
The investigations with the ECHO virus were carried out on monolayer cultures of passaged 
human embryonic cutaneous-muscular cells; investigations with the remaining viruses were car- 
ried out on primary chicken embryo cells (CECs). 

It was established that the compounds (I), (VI), and (VIII) possess antiviral properties 
(Table 2). 

The substances indicated were mainly active in regard to the infection induced by VCBP. 
The hydrochloride of the amine (VIII) possesses a wide spectrum of activity, also showing in- 
hibitory properties toward experimental infections of CECs induced by VSV, NDV, VVS, and 
WEE. 
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SYNTHESIS AND ANTIVIRAL ACTIVITY OF 2-(I-ARYLOXY) AND 2-(I-ARYLAMINO i 

HYDROXYPROPYLAMINO)PYRIMIDINES AND THEIR ACYCLIC ANALOGS 
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P. B. Terent'ev, Kh. S. Azhami, 
G. V. Vladyko, L. V. Korobchenko, 
and I. I. Boreko 

UDC 615.281.8:547.853].012.1 

The search for antiviral drugs has been carried out amongst various types of chemical 
and biological compounds, and drugs in current use [4]. For example, antiviral activity has 
been found in dipyridamole, a coronary vasodilator and antithrombic drug: 

�9 
~zc-~c ~ 6  

Dipyridamole has been found to inhibit a wide range of viruses [ii, 12], and some deri- 
vatives have been prepared and found to be possess antiviral activity [14]. In its mode of 
action, dipyridamo!e is an inhibitor of nucleoside transport in the cell, and totally sup- 
presses the synthesis of viral RNA [13]. However, the synthesis of analogs of dipyridamole 
for this purpose has not been extensively pursued. For this reason, it appeared to us to be 
of interest to synthesize broader groups of pyrimidines and guanidines containing a propyl- 
amine moiety attached to nitrogen, which we regard as distant analogs of this drug. 
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TABLE i. Characteristics of Ions in the Mass Spectra of Aryl- 
and Hetarylpropanolamines 

Corn- re~z, % 

pound M Fx F2 F3 I F~ F s F6 F7 

X V I I I  
X X I I  

XXV 
-XXV[II*** 
X X X  I I 

286" (1) 
236 (18) 

{ 278 111 
236 (9)*" 
287 (3) 
286(4) 

171" (11) 
121 (49) 
163 (42) 
121 (41)** 
108(10) 
IO7(18) 

184" (11) 
134 (_lO0) 

134 (tO0)** 
121 (fi) 
~20 (8) 

I 
72 05) [ 102 (6) 
72 (56) I 102(9) 

136 (22) t66(100) 

268* (6) 
218 (28) 
26u (4) 
218 (13)** 
269 (1) 
268 (14) 

59 (t00) 
59 (30) 
59 (14) 

12~ (8) 
12] (18) 

155. (7) 
105 (28) 
105 (12) 

91 (6) 
91 (9) 

*Ions containing ?gBr. 
**Ion (Fx-CH2=CO) * 
***In the case of (XXVIII), 
place of NR ~. 

ions FI, F2, and Fs contained O in 

Such guanidines, which also display cardiovascular activity, were obtained by a method 
developed previously [5, 6]. 

NH 
11 

Ar--X--CH2--CH--CH2--NH-- C, 1/2H2SO4 
I t 

OH NH2 

I - -  XXVI 

I, A r = C 6 H s ,  X = O ;  II ,  Ar=CeH4CHs-2,  X = O ;  I I I ,  Ar=CeH4CHs-3,  X = O ;  
IV, Ar = C6H4CH,-4, X = O; V, Ar = C,H4CI-2, X = O; VI, Ar = C6HsC12-2,4, X = O; 
VII,  Ar----C6H4Br-2, X = O ;  VII I ,  Ar=C6H4Br-4,  X = O ;  IX, Ar=CeH4CH,O-3,  
X = O; X, Ar = C~H4CHsO-4, X = O; XI, Ar = C6H4CH2CH = CHz-2, X = O: XII ,  At'.= 
=C6Hs(CH3)~-2,6, X = O ;  XI I I ,  Ar=CeH3CH3-3-CH(CHs)r4, X--=O; XIV, A r - -  
=CloH~-l ,  X = O ;  XV, A r = C . H . ,  X=NC2H6;  XVI, A r = C , H s ,  X=NC6Hb;  XVII,  
Ar ~ X = 1,2,3,4- t e t m a h y d r o q u i n o l - l - y l  ; XVIII ,  Ar = CeH4Br-3, X = NH; XIX, Ar --  
= CsH3(CHs)2-2.5, X - -  NH; XX, Ar = CeH4CHs-2, X = NH; XXI. Ar = CeH4CH~O-2, 
X = NH; XXII ,  Ar = CsH~(CH~)~-2,4, X - -  NH; XXII I ,  Ar = C~H~, X ----- NH; XXIV, 
Ar = C6H4CH~-4, X - -  NH; XXV, Ar = C6H~(CH~)~-2,4, X = NCOCH~; XXVI, Ar = 

= C~H4CHa-4, X = NCOCHs. 

Condensation of these compounds with acetylacetone at 20~ in the presence of potassium 
carbonate gave the pyrimidines: 

NH 0 O 
IL II LI ~ . c o ,  

Ar--X-- CH2--CH-- CH2--NH--C. I12H2SO4 J- CH~--C--CH.~--C--CH~ 
i s 

OH NH~ 

C--CH3 

Ar--X--CH2--CH--CH2--NH--C C--CH 3 
r \/ 
OH N 

XXVII -- XXXVI 

XXVII, A r = C 6 H 6 ,  X = O ;  XXVIII .  Ar =CeH~CHs-2, X = O ;  XXIX. A t =  
=CeH,CHs-3, X ~ O ;  XXX, Ar =CeH4CHsO-4, X = O ;  XXXI. A r =  CEH3C12-2,4, 

~X = O ;  XXXII,  Ar=CeH~CHa-2, X ----- NH; XXXIII ,  Ar = CeH4CI-2, X = NH; 
XXXIV, Ar = C6H,Br-2, X = NH; XXXV, Ar = CeH4CIz-2,6 X = NH; 

XXXVI, Ar = CeHzCHs-4-Br-6, X = NH. 

Propanol derivatives of piperazine, obtained as described in [7], are also of some pharma- 
cological interest. 

~ " - - O - - C H  ~ - - ~ H - - C H s - - N ~ N - - R  I"X 

XXXVI I -- XLV 
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XXXVII ,  R = H, R x = C(=NH)NH~;  X = 1/2HsSO4; XXXVII I ,  R = 3-CH s, 
R 1 ---- C ( = N H ) N H  z, X = I/2HtSO4; XXXIX,  R = 3-CH s, 

R z = CHsCH(OH)CH,OCeH, CH,-3,  X = 2HCi;  XL, R = H, R I ---- CHiCH(OH)CH~CeH ~, 
X ------ 2HCI; XLI ,  R = 3-CH~, R* ----- CH~COC~H~Br-4, X ----- 2HCI; XLI I ,  R = 3-CHs, 

R ~ ----- CH~CONHC~Hs(Ct-In)~-2,4, X = 2HCI; XLI I I ,  R ---- 3-CH~, 
R X = H ,  X = 2 H C t ;  XLIV,  R = 2 - B r ,  R * = H ,  X = 2 H C I ;  XLV,  

R = C x p H ~ - I ,  R ~ = H ,  X = 2 H C I .  

The structures and purities of the products were confirmed by elemental and chromatographic 
analyses, and in some of the*compounds, by their UV and mass spectra. 

The lipophi!icities (R ~ see Experimental Chemistry) of the l-aryloxy-and l-arylamino-2- 
hydroxy-3-guanidinopropanes (I-Xk-VI) were almost identical in both series, ranging from 0.50 
to 1.74. Within the series, the most lipophilic compounds contained bulky radicals in the 
aromatic ring, or halogens. The lipophilicity of the pyrimidines (XXVII-XXXVI) was much 
greater than that of the starting guanidines (apart from (XXX) and (XXXVI), the R~ values 
ranging from 1.24 to 3.92 (Table 2). The lipophilicity index of the piperazines (XXXVII-XLV) 
varied from 0.16 to 1.67, NN'-disubstituted piperazines were more lipophilic, exceps for 
(XXXVIII) and (XL), the lipophilicites of which were 0.57 and 1.25 respectively. 

The UV spectra of the pyrimidines (XXVII-XX~VI) showed three characteristic [9] absorp- 
tion bands, which were absent in the original guanidines (I-XXVI) [5, 6]. A short wavelength 
band of high intensity was seen at 202-204 nm for the aryloxy-compounds (XXVII-XXXI) and at 
205-212 nm for the arylamino-derivatives (XXXII-XXXVI). A second band of the same intensity 
occurred at 226-239 and 241-251 nm, respectively. The third band, which was weak, was situat: 
ed at 280-306 nm, vibrational structure being seen in some of the compounds. 

R' z~ +" Diag, 1 

C~ 

~m.,z=.=z.==~; ~ ~, 21§ 
I Ar -H-CH~-CH=CH-~-H 

i F5 

F l F 2 F 3 +ou F4-, F~_ F 7 

The mass spectra of the aryl- and hetaryl-l,3-diaminopropan-2-ols were characterized by 
relatively low-intensity molecular ion peaks (Diagram 1 and Table I), which lose a molecule 
of water (ion F5) , or Fragment preferentially by the amine-type fragmentation of N-alkylaryl-- 
amines (ions Fl, F2, F3, F s, and F7). To a small extent, alcohol-type fragmentation also 
takes place (ion F 4) which, however, becomes more likely when the cation formed can be stabi- 
lized by the presence of nitrogen atom in R 2. For example, the peak for ion F 4 becomes most 
intense in the spectrum of (XXXII) (Diagram 2). Fragmentation of the aryloxy-compound 
(XXVIII) takes place similarly. 

DiM. 2 

F4 

An examination of the mass spectra of pharmacologically active propanolamines and 1,3- 
diaminopropan-2-ols thus enables their structures to be confirmed on the one hand, and identi- 
fies characteristic fragments for the subsequent mass-fragmentographic examination of metab- 
olites of these compounds in the body. 

The presence of the same ions in representatives of the different series provides further 
confirmation of their similar structures. 

The mode of cleavage of the piperazines under electron impact is exemplified by compound 
(XL) (Diagram 3). Diagram 3 gives the m/z values and relative intensities as percentages (in 
brackets). 
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TABLE 3. Antiviral activity of Pyrimidines (XXX) and (XXXVI) 
and the Piperazine Analogs (XXXVIII) and (XI) 

Antiviral activity 

Concentra platelet re- tests wit/,, inclusion in 
tion used~ ~uction test the supP0rtingmedium 

Compound Virus ~g/ml [ (fall invi- ~ 
ral titer), in the de- fall in viral 
log PFU/m! velopment titer, log 

I , 

XXX 

XXXVI 

XXXVI 

XXXVII1 

XL 

CAPV 100" 
50 
25 
12 
6 
3 

1,5 
CAPV 12" 

6 
3 

1,5 
VW 12" 

6 
3 

VSV 200* 
100 

VVV 100" 
5O 
25 
12 

0,37 
0,37 
0,30 
0,43 
0,62 
0,30 
0,47 
1,33 
0,67 
0,69 
0,08 
0,95 
1,60 
0,12 
0,08 

0 
2,11 
2,11 
0,26 
0,53 

50 
50 
25 
25 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

25 
25 
0 
0 
0 
0 

0,74 
0,41 
0,81 
0,95 
0,92 
0,77 
0,72 

oY4 
0,43 

*MTC for CEC. 
Diag. 3 

~-o-~-~.-~o-I-~.-o.o-?.-~:o-~$'" L I " k / " 
OH O H  

I 

PhO =C~I 2 phfX~HI~OH2-11k _/~-~H=(3H__ ~DPh 

~u7 (;c ) 27~, (s) 7(8) 

I - A §  
P" ~177 

PhO_CH2-CH- CH ~ - m~ ~ OH 
+{/ ~ r OH , / ~  . t 5r ('Lq7 ) 

151(4) ~../; | =CHi / ~  PhOH ]§ 

I $7(4i) ~ .94(57 �9 " /- ' -h+ 
i - 2 I i  CI I z = C - C l i ? - N k _ ~ = C H ,  

OH 

II H 
CH 2  ~ ( a g )  

T e s t i n g  f o r  a n t i v i r a l  a c t i v i t y  showed t h a t  t h e  p r y i m i d i n e s  (XXX) and  (XXXVI) and  t h e  
p r o p a n o l  a n a l o g s  o f  p i p e r a z i n e  (XXXVIII)  and  (XI )  p o s s e s s e d  a n t i v i r a l  a c t i v i t y  d i f f e r i n g  i n  
t y p e  and  l e v e l .  

EXPERIMENTAL CHEMICAL 

TLC of the 2-substituted pyrimidines was carried out on Silufol UV-254 plates (Czech SSR) 
in the solvent system dichloroethane-benzene (1:2). The spots were visualized with iodine 
vapor. Lipophilicites were measured by reversed-phase TLC [8]. UV spectra were ~ecorded on 
a Specord UV-VIS spectrometer (East Germany)in 95% ethanol, concentration i0 -~ M. Mass 
spectra were recorded on a Varian MAT 212 mass spectrometer (USA), ionizing electron energy 
70 eV, with direct introduction of the sample into the ion source, 

2-(l-Phenoxy-2-hydroxypropylamino)pyrimidine (XXVII). To a mixture of 6.42 g (25 mmole) 
of the guanidine (I) and 7.0 g (50 mmole) of potassium carbonate in 15 ml of water was added 
portionwise with stirring 5.0 g (50 mmole) of acetylacetone. The mixture was kept at room 
temperature for two days, and the solid filtered off, washed with water, and crystallized 
repeatedly from aqueous ethanol (i:i) to give pure (XXVII). 
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Compounds (XXVIII-X](XVI) were obtained similarly from other aryloxy- and arylaminopropa- 
nol derivatives of guanidine (Table 2). 

Measurement of Lipophilicity by Reversed Phase TLC. To Silufol UV-254 plate~ impregnated 
with a 5% hexane solution of liquid paraffin were applied droplets each containing 2-3 Bg 
(0.01 n~mole) of the compound in solution in acetone. The temperature during chromatography 
was maintained at 18 • I~ The mobile phase was a phosphate buffer of pH 7.4 with the addi- 
tion of acetone (from 10 to 50% by volume). The spots were visualized with iodine vapor. 
The R m values were calculated using the formula R m = log (i/Rf - I), for each concentration 
of the organic component, followed by extrapolation to find the value of R~ corresponding to 
zero concentration of the organic component, which also serves as a measure of lipophilicity. 
The results are shown in Table 2. 

EXPERIMENTAL BIOLOGICAL 

Antiviral activity was measured in tissue cultures infected by herpes simplex virus type 
i (HSV), variola vaccine virus (VVV), classical avian plague virus (CAPV), Newcastle disease 
virus (NDV), vesicular stomatitis virus (VSV), Venezuelan horse encephalomyelitis virus (VHEV), 
and ECHO virus, using the primary selection test [10] followed by determination of the quanti- 
tative parameters for antiviral activity by the platelet reduction method (incorporated in the 
coating built up on the cells after infection)and inhibition of the development of cytopathic 
effects and the accumulation of infective viral progeny following introduction of the test com- 
pounds into the sustaining medium [1-3]. Measurement of the quantitative characteristics of 
antiviral activity was preceded by determination of the maximum tolerated concentration (MTC) 
for the tissue cultures. 

In the case of the ECHO virus, tests were carried out in monolayer cultures of passaged 
musculocutaneous cells of the human embryo (PMCHE), and with the other viruses, in cultures of 
chick embryo primary cells (CEC). 

Antiviral properties were sought in the test compounds, and activity was found in four 
compounds (Table 3). The greatest suppression of VVV and CAPV in CEV (seen only in the 
platelet reduction method and obtained in the presence of the compounds only in the MTC and 
similar concentrations) was obtained with the piperazine (XI) and the pyrimidine (XXXVI). 
A smaller reduction in the CAPV titer (although shown byall the methods and over a wide range 
of concentrations) was given by the pyrimidine (XXX). 
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