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CHAPTER 1 
INTRODUCTION 

Purpose of this Research 
Electron transfer reactions of cation radicals have drawn 

much interest (1). Shine and Sugiyama were the first to observe 
that alkyl radicals were formed by an initial electron transfer 
step in reactions of thianthrene cation radical with 
organomercurials (2). The possibility that thianthrene cation 
radical might efficiently trap the alkyl radicals led to attempts to 
generate alkyl radicals by the photolysis of azoalkanes in the 
presence of thianthrene cation radical at room temperature. It was 
found, however that the azoalkanes which were chosen reacted 
rapidly with thianthrene cation radical in the absence of light, 
leading to the reduction of the cation radical and formation of 
alkyl cation and radical products. This led to the study of the 
reactions of cation radicals with a number of azoalkanes (1). 

During the study of the reaction of thianthrene cation radical 
with azotoluene in acetonitrile, an interesting product, 1-benzyl-
3-phenyl-5-methyl-1,2,4-triazole, was obtained as a major 
product along with alkyl cation and alkyl radical products (1, 3). It 
was found that the triazole was formed by a reaction in which the 
cation radical induced oxidative cycloaddition of benzaldehyde 
benzylhydrazone, a tautomer of azotoluene, to acetonitrile. This 
observation led to an interest in the study of reactions of cation 
radicals with arylhydrazones. The objective of studying the 
reactions of cation radicals with arylhydrazones was to explore 
the cation radical induced oxidative cycloaddition of hydrazones to 
nitrites to give trisubstituted 1,2,4-triazoles. 

Oximes are electronically and structurally analogous to 
hydrazones. The likelihood existed, therefore, that oximes could 
undergo cycloadditions similar to those of the hydrazones to give 
1,2,4-oxadiazoles. The objective of studying the reactions of 
thianthrene cation radical with oximes was to explore the 
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possible cation radical induced oxidative cycloaddition of oximes 
with nitriles to give 1,2,4-oxadiazoles. 

In the study of the reactions of cation radicals with 
azoalkanes, most of the azoalkanes were open chain compounds. 
These azoalkanes had been found to undergo oxidative 
decomposition with the loss of N2 and the formation of alkyl 
radicals and alkyl cations. Reactions of cation radicals with cyclic 
azoalkanes had not been studied. The reaction of a cyclic azoalkane 
with cation radicals under similar conditions would probably 
cause the formation of a hydrocarbon cation radical with the loss 
of N2. The objective of studying the reaction of thianthrene cation 
radical with 2,3-diazabicyclo[2.2.2]-oct-2-ene (DBO), which is a 
cyclic azoalkane, was to investigate the cation radical induced 
oxidative chemistry of DBO as a model cyclic azoalkane. 

Structures 
The following are the structures of some of the compounds 

and their common abbreviations. The abbreviations will be used 
throughout the dissertation. 

Thianthrene 
(Th) 

CIO. 

Thianthrene cation radical perchlorate 
(Th+CI04- or Th+-) 

O 
II 

.3. 

Thianthrene-5-oxide 

(ThO) 
o 

Thianthrene-5,10-dioxide (Th02) 



Br 

( 
Br- r\ 4-N 

/ Q 

SbCI 

Tris( 2,4-dibromophenyl )amine Tris( 2,4-dibromophenyl )amminium 
hexachloroantimonate 

(ArsN^-SbCle- or ArsN^) 

N 

2,3-Diazabicyclo[2.2.2]oct-2-ene 

(DBO) 
1-Aryl-3-R-5-R'-1,2,4-Triazole 

3-Aryl-5-alkyl-1,2,4-oxadiazole 
3-Alkyl-5-aryl-1,2,4-oxadiazole 

General Review of Cation Radical Chemistry 
A cation radical is at the same time a cation (caused by the 

loss of an electron) and a radical (the remaining unpaired 
electron). Cation radicals are formed by the removal of one 
electron from a neutral molecule. The most easily oxidized 
molecules are those containing pi-electrons and heteroatoms with 
unshared electrons. Organosulfur cation radicals, particularly the 



4 
cation radicals of heterocyclics such as thianthrene, phenoxathin 
and phenothiazine, have been the subject of many studies. These 
cation radicals are relatively stable and can be isolated as 
crystalline salts. Some organonitrogen cation radicals such as of 
tris(p-bromophenyl)amine and tris(2,4-dibromophenyl)amine have 
also been well studied. 

In 1868, Stenhouse (4) observed for the first time that 
thianthrene dissolved in concentrated sulfuric acid, giving a 
purple solution, and that sulfur dioxide was evolved in the process. 
Many years later, the purple color was shown to be caused by the 
thianthrene cation radical, to which thianthrene was oxidized by 
concentrated sulfuric acid (5). Electron spin resonance (esr) 
spectroscopy of the thianthrene cation radical was investigated by 
several scientists (6-10). The correct identification of 
thianthrene cation radical was made by esr in the period 1961-62 
(5). A five- line esr spectrum was obtained, from which, however, 
it was not possible to deduce which set of four equivalent protons 
was responsible for the coupling. This problem was solved by 
taking esr spectra of appropriately substituted thianthrene cation 
radicals (11, 12). A complete esr analysis, including proton and 
naturally occurring 33s hyperfine splitting for thianthrene cation 
radical was reported, eventually, by Shine and Sullivan (13). 

Cation radicals have been prepared by various methods such as 
chemical oxidation, anodic oxidation and photoionization. Chemical 
oxidation is the most common method for the preparation of cation 
radicals. Perchloric acid (8), persulfuric acid (14), concentrated 
sulfuric acid (15), and some Lewis acids such as SbCIs (16) have 
been used as oxidizing agents. The most common method for the 
preparation of thianthrene and phenoxathiin cation radicals is the 
oxidation of thianthrene or phenoxathiin by perchloric acid (8, 17). 
Thianthrene was also said to have been oxidized to its cation 
radical by methanesulfonic acid in nitromethane (18) Lucken (10) 
and Kinoshita (9) independently isolated the crystalline 
perchlorate and hexachloroantimonate salts of thianthrene cation 



radical. Shine and Murata (19) prepared the I2CI3- salt of 
thianthrene cation radical by the reaction of thianthrene with 
iodine monochloride. Recently, Boduszek and Shine (20) isolated 
the tetrafluoroborate salt of thianthrene cation radical in good 
yield. The common method for the preparation of tris(p-bromo-
phenyl)amine and tris(2,4-dibromo-phenyl)amine cation radical 
hexachloantimonates is the oxidation of the corresponding amines 
with SbCIs (16a). 

After successful preparation and physical characterization of 
cation radicals, attention began to turn toward studies of their 
reactions. Among the common reactions which cation radicals 
undergo are with nucleophiles, with aromatics and olefins, and 
electron transfer reactions. For the most part, the reactions of 
organosulfur cation radicals which have been studied have been 
with nucleophiles. The nucleophilic attack takes place usually at 
the sulfur atom (equation 1) and sometimes at a ring position 
(equation 2). 

-f-NuH 

+ Th + H"" 

Nu 

( 1 ) 

+ Th -h 2H'" (2) 

Various reactions of cation radicals with nucleophiles have 
been studied, some of them kinetlcally. The thianthrene cation 
radical has had a large role in these studies. Shine and co-workers 
have studied the reactions of thianthrene cation radical 
perchlorate with a variety of nucleophiles such as water (21, 22), 
chloride (22), nitrite (22), and nitrate ions (23), triphenylamine 
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(22), some vinyl monomers (22), pyridine (23), ammonia (24) and 
organometallics (25). Reactions of thianthrene cation radical 
perchlorate with aromatic compounds (26), ketones (27-29), 
alkenes (30) and alkynes (30) were also reported. 

Three mechanisms have been considered for the reactions of 
organosulfur cation radicals with nucleophiles (31). These 
mechanisms are designated as disproportionation (equations 3 and 
4), half-regeneration (equations 5-7) and complexation (equations 
8-10). In the disproportionation mechanism, the dication is the 
reacting species, whereas in the other two mechanisms, the cation 
radical is the reacting species. The complexation mechanism and 
the half-regeneration mechanism are very similar, except that in 
the former case, a pi-complex is formed and co-valent bonding 
does not occur initially. 

2Th+- 1 Th2+ + Th (3) 

Th2+ + NuH • Products. (4) 

Th+- + NuH * (Th-NuH)+- (5) 

(Th-NuH)+- + Th+- ^ (Th-NuH)2+ + Th (6) 

(Th-NuH)2+ • Products. (7) 

Th+- + NuH 1 (Th/NuH)+- (8) 

(Th/NuH)+- + Th+- ^ (Th/NuH)2+ + Th (9) 

(Th/NuH)2+ • Products. (10) 

The reaction of thianthrene cation radical with water was 
studied in detail. The mechanism of the reaction turned out to be 
complex. In an early work, Murata and Shine (22) proposed the 
disproportionation pathway for the reaction of thianthrene cation 
radical with water. However, Parker and Eberson (32) found that 
the reaction had to be directly between thianthrene cation radical 
and water, rather than between the dication and water. Several 
years later, Evans and Blount (33) studied the reaction and found it 
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was not only second order in thianthrene cation radical but also 
third order in water and inverse order in acid. The proposed 
mechanism is given by equations 11-14. 

Th+- + H2O - (Th-0H2)+- (11) 

(Th-0H2)+- + H2O "^ (Th-OH)- + H3O+ (12) 

(Th-OH)- + (Th-0H2)+- ^ (Th-OH)+ + Th + H2O (13) 

(Th-OH)+ + H2O ^ ThO + H3O+ (14) 

Parker and Hammerich (31), found that that the reaction 
was first order in water in presence of a base and an order 
approximately three in neutral acetonitrile. The proposed 
mechanism for the hydroxylation in the presence of a base 
reaction is given by equations 15-18. 

Th+- + H2O * (Th-0H2)+- (15) 

(Th-0H2)+' + B 1 (Th-OH)- + (BH)+ (16) 

(Th-OH)- + Th+- •» (Th-OH)+ + Th (17) 

(Th-OH)+ + B ^ ThO + (BH)+ (18) 

Vieil et al. (34) recently provided an overall review of this 
problem. They proposed that the hydroxylation reaction can be 
anywhere between first to third order in water depending on the 
concentration of water. 

Cation radicals also undergo electron transfer reactions as 
represented by equation 19. Electron transfer in cation radical 
chemistry causes reduction of the cation radical. 

Th+- + NuH 1 Th + (NuH)+- (19) 

Svanholm et al. (35) proposed the complexation mechanism 

(equations 20-23) for the reaction of thianthrene cation radical 
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with anisole. They found that thianthrene cation radical reacted 
with anisole to form a complex which reacted further by one of 
the two different pathways depending on the concentration of 
thianthrene cation radical. At low concentration of thianthrene 
cation radical the reaction was first order in both thianthrene 
cation radical and anisole, due to dissociative electron transfer in 
the complex. At higher concentration of thianthrene cation radical, 
the reaction was second order in thianthrene cation radical and 
followed another pathway giving (Th-An)+. Equations 20 and 21 
show a net electron transfer reaction. 

Th+- + AnH •» (Th/AnH)+- (20) 

(Th/AnH)+- 1 Th + (AnH)+- (21) 

(Th/AnH)+- + Th+- * (Th/AnH)2+ + Th (22) 

(Th/AnH)2+ • (Th-An)+ + H+ (23) 

Sugiyama and Shine (2) for the first time observed the 
formation of alkyl radicals by an initial electron transfer step in 
the reactions of thianthrene cation radical with organomercurials 
(equations 24 and 25). Alkyl radicals thus generated caused 
alkylation on sulfur (equation 26). 

Th+- 4- R2Hg 1 Th + (R2Hg)+- (24) 

(R2Hg)+- »- R- + (RHg)+ (25) 

/ S " " + R • ^ S — R (26) 

Recently, formation of alkyl and aryl radicals has also been 
reported as the evidence for electron transfer from the reactions 
of Grignard reagents and aryl lithiums (ArLi) with thianthrene 
cation radical (1,36, 37). Radicals generated from the decom-



position of the cation radicals of Grignard reagents and ArLi 
caused alkylation or arylation on sulfur. Hydrogen abstraction 
from solvent molecules by the radicals was also observed. Shine 
and co-workers found evidence for electron transfer in the 
reactions of azoalkanes, aldehyde arylhydrazones and oximes with 
thianthrene cation radical and with tris(2,4-dibromophenyl)-
amine cation radical (discussed later). Aryl aldehyde 
semicarbazones were found to undergo oxidative cyclization in 
acetonitrile, initiated by successive electron transfers to 
thianthrene cation radical, with the formation of 2-amino-1,3,4-
oxadiazoles (38). 

Cation-radical induced Diels-Alder cycloadditions, catalyzed 
by tris(p-bromophenyl)amine cation radical, have attracted much 
interest (39, 40). The cation radical catalysis resulted in an 
enormous rate enhancement of a variety of pericyclic reactions. 
Neutral or electron rich dienophiles were converted via electron 
transfer to highly electron deficient cation radicals and thus 
acted as extremely reactive dienophiles.The mechanism for the 
catalytic route was suggested as the sequence: ionization 
(equation 27), pericyclic reaction (equation 28), and electron 
acceptance (equation 29). 

4- TBPA + 
•+ 

+ TBPA (27) 

+ (28) 

1 • + 

-H 
' + 

-h (29) 
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In the reaction of tris(p-bromophenyl)amine cation radical 

with carboxylate anions electron transfer was observed by 
Schmidt and Steckhan (41). This was strongly disputed by Eberson 
and Larsson (42) who considered carboxylation of the aryl groups 
to be the reaction mode. However, recently, Compton and Laing 
(43) confirmed that the reaction of electrogenerated 
tris(p-bromophenyl)amine cation radical with acetate anion 
involved direct electron transfer. 

Review of the Oxidative Chemistry 
of Azoalkanes 

The importance and richness of the chemistry of azoalkanes 
has become apparent only during the past 20 years even though 
azoalkanes have been known since 1909 (44). Azoalkanes undergo 
thermal or photochemical decomposition very easily leading to the 
formation of alkyl radicals. For this reason, azoalkanes are very 
convenient sources of radicals and diradicals. 

The oxidative chemistry of azoalkanes is little known. 
Recently, it has drawn much interest (1). The oxidative 
decomposition of azoalkanes leads to the formation of alkyl 
radicals and alkyl cations (1). Shine and co-workers studied the 
cation-radical-induced oxidative chemistry of 1,1'-azoadamantane 
(1, 45), phenylazotriphe-nylmethane (PAT) (1), azo-t-butane (ATB) 
(1), and azotoluene (1, 3). 

The photochemical decomposition of 1,1'-azoadamantane 
generated adamantyl radical and radical products were obtained 
(46, 47). In contrast, in the reaction of thianthrene cation radical 
with 1,1'-azoadamantane in acetonitrile, efficient oxidation of the 
azo compound occurred, resulting mainly in the formation of 
adamantyl cation which was trapped by the solvent to give 
eventually adamantylacetamide (32, 44). The reaction rapidly 
produced nitrogen and thianthrene in quantitative yield. The 
mechanism proposed for the formation of these products is shown 
in equations 30-35. 
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Th+- + AdN=NAd • Th + (AdN=NAd)+- (30) 

(AdN=NAd)+- • Ad- + Ad+ + N2 (31) 

Ad- + Th+- • Ad+ + Th (32) 

(AdN=NAd)+- + Th+- • (AdN=NAd)2++ Th (33) 

(AdN=NAd)2+ ^ 2 Ad+ + N2 (34) 

HpO 
Ad+ + CH3CN i - • AdNHC0CH3 . (35) 

Reactions of thianthrene cation radical with PAT and ATB 

took place readily with the evolution of nitrogen, and again 

predominantly carbocationic chemistry was observed (32). 

Bandlish et al. (48) found that the thermolysis of azotoluene 

at 170 oC gave bibenzyl, toluene and stilbene. These same products 

were obtained before by Bickel and Waters (49). Thianthrene 

cation radical reacted with azotoluene with the formation of 

substantial amounts of bibenzyl and N-benzylacetamide (equation 

36-39) (32, 45), indicating that, in this case, both cation and 

radical were generated. 

PhCH2N=NCH2Ph + Th+ • (PhCH2N=NCH2Ph)+- + Th (36) 

(PhCH2N=NCH2Ph)+- • PhCH2+ + PhCH2- + N2 (37) 

2 PhCH2- ^ PhCH2-CH2Ph (38) 

H2O 
PhCH2++CH3CN «- ^ PhCH2NHCOCH3 . ( 3 9 ) 

One interesting observation from the reaction of thianthrene 

cation radical with 1,4-diphenylazomethane was the formation of 

1-benzyl-3-phenyl-5-methyl-1,2,4-triazole. It was proposed that 

the triazole was formed by the cycloaddition of the oxidized 

benzaldehyde benzylhydrazone, a tautomer of 1,4-diphenylazo-

methane, to the solvent acetonitrile. It was mentioned that either 
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1,4-diphenylazomethane tautomerized to the hydrazone or the 

cation radical of 1,4-diphenylazomethane tautomerized to the 

cation radical of the hydrazone prior to the cycloaddition. 

Review of the Oxidative Chemistry 
of Hydrazones 

Hydrazones can be oxidized by a wide variety of oxidizing 

agents (50-53). Unsubstituted hydrazones are oxidized to 

diazoalkanes (R2C=N2) by mercuric oxide (50). Beside 

diazoalkanes, some azine (R2C=N-N=CR2) is almost always 

produced and it has been proposed that the azines are formed by 

the loss of nitrogen from dimers of the diazoalkane. Atmospheric 

oxygen reacts with arylhydrazones of aldehydes to form azo 

hydroperoxides [RCH(OOH)-N=NAr] (50,54). 

Oxidation of hydrazones by lead tetra-acetate to a large 

variety of synthetic intermediates has drawn much interest 

(55-60). Butler and King (59) observed the formation of azo-

acetates (1) and diacylhydrazines (2) in the oxidation of aliphatic 

aldehyde and aromatic aldehyde phenylhydrazones (equation 40). 

Aromatic aldehyde phenylhydrazones favored the formation of 2 

while for aliphatic aldehyde phenylhydrazones, substituents in the 

N-phenyl ring directed the product formation. For example, NO2 

group in the para position gave mainly 2 whereas NO2 in the ortho 

position or 2,4-dinitro groups favored the formation of 1 . In case 

of aromatic aldehyde phenylhydrazones further oxidation of 2 gave 

the azodi-acetates (3) and aroylazobenzenes (4) (equation 41) 

(60). 

Pb(0Ac)4 OAc ^ y f 
RCH=N-NHAr ^ ^ ^ ^ ^ RCH-N=NAr RC-NH-NAr 

1 2 
.(40) 



1 3 

O Ac OAc O 
II I Pb(0Ac)4 / + 

RC-NH-NAr • RC-N=NAr RC-N=NAr 
2 

(R = aryl) 
2 V A 4 

OAc 

(41) 

The oxidation of aldehyde or ketone NN-disubstituted 

hydrazones needed two equivalents of lead tetra-acetate; the first 

equivalent brought about dealkylation to the aldehyde (5) and the 

monosubstituted hydrazone (6), and the second equivalent oxidized 

6 to the diacylhydrazine (7) (equation 42) (57). 

The lead tetraacetate oxidation of keto-hydrazones gave the 

azoacetates (8) hydrolysis of which yielded the parent ketone 

(equation 43) (56, 60). Hydrazones of 7-ketoderivatiyes of 

lanosterol have been oxidized by lead tetra-acetate to the 

corresponding 7a-acetoxyderivatives which are important in 

cholesterol biosynthesis (58). 

^CHgRa Pb(0Ac)4 
RiCH=N-N^ ^^^^ RiCH=N-NHR3 + R2CHO 

^3 " 6 5 

Pb(0Ac)4 

O ^ 
II /Ac 

R^C-NH-N:;' 
7 ^3 

(42) 

"^>=N-NHAr^^(2^£)f.R,_i-N=N-ArJi^ t . ArH 

8 +N2 

.(43) 
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Gladstone and co-workers (60) reported that oxidation of a 

number of aldehyde arylhydrazones with lead tetra-acetate 
generated nitrilimines (9) as intermediates. Nitrilimines thus 
generated have been trapped with acrylonitrile to give 5-cyano-
pyrazolines (10) which on further oxidation formed 5-cyanopyra-
zoles (11) (equation 44) . Also, acylhydrazones (12) upon 
oxidation with lead tetra-acetate in methylene chloride underwent 
oxidative cyclization via nitrilimine intermediates to give the 
oxadiazoles (13) (equation 45) (60). 

Pb(0Ac)4 _ . 
RCH=N-NHAr 1- RC = N = N A r ^ 

- HOAc 
RC= N - NAr 

CH2=CH-CN 

Pb(0Ac)4 
N >-"CN - • ^̂  —- N J—CN 

I I 
Ar Ar 
11 

PhCH=N-NH-COR 
12 

Pb(OAc). 

- HOAc 

Ph 
N 

R 

13 

10 
(44) 

PhC=N=N-COR PhC^isi-N-COR 

PhC^N-N 

t \ . 
C—R 

o-

(45) 

Hydrazones have also been oxidized anodically. Anodic 
oxidation of keto-arylhydrazones in presence of water produced 
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the parent ketone (56). Two-electron oxidation of the hydrazone 
followed by the hydrolysis with water caused the formation of the 
ketone. Tabakovic and co-workers (61, 62) have investigated the 
anodic oxidation of a series of hydrazones in the presence of 
heteroaromatic bases. Oxidation in the presence of heteroaromatic 
bases gave s-triazolo[4,3-a]pyridinium salts (14), s-triazolo[4,3-
ajquino-linium salts (15) and s-triazolo[4,3-a]isoquinolinium 
salts (16) in yields ranging from 30% to 90% (equation 46). 

Ar-NH-N=CH-Ar' + 
^ ^ ^ ^ 

N 

-4e 

3H'' 

Ar 
I 
N 

\ 

14 ^' 

N CIO4" 

CIO/ 

15 
Ar 

/ 
N-N 

16 

CIO/ 

(46) 

Upon electrochemical oxidation in acetonitile, benzaldehyde 
NN-diphenylhydrazone underwent dehydrodimerization with the 
formation of dibenzylideniminio-N,N'-diphenyl-N,N'-benzidine (17) 
in about 50% yield (equation 47) (63). Benzonitrile was also 
obtained in 20-30% yield. 

Electron transfer oxidation of hydrazones of aromatic ketones 
(R2C=N-NH2) by tris(p-bromophenyl)ammoniumyl perchlorate led 
to the formation of the corresponding azines (R2C=N-N=CR2) (64). 
Recently, Kovelesky and Shine (65) studied the reactions of thian
threne cation radical with arylhydrazones of chalcone, 
benzalacetone and some of their derivatives. The hydrazones 
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underwent oxidative cyclization to give, respectively, 1,3,5-
triaryl and 3-methyl-1,5-diarylpyrazoles (18 and 19) in 
excellent yields (equation 48). Cyclization appeared to occur by 
the way of the arylhydrazone cation radical. 

PhCH=N-NPh 

PhCH=N-NPh2 " ^ 1̂  T + PhCN 

PhCH=N-NPh 

1 7 .(47) 

+• 

R 
I 

Ar-CH=CH-C=N-NH-Ar'-h 2 Th" CI04' 

R = aryl, R = methyl 
19, R = methyl 

.(48) 

Review of the Oxidative Chemistry of Oximes 
Oximes are not easily oxidized and do not usually reduce 

Fehling's or Tollens' reagents unless they are first hydrolyzed 
(66). Ketoximes (R2C=N0H) were converted to mononitroalkanes 
(R2CH-NO2) by oxidation with peroxytrifluoroacatic acid (67). 
Oximes have been oxidized by eerie nitrate to iminoxy radicals 
(R2C=N0-), which were detected by esr (66). Nitrous anhydride (a 
mixture of nitric oxide and nitrogen dioxide) was found to convert 
oximes to an interesting class of compounds, the azine 
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N,N'-dioxides (20) (68). The azine N,N'-dioxides were also obtained 
along with furoxans (21), 1,2,4-oxadiazole-2-N-oxides (22) and 
0-acyl-oximes (23) when oximes were oxidized by iodine 
(equation 49) (66). 

Ar 
- 0 0 -

h +11+ 
ArCH=NOH »• ArCH=N-N=CHAr -f 

Na2C03 

O 
II 

-h ArCH=N-0-C-Ar 
23 

22 

(49) 

Oxidation of oximes by lead tetraacetate has been well 
studied (55). These oxidations were found to be complicated. A 
wide variety of products was obtained, depending on the reaction 
conditions. The oxidation of ketoximes (RiR2C=N0H) with lead 
tetraacetate gave gem-nitrosoacetates (24) (55a). Reactions of 
ketoximes (RiR2C=N0H) having large Ri and R2 groups involved a 
C-C bond breaking to give nitrile oxide intermediates (25) (69). 
The nitrosoacetate dimers (26) were obtained from aliphatic 
aldoximes (RCH=NOH) (55a). Aromatic aldoximes (ArCH=NOH) have 
been oxidized by lead tetraacetate at temperature above 0 oC to 
give compounds (27) and (28). (55a, 70). At -78 oC syn-aldoximes 
have been found to generate nitrile oxides (25) (55a, 71). 

Chiou (72) studied the reactions of tris(2,4-dibromophenyl)-
amine cation radical with aryl aldoximes in nitrile solvents. The 
oximes were found to undergo oxidative cycloaddition to solvent 
to give 3-aryl-5-alkyl- and 3-methyl-5-aryl-1,2,4-oxadiazoles 
(29 and 30) along with nitriles and aldehydes derived from the 
oxime (equation 50). 
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CHAPTER 2 

EXPERIMENTAL SECTION 

General Information 
Spectroscopic Tenhnig^iPQ 

•"H NMR spectra were recorded with Brucker 200- and 300-MHz 

spectrometers.13c NMR spectra and COSY NMR spectra were 

recorded with a Brucker 300 MHz spectrometer. NMR chemical 

shifts were measured in ppm relative to tetramethylsilane. The 

coupling constants were measured in Hz. The following notations 

are used for multiplicity: s-singlet, d-doublet, t-triplet, 

q-quartet, m-multiplet, br-broad. 

Infrared (IR) spectra were recorded on a Nicolet MX-S FT-IR 

spectrometer. 

Mass spectra (GC-MS) were recorded on a Hewlett-Packard 

GC/Mass spectrometer, Model 5995. 

UV-VIS absorption spectra were obtained on a Perkin-Elmer 

Lambda 5 spectrophotometer. 

Chromatographic Techniques 

Preparative-scale thin-layer chromatography (TLC) was 

carried out with Merck 2-mm silica gel plates (Silica gel 60 F254, 

Cat. no. 5766). 

Column Chromatography was performed with Woelm silica gel, 

30-70 ASTM mesh, 0.2-0.5 mm (Cat. no. 402809). 

Flash chromatography was performed with a Baker flash 

chromatography system under nitrogen pressure. Baker silica gel 

for flash chromatography (Cat no. 7024-1) was used. 

Gas chromatography (GO) was carried out on a Varian Model 

3740 gas chromatograph. In all cases a capillary column (SE 30, 

15 m, A Bondapak) and/or a packed column (5% OV-101, on chrom 

W HP, 50 cm, 1/8-in., stainless steel) were used. The following 

conditions were used for both columns: injector temperature, 

19 
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250 00; detector temperature, 270 ©C ; initial temperature, 35 ©0; 
final temperature, 260 ©C; program rate, 10 oC/min.; chart speed, 
Icm/min.. 

Quantitative analysis of products by GO was carried out with 
the use of either naphthalene or decane as an internal standard. 
Calculations were made as follows: 

Concentration factor (OF) = Peak area (from GC integration^ . 
(of a compound) Amount of the compound (in mmol) 

Response factor (Rp) = OF of the compound . 
(of a compound) OF of the internal standard 

Amount of a compound = Peak area of the compound 
(in mmol) (RF of the compound) x (OF of the 

internal standard). 

Elemental Analyses 
All elemental analyses were performed by Desert Analytics, 

Tucson, Arizona. 

Solvents. Reagents and Purification Techniques 
Solvents acetonitrile (0.01% water, Eastman Kodak), 

propionitrile (Aldrich) and acrylonitrile (Aldrich) were dried by 
distillation over phosphorus pentoxide under argon prior to use. 
Vessels for cation radical reactions were oven dried and flushed 
with argon before use. Carbon tetrachloride (NMR grade) was used 
as obtained. All other solvents, unless otherwise specified, were 
technical grades, distilled over P2O5 prior to use. 

Thianthrene (97%, Fluka) was purified by column chromato
graphy on silica gel using petroleum ether (40-60 oC) as eluent. 
The product was then recrystallized from acetone. 

All aldehydes, hydrazines, amines, nitriles (other than the 
solvents), acid chlorides and anhydrides were used without further 
purif ication. 
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Hydroxylamine hydrochloride and 2,6-di-tert-butyl-4-methyl-

pyridine (DTBMP) (Aldrich) were used as obtained. 

2,3-Diazabicyclo[2.2.2]oct-2-ene (DBO) was obtained from 
Prof. P. S. Engel (73). 

All inorganic chemicals were used as obtained. 

Preparations of Materials 
Thianthrene Cation Radical Perchlorate 

To a solution of 0.50 ml of perchloric acid (72%) in 33 ml of 
acetic anhydride was added a solution of 1.0 g (4.63 mmol) of 
thianthrene in 66 ml of carbon tetrachloride. The reaction mixture 
was then allowed to stand for 24 hours in the dark at room 
temperature. Dark purple colored crystals were formed and were 
collected by filtration and washed with carbon tetrachloride until 
the filtrate was colorless. The crystals were then dried in a 
vacuum dessicator under high vacuum. This modification of Shine 
and Murata's (19) procedure yielded 1.30 g (4.13 mmol, 89.2%) of 
thianthrene cation radical perchlorate, which was stored under 
vacuum for short periods before use. 

Warning: Although used without trouble for many years, 
Th+-CI04- has proved to be extremely hazardous. A freshly made 
batch of about 1.5 g exploded violently after being dried by suction 
and when being transferred to a flask from the Buchner funnel. 
Explosion may have been initiated by the friction of transfer or by 
scraching with a metallic scupula. Explosion of Th+-CI04- has also 
been reported earlier (22). 

Trisfp-bromophenvhamine 
To a stirred ice cold solution of 9.0 g (36.7 mmol) of 

triphenylamine in 30 ml of chloroform was added dropwise a 
solution of 18.7 g (117 mmol) of bromine in 10 ml of chloroform, 
while the temperature was kept below 10 ^C. After the addition, 
the temperature was allowed to rise and stirring was continued 
overnight at room temperature. Ethanol (100 ml) was added to the 
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reaction mixture. White crystals formed and were collected by 
filtration and washed with cold methanol. The product was dried 
under high vacuum to give 16.4 g (34.0 mmol, 92.8%) of the amine. 
The amine was recrystallized from chloroform, giving mp 
145-146 00 [Lit. mp 144.5-146.5 oo (74)]. 

Tris(2.4-dibrQmnphenynaminft 

To a stirred solution of 4.82 g (10.0 mmol) of tris(p-bromo-
phenyl)amine in 20 ml of chloroform was added dropwise a 
solution of 4.83 g (30.0 mmol) of bromine in 10 ml of chloroform 
at room temperature. Stirring was continued overnight. Ethanol 
(100 ml) was added to the reaction mixture. White crystals formed 
and were collected by filtration and washed with cold methanol. 
The product was dried under high vacuum to give 6.50 g (9.04 
mmol, 90.4%) of the amine. The amine was recrystallized from 
ethanol/chloroform (1:1), giving mp 219-220 oo [Lit. mp 218-
220 00 (74)]. 

Tris(2.4-dibromophenyhaminium 
Hexachloroantimonate (13a) 

To a solution of 5.25 g (7.30 mmol) of tris(2,4-dibromophe-
nyl)amine in 80 ml of methylene chloride was added dropwise a 
solution of 2 ml of antimony pentachloride in 20 ml of methylene 
chloride at room temperature. A green color appeared immediately. 
The reaction mixture was then allowed to stand for 24 hours at 
room temperature. Cyclohexane (200 ml) was added to the reaction 
mixture. Green colored crystals formed and were collected by 
filtration and washed with cyclohexane until the filtrate was 
colorless. The product was dried under high vacuum to give 6.78 g 
(6.44 mmol, 88.2%) of the cation radical salt, mp 139-140 oo. 

Benzaldehyde Phenvlhvdrazone 

A solution of 2.12 g (20.0 mmol) of benzaldehyde and 3.24 g 
(30.0 mmol) of phenylhydrazine in 50 ml of ethanol containing 
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glacial acetic acid (5% by wt. of the amount of the aldehyde) was 

boiled under reflux for four hours. On cooling, the hydrazone 

precipitated as a pale yellow solid and was collected by filtration. 

After drying under high vacuum 3.60 g (18.4 mmol, 92.0%) of 

product was obtained. The hydrazone was recrystallized from 

ethanol, giving mp 156-157 oo [Lit. mp 156-158 oo (75)]. 

Benzaldehyde p-Nitrophenylhydrazone 

Benzaldehyde p-nitrophenylhydrazone was prepared by the 

same method described for the preparation of benzaldehyde 

phenylhydrazone, using 5.30 g (50.0 mmol) of benzaldehyde and 

9.18 g (60.0 mmol) of p-nitrophenylhydrazine. The yield of the 

hydrazone was 9.65 g (40.0 mmol, 80.0%). The hydrazone was 

recrystallized from ethanol giving brown crystals, mp 192-193 oo 

[Lit. mp 193 00 (76)]. 

Benzaldehyde 2.4-Dinitrophenylhydrazone 

Benzaldehyde 2,4-dinitrophenylhydrazone was prepared by the 

same method described for the preparation of benzaldehyde 

phenylhydrazone, using 5.30 g (50.0 mmol) of benzaldehyde and 

11.9 g (60.0 mmol) of 2,4-dinitrophenylhydrazine. The yield of the 

hydrazone was 12.3 g (43.0 mmol, 86.0%). The hydrazone was 

recrystallized from ethanol giving yellow crystals, mp 236-237 oo 

[Lit. mp 237 oo (76)]. 

Butvraldehvde Phenvlhvdrazone 

A solution of 2.16 g (30.0 mmol) of butyraldehyde and 3.24 g 

(30.0 mmol) of phenylhydrazine in 50 ml of ethanol containing 

glacial acetic acid (5% by wt. of the amount of the aldehyde) was 

boiled under reflux for two hours. After cooling, the reaction 

mixture was neutralized with sodium bicarbonate solution and the 

hydrazone was extracted with 4 x 30 ml of methylene chloride. 

The methylene chloride solution was dried over anhydrous 

magnesium sulfate and the solvent was distilled off in a rotary 
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evaporator to give 4.05 g (25.0 mmol, 83.3%) of the hydrazone as 

an oil. This was distilled under reduced pressure, giving bp 140-

142 00 at 8 Torr [Lit. bp 152 oo at 14 Torr (77)]. 

Butvraldehvde p-Nitrophenvlhvdraznne 

Butyraldehyde p-nitrophenylhydrazone was prepared by the 

same method described for the preparation of butyraldehyde 

phenyl-hydrazone, using 2.88 g (40.0 mmol) of butyraldehyde and 

6.89 g (45.0 mmol) of p-nitrophenylhydrazine. The yield of the 

hydrazone was 7.40 g (35.8 mmol, 89.4%). The hydrazone was 

obtained as a thick oil. 

Butyraldehyde 2.4-Dinitrophenylhydrazone 

Butyraldehyde 2,4-dinitrophenylhydrazone was prepared by 

the same method described for the preparation of benzaldehyde 

phenylhydrazone, using 2.16 g (30.0 mmol) of butyraldehyde and 

6.93 g (35.0 mmol) of 2,4-dinitrophenylhydrazine. The yield of the 

hydrazone was 6.90 g (27.4 mmol, 91.3%). The hydrazone was 

recrystallized from ethanol giving yellow crystals, mp 

115-116 00 . 

p-Benzovlphenvlhvdrazine 

To a stirred solution of 8.10 g (75.0 mmol) of phenylhydrazine 

in 100 ml anhydrous ether was added slowly 7.03 g (50.0 mmol) of 

benzoyl chloride. Stirring was continued for six hours at room 

temperature. The reaction mixture was then neutralized with 

sodium bicarbonate solution and the hydrazine was extracted with 

4 X 30 ml methylene chloride. The methylene chloride solution was 

dried over anhydrous magnesium sulfate and the solvent was 

distilled off In a rotary evaporator to give 9.40 g (44.0 mmol, 

88.0%) of the hydrazine. The product was recrystallized from 

methylene chloride giving white crystals, mp 167-168 oo [Lit mp 

168 00 (78)]. 
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N-Phenvlbenzohydrazonovl Chlr^ridP 

A solution of 6.36 g (30.0 mmol) of (3-benzoylphenylhydrazine 
and 7.30 g (35.0 mmol) of phosphorus pentachloride in 50 ml of 
anhydrous ether was boiled under reflux for ten hours. Then a 
solution of 14.1 g (150 mmol) of phenol in a mixture of 20 ml of 
ether and 15 ml of methanol was added slowly to the almost clear 
solution. Most of the ether was distilled off. On standing overnight 
in the refrigerator, the solution deposited N-phenylbenzhydrazi-
doyl chloride as a yellow solid. The chloride was collected by 
filtration and dried under high vacuum to give 4.20 g (18.0 mmol, 
60.0%) of N-phenylbenzhydrazidoyI chloride. This was 
recrystallized from acetone/water giving light yellow crystals, 
mp 129-130 00 [Lit. mp 129.5-130.5 oo (79)]. 

Benzaldoxime 

To a stirred solution of 2.09 g (30.0 mmol) of hydroxylamine 
hydrochloride and 4.10 g (50.0 mmol) of anhydrous sodium acetate 
in a mixture of 60 ml of ethanol and 15 ml of water was added a 
solution of 2.12 g (20.0 mmol) of benzaldehyde in 10 ml of ethanol. 
The reaction mixture was then boiled under reflux for five hours. 
After cooling, 20 ml of ice water was added to the reaction 
mixture and the oxime was extracted with 4 x 30 ml of methylene 
chloride. The methylene chloride solution was dried over 
anhydrous magnesium sulfate and the solvent was distilled off in 
a rotary evaporator to give 2.15 g (17.8 mmol, 88.8%) of the oxime. 
The oxime was recrystallized from methylene chloride/petrolium 
ether (1:5), giving white crystals, mp 34-35 oo [Lit. mp 35 oo (80)]. 

p-Tnlualdoxime 

To a stirred solution of 2.09 g (30.0 mmol) of hydroxylamine 
hydrochloride and 4.10 g (50.0 mmol) of anhydrous sodium acetate 
in a mixture of 60 ml of ethanol and 15 ml of water was added a 
solution of 2.40 g (20.0 mmol) of p-tolualdehyde in 20 ml of 
ethanol. The reaction mixture was then boiled under reflux for five 
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hours. After cooling, 10 ml of ice water was added to the reaction 
mixture. White crystals were formed and were collected by 
filtration. p-Tolualdoxime was then dried under high vacuum to 
give 2.40 g (17.8 mmol, 88.9%) of the oxime. The oxime was 
recrystallized from methylene chloride/petrolium ether (1:5), 
giving mp 77-78 oo [Lit. mp 78 oo (81)]. 

p-Anisaldoxime 

p-Anisaldoxime was prepared by the same method described 
for the preparation of p-tolualdoxime, using 2.09 g (30.0 mmol) of 
hydroxylamine hydrochloride, 4.10 g (50.0 mmol) of anhydrous 
sodium acetate and 2.72 g (20.0 mmol) of p-anisaldehyde. The 
yield of the oxime was 2.72 g (18.0 mmol, 90.1%). The oxime was 
recrystallized from methylene chloride/petrolium ether (1:5) 
giving white crystals, mp 63-64 oo [Lit. mp 64 oo (80, 81)]. 

p-Nitro benzaldoxime 
p-Nitrobenzaldoxime was prepared by the same method 

described for the preparation of p-tolualdoxime, using 2.09 g (30.0 
mmol) of hydroxylamine hydrochloride, 4.10 g (50.0 mmol) of 
anhydrous sodium acetate and 3.02 g (20.0 mmol) of p-nitrobenz-
aldehyde. The yield of the oxime was 3.0 g (18.1 mmol, 90.4%). The 
oxime was recrystallized from methanol giving light yellow 
crystals, mp 133-134 oo [Lit. mp 133 oc (81)]. 

1-Naphthaldoxime 
1-Naphthaldoxime was prepared by the same method described 

for the preparation of p-tolualdoxime, using 2.09 g (30.0 mmol) of 
hydroxylamine hydrochloride, 4.10 g (50.0 mmol) of anhydrous 
sodium acetate and 3.12 g (20.0 mmol) of 1-naphthaldehyde. The 
yield of the oxime was 2.90 g (16.9 mmol, 84.8%). The oxime was 
recrystallized from methylene chloride/petrolium ether (1:5) 
giving white crystals, mp 98-99 oo [Lit. mp 97-98 oo (82)]. 
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Pentanal Oximp 

Pentanal oxime was prepared by the same method described 

for the preparation of benzaldoxime, using 5.22 g (75.0 mmol) of 

hydroxylamine hydrochloride, 10.3 g (125 mmol) of anhydrous 

sodium acetate and 4.30 g (50.0 mmol) of pentanal. The yield of 

the oxime was 4.30 g (42.6 mmol, 85.2%). The oxime was 

recrystallized from methylene chloride/petrolium ether (1:5) 

giving white crystals, mp 51-52 oo [Lit. mp 52 oo (76, 77)]. 

Hexanal Oxime 

Hexanal oxime was prepared by the same method described for 

the preparation of benzaldoxime, using 10.4 g (150 mmol) of 

hydroxyl-amine hydrochloride, 20.5 g (250 mmol) of anhydrous 

sodium acetate and 10.0 g (100 mmol) of hexanal. The yield of the 

oxime was 9.94 g (86.4 mmol, 86.4%). The oxime was 

recrystallized from methylene chloride/petrolium ether (1:5) 

giving white crystals, mp 50-51 oo [Lit. mp 51 oo (76, 77)]. 

Synthesis of Authentic Triazoles 

Authentic triazoles were prepared according to Scheme 1. The 

general procedure was to prepare and isolate the imino ester 

hydrochloride (31) and to carry out its reaction with the 

appropriate arylhydrazine to form the amidrazone (32) in pyridine 

solution at room temperature, and then to carry out the reaction of 

the amidrazone with the appropriate acid chloride in pyridine to 

form the triazole (33). 

General Procedure for the Preparation 
of Iminoester Hydrochlorides (31) 

Iminoester hydrochlorides (31) were prepared according to 

the method of McElvain and Nelson (83). To an ice-cooled solution 

of the appropriate nitrile (distilled over phosphorus pentoxide) in 

absolute ethanol was added dry hydrogen chloride. The resulting 

solution was then allowed to stand in the refrigerator for 24 
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hours after which time 150 ml of anhydrous ether was added. Upon 
cooling the solution to -30 oo the iminoester hydrochloride 
precipitated. The product was collected by filtration and was 
washed repeatedly with 3 x 100 ml of anhydrous ether which had 
been cooled in a dry-ice acetone bath. The hydrochloride was then 
dried under high vacuum and stored in a vacuum desiccator. 

Scheme 1 

HCl ArNHNH2 

EtOH 

RC=NNHAr 

1 
NH2 

32 

1 
OEt 

31a, R = 

31b, R = 

R'COCl 

pyridine 

pyridine 

CsHj 

C3H7 

R-C ^N-Ar 
\ / 

N = C 

R' 

33 

Ethvlbenzimidoate Hydrochloride (31a) 
Ethylbenzimidoate hydrochloride (31a) was prepared from 

51.5 g (0.500 mol) of benzonitrile and 23.0 g (0.500 mol) of 
absolute ethanol. The yield of the iminoester hydrochloride, mp 
122-123 00, was 83.5 g (0.450 mol, 90.1%). The product was 
identified by ^H and 130 NMR. 

1H NMR (DMSO): 5: 7.43 (d, J = 8.54, 2H), 7.32 (t, J = 8.86, 1H), 

7.16 (t, J = 8.0, 2H), 4.11 (q, 2H), 1.10 (t, 3H). 
130 NMR (DMSO): 5: 177.11, 140.17, 133.63, 132.97, 129.51, 

74.48, 17.14. 
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Ethvlbutyroimidoate Hydrochloride (31 b^ 

Ethylbutyroimidoate hydrochloride (31b) was prepared from 

34.5 g (0. 500 mol) of butyronitrile and 23.0 g (0. 500 mol ) of 

absolute ethanol. The yield of the iminoester hydrochloride, mp 

66-67 00, was 45.9 g (0.300 mol, 60.0%). The product was 

identified by ^H NMR. 

1H NMR (D2O): 5: 4.49 (q, 2H), 2.66 (t, 2H), 1.78 (m, 2H), 1.49 

(t, 3H), 1.0 (t, 3H). 

General Procedure for the Preparation 
of Amidrazones (32^ 

Amidrazones were prepared according to the method of 

Atkinson and Polya (84). To a stirred solution of 0.030 mol of the 

appropriate imino ester hydrochloride in 50 ml of dry pyridine was 

added 0.030 mol of the appropriate arylhydrazine. A thick, brown 

solution, containing the amidrazone was obtained after stirring 

for 24 hours at room temperature. Isolation of the amidrazone 

from pyridine solution proved to be difficult. Therefore, the 

amidrazone was used for the synthesis of a triazole, without 

isolation, in the same pyridine solution. A list of the amidrazones 

(32a-e) synthesized is shown in Table 1. 

General Procedure for the Synthesis 
of Triazoles (33) 

The appropriate acid chloride was added slowly by syringe to 

a stirred solution of the appropriate amidrazone in 50 ml of dry 

pyridine. The mixture was then heated under reflux for six hours. 

After cooling, the reaction mixture was neutralized with sodium 

bicarbonate solution and the triazole was extracted with 4 x 30 

ml of methylene chloride. The methylene chloride solution was 

dried over anhydrous magnesium sulfate and the solvent was 

distilled off in a rotary evaporator. The triazole was then purified 

by chromatography on a column of silica gel with methylene 

chloride elution. The syntheses are summarized below and a list of 

authentic triazoles is given in Table 2. 
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1-(p-NitrQphenyn-3-phenyl-5-
methy|-1.2.4-triazQle (33d) 

The triazole was synthesized from 2.05 g (8.00 mmol) of 32a, 
50 ml of pyridine and 1.57 g (20.0 mmol) of acetyl chloride. The 
triazole (1.53 g, 5.46 mmol, 68.3%) was recrystallized from 
ethanol, giving yellow crystals, mp 145-146 oo [Lit. mp 147 oo 
(85)]. 33d was identified by 1H NMR and GO-MS. 

1H NMR (ODCI3): 6: 8.38 (d, J = 9.08, 2H), 8.14 (d of d, 2H), 7.78 

(d, J = 9.08, 2H), 7.47 (m, 3H), 2.72 (s, 3H). 
GO/MS: m/e (relative intensity): 280 (M+, 100), 239 (54), 136 

(11.7). 105 (32.1), 90 44), 77 (8.8), 76 (13.2), 39 (22.7). 

1-(p-Nitrophenyh-3-phenyl-5-
ethyl-1.2.4-triazQle (33e) 

The triazole was synthesized from 2.05 g (8.00 mmol) of 32a, 
50 ml of pyridine and 1.85 g (20.0 mmol) of propionyl chloride. The 
triazole (1.74 g, 5.92 mmol, 74.0% ) was recrystallized from 
ethanol, giving yellow crystals, mp 139-140 00. 33e was 
identified by ^H NMR and GO-MS. 

1H NMR (CDOI3): 5: 8.35 (d, J = 9.00, 2H), 8.15 (d of d, J = 8.67, 

2.48, 2H), 7.71 (d, J = 8.97, 2H), 7.41 (m, 3H), 2.91 (q, 2H), 1.42 

(t, 3H). 
GO/MS: m/e (relative intensity): 294 (M+, 100), 239 (70), 136 

(12.2), 105 (31.7), 90 (54.8), 77 (10), 76 (14.1), 39 (30.7). 

1-(p-NitrQphenvh-3-phenyl-5-
vinvl-1.2.4-triazole (33f) 

The triazole was synthesized from 2.05 g (8.00 mmol) of 32a, 
50 ml of pyridine and 1.81 g (20.0 mmol) of acryloyi chloride. The 
triazole (1.37 g, 4.69 mmol, 58.7% ) was recrystallized from 
ethanol, giving yellow crystals, mp 145-146 00. 33f was 
identified by ^H NMR and GO-MS. 

1H NMR (CDOI3): 5: 8.35 (d, J = 8.91, 2H), 8.17 (d of d, J = 8.67, 

2.47, 2H), 7.74 (d, J = 8.88, 2H), 7.43 (m, 3H), 6.62 (m, 2H), 5.77 

d of d, 1H). 



31 

GO/MS: m/e (relative intensity): 292 (M+, 100), 239 (47.4), 

136 (11.4), 105 (32.3), 90 (51.1), 77 (9.8), 76 (13.9), 39 (29.4). 

1- (2 .4-Din i t rophenyh-3-pheny l -
5-methvl-1.2.4-tr iazole (33a) 

The triazole was synthesized from 1.81 g (6.00 mmol) of 32b, 
50 ml of pyridine and 1.18 g (15.0 mmol) of acetyl chloride. The 

triazole (1.30 g, 4.00 mmol, 66.7% ) was recrystallized from 

ethanol, giving yellow crystals, mp 123-124 oo. 33g was 

identified by ^H NMR and GO-MS. 

1H NMR (ODOI3): 6: 8.90 (d, J = 2.46. 1H), 8.61 (d of d, J = 8.72, 

2.52, 1H). 8.05 (d of d, 2H), 7.78 (d, J = 8.70, 1H), 7.42 (m, 3H), 

2.53 (s, 3H). 

GO/MS: m/e (relative intensity): 325 (M+, 100), 105 (71.5), 

103 (9), 77 (22.4). 

1- (2 .4-Din i t rophenyh-3-phenvl -
5-e thy l -1 .2 .4- t r iazo le (33h) 

The triazole was synthesized from 1.81 g (6.00 mmol) of 32b, 

50 ml of pyridine and 1.39 g (15.0 mmol) of propionyl chloride. The 

triazole (1.45 g, 4.28 mmol, 71.3% ) was recrystallized from 

ethanol. giving yellow crystals, mp 120-121 00. 33h was 

identified by ^H NMR and GO-MS. 
1H NMR (CDOI3): 5: 8.85 (d, J = 2.46, 1H), 8.53 (d of d, J = 8.70, 

2.52, 1H), 8.04 (d of d, 2H), 7.74 (d, J = 8.67, 1H). 7.40 (m, 3H), 

2.75 (q, 2H), 1.37 (t, 3H). 

GO/MS: m/e (relative intensity): 339 (M+, 25.8), 105 (100), 

103 (17.1), 77 (32.8). 

1-(2.4-Dini t rQPhenyn-3-phenyl-
.g;-vinyl-1 •2.4-triazole (33i) 

The triazole was synthesized from 1.81 g (6.00 mmol) of 32b, 

50 ml of pyridine and 1.36 g (15.0 mmol) of acryloyi chloride. Th 

triazole (1.26 g, 3.74 mmol, 62.3% ) was recrystallized from 
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ethanol, giving yellow crystals, mp 145-146 oo. 33i was 
identified by ^H NMR and GC-MS. 

1H NMR (CDOI3): 8: 8.90 (d, J = 2.50, 1H), 8.57 (d of d, J = 8.70, 
2.50, 1H), 8.09 (d of d, 2H), 7.78 (d, J = 8.67, 1H), 7.43 (m, 3H), 
6.52 (m, 2H), 5.77 (d of d, 1H). 

GO/MS: m/e (relative intensity): 337 (M+, 45.6), 105 (100), 
103 (45.5), 77 (100). 

1-phenyl-3-prQpyl-5-methyl-
1.2.4-triazole (33j) 

The triazole was synthesized from 1.15 g (6.50 mmol) of 32c, 
50 ml of pyridine and 1.57 g (20.0 mmol) of acetyl chloride. The 
triazole (0.78 g, 3.88 mmol, 59.7%) was obtained as an oil. 33j 
was identified by ^H NMR and GO-MS. 

1H NMR (ODOI3): 6: 7.74 (m, 5H, aromatic), 2.72 (t, 2H), 2.48 
(s, 3H), 1.83 (m, 2H), 1.01 (t, 3H). 

GO/MS: m/e (relative intensity ): 201 (M+, 19.2), 186 (21.7), 
173 (99), 91 (100), 77 (68.5), 64 (79.2), 51 (54.5), 41 (42.7), 39 
(47.9). 

1-(p-Nitro phenyl)-3-p ropy 1-5-
methvl-l.2.4-triazole (33k) 

The triazole was synthesized from 1.44 g (6.50 mmol) of 
32d. 50 ml of pyridine and 1.57 g (20.0 mmol) of acetyl chloride. 
The triazole (1.10 g. 4.47 mmol, 68.8%) was obtained as an oil. 
33k was identified by ^H NMR and GC-MS. 

1H NMR (ODOI3): 6: 8.38 (d, J = 9.09, 2H), 7.80 (d, J = 9.09, 
2H), 2.72 (t, 2H), 2.68 (s, 3H), 1.83 (m, 2H), 1.02 (t, 3H). 

GO/MS: m/e (relative intensity): 246 (M+, 11.6), 231 (20.1), 
218 (100), 90 (95.8). 76 (33), 63 (99), 50 (30), 41 (33), 39 (67). 

1-(2.4-Dinitrophenvl)-3-propvl-
S-methvl-l .2.4-triazole (331) 

The triazole was synthesized from 2.67 g (10.0 mmol) of 

32e, 50 ml of pyridine and 2.36 g (30.0 mmol) of acetyl chloride. 
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The triazole (1.90 g, 6.53 mmol, 65.3%) was recrystallized from 

ethanol, giving yellow crystals, mp 131-132 oo. 331 was 

identified by ^H NMR and GC-MS. 

1H NMR (ODOI3): 6: 8.89 (d, J = 2.43, 1H), 8.62 (d of d, 

J = 8.67, 2.52, 1H), 7.78 (d, J = 8.67, 1H), 2.68 (t, 2H), 2.45 (s, 

3H), 1.80 (m, 2H), 0.99 (t, 3H). 

GO/MS: m/e (relative intensity): 291 (M+, 18.3), 276 (35.4), 

263 (99), 77 (77.1), 75 (42.7), 71 (90.7), 43 (100), 41 (36.1), 39 

(27.3). 

Reactions of Thianthrene Cation Radical 
Perchlorate with Hydrazones 

in Nitrile Solvents 

General Procedure 

To a stirred solution of Th+-0IO4- in 15 ml of solvent nitrile, 

kept under argon in a septum-capped flask, was added dropwise by 

syringe a solution of the hydrazone in 15 ml of the same nitrile 

solvent. Stirring was continued overnight, by which time all of the 

cation radical color had disappeared. Water (10 ml) was then added 

and the reaction mixture was neutralized with dilute sodium 

bicarbonate solution. The mixture of products was extracted with 

5 X 30 ml of methylene chloride and the methylene chloride 

solution was dried over anhydrous magnesium sulfate. After 

filtering, the solvent was distilled off in a rotary evaporator at 

room temperature and the residue was weighed. This product 

mixture was then dissolved in 10 ml of methylene chloride and 

portions of the solution were used for identification of products 

by GO and GO-MS, for quantitative analysis by GC, and for 

quantitative separation of products by TLC. 

The products were separated from the mixture by preparative-

scale TLC, using methylene chloride as the developing solvent and 

were extracted from the plate materials with methylene chloride 

and methanol. The triazole and ThO were obtained as a mixture and 

were separated by column chromatography, using methylene 

chloride/acetone (1:1) as the eluent. 
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Thianthrene (Th), thianthrene-5-oxide (ThO) and cis-thian-

threne-5,10-dioxide (Th02) were identified by GO, GO-MS, melting 
point and comparison with authentic samples. The triazoles were 
identified by ^H NMR, GO-MS, elemental analysis and comparison 
with synthesized authentic triazoles. The identity of each of the 
5-vinyltriazoles was further confirmed by catalytic hydrogenation 
to give the corresponding 5-ethyltriazole. 

Yields of Th, ThO and Th02 were determined by GO with the 
use of an internal standard and predetermined response factors 
(RF). Yields of the triazoles were determined by isolation. 

Each reaction was carried out twice. Results are given in 
Table 3. Details of particular reactions are given later. 

Catalytic Hydrogenation of 5-Vinyltriazoles 
The following general procedure was followed for the 

catalytic hydrogenation of 5-yinyltriazoles. Hydrogen gas from a 
balloon was passed overnight at room temperature into a stirred 
suspension of Pd/0 catalyst (10% by wt. of the amount of the 
triazole) in a solution of the triazole in 40 ml of ether. The 
catalyst was then removed by filtration and the solvent was 
distilled off in a rotary evaporator. The hydrogenation of the vinyl 
group to the ethyl group was confirmed by "̂ H NMR and the 
hydrogenated product was identified by ""H NMR. GO-MS, melting 
point and comparison with an authentic sample. Some examples 
are given below. 

Reaction of Thianthrene Cation Radical 
Perchlorate with Benzaldehyde p-Nitro-
phenvlhvdrazone in Acetonitrile. 
Formation of 33d. Run 8 

The reaction was carried out with 0.630 g (2.0 mmol) of 
Th+CI04" and 0.241 g (1.0 mmol) of benzaldehyde p-nitrophenyl
hydrazone in acetonitrile. The products and their yields obtained 
from run 8 (Table 3) were: Th (409 mg, 1.90 mmol), ThO (14.4 mg. 
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0.062 mmol), Th02 (6.50 mg, 0.026 mmol) and l-(p-nitrophenyl)-

3-phenyl-5-methyl-1.2,4-triazole (33d) (247 mg. 0.884 mmol). 

The triazole was recrystallized from ethanol giving yellow 

crystals, mp 145-146 oo [Lit. mp 147 oo (85)]. 

1H NMR (ODOI3): 5: 8.38 (d, J = 9.08, 2H), 8.14 (d of d, 2H), 7.78 

(d, J = 9.08, 2H), 7.47 (m, 3H), 2.72 (s, 3H). 

GO/MS: m/e (relative intensity): 280 (M+, 100), 239 (95.2), 

136 (22.8), 105 (65.2), 90 (95.2), 77 (17.9), 76 (30.5), 39 (50.3). 

Reaction of Thianthrene Cation Radical 
Perchlorate with Benzaldehyde p-Nitro-
phenvlhvdrazone in Propionitrile 
Formation of 33e. Run 10 

The reaction was carried out with 0.630 g (2.0 mmol) of 

Th+-C104- and 0.241 g (1.0 mmol) of benzaldehyde p-nitrophenyl

hydrazone in propionitrile. The products and their yields obtained 

from run 10 (Table 3) were: Th (415 mg, 1.92 mmol), ThO (10.2 mg, 

0.044 mmol), Th02 (5.95 mg, 0.024 mmol) and l-(p-nitrophenyl)-

3-phenyl-5-ethyl-1,2,4-triazole (33e) ( 283 mg, 0.964 mmol ). 

The triazole was recrystallized from ethanol giving yellow 
crystals, mp 138-139 0 0 . 

1H NMR (ODOI3): 6: 8.35 (d, J = 9.00, 2H), 8.15 (d of d, J = 8.67, 

2.48, 2H), 7.71 (d. J = 8.97, 2H). 7.41 (m, 3H), 2.91 (q, 2H), 1.42 (t, 

3H). 

GO/MS: m/e (relative intensity): 294 (M+, 100), 239 (99), 136 

(22), 105 (60.1), 90 (94.7), 77 (20). 76 (31.4). 39 (56.3). 

Anal. Calcd. for C16H14N4O2: C, 65.28; H, 4.79; N, 19.04 

Found: 0, 65.03; H, 4.73; N, 18.98 

Reaction of Thianthrene Cation Radical 
Perchlorate with Benzaldehyde p-Nitro-
phenvlhvdrazone in Acrylonitrile. 
Formation of 33f. Run 12 

The reaction was carried out with 0.630 g (2.0 mmol) of 

Th+-CI04" and 0.241 g (1.0 mmol) of benzaldehyde p-nitrophenyl-
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hydrazone in acrylonitrile. The products and their yields obtained 
from run 12 ( Table 3) were: Th (410 mg, 1.90 mmol), ThO (19.0 
mg, 0.082 mmol), Th02 (9.92 mg, 0.040 mmol) and 1-(p-nitro-

phenyl)-3-phenyl-5-vinyl-1,2,4-triazole (33f) ( 279 mg, 0.956 
mmol ). 

The triazole was recrystallized from ethanol giving yellow 
crystals, mp 144-145 oo. 

1H NMR (CDCI3): 6: 8.35 (d, J = 8.91, 2H), 8.17 (d of d, J = 8.67, 

2.47, 2H). 7.74 (d, J = 8.88, 2H), 7.43 (m, 3H), 6.62 (m, 2H), 5.77 
(d of d, 1H). 

GO/MS: m/e (relative intensity): 292 (M+, 100), 239 (89.7), 
136 (13.6), 105 (33.5), 90 (55.7), 77 (10.6), 76 (15.2), 39 (32.8). 

Anal. Calcd. for C16H12N4O2: C, 65.73; H, 4.14; N, 19.17 
Found: 0, 65.46; H, 4.07; N, 19.15 
Catalytic hydrogenation of the triazole (33f) was carried out 

by using 73.0 mg (0.250 mmol) of the triazole and 8.0 mg of Pd/0 
catalyst and gave 65.0 mg (0.220 mmol, 88.0%) of 1-(p-nitro-
phenyl)-3-phenyl-5-ethyl-1,2,4-triazole (33e), mp 139-140 00 
after crystallization from ethanol. 

1H NMR (ODOI3): 5: 8.35 (d. J = 9.00, 2H), 8.15 (d of d, J = 8.67, 

2.48, 2H), 7.71 (d, J = 8.97, 2H), 7.41 (m, 3H), 2.91 (q. 2H), 1.42 
(t, 3H). 

Reaction of Thianthrene Cation Radical 
Perchlorate with Butyraldehyde 
Phenylhydrazone in Acetonitrile. 
Formation of 33j. Run 13 

The reaction was carried out with 0.630 g (2.0 mmol) of 
Th+-CI04- and 0.162 g (1.0 mmol) of butyraldehyde phenylhydra
zone in acetonitrile. The products and their yields obtained from 
run 13 (Table 3) were: Th (418 mg, 1.94 mmol), ThO (9.28 mg, 
0.040 mmol) and 1-phenyl-3-propyl-5-methyl-1,2,4-triazole 
(33j) (189 mg, 0.941 mmol). 

The triazole was obtained as an oil. 
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1H NMR (ODCI3): 6: 7.74 (m, 5H, aromatic), 2.72 (t. 2H), 2.48 

(s, 3H), 1.83 (m, 2H), 1.01 (t, 3H). 

GO/MS: m/e (relative intensity): 201 (M+, 27), 186 (31.4), 173 

(100), 91 (100), 77 (89.2), 64 (97.9), 51 (64.8), 41 (46.1), 39 
(56.3). 

Reaction of Thianthrene Cation Radical 
Perchlorate with Butvraldehvde p-Nitro-
phenvlhvdrazone in Acetonitrile, 
Formation of 33k. Run 16 

The reaction was carried out with 0.630 g (2.0 mmol) of 

Th+-CI04- and 0.207 g (1.0 mmol) of butyraldehyde p-nitrophenyl

hydrazone in acetonitrile. The products and their yields obtained 

from run 16 (Table 3) were: Th (415 mg, 1.92 mmol), ThO (15.8 mg, 

0.068 mmol) and 1 -(p-nitrophenyl)-3-propyl-5-methyl-1,2,4-

triazole (33k) (211 mg, 0.859 mmol). 

The triazole was obtained as an oil. 

1H NMR (CDCI3): 6: 8.38 (d, J = 9.09, 2H), 7.80 (d, J = 9.09, 2H), 

2.72 (t, 2H), 2.68 (s, 3H), 1.83 (m, 2H), 1.02 (t, 3H). 

GO/MS: m/e (relative intensity): 246 (M+, 7.8), 231 (13.3), 218 

(100), 90 (55.1), 76 (20), 63 (61.8), 50 (16.7), 41 (17.1), 39 (43). 

Reaction of Thianthrene Cation Radical Per
chlorate with Benzaldehyde Benzylhydrazone 
in Acetonitrile. Formation of 33m. Run 17 

The reaction was carried out with 0.315 g (1.0 mmol) of 

Th+-CI04- and 0.105 g (0.50 mmol) of benzaldehyde benzylhy

drazone in acetonitrile. The products and their yields obtained 

from run 17 (Table 3) were: Th (207 mg, 0.957 mmol), ThO (6.96 

mg, 0.030 mmol), PhOHO (2.86 mg, 0.027 mmol) and 1-benzyl-3-

phenyl-5-methyl-1,2,4-triazole (33m) (115 mg, 0.462 mmol ). 

The triazole (33m) was recrystallized from methylene 

chloride/petrolium ether (1:5) giving, mp 71-72 00 [Lit. mp 

70-71 00 (45)]. 
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1H NMR (ODOI3): 5: 7.70 (m, 10H, aromatic), 5.30 (s, 2H), 2.40 

(s, 3H). 
GO/MS: m/e (relative intensity): 249 (M+, 95.2), 234 (19.9), 

104 (73.2), 91 (100), 77 (81.6) . 

Reactions of Tris(2.4-dibromophenyl)-
aminium Hexachloroantimonate with 

Hydrazones in Nitrile Solvents 
General Procedure 

To a mixture of the solids Ar3N+SbOl6' and hydrazone in a 
septum-capped flask was added by syringe 25 ml of a nitrile 
solvent under argon. The mixture was then allowed to stir at room 
temperature and stirring was continued for 8-10 hours, by which 
time all of the cation radical color had disappeared and some solid 
(Ar3N) had precipitated. Water (5 ml) was added by syringe, and 
the precipitate of Ar3N was collected by filtration, washed with a 
small amount of nitrile solvent, and dried. The filtrate was then 
neutralized with sodium bicarbonate solution. This caused the 
formation and precipitation of (presumed) antimony oxides, which 
were removed by filtration. The filtrate was extracted with 5 x 30 
ml of methylene chloride and the methylene chloride solution was 
dried over anhydrous magnesium sulfate. After filtering, the 
solvent was distilled off in a rotary evaporator at room 
temperature and the mixture of products was weighed. This 
product mixture was then dissolved in 10 ml of methylene chloride 
and portions of this solution were used for identification of 
products by GO and GO-MS, for quantitative analysis by GO, and for 
quantitative separation of products by preparative-scale TLC. 

In the last procedure, methylene chloride was the developing 
solvent and products were extracted from the plate materials 
with methylene chloride and methanol. 

Tris(2,4-dibromophenyl)amine (Ar3N) was identified by GO, 
GC-MS, melting point and comparison with authentic material. The 
triazoles were identified by ^H NMR, GC-MS, elemental analysis 
and comparison with synthesized authentic triazoles. The identity 
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of each of the 5-vinyltriazoles was further confirmed by catalytic 

hydrogenation to the corresponding 5-ethyltriazole. 

The yield of Ar3N was determined by a combination of 

isolation and GO with the use of an internal standard and predeter

mined response factors. Yields of the triazoles were determined 

by isolation. 

Each reaction was carried out twice. Results are given in 

Table 4, while details of particular reactions are given below. 

Reaction of Tris(2.4-dibromophenyl)aminium 
Hexachloroantimonate with Benzaldehyde 
2.4-Dinitrophenylhydrazone in Aceto
nitrile. Formation of 33a. Run 2 

The reaction was carried out with 2.12 g (2.0 mmol) of 

Ar3N+-SbOl6" and 0.286 g (1.0 mmol) of benzaldehyde 2,4-dinitro

phenylhydrazone in acetonitrile. The products and their yields 

obtained from run 2 (Table 4) were: Ar3N (1.30 g, 1.80 mmol) and 

1-(2,4-dini trophenyl)-3-phenyl-5-methyl-1,2,4-tr iazole (33 g) 

(298 mg, 0.918 mmol). 

The triazole was recrystallized from ethanol giving yellow 

crystals, mp 124-125 oo . 

1H NMR (CDCI3): 5: 8.90 (d, J = 2.46, 1H), 8.61 (d of d, J = 8.72. 

2.52, 1H), 8.05 (d of d, 2H), 7.78 (d, J = 8.70, 1H), 7.42 (m, 3H), 

2.53 (s, 3H). 

GO/MS: m/e (relative intensity): 325 (M+. 100). 105 (73.9), 

103 (10.5), 77 (22.9). 
Anal. Calcd. for C15H11N5O4: C, 55.37; H, 3.41; N, 21.54 

Found: 0, 54.60; H, 3.44; N, 20.83 

Reaction of Tris(2.4-dibromophenyl)aminium 
Hexachloroantimonate with Benzaldehyde 
?.4-Dinitrophenylhydrazone in Propio-
nifrile. Formation of 33h. Run 3 

The reaction was carried out with 2.12 g (2.0 mmol) of 

Ar3N+SbCl6- and 0.286 g (1.0 mmol) of benzaldehyde 2,4-dinitro-
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phenylhydrazone in propionitrile. The products and their yields 
obtained from run 3 (Table 4) were: Ar3N (1.36 g, 1.89 mmol) and 
1-(2,4-dinitrophenyl)-3-phenyl-5-ethyl-1,2,4-triazole (33 h) 
(323 mg, 0.954 mmol). 

The triazole was recrystallized from ethanol giving yellow 
crystals, mp 120-121 oo. 

1H NMR (CDCI3): 5: 8.85 (d, J = 2.46, 1H), 8.53 (d of d, J = 8.70, 
2.52, 1H), 8.04 (d of d, 2H). 7.74 (d. J = 8.67, 1H), 7.40 (m, 3H), 
2.75 (q, 2H), 1.37 (t, 3H). 

GO/MS: m/e (relative intensity): 339 (M+, 95.3), 105 (100), 
103 (9.5). 77 (22.6). 

Anal. Calcd. for C16H13N5O4: C, 56.62; H, 3.86; N, 20.64 
Found: 0, 56.37; H, 3.72; N, 20.67 

Reaction of Tris(2.4-dibromophenyl)aminium 
Hexachloroantimonate with Benzaldehyde 
2.4-Dinitrophenylhydrazone in Acrylo
nitrile. Formation of 33i. Run 6 

The reaction was carried out with 2.12 g (2.0 mmol) of 
Ar3N+-SbCl6- and 0.286 g (1.0 mmol) of benzaldehyde 2,4-dinitro
phenylhydrazone in acrylonitrile. The products and their yields 
obtained from run 6 (Table 4) were: Ar3N (1.33 g, 1.85 mmol) and 
1-(2,4-dinitrophenyl)-3-phenyl-5-vinyl-1,2,4-triazole (33i) (319 
mg, 0.946 mmol). 

The triazole was recrystallized from ethanol giving yellow 
crystals, mp 146-147 00. 

1H NMR (CDOI3): 6: 8.90 (d. J = 2.50, 1H), 8.57 (d of d, J = 8.70. 
2.50. 1H). 8.09 (d of d. 2H). 7.78 (d. J = 8.67. 1H), 7.43 (m. 3H), 
6.52 (m, 2H), 5.77 (d of d, 1H). 

GO/MS: m/e (relative intensity): 337 (M+, 45.6), 105 (100), 
103 (45.5), 77 (100). 

Anal. Calcd. for C16H11N5O4: C, 56.96; H, 3.28; N, 20.77 
Found: 0, 57.02; H, 3.16; N, 20.77 
Catalytic hydrogenation of the triazole (33i) was carried out 

by using 84.3 mg (0.250 mmol) of the triazole and 9.0 mg of Pd/0 
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catalyst and gave 68.9 mg (0.203 mmol, 81.2%) of 1-(2,4-dinitro-

phenyl)-3-phenyl-5-ethyl-1,2,4-tr iazole (33h), mp 146-147 oo 

after crystallization from ethanol. 

1H NMR (ODOI3): 5: 8.85 (d, J = 2.46, 1H), 8.53 (d of d, J = 8.70, 

2.52, 1H), 8.04 (d of d, 2H), 7.74 (d, J = 8.67, 1H), 7.40 (m, 3H), 

2.75 (q, 2H), 1.37 (t, 3H). 

Reaction of Tris(2.4-dibromophenyl)aminium 
Hexachloroantimonate with Butyraldehyde 
2.4-Dinitrophenylhydrazone in Aceto
nitrile. Formation of 331. Run 8 

The reaction was carried out with 2.12 g (2.0 mmol) of 

Ar3N+-SbCl6- and 0.252 g (1.0 mmol) of butyraldehyde 2,4-dinitro

phenylhydrazone in acetonitrile. The products and their yields 

obtained from run 8 (Table 4) were: Ar3N (1.32 g, 1.84 mmol) and 

1-(2,4-din i t rophenyl)-3-propyl-5-methyl-1,2,4- t r iazole (331) 
(270 mg, 0.927 mmol). 

The triazole was recrystallized from ethanol giving yellow 

crystals, mp 130-131 0 0 . 

1H NMR (CDCI3): 6: 8.89 (d, J = 2.43. 1H). 8.62 (d of d. J = 8.67, 

2.52, 1H), 7.78 (d, J = 8.67, 1H), 2.68 (t, 2H), 2.45 (s, 3H), 1.80 (m. 

2H), 0.99 (t, 3H). 

GO/MS: m/e (relative intensity): 291 (M+, 7.5), 276 (16.4), 263 

(100), 77 (54), 75 (32.8), 71 (64.8), 43 (100). 41 (28.2). 39 (21.3). 

Anal. Calcd. for C12H13N5O4: C, 49.46; H, 4.50; N, 24.05 

Found: 0, 48.97; H, 4.37; N, 23.99 

Reaction of Th+-ClO/i^- with Benzaldehyde 
Phenvlhvdrazone in Acrylonitrile in 
Presence of 2.6-Di-tert-butyl-4-

methvlpvridine (DTBMP) 

To a stirred solution of 0.315 g (1.0 mmol) of Th+-0104- and 

0.308 g (1.50 mmol) of DTBMP in 10 ml of acrylonitrile was added 

a solution of 0.098 g (0.50 mmol) of the hydrazone in 10 ml of 

acrylonitrile under argon. The cation radical color disappeared 
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completely after 30 min. Stirring was continued overnight, after 
which 10 ml of water was added and the reaction mixture was 
neutralized with dilute sodium bicarbonate solution. The organic 
product mixture was extracted with 5 x 30 ml of methylene 
chloride. The methylene chloride solution was dried over 
anhydrous magnesium sulfate and the solvent was distilled off in 
a rotary evaporator to give 0.652 g of solid. GC and GO-MS showed 
the presence of eight products, six of which were benzaldehyde 
(0.016 mmol, 3.20%), Th (0.942 mmol, 94.2%), ThO (0.031 mmol, 
3.10%). Th02 (0.012 mmol. 1.20%). 1.3-diphenyl-5 -vinyl-1,2,4-
triazole (0.407 mmol, 81.4%), and recovered DTBMP (1.41 mmol, 
93.8%). Two minor products could not be identified. 1,3-Diphenyl-
5-cyano-2-pyrazoline was not detected. Th, ThO, Th02, PhOHO and 
the base were identified by GC and GC-MS and their yields were 
determined by GO using naphthalene as an internal standard. 

The triazole (33c) was isolated by preparative-scale TLC as 
an oil and was identified by GC, GC-MS and 1H NMR. 

1H NMR (ODCI3): 5: 8.21 (d of d, 2H), 7.45 (m, 8H), 6.55 (m, 2H), 

5.63 (d of d, 1H). 
GO/MS: m/e (relative intensity): 247 (M+, 95), 194 (52.5), 91 

(1.00), 77 (20). 

Reaction of Th+-CIO^- with Benzaldehyde 
Phenylhydrazone in Acrylonitrile in 

Presence of Triethylamine (86) 
To a mixture of the solids Th+-CI04" (0.315 g, 1.0 mmol) and 

benzaldehyde phenylhydrazone (0.098 g, 0.500 mmol) was added a 
solution of 0.202 g (2.0 mmol) of triethylamine in 20 ml of 
acrylonitrile under argon. The mixture was then allowed to stir at 
room temperature. The cation radical color disappeared 
immediately. Stirring was continued overnight, after which 10 ml 
of water was added and the reaction mixture was neutralized with 
dilute sodium bicarbonate solution. The mixture of products was 
extracted with 5 x 30 ml of methylene chloride. The methylene 
chloride solution was dried over anhydrous magnesium sulfate and 
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the solvent was distilled off in a rotary evaporator to give 0.402 g 

of a solid. GO and GC-MS showed the presence of eight products, 

among which were benzaldehyde, Th (0.958 mmol, 95.8%), ThO, 

unused hydrazone and 1,3-diphenyl-5-vinyl-1,2,4-triazole (33c) 

(0.245 mmol, 49.0%). Only Th and the triazole were assayed. 1,3-

Diphenyl-5-cyano-2-pyrazoline was not detected. Th, ThO, PhOHO 

and the unused hydrazone were identified by GO and GO-MS and the 

yield of Th was determined by GO using naphthalene as an internal 

standard. 

The triazole (33c) was isolated by preparative-scale TLC as 

an oil and was identified by GO, GC-MS and ^H NMR. 

1H NMR (CDOI3): 5: 8.22 (d of d, J = 2.08, 7.98, 2H), 7.43 (m, 

8H), 6.56 (m, 2H), 5.63 (d of d, 1H). 
GO/MS: m/e (relative intensity): 247 (M+, 100), 194 (44.3 ), 91 

(95 ), 77 (11.1). 

Reaction of N-PhenylbenzohydrazidoyI 
Chloride with Acrylonitrile in 

Presence of Triethylamine 

The reaction was carried out as described by Huisgen and 

co-workers (79). To a stirred solution of 1.15 g (5.0 mmol) of 

N-phenylbenzohydrazidoyI chloride and 4 ml of acrylonitrile in 40 

ml of benzene was added 3 ml of triethylamine. Stirring was 

continued for one hour at room temperature. Triethylammonium 

chloride (0.70 g. mp 252-253 oO) precipitated and was removed by 

filtration. Evaporation of the filtrate gave 1.0 g of a white solid 

which was then identified by GC-MS and iH NMR as 1,3-diphenyl-

5-cyano-2-pyrazoline (4.05 mmol, 81.0%). The pyrazoline was 

recrystallized from methanol, giving mp 138-139 00 [Lit mp 

138-140 00 (79)]. 

1H NMR (CDCI3): 5: 7.70 (d of d, 2H), 7.33 (m, 7H), 7.00 (t, 1H), 

4.93 (t. 1H), 3.64 (d. 2H). 

GO/MS: m/e (relative intensity): 247 (M+. 57). 194 (11.2), 91 

(98.4), 77 (100). 
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No trace of 1,3-diphenyl-5-vinyl-1,2,4-triazole (33c) was 

detected by GC and GC-MS. 

Reaction of N-Phenvlbenzohydrazidoyl Chlo
ride with Acrylonitrile in Presence 

of Aluminum Trichloride 
The method of Conde and co-workers (87) with nitriles was 

used. To a suspension of 0.67 g (5.0 mmol) of anhydrous AIOI3 in 
20 ml of acrylonitrile was added a solution of 1.15 g (5.0 mmol) of 
N-phenylbenzohydrazidoyI chloride in 10 ml of acrylonitrile. The 
mixture was heated at 120-130 00 for 30 min. After cooling, the 
mixture was made alkaline with 2% sodium hydroxide solution. The 
organic products were extracted with 5 x 30 ml of methylene 
chloride. The methylene chloride solution was dried over 
anhydrous magnesium sulfate and the solvent was distilled off in 
a rotary evaporator to give 1.32 g of a viscous oil. Separation by 
preparative-scale TLC gave six products. The major compounds 
were 1,3-diphenyl-5-vinyl-1,2,4-triazole ( 33c) (0.231 g, 0.935 
mmol, 37.4%) and 3-phenylindazole (0.242 g, 1.25 mmol, 50.0%). 
Another minor product (44.0 mg), obtained as a sticky solid, 
appeared to be 3-(phenylazo)-indene, based on GC-MS data: m/e 
(relative intensity ): 220 (M+, 98.7), 219 (98.9), 194 (20.3), 77 
(100). 51 (89.7). The other three minor compounds were obtained 
as oils and could not be identified. 

3-Phenylindazole was identified by GC-MS and was recrys
tallized from ethanol. giving mp 106-107 00 [Lit mp 107-108 00 

(88)]. 
GO/MS: m/e: (relative intensity): 194 (M+. 100). 193 (73.2). 

167 (39.8), 166 (29.2), 165 (29.1), 77 (47.5), 51 (38.4). 
The triazole (33c) was obtained as an oil and was identified 

by GC-MS and 1H NMR. 
1H NMR (CDCI3): 5: 8.22 (d of d, J = 2.08, 7.98, 2H), 7.43 (m, 

8H), 6.56 (m, 2H), 5.63 (d of d. 1H). 
GO/MS: m/e (relative intensity): 247 (M+, 100), 194 (87.8 ), 91 

(98.7). 77 (23.8). 
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No trace of 1.3-diphenyl-5-cyano-2-pyrazoline was detected 

by GO and GC-MS. 

Reactions of Thianthrene Cation Radical Per
chlorate with Oximes in Acetonitrile 

General Procedure 

Acetonitrile (20 ml) was added by syringe to a solid mixture 

of Th+-CI04- and the oxime under argon in a septum-capped flask. 

The mixture was stirred at room temperature for 48 hours, by 

which time a deep colored (close to the cation radical color) 

mixture was obtained. Water (10 ml) was added and the reaction 

mixture was neutralized with dilute sodium bicarbonate solution. 

The organic product mixture was extracted with 5 x 30 ml of 

methylene chloride and the methylene chloride solution was dried 

over anhydrous magnesium sulfate. After filtering, the solvent 

was distilled off in a rotary evaporator at room temperature and 

the mixture of products was weighed. This mixture was dissolved 

in 10 ml of methylene chloride and was used for identification of 

products by GC and GC-MS, and for quantitative analysis by GC. 

The products were identified by GC, GO-MS and comparison 

with authentic materials (88) Yields of the products were 

determined by GC with the use of naphthalene as an internal 

standard and predetermined response factors. 

Each reaction was carried out twice. Results are given in 

Table 5, while details of particular reactions are given below. 

Reaction nf Thianthrene Cation Radical 
Pernhlorate with Ben7aldoxime in 
Aretonitr i l^. Formation of 
29a and 3Qa. Run 2 

The reaction was carried out with 0.315 g (1.0 mmol) of 

Th+-CI04- and 60.5 mg (0.500 mmol) of benzaldoxime in 

acetonitrile. The products and their yields obtained from run 2 

(Table 5) were: Th (128 mg, 0.591 mmol, 59.1%), ThO (93.3 mg, 

0.402 mmol, 40.2%), benzaldehyde (7.21 mg. 0.068 mmol, 13.6%), 
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benzonitrile (33.8 mg, 0.328 mmol. 65.6%). 3-phenyl-5-methyl-

1.2,4-oxadlazole (29a) (3.84 mg. 0.024 mmol, 4.70%) and 3-

methyl-5-phenyl-1,2,4-oxadiazole (30a) (11.2 mg, 0.070 mmol, 

13.9%). 

GC-MS data for 3-phenyl-5-methyl-1.2,4-oxadiazole (29a): 

m/e (relative intensity): 160 (M+, 100), 119 (94), 104 (83.4), 103 

(67.5), 77 (49.2), 43 (49). 

GC-MS data for 3-methyl-5-phenyl-1,2,4-oxadiazole (30a): 

m/e (relative intensity): 160 (M+, 71.1), 104 (100). 103 (71.5), 77 

(35.8). 

Reaction of Thianthrene Cation Radical 
Perchlorate with p-Tolualdoxime 
in Acetonitrile. Formation 
of 29c. Run 4 

The reaction was carried out with 0.315 g (1.0 mmol) of 

Th+CI04- and 67.5 mg (0.500 mmol) of p-tolualdoxime in 

acetonitrile. The products and their yields obtained from run 4 

(Table 5) were: Th (124 mg, 0.574 mmol, 57.4%), ThO (96.3 mg, 

0.415 mmol, 41.5%), p-tolualdehyde (9.84 mg, 0.082 mmol. 16.4%). 

p-tolunitrile (37.3 mg. 0.319 mmol, 63.7%) and 3-(p-tolyl)-5-

methyl-1,2,4-oxadiazole (29c) (13.8 mg, 0.079 mmol, 15.8%). 

3-Methyl-5-(p-tolyl)-1,2,4-oxadiazole (30c) was not 

detected. 
GC-MS data for 3-(p-tolyl)-5-methyl-1,2,4-oxadiazole (29c) : 

m/e (relative intensity): 174 (M+, 78.2), 133 (100), 117 (17.5), 77 

(28.1), 69 (41.3), 43 (51.1). 

Reaction f̂ f Thianthrene Cation Radical 
Pernhlnrate with l lO-Labe led p-Tolu-
a ldoxime (««) in Acetonitrile. Forma-
^inn nf l^O-i aheled 29c. Run 6 

The reaction was carried out with 0.158 g (0.500 mmol) of 

Th+CI04 - and 34.3 mg (0.250 mmol) of ISQ-Jabeled p-toluald

oxime in acetonitrile. The products and their yields obtained from 
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run 6 (Table 5) were: Th (61.6 mg, 0.285 mmol, 57.0%), 180-Iabeled 

ThO (50.1 mg, 0.216 mmol, 43.1%), p-tolualdehyde (4.68 mg, 0.039 

mmol, 15.7%), p-tolunitrile (19.8 mg, 0.169 mmol, 67.5%) and 

180-Iabeled 3-(p-tolyl)-5-methyl-1,2,4-oxadiazole (29c) (6.61 

mg, 0.038 mmol, 15.0%). GC-MS showed i8o-enrichment in ThO and 

in the oxadiazole. No i8o-enrichment was found in the aldehyde. 

Data are given in Table 6. 3-Methyl-5-(p-tolyl)-1,2,4-oxadiazole 

(30c) was not detected. 

GC-MS data for 180-Iabeled 3-(p-tolyl)-5-methyl-1,2,4-
oxadiazole (29c): m/e (relative intensity): 176 [(M + 2), 59.3], 174 
(M + , 76.5), 133 (100), 117 (43.4), 77 (45.2), 43 (47.6). 

The reaction was also carried out with 0.158 g (0.500 mmol) 

of Th+-CI04- and 34.3 mg (0.250 mmol) of i^O-labeled p-toluald

oxime in acetonitrile in which case the reaction was allowed to 

continue only for 6 hours. After that time the mixture was worked 

up. The products obtained from run 7 (Table 5) were: Th (54.4 mg, 

0.252 mmol, 50.3%), ISQ-Iabeled ThO (56.6 mg, 0.244 mmol, 

48.8%), p-tolualdehyde (2.86 mg, 0.021 mmol, 8.52%), p-tolunitrile 

(19.2 mg, 0.144 mmol, 57.6%), ""SQ-labeled 3-(p-tolyl)-5-methyl-

1.2,4-oxadiazole (29c) ( 0.002 mmol, 0.80%) and the unused oxime 

(11.9 mg, 0.078 mmol, 31.2%). GC-MS showed i80-enrichment in 

ThO and in the oxadiazole. No i80-enrichment was found in the 

aldehyde.Data are given in Table 6. Again, 3-methyl-5-(p-tolyl)-

1,2,4-oxadiazole (30c) was not detected. 

Reaction of Thianthrene Cation Radinal 
Perchlorate with p-Nitrobenzald
oxime in Acetonitrile. Formation 
of 30d. Run 10 

The reaction was carried out with 0.315 g (1.0 mmol) of 

Th+-CI04" and 83.0 mg (0.500 mmol) of p-nitrobenzaldoxime in 

acetonitrile. The products and their yields obtained from run 10 

(Table 5) were: Th (135.9 mg, 0.629 mmol, 62.9%), ThO (84.0 mg, 

0.362 mmol, 36.2%), p-nitrobenzaldehyde, p-nitrobenzonitrile. 
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3-methyl-5-(p-nitrophenyl)-1,2,4-oxadiazole (30d) (26.5 mg, 
0.129 mmol, 25.8%) and unused p-nitrobenzaldoxime (3.32 mg, 
0.020 mmol, 3.90%). The aldehyde and the nitrile could not be 
separated by GO and so they were assayed as a mixture using the 
response factor for the nitrile. Their combined yield was 48.8 mg 
(0.330 mmol, 66.0%). GO-MS showed that the nitrile was the major 
product. 3-(p-Nitro-phenyl)-5-methyl-1,2,4-oxadiazole (29d) was 
not detected. 

GC-MS data for 3-methyl-5-(p-nitrophenyl)-1,2,4-oxadiazole 
(30d): m/e (relative intensity): 205 (M+, 100), 175 (33), 149 
(51.4), 103 (30.5), 76 (63.1), 57 (99). 

Reaction of Thianthrene Cation Radical 
Perchlorate with 1-Naphthaldoxime 
in Acetonitrile. Formation 
of 29e. Run 12 

The reaction was carried out with 0.315 g (1.0 mmol ) of 
Th+CI04- and 85.5 mg (0.500 mmol) of 1-naphthaldoxime in 
acetonitrile. The products and their yields obtained from run 12 
(Table 5) were: Th (125 mg, 0.580 mmol, 58.0%), ThO (94.9 mg, 
0.409 mmol, 40.9%), 1-naphthaldehyde (13.0 mg, 0.083 mmol, 
16.6%), 1-naphthyl carbonitrile (51.4 mg, 0.336 mmol, 67.1%) and 
3-(1-naphthyl)-5-methyl-1,2,4-oxadiazole (29e) (14.5 mg, 0.069 
mmol. 13.8%). 3-Methyl-5-(1-naphthyl)-1.2,4-oxadiazole (30e) 
was not detected. 

GC-MS data for 3-(1-naphthyl)-5-methyl-1,2,4-oxadiazole 

(29e): m/e (relative intensity): 210 (M+, 64.1), 168 (100). 169 

(35.4). 153 (17.5), 127 (11), 43 62.1). 

Reaction of Thianthrene Cation Radical Per
chlorate with Pentanal Oxime in Aceto-
pitrile. Formation of 29f. Run 14 

The reaction was carried out with 0.315 g (1.0 mmol) of 
Th+CI04- and 50.5 mg (0.500 mmol) of pentanal oxime in aceto
nitrile. The products and their yields obtained from run 14 
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(Table 5) were: Th (109 mg, 0.506 mmol, 50.6%), ThO (113 mg, 
0.487 mmol, 48.7%), pentanal (1.03 mg, 0.012 mmol, 2.40%), 
pentane carbonitrile (34.o mg, 0.409 mmol. 81.8%). 3-propyl-5-
methyl-1,2,4-oxadiazole (29f) (trace) and unused veleraldoxime 
(4.14 mg, 0.041 mmol,8.20%). 3-Methyl-5-propyl-1,2,4-oxadiazole 
(30f) was not detected. 

GO-MS data for 3-propyl-5-methyl-1,2,4-oxadiazole (29f): 
m/e (relative intensity): 140 (M+, 32.2), 99 (22), 57 (42.9), 43 
(63.6), 41 (73.6), 40 (100), 39 (35.5). 

Reaction of Thianthrene Cation Radical Per
chlorate with Hexanal Oxime in Aceto
nitrile. Formation of 29g. Run 16 

The reaction was carried out with 0.315 g (1.0 mmol) of 
Th+-CI04' and 57.5 mg (0.500 mmol) of hexanal oxime in 
acetonitrile. The products and their yields obtained from run 16 
(Table 5) were: Th (109 mg, 0.507 mmol, 50.7%), ThO (112 mg, 
0.485 mmol, 48.5%), hexanal (3.50 mg, 0.035 mmol, 6.90%), hexane 
carbonitrile (37.9 mg, 0.391 mmol, 78.1%). 3-butyl-5-methyl-
1,2.4-oxadiazole (29g) (trace) and unused hexanal oxime (3.80 mg. 
0.033 mmol. 6.60%). 3-Methyl-5-butyl-1.2,4-oxadiazole (30g) 
was not detected. 

GO-MS data for 3-butyl-5-methyl-1.2,4-oxadiazole (29g): 
m/e (relative intensity): 154 (M+, 17), 113 (28.7), 57 (14.1), 43 
(59.6), 41 (100), 39 (35.3). 

Reaction of Thianthrene Cation Radical 
Perchlorate with p-Anisaldoxime in 

Acrylonitrile. Formation of 29h 

To a mixture of solids Th+-0IO4" (1 mmol) and the oxime 
(0.500 mmol) in a septum-capped flask under argon was added by 
syringe 20 ml of acetonitrile. The mixture was then allowed to 
stir at room temperature. Stirring was continued overnight. Water 
(10 ml) was then added and the reaction mixture was neutralized 
with dilute sodium bicarbonate solution. The organic product 
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mixture was extracted with 5 x 30 ml of methylene chloride and 
the methylene chloride solution was dried over anhydrous 
magnesium sulfate. After filtering, the solvent was distilled off 
in a rotary evaporator at room temperature to give 0.308 g of a 
brown solid which was then dissolved in 10 ml of methylene 
chloride. GO and GO-MS of this solution showed the presence of 
five products. Quantitative GC analysis gave Th (150 mg, 0.697 
mmol, 69.7%). ThO (68.7 mg, 0.296 mmol, 29.6%), p-anisaldehyde 
(3.81 mg, 0.028 mmol, 5.50%), 4-methoxybenzonitrile (33.7 mg, 
0.253 mmol, 50.6%) and 3-(p-anisyl)-5-vinyl-1,2,4-oxadiazole 
(29h) (41.2 mg, 0.204 mmol, 40.7%). 3-Vinyl-5-(p-anisyl)-1,2,4-
oxadiazole (30h) was not detected. 

The reaction was repeated to give Th (151 mg, 0.701 mmol, 
70.1%), ThO (71.0 mg, 0.306 mmol, 30.6%), p-anisaldehyde (3.27 
mg, 0.024 mmol, 4.80%), 4-methoxybenzonitrile (34.1 mg, 0.256 
mmol. 51.2%) and 3-(p-anisyl)-5-vinyl-1,2,4-oxadiazole (29h) 
(42.4 mg, 0.210 mmol. 42.0%). Again. 3-vinyl-5-(p-anisyl)-1.2,4-
oxadiazole (30h) was not detected. 

GC-MS data for 3-(p-anisyl)-5-vinyl-1,2,4-oxadiazole (29h): 
m/e (relative intensity): 202 (M+, 100), 149 (87.6), 133 (12.3), 
134 (17.6). 106 (52), 55 (35). 

Reactions of Thianthrene Cation Radical 
Perchlorate with Oximes in Presence 
of 2.6-Di-tert-buty l-4-methy I pyri

dine (DTBMP) in Acetonitrile 

General Procedure 
Acetonitrile (20 ml) was added by syringe to a mixture of the 

solids Th+CI04-, oxime and DTBMP under argon in a septum-capped 
flask. The mixture was allowed to stir at room temperature. The 
cation radical color disappeared completely within 5-10 min. 
Stirring was continued overnight. Water ( 10 ml ) was then added 
and the reaction mixture was neutralized with dilute sodium 
bicarbonate solution. The organic product mixture was extracted 
with 5 X 30 ml of methylene chloride and the methylene chloride 
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solution was dried over anhydrous magnesium sulfate. After 
filtering, the solvent was distilled off in a rotary evaporator at 
room temperature and the mixture of products was weighed. This 
mixture was then dissolved in 10 ml of methylene chloride and 
was used for identification of products by GC and GC-MS and for 
quantitative analysis by GC. 

The products were identified by GO, GO-MS and comparison 
with authentic materials. Yields of the products were determined 
by GO with the use of naphthalene as the internal standard and 
predetermined response factors. 

Each reaction was carried out twice. Results are given in 
Table 7, while details of particular reactions are given below. 

Reaction of Thianthrene Cation Radical 
Perchlorate with Benzaldoxime in Pre
sence of DTBMP in Acetonitrile. Run 2 

The reaction was carried out with 0.315 g (1.0 mmol) of 
Th+-CI04-, 60.5 mg (0.500 mmol) of benzaldoxime and 0.308 g 
(1.50 mmol) of DTBMP in acetonitrile. The products and their 
yields obtained from run 2 (Table 7) were: Th (114 mg, 0.527 
mmol, 52.7%), ThO (107 mg, 0.461 mmol, 46.1%). benzaldehyde 
(3.60 mg. 0.034 mmol, 6.80%), benzonitrile (43.9 mg, 0.426 mmol, 
85.2%) and recovered DTBMP (290 mg, 1.41 mmol, 94.2%). No 
oxadiazole was detected. 

The reaction was also carried out in which 0.315 g (1.0 mmol) 
of Th+-CI04- was first allowed to react with 60.5 mg (0.500 
mmol) of benzaldoxime in 15 ml of acetonitrile and then a solution 
of 0.308 g (1.50 mmol) of DTBMP in 10 ml of acetonitrile was 
added to the mixture. The reaction in which the base was added 
one hour after the reaction began gave, Th (0.528 mmol, 52.8%), 
ThO (0.436 mmol. 43.6%), benzaldehyde (0.055 mmol, 11.1%), 
benzonitrile (0.396 mmol, 79.2%) and recovered DTBMP (1.40 
mmol, 93.1%). The products obtained from the reaction in which 
the base was added 24 hours after the reaction began were: 
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Th (0.552 mmol, 55.2%), ThO (0.399 mmol, 39.9%), benzaldehyde 
(0.074 mmol, 14.8%), benzonitrile (0.368 mmol, 73.5%) and 
recovered DTBMP (1.42 mmol, 94.7%). No oxadiazole was detected 
in either case. 

Reaction of Thianthrene Cation Radical 
Perchlorate with p-Anisaldoxime in 
Presence of DTBMP in Acetonitrile. 
Formation of 29b. Run 6 

The reaction was carried out with 0.315 g (1.0 mmol) of 
Th+-CI04-, 75.5 mg (0.500 mmol) of p-anisaldoxime and 0.308 g 
(1.50 mmol) of DTBMP in acetonitrile. The products and their 
yields obtained from run 6 (Table 7) were: Th (123 mg, 0.568 
mmol, 56.8%), ThO (92.6 mg, 0.399 mmol, 39.9%), p-anisaldehyde 
(4.90 mg, 0.036 mmol, 7.10%), 4-methoxybenzonitrile (43.5 mg, 
0.327 mmol, 65.3%), 3-(p-anisyl)-5-methyl-1,2,4-oxadiazole 
(29b) (16.5 mg, 0.087 mmol, 17.3%) and recovered DTBMP (285 mg, 
1.39 mmol, 92.7 %). 3-Methyl-5-(p-anisyl)-1,2,4-oxadiazole (30b) 
was not detected. 

The reaction was also carried out with excess amount of 
DTBMP in which 0.315 g (1.0 mmol) of Th+-0IO4-, 75.5 mg (0.500 
mmol) of p-anisaldoxime and 0.615 g (1.50 mmol) of DTBMP were 
used and the products obtained were: Th (119 mg. 0.553 mmol, 
55.3%), ThO (93.5 mg, 0.403 mmol, 40.3%), p-anisaldehyde (4.62 
mg, 0.034 mmol, 6.80%), 4-methoxybenzonitrile (46.6 mg, 0.350 
mmol, 69.9%), 3-(p-anisyl)-5-methyl-1,2,4-oxadiazole (29b) 
(13.9 mg, 0.073 mmol, 14.6%) and recovered DTBMP (574 mg, 2.80 
mmol, 93.3 %). Again, 3-methyl-5-(p-anisyl)-1,2,4-oxadiazole 
(30b) was not detected. 

GC-MS data for 3-(p-anisyl)-5-methyl-1,2,4-oxadiazole 
(29b): m/e (relative intensity): 190 (M+, 100), 149 (80.5), 133 
(14.2), 134 (17.8). 106 (42.4), 43 (30.5). 
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Reaction of Thianthrene Cation Radical Per
chlorate with lS.O-Labeled p-Anisaldoxime 
(88) in Presence of DTBMP in Acetonitrile. 
Formation of l iO-Labeled 29b. Run 8 

The reaction was carried out with 0.315 g (1.0 mmol) of 

Th+-CI04- and 76.5 mg (0.500 mmol) of 180-Iabeled p-anisald

oxime and 0.308 g (1.50 mmol) of DTBMP in acetonitrile. The 

products and their yields obtained were: Th (128 mg, 0.593 mmol, 

59.3%), ISO-labeled ThO (88.6 mg, 0.382 mmol, 38.2%), p-anisalde

hyde (3.81 mg, 0.028 mmol, 5.60%). 4-methoxybenzonitrile (44.0 

mg. 0.331 mmol, 66.1%) and 180-Iabeled 3-(p-anisyl)-5-methyl-

1,2,4-oxadiazole (29b) (18.6 mg, 0.098 mmol, 19.5%) the 

recovered DTBMP (289 mg, 1.41 mmol, 93.9%). GC-MS showed 

180-enrichment in ThO and in the oxadiazole. No i8o-enr ichment 

was found in the aldehyde. Data are given in Table 6. 3-Methyl-5-

(p-anisyl)-l,2,4-oxadiazole (30b) was not detected. 

GC-MS data for 180-Iabeled 3-(p-anisyl)-5-methyl-1,2,4-

oxadiazole (29b): m/e (relative intensity): 192 [(M + 2), 66.6], 190 

(M + , 100), 149 (98.4), 133 (33.1), 134 (30.6), 106 (70.5), 43 (49.2). 

Reaction nf Thianthrene Cation Radical 
Perchlorate with p-Tnlualdoxime in 
Presence nf DTBMP in Acetonitrile. 
Fnrmation nf 29c. Run 11 

The reaction was carried out with 0.315 g (1.0 mmol) of 

Th+-CI04- and 67.5 mg (0.500 mmol) of p-tolualdoxime and 0.308 g 

(1.50 mmol) of DTBMP in acetonitrile. The products and their 

yields obtained from run 11 (Table 7) were: Th (112 mg, 0.520 

mmol, 52.0%), ThO (107 mg, 0.461 mmol, 46.1%), p-tolualdehyde 

(4.08 mg. 0.034 mmol. 6.70%), p-tolunitrile (49.7 mg, 0.425 mmol, 

84.9%), 3-(p-tolyl)-5-methyl-1,2,4-oxadiazole (29c) (trace) and 

recovered DTBMP (280 mg, 1.37 mmol, 91.1%). 3-Methyl-5-

(p-tolyl)-1,2.4-oxadiazole (30c) was not detected. 
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GC-MS data for 3-(p-tolyl)-5-methyl-1,2.4-oxadiazole (29c): 

m/e (relative intensity): 174 (M+. 67.5). 133 (100). 117 (41 7) 77 
(22). 69 (40.7), 43 (49.6). 

Reaction of Thianthrene Catinn Radical Per
chlorate with 1^0-LaheleH plrnl^.^iH^vim^ 
in Presence of DTRMP in Acetr^nitrile. Fnr
mation of laO-LabeleH 29c. Run i p 

The reaction was carried out with 0.315 g (1.0 mmol) of 

Th+-CI04- and 68.5 mg (0.500 mmol) of 180-Iabeled p-toluald

oxime and 0.308 g (1.50 mmol) of DTBMP in acetonitrile. The 

products and their yields obtained were: Th (114 mg, 0.526 mmol, 

52.6%), 180-iabeled ThO (106 mg, 0.456 mmol, 45.6%), p-tolualde

hyde (5.04 mg, 0.042 mmol, 8.30%), p-tolunitrile (48.3 mg, 0.413 

mmol, 82.6%) and 180-Iabeled 3-(p-tolyl)-5-methyl-1,2,4-

oxadiazole (29c) (trace) and recovered DTBMP (287 mg. 1.40 

mmol. 93.2%). GC-MS showed i80-enrichment in ThO and in the 

oxadiazole. No i80-enrichment was found in the aldehyde. Data are 

given in Table 6. 3-Methyl-5-(p-tolyl)-1,2,4-oxadiazole (30c) was 

not detected. 

GC-MS data for 180-Iabeled 3-(p-tolyl)-5-methyl-1,2,4-

oxadiazole (29c): m/e (relative intensity): 176 [(M + 2), 30.4], 174 

(M + . 42), 133 (61.6), 117 (37.7), 77 (26.6), 69 (100), 43 (56.2). 

Reaction of Thianthrene Cation Radical 
Perchlorate with p-Nitrobenzaldoxime 
in Presence of DTBMP in Acetonitrile. 
Formation of 29d. Run 15 

The reaction was carried out by using 0.315 g (1.0 mmol) of 

Th+-CI04- and 83.0 mg (0.500 mmol) of p-nitrobenzaldoxime and 

0.308 g (1.50 mmol) of DTBMP in acetonitrile. The products and 

their yields obtained from run 15 (Table 7) were: Th (115 mg, 

0.534 mmol, 53.4%), ThO (106 mg, 0.457 mmol, 45.7%), p-nitro

benzaldehyde, p-nitrobenzonitrile, 3-(p-nitrophenyl)-5-methyl-

1,2,4-oxadiazole (29d) (trace) and recovered DTBMP (293 mg, 1.43 
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mmol, 95.2%). The aldehyde and the nitrile could not be separated 
by GC and so they were assayed as a mixture using the response 
factor for the nitrile. Their combined yield was 67.9 mg (0.459 
mmol, 91.8%). GO-MS showed that the nitrile was the major 

product. 3-methyl-5-(p-nitrophenyl)-1,2,4-oxadiazole (30d) was 
not detected. 

GO-MS data for 3-(p-nitrophenyl)-5-methyl-1,2,4-oxadiazole 
(29d): m/e (relative intensity): 205 (M+. 28.5), 175 (14.6), 164 
(18.4), 148 (12.2), 76 (15.1), 57 (100), 43 (65.3). 

Reaction of Thianthrene Catinn Radical Per
chlorate with 1-Naphthaldoxime in Pres
ence of DTBMP in Acetonitrile. Run 17 

The reaction was carried out with 0.315 g (1.0 mmol) of 

Th+-0IO4- and 85.5 mg (0.500 mmol) of 1-naphthaldoxime and 

0.308 g (1.50 mmol) of DTBMP in acetonitrile. The products and 

their yields obtained from run 17 (Table 7) were: Th (112 mg, 

0.518 mmol, 51.8%), ThO (110 mg, 0.475 mmol, 47.5%), 1-naphth

aldehyde (5.0 mg, 0.032 mmol, 6.40%), 1-naphthyl carbonitrile 

(67.9 mg, 0.444 mmol, 88.7%) and recovered DTBMP (299 mg. 1.46 

mmol, 97.1%). No oxadiazole was detected. 

Reaction of Thianthrene Cation Radical Per
chlorate with Pentanal Oxime in Presence 
of DTBMP in Acetonitrile. Run 19 

The reaction was carried out with 0.315 g (1.0 mmol) of 

Th+CI04- and 50.5 mg (0.500 mmol) of pentanal oxime and 0.308 g 

(1.50 mmol) of DTBMP in acetonitrile. The products and their 

yields obtained from run19 (Table 7) were: Th (110 mg. 0.508 

mmol. 50.8%). ThO (111 mg. 0.477 mmol. 47.7%). pentanal (1.89 

mg, 0.022 mmol, 4.40%), pentane carbonitrile (37.6 mg, 0.453 

mmol, 90.6%) and recovered DTBMP (296 mg, 1.45 mmol, 96.3%). 

No oxadiazole was detected. 
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Reaction of Thianthrene Catinn Radical Per
chlorate with Hexanal Oxime in Pre.qence 
of DTBMP in Acetnnitrile. Fprm^^tir^n 
of 29a. Run 21 

The reaction was carried out with 0.315 g (1 mmol) of 

Th+-CI04- and 57.5 mg (0.500 mmol) of hexanal oxime and 0.308 g 

(1.50 mmol) of DTBMP in acetonitrile. The products and their 

yields obtained from run 21 (Table 7) were: Th (111 mg, 0.514 

mmol, 51.4%), ThO (110 mg, 0.475 mmol, 47.5%), hexanal (2.10 mg, 

0.021 mmol, 4.20%), hexane carbonitrile (43.9 mg, 0.453 mmol, 

90.6%), 3-butyl-5-methyl-1,2,4-oxadiazole (29g) (trace) and 

recovered DTBMP (298 mg, 1.45 mmol, 96.9%). 3-Methyl-5-butyl-

1,2,4-oxadiazole (30g) was not detected. 

GC-MS data for 3-butyl-5-methyl-1,2,4-oxadiazole (29g): 

m/e (relative intensity): 154 (M+, 33.8), 113 (34.7), 57 (11.1), 43 

(50.3), 41 (100), 39 (35.6). 

Reactions of Thianthrene Cation Radical Per
chlorate with Oximes in Presence of DTBMP 

in Acetonitrile (Workup with H2IS.O) 

General Procedure 

Acetonitrile (20 ml) was added by syringe to a solid mixture 

of Th+CI04-, oxime and DTBMP under argon in a septum-capped 

flask. The mixture was then allowed to stir at room temperature. 

Stirring was continued for 24-48 hours. H2I8O (50%, 0.50 ml) was 

then added and the reaction mixture was neutralized with solid 

sodium bicarbonate. The organic product mixture was extracted 

with 5 X 30 ml of methylene chloride and the methylene chloride 

solution was dried over anhydrous magnesium sulfate. After 

filtering, the solvent was distilled off in a rotary evaporator at 

room temperature and the mixture of products was weighed. This 

product mixture was then dissolved in 10 ml of methylene chloride 

and was used for identification of products by GC and GC-MS and 

for quantitative analysis by GC. 
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The products were identified by GC, GC-MS and comparison 

with authentic samples. Yields of the products were determined by 
GC with the use of naphthalene as an internal standard and 
predetermined response factors. Results are given in Table 7 while 
details of particular reactions are given below. 

Reaction of Thianthrene Catinn Radical Per
chlorate with p-Ankaldoxime in Presence 
of DTBMP in Acetonitrile (Workup with 
Hpl^O). Formation nf 9Qh Run 9 

The reaction was carried out with 0.315 g (1.0 mmol) of 
Th+-CI04- and 75.5 mg (0.500 mmol) of p-anisaldoxime and 0.308 g 
(1.50 mmol) of DTBMP in acetonitrile. The products and their 
yields obtained were: Th (126 mg, 0.581 mmol, 58.1%), ThO (90 
mg, 0.388 mmol, 38.8%), p-anisaldehyde (4.22 mg, 0.031 mmol, 
6.10%), 4-methoxybenzonitrile (45.2 mg, 0.340 mmol, 68.0%), 
3-(p-anisyl)-5-methyl-1,2,4-oxadiazole (29b) (18.2 mg, 0.096 
mmol, 19.1%) and recovered DTBMP (279 mg, 1.36 mmol, 90.8 %). 
GO-MS showed no i^o-enrichment in ThO or in the oxadiazole. Data 
are given in Table 6. 3-Methyl-5-(p-anisyl)-1,2,4-oxadiazole 
(30b) was not detected. 

GC-MS data for 3-(p-anisyl)-5-methyl-1,2,4-oxadiazole 
(29b): m/e (relative intensity): 192 [( M + 2), 1.1], 190 (M+, 100), 
149 (82.5), 133 (32.2), 134 (25.1), 106 (57.4), 43 (39.7). 

Reaction of Thianthrene Cation Radical Per
chlorate with p-Tolualdoxime in Presence 
of DTBMP in Acetonitrile (Workup with 
H9l^O). Formation of 29c. Run 13 

The reaction was carried out with 0.315 g (1.0 mmol) of 
Th+CI04- and 67.5 mg (0.500 mmol) of p-tolualdoxime and 0.308 g 
(1.50 mmol) of DTBMP in acetonitrile. The products and their 
yields obtained were: Th (110 mg, 0.507 mmol, 50.7%), ThO (105 
mg, 0.454 mmol, 45.4%), p-tolualdehyde (4.44 mg, 0.037 mmol, 

7.30%), p-tolunitrile (49.0 mg, 0.419 mmol, 83.8%), 3-(p-tolyl)-5-
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methyl-1,2,4-oxadiazole (29c) (trace) and recovered DTBMP (283 
mg, 1.38 mmol, 91.9%). GO-MS showed i80-enrichment in the 
aldehyde only. No i^O-enrichment was found in ThO or in the 
oxadiazole. Data are given in Table 6. 3-Methyl-5-(p-tolyl)-1,2,4-
oxadiazole (30c) was not detected. 

Reactions nf Thianthrene Cation Radical 
Perchlorate with DTBMP in Acetonitrile 

To a solid mixture of 0 315 g (1.0 mmol) of Th+-CI04- and 
0.308 g, (1.50 mmol) of DTBMP under argon in a septum-capped 
flask was added by syringe 20 ml of acetonitrile. The mixture was 
then allowed to stir at room temperature. Stirring was continued 
overnight. Water (10 ml) was then added and the reaction mixture 
was neutralized with dilute sodium bicarbonate solution. The 
organic product mixture was extracted with 5 x 30 ml of 
methylene chloride and the methylene chloride solution was dried 
over anhydrous magnesium sulfate. After filtering, the solvent 
was distilled off in a rotary evaporator at room temperature to 
give 0.529 g of a white solid. GC and GO-MS showed the presence 
of Th (123 mg, 0.569 mmol, 56.9%), ThO (98.2 mg, 0.423 mmol, 
42.3%) and unused DTBMP (290 mg, 1.42 mmol, 94.4%). 

Reaction of p-Anisaldoxime with 
DTBMP in Acetonitrile 

Acetonitrile (20 ml) was added by syringe to a solid mixture 
of 75.5 mg (0.500 mmol) of p-anisaldoxime and 0.308 g (1.50 
mmol) of DTBMP under argon in a septum-capped flask. The 
mixture was then allowed to stir at room temperature. Stirring 
was continued overnight. Water (10 ml) was then added and the 
reaction mixture was neutralized with dilute sodium bicarbonate 
solution. The organic product mixture was extracted with 5 x 30 
ml of methylene chloride and the methylene chloride solution was 
dried over anhydrous magnesium sulfate. After filtering, the 
solvent was distilled off in a rotary evaporator at room 
temperature to give 0.385 g of a white solid. GC and GC-MS showed 
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the presence of unused p-anisaldoxime (71.6 mg, 0.474 mmol, 

94.8%) and unused DTBMP (297 mg, 1.45 mmol, 96.6%). 

Hydrolysis of Thianthrene Cation Radical 
Perchlorate with H9ISQ in Aceto

nitrile. Formation of ThOi ^ 

"•SQ-Labeled water (0.2 ml, 50%) was added by syringe to a 

stirred septum-capped solution of of 63.0 mg (0.20 mmol) of 

Th+-0IO4- in 10 ml of acetonitrile. The cation radical color 

disappeared immediately and the stirring was continued for 30 

min after which time the mixture was neutralized with solid 

NaHC03. The products were extracted with 2 x 10 ml of methylene 

chloride and the methylene chloride solution was dried over 

anhydrous magnesium sulfate. After filtering, the solvent was 

distilled off to give 47.1 mg of a white solid which was identified 

by GC and GC-MS as a mixture of Th (0.101 mmol, 50.5%) and ThO 

(0.098 mmol, 49.0%). GC-MS showed i80-enrichment in ThO to give 
ThOi8. GC-MS datas are given in Table 8. 

Reactions of Thianthrene Cation Radical 
Perchlorate with 2.3-Diazabicyclo 

[2.2.2]Qct-2-ene (DBO) in Aceto
nitrile. Formation of 3 4 

To a stirred, septum-capped flask containing a solution of 

0.315 g (1.0 mmol) of Th+-0104" in 10 ml of acetonitrile was added 

dropwise by a syringe a solution of 0.110 g (1.0 mmol) of DBO in 

10 ml of acetonitrile under argon. The cation radical color 

disappeared within 30 min giving a red colored solution. Stirring 

was continued overnight. Water (10 ml) was then added and the 

reaction mixture was neutralized with dilute sodium bicarbonate 

solution. The organic product mixture was extracted with 5 x 30 

ml of methylene chloride and the methylene chloride solution was 

dried over anhydrous magnesium sulfate. After filtering, the 

solvent was distilled off in a rotary evaporator at room 

temperature to give a red solid. This red solid was then dissolved 
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in 10 ml of methylene chloride and portions of the solution were 
used for identification of products by GC and GC-MS, for 
quantitative analysis by GO, and for quantitative separation of 
products by TLC. The reaction was carried out three times. Results 
are given in Table 9. 

The products were separated from the mixture by preparative-
scale TLC. using methylene chloride as the developing solvent and 
were extracted from the plate materials with methylene chloride 
and methanol. Separation by preparative TLC in run 1 (Table 9) 
gave 104 mg (0.480 mmol, 48.0%) of Th, 194 mg (0.456 mmol, 
45.6%) of the red perchlorate salt (34) and 54.0 mg of a mixture of 
unused DBO and ThO. DBO and ThO were isolated as a mixture by 
preparative-scale TLC and their yields were then determined from 
the mixture by GO using naphthlene as an internal standard and 
predetermined response factor. Quantitative GO analysis gave 45.9 
mg (0.417 mmol, 41.7%) of unused DBO and 5.40 mg (0.023 mmol, 
2.30%) of ThO. 

Th, ThO and DBO were identified by GO, GO-MS, melting point 
and comparison with authentic materials. The red perchlorate salt 
(34) was identified by detailed 1H NMR, 13C NMR IR and elemental 
analysis. 

The reaction was also carried out with 0.315 g (1.0 mmol) of 
Th+-C104- and 0.055 g (0.500 mmol) of DBO in 20 ml of acetoni
trile. This time, the cation radical color did not disappear even 
after 72 hours. Water (10 ml) was added to the mixture. The cation 
radical color disappeared immediately giving a red colored 
solution. After workup a red solid was obtained. The reaction was 
repeated by allowing the reaction to continue for 24, 48 and 72 
hours. Results are given in Table 9. 

Separation by preparative-scale TLC in run 4 (Table 9) gave 
107 mg (0.493 mmol, 49.3%) of Th, 98.2 mg (0.231 mmol, 46.2%) of 
34 and 81.0 mg of a mixture of ThO and unused DBO. ThO and DBO 
were then assayed by GO. Quantitative GC analysis gave 55.2 mg 
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(0.238 mmol, 23.8%) of ThO and 23.8 mg (0.216 mmol. 43.2%) of 
unused DBO. 

The perchlorate salt (34) was recrystallized from methylene 
chloride/petroleum ether (1:5) giving red crystals, mp 214-215 oo. 
IR spectrum of the salt showed the presence of the characteristic 
strong broad peak for OIO4 group at 1087 cm-i. 

1H NMR (CD2CI2): 6: 8.16 (d, J = 2.5, 1H), 8.10 (d of d, J = 2.6, 
8.6, 1H), 7.80 (d, J = 8.6, 1 H), 7.52 (m, 2H), 7.35 (m, 2H), 6.22 (br 
s, 1H), 6.01 (br s, 1H), 2.40 (m, 4H, exo), 1.92 (m, 4H, endo) 

130 NMR (OD2Cl2):6: 147.8, 142.9, 139.3, 133.2, 133.0, 130.4, 

129.3, 129.25, 129.2, 129.1, 122.0, 121.8, 69.1, 68.4, 26.0, 24.4, 
Anal. Calcd. for C18H17N2CIO4S2: C, 50.94; H, 4.04; N, 6.60; 01, 

8.25; S, 15.08 
Found: 0, 50.79; H, 3.92; N, 6.60; 01, 8.05; S, 14.76 
UV/VIS (CH2CI2): ?imax 408 nm, e 5550; >.sh 480 nm, e 3800 

Reactions of Thianthrene Cation Radical 
Perchlorate with DBO in Presence 

of DTBMP in Acetonitrile. 
Formation of 34 

To a stirred, septum-capped, solution of 0.315 g (1.0 mmol) 
of Th+-CI04- and 0.246 g (1.20 mmol) of DTBMP in 10 ml of 
acetonitrile was added dropwise by a syringe a solution of 0.055 g 
(0.500 mmol) of DBO in 10 ml of acetonitrile under argon. The 
cation radical color disappeared immediately giving a red colored 
solution. Stirring was continued overnight. Water (10 ml) was then 
added and the reaction mixture was neutralized with dilute sodium 
bicarbonate solution. The organic product mixture was extracted 
with 5 X 30 ml of methylene chloride and the methylene chloride 
solution was dried over anhydrous magnesium sulfate. After 
filtering, the solvent was distilled off in a rotary evaporator at 
room temperature to give a red solid. This red solid was then 
dissolved in 10 ml of methylene chloride and portions of the 
solution were used for identification of products by GC, and GO-
MS, for quantitative analysis by GC and for quantitative separation 
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of products by TLC. The reaction was carried out three times. 

Results are given in Table 9. 
The products were separated from the mixture by preparative-

scale TLC, using methylene chloride as the developing solvent and 
were extracted from the plate materials with methylene chloride 
and methanol. Separation by preparative TLC in run 7 (Table 9) 
gave 190 mg (0.446 mmol, 89.2%) of 34, 4.40 mg (0.019 mmol, 
1.90%) of ThO and 337 mg of a mixture Th and unused DTBMP. Th 
and DTBMP were isolated as a mixture by preparative-scale TLC 
and their yields were then determined from the mixture by GC 
using naphthlene as an internal standard and predetermined 
response factor. Quantitative GC analysis gave 102 mg (0.474 
mmol, 47.4%) of Th and 232 mg (1.13 mmol, 94.2%) of unused 
DTBMP. No DBO was obtained. 
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Table 1: Amidrazones (32a-e) Prepared According to Scheme 1 

Amidrazone 

32a 

32b 

32c 

32d 

32e 

R-0(NH2) = N-

32 

R 

CeHs 

CeHs 

C3H7 

C3H7 

C3H7 

•NHAr 

Ar 

4-NO2C6H4 

2.4-( NO2 )2C6H3 

CeHs 

4-NO2C6H4 

2,4-( NO2 )2C6H3 



64 

Table 2: Authentic Triazoles (33d-l)a Synthesized According to 
Scheme 1 

Triazole 

33d 

33e 

33f 

33g 

33h 

33i 

33j 

33k 

331 

Ar 

4-NO2C6H4 

4-NO2C6H4 

4-NO2C6H4 

2,4-( NO2 )2C6H3 

2,4-( NO2 )2C6H3 

2,4-( NO2 )2C6H3 

CeHs 

4-N02CeH4 

2,4-( NO2 )2CeH3 

R 

CeHs 

CeHs 

CeHs 

CeHs 

CeHs 

CeHs 

C3H7 

C3H7 

C3H7 

R' 

CH3 

C2HS 

CH=CH2 

CH3 

O2HS 

0H=0H2 

CH3 

CH3 

CH3 

mp, 00 

145-146 

139-140 

145-146 

123-124 

120-121 

145-146 

Oil 

Oil 

131-132 

a Triazoles 33e-l were not found in the literature and it was, 
therefore, necessary to synthesize them. Triazole 33d is known 
but had been synthesized by a route different from that in 
Scheme 1. Therefore, 33d was synthesized as in Scheme 1 in order 
to validate the method. 
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Table 3: Yields of Products of Reactions of Thianthrene Cation 
Radical Perchlorate (Th+-0IO4-) with Arylhydrazones 
(ROH=N-NHAr) in Nitrile (R'CN) Solvents. 

Run-

1 

2b 

3 

4b 

5 

6b 

7 

8b 

9 

10b 

11 

12b 

13 

14b 

15 

16^ 

17^ 

^Qb.( 

a Hydi 

R 

C6H5 

C6H5 

C6H5 

C6H5 

C6H5 

C6H5 

C6H5 

C6H5 

C6H5 

C6H5 

C6H5 

C6H5 

C3H7 

C3H7 

C3H7 

C3H7 

C6H5 

= C6H5 

razone f 

Ar 

C6H5 

C6H5 

C6H5 

C6H5 

C6H5 

C6H5 

4-NO2C6H4 

4-NO2C6H4 

4-NO2C6H4 

4-NO2C6H4 

4-NO2C6H4 

4-NO2C6H4 

C6H5 

C6H5 

4-NO2C6H4 

4-NO2C6H4 

OH2C6H5 

CH2C6H5 

vjitrile 

R' 

CH3 

CH3 

C2H5 

C2H5 

0H=0H2 

CH=0H2 

OH3 

CH3 

C2H5 

C2H5 

Th 

91.0 

93.2 

86.6 

87.9 

92.2 

90.9 

92.8 

94.7 

95.5 

96.1 

0H=0H2 93.2 

CH=0H2 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

I 94.9 

96.8 

97.6 

97.8 

96.1 

95.7 

95.4 

Products, °/c 

ThO 

6.0 

4.0 

5.8 

6.1 

5.4 

5.9 

4.0 

3.1 

3.4 

2.2 

3.3 

4.1 

2.0 

3.0 

3.1 

3.4 

3.0 

3.6 

Th02 

0.6 

0.7 

1.0 

1.2 

1.3 

1.7 

1.8 

1.3 

2.1 

1.2 

2.4 

2.0 

> 

Triazole 

33ad 80.8 

22ad 79.6 

33b^ 95.8 

33b^ 92.5 

33c^ 75.0 

33c^ 73.8 

3 3 d 87.3 

3 3 d 88.4 

3 3 e 95.3 

3 3 e 96.4 

3 3 f 94.1 

3 3 f 95.6 

3 3 j 94.1 

3 3 j 92.7 

3 3 k 84.8 

3 3 k 85.9 

33m^ 92.5 

33m^91 .4 
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Table 3 (Contd.) 

3 Th+-CI04- (2.0 mmol) and hydrazone (1.0 mmol) were used in all 
runs except for runs 17 and 18 in which 1.0 mmol of Th+-0104-
and 0.50 mmol of hydrazone were used. 

^ Duplicate run. 

c Small amount of benzaldehyde was also obtained. 
^ The triazole is a known compound (3) 
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Table 4: Yields of Products of Reactions of Tris(2,4-dibromo-
phenyl)aminium Hexachloroantimonate (Ar3N+SbCle") 
with Arylhydrazones (ROH=N-NHAr) in Nitrile (R'CN) 
Solvents. 

Runa 

1 

2b 

3 

4b 

5 

6b 

7 

8b 

Hydrazone 

R 

C6H5 

C6H5 

C6H5 

C6H5 

C6H5 

C6H5 

C3H7 

C3H7 

2.4-( 

2,4-( 

2,4-( 

2,4-( 

2.4-( 

2,4-( 

2,4-( 

2,4-( 

Ar 

NO2 )2C6H3 

NO2 )2C6H3 

NO2 )2C6H3 

NO2 )2C6H3 

NO2 )2C6H3 

NO2 )2C6H3 

NO2 )2C6H3 

NO2 )2C6H3 

Nitrile 

R' 

CH3 

CH3 

C2H5 

C2H5 

0H=0H2 

0H=0H2 

CH3 

CH3 

Products, 

Ar3N 

91.2 

90.1 

94.3 

93.8 

93.2 

92.3 

89.8 

92.0 

% 

Triazole 

33g 

33g 

33h 

33h 

3 3 i 

3 3 i 

331 

331 

90.4 

91.8 

95.4 

94.8 

93.2 

94.6 

91.0 

92.7 

3 Ar3N+SbCle'(2.0 mmol) and hydrazone (1.0 mmol) were used in 
all runs. 

^ Duplicate run. 
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Table 5: Yields of Products of Reactions of Thianthrene Cation 

Radical Perchlorate (Th+0104-) with Oximes 
(RCH=NOH) in Acetonitrile 

T h - V'^oVV 
^^^ = N^^ TTTTir R̂ HO+ RCN + \ / + \ /A 

CH3CN N = / 0—N 
18 CH3 19 

3 

-hTh-hThO 

Runa R Products, % 

ROHO RON 29 30 Th ThO 

I Ph 14.1 65.2 29a 5.0 30a 13.4 59.3 39.2 

2b Ph 13.6 65.6 29a 4.7 30a 13.9 59.1 40.2 

3 4-OH3O6H4 17.1 64.4 29c 15.3 57.7 42.6 

4b 4-OH3C6H4 16.4 63.7 29c 15.8 57.4 41.5 

50'd 4-CH3O6H4 16.0 66.8 29c 14.4 56.3 42.8 

6b-d 4-OH3C6H4 15.7 67.5 29c 15.0 57.0 43.1 

70-^ 4-OH3C6H4 8.5 57.6 29c 0.9 50.3 48.8 

gb-e.g 4-CH3O6H4 9.1 56.8 29c 1.1 50.6 48.1 

9 4-NO2C6H4 66.5^ 30d 25.1 62.6 35.1 

10b 4-NO2C6H4 66.0^ 30d 25.8 62.9 36.2 

I I 1-naphthyl 17.2 67.8 29e 11.6 56.9 41.3 

12^ 1- naphthyl 16.6 67.1 29e 13.8 58.0 40.9 

13 C4H9 2.9 80.6 29f trace 51.7 49.1 

14^ C4H9 2.4 81.8 29f trace 50.6 48.7 

15 C5H11 7.7 78.8 29g trace 51.1 49.7 

16^ C5H11 6.9 78.1 29g trace 50.7 48.5 
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Table 5 (Contd.) 

3 Th+-0IO4- (1 mmol) and oxime (0.5 mmol) were used in each run, 
unless otherwise stated. 

i2 Duplicate run. 

2 180-labeled oxime was used. 

d Th+-CI04" (0.5 mmol) and oxime (0.25 mmol) were used. 
fi workup was done after 6 hours. 
i 0.078 mmol (31.3%) of the oxime was recovered. 
fl 0.076 mmol (30.6%) of the oxime was recovered. 
il Aldehyde and nitrile were assayed together. 



70 
Table 6: i^O Content of Products of Reactions of Thianthrene 

Cation Radical Perchlorate (Th+-C104-) with Oximes 
(RCH=NOH) in Acetonitrile 

Runa 

1d 

28 

3e,f 

46,9 

5^ 

ed.h 

yd.f.h 

8^ 

9^ 

-lOd.h 

R 

4-OH3C6H4 

4-CH3O6H4 

4-CH3C6H4 

4-CH3C6H4 

4-CH3C6H4 

4-CH3C6H4 

4-CH3C6H4 

4-OH3OO6H4 

4-OH3OC6H4 

4-CH3OO6H4 

ROHQc 

0' 

0.70 

1.47 

1.60 

0' 

13.20 

24.60 

J 

J 

j 

% ( M + 2 

29 

29c 

29c 

29c 

29c 

29c 

29c 

29c 

29b 

29b 

29b 

:)b 

c 

0' 

77.50 

64.90 

72.30 

72.40 

0' 

0' 

0.94 

66.60 

1.08 

ThOc 

9.0 

49.33 

44.01 

28.60 

71.10 

10.30 

11.70 

10.1 

70.50 

9.80 

3 Runs 1-4 were carried out in absence of DTBMP, all other runs 
were carried out in presence of DTBMP. 

12 (M + 2) X (100)/M, determined from GC-MS measurements. 
c % (M + 2) in each unenriched compound was calculated to be: 

p-tolualdehyde, 0.54; p-anisaldehyde, 0.79; 3-(p-tolyl)-5-
methyl-1,2.4-oxadiazole. 0.83; 3-(p-anisyl)-5-methyl-1,2,4-
oxadiazole, 1.04 and ThO, 9.87. 

d Unlabeled oxime was used. 
^ 180-Labeled oxime was used. 
i Duplicate run. 
fl workup was done after 6 hours. 
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il Workup was done with H2I8O (50%). 
i Too small to be seen in the GC-MS spectrum, 
i- Not measured. 
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Table 7: Yields of Products of Reactions of Thianthrene Cation 
Radical Perchlorate (Th+-C104-) with Oximes 
(RCH=NOH) in Presence of DTBMP in Acetonitrile 

Rune i R 

DTBMP 

1 

2b 

30 

4d 

5 

6b 

7^ 

8^ 

99 

10 

l i b 

12^ 

139 

14 

15 

16 

17b 

18 

Ph 

Ph 

Ph 

Ph 

4-CH3OO6H4 

4-OH3OO6H4 

4-OH3OO6H4 

4-OH3OO6H4 

4-OH3OO6H4 

4-OH3C6H4 

4-CH3C6H4 

4-OH3C6H4 

4-OH3C6H4 

4-NO2C6H4 

4-NO2C6H4 

1-naphthyl 

1- naphthyl 

C4H9 

ROHO 

7.2 

6.8 

11.1 

14.8 

6.8 

7.1 

6.8 

5.6 

6.1 

7.8 

6.7 

8.3 

7.3 

RON 

82.6 

85.2 

79.2 

73.5 

67.4 

65.3 

69.9 

66.1 

68.0 

84.3 

84.9 

82.6 

83.8 

89.7^ 

91.8^ 

6.7 

6.4 

3.6 

87.9 

88.7 

91.3 

Products, * 

29 

29b 

29b 

29b 

29b 

29b 

29c 

29c 

29c 

29d 

29d 

15.9 

17.3 

14.6 

19.5 

19.1 

t race 

t race 

t race 

t race 

t race 

Vo 

Th 

53.1 

52.7 

52.8 

55.2 

58.7 

56.8 

55.3 

59.3 

58.1 

51.9 

52.0 

52.6 

50.7 

53.7 

53.4 

53.7 

51.8 

50.1 

ThO 

44.3 

46.1 

43.6 

39.9 

38.6 

39.9 

40.3 

38.2 

38.8 

46.4 

46.1 

45.6 

45.4 

45.1 

45.7 

47.1 

47.5 

47.4 

DTBMP 

91.1 

94.2 

93.1 

94.7 

92.4 

92.7 

93.3 

93.9 

90.8 

92.4 

91.1 

93.2 

91.9 

94.9 

95.2 

97.9 

97.1 

95.7 
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19b C4H9 4.4 90.6 50.8 47.7 96.3 

20 C5H11 4.8 89.7 29g trace 50.8 47.3 96.1 

21b C5H11 4.2 90.6 29g trace 51.4 47.5 96.9 

a Th+0104- (1-0 mmol), oxime (0.5 mmol) and DTBMP (1.5 mmol) 
were used in each run, unless otherwise stated. 

^ Duplicate run. 
£ Base was added one hour after reaction began. 
^ Base was added 12 hours after reaction began. 
fi Excess base (3.0 mmol) was used. 
i 180-Iabeled oxime was used. 
a Workup was done with H2I8O (50%). 
il Aldehyde and nitrile were assayed together. 
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Table 8: 1^0 Content of ThO Obtained from the Hydrolysis of 
Thianthrene Cation Radical Perchlorate (Th+-CI04") with 
H2180(50%) in Acetonitrile 

Run 

1 

2 

3 

4 

Product(s)a 

A 

B 

0 

D 

% ( M + 2 )b 

106 

17.6 

10.6 

10.3 

a A, A mixture of 0.1 mmol of ThQi^ and 0.1 mmol of ThQis 
obtained by hydrolysing 0.2 mmol of Th+-CI04- with 50% H2IS0 
B, Mixture A to which 0.568 mmol of ThQi^ was added. 
0, Mixture A to which 2.30 mmol of ThQi^ was added. 
D, Unenriched ThO. The theoretical % (M + 2) was calculated to 
be 9.87. 

i2 (M + 2) X (100)/M, determined from GC-MS measurements. 
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Table 9: Yields of Products of Reactions of Thianthrene Cation 
Radical Perchlorate (Th+0104-) with DBO in Acetonitrile 

^ > - CH3ON . ^ „ 

Run Products, mmol and % a 

l b 

2b 

3b 

4c,d 

5c,e 

60.t 

79 

89 

99 

DBO 

0.417 

41.7 

0.431 

43.1 

0.428 

42.8 

0.216 

43.2 

0.226 

45.2 

0.220 

44.0 

Th 

0.480 

48.0 

0.466 

46.6 

0.484 

48.4 

0.493 

49.3 

0.524 

52.4 

0.518 

51.8 

0.474 

47.4 

0.482 

48.2 

0.498 

49.8 

ThO 

0.023 

2.3 

0.030 

3.0 

0.028 

2.8 

0.238 

23.8 

0.229 

22.9 

0.221 

22.1 

0.019 

1.9 

0.021 

2.1 

0.027 

2.7 

34 

0.456 
45.6h 

0.436 
43.6h 

0.448 
44.8h 

0.231 
46.2h 

0.234 
46.8h 

0.236 
47.2h 

0.446 
89.2h 

0.458 
91.6h 

0.451 
90.2h 

DTBMP 

1.13 

94.2 

1.12 

93.4 

1.13 

93.9 
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3 % Data are given in the second entry of each run. 
^ Th+C104-(1.0 mmol) and DBO (1.0 mmol) were used. 
c Th+-0IO4- (1.0 mmol) and DBO (0.5 mmol) were used. 
^ Reaction was continued for 24 hours. 
^ Reaction was continued for 48 hours. 
i Reaction was continued for 72 hours. 
fl Th+-0IO4- (1.0 mmol). DBO (0.5 mmol) and DTBMP (1.2 mmol) 

were used. 
il Based on starting amount of DBO. 



CHAPTER 3 

RESULTS AND DISCUSSIONS 

Reactions of Cation Radicals with 
Arylhydrazones in Nitrile Solvents 

In 1985 Shine and coworkers reported the formation of 
1-benzyl-3-phenyl-5-methyl-1.2,4-triazole (33m) from the 
reaction of Th+-CI04- with 1,4-diphenylazomethane in acetonitrile 
(3). It was proposed that the source of the triazole was 
benzaldehyde benzylhydrazone, a tautomer of 1,4-diphenylazo
methane . In order to validate the proposal, reactions of Th+CI04" 
with benzaldehyde phenylhydrazone in nitrile solvents were 
carried out in which triazoles (33a-c) were obtained in good 
yields (Table III). Since benzaldehyde benzylhydrazone was the 
proper choice to test the validity of the proposal, reaction of 
Th+-CI04- with benzaldehyde benzylhydrazone in acetonitrile was 
carried out and, indeed, 33m was obtained in 92% yield. Following 
these observations reactions of a series of phenyl-, p-nitrophe
nyl- and 2,4-dinitrophenylhydrazones of benzaldehyde and 
butyraldehyde in different nitrile solvents were carried out. In 
each case, cation radical induced oxidative cycloaddition of the 
respective hydrazone to the nitrile occured to give the 
corresponding 1,2,4-triazole (33d-m) in excellent yields (Tables 
3 and 4). Phenyl- and p-nitrophenyl-hydrazones were oxidized by 
Th+-CI04", while Ar3N+-SbCle" was needed for the oxidation of 
2,4-dinitrophenylhydrazones. The oxidation potential of Th is 1.3 V 
and of Ar3N is 1.5 Vvs SCE. 

Arylhydrazones reacted rapidly with both thianthrene cation 
radical perchlorate (Th+0104") and tris(2,4-dibromophenyl)-
amminium hexachloroantimonate (Ar3N + -SbCl6-) in nitrile 
solvents. Products obtained from reactions of Th+-0IO4- (or 
Ar3N+SbCle') with hydrazones are shown in Scheme 2. A 1,3,5-
trisubstituted-triazole was obtained in each case in excellent 
yield. The group R' at the 5-position of the triazole (Scheme 2) 

77 



78 
comes from the nitrile R'CN. Reactions with Th+CI04- gave 
thianthrene (Th) and small amounts of thianthrene-5-oxide (ThO) 
as other products while tris(2,4-dibromophenyl)amine (Ar3N) was 
obtained as the only other product from the use of Ar3N+-SbCle. In 
some cases, use of Th+-CI04- gave very small amount of 
cis-thianthrene-5,10-dioxide (Th02). Results are given in Tables 3 
and 4. It was found that in most cases the products accounted for 
more than 90% of both the cation radical and the hydrazone. 

Scheme 2 

RC NAr + 2 Th + ThO + ThO^ 
\ / 

^ ^ + . , N=C 

RCH=NNHAr + R ' C N 
R' 

2 A r 3 N ^ - \ ^ N 
RC^ NAr 

\ / + 2AT^N 

R' 

The mechanism for the formation of the triazole was earlier 
proposed as the initial one electron oxidation of the hydrazone by 
the cation radical to give the cation radical of the hydrazone 
followed by a concerted cycloaddition of the hydrazone cation 
radical to the nitrile (Scheme 3) (3). It was also mentioned that a 
possible two electron oxidation of the hydrazone might have 
occurred to give a nitrilimine intermediate which then would 
undergo concerted cycloaddition to the nitrile (Scheme 4). 

To get a clear picture of the mechanism the formation of the 
triazoles has been studied in detail. The pericyclic route involving 
a nitrilimine intermediate shown in Scheme 4 has been ruled out 
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Scheme 3 

Th"'*-^ PhOH=NNHR — • Th + PhOH-N-NHR 

+ N 

PhCH^ >%iR ^ PhCH" ""NR + Ĥ  
^ N=C 
^ ^ - \ R' 

R' 
Th"-

. ^ % . . . 
P h C ^ ^NR „ . PhCH-^ ^ 

\ / 

TT+ PhCH NR + Th 
\ / 

N = C N=C^ 
R- R' 

3 3 

Scheme 4 

2Th-'- -h RCH=NNHAr • 2 Th + RC=N-NAr + 2 H"̂  

+//V- ^^\ 
RC I NAr R-C N-Ar 

^ 
- ^ 

NiC N=C 

•̂ ' 33 ^' 

by the results obtained from the reactions of hydrazones with the 
cation radicals in acrylonitrile. In each case, a 5-vinyl-1,2,4-
triazole was obtained. Nitrilimines are well known to undergo 
pericyclic 1,3-dipolar cycloaddition to the nitrile group of 
nitriles, giving 1,2,4-triazoles as products (79, 90). The 
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nitrilimines have been prepared in situ from hydrazidoyi chlorides 
by the action of triethylamine (Scheme 5) (90). However, when the 
reaction of diphenylnitrilimine with acrylonitrile was carried out, 
cycloaddition occured at the vinyl group rather than at the nitrile 
group. Thus, 5-cyano-1,3-diphenyl-2-pyrazoline (35) instead of 
5-vinyl-1,3-diphenyl-1,2,4-triazole (33c) was obtained (Scheme 
5) (79). For confirmation, Huisgen's reaction of N-phenylbenzhy-
drazidoyl chloride with triethylamine and acrylonitrile was 
repeated and 35 was formed in very good yield (81%). Gladstone 
and co-workers (91) observed the formation of 5-cyano-2-pyra-
zoles in the oxidations of arylhydrazones with lead tetraacetate in 
acrylonitrile. In these oxidations, each arylhydrazone was 
converted into a nitrilimine intermediate which then underwent 
cycloaddition to solvent acrylonitrile to give a 5-cyano-2-pyra-
zoline which was further oxidized to a 5-cyano-2-pyrazole. 

Scheme 5 

CI 
I EtgN + _ + -

PhC=N-NHPh ^ PhC=N-NPh + EtsNHCI 

. - / \ 

PhC=N-NPh PhC NPh 
( J \ / 

CH2=CHCN CHj-CH 
35 CN 

In contrast, cation radical induced cycloadditions of 
hydrazones with acrylonitrile gave 5-vinyl-1,2,4-triazoles 
(33c,33f, and 33i, Scheme 6) in very good yield (Tables 3 and 4). 
The certainty of the position of the vinyl group was further 
confirmed by catalytic reduction of each 5-vinyl-1,2,4-triazoles 
to a 5-ethyl-1,2,4-triazole (Scheme 6). The ethyltriazoles were 
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found to be identical with those 33b,33e, and 33h obtained from 
the cation radical reactions in propionitrile. From the fact that 
5-vinyl-1,2,4,-triazoles were formed instead of 5-cyano-2-pyra-
zolines it is evident that the cation radical reactions do not go 
through nitrilimine intermediates to give 1,2,4-triazoles. It is 
also probable that cycloaddition shown as being concerted in 
Scheme 2 may not be correct. 

Scheme 6 

N 

jh+- P h C ^ NAr 
PhCH=N-NHAr + CH2=CHCN - — \ / 

(Ar3N"-) N=c 
CH=CH2 

3 3 

c, Ar= Ph; f, Ar= 4-NO2C6H4 
i, Ar= 2,4-(N02)2C6H3 

H2, Pd/C 

N 

P h C ^ ^ N A r 
\ / 

3 3 CH2CH3 

b, Ar= Ph; e, Ar= 4-NO2C6H4 
h, Ar= 2,4-(N02)2C6H3 

Conde and co-workers (87) observed the formation of 1,2,4-
triazoles in the reactions of N-phenylhydrazidoyl chloride with 
nitriles in the presence of aluminum chloride. A nitriliminium ion 
was proposed to be the reactive intermediate and the 
cycloaddition was shown as a two-step process (Scheme 7). These 
workers did not report the reaction of N-phenylhydrazidoyl 
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chloride with acrylonitrile and aluminum chloride. Therefore, that 
reaction was carried out and 1.3-diphenyl-5-vinyl-1.2.4-triazole 
(33c) was obtained in 37% yield, among other products (equation 
51). One other major product was 3-phenylbenzpyrazole (36. 50%) 
and a minor product was 3-phenylazoindene (37. 8%). 5-Cyano-
1.3-diphenyl-2-pyrazoline (35) could not be detected by GC or 
GO/MS. It is evident that the formation of 33c by the cation 
radical induced cycloaddition route (Table 3) is far superior to the 
route of Conde and co-workers. 

Scheme 7 

CI 

R-C=NNHAr L ^ RC=NNHAr 

RC NHAr RC ^ ? % i A r ^ ^ ^ \ , 
\+ ^ ^ \ \ ^ RC N/ 
^̂  - \ N =C N=C 

R* R- \ R ' 33 

CI ^ V ^ .N=NPh 
' AICI3 

R-C ^NNHAT ^^^J^^^^ > 33c . 

(51) 

It appeared therefore, that cation radical induced 

cycloaddition might follow the route shown in Scheme 8, which is 

analogous to the route of Conde and co-workers. The nitriliminium 



Scheme 8 

Th-"* + RCH=NNHAr - • Th -H RCH-NNHAr 

RC=N-NHAr < " ^ 

Th"'* 
T 

RCH-N-NHAr + Th 
38 

RC=N-NHAr ^'CN ^ RC NHAr 

38 N=C 
\ 

R' 

I 
RC NHAr + H^ 

N=C 
\ R' 

33 
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ion (38) is generated and attacks the nitrile group's nitrogen atom 
as in a Ritter reaction to give the intermediate (39) which then 
cyclizes to form 33. However, when the reaction of Th+CI04-
with benzaldehyde phenylhydrazone in acrylonitrile was carried 
out in presence of DTBMP, the 5-vinyl-triazole (33c) was formed 
in 81.5% yield and no 5-cyanopyrazoline could be detected by GC or 
GO/MS. Then, the reaction was carried out in presence of 
triethylamine, and, again, 33c was formed in 48.9% yield. Again, 
no 5-cyanopyrazoline could be detected by GO or GO/MS. The low 
yield of 33c was probably caused by the side reaction of 
triethylamine with Th+CI04". Triethylamine was found to react 
with Th+-CI04' quickly. In the presence of a base a nitriliminium 
ion should generate a nitrilimine, which would undergo 
cycloaddition with acrylonitrile to give a 5-cyanopyra-zoline. 
Since in the presence of base a 5-vinyltriazole rather than a 
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5-cyanopyrazoline was formed, it is probable that a cation radical 
induced cycloaddition does not go through a nitriliminium ion 
intermediate either. 

Since neither nitrilimine nor nitriliminium ion seems to be 
the reactive intermediate for cation radical induced cycloaddition 
reactions, it is very probable that the hydrazone cation radical 
(40) is the reactive intermediate, as shown in Scheme 9. The 
hydrazone cation radical (40), formed by an initial electron 
transfer, attacks the nitrile group's nitrogen atom as in a Ritter 
reaction to give the intermediate 41 which undergoes cyclization 
and successive proton loss to give the intermediate 42. A second 
oxidation of 42 and loss of another proton occur to give the 
triazole (33). In principle, therefore, cycloaddition is a two-step 
process. 

It may have been possible, however, that perchloric acid 
produced by the hydrolysis of some of the Th+-0IO4-, caused the 
acid catalyzed cycloaddition of the hydrazone to the nitrile. 
forming a dihydrotriazole (43). which was then oxidized by 
Th+-CI04- to give the triazole (33) (Scheme 10). However, a 
dihydrotriazole could not be detected by GC or GO/MS when a 
solution of benzaldehyde phenylhydrazone in acetonitrile was 
treated with a small amount of non-oxidizing trifluoromethane-
sulfonic acid for several hours. Much of the hydrazone was 
recovered along with benzaldehyde and 2,4,6-trimethyltriazine, a 
trimer of acetonitrile (3). 

Regardless of mechanistic uncertainty. It is evident that the 
cation radical induced cycloadditions provide an useful method for 
making 1,2,4-triazoles in good yields. Most of the triazoles 
reported in Table 3 and 4 are new and, therefore, they were also 
prepared by an authentic method shown in Scheme 1. In every case, 
the cation-radical route gave a higher yield of the triazole, 
indicating the superiority of the cation-radical over the 
conventional route. 
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RCH =NNHAr 
Th"'* + . 

- — • RCH -NNHAr + Th (Ar3N) 
(Ar3N-'*) 4 Q 

RCH r NHAr 

N=C^ 

t 

RCH NHAr 
\ / 

N=C 

- ^ 

4 1 

-H-' 

R'CN 

RCH-NNHAr 
t 

+XT = N^CR' 

RCH NAr 
\ / 

N=C 

42 

-H^ Th-'* 
(Ar3N^*) 

R C ^ ^ N A r 
\ / + Th (Ar3N) 
N = C 

\ 

33 
R' 

Formation of ThO can be attributed to the hydrolysis of some 
of the Th+-CI04- by water remaining in the incompletely dried 
solvent during reaction and/or of unused Th+CI04- during workup 
(equation 52). 

2 Th+- + H2O •*- Th + ThO + 2H+ (52) 
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Scheme 10 

PhCH=NNHR — t L ^ - PhCH-NH-NHR 

H 
I H 

+ N 

PhCH" ^NHR _ H l _ phCH^" \ ^ R 

^ 
N=C 

N=C^ 

V 4 3 R' 

Jh"-

PhC^ "^NR . . . . . N^ 
\ I ^^LphCH^ NR ^ H" 
N = C -H^ \ / 

N=C 
\ 

R' \ 
3 3 R' 

Formation of Th02 is unusual in the reactions of Th+CI04-. 
Kim (92) observed the formation of small amount of Th02 when a 
solution of Th+-CI04- in acetonitrile was boiled under reflux in 
presence of air. Sugiyama and Shine (2) previously reported the 
formation of Th02 due to oxygen transfer to thianthrene by 
hydroperoxy radicals in the reactions of Th+CI04- with diethyl 
mercury under oxygen. In the present reactions, oxygen transfer 
might have occured from an azo hydroperoxide, which could have 
been easily formed from the reaction of a small amount of oxygen 
present in the system with the hydrazone. 

Reactions of Thianthrene Cation Radical 
Perchlorate with Oximes in AcetonifrilQ 

Cation-radical induced cycloadditions of hydrazones to 
nitriles to give 1,2,4-triazoles in excellent yields led to an 
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interest in the study of reactions of Th+-CI04- with oximes in 
acetonitrile. Since oximes are electronically and structurally 
analogous to hydrazones, it was expected that oximes would 
undergo cycloadditions similar to those of the hydrazones to give 
1,2,4-oxadiazoles. Chiou (94) found that the expected oxadiazole, 
3-(p-anisyl)-5-methyl-1,2,4-oxadiazole (29b) was obtained in 
66% yield in the reaction of Th+-CI04- with p-anisaldoxime in 
acetonitrile. Also, in the reactions of Ar3N+-SbOle' with a number 
of oximes, both isomeric oxadiazoles (29 and 30) were formed 
(94). To explore this oxidative cycloaddition to give 1,2,4-oxa
diazoles, reactions of Th+0104- with a number of oximes (listed 
in Tables 5 and 7) in acetonitrile were carried out. 

Reactions of Th+-CI04- with oximes in acetonitrile were 
studied in both the absence and presence of 2,6-di-tert-butyl-4-
methyl-pyridine (DTBMP). Reactions in the absence of DTBMP were 
slow and were continued for 48 hours whereas reactions in the 
presence of DTBMP were complete within 5-10 min. Products 
obtained from reactions of Th+-0IO4- with oximes are shown in 
Scheme 11. The Scheme shows the products as the nitrile (RON) 
and aldehyde (ROHO) corresponding to the oxime, two oxadiazoles 
(29 and 30), Th and ThO. It was found that the products accounted 
for 95-100% of the Th+-CI04- and 92-98% of the oxime. Results of 
the reactions in absence of DTBMP are given in Table 5 and those 
of reactions in presence of DTBMP are given in Table 7. 

The nitrile (RON) and aldehyde (ROHO) were obtained in all 
reactions. The anticipated product of oxidative cycloaddition, the 
oxadiazole 29b was formed in substantial amount only in the case 
of p-anisaldoxime (93). Surprisingly, the isomeric oxadiazole (30) 
was obtained in some cases. The reaction of benzaldehyde oxime 
gave both isomeric oxadiazoles (29a and 30a), while in the case 
of p-nitrobenzaldehyde oxime only 30d was formed. Only trace 
amounts of the oxadiazole (29f,g) was obtained in reactions of 
pentanal and hexanal oximes. Whether oxadiazole, 29 and/or 30 
was formed depended on the nature of R in the oxime. Tables 5 and 
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7 show these variations. In all reactions except that of p-anisal
dehyde the nitrile (RON) was the dominant product. The aldehyde 
(ROHO) was also obtained in significant amounts. Both Th and ThO 
were obtained as major products in all reactions. The yield of ThO 
was found to be equated to the sum of the yields of RON and ROHO. 

Scheme 11 

R0H = NOH + Th"' CH3ON H2O 

Th + ThO 

+ ROHO + RON 

. / . N . ^ .^N 
+ RC" O + RO^ "0—OH 

\ / 

N=C 
\ 

CH« 
29 

\ / / 
O-N 

30 

When reactions were carried out in presence of DTBMP yields 
of oxadiazoles were reduced to either zero or trace amounts in all 
cases except that of p-anisaldehyde oxime (Table 7). In the case of 
p-anisaldehyde oxime the yield of oxadiazole was reduced to a 
large extent (Table 7) (93). While the effect of the base was to 
prevent or reduce the formation of the oxadiazole, the formation 
of the nitrile was enhanced in all cases. The formation of the 
aldehyde was diminished to some extent in some cases due to the 
presence of the base but was not suppressed in any case. A trend 
of more aldehyde and less nitrile in the reaction of benzaldehyde 
oxime was found by delaying the addition of the base (Table 7, 
runs 3 and 4). In the reaction of p-anisaldoxime, doubling the 
amount of the base did not affect the relative yields of the 
products (Table 7, run 7). 

The source of the oxygen atom in the products and the fate of 
the oxygen atom in the oxime were traced with the use of 
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iSQ-labeling experiments. Data are given in Table 6. Reactions 
with ISQ-Iabeled p-tolualdoxime (run 2-5, Table 6) and p-anisald
oxime (run 9, Table 6) showed that the source for the oxygen atom 
in the oxadiazole and ThO was the oxime and that the oxygen atom 
in the aldehyde did not come from the oxime. In run 2-4 (Table 6), 
180-labeling in ThO is not very high which is probably due to the 
presence of ThiSQ obtained from the hydrolysis of unused 
Th+CI04- during workup. Runs 5 and 9 show very high ISQ-Iabeling 
in ThO probably because the reactions were carried out in presence 
of base and so essentially no unused Th+CI04- remained to give 
Thi^O. Workup of the p-tolualdoxime reaction with H2i^0 (run 6 
and 7, Table 6) showed that the oxygen atom in the aldehyde comes 
from water added during workup. No iSQ-labeling appeared in 
either the oxadiazole or ThO. 

Th+0104- was found to be relatively stable in the presence of 
DTBMP. In a reaction of Th+CI04- with DTBMP in acetonitrile, 94% 
of starting DTBMP was recovered and Th+0104- was converted 
(during workup) to Th and ThO. In another reaction of DTBMP with 
p-anisald-oxime in acetonitrile both starting DTBMP and p-anis
aldoxime were recovered quantitatively. 

The formation of 3-R-5-methyl-1,2,4-oxadiazole (29) can be 
explained by the mechanism shown in Scheme 12 which is 
analogous to the mechanism proposed for the reactions of 
hydrazones to give 1,2,4-triazoles. Reactions of i^O-labeled 
p-tolualdoxime and p-anisaldoxime (Table 6) showed that the 
oxygen atom in the oxadiazole comes solely from the oxime. Thus 
Scheme 12 shows how 180-Iabeled oxime becomes 180-Iabeled 29. 

It is possible that a two electron oxidation occurs first to 
give a nitrile oxide which then undergoes cycloaddition to the 
nitrile to give 29 (Scheme 13). But this possibility is ruled out by 
the results obtained from the reaction of p-anisaldoxime in 
acrylonitrile. 3-(p-Anisyl)-5-vinyl-1,2,4-oxadiazole (29h) was 
formed in 42% yield and no cycloaddition to the vinyl group of 
acrylonitrile occured to form 3-(p-anisyl)-5-cyanooxadiazoline 
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(45) (Scheme 14). Nitrile oxides are known to undergo pericyclic 
cycloaddition to the vinyl group of acrylonitrile (95). A nitrile 
oxide intermediate shown in Scheme 13 would have given the 
cyanooxadiazoline (45) rather than the vinyloxadiazole (29h). 
Thus, the stepwise addition of the oxime cation radical to the 
nitrile in a Ritter-type fashion as shown in Scheme 12 seems 
more probable. 

Scheme 12 

R0H=N0H + Th""" ^^=^ ( RCH=N0H )"" + Th 
44 

+ /N\ 
RCH-NOH RCH " O H 

^ 
+ 

H" 

N=CCH3 N=0—CH3 

t 

H" + T h + R O ^ ^ O — ^ ^ R O H ^ o , 

\ / \ / 

N = C N = C 

29 ^ ^ 3 \ C H 3 

The mechanism shown in Scheme 12 cannot lead to the 
formation of isomeric oxadiazole, 3-methyl-5-R-1,2,4-oxadiazole 
(29). Therefore, 30 must have been formed by a different route. A 
possible mechanism for the formation of 30 is shown in Scheme 
Scheme 15. The Scheme shows the formation of an oxaziridine 
cation radical (46) which serves as the source of 30. Attack of 
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the nitrile on 46 causes the ring opening which leads to the 
formation of 30. 

Scheme 13 

RCH = NOH + 2 Th"+ — - RCNO + 2Th + 2 H'' 

R C ^ N - O R C ^ ^ O 

^ y \ / 
29 ^ R ' 

Scheme 14 

p-CH30C6H4CH=NOH + Th'* 

CH2=CH-CN 

p-CH30C6H4^^ ^ N \ p-CH30CeH4^^ ^ N ^ 

\ / \ / 

N = \ \HrcU 
^^, C H = C H o Ni-Nn 

29h ^ 45 CM 

Whether a particular oxime (RCH=NOH) will give 29 or 30 
depends on the structure of the R group. Formation of 29 will be 
favored by oximes in which the R group can accommodate the 
positive charge delocalization of the oxime cation radical (44, 

file:///HrcU
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Scheme 16). On the other hand if R cannot accommodate the 
positive charge then formation of oxaziridine cation radical (46) 
will be favored which will lead to the formation of 30. Thus, 
Scheme 16 explains why p-anisaldoxime gives only 29 while 
p-nitrobenzald-oxime gives only 30. 

Scheme 15 

( RCH=NOH )"^ ^ ; :^^ RCH — N 

O 
H 

\6/ 

ROM NH 

Ô  - RCH ^ C— CH3 \.Z^ 
CH3CN 46 O-N 

•H* 

R C ^ ^ C - C H 3 " ^ \ RHC > - C H 3 

30 

Formation of ThO as a minor product is common in the 
reactions of Th+CI04- as a result of the hydrolysis of some of the 
Th+-CI04-, either by the small amount of water present in the 
solvent during the reaction or added during workup. However, in 
the present reactions ThO was obtained as a major (primary) 
rather than a side product. An explanation for the formation of ThO 
is shown in Scheme 17. The Scheme also explains the formation of 
the nitrile (RON). The Scheme shows that Th+-CI04- attacks on the 
oxygen atom of the oxime to give the intermediate 47 which is 
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then again oxidized, giving intermediate 48. Elimination of ThO 
then occurs from 48 by a deprotonation which leads also to RON. 

Scheme 16 

CH3O - { ^ — CM — NOH^^i^ CH3O = { 3 ^ ^ ^ " " ^^^ 

44 

O2N — f y - O H — N 1- OpN — f V - O H — N 

H 

+• OpN - / V - C H — NH 

\o/ 
46 

The presence of DTBMP should accelerate the formation of 48 
and the elimination reaction and hence favors the formation of the 
nitrile. This explains why reactions in presence of DTBMP give 
more of nitrile than those in absence of DTBMP. In absence of 
DTBMP, the elimination reaction is initiated probably by the 
solvent. The intermediate 47 may also exist as a complex rather 
than a covalently bonded compound as proposed for cation radical-
nucleophile reactions by Parker (96) and the complex 47 will be in 
equilibrium with the formation of the oxime cation radical. Thus, 
the complex formation will be in competition with the formation 
of the oxime cation radical. That is, the oxadiazole formation will 
be in competition with the formation of the nitrile. Formation of 
nitrile means formation of ThO also. It is clear from the Scheme 
17 that in the presence of a base (i.e, DTBMP) formation of the 
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nitrile and hence ThO will be favored over the formation of the 
oxadiazole. 

Scheme 17 

ROH=NOH + Th""*"^;=:^ R C H = N 0 H ^ ^ ^ ^ R C H = N 0 H " ^ + Th 
I 

47 

Th-^ 

R0H=NOS^ + H"" + Th 
48 

H 

R C ^ N - ^ ^ — S ^ + B •RON + BH-" + 0 = S ^ ( T h O ) 

48 

180-labeling experiments (Table 6) showed that the source for 
the oxygen atom in ThO is the oxime. Thus, Scheme 17 shows how 
Thi^O is formed from i^O-labeled oxime. If all of ThO would be 
formed according to Scheme 17 then equal amounts of ThO and RON 
should have been formed. But, data (Tables 5 and 7) from reactions 
do not support that. More of ThO than RON was formed and the yield 
of ThO was found to be equated to the sum of the yields of RON and 
ROHO. It seems then some of ThO is formed during the formation of 
the aldehyde. 

The formation of the aldehyde cannot be explained by any of 
the routes described so far. i^O-labeling experiments (Table 6) 
showed that the origin of the oxygen atom of the aldehyde was 
water. Workup with H21^0 in the reaction of p-tolualdoxime (runs 
6 and 7, Table 6) gave i^O-labeled aldehyde, indicating that the 
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aldehyde was formed during workup stage when water was added. 
Also it appears that the formation of the aldehyde is linked with 
that of some of ThO. A possible mechanism for the formation of 
the aldehyde is shown in Scheme 18. The Scheme shows the attack 
of Th+-CI04- on nitrogen of the oxime to generate the intermediate 
49. A second oxidation of 49 would give intermediate 50 which 
will then react with water to give the aldehyde (ROHO) along with 
hydroxysulfilimine (51). Hydrolysis of 51 will eventually lead to 
ThO. Scheme 18 explains how i^O-labeled aldehyde is formed when 
H2i^0 is used for workup and also shows the link of aldehyde 
formation to ThO formation. 

Workup with H2i^0 should lead also to Thi^O. But data in 
Table 6 (run 6 and 7) show very little increase in %(M+2) as 
compared to the value for unenriched ThO. The reason for this is 
that Thiso formed from added H21^0 is present together with a 
large excess of Thi^O which comes from nitrile formation 
(Scheme 17). The major part of the total ThO is Thi^O which 
overshadows the Thi^O in GO-MS measurement of %(M-»-2). The 
approximate ratio of Thi^O/Thiso in the reaction of p-toluald
oxime (workup with Hz^^O) was calculated to be 24:1. GC-MS 
measurements of an authentic mixture of Thi^O and Thi^O (24:1) 
gave the %(M-h2) as 10.6 (Table 8). 

The overall view of the behavior of oximes in reaction with 
Th+-CI04-. then, can be explained by Scheme 19. The Scheme shows 
the formation of intermediates 44. 46,47 and 49. Each interme
diate leads to a certain product as shown in Scheme 19. The 
predominance of a particular, intermediate depends on the 
structure of the oxime and the reaction conditions. If the oxime 
cation radical (44) can be stabilized by charge delocalization, e.g., 
as in the case of p-anis-aldoxime, then its formation is favored to 
give the oxadiazole, 29. On the other hand charge localization 
favors the formation of the intermediate 46 as in the case of 
p-nitrobenzaldoxime, which leads to the formation of 30. 
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Scheme 18 

R0H=NOH + Th"+ — ROM —NOH 

49 

49 + Th'+ ^ ROM—NOH + Th 

+ 
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1̂ 
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51 
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It appears from the results (Tables 5 and 7) that the 
formation of 47 leading to the nitrile (and ThO) is favored over 
the formation of 44 (or 46) in all cases except in the case of 
p-anisaldoxime. The presence of a base (DTBMP) either suppresses 
or diminishes the formation of 44 (and 46) and hence the forma
tion of 47 becomes the major pathway leading to the nitrile. 
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Scheme 19 
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Reaction of Thianthrene Cation Radical 

Perchlorate with 2.3-Diazabicvclo-
[2.2.2]oct-2-ene in Acetonitrile 

Reactions of Th+-CI04- with 2,3-Diazabicyclo[2.2.2]oct-2-ene 
(DBO) were carried out in the absence and presence of DTBMP. In 
each case a red perchlorate salt (34) was obtained in good yield. 
The results are given in Table 9. 

CIO 

The stoichiometry for the formation of 34 was found to be 
two moles of the cation radical per mole of DBO. When the reaction 
was carried out using 2:1 (cation radical to DBO) molar ratio, the 
cation radical color did not disappear even after 72 hours and a 
substantial amount of ThO was obtained (runs 4, 5 and 6, Table 9). 
About half of the starting DBO was recovered and from the yield of 
ThO it appeared that about half of the starting Th+-0IO4- remained 
unreacted. This was because DBO was protonated by the proton 
liberated during the reaction and thus half of the starting DBO was 
removed causing half of the starting cation radical to remain 
unreacted, to be hydrolyzed later to give ThO and Th. Protonation 
of DBO has been observed by isolating the stable salts DBOH+CIO4-
(97) and DBOH+BF4- (98). The change in molar ratio from 2:1 to 1:1 
caused all of the cation radical color to disappear within a few 
minutes, and very small yield of ThO was obtained (runs 1.2 and 3, 
Table 9). Since the molar ratio was 1:1. enough of DBO was present 
to react with all of the Th+-CI04- and so the yield of ThO was very 
low. Again half of DBO was consumed by protonation. and was later 
recovered by neutralization. Reactions in the presence of DTBPA 
(runs 7. 8 and 9. Table 9) diverted this protonation. and allowed 
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all of the DBO to react for the formation of 34. In this case the 
molar ratio (cation radical to DBO) was 2:1 and the reaction was 
finished within a few minutes giving a very low yield of ThO and 
no recovery of DBO. DTBMP was recovered almost quantitatively. 

Oxidative chemistry of azoalkanes has drawn interest only in 
the last few years. Reactions of azoalkanes with cation radicals 
afforded mainly cation-derived products in addition to some 
radical-derived products (1). In these reactions azoalkane cation 
radicals have been formed and subsequently decomposed with the 
loss of N2 giving alkyl cations and radicals. Formation of cation 
radicals from 2.3-diazabicyclo[2.2.1]heptene (DBH) and some 
diazatricycloalkanes has been achieved by electron transfer to 
photo-exited triphenylpyrylium cation (99). Immediate decom
position with the loss of N2 of these cation radicals generated the 
corresponding hydrocarbon cation radicals. When 1.4-diphenyl-DBO 
was oxidized with Ce(IV) loss of N2 occured and 1,4-diphenylcy-
clohexane-1,4-diyl cation radical was formed (100). 

In the reaction of DBO with Th+CI04- no N2 loss occured. The 
reaction gave a red salt which is an adduct. It seems that DBO does 
not undergo oxidative decomposition and behaves as a nucleophile. 
This reaction then follows the reactions which have been observed 
previously between nucleophiles and Th+-CI04- (96. 101). A 
probable mechanism for the formation of 34 is shown in Scheme 
20. The covalent adduct (52) can also exist as a complex in 
analogy with the complexation mechanism proposed by Hammerich 
and Parker (96). A complex between an azoalkane and a cation 
radical can either undergo further oxidation or break up to 
generate the azoalkane cation radical. In the present reaction, 
further oxidation will give the covalently bonded 34. 

Oxidative chemistry of DBO follows a different route than 
that of other azoalkanes. It would appear that DBO is resistant to 
oxidation by Th+0104-. The oxidation potential of DBO is unknown 
but its ionization potential is 8.19 eV. The ionization potential of 
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Th is 7.90 eV. Considering the ionization potentials one would 
expect that oxidation of DBO by Th+0104- would be difficult and 
that may be the reason why DBO acts as a nucleophile. But some 
azoalkanes such as azo-t-butane have ionization potentials in the 
same range as that of DBO, yet liberate N2 by oxidative 
decomposition in reaction with Th+C104-. 

Scheme 20 

+ Th 
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The question then arises whether or not DBO is oxidized to its 

cation radical but does not decompose to liberate N2. It may be 
possible that the oxidation does occur to give the cation radical of 
DBO (53, Scheme 21). The driving force for the decomposition of 
an azoalkane to liberate N2 is either the instability of the 
azoalkane cation radical or the stability of the alkane cation 
radical after decomposition. In the case of DBO+- (53) , decom
position would liberate N2 and give an unstable cyclohexane-1.4-
diyl cation radical (54. Scheme 21). That may be the reason why 
DBO+- (53) does not decompose to liberate N2. 

In a similar reaction of DBO with tris(p-bromophenyl)-
amminium hexachloroantimonate (TBPA+- ) the adduct (55) was 
obtained as a red solid and no N2 evolution was observed (102). 

SbOL 

.̂xrxx, 
/ 55 

Thus it appears that DBO oxidatively forms an adduct with 
stable cation radicals in contrast to previously observed N2 
evolution from the reactions of other azoalkanes with cation 
radicals. 
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CHAPTER 4 

CONCLUSIONS 

Reactions of thianthrene cation radical perchlorate and 
tris(2.4-dibromophenyl)aminium hexachloroantimonate with 
arylhydrazones in nitrile solvents led to the formation of 1,2,4-
triazoles (33) in very good yields. The triazoles were formed by 
the cation radical induced cycloaddition of the hydrazone to the 
solvent nitrile. The cycloaddition appears to be a two-step 
process. These reactions provide an useful method for making 
1,2,4-triazoles in good yields. 

Reactions of thianthrene cation radical perchlorate with 
oximes in acetonitrile produced nitriles in addition to two 
isomeric 1,2,4-oxadiazoles (29 and 30). In these reactions the 
major trend is toward the formation of the nitriles. The presence 
of 2,6-di-tert-butyl-4-methylpyridine either suppresses or 
diminishes the formation of the oxadiazole and enhances the 
formation of the nitrile. The formation of 3-R-5-methyl-1,2,4-
oxadiazole (29) is favored when the oxime cation radical is 
stabilized by charge delocalization whereas charge localization 
favors the formation of 3-methyl-5-R-1,2,4-oxadiazole (30). 
During the formation of the nitrile, oxygen transfer from the 
oxime to thianthrene occurs leading to the formation of 
thianthrene-5-oxide. 

Reactions of thianthrene cation radical perchlorate with 
2,3-diazabicyclo[2.2.2]oct-2-ene (DBO) resulted in the formation 
of an adduct. DBO undergoes oxidative adduct formation with 
stable cation radicals in contrast to previously observed N2 
evolution from the reactions of other azoalkanes with cation 
radicals. 
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