
k study (to be published later) of the action of bariun 
in particular, on arginine has shown the formation o: 
(NH 2. CO.NH. CHR.COOH). 

Nith the exception of citrulline 1 (~-N-carbamoyl ornil 
ounds on paper chromatograms has not been studied 
s communication to report the results of such studie: 
¢[ost of the compounds used in the present work have ] 
o, and although no record of the histidine, threonine 
;) derivatives could be found, it is likely that  thes 

g the conversion of protein hydrolysates into hydanto 
in of the derivatives are possibly of biological sig~ 
le is said to occur in rat liver ~2, e-N-carbamoyl lysi 
~s 13, and N-carbamoyl glutamic acid has been post1 

vivo synthesis of citrulline ~4, though this has been cq 
ned some of the derivatives from the urine of animal., 
e corresponding a-amino acid, so that present resul 

of the nitrogenous constituents of liver and urine. 

?hese c o m p o u n d s  are also referred to in t he  l i t e ra tu re  as hy~ 
to-acids ,  a -u ramido-ac ids ,  a -u ramino-ac ids ,  N-ca rbaminy l - ac i  
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;nificance; thus N-carbamo, 
,sine has been used in dietar 

)ostulated as an intermediate i 
contested 15. Moreover DAKIN 

,f animals injected with large amounl 
results may be of interest in ff 

dan to i c  acids,  a - ca rbamido-ac id  
~l-acids and  a m i n o f o r m y l - a m i n o  acid 

)re be descr ibed as a - m e t h y l  h y d a n t o i c  acid, a - ca rbamido -p rop ion  
ramido-propionic  acid, a -u ramino-p rop ion ic  acid, N - c a r b a m i n y l  al 
This  c o m p l e x i t y  of n o m e n c l a t u r e  is increased  b y  t h e  use  of t he  te r  
:oup NH2CO- ( amino- fo rmyl  group) as  in ca rbamido-a rg in ine  4. Mor 
' is also used  17 for ac ids  such  as HOOC.NH.(CH2)3 .CH(NH~) .COO 
m h y d a n t o i c  acids  is used,  t h o u g h  no t  exclusively ,  in Chemic  
ical Society),  and  in Bei ls te in ' s  H a n d b u c h .  The  1952 r epo r t  c 
es t h a t  t he  g roup ing  N H 2 C O -  shal l  be k n o w n  as t h e  c a r b a m o  
herefore used  here.  

;s were, in m o s t  cases, p repa red  b y  d isso lv ing  a b o u t  2o m g  of t t  
5 equ iva l en t s  of p o t a s s i u m  c y a n a t e  in 0. 5 m l  of wa te r  in 6~x  x/ 

for I to 4 hi°. N - c a r b a m o y l  cys te ine  was  s imilar ly  prepared ,  bl 
d t rogen pa s s i ng  t h r o u g h  t he  so lu t ion  6. e -N-ca rbamoy l  lys ine  w~ 
tENS AND ELLMAN 13. Some p repa ra t i ons  were also m a d e  us ing  ur~ 
a cyana t e .  
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studies 13 
the in  
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study 

These  
a-ure;ido-acids, 
N - c a r b a m o y l  a lan ine  m a y  therefore  
acid, a -ure ido-propionic  acid, a - u r a m i d o -  
n ine  or N - a m i n o - f o r m y l  a lanine.  T h i s  
" c a r b a m i d o "  in referr ing to  t he  g roup  
over,  t he  t e r m  " c a r b a m i n o - a c i d s "  
(6-carbamino-orn i th ine) .  The  t e r m  
A b s t r a c t s  (The Amer i can  Chemica l  
n o m e n c l a t u r e  is, however ,  specifies 
radical ,  and  th i s  t e rmino l ogy  is therefore  

Preparation. The  der iva t ives  
a m i n o  acid toge the r  wi th  up  to 
t e s t - t ubes ,  and  h e a t i n g  a t  ioo ° C 
wi th  a s t r e a m  of oxygen- f ree  ni t rc  
p repa red  by  the  m e t h o d  of STE~ 
or u r e t h a n e  in place of p o t a s s i u m  

Re]erences p. 563. 

DF T H E  N-CARBAMOYL-AM 

Y D A N T O I C  ACIDS) 

by  

D. M. P. PHILLIPS 
emistry, The Australian National Unive~ 
nberra, A.C.T., (Australia) 

of barium hydroxi 
of several 

ornithine), th 
studied before, 

studies. 
been pre]~ 
and lysim 

these were 
[ 

*dantoins (NH. 

EXPERIMENTAL 

)S 

no acids 
d-amino 

of these 
purpose 

er work- 
rbamoyl 

BOYD 11 
1 

tR.CO). 
yl 

dietary 
in 

1 6  

~mounts 
the 

ido-acids,  
.cids. 

)xonic 
ala- 
r m  

More- 
.COOH 

Chemica l  
o n  

)yl 

t he  
1/2a 
b u t  

w a s  

u r e a  



. . . . . . . . . . . . . . . .  d . . . . . . . . . . . . . . . . . .  , - d  . . . . . . . .  

• reaction when sprayed wi th  a fresh alkaline solution of di 
ny  phenol left in the ch romatograms  was first removed by 
ine and its derivative were detected as pink spots  on a gr 

fresh mixture  of i vol. lO% KOH,  I vol. 6o% urea and 
ol. After drying at  room tempera ture  for a few minutes  t h e ,  
'~ bromine in 5 % KOH.  The sprays used were glass "Agla"  
, Ltd.), preferably connected to a low pressure air-line (4 lbs~ 
~uantitative measurements. The yellow spots  of the N-carban 
)p for 24 h after  thoroughly  spraying both  sides of the pap( 
nl of pyridine and the optical density measured at  4420 A.  
e run  for comparison,  and a blank prepared from sprayed pa 

['he positions of all derivatives and the corresponding 
s are shown in Fig. I, as well as the positions of urea, 
fiperidine. The RF values can be obtained from the co-c 

controlled these value 
~4 unit. As with other chromatographic studies the 
tentification than Re values. In general the N-carb~ 
the corresponding amino acids in butanol-acetic acic 
r, although when ammonia vapour is present during tl 
e basic amino acids run faster in both solvents. 
['he aldehyde reagent for detecting the N-carbamoyl- 
~r urea and has been referred to in connection with 

thio-urea, allantoin, urethal 
co-ordinates, but as the temper 

values are means and may va] 
pat tern is often more usef 

:arbamoyl-amino acids ran fast 
acid, but more slowly in phenc 

the phenol run, the derivativ 

71-amino acids has long been 
N-carbamoyl-amino acids 

iNN reagent ~1, 4. The test is fairly specific for ureas haviI 
.ne was detected by running for very short periods befo 
colour only after an initial delay. On paper the spots a 
tough the urea spot turned green and N-carbamoyl t rypt  
~ot which later acquired a grey or green tint. When a chr 
acids (those occurring in proteins) was sprayed with th 

)wed up as a dull yellow spot becoming violet (Ehrlich test 
'e at room temperature most of the other amino acids ga~ 
umably the amino groups react slowly with the aldehyd 

reagent could be used after the chromatograms had bec 
,lost of the purple colours are then bleached by the aci~ 
pot retained a reddish colour. 
oyl cysteine could only be detected by the alkaline nitr 
aounts of these substances were present and the chromat 

ture of chromatography was not 
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matogram of 18 free amino 
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and on standing 24 h or more 
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y was  carried out  at  room tempera tu  
ing the paper .  As a rule the upper  ph 
water  4 vol. was used as first solvent, am 
ter  the runs  the solvents were dried ol 
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ce of diethylamine, (c) collidine-water 
to butanol-acetic acid and phenol. 
etect free amino acids or those N-car t  
ma tograms  were dipped in 0.2 % ninh I 
ted as yellow spots  by  a spray  of 4% 
ine and their  derivatives were detecte 
sside sa tura ted  wi th  urea was mixed ju 
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pie, N-carbamoyl alanine, and 
difficult to detect on the chro- 
~ams.  
)ne property which is useful for 
ification in some cases is the 
eration of the corresponding a- 

acid from the N-carbamoyl 
atives by the action of alkali 2. 
microscale this was conveniently 
by heating the substance in a Fig. I. Approxima 

amines (circles) an  
t tube with saturated (approx. (dotted circles)on~ 
) barium hydroxide at IiO ° C. acetic acid, then 

alanine. All, allant~ derable regeneration occurs even C,/3-aminopiperido 
i h, though it must he borne in cysteine. G1, glutar 
that  hot alkali causes extensive HC, homo-citrullil 

hydroxyproline. II_ 
:down of several amino acids. M, methionine. MI 
aeration was also achieved in 6 N ornithine. P, proliI 

dine. Sa, sarcosin, 
t ryptophan.  TU, t t  

7he quanti tat ive estimation of urethane. V, valin 
erivatives on paper by elution 

yellow spots with pyridine is 
tially the method used by  HOBENER el al. for urea 2°. 

)eridone. Ci, citrulline. Cy, cystine. Cy 
Ltamic acid. Gy, glycine. H, histidin 

homo-citrulline (e-N-carbamoyl lysine). H: 
~roline. IL, isoleucine. L, leucine. Ly, lysin 

MC, mono-N-carbamoyl cystine. 
~roline. Ph, phenyl-alanine. Pi, pipel 

sarcosme. Se, serine. Th, threonine. "f 
thiourea. Ty, tyrosine. U, urea. U 

valine. Cy, Ly and O (dotted circle 
refer to the bis-NN'-carbamoyl derivatives. 

Using citrulline and urea 
he same molar extinction value. In pyridine e44~o' ~ = 270 
i known amounts of urea, citrulline or the derivative i 
e same time. 
nann spray reagent has a sensitivity comparable with tt 
aino acids. Thus 3 ~g of citrulline or urea could be detectc 
ograms run in the manner described above. 
oyl-amino acids not apparently described before, N-ca 
und to have a M.pt. of 185-6 ° C (with foaming) when r 
e melting points of N-carbamoyl histidine and bis-NN 
~en determined, as crystals free of mother liquor impuriti  
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