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In the course of a study of the molecular  mechanism of the biological  act ivi ty  of the ant ib iot ic  cycloserine we 
established a relat ion between the chemica l  properties of the ant ibiot ic  and its action. It was shown that the ant ibac-  
ter ia l  act iv i ty  of cycloserine is re la ted to its effect on amino acid metabol ism and in part icular  to the inhibit ion of 
enzymes to which pyridoxal  phosphate acts as coenzyme [1, 2]. As a result of an investigation of the interact ion of 
cycloserine and some of its derivatives with PP-enzymes and pyridoxal phosphate we were able to establish that an 
essential feature for the appearance of an inhibit ing action is the presence of a free amino group in combinat ion with 
a hydroxamic cycl ic  ester grouping. On the basis of these premises we decided to undertake the synthesis of com-  
pounds derived from O-substituted hydroxylamine in which these requirements would be rea l ized  in some degree. We 
recent ly  developed a simple and convenient  method for the preparation of functional derivatives of O-substituted hy- 
droxylamine [8]. In [4] we applied this method for the preparation of 3- (aminooxy)alanine ,  a principal in termediary  
in a new synthesis of cycloserine.  We now report the synthesis of some 4-substi tuted 3-isoxazolidinones in accordance 

with the scheme: 
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As starting substance we chose the ester (III), in which the a - b r o m i n e  is highly react ive  in substitution reac-  
tions. Moreover, the protect ion on the aminooxy group can be removed under ext remely  mild  conditions, which 
makes it s imple to pass to the 3- isoxazol idinone system. Some simple substituted 3-isoxazolidinones have al ready 
been synthesized from 3-( isopropyl ideneaminooxy)propionic  esters, but these compounds were found to be unsuitable 

for the preparat ion of more complex analogs of the ant ib iot ic ,  because the e l imina t ion  of the isopropylidene group 
was accompanied  by the destruction of the substituent in the a -pos i t ion .  We must point out also that halogen in the 
a -pos i t i on  of substances of this kind is ex t remely  difficult  to rep lace  by other groups, which l imits the possibili t ies of  
this method substantially.  All  these circumstances led us to the necessity of using the bromo ester (III) (we have a l -  
ready described the synthesis and some of the properties of this ester [3, 4] )forthe preparation of 4-substituted 3 - i soxa-  
zolidinones. 

Among 4-substi tuted 3-isoxazolidinones the greatest interest was presented by the compound (Ia),  which has a 
4-(aminooxy)  group which can react  readi ly  with aldehydes and ketones with formation of oximes. The synthesis of  
this part icular  compound was prompted by the desire to create  a structure in which the pr incipal  chemical  properties 
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of the ant ibiot ic  cycloset ine are preserved, but there is a substantial increase in the power to combine with enzymes 

containing pyridoxal phosphate, for which a ldehyde-pyr idoxal  phosphate serves as coenzyme.  

To prepare the bisaminooxypropionic ester (IIa), the key compound for the synthesis of (Ia), we decided to a l -  
kylate  a l ka l i -me t a l  benzohydroxamates with the bromo ester (III). The react ion of the bromo ester (III) with benzo- 
hydroxamic acid goes with difficulty,  and the yield of the alkylat ion product (IIb) does not exceed a few percent.  
However, when an aqueous solution of a salt of the bromo acid was heated with acetohydroxamic ester the la t ter  was 
alkylated smoothly. Subsequent esterif icat ion led to the ester (IIa) in 60-70% yield.  The structure of this ester was 

proved by its hydrogenation to glyceric  ester. 

By the t reatment  of the ester (IIa) with various alkal ine agents (Ia) was formed, and this, l ike all  3- isoxazol id-  
inones, gave a character is t ic  color with sodium nitroprusside and ferric chloride,  formed a silver salt, and decomposed 
rapidly in aqueous and a lcohol ic  solutions; its hydrogenation gave 4-hydroxy-3- isoxazol id inone ,  ident ica l  with the 
previously described sample [5]. The react ion of (III) with such compounds as phenol, thiols, Na2S, etc. ,  went under 
conditions similar  to those found for the a lkylat ion of the hydroxamic ester. By way of example ,  in Experimental we 
describe the preparat ion of 4-phenoxy-3- i soxazol id inone  (Ib). 

The bromo ester (IH) reacts par t icular ly  readi ly with various amines. In the alkylat ion of piperidine we ob- 
tained the corresponding ester in more than 80% yield.  This ester was then converted under mild  conditions and in 
high yield into 4-p iper id ino-3- i soxazol id inone  (Ie). It may be supposed that this method for the preparation of 4- 
amino-3- isoxazol id inones  substituted in the amino group, unlike the syntheses described in the l i terature for individ- 
ual members of this class of  substances [6], is fairly general and that the most varied analogs of the ant ibiot ic  can be 

prepared by the scheme that we have developed. 

As would be expected ,  4 - (aminooxy)-3- i soxazol id inone  is b io logica l ly  active;  according to our results it  is the 
most powerful of all  known inhibitors of pyridoxal enzymes [7]. Also,  prel iminary results of tests for ant imicrobia l  
act ivi ty  show that (Ia) has bacter iostat ic  act ivi ty  in vitro against Mycobacter ium tuberculosis that is comparable  to 

the act ivi ty  of the ant ib iot ic  cycloserine [8]. 

EXPERIMENTAL 

3-(Aminooxy)-N-benzoylalanine Methyl Ester Hydroehloride (lib). A solution of 8 g of sodium benzohydrox- 
amate and 15 g of the bromo ester (Ill) in methanol was heated for 8 h at 65-70*. The mixture was vacuum-concen- 

trated and dry ether was added. The solution was fi l tered,  and the f i l t rate was evaporated to dryness and treated with 
5 ml of concentrated hydrochloric acid. The mixture was vacuum-dr ied  and dissolved in dichloroethane; ethyl ace-  
tate was added. After one day crystals of the hydroehloride (IIb) were fi l tered off; yield 8%; m.p. 179" (a lcoho l -  

ethyl acetate) .  Found: C1 12.41~ CltHtsOsN2C1. Calculated:  C1 12.19~ 

Ethyl 2,3-Bisaminooxypropionate Dihydroehloride (IIa). 27 g of methyl 2 -b romo-3- (1 -e thoxye thy l ideneamino-  
oxy)propionate was hydrolyzed at 30-35* with 40% aqueous potassium hydroxide. To the solution of the potassium salt 
we added 12 g of ethyl acetohydroxamate ,  7 g of potassium hydroxide, and 15 ml of water,  and the mixture was heated 
with stirring in a steam bath for 30-40 rain. It was cooled to -10"  and cautiously acidif ied with 20% hydrochloric acid 
to Congo Red. The mixture was extracted twice with methylene chloride,  the organic layer was f i l tered through an- 
hydrous magnesium sulfate, and the fi l trate was vacuum-evapora ted  to dryness. The residue was dissolved in 75 ml 
of absolute alcohol,  and the solution was saturated with heating with dry hydrogen chloride and filtered; the f i l t rate  

was boiled for 3 h. After 12 h the dihydrochloride was fil tered off, washed with absolute isopropyl alcohol,  and 
vacuum-dr ied  over phosphorus pentoxide; y ie ld  14.2 g (60%); m.p. 151" (ethanol-- isopropyl  alcohol).  Found: C 25.70, 

25.52; H 5.70; 5.94; C1 30.15; 30.13%. CsH1404NzC12. Calculated:  C 25.31; H 5.94; C1 29.93%. 

4.74 g of the dihydrochloride (IIa) was dissolved in alcohol and hydrogenated over plat inum oxide (0.5 g) until 
the theoret ical  amount of  hydrogen had been absorbed. Catalyst  was then f i l tered off, and after dist i l lat ion we ob- 
tained 1.5 g (58%) of ethyl glycerate ,  b.p. 71-73 ~ (0.5 mm); amide,  m.p. 100 ~ [5], undepressed by admixture of a 

known sample. 

4- (Aminooxy)-3- isoxazol id inone (Ia). 1.2 g of sodium hydroxide was dissolved in 50 ml of absolute ethanol,  
2.37 g of the ester dihydrochloride (IIa) was added, and the mixture was stirred for 1 h. The mixture was cooled to 
-15" ,  sodium chloride was separated, and the f i l t rate was rapidly vacuum-evapora ted  at 5 - 1 r  until crystal l izat ion 
began. The hygroscopic prec ip i ta te  was fi l tered off and vacuum-dried.  The yield of the sodium salt of (Ia) was 0.7 g 
(50%); Rf 0.72 (butyl a l c o h o l - a c e t i c  ac id -wa te r  4 : 1 : 5; development  with sodium nitroprusside). Found: N 17.46%. 

C~HsO3N2Na HzO. Calculated:  N 17.72%. 
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Hydrochloride of (Ia). Hygroscopic substance, rapidly deliquescing in air. Found: C1 12.38%, 2 , CsH603N 2 

HC1. CMeulated: C1 13.06%. 

Picrate of (Ia). Thesodium salt o f ( Ia )  was dissolved in alcohol and treated with the ca lcu la ted  amount  of an 
a lcohol ic  solution of hydrogen chloride; sodium chloride was fi l tered off. From the f i l t rate we prepared the p icra te  
of( Ia) ;  m.p. 290~ mol. wt. found 346.3, calcula ted  347.1" From the mother liquors we isolated the picrate  of the 

dimer of ( Ia) ;  m,p. 90~ mol. wt. found 728,9; ca lcula ted  694.2. 

Hydrogenation of (Ia). (Ia) was hydrogenated in a lcohol ic  solution at 20 ~ over plat inum oxide until one molec -  
ular proportion of hydrogen had been absorbed. The product was 4-hydroxy-3- isoxazol id inone ,  identical  in paper 
ebxomatography with a known sample (butyl a l c o h o l - a c e t i c  a c i d - w a t e r  4 : 1 : 5; development  with sodium nitro- 

prusside). 

Ethyl 3- (Aminooxy)-2-phenoxypropionate  Hydrochloride (IIc). The synthesis was s imilar  to that of (IIa). From 
13.5 g of the bromo ester (ItI) and 5 g of phenol we obtained 3.9 g (30 %) of (IIe), m.p. 131-132 ~ Found: C1 13.57; 

N 5.27%. CI1H,6OaC1. Calculated:  C1 13.55; N 5.35%. 

4-Phenoxy-3- isoxazol id inone .  2.05 g of the ester (IIc) was added to 31 ml of 1 N NaOH at 0 ~ the mixture was 
stirred for 1 h, the clear  solution was acidif ied with g lac ia l  ace t ic  acid to pH 4.5-5,  and the prec ip i ta te  was fi l tered 
off, washed with water, and vacuum-dr ied  over phosphorus pentoxide.  The yie ld  o f ( Ic )  was 1 g (71%); m.p. 141-142 ~ 

Found: N 7.66%. CoHgO3N, Calculated:  N 7.81%. 

Methyl 3- (1-Ethoxyethyl ideneaminooxy)-2-piper id inopropionate ,  27.1 g of methyl 2 -b romo-3 - (1 -e thoxye thy l -  
ideneaminooxy)propionate was dissolved in 30 ml of dry benzene,  17 g of piperidine was added dropwise with stirring, 
and the mixture was then boi led for 2.5 h. The react ion mixture was cooled,  100 ml of ether was added,  and the 
mixture was fi l tered.  The ethereal  solution was washed twice with water, dried over magnesium sulfate, and vacuum- 
dist i l led.  We obtained 23 g (85%) of the ester; b.p. 114-116 ~ (1 mm); n~ 1.4645, Found: N 8.94%. CtaH~aO4Nz. 
Calculated:  N 10.29~ It was a colorless mobile  liquid which decomposed rapidly at room temperature.  

Methyl 3- (Aminooxy)-2-p iper id inopropionate  Hydrochloride (IId). 0.18 g of water and 0.4 g of hydrogen chlo-  
ride dissolved in dry ether were added to 2.7 g of  the ester, and the react ion mixture was shaken for 30 rain. A color-  
less oil  was prec ip i ta ted ,  and when this was rubbed out with dry ether it crystal l ized comple te ly .  The yie ld  of the 
hydrochloride was 2.5 g (91%); m.p.  112-115 ~ (decomp.) .  Found: C 45.48; H 7.97; C1 14.92%. CoH19OaN2C1. 
Calculated:  C 45.27; H 8.02; C1 14.85%. 

4-Piper id ino-3- i soxazol id inone  (Ic). 2.4 g of the ester was added to 30 ml of I N NaOH at 0 ~ and the mixture 
was stirred for 1 h. The clear solution was passed through the cat ion exchanger Dowex 50 x 8 (50-100), which was 

then washed with 100 ml of water. Elution was with 1 N ammonia ,  and the fraction giving a character is t ic  blue color 
with an a lka l ine  solution of sodium nitroprusside was col lected.  The solution was vacuum-evapora ted  to dryness at 
10-15 ~ We obtained 0.85 g (57%) of product,  m.p. 98-100 ~ Found: C 56.43; H 8.16%. CsHt402N2. Calcula ted:  
C 56.45; H 8.29%, 

S U M M A R Y  

1. A new general  method was developed for the preparation of 4-subst i tuted 3-isoxazolidinones from ace tohy-  
droxamic ester. 

2. 4 - (Aminooxy)-3- i soxazol id inone  was synthesized. This substance is a powerful inhibitor of pyridoxal en- 
zymes and has high bacter ios ta t ic  ac t iv i ty  in vitro against Mycobaeter ium tuberculosis. 
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