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5,5-DISUBSTITUTED BARBITURIC ACIDS AND THEIR ANALOGUES'" 
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Condensation of 2-substitut cd triethyl e"te rs of 2-ca rb<lxy-I .7-hcptancdio ic acids X I V- XIX 
with urea afforded 5-substituted 5-14-ca rboxybuty l)ba rbilUric acids 1- VI. Similarly. thiourea 
and the triethyl esters XI V and/ o r XI} gave the ana logous 5-substituted 5-(4-carboxybutyl)
-2-thiobarbituric ac ids, VII and UII respectively . Cnndcnsatio n of guanidine with triethyl esters 
XIX - XXI produced 5-substituted deri vatives ll f 5-( 4-carbo xybutyl)-2-amino-I,4,5,6-tetrahydro
-4,6-dioxopyrimidine , I X - Xl. Reacti ons of the acids II and I V with glycine ethyl ester, using 
the meth od o f mixed anhydrides. gave ri se tll ehto xycarbo nylmcthy lamidcs. XII and X III re pec
tively. Some o f the co mpounds preparcd exhibitcd cnhancing effcct s on 5-nuorouraci l in curi ng 
leukemic mice, and antineoplasti c activit y. ma nifes tin g itself by reducing the size of transplanted 
tumours in experimenta l animal s. 

The present paper continues the study of anti metabolites of the purine a nd pyrimidine 
bases of nucleic acids. It dea ls with the synthesis and study of the biological , mainly 
ant ineoplastic, effects of 5-substituted 5-(4-carboxybutyl)barbituric acids, I-VI, 
and 2-thiobarbituric acids, VII and VIII. as we ll as the ethoxycarbonylmethyl amides 
XII and X lJI of acids Il and IV. For the sa ke of comparison with 5-(2-amino-4-oxo
-6-hydroxy-3,4-dihydro-5-pyrimidinyl)pentanoic acid 1 (Damvar), which had shown 
the most promising antineoplastic activity , we prepared its 5-substitution derivatives 
IX , X and XI. By ana logy with the known compounds and in accordance with the 
measured UV a nd I R spectra, the compounds prepared can be ascribed the struct ures 
of hexahydro-2 ,4,6-trioxopyrimidines (I-VI , XJf, XI/I), hexahydro-4,6-dioxo-2-
-thioxopyrimidines (VI I , VI Il) and 2-amino-l ,4,5,6-tetrahydro-4,6-di oxopyrimidines 

(IX to XI) . 
Compounds I -XI were synt heti zed by the procedure described 2

-
4 for the pre

paration of 5-substitution derivatives of barbituric acid s and their analogues, i.e. 
by condensation of triethyl esters of 2-substituted 2-carboxy-l,7-heptanedioic acid s 
X I V- X IX with urea (to prepare compo unds I-VI) or thiourea (compounds VII 
and VIII). Compounds IX -XI were obtained by condensation of the triethyl esters 
XIX -XXI with guanidine in ethanol containing sodium ethoxide as condensation 
agent. The formed ethyl esters of the acids I -Xl were not isolated, but directly 
hydrolysed to the free acids with aqueous sodium hydroxide. 

Part LXXXII in the series Co mpounds with Antineoplastic Activity; Part LXXXI: This 
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Triethyl esters of 2-substituted 2-carboxy-l,7-heptanedioic acids, XIV-XX, were 
prepared by the described procedures - 15 (alkylation of diethyl esters of 2-substituted 
1,3-propanedioic acids with ethyl 5-bromopentanoate), or, in the case of ester XXI, 
by dialkylation of diethyl 1,3-propanedioate with ethyl 5-bromopentanoate, always 
with the use of sodium ethoxide. Compounds XII-XIII were obtained by reaction 
of the acids J 1 and I V with hydrochloride of glycine ethyl ester by the method of mixed 
anhydrides 16

-
18

, using ethyl chloroformate and triethylamine in dichloromethane. 

1- VI, XII, XIfI 

IX-XI 

VII, ViII 

HSC100C" /R 

/ C" 
HSC100C (CH2)4COOC1Hs 

XIV: R= CH,. X v: R= C 2Hs, 
XVI: R = C , H; . XV/I: R=C,H9 

XVIII: R = C6HS. XIX: R= CH 2- CH=CH2 

X .-I:': R = CH 1-C==CH. 
XXI: R= (CH 2),COOC2Hs 

In tests for the action on leukemia La, the acid IX in a dose of 200 mg/kg s.c. en
hanced the action of 5-fluorouracil by 22%. In screening tests for antineoplastic effect 
on animals with experimental tumours, some of the compounds in doses of 100 to 200 
mg/kg p.o. reduced the size of the tumours, but did not extend the survival of the animals. 
The strongest effects were observed with compound XIII, administered to mice with 
sarcoma S 37 in a dose of 200 mg/kg p.o., which reduced the size of the tumours 
by 27%, and with compound IV which in the same way of administration reduced 
the size of tumours in mice with sarcoma S 37 by 25%. The compounds tested ap
peared to be non-toxic. 

EXPERIMENTAL 

The melting points, determined on the Kofler block, are not corrected. The analytical samples 
were dried at a pressure of 27 Pa over P2 0 S at elevated temperatures, adequate to their melting 
points. The ultraviolet spectra were measured on a spectrophotometer Unicam SP-700 at a 
concentration of about 1 mg of a compound in 100 ml of aqueous methanol (1 : 1), which was 
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O'IM in H C I (A) or in NaO H (B). The st ructures llf the compounds were corroborated by their 
infrared spect ra (in K 13r pellets. in the region 400 - 4000 cm - I ) . The purity o f the compounds 
was verified by TLC in a sys tem chlorl)form- mctha lll) I -25~~ a mmo nia (40: 40: 20), o r pro pa
no l- 24% ammonia- wa ter (70 : 10: 20). us in g FP-Kieselgcl 1'"2 5 4 Merck, mi grati on distance 15 cm. 
detectio n with ult raviolet li ght , o r reflex silica ge l fo il ' wit h a lum iniscel1l indicato r (Silufo l 
UV 254' Kava lier). 

5-Ethy l-5-(4-ca rboxyb ut yl)barb ituric Ac id (/J ) 

T o a solutio n of 3-45 g (0,15 mo l) o f ~(l dillIll in 150111 1 of et hanol was a dded 9·00 g (0· 15 mo l) 
o f urea. The mixture was stirred for 10 min. 15·82 g (0'05 mo l) of triethy l 2-c thyl-2-carboxy 
-1 ,7-heptanedioate I 5 was added and the stir red mixture was boi led under a reflux co ndenser 
for 4h. then it was left sta ndin g ove rnight at roomtc mperatu re. Follo wing the remova l o f e thano l 
under reduced pressure (using a water pump), 100 ml o f wa te r a nd 5 ml of IOM-NaOH were 
a dded to th e res idue and the mixture wa s stirred I h a t room temperature, then left s ta ndin g 
a t this tempe ra ture overn ight. The solution was brought to the boil , filtered with activa ted car
bon , an d the hot filtra te was bro ught to pH 2 with dilute hydrochl oric acid . After cooling there 
sepa rated 8·58 g of the acid II, which was purified by crysta llizat ion. 

Acids 1 and Ill - VIII 

These were prepared ana logously fro m the correspondin g compo nents. T he yields a nd the 
physico-chemica l prope l'lies arc given in Table r. 

5-AII y 1-5-( 4-ca rboxybutyl )-2-a min o- I ,4,5,6-tet ra hydro-4,6-dioxopy rimidine (IX) 

To a st irred solutio n of 3-45 g (0·15 mo l) of sodium ill 150 ml of ethanol was added 9·00 g: 

(0·05 mo l) o f gua nidine carbonate and, 10 min later , 16-42 g (0,05 mo l) of triethyl 2-allyl-2-carbo
xy -I ,7-he pta nedi oa te (Xl X) , which had been prepared a nalogously to l5 ; b .p. 207 - 208°C!4'3 kPa ; 
for C 17 H2S 0 6 (328-4) ca lcula ted: 62· 17% C. 8'59% H; fo und: 62-42% C, 8·91% H. The mix
ture was stirred at room temperature for 4 h and the ethanol was disti lled off under reduced 
pressure (a water pump). One hundred ml of water a nd 5 ml of IOM-NaOH were added to the 
residue a nd the mixture was stirred for I h a t room tempera tu re. After stan ding overni ght it was 
briefly boiled and brought to pH 3 with dilute (1 : I ) hydrochl o ric acid. The sepa rated product 
was collected on a filter and purified; yield 5·64 g of the acid IX. 

The same procedure afforded 5-propargyl-5-(4-carhoxybutyl)-2-amino-I,4,5,6-tetrahydro
-4,6-dioxopy rimidine (X); the needed trie thy I 2-propa rgyl-2-carboxy-I ,7-heptanedioate (XX) 

had been prepared analogously to l S
, b.p. 199- 20I o C/2-4 kPa; for CI7H2606 (326 '4) calculated: 

62' 55% C, 8'03% H ; found: 62·64% C. 8'03% H. 

Dieth yl 2,2-Bis( 4-ethoxycarbonylbutyl)-1 ,3 -pro panedioate (XXI) 

To a solution of 2·3 g (0, I mol) of sodium in 100 ml of e thanol was added 28·8 g (0, I mo l) of tri
ethyl 2-carboxy-l, 7-heptanedioate and, after refl uxing the mixture fo r 1 h , 23 g (0, II mo l) of ethyl 
5-bromopentanoate. The mixture was refluxed for 6 h , the ethanol dbtilled off under reduced 
pressure (a water punp), water was added and the organic phase was taken into chloroform. The 
chloroform extract was dried with anhydrous sodium sulphate and the chloroform was removed 
under reduced pressure. The crude product was distilled in vacuo, the fraction boiling at 190 to 
192°C/53 Pa being collec ted . For C21H3 60S (384'5) calculated: 65'59% C, 9' 43% H; found : 
65'06% C, 9· 15% H . 
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TABLE [ 

5,5-Disubstituted barbituric acids and the ir analogues 
--------~.----.---- -----------... 

M_p_, nC 
Calculated/ Found 

UV spectra 

No R yie ld Formula )' mux' nm (log e) 

% 
(mol. mass) ----- - --- --- - -

% C % H % N A B 
- ---_ ... _-------- •. _- -----", .. _--".,-- ---'--------_._------ ---------

CH3"-'J_C 185 - 187d 
CloHI4Nz05 49-58 5-82 I I-57 213-5 262-5 

(40) (242-2) 49-52 5-86 12-02 (3 -57) (4-00) 
237 i 
(3-31) 

II C 2 H5"-" 205 - 207d Cll Hl6 N z0 5 51-55 6-29 10-93 208 i 24 1-5 
(67) (256-3) 5 I-52 6-44 11 -12 (4-02) (4-03) 

1lI C 3H7"J -g 182- 184" CizHISNz05 53-32 6-71 10-37 210 240 
(54) (270-3) 53-20 6-81 11 -01 (3-90) (4-02) 

240 
(3-02) 

I V C
4

H
9

,,_i_ j 192 - 194" Cl3HzoN20S 52-92 7-09 9-85 211-5 241 
(48) (28-43) 54-86 7-44 10-12 (3-95) (3-97) 

V C
6 H 5u ,k _t 206 - 208 m 

CI s Hl6N20S 59-20 5-30 9-21 215 240 
(5 I) (304-3) 59-02 5-42 9-50 (3-77) (3-97) 

235 -5 
(3- 45) 

VI CHz- CH = CHz"-11 J50 - 152" C12H16NZ05 53-72 6-01 10-44 220 242 
(42) (268-3) 53-67 6-02 /0-60 (3-51) (3-82) 

VII CH3a_b_a 201-203 P CloHl4Nz04S 46-50 5-46 10-85 238 253 
(17) (258-3) 46-70 5-5 I 11-38 (4-20) (-3-9'7) 

286 305 
(3 -90) (4-02) 

VIII C3H/J-Q 137-139" C12H1SN204S 50-33 6-33 9-79 237 253 -5 
(36) (286-4) 49,96 6'52 9,96 (3-99) (3-91) 

286-5 306 
(4-35) (4-40) 

IX CH z-C1-l= CH z
a_r 293 - 295"' ClzH17N304 53-92 6-41 15-72 217 262 

(37) (267-3) 53-62 6-44 15-86 (4-03) (3-00) 
226 
(4-21) 

X CH
2
- C= CHa _t 266 - 2685 

C12H15N304 54-32 5-70 15-84 216 263 
(40) (265 -3) 54-25 5-70 15-94 (3-96) (3 -98) 

228 
(4-20) 

XI (CHZ )4COOHu, r 269 - 271"' C14HZ1N306 51-37 6-47 12-84 207 263 
(68) (327-3) 51 -65 6-30 12-97 (4-32) (4-00) 

224 
(4-37) 
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5.5-0isubstituted Barbilllric Acids 

TABLE I 

(Colllilllled) 

No 

XJl C 2 H/"= 

X/Il C4 H /' cC 

R 
M.p .. cC 

yicld 

155 - 157a
<l 

(66) 

173- 174 1, 

(74) 

Fc)rmula Calculatcd/ Fou nd 

(nwl.mass.) --. . ----. 
%C % 11. % N 

CI SH2JNJ06 52·77 6·79 12'3 1 
(341 '4) 52· 71 H)3 12·37 

C I 7 H 27 N JO" 55·27 737 11 '38 
(369-4 ) 55·25 7'6 1 11·38 
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UV speclra 

)'mnx' nm (log e) 

A B 

lib 

clel 

u R2 == (CH2)4COOH. "Trielhyl ester uf 2-mcthyl-2-carboxy-I .7-hcplancdioic acid (XIV) was 
prepared ana logous ly tolS. b.p . 19 1' C/ 2 kPa; f()r CISH2606 (302'4) calculated: 59'58% C. 
8·67% H; found: 58·74% C. 8'33% H. C IR specl rum: 2850. 2960, 2940 (CH 2 , CH 3 ), 3 440 to 
3080 (wide band: N H. OH). 1750 (COOI··I). I 6115 (wide band: amide carbony l. C==, N). 1250 
(COOH) cm - I. cI Crys tallized fwm watcr. ,. lR spectrum is consistenl with barbituric ac id (hcxa
hydrll-2,4.6-trioxopyrimidine). no bands in the region I 500- I 650 cm - I. f Triethyl estcr 
o f 2-propyl-2-carboxy-I.7-hcptanedioic acid (X VI) wa s prcpared analogously Il)1 5 . b.p. 200 to 
2 12°C/ I·7 kPa ; for C I7H3 00 6 (3 30,4 ) calculated: (d ·79~ :. c. 9· 15% H; found: 62·16% C. 9·00% H. 
9 JR spectrum: 3420- 2 SOD (wide ba nd: OH. NH). 2920 (CH 2 ), 1735- 1685 (mulliplet of 
COOH. C= N. ket one) cm - I. I, Crysta lli zed fro m aqueous ethanol (I : I). i Trielhy l ester of 2-bu
tyl-2-carboxy-1.7-heptanedioic ac id (XVJl) wa, prepared anal ogo usly to 15

, b.p. 212 - 2 17°C/ 
i2 kPa; for CISH3 206 (344,5) calculated: 62'76~;'; C. 9'37% H; found: 62'53% C, 9'58% H. 
j JR spectrum: 1680 (CO), 1 710 (CO). 1760 (COOH), 3080 (NH). 2600- 3200 (hydrogc n 
bond). 3200 (NH). 3 420 (OH) cm - I. k Triethyl csler of 2-phcnyl-2-carboxy-I ,7-heplancdioic 
ac id (X VIII ) wa s prepared analogously 10 1 5

, b.p. 217- 22I °C/ J to 1·2 kPa, m.p. 41 - 43°C 
(acetone- hexane. I: 2); fo r C 20 i1 2S O" (364 -4) calcul a led: 65·91 % C, 7'74% H; found: (iI)·OO C. 
7·78 H%. I IR spcctrum: I 600. 1 502 (bcnzcnc bands). 2 860, 2 940, 2 975 (CH 2 ). CH J ), 3 JOO to 
3200 (wide band: 01-1. NH). 1 750 - J 680 (mUltiplet of COOl-I. am idc carbonyl), 1 237 (COOH). 
I 650 (C= N) cm - I. m Crystallized from cthano l. 11 J R speClrum: 3 200. 3060, (01-1). COOH , 
N H). 1740, 1310 (COOH). 2920. 2840.1460 (CH 2 .CH), J 710 (CO) cm - I

. 0JR spectrum: 
2600 (SH). 3 200 - 2950 (wide band: NH. OH ). 2960.2920.2890 (Cl-! 2' CH J), 1 740 (COOH), 
1685 (wide band: amide carbonyl. C= N) cm - l P Crystallizcd from acetonc- hexane I: 1, 
calculated: 12-41 % S: found: 12'64~~ S. '1 IR spcclrum: 2 lieo (SH), 3 100 (wide band: NH, OH). 
2970,2940.2880 (CH z. CH 3 ). I 738 (COOH), I 690 (wide band; am ide carbonyl , C= N) cm - I, 

calcu!atcd: 11 ·20% S; found: 11·16% S. r IR spectrum: 3 200. 3 180 (NH, amide. COOl-I) , 3020 
(CH 2 • NHt). 1 710. J 310 (COOH), 2920,2850, 1415 (CH 2 ) , 1 560. 1 640 (C= C), I 620, 1500 
(amino acid bands). 1 705 (CO) cm - 1 . S Purified by dissolving in dilute aqueous ammonia 
(I : 100) and precipitation by acidification to c. pH 3 with dilule (J : I) hydrochloric acid . I IR 
spectrum: 3 280 (C =£ C). 3025 (Nl-! j'). 1 620, J 500 (amino acid bands). 1 565, 1 640 (sec-am ide 
bands). 1 700 (CO). I 740 (COOH ). 2920. 2 850, I 524 (CH2 ), 3 240 (N H, COO11.) cm - I. 

uRI = R2 = (CH2 )4 COOH. v IR spectrum: 3240, 3180 (NH ), 2700 (wide band. 1720 
(COO H), I 620 (Iaclam ). I 570 (amide band). I 650 (C= N) cm - I. x Crystallized from dimethyl 
sulphoxide- methano l (I: J ) Y R2 = (CI-I 2 )4 CONHCH 2 COOC2H s ' z IR spectrum: 1630 
(CONH), 1695 (CO). I 720 (CO), 1 760 (ester), 3300 (NH), 3220 (N11.), 3120 (NH) cm- I. 

aa Crystallized from ethanol-cyclohexane I : l. bb UV spectrum in methanol: }' max 2 12·5 nm, 
log B 3'87. cc IR spectrum: I 755 (ester) , 1 552, 1 632 (aliphatic amide), 1 698, I 722 (cyclic amide). 
3340 (NH) em -I. dd UV spectrum in methanol: )'max 212 ·5 nm, log e 3·98. 
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5,5- Bis( 4-carboxybutyl)-2-amino-1 ,4,5,6-tetrahydro-4,6-dioxopyrimidine (X J) 

To a solution of 0·69 g (0·03 mol) of sodium in 20011 of ethanol was added 1·91 g (0'02 mol) 
of guanidine hydrochlo ride and 4·16 g (0·01 mol) of the ester XXI. The mixture was boiled 
under a reflux condenser for 3 h, then left standing overnight at room temperature. The ethano l 
was removed under reduced pressure. The residue was dissolved in aqueous sodium hydroxide 
(0·8 g NaOH in 20 ml of water) and hydrolysed at the boiling temperature fo r 1 h. The hot 
mixture was brought to pH 5 with dilute (I : I) hydrochloric acid and the precipitate was col
lected on a filter , washed with water, dried and recrystallized; yield 2·2 g. 

Ethoxycarbonylmethylamide of 5-Butyl-5-(4-carboxybutyl)barbituric Acid (XIII) 

To a solution of 1·14 g (0'004 mol) of the acid IV in a mixture of dich.loromethane (20011) and 
triethylamine (0·41 g, 0·004 mol) at - IO°C was added 0-46 g (0'004 mol) of ethyl chloroformate 
and, 15 min later, 0·56 g (0'004 mol) of glycine ethyl ester hydrochloride and ],62 g (0'016 mol) 
of triethylamine. The mixture was stirred 1 h at room temperature and left standing overnight. 
The volatile constituents were removed under reduced pressure (a water pump) and the residue 
was mixed with 20 ml of water and 3 ml of acetic acid. The precipitate was collected on a filter, 
washed with water and dried; yield ]·09 g of the product XIII, which was purified by crystalliza
tion. 

Analogously, using the acid II, we prepared compound XII. The properties of the compounds 
are given in Table I. 

The elemental analyses wer performed by Mrs 1. Komancovd and Mrs V. Smidovd (Analytical 
Department, head: Dr 1. Korbl). TLC was carried aLIt by Miss D. Dosedlovd LInder the direction 
of Dr V. Rdbek. The IR and UV spectra were measured by Dr 1. Vachek . Antineoplastic activity 
of the compol/nds and their enhancing effects on the generally used cytostatics were assessed under 
the direction of Dr K. ReZdbek. 
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