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THE SYNTHESIS OF CANALINE, CANAVANINE AND 
RELATED COMPOUNDS 

INTRODUCTION PART I 

A Brief Review of the Discovery, Occurrence , 
Isol ation and Properties of Canavanine and Canaline 

During the course of a study of the mechanism of urea 

formation in pig liver, in 1929, Kitagawa {21) discovered 

a hitherto unknown amino acid in Jack bean meal from which 

the enzyme urease was being prepared . The amino acid was 

shown to possess the constitutional formula , NH2c(=NH)­

NHOCH2CH2CH(NH2)COOH, and given the name canavanine . On 

treatment with the enzyme arginase (10; 28; 29; 30), urea 

and another amino acid, canaline, NH20CH2 H2CH(N~)COOH, 

is formed . The behavior of canavanine and canaline are 

very similar to those of their corresponding structural 

analogs, arginine and ornithine . 

Hydroxyguanidine, the characteristic structural unit · 

of canavanine , has been synthesized from hydroxylamine and 

cyanamide by Pratorius - Seidler (40) and , more recently , by 

Adams, Kaiser and Peters (1) . The basicity of this 

compound is much less than that of the parent compound , 

guanidine . 

Canavanine occurs in the non- protein fraction of Jack 

bean (Canavalia ensiformis) and Canavalia lineata according 

to Kitagawa (26, p . 2J) . Damodoran and Narayaran (10) 
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report its occurrence in seeds of snavalia obtusifolia 

while its presence in other plants has been observed by 

Shibuya and akizumi (44 ). 

Directions for the preparation of canavanine in 

yields of up to 2 . 8 percent from the fat - free meal of 

Jack bean are descri bed by Kitagawa (26 , pp . 24- 25) and 

also Gul land and !.!orris (17 , p . 764) • 

The fact that canavanine was the first and, to the 

writer ' s kno ledge , the only dorivatlve of hydroxyguanidine 

to be found in nature bas focused attention upon this 

compound . 

However , the main interest in canavanine stems from 

the fact that it has been shown to be a competitive 

antagonist of arginine in many organisms . This is not 

surprising in view of the close structural relation­

ships between the two amino acids . However, it is not 

the purpose of this dissertation to go into a discussion 

of the biological aspects of canavanine and canaline . 

One paper rogarding the biological activity of 

canavanine is of special interest however; this is the 

work by K. S . Pilcher et ~· (38) on the "Inhibition 

of Multiplication of Lee Influenza Virus by Canavanine" . 

This investigation of virus inhibition provided the 

stimulus for the work recorded in this thesis and it 

was for such virus inhibition studies that some of the 
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synthetic compounds described herein were prepared . 

Canavanine is very soluble in water and insoluble 

in alcohol and ether; melting points observed for the free 

mino acid were 182- 4°C and 184oc and specific rotation 

..-Yl l7 r,;, 2o __ <values reported are V'j D =+ 8 . 0 and L~J +7 . 9 17 ,0 

p. 765; 26 , p . 25) . The work of Cadden (8) and rmstrong 

(5) indicates that canavanine and, consequently, canaline 

possess the L- configuration . 

Canavanine is much weaker base than arginine . or 

e ample , according to Borek and larke (7 , p . 483) , 

canavanine gives pK values (acidic formulation ) of 

pK1 (-COOH ) : 2 . 50 , pK2 . .. QlliC (=NH ) .~ : 7.40 , and 

pK3 (alpha lH2) : 9 . 25 . A calculated is oelectric point 

from these data using the expression pi = i (pKm+ PKm+l), 

where m equals the maximum charge the mole cule can possess 

in strong acid solution, shows the isoelectric point to be 

8 . )2 . On the other hand , the isoelectric point of arginine 

is 10 . 8 (11) . Tomiyama (461 gives almost identical 

di s s ociation data . 

The greatly reduced basicity of canavanine is due of 

course to the oxygen atom in the hydroxyguanidine struc­

tural unit . In fact , this guanidinooxy group in canavanine 

is a weaker base than ammonia . This reduced basicity 

makes it easier to obtain canavanine in the f r ee crystal­

l ine fo r m since no dange r of carbonate f ormation f rom 
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atmospheric C02 exists, as with some other basic amino 

acids (48) . 

Canavanine is precipitated by many of the same 

reagents as arginine and occurs in the arginine fraction 

as isolated by Kessel -Kutschers method from Jack bean 

extract (26, p . 25) . 

Canavanine gives a ninhydrin reaction, a red color 

when heated with ferric chloride, and as a characteristic 

c~lor gives a stable ruby color with "irradiated" nitro­

prusside (exposed to air and sunlight) in neutral solution 

(22). Archibal d {4) used nitoprusside treated with 

hydrogen peroxide followed by irradiation to devise a 

quanitative colorimetric method for canavanine . Fearon 

(13) prepared a slightly different test solution from 

nitropnusside and ammonia followed by exposure to air and 

li ght; the latter test was used in the study described 

here . 

Canavanine and other compounds possessing the guani­

dinooxy group do not give Sakaguchi ' s reaction or the 

diacetyl reaction indicative of ordinary guanidine deriva ­

tives (26, p .26) . Furthermore , oxidation with barium 

permanganate gives no guanidine as in the case . of arginine 

(26, p . 29) . However, canavanine is hydrolyzed by acid and 

is less stable than arginine in this respect . Gulland and 

Morris (17, p . 765) obtained ammonia, guanidine and ~-amino­

~- butyrolactone by treatment with hot hydrobromi c acid . 
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On the other hand, canavanine is more stable to alkaline 

hydrolysis than arginine . For example, when arginine is 

boiled with 50 percent sodium hydroxide for six hours , 

one-half of its total nitrogen is liberated as ammonia . 

In the case of canavanine, only 15-2 0 percent of its total 

nitrogen is liberated by the same treatment. On boiling 

with five percent baryta solution for two hours arginine 

is converted into ornithine and urea, while canavanine 

scarcely yields urea even after seven hours of this 

treatment (26, p.28) . 

On heating canavanine in neutral solutions , ammonia 

is lost and a cyclic compound called desamino-canavanine , 

OCH2CH2CHCOOH, arises . This is believed to be a common 
\ \ 

HN- (• H)NH 

impurity in many canavanine preparations .. According to 

Kitagawa (27), boiling of canavanine with 10 percent 

hydrochloric acid will remove this contaminant . Nitrous 

acid liberated two .of the four nitrogen atoms very easily 

and a third with more difficulty. Only the alpha-amino 

group combines with formaldehyde (26 , p.26) . Many other 

derivatives of canavanine have been prepared and their 

properties are reported in the litera ture (17; 21; 22; 26, 

p . 26) . 

The paper chromatography of canavanine from two 

different solvent systems has been described (35) and 
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its chromatographic behavior in two other systems has been 

determ1ned in this laboratory . 

Canaline is prepared by the enzymatic method (arginase) 

from canavanine in about 75 percent yield (26, p . 31) . The 

amino acid is very soluble in water and only slightly so 

in alcohol . It melts at 214oc with decomposition and is 

levorotatory having a speaific rotation of (c(J~l : -8 . 3° 

(26 , p . 32) . As mentioned previously, the amino acid 

possesses the L- configuration. The following pK values 

have been reported: pK1 : ( - OOH) : 2 .• 4 , pK2 ( - ONH2 ) =4 . 3, 

and pK3 ( alpha NH2) : 9 . 20 (7 , P•483) . The calculated 

isoelectric point is 6 . 75 . Therefore the amino acid is• 

in effect, neutral in contrast to a close structural 

analogue lysine which is definitely basic possessing an 

isoelectric point of 9.47 {11) . 

Canaline does not reduce Fehling ' s solution or 

ammoniacal silver nitrate solution on boiling . This is 

indicative of the 0 - substituted function of the compound . 

N- substituted products of hydroxylamine readily reduce 

Fehling ' s solution {23; 26, p . 32) . Canaline _gives an 

orange - red color in Jaffe ' s reaction (alkaline pictrate) 

which serves as a characteristic reaction according to 

Kitagawa (23; 26 , p . 32) . It gives a typical ninhydrin and 

a red color with ferric chloride when hea .ted {26 , p . 32) . 

Only alpha amino nitrogen is de te r mined by the formal 

method or Van Slyke'a method (23; 26, p . 35) . In general, 
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0- substituted derivatives of hydroxylamine are found to be 

converted to hydroxy compounds and ammonia on reduction. 

Canaline forms derivatives of the same type as 

canavanine generall ; their propertie s are adequately 

described 1n the literature (22; 26, p .33). One of these 

is of enough interest to describe briefly ho~eve r. This 

is 'Y - ethylidencanalin.e, CH3c : NO ~C I2 (NH2) OOH, :vhich 

oan be considered as an 0-substituted oxime . Borek and 

Clarke (7) attempted without success to prepare canaline 

by taking advantage of a similar oxime formation to 

protect the aminooxy group , but were forced to abandon 

this route to the synthesis of canaline • 

..... 
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IN~RODUCTION PART II 

~thods of Preparation of 0- Substituted 
Hydroxylamines and Hydroxyguanidines 

The direct acylation or alkylation of hydroxylamine 

results inN- substitution (15, p . 964) . Consequently , some 

indirect method is necessary in order to prepare 0- substi ­

tuted hydroxylamines . 

A common procedure involves the alkylation of oxi es 

followed by acid hydrolysis . Since the alkylation of 

oximes under certain conditions gives both an 0- substituted 

product and an isomeric N-substitution product (nitrone) , 

an isomeric separation must be m de . Fortunately, this 

can be accomplished by the use of ether or petroleum 

ether; the 0- substituted compound is readily soluble in 

these solvents in contrast to the isomeric N- substituted 

product (16, p . 515; 43; 45 , p . l61) . 

orek and Clarke {7 ) condensed the sodium salt of 

acetone oxime {42) ith alkyl halides in the presence of 

a non- polar media , such as toluene in which tho sodium 

salt is insoluble . The formation of isomers was excluded; 

apparent! because extensive dissociation of the salt to 

give ions of the type (CH3 ) ~ =N- Oe and ( CH3) ; G- N: O didc::: e 
not occur . The latter ion might be responsible f or 

nitrone formation . 

owever , in this procedure there are the disadvantages 
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inherent in a heterogeneous s ystem. In fact, Fuller and 

King (15, p.964) abandoned the use of benzophenone oxime 

as a starting material because of low yields and somewhat 

uncertain structure. 

The author, in an initial study of this method, 

prepared acetone 0-ethyloxime by reacting the sodium salt 

of acetone oxime with ethyl bromide in the presence of 

xylene. The reaction proceeded smoothly giving a yield of 

37 percent . 

A serious problem frequently arises during the hydrol­

ysis of the 0-substituted oximes. The acidic hydrolysis of 

oximes is an equilibrium reaction and this sometimes makes 

it difficult to take the hydrolysis to completion . This 

is especially true if the oxime is volatile in steam; if 

the oxime is not steam volatile, the aldehyde or ketone 

portion can be easily removed by steam distillation during 

hydrolysis leaving the mineral acid salt of the 0-substi­

tuted hydroxylamine behind . Such is the case .in the 

preparation of carboxymethoxylamine hemihydrochloride 

(aminooxyacetic acid hyd r ochloride} from acetone carboxy­

me thoxime (3). 

However, the writer found that four successive 

hydrolytic operations on acetone 0-ethyl oxime with 

dilute hydrochloric acid yielded only 37 percent of the 

theoretical 0-ethylhydroxylamine hydrochloride product . 

In this case it was not possible to steam distill the 
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acetone out at the same time hydrolysis was ocouring 

because the oxime itself was too volatile . 

It is of interest, however, to note that this revers! ­

bility of oxime hydrolysis was utilized to keep the 

1sopropyl1dene group on acetone 0- ~ ,2 - {diethoxy) -ethyl]­
oxime when it was hydrolyzed to give an aldehyde by 

conducting the hydrolysis in the presence of a large 

excess of acetone . 

Another method of preparing a- substituted hydroxyl­

amines consists in alkylating benzhydroxamic acid followed 

by a hydrolysis . Kitagawa (25) used benzhydroxamic acid 

with alcoholic potash and ~-benzoylamino-~-1odobutyric 

·acid ethyl ester to prepare canaline by this method . 

Other aminooxy acids were also prepared by Kitagawa using 

this same procedure although no yields were ever reported . 

Later uller and King (15, p . 964) butylated potassium 

benzhydroxamate with butyl bromide in alcohol in the 

presence of potassium carbonate obtaining a mixture of 

two different alkylated products; the mono- and debutylated 

benzhydroxamic esters . 'hey concluded that the method 

might prove suitable for simple alkoxyamines , but was not 

satisfactory for alkylenedioxydiamines in which they were 

particularly interested . Because of lack of knowledge 

regarding yields and possible questions reg rding struc­

tures , this method was not adopted in this investigation. 
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Other preparations of a-substituted bydroxylamines are 

reported in the literature. For example, see Fuller and 

King (15, p.964); Andrewes, King and Vi alker (2, pp.43-45); 

and Truitt, Long and Mattison (47). These methods involve 

a variety of procedures and reagents and in almost all the 

cases offer no advantageous features. An exception, not 

applicable to the work described herein, is the method 

involving the methylation of potassium disulfonate to 

prepare 0-methylhydroxylamine in 90 percent yield (2, pp . 

43-45). 

For the synthesis of canaline, the most useful 

procedure appeared to be that of Jones (20) and Hecker 

(18) which Fuller and King (15, pp.965-968) have employed 

extensively. The procedure is carried out by alkylating 

hydroxyurethane in alcoholic potassium hydroxide followed 

by alkaline or acidic hydrolysis of the resulting alkoxyure­

thanes. 

The author used this method both in this and other 

ork (37). Excellent yields (70-90 percent) of the 

alkoxyurethanes are usually obtained and these , in turn, 

give 40-60 percent yields of the a-substituted hydroxyla ­

mine . The procedures are simple and the products easily 

recovered in all the cases studied. 

One of the nicest features of this procedure is the 

fact that both alkaline and acidic hydrolysis are possible 

and, in both cases, the hydrolysis is irreversible under 
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the conditions used . Bor example, consider the compound, 

5- (2-( carbethoxyaruinoox )-ethyl] - hydantoin , which was 

prepared as an intermediate in the synthesis of canaline 

and canavanine . By alkaline hydrolysis in 13 . 5 percent 

aqueous barium hydroxide both the carbethoxy and hydantoin 

portions were hydrolytioally attacked to give canaline. 

In contrast, acid hydrolysis with 48 percent hydrobromi c 

acid causes hydrolysis of only the carbethoxy group and 

maintenance of t he hydantoin ring . 

In comparison to the oxime method , no isomers have 

been reported in the literature by orkers using this 

method and the homogenous reaction medium. simplifies 

observing the progress of the reaction via the precipita­

tion of the potassium halide side product. 

Three methods which have been used successfully to 

prepare the guanidine derivatives of the 0- aubstituted 

hydroxylamines are described in the literature . Thes e 

include the action of cyanamide (15, pp . 966- 968). 

s - methylisothiourea sulfate (7; 15, pp . 966- 968; 37) and 

0-methylisourea hydrochloride {24; 26 , pp . 29- 31) on the 

hydroxylam1nes . Both S-methylisothiourea sulfate and 

0-methylisourea hydrochloride were used successfully in 

this work . Since the preparations (32) of cyanamide and 

0- methylisourea hydrochloride are involved and tedious , the 

writer preferred the use of the sulfur containing reagent 
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because of the ease of its preparation and purification. 

1'his was prepared from dimethyl sulfate and thiourea by 

the method of Arndt (6 ) in excellent yield . 



INT ODU T ON ART III 

Earlier 'ork on the Synthetic anavanine Problem 

Kitagawa (25; 26, pp .37-39) was able to prepare 

L-canaline , starting with L~-amino-~-hydroxybutyric acid 

(L-homoserine}. The starting material h d been obtained 

by the hydrogenation of canaline over platinum black. The 

alpha amino group was protected by benzoylation and , in a 

two step reaction, the compound oC-benzoylamino;,(-iodobutyric 

acid ethyl ester was obtained. This was condensed with 

benzhydroxamic acid followed by hydrolysis with aqueous 

hydrochloric acid to give canaline, which was isolated as 

its picrate . The Kitagawa synthesis has the advanta ge of 

retaining configuration at the alpha carbon atom. Prin­

ciple criticisms of Kitagawa 's work are its tedious 

isolations and the fact that no yields were given in his 

directions . This leaves doubt as to the practicality of 

some of his procedures . 

orek and 'larke(7) attempted several methods of 

s ynthesis but were unable to prepare canaline by any of 

the procedures used . Their starting material w s acetone 

P-bromoethoxime , prepare d from t he sodium salt of acetone 

oxime and ethylene oromide . They were able to prepare 

several aminooxy compounds; however, the closest to the 

structure of canaline was lr-carboxypropoxy- amine <4­
aminooxybutanoic acid) . 
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L-Canavanine was regenerated from L-canaline by 

Kitagawa (24; 26, pp . 29 ...Jl) in 1936 by an extremely tedious 

method in which no yields were reported. Canaline was 

dibenzoylated and then carefully hydrolyzed to CX'"-monoben.zoyl 

canaline. This as reacted with 0-methylisourea followed 

by hydrolysis to give canavanine which was isolated as 

its flavianate . 

The fact that canaline and canavanine had been 

synthesized only once ., and then from starting material 

prepared by hydr·ogenation of canaline itself, suggested 

the value of developing a practical synthesis. Tbe results 

of this project are reported in the following pages. 
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DISCUSSION PART I 

A New Synthesis of analine and Canavanine 

The starting material for the synthesis of canaline 

wasT' -butyrolactone {I) (see Figure 1) which was generously 

donated by General Aniline and Film ~orporation. The 

advantages in starting with this material lie in its ready 

availability from commercial sources and the presence of a 

preformed four carbon strai ght-chained system which lends 

itself readily to the reactions involved. This lactone was 

brominated according to the directions of Livak et al. 

(34, p.2219) to give an 89 percent yield of ~-bromo-Y­

butyrolaotone (II). This was treated with 28 percent 

aqueous ammonia to give 0(-amino -Y-butyrolactone hydro­

bromide (III) in 68 percent yield (39). Opening the 

lactone ring according to Fischer and Blumenthal (14) 

gave an 84 percent yield of DL-2-amino-4-hydroxybutanoic 

acid (DL-homoserine) (IV). 

Livak {34, pp.2219-2220) prepared 5-(2-bromoethyl)­

hydantoin (V) from homoserine in 51 percent yield . The 

average yield obtained in this laboratory from this 

material was only 42 percent. However, it was possible to 

prepare this compound directl y from the lactone ( III ) in 

39 percent yield. This resulted in a small increase in 

the total yield of this hydantoin from~-butyrolactone . 
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The bromo compound was easily converted to 5-(2-iodoethyl )­
" 

hydantoin (IX) in 76 percent yield using sodium iodide in 

acetone . 

Treatment of 5 - ·(bromoethyl)-bydantoin with hydroxyure­

thane . (15, p . 965) in alcoholic potas.sium hydroxide gave a 

55 percent yield of 5- [2-( carbethoxyam1nooxy} -et;hyl] ­

hydantoin (VI) . It was found that a ratio of hydroxyure ­

thane to .5-(2 ... bromoethyl) - hydantoin of 2:1 gave the best 

results. A 1:1 ratio resulted in only an 11 percent 

yield and a 3:1 ratio gave no increase in yie ld (51 

percent) . Almost identical results were obtained using 

the iod.o hydantoin . The use of potassium ethoxide in 

anhydrous eth nol was tried using a 1:1 ra~io; very crude 

material in a 26 percent yield was obtained. 

DL•canaline (VII) was obtained in .56 percent yield 

from .5- F-(carbethoxyaminooxy) -ethy~ - hydantoin by 

hydrolysis with 13 . 5 percent barium hydroxide for 12 

hours . This was converted to DL-canav.anine (VIII) by the 

use of methyl isourea hydrochloride or methylisotbiourea 

sulfate in only a 12 percent yield by using the m~thod of 

Kurtz (31). The low yield in this last step was very 

disappointing . Various modifications in the procedure did 

not improve this yield . 

This procedure is not applicable to the s ynthesis of 

an optically active form of canaline , due to rapid racemi za­

tion of t he hydantoin intermediate in alkaline solution (9). 
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The overall yield of canaline fromJr-butyrolactone 

was 7 percent and that of canavanine 0 . 9 percent . 

It was found that 5-[2- (carbethoxyaminooxy) - ethyl]­

hydantoin could be hydrolyzed with 48 percent hydrobr omic 

acid to 5-~-( aminooxy) -ethy~ - hydantoin (X) . This 

material was treated with methylisothiourea sulfate in an 

endeavor to introduce the quanidinooxy group . The product 

from this operation, without characterization, was i mme ­

diatel y treated with 13 . 5 percent barium hydr oxide for 12 

hours and the hydrolysate worked up in a manner similar to 

that of canavanine . Only canaline monoflavianate was 

isolated however . It was not possible to tell from this 

result whether t he aminooxy hydantoin had been guanylated 

or not . uch a compound may have been de graded , under the. 
alkaline conditions used in the hydrolysis , to the 

aminooxy compound a gain . It had been hoped t hat such a 

guanidinooxy compound would be stable , under such alkaline 

conditions , in view of the known alkaline stability of 

canavanine (26 , p . 28) . 
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DISCUSSION PART II 

The Attempted Synthesis of 2-Amino-3-Aminooxypropanoic 
Acid {Lower Homologue of Canaline) 

One of the objectives of this study was the synthesis 

of the lower homologues of canaline and canavanine for 

reasons of biological testing. For this purpose the 

Strecker reaction was employed to make the amino acid, and 

the oxime method to introduce the aminooxy group . rhe 

acetal, acetone o- [2,2(diethoxy)ethy~ -oxime (XI) (See 

Fi gure 2), was prepared in 51 percent yield from the sodium 

salt of acetone oxime and bromoacetal in dry toluene . (An 

attempt to substitute commercially available chloroacetal 

for bromoacetal was unsuccessful). This acetal was 

hydrolyzed with one percent hydrochloric acid in the 

presence of a large excess of acetone. This liberated the 

aldehyde group but retained the oxime linkage to give 

crude acetone 0-formylmethyloxime (XII). On the basis of 

anal ytical data it appears that acid hydrolysis in the 

absence of acetone caused a hydrolytic cleavage of the 

substituted oxime to initially form 2-aminooxy-acetal­

dehyde, H20CH2~HO , which polymerized in a head to toe 

fashion to give a polyoxime, ~ (:NOCH2CH=)n0• 

Having obtained the crude aldehyde (acetone 0-formyl­

methyloxime ) (XII) in good yield, a Strecker reaction was 

run in an attempt to produce the desired amino acid. As is 
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well known, a strong mineral acid is used to hydrolyze the 

alpha - amino nitrile intermediate in this synthesis . Since 

only serine {XIII) was isolated from the reaction, it was 

concluded that the acid hydrolysis resulted in the degrada­

tion of the aminooxy group to the hydroxyl group . Such a 

result was not completely surprising since idgewick (45 , 

p . l61} mentions that 0- ethylhydroxylamine is hydrolyzed by 

hydrochloric acid at 150° to ethyl chloride and hydroxyl­

amine . 

An attempt to utilize a hydantoin intermediate 

according to the method of Holland and Nayler {19) to 

make the aminp acid wss also unsuccessful . 



2
2
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DISCUSSION PART III 

The ~romination of 6-Valerolactone 

The successful utilization of r-butyrolactone in the 

synthesis of canaline and canavanine suggested the analogous 

use or 6-valerolactone for the synthesis of the higher 

homologues of these amino acids . This method would first 

involve the bromination of d-valerolactone to give ~-bromo-

6-valerolactone . In order to prepare this material , a 

sample of polymeric O-valerolactone (m. p . 54- 550C) was 

obtained from 'arbide and Carbon Chemicals Co . This 

compound was treated with bromine in the same manner as 

Livak et al . (34, p . 2219) brominatedY-butyrolactone . 

The brominated reaction product was distilled under 4 - 8 mm . 

of pressure to give a very dark viscous oil which on 

analysis appeared to be a mixture of 2 , 5 - dibromopetanoic 

acid and ~-bromo-6-valerolactone . This result was disap­

_pointing since only the 0-bromo-6-valerolactone was 

desired . It was believed t hat complete cyclization to the 

l actone would have occurred on the vacuum distillation of 

the reaction mixture since Livak et ~· obtained only 

~-bromo-/-butyrolactone in the brominat1on. ofT-butyrolac­

tones, and in as much as Linstead and Rydon (33 , p . 583) 

found that by heating 5 - iodopentanoic acid sodium salt 

under vacuum, a 38 percent yield ot d-valerolactone could 

be obtained . 



In order to identify more definitely the bromination 

product of O-valerolactone , it was refluxed with water for 

several hours . he initial two- phnse system was now a 

homogeneous solution which on ether extraction gave a good 

yield of very crude <X-hydroxy-d-v lerolactone . This 

material was identified by the conversion of a small 

aliquot to the phenylhydrazide of 2, 5 - dihydroxypentanoic 

acid which has been reported in the literature (41, p . 654) . 

Befor e a practical route to the higher homologue of 

canaline can be achieved br this method , it will be 

necessary either to devise a method of sep rating the 

bromination product into its constituent parts or to 

modify the reaction conditions in such a way as to obtain 

only ~-bromo-~-valerolactone . Unfortunately, there as 

not sufficient time available to this investigator to 

pursue this study . 
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EXPERIMENTAL 

a-Amino-Y-butyrolactone hydrobromide {III): 

This compound was synthesized according to Plieninger 

(39 , p .267) from~-bromo-r-butyrolactone (II) prepared 

£rom r-butyrolactone (I) by Livek 's (34, p .2219 ) pro­

cedure. Slightly modified and more detailed directions 

than those o£ Plieninger ' s are presented here . 

~- romo-Y-butyrolactone (II) (200 g ., 1.21 moles} was 

dissolved in 1.2 liters of 28 percent aqueous ammonia and 

allowed to stand for 24- 48 hours at room temperature . 

arium hydroxide ootahydrate (473 g ., 1.5 moles) was 

added with stirring and the resultant slurry boiled for 

4-1/2 hours to remove excess ammonia . A small amount of 

ammonia as still evident at the end of this time but 

this was due probably to some decomposition . The slurry 

was then acidified very slowly with a solution of 84 . 5 ml . 

of concentrated sulfuric acid dissolved in 600 ml. of 

water; extensive foaming occurred when the acid was added 

too rapidly . After removing barium sulfate, the solution 

was evaporated to dryness 1n vacuo. The residue was tri ­

turated with 200 ml . of absolute alcohol and filtered to 

remove a dark colored impurity . An additional treatment 

with 50 ml . of absolute alcohol removed a further small 

amount. The stout , tan colored crystals were air dried 

with an aspirator . Yield: 150 g . {68 percent ) which 
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melted at 220-23°C with slight sintering at 207°C 

(Plieninger obtained a melting point of 218°C) . 

5- (2 - Bromoethyl)-hydantoin lYl= 

~-Amino-1r-butyrolactone hydrobromide (III) (27 . 3 g ., 

0.1.5 mole) was dissolved in 90 ml. of water and anhydrous 

potassium carbonate (10 . 4 g . , 0 . 075 mole) added with 

stirring. The slightly alkaline solution was then heated 

on the steam bath for a few minutes and then a solution 

of potassium cyanate (1) . 0 g . , 0 . 16 mole) in .50 ml . of 

water was added. The final solution was heated on the 

·steam bath for two hours . The rest of the procedure was 

carried out according to Livak ~ al . (34, p . 2219) who 

used DL-homoserine (IV) for this preparation. The solution 

was treated with 100 ml . of 48 percent hydrobromic acid and 

heated for an additional two hours on the steam bath . The 

solution was evaporated to dryness in vacuo and the residue 

digested with 150 ml . of hot acetone and filtered. The 

potassium bromide residue was washed until white with hot 

acetone . The acetone filtrate was evaporated and the 

residue heated for two hours on the steam bath with another 

100 ml . of 48 percent hydrobromic acid . After evaporating 

in vacuo, the residue was dissolved in 75 ml. of hot water, 

filtered and cooled . The crude crystalline product was 

removed and immediately recrystallized from 70 ml . of 
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water . Yield: 9 •. 5- 12 . 1 g . (31-39 percent) which melted 

at 139•. 5 -40.,0°C . . mixed mel tlng point with the same 

product prepared from DL- homoserine showed no depression . 

5- {2 -Iodoethyl)~hydantoin (IX): 

5 - (2 - romoethyl} - hydantoin {V) (2 . 07 gms, 0 . 010 mole) 

and sodium iodide (1 •. 80 gi 0 • .012 mole) were dissolved in 

30 ml •. of acetone and the solution refluxed for one- half 

hour . An additional 20 ml . of acetone was added , the 

solution cooled to room temperature , and potassium bromide 

removed by filtration . The filtrate was evaporated to 

remove acetone and the residue taken up in 35 ml . of hot 

water , filtered and cooled to precipitate the product as 

tan colored tiny crystals . Yield: 1 . 93 g . {76 percent), 

m. p . 168 . 0-169 . 5°0 . Two recrystall1zations from water 

gave tiny white scales melting at 172 . 5-173 . 0° • 

Anal ysis: · Calculated for C5H7I 2o2 : C, 23 . 6; H, 2 . 8 

Found: I 23 . 2; H, 2 . 7 

5-(2-( Carbethoxyaminooxy) - ethyl]-hydantoin (VI ) : 

To an alcoholic solution of potassi~m hydroxide made 

from 3 . 96 g . (0 . 06 mole) of 85 percent potassium hydroxide 

and 60 ml . of absolute alcohol was added 6 . 21 g. (0 . 03 

mole} of 5- (2 - bromoethyl) - hydantoin (V) and a solution of 

6 . 30 g . (0 . 06 mole) of hydroxyurethane (15, p . 965} in 
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40 ml . of absolute alcohol . On warming, a light brown 

solution was obtained which was refluxed for three hours , 

cooled and filtered to remove potassium bromide . The 

filtrate was evaporated to dryness and the sirupy residue 

dissolved in 30 ml~ of ater, neutralized with dilute 

hydrochloric acid and placed in the refrigerator . The 

next day a crop of white needles (2 . 88 g . , m. p . 151 . 5­

1530C) was removed . The .mother liquor was evaporated on 

the steam bath to one -half of its original volume and 

exhaustively extracted with ether. The ether eitract was 

evaporated to one-fourth of its original volume and cooled 

to give an additional 0 . 76 g . (m . p . 150- 3°C) of product . 

Yield: 3 . 64 g . {52 percent) . Recrystallization from 

water gave colorless needles melting at 152-3°C . 

, 41 . 6; H, 5 . 7 

Found: C, 41 . 3; H, 5 . 8 

Experiments with 5- (2-iodoethyl)-hydantoin did not 

improve the yield nor did decreasing the ratio of 5-(2­

bromoethyl) -hydantoin to hydroxyurethane from 1:2 to 1:3; 

a 1:1 ratio resulted in only an 11 percent yield of a very 

crude product . 

$- [2- (Aminooxy) - ethyl] - !1ydantoin {X); 

5-[2-( arbethoxyaminooxy)-ethyl] -hydantoin (2 . 31 g ., 

0 . 01 mole) was refluxed in 4 . 2 m1 . of 48 percent hydro­

bromic acid for two hours . The brown hydrolysate was 
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was i~nediately evaporated to dryness 1n vacuo and the 

residue thoroughly dried by adding a little absolute 

alcohol and evaporating once again . The residue from this 

operation was triturated with a small amount of absolute 

alcohol and finally placed in the refrigerator . Bro~n 

colored crystals were then recovered and washed with ether . 

Yield; 2 . 09 g . (87 percent) . A recrystallization from 95 

percent ethyl alcohol gave tan colore d crystals, m. p . 167­

16800 with decomposi ti.on . 

Analysis: Calculated for C5B1003N3Br: , 25 . 0; H, ·4 .2 

Found: C, 24.7; H, 4.3 

DL-Canaline (DL-2-amino-4-aminooxybutanoic acid) (VII): 

5- [2-(carbethoxyaminooxy )-ethyl] - hydantoin (2 .31 g ., 

0 .01 mole) and barium hydroxide octahydrate (18.15 g .) 

were refluxed in 55 ml . of water for 12 hours . The white 

solid residue was removed and the filter cake extracted 

with 25 ml . of boiling water and finally washed with 25 ml . 

of hot water . The combined filtrate and washings were 

treated with 5 . 7 g. of ammonium carbonate by heating and 

stirring, the barium carbonate removed and washed with hot 

water, and the filtrate and washings evaporated to dryness 

in vacuo . Attempts to bring about crystallization of the 

material obtained at this stage were unsuccessful. Picric 

acid (5.4 g ., 0 . 02 mole) was added with 100 ml . of water 
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and the mixture was heated to effect solution, filtered and 

allowed to crystallize at room temperature . Tiny yellow 

needles of DL- anali ne dipicrate were obtained, removed and 

washed with a little water . Yield: 3 . 38 g . (57 percent) 

melting at 189 . 5 - 91 . 5°C with slight sintering at 187 . 5°C . 

Recrystalli zation from water gave crystals melting at 

190 . 5- 9l . 0° C. 

Analysis: Calculated for l6H16N8017: C, 32 . 45; H, 2 . 7 

Found: C, 32 . 45; H, 2 . 9 

In order to prepare free canaline , the dipicrate 

(J.4 . 6 g . , 0 . 0247 mole) was 'decomposed with 100 ml . of hot 

10 percent sulfuric acid . After cooling in a refrigerator 

overnight, the picric acid was removed and washed with a 

little ice water . In order to remove all traces of picric 

acid from the filtrate and washings , they were combined 

and extracted exhaustively with ether . The now colorless 

solution was diluted to 450 ml . and treated with barium 

hydroxide octahydrate to quanitatively remove sulfate ion . 

The barium sulfate was removed and washed with a little 

hot water . The filtrate and washings were evaporated to 

near dryness in vacuo and 20 ml . of isopropyl alcohol 

added to the residue followed by refrigeration . Yield: 

3 . 18 g . (96 percent from picrate} of white crystals melting 

at 198- 201°C with decomposition . Two recrystallization& 

from aqueous isopropyl alcohol gave white needles , m. p . 

195- 98°C with decomposition . 
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A paper chromatogram usin3 the butanol-acetic acid~ 

water (4:1:5) system gave en Rt value of' 0 . 59 and indic.ated 

only slight traces of' impurity. The synthetic product gave 

a positive ninhydrin tes'1: and an orange-red color with 

alkaline picrate (Jaffe's test) which is characteristic of 

canaline. 

Analysis: Calculated for C4HloN2o3: o, 35 .8; H, 1 · 5 

Found: C., 35 . 9; H, 7 . 8 

DL- Canaline monoflavianate: 

P'repared from equimolar quanities of canaline and 

flavianic acid in water . Obtained yellow crystals which 

melted at 201- 202 . 5°C . Recrystallization from water raised 

the melting point to 207 - 208oc . 

Analysis: Calculated for c14H16N4011S: C, 37 . 5; H, ) . 6 

Found: C, 37 . 6; H, 3 . 5 

analine (VII) (0 . 67 g ., 0 . 005 mole) was converted to 

its copper complex with 0 . 72 g . of cupric carbonate or 

0.44 g . of cupric oxide by boiling the reactants in water 

for 10 minutes and then filtering . The deep blue solution 

was evaporated to 7-8 ml . on the steam bath. After cooling 

in an ice bath, methylisourea hydrochloride (32) {1 . 1 g ., 
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0 . 01 mole) and 5. 0 ml . of 2N sodium hydroxide were added . 

The solution was allo ed to sit at room temperature for two 

eets . At the end of this time, it was noted that crystal­

lization of a purple - pink material had occurred and the pH 

of the solution had decreased from approximately 10 to 8 . 

The solution was acidified to Congo Red with dilute hydro­

chloric acid (purple - pink crystals dissolved) , treated 

with hydrogen sulfide and filtered. The filtrate was 

brought to boiling to remove hydrogen sulfide. (At this 

point Kitagawa (26) refluxed his synthetic product for 20 

hours with 10 percent hydrochloric acid to remove a con­

taminant . Similar treatment of this product gave no 

improvement in yield or quality . 

Flavianic acid dihydrate (1 . 75 g . ) dissolved in a 

little warm water was added and the solution placed in the 

refriger tor . The next day yellow crystals of a crude 

canavanine flavianate were collected (1.90 g . ) . This wa s 

immediately recrystallized from water to remove a high­

melting contaminant of unknown constitution . Yield: 1 . 22 

g., m. p . 200- 20°C with decomposition . atisfactory 

analytical data for this compound were not obtained but the 

results suggest the material to be a monoflavianate. 

This flavianate without further characterization was 

dissolved in 40 ml . of hot ater and treated with 1 . 13 g . 

of barium hydroxide octahydrate dissolved in boiling 

water . On cooling , the precipitated barium flavianate was 
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removed and washed twice with hot water . The still ellow 

filtrate was treated with sulfuric acid to quantitatively 

remove barium and finally charcoaled to remove the last 

traces of flavianic acid . The no colorless solution was 

evaporated to dryness in vacuo and to the residue was 

added 20 ml . of absolute alcohol . W ite to slightly gray 

crystals separated which mel ted at 180-84° l:ri th decomposi ­

tion on rapid heating . An authentic sample of L-canavanine 

prepared from Jack bean meal gave a meltine point of 180­

1820C with decomposition on fast heating and a mixed 

melting point showed no depression of temperature. Yield: 

0 . 09- 0 . 11 g . (10-12 percent ). 

The synthetic material gives a positive ninhydrin 

test and a positive canavanine test with amidine - penta­

cyanoferrate r~agent (13) . 

'omparative paper chromatograms from two different 

solvent systems of the synthetic and natural products as 

well as mixed material gave identical Rr values within each 

system. The Rf values obtained from the butanol - acetic 

acid -water (4:1:5) system were 0. 054 and 0. 077 in two dif­

ferent runs while the phenol - water (80 percent phenol) 

system gave an Rr of 0.47 . 

Analysis: Calculated for C5Hl2N40.3: c, 34. 1; H, 6 . 9 ; ' .31 . 8 

Found: G, 32 . 9; H, 1 . 1; , 31 . 2 
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In order to compare synthetic DL-canavanine to the 

natural product , the infra-red absorption spectra of these 

materials were obtained. A Perkin-Elmer Model 112 C 

instrument fitted with a sodium chloride prism and employing 

the double pass monochromator principle was used to obtain 

the data. The sample was prepared as a nujol mull and 

pressed between two sodium chloride windows . 

It was rather surprising to the author to find dis­

tinct differences between the two absorption spectras. 

However, simi lar results have been obtained with at least 

five other amino acids. The optically active and DL-forms 

of cystine, valine, leucine, phenylalanine, and alanine 

give different absorption data. Wright (49; 50) attributes 

this to the fact that the DL-forms as obtained by crystal­

li~ation from solution are compounds and not mixtures. 

In contrast to this, Wri ght has shown that mechanica l 

mixtures of n... and L·amino acids absorb in the same 

identical manner as the pure D- or L-amino acids. 

· In Table 1 is recorded the data obtained for con­

venience of comparison . The approximate absorption 

intensity is given by the symbols (a)-strong; (m)-medium 

and {w)-weak. 
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TABLE 1 

WAVE NUMBERS D H TENSITIES 
ABSORPTION BAI~DS 

OF I NFRA-RED 

L-Canavanine 

ave 
No Inten­

(cm~i) s 1 t:;y: 

DL-Canavanine 

Wave 
No Inten­

(cm-1) sit;,t 

Remarks 

1641 s 1627.5 s These absorptions
16o6 a 1599 s occur as individual 
1580 8 1570 s peaks in one broad 

8 1527 s band.15,9
15 5 8 

1416 m 14o6 m 
1378 w 1378 m 
1362 m m136~

133 w 
1318 m 

1263 w 1250 w 
1235 .m 1233 w 
1181 w 1173 m 
1159 m 1,120 m 
1096 8 1077 8 
1069 m 1051 w 
1027 s 1022 m 
918 s 1000 w 
875 m 957 m 
792 m 928 m 

878 m 
836 m 
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Acetone 0- (2 , 2- ( diethoxy)ethyl) -oxime XI: 

The sodium salt of acetone oxime (0 . 4 mole) was pre ­

pared in the same manner as was done previously in the 

preparation of acetone 0- ethyloxime . The dried material 

was made into a slurry with 160 ml . of dry toluene and 

placed aside in a beaker temporarily . To the same flask 

(1000 ml ., 3- necked) used in the preparation of the oxime 

salt were fitted a stirrer and reflux condenser with a 

drying tube . Bromoacetal (36) (160 g ., 0 . 81 mole) and 

toluene (40 ml . ) were introduced and heated by means of an 

oil bath at 135° • The slurry of sodium acetone oxime was 

added in small portions over one hour and the subsequent 

mixture stirred and heated for 24 hours . After cooling, 

the reaction mixture was filtered to remove the insoluble 

solids . The brown filtrate was distilled through a 42 em. 

vi greaux column and the fraction boiling above 92° /20 mm. 

collected. The lower boiling portion was distilled again 

and additional material boiling above 92° /20 mm. collected . 

Approximately 40-50 g . was accumulated in this manner . Two 

more distillations gave 22 - 38 g . (29- 51 percent) , b . p . 4o­

450c/1 . 5 mm., 98- 99°C/20 mm . ,~ ~5 : 1 . 4259 of a colorless · 

oil . 

, 57 . 1; H, 10 . 1 

Found: C, 56 .5; H, 9 . 9 

The unreacted bromoacetal can be recovered from the lo er 

boiling distillates with little trouble . 
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The acid hydrolysis of acetone 
0- [2;2-J§Iithoxy)-ethyl):oxime 1!11: 

A. Hydrolysis with aqueous hydrochloric acid 1n the 
presence of excess acetone: 

In a solution of 35 ml . of acetone and 19 ml . of 1 

percent hydrochloric acid were dissolved 4 g . (0 . 0212 

mole) of acetone 0- [2 , 2- {diethoxy) - ethyl] - oxime . (XI) . 

fter refluxing for one hour, the solution was cooled in 

an ice bath and then neutralized with anhydrous potassium 

carbonate to pH 7. ,5-8 . ,5 . The acetone w s removed by 

evaporation !g vacuo at temperatures not over 45°C . he 

residue was chi lled in an ice bath and extracted with 

three to four portions of ether . Anhydrous sodium sulfate 

was used as a salting-out agent to insure complete extrac~ 

tion . The ether extracts were dried with anhydrous sodium 

sulfate . After evaporation the ether, 1 . 3- 2 . 5 g . of a 

slight l yellow oil was obtained. his crude product 

decomposed even on vacuum distillation and it was not 

possible to obtain pure material. · ov1ever , the oil gave 

the typical tests expected for an aldehyde (Schiff's and 

Tollen ' s tests) and is probably crude acetone 0- formyl­

methylox1me (XII). ttemp ts to prepare several aldehyde 

derivatives were all unsuccessful . Treatment with dilute 

aqueous hydrochloric acid gave a white insoluble precipi­

tate s1 ilar in its thermal properties to the polymeric 

material described in part B. 
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B. Hydrolysis with aqueous hydrochloric acid in the 
absence of acetone: 

When the acetal , acetone 0- [2, 2-( diethoxy )- ethyl)­

oxime {XI) , as hydrolyzed in 1:1 or 2:1 one percent 

aqueous hydrochloric acid - 95 percent ethanol in the absence 

of acetone by refluxing for 15- 60 minutes, a cream colored 

to white gummy insoluble material was deposited . On 

drying over P205 1!! vacuo , it became more friable and 

amorphous . Two grams of the acetal gave about 0. 55 g . of 

this material. The sample analyzed below melted over the 

range 90- 190°C with decomposition and gave positive 

Schiff ' s and Tollen ' s tests . 

Analysis: Calculated for C2H3 O{ : NOCH2CH: ): 
C, 42 .4; H, 5 . 26 

Found: C, 42 . 9; H, 5. 9 

This analysis suggests the material to be polymeric 

in nature and composed of the units •NOCH2~H: since the 

carbon and hydrogen content of possible monomeric products 

are much higher than that found for the material isolated . 

~ attempted synthesis ~ 3- amino oxy-2 - aminopropanoic 
acid via the Strecker reaction and the 
- 1Soiillon of serine (XIII f!- ­

aterial believed to be crude acetone 0- formylmethyl ­

oxime (XII) <4. 1 g ., 0 . 0356 mole) prepared as described 

above was added to 7 . 2 g . of 10 percent methanolic ammonia . 

To the resulting solution was added ammonium chloride 
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(2 . 86 g . , 0. 0534 mole) dissolved in 17 ml . of water . The 

mixture was heated at 80°C for four hours . The dark red 

solution was cool d and then added to 50 ml . of concen­

trated hydrochlor c acid (hood} and allowed to sit overnight. 

The next day , the solution was heated on the steam bath for 

3-1/2 hours; additional acid (20 ml . ) was added and 

heating continued for six hours longer . The solution was 

then evaporated to dryness 12 vacuo and the residue 

redissolved in water and filtered to remove a black 

insoluble material . The clear brown colored filtrate 

was passed through an IRA-4po strongly basic anionic 

exchange resin to remove the anions from the solution . 

The resin was then elluted with 2N hydrochloric acid to 

give an amino acid effluent which w,as identified by means 

of the ninhydrin test . The fractions containing the amino 

acid were evaporated to dryness and treated with silver 

carbonate (0. 1068 equiv . ) to remove chloride . After re­

moving silver chloride, the filtrate was saturated with 

hydrogen sulfide and filtered again . The final solution 

was eva.porated to dryness and 50 ml . of absolute alcohol 

added . The cloudy solution was placed in the refrigerator . 

The next day a slightly yellow crystalline material was 

removed and immediately recrystallized from water- isopropyl 

alcohol . A crystalline material , 0 . 46 g . (10 . 3 percent 

yield of serine) , m. p . 175-2750C with decomposition was 
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thus obtained. The materia l was again recrystallized from 

water- isopropyl alcohol . 

Analysis: Calculated for serine (C3H7No3 ): C, 34.3; H, 6 .7 

Calculated for 3-em1nooxy-2•am1nopropanoic acid 

(C3H8N203 ) : , 30.0; H, 6 .7 

Found: C, 33.2; H, 6. 6 

A paper chromatogram using the phenol-water system 

with an authentic sample of serine showed the materiel to 

be predominately serine with only a trace of some other 

material which also gives a ninhydrin test . 



Bromination of ~-valerolactone: 

Polymeric $-valerolactone (m. p . 54- 55°C) as placed 

in a flask equipped with a stirr er, dropping funnel , 

reflux condenser with a drying tube and a thermometer . 

The lactone was melted fo l l owed by the addition of 0.5 ml . 

of phosphorous tribromide . Through the dropping funnel 

was introduced 12 . 2 ml . ( 38 g . ) of dry bromine over one ­

half hour while the temperature was maintained at 70- 75°C . 

The resultant mixture was stirred at this temperature for 

24 hours and heated final l y to l 00°C for one hour . The 

dark bromination product was vacuum distilled (caustic 

trap ) to give 31 . 2 g . of a dark viscous oil, b. p . 146­

16500/ 4 mm. 

Analysis: Cal culated for 2, 5 - dibromopentanoic a cid 

(C5H802Br2 ): C, 23 . 1 ; H, 3 .1 

alculated for ~-bromo-a-valerolactone 

C5H702Br): G, 33. 5; H, 3 . 9 

Found: C, 29 . 1; H, 4 .1 

This bromination product (10 . 3 g . ) was refluxed with 

20 ml . of water for 24 hours . he resulting solution was 

exhaustively extracted with ether, separated, and the 

ether extract dried over anhydrous s odium sulfate. 

Evaporation of the ether gave a brown oil (5 . 16 g . ) 

which was tentatively identified as very crude «-bydroxy­

6-valerol actone according to its analysis . This 



identification was confirmed by the conversion of a small 

aliquot of this material to the phenyl -hydra zide of 

2 , $ - dihydroxypentanoic acid according to the directions 

of Reichstein and Grussner (41, p . 654) . White crystals 

melting at l04-l04.5°C were obtained . (Reichstein and 

Grussner reported a melting point of 106~107°C). 

Analysis: Calculated for CllHl603N2: C, $8 .9; H, 7.2 

Found: 
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Acetone O~ethyloxime (Acetone ethoxime): 

To a cooled solution of 15.6 g . (0.678 mole ) of 

sodium in 300 ml. of absolute alcohol were added 50 g. 

(0.684 mole) of acetone oxime (42). The resulting solu­

tion was evaporated in vacuo and the solid residue dried 

by heating in an oil bath at 110°C under 1 mm .. pressure 

for one hour . This dry sodium salt of acetone oxime was 

crushed and mixed . thoroughly with 200 ml . of dry xylene 

in the same flask in which it was prepared• thyl bromide 

(296 g., 2.7 moles ) was added and the mixture refluxed 

with stirring for 15-20 hours. Sodium bromide residue 

was then removed and washed well with xylene. The clear 

solution was fractionated through a 77 em. column con­

taining glass helixes . The fraction boiling at 88 -95°C 

was collected to give 20-25 g . (29-37 percent) of a 

colorless oil. Dunstan and Goulding (12) reported a 

boiling point of 91.5°-92.5°C. 

0-Ethylhydroxylamine Hydrochloride: 

Acetone 0-ethyloxime (9 .24 g ., 0 .0915 mole) was added 

to a solution of 10 ml . of concentrated hydrochloric acid 

in 30 ml.of water. The mixture was refluxed for one hour; 

then 5 ml . more of concentrated hydrochloric acid and 

15 ml. of water were added and refluxing continued ror 

an additional 75 minutes . Although only one phase was 



present at the end of this time, it was found that there 

was still unhydrolyzed acetone 0-ethyloxime present. This 

was collected on distillation of the solution and subjected 

to three more treatments with hydrochloric acid. The 

aqueous residues containing the product were evaporated to 

dryness in vacuo and the crude product dissolved in 12 ml . 

of absolute alcohol, filtered, and finally precipitated 

with excess ethyl acetate (250 ml .). The product , which 

is quite hygroscopic, was dried over P205 !n vacuo. 

Yield: 3.3 g . (37 percent), m.p. 125°0. Jones (20) 

reported a melting point of 127-1280 • 

Analysis: alculated for C2H8Cl 0: Cl , 36.4 

Found : 01, )6.5 
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SUMMARY 

A brief review of the discovery, occurrence, isolation 

and properties of canavanine and canaline has been given. 

discussion of the methods of preparation of 0­

substituted hydroxylamines and hydroxy- guanidines was 

presented along with a description of earlier work on the 

synthesis of canavanine. 

A new synthesis of canaline by a five - step reaction 

scheme (Fi gure 1) from ~-butyrolactone in seven percent 

overall yield was described . anavanine was prepared 

directly from canaline in 12 percent yield . ew compounds 

prepared during this study were discussed . 

An attempt to synthesize the lower homologue of 

canaline via a Strecker reaction (Fi gur 2) from the 

compound, acetone 0- ~ ,2- ( diethoxy)-ethyl] - oxime , resulted 

only in the isolation of DL- serine . A material believed 

to be a polyoxime appeared as a side-product in this 

investigation . 

The bromination of 6 -valerolactone gave a mixture of 

what is probably 2 , 5-dibromovaleric acid and c:X-bromo-cf­

valerolactone . This prevented the immediate utilization 

of this scheme to make the higher homologue of canaline . 
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