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A Schiff Base of Cycloserine?

Cycloserine®, a broad-spectrum antibiotic, has the
Structure p-4-amino-3-isoxazolidone (I). Its mode of
action has been related® to its ability to react with
Pyridoxal, since it inhibits certain transaminase, de-
Carboxylase and racemase enzyme systems which are
known to be pyridoxal dependent?. In 1962, MicHALSKY S
Teported that pr-cycloserine reacts with pyridoxal and
Other aldehydes in boiling ethanol to form derivatives of
Cycloserine dimer (II) in nearly quantiative yields. On
fche basis of these results and some microbiological activity
M the dimer4?, he concluded that cycloserine derives
s biological activity from its ability to form the dimer.

¢ also concluded that a cycloserine Schiff base (II1) is
%0t the form in which pyridoxal is removed from enzyme
Systems since he was unable to isolate such a compound.
Other workers® have suggested that a cycloserine Schiff

ase may be very labile and may rearrange rapidly into
the dimer derivative (IT).
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We werc interested in testing the two above hypoth-
Cses; namely, that cycloserine does not readily form a
Schiff base and that the Schiff base, if formed, rearranges
*fapidly to give a dimer derivative. We found that in
Otling ethanol, p-cycloserine (I} reacts with 5-chloro-
Salicylaldehyde, which is known® to form Schiff bases
With amino acids, to give a dimer derivative? (I, R=2-
h}’droxy-5~chlorophenyl), m.p. 226-229°C, [a]f +43.6°
(¢, 1.26 in dimethylformamide); » 3120 (N-H), 1670
(C:O), 1630 (C=N). This compound also showed the infra-
fed bands at 1480 and 1330 ¢m-? known? to be charac-
teristic of diketopiperazines. When this reaction was
‘arried out at room temperature, the Schiff base, N-(5-
Chlorosalicylidene)-D-cycloserine {III, R = 2-hydroxy-5-
Chlorophenyl), m.p. 144-146°C, [«]FF +130° (c, 1 in
Methanol); v, 1710 (C=0), 1625 (C=N), was obtained in
84% yield. The Schiff base structure was shown by the
Ollowing reactions. It was hydrolyzed rapidly at room
t‘_’n}perature in 1.1 equivalents of 0.3 N hydrochloric acid
8lving s.chlorosalicylaldehyde in 76% yield and crystal-
e n-cycloserine in 48%, yield. When an attempt was
Made to rearrange this product into the dimer derivative
(1L, p— 2-hydroxy-5-chlorophenyl) in boiling ethanol the
“rystalline reaction product, m.p. 155-156°C, was #not the

dimer derivative. Its lack of optical activity and its
hydrolysis to 5-chlorosalicylaldehyde and pr-cycloserine
showed it to be the Schiff base of pr-cycloserine. This is
the first reported racemization of p-cycloserine and may
be useful in the preparation of the racemate and conse-
quently the vL-isomer from the available b-isomer,
Racemization of the asymmetric center at C-4 probably
occurred via the tautomeriec equilibrium IV. This has
been postulated® as the mechanism by which pyridoxal-
dependent racemases and transaminases act on amino
acids. The racemization eliminates the possiblity that the
adduct has the structure V (R = 2-hydroxy-5-chloro-
phenyl), which would result from attack by the aldehyde
at the 7ing nitrogen, since it is difficult to sec how V
could be thermally racemized,
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It is possible, however, that V is intermediate in the
formation of dimer derivatives in boiling ethanol®e,
Ethanolysis of the isoxazolidone ring of V gives an a-
amino ester VI which might be expected to dimerize
forming II. We prepared V1 (R = CH,, R'= 2-hydroxy-5-
chlorophenyl) and found that on hcating it with or
without solvent, the dimer derivative was nof formed.
The oxime of 3-chlorosalicylaldehyde was obtained in
68% yield along with an insoluble gum. These products
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can be explained by assuming f-elimination of the oxime
from VI leaving an a-aminoacrylic ester which poly-
merized,

NH,
]
R'CH=NGCH,CHCOOR  vI

We conclude from these results that n-cycloserine
forms a Schiff base quite readily and that dimerization is
not prerequisite to its reaction with aldehydes. Thus,
Schiff base formation may well be the predominant
means by which the antibiotic removes pyridoxal from
enzyme systems. We have shown also that the dimer
derivatives obtained in boiling ethanol are most likely
due to dimerization of p-cycloserine prior to its reaction
with the aldehyde. Pathways including Schiff base re-
arrangement or reaction at the isoxazolidone ring nitrogen
atom are contraindicated. We are presently investigating
the reaction between D-cycloserine and pyridoxal itself10.

Total Synthesis of Derivatives of
{+)~6-0Oxa and Aza-Estrone

We wish to report extensions of our total syntheses of
estrone, equilenin, and related compounds®:? to several
corresponding 6-oxa- and -aza-analogs, and the conver-
sion of (+)-178-hydroxy-3-methoxy-6-oxa-estra-1,3, 5-
(10)-triene to compounds of the ()-19-nor-6-oxa-testo-
sterone series.

The ketones {I; X =0 and CH;SO,N)*4, made by
cyclodehydration of the corresponding 3- subotltuted pro-
pionic acids, were used as starting materials. Their struc-
tures were confirmed by examining the aromatic proton
signals in the proton nuclear magnetic resonance spectra
of the first substance and the quinolone (I; X=NH)
formed by acid hydrolysis of the second. The spectrum of
the chromanone shows a doublet centered at 2.17 758 (]
8.5 cjsec) assigned to the C,-proton resonance split by
coupling with the Cg-proton, a doublet at 3.59 7 (J 2.5
c/sec) assigned to the Cy-proton resonance split by coup-
ling with the Cg-proton, and a pair of doublets centered
at 3.43 7 assigned to the C,-proton resonance split by
coupling with both the C; and Cy-protons (], and Js 5
9 and 2 cfsec, respectively). The spectrum of the guino-
lone (I; X = NH) is broadly similar with doublets centered
at 2.18 and 3.84 v (J 8.9 and 2.5 ¢/sec, respectively), and
a pair of doublets at 3.67 7 (J4,; and Jq.5 9 and 2.2 ¢c/sec,
respectively). These patterns are related to that found
in the spectrum of the tetralone {I; X=CH,) as two
doublets centered at 2.01 and 3.31 7 (J 8.4 and 2.4 ¢/sec,
respectively) and a pair of doublets at 3.18 7 (] 8.8 and
2.5 ¢fsec).

The chromanone (I; X=0) was converted by vinyl-
magnesium chloride in tetrahydrofuran, into the aleohol
{I1; X == O) (not obtained pure}, and thence, by potassium
hydrogen carbonate catalysed condensation with 2-
methyleyclopentane-1, 3-dione in methanol, into the seco-
oxasteroid (III; X =0)¢% m.p. 107-111°, Anax 264.5 and
309 my, {¢ 15500 and 9400). Cyclodehydration of the last
compound in ethanolic hydrochloric acid afforded the
oxa-estrapentaene (IV; X =0)7, m.p. 148-152°, Apax 245
and 331 mp (¢ 16 700 and 21 700), which was selectively
hydrogenated in benzene over 2%, palladized calcium
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Zusammenfassung. Von b-Cycloserin ist die erste
Schiffsche Base isoliert und charakterisiert worden. Bei
Erhitzen in Athylalkohol unterbleibt die Umlagerung in
einen Cycloserindimerenabkémmling und ergibt Racemi-
sierung. Es wird gefolgert, dass Aldehyde nicht auf das
Stickstoffatom des Isoxazolidons reagieren und dass
Dimerisation von Cycloserin nicht fiir die Reaktion mit
Aldehyden erforderlich ist.
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carbonate to the oxa-estratetraene (V; X =0}, m.p. 146~
151°, Amax 286.5 and 307 mp (¢ 5000 and 10,500). Boiling
ethanolic hydrochloric acid transformed the oxa-estra-
tetraene into the A*M.jsomer (VI), m.p. 175-179°, Amax
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