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)~mongst the most interesting natural hydroxylamine derivatives is the antibiotic cyeloserine (CS). Study of 
the mechanism of action of CS has shown that it is a powerful inhibitor of nitrogen-exchange enzymes, the coferment 
of which is pyridoxal phosphate [3]. We have shown that the specific biological activity of CS is probably due to its 
ability to react  with pyridoxal enzymes as an acylating agent; the acylating properties of the antibiotic are determ- 
ined by the conjunction of a hydroxamic ester grouping and an amino group in the a-posi t ion in its molecule [4], 
On the basis of the relationships that have been established it may be supposed that biological activity will also be 
possessed by the compound which, like CS, contains a catenation of an e~-amino group and a hydroxamic ester group- 
ing, but, unlike CS, contains these not in a five-,  but in a six-membered ring. Interest in the synthesis of just this 
compound arises not only from its similarity to CS, but also from the fact that its structure is based on the amino 
acid canaline [2-amino-4-(arninooxy)-butyr ic  acid], Which shows a multiformity of biological activity. This com-  
pound, therefore, can be regarded, on the one hand, as a peculiar s ix-membered hornolog of CS (hornocycloserine) 
or, on the other, as a canaline derivative (cyclocanaline). 

After the discovery of the antibiotic CS and the establishment of its structure, several authors made attempts 
to synthesize cyclocanaline (CC)[4-aminodihydro-2H-1,2-oxazin-3(4H)-one]  and its derivatives by the cyclizat ion 
of the corresponding halo hydroxarnic acids. It was found that the reaction resulted in the formation of another 
heterocyclic system: 1-hydroxy-2-pyrrolidinone [5]. 
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The lack of success was probably associated with the fact that at  that t ime there was no information about the 
six-mernbered heterocyclic  system dihydro-2H-1,2-oxazin-3(4H)-one,  from which cyclocanal ine  is derived. We 
therefore investigated possible ways of synthesizing this heterocycle and showed that dihydro-2H-1,2-oxazin-3(4H)- 
one is formed only by the action of basic agents on 4-(arninooxy)butyric esters. We gave rigorous proof of the 
structure of the product [2]. On the basis of these results we made an at tempt to synthesize CC. 

This paper is concerned with the synthesis of CC and some of its derivatives. We first attempted the synthesis 
of CC as follows: 

*For Communications 1, 2, and 3 see [1, 2, 3]. The main themes in this paper were expounded at the Fifth Inter- 
national Biochemistry Congress. 
** This paper is published in accordance with a resolution of the Conference of Chief Editors of Journals of the Acad- 
emy of  Sciences of the USSR of June 12, 1962, as a dissertation paper by E. S. Severin. 

2068 



NHCOCd"Ia NH~ 

(IV.l 1111) "" (11) (I) 

As our main starting substance we took the dibenzoyl derivative of canaline ester [6]. The dibenzoyl ester 
(IV) was hydrolyzed with alcoholic hydrogen chloride, as a result of which only one benzoyt group was eliminated. 
The hydrochloride (III) was then treated with various alkaline agents. By cycl izat ion under the action of a lkal i -metal  
alkoxides or in the presence of alcoholic alkali we isolated N-benzoyleyeloeanaline (I_I) in high yield. N-Benzoyl- 
cyclocanal ine is the second dihydro-2H-1,2-oxazin-a(4H)-one discovered and is a stable crystalline substance, solu- 
ble in alkali and in most organic solvents; it gives a specific color with sodium nitroprusside; it readily decom- 
poses in an acid medium. However, all our attempts to convert (II) into eyelocanaline were uneussessful, for c leav-  
age of the amide linkage in the ring first occurred and we obtained, depending on the hydrolysis conditions, either 
(III), or 2-amino-4-(aminooxy)butyr ie  acid. Comparison of the properties of N-benzoylcyelocanal ine with those of 
dihydro-2H-1,2-oxazin-a(4H)-one prepared by us earlier indicated that this new heterocyclic system is very l ab i l e .  
It must be supposed, therefore, that those methods of synthesizing (I) which include the removal of the protective 
groups at the last stage will probably be unsuitable. Consequently, for the preparation of 4-aminodihydro-2H-1,2-  
oxazin-3(4H)-one (I) we selected the following scheme; 

NH~ 

q-t~NOC~CH~C)tt] "COOH ~ .  H~NO.C~iCH27H ' C-.O0[C2l_[~ ~ O  
(VI~ NH~'H20.HCI (V) NH~.2H,CI (I) 

In this synthesis the main starting compound is canaline. The most convenient syntheses of canaline, which start 
from y -butyrolactone, are fairly complicated,  multistage, difficultly reproducible processes [6, 7]. This fact, and 
also the absence of a good method of purifying eanaline, made the preparation of any considerable amounts of pure 
eanaline difficult. In view of this we worked out a simple method of preparing canaline from acrolein and showed 
that the pure amino acid can be obtained in the form of the monohydroehloride [8]. Success in the synthesis of (I) 
by the above scheme is largely determined by the purity of the canaline used. We showed that only from samples 
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Fig. 1. Rates of decomposition of cyclo-  
serine and of cyclocanal ine in 0.1 N aqueous 
solution at pH 6.5: 1) cycloserine; 2) cyclo-  
canaline. 
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Fig. 2. 
(1) and cyclocanal ine (2) in presence 
aqueous sodium nitroprusside solution. 
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of analyt ical ly pure canaline monohydrochloride can a high yield of crystalline canaline ethyl ester dihydrochloride 
(V) was observed (chromatography on paper), but we were unable to isolate it in the crystalline state. 

We then studied the conditions for the conversion of (V) into (I) under the action of various alkaline agents. It 
was found that reaction goes in more than one way and depends on the conditions (concentrations of reactants, 
temperature, solvent) and the nature of the alkaline agent; as well as (i), by-products, probably various canaline 
peptides, were always formed*. We isolated (I) from the reaction mixture, as the potassium salt or as the oxalate, 

* When the present work had been completed,  there appeared a communicat ion with no experimental section devoted 
to attempts to synthesize cyclocanal ine derivatives by an analogous scheme [9]. However, the authors were able 
to isolate only linear canaline peptides. 

2069 



after the dihydrochloride (V) had been treated with alcoholic alkali for a short t ime.  The appreciable difficulties 
met in carrying out this stage of the synthesis are probably to be explained by the presence of definite strain in the 
six-membered ring. As a result, the formation of (I) does not occur so readily with absence of side reactions as in 
the case of CS. Moreover, comparison of the rates of decomposition of CS and of (I) in aqueous solution at pH 6.5 
shows that CC is less stable and decomposes much more rapidly (Fig. 1), These facts probably explain the formation 
of linear peptides in attempts to prepare CC made by us and other authors. 
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Fig. 3. Ultraviolet spectra of pyridoxal (P) in 
presence of cycloserine and of cyclocanaline 
in alcoholic alkali (3.~ 10 -3 M NaOH in 
absolute ethanol): 1) 1" 10 -4 M P + 1" 10 -4 M 
CS; 2) 1"10 "4M P+ 1"10 -4M CC. 

Cyclocanaline and its derivatives give a specific 
color reaction with sodium nitroprusside with an absorption 
maximum at 540 mg and thus lying at a shorter wave- 
length than the absorption maximum for CS (Fig. 2). We 
proved the structures of (I) and of its benzoyl derivative 
(VII) unequivocally by hydrolysis, hydrogenolysis, mole -  
cular weight determinations, and their absorption spectra. 
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Fig. 4. Reaction of cyclocanaline with pyri-  
doxal: 1, 2) known pyridoxamine; 3, 4, 5) 
products of the reaction of pyridoxal with cy-  
clocanaline (chromatogram in 4 : 1 : 5 butyl 
alcohol-acet ic  acid-w ater; development with 
a 0.5% solution of ninhydrin in acetone). 

By the acid alcoholic hydrolysis of (VII) we isolated the corresponding ester dihydroehloride~ (VIII), and on 

hydrogenation over platinum o~ide we obtained the amides (IX). Confirmatory syntheses of previously undescribed 

amides of homoserine were carried out by the decyclization of the lactones (X) with liquid ammonia. With a view 

to checking our theoretical surmise of the presence in (I) of biological activity correlated with the inhibition of 

pyridoxal enzymes, we studied the interaction of (I) in a model system with pyridoxal, its action on glutamate- as- 

partate-transaminase, and its influence on the growth of Mycobacterium tuberculosis. It was found that (I), like CS, 

reacts in an alcoholic medium with pyridoxal with formation of an azomethine derivative, which then, as in the case 

of CS, can undergo further transformations (Fig. 3). In particular, pyridoxamine was found in the reaction mixture 
(Fig. 4).  When (I) was tested on a highly purified (above 95% pure) preparation of glutamate-aspartate- t ransaminase,  
it was shown that it is a powerful inhibitor of the enzyme and is several times as effective as CS [10]. This result is 
in good accord with the fact that (I) has more strongly marked acylating properties than CS. 

Preliminary tests on antituberculosis activity in vitro showed that (I) has a certain bacteriostatic activity to- 
ward Mycobacterium tuberculosis (about 50 y /ml ) .  The low activity of (t), as compared with CS, is probably as- 
sociated with its more labile character [11]. 

E X P E R I M E N T A L  
Ethyl 4-(Aminooxy)-2-benzamidobutyrate Hydrochloride (III). A solution of 1.6 g of ethyl 2-benzamido-4-  

(benzamidooxy)butyrate (IV) in 50 ml of absolute ethanol was saturated with dry hydrogen chloride for one hour and 
boiled for four hours. The clear solution was vacuum-evaporated,  and the residue was ground with dry ether. The 
yield of the hydrochloride (III) was 1.2 g (92~ m.p. 186-168 ~ (from isopropyt alcohol). Found: C 51.80; H 6.48; 
N 9.04; C1 11.90. Ct3H1904NzCl%. Calculated: C 51.60; H 6.33;, N 9.3; C1 11.'/5%. 
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4-Benzamidodihydro-2H-l,2-oxazin'3(4H)-one (N-Benzoylcyclocanaline) (II). 2 g of the ester hydrochloride 

(Ill) was dissolved with heating in absolute alcohol, and 13.5 ml of 1.016 N methanolic sodium hydroxide was added. 

The mixture was stirred for two hours and evaporated to dryness at  20-25 ~ The residue was suspended in 15 ml  of 

absolute ethanol,  a lcohol ic  hydrogen chloride was added to pH 6.5, and the prec ip i ta te  was fi l tered off. The pre- 
c ip i ta te  was boiled for 15-20 minutes with dry chloroform, and the solution was fi l tered and lef t  to crys ta l l ize  at  
0 ~ We obtained 0.8 g of (II), m.p. 187-189 ~ (from chloroform). From the fi l trates we isolated a further 0.3 g of 
(II). The to ta l  yield was 1.1 g (75%). Found: C 59.50; H 5.591 N 12.51%. CIIHtsOaN2. Calcula ted:  C 59.96; 
H 5.49; N 12.72%. 

Alcoholic  Hydrolysis of (II). 0.44 g of (II) was sus- 
pended in 2 ml of absolute alcohol,  and the suspension was 
saturated with dry hydrogen chloride for 30-40 minutes. 
After 20 hours the prec ip i ta te  was fi l tered off, washed with 
ether, and dried. We obtained 0.4 g (85%) of (Ill), m .p .  
1G6-168 ~ (from isopropyl alcohol).  A mixture with aknown 
sample of (Ill) mel ted without depression. 

N-Benzoylhomoserine Amide (IX; R = COC~H.~). a) 
4 g of c t -benzamidobutyrolactone in 25 ml of liquid am-  
monia was heated in an autoclave for five hours at 60 ~ . 
Ammonia  was removed, and the residue was ground with 
absolute e t h a n o l  We obtained 3.3 g (80%) of the N-benzoyl  
amide  (IX), m.p. 176-177 ~ (from ethanol). Found: N 12.54%. 

CnHgtOsN2. Calcula ted:  N 12.62%. 

b) 0.22 g of N-benzoylcye locana l ine  in absolute 
ethanol  was hydrogenated over p la t inum oxide.  After the 
absorption of one molecu la r  proportion of hydrogen the 
hydrogenation ceased.  Catalyst  was f i l tered off, and the 
c lear  solution was vacuum-evapora ted  to dryness. From the 
residue, af ter  grinding it with absolute ethanol and chloro-  

form, we isolated 0.19 g (85%) of crystal l ine amide  (IX; 
Fig. 5. Hydrogenation of cyc locana l ine :  1) R= COCsHs), m.p. 175-176 ~ A mixture with a known 
cyc locana l ine ;  2) known amide  of homoser-  sample of (IX; R = COC6H s) mel ted  without depression. 
ine; 3) products of the hydrogenation of c y -  
e locana l ine  (chromatogram in 4 : 1 : 5  butyl Ethyl 2 -Amino-4- (aminooxy)butyra te  Dihydrochloride 

a l coho l - ace t i c  ac id -wate r ;  development  with (V)__ A suspension of 1 g of canal ine  monohydroch!oride 
a 0.5% solution of ninhydrin in acetone).  (VI) in 10 ml of absolute ethanol  was boiled for three hours 

with passage of a rapid stream of dry hydrogen chloride.  

After 24 hours the prec ip i ta te  formed was washed With cold ethanol  and with ether and was vacuum-dr ied  over P205 
and over caust ic  a lkal i .  We obtained 1 g (80%) of (V), re.p. 144-146 ~ Found: C 30.05; H 7.10; N 11.50;C130.34%. 

C6HleOsN2C1 z. Calcula ted:  C 30.64; H 6.85; N 11.91; C1 30.16%. 

4 -Aminodihydro-2H-1 ,2 -oxaz in -3(4H)-one  (Cyclocanal ine)  (I). A mixture of 0.47 g of the ester dihydro- 
chloride (V) and 5 ml  of 1.6 N e thanol ic  KOH was stirred for ten minutes at room temperature and fi l tered; the 
prec ip i ta te  was washed with 2 mt of absolute ethanol,  and the c lear  solution was boi led for ten minutes. Alcohol ic  
hydrogen chloride was added dropwise to the cooled solution of the potassium salt  of (I) to bring the pH to 6.2, the 
prec ip i ta te  was f i l tered off, and to the clear  solution we added a solution of 0.18 g of oxal ic  acid in absolute ethanol.  
The resulting prec ip i ta te  of the oxala te  of (I) was f i l tered off and washed with ether. We obtained 0.145 g (35%) of 
the oxala te  of (I), m.p.  174-176~ Rf 0.32. Found: C 34.53; H 4,91%. C6H1006N z. Calcula ted:  C 34.96; H 4.85%. 
The picrate  of (I) was prepared from the potassium salt  of (I) and p ic r i e  acid in absotnte ethanol; m . p .  152-155 ~ 
The molecular  weight of the picrate  of (I) (determined by the spectrophotometric  method in accordance with [12]) 
was 363.1 (theory requires 345.1). 

Hydrogenolysis of (I). 0.012 g of (I) in 40 ml  of absolute ethanol  was hydrogenated over plat inum oxide. To 
a chromatogram we applied (see Fig. 5) 0.1 ml of the solution before hydrogenation (Point 1) and 0.2 mI of the 
solution after hydrogenation (Point 3). Point 2 is given by authentic homoserine amide.  
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Homoserine Amide (IX; R = H). 4.8 g of aminobutyrolaeetone hydrobromide was suspended in 50 ml of dry 
chloroform, and 50 ml of chloroform saturated wilh ammonia was added with stirring, which was continued further 
for 20 minutes. The precipitate of ammonium bromide was filtered off, and the filtrate was evaporated quickly in 
a vacuum at 20-25*. We obtained 2.3 g (87%) of oily cx-aminobutyrolacetone. 2.3 g of a-aminobutyrolaeetone 
was added to 20 ml of liquid ammonia and heated in an autoclave for six hours at 65*. Ammonia was removed, and 
the residue was ground with dry ether and crystallized from absolute alcohol. We obtained 1.2 g (52%) of homoserine 
amide, m.p. 58-60*; Rf = 0.26. Found: C 40.59; H 8.50; N 22.93%. C4HIoNzO 2. Calculated: C 40.66; H 8.531 
N 23.71%. 

The authors thank A. E. Braunshtein and N. K. Kochetkov for their constant interest in this work. 

SUMMARY 
1. 4-Aminodihydro-2H-1,2-oxazin-3(4H)-one (eyeloeanaline or homoeycloserine) and some of its derivatives 

were synthesized. 

2. Some properties and the biological activity of the compounds obtained were studied. 
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