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The contribution of Russian scientists to the world 
development of the chemistry of heterocyclie com- 
pounds, particularly during the years of Soviet power, 
has been very substantial. Even in the prerevolution- 
ary period, fflndamental investigations on a number of 
heteroeyclic compounds now forming part of the "gold 
reserves" of the history of this enormous division of 
organic chemistry were carried out in Russia. Of par- 
ticularly wide significance has been the work of A. P. 
EITtekov, K. A. Krasuskii, Z. A. PogorzheIYskii, 
N. A. Prilezhaev, A. E. Favorskii (the chemistry of 
the ~-oxides), N. D. Zelinskii and E. O. Grishkevieh- 
Trokhimovskii (sulfur-containing heteroeyeles), N. N. 
Lyubavin, A. N. Vyshnegradskii, G. K. Dekker, A 
A. E. Chichibabin, A. E. Arbuzov, E. S. Khotinskii, 
V. V. Chelintseva (nitrogen-containing heteroeyeles 
with aromatic properties), G. V. Korshtm, V. V. 
Chelintsev (pyrrole derivatives), P. I. Petrenko-Krit- 
ehenko (oxygen- and nitrogen-containing heteroeyeles) 
and others. 

During the past fifty years, investigations in the 
field of the chemistry of heterocyclic compounds in 
the USSR have developed on a broad front. From the 
traditional chemical centers of our country (Moscow, 
Leningrad, Khar'kov, Kiev, Kazan)they have spread 
to all its boundaries 0Rostov-on-Don, Riga, Sverd- 
lovsk, Saratov, Erevan, Kuibyshev, Voronezh, Lvov, 
Donetsk, Novosibirsk, Odessa, Dnepropetrovsk, 
Tomsk, Chernovtsy, Ufa, Irkutsk, Penza, Vladivos- 
tok, etc. ). In many of these towns (Moscow, Riga, 
Kiev, Sverdlovsk, Rostov-on-Don, Saratov, Ufa, 
Odessa) scientific conferences devoted to various as- 
pects of the chemistry of heteroeyelic compounds have 
been held repeatedly. 

In the years of Soviet power, Russian scientists 
have been responsible for a large number of review 
papers and monographs devoted both to heterocyelie 
compounds in general [1-19] and to the chemistry of 
individual representatives of them (alkene oxides 
[20-25], glyeide ethers [25a], oxaeyclanes [26-28], 
diketene [29], furanidones [30], furan [27, 28, 31-37], 
2-pyrone [38], I, 4-dioxane [39], oxazoles [40], ox- 
adiazoles [41], alkene sulfides [42], thiolaetones [43], 
thiaeyclanes [44], thiophene [45, 46] and other sulfur- 
containing heterocyeles [46], thiamine [47], seleno -- 
phene [48], ethyleneimine [49, 50], pyrrole [51], pyr- 
rolizidine [52, 85], aza- and diazaeyclanes [53], 
piperidine [54, 55], piperideine [56], pyridine [57-61], 
indole [62, 63], quinoline [64-66], acridine [67], a- 
zoles [68], pyrazoline [69], pyrazolone [70], imida- 
zole [71], piperazine [72], pyrimidine [73], barbiturie 
acids [74], phenazine [75], quinuelidine [76], i, 3, 5- 
triazine [77, 78], a]Ioxazine [79], pteridine [80], hep- 

tazine [81], porphine [82], heterocyelic derivatives of 
carbohydrates  [83] and of steroids [84], alkaloids [2, 
7, 8, 85-87], heterocyel ic  vitamins [47, 61], fiavins 
[61a], nucleotides [88], penicillins [88a], inorganic 
heteroeycles  [89-93], the spectroscopy of N-hetero-  
cycles  [93a], e tc . ) .  

The incomplete list  given above c lear ly  i l lustrates 
the wide range of in teres ts  of scientists  specializing 
in the field of the chemis t ry  of heterocycl ic  com- 
pounds and the branches of the science in which they 
have car r ied  out their investigations. 

The enormous scientific advances of Soviet inves-  
t igators  specializing in the field of heterocyelic  chem- 
i s t ry  is also shown by the appearance in 1965 of the 
new All-Union journal ~Khimiya Geterotsiklicheskikh 
Soedinenii ~ [Chemistry of Heterocyclie Compounds], 
which is published by the Academy of Sciences of the 
Latvian SSR in Riga [English translation by The Fara- 
day Press Inc., New York]. 

The industrial production of heteroeyelic compounds 
has served as the basis for the creation of a domestic 
chemical industry, the production of dyes and pharma- 
ceutical preparations. At the present time, many het- 
eroeyclic compounds (ethylene oxide, furfural, eapro- 
laetam, pyridine, etc.) are multitonnage products of 
the heavy organic synthesis industry. 

It is not possible to list even the names of all the 
scientists responsible for the enormous rise in the 
chemistry of heteroeyelie compounds in the USSR in 
the last 50 years, much less, to discuss the results 
they have obtained, even cursorily. Consequently, in 
the present short review we shall limit ourselves to 
a brief account consisting only of the work of Soviet 
scientists carried out in the years of Soviet power in 
the field of heteroeycles possessing aromatic proper- 
ties and their hydro derivatives. 

Below we shall consider general methods for the 
systhesis and mutual reactions of oxygen-, sulfur-, 
selenium-, and nitrogen-containing heterocyeles pos- 
sessing aromatic properties, and also the main direc- 
tions of investigations in the field of heteroeyeles con- 
taining two and more heteroatoms. 

In view of this range of questions considered, a 
large number of extremely interesting and important 
investigations devoted to heterocycles mainly of a 
nonaromatic nature has remained outside the frame- 
work of the present paper. Among them are the in- 
vestigations of V. M. Rodionov [8] (synthesis of 
heterocyelic compounds based on ~-amino acids). 
I. L. Knunyants [19, 43, 94.95] (laetams. aza- and 
thialaetones, oxazolones), A. I. Kiprianov [96] and 
I. I. Levkoev [97] (cyanine dyes). N. S. Vul'fson and 
M. M. Shemyakin [98] (B-lactones), M. M. Shemyakin 
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and V. K. Antonov [99] (oxacyclanes obtained by the 
spontaneous isomericat ion of hydroxy acyl amides), 
V. G. Yashunskii [100] (sydones and dydnone imines), 
Yu. A. Arbuzov [I01] (production of heterocyclie sys-  
tems by the diene synthesis and use of nitroso com- 
pounds as dienophiles), M. G. Voronkov [102,103] 
(chemistry of heteroorganic heterocyclic systems, 
atranes),  M. Yu. Lidaka and S. A. Hiller [104], M- G, 
Voronkov and L. A. Fedatova [105], G. I. Braz [106], 
R. G. Kostyanovskii [107], A. Ya. Berlin [108], L. D. 
Protsenko [109], A. A. Kropacheva [110], N. P. Grech- 
kin [111], N. S. Nametkin and V. N. Perchenko [112] 
(chemistry of ethyleneimine), P. V. Zimakov [22, 23], 
M. S. Malinovskii [20, 21], A. A. Petrov [113], G. A. 
Razuvaev and V. S. Etlis [25], I. L. Knunyants [596], 
T. I. Temnikova [114], B. A. Arbuzov [113a], P. P. 
Shorygin and V. I. Isagulyants [114a] (ethylene oxide 
and its derivatives), G. I. Razuvaev and V. S. Etlis 
[25], I. L. Knunyants [596], T. I. Temnikova [114], 
B. A. Arbuzov [113a], P. P. Shorygin and V. I. Isa-  
gulyants [114a] (ethylene oxide and its derivatives), 
G. I. Razuvaev and V. S. Etlis [25] (alkene sulfides), 
I. N. Nazarov [14]*, (s ix-membered nitrogen-,  oxygen-, 
and sulfur-containing heteroeycles),  G. V. Chelintsev 
[116] (synthesis of vitamin B1) , N. A. Preobrazhenskii  
and M. N. Shchukina [117] (synthesis of piloearpine), 
M. V. Rubtsov [53] (azabicyelic compounds), M. A. 
Prokofiev and Z. A. Shabarova [88, 118] (chemistry of 
the nucleotides), and many, many others.  

Par t icular ly  noteworthy are the achievements in the 
field of natural heterocyelic  compounds, the alkaloids. 
A. P. Orekhov and his pupils [2, 7, 8, 85] have studied 
the alkaloid composition of about 1000 species of plants 
of the USSR and have isolated from them and described 
65 new alkaloids (the s t ructures  of 20 of which have 
been established). G. P. Men'shikov [85] has d iscover-  
ed a new group of alkaloids containing the previously 
unknown pyrrolizidine heterocyele.  

Extremely important f rom both the theoretical  and 
the practical  aspects is the work of Soviet scientists  
(A. E. Porai-Koshi ts ,  B. A. Porai-Koshi ts ,  N. M. 
Kizhner, A. I. Kiprianov, N. S. Dokunikhin, L. S. 
Efros, N. S. Vul'fson, B. M. Krasovitskii,  G. T. Pil-  
yugin, etc. ) in the field of dyes, mater ia ls  for c inema- 
tography, and luminescent substances of the he terocy-  
elic ser ies .  

Great interest  is also presented by numerous inves- 
tigations of Soviet chemists  in the field of~ s i l icon-con- 
taining heterocycles  (N. S. Nametkin, V, M. Vdovin, 
V. F. Mironov, E. A. Chernyshev, and M. G. Voron- 
kov) and also organic derivatives of inorganic hetero-  
cycles  (K. A. Andrianov, L. M. Khananashvili, A. L. 
Klebanskii, E. G. Kagan, D. Ya. Zhinkin, e tc . ) .  

*For a list of 53 papers  f rom the ser ies  "Heterocy-  
clic Compounds"i see [115]. 

GENERAL METHODS FOR THE SYNTHESIS OF 
HETEROCYCLIC COMPOUNDS HAVING 
AROMATIC PROPERTIES 

in 1928-1930, N. I. Putokhin [119] and N. V. Vil' 
yams [120] showed the possibility of converting ami- 
nomethyl derivatives of f ive-membered heterocycles  
into the corresponding s ix-membered heterocyclie com- 
pounds by the action of nitrous acid. Thus, the ~-  
aminomethyl derivatives of pyrrole,  pyrrolidine, tet-  
rahydrofuran, and thiophene were converted into pyr i -  
dine, tetrahydropyridine, tetrahydropyran, and thio- 
pyran, respectively, and ~-aminomethylindole was con- 
verted into quinoline. 

In this way, N. Ya. Dem'yanov's  rear rangement  was 
applied for the f irst  time to heterocyclic systems:  

~X-'~CH, NM lINO~ ~ 
X~NH, O, S 

H2S 

fl NH3 

in 1935, Yu. K. Yur 'ev (for a list of Yur ' ev ' s  pa- 
pers,  see [131]) discovered the reac t ion tha tnowbears  
his name of the interconversion of heterocyeles  taking 
place in the vapor phase over alumina [121-130]. 

Yur ' ev ' s  reaction takes place with the tetrahydro 
derivatives of aromatic  heterocycles even more  readi -  
ly than with the aromatic  heterocycles themselves;  for 
example, te t rahydrofuran is converted into thiophan or 
pyrrolidine and tetrahydropyran into piperidine, thio- 
tetrahydropyran,  or selenotetrahydropyran [122-125]. 

Yur ' ev ' s  reaction enables us to obtain l - azab iey -  
clic compounds from amines of the furan  ser ies  con- 
taining an amino group in position 3 of a side chain. 
The synthesis of compotmds of the 1, 2-dihydropyrro-  
lizidine ser ies  is par t icular ly interesting [132]: 

R--~-~-- CH2CH2CEI--W}Ntl 2 --~ ~ 1  I 
R R' 

The broad possibiliUes of Yur 'ev's reaction in the 
synthesis of a large number of heterocyclic compounds 
from 1, 2-, 1, 4-, and 1, 5-diols, mercapto and azmno 
alcohols, and ethylene oxide have been shown on the 
basis of a large number of examples [5,125-130]. 

interesting work on the interconversion of six- 
membered heterocycles  has been car r ied  out in Ar-  
menia by S. A. Vartanyan and A. S. Noravyan [133]. 

Connected with the investigations of Yu. K .  Yur'ev, 
N. I. Putokhin, and N. V. Vil 'yams giving the poss i -  
bility of car ry ing  out the interconversion of he terocy-  
clic systems are the investigations car r ied  out in 
1924-1941 by N. D. Zelinskii [134-136], Yu. K. 
y u r ' e v  [134, 137], N. I. Shuikin [136,138], and M. I. 
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Ushakov [139], and also by N. I. l~utokhin [140], on 
the catalyt ic  hydrogenation and dehydrogenation of 
f ive-  and s i x - m e m b e r e d  he teroeycles ,  which showed 
the possibi l i ty  of the in te rconvers ion  of a romat i c  and 
sa tura ted  he te rocyc les .  

A. E. Chichibabin 's  work [57, 58] on the catalyt ic  
synthesis  os pyridine and i ts  homologs and analogs 
f rom ammonia  or amines  and acetylene or  aldehydes,  
and of thiophene f rom hydrogen sulfide and acetylene 
has become c lass ica l .  

A general  method for  the synthesis  of var ious  f ive-  
and s i x - m e m b e r e d  heteroeycl ic  sys tems ,  pyrazole ,  
thiazole,  pyridine,  quinoline, pyr imidine,  isoxazole,  
and pyrone, f rom alkyl and aryl  B-chlorovinyl  ketones 
(products of the condensation of acid chlor ides  with 
acetylene in the p resence  of aluminum chloride) has  
been developed by A. N. Nesmeyanov and N. K. Ko- 
chetkov: 

.+'" I ~  ,n 

R--~--~ "~ / rco--7=- ~ 
N~O/ Nx N ~C6H s 

~"'~--- RCO--CH = CHCI / 

'~,.,O.,P-- R / /  N.Nff 
/ \-, I 

R" 

~ " ~ - -  C00C2 H s R" , 
NxN~ 

H 

The react ion  of f l -ehlorovinyl  ketones with phenols 
in the p resence  of f e r r i c  chlor ide takes  place with the 
format ion of benzopyril iurn sa l t s  [166-169]. For  ex-  
ample,  s ta r t ing  f rom phloroglucinol and p -me thoxy-  
phenfi chlorovinyl ketone the methyl  e ther  of the natu- 
ra l  anthocyanidin gesner in  has been synthesized [166]: 

Lapina) [184-186]. It is based on the react ion of ele-  
men ta ry  sulfl~r with aryla lkyl  halides,  and can be i l -  
lust-rated by the following examples :  

S H ~ C ~ ' ~  C6Hs 
1) 4 C6H~CH2C| ~ Hs(~ ~ \S / ~Cr~Hs 

2) 2 C6H~cH2Br S ~ - ~ C ~ H  s 

3) 2 CeH~CHCI~ ~ 

HsC 6 C~H~ 

V 4 ) 2 CsHsCHCICH) 

~i) C6H5 CCI~CH CI ~ 
\C~ 

61 C6HsCHCICH CIgt 
S j 

S r ~ - ~  CaH~ 
7) (C6Hs)~ CHCH Cic, 

81 (C6H~)~CHCCI- 

g) C~HsCCI(CH3)~ ~ CoHs'~I~S:. S 

S ~ S  ~S I0) C~H~CC (CH2CI)CHCI 2 

The work of A. P. T e r e n t ' e v  has made many de r iv -  
a t ives  of var ious  he teroeyel ic  compounds avai lable .  In 
par t i cu la r ,  when using pyridine sulfur t r ioxide as sul-  
fonating agent he has obtained sulfonic acids of the 
pyrro le ,  indole, and furan s e r i e s  and of other acido- 
phobic he te rocyc les  [187]. 

L. P. Za lukaev ' s  work [188] leading to an original 
method for the synthesis  of n i t romethyl  der iva t ives  of 
var ious  he te rocyc les  is also of general  impor tance .  

OH OH 

,~ % ~ - o ~  . . . .  ,'-__~ - , , ~  x = /  
CI 

Thus, the highly r eac t ive  and readi ly  access ib le  fl- 
ehlorovinyl  ketones have become the bas is  of many 
new methods for synthesizing he te rocyc l ie  compounds.  

F. Ya. P e r v e e v  [172-183] has developed a general  
method of synthesizing f i v e - m e m b e r e d  he te rocyc les  
f rom acetylenic  o~-oxides. The reac t ion  of such oxides 
with hydrogen sulfide, hydrogen selenide,  ammonia,  
or amines ,  respec t ive ly ,  fo rms  der iva t ives  of thio-  
pene, selenophene, o r  py r ro le .  

An original  method for the synthesis  of su l fur -  
containing he te rocyc les  connected or condensed with 
a roma t i c  nuclei has r ecen t ly  been developed by M. G. 
Voronkov and his col leagues  (V. E. Udre and T. V. 

OXYGEN-CONTAINING HETEROCYC LES 
WITH ONE HETERO ATOM 

The c h e m i s t r y  of the oxygen-containing heterocycl ic  
compounds and, in par t icular ,  the c h e m i s t r y  of furan, 
is  developing e x t r e m e l y  v igorous ly  in the Soviet Union. 
Invest igations in the field of the chemis t ry  of furan and 
i ts  der iva t ives  touch on ve ry  d iverse  aspects  of their  
chemica l  behavior  and p rac t i ca l  appl icat ions.  

Thus, K. Yu. Novitskii  and Yu. K. Yur ' ev  [5 ,189-  
199] have studied in detail  the reac t iv i ty  of var ious  
mon0-  and bis(chloromethyl)  furans.  On the bas is  of 
the reac t ion  of b is (chloromethyl) furans  with nucleo- 
philic reagents ,  general  and convenient methods for 
the synthesis  of bifunctional furan der iva t ives  have 
been developed. Hydroxy-  and mercap toe thy lamines  
of the furan s e r i e s  have been used to obtain other het-  
e rocyc l ic  s y s t e m s  (piperazines,  thiomorpholines,  ox- 
azolidines,  and thiazol idines containing furan rino's). 
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Bis (chloromethyl)furans have proved to be conveni- 
ent start ing mater ia ls  for the synthesis of new nitrogen- 
or sulfur-containing bi-  and tr icycl ic  systems including 
a furan ring. A ease of a rear rangement  of the allyl 
type of halomethylfurans in their reaction with metal 
cyanides has been found [193,194], and the kinetics of 
the solvolysis of chloromethyl derivatives of furan has 
been studied [198, 199]. 

In 1938, S. M. Sherlin and A. Ya. Berlin [200] 
discovered a substitutive addition reaction in the furan 
ser ies  on the basis of the reaction of furan with acro-  
lein. 

I. N. Nazsrov and T. D. Nagibina [201, 202], Yu. 
K. Yur 'ev and N. S. Zefirov [203-207], and V. G. 
Glukhovtsev [208-211] have studied this reaction in 
detail and have developed it as a new method for the 
synthesis of carbonyl compounds of the furan ser ies .  
It has found wide application in the synthesis of amines 
[212], furylquinones [213], acids,  acid chlorides,  es-  
t e rs  [211], and other derivatives of furan. As an ex- 
ample we may give the synthesis of jasmone effected 
by Yu. K. Yur 'ev and N. S. Zefirov [214] using the 
substitutive addition reaction: 

C , _ o ~  / c,~=c.-c,o c.?-~-~-c,2c,~c,o c,,~c.=P(gup~ 

0 

- --  CH~CH =Ci tC2t t  ~ 
- - "  CH3--  --  CH2 CH?CH = CHC2H5 ~) OH ~ _ _ C H  3 

Using adduets of the diene synthesis in the furan 
ser ies  as model compounds, Yu. K. Yur 'ev and N. S. 
Zefirov have made a broad study of the theoretical  
questions connected with the Wagner-Meerwein r e a r -  
rangement  [214-217], homoallyl interaction [218,219], 
and the s te reochemis t ry  of addition react ions to a 
double bond [218,220-222].  

An original method for  the synthesis of amino acids, 
including optically active compounds, from amines of 
the furan ser ies  has been developed by A. P. Terent 'ev  
and R. A. Gracheva [223-225]: 

I 
N t I A ~  NHA{ 

A. P. Terent 'ev  and L. A. Kazitsina [226-228] have 
Shown that furan, 2-methylfuran,  and 2, 5-dimethylfu- 
ran  are  smoothly sulfonated by pyridine sulfur trioxide 
with the formation of mono- and disulfonic acids. 

The study of the synthesis ,  reac t ions ,  and pract i -  
cal applications of furan derivatives car r ied  out in 
Riga under the direction of S. A. Hiller [33, 35] has 
acquired an extremely wide scope. A charac ter i s t ic  
of this school is their  constant str iving to convert  the 
resul ts  of their  investigation to pract ical  use. Thus, 
for example, S: A. Hiller and A. Ya. Karmil 'chik  
[229-233] have developed a method for the vapor-  
phase decarbonylation of furfural  to furan over  mixed 
oxide catalysts  and have constructed a semi- indust r ia l  
plant for obtaining furan by this method. 

S. A. Hiller and M. V. Shimanskaya [233-239] have 
developed and introduced into industry a method for the 

synthesis o f  maleic anhydride based on the catalytic 
oxidation of furfural with air.  A large group of studies 
has been devoted to the creation of new physiologically 
active and medicinal preparations based on derivatives 
of furan and other oxygen-containing heterocycles  [35, 
36,240-254].  

At the present  time, many compounds of the 5-ni t ro-  
furan ser ies  have found use in medicinal practice, for 
example, 1-iN- (nitro-2-furyl) acrylideneamino] hydan- 
toin, under the name of "furalin". 

S. A. Hiller and A. E. Berzin [255] have developed 
a method for alkylating furan with olefins in the p re s -  
ence of boron trifluoride etherate.  

A new direction in the chemis t ry  of furan is r ep re -  
sented by the work of E. Ya. Lukevits, M. G. Voron- 
key, and S. A. Hiller [256-260] on the synthesis of 
organosilicon derivatives of the furan ser ies .  The hy- 
drosilylation of 2-vinylfuran and the react ions of furan 
amines, alcohols, and mercaptans  with chloro-  and 
hydrosilanes have been widely studied, and the reduc-  
tion of oximes with hydrosilanes has been discovered. 

The investigations of Ya. 13. Stradyn'  and S. A. Hil- 
ler  [261-265] in the field of the polarography of com-  
pounds of the furan ser ies  are  interesting. 

At Rostov-on-Don under the direction of Z. A. 
Nazarova [266-271] the behavior of the halogen atom 
in 5-halofurfurals and related compounds in relation 
to various nucleophilic agents has been studied sys tem-  
atically. 

A study of the pharmacological  activity of derivatives 
of the furan ser ies  is being car r ied  out in Erevan under 
the direction of A. L. Mndzhoyan [13,272-279,597].  As 
a result  of the investigations, the antitubercular agent 
"Armazid" and an agent for the t reatment  of glaucoma 
"Dimefur" have been sent for clinical t r ia ls .  

A sys t ema t i c  study of the chloromethylation of de- 
r ivat ives  of pyromucic  acid has made possible the de- 
velopment of methods for the synthesis of very  diverse 
functional derivatives of furan [5,272-279].  Of par t icu-  
lar  interest  is the synthesis proposed by A. L. Mnd- 
zhoyan and V. G. Afrikyan [274] of derivatives of ben- 
zylpyromucic acid by the following reaction: 

~_CH2CI + O~_OOOR--" ~ , _  CH2_~_COO R 

or ig inal  investigations in the field of furan chemis-  
t r y  have been car r ied  out at Saratov under the direction 
of A. A. Ponomarev [280-295]. He has studied the r e -  
ductive amination of furan ketones and has performed 
the synthesis of a number of amines, diamines, and 
hydroxy amines of the furan and te t rahydrofuran ser ies .  
With Z. V, Til [286-290] he has studied hydrazides of 
mixed furan acids with the ob]ect of finding physiologi- 
cally active compounds. 

Of part icular  interest  is the work of A. A. Ponoma- 
rev, Z. V. Til, and I. A. Markushina [286,291, 292] 
in the field of 1, 6-dioxaspirononane, derivatives of 
which can be readily obtained by the hydrogenation of 
T-carbonyl and "y-hydroxy derivatives of furan. 

Dioxaspirononane has been obtained by A. A. Pono- 
marev  and V. V. Zelenkova [293-296] in the optically 
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active form by the hydrogenation of 1-(c~-furyl)-3- 
propanol over nickel deposited on d- or / -quartz.  This 
is a fairly r a r e  example of absolute asymmetr ic  syn- 
thesis  in the case of reactions conducted in the p res -  
ence of a heterogeneous catalyst .  

Of great  pract ical  importance is the work of P. A. 
Moshkina, V. I. Lutkova, and N. N. Shmagina [297- 
299] on the synthesis of furan-2, 5-dicarboxylic acid, 
which is a valuable s tar t ing mater ia l  for the synthesis 
of a large range of synthetic fibers, resins,  and other 
polymeric  mater ia ls .  

In the field of the chemis t ry  of benzofuran, the work 
of A. N. Grinev and A. P. Terent 'ev  [300-302] is par -  
t ieular ly interesting; they have developed a method for 
the synthesis of compounds of this ser ies  f rom p- 
quinones and aeetoacetic es ter :  

O 

~_ C~3CCI~ COOC~H ~ ~ F I O - F ~ -  c~ ~ 

O 

o 

The substances obtained have proved to be effective 
plant growth s t imulators .  

Ya. L. Gol 'dfarb and L. D. Tarasova [303] have 
recent ly  developed a new method for the synthesis of 
B-substituted furans (starting f rom the 4, 5-dibromo 
derivatives formed by the bromination of furfural or 
2-acetylfuran in the presence  of aluminum chloride) 
and also of biheterocyelic condensed furan sys tems.  

N. D. Zelinskii and N. I. Shuikin have found con- 
ditions for the smooth hydrogenation of the furan ring 
[i36]. The hydrogenolysis  of furan compounds has sub- 
sequently been widely used by N. I. Shuikin et al. 
[138, 304-311]. A systemat ic  study of the use of met -  
als of the eighth group as catalysts  has shown that in 
the presence of platinum, iridium, and ruthenium the 
deuble bonds in the furan ser ies  are not hydrogenated 
but the furan ring undergoes hydrogenolysis  at C--O 
bond with the formation of aliphatic ketches [138,304, 

305:I. 
N. I. Shuikin, I. F. Bel'skii,  and R. A. Karakha-  

nov [306-319] have made a detailed study of the i so-  
merizat ion reaction o f / ? -  and T-oxides in the p res -  
ence of platinum on carbon and also of the thermal and 
catalytic conversions of dihydrofurans.  

Of great  in teres t  is the work of N. M. Kizhner [320], 
who has obtained 2-(2-methylcyclopropyl)  furan and an 
unstable i somer  of 2-methylfuran,  2-methylene-2,  3- 
dihydrofuran, and also dyes of the furan ser ies .  

The chemis t ry  of the s ix -membered  oxygen-con-  
taining heterocycles  has been studied mainly in the 
ease of the pyrones.  Basical ly new methods for the 
synthesis of oe-pyrone derivatives have been developed 
in the USSR. Thus, for example, R, Ya. Levina and 
N~ P. Shusherina [38,321-329] have proposed a meth-  
od for obtaining c~-pyrones by the bromination or chlo- 
rination of 5-enol laetones and the dehydrogenation of 
the d~halides formed:  

.�9 
• 

L. I. Zakharkin and L. I. Sorokina [330] have de- 
veloped another new method for the synthesis of 2- 
pyrones, based on the condensation of d ichmroacro-  
lein with various compounds having a labile hydrogen 
atom: alkyl aryl  ketones, acetoacetic es ter ,  and py- 
ro ta r ta r ic  acid. 

N. P. Shusherina, R. Ya. Levina, and N. D. Dmi- 
tr ieva [38] have made a detailed study of electrophilic 
substitution in a number of pyrones (nitration, b romi-  
nation, sulfonation, chloromethylation), and have also 
investigated the various react ions of functional acids of 
derivatives of this ser ies .  

The aromatic  nature of 2-pyrones has been confirm,- 
ed by a study of their IR spectra (Yu. N. Sheinker et 
al. [331, 332]). 

In conclusion, we must mention the interesting work 
of G. N. Dorofeenko and Yu. A. Zhdanov [333-338] on 
the synthesis of pyrit ium salts condensed with fro-an or 
thiophene rings.  

SULFUR- AND SELENIUM-CONTAINING 
HETEROCYCLES WITH ONE HETEROATOM 

The greatest  contribution to the chemis t ry  of thio- 
phene has been made by the work of Ya. L. Gol'dfarb. 

Starting from thiophene and its simplest  homologs 
and making wide use of chloromethylation, metalaticn, 
alkylation, and other substitution reactions,  Ya. L. 
Gol 'dfarb and his eoworkers  [339-367] have synthe- 
sized numerous thiophene derivatives.  Their subse- 
quent hydrogenolysis on a skeletal nickel catalyst  with 
the elimination of sulfur has led to acyclie derivatives 
which would be difficult to synthesize by a different 
route.  As an example, we may mention the synthesis 
of ketones and diketones with 14-28 members  in a ring, 
for example exaltone and dihydrocivetone [368-370]. 
Of other investigations in the field of thiophene we must 
mention a convenient method for acylating thiophene 
with the si l icoanhydrides of organic acids developed by 
Yu. K. Yur'ev, G. V. Elyakov, and Z. V. Belyakova 
[371-377]. 

The synthesis of re ference  compounds is of funda- 
mental importance for the identification of the t e t ra -  
hydrothiophenes of the sulfur-containing mineral  oils 
of the USSR. For this purpose a large number of tet-  
rahydrothiophenes of very  diverse s t ructure  has been 
synthesized and studied spectroscopical ly  by Yu. K. 
Yur 'ev and E. G. Rozantsev [377]. 

M. G. Voronkov and A. S. Broun [378-380] have 
developed a convenient method for the s~mthesis of 
phenylthiophenes which is based on the reaction of ele- 
mentary  sulfur with i somer ic  phenylbutenes, phenylbu- 
tanes, or  phenylbutadienes and also their exo-alkyl 
substituted derivatives.  

The study of the degradation of the thiophene and 
tetrahydrothiophene rings is of great  practical impor-  
tance, since these react ions are  at the basis of indus- 
t r ial  methods for desulfurizing mineral  oils. hi this 
area, we must mention the work of N. D. Zelinskii 
[381], and also that of I. N. Tits-Skvortsova.  T. A. 
Danilova [382,3831, and R. D. Obolentscv [384] (Ufa), 
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Of investigations in the field of heterocycl ic  sys t ems  
containing one sulfur atom, we must  also mention the 
work of N. I. Putokhin's  school [385,386] devoted to 
the chemis t ry  of a ry l -  and thienyl-subst i tuted thio- 
phenes, the original method for synthesizing hydro-  
thioxanthenes developed by V. G. Kharchenko [387], 
and the synthesis  of thiobicyclanes proposed by G. D. 
Gal 'per in  et al. [388]. 

The invest igations of A. I. Shatenshtein and A. G. 
Kamrad  [389] on the reac t iv i ty  of thiophene and its 
der iva t ives  (and also furan) by the deuteroexchange 
method must  be regarded  as par t i cu la r ly  valuable for 
the chemis t ry  of thiophene. The kinetics of the solvoly-  
s is  of chloromethyl  der iva t ives  of thiophene (and furan) 
has also been studied [396]. 

A grea t  contribution to the chemis t ry  of selenophene, 
a l i t t le-s tudied f i ve -m em bered  heterocycle  ve ry  c losely  
analogous to thiophene, has been made by Yu. K. Yur ' -  
ev, N. N. Magdesieva (Mezentseva), N. K. Sadova, and 
M. A. Ga l ' be r sh t am [390-397]. They have developed a 
convenient method for  the synthesis  of selenophene by 
the react ion  of butenes with metal l ic  selenium. A de-  
tai led study of e lectrophi l ic  substitution in the seleno-  
phene nucleus [394] has permit ted  the synthesis  of v a r -  
ious flmctional der iva t ives  of the selenophene ser ies ,  
the study of the i r  reac t iv i t ies ,  and the finding of meth-  
ods for the i r  prac t ica l  util ization (as antioxidants, com-  
p lex- forming  agents, and physiological ly active com-  
pounds}. The kinetics of the mercu ra t ion  of selenophene 
der iva t ives  [396], the kinet ics  of the isotope exchange 
of deuteroselenophenes  [397], and the kinet ics  of the 
solvolysis  of chloromethyl  der iva t ives  of selenophene 
have been studied. As a resu l t  of these invest igations 
it has been possible  to elucidate the position of se leno-  
phene among the f i v e - m e m b e r e d  heterocycl ic  com-  
pounds with a romat ic  p roper t i e s .  

NITROGEN-CONTAINING HETEROCYCLES 
WITH ONE HETEROATOM 

In the field of  ni t rogen-containing he terocycles ,  
Soviet chemis t s  have made a number  of basic  sc ien-  
tific d i scover ies .  

Even in the yea r s  immedia te ly  af ter  the revolution, 
V. V. Chelintsev and his col leagues A. P. Teren t ' ev ,  
B. V. Tronov, and B. V. Maksorov ca r r i ed  out inves-  
t igations in the field of c h e m i s t r y  of py r ro le  [398-401].  
T. N. Godnev has also devoted h imse l f  to the study of 
der iva t ives  of this heterocycle ,  including chlorophyll  
[402]. 

At the p resen t  t ime,  syntheses  of natural  compounds 
of the porphyr in  s e r i e s  (based on pyr ro le  der ivat ives)  
a r e  being ca r r i ed  out and their  p rope r t i e s  a re  being 
studied under the di rect ion of N. A. Preobrazhenski i ,  
R. P. Evstigueeva,  and A. F. Mironov [403-409]. 
Thus, for  example,  the study of the question of salt  
fo rmat ion  in the ace ty lpyr ro les  has enabled our know- 
ledge of the mechan i sm of the synthesis  of d ipy r ry l -  
methenes  f rom aldehydes of the py r ro l e  s e r i e s  to be 
extended [408,409]. 

An ex t r eme ly  in te res t ing  synthesis  of a he terocycl ic  
der iva t ive  of fe r rocene ,  f e r roceny lpyr ro le ,  has been 

effected by A. N. Nesmeyanov and V. A. Sazonova 
[410,411]. Later,  they found that heterocycl ic  f e r r o -  
cene der ivat ives  (for example,  fer rocenylpyr imidine  
methiodide) readi ly  decompose with the formation of 
ylides" 

CH~ 

In a number  of papers ,  

CH~ 

I 
CH 3 

A. P. Te ren t ' ev  and L. A. 
Yanovskaya [187,412] have shown that compounds of 
the pyr ro le  s e r i e s  a re  smoothly sulfonated by pyr id ine /  
sulfur t r ioxide to a -monosul fonic  acids.  

In the field of s i x - m e m b e r e d  ni trogen-containing 
he te rocyeles  we must  par t i cu la r ly  mention the c l a s s i -  
cal studies of A. E. Chichibabin [11]. The reac t ion  
discovered by Chichibabin and O. A. Zaide in 1914 of 
the amination of pyridine and i ts  der iva t ives  with sodi-  
um amide [57], which has acquired the name of the 
"Chichibabin [Tschitschibabin] reac t ion"  in world l i t -  
e ra ture ,  is  widely used to obtain very  d iverse  amino 
der iva t ives  of pyridine, quinoline, isoquinoline, py r i -  
midazole,  etc.  [57,413,414]. The use of this react ion  
by A. E. Chichibahin h imse l f  and his pupils (O. A. 
Zaide, A. V. Kirsanov,  I. L. Knunyants, N. N. Voro-  
zhtsov, F. N. Stepanov, et al. ) has enabled them to 
br ing about a wide development of the chemis t ry  of 
many ni t rogen-containing heterocycl ic  sys t ems .  

F r o m  2-aminopyridine,  I. Ya. Postovski i  [415-419] 
has synthesized var ious  sulfonamide prepara t ions  (in- 
cluding Sulfidine). 

The t a u t o m e r i s m  of der iva t ives  of 2-aminopyr id ine  
d iscovered  by A. E. Chichibabin is ex t r eme ly  in t e re s t -  
ing [420]. 

Work in the field of the t a u t o m e r i s m  of amino de- 
r iva t ives  of he terocycl ic  compounds has been ca r r i ed  
out by Yu. N. Sheinker. By making use of the law of 
t au tomer ic  equil ibria  d iscovered by M. I. Kabachnik 
[421-422], he found a connection between the position 
t au tomer ic  equil ibrium and the nature  of the subst i tu-  
ents on the ni trogen a toms of the amino groups [423, 
424]. The method of synthesizing pyridine der iva t ives  
f rom acetaldehyde and ammonia  developed by A. E. 
Chichibabin is  being studied at the p resen t  t ime  by 
M. I. F a r b e r o v  [425] (Yaroslavl)  in o rder  to use this 
reac t ion  for the industr ial  synthesis  of pyridine der iv -  
a t ives .  

Invest igations in the field of pyridine chemis t ry  a re  
also being ca r r i ed  out by Yu. I. Chumakov [58,426] 
(Kiev). He has developed a general  method for the syn- 
thes i s  of pyridine bases  which is founded on the sapon-  
if ication of 2-alkoxy-3,  4-dihydropyrans  to 1, 5 -d i ca r -  
bonyl compounds and the reac t ion  of the la t ter  with 
hydroxylamine.  

An in teres t ing  synthesis  of pyr idines  by the dehydra-  
tion of 7-p iper idols  with subsequent catalyt ic  dehydro-  
genation have been developed by N. S. P ros takov  [427- 
429]. 
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The Chichibabin react ion can be used successfully 
for the synthesis of quinoline bases.  Thus, when a mix- 
ture of acetaldehyde and aniline vapors is passed over 
alumina at 450-500 ~ C, lepidine is obtained in good 
yield. An original method for synthesizing quinolines 
has been developed by N. S. Kozlov [430-432] (Perm). 
It is based on the react ion of aniline and other aromat-  
ic amines with acetylene in the presence of salts of 
copper, mercury ,  or si lver.  

A convenient method for obtaining 4, 4-bipyridyl has 
been proposed by A. E. Arbuzov [433]. 

A valuable contribution to the chemis t ry  of indole 
has been made by the investigations of A. E. Pora i -  
Koshits [485, 593] and V. I. Minaev [594] in the field 
of indigo and indigoid dyes. 

We may atso mention the work of Z. V. Pushkareva 
[434-435] on qulnaldine derivatives.  This question is 
direct ly connected with the chemical utilization of coal 
ta r  bases.  

Under the direction of G. Ya. Vanag [436-442] 
(Riga), detailed studies of the chemis t ry  of f l -d icar -  
bony] compounds and, in part icular,  of indiandione 
derivatives has been car r ied  out. The synthesis of 
various complex heterocycl ic  systems from this dike- 
tone has been effected. Thus, for example, the Beck- 
mann rea r rangement  of 2-nitroindiandione oxime gives 
1- chloro-  3-nitr  o- 4-hydroxyisoquinoline. 

L. S. Povarov and B. M. Mikhaiov [443-449] have 
found that vinyl alkyl es te r s  react  with Schiff's bases 
in the presence of catalytic amounts of Lewis acids 
(BF3, A1CI3, A1Br3). This gives r i se  to derivatives of 
4-alkoxy-1,  2, 3, 4-tetrahydroquinoline, which can eas -  
ily be converted into the corresponding quinolines. 
This method opens up wide possibilities for the syn- 
thesis  of quinoline and tetrahydroquinoline derivatives.  

The new method for synthesizing compounds of the 
pyridine ser ies  developed by G. Ya. Kondrat 'eva [450, 
451] is worthy of attention. It is based on the reaction 
of oxazoles with various philodienes under the condi- 
tions of the diene synthesis and leads to the formation 
of substituted cinchomeronic (pyridine-3, 4-dicarboxy- 
lic) acids. 

Indole derivat ives play an essential  role in vital pro-  
cesses .  It is sufficient to mention such compounds of 
the indole ser ies  as tryptophan, serotonin, bufotenin, 
reserpine,  strychnine, and psilocine. Extremely in- 
tensive studies of the chemis t ry  of indole are proceed-  
ing in the Soviet Union at the present  t ime. 

Many of them are devoted to the synthesis of indoles 
f rom arylhydrazones  by means of the Fischer  react ion 
as modified and improved (as ear ly  as 1910) by A. E. 
Arbuzov (cf. [452]) [62]. 

Using this, N. N. Suvorov et al. [452-461] (Moscow) 
have developed the synthesis of the known stimulator 
of plant root  formation, 3-indolylbutyric acid. Acids 
containing substituents in various positions of the 
pyrro le  and benzene rings have been obtained in the 
same way. 

N. N. Suvorov et al. have developed a new method 
for obtaining serotonin from v-formylpropionic  acid 
and p-benzoyloxyphenylhydrazine.  

N. N. Suvorov's work [62] has played a great  part  
in establishing the mechanism of the Fischer  reaction.  

A. N. Kost and L. G. Yudin [462,463] have found 
that keto nitri les can take part  in the Fischer  react ion 
and, depending on the reaction conditions and the s t ruc-  
ture of the initial compounds, nitr i les of both the indole 
and the indolenine series,  and also substituted indoles, 
can be obtained. 

A convenient method for the synthesis of 2-methyl-  
tryptophol has been proposed by I. I. Grandberg, A. N. 
Kost, and A. P. Terent 'ev  [464, 465]. 

A. N. Kost, L. G. Yudin, A. P. Terent 'ev,  and 
B. Ao Dmitriev [466, 467] have developed the following 
elegant method for the synthesis of lilolidene s t ruc-  
tures :  

H ~ ' I - - I  NO NH~ R' R 

Of other methods of constructing the indole ring we 
m a y  mention the method for the synthesis of indoles 
developed by A. I. Grinev and A. P. Terent 'ev  [468-- 
473], which is based on the Nenitzescu react ion and 
consists in the condensation of quinones with amino- 
erotonie es te r  and its analogs. 

I. I. Grandberg et al. [474] have discovered a new 
and simple method for the synthesis of t ryptamines 
start ing from arylhydrazones  and 7-halogeno carbonyl 
compounds [422,423]: 

H 

We must mention the work of A. N. Kost, L. G. 
Yudin, and V. A. Budylin [475], who have studied elec-  
trophilic substitution in 2, 3-substituted indoles as a 
function of the acidity of the medium. 

L. N. Yakhontov [476,477] (Moscow) has car r ied  
out general investigations in the field of azaindoles in 
a search for new physiologically active substances.  

It is impossible not to mention the work of A. E. 
Arbuzov [478] on the tau tomer ism of isatin. 

In the field of acridine chemistry,  the larges t  num- 
ber of investigations (I. L. Knunyants, G. V. Chelin- 
tsev, and  O. Yu. Magidson) has been devoted to the 
synthesis of the valuable antimalarial  agent acrichine 
and its analogs [479-482]. Of the other investigations 
in this field, we may mention those of A. M. Grigorov- 
skii [484] devoted to a study of the chemis t ry  of t h e  
luminescence reactions of lucigerine (10.10-dimethyl-  
bisacridi l ium nitrate).  

Of other synthetic studies in the field of heterecycles  
containing one nitrogen heteroatom we must also refer  
to the work of A. E. Porai -Koshi ts  [485]. O. Yu. Ma- 
gidson [488], M. V. Rubtsova [486], I. Ya. Postovskii 
[487], N. N. Vorozhtsova [488]. B. P. Lugovkina [489]. 
P. A. Petyunina [490], Ts. V. Tsukerman [491]. and 
others.  
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HETEROCYCLES CONTAINING SEVERAL 
HETEROATOMS 

Heterocycles  having a romat ic  p roper t i e s  and con- 
raining two or more  he te roa toms  form such a la rge  
group of compounds that  to mention even br ief ly  all 
the direct ions of work in this field is not possible .  The 
main achievements  of Soviet chemis t s  in the field o f  
the chemis t ry  of heterocyel ic  compounds are  connected 
with the study of der iva t ives  of isoxazole,  pyrazole,  
imidazole,  pyrimidine,  and the i r  hydrides .  

Thus, N. K. Kochetkov, E. D. Khomutova, a n d  
S. D. Sokolov [492,493] have studied the chemical  
p rope r t i e s  o f  isoxazole .  On the bas is  of a large num- 
ber  of examples  they  have shown that electrophil ic  
substitution (nitration, sulfonation, halogenation, m e r -  
curation) takes place in position 4 of the oxazole r ing.  
It has also been shown that isoxazole somewhat  r e -  
sembles  pyridine in i ts  p roper t i e s .  

An original  method for the synthesis  of i soxazol -  
idine der iva t ives  has been developed by V. A. Ta r t a -  
kovskii  and S. S. Novikov [494-497] (Moscow) on the 
bas i s  of the 1, 3-dipolar  addition of e s t e r s  of the aci 
f o rm of ni t ro compounds to olefins, :for example:  

R" 
r \ c .  c I , r - ~ - g L r "  

r,/cH o/N\oc% 

A grea t  contribution to the chemis t ry  of he te rocy-  
clie der iva t ives  of hydrazine has been made by A. N. 
Kost and I. I. Grandberg.  A s e r i e s  of thei r  f i r s t  pa-  
pe r s  was devoted to t h e s y n t h e s i s  of pyrazol ines  f rom 
amines  under the action of acid ca ta lys ts  [498,499]. 

After  these  worke r s  had found a convenient method 
for  dehydrogenating pyrazol ines  to pyrazo les  using 
sulfur as dehydrogenating agent [500-507], broad and 
sys temat ic  work on the chemical  p rope r t i e s  of p y r a -  
zole sy s t ems  was begun. Pa r t i cu l a r  in te res t  i s  offered 
by a study of e lectrophi l ic  substitution in the pyrazole  
r ing [508-510].  I. I, Grandberg [50.8] showed that  e lec-  
t rophi l ic  substitution takes  place in position 4 of  the 
pyrazo le  r ing.  

A s e r i e s  of I. I. Grandberg ' s  invest igat ions was 
devoted to the physicoehemical  p rope r t i e s  of var ious  
pyrazole  der iva t ives .  Thus, fo r  example,  dipole mo-  
ments  were  de termined [511], IR, UV, NMR, and flu- 
o r e scence  spec t ra  were  studied, etc.  

I. I. Grandberg [512,519] has also descr ibed the 
r e a r r a n g e m e n t  of pyrazol ines  and the i r  der iva t ives  
into B-amino  n i t r i les .  

B. V. Ioffe and K. N, Zelenin [520] have found that  
the reac t ion  of ~, f l -unsatura ted  carbonyl  compounds 
with dialkylhydrazines leads to an amino ni t r i le  r e -  
a r r a n g e m e n t  which t akes  place via the in te rmedia te  
stage of the format ion  of qua te rnary  pyrazol ine  de r iv -  
a t ives:  

- ,  L,/\~, j .N~, 

Yu. A. Naumov, I. I. Grandberg,  and A. N. Kost  
[521, 522] have studied the fac to r s  affecting reac t ions  

taking place with the cleavage of the N--N bond and 
have shown the kinet ic  relat ionship of the amino ni tr i le  
r e a r r a n g e m e n t  to reac t ions  of var ious  hydrazine der iv-  
a t ives .  

The chemis t ry  of the te t rahydr0pyr idazines  has 
been developed by R. Ya. Levina, Yu. S. Shabarov, 
and M. G. KuzTmin [523--527]. They have synthesized 
numerous  cOmpounds of the te t rahydropyr idazine  se-  
r ies ,  espec ia l ly  f rom azodiaroyls  by means  of the 
diene synthesis  with axodienophiles.  The la t te r  were  
used as s tar t ing ma te r i a l s  in the development of an 
interest ing method for synthesizing cyclobutanes in 
the following Way: 

N-coog.~ ~N-cooc  "s C ~ "  
N --COO C 2 H s ~ . / N - -  COO C 2 H s Ar - -L~-~ 
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Ar Ar Ar 

O. S. Otroshcherfl~o and A. S. Sadykov [528-532] 
have  ca r r i ed  out sys temat ic  investigations in the field 
of bipyridyl  chemis t ry .  They have developed methods 
for  synthesizing b ipyr idyls  and have studied the d i r ec -  
tion of e lectrophi l ic  substitution reac t ions .  

A la rge  range  of der iva t ives  of thienopyridine, 
thienothienopyridine,  thienothiazole,  and th ienopyrro-  
lenine has been synthesized by V. G. Zhiryakov [533- 
536]. 

One of the direct ions of the studies ca r r i ed  out by 
M. A. P roko f ' ev  and Yu. P .  Shvachkin [537-548] is  
connected with the study of pyr imidylamino acids.  
These compounds are  of in te res t  as potential an t ime-  
taboli tes,  substances  that  par t ic ipate  in the nuclein- 
prote in  metabo l i sm of the o rgan i sm.  The authors  suc-  
ceeded in developing general  methods for synthesizing 
previous ly  unknown pyr imidylamino acids of all theo-  
re t i ca l ly  possible  t ypes .  Very recently,  py r imidy la -  
mine acids have been detected in natural  ma te r i a l s .  

By using methods which they had developed, M. A. 
P rokof ' ev  and Yu. P. Shvachkin [540-542] have p e r -  
formed the f i r s t  chemical  synthesis  of a new amino 
acid derivat ive,  lathyrine.  

Here  we mus t  also mention the fact  that der iva t ives  
of t e t rahydropyr imid ine  are  readi ly  obtained f rom acy-  
lated f l -amino acids by a method developed by V. M. 
R0dionov, V. V. Kislova, and V. K. Zverykina [549]. 

O Yu. Magidson and K: A. Chkhikvadze [550,551] 
have synthesized and studied a number  of new der iva -  
t ives  of 0rotic  acid and i ts  2-amino and 2-thio analogs.  
A la rge  contribution to the c h e m i s t r y  of he te rocyc les  
with two he te roa toms  has been made by the work of 
I. Ya. Postovski i  [552]. He has made a detailed study 
of var ious  sulfo der iva t ives  of thiazole and has found 
an unusual case  of the i somer iza t ion  of an amino sul-  
fonic acid of thiazole into the cor responding  sulfamic 
ac id  [552,553]: 

N - - ~ C H  3 N ~ - -  Clt 3 
H, N--I[~S ~-S03H - -  Ho3SNH--~S D 

Yu. N. Sheinker and I. Ya. Postovski i  [553-560] 
have studied questions of thione-thiol  and amino- imino 
t a u t o m e r i s m  in a number  of mercap to  and amino de- 
r iva t ives  of thiazole.  
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V. L. Nirenburg and I. Ya. Postovski i  [559] have 
found a pecul iar  the rma l  i somer iza t ion  of 5-hydrazino-:  
1-phenyl te t razole  into 1-amino-5-an i l ino te t razo le .  

The so-ca l led  t e t r azo le -az ide  t au tomer i sm,  which 
has been studied in re la t ion to azide der iva t ives  of ni -  
t rogen-conta ining he terocycles ,  is  of great  theoret ical  
i n t e re s t  [560,561]. 

An in teres t ing  s e r i e s  of invest igations in the field 
of benzazoles  and naphthazoles has been ca r r i ed  out by 
N. P. Bednyagina, I. N. Getsova, and I. Ya. Pos tov-  
skit [562]. 

Broad and ex t r eme ly  in teres t ing  invest igations have 
been ca r r i ed  out in the imidazole  s e r i e s  by P. M. 
Kochergin [68, 563] and A. M. Simonov [68, 71], in the 
benzimidazole  s e r i e s  by A. M. Simonov, B. A. Po ra i -  
Koshits,  and L. S. Efros  [565, 566], and in the py r i -  
midine s e r i e s  by V. P. Mamaev [567]. 

We must  also mention the work of I. L. Knunyants 
[568] in the thiazole field. A new c lass  of heterocyel ic  
compounds-- the pyr imid ineamidazolones- -has  been dis-  
covered by M. A. Prokoftev and Yu. P. Shvachkin 
[5691. 

A. S. Elina and O. Yu. Magidson [570-572] have 
ca r r i ed  out invest igat ions in the field of the N-oxides 
of quinoxaline, pyrazine,  and their  der iva t ives .  Or ig-  
inal methods for the synthesis  of der iva t ives  of these 
he te rocyc les  and the i r  N-oxides,  previous ly  difficult 
to obtain, have been proposed.  Prac t icab le  routes  for 
obtaining the N-oxides  of quinoxaline containing amino, 
hydroxy, carboxy,  alkylcarboxy,  alkyl, hydroxyakyl,  
and other subst i tuents  in the pyrazine  par t  of the mole -  
cule have been found. 

Interes t ing studies on 5 - amino - I ,  2, 4 - t r i azo les  
have been ca r r i ed  out by V. Ya. Grinshtein and G. I. 
Chipen [573-577], who have developed a method of 
obtaining amino t r i azo les  and the i r  der iva t ives .  

A large  number  of he te rocyc les  of var ious  s t r uc -  
tu res  containing seve ra l  he te roa toms  has been syn-  
thesized by I. K. Korobi ts ina  and Yu. K. YurTev [578- 
582] f rom 1, 2-diketones of the t e t rahydrofuran  s e r i e s .  

I. K. Mushkalo [583] has synthesized a la rge  num- 
ber  of der iva t ives  of benzothiazine, benzoheptathia-  
zinc, thiazoline, and thiazolidine, and has  studied 
the i r  r eae t iv i t i e s .  

Heteroeycl ic  sy s t em s  containing two or more  het-  
e roa toms  have also been the subject of invest igat ions 
by S. N. Baronov [80,584, 585], V. G. Pes in  [586] 
(thia- and selenadiazoles) ,  V. A. Krasovsk i i  and 
S. I. Bu rmi s t rov  [587] (2-aminothiazole),  B. M. Tur -  
kevich [588] (rhodanine der ivat ives) ,  S. V. Zhuravlev 
[589] (phenothiazine), and o thers .  

In 1944-1947, M. G. Voronkov and A. S. Broun 
[378, 590,591] d iscovered  a new c lass  of f i v e - m e m -  
bered  he te rocyc les  posses s ing  a romat ic  p rope r t i e s  
containing two sulfur  a toms in the ring, a ry l -  and 
a lkyl-subst i tu ted 1, 2-di th io l -3- th iones ,  and a method 
for thei r  production based on the sulfonation of the 
cor responding  a ry la lkenes  and a lkenes .  On recent ly  
continuing these  invest igat ions,  M. G. Voronkov and 
T. V. Lapina [186,592] have developed a convenient  
catalyt ic  method for synthesizing 4- and 5 -a ry l -1 ,  2- 
d i th iol -3- thiones  s ta r t ing  f rom e l emen ta ry  sulfur and 

1- and 2 -a ry lp ropanes  and their  der iva t ives .  The di-  
pole moments  and electronic s t ruc tu res  of these com-  
pounds have been studied [595]. R. O. Matevosyan et 
al. [598-600] have studied the stable f ree  rad ica l s  ob- 
tained f rom heteroeyel ic  hydrazines  (derivat ives of 
thiazole, imidazole,  oxazole, e tc . ) .  These inves t iga-  
tions have fundamental impor tance  for elucidating the 
fine chemical  s t ruc tu re  and reac t iv i ty  of such he te ro -  
cycl ic  sy s t ems .  

In this review, the end of which we are  now a p -  
proaching, we have repea ted ly  emphasized that it is 
not possible  to give any kind of exhaustive account of 
all the in teres t ing r e su l t s  of invest igat ions in the field 
of the chemis t ry  of he te rocycl ic  compounds having 
a romat ic  p rope r t i e s  obtained by Soviet sc ient is ts  in 
the las t  50 yea r s .  We have mentioned only the mos t  
fundamental of them and have shown the main d i r ec -  
t ions being followed in this field of investigation.  

The ma te r i a l  given above c l ea r ly  indicates  the 
vigorous  development  of the c h e m i s t r y  of he te rocyel ie  
compounds in many Soviet scientif ic cen te r s .  A funda- 
mental  ro le  in the advances achieved has been played 
by the leading organic chemis t s  of the USSR who have 
constant ly devoted grea t  attention and in te res t  to this 
ve ry  impor tant  branch of organic chemis t ry .  

The broad invest igat ions d iscussed have, on the 
one hand, enabled bas ica l ly  new fea tu res  in the r e a c -  
tions of organic compounds to be d iscovered  and thus 
have made possible  the development  of new theoret ica l  
ideas in organic chemis t ry  and the solution of i m p o r -  
tant  p rob lems  of modern  bioorganic chemis t ry ,  bio- 
chemis t ry ,  and pharmacology.  

On the other hand, the enormous  prac t ica l  i m p o r -  
tance of these invest igat ions is quite obvious, since 
they f o r m  the bas is  of the c rea t ion  of new medicinal  
and ve t e r i na ry  agents, dyes, plant growth regula tors ,  
pest icides,  in t e rmed ia tes  of fine organic synthesis ,  
po lymer ic  ma te r i a l s ,  etc.  

A cha rac t e r i s t i c  feature  of the development  of the 
c h e m i s t r y  of he te rocyel ic  compounds in the Soviet 
Union is the e v e r - i n c r e a s i n g  use of physical  and physi-  
cochemical  methods of studying these substances  and 
their  r eac t ions .  

All this shows the unusually wide range of p rob-  
l ems  that Soviet sc ient i s t s  working in the field of the 
c h e m i s t r y  of he te rocycl ic  compounds have set  t hem-  
se lves  and successfu l ly  solved. 
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