
30 min, after which it was cooled, diluted with water, and neutralized with 10% hydrochloric 
acid. The precipitate was filtered off and crystallized from an appropriate solvent (see 

Table 2). 
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SYNTHESIS AND BIOLOGICAL PROPERTIES OF ARYLOXYFURAN DERIVATIVES 

A. F. Oleinik, K. Yu. Novitskii, 
L. V. Brattseva, T. A. Gus'kova, 

G. N. Pershin, A. I. Kravchenko, 
and V. A. Chernov 

UDC 615.281:547.722 

In works which we have previously published [i, 2], it was shown that among the 5-aryl- 
2-acylfuran derivatives there is a large number of substances which have biological activity. 

The object of the present work was the synthesis and study of analogous derivatives 
of an aryloxyfuran, to follow the effect of replacing the aryl residue by an aryloxy group 
on the biological activity of the synthesized substances. 

We prepared the aryloxyfurans by the following scheme, which is described in the liter- 
ature [3]: 

Brz ~ rt- XC6H4OH 
h[a 

u cooo6.4x- p 
la, b 

" 

P- XC6H40 COOO6H4X- P P -XC6H4uO"~'COOH 
II a,b III a,b 

p- xo6H4o 
2Fa,b 

X=a)CH$,b)H 
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TABLE i. Minimum Bacterio- and Fun- 
gistatic Concentrations of Arylfuran 
and Aryloxyfuran Derivatives (in ~g/ 
ml) 

Compound 

Thiosemicar -  
bazone of Va 

Thiosemicar -  
bazone of Vb 

Oxime of Va 
Oxime of Vb 

I00( 

I00( 
100{ 
I00( 
I00( 
lOOC 
I OOC 
lOOC 
I OOC 
1000 
t000 
1000 
1000 
500 
1000 
1000 

'orm of microorganism 

B C 

1> 1000 125 

> 1000 62 
>1000 132 
> 1000 10 
> 1000 250 
> 1000 1000 
> 1000 1000 
> 1000 1000 
> 1000 1000 
> 1000 250 
> 1000 t000 
> 1000 ~,25 
> I000 62 
> 1000 25 
> 1000 ,6 
> I000 ,06 

III a 
III b 
I1 a 
l i b  

VII a 
VII b 

VIII ~ 
VIII 

IX a 
lX b 
x a  
X b  

1000 

1000 
32 

> 1000 
> 1000 

5000 
> 1000 
i>  1000 
1> 1000 
1> 1000 
1> 1000 
1> 1000 

500 
1000 , 
16 
16 

Note. A) St. aureus, Str. haemolyti- 
cus, C. diphteriae, B. ant-racoides; 
B) E. coli, S. typhi abdominalis, Sh. 
dysenteriae Flexneri, Proteus vulga- 
ri8, B. pyocyaneum; C) Mycobacterium 
tuberculosis typus humanus (H-37); 
D) Mierosporon lanosum, Trfehophyton 
gypseum, Aehorion Sch~nleini. 

We also worked out another route for synthesis of the aryloxyfurans, which made it 
possible to cut down the number of stages and increase the yield of final product. In the 
scheme which we propose, aryl esters of 5-aryloxypyromucic acids are prepared by the direct 
reaction of 5-bromopyromucyl chloride with phenol or cresol. 

p'XGbH4OH 

BfA~OAM.oOOI Na 

X = a)OH.)Tb) H 

X ~ O~OOOO~H4X'P 
IIa, b 

By Vilsmeier formylation of the aryloxyfurans we prepared the corresponding 5-aryloxy- 
furfurals (Va, b) and their carbonyl group derivatives (oximes and thioseraicarbazones). Kishner 
reduction of the 5-aryloxyfurfurals led to the 5-aryloxy-2-methylfurans (Via, b). 

P" XC6H40 ~ <OHCz~CHO ~ ~HSZ POC1~ p- XC6H40-~O~-OHO i~OH 

Va, b 

p- xcr I~ OH 5 x: a) CH~ ; b) H 

VI a,b 

The biological activity of the compounds synthesized was investigated in several 
directions. 

Antimicrobial activity was studied by the serial dilution method on HSttinger bouillion 
(for bacteria), on Soton medium (for mycobacteria), or on Saburo medium (for molds). 

The tests performed showed that the bacterio-and fungistatic activity of the aryloxy- 
furans is close to that of the arylfurans. 
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TABLE 2. Antiblastic Effect and Toxicity of 5-Aryloxy- and 
5-Arylfurfural Thiosemicarbazones 

~GH=NNHO$NH2 

Compound 

VIIa 
VIlb 

VIIc 

Vlld 

VII e 

Thiosemi- 
carbazone 
of Va 
(etc.) 

Means of in- 
R troduction 

C6H~ t Intraperitoneally 
p -  CH.~C6H4 By mourn 

Dtraperitoneally 
p -  CIC~H 4 .~y mourn 

Itltr@eritoneally 
p-  BrC6H 4 By mouth 

llitraperitoneally 

p- O2NC6H 4 

C6H50 
p-  CHsC6H 40 

By mouth 
Intraperitoneally 

By mouth 
H 

Max. tolerable 

dose (mg/kg) 
Imi gT  
/ in iec-  [injee- 
[ tions) 1fions) 

125 200 
50 >200 

25 150 
30 .... 
-- > I00 

~I00 >300 
25 > I00 

375 
250 200 

N50 ~ 5 0  
N75 ~75  

Antitumor effect 

S-~co- Sarcoma- 
ma-45 180 mice 
rats 

/ 

+ I Up to + 

• to + in 
toxic dose 

0 + 
0 + 

o "7- 

Note: • Up to 30% retardation of tumor growth; +) tumor 
growth retardation from 30 to 59%. 

~a-e; 127-X a,b 
a-e: ~= OH =NN}~SNH z 

~7 a,b: ~= GH=NOH 
~a,b: ~= GOOH 
fa, b: N = GOOGIH5 

X=a) OH$,b) H, c) Cl,d)B~ ~NO? 

The e s t e r s  of the arylpyromucic acids (X) are an exception; these have a high tubercu- 
l o s t a t i c  (0.06-1.6 ug/ml) and f u n g i s t a t i c  (16 ug/ml) a c t i v i t y  with respect  to demaatophytes, 
while the esters of the aryloxypyromucic acids (II) do not exert this action (Table i). 

In the present work we also studied the antiblastic activity of the thiosemicarbazones 
of 5-aryloxyfurfurals and 5-arylfurfurals [I]. 

The antiblastic activity and toxicity of the thiosemicarbazones upon repeated injec- 
tion was studied in 70 experiments on mice with sarcoma-180 and rats with sarcoma-45 (900 
animals). 

All the thiosemicarbazones studied, on injection in tolerable doses, caused retarda- 
tion in the growth of tumors in the range from 30 to 70%. The antiblastic effect and toxic- 
ity of the aryloxyfurfural thiosemicarbazones (Va, b) and arylfurfural thiosemicarbazones 
(Vlla-e) differed little from one another. Introduction of various substituents into the 
benzene ring of the arylfurfural thiosemicarbazones (Vllb-e) did not lead to obtaining more 
active compounds in the antitumor respect (Table 2). 

In the process of the investigation it was ascertained that on peroral introduction 
these substances have an appreciable toxicity, which was expressed more strongly in com- 
pound Vllb and in the thiosemicarbazone of Va (see Table 2). 

As a study of the antitumor activity of other representatives of the arylfuran series 
showed (5-aryl-2-methylfurans [i], 5-aryl-2-ethoxymethylfurans [i], 5-arylfurfural ox~nes 
[4], and 5-aryl-2-(m-bromoacetyl)furans [2]), an:antiblastic effect is completely lacking 
in these compounds. On the basis of this fact, it may be assumed that the inhibition of 
tumor growth has been brought about by the presence of the thiosemicarbazone group in the 
structure of the molecule. 
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EXPERIMENTAL 

p-Tolyl 5-Bromopyromucate (Ia). To a solution of 99.5 g (0.5 mole) of p-tolyl pyromu- 
cate [5] in 430 ml of dry dichloroethane, with boiling and stirring, was added, dropwise, 
a solution of 80.6 g (0.5 mole) of bromine in 30 ml of dry dichloroethane. Then the mix- 
ture was boiled, with stirring, for 1 h and was evaporated under vacuum; the residue which 
crystallized on cooling was collected on a suction filter and recrystallized from petroleum 
ether. The yield of Ia was 55.6 g (40%), mp. 84-85 ~ . Found, %: C 50.8; H 3.3. C~2HgBrO3. 
Calculated, %: C 51.3; H 3.2. 

p-Tolyl 5-(p-Tolyloxy)pyromucate (IIa). Method A. To 85 g of p-cresol at 70 ~ was 
added 1.3 g of metallic sodium, gradually, with stirring. To the solution of sodium p- 
cresoxide in p-cresol so obtained was gradually added 14.5 g of p-tolyl 5-bromopyromucate. 
The reaction mixture was heated at 150 ~ for 2 h; the excess cresol was distilled off under 
vacuum, and the residue was treated with 300 ml ofwater. The organic layer was separated 
and the water was extracted with ether (four portions of 50 ml each). The ether extract, 
combined with the organic layer, was dried with sodium sulfate; the dried solution was 
evaporated under vacuum, and the residue was distilled. The yield of IIa was 6.1 g (39%), 
bp. 218-220 ~ (i mm), mp. 92-93 ~ (from hexane). Found, %: C 74.0; H 5.2. C19H~eO~. Calcu- 
lated, %: C 74.0; H 5.2. 

Method B. To the sodium cresolate prepared from 400 g of p-cresol and 10.3 g of sodium, 
with heating to 70 ~ and stirring, was gradually added 33.5 g (0.16 mole) of 5-bromopyromucyl 
chloride [3]. 

The reaction mixture was heated with stirring at 150 ~ for 8 h. The excess cresol was 
distilled off under vacuum, and the residue was treated with 250 ml of water. The organic 
layer was separated and the water layer was extracted with benzene. The benzene extract, 
combined with the organic layer, was washed with 2 N hydrochloric acid to a neutral reac- 
tion, dried with sodium sulfate, evaporated under vacuum, and the residue was distilled. 
The yield of IIa was 31.4 g (64%). The phenyl ester of 5-phenoxypymucate acid (IIb) was 
prepared similarly in 62% yield, mp. 54-56~ literature data [3]: mp. 52-53 ~ . 

5-(p-Tolyloxy)pyromucic acid (IIIa). Compound IIa (54.8 g) was boiled for 2 h with 
150 ml of 20% sodium hydroxide solution, with stirring. Water (300 ml) was added to the 
reaction mixture. The water solution was filtered, and the filtrate was acidified with 
concentrated hydrochloric acid. The precipitate which fell was collected on a suction 
filter, washed with water to a neutral reaction, and dried in a vacuum desiccator. The 
yield of IIIa was 38.8 g (99%), mp. 140-142 ~ (from benzene). Found, %: C 65.6; H 5.0. 
Cz2H1o04. Calculated, %: C 66.0; H 4.6. 5-Phenoxypyromuclc acid (IIIb) was prepared sim- 
ilarly in 93% yield, mp. 122-123 ~ . According to [3], it has mp. 122-123 ~ . 

2-(p-Tolyloxy)furan (IVa). Compound IIa (58.2 g) and 0.05 g of copper powder were 
heated in a distilling flask under a vacuum of 8 mm. Thereupon compound IVa passed over 
into the receiver, yield 39.3 g (85%), bp. 101-104 ~ (8 mm). Found, %: C 75.7; H 5.9. 
CzIH1oO2. Calculated, %: C 75.8; H 5.8. 2-Phenoxyfuran (IVb) was prepared similarly in 86% 
yield, bp. 116 ~ (30 mm). According to the literature [3], it has bp. 105-106 ~ (18 mm). 

5-(p-Tolyloxy)furfural (Va). To a mixture of i0 ml of dimethylformamide and 15.3 g 
(0,i mole) of phosphorus oxychloride, kept at room temperature for 30 min, was added 17.4 g 
(0.I mole) of IVa, at such a rate that the reaction temperature did not rise above 40 ~ . The 
mixture was then stirred for 0.5 h at 35-40 ~ . The contents of the flask were poured onto 
ice, the aqueous solution so obtained was neutralized with sodium carbonate, and it was 
extracted with benzene. The combined benzene extracts were dried with ignited potassium 
carbonate. The yield of Va was 14.3 g (71%), bp. 154-160 ~ (2 mm), mp. 51-52 ~ (from al- 
cohol). Found, %: C 71.3; H 5.0. C12H1oOs. Calculated, %: C 71.3; H 5.0. Thiosemicarba- 
zone: mp~ 147-148 ~ (from alcohol). Found," %: C 56.8; H 4.7. CIsH~3N302. Calculated, %: 
C 56,7; H 4,7. Oxime: mp. 150 ~ (from alcohol). Found, %: C 66.3; H 5.2; N 6.7. C12HIINO3. 
Calculated, %: C 66.3; H 5.1, N 6.4. 

5-Phenoxyfurfural (Vb) was prepared similarly in 64% yield, bp. 140-144 ~ (2 mm); the 
compound was not analyzed, since it rapidly discolors and decomposes in the air. Thiosemi- 
carbazone: mp. 146 ~ (from 50% alcohol). Found, %: C 55.2; H 4.2; N 16.2. C:2HIIN302. 
Calculated, %: C 55.2; H 4.2; N 16.1. Oxime: mp. 137-138 ~ (from 50% alcohol). Found, ~: 
C 65.1; H 4.3; N 6.7. C~IHgNOs. Calculated, %: C 65.0; H 4.5; N 6.9. 
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2-Methyl-5-(p-tolyloxy)furan (Via). Compound Va (4.7 g, 0.02 mole) and 5 ml of hydra- 
zine in 25 ml of ethylene glycol were boiled for 15 min. To the reaction mixture, cooled 
to 50 ~ , was added 4 g of potassium hydroxide, the mixture was boiled for 30 min; it was 
cooled, 25 ml of water was added, and the mixture was extracted with benzene. The benzene 
extract was dried with ignited potassium carbonate. The yield of IVa was 3.4 g (90%), 
bp. 122-123 ~ (9 mm), n~ ~ 1.5303. Found, %: C 76.6; H 6.3. C~2HI=02. Calculated, %: C 76.6; 
H6.4. 

2-Methyl-5-phenoxyfuran (Vlb) was prepared analogously in 78% yield bp. 80-81 ~ (2 mm); 
n~ ~ 1.5320. Found, %: C 76.2; H 6.0. CI~H~o02. Calculated, %: C 75.8; H 5.8. 

i. 

2. 

3. 
4. 

5. 
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PREDICTION OF DRUGS HAVING THE HIGHEST ACTIVITY WITHIN A SERIES* 

A. S. Komskii UDC 615.015.07 

The ever-increasing flow of synthetic drugs has in recent years made it clear that 
there is a need to systematize these drugs into classes according to the nature of their 
pharmacological effects. Furthermore, with the object of economizing in time and materials 
in the search for new drugs, increasingly sophisticated methods for the prediction of com- 
pounds having the desired biological activity have been proposed [i]. 

In order to clarify the relationships within a series of drugs having similar effects, 
it is necessary (in contrast to the "screening" stage) to take into account in great detail 
specific physicochemical information and any previously established relationships. Thus, at 
the present time it is very important to be able to predict the drug within a given series 
which possesses the highest activity. This is of importance for two reasons. First, it 
is necessary to test only some 20-30 compounds instead of an experimental selection of the 
whole family of compounds with a given range of substituents. Secondly, quantitative rela- 
tionships expressed in a clear form enable the volume of information to be stored in the 
computer memory, and hence the time spent in searching, to be reduced. It is.also possible 
to calculate the values of properties which correspond to the type of activity under consid- 
eration for any given compound in a series. 

Two very effective approaches of this sort are known, namely, the Hansch correlation 
[2], and the Free-Wilson structure-additivity calculation [3]. The principles on which 
these methods are based are empirical and intuitive. Furthermore, "the time factor in the 
interaction of the drug with the body has been neglected" [4]. It is therefore of interest 
to examine in detail the chemical kinetics of this process, and to compare the results with 
correlations already found. We shall not concern ourselves with the kinetic curves them- 
selves; the mathematical apparatus of chemical kinetics will be utilized for the derivation, 
and as a basis for correlations of the property-property type. 

*Presented in the form of a discussion. 
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