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Abstract-Lactones were found to react with benzophenone oxime salt to give odiphenylmethylidene- 
aminooxy acids which were hydrolyzed to the corresponding r+aminooxy acids. The reaction was applied 
to an tfftcient syntheses of or-canaime. 

~-AMIN~~XY acids are of interest, i.e. owing to their structural relationship to 
canaline and cycloserine. We wish to report a method for introducing the aminooxy 
group into the o-position of carboxylic acids. based on oxygen-alkyl fission of the 
tactones corresponding to the acids by reaction of the latter with salts of oximes. 

The lactones were: &propiolactone. y-butyrolactone. Svalerolactone and E- 
caprolactone. We tried the following oximes: acetoxime. benzophenone oxime. 
cyclohexanone oxime. fluorenone oxime and anthraquinone dioxime. all in the form 
of their sodium or potassium salt. Best results were obtained on using the sodium 
salt of benzophenone oxime; consequently. this oxime was used generally in the above 
reactions. The ~diphenylmethylideneaminooxy acids (I) thus obtained were hydro- 
lyzed to the corresponding o-aminooxy acids (II), according to scheme I : 

Ph,C=NO-Na l + 

Scheme I 

0 + Ph,C=NO(CH,),COOH +H,NOtCH,),COOH 

I II 

n = 2.3.4.5 

Two competitive reactions can occur in the process of the oxygen-alkyl fission of 
the lactones to compounds of the type (I): (i) hydrolysis and (ii) polymerization. 
Their extent depends on the lactone used and affects the yields of compounds (I). 

In the case of ~propiolactone, on trying to carry out the reaction in the conventional 
solvent, water.4 hydrolysis of the lactone to khydroxypropionic acid sodium saft 
occurred, and the free oxime precipitated out. On the other hand in aprotic solvents. 
polymerization became the predominant reaction. The maximal yield (20?<) of 
fl-diphenylmethylideneaminooxypropionic acid (I. n = 2) was obtained on using 
benzene as solvent. 

In order to minimize the side reactions mentioned above. we tried successfully the 

’ Prehminary Communication: Y. Knobler. C. Gilon and M. Frankel. Israel J. Chem. 1.242 (1963). 
’ Part of a Ph.D. thesis to be submitted to the Hebrew University of Jerusalem. 
’ Previous examples of oxygen-alkyl fission of lactones by salts of weak acids were described by W. Reppe. 

Liebigs. Ann. 596. 158 (1955) see also Ref. 4. 
' H. E. Zaugg, Orgnnic Reactions. Vol. 8; p. 305 (1954). 
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oxygen-alkyl fission of &propiolactone, using the sodium salt of the stronger acidic 
N-hydroxysuc~nimide in water. N-suc~inyl-~-aminooxypropioni~ acid was obtained 
in 50 “i yield. 

y-Butyrolactone. Gvalerolactone and &-caprolqctone were found to react with 
benzophenone oxime sodium salt in dipolar aprotic solvents such as diethylene 
glycoldimethyl ether (diglyme), dimethylsulphoxide, dimethylformamide or N- 
methylpyrroiidone, at their respective b.ps. In the case of y-butyrolactone the lactone 
itself. on using it in excess. can play the role of solvent. Best yields were obtained on 
using as solvent N-methylpyrrolidone which has the highest b.p. and the highest 
dipolar character. Yields were 70”/, for y-diphenylmethylideneaminooxybutyric 
acid (I, n = 3) and 4O”/d for 6diphenylmethylidieneaminooxy valeric acid (I. n = 4) 
or &-diphenylmethylideneaminooxy caproic acid (I. n = 5). The marked difference 
in yield is caused by the competitive polymerization of &valerolactone and e-capro- 
lactone. while y-butyrolactone does not polymerize.5 

Removal of the diphenylmethylidene or succinyl groups was effected by hydrolysis 
with dilute hydrochloric acid. o-Aminooxy acid hydrochlorides were obtained. while 
on using ethanolic hydrogen chloride as hydrolysing agent o-aminooxy acid ethyl 
ester hydrochlorides directly resulted. During acid hydrolysis some decomposition 
occurs. and therefore the crude product is sometimes contaminated with ammonium 
chloride. To overcome this, the diphenylmethylidene or succinyl groups were removed 
by relluxing the intermediate acid with Dowex 50 W in acetic acid-water. The free 
o-aminooxy acids (II) were eluted from the resin by a solution of ammonia-diethyl- 
amine. 

The method described above constitutes a convenient synthesis of DL-canaline. 
In the canaline synthesis reported previously from this laboratory.’ a-ben~mido-~- 
butyrolactone was converted to y-halogen0 derivative prior to the introduction of the 
protected aminooxy group. The present synthesis eliminates this step. 

Reaction of a-benzamido-y-butyrolactone (III) with benzophenone oxime sodium 
salt in N-methylpyrrolidone gave N”-benzoyl-NY-diphenylmethylidene canaline 

Scheme II Ph,C=NOCH,CH,CHCOOEt 

&HBZ 
VII 

0-O -. 0-O -+ Ph,C=NOCH,CH,CHCOOH 

NHBz 

H,NOCH,CH,CHCOOH 

pi fBz 

HCI’NH OCH,CH,CHCOOEt 

I I 
NH, NHBz 

V VI 

’ W. H. Carothers. G. L. Dorogh and F. J. Van Natta J. AUZ. Chern. Sew. 54. 761 (1932). 
’ Y. Knobler and M. Frankel. J. Chcm. Sot. 1632 (19581. 
’ D. D. Nyherg and B. E. Christensen. J. AIX Chen~ Sot. 79. Ill2 (1957)z.K. Karpeiskii. R. Khomutov and 

A. Severin. Zk. Ohshr,i. I(/zim. 32. I357 (1962). 
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(IV) (86”/, yield). Hydrolysis with aqueous hydrochloric acid yielded canaline di- 
hydrochloride which was transformed to free canaline (V) on treatment with triethyl- 
amine. Canaline was also obtained by hydrolysis of IV with Dowex 50 W (yield 70 S/d). 
Overall yield based on y-butyrolactone was 30 14. Removal of the y-diphenylmethyh- 
dene group only. leading to N”-benzoyl canaline ethyl ester hydrochloride (VI) was 
achieved by using as hydrolyzing medium an alcohol-water mixture (1: I). Use of 
ethanolic hydrogen chloride gave N”-benzoyl-NT-diphenylmethylidene canaline 
ethyl ester (VII). Attempts to open a-phthalimido-y-butyrolactone or N-benzyl- 
oxycarbonyl-a-amino-y-butyrolactone by oxime salts failed at the high temperatures 
required. probably owing to decomposition. 

The synthesis of canaline presented here constitutes a definite advantage over the 
canaline syntheses published up to now. 6.7 both as regards the number of steps 
involved and the overall yield. 

EXPERIMENTAL 

N-BDipheny/merhylidenea,ninoo.rypropionic acti (I. n = 2). Benzophenone oxime sodium salt (4.4 g. 

002 mole) was dispersed in dry benzene (50 ml) under N, atm. the mixture was cooled to 5’ and freshly 

distilled bpropiolactone (I.4 g. 002 mole) in benzene (5 ml) was added dropwise under vigorous stirrmg. 

Stirring was continued for I hr at 5 and 2 hr at room temp. Benzene was removed under reduced press and 

the residue was dissolved in water (250 ml). Undissolved polymer and benzophenone oxime were ftltered 

OB and the soln cooled and acidilied with dil acetic acid. The ppt was collected and dissolved in acetone. 

After treatment with Norit. cold water was added carefully 1111 turbidity appeared and the mixture was 

refrtgerated overnight. More water was added and the ppt was collected and recrystallized from hot dil 

AcOH. to give Npdiphenylmethylidenepropionic acid (I g 20”;,). m.p. 106’. (Found: C. 71.5; H. 5.7: 

N. 50. C,,H,,NO, requires: C. 71.4; H. 5.6; N. 52”,.l 

N-~Succinylaminooxypropionic acid. N-Hydroxysuccinimide (23 g. 0.2 mole) was dissolved in IN NaOH 

(200 ml). cooled to 5” and freshly distilled ppropiolactone (14.4 g 0.2 mole) was added dropwise with 

stirring during I hr. Stirring was continued for 1 hr in the cold and 3 hr at room temp. The soln was then 

acid&d with citric acid and extracted 3 times with AcOEt and twice with ether. The combined organic 

extract was dried (Na,SO,) and evaporated in vocuo. The residue was crystallized from EtOH-pet. ether 

to give &N-succinyl aminooxypropionic acid (I 5.3 g 49 I’;,). m.p. I I I ‘. (Found: C. 44.6; H. 5Q: N. 7.5. 

C,H9N0, requires: C. 44.9; H. 4.85; N. 7.5”,.) 

NY-Diphenylmerhylideneuminooxybutyric acid (I. n = 3). Benzophenone oxime (IO g 0.05 mole) was 

dissolved in dry N-methylpyrollidone (20 ml) Na (l.l6g 005 mole) was added and the mixture stirred at 

60” until all the Na dissolved. The soln was cooled to room temp and freshly distilled y-butyrolactone 

(4.3 g, OGS mole) was added. The mixture was relluxed with stirring for 4 hr. then concentrated in vucuo 

to half the volume and poured into water (500 ml). Undissolved material was removed and the soln was 

cooled and acidilied with AcOH. After standing I hr at room temp the ppt was collected by filtration and 

dissolved in acetone. The soln was treated with Norit. cold water was added carefully till turbidity appeared 

and the mixture was refrigerated overnight. More water was added and y-Ndiphenylmethylideneamino- 

oxybutyric acid was collected and recrystallized from hot dil AcOH. 

N’-Diphenylmethylideneaminuoxy~aleric acid (I. n = 4) and N’-diphenylmethylideneanrinooxycuproic 

ucid (I, n = 5) were prepared in the same manner. Properties and yields of the comoounds prepared are 

listed in Table I. 

o_Aminooxy acid hydrochlorides. N’-Diphenylmethylideneaminooxy acid (0.03 mole) was added to 

18”; HCl (100 ml). AcOH (20 ml) was added and the mixture was relluxed for f hr. cooled. washed with 

ether and evaporated in vacua. The residue was dissolved in abs EtOH and treated with Norit. Dry ether 

was added until turbidity appeared and the mixture was kept overnight in a deep freezer. The cu-aminooxy 

aad hydrochlorides were collected and recrystallized from EtOH-ether. In some cases the product was 

hygroscopic and an additional recrystallization was required. The compounds prepared gave a positive 

Jaffe tests and are listed in Table 2. 

s M. Kitagawa and A. Takani. J. Agric. Chem Sot. Japan 11, 1077 (1935). 
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wAminooxy acids (II). Compound I (0.075 mole) and Dowex 50W x 12 200/400 mesh (H’ form, 5 g) 
were added to 50”,, AcDH (60 ml). The mtxture was refluxed for 8 hr with starring filtered and the resm was 

washed with EtOH.ether. EtOH and water. The washed resin was added IO a soln ofconcentrated ammonia 

(30 ml) and Et,NH (20 ml) and the mixture was stirred at room temp for I hr. The resin was removed by 

filtration and washed with water and the filtrate was evaporated. The residue was dissolved in abs MeOH 

and treated with Norit. The o-aminooxy acids precipitated after addition of ether and keeping overnight 

in a deep freezer and were recrystallized from isopropanol- AcOEt. JaNe tests was positive. The compounds 

obtained are listed in Table 3. 

hferh$ y-amino~).~~~ur~rar~ hydrochloride. y-Diphenylmethyltdeneaminoxybutyric acid (9..34 g. 0.33 

mole) was dissolved in MeOH (80 ml) and lg”,, HCl (80 ml) was added. The mixture was relluxed for 6 hr. 

MeOH was removed and the soln was cooled. washed with ether and evaporated. The residue was crystal- 

lized from MeDHether IO give methyl-y-aminooxybutyrate hydrochlortde (3.1 g. 54”,,). m.p. 155 

(Found : C. 35.5: H. 7.3 ; N. 8.3; Cl. 20.9. CsH ,,NO,Cl requires: C. 35.4: H. 7.1 ; N. 8.3: Cl. 20.9 ‘I,,.) 

N”-Benzoyl-N~-diphe~~y/~~~e~hyfidene-~~-canclline (IV). Elenzophenone oxime (20 g. 0.1 mole) was dis- 

solved in dry N-methylpyrrolidone (40 ml). Na (2.3 g. 0.1 mole) was added and the mixture stirred at 60 

until all the Na dissolved. To the cooled soln Ill9 (20.8 g. @I mole) was added and the mtxture was relluxed 

for 4 hr. then concentrated in wcuo and poured into water (I I.). Unreacted oxime was removed and the 

soln cooled and acidilied with AcDH. Alter standing I hr at room temp the ppt was collected by liltration 

and dissolved in acetone. treated with Norit. and cold water was added carefully till turbidity appeared. 

The mixture was refrigerated overnight. more water was added and the ppt was collected and recrystallized 

from hot dil AcOH to give N”-benzoyl-NY-diphenylmethylidene-ut_-canaline (35 g. 86”,,) m.p. I27 

(Found: C. 71.5; H. 5.4; N, 70. C21H21N201 requires: C. 71.6; H. 5.5; N, 7.0x.) 

N”-Berl_o~/-DL-co,rtr/irlc, er/r~/ e.v~r hot/ och/orit/a (VI) Compound IV (7.3 g. 0.018 mole) was dissolved 

tn EtOH (50 ml) and 20”,, HCI (50 ml) was added. The soln was retluxcd for 3 hr. EtOH was removed hv 

evaporation and the soln was washed with ether and then evaporated IO dryness. The residue was dissolved 

in a little abs EtOH and treated with Norit. Precipitation with dry ether and recrystallization from MeOH- 

ether gave VI (3.9 g. 72”,,). m.p. 163 ‘. (Found: C. 51.3; H. 64; N. 9.2: Cl. 12.0: OEt. 15.0. C,,H,,NIO,CI 

requires: C. 51.6; H. 63; N. 9.3: Cl. 11.7; OEt. 14,9”,,.) 

N”-Benzoyl-NY-diphmylmer/lylidene-canalirle ethyl ester (VII). Compound IV (65 g. 0.016 mole) was 

dissolved in IO”,, ethanolic HCl(lO0 ml) and the mixture was refluxed for 4 hr. After concentration in I’PICUO 

VII crystalhzed out upon cooling (6.8 g_ 97”,,). m.p. 95-97 (Found: C. 72.5: H. 59; N. 6.5: OEt. 9.9. 

Cz,H,,N,OI requires: C. 72.5: H. 6.1: N. 6.5: OEt. 10.5”,,.) 

DL-Cullaline W) 

(a) Compound IV (6.5 g. 0.016 mole) was added to a mixture of 18”. HCI (40 ml) and AcOH (I3 ml) 

and was relluxed for 3 hr. cooled and the ppt formed was removed. The filtrate was washed with ether and 

evaporated IO yield canaline dihydrochloride as an oil which did not crystallize. The oil was dissolved in abs 

EtOH (30ml). EI,N was added dropwise until basic (pH = 8). The ppt was collected. dispersed in EtOH 

and water was added until a clear soln was obtained. The soln was treated with Norit cooled and abs EtOH 

was added dropwise until tubidity appeared. The mixture was kept overnight in a refrigerator and the ppt 

was recrystallized from acetone: water-EtOH lo give DL-V (I.5 g. 7O”;J. m.p. 192’ dec. (Found: N. 20.6. 

Calc. for C,H,,N,Oa N. 20.9”;,.) 

(b) Compound IV (4 g. OGI mole) and Dowex 50 W x I2 (200/400 mesh. 20 g) were added IO 50”;, 

AcOH (200 ml). The mixture was relluxed for 9 hr with stirring liltered and the resin was washed repeatedly 

with EtOH. ether. EtOH and water. To the washed resin concentrated ammonia (lOOmI) and Et,NH 

(80 ml) were added and the mixture stirred at room temp for I hr. The resin was removed by liltration and 

washed with water. The hltrate was evaporated and the residue was dispersed in hot EtOH. water was 

added until a clear soln was obtained. After treatment with Norit rhe soln was cooled and abs EIOH was 

added dropwise until turbidity appeared. and the mixture cooled overnight. The ppl was recrystallized from 

acetone: water EtOH to give ot_-canaline (I _a. 67 “,,I m.p 195 dec (FoilId: N. 20.5 Calc. for C,H ,,,N203: 

N. 20.9 “,,.) 

ot_-Canuline nt~rhrl esrer dihydrochloride. Crude ot_-canalinedihydrochloride described above was 

dissolved m ahs M&H (100 ml). Dry HCI gas was bubbled in the cold for 3 hr. the soln was concentrated 

in cacuo. Me-OH (50 ml) was added and dry HCI was again passed through in the cold for 3 more hr. This 

’ Y. Knobler and M. Frankel. J. Chem. Sot. 1629 (1958) 



Synthesis of o-aminooxy actds by oxygen-alkyl fission of lactones 444-l 

procedure was repeated again and the MeOH was evaporated. The oily residue solidified upon standing 

for 2 days in a deep freezer. A little propanol was added and bt_-canaline methyl ester dihydrochloride was 

collected. washed wifha little propanol and dried over P,O, (225 g 66.6”,,1 m.p. 165’ dec. (Found: N. 12% 

Calc. for CsH,,NzO,CI,: N. l24t”~.) 
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