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O F  CONDENSED 1,2,4-TRIAZOLES 

(REVIEW) 
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The l i t e r a tu r e  data on methods for  the synthesis  of condensed 1, 2 ,4 - t r i azo les  a r e  examined.  

Despi te  the fact  that m o r e  than 400 pape r s  and patents  devoted to the p repa ra t ion ,  p rope r t i e s ,  and appli-  
cat ions of condensed 1 ,2 ,4- t r iazo les  a r e  p re sen t ly  known, the re  has not ye t  been a specia l  review devoted to 
this topic.  A shor t  chap te r  on this p rob l em  is contained in a review of the c h e m i s t r y  of 1 ,2 ,4- t r iazole  [1]. Atl 
of the impor tan t  s tudies in which p rob l em s  involved in the p repa ra t ion  of condensed 1 ,2 ,4- t r iazo les  a r e  ex- 
amined were  se lec ted  in the p r e s e n t  review. 

A n n e l a t i o n  o f  t h e  1 , 2 , 4 - T r i a z o l e  R i n g  on  t h e  B a s i s  

o f  a - H y d r a z i n o ~ S u b s t i t u t e d  H e t e r o c y c l e s  

The annelation of the 1 ,2 ,4- t r iazole  ring to var ious  he te rocye les  through a -hydraz ino  der iva t ives  is one 
of the mos t  widely used t r ans fo rma t ions .  

Ij[~N NHNH2 ~ i/l~ NHNHCOR ~N" N 

Condensed T r i a z o l e s  of the II (R = H, alkyl) Type.  The react ion  of a -he t a ry lhyd raz ine s  I with aliphatic 
carboxyl ic  acids is the mos t  widely used method in a p r epa ra t i ve  respec t .  As a rule eycl izat ion takes  p lace  
during refluxing of the he ta ry lhydraz ine  with a l a rge  excess  of the carboxyl ic  acid and p roceeds  through in te r -  
media te  N - h e t a r y l - N ' - a c y l h y d r a z i n e  III, which, in some cases ,  pa r t i cu la r ly  if the number  of ca rbon  a toms in 
group R is h igher  than two, is the chief reac t ion  product .  This compl ica t ion is obse rved  in the cycl iza t ion of 
2 -pyr idy l -  [2-4] and 2- th iazoly lhydraz ines  [5, 6]. The cycl izat ioa  of 2-oxo( th ioxo)-4-pyr imidyl -  [7-9], 3 - p y r i -  
dazinyl -  (80-91% yields)  [10-13], and 2-quiuoxal inylhydrazines (65-85%) [14], 3 - h y d r a z i n o - 6 - p h e n y l - s y m -  
te t raz ine  [15], 5 - a r y l - 7 - h a l o - 2 - h y d r a z i n o - l , 4 - b e n z o d i a z e p i n e  [16], and 5 -hyd raz ino - l , 2 , 4 - t r i a z ine  [17, 18] may 
s e rve  as examples  of the successfu l  applicat ion of aliphatic carboxyl ic  acids.  

Heta ry lhydraz ines  of the III type can neve r the le s s  be converted to t r i azo les  II by heating in phosphorus 
oxychloride or  phenol. Thus a number  of N- (2 -py r idy l ) -N ' - acy lhydraz iues  have been conver ted  to compounds 
of the II type in 40-50% yields  by refluxing in phenol [2, 3, 19]. The cycl izat ion of hydraz ines  III with the benzo-  
thiazole  r ing has been  repor ted  [5]. Phosphorus  oxychloride has been used for  the cycl izat ion of N - a c y l - N ' -  (2- 
th iazolyl)hydrazine [6]. As in a number  of s i m i l a r  hydrazones  of the quinoxaline s e r i e s  [14], the pyro lys i s  of 
2 -pyr idy lhydrazones  of aliphatic methyl  ketones gives t r i azo les  II (R =CH 3) in up to 10% yields  [20]. 

In some  ca se s  the reac t ion  may be accompanied by r ea r r angemen t .  Thus, despi te  the avai lable  data [21, 
22], the cyel iza t ion  of 2 -pyr imidy lhydraz ines  by means  of carboxyl ic  acids is accompanied  by the Dimroth 
r e a r r a n g e m e n t  [23, 24]. 

= ~N"~N I"~R 
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The initial product  is acylhydrazine IV, which gives py r imido t r i azo le  V on prolonged refluxing in excess  
carboxyl ic  acid [23, 25-29]. 

Hydroxyl groups in the pyr imid ine  ring faci l i ta te  cycl iza t ion [23, 25, 26, 29, 30] and hinder  i somer iza t ion  
[25, 29]. Thus an i s o m e r  of the (4,3-a) s e r i e s  can be isolated fo r  4 -hydroxy-2 -py r imidy lhydraz ines  in some 
cases  under  mild conds (55 ~ 1 h) when R = H  [23, 25], whereas  when R=CH~, even prolonged refluxing in 
glacial  acet ic  acid does not lead to i somer i za t ion  [25, 29]. 

R*~ ~N~ NHNH 2 ] ' I  ~ RCO2H 
R t ~ , , , ~  N 

OH 

VA 

I 

R ~ R 

OH 
Vl....! 

The introduction of a phenyl group in 4 -hydroxy-2 -pyr imidy lhydraz ine  VI d e c r e a s e s  the effect  of the 
hydroxyl group; this affects  the ease  of cycl izat ion [26] and r e a r r a n g e m e n t  [31]. Cycl izat ion with the pa r t i c ipa -  
tion of carboxyl ic  acids always takes place  p r i m a r i l y  at the 3-N a tom if there  is a hydroxyl group in the 4 pos i -  
tion of the pyr imidine .  Other  types of subst i tuents  do not have a substant ial  effect  on the direct ion of cyc l iza-  
tion [25, 26, 29, 32, 33]~ Unsymmet r i ca l ly  substi tuted 2 -pyr imidy lhydraz ines  undergo cycl iza t ion  to give two 
i somer i c  (with r e spec t  to the posi t ion of the substituent) V [27]. It is c l e a r  that 3-subst i tuted 4 -hydroxy-2 -  
pyr imidy lhydraz ines  fo rm only one i s o m e r  on reac t ion  with carboxyl ic  acids [23, 24], but the poss ibi l i ty  of the 
(4,3-a) - -  (1,5-a) r e a r r a n g e m e n t  is not excluded [34]. 

The Dimroth r e a r r a n g e m e n t  has atso been  noted for  5 -hydraz ino-1 ,2 ,4 - t r i az ine  VIIi, f r om which, depend- 
ing on the t e m p e r a t u r e ,  IX and X, with different  ring fusions,  can be obtained [35]. 

OH OH OH 

~,fN ~ ~ 18 ~ N~T~N reflux N~fN--N )j.N 

C H 3 C H 3 C H 3 

In the case  of 6 - m e r c a p t o  der iva t ives  of VIii the reac t ion  p roceeds  with somewhat  g r e a t e r  difficulty; 
thus refluxing in fo rmic  acid for  48 h is requi red  for  the (4 ,3-d)- -  (1,5-d) r e a r r a n g e m e n t  [35]. The cycl izat ion 
of 3 -hyd raz ino - l , 2 , 4 - t r i a z i ne s  by means  of carboxyl ic  acids to condensed 1 ,2 ,4- t r iazo les  is poss ib le  both at the 
2-N a tom and the 4-N a tom.  It has been  shown by different  methods [36-38] that  the 2-N a tom pa r t i c ipa te s  in 
cycl izat ion by means  of HCO2H to give the cor responding  II. The effect of the pH of the medium on the c h a r -  
a c t e r  of the cycl izat ion of 3 -hyd raz i no - l , 2 , 4 - t r i a z ine s  is d iscussed  in [39]. 

The reac t ion  of ~ -he ta ry lhydraz ines  I with ortho e s t e r s  always p roceeds  without Dimroth r e a r r a n g e m e n t .  
This is one of the mos t  convenient  methods for  the p r epa ra t i on  of condensed 1 ,2 ,4- t r iazo les  IL Ethoxymeth-  
ylidene der iva t ives  XI, which can be isolated in the individual s ta te  in the case  of 2-hydrazinothiazoles  [40] and 
2 -hydraz ino - l , 3 ,4 - th i ad iazo le s  [41], a r e  in t e rmed ia te s  in these  t r an s fo rma t ions .  The X I - - I I  t r ans fo rma t ion  oc-  
curs  in acet ic  ac idwhenthe  mix ture  is hea ted to  100 ~ [41]. The yields are ,  as a rule,  high. Excess  ortho e s t e r  f r e -  
quently also s e r v e s  as the solvent [24, 27, 28, 42-44], but alcohols a re  s o m t i m e s  added [33]. The poss ib i l i ty  of oye l i -  
zat ioa of hydrazines  I by means  of ortho e s t e r s  to the cor responding  t r iazo le  s II has been demons t ra ted  in the case  of 
benzimidazole(70-8OToyield [5, 45], thiazole (20~oyield) [6], benzothiazole (76-82% yield) [5, 45], pyraz ine  (55-78~o 
yield) [45-50], quinoxaline (85-94% yield) [14], 1,3,4-thiadiazole (70-90~ yield) [41], pyr imid ine  (30-77% yield) 
[24, 27, 28, 33, 42-44, 51], quinoline (60% yield) [5, 22, 52], isoquinoline (40-84~ yield) [19, 53], 1 ,4-benzo-  
diazepine [54], and th ieno[2 ,3 -e ] - l ,4 -d iazep ine  [55]. According to the data in [47], cycl iza t ion with ortho e s t e r s  
occurs  with g r e a t e r  ease ,  the lower  the bas ic i ty  of hydrazine I. If a l te rnat ive  cycl iza t ion pathways a r e  poss ib le ,  
as a rule,  both a r e  rea l ized .  For  example,  two i s o m e r s  were  obtained f r o m  unsymmet r i ca l l y  subst i tuted 2- 
pyr imidy lhydraz ines  [24, 42, 43], although ins tances  in which only one i s o m e r  was isolated have been descr ibed  
[33, 42]. Diethoxymethyl ace ta te  has recent ly  been frequently used in p lace  of ethyl o r thoformate  [56-58]o Ace-  
tic anhydride has been  successfu l ly  used in the cycl izat ion of 3-pyr idaz inylhydraz ine  (the products  a r e  obtained 
in up to 80% yields)  [11, 58], whereas  in the ca se  of 3 -hyd raz ino - l , 2 ,4 - t r i a z ine ,  condensat ion s a neut ra l  m e -  
dium with e thyl formate  led to a mix tu re  of isomers  (with r e spec t  to the posi t ion of the substituent) XII and 
XHI [39]. Compound XII is unstable and slowly (very rapidly when it is refluxed in fo rmic  acid) undergoes 
Dimroth r e a r r a n g e m e n t  to give a der iva t ive  of the (5,1-c) i somer ,  whereas  XHI is comple te ly  s table .  

HO,,~N.,~.NHNH 2 �9 HCO~,C2H 5 N~.N',.T>N'-N HO~N~N" N R • : X;I~ 

OH CH3 O't25 

xi_U. 
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In addition to carboxyl ic  acids, ortho es te r s ,  or  es te r s ,  ethoxyacetylene [59] and d ie thy lamino- l -propyne  
[60] have been used for  the cycl iza t ion of 2-pyr idylhydrazines .  In this case  t r i azo les  II, where R=CH 3 and 
C2H5, were  obtained. 

Condensed Tr iazo les  of the II (R=aryl ,  hetaryl)  Type. Compounds of the III type, where  R = a r y l  o rhe ta ry l ,  
a re  formed in the general  case  when a -he ta ry lhydraz ines  I a re  t rea ted  with the chlor ides  of substituted benzoic 
or  he tary l  carboxyl ic  acids in the p re sence  of bases  (pyridine and t r ie thylamine) .  Hydrazines III can be con- 
ver ted to substituted II by refluxing in POC13 or  phenol. The corresponding condensed 1,2 ,4- t r iazoles  were  ob- 
tained by this method f rom 2-pyr idyl -  [5, 22], 2- thiazolyl-  [6], and 2-pyrazinylhydrazines  [14, 46, 47, 61]. In 
some cases  in te rmedia tes  III a re  not isolated; thus, for  example, t r iaolopyr idazines  were  obtained in 27 to 76% 
yields when pyr id inecarboxyl ic  acid chlor ides  were  refluxed in pyridine with 3-pyr idazinylhydrazines  [12, 60]. 
Similar  eycl izat ions have been descr ibed  for  1-phthalazinylhydrazones [62, 63] and 3-hydraz ino-5 ,6 ,7 ,8- te t ra -  
hydrocinnoline [64]. 

A convenient  method for  the p repara t ion  of 3-phenyl der ivat ive II by fusion of 2-pyr idylhydrazine  with 
benzoic acid has been proposed [3, 65]. Imino es t e r s  [19] or  phenyl e s t e r s  [5] of a romat ic  acids can be used 
for  the p repara t ion  of t r i azo les  II. 

R..~ y N ~ .  N ~ .N~-NHCOAr i/~--~i NH"=CHAr ' " 
/{~N COCH3 

R 
x I___~v • xv__.! xv I__.! 

- -  J R' =OCH 3 X V R=OCH37R;H ;X"~ R=H~ 

A method for  the oxidation of aryl idenehydrazones  of he terocycl ic  hydrazines  XIV has found wide appli- 
cation. Nitrobenzene,  f e r r i c  chlor ide III, l ead te t r aace ta t e ,  andbromine  in acet ic  ac idmay  se rve  as the oxidizing 
agents.  As a rule,  the products  a re  obtained in no less  than 40% yields .  This method for  the prepara t ion  of 
t r iazo les  II has been tested for  pyr idine  [22, 66], pyr idazine [12, 67], pyr imidine  [22, 31, 34], and 1,3,5- t r iazine 
[57] der iva t ives .  In the oxidation of compounds of the XIV type, obtained f rom 2-pyr imidylhydrazine ,  it was 
established that cycl izat ion proceeds  at the 3-N atom when there  is a hydroxyl group in the 4 posit ion [31]. The 
react ion is c a r r i e d  out in iner t  solvents [34], since the use of acetic acid may lead to i somer iza t ion  [22]. Both 
3,5- (XV) and 3,7-disubst i tuted (XVI) t r i azo lo t r i az ines  a re  formed in a rat io of 1 : 2.5 in the oxidation of 2- 
benzy l idenehydraz ino-4 -methoxy- l ,3 ,5 - t r i az tne  [57]. However, only i somer  XVI was obtained in the oxidation 
of 2 -a ry l tdenehydraz ino-4-methy l -  and -4 -me thy l th io - l , 3 ,5 - t r i a z ines  [57]. The product  of oxidation of N- 
benzyl idene-  N'- (3-phenyl- 1 ,2 ,4- t r iazoI-  5-yl)hydrazine with lead t e t r aace ta t e  was called "diphenyl- sym- t r i azo lo -  
sym- t r i azo l e "  without es tabl ishment  of the s t ruc tu re  [22], but it has been shown by al ternat ive synthesis  that 
this compound is 3 ,6-d tphenyl -5(7)H-1 ,2 ,4- t r iazo lo[5 ,1-c] - l ,2 ,4- t r iazo le  [68, 69]. Substituted N-acetylhydrazide  
XVII may be formed along with condensed 1 ,2 ,4- t r iazole  II in the oxidation of aryl idenehydrazones of the XIV 
type with lead t e t raace ta te  in acet ic  acid [70, 71]. Thus the chief products  of oxidation of 2-aryl idenehydraztno-  
benzothiazole [72] and 5 -a ry l tdenehydraz ino - l (o r  2) -methyl te t razole  [73] a re  the corresponding hydrazides  
XV[I. The corresponding II a re  formed in 41-58% yields when various hydrazides  XVII a re  refluxed in phenol 
[72]. Aryl idene der ivat ives  of 2 -hydraz ino- l ,3 ,4 -oxad iazo leand  5-hydraz inote t razole  a re  readily conver ted to 
XVIII on t rea tment  with bromine;  X-VIII give 2 ,5-diaryl -  1,2,4-tr iazolo[ 3,4-b]- 1,3,4- oxadiazoles [74, 75] and two 
se r i e s  of i somer ic  1H- and 3H-1,2 ,4- t r tazolo[4 ,3-b] te t razoles  [76-78], respect ively ,  on s61volysis in aqueous 
acetone o r  dioxane and on refluxing in benzene in the p resence  of excess  t r ie thy lamine .  

I/~N NH-N='C-Ar ~NHNHCO2C2H5 
Br ~ N " N  

gvi, x,--R xx-"~ x-~ 

Condensed Tr iazo les  of the II (R = NH2) Type.  A general  method for  the prepara t ion  of condensed 1,2,4- 
t r iazoles  with an amino group in the t r i azo le  por t ion (XtX) is react ion of a -he ta ry lhydrazones  I with cyanogen 
bromide  in alcohol or  aqueous alcohol solution. This method has been successful ly  used for  the cyclizat ion of 
2 -hydraz ino- l ,3 ,4 - th iad iazo les  [79, 80], 3 -hydraz ino - l , 2 ,4 - t r i azo le s  [81, 82], 2-pyr idyl-  [2, 83], 2-quinolyl- 
[19, 50], and 3-pyr idazinylhydrazines  [84, 85], 3-hydrazino-5 ,6 ,7 ,8- te t rahydrocinnol ine  [64], 1-phthalazinyl- 
[62], 2 -pyr imidyl -  [86-88], 2 -pyraz iny l -  [47, 48, 89] and 2- thiazolylhydrazines  [6], and 2 -hydraz ino- l ,4 -benzo-  
diazepines [90]. Depending on the exper imenta l  conditions, the cycl izat ion of der ivat ives  of 5-substi tuted 3- 
hyd raz ino - l , 2 ,4 - t r i azo l e s  may proceed  at the 2-N and 4-N atoms of the t r i azo le  ring. Thus a mixture  of 3- 
hydraz ino-5R-1 ,2 ,4 - t r i azo le  hydrochlor ide  with cyanogen bromide  in 85% aqueous methanol at room tempera -  
t a r e  gives XIX with cycl izat ion exclusively at the 4-N atom. As the length of group R increases ,  the yield of 
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the [3,4-c] isomer decreases,  and the yield of the [5,1-c]isomer (cyclization at the 2-N atom) increases [82]. 
By changing the experimental conditions, one can obtain either 3-amino-1,2,4-triazolo[4,3-c]pyrimidines or 
their  isomerization products - 2-amino- 1,2,4-triazolo[ 1,5-c]pyrimidines - in the cyclization of 4-pyrimidyl- 
hydrazines by means of cyanogen chloride [56, 91, 92]. 1-Isoquinolinylhydrazines react  with cyanogen bromide 
to give only cyclizafion products in ~ 10% yield [93]. The use of S-methylisothiourea sulfate and N-dichloro- 
methylenebenzamide for the cyclization of 1-isoquinolinylhydrazine is discussed in [ 19, 50]. 2-Alkyl (aryl)amino- 
1,2,4-trtazolo[1,5-c]pyrimidines can be synthesized from substituted 1-(4-pyrimidyl)semicarbazides or their 
thio analogs [94]. 

Condensed'Triazoles of the II (R = OH) Type (XX). The reaction of ~-hetarylhydrazines with ethyl chloro- 
carbonate is widely used for the preparation of hydroxy derivatives (XX) of 1,2,4-triazoles. The intermediate 
esters (21) of carbazic acid, which undergo cyclization when they are heated, can be isolated in some cases. 
Thus 2-hydroxy-l ,2 ,4- t r iazolo[1,5-c]pyr imidine-  the product of Dimroth r e a r r a n g e m e n t -  is formed when N- 
(4-pyrimidyl)carbazic acid is heated, whereas 3-hydroxy-l ,2,4-triazole[4,3-c]pyrimidine is formed when the 
acid is heated in o-dichlorobenzene [56, 94]. 3-Hydroxy-l,2,4-triazolo[3,4-a]phthalazines were obtained in [63] 
by the action of ethyl chloroacetate on 4-phthalazinylhydrazines in the presence of bases; however, these results 
have not been confirmed [62]. 

Fusion of 2-pyridyl- [2, 3, 83] and 4-phthalazinylhydrazine [62] with urea gives cyclization products in 
high yields. The reaction of hydrazines I with phosgene is also used to obtain 1,2,4-triazoles XX [48, 89, 94- 
96]. The reaction of phosgene with 2-pyrazinyl [48, 89], 4-pyrimidyl- [94], and 2-pyridylhydrazine has been 
studied [95]. In [5, 52], it was shown that 1-(2-pyridyl)-4-phenylsemicarbazide is formed as an intermediate 
in the reaction of 2-pyridylhydrazine with phenyl isocyanate; aniline and a cyclization product were isolated by 
fusion of this intermediate. 3-Hydroxy derivatives of 1,2,4-triazolobenzothlazole were obtained (in 63% yields) 
as a result of cyclization of 2-hydrazinobenzothiazoles with phenyl isocyanate [5]. 1-(5,6-Diphenyl-l,2,4- 
tr iazin-3-yI)semicarbazide undergoes cyclization at the 2-N atom when it is heated [97]. 

Condensed Triazoles of the II (R=SH) Type. Hetarylhydrazines I react  with carbon disulfide to give the 
corresponding compounds of the XXIII type. The intermediates - dithiocarbazic acid derivativex XII - have 
been isolated in some cases [89, 98-100]. The reaction with 5,6~diphenyl-2-pyrazinylhydrazine does not lead 
to the corresponding XXIII but stops at the step involving the formation of compounds of the XXII type [89]. 
Difficulties with the XXII ~XXIII transformation most frequently ar ise if CS 2 is used in the absence of bases. 
~-Hetarylhydrazines I of the thiazole [45, 100], benzimidazole [22, 46, 101], benzoxazole [98], 1,3,4-thiadiazole 
[80], 1,2,4-triazole [81, 82], pyridazine [64, 84], 1,2,4-triazine [97, 102], pyrimidine [103], pyrazine [47, 48], 
pyridine [19, 100], and 1,4-benzodiazepine [90] ser ies  are used to obtain compounds of the XXII type in the re-  
action with CS 2. 4-Pyrimidinylhydrazines react  with CS~ in butanol to give 2-mercapto-l ,2 ,4-tr iazolo[1,5-c]-  
pyrimidines as a result  of Dimroth rearrangement whereas they give the normal cyclization products in the 
presence of triethylamine [94, 104]. In addition to carbon disulfide, the reaction of ~-hetarylhydrazines I with 
phenyl isothiocyanate is used for their cyclization to compounds of the XXIII type. In this case the initial prod- 
ucts are 1,4-disubstituted thiosemicarbazides XXIV, which undergo cyclization to mercapto derivatives XXIII 
when they are heated to temperatures near their  melting points. This method has been tested with thiazolyl-o- 
benzimidazolyl-, 2-benzoxazolyl- [5], 3-pyridazinyl- [105], 2-pyridyl- [5], 2-pyrimidinyl- [24, 42, 103], and 
2-quinolylhydrazine [106, 107]. As a rule, the compounds are  obtained in high yields. 

xx~ xxl~ xxEv 

In addition to the methods listed above, the reaction of thiophosgene or potassium trithiocarbonate can be 
used for hydrazines I and pyridine [53, 100, 108] and 1,4-benzodtazepine [90, 109] derivatives. 

A n n e l a t i o n  of  t h e  1 , 3 , 4 - T r i a z o l e  R i n g  

t o  H e t e r o r i n g s  by  O t h e r  M e t h o d s  

From 1,2-Diaminoheterocycles. Compounds with two adjacent amino groups that are  capable of reacting 
with carboxylic acids or  acid anhydrides (or chlorides) with closure to a 1,2,4-triazole ring can be used for the 
preparation of cyclic systems containing a 1,2,4-triazole ring. Thus 2-alkyl(aryl, hetaryl)- l ,2 ,4- tr iazolo[1,5-a]-  
pyridines are  formed in good yields (61-70%) when salt XXV is heated with carboxylic acids, acetic anhydride, 
or acid chlorides [110, 111]. 2-Hydroxy-5-methylthiazolo[3,2-b]-l ,2,4-triazole is formed from XXVI and ethyl 
chlorocarbonate [112]. 
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I -  XX.~.~ XXV'--~l XXyI---'~ XXVll-----I 

Unsubsf i tuted th iazolo[  3, 2-b ] -  1 ,2 ,4 - t r iazo le  was obtained in  1891 by the fo l lowing o r ig ina l  t r ans fo rma-  
t ion [ 1 t3] : 

N/'NO 10~ HCI ~- N ~ N  

A large number  of 2, 5 ,6 - t r i subs t i tu ted  3H- imidazo[  1, 2-b ] -  1 ,2 ,4- t r iazo les  have been obtained f rom 1, 2- 
diaminoimidazoles  XXVII, fo rmed  by c leavage with ni t rogen bases  of qua te rna ry  sa l t s  f rom 2 - a m i n o - l , 3 , 4 -  
oxadiazoles  and substi tuted phenacyl  b romides  [114, 115]. Thus c leavage of these  sa l t s  with benzamidine  gives 
1 -acy lamtno-2 -benz imidoy lam[no imidazo les  in low yie lds ,  which a r e  conver ted  to 2 -phenyl -3H- imtdazo[1 ,2 -b] -  
1 ,2 ,4- t r iazole  in high yield on refluxing in alcoholic HCI solution [114]. The c leavage of these sa l t s  with a m -  
monia  is m o r e  in teres t ing in a p r e p a r a t i v e  respec t .  In this case  2 - a m i n o - l - a c y l a m i n o t m i d a z o l e s  a r e  fo rmed  
in high yields  [114, 115], and the products  undergo cycl izat ion to im[dazo[1 ,2 -b ] - l , 2 ,4 - t r i azo le s  when they a re  
heated in a mix tu re  of POC13 and polyphosphoric  acid (PPA). 
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2 - A m i n o - l - a c y l a m i n o i m i d a z o l e s  can be obtained f r o m  compounds of the XXVI[ type and carboxyl ic  acids 
[115]. Diamines  XXVH reac t  with CS 2 in DMF to give 2 - m e r c a p t o i m i d a z o [ 1 , 2 - b ] - l , 2 , 4 - t r i a z o l e s  [115]. Con- 
densation of 3 , 4 -d i am t no - l , 2 , 4 - t r i a z [ne s  XXVIII with carboxyl ic  acids has been successfu l ly  used for  the syn-  
thes i s  of a number  of der iva t ives  of 1 ,2 ,4 - t r i azo lo [5 ,1 -c ] - l , 2 ,4 - t r i az ines  [116]. 4-Amino-3-anLl ino-6-phenyl -  
1 ,2 .4 - t r i az in -5 -one  can also be used in this react ion.  

Method of Oxidation. 1 ,2 ,4-Tr iazolo[1 ,5~a]pyr idines  a r e  formed in 72-90% yields  in the oxidation of N- 
(2-pyr idyl)amidines  with lead t e t r aace t a t e  [110, 119]. 

H 

NH ~L.~./N-- N 

This method has been  successfu l ly  used for  the p repa ra t ion  of condensed isoquinolines (40-89% yields)  
[120, 121] and py raz ines  (51-70% yields)  [61, 122]. At tempts  to extend this reac t ion  to N- (5 -pheny l - l , 3 ,4 -  
th iad iazo t -2-y l )benzamidine  [79] and N- (4 -methy l -2 - th iazo ly l )ace tamid ine  [6] were  unsuccessful .  

T i s l e r  and c o - w o r k e r s  have shown that  condensed 1 ,2 ,4- t r iazoles  XXXI can be synthesized f r o m  var ious  
a - a m i n o h e t e r o c y c l e s  (XXIX) via the following scheme  [117, 118]: 

.~ N=CHN(CH3) 2 .~ .N=CHNHOH ~ N ~ ,  

xxlx. xx__~x xxxl 

in the case  of 2 -amino-4 -me thy lpy r imid ine ,  the product  of cyclizat[on of XXXI at the 3-N a tom is formed 
in g r e a t e r  amounts  (by a fac tor  of five) than the product  of cycl izat ion at the 1-N atom.  The s ame  t r a n s f o r m a -  
tion for  2 -amtnopyr id tne  gives 2 -pyr idy lurea ,  and this const i tutes  evidence for  Beckmann r e a r r a n g e m e n t  of the 
cor responding  XXX. 

Dipolar  Addition. l>yridine and its benzo analogs,  to the s ame  e• as benzothiazole,  some t imes  reac t  
as cyclic Schiff ba se s  (1, 2-dipoles)  and undergo cycloaddition [123]. 
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N-Iminopyridine  [111] and N-iminoquinoline [124] behave like 1,3-dipoles in react ions  with n i t r i les  to 
give condensed 1 ,2 ,4- t r iazo les  in m ode ra t e  yie lds .  

3-Phenyl  (amino) - l ,2 ,4 - t r i azo lo[4 ,3 -a ]pyr id ine  o r  - isoquinol[ne a r e  obtained in low yields  in the react ion 
of 2 -ch lo ro -5 -n i t ropyr id ine  [125] and 1-chloroisoquinol ine [93] with 5-phenyl(amino) te t razole .  Huisgen con- 
s iders  the m e c h a n i s m  of this reac t ion  to be in t r amolecu la r  cycl izat ion of dipole XXXIII. 
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2-Heta ry l - l , 2 ,3 ,4 -oxa th iad iazo le  S-oxides,  obtained f r o m  2-he ta ry lhydraz ines  and SOCI 2 [93], have been 
proposed as donors of 1,5-dipoles XXXIIT that  a r e  m o r e  s table  than t e t r azo le  XXXIT. When these  compounds 
a re  melted,  they evolve SO 2 to give the cor responding  1,5-dipole XXXITI, which immedia te ly  gives condensed 
1,2,4-tr iazole~ 

An interes t ing type of condensed 1 ,2 ,4- t r iazole  - 1H, 5H-1 ,2 ,4 - t r i a zo lo [1 ,2 -a ] - l , 2 ,4 - t r i a zo l e  - is obtained 
in the d ipolar  cycloaddition of sodium thiocyanate  to aldazines and ke taz ines  in acet ic  acid and cyanic or  thio-  
cyanic acids and the i r  e s t e r s  [126, 127]. Thus 3 , 7 - d i m e r c a p t o - l , 5 - d i p h e n y l - l H , 5 H - 1 , 2 , 4 - t r i a z o l o [ 1 , 2 - a ] - l , 2 , 4 -  
t r i azo le  has been obtained f rom benzalazine [128, 129]. The following va r i an t s  of this react ion  a re  poss ib le :  
The use of an aqueous solution of thiocyanic acid [130, 131] or  r ep lacemen t  of the p r e p a r e d  azine by a mix tu re  
of the carbonyl  compound and hydrazine thiocyanate [132, 133]. Dihydroxy der iva t ives  a r e  fo rmed in the r e -  
action of azines with cyanic acid [127] or  its e s t e r s  [134]. Spiro der iva t ives  of this sy s t em a re  obtained in the 
case  of azines  of a l icycl ic  ketones [135]. 

HO\c -t- N ~ 
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Other Methods. 
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Condensed 1 ,2 ,4- t r iazo les  IT can be obtained f rom der iva t ives  of he te rocyc les  containing 
lac t im e s t e r  (XXXIV) f ragments ,  which on condensat ion with carboxyl ic  acid hydrazides  fo rm N-he t a ry lhyd r -  
azides TTI. T r i azo le s  II a r e  fo rmed  when hydrazides  TH a re  refluxed in phosphorus  oxychloride or  phenol. This 
method has been used in the case  of isoindole [136] and 1,4- [137, 138] and 1,5-benzodiazepine der iva t ives  [139] 
and also in the synthesis  of 3 ,4 -po lyme thy lene - l , 2 ,4 - t r i azo l e s  [140, 141]. The labili ty of the halogen a tom in 
a - ch lo ro  azahe te rocyc les  in react ions  with carboxyl ic  acid hydrazides  makes  it poss ib le  to obtain condensed 
1,2,4~tr iazoles,  where  R=Ar, NH 2, OH. Thus condensat ion of benzhydrazides  with a -ha lopyr id ines  [5, 52] or  
2-halobenzothiazoles  [5, 45] in a mix ture  of phenol or  sodium phenoxide gives the cor responding  IT (R =A r) in 
30-40~ yie lds .  As shown in [142], 3 -amino- l , 2 ,4 - t r i azo lo [4 ,3 -a ]py r id ines  a r e  fo rmed in good yie lds  (no less  
than 60%) f rom a-ha lopyr id ine  and th iosemica rbaz ide .  3 -Hydroxy -6 -ch lo ro -  1 ,2 ,4- t r iazolo[4 ,3-b]pyr idazine  is 
obtained by refluxing a mix tu re  of 3 ,6-dichloropyr idazine  with s emica rbaz ide  hydrochlor ide  in alcohol [143]. 
The reac t ion  of 1 ,3 -d ihydro-2H-1 ,4-benzodiazep ine-2- th iones  with carboxyl ic  acid hydrazides  takes place  in 
alcohols and dioxane and leads to the cor responding  t r i azo les  IT [144, 145]. 5, 6 -Dihydro -4H-1 ,2 ,4 - t r i azo lo -  
[4 ,3 -a ] - l ,5 -benzodiazep ines  [146] and dibenzotr iazoloazepines  [147, 148] we re  s imi l a r ly  obtained. 

Tr iazo lopyr imid ines  XXXV were  obtained in high yields  (76-86%) by react ion  of h y d r a z i n e - N , N ' - d i c a r -  
boxylic acid diamidine with f l-dicarbonyl compounds [87, 88, 149]. 

R. OH H2N NH 
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It is a s sumed  that  the initial product  in the condensat ion is 3-amino-l,2,4-triazolo[4,3-a]pyrimidine, 
which subsequently undergoes i somer iza t ion  to the [1,5-a] i somer .  

2 ,5 ,7 -Tr i f l uo rome thy l -3H- imidazo [1 ,2 -b ] - l , 2 ,4 - t r i a zo l e  was obtained as a resu l t  of the reac t ion  of t r i -  
f luoroacetoni t r i le  with sodium cyanamide in d imethy l fo rmamide  (DMF) [150]. 

3 , 6 , 7 - T r i a m i n o - l , 2 , 4 - t r i a z o l o [ 5 , 1 - c ] - l , 2 , 4 - t r i a z o l e  is fo rmed  in the reac t ion  of t r iaminoguanidine with 
two equivalents of BrCN [81, 82]. 

S y n t h e s i s  o f  C o n d e n s e d  S y s t e m s  

f r o m  1 , 2 , 4 - T r i a z o l e  D e r i v a t i v e s  

1H- and 4H-1,2~4-Tr iazoles .  Owing to the act ivi ty of the methyl  and methylene  groups in qua te rnary  
sal ts  obtained f rom 3 ,5 -d i a lky l -4 - a ry l -4H-1 ,2 ,4 - t r i a zo l e s  and a -ha lo  ketones,  it has been found to be poss ib le  
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to rea l ize  in t ramoleeular  eyclizat ion and to demonstra te  the possibil i ty of building up the pyr ro le  ring to give 
a 4H-1,2 ,4- t r iazole  ring. The 1H-pyr ro lo [1 ,2 -b] - l ,2 ,4 - t r i azo les  formed in this case were obtained in 40-70% 
yields [151, 152]. 

The i somer ic  1H-pyr ro lo[2 ,1-c ] - l ,2 ,4~t r iazo les  have been synthesized via a s imi la r  scheme f rom 1H- 
1,2,4- tr iazol ium sal ts .  It has been established that the formation of a pyr ro le  ring occurs  with thepar t ic ipat ion 
of the 5-CH 3 group. When this group is absent 1,2,4-tr iazol ium ylids are  formed f rom the quaternary salts 
under  the influence of bases [153, 154]. 

R I 
X-- t tt I1 

N ~ / C H  R COR N{aHCO 3 N _ _  N / J - . ~  R 
/ . A  . . . . .  

C6H 5 C~H5 

3(5) -Amino- l ,2 ,4- t r iazo les .  One of the mos t  important  methods for the construct ion of heterocycl ie  sys -  
tems including a 1 ,2 ,4- t r iazole  ring is the utilization on the amidine f ragment  of 3(5) -amino- l ,2 ,4- t r iazo le  
XXXVI in cyel izat ion react ions.  In this case,  if fl-diearbonyl compounds are  used, t r iazolopyr imidines  are  
formed, and imidazotr iazoles  can be obtained f rom a-halo  ketches.  

The principal  method for  the prepara t ion  of 1 ,2 ,4- t r iazole[1,5-a]pyrimidines  V, discovered in 1909 by 
Bulow and Haas [155], is the react ion of fl-dicarbonyl compounds with amines XXXVI. 5,7-Disubstituted V are 
formed in good yields (70-90?0) when symmet r ica l ly  substituted fl-diketones, tetraethoxypropane,  and fl-keto 
aldehyde acetals  are  used. The fact that the 2-N ring atom of XXXVI undergoes cycl izat ion with/~-dicarbonyl 
compounds was proposed by Bulow and was proved after  50 yea r s  by subsequent studies [28, 44]. 

1 
R 
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When R 1 ~ R 3, the formation of two i somer ic  (with respect  to the position of the substituent) V is possible 
[27, 156]. In fact, this is not always observed [155]. It should be noted that this problem has not beenthoroughly 
analyzed. The react ion with fl-diketones proceeds  under various conditions, and acetic acid or  alcohols are  
mos t  often used as the solvent. Amines XXXVI do not react  with 1,1,3,3-tetraethoxypropane in the presence  
of alkali metal alkoxides [157]. The use of aeetoaeetic es te r  or diketene in reactions with aminotr iazoles  
XXXVI leads to the formation of only one of the four possible i somers  - t r iazolopyrimidine XXXVII [23, 24, 
159-161, 242]. The react ion proceeds  without a condensing agent (the products are  obtained in 30-95% yields), 
mos t  frequently when the aminotr iazole  is heated with excess acetoacetic es te r  or  in a solvent (alcohols, acetic 
acid, nitrobenzene, etc.). An exception to this is XXXV[ (R=CGHh), which forms lactam XXXVIII with acetoacetie 
es ter  [36]. 1 ,2 ,4-Tr iazoles  substituted in the 1 or  4 positions of the XXXV[ molecule also react  with fl-keto 
es te rs  to give, as a rule, mixtures  of i somer ic  5- and 7-oxo- l ,2 ,4- t r iazolo[1 ,5-a]pyr imidines  [162, 163]. Var i -  
ous derivatives of malonie ester ,  in the p resence  of alkali metal alkoxides, have been introduced as f l-dicar-  
bonyl compounds in react ions with amines XX-XVI [164, 166]. Ethyl cyanoacetate reacts  with amines XXXVI 
to give biologically active 7 -amino- l ,2 ,4 - t r i azo lo[1 ,5-a ]pyr imid-5- (4H)-ones .  The react ion proceeds only in 
the presence  of sodium ethoxide [164-168]. It has been proposed [25, 26, 157] that ethyl es te rs  of substituted 
propiolie acids be used as fl-dicarbenyl compounds. The most  important d i f ference  between this t r ans fo rma-  
tion and the preceding t ransformat ions  consis ts  in the fact that the reaction products  are  mixtures  of derivatives 
of [4,3-a]-  and [1 ,5-a ] - l ,2 ,4 - t r iazo lopyr imid ines  ra ther  than mixtures  of i somer ic  (with respect  to the position 
of the substitueuts) V [26]. Substituted f l-akloxyacrylic es ters  react  with amines XXXVI as fl-dicarbonyl com-  
pounds with a fixed enol form and, depending on the polari ty of the solvent, form either 5 (4H)-oxo- or  7(4H)- 
oxo- l ,2 ,4- t r iazo lo[1 ,5-a]pyr imid ines .  Exclusively 7-oxo i somers  are  formed in acetic acid, whereas the 5-oxo 
i somer  is formed in the p resence  of alkali metal  alkoxides in alcohol [169]. The mechanism of the formation 
of 5 -hydroxy- l ,2 ,4 - t r i azo lo[1 ,5-a ]pyr imid ine  in an alcohol solution of sodium ethoxide includes the intermediate 
format ion of carbethoxyaeetals  f rom fl-akloxyacrylic es ters  [157]. 4R~Derivatives XXXVI reac t  with fl-alkoxy- 
acry l ic  es te rs  to give i somer ic  (with respect  to the substitucnts) 1 ,2 ,4- t r iazolo[1 ,5-a]pyr imid-7(or  5)- ones 
[34, 158]. Alkoxymethylenemalononitr i les  and dimers  of nitr i les [170] also react  with amines XXXV[. In the 
f i rs t  case,  the react ion takes place by refluxing in acetic acid, whereas in the second case  fusion at 160-200 ~ 
is required.  7-Amino- l ,2 ,4- t r iazolo[1 ,5~a]pyr imidine  is obtained in both cases ,  a-Acyl- /%alkoxyacryl ic  es te rs  
do not react  with amines XXXVI at the carbethoxy group but ra ther  at the acyl group to give 6-carbethoxy-  
1 ,2 ,4- t r lazolo[1,5-a]pyrimidines  [27, 31]. 
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Ouanazole (i.e., XXXVI, where R = NH2) r eac t s  with dicyanodiamide to give guanazoguanazole (i.e., XXXIX, 
where  R= NH2), and the l a t t e r  is conver ted to pyr roguanazo le  XL when it is heated to high t e m p e r a t u r e s  [171- 
173]. Hofmann and Pe l l i zza r i  co r r ec t l y  ass igned X~XXIX (R= NH 2) and XL s t r u c t u r e s  to the 1 ,2 ,4 - t r i azo lo - l , 3 ,5 -  
t r i az ine  der iva t ives ,  but the p r e s e n t  s t r uc tu r e s  of these  compounds were  es tabl ished l a t e r  [174, 175]. The r e -  
action of amino - t r i a zo l e s  XXXVI with dicyanodiamide is genera l  in c h a r a c t e r :  

H 

- - - . -  "c T:  ,7 + .eY..:iL 
N.~ N----~,. R 

NH 2 
XXXVI XXXIX 

XXXVI R =CH3 ,TC6H5,a NH 2 

After  sui table modif icat ion (for example ,  guanylation) the XXXVI molecule  gives a s e r i e s  of in te rmedia tes ,  
which can, in turn,  be successfu l ly  conver ted  to condensed s y s t e m s .  Thus 5-azaadenine  (i.e., 7 - a m [ n o - l , 2 , 4 -  
t r i azo lo [1 ,5 -a ] - l , 3 ,5 - t r i az ine )  was obtained in the reac t ion  of N, NLb i s (1 ,2 ,4 - t r i a zo l -3 -y l ) fo rmamid ine  with 
po tass ium cyanamide in D1HF [176]. The p r epa ra t i on  of 5-azaadenine  der iva t ives  f rom substi tuted 1-guanyl-  
1 ,2 ,4- t r iazoles  is d iscussed  in [177]. The reac t ion  of 1 - c a r b o n y l a m i n o - 5 - a m i n o - l , 2 , 4 - t r i a z o l e  with ethyl or tho-  
fo rma te  gives 5-aza  hypoxanthine [i.e., 7 (6H) -oxo- l , 2 ,4 - t r i azo lo [1 ,5 -a ] - l , 3 ,5 - t r i az ine ]  [176, 178, 179]. 7-Oxo-  
5-thio (4H, 6H)- 1,2,4- tr iazolo[  1 ,5-a]-  1, 3, 5 - t r i az  ine is fo rmed  when 3- (3-e thoxycarbonylureido)-  1 ,2 ,4- t r iazole  
is heated in pyr idine [178] or  aqueous sodium carbonate  solution [179], and the i somer i c  7-thie der iva t ive  is 
fo rmed  when 5 - a m i n o - l - e t h o x y c a r b o n y l a m i n o t h i o c a r b o n y l - l , 2 , 4 - t r i a z o l e  is heated with sodium ethoxide in 
alcohol [179]. The reac t ion  of amine XXXVI with methyl  i socyanate  in DMFA at room t e m p e r a t u r e  gives 6- 
me thy l -7  (6H)-thio- 1,2,4- tr iazolo[  1 ,5-a]-  1,3, 5 - t r i az ine  [ 179]. 5 -Amino-  1- N-methy l th iocarboxy-  1 ,2 ,4- t r iazole  
is an in te rmedia te  in this case .  

The reac t ion  of guanazole (XXXVI, R = NH 2) with acyloins in acidic media  gives 2-amino der iva t ives  of 
7H-Emidazo[1 ,2-b] - l ,2 ,4 - t r i azo les  in low yie lds  [180]. 4-Substi tuted 3 - a m i n o - l , 2 , 4 - t r i a z o l i u m  der iva t ives  
r eac t  with s - h a l o  ketones to give qua te rna ry  sal ts ,  which undergo cycl izat ion to im idazo [1 ,2 -b ] - l , 2 ,4 - t r i a zo l e s  
(in 53-95% yields)  on heating with a mix tu re  of anhydrous acet ic  acid and H2SO4, 48% HBr, and a mix ture  of 
glacial  acet ic  and pe rch lo r i c  acids [181]. 

~ C  H2COC6H4 X -P  N - - N  

CH 3 CH 3 

I somer i c  im idazo [2 ,1 -c ] - l , 2 ,4 - t r i a zo l e s  we re  s i m i l a r l y  synthesized f rom 1-subst i tuted 5 - a m i n o - l , 2 , 4 -  
t r i azo l ium qua te rna ry  sa l t s  (in 65-90% yields)  [182, 183], The highest y ie lds  were  obtained by cycl izat ion in a 
mix tu re  of anhydrous acet ic  and pe rch lo r i c  acids.  

4 - A m i n o - l , 2 , 4 - t r i a z o l e s .  In 1909 Bulow [184] showed that fl-diketones r eac t  with 4 - a m i n o - l , 2 , 4 - t r i a z o l e  
and ass igned the 1 ,2 ,4- t r iazo lo[4 ,3-b] -pyr idaz ine  s t ruc tu re  to the resul t ing compound. The yie lds  a re  close to 
quanti tat ive [156, 184, 185]. 6 -Methy l - l ,2 ,4 - t r i azo lo [4 ,3 -b ]pyr idaz ine  is fo rmed  in low yield when 4 ,4-d imeth-  
oxy-2-butene  is used [156, 185]. In his subsequent  studies Bulow [186] extended this t r a n s f o r m a t i o n  to fi-keto 
e s t e r s  and, without proof,  ass igned the 6-subst i tuted 8 -hydroxy- l ,2 ,4 - t r i azo lo [4 ,3 -b ]pyr idaz ine  s t ruc tu re  to the 
products .  Other  r e s e a r c h e r s  l a t e r  a r r i ved  at  the s ame  conclusion of the bas i s  of re l iab le  data [32, 187]. The 
method underwent subsequent development  in [32, 186, 188]. 

R R 
R' O 

R= H2N" N R i L~.~N..N I 

The acylat ion of 3 , 4 -d i am i no - l , 2 , 4 - t r i a zo l e s  XLI with carboxyl ic  acid anhydrides  p roceeds  in a m a n n e r  
s im i l a r  to the synthesis  of benzimidazole  f r o m  o-phenylenediamine and carboxyl ic  acids [68]: Monoacyl de r iva -  
t ive XLII is fo rmed  at  20 ~ whereas  a mix tu re  of XLIII -XLV is a lmos t  a lways fo rmed in refluxing anhydride.  
A e y l d e r i v a t i v e X L V i s  usually f o rm ed  when diamine XLI is refluxed for  15 rain in the anhydride, and saponif ica-  
tion of XLV with a weak alkali  solution is a be t t e r  method for  the p r epa ra t i on  of t r i azo lo t r i azo le  XLIV [68]. 
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XLIV R" = H XL-"~ Ru = COR I 

t ions of ~-d ike tones  [189-192]. 
~-d icarbonyl  compounds [102]. 
e s t e r s .  

The act ion of excess  benzoyl chlor ide  on 4 , 5 - d i a m i n o - 3 - p h e n y l - l , 2 , 4 - t r i a z o l e  leads to 5(7)H-1,2,4- 
t r i a z o l o [ 5 , 1 - c ] - l , 2 , 4 - t r i a z o l e  der iva t ives  [68, 189]. 

Diamines XLI f o r m  1 ,2 ,4 - t r i azo lo [4 ,3 -b ] - l , 2 ,4 - t r [ az ines  when they a r e  heated with aqueous alcohol solu-  
This  t r a n s f o r m a t i o n  has been extended to a -ke to  acids and o ther  unsymmet r i c a l  
The reac t ion  p roceeds  smoothly in glacia l  acet ic  acid with keto acids or  the i r  

C2H50 . ~ O  _ _  HO\~N ,,,~N -,, N 
-{-'- X L.__~I ~ / i II 

R ! 0 R I ~ ' N / N ~ R  

6 ,7 - (5H,8H)Dioxo-3R-1 ,2 ,4 - t r i azo lo [4 ,3 -b ] - l ,2 ,4 - t r i az ine  ts fo rmed  in high yield in the hydrolys is  of a 
mix tu re  of the ethyl e s t e r  of 3 R - 4 - a m i n o - 5 - o x a l y l a m i n o - l , 2 , 4 - t r i a z o l e  and oxalic acid N,N' -b is  (3R-4-amino-  
1 ,2 ,4 - t r i azo l -5 -y l ) amide ,  obtained f r o m  the diamine and diethyl oxalate [193]. 

Der iva t ives  of 1 ,2 ,4 - t r i azo lo [3 ,4 - f ] - l , 2 ,4 - t r i az ines  XLVII a re  obtained by condensat ion of N- (1 ,2 ,4 - t r i azo l -  
4 -y l )amidines  XLVI with ortho e s t e r s .  The yie lds  of compounds of the XLVII type a re  high (74-90%) when R=H,  
whereas  the p roduc t s  a r e  obtained in only 10% yield when R=CGH 5. 

R 1 
i J N 

H~N ~N"N R C (OC2H5)3 ~ N ~ /  "N 

R "L~'N~N . , D M F  

XLVI XLVII 

Somewhat higher  y ie lds  of t r i azo lo t r i az ine  XLVE (R = C GHs) a r e  observed  when amidine XLVI is heated 
with phenyl benzoate .  The cor responding  8-hydroxy der iva t ive  XLVH is obtained when am[dine XLVI is heated 
with ethyl eh lorocarbona te  [194]. 

The amino group in the 4 - a m i n o - 5 - m e r c a p t o - l , 2 , 4 - t r [ a z o l o  molecule  XLVIII is in immedia te  p rox imi ty  
to the mercap to  group, and this m a k e s  it poss ib le  to obtain a number  of r ings  condensed with the 1 ,2 ,4- t r [azole  
ring by o rd inary  methods .  Thus a n u m b e r  of 2-subst i tuted XLIX sys t ems  a re  obtained when acyl der iva t ives  of 
amines  XLVIII a r e  heated with phosphorus  oxychlor ide  [195]. Tr iazolo th iadiazole  XLIX (R =C2H5, R'  =C6H5) was 
isolated as a r e su l t  of the reac t ion  of amine XLVEI (R =C2H5) with benzoni t r i le  in the p r e s e n c e  of A1C13 [99]. 
At tempts  to cye l ize  amines  XLVIII to XLIX der iva t ives  by means  of ortho e s t e r s  were  unsuccessful ,  s ince the 
reac t ions  stopped at the step involving the fo rmat ion  of the anil [99]. 5,6~Dihydro der iva t ive  XLIX was obtained 
in low yield by the act ion of formaldehyde  on amine  XLVIII [99]. 2-Amino der iva t ives  XLIX were  obtained in 
48-83% yields  by heating alcohol o r  aqueous alcohol solutions of amines  XLVEI with an equivalent amount  of 
cyanogen b romide  [79, 99, 196]. Prolonged refluxin4~ of amines  XLVIII with excess  ca rbon  disulfide in alcoholic 
alkal i  solutions gives m e r c a p t o  de r iva t ives  XLtX (R' =SH) in high yields  [79, 196]. 

HS ~N~N {5,- HS /fN.,. N R' _S. N . . N  

~LV!H XUX 

The reaction of amines XLVHI with ~-haloearbonyl compounds is a method for the preparation of 7H- 
1 ,2 ,4 - t r i azo lo [3 ,4 -b] - l ,3 ,4 - th iad iaz ine  de r iva t ives  [99, 197-199]. 

Br S N 

R' o + • , ~ , . N - - / L . ,  

Attempts  to use  the reac t ion  of 3 - a m i n o m e t h y l - l , 2 , 4 - t r i a z o l e s  with a -d ike tones  for  the synthesis  of 1,2,4- 
t r i azo lopyraz ines  [89] were  unsuccessful .  

Thiazolo[3 ,2-b]-  and - [ 2 , 3 - c ] - l , 2 , 4 - t r i a z o l e s  can be obtained f rom 3 - m e r c a p t o - l , 2 , 4 - t r i a z o l e s  L and 
~-halo  ketones [6]. The effect of the nature  of substi tuent  R on the cycl izat ion of m e r c a p t o  de r iva t ives  L has 
been  studied [6]. Biological ly act ive  th i azo lo [3 ,2 -b ] - l , 2 ,4 - t r i azo le s  have been synthesized f rom substi tuted 
phenacyl  hal ides and m e r c a p t a n s  L containing 4-ant ipyran ,  4-ant ipyr ine ,  and 4- i soant ipyr ine  res idues  in the 5 
posi t ion [200]. 
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H H 
~ . B r F  HS. N,..N ~S~ N,~ N ~S.~ ~N~. N 

R,/x.~..O N . L R R, JL~.O N--L R R,/u-----N~R Rift ' N--N 
"C 

5- Hyd roxy- 2-methylthiazolo[3, 2-b]- 1, 2,4-triazole was obtained by heating S- (3-methyl- 1, 2,4-triazol- 5- 
yl)thioglycolic acid with acetic anhydride [201]. 

Alkylation of 3-methyl-4-phenyl-1,2,4-triazole-5-thione with a-halo ketones gives p-keto sulfides LI, 
which give 1H-thiazolo[3,2-b]-l,2,4-triazolium salts in good yields (> 60%) on cyclization in acidic media [202]. 

N--,~I i H+ - N - - ~ - - - ~  R 
.,C Ns162162 .,cs '&s# c.< 

C6H 5 C6H 5 

A molecule of HC1 is spli t out when tr iazole LII and its hydrobromide salt are refluxed in pyridine, and 
triazolobenzoxazole LIII is formed in good yield (62%) [203]. Compound LIII is obtained in 83~o yield by reflux- 
ing the methyl ether of LII in pyridine in the presence of pyridine hydrochl0ride [203]. 

HO C I ~N"N }- ~ O  //N-~ N 

v ~ ~ 

6-A ryl-substituted 5 (7)It- 1,2,4-triazolo[5, l -e] -  1, 2,4-triazoles can be obtained in good yields by heating 
3-azido-4-arylideneamino- 1,2,4-triazole [ 204, 205]. 

7H-1,2,4-tr iazolo[3,2-c]-l ,2,4-tr iazines can be obtained in moderate yields from 3-o• 
zino)-l ,2,4-tr iazoIes and c~-halo ketones [206]. 

The high reactivities of 3,5-dioxo-l,2,4-triazolines as dienophiles have been used in Die l s -Alder  reac-  
tions for  the synthesis of eondensed 1,2,4-triazoles [207, 208]: 

R 2 O ~ R 2 O 

It was subsequently demonstrated that 3-oxo-5-aryl - l ,2 ,4- t r iazoles  [209] and urazole [210] can be used 
in the diene synthesis. 

There are  many indications in patents and papers regarding the possibility of the practical  application 
of derivatives of condensed 1,2,4-triazoles. Thus it has been reported that derivatives of condensed 1,2,4- 
triazoles have antituberculous [211, 212], antiphlogistic [213-215], antivirus [216-218], psychotropic [219-221], 
analgesic [199, 222], antimicrobial [218, 223-225], antiblastic [166, 226, 227], hypotensive [228, 229], anxiolytic 
[230], antispasmodic [231], and tranquilizing [232, 233] activity. The vasodilator preparation "Rokornal" (LIV) 
[234] and the psychotropic preparation "Trazodont" (LV) [235] are being used abroad in medical practice.  

L ~ N - - N  ~L.~./.~I~L~ O L.,,,/.N-~I ClIH4 C' -rn 
N (C2H5) i 

L. i_.~v L_.~V 

Some derivatives [for example, 5-methyl-7(4H)-oxo-l,2,4-triazolo[1,5-a]pyrimidine [236, 237]] are used 
as photographic emulsion stabilizers.  A number of preparations have been tested as agricultural fungicides 
and bactericides [238-241]. 
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POLAROGRAPHY OF NITRO AND CARBONYL DERIVATIVES 

OF ARYLFURANS IN ANHYDROUS DIMETHYLFORMAMIDE 

M. K. Polievktov, I. G. Markova, 
a n d  A .  F .  O l e i n i k  

UDC 543.253 : 547.724.1'727 

It is shown that  the f i r s t  r e v e r s i b l e  one -e l ec t ron  wave in the reduction of 5 -a ry l fu rans  in an-  
hydrous d ime thy l fo rmamide  (DMF) co r re sponds  to the fo rmat ion  of an anion radica l  and that 
the subsequent  waves a re  assoc ia ted  with c leavage  of the C - H a l  bond in the ease  of halo de-  
r iva t ives  and with reduction of the anion radical  and the a ry l fu ran  f ragment .  The c h a r a c t e r  
of the reduct ion of 5- (p-ni t rophenyl)furan der iva t ives  is de termined by the abil i ty of the sub- 
st i tuent in the 2 posi t ion to delocal ize  the negative charge.  In conformity  with this,  the f i r s t  
two r e v e r s i b l e  waves  of ca rbonyl -subs t i tu ted  der iva t ives  a re  one-e lec t ron  waves and c o r r e -  
spond to the fo rmat ion  of a s table  dianion, the g rea t e s t  contribution to the resonance  hybrid 
of which is made  by a p-quinoid s t ruc tu re .  The second wave of 5- (p-ni t rophenyl) furan  and 
its 2-CH2OH der iva t ive  is i r r e v e r s i b l e  and cor responds  to the t r a n s f e r  of th ree  e lec t rons .  
Lithium ions have a substant ia l  effect  on the height and El/2 value of the second reduction 
wave, and this effect  is mani fes ted  m o r e  marked ly ,  the l ess  the substi tuent  in the 2 posi t ion 
is capable  of delocal izing the negative charge .  The t r a n s m i s s i o n  f ac to r  of the furan ring is 
0.48. 

It has been prev ious ly  es tabl ished that fur fura l  [1] and its 5 -a ry l  der iva t ives  [2] in aqueous alcohol buf- 
fered  media  a r e  reduced on a dropping m e r c u r y  e lec t rode  in conformi ty  with the pr inc ip les  cha r ac t e r i s t i c  for  
the reduct ion of o ther  a roma t i c  aldehydes.  The po la rographic  behav io r  of 5-{p-R-phenyl) fur fura ls  (I), where  
R = H  (a), CH 3 (b), OCH 3 (c), C1 (d), Br (e), and NO 2 (f), in anhydrous d ime thy l fo rmamide  (DMF) was invest igated 
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