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T E T R A Z O L E  D E R I V A T I V E S  

XII I .*  SYNTHESIS AND PROPERTIES 

OF 1- (1-ME THYL-  5- TETRA Z OLYL)- 3, 5- DIPHE NYL FORMA ZA N, 

A TETRAZOLIUM SALT, AND THE VERDAZYL RADICAL 

V.  P .  S h c h i p a n o v ,  S. A.  N a g o v s k a y a ,  
a n d  L .  S. P o d e n k o  

UDC 547.79 6.1r883.07 

The fo rmazan  named in the t i t le  arid its cor responding  t e t razo l ium sal t  were  synthesized.  It 
is shown that  both of these  compounds a r e  capable  of c leavage to give two te t razo le  f r agments .  
React ion products  involving the ring and exocyclic ni t rogen a toms a re  fo rmed in the methylaf ion 
of the fo rmazan .  The product  f r o m  the exocyclic ni t rogen a tom on heating is conver ted  to a 
Ieucoverdazyl  radical ,  which is capable  of undergoing oxidation to give the 1 - ( 1 - m e t h y l - 5 - t e t r a -  
solyl) -  3, 5-d iphenylverdazyl  radical .  

One of the c h a r a c t e r i s t i c  pecu l i a r i t i e s  of fo rmazans  and verdazyl  rad ica l s  containing a t e t razo le  res idue 
at tached to the N0) a tom is the i r  abil i ty to readi ly  undergo oxidation to give the cor responding  te t razo l ium [2] 
and ve rdazy l ium [3] sa l t s  with betaine s t ruc tu r e s .  In o rde r  to exclude the poss ibi l i ty  of the format ion  ofbe ta ines ,  
we a t tempted  to obtain a f o rm azan  and a verdazyl  radical  containing a t e t razo le  residue with a methyl  group in 
the 1 posi t ion.  
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Fig. 1. ESR spect ra  of 1- (1-methyl -5- te t razo ly l ) -3 ,5-  
diphenylverdazyl radical (IX): a) crys ta ls ,  g0=2-0036 =~ 
0.0003; b) solution in benzene (10 -3 M) deoxygenated in 
vacuo (10 -5 mm), g0=2.0031 ~0.0003. 

Formazan  H, obtained by diazo coupling of benzaldehyde (1-methyl-5-pyrazolyl )hydrazone (I) with ben- 
zenediazonium chloride, is res is tant  to autoxidation but under the influence of potassium ferr ieyanide readily 
undergoes destruction to give 2,5-diphenyltetrazole (IV) and 1-methyl -5-hydroxyte t razole  (V). A tetrazol ium 
salt, which was isolated in the form of the chloride (III), is obtained in good yield by oxidation of II with lead 
dioxide in acetic acid. The proper t ies  of IlI differ markedly f rom those of the previously described te t razol ium 
salts of the betaine type [2]. It is quite soluble in water  (betaines are insoluble) and displays much higher 
chemical activity. In contrast  to betaines, salt III is capable of cleavage but is more  stable than te t razol ium 
salts with other hetaryt residues,  for  example, benzoxazole, [4], benzimidazole [5], and pyrimidine [6], which 
undergo decomposit ion at the instant of their formation.  When III is heated in concentrated HC1 at 100 ~ for 
3 h, it undergoes decomposition, evidently via the usual scheme for te t razol ium salts [4]: 2,5-diphenyltetrazole 
(IV) is formed.  The other possible react ion product - 1 -methyl -5-ch loro te t razo le  - cannot be isolated. The 
decomposition of III can also occur  in the crysta l l ine  state: heating at 100 ~ for  5 h leads to complete decom- 
position of III to give IV. Under the influence of alkali or  ammonium hydroxide III is cleaved to give two 
tetrazole f ragments  - IV and V. This is the f i rs t  t ime that this sort  of cleavage of a te t razol ium salt has been 
observed.  However, under the influence of hydrazine hydrate, hydroquinoline, or ascorbic  acid, salt III is 
reduced quantitatively to formazan  It. These reactions were used to monitor  the completeness  of decomposi-  
tion of the te t razol ium salt during thermal  and acidic decomposition. Thus te t razol ium salt III undergoes re-  
duction much more  readily than betaines, for which this sort  of p rocess  takes place only in alkaline media [2]. 

The react ion of formazan II with dimethyl sulfate in dimethylformamide (DMF) in the presence  of so- 
dium hydroxide leads to the formation of methylation products involving the ring (VI) and exocyclic (VII) ni t ro-  
gen atoms. Methylation at a higher tempera ture  promotes  an increase  in the yield of VI. For  example, at 0 ~ 
the ratio of VI and VII is 1 : 1, whereas at 25 ~ it is 2 : 1. The two compounds are  almost  equally soluble in 
various solvents, and this hinders their  separation.  The isolation of the individual products was based on the 
difference in their  chemical proper t ies .  Thus when the react ion mixture is refluxed in heptane, Vii undergoes 
cyclization to color less  leucoverdazyl  radical  VIII, the solubility of which differs markedly f rom that of VI; 
this makes it possible to isolate VI and VIII in pure form. It is interesting to note that VI, which has a keto- 
formazene s t ructure ,  is extremely stable, while ketoformazenes  that contain only aryl  and no heteroaromat ic  
residues are  extremely unstable substances,  par t icular ly  at high tempera tures  [7]. In addition, VI and VII 
behave differently with respect  to oxidation. Under the influence of lead dioxide in acetic acid, VI undergoes 
oxidative cleavage:  2,5-diphenyltetrazole (IV) is isolated from the react ion mixture in quantitative yield, 
whereas the other  f ragment - -  the presumed 1,4-dimethyl-5- te t razolone - could not be isolated. Compound 
VII is res is tant  to oxidation under these conditions. Oxidation of the react ion mixture under the above con- 
ditions therefore  destroys VI and makes it possible to isolate VII in the individual state. 

Oxidation of leucoverdazyl  radical VIII with lead dioxide gives an intensely green paramagnet ic  solu- 
tion, f rom which crysta l l ine  da rk-green  verdazyl  radical  IX is isolated by concentration. The intense VNH 
band at 3170 cm -1 previously present  in the spectrum of leucoverdazyl  VIII vanishes in the IR spect rum of 
IX. The ESR spect rum of a solution of IX (Fig. 1) is s imi lar  to the spect rum of the 1- (5- te t razolyl)-3 ,5-di-  
phenylverdazyl radical [3], but the spect rum of crys ta ls  differs with respect  to its a symmet r ica l  cha rac te r  
and sharp contract ion of the absorption line (singlet widths 2.7 and 15.4 Oe, respectively);  this is due to the 
large exchange interaction in c rys ta l s  of verdazyl  radical IX. 

E X P E R I M E  NTA L 

The electronic spect ra  were recorded with an SF-4A spectrophotometer .  The IR spect ra  of KBr pellets 
of the compounds (2 mg of the compound in 800 mg of KBr) were recorded with a UR-20 spect rometer .  The 
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ESR spect ra  were recorded  with an EPR-3  spec t rometer .  The individuality of the products  was monitored by 
th in- layer  chromatography (TLC) on Silufol UV-254; the Rf values are  presented for  c h l o r o f o r m - a c e t o n e  sys -  
tem (100 : 5). 

1 - (1-Methyl -5- te t razoly l ) -3 ,5-d iphenyl formazan  ([I). A diazonium solution, prepared  f rom 1.96 ml (20 
mmole) of aniline, 4.8 ml (56 mmole) of concentrated HC1, 60 ml o; water, and t .4  g (20 mmole) of NaNO~ in 
16 ml of water,  was added at 0-2 ~ to a solution of 4.04 g (20 mmole) of hydrazone I in 200 ml (80 mmole) of 
1.670 NaOH, af ter  which the mixture was allowed to stand at room tempera tu re  for  1 h. It was then filtered, 
and the f i l t rate was acidified with 1 M HC1. Workup gave 5.4 g (887o) of long da rk -c l a re t  needles of II with 
mp 158 ~ (from ethanol) and Rf 0.44. UV spectrum,  }'max (log a): in ethanol 270 (4.19) and 408 (3.93); in 
dioxane 277 (4.36) and 420 (4.26); in 0.1 M NaOH 250 (4.08) and 450 nm (4.58). IR spect rum:  1586 cm -i  (vs) 
(C=N, C=C) .  Found: N 36.3~. C15H14N 8. Calculated: N 36.6%. Complexes with t r ans i t i onme ta l s  [}'max, 
nm, in ethanol; l igand-metal  composit ion determined by the i somolar  ser ies  method; instability constants 
(Ki) determined by the method in [8] in 72% (by weight) ethanol in the p resence  of an a m m o n i a - a c e t i c  acid 
buffer (pH 7.0)]: Cu 2+, 570 rim; 1 :1 ,  10.30" 10-7; Ni 2+, 556 n.ln; 2 :1 ,  2.18-10-7; Co 2+, 516 rim; 2 :1 ;  0.82" 10 -7. 

1- (1 ,4-Dimethyl-5- te t razolyl ) -  3, 5-diphenylformazene (VI), 1-M ethyl- 1- (1-methyl- 5- te t razolyl ) -  3,5- 
diphenylformazan (VII), and 1- (1-Methyl-5- te t razolyl) -  3, 5-diphenyl- 1 ,4 ,5 ,6 - t e t r ahydro ' sym- te t r az ine  (VIII). 
A 10-g (0.25 mole) sample of NaOH was added to a solution of 3.06 g (0.01 mole) of II in 100 ml of DMF, and 
the mixture  was s t i r red  for  10 rain, af ter  which it was cooled to 0 ~ and a mixture of 24 ml (0.025 mole) of 
dimethyl sulfate and 25 ml of DMF were added dropwise at 0-2 ~ The mixture was allowed to stand for 10 
rain, af ter  which 120 ml of water  was added in the course  of 20 rain. The result ing orange precipi tate  was 
separated to give 2.5 g of a mixture of VI and vii .  A 1-g sample of the mixture Was refluxed in 50 ml of 
heptane for  20 rain, and the hot mixture was filtered. Workup of the fi l trate gave 0.4 g of VIII with rap 153- 
155 ~ Two crys ta l l iza t ions  f rom ethanol gave color less  plates with mp 158 ~ and Rf 0.18. UV spect rum in 
ethanol, }`max (log a): 234 (4.18) and 298 nm (4.00). IR speet rum:  3170 m (NH), 1630 m, and 1580 cm -1 s 
(C = N, C =C). Found: N 34.7~0. C16HI~N s. Calculated: N 35.0~. 

Workup of the cooled fi l trate obtained af ter  isolation of VIH gave 0.5 g of VI as elongated orange p r i sms  
with mp 141 ~ (from ethanol) and Rf 0.50. UV spect rum (in ethanol), }`max (log e) :  280 (4.17) and 400 nm 
(4.60). IR spectrum; 1608 s and 1555 m e m  -1 (C =N, C =C). Found: C 59.7; H 5.0; N 35.1%. CI~HI~N 8. 
Calculated: C 60.0; H 5.0; N 35.0~0. 

A 1-g (3.1 mmole) sample of the mixture of VI and VII was dissolved in 20 ml of glacial  acetic acid, 4 g 
(16.7 mmole) of lead dioxide was added, and the mixture was s t i r red  vigorously for 30 P in .  It was then fil- 
tered, and 40 ml of water  was added to the f i l t rate  to precipitate 0.5 g of l ight-orange elongated p r i sms  of 
VII with mp 106 ~ (from ethanol) and Rf 0.21. UV spect rum (in ethanol), }'max (log e): 285 (4.13) and 390 nm 
(3.85). IR spec t rum:  1578 c m - l b r  (C=N, C=C).  Found: N34.77o. C16HI~N 8. Calculated: N 35.0~0. The 
fi l t rate af ter  isolation of VII was concentrated and worked up to give 0.1 g of 2,5-diphenyltetrazole (IV) with 
mp 101-102 ~ (from alcohol). Tetrazine VIII was obtained in 9570 yield by refluxing a 2% solution of VII in 
heptane. 

1-(1-Methyl-5- te t razolyl)~3,5-diphenylverdazyl  (IX). A 2.6-g (11 mmole) sample of PbO 2 was added to 
a solution of 0.5 g (1.55 mmole) of te t razine  VIII in 35 ml of acetone, after  which the mixture was shaken for  
10 rain and fi l tered.  The fi l t rate was concentrated and worked up to give 0.45 g (90~0) of IX with mp 142 ~ (dark- 
green  plates f rom acetone) and Rf 0.57. UV spect rum (in benzene), kmax (log e): 370 (3.82) and 696 mm (3.50). 
~R spec t rum : 1630 s and 1585 cm -1 s (C =N, C =C). Found: 35.2%. CI~HIsN 8. Calculated: N 35.1%. 

Oxidation of Formazan  II in Alkaline Media. Approximately 214 ml (13 mmole) of a 2% solution of 
K3Fe(CN)G was added dropwise to a solution of 2 g (6.5 mmole) of formazan II in 200 ml (100 mmole) of 27o 
NaOH solution until it became color less ,  and the resulting precipitate was separated to give 1.45 g (100%) of 
2 ,5-diphenyl te t razole  (IV) with mp 101 ~ (from ethanol) [9]. The fi l trate after  isolation of IV was evaporated 
to dryness ,  and the residue was acidified with concentrated HC1 and extracted with acetone. The extract  was 
evaporated to give 0.4 g (61.5%) of 1-methyl-5~hydroxyte t razole  (V) with mp 121 ~ (from benzene) [10]. 

2- (1-Methyl -5- te t razolyI ) -3 ,5-d iphenyl te t razol ium Chloride ([[I). A 5-g (21 mmole) sample of lead 
dioxide was added to a solution of 1 g (3.3 mmole) of formazan II in 25 ml of acetic acid, and the mixture was 
s t i r red  vigorously until it became color less .  It was then fil tered to remove the sediment, and the fi l trate 
was evaporated.  The resinous residue was t reated with 40 ml of water, and the mixture  was acidifed with 
concentrated HC1. The precipitated lead salt  was removed by filtration, and the f i l t rate was concentrated to 
10 ml and worked up to give 0.9 g (81%) of te t razol ium chloride III with mp 176 ~ (light-yellow p r i sms  from 
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propanol) .  UV spec t rum (in ethanol), )~max (log ~): 249 (4.49) and 320 nm (3.68) shoulder .  Found: C110.6; 
N 32.5~. C15Hi3C1N 8. Calculated:  C110.4; N 32.9%. 

Oxidation of 1 - (1 ,4 -Dimethy l -5 - t e t r azo ly l ) -3 ,5 -d ipheny l fo rmazene  (VI). A 4-g (16.7 mmole)  sample  of 
PbO 2 was added to a solution of 1.15 g (3.5 mmole)  of VI in 45 ml of acet ic  acid, and the mix tu re  was shaken 
for  10 min.  It was then f i l tered to r emove  the sediment ,  and half the solvent was removed  f rom the f i l t ra te  
by disti l lation. Water  (50 ml) was added to the concentra te ,  and the mix tu re  was worked up to give 0.79 g 
(99%) of 2 ,5-diphenyl te t razole  (iV) with mp 102 ~ Evapora t ion  to d ryness  of the f i l t ra te  a f te r  isolat ion of IV 
led to a res inous  unidentifiable solid. 
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