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POTENTIOMETRIC ANALYSIS OF MIXTURES OF AMINO ACIDS WITH THEIR 

N-tert-BUTOXYCARBONYL DERIVATIVES IN HiXED SOLVENTS 

T. Niyazkhonov, A. Ya. Veveris, 
and L. B. Kuznetsova 

UDC 543.257:547.466 

Potentiometric methods are proposed for the quantitative analysis of a mixture of 
a number of amino acids with their N-tert-butoxycarbonyl derivatives in mixed 
solvents. These methods can be used for the analysis of industrial samples of 
N-tert-butoxycarbonyl derivatives of amino acids° 

N-tert-Butoxycarbonyl derivatives of amino acids, BOC-AAs, are a comparatively new class 
of derivatives of amino acids, AAs. They are obtained by replacing a hydrogen atom of the 
amino group of an AA by a N-tert-butoxycarbonyl group (-C-O-C(CH3)3). BOC-AAS are used as 

II 

protective groups in peptide synthesis, in increasingthOmolecular mass of biopolymers, in 
the production of physiologically active biochemical preparations, etc. [i, 2]. Reactions 
with the participation of BOC-AAs are performed in aqueous organic and organic solvents, and 
therefore the investigation of their acid--base properties in these media is of theoretical 
and practical interest. BOC-AAs are soluble in glacial acetic acid, dimethyl sulfoxide, di- 
methylformamide, and aliphatic nitriles and, with gentle heating, in water; on heating above 
50°C, the action of strong acids andbases leads to the splitting out of the BOC group, which 
complicates the quantitative determination of the BOC-AAs. 

There is information on the determination of individual amino acids and the analysis of 
their mixtures by acid-base titration of the NH2 groups in protogenic solvents [3-5]. Howev- 
er, these solvents are unsuitable for the analysis of mixtures of BOC-AAs and AAs, since the 
majority of BOC-AAs do not contain NH2 groups and, consequently, cannot be titrated as bases. 
The possibility of the differential titration of mixtures of BOC-AAs and AAs has scarcely 
been considered. There is likewise no information in the literature on the study of the acid-- 
base properties of BOC-AAs and the values of their dissociation constants. 

We have determined the dissociation constants, PKa, of BOC-AAs in water and acetonitrile 
(AN) by Henderson's method using benzoic acid as standard: 

H:O AN 
BOC-G1ycine 3.74 20.44 
BOC-Leucine 3.76 21 ~8 
BOC-Valine 3.68 20.61 
BOC-Serine 3.62 22 05 
BOC-Glutaminc 366 22.13 
BOC-Proline 3 42 19,96 
BOC-/3-Phenyl-a-alanine - -  20.81 
BOC -Trvptophan 3.62 21.96 

As we see, in water, BOC-AAs exhibit approximately the same acidic properties and are strong- 
er acids than benzoic. In AN, some differentiation of the acid properties of the BOC-AAs is 
observed: ApK(AN) amounts to 1.5-2.0 units, in contrast to ApK(H20 ), which is 0.25-0.3 units° 
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496-499, July-August, 1983. Original article submitted June 27, 1982. 
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The mold=base proper=lee ef =he BOC-AAe ~n water dlffer mub~tan~lally from the aeld~bame 
properties o~ ~ha AAe correepondln8 to =hem. However, i~ was Impossible ~o carry o~ a quan- 
~Ita~iv~ dlffaren~ial ~i~rst~on of mixture of BOC-AAs and AAe in  Indlvid~l solvents (H~O, 
AN), since AAs are insoluble in =he majority of organlc solvents, includlng sllpha~le ni- 
~r±£es, and £n wa~er ~hey are weak acids and do not ~i~rate, 

On =he basis of =he resul~s of ~he investige~ions performed, for the differential tltra- 
tion of mixtures of BOC-AAs and AAs we selected a mixed solvent H~O-AN (1:i0-15). The choice 
was due to the fact that the composition of the mixed solvent permitted the complete dissolu- 
tion of the components of the mixture to be determined and, in addition to this, the solvent pos- 
sessed a differentiating action in relation to the components tltrated. Thus, on the curves 
of the potentiometric titration two potential Jumps are observed, corresponding to the neu- 
tralization of the COOH groups of the BOC-AAs and of the AAs. The replacement of a hydrogen 
atom of the NH2 group in the molecule of an AA by a B0C group strengthens its acid proper- 
ties, and the BOC-AAs titrate first. 

We also investigated the possibility of the quantitative analysis of a mixture of BOC- 
AAs and AAs in acetic acid and mixtures of it with AN. In acetic acid, BOC-AAs are fairly 
stable and do not interfere with the direct titration of the AAs by a 0.1 N solution of per- 
chloric acid. The addition of AN increases the sharpness of the potential jump at the equiva- 
lence point. 

EXPERIMENTAL 

We used khr.ch. ['hhromatographically pure"] BOC-AAs (Reanal), ch. l"pure"] AAs, and in- 
dustrial samples of BOC-AAs from the " Biokhimreaktiv" Scientific Production Amalgamation. 
In the determination of dissociation constants we used khr.ch. BOC-AAs. Potentiometric ti- 
tration was carried out on an apparatus consisting of a AVU-12 automatic burette, a pH 28 
pH-meter with a system of a saturated calomel electrode and a glass electrode, a TTT-P auto- 
marie titrator, and a SRP-2c recorder. The amounts of each of the components of the model 
mixtures were varied within the range of 10-90 wt.%o 

Analytical Procedure. Differential Titration. A weighed sample of an industrial BOC- 
AA (0,0500-0.0700 g) containing a residual amount of AA was d~ssolved in 2 ml of distilled 
water, and then 25-30 ml of AN Was added and it was titrated potentiometrically with a 0.i N 
solution of tetraethylammonium hydroxide (TEAH) in AN. The time of analysis was i0 min, The 
accuracy of the determination of the components of the mixture was ±0.5-1.5 wt. % when their 
ratio was from li9 to 9:1o 

Combined Methods. A. A weighed sample of a mixture containing a BOC-AA and an AA was 
dissolved in the mixed so--~vent CHsCOOH-AN (4:1), and the AA was tittered with a 0.i N solu- 
tion of perchloric acid in glacial acetic acid. The amount of BOC-AA was found by difference 
from the weight of material taken and the amount of AA found° 

B~. A weighed sample of a mixture of BOC-AA and an AA was treated with AN and the result- 
ing solution titrated with a 0.i N solution of TEAH. Under these conditions the AA did not 
dissolve in the AN and did not interfere with the quantitative determination of the BOC-AA. 
The amount of AA was found from the difference between the weight of sample taken and the 
amount of BOC-AA found° 

The methods permit reproducible results to be obtained when the amounts of AA or BOC in 
the mixture are low (0.5-1.0 wt. %). 

The differential titration and combined methods give results in good agreement (see Ta- 
ble l). The statistical treatment of the results of the potentiometric titration of mixtures 
of BOC-AAs and AAs was carried out in accordance with [6]° 

SI~ARY 

i. Potentiometric methods for the quantitative analysis of mixtures of a number of ami- 
no acids with their N-tert-butoxycarbonyl derivatives in mixed solvents .... H20--AN and CH3COOH- 
AN-- have been proposed. 
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TABLE i. Results of the Potentiometric Titration of Mixtures 
of BOC-AAs and AAs (n = 6, t = 2.57, P = 0.95) 

! Differential t i t ra t ion  Combined methods 
Composition of 

t h e  m i x t u r e  i "~, 

B -Phenyl- a-a lanine + BOC-i O. 0404 
- phenyl- a-- alanine O, 1034 

Proline + BOC-proline 0.0401 
O, i 004 

Serine + BOC-sexine O. o501 
. O. 1031 

Valine + BOC-valine 0,0532 
O, 1o38 

T~ptophan + BOC-txyp- O, 0680 
t ophan  , O, 112.3 

Leueine + BOC-leueine 0 0512 
011073 

S r -  lt) :I 

5.53 
3,46 
4.98 
3.12 
4,55 
3.47 
4 79 
3,88 
3,83 
3,Vg 

5,59 
5.00 

:K ~ '  !0': 

~;95 
!.82 

.6~ 
; ,  !-t2 

!.33 
~,97 

,.g5 
10 .')3 
* " ) 7  

C ~  r 

0.0619 
0,1004 
0,0654 
0,0968 
0,0639 
0,1054 
0,0593 
0,1027 
0,0~18 
0,1418 
0,0763 
0,1370 

t~ (I( 5,05 [ ~,...) 
3.56 9.15 
4,97 t2 ,77  
~. ,0o ~0.28 
5,05 i3,02 
zj, 16 [0.68 
~.03 i5.50 
4146 .~ 1,46 
4, '?,4 ~ l ,  9"2 
2.78 7, 16 
4,78 i2,14 
8.16 ~,13 

2. The methods can be used for the analysis of industrial samples of BOC-AAs. 
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SYNTHESIS OF DINITROPHENYLTETRAPEPTIDES AS CHROMOPHORIC SUBSTRATES 

OF ENDOPROTEINASES 

S. V. Kulikov, N. Yu. Sokolova, 
S° V. Rodin, and M. A. Samartsev 

UDC 577.156 

The synthesis has been performed of ten tetrapeptides of the general formula Dnp- 
GIy-GIy-X-Arg-OH, where X = Val, Phe, Abu, Asp(OBut), Asp, Met, D-Phe, Ser, Thr, 
or Trp. The synthesis was carried out with Dnp-Gly-Gly-ONp, activated esters of 
protected amino acids, and arginine with an unprotected carboxy group. The coeffi- 
cients of molar extinction of the tetrapeptides at 660 nm are given. It has been 
shown that the peptides can be used to determine the activities of neutral and al- 
kaline proteinases from various sources, the peptides with X = Phe, Met, and Abu 
exhibiting the highest sensitivity to enzymatic hydrolysis° 

The activities of proteolytic enzymes are determined both with the use of protein sub- 
strates and in relation to low-molecular-weight peptide substrates of definite structure. In 
the latter case, the possibility exists of differentiating proteinases with different speci- 
ficities and also of achieving standardization of the conditions of the determination more 
easily. To increase the sensitivity of spectrometric analysis it is possible to introduce 
into the substrates a chromophoric grouping shifting the absorption spectrum of the peptide 
into the wisible region; for example, an aromatic azo group [i] or a 2,4-dinitrophenyl resi- 
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