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Abstract -Oxidative ring closure of mono- and bis-triarylformazans mediated by 

easily avatlable 1-chlorobenzotriazole leads to the corresponding 2,3,5-triaryl-a- 

teuazolium chlorides in yields of 70.97%. 

INTRODUCTION 

2,3,5-Triaryl-a-tetrazolium chlor~des (4) are reagents which have found widespread use in histochemistty, 

medicine (oncology, virology and enzymology), analytical chemistry etc.1 Various derivatives of (4) have been 

synthesized by oxidation of the initial 1,3,5-triarylformazans (1). The oxidizing agents most often used include 

mercuric oxide, &-my1 n i t r i ~ e , ~  leitd tetraacetnte.3 and more recently potassium permanganate/S% HC1,4 

thionyl chlorides and nitrous acid (formed in from sodium nitntei~CI) .6 However, none of the previous 

methods are general, and all are subject to limitations and disadvantages. Most of the oxidizing agents used cause 

undesirable side reactions such as halogenation, sulfonation, nitrosation. When this is not the case, the reaction 

mixtures contain inorganic side products (manganese dioxide, sod~um chloride etc.) which hinder the isolation of 

the tetrazolium salts in a pure state. Because of the ease of formation of adducts between tetrazolium salts and 

water, alcohols or  HCI, the choice of solvents for the oxtdatton is limited. These factors have resulted in a wide 

range of oxidizing agents, that have seemingly been chosen ;tlmost in a random fashion. 
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RESULTS AND DISCUSSION 

1-Chlorobenzomazole (2) is a mild oxidizing agent for the conversion of alcohols into aldehydesketones7 and 

aldoximes into nitrile oxides.8 I-Chlorobenzotriazole is easily synthesized by reacting m-benzotriazole with 

sodium hypochlorite in aqueous acetic acid 7 We now find that treatment of triarylformazans (1) with l-chloro- 

benzomazole (2) in organic solvents yields the corresponding triaryl-a-teuazolium chlorides (4) (Scheme 1). 

Scheme 1 

Fominznns (1) and salts (4): 

1.4: a b c d e f g  

Since (2) contains a "positive" halogen, the first stage of the reaction is probably formation of the N- 

chlorotriarylformazan (3) with the eliminr~tion of 3 benzotriazole molecule, and this is supported by the nmr 

spectra of the crude reamon rn~xtures. The first stage is probably reversable, because the reaction rate is 

accelerated by an excess of (2). Nevertheless, the use of eqoimolar amounts of formazan and (2), in the case of 

(4a), gave the expected salt in good yield (75%). 

R2 

R3 

H H 1-1 M H H H H H NHAc 

H H H H Br Me Br NO2 Br NHAc 
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Table 1. 1.3,s-Tri;lrylformazans (la-j) 

Comp. Yield, % mp 'cb IH Nmr, SNH, Molecular Elemental analysis 
1 (lit., yield); (lit., mp) (CDCb) formula Found, % 

Solvt. of P P ~ ~ M S  (Required) 
~ e c r y s t . ~  C H N  

aA - aq. 1.4-dioxane; B - benzene: C - aq,  d~rnethylformamide; D - benzene:hexane (1 : l  vlv) 

b ~ i t h  decomp. CWith DMSO-d6 ( I : ]  vlv) 

T o  study the influence of substituents on the selectiv~ty of the formazan oxidation, we have synthesized a series 

of formazans (Table I ) ,  including some already described, and some new. 

Those containing electron-withdrawing substituents are (i) easier to isolate and obtain in higher yield; (ii) they 

have higher melting points; and (hi) crystallize readily. Formazan ( l j )  and the corresponding salt (4j) were 

chosen because both have been successfully used as intermediates in the syntheses of stearic acid redox 

derivatives for use with the Langrnu~r-Blodgett technique? but salt (4j) was previously obtained only in poor 

yield (ca.1270) by oxidation of ( l j )  with nitrous acid. 

An appropriate solvent was chosen for the oxidation depending on the solubility of the initial formazan and the 

nature of the substituents. With a strong electron-withdrawing substituent in the formazan, a solvent of high 
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Table 2. 2.3,s-Triaryl-2H-tetrazolium salts (4a-j) 

Comp. Ratioa Time, 
4 (1):(2) 

(molar) 

1:l (A) 

1:2 (A) 

1:2 (A) 

1:2 (A) 

1:4 (B) 

1:2 (A) 

1:2 (A) 

1:2 (A) 

1:4 (A) 

1:6 (A) 

1:3 (B) 

min 

- 

180 

15 

30 

20 

5 

15 

20 

20 

30 

60 

60 

- 

Yield, %b mp, 'G Molecular Elementary analysis 
(lit., yield) (lit., mp) formula Found (Required), % 

C H N 

aSolvents used: A - benzene: B - 1 A-dioxane bY~eld of isolated products CWith decomp. 

boiling point and lipophilicity is required. The greater influence is exerted by those of the substituents in the aryl 

ring attached to the m - p o s ~ t i o n  of the heterocyclic ring: salt (4d) was formed after 5 min in high yield, while 

the production of (4b-c) required longer times. Substitution in the N-aryl rings affects the reaction time less 

dramatically (salts 4ej). Tests of various combin:ttions of electron-withdrawing and electron-releasing 

substituents in the molecule of the initial formazans showed that the best results are obtained if the m - a r y l r i n g  

contains the donor whilst the N-aryl ring contains the acceptor substituents (salts 4g-i). 

The reaction is not accompanied by any chlorination of the phenyl group (4a) or the methyl substituent (40. 

Bromine atoms (4e,g,i), esters (4b,g,h), and amides (4j) are unaffected. Our reaction was successfully applied 

to obtain the commercially imponant bis-tetrazolium salts, such as Tetrazolium Blue (4k) and Nitro Tetrazolium 
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Table 3. 1~ Nmr data of compounds (4a-j) (DMSO-d6; 6,  ppmTMS) 

Comp. 4 Aromatic protons Others 

7.60-7.90 (m, 8H); 7.94-8.14 (m, 4H); 
8.26-8.42 (m, 3H) 

7.31 (d, 2H, J=8.5 Hz); 7.64-7.86 (m, 6H); 
7.93-8.20 (m, 4H); 8.28 (d, 2H, J 4 . 5  Hz) 

7.60-7.88 (m, 8H); 7.98-8.09 (m, 4H); 
8.35 (d, 2H, J=8.3 Hz) 

7.70-8.87 (m, 6H); 8.00 (d, 4H, J 4 . 0  Hz); 
8.55-8.70 (m, 4H) 

7.62-7.83 (m, 3H); 7.86-7.95 (m, 4H); 
8.05-8.18 (m, 4H); 8.24 (d, 2H, E 7 . 7  Hz) 

7.54 (d, 2H, J d . 9  Hz); 7.68-7.94 (m, 10H); 
8.36 (d, 2H, J=5.3 H) 

7.24-7.35 (m, 2H); 7.66-7.86 (m, 3H); 
7.92-8.13 (m, 6H), 8.22-8.30 (m, 2H) 

7.30 (d, 2H, J=9.1 Hz); 7.69-7.80 (m, 3H), 
8.05-8.65 (m, 8H) 

7.71-7.84 (m, 6H); 7.89-7.97 (m, 4H); 
8.27-8.34 (m, 3H) 

3.91 (s, 3H, OMe) 

2.41 (s, 3H, Me) 

3.92 (s, 3H, OMe) 

3.93 (s, 3H, OMe) 

2.14 (s, 6H, Me); 
10.92 (s, 2H, NH) 

aMixture DMSO-d6:CD30D (1: 1 viv) 

Blue (41) (see Experimental) In their usu;~lly available fotm these compounds contain either alcohol or water of 

crystallization, but in our case (4k,l) were isolated directly from the re. dctlon . . mlxture. 

Formazans have also been ox~dized by sodium hypochlorite, but only chlomte salts were isolated from this 

procedure.2 1-Chlorobenzotnazole acts as a mild transfer agent of a "positive" halogen and is stable in a solid 

state. Hence, the ratio of reagents is easily controlled whilst hypochlorite exists only as unstable water solutions. 

The benzotriazole side product is readily holuble in  the solvents used for oxidation. Nmr spectra of (4a-I) 

showed no signals of either (2) or benzotriazole. Experimental details are summarized in Tables 1 and 2. Table 1 

lists the starting formazans, Table 2 the tetrazolium products. Unl~ke previous procedures, our fonnazan 

oxidation requires a smaller excess of oxidizing agent and is completed in 5-60 min depending on the type of 

substituents in the aryl rings; yields range from 70% to 97%. Elemental analyses and 1H and 13C nmr data 

(Tables 2-4) confirm the fomiation of sdlts (4). 
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Table 4.'3C Nnir data of compounds (4n-j) (DMSO-d6: d, ppflMS) 

Comp. 4 Aromatic carbons Meso-carbon Others 

55.7(OMe) 

21.0 (Me) 

55.7 (OMe) 

55.7 (OMe) 

24.1 (Me) 
169.5 (aniide) 

The proton nmr spectra of the isolated salts (4) have no peaks in the region of 9-15 ppm, i.e., the compounds 

have no N-H protons. Depending on the type and position of the substituents in the aryl rings, the number and 

position of peaks in the I3C nmr spectra vary because of restricted rotation and overhpping effects. 

CONCLUSION 

The reaction discussed here could probably be considered as :i first example of an oxidative hetemrin g clc sure by 

means of interaction with I-chlorobenzotr~azole. I n  general, t h ~ s  reaction does not represent a typical case of 

substrate oxidation by 1-chlorobenzotri:tzole d~rectly, since the first stage is just simple introduction of a 

"positive" halogen into a molecule of fonnazan (slow proton-chlorine exchange) and, only after that, a rapid 

oxidative ring closure takes place. 
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EXPERIMENTAL 

1H And 1 3 ~  n m  spectra were recordered on a Varian XL-200 (FT-mode) spectrometer (internal standard - 

TMS). Melting points were determ~ned on a Br~stolme hot-stage microscope and are uncorrected. The initial 

formazans (la-I) were synthestzed using standard procedures2.10 from arylaldehyde arylhydrazones by azo- 

coupling with aryldiazonium salts. I-Chlorobenzotrr~zole was obtained by the literature procedure? 

The general procedure for the preparation of 2,3,5-triaryl-m-tetrazolium chlorides is as illustrated for salt (4a). 

To a stirred solution of 300 rng (I nimol) of 1,3,S-triphenylfonnm (la,I0) in 40 ml of benzene at 70'C 307 mg 

(2 mmol) of 1-chlorobenzotriazole in 10 rnl of benzene were added at one portion. The reaction mixture was then 

refluxed with stirring for 15 mln. During the reaction, the color changed from red to yellow and a precipitation of 

salt (4a) was observed. After cooling, the solvent was ev;tpor:tted under reduced pressure and the crude product 

was dissolved in a minimum amount of meth;tnol, followed by precipitation of (4a) upon subsequent addition of 

ether. Filtration of the mixture gave 296 rng (88%) of 2,3,5-triphenyl-m-tetrazolium chloride in the form of 

yellow-white needles. Using the above procedure, the other salts (4b-j) were obtained; their properties are given 

in Tables 2-4. 

3.3'-~3,3'-Dimethoxv-4.4'-bi~henvlene)bis~2.S-di~henvl-2H-rerr~1zolt~1m chloride), BT (4k) was obtained in an 

analogous fashion after refluxing the initid bis-formazan ( l k )  (329 mg, 0.5 mniol) and 1-chlorobenzotriazole 

(461 mg, 3 mmol) in 30 ml ofdioxane with stirring during 15 min. The sticky solid was collected, washed with a 

dioxane:acetone mtxture (1:l v/v) ztnd dried yielding 318 nig (87%) of salt (4k). An analytical sample was 

obtained after re-precipitation of the salt from chlorofonii by diomne. Elemental analysis con fmed  the formation 

of (4k). mp 246-247'C (lit..14 mp 245-247~C). lH Nmr (DMSO-d6:D20. 1:l vlv, 8, ppm): 3.74 (s, 6H, 

OCH3); 7.57-8.00 (m, 16H); 8.17 (d, 4H,  J=X.X Hz); 8 30-8.40 (ni, 6H) 

3.3'-(3.3'-Dimethoxv-4,4'-bivl1e1ivlene)bisl2-(4-nitro~henvl~-5-~henvl-2H-tetrazolium chloride], NBT (41) has 

been obtained under the samL. conditions with 86% yreld. An :tnalytical sample of the salt was prepared by re- 

prec~pitation from ethanol by ether. Elenirnt:tl :innlysis cotifinned the compound to be (41). mp 159-161'C (lit.,I5 

mp 162'C). 'H Nmr (DMSO-do, 6, pprn): 3 79 (s, 6H, OCI-13); 7.68-7.88 (m, 10H); 8.24-8.39 (m, 10H); 8.59 

(d, 4H, J=7.7 Hz). 
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