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Abs&act-.A numhcr of new 8~S~alkylamino) alanines have hccn synthcstzcd from acctykichydroalaninc. Using 
kcratin as a cystmcxontammg protein. it has heen shown 0~. on treatment with a scrier of amincr. fijN 
alkylamino) alanmc residues arc formed in varying amount\ m ~hc protein. depending on the structure of ammcs 
appltcd 

Dehydrolaninc has long been postulated as a product in 

degradation of cystine residues in proteins during treat- 
ment with alkali. The formation of this intermediate has 
bcen used to account for the subsequent isolation from 
such treated proteins of amino acids such as lanthioninc,’ 
lysinoaianine~ ornithino~anin~~ and ~-amin~lanine.’ 
More recently the formation of this intermediate has 
been clearly established during alkali treatment of 

oxidised glutathione.’ It has also been further established 
that the presence of free organic bases or thiolr in the 
alkali treatment can result in a variety of reaction 
products, the amounts of which depend on the structure 

of the amine or thiol applied.‘4 The absolute iden- 

tification of these products depends on the synthesis of 
suitable model compounds. Roth acctyldehydrolaninc 
and its ethyl ester have been used to synthesize a variety 
of such products, thus lysinoalaninc,’ lanthioninc.’ some 

&sulphoamino acids”.” and some substituted @- 
amino~anine have been prepared.‘” I’ 

The purposes of this paper are to report further 
syntheses of new N-substituted /3-aminoahne derivatives 

and to give information on their clectrophorctic propcr- 
tics. Using these synthetic products as standards. it is 
possible to assess the extent of reaction which occurs 
under standard conditions, between specific amines and 
the disulphide bonds in ktratin. 

Synthesis of acctyldehydrolaninc has been previously 
reported” and the one step procedure of Kil’disheva’6 

has been found to give excellent yield. Treatment of 
acctyldchydroalanine with amines results in the for- 

mation of the N(a)-acetyl p-aminoalanine derivatives in 
good yield in all casts. isolation of the products in 
crystalline form is impossible unless all traces of the 
excess amine are removed prior to crystalli~tion. All the 

ammes. which are volatile, were removed by repeated 

rotary evaporation. Table I gives the melting points and 
analysis of the new amino acid derivatives. 

These products do not give a clear band on high 
voltage clcctrophoretograms, only giving a faint yellow 
colour when treated with ~dmium-ninhydrin solution, 

indicating the BIN-alkyl-amino) group is not particularly 
reactive to ninhydrin. 

Sobsequent hydrolysis of the acetyl derivatives should 
yield the jS(N-alkylamino) alanincs. In most cases these 

products could bc isolated easily. &tN-t-butylamino- 

N-(a)-acctylalanine on hydrolysis of the acetyl group 
apparently decomposed and the ~-amin~iani~ product 

was not obtained. This instability to the hydrolysis of the 

acetyl group has been previously noted in the case of 

/3-(N-diethylamino)N-~a)acetylaminoalanirte.” This pro- 
duct also could not he obtained in a pure form by this 
method. The series of the new amino acids has been 
successfully synthesized and their m.p. are given in 
Table 2. 

Clear ~lectrophoretic separation of the N~substituted 

&aminoalanine derivatives from one another can he 

effected over a wide range of pH. Typical Km values for 
the series are given in Table 3. 

l’ahk I. Sew B-(.S-alktlamincrt-.V(o)_acct~lalanincs 

AcNH--CH-(‘OOH 

Required % Found % 
R, R, Yield 5% m.p. ‘C C H !i C H N 

Isopropyl H 48 176179 510 nc 14.9 50.8 X.6 14.8 

Iwhu~~l H 50 I64-l6.c .(3.4 8 9 13.7 53 4 x.9 13.6 

r.Hulyl H 62 156lC7 $34 n.9 13.7 53.3 X.85 13.7 

Isopcntyl 11 42 lb&lb7 60.0 100 140 (5.1 9.4 12.85 
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Table 2. New fi_(.Valkylaminor alanine\ 

Required % Found 9 

R, R, m p. ‘C C H N Cl C H !G Cl 

Isopropyl H 173-174 38.8 8.1 IS.1 1945 39.3 8.3 I!.! 19.4 
lwbu~yl H 167-168 42.8 8.65 14.25 18.05 42.9 Ri 14.4 IX.2 
Isopcnryl H 17&171 45.6 9.0 13 3 16.85 45.4 9.1 13.2 7.0 

Tahlc 3. Rm values of fi-K;-atkyl-aminoalanincs relative IO 
glycinc ar pH 1.85 

Ammo acd 

lncremcnlal 
Rm (IO decrease of 

glycmcl Rm values 

B-(N-mcthylamino).alanine 1.20 - 

B-(NtrhylaminoFalanine 1.13 0.7 

fi.(N-propylaminoWininc I .07 0.6 

fl_(N-hulylamino)_alanine I.00 0.7 

B_(N-penrylamlno)-alanIne 0.95 05 

&f.V-hcnylammobitani~ 0.91 04 

Bd,V-hepfylaminot-alanmc 0.86 0.5 

f3-(M~isopropylamino)-alanine 0.99 - 

B.(.V-isobuIylamrno)-alanine 0.94 OS 

B.(.V.isopenlylamino).~anlne 088 0.6 

In Table 3 the Rm values of the previously synthesized 
straight chain alkyl derivatives” are also included for 
comparison. The incremental fall in Rm values with the 

addition of a -CHr group or a side chain -CH, group is 
very similar indicating that there is no massive change 
either in aggregation or structural conformation when the 

side chain group is present. 
Whilst the branched chain @-(N-alkylamino)-alanine 

derivatives separate from one another by high-voltage 
elcctrophoresis. these products in protein hydrolysales 
may overlap the natural basic amino acids (e.g. lysine) on 
the elcctrophoretogram. In all cases, separation from the 
natural occurring amino acids could be achieved by 
careful selection of pH values of the electrophorecis 

buffer solution between pHI and ? (e.g. pH I.85 for 
methyl. ethyl and propyl products). 

The fi-(N-r-butylamino) alanine could not be produced 
by hydrolysis of the acctyl derivative with acid. No 
product was obtained which gave a colour with ninhydrin. 
The failure IO synthesise this amino acid is difficult IO 

explain, as hydrolysis of kcratin. previously treated with 
r-butylaminc, yields a new basic band on the elec- 
trophoretogram. The Rm value of this bond is that IO be 

expected for j?-(N-r-butylamino) alanine, by comparison 
with the mobilities of other /I-N-alkylamino-alaninc 
derivatives. 

Treatment of keratin. under standard conditions. with 
alkylamines gave varying amounts of &(N-alkylamino)- 
alaninc derivatives products, the amount obtained 
depending on the structure of the alkylamine applied. 
The results arc given in Table 4. 

It can be seen char the pK values of the amines do not 
vary greatly and hence the differing reactivities cannot 
be ascribed IO differing pH values of the amine solutions. 
II is noticeable hat with the straight chain &(N-alky- 
lamino) alanine derivatives. the extent of reaction of the 
amine increases with increasing chain length. the only 
exceptions being the hexylamine and heptylamine. In 
these cases the insolubility of the amincs obviously 
influences the extent of reaction. The branched chain 
amines equally follow a series in which the larger is the 
chain the greater is the extent of reaction, though in all 
cases. these react to a less extent than the corresponding 
straight chain amines. The reasons for these differences 
in extent of reaction are difficult IO explain. As the 

Table 4 Amounrs of o-(M-alkylamino) alantncs found m wool kcraun hydrolysares afrcr lrealmenr 
of rhc prolcin with soluuons of differenr amincs for 3Omm ar ZS’C 

p molcgm ’ wool 

Amine rcacred 

of RNH<HrC( 

CCX)H 

NH, 
formed 

PR, 
of amme 

pH value of 
Elccrrophorcric 

scpararbn 
of hydrolyxales 

Methylammc 
Erhylamrne 
Propylamme 
Bulylammc 
Pcnrylaminc 
Hexylaminc 
Hcprylamine 
Isopropylamine 
Irohurylaminc 
lronenlylammc 

I31 
206 
230 
292 
338 
151 
53 

13? 
IM 
229 

10.63 I .x.c 
10.63 I n.c 
IO tn 1.nc 
10.61 1 I 
10.63 I.1 
IO 60 I I 
IO.62 1.1 
10.63 I’ 
1048 I I 
10 60 I.1 
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reaction is heterogeneous, the keratin being the insoluble 
phase, it may be the larger side chain amines penerrate 
the insoluble protein more easily by cnhancmg the swel- 
ling of the protein to a greater extent in aqueous solution. 
Further studies are heinp carried out on water-soluble 
proteins. 

M.ps were taken usinp a hot+tagt microscope and arc uncor. 
rcctcd. Acrf~ldrh~dmalanint was prcparcd hy the method of 
Kil’dishcka rr (I/ m p. I%-200” (ht.” 1%?O@‘l. 

J*~pumr;on of B,tS-allillaminof-ac~tsJ alanrncr 

Ac:tyldehydroa~an~ne fgl was dissolved in a 3CFX solution 
150 ml) of the amine tn water and kept at 4&M”(‘ for 72 h The 
excess amuse was removed by rotary evaporation and dissolution 

tn water followed hy rotary evaporation The yellow oils were 
treated with acetone and chtlkd IO prccipttate the amino acid 
derivatives which were recryrtallircd from MCOH/EI,O. Ytclds 
and m p.\ art tn fahk I. 

The M(a)-acetyl dcrivattvc5 were rcfluscd wtth Ii, fold cxccss 
of 2 M HCI for ! h IO cnsurc complete removal of the acctyl 

group. The solution was evaporated at WC to dryness. water 
washed repeatedly and evaporated again. The residue (after 
taking up in littk water) was applied IO a column of Amherhle IR 
4H to remove excess HCI and the &ate evaporated to small 

hulk. The ammo acids were prectpttated as rnonohydr~~~~s 
by addition of acetone and chilhnp followed hy rccrpstalhrafion 

from waler and acetone t’l’hc B-1 S+opropylammot alanme was 
rc-crystallized from McOH/EI,OI. 

Wool “tienno 64s” was degreaud by- tuccessiuc extra&on 
with ether and ethanol followed by wa\hinu with water, lhc tips 
and roots being removed and the seytahk matters removed by 
hand prtor to drymg over phosphorott\ pcntoxidc 

Trrolmrnr of Lrrufin 
Amtne solutions were made up in distilkd water and titrated 

against I M HCl using methyl orange as indicator until ~hcy were 

I hi r* I(k) Treatments were followed on sampks @mg) in 

freeze drytng tuhcs (liquor to wool ratio 100. I I after which the 

samples were rtpcatedly washed with distilled water. freeze 

dried and reweighed Hydrolysis was carrtcd OUI usutp 6 M HCI 

in scakd freere drying ~uhcs for 2Oh at IOX. 

~~r;m~ron of ~~~.afky~~rn~no) olaninrs in ktrurin h~drrli~saf~s 
Hydrolywtes were examined hy ht~h.ooltagc ckctrophorcsis 

at pH valocs listed m Tahk 4 using [he technique of Atfield and 
Morris” to dcttrminc the quantities prcscnt 
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