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In recent years, w-amino acids, the first of which is glycine, have been acquiring more and more
biological significance. An important biological factor is f-alanine, a constituent of pantothenic acid. It
has been found that y-aminobutyric acid (GABA) also participates inthe regulation of the activity of the
central nervous system [1] and is finding practical application in therapy. Quite recently, € ~aminocaproic
acid has found wide use as an antifibrinolytic agent, which stops and prevents hemorrhage [2].

Considering the fact that amino acids can be readily carbamylated in the organism, being converted
to ureido acids [3], we undertook a study of the synthesis and properties of w-ureido acids and their deriva-
tives, beginning with compounds with a small number of methylene units, for example, w-ureidopropionic
and w-ureidobutyric acids, where the influence of the ureide group is especially great, and ending with
ureides of acids with a chain length of more than 10 CH,y-units, where the influence of the ureide group is
weakened by the predominant importance of the aliphatic acid residue.

In connection with this, the need also arises for studying the simplest conversion of w~ureido acids
to derivatives of pyrimidine, since under biological conditions ureido acids are converted to dihydropyrimid
ine acids. Orotic acid {4] is synthesized from o -ureidosuccinic acid in the organism in this way.

Our investigations of w-ureido acids may open up the way not only to N-substituted oxopyrimidines
(uracils, cytosines, etc.), but also to other bases contained in the nucleic acids, such as adenine, guanine,
ete., in which the carboxyalkyl residue may be at the nitrogen of the pyrimidine ring, as is the case in
natural nucleosides, and consequently, we can count on biological activity of the new synthetic compounds.

The starting materials in our work were w-amino acids or their hydrochlorides, which we produced
according to the methods described in the literature (6-9]. In most cases the w-amino acid was converted
to the hydrochloride of the methyl or ethyl ester. We used the reaction of hydrochlorides of esters of the
a-aminoalkylearboxylic acid with potassium cyanide to produce the ureido acids or their esters; this re-
action proceeds smoothly and gives good yields (Table 1). For 1,3-bis-(w-carbalkoxyalkyl)ureas, it proved
more convenient to use a toluene solution of phosgene. The lower members of the homologous series of
methyl esters of ureido acids are characterized by some solubility in water, but the solubility decreases
rapidly with increasing length of the aliphatic chain.

Cyanoacetylation of the ureido esters was carried out with cyanoacetic acid and acetic anhydride. In
this case we obtained 1-cyanoacetyl-3-(w~carbalkoxyl)ureas (Table 2) and 1,3-bis- (B -carbomethoxyethyl)-
1-cyanoacetylurea. Treatment of these substances with concentrated alkali yielded a series of 1-(N-carb-
oxyalkyl)-6-amino-2,4-dioxotetrahydropyrimidines [1-(w~-carboxyalkyl)-6-aminouracils] (Table 3).

In the case of #-ureidopropionic acid (I) {5], cyclization was conducted by the interaction of cyano-
acetic acid with ethyl ether in a methanol solution of sodium methylate, In this case a compound was ob- -
tained, the analysis and properties of which did not correspond to the proposed formula of N;-carboxy-
ethyl-6-aminouracil, but exactly corresponded to some sort of anhydrided form of it, i.e., either the lactam
(I) or the lactone (Ila) is formed (see following page).

The probability of closing of the lactam ring is substantially greater, which was also confirmed in an
investigation of the IR spectrum. The presence of an exiremely intense absorption band in the spectrum at
1700 em™, just like the absence of absorption bands in the interval 1700-1800 em~!, where the character-
istic frequencies of the carbonyl group of lactones and esters, including vinyl esters, are usually localized,
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is evidence of the presence of lactam structure. Thus, the compound obtained is 1,3,6-trioxo-A*-octa-
hydropyrimido(1,2-c)pyrimidine (II) [cf. 12].

In the cyclization of 1,3-bis(8-carbomethoxyethyl)-1-cyanoacetylurea, instead of the expected 1,3-
di (8 -carboxyethyl)-6-aminouracil, we obtained a compound, which, on the basis of analogous considera~
tions, should be assigned the structure of 1,3,6-trioxo-2(8 —carboxyethyl)A4—octahydropyrimido(1,2—0)—
pyrimidine (III). The formation of a lactam structure in this case is also confirmed by the data of the IR
spectrum; in particular, the intense absorption band at 1688 em~! can evidently be assigned to the carbonyl
of the unsubstituted lactam group. The absorption band inthe region of 1610-1640 cm™ ! may probably be
ascribed to the vibrations of the carbonyl of the substituted lactam groups of the uracil ring, while the ab-
sorption band in the region of 1730 em™! should be assigned to the characteristic frequencies of the carbonyl

of the carboxyl group.

TABLE 1. N-(w-Carbalkoxyalkyljureas NH,CONH(CH,),, COOR

I ' Found (in %) Calc, (in %)
n R Yield Mp (in | Formula )

(in %?I degrees) of substance] C H N c H N
3 CH;, 78,7 {106—108 | C,;H,,N,O, | 45,18] 7,31|17,35]44,99| 7,565 | 17,49
4 CHj 72,4 | 94—96 | C;H;,N,O,; [48,00f 7,90|16,04]48,26| 8,10 | 16,08
5 C,Hs 86,6 | 76—76 | C,H«N,O; | 53,58 8,90|13,80(53,45 8,97 | 13,85
8 CH, |851 ] 97—98 | CHuN,O, |53.33| 9.00|14,08|53.45] 8,97 | 13.85
10 CH; | 94,2 [ 113—114 C,yHN.0; | 60,40 10,00 | 10,71 | 60,43 10,14 | 10,84

TABLE 2. 1-(w-Carboxyalkyl)~6-aminouracils
CNCH,CONH — CO — NH(CHy)nCOOR

Found (in %) Cale. (in %)
" g |Yield| Mp(in | Formula
(in %)| degrees) | of substancd ¢ H N c H | N
3 CH, | 65,4 |137—138] C,H;;N,0, |47,54] 5,88 |18,74]47,57] 5,76 | 18,49
4 CH, | 90,5 [122—123| CyH1,N,0, |49.56] 6.21 | 17,01]49,79] 6,27 | 17,42
5 CHy 190.7 |106—107| C . H,uN,O, 153.70] 7,04 {15.58|53.52| 7,11 | 1560
6 CH, | 81,4 ]123—124] CLHN,O, | — | = |15.53] — | = |15.60
10 CH; 82,1 | 118—119| C;gH,-N,0O, [ 59,33{ 8,26 [ 12,92159,06| 8,33 | 12,91
TABLE 3. 1-(w-Carboxyalkyl)~6-aminouracils
i e Found (in %) Calc.(in%) | = | = e
n oS 8 E88 &L &
Dejg c H N ¢ H N | 523 ea =
L EE S8 | LEgd
3 187,2] 262—254{ 44,78 4,96 | 19,76 145,09] 5,20 |19,72] CsH,;N;O, 269 (23 700)!
268 {17 500)?
4 185,4] 241--249| 47,40 5,50 | 18,03 147,57 ] 5,77 [18,49] C4H3N,;0,
5 (85,1 236—237/49.90| 6,11 | 17,29]49.79 (76,27 [17.42| CpoH sN;0, | 268 (15 600)

! In alcohol solution.
2[n 0.1 N NaOH solution.
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In the presence of acetic anhydride, substituted 1,3-bis-w-carbomethoxyalkyl)ureas are capable of
condensing with malonic acid, forming the corresponding 1,3-di (v-carbomethoxyalkyl)-barbituric acids [13].

EXPERIMENTAL SECTION

Hydrochloride of the Methyl Ester of w-Aminoenanthic Acid. Dry HClwas passed for 12 h at 5°
through a suspension of 86 g NHy(CHy)qCOOH in 400 ml methanol. After the methanol was distilled off, the
dry residue was recrystallized from acetone. Yield of the hydrochloride of the methyl ester of w-amino-
enanthic acid quantitative, mp 119-121°, Found, %: N 7.07, 7.12; Cl 18.59, 18.66. CgH3CING,. Calculated,
%: N 7.15; Cl 18.12.

N-(w-carbalkoxyalkyl)ureas with the general formula NH,CONH - CH,COOR are synthesized by the

reaction of hydrochlorides of esters of w-aminoalkylcarboxylic acids with the general formula HC1

NHZ(CHZ)HCOOR with KOCN, which was preliminarily purified according to Erdmann's method [14]. Tn
the case of n=3, an aqueous solution of equivalent amounts of HC1 " NH, - (CH,)3COOCH; and KOCN was evap-
orated to dryness on a water bath, after which NH,CONH (CH,);COOCH; was extracted from the reaction mix-
ture with hot absolute alcohol. In all the remaining cases, an aqueous solution of an equivalent amount of
KOCN was added to an aqueous solution of the hydrochloride of the amino ester, the mixture was mixed at
70-80° from 20 min to 1 h, and cooled. The urea precipitated was removed, and after drying under vacuum
the product was recrystallized from alcohol m =3, 10) or from water n=4, 5, 6).

All the N-(w-carboxyalkyljureas form colorless prismatic needles; at room temperature they are
poorly soluble in the usual organic solvents,

1,3-Bis(y-carbomethoxypropyljurea, mp 111-112° (water), was synthesized according to the method
of Granacher and Landolt [15}. Colorless needles. Found, %: C 50.96; H 7.88; N 10.70. Cy1HyoNyO5. Cal-
culated, %: C 50.75; H 7.74; N 10.76.

1,3-Bis-(B8-carbomethoxyethyl)-1~cyanoacetylurea, Portions of 6.96 g (0.03 mole) 1,3-bis(8-carbo-
methoxyethyl)-urea [10] and 2.55 g (0.03 mole) cyanoacetic acid were dissolved in 10 ml of acetic anhydride
at 30-40°, mixed for 5 h at 60-70°, the acetic anhydride and acetic acid distilled off under vacuum at 60-~70°,
the residue washed with cold water and dried under vacuum. Yield 5.6 g (62.4%); the substance forms color-
less prisms with mp 92-93° (methanol}, Found, %: C 48.23; H 6.00; N 14 .31, Cy9H;N;0,. Calculated, %:
C 48.21; H 5.73; N 14.04.

1-(w-Carbalkoxyalkyl)-3~cyanoacetylureas were synthesized according to the procedure cited above.
They crystallize from methanol in the form of colorless prismatic needles, insoluble in water and the usual
organic solvents at room temperature.

1-(1-Carboxyalkyl)-6-aminouracils were produced in the following way. The corresponding 1-(~
carbalkoxyalkyl}-3-cyanoacetylurea was dissolved in three equivalents of a 25-40% sodium hydroxide solu-
tion. Dissolution, as a rule, was accompanied by an appreciable thermal effect. When the solution was
acidified with concentrated hydrochloric acid to pH 1.0-2.0, 1-{w~carboxyalkyl)-6-aminouracil was isolated,
washed with distilled water, and dried under vacuum.

1,3-Bis~-(8 -carbomethoxyethyl)-1-cyanoacetylurea, after dissolving in three equivalents of a 30%
NaOH solution, and acidification to pH 1.0-2.0, formed 1,3,6—trioxo—2—(,8—carboxyethyl)—A“—octahydro—
pyrimido-(1,2-c)-pyrimidine (II1), yield 86.2%, mp 264-265°. Found, %: C 47.32; H 4.44; N 16.65.
CyoHy4N3O;. Calculated, %: C 47.43; H 4.38; N 16.59.

UV spectrum: Ay, (in alcohol) 279 my (E.19,500); Amax (in 0.1 N NaOH solution) 233, 274, 300 mu
(E 9450, 12,300, 23,250),

All the uracils obtained were purified by repeated recrystallization from water. They give a bright
rose color with NaNO, solution in acid medium (formation of an isonitroso-derivative in the 5-position).

1,3,6—Trioxo-A4—octahydropyrimido—(1,2-—0)—pyrimidine (). To a solution of CH;ONa in methanol
(from 5.75 g, 0.25 g-atom of Na and 100 ml of methanol) we added 13.2 g (0.1 mole) I and 11.3 g (0.1 mole)
cyanoacetic ester. The suspension was boiled for 3 h with good mixing, condensed under vacuum to half
the original volume, cooled with ice water, and 70 ml of cold water added to the residue. The homogeneous
solution was acidified to pH 1.0~2.0 with dilute hydrochloric acid; after a day, the precipitate formed was
filtered off, washed with cold water, and dried. After recrystallization from a large amount of water, II
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was obtained in the form of colorless prisms, insoluble in the usual organic solvents. Yield 4.9 g (24 6%),
mp >330° (dec.). Found, %: C 46.34; H 3.80; N 23.11. C;H,N;O3. Calculated, %: C 46.41; H 3.89;N23.19.

UV spectrum: Apax (in 0.1 N NaOH solution) 269, 296 mu (E 15,900, 10,800).

1,3-Di~(8~carbomethoxyethyl)barbituric Acid. Portions of 9.3 g 1,3-bis(8-carbomethoxyethyljurea
and 4.6 g malonic acid were dissolved in 15 ml glacial CH3COOH at 30-40°. To the solution obtained, 25 ml
of acetic anhydride was added drop-wise over a period of 30-40 min. The mixture was mixed at 55-60° for
8 h. The acetic aphydride and CH3;COOH were distilled off under vacuum at 55-60°, the residue recrystal-
lized from 15 ml of ethanol, washed with a 50% solution of ethanol, and dried under vacuum. Yield of 1,3-
di-(B -carbomethoxyethyl)-barbituric acid 7.6 g (63.3%), mp 74-75° (alcohol). Found, %: C 47.67; H 5.20;
N 9.30. CyHyN,O. Calculated, %: C 48.00; H 5.37; N 9.33. UV spectrum: Amax 223, 261 myu (E 4,400,
14,000).
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