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CHAP'l'ER 1 




INTRODUCTION 

, The chemistry of t he na tura lly occurring ~-amino acids is well 

documented and t he importance of t hese compounds in biochemical systems 

is fully recognized. Compar a tively little i s known, however, concerning 

an analogous series of compounds , t he <X- hydroxyl ami no acids . Although 

a number of a. ..hydroxylamino acids have beE)n synthesized and hydroxyl

amino analogues of severa l amino acids are known t o occur in various 

na tural products, a thorough study of t heir chemical and physical 

properties is l aeking and l ar ge discrepancies in t heir reported proper

ties are to be found in the liter a ture. 

The present thesis embodies a critical revi e\'1 of the exis ting 

knowledge of a.- hydroxylamine acids and the results of an i nves tigation 

i nto several aspects of t heir chemi ,stry. 

Natural:ty occurrins hydroxylamine acids 

Severa l hydroxylamine acids , corresponding i n s tructure to 

protein amino acids, have been found to occur in nature as components 

of more complex products isola ted from a number of micro organisms . 

The fermentation broth of Penicillium frequent ans Westling was 

found to conta i n an active antitumor agent, hadacidi n (I) , which was 

shown to be t he N-formyl deriva tive of a.- hydroxylami noacetic acid, t he 

analogue of gl ycine (Kaczka , Gitterman , Ilulaney , and Folker s , 1962). 

1 
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0 OH 
II I 

HC - N- CH'j- COOH 
c;. 

I 

The structure of pulcherriminic acid established by MacDonald 

(1963) as 2 , 5- diisobut yl.. 3 , 6- dihydroxypyrazine-1 , 4-dioxide (II) contains 

the structural units of two a.- hydroxylaminois ocaproic acid moieties , the 

analogue of leucine. 

II Ill 

Aspergillic acid (III), an antibiotic derived from certain str a ins 

of Aspergillus flav:us , has been shown to have a related structure 

(Dutcher , 1958), containing the structural units of l eucine and of the 

isoleucine analogue , a-hydroxylamino-~-methylvaleric acid. 

Mycelianamide (IV), isolated from the mycelium of strains of 

Penicilliu.'n griseofulvum Dierckx, conta ins the structural uni ts of a. 

hydroxylaminopropionic acid, the alanine analogue, and of u- .hydroxyl... 

amino-~-( p-hydroxy)-phenylpropionic acid. the analogue of t yrosine 

(Birch , }1assy...Westropp , and Rickards, 1956) . 
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Two w- hydroxylamino ~nalogues of basic amino acids have also 

been isolated. Snow (1954) reported the formation of o.- amino-g-hydroxyl.... 

aminohexanoic acid, the analogue of lysine, on hydrolysis of mycooactin• 

a growth factor for flcyeobacterium johnei. The decarboxyla tion product 

of the above acid, 1-amino-5-hydroxylaminopentane, has been found i n 

both ferrioxamine B and ferrimycin A (Bickel, Fechtig, Hall , Keller

Sehlier:fien , Prelog , and Vis cher, 1960). 

o: -Amino-1· - hydroxyla.minovaleric acid , t he analogue of ornithine , 

has been found in th~ antibiotic al bomyoin ( Tul:-kov~, Mikes, and Sor m, 

1962 ) as well as in t he cyclic hexapeptides, ferrichrome and ferrichrome A. 

(J!:mery and Neil ands , 1961) . 

Synthesis of a. - hydro&lamitJ,o acids 

Long before a, ..,hydroxylamino acids were recognized as components 

of na tural products the synthes is of a number of these compounds was 

described. Several methods have been used. 

The earliest of these methods, modelled on the Strecker synthesis 

of a. - amino acids. consisted of the conversion of aldehydes to the 

corresponding hydroxylaminonit:riles, followed by hydrolysis of the 

nitrile group. The a. - hydroxylamino ni triles were prepared either by 
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addition of dry hydrogen cyanide to oximes , or by t he reaction of 

aldehydes or ketones with hydroxylamine salts and alkali cyanide , or by 

the react ion of oxi.mes with an alkali cyanide i n the, presence of biaul-
If 

phite (v. Miller and Plochl , 1893; Porter and Hellerman, 1939, 191+4; 

Lillevik, Hossfold, Linds tl'om, Arnold; and Gortner; 19l~2; Hurd and 

Longfellow , 1951; Neelakantan and Hartung, 1958). 

----i>li R- CH(NHOH)CN 

R-CHO + 1m3on.Cl + NaCN --+f R-CU(NHOH)CN + NaCl 

NaHSO 

1~-CH::::NOH · 3 R-CH(NHOH)CN 


Hydrolysis <:f the hydroxyl amine nitriles with concent rated 
h 

hydrochloric acid (v . Miller and Plochl, 1893; Hurd and Longfellow, 

1951; Snow, 1954; Neelakantan and Hartung , 1958; Ahmad, 1960 ) or con-
rt 

centra ted sulphuric acid (v. Miller and P1och1 1 1893) yielded the 

desired products . The use of concentrated sulphuric acid led to the 

formation of considerable amo®ts of the corresponding cr.-oximino acid 

amides , whieh on treatment wif.th a queous sodium hydroxide were hydroly:z;ed 

to t he a.-oximino acids 

http:1m3on.Cl
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H20C 
Ul", / H-i H-CONH2 ------~) H-yH-COOH 

~ NHOH NHOH 

R- CH- CN 

~HOH ~4 
__N_a.O_I..;..f _ ..,} H- C- COOH~R-C-CONH

II 2 n
NOH NOH 

Although hydrolysis of t he nitriles wi th hydrochloric acid 

gave satis factory yield"s of a. - hydroxyl amine acids, var ious side reactions 

were found to occur, especially a t eleva ted tempera tures or on prol onged 

standing. When a. ...hydroxylamino nitriles possessing a hydrogen a tom on 

the q.- ca:t-bon a tom were refluxed wit h concentra ted hydrochloric acid t he 

reaction mixtu:t-e contained not only the a - hydroxylamine acid , but also 

the corresponding a.- amino acid, t he corresponding a.- oximino acid, t he 

lower homologous aldehyde, and t he lower homologous ali phatic acid 

(Ahmad, 1960) . With oc- hydroxylamino nitriles posse:;;aing no hydrogen 

a tom on the a... carbon a tom refluxi.ng wit h concentr a ted hydrochloric acid 

pr oduced, in addition to t he a -hydroxylamine acid, t he corresponding 

a.-ami no acid and the lower homologous ketone . The ketone was t hought 
I 

to ari se from t he decomposition of the correspondi ng nitroso compound. 

Ni t roso compounds in t he pres ence of hydrochloric acid are known t o 

" r earrange to ketoximes which on hydrolysis yield ketones (Muller and 

Metzgen~ 1955; Mul " ler , Fries a.nd f>ietzgen , 195.5) . Treatment of these 

nitriles a t room temperature with concentrated hydrochloric acid gave 

:t-ise to a transient blue colour, typical of ni t roso compounds . 

http:refluxi.ng
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I n a second method for t he synthesi s of a - hydroxylamine acids 

(Cook and Sla t er , 1956) , a - br omo aci ds were treated with s t oi chiometri c 

amounts of methanoli c hydroxylami ne . 

R- yR- COOH + NH20H ---+ R- CH-COOli 
I 

Br NHOH 

Much earlier it had been found (Hantzs ch and Wi ld , 1896 ) tha t 

reaction of a. ...halo acids with excess hydroxyl amine yielded not 

a. - hydroxyl ami no aci ds but the correspondi ng o.- oximi no acids . 'l'Iris 

r eaction will be discuss ed l a ter i n this chapter. 

The third method l ea ding to a - hydroxylami ne acids ent ailed 

t rea t ment of an al kylacetoaceta. te or an alkyl malonic es t er with nitr ic 

oxide in a bsolute alcohol i n the pres enee of one equiva lent of sodium 

ethox.i de . Trea t ment of t he i ntermedia te isoni t rami no produc t with 

aqueous sodium hydroxide, followed by treatment with hydrochloric acid, 

gave t he des ired a - hydroxylami ne acid (Traube , 1895) . 

N20 , Et OH NaOH 
R- CH ( COOEt)2 Et ONa > R-f- { COOEt ) 2-----~ 

0=N- N-0Na 

HGl 
R- CH- COONa -..,..(~-Fia_r_m_,. ))-~ R-yH-COOH 

I 
0=N-N-0Na NHOH 

The fourth and most recent method utilizes t he r-eduction of 

t he corresponding - nitro es ters wi t h zinc dus t in aqueous acetic acid,. 

followed by hydrolysis of t he ester (Rodger s and Neilands , 1963; 

http:alkylacetoaceta.te
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Neilands and Azari, 1963). 

Zn H20 
-":': ~c ) R""yH-COOEt R-CH COOHH~OA-~ -----+ 

I 
NHOH NHOH 

It was found t hat although t he yields were low (15 ... 20%) the 

method was useful since the starting a.- nitro es ters are generally ea.sily 

obtained (Kornblum, Chalmers. and Daniels , 1955; Kornblum, 1962; 

Finkbeiner and Stiles , 1963) . 

Earlier a ttempts t o obtain :x- hydr oxylamino aci ds by reduction 

of the corresponding a - 01eimino aeids had failed . Reduction , even under 

carefully controlled conditions, did not stop a t t he desired stage, but 

led to a -amino aeids in every case (Hamli n and Hartung , 1942). 

Even though several ex - hydroxylamine aci ds have been prepared by 

each of these four methods , all of them have limitations . 'l'he first 

method , involving hydrolysis of t he correspondi ng rJ.- hydroxylamino 

nitriles, i s limited in a number of ways . As was mentioned previously , 

the reac t ion mixture was found to contain a number of products i ncluding 

the c:;orresponding a. - amino acids (Ahmad , 1960). It is the presence of 

thes e compounds which leads to the grea t difficulty i n the preparation 

of pure a.-bydro~ylamino ad ds . It was only by careful column chromatography 

t ha t Ahmad (1960) was able to overcome this separation problem. In fact, 

it is mainly the presence of e<...amino acids which has led to discrepancies 

i n the repol:' ted properties of a. .. hydro:x:yla.mino acids. This point will be 

treated more fully later i n this chapter. In addi tion this too t hod is 

limited only to t he preparation of t he purely aliphatic a.- hydroxylamino 

acids . All attempts to prepare the a - hydroxylamine nitri les from 
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benzaldehyde, phenylacetaldehyde, hydrocinnamaldehyde, and. acetophenone 

were unsuccessful (Neelakantan and Hartung , 1958) . 

The second method, start ing with the a.- bromo acids, appears t he 

most straightforward of all the methods . Howevert t his method had only 

been used to prepare three aliphatic a. - hydroxylamine acids (Cook and 

Slater, 1956). A more corrtplete study of this method was thus made and 

the results will be discussed in chapter two of this thesis. 

The method of Traube . (l893) like the firs t method gives rise to 

a mixture of products including a. - amino acids and hence a serious separa

tion problem is involved in the use of this method . 

The fourth method, involving reduction of ct.-nitro esters 

(Neilands and Azari, 1963) ~ was published very recently . It appears 

pr omising even though it has been found to give the desired product in 

poor yields only. Detailed experimental data have not been reported, 

however , end the final hycit"olysis step may well result in the formation 

of a. - amino acids as impurities giving r ise to the separation problem 

previously mentioned . 

Physical propertie~ 

a.- Hydroxylamine acids have been found to be colourless, crysta l 

line compounds, soluble in wa ter, slightly soluble in absolute alcohol, 

and insoluble in ether and other organic solvents . 

Conflicting reports concern the acid-base properties of the a. ... 

11 

hydroxylamine acids . Early workers (v. Miller and Plochl, 1893) reported 

them as giving strongly acidic solutions. More recent work , however , has 
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s hown t hem to be amphoter i c subst ances , solubl e i n both dilute acids and 

dilute bases. The a - hydroxylami ne acids were r epor ted (Neel aka.ntan and 

Hartung , 19.58) as having isoelectri c poin t s bet ween pH 6 and pH 7 , but 

l a ter wor k (Ahmad, 1960) has shown t he i soelectric points to lie between 

pfi 3 . 6 and :pH lt. l ( s ee Tabl e 1 ) . 

When a.- hydroxylamine acids were t itra ted with sodium hydr oxide 

in t he pres ence of formal dehyde t here was a considerabl e decrease i n t he 

apparent pK') . The t i tra tion curve with hydrochlor i c acid, however , did 
c.;. 

not change si gni f i cantly i n t he pres ence of formal dehyde . .Si nce it must 

have been t he hydroxyl ami ne gr oup r a t her t han t he car boxyl group which 

r eact ed with t he for mal dehyde and s i nce it was the sodi um hydr oxi de curve 

which was a f f ect ed by t he for maldehyde , t he pK2 was shown t o be t hat 

+ t connected wi th t he diss ociation R-NH20H ) R~NHOH + H. • Thi s 

adapt a tion of t he Sorensen ' f ormal' titration met hod pr oved t hat t he 

a.- hydroxylamino acids 1 l i ke t he a.nalogous a - ami no aci ds ; exi st as 

2!-Witt erionic s pecies a t t heir isoelectric poi nts, having t he s tructur e 

- OOC. CHR. l'·+i1i20H. Confirmat ion of t his dipolar s tructur e i s f ound in t he 

infra - r ed absorption spec tra of t he a.- hydr oxylami ne aci ds , whi ch 

includes bands char acter istic of -COO- (1600 - 1500 cm""1 ) and of 

- NH2+ groups (1620 - 1560 cm-1 and 800 cm- 1). 

Reduction and o.xida.tion 

Reduction of t he a.-hydroxyl a.mino acids i n ethanol solutic:ms wi th 

pa.lladiu.rn charcoal in the presence of ammonia gave t he corres pondi ng 

a -ami no acids (Neel akantan and Hartung, 19,58 ) . When t he reducti on was 

carr ied out with zinc i n t he pr esence of ace tic acid, a small amount of 

http:pa.lladiu.rn
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TABLE 1 


pK1 , pK2 , and Isoelectric points of a. -Hydroxylamine acids (Ahmad , 1960): 


a -Hydroxylamine acids pK Isoelectric point1 pK2 
(pKl + pK2)/2 

1 . CH3. fH -	 COO - 2.05 5.7.5 3.90 

Nn;on 

2 . 	 cn3.cn2. f H- COO - 2 . 20 5. 65 3. 92 

rm;on 

3. CH3 .CH2 .c~2 .fH- COO - 2. 35 5. 40 	 3. 88 

Nn;on 

4. (CH3) CH. CH - coo- 2. 30 5. 80 	 4 . 05 
2 I +

NH20H 

5 . c6n5• CH2• ?H -GOO~ 2.15 .5 . 20 	 3. 68 

Nn;on 
....

6. 	 (CH3) - C- COO 2.08 5. 95 4. 01 
2 kn+OH

2 

?. 2. 45 5. 60 4. 03 o coo-
Nn;on 

http:coo-2.30
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the dioxopiper a zines w.a ·s formed along with the corresponding a -amino 

acids (Cook and Slater, 1956). 

a -Hydroxylamine acids ar e s trong r educing agents and will 

react wit h ammoniacal silver nitr ate as well as with Fehling ' s solution 

i n t he cold. 

On oxidation the acids yield carbon dioxi de • the lower homologous 

aldehyde , and oxides of nitrogen (Snow, 1954; Cook and Slater, 1956; 

Neilands and Azari, 1963) . Cook and Sl a ter (1956) studied t he oxidation 

w:fth potassium permanganate and isola ted the lower homologous aldehyde. 

Oxida tion wi t h both ninhydrin and periodic acid {Snow, 1954) yielded 

aldehydes , and one mole of carbon dioxide, the hydroxylamine group being 

presumably converted to nitrogen oxides ; In the latter case it was 

found t hat 2 - 2 .5 moles of periodate were consumed. Recently Neilands 

and Azari (1963) relnvestigated t he oxidaUon of a - hydroxylamine a cids 

with periodic acid. They :found the products to be car bon dioxide, nitrous 

oxide, and the lower homologous a ldehyde. The reaction was sho\m to 

invol~e the upt ake of 2 moles of perioda te. 

R. CR ( NHOH ) COOH + 21U04 

I n contrast, the N-acyl esters of t he <X- • hydroxylamino aoi ds were 

found to react wi th periodic add i n a different manner, forming t he 

corresponding !t - oximino esters. 

R-yH- COOEt + HI04 R..~-COOEt + c6:a5cooH + H!03 
N-OH N- OH 
I 

c6H5-G=0 
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Deriva tives 

A number of deriva tives of ~-hydroxylamine acids have been pre

pared. With diazomethane esterification of' a ...hydroxylaminoisocaproic 

acid was found to be accompanied by N- rnethylation. giving rise to methyl 

a ... (N- hydroxy--N-.me.thyl amino )-isocaproa te (Cook and Slater, 1956). These 

same workers reported the formation of various acyl derivatives of a

hydro:xylamino acids . Acylation of the methyl esters of both u,:...hydroxyl

aminohexanoic acid and o:- hydroxylaminoisocaproic acid with benzoyl 

chloride and chloroacetyl chloride gave crystalline benzoyl and chloro

acetyl derivatives . The 2-bromohexa.noyl and the a -bromo-Y ...methylvaleryl 

deriva tives of the above twa ·U;...hydrox;yl amino aGids were also prepared . 

These derivatives were obt ained as high boiling syrups. Al l of these 

acyl derivatives gave red colow·s when treated with met hanolic ferrio 

chloride, indicating tha t w...a.cyl ation r a ther than 0-acyla tion had taken 

pl a.ce , The formation of the benzoyl deriva tives of ethyl a - b.ydroxylamino

prcpionat e ,and ethyl a ...hydroxylarnino ...f3 - phenylpropionate have also been 

reported (Neilands and A:r.ari; 1963). these were obtained as cryst alline 

solids in yields of about 25%. The N-formyl de:tivative of <x- hydroxyl

aminoacetie acid. has a lso been prepared (Ka.czka, Gitterman, Dulaney, and 

Folkers, 1962 ). Thi s deriva tive was shown to be a naturally occurring 

subst ance, ha.dacidin; as was mentioned earlier in this chapter • 

Attempt s to prepare the p- hromophena.eyl , p-nitrobenzyl, and 

p• phenylphenaeyl derivatives were unsuccessful (Coo,k and Sl a ter , 1956). 

An attempt was also made t o prepare t he phenylisot hiocyanate 

derivatives (Neel?•.kantan and Hart ung . 1958). It was found tha t t he only 

crys talline product formed was diphenylthiourea and no explanation was 
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offered for this. observation . La.ter work (Ahmad , 1960) showed t hat, 

und~r s i.milar condi Uons, pure cx - hydroxylamino acids did not r ea ct with 

phenylisothiocyanate and tha t the diphenylt hiourea was probably formed 

by reaction of phenylisothiocyanate with oc-oximino acids •. present as 

impurities. Reaction of a.-oximino a cids with phenylisoth;ioeya.nate has 

been shown to release carbon dioxide with the formation of diphenylthiourea. 

- RCN 

-co 
2 

) c6u5....Nti-w-NH-c6n5 
s 

It should be noted t hat a t elevated temper a ture small amounts of 

diphe.nylthiourea were isolated f rom the reaction of a.-hydroxylamine acids 

with phenylisothioeyanate. a. - Hydroxylamine acids were thought to undergo 

a disproportiona tion :r-eaction under these conditions , giving rise to ex. ... 

o:rlm.ino acids and t:t-amino acids. It was the r.x. -oximino a cids thus formed 

which w~,tre thought to :react with the :phenylisothiocyanate. The nature 

of the· d:i.sproportionation reaction will 'be more fully trea t ed later in 

t his chapter . 

Oth~r Reacti,ons 

:Pyrolysis of a - hydro:xyl amino a <:ids has been reported to yield 

car bon diox:ide, ammonia , the lower aldehydes , t he corres ponding a.-amino 
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acids, and other unidentified products such as pyr idine- like bases 
II 

(v. Miller and Plochl, 1893; Cook and Slater, 1956 ). 

Another aspect of the chemistry of a. - hydroxyl amine acids in which 

conflicting reports have been made is the reaction with ninhydrin. 

Neelakantan and Hartung (1958 ) reported that a-hydror~laroino acids gave 

a purple colour, typical of a - amino acids , when treated with ninhydrin . 

On the other hand it was found that t hree a - hydroxylamine acids (a 

hydroxylaminoacetic, a. - hydroxylarnino-13- phenylpropionio a cid , and (X 

hydroxylaminohexanoic acid) gave weak yellow or orange colours with 

ninhydrin (Snow, 1954). Spenser and Ahmad (1961) confirmed t hat pure 

a. - hydroxylamine acids did not yield a purple colour with ninhydrin and 

express ed the view that t he results of Neelakantan and Hartung had been 

due to the presence of a. -oxirnino acids as contaminants in the a. -hydroxyl

amino a cid samples . 

Paper chromatogr aphy of the a. - hydroxylamine acids appeared to 

give anomalous results (Spenser and Ahmad, 1961 ) . When chromatograms of 

the acids, developed with n-butanol-acetio acid-wc ter (40:10: 50 by 

volume) as the solvent , were visualized with ninhydrin, strong purple 

spots with long t ails appeared. These spots were shown to have Rf 

values identical with those of authentic sam!'les of the eorres ponding 

a - amino acids . Spraying with ammoniacal silver nitrate or triphenyl

tetrazolium chloride under t he appropriate condi tions produced bl ack or 

pink spots only for a - hydroxylaminopropionic a cid and a - hydr oxyl amine

isobutyric acid. '!'he reducing spots of t hese two acids had hi gher Rf 

values than t he corresponding a - amino acids ( see Table 2). It was con
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eluded that the ninhydrin positi'lte products i n these experiments, as in 

those of Neel akantan and Hartung 0958), were due to (t- amino adds derived 

from (1- hydro:eyl:amino acids rather than due to the a.-hydroxylamine acids 

themselves . 

To expl ain this spontaneous reduction of t he u ...hydro:x:ylaraino 

acids to a-- amino acid:s wit hout the presence of a reducing agent, Spenser 

and Ahmad (1961) proposed a disproportionation reaction in which the 

products would be the corresponding tt ..amino acids and tx-nitroso acids. 

Si nce o.-nitroso compou.nds are unstable, the second product would, where 

pos.sible . be the corres ponding ta.utomerie form - t he a. ...o:x;imino acid. 

Such a scheme receives support from the fact , mentioned earlier, that in 

the hydrolysis of (.X.- hyclroxylamino nitril~s ¢....amino acids and u.-oxim.ino 

acids were isolated fr0m the rea.ction mixture . I.t was also noted tha t 

when tqtutomerization of a.-nitroso acids to et- oximino acids could not 

occur the formation o.f q....ni troso .compounds was indicated by the transient 

elppearance of characteristic blue colours . 

In order to gain proof of the proposed s cheme, a quantitative 

study was undertaken . The disproportiona ticm reaction r equit>ed that 

one mole o.f a.- hydroxyl amine acid should give rise to one half mole each 

of n ...amino and a - oximino acid. 

In a series of experiments known amounts of a.-hydroxylamino 

acids were allowed to :t'eflux UJlder nitrogen for twent y- four hours .. The 

a-amino and « •oximi no acids which formed , as well as t he unreacted 

a -hydroxylamine a cid,, W<;lre determi ned quantita tively in the reaction 

mixture. 
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'fABLE 2 

Rf Values of a -Hydroxylamine and a -Amino acids in n-BuOH-AcOH-H2o Solvent 

Sys tem (Ahmad , 1960) : 

a - Hydr oxylamine acids Rf Values of Rf Values of Amino Rf Va lues of 
(HL-AA) (HL-AA. ) acids derived aut hentic 

from (HL-AA) ct-amino aci ds 

1. cH3. fH ...coo

tm;oH 

0.35 0.23 0. 23 

2. CH3.cii2.CH-COO -
I +NH20H 

0.36 0. 36 

3. cu3.cu2. cR2.CH- COO 
I + NH20H 

... 0. 51 0. 51 

4. (CR.) Cll.CH-COO 
:; 2 I 

NH;OH 

0. 44 0.44 

5. c6H5.cH2.yH-COO
... 

NH;ou 
0. 39 0.39 

6. CH 
3'-c-coo
/ I

CH3 NH+OH 
2 

0. 46 0. 59 0. 59 

7. o coo· 
NH;OH 

0. 60 o.6o 
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The estimation of a -oximino acid was i ndirect. It was based on 

the finding that in aqueous solutions at pH values below pH 7, u - oximino 

acids decompose quantita tively to carbon dioxide and nitrile, according 

to the following equation (Ahmad and Spenser, 1960) . 

R-C-COOH R-CN + C0~1 + H-0 
€:. c.II 

NOH · 

Carbon dioxide swept out of the reaction mixture was estimated gravi

metrica~ly as barium car bonate and served as a measure of a.-oximino acid 

concentration. Since o.-oximino acid was thus removed from the reaction 

mixture, the a .. amino acid and unreacted ex ...b.ydroxyla.mino acid could be 

determined by electrometric titration . Since the pK2 of t he cx. ...hydroxyl

amino acid was known to be approximately 6 while the pK2 of the a - amino 

acid is approximately 3.5 pK units higher, titration of t he reaction 

mixture with standard aU;:ali to pH 7.5 serves to estimate a -hydroqlami no 

acid concentration, giving complete reaction with t he hydroxylammo,nium 

group of the ex - hydroxylamine acid but no reaction with the ammonium group 

of the a. -ami .no acid . Further titration to pH 9 after addition of 

formaldehyde , which lowers the apparent pK2 of the a.- amino aCid, determines 

the concentration of a. - amino acid. 

This experiment was carried out on s even a. - hydroxylami no acids 

and with t he exception of a.-hydroxylaminoisovaleric acid and a. -hydroxyl

amino- 13 ...pheny1propionic acid equimolar quantities of ex - amino and a: -oximino 

acid (determined as carbon dioxide) were formed. The yields were in 

general lower than t heoreti cally expected for 10076 disproportionation. 

It was felt, however, tha t the formation of equimolar quantities of 

http:a.-ami.no
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a.- ami no and rL- oximino acids was subs t ant i al evidence i n favour of a 

di spr oportionation reac t ion. In t he case of a - hydroxylami no-f) - phenyl 

pr opion:i.c acid, t he yiel d of car bon dioxi de was higher t han expected 

f or l OOC;b di s pr oport i onation and it was fel t t hat some ot hel" decomposition 

pr ocess had t aken place in addi tion to t he di sproportiona t i on . 

Two possi ble mechani sms based on hydri de shi f t s were pr oposed 

to expl ai n the dispvopor tionation reaction of a ..hydro.xylami no compound$ 

i n general . 

( a ) R-CH ....X 
I~E:-N- OH 

--~) R-CH-X + R- CH...X 
I I 
NH2 N=O

lt ( b ) R- CH-X R- CH-X 

H-~-0-H H-~f5HV .._I ___ _ _,t R-C-X 
II 
NOH 

The mechanism (b ) was prefer!"ed s ince it had been ahown tllat 

o....a •••• Nand N- H •• • • 0 t ypes of hydr ogen bonding were pref erential l y 

present i n sol i d hydX'OX'Jlami ne (Meyers and Lips comb, 1955) . 

A s i mi l ar disproport i onation reacti on woul d account f or the 

presence of various s i de pr oducts formed in t he pr epar a t i on of 

a ...hydroxylamino ,acids and would expl ain t hose r esu.lt s r eport ed by 

Neelakant an and Hal"tung {1958) which are i n conflict with ot her wor k . 

On t he basis of such a di sproporti onation reaction Ahmad (1960) a t t empt ed 

to r a tionalize t he pr esence of the side produc ts obt ained on hydrolys is 
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of a -hydroxyl~mino nitriles. Scheme (a) r efers to the compounds 

pos sessing ~ hydrogen a tom on the a. - carbon atom while scheme ( b ) refers 

to those compounds which l a ck a hydrogen a t om on the a - carbon a tom. In 

t he latter case the blue nitroso compounds formed would decompose slowly 

in the presence of hydrochloric acid . 

R-CH-CN ~ R- CH-CONH ~ R- CH- COOH 
I I 2 Ir 
 NH2 r- HCN( a ) R-CHO~R-CH=;NOH ~(--- R-CH--CN ~ H- CH-CONH ~ R--CH-COOH 
I l 2 I 
NROH NHOH ~lliOH 

l 

R-C-CN ~ R- C-CONH2 ~ .R- C- COOH 

II II II 
NOH NOH NOH 

- C021 l 
R- CO-CN + NH OII R-CNl ~2 

R-COOH 
R...COOH + HCN 
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R . R
~ R ......-f-CONH2 --4 R-?-COOH 

r r 
( b) ~~:;f-CONU2 ----?> ~-:::.f-GOOH 

NHOH NHOH 

1 w 
~ RR:;c-CONH2 ___, ~:;C-COOH 

I •' I 
NO NO1
decomposes 

~:::C=NOH + C02 

In connection with the disproportionation reaction proposed by 

Spenser and Ahmad (1961 ), it is interesting to note tha,t hydroxylamine, 

N- methylhydroxylamine . and N-ethylhydroxylamine have been reported to 

decompose to products which can be expl a ined in terms of a disproportiona

tion reaction (Kjellin, 1921). 

Kjellin found t hat on heating hydroxylamine decomposes to give 

ammonia, nitrous oxide, nitrogen , and water a ccording t o the following 

two equations. 

The second equation can be depicted as a disproportionation reaction in 

the following manner . 
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H......._~ · H~Nrf! · ,;m H N 0 Ir 0
N-O~H on
11 H.,..... . H:;..-- ---? 3 + - ::: . + ::~2 

2H N=0 

Kjellin also found t hat N-methylhydroxylamine when di s tilled in 

the presence of alkali gave methyl amine , ammoni a , and formic acid , while 

N-ethyl hydroxylamine ga-ve ethylamine , ammonia , acetic acid, and 

acetaldehyde . These products can be r a tionalized by disproportiona tion 

reactions i n the following manner. 

. T:H: NHr 

HCOOH NH3 

CHr:H: MRr 

cu3coOH NU3 

One further rea ction, which can be explained in terms of a 

disproportiona tion reaction, is t he conversion of cx. - halo acids to a. .. 

oximi no acids by means of excess hydroxylamine. to which reference has 

been made earlier . Hant zsch and Wild (1896) reported t he preparation of 

a.- oximino acids according to the following equation. 

R··yH- COOK + 2NH20H + KOH R- rr....COOK + KX + NH3 + 2H2o 
X NOH 
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NHOH 

~ney pr opos ed t hat t he r eaction proceeded via t he intermediate 

cx. - hydroxyl amino a cid which woul d undergo immedia t e oxidation at t he 

expense of t he hydroxylami ne t o affor d t he a. - oximi no acid . 

R-CII-COOK R-C..COOKR-CH- COOK 
I I II 
X NOH 

Their pr oposal i s supported by t he wor k o.f Cook and .Sl a ter 

(1956 ) who , as s t a ted ear l ier, prepared a. ...hydroxylami no acids by t he 

trea t ment of cx. ...bromo a eids with equimolar amounts of hydr oxyl amine. 

Thi s s cheme corresponds , of cour s e, to t he di sproporti onation r eaction 

pr opos ed by Spenser and Ahmad (1961) i n which t he hydroxyl a.'nine moiety 

replaces t he one a - hydroxylamine acid moie ty undergoing reducti on . 

<X- Hy;droxylami no acids a~;> i ntermedi a tes i n o:. - ami no oxidation 

'l'he chemistry of t he <:r....hydroxylami no aci ds i s of i nter est in 

connection wi t h t he study of the mechanism of the chemica l O:J~;idation 

of a. ...amino acids . The biochemical oxidation of ll -ami no acidE~ t o ex 

ke to acids has been t horoughly investigated e~d a mechani sm i nvol ving 

a - i mi no aci ds as intermediates has been established ( Pitt, 19.58 ) . 

H 0 
2 

-~::---7) R-C-COOHR-CH-coo:a 
- NH3 II I 

0NH2 

The mechani sm of t he chemical oxidation of a - amino acids, t o 

al dehydes. e.mmonia , and ca r bon dioxide, on t he ot her hand , has not yet 
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been clarified even though the reaction has been repea tedly studied. 

The probl em was first i nvestigated by Wieland and Bergel (1924) 

and a mechanism involving dehydrogenation was proposed. 

- 2HR- CH-COOII R-C-COOH R-CH 
I li II 
NH2 NH NH 

This mechanism was dispr oved by later work (Bergel and Bolz, 

1933) which showed that a.-N,N-dimethylaminoisobutyric acid, a compo\Uld 

lacking hydrogen a toms on bot h the a - carbon a.tom and the nitrogen a tom, 

was easily oxidized to acetone, dimethylamine, and carbon dioxide. 

Confir ma tion of t his work came from Her bst and Clarke (1934 ) who proposed 

a new mechanism. 

- e-e 

'l'he fact tha t the hydrogen a tom on t he a.- carbon a tom is not 

involved in the oxidative decarboxylat ion of (.t- arnino acids was again 

ver ified by t he work of Spenser, Crawhall , and Smyth (1956) . They found 

that the oxidation of ex , !3- 3H2 valine and a .. f3 - 3H2 phenylalanine took 

plaee without l oss of t r itium forming a l dehydes with s pecific activiti es 

i denti ca l with those of t he parent amino acids . They pr oposed a new 

mechanism for t he reaction in which the oxidizing agent a ttacks the 
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a.-carbon atom as an electrophile with a concurrent loss of carbon dioxide. 

The unstable int ermedi a te carbinolamine would then on rapid decomposition 

give rise to a ldehyde and ammonia. 

- NH .c--. r"_ 3 RCHO I -dHl coo 
I

+NH 
3 

Support for t his mechanism came from the oxidation of a. , N

diphenylgl ycine under alkaline conditions. The unstable intermedia t e 

carbinolamine gave, by spontaneous dehydration, the expected benzalaniline 

r a ther than decompositi on to the aldehyde and ami ne . 

c6H5-yH-COO c6H5-~H 
NCdi5NHC6H5 

Another mechanism which was compatible with the lr.nown facts 

but which did not call for a carbinolamine intermediate was proposed 

by Sweeley and Hor ning (1957) . They found that N,N- di methylglycine 

oxide decomposed in t he presence of ferric ions t o give dimethylamine, 

formaldehyde and carbon dioxide. Their mechanism involved the formation 

of an N- oxide which, aided by formation of a f erric ion- ami no acid 

complex , decomposed by 13- elimination of carbon dioxide and hydroxide ion . 

OH+ -;::::.0. --..:::.3~> RCHO---~ R- CH-C-. 
. ~,;:; 

-NH 

~ +HO- NH2 
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The amino acid N- oxide of this mechanism is actually t he 

zwitterionic form of an a.- hydroxylamine acid. The role of cx. - hydroxyla.mino 

acids as i ntermediates in t he oxidation of a.-amino acids had been pro

posed earlier by Steiger (1944). 

It has been shown, in at least two cases , t hat the oxidation of 

a. - amino acids takes place wit h t he stoichiometric amount of oxidizing 

agent (1P1chter and Kuhn, l924j Herbst a:r1d Clarke, 1934)~ This fact thus 

implies tha t :lf t he cx. •hydroxylrunino acid were indeed t he intermediate 

in the oxidation , as :proposed in the mecMnism ef Sweeley and Horning 

(1957), it must decompose spontaneously to products in aqueous solution 

a t pH 8, even in t he presence of excess oxidizing agent rather than 

reacting with a further mole of the latter. In fact it has been shown 

that the o:...hydroxylamino acids do react :readily wi t h oxidizing agents 

(Neil ands and Azari,, 196.3). 'rhe products were found to be carbon dioxide1 

aldehyde, and nitrous oxide. Ammonia 1 the normal product of t he ox:'ld<~t ... 

tion of a - amino acids , was not isol a ted. Ahmad (1960) studied the 

sta.b:llity of the a...hydroxylamino acids in aqueous solution a t pH 8 in 

t he presence of ferric ions and found t hem to be fairly s t able . The 

a .. hydroxyl ami no acids were al.so known to disproportionate in aqueous 

solution, slowly at room temperature and r apidly a t reflux temperature, 

forming a - amino acids and cr. ...oximino acids . 'fhis regeneration of •:x. - amino 

aeid would then require more t han one equivalent of oxidizing agent per 

mole of a ...ami:no acid , a fa.c t which has previously been shown not to hold 

true in at least t wo eases. further more t he hydrolysis of the a. - o:dmino 

acids , t he second pr oduct of the disproportiona tion reaction, is known 

to lead to nitriles while oxidation of a .-oxirnino acids l eads to hydroxamie 
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acids . Al l these facts thus rule out completely the mechanism propos ed 

by Sweeley and Horning (195?) . 

~~e foregoing review clearly indica tes that several gaps exist 

in our knowledge of the chemistry of t he a -hydroxylamine acids. 

Improvement of a method of prepar a tion and fur ther investigation of 

several of the a.spects of the disproportionation reaction appeared 

particularly desirable . 



CHAPTER 2 




I NT:RODUCTIQN 

As was illustrated in the previous chapter, the pres ent s t ate 

of knowledge of t he a - hydroxylamine acids leaves much room for further 

study. The following describes the results of an investigation into 

severa l aspects of their chemistry. In particular , the stability of 

the a - hydroxylamine acids in alkaline solution , which had not been 

studied previously, was investi gated . In addition an a ttempt was made 

to establish a genera lized method of preparation of the a - hydroxylamine 

acids . 

Synthesis of tl,le o:: - hydroxyl.amino a cids 

Of the various methods for preparing a -hydroxyl amine acids reviewed 

in Chapter One , tha t involving trea t ment of a. - bromo a cids with 

equivalent amounts of me thanolic hydroxylamine (Cook and Slater, 1956 ) 

appeared to be most suited a s a general me t hod . Although only three 

aliphatic a.- hydroxylamine acids had been synt hesized in this way , it 

was felt t ha t t he me t hod could s erve as a general one , particularly 

because of its simplicity and t he ready availability of t he o:: - bromo 

acids . 

Seven a. - hydroxylamine acids have now been prepared by t his 

method, those corresponding to glycine; al anine, a. ...aminobutyri c acid, 

valine, leucine, isoleucine, and phenylalanine. Attempts to prepare 

t he analogues of aspartic acid and t yrosine fa iled. 

27 



28 


The a.-bromo acids used as starting mat er ials were either obt a ined 

commercia lly or synthesized by one of two methods. A number of aliphatic 

tx- bromo acids were pr epared in good yields by t he conventional Hell 

Volha.rd-Zelinsky mothod (Marvel, 19lfO). 

Br 2 
-==---+>- R.-CH-COOH + HBrJ?Cl I 

3 Br 

The 01. - bromo acid r equired for t he synthesis of' the analogue of 

phenylalanine was prepared in 50% yield from phenyla l anine itself . The 

amino acid was trea ted with nitrous acid at low temper a ture in the 

presence of excess bromide ion ( Riv~rs and Lerman. 1948) . 

c6a5. cH2 . ?H .. COOH c6n5.cn2.yH-COOH 
NH Br 

2 

This method was also a ttempted with tyrosine but the only 

product formed was a high boiling , dark red oil, ev~n at reduced 

temper'a tures . The presence of the hydroxy group may possibly give rise 

to nitrosation. Phenols are known t o undergo substitution with nitrous 

acid yielding either ortho or para substituted compounds. No further 

attempt was made to prepare a.-bromo- j3.. (p ...hydroxyphenyl)-pro:pionic acid -, 

The a~bromo acids were neutra lized in the cold wi t h standard 

sodium methoxide and refluxed overnight with one equivalent of 

methanolic hydroxylamine . The reaction, ar>..alogous to t he conversion 

of cx. -halo acids to cx. - aroino acids (Greenl3tein and initz, 1961), 
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pr esumabl y proceeds wi t h inversion of configura tion by an SN2 mechanism 

involving nucleophilic a ttack of the hydroxylamine nitrogen on t he a -

carbon a tom and resulting in the loss of a br omi de ion and the forma tion 

of the zwi t terionic species of a - hydroxylamine acids which t hey have been 

shown to form a t neutr al pH values . 

{H~H20R 
I 

I 


R-CH-COO"'" 
I 
I 

6-Br 

R- CH- C00
1+ 
NH20H 

Reaction took pl a ce readily with a. - bromoacetic acid , a. - bromo

propionic acid, a.-bromobut yric acid , a - bromoisocaproie a cid , a. 

bromoisovaleric acid, o:.-bromo-;3- me thylvaleric acid, and a. -bromo-~-

phenyl propionic acid. 

An a ttempt to prepare a.- hydroxylaminosuccinnic acid• t he 

analogue of asparti c a cid , was unsuccess ful due to the i nsolubil ity 

of t he s odium salt of a. - bromosuccinnic acid. Various polar non- aqueous 

solvents (absolute methanol, absolute ethanol, dioxane , and N,N-

di methylformamide) were tried wi t hout success . Non- a queous solvent s 

were required since a. - hydr oxylamine acids have been shown to dispro

portiona.te rapidly in refluxirtg aqueous solutions (Spenser and Ahmad , 

1961). 

The utility of t his method for t he preparation of a. - hydroxyl

amino a ci ds i s t hus es tablished . In the course of condensa tion small 

amounts of t he corresponding a - amino acids i nvariably form, due to t he 

http:portiona.te
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disproportionation of t he pr oducts or t heir further reaction with 

hydroxylamine . 

As was shom1 in Chapter One t he final purification of the 

productsf and i n particul a r the removal of contaminating cr. - amino acids , 

poses the bigges t problem in the prepar a tion of pure a -hydroxylami ne 

acids . An i mportant aspect of the present work was thus to i nves tigate 

the experimental conditions by which purification of a. - hydroxylamine 

a cids prepared from a. - bromo a cids could be a chieved . The use of ion 

exchange columns for t his purpose a ppeared promis ing . 

When, in fact, t he experimental work was carried out, it was 

found t hat in five cases (a - hydroxylaminobutyric a cid, a - hydroxyl

aminois ovaleric acid , cx. - hydr oxyl amino-(3-methylvaleric a cid, a. - hydroxyl

aminoisocaproic a cid, and a - hydroxylamino- P- phenyl propionic a cid) no 

separation problem was encountered since these five a cids crystallized 

from the reac tion mixture in high purity on cooling , even t hough onl y 

moderate yields (20 - 45%) were obtained . 

However, in two other cases (a. - hydroxylaminoa ce tic acid and 

ct. - hydroXYlarninopropionic a cid ) the acids di d not crystallize and 

recourse was made to t he technique of column chromatogr aphy . I n this 

way purification of these t wo acids was a chieved , but in yields which 

were considerably lower {see Table 3). 

I n the case of a. - hydroxylaminoaceti c acid, the reaction mixtur e 

was l a r ger in volume t han in the other cases due to the lower solubility 

of the sodium salt of the a - bromoacetic acid. This solution was 

evaporated to one hal f volume under reduced pressure to give a light 
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TABLE 3 


a - Hydrox:;rlamino Acids Prepared from tt -Eromo Ad..ds : 

a ...Hydroxylami no aci ds Yield (%) m. p . ( decom.p.) 

1. CH -COOHI 2 
NROH 

9 139. 5 - 42 . 5° 

2. CH3.?H-COOH 
NHOH 

11 148. 4 ... 49 . 8° 

3. CH3.cH2.?H-COOH 
NHOH 

172.0 - 73.8° 

4. (CH-z) CH . fH-COOH 
:;; 2 

NHOH 
19 182.8 - 81t .0° 

5. (CH3)2CH.GH2.fH-COOH 
NHOH 

23 173.0 - 71+ . 00 

6. 

CH3
l 

CH7. . CH2. CH .CU ...COOH 
:;; I 

NHOH 
21 1'?1.5 - 72 .5° 

?. c6H5.cu2.yH-COOH 
NHOII 

44 158.2 - 59.2° 
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pink coloured precipitate of impure cr - hydroxylaminoa cetic acid . The 

remaining solution on evaporation to drym~ss gave a mixture of sodium 

bromide and a. - hyd.ro:xylaminoacetic acid . The first residue of impure 

a - hydroxylaJninoace t i c acid was dissolved i n a minimum amount of water 

and applied to a cation exchange column ( Dowex 50W-X4 , 200-L~oo mesh ) in 

t he hydrogen ion form and t hen eluted with 2% ammoni a . Only a small 

fra ction could be obt ained which was reducing and did not give a positive 

ninhydrin t est . Evaporation of this fraction under reduced pressure a t 

room temper ature gave a. - hydr oxylaminoacetic acid in low yi eld . 

With the a -tydroxylaminopropionic a cid a ttempts to s epar a te the 

a.- hydroxylamine acid by crystallization from the sodi um bromide failed 

since bot h compounds appeared to have s i milar solubilities. The reaction 

mixture in t his case was evaporated to dryness under :reduced preGsure . 

The residue was dissolved in a mini mum amount of water and pass ed onto 

a cation exchange column i n the hydr ogen ion form . A large exces s of 

resin was r equired a s t he sodium ions were preferentially a ttached to 

t he column . The column was washed wel l with water to remove all traces 

of bromi de ions <and then eluted with 2% ammonia . As in t he case of 

a. -hydroxylaminoa cetic acid only a small fraction of :x. - hydroxylamino

propionic acid free from l;l - amino acid i mpurities could be obtained. 

Closer i nvestigation into the nature of the chemistry involved 

in the separ a tion of zwitterionic species by ion exchange columns 

revealed t he s olution to the above separation problem. It has been 

shown ( Partridge and Brimley , 1952 ) t ha t elution of amino acids f rom 
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ca tion exchange col urnns i s mai nl y controlled by t he pK1 r a t her than t he 

pK2 va lues . Elution i n t his case occurs in order of increasing pK1 

val ues . Wi t h anion exchange columna , however , elution depends on t he 

pK2 with elution occurr ing in decreasing order of t he .PK2 va l ues. 

Now, as was shown i n Cha.pt er One , ~-hydroxylamino a cids and 

t heir corres pondi ng a. - ami no acid analogues have appr oximately t he same 

pK1 va l ues . 'l'hus. a $ was found ex per i mentally above, poor s epar a tion 

of the a.~hydroxylamino acid from th~ correspondi ng a.- amino aeid i s to 

be expected. The pK2 va lues of the t wo are , however , qui te diff erent, 

t hat of the ;x ...amino acid being appr oxima tely 3. 5 pK units hi gher t han 

t hat of t he a.- hydrolcyl amino a cid. One would thus expect good s eparati on 

by t he us e of ani on exchange col umns . 

This :predic tion was t ested experiment ally wi t h known mixtures 

of a. - hydroxylami no acids and the cor respondi ng -ami no aci ds . 'lttle 

mi xture was applied t o an anion exchang€ column (Dowex 2- X8, 200--400 mesh) 

in t he hydroxide ion for m,. and elution was carried out with 0. 1 !!_ aceti c 

aci d or 0 . 1 N. hydrochloric acid. ~ cl ean separati on was obt ai ned• the... 
a.-arni:no a c i d leaving t he column f i rst, followed by the a. - hydroxylam;i.no 

acid .::1s expected. This procedure vre~.s t hen used to purify t he a. 

h.ydroxylaxnino ana logues of gl ycine and a l ani ne. 

The method of pr eparing a.- hydroxyl amine acids f r om :x ..br omo a cids 

coupled wit h t he us e of ani on exchange col umns as a means of final 

pur i fica tion of the pr oduct , where neces sar y , appear s t o be of gener a l 

applica tion . 

http:a.-hydroxylam;i.no
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Chromatograpey of .the .ex - hydroxylami ne acids 

Both paper chromatogr aphy and thin layer chroma tography tech

niques ~ere used to assay the purity of the ex - hydroxylamine acids . The 

a - hydroxylamine acids were detected by their reducing ac t ion on 

ammoniacal s i l ver ni trate or triphenyltetrazoli chloride (Snow, 1954) . 

The a - ami no acids were detected in the usual way with ninhydrin . 

The paper chromat ogr aphy work gave rise to somewhat different 

r esul ts than t hose found in earli er 1ork {Ahmad, 1960) . Ahmad found 

t hat , of t he s even a - hydroxylamine acids s t udied, onl y a - hydroxylamine

propioni c acid and a -hydroxyl aminoisobutyric acid gave reducing spots 

when t he a - hydroxylamine acids were chr omatographed in the solvent 

system n-BuOH: HOAc :H20 ( 40:10: 50 by vol ume) . In each case , however, 

positive ni nhydrin spots appear ed which were found to have Rf values 

i dentical to t hose of t he correspondi ng a - amino a cids , the Rf values 
l 

being l ower t han those of t he a - hydr oxylami ne acids . It was concluded 

t hat most of the a - hydr oxylami ne acids dispropor t ionated complet ely in 

the course of chromatography . 

In the work here repor t ed it was found , however, t hat when 

f resh ethanol solutions of t he n- hydr oxylamino acids were spot t ed a t 

room temper a t ur e on paper and i mmediately chromat ographed in the same 

solvent system used by Ahmad , reducing spot s were f ound i n all cases . 

I n addition , ni nhydrin positive spots wi t h Rf val ues i dent i cal wi t h those 

of t he r educi ng spots wer e also observed i n each case . The ni nhydr in 

spot s appeared s lowl y on heating a t 110° f or 5 - 10 mi nutes or on 
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TABLE 4 

Rf Values of a -Hydroxylami no 1d a - ami no acids i n n-BuOH: I!OAc :H2o 

Sol vent System: 

Rf Values of t he 
a -Hydroxyl a.mi no acids Rf Values of t he correspondi ng 

a - Hydr oxyl ami no Acids aut hent i c a -amino acids 

0. 70 	 0 . 20 


2 . CHyCll- C00- 0.49 	 0. 33 
1+ 
NH20H 

0. 43 

0. 50 	 0. 45 


0. 79 


0 . 77 	 0 . 72 


7. 	 c6H5.ctr2 . CH- COO'"" 0. 65 
I+ 
NH2oH 

http:CHyCll-C00-0.49


prolonged standing at room temper ature . These spots often t-lppeared 

orange at firot, slowly undergoi ng a colour change to purple . As men.

tioned earlier, Snow (1954) reported t hat a - hydroxylamine acids gave 

weak yellow or orange colours ..-li t h ninhydr in . 

When t he r;, ... hydroxylamino add solutions were a llowe d to stan(! 

f or a prolonged period of time before chromatcgr aphyt two ninhydrin 

positive s pots were found i n some cases. One of t hese corresponded i n 

Rf value t o an equivalent reducing spot while t he other had t he same 

Rf value as the corresponding a. - amino acid. These same results Viere 

a lso found by spotting fresh solutions on pa.per and allowing t he paper 

to stand at room temperature overni ght prior to ehromatographi ng. Only 

in a few ca.ses did th.;; double ninhydrin spots a ppear and i n every case 

positive reducing spots were still detected. 

These results indicate t hat pure a - hydrOX'Jl&mino acids can be 

chroma togr aphed in t he usual way and vistw.lized either di rectly with 

an oxidizing agent or, a fter s t anding or heat ing, with ninhydrin. 'l'he 

fact that these ninhydrin spots have long t a Us in.dicatea t hat some 

disproportionation is a lso occurring during chromatography . 

Th.us , when t he ethanol .solutions of a~hydroxyla.mino acids or 

the spotted chromatograms were allowed to stand, s ome disproportionation 

t akes pl ace prior to developraent, giving rise t o t he a.ppearance of 

double ninhydrin ~:>pots , the lower one being due to t he corresponding 

a....ami no acid adsing from the disproportiona tion react ion befor e the 

chrornr.1tograms are developed. 
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The earlier resul ts (Ahmad , 1960), in which no r educing spots 

and onl y ninhydrin spots corresponding to authentic a - amino acids were 

detected, wer.e presumably due to partial or complete disproportiona tion 

prior to chromatogr aphy . Ahmad had , i n fact, us ed heat to dry the 

s potted a. -hydroxylamine a cid solutions on the chroma togr ams before 

development. 

In order to substantiate this interpreta t .ion of Ahmad 's results, 

spotted chroma togr ams of several a.- hydroxylamine acids were heated prior 

to chromatography . I n each case no reducing spots were detected and 

only s ingl e ninhydrin spots, corresponding to t he authentic a. - ami no 

acids , were observed. I t thus appear s t hat Ahmad had actuall y chroma

togr aphed a ~amino acids , formed from the a -hydroxylamine acids by the 

disproportionation reaction, r a ther than t he a - hydroxylamine acids 

themselves. 

The technique of t hin l ayer chroma tography was a lso applied to 

t he a - hydroxylamine acids. Best results were obtained us ing Silica Gel G 

as t he supporting substance and n-propanol:water ( 50:50 by volume) as 

solvent. Other solvents such as chloroform: methanol:l7% ammonia 

(2:2:1 by volume) and n-propanol: water (70:30 by volume) were also used. 

The a - hydroxylamine acids and a -amino acids were detected as i n the 

paper chroma togr aphy work described earl ier. As expected, the reducing 

spots and the corresponding ninhydrin spot , the l a tter forming slowly 

after development , had higher Rf values t han the ninhydrin spots of the 

authentic a .. amino acids . 
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Reactions of a. -hydroxylamine acids : 

(1) Rea ction of a - hydr oxylamino a cids wit h hldr oxylamine: 

In Chapter One reference w~s made t o t he preparation of a. - oximi no 

acids by t he treatment of tX - halo acids wit h excess hydroxylamine under 

a lkaline conditions (Hantzsch and Wild, 1896). The reaction was t hought 

to proceed by way of an a: - hydroxylami no acid intermediate and this 

proposal received support from t he fact that t he treatment of a - bromo 

acids with stoichiometric amounts of hydroxylami ne yields a - hydroxyl 

amino acids . Such a mechani sm requires tha t reaction of the i ntermedi a te 

a - hydroxyl ami ne acid wi t h excess hydroxylami ne should yield a - oximi no 

acids and ammonia i n a reaction analogous to the di sproportionation 

reaction now established for a - hydroxylami ne acids (Spenser and Ahmad, 

1961) . 

I n or der to' gai n some evidence for t he above proposal, experiments 

were carri ed out i n which a known quantity of a. - hydroxylamine acid was 

trea ted in aqueous solution wi t h one equivalent of hydroxylamine and 

a one mole excess of al kali . The reaction mixture was refluxed gent ly 

under nitrogen for 20 hours and the ammoni a released from the basic 

solution was t rapped in a 10% boric acid solution containi ng met hyl 

red- methylene blue indicator . The ammoni a pr r)duced could thus be 

de termined by ti t ration Wi t h standard acid . a -Oximi no acid was i solated 

by acidifica tion of the reaction mixture and extraction with ether . 

This reaction was performed on three a - hydroxylami no acids 

(a. - hydroxyl amino- 13 - phenylpropionic aci d, a. -hydroxylaminobutyric acid , 
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and a. - hydroxyl minoisocaproic acid) rnd in each case ammonia and a. - oximino 

acid were formed . The yields of ammonia vari ed from 92% for the first 

case to 78% for the l ast . The corresponding yields of t he a. - oxi mi no 

a cids were s omewha t lower, ranging from 53% to 47%. 

These results would t hus seem to i ndicate tha t a - hydroxylamine 

acids do rea ct wit h hydroxylamine in an oxida tion- reduction reaction 

ana.logous to the disproportiona tion reaction and t ha t the reaction of 

a.-h lo a cids wi t h excess hydroxylamine under basic conditions does 

i ndeed involve an a. -hydrOX'Jla:ni no a cid i ntermedia te. 

The a. - oximino acids mi ght, of course , have been formed from 

a -hydroxylami ne acids in the normal disproportiona tion reaction. This, 

however, would resu.l t in a maximum yield of 50% s t nce one mole of 

a. - hydroxylami ne acid would give ris e to only one half mole each of 

a. - oximino aci d and a -amino acid . Since in all three cases s tudied 

only small amounts of o:. - amino a cids were d~tected while t he a. - oximino 

acids were isola ted in approximately 50% yields , it seemed doubtful 

t ha t the a. - oximino acids had formed by the disproportionation reaction . 

If t his were t he case , trea t ment of a. - hydroxyl ami ne acids with a one 

mole excess of a l kali i n the absence of hydroxylamine should yield 

o:. - oximi no a cids and a -amino acids in equal amounts . As \vill be shown 

shortly no a - oxi rnino acids were isola ted from such a reaction a.nd only 

fa int ni~~ydrin tests were obt a ined . 

As mentioned earlier, the yields of ammonia were much hi gher 

t han the correspondi ng yields of a - oximino acids and t he possibility 
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exis ted t hat the ammonia arose fr om other reactions. This might have 

been expected si nce hydroxylamine is known to decompose i n basic solution 

to ammonia among other products. In order t o gai n some idea of t he 

importance of t hese other effects, various control reacti ons were also 

performed . When equivalent amounts of hydr oxylamine were treated wit h 

base, under t he condi tions of t he earlier reaction, ammonia was formed 

but t he yield was never greater than 17%. 

Control reactions in which ~-hydroxylamine a cids were treated 

with a one mole excess of a l kali were also r un . Ammonia was also 

released in t hese cases, and in some experiment s in quite high yields 

(see '!'able 5) . I n no case was a. - oximi no acid isol a ted . Instead t he 

corresponding a.-keto acids were isolated. 

The normal dispr oportiona tion reaction does not, t herefore, 

occur under alkaline conditions. liowever, the possibility existed t ha t 

t he di spl'oportionation reaction was taking pl ace and t hat o:. - oximi no 

acid so formed under went immedia te hydrolysis to a.-keto acid and 

hydroxyl amine and t ha t the latter was converted to ammonia. i n t he 

presence of base . Such a sequence mi ght account for t he produc t s which 

were isolated. This possibility was , however, eliminated by a further 

control reaction. Treatment of an a -oximi no acid wi t h alkali produced 

no ammonia and no a -keto acid.. and t he major part of t he o:.- oximi no acid 

was recovered on acidification and extraction wit h e ther. a -Oximino 

acids are t hus stable under alkaline conditions. 

These results clearly ti1dicate t hat t he normal dispr oportionation 

reaction of t he c:x.- hydroxylamino a cids, occurring in neutral or acidic 
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Decomposition of a.-Hydroxy1ami no acids i n t he pres·ence of one mole excess alkali: 


(HL- AA ) a -Keto acids formed Ammonia formed a -Hydroxylami no acids taken 
( HL-AA ) (moles) Amount (moles) % of theory Amount (moles ) %of t heor y 

l. CH .•CH- COO 
3 I + 

NR20H 

8 -4 . 7 X 10 - 42 . 9 X 10 • 33 4 - 4 . 1 X 10 47 

2 . CH3 . cn2 .CII-COO
I + 
NH20II 

!l . 1 X 10- 3 2. 0 X 10- 3• 49 2. 5 X 10- 3 59 

3. (CH3)2CH. CH- COO 
I + 
NH20H 

7. 5 X 
-410 l.l X 10- 4• 15 1.5 X 10- 4 19 

L~ • 

5. 

CH .en 
3 2 ' cH. CH- COO

/ I 
CH3 NH; oH 

c6n5. CH2 . CH-COO 
I + 
NII20H 

- 31.3 X 10 

1.4 X 10-3 

-l~
3. 2 X 10 * 

9. 7 X 10  4 

25 

69 

-1~
5. 3 X 10 

1.0 X 10- 3 

41 

75 

6. (CH3)2-C COO 
I+ 
NU20H 

8 . L~ X 10- 4 0 0 0 0 

7. o coo- 6 - 4 . 3 X 10 1. 3 X 10 5• 2 2 . 7 X 10- 5 4 

NH;DH -I=" 
1-' 

• Determined as t he 2 , 4- dinitrophenylhydrazone deriva tives 



solutions, does not take place under a lkali ne condi tions, and t hat a 

base- catal yzed decomposition t o cx. - ke to acids and ammonia does occur . 

These facts , coupl ed with the fact t hat a -hydro~Jlamino acids react 

wit h hydroxylamine under a lkaline conditions forming Ct - oximi no acids 

and ammonia , verify t he earlier proposal (Hantzs ch and Wi ld , 1896) t hat 

the conversion of a -halo acids to a -oximi no acids with excess hydr oxyl

amine under a l kaline conditions takes pl ace thr ough an a -hydroxylamine 

acid i nter medi ate . 

(2 ) Conversion of u- hydrox:y;lamino acids to et. -ke t o acids: 

As was shown i n t he previous section, a - hydroxyl amine acids 

decompos e in alkaline solution to u-keto acids and ammonia r ather t han 

disproportionati ng to a - ami no acids and cx. -oximino acids . Thi s reaction 

was a new aspect of t he chemis try of t he '! - hydroxylamine acids and was 

t hus i nves tigated further . A quantitative s tudy of t he reaction of 

various cx. - hydroxylamino acids with alkali was under t aken. 

Only i n the case of cx. -hydroxylamino-~-phenylpropionic acid was 

t he a -ke to acid, phenylpyruvic acid , i solated as such . Phenylpyr uvic 

acid is a high meltiug solid and very soluble in ether while ali phatic 

a -keto acids are low melting soli ds or liquids, very soluble in wat er 

as well as ether . In these cases t he tx ...keto acids (pyruvic acid , a. - keto

butyric aeid, a.- ke toisovaleric acid, and cx. -keto-~-methylvaleric acid ) 

were i s olated as their 2 , 4- dinitrophenylhydr azone derivatives . The 

yi el ds in this series of r eactions were qui te va.ried (see Table 5) . 

I n the two cases where no hydrogen a tom was pres ent on t he 

a -carbon (Ct- hydroxylaminoisobutyric acid and 1- hydroxylaminocyclohexane



1-carboxylic acid ) no ammoni a was produced. The small amount of cycle

hexanone obtained from the cyclohexyl derivative would be expected to 

arise from the decomposition of the o: -nitroso compound formed in the 

normal disproportionation reac tion. Indeed, a fa intly positive ni nhydrin 

test , i ndi cative of t he formation of some a - amino acid, was observed. 

I t is interesting to speculate on the mechanism of t his base-

catalyzed decomposition of - hydroxylamine acids to -keto acids . One 

possible mechanism i nvolves t he abstrac tion of the hydrogen atom on t he 

a. - carbon a tom wit h concurrent los s of hydroxide ion from t he nitrogen . 

1~is would result in t he forma t ion of an imine intermedia te which would 

rapidly hydrolyze to ammonia and a -ket o acid. 

H~ H 0 I:\ I 2 R-C-C00
11 

R-C.zCOO
. I (} 0

11- N- OH 

Another possibility involves t he forma tion of a nitrene inter

mediate which would by rearrangement give t he imine, which on hydrolysis 

would yield ammonia and cx. ..;keto acid . 

H 

R-h-coo.. 
~ H-N-OH 

t·~ 
OH 

~ . 

R- C- C00-----+> R- C- 000R-C-000 
I 1111 

~ N NH 0 

This base-catalyzed decomposition of a - hydroxyl amine acids is 

a lso of interest i n connection wi t h t he mechani sm of t he chemical 

oxidation of a -ami no acids. As stated in Chapter One, the mechani sm 

I 
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of Sweeley and Horning (1957) i nvolving an a.- hydroxylamine a cid inter

mediate required the a - hydroxylami ne acid to decompose under alkaline 

condi tions to al dehyde, carbon dioxide, and ammonia . The above work, 

i n which alkali ne decompos ition has been s hown to yield a. -ke to acids 

and ammonia , t hus reaff irms the pr evious a r guments against t he mechani sm 

of Sweeley and fiorning . 

( 3) Conclusion: 

Whereas in neut r al and acidic s olutions a - hydroxylamine acids 

decompose to equa l amounts of a - amino and a. - oximino acids by means of 

a di sproportiona tion reac t i on , it has now been shown t hat in alkali ne 

solutions t hi s disproportionation reac tion is no l onger favoured . A 

base- ca t a lyzed decomposition t o ammonia and o: -keto acids occurs . 

This reaction would appear to be a genera l synthetic r oute to 

a. -keto acids. The 'various general methods of preparing •'l - ka to acids 

have been reviewed (Waters, 1947) . The a bove method appears to be a 

useful addition to t hese previous methods and is worthy of further 

investigat ion . 



CHAPTER 3 




EXPERI MENTAL 

Sep __ra tion of a known mixtu:re of cc. - hydroxylamino acid and a - amino a cid 

on an anion exchange column: 

a - Hydroxylaminobutyric acid (0.10 g , o. ooo84 mole) and r.:t - amino

butyric acid (0 .10 g , 0 . 00096 mole) were dissolved i n 100 ml of water 

and applied to an anion exchange eolumn ( Dowex 2-X8, 200-400 mesh, OIC 

f orm) . 

The anion exchange column was IJr~pared by suspendi ng t he resin 

(6 g), in the Cl- form 1 in water and depositing it in a column of 20 mm 

diameter . The resin was washed with 500 ml carbonate-free water and 

t hen converted to the OH- form by trea t ment with 2N carbonate-free-
sodium hydroxide (cp2-free alka,li was prepared by a ddi ng 10 g B-a ( OH ) 2 • 

8JI2o to 1 litre of 2!! NaOH and filtering immediately before use) until 

the efflu~m.t was basic . Aft-er washing with carbonate... free water, the 

resin was treated with 0 . 1! hydrochloric acid ar.d t hen with 2!'! ca r bonate-

fre e sodium hydroxide in order to rid t he column of impurities . The 

resin was washed well with carbonate-free water af ter each treatment . 

The known mixture was then applied to the column, followed by 

100 ml of carbonate- free water . The column was then eluted vJi t h O. lli 

hydrochloric acid and t he effluent collected in 10 ml fractions. The 

first twenty f ractions (200 ml) gave a positive ninhydrin tes t and a 

negative reducing test. On evaporation t o dryness under reduced pressure 

t hese gave ~-aminobutyric a cid (0 . 086 g , 86%). 

~-5 
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The next five fractions (50 ml ), which gave both a posi t ive 

ninhydrin tes t and a positive reducing test, cont ained a mixture of 

o.- aminobutyric acid and o:. - hyd.roxylaminobut yric acid. This was dis

carded . 

The next fifteen fractions (150 ml ) gav·e a negat i ve ninhydrin 

test and a positivo r educing test. This on evapora tion to dryness under 

reduced pressure gave o:- hydroxyl aminobutyric acid (0 . 0?4 g , 74%). 

The fina1 six fra ctions (60 ml), which g ve a. positive reducing 

test and a positive chloride ion tes t, contai ned the hydr ochloride of 

a - hydr oxylaminobut yric a cid in t he presence of hydrochloric acid. This 

was discarded . 

The $ame procedure was us ed in the workup of the reaction 

mixtures obt ained in the pr epar a tion of a - hydroxylaminoa ceti c acid and 

o. hydroxylami nopropionic acid . 

a: - Hydr oxylaminoacetic acid: 

o.-Bromoa cetic acid (10 . 0 g , 0 . 072 mole), dissolved in 350 ml 

anhydr01,1s met hanol , was neutralized a t 0° C wi t h 3!:! sodium methoxide . 

Si milarly, hydrOX'Jlami n.e hydrochloride ( 5 . 0 g , 0 . 072 mole}, di ssolved 

in 100 ml anhydrous methanol, was neutralized in the cold with 3 ~ 

sodium methoxide . The t wo solutions were mixed and t he precipi tated 

s odium chloride was removed by fil t ration . 

The reaction mixture was refluxed for 16 hours and t hen 

evaporated to one half volume . The light pink s olid, which s eparated 

from the solution, was removed by filtration . This i mpure residue of 



a -hydroxylami noacetio aci d was purifi ed on an anion exchange column in 

the manner described previously i n t his chapter. In t his way pure :1 

hydro:xylarninoacetic a cid (0 . 61 g , 9. 3%), wi th melting point 139 . 5 

42 . 5° C (decamp.), was obtai ned . 

I nfra - red absorption fr equencies in nujol mull (cm- 1 ):695(w), 

72.5(w), 81+4(w), 885(w), 956(w), 1220 (s trong and broad under the t ip of 

t he peak ), 1350 ( shoulder), 1710 ( s trong and broad under the tip of the 

peak ), 2200- 2700 region (medium i ntensity absorpt ion), 3420(m). 

Heported melting points : 1.35° ( decamp.) , (Traube, 1895 ); 145° (decamp .), 

(Kac zka , Gitterman , Dulaney, and Folkers, 1962 ). 

a. -Hydroxylaminopropionic a cid: 

a - Bromopr opionic acid (22 g , 0 . 144 mole), dissolved i n 100 m1 

dry me t hanol, was neutralized a t 00 C wi t h 3 !:'! sodium met hoxide . 

Similar ly , hydroxyl'a.mine hydrochlori de (10 g , 0 . 11+4 mole), dissolved 

in 150 ml dry me t hanol , was neutralized in the cold with 3 !:'! sodi um 

methoxide . The t wo solutions were mixed and t he precipita t ed sodium 

chloride was removed by filtration . 

The reaction mixture was refluxed for 16 hours and t hen evaporated 

to dryness under reduced pressure . n 1e residue wss dissolved i n 100 ml 

of water and applied to a ca tion exchange colmon (Dowex 50 ~-X4 , 200

400 mesh , H+ form) . 

The ca tion exchange column was prepared by suspendi ng t he res i n 

(12 g ) 1 in the H+ for m, i n water and depositing i n a column of 20 mm 

diameter. After washing t he resin well wi t h wat er, t he i mpure a 
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hydroxylami nopropi onio a cid solution was applied. The column was t hen 

washed with water until the effluent was free of chloride ion . Elution 

wit h 2% aqueous ammonia was then carried out and the effluent collected 

i n 30 ml f r ac t ions . 

The f i rst three f:~,•actions ( 90 ml) gave a negative ninhydrin 

t est and a. positive r educing t est . This em evaporation to dryness under 

r educed pressure gave o.- hyd.rc;xylam;i.nopr opionic acid (1 , 7 g , 11.3%) , 

which on r ecrys tall izati on fr om ethanol melted at 148. 4 .... 49.6° C 

( decomp . > ~ Analysi s ; F'ound: C, 34. 48; H, 6. 80; N, 13.13, c3H7No3 

requir es C, :;4. 29 ; H, 6.66; N, 13 . :n. lli.f r a -red absorpt ion frequencies 

i n nu jol mul l ( em- 1h 672(s ), 718( w), 770(w) , 798( w), 858(m). 905(m) , 

960 ( w·), 1002(m), 1058( w), 1088(m) , 1146(m) , 1262(s ) , 1272 (shoulder) , 

1302(s), 1.510-1600 .region (s ), 2200- 2700 region (medi um i ntensit y 

absor-pt ion) . Repor,ted melting poi n t s : 194 - 95° ( decomp . ) , (Neela.kant an 

and Hartung , 1958) ; 146 - 47° (decomp. ). (Ab.mad , 1960) . 

The next. four fractions (120 ml) gave both a pos i t ive ni nhydri n 

tes t and a. positive :reducing t .ee t . Thes e f r a cti ons contained a mixture 

of a. ...hydroxyl aminopropionic acid and alani ne and were discarded. 

I n a separ ate experiment an i mpur e mixture of r:.:. - hyd.roxylamino

propioni c a cid , alani ne, and s odium br omide of; unknown composition was 

purifi ed by t he U$e of .an ani on. exchange col umn in t he manner described 

ear lier i n t his chapt er. The col umn W(lS eluted with 0.1 !! hydrochloric 

aeid and the effluent collected in 10 ml f r a ctions . 

The first twent y-two f r a ctions ( 220 ml ) gave a positive ni n

hydrin test. These f r actions contai ned alanine and were discarded. 



The next four fractions (40 m1) gave a positive ninhydrin test 

and a positive reducing test. These fractions contained a mixture of 

alanine and O-- hydroxylaminopropionic acid and were di scarded. 

The final five fractions (50 m1 ) gave a positive reducing test 

and on eva:poration to dryness under reduced pressure gave pure cr.

hydro:x:ylaminopropionic acid (0 .10 g ) which melted at 153*5 - 57 . 0° C 

(decomp . ). 

cr. ...f!;xdrqxxlaminobut;q:ic acid: 

a ....aromobutyric acid (15 f!h 0 . 09 mole), dissolved i n 100 ml dry 

methanol , was neutr alized a t 0° C with 3 !';! sodi um methoxide . Similarly , 

hydro:l!lylamine hydrochloride (6. 3 g, 0 .09 mole) , dissolved in 100 rn1 dry 

methanol, was neutralized in the cold with 3 !;! sodium metho::dde. The 

t wo solutions were mixed and the precipitated sodium chloride was removed 

by filtration. 

The reaction mixture was reflux~d for 16 hotu-s .and t hen set 

aside to cool. Colourless crysta l s of a -hydroxylaminob tyric acid 

(3•.:; g). which separated after 24 hours at 0° c. were removed by filt;ra ... 

tion. The reaction mixture was than evaporated to dryness under reduced 

pressure and treated with 100 m1 of water when a second crop of ~-

hydroxy1aminobutyric acid (0 . 5 g ) was obtained as an insoluble res idue . 

The two fractions gave a total yield of 3.8 g (35.5%) of ex.

hydro:xylami:r1obutyric acid, v1hich on recrystallization from ethanol raelted 

0at 172. 0 - 73.8 C (decomp.). Analysis: Found~ C, 41.10; H, 7.81; 

N, 11. 83: c4H9No3 requires: Ct 40. 3lf ; H, 7. 62; N, 11.?6 . Inf ra-red 

absorption frequencies of o:.- hydrox,ylamwobutyric acid in nujol f11ull 



(cm- 1 ) : 680(w) , 750(w) , 814(m) , 855( s ), 935(w), 974(w) , 1015(s), 1030 

(shoulder ), 1078( w) , 1109( w), 1150( w) , 1250( w) , 1285 (shoulder). 1302(s) , 

1340(m), 11+20 ( shoulder ), 1612 (st rong and br oad under the tip of the 

peak ), 2400- 2800 region (medi um i ntensit y absor ption) , 3030 (shoulder) . 

Repor ted melting points: 193 - 94° ( decamp . ) , (Neelakant an and Hartung, 

1958) ; 172 - 73° ( decamp . ) , (Ahmad, 1960) ; 166 - 67° ( decomp. ) , 

(v . ~tiller and PlHchl , 1893) . 

a. -Hydro& lami noisovaleri c acid: 

a - Bromoi sovaler i c a cid (8. 6 g , 0 . 047 mol e), di ssolved i n 100 ml 

dry methanol, was neutralized a t 0° C wi t h 3 ~sodium methoxide . 

Si milarly, hydroxyl ami ne hydrochloride (3 . 3 g , 0 . 047 mole ), dissolved 

in 100 ml dry methanol, was neutralized i n t he col d wi t h 3 ~ sodium 

methoxide . The t wo solutions were mixed and t he precipita ted sodi um 

chl oride was removed by f iltra t i on . 

The r eacti on mixture was refluxe.d f or 16 hours and t hen set 

asi de to cool. Colour less crys t al s of a -hydroxyl ami noi sovaler ic acid 

(0. 7 g), which s eparated a fter 24 hour s a t 0° C, were removed by 

fil t r a tion . The reaction mixture was t hen evaporated to dr yness under 

reduced pressure and trea ted wi t h 100 ml of water when a s econd crop 

of a - hydroxyl ami noi sovaleric acid (0 . 5 g ) was obt a i ned as an i nsoluble 

res i due . 

The t wo f ractions gave a total yield of 1. 2 g (19.1%) of ct 

hydroxyl ami noisoval eric acid, which on recr yst a l l i 7..ation from ethanol 

melted a t 182 . 8 - 84 . 0° C ( decomp.). Anal ysis: Found: C, 45 . 32 ; 

H, 8 . 36; N, 10. 60: c5H11No3 requires: c. 45. 10 ; H, 8 . 27; N, 10. 53. 
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Infra-red absor ption frequencies of a - hydroxylaminoisovaleric acid i n 

nujol mull (cm-1 ): 678(w), 720(w), 775(w), 786(w), 810(w), 844( m), 

918 (w) , 933(w), lOlO(rn), 1048(w), ll58(w), 1180( w), 1260(w), 1310(m), 

1330(w), 1608 (strong and broad under t he tip of t he peak), 2300- 2700 

region (medi um i ntensity absorption). Reported melting points: 204° 

(decamp.) , (Cook and Slater, 1956); 192 - 93° (decamp. ), (Neelakantan 

and Hartung , 1958); 198° (deoomp.), (Ahmad, 1960) . 

a -Hydroxylaminoisocaproi9 acid: 

a -Bromoisocaproic acid (20 g , 0 .10 mole), dissolved in 100 ml 

dry met~~nolt was neutralized at 0° C with 3 ~ sodium methoxide. 

Similarly , hydroxylamine hydrochloride (6.95 g, 0 .10 mole), dissolved 

in 100 ml dry me t hanol, was neutralized in t he cold •nth 3 ~ sodium 

me thoxide. The t wo solutions were mixed and the precipitated sodium 

chloride was removed' hy filtration . 

The reaction mixture was refluxed for 16 hours and t hen set 

aside to cool. Colourless crystals of a-hydroxylaminoisocaproic acid 

(. 4 03. 0 g), which separated after 2. hours at 0 C:, were removed by 

filtration . The reaction mixture was t hen evaporated to dryness under 

reduced pressure and treated with 100 ml of water when a second crop 

of o: - hydroxylaminoisocaproic acid (0. 4 g) was obtained as an insoluble 

residue . 

The two fractions gave a total yield of 3. 4 g (23 . 1 %) of a .. 

hydroxylaminoisocaproic a cid, which on recrystallization from ethanol 

melted at 173 - 74° C (decomp.). Analysis : Found: C, 48.92 ; H, 8 . 96 ; 

N, 9 . 43: c6H13No3 requires: C, 48 . 97 ; H1 8. 90; N, 9 • .52 . Infra- red 



52 


absorption frequencies in nujol mull (cm- 1) : 690(w), 758(w), 764 (shoulder), 

855(m), 918( w), 953(w), 970(w) , 98l (w) , lOlO(m), 1055 ( shoulder), 1075(w), 

1122(w) , 1140(w), 1168(w), 12?5(m) , 1285(m), 1320(w), 1612 (strong and 

broad under t he tip of the peak ) , 2400- 2700 region (medium i ntensity 

absorption) , 3110 (shoulder) . Reported melting points: 191~ •· 95° (decamp. ), 

0 eelakantan and Hart ung , 1958); 155° {decamp.), (Cook and Slater, 1956); 

151° (decamp . ) , ( v . }>!iller and Plgchl , 1893) . 

a. -Rydrox;ylamino- P- me t hyl valeric acid: 

a. -Bromo- P-me t hylvaleric aci d (11. 9 g , 0 . 061 mole}, dissolved i n 

100 ml dry met hanol , was neutralized a t 0° C with 3!;:! sodium methoxide . 

Simi larly , hydroxylamine hydrochloride (4 . 3 g, 0 . 061 mole ) , dissolved 

i n 100 ml dry methanol , was neut rali zed i n t he cold with 3 ,!:! s odium 

methoxide . The two sol utions were mi xed and t he preci pitated sodium 

chl oride was r emoved by f iltra tion . 

The :reaction mixture was r efluxed for 16 hours and then set 

aside to cool. Col ourless cr ystals of a. - hydroxylamino- 13 - met hylvaleric 

acid (1.7 g) , which separ a t ed after 24 hours at 0° C, wer e removed by 

filtra t i on . The reaction mi xture was then evapora t ed to dryness under 

reduced pressure and t rea t ed with 100 ml of wa t er when a s econd crop of 

a:. - hydrOX'Jlamino-13- methylvaler i c acid (0. 2 g) was obtained as an i nsoluble 

r esidue . 

'l'he t wo f r actions gave a total yiel d of 1. 9 g (21. 1%) of cx

hydroxyl ami no- jj...me t hyl va. ler ic acid, which on recrys t all izat ion f r om 

et hanol melted a t 1'71.5 - 72 . 5° C ( decamp .). Analysi s : Found: C, 49 . 06; 

H, 8 . 93; N, 9 . 32 : c6II13No3 requires : C, 48 . 97 ; H, 8 . 90; N, 9 . 52 . 
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Infra...red absorption frequencies in nujol mull (cm- 1) : 720(w), 775(w), 

795(w), 844(w), lOlO(m),. 1020(m) , 1060(w), 1076(w) , 1160(w), 1250 

(shoulder), 1265( w), 1300(m), 1342(m), 1612 (strong a.nd broad under the 

tip of the peak ), 2400- 2750 region ( mediQ~ intensity absorption), 3030 

(shoulder) • 

~-aromo-~-phenllpropionic acid: 

dl - Phenylalanine (16. 5 g, 0 . 10 mole) was dissolved in 165 ml 

of 3 .!:! sulphuric acid and cool ed to 0° C. Finely-divided pot assium 

bromide (l~O g , 0 . 34 oole) was added oith constant stirring. A saturated 

water solution o.f sodium nitrite ( 9 . 0 g, 0 . 10 mole) v1as added dropwise 

at -10° C over a 3-4 hour period. The reaction mixture was then diluted 

with 100 ml of water and extracted with ether (3 x 200 ml ). The ether 

extract was dried over anhydrous sodium sulphate and then evaporated 

under reduced presrlure to a pale-yellow syrup., This syrup was vacuum 

distilled and the a. - brorno- 13- phenylpropionic acid (11,.5 g , 501~) fraction 

boiling at 128 ... 36° C at 0 . 16 mm pre..,sure was collected, which on 

cooHng solidified to a colourless , crystalline solid \Vith melting 

point L~B ... 52° C. 

u-Hydrox:;ylamino• p- phenllpropionic acid: 

a. ...:sr-omo-~ -phenylpropionic acid (15 g , 0 . 065 mole), dissolved in 

100 ml dry me t hanol, was neutralized a t 0° G wi t h 3 ~ sodium metho:x:ide . 

Similarly, hydroxylamine hydrochloride (L~.5 g; 0 . 065 mole ) , dissolved 

i n 100 ml dry me t hanol, was neutralized in t he cold wi t h 3 !1 sodium 

me t hoxide . The two solutions were mixed and the precipitated sodium 
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chloride w-s removed by f i ltration . 

The r eac tion mixture 'lias refluxed for 16 hours and t hen set 

acide to cool. Colourless crystals of o: - hydroxylamino- 13 - phenyl propionic 

acid (4. 5 g ), which sep·rated aft er 24 hours a t 0° C, were removed by 

filtrati on . ;I'he reac tion mi xt ure was evaporated to dryness under reduced 

pr essure and treated vdth 100 mJ. of water when a second cr op of o.

hydroxylami no-!3- phenyl propionic acid (0 . 7 g) was obt ained as an i nsoluble 

residue . 

The two f ractions gave a total yiel d of 5 . 2 g (44 . 2%) of a 

hydroxylami no-P- phenylpropionic acid, which on recrys talliza tion f rom 

ethanol melted at 158 . 2 - 59 . 2° C (decamp . ). Analysis : Found: C, 59 . 52; 

H, 6 . 23; N, 7. 71 : c9H11No3 requires: C, 59 . 67; H, 6 . 08 ; N, 7 . 73 . 

Infra- red absorption frequencies in nujol mull (cm- 1): 698(s), 720( w), 

746{m), 764( w), 873(m) , 910(w) . 968(w), 990(w), 1020(w) , 1058(w), l075(w), 

1120(w), 1280(rn ), 1290 (shoulder), 1318(w), 1610 (s trong and broad under 

t he tip of the peak ), 2350- 2700 region (medium i ntensity absorpt ion) , 

3210 (shoulder) . Reported melting points : 164 - 6r;/ ( decomp . ) , 

(Steiger, 1944); 159 - 60° (decamp .), (Neelakant an and Hartung, 1958); 

159° (decomp . ), (Ahmad, 1960); 157 - 58° (decomp .) , (Traube, 1895) . 

Attempted synthesis of a - brorno- ¢-( p- h;rdrc?cypheny1) - propionic acid: 

dl-Tyrosine {18. 1 g , 0 .10 mole) ~~s ·dissolved in 165 ml of 3 ~ 

sulphuri c a cid and cooled to 0° C. Finely-divided potassium bromide 

(40 g , 0 . 34 mole ) was added with constant stirring. A saturated water 

solution of sodium nitrite (9. 0 g , 0 . 10 mole), was added dr opwise a t 
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-100 C over a 3- 4 hour period . The reaction mixture was then diluted 

with 100 ml of wa t er and extracted with ether (3 x 200 ml). The ether 

extract was dried over anhydrous sodium sulphate and then evaporated 

under reduced pressure to a deep red syrup . All attempts to vacuum 

distil this syrup failed . On heating the liquid darkened in colour and 

formed a t arry res idue . 

The reaction was repeated at ...20 to -25° C i n a dry ice- methanol 

bath but gave s i mil<il.r results . 

Attemnte~ SJ'!lth~8~_:3. of a • hydrox;ylaminosuccini,c acid: 

Bromos uccinic aci d (10 g, 0 . 051 mole ), dissolv.ed in 100 ml dr y 

methanol , was neutralized in t he cold with 3 !;! sodium me thoxide. The 

sodium salt, which precipitated out of solution, was insoluble in larg.e 

excesses of solvent . Si milar experiments wit h other non- aqueous sol 

vents {absolute ettlanol, dioxane, and N,N- dimethylformamide } were tried 

but were equall y unsuccessful. No further a ttempts to prepare a 

hydroxylami nosuccinic acid were made . 

Paper .chrQt!1atogr aphy of a. - hydroxylami ne ~cids : 

Paper chromatogr aphy was carried out by t he ascending technique 

on What man No . 1 paper . One di mensional runs were performed using t he 

organic layer of an n- butanol :a c e ~ti c' a c i .d : water ( 40:10 : 50 by volume) 

mixture 1-t$ the solvent . cr. - Ami no ac i ds were detected by the conventional 

ninhydrin spr ay . The reducing a - hydroxylami ne acids were detected either 

by spraying with 1% ammoniacal silver nitrate (1. 0 g silver nitra te in 

100 ll'll water conta i ning 15 ml of 10 M ammonia ) when a. - hyd.roxylami no acids 

http:dissolv.ed


56 


appeared as black spots , or by spr aying with a sol ution of t riphenyl 

tetraz.olium chloride (Snow, 1954) . The dried papers were firs t spr ayed 

wit h 0 . 1% triphenyl t etrazolium chloride in n- butanol sa tura t ed wi t h 

water, the papers were then dried and respr ayed with a solution con

t aini ng aqueous s odi um hydroxide (10 ml of 10 !1 aqueous sodium 

hydroxide + 40 ml 95% ethanol + 50 ml n-butanol) . The a - hydroxylami ne acid 

could t hen be detected by t he i mmediate forma tion of a pi nk spot. 

Authentic samples of a - amino acids were applied t o t he same papers for 

comparison of the Rf values . 

Thin l ayer chromatography of a - hydroxylamine acids : 

Thin l ayer chromatography was carried out ith Silica Gel G 

a s the stationary phase and n- propanol: water ( 70: 30 by volume) as t he 

solvent . Other solvents used were n- propanol:water (50:50 by volume) 

and chloroform:methiano1:17% ammoni a (2: 2 :1 by volume ). The a ...amino 

acids were detected by the convent ional ni nhydrin s pray and t he a 

hydroxylamine acids were detect ed by t he triphenyltetrazolium chloride 

met hod described i n t he previous section . Aut hentic samples of a - amino 

aci ds were applied to t he same pl a tes and used to compare Rf values . 

Rea ct ion of hydro;xylamine wit h a.- hydroxy;lami no- 1?- phenylpropionic acid: 
~ ~. 

a. -Hydroxylamino-~-phenylpropionic a cid (0 . 25 g , 0 . 0014 mole), 

hydr oxylamine hydrochloride (0 . 097 g t 0 . 0014 mole). and pot assium 

hydroxide ( 0. 24 g, 0 . 0042 mole) were dissolved i n 30 ml of water i n 

a 50 ml two-necked flask . The reaction mixture Mas refluxed gently 

for 19 hours . 
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Nitrogen was passed t hrough t he r eact i on mi xtur e and then t hrough 

200 ml of boric acid-indicat or solution (20 g of bor i c acid , 6 ml of 

0. 2% met hyl r ed i n 95% et hanol , and 3 ml of 0 . 2% met hylene blue in water 

made up t o 1 litre ) . 

On cooling t o r oom temper a ture, t he r eaction mixt ure was a cidified 

wit h 1 ~ sulphuric acid and ext racted wit h ether (3 x 50 ml ) . The et her 

extra ct was dried over anhydrous sodium sul phat e and evapor a ted to dry

ness under r educed pressure . The res i due of u~oximino-P•phenylpropionic 

acid (0 .128 g , 51 . 2~~) melted a t 164. 5 ~ 66.0° C (decamp. ) and ha d an 

i nfr a- red absor pt i on. spectrum i dentical with t hat of authentic o: - oximi no

f) ..phenyl propionic acid. A mixed melti ng point showed no depr ession. 

Titration of the bori c acid- indicator solution wi t h s t andar d 

0.1 lJ! hydr ochloric aci d to t he end point (colour change from green t o 

grey ) was us ed to deter mi ne t he ammonia released (0 . 022 g . 91. 7%) . 

Reaction of hydr o;ylami ne with a-hydro~laminobutyric aci d: 

a -Hydr oxylami nobutyric acid (0 , 50 g, o.oo42 mole ) , hydroxyl runine 

hydrochlori de (0 . 30 g , 0 . 0042 mole ) , and potass ium hydroxide (1. 00 g , 

0 . 0126 mol e ) wer e trea t ed in t he same procedure described for a - hydr oxyl

amino-~-phenylpropionic acid. Thi s reaction pr oduced a~oximinobutyric 

acid (0 . 260 g , 53%) and ammoni a ( 0. 061 g , 86%) . 

React i on of hl dro;yl amine with . a - hydro?cyl ami noi sovaleric acid: 

a -Hyd:roxylami noi sovaleric aci d (0. 25 g , 0. 0019 mole) , hydroxyl 

ami ne hydrochlori de (0 . 13 g , 0 . 0019 mole ), and potassium hydroxide 

(0. 34 g , 0 . 0057 mol e ) were t r ea t ed in t he same way a s des cr i bed f or 
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Reaction of hydroxylamine on a - hydr oxylamine acids: 


a -Hydr oxylamine aci ds (HL-AA) Hydroxylamine Potassium a.-Oximino acid Ammonia 
( RL-AA) taken in hydrochloride hydroxide produced released 

{moles) t aken in taken in Weight (moles ) % Weight (moles ) % 
(moles ) (moles ) 

1 . 	 c6a5.cn2.CH-COO - 1.4 X 10- 3. 1.4 ;;; 10-3 4. 2 X 10- 3 7. 2 .X 10-4 51 1.3 X 10-3 92 
. I + 

NH .....OH 
' 

-22. 	 CH3. CH2.?.!-COO- 4.2 X 10- 3 4. 2 X 10-3 1. 3 X 10 2. 2 X 10- 3 53 3.6 X 10-3 86 
NH20H 

3. (CH ) CH.CH-000- 1.9 X 10- 3 1. 9 X 10-3 5. 7 X 10-3 8. 9 X 10- 4 l•? 1.6 X 10- 3 78 
3 2 I+ 

NH20H 

1...11 co 
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cx. - hydroxylami no-f3 - phenylpropionic acid. Thi s r eaction produced a. 

oximinoisovaleric acid (0 . 12 g , 47%) and ammoni a (0 . 027 g , 78%) . 

Action of base on hydroe1lamine : 

Hydroxylamine hydrochloride (0 . 097 g , 0 . 0014 mole) and potassium 

hydroxide (0.16 g , 0 . 0028 mole) were treated in t he same procedure 

described for a. - hydroxylami no- 13- phenylpropionic acid. This reaction 

produced ammonia (0. 004 g , 16 . 8%). 

Conversion of a. - h:vdroxylami no-p- phenylt?ropionic acid to phenylw r uvic 

acid: 

a. - Hydroxylami no ... j3- phenylpropionic acid (0 . 25 g , 0 . 0014 mole ) 

and potassium hydroxide (0 . 16 s ~ 0. 0028 mole) were dis solved in 30 ml 

of water and refluxed gently for 19 hours . 

Nitrogen was passed trtrough the reaction mixture and through 

200 ml of boric acid-indicator solution . 

On cooling to room tempera ture, the reaction mixture was 

acidified with 1 M sulphuric acid and extracted with ether (3 x 50 ml). 

The ether extract was dried over anhydrous sodium sulphate and 

evaporated to dryness. under reduced pressure . The residue of phenyl

pyruvic acid (0 . 159 g, 69%) melted at 1.55 . 5 - 58 .0° C (deco:np . ) and had 

an infra- red absorpt ion spectrum and mixed melting point i dentica l with 

those of authentic phenylpyruvic acid . 

Ti t ration of the boric acid-indicator solution with standard 

0 .1 ~ hydrochloric acid was used t o determine the ammonia r eleased 

(0 .018 g , 75%). 
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ConveT·sion of a -h;ydro:cylaminobutyri c a cid to a -ketobuty:ric a.cid : 

a-Hydroxyl aminobutyric acid (0. 5 g , 0 . 0042 mole) and. potassium 

hydroxide (0,50 g, o. oo81t mole) were dissolved in 30 ml of wa ter and 

refluxed gently for 19 hours. 

Nitrogen was passed through the reacti on mixture and through 

200 ml of boric acid-indica tor solution. 

On cooling to room temperaturn, the reaction mixture wt:3.s 

acidified wit h 1 tl sulphuric a cid.. The reaction mixture wa s t hen 

t r ea ted with 20 ml of 2,4-dinitrophenylhydrazine reagent ( a solution 

of 3 g of 2 ,4...dinitrophenylhydrazine in 15 ml of concentrated sulphuric 

aci d was added to .20 ml of water and 70 ml of 95'% ethanol) . The 2, Lt·

dinitrophenylhydra zone of tt- ketobutyric a cid (0 . 57 g , 49"~), which 

separated immediately, was removed by filtration . On r0erystallization 

from ethanol-water it melted at 198. 5 - 200 . 5° C, It had an infra-:red 
: 

absorption spectrum and mixed mel t in.g point identical with t hos e O·f the 

2 , 4-di nitrophenylhydraeone of aut hentic o: ...ketobutyric acid. 

Titration of the boric acid-indicator solution with standard 

0 . 1 !:! hydrochloric a c.id was used to de termine the ammonia released 

(0.042 g, 5996). 

Conv2.rsion of tt.-hydro:x;z!amil'J,oproEionic ,ac;td to . ;pyruvic a c id: 

a .-Hydroxylaminopropionic acid ( o . o~n g , 0 . 00087 mole) and 

potassium hydroxide (o.o8o g . 0 ,. 00164 mole ) wex-e treated in the same 

procedure described for a • hydroxylaminobutyr i e acid. '!his reaction 

produced ammonia (0 . 007 g , 479&) and t he 2 , 4- dini trophenylhydrazone of 

pyruvic acid ( 0 . 078 g , 33%). 
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Conversion of a -hydrox;ylaminoisovaleric acid to a -ketoisova1eric acid: 

et-Hydr oxylami n.oisovaler i c acid (0 . 10 g , 0 . 00075 mole) and 

pot assimn hydroxide (0 . 090 g , 0 . 0015 mole) were treat ed in the same 

procedure descr i bed for u -hydroxyl ami nobut yric acid. This r eac t ion 

pr oduced ammonia (0. 003 g, 1956) and t he 2 ,. L~ -dinitrophenylhydrazone of 

u-ket oi sovaler i c aci d (0. 033 g , 15%). 

Conv:ersion .o:f u...hydr oxy1ami no- @- met hylvaleric acid t o a -keto- l3

met hylva1eri c .a ci d: 

a - Hydroxylami no- 13- methylvaleric aei.d (0 .19 g , 0 . 0013 mol e ) 

and pot assium hydr oxi de (0. 15 g, 0. 0026 mole ) were treated i n the 

same :procedure as described for a -hydroxyl aminobutyr i c aci d. 'll}}is 

reacti on produced ammoni a (0. 009 g, 41%) and the 2, 4- dinitrophenyl

hydrazone of a-keto-~-methylvaleric aci d (0 . 092 g , 25%) . 

Act i on of base on et - hydr oxylami.noisobut yric acid: 

a -liydroxylaminoisobut yric acid (0. 10 g , o .ooo8t~ mole) and 

potassium hydroxide (0. 099 g , 0 . 0017 mole) were treated in the same 

pr ocedure as described for a - hydr oxyl aminobutyric ac i d. This reaction 

produced no ammonia and di d not yield a 2 , 4- di nit r ophenylhydrazone . 

Act i on of base on l . hydroxylami nohexane-1- carboxyl i c aci d: 

1-Hydroxylaminohexane-1-car bo:xylic acid (0. 10 e;. 0 . 00063 mole) 

and pot assium hydroxide (0. 074 g , 0 . 0013 mole) were trea t ed i n t he same 

procedure as des cribed for a - hydroxylami nobut yric acid . Thi s r ea,ction 

produced ammoni a (0. 003 g , 4%) and t he 2 , 4- di nit rophenyl hydr azone of 

cyclohexanone (0. 004 g , 2%). 
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