SEARCHES FOR NEW DRUGS

THE STATE AND PROSPECTS OF WORK IN THE SEARCH
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Viruses give rise to widespread and serious diseases, such as influenza, small pox, encephalitis,
poliomyelitis, rabies, etc. Under the influence of viruses, the cells of living organisms can undergo genetic
changes, which sometimes leads to the formation of tumor cells [1, 2]. Both these circumstances permit
us to consider the problem of the search for means of controlling virus infections as one of the most im-
portant problems of public health,

Definite successes have been achieved in the prophylaxis of influenza, poliomyelitis, and certain
other virus diseases, through the use of vaccines. A new approach to the prophylaxis of virus infections
has been outlined in connection with the discovery of interferon, )

The successes achieved in elucidating the structure of RNA and DNA and other peculiarities of virus
structures, as well as in the use of chemotherapeutic preparations for the treatment of bacterial infections,
open up prospects for a search for chemotherapeutic agents against virus diseases, It is not accidentalthat
experimental investigations along this line have been intensively conducted in many countries in recent years,
and have revealed substances with antiviral activity both among the possible antimetabolites of the purine
and pyrimidine bases included in the viral DNA and RNA, and among chemical substances capable of inter-
acting with the protein coat of the virus.,

A number of survey articles have been devoted to questions associated with the chemotherapy of virus
diseases [1, 3-6]. Therefore, in this work we present information published chiefly in recent years, on the
effects of chemical compounds on viruses. In addition, the article presents some of the previously unpub-
lished data on the search for antiviral drugs in the S. Ordzhonikidze All-Union Pharmaceutical-Chemical
Scientific-Research Institute (VNIKhFT),

Substances with antiviral activity belong to varied classes of organic compounds, Antiviral activity
has been detected in phenetyl alcohol [7}; propanediols-1,2 and 3-alkoxypropanediols-1,2 show appreciable
activity against viruses that cause respiratory diseases [8, 9]. Considerable attention of researchers is
being attracted by alcohols of the benzimidazole series [10], evidently because one of them ~— 2-{a-hydroxy-
benzyl)-benzimidazole — is generally considered as an antagonist of the purine bases, primarily adenine
11, 12]. Tt has been found that 2-(e-hydroxybenzyl)-benzimidazole is active against picornaviruses {11-13]
and suppresses the cytopathogenic action of enteroviruses., Recently a large number of derivatives of 2-(a-
hydroxybenzyl)-benzimidazole, containing various substituents both in the imidazole and in the benzene por-
tions of the molecule, have been produced [14-16]. Some of them are active against polio- and adenoviruses
[16]. The compounds showing antiviral activity include certain aldehydes, ketones, and their derivatives,

It has recently been established [17] that glutaraldehyde also possesses antiviral activity. High antismall~
pox activity in vitro is exhibited by thiosemicarbazones of aldehydes of the isothiazole series [18]., One of
them — the thiosemicarbazone of 3-methyl-4-bromo-5-formylisothiazole (I) — has been studied in the clinic
as a prophylactic agent against smallpox, but it has proven relatively ineffective {19, 20], Thiosemicarb-~
azones of aldehydes of the benzene, naphthalene, thiazole, and imidazole series are also of interest as sub-
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TABLE 1, Data on the Use of Methisazone during the Smallpox Epidemic in Madras

Total number
of personis - Became ill Died
contact with
patients
Subjected only to vaccination (control) 2,842 114 20
Administered methisazone together with
vaccination . 2,297 6 2

stances with antiviral activity [21-24]. For some of them, in addition, antismallpox and antiinfluenza (strain
PR-8) activity has been detected in ovo and in vivo [21]. There is an indication in a patent that antiviral
activity is possessed by aminoacetophenones [25], Thiosemicarbazones of acetophenones substituted in the
benzene ring by one or several methoxyl groups are active against vaccinia virus [26]. Antiviral activity
has been detected in derivatives of 2-oxo-3-acetyl-4-hydroxydihydropyrrole (II) [27].
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Antiviral activity is possessed by a number of glyoxal derivatives, Glyoxals of diphenyl (ITI) and their
functional derivatives, including anils, are active against influenza virus in vivo [28, 29]. Antiviral activity
has been detected for 3-(5'-nitrofuryl)-5-methyl-4-isoxazolylglyoxal and its functional derivatives; more-
over, the oxime (IV) is the most highly active [29, 30].
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Carbonyl derivatives of heterocyclic compounds, primarily derivatives of isatin, have also beenwidely
investigated. The thiosemicarbazone of N-methylisatin — methisazone (V) — is an extremely effective pro-
phylactic preparation for smallpox [31, 32]. Of the series of thiosemicarbazones of substituted isatins
studied, including isatin itself, only one compound — the thiosemicarbazone of N-ethylisatin — has an activ-
ity 40% greater than that of methisazone (V) [33], selected for production for economic considerations [34].
The results of the use of methisazone (V) as a prophylactic agent during the smallpox epidemic in Madras
[31] are presented in Table 1. ’

In addition to its action on the reproduction of smallpox virus, methisazone inhibits the reproduction
of adenoviruses [35]. Recently,high antiviral activity of N-dialkylaminomethylisatins [36] and their thio~
semicarbazones [37] has been detected.

It has been established that the highest activity among the derivatives studied is possessed by 1-
piperidinomethylisatin (VI).
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Among the other cyclic carbonyl derivatives, antiviral activity has been detected in trioxochromanes.
The substituted oxime of 2,3,4-trioxochromane (VII) is highly active against herpes virus [38].

Substances with antiviral activity include rather structurally complex carboxylic acids. Recently
activity has been detected in levorotatory 4-phenyl-4-(2'-chlorobenzyl)~5-hydroxyhexanoic acid (VIII) [39]
and in sialylic acid (IX) [40].
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The search for substances with antiviral activity has been conducted among derivatives of orotic acid
(X). Tt has been shown that the introduction of fluorine into the aryl substituent substantially changes the
activity of substituted orotic acids with respect to various viruses {41], Antiinfluenza activity has been de-
tected among amides of pyrrolidine-2-carboxylic acid (XI); the greatest inhibiting effect in vitro and in ove
is exhibited by amides substituted in the 1-position of pyrrolidine by a benzyl residue [42]. Among the
substances with antiviral activity are amides of substituted pyrrolecarboxylic acid (XII) and the amide of
a carboxylic acid of the isoquinoline series (XIII) {43, 44].
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Antiviral activity is possessed by cyclic amides of 2,3-dihydro~4H-1,3-benzoxazine-4-ones (XIV)
and thiazolidine-2,4-diones (XV) [24, 45].
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The derivatives of cyclic amides include 5-iodo-2'-deoxyuridine (XVI), which, as is assumed, repre-
sents an antimetabolite of the pyrimidine bases contained in the viral DNA. The mechanism of the action
of iododeoxyuridine (XVI) is not entirely clear. It is known that it is incorporated into the viral DNA mole-
cule, resulting in the formation of virus particles that differ substantially from the controls in external
appearance [46]. Iododeoxyuridine is the first preparation successfully used for the treatment of virus
diseases. It is active in cell culture in animals and in man and is not a prophylactic, but a therapeutic
preparation. Iododeoxyuridine was first used in medical practice in 1967 in the United States [1]. It is
widely used for the treatment of herpetic keratitis in ophthalmological practice. However, its prolonged
application can lead to the appearance of strains resistant to the action of this preparation [47-49], In
addition, the use of iododeoxyuridine and other analogous compounds, including 5-fluorouracil [50-52] for
the treatment of virus diseases, is limited in connection with their pronounced mutagenic properties and
high toxicity [1, 51, 52]. Therefore, according to the latest data, iododeoxyuridine can be used only for the
treatment of potentially lethal infections, caused by DNA viruses [1].
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It has recently been established that cyclic amides [derivatives of pyridine with the general formula
(XVII)]are active in vitro against Japanese encephalitis virus [53]. Antiviral activity is possessed by deriva-
tives of guanidine and biguanidine [54-59], derivatives of urea and thiourea [21, 60-62], as well as substi-
tuted thiosemicarbazides [63, 64]. Some of them are active in ovo and in vivo against influenza virus (strain
PR-8) and smallpox virus [21, 57, 63]. Antiviral activity has been detected among derivatives of sulfonic
acids., A Japanese patent contains an indication of antiviral action of a substituted amide of sulfanilic acid
(XVIII) [65]. Antiviral activity is also possessed by N-acyl-amides of 8-methoxyquinoline-5-sulfonic acid;
caprinylamide (XIX) is the most active [66].
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Recently compounds with antiviral activity have been found among derivatives of various amines, in-
cluding ammonium picrate [67] and hydroxylamine [68], Of considerable interest as potential antiviral
preparations are quaternarysalts of substituted morpholines (XX) [69] and derivatives of piperazine [70],
of which the highest activity with respect to influenza virus (strain PR-8) is possessed by the diethylamino-
ethyl ester of 4~-methylpiperazine-i-carboxylic acid (XXI).
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Antiviral activity in vitro has been noted among derivatives of 6-amino-pyrimidinone-2,4 (XXII) [71],
in mannich bases of 3-hydroxycoumarin (XXIII) {72], and in acyl derivatives of phenylethylamine {74]. An
acetyl derivative of an aromatic amine — 4-(2-nitro-1~(p-tolylthio))ethylacetanilide (XXIV) — is active
against herpes virus [74]. Apparently of considerable interest is a derivative of 6-aminopurine (Apa-A),
9~3 -D-arabinofuranosyladenine (XXV), active in cell cultures against viruses containing DNA, and exhibit-
ing a therapeutic effect in experiments on animals in the case of herpes, smallpox, and certain other dis-
eases caused by DNA viruses [75].
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Among the other amines, a special place is occupied by 1-amino-adamantane (XXVI). 1-Amino-
adamantane (amantadine) has been confirmed in the United States as a prophylactic agent in diseases caused
by influenza A2 virus [1]; the preparation does not act on other varieties of influenza virus [76-78], The
deficiencies of the preparation include not only the narrow spectrum of its action, but also its substantial
toxicity. The therapeutic dose of amantadine,200 mg per day, is close to the toxic dose (400 mg), More-
over, the administration of amantadine in certain cases leads to disorders of the central nervous system —
it produces depression, a disturbance of the concentration of attention, tremors, insomnia, ete, [1, 79, 80].
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Recently the synthesis of a number of analogs {81, 82] and a large number of derivatives of adaman-
tane [83~95] has been performed for biological testing, One of them — 2-aminoadamantane (XXVII) — has
been patented in the United States as an antiviral agent {95].

Substances with antiviral activity have been detected among the antibiotics, Antiviral activity is
possessed by mitamyecin 8 [96], formacin {97], alanosin [98], and distamycin [99].

The search for antiviral substances in VNIKhFI has been conducted as a result of joint work of the
Laboratory of Chemotherapy and the Laboratory for Synthesis of Antiviral Agents, One of the directions
of these investigations has been aimed at the selection of compounds active with respect to the protein coat
of the virus, These include quinones, This circumstance, as well as the high antiviral activity of some of
the simplest representatives of the class of quinones (p~benzoquinone, toluquinone, and «-naphthoguinone)
with respect to myxoviruses — influenza virus, Newcastle disease virus, and fowl plague virus [100-102] —~
and the high viricidal activity of p-benzoquinone with respect to herpes virus {103], have prompted us to
conduct a systematic investigation of the antiviral activity of varied quinones., Parallel with the guinones,
in a number of cases the antiviral activity of the corresponding hydroquinones, which can be converted to
quinones under oxidizing conditions, has been studied. The synthesis of quinones and hydrogquinones has
been conducted according to the method that we published earlier [104-111], We studied the antiviral activ-
ity of more than 80 quinones and hydroquinones with the general formulas (XXVIII)-(XXXV).*
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The overwhelming majority of the investigated compounds showed high viricidal activity with respect
to the influenza A virus (strain PR-8). It was established that among alkyl-p-benzoquinones and alkylhydro-
quinones, as the chain of the alkyl substituent is lengthened, the antiviral activity decreases., In the series
of aryl-p-benzoquinones, the activity depends both on the nature of the substituent in the aryl radical and
on the nature of the substituents in the quinone ring, The highest activity was exhibited by 2,3-dichloro~
5-phenyl-p-benzoquinone. It neutralizes the infectious properties of influenza virus at a dilution of 0.1 pg
per ml, Other chloro- and bromo-substituted quinones and haloderivatives of hydroguinone also proved

* These and other investigations in search of antiviral agents, presented in this work, were conducted by
coworkers of VNIKhFI, G, N. Pershin, A. N. Grinev, M, Ya, Kraft, N, S. Bogdanova, I. S. Nikolaeva, G. M.
Boredina, V. I. Shvedov, G. Ya, Uretskaya, V. V, Katyshkina, N, V, Arkhangel'skaya, E. N. Sytina, S. F.
Liberman, E. K, Panisheva, V. M. Lyubchanskaya, and G. V. Yaroslavtseva.
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highly active., Four of them (chloro-p-benzoquinone, 2,3-dichloro-p-benzoquinone, 2,5-dibromo-p-benzo-
guinone, and 2,3-dichlorohydroquinone) possess viricidial activity at a concentration of 0,1 ug per ml,
The activity of hydroquinone derivatives, as a rule, is approximately an order of magnitude less than that
of the corresponding quinones. However, in contrast to most quinones, they are nontoxic. In a comparison
of the results of an investigation of isomeric 2,3-, 2,5-, and 2,6~dichloro-p-benzoquinones, it was found
that their antiviral activity depends on the position of the substituent. The highest indices were obtained
for 2,3-dichloro-p-benzoquinone, and the lowest for 2,5-dichloro-p-benzoquinone. An analogous pattern

is also observed in a comparison of the activities of the corresponding dichlorohydroquinones, A com-
parison of the viricidal action of chloro-p-benzoquinone (active concentration 0.1 pg per ml) and bromo-
p-benzoquinone (10 ug per ml), as well as 2,5-dichloro-p-benzoquinone (10 pgg per ml) and 2,5-dibromo-
p-benzoquinone (0,1 pg per ml), indicates that the replacement of chlorine by bromine in compounds of

the same structure can lead either to a decrease or to an increase in the activity. High viricidal activity
is possessed by arylamino-p-benzogquinones. Among them, the most active are phenylamino-p-benzo-
quinone and arylamino-p-benzoquinones with electron donor groups in the aryl substituent. Among the o~
and B -naphthoquinones studied, apparently the most interesting are 8-naphthoguinones and especially 8-
naphthoquinones substituted in the benzene ring., Some of them, for example, 7-hydroxy-, 7-methoxy-,

and 6-methoxy-fS-naphthoquinones, are active in a dilution of 1-0.1 ug per ml, On the contrary, S -naphtho-
duinones with a dimethylaminomethyl substituent in the 4~position, which we produced recently [108], are
inactive., Heterocyclic analogs of 4-dimethylaminomethyl-g -naphthoquinones —2-methyl-3-carbethoxy-4,5-
dioxo-7-dialkylaminomethylbenzofurans and 1-alkyl (aryl)-2-methyl~3-carbethoxy-4,5-dioxo-7-dimethyl-
aminomethylindoles — also proved to be inactive or showed weak activity with respect to influenza virus
[109]. Of the derivatives of 4,5-dioxoindole studied, pronounced viricidal activity was possessed by 1-
alkyl-2-methyl-3-carbethoxy-4,5-dioxo~-6,7-dichloroindoles.

Among the investigated naphthalene derivatives, high activity against influenza virus (strain PR-8)
in vitro and in experiments on chick embryos was shown by tetrahydrotetraoxonaphthalene dihydrate (XXXVI),
which has passed through clinical tests under the name of "oxoline" and has been approved by the Pharma-
cological Committee of the Ministry of Health of the USSR as a means for treatment of various virus dis-
eases, It is used for diseases of the eyes — herpetickeratitis and adenovirus keratoconjunctivitis — andin
virus diseases of the skin — herpes simplex and herpes zoster, for the removal of warts, ete,

Oxoline XXXVI has been widely and successfully used during an epidemic of influenza A2 (Hong Kong
strain) and has been confirmed by the Pharmacological Committee as a means of individual prophylaxis
for influenza. It is interesting to note that compounds close in structure to oxoline, for example, tetra-
hydrotetraoxo-6-bromonaphthalene dihydrate (XXXVII}, monoarylhydrazones of tetrahydrotetraoxonaphtha-
lene (XXXVIII), and heterocyclic analogs of the latter (XXXIX, XL), which we produced [108, 109], show no
activity at all with respect to influenza virus,
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Another antiviral preparation, tebrophen, discovered in VNIKhFI, is 3,5,3!,5'-tetrabromo-2,4,2',4'-
tetrahydroxydiphenyl (XLI). It possesses high activity with respect to influenza virus (strain PR-8) invitro
and on chick embryos. Tebrophen (XLI) has successfully passed its clinical tests and has been confirmed
by the Pharmacological Committee as a preparation for the treatment of virus diseases of the eyes —
herpetic keratitis and adenovirus keratoconjuctivitis, = Compounds closein structure to tebrophen —
4,4'-dihydroxydiphenyl (XLiI), 3,5,3',5'-tetrachloro~4,4'-dihydroxydiphenyl (XLIII), and 3,5,3',5'-tetrabro-
mo-4,4"'-dihydroxydiphenyl (XLIV)—either showed weakactivity or were entirely inactive with respecttoin-
fluenza virus,
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As a result of investigations conducted in VNIKhFI and presented in this survey, original preparations
oxoline (XXXVI) and tebrophen (XLI) have been approved for prophylactic use.

In conclusion, it should be mentioned that the problem of the chemotherapy of virus infections, judging
by the achievements obtained recently in our country and abroad, is not only important and urgent, but also
(with a sufficient concentration of effort) quite solvable.

LITERATURE CITED

1. W. H. Prusoff, Pharm. Rev., 19, 209 (1967).
2. P.N. Kosyakov, R. A. Charchoglyan, et 2l., Vopr. Virusol., 5, 518 (1969).
3. G. N. Pershin and N.S. Bogdanova, in: Results of Science. Biology [in Russian], Moscow (1967),p. 144.
4. Z.V.Ermolleva (editor), Viruses and Virus Diseases. Scientific Survey [in Russian], Moscow (1968},
5. M. Ya, Kraft, Zh. Vsesoyuzn. Khim, o-va im. D. I. Mendeleeva, 10, 630 (1968).
6. P. Wecsler, Stud. Cercet. Inframicrobiol., 20, 159 (1969).
7. J.M. Bowen et al.,, Texos Rep. Biol. Med., 24, 143 (1966).
8. C. Runti and F. Ulian, Farmaco, Ed. Sci., 23, 122 (1968).
9. U. Takeo and T. Shigeshi, Chem. Pharm. Bull., 8, 921 (1960).
10. R. Balbania et al., J. Bact., 91, 1289 (1966).
11. I. Tamm, The Strategy of Chemotherapy [in Russian], Moscow (1960), p. 210,
12. H. Eggers and I. Tamm, Ann. Rev. Chemother., 6, 231 (1966).
13. D. G. O'Sullivan and P. W, Sadler, Nature, 192, 341 (1961).
14, U. Savant et al., J. Indian Chem. Soc., 43, 194 (1966).
15. J.Idem, Karnatak Univ., 11, 9 (1966); Chem., Abstr., 67, N 43,735 (1967).
16. Great Britain Patent No, 1,108,008; Chem. Abstr., 69, N 96,580 (1968),
17. H.A. Blough, J. Bact., 92, 266 (1966).
18. M. Caton et al.,, J. Med. Chem., 8, 680 (1965).
19. R. Rao, J. McFadzena, and K. Kamalakshi, Lancet, 1, 1068 (1966),
20. R. Rao, G. McKendrick, et al., ibid., 1, 1072 (1966).
21. K. V. Nageswara Rao, P, L. Narasimna Rao, et al., Brit. J. Pharmacol., 31, 11 (1987).
22. V. S.Misra and N. 8. Agarwal, J. Prakt. Chem., 37, 150 (1968).
23. E. Campaigue et al., J. Med. Pharm. Chem., 1, 577 (1959).
24, V. 8. Misra and A. Saxena, J. Prakt, Chem., 36, 260 (1967).
25. German Federated Republic Patent No, 1,121,064, Chem, Abstr., 59, 6315 (1963).
26. C. Runti et al,, Farmaco, Ed. Sci,, 23, 114 (1968).
27. H. Yuki, Y. Tohira, et al., Chem, Pharm. Bull., 15, 1107 (1967).
28. E. Anderson and 1. Caslei, J. Med, Chem., 6, 787 (1963).
29. G. Covallini and E. Massarani, Farmaco, Ed. Sci., 19, 597 (1964).
30. M. Giannella, F. Caltieri, et al., ibid., 22, 333 (1967).
31. D.J. Bauer, L. Vincent, et al., Lancet, 2, 494 (1963).
32. R. L. Thompson, J. Davis, et al., Proc. Soc. Exp. Biol, (New York), 84, 496 (1953).
33, P.W. Sadler, Ann. New York Acad. Sci., 130, 71 (1965).
34. D.J. Bauer, ibid., 110.
35. D.J. Bauer and K. Apostolov, Science, 154, 796 (1966).
36. S. Varma Rajendra et al., J. Med. Chem., 10, 510 (1967).



37. Idem, ibid., 972.

38. M, Giannella and F. Gualtieri, Farmaco., Ed. Sci., 23, 1104 (1968).

39. F. Stanfield, Proc. Soc. Exp. Biol. (New York), 125, 297 (1967).

40. G. Angela and G. Giuliani, Panminerva Med., 4, 187 (1962).

41, M, Ridi, 8. Mangiavacchi, and G. Franchi, Boll. Chim. Farm., 196, 664 (1967).
42, A. S. Lebedeva, N, S. Tolmacheva, et al., Khim. Farm. Zh., 4, 22 (1968).
43. Great Britain Patent No. 1,004,974, Chem. Abstr,, 67, No, 32,589 (1967).
44, Swiss Patent No. 437,288, Chem. Abstr., 69, 10,383 (1968).

45, J.FinkelsteinandE, Chiang, J. Med. Chem,, 11, 1038 (1968).

46. K. O. Smith and C. D. Dukes, J. Immunol., 92, 550 (1964),

47. H, E. Kaufman, Progr. Med. Virol., 7, 116 (1965).

48, P, Laibson, T, Sery, and I. Leopold, Arch. Opthal., 70, 52 (1963).

49. G. Underwood, C. Wisner, and S. Weed, ibid., 72, 505 (1964),

50, S.V. Lavrov, Vopr, Virusol., 1, 13 (1968).

51. F.K, Sanders, Nature, 185, 802 (1960),

52. T, Ben-Porat et al., Virology, 32, 445 (1967).

53. M. Nardo and F. Rubessa, Farmaco, Ed. Sci., 24, 512 (1969).

54, C. Runti, J. Med. Chem., 11, 897 (1968).

55. C. Runti, A. Colautti, and F. Rubessa, Farmaco,Ed. Sci., 23, 827 (1968).
56. Great Britain Patent No. 3,131,128, Chem,. Abstr., 61, 4324 (1964),

57, A, Colautti and M. Nardo, Farmaco, Ed. Sci., 24, 435 (1969).

58. B. Loddo, W. Ferraru, et al., Nature, 193, 97 (1962),

59. W. A. Rightsel, J. R. Dice, et al., Science, 134, 558 (1961).

60. R.S. Rosenkranz, H, M. Rose, and C. Morgan, et al., Virology, 28, 510 (1966).
61. V.S, Misra and A, Saxena, J. Prakt. Chem., 36, 256 (1967).

62. S. Akihama, J. Pharm. Soc. Jap., 87, 1006 (1967).

63. M. Fonzo and G. Lupoli, Farmaco, Ed. Sci., 23, 963 (1968).

64, V.S. Misra and N. S. Agarwal, J. Prakt, Chem., 38, 697 (1969).

65. Japanese Patent No, 2629, Ref. Zh, Khimiya, 14N167 (1963).

66. J. Kawahata, H. Koibuchi, et al., Chem, Pharm, Bull., 8, 788 (1960),

67. F.E. Pophen, Proc. Soc. Exp. Biol. (New York), 121, 262 (1966).

68. O. N. Fellows, J. Immunol., 96, 772 (1966).

69. E. Anderson, J. E, Casey, et al., J. Med. Chem., 9, 211 (1966).

70. R. B. Angier, K. C. Murdock, et al,, ibid., 11, 720 (1968).

71. M. Ridi, G. Franchi, and S. Mangiavacchi, Farmaco,Ed. Sci., 23, 16 (1968).
72. G. Cingolani, F. Gaultieri, and M. Pigini, J. Med. Chem., 12, 531 (1969).
73. T. Sciortino and G. Du Ban, Boll. Chim. Farm., 107, 506 (1968).

74, US Patent No. 3,407,257 (1968).

75. F. M. Schable, Chem. Eng. News, 46, 35 (1968).

76. C. Bochringer, Intern. Prax., 7, 185 (1967).

77. E. D. Stanley, R. E. Muldon, et al., Ann, New York Acad. Sci., 130, 44 (1965).
78. H. A, Wendel, M. T. Snyder, and S. Pell, Clin. Parmacol, Ther., 7, 38 (1966).
79. A. B. Sabin, J. A, M. A., 200, 943 (1967),

80. Idem, Med. Tribune, 7, 142 (1966).

81. B. R. Vogh, Tetrahedron Letters, 13, 1575 (1968).

82. S, Hoffmann, M. Harrmann, and E, Muhle, Z. Chem., 11, 417 (1968).

83. H., W. Gelyk, J. Schut, and J. Schlatmam, J. Med. Chem., 12, 712 (1969).

84. R. B. Moffet, ibid., p. 715.

85. M. Kuchar, J. Strof, and J. Vachek, Collect. Czechosl. Chem. Commun., 34, 2278 (1969).
86. T. Sasaki, S, Eguchi, and T, Toru, Bull. Chem, Soc. Jap., 41, 236 (1968).

87. M. Kuchar, Collect. Czechoslov. Chem. Commun,, 33, 880 (1968).

88. C. Podesva and C, Solomon, J. Med. Chem., 11, 634 (1968).

89, F. N. Stepanov and N. L. Dovgan, Zh. Organich. Khimii, 4, 277 (1968).

90, TF. N. Stepanov and S. D. Isaev, USSR Patent No.225,198, Izobreteniya, 27, 19 (1968).

91. N.I. Vasetchenkova, M. I. Shmar'yan, et al., USSR Patent 221,714, Izobreteniya, 22, 35 (1968).
92. N. 8. Zefirov and N, V. Averina, Zh. Organich, Khimii, 5, 190 (1969).

258



93.
94,
95.
96.
97.
98,
99.
100,
101,
102.
103.
104.
105,
106,
107,
108.
109.
110,
111.

F,
H.

N. Stepanov and Z. E. Stolyarov, ibid., p: 91.
Steller and H. Thomas, Chem. Ber., 101, 1115 (1968).

US Patent No, 3,328,251, Chem. Abstr., 68, 29,333 (1968).

A H2 002"

. Nayak and F. Rasmussen, Virology, 30, 673 (1966).

. Ishida, J. Antibiot, Ser. A., 20, 49 (1967).

. Coronelli, C. Pacqualuceci, et al., Farmaco,Ed. Sci., 21, 269 (1966).

. Arcamone, P, Orezzi, et al,, Gazz., No, 7, 1097 (1967).

. Wagner, J, Biol. Med., 23, 288 (1951).

. Kuroya, N, Ishida, et al., J, Antibiot. Ser. A,, 6, 90 (1953),

. Tolba and J. Eskarous, Bull. Coll, Sci., 4, 1 (1959),

. W. Sery and F. P. Furginele, Am, J. Ophthal., 51, 42 (1961).

. N. Grinev and A. P, Terent'ev, Zh, Obshch. Khim., 25, 2145 (1955).

. N. Grinev, A, B. Terent'ev, and A, P. Terent'ev, ibid., 24, 1433 (1954),

. N. Grinev, V. L. Florent'ev, and A. P. Terent'ev, ibid., 30, 2316 (1960).

. I. Shvedov and A. N. Grinev, Zh. Organich. Khim., 1, 1125 (1965).

. N. Grinev, N, B. Arkhangel'skaya, and G. Ya. Uretskaya, ibid., 5, 1472 (1969).

. N. Grinev, N. V. Arkhangel'skaya, and G. Ya, Uretskaya, Khim, Farm. Zh., No. 12, 8 (1969).
. N. Grinev, A, P. Klyagina, and A. P. Terent'ev, Zh, Obshch. Khim., 29, 2773 (1959).
. N. Grinev, Hun Shih-chun, and A. P, Terent'ev, ibid., 32, 1951 (1962).

259



