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Recently, chromogenic substrates have been widely used for the study of enzymes [1]. In working with proteinases, 
amino acid nitroanilides have proved to be very satisfactory. They are used both in theoretical investigations and in med- 
icine in the diagnosis of various diseases. A number of amino acid p-nitroanilides have been synthesized to determine the 
activity of trypsin, chymotrypsin, leucine aminopeptidase, and other enzymes [2, 3]. However, the synthesis of these 
compounds presents certain difficulties. It is a particularly complex matter to obtain optically pure and, at the same 
time, readily soluble substrates. For example, when a earbobenzoxy (cbz) residue is used to protect the amino group in 
the synthesis of amino acid p-nitroanilides the possibility of racemizat ion is reduced but the solubility of the anilides de- 
creases sharply. Nitr0anilides of acetylamino acids are fairly readily soluble, but the use of a protective acetyl group dur- 
ing the synthesis is associated with a great danger of racemization [4]. 

M. M. Botvinik and E. V. Ramenskii have recently proposed the carbobenzoxy-aeetyl  method for synthesizing 
acetyl-D-phenylalanine p-nitroanilide (D-I) [5]. This method consists in the preparation of the p-nitroanilide of the cbz- 
amino acid with its subsequent conversion into the amino acid p-nitroanilide and acetylation of the latter with acetic an- 
hydride in glacial  acetic acid. 

In the present work this method has been extended to the synthesis of aeetyl-L-phenylalanine p-nitroanilide (L-I) 
and acetyl-L-leucine p-nitroanilide (L-II). Their preparation was effeeted by the following scheme. 
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Compounds L-I and D-I had a high degree of optical purity, as was shown by two methods. The optical rotatory dispersion 
curves of compounds L-I and D-I proved to be symmetrical (figure). 

It was also shown that L-I is completely hydrolyzed by chymotrypsin in a few hours. The enzymatic  hydrolysis was 
monitored spectrophotometrically at 410 m~. The sample of L-I did not contain D-I as an impurity, since D-I is scarcely 
hydrolyzed by chymotrypsin, and after 48 hr only fractional percentages of D-I are hydrolyzed. The small degree of hy- 
drolysis of D-I is connected with the presence in it of traces of L-I. In a synthetic mixture containing 2% of L-I and 98% 
of D-I, the hydrolysis of the L-I takes place at a high rate and to completion. Consequently, D-I is practically unaffected 
by chymotrypsin and does not interfere with the hydrolysis of L-I. 

We attempted to use the pyrazole method to synthesize p-nitroanilides of acetylamino acids. This method was pro- 
posed by Ried for the synthesis of di- and tripeptides [6]. This author used cbz and tosyl protection; the specific rotation 
of the peptides was not measured. Condensation of the hydrazide of the acylamino acid with acetylacetone gave the 3, 5- 
dimethylpyrazole of the N ' -acy lamino  acid. 

The aminolysis of this compound leads to the synthesis of an amide bond. 
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*DCHC represents dicyclohexylcarbodiimide. 
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We have previously established that it is possible by means of the pyrazole  method to obtain the p-n i t roani l ide  of 
cbz-glyc~ne in high yield [5]. However, the results of the present work show that the aminolysis of a c e t y l - D - p h e n y l a l a -  
nyl -3 ,  5-d imethylpyrazole  (III) can be carried out only under compara t ive ly  severe conditions, when the p-n i t roani l ide  of 
ace ty lphenyla lan ine  is obtained in the comple te ly  or par t ia l ly  racemized  state. Thus, fusing III with p-n i t roani l ine  for 
half  an hour at 180-140 ° C leads to an opt ica l ly  inact ive product.  With a change tn the conditions (boiling in absolute 
ethanol  for 5 hr), a compound consisting of 30% of L-I  and 70%0 of D-I  is formed. The content of  L-I  in the product was 
found by hydrolysis under the act ion of chymotrypsin.  These results are confirmed by the specific rotation. A synthetic 
mixture consisting of 30%o of pure L-I  and 70% of pure D-I  had the same opt ica l  act ivi ty .  It was shown by a special  ex-  
per iment  that keeping opt ica l ly  pure D-I  under the conditions of the pyrazole method of synthesis did not lead to its 
racemiza~ion.  Consequently, in this method racemiza t ion  begins at react ion stage B. 
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Optical  rotatory dispersion curves of the p-ni t roani l ides  (c 0.5; 
acetone.  1) Ace ty l -D-phenyla lan ine ;  2) ace ty l -L-pheny l -  

alanine.  

Experimeiltal 

cbz- L-Phenylalanine p- nitroanilide 

A mixture of 7.24 g (24.2 mmole) of cbz-L-phenylalanine obtained by Grassman and Wansch's method [7], 2.7 g 

(19.71 raM) of p-nitroaniline, and 4.02 g (19.3 mM) of DCHC was dissolved in I00 ml of absolute tetrahydrofuran. After 

20 hr, the dicyclohexylurea was filtered off and the filtrate was evaporated. The resinous mass obtained was ground with 

ether until it solidified and was reerystallized from 80% ethanol. The yield of cbz-L-phenylalanine p-nitroanilide was 

38%, mp 158.8-159.6 ° C, [cx]4ae +141 ° (c 0.94; acetone). Literature data for the D analog: mp 189-159.5 ° C, [cx]4se 
--154 ° (c 3.91; acetone) [5]. 

Found, o/~: C 65.82; H 5.19; N 9.9. Calculated for C2sH21N3Os, %: C 65.86; H 5.05; N 10;02. 

L-Phenylalanine  p- ni troanil ide 

After 2 hr, a solution of 0.57 g (1.36 raM) of cbz-L-pheny la lan ine  ni t roani l ide in 6 ml of 30°70 HBr in g lac ia l  
CHzCOOH deposited pink crystals, which were washed with absolute ether and dissolved in 60 ml  of 600/0 ethanol;  0.4 ml  
of 6.72 N NH4OH was added and the bulk of the ethanol  was dist i l led off. The substance that deposited was reerysta l l ized 
first from ordinary ethanol  and then from absolute ethanol.  The yield of L-phenyla lanine  p-n i t roani l ide  was 0.20 g (79%), 
mp 166.5-.157.5 ° C, [¢x]4a6 - 3 1 4  ° (c 0.79); acetone).  Literature data for the D analog:  mp 156.5-157.5 ° C, [a]4a6 +316 ° 
(c 0.79; acetone) [5]. 

Acetyl-L-phenylalanine p-nitroanilide (LTI) 

A solution of 0.45 g (1.5 raM) of L-phenylalanine nitroanilide in 1 ml of boiling glacial CHsCOOH was cooled to 

40 ° C, treated with 0.25 ml (2.5 raM) of acetic anhydride, and boiled for 2 rain. With the addition of water, the solution 

was evaporated several times in vacuum. The yellowish powder was dried over NaOH in vacuum. The yield of acetyl-L- 

phenylalanine p-nitroanilide was 0,44 g (860/o), mp 252-253* C (from 96% ethanol), [c~]s00 +117 °, [~]436 +216 ° (c 0.5; 
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acetone).  The opt ica l  rotatory dispersion curves are shown in the figure. Literature data for 13-h mp 251-252 ° C, in]500 
- 1 1 7  ° [a]4s6 +225 ° (c 0.5; acetone) [5]. 

Acetyl-L-  leucine p- ni t roani l ide 

The substance was obtained from L-leucine in a similar manner to L-I.  Yield 86%, mp 192-194 ° C (from absolute 
ethanol),  [¢~]~4a - 1 0 . 8  ° (c 0.46; acetone),  UV spectrum: Xma x 317 mg (log ~ 4.16). 

Found, %: C 57.2; [I 6.7; N 14. Calcula ted for C14H19N3Oa, %: C 57.381 H 6.48; N 14.33. 

Acetyl -  D- phenyla lanine  hydrazide 

The substance was synthesized via the az lac tone  of aee ty l -D-pheny la lan ine  by the method of Simion and Morawiec 
[8]. Yield 1.25 g (74%), mp 166-168 ° C, [ a ] ~  - 2 2  ° (c 1.2; alcohol).  Literature data for ace ty l -L-pheny la lan ine  hydra- 
zide:  mp 164 - !66  ° C, [ a ] ~  +20 ° (c 1.2; ethanol) [8]. 

N ' -  Ace ty l -D-  phenylalanyl-.q,  5 -d imethy lpyrazq le  

A suspension of 0.22 g (1 raM) of ace ty l -D-pheny la lan ine  hydrazide in 5 ml  of absolute ethanol  was treated with 
0.2 ml  (2 mM) of f reshly-dis t i l led ace ty lace tone .  Then water was added and the precipi ta te  that had deposited was re- 
crys ta l l ized twice (from benzene /pe t ro leum ether). The yield of N ' - a c e t y l - D - p h e n y l a l a n y l - 3 ,  5 -d imethylpyrazo le  was 
0.215 g (77%), mp 147.8-149 ° C, [a]a3G - 2 9 6  ° (c 0.45; ethanol).  

Found,%:  C 66.89; H 6.89. Calcula ted for CldrtlgN3Oz,%: C 67.35; H 6.70. 

Acety lphenyla lanine  p-n i t roani l ide  

A. A mixture  of 0.15 g (0.5 raM) of ace ty l -D-pheny la l any l -3 ,  5 -d imethylpyrazole  and 0.1 g (0.7 mM) of p-ni t ro-  
anil ine was heated at 130 -140 ° C for 1.5 hr. The resinous mass was washed five t imes with ether and was recrysta l l ized 
from ethanol.  The yield of ace ty lphenyla lan ine  p-n i t roani l ide  was 0.12 g (80%), mp 270-272 ° C, [a]54G 0 °. The m e l t -  
ing point of a mixture  with ace ty l -D,  L-phenyla tanine  p-ni t roani l ide  obtained as described by Tuppy et al. [3] was 

270-272 ° C. 

B. A mixture of 0.1 g (0.33 raM) of ace ty l -D-pheny la l any l -3 ,  5 -d imethylpyrazo le  and 0.05 g (0.35 raM) of p-n i t ro-  
anal in ine  in 4 ml  of absolute ethanol was heated at 70-80 ° C for 5 hr. The solution was evaporated,  and the residue was 
washed with ether and recrysta l l ized from ethanol.  The yield of ace ty lphenyla lanine  p-n i t roani l ide  was 0.04 g (40%), 

mp 261-263 ° C, [a]~46 - 1 3 . 8  ° (c 0.21; d imethyl formamide) .  

C. A mixture of 0.05 g of opt ica l ly  pure ace ty l -D-pheny la l an ine  p-ni t roani l ide  and an equimolecular  amount of 
p-ni t roanKine in 3 ml  of absolute ethanol  was boi led for 5 hr and was then evaporated.  After crys ta l l iza t ion from ethanol,  
the compound obtained had mp 251-253 ° C; this corresponds to the mel t ing point of the starting mate r ia l .  

Determinat ion of the opt ica l  purity of L- and D-ace ty lphenyla lan ine  p-ni t roani l ides  obtained by the carbobenzoxy - 

a.__cetyl method 

The opt ica l  rotatory dispersion was measured on an O R D / U V - 5  JASCO instrument (/apart) with automat ic  recording 
(see figure). (Great assistance in these measurements was provided by V. M. Gurevich of the Department of Macromo-  
lecular  Compounds, Moscow State Univers i ty . )  In the performance of the enzymat ic  hydrolysis, sterile crystal l ine chy- 
motrypsin from the Medic ina l  Preparations Factory of the Leningrad Meat  Combine was used, The sample of chymotryp-  
sin did not contain de tec tab le  amounts of trypsin. The act ivi ty  measured by Hummel'  s method was 60 i 1090 [9]. The 
in i t ia l  enzyme solution prepared in 0.001 N hydrochloric acid had a concentrat ion of 1 m g / m l .  

The solutions of the ni troanil ides were prepared in d imethyl formamide  free from amines [10]. The concentrat ion 
of the solutions was 0.5 x 10 -2 M. The degree of hydrolysis of the p-ni t roani l ides  was followed spectrophotometr ical ly  on 

an SFD-2 instrument fi t ted with a ce l l  in which the temperature  was regulated to 37 ± 0.2 ° C. The react ion mixture con- 
ta ined 0.04 M iris buffer, 0.045 M CaC12, 0 .3 -15  x 10"4M substrate, 6% of d imethyl formamide ,  and 4% of the in i t ia l  
chymotrypsin solution (by volume);  the pH of the mixture was 8.03, and was measured by an LPU-01 instrument. 

The following character is t ics  of the mixture obtained were determined:  1) the dependence of the molar  ext inct ion 
on the wavelength in the interval  from 250 to 410 m# (the measurements were carried out in 1-cm quartz cei ls  with the 
addit ion of 0.001 N hydrochloric  acid instead of the chymotrypsin); 2) the concentrat ion of p-ni t roani l ine  (at 410 m~) 
formed as a result of the chymotrypsin hydrolysis of the p-ni t roani l ides  (in this case, round quartz cei ls  were used). The 

results of the experiments  are given in the table .  

Determinat ion  of the opt ica l  purity of ace ty lphenyla lanine  p-n i t roani l ide  obtained by the pyrazole method 

The specific rotation of the mate r ia l  obtained, [c~]546 --13.8 ° (c 0.21; d imethyl formamide) ,  showed that it contained 
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not only the D- but also the L-ant ipode.  The concentration of the L-ant ipode was determined from the value of the ini-  
t i a l  rate of hydrolysis with chymotrypsin.  It was known from prel iminary experiments  that  the D-ant ipode  does not under- 
go hydrolysis and does not lower tile in i t ia l  rate of hydrolysis of the L-ant ipode (L-I :  D-I  as 1 : 3). By using the graph of 

Concentration of Time of the Concentration of 
p-Nitroanilides substrates in the reaction, hr p-nitroaniline 

mixture, M liberated, M 

Acet yl-L-phenylalanine / 

AcetyI-D-phonylalanine 

Mixture 
Acetyl-L-phenylalanine 
Acet yl-D-phenylalanine 

I .  10 -4 
0.8.10 -4 

15.10 -4* 

0 . 3 . 1 0  - 4  
14.7.10 -4 

18 
24 
45 

24 

0.98 .10 -4 
0. 306.10 -4  
0.07 • 10 -4 

0 37 • 10 -4  

*10-cm ce l l .  

the rate of hydrolysis as a function of the concentrat ion of the substrate i t  was found that it contained 38% of L.I  and 67% 
of D-I.  A mixture consisting of 32% of L-I and 68% of D-I  had [a]546 - 1 4  ° (c 0.21; d imethyl formamide) .  

Summary 

1. Opt ica l ly  pure aee ty l -L - l euc ine  p-n i t roani l ide  and ace ty l -L-phenyla lan ine  p-n i t roani l ide  have been obtained.  

2. It has been shown that the pyrazole method for the synthesis of ace ty l -D-pheny la lan ine  leads to the formation 
of a par t ia l ly  racemized  compound. 
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