p. was reported by M. Matell, Arkiv. Kemi, 7, 437 (1954).
Sobotka and J. Austin, THis JOURNAL, 74, 3813 (1952); m.p. 90°.
459 (1923); m.p. 130~140°; reference d reported m.p. 142.5-143°.
Contrib. Boyce Thompson Inst., 13, 273 (1944); m.p. 119-120°,

@ M., Matell, Avkiv. Kemi, 8, 29
f Reference b reported m.p. 11?.1?1—

i E. Fourneau and G. Sandulesco, Bull. scc. chum., 33,
i P, W. Zimmerman, A. E. Hitchcock and E. K. Harvill,
£ M. E. Synerholm and P. W, Zimmerman, ibid., 14, 91

material was slurried with chloroform at room temperature
and filtered there was obtained 10 g. of insoluble DL-
a-phenoxypropionic acid of m.p. 117-119°, and 17 g. of
soluble material by evaporation of the chloroform. The
latter was slurried with 150 ml. of boiling cyclohexane and
filtered, removing 1.4 g. of insoluble material. Evaporation
of the filtrate left 14.7 g. of l-a-phenoxypropionic acid,
m.p. 86-87.5°%, [a]%-5p —30.5° (¢ 1 in abs. alcohol) (lit.!!
[e]®D —39.3°).

DL-a-Phenoxypropionyl Chloride.—In a 2-liter three-
necked flask equipped with a stirrer, condenser (CaCl, t}lbg)
and a dropping funnel, 166 g. of DL-a-phenoxypropionic
acid, 800 ml. of benzene and 2 ml. of pyridine were added.
The mixture was stirred and heated to reflux, and 107.4
ml. of thionyl chloride was added dropwise during 30
minutes. When the addition was completed, refluxing was
continued for 1 hour. The benzene was taken off under re-
duced pressure and the oily residue was distilled in wvacuo
vielding 146 g. of material, b.p. 114-115° at 18 mm.

Potassium «-Aryloxyalkylpenicillins.—The potassium -
aryloxyalkylpenicillins described in Table II were prepa{ed
by two general methods. Method A consisted in converting
the a-aryloxyalkanoic acid into an acid chloride and treat-
ing it with 6-aminopenicillanic acid (6-APA) in aqueous
acetone solution containing an excess of sodium bicarbonate.
Method B was carried out by treatment of the aryloxy-
alkanoic acid with either ethyl or isobutyl chloroformate in
the presence of triethylamine in a suitable solvent such
as dimethylformamide, dioxane—acetone or tetrahydrofuran.
The mixed carboxylic—carbonic anhydride thus produced
then was caused to react with an aqueous solution of the
triethylammonium salt of 6-APA. In both methods A and
B the penicillin as the free acid was extracted into a water-
immiscible organic solvent and then precipitated as the
potassium salt by the addition of potassium 2-ethylhex-
anoate.

Method A was found to give higher yields and to be most
general since method B gave less favorable results in those
cases where the carboxyl group of the a-aryloxyalkanoic



Aug. 5, 1960 SYNTHETIC PENICILLINS FROM a-ARYLOXYALKANOIC ACIDS 3937
TaBLE II
POTASSIUM a-ARYLOXYALKYLPENICILLINS
R
s CH,;
O?HCONH j/—_—r CHS
R! Rg 0 N COzK
Yield, Decompn.,* Carbon, % Hydrogen, %

R R R: Method 9 °C. Formula Caled, Foun Caled, Found

H H CH, A 76 230-232  CyHisKNO65° 50.74 50.81 4.72 4.88
H H CH; B 25 195-197  Ci;sHyuKN:0:8 51.85 51.73 5.10 5.61
H H n-C;Hy B 41 170-175  CyoHxuKN,0,8 H.0° 50.90 51.256 5.61 5.88
H H n-CHy B 50 >160 CooHzsKNO:S 54.03 53.95 5.67 5.64
2-Cl1 H CH; A 50 2290230 CpH;CIKN,0S 46.75 46.99 4,156 4.44
4-Cl H CH, A 61 224-225 CyH;sCIKN,0,8 46.75 46.85 4.15 4.28
2-CP 4-Cl1 CH, B 61  203-205 CuHupCLKN,O:$H,0% 41.72 41.73 3.91 3.77
2.Cr* 5-Cl CH; B 45 200-204 CyHpiCLKN:O;8 43,31 43.25 3.63 3.78
2-Br? 4-Br CH; B 42 217-218  CpHpBrKN,Opd? 36.42 36.50 3.06 3.18

2,4,6-Trichloro® CH; B 10 163-1656  CyHCLKN,O:8 40.36 40.80 3.19 3.55
Pentachloro CH, B 35 189-192  CyH 1 CLKN.O58 35.52 35.50 2.46 2.98

3-CF; H CH; B 26 188-190  CiHysF:KN:0:S 45.95 46.06 3.83 4.04

4-CH,0O H CH, B 34 211-214  CsHyKN068 49.98 49.66 4.90 5.10

4-C¢H;CH.0 H CH;, A 79 228229  CoHuKN;0.8H,0° 54.75 54.98 5.17 5.02

4-t-C,H H CH; B 46 219-220 CoiHyKN,0;8 55.02 54,52 5.89 5.98

4-4-C;Hy,° H CoH; B 33 >125 CosHaKN0:8 56.79 56.28 6.37 6.55

4-Cyclohexyl H CH; A 79 230-213  CuHuKN.0;8-H.0¢ 55.00 55.81 6.20 6.18

4-CH;CONH H CH; B 80 223-226  CioHpKN;0:S 49.65 49.52 4.83 4.87

4-NO, H CH; B 71 202203 CiH s KN;O.S 45.63 45.46 4.06 4.19

4-NO; 3-CF; CH; B 40  208-2056  CiHppFKN;0:8 41.93 41.88 3.33 3.89

3-CH; 5-CH; CH; B 60 220-222  C;yHxKN20:S 53.02 52.92 5.35 5.58

2-Cl 4-CeH; CH; B 21 >175 CouHpCIKN,O:S H0%" 52,01 52.12  4.55 4. 30

4-Cl 2-CsH:CH, CH; A 42 230-231  CpHuCIKN,O:8H,0% 52,92 52.67 4.80 4.75

4-Cl1-3,5-xylyl CH; B 31  210-213  CieHxCIKN,O:S 49.07 48.78 4.77 4.9

4-CH;0 2-CeH,CO CH;, A 63 >105 CaeHa K N,O:8 H 08 54.28 54.90 4.90 4.67

2 The decomposition point recorded refers to the temperature at which complete decomposition, with evolution of gases,
occurred. In all cases darkening and shrinking started at about 10-20° below the complete decomposition point. ¢ The
starting acid was obtained from Aldrich Chemical Co., Inc. ¢ The starting acid was obtained from Eastman Organic
Chemicals. ¢ Attempt to eliminate the water of crystallization by the usual procedure of heating in vacuo at 110° resulted
in a more deep-seated decomposition. However, the presence of water was demonstrated by the Karl Fischer water de-
termination method, although the results obtained were low, probably due to the insolubility of these potassium salts in the
analytical medium. ¢ Caled.: N, 6.98. Found: N, 7.15. 7 Caled.: N, 5.73; S, 6.55; Cl, 14.49. Found: N, 5.87; S,
6.16; Cl, 14.50. ¢ Caled.: N, 5.00. Found: N, 5.18. * Caled.: N, 5.28. Found: N, 5.25,

acid was sterically hindered. However, the compounds (B) Potassium [pL-o-(4-Acetamidophenoxy)-ethyl]-pen-

obtained by method B were found to be easier to purify.
No attempt was made to determine the conditions neces-
sary for optimum yields. In many cases where the potas-
sium salt was washed with dry acetone immediately after
filtration, no further recrystallization was necessary since
the material obtained was found to be analytically pure.
In those cases where purification was necessary, recrystal-
lizations from acetone-water or butanol-water were carried

out.

(A) DPotassium (pL-a-Phenoxyethyl)-penicillin.—To a
cooled and stirred solution of 54 g. (0.25 mole) of 6-APA
in 1.2 liters of water containing 105 g. (1.25 moles) of so-
dium bicarbonate, a solution of 60 g. (0.325 mole) of bL-
a-phenoxypropionyl chloride in 100 ml. of acetone was added
in 1 minute. The resulting mixture was stirred vigorously
during 20 minutes while the temperature was kept at 10
to 15°. The clear solution was extracted twice with 300-
ml. portions of methyl isobutyl ketone (MIBK), the
organic extracts being discarded. The clear aqueous solu-
tion was covered with 500 ml. of MIBK, cooled to 5~10° and
acidified to pH 2 with a cold 5 M sulfuric acid solution.
The MIBK extract was separated, washed with cold water,
and dried for 10 minutes over anhydrous sodium sulfate.
After filtration, 100 ml. of a 509, solution of potassium 2-
ethylhexanoate in butanol was added. The white crystal-
line material which separated almost immediately was col-
lected by filtration, washed on the filter with a little dry
acetone and dried. There was obtained 76 g. (76%,) of
colorless crystals which decomposed at 230-232°; see
Table II for the analysis.

icillin.—An anhydrous solution of 81.8 g. (0.15 mole) of
DL-a-(4-acetamidophenoxy)-propionic acid and 21.2 ml.
(0.15 mole) of triethylamine in 830 ml. of dioxane and 65
ml. of acetone was cooled to 0°. To this stirred solution
was added dropwise 19.7 ml. (0.15 mole) of isobutyl chloro-
formate, while the temperature was maintained at 0-4°.
The resulting mixture was stirred at 0° for 45 minutes. A
cooled solution prepared from 21.6 g. (0.1 mole) of 6-APA,
14.1 ml. (0.1 mole) of triethylamine and 30 ml. of water
was added all at once to the mixed anhydride solution.
After stirring vigorously at 5 to 8° for one hour, while
carbon dioxide was evolved rapidly, a solution of 10.9 g.
(0.13 mole) of sodium bicarbonate in 700 ml. of ice-water was
then added. The resulting clear solution was extracted
twice with 550-ml. portions of ether, the combined ethereal
extracts being discarded. The aqueous solution was acidi-
fied to pH 2 with 63 ml. of 6 N sulfuric acid and quickly
extracted twice with 800-ml. portions of methyl isobutyl
ketone. The combined MIBK extracts were washed with
200 ml. of ice-water, dried briefly over anhydrous sodium
sulfate, and filtered. On addition of 40 ml. (0.11 mole) of
a 50% solution of potassium 2-ethylhexanoate in butanol
an oil separated which soon crystallized when 400 ml. of
dry acetone was added. The solid weighed 27.7 g. and de-
composed at 211-215°. Addition of 1.5 1. of dry acetone
and 2 1. of dry ether to the filtrate precipitated an additional
19.4 g. of product which decomposed at 223-226°. The
infrared spectra of the two fractions were identical. After
one recrystallization from acetone-water the total vield was
80%:; see Table II for analysis.
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Potassium (p-a-Phenoxyethyl)-penicillin.—To a stirred,
copled solution of 16.6 g. (0.1 mole) of d-a-phenoxypropionic
acid in 100 ml. of tetrahydrofuran there was added 10.1 g.
(0.1 mole) of triethylamine in one portion. The solution
was cooled to —15° and 13.6 g. (0.1 mole) of isobutyl chloro-
formate was added dropwise at a rate which gave a final
reaction temperature of —4°. Immediately there was added
in one portion a chilled solution of 21.6 g. (0.1 mole) of
6~APA in 35 ml. of water and 15 ml. of triethylamine.
The cooling bath was replaced at once by a water-bath
at 55° and the reaction temperature rose to 25° within 5
minutes. The solution was stirred for 25 minutes at 25—
27°, diluted with 250 ml. of chilled water and extracted
twice with ether. It was then layered with ether, chilled,
acidified to pH 2 with cold 3 A/ sulfuric acid, extracted twice
with ether and the combined ether extracts washed with
water and dried over anhydrous sodium sulfate for 10
minutes. To the dried ether solution was added 36.4 g.
(O.l mole) of a 50% solution of potassium 2-ethylhexanoate
in butanol. The crystalline product was collected and
dried to yield 31.7 g. (79%) of material which decomposed
at 214-215°. Successive recrystallizations to constant
optical rotation from water-butanol and water—-acetone
gave 17 g. (42%) of material which decomposed at 234.5-
235°, This product had a purity of 99.29 by a phase-
solubility assay; [a]®D +252° (¢ 1in water).

Anal. Caled. for CyH,KN,0:8: C, 50.75;
N, 6.98. Found: C, 50.88; H, 4.82; N, 6.94.

Potassium (rL-o-Phenoxyethyl)-penicillin.—A  solution
was prepared by mixing 8.3 g. (0.05 mole) of [-a-phenoxy-
propionic acid, 40 ml. of dry p-dioxane, 20 ml. of dry acetone
and 8 ml. of triethylamine. To this stirred and cooled

H, 4.78;
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solution (ca. 0°) was added dropwise, during 10-15 minutes,
6.8 g. (0.05 mole) of isobutyl chloroformate in 10 ml. of
p-dioxane while the temperature was maintained below
10°. After the addition was completed the mixture was
stirred and cooled during 10 minutes, after which time a
solution of 10.8 g. (0.05 mole) of 6-APA in 50 ml. of water
and 8 ml. of triethylamine was added rapidly. The result-
ing solution was stirred 15 minutes at cea. 10° and then 2
hours at room temperature. After dilution with an equal
volume of water the reaction mixture was extracted twice
with 100-ml. portions of ether, the ethereal extracts being
discarded. The clear aqueous solution was covered with
150 ml. of ether, cooled to 10°, and acidified to pH 2 with
a cold 5 M sulfuric acid solution. The ethereal solution was
separated, washed with cold water and dried for 10 minutes
over anhydrous sodium sulfate. After filtration 25 ml. of
a 509, solution of potassium 2-ethylhexanoate in butanol
was added. The white crystalline material which sepa-
rated was collected by filtration and recrystallized once
from 109 aqueous butanol and once again from 10%; aque-
ous acetone. This procedure afforded 9.5 g. (47%) of
pure potassium (L-a-phenoxyethyl)-penicillin which de-
composed at 238-239°, [a]2¢D +218° (¢ 1 in water).

Anal. Caled. for CpHpKN,0:S: C, 50.75; H, 4.78;
N, 6.98. Found: C, 50.92; H, 4.97; N, 6.93.

The same material could be obtained by extensive re-
crystallizations of potassium (DL-a-phenoxyvethyl)-peni-
cillin from a butanol-water mixture. The product obtained
in each case had a purity of 98.6-99.8% as determined
by the phase-solubility method.}¢

Syracuse 1, N. Y.
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Chemistry of the Neomycins.

V. Differentiation of the Neomycin Complex.

Identity

of Framycetin and Neomycin B. Compounds Obtained from Methyl Neobiosaminide B
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Neomyecin preparations as their N-acetyl derivatives could be resolved qualitatively and quantitatively by paper and

column chromatographic techniques.

Framycetin thus has been shown to be neomycin B admixed with small quantities

of neomycin C. This conclusion was further supported on comparing the products obtained from framycetin and

neomycin B by selective chemical degradations of their methyl neobiosaminide moieties.

outlined in detail.

Soon after the discovery of neomycin by Waks-
man and Lechevalier,! in 1949, it became apparent
that the antibacterial activity of the Streptomyces
fradiae fermentation broth was not due to a single
antibiotic but to a number of active substances
entitled? the “‘neomycin complex.” At the present
time there is general agreement concerning the
production by S. fradiae of two isomeric compounds
called neomycin B and neomycin C.** A third
substance, originally called neomycin A®> but now
termed neamine,®’8 is known to arise as a hydro-
lytic cleavage product of neomycins B and C. The

(1) S. A. Waksman and H. A. Lechevalier, Science, 109, 309 (1949).

(2) E. A. Swart, D, Hutchison and S. A, Waksman, Arch. Biochem.,
24, 92 (1949).

(3) J. D. Dutcher, N. Hosansky, M. N. Donin and O. Wintersteiner,
THIs JOURNAL, 78, 1384 (1951).

(4) J. H. Ford, M. E. Bergy, A. A. Brooks, E. R. Garrett, J. Alberti,
J. R, Dyer and H. E. Carter, ibid., TT, 5311 (1955).

(5) R.L, Peck, C. E. Hoffhine, Jr., P, Gale and X. Folkers, ibid., T1,
2590 (1949).

(6) B. E. Leach and C. M. Teeters, ibid., 78, 2794 (1951).

(7) B. E. Leach and C. M, Teeters, ibid., 74, 3187 (1952).

(8 J. D. Dutcher and M, N. Donin, 7bid., T4, 3420 (1852).

These degradation reactions are

antibiotics catenulin,’ kanamycin®!%.!2 and paro-
momycin!® may also be considered as antibiotics
somewhat related to but distinctly different from
neomycins B and C.

Aside from these different antibiotics, several
other antibiotic mixtures, apparently belonging
to the neomycin BC group, also have been re-
ported. Streptothricins BI and BII!* were shown!®
to be identical with neomycins B and C, respectively.
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