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B ~(5-Fluoro-N;-uracilyl)- @-alanine, g -(5-bromo-N;-uracilyl)- a-alanine, 3 ~(5-chloro-N;-
uracilyl)- a~alanine, g -(N;~thyminyl)- a-alanine, g -(N,~cytosinyl)-c-alanine, g -(2-oxo-4-
carboxymethylamino-1,2-dihydro-N; -pyrimidyl)- a~alanine, y - (N;-uracilyl)-o-amino-
butyric acid, y -(N;~thyminyl)- a-aminobutyric acid, and 7y -(N,-~cytosinyl)- a~aminobutyric
acid were synthesized by the reactions involving the cyanohydrin synthesis and other trans-
formations. In addition, a number of substituted N;-pyrimidylacetaldehydes and N,-
pyrimidylpropionaldehydes and their diethylacetals were synthesized.

In connection with a study of the purinyl peptides and nucleopeptides [1-5], we have synthesized a num-
ber of previously unknown N;-pyrimidyl-c-amino acids. These compounds and the corresponding compounds
of the purine series can be used to obtain peptide analogs of nucleic acids in which the pentosophosphate
skeleton of the polynucleotide chain is replaced by a polypeptide chain, and the environment of the base
chain of the macromolecule is retained by the corresponding pyrimidine and purine bases. In this comnec-
tion, a study of the biological activity of purinylpeptides and nucleopeptides is of interest, and a study of the
effect of such structures on the repression and depression of gene activity is particularly worthy of atten-
tion,

We examined the general principles of the synthesis of N;-pyrimidylamino acids previously in [1,6,7].
The conditions for the preparation of a number of B -(N;-pyrimidyl)-a-alanines are set forth in this paper,
and methods for the synthesis of y -(N;-pyrimidyl)-a-aminobutyric acids are also described.

We have worked out methods for the preparation of a number of analogs of the natural nonproteino-
genic amino acid willardiine [8-11]; specifically, we have synthesized the following compounds: g -(N;-
thyminyl)-o~alanine (I), g -(5-fluoro-N;-uracilyl)- a-alanine (I), g -(5-bromo~N,-uracilyl)-a-alanine (II),
B -(5-chloro-N;-uracilyl)- a-alanine (IV), g -(N;-cytosinyl)- a~alanine (V), and g -(2-oxo-4-carboxymethyl-
amino-1,2-dihydro-N;~pyrimidyl)-c-alanine (VI).

The majority of the enumerated syntheses are based on conversion of the appropriate pyrimidine
derivatives to Ny-diethylacetals, hydrolysis of these acetals to the corresponding N;-pyrimidylacetalde-
hydes, and infroduction of the latter into the cyanchydrin synthesis.
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Thus the sodium salt of thymine, which can be introduced into reaction with 1-bromo-2,2-diethoxy-
ethane without isolation from the reaction mixture, is formed by the reaction of thymine with sodium hydride
in anhydrous dimethylformamide. Paper chromatography established that the product of this reaction is a
mixture of two compounds, one of which is 1-(N;-thyminyl)-2,2-diethoxyethane, while the other is apparently
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1,3-dialkylated thymine, 1-(N;-Thyminyl)-2,2-diethoxyethane (VII) can be isolated from this mixture and
used for subsequent syntheses,

The alkylation of 5-fluorouracil with 1-bromo-2,2-diethoxyethane proceeds via a similar scheme but
in lower yields. In this case we established the formation of 1-(5-fluoro-N;-uracilyl)-2,2-diethoxyethane
(VIII); this compound was also isolated in pure form, the formation of an N;-substituted 5-fluorouracil
derivative was not observed. This is in agreement with the data in [12] regarding the alkylation of 5-
fluorouracil with benzyl bromide and allyl bromide. According to Baker and Jackson [12], the direction of
alkylation of the 5-fluorouracil ring with halo derivatives in these reactions depends on the conditions used
to carry out the process and is also determined by the reactivity of the halogen atom in the alkylating agent.

Both VII and VIII are converted in good yields to the corresponding N;-pyrimidylacetaldehydes (XII
and XIII) by acid hydrolysis; XIOI and XIII are then introduced into the cyanohydrin synthesis.

An amino acid derivative of cytosine could be obtained from 4-methylthiouracil, which forms only 1-
(4-methylthio~N;-uracilyl)-2,2-diethoxyethane (IX) in good yield by alkylation with 1-bromo-2,2-diethoxy-
ethane. Treatment of this derivative with ammonium hydroxide readily gives 1-(N;-cytosinyl)-2,2-diethoxy-
ethane (X), which is converted to N;-cytosinylacetaldehyde (XIV) by acid hydrolysis.

The methylmercapto group in IX can be replaced by a glycine residue by a similar route to form
acetal XI, and 2-oxo-4-carboxymethylamino~-1,2-dihydro-N;-pyrimidylacetaldehyde (XV) is obtained after
acid hydrolysis in this case.

Compounds XIV and XV are converted to V and VI by the cyanohydrin synthesis.

In the course of our investigations of the synthesis of N;-pyrimidyl-o-amino acids we also found that
IN is obtained by the treatment of willardiine with bromine in glacial acetic acid, while treatment of willard-
iine with N-chlorosuccinimide yields IV,

As expected, the UV absorption spectra of the compounds obtained in aqueous solutions and in 0.1 N
sodium hydroxide do not display a bathochromic shift when the basicity of the medium is increased, which
is characteristic for the UV spectra of N;-substituted uracils [13]. A comparison of the UV spectra of the
synthesized acetals, the substituted pyrimidylacetaldehydes, the aldehydes themselves, and the correspond-
ing pyrimidylamino acids with the UV spectra of genuine samples of N;-methyluracil and Ny-methyluracil
indicated that the UV spectra of the compounds obtained differ from the absorption spectrum of Nj-methyl-
uracil and are extremely similar to the absorption spectrum of Nj-methyluracil. Consequently, the side
chain in the compounds that we synthesized is in the uracil ring at N;.

There are currently no data in the literature regarding the synthesis and properties of N;-pyrimidyl-
a-aminobutyric acids. We have found that these compounds can be synthesized via a scheme similar to
that which we used to obtain N;-pyrimidyl-a-alanines .* Thus a mixture of the corresponding N,-mono-
and N, ;-disubstituted derivatives is formed on treatment of the sodium salt of uracil or thymine with 1-
chloro-3,3-diethoxypropene; these compounds can be separated because of their different solubilities, Thus,
in particular, XVI and XVII were isolated in pure form.

Only the N;-substituted derivative (XVIII) is readily formed in the reaction of 4-methylthiouracil with
1-chloro-3,3-diethoxypropane; XVIII can be converted to 1-(N;-cytosinyl)-3,3~-diethoxypropane (XIX) by
treatment with ammonium hydroxide.

Since no bathchromic shift is observed in the UV spectra of monosubstituted derivatives when the pH
of the medium is increased (see Table 1), one can conclude that the side chain in the acetals obtained is at-
tached to the nitrogen atom in the 1-position of the pyrimidine ring.

In a study of the acid hydrolysis of the indicated acetals we found that better results are obtained
when aqueous ammonium chloride rather than dilute hydrochloric acid is used as the hydrolyzing agent. We
obtained N;-uracilyl-, Ny-thyminyl-, and N,-cytosinylpropionaldehydes, which were then subjected to the
cyanohydrin synthesis to obtain y-(N;-uracilyl)-a-aminobutyric acid (XX), y -(N;-thyminyl)-a-aminobutyric
acid (XXI), and y - (N;-cytosinyl)~a-aminobutyric acid (XXII).

* After the completion of this investigation, a communication regarding the synthesis of some N-pyrimidyl-
a-aminobutyric acids by another method was published [14].
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1t should be noted that the synthesis of the aldehydes of the pyrmidine series noted above can also be
accomplished by reduction of g -(N;~pyrimidyl)propionitriles (previously obtained by us) with Raney nickel
in anhydrous formic acid [15]. However, this method is less efficient since complications arise in the
purification of the desired compounds when it is used.

Compounds XX~-XXII dissolve readily in dilute acids and alkalis, are soluble in water, and give a
blue-violet color when treated with ninhydrin. The elecirophoretic mobilities of these compounds indicate
their amphoteric character.

We are continuing our investigations of the synthesis of N;-pyrimidyl-«-amino acids and the corre-
sponding peptides.

EXPERIMENTAL

1-(N;~Thyminyl)-2,2-diethoxyethane (VII). Sodium hydride [3.8 g (0.158 mole)] was added all at once
to a suspension of 15.7 g (0.125 mole) of thymine in 150 ml of dimethylformamide, and the mixture was
stirred for 2 h. A solution of 50.0 g (0.25 mole) of 1-bromo-2,2-diethoxyethane in 25 ml of dimethylform-
amide was added, the mixture was held at 80° for 12 h, and 25.0 g (0.125 mole) of 1-bromo-2,2-diethoxy-
ethane was added. The temperature was then raised to 149~150° and held there for 30 min, After removal
of the solvent in vacuo (1 mm), the residue was extracted with ethyl acetate. The organic layer was sepa-
rated, washed with water, and dried with magnesium sulfate, Removal of the solvent in vacuo gave an oily
residue which crystallized on standing in a refrigerator. The product was treated with 100 ml of petroleum
ether —diethyl ether (1:1) to remove the disubstituted derivative, and the crystalline residue was filtered.

Compounds VIII and IX were similarly obtained, while XVI-XVIII were obtained from 3-chloro-1,1-
diethoxypropane. )

1-(N;~Cytosinyl)-2,2-diethoxyethane (X). A mixture of 2.0 g of IX and 100 ml of ammonium hydroxide
was heated for 14 h in a sealed ampule. The mixture was cooled, filtered, and washed with ammonium
hydroxide. Compound XIX was similarly synthesized,

1-(Ny~-Thyminyl)acetaldehyde (XII). Compound VII {2.42 g (0.01 mole)] was heated on a water bath
with 20 ml of 0.5 N HCI for 45 min. The mixture was cooled, and the monohydrate of XII was filtered.

Compounds XIII-XV were similarly obtained. In the synthesis of XIV and XV the solution was evapo-
rated to dryness after the hydrolysis, and the residue was recrystallized from methanol.

2-(Ny-Thyminyl)propionaldehyde. A mixture of 2.56 g (0.01 mole) of XVI with 5.0 g of NH,CI in 25 ml
of water was heated on a water bath for 3 h, The other pyrimidylpropionaldehydes were similarly obtained.
The products were used for the subsequent syntheses without additional purification,

B -(Ny-Thyminyl)-a-alanine ). A mixture of 1,63 g (0.01 mole) of XII, 6 ml of water, 1.5 ml of am-
monium hydroxide, 0.8 g of KCN, and 0.7 g of NH,C1 was heated at 55-60° for 5 h, 20 ml of 10 N HCI was
added, and the mixture was refluxed for 1 h and allowed to stand overnight, After removal of the solvent in
vacuo, 12 ml of 10 N HC1 was added, and the mixture was refluxed for 3 h. The residuval HCl was removed
by distillation, fwo 15-ml portions of water were removed by distillation, and the residue was dissolved in
a small amount of water and neutralized to pH 4 with concentrated ammonium hydroxide. The precipitate
was separated and washed with water.

Compounds II, V, and VI were similarly obtained.

B —~(5~-Bromo-N;-uracilyl)-a-alanine (II). Bromine (2 ml) was added dropwise with stirring to a sus-
pension of 2.17 g (0.01 mole) of g -(Ny-uracilyl)-a-alanine* in glacial acetic acid. The willardiine dissolved
as the bromine was being added, and the solution was allowed to stand at room temperature overnight. The
mixture was then evaporated to dryness, and the resulting crystals were washed with water to give 2.1 g
(74%) of a product with mp 211-212° (water),

B - (5~Chloro-N;-uracilyl)-«a-alanine IV). A mixture of 2,17 g (0.01 mole) of willardiine and 2.0 g of
N-chlorosuccinimide in 50 ml of glacial acetic acid was heated on a water bath for 4 h. The mixture was
cooled, and the resulting crystals were filtered and washed with water and ethanol to give 0.95 g (41%) of a
product with mp 220-221° (from water).

* Obtained by the method in [14].
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¥ - (N;-Thyminyl)~o~amonobutyric Acid (XXI). A mixture of 1.82 g (0.01 mole) of N,-thyminylpropion-
aldehyde, 40 ml of water, 0.65 g of potassium cyanide, and 0.2 ml of ammonium hydroxide was stirred for
2 h at room temperature. The bath temperature was raised to 55-60° and held there for 10 h. The mixture
was then cooled to 5-7°, 40 ml of 10 N hydrochloric acid was added dropwise, and the mixture was allowed
to stand overnight. After this, the mixture was heated on a water bath for 2 h and evaporated to dryness.
The residue was dissolved in 10-12 ml of water, the solution was neutralized with ammonium hydroxide
(pH 5-6), and the mixture was introduced into a column containing Dowex-50 (H+) ion-exchange resin. The
column was washed with water until the washings gave a negative test for chloride ions, and the amino acid
was then eluted with ammonium hydroxide (20 ml of concentrated ammonium hydroxide was diluted to 500
ml with water). The presence of an amino acid in the eluate was monitored by means of its reaction with
ninhydrin., The eluate was evaporated to dryness to give a colorless, amorphous substance which was
chromatographically pure and had mp 254-256° (50% ethanol).
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