
8. S. N. Ushakov, T. M. Markelova, and L. B. Trukhmanova, Vysokomol. Soedin., ~, 1346-1349 
(1964). 

9. F. Hraback, Coll. Czech. Chem. Commun., 2_~9, 1966-1969 (1964). 
i0. I. S. Varga et al., Acta Chim. Aead. Sci. Hung., 41, 431-434 (1964). 
ii. A. F. Nikolaev, V. M. Bondarenko, and V. G. Rupyshev, Author's Certificate No. 403,696; 

Otkrytiya, No. 43, 71 (1973). 
12. S. N. Ushakov, V. A. Kropachev, L. B. Trukhmanova, et al., Izobreteniya, No. 36, 88 

(1968). 
13. V. A. Kropachev and L. B. Trukhmanova, Author's Certificate No. 3,732,278; Otkrytiya, 

No. 14, 66 (1973). 
14. V. A. Kropachev, L. B. Trukhmanova, and T. Kh. Abdukhodzhaev, Author's Certificate No. 

279,050; Otkrytiya, No. 26, 102 (1970). 
15. T. Kh. Abdukhodzhaev, V. A. Kropachev, and L. B. Trukhmanova, Author's Certificate No. 

384,839; Otkrytiya, No. 25, 84 (1973). 
16. T. Kh. Abdukhodzhaev, V. A. Kropachev, L. B. Trukhmanova, et al., Author's Certificate 

No. 405,909; Otkrytiya, No. 45, I00 (1973). 
17. S. N�9 Ushakov, V. A. Kropachev, L. B, Trukhmanova, et al., in: Physiological and 

Optical Activity of Polymeric Materials [in Russian], Riga (1971), pp. 73-81. 
18. G. M. Vavilin, A. V. Vasil'ev, T. B. ll'ina, et al., in: Physiological and Optical 

Activity of Polymeric Materials [inRussian], Riga (1971), pp. 175-180. 
19. S. N. Ushakov, V. A. Kropachev, L. B. Trukhmanova, et al., Vysokomol. Soedin., 14A, 

2023-2027 (1972). 
20. G. I. Vavilin, S. M. Knyazhetskii, and I. M. Rabinovich, in: Mechanisms of the Emer- 

gence and Healing of Tubercular Diseases [in Russian], Moscow (1972), pp. 112-121. 
21. V. L. Lapenko, B. I. Mikhant'ev, N. S. Tyukhtin, et al., in: Monomers and High- 

Molecular-Weight Compounds [in Russian], Voronezh (1974), pp. 18-22. 
22. D. Pryce, J. Path. Bact., 53, 327-334 (1941). 
23. H. Meyer, H. Lauener, and E. Dettwiler, Schweiz. Z. Tuberk. Pneumonol., 13, 420-429 

(1956). 

SYNTHESIS AND STUDY OF B-ACRIDYL-~-ALANINES AND THEIR DERIVATIVES 

V. N. Konyukhov, G. S. Sakovich, T. N. Aksenova, 
T. A. Bandurina, L. B. Radina, Z. V. Pushkareva, 
N. A. Lesnaya, and A. S. Barybin 

UDC 615.277.3:547 
466.931012.1 

The heterocyclic analogs of natural amino acids (thienylalanines, furylalanines, 
pyridylalanines) compete with them in metabolic reactions and can Drofoundly affect both 
normal and pathological metabolic processes [1-4]; for example, 8-(3-thienyl~-a-alanine and 
$-(2-thienyl)-~-alanine are reported to inhibit the growth of tumors with interwoven cells 

[5, 6]. 

Acridylalanines were chosen for the study because acridine derivatives are highly bio- 
logically active, and are antineoplastic agents [7]�9 8-(9-Acridyl)-e-alanine (I) has been 
synthesized and tested for antitumor activity. It was found to retard the growth of sarcomas 
which are not susceptible to antimetabolites by 45-72%, and the growth of Ehrlich tumors by 

18% Nn~ , �9 NII~ 

z _ OH Z- ?H - GOOH 
7 O f 2g NH Z 
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Compound I is known to exhibit antitumor activity; its peptides with natural amino 
acids, the N oxide (II) and the 4 isomer (III) were therefore synthesized. These compounds 
were chosen because of reported examples of inclusion in the peptide chain of alkylating me- 
tabolites [5], analogs of natural amino acids and their antagonists [8, 9]. Peptides based on 

compound I, which is known to display antitumor activity, were synthesized. B-(9-Acridyl)- 
u-alanine N-oxide (II) was synthesized and tested because cancer cells are more sensitive 
to oxidizing agents than normal cells [I0]. 

The isomers of ~-(thienyl)-~-alanine display different biological activities [5, 6] and 
an isomer of compound I B-(4-acridyl)-B-alanine (III) was therefore synthesized. 

Compound III was prepared in the same way as compound I, by the bromination of 4-methyl- 
acridine with N-bromosuccinimide followed by condensation of the 4-bromomethylacridine with 
N-acetylamino malonic ester. The condensation product is then hydrolyzed with hydrochloric 
acid. Bromination with N-bromosuccinimide in dry carbon tetrachloride proceeds satisfactor- 
ily only if the 4-methylacridine is first dried in the melt. 

In the synthesis of peptides, compound I was used as a C-terminal amino acid. The 
carboxyl group was protected by esterification with ethyl alcohol in the presence of sulfur- 
ic acid. The ester (IV) was obtained as a colorless, amorphous substance and was used with- 
out additional purification in the synthesis of peptides. Compound IV was characterized as 
the dihydrochloride. 

The dipeptides (V-VII) were synthesized by acyiation of the amino ~roup of ethyl R-(9- 
acridy!)-u-alanine (IV) either with the anhydride of N-acetyl glutamic acid [12] (for the 
synthesis of peptide V), or with the corresponding N-acetvl derivatives of methionine [13] 
and 8-phenylalanine [14]. 

COOC~H= 

GOOO~.H5 
CHI- CH -t,,rH- C0-CH-CHI-GH~,-S- OHm, 

J/HCOCH 5 

COOC,~H 5 

NHOOOH 3 

Compound IV was acylated with N-acetylglutamic anhydride in dry dimethylformamide (DMFA) 
solution at room temperature; the reaction took 24 h. 

The product was assigned the structure of a ~ peptide of glutamic acid, since it is 
kno~n acy]ation of aniline with N-acety!glutamic anhydride gives the y anilide [12, 15]. 

Yhe dipeptide VI was obtained by mixing solutions of IV and N-acetylmethionine dissolved 
in a minimum quantity of DMFA and adding dicyclohexylcarbodiimide (DCC). The dicyclohexylurea 
~{as then separated, the D}IFA partially distilled, and the dipeptide which separated out was 
filtered off and repeatedly washed with ether. 

The dipeptide VII was synthesized by the azlactone method, i.e., from the previously 
prepared azlactone of acetylphenyialanine using DCC [16] and subsequent interaction with IV. 
The peptide VII was isolated in the same way as the dipeptide VI. The compounds I, II, and 
VII were tested for toxicity and antitumor activity. 

Compound i was tested on tumor RS-I and by its sensitivity topliss' lymphosarcomaantimetab- 
olites. The preparation was found to by slightly toxic (LDso 600 m~/kz). When introduced 
intraperitoneally daily for 6 days at a dose of I00 mg/kg, it retarded the zrowth of alveolar 
cancer of the liver RS-I by 14%, and of P!iss' i vmphosarcoma by 35%. 
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Introduction of the N-oxide group into I to give II led to an increase in activity in 
tests on Pliss' tumor (62% retardation, using the same method of,introduction and the same 
dose). 

The dipeptide VI retarded the growth of Pliss' lymphosarcoma by only 13%. 

EXPERImeNTAL 

Ethyl Ester of B-(9-Acridyl)-~-alanine (IV). A mixture of compound I (4 g) dissolved 
in concentrated sulfuric acid (5 ml) and anhydrous ethyl alcohol (36 ml) is refluxed for 8 h 
and neutralized with a solution of sodium carbonate to weakly alkaline reaction. The ester 
IV is extracted with chloroform, the extract dried with sodium sulfate, and evaporated to 
dryness. On rubbing, the oil which remains is readily converted to a colorless powder. 
Yield 2.5 g of IV (75.5%, mp 91~ This is used without further purification for the prep- 
aration of the peptides. To characterize the compound it was converted into the dichloride 
by twice adding an alcoholic solution of hydrogen chloride to IV and evaporating to dryness. 
The'product was recrystallized from dry ether to give yellow crystals, mp 218-219 ~ . Found, 
%: C 58.43; H 5.69; N 7.60. C~sHIsN202"2HCI. Calculated, %: C 58.91; H 5.45; N 7.62. 

Ethyl Ester of Na-[N~-Acetyl-y-glutamyl]-B-(9-acridyl~-a-alanine (V). N-Acetylglutamic 
anhydride (oil, 0.32 g) [12] dissolved in a minimum quantity of DMFA is added to a solution 
of IV (0.5 g) in the same solvent. The reaction mixture is maintained for 48 h at room tem- 
perature. The solvent is distilled off in vacuum and the residue recrystallized from dis- 
tilled water. The yield of V was 0.i g (12.2% O, mp 240~ After drying in a vacuum with 
xylene vapor, it had mp 260-261 ~ . Found, %: C 64.82; H 6.10; N 8.75. " C=sH27Ns06. Calcu- 
lated, %: C 64.50; H 5.85; N 9.03. 

Ethyl Ester of N~-[Na-Acetylmethionyl]-B-(9-acridyl)-a-alanine (VI). A solution of IV 
(I g) in a minimum quantity of DMFA was mixed with a solution of N-acetylmethionine (0.65 g) 
in the same solvent, DCC (0.7 g) is added, and the mixture is maintained at room temperature 
for 24 h. The Rrecipitated dicyclohexylurea is filtered off and the volume of the solvent 
reduced two thirds by distillation in vacuum at room temperature. The dipeptide which pre- 
cipitates is filtered off and washed with ethyl ether. The yield of VI is 0.95 g (62.8%), 
mp 201-203 ~ . Found, %: C 64.74; H 6.51; N 9.42; S 6.30. C25H29NaO~. Calculated, %: C 
64.22; H 6.25; N 8.99; S 6.9. 

The hydrochloride of the dipeptide is prepared by carefully adding a saturated solution 
of hydrogen chloride in ethanol to a suspension of VI in dry dioxane. A yellow amorphous 
powder is obtained, mp 197 ~ (decomp.). Found, %: C 60.09; H 6.67; N 8.53; S 6.35. C=sH2N30~. 
HCI. Calculated, %: C 59.6; H 5.96; N 8.34; S 6.34. 

Ethyl Ester of N~-[N~-Acetyl-B-phenyl-~-alanyl]-~-(9-acridyl)-~-alanine (VII). To a solu- 
tion of N-acetyl-B-phenyl-~-alanine (0.294 g) dissolved in a minimum quantity of DMFA is added DCC 
(0.288 g). After 24 h the dicyc!ohexylurea is filtered off, the filtrate added to a solu- 
tion of IV (0.4 g) in D~A. After another 24 h the traces of dicyclohexylurea are filtered 
off, the solvent distilled off in vacuum at room temperature. The residue is recrystallized 
from distilled water, and dried in a vacuum over phosphorus pentoxide. The yield of VII was 
0.2 g (29.2%), mp 235 ~ . Found, %: C 72.27; H 6.39; N 9.02. C29H=gN30~. Calculated, %: 
C 72.0; H 6.05; N 8.7. 

4-Bromomethylacridine. A mixture of 4-methyiacridine (2.6 g) dried in the melt, N- 
bromosuccimide (2.28 g), and benzoyl peroxide (0.17 g) in anhydrous carbon tetrachloride 
(60 ml) is refluxed for 4.5 h. The succinimide is filtered from the hot solution; the 
filtrate refluxed with activated charcoal and aluminum oxide, filtered, and cooled in the re- 
frigerator. A substance with mp 145 ~ crystallizes out. After two recrvstallizations from 
carbon tetrachloride the mp is 161 ~ . Yield 16.4% (literature mp 159-161~ 

Ethyl Ester of ~-(4-Aceidyl)-~-carbethoxy-~-acetylaminopropionate. To a solution of sodium 
alcoholate obtained from dry ethyl alcohol (9 ml) and metallic sodium (0.113 g) is added ~ 
with mixing N-acetylaminomalonic ester (0.9 g), and after it has dissolved, a solution of 4- 
bromomethylacridine (0.6 g) in dry benzene (14 ml) is quickly added. The mixture is re- 
fluxed for 2 h, the sodium bromide filtered off, and the filtrate concentrated in vacuum. A 
colorless crystalline Precipitate separates and is washed with ether and dried. Yield 0.5 
g (57%), mp 144 ~ , mp 154-155 ~ after recrystallization from carbon tetrachloride. Found, %: 
N 7.11. C2aH2~N2Os. Calculated, %: N 6.86. 

900 



~-(4-Acridyl)-~-a!anine Dihydrochloride. The product of condensation of 4-bromomethyl- 
acridine with N-acetylaminomalonic ester (0.15 g) is refluxed for 4 h in diluted hydrochloric 
acid (0.32 ml, i:i). A yellow precipitate separates on cooling and is twice recrystallized 
from a i:i mixture of 17.5% hydrochloric acid and ethanol. Yield, 0.i g (93%), mp 186 ~ (de- 
comp.). Found, %: C 54.07; H 5.31; N 7.86. C16HI~N20~.2HCI.H20. Calculated, %: C 53.76; 
H 6.04; N 7.83. 
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SYNTHESIS AND BIOLOGICAL ACTIVITY OF ADAMANTANE DERIVATIVES 

V. VIRUS-II~IBITING ACTION OF ARYL~IIDES OF ADAY_ANTANE 

CARBOXYL IC ACIDS 

G. I. Danilenko, V. I. Votyakov, O. T. Andreeva, 
H. N. Shashikhina, }I. H. Timofeeva, L. V. Denisova, 
E. I. Boreko, and "~ ~.. I. Novikova 

UDC 615.281. 

It has been shown that l-(4'-aminophenyl)adamantane-3-carboxylic acid exerts a marked 
effect on type 3 adenovirus and influenza virus. It was therefore of interest to study the 
virus-inhibiting activity of the amides of these acids; the amides were obtained according 
to the scheme shown at the top of the following page. 

The starting material l-(4'-nitrophenyl)adamantane-3-carboxylic acid [i], was converted 
into the acid chloride using thionyl chloride, and this was condensed with the amines without 
further purification. Compounds l-X!a (Table i) were prepared. The acid Xlla was obtained 
from l-(4'-nitrophenyl)-3-bromoadamantane [I] and vinylidene chloride by the method described 
in [2]. The amides Xllla and XIVa were obtained in the same way as compounds la-X!a. The 
nitro group was reduced with hydrogen and Raney nickel at atmospheric pressure and room tem- 
perature, to give the amines Ib-Xl~ (see Table I). 
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