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THE PROBLEM OF THE CARBONATE APATITES
Sir:

Romo! recently has obtained some results that
do not coincide with existing knowledge. Two
major portions of his work are supported solely by
infrared absorption spectrograms.

He states that an apatite from Durango, Mexico,
(presumably from the well-known locality at Cerro
Mercado) is hydroxyapatite. Hydroxyapatite,
however, is not known from this locality, and a
recent analysis by Ivan Barlow, of the U.S. Geo-
logical Survey, shows apatite from this locality to
contain merely 0.139, water but 3.509, fluorine.?

Romo claims to have synthesized a carbonate
apatite by wet methods, which (after drying) does
not contain hydroxyl ions. He assigns to it the
composition Ca;0COs(POy)s. Again he decides the
hydrous »s. anhydrous condition of the substance
on the basis of the infrared absorption data, without
other confirmatory tests.

Although the CO; group of such a substance
would necessarily have its 3-fold axis parallel with
the 6-fold screw axis of the structural arrangement,
Romo assumes that the COj; group could replace
OH groups without causing an increase in the size of
the unit cell when measured perpendicular to the
3-fold axis. That this assumption has no validity
was demonstrated in 1937 for the mineral fran-
colite,® which likewise is a carbonate apatite for
which considerable data have been presented.*

In recent years, the discussions concerning the
true nature of carbonate apatites have involved
consideration of such properties as the refractive
index, the birefringence, the specific gravity, and
the precise ratios of all of the different elementary
constituents, including hydrogen. In light of the
proposal in 1931° of the structural concepts pre-
sented by Romo, and a demonstration of their lack
of validity in 1937,% the reiteration of these con-
cepts, without any discussion of their interrelation
to the extensive contrary data and conclusions, falls
far short of a convincing presentation,

(1) L. A. Romo, Tais JOURNAL, T6, 3924 (1954),

(2} Z.S. Altschuler, personal communication, 1855.

(3) J. W. Gruner and D. McConnell, Z. Krist., 9TA, 208 (1937),

(4) D. McConnell, Bull. Soc. Franc. Mineral. Crist., T8, 428 (1952).

(5) S. B. Hendricks, M. E. Jefferson and V. M, Mosley, Z. Krist.,
81A,352 (1932); see also Ind, Eng. Chem., 28, 1413 (1931).
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Du~ncaN McCoONNELL

D-4-AMINO-3-ISOXAZOLIDONE, A NEW ANTI-
' BIOTIC*
Sir:

A new antibiotic has been isolated and deter-
mined to be p-4-amino-3-isoxazolidone (I). It was

¥ A comparison of oxamycin with cycloserine, kindly furnished by
Dr. Jerome Martin of Commercial Solvents Corporation, showed the
two samples to be identical; ¢f. P. H, Hidy, ¢ al. TB1s JourNAL, 77,
2345 (1955).

assigned the name ‘“‘oxamycin.”” This compound
is unique chemically, and the literature contains a
paucity of isoxazolidones which are closely related
to this 3-isoxazolidone.

This antibiotic was discovered as a metabolic
product of a new species of Streptomyces and found
to possess broad spectrum antibiotic activity.!
It protects mice against a number of experimental
infections.?

The crude fermentation broth was clarified with
charcoal, adjusted to pH 3.0, and passed through a
column of Amberlite IR-120.> Elution was ac-
complished by using 0.2 N ammonium hydroxide.
The fraction collected between pH 5.5 and 10.5
was passed over a column of Amberlite XE98*
on the hydroxide cycle, and 0.3 IV acetic acid was
used for elution. The eluate, adjusted to pH 10.5
and reduced to a concentration of 100 mg./ml.,
was treated with 5 volumes of isopropyl alcohol to
precipitate impurities. Readjustment of the super-
natant to pH 6 brought about crystallization of the
antibiotic.

D-4-Amino-3-isoxazolidone is obtained as color-
less crystals, m.p. 154-155°, [a]®D +116° (e,
1.17 in water), A\72fF 226 mu (E1%, 402). Anal.
Calcd. for CsHeN:0:: C, 35.29; H, 5.96; N, 27.44;
mol. wt., 102. Found: C, 35.75; H, 5.56; N,
27.19; mol. wt. (cryoscopic in water), 101. Titra-
tion with acid and base gave binding spans with
pKa values of 4.4 and 7.4, respectively, and equiva-
lent weights of 101-102. The infrared absorp-
tion spectrum is characteristic of a zwitter-ion;
there was no band in the region 2.5-3.4 y, but broad
hydrogen bonded NH-OH stretching frequencies
in the region 3.6-4.7 u, and maxima at 6.12, 6.20,
6.28, 6.43 and 6.52 u. Crystalline sulfate, calcium,
barium, and magnesium salts were prepared. The
calcium salt (a tetrahydrate, m.p. 215-220° (dec.);
[«]®D 73.7° (¢, 1 in water) was found to have
stability properties superior to those of the zwitter-
ionic form.

p-4-Amino-3-isoxazolidone was found to be
relatively stable to alkali. Upon acid hydrolysis,
it was readily degraded to hydroxylamine and
serine as the major products. Catalytic hydro-
genation of the antibiotic gave a quantitative
yield of p-serine amide. Similar reduction of the
N-acetyl derivative, m.p. 175-177°, yielded N-
acetyl-D-serine amide. Upon treatment with meth-
anolic hydrogen chloride, oxamycin was converted
to B-aminoxy-p-alanine methyl ester (II), isolated
as the dihydrochloride, m.p. 145-155° (dec.).
Anal. Caled. for C4H12N203C121 C, 2320, H,
5.84; N, 13.55; OCHj;, 14.97. Found: C, 23.21;

(1) D. A. Harris, H, Wallick, M. A, Reagan and H. B. Woodruff,
Antib, and Chemo., in press.

(2) A.C.Cuckler, B, M. Frost, L. McClelland and M. Solotorovsky,
ibid., in press.

(3) A sulfonic acid cation exchange resin, Rohm and Haas Co,,
Philadelphia, Pa.

(4) A strong basic anion resin, Rohm and Haas Co., Philadelphia,
Pa.
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H, 5.50; N, 13.35; OCH,;, 14.46. Treatment of
the ester IT with alkali converted it to the original
antibiotic.

Upon the basis of these degradation reactions,
structure I, p-4-amino-3-isoxazolidone (oxamycin)
is assigned to this new antibiotic.

I|\IHZ MeOH-HCl CH:—CH—NH,®
CH;—CHCOOCH, < ———— Lo
NaOH .
ONH, a \née
11 1

RESEARCH LABORATORIES
CHEMICAL DIVISION
Merck & Co., INc.
RAHWAY, NEW JERSEY
RupoLr P. Buls
IRVIN PUTTER
ROBERT ORMOND
Joun E. Lvons
Lours CHAIET

RECEIVED MARCH 3, 1955

FrREDERICK A. KUEHL, JR.
FrRANK J. WOLF
NELSON R. TRENNER
ROBERT L. PECK

EUGENE Howr

BERL D. HUNNEWELL

GEORGE DOWNING

E. NEWSTEAD

KaRrRL FOLKERS

STRUCTURE AND REACTIONS OF CYCLOSERINE!
Sir:

The soil organism Streptomyces orchidaceus elabo-
rates a new broad spectrum antibiotic which has
been given the generic name cycloserine ™4
Isolation from culture filtrates was accomplished by
absorption on anion exchange resins, elution with
dilute mineral acid, and formation of a crystalline
silver salt (I) [Caled. for CsH;N.0.Ag: C, 17.2;
H, 2.40; N, 13.4; Ag, 51.6. Found: C, 17.4;
H, 2.83; N, 13.1; Ag, 49.9] from which the cry-
stalline antibiotic was obtained as fine white needles
from aqueous alcohol, m.p. 156° (dec.), [a]®ue
137 = 2° (¢, 5 in 2N NaOH), [a]®p 112°, (c,
5 in 2N NaOH) [Calcd. for CsHeN:0,: C, 35.3;
H, 592; N, 27.4; mol. wt,, 102. Found: C,
35.4; H, 598; N, 26.9; equiv. wt.,, 104]. Po-
tentiometric titration (pK’, 4.4 and 7.3) indicates
that cycloserine exists in aqueous solution as a
dipolar ion. These data, together with the infrared
spectrum, are consistent with structure II, p-4-
amino-3-isoxazolidinone, for cycloserine.

Reaction of II with methanol and hydrogen
chloride gave methyl p-e-amino-g-aminoxypropio-
nate dihydrochloride (III), m.p. 163-164° (dec.)
[Calcd. for CHyoN.03-2HCIl: C, 23.2; H, 5.84;
N, 13.5; Cl, 34.2. Found: C, 23.0; H, 5.94;
N, 13.5; Cl, 33.9; [a]®p —12.5° (¢, 1 in methanol);
pK’, 2.3 and 6.9] which was recyclized in good
yield to II by means of base.

In the Van Slyke amino nitrogen analysis about
one half of the total nitrogen was found. Pro-
longed acid hydrolysis yielded bpL-serine, while
under milder conditions D-serine was isolated.
These were identified by paper chromatography,
rotation, and the identity of their infrared spectra
with those of authentic specimens. Hydroxyl-

(1) Comparison of oxamycin (Merck) and cycloserine indicates
that these two products are identical.

(2) R.L.Harned, P. H. Hidy and E. A, Kropp, Antibiotics & Chemo-
therapy, in press,

(3) H. Welch, Fourteenth Veterans Administration-Army-Navy
Conference on the Chemotherapy of Tuberculosis, Atlanta, Georgia,
February 7-10 (1955).

(4) I. Epstein, K. G. 8. Nair and L. J. Boyd, Antibiotic Med., 1, 80
(1955),
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amine was isolated from the hydrolysate as m-
nitrobenzaldoxime (IV), m.p. and m.m.p. 122°.
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On catalytic reduction, one mole of hydrogen
was consumed and p-serine amide was isolated as
the hydrochloride (V), m.p. 188-189° [Calcd. for
CsH3O,N-HC1: C, 25.6; H, 6.45; N, 19.9; Cl,
25.2, Found: C, 26.1; H, 6.70; N, 19.7; C],
25.1] which had the same infrared spectrum as
authentic L-serine amide hydrochloride, but equal
and opposite rotation. Acetylation yields both
a monoacetyl derivative (VI), m.p. 179-180°, pK’',
5.80 [Caled. for CHzO3N,: C, 41.7; H, 5.59; N,
19.4; mol. wt., 144. Found: C, 41.9; H, 5.61;
N, 18.8; equiv. wt., 139] and a diacetyl deriva-
tive (VII), m.p. 120-121° [Caled. for C;H;yNOy:
C, 45.2; H, 5.41; N, 15.0. Found: C, 45.3; H,
5.67; N, 15.2]. Alkaline hydrolysis of VI yields
cycloserine. Methylation of VI with diazomethane
followed by chromatography on alumina gave an
O-methyl derivative (VIII), m.p. 140-142°, and
an N-methylderivative (IX), m.p. 111-113° [Calcd.
for CeHyoO3N2: C, 45.6; H, 6.37; N, 17.7: OCH,,
19.6; NCH;, 9.5. Found (VIII): C, 45.7; H,
6.34; N, 17.4; OCH,;, 18.9; NCH;, 0.0. Found
(IX): C, 45.6; H, 6.26; N, 17.4; OCH;, 0.0;
NCH;, 9.2].

In solution cycloserine dimerizes to 2,53-bis-
(aminoxymethyl)-3,6-diketopiperazine (X), m.p.
190-200° (dec.) [Calcd. for OgH;pN4Oy; C, 35.3;
H, 592; N, 27.5. Found: C, 35.1; H, 5.80;
N, 25.9]. Catalytic reduction of X leads to am-
monia and either p-serine anhydride or pL-serine
anhydride, identified by the analyses, m.p., and
comparison with the infrared spectra of authentic
specimens. Alkaline degradation of X yields hy-
droxylamine and 2,5-dimethylene-3,6-diketopiper-
azine (XI), m.p. > 300° [Calcd. for CsHeN2Qs:
C, 52.2; H, 4.35; N, 20.3. Found: C, 52.1; H,
4.40; N, 20.0]. Catalytic hydrogenation of XI
affords pL-alanine anhydride (XII), m.p. 286-287°



