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SYNTHESIS AND BIOLOGICAL ACTIVITY OF ALLYLPYRIMIDINES 

AND THEIR DERIVATIVES 

R. G. Melik-Ogandzhanyan, G. G. Danagulyan, 
S. A. Fagradyan, V. S. Mirozoyan, 
V. M. Okhikyan, L. G. Alaverdova, 
R. V. Agababyan, L. G. Akopyan, 
and S. A. Papoyan 

UDC 615.277.3:547.853.3+615.281:574. 
853.3].012.1 

The broad spectrum of biological activity (antitumor, antifungal, and antibacterial [i, 
2]) of the naturally-occurring pyrimidine antibiotic sparsomysin, which contains a vinyl group, 
is due to specific blocking of peptide synthesis by reaction of the double bond in sparsomycin 
with ribosomal proteins [3, 4]. This has led to a search for antitumor activity in pyrimidines 
containing a double bond in the substituent. 

To study the pharmacological activity and the effect of the presence of a double bond on 
activity, we have synthesized some pyrimidines containing double bonds, in particular the 
allylpyrimidines (I-IV) and their bromination products (V-VIII) (Table i). 

Cl 

CH,~ N 

z,, - ~ r  

I: R = H ;  R ' = C H = C H _ o ,  II:R = CH~, ' R ' = C H = C H 2 ;  IiI: R=CH~CH~OH,  

R'  = C H = C H ~ ;  IV: R=CHoCoH~; R ' = C H = C H ~ ;  V: R = H ,  R '=CHBrCH~Br ;  

VI: R = CH~, R" = CHBrCH~Br; VII: R = CH~CH~OH, R' = CHBrCH:Br; VIII: R ---- 

= CH2CsH~, R' = CHBrCH~Br. 

....... L. Ao Mndzhoyan Institute of Fine Organic Chemistry' Academy of Sciences of the Armenian 
SSR, and the Radiobiology Section of the Ministry of Health of the Armenian SSR, Erevan. Trans- 
lated from Khimiko-farmatsevticheskii Zhurnal, Vol. 17, No. 3, pp. 299-303, March, 1983. 
Original article submitted June 24, 1982. 
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In addition, these compounds were of interest as starting materials for the synthesis of bi- 
cyclic pyrrolo[2,3-d]pyrimidlnes [5, 6]. 

The allylpyrlmldines were synthesized by cyclization of allylmalonlc ester with acetami- 
dine, followed by chlorination with phosphoryl chloride and amination. 

OH C~ 

It is noteworthy that the reaction of dichloropyrimidine with a variety of amines at 
temperatures not exceeding 90~ gave exclusively the monoamino derivatives. 

Bromination of pyrimidines (I-IV) in chloroform afforded the corresponding 4-amino-5- 
(2',3'-dibromo-l'-propyl)-2-methyl-6-chloropyrimidines (V-VIII). 

Attempts to cyclize the dibromopropylpyrimidines to pyrrolo[2,3-d]pyrimidines by reac- 
tion with bases (sodium bicarbonate and ethoxide) or by boiling in alcohol or DMF were un- 
successful, the dibromo-derivatives being recovered unchanged. 

The purity and identity of the compounds obtained were checked by chromatography and 
elemental analysis, and their structures proved by PMR and mass spectroscopy. 

The PM_R spectra of the allylpyrimidines (I-IV) showed, in addition to signals for the 
methyl and substituted amino groups, signals assigned to the allyl group, appearing as a 
quadruplet for the methylene group (3.35 ppm, JI,2 5 Hz, JI,3 1 Hz), and signals for the 
vinyl protons (quadruplet for =CH2 at 5 ppm and a multiplet for the methine group at 5.5-6.0 
ppm). 

Bromination resulted in the disappearance of the signals for the vinyl protons, and the 
appearance of a multiplet for the alkyl group protons at 3.8-4.0 ppm (CH2Br) and 4.8 ppm 
(CHBr). 

The mass spectra of (I-VIII) showed strong peaks for the molecular and several fragmenta- 
tion ions, which enabled the compounds in this series to be identified unambiguously. Dis- 
sociative ionization of the allylpyrimidines (I-IV) occurs largely by breakdown of the allyl 
group and the amino group substituents, as shown by way of example for (III). 

CI +. 0 §176 CI 

C z . ( ' ~ "  - ' ~  ~,~ �9 .-."-~ . " ' -  ._~. .~.  . .k~ j . k .  + 
H ~ cK~ ~ .m~CHzCH~Ot[ C~ , -V  .t,~=C~ t . 

role 1#8/[70 C1 C1 m/e 2.tO/21Z 

o " 

role f82/ f84 role 178/f~ 

I -cK~ 

role 167/f6~ 

Mass-spectral breakdown of the dibromopropylpyrimidines (V-VIII) is mainly due to the 
elimination of a bromine atom; further fragmentation of the 4-amino- and 4-methylaminopyrimi- 
dines (V-VI) proceeds from the ion (M+--Br). In the case of the dibromo-compounds (VII-VIII), 
there is also observed preliminary breakdown of the substituted amino group. 

As would be expected, the spectra of the benzylaminopyrimidines (IV) and (VIII) show 
very intense peaks with masses 106 and 91, corresponding to the +NHCH2C6Hs and tropylium 
(C7H7 +) ions. 
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TABLE 2. Summary of Data on the Toxicity and Antitumor 
Activity (sarcoma) of Substituted 5-Allylpyrimidines (I-IV) 
and 5-(2' 3'-Dibromo-i'-propyl)pyrimidines (V-VIII) 

Com- 
pound 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 

Acute  toxicity in mice 

LD,oo 

750 
650 
700 

1800 
350 
300 
450 

2600 

mg/kg  

550 4OO 75 
450 250 65 
600 500 70 

1600 1300 180 
250 150 35 
200 120 30 
350 200 45 

2400 2000 260 

Antitumor activity 

mass of tumor (M~ m) 

~est con~Iol 

10,1+_1,57 22,2__+2,88 
10,2-+1,10 11,5+_0,11 
3,1_+1,14 45,0+_0,98 
2,7_+0,96 4,0+_0,98 

12,5-+1,2 22,2-+2,88 
12,3+_0,49 22,2-+2,88 
9,9!-_ 1,86 ii,5-+0,1t 
7,5++_2,2 4,0-+0,98 

L 
i 

bition 

54,5 
l 1,3 
22,3 
32,5 
43,6 
44,6 
13,9 

--87,5 

a * >  

0,99 
0,3 
0,4 
0,6 
0,99 
0,99 
0,3 
0,1 

i 

-,t-s,11 
q-0,9 
--0,5 
--0,5 

�9 t-21,8 
!12,4 
--8,3 

--15,8 

*Value significant. 
tGrowth coefficient. 

TABLE 3. Antimutagenic Activity of Pyrimidines (II-VIII) in 
Actinomyces rimosus 222 lys- 

Dose, 
',ompound mmole 

II 
I l l  
IV 
V 

VI 
VII 

4 
i 1o 

10 
10 
I0 
I0 
IO 

Control (UV-mutation) 

Effect on UV-induced mutations 

Time, rain % of control  

80 
100 
74 

112 
185 
65 

number of revertants per 
lO s s~vivin~ spores 

J ~oof  
abs. (M • m) I con~ol 

I 

7,2+_0,46 
6,0+0,56 
8,4+_0,75 
6,6+_0,45 
4,5• 

10,5+_1,2 

100 

10 
10 
10 
10 
10 
10 

6,0+_0,55 

120 
100 
140 
ll0 
75 

175 

100 

EXPERIMENTAL CHEMISTRY 

PMR spectra were obtained on a Varian T-60 instrument (USA) in deuterochloroform with 
tetramethylsilane as the standard. Mass spectra were recorded on an MX-1303 instrument with 
direct introduction of the samples into the ionization region at a temperature 40-50~ below 
their melting points; ionizing electron energy 30 eV. Chromatography was carried out on 
Silufol UV-254 plates in the system benzene--acetone (3:2 for (I), (III), (V), and (VII); 
9:1 for (II), (IV), (VI), and (VIII))o The spots were visualized with a UI-I ultrachemoscope 
and iodine vapor. 

5-A!lyl-2-methyl-4~6-dihydroxypyrimidine. Into a methanolic solution of sodium methoxide, 
obtained from 50 ml of methanol and 34.5 g (1.5 mole) of metallic sodium, were introduced47.6 g 
(0.5 mole) of acetamidine hydrochloride and i00 g (0.5 mole) of diethyl allylmalonate [12], 
and the mixture was boiled for 8-10 h. When the reaction was complete, the methanol was 
evaporated to dryness, the residue dissolved in 500 ml of hot water, neutralized with acetic 
acid, and filtered hot. The solid was washed on the filter with a small amount of acetone, 
and dried in the drying cabinet. Yield, 60 g (72.3%), mp over 300~ M + (mass spectrum), 
166. 

>-Allyl-2-methyl-4~6-dichloropyrimidine. In a mixture of 70 ml of phosphoryl chloride 
and 20 ml of dimethylaniline was dissolved 16.6 g (0.i mole) of the dihydroxypyrimidine, and 
the mixture was heated on the water bath for 7 h. When the reaction was complete, the solvent 
was partially distilled off, and the residue poured on the finely-crushed ice and extracted 
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with chloroform. After drying over MgSO~, the chloroform was distilled off, and the residue 
distilled in vacuo. Yield 12.3 g (60.6%), bp 90-91~ (4 mm), 

Substituted 5-Allyl-4-amino-2-methyl-6-chloropyrimidinew To 0.02 mole of 5- 
allyl-2-methyl-4,6-dichloropyrimidine in 30 ml of absolute ethanol was added an alcoholic 
solution of the appropriate amine (0.04 mole). The mixture was boiled on the water bath 
for 4-6 h (in the case of volatile amines, the reaction was carried out in a sealed ampul). 
The alcohol was distilled off, water added, and extracted with 50 ml of chloroform. On 
removal of the solvent, the residue crystallized, and was recrystallized from benzene (see 
Table i). 

Substituted 4-Amino-5-(2'~3'-dibromo-l'-propyl)-2-methyl-6-chloropyrimidines (V-VIII). 
To 0.O2 mole of the pyrimidine (I-IV) in 30 ml of chloroform was added dropwise a chloroform 
solution of 0.02 mole of bromine (3.2 g; 1 ml), and the mixture was boiled for 3 h. The 
solvent was distilled off, 50 ml of light petroleum added, and the mixture kept overnight. 
The crystals which separated were filtered off and recrystallized from ethanol (see Table i). 

EXPERIMENTAL BIOLOGY 

The antitumor activities of the compounds were determined by a standard method [7, 8]. 
Toxicities were determined in mongrel male while mice by a single intraperitoneal dose~ 

The LD1oo and LDso values were determined together with the maximum tolerated dose (MTD), 
and the chemotherapeutic activity was determined in tumor-bearing rats (sarcoma 45). The 
results were treated statistically by the method of V~ I. Romanovskii [9]. 

The results of the biological tests are given in Table 2. All the test compounds, with 
the exception of (VIII), possessed antitumor activity, the most active being 5-alkyl-4-amino- 
2-methyl-6-chloropyrimidine (inhibition index, 54.5). In contrast, 4-benzylaminopyrimidine 
(VIII) strongly stimulated the growth of the tumor. 

Bromination of the doublebond usually resulted in a reduction in activity [an exception 
being 4-methylaminopyrimidine (II)] and an increase in toxicity. 

The genetic effects of (I-VIII) were'examined on a biochemical mutant (Actinomyces 
rimo~s 222 lys-). Activity was measured by the frequency of occurrence of reverse mutations, 
from the auxotrophic to the prototrophic state at the locus responsible for lysine synthesis 
[i0]. 

Most of the test compounds, tested in high molar concentrations over long periods, had 
slight mutagenic effects on the lysine locus of Actinomycetes, inducing mutations at a rate 
2-5 times greater than in the controls. 

Antimutagenic activity was determined in the same test organism by the method described 
in [ii]. These studies showed that (Table 3) only (I), (VI), and (VIII) showed slight anti- 
mutagenic activity, reducing the number of UV-induced mutations by 15, 25, and 19%, respec- 
tively. 

None of the test compounds displayed antibacterial activity against Staphylococci or 
Shigella dysenteriae Flexner in vitro when tested by serial dilution in a solid nutrient 
medium. Compounds (IV), (VI), and (VIII) were tested by internal administration in a dose 
of I000 mg/kg to white mice with model generalized staphylococcal infection induced by intra- 
peritoneal infection with Staphylococcus (Smith and 4-0 strains). These compounds had no 
therapeutic activity in this test. 

i. 

2. 
3. 
4. 
5. 

6. 
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~MINOMETHYLACETOPHENONES AND THEIR BIOLOGICAL ACTIVITY 

A. G. Agababyan, G. A. Gevorgyan, 
A. E. Tumadzhyan, Zh. S. Melkonyan, 
L. K. Durgaryan, A. S. Azlivyan, 
N. A. Apoyan, and O. L. Mndzhoyan 

UDC 615.276:547.447.5+615.212.3:547. 
447.5]o012.1 

We have previously synthesized [I, 2] some B-aminoketone derivatives of glycine and 
alanine. The glycine derivatives possessed high antiinflammatory and antipyretic activity. 

In order to elucidate the relationship between structure and biological activity in ~- 
aminoketone derivatives of amino acids, we have synthesized a number of N-[B-(p-substituted 
benzoyl)ethyl]tyrosines, phenylalanines, sarcosines, and glycines. Compounds (III-XVII) were 
synthesized by aminomethylating p-substituted acetophenones (I) and aminoacids (or their 
ethyl ester hydrochlorides) (II), as follows: 

H+ 
p- RC~H4COCHa -~- CH..O + HA ......... :- p- RC~H4COCH~CH=A(HCI) 

I II  i I I  - -  XVI 

~llI: R = H, A = HNCH(COOH)CH=CsHB; IV: R = C~HTO, A = HNCH(COOH)CH~C6Hs; 

V: R = Br, A = HNCH(COOH)CH=C6H~; VI: R = NO~., A = HNCH(COOH)CH~C~H~; 

VII :  R = H, A = HNCH(COOH)CH,~C6H4OH. p ; VIII: R = CHaO, 

A = HNCH(COOH)CH,aC~H4OI4.p; IX: R = C=HsO, A = HNCH(COOH)CH~CsH4OH-p; 

X: R = Br, A = HNCH(COOH)CFLC6H4OH.p; Xl :  R = NO~, 

.A = HNCH(COOH)CH=CeH4OH..p; XII:  R = H, A = N(CHa)CH.aCOOH; ~ XI l t :  R = Br, 

A = N(CHa)CH=COOH; XIV: R =  C1, A =  N(CHa)CH~COOC=Hs; XV: R = C ~ H ~ ,  

A = N(CHa)CH,COOC~Hs; XVI: R = C6H5, A = HNCHaCOOC~H 5. 

The aminomethylation of (I) with these amino acids was studied under a variety of condi- 
tions. We have shown [!, 2] that glycine does not condense with paraformaldehyde and p-sub- 
stituted acetophenones at pH 6.0-7.0, whereas alanine under the same conditions affords the 
aminoketones in yields of up to 12%. In acid solution, the yields reach 30%. 

Further study of the Mannich reaction showed that in the case of glycine also, the pH 
had a considerable effect on the yield of the condensation product, and at pH 1.0-2.0 the 
reaction proceeded to the extent of 37%. Replacement of the paraformaldehyde by 10% formalin 
increased the yield to 42%. 

We have found that when the reaction of (I) and (II) with paraformaldehyde is carried 
out at pH 6.0-7.0 (taking phenylalanine as an example), no reaction occurred, whereas at pH 
1.0-2.0 the yields reached 20%. At these pH values, the use of 10% formalin resulted in 
increases in yield to 25'.5 and 32%, respectively. 

A. L. Mndzhoyan Institute of Fine Organic Chemistry, Academy of Sciences of the Armenian 
SSR, Erevan. Translated from Khimiko-farmatsevticheskii Zhurnal, Vol. 17, No. 3, pp. 303- 
308, March, 1983. Original article submitted July 27, 1982. 
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