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The pr incipal  d i rec t ions  in the development  of the national economy of the USSR for 1976-1980, which 
were  approved by the 25th Congress  of the Communis t  Pa r ty  of the Soviet Union (CPSU), speci fy  a new inc rease  
in the p r o s p e r i t y  of the nation and di rec t  a g rea t  deal of  at tention to the fur ther  improvemen t  of public health 
in our country.  "Among our socia l  p r o b l e m s , "  said Genera l  Sec re t a ry  of the Cent ra l  Commi t t ee  of the CPSU 
L. I. Brezhnev,  " there  is none m o r e  impor tan t  than our concern  for the health of the Soviet people. Our 
advances  here  a r e  widely known. However ,  we must  also be aware  of the p rob l ems  that  we face in this a rea .  
They entai l  i m p r o v e m e n t  of the organizat ion of public health, expansion of the network of hospi tals  and poly-  
c l inics ,  and an i n c r e a s e  in the product ion of medica l  equipment and highly effect ive drugs"  [1]. 

During 60 yr  of Soviet power the health industry  in our country  has made definite advances that  a r e  
a s soc ia ted  to a cons iderab le  extent with the ach ievements  of synthetic organic  c h e m i s t r y  and p r i m a r i l y  one of 
its most  v igorous ly  developing divisions - the c h e m i s t r y  of he te rocycl ic  compounds.  

At the foundation of the Soviet p h a r m a c e u t i c a l - c h e m i s t r y  industry one finds prominent  chemis t s  such as 
A. E. Chichibabin, S. N. R e f o r m a t - s k i i ,  N. D. Zel inski i ,  N. S. Kurnakov,  A. E. Favorsk i i ,  V. M. Rodionov, A. 
P. Orekhov,  A. N. Nesmeyanov,  A. E. Arbuzov,  M. M. Shemyakin,  I. L. Knunyants,  O. Yu. Magidson, M. V. 
Rubtsov,  N. A. P reob razhensk i i ,  I. Ya. Pos tovski i ,  G. P. Men'shikov,  etc. 

The Sc ien t i f i c -Resea rch  P h a r m a c e u t i c a l - C h e m i s t r y  Inst i tute,  which was organized in 1920 and subse -  
quently was renamed  the S. Ordzhonikidze All-Union Sc ien t i f i c -Resea rch  P h a r m a c e u t i c a l - C h e m i s t r y  Insti tute 
(ASRPCI), has played an impor tan t  ro le ;  this insti tute has become the pr inc ipa l  scientif ic  cen te r  of p h a r m a -  
ceut ical  c h e m i s t r y  in the country and until the s t a r t  of  World War II  ensured the manufac ture  in the Soviet 
Union of basic  groups  of medic ina ls  used in worldwide medica l  p rac t i ce  [2, 3]. 

The success fu l  m a s t e r y  of exper ience  abroad made it poss ib le  in the p r ewar  y e a r s  to begin or iginal  
r e s e a r c h  on the c rea t ion  of new medic ina l  p r ep a ra t i ons ,  including those involving he terocycl ic  compounds.  The 
s ea r ch  for  chemotherapeut ic  agents in the 4-aminoquinol ine s e r i e s  began in this e r a  (M. V. Rubtsov and O. Yu. 
Magidson) [5] and led to the d i scovery  of a new c lass  of an t ima la r i a l  p r epa ra t i ons ,  the synthesis  of i s o m e r s  
and analogs of hydroquinine (M. V. Rubtsov) [6], the development  of the c h e m i s t r y  of pyrol iz id ine  alkaloids 
(G. P. Men'shikov) [7], the c rea t ion  of the or iginal  medic inal  p repa ra t ions  platyphil l ine (A. P. Orekhov and R. 
A. Konovalova) [8], pachycarp ine  (L. P. Orekhov,  M. S. Rabinovich,  and A. A. Konovalova) [8], sa lso l ine  and 
sa lso l id ine  (A. P. Orekhov, and N. F. Proskunina)  [8], p lasmocid  (O. Yu. Magidson and I. T. Strukov) [9], and 
aminoacr ich in  (A. M. Grigorovski i )  [10]. 

The mos t  extens ive ly  or ig inal  r e s e a r c h  was developed in the pos twar  yea r s .  During this per iod,  new 
cen t e r s ,  in addition to the ASRPCI, for the sea rch  for  medic inal  p repa ra t ions  were  developed: inst i tutes of 
pha rmaco logy ,  expe r imen ta l  medicine,  medicinal  pa ras i to logy  and t rop ica l  medicine ,  the Oncological Center  of 
the Academy of Medical  Sciences (AMS) of the USSR, the All-Union Sc ien t i f i c -Research  Vitamin Institute 
(ASRVI), the All-Union Insti tute of Medicinal Plants  (AIMP), the All-Union Sc ien t i f i c -Resea rch  Insti tute of 
Antibiotics (ASRIA), the Inst i tute of Biophysics ,  the Kharkov and Novokuznetsk Sc ien t i f i c -Research  P h a r m a -  
c e u t i c a l - C h e m i s t r y  Insti tute (KNSRPCI), etc.  R e s e r a c h  involving the sea rch  for  new medic inals  was developed 
in the following inst i tutes of the Academy of Sciences (AS) of the USSR and the academies  of sc iences  of the 
Soviet republ ics :  the Insti tute of Organic C h e m i s t r y  and the Insti tute of Bioorganic Chemis t ry  of the AS USSR~ 
the Inst i tutes  of Organic Synthesis of the AS Latvian SSR and of Fine Organic Synthesis of the AS Armenian  

S. Ordzhonikidze All-Union Sc ien t i f i c -Resea rch  P h a r m a c e u t i c a l - C h e m i s t r y  Inst i tute,  Moscow 119021. 
T rans l a t ed  f r o m  Khimiya Getero ts ik l icheskikh  Soedinenii, No. 11, pp. 1443-1454, November ,  1977. Original 
a r t i c l e  submit ted June 24, 1977. 

0009-3122/~7/1311-1151 $07.50 �9 1978 Plenum Publishing Corpora t ion  1151 



SSR and the Chemis t ry  of Plant Substances of the AS Uzbek SSR, the Institute of Chemis t ry  of the AS Moldavian 
SSR, the Novosibirsk,  Kiev, and Irkutsk Institutes of Organic Chemis t ry ,  the Ural  Polytechnic and Moscow, 
Leningrad, and Kazan Chemical -Technologica l  Insti tutes,  the Moscow Institute of Fine Chemical  Technology, 
Moscow, Rostov, Odessa,  and Saratov Univers i t ies ,  the Leningrad Pha rmaceu t i ca l -Chemis t ry  Institute, etc. 

It is,  of course ,  impossible  to examine all o f the numerous  studies of the chemis t ry  of he terocycles  in 
our country that have laid the foundation for the crea t ion of new medicinal  prepara t ions  of this class  within a 
b r i e f  review (a considerable  number of these  studies have been ref lec ted  in a review by N. S. Zefirov [4]). 
Only those studies that have had prac t ica l  resu l t s  and have led to the creat ion of new original  medicinal  p repa -  
rat ions of the he terocycl ic  se r i e s  that have successful ly  passed clinical tes ts  and have been approved for 
medical  application or  have resul ted  in the development and incorporat ion in the pha rmaceu t i ca l - chemis t ry  
industry of fundamentally new methods for the production of he terocycl ic  medicinal  prepara t ions  are  the re fo re  
examined in the presen t  paper.  

The efficient complex util ization in heavy-tonnage industr ies  of the pharmaceu t ica l -chemica l  preparat ions  
of the fl-picoline f ract ion containing fl -(I) and ~-picol ines  ([D and 2,6-1utidine ([ID became economical ly important  
i n t h e  postwar years .  A scheme that was developed and incorporated in industry (M. V. Rubtsov, E. E. 
Mikhlina, E. S. Nikit-skaya,  L. N. Yakhontov, V. Ya. Vorob 'eva,  and A. D. Yanina) was based on the condensa-  
t ion of the unseparated fi-picoline fract ion with formal in  under conditions in which only the 7-picoline fract ion 
undergoes react ion;  this f ract ion gives a mixture  of methylol  der ivat ives ,  f rom which the fi-picoline and 2,6- 
lutidine a re  eas i ly  removed by s team distillation. Oxidation of the methylol derivat ives with nitr ic acid leads 
to isonieotinic acid [11], which is used for the industr ia l  production of anti tuberculous preparat ions  of the 
isonicotinic acid hydrazide group, including the original  medicinals phthivazide (IVb), metazide (IVc), saluzide 
(IVd), soluble saluzide (IVe) (M. N. Shchukina, G. N. Persh in ,  O. O. Makeeva, S. A. Vichkanova, S. S. Liberman,  
and A. I. Polezhaeva) [12], as well as d iverse  (with respec t  to medical  application) quinuclidine preparat ions  
(X) [13]. After additional separat ion,  picoline I is used for the production of nicotinic acid (VI), cordiamin 
(VII), and nikodIn (VII1) (M. V. Rubtsov and L. N. Yakhontov) [14], while 2,6-1utidine (III) is used for the p repa -  
ra t ion of the ant isc lerot ic  agent parmidine  (anginine) (IX), the hypotensive prepara t ions  dicolin (Xa), dimecotin 
(Xb), and nanophyn (XI) [15-17] (M. V. Rubtsov, M. D. Mashkovskii,  L. N. Yakhontov, E. S. Nikit-skaya,  N. A. 
Serova,  I. M. Sharapov, and Yu. I. Syrneva). A new method for the prepara t ion  of the neuroleptanalgesic  agents 
phentanyl and droper idol  [18, 19] was also developed 0S. S. Lavrinovich).  

4 -Formylpyr id ine  obtained by vapor -phase  catalyt ic  oxidation of 4-methylpyr id ine  is used in the p roduc-  
t ion of the cho l ines te rase  reac t iva to r  dipyroxime [20] (M. V. Shimanskaya and L. Ya. Leitis) .  
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Studies by Soviet scient is ts  made it possible  to establish the relat ionship between the s t ruc tu res ,  including 
the s t e r e oc he mis t ry  and conformation,  of quinuclidine compounds and the i r  biological activity [21] ; this made 
it possible to c rea te  a se r i e s  of original  prepara t ions  - t h e  cholinomimetic  acecl idine (Va), the hypotensive and 
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sedative agent oksilidin (Vb), the ant ia l lergenic  prepara t ion  fenkarol  (Vc), the myelore laxant  kvalidil (XII), the 
ganglion b locker  temekhin (XIIIa), and an agent for  control lable  hypotonia during surgical  operat ions - imekhin 
(XIIIb) (M. V. Rubtsov, M. D Mashkovskii,  E. E. Mikhlina, L. N. Yakhontov, E. S. Nikit-skaya,  V. Ya. Vorob 'eva,  
A. D. Yanina, E. I. Levkoeva,  K. A. Zai tseva,  F. S. Sadretdinov, I. M. Sharapov, and M. l~. Kaminka) [15, 22]. 

Successful  r e s e a r c h  on the vapor -phase  catalyt ic  oxidation [23] (M. V. Shimanskaya and L. Ya. Leitis) 
and oxidative ammonolysis  [24] (B. V. Suvorov and A. D. Kagarlitskii)  of alkylpyridines ensures  improvement  
in the technology for  the product ion of a number  of pyridine medicinal prepara t ions .  

The extensive r e s e a r c h  of the school of Academician I. N. Nazarov on the synthesis  of he terocycles  based 
on acetylenic de r iva t ives ,wh ich  includes a study of the configuration and conformation of piper idines ,  resul ted  
in the crea t ion  of the effect ive analgetic promedol  (XIV) (I. N. Nazarov, M. D. Mashkovskii,  and N. S. Prostakov) 
[25], which for  many yea r s  has been produced by the Soviet pharmaceu t i ca l -chemica l  industry.  The prepara t ion  
phenatine (XV), which is a CNS s t imulator  with vasodilating action, was c rea ted  on the basis of phenamine and 
nicotinic acid [26]. 

Resea rch  on t ropine e s t e r s  led to the development of industr ia l  methods for the prepara t ion  of synthetic 
t ropine,  a t ropine (O. Yu. Magidson and N. I. Koretskaya) [27], and homoatropine (R. G. Glushkov, N. I. Kore t -  
skaya, and O. Yu. Magidson) [28] and to the crea t ion  of the a -adreno ly t i c  t ropafen (XVIa) and the cent ra l  
cholinolytic t ropacine  (XVIb) (O. Yu. Magidson, V. M. Fedosova,  M. D. Mashkovskii,  and K. A. Zaitseva) [29]. 
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Systematic studies of lact im esters [30] and acetals-of lactams [31] and other modified cycl ic  amides [32] 
(R. G. Glushkov and V. G. Granik) made it possible to develop and incorpora te  in industry or iginal  methods for 
the product ion of corazole  [33], allopurinol,  and klofelin [34]. 

The br ie f -ac t ion  gangliolytic gigronii  (XVII) (A. P. Skoldinov, V. V. Zakusov, A. M. Likhoshers tov,  and 
D. A. Kharkevich) [36], the local anesthetic pyr romeka in  (XVIII) (A. P. Skoldinov, A. M. Likhoshers tov,  and 
N. G. Pryanishnikova) [37], and the neurolept ic  azabut i ron (XIX) (A. P. Skoldinov, A. M. Likhoshers tov ,  and K. 
S. Raevskii) [38] were  c rea ted  on the basis of the development of methods for  the synthesis  of der iva t ives  of 
pyr ro l id ine -2 -ca rboxy l i c  acid and condensed azabicycl ic  pyrro l id inopiperaz ine  sys tems by aminolysis  of 
a,,w-dihalo carboxyl ic  acids (A. P. Skoldinov and A. M. Likhosherst0v) [35]. The original  muscle  re laxant  
with mixed act ivi ty dioksonii (XX), which initially induces a depolarizat ion phase and then has an ant idepolar iz -  
ing effect,  was c rea ted  in a s e r i e s  of qua te rna ry  pyrro l id ine  derivat ives (S. A. Gil ler ,  A. A. Kimenis ,  and G. 
P. Sokolov) [39]. 

Resea rch  on a number  of furan compounds led to the original  prepara t ions  benzamon (XXI), a cholino- 
mimet ic  used  for  the t r ea tment  of glaucoma (N. V. Khromov-Borisov)  [40], and fubromegan (XXI1), which has 
chol inomimetic  action (A. L. Mndzhoyan and R. A. Aleksanyan) [41]. An original  spasmolyt ic  and coronary  
dilating a g e n t -  fenikaberan (XXIII) - was found in the benzofuran se r i e s  (A. N. Grinev and V. G. Stolyarchuk 
[42], 
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A large  amount of r e s e a r c h  has been devoted to the s y s t e m a t i c  study of phenothiazine der ivat ives .  
Methods have been developed for the synthes i s  of  these  compounds by thionation of the corresponding  diaryl -  
amines  or  Smiles  rearrangement  of  substituted diphenyl sul f ides .  In addition, the principles  of  the re lat ionship 
between the s tructure  and bio logica l  act ivi ty  have been uncovered [43], and the industrial  production of the most  
important  psychotropic  phenothiazine preparat ions  aminaz ine  [44], tr iphthazine [45], e taperaz ine  [46], propazine 
[47, 48] etc.  has been organized  (M. N. Shchukina, A. P. Skoldinov, S. V. Zhuravlev,  and N. V. Savitskaya).  This 
r e s e a r c h  subsequent ly  led to the creat ion  of the antiarhythmic agent e tmoz in  (XXIVb) [49] and the antianginal 
preparat ions  c h l o r a c i z i n e  (XXIVc) [50] and nonakhlazine  (XXIVd) [51] (A. P. Skoldinov, S. V. Zhuravlev,  V. V. 
Zakusov,  N. V. Kaverina,  and Yu. I. Vikhlyaev) ,  as wel l  as to the d i s c o v e r y  of the ant idepressant  azafen,  which 
is  a d iazaphenoxazine  der ivat ive  (XXV) (M. N. Shchukina, M. D. Mashkovski i ,  T. V. Gortinskaya,  and A. I. 
Po lezhaeva)  [52, 53]. 

New ant idepressants  with four ring s tructures  - p iraz idol  (XXVI) [54] (A. N. Grinev,  I. D. Mashkovski i ,  
V. I. Shvedov, L. B. Altukhova,  and N. I. Andreeva) and inkazan (XXVII) (R. G. Gtushkov, M. D. Mashkovski i ,  
and N. I. Andreeva) - have recent ly  been created.  

D i v e r s e  studies  of  indole compounds have undergone extens ive  development  in the USSR (A. N. Kost ,  N. 
N. Suvorov,  A. N. Grinev,  M. N. Preobrazhenska~;a,  I. I. Grandberg, V. P. Mamaev,  Yu. P. Kitaev,  N. F. 
Kucherova,  et al.) .  A pract ica l  resul t  of these  studies  was the creat ion of  a CNS s t i m u l a t o r  with an ant idepres-  
s ive  e f f e c t -  indopan (XXVIII) (N. N. Suvorov,  M. N. Preobrazhenskaya ,  M. D. Mashkovski i ,  and T. K. Tru-  
bitsyna) [55] - the hypotensive  agent dimekarbin (XXIX) (A. N. Grinev,  A. P. Terent 'ev ,  and K. S. Shadurskii) 
[56], the radio log ica l  protect ive  substance  reexamine (XXX) (N. N. Suvorov) [57], the neuroleptic  karbidin (XXXI) 
(N. F. Kucherova,  N. K. Kochetkov,  V. V. Zakusov,  and N. K. Barkov) [58], and the ant ihis tamine preparat ion 
dimebon (A. N. Kost  and K. S. Shadurskii) [56, 59], and a method for the synthes i s  of serotonin  adipate has been 
developed and incorporated in industry (N. N. Suvorov and L. B. Shagalov) [60]. 
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The crea t ion  of the effect ive psychos t imula tors  sidnofen (XXXIIa) [61] and sidnokarb (XXXIIb) [62] is 
int imately associated with r e s e a r c h  on sydnoneimines (V. G. Yashunskii,  L. E. Kholodov, M. D. Mashkovskii,  
and R. A. Al ' tshuler)  [63]. Methods have been developed for the prepara t ion  of the individual threo i somer  of 
the psychost imulat ing prepara t ion  mer id i l  (L. N. Yakhontov and E. I. Levkoeva) [64]; methods suitable for  use 
in industry for the prepara t ion  of the neurolept ics  n i t razepam (K. Yu. Novitskii and N. I. Koretskaya) and 
oxazepam (V. N. Gorbunov) have also been developed, and the new neurolept ic  fenazepam (XXXIID (A. V. 
Bogat-ski i ,  V. V. Zakusov, and Yu. I. Vikhlyaev) [65] was created .  

Resea rch  on a se r i e s  of der ivat ives  of imidazole  and its condensed sys tems  (A. M. Simonov, B. A. 
Pora i -Kosh i t s ,  N. V. Khromov-Bor i sov ,  L. S. t~fros, A. F. Pozharski i ,  P. M. Koehergin,  B. A. Ter tov ,  et al.) 
resu l ted  in the prac t ica l  util ization of the spasmolyt ic  and hypotensive agent dibasole (XXXIV) (S. V. Aniehkov, 
B. A. Pora i -Kosh i t s ,  O. F. Ginzburg, and L. S. Efros) [66] and the r e s p i r a t o r y  analeptic e t imizol  (XXXV) (S. 
V. Anichkov and N. V. Khromov-Bor isov)  [67]. A new leucopoeisis  s t imulator  - leikogen (XXXVI) - was found 
in the thiazolidine der ivat ive se r i e s  (I. T. Strukov) [68], and a new adreno-blocking agent - p i r roksan  (XXXVII) - 
was found in the benzodioxane se r i e s  (A. V. Et ' t sov  and S. N. Golikov) [69]. 
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Resea rch  on the chemis t ry  of pyr imidines  (V. M. Rodionov, O. Yu. Magidson, V. P. Mamaev, Yu. P. 
Shvachkin, L. S. ]~fros, K. A. Chkhikvadze, R. G. Glushkov, M. Yu. Lidak, A. V. El ' t sov,  S. I. Zav 'yalov,  et al.) 
led to the c rea t ion  of the ant ispasmodic agent benzonal (XXXVIII) (L. P. Kulev and V. G. Stolyarchuk) [70] and 
the leucopoeisis  s t imula tor  and antiphlogistic agent pentoxyl (XXXIX) (N. V. Lazarev)  [71] and to the develop- 
ment and incorporat ion in industry of new methods for the production of orot ic  acid (O. Yu. Magidson, K. A. 
Chkhikvadze , S. I. Zav 'yalov,  and V. I. Gunar) [72]. 

Resea rch  on alkaloids and the products  of the i r  t rans format ions  on the basis of semisynthes is  has led to 
the creat ion of  the original  c u r a r e - l i k e  prepara t ions  diplatsin (XL) [73], melliktin, and kondel 'fin [74] (A. D. 
Kuzovkov, M. D. Mashkovskii,  G. P. Men'shikov, A. V. Danilova, R. A. Konovalova, M. S. Rabinovieh, P. M. 
Dozor t seva ,  A. I. Briskin,  and P. S. Massagetov),  the tonic secur inine  (A. I. Ban'kovskii ,  A. D. Turova,  V. I. 
Murav 'eva,  and Ya. A. Aleshkina) [75], the cho l ines te rase  inhibitor galanthamine (N. F. Proskurnina ,  M. D. 
Mashkovskii,  and R. P. Krugl ikova-L'vova)  [76], the uter ine  agent brevicol l ine  (XLI) (G. V. Lazur ' evsk i i  and I. 
V. Terent ' eva)  [77], and the hypotensive vinkarin (S. Yu. Yunusov) [78] and to the development of industr ial  
methods for the prepara t ion  of the t ranqui l l izer  gindarin (T. N. I i ' inskaya [79] and the anti tussive agent glaucine 
(L. D. Yakhontova and T. N. II ' inskaya) [80]. 

The total syntheses ,  accomplished for the f i r s t  t ime by Soviet chemis ts ,  of the natural  alkaloids pi locarpine 
(N. A. Preobrazhenski i )  [81], emetine (R. P. Evstigneeva) [82], and cu ra re  alkaloids (N. A. Preobrazhenski i ,  
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O. N. Tolkachev,  L. V. Volkova, and V. G. Voronin) [83], which a re  used as medicinal  p repa ra t ions ,  a r e  of 
g rea t  value.  The total  synthes is  of ephedrine,  caffeine,  theobromine ,  theophyll ine,  and  papaver ine  has been 
made operable  on an industr ia l  s ca l e  in the USSR. Impor tan t  r e s e a r c h  in this a r e a  has been accompl ished  by 
O. Yu. Magidson, E. S. Golovchinskaya,  K. A. Chkhikvadze, V. A. Mikhalev, V. A. Zasosov ,  M. I. Dorokhova, 
N. I. Kore t ska ,  et al. 

The sea rch  for  ant i tumorigenic  agents among he te rocyc l ic  der iva t ives  has been c a r r i e d  out and is s t i l l  
being c a r r i e d  out in the country on an extensive sca le  under the superv is ion  of such prominent  sc ient is ts  as 
N. N. Blokhin, I. L. Knunyants,  I. Ya. Pos tovski i ,  A. F. Lar ionov,  S. A. Gil ler ,  V. A. Chernov,  T. S. Safonova, 
M. N. P reob razhenskaya ,  N. M. ]~mmanu~l', Z. V. Pushkareva ,  S. N. Serg ievskaya ,  A. Ya. Ber l in ,  E. S. Golov- 
chinskaya,  et al. Of the or ig inal  p repa ra t ions  with an action of the alkylating type one should note dipine (XLIIa) 
[84] and thiodipine (XLIIb} [85] (S. I. Serg ievskaya ,  A. A. Kropacheva ,  and V. A. Chernov),  which are  act ive in 
chronic  lympholeucos is ,  fosfemid (XLIII) (T. S. Safonova and V. A. Chernov) [86], which is effective in hemo-  
d e r m i a s  and cance r  of the uterus  and ova r i e s ,  fotr in (XLIV) (T. S. Safonova, and V. A. Chernov) [86], which is 
used in chronic  lympholeucos i s ,  e r y t h r e m i a ,  h e m o d e r m i a s ,  and some  other  t umor s ,  and imifos (XLV) (S. A. 
Gi l ler  and M. Yu. Lidak} [87], which is used in the t r ea tmen t  of painful e r y t h r e m i a s .  Dopan (XLVI) - 5 - [b i s -  
( 2 - c h t o r o e t h y l ) a m i n o ] - 6 - m e t h y l u r a c i l -  is used for the t r ea tmen t  of lymphogranulomotos i s ,  myelo leucos i s ,  and 
lympholeucosis  (L. F. Lar ioaov ,  and V. G. Nemets)  [88]. 

An original  c lass  of ant i tumorigenic  agents - d i sp i rop iperaz in ium der iva t ives  - was found by Soviet 
r e s e a r c h e r s  (V. A. Mikhalev, M. I. Dorokhova,  and V. A. Chernov). The most  effect ive p repa ra t ion  of this 
c lass  is prospid in  (XLVII) [91], which is cha r a c t e r i z ed  by g rea t  therapeut ic  breadth,  e f fec t iveness  in the t r e a t -  
mea t  of cance r  of the larynx,  lungs, b ladder ,  lymphogranulomotos i s ,  and skin re t iknlezakh.  In cont ras t  to the 
p rev ious ly  known ant i tumorigenic  p repa ra t ions  of the alkylating type,  prospid in  does not have a d e p r e s s i v e  
effect  on hemopoies i s .  

Methods for  the synthesis  of der iva t ives  of pyr imido[4 ,5 -b] - ,  pyr ido[2 ,3-b] - ,  and pyrazino[2,3-b][1,4]-  
thiazines  have been developed in o rde r  to s ea rch  for  new aa t i tumor igenic  agents among folic acid antagonis ts ,  
and the i r  t r an s fo rm a t i ons  and biological  act ivi ty  have been invest igated.  The highest act iv i ty  with r e sp ec t  to 
dihydrofolate  r educ tase  was displayed by 6-aminopyrido[4,5-b][1,4] thiazines  and pyr imido[4 ,5-b][1 ,4] th iaz in-6-  
ones,  which differ  f r o m  the known folic acid antagonists  - aminopter ine  and metho t rexa te  - with r e spec t  to 
the i r  additional abil i ty to inhibit aminopte r ine  reduc tase .  Tomizin ,  a p repa ra t ion  f r o m  this group, is being 
subjected to c l in ical  tes t ing (T. S. Safonova and V. A. Chernov) [86]. R e s e a r c h  on unique analogs of nucleo-  
s ides - Nl - furanidylpyr imidines  and Ng-furanidylpurines - h a s  been developed extensively.  As a resu l t  of these  
s tudies ,  the or ig inal  p repa ra t ion  f to ra fur  (XLVIII), which is the latent f o r m  of 5 - f luorourac i l  and is being used 
success fu l ly  for  cancer  of the s tomach,  m a m m a r y  gland, and r ec tum,  was c rea ted  (S. A. Gi l ler ,  R. A. Zhuk, 
M. Yu. Lidak, and A. A. Zidermane)  [92, 93]. 

COOH [~cooH . o , ~  

XLIX L 
O [~?~ c.~R / - ~  , / - - ~ ~  

c. o. 
0 0 NHCHzCH2CH2CH'NH 2 

Lla, b LII LIII CH3 
CH3 C H 3 

C I ~ C  H:CHcI.~ NHCH-C HzCHzCH2N(C'2H5)z H3Co~-CHCHzCH2CHzN (C2H5)2 L"~'~fl~'C H=CH ~ NOZ 

I.IV LV 

LI a R = CH3CO ; b R=H 
A large  amount  of r e s e a r c h  has been c a r r i e d  out in the Soviet Union with r e s p e c t  to making the product ion 

of be t te r  pro longed-ac t ion  sul fani lamides  of the he te rocycl ic  s e r i e s  - su l fapyr idazine ,  sulfadimethoxine,  
sul famonomethoxine ,  and sulfalene - an indus t r ia l ly  operab le  p roce s s  (M. N. Shchukina, V. A. Zasosov ,  T. V. 
Gor t inskaya ,  V. N. Sokolova, T. N. Nikulina, L. E. Kholodov, et al.) ; an or ig inal  p ro longed-ac t ion  sulfamide 
p repa ra t ion  for the t r ea tmen t  of in tes t inal  infections - ftazin (XLIX) - (M. N. Shchukina, T. V. Gor t inskaya ,  G. 
N. Pe r s in ,  E. N. Pade i skaya ,  and L. M. Polukhiaa) [94] and an or iginal  p r epa ra t ion  for  the t r ea tmen t  of non- 
specif ic  u lcera t ive  coli t is  - sa lazopyr idaz ine  (L) - (M. N. Shchukina, T.  V. Gor t inskaya ,  G. N. Pe r s in ,  and E. 
N. Padeiskaya)  [95] have been c rea ted .  
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P r e p a r a t i o n s  for  the t r e a t m e n t  of acute bac te r i a l  infections - khinoksidin (LIa) and dioksidin (Lib) - have 
been c rea ted  [96] on the basis  of a s y s t e m a t i c  study of N-oxides of the quinoxaline s e r i e s  [96]. 

A sys t ema t i c  study of n i t rofuran  der iva t ives  led to the development  and incorpora t ion  in indust ry  of the 
chemotherapeu t ic  p r epa ra t i ons  furazol idone,  furaci l in ,  furazol ine ,  and furadonine (S. A. Gi l ler ,  K. K. Venter ,  
and R. Yu. Kalnberga) [97-99]. 

An or iginal  p r epa ra t i on  of the n i t ro furan  s e r i e s  - furagin (ID - and its soluble sal t  so lafur  have displayed 
high act ivi ty  with r e spec t  to suppres s ion  of most  an t ib io t i c - r e s i s t an t  s t r a in s  of bac te r i a ,  including r e s i s t an t  
s taphylococci  (S. A. Gi l ler  and K. K. Venter) [100]. A sys t ema t i c  study of n i t ro furan  der iva t ives  as an t i tumor i -  
gentic subs tances  and r ad i o s ens i t i z e r s  was r ecen t ly  begun (M. Yu. Lidak and N. M. Sukhova) [101]. 

R e s e a r c h  on quinoline der iva t ives ,  pa r t i cu l a r l y  4-  and 8-aminoquinol ine der iva t ives ,  has resul ted  in the 
c rea t ion  of quinocide (LIII), an an t ima la r i a l  p r epa ra t ion  with gamontocidal  action that also affects  p a r a e r y t h r o -  
cyte  schizonts  (M. B. Braude,  A. F. Bekhli, and V. I. Stavrovskaya)  [102] and the development  of an industr ia l  
method for its synthes is  [103], as well  as an or ig ina l  method for  the p repa ra t ion  of the known an t ima la r i a l  
p r e p a r a t i o n  khingamin (A. F. Bekhli) [104]. 

Sys temat ic  studies of 2 - s ty ry l -4 -aminoqu ino l ines  and quinazolines (M. V. Rubtsov,  L. N. Yakhontov, G. 
N. Pe r sh in ,  N. Yu. Moskalenko,  N. A. Novitskaya,  L. A. Peleni tsyna,  N. A. Yanbukhtin, and G. P. Zhikhareva) 
made it poss ib le  to a sce r t a in  the an t imic rob ia l ,  ant iprotozoa,  ant i tuberculous ,  and ant ivi rus  act ivi ty  of these  
subs tances  and to c r ea t e  the p repa ra t ions  aminoquinol (LIV) and t r ikhomonats id  (LV), which have found appl i -  
cat ion for  the t r e a t m e n t  of l ambl ias ic  and t r i chomona  infections [105]. New methods for  the synthesis  of the 
an t i t r ichomona agents me t ran idazo l  (P. M. Kochergin) [106] and nitazol  (M. O. Kolosova) [107]. 

In summing  up the resu l t s  of 60 y r  of development  of  medic inal  c h e m i s t r y  and the p h a r m a c e u t i c a l -  
chemica l  indus t ry  in the a r e a  of c rea t ion  of new or ig ina l  medic inal  p repa ra t ions  of the he terocycl ic  s e r i e s ,  
Soviet sc ien t i s t s  a r e  judiciously evaluat ing the g rea t  p rob lems  and tasks  that the health industry  faces .  F u r -  
t he r  expansion of r e s e a r c h  on the s ea r ch  for new effect ive medic ina ls  and p r i m a r i l y  for the t r e a t m e n t  of 
c a rd iovascu l a r  and nervous  and psychic  i l l nesses ,  v i rus  and bac t e r i a l  infections,  malignant  neop la sms ,  and 
tubercu los i s  is n e c e s s a r y .  

According to the 1976-1980 f i v e - y e a r  plan, a 44-46% i n c r e a s e  in the product ion of the medicinal  industry,  
including synthet ic  medicinal  p repa ra t ions  (a 46-48% increase ) ,  is planned in the Soviet Union, and 220 new 
medic ina l  p repa ra t ions  a re  to be produced [108] ; the t a sk  of r e s e a r c h e r s  engaged in the sea rch  for new 
medic ina ls  and the technology for the i r  product ion is to ensure  the success fu l  fulf i l lment and su rpass ing  of 
this f i v e - y e a r  plan. 
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L U M I N E S C E N C E  AND P H O T O C H E M I S T R Y  O F  A Z O L E S  ( R E V I E W )  

M. I.  K n y a z h a n s k i i ,  P .  V. G i l y a n o v s k i i ,  UDC 535.37:541.14:547.77.78 
a n d  O. A. O s i p o v  

A review of the luminescence  and photochemical  p roper t i es  of azoles and the i r  re la t ionship 
to the i r  s t ruc tu res  is given. The mechanism of the deactivation of the excited states of the 
molecules is discussed.  

Azoles have recen t ly  found extensive application as dyes,  effective luminophores [1, 2], sc int i l la tors  [3-5], 
and active media for  l a se r s  [6, 7]. At the same t ime,  the i r  s t ruc tura l  pecul iar i t ies  are  responsible  for  the 
in teres t  in these molecules  as models with which it is expedient to study the specific cha rac t e r  of p rocesses  
involving the deactivation of the e lec t ronica l ly  excited states of a broad class of compounds containing a C = N 
group [8, 9]. 

These  c i rcumstances  have st imulated the development,  par t icu lar ly  in the last  decade,  of intensive 
r e s e a r c h  on the luminescence and photochemis t ry  of azoles.  

The aim of the presen t  review was to c r i t i ca l ly  examine the most important ,  f rom the point of view of the 
authors ,  problems associated with the deactivation of the excited s tates  of azole molecules .  
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