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Viruses  give r i se  to widespread and ser ious  d iseases ,  such as influenza, small  pox, encephalitis,  
poliomyeli t is ,  rabies ,  etc. Under the influence of v i ruses ,  the ceils of living organisms  can undergo genetic 
changes, which s o m e t i m e s  leads to the formation of tumor  cells [1, 2]. Both these c i rcumstances  permit  
us to consider  the problem of the sea rch  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 influenzas poliomyelit is ,  and cer ta in  
other virus  diseases ,  through the use of vaccines .  A new approach to the prophylaxis of virus infections 
has been outlined in connection with the d iscovery  of interferon.  

The successes  achieved in elucidating the s t ruc ture  of RNA and DNA and other peculiar i t ies  of virus 
s t ruc tu res ,  as well as in the use of chemotherapeutic  prepara t ions  for  the t rea tment  of bacter ia l  infections, 
open up prospects  for  a sea rch  for  chemotherapeutic  agents against vi rus  diseases .  It is not accidental that  
experimental  investigations along this line have been intensively conducted in many countries in recent  years ,  
and have revealed substances with ant[viral  activity both among the possible antimetabolites of the purine 
and pyrimidine bases  included in the vira l  DNA and RNA, and among chemical  substances capable of in ter-  
acting with the protein coat of the v i rus .  

A number  of survey ar t ic les  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 v i ruses .  In addition, the ar t ic le  presents  some of the previously unpub- 
lished data on the sea rch  for  ant[viral  drugs in the S. Ordzhonikidze All-Union Pharmaceu t ica l -Chemica l  
Scient i f ic-Research Institute (VNIKhFI). 

Substances with antiviral  activity belong to var ied c lasses  of organic compounds. Ant[viral activity 
has been detected in phenetyl alcohol [7]; p ropanedio ls - l ,2  and 3-alkoxypropanediols- l ,2  show appreciable 
activity against v i ruses  that cause r e sp i r a to ry  diseases  [8, 9]. Considerable attention of r e s e a r c h e r s  is 
being at t racted by alcohols of the benzimidazote ser ies  [10], evidently because one of them - 2,(c~-hydroxy- 
benzyl)-benzimidazole  - is general ly  considered as an antagonist of the purine bases ,  p r imar i ly  adenine 
[11, 12]. It has been found that 2- (~-hydroxybenzyl) -benzimidazole  is active against p icornavi ruses  [11-13] 
and suppresses  the cytopathogenic action of en terovi ruses .  Recently a large number  of derivat ives of 2-(o~- 
hydroxybenzyl)-benzimidazole ,  containing various substituents both in the imidazole and in the benzene po r -  
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 cer ta in  aldehydes, ketones, and their  derivat ives.  
It has recent ly  been established [17] that glutaraldehyde also possesses  antiviral  activity. High ant ismal l -  
pox activity in vi tro is exhibited by th iosemicarbazones  of aldehydes of the isothiazole ser ies  [18]. One of 
them - t h e  th iosemicarbazone of 3 -me thy l -4 -b romo-5 - fo rmyl i so th i azo le  (I) - h a s  been studied in the clinic 
as a prophylact ic  agent against smallpox, but it" has proven relat ively ineffective [19, 20]. Th iosemica rb -  
azones of aldehydes of the benzene, naphthalene, thiazole, and imidazole ser ies  are  also of interest  as sub- 
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TABLE 1. Data on the Use of Methisazone during the Smallpox Epidemic in Madras  

Subjected only to vaccinat ion (control) 
Admin is te red  meth i sazone  toge ther  with 

vaccinat ion 

Total  number  
of pe r sons  in 
contact  with 
pat ients  

2,842 

2,297 

Became  ill 

114 

Died 

20 

s tances  with an t iv i ra l  act ivi ty  [21-24]. F o r  some  of them,  in addition, ant i smal lpox and antiinfluenTa (s t rain 
PR-8)  act ivi ty has  been  detected in ovo and in vivo [21]. T h e r e  is an indication in a patent that  an t iv i ra l  
act ivi ty  is p o s s e s s e d  by ami:noacetophenones [25]. Th iosemica rbazones  of acetophenones subst i tuted in the 
benzene ring by one or  s e v e r a l  methoxyl  groups a r e  act ive  against  vacc in ia  v i rus  [26]. Ant iv i ra l  act ivi ty  
has  been detected in de r iva t ives  of 2 - o x o - 3 - a c e t y l - 4 - h y d r o x y d i h y d r o p y r r o l e  (II) [27]. 
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Antivi ra l  act ivi ty  is p o s s e s s e d  by a number  of glyoxal de r iva t ives .  Glyoxals  of diphenyl (III) and the i r  
functional de r iva t ives ,  including anils ,  a re  ac t ive  against  influenza v i rus  in vivo [28, 29]. Ant ivi ra l  act ivi ty  
has  been detected fo r  3 - (5 ' - n i t r o fu ry l ) -5 -m e thy l -4 - i soxazo ly lg lyoxa l  and its functional der iva t ives ;  m o r e -  
over ,  the oxime (IV) is the mos t  highly act ive [29, 30]. 
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Carbonyl  de r iva t ives  of he te roeyc l ic  compounds,  p r i m a r i l y  der iva t ives  of isatin,  have also beenwide ly  
invest igated.  The t h i e semica rbazone  of N-methy l i sa t in  - me th i sazone  (V) - is an ex t r eme ly  effect ive p r o -  
phylact ic  p r epa ra t i on  fo r  smal lpox  [31, 32]. Of the s e r i e s  of t h io semiea rbazones  of subst i tuted isat ins  
studied, including isa t in  i tself ,  only one compound - the th iosemica rbazone  of N-e thyl i sa t in  - has an ac t iv -  
i ty 40% g r e a t e r  than that of meth i sazone  (V) [33], se lec ted  for  product ion for  economic cons idera t ions  [34]. 
The resu l t s  of the use  of me th i sazone  (V) as a prophylac t ic  agent during the smal lpox epidemic in Madras  
[31] a re  p re sen ted  in Table  1. 

In addition to i ts  action on the reproduct ion  of smal lpox v i rus ,  me th i sazone  inhibits the reproduct ion  
of adenovi ruses  [35]. Recently, high ant iv i ra l  act ivi ty  of N-d ia lky laminomethyl i sa t ins  [36] and the i r  th io-  
s e m i c a r b a z o n e s  [37] has  been detected.  

It has  been es tabl i shed that the highest  act ivi ty  among the de r iva t ives  studied is p o s s e s s e d  by 1- 
p iper id inomethyl i sa t in  (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). It 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 ovo 
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 ser ies  (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 recen t ly  been  es tab l i shed  that cyclic  amides  [derivat ives of pyr idine with the genera l  fo rmula  
(XVIIj]are act ive in v i t ro  against  J apanese  encephal i t is  v i rus  [53]. Ant iv i ra l  act ivi ty is  p o s s e s s e d  by d e r i v a -  
t ives  of guanidine and biguanidine [54-59], de r iva t ives  of u r ea  and thiourea  [21, 60-62], as well  as subs t i -  
tuted t h io semica rbaz ides  [63, 64]. Some of them are  act ive  in ovo and in vivo against  influenza v i rus  (s train 
PR-8)  and smal lpox v i rus  [21, 57, 63]. Ant iv i ra l  act iv i ty  has been  detected among der iva t ives  of  sulfonie 
ac ids .  A Japanese  patent contains an indication of an t iv i ra l  action of a subst i tuted amide  of sulfanilic acid 
(XVIII) [65]. Ant iv i ra l  act iv i ty  is also p o s s e s s e d  by N - a c y l - a m i d e s  of 8-methoxyquinol ine-5-sulfonic  acid; 
capr iny lamide  (XIX) is the mos t  act ive  [66]. 
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Recent ly  compounds with ant iv i ra l  act ivi ty  have been found among de r iva t ives  of var ious  amines ,  in-  
cluding ammonium p i c r a t e  [67] and hydroxylamine  [68]. Of cons iderable  in te res t  as potential  an t iv i ra l  
p r epa ra t ions  a r e q u a t e r n a r y s a l t s  of subst i tuted morphol ines  (X'X) [69] and der iva t ives  of p iperaz ine  [70], 
of which the highest  act iv i ty  with r e spec t  to influenza v i rus  (s t ra in  PR-8)  is p o s s e s s e d  by  the d ie thylamino-  
ethyl e s t e r  of 4 - m e t h y l p i p e r a z i n e - l - c a r b o x y l i c  acid (XXI). 
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Ant ivi ra l  act ivi ty  in v i t ro  has been noted among der iva t ives  of 6 -amino-pyr imid inone -2 ,4  (XXII) [71], 
in mannieh bases  of 3-hydroxyeoumartn (XXIII) [72], and in acyl  der iva t ives  of phenylethylamine [74]. An 
acetyl  de r iva t ive  of an a roma t i c  a m i n e -  4 - (2 -n i t ro - l - (p - to ly l th io ) )e thy laee tan i l ide  (XXIV)-  is act ive  
against  he rpes  v i rus  [74]. Apparent ly  of cons iderable  in te res t  is a der iva t ive  of 6-aminopur ine  (Apa-A), 
9 - /3-D-arab inofuranosyladenine  (XXV), ac t ive  in cell  cu l tures  against  v i r u s e s  containing DNA, and exhibi t -  
ing a therapeut ic  effect  in exper imen t s  on animals  in the case  of herpes ,  smal lpox,  and cer ta in  other  d i s -  
eases  c ausedby  DNA v i ru s e s  [75]. 
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Among the other  amines ,  a spec ia l  p lace  is occupied by 1 -amino-adaman tane  (XX-VI). 1 -Amino-  
adamantane  (amantadine) has been conf i rmed  in the United States as a prophylac t ic  agent in d i seases  caused 
by influenza A2 v i rus  [1]; the p repa ra t ion  does not act on o ther  va r i e t i e s  of influenza v i rus  [76-78]. The 
def ic iencies  of the p repa ra t ion  include not only the nar row spec t rum of its action, but also its substant ia l  
toxici ty.  The therapeut ic  dose of amantadine,200 mg p e r  day, is c lose  to the toxic dose  (400 rag). M o r e -  
over ,  the admin is t ra t ion  of .amantadine  in ce r ta in  cases  leads to d i s o r d e r s  of the cen t ra l  nervous  s y s t e m  - 
it p roduces  depress ion ,  a d is turbance  of the concentra t ion of attention, t r e m o r s ,  insomnia,  etc. [1, 79, 80]. 
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Recent ly  the synthes is  of a number  of analogs [81, 82] and a l a rge  number  of der iva t ives  of adaman-  

tane [83-95] has been p e r f o r m e d  for  biological  tes t ing.  One of them - 2 -aminoadamantane  (XXVII) - has  
been patented in the United States as an an t iv i ra l  agent [95]. 

Substances with ant iv i ra l  act ivi ty  have been detected among the ant ibiot ics .  Ant iv i ra l  act ivi ty is 
p o s s e s s e d  by m i t a m y e i n  S [96], f o rmac in  [97], a lanosin [98], and d i s t amyc in  [99]. 

The s ea r ch  fo r  an t iv i ra l  subs tances  in VNIKhFI has been conducted as a resu l t  of joint work  of the 
L a b o r a t o r y  of Chemotherapy  and the Labo ra to ry  for  Synthesis of Ant iv i ra l  Agents.  One of the d i rec t ions  
of these  invest igat ions has been  a imed  at the se lec t ion of compounds act ive with r e spec t  to the pro te in  coat 
of the v i rus .  These  include quinones.  This  c i r cums tance ,  as well  as the high ant iv i ra l  act iv i ty  of some of 
the s imples t  r ep r e s en t a t i ve s  of the c lass  of quinones (p-benzoquinone, toluquinone, and ~-naphthoquinone) 
with r e spec t  to myxov i ru se s  - influenza v i rus ,  Newcast le  d i sease  v i rus ,  and fowl plague v i rus  [100-102] - 
and the high v i r i c ida l  act ivi ty  of p-benzoquinone with r e spec t  to he rpes  v i rus  [103], have prompted  us to 
conduct a s y s t e m a t i c  invest igat ion of the ant iv i ra l  act ivi ty  of va r i ed  quinones.  Pa r a l l e l  with the quinones, 
in a number  of cases  the an t iv i ra l  act ivi ty of the cor responding  hydroquinones,  which can be conver ted  to 
quinones under  oxidizing conditions, has been studied. The synthesis  of quinones and hydroquinones has 
been  conducted according to the method that  we published e a r l i e r  [104-111]. We studied the ant iv i ra l  ac t iv -  
ity of m o r e  than 80 quinones and hydroquinones with the genera l  fo rmulas  (XXVIID-(X-XXV).* 
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The overwhelming ma jo r i t y  of the invest igated compounds showed high v i r i c ida l  act iv i ty  with r e s p e c t  
to the influenza A v i rus  (s t rain PR-8) .  It was es tabl i shed that among a lkyl -p-benzoquinones  and a lky lhydro-  
quinones,  as the chain of the alkyl  subst i tuent  is lengthened, the ant iv i ra l  act ivi ty  d e c r e a s e s .  In the s e r i e s  
of a ry l -p -benzoquinones ,  the act ivi ty  depends both on the nature  of the substi tuent  in the a ry l  rad ica l  and 
on the nature  of the subst i tuents  in the quinone r ing.  The highest  act ivi ty was exhibited by 2 ,3-d ich loro-  
5-phenyl-p-benzoquinone.  It neu t ra l i zes  the infectious p rope r t i e s  of influenza v i rus  at a dilution of 0.1 pg  
p e r  ml .  Other  ch lo ro-  and b romo-subs t i t u t ed  quinones and ha loder iva t ives  of hydroquinone also proved  

* These  and other  invest igat ions in s ea r ch  of an t iv i ra l  agents ,  p resen ted  in this work,  were  conducted by 
coworke r s  of VNIKhFI, G. N. Persh in ,  A. N. Grinev,  M. Ya. Kraf t ,  N. S. Bogdanova, I. S. Nikolaeva,  G. M. 
Borodina,  V. I. Shvedov, G. Ya. Ure t skaya ,  V. V. Katyshkina,  N. V. Arkhange l ' skaya ,  E. N. Sytina, S. F.  
L ibe rman ,  E. K. Panisheva ,  V. M. Lyubchanskaya,  and G. V. Yaros l av t seva .  
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highly act ive.  Fou r  of them (ehloro-p-benzoquinone,  2,3-dichloro:-p-benzoquinone,  2 , 5 - d i b r o m o - p - b e n z o -  
quinone, and 2,3-dichlorohydroquinone) p o s s e s s  vir ' leidial  act ivi ty  at a concentra t ion of 0.1 #g pe r  ml.  
The act ivi ty  of hydroquinone de r iva t ives ,  as a rule,  is approx imate ly  an o rde r  of magnitude less  than that 
of the cor responding  quinones.  However ,  in con t ras t  to mos t  quinones,  they a r e  nontoxic. In a compar i son  
of the resu l t s  of an invest igat ion of i s o m e r i c  2,3-,  2,5- ,  and 2 ,6-d ichloro-p-benzoquinones ,  it was found 
that the i r  an t iv i ra l  act ivi ty  depends on the posit ion of the subst i tuent .  The highest  indices were  obtained 
fo r  2 ,3-dichloro-p-benzoquinone,  and the lowest  fo r  2 ,5-dichloro-p-benzoquinone.  An analogous pa t te rn  
is also obse rved  in a compar i son  of the act ivi t ies  of the cor responding  dichlorohydroquinones.  A c o m -  
pa r i son  of the v i r i c ida l  act ion of chloro-p-benzoquinone (active concentra t ion 0.1 ttg pe r  ml) and b r o m o -  
p-benzoquinone (10 #g pe r  ml) ,  as well as 2 ,5-d ich loro-p-benzoquinone  (10 #g pe r  ml) and 2 ,5 -d ib romo-  
p-benzoquinone (0.1 #g p e r  ml),  indicates  ~hat the r ep l acemen t  of chlor ine  by b romine  in compounds of 
the s a m e  s t ruc tu re  can lead e i ther  to a d e c r e a s e  or  to an inc rease  in the act ivi ty.  High v i r i e ida l  act ivi ty  
is p o s s e s s e d  by a ry lamino-p-benzoquinones .  Among them,  the mos t  act ive a r e  pheny lamino-p -benzo-  
quinone and a ry lamino-p-benzoqu inones  with e lec t ron  donor groups in the a ry l  substi tuent.  Among the a -  
and f i-naphthoquinones studied, apparent ly  the mos t  in teres t ing  a r e  fi-naphthoquinones and espec ia l ly  f i -  
naphthoquinones substi tuted in the benzene r ing .  Some of them, for  example ,  7 -hydroxy- ,  7 -methoxy- ,  
and 6-methoxy-f l -naphthoquinones ,  a re  act ive in a dilution of 1-0.1 ttg pe r  ml.  On the con t ra ry ,  f l -naphtho-  
quinones with a d imethylaminomethyl  subst i tuent  in the 4-posi t ion,  which we produced recent ly  [108], a r e  
inact ive.  Heterocycl ic  analogs of 4-d imethylaminomethyl - f l -naphthoquinones  - 2 - m e t h y l - 3 - c a r b e t h o x y - 4 , 5 -  
d ioxo-7-d ia lky laminomethylbenzofurans  and 1-a lkyl  ( a r y l ) - 2 - m e t h y l - 3 - c a r b e t h o x y - 4 , 5 - d i o x o - 7 - d i m e t h y l -  
aminomethyl indoles  - a lso proved  to be inactive or  showed weak act ivi ty  with r e spec t  to influenza v i rus  
[109]. Of the der iva t ives  of 4,5-dioxoindole studied, p ronouncedv i r i e ida l  act iv i ty  was p o s s e s s e d  by 1- 
a lky l -2 -me thy l -3 -ea rbe thoxy-4 ,5 -d ioxo -6 ,7 -d i ch lo ro indo le s .  

Among the invest igated naphthalene der iva t ives ,  high act ivi ty against  influenza v i rus  (s t rain PR-8) 
in vi t ro  and in exper iments  on chick embryos  was shown by te t rahydro te t raoxonaphtha lene  dihydrate  (XXZgVI), 
which has passed  through cl inical  t e s t s  under  the name of "oxoline" and has  been approved by the P h a r m a -  
cological  Commit tee  of the Min is t ry  of Health of the USSR as a means  for  t r ea tmen t  of var ious  v i rus  d i s -  
e a se s .  It is used for  d i s ea se s  of the eyes  - h e r p e t i c k e r a t i t i s  and adenovirus  keratoconjunet ivi t is  - andin 
v i rus  d i s ea se s  of the skin - he rpes  s implex  and he rpes  zos te r ,  for  the r emova l  of war t s ,  etc.  

Oxoline XXXVI has been widely and successfu l ly  used during an epidemic of influenza A2 (Hong Kong 
strain) and has  been conf i rmed by the Pha rmaco log ica l  Commit tee  as a means  of individual prophylaxis  
fo r  influenza. It is in teres t ing to note that compounds c lose  in s t ruc tu re  to oxoline, for  example ,  t e t r a -  
hydro te t r aoxo-6 -b romonaph tha lene  dihydrate  (XXXVII), monoary lhydrazones  of t e t r ahydro te t raoxonaph tha -  
lene (X~XXVHI), and he te rocyc l i c  analogs of the la t te r  (XXXIX, XL), which we produced [108, 109], show no 
act ivi ty  at all  with r e spec t  to influenza v i rus .  
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Another  an t iv i ra l  p repara t ion ,  tebrophen,  d i scovered  in VNIKhFI, is 3 , 5 , 3 ' , 5 ' - t e t r a b r o m o - 2 , 4 , 2 ' , 4 ' -  
te t rahydroxydiphenyl  (XLI). It p o s s e s s e s  high act ivi ty with r e spec t  to influenza v i rus  (s t rain PR-8) inv i t ro  
and on chick em bryos .  Tebrophen  (XLI) has success fu l ly  passed  its cl inical  t e s t s  and has been conf i rmed 
by the Pha rmaco log ica l  Commi t t ee  as a p repa ra t ion  for  the t r ea tmen t  of v i rus  d i seases  of the eyes  - 
herpe t ic  ke ra t i t i s  and adenovirus  kera toconjuc t iv i t i s .  Compounds c lose  i n  s t ruc tu re  to tebrophen - 
4 ,4 ' -d ihydroxydiphenyl  (XLII), 3,5,3 ', 5 ' - t  e t r ach lo ro -4 ,4 ' -d ihydroxyd ipheny l  (XLIII), and 3,5,3 ' ,  5 ' - t e t r a b r  o-  
mo-4 ,4 ' -d ihydroxyd ipheny l  (XLIV)-e i ther  showed weakac t iv i ty  or  were  ent i re ly  inact ive with r e s p e c t  to in- 
f luenza v i rus .  
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As a resul t  of investigations conducted in VNIKhFI and presented  in this survey,  original  prepara t ions  
oxoline (XXXVI) and tebrophen (XLI) have been approved for  prophylact ic  use. 

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