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Selective Reduction of Peptide-estér Groups in Aqueous Solution III.
Valine and Proline Esters
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The selective reduction of peptide-ester groups in aqueous solution with sodium boro-
hydride was examined. For the sterically hindered esters, which resist to the reduction,
in particular N-acetylglycyl-r-valine methyl ester and N-acetylglycyl-r-proline methyl
ester, the reduction was examined in detail under various conditions. Consequently,
these esters could be reduced almost quantitatively to the corresponding alcohols, indicat-
ing the potential utility in protein chemistry.

Many attempts have been made to establish the selective reduction of carboxyl groups
in peptides and proteins to corresponding alcohols in connection with the study for the de-
termination of carboxyl (C-) terminals of proteins.?

In many cases, lithium aluminium hydride and lithium borohydride have been used in
tetrahydrofuran, more or less accompanied by the simultanieous reduction of peptide bonds.
No reaction conditions for the selective reduction of carboxy or cester groups with lithium
aluminium, hydride have not yet been established even in small model peptides.? On the
other hand, the mild reduction of model peptides with lithium borohydride at low temper-
ature was performed without any appreciable side reactions, however more drastic conditions
at the boiling temperature of tetrahydrofuran were required for the complete reduction of
ester groups in esterified proteins, because they were almost insoluble in the organic solvents.®
Under these conditions, even in small peptide esters the side reaction was unavoidable.

In the previous paper,” we reported that sodium borohydride in aqueous solution, better
than in organic solvents,® was a good reagent for the selective reduction of ester groups of
some model peptides, in which N-acetylglycyl-pr-alanine ethyl ester was reduced almost
quantitatively, however the reduction of N-acetylglycyl-r-valine methyl ester was only in
about 709%,.

In order to improve the reduction condition of sterically hindered peptide esters con-
taining valine ester or proline ester, as well as to establish a useful method for the determina-
tion of C-terminal amino acids of proteins, the reduction of some model peptide esters with
sodium borohydride was reexamined in detail. Various acetyl dipeptides were subjected to
the reduction followed by quantitative analysis. For the analysis of the reduction rate,
two methods, trinitrophenylation? for the resultant amino alcohols and gas chromatography®
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for the recovered amino acids, were applied. \

Ten mwm aqueous solution of N-acetylglycyldipeptide esters (I, II, III and IV) were
treated with ten fold excess of sodium brohydride at 20°. Each aliquots were subjected to
the acid hydrolysis, and the recovered amino acids were converted to the corresponding
N-trifluoroacetyl amino acid #-butyl esters and analyzed by gas chromatography.® The
results are shown in Fig. 1. Non-terminal glycine was recovered almost quantitatively in
all cases, which shows the high selectivity in the reduction process. Phenylalanine and
alanine in the C-terminal were disappeared over 959, within a few hours, however, 209, of
valine and 509, of proline remined unaffected, presumably because of their steric effects.”
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In order to improve the reduction yields, the effects of the reaction temperature and
the amout of the reducing agent were examined in the reduction of N-acetylglycyl-r-valine
methyl ester (III).» As shown in Fig. 2, although the rate of the reduction of III at 40°
was much faster than that at 20°, no improvement in yield was observed. The higher tem-
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perature must have also accelerated the ester hydrolysis, which is the only side reaction in
the reduction with sodium borohydride. The best result (989,) was obtained at 30° with
twenty fold excess of the reducing agent. At the same time, the valinol formed by the
reduction of III was treated with sodium 2,4,6-trinitrobenzene-1-sulfonate to yield N-(2,4,-
6-trinitrophenyl)valinol, which was analyzed quantitatively by its optical density at 350 nm.?
The results in Fig. 3 are in good agreement with that in Fig. 2.
+ Acetylglycyl-r-proline methyl ester (IV) was also subjected to the reduction. As shown
in Fig. 4, IV resisted more than III to the reduction, e.g., the yield with ten fold excess of the
reagent at 30° was only 50%. As the amount of sodium borohydride was increased, the
reduction yield also increased remarkably, and the best result (95%) was obtained at 30°
with thirty fold excess of the reagent.

Since sodium, borohydride is a fairly strong base, there is a fear that the higher concen-
tration of sodium, borohydride may result in the more accerelation of the ester hydrolysis,
however, this is not the case as described above. Figure 5 shows the pH change during the

reduction proceeded in 0.2 and 0.3m solution of sodium borohydride, showing no difference
between the two cases.

(pH) The results presented in this paper, in which
1107 we have shown that the large excess of sodium,
8 / borohydride in aqueous solution at 30° reduced
"l /// peptide esters without any side reactions, suggest
(.%o a potential usefulness of this simple method for

//° protein chemistry, especially for the determination
/o v of C-terminal amino acids of proteins. In fact,
/ recently, we have applied this method to the C-
| ( ‘ . . terminal analysis of some proteins such as lysozyme
1 2 3 4hr and insuline, analyzed the C-terminal amino acids

Fig. 5. pH Change during the Re- in almost quantitative yields. An application in

duction of IV: —@— with 0.2 m the protein chemistry will be published soon.
solution, —()— with 0.3M solution .
of sodium borohydride
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Experimental

N-Acetylglycyl-L-phenylalanine Ethyl Ester (I) A solution of 1.17 g of acetylglycine and 1.01 g of
triethylamine in 40 ml of anhydrous acetonitrile was chilled to —5° and treated with 1.09 g of ethyl chloro-
formate. After stirring for 10 min at —5° a cold solution of r-phenylalanine ethyl ester prepared from
2.3 g of 1-phienylalanine ethyl ester hydrochloride and 1.01 g of triethylamine in 20 ml of acetonitrile was
added. The mixture was stirred for 1 hr at 0° and then overnight at room temperature. The precipitated
triethylamine hydrochloride was removed by filtration and the solvent was replaced by 50 ml of anhydrous
tetrahydrofuran. The tetrahydrofuran solution was allowed to stand for 3 hr in a refrigerator. The pre-
cipitate was removed again by filtration and the filtrate was evaporated ¢n vacuo. The crude product was
chromatographed on a column of 20 g of silica gel. Elution with ethyl acetate gave 1.9 g of a colorless
solid, which was recrystallized from benzene-n-hexane to give 1.5 g (51%) of colorless needles, mp 80—82°.
Anal. Caled. for C;yH,O,N,: C, 61.63; H, 6.90; N, 9.58. Found: C, 61.50; H, 6.98; N, 9.47.

N-Acetylglycyl-L-proline Methy! Ester (IV)— N-Acetylglycyl-L-proline methyl ester (IV) was synthesized
similarly from 1.17 g of acetylglycine and 1.98 g of L-proline methyl ester by the mixed anhydride method.
Twice recrystallization from anhydrous ether gave 770 mg (34%,) of colorless needles, mp 77°. Awnal. Caled.
for C,oH,,0,N,: C, 52.62; H, 7.07; N, 12.27. Found: C, 52.71; H, 7.05; N, 12.36.

N-Acetylglycyl-pr-alanine Ethyl Ester (II) and N-Acetylglycyl-r-valine Methyl Ester (III)
IT and ITI were synthesized as described in the previous paper.®

Reduction of Acetyldipeptide Esters with Sodium Borohydride. A. Analysis of the Recovered Amino
Acids——A solution of 0.1 mmole of N-acetyldipeptide esters in 10 ml of water was placed in a test tube at
various temperature, 0—40°, solid sodium borohydride (38—114 mg, 1—3 mmole) was added in one portion,
At appropriate time intervals, 1 ml aliquots were transfered into test tubes for the analysis and excess of
sodium borohydride was decomposed by the addition of 1 drop of 6N hydrochloric acid. And then 1 ml of
12w hydrochloric acid was added to each aliquot in a test tube, which was sealed with a glass stopper and

Compounds

NII-Electronic Library Service



No. 5 997

‘heated at 110° for 5 hr. After evaporation of hydrochloric acid, the residue was dried in'an alkaline desic-
cator overnight.

N-Trifluoroacetyl amino acid n-butyl esters from the dried hydrolyzate were synthesized essentially
according to the method reported by Gherke, ¢ al.® To the dried hydrolyzate was added 2 ml of 1.2nN
hydrogen chloride in anhydrous methanol, and the solution was stirred for 30 min at room temperature.
After removal of the solvent in vacuo at 60°, the residue was transesterified with 2 ml of 1.2~ hydrogen chlo-
ride in anhydrous #-butanol at 100° for 2 hr. The butanol was removed 4z vacuo at 60°, and the residue
was treated with 0.2 ml of trifluoroacetic anhydride in 2 ml of methylene chloride for 2 hr at room tem-
perature. The trifluoroacetic anhydride and solvent were removed ¢n vacuo at room temperature, the
residue was dissolved in 1 ml of anhydrous tetrahydrofuran, insoluble precipitates were removed by filtration,
the solvent was evaporated to dryness in vacuo, and finally the residue was dissolved again in 0.3 ml of an-
hydrous tetrahydrofuran to afford the sample solution for the analysis by gas chromatography.

Analyses were performed on a Shimazu gas chromatograph 4APF using a stainless column (300 X 0.4 cm)
packed with 1.5% (w/w) neopentylglycolsuccinate on 60-—80 mesh acid-washed and hexamethyldisilasane-
treated chromosorb W.

B. Analysis of the Amino Alcohols The above dried hydrolyzate was dissolved in 10 ml of water,
1 ml of the solution was trasfered into another test tube, and the water was evaporated to dryness. The
residue was dissolved in 2. ml of 2% sodium bicarbonate and 1 ml of 0.7% sodium :2,4,6-trinitrophenyl-
1-sulfonate, and allowed to stand at room temperature in a dark place for 3 hr. The reaction mixture was
extracted with five portions of 3 ml of ether, the combined ether extracts were washed with water, dried, and
the solvent was removed in vacuo at room temperature. The residue was dissolved in 5 ml of ethanol and
5 ml of 2n hydrochloric acid, and assayed by its absorbance at 350 nm on a Hitachi Recording Spectro-
photometer EPS-3T. \ S o
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