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Among the most interesting derivatives of hydroxylamine are amino acids that contain an H,NO group. We
recently described a convenient synthesis for the natural amino acid DL-canaline and studied some of its reactions
2. 3]. The closest homolog of this amino acid—3-(aminooxy)alanine—is of interest on its own account: a cyclic
acyl derivative of this is the antibiotic cycloserine. 3-(aminooxy)alanine itself has biological activity, and it in-
hibits some enzymes containing pyridoxal phosphate [4-6]. In this paper we report the development of a conve-
nient method of preparing 3-(aminooxy)alanine and the study of some of its reactions.
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We have prepared the ester (III) previously from ethyl acetohydroxamate and methyl 2,3-dibromopropionate
[7]. Amination of the bromo acid obtained by the alkaline hydrolysis of (III) proceeds readily and smoothly under
the conditions usual for the amination of o ~halo acids. The best yields were obtained by carrying out the reaction
in liquid ammonia. It should be mentioned that the bromo acid itself is unstable at room temperature and gradually
decomposes with the liberation of ethyl acetate. In acidic aqueous solutions the amino acid (II) is hydrolyzed ex-
tremely readily to 3-(aminooxy)alanine (I), which separates as its monohydrochloride. The yield of (I), based on
the bromo ester (III), amounts to 70%. The simplicity of the synthesis and the high yields at each stage are attained
by the use, as starting substance, of the bromo ester (III), whose molecule contains a specific grouping of a substi-
tuted hydroxamnic ester, stable in the course of the synthesis, without substantial effect on the mobility of the o-
halogen atom, and smoothly convertible in an acid medium into a substituted hydroxylamine. The method de-
veloped can obviously be applied in the synthesis of various homologs of (1), for by an analogous procedure we were
able to prepare 2-amino-3-(aminooxy)butyric ester. Various 3-(aminooxy) N-substituted alanines were prepared
from the amino acid (II):

HyNOCH:CHCOOH « (II) — HoNOCH,CHCOOH

|
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The selective formation of such derivatives of substance of type (I) in which only the 2-amino group is substituted
has presented difficulty until now, because disubstituted derivatives are formed in most reactions and the selective
hydrolysis of these cannot usually be effected. In those cases in which compounds with a protected aminooxy group
are used for the preparation of derivatives, the removal of the protection is accompanied by the elimination of the
substituent in the amino group.

* For Communication 5, see [1].
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A. Ultraviolet spectra of pyridoxal phosphate (PP) in presence of 3-(aminooxy)-
alanine: 1)5- 10" MPP+5-107* M 3-(aminooxy)alanine (pH 7); 2) ditto (pH1).

B. Ultraviolet spectra of glutamate-aspartate-transaminase (GAT) in presence of
3-(aminooxy)alanine: 1) GAT (protein content 2 mg/mly+1- 1072 M 2-(aminooxy)-
alanine (pH 8.2); 2) ditto (pH 4.5); 3) GAT (pH 4.5); 4) GAT (pH 8.2).

A characteristic property of 3-(aminooxy)alanine is its ability to form oximes by reaction with car-.
bonyl compounds:

>C =0+ H;NOCH,CHCOOH — > C = NOCH,CHCOOH.
|
NH, NH,

Oximes from 3-(aminooxy)alanine are good crystallizing substances and can probably be applied for the identifica-
tion of aldehydes and ketones. The synthesis of (I) described in this paper is of great practical importance, because
the ester of (I) serves as the main starting compound for the preparation of the antibiotic cycloserine (4-amino-3-
isoxazolidinone). The ester of (I) is formed in good yield by the esterification not only of (I), but also of the sub-
stance from the preceding stage of the synthesis, the amino acid (II):*

H,NOCH,CHCOOH——— H:N —— =0
I\]IHg — H;NOCH,CHCOOC,H; — l\lIH
CH;C = NOCH,CHCOOH —! I\IIHg o7
bets  NH,

We studied the mechanism of inhibition by 3-(aminooxy)alanine of glutamate-aspartate -transaminase, whose
co-enzyme is pyridoxal phosphate [4, 9]. 3-(aminooxy)alanine is fixed in the active center of the apoenzyme and
forms and oxime link with pyridoxal phosphate, as follows from a comparison of the spectra showing the interaction
of (I) with pyridoxal phosphate and with highly purified (above 95%) glutamate -aspartate-transaminase (see the fig-
ure). A detailed discussion of the mechanism of the interaction of (I) and its derivatives with the enzyme will be
published separately [4].

EXPERIMENTAL

3-( Aminooxy)alanine (I). 27 g of the bromo ester (III) was hydrolyzed at 30-35° with 209 aqueous sodium
hydroxide solution. The mixture was cooled to =10° and acidified with hydrochloric acid; the bromo acid was sep-
arated rapidly and heated with 75 ml of liquid ammonia for six hours at 65-70°. Ammonia was evaporated, and the
crystallin‘e mixture of the amino acid (II) and ammonium bromide was suspended in 100 ml of alcohol; 33 ml of con-
centrated hydrochloric acid was added, and the mixture was filtered. 30 g of dimethylaniline wasadded overa period
of one hour to the filtrate with stirring, the mixture was cooled to 0°, and after two hours (I) was separated; yield
12.2 g (70%); m.p. 141-142° [10].

* The method that we have developed for the preparation of 3-(aminooxy)alanire and its ester has provided thebasis
for an industrial synthesis of cycloserine [8].
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3-(1-Ethoxyethylideneaminooxy)alanine (II). The crystalline mixture formed in the amination of the bromo
ester (111) was washed with methanol and dissolved in concentrated aqueous ammonia. Isopropyl alcohol was added,
and after the removal of ammonia in a vacuum we obtained (II), m.p. 179-180° (decomp.). Found: N 14,99%,
CqH;,O,Ny. Calculated: N 14.73%

3-(Aminooxy)alanine Ethyl Ester Dihydrochloride, 1.9 g of 3-(1-ethoxyethylideneaminooxy)alanine wasboiled
for 2.5 h with 20 ml of absolute ethanol containing 3.6 g of hydrogen chloride. The reaction mixture was vacuum-
evaporated to dryness, the residue was dissolved in 4 ml of absolute ethanol, and 20 ml of dry ethyl acetate was
added cautiously. After two hours crystalline 3-(aminooxy)alanine ethyl ester dihydrochloride was filtered off; yield
1.5 g ('10%); m.p. 153-154° (from alcohol) [10].

3-(Aminooxy)-N-(benzyloxycatbonyl)alanine (IV). 1.7 g of benzyl chloroformate was added with cooling
and stirring to a solution of 1,9 g of the amino acid (II) in 2 N aqueous NaOH, At the end of the reaction the re-
action mixture was extracted with ether, and the aqueous part was acidified to Congo Red with hydrochloric acid
at—10°. Then, at a temperature of =10 to —5°, the mixture was extracted rapidly with methylene chloride; the ex-
tract was filtered through magnesium sulfate, and solvent was vacuum-distilled off. The residue was treated with
6 ml of 0.02 N alcoholic HCI. Alcohol was vacuum-~distilled off, the residue was dissolved in 4 ml of water, 2N
NaOH was added to bring the pH to 4, and the mixture was left for a few hours at 0°. The yield of (IV} was 60%;
m.p. 128-130° (aqueous alcohol), Found: N 11.24% C;yH;,ON,. Calculated: N 11.02%

3-(1-Ethoxyethylideneaminooxy)-2-guanidinopropionic Acid (V). 0.01 mole of the amino acid (II) wasadded
to a methanolic solution of 0,02 mole of 2-methylpseudourea. After five days the guanidino acid (V) was filtered
off; yield 45-50%; m.p. 210~-212° (decomp.). Found: N 24.15% CgH;sO.N, Calculated: N 24.12%

N-(Benzyloxycarbonyl)-3-[(benzyloxycarbonyl)aminooxylalanine. 8.4 g of sodium bicarbonate and 5.2 g of
magnesium oxide were added to a solution of 9 g of (I) in 100 ml of water. An ethereal solution of 22 g of benzyl
chioroformate was then added dropwise with stirring and cooling. After 12 h the mixture was filtered, and a sus-
pension of the precipitate in water was acidified with concentrated hydrochloric acid; when rubbed out with ether,
the oil liberated crystallized. The ether layer of the filtrate was rejected, the aqueous layer was acidified with con-
centrated hydrochloric acid, and the oil liberated crystallized when rubbed out with ether, The two portions of crys-
tals were combined and recrystallized from benzene; yield 30%; m.p. 139°. Found: N 7.21%. CyeHnO4N,. Cal-
culated: N 7,21%,

3-(Benzylideneaminooxy)alanine. 4 N NaOH was added to a solution of 1.7 g of 3-(aminooxy)alanine (I) in
50% alcohol to bring the pH to 5-6, and an alcoholic solution of 1.2 g of benzaldehyde was then added. After 12 h
the precipitate was separated and washed with water and alcohol. An almost quantitative yield of 3-(benzylidene-
aminooxy)alanine was obtained; m.p. 198° (decomp.). Found: N 13.26% C;HpO3N,. Calculated: N 13,45%.

2-Arhino-3-(1-ethoxyethylideneamindoxy)butyric Acid. 32 g of 20% aqueous NaOH was added to 48 g of
ethyl 2-bromo-~3-(1-ethoxyethylideneaminooxy)butyrate at 30+ 2°, and the mixture was stirred for 30 min at rocom
temperature and then acidified to pH 2 with 10% hydrochloric acid (temperature not above —5°), . The acid liber~
ated was extracted with ether, ether was vacuum-evaporated from the extract, and the residue was introduced into
an autoclave together with 100 ml of liquid ammonia and 0.2 g of ammonium nitrate. The reaction mixture was
heated for 12 h atr 55-60°., Ammonia was evaporated, the residue was dissolved in absolute ethanol, alcohol was
vacuum-distilled off at room temperature, and the residue was treated two more times in the same way. The solid
residue was ground with cold water, filtered off. and washed with acetone. The yield of amino acid was 18,0 g
(55%); m.p. 177-178°. For analysis the substance was reprecipitated from aqueous ammonia. Found: N13,70;13,89%
CgHygNoO,. Calculated: N 13.72%

Ethyl 2-Bromo-3-(1-ethoxyethylideneaminooxy)butyrate was prepared like the bromo ester (IIT) from ethyl
2,3-dibromobutyrate and acetohydroxamic acid; yield 60-55% b.p. 90° (1-1.5 mm); “D22 1.4645. Found: N5.049,
C1oHgBINO,. Calculated: N 4,73%.

Under similar conditions we prepared the corresponding chloro ester from methyl 2,3-dichlorobutyrate; yield
43%; b.p. 84-85° (2 mm); n;f’ 1.4501. Found: N 5.54% CgH;sO,NCl. Calculated: N 5.90%

Methyl 2-Amino-3-(amincoxy)butyrate Dihydrochloride. 5 g of 2-amino-3-(1-ethoxyethylideneaminooxy)-
butyric acid was dissolved in 7 ml of concentrated hydrochloric acid, and the solution was vacuum -evaporated. The
residue was dried and dissolved in 70 ml of absolute methanol. Dry hydrogen chloride was passed in to saturation,

633



and the reaction mixture was left for two days. The clear colorless solution was vacuum-evaporated, and the residue
was dissolved in 25 ml of absolute methano! and again evaporated to dryness. This operation was repeated three
times, and the residue was vacuum-dried over phosphorus pentoxide and crystallized from absolute isopropyl al-
cohol, The yield of the ester dihydrochloride was 52%; m.p. 139-141° (from isopropyl alcohol), undepressed by ad-
mixture of a known sample, On treating the ester dihydrochloride with alcoholic alkali we obtained a 60% yield

of 4-amino-5-methyl-3-isoxazolidinone, identical with the sample which we prepared previously [11].

All analyses were carried out by L. S. Bogdashova, whom the authors thank.
The authors are deeply indébted also to Yu. M. Breusov for determined the spectra showing the interaction
of 3-(amincoxy)alanine with the enzyme.
SUMMARY
1. A new simple method for the preparation of 3-{aminooxy)aianine and its homologs is proposed.
2. The chemical properties of 3-(aminooxy)alanine are studied. and some of its derivatives, at the amino

and at the aminooxy group, are synthesized.

LITERATURE CITED

1. R. M. Khomutov, M. Ya. Karpeiskii, M. A. Breger, and E. S. Severin, Vopr. meditsinskoi khimii 8, 389(1962).

2. M. Ya. Karpeiskii, R. M. Khomutov, and E. S, Severin, Zh, obshch, khimii 32, 1357 (1962).

3. R M. Khomutov, M. Ya. Karpeiskii, and E, S. Severin, Izv. AN SSSR, Otd. khim, n, 1962, 2161,

4, M. Ya, Karpeiskii, Yu. M, Breusov, R. M. Khomutov, E. S. Severin, and O. L. Polyanovskii, Biokhimiya 28
345 (1963).

5. E. D. Vyshepan, K. L Ivanova, and A, M. Chemukh, Byul. ékslerim. biol., i med, 47, 52 (1959); 52, 76(1961),

6. O. L. Polyanovskii and Yu. M, Torchinskii, Dokl, AN SSSR 141, 488 (1961).

7. R M. Khomutov, Zh. obshch. khimii 31, 1992 (1961).

8. R. M. Khomutov, M. Ya. Karpeiskii, and E. S. Severin, Authors’ Certificate No. 727187/23-4 with priority

from April 17, 1961.
9. R. M. Khomutov, M, Ya. Karpeiskii, and E. S. Severin, Biokhimiya 26, 772 (1961).
10. N. K. Kochetkov, R. M. Khomutov, M. Ya. Karpeiskii, and £, I. Budovskii, Zh. obshch. khimii 28, 3013 (1958).
11. R. M. Khomutov, M. Ya, Karpeiskii, E. 1. Budovskii, E. S. Severin, and N, K, Kochetkov, Zh, obshch. khimii
29, 1328 (1959).

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-

cover English translations appears at the back of this issue.
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