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The absorption at 360 mp shown by 2,4dinitrophenyl-amino acids in aqueous solu- 
tion is very sensitive to changes in hydrogen ion concentration in the pH range 1 to 5. 
Twent~y-one 2,bdinitrophenyl derivatives have been examined for changes in absorbancy 
a t  360 mp a t  various hydrogen ion concentrations, and the approximate pK of the car- 
boxyl group in many of these compounds has been evaluated from a curve relating 
absorbancy to pH. The effect of ionization of the carboxyl on the contribution to 
absorbancy at 360 mp by the chromophore is highly dependent on the distance of the 
carbon carrying the chromophore system from the carboxyl group. When this distance 
exceeds three carbons, carboxyl ionization has little effect on absorbancy. The observed 
changes in spectra would be consistent with resonance stabilization of the anion. 

determination of 2.4dinitro~henvUDNPL 
amino acids is generally done by t h i  measurement 
of their absorbancy in solution in glacial acetic acid 
or aqueous sodium bicarbonate at 340 and 360 mp 
respectively (Fraenkel-Conrat et al., 1954), or by 
measurement of the absorbancy in the visible region 
of the spectrum after reduction of the compounds 
with sodium borohydride in aqueous sodium bicar- 
bonate (Ramachandran, 1961). Molar absorbancy 
values of DNP-amino acids in acetic acid or acid 
solutions are somewhat lower than the values ob- 
tained for solutions in aqueous bicarbonate, and 
the peak found at 360 mp in alkaline solutions is 
shifted to a lower wave length of 340-350 mp in 
acid solutions. We present in this communication 
data on the dependence of the absorbancy of the 
compounds on the hydrogen ion concentration of 
the medium, pointing to the possibility of evalu% 
tion of the approximate pK values of the carboxyl 
groups from a curve relating absorbancy to pH. 
Potentiometric determination of the pK of t,he 
carboxyls is difficult owing to the very low solubility 
of most DNP-amino acids in water; in such cases 
spectrometric methods are useful if the spectrum 
changes with changes in hydrogen ion concentra- 
tion of the solution (Gillam and Stern, 1954). 

EXPERIMEATAL AND RESULTS 
dJ4-Dinitrophyl Dwivatives.-DNP derivatives 

of glycine, DL-valine, L-phenylalanine, tisoleucine, 
x,-tryptophan, L-alanine, L-arginine, L-aspartic acid, 

* Aided by a grant from the Rockefeller Foundation. t Holder of a scholarship from the Indian Institute of 
Science. 

L-asparagine, DL-glutamic acid, L-proline, &alanine, 
Dbisoserine, blysine (eDNP), DL-ornithine (6- 
DNP), aminoethanol, a-, &, and y-aminobutyric 
acids, and (r and /3-aminoisobutyric acids were 
prepared with l-fluoro-2,4-dinitrobenzene (Sanger, 
1945) and had physical constants in agree- 
ment with those recorded in the literature (Fraen- 
kel-Conrat et al., 1954; Rao and Sober, 1954; 
Green and Kay, 1952). DNP-fi-aminobut,yric 
acid, DNP-DL-a-aminobutyrk acid, DNP-pamino- 
isobutyric acid, and DNP-DL-isoserine had melting 
points of 166-8', 190°, 154', and 145-8' respec- 
tively. 

Spectrum of DNP-Arginine.-Figure 1 shows 
the spectrum of DNP-arginine in aqueous solution 
at pH 5.8 and 2.0. At the lower pH the peak at 
360 mp found in solutions at pH 5.8 is shifted to 
the lower wave length of 350 mp, and the absorb- 
ancy is lower. The trough a t  300 mp is likewise 
shifted to the lower wave length of 297 mp at the 
more acid pH. Gradual changes in pH from 5 to 
2 resulted in a family of curves which also shifted 
gradually from A to B, and the common isobestic 
point was found close to 348 mp. 

Spectrometric Determinations of pK.-The DNP- 
amino acids were dissolved in a series of buffers (to 
give molar concentrations in the range 2 X 10" to 
10-4) whose pH decreased from the alkaline side 
down in steps to acid pH values where the change in 
spectrum ceased-namely, until the lowest absorb- 
ancy at 360 mp had been reached. Buffer solu- 
tions of known pH were made by using hydrochloric 
acid, sodium acetate, acetic acid, sodium bicarbo- 
nate, and sodium carbonate. Buffering constitu- 
ents were usually present in a concentration of 0.2 
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TABLE I 

FOR DNP-AMINO Acms 
MOLAR ABSORBENCY VALUES (360 mp) AND ACM VALUES 

AeM = 
‘M(COO-) - 

DNP-Amino Acid %(COOH) ‘ M ( C 0 0 3  ‘M(C0OH) 
Glycine 
Alanine 
Valine 

12,840 15,890 3,050 
14,430 16,720 2,290 
15,550 17,480 1,930 

Isoleucine 14;120 16;820 2;700 
Asparagine 15,880 18,410 2,530 
Glutamic acid 15,750 17,960 2,210 
Arginine 15,630 17,200 1,570 
Phenylalanine 13,740 16,670 2,930 
a-Aminobutyric acid 15,590 17,570 1,980 
a-Aminoisobutyric 15,700 17,700 2,000 

p-Aminobutyric acid 18,470 19,000 530 
B-Aminoisobutyric 16,480 16,960 480 

v-Aminobutvric acid0 16.970 17.200 230 

acid 

acid 

p- Aianhe 
Prolineb 
Aspartic acid 
Isoserine 
Aminoethanolc 

17; 120 

17,470 

16,230 
16.310 
151640 
13,340 
5,410 

16.310 

171300 

17,530 

16,960 
17.940 
18 ; 970 
18,310 
18,580 
16; 300 

180 

60 

730 
1.630 
3 ; 330 
4,970 

13,170 

5 AEM values-represent the difference between the molar 
absorbency values at  pH 8.3 and pH 1.0. b Measurements 
at  390 mp. c N o  carboxyl group present; measurements 
made a t  pH 1.0 and pH 6. 

subtraction of values obtained from an appr0priat.e 
blank titration, and pK was calculat.ed by the 
Henderson-Hasselbach equation. The titration of 
DNP-yaminobutyric acid, which is sparingly solu- 
ble in water at acid pH, was done in 40% acet.one. 
Values obtained are recorded in Table 11. 

DISCCSSION 
The sensitiveness of the structure of DKP- 

arginine to changes of hydrogen ion concentration 
in the pH range 2 to 5 ,  at which carboxyl groups 
generally titrate, warrants the assumption that 
curves A and B of Figure 1 represent the spectra of 
species I and 11, respectively: 

i jH 
R-CH-COOH 

YH 
R- CH -COO- 

I I1 
N H ; ~  
II 

R = H~N-C-CH~-CH~-CH~- 

The values of 3.1 0.1 and 3.0 h 0.05 for the pK 
of the carboxyl group of DNP-arginine obtained by 
spectrometric and potentiometric titration, respec- 
tively, also agree fairly with each other. DNP- 
aminoethanol, which bears no carboxyl group, ex- 
hibits the spectrum of the chromophore, but as ex- 
pected the absorption at  360 mp is not affected by 
changes in hydrogen ion concentration. 

The influence of the proximity of the carboxyl 
on absorption by the chromophore at 360 mp is 
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DNP-Amino Acid 

, 

b 

TABLE I1 
PK OF CARBOXYL OF 2,4-DINITROPHENYL-hNO ACIDS 

K from pK from pK of 
8pectto- Potentlo- Carboxyl of 
metno metric the,Parent 

Titration' Titration Amino Acid ApKb 

3.1  f O . l  2.55' 0.55 
3 . 5  f 0.2 

. . .  4.7c 4.231 

D P L  

1 
1 '  

DNP-a-aminobutyric acid 
DNP-@-aminobutyric acid 
DNP--paminobutyric acid 
DNP-a-aminoisobutyric acid 3.2 f O . l  

b b to considerable error. Thus, for example, in E- 
DNP-lysine, in which the chromophore is separated 
by five methylene groups from the carboxyl, car- 
boxyl ionization has only an insignificant effect 
(Table I, AEM = 60; value subject to considerable 

B C  B error) on absorption by the chromophore. The 
9 relation of ACM, exhibited by the chromophore in 

various derivatives, to the distance of the carbon 
bearing the chromophore from the carboxyl group 
is depicted in Figure 3 and reveals the pronounced 
dependence. The bathochromic shift and hyper- 

f 

I chromicity that accompany ionization of the 
carboxyl group, and the disappearance of this effect 

I 

I I 
I .' I 

l 

2.36" 0.84 
(calcd.) 

DNP-&aminoisobutyric acid 4.2 f 0.2  
DNP-glycine 2 . 8 f 0 . 1  2.340 0.46 
DNP-alanine 3 . 5  f O . l  2.340 1.16 
DNP-valine 3 .1  f O . l  2 .  32h 0.78 
DNP-isoleucine 3 . 5  f O . l  2.3V 1.14 
DNP-phenylalanine 2 . 9  f O . l  1.83' 1.07 
DNP-tryptophan 2 . 8  f 0 . 2  2.38i 0.42 
DNP-arginine 3 . 1  * O . l  3 . 0  =k00.05d 2.17 0.93 
DNP-@-alanine 3.9 f O . l  3.6a 0.30 
DNP-aspartic acid (3.3)' PKl 1.9;  
DNP-asparagine 
DNP-isoserine 
DNP-glutamic acid 

DNP-proline 

3.2 f 0 . 1  
(3.9)' 
(2.8)' 

2 . 8  f 0.1 

pK13.7 
2.026 1.18 
2.76k (1.14) 

a Temperature 28-30', except DNP-arginine a t  25". ApK represents the difference: pK(C0OH) of the DNP-amino 
acid minus pK(C0OH) of the amino acid. e, Cohn and Edsall (1943). 
f Neuberger (1937). 0 Czarnetsky and Schmidt (1931). Miyamoto and Schmidt (1931). Cohn (1931). j Schmidt 
el al. (1929). Assignment of values, in parentheses, as pK of the a-carboxyl group is difficult. 

31' in 40% (v/v) acetone in water. d 25". 

Emerson et a2. (1931). 

well illustrated in Figure 2. The slope in the titra- 530, and 230 respectively (Table 11). The lack 
tion curve of DNP-a-aminobutyric acid becomes of pronounced inflections in the curve for DNP-7- 
less pronounced in DNP-P-aminobutyric acid and aminobutyric acid makes it impossible.to evaluate 
has almost disappeared in DNP-y-aminobutyric the pK of the carboxyl, and it may be anticipated 
acid. The corresponding ACM values are 2190. that the mectrometric method will be limited in 

t 

AOIORIANCE 

FIG. 2.Spectrometric titration curves of DNP-amino 
acids. Arrows point to pK corres onding to pH a t  l/*AeM. 
A, DNP-a-aminobutyric acid; %, DNP-Faminobutync 
acid; C, DNP-y-aminobutyric acid; D, DNP-a-armno- 
isobutyric acid. E, DNP-@-aminokobutyric acid; F, DNP- 
proline; G, DdP-isoleucine; H, DNP-valine. All measure- 
ments at 360 mp, except DNP-proline a t  390 mp. 

acids, ihe difference in pK being +0.3- to +1.2 
units. Substitution of the amino group of a-amino 
acids is known to have this effect (Zief and Edsall, 
1937). In the substituted butyric acids, DNP-a-ami- 
noisobutyric acid is found to be a stronger acid than 
DNP-/3-aminoisohutyric acid, even as a-aminobu- 
tyric acid is a stronger acid than y-aminobutyric 
acid. DNP-yaminobutyric acid (pK 4.7 by 
potentiometric titration in 40% acetone, and pos- 
sibly close to 4 in aqueous solution) is only as strong 
an acid as 7-aminobutyric acid itself, which has a 
pK1 of 4.23. 
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FIG. 3.-Relation of Asm to distance of chromophore 
from the carboxyl group. Q, Average of the Aem found 
for the first 10 compounds listed in Table 11: Average 
of the ACM for DNP-6-amino-n- and 8-amino-isobutync 
acids, and one for DNP-&alanine; ?value for DNP- 
yaminobutyric acid; &value for GDNP-ornithine; €-value 
for cDNP-lysine. 

Some of the derivatives studied deserve special 
comment, That of 6-alanine shows almost thrice 
the AEM value observed in the other two 8-amino 
acids st<udied. The AEM for DNP-tryptophan is 
only about one seventh of that seen in ten of the 
DNP-a-amino acids studied. DNP-8-alanine and 
DNP-tryptophan show the least weakening effect 
of acid strength of the carboxyl compared to other 
DNP-a-amino acids. DNP-proline, the only imino 
acid studied, shows a slight,ly higher AEM (3,330), 
compa.red to the average of 2,320 seen in the deriva- 
tives of ten a-amino acids. At  all pH levels below 
2, DNP-proline decomposes rapidly and shows de- 
creasing absorption. Values have been recorded 
at  acid pH as rapidly as possible. DNP-aspartic 
acid shows a A ~ M  of 4,970, and this is not unexpected 
since the ionization of the two carboxyls may each 
independently influence the extinction due to the 
dinitrophenyl group. 

The same phenomenon could occur also in DNP- 
glutamic acid. In both these compounds there is 
the problem of spectrally overlapping pK values, 
and unambiguous assignment of the pH value cor- 
responding to ' / z A e ~  of these compounds as the pK 
of the a-carboxyl group is not possible. Both com- 
pounds have such low solubility in water at low 
pH levels that direct titrations cannot be done. 
DNP-isoserine alone among the compounds studied 
shows a very unusual behavior, with a AEM as high 
as 13,170, and it has an apparent pK corresponding 
to I/&M of 3.9. Since the EM of the compound at 
pQ2 or lower is only 5,410, and this is of the same 

C A R I O N  OF FATTY ACID CARRVING DNP-AMINO SUBSTITUENT 

NOz 

O N O z  
I 

N-C=O 
CH-CH-COOH €-Iz;- AH 

I I 
OH OH 

order as the value of 3,000 for a dinitrophenyl sub- 
stituent on an iminazole ring (Ramachandran, 
196l), there is a possibility that a 0-lactam-like 
structure has formed in acid solution. The phe- 
nomenon is being further studied. The spectra of 
DKP-isoserine at  pH 10.7 and 1.36 are shown in 
Figure 4. The 360-mp peak absent in the medium 
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WAVELENGTH - (m p) 
2 4 0  2 6 0  2 8 0  3 0 0  U O  3 4 0  360 3dO 430 

FIG. 4.-Spectrum of DNP-Dkkoserine a t  pH 10.7 (A) 
and at pH 1.36 (B). 

at  pH 1.36 reappears when the pH is raised. h' -+ 

0 acyl migration is ruled out, as the product formed 
at  low pH has no free amino group. 
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