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Uuder the experimental conditions herein described, 2-benzamidoerotouic acid was coudensed with methyl-
amiue to yield a 3:5 M mixture of two diastereomeric racemates of 2-benzamido-3-methylaminobutyrie acid.
Subjection of this mixture to ethanol extraction resulted in the separation of two different forms, A and B, although
the homogeneity of the respective forms was not established. The two forms thus obtained were separately
hydrolyzed with HCI to give the respective diastereomers of 2-amino-3-methylaminobutyric acid (4-azaisoleucine),
while maintaining the same designations, forms A and B. Form B of 4-azaisoleucine, although not a highly
effective antagonist, is inhibitory toward Escherichia coli 9723 at a concentration level of about 0.4 mg/ml, and the

inhibition is competitively reversed by isoleucine.

In contrast, form A even at a concentration level of 2 mg/ml

does 1ot exert any apppreciable inhibitory effect ou the growth of the same test organism.

Previous investigations have demonstrated that the
introduction of a nitrogen atom in place of carbon at
the 4 position of an aliphatic amino acid was successful
in producing aza analogs with biologically antagonistic
properties. For example, 2-amino-3-dimethylamino-
propionic acid (4-azaleucine) inhibits the growth of
Escherichia coli 9723 and Leuconostoc dextranicum
S086, and its toxicity is reversed specifically and com-
petitively by leucine.? 2-Amino-3-(2-aminoethyla-
mino)propionic acid (4-azalysine) has been found to be
a specific and competitive antagonist of lysine in
L. coli and several lactobacilli.?

In the present investigation 2-amino-3-methylamino-
butyric acid, the 4-aza analog of isoleucine, was of par-
ticular interest since this type of structural variation has
produced effective amino acid antagonists, and a com-
parably substituted 4-thia analog of isoleucine, 2-
amino-3-methylthiobutyric acid, was reported recently
to be a potent inhibitory analog of isoleucine.* Ac-
cordingly, a procedure was found whereby the two
diastereomeric forms of 2-amino-3-methylaminobutyric
acld were prepared, and their physical and microbi-
ological properties were determined as subsequently
described. Although not a highly effective antagonist,
one of the diastereomers of 4-azaisoleucine was found
to antagonize the utilization of iscleucine for the
growth of E. coli 9723 in a competitive manner.

It was preferable to employ a synthetic procedure
whereby the corresponding N-benzoyl derivative of
the desired amino acid was prepared directly as the key
intermediate, since it has previously been shown®—!0
that benzoylation of a mixture of two diastereomeric
forms of an amino acid followed by fractional recrystal-
lization of the N-benzoyl derivatives based on their
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differential solubilities in alcohol provides one of the
most useful methods of separating diastereomers.
Thus, the condensation of 2-benzamidocrotonic acid with
an excess of 409, aqueous methylamine yielded approxi-
mately a 3:5 M mixture of the two diastereomeric race-
mates of 2-benzamido-3-methylaminobutyric acid (I).

CH;CH=CCOOH CH;CHCHCOOH
| CH;NH: | +Cl -
NHCOC¢H; ———> CHsl\‘I NHCOC¢H; ——>
H
I (foring A and B)
CH@HQHUOOH
|
CHs‘;TI ll\II‘Iz
H

II (forms A and B)

At this stage, an effective separation was accomplished
by subjecting the mixture of I to an ethanol extraction
as described in the Experimental Section. The two
diastereomeric forms were purified by recrystallization
to constant melting point and infrared spectrum; how-
ever, the homogeneity of the respective forms was not
established. Diastereomer designations of amino acids
and their derivatives based on differences in melting
point, solubility, and infrared spectral behavior have
been previously reported.!!

The two diastereomeric forms (A and B) of I were
separately hydrolyzed in the presence of dilute HCI
to yield the respective diastereomers of 2-amino-3-
methylaminobutyric acid (II), while maintaining the
same designations, form A and B. Both forms of the
diastereomers were isolated and purified as their dihy-
drochloride acid salts.

The microbiological properties of the two diastereo-
meric forms of 2-amino-3-methylaminobutyric acid
were determined using E. colz 9723 as the test organism.
The form B aza analog was observed to inhibit the
growth of K. coli at a concentration level of 0.4 mg/ml,
which is a much higher concentration level than that
previously reported for the corresponding 4-aza analogs
of leucine? and lysine? under comparable assay condi-
tions. The growth inhibitory effect of 2-amino-3-
methylaminobutyric acid (form B) toward E. coli
was reversed competitively by isoleucine giving an
inhibition index (ratio of the concentrations of analog
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This study demonstrates that substitution of a ni-
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acid analogs were dissolved in sterile water and added aseptically
to the previously autoclaved assay tubes. In all assays the
amount of growth was determined photometrically at 625 mgu
with a Bausch and Lomb Spectronic 20 spectrophotometer, in
terms of absorbance readings of the turbid eulture medium against
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a blank of uninoculated medium set a zero absorbance. For E.
coli the data in Table I are recorded as absorbaiice readings which
are related to the milligrams of dry cells calculated from a staad-
ard curve of nilligrams of dry cells per iilliliter vs. absorbance
readings.
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Lincomycin.

4’-Alkyl Analogs of Lincomycin.

Relationship between Structure and Antibacterial Activity!®
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The partial synthesiz of a series of 4'-alkyl analogs of lincomydn and 1'-demetliyl-1"-ethyllincomycin is rve-
porvted. The ¢n vitro antibacterial activity of some of these componnds was three to fonr times that of linconycia.
Replacement of the 7-hydroxy! group of these compomids by chlovine further enhanced the antibacterial activity.
Relationships are drawn between structure and ¢n vilro and in vivo antibacterial activity.

Lincomyecin, a water-soluble antibiotic,? is orally ef-
fective in man for the treatment of diseases caused by
gram-positive organisms.*  The elucidation of the
structure of lincomycin (1) showed that it was not
chemically related to any of the major antibiotics.*

Lincomycin may be cleaved into an amino acid frag-
ment, trans-1-methyl-4-n-propyl-r-proline (2) and an
amino sugar, methyl thiolincosaminide (3). These
fragments may be recombined to yield lincomycin by
employing one of the standard methods for amide for-
mation.* The unique chemical stability of lincomycin

CHs c

M Hs
N CHs CH, HO
§03H7'"7‘ HO—- b H:N

CONH —>
. HO ~ §CSHM7} T HOO 0
H
COOH
OH SMe
SMe oH
OH

1 2 3

and the cleavage-recombination sequence established
the antibiotic as a highly desirable substrate in which
to study the effect of chemical modification on antibac-
terial activity. The synthesis and antibacterial proper-
ties of lincomycin analogs having various alkyl groups
at N-17 and C-4’, and in some cases having the 7-hy-
droxyl replaced by chlorine, are now described.

The method for preparation of 4'-alkyl analogs of
lincomycin was a modification of the previously de-
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scribed partial synthesis of lincomycin® The syn-
thetic scheme is outlined in Chart I. 1-Carbobenz-
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